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08/ 80,5, 
 
 Lucrul efectuat în perioada 2002-����� D� UHSUH]HQWDW� SHQWUX� PLQH� R� DGHY UDW �
vPERIJ LUH� úWLLQ LILF � úL� FXOWXUDO � JUD LH� FRQWDFWXOXL� FX� YLD D� GH� FHUFHWDUH� úWLLQ LILF � SULQ�
LQWHUPHGLXO�XQRU�SURIHVRUL�HPHUL L�SH�FDUH�DP�DYXW�PDUHD�RQRDUH�GH�D-i înWkOQL� úL�FX�FDUH�
am colaborat.  
 2SRUWXQLWDWHD� GH� D� SUHJ WL� R� WH] � GH� GRFWRUDW� vQ� FRWXWHO � PL-D� RIHULW� úDQVD� GH� D�
SHWUHFH� SDWUX� VWDJLL� GH� SUHJ WLUH� úL� FHUFHWDUH� vQ� ODERUDWRUXO� GH� (QHUJHWLF � úL� 0HFDQLF �
7HRUHWLF �úL�$SOLFDW ��/(07$��GLQ�FDGUXO�8QLYHUVLW LL�+HQUL�3RLQFDUp�GLQ�1DQF\��)UDQ D��
JUD LH�DFFHSWXOXL�GO�SURI�GU�LQJ��0LFKHO�)(,'7��F UXLD�vL�PXO XPHVF�GLQ�VXIOHW� 
 &HOH� PDL� FDOGH� úL� UHVSHFWXRDVH� PXO XPLUL� OH� DGUHVH]� GORU� SURI�GU�LQJ�� 6WRLDQ�
3(75(6&8�úL�SURI�GU�LQJ��0LFKHO�)(,'7�SHQWUX�FRRUGRQDUHD�GH�vQDOW �FDOLWDWH�SH�WLPSXO�
DFHVWHL�SHULRDGH��SHQWUX� VIDWXULOH�DWkW� úWLLQ LILFH�FkW� úL� FXOWXUDOH� úL�SHUVRQDOH�FX�FDUH�P-au 
DMXWDW�� $P� DYXW� PDUHD� úDQV � V � EHQHILFLH]� GH� R� LPSRUWDQW � RULHQWDUH� ELEOLRJUDILF �� GH�
DPEHOH�S U L��/H�VXQW�SURIXQG�UHFXQRVF WRDUH�SHQWUX�PRGXO�HILFLHQW�úL�SDVLRQDQW�FX�FDUH�P-
DX� DQWUHQDW� vQ� DFHDVW � FHUFHWDUH�� SHQWUX� VSLULWXO� XQHL� GHRVHELWH� ULJRUL� úWLLQ LILFH� úL� SHQWUX�
vPS UW úLUHD�H[SHULHQ HL�úL�FRPSHWHQ HORU�GRPQLLORU�VDOH� 
 &HOH� PDL� VLQFHUH� PXO XPLUL� OH� DGUHVH]� úL� GOXL�SURI�GU�LQJ�� $OH[DQdru 
'2%529,&(6&8� GLQ� 8QLYHUVLWDWHD� 32/,7(+1,&$� %XFXUHúWL� SHQWUX� DMXWRUXO� V u 
LPSRUWDQW�vQ�SHULRDGD�GH�LQWHULPDW��SHQWUX�VIDWXULOH�úL�UHFRPDQG ULOH�H[WUHP�GH�XWLOH��ÌL�VXQW�
UHFXQRVF WRDUH�SHQWUX�VXSUDYHJKHUHD� úL�VXV LQHUHD�XQHL�EXQH�GHVI úXU UL�DGPLQLVWUDWLve în 
FDGUXO�XQLYHUVLW LL�úL�SHQWUX�FRRUGRQDUHD�úWLLQ LILF �DFRUGDW �vQ�DFHDVW �SHULRDG � 
 LQ� V � PXO XPHVF� GOXL�SURI�GU�LQJ�� Jean-Pierre FINANCE, rectorul� 8QLYHUVLW LL�
„Henri Poincaré” Nancy 1, dnei prof.dr.ing. Ecaterina ANDRONESCU, rectorul 
8QLYHUVLW LL� Ä3ROLWHKQLFD´� %XFXUHúWL�� GOXL�SURI�GU�LQJ�� *�� 0$75,&$/,�� UHVSRQVDELO� FX�
&RRSHUDUHD� ùWLLQ LILF � $'(0(� SHQWUX� VXV LQHUHD� DFHVWHL� FRODERU UL� LQWHUXQLYHUVLWDUH�
UHPN-83%�GLQ�FDGUXO�F UHLD�SUH]HQWD�WH] �IDFH�SDUWH��'H�DVHPHQHD��DGUHVH]�PXO XPLULOH�
PHOH� F WUH EGIDE-$'(0(�SHQWUX� VSULMLQXO� ILQDQFLDU� FH� DX� I FXW� SRVLELOH� SHULRDGHOH� GH�
cercetare la LEMTA. 
 0XO XPHVF� UHVSHFWXRV� GOXL�SURI�GU�LQJ�� 0LUFHD� 0$5,1(6&8�� úHIXO� FDWHGUHL� GH�
7HUPRWHKQLF �� 0DúLQL� 7HUPLFH� úL� ,QVWDOD LL� )ULJRULILFH� GLQ� 83%� SHQWUX� DFFHSWXO� úL�
sus LQHUHD�FRODERU ULL�FX�8+31� 
 LQ�V �vPL�H[SULP�UHFXQRúWLLQ D�GQHL�SURI�GU�LQJ��0RQLFD�&267($�FDUH�PL-a oferit 
VSULMLQXO� GkQúLL� SH� WRW� SDUFXUVXO� DFHVWHL� SHULRDGH� vQWU-R� PDQLHU � DJUHDELO � úL� HILFLHQW �� ÌL�
PXO XPHVF� VLQFHU� úL� GLQ� VXIOHW� SHQWUX� WRW� DMXWRUXO� úL� WRDWH� VIDWXULOH�� FkW� úL� SHQWUX�
vPS UW úLUHD�XQHL�H[SHULHQ H�VLPLODUH� 
 'RUHVF� FD� WRDWH� FDGUHOH� GLGDFWLFH� GLQ� FDWHGUD� 7HUPRWHKQLF �� 0DúLQL� 7HUPLFH� úL�
,QVWDOD LL�)ULJRULILFH�GLQ�83%�V �UHJ VHDVF �DLFL�UHFXQRúWLLQ D�PHD�SHQWUX�DMXWRUXO�SUH LRV�
de care am beQHILFLDW�� SHQWUX� VXJHVWLLOH� H[WUHP� GH� XWLOH� úL� SURPSWLWXGLQHD� FX� FDUH� DX�
U VSXQV� VROLFLW ULORU� PHOH�� Dna.prof.dr.ing. Emilia Cerna MLADIN, dna.prof.dr.ing. 
Eugenia VASILESCU, dl.prof.dr.ing. Gheorghe POPESCU, dl.prof.dr.ing. Petre 
RADUCANU sunt printre cei care m-DX�vQFXUDMDW�úL�VXV LQXW� 
 0XO XPHVF� IRDUWH� PXOW� úL� GORU�LQJ�� )�� 6,&$5'� úL� '�� /('8&4�� LQJLQHUL� GH�
&HUFHWDUH� vQ� )ULJ� ,QGXVWULDO� OD� (')� 5	'� úL� UHVSHFWLY� &(0$*5()� SHQWUX� GDWHOH�
H[SHULPHQWDOH�IXUQL]DWH�úL�SHQWUX�FRODERUDUHD�UHIHULWRDUH�OD�SDUWHD�H[SHULPHQWDO �0XO XPLUL�
DGUHVH]�úL�PHPEULORU�JUXSXOXL�*(63(��GRFWRUDQ]L��WHKQLFLHQL��HWF��3HQWUX�FOLPDWXO�GH�OXFUX�
realizat la LEMTA. 5HVSHFWXRDVH�PXO XPLUL�DGXF�SH�DFHDVW �FDOH�S ULQ LORU�PHL�FDUH�P-au 
VXV LQXW�úL�P �VXV LQ�vQ�WRW�FHHD�FH�UHDOL]H]. 
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INTRODUCERE 

 

 7HPD�GH�FHUFHWDUH�SURSXV �HVWH�GH�R�PDUH�LPSRUWDQ �úWLLQ LILF �úL�WHKQLF  la nivel 

QD LRQDO�úL� LQWHUQD LRQDO�GHRDUHFH�VH�vQFDGUHD] �vQ�PLúFDUHD�GH�UHYLWDOL]DUH�úL�GH]YROWDUH�D�
Termodinamicii Ireversibile (în Timp Finit, cu VLWH] � FLQLW �� HWF), din ultimii ani, 

PLúFDUH�OHJDW �GH�SURJUHVXO�úWLLQ HL��GDU�úL�GH�SUREOHPHOH�DFWXDOH�DOH�HQHUJHWLFLL�PRQGLDOH�vQ�
FRQWH[WXO�GLPLQX ULL� DFFHQWXDWH�D� UHVXUVHORU�HQHUJHWLFH� IRVLOH� �FRQYHQ LRQDOH�� úL� FDUH� HVWH�
SUHRFXSDW � WRW� PDL� LQWHQV� GH� J VLUHD� GH� PLMORDFH�� PRGHOH� úL� PHWRGH� GH� RSWLPL]DUH� D�
PDúLQLORU�WHUPLFH�vQ�YHGHUHD�UHDOL] ULL�HFRQRPLHL�GH�HQHUJLH�úL�D�GLPLQX ULL�SROX ULL�� 
 1XPHURDVH�OXFU UL�UHFHQWH�DYkQG�FD�RELHFWLY�VWXGLXO�úL�vQ HOHJHUHD�PHFDQLVPHORU�
GH�JHQHUDUH�D�LUHYHUVLELOLW LORU�vQ�PDúLQL�úL�LQVWDOD LL�WHUPLFH�GHQRW �DFWXDOLWDWHD��UHVSHFWLY�
LQWHUHVXO� FX� FDUH� HVWH� DERUGDW � DFHDVW � SUREOHP �� GDU� PDL� DOHV� LPSRUWDQ D� SLHUGHULORU�
JHQHUDWH�GH�DFHVWHD�úL�QHFHVLWDWHD�FRQVLGHU ULL�ORU�vQ�DQDOL]D�PDúLQLL�UHDOH� 
 3UH]HQWD� WHP � GH� FHUFHWDUH� D� IRVW� GH]YROWDW � FD R� FRQWLQXDUH� D� FHUFHW ULORU 

începute în cadrul tezelor de doctorat a dnei conf.dr.ing. Monica COSTEA (Universitatea 
32/,7(+1,&$� %XFXUHúWL�� EHQHILFLLQG� GH� DFHHDúL� FRRUGRQDWRUL� úWLLQ LILFL)� úL� a dlui 
prof.dr.ing. Traian FLOREA (Academia 1DYDO �“Mircea cel B trân“ &RQVWDQ D, coordonat 
de dl prof.dr.ing. Stoian PETRESCU)�SH�WHPD�PRWRDUHORU�6WLUOLQJ�FODVLFH��FRQYHQ LRQDOH�� 
 6XELHFWXO�DVWIHO�DOHV�D�QHFHVLWDW�XQ�LPSRUWDQW�VWXGLX�ELEOLRJUDILF�vQ�FHHD�FH�SULYHúWH�
FHUFHW ULOH�HIHFWXDWH�úL�SXEOLFDWH�vQ�GRPHQLLOH�7HUPRGLQDPLFLL�FX�9LWH] �)LQLW ��79)��úL�DOH�
7HUPRGLQDPLFLL�vQ�7LPS�)LQLW��77)���úL�QX�QXPDL� 
 De ce studiul ciclului Carnot ?  
 Motivul principal VH�GDWRUHD] �IDSWXOXL�F �SHUIRUPDQ HOH�FLFOXOXL�&DUQRW�UHSUH]LQW �
OLPLWHOH� VXSHULRDUH� SHQWUX� RULFH� PDúLQ � UHDO �� ILH� F � HVWH� PRWRU� VDX� PDúLQ � FX� FLFOX�
inversat. 
 De ce PDúLQD�Stirling? 
 8Q� SULP�PRWLY� HVWH� OHJDW� GH� DYDQWDMHOH�PDúLQLORU� 6WLUOLQJ� úL� DSOLFDELOLWDWHD� ORU� vQ�
GLYHUVH�GRPHQLL��'H�DVHPHQHD��IXQF LRQDUHD�ÄHFRORJLF ´�D�DFHVWRU�PDúLQL�úL�SHUIRUPDQ HOH�
ridicate constitue un motiv important. 
 ,QWHUHVXO� DFWXDO� vQ� FHHD� FH� SULYHúWH� SURWHMDUHD� PHGLXOXL� DPELDQW� D� SURGXV� R�
reevaluare a standardelor guvernamentale privind emisiile cauzate de autovehicule precum 
úL� HFRQRPLD� GH� FRPEXVWLELO�� &D� UH]XOWDW�� LQGXVWULile (în general)� vúL� UHRULHQWHD] � WUHSWDW�
LQWHUHVXO�F WUH�SURGXFHUHD�GH�PDúLQL� úL� LQVWDOD LL� FkW�PDL�³FXUDWH´� úL� HILFLHQWH�� IDSW�SHQWUX�
FDUH� LQYHVWL LLOH� vQ� GH]YROWDUH� úL� FHUFHWDUH� DX� FUHVFXW� VHPQLILFDWLY� În mod special sunt 
ILQDQ DWH� FHUFHW ULOH� SULYLQG� XWLOL]DUHD� HQHUJLHL� VRODUH� FD� DSOLFD LH� GLUHFW � D� PRWRDUHORU�
6WLUOLQJ�úL�vQ�VSHFLDO�vQ�&DOLIRUQLD��XQGH�LPSOHPHQWDUHD�XQRU�DVWIHO�GH�VLVWHPH�VRODUH�D�IRVW�
GH�PXOW�UHDOL]DW �� 
 'H�FH�&DOLIRUQLD�HVWH�UHJLXQHD�FX�GH]YROWDUHD�FHD�PDL�ODUJ �D�VLVWHPHORU�VRODUH�

Stirling? 
 *XYHUQXO� 68$� D� HPLV� UHJXOL� VWULFWH� vQ� FHHD� FH� SULYHúWH� VWDQGDUGHOH� GH� PHGLX�
�HPLVLL��SROXDUH��VWUDWXO�GH�R]RQ��HWF���QX�QXPDL�SHQWUX�VHFWRDUH�GH�DFWLYLWDWH��FL�úL�SH�]RQH�
JHRJUDILFH��DFROR�XQGH�H[LVW �FRQGL LL�SULHOQLFH�SHQWUX�UHIDFHUHD�VWUDWXOXL�GH�R]RQ��cum ar fi 
California, Denver – Colorado, etc. [149] 
 
 6FXUW �SDUFXUJHUH�D�FRQ LQXWXOXL�SUH]HQWHL�WH]H 
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 Primul capitol� HVWH�GHGLFDW� VWXGLXOXL� ELEOLRJUDILF� vQ� FHHD� FH� SULYHúWH� VXELHFWXO� GH�
cerectare ales. 

 O sinte] �DVXSUD�DVSHFWHORU�HQHUJHWLFH�PRQGLDOH�HVWH�SUH]HQWDW �SXQkQG�vQ�HYLGHQ �
GLYHUVHOH� VFHQDULL�� SHVLPLVWH� VDX� RSWLPLVWH�� vQ� FHHD� FH� SULYHúWH� FUHúWHUHD� FRQVXPXOXL�
HQHUJHWLF� PRQGLDO� úL� vQ� DFHODúL� WLPS� GLPLQXDUHD� UH]HUYHORU� HQHUJHWLFH� FRQYHQ LRQDOH�
 De asemenHD�� SULQFLSDOHOH� FRQVLGHUD LL� DVXSUD� PDúLQLORU� 6WLUOLQJ� VXQW� SUH]HQWDWH��
SULQWUH�FDUH��SULQFLSLXO�GH�IXQF LRQDUH��HYROX LD�GH]YROW ULL�DFHVWRUD�úL�VROX LL�FRQVWUXFWLYH��
DSOLFD LLOH� DFHVWRU� PDúLQL� vQ� GLYHUVH� GRPHQLL� DOH� úWLLQ HL�� DYDQWDMH� úL� GH]DYDQWDMH��
prH]HQWDUHD� VLQWHWLF � D� SULQFLSDOHORU� FRUSRUD LL� LPSOLFDWH� vQ� GH]YROWDUHD�� SURGXFHUHD� úL�
FRPHUFLDOL]DUHD�PDúLQLORU�6WLUOLQJ�úL�GH�DVHPHQHD��XQ�VWLX�DVXSUD�VLWXD LHL�DFWXDOH�D�DFHVWRU�
PDúLQL� 
 'DWRULW � IDSWXOXL� F � VXELHFWXO� SULQFLSDO� DO� WH]HL� SULYHúWH� VWXGLXO� úL� RSWLPL]DUHD�
DFHVWRU� PDúLQL� WHUPLFH�� DX� IRVW� GHVFULVH� SULQFXLSDOHOH� PHWRGH� GH� DQDOL] � úL� RSWLPL]DUH�
WHUPRGLQDPLF � prin exempliILFDUHD� FkWRUYD� PHWRGH� �PHWRGD� 6FKPLGW�� PHWRGD� 'LUHFW ��
codurile de calcul). 

 8Q� SDUDJUDI� LPSRUWDQW� HVWH� úL� FRPSDUD LD� UHDOL]DW � vQWUH� FHOH� GRX � FXUHQWH� DOH�
Termodinamicii Ireversibile,�7HUPRGLQDPLFD�FX�9LWH] �)LQLW ��79)��úL�7HUPRGLQDPLFD�vQ�
7LPS�)LQLW��77)���GHRDUHFH�SDUWHD�GH�RULJLQDOLWDWH�D�WH]HL�SULYHúWH�GRX �PHWRGH�GH�VWXGLX�úL�
optimizare�D�PDúLQLORU�WHUPLFH, una din categorLD�79)�LDU�FHDODOW �GLQ�FDWHJRULD�77)��SRDWH�
FKLDU�JHQHUDO�YRUELQG�GLQ�FDWHJRULD�7HUPRGLQDPLFLL�FX�'LPHQVLXQH�)LQLW ��6XQW�SUH]HQWDWH�
FRQFHSWHOH�GH�ED] �Dle�ILHF UHL�FODVH�GH�PHWRGH��DSOLFD LLOH�ORU��DVHP Q ULOH�úL�GLIHUHQ HOH�� 
 Cel de-al doilea capitol eVWH� GHGLFDW� FRQWULEX LLORU� RULJLQDOH� vQ� GRPHQLXO�
7HUPRGLQDPLFLL�FX�9LWH] �)LQLW ��8UP WRDUHOH�HWDSH�VXQW�SUH]HQWDWH� �

 DGDSWDUHD�0HWRGHL�'LUHFWH� �SUH]HQWDW � úL� HODERUDW � SHQWUX� VWXGLXO�PRWRDUHORU� 6WLUOLQJ�
FODVLFH�� OD� VSHFLILFXO� PDúLQLORU� FX� FLFOX� LQYHUVDW� �PDúLQL� IULJRULILFH� úL� SRPSH� GH�
F OGXU ��SULQ�GH]YROWDUHD�FHORU�WUHL�VFKHPH�GH�FDOFXO��VSHFLILFH�DFHVWHL�PHWRGH��úL�SULn 

analogie cu dezvoltarea pentru motoarele clasice)� vQ� IXQF LH� GH� LUHYHUVLELOLW LOH�
considerate; �

 DPHOLRUDUHD�PHWRGHL�6FKPLGW�SULQ�FRQVLGHUDUHD�FLQHPDWLFLL�HIHFWLYH�D�PDúLQLL�VWXGLDWH��
VFRSXO� DFHVWHL� GH]YROW UL� HVWH� DFHOD� GH� D� FXSOD� XOWHULRU� DFHDVW � PHWRG  cu metoda 

'LUHFW � �
 FRPSDUDUHD� UH]XOWDWHORU� RE LQXWH� SULQ� PDL� PXOWH� PHWRGH� �PHWRGD� 6FKPLGW� FX�
FLQHPDWLFD�HIHFWLY ��PHWRGD�'LUHFWD��HWF�� �

 SUH]HQWDUHD�XQXL�VWXGLX�GH�VHQVLELOLWDWH�FH�SHUPLWH�VHSDUDUHD�LUHYHUVLELOLW LORU�SH�FDX]H�
úL�DQDOL]DUHD�HIHFWHORU�SURGuse defalcat; �

 DGDSWDUHD� PHWRGHL� 'LUHFWH� OD� VWXGLXO� úL� RSWLPL]DUHD� PRWRDUHORU� 6WLUOLQJ� VRODUH� úL� GH�
asemenea a ansamblelor solare formate din receptor – concentrator - motor Stirling 

solare- generator electric; �
 validarea schemei propuse prin compararea perfRUPDQ HORU� HVWLPDWH� DQDOLWLF� FX� GDWH�

experimentale publicate în literatura de specialitate; �
 SXQHUHD�vQ�YDORDUH�SUDFWLF �D�FHUFHW ULL�SULQ�FRFHS LD�XQXL�VLVWHP�GH�JHQHUDUH�D�HQHUJLHL�
HOHFWULFH�SH�ED]D�HQHUJLHL�VRODUH�úL�D�KLGURJHQXOXL�FD�SXUW WRU�GH�HQHUJLH��& WHYD�VWXGLL�
GH�FD]�VXQW�SUH]HQWDWH�úL�UH]XOWDWHOH�FRUHVSXQ] WRDUH�XQRU�FD]XUL�SUDFWLFH� 

 În cel de-al treilea capitol� VXQW� SUH]HQWDWH� FRQWULEX LLOH� RULJLQDOH� vQ� GRPHQLXO�
7HUPRGLQDPLFLL�vQ�7LPS�)LQLW�VDX�FX�'LPHQVLXQH�)LQLW ��PDL�GHJUDE � 
 Este propus uQ�PRGHO� WHUPRGLQDPLF� GH� VWXGLX� úL� RSWLPL]DUH� D� PDúLQLORU� WHUPLFH�
�PRWRDUH��PDúLQL�IULJRULILFH��SRPSH�GH�F OGXU �úL�DSOLFDW�FLFOXOXL�&DUQRW� 
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 Modelul a fost dezvoltat pentru mai multe studii de caz, pentru fiecare tip de 

PDúLQ �WHUPLF ��PRWRU��PDúLQ �IULJRULILF �VDX�SRPS �GH�F OGXU �, astfel: �
 vQ�SULPXO�UkQG��vQ�IXQF LH�GH�QDWXUD�SURFHVHORU�GH�WUDQVIHU�GH�F OGXU �OD�FHOH�GRX �VXUVH�
WHUPLFH� DOH� PDúLQLL�� FRQVLGHUDWH� ILH� OHJL� OLQLDUH�� ILH� QHOLQLDUH� GH� WLS� FRQYHFWLY� VDX�
radiativ; �

 DSRL�� vQ� IXQF LH� GH� QDWXUD� VXUVHORU� GH� F OGXU �� FRQVLGHUDWH� WHUPRVWDWH� �D� F URU�
WHPSHUDWXU �U PkQH�QHVFKLPEDW �SH�SDUFXUVXO�SURFHVXOXL�GH�WUDQVIHU�GH�F OGXU ��VDX�FX�
FDSDFLW L�ILQLWH��GHFL�GH�WHPSHUDWXU �YDULDELO �D�DJHQWXOXL�VXUVHL�vQWUH�LQWUDUHD�VL�LHúLUHD�
GLQ�VFKLPE WRUXO�GH�F OGXU �� �

 GH�DVHPHQHD��vQ�IXQF LH�GH�OHJHD�GH�YDULD LH�D�JHQHU ULL�GH�HQWURSLH�LQWHUQ �FRQVLGHUDWH�
ILH�R�FRQVWDQW ��ILH�R�OHJH�GH�GHSHQGHQ �OLQLDU �GH�GLIHUHQ D�GH�WHPSHUDWXUL�H[WUHPH�DOH�
DJHQWXOXL� GLQ� FLFOX�� ILH� R� OHJH� GH� GHSHQGHQ � ORJDULWPLF � GH� UDSRUWXO� WHPSHUaturilor 

extreme ale agentului din ciclu; �
 QX� vQ� XOWLPXO� UkQG�� IXQF LH� GH� UHVWULF LLOH� LPSXVH�� FDUH� SRW� IL�� XQD� GLQ� SHUIRUPDQ HOH�
PDúLQLL� �SXWHUH� PHFDQLF � SURGXV �FRQVXPDW �� UDQGDPHQW�FRHILFLHQW� GH� SHUIRUPDQ ��
HWF�� FX� VDX� I U � DOWHUHVWULF LL� �JHQHUDUHD� GH� HQWURSLH� LQWHUQ �� DOWH� SHUIRUPDQ H� LPSXVH�
VDX�UHVWULF LL�GH�QDWXU �FRQVWUXFWLY ��GH�GLPHQVLXQH��HFRQRPLF ��HWF�� 

 5H]XOWDWHOH�RE LQXWH�pun în evideQ �OLPLWHOH�SRVLELOH�GH�YDULD LH�SHQWUX�YDULDELOHOH�
úL�SDUDPHWULL� VLVWHPHORU�FRQVLGHUDWH� úL�GH�DVHPHQHD��H[LVWHQ D�D�GRX �UHJLPXUL�RSWLPH�GH�
IXQF LRQDUH�IXQF LH�GH�YDORULOH�LPSXVH�SHQWUX�YDULDELOHOH�úL�SDUDPHWULL�GH�FRQWURO� 
 2�XOWLP �HWDS �D�DFHVWHL�GH]YROW UL�HVWH�SUH]HQWDUHD�D�GRX �LQVWDOD LL�IULJRULILFH�úL�D�
GDWHORU� H[SHULPHQWDOH� RE LQXWH� JUD LH� GORU�LQJ�� )�� 6,&$5'� úL� '�� /('8&4�� LQJLQHUL� vQ�
&HUFHWDUH� úL�)ULJ� ,QGXVWULDO� OD�(')�5	'�úL� UHVSHFWLY�&(0$*5()��F URUD� OH�PXO XPHVF�
foarte mult pentru colaborare�úL�SURPSWLWXGLQHD�OD�VROLFLW UL. 
 $QDOL]D�GDWHORU�H[SHULPHQWDOH�D�FRQGXV�OD�R�FRQOX]LH�LPSRUWDQW �vQ�FHHD�FH�SULYHúWH�
OHJHD� FHD� PDL� SRWULYLW � SHQWUX� HVWLPDUHD� JHQHU ULL� GH� HQWURSLH� LQWHUQ � úL� GH� DVHPHQHD��
FRQFOX]LL� UHIHULWRDUH� OD� FRQH[LXQHD� GLQWUH� DFHVWH� P ULPL� úL� YDULDELOHOH� VLVWHPXOXL (s-au 
DQDOL]DW�GLYHUVH�GHSHQGHQ H�. 
 'H� DVHPHQHD�� H[LVWHQ D� GDWHORU� H[SHULPHQWDOH� D� I FXW� SRVLELO � VLPXODUHD�
IXQF LRQ ULL�DFHVWRU�LQVWDOD LL�SULQ�DSOLFDUHD�PRGHOXOXL�DQDOLWLF�SURSXV��SUHFXP�úL�YDOLGDUHD�
DFHVWXLD� SULQ� FRPSDUDUHD� P ULPLORU� HVWLPDWH� FX� FHOH� H[SHULPHQWDOH� VHOHFWDWH� GLQ� GDWHOH�
SULPLWH�DVWIHO�vQFkW�V �FRUHVSXQG �DFHORUDúL�FDWHJRULL�GH�UHVWULF LL�LPSXVH� 
 Ultima parte D�SUH]HQWHL�WH]H�HVWH�GHGLFDW �FRQFOX]LLORU�JHQHUDOH�úL�SHUVHFWLYHORU�SH�
FDUH�OH�XUP ULP�vQ�YLLWRUXO�DSURSLDW�� 
 3DUWHD�GH�UHIHULQ H�ELEOLRJUDILFH�D�IRVW�GLYL]DW �vQ�GRX �FDWHJRULL�GLVWLQFWH��úL�DQXPH��
referiQ HOH� ELEOLRJUDILFH� SXEOLFDWH� vQ� F U L�� UHYLVWH�� FRQIHULQ H�� HWF� úL� VHSDUDW� UHIHULQ HOH�
bibliografice web. 
 
 &RQVLGHU� F � SUH]HQWD� WH] � D� IRVW� UHGDFWDW � vQWU-R� IRUP � JUDILF � FH� RIHU � XúXULQ �
FLWLWRUXOXL�vQ�D�J VL�LQIRUPD LL�XWLOH�VXSOLPHQWDUH�úL�VDX�D�VXEOLQLD�SXQFWHOH�HVHQ LDOH�WUDWDWH�
vQ�GLYHUVH�SDUDJUDIH��SXQFWHOH�GH�QRXWDWH�úL�RULJLQDOLWDWH� 

 Simbolul �RIHU �LQIRUPD LL�XWLOH�FH�SRW�IL�IRORVLWH�GH�FLWLWRU�SHQWUX�D�VH�LQIRUPD�
vQ� SOXV� DVXSUD� VXELHFWXOXL�� D� J VL� IRUXP-XUL� GH� GLVFX LL� FX� VSHFLDOLúWL�� DFDGHPLFLHQL� úL�
amatori, etc. 
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 Utilizarea simbolului � GHVHPQHD] � R� SDUWH� RULJLQDO � GH]YROWDW � VDX� XQ�
rezultat prezentat într-R�IRUP �RULJLQDO ��QHvQWkOQLW �vQ�OLWHUDWXU � 

 Un ultim simbol grafic utilizat este �SULQ�FDUH�VH�GRUHúWH�D�VH�VXEOLQLD�R�LGHH��
un concept din literatura de specialitate, etc. 
 
 
���VHSWHPEULH�������%XFXUHúWL As.drd.ing. Camelia PETRE 
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1.  CERCETARE BIBLIOGRAF,&  

1.1 .  Aspec t e  energet ic e  m ondia le  

 

 Pentru a putea realiza o apreciere a duratei de utilizare în viitor a rezervelor 
energetice mondiale este necesar a se estima mai întâi consumul anual planetar al 
GLYHUVHORU�UHVXUVH��SUHFXP�úL�FDQWLW Lle actuale ale acestora sub diverse forme. 
 Conform [1]��FRQVXPXO�DQXDO�SODQHWDU�OD�QLYHOXO�DQXOXL������VH�SUH]HQWD�GXS �FXP�
XUPHD] � 

- carbon  2,22 GTep1; 21,4%; 

- petrol   3,39 GTep; 32,7%; 

- gaz natural  2,02 GTep; 19,5%; 

- hidroenergie  0,69 GTep; 6,7%; 

-�ELRPDV   1,2 GTep; 11,6%; 

-�QXFOHDU   0,63 GTep; 6,1%; 

- energii regenerabile 0,21 GTep; 2%; 

- TOTAL  10,36 GTep; 100%. 
 'H� XQGH� VH� REVHUY � F � UH]HUYHOH� GH� FRPEXVWLELOH� IRVLOL�� F UEXQH� úL� KLGURFDUEXUL��
sunt principDOD�VXUV �HQHUJHWLF �UHSUH]HQWkQG�DSURDSH�����GLQ�WRWDO� 
 7RWXúL��DFHVWH�GDWH�WUHEXLHVF�OXDWH�vQ�FRQVLGHUDUH�FX�SUHFDX LH��'H�H[HPSOX��vQ�FD]XO�
UH]HUYHORU�GH�SHWURO��FLIUD�SUHFRQL]DW �D�FUHVFXW�vQ�PRG�FRQWLQXX�GLQ�������DYkQG�R�WHQGLQ �
LQYHUVDW �vQFHSkQG�cu 1980 [1]. 
 Tot la nivelul anilor 1990 s-a realizat [1]�R�HVWLPDUH�D�QXP UXOXL�GH�DQL�SHQWUX�FDUH�
rezervele actuale de combustibili vor fi suficiente, dar la nivelul de atunci al consumului: 
-�F UEXQH 197 ani; 
- petrol  40 ani; 
- gaz natural 56 ani; 
- uraniu  ���� DQL� SHQWUX� UHDFWRDUHOH� FX� DS � SUHVXUL]DW � úL� ������ DQL� SHQWUX�

suprageneratoare. 
 (YLGHQW� F � vQ� DFHVWH� HVWLP UL� HVWH� QRUPDO� D� VH� LQH� FRQW� GH� HYROX LD� FHUHULL�
energetice lD� QLYHO�PRQGLDO��'H� DVHPHQHD�� FUHúWHUHD� SRSXOD LHL� HVWH� XQ� IDFWRU� LPSRUWDQW��
DFHDVWD� ILLQG� HVWLPDW � OD� �� PLOLDUGH� ������� úL� vQ� FUHúWHUH� SkQ � OD� ��� PLOLDUH� vQ� FXUVXO�
secolului XXI. 
 ÌQ� FHHD� FH�SULYHúWH� HVWLP ULOH�� H[LVW �PDL�PXOWH� DVWIHO� GH�PRGHOH� ED]DWH�SH studii 
HPSLULFH� úL� H[WUDSRO UL��$QDOL]kQG� UH]XOWDWHOH� JUDILFH� DOH� XQXL�PRGHO�GH� HVWLPDUH�� VH� SRW�
FRQFOX]LRQD� XUP WRDUHOH� LGHL� SULYLQG� FRQVXPXO� GLYHUVHORU� UHVXUVH� HQHUJHWLFH�� XWLOL]DUHD�
lemnului este într-R� FRQWLQX � VF GHUH�� FHD� GH� F UEXQH� D� vQUHJLVWUDW� XQ maxim între anii 
1880-������GXS �FDUH�D�vQFHSXW�V �vQUHJLVWUHD]H�VF GHUL�FRQWLQXH��SHWUROXO�DWLQJH�vQ�DFHVW �
SHULRDG �R� VWDUH� GH� VDWXUD LH�� LDU� XWLOL]DUHD� JD]XOXL� QDWXUDO�� FHO�PDL� HFRORJLF� FRPEXVWLELO�
FKLPLF�� DSDUH� vQF � DYkQG� R� WHQGLQ � FUHVF WRDUH�� ÌQ� FHHD� FH� SULYHúWH� UH]HUYHOH� QXFOHDUH��

                                                
1
 GTep = Giga Tone echivalent petrol 
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XWLOL]DUHD� ORU� QX� YD� GHS úL� FRQIRUP� HVWLP ULORU� PRGHOXOXL� ��� GLQ� WRWDO� OD� vQFHSXWXO�
secolului XXI. 

 &RQIRUP�XQXL�DOW�PRGHO�QXPHULF�GH�HVWLP UL��HODERUDW�GH�0DVVDFKXVVHWWV�,QVWLWXWH�
RI�7HFKQRORJ\��FUHúWHUHD�SRSXOD LHL�úL�D�FRQVXPXOXL�HQHUJHWLF�DUH�ORF�H[SRQHQ LDO��FHHD�FH�
va avea ca rezultat o „înfundare” a economiei planetare la nivelul anului 2025. 
 &RQIRUP� HVWLP ULORU� 'HSDUWDPHQWXOXL� GH� (QHUJLH� DO� 68$�� QXPDL� vQ� $PHULFD�
QHFHVDUXO�GH�HQHUJLH�HOHFWULF �HVWH�GH��������0:�DQXDO��SHQWUX�XUP WRULL����DQL��OD�FDUH�VH�
DGDXJ �vQF �����������0:�SHQWUX�UHVWXO�/XPLL�vQ�DFHHDúL�SHULRDG � 
 *HQHUDUHD� HQHUJLHL� HOHFWULFH� DUH� vQV � XQ� HIHFW� QHJDWLY� DVXSUD� PHGLXOXL� DPELDQW�
SURGXFkQG�SHVWH�����GLQ�SROXDUHD� WRWDO � úL� ILLQG�DVWIHO�XQ� IDFWRU� LPSRUWDQW�DO�GH]YROW ULL�
SURFHVXOXL�GH�vQF O]LUH�JOREDO � 
 'DF �DQDOL] P�VXUVHOH�GH�HQHUJLH�H[LVWHQWH��YRP�REVHUYD�F �IRDUWH�SX LQH�VXQW�FHOH�
FH�YRU�SXWHD�IL�H[SORDWDWH�úL�vQ�YLLWRU� 

• & UEXQH��HVWH� vQ� SUH]HQW� VXUVD�SULQFLSDO � GH� HQHUJLH�XWLOL]DW � vQ� SURGXFHUHD�energiei 
HOHFWULFH� ������� GDU� VH�GRYHGHúWH� D� QX�PDL� IL� vQ� YLLWRU� R� VXUV � LHIWLQ � GH� HQHUJLH� vQ�
SULQFLSDO� GDWRULW � FRVWXULORU� IRDUWH� ULGLFDWH� GH� D� FRQVWUXL� LQVWDOD LL� GH� SURGXFHUH� D�
HQHUJLHL�HOHFWULFH�FDUH�V �GLPLQXH]H�HPLVLD�VXEVWDQ HORU�SROXDQWH��ÌQ�SOXV� resursele de 
F UEXQH� VXQW� vQWU-R� FRQWLQX � GLPLQXDUH�� LDU� SHQWUX� H[SORDWDUHD� XQRU� QRL� UH]HYH� VXQW�
QHFHVDUH� LQVWDOD LL� PRGHUQH� úL� GLQ� FH� vQ� FH�PDL� SXWHUQLFH� GH� IRUDM�� FHHD� FH� LPSOLF �
FRVWXUL�LPSRUWDQWH�vQ�ID]D�GH�H[WUDF LH� 

• Petrol: SH� OkQJ � IDSWXO� F � úL� DFHVWD� HVWH� vQ� FDQWLW L� OLPLWDWH� úL� SROXHD] �� SHWUROXO�
GHWHUPLQ �úL�R�GHSHQGHQ �vQWUH�GLIHULWH� UL��FHOH�FDUH�DX�DVHPHQHD�UHVXUVH�úL�FHOH�FDUH�
FXPS U ��FRQGXFkQG�DVWIHO�OD�FRQIUXQW UL�SROLWLFH�QHGRULWH� 

• Gazul natural: VXUVD�SUHGRPLQDQW �GH�SURGXFHUH�D�HQHUgiei electrice din ultimii 10 ani, 
DUH� R� FHUHUH�GLQ� FH� vQ� FH�PDL�PDUH�� RIHUWD� ILLQG� vQV � OLPLWDW �� 5H]XOWDWXO� HVWH� SUH XO�
IRDUWH�ULGLFDW�SH�N:K�SH�FDUH�vO�SO WHVF�RDPHQLL�vQ�XOWLPLL�DQL� 

• (QHUJLD�KLGURHOHFWULF ��GHMD� D� VHF WXLW� UkXULOH� GH� HQHUJLH�� FRQWULEXLnd la distrugerea 
PXOWRU� VSHFLL� GH� YLH XLWRDUH� DFYDWLFH�� ÌQ� SOXV�� vQ� FRQWH[WXO� DFWXDO� DO� DFFHOHU ULL�
SURFHVXOXL�GH�vQF O]LUH�JOREDO ��VXQW�]RQH�XQGH�DSD�VH�HYDSRU �IRDUWH�UHSHGH�SH�WLPSXO�
verii astfel încât hidrocentralele devin inutilizabile. 

• Centralele nucleare: deja nu se mai produc noi reactoare GDWRULW � SUREOHPHORU� GH�
VLJXUDQ �vQ�IXQF LRQDUH��D�GHSR]LW ULL�GHúHXULORU�UH]XOWDWH�FDUH�VXQW�IRDUWH�UDGLRDFWLYH�
úL�D� LPHQVHL�FDQWLW L�GH�DS �XWLOL]DW �SHQWUX�U FLUHD�UHDFWRDUHORU��'H�IDSW�����GLQ�FHOH�
110 cenWUDOH�QXFOHDUH�H[LVWHQWH�YRU�IL�RSULWH�GLQ�IXQF LRQDUH�vQ�XUP WRULL�Fk LYD�DQL�� 

 
 7RWXúL�ÄYLLWRDUHD�SHQXULH�HQHUJHWLF ´�QX�HVWH�GHFkW�R�DOHUW �IDOV �GXS �XQLL�DQDOLúWL�
[1], bazându-VH�SH�H[LVWHQ D�XQRU�VROX LL�DOWHUQDWLYH��FD�GH�H[HPSOX��H[LVWHQ D�úL�XWLOL]DUHD�
altor surse energetice, producerea energiei electrice cât mai eficient, deci eficientizarea 
WXWXURU� LQVWDOD LLORU� LQGXVWULDOH� úL� FDVQLFH�� SHUVSHFWLYHOH� GH� H[WUDF LH� D� QRL� UH]HUYH� GH�
FRPEXVWLELOL�IRVLOL�vQF �QHSUelucrate –�GH�H[HPSOX�LQVWDOD LL�GH�IRUDM�PDULQ�OD�DGkQFLPL�GH�
mai mult de 3000m, dar cu riscul unor catastrofe ecologige în cazul unor fisuri profunde 
ale conductelor. 
 Problema rezervelor de combustibili fosili este obiectul unei controverse între 
geologL� úL� HFRQRPLúWL�� 0DMRULWDWHD� JHRORJLORU� VXQW� SHVLPLúWL�� DQXQ kQG� WHUPLQDUHD�
UH]HUYHORU� GH�SHWURO�� $QDOL]D� DFHVWRUD� VH� ED]HD] � SH� GHFDODMXO� GLQWUH� GHVFRSHULUHD� QRLORU�
FkPSXUL�SHWUROLHUH�úL�vQFHSHUHD�H[SORDW ULL�DFHVWRUD��ÌQ�XUPD�XQHL�DQDOL]H��WUHF�vQWUH���-40 
DQL�GH�OD�GHVFRSHULUHD�UH]HUYHORU�H[SORDWDELOH�úL�H[WUDJHUHD�D�MXP WDWH�GLQ�FRQ LQXW� 



Camelia PETRE - Teza de doctorat   

 13

 /D�WRDWH�DFHVWHD�FRQWULEXLH�úL�HIHFWXO�GH�VHU �FX�WRDWH�FHOHODOWH�FRQVHFLQ H�LPHGLDWH�
úL�SH�WHUPHQ�OXQJ��GHJUDGDUHD�úL�SROXDUHD�WHULWRULLORU��FRQWULEXLUHD�OD�PRGLILF rile climatice 

DOH� SODQHWHL�� GHúHUWLILFDUHD� ]RQHORU� VXEWURSLFDOH�� PRGLILFDUHD� PDULORU� WLSXUL� GH� YHJHWD LH��
HUR]LXQHD�� FUHúWHUHD� QLYHOXOXL� DSHL� RFHDQHORU�� HWF�� ÌQFHSkQG� GLQ� ������ VDWHOLWXO� IUDQFR-

american Topex-3RVHLGRQ� P VRDU � QLYHOXO� P ULORU� úL� RFHDQHORU� cu mare precizie; s-a 

REVHUYDW� R� FUHúWHUH� FX� ���PP�DQ� vQWUH� DXJXVW� ����� úL� DSULOLH� ������ ([WUDSROkQG� DFHVWH�
P VXU WRUL�� VH� RE LQ� ��FP�VHFRO� vQ� FD]XO� FHO� PDL� IDYRUDELO� DO� FRQVLGHU ULL� FUHúWHULL�
temperaturii medii anuale în ritmul actual. Cu aceste previziuni, teritorii precum 6% din 
ULOH�GH�-RV��������GLQ�%DQJODGHVK�DU�IL�VXE�DSH� 

 (IHFWXO� GH� VHU � D� H[LVWDW� GLQWRWGHDXQD�� I U � H[LVWHQ D� DFHVWXLD�� WHPSHUDWXUD�PHGLH�
SODQHWDU �DU�IL�GH�-���&��vQ�SUH]HQW�ILLQG�GH�����&��3ULQFLSDOHOH�JD]H�FX�HIHFW�GH�VHU �VXQW��
YDSRULL� GH� DS �� GLR[LGXO� GH� FDUERQ�� PHWDQXO�� R[L]LL� GH� D]RW�� FORURIOXRURFDUERQLL�� R]RQXO�
WURSRVIHULF��HWF��&UHVFkQG�FRQFHQWUD LD�GH�JD]H�GLQ�DWPRVIHU ��HIHFWXO�GH�VHU �VH�DPSOLILF � 
 ,DW � F � SUREOHPD� HQHUJHWLFLL� PRQGLDOH� DUH� PXOWH� UHVWULF LL�� VRFLDOH�� GHPRgrafice, 
economice, ecologice, etc. 
 'DW � ILLQG�DFHDVW � VLWXD LH� úL� DQXPH��GLOHPD�SURGXFHULL�HQHUJLHL�HOHFWULFH� vQ� YLLWRU��
VLQJXUD�YDULDQW �GH�SURGXFHUH�D�HQHUJLHL�vQWU-XQ�PRG�VLJXU��FXUDW��OD�FRVWXUL�UHGXVH�úL�I U �D�
VH�SXQH�SUREOHPD�HSXL] ULL�UHVXUVHORU�R�UHSUH]LQW �utilizarea surselor regenerabile, care 
DX�VLQJXU�GH]DYDQWDM�vQ�SUH]HQW�úL�DQXPH�FRVWXULOH�GH�H[SORDWDUH�IRDUWH�ULGLFDWH� 
 ÌQWUH������úL�VIkUúLWXO�OXL�������FDSDFLWDWHD�LQVWDODW �XWLOL]kQG�VXUVH�QRL�UHJHQHUDELOH�
a crescut cu 6-10% anual numai în SUA. Câteva tehnologii individuale au înregistrat o 
FUHúWHUH� úL� PDL� PDUH�� ��-���� DQXDO�� 3UH XO� SH� FDUH� vO� SO WLP� SHQWUX� HQHUJLD� HOHFWULF �
SURGXV � GLQ� VXUVH� UHJHQHUDELOH�� FD� GH� H[HPSOX� XWLOL]DUHD� XQXL� DQVDPEOX� FRQFHQWUDWRU� - 
UHFHSWRU� GH� UDGLD LH� VRODU � - PRWRU� 6WLUOLQJ�� SRDWH� U PkQH� OD� XQ� QLYHO� FRQVWDQW� SH� WRDW �
durata proiectului (aproximativ 30 ani).  
 ÌQ�WLPS�FH�FRVWXO�FDSLWDO�LQL LDO�GH�FRQVWUXLUH�D�XQHL�LQVWDOD LL�GH�SURGXFHUH�D�HQHUJLHL�
electrice din surse noi regenerabile este mai mare decât cel necesar unei centrale cu 
FRPEXVWLELO� FRQYHQ LRQDO�� FKHOWXLHOLOH� GH� IXQF LRQDUH� VXQW� PDL� PLFL� SH� WRDW � GXUDWD�
SURLHFWXOXL�� $FHDVWD� vQVHDPQ � vQ� ILQDO� F � YDORDUHD� HQHUJLHL� HOHFWULFH� SURGXVH� GLQ� VXUVH�
UHJHQHUDELOH�HVWH�PDL�PLF �GHFkW�FHD�SURGXV �GLQ�FRPEXVWLELO�FRQYHQ LRQDO� úL�GHFL�HVWH�R�
YDULDQW �GH�OXDW�vQ�VHDP �SHQWUX�YLLWRU�� 
 $VWIHO� GH� VXUVH� QRL� UHJHQHUDELOH� VXQW�� UDGLD LD� VRODU � FDSWDW � FX� DMXWRUXO� XQRU�
FRQFHQWUDWRUL� �RJOLQ]L� SDUDEROLFH�� úL� SUHOXFUDW � FX� PRWRDUH� 6WLUOLQJ�� HQHUJLD� HRDOLDQ ��
biomasa; energia mareelor; etc. 
 ÌQ�FRQWH[WXO�GLPLQX ULL�DFFHQWXDWH�D�UHVXUVHORU�HQHUJHWLFH�IRVLOH��FRQYHQ LRQDOH��GLQ�
XOWLPLL� DQL� úL� D� QHFHVLW LL� UHGXFHULL� SROX ULL�� PDúLQLOH� 6WLUOLQJ� UHSUH]LQW � R� DOWHUQDWLY �
GHPQ �GH�OXDW�vQ�FRQVLGHUDUH��0RWRDUHOH�6WLUOLQJ�PRGHUQH�VXQW�³FXUDWH´�úL�HILFLHQWH�GDWRULW �
IDSWXOXL� F � VXQW� PRWRDUH� FX� DUGHUH� H[WHUQ � �SULPHVF� F OGXUD� HOLEHUDW � SULQ� DUGHUHD� XQXL�
FRPEXVWLELO� vQ� H[WHULRUXO�PRWRUXOXL���$VSHFWXO� DUGHULL� H[WHUQH� IDFH� FD�PRWRWXO�6WLUOLQJ� V �
SRDW � IXQF LRQD� FX� GLYHUVH� WLSXUL� GH� FRPEXVWLELli, ca de exemplu: gaz natural, propan, 
SHWURO��EHQ]LQ ��ELR-FRPEXVWLELOL�VDX�FKLDU�F OGXUD�SULPLW �GH�OD�6RDUH�� 
 Motoarele Stirling solare sunt într-un stadiu foarte apropiat de comercializare, ceea 
FH�IDFH�FD�FHUFHW ULOH�vQ�DFHVW�GRPHQLX�V �ILH�GH�DFWXDOLWDWH�úL�FX�DSOLFDELOLWDWH�LPHGLDW �  
 ³0DúLQLOH� 6WLUOLQJ� IDF� SDUWH� GLQ� FDWHJRULD� FHORU� PDL� HILFLHQWH� PDúLQL� WHUPLFH�

LQYHQWDWH� úL� XWLOL]DWH� SkQ � vQ� SUH]HQW´ - Stirling-Cycle Research Group, Universitatea 
Canterbury. 
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1.2 .  &RQVLGHUD LL�JHQHUDOH�DVXSUD�PDüLQLORU 
St i r l ing  

 0DúLQD Stirling�UHSUH]LQW �XQ�GLVSR]LWLY�PHFDQLF�FDUH�IXQF LRQHD] �GXS �XQ�FLFOX�
WHUPRUHJHQHUDWLY� vQFKLV�� FX� FRPSULPDUH� úL� GHVWLQGHUH� FLFOLF � D� DJHQWXOXL� GH� OXFUX� vQWUH�
QLYHOH�GLIHULWH�GH�WHPSHUDWXU ��&XUJHUHD�DJHQWXOXL�GH�OXFUX�HVWH�FRQWURODW �GRDU�GH�YDULD LLOH�
volumelor efective, neexistând supape�� úL� UHDOL]kQG� FRQYHUVLD� QHW � D� F OGXULL� vQ� OXFUX�
PHFDQLF� VDX� LQYHUV�� $FHDVW � GHILQL LH� DFRSHU � PDúLQL� FDSDELOH� V � IXQF LRQH]H� DWkW� FD�
PRWRDUH�WHUPLFH��FkW�úL�FD�PDúLQL�IULJRULILFH�VDX�SRPSH�GH�F OGXU �[2]. 

 6XQW�IRDUWH�VLOHQ LRDVH�vQ�WLPSXO�IXQF LRQ ULL�úL�DFHDVW �FDOLWDWH�HVWH�XQD�GLQWUH�FHOH�
PDL� SUH LRDVH�� 0XOWH� PRWRDUH� 6WLUOLQJ� QX� PDL� QHFHVLW � HFKLOLEUDUH� GDWRULW � IDSWXOXL� F �
agentul combustibil este ars înFHW� úL� FRQVWDQW� vQ� DIDUD�PRWRUXOXL�� HYLWkQGX-se în acest fel 

H[SOR]LLOH��ÌQ�SOXV��DUGHUHD�H[WHUQ �FRQIHU �XQ�DOW�DYDQWDM�GHRVHELW�GHRDUHFH�FRPEXVWLELOXO�
HVWH� DUV� FRQWLQXX�� úL� DQXPH� DFHOD� F �SRW� IL�PXOW�PDL� HILFLHQWH� GHFkW�PRWRDUHOH� FX� DUGHUH�
LQWHUQ �� 'H� DVHPHQHD�� FDQWLWDWHD� GH� F OGXU � HOLEHUDW � vQ� PHGLXO� DPELDQW� OD� IXQF LRQDUHD�
DFHVWRU�PDúLQL�HVWH�PXOW�UHGXV � 
 3ULPD� ORU� GHQXPLUH� D� IRVW� DFHHD� GH� �PRWRDUH� FX� DHU� FDOG�� úL� DX� FRQWLQXDW� V � VH�
QXPHDVF � DúD� SkQ � vQ� DQLL� ����� FkQG� DOWH� JD]H�� FD� GH� H[HPSOX� KHOLX� VDu hidrogen, au 

vQFHSXW� V � ILH� IRORVLWH� FD� DJHQW� GH� OXFUX�� ÌQ� SUH]HQW�� PRWRDUHOH� 6WLUOLQJ� VXQW� SURGXVH� vQ�
FDQWLW L�PLFL�SHQWUX�DSOLFD LL�VSHFLILFH��DYkQG�GLPHQVLXQL�UHGXVH����- 25 kW).  

 )RDUWH�PXOWH�FRUSRUD LL�DX�UHOXDW�VWXGLXO�SHUIRUPDQ HORU�úL�DO�IXQF LRQ ULL�PDúLQLORU�
6WLUOLQJ� �PRWRDUH� úL�PDúLQL� IULJRULILFH�� GDWRULW �PXOWLSOHORU� DYDQWDMH�SH� FDUH� OH� RIHU � úL� D�
deschiderii pentru viitor. 

 'LQ�FDWHJRULD�DFHVWRU�PDúLQL��PRWRUXO�WHUPLF�D�IRVW�SULPXO�LQYHQWDW�vQ�1816�GH�F WUH�
Robert STIRLING�� FHO� FH� DYHD� V � GHVFRSHUH� SHQWUX� SULPD� GDW � úL� DYDQWDMHOH�
VFKLPE WRUXOXL�GH�F OGXU �UHJHQHUDWLY� 
 

1.2.1 .  Rober t  STIRLING (1790-1878) 

 Robert STIRLING s-D�Q VFXW�vQ�&ORDJ�� OkQJ �0HWKYHQ��3HUWKVKLUH��6FR LD��SH�GDWD�
de 25 octombrie 1790 [2]. 

 $�VWXGLDW� OD�8QLYHUVLW LOH�GLQ�*ODVJRZ�úL�(GLQEXUJK������-1808) materii precum 

ODWLQD�úL�JUHDFD��ORJLFD�úL�PDWHPDWLFD��PHWDIL]LFD��UHWRULFD��ILOR]RILD��HWF� 
 Pe 4 iulie 1815 este hirotonit preot la biserica din Dunbarton. 

 Pe 19 septembrie 1816 este ales pastor adjunct la biserica Laigh Kirk din 

.LOPDUQRFN�úL�RSW�]LOH�PDL�WkU]LX�DSOLF �SHQWUX�primul brevet al “motorului cu aer cald 
úL�HFRQRPL]RU´��vechea denumire a motorului Stirling cu regenerator). Brevetul a fost 

înregistrat cu nr. 4081/1816, dar din�GLYHUVH�PRWLYH�GRFXPHQWD LD�RULJLQDO �QX�D�DMXQV� OD�
Oficiul de Brevete din Londra. 
 3H����LXOLH������VH�F V WRUHúWH�FX�-DQH��ILLFD�FHD�PDUH�D�XQXL�QHJXVWRU�GLQ�*DOVWRQ��
FX�FDUH�XUPD�V �DLEH����DQL�GH�F VQLFLH�úL���FRSLL� 
 ÌQ�������HVWH�SURPRYDW�úL�WUDQVIHrat la Galston ca „Pastor al Bisericii´�vQ�6FR LD� 
 ÌQ������úL�DSRL�vQ�������vPSUHXQ �FX�IUDWHOH�V X�PDL�WkQ U��-DPHV��UHDOL]HD] �FkWHYD�
vPEXQ W LUL� DOH� ³PRWRUXOXL� FX� DHU� FDOG´� FDUH�GH�DVHPHQHD� DX� IRVW� EUHYHWDWH� �EUHYHWH� QU��
5456/1827, 8652/1840). James Stirling, preocupat de domeniul ingineriei mecanice, lucra 
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FD�LQJLQHU�OD�'XQGHH�)RXQGU\�&RPSDQ\�úL�D�UHXúLW�V �VH�LPSXQ �FD�SHUVRQDOLWDWH�GH�UHQXPH�
pe plan local. 

 La 11 ianuarie 1840, Universitatea din St. Andrews, cea mai veche dintre 

XQLYHUVLW LOH�VFR LHQH��vL�GHFHUQHD] �WLWOXO�GH�“Doctor of Divinity”�SHQWUX�UHDOL] ULOH�VDOH�vQ�
acest domeniu, afirmându-VH�DVWIHO�FD�SHUVRQDOLWDWH�PRQGLDO � 
 6H�vPEROQ YHúWH�vQ�������LDU�GRL�DQL�PDL�WkU]LX�WUHFH�OD�FHOH�YHúQLFH� 
 

 ÌQ� WLPSXO� V X� OLEHU�� UHYHUHQGXO�5REHUW�67,5/,1*�RELúQXLD�FD�� vQ�DWHOLHUXO� V X�GH�
DFDV �� V �FRQVWUXLDVF �PLFL�PRWRDUH� WHUPLFH��0DL� WkU]LX��/RUG�.(/9,11

 utiliza unul din 

DFHVWH�PRGHOH�vQ�WLPSXO�RUHORU�VDOH�SH�FDUH�OH� LQHD�OD�XQLYHUVLWDWH�� 
 'H� DELD� vQ� ����� SURIHVRUXO� 0F4XRUQH� 5$1.,1(� DYHD� V � GHD� SULPD� H[SOLFD LH�
VLPSO �úL�HOHJDQW �DVXSUD�GLQDPLFLL�PRWRUXOXL��LDU�termenul de “motor Stirling´�XUPD�V �

DSDU �����DQL�PDL�WkU]LX�JUD LH�OXL�5ROI�0(,-(5
2�FDUH�LQWHQ LRQD�V �DGXQH�VXE�DFHDVW �

GHQXPLUH�WRDWH�WLSXULOH�GH�PRWRDUH�IXQF LRQkQG�SH�ED]D�XQRU�FLFOXUL�închise regenerative cu 
DJHQW�GH�OXFUX�vQ�VWDUH�JD]RDV � 
 

1.2.2 .  3ULQFLSLXO�GH�IXQF LRQDUH�D�PDüLQLORU�6WLUOLQJ 

 0DúLQD�6WLUOLQJ�UHSUH]LQW �XQ�GLVSR]LWLY�PHFDQLF�FDUH�IXQF LRQHD] �GXS �XQ�FLFOX�
WHUPRUHJHQHUDWLY� vQFKLV�� FX� FRPSULPDUH� úL� GHVWLQGHUH� FLFOLF � D� DJHQWXlui de lucru între 
QLYHOH�GLIHULWH�GH�WHPSHUDWXU � 
 &DQWLWDWHD�GH�DJHQW�GH�OXFUX�GLQ�PDúLQ �HVWH�FYDVL-FRQVWDQW �úL�VH�DIO � vQWRWGHDXQD�
vQ� VWDUH� JD]RDV ��&XUJHUHD� DFHVWHLD� HVWH� FRQWURODW � GH� YDULD LLOH� HIHFWLYH� DOH� YROXPHORU� úL�
UHDOL]HD] �FRQYHUVLD�QHW �D�F OGXULL�vQ�OXFUX�PHFDQLF�VDX�LQYHUV� 
 6FKHPD�JHQHUDO �GH�IXQF LRQDUH�D�PDúLQLL�6WLUOLQJ�HVWH�SUH]HQWDW �vQ�Fig. 1.1, ILJXU �
UHSURGXV � FX� DFRUGXO� DXWRUXOXL�� SURI�GU�LQJ�� *KHRUJKH� 323(6&8�� 8QLYHUVLWDWHD�
32/,7(+1,&$�%XFXUHúWL��F UXLD�vL�PXO XPHVF�SHQWUX�DPDELOLWDWH�úL�FRODERUDUH [6]. 

 

Fig. 1.1��6FKHPD�JHQHUDO �GH�IXQF LRQDUH�D�PDúLQLL�6WLUOLQJ� 

Vdest –�VSD LXO�GH�GHVWLndere; Vcpr –�VSD LXO�GH�FRPSULPDUH [5]. 

 

 0DúLQD�6WLUOLQJ�HVWH� IRUPDW �GLQ�GRL�FLOLQGUL�FX�GRX �SLVWRDQH�úL� WUHL�VFKLPE WRDUH�
GH�F OGXU �GLVSXVH�vQWUH�DFHúWLD��$JHQWXO�GH�OXFUX�FXUJH�vQWUH�GRX �VSD LL�GH�YROXPH�GLIerite 

–� VSD LXO� GH� FRPSULPDUH� �Vcpr�� úL� FHO� GH� GHVWLQGHUH� �Vdest) –� FDUDFWHUL]DW� GH� R� PLúFDUH�
SXOVDWRULH�FDUH�DSDUH�RUL�GH�FkWH�RUL�vQ�VLVWHP�H[LVW �R�GLIHUHQ �GH�WHPSHUDWXU ��ÌQ�WLPSXO�

                                                
1�/RUG�.(/9,1��SH�QXPHOH�V X�:LOOLDP�7+20621������-1907) – fizician, matematicLDQ�LUODQGH]��Q VFXW�
OD� %HOIDVW�� ,UODQGD�� UHQXPLW� vQ� VSHFLDO� SHQWUX� GH]YROW ULOH� WHUPRGLQDPLFH� úL� FDOFXOHOH� SULYLQG� FRPXQLFDUHD�
WUDQVDWODQWLF � 
2
 Rolf MEIJER – inginer danez, angajat al Philips Research Laboratories, Olanda. 

ÌQF O]LWRU Vdest Vcpr 
Regenerator 5 FLWRU 

Deplasator Piston de lucru 
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DFHVWHL� FXUJHUL�� DJHQWXO� WUHFH� FX� YLWH] � VXILFLHQW� GH� PDUH� ��-3 m/s) prin cele trei 

VFKLPE WRDUH�GH�F OGXU �vQ�FDUH�DX�ORF�WUHL�SURFHVH�IXQGDPHQWDOH�GLIHULWH� 
¾ vQ�U FLWRU��JD]XO�HOLEHUHD] �R�FDQWLWDWH�GH�F OGXU � 
¾ vQ� UHJHQHUDWRU�� JD]XO� SULPHúWH� VDX� FHGHD] � F OGXU � vQ� IXQF LH� GH� GLUHF LD� GH� FXUJHUH��

Regeneratorul poate fi compDUDW� FX� XQ� EXUHWH� FDUH� DOWHUQDWLY� HOLEHUHD] � úL� DEVRDUEH�
F OGXU ��HVWH�GH�IDSW�R�PDWULFH�GH�VLWH�IRUPDWH�GLQ�VkUPH�GLQ�R HO�LQR[LGDELO�GH�JURVLPHD�
ILUXOXL�GH�S U� 

¾ vQ�vQF O]LWRU��JD]XO�SULPHúWH�F OGXU � 
 6SD LXO�GH�GHVWLQGHUH�HVWH�PHQ LQXW�OD�R� WHPSHUDWXU �ULGLFDW ��vQ�FD]XO�PRWRDUHORU��
VDX�OD�R�WHPSHUDWXU �MRDV ��vQ�FD]XO�PDúLQLORU�IULJRULILFH��SULQ�FRQWDFW�FX�VXUVHOH�GH�F OGXU �
FDUH�SRW�DVLJXUD�DFHO�QLYHO�GH�WHPSHUDWXU � 
 ÌQ� FRQWLQXDUH�� VSUH� H[HPSOLILFDUHD�PRGXOXL� GH� IXQF LRQDUH�� YRL� SUH]HQWD�PRWRUXO�
StirlLQJ��$úDGDU��VSD LXO�GH�GHVWLQGHUH�HVWH�PHQ LQXW�OD�R�WHPSHUDWXU �ULGLFDW ��TC, în timp 
FH� VSD LXO� GH� FRPSULPDUH� HVWH� PHQ LQXW� OD� R� WHPSHUDWXU � MRDV �� TF, de obicei foarte 
DSURSLDW �GH�FHD�D�PHGLXOXL�vQFRQMXU WRU� 
 3HQWUX�D�GHVFULH�FLFOXO�LGHDO�GH�IXQF LRQare (Fig. 1.2���V �SUHVXSXQHP�F �SLVWRQXO�GH�
OXFUX�VH�DIO �vQ�SXQFWXO�PRUW�H[WHULRU��LDU�GHSODVDWRUXO�vQ�SXQFWXO�PRUW�LQWHULRU��0DMRULWDWHD�
DJHQWXOXL� GH� OXFUX� VH� DIO � vQ� VSD LXO� GH� FRPSULPDUH�� LDU� YROXPXO� DUH� YDORDUH� PD[LP ��
presiXQHD�úL�WHPSHUDWXUD�YDORUL�PLQLPH��VWDUHD���GLQ�GLDJUDPD�pV- Fig. 1.2). 
 ÌQ� WLPSXO� FRPSULP ULL�� SLVWRQXO� GH� OXFUX� VH� PLúF � F WUH� SXQFWXO� PRUW� LQWHULRU� vQ�
WLPS�FH�GHSODVDWRUXO�VWD LRQHD] ��$JHQWXO�GH�OXFUX�HVWH�FRPSULPDW�DVWIHO�vQFât presiunea sa 
FUHúWH�� GDU� WHPSHUDWXUD� U PkQH� FRQVWDQW � GDWRULW � HOLEHU ULL� XQHL� FDQWLW L� GH� F OGXU � vQ�
mediul exterior. 
 ÌQ� XUP WRUXO� SURFHV�� DPEHOH� SLVWRDQH� VH� GHSODVHD] � VLPXOWDQ�� SLVWRQXO� GH� OXFUX�
F WUH� UHJHQHUDWRU�� LDU� GHSODVDWRUXO� vQ� VHQV� RSXV� DVWIHO� vQFkW� YROXPXO� GLQWUH� HOH� U PkQH�
FRQVWDQW�� $JHQWXO� GH� OXFUX� HVWH� WUDQVIHUDW� SULQ� PDWULFHD� SRURDV � D� UHJHQHUDWRUXOXL�
vQF O]LQGX-se de la TF la TC� úL� LQWU � vQ� VSD LXO� GH� GHVWLQGHUH�� &UHúWHUHD� WUHSWDW � D�
temperaturii agentului la curgerea prin regenerator lD�YROXP�FRQVWDQW� LPSOLF �R�FUHúWHUH�D�
presiunii acestuia.  
 În timpul celui de-DO� WUHLOHD� SURFHV�� FHO� GH� GHVWLQGHUH�� GHSODVDWRUXO� vúL� FRQWLQX �
PLúFDUHD�GLQVSUH� UHJHQHUDWRU� VSUH�SXQFWXO�PRUW� H[WHULRU�� LDU� SLVWRQXO�GH� OXFUX� U PkQH� SH�
loc, în punctul mort interior. În timpul destinderii gazului, presiunea acestuia scade, iar 
YROXPXO� FUHúWH�� 7HPSHUDWXUD� U PkQH� FRQVWDQW � GDWRULW � OLYU ULL� XQHL� FDQWLW L� GH� F OGXU �
VLVWHPXOXL�GH�F WUH�VXUVD�GH�F OGXU � 
 8OWLPXO� SURFHV� HVWH� FHO� vQ� WLPSXO� F UXLD� DPEHOH� SLVWRDQH� VH� GHSODVHD] � VLPXOWDQ�
SHQWUX�D�WUDQVIHUD�DJHQWXO�GH�OXFUX�vQDSRL��OD�YROXP�FRQVWDQW��SULQ�UHJHQHUDWRU��GLQ�VSD LXO�
GH�GHVWLQGHUH�vQ�FHO�GH�FRPSULPDUH��DVWIHO� vQFkW�DJHQWXO�GH�OXFUX�FHGHD] �F OGXU �PDWULFLL�
UHJHQHUDWRUXOXL�� WHPSHUDWXUD�DFHVWXLD� VF ]kQG�SkQ � Oa TF��$FHDVW �F OGXU �HVWH� VWRFDW � vQ�
PDWULFHD�UHJHQHUDWRUXOXL�SHQWUX�D�IL�XWLOL]DW �vQ�XUP WRUXO�FLFOX� 
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Fig. 1.2��'LDJUDPHOH�S9�úL�76�DOH�FLFOXOXL�PRWRU�6WLUOLQJ�LGHDO. 

 Cu toate F �SULQFLSLXO�GH�IXQF LRQDUH�SDUH�VLPSOX��R�SURLHFWDUH�GH�VXFFHV�WUHEXLH�V �
VH�ED]H]H� SH� UHDOL]DUHD�XQXL� HFKLOLEUX� vQWUH� GRX � IHQRPHQH� FRQWUDGLFWRULL�– transferul de 

F OGXU � úL� SLHUGHULOH� GH� SUHVLXQH� OD� FXUJHUHD� DJHQWXOXL� SULQ� VFKLPE WRDUHOH� GH� F OGXU ��
DaWRULW � DFHVWRU�SURFHVH� FRPSOH[H��PHWRGHOH� GH� DQDOL] � WHRUHWLF � D�PDúLQLORU� 6WLUOLQJ� VH�
ED]HD] �SH�GLIHULWH�LSRWH]H�GH�OXFUX� 
 

 )XQF LRQDUHD�UHDO �D�XQHL�PDúLQL�6WLUOLQJ�VH�ED]HD] �SH�DFHODúL�SULQFLSLX�GHVFULV�
SHQWUX� FLFOXO� LGHDO�� FX� PHQ LRQDUHD� IDSWXOXL� F  trebuiesc luate în considerare 
LUHYHUVLELOLW LOH�LQWHUQH�úL�H[WHUQH�DOH�PDúLQLL��$FHVWH�LUHYHUVLELOLW L�VXQW�FDX]DWH�GH�YLWH]D�
ILQLW �GH�GHVI úXUDUH�D�SURFHVHORU��UHJHQHUDUHD� LQFRPSOHW ��SLHUGHULOH�GH�SUHVLXQH�GDWRUDWH�
IUHF ULL�GLQWUH�SLVWRDQH�úL�FLOLQGULL��WUDQVIHUXO�GH�F OGXU �vQWUH�JD]�úL�VXUVH�OD�GLIHUHQ �ILQLW �
GH� WHPSHUDWXU �� ODPLQDUHD� JD]XOXL� OD� WUHFHUHD�SULQ� VFKLPE WRDUHOH�GH�F OGXU �DOH�PDúLQLL��
etc. 
 Ciclul Stirling poate fi total inversat astfel încât multe motoare pot fi utilizate ca 
pompe dH� F OGXU � DWXQFL� FkQG� VXQW� DOLPHQWDWH� GH� XQ� DOW� PRWRU� VDX� FKLDU� GH� XQ� PRWRU�
6WLUOLQJ��$FHDVW �FDUDFWHULVWLF �SHUPLWH�XWLOL]DUHD�ORU�SHQWUX�FRQGL LRQDUHD�DHUXOXL�vQ�VSD LLOH�
ORFXLWH��vQ�VFRSXUL�GH�UHIULJHUDUH�úL�FKLDU�FULRJHQLH�I U �V �XWLOL]H]H�GHORF�IUHRQi. 
 

 $YDQWDMXO�SULQFLSDO�DO�FLFOXOXL�6WLUOLQJ�vQ�FRPSDUD LH�FX�FLFOXO�&DUQRW�FRQVW �vQ�
IDSWXO� F � FHOH� GRX �SURFHVH� DGLDEDWH� �FLFOXO� &DUQRW�� DX� IRVW� vQORFXLWH� SULQ� GRX � SURFHVH�
L]RFRUH��FLFOXO�6WLUOLQJ���FHHD�FH�DUH�FD�HIHFW�FUHúWHUHD�DULHL�vQ�GLDJUDPD�pV, deci a efectului 
XWLO� vQ� FRQGL LLOH� vQ� FDUH� SHQWUX� D�RE LQH� R� SXWHUH�PHFDQLF � UH]RQDELO �� QX� HVWH� QHFHVDU �
DWLQJHUHD�XQHL�SUHVLXQL�IRDUWH�ULGLFDWH�úL�D�XQXL�YROXP�DO�FXUVHL�IRDUWH�ODUJ��FXP�HVWH�FD]XO�
ciclului Carnot). 
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1.2.3 .  6FXUW �LQFXUVLXQH�vQ�HYROX LD�PDüLQi l or  St i r l i ng 

 'XS � FXP� DP� Y ]XW� vQ� SDUDJUDIXO� 1.2.1. , motorul� IXQF LRQkQG� GXS � XQ� FLFOX�
6WLUOLQJ�D�IRVW�SHQWUX�SULPD�GDW �EUHYHWDW�vQ������GH�F WUH�FOHULFXO1 Robert STIRLING.  

 “Economizorul”� �DúD� FXP� D� IRVW� QXPLW� GH� DFHVWD� úL� FDUH� DVW ]L� VH� QXPHúWH�
regenerator��D�UHSUH]HQWDW�FHD�PDL� LPSRUWDQW �GHVFRSHULUH�GH�SkQ �DWXQFL��PRWRUXO�FX�DHU�
FDOG�IXVHVH�GHMD�LQYHQWDW�vQ������GH�F WUH�6LU�*HRUJH�&$/(<2

. 

 Istoricii au indicat motivul pentru care Robert STIRLING ar fi I FXW�HIRUWXO�GH�D�
LQYHQWD� XQ� DVWIHO� GH�PRWRU�� úL� DQXPH� DFHOD� F �PRWRDUHOH� FX� DEXU�� FDUH� HUDX� IRDUWH�PXOW�
XWLOL]DWH�vQ�DFHD�SHULRDG ��HUDX�IRDUWH�SHULFXORDVH�úL�SURGXFHDX�IRDUWH�PXOWH�H[SOR]LL�� 
 7RWXúL�� FX� WRDWH� GH]YROW ULOH� vQ� GRPHQLXO� LQJLQHULHL�PHFDQLFH�� HO� HUD� FRQúWLHQW� GH�
GLILFXOW LOH� SH� FDUH� OH� LPSOLFD� UHDOL]DUHD� XQXL� DVWIHO� GH� FLFOX� vQ� FRPSRQHQ D� F UXLD� VH�
J VHVF�GRX �SURFHVH�L]RWHUPH��FD�úL�vQ�FLFOXO�&DUQRW��úL�GRX �L]RFRUH��GLILFXOW L�LPSXVH�GH�
UH]LVWHQ D�PDWHULDOHORU�H[LVWHQWH�OD�DFHD�YUHPH��$YDQWDMXO�PRWRUXOXL�6WLUOLQJ�vQ�FRPSDUD LH�
FX� PRWRDUHOH� FX� DEXU� H[LVWHQWH� HUD� DFHOD� F � HYLWD� H[SOR]LD� SULQ� IDSWXO� F � SUHVLXQHD� QX�
FUHúWHD� OD� DFHO� QLYHO�� R� VXSUDvQF O]LUH� FRQGXFHD� OD� XQ� VWUHV� WHUPLF� ULGLFDW�� LDU�PDWHULDOXO�
ceda conducând la simpla oprire a moWRUXOXL��0DL�WkU]LX��vQ�QHFURORJXO�IUDWHOXL�V X��5REHUW�
Stirling scria [2]: ³$FHVWH�LPSHUIHF LXQL�DX�IRVW�FX�WLPSXO�GHS úLWH�vQWU-R�PDUH�P VXU �vQ�

VSHFLDO� GDWRULW � JHQLDOLW LL� GLVWLQVXOXL� %HVVHPHU
3
�� 'DF � R HOXO� WLp Bessemer ar fi fost 

GHVFRSHULW�FX����VDX����GH�DQL�PDL�vQDLQWH��FX�VLJXUDQ �PRWRUXO�FX�DHU�DU�IL�IRVW�XQ�PDUH�

VXFFHV��5 PkQH�FD�vQ�YLLWRU�DO L�LQJLQHUL�WDOHQWD L�úL�DPEL LRúL�V �UHLD�FHUFHW ULOH�vQ�FRQGL LL�

PXOW�PDL�IDYRUDELOH�úL�FX�JDUDQWDUHD�XQXL�VXFFes complet …”. 

 De atunci, multe alte variante de motoare Stirling au fost construite în vederea 
vPEXQ W LULL� SHUIRUPDQ HORU�� GDU� SURGXF LD� D� U PDV� OD� XQ� QLYHO� VF ]XW� GDWRULW � DSDUL LHL�
PRWRDUHORU�2WWR�úL�'LHVHO�vQ�������UHVSHFWLY�������PRWRDUH�PDL�SHUIRUmante decât motorul 
6WLUOLQJ�H[LVWHQW�DWXQFL�úL�WRWRGDW ��GDWRULW �vPEXQ W LULORU�DGXVH�PRWRDUHORU�FX�DEXU� 
 5HQDúWHUHD� PRWRUXOXL� 6WLUOLQJ� D� vQFHSXW� vQ� ������ vQ� SUHDMPD� celui deal Doilea 
5 ]ERL�0RQGLDO��GDWRULW �VLJXUDQ HL�vQ�IXQF LRQDUH�PDL�EXQ �GHFkW�FHD�RIHULW �GH�PRWRDUHOH�
FX�DEXU�úL�GDWRULW �IDSWXOXL�F �XWLOL]DX�DHU�GUHSW�DJHQW�GH�OXFUX��$FHDVW �HWDS �vQ�GH]YROWDUHD�
motoarelor Stirling s-D� GDWRUDW� SURJUDPHORU� GH� FHUFHWDUH� ODQVDWH� GH� FRPSDQLD� 3KLOLSV� úL�
DYHD� V � LQ � ���GH� DQL�� WLPS� vQ� FDUH� V-au pus bazHOH� VWDELOH�SH� FDUH� XUPD� V � VH�GH]YROWH�
WHKQRORJLD�PRGHUQ �GH�DVW ]L�� 
 În 1950, motorul clasic Stirling de 200W era gata, dar acesta nu a avut o utilizare 
IRDUWH�PDUH�GDWRULW �XQHL�QRL�LQYHQ LL��WUDQ]LVWRUXO��FDUH�IXQF LRQD�OD�R�SXWHUH�MRDV �� 
 De atunci,� PRWRUXO� 6WLUOLQJ� D� IRVW� VWXGLDW� vQ� (XURSD� úL� $PHULFD�� vQFHSkQG� V � VH�
GH]YROWH� UDSLG� vQ� SUHDMPD� DQXOXL� ����� RGDW � FX� UHVLP LUHD� HIHFWHORU� &UL]HL� 3HWUROXOXL��
6WXGLXO�D�IRVW�H[WLQV�úL�vQ�-DSRQLD����DQL�PDL�WkU]LX� 
 În prezent, motorul Stirling este studiat pHVWH� WRW� vQ� OXPH� úL� vQ� FHOH� PDL� GLYHUVH�
IRUPH�DSOLFDWLYH��PRWRU�VRODU��SH�VXEPDULQH��vQ�VLVWHPHOH�GH�FRQGL LRQDUH�D�DHUXOXL��VLVWHPH�
frigorifice, etc. 
 

                                                
1
 cleric = preot anglican 

2
 Sir George CAYLEY (1773-1857) –�LQJLQHU�HQJOH]��VSHFLDOLVW�vQ�DHURQDXWLF � 

3 Sir Henry BESSEMER (1813-1898) –� LQJLQHU� HQJOH]�� Q VFXW� vQ� &KDUOWRQ��+HUWIRUGVKLUH�� UHQXPLW� SHQWUX�
SULPXO�SURFHV�LQGXVWULDO�LHIWLQ�GH�IDEULFDUH�D�R HOXOXL��EUHYHWDW�vQ�������FH�FRQVW � vQ�SULQFLSLX�vQ�HOLPLQDUHD�
LPSXULW LORU� GLQ� ILHU� SULQ� R[LGDUH�� SULQ� VXIODUHD� DHUXOXL� SHVWH� ILHU� WRSLW�� SURFHVXO� GH� R[LGDUH� PHQ LQH�
WHPSHUDWXUD�ULGLFDW �úL�UHVSHFWLY��ILHUXO�WRSLW� 
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 ÌQ�FHHD�FH�SULYHúWH�HYROX LD�PDúLQLORU�IULJRULILFH�6WLUOLQJ, aceasta HVWH�VWUkQV�OHJDW �
GH�HYROX LD�PDúinilor frigorifice în general [3]; prima referire de acest gen apare în 1834 
într-R�VFULVRDUH�F WUH�³7KH�$WKHQDHXP´1 prin care John HERSCHEL2 anticipa “aplicarea 
motorului Stirling3�OD�IDEULFDUHD�JKH LL´� 
 În 1876, Alexander KIRK4� GHVFULD� SULPD� PDúLQ � IULJRULILF � IXQF LRQDO �� $FHVWD�
DYHD� V � ILH� SXQFWXO� GH� vQFHSXW� DO� GH]YROW ULL� FRPHU XOXL� GH� FDUQH� vQWUH� $XVWUDOLD�� 1RXD�
=HHODQG � úL�0DUHD�%ULWDQLH��5HJLVWUHOH�/OR\GV� GLQ� ����-1900 au înregistrat 285 nave de 
transport cu caSDFLWDWH� GH� UHIULJHUDUH� SHQWUX� WUDQVSRUWXO� F UQLL� úL� D� IUXFWHORU��'H]YROWDUHD�
criogeneratoarelor a urmat ceva mai târziu. 

 3ULPHOH�JD]H��DHU�úL�R[LJHQ��DX�IRVW�SHQWUX�SULPD�GDW �OLFKHILDWH�vQ������VLPXOWDQ�GH�
F WUH�&$,//(7(75�úL�3,&7(76

, prin procedee diferite, lucrând independent. 

 0DúLQD� RULJLQDO � VSHFLDO� SURLHFWDW � SHQWUX� OLFKHILHUHD� DHUXOXL� D� IRVW� GHVFULV � GH�
SOLVAY

7
 într-XQ�EUHYHW� GLQ� ����� úL� XWLOL]D� KLGURJHQ� FD� DJHQW� GH� OXFUX��'LQ� QHIHULFLUH��

PDúLQD�OXL�62/9$<�QX�D�UHXúLW�OLFKHILHUHD�DHUXOXL� 
 Karl von LINDE8, profesor la Institutul Politehnic din Munchen, Germania, a 
RE LQXW�vQ������DHU�OLFKHILDW�vQ�FDQWLW L� LPSRUWDQWH��'LVSR]LWLYXO�FRQVWD�vQWU-un compresor 
XQ�VFKLPE WRU�GH�F OGXU �vQ�FRQWUDFXUHQW�úL�XQ�YHQWLO�GH�ODPLQDUH�-RXOH-Thomson. 
 Experimente similare au urmat în Anglia la Hampson (British Oxygen Company). 
În 1896, Kamerlingh ONNES de la Leiden Laboratory trasa alte scheme ale dispozitivelor 
de lichefiere. În 1898, Edgar THRUPP, inginer britanic, breveta un sistem de lichefiere ce 
utiliza un detentor. De asemenea, americanul Joseph JOHNSON breveta sistemul de 
OLFKHILHUH�XWLOL]kQG�R�WXUELQ �/DYDO��ÌQ�PDL�������vQ�)UDQ D��&/$8'(�D�UHXúLW�V �RE LQ �FX�
ajutorul unui detentor un debit continuu de aer lichefiat. 
 În 1912, HEYLANDT propune utilizarea pistonului “crowned” astfel încât 

supapele� IXQF LRQHD] � OD� WHPSHUDWXUD� PHGLXOXL� DPELDQW� UHDOL]kQG� R� PDL� EXQ � L]RODUH�
WHUPLF ��DFHDVW �VROX LH�HVWH�vQ�SUH]HQW�XWLOL]DW �OD�GLVSR]LWLYHOH�GH�OLFKHILHUH� 
 ÌQ� DQLL� ����� FRPSDQLD� JHUPDQ � /LQGH� FRPHUFLDOL]HD] � detentoare pentru 

lichefierea gazelor.  

 În 1934, Peter KAPITZA, profesor la Universitatea Cambridge, descrie un nou 
GLVSR]LWLY� GH� OLFKHILHUH� D� KHOLXOXL�� LDU� vQ� �����SULPHúWH� 3UHPLXO�1REHO� SHQWUX� H[WLQVD� VD�
activitate în domeniul criogeniei. 
 ÌQ� ������ &2//,16� UHXúHúWH� DWLQJHUHD� XQHL� WHPSeraturi de 10K utilizând un 

GHWHQWRU�FX�GLDIUDJP ��GDU�GLQ�S FDWH�I U �D�RE LQH�KHOLX�OLFKHILDW�GDWRULW �QHHWDQúHLW LORU�vQ�
circuitul de vacuum. 

 $X�XUPDW�GRX �GLUHF LL�LPSRUWDQWH�GH�GH]YROWDUH�D�FULRJHQHUDWRDUHORU�GXS �FHO�GH-al 

Doilea Razboi Mondial, amEHOH�FX�XQ�HIHFW�LPSRUWDQW�DVXSUD�VRFLHW LL�úL�DVXSUD�D�FHHD�FH�
DYHD�V �VH�QXPHDVF �ÄHUD�VXSHUFRQGXFWLYLW LL´� 

                                                
1 The Athenaeum –�UHYLVW �OLWHUDU �SXEOLFDW �vQ�/RQGUD�vQWUH�����-1921. 
2
 Sir John Frederick William HERSCHEL (1792-1871) – matematician, astronom, chimist englez. 

3�FHHD�FH�DYHD�V �VH�QXPHDVF �PDL�WkU]LX�³PRWRU�6WLUOLQJ´� 
4
 Alexander KIRK –�LQJLQHU�VFR LDQ� 

5
 Louis-Paul CAILLETET (1832-1913) –�IL]LFLDQ�úL�LQYHQWDWRU�IUDQFH]��Q VFXW�vQ�&KkWLOORQ-sur-6HLQH��)UDQ D��
FXQRVFXW�D�IL�SULPXO�FDUH�D�RE LQXW�OLFKHILHUHD�R[LJHQXOXL��KLGURJHQXOXL��D]RWXOXL�úL�DHUXOXL� 
6
 Raoul-Pierre PICTET (1846-1929) –�IL]LFLDQ�HOYH LDQ��Q VFXW�vQ�*HQHYD��FXQRVFXW�SHQWUX�RE LQHUHD�D]RWXOXL�

lichid. La 22 dHFHPEULH������D�IRVW�vQUHJLVWUDW �«lichefierea O2�OD�����DWP�úL�-140°C ». 
7 Ernest SOLVAY (1838-1922) –� LQJLQHU�FKLPLVW�EHOJLDQ��UHQXPLW�SHQWUX�GHVFRSHULUHD�úL�DSOLFDUHD�OD� VFDU �
LQGXVWULDO �D�SURFHVXOXL�GH�IDEULFDUH�D�FDUERQDWXOXL�GH�VRGLX�1D2CO3 (utilizat pentru fabricarea sticlei). 
8 Carl Paul Gottfried von LINDE (1842-1934) – inginer german; a brevetat numeroase sisteme de lichefiere a 

gazelor, brevete disponibile pe internet la adresa: http://www.pat2pdf.org/pat2pdf/foo.pl?number=727650. 



Camelia PETRE - Teza de doctorat   

 20

 3ULPD� GLUHF LH� vQFHSHD� FX� GH]YROWDUHD� XQXL� OLFKHILDWRU� GH� KHOLX� vQ� ����� GH� F WUH�
Samuel COLLINS, profesor emerit la Massachusetts Institute of Technology. Cu GRX �
detentoare� úL� XQ� VFKLPE WRU� GH� F OGXU � FRPSDFW� vQ� FRQWUDFXUHQW�� HUD� SRVLELO � OLFKHILHUHD�
RULF UXL� JD]� I UD� XQ� DSRUW� VXSOLPHQWDU� GH� U FLUH�� $FHDVW � VROX LH� RIHUHD� SRVLELOLWDWHD� GH�
FHUFHWDUH� DVXSUD� OLFKHILHULL� KHOLXOXL� RULF UXL� ODERUDWRU industrial sau universitar. În ultima 
parte a anilor 1950, s-D� vQUHJLVWUDW� R� GH]YROWDUH� H[SOR]LY � D� FULRJHQLHL� FD� XUPDUH� D�
GH]YROW ULL�SURLHFWLOHORU�GH�UDFKHWH��D�³HUHL�6SXWQLN´�úL�PDL�DOHV�D�GH]YROW ULORU�vQ�GRPHQLXO�
supraconducWLELOLW LL. 
 Cea de-a douD�GLUHF LH�LPSRUWDQW �GH�GH]YROWDUH�HVWH�FHD�GH�SURGXFHUH�D�PDúLQLORU�
frigorifice Stirling, la care compania Philips din Eindhoven, Olanda, a contribuit 
VXEVWDQ LDO�� ÌQ�������3KLOLSV�RE LQHD�SULPXO�PRWRU�GH�� CP ca generator pentru aparatele 
radio în zonele neelectrificate. Apoi au dezvoltat motorul Stirling de 5W utilizate în 
PHGLFLQ � SHQWUX� cord artificial, urmând cele de 200 N:�SHQWUX� DUGHUHD� GHúHXULORU� VROLGH�
LQGXVWULDOH� úL� DJULFROH�� ÌQ� ������ 3KLOLSV� SURGXFH� SULPXO� OLFKHILDWRU� GH� JD]� FH� XUPD� D� IL�
disponLELO� FRPHUFLDOL] ULL�DELD�SHVWH���DQL�� vQ������JUD LH�FHUFHW ULORU�HFKLSHL�FRQGXVH�GH�
-DQ�.2+/(5��'H�DWXQFL��XQ�QXP U�PDUH�GH�FRPSDQLL�DX�S WUXQV�vQ�GRPHQLXO�FULRJHQLHL�úL�
ca rezultat a fost dezvoltat �R�ODUJ �YDULHWDWH�GH�WLSXUL�GH�FULRJHQHUDWRDUH� 

 0DúLnile frigorifice Stirling s-au dovedit a fi mai potrivite pentru domeniul 
criogenic decât pentru cel de interes casnic sau comercial care este în prezent dominat de 
LQVWDOD LLOH�IULJRULILFH�FX�FRPSULPDUH�PHFDQLF �GH�YDSRUL� 
 De-a lungul istoriei, criogeneratoarele Stirling au fost considerate “baza” 
criogeneratoarelor regenerative [8].�0DúLQLOH� IULJRULILFH� *LIIRUG-McMahon úL� SXOVH� WXEH 
UHSUH]LQW �GH�IDSW�YDULante�DOH�PDúLQLL�IULJRULILFH�6WLUOLQJ� 
 
 Pulse-Tube RefrigeraWRU� UHSUH]LQW � XQD� GLQWUH� FHOH� PDL� UHFHQWH� GH]YROW UL� vQ�
GRPHQLXO� FULRJHQLHL�� $FHVW� WLS� GH� VLVWHP� FULRJHQLF� IXQF LRQHD] � GXS � XQ� FLFOX�
termodinamic endo-UHJHQHUDWLY�úL�DUH�DSOLFD LL�vQ�PHGLFLQ ��HOHFWURQLF ��úWLLQ D�IRWRJUDILHL��
tehnologia calculatoarelor,�PLVLXQL�PLOLWDUH�úL�VSD LDOH��FX�DOWH�FXYLQWH�vQ�DFHOH�GRPHQLL�vQ�
FDUH� HVWH� QHFHVDU � DWLQJHUHD� XQRU� SHUIRUPDQ H� FULRJHQLFH� ULGLFDWH� �WHPSHUDWXUL� GLQ�
domeniul criogenic, 15 – 150 .��FX�XQ�WLPS�GH�U VSXQV�UHGXV��FX�FRVWXUL�UHGXVH��VLPSOLWDWH�
IXQF LRQDO �úL�construcWLY ��JDEDULW�UHGXV�úL�I U �YLEUD LL�PHFDQLFH�úL�]JRPRW [5]. 
 ÌQFHSXWXO� GDWHD] � GLQ� ����-1965, la Universitatea din Syracuza, când profesorul 
*,))25'��VWXGHQWXO�V X�/21*6:257+�úL�.<$1.$�DX�REVHUYDW�F �vQWU-un tub metalic 
FDUH� DUH� XQ� FDS W� vQFKLV�� LDU� FHO ODOW� FRQHFWDW� OD� XQ� JHQHUDWRU� GH� XQGH� GH� SUHVLXQH� �XQ�
FRPSUHVRU�� GH� H[HPSOX��� JD]XO� SULQ� FDUH� VH� SURSDJ � XQGHOH� VH� vQF O]HúWH� GDWRULW �
LQWHUDF LXQLL�WHUPLFH�GLQWUH�DFHVWD�úL�SHUH LL�WXEXOXL��6WXGLL�PDL�DSURIXndate au demonstrate 
F �SR]L LRQDUHD�XQXL� UHJHQHUDWRU� WHUPLF� vQWUH�JHQHUDWRUXO�GH�XQGH�úL�SXOVH-WXEH� vQF O]HúWH�
FDS WXO�PDL�DSURSLDW�úL�vO�U FHúWH�SH�FHO ODOW�����.���$FHVW�PRGHO�D�IRVW�QXPLW�Basic Pulse-
Tube Refrigerator (BPTR). 
 8Q� URO� LPSRUWDQW� vO� MRDF � GHID]DMXO� GLQWUH� XQGHOH� HPLVH� GH� JHQHUDWRU� úL� FHOH�
UHIOHFWDWH�GH�FDS WXO�FHO�PDL�DSURSLDW�al pulse-WXEH��%375�RE LQH�HIHFWXO�GH�U cLUH�SULQ�DúD�
QXPLWXO� SURFHVV� GH� ³SRPSDUH� D� F OGXULL´� FDUH� HVWH� deWHUPLQDW� GH� LQWHUDF LXQHD� WHUPLF �
dintre fluidul de lucru (FDUH� DVLJXU � SURSDJDUHD� XQGHORU�� úL� SHUH LL� WXEXOXL�� 'H� RELFHL��
IOXLGXO�GH�OXFUX�HVWH�DHU��D]RW�VDX�KHOLX��FD�úL�vQ�FHOHODOWH�FULRJHQHUDWRDUH� 
 %375� HVWH� VLPLODU� XQHL�PDúLQL� IULJRULILFH� 6WLUOLQJ� WLS� � �YH]L� SDUDJUDIXO�1.2.4. ). 
DLIHUHQ D�FRQVW �vQ�IDSWXO�F �SLVWRQXO�VROLG�����GLQ�FULRJHQHUDWRUXO�6WLUOLQJ�HVWH�vQORFXLW�GH�
un piston gazos (7) în cazul pulse-WXEH�úL�GH asemenea�H[LVWHQ D�XQXL�VFKLPE WRU�GH�F OGXU �
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VXSOLPHQWDU�����OD�FDS WXO� WXEXOXL��ÌQORFXLUHD�VXSDSHORU�úL�D�FRPSUHVRUXOXL�FX�JHQHUDWRUXO�
de unde de presLXQH� RIHU � DYDQWDMXO� HOLPLQ ULL� SLHUGHULORU� FDX]DWH� GH� GHVWLQGHUHD�
L]HQWDOSLF �D�DJHQWXOXL�GH�OXFUX�SULQ�VXSDSH� 

 

Fig. 1.3�$VHP QDUHD�GLQWUH�XQ�FULRJHQHUDWRU�6WLUOLQJ�WLS� ��D��úL�XQ�

pulse tube(b); 1-compresor; 2,4-U FLWRDUH�� �-regenerator; 5,7-

pistoane; 6-Pulse Tube; 8-vQF O]LWRU��ILJXU �UHSURGXV �FX�DFRUGXO�

autorului) [5], [139]. 

 ÌQ�������(��0,.8/,1�D�GHPRQVWUDW�F �UDQGDPHQWXO�XQXL�criogenerator Pulse-Tube 
DU�SXWHD�IL�vPEXQ W LW�SULQ�DG XJDUHD�XQXL�UH]HUYRU�WDPSRQ��GH�SUHVLXQH�TYDVL-FRQVWDQW ��
OD� FDS WXO� UHFH� DO� WXEXOXL�SULQ� LQWHUPHGLXO�XQXL�RULILFLX� �R� UH]LVWHQ � GLQDPLF � ORFDO �� GH�
VHF LXQH� UHJODELO �� DFHDVW � QRX � VROX LH� FRQVWUXFWLY � QXPLQGX-se Orifice Pulse-Tube 
Refrigerator��2375���3ULQ�VFKLPEDUHD�DULHL�GH�FXUJHUH�D�RULILFLXOXL�HVWH�SRVLELO �RE LQHUHD 
FRQWUROXOXL�RSWLP�DVXSUD�GHELWXOXL�GH�JD]�FH� LQWU � vQ� UH]HUYRU� úL�GHFL�D�GHID]DMXOXL�GLQWUH�
XQGHOH�GH�SUHVLXQH�LQFLGHQWH�úL�UHIOHFWDWH� 

 

Fig. 1.4 Orifice Pulse Tube Refrigerator; 1-compresor; 2-

regenerator; 3-Pulse Tube; 4-orificiu; 5-rezervor tampon; 6-

FDS WXO� FDOG�� 7-FDS WXO� UHFH� �ILJXU � UHSURGXV � FX� DFRUGXO�

autorului) [5], [140]. 

 Cu ajutorul OPTR s-DX�RE LQXW�vQWUH�����-1994 temperaturi de 30-3,6 K, utilizând 

sisteme cu XQD� VDX� PDL� PXOWH� WUHSWH� �OD� 1$6$� $PHV� 5HVHDUFK� &HQWHU� úL� /RV� $ODPRV�
Laboratory). 

 Alte VROX LL�FRQVWUXFWLYH�DX�GHULYDW de aici în idea de a avea sisteme mai eficiente, 

PDL�VLPSOH�úL�PDL�PLFL��1X�WUHEXLH�vQV �XLWDW�IDSWXO�F �WRDWH�DFHVWH�VLVWHPH�DX�OD�ED] �FLFOXO�
6WLUOLQJ��FD�DWDUH�vPEXQ W LUL�VH�PDL�SRW�DGXFH�vQF �úL�PDúLQLORU�IULJRULILFH�6WLUOLQJ��'DF �
DQDOL] P� OLVWD� EUHYHWHORU� vQ� FHHD� FH� SULYHúWH� PDúLQLOH� 6WLUOLQJ [145], putem observa o 

FRQWLQX �DSDUL LH�GH�QRL�VROX LL�úL�vPEXQ W LUL�DGXVH�VROX LLORU�GHMD�H[LVWHQWH��FHHD�FH�LQGLF �
R�SXWHUQLF �UHRULHQWDUH�F WUH�DFHVWH�PDúLQL� 
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1.2.4 .  6ROX LL�FRQVWUXFWLYH�DOH�PDüLQLORU�6WLUOLQJ 

 ([LVW � GRX � FDWHJRULL� SULQFLSDOH� GH� PDúLQL� 6WLUOLQJ�� cinematice� úL� cu pistoane 
libere. CelH�FLQHPDWLFH�VH�VXEFODVLILF �vQ�PDúLQL�WLS�DOID��EHWD�úL�JDPD��VXEFDWHJRULL�FDUH�OD�
UkQGXO�ORU�SRW�IL�SURLHFWDWH�vQ�GLYHUVH�WLSXUL�vQ�IXQF LH�GH�FUHDWLYLWDWHD�LQJLQHUXOXL�SURLHFWDQW��
ÌQV �SkQ �vQ�SUH]HQW��DFHVWHD�WUHL�U PkQ�VROX LLOH�FRQVWUXFWLYH�SULQFLSDOe (Fig. 1.5): 

) PDúLQL�6WLUOLQJ�WLS� �–�SLVWRDQHOH�OXFUHD] �vQ�FLOLQGUL�VHSDUD L��GLVSXúL�vQ�OLQLH�VDX�vQ�9� 

) PDúLQL� 6WLUOLQJ� WLS� � –� SLVWRDQHOH� OXFUHD] � vQ� FLOLQGUL� FRD[LDOL�� DPEHOH� VSD LL� �GH�
GHVWLQGHUH�úL�FRPSULPDUH��ILLQG�JHQHUDWH�vQ�DFHODúL�FLOLQGUX��HVWH�GH�REVHUYDW�IDSWXO�F �
FHOH� GRX � SLVWRDQH� DX� GHQXPLUL� GLIHULWH�� deplasator� SHQWUX� SLVWRQXO� FDUH� JHQHUHD] �
VSD LXO� GH� GHVWLQGHUH� úL� piston de lucru� SHQWUX� FHO� FDUH� JHQHUHD] � VSD LXO� GH�
comprimare; 

) PDúLQL� 6WLUOLQJ� WLS� � –� FHOH� GRX � SLVWRDQH� OXFUHD] � vQ� FLOLQGUL� VHSDUD L�� DVWIHO� vQFkW�
VSD LXO� GH� FRPSULPDUH� HVWH� FRPXQ� DFHVWRUD�� 6SXQHP� F � DFHVWH� PDúLQL� DX� VSD LX�
secundar de comprimare. 

 ÌQ�FHHD�FH�SULYHúWH�SHUIRUPDQ HOH�RE LQXWH�FX�DFHVWH�WLSXUL�GH�PDúLQL��D�IRVW�GRYHGLW�
[6]�IDSWXO�F �PDúLQD�6WLUOLQJ�WLS� �RIHU �FHOH�PDL�EXQH�SHUIRUPDQ H��ILLQG�XUPDW �GH�PDúLQD�
6WLUOLQJ� WLS� � úL� vQ� ILQDO� WLS� �� LQGLIHUHQW� GDF � PDúLQD� HVWH� XWLOL]DW � FD� PRWRU�� PDúLQ �
IULJRULILF �VDX�SRPS �GH�F OGXU � 
 0DúLQLOH�6WLUOLQJ�SRW�IL�FODVLILFDWH�úL�vQ�IXQF LH�GH�QXP UXO�GH�FLOLQGUL��DVWIHO� 
- PDúLQL� FX�XQ� VLQJXU� FLOLQGUX: acestea au cilindrul plin cu gaz (de obicei, heliu sau 

KLGURJHQ��GDU�úL�DHU�XVFDW��úL�GRX �SLVWRDQH��8Q�FDS W�DO�FLOLQGUXOXL�HVWH� LQXW�vQ�FRQWDFW�
cu sursD�FDOG ��LDU�FHO ODOW�FX�VXUVD�UHFH��8QXO�GLQWUH�SLVWRDQH�are rol de deplasator, care 
PLúF � JD]XO�GLQWU-o parte într-alta. Cel de-al doilea piston HVWH�SLVWRQXO�GH� OXFUX� úL se 
PLúF �DOWHUQDWLY�vQ�IXQF LH�GH�FH�SURFHV�VXIHU �JD]XO��vQF O]LUH���U FLUH�� 

- PDúLni cu doi cilindrii��JD]XO�VH�PLúF �vQWUH�XQ�cap�FDOG�úL�XQXO�UHFH�� lucrul mecanic 
fiind dezvoltat�vQ�WLPS�FH�JD]XO�VH�vQF O]HúWH� 

 2ULFDUH�PRGHO�DU�IL�DOHV��PDúLQD�6WLUOLQJ�HVWH�IRDUWH�HILFLHQW ��SXWkQG�IL�H[HFXWDW �OD�
dimensiuni mici, dar generând o puteUH� VXILFLHQW � SHQWUX� R� ELFLFOHW �� XWLOL]kQG� UDGLD LD�
VRODU ��GH�H[HPSOX���$UH�GRDU�FkWHYD�S U L�XúRU�X]DELOH�úL�IXQF LRQHD] �vQWUH�GLIHUHQ H�GH�
WHPSHUDWXUD�úL�PLFL�úL�PDUL�úL�SRW�IL�H[HFXWDWH�vQ�FRQILJXUD LL�SDUDOHOH�úL�UDGLDOH [6]. 
 $úD� FXP� V-D�PHQ LRQDW� DQWHULRU��PRWRUXO� 6WLUOLQJ� HVWH� vQWU-R� FRQWLQX � GH]YROWDUH��
IDSW�SHQWUX�FDUH�H[LVW �R�PXOWLWXGLQH�GH�FRPELQD LL�úL�YDULDQWH�GH�PHFDQLVPH��EUHYHWDWH�GH�
GLYHUúL�FHUFHW WRUL��ÌQ�FHOH�FH�XUPHD] ��se dau câteva exemple. 
• Motoare Stirling cu pistoane libere –�SURGXVH�GH�&RUSRUD LD�6XQSRZHU�,QF��'LQ�FODVD�

PDúLQLORU� WHUPLFH� FX� SLVWRDQH� OLEHUH� IDF� SDUWH� PRWRDUHOH� 6WLUOLQJ�� FULRJHQHUDWRDUHOH�
Stirling úL�SXOVH�WXEH��$FHVWHD�VXQW�PDúLQL�WLS� � 

• 0RWRDUH� 6WLUOLQJ� FX� GRX � SLVWRDQH úL� piston-deplasator –� D� F URU� GHVFULHre este 
UHDOL]DW � GH�.RLFKL� +LUDWD� [http://www.bekkoame.ne.jp/~khirata@� FDUH� SUH]LQW �modul 
GH�IXQF LRQDUH�DO�PRWRDUHORU�FX�GRX �SLVWRDQH�úL�UHVSHFWLY�FX�SLVWRQ-deplasator. 

• Motoare Stirling rotative –�D�F URU�WXUD LH�HVWH�GH�����URW�PLQ�FkQG�DX�FD�VXUV �FDOG �
XQ� DU] WRU� FX� JD]�� 6XQW� PRWRDUH� SURLHFWDWH� VSHFLDO� SHQWUX� D� IXQF LRQD� FX� VXUVH� GH�
F OGXU �PDL�SX LQ�LQWHQVH��8QHOH�GLQWUH�HOH� IXQF LRQHD] � OD�R�GLIHUHQ �GH�WHPSHUDWXU �
GH�PDL�SX LQ�GH����°C. 

• Motoare Stirling termoacustice – dezvoltate de Los Alamos National Laboratory. 
,GHHD� GH� ED] � D� IRVW� generarea unei energii acustice puternice care poate fi direct 
IRORVLW �SHQWUX�D�produce�HOHFWULFLWDWH�VDX�SHQWUX�D�DOLPHQWD�PDúLQL�IULJRULILFH� 
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• Motoare Stirling solare – dezvoltate de NASA Glenn Research Center în cadrul 
proiectului Advanced Stirling Conversion System (ASCS) Project, fiind motoare 
DOLPHQWDWH�FX�HQHUJLH�VRODU �GHVWLQDWH�DSOLFD LLORU�WHUHVWUH��3URLHFWXO�FRQVW �vQ�D�SURGXFH�
VLVWHPH� FDSDELOH� V � GH]YROWH� SXWHUL� GH� �� N:H� úL� FDUH� V � IXQF LRQH]H� ������� RUH��
6LVWHPXO�SURLHFWDW�FRQ LQH�XQ�UHFHSWRU�GH�UDGLD LH�VRODU �FRQFHQWUDW �FX� HYL�úL�FDUH�DUH�
FD� DJHQW� WHUPLF� VRGLX� úL� XQ�motor Stirling cu pistoane libere cuplat cu un alternator 
OLQLDU�FX�PDJQHW��SH�XQ�VLVWHP�GH�ODJ UH�KLGURGLQDPLFH��$OWH�FRQILJXUD LL�H[HFXWDWH�GH�
NASA Glenn Research Center sunt motorul Stirling cu doi cilindri (Twin Dual 
&\OLQGHU�6WLUOLQJ��úL�PHFDQLVPXO�URPERLGDO� 

• 0RWRDUH�6WLUOLQJ�FX�SDWUX�FLOLQGULL�FX�DF LXQH�GXEO �úL�U FLUH�FX�DS . 
• Motoare Stirling cu� FLOLQGULL� GLVSXúL� RUL]RQWDO�� RSXV – acest tip de motor a fost 

construit de Russell BATTLE [http://www.geocities.com/Yosemite/Rapids/2068/ 

HOTS1.html]. 
• 0RWRDUH� 6WLUOLQJ� FX� FDPH� úL� UR L� GLQ DWH� HOLSWLFH –� SHQWUX� D� vPEXQ WD L� PLúFDUHD�

deplasatorului astfel îQFkW�DFHDVWD�V �GHYLQ �SHUIHFW�VLQXVRLGDO � 
úL�PXOWH�DOWH�YDULDQWH��� 

Fig. 1.5� 6ROX LL� FRQVWUXFWLYH� DOH� PDúLQLL� 6WLUOLQJ� UHJHQHUDWLYH, 

�ILJXU �UHSURGXV �FX�DFRUGXO�DXWRUXOXL� [6]. 

 )XQF LH�GH�GLYHUVH�DOWH�FULWHULL��QX�QHDS UDW�VROX LL�FRQVWUXFWLYH���vQ�FHHD�FH�SULYHúWH�
PDúLQLOH�IULJRULILFH�VH�SRDWH�IDFH�XUP WRDUHD�FODVLILFDUH [3]: 
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a) Din punct de vedere al temperaturii de refrigerare 
([LVW �PDúLQL�IULJRULILFH�vQWU-R�WUHDSW �în care se pot atinge 80 K. Cu 2, 3 sau 4 trepte se 
pot atingH� WHPSHUDWXUL� GH� ������� úL� �-7 K. Cu toate acestea, întotdeauna va exista o 
cerere pentru temperaturi�FULRJHQLFH�úL�PDL�MRDVH��FD]�vQ�FDUH�SRW�IL�XWLOL]DWe alte sisteme 
criogenice, ca de exemplu criogeneratoarele Joule-Thomson, cele magneto-calorice sau 
electro-calorice (4.2K). 
&D�R�FODVLILFDUH�JHQHUDO ��VH�XWLOL]HD] �XUP WRDUHOH�OLPLWH�GH�WHPSHUDWXU � 
60-120K;  20-60K;  10-20K; 
4-10K;  1-4K;   PDL�SX LQ�GH 1K. 

b) Din punct de vedere al puterii frigorifice�RE LQXWH 
3XWHUHD� IULJRULILF � GHSLQGH� GH� WHPSHUDWXUD� GH� UHIULJHUDUH� F UHLD� vL� HVWH� DVRFLDW �� 'H 
RELFHL��DVRFLHUHD�VH�IDFH�FX�WHPSHUDWXULOH�GH�OLFKHILHUH�OD�SUHVLXQH�QRUPDO �DOH��KHOLXOXL�
(4K), hidrogenului (20K), azotului (80K), metanului (120K). 

Tabel 1.1�� &ODVLILFDUHD� FULRJHQHUDWRDUHORU� IXQF LH� GH� SXWHUHD�

IULJRULILF �úL�WHPSHUDWXUD�GH�UHIULJHUDUH� 

Tipuri 
criogeneratoare 

Putere 
IULJRULILF  

Temperatura de 
refrigerare 

$SOLFD LL�VSHFLILFH 

< 0,25W 20K 
1W 80K 

micro-
miniaturale 

1,5W 120K 

DSOLFD LL�HOHFWURQLFH 

< 0,5W 4K 
2W 20K 
8W 80K 

miniaturale 

12W 120K 

DSOLFD LL� HOHFWURQLFH� úL�
instrumente 

1W 1K 
10W 4K 
100W 20K 
0,8W 80K 

mici 

1,2W 120K 

$SOLFD LL� GH� ODERUDWRU�
GH� X]� JHQHUDO� úL�
sisteme comerciale 

25W 1K 
100W 4K 
1kW 20K 
15kW 80K 

medii 

25kW 120K 

sisteme mici de 
lichefiere a gazelor, 
sisteme industriale de 
supraconductibilitate 

mari Puteri frigorifice superioare celor 
specifice clasei medii 

sisteme de lichefiere a 
JD]HORU� OD� VFDU �
LQGXVWULDO ��
producerea de gaz 
natural lichid, etc 

c) Din punct de vedere al VLVWHPXOXL�GH�U FLUH 
6LVWHPXO�GH�U FLUH�HVWH�QHFHVDU�SHQWUX�GHVWLQGHUHD�JD]XOXL�FRPSULPDW��$FHVWHD�SRW�IL� 
c.1) PDúLQL�URWDWLYH�- pentru criogeneratoarele mari; 
c.2) motoare cu pistoane -�SHQWUX�FULRJHQHUDWRDUHOH�PLFL�úL�PHGLL� 
c.3) FRPELQD LL�GH�FRPSUHVRDUH�cu piston úL�WXUELQ �GH�H[SDQVLXQH� 
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d) Din punct de vedere al VFKLPE WRDUHORU�GH�F OGXU  
d.1) &ULRJHQHUDWRDUH�FX�VFKLPE WRDUH�GH�F OGXU �recuperatoare – ambele fluide (primar 

úL�VHFXQGDU��SRW�WUHFH�SULQ�VFKLPE WRU�ILH�FRQWLQXX��ILH�SHULRGLF��vQ�FRQWUDFXUHQW�VDX�
echicurent; exemple: Linde, Hampson, Claude, Collins, Joule-Thomson; 

d.2) &ULRJHQHUDWRDUH�FX�VFKLPE WRDUH�GH�F OGXU �regenerative – ambele fluide (primar 
úL�VHFXQGDU��WUHF�SULQ�VFKLPE WRU�DOWHUQDWLY�úL�SHULRGLF�SULQWU-R�PDWULFH�UHJHQHUDWLY ��
în contracurent sau echicurent; exemple: Stirling, Ericsson, Vuilleumier, Solvay, 
Gifford-McMahon; 

e) Din punct de vedere al controlului curgerii fluidului 
e.1) prin supape: toate mDúLQLOH�UHFXSHUDWLYH�úL�(ULFVVRQ� 
e.2) prin YDULD LL�GH�YROXP��PDúLQLOH�6WLUOLQJ� 

 
 Astfel, s-D�FRQWXUDW�ORFXO�PDúLQLORU�6WLUOLQJ�vQ�FODVD�PDúLQLORU�WHUPLFH��GLQ�SXQFW�GH�
YHGHUH�DO�FRQVWUXF LHL� 
 

1.2.5 .  3ULQFLSDOHOH�DSOLFD LL�DOH�PDüLQLORU�6WLUOLQJ 

 0DúLQLOH�6WLUOLQJ�DX�DSOLFD LL�vQ�DSURDSH�WRDWH�GRPHQLLOH�úWLLQ HL��$X�GHYHQLW�IRDUWH�
LQWHUHVDQWH�vQ�VSHFLDO�vQ�XUP WRDUHOH�GRPHQLL��DXWRPRELOH��FRQVWUXF LL��DJULFXOWXU ��PRWRDUH�
de locomotive, vapoare (pentru randamentul ridicat), motoarele submarinelor, aeronave úL�
rachete �vQ� VSHFLDO� SHQWUX� GHWHF LD� vQ� LQIUDURúX��� FKLUXUJLH� �XQGH� VH� XWLOL]HD] � PRWRDUH�
6WLUOLQJ�PLQLDWXUDOH�vQ�RSHUD LLOH�GH�WUDQVSODQW�GH�FRUG��úL�PXOWH�DOWHOH� 
 Ca motoare termice�VH�SRW�DPLQWL�XUP WRDUHOH�DSOLFD LL� 

• JHQHUDWRDUH�GH�HQHUJLH�HOHFWULF �SHQWUX�X]�FDVQLF��GDU�úL� vQ�WLPSXO�PLVLXQLORU�vQ�VSD LX�
GH�OXQJ �GXUDW ��$OWHUQDWRUXO�OLQLDU�6WLUOLQJ�VRODU�FX�SLVWRDQH�OLEHUH�� 

• DSOLFD LL� VRODUH�ED]DWH�SH�F OGXUD�FROHFWDW �GH�FRQFHQWUDWRULL�GH� UDGLD LH�VRODU � úL�FDUH�
DOLPHQWHD] � PRWRUXO� 6WLUOLQJ�� PDL� PXOWH� SURJUDPH� GH� ILQDQ DUH� JXYHUQDPHQWDO � vúL�
vQGUHDSW �IRQGXULOH�VSUH�DVWIHO�GH�DSOLFD LL� 

• JHQHUDUHD�GH�HOHFWULFLWDWH�SH�ED] �GH�ELRFRPEXVWLELOL��DFWLYLWDWH�vQ�FDUH�6XQSRZHU�,QF��
HVWH�LPSOLFDW �vQ�XOWLPD�SHULRDG � 

• automobile, în special în SUA; 

• în domeniul�QDYDO��FD�PRWRDUH�SHQWUX�VXEPDULQH� úL� VLVWHPH�GH�vQF O]LUH�SHQWUX�LDKWXUL�
(750W); 

• vQ� FRPSRQHQ D� QDYHORU� VSD LDOH�� SH� P VXU � FH� DOWLWXGLQHD� FUHúWH�� DHUXO� DWPRVIHULF�
GHYLQH�GLQ� FH� vQ� FH�PDL� UHFH�� LDU� SHUIRUPDQ HOH� RULF UXL�PRWRU�GH� DHURQDY � �LQFOXVLY�
motoruO�FX�UHDF LH��VFDG��FX�H[FHS LD�PRWRUXOXL�6WLUOLQJ��ùL� vQ�SOXV��PRWRDUHOH�6WLUOLQJ�
VXQW� VLOHQ LRDVH� úL� IXQF LRQHD] � OD� XQ� QLYHO� IRDUWH� VF ]XW� DO� YLEUD LLORU�� FHHD� FH� HVWH�
foarte important pentru motorul unei aeronave. 

 
 Motoarele Stirling au avut un impact� GHRVHELW� vQ� VSHFLDO� vQ� XUP WRDUHOH� WUHL�
GRPHQLL��VXEPDULQH��FULRJHQHUDWRDUH�����.��úL�JHQHUDWRDUH�GH�SXWHUH�HOHFWULF � 
 În domeniul criogenic��PDúLQLOH� 6WLUOLQJ� VXQW� WHRUHWLF� GH� QHGHS úLW� GLQ� SXQFW� GH�
YHGHUH�DO�DYDQWDMHORU�SH�FDUH�OH�RIHU ��$VWIHO��HOH�VH�EXFXU �GH�R�PDUH�DSOLFDELOLWDWH�vQ�DFHVW�
domeniu: 
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¾ militar: micro-criogeneratoarele sunt utilizate în special pentru echipamentele de 
GHWHF LH� vQ� LQIUDURúX� vQWU-R� YDULHWDWH� GH� VFRSXUL� VWUDWHJLFH� PLOLWDUH� úL� FLYLOH�� SHQWUX�
YL]LELOLWDWH� SH� WLPS� GH� QRDSWH� úL� sisteme de ghidare a rachetelor. Din 1950, au fost 
fabricate peste 100.000 de astfel de sisteme numai în SUA [8]. Pentru astfel de 
DSOLFD LL��SXWHULOH� IULJRULILFH� VXQW�GH�RUGLQXO�D�����-�:�� LDU� WHPSHUDWXUD�DWLQV � HVWH în 
jur de 80K; 

¾ medical: în chirurgie, crioplonjorul miniatural pentru congelarea unui volum mic de 
HVXW�RUJDQLF�vQ�YHGHUHD�XQRU�RSHUD LL�FKLUXUJLFDOH� 

¾ IRORVLUHD� GLVSR]LWLYHORU� GH� LQWHUIHUHQ � FXDQWLF � VXSUDFRQGXFWLYH� FD� PDJQHWRPHWUH�
sensibile pentru toatH� WLSXULOH� GH�P VXU WRUL� GLQDPLFH�� GH� OD�PDJQHWR-FDUGLRJUDPH� úL�
SkQ �OD�GHWHFWDUHD�VXEPDULQHORU�QXFOHDUH� 

¾ PDúLQL�IULJRULILFH�GH�X]�FDVQLF�úL�LQGXVWULDO� 
¾ GHSR]LWDUHD�FHOXOHORU�úL�VSHFLPHQHORU�ELRPHGLFDOH� 
¾ SHQWUX�OLFKHILHUHD�DHUXOXL��JD]XOXL�QDWXUDO�úL�KHOLXlui; 
¾ PRQLWRUL]DUHD� SROX ULL� PHGLXOXL� SULQ� VHQ]RUL� vQ� LQIUDURúX�� D� VWUDWXOXL� GH� R]RQ� úL� D�

HIHFWXOXL�GH�VHU � 
¾ vQ� WLPSXO� PLVLXQLORU� VSD LDOH� GH� OXQJ � GXUDW �� PDúLQLOH� 6WLUOLQJ� SRW� IL� XWLOL]DWH� FD�

generatoare criogenice (Criogeneratorul Stirling Duplex cu pistoane libere) [6]; 
¾ GLYHUVH� DOWH� DSOLFD LL� HOHFWURQLFH� úL� LQVWUXPHQWDOH�� U FLUHD� VXSHUFRQGXFWRULORU� úL� D�

microprocesoarelor, aplicarea diodelor cu efect tunel Josephson la calculatoarele 
electronice; 

¾ sistemele magneWLFH�GH�VXSUDFRQGXF LH�YRU�IL�XWLOL]DWH�vQ�SURFHVHOH�GH�IXzLXQH�QXFOHDU �
úL� vQ�VLVWHPHOH�PDJQHWR-hidrodinamice de generare a puterii, în sistemele de transport 
IHURYLDU�FH�VH�ED]HD] �SH�OHYLWD LD�PDJQHWLF �úL�VLVWHPHOH�GH�WUDQ]LW�UDSLG��vQ�SURSXOVLD�
naveloU� VSD LDOH�GH� YLWH] �PDUH� úL� vQ�PRWRDUHOH� HOHFWULFH� LQGXVWULDOH� FX� UDSRDUWH�PDUL�
putere-greutate; 

¾ FULRJHQHUDWRDUHOH� 6WLUOLQJ� GH� GLPHQVLXQL� PDL� PDUL� VXQW� vQ� FRPSHWL LH� FX� VLVWHPHOH�
Vuilleumier, Gifford-McMahen, Solvay, Postle Joule-7KRPVRQ�úL�&ODXGH�SHQWUX�toate  
DSOLFD LLOH�IULJRULILFH��LQFOXVLY�FRPXQLFD LL�úL�VLVWHPH�RSWLFH�GH�UH]ROX LH�vQDOW  [3]. 

 
 'XS �FXP�VH�SRDWH�REVHUYD��GRPHQLLOH�GH�DSOLFDELOLWDWH�D�PDúLQLORU�6WLUOLQJ��DWkW�FD�
PRWRDUH� WHUPLFH� FkW� úL� FD� PDúLQL� IULJRULILFH�� VXQW� YDVWH� úL� vQ� FRQWLQX � H[SDQVLXQH�� IDSW�
SHQWUX� FDUH� QXP UXO� RUJDQL]D LLORU� LPSOLFDWH� vQ� DQDOL]D�� vPEXQ W LUHD, dezvoltarea� úL�
FRPHUFLDOL]DUHD�XQRU�DVWIHO�GH�VLVWHPH�HVWH�vQ�FRQWLQX �FUHúWHUH� 
 

1.2.6 .  3ULQFLSDOHOH�FRUSRUD LL�LPSOLFDWH�vQ�GH]YROWDUHD 
PDüLQLORU�6WLUOLQJ 

 0DL�PXOW� GH� ����FRPSDQLL� úL� RUJDQL]D LL� JXYHUQDPHQWDOH� VXQW� GLUHFW� LPSOLFDWH� vQ�
VWXGLXO� úL� GH]YROWDUHD�PDúLQLORU� 6WLUOLQJ�� GLQ� WRDW � OXPHD�� 68$�� 5XVLD��&DQDGD�� -DSRQLD��
2ODQGD��6XHGLD��*HUPDQLD��)UDQ D��0DUHD�%ULWDQLH��,VUDHO��$IULFD�Ge Sud, Italia, Denmarca, 
&KLQD��,QGLD��6ORYDFLD��&URD LD�úL�QX�vQ�XOWLPXO�UkQG�5RPkQLD� 

• Sunpower Inc., Athens, Ohio [http://www.sunpower.com/] - este leader-ul mondial în 
SURGXFHUHD� PRWRDUHORU� úL� PDúLQLORU� IULJRULILFH� 6WLUOLQJ� FX� SLVWRDQH� OLEHUH� úL� D�
compresoarelor liniDUH��$�IRVW�vQILLQ DW �vQ������GH�F WUH�:LOOLDP�%($/(�WRFPDL�JUD LH�
LQYHQ LHL� VDOH�� PRWRDUHOH� 6WLUOLQJ� FX� SLVWRDQH� OLEHUH�� EUHYHWDWH� vQ� ������ 3URGXVHOH�
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IXUQL]DWH� vQGHSOLQHVF� FHULQ HOH� GH� DFWXDOLWDWH�� UDQGDPHQW� HQHUJHWLF� ULGLFDW�� UHGXFHUHD�
emisiilor de CO2��U FLUHD�OD�WHPSHUDWXUL�MRDVH�IXUQL]kQG�HQHUJLH�³QHSROXDQW ´��BioWatt) 
OD�FRVWXUL�FRPSHWLWLYH��$�RE LQXW�SHVWH����EUHYHWH�vQ�68$�úL�SHVWH����EUHYHWH�úL�DSOLFD LL�
vQUXGLWH� vQ� VWU LQ WDWH� [http://www.sunpower.com/index.php?pg=2]. Domenii de 
speFLDOL]DUH�� HOHFWURQLF � úL� WHOHFRPXQLFD LL�� PHGLFLQ �� PDúLQL� IULJRULILFH� �DIODWH� vQ�
SUH]HQW�SH�SLD D�FRUHHDQ ���pulse tubes (aflatH�vQF �vQ�FHUFHWDUH�úL�WHVWDUH�� 

• Stirling Technology Inc. [http://www.stirling-tech.com] –� HVWH�R� ILOLDO � D� FRUSRUD LHL�
SunpoweU� vQILLQ DW � vQ� $WKHQV�� 2KLR� SHQWUX� D� FRQWLQXD� GH]YROWDUHD� úL� SURGXFHUHD�
motorului cu aer ST-��GH��N:��$FHVW�PRWRU�IXQF LRQHD] �FX�FRPEXVWLELO�SURYHQLW�GLQ�
ELRPDV ��GHMHF LL�GH�OD�DQLPDOH�VDX�SDLHOH�SURYHQLWH�GH�OD�FHUHDOH��úL�SRDWH�IXQF LRQD�vQ�
varianta cu cogenerare în teritoriile rurale. 

• Stirling Technology Company, Kennewick, Washington [http://www.stirlingtech. 

com]. Compania produce motoare cu o putere între 55 – 30000 W. 

• STM Corporation, Ann Arbor, Michigan [http://www.stmcorporation.com] - produce 
motorul STM 4-����� XQ� PRWRU� 6WLUOLQJ� FRQHFWDW� OD� XQ� VLVWHP� GH� FDSWDUH� D� UDGLD LHL�
solare în cadrul unui proiect DOE1 cu SunLab. 

• Global Cooling [http://www.globalcooling.com] –� HVWH� GH� DVHPHQHD� R� ILOLDO � D�
FRUSRUD LHL�6XQSRZHU��GHVWLQDW � vQ� VSHFLDO�GH]YROW ULL�PDúLQLORU� IULJRULILFH�6WLUOLQJ�FX�
SLVWRDQH� OLEHUH� SHQWUX� DSOLFD LL� FDVQLFH�� $FHVWH� VLVWHPH�� SH� OkQJ � IDSWXO� F � VXQW�PXOW�
PDL�HILFLHQWH�GHFkW�LQVWDOD LLOH�IULJRULILFH�FX�FRPSULPDUH�PHFDQLF �GH�YDSRUL�RELúQXLWH��
au marele avantaj de a fi compacte, portabiOH�úL�IRORVHVF�KHOLX�FD�DJHQW�GH�OXFUX��úL�QX�
freonii – CFCs-�GLVWUXJ WRUL�DL�VWUDWXOXL�GH�R]RQ�� 

• Los Alamos National Laboratory [http://www.enn.com/news/enn-stories/1999/06/ 

/061699/ futurengine_3778.asp] –�D�GH]YROWDW�XQ�DOW�QRX�WLS�GH�PRWRU�6WLUOLQJ��úL anume 
FHO�WHUPRDFXVWLF��,GHHD�GH�ED] �D�IRVW�FUHDUHD�XQHL�HQHUJLL�DFXVWLFH�SXWHUQLFH�FDUH�SRDWH�
IL�GLUHFW�IRORVLW �SHQWUX�D�JHQHUD�HOHFWULFLWDWH�VDX�SHQWUX�D�DOLPHQWD�PDúLQL�IULJRULILFH��ÌQ�
acest mod, procesul de producere a energiei mecanice este unul ce nu are absolut nici 
un efect negativ asupra mediului având un randament de 30% (în timp ce un motor cu 
DUGHUH�LQWHUQ �DUH�XQ�UDQGDPHQW�GH���-������0RWRUXO�6WLUOLQJ�WHUPRDFXVWLF�QX�DUH�S U L�
PRELOH�úL�HVWH�H[HFXWDW�GLQ�PDWHULDOH�RELúQXLWH��IDSW�SHQWUX�FDUH�QX�QHFHVLW �IRDUWH�PXOW �
PXQF �GH�vQWUH LQHUH�úL�QX�HVWH�IRDUWH�VFXPS� 

• NASA Glenn Research Center [http://www.grc.nasa.gov/WWW/tmsb/index.html] – 
centru de cercetare specializat în motoare Stirling cu pistoane libere, în special 
DOLPHQWDWH� FX� UDGLD LH� VRODU �� ÌQ� SUH]HQW�� DUH� vQ� GHVI úXUDUH� PDL� PXOWH� SURLHFWH� GH�
FHUFHWDUH��$FHVWH�FHUFHW UL� DX� vQFHSXW�FX�6SDFH�3RZHU�'HPRQVWUDWRU�(QJLQH� �63'(���
un motor Stirling cu pistoane libere cuplat la un alternator liniar. Este compus din doi 
FLOLQGULL� úL� XQ� FRQYHUWRU� SURLHFWDW� V � SURGXF � ��N:H� OD� XQ� UDQGDPHQW� JOREDO� DO�
LQVWDOD LHL� GH� ����� $O� GRLOHD� SDV� D� IRVW� SURLHFWDUHD� XQXL� FRQYHUWRU� &RPSRQHQW� 7HVW�
3RZHU� &RQYHUWRU� �&73&�� FDSDELO� GH� D� JHQHUD� ��N:H�� PRGXO� IRUPDW� GLQ� GRX �
convertoare fiecare de câte 12,5kWe/cilindru. În 1992, s-a realizat primul test complet 
DO�SULPHL�MXP W L�GLQ�&73&��SHUIRUPDQ HOH�SURLHFWDWH�GH�����N:H�OD�XQ�UDQGDPHQW�GH�
����DX�IRVW�FX�XúXULQ �GHS úLWH��ÌQ�SUH]HQW�������GH�DFWLYLW L�FXUHQWH�VXQW�vQGUHSWDWH�
F WUH� VLVWHPHOH� FH� vQJOREHD] � PRWRDUH� 6WLUOLng cu pistoane libere pentru misiunile 
VSD LDOH� 

                                                
1 DOE = Department Of Energy, SUA 
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• DTE Energy Technologies [http://www.dtetech.com/] –� IRQGDW �PDL� UHFHQW�� vQ�������
vQ� 68$� úL� &DQDGD�� GHMD� D� ODQVDW� SH� SLD � SHVWH� ����� GH� VLVWHPH� HQHUJHWLFH� FX�
IXQF LRQDUH�FRQWLQX �úL�LQWHUPLWHQW � 

• Cussons Technology Ltd, Marea Britanie [http://www.cussons.co.uk/] -� UHSUH]LQW �
XQXO� GLQWUH� SURGXF WRULL� úL� IXUQL]RULL� GH� YkUI� GLQ� OXPH� D� HFKLSDPHQWHORU� GH� WHVWDUH�
GHVWLQDWH� LQGXVWULHL�� vQY PkQWXOXL� WHKQLF�� GRPHQLL� GH� VSHFLDOL]DUH�� LQJLQHULH��
KLGURGLQDPLF �QDYDO ��FHUFHWDUHD�úL�GH]YROWDUHD�DXWRPRELOHORU� 

• Kockums, Suedia [http://www.kockums.com] – a dezvoltat motorul Stirling de 25 kW. 
• United Stirling – Suedia. 

• Stirling Energy Systems, Inc., Phoenix, Arizona [http://www.stirlingenergy.com] - are 
ca proiect de viitor instalarea a 40.000 module de motoare Stirling solare, fiecare de   
25 N:��DQXDO�vQ�$UL]RQD�úL�1HYDGD��IRORVLQG�PRWRUXO�6WLUOLQJ��-95 de 25 kW produs de 
FRPSDQLD�VXHGH] �.RFNXPV� 

• WhisperTech Ltd�� 1RXD� =HHODQG  [http://www.whispergen.com] - a dezvoltat 
WhisSHU*HQ��XQ�VLVWHP�FX�FRJHQHUDUH�ED]DW�SH�XQ�PRWRU�6WLUOLQJ�FDUH�HVWH�FDSDELO�V �
SURGXF � ��� :�HQHUJLH� HOHFWULF � úL� �-6 N:� HQHUJLH� WHUPLF � VXE� IRUP �GH� DS � FDOG �
PHQDMHU �VDX�vQF O]LUHD�XQXL�KDELWDW� 

 
 $OWH�FRUSRUD LL�PDL�VXQW�vQILLQ DWH�vQ [146]:  
- Germania (Bomin Solar Research, SOLO Kleinmoteren Gmbh, D. Viebach, 

Sunmachine, Leybold Didactic GMBH, Epas GmbH); 
- Canada (Free Breeze Fan, Omachron); 
- Japonia (Suction Gas Co.); 
- Olanda (N.V Philips) 
- Norvegia (Sigma); 
- Pakistan (National Fan). 
 
 Alte câteva companii-SLRQLHU� DX� LQWUDW� SH� SLD D� PDúLQLORU� IULJRULILFH� úL�
FULRJHQHUDWRDUHORU�6WLUOLQJ�PLFL�úL�PLQLDWXUDOH�vQF �GH�IRDUWH�PXO L�DQL��FXP�DU�IL [3]: 

• German Linde Company�� vQILLQ DW � vQ� ����, [http://www.linde.com/international/ 

web/linde/like35lindecom.nsf/docbyalias/homepage] 

• British Oxygen Company�� /RQGUD�� ILOLDO � D� FRUSRUD LHL� /LQGH��
[http://www.solarnavigator.net/sponsorship/british_oxygen_company.htm];  

• North American Philips Inc. – 1930�� VSHFLDOL]DW � vQ�PLFURFULRJHQHUDWRDUH�� ILOLDO � D�
companiei daneze Philips, [http://www.hoovers.com/philips-north-america/--

ID__43920--/free-co-factsheet.xhtml]; 

• A.D. Little Inc. – Machassuttets Institute of Technology, 1956; 

• Malaker Corporation, New Jerse\��������D�UHXúLW� LQRYDUHD�D�PXOWRU�FULRJHQHUDWRDUH�
excelente; 

• Hughes Aircraft Co., Culver City, California, 1967 – au lucrat asupra 

FULRJHQHUDWRDUHORU�6WLUOLQJ�úL�9XLOOHXPLHU�GHVWLQDWH�GHWHF LHL� vQ� LQIUDURúX�úL� VLVWHPHORU�
de ghidare a proiectilelor; 

• Cryomech Inc., Jamestown, New York –� FRPSDQLH� SURGXF WRDUH�GH� FULRJHQHUDWRDUH�
Gifford-0F0DKRQ�SHQWUX�DSOLFD LL�PLOLWDUH�úL�FLYLOH��5HFHQWD�ORU�GH]YROWDUH�R�UHSUH]LQW �
FULRJHQHUDWRUXO�6WLUOLQJ�VSOLW�PLQLDWXUDO��I U �VXSDSH�� 
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• AiResearch Manufacturing Company, Phoenix, Arizona, 1974 – contracte de 
FHUFHWDUH� úL� FRODERUDUH� FX� 1$6$� *RGGDUG� 6SDFH� )OLJKW� &HQWHU�� VSHFLDOL]DW � vQ�
magnetometre SQUID1 pentru magneto-FDUGLRJUDPH� úL� DSOLFDUHD� GLRGHORU� FX� efect 
tunel Josephson la calculatoarele electronice [7]; 

• Kinergetics Inc., Tarzana, California, 1960 –� VSHFLDOL]DW � vQ� GRPHQLXO�
FULRJHQHUDWRDUHORU�6WLUOLQJ�úL�9XLOOHXPLHU�úL�vQ�GH]YROWDUHD�VFKLPE WRDUHORU�GH�F OGXU �
recuperative super-compacte; 

• Zimmerman and Radebaugh – au produs în 1977 primul criogenerator Stirling ieftin 
úL� GXUDELO� FDUH� IXQF LRQD� FX� VXFFHV� úL� DWLQJHD� R� WHPSHUDWXU � GH� ��� K (-269,65 °C), 
agentul de lucru fiind heliu. 

 6H�FXQRDúWH� IDSWXO� F � VWDUHD�GH� VXSraFRQGXFWLYLWDWH� DSDUH� OD�R� WHPSHUDWXU �GH��.�
(aproximativ -264 °C), iar utilizând materiale speciale, chiar la 20 K (-253 °C). 
Dezvoltarea ehipamentelor electronice supraconductoare a stimulat interesul multor altor 
companii ce nX�vQUHJLVWUDVHU �LQWHUHV�vQ�GRPHniul criogenic, ca de exemplu: 

• U.S. Navy –� UHDOL]HD] �FHUFHW UL� vQ�GRPHQLXO�SURSXOVLHL� QDYHORU�VSD LDOH�SULQ�SXWHUHD�
supraFRQGXF LHL� 

• Texas Instruments – Dallas, 1974 –�úL�Martin Marietta Corp.- Florida, 1974. 
 
 'H�DVHPHQHD��HVWH�GH�PHQ LRQDW�IDSWXO�F �ODQVDUHD�SH�SLD �vQ������D�OLFKHILDWRUXOXL�
GH�DHU�FH�DYHD� OD�ED] �FLFOXO�6WLUOLQJ�GH�F WUH�FRPSDQLD�3KLOLSV�D�IRVW�SXQFWXO�GH�vQFHSXW�
pentru ICPIAF2 Cluj-1DSRFD� V � ODQVH]H� QRL�SURWRWLSXUL� SH�SLD D� URPkQHDVF . Ulterior, în 
anii 1980� DYHDX� V � VH� pXQ � ED]HOH� XQRU� FRQWUDFWH� GH� FRODERUDUH� vQWUH� 8QLYHUVLWDWHD�
POLITEHNICA BucurHúWL� �&DWHGUD� GH� 7HUPRWHKQLF � úL� 0DúLQL� 7HUPLFH�� INMT3� úL 
ICEMENERG4�SHQWUX�UHDOL]DUHD�XQXL�PRWRU�6WLUOLQJ�VRODU�FX�VWRFDM�WHUPLF�vQ�V UXUL�WRSLWH�
[141], [142]. 
 
 &RQFOX]LD�HVWH�DFHHD�F �vQ�XOWLPXO�WLPS��PDúLQLORU�6WLUOLQJ�OL�V-D�DFRUGDW�R�DWHQ LH�
WRW�PDL�PDUH�� DWkW� GH� F WUH� VSHFLDOLúWLL� WHUPRWHKQLúWL�� FRQVWUXFWRUL� GH�PRWRDUH�� SRPSH�GH�
F OGXU � úL� LQVWDOD LL� IULJRULILFH�� FkW� úL� GH� QXPHURúL� UHSUH]HQWDQ L� DL� XQRU� UDPXUL� IRDUWH�
GLIHULWH�DOH�úWLLQ HL� 

 $FHVW�OXFUX�HVWH�GHPRQVWUDW�GH�QXP UXO�IRDUWH�PDUH�GH�FRPSDQLL�SURGXF WRDUH��site-
XUL�GHVWLQDWH�PDúLQLORU�6WLUOLQJ�SUHFXP�úL�UHYLVWHORU�H[LVWHQWH, ca de exemplu: 
¾ “Stirling Machine World´��SXEOLFDW �vQ�68$,�XQD�GLQWUH�FHOH�PDL�FXQRVFXWH�SXEOLFD LL�

GHVWLQDW �H[FOXVLY�GHVFULHULL�SURJUHVXOXL�UHDOL]DW� vQ�GH]YROWDUHD�PDúLQLORU�6WLUOLQJ (atât 
PRWRDUH�WHUPLFH�FkW�úL�PDúLQL�IULJRULILFH���3ULPD�HGL LH�D�IRVW�WLS ULW �vQ������úL�D�DYXW�R�
VXFFHVLXQH�FRQWLQX �SkQ � vQ�SUH]HQW��'H�DVHPHQHD��SH� VLWH-XO�DFHVWHL�SXEOLFD LL�Sot fi 
J VLWH� DOWH� LQIRUPD LL� GHVSUH� SXEOLFD LLOH� FXUHQWH�� F U L� úL� vQWUXQLUL� GHVWLQDWH�PDúLQLORU�
Stirling; 

¾ “Mechanical Engineering´� UHYLVWD� RILFLDO � D� $PHULFDQ� 6RFLHW\� RI� 0HFKDQLFDO�
Engineers; 

                                                
1 SQUID = Superconducting QUantum Interference Devices 
2�,&3,$)� �,QVWLWXO�GH�&HUFHW UL�úL�3URLHFW UL�vQ�,QGXVWULD�$OLPHQWDU �úL�)ULJRULILF  
3�,107� �,QVWLWXWXO�1D LRQDO�GH�0RWRDUH�7HUPLFH 
4�,&(0(1(5*� �,QVWLWXWXO�GH�&HUFHW UL�úL�0RGHUQL] UL�(QHUJHWLFH 
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¾ “Stirling News´�� SXEOLFDW � vQ�0DUHD�%ULWDQLH�� HVWH� UHYLVWD� RILFLDO � D� 6WLUOLQJ�(QJLQH�
Society; 

¾ “Modeltec magazine”, [http:/www.modeltecmagazine.com],�SXEOLFDW �vQ�68$��HWF� 
 

 'H�DVHPHQHD��H[LVW �cluburi�FH�RUJDQL]HD] �vQWUXQLUL�vQWUH�VSHFLDOLúWL�úL�DPDWRUL��8Q�
astfel de club este Stirling Engine Society USA [http://www.sesusa.org] un grup de 
SURIHVLRQLúWL��DFDGHPLFLHQL�úL�DPDWRUL�GHGLFDW�VFKLPEXOXL�GH�FXQRúWLLQ H��vQWUHE UL�úL�RSLQLL�
GHVSUH�PRWRDUHOH� 6WLUOLQJ�� 3DJLQD� ZHE� LQFOXGH� LQIRUPD LL� GHVSUH� LVWRULD� úL� WHRULD� DFHVWRU�
PRWRDUH� úL�GH�DVHPHQHD�DOWH�DGUHVH�GH� VLWH-uri importante. Oricine este interesat de acest 
domeniu se poate înscrie la adresa [http://www.egroups.com/group/sesusa] fie pentru a 
SDUWLFLSD�OD�GLVFX LL�VDX�GRDU�SHQWUX�D�DFFHVD�LQIRUPD LLOH�VFKLPEDWH�vQWUH�SDUWLFLSDQ L� 
 

1.2.7 .  6XPDU�DO�DYDQWDMHORU�üL�GH]DYDQWDMe lor  
PDüLQLORU�6WLUOLQJ 

$YDQWDMH�RIHULWH�GH�PDúLQLOH�6WLUOLQJ�[147],[148],[149]: 

- Sunt cele mai eficiente�VLVWHPH�GLQ�SXQFW�GH�YHGHUH�DO�SHUIRUPDQ HORU�DWLQVH��1$6$�
UDSRUWHD] � [148]� XQ� UDQGDPHQW� GH� FRQYHUVLH� HQHUJHWLF � GH� ���� �UDSRUWXO� GLQWUH�
SXWHUHD�PHFDQLF �SURGXV �úL�SXWHUHD�WHUPLF �QHFHVDU �DQWUHQ ULL�� 
Un motor Stirling real atinge 50% din randamentul teoretic. 
ùL� vQ� FD]XO� FULRJHQHUDWRDUHORU�� DFHVWHD� vúL� S VWUHD] � VXSUHPD LD�� 6H� SRW� FRPHQWD�
graficele din JENSEN [Jensen 1971] - pentru un consum de 10 W la 80 K, 
FRHILFLHQWXO�GH�SHUIRUPDQ �DO�FkWRUYD�FULRJHQHUDWRDUH�HVWH�XUP WRUXO��%UD\WRQ�������
Gifford-McMahon 0,1; Vuilleumier 0,4; Stirling 0,55. 
În Fig. 1.6 [8]�VH�SRDWH�REVHUYD�GRPHQLXO�GH�YDULD LH�D�randamentului exergetic (ca 
procent din COP Carnot) al diverselor criogeneratoare, pentru câteva puteri 
IULJRULILFH�� FX� GHOLPLWDUHD� H[DFW � D� LQWHUYDOHORU� GH� YDrLD LH� vQ� FHHD� FH� SULYHúWH�
FULRJHQHUDWRUXO� 6WLUOLQJ�� 'H� DVHPHQHD�� VH� SRW� FRPSDUD� SHUIRUPDQ HOH� SXOVH� WXEH�
Stirling cu cele Gifford-0F0DKRQ�� SULPHOH� DYkQG� XQ� DYDQWDM� vQ� FHHD� FH� SULYHúWH 
COP. 

- 6XQW� PDúLQL� FH� SRW� IRORVL� diverse surse de energie� �FRQYHQ LRQDOH� úL� VXUVH� QRL�
UHJHQHUDELOH���FD�GH�H[HPSOX��EHQ]LQ ��NHURVHQ��DOFRRO��PHWDQRO��PRWRULQ ��EXWDQ��HWF��
(lista fiind mult mai mare)��$FHVW�DYDQWDM�HVWH�GLQ�FH�vQ�FH�PDL� LPSRUWDQW�R�GDW �FX�
dezvoltarea combustibililor sintetici. 
'H� DVHPHQHD�� ELRPDVD� HVWH� R� VXUV � HQHUJHWLF � XWLOL]DW � vQ� DOLPHQWDUHD�PRWRDUHORU�
6WLUOLQJ��WHKQRORJLD�ILLQG�GH]YROWDW �GH�6XQSRZHU�VXE�QXPHOH�%LRZDWW��6H�DúWHDSW �FD�
DFHVWH� VLVWHPH� V � JHQHUH]H� ���� :� –� ��� N:� SXWHUH� HOHFWULF � SHQWUX� D� DFRSHUL�
QHFHVDUXO�GH�HOHFWULFLWDWH�úL�F OGXU � vQ�DSOLFD LL�FDVQLFH�úL�DJULFROH��ILLQG�FDSDELOH�V �
WUDQVIRUPH�����GLQ�HQHUJLD�SURYHQLW �GLQ�FRPEXVWLELO�vQ�HOHFWULFLWDWH��LDU�����SHQWUu 
vQF O]LUH�[153]��$FHVWH�VLVWHPH�IXQF LRQHD] �GLQ������ 



Camelia PETRE - Teza de doctorat   

 31

 

Fig. 1.6 Randamentul diverselor criogeneratoare ca procent din 

randamentul Carnot, la 80K –�ILJXU �UHSURGXV �GLQ�[8] cu acordul 

autorului dl. Ray RADEBAUGH Leader, Cryogenic Technologies 

Group, National Institute of Standards and Technology, Boulder, 

86$��F UXLD�vL�PXO XPHVF�SHQWUX�DPDELOLWDWH�úL colaborare. 

- 3RDWH� XQXO� GLQWUH� FHOH� PDL� LPSRUWDQWH� DYDQWDMH� DOH� PRWRDUHORU� 6WLUOLQJ� ID � GH�
PRWRDUHOH� FX� DUGHUH� LQWHUQ � HVWH� DFHOD al arderii; motoarele Stirling sunt cu ardere 
H[WHUQ ��FHHD�FH�FRQGXFH�OD�R�GHVWLQGHUH�D�DJHQWXOXL�GH�OXFUX�F WUH�PHGLXO�H[WHULRU�úL�
QX� F WUH� XQ� FLOLQGUX�GH� U FLUH��'H� DVHPHQHD�� SURFHVXO� GH� DUGHUH�SRDWH� IL�PDL� XúRU�
controlat din exterior. 

- Au un consum redus de combustibil�� ÌQF �GLQ�������'2(�D�UDSRUWDW�R�HFRQRPLH�GH�
combustibil de 30% [147]�D�PRWRUXOXL�6WLUOLQJ�vQ�FRPSDUD LH�FX�XQ�PRWRU�FX�DUGHUH�
LQWHUQ ��FD�DSOLFD LH�SH�XQ�DXWRYHKLFXO�úL�UDSRUWDW�OD�XQ�FRQVXP�PHGLX��PDL�exact 42 
mile/galon1 (echivalentul a 5,6 litri la 100 km). 
&D� R� FRQVHFLQ � VHFXQGDU � D� DFHVWXL� OXFUX� VH� SRDWH� FRQVLGHUD� úL reducerea 
VXSOLPHQWDU �D�HPLVLLORU�GH�&22. 

- Pot fi utilizate în sisteme de cogenerare��*UD LH�DYDQWDMHORU�PXOWLSOH�SH�FDUH�OH�RIHU �
motorul Stirling -� vQ� VSHFLDO� UDQGDPHQWXO� ULGLFDW� GH� FRQYHUVLH� HQHUJHWLF �� HPLVLLOH�
UHGXVH�úL�FDSDFLWDWHD�GH�D�IXQF LRQD�FX�orice combustibil –�D�IRVW�VWXGLDW �úL�DSRL�SXV �
vQ� SUDFWLF � LGHHD� GH� D-l incorpora în sisteme de cogenerare de HQHUJLH� HOHFWULF � úL�
F OGXU �� 2� UHSUH]HQWDUH� VFKHPDWLF � SRDWH� IL� LOXVWUDW  în Fig. 1.7. [148]. Costul de 
IDEULFDUH� úL� LQFRUSRUDUH� D� PRWRUXOXL� 6WLUOLQJ� �������N:�� vQ� DFHVW� VLVWHP�� vQ�
FRPSDUD LH�FX�FHO�DO�XQXL�PRWRU�'LHVHO�� HVWH�FX�GRDU����PDL�PDUH��FRVWXO�HQHUJLHL�
electrice produse fiind de 77 mills/kWh pentru un cost al combustibilului de 

                                                
1���PLO �68$� ����������P����JDORQ�68$� �������OLWUL 
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2,5$/(106%78��� $SOLFDUHD� OD� VFDU � LQGXVWULDO � D� DFHVWHL� VROX LL� GHSLQGH� vQ� PDUH�
P VXU �GH�FRVWXO�GH�FDSLWDO�DO�PRWRUXOXL��ILLQG�R�VROX LH�GH�YLLWRU� 

 

Fig. 1.7. Reprezentare sFKHPDWLF � D� XQXL� PRWRU� 6WLUOLQJ� vQWU-un 

system de cogenerare��GXS �[148]. 

- $YDQWDMXO�VLVWHPHORU�6WLUOLQJ�ID �GH�5DQNLQH este important în domeniul 0,5-10 MW. 
Pentru regimuri de puteri mari, sistemele de turbine cu gaze sunt cele mai eficiente; 
VLVWHPHOH� 5DQNLQH� SUHLDX� VXSUHPD LD� SHQWUX� VLVWHPH�PDL� PLFL� ��� ���0:��� GDU� vQ�
GHWULPHQWXO� XQRU� FRVWXUL� GH� IDEULFDUH� úL� vQWUH LQHUH� PXOW� PDL� PDUL� úL� GH� DVHPHQHD�
GHYHQLQG� GH� JDEDULW� PDL� PDUH� úL� LPSOLFLW� PDL� VFXPS� �SHQWUX� DSOLFD Li în jur de 
0,5MW). Pentru a asigura nivele rezonabile ale randamentului, este impertiv a 
DVLJXUD� WHPSHUDWXUD�PLQLP �GLQ�FLFOX� vQ� MXUXO�FHOHL� DWPRVIHULFH� �DGLF �FHOHL� OD�FDUH�
DJHQWXO� GH� U FLUH� HVWH� GLVSRQLELO��� /D� DVHPHQHD� WHPSHUDWXUL�� DJHQWXO� GH� OXFUX� GLQ 
PRWRUXO� 5DQNLQH� HVWH� vQ� VWDUH� GH� YDSRUL� OD� R� SUHVLXQH� VXE� FHD� DWPRVIHULF � úL� R�
GHQVLWDWH� IRDUWH� VF ]XW �� IDSW� SHQWUX� FDUH� FRQGHQVDWRUXO� VLVWHPXOXL� 5DQNLQH� HVWH�
IRDUWH� YROXPLQRV�� OXFUHD] � vQ� FRQGL LL� GH� YDFFXXP� úL� HVWH� IRDUWH� VFXPS�� 3HQWUX�
IXQF LRQDUHD� XQXL�PRWRU� 6WLUOLQJ� OD� DVWIHO� GH� WHPSHUDWXUL�� QX� HVWH� QLFL� R� SUREOHP ��
DVWIHO�vQFkW�SRW�IL�XWLOL]DWH�FX�VXFFHV�vQ�DVWIHO�GH�DSOLFD LL�úL�OD�XQ�FRVW�PDL�VF ]XW�[4]. 

- Nivelul emisiilor1� GH� VXEVWDQ H� SROXDWH� HVWH� IRDUWH� VF ]XW�� FRQIRUP [9], nivelul 
teoretic de emisii pentru un motor Stirling este cel din Tabel 1.2. 

 

                                                
1 În Europa, toate modelele noi de maúini sunt supuse unei serii de teste tehnice prev zute prin lege, pentru a 
asigura conservarea mediului înconjurator reducând nivelul de poluare. Aceste teste includ norme standard 
pentru emisiile poluante care au devenit progresiv tot mai stricte de la începutul anilor 1990. Normele 
standard pentru emisiile poluante sunt cunoscute ca Euro I (din 1992), Euro II (din 1996), Euro III (din 2000) 
sau Euro IV (din 2005). Noile modele de maúini trebuie s  îndeplineasc  norma standard Euro III, deúi sunt 
unele modele care îndeplinesc deja normele Euro IV. 
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Tabel 1.2. Emisii teoretice pentru motorul Stirling [9] 

CO PDL�SX LQ�GH�����J��PLO  
NOx PDL�SX LQ�GH�����J��PLO  
HC PDL�SX LQ�GH�����J��PLO  

Un studiu realizat în 1990� YL]HD] � FRPSDUDUHD� HPLVLLORU� SROXDQWH� D� XQXL� PRWRU�
6WLUOLQJ� úL� D� XQXL�PRWRU� FX� DUGHUH� LQWHUQ �'RGJH�'-150, ambele utilizând benzina 
drept combustibil [149]��SUHFXP� úL� HFRQRPLD�GH�FRPEXVWLELO��$VWIHO�� V-au observat 
XUP WRDUHOH�HPLVLL��I U �FD�PRWRUXO�6WLUOLJ�V �ILH�SUHY ]XW�FX�ILOWUX�FDtalitic:  
- pentru Stirling 0,14 gHC1�PLO ����� J&2�PLO ������ gNOx�PLO � 
- pentru motorul cu ardere inteUQ ����� J+&�PLO ����� J&2�PLO ������ gNOx�PLO � 
(YLGHQW�� XWLOL]DUHD� VXSOLPHQWDU � D� XQXL� ILOWUX� FDWDOLWLF� OD�PRWRUXO�6WLUOLQJ� DU� UHGXFH�
emisiile mai mult. 
ÌQ� FHHD� FH� SULYHúWH� HFRQRPLD� GH� FRPEXVWLELO�� OD� XQ� FRQVXP� PL[W� �XUEDQ� úL�
extraurban) s-DX� vQUHJLVWUDW� YDORULOH� ����PLOH�JDORQ� SHQWUX�PRWRUXO� 6WLUOLQJ� úL� ���� 
PLOH�JDORQ�SHQWUX�FHO ODOW��GHFL�R�HFRQRPLH�GH�FREXVWLELO�SHQWUX�PRWRUXO�6WLUOLQJ de 
5% consum�XUEDQ�SkQ �OD�����FRQVXP�H[WUDXUEDQ� 

- ÌQ�SOXV��FD�PDúLQL�IULJRULILFH��QX�XWLOL]HD] �IUHRQL��FL�D]RW�VDX�KHOLX��FHHD�FH�OH�RIHU �
DYDQWDMXO�XQRU�DSOLFD LL�SUHFXP�LQVWDOD LLOH�GH�DHU�FRQGL LRQDW�GLQ�GRWDUHD�YHKLFXOHORU�
VDX�LQVWDOD LL�IULJRULILFH�SRUWDELOH� 

- Sunt VLOHQ LRDVH��IXQF LRQHD] �I U �V �SURGXF �XQ�]JRPRW�SXWHUQLF�úL�QLFL�YLEUD LL� 

- Sunt sisteme fiabile��QX�QHFHVLW �PXOW �PXQF �úL�QLFL�FRVWXUL�GH�vQWUH LQHUH ridicate. 
&X�WRDWH�F �R�LQVWDOD LH�GH�SURGXFHUH�D�HQHUJLHL�HOHFWULFH�FX�PRWRU�6WLUOLQJ�DUH�XQ�FRVt 
GH� vQWUH LQHUH� GH� ��� FHQ L�N:K�� FHYD� PDL� PDUH� GHFkW� FHO� SHQWUX� R� LQVWDOD LH� GH�
turbine cu gaze (0,1 FHQ L�N:K���DFHDVWD�GLQ�XUP �QHFHVLW �XWLOL]DUHD�VXSOLPHQWDU �D�
XQRU�ILOWUH�SQWUX�UHGXFHUHD�HPLVLLORU�SROXDQWH�úL�D�XQRU�FRQYHUWRUL�FDWDOLWLFL��7RWXúL, 
fD � GH� R� FHQWUDO � FX�PRWRDUH�SH�JD]� QDWXUDO� VDX� FX�SLOH�GH� FRPEXVWLH�� FRVWXO� HVWH�
PXOW�PDL�VF ]XW��FRVWXO�DFHVWRUD�ILLQG�GH���� FHQ L�N:K�  

- Sunt executate dintr-XQ�QXP U�UHODWLY�UHGXV�GH�S U L�PRELOH��I U �VXSDSH�GH�DGPLVLH�úL�
evacuare. 

- 1X� QHFHVLW � FHULQ H� PDUL� GH� OXEULILHUH� vQ� VHQVXO� F � ODJ UHOH� úL� JDUQLWXULOH� VXQW�
SR]L LRQDWH�vQ�SULQFLSDO�SH�SDUWHD�UHFH�D�PDúLQLL� 

- Criogeneratoarele Stirling au FHD�PDL�PLF �JUHXWDWH�VSHFLILF  (masa criogeneratorului 
UDSRUWDW � OD�SXWHUHD�IULJRULILF ��� vQ�JHQHUDO��DX�GLPHQVLXQL�UHGXVH�úL�QX�DX�SUREOHPH�
FX�HWDQúHLW LOH� 
Ca argument, se pot comenta graficele din JENSEN [Jensen 1971]. Astfel: pentru un 
FRQVXP�GH����:�OD����.��JUHXWDWHD� VSHFLILF �D� XQXL�FULRJHQHUDWRU�6WLUOLQJ�HVWH�GH�
aproximativ 0,52 kg/W, pentru un criogenerator Brayton sau Vuilleumier este de 0,7 
kg/W, iar pentru unul Gifford-0F0DKRQ�GH���NJ�:��/D�����:�úL����.��GDWHOH�VXQW�
XUP WRDUHOH�� %UD\WRQ� ���� NJ�:�� 6WLUOLQJ� ���� NJ�:�� 9XLOOHXPLHU� ����� NJ�:�� LDU�
Gifford-0F0DKRQ���NJ�:��'LQ�DQDOL]D�DFHVWRUD��UH]XOW �DILUPD LD�LQL LDO � 

 

                                                
1 HC = hidrocarburi 
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'H]DYDQWDMHOH�PDúLQLORU�6WLUOLQJ� 

/ 1HFHVLW � R� WHKQRORJLH� GH� vQDOW � FDOLWDWH atunci când sunt executate. În special 
HWDQúDUHD�SXQH�SUREOHPH��&RQIRUP�GHFODUD LLORU�I FXWH�SXEOLFH�GH�%(5&+2:,7=�GH�
OD� *OREDO� &RROLQJ�� DX� J VLW� R� VROX LH� DSOLFDW � SH prototipuri astfel încât, dintr-o 
FDQWLWDWH�GH�����OLWUL�KHOLX�FDUH�HVWH�HUPHWLF�VLJLODW � OD����EDU��SUHYL]LXQLOH�VXQW�GH�R�
pierdere de 20% în 100 ani [153]. 

/ 3DUWHD�FDOG �D�PDúLQLL�HVWH�OLPLWDW �la 1400°F (760°C��GDWRULW  materialelor existente 
XWLOL]DWH�vQ�SURFHVXO�GH�IDEULFDUH��DOLDMH�SH�ED] �GH�QLFKHO��� 
'H� DVHPHQHD�� H[LVW � XQ� QLYHO� ULGLFDW� DO� VROLFLW ULL� PHFDQLFH� GDWRULW � IDSWXOXL� F �
DJHQWXO�GH�OXFUX�GLQ�PDúLQ �HVWH�FRPSULPDW�OD�SUHVLXQL�ULGLFDWH�(1500-3000psi,�DGLF �
103,45-206,89bar�� vQ� VFRSXO� RE LQHULL� XQHL� SXWHUL� VSHFLILFH� VDWLVI F WRDUH� �SXWHUH�
PHFDQLF �RE LQXW �UDSRUWDW �OD�JUHXWDWH�úL�YROXP��SHQWUX�D�UHGXFH�FRVWXO�GH�IDEULFDUH�
(prin evitarea dimensiunilor de gabarit foarte mari) [148]. De asemenea, 
VFKLPE WRDUHOH� GH� F OGXU � WUHEXLH� V � UH]LVWH� DFHVWRU� VROLFLW UL� FRQWLQXL� �ID � GH�
PRWRDUHOH�FX�DUGHUH� LQWHUQ � OD�FDUH�DFHVWH� VROLFLW UL� VXQW� LQWHUPLWHQWH� úL�GHFL� VH�SRW�
XWLOL]D� úL� PDWHULDOH� GH� JHQXO� IRQWHL�� úL� vQ� VSHFLDO efectelor corozive ce apar la 
temperaturi ridicate [9]. 
&D� VROX LH� GH� YLLWRU�� GH]YROWDUHD� PDWHULDOHORU� FHUDPLFH� SRDWH� DGXFH� vPEXQ W LUL�
LPSRUWDQWH�vQ�FHHD�FH�SULYHúWH�UH]LVWHQ D�PDWHULDOHORU�OD�VROLFLW UL�WHUPLFH�úL�PHFDQLFH�
PDUL��FkW�úL�H[WLQGHUHD�FLFOXOXL�GH�YLD �SHQWUX�DFHVWH�FRPSRQHQWH�úL�LPSOLFLW�SHQWUX�
PRWRUXO�6WLUOLQJ��ÌQ�SUH]HQW��GXUDWD�GH�IXQF LRQDUH�FRQWLQX �D�XQXL�PRWRU�6WLUOLQJ�HVWH�
GH� RUGLQXO� FkWRUYD� VXWH� GH� RUH�� SUREOHPD� SULQFLSDO � ILLQG� FHGDUHD� HWDQúHLW LORU� OD�
presiuni ridicate. 

/ 7RW� GLQ� SXQFW� GH� YHGHUH� DO� VFKLPE WRDUHOH� GH� F OGXU �� PRWRDUHOH� 6WLUOLQJ� FH�
IXQF LRQHD] � OD�GLIHUHQ H�PLFL�GH� WHPSHUDWXU �QHFHVLW � VXSUDIH H�PDUL�GH� VFKLPE�GH�
F OGXU ��FHHD�FH�FRQGXFH�OD�FUHúWHUHD�YROXPXOXL�PDúLQLL� 

/ Costurile de FDSLWDO� úL� UHVSHFWLY� FRPHUFLDOL]DUH� VXQW� vQF � ULGLFDWH� vQ� FRPSDUD LH� FX�
alte sisteme. 
Costul mediu al unui motor este estimat la 3500-4000 $ pentru o pURGXF LH�DQXDO �GH�
������EXF L�[9]. 
Criogeneratoarele Stirling�IXQF LRQHD] �GH�RELFHL� OD�IUHFYHQ H�GH���-60 Hz atingând 
temperaturi criogenice de ordinul a 30-55K. Greutatea unor astfel de criogeneratoare 
YDULD] �vQWUH�����J��150 mW la 80 K, Pel = 3 W��úL����NJ��18 W la 80 K, Pel = 375 
W��GDU�úL�SUH XUile de comercializare sunt între 3000-20.000 $.  
3UH XO� H[WUHP� HVWH� GH� �������� �� SHQWUX� XQ� FULRJHQHUDWRU� SURGXV� SHQWUX US HTS 
Space Experiment��FDUH�DUH�R�SHULRDG �GH�IXQF LRQDUH�HVWLPDW �OD��������K�  
([WUHPD�RSXV �HVWH�GH�PDL�SX LQ�GH��������SHQWUX�YDQ] ri superioare cifrei de 1000 
EXF L� DQXDO�� SHQWUX� XQ� FULRJHQHUDWRU� XWLOL]DW� vQ� VLVWHPHOH� GH� ILOWUDUH� D� XQGHORU�
HOHFWURPDJQHWLFH�vQ�VLVWHPHOH�GH�WHOHIRQLH�PRELO .  
3HQWUX� DSOLFD LLOH� PLOLWDUH, criogeneratoarele Stirling disponibile satisfac deja 
FHULQ HOH�SULYLQG�HILFLHQ D��DGDSWDUHD�úL�FRVWXO�GH�FRPHUFLDOL]DUH�[152]. 

/ Un alt dezavantaj LPSRUWDQW� vQ� FHHD� FH� SULYHúWH� DSOLFD LLOH� FDVQLFH� vO� UHSUH]LQW �
SHULRDGD� GH� IXQF LRQDUH�� FDUH� vQ� DFHVW�PRPHQW�� SHQWUX�PDúLQLOH� IULJRULIice Stirling 
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este de 1000-�����RUH��LDU�FXPS U WRUXO�VH�DúWHDSW �OD�R�XWLOL]DUH�GH�FHO�SX LQ����DQL��
$FHVW�GH]DYDQWDM�QX�FRQWHD] �vQV �vQ�DSOLFD LLOH�PLOLWDUH�[153]. 

/ /D�PDúLQLOH�FX�SLVWRDQH�OLEHUH��DSDUH�problema pornirii cu întârziere��$FHVWH�PDúLQL�
se opresc instantaQHX�� GDU� QX� SRUQHVF� LQVWDQWDQHX�� FHHD� FH� LPSOLF � XQ� WLPS� GH�
vQF O]LUH�VXSOLPHQWDU�ID �GH�PRWRDUHOH�FX�DUGHUH�LQWHUQ �� 

/ 'H� DVHPHQHD�� SXWHUHD� SURGXV � GH� XQ� PRWRU� 6WLUOLQJ� HVWH� FRQVWDQW � úL� QX� SRDWH� IL 
YDULDW �SUHD�XúRU��3HQWUX�D�YDULD�SXWHUHD�DU� IL�QHFHVDU� V �VH�PRGLILFH� ILH�deplasarea 
YROXPHWULF �� ILH�PDVD de agent de lucru din motor (de obicei, H2��� FHHD�FH� LPSOLF �
costuri suplimentare pentru butelii de stocare a gazului sau generatoare de gaz [9]. 

 
 ÌQ�SUH]HQW��QXPHURDVH�SURJUDPH�GH�FHUFHWDUH�úL�GH]YROWDUH�D�PDúQLORU Stiling sunt 
vQ�GHUXODUH�OD�&HQWUXO�GH�&HUFHW UL�1$6$�vQ�FRODERUDUH�FX�IDEULFDQ LL��DWkW�SHQWUX�DSOLFD LL�
uzuale (autovehicule rutiere, etc)��FkW�úL�SHQWUX�DSOLFD LL�VRODUH� 
 

1.2.8 .  &kWHYD�GDWH�DFWXDOH�GHVSUH�PDüLQLOH�6WLUOLQJ 

 Comercializarea oULF UXL�SURGXV�QX�HVWH�OHJDW �QXPDL�GH�FHUHUH�úL�RIHUW �VDX�GH�WLSXO�
SLH LL�SH�FDUH�HVWH�ODQVDW��GDU�úL�GH�FRVWXO�GH�IDEULFDUH�úL�vQWUH LQHUH�D�SURGXVXOXL��&Rsturile 
capitale ale motoarelor Stirling sunt foarte ridicate (2.000 - 50.000 $/kW) [9]�úL�vQ�JHQHUDO�
nu sunt competitive cu cele ale altor tehnologii de producere a energiei mecanice / electrice 
ca de exemplu,� FRVWXO� GH� SURGXFHUH� D� HQHUJLHL� HOHFWULFH� FX� LQVWDOD LL� GH� WXUELQH� FX� JD]H�
(1200 ��N:���ÌQ�SUH]HQW��PRWRDUHOH�6WLUOLQJ�VXQW�SURGXVH�vQ�FDQWLW L�UHGXVH�SHQWUX�DSOLFD LL�
VSHFLDOL]DWH��GH�H[HPSOX��VSD LDOH�� LPSOLFkQG�FRVWXUL�FDSLWDOH�PDUL��&RUSRUD LLOH� LPSOLcate 
vQ�GH]YROWDUHD�PDúLQLORU�6WLUOLQJ�OXFUHD] �vQ�FRQWLQXDUH�DVXSUD�DFHVWXL�GH]DYDQWDM�vQFHUFkQG�
V � UHGXF � FRVWXULOH� GH� SURGXF LH� SULQ� UDILQDUHD� SURLHFW ULL� úL� VXEVWLWXLUHD� XQRU� PDWHULDOH�
IRDUWH�VFXPSH��6SUH�H[HPSOX��VFKLPE WRUXO�GH�F OGXU �GH�OD�SDUWHD�FDOG �D�PDúLQLL�QHFHVLW �
VXSUDIH H�PDUL�GH�VFKLPE�GH�F OGXU ��ILLQG�VXSXV�úL�XQRU�VROLFLW UL�WHUPLFH�úL�PHFDQLFH�PDUL�
úL�GH�DFHHD�WUHEXLH�H[HFXWDW�GLQ�PDWHULDOH�VSHFLDOH�FDUH�VXQW�JUHX�GH�SUHOXFUDW��VXGDW��HWF��
U FLWRUXO� GH� DVHPHQHD� QHFHVLW � VXSUDIH H� PDUL� GH� VFKLPE� GH� F OGXU � SHQWUX� D� DVLJXUD�
WUDQVIHUXO� GH� F OGXU � FkW�PDL� HILFLHQW�� UHJHQHUDWRUXO� HVWH� H[HFXWDW� GLQ� VLWH� IRDUWH� ILQH� GH�
PHWDO� FDSDELO� V � UHDOL]H]H� XQ� WUDQVIHU� GH� F OGXU � RSWLP� úL� FDUH� IXQF LRQHD] � DSURDSH� GH�
VXUVD� FDOG � D� PDúLQLL�� GHFL� QHFHVLW � PDWHULDOH� WHUPRUH]LVWHQWH�� HWDQú ULOH� VXQW� R� DOW �
SUREOHP � GHRDUHFH� DJHQWXO� GH� OXFUX� GLQ� PRWRU� VH� J VHúWH� OD� SUHVLXQL� ULGLFDWH� úL� GHFL�
QHFHVLW �R�WHKQRORJLH�GHRVHELW � 
 ÌQ�FHHD�FH�SULYHúWH�ODQVDUH�SH�SLD �úL�PDL�SUHFLV�FRPHUFLDOL]DUHD�PDúLQLORU�6WLUOLQJ��
SXQSRZHU��JLJDQWXO� vQ�SURGXF LD�GH�DVWIHO�GH�PDúLQL��XWLOL]HD] �FkWHYD�VWUDWHJLL�GH�SLD , 
ca de exemplu: 
- FHGDUHD�OLFHQ HL�GH�SURGXFHUH�úL�FRPHUFLDOL]DUH�XQRU�FRPSDQLL�SDUWHQHUH�� 

/*� (OHFWURQLFV� FRPHUFLDOL]HD] � FX� VXFFHV� FRPSUHVRDUHOH� OLQLDUH� 6XQSRZHU�� 'H�
aVHPHQHD�� LPSOHPHQWHD] � DFHVWH� FRPSUHVRDUH� SH� PDúLQL� IULJRULILFH� ODQVDWH� vQF � GLQ�
�����SH�SLD D�FRUHHDQ �� LDU�GLQ������SH�SLD D�DPHULFDQ �úL�HXURSHDQ ��$FHVWH�VLVWHPH�
vQUHJLVWUHD] �HFRQRPLL�HQHUJHWLFH�GH�SkQ �OD�����[12]. 
%*�*URXS�IRORVHúWH�OLFHQ D�6XQSRZHU�SHQWUX�LPSOHPHQWDUHD�WHKQRORJLHL�PRWRUXOXL�FX�
pistoane OLEHUH� vQ� VLVWHPH� GH� JHQHUDUH� D� HOHFWULFLW LL� úL� F OGXULL� GH� X]� FDVQLF� úL�
comercial; 
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- vQFKHLHUHD� XQRU� SDUWHQHULDWH� FX� FRUSRUD LL� FH� GH LQ� VXSUHPD LD�SH� GLYHUVH� VHFWRDUH� GH�
SLD �� $VWIHO�� 6XQSRZHU� úL� /*� (OHFWURQLFV� DX� IRUPDW� FRQVRU LXO� 6WUDWHJLF� $OOLDQFH�
pentru dezvoltarea criogeneratoarelor Stirling cu pistoane libere în domeniul 
VXSHUFRQGXF LHL�ZLUHOHVV��ÌQ�XUPD�DFHVWXL�SDUWHQHULDW�DX�UH]XOWDW�FHOe mai performantH�úL�
mici criogeneratoare din Lume [12]; 

- vQFKHLHUHD� XQRU� FRODERU ULL� DFROR� XQGH� UDSRUWXO� ULVF�SURILW� HVWH� PDUH�� FD� GH� H[HPSOX�
SDUWHQHULDWXO�FX�*OREDO�&RROLQJ�vQ�XUPD�F UXLD�PDúLQLOH�IULgorifice Stirling cu pistoane 
OLEHUH�DX�DMXQV�vQ�ID] �GH�FRPHUFLDOL]DUH��7HVWHOH�6XQSRZHU�DX�GHPRQVWUDW�SHQWUX�DFHVWH�
VLVWHPH�R�GXUDW �GH�IXQF LRQDUH�GH�������RUH� 

- de asemenea, propria afacere de producere a criogeneratoarelor Stirling. 
 Din portofoliul de dezvoltare al motoarelor Stirling produse de Sunpower [12], se 
pot aminti câteva date interesante: 
- producerea în 2003 a motorului EG-1000 ce produce nominal 1000 We, dar poate 

ajunge la 1300 We; randaPHQWXO�JOREDO��SXWHUH�HOHFWULF ���SXWHUH�WHUPLF �SULPLW ��HVWH�
GH�����SHQWUX�R�IXQF LRQDUH�OD�XQ�UDSRUW�GH�WHPSHUDWXUL�GH��������� �&�OD�SDUWHD�FDOG �D�
PDúLQLL� úL� �� �&� OD� FHD� UHFH��� ILLQG�XQ�PRWRU� LHIWLQ� úL� FHO�PDL� HILFLHQW� FD�SURFHQW� GLQ�
randamentul Carnot dintre toate motoarele cu pistoane libere. Randamentul motorului 
HVWH� GH� ���� GLQ� FHO� DO� XQXL� PRWRU� &DUQRW� IXQF LRQkQG� vQWUH� DFHOHDúL� OLPLWH� GH�
WHPSHUDWXU ��,QL LDO��PRWRUXO�D�IRVW�JkQGLW�SHQWUX�DSOLFD LL�GH�FRJHQHUDUH�DYkQG�R�SXWHUH�
VSHFLILF �GH��� W/kg; 

- producerea convertorului EG-35-SRG de 35 We utilizat de NASA în programul de 
dezvoltare Phase II SBIR, cu un randament de peste 30%,� R� SXWHUH� VSHFLILF � GH�          
90 W/kg la un raport de temperaturi de 2,6. Conform testelor din 2003, acesta producea 
peste 40We cu un randament de 28%. 

 ÌQ�FHHD�FH�SULYHúWH�GRPHQLXO�FULRJHQLF��6XQSRZHU�vQFHSHD�vQ������GH]YROWDUHD�XQei 
PDúLQL� IULJRULILFH Stirling de mici dimensiuni, M77, cu pistoane libere, proiectat � V �
DVLJXUH�R�SXWHUH�IULJRULILF �GH�� :�OD�R�WHPSHUDWXU �de refrigerare de 77 K. $FHDVW �PDúLQ �
aYHD� V � ILH� ODQVDW � GRDU� FD� SURGXV� VSHFLILF� �QLú � GH� SLD �� F WUH� 1$6$�� LQFRUSRUDW� GH�
DFHDVWD� vQ� SURJUDPXO� VSD LDO� VRODU�RHESSI1 în februarie 2002. S-a bucurat de un mare 
VXFFHV� WHKQLF�� GDU� D� U PDV� OLPLWDW  din punct de vedere� DO� DSOLFD LLORU� GDWRULW � FRVWXOXL�
foarte ridicat. 
 Începând cu 1998, Sunpower a început dezvoltarea unor PDúLQL� IULJRULILFH�FX�SUH �
UHGXV� SHQWUX� DSOLFD LL� SDUWLFXODUH�� &HD� PDL� UHFHQW � R� UHSUH]LQW � GH]YROWDUHD� IDPLOLHL�
CryoTel cu o greutate de 2,7 NJ�úL�SXWHUL�IULJRULILFH�GH��� W la 77 K, cu un consum de 160 
:��&HO�PDL�PLF�U FLWRU�&U\R7HO�D�IRVW�SURLHFWDW�SHQWUX�R�SXWHUH�IULJRULILF �GH�� W la 77 K, 
cu un consum de 80 :H�úL�R�JUHXWDWH�GH����� kg. 
 $YDQWDMXO� QHW� DO� PDúLQLORU� IULJRULILFH� 6WLUOLQJ� ID � GH� FHOHODOWH� VROX LL� H[LVWHQWH�
FRQVW � vQ� IDSWXO� F � DFHVWHD� DX� FD� IOXLG� GH� OXFUX� KHOLX� VDX� D]RW�� HYLWkQG� DVWIHO� XWLOL]DUHD�
freonilor tip CFC sau HFC. 
 De asemenea, Global Cooling2�D�SURGXV�SHVWH�����SURWRWLSXUL�GH�PDúLQL�IULJRULILFH�
Stirling de 100W putere�IULJRULILF �RE LQkQG�XQ�SURILW�VXILFLHQW�SHQWUX�D�VXV LQH�FRPSDQLD��
'H�DVHPHQHD��FRPSDQLD� LQWHQ LRQHD] � V � UHDOL]H]H�úL�FRPHUFLDOL]H]H�R�PDúLQ � IULJRULILF �
SRUWDELO � �ODG � IULJRULILF �� SHQWUX� FDUH� XQ� VLVWHP�6WLUOLQJ� HVWH� FHO�PDL� DGHFYDW�� R�PDúLQ �

                                                
1 RHESSI = Reuven Ramaty High Energy Solar Spectroscopic Imager, proiect dezvoltat în centrul de cercetare NASA cu scopul de a 
H[SORUD� IL]LFD� DFFHOHU ULL� SDUWLFXOHORU� úL� D� HQHUJLHL� HOLEHUDWH� vQ� H[SOR]LLOH� VRODUH��
[http://hesperia.gsfc.nasa.gov/hessi/]. 
2� &RPSDQLH� IRQGDW � vQ� ����� GH� F WUH� 'DYLG� %(5&+2:,7=� FX� VFRSXO� LQL LDO� GH� D� GH]YROWD� XQ� VLVWHP�
IULJRULILF�DOLPHQWDW�VRODU��SH�ED]D�OLFHQ HL�6XQSRZHU� 
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Stirling�QHFHVLW �PDL�SX LQH�S U L�FRPSRQHQWH�UH]XOWkQG�VLVWHPH�GH�GLPHQVLXQL�IRDUWH�PLFL�
�Fk LYD�OLWUL���FHHD�FH�XQ�VLVWHP�5DQNLQH�QX�SRDWH�DVLJXUD��LDU�JUHXWDWHD�XQXL�VLVWHP�6WLUOLQJ�
DU� IL� R� WUHLPH� GLQ� FHD� D� XQXL� VLVWHP�5DQNLQH�� I U � D�PDL� OXD� vQ� FRQVLGHUDUH� úL� IDSWXO� F �
IXQF LRQDUHD�XQXL�VLVWHP�6WLUOLQJ�HYLW �XWLOL]DUHD�IUHRQLORU� 
 ÌQ�������*OREDO�&RROLQJ�D�PRGLILFDW�PDúLQD� IULJRULILF �%RVFK�.'5������GH�����
OLWUL� �GH LQ WRDUHD� UHFRUGXOXL�PRQGLDO�� LQFRUSRUkQG�PDúLQD� IULJRULILF  Stirling cu pistoane 
libere în locuO�FODVLFXOXL�FLFOX�5DQNLQH��RE LQkQG�R�vPEXQ W LUH�vQ�UDQGDPHQWXO�HQHUJHWLF�
GH�����úL�XQ�FRQVXP�GH���� kWhe/an în loc de 138 kWhe, consumul variantei Rankine. O 
GHFODUD LH�D�*OREDO�&RROLQJ�VSHFLILFD�IDSWXO�F �ÄVLVWHPHOH�6WLUOLQJ�DOH�*OREDO�&RROLQJ�YRU�
reaOL]D�R�vPEXQ W LUH�D�UDQGDPHQWXOXL�HQHUJHWLF�GH�SHVWH�����vQ�FRPSDUD LH�FX�VLVWHPHOH�
frigorifice casnice actuale” [153]. 

 8Q�VWXGLX�UHFHQW�DO�'2(�DU W�F ����� *:K�DU�IL�HFRQRPLVL L�SH�R�SHULRDG �GH����
DQL�GDF �sistemele frigorifice casnice ar avea un randament energetic cu 30% mai ridicat. 
Aceasta corespunde unei economii anuale de 65 *:K�� HFKLYDOHQWXO� SURGXF LHL� XQHL�
centrale de 7,4 MW [153]. 
 În concluzie, compresoarHOH�OLQLDUH�SUHFXP�úL�FULRJHQHUDWRDUHOH�6WLUOLQJ�VXQW�vQ�ID] �
GH�FRPHUFLDOL]DUH��vQV �SHUIRUPDQ HOH�WHUPRGLQDPLFH�QHILLQG�FRPSURPLVH�vQ�DYDQWDMXO�XQHL�
FRPHUFLDOL] UL� GH� VXFFHV�� $FHVWHD� VH� SRW� LGHQWLILFD� SH� QLúH� GH� SLD �� GHFL� FX� DSOLFD LL�
particulare. Noi VROX LL� VXQW� vQ� ID]D� GH� GH]YROWDUH� úL� DSOLFDUH� SHQWUX�PDúLQLOH� 6WLUOLQJ� FX�
pistoane libere [12]. 
 7HKQRORJLD�6WLUOLQJ� HVWH�R� WHKQRORJLH� WLSLF� HPHUJHQW �� RULHQWDW � VSUH� VHJPHQWH� GH�
SLD �GH�WLS�QLú ��FX�SRWHQ LDO�GH�GH]YROWDUH��0XOWH�RUJDQL]D LL�XUP UHVF�úL�VXQW�LPSOLFDWH�vQ�
GH]YROWDUHD� SURGXVHORU� ED]DWH� SH� WHKQRORJLD� 6WLUOLQJ� JUD LH� DYDQWDMHORU� VHPQLILFDWLYH� GLQ�
SXQFW� GH� YHGHUH� vQ� VSHFLDO� DO� SHUIRUPDQ HORU�� XUPkULQGX-VH� FD� REVWDFROHOH� H[LVWHQWH� vQF �
(coVWXUL� ULGLFDWH�� DQGXUDQ � UHODWLY� PLF �� V � ILH� GHS úLWH� vQ� FHO� PDL� VFXUW� timp [10]. 
Sunpower� D� GH]YROWDW� R� WHKQRORJLH� GH� IDEULFDUH� D� FULRJHQHUDWRDUHORU� FDSDELO � GH� R�
SURGXF LH� DQXDO � GH� ]HFL� GH� PLL de criogeneratoare. În plus, câteva programe 
JXYHUQDPHQWDOH� VXQW� RULHQWDWH� vQ� 68$� F WUH� ILQDQ DUHD� SURJUDPHORU� GH� FHUFHWDUH� úL�
comercializare a produselor bazate pe tehnologia Stirling (exemplu: programul NASA 
Phase II SBIR, proiectarea pulse tube în 3 trHSWH� SHQWUX� RE LQHUHD� XQHL� WHPSHUDWXUL�PDL�
mici de 10 K cu un consum de 200 We, etc) [11]. 
 

1.3 .  0HWRGH�GH�DQDOL] �üL�RSWLPL]DUH�

WHUPRGLQDPLF  

 3URFHVHOH�FH�DX�ORF�FKLDU�úL�vQ�FHD�PDL�VLPSO �PDúLQ �WHUPLF �VXQW�DWkW�GH�FRPSOH[H�
vQFkW�QX�HVWH�SRVLELO�D�VH�HVWLPD�FX�SUHFL]LH�FH�VH�vQWkPSO �vQ�ILHFDUH�PRPHQW��ÌQ�ORF�GH�D�
încerca acest lucru, sunt presupuse modele teoretice în care diversele fenomene sunt 
LGHDOL]DWH� SkQ � OD� QLYHOXO� QHFHVDU� D� IDFH�SRVLELO � DQDOL]D� ORU��$VWIHO�� IXQF LRQDUHD�PXOWRU�
WLSXUL� GH� PDúLQL� WHUPLFH� SRDWH� IL� VLPXODW � SULQ� SUHVXSXQHUHD� XQRU� VHFYHQ H� UHSHWDWH� GH�
procese termodinamice denumite ciclu termodinamic. De obicei, fiecare proces este 
SUHVXSXV� D� DYHD� ORF� vQ� FRQGL LLOH� vQ� FDUH� XQ� SDUDPHWUX� WHUPRGLQDPLF� �SUHVLXQH�� YROXP��
WHPSHUDWXU �� HQWURSLH�� HWF�� U PkQH� FRQVWDQW� SH�SHULRDGD� WUHFHULL� IOXLGXOXL�GH� OD� R� VWDUH� OD�
alta. 
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 3kQ � vQ� SUH]HQW�� DX� IRVW� GH]YROWDWH� PDL� PXOWH� PHWRGH� GH� DQDOL] � D� FLFOXULORU�
WHUPRGLQDPLFH��5H]XOWDWHOH�RE LQXWH�GLIHU �vQ�IXQF LH�GH�LSRWH]HOH�PHWRGHL�FX�FDUH�DX�IRVW�
FDOFXODWH��XQHOH�GLQWUH�HOH�VXQW�PDL�SUHFLVH�OXkQG�vQ�FRQVLGHUDUH�LUHYHUVLELOLW LOH�FH�DSDU�vQ�
timpul�IXQF LRQ ULL� 
 

1.3.1 .  CODVLILFDUH�JHQHUDO �D�PHWRGHORU�GH�DQDOL] �

WHUPRGLQDPLF  

 'LQ� SXQFW� GH� YHGHUH� DO� QXP UXOXL� GH� HFXD LL� GH� FRQVHUYDUH� FH� VXQW� FRQVLGHUDWH��
H[LVW �XUP WRDUHD�FODVLILFDUH�JHQHUDO �D�PHWRGHORU�GH�DQDOL] �WHUPRGLQDPLF  [13],[14]: 

• $QDOL] �GH�RUGLQ�]HUR–�VH�ED]HD] �SH�HFXD LL� IRDUWH�VLPSOH��FDUH�SHUPLW�H[SULPDUHD�
GLUHFW � D� HIHFWXOXL� XWLO�� ÌQ� JHQHUDO�� DFHVWHD� DX� IRVW� GHGXVH� SH� ED]D� XQRU� REVHUYD LL�
experimentale. 
Exemple: PHWRGHOH�GH�DQDOL] �%HDOH��5HDGHU��+RRSHU��:DONHU�úL�GH�DVHPHQHD��PHWRGD��
ciclului Stirling ideal. 
În anii 1970, William BEALE de la Sunpower Inc. a fost primul care înregistra 
SHUIRUPDQ H�UHDOH�GH�IXQF LRQDUH�D�XQRU�PRWRDUH�6WLUOLQJ�úL�FDUH�XUPDX�D�IL�H[Srimate 
vQ�HFXD LL�HPSLULFH��%($/(�������5($'(5�úL�+223(5��������,DW �FkWHYD�H[HPSOH�
- BEALE (1980) [4]: 
3XWHUH�SURGXV � �FRQVWDQW �HPSLULF �[ 

 [�/XFUXO�PHFDQLF�SURGXV�GH�PLúFDUHD�SLVWRQXOXL�[ 

 [�7XUD LD�PRWRUXOui x Presiunea medie pe ciclu x 

 x Raportul temperaturilor. 
$OWH� IRUPH� DOH� DFHVWHL� HFXD LL� DX� IRVW� GH]YROWDWH�� GH� H[HPSOX� :$/.(5� �������
HVWLPHD] �SXWHUHD�SURGXV ��:��IXQF LH�GH�SUHVLXQHD�PHGLH�SH�FLFOX��EDU���IUHFYHQ D� f 
vQ�KHUW]�úL�YROXPXO�P WXUDW�GH�SLVWon V0 în cm3: 

5
0015,0 fVpW med=  

VDX�:(67��������FDUH�WUDQVIRUP �HFXD LD�OXL�%($/(�DVWIHO��vQ�XQLW L�GH�P VXU �GLQ�
SI): 

FC

FC

med
TT

TT
fVpW

+
−

= 0025,0  

úL�H[HPSOHOH�SRW�FRQWLQXD� 
&X� DFHVWH�PHWRGH� GH� DQDOL] � VH� vQUHJLVWUHD] � HURUL� GH� HVWLPDUH� D� SHUIRUPDQ HORU de 
����ID �GH�FHOH�UHDOH� 

• $QDOL] � GH� RUGLQXO� vQWkL –� HIHFWXO� XWLO� HVWH� H[SULPDW� vQ� IXQF LH� GH� úDVH� YDULDELOH��
GHSODVDUHD� XQJKLXODU � D� DUERUHOXL� FRWLW�� UDSRUWXO� WHPSHUDWXULORU� H[WUHPH� DOH� JD]XOXL��
UDSRUWXO� GH� FRPSULPDUH�� FRHILFLHQWXO� VSD LXOXL� PRUW� DO� PDúinii, presiunea medie a 
JD]XOXL�úL�WXUD LD�DUERUHOXL�FRWLW�DO�PDúLQLL�� 
$FHVW�WLS�GH�PHWRG �GH�DQDOL] �LD�vQ�FRQVLGHUDUH�HFXD LD�FRQVHUY ULL�PDVHL�úL�VH�DSOLF �
modelelor izoterme ideale.  
5H]XOWDWHOH� RE LQXWH�SULQ� DFHVW� WLS� GH�PHWRGH� VXQW� GH� GRX � RUL�PDL�Pari decât cele 
RE LQXWH�H[SHULPHQWDO��Exemplu: metoda SCHMIDT1. 

                                                
1 Gustav SCHMIDT – profesor inginer german. 
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• $QDOL] � GH� RUGLQXO� DO� GRLOHD–� LD� vQ� FRQVLGHUDUH� SLHUGHULOH� WHUPLFH� úL� GH� SUHVLXQH�
GDWRUDWH�IUHF ULL�GLQ�LQWHULRUXO�PDúLQLORU�DIODWH�vQ�IXQF LXQH�� 
'DF �VH�VWXGLD] �XQ�PRGHO�L]RWHUP��DFHVW�WLS�GH�DQDOL] �LD�vQ�FRQVLGHUDUH�HFXD LLOH�GH�
FRQVHUYDUH� D� PDVHL� úL� LPSXOVXOXL�� LQFOXVLY� HIHFWHOH� SLHUGHULORU� GH� SUHVLXQH� GDWRUDWH�
IUHF ULORU� vQWUH� VWUDWXULOH�GH� IOXLG��'DF �VH� VWXGLD] �XQ�PRGHO�DGLDEDWLF�UHYHUVLELO��FX�
VFKLPE WRDUH� GH� F OGXU � LGHDOH�� DWXQFL� VH� YRU� FRQVLGHUD� HFXD LLOH� GH� FRQVHUYDUH� D�
PDVHL�úL�HQHUJLHL�� 
5H]XOWDWHOH�VH�RE LQ�FX�R�HURDUH�GH�������ID �GH�FHOH�H[SHULPHQWDOH�úL�XQHRUL�FKLDU�
mai mici, realizînd acest lucru prin utilizarea analizei de ordinul întâi dar luînd în 
considerare pierderile�WHUPLFH�úL�GH�SUHVLXQH�GDWRUDWH�IUHF ULL�� 
Exemple: metoda SMITH1, RIOS, QVALE. 

• $QDOL] �GH�RUGLQXO�DO�WUHLOHD–�HVWH�FHD�PDL�FRPSOHW �úL�DSURSLDW �GH�UHDOLWDWH�GLQWUH�
WRDWH�PHWRGHOH�GH�DQDOL] ��OXvQG�vQ�FRQVLGHUDUH�SLHUGHULOH�WHUPLFH�úL�KLGURGLQDPLFH�GLQ�
iQWHULRUXO�PDúLQLL�WHUPLFH� 
6H�ED]HD] �SH�HFXD LLOH�GH�FRQVHUYDUH�D�PDVHL��LPSXOVXOXL�úL�HQHUJLHL� 
&HOH�PDL�PXOWH�GLQWUH�WHKQLFLOH�GH�DQDOL] �QRGDO �IDF�SDUWH�GLQ�DFHDVW �FDWHJRULH��FD�GH�
exemplu metoda FINKELSTEIN2. 

 
 &X�WRDWH�DFHVWHD��DFHDVW �VFKHP �GH�FODVLILFDUH�QX�HVWH�VXILFLHQW ��vQ�VSHFLDO�DWXQFL�
FkQG�VH�VWXGLD] �R�PDúLQ �6WLUOLQJ��FDUH�QX�UHSUH]LQW �XQ�VLPSOX�IHQRPHQ��FL�PDL�GH�JUDE �R�
FRPELQD LH� VRILVWLFDW � GH� DOWH� IHQRPHQH� LQFOX]vQG�GLQDPLFD� JD]HORU�� WUDQVIHU� GH� F OGXU ��
curgerea fluidelor, etc. De�DFHHD��DOWH�WHKQLFL�GH�DQDOL] �ELQH�FRQWXUDWH�FDUH�VH�DSOLF �vQ�DOWH�
GRPHQLL�SRW�IL�DSOLFDWH�vQ�XQHOH�FD]XUL�úL�PDúLQLORU�6WLUOLQJ��'LQWUH�DFHVWHD�VH�SRW�HQXPHUD� 

• Scheme de liniarizare –�DQDOL]D�DUPRQLF �úL�PHWRGHOH�GH�SHUWXUEDUH�� 
$FHDVW � PHWRG � VH� ED]HD] � SH� SHUWXUEDUHD� XQHL� VROX LL� DSUR[LPDWLYH� úL� GLQ� DFHDVW �
FDX] �HVWH�SRWULYLW �DQDOL]HL�PDúLQLORU�6WLUOLQJ�SHQWUX�FDUH�VROX LD�JHQHUDW �GH�PHWRGD�
Schmidt ar putea fi prima aproximare. 
5H]XOWDWHOH�RE LQXWH�VXQW�FRQVLGHUDWH�vQ�OLPLWD�XQHL�HURUL�UH]RQDELOH� 

• Metoda elementului finit –� HVWH� XWLOL]DW � vQ� VSHFLDO� vQ� SUREOHPHOH� FRPSOH[H� GH�
DQDOL] � D� WHQVLXQLORU�� VH� ED]HD] � SH� GLVFUHWL]DUHD� GLIHULWHORU� HFXD LL� GLIHUHQ LDOH� FX�
GHULYDWH�SDU LDOH�DSOLFDWH�VWXGLXOXL�PDúLQLL�UHVSHFWLYH� 

• Metoda caracteristicilor – este uWLOL]DW � vQ� JD]RGLQDPLF � SHQWUX� J VLUHD� VROX LLORU�
XQRU�SUREOHPH�FH�LPSOLF �IHQRPHQH�GH�SURSDJDUH� 

 
 ùL�WRWXúL��DFHVWH�PHWRGH�QX�SRW�IL�DSOLFDWH�VHSDUDW��GHRDUHFH�DúD�FXP�DP�PDL�VSXV��
procesele din PDúLQD� 6WLUOLQJ� UHSUH]LQW � R� FRPELQD LH� GH�PDL� PXOWH� IHQRPHQH�� 'DWRULW �
DFHVWXL� IDSW��PHWRGHOH�GH�DQDOL] �GH]YROWDWH� VSHFLDO�SHQWUX� VWXGLXO�PDúLQLORU�6WLUOLQJ� VXQW�
IRDUWH�SX LQH�úL� vQ�JHQHUDO��DFHVWHD�QX�VXQW�I FXWH�SXEOLFH�GHFkW�VXE�IRUPD�XQRU�SURJUDPH�
SHQWUX� FDOFXODWRU� GH� VLPXODUH� D� IXQF LRQ ULL� QXPLWH� ³coduri de calcul” ce pot fi doar 
DSOLFDWH��I U �D�YHGHD�FH�VH�DVFXQGH�GH�IDSW�vQ�VSDWHOH�XQRU�LQVWUXF LXQL�FRGLILFDWH��FDUH�VXQW�
HFXD LLOH�DSOLFDWH�úL�SULQFLSLLOH�GH�ED] �DOH�PHWRGHL�UHVSHFWLYH��FH�LUHYHUVLELOLW L�VXQW� OXDWH�
vQ�FRQVLGHUDUH�úL�PDL�DOHV�GHIDOFDUHD�SLHUGHULORU�SH�LUHYHUVLELOLW L� Acestea sunt disponibile 

                                                
1 Joseph SMITH –�SURIHVRU�GH�LQJLQHULH�PHFDQLF �OD�0,7�� 
2 Theodor FINKELSTEIN – a dezvoltat analiza Smith dar considerând procese adiabate. 
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GRDU�SHQWUX�XQHOH�PRWRDUH��QHDFRSHULQG�vQ�vQWUHJLPH�PDúLQLOH�6WLUOLQJ�úL�GH�DVHPHQHD��VXQW�
greu accesibile din punct de vedere�ILQDQFLDU�GLYHUúLORU�XWLOL]DWRUL� 
 Astfel, de exemplu, NASA Glenn ReseDUFK�&HQWHU�GH LQH�GRX �FRGXUL [154] pentru 
VWXGLXO� PDúLQLORU� 6WLUOLQJ� GH]YROWDWH� vQ� XOWLPLL� DQL� úL� GHVWLQDWH� FDOFXO ULL� DQWLFLSDWH� D�
SHUIRUPDQ HORU� PRWRDUHORU� 6WLUOLQJ� úL� D� VWXGLLORU� GH� SURLHFWDUH�� $FHVWHD� VXQW� +)$671� úL�
GLIMPS/GLOP2�� 3UHGLF LLOH� RIHULWH� GH� DFHVWH� FRGXUL� GH� FDOFXO� VH� ED]HD] � SH� PHWRGD�
YROXPHORU�ILQLWH�úL�sunt comparabile cu cele experimentale [151]. 
 
 ,DW �FkWHYD�GLQWUH�IHQRPHQHOH�FH�DSDU�vQ�IXQF LRQDUHD�UHDO �D�PDúLQLORU�6WLUOLQJ�úL�OH�
GHS UWHD] �GH�IXQF LRQDUHD�LGHDO � ✁

 PLúFDUHD� SLVWRDQHORU� FRQVLGHUDW � GLVFRQWLQX � HVWH� GH� IDSW� FRQWLQX � �VLQXVRLGDO ���
astfel încât diagrama pV�DUH�R�IRUP �FRQWLQX ��URWXQMLW � ✁

 în ciclurile termodinamice în care procesele de comprimare� úL� GHVWLQGHUH� VXQW�
FRQVLGHUDWH� L]RWHUPH�úL� I U �SLUGHUL�SULQ� IUHFDUH��GLIHUHQ D�DULLORU�GLQ�GLDJUDPHOH�pV 
SHQWUX�FRPSULPDUH�úL�GHVWLQGHUH�HVWH�H[DFW�DFHHDúL�FX�DULD�GLQ�GLDJUDPD�pV�WRWDO ��vQ�
PRWRDUHOH� UHDOH� vQV � DFHDVW � HJDOLWDWH� QX� DUH� ORF� GDWRULW � SLHUderilor aerodinamice 
SULQ� UHJHQHUDWRU� úL� FHOHODOWH� VFKLPE WRDUH� GH� F OGXU � FH� FUHD] � GLIHUHQ H� vQWUH�
SUHVLXQHD�IOXLGXOXL�GH�OXFUX�vQ�WLPSXO�FRPSULP ULL�úL�GHVWLQGHULL� ✁

 R�DOW �GLIHUHQ �LPSRUWDQW �vQWUH�XQ�PRWRU�6WLUOLQJ�LGHDO�úL�XQXO�UHDO�FRQVW �vQ�IDSWXO�F �
SURFHVHOH� GH� FRPSULPDUH� úL� GHVWLQGHUH� QX� VXQW�GH� IDSW� L]RWHUPH�� FL� VH� DSURSLH�PDL�
GHJUDE �GH�SURFHVH�DGLDEDWLFH��SHQWUX�YLWH]H�GH�URWD LH�UH]RQDELOH�������URW�PLQ�� 

 

1.3.2 .  Opt im izarea s i s t em elor  energet ic e : nec es i t at e  
üL�QLYHOH�GH�RSWLPL]DUH 

 În multe domenii�DOH�úWLLQ HL�úL�WHKQRORJLHL��GDF �QX�FKLDU�vQ�WRDWH��– ca de exemplu 
úWLLQ H�IL]LFH��LQJLQHUHúWL��HFRQRPLFH�–�vQWUHEDUHD�FDUH�VH�SXQH�FHO�PDL�GHV�HVWH�XUP WRDUHD��
³FDUH�HVWH�PRGDOLWDWHD�FHD�PDL�EXQ �GH�D�RE LQH�XQ�DQXPLW�OXFUX"´� 
 Pentru sistemele energetLFH�� DFHDVW � vQWUHEDUH� SRDWH� IL� H[SULPDW � vQ� PDL� PXOWH�
feluri: 

� Fiind dat disponibilul de energie, care�DU�IL�FHD�PDL�EXQ �PHWRG �GH�D-l utiliza? 

� &DUH� HVWH� FHD� PDL� EXQ � FRQILJXUD LH� D� VLVWHPXOXL� HQHUJHWLF� �FRPSRQHQWHOH� VDOH� úL�
OHJ WXULOH�GLQWUH�DFHVWHD�" 

� CaUH�VXQW�FDUDFWHULVWLFLOH�WHKQLFH�FHOH�PDL�EXQH�DOH�ILHF UHL�FRPSRQHQW ��GLPHQVLXQL��
material, capacitate�FDORULF , etc)? 

� &DUH� DU� IL� FHL� PDL� SRWULYL L� SDUDPHWUL� GH� IXQF LRQDUH� �GHELWH� GH� IOXLG�� SUHVLXQL��
temperaturi)? 

� &DUH� HVWH� FHO�PDL� EXQ� SXQFW� GH� IXQF LRQare a sistemului la un anumit moment de 
timp? 

                                                
1�+)$67��VFULV�GH�0HFKDQLFDO�7HFKQRORJ\�,QF���UHSUH]LQW �R�DQDOL] �DUPRQLF �GH�RUGLQXO����FH�JHQHUHD] �XQ�
VLVWHP�GH�HFXD LL�DOJHEULFH�QHOLQLDUH��IXQF LH�GH�WLPS� 
2�*/,036��VFULV�GH�*HGHRQ�$VVRFLDWHV��UHSUH]LQW �R�WHKQLF �GH�UH]ROYDUH�D�XQXL�VLVWHP�GH�HFXD LL�DOJHEULFH�
FX�GLIHUHQ H�ILQLWH� 
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 8Q�U VSXQV�DGHFYDW�DFHVWRU�vQWUHE UL�VH�RE LQH�GRDU�XUPkQG�R�SURFHGXU �VLVWHPDWLF �
QXPLW �optimizare. 
 Un anumit interes numit IXQF LH�RELHFWLY�HVWH�VSHFLILFDW�úL�H[SULPDW�SULQWU-R�UHOD LH�
PDWHPDWLF � IXQF LH�GH�DQXPLWH� YDULDELOH�� ÌQ�DFHVW�FD]��RSWLPL]DUHD�SRDWH� IL�GHILQLW �GXS �
FXP�XUPHD]  [17]: “2SWLPL]DUHD�HVWH�SURFHVXO�GH�J VLUH�D�FRQGL LLORU��DGLF �D�YDORULORU�

YDULDELOHORU�� SHQWUX� FDUH� IXQF LD� RELHFWLY� VWDELOLW � DUH� YDORDUH�PLQLP � VDX�PD[LP � vQ�

SUH]HQ D��vQ�OLSVD�XQRU�UHVWULF LL�LPSXVH”. 
 
 6LVWHPHOH� HQHUJHWLFH� DX� IRVW� FRQVWUXLWH� vQF � GLQ� VHFROXO�;9,,,� vQ�GLYHUVH� YDULDQWH�
FRQVWUXFWLYH��ILHFDUH�HWDS �ILLQG�LQYHQWDW �SHQWUX�D�RSWLPL]D�DFHO�VLVWHP��SHQWUX�D�UHDOL]D�R�
proieFWDUH�PDL�HILFLHQW �D�DFHVWXLD�sDX�SHQWUX�D�J VL�SXQFWXO�RSWLP�GH�IXQF LRQDUH�� 
 8UP WRDUHOH�FkWHYD�DVSHFWH�DUDW �necesitatea de a aplica proceduri de optimizare 

sistemelor energetice�vQ�IXQF LXQH�VDX�vQF �GLQ�SHULRDGD�GH�SURLHFWDUH� 

• FUHúWHUHD� FDOLW LL� úL� FDSDFLW LL� VLVWHPXOXL� HQHUJHWLF� úL� vQ� DFHODúL� WLPS� UHGXFHUHD�
FRVWXULORU�SHQWUX�D�IL�FRPSHWLWLYH�SH�SLD � 

• FUHúWHUHD�ILDELOLW LL�úL�D�VLJXUDQ HL�vQ�IXQF LRQDUH� 

• UHGXFHUHD�SROX ULL�úL�HFRQRPLD�GH�UHVXUVH�HQHUJHWLFH� 

• HYLWDUHD�ULVLSHL�GH�WLPS�úL�PDWHULDOH� 
 
 ÌQWUHE ULOH�SXVH�OD�vQFHSXWXO�DFHVWXL�SDUDJUDI�UHDOL]HD] �IDSWXO�F �RSWLPL]DUHD�XQXL�
sistem energetic se poate considera pe trei nivele [17]: 

A. 2SWLPL]DUH� GH� VLQWH] �� VH� UHIHU � OD� FRPSRQHQWHOH� VLVWHPXOXL� úL� OD� LQWHUFRnexiunile 
H[LVWHQWH��'XS � FH�XQ� VLVWHP�D� IRVW� RSWLPL]DW� GLQ� DFHVW� SXQFW� GH� YHGHUH�� VH�SRW� WUDVD�
diverse diagrame a debitelor. 

B. 2SWLPL]DUHD� SURLHFW ULL�� VH� UHIHU � OD� FDUDFWHULVWLFLOH� WHKQLFH� DOH� FRPSRQHQWHORU�
VLVWHPXOXL�úL�OD�SURSULHW LOH�VXEVWDQ HORU�FH�LQWU �úL�LHV�GLQWU-R�FRPSRQHQW �OD�XQ�DQXPLW�
regim de lucru al sistemului. 

C. 2SWLPL]DUHD� IXQF LRQ ULL�� VH� FDXW � SXQFWXO� RSWLP� GH� IXQF LRQDUH� D� VLVWHPXOXL�
HQHUJHWLF� FDUDFWHUL]DW� GH� DQXPLWH� SURSULHW L� DOH� FRPSRQHQWHORU� úL� VXEVWDQ HORU� GLQ�
VLVWHP��WXUD LH�� FRQVXP�GH�HQHUJLH��GHELWH�GH�DJHQW��SUHVLXQL�� WHPSHUDWXUL�� FRPSR]L LD�
VXEVWDQ HORU��HWF�� 

 2� RSWLPL]DUH� FRPSOHW � D� XQXL� VLVWHP� UHSUH]LQW � SDUFXUJHUHD� WXWXURU� QLYHOHORU� GH�
RSWLPL]DUH��úL�QX�FRQVLGHUDUHD�VHSDUDW �D�ILHF UXL�QLYHO�FRPSOHW�L]RODW�GH�FHOHODOWH� 
 
 E[LVW �R�clasificare a problemelor de optimizare��úL�DQXPH [18]: 

a) &HD� PDL� VLPSO � SUREOHP � GH� RSWLPL]DUH� FRQVW � vQ� J VLUHD� YDORULORU� XQRU� YDULDELOH�
LQGHSHQGHQWH�FDUH�PLQLPL]HD] �VDX�PD[LPL]HD] �R�IXQF LH�GH�DFHOH�YDULabile.  
Problemele de acest tip sunt probleme uzuale de extrem� úL� VH� UH]ROY � folosind 
FDOFXOXO�GLIHUHQ LDO. 
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b) 2� SUREOHP � FHYD�PDL� FRPSOH[ � HVWH� V � VH� J VHDVF � R� DQXPLW � IXQF LH� FDUH� IDFH� FD�
LQWHJUDOD�XQHL�H[SUHVLL�FDUH�FRQ LQH�DFHD�IXQF LH��úL�HYHQWXDO�GHULYDWH�DOH�DFHVWHL�IXQF LL��
V �DLE �R�YDORDUH�H[WUHP ��,QWHJUDOD�IXQF LHL�UHVSHFWLYH�VH�QXPHúWH�IXQF LRQDO .  
Acest tip de probleme sunt tot probleme de extrem� úL� VH� UH]ROY � IRORVLQG� calculul 
YDULD LRQDO�GH]YROWDW�GH�(XOHU�úL�/DJUDQJH� 

c) ÌQ� SUREOHPHOH� LQJLQHUHúWL� LQWHUYLQ� GH� RELFHL� PDL� PXOWH� IXQF LL� GH� YDULDELOH�
LQGHSHQGHQWH�� 8QHOH� GLQWUH� DFHVWH� IXQF LL� WUHEXLH� V � VDWLVIDF �� vQ� SOXV�� XQ� QXP U� GH�
HFXD LL�GLIHUHQ LDOH��)XQF LLOH� FDUH�DSDU� vQ�HFXD LLOH�GLIHUHQ LDOH� VXE� IRUP �GH�GHULYDWH�
temporale se numesc variabile de stare�� )XQF LLOH� ³OLEHUH´� �DGLF � FHOH� FDUH� SRW� IL�
PRGLILFDWH�vQ�WLPS�GXS �GRULQ D�LQJLQHUXOXL��VH�QXPHVF�IXQF LL�GH�FRQWURO.  
'HFL��SUREOHPD�VH� UHGXFH� OD�D�J VL�DFHOH� IXQF LL� GH�FRQWURO�SHQWUX�FDUH� LQWHJUDOD�XQHL�
H[SUHVLL� FDUH� FRQ LQH� DFHD� IXQF LH� �úL� HYHQWXDO� GHULYDWH� DOH� DFHVWHL� IXQF LL�� V � DLE � R�
YDORDUH� H[WUHP �� vQ� FRQGL LLOH� LPSXQHULL� DQXPLWRU�UHVWULF LL� úL� FX� DQXPLWH� FRQGL LL� OD�
OLPLW . 
Problemele de acest tip sunt probleme de control optimal��FDUH�VH�UH]ROY �SULQ�PHWRGH�
specifice, cum ar fi: - principiul maximului (a lui Pontriaghin); 
    - metoda gradientului; 
    - metoda Bellman��SURJUDPDUH�GLQDPLF �� 

 
 Acestea sunt metodele matematice clasice de optimizare ce pot fi utilizate în orice 
domeniu, inclusiv pentru optimizarea motoarelor Stirling. Detaliile privind algoritmul de 
FDOFXO�� UHVSHFWLY� IRUPXOHOH� FDUH� VH� XWLOL]HD] � VXQW� GLVSRQLELOH� vQ� RULFH� FXUV� GH� PHWRGH�
QXPHULFH�úL�GH�DFHHD�QX�FRQVLGHU�QHFHVDU�D�UHGDFWD�DFHDVW �SDUWH�GH�FDOFXO� 
 ÌQ� FHOH� FH� XUPHD] � YRU� IL� SUH]HQWDWH� FD� H[HPSOLILFDUH� FkWHYa metode de calcul 
WHUPLF�úL�RSWLPL]DUH��GH�OD�FHOH�PDL�VLPSOH��OD�FHOH�PDL�FRPSOH[H� 
 

1.3.3 .  Met oda c ic lului  St i r l i ng idea l  

 $QDOL]D�FLFOXOXL� LGHDO�HVWH�DQDOL]D�FHD�PDL�VLPSO ��R�DQDOL] �GH�RUGLQ�]HUR, punctul 
de pornire în cercetare. 

Ipoteze simplificatoare 
 AcHDVW �PHWRG �GH�DQDOL] �SOHDF �GH�OD�XUP WRDUHOH�ipoteze [15]: 
• toate procesele termodinamice sunt considerate reversibile; 
• agentul de lucru este un gaz perfect; 
• FRPSULPDUHD� úL� GHVWLQGHUHD� DJHQWXOXL� GH� OXFUX� din ciclu sunt considerate procese 

izoterme; 
• DJHQWXO�GH� OXFUX� VH�J VHúWH� GRDU� vQ� VSD LLOH�GH� FRPSULPDUH�� UHVSHFWLY� GHVWLQGHUH� vQ�

WLPSXO�DFHVWRU�SURFHVH��FHHD�FH�SHUPLWH�QHJOLMDUHD�YROXPXOXL�PRUW�DO�PDúLQLL� 
• GHSODVDUHD� SLVWRDQHORU� HVWH� FRQVLGHUDW � GLVFRQWLQX � WRFPDi pentru a asigura 

GLVWULEX LD�PDL�VXV�DPLQWLW �D�DJHQWXOXL�GH�OXFUX� 
• WRDWH�IUHF ULOH�DHURGLQDPLFH�úL�PHFDQLFH�VXQW�QHJOLMDWH��FkW�úL�SLHUGHULOH�WHUPLFH�F WUH�

mediul ambiant; 
• WUDQVIHUXO� GH� F OGXU � SULQ� FRQGXF LH� GH-a lungul matricei regeneratorului se 

neglLMHD] � 
• VH�FRQVLGHU �UHJHQHUDUH�SHUIHFW �D�F OGXULL� 
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1.3.3.1.  Cic lu l  m ot oru lu i  St i r l ing  ideal  

Procese termodinamice în ciclul Stirling ideal 
 &LFOXO� WHUPRGLQDPLF� LGHDO� DO� DJHQWXOXL� GH� OXFUX� HVWH� FRPSXV� GLQ� GRX � SURFHVH�
L]RWHUPH�úL�GRX �L]RFRUH�UHJHQHUDWLYH��DúD�FXP este ilustrat în Fig. 1.8. 

 

Fig. 1.8. 'LDJUDPHOH�S9�úL�76�DOH�FLFOXOXL�PRWRU�6WLUOLQJ�LGHDO. 

 Acest ciclu motor ideal este descris astfel: 
1–2  proces de�FRPSULPDUH�L]RWHUP ��TF = constant; 
 � DJHQWXO�GH� OXFUX� VH� DIO � QXPDL� vQ� VSD LXO�GH� FRPSULPDUH�Vcpr� úL� FHGHD] � F OGXU �

PHGLXOXL�DPELDQW�SH�P VXU �FH�HVWH�FRPSULPDW� 
2–3  proces izocor; V2= V3 = constant; 
 �DJHQWXO�GH�OXFUX�HVWH�WUDQVIHUDW�GLQ�VSD LXO�GH comprimare Vcpr în cel de destindere 

Vdest SULQ� UHJHQHUDWRU�� ÌQ� WLPSXO� DFHVWXL� SURFHV�� JD]XO� SULPHúWH� F OGXU � GH� OD�
UHJHQHUDWRU��FDUH�D�IRVW�vQF O]LW�vQ�FLFOXO�DQWHULRU� 

3–4 �SURFHV�GH�GHVWLQGHUH�L]RWHUP ��TC = constant; 
 �DJHQWXO�GH�OXFUX�VH�DIO �QXPDL�vQ�VSD LXO�GH�GHVWLQGHUH�Vdest�úL�SULPHúWH�F OGXU �GH�

OD�VXUVD�FDOG � 
4–1  proces izocor; V4 = V1 =constant; 
 �DJHQWXO�GH�OXFUX�HVWH�WUDQVIHUDW�GLQ�VSD LXO�GH�GHVWLQGHUH�Vdest în cel de comprimare 

Vcpr prin regenerator. Gazul cHGHD] �F OGXU �UHJHQHUDWRUului. 
Ciclul se reia. 

Parametri de�DQDOL]  
 În general, sunt cunoscXWH�XUP WRDUHOH�GDWH de proiectare: 
; WHPSHUDWXULOH� FHORU� GRX � VXUVH� GH� F OGXU � GLVSRQLELOH�� TSC� úL� TSF, iar conform 

LSRWH]HORU�I FXWH, temperaturile gazului sunt egale cu cele ale surselor atunci când se 
UHDOL]HD] �WUDQVIHUXO�GH�F OGXU �GH�OD�úL�F WUH�VXUVH� 

; se introduce un coeficient adimensional��úL�DQXPH�raportul temperaturilor extreme ale 

gazului: 
F

C

T

T

T

T
==

min

maxτ ; 

1 

4 3

V1=V4=ct 

Q12 

TF 

Lciclu Q23 

TC 
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3 

Q12 
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V 

Qreg 

V2 V1 

Q41 

Q34 

Qreg 
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TC 

TF 

T 

2 

Q41 

Q23 
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S2 S3 S1 S4 

V2=V3=ct 
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; un alt coeficient adimensional este raportul de comprimare care se GHILQHúWH�FD�ILLQG�

volumul maxim GH�JD]�GLQ�PDúLQ  raportat la volumul minim: max

min

V

V
ε = ; 

; presiunea medie a gazului din cilindru, pmed ; 
; dimensiunile:  

Dc, respectiv Sc  �GLDPHWUXO�úL�FXUVD�SLVWRQXOXL�GH�OXFUX�  
Dd , respectiv Sd� �GLDPHWUXO�úi cursa deplasatorului; 

; QXP UXO�GH�FLOLQGUL��Ncil ; 
; WXUD LD�PRWRUXOXL��nr ; 
; úL�ELQHvQ HOHV��natura gazului de lucru�GLQ�PDúLQ . 

&DOFXOXO�P ULPLORU�GH�VWDUH�vQ punctele caracteristice ale 
ciclului 

 'HRDUHFH� vQ� PDMRULWDWHD� FD]XULORU� VH� FXQRDúWH� SUHVLXQHD� PHGie a gazului din 
FLOLQGUX��VH�FDOFXOHD] �SUHVLXQHD�PLQLP �GLQ�FLFOX�p1�vQ�IXQF LH�GH�pmed. 
 6H� FRQVLGHU � F � presiunea medie� D� JD]XOXL� HVWH� SUHVLXQHD� SHQWUX� FDUH� VH� RE LQH�
DFHODúL�OXFUX�PHFDQLF�vQ�GRPHQLXO�GH�YDULD LH�D�YROXPXOXL� 

minmax VV

L
p ciclu

med −
=  (1.1) 

 M ULPLOe�GH�VWDUH�VH�FDOFXOHD] �FRQVLGHUkQG�ILHFDUH�SURFHV�vQ�SDUWH�úL�VH�H[SULP �GH�
RELFHL�IXQF LH�GH�SDUDPHWULL�GLQ�VWDUHD�GH�SUHVLXQH�PLQLP : 

1-2 �FRPSULPDUH�L]RWHUP �� p1V1 = p2V2   =>   p2 =
1

1
2

V
p

V
 � S1 

2-3  proces izocor:   2 3 3
3 2 2 3 1

2 3 2

               
p p T

p p p p p
T T T

τ ετ= ⇒ = = ⇒ =  

4-1  proces izocor:  1 4 4
4 1 1

1 4 1

        
p p T

p p p
T T T

τ= ⇒ = =  

Tabel 1.3. Parametrii de stare ai ciclului motor Stirling ideal; 

corelare cu Fig. 1.8. 

Parametrii de stare în punctele caracteristice 
Param. 

1 2 3 4 

pi p1 S1 S1 S1 

Vi V1  
-1

V1  
-1

V1 V1 

Ti T1 T1 71 71 

Masa de gaz, 

m 1

11

RT

Vp
=const.   , unde R = constanta gazului 

 
 ÌQ� UHOD LD� presiunii medii, se LQH� FRQW� GH� expresia lucrului mecanic al ciclului, 
UHOD LD (1.6)��úL�GH�IDSWXO�F  V1 = Vmax , T1 = TF�úL�GH�Tabel 1.3��5H]XOW � 
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( ) ( ) ε
ε
τεε

ε

τετ
ln

1

1
ln

1
1

1ln1
11

21

11

minmax −
−

=
−

−
=

−
−

=
−

= pp
VV

Vp

VV

L
p ciclu

med
 

(1.2) 

'H�XQGH��SUHVLXQHD�PLQLP �GLQ�FLFOX�IXQF LH�GH�SDUDPHWULL�GH�SURLHFWDUH� 

( )1

1
 p

1 lnmed
p

ε
τ ε ε

−
=

−
 (1.3) 

 8WLOL]vQG� WRDWH� DFHVWH� YDORUL� RE LQXWH� vQ� XUPD� FDOFXOHORU�� SHQWUu fiecare stare în 
parte, se pot trasa OD� VFDU � diagramele pV úL�TS ale� FLFOXOXL� DúD� FXP� HVWH� UHSUH]HQtarea 
FDOLWDWLY �GLQ�Fig. 1.8. 

Analiza schimburilor energetice 
 & OGXUD� QC care este primiW � GH� JD]XO� GLQ� PDúLQ � GH� OD� VXUVD� FDOG � vQ� WLPSXO�
procesului� GH� GHVWLQGHUH� �FRQIRUP� FRQYHQ LHL� GH� VHPQH�� F OGXUD� SULPLW � HVWH� R� FDQWLWDWH�
SR]LWLY � corespunde unui proces izoterm: 

ετετ lnlnln 111
1

11

3

4
334 VpTR

RT

Vp

V

V
mRTQQC ====  [J/ciclu] (1.4) 

 & OGXUD�QF�FDUH�HVWH�FHGDW �GH�JD]�VXUVHL�UHci în timpul procesului de comprimare 
�FRQIRUP� FRQYHQ LHL� GH� VHPQH�� F OGXUD� FHGDW � HVWH� R� FDQWLWDWH� QHJDWLY � corespunde tot 
unui proces izoterm: 

εlnln 11
2

1
112 Vp

V

V
mRTQQF ===  [J/ciclu] (1.5) 

 Lucrul mecanic al ciclului devine: 

( ) ετ ln111 −=−= VpQQL FCciclu  [J/ciclu] (1.6) 

Calculul�SHUIRUPDQ HORU 
 3XWHUHD�JHQHUDW �GH�PRWRUXO�6WLUOLQJ� 

60
r

MS ciclu cil

n
P L N=  [W] (1.7) 

 Randamentul motorului Stirling: 

CC

C

FC

C

ciclu

MS
Q

QQ

Q

L

consum

utilefect η
τ

η =−=
−

===
1

1
_

 (1.8) 

 Cu alte cuvinte, mRWRUXO� 6WLUOLQJ� DUH� DFHODúL� UDQGDPHQW� WHRUHWLF� FX� FHO� DO� FLFOXOXL�
&DUQRW��DGLF �FHO�PDL�PDUH�UDQGDment teoretic ce poate fi atins! 
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 ÌQ�UHDOLWDWH�vQV ��PRWRUXO�6WLUOLQJ�vQ�IXQF LXQH�DWLQJH�XQ�UDQGDPHnt de 40 – 60% din 
FHO�WHRUHWLF��YDORDUH�FDUH�SODVHD] �PRWRUXO�6WLUOLQJ�vQ�WRSXO�PDúLQLORU�WHUPLFH��DúD�FXP�V-a 
detaliat în paragrafele anterioare. 

1.3.3.2.  Cic lu l  inversat  St i r l ing idea O��PDüLQD�IULJRULILF �üL�

SRPSD�GH�F OGXU � 

 Una din ipotezele simplificatoare ale�DFHVWHL�PHWRGH�HVWH�QHJOLMDUHD� VSD LXOXL�PRUW�
DO�PDúLQLL�� vQV � vQ� FHOH� FH� XUPHD] � HD� nu va fi luaW � vQ� FRQVLGHUDUH� pentru a putea face 
SRVLELO � FRPSDUDUHD� UH]XOWDWHORU�RE LQXWH� SULQ� GLIHULWH�PHWRGH� GH� DQDOL] � �FDUH� FRQVLGHU �
volumul mort). 
 'HRDUHFH�PDMRULWDWHD�FRPHQWDULLORU� úL� FDOFXOHORU� I FXWH�SHQWUX�FLFOXO�PRWRU�U PkQ�
YDODELOH��SHQWUX�FLFOXO�LQYHUVDW�VH�YRU�FRPHQWD�QXPDL�DFHOHD�FDUH�GLIHU � 
 ÌQ� FHHD� FH�SULYHúWH�GHVI úXUDUHD ciclului Stirling ideal inversat, aceasta are loc în 
VHQV� LQYHUV� ID � GH� PRWRU�� DúD� FXP� VH� SRDWH� REVHUYD� vQ� Fig. 1.9, deci procesele de 
FRPSULPDUH�GHYLQ� GHVWLQGHUL� úL� LQYHUV�� GH� DVHPHQHD�� VH� LPSXQH� UHQXPHURWDUHD�SXQFWHORU�
caracteristice ale ciclului. 

 

Fig. 1.9. 'LDJUDPHOH�S9�úL�76�DOH�FLFOXOXL�inversat Stirling ideal. 

 Astfel, calculul parametrilor de stare conduce la cele prezentate în Tabel 1.4. 

Tabel 1.4. Parametrii de stare ai ciclului inversat Stirling ideal; 

corelare cu Fig. 1.9. 

Parametrii de stare în punctele caracteristice 
Param. 

1 2 3 4 

pi p1 S1 p1 S1 

Vi V1 V1  
-1

V1  
-1

V1 

Ti T1 71 71 T1 

Masa de gaz, 

m 1

11

RT

Vp
=const.   , unde R = constanta gazului 

 

1 

2 3

V1=V2=ct 

Q41 

TF 

Lciclu Q34 

TC 
Q23 

1 

2 

4 

3 

Q41 

p 

V 

Qreg 

V3 V1 

Q12 

Q23 

Qreg 

S 

TC

TF

T

4

Q12 

Q34 

Lciclu 

S4 S3 S1 S2 

V3=V4=ct 



Camelia PETRE - Teza de doctorat   

 47

 ÌQ� FHHD� FH� SULYHúWH� VFKLPEXULOH� HQHUJHWLFH�� DFHVWHD� VH� FDOFXOHD] � VLPLODU�� vQV �
c OGXU �QC YD�IL�FHGDW �PHGLXOXL�vQFRQMXU WRU� iar c OGXUD�QF�H[WUDV �GLQ�VSD LXO�IULJRULILF�úL�
SULPLW �GH�JD]��H[SUHVLLOH�GH�FDOFXO�U PkQ�DFHOHDúL: 

ετε ln ln lnQ  Q 1122
3

2
223C VpVp

V

V
mRT ====  [J/ciclu] (1.9) 

εε lnlnln 111
1

11

4

1
441 VpRT

RT

Vp

V

V
mRTQQF ====  [J/ciclu] (1.10) 

 Astfel, lucrul mecanic consumat pe durata unui ciclu UkP QH� úL� HO� DFHODúL�� vQV �
QHJDWLY��FRQIRUP�FRQYHQ LHL�GH�VHPQ�� 
 3HQWUX�FLFOXULOH�LQYHUVDWH��SHUIRUPDQ HOH�UHSUH]LQW � 
-�SXWHUHD�IULJRULILF �D�PDúLQLL�IULJRULILFH: 

60
r

FF

n
QQ =�  [W] (1.11) 

unde nr�HVWH�WXUD LD�DUERUHOXL�FRWLW�DO�PDúLQLL��vQ�URW�PLQ� 
- puterea WHUPLF �D�SRPSHL�GH�F OGXU : 

60
r

CC

n
QQ =�  [W] (1.12) 

- puterea FRQVXPDW �GH�FRPSUHVRU: 

60
r

ciclucpr

n
LP =  [W] (1.13) 

- FRHILFLHQWXO�GH�SHUIRUPDQ � 

PCCC

ciclu

C

MFCC

ciclu

F

COP
L

Q

COP
L

Q
COP

,PC

,MF

1-
 COP                                                

1-

1
 COP                 

Consum

utilEfect 

===

===⇒=

τ
τ

τ
 (1.14) 

 
 'DWRULW � LSRWH]HORU�VLPSOLILFDWRDUH�FRQVLGHUDWH�úL� vQ�VSHFLDO�D� IDSWXOXL�F �SURFHVHOH�
VXQW� FRQVLGHUDWH� UHYHUVLELOH�� DFHDVW � PHWRG � U PkQH� GRDU� R� PHWRG � WHRUHWLF � I U �
DSOLFDELOLWDWH� SUDFWLF �� 6H� LPSXQH� GRULQ D� úL� QHFHVLWDWHD� GH� D� DSUR[LPD� FkW� PDL� ELQH�
fenomenele reale�GLQ�PDúLQLOH�WHUPLFH��8Q�SULP�SDV�vQ�DFHVW�VHQV�HVWH�FRQVLGHUDUHD�PLúF ULL�
continue a pistoanelor, deci analiza cu ajutorul metodei Schmidt. 
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1.3.4 .  Met oda Sc hm idt  

 0HWRGD�GH�DQDOL] �6FKPLGW�HVWH�XQD�GLQWUH�FHOH�PDL�VLPSOH�PHWRGH�GH�FDOFXO�SHQWUX�
motoare StirlinJ� úL� FHD�PDL� IRORVLW � vQ� LVWRULD� GH]YROW ULL� DOWRU�PHWRGH��este o metoG �GH�
DQDOL] �GH�RUGLQXO�vQWkL�[6],[16], [94]. 

Ipoteze simplificatoare 
 AceaVW �PHWRG �GH�DQDOL] �D�PDúLQLORU�6WLUOLQJ� LQH�FRQW�GH�PLúFDUHD�UHDO �D�S U LORU�
PRELOH�GLQ�PDúLQ ��DGLF �GH�PLúFDUHD�FRQWLQX �D�SLVWRDQHORU��0RGXO�vQ�FDUH�YROXPHOH�GH�
FRPSULPDUH�úL�GHVWLQGHUH�YDULD] �vQ�WLPS�HVWH�SUH]HQWDW�vQ�Fig. 1.10 [6]. 

 

Fig. 1.10. Principiul de realizare al ciclului Stirling real în 

FRPSDUD LH� FX� FHO� LGHDO �ILJXU � UHSURGXV � FX� DFRUGXO� DXWRUXOXL�

prof.dr.ing. Gheorghe POPESCU, Universitatea POLITEHNICA 

%XFXUHúWL� [6]; TC = WHPSHUDWXUD� DJHQWXOXL� vQ� VSD LXO� GH�
comprimare (care este de fapt temperatura gazului la partea rece a 

PDúLQLL��vQ�FD]XO�PRWRUXOXL� TF), iar TD = temperatura agentului în 

VSD LXO� GH� GHVWLQGHUH� �FDUH� HVWH� GH� IDSW� WHPSHUDWXUD� JD]XOXL� OD�

SDUWHD� FDOG �D�PDúLQLL�� vQ� FD]XO�PRWRUXOXL��TC); indicele „M” se 

UHIHU �OD�VSD LXO�PRUW� 

 'H�DVHPHQHD�� LQH�FRQW�GH�YROXPHOH�FRQVWDQWH�DOH�UHJHQHUDWRUXOXL�úL�FRQGXFWHORU�GH�
OHJ WXU ��DGLF �GH�YROXPHOH�PRDUWH�DOH�PDúLQLL��'H�DFHHD��VH�RE LQH�XQ�FLFOX�WHUPRGLQDPLF�
I U �SXQFWH�GH�GLVFRQWLQXLWDWH��FDUH�HVWH�DVHP Q WRU�FHOXL�RE LQXW�H[SHULPHQWDO� 
 3HUIRUPDQ HOH� PRWRUXOXL� SRW� IL� FDOFXODWH� SULQ� RE LQHUHD� GLDJUDPHL� pV. Volumele 
generate în iQWHULRUXO� PRWRUXOXL� SRW� IL� GH� DVHPHQHD� XúRU� FDOFXODWH� FXQRVFkQG� JHRPHWULD�
LQWHUQ ��&kQG�YROXPHOH��PDVD�GH�DJHQW�GH�OXFUX�GLQ�PDúLQ �úL�WHPSHUDWXUD�VXQW�FXQRVFXWH��
SUHVLXQHD� SRDWH� IL� FDOFXODW � SH� ED]D� HFXD LHL� GH� VWDUH� D� JD]HORU� SHUIHFWH� vQ� XUP WRDUHOH�
ipoteze: 
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; DJHQWXO�GH�OXFUX�GLQ�PDúLQLOH�6WLUOLQJ�PRGHUQH�HVWH�KHOLXO�VDX�KLGURJHQXO��DJHQ L�FDUH�
SRW� IL� FRQVLGHUD L� JD]H� SHUIHFWH� FH� VDWLVIDF� HFXD LD� WHUPLF � GH� VWDUH� PV=mRT (în 
GRPHQLXO�GH�WHPSHUDWXUL�úL�SUHVLXQL�GLQ�DFHVWH�PDúLQL�� 

; PDVD� WRWDO � GH� DJHQW� GH� OXFUX� HVWH� FRQVLGHUDW � FRQVWDQW � vQ� WLPSXO� IXQF LRQ ULL��
neglijîndu-VH�VFXUJHULOH�GDWRULW �QHHWDQú ULORU� 

; SUHVLXQHD� LQVWDQWDQHH� HVWH� DFHHDúL� vQ� LQWHULRUXO� PDúLQLL�� SLHUGHULOH� GH� SUHVLXQH�
GDWRUDWH�IUHF ULL�úL�UH]LVWHQ HORU�JD]RGLQDPLFH�ORFDOH�VH�QHJOLMHD] � 

; în� WLPSXO� SURFHVHORU� GH� FRPSULPDUH� úL� GHVWLQGHUH�� WHPSHUDWXUD� JD]XOXL� U PkQH�
FRQVWDQW �úL�HJDO �FX�WHPSHUDWXUD�VXUVHL�TC�úL�UHVSHFWLY��TF; 

; WHPSHUDWXUD�JD]XOXL�vQ�LQWHULRUXO�UHJHQHUDWRUXOXL�HVWH�GH�DVHPHQHD�FRQVWDQW �úL�HJDO �
cu temperatura medie între TC úL�TF; 

; VH�FRQVLGHU �UHJHQHUDUH�SHUIHFW � 

; YDULD LD�YROXPHORU�GH�FRPSULPDUH�úL�GHVWLQGHUH�VH�UHDOL]HD] �vQ�PRG�FRQWLQXX�GXS �
legi armonice; 

; VH�FRQVLGHU �UHJLP�GH�IXQF LRQDUH�VWD LRQDU�DVWIHO�vQFkW�WXUD LD�U PkQH�FRQVWDQW � 

Analiza variantei constructive tip ALFA 
 &DUDFWHULVWLFD� DFHVWXL� WLS� GH� PRWRU� HVWH� DFHHD� F � SLVWRDQHOH� OXFUHD] � vQ� FLOLQGUL�
VHSDUD L�FH�SRW�IL�GLVSXúL�vQ�OLQLH�VDX�vQ�9� 
 'DWHOH�LQL LDOH�VXQW�DFHOHDúL�FD�úL�SHQWUX�FLFOXO�LGHDO��ÌQ�SOXV� 

• 9ROXPXO�PD[LP�P WXUDW� GH� SLVWRQXO� GH� OXFUX� HVWH� RE LQXW� LQkQG� FRQW� GH� JHRPHWULD�
LQWHUQ � 

C
C

C S
D

V
4

2

max,

π
=  (1.15) 

• 9ROXPXO�PD[LP�P WXUDW�GH�GHSODVDWRU�HVWH� 

D
D

D S
D

V
4

2

max,

π
=  (1.16) 

• Temperatura gazului în regenerator: 

2
CF

med

TT
T

+
=  (1.17) 

• 3DUDPHWULL�DGLPHQVLRQDOL�DL�PHWRGHL�6FKPLGW�VXQW�GHILQL L�DVWIHO�[6]: 

maxD,

maxC,

V

V
k             ==

dest

cpr

T

T
τ  (1.18) 

• Conform ipotezelor simplificatoare considerate, volumele instantanee generate în 
VSD LLOH�GH�FRPSULPDUH�úL�GHVWLQGHUH�GHYLQ� 
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( )[ ]ϕα −+= cos1
2
max,C

C

V
V  (1.19) 

úL�UHVSHFWLY 

( )αcos1
2
max, += D

D

V
V  (1.20) 

unde ��HVWH�XQJKLXO�GH�URWD LH�DO�DUERUHOXL�FRWLW� 
 �HVWH�GHID]DMXO�vQWUH�FHOH�GRX �IXVXUL�PDQHWRDQH��9DORDUHD�DFHVWXLD�VH�FDOFXOHD] �GLQ�

YDULD LD�YROXPHORU�HIHFWLYH��3HQWUX�PRWRUXO�6WLUOLQJ�DFHVW�GHID]DM�WUHEXLH�V �ILH� � �
90 grade; 

• Volumul total instantaneu generat este: 

( )[ ]ϕαα −+++=+= coscos1
2
max,

kk
V

VVV
D

DCT
 (1.21) 

• Volumul total maxim: 

VTmax =VC,max+VD,max =(1+k)VD,max (1.22) 

• Volumul efectiv total maxim: 

Vtot,max =VC,max+VD,max+V0 =(1+k)VD,max+V0 (1.23) 

unde V0 este volumul total mort (suma volumelor moarte� GLQ� VSD LLOH� GH� FRPSULPDUH��
GHVWLQGHUH�úL�UHJHQHUDWRU). 

• &RHILFLHQWXO�YROXPXOXL�PRUW�DO�VSD LXOXL�GH�FRPSULPDUH� 

max,

,0

D

C

cpr
V

V
X =  (1.24) 

• &RHILFLHQWXO�YROXPXOXL�PRUW�DO�VSD LXOXL�GH�GHVWLQGHUH� 

max,

,0

D

D

dest
V

V
X =  (1.25) 

• Coeficientul volumului mort al regeneratorului: 

max,D

R
R

V

V
X =  (1.26) 

unde VR este volumul regeneratorului. 

• CoeficientuO�YROXPXOXL�PRUW�DO�PDúLQLL� 
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max,

0

DV

V
X =  (1.27) 

• 'LVWULEX LD�PDVHL�GH�JD]�GLQ� VLVWHP�VH�H[SULP � vQ� IXQF LH�GH�PDVD�GH�JD]�GLQ� ILHFDUH�
VSD LX�OD�XQ�PRPHQW�GDW� 









++=++=

medF

C

C

D
RcprdestT

T

V

T

V

T

V

R

p
mmmm 0)()()(

)()()(
αααααα  (1.28) 

• 'LVWULEX LD�LQVWDQWDQHH�D�PDVHL�GH�JD]�GLQ�VSD LXO�GH�GHVWLQGHUH� 

( )
( )θα

α
−+
−+

=
cos1

1cos1

2

1 2
max,

C

C

RT

Vp
m

C

Dmed

dest
 (1.29) 

• 'LVWULEX LD�LQVWDQWDQHH�D�PDVHL�GH�JD]�GLQ�VSD LXO�GH�FRPSULPare: 

[ ]
( )θα
ϕα

−+
−−+

=
cos1

1)cos(1

2

2
max,

C

C

RT

Vpk
m

F

Dmed

cpr
 (1.30) 

• 'LVWULEX LD�LQVWDQWDQHH�D�PDVHL�GH�JD]�GLQ�VSD LXO�PRUW�DO�UHJHQHUDWRUXOXL� 

( )θα −+
−

=
cos1

1 2
max,

0
C

C

RT

Vp
Xm

med

Dmed  (1.31) 

• Luând în coQVLGHUDUH�HFXD LLOH�GH�PDL�VXV��VH�RE LQH�H[SUHVLD�PDVHL�WRWDOH�GH�DJHQW�GH�
OXFUX�GLQ�PDúLQ �vQVXPvQG�DFHVWH�UHOD LL�SHQWUX�XQ�DQXPLW�XQJKL� . Fie  ���PDVD�WRWDO �YD�
fi: 

( ) 







+++

+
−

=
med

F

C

F

F

Dmed

T
T

T
X

k

T

T

C

C

RT

Vp
m ϕ

θ
cos1

2cos1

1 2
max,

 (1.32) 

în care constantele (în raport cu α) A, B, (
B

A
C = )�úL� �DX�XUP WRDUHOH�H[SUHVLL� 









++=

++=

med

F

T

T
XkB

kkA

2

cos222

τ

ϕττ
 









+

⋅=
ϕτ

ϕθ
cos

sin

k

k
tga  

(1.33) 

• 6H�RE LQH�DWIHO�H[SUHVLD�SUHVLXQLL�LQVWDQWDQHH�GLQ�PRWor: 
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( )θα −+
−

=
cos1

1 2

C

C
pp med  (1.34) 

• ÌQ�GDWHOH�GH�SURLHFWDUH��vQ�JHQHUDO��HVWH�FXQRVFXW �SUHVLXQHD�PHGLH�D�JD]XOXL�GLQ�PRWRU��
'HFL��VH�H[SULP �SUHVLXQHD�PHGLH�IXQF LH�GH�SDUDPHWULL�GHWHUPLQD L�DQWHULRU� 

• LucrXO�PHFDQLF�VFKLPEDW�GH�DJHQWXO�GH�OXFUX�FX�H[WHULRUXO�HVWH�GDW�GH�UHOD LD: 

2

0

L pdV

π

= ∫  (1.35) 

úL�GHFL� 

• Lucrul mecanic de destindere (pentru motor, lucru mecanic produs): 

2max,
11

sin

C

C
VppdVQL DmedDdestdest

−+
=== ∫

θπ  [J/ciclu] (1.36) 

• Lucrul mecanic de comprimare (pentru motor, lucru mecanic consumat): 

2max,
11

)sin(

C

C
kVppdVQL DmedCcprcpr

−+

−
=== ∫

φθπ  [J/ciclu] (1.37) 

• Lucrul mecanic total pe ciclu este: 

destcprciclu LLL +=  [J/ciclu] (1.38) 
 

• 3XWHUHD�PHFDQLF �SURGXV �GH�PRWRU�HVWH� 

ciclu ciclu r
P L n=  [W/ciclu/cilindru] (1.39) 

unde nr �HVWH�WXUD LD�PRWRUXOXL�>URW�VHF@� 

• Randamentul motorului este: 

CC

C

F

C

ciclu

dest

ciclu
MS

T

T

Q

L

Q

L
ηη =−=== 1  (1.40) 

Randamentul teoretic al motorului Stirling este egal cu cel al ciclului Carnot. 

• ÌQ� FD]XO� XQHL� PDúLQL� IULJRULILFH�� HYLGHQW� F � FLFOXO� HVWH� SDUFXUV� LQYHUV� úL� SURFHVXO� GH�
GHVWLQGHUH� GH� OD� PRWRU� GHYLQH� FRPSULPDUH� OD� PDúLQD� IULJRULILF � úL� LQYHUV�� Suterea 
IULJRULILF �D�PDúLQLL�HVWH�GDW �GH�UHOD LD: 

6060
r

dest
r

FF

n
Q

n
QQ ==�  [W] (1.41) 

• Puterea QHFHVDU  aQWUHQ ULL�PDúLQLL: 
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60
r

ciclunec

n
LP =  [W] (1.42) 

• Iar FRHILFLHQWXO�GH�SHUIRUPDQ �DO�PDúLQLL�IULJRULILFH� 

1

1

−
==

τciclu

F
MF

L

Q
COP  (1.43) 

• 3HQWUX�SRPSD�GH�F OGXU ��FRHILFLHQWXO�GH�SHUIRUPDQ  este: 

1−
==

τ
τ

ciclu

C

PC
L

Q
COP  (1.44) 

Analiza variantei constructive tip BETA 
 Pentru acest tip de motor, SLVWRDQHOH�OXFUHD] �vQ�FLOLQGUL�FRD[LDOL��DPEHOH�VSD LL��GH�
GHVWLQGHUH�úL�FRPSULPDUH��ILLQG�JHQHUDWH�vQ�DFHODúL�FLOLQGUX� 
 5HOD LLOH�DQWHULRDUH�U PkQ�YDODELOH��FX�XUP WRDUHD�PRGLILFDUH� 

• YROXPXO�LQVWDQWDQHX�JHQHUDW�vQ�VSD LXO�GH�FRPSULPDUH�GHYLQH� 

( )[ ] 0
max,

max,

cos12

cos1

2
V

kV

V
V

D

D

C −
−++

−
=

ϕα
α

 (1.45) 

Analiza variantei constructive tip GAMMA 
 &HOH�GRX �SLVWRDQH�OXFUHD] �vQ�FLOLQGUL�VHSDUD L��DVWIHO�vQFkW�VSD LXO�GH�FRPSULPDUH�
este comun acestora. 
 &DOFXOHOH�VXQW�VLPLODUH�SULPHORU�GRX �WLSXUL�DQDOL]DWH��5 PkQ�YDODELOH�HFXD LLOH�GH�
OD�WLSXO�GH�PRWRU� ��FX�PRGLILFDUH� 

• YROXPXO�LQVWDQWDQHX�JHQHUDW�vQ�VSD LXO�GH�FRPSUimare devine: 

( )[ ][ ]ϕαα −++−= cos1cos1
2
max,

k
V

V
D

C  (1.46) 

 
 7RWXúL� UH]XOWDWHOH� RE LQXWH� FX� PHWRGD� 6FKPLGW� VXQW� PXOW� GLIHULWH� ID � GH� FHOH�
H[SHULPHQWDOH�vQ�SULQFLSDO�GDWRULW �IDSWXOXL�F �QX�V-au luat în considerare irevHUVLELOLW LOH�
FH�VXQW�LQHYLWDELO�JHQHUDWH�vQ�LQWHULRUXO�PDúLQLL�vQ�WLPSXO�IXQF LRQ ULL� 
 3HQWUX� D� YHGHD� FDUH� HVWH� HIHFWXO� DFHVWRU� LUHYHUVLELOLW L� DVXSUD� SHUIRUPDQ HORU�
PDúLQLL�� WUHEXLHVF� vQ HOHVH� FDX]HOH� GH� JHQHUDUH� D� DFHVWRUD� úL� DSRL� UHDOL]DW � R� GHIDOFDre a 
DFHVWRU�LUHYHUVLELOLW L�SH�FDX]H��'XS �R�DVWIHO�GH�DQDOL] �YRP�IL�FDSDELOL�V �VSXQHP�GLQ�FH�
FDX] � VH� SLHUGH� PDL� PXOW� úL� GHFL� V � OX P� GHFL]LLOH� FRUHFWH� SHQWUX� PLQLPL]DUHD� DFHVWRU�
SLHUGHUL�úL�P ULUHD�SHUIRUPDQ HORU�PDúLQLL� 
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1.3.5.  0HWRGD�H[HUJRHFRQRPLF  

 AceVW� WLS�GH�PHWRG �GH�RSWLPL]DUH� VH� DSOLF �VLVWHPHORU�HQHUJHWLFH�FRPSOH[H�úL� VH�
ED]HD] �SH�IDSWXO�F �VLVWHPXO�LQWHUDF LRQHD] �FX�DOWH�GRX �VLVWHPH�GLIHULWH� 

• un sistem termodinamic�� FDUDFWHUL]DW� GH�SDUDPHWUL� LQWHQVLYL� �SUHVLXQH�� WHPSHUDWXU ��
SRWHQ LDO�FKLPLF� etc); 

• un sistem economic��FDUDFWHUL]DW�GH�SUH XUL��$FHVWHD�GLQ�XUP �VXQW�LPSXVH�GH�SLD �úL�
de politicile guvernamentale. 

 0HWRGD�H[HUJRHFRQRPLF �[21], [133], [134]�FRPELQ �7HUPRGLQDPLFD�FX�(FRQRPLD�
prin intermediul exergiei�FX�VFRSXO�GH�D�U VSXQGH�OD�XUP WRDUHOH�vQWUHE UL� 

� &DUH�VXQW�DGHY UDWHOH�SLHUGHUL�WHUPRGLQDPLFH�vQWU-un sistem? 

� &DUH�VXQW�FDX]HOH�FH�GHWHUPLQ �DFHVWH�SLHUGHUL�úL�UHVSHFWLY�LQHILFLHQ D�VLVWHPXOXL" 

� &XP�SXWHP�HYDOXD�FRUHFW�LQHILFLHQ HOH" 

� &DUH�VXQW�DGHY UDWHOH�VXUVH�GH�FRVWXUL" 

� &XP�DIHFWHD] �LQHILFLHQ D�WHUPRGLQDPLF �FRVWXO�ILQDO�DO�SURGXVXOXL" 
 /D� SULPHOH� WUHL� vQWUHE UL� U VSXQGH� 7HUPRGLQDPLFD� SH� ED]D� SULQFLSLXOXL� II; la 
XOWLPHOH�GRX �vQWUHE UL�U VSXQGH�(FRQRPLD� 

 Exergia� UHSUH]LQW � OXFUXO� PD[LP� FH� SRDWH� IL� RE LQXW� GLQWU-R� IRUP � RDUHFDUH� GH�
HQHUJLH�DWXQFL�FkQG�VWDUHD�GH�UHIHULQ �HVWH�PHGLXO�DPELDQW� 
 ([HUJLD�WRWDO �D�XQXL�VLVWHP�HVWH�VXPD�DOJHEULF �GLQWUH�FRPSRQHQWD�WHUPRPHFDQLF �
D�H[HUJLHL�úL�FRPSRQHQWD�FKLPLF � 
 
 3HQWUX�XQ�VLVWHP�vQFKLV��H[HUJLD�WHUPRPHFDQLF �VH�FDOFXOHD] �FX�XUP WRDUHD�UHOD LH�
PDWHPDWLF � 

( ) ( )0 0 0 0 0
TM

Ex E E p V V T S S= − + − − −  [J] (1.47) 

 ([HUJLD�FKLPLF �VH�FDOFXOHD] �GDWRULW �IDSWXOXL�F �vQWUH�VLVWHPXO�VWXGLDW�úL�PHGLXO�
DPELDQW�H[LVW �R�GLIHUHQ �GH�FRQFHQWUD LH� 

( ), ,
CH

k k sistem k ambient
Ex N µ µ= −∑  (1.48) 

unde µk�UHSUH]LQW �SRWHQ LDOXO�FKLPLF�DO�HOHPHQWXOXL�N� 
 MeWRGD�FRQVW �vQ�DSOLFDUHD�HFXD LHL�GH�ELODQ �H[HUJHWLF� 

int int
int

fluid fluid

Q iesire iesire rare rare sistem

iesiri rare

Ex ex m ex m P I= − + +∑ ∑ ∑ ∑ ∑� � �  (1.49) 

unui sistem energetic.  
 'LQ� DFHDVW � XOWLP � UHOD LH� VH� YD� FDOFXOD� factorul de ireversibilitate I�� 5HOD LD� VH�
DSOLF � ILHF UHL� FRPSRQHQWH� D� VLVWHPXOXL� HQHUJHWLF� DQDOL]DW�� 'HFL�� SHQWUX� ILHFDUH�
FRPSRQHQW �D�VLVWHPXOXL��VH�YD�FDOFXOD�XQ�IDFWRU�GH�LUHYHUVLELOLWDWH�úL�vQ�DFHVW�PRG�VH�SRDWH�
VSXQH�FDUH�FRPSRQHQW �HVWH�FHD�PDL�³G XQ WRDUH´�VLVWHPXOXL��FHD�PDL�LPSRUWDQW �FDX] �D�
pierderilor. 
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 ([HUJLLOH�FRPSRQHQWH�DOH�HFXD LHL�GH�ELODQ �VH�FDOFXOHD] �VHSDUDW��DSOLFkQG�UHOD LLOH�
anterioare, iar termenul Psistem� UHSUH]LQW � SXWHUHD�JHQHUDW � GH� VLVWHP�� vQV � DYkQG� JULM � FD�
DWXQFL�FkQG�HFXD LD�HVWH�DSOLFDW �XQHL�FRPSRQHQWH�� WR L� WHUPHQLL se vor referi doar la acea 
FRPSRQHQW � 
 3DVXO�XUP WRU�DO�DFHVWHL�PHWRGH�HVWH�DFHOD�GH�D�FDOFXOD�costul exergetic�DO�ILHF UHL�
componente. 

 Costul exergetic� UHSUH]LQW � H[HUJLD� FRQVXPDW � SHQWUX� D� RE LQH� R� FRPSRQHQW �
printr-R�DQXPLW �WHKQRORJLH� 
 Din punct dH�YHGHUH�HFRQRPLF��HFXD LD�GH�ELODQ �H[HUJHWLF�VH�VFULH� 

Combustibil Produs Pierdere Ireversibilitate= + +  (1.50) 

FX�PHQ LXQHD�F �SHQWUX�D�FDOFXOD�FRVWXO�XQLWDU��SLHUGHUHD�úL�LUHYHUVLELOLWDWHD�QX�VXQW�OXDWH�vQ�
considerare: pentUX� D� RE LQH� XQ� SURGXV�� HVWH� QHFHVDU � R� FDQWLWDWH� GH� PDWHULH� SULP �
�³FRPEXVWLELO´���'DF �GLQ�WRDW �DFHD�FDQWLWDWH�GH�³FRPEXVWLELO´�QX�SURGXF�GHFkW�XQ�VLQJXU�
“produs”, atunci costul unitar al “produsului” respectiv este egal cu cel al 
“combustibilului” utilizat. 
 6H�QRWHD] �FRVWXO�XQLWDU�DO�FRPEXVWLELOXOXL�FX�C*�úL�DO�SURGXVXOXL�FX�P*: 

* *
C P=  (1.51) 

 3HQWUX� VWXGLXO� XQXL� VLVWHP� FRPSOH[�� FX�PDL� PXO L� SURGXúL�� HVWH� QHFHVDU� D� GHILQL�
corect flX[XULOH� GH� FRPEXVWLELO�� SURGXV� úL� SLHUGHUL� SHQWUX� ILHFDUH� FRPSRQHQW � vQ� SDUWH��
3HQWUX�DFHDVWD��HFXD LLOH�GH�ELODQ �VH�VFULX�SH�ED]D�XQRU�UHJXOXL�ELQH�VWDELOLWH��úL�DQXPH� 

- FRVWXO� H[HUJHWLF� HVWH� R� SRSULHWDWH� FRQVHUYDWLY �� DVWIHO� vQFkW� VXPD� WXWXURU� FRVWXULORU 
H[HUJHWLFH� LQWUDWH� vQ� VLVWHP� HVWH� HJDO �FX� VXPD� WXWXURU�FRVWXULORU�H[HUJHWLFH� LHúLWH�GLQ�
sistem; 

- SHQWUX�FRPSRQHQWHOH� VLVWHPXOXL�FH�XWLOL]HD] �PDL�PXO L�FRPEXVWLELOL�� FRVWXO�H[HUJHWLF�
XQLWDU� DO� ILHF UXL� IOX[� OD� LHúLUHD� GLQ� VLVWHP� HVWH� HJDO� FX� FHO� DO� IOX[XOui la intrarea în 
VLVWHP��3ULQ�FRVW�XQLWDU�H[HUJHWLF�VH�vQ HOHJH�UDSRUWXO�vQWUH�FRVWXO�H[HUJHWLF�úL�H[HUJLH� 

- SHQWUX�XQ� VXEVLVWHP� DO� F UXL� SURGXV� HVWH� FRPSXV� GLQ�PDL�PXOWH� FRPSRQHQWH�� ILHFDUH�
FRPSRQHQW �D�SURGXVXOXL�YD�DYHD�DFHODúL�FRVW�H[HUJHWLF�XQLWDU� 

- daF � GLQWU-XQ� SURGXV� VH� RE LQ� PDL� PXOWH� VXESURGXVH�� ILHFDUH� YD� DYHD� DFHODúL� FRVW�
exergetic unitar; 

- GDF �QX�VH�VSHFLILF ��FRVWXULOH�H[HUJHWLFH�FRUHVSXQ] WRDUH�SLHUGHULORU�VXQW�]HUR� 

- vQ�DEVHQ D�DOWRU�HYDOX UL�H[WHUQH��FRVWXULOH�H[HUJHWLFH�DOH�IOX[XULORU�GH�LQWrare sunt egale 
cu exergiile lor. 

 5H]XOW �XQ�VLVWHP�GH�HFXD LL�DYkQG�FD�QHFXQRVFXWH�FRVWXULOH�H[HUJHWLFH� 
 3H�DFHODúL�SULQFLSLX��VH�VFULH�XQ�DOW�VLVWHP�GH�HFXD LL��GDU�GH�GDWD�DFHDVWD�H[SULPDW�vQ�
costuri exergoeconomice. 

 Costul exergoeconomic este compus din costul exergetic consumat pentru a realiza 
SURGXVXO� GRULW� úL� FRVWXO� DVRFLDW� SURFHVXOXL� GH� IDEULFDUH� �FDUH� FXSULQGH� PDL� PXOWH�
componente: costul de capital, de operare, etc). ÌQ� SOXV�� VH� LD� vQ� FRQVLGHUDUH� úL� FRVWXO�
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DPRUWL] ULL� LQYHVWL LHL� FDUH� VH� DGXQ � OD� FRVWXO�PRQHWDU� DO� FRPEXVWLELOXOXL�SHQWUX� D�RE LQH�
costul monetar al produsului. 
 8UPHD] � D� VH� DSOLFD� R� vQWUHDJ � WHRULH� HFRQRPLF � DVXSUD� FRVWXULORU� FH� LQWHUYLQ� vQ�
RE LQHUHD�SURGXVHORU�[19]. 
 $FHDVW �PHWRG �V-a�DSOLFDW�SDU LDO�VLVWHPHORU�6WLUOLQJ��DGLF �GRDU�SDUWHD�GH�DQDOL] �
H[HUJHWLF � [21]�� I U � FRVWXUL�� GHRDUHFH� DFHVWH� VLVWHPH� HQHUJHWLFH� QX� VXQW� vQWU-R� ID] �
VXILFLHQW� GH� DYDQVDW � GH� FRPHUFLDOL]DUH� SHQWUX� FD� DQDOL]D� H[HUJRHFRQRPLF � V � SRDW � IL�
DSOLFDW � 
 

1.3.6 .  0HWRGD�'LUHFW  

 0HWRGD�'LUHFW  [13], [22] este o meWRG �GH� DQDOL] � úL� RSWLPL]DUH� D�SURFHVHORU� úL�
ciclurilor FDUH�VH�GHVI úRDU �FX�YLWH] �ILQLW ��HODERUDW �GH�3(75(6&8 et.al. [23], [24], care 
VH� ED]HD] � SH� SULQFLSLXO� FRQVHUY ULL� HQHUJLHL� SHQtrX� VLVWHPH� FX� YLWH] � ILQLW � OXvQG� vQ�
FRQVLGHUDUH� LUHYHUVLELOW LOH� LQWHUQH� úL� H[WHUQH� JHQHUDWH� vQ� WLPSXO� IXQF LRQ ULL� PDúLQLL� 
0HWRGD� D� IRVW� XWLOL]DW � SkQ � vQ� SUH]HQW� SHQWUX� VWXGLXO� PRWRDUHORU� 6WLUOLQJ� FODVLFH� �FH�
IXQF LRQHD] � FX� VXUVH� GH� HQHUJLH� FRQYHQ LRQale) [68]�� SHQWUX� PDúLQLOH� IULJRULILFH� úL�
SRPSHOH�GH�F OGXU �6WLUOLQJ�[73],[125], pentru motoarele Otto [49]�úL�SHQWUX�FLFOXO�&DUQRW�
[61],[50],[51],[63]. 

1.3.6.1.  Ipot eze de luc ru  

 %D]D�DFHVWHL�PHWRGH�R�UHSUH]LQW �3ULQFLpiul I al termodinamicii pentru procese cu 
YLWH] � ILQLW � FDUH� HVWH� DSOLFDW� ILHF UXL� SURFHV� DO� FLFOXOXL� 6WLUOLQJ�� 3HUIRUPDQ HOH� FLFOXULORU�
VXQW�HYDOXDWH�OXvQG�vQ�FRQVLGHUDUH�LUHYHUVLELOLW LOH�LQWHUQH�úL�H[WHUQH�JHQHUDWH�vQ�LQWHULRUXO�
PDúLQLL��FD�GH�H[HPSOX: 
- SLHUGHUL�GH�SUHVLXQH�GDWRUDWH�ODPLQ ULL�JD]XOXL�OD�WUHFHUHD�SULQ�UHJHQHUDWRU� 
- pierderi de presiune datorate vitezei finite a pistonului; 
- SLHUGHUL�GH�SUHVLXQH�GDWRUDWH�IUHF ULORU�PHFDQLFH�LQWHUQH; 
- UHJHQHUDUHD�LPSHUIHFW �D�F OGXULL�vQ�UHJHQHUDWRU� 
 Datorit �IDSWXOXL�F �VH� LQH�FRQW�GH�WRDWH�DFHVWH�SLHUGHUL��GLDJUDPD�pV a ciclului va fi 
GLIHULW �GH�FHD�LGHDO ��úL�DQXPH�PDL�DSURDSH�GH�FHD�UHDO �(vezi Fig. 1.11). 
 ÌQ� SOXV�� ID � GH� VLPSOD� UHSUH]HQWDUH� D� FLFOXOXL� LGHDO�� vQ� GLDJUDPD� UHDO � HVWH� GH�
REVHUYDW�SUH]HQ D�VXUVHORU�FDUH�DX�R�WHPSHUDWXU �GLIHULW �ID �GH�FHD�D�JD]XOXL� 
 0HWRGD� FRQVW � vQ� LGHQWLILFDUHD�� vQ HOHJHUHD� úL� FXDQWLILFDUHD� FDX]HORU� úL�
PHFDQLVPHORU� FDUH� JHQHUHD] � LUHYHUVLELOLW L�� FX� DMXWRUXO� HFXD LHL� IXQGDPHQWDOH� D�
termodinaPLFLL�SHQWUX�SURFHVH�LUHYHUVLELOH��úL�DQXPH�H[SUHVLD�PDWHPDWLF �D�3ULQFLSLXOXL� ,�
DO�WHUPRGLQDPLFLL�SHQWUX�SURFHVH�FX�YLWH] �ILQLW �[23]. 
 0HWRGD�'LUHFW �HVWH��vQ�HVHQ ��JUDIR-DQDOLWLF ��3DUWHD�JUDILF �MRDF �XQ�URO�LPportant 
vQ� FHUFHWDUH� úL� RSWLPL]DUH�� SUHFXP� úL� vQ� SUH]HQWDUHD� UH]XOWDWHORU� SULQ� GLDJUDPH� SXWHUH� – 
YLWH] �WHPSHUDWXU �úL� UDQGDPHQW�–�YLWH] �WHPSHUDWXU ��SH�ED]D� UHOD LLORU�DQDOLWLFH�RE LQXWH�
prin integrarea pe fiecare transformare a ciclului a principiului I�SHQWUX�SURFHVH�FX�YLWH] �
ILQLW � 
 $FHDVW �PHWRG � D� IRVW� YDOLGDW �SULQ� FRPSDUDUHD� UH]XOWDWHORU� WHRUHWLFH� RE LQXWH� FX�
FHOH� H[SHULPHQWDOH�� SHQWUX� R� JDP � YDULDW � úL� LPSRUWDQW � GH� PRWRDUH� 6WLUOLQJ� DIODWH� vQ�
IXQF LXQH [68],[69],[77],[70]. $FHDVW � YDOLGDUH� HVWH� HVHQ LDO � DWkW� SHQWUX� FRQILUPDUHD�
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LSRWH]HORU�LQWURGXVH��FkW�úL�SHQWUX�GHWHUPLQDUHD�SDUDPHWULORU�GH�DMXVWDUH�SH�FDUH�vL�XWLOL]HD] �
DFHDVW �PHWRG �  

 

Fig. 1.11. &RPSDUDUHD�GLDJUDPHORU� S9� LGHDO � úL� FHD� RE LQXW � FX�

PHWRGD�'LUHFW . 

 ÌQ� FD]XO� VWXGLXOXL� PRWRDUHORU� 6WLUOLQJ�� DX� IRVW� GH]YROWD L� WUHL� DOJRULWPL� GH calcul 
IXQF LH�GH�PRGXO�vQ�FDUH�DX�IRVW�FRQVLGHUDWH�LUHYHUVLELOLW LOH�JHQHUDWH�vQ�LQWHULRUXO�PDúLQLL��
LQWHUQH� �SLHUGHUHD� GH� SUHVLXQH� GDWRUDW � YLWH]HL� ILQLWH� D� SLVWRQXOXL�� SLHUGHUHD� GH� SUHVLXQH�
GDWRUDW � ODPLQ ULL� JD]XOXL� OD� WUHFHUHD� VD� SULQ� VFKLPE WRDUHOH� GH� F OGXU � DOH� PDúLQLL��
SLHUGHUHD� GH� SUHVLXQH� GDWRUDW � IUHF ULL� PHFDQLFH� GLQWUH� SLVWRQ� úL� SHUH LL� FLOLQGUXOXL�� úL�
H[WHUQH��UHJHQHUDUHD�LPSHUIHFW �D�F OGXULL�vQ�UHJHQHUDWRU��SURFHVXO�GH�WUDQVIHU�GH�F OGXU �OD�
GLIHUHQ �ILQLW �GH�WHPSHUDWXU �vQWUH�VXUVHOH�GH�F OGXU �úL�JD]XO�GH�OXFUX�� 
 ÌQ� IXQF LH� GH� UH]XOWDWHOH�RE LQXWH� FX� FHL� WUHL� DOJRULWPL�GH� FDOFXO�� DFHúWLD� DX� SULPLW�
QXPHOH�GH�³6FKHPD�SHVLPLVW ´��³RSWLPLVW ´�VDX�³FHD�PDL�SX LQ�SHVLPLVW ´��6-a demonstrat 
úL� YDOLGDW�F � VFKHPD�FHD�PDL�EXQ �GH�FDOFXO�HVWH�FHD�RE LQXW �SULQ�FRPELQDUHD�XOWLPHORU�
GRX �YDULDQWH [68]. 

1.3.6.2.  Sc hem e de c alc u l  pent ru m ot oare St i r l ing 
FRQYHQ LRQDOH 

3ULQFLSLXO�,�DO�WHUPRGLQDPLFLL�SHQWUX�SURFHVH�FX�YLWH] �ILQLW �

în cazul sistemelor închise complexe. Lucrul mecanic 
ireversibil 

 'LIHUHQ D� vQWUH� VLVWHPHOH� VLPSOH� úL� FHOH� FRPSOH[H� FRQVW � vQ� SUH]HQ D�
VFKLPE WRDUHORU�GH�F OGXU �VXSOLPHQWDUH�GH�WLS�UHJHQHUDWRU�SHQWUX�VLVWHPHOH�FRPSOH[H� 
 0DúLQLOH�6WLUOLQJ�IDF�SDUWH�GLQ�FDWHJRULD�PDúLQLORU� WHUPLFH�FDUH�IXQF LRQHD] �GXS �
un�FLFOX�WHUPRGLQDPLF�FX�YLWH] �ILQLW �vQ�VLVWHPH�vQFKLVH�FRPSOH[H� 
 ([SUHVLD�PDWHPDWLF �D�3ULQFLSLXOXL�,�SHQWUX�DVWIHO�GH�VLVWHPH�HVWH�[25]: 

,
, ,

1
2

flam
med i

med i med i

f pa w b p
dU Q p dV

c p p
δ

 ∆∆
= − ± ± ±  

 
 (1.52) 

în care: dU� �YDULD LD�HOHPHQWDU �D�HQHUJLHL�LQWHUQH�D�VLVWHPXOXL� 
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4 = cantitatea�HOHPHQWDU �GH�F OGXU  schimbat �GH�VLVWHP�FX�PHGLXO�vQFRQMXU WRU� 
pmed,i  = presiunea medie instantanee a gazului; 
w� �YLWH]D�ILQLW �D�SLVWRQXOXL� 60/2 rnSw ⋅⋅= , unde S este cursa pistonului, iar nr 

HVWH�WXUD LD�vQ�URW�PLQ� 
Slam�  � SLHUGHUHD� GH� SUHVLXQH� GDWRUDW � ODPLQ ULL� JD]XOXL� OD� WUHFHUHD� SULQ�

regenerator; 
Sf� �SLHUGHUHD�GH�SUHVLXQH�GDWRUDW �IUHF ULL�PHFDQLFH�GLQWUH�SLVWRQ�úL�FLOLQGUX� 

dV� �YDULD LD�HOHPHQWDU �D�VSD LXOXL�GH�OXFUX� 

a  = coeficient ce depinde de natura gazului, ka 3= , k = exponentul adiabatic; 
c�  � YLWH]D� PROHFXODU � PHGLH� GHWHUPLQDW � OD� WHPSHUDWXUD� PHGLH� LQVWDQWDQHH� D�

gazului, Tmed,i�� FRQIRUP� UHOD LHL� GH� FDOFXO� �R = constanta gazului): 

,3 med ic RT= ; 

b� �FRHILFLHQW�FH�SRDWH�OXD�YDORUL� vQWUH���úL���vQ�IXQF LH�GH�PRGXO�GH�GLVSXQHUH�D�
UHJHQHUDWRUXOXL�ID �GH�SLVWRQ�úL�FDSXO�FLOLQGUXOXL [25]; 

f� �SURFHQWXO�GLQ�FDQWLWDWHD�GH�F OGXU �FDUH�HVWH�JHQHUDW �SULQ�IUHFDUH�úL�FRQWULEXLH�
OD� YDULD LD� HQHUJLHL� LQWHUQH�� GHSLQGH� GH� FRQILJXUD LD� LQWHUQ � D� VLVWHPXOXL�
(0<f<1). 

 ÌQ� UHOD LD� SULQFLSLXOXL� ,�� VHPQXO� ���� FRUHVSXQGH�SURFHVXOXL� GH� FRPSULPDUH�� LDU� �-) 
procesului de destindere. 

Lucrul mecanic ireversibil datorat pierderilor de presiune 
 ([SUHVLD� OXFUXOXL� PHFDQLF� LUHYHUVLELO� D� IRVW� GHPRQVWUDW � SH� ED]D� PRGHOXOXL�
cinetico-PROHFXODU�H[SOLFLWkQG�DVWIHO�SUHVLXQHD�SH�ID D�SLVWRQXOXL��pp: 

,
, ,

1
2

flam
irev med i p

med i med i

pa w b p
L p dV p dV

c p p
δ

 ∆∆
= ± ± ± = ⋅  

 
 (1.53) 

FX�DFHHDúL�FRQYHQ LH�GH�VHPQH�FD�úL�SHQWUX�HFXD LD�principiul I. 
 5HOD LD� OXFUXOXL� PHFDQLF� HVWH� LQWHJUDW � SH� ILHFDUH� WUDQVIRUPDUH�� vQ� FD]XO� XQRU�
procese ireversibile, consumul (+) de lucru mecanic este mai mare decât în cazul reversibil 

GDWRULW �SLHUGHULORU�GH�SUHVLXQH�JHQHUDWH�GH�LUHYHUVLELOLW L��DGLF �� ,irev rev pierderi p
L L L ∆= +  

 Pierderile de presiune sunt datorate: vitezei finite a pistonului, w��ODPLQ ULL�JD]XOXL�
vQ� UHJHQHUDWRU�� IUHF ULL� GLQWUH� SLVWRQ� úL� FLOLQGUX�� 3ULQ� VXSUDSXQHUHD� HIHFWHORU�� VH� RE LQH�
expresia lucrului mecanic pierdut: 

’ ’’
, ,2 3 ,4 1pierderi p w lam R lam R f SL p V p V p V p V∆ − −= ∆ ∆ + ∆ ∆ + ∆ ∆ + ∆  (1.54) 

unde:  Sw� �SLHUGHUH�GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLWH�D�SLVWRQXOXL� 
Slam,2-3 = pierdere de presiune daWRUDW � ODPLQ ULL� JD]XOXL� OD� WUHFHUHD� SULQ�

regenerator în transformarea 2-3 (vezi Fig. 1.8); 

Slam,4-1�  � SLHUGHUH� GH� SUHVLXQH� GDWRUDW � ODPLQ ULL� JD]XOXL� OD� WUHFHUHD� SULQ�
regenerator în transformarea 4-1; 

Sf = pierdere de presiune GDWRUDW �IUHF ULL�GLQWUH�SLVWRQ�úL�FLOLQGUX��IUHFDUH�FDUH�DUH�
loc pe tot timpul cursei pistonului; 

9� �91 – V2 ; 
VS = volumul unei curse = V1 – V2 ; 
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9R
’,� 9R

’’
 = YDULD LLOH YROXPXOXL�JD]XOXL� OD�WUHFHUHD�SULQ�UHJHQHUDWRU�vQ�FHOH�GRX �

WUDQVIRUP UL���-��úL�respectiv, 4-���DFHVWHD�GHSLQG�GH�WLSXO�PDúLQLL� 
 'LQ� SXQFW� GH� YHGHUH� DO� PRGXOXL� GH� DUDQMDUH� D� FLOLQGULORU� úL� VFKLPE WRDUHORU� GH�
F OGXU �� H[LVW � PDL� PXOWH� VROX LL� FRQVWUXFWLYH�� 'LQWUH� DFHVWHD�� VH� YRU� H[HPSOLILFD�
XUP WRDUHOH�GRX �WLSXUL�GHRDUHFH�VXQW�FHO�PDL�GHV�vQWkOQLWH�vQ�PDúLQLOH�DIODWH�vQ�IXQF LXQH�vQ�
prezent: ✂

 PDúLQL�WLS�γ: –�SLVWRQXO�GH�OXFUX�úL�GHSODVDWRUXO�VH�PLúF �vQ�FLOLQGUL�VHSDUD L� 
– regeneratorul este dispus în interiorul deplasatorului; 
–�SHQWUX�DFHVW�WLS�GH�PDúLQ �� 2VVV RR =′′∆=′∆  (vezi Fig. 1.12.a); 

✂
 PDúLQL�WLS�α: –�SLVWRQXO�GH�OXFUX�úL�GHSODVDWRUXO�VH�PLúF �vQ�FLOLQGUL�VHSDUD L� 

– regeneratorul este exterior ambelor pistoane, dispus între cei doi 
cilindri; 

–� SHQWUX� DFHVW� WLS� GH� PDúLQ �� 32 VVVR ==′∆ � úL� 4VVR =′′∆ (vezi Fig. 

1.12.b); 

 
    (a)      (b) 

Fig. 1.12��0DúLQL�6WLUOLQJ�WLS�γ��D��úL�WLS�α (b) [125]. 

 Înlocuind RV ′∆ � úL� RV ′′∆ � FRQIRUP� GHVFULHULL� DQWHULRDUH� vQ� UHOD LD� OXFUXOXL� PHFDQLF�
SLHUGXW�� VH� RE LQ� H[SUHVLLOH�GH� FDOFXO� D� SLHUGHULL� GH� OXFUX�PHFDQLF�GDWRULW � SLHUGHULORU� GH�
presiune pentUX�FHOH�GRX �WLSXUL�GH�PDúLQL� 

( ) ( ) ( )( )
, 1 2 ,2 3 ,4 1 2 1 2pierderi p w lam lam f

L p V V p p V p V Vγ
∆ − −= ∆ − + ∆ + ∆ + ∆ −  (1.55) 

respectiv 

( ) ( )( )
, 1 2 ,2 3 2 ,4 1 1 1 2pierderi p w lam lam fL p V V p V p V p V V

α
∆ − −= ∆ − + ∆ + ∆ + ∆ −  (1.56) 

Calculul pierderilor de presiune 
 Se considHU �Fig. 1.8. ✄

 3LHUGHUHD�GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLWH�D�SLVWRQXOXL� 
 $FHDVWD� HVWH� HJDO � FX� VXPD� SLHUGHULORU� GH� SUHVLXQH� SH� FHOH� GRX � WUDQVIRUP UL� vQ�
WLPSXO�F URUD�DUH�ORF�PLúFDUHD�SLVWRQXOXL��DGLF �vQ�SURFHVHOH�GH�FRPSULPDUH�úL�GHVWLQGHUH� 
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dest

w

cpr

ww ppp ∆+∆=∆  (1.57) 

unde:  cpr

wp∆  �SLHUGHUHD�GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLWH�D�SLVWRQXOXL�vQ�WLPSXO�SURFHVXOXL�

de comprimare; dest

wp∆  �SLHUGHUHD�GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLWH�D�SLVWRQXOXL�vQ�timpul 

procesului de destindere. 
 Schimbul de lucru mecanic pierdut în procesul de comprimare datorat numai 
vitezei finite a SLVWRQXOXL�HVWH��FRQIRUP�UHOD LHL�OXFUXOXL�PHFDQLF�LUHYHUVLbil: 

εln1112,

2

1

, Vp
c

aw
L

c

aw
dV

c

aw
pL

cpr

cpr

rev

cpr

cpr

cpr

cpr

medcprp −=== ∫  (1.58) 

în care indicele cpr este folosit pentru a face referire la procesul de comprimare: 
wcpr = viteza medie a pistonului de lucru în timpul procesului de comprimare; 
ccpr = YLWH]D�PROHFXODU �PHGLH�GHWHUPLQDW � OD� WHPSHUDWXUD�OD�FDUH�DUH�ORF�SURFHVXO�

de comprimare, Tcpr (care este de fapt temperatura gazului la partea rece a 

motorului, TF): cprcpr RTc 3= ; 

ε = raportul de comprimare = Vmax/Vmin=V1/V2. 
 Din a doua egaliWDWH�D�UHOD LHL�OXFUXOXL�PHFDQLF�LUHYHUVLELO�UH]XOW �F � 

12

,
,

VV

L
pVpL

cprpcpr

w

cpr

wcprp −
=∆⇒∆∆=  (1.59) 

 'LQ�FRPELQDUHD�XOWLPHORU�GRX � UHOD LL�� UH]XOW �H[SUHVLD�GH�FDOFXO�SHQWUX�SLHUGHUHD�
GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLte a pistonului în timpul procesului de comprimare: 

ε
ε

ε

ε

ε
ln

11
1

ln

1

1

11

p
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aw

V

Vp
c
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p
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cprcpr
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w −
=







 −

=∆  (1.60) 

 6LPLODU�VH�SURFHGHD] �SHQWUX�FDOFXOXO�SLHUGHULL�GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLWH�D�
pistonului în timpul procesului de destindere: 

εln3334,

4

3

, Vp
c

aw
L

c

aw
dV

c

aw
pL

dest

dest
rev

dest

dest

dest

dest
meddestp === ∫  

34

,
,

VV

L
pVpL

destpest

w

dest

wdestp −
=∆⇒∆∆=  

(1.61) 

 'LQ� FRPELQDUHD� DFHVWRU� UHOD LL� úL� H[SULPvQG� SUHVLXQHD� p3� IXQF LH� GH� SUHVLXQHD�
PLQLP �GLQ�FLFOX��p1, (p3 = τp2 � τp1��úL� LQvQG�FRQW�GH�IDSWXO�F �V3 = V2, V4 = V1��UH]XOW �
H[SUHVLD�GH�FDOFXO�SHQWUX�SLHUGHUHD�GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLWH�D�SLVWRQXOXL�vQ�WLPSXO�
procesului de destindere: 
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ετ
ε

ε
ln

1 1p
c

aw
p

dest

destdest

w −
=∆  (1.62) 

 ÌQ�UHOD LLOH�DQWHUioare, wdest = viteza medie a pistonului de lucru în timpul procesului 
de destindere; cdest� � YLWH]D�PROHFXODU �PHGLH� GHWHUPLQDW � OD� WHPSHUDWXUD� OD� FDUH� DUH� ORF�
procesul de destindere, Tdest �FDUH�HVWH�úL� WHPSHUDWXUD�JD]XOXL� OD�SDUWHD�FDOG �D�PRWRUXOXL��

TC), destdest RTc 3= . 

&RQIRUP�UHOD LHL�(1.57)��SLHUGHUHD�WRWDO �GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLWH�D�SLVWRQXOXL�HVWH� 
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 (1.63) 

În ultiPD�UHOD LHL�VH�vQORFXLHúWH expresia coeficientului ka 3= úL�SH�FHD�D�YLWH]HL�VXQHWXOXL�

la temperatura sursei reci cprFS kRTw =, úL�RE LQHP� 

( )τε
ε

ε
destcpr

FS

w wwp
w

k
p +⋅

−
=∆ ln

1 1
,

 (1.64) 

PierdereD�GH�SUHVLXQH�GDWRUDW �ODPLQ ULL�JD]XOXL�OD�WUHFHUHD�

prin regenerator  
 Aceste pierderi de presiune au fost exprimate analitic pe baza rezultatelor 
H[SHULPHQWDOH�RE LQXWH�SHQWUX�PDL�PXOWH�UHJHQHUDWRDUH [25],[90]: 

2
,

15 1

2lam med R R Sp w N
k

ρ ∆ = ⋅ ⋅ 
 

 (1.65) 

unde: k = exponentul adiabatic al agentului de lucru; 
 Rmed ,ρ  = densitatea medie a gazului în interiorul regeneratorului; este H[SULPDW �

IXQF LH� GH� SUHVLXQHD� úL� WHPSHUDWXUD� PHGLH� D� DFHVWXLD� OD� WUHFHUHD� SULQ�
UHJHQHUDWRU��GXS �FXP�XUPHD] ��PDúLQLOH�6WLUOLQJ�PRGHUQH�IXQF LRQHD] �
cu He sau H2��JD]H�FH�SRW�IL�FRQVLGHUDWH�SHUIHFWH�vQ�OLPLWHOH�GH�SUHVLXQH�úL�

WHPSHUDWXU �GLQ�DFHVWH�PDúLQL): ,
med

med R

med

p

RT
ρ = ; 

 
2

Re

2

Rg

depl

deplR
DNr

D
ww

⋅
⋅= �UHSUH]LQW �YLWH]D�JD]XOXL�OD�WUHFHUHD�SULQ�UHJHQHUDWRU� 

wdepl –�YLWH]D�ILQLW �D�GHSODVDWRUXOXL�vQ�FDUH�HVWH�SODVDW�UHJHQHUDWRUXO� 
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Ddepl, DR – diametrele deplasatorului, respectiv regeneratorului; 
NrReg –�QXP UXO�GH�UHJHQHUDWRDUH�SH�FLOLQGUX� 

 NS –�QXP UXO�GH�VLWH�DO�UHJHQHUDWRUXOXL� 
 3H�GXUDWD�XQXL�FLFOX��JD]XO�WUHFH�GH�GRX �RUL�SULQ�UHJHQHUDWRU��úL�DQXPH�vQ�SURFHVHOH�
2-��úL��-���'H�DFHHD��VH�FDOFXOHD] �SLHUGHULOH�GH�SUHVLXQH�GDWRUDWH�ODPLQ ULL�JD]XOXL�Sentru 
ILHFDUH�GLQ� DFHVWH�GRX � WUDQVIRUP UL�úL� VH�DUH� vQ� YHGHUH�IDSWXO�F � WHPSHUDWXUD�PHGLH�HVWH�
DFHHDúL�SHQWUX�DPEHOH�SURFHVH� 
 3LHUGHUHD�GH�SUHVLXQH�GDWRUDW �ODPLQ ULL�JD]XOXL�vQ�SURFHVXO��-3: 
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 3LHUGHUHD�GH�SUHVLXQH�GDWRUDW � ODPLQ ULL� JD]XOXL� vQ�SURFHVXO��-��VH�RE Lne în mod 
similar: 
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3LHUGHUHD�GH�SUHVLXQH�GDWRUDW �IUHF ULL�PHFDQLFH�GLQWUH�

SLVWRQ�úL�FLOLQGUX� 
 Aceste pierderi sunt exprimate prin analogie cu cele care apar în motoarele cu 
DUGHUH� LQWHUQ � [13],[96],[125]�� GHRDUHFH� PDúLQLOH� 6WLUOLQJ� WLQG� V � DLE � R� FRQVWUXF LH�
FLQHPDWLF �GLQ�FH�vQ�FH�PDL�DSURSLDW �GH�PRWRDUHOH�FX�DUGHUH�LQWHUQ : 

( ) 5 2
, ,

1 1
        0,94 0,045 10

2 2f Stirling f MAI fp p p w N m ∆ = ∆ ⇒ ∆ = + ⋅    (1.68) 

unde w este viteza pistonului de lucru = wcpr = wdest. 

1.3.6.3.  Algor i t m ul  Met odei  Di rec t e 

 3DUWHD�DQDOLWLF �D�PHWRGHL�SHUPLWH�GHGXFHUHD� UDQGDPHQWXOXL� WHUPLF�DO�FLFOXOXL� VXE�
forma: 

irevII
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F
irevIIgCCMS
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−==  (1.69) 
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unde , , ,.
II irev II X II p

η η η ∆=  este randamentul bazat pe Principiul al II-lea al termodinamicii. 

Acest randament a fost scris sub forma unui produs de doi termeni corespunz WRUL�
SLHUGHULORU�JHQHUDWH�GH�GLIHULWH�FDWHJRULL�GH�LUHYHUVLELOLW L [25][23][88][22][90]: 

XII ,η  = randamentul relativ la Principiul al II-lea datorat procesului de regenerare 

LPSHUIHFW �D�F OGXULL� 

pII ∆,η  = randamentul relativ la Principiul al II-lea datorat pierderilor de presiune 

generatH�GH�YLWH]D�ILQLW �D�SURFHVHORU��úL�DQXPH�GH�YLWH]D�ILQLW �D�SLVWRQXOXL�
úL�D�JD]XOXL�FDUH�WUHFH�SULQ�UHJHQHUDWRU�úL�FHOHODOWH�VFKLPE WRDUH�GH�F OGXU ��
úL� GH� DVHPHQHD�� SLHUGHUL� GH� SUHVLXQH� JHQHUDWH� GH� IUHFDUHD� PHFDQLF � vQWUH�
S U LOH�PRELOH�DOH�PDúLQLL� 

Randamentul relativ la Principiul al II-lea datorat 
SURFHVXOXL�GH�UHJHQHUDUH�LPSHUIHFW �D�F OGXULL 

 5HJHQHUDUHD� LPSHUIHFW � D� F OGXULL� UHSUH]LQW � R� SLHUGHUH� LPSRUWDQW � vQ� PDúLQLOH�
Stirling. Aceste pierderi sunt exprimate utilizînd un coeficient al pierderilor regenerative, 
X��$VWIHO��FDQWLWDWHD�GH�F OGXU �FH�QX�HVWH�UHJHQHUDW �úL�FDUH�WUHEXLH�DG XJDW �VXSOLPHQWDU�
GDWRULW �IDSWXOXL�F �VH�FRQVLGHU �XQ�UHJHQHUDWRU�UHDO��FX�LUHYHUVLELOLW L��HVWH�GDW �GH�UHOD LD�
[13],[90]: 

3’3 23 41Q XQ X Q= =  (1.70) 

 ÌQ� DFHVW� FD]� vQ� FDUH� VH� FRQVLGHU � F � VLQJXUHOH� SLHUGHUL� FH� DSDU� VXQW� FHOH� GDWRUDWH�
UHJHQHU ULL�LPSHUIHFWH, randamentul motorului Stirling devine: 
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vQ�FDUH�QXP U WRUXO�HVWH�GH�IDSW�UDQGDPHQWXO�&DUQRW� 
 /XkQG�vQ�FRQVLGHUDUH�UHOD LLOH�UDQGDPHQWXOXL�PRWRUXOXL�6WLUOLQJ��VH�RE LQH� 
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(1.72) 

 ÌQ�UHOD LLOH�DQWHULRDUH��F OGXUD�VSHFLILF �OD�YROXP�FRQVWDQW��cV��HVWH�OXDW �GLQ�WDEHOH�
termodinamice la temperatura medie a gazului, Tmed, iar masa de gaz, m��HVWH�FDOFXODW �GLQ�
HFXD LD�WHUPLF �GH�VWDUH� 
 ExpUHVLD�FRHILFLHQWXOXL�GH�SLHUGHUL�UHJHQHUDWLYH�D�IRVW�GHGXV �OXvQG�vQ�FRQVLGHUDUH�
GRL�DOJRULWPL�GLIHUL L�úL�DQXPH��XQXO�µRSWLPLVW¶�SHQWUX�FDUH�D�IRVW�GHGXV�XQ�FRHILFLHQW�X1��úL�
altul ‘pesimist’ pentru care X2�D�IRVW�FDOFXODW��&RPELQvQG�DFHúWL�GRL�DOJRULWPL� s-D�RE LQXW�
XUP WRDUHD�H[SUHVLH�GH�FDOFXO�D�FRHILFLHQWXOXL�GH�SLHUGHUL�UHJHQHUDWLYH [13], [90]: 

( )1 2 1X X y X y= ⋅ + ⋅ −  (1.73) 
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unde y� HVWH�XQ�SDUDPHWUX�GH�DMXVWDUH�DO�PHWRGHL�DYvQG�YDORDUHD�GH������VWDELOLW �SH�ED]D�
FRUHO ULL� UH]XOWDWHORU� DQDOLWLFH� FX� FHOH� H[SHULPHQWDOH�� LDU� FRHILFLHQ LL� GH� SLHUGHUL�
UHJHQHUDWLYH�vQ�HVWLP ULOH�µSHVLPLVW ¶�úL�UHVSHFWLY��µRSWLPLVW ¶��VXQW� 

( )M

eM
X

B

+
++

=
−

12

21
1 ,    

M

eM
X

B

+
+

=
−

12  ; 

în care M este rDSRUWXO� GLQWUH� FDSDFLW LOH� WHUPLFH� DOH� JD]XOXL� úL matricii regeneratorului: 

RR

v

cm

mc
M = , iar B�HVWH�XQ�IDFWRU�FDUH� LQH�FRQW�GH�FDUDFWHULVWLFLOH�SURFHVXOXL�GH�WUDQVIHU�GH�

F OGXU � vQ� interiorul regeneratorului: ( )
depl
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R

w
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mc

A
MB ⋅+=

α
1 ; FRHILFLHQWXO� GH� FRQYHF LH�

WHUPLF �>:P-2K-1@�FDUDFWHULVWLF�WUDQVIHUXOXL�GH�F OGXU �GLQ�UHJHQHUDWRU�HVWH�[68], [69]: 
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în care: pmed este presiunea medie a ciclului; 
 cp� �F OGXUD�VSHFLILF �D�JD]XOXL�OD�SUHVLXQH�FRQVWDQW ��OD�temperatura medie; 
 ν� �YLVFR]LWDWHD�FLQHPDWLF �D�JD]XOXL�OD�WHPSHUDWXUD�PHGLH� 
 Pr = criteriul Prandtl pentru gaz la temperatura medie; 
 b’� �GLVWDQ D�GLQWUe firele metalice ale matricii regeneratorului; 
 d = diametrul firelor metalice ale matricii regeneratorului. 

Randamentul relativ la Principiul al II-lea datorat 
pierderilor de presiune 

 Pierderile de presiune sunt luate în considerare prin randamentul II ☎ ✆ . Expresia 
randamentului motorului Stirling în cazul în care se iau în considerare pierderile de 
SUHVLXQH� JHQHUDWH� GH� LUHYHUVLELOLW LOH� LQWHUQH� úL� H[WHUQH� �YLWH]D� ILQLW � D� SURFHVHORU��
ODPLQDUHD�JD]XOXL�OD�WUHFHUHD�SULQ�UHJHQHUDWRU��IUHFDUHD�LQWHUQ �vQWUH�SLVWRQ�úL�FLOLQGUX��HVWH�
XUP WRDUHD� 

, ,

 
MS

MS X p

primit

efect util P

consum Q
η ∆ = =

�
 (1.74) 

GH�XQGH�VH�H[SULP �SXWHUHD�SURGXV �GH�PRWRU� 

60
ln,,,,

r
CpXMSprimitpXMSMS

n
mRTQP εηη ∆∆ == �  (1.75) 

 În�XOWLPD�UHOD LH�VH�LQWURGXFH�H[SUHVLD�UDQGDPHQWXOXL�PRWRUXOXL�6WLUOLQJ�úL�VH�RE LQH� 

60
ln,,

r
CpIIXIICCMS

n
mRTP εηηη ∆=  (1.76) 

 Produsul ,CC II Xη η  este chiar randamentul motorului când sunt luate în considerare 

GRDU� SLHUGHULOH� LQWURGXVH� GH� UHJHQHUDUHD� LPSHUIHFW �� ηMS,X,�GHGXV� DQWHULRU�� 5H]XOW � GHFL�
randamentul relativ la Principiul al II-lea datorat pierderilor de presiune: 



Camelia PETRE - Teza de doctorat   

 65

60
ln,

,
r

CXMS

MS
pII n

mRT

P

εη
η =∆  

(1.77) 

 3XWHUHD�GH]YROWDW �GH�PRWRU�LD�vQ�FRQVLGHUDUH�SLHUGHULOH�JHQHUDWH�GH�LUHYHUVLELOLW L��
GHFL�SRDWH�IL�VFULV �FD� 

max, ,MS X pierderi p
P P P ∆= −  (1.78) 

unde Pmax,X� UHSUH]LQW � SXWHUHD�PD[LP �GH]YROWDW � GH�motor atunci când sunt considerate 

HIHFWHOH� UHJHQHU ULL� LPSHUIHFWH� úL� FDUH� VH� H[SULP � GLQ� UHOD LD� (1.71)� IXQF LH� GH� ηII,X, iar 

Ppierderi,∆p�SLHUGHULOH�LQWURGXVH�GH�F GHULOH�GH�SUHVLXQH� 
 Revenind în (1.77)��VH�RE LQH� 

60
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6060
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ppierderi
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LDU�GXS �SUHOXFU UL�PDWHPDWLFH� 

εηη
η

ln
1 ,

,
CXCC

ppierderi

pII
mRT

L ∆
∆ −=  (1.79) 

vQ� FDUH� VH�YD� LQWURGXFH� H[SUHVLD�SLHUGHULORU�GH� OXFUX�PHFDQLF� FRQIRUP� UHOD LLORU� (1.55)� úL�
(1.56)�vQ�IXQF LH�GH�WLSXO�PRWRUXOXL�VWXGLDW� 
 ÌQ� IXQF LH� GH� DQXPLWH� LSRWH]H� GH� FDOFXO� FDUH� VH� SRW� IDFH�� GH� PRGXO� vQ� FDUH� VH�
FRQVLGHU �F �DU�DYHD�ORF�JHQHU ULOH�GH�LUHYHUVLELOLW L�úL�GH�HIHFWXO�ORU�DVXSUD�SHUIRUPDQ HORU�
PDúLQLL�� V-au dezvoltat mai multe scheme de calcul. 'H� H[HPSOX�� VH� SRDWH� FRQVLGHUD� F �
SLHUGHUHD� WRWDO � GH�SUHVLXQH� GDWRUDW � YLWH]HL� ILQLWH� D� SLVWRQXOXL� DU� IL� R�PHGLH� vQWUH� DFHVWH�
SLHUGHUL� GLQ� WLPSXO� SURFHVHORU� GH� FRPSULPDUH� úL� GHVWLQGHUe. La fel de bine se poate 

FRQVLGHUD�FD�SLHUGHUHD�WRWDO �HVWH�VXPD�ORU��úL�QX�PHGLD�ORU��$FHODúL�OXFUX�SHQWUX�SLHUGHULOH�
GH�SUHVLXQH�vQ�FHOH�GRX �SURFHVH�GH�WUHFHUH�SULQ�UHJHQHUDWRU� Au fost studiate trei scheme 

GH�FDOFXO�FX�LSRWH]H�GH�OXFUX�GLIHULWH�úL�vQ final s-a stabilit care dintre acestea este cea mai 

SRWULYLW . 

6FKHPD�GH�FDOFXO�³SHVLPLVW ´ 
 1XPHOH�DFHVWHL�VFKHPH�D�IRVW�GDW�GXS �FH�V-DX�FRPSDUDW�UH]XOWDWHOH�RE LQXWH�FX�FHOH�
experimentale. S-D� REVHUYDW� F � YDORULOH� RE LQXWH� DQDOLWLF� VXQW� PDL� PLFL� GHFkW� cele 

experimentale. Deci, s-D� PHUV� SH� R� JkQGLUH� SUHD� ³SHVLPLVW ´� SULYLQG� JHQHUDUHD� GH�
LUHYHUVLELOLW L�vQ�LQWHULRUXO�PDúLQLL� 
 ,SRWH]H�SULYLQG�JHQHUDUHD�LUHYHUVLELOLW LORU� 
� S-D�FRQVLGHUDW�R�YDORDUH�PHGLH�D�FHORU�SDWUX�VXUVH�GH�SLHUGHUL�GH�SUHVLXQH��úL�DQXme 

YLWH]D�ILQLW �D�SLVWRQXOXL�vQ�WLPSXO�SURFHVXOXL�GH�FRPSULPDUH��vQ�WLPSXO�SURFHVXOXL�GH�
GHVWLQGHUH�� ODPLQDUHD� JD]XOXL� vQ� FHOH� GRX � WUHFHUL� SULQ� UHJHQHUDWRU� úL� IUHF ULOH�
mecanice. În acest caz, s-a lucrat cu suma pierderilor medii de presiune ce înglobeaz �
pierderile datorate vitezeL�ILQLWH��ODPLQ ULL�úL�IUHF ULL� 

med w lam fp p p pΣ∆ = ∆ + ∆ + ∆  
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� Deci, SLHUGHUHD�GH�SUHVLXQH�GDWRUDW �YLWH]HL�ILQLWH�D�SLVWRQXOXL�HVWH�PHGLD�FHORU�GRX �
SLHUGHUL�GLQ�WLPSXO�SURFHVHORU�GH�FRPSULPDUH�úL�GHVWLQGHUH� 

( )dest

w

cpr

ww ppp ∆+∆=∆
2

1
 

ÌQORFXLQG�UHOD LLOH�GH�FDOFXO�SHQWUX� cpr

wp∆ �úL� dest

wp∆ �úL�OXkQG�vQ�FRQVLGHUDUH�úL�UHOD LLOH�

de calcul pentru a�úL wS,F���UH]XOW � 

( )τε
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ε
destcpr
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−
=∆ ln
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1
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� S-D�FRQVLGHUDW�F �vQ�FHOH�GRX �SURFHVH�GH�ODPLQDUH�SLHUGHUHD�GH�SUHVLXQH�HVWH�DFHHDúL��
FHHD�FH�vQVHDPQ �F �SLHUGHUHD�PHGLH�GH�SUHVLXQH�GDWRUDW �ODPLQ ULL�JD]XOXL�HVWH�GDW �
GH�UHOD LD�(1.65). 

 Înlocuid aceste expresii s-D�RE LQXW� 
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� 6H�FRQVLGHU �F �YLWH]D�JD]XOXL�HVWH�HJDO  cu viteza medie a pistonului. 
� 6H�FRQVLGHU �SLHUGHULOH�GH�SUHVLXQH�GDWRULW �IUHF ULL�vQWUH�S U LOH�PRELOH�DOH�PDúLQLL�FD�

ILLQG� MXP WDWH� GLQ� FHOH� FH� DSDU� OD� PRWRDUHOH� FX� DUGHUH� LQWUHQ �� GHRDUHFH� PDúLQLOH�
Stirling nu au supape. 

 Cum pierderea de presiune estH� FRQVLGHUDW � YDORDUHD�PHGLH� D� FHORU� WUHL� VXUVH� GH�
generare, lucrul mecanic datorat pierderilor de presiune a devenit: 

( ) ( )( )
, 1 2 2 1 2 12 2

pierderi p med med
L p V V V V V V pγ

∆ = Σ∆ − + + − = Σ∆    

( ) ( ) ( )( )
, 1 2 2 1 1 2 1 2

1 1

3

1
3 1 3

3

pierderi p med med

med med

L p V V V V V V V V p

V p V p

α

µ
ε

∆ = Σ∆ − + + + − = − Σ∆ =  
 = − Σ∆ = Σ∆ 
 

 
(1.80) 

unde s-D�I FXW�QRWD LD�
ε

µ
3

1
1 −= . 

 &X�XOWLPHOH�GRX �UHOD LL�VH�SRDWH�FDOFXOD�UDQGDPHQWXO�UHODWLY�OD�3ULQFLSLXO�DO�,,-lea 
datorat pierderilor de presiune. 

6FKHPD�GH�FDOFXO�³RSWLPLVW ´ 
 1XPHOH�DFHVWHL�VFKHPH�D�IRVW�GDW�GXS �FH�V-DX�FRPSDUDW�UH]XOWDWHOH�RE LQXWH�FX�FHle 
experimentale. S-D� REVHUYDW� F � YDORULOH� RE LQXWH� DQDOLWLF� VXQW� PDL� PDUL� GHFkW� FHOH�
experimentale. Deci, s-D� PHUV� SH� R� JkQGLUH� SUHD� ³RSWLPLVW ´� SULYLQG� JHQHUDUHD� GH�
LUHYHUVLELOLW L�vQ�LQWHULRUXO�PDúLQLL� 
 Ipoteze privinG�JHQHUDUHD�LUHYHUVLELOLW LORU� 
� S-au luat în considerare separat pierderile de presiune din regenerator în timpul celor 

GRX �SURFHVH�GH�ODPLQDUH���-��úL��-���OD�WHPSHUDWXULOH�úL�SUHVLXQLOH�PHGLL�UHVSHFWLYH��
FRQIRUP�UHOD LLORU�(1.66)�úL�(1.67). 
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� S-DX�FRQVLGHUDW�SLHUGHULOH�GH�SUHVLXQH�GDWRULW �IUHF ULL�vQWUH�S U LOH�PRELOH�DOH�PDúLQLL�
FD�ILLQG�MXP WDWH�GLQ�FHOH�FH�DSDU�OD�PRWRDUHOH�FX�DUGHUH�LQWeUQ � 

� 'HSODVDUHD� SLVWRDQHORU� HVWH� VLQXVRLGDO �� PRWLY� SHQWUX� FDUH� V-a considerat viteza 
gazului egaO �FX�MXP WDWH�GLQ�YLWH]D�PHGLH�D�SLVWRQXOXL���&kQG�VH�PLúF �GHSODVDWRUXO��
YLWH]D�JD]XOXL�vQ�UHJHQHUDWRU�HVWH�HJDO �FX�YLWH]D�GHSODVDWRUXOXL��&kQG�VH�PLúF �GRDU�
SLVWRQXO� GH� OXFUX�� YLWH]D� JD]XOXL� vQ� YHFLQ WDWHD� DFHVWXLD� HVWH� HJDO � FX� YLWH]D�
pistonului, dar viteza gazului îQ� UHJHQHUDWRUXO� FDUH� VW � IL[� HVWH� OD� OLPLW  zero. Deci 
YLWH]D�PHGLH�vQWUH�DFHVWH�GRX �H[WUHPH�YD�IL�MXP WDWH�GLQ�YLWH]D�SLVWRQXOXL�GH�OXFUX�� 

� Pierderile prin laminare în regenerator au fost luate în considerare numai în procesele 
2-�� úL� �-1�� LDU� SLHUGHULOH� GDWRUDWH� PLúF ULL� FX� YLWH] � ILQLW � D� SLVWRQXOXL� DX� IRVW�
considerate doar în procesele 1-��úL��-4. 

 SFKHPD� D� IRVW�GH]YROWDW �SHQWUX�XQ�VLQJXU� WLS�GH�PDúLQ �� úL� DQXPH�SHQWUX�PDúLQL�
Stirling tip α� �UHJHQHUDWRUXO�DúH]DW� vQWUH�FHL�GRL�FLOLQGUL�, deci în calcule a fost considerat 
doar ( )

,pierderi pL
α

∆ ��'LQ� IDSWXO�F  viteza gazului în regenerator, wR��HVWH�HJDO �FX�MXP WDWH�GLQ�

viteza medie a pistonului de lucru, w/2, s-D� RE LQXW� expresia de calcul a randamentului 
relativ la Principiul al II-lea datorat pierderilor de presiune: 
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 (1.81) 

6FKHPD�GH�FDOFXO�³FHD�PDL�SX LQ�SHVLPLVW ´ 
 $FHDVW � VFKHP � GH� FDOFXO� HVWH� ³PDL� RSWLPLVW ´� vQ� FRPSDUD LH� FX� SULPD� VFKHP �
deoarece se iau în considerare pierderile de presiune prin laminare în regenerator numai în 
WLPSXO�FHORU�GRX �SURFHVH�L]RFRUH��FD�úL�OD�VFKHPD�,,��GDU�ID �GH�VFKHPD�,,��YLWH]D�JD]XOXL�
vQ�UHJHQHUDWRU�HVWH�HJDO �YLWH]D�PHGLH�D�SLVWRQXOXL� 
 Ipoteze privind generarea irHYHUVLELOLW LORU� 
� S-au luat luate în considerare separat pierderile de presiune din regenerator în timpul 

FHORU� GRX � SURFHVH� GH� ODPLQDUH�� �-�� úL� �-��� OD� WHPSHUDWXULOH� úL� SUHVLXQLOH� PHGLL�
UHVSHFWLYH��FRQIRUP�UHOD LLORU�(1.66)�úL�(1.67). 

� S-D�FRQVLGHUDW�YLWH]D�JD]XOXL�HJDO �FX�YLWH]D�PHGLH�D�SLVWRQXOXL� 
� Pierderile de presiune prin frecare s-DX� FRQVLGHUDW� FD� úL� OD� PRWRDUHOH� FX� DUGHUH�

LQWHUQ � 
 Un calcul similar celui efectuat pHQWUX�VFKHPD�SUHFHGHQW �D�FRQGXV�OD� 
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 &RUHODUHD�FX�UH]XOWDWHOH�H[SHULPHQWDOH�D�GRYHGLW� IDSWXO�F �FHOH�PDL�EXQH�UH]XOWDWH�
WHRUHWLFH� DX� IRVW� RE LQXWH� SULQ� FRPELQDUHD� XOWLPHORU� GRX � VFKHPH� GH� FDOFXO�� 'HFL�� V-a 
utilizat fomula: 

( ), , , 2 , , 1

1

2II p II p schema II p schema
η η η∆ ∆ ∆= +  (1.83) 

FD�DSRL�UDQGDPHQWXO�PRWRUXOXL�6WLUOLQJ�FX�LUHYHUVLELOLW L�V �VH�FDOFXOH]H�FX�IRUPXOD�(1.69). 

1.3.6.4.  5H]XOWDWH�QXPHULFH�RE LQXWH 

 $FHDVW �PHWRG �D�IRVW�DSOLFDW �SkQ �DFXP�FX�VXFFHV�úL�YDOLGDW �vQ�FD]XO�VWXGLXOXL�úL�
RSWLPL] ULL�PRWRDUHORU�6WLUOLQJ� DOLPHQWDWH� FX� HQHUJLH� FRQYHQ LRQDO �� 6-D� RE LQXW�XQ�PDUH�
grad înalt GH�FRUHODUH�vQWUH�UH]XOWDWHOH�DQDOLWLFH�úL�SHUIRUPDQ HOH�H[SHULPHQWDOH [68]. 
 În Tabel 1.5 VXQW�SUH]HQWDWH�SH�VFXUW�UH]XOWDWHOH�DQDOLWLFH�RE LQXWH�DSOLFkQG�PHWRGD�
'LUHFW �PRWRDUHORU� 6WLUOLQJ� FRQYHQ LRQDOH� vQ� FRPSDUD LH� FX� SHUIRUPDQ HOH� H[SHUimentale 
GLVSRQLELOH�vQ�OLWHUDWXU �[68]. 

Tabel 1.5 Rezultatele MHWRGHL� 'LUHFWH� DSOLFDW � VWXGLXOXL�

motoarelor Stirling�FRQYHQ LRQDOH�[69],[70]. 

Randament [-] Putere [kW] 
Motor Stirling 

Experimental Calculat ([SHULPHQWDO  &DOFXODW  
NS-03T  
(reg1- economic) 

0.326 0.318 3.08 3.14 

NS-03T  
(reg2- putere max) 

0.303 0.309 4.14 4.45 

NS-30A  
(reg1- economic) 

0.375 0.357 23.2 29.45 

NS-30A  
(reg2- putere max) 

0.33 0.336 30.4 33.82 

USS V-160 0.3 0.308 9 8.82 

GPU-3 0.127 0.126 3.96 4.16 

MP1002CA 0.156 0.153 0.2 0.194 

STM 4-120 0.4 0.401 25 26.36 

 
 Am considerat aceste rezultate ca fiind o provocare pentru extinderea acestei 
cerFHW UL� úL� vQ� FD]XO� PDúLQLORU� IULJRULILFH� úL� D� SRPSHORU� GH� F OGXU � 6WLUOLQJ� úL� DSRL�
H[WLQGHUHD�PHWRGHL�SHQWUX�FDOFXOXO�SHUIRUPDQ HORU�PRWRDUHORU�6WLUOLQJ�VRODUH�� FHHD�FH�DP�
UHDOL]DW�FD�HOHPHQWH�GH�RULJLQDOLWDWH�DOH�DFHVWHL�WH]H��ILLQG�SUH]HQWDWH�vQ�XUP WRUXl capitol. 
 

1.3.7.  Codur i  de c alc u l  

 'XS �FXP�VH� VSHFLILFD� vQ�SDUDJUDIHOH�DQWHULRDUH��SHQWUX�PDúLQLOH�6WLUOLQJ��GDWRULW �
FRPSOH[LW LL� IHQRPHQHORU�� DX� IRVW� HODERUDWH� SURJUDPH� IRDUWH� FRPSOH[H� GH� VLPXODUH� D�
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IXQF LRQ ULL�FDUH�DSDU�VXE�GHQXPLUHD�GH�"coduri"��'LQ�S FDWH�vQV ��DFHVWHD�VXQW�GLVSRQLELOH�
GRDU�SHQWUX�XQHOH�PRWRDUH��QHDFRSHULQG�vQ�vQWUHJLPH�PDúLQLOH�6WLUOLQJ�úL�GH�DVHPHQHD��VXQW�
greu accesibile din punct de vedere� ILQDQFLDU� GLYHUúLORU� XWLOL]DWRUL�� ÌQ� SOXV�� WRDWH� DFHVWH�
FRGXUL� GH� FDOFXO� VH� XWLOL]HD] � FD� DWDUH (programe executabile pe un calculator modern) 
QHSHUPL kQG� SHQHWUDUHD� LQJLQHUXOXL� vQ� LQWHULRUXO� V X�� GHFL� I U � D� H[SOLFD� GHWDOLDW� FDX]HOH�
JHQHU ULL�LUHYHUVLELOLW LORU��SRQGHUHD�ILHF UHLD�úL�vQ HOHJHUHD�SURIXQG �D�DFHVWRU�PHFDQLVPH� 
 În continuare, se prezint �FkWHYD�LQIRUPD LL ce�VXQW�I FXWH�SXEOLFH�DVXSUD�XQRU�DVWIHO�
de coduri de calcul. 

1.3.7.1.  Cent rul  de c erc et are  NASA Glenn 

 NASA Glenn Research Center� GH LQH� GRX � FRGXUL� SHQWUX� VWXGLXO� PDúLQLORU�
6WLUOLQJ� GH]YROWDWH� vQ� XOWLPLL� DQL� úL� GHVWLQDWH� FDOFXO ULL� DQWLFLSDWH� D� SHUIRUPDQ HORU�
PRWRDUHORU� 6WLUOLQJ� úL� D� VWXGLLORU� GH� SURLHFWDUH�� QXPLWH� +)$67� úL� */,036�*/23, cu 
DMXWRUXO� F URUa� VH� RE LQ� UH]XOWDWH� FRPSDUDELOH� FX� FHOH� H[SHULPHQWDOH� DWXQFL� FkQG� VXQW�
DSOLFDWH�PDúLQLORU�6WLUOLQJ� 
 5H]XOWDWHOH� RE LQXWH� FX� DFHVWH� GRX � coduri de calcul sunt comparabile cu cele 
H[SHULPHQWDOH� DWXQFL� FkQG� VH� VWXGLD] �PRWRDUHOH� 6WLUOLQJ� FX� SLVWRDQH� OLEHUH� 5(-����� úL�
635(��6XQW�JHQHUDWH�UH]XOWDWHOH�QXPHULFH�SULYLQG�SHUIRUPDQ HOH�PRWRUXOXL�VWXGLDW�úL�XQHOH�
pierderi de presiune (“disponibile”).�'LIHUHQ HOH�vQWUH�*/,036�úL�+)$67�FRQVWDX�WRFPDL�
vQ� UH]XOWDWHOH� RE LQXWH� SHQWUX� DFHVWH� SLHUGHUL� GH� SUHVLXQH�� $PEHOH� FRGXUL� QHFHVLW � R�
FDOLEUDUH� VSHFLDO � D� PRWRUXOXL� SHQWUX� D� FRUHOD� FkW� PDL� ELQH� UH]XOWDWHOH� DQDOLWLFH� FX� FHOH�
experimentale. 
 În ultimii ani ai proiectului “Automotive Stirling Engine Development Project”, s-a 
elaborat� XQ� FRG� GH� FDOFXO� SHQWUX� XQ� PRWRU� 6WLUOLQJ� OD� 1$6$�*OHQQ� úL� D� IRVW� XWLOL]DW� vQ�
PRQLWRUL]DUHD� XQXL� DQDOL]RU�GH� HIRUWXUL�PHFDQLFH� úL� vQ� VWXGLXO� LPSDFWXOXL� FUHDW�GH� DFHVWH�
VFKLPE UL�GH�VDUFLQ �DVXSUD�PRWRUXOXL�6WLUOLQJ��GHFL�D�IRVW�VWXGLDW �LQIOXHQ D�FRQGL LLORU�GH�
IXQF LRQDUH��D�DJHQWXOXL�GH�OXFUX��HWF���7HZ���������$FHVW�FRG�GH�FDOFXO�D�IRVW�FUHDW�SHQWUX�
FXUJHUL�SODQH�úL�XWLOL]DW�SH�FDOFXODWRDUHOH�SH�FDUH�DFXP�OH-DP�QXPL�³GH�JHQHUD LH�GHS úLW ´��
&kQG�DX�DS UXW�FDOFXODWRDUHOH�SHUIRUPDQWH��FX�LQWHUID �PXOW�PDL�SULHWHQRDV ��DX�IRVW�VFULVH�
FRGXULOH�+)$67�úL�*/,036� 

HFAST 
 Mechanical Technology Inc. (MTI) a început lucrul la HFAST în cadrul proiectului 
PDL� VXV� DPLQWLW� GHVWLQDW� GH]YROW ULi motoarelor Stirling. Primele motoare de acest tip au 
IRVW�SURGXVH�GH� ILOLDOD� VXHGH] �8QLWHG�6WLUOLQJ�úL� GH� Oaboratoarele Philips din Olanda. Pe 
baza acestui cod de calcul erau proiectate noi motoare, dar întotdeauna datele erau 
verificate de United Stirling. 
 (YROX LD�+)$67�D�FRQWLQXDW�SH�P VXU �FH�DX�IRVW�GH]YROWDWH�PRWRDUHOH�6WLUOLQJ�FX�
SLVWRDQH� OLEHUH� SHQWUX� D� DOLPHQWD� QDYH� VSD LDOH�� PRWRUXO� GHPRQVWUDWLY� SHQWUX� DHURQDYH�
�63'(��6SDFH�3RZHU�'HPRQVWUDWRU�(QJLQH�� úL� FRnvertorul de putere (CTPC, Component 
Test Power Convertor) de 12,5 kWe/cilindru.  
 +)$67�UHSUH]LQW �XQ�SURJUDP�GH�VLPXODUH�FX�UHVWULF LL�FDUH�FRQVLGHU �F �YDULDELOHOH�
FH�LQWHUYLQ�vQ� IXQF LRQDUHD�PRWRUXOXL�DX�YDULD LL�DUPRQLFH�vQ�WLPS��6ROX LD�SUREOHPHL�HVWH�
FHD� D� XQXL� VLVWHP� GH� HFXD LL� DOJHEULFH� QHOLQLDUH� FH� SURYLQ� GLQ� vQORFXLUHD� DFHVWRU� IXQF LL�
DUPRQLFH�vQ�HFXD LLOH�GLIHUHQ LDOH�FH�JXYHUQHD] �PRWRUXO��+)$67�VH�ED]HD] �SH�XQ�PRGHO�
SODQ� GH� GLVFUHWL]DUH�� ILHFDUH� FRPSRQHQW � ILLQG� vPS U LW � vQWU-XQ� QXP U� GH� YROXPH� GH�
control. Utilizatorul trebuie s � VSHFLILFH� QXP UXO� GH� FRPSRQHQWH� DO� VLVWHPXOXL� úL� FHO� DO�
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YROXPHORU�GH�FRQWURO��+)$67�LQFOXGH�R�VXEUXWLQ �GH�RSWLPL]DUH�D�PRWRUXOXL��$FHVW�FRG�GH�
calcul a fost scris în Microsoft FORTRAN. Se poate utiliza pe un calculator IBM 286 
pentru a calcula performan HOH�XQXL�PRWRU��LDU�GDF �VH�XWLOL]HD] �úL�VXEUXWLQD�GH�RSWLPL]DUH��
atunci este necesar un calculator mai performant, 486. 
 ÌQ�SUH]HQW��FRGXO�GH�FDOFXO�+)$67�HVWH�GLVSRQLELO�FRPHUFLDOL] ULL�GRDU�vQ�68$� 

GLIMPS/GLOP 
 GLIMPS/GLOP este un cod de calcul comercLDOL]DW�GH�$VRFLD LD�*HGHRQ�GLQ�2KLR��
$FHVWD�HVWH�XWLOL]DW�SHQWUX�FDOFXOXO�SHUIRUPDQ HORU�PRWRDUHORU�6WLUOLQJ, are�R�LQWHUID �PDL�
SULHWHQRDV � GHFkW� FHD� D� Fodului de calcul prezentat anterior (variabilele de intrare sunt 
descrise în limba�HQJOH] �úL�QX�vQ�stilul limbajului FORTRAN folosit de HFAST).  
 */23�FRQ LQH�GH�DVHPHQHD�VXEUXWLQH�GH�RSWLPL]DUH�D�PRWRUXOXL�úL�SRDWH�IL�IRORVLW�
úL�SHQWUX�PDúLQL�IULJRULILFH� 
 6H�ED]HD] �SH�PHWRGD�GLIHUHQ HORU�ILQLWH��ILHFDUH�FRPSRQHQW �ILLQG�vPS U LW �vQWU-un 
QXP U� GH� FHOXOH� GH� FDOFXO� úL� VH� UHDOL]HD] � R� GLVFUHWL]DUH� vQ� WLPS��8WLOL]DWRUXO� SUHFL]HD] �
QXP UXO�GH�FHOXOH�GH�FDOFXO�úL�GH�QRGXUL��DOH�GLVFUHWL] ULL�� 
 Spre deosebire de HFAST, GLIMPS/GLOP este scris în Microsoft PASCAL úi 
QHFHVLW �DSUR[LPDWLY���PLQXWH�SHQWUX�XQ�FDOcul complet când este utilizat pe un calculator 
IBM 286. 
 ÌQ�SUH]HQW��DFHHDúL�DVRFLD LH�OXFUHD] �OD�XQ�QRX�FRG�GH�FDOFXO�QXPLW�6$*(� 
 

 3HQWUX�D�SXWHD�XWLOL]D�XQXO�GLQ�DFHVWH�GRX �FRGXUL�GH�FDOFXO��SUH XO�GH�FXPS UDUH�úL�
respectiv cum se face livrarea, estH�GDW �DGUHVD�DFHVWHL�DVRFLD LL�GLQ�2KLR� 

1.3.7.2.  St i r l ing Mac hines  Wor ld  

 Stirling Machines World FRPHUFLDOL]HD] � de asemenea GRX � FRGXUL� GH� FDOFXO��
MARTINI – WEISS�úL�CRYOWEISS. 

MARTINI - WEISS 
 $FHVWD� UHSUH]LQW �XQ�SURJUDP�GH�VLPXODUH�SH�FDOFXODWRU�D� IXQF LRQ Uii unui motor 
6WLUOLQJ��$XWRULL� DFHVWXL� FRG� GH� FDOFXO� VXQW�0�+�:HLVV��*��:DONHU� úL�2�5�)DXYHO�� GH� OD�
'HSDUWDPHQWXO�GH�,QJLQHULH�0HFDQLF �D�8QLYHUVLW LL�GLQ�&DOJDU\�� 
 Programul Martini-:HLVV� VH� ED]HD] � SH� DQDOL]D� L]RWHUP �0DUWLQL� úL� HVWH� VFULV� vQ�
FORTRAN ���� $UH� XQ� PHQLX� GH� LQWHUID � FX� XWLOL]DWRUXO� IRDUWH� DWUDFWLY�� LDU� UH]XOWDWHOH�
RE LQXWH�VXQW�JUDILFH��3URJUDPXO�SRDWH�IL�DSOLFDW�SH�FkWHYD�FRQILJXUD LL�GH�PRWRDUH�6WLUOLQJ�
úL�VFKLPE WRDUH�GH�F OGXU � 

 Programul este disponibil numai în varianta pentru MS-DOS la adresa 
http://www.stirlingengines.org.uk/files/journal.html. 

CRYOWEISS 
 $FHVW�SURJUDP�HVWH�XWLOL]DW�SHQWUX�VLPXODUHD�PDúLQLORU�IULJRULILFH�úL�D�SRPSHORU�GH�
F OGXU �6WLUOLQJ� 
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1.3.7.3.  3URJUDPXO�GH�$QDOL] �1XPHULF �6WLUOLQJ� 

 Prescurtat SNAP (Stirling Numerical Analysis Program), este clasat al doilea cod 
GH�FDOFXO�SHQWUX�DQDOL]D�VLVWHPHORU�WHUPRGLQDPLFH�FH�FRQ LQ�PRWRDUH�6WLUOLQJ�úL�D�IRVW�VFULV�
GH�$ODQ�$OWPDQ��2IHU �PXOWH� vPEXQ W LUL� DGXVH� FRGXULORU� H[LVWHQWH� ILLQG� FRPSDWLELO� FX�
VLVWHPHOH� 3&� úL� 0DFKLQWRVK�� 3RDWH� IL� UXODW� VXE� ([FHO� úL� RIHU � SRVLELOLWDWHD� XQHL� VHPL-
RSWLPL] UL�JUDILFH��'H�DVHPHQHD��FRGXO�VXUV �HVWH�YL]LELO�DVWIHO�vQFkW�IRUPXOHOH�XWLOL]DWH�SRW�
fi vizualizate. 

 3HQWUX� RE LQHUHD� DFHVWXL� SURGXV�� XUP WRDUHD� DGUHV � HVWH� GLVSRQLELO ��
http://snapburner.home.comcast.net/index.html. 

1.3.7.4.  0HWRG �6LPSO �GH�&DOFXO�D�3HUIRUPDQ HORU�

Mot orulu i  St i r l ing  

 (VWH� XQ� SURJUDP� VFULV� GH� .RLFKL� +LUDWD� ���� PDUWLH� ������� GHQXPLUHD� RULJLQDO : 
Simple Performance PredictLRQ� 0HWKRG� )RU� 6WLUOLQJ� (QJLQH�� &D� RULFH� FRG� GH� FDOFXO�� úL�
DFHVWD�HVWH�GLVSRQLELO�vQ�YDULDQWD�vQ�OLPED�HQJOH] � 
 8WLOL]HD] �R�VHULH�GH�YDULDELOH�DGLPHQVLRQDOL]DWH�úL�FkWHYD�OHJL�GH�YDULD LH�D�DFHVWRUD�
FH� DX� IRVW� GHGXVH� úL� YDOLGDWH� SH� ED]D� GDWHORU� H[SHULPHQWDOH� RE LQXWH� SHQWUX� PRWRUXO�
Ecoboy-SCM81.  

1.3.7.5.  LASER 

 (VWH�R�DSOLFD LH�SHQWUX�FDOFXODWRU�GHVWLQDW �VLPXO ULL�FRPSRUWDPHQWXOXL�XQXL�PRWRU�
Stirling din punct de vedere�GLQDPLF�úL�WHUPRGLQDPLF��,QWHUID D�DFHVWXLD�RIHU �SRVLELOLWDWHD�
RE LQHULL� XQRU� UH]XOWDWH� JUDIice, iar programul poate fi rulat sub Windows 95. Este un 
SURJUDP� LQJLQHUHVF� GH� FUHDUH� HIHFWLY � D� PRWRUXOXL� SULQ� FRPSRQHQWHOH� VDOH�� SLVWRDQH��
PHFDQLVPHOH� GH� PLúFDUH�� DUFXUL�� VFKLPE WRDUH� GH� F OGXU �� HWF�� úi prin specificarea 
SDUDPHWULORU�úL�D�LQWHUFRQH[LXQilor existente. 
 3URJUDPXO�SRDWH�VLPXOD�FRPSRUWDPHQWXO�XQRU�PDúLQL�VXE�DQXPLWH�UHVWULF LL�VDX�I U �
UHVWULF LL��FX�SLVWRDQH�OLEHUH���SXWkQG�IL�DSOLFDW�PRWRDUHORU��SRPSHORU�GH�F OGXU �úL�PDúLQLORU�
duplex.  
 ÌQ� SULQFLSDO�� /$6(5� VH� ED]HD] � SH� PRGHOXO� OLQiar izoterm de calcul a 
SHUIRUPDQ HORU� PDúLQLL�� OXkQG� vQ� FRQVLGHUDUH� F GHULOH� GH� SUHVLXQH� FH� DX� ORF� vQ�
VFKLPE WRDUHOH�GH�F OGXU �� 
 

 3HQWUX�FHL�LQWHUHVD L�GH�DVWIHO�GH�FRGXUL�GH�FDOFXO��FkWHYD�DGUHVH�XWLOH� 
DOT (Design Optimisation Tool): www.vrand.com; 
EASY-OPT: www.uni-bayreuth.de/departments/math/~kschittkowsky/easy_opt; 
ISIGHT: www.engineous.com; 
SNOP: www.stanford.edu/group/SOL/. 
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1.4 .  &RPSDUD LH�vQWUH�7HUPRGLQDPLFD�vQ�7LPS�

)LQLW�üL�7HUPRGLQDPLFD�FX�9LWH] �)LQLW  

 
 $FHDVW � WHP � GH� GRFXPHQWDUH� HVWH� GH� R�PDUH� LPSRUWDQ � úWLLQ LILF � úL� WHKQLF � OD�
QLYHO� QD LRQDO� úL� LQWHUQD LRQDO� GHRDUHFH� VH� vQFDGUHD] � vQ� PLúFDUHD� GH� UHYLWDOL]DUH� úL�
dezvoltare a WHUPRGLQDPLFLL�LUHYHUVLELOH��vQ�WLPS�ILQLW��FX�YLWH] �ILQLW ��HWF�, din ultimii 
DQL�� PLúFDUH� OHJDW � GH� SURJUHVXO� úWLLQ HL�� GDU� úL� GH� SUREOHPHOH� DFWXDOH� DOH� HQHUJHWLFLL�
PRQGLDOH�vQ�FRQWH[WXO�GLPLQX ULL�DFFHQWXDWH�D�UHVXUVHORU�HQHUJHWLFH�IRVLOH��FRQYHQ Lonale) 
úL� FDUH� HVWH� SUHRFXSDW � WRW� PDL� LQWHQV� GH� J VLUHD� GH� PLMORDFH�� PRGHOH� úL� PHWRGH� GH�
RSWLPL]DUH�D�PDúLQLORU� WHUPLFH� vQ� YHGHUHD�UHDOL] ULL� HFRQRPLHL�GH�HQHUJLH� úL� D�GLPLQX ULL�
SROX ULL� 
 1XPHURDVH�OXFU UL�UHFHQWH�DYkQG�FD�RELHFWLY�VWXGLXO�úL�vQ HOHJHUHa mecanismelor 
GH�JHQHUDUH�D�LUHYHUVLELOLW LORU�vQ�PDúLQL�úL�LQVWDOD LL�WHUPLFH�GHQRW �DFWXDOLWDWHD��UHVSHFWLY�
LQWHUHVXO� FX� FDUH� HVWH� DERUGDW � DFHDVW � SUREOHP �� GDU� PDL� DOHV� LPSRUWDQ D� SLHUGHULORU�
JHQHUDWH�GH�DFHVWHD�úL�QHFHVLWDWHD�FRQVLGHU ULL�ORU�vQ�DQDOL]D�PDúLQLL�UHDOH� 
 CHEN [42] D� UHXúLW� V � UHDOL]H]H� R� FXOHJHUH� D� OXFU ULORU� SXEOLFDWH� vQ� GRPHQLXO�
Termodinamicii în Timp Finit��FDUH�OD�QLYHOXO�DQXOXL������QXP UD�ÄSHVWH������SXEOLFD LL��
F U L�� WH]H�GH�GRFWRUDW�úL�DUWLFROH�UHFHQ]DWH´��(YLGHQW�QXP UXO�UHDO�HVWH�FX�PXOW�PDL�PDUH�
GDF �OX P�vQ�FRQVLGHUDUH�IDSWXO�F �SRDWH�QX�WRDWH�OXFU ULOH�DX�IRVW�GLVSRQLELOH�úL�PDL�DOHV�F �
vQ� XOWLPLL� DQL� DFHVW� GRPHQLX� D� FXQRVFXW� R� ÄH[SORDWDUH´� SXWHUQLF � vQ� PXOWH� UDPXUL�
�WHUPRGLQDPLF ��IL]LF ��PDWHPDWLF ��ELRORJLH��HWF�� 
 6HOHFWkQG�ELEOLRJUDILD��DP�DYXW�IRDUWH�SO FXWD�VXUSUL] �úL�vQ�DFHODúL�WLPS�PkQGULH�GH�
D� GHVFRSHULL� F � SULQWUH� DXWRULL� OXFU ULORU� PHQ LRQDWH� GH� &+(1� VH� DIO � úL� SURIHVRUL� GLQ�
FDWHGUD�7HUPRWHKQLF ��0DúLQL�7HUPLFH�úL�)ULJRULILFH�D�8QLYHUVLW LL�3ROLWHKQLFD�%XFXUHúWL��
SURIHVRUL�FH�SULQ�OXFU ULOH�GRPQLLORU�ORU�FRQWULEXLH�EHQHILF�OD�UHQXPHOH�FHUFHW ULL�úWLLQ LILFH�
URPkQHúWL��SURI�GU�LQJ��9��5$'&(1&2��SURI�GU�LQJ��*� 323(6&8�vPSUHXQ �FX�FROHFWLYXO�
de coautori. 
 THUPRGLQDPLF � LUHYHUVLELO � QX� vQVHDPQ � QXPDL� 7HUPRGLQDPLFD� vQ� 7LPS� )LQLW��
GRPHQLXO�WHUPRGLQDPLFLL�LUHYHUVLELOH�ILLQG�DERUGDW�vQ�SUH]HQW�GH�PDUHD�PDMRULWDWH��GDF �QX�
FXPYD�GH�WRWDOLWDWHD��FHUFHW WRULORU�úWLLQ LILFL��SURIHVRUL��FDGUH�GLGDFWLFH��HWF� 
 
 Obiectivele DFHVWHL�S U L sunt: 
; realizarHD� XQHL� GRFXPHQW UL� DVXSUD�PHWRGHORU� GH� DQDOL] � úL� RSWLPL]DUH� D�PDúLQLORU�

WHUPLFH�GLQ�SULVPD�D�GRX �FXUHQWH�DOH�7HUPRGLQDPLFLL� ,UHYHUVLELOH��7HUPRGLQDPLFD�
în Timp Finit (TTF)�úL�7HUPRGLQDPLFD�FX�9LWH] �)LQLW  (TVF); 

; prezentarea scopului principal al fiec rei metode; global vorbind, optimizarea 
SHUIRUPDQ HORU� SURFHVHORU� WHUPRGLQDPLFH� OXkQG� vQ� FRQVLGHUDUH� GLYHUVH�
LUHYHUVLELOLW L� 

; SUH]HQWDUHD�LSRWH]HORU�GH�OXFUX�úL�D�DOJRULWPXOXL�ILHF UHL�PHWRGH�SH�ED]D�ELEOLRJUDILHL�
de specialitate; 

; VLQWHWL]DUHD�DVHP Q ULORU�úL�GHRVHELULORU�vQWUH�FHOH�GRX �FXUHQWH��UHVSHFWLY�R�WUHFHUH�vQ�
UHYLVW �D�UH]XOWDWHORU�RE LQXWH� 
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1.4.1 .  7HUPRGLQDPLF �vQ�7LPS�)LQLW 

1.4.1.1.  1HFHVLWDWHD�GH]YROW ULL�DFHVWXL�QRX�GRPHQLX�DO�

t e rm odinam ic i i  

 3UREOHPD� IXQGDPHQWDO � D� WHUPRGLQDPLFLL� PRGHUQH�� úL� QX� QXPDL�� HVWH� cea a 
WUDQVIRUP ULL� XQHL� IRUPH� GH� HQHUJLH� vQ� DOW � IRUP � GH� HQHUJLH� �GH� H[HPSOX�� D� F OGXULL� vQ�
OXFUX�PHFDQLF�SHQWUX�FD]XO�PRWRDUHORU�WHUPLFH��FX�DMXWRUXO�FLFOXULORU�WHUPRGLQDPLFH�vQ�DúD�
IHO�vQFkW�DFHVW�SURFHV�V �ILH�RSWLPL]DW�GLQ�SXQFW�GH�YHGHUH�DO�SLHUGHULORU�F WUH�H[WHULRU� 
 Conform principiului al II-OHD� DO� WHUPRGLQDPLFLL�� DFHDVW � WUDQVIRUPDUH� SUHVXSXQH�
H[LVWHQ D�D�GRX �VXUVH�GH�F OGXU ��GHFL�LPSOLFLW�R�SDUWH�GLQ�F OGXUD�SULPLW �GH�OD�VXUVD�FDOG �
HVWH�FHGDW �VXUVHL�UHFL��úL�QX�WUDQVIRUPDW �LQWHJUDO�vQ�OXFru mecanic.  
 Inginerului francez Sadi CARNOT (1796–1832) îi revine meritul deosebit de a 
pune bazele termodinamicii, iar în anul 1824� vQUHJLVWUHD] � XQ� SULP� PDUH� VXFFHV� SULQ�
stabilirea limitelor de producere a energiei mecanice (cazul motoarelor) [26]. 

 3HQWUX� WHPSHUDWXUL� VSHFLILFDWH�DOH� FHORU�GRX �VXUVH�GH�F OGXU ��gradul maxim de 

WUDQVIRUPDUH�D�XQHL� IRUPH�GH�HQHUJLH�vQ�DOW � IRUP �GH�HQHUJLH este specificat cu ajutorul 
UDQGDPHQWXOXL�� UHVSHFWLY� HILFLHQ HL� �FRHILFLHQWXOXL� GH� SHUIRUPDQ � ciclului Carnot1 
reversibil, astfel: 

• cazul ciclului motor Carnot reversibil: 

111
min,max <−=−==

SC

SF

SC

SF

SC

CC
T

T

Q

Q

Q

L
η  (1.84) 

• cazul ciclului frigorific Carnot reversibil: 

1sau    1
1

1

1

1

min,min
, ><

−
=

−

==

SF

SC

SF

SC

SF

MFCC

T

T

Q

QL

Q
COP  

(1.85) 

• FD]XO�FLFOXOXL�SRPSHL�GH�F OGXU �&DUQRW�UHYHUVLELO � 

1
1

1

1

1

max,min
, >

−
=

−
==

SC

SF

SC

SF

SC

PCCC

T

T

Q

QL

Q
COP  

(1.86) 

 ÌQ� DFHVW�PRG� VH� SRDWH� UHDOL]D� R� SULP � FRPSDUD LH� vQWUH� SHUIRUPDQ HOH� SUoceselor 
UHDOH�úL�FHOH�UHYHUVLELOH��PD[LPH�� 
 6H� REVHUY � IDSWXO� F � DFHVWH� P ULPL� �UDQGDPHQWXO�� HILFLHQ D� úL� FRHILFLHQWXO� GH�
SHUIRUPDQ �DOH�FLFOXOXL�&DUQRW�UHYHUVLELO��QX�GHSLQG�GH�QDWXUD�DJHQWXOXL�WHUPLF��FL�QXPDL�
GH�WHPSHUDWXULOH�DEVROXWH�DOH�FHORU�GRX �VFKLPE WRDUH�GH�F OGXU � 
 &DUDFWHULVWLFD� SULQFLSDO � D� FLFOXOXL� &DUQRW� UHYHUVLELO� HVWH� DFHHD� F � SURFHVHOH�
FRPSRQHQWH� VXQW� UHYHUVLELOH� SH� SODQ� LQWHUQ� úL� H[WHUQ�� DGLF � FHOH� GRX � SURFHVH� DGLDEDWH�

                                                
1�&LFOXO�&DUQRW�HVWH�IRUPDW�GLQ�GRX �SURFHVH�DGLDEDWH�úL�GRX �SURFHVH�L]RWHUPH� 
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UHYHUVLELOH� VH� GHVI úRDU � L]HQWURS�� LDU� VFKLPEXULOH� GH� F OGXU � vntre agentul termic ce 
HYROXHD] � vQ� FLFOX� úL� FHOH� GRX � VXUVH� GH� F OGXU � DX� ORF� OD� GLIHUHQ H� LQILQLW� PLFL� GH�
WHPSHUDWXU �� $FHVW� XOWLP� OXFUX� SUHVXSXQH� H[LVWHQ D� XQRU� VFKLPE WRDUH� GH� F OGXU � FX�
VXSUDIH H�GH�WUDQVIHU�GH�F OGXU �LQILQLW�PDUL�sau timpi de realizare a proceselor de transfer 

GH�F OGXU �LQILQLW�PDUL. Ca urmare, schimbul de putere al ciclului cu mediul exterior (care 
VH�GHILQHúWH�FD�ILLQG�VFKLPEXO�GH�OXFUX�PHFDQLF�DO�FLFOXOXL�FX�PHGLXO�H[WHULRU�vQ�XQLWDWHD�GH�
timp) este nul. 

 &HUFHW ULOH�HIHFWXDWH� vQ�XOWLPHOH�GHFHQLL� DX�HYLGHQ LDW� QHFHVLWDWHD�DERUG ULL� WHRULHL�
FLFOXULORU�WHUPRGLQDPLFH�SULQ�SULVPD�WUDQVIHUXOXL�GH�F OGXU �FDUH�SUHVXSXQH�H[LVWHQ D�XQRU�
GLIHUHQ H� ILQLWH�GH�WHPSHUDWXU �SHQWUX�FD�DFHVWH�SURFHVH�V �DLEH�ORF��0DL�PXOW din motive 
practice, suSUDIH HOH�GH�VFKLPE�GH�F OGXU �DX�GLPHQVLXQL�ILQLWH��iar timpii de contact între 

DJHQWXO�WHUPLF�úL�VFKLPE WRDUHOH�GH�F OGXU �V �ILH�ILQL L��DOWIHO�SXWHUHD�DU�IL�QXO ��'DWRULW �
acestui fapt, ciclul Carnot devine exoireversibil, ireversibilitatea fiind generDW � WRFPDL�GH�
GLIHUHQ HOH�GH�WHPSHUDWXUL�H[WHUQH. 
 $VWIHO� D� DS UXW� QRXO� GRPHQLX� DO� WHUPRGLQDPLFLL� vQ� WLPS� ILQLW (TTF), prin 
H[SORDWDUHD�F UXLD�VH�vQFHDUF �R�FkW�PDL�EXQ �FRUHODUH�D�WHRULHL�FX�SUDFWLFD� 
 Prin urmare: 

 Termodinamica în Timp Finit� UHSUH]LQW  o extensie a termodinamicii reversibile 
WUDGL LRQDOH�FH� LQFOXGH�FHULQ H�VXSOLPHQWDUH��úL�DQXPH�SURFHVHOH�VH�GHVI úRDU �vQ�SHULRDGH�
finite de timp, având ca scop principal stabilirea unor limite fizice realiste pentru 

SHUIRUPDQ HOH�PDúLQLORU�UHDOH��SULQ�WUDWDUHD�XQLWDU �din punct de vedere al termodinamicii, 

WUDQVIHUXOXL�GH�F OGXU �úL�PHFDQLFLL�IOXLGHORU��SULQ�RSWLPL]DUHD�SHUIRUPDQ HORU�VLVWHPHORU�vQ�
WLPS�ILQLW�úL�VDX�FX�GLPHQVLXQL�ILQLWH� 
 &X�DOWH�FXYLQWH��77)�VH�GH]YROW �FD�UDPXU �D�WHUPRGLQDPLFLL�LUHYHUVibile. 

 

 /LWHUDWXUD�GH�VSHFLDOLWDWH�IDFH�UHIHULUH�OD�77)�FD�ILLQG�LQWURGXV �SHQWUX�SULPD�GDW �vQ�
anul 1975�GH�F WUH�CURZON�úL�AHLBORN��S ULQ LL�V L�VSLULWXDOL�[29] GUHSW�FRQVHFLQ �D�
FUL]HL�GH�SHWURO�úL�GHFL�D�QHFHVLW LL�XQHL�HYDOX UL� WHRUHWLFH�FkW�PDL�EXQH�D�SHUIRUPDQ HORU�
proceselor reale. 

 Termodinamica în Timp Finit are mai multe denumiri: 

9 Termodinamica în Timp Finit –� vQ� IL]LF �� 5�6�� %(55<�� 3�� 6$/$021� úL� %��
ANDRESEN [29],[37],[36],[32]; 

9 7HUPRGLQDPLF �(QGRUHYHUVLELO  -�vQ�IL]LF ��$��'(�926��.�+��+2))0$11 ; 
9 0LQLPL]DUHD� *HQHU ULL� GH� (QWURSLH – în inginerie, A. BEJAN, R.J. KRANE, D.P. 

SEKULIC, M. FEIDT, V. RADCENCO; 
9 0RGHODUH�úL�2SWLPL]DUH�0DWHPDWLF  - A. BEJAN, K.C. NG; 
9 Control optimal – ORLOV, RUDENKO; 
9 7HUPRGLQDPLFD�'LIHUHQ HORU�)LQLWH�GH�7HPSHUDWXU  – GRAZZINI; 
9 7HUPRGLQDPLF �FX�6XSUDID �)LQLW  – LU. 

1.4.1.2.  Tim pul  –�FRQFHSW�GH�ED]  

 Timpul este foarte important SHQWUX� HYROX LH�� HVHQ LDO� SHQWUX� D� GHVFULH� PDúLQLOH�
termodinamice într-XQ� PRG� DGHFYDW�� DúD� FXP� DP� YD]XW� vQ� SDUDJUDIXO� 1.4.1.1. . Acesta 
FDUDFWHUL]HD] �SULQFLSLXO�DO�,,-lea al termodinamicii. 
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 &H�UHSUH]LQW �WLPSul? Dar momentul? 
 Momentul�UHSUH]LQW �[30]�ÄSUH]HQWXO��FD�R�IURQWLHU �vQWUH�WUHFXW�úL�YLLWRU´�  
 Timpul�UHSUH]LQW �ÄSUH]HQWXO��FD�R�FRQWLQXDUH�D�WUHFXWXOXL�úL�H[WUDSRODUH�vQ�YLLWRU��HO�
este un continuu”. Acest „continuu” este foarte important pentru metodele analitice 
dezvoltate. 

 
 $SDUH�GHFL��XQ�SDUDGR[� vQWUH� IL]LFD� VWDWLVWLF � �FH�SUHVXSXQH� OHJL�GH�FRQVHUYDUH�� úL�
HYROX LD�XQLYHUVXOXL�vQ�FDUH�H[LVW P��(YROX LD�HVWH�FRUHODW �FX�YLWH]D��FX�FLQHPDWLFD��GHFL�FX�
vitezeOH�GH�YDULD LH�DOH�P ULPLORU�vQ�WLPS� 
 7LPSXO�SRDWH�IL�FODVLILFDW�vQ�GRX �FDWHJRULL�[30]: 
• Timpul liniar –�GHILQLW�vQWUH�WUHFXW�úL�YLLWRU��HVWH�WLPSXO�QHZWRQLDQ� 

• Timpul ciclic (circular) – definit pentru mecanismele ciclice. 
 7RDWH�VLVWHPHOH�VXQW�vQ�HYROX LH��)(,'7�[30]�G �XQ�H[HPSOX�SHQWUX�D�GHRVHEL�FHOH�
GRX �FDWHJRULL��D�PHUJH�úL�D�UHYHQL�GLQ�6SD LX�vQVHDPQ �D�PHUJH��GDU�D�QX�UHYHQL�QLFLRGDW �
vQ�7LPS�GDWRULW �LUHYHUVLELOLW LORU� 

1.4.1.3.  Conc ept e ut i l i zat e în  TTF 

 6LJXU��FRQFHSWXO�GH�ED] �HVWH�7,038/��vQV �QX�úL�VLQJXUD�ÄXQHDOW ´�D�77)� 
 77)� QX� SUHVXSXQH� XWLOL]DUHD� XQRU� FXQRúWLLQ H� GHVSUH� SDUWHD� PLFURVFRSLF � D�
SURFHVHORU�GHRDUHFH�LUHYHUVLELOLW LOH�VXQW�GHVFULVH�OD�QLYHO�PDFURVFRSic, prin: 
a) constante��FD�GH�H[HPSOX��FRHILFLHQ L�GH�IUHFDUH��FRQGXFWDQ H�WHUPLFH��YLWH]H�GH�UHDF LH��

etc; 
b) generarea de entropie��LQWURGXV �SULQ�LQWHUPHGLXO�XQRU�HFXD LL�HPSLULFH� 
 
 &RQFHSWHOH�XWLOL]DWH�vQ�77)�VXQW�DWkW�FHOH�GLQ�WHUPRGLQDPLFD�UHYHUVLELO ��SRWHQ LDOH��
H[HUJLH��HWF���FkW�úL�XQHOH�QRX�LQWURGXVH��úL�DQXPH��endoreversibilitate / exoireversibilitate, 
SRWHQ LDOH�WHUPRGLQDPLFH�JHQHUDOL]DWH, H[HUJLH�ILQLW ��OXQJLPH�WHUPRGLQDPLF , „simulated 

annealing”1, etc. 
✝

 Endoreversibilitate / exoireversibilitate 
 7HUPHQXO� GH� HQGRUHYHUVLELOLWDWH� VH� UHIHU � OD� IDSWXO� F � FLFOXO� WHUPRGLQDPLF� HVWH�
considerat intern (endo-) reversibil, exoireversibilitatea însemnând extern (exo-) 
ireversibil. 
 ÌQ�IXQF LH�GH�LUHYHUVLELOLW LOH�FRQVLGHUDWH�� vQ�PRG�VLPLODU��VH�GHILQHVF�QR LXnile de 
HQGRLUHYHUVLELO��LUHYHUVLELO�SH�SODQ�LQWHUQ��úL�H[RUHYHUVLELO��UHYHUVLELO�SH�SODQ�H[WHUQ�� 

✝
 3RWHQ LDOH�WHUPRGLQDPLFH�JHQHUDOL]DWH 

 3HQWUX� VWXGLXO� IHQRPHQHORU� UHDOH� DX� IRVW� LQWURGXVH� SRWHQ LDOH� vQ� WLPS� ILQLW� FD� R�
H[WHQVLH�D�SRWHQ LDOHORU�FODVLFH� 
 În�WHUPRGLQDPLFD�FODVLF ��SRWHQ LDOHOH�WHUPRGLQDPLFH�VXQW�XWLOL]DWH�SHQWUX�D�GHVFULH�
DELOLWDWHD� VLVWHPXOXL� GH� D� SURGXFH� OXFUX� OXkQG� vQ� FRQVLGHUDUH� DQXPLWH� UHVWULF LL� LPSXVH��
5HVWULF LLOH� VXQW� GH� RELFHL� YDULDELOH� GH� VWDUH� PHQ LQXWH� FRQVWDQWH� �SUHVLXQH�� YROXP� 
WHPSHUDWXU ��HQWURSLH��HWF�� 

                                                
1 GHQXPLUH�GDW �XQHL�SURFHGXUL�GH�RSWLPL]DUH�JOREDO ��SURFHGXU �FH�VH�ED]HD] �SH�VLPXODUHD�0RQWH�&DUOR�D�
sistemelor fizice. 
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 6F GHUHD� XQXL� SRWHQ LDO� WHUPRGLQDPLF� � vQWUH� GRX � VW UL� HVWH� HJDO � FX� OXFUX�
SURGXV� vQ� WLPSXO� XQXL� SURFHV� UHYHUVLELO� vQWUH� DFHVWH� VW UL�� &X� DOWH� FXYLQWH�� VF GHUHD�
SRWHQ LDOXOXL�WHUPRGLQDPLF�HVWH�HJDO �FX�OXFUXO�PD[LP�FH�VH�SRate produce. 

fifirevLL ΦΦ −=≤ −,max,  (1.87) 

 $WXQFL� FkQG� UHVWULF LLOH� VXQW� PDL� FRPSOH[H�� LQFOX]kQG� WLPSXO� GH� GHVI úXUDUH� D�
procesului, vorbim de SRWHQ LDOH�WHUPRGLQDPLFH�JHQHUDOL]DWH [32]. 
 Câteva exemple�GH�SRWHQ LDOH�WHUPRGLQDPLFH� 
Exemplul 1: -�VH�FRQVLGHU �XQ�SURFHV�L]REDU�UHYHUVLELO�� 

- schimbul de lucru mecanic se scrie: 

,
)(

aconvenabil alegere

pVdVdppdVLpdVL
ctp =+= →= = δδ  

Ö pV� �SRWHQ LDO�GH�OXFUX�L]REDU 
-�VFKLPEXO�GH�F OGXU �VH�VFULH� 

,
)(

aconvenabil alegere

pVUdVdppdVdUQpdVdUQ
ctp +=++= →+= = δδ  

Ö U+pV� �SRWHQ LDO�FDORULF�L]REDU 
 

Exemplul 2: -� VH� FRQVLGHU � XQ� EDORQ� GH� IRUP � VIHULF � �GH� UD] � r) supus unei tensiuni 

superficiale ��vQ�HFKLOLEUX�FX�R�SUHVXPH�H[WHULRDU �pext. 

-�VH�DSOLF �UHVWULF LD�  FRQVW� 

- presiunea din interiorul balonului se scrie [29]: 
r

pp ext
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Ö ( )extpVV −3
2

1
 �SRWHQ LDOXO�OXFUXOXL�PHFDQLF 

/XFUXO�HIHFWXDW�GH�VLVWHP��IOXLGXO�GLQ�EDORQ���VXSUDID D�EDORQXOXL��HVWH�GDW�GH�
VF GHUHD�DFHVWXL�SRWHQ LDO� 

 

 * VLUHD� SRWHQ LDOHOor generalizate –� VH� DSHOHD] � OD� WUDQVIRUP ULOH� /(*(1'5(��
3URFHGHXO�HVWH�XUP WRUXO� 
¾ VH� VFULH� YDULDELOD� GH� SURFHV� FD� LQWHJUDO � GLQ� SURGXVXO� vQWUH� R� IRU � JHQHUDOL]DW � úL�

GHSODVDUHD�JHQHUDOL]DW � 
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, , ,∫∑∫ ⋅=⋅=
deplasarefortaproces de variabila

dxfdxfB
i

ii  

¾ VH�GRUHúWH�UHVFULHUHD�DFHVWHLD�VXE�IRUma:  

,
0=

+= gdyfdxBδ  

 în care dy=0 poate fi: -�R�HFXD LH�GLIHUHQ LDO �LQFOX]kQG�WLPSXO� 
 - un parametru termodinamic constant. 
¾ 7UHEXLH�J VLW �R�IXQF LH�g care face gdyfdxd +=ω R�GLIHUHQ LDO �H[DFW ��DFHDVWD�ILLQG�

GLIHUHQ LDOD�SRWHQ LDOXOui termodinamic. 
6H�DSOLF �FRQGL LD�&$8&+<-RIEMANN: G �DUH�GHULYDWHOH�vQFUXFLúDWH�HJDOH�� 
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în care f, dx, dy sunt cunoscute; a, b �VXQW�YDULDELOH�GH�VWDUH��5H]XOW �g. 
ÌQ�PRG�RELúQXLW� f=p; dx=dV; a=V; b=p. 

¾ 3ULQ�LQWHJUDUHD�GLIHUHQ LDOHL�VH�RE LQH�SRWHQ LDOXO�WHUPRGLQDPLF� 
ÌQ�IXQF LH�GH�FRQVWDQWHOH�GH�LQWHJUDUH��DU�SXWHD�UH]XOWD�GRX �SRWHQ LDOH�GLIHULWH��GDU�FXP�
vQWRWGHDXQD�FRQWHD] �GLIHUHQ D�GH�SRWHQ LDO��VH�SRDWH�OXFUD�FX�RULFDUH�GLQ�FHOH�GRX ��OD�
GLIHUHQ �DQXOkQGX-se constantele. 

� &X� WRDWH� F � PRGHODUHD� PDWHPDWLF � SDUH� PDL� GLILFLO � GHFkW� VLPXODUHD� QXPHULF ��
PRGHOXO�GH�DQDOL] �WUHEXLH�V �U PkQ �VLPSOX�SHQWUX�D�DVLJXUD�WUDQVSDUHQ D� 
 ✞

 ([HUJLD�ILQLW  
 ÌQ�WHUPRGLQDPLFD�FODVLF ��H[HUJLD�HVWe R�IXQF LH�GH�VWDUH��VF GHUHD�YDORULL�VDOH�vQWUH�
GRX �VW UL�UHSUH]LQW �OXFUXO�PD[LP��UHYHUVLELO��FH�SRDWH�IL�SURGXV� 
 ([HUJLD� ILQLW �� �� DUH� DFHHDúL� SURSULHWDWH� FD� H[HUJLD� FODVLF �� GDU� SURFHVXO� HVWH�
FRQVWUkQV�V �VH�SURGXF �vQWU-R�SHULRDG �ILQLW �GH�WLPS�  f- i [34]. 
 &RQIRUP� 72/0$1� úL� ),1(� [33], din lucrul maxim reversibil ce s-ar putea 
SURGXFH�VH�VFDGH�OXFUXO�HFKLYDOHQW�DO�SURGXF LHL�HQWURSLFH��vQ�WLPS�ILQLW��vQWUH�PRPHntele i 
úL� f��DGLF �VH�VFDGH�³SUH XO�ULVLSHL´� 












−−== ∫

f

i

dSTExExL totfi

τ

τ
τ τττΨ �

0max, )()(max  (1.88) 

 'XS � %�� $1'5(6(1� [29]�� H[HUJLD� ILQLW � HVWH� FHO� PDL� SXWHUQLF� UH]XOWDW� DO�
Termodinamicii în Timp Finit. 
 Optimizarea acesteia poate presupune: 

• GLQ� SXQFW� GH� YHGHUH� DO� UHVWULF LLORU�� FD� R� DQXPLW � VWDUH� ILQDO � V � ILH� DWLQV � GXS � XQ�
anumit timp f; 
- GHFL��YDULD LD�H[HUJLHL�HVWH�IL[DW � 
- RSWLPL]DUH�vQVHDPQ �vQ�DFHVW�FD]�D�PLQLPL]a�SURGXF LD�Ge entropie; 
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- GDF �WLPSXO� �DO�SURFHVXOXL�HVWH�SUHD�VFXUW��HVWH�SRVLELO�V �QX�H[LVWH�VROX LL� 

• GDF � vQ� RSWLPL]DUH� VH� LQFOXGH� úL� VWDUHD� ILQDO �� H[HUJLD� ILQLW � YD� IL� H[SULPDW � SULQ�
tehnici de control optimal. 

o /XQJLPH�WHUPRGLQDPLF  
 3ULQ�OXQJLPH�WHUPRGLQDPLF �VH�GHILQHúWH�OXQJLPHD�WUDVHXOXL�SURFHVXOXL�FDOFXODW �FX�
PHWULFXO� FH� UHSUH]LQW � SURGXVXO� VFDODU� vQWUH� YHFWRULL� XQXL� VSD LX� DEVWUDFW� DO� VW ULORU� GH�

echilibru: 












∂∂
∂
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 introdus de F. WEINHOLD [35] pentUX�D�FDOFXOD�FkW�PDL�XúRU�

GHULYDWHOH�SDU LDOH� vQ� WHUPRGLQDPLFD� WUDGL LRQDO �� vQ�FDUH�U� UHSUH]LQW �HQHUJLD� LQWHUQ �� LDU�
Xi, Xj sunt variabile extensive. 
 3��6$/$021�úL�5�6��%(55<�DX�J VLW�R�FRQH[LXQH�vQWUH�OXQJLPHD�WHUPRGLQDPLF �

D�XQXL�SURFHV�úL�H[HUJLD�UHYHUVLELO �SLHUGXW �vQ�WLPSXO�SURFHVXOXL�[36]: 
τ
ε2

lEx ≥∆− ,  

în care: - Ex�UHSUH]LQW �H[HUJLD�GLVLSDW �vQ�WLPSXO�SURFHVXOXL� 
 l�HVWH�OXQJLPHD�WUDVHXOXL�WUDYHUVDW�vQWUH�FHOH�GRX �VW UL��LQL LDO �úL�ILQDO ); 
 l

2 este lungimea celui mai scurt traseu; 
  este timpul de relaxare mediu al sistemului. 
ÌQ�WHUPRGLQDPLFD�WUDGL LRQDO ��FODVLF ��UHYHUVLELO ���OLPLWD�HVWH�� 0≥∆− Ex  
 6LPLODU�� VH� SUH]LQW � FDOFXOXO� JHQHU ULL� GH� HQWURSLH� WRWDO �� FD]� vQ� FDUH lungimea 
WUDVHXOXL�WUDYHUVDW�VH�FDOFXOHD] �GLQ�PHWULFXO�HQWURSLF� 
 $FHDVW � PHWRG � VH� DSOLF � vQ� VSHFLDO� vQ� VLVWHPHOH� GLQDPLFH� �FRGDUHD� PHVDMHORU��
economie, etc). 
 
 /XFUXO�PD[LP�FH�SRDWH� IL�RE LQXW� VH�SRDWH�FDOFXOD�FRQIRUP�FHORU�DU WDWH�DQWHULRU��
&XP� VH� RE LQH� DFHVW� OXFUX�PD[LP� VH� DUDW � SULQ� traseul optim, traseul în timp pe care îl 
XUPHD] � YDULDELOHOH� WHUPRGLQDPLFH� DOH� VLVWHPXOXL�� 3HQWUX� DFHDVWD�� VH� DSHOHD] � OD� WHRULD�
controlului optimal. Se definesc: 

¾ variabilele de control���YROXP��YLWH] ��WHQVLXQH��FRQGXFWDQ H�WHUPLFH��HWF� 
¾ limitele impuse��SHQWUX�D�HYLWD�VROX LLOH�LPSRVLELOH�GLQ�SXQFW�GH�YHGHUH�IL]LF��SHQWUX�

SDUDPHWULL�GH�FRQWURO�úL�YDULDELOHOH�GH�VWDUH� 
¾ HFXD LLOH�VLVWHPXOXL: -�HYROX LD�vQ�WLPS� 

-�HFXD LL�GLIHUHQ LDOH�–�WUDQVIHU�GH�F OGXU � 
- frecare; 
- vLWH]HOH�UHDF LLORU�FKLPLFH��HWF� 

¾ UHVWULF LLOH�LPSXVH�VLVWHPXOXL: -�HFXD LL�GH�FRQVHUYDUH� 
-�P ULPL�FRQVWDQWH��SDUDPHWULL�� 
-�HFXD LL�GLIHUHQ LDOH� 
-�HFXD LL�LQVWDQWDQHH��DOJHEULFH�� 
-�HFXD LL�LQWHJUDOH��SH�vQWUHJXO�LQWHUYDO�� 

¾ IXQF LD�RELHFWLY��VSHFLILFDW �GH�RELFHL�VXE�IRUP �LQWHJUDO ��UHSUH]HQWkQG�P ULPHD�FH�
VH�GRUHúWH�PD[LPL]DW � 

¾ durata procesului�GDF �DFHDVWD�HVWH�IL[DW � 
5H]XOW �XQ�VHW�GH�HFXD LL�QHOLQLDUH�GLIHUHQ LDOH�FH�YRU�FRQGXFH�OD�VROX LL�QXPHULFH�

SHQWUX�FDUH�VH�YD�IDFH�R�DQDOL] �FDOLWDWLY � 
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 DetHUPLQDUHD� WUDVHXOXL� RSWLP� HVWH� PXOW� PDL� ODERULRDV � GHFkW� GHWHUPLQDUHD�
SHUIRUPDQ HORU�RSWLPH� 

1.4.1.4.  &ULWHULL�GH�SHUIRUPDQ  

 'H]YROWDUHD� PHWRGHORU� úL� PRGHOHORU� GH� DQDOL] � WHUPRGLQDPLF � DUH� FD� VFRS�
vPEXQ W LUHD� UH]XOWDWHORU� DQDOLWLFH� SHQWUX� HYDOXDUHD� FkW� PDL� SUHFLV � D� IXQF LRQ ULL�
PDúLQLORU�WHUPLFH��GDU�úL�RSWLPL]DUHD�DFHVWRUD�SULQ�DOHJHUHD�SDUDPHWULORU�úL�YDULDELOHORU�FX�
FDUDFWHU�GHFL]LRQDO�DVWIHO�vQFkW�V �VH�DWLQJ �DQXPLWH�SHUIRUPDQ H�GRULWH� 
 3ULPXO�FULWHULX�GH�SHUIRUPDQ �XWLOL]DW�SHQWUX�PRWRDUH�D�IRVW�randamentul. 
 S-a trecut apoi la HILFLHQ ��ILLQG�GHILQLW �FD�UDSRUWXO�vQWUH�UDQGDPHQWXO�PRWRUXOXL�úL�
cel al ciclului Carnot reversibil. 
 A urmat YDULD LD�SRWHQ LDOHORU�WHUPRGLQDPLFH, apoi viteza de distrugere a exergiei, 
respectiv de generare a entropiei. 
 În anXPLWH�FRQGL LL��RSWLPL]DUHD�XQHL�P ULPL�HVWH�HFKLYDOHQW �FX�RSWLPL]DUHD�DOWHLD��
'H�H[HPSOX��PLQLPL]DUHD�JHQHU ULL�GH�HQWURSH�HVWH�HFKLYDOHQW �FX�PLQLPL]DUHD�GLVWUXJHULL�
de exergie. 

 &ULWHULL�GH�SHUIRUPDQ �GLIHULWH�GHILQHVF�FRQGL LL�GH�IXQF LRQDUH�GLIHULWe. 
 
 Exemplul dat de SALAMON [37]�VH�UHIHU �OD�R�LQVWDOD LH�HQHUJHWLF �FDUH�FXPS U �
cantitatea q�GH�F UEXQH�OD�SUH XO�XQLWDU� �úL�YLQGH�FDQWLWDWHD�w�GH�HQHUJLH�OD�SUH XO�XQLWDU� . 
3URILWXO�QHW�DO�LQVWDOD LHL�HVWH�  Z- T. Maximizarea profitului  poate însemna: 
- PD[LPL]DUHD� HQHUJLHL� YkQGXWH�� GDF � SUH XO� GH� FXPS UDUH� D� F UEXQHOXL� HVWH�PXOW�PDL�

mare decât cel de vânzare a energiei; 
- minimizarea distrugerii de exergie, altfel. 
 
 )(,'7� úL� -$&4827� DUDW � vQ� QXPHURDVH� OXFU UL� LQIOXHQ D� UHVWULF LLORU� DVXSUD�
RSWLPXOXL��ÌQ�FD]XO�XQHL� LQVWDOD LL�GH�WXUELQH�FX�JD]H�FH�IXQF LRQHD] �GXS �XQ�FLFOX�-RXOH-
%UD\WRQ��SXWHUHD�PD[LP �FH�VH�SRDWH�RE LQH�GHSLQGH�IXQGDPHQWDO�GH�UHVWULF LD�LPSXV ��ILH�
SHQWUX� IOX[XO�GH�F OGXU �SULPLW�GH� OD� VXUVD�FDOG �IL[DW�� ILH� WHPSHUDWXUD�PD[LP �GLQ�FLFOX��
DFHVWH�UHOD LL�ILLQG�H[SXVH�SH�ODUJ�vQ�OXFUDUHD�[38]. 

1.4.1.5.  $OJRULWPXO�GH�ED] �DO�77) 

 /LQLD�GH�FHUFHWDUH�vQ�77)�XUP UHúWH�vQ�PRG�WLSLF� 
 stabilirea unor ipoteze pentru procesXO� UHDO� FH� VH� VWXGLD] � FDUH� V-D� SHUPLW �

dezvoltarea unui model termodinamic; 
 LPSXQHUHD� XQRU� UHVWULF LL� FH� SRW� GHILQL� FRPSRUWDPHQWXO� SUREDELO� DO� XQRU� YDULDELOH��

UHVSHFWLY�LPSXQHUHD�XQRU�FRQGL LL�GH�IXQF LRQDUH� 
 UH]ROYDUHD�VLVWHPXO�GH�HFXD LL�DVWIHO�IRUPDW�SHQWUX�D�RE LQH�SHUIRUPDQ HOH�RSWLPH� 

 
 3ULQ�DFHDVWD��77)�vQFHDUF �V �U VSXQG �XQRU�vQWUHE UL, ca de exemplu: 
� &DUH�HVWH�HQHUJLD�PLQLP �QHFHVDU �SHQWUX�XQ�PRWRU�FD�V �SURGXF �R�DQXPLW �SXWHUH�

LPSXV �vQWU-un timp finit impus? 
� &DUH�HVWH�SXWHUHD�PD[LP �SH�FDUH�o poate produce un motor într-un timp finit impus 

XWLOL]kQG�R�FDQWLWDWH�ILQLW �GH�HQHUJLH�SULPLW " 
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� &DUH� HVWH� GLVWULEX LD� RSWLP � D� VXSUDIH HORU� VFKLPE WRDUHORU� GH� F OGXU � úL�
FRQGXFWDQ HORU�WHUPLFH�FRUHVSXQ] WRDUH�SHUIRUPDQ HORU�RSWLPH�DWXQFL�FkQG�VXSUDID D�
WRWDO �GH�VFKLPE�GH�F OGXU �HVWH�IL[DW ��UHVSHFWLY�FRQGXFWDQ D�WHUPLF �WRWDO " 

� &DUH�VXQW�HIHFWHOH�GLYHUVHORU�LUHYHUVLELOLW L�DVXSUD�SHUIRUPDQ HORU�SURFHVHORU�UHDOH" 
 

 ÌQ�JHQHUDO��SUREOHPH�GH�77)�VH�UH]ROY �XWLOL]kQG�WHRULD�FRQWUROXOXL�RSWLPDO� 
 
 Metoda termodinamicii în timp finit s-D� GH]YROWDW� UDSLG� vQ� XOWLPD� SHULRDG ��
GRYHGLQG�D� IL�XQ� LQVWUXPHQW�GHRVHELW�GH�XWLO� vQ� VWXGLXO�DWkW� DO�PDúLQLORU�PRWRDUH�FkW� úL� DO�
LQVWDOD LLORU�IULJRULILFH�úL�SRPSHORU�GH�F OGXU � 

Dezvoltarea CURZON-AHLBORN 
 $FHDVW � GH]YROWDUH are meritul de a fi fost primul model analitic de tratare a 
SURFHVHORU� vQ� WLPS� ILQLW��DSURSLDW�GH�WUDWDUHD�FODVLF ��GH]YROWDUH�FXQRVFXW � vQ� OLWHUDWXUD�GH�
specialitate sub diverse nume: CURZON-AHLBORN, NOVIKOV-CHAMBADAL-
CURZON–AHLBORN sau NICE-RADICAL. 
 DiQ�SXQFW�GH�YHGHUH�LVWRULF��GH]YROWDUHD�DSDU LQH�OXL�&+$0%$'$/�úL�129,.29��
������ILLQG�UHOXDW �úL�SXEOLFDW �DELD�vQ������GH�F WUH�)�/��&85=21�úL�%��$+/%251�[40]. 
 În 1957, I.I. NOVIKOV [27]�� VSHFLDOLVW� UXV� vQ� HQHUJLD� QXFOHDU � FHUFHWD�
SHUIRUPDQ HOH�XQHL� LQVWDOD LL� QXFOHDUH�GH� WXUELQH� FX�JD]��&DOFXOkQG� WHPSHUDWXUD�RSWLP �D�
JD]XOXL� GH� OXFUX� GLQ� LQVWDOD LH� vQ� FRQGL LLOH� vQ� FDUH� DFHDVWD� DU� SURGXFH� SXWHUH�PD[LP �� D�
RE LQXW�R�UHOD LH�SHQWUX�UDQGDPHQWXO�LQVWDOD LHL��úL�DQXPH�FKLDU�HFXD LD�(1.89). 
 De asemenea, în 1957 P. CHAMBADAL [28]�RE LQHD�DFHODúL�UH]XOWDW�DQDOL]kQG�R�
LQVWDOD LH�HQHUJHWLF �DOLPHQWDW �FX abur. 
 5HOD LD� (1.89)� D� IRVW� UHGHVFRSHULW � vQ� �����GH� )�/��CURZON� úL� %��AHLBORN 
[40], doi fizicieni canadieni care au studiat motorul Carnot considerând transferul de 
F OGXU � OD� GLIHUHQ H� ILQLWH� GH� WHPSHUDWXU �� 2SWLPL]kQG� WHPSHUDWXULOH� DJHQWXOXL� GH� OXFUX�
FRUHVSXQ] WRDUH� SXWHULL� PD[LPH� SURGXVH� GH� PRWRU�� DX� FDOFXODW� DSRL� UDQGDPHQWXO�
FRUHVSXQ] WRU�SXWHULL�PD[LPH��UHVSHFWLY�HFXD LD�(1.89). 
 $FHDVW �GH]YROWDUH�HVWH�R�WUDWDUH�D�XQXL�PRWRU�FH�DU�IXQF LRQD�GXS �XQ�FLFOX�&DUQRW�
HQGRUHYHUVLELO�� GHFL� OXkQG� vQ� FRQVLGHUDUH� QXPDL� LUHYHUVLELOLWD LOH� H[WHUQH�� úL� DQXPH�
WUDQVIHUXO�GH�F OGXU �OD�GLIHUHQ H�ILQLWH�GH�WHPSHUDWXU �vQWUH�DJHQWXO�WHUPLF�FH�HYROXHD] �vQ�
PDúLQ � úL� VXUVHOH� WHUPLFH�� 6H� LPSXQH� UHVWULF LD� FD� DFHVW� PRWRU� V � IXQF LRQH]H� OD� SXWHUH�
PD[LP �� GHFL� UH]XOWDWXO� OD� FDUH� VH� DMXQJH� HVWH� GRDU� XQ� FD]� SDUWLFXODU�� FRUHVSXQ] WRU�
UHVWULF LLORU�LPSXVH� 
 Fiind vorba despre un motor Carnot, în Fig. 1.13 este reprezentat ciclul în diagrama 
T-s�� &RQIRUP� FHORU� DU WDWH�� VXSUDIH HOH� VFKLPE WRDUHORU� GH� F OGXU � DX� GLPHQVLXQL� ILQLWH��
GHFL� SHQWUX� D� H[LVWD� WUDQVIHU� GH� F OGXU � vQWUH� VXUVH� úL� DJHQWXO� FH� HYROXHD] � vQ� Ficlu, este 
necesar ca timpii de contact� FX� VXUVHOH� V � ILH� ILQL L�� GH� XQGH� LUHYHUVLELOLW LOH� H[WHUQH�
considerate. 
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Fig. 1.13. Diagrama T-s a ciclului Carnot exoireversibil. 

 În lucraUHD�DPLQWLW ��GH�UHIHULQ �SHQWUX�vQFHSXWXULOH�7HUPRGLQDPLFLL�vQ�7LPS�)LQLW��
s-D�GHPRQVWDUW�IDSWXO�F �DWXQFL�FkQG�PRWRUXO�IXQF LRQHD] �OD�SXWHUH�PD[LP ��UDQGDPHQWXO�
V X�HVWH� 

SC

SF
P

T

T
−= 1maxη  (1.89) 

$FHDVW �UHOD LH�SRDUW �GHQXPLUHD�GH�³nice-radical” sau “randamentul C-N-C-A”. Este de 
UHPDUFDW� IDSWXO� F � acesta QX� FRQ LQH� YDORULOH� FRQGXFWDQ HORU� WHUPLFH�� FL� GRDU�SH� FHOH�de 
WHPSHUDWXU �DOH�FHORU�GRX �VXUVH�GH�F OGXU � 
 ,PSRUWDQ D�GHRVHELW �D�DFHVWHL�UHOD LL�HVWH�GDWRUDW �IDSWXOXL�F �HD�VWDELOHúWH�R�OLPLW �
SHQWUX�UDQGDPHQWXO�XQXL�PRWRU�&DUQRW�IXQF LRQkQG�OD�SXWHUH�PD[LP � 

$OWH�GH]YROW UL�VLPLODUH 
 ÌQ� FHOH� PDL� PXOWH� SXEOLFD LL�� VH� SUHVXSXQH� F � WUDQVIHUXO� GH� F OGXU � vQWUH� VXUVHOH�
WHUPLFH� úL� DJHQWXO� FH� HYROXHD] � vQ� FLFOX� HVWH� GDW� GH� OHJHD� �OLQLDU �� D� OXL� 1HZWRQ� �DGLF �
WUDQVIHU� GH� F OGXU � OLQLDU� FRQYHFWLY), iar sursele sunt de tip termostat� �WHPSHUDWXU �
FRQVWDQW ��QHPRGLILFDW �GH�WUDQVIHUXO�GH�F OGXU ��UHVSHFWLY�FRQWDFWXO�FX�DJHQWXO�GH�OXFUX�� 
Studiul unor astIHO�GH�VLVWHPH�SUHVXSXQH�GRX �DVSHFWH� 
a) de a determina OLPLWHOH� IXQF LLORU� RELHFWLY úL� UHOD LD� vQWUH� DFHVWHD�� DGLF � GH� D�

GHWHUPLQD�OLPLWHOH�SHUIRUPDQ HORU�VLVWHPHORU�FH�HYROXHD] �vQ�WLPS�ILQLW��UHOD LD�RSWLP �
IXQGDPHQWDO �úL�Friteriile de optimizare a perfoUPDQ HORU� 

b) de a determina traseul optim�� DGLF �SURFHVXO� WHUPRGLQDPLF�RSWLP��SHQWUX�R�DQXPLW �
IXQF LH�RELHFWLY� 

 )XQF LLOH�RELHFWLY�SRW�IL��SXWHUHD��UDQGDPHQWXO��YLWH]D�JHQHU ULL�GH�HQWURSLH��SURILWXO�
HFRQRPLF�� SXWHUHD� VSHFLILF � �UDSRUWXO� GLQWUH� SXWHUH� úL� VXSUDID D� WRWDO  de schimb de 
F OGXU ���GHQVLWDWHD�GH�SXWHUH��UDSRUWXO�GLQWUH�SXWHUH�úL�YROXPXO�VSHFLILF�PD[LP�GLQ�FLFOX���
RELHFWLYH�HFRORJLFH��FRPSURPLVXO�vQWUH�SXWHUHD�SURGXV �úL�JHQHUDUHD�GH�HQWURSLH� 
 'HFL�� GXS � FXP� VH� REVHUY �� VH� SRW� LPSXQH� úL� DOWH� IXQF LL� RELHFWLY� GHFkW� FHD� GH�
SXWHUH�PD[LP �SURGXV ��Câteva exemple, pe scurt: 

 58%,1� D� FDOFXODW� UDQGDPHQWXO�PD[LP� vQ� FRQGL LLOH� LPSXQHULL� XQXL� IOX[� GH� F OGXU �
IXUQL]DW� GH� VXUVD� FDOG �� DSRL� SXWHUHD� SURGXV � D� IRVW� RE LQXW � vQ� IXQF LH� GH� DFHVW�
randament. 

 SPENCE úL�+$55,6,21�DX�GHWHUPLQDW� UHOD LD� vQWUH�SXWHUHD�SURGXV �� UDQGDPHQW�úL�
WXUD LH�úL�WXUD LD�RSWLP �FRUHVSXQ] WRDUH�SXWHULL�PD[LPH� 

T 

s 

TSC 

TC 

TF 
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 YAN [46], [48]� D� GHWHUPLQDW� UHOD LD� vQWUH� UDQGDPHQWXO� RSWLP� úL� SXWHUHD� PD[LP �
SURGXV �SHQWUX�XQ�FLFOX�&DUQRW�HQGRUHYHUVLELO��UHOD LD�LQFOX]kQG�UDQGDPHQWXO�&DUQRW�
OD�SXWHUH�QXO � 

 &+(1� úL� <$1� DX� GHWHUPLQDW� UHOD LD� RSWLP � IXQGDPHQWDO � �UHOD LD� vQWUH� SXWHUHD�
PD[LP � SURGXV � úL� UDQGDPHQWXO� &XU]RQ-Ahlborn) pentru un motor cu raport de 
comprimare finit. 

 681�D�GHILQLW�GRL�SDUDPHWUL� FDUDFWHULVWLFL� FDUH� V � UHSUH]LQWH�GHYLD LD� WHPSHUDWXULORU�
DJHQWXOXL�GH� OXFUX�� UHVSHFWLY�GHYLD LD�SXWHULL��GH� OD�YDORULOH�RSWLPH�� UHDOL]kQG�DVWIHO�
un sSHFWUX�GH�YDULDWLH�D�SXWHULL�IXQF LH�GH�UDQGDPHQW� 

 6$/$021� úL� 1,7=$1� DX� DQDOL]DW� SHUIRUPDQ HOH� RSWLPH� DOH� XQXL� PRWRU� &DUQRW�
HQGRUHYHUVLELO� FRQVLGHUkQG� XUP WRDUHOH� IXQF LL� RELHFWLY�� UDQGDPHQWXO� H[HUJHWLF�
�HIHFWLYLWDWH���SLHUGHUHD�H[HUJHWLF ��SURILWXO�HFRQRPic. 

 &+(1�D�HODERUDW�SH�ED]D�OXFU ULL� OXL�6$/$021�úL�1,7=$1�XQ�PRGHO�GH�DQDOL] �
H[HUJRHFRQRPLF �vQ�WLPS�ILQLW� 

 ANGULO-BROWN [47] D� LQWURGXV� vQ� ����� R� IXQF LH� RELHFWLY� HFRORJLF ��
FRPSURPLVXO�vQWUH�SXWHUHD�SURGXV �úL�YLWH]D�GH�Jenerare a entropiei. 

 ÌQ�FkWHYD�FD]XUL�DX�IRVW�GH]YROWDWH�úL�OHJL�GH�WUDQVIHU�WHUPLF�GH�WLS�JHQHUDOL]DW��GH�WLS�
FRQYHFWLY�úL�UDGLDWLY��&+(1��352&&$&,$�úL�5266��)(,'7��HWF� 

0RWRUXO�&DUQRW�HQGRUHYHUVLELO�OD�SXWHUH�PD[LP  
 6H� SUH]LQW � vQ� FRQWLQXDUH� R� VLQWH] � D� GH]YROW ULL� H[WLQVH� úL� SXEOLFDWH� GH�
RADCENCO [41]��SHQWUX�DFHODúL�PRWRU�&DUQRW�HQGRUHYHUVLELO�úL�H[RLUHYHUVLELO��FX�DFHOHDúL�
LUHYHUVLELOLW L�FD�FHOH�SUH]HQWDWH�DQWHULRU� 
 6H�FRQVLGHU �FXQRVFXWH (parametri): 
- suSUDIH HOH�VFKLPE WRDUHORU�GH�F OGXU ��AC�SHQWUX�VXUVD�FDOG ��UHVSHFWLY�AF pentru sursa 

rece; 
- FRHILFLHQ LL� JOREDOL� GH� VFKLPE� GH� F OGXU �� kC� SHQWUX� VXUVD� FDOG �� UHVSHFWLY� kF pentru 

sursa rece. 
 Autorul [41] consideU �PDL�PXOWH�FD]XUL de optimizare��GXS �FXP�XUPHD] � 

D��3UREOHPD�RSWLPL] ULL�GLIHUHQ HORU�GH�WHPSHUDWXU  
 6H� SXQH� SUREOHPD� RSWLPL] ULL� GLIHUHQ HORU� GH� WHPSHUDWXU � SHQWUX� FDUH� FLFOXO�
GH]YROW �SXWHUH�PD[LP ��6H�SOHDF �GH�OD�HFXD LLOH�GH�ED] ��úL�DQXPH� 

• HFXD LD�GH�ELODQ �HQHUJHWLF� 

FC QQP �� −=  (1.90) 

• HFXD LD�GH�ELODQ �HQWURSLF� 

0=++ i

F

F

C

C S
T

Q

T

Q �
��

 (1.91) 

,PSXQkQG�UHVWULF LD�GH�FLFOX�HQGRUHYHUVLbil ( 0=iS� ), se rescrie HFXD LD�GH�ELODQ �HQWURSLF. 

• HFXD LD�GH�VFKLPE�JOREDO�GH�IOX[XUL�GH�F OGXU � 

FFFFCCCC TAkQTAkQ ∆∆ == ��          ;         (1.92) 
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 7HPSHUDWXULOH� JD]XOXL� VH� FRUHOHD] � FX� FHOH� DOH� VXUVHORU� GH� F OGXU � SH� ED]D�
GLIHUHQ HORU�ILQLWH�GH�WHPSHUDWXU ��FRQVLGHUDWH�PHGLL��vQ�SURFHVHOH�GH�WUDQVIHU�GH�F OGXU � 

CSCCFSFF TTTTTT ∆∆ −=+=        ;       (1.93) 

 6H�FRQVLGHU �TC�úL�TF�FRQVWDQWH��VH�DOHJH�FD�YDULDELO �RSWLPL]DELO � 7C. 
 'LQ� FRPELQDUHD� HFXD LLORU� DQWHULRDUH� VH� H[SULP � 7F� � IXQF LH� GH� SDUDPHWUL� úL�
YDULDELOD� RSWLPL]DELO �� DSRL� VH� vQORFXLHúWH� vQ� UHOD LD� SXWHULL� SURGXVH� GH� PRWRU�� vQ� FDUH�
vQORFXLP�vQ�SUHDODELO�H[SUHVLLOH�IOX[XULORU�GH�F OGXU ��6H�RE LQH� 
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∆
 (1.94) 

 3HQWUX� D� J VL� GLIHUHQ D� RSWLP � 7C SHQWUX� FDUH� PRWRUXO� IXQF LRQHD] � OD� SXWHUH�

PD[LP � autorul�GHULYHD] �DFHDVW �UHOD LD�vQ�UDSRUW�FX�
SC

C

T

T∆
�úL�o�DQXOHD] ��&XP�VXSUDID D�

GH�WUDQVIHU�GH�F OGXU �QX�SRDWH�IL�QXO ��QLFL�FRHILFLHQWXO�JOREDO�GH�VFKLPE�GH�F OGXU �úL�QLFL�
WHPSHUDWXUD� VXUVHL�FDOGH� �PDL�DOHV�GDWRULW � IDSWXOXL�F �HVWH�H[SULPDW � vQ�.HOYLQ���� UH]XOW �
GLIHUHQ D�ILQLW �RSWLP �GH�WHPSHUDWXU �vQWUH�VXUVD�FDOG �úL�JD]��FRUHVSXQ] WRDUH�FD]XOXL� vQ�
FDUH�PRWRUXO�IXQF LRQHD] �OD�SXWHUH�PD[LP � 
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 (1.95) 

GH�XQGH�VH�RE LQH�úL�H[SUHVLD�GLIHUHQ HL�ILQLWH�RSWLPH�GH�WHPSHUDWXU �vQWUH�VXUVD�UHFH�úL�JD]� 
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(1.96) 

 'LQ� UHOD LD� SXWHULL� VH� REVHUY � F � DFHDVWD� VH� DQXOHD] � SHQWUX� GRX � YDORUL� DOH�

raportului 
SC

C

T

T∆
��FHHD�FH�FRQGXFH�OD�FRQFOX]LD�F �YDULD LD�SXWHULL�IXQF LH�GH�UDSRUWXO�

SC

C

T

T∆
 

�VDX� IXQF LH�GH� 7C� DWkWD� WLPS�FkW� WHPSHUDWXUD� VXUVHL� U PkQH� FRQVWDQW �� vQUHJLVWUHD] �XQ�
maxim [41] –�UHSUH]HQWDUH�FDOLWDWLY �vQ Fig. 1.14. 
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Fig. 1.14�� 9DULD LD� SXWHULL� SURGXVH� GH� PRWRUXO� &DUQRW�

HQGRUHYHUVLELO� IXQF LH�GH�UDSRUWXO�GLIHUHQ HL�PHGLL�GH�WHPSHUDWXU �

OD�VXUVD�FDOG �úL�WHPSHUDWXUa sursei calde. [41] 

 3HQWUX� D� RE LQH� H[SUHVLD� GH� FDOFXO� D� SXWHULL� PD[LPH� SURGXVH� GH� PRWRU�� VH�

vQORFXLHúWH�H[SUHVLD�UDSRUWXOXL�RSWLP�
SC

C

T

T∆
 în expresia puterii: 
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=  (1.97) 

 De aVHPHQHD��IOX[XO�RSWLP�GH�F OGXU �WUDQVPLV�DJHQWXOXL�GLQ�FLFOX�HVWH� 
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TQ
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1

max,

+

−
=�  (1.98) 

LDU�UDQGDPHQWXO�WHUPLF�FRUHVSXQ] WRU�SXWHULL�PD[LPH�HVWH�RE LQXW�GLQ�vQORFXLUHD�H[SUHVLLORU�
SXWHULL�úL�IOX[XOXL�GH�F OGXUD�SULPLW�GH�OD�VXUVD�FDOG �vQ�GHILQL LD�UDQGDPHQWXOXL� 
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η  (1.99) 

 6H� UHJ VHúWH� �DúD� FXP� HUD� úL� GH� DúWHSWDW�� ÄQLFH-radical”, randamentul motorului 
&DUQRW� OD� SXWHUH� PD[LP � vQ� FRQGL LLOH� H[LVWHQ HL� GRDU� D� LUHYHUVLELOLW LORU� LQWURGXVH� GH�
WUDQVIHUXO�GH�F OGXU �OD�GLIHUHQ H�ILQLWH�GH�WHPSHUDWXU � 
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 Prin analogie cu exergia, RADCENCO [41]� LQWURGXFH� XQ� QRX� FRQFHSW� úL� DQXPH��
EXPOWER, ca�ILLQG�SXWHUHD�PHFDQLF �PD[LP �FH�SRDWH�IL�H[WUDV �FX�DMXWRUXO�XQXL�FLFOX�
&DUQRW�HQGRUHYHUVLELO��GDU�H[RLUHYHUVLELO��DOLPHQWDW�FX�XQ�IOX[�GH�F OGXU �RSWLPL]DW� 

max,max,maxmax 1 PC

SC

SF
PCP Q

T

T
QP ��











−==η  (1.100) 

 Mai este de FRPHQWDW�IDSWXO�F �SH�SDUWHD�GH�WHPSHUDWXUL�PDL�ULGLFDWH�FRHILFLHQ LL�GH�
FRQYHF LH� VXQW�PDL� UHGXúL�� IDSW�SHQWUX� FDUH� VH� MXVWLILF � H[LVWHQ D� XQRU� GLIHUHQ H� ILQLWH� GH�
WHPSHUDWXU �PDL�PDUL�OD�VXUVD�FDOG �GHFkW�OD�VXUVD�UHFH. 

b) Problema SURLHFW ULL�LQVWDOD LHi 
 (VWH�YRUED�GH�DFHODúL�FLFOX� WHUPRGLQDPLF�FX�GHRVHELUHD�F � vQ�HWDSD�GH�SURLHFWDUH��
FHOH� GRX � VXSUDIH H� DOH� VFKLPE WRDUHORU� GH� F OGXU � XUPHD] � D� IL� GHWHUPLQDWH� �QRXD�
UHVWULF LH���ÌQ�DFHVW�VFRS��DXWRUXO�D�UHFXUV�OD� LPSXQHUHD�XQXL� IOX[�GH�F OGXU �SUHOXDW�GH la 
VXUVD�FDOG ��WRW�VXE�IRUP �GH�UHVWULF LH��úL�D�XQHL�VXSUDIH H�WRWDOH�GH�WUDQVIHU�GH�F OGXU � 

FCT AAA +=  (1.101) 

 9DULDELOHOH�FRQVLGHUDWH�VXQW�FHOH�GRX �GLIHUHQ H�GH�WHPSHUDWXU � 7C�úL� 7F, precum 
úL� DULD� VFKLPE WRUXOXL� GH� F OGXU � DO� VXUVHL� FDOGH��AC�� 'H]YRODWUHD� HVWH� I FXW � HYLGHQW� vQ�
IXQF LH�GH� QRLOH� YDULDELOH�� DVWIHO� vQFkW� VD� DSDU � H[SOLFLW� DULD� GH� WUDQVIHU�GH� F OGXU ��'XS �
SUHOXFU UL�PDWHPDWLFH�UH]XOW �H[SUHVLD�SXWHULL�PRWRUXOXL�IXQF LH�GH�DULD�VFKLPE WRUXOXL�GH�
F OGXU �GH�OD�VXUVD�FDOG ��SUHFXP�úL�UDQGDPHQWXO�PRWRUXOXL� 
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(1.102) 

 'LQ� DQXODUHD� GHULYDWHL� UDQGDPHQWXOXL� IXQF LH� GH�AC� VH� RE LQH� YDORDUHD� RSWLP � D�
DULHL�VFKLPE WRUXOXL�GH�F OGXU �GH�OD�VXUVD�FDOG �FRUHVSXQ] WRDUHD�UDQGDPHQWXOXL�PD[LP��
LDU� GLQ� DQXODUHD� GHULYDWHL� SXWHULL� IXQF LH� GH� AC� VH� RE LQH� YDORDUHD� RSWLP � D� DULHL�
VFKLPE WRUXOXL�GH�F OGXU �GH� OD� VXUVD�FDOG �FRUHVSXQ] WRDUHD�SXWHULi maxime produse de 
motor. 

 Autorul [41]�LQWURGXFH�QR LXQHD�GH�randament exergetic maxim: 

1max
max, <=

C

P
Pex η

ηη  (1.103) 

FX� WRDWH� F � IDFH� REVHUYD LD� DVXSUD� IDSWXOXL� F � R� DVHPHQHD� FRPSDUD LH� D� FHORU� GRX �
UDQGDPHQWH�QX�HVWH�SH�GHSOLQ�MXVWLILFDW �GHRDUHFH�UDQGDPHQWXO�FLFOXOXL�&DUQRW�HVWH�D[DW�SH�
OXFUXO�PHFDQLF�PD[LP�SURGXV�GH�FLFOXO�&DUQRW�GLQ�DFFHS LXQHD�FODVLF �� LDU�FHO ODOW� DUH� OD�
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ED] �SXWHUHD�PD[LP � FDUH� VH�SRDte produce dintr-XQ� IOX[�GH� F OGXU � IXUQL]DW�GH� R� VXUV �
FDOG �UHVWULF LRQDW� 
 Printr-R� WUDWDUH� VLPLODU � VXQW�SUH]HQWDWH� [41]� FD]XULOH�XQHL�PDúLQL� IULJRULILFH� úL� DOH�
XQHL� SRPSH� GH� F OGXU � &DUQRW� HQGRUHYHUVLELOH� vQ� FRQGL LLOH� LPSXQHULL� H[LVWHQ HL� XQRU�
GLIHUHQ H�ILQLWH�GH�WHPSHUDWXU �vQWUH�DJHQW�úL�VXUVH�úL�D�XQXL�FRQVXP�PLQLP�GH�SXWHUH� 

,QIOXHQ D�DOWRU�FULWHULL�DVXSUD�UDQGDPHQWXOXL�OD�SXWHUH�

PD[LP  
 J. CHEN [42] a realizat o cHUFHWDUH�ELEOLRJUDILF �DVXSUD�GH]YROW ULORU�SXEOLFDWH�FH�
WUDWHD] � DFHVW� VXELHFW�� SXEOLFkQG� ODRODOW � GLYHUVHOH� WUDW UL�� IXQF LH� GH� LUHYHUVLELOLW LOH�
FRQVLGHUDWH�� $VWIHO�� GLQ� SXEOLFD LLOH� VHOHFWDWH� UH]XOW � LQIOXHQ D� DOWRU� FULWHULL� DVXSUD�
randamentului la puWHUH�PD[LP �SURGXV �� ,UHYHUVLELOLW LOH�FRQVLGHUDWH� VXQW�� WUDQVIHUXO�GH�
F OGXU �OLQLDU��OHJHD�OXL�1HZWRQ��OD�GLIHUHQ �ILQLW �GH�WHPSHUDWXU �vQWUH�VXUVH�úL�DJHQWXO�GH�
OXFUX�úL� 

¾ raport de comprimare finit (GUTKOWWICZ-KRUSIN [43]) 
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(1.104) 

unde k este exponentul adiabatic, iar  este raportul de comprimare. 

¾ LUHYHUVLELOLW L�LQWHUQH��,%5$+,0��./(,1��0,7&+(//�[44]) 
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T

IT ηη <−= 1max  (1.105) 

unde I� �LUHYHUVLELOLWDWHD�LQWHUQ �!�� 

¾ SLHUGHUHD�GH�F OGXU �vQWUH�VXUVH��&+(1�[45]) 
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max  (1.106) 

unde C = coeficient de pierderi termice; K� �FRQGXFWLYLWDWH�WHUPLF �HFKLYDOHQW . 

¾ VXUVH�FX�FDSDFLW L�WHUPLFH�ILQLWH��<$1�[46]) 
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1ln

1  
(1.107) 

unde C1� �FDSDFLWDWHD�FDORULF �D sursei finite; Q1� �F OGXUD�DEVRUELW � vQ�FLFOX�GH� OD� VXUVD�
FDOG � 
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 6H�REVHUY � F � DFHVWH� UDQGDPHQWH� OD� SXWHUH�PD[LP � VXQW� LQIHULRDUH� UDQGDPHQWXOXL�
Curzon-$KOERUQ� vQ� FRQGL LLOH� PHQ LRQDWH�� 7RWXúL� DFHVW� IDSW� QX� LPSOLF � H[LVWHQ D� DFHVWXL�
randament Curzon-$KOERUQ� FD� OLPLW � VXSHULRDU �D� UDQGDPHQWHORU�PRWRDUHORU� WHUPLFH��'H�
H[HPSOX��vQ�FD]XO�XQHL�RSWLPL] UL�HFRORJLFH��$1*8/2-BROWN [47]): 
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F
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C

F
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T

T ηη >










+

−=
2

1

1max  
(1.108) 

 &+(1� D� GH]YROWDW� PDL� GHSDUWH� R� UHOD LH� vQWUH� SXWHUHD� PRWRUXOXL� &DUQRW�
HQGRUHYHUVLELO��FD]XO�GLIHUHQ HORU�ILQLWH�GH�WHPSHUDWXU �FD�XQLF �VXUV �GH�LUHYHUVLELOLWDWH��úL�
randamentul�DFHVWXLD��GHQXPLW �UHOD LH�RSWLP �IXQGDPHQWDO : 









−

−
−=

η
η

η
1

1
1dim

C
ensionalaP  (1.109) 

FX� DMXWRUXO� F UHLD� VH� SRDWH� JHQHUD� FXUED� SXWHUH� IXQF LH� GH� UDQGDPHQW�� FXUE � SUH]HQWDW  
calitativ în Fig. 1.15. 
 

 

Fig. 1.15��3XWHUHD�SURGXV � (DGLPHQVLRQDO )� IXQF LH�GH� UDQGDPHQW�

SHQWUX� XQ�PRWRU�&DUQRW� HQGRUHYHUVLELO� FX� WUDQVIHU� GH� F OGXU � OD�

GLIHUHQ H�ILQLWH�GH�WHPSHUDWXU . 

 Se obVHUY � F � SHQWUX� SXWHUL� LQIHULRDUH� SXWHULL�PD[LPH�H[LVW � GRX � YDORUL� SRVLELOH�
SHQWUX�UDQGDPHQWXO�PRWRUXOXL��OD�R�DQXPLW �YDORDUH�D�SXWHULL��GLQWUH�FDUH�XQD�HVWH�LQIHULRDU �
randamentului Curzon-$KOERUQ��LDU�FHDODOW �VXSHULRDU �DFHVWXLD� 
 Când � CA , randameQWXO� VFDGH� SH� P VXU � FH� SXWHUHD� VFDGH�� (YLGHQW�� DFHDVW �
UHJLXQH�HVWH�QHGRULW �SHQWUX�IXQF LRQDUHD�XQXL�PRWRU� 
 Când ! CA� �� UDQGDPHQWXO� FUHúWH� SH� P VXU � FH� SXWHUHD� VFDGH� úL� LQYHUV�� $FHDVW �
FRQFOX]LH�HVWH�XQH�IRDUWH�LPSRUWDQW �D�77)� 

P 
Pmax 

0
CA C 

Regim nedorit Regim dorit 
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 Un rezultat important al Termodinamicii în Timp Finit� DUDW � F � UDQGDPHQWXO�
RSWLP�DO�XQXL�PRWRU�&DUQRW�HQGRUHYHUVLELO�DU�WUHEXL�V �ILH�VXSHULRU�UDQGDPHQWXOXL�&XU]RQ-

Ahlborn. 
 
 <$1�SUH]LQW �vQ�OXFUDUHD�[48]�UHOD LD�RSWLP �IXQGDPHQWDO �úL�OLmitele între care pot 
YDULD� SXWHUHD� SURGXV � úL� UDQGDPHQWXO� XQXL� PRWRU� &DUQRW� LUHYHUVLELO�� VXE� LQIOXHQ D�
GLYHUVHORU� LUHYHUVLELOLW L� FRQVLGHUDWH� JUDGXDO�� $VWIHO�� DXWRUXO� FRQVLGHU � XQ� FLFOXO� &DUQRW�
FDUDFWHUL]DW� GH� XUP WRDUHOH� LUHYHUVLELOLW L�� WUDQVIHU� GH� F OXU � OD� GLIHUHQ H� ILQLWH� GH�
WHPSHUDWXU � vQWUH� VXUVH� úL� DJHQWXO� GLQ�PDúLQ �� OHJLOH� GH� WUDQVIHU� ILLQG� FRQVLGHUDWH� OLQLDUH��
SLHUGHUL�WHUPLFH�vQWUH�FHOH�GRX �VXUVH��LUHYHUVLELOLW Lle interne.  
 'XS �SUHOXFU UL�PDWHPDWLFH��DXWRUXO�RE LQH�UHOD LD�IXQGDPHQWDO �RSWLP �vQWUH� 0�úL�
QC�  : 
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(1.110) 

SUHFXP�úL�UHOD LD�RSWLP �IXQGDPHQWDO �vQWUH�P�úL� ��QXPLW �úL�UHOD LD�RSWLP �IXQGDPHQWDO �

a motorului Carnot ireversibil. 
 5HSUH]HQWDUHD� JUDILF � D� DFHVWHL� UHOD LL� R� UHSUH]LQW � GHMD� FHOHEUHOH� FXUEH� WLS� EXFO �
SXWHUH� SURGXV � IXQF ie de randamentul motorului - Fig. 1.16 [48]�� ILJXU � UHSURGXV � FX�
DFRUGXO�HGLWXULL�úL�D�DXWRULORU. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.16��5HSUH]HQWDUHD�JUDILF �D�UHOD LHL�RSWLPH�IXQGDPHQWDOH�D�

motorului Carnot ireversibil [48] �ILJXU � UHSURGXV � FX� DFRUGXO 

HGLWXULL�úL�D�DXWRULORU) 

IV – cazul motorului Carnot reversibil 

III –�FD]XO�PRWRUXOXL�&DUQRW�FX�UH]LVWHQ H�WHUPLFH�OD�WUDQVIHUul de 

F OGXU  
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II –� FD]XO�PRWRUXOXL�&DUQRW�FX�UH]LVWHQ H� WHUPLFH� OD� WUDQVIHUul de 

F OGXU �úL�SLHUGHUii�GH�F OGXU �vQWUH�VXUVH 

I –� FD]XO�PRWRUXOXL�&DUQRW� FX� UH]LVWHQ H� WHUPLFH� OD� WUDQVIHUul de 

F OGXU �� SLHUGHUii� GH� F OGXU � vQWUH� VXUVH� úL� DOWH� LUHYHUVLELOLW L�

interne. 

 'LVFX LD�IXJXULL�HVWH�XUP WRDUHD� 
 pentru cazul reversibil (curba IV): � WLQGH� F WUH� LQILQLW�� GHFL� SXWHUHD�PRWRUXOXL� HVWH�

QXO �� DWXQFL�FkQG� � VFDGH��SXWHUHD�FUHúWH��GDU� UDQGDHQWXO� U PkQH�FRQVWDQW�� HJDO�FX�
randamentul Carnot; 

 SHQWUX� FD]XO� HQGRUHYHUVLELO� �FXUED� ,,,��� SXWHUH� QXO � LPSOLF � UDQGDPHQW� HJDO� FX� FHO�
Carnot; în rest, � C��&kQG�FHOH�GRX � WHSHUDWXUL�DOH�JD]XOXL��TC�úL�TF) ar fi egale, 
DWkW�UDQGDPHQWXO�FkW�úL�SXWHUHD�DU�IL�Qule (originea); 

 pentru cazul II: atâta timp cât � FUHúWH��QC� FUHúWH�� &kQG� � WLQGH� F WUH� LQILQLW�� DWkW�
UDQGDPHQWXO�FkW�úL�SXWHUHD�DU�IL�QXOH��GH�XQGH�UH]XOW �DFHDVW �IRUP �GH�EXFO � 

1.4.2.  Term odinam ic a în T im p Fin i t  versus 
7HUPRGLQDPLFD�FX�'LPHQVLXQH�)LQLW  

 SistHPHOH�WHUPRGLQDPLFH�VH�vPSDUW�vQ�GRX �PDUL�FDWHJRULL�� 
- VLVWHPH�VWD LRQDUH� 
- VLVWHPH�WUDQ]LWRULL��FX�IXQF LRQDUH�vQ�UHJLPXUL�WUDQ]LWRULL�� 

• Pentru prima categorie de sisteme, VLVWHPHOH� VWD LRQDUH�� H[LVW � PDL� PXOWH� UHVWULF LL�
impuse din exterior, tocmai pentru�D�FUHD�DFHDVWD�VWDUH�ÄVWD LRQDU ´��$FHVW�FD]�FRUHVSXQGH�
termodinamicii linearizate a proceselor ireversibile (L. ONSAGER). 

 7LPSXO�� FD� UHVWULF LH�� DSDUH� prin intermediul folosirii fluxurilor (energetice, de 
PDV ��HWF�� 
 

o 3HQWUX�R�PDúLQ �ÄVWD LRQDU ´��FX�IOX[XUL�FRQWLQXH���GDF �VH�QHJOLMHD] �IOXFWXD LLOH��
PRGHOHOH� UHOHYDQWH� VXQW� FHOH� GLQ� 7HUPRGLQDPLFD� FX� 'LPHQVLXQH� )LQLW � [30]�� DGLF � FX�
UHVWULF LL�GLQ�SXQFW�GH�YHGHUH�DO�JHRPHWULHL� 

o 3HQWUX�R�PDúLQ �FX�IXQF LRQDUH�SHULRGLF �– caz de pseudocontinuitate –�LQIOXHQ HOH�
UHVWULF LLORU�DVXSUD�RSWLPXOXL�VXQW�OD�IHO�GH�LPSRUWDQWH�[39]. Este cazul motoarelor cu ardere 
LQWHUQ �� D� PDúLQLORU� IULJRULILFH� FODVLFH�� D� PDúLQLORU� (ULFVRQ�� HWF�� PDúLQL� OD� FDUH� FLFOXO�
WHUPRGLQDPLF�HVWH�SUHVXSXV�vQFKLV�FX�WRDWH�F �vQ�UHDOLWDWH�DFHVWD�HVWH�XQ�FLFOX�GHVFKLV� 
 &D� R� SULP � FRQFOX]LH�� VH� SRDWH� REVHUYD� IDSWXO� F � vQ� DFHVW� FD]� FRPXW ULOH� vQWUH�
WUDQVIRUP ULOH�WHUPRGLQDPLFH�VXQW�SUHVXSXVH�D�DYHD�ORF�LQVWantaneu, ceea ce fizic nu este 
SRVLELO�� 3HQWUX� PDúLQLOH� FX� GLVFRQWLQXLW L� �VLVWHPHOH� cu� DEVRUS LH�� HWF�� GXUDWD�
WUDQVIRUP ULORU� HVWH� HVHQ LDO � úL� SRDWH� IL� RSWLPL]DW �� $FHHDúL� REVHUYD LH� VH� DSOLF � úL�
PDúLQLORU�6WLUOLQJ�OD�FDUH�H[LVWHQ D�UHJHQHUDWRUXOXL�LPSOLF �QHFHVLWDWHD�LQWURGXFHULL�WLPSXOXL�
în modelul analitic. Deci, Termodinamica în Timp Finit apare ca o necesitate în anumite 
VLWXD LL��úL�FKLDU�LQGLVSHQVDELO �SHQWUX�VLVWHPHOH�WUDQ]LWRULL� 

• Pentru sistemele tranzitorii� IXQF LRQDUHD�HVWH�GLVFRQWLQX ��IOX[XULOH�WUDQVIHUDWH�F WUH�úL�
GLQ�H[WHULRU�VXQW�IXQF LL�GH�WLS�WUHDSW ��GHFL�WLPSXO�HVWH�XQ�IDFWRU�LPSRUWDQW� 
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 7LPSXO�� FD� UHVWULF LH�� DSDUH� prin intermediul HFXD LLORU� GLIHUHQ LDOH, care în 

UHJLPXUL�WUDQ]LWRULL�FRQ LQ�vQ�PRG�QHFHVDU�WLPSXO. 
 
 În concluzie, evoOX LD� VLVWHPHORU� úL� SURFHVHORU� VXEOLQLD] � LPSRUWDQ D� WLPSXOXL� FD�
YDULDELO �� $FHDVW � YDULDELO � vQV �� SRDWH� IL� DVFXQV � SHQWUX� VLVWHPHOH� VWD LRQDUH� OD� FDUH�
UHVWULF LLOH� VXQW� GHILQLWH� SH� ED]D� JHRPHWULHL� �7HUPRGLQDPLFD� FX�'LPHQVLXQH� )LQLW  fiind 
VXILFLHQW ���VDX�GLPSRWULY ��ILLQG�HVHQ LDO �SHQWUX�UHJLPXULOH�WUDQ]LWRULL�[30], [34] . 
 

1.4.3 .  7HUPRGLQDPLFD�FX�9LWH] �)LQLW  

 Un alt curent al termodinamicii ireversibile este Termodinamica� FX�9LWH] �)LQLW �
(TVF) [53],[24],[50],[51],[54]-[58],[61],[63],[70],[71],[73]. 

 6SUH� GHRVHELUH� GH� 7HUPRGLQDPLFD� vQ� 7LPS� )LQLW�� FDUH� VH� FRQFHQWUHD] � DVXSUD�
timpului optim al proceVHORU�FH�DX�ORF�vQ�PDúLQD�WHUPLF ��7HUPRGLQDPLFD�FX�9LWH] �)LQLW �
VH�FRQFHQWUHD] �DVXSUD�YLWH]HL�RSWLPH�D�SURFHVHORU. 
  
 6H�SRDWH�FRQVLGHUD�F �79)�vQFHSH�FX�OXFUDUHD�IL]LFLDQXOXL�JHUPDQ�3$8/�[53] care 
UHXúHúWH�SHQWUX�SULPD�RDU �V �GHGXF �R�HFXD LH�D�XQXL�SURFHV�DGLDEDW�FX�YLWH] �ILQLW � 
 8UPHD] � OXFU ULOH� OXL� 672,&(6&8� úL� 3(75(6&8� [24],[54],[55],[56],[57],[58] 
FDUH�SXQ�ED]HOH�DFHVWHL�UDPXUL�D�7HUPRGLQDPLFLL�,UHYHUVLELOH�FX�9LWH] �)LQLW �SULQ�J VLUHD�
H[SUHVLHL� PDWHPDWLFH� D� SULQFLSLXOXL� ,� SHQWUX� SURFHVHOH� FX� YLWH] � ILQLW � [54]� úL� DSRL� D�
GH]YROW ULL�HFXD LLORU� WXWXURU�SURFHVHORU�WHUPRGLQDPLFH�FX�YLWH] �ILQLW � FRQWDQW �[55] apoi 
YDULDELO �[56]�úL�VWXGLHUHD�SULPXOXL�FLFOX�FX�YLWH] �ILQLW ��FLFOXO�2WWR�[49],[58]. Aceasta din 
XUP �H�SULPD�OXFUDUH�vQ�FDUH�DSDUH�FKLDU�vQ�WLWOX�Ä&LFOXUL�FX�YLWH] �ILQLW ”. 
 Un moment deosebit de important în dezvoltarea TVF îl constituie elaborarea în 
�����D�HFXD LHL�SULQFLSLXOXL�,�SHQWUX�SURFHVH�FX�YLWH] �ILQLW �� OD�FDUH�VH�LDX�vQ�FRQVLGHUDUH�

SH� OkQJ � LUHYHUVLELOLWDWHD� JHQHUDW � GLUHFW� GH� YLWH]D� ILQLW � �SULQ� WHUPHQXO�
c

aw
 din lucrarea 

[54]��úL�LUHYHUVLELOLW LOH�JHQHUDWH�GH�IUHFDUH�úL�ODPLQDUH [25]. 
 7H]HOH�GH�GRFWRUDW�FDUH�DX�XUPDW�DFHVWHL�OXFU UL��67 1(6&8�[49], FLOREA [68], 
COSTEA [13]��� XUPDWH� úL� GH� QXPHURDVH� OXFU UL� GHGLFDWH� VWXGLXOXL� FLFOXULORU� 2WWR� [49], 
Stirling [70],[71],[73],[74], Carnot [50],[51],[60],[62],[63]�FX�YLWH] �ILQLW �DX�FRQWULEXLW�OD�
dezvoltarea acestei ramuri a TVF. 
 3UH]HQWD� WH] � IRORVHúWH� 0HWRGD� 'LUHFW � GH]YROWDW � vQ� FDGUXO� 79)� vQ� FDSLWROXO� ��
SHQWUX� D� WUDWD� PRWRDUHOH� 6WLUOLQJ� VRODUH� úL� LQVWDOD LLOH� IULJRULILFH� 6WLUOLQJ� OXkQG� vQ�
FRQVLGHUDUH�LUHYHUVLELOLW LOH�LQWHUQH�úL�H[WHUQH� 

1.4.3.1.  1HFHVLWDWHD�GH]YROW ULL�DFHVWXL�GRPHQLX�DO�

t e rm odinam ic i i  

 În îndeplinirea VFRSXOXL�FHUFHW ULORU�GLQ�DFHVW�GRPHQLX��úL�DQXPH�DFHOD�GH�D�DGXFH�
vPEXQ W LUL� PDúLQLORU� H[LVWHQWH� vQ� LGHHD� FUHúWHULL� HIHFWXOXL� XWLO� úL� D� VF GHULL� SXWHULL�
FRQVXPDWH��GH�IRDUWH�PDUH�DMXWRU�DU�IL�R�PHWRG �DQDOLWLF �SH�ED]D�F UHLD�V �VH�IDF �VWXGLL�DOH�
depenGHQ HL� FRHILFLHQ LORU� GH� SHUIRUPDQ � GH� DQXPL L� SDUDPHWUL� XUP ULQGX-VH� J VLUHD�
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YDORULORU� RSWLPH� SHQWUX� DFHúWLD� GLQ� XUP � vQ� FRQGL LL� GH� IXQF LRQDUH� UHDO � �GHFL� OXkQG� vQ�
FDOFXO�LUHYHUVLELOLW LOH�PDúLQLL���LDU�vQ�ID]D�GH�SURLHFWDUH�D�PDúLQLL�V �VH�SRDW �LQGLca aceste 
valori optime.  
 Pentru a realiza acest lucru, se impune necesitatea de a corela cât mai bine 

UH]XOWDWHOH�DQDOLWLFH�FX�FHOH�H[SHULPHQWDOH��LDU�DFHVW�OXFUX�vQVHDPQ �OXDUHD�vQ�FRQVLGHUDUH�D�
LUHYHUVLELOLW LORU�FH�VXQW�LQHYLWDELO�JHQHUDWH�vQ�LQWHULRUXO�PDúLQLL�vQ�WLPSXO�IXQF LRQ ULL� 
 ÌQ� FRQWLQXDUH�� VH� SUH]LQW � FkWHYD� PRWLYH� SHQWUX� FDUH� VH� FRQVLGHU � QHFHVDU  

introducerea acestui nou curent,�7HUPRGLQDPLFD�FX�9LWH] �)LQLW � 

$YDQWDMXO� SH� FDUH� vO� RIHU � 7HUPRGLQDPLFD� FX� 9LWH] � )LQLW � FRQVW � vQ� RSWLPL]DUHa 

YLWH]HL�SURFHVHORU��LPSOLFLW�D�WXUD LHL�PDúLQLL�VL�SDUDPHWULORU�SHQWUX�GLYHUVH�IXQF LL�RELHFWLY��
$FHVWH� IXQF LL� RELHFWLY� VXQW� UHSUH]HQWDWH� JUDILF� IXQF LH� GH� WXUD LH� VDX� YLWH]D� SLVWRQXOXL�
PDúLQLL��OD�PDúLQLOH�FX�SLVWRQ� úL�SULQ�H[WHQVLH��IXQF LH�GH�WHPSHUatura agentului de lucru 

GLQ�PDúLQ � 

1.4.3.2.  Conc ept e ut i l i zat e în  TVF 

 7HUPRGLQDPLFD� FX�9LWH] � )LQLW � XWLOL]HD] � FRQFHSWHOH� GHILQLWH� vQ� 7HUPRGLQDPLFD�
&ODVLF �� I U � D� LQWURGXFH� QRL� FRQFHSWH�� vQV � XWLOL]kQG� PDL� SUHJQDQW� WHUPHQL� FD�� YLWH]D�
procesului, viteza medie, WXUD LH��SUHVLXQH�PHGLH�LQVWDQWDQHH�din gaz, presiunea pe piston, 
LUHYHUVLELOLW L�LQWHUQH�SULQ�ODPLQDUH�úL�IUHFDUH��SLHUGHUL�GH�OXFUX�PHFDQLF�úL�F OGXU ��HWF� 
 0HWRGD� 'LUHFW � [67],[70]� SUH]HQWDW � vQWU-unul din paragrafele anterioare, este o 
PHWRG �GH�DQDOL] �úL�RSWLPL]DUH�D�SURFHVHORU�úL�FLFOXULORU�FDUH�VH�GHVI úRDU �FX�YLWH] �ILQLW , 
PHWRG � GH� ED] � GH]YROWDW � vQ� FDGUXO� 79). 0RWLYXO� SHQWUX� FDUH� DFHDVW � PHWRG � VH�
vQFDGUHD] �vQ�FODVa metodelor de 7HUPRGLQDPLF �FX�9LWH] �)LQLW �vO constituie exprimarea 
SDUDPHWULORU�úL�YDULDELOHORU�FH�LQWHUYLQ�vQ�FDOFXOH�vQ�IXQF LH�GH�YLWH]D�SURFHVXOXL� 
 $YDQWDMXO�SULQFLSDO�DO�79)�vQ�FRPSDUD LH�FX�77)�FRQVW �vQ�DFHHD�F �vQ�FDGUXO�79)��
utilizând metoda 'LUHFW ��V-D�UHXúLW�GHMD�YDOLGDUHD�FX�PDUH�VXFFHV��SHQWUX����PRWRDUH�úL����
UHJLPXUL�GH�IXQF LRQDUH��D�XQHL�VFKHPH�GH�FDOFXO�SHQWUX�PDúLQLOH�6WLUOLQJ�[68], [70], [77]. 

1.4.4.  Cât eva c onc luzi i  

 ÌQ� XUPD� FHUFHW ULL� ELEOLRJUDILFH� realizate�� Dú� FRQFOX]LRQD� VSXQkQG� F � FHOH� GRX �
curente ale Termodinamicii Ireversibile DX� FXQRVFXW� R� GH]YROWDUH� H[SOR]LY � vQ� XOWLPXO�
WLPS��GH]YROWDUH�FH�HUD�QHFHVDU �XQHL�FRUHFWH�DSUHFLHUL�D�SHUIRUPDQ HORU�PDúLQLORU�WHUPLFH� 

 7HUPRGLQDPLFD� vQ�7LPS�)LQLW� úL�7HUPRGLQDPLFD� FX�9LWH] �)LQLW � VXQW� Äcurente” 
DOH�7HUPRGLQDPLFLL�SHQWUX�F �HOH�VH�ED]HD] �SH�SULQFLSLLOH�DFHVWHLD�[100]. 
 
 Termodinamica în Timp Finit iQWURGXFH� QR LXQHD� GH� WLPS� vQ� HFXD LLOH�
WHUPRGLQDPLFH�� LQH�FRQW�GH�WUDQVIHUXO�GH�F OGXU �QHVWD LRQDU�� WRDWH�P ULPLOH�úL�GHULYDWHOH�
depind de timp. Este o PHWRG  WHUPRGLQDPLF � XúRU� GH� LPSOHPHQWDW�� GDU� U PkQH� R�

aproximare a proceselor reale�DYkQG�XUP WRUXO�GH]DYDQWDM��VH�FRQVLGHU �F �WHPSHUDWXUD�
YDULD] �vQ�WLPSXO�SURFHVHORU�GH�WUDQVIHU�GH�F OGXU ��GDU�FRHILFLHQ LL�GH�WUDQVIHU�GH�F OGXU �VH�
LPSXQ� FRQVWDQ L�� 6LJXU�� DFHDVW � ÄUHVWULF LH´� FRQWULEXLH� OD� H[LVWHQ D� XQRU� FDOFXOH� FkW� PDL�
XúRDUH��D�XQHL�PHWRGH�XúRU�GH�Dplicat. 
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 3RDWH� F � vQ� YLLWRU��GH]YROWDUHD� DFHVWHL�PHWRGH� YD� LPSXQH� úL� FRQVLGHUDUHD� YDULD LHL�
FRHILFLHQ LORU� GH� WUDQVIHU� GH� F OGXU � FX� WHPSHUDWXUD�� vQV � vQ� GH]DYDQWDMXO� XQHL� PHWRGH�
DQDOLWLFH�XúRDUH�úL�VLPSOH� 
 &RQVLGHU� F � DSURIXQGDUHD� úL� GH]YROWDUHD� XQHL� DVWfel de metode cere timp, cere 
H[HUFL LX�úL�PDL�DOHV�FHUH�R�PDUH�LQWHUDF LXQH�FX�FHOHODOWH�PHWRGH�GH�DQDOL] �WHUPRGLQDPLF �
SHQWUX�D�DFRSHUL�vQ�WLPS�XWLO�HYHQWXDOHOH�ÄVF S UL´� 
 7HUPRGLQDPLFD� FX� 9LWH] � )LQLW � HVWH� R� PHWRG � FH� SDUH� PDL� VXJHVWLY � GDWRULW �
exprLP ULL�JUDILFH�D�SHUIRUPDQ HORU�vQ�UDSRUW�FX�YLWH]D�SLVWRQXOXL��VDX�FX�WXUD LD�PRWRUXOXL���
SDUDPHWUX�FH�SRDWH�IL�PDL�XúRU�VHVL]DW�úL�FRQWURODW�GLQ�H[WHULRU��SXWkQG�FRQGXFH�HIHFWLY� OD�
FDOFXOXO�JHQHU ULL�GH�HQWURSLH�� LQkQG�FRQW�vQ�PRG�H[SOLFLW�DWkW�GH�LUHYHUVLELOLW L�H[WHUQH��FD�
vQ�77)���GDU�PDL�DOHV�GH�LUHYHUVLELOLW LOH�LQWHUQH��YLWH]D�ILQLWD��SULQ�LQWHUPHGLXO�WHUPHQXOXL�

c

aw
��IUHFDUHD�LQWHUQ �vQWUH�SLHVHOH�vQ�PLúFDUH�úL�FHOH�VWD LRQDUH�DOH�PDúLQLL��ODPLQDUHD�� 

 $PEHOH�PHWRGH� vQV �SRW� IL� vPEXQ W LWH�� vQV � vQ� JHQHUDO�� RE LQHUHD�XQRU� UH]XOWDWH�
PDL�SUHFLVH�VH�IDFH�vQ�GHWULPHQWXO�XQXL�DOJRULWP�VLPSOX�úL�XúRU�GH�DSOLFDW� 
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2.  &2175,%8 ,,�25,*,1$/E LA 
DEZVOLTAREA TERMODINAMICII  CU 

9,7(= �),1,7  

 
 2�SULP �FRQWULEX LH�RULJLQDO �D�IRVW�UHDOL]DUHD�XQHL�vPEXQ W LUL�D�VFKHPHL�6FKPLGW�
clasice�SHQWUX�DQDOL]D�WHUPLF �D�XQHL�PDúLQL�IULJRULILFH, ca studiu de caz��0HQ LRQH]�GHVSUH�
schema SFKPLGW� vQ� DFHVW� FDSLWRO� GHRDUHFH� HVWH�R� HWDS �SUHPHUJ WRDUH� FRPELQ ULL� DFHVWHL�
VFKHPH�vPEXQ W LWH�FX�0HWRGD�'LUHFW ��PHWRG �D�7HUPRGLQDPLFLL�FX�9LWH] �)LQLW � 
 &D�UH]XOWDWH�RE LQXWH��YRL�SUH]HQWD�FRPSDUDWLY�WUHL�PHWRGH��0HWRGD�&LFOXOXL�6WLUOLQJ�
Ideal, MetRGD�6FKPLGW�FRUHFWDW �OXkQG�vQ�FRQVLGHUDUH�FLQHPDWLFD�HIHFWLY �D�PDúLQLL�VWXGLDWH�
úL�0HWRGD�6FKPLGW�FRUHFWDW �FX�DMXWRUXO�Termodinamicii cu VLWH] �FLQLW ��DGLFD�XWLOL]kQG�
Metoda 'LUHFWD�� PHWRG � FDUH� D� GDW� UH]XOWDWH� IRDUWH� SURPL WRDUH� vQ� VWXGLXO� PRWRDUHORU 
Stirling conYHQ LRQDOH� [70]. (VWH� SHQWUX� SULPD� GDW � FkQG� 0HWRGD� 'LUHFW � HVWH� DSOLFDW �
PDúLQLORU� IULJRULILFH� úL�SRPSHORU�GH�F OGXU , într-R�GH]YROWDUH�FRPSOHW ��Vor fi elaborate 
WUHL� VFKHPH�GH� FDOFXO� vQ� IXQF LH� GH� DQXPLWH� LSRWH]H� GH� OXFUX� úL� GH�PRGXO� vQ� FDUH� se vor 
FRQVLGHUD� LUHYHUVLELOLW LOH� LQWHUQH� úL� H[WHUQH� DOH� PDúLQLL� Prin aceasta, se vor lua în 
FRQVLGHUDUH�SLHUGHULOH�GDWRUDWH�LUHYHUVLELOLW LORU�LQWHUQH�úL�H[WHUQH�GLQ�PDúLQD�VWXGLDW �� 
 Rezultatele prezentate constau în ilustrarea celor trei diagrame pV�RE LQXWH�FX�FHOH�
WUHL�PHWRGH�GH�FDOFXO��VXSUDSXVH�vQ�DFHODúL�JUDILF��WRFPDL�SHQWUX�D�XúXUD�FRPSDUDUHD�ORU��'H�
asemenea, se vor prezenta rezultatele numerice într-un tabel comparativ.  
 0DúLQD�SH�FDUH�V-a efectuat acest studiu comparativ este un micro-criogenerator ce 
OXFUHD] � GXSD� XQ� FLFOX� 6WLUOLQJ� GH� WLS� � Acest micro-FULRJHQHUDWRU� D� IRVW� SURLHFWDW� úi 
fabricat în 1996 de c tre Colectivul de Criogenie condus de dl fizician Iosif DEAC, din 
cadrul I.C.P.I.A.F.-S.A. din Cluj-Napoca [65]. Se SUH]LQW  schema acestui micro-
criogenerator, FH� HVWH� XWLOL]DW� SHQWUX� RE inerea XQRU� WHPSHUDWXUL� MRDVH� SHQWUX� U cirea 
detectorilor în infraroúX�� D� DSDUDWHORU� HOHFWULFH�� vn laboratoarele de cercetare sau alte 
DSOLFD LL� DVHP Q toare. În paragraful 2.1.1. HVWH� UHDOL]DW � R� SUH]HQWDUH� GHWDOLDW � D� DFHVWHL�
PDúLQL� 
 Motivul pentru care s-D� FRQVLGHUDW� QHFHVDU � GH]YROWDUHD� XQHL� DVWIHO� GH� PHWRGH�
analitice de calcul estH�LPSXV�GH�VFRSXO�FHUFHW ULORU�GLQ�DFHVW�GRPHQLX��úL�DQXPH�DFHOD�GH�D�
DGXFH� vPEXQ W LUL�PDúLQLORU�H[LVWHQWH� vQ� LGHHD�FUHúWHULL�HIHFWXOXL�XWLO� úL� D� VF GHULL�SXWHULL�
FRQVXPDWH��'H�IRDUWH�PDUH�DMXWRU�DU�IL�R�PHWRG �DQDOLWLF �SH�ED]D�F UHLD�V �VH�IDF �VWXGLL�
DOH�GHSHQGHQ HL� FRHILFLHQ LORU� GH�SHUIRUPDQ �GH� DQXPL L�SDUDPHWUL� XUP ULQGX-VH�J VLUHD�
YDORULORU� RSWLPH� SHQWUX� DFHúWLD� GLQ� XUP �� LDU� vQ� ID]D� GH� SURLHFWDUH� D�PDúLQLL� V � VH� SRDW �
indica aceste valori optime. Pentru a realiza acest lucru, se impune necesitatea de a corela 
FkW�PDL�ELQH�UH]XOWDWHOH�DQDOLWLFH�FX�FHOH�H[SHULPHQWDOH��LDU�DFHVW� OXFUX�vQVHDPQ �OXDUHD�vQ�
FRQVLGHUDUH� D� LUHYHUVLELOLW LORU� FH� VXQW� LQHYLWDELO� JHQHUDWH� vQ� LQWHULRUXO�PDúLQLL� vQ� WLPSXO�
IXQF LRQ ULL� 
 Tot cu ajutorul Metodei Directe se va pUH]HQWD� GHIDOFDUHD� LUHYHUVLELOLW LORU� SH�
FDX]HOH�GH�JHQHUDUH��(VWH�IRDUWH�LPSRUWDQW�V �FXQRDúWHP�GDWRULW �F UXL�IHQRPHQ�DSDU�FHOH�
PDL�PDUL�SLHUGHUL�úL�V �vQFHUF P�V �OH�PLQLPL] P� 
 6H�SUH]LQW � R� VROX LH� GH�RSWLPL]DUH� D� SDUDPHWULORU� FRQVWUXFWLYL� DL�PDúLQLL studiate 
DVWIHO�vQFkW�SHUIRUPDQ HOH�PDúLQLL�V �ILH�FkW�PDL�EXQH�úL�VH�DQDOL]HD] �UH]XOWDWHOH�RE LQXWH�vQ�
DúD� IHO� vQFkW� V �SXWHP�VSXQH�FH� YDORUL�PHULW � V � ILH�DGRSWDWH� vQ�SURFHVXO�GH�SURLHFWDUH�DO�
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PDúLQLL��$FHVWHD�VH�SUH]LQW �DWkW�SHQWUX�PDúLQL�IULJRULILFH��FkW�úL�SHQWUX�SRPSH�GH�F OGXU �
încercîndu-VH�R�WUDWDUH�XQLWDU �D�DFHVWRUD� 
 
 O DOW �FRQWULEX LH�RULJLQDO  este aplicarea Metodei Directe la VWXGLXO�úL�RSWLPL]DUHD�

ansamblelor solare cu motor Stirling. Aceste sisteme de generare a energiei electrice sunt 
compuse dintr-R�RJOLQG �SDUDEROLF ��XQ�UHFHSWRU�GH�UDGLD LH�VRODU �FRQFHQWUDW �úL�XQ�PRWRU�
Stirling cu generator electric sau alternator incorporat. Algoritmul de calcul propus este 
XWLOL]DW�SHQWUX�FD]XUL�SUDFWLFH�úL�UHDOH�GH�HVWLPDUH�D�SHUIRUPDQ HORU�DQVDmblelor solare cu 
PRWRU�6WLUOLQJ��D�IRVW�DSOLFDW�FX�VXFFHV�SHQWUX���DVWIHO�GH�VLVWHPH�úL�UHVSHFWLY���UHJLPXUL�GH�
IXQF LRQDUH��FRUHODUHD�HVWLP ULORU�DQDOLWLFH�FX�GDWHOH�H[SHULPHQWDOH�ILLQG�IRDUWH�EXQ � 
 Numeroase studii de sensibilitate sunt prezentate, în YHGHUHD� RSWLPL] ULL� DFHVWRU�
ansamble. 

 S-D� GH]YROWDW� úL� SUH]HQWDW� GH� DVHPHQHD un PRGHO� GH� FDOFXO� úL� SURLHFWDUH� D� XQHL�

LQVWDOD LL� VRODUH� GH� SURGXFHUH� D� HQHUJLHL� HOHFWULFH� SHQWUX� R� DSOLFD LH� FDVQLF � �úL� QX�

QXPDL���SULQ�ILOLHUD�HQHUJLH�VRODU �– energie electULF �- electroliza apei - hidrogen – pila 
de combustie –�HQHUJLH�HOHFWULF �VDX�GLUHFW�HQHUJLH�VRODU �–�HQHUJLH�HOHFWULF ��(VWH�XWLOL]DW �
VFKHPD�GH�FDOFXO�D�XQHL�LQVWDOD LL�VRODUH�IRUPDWH�GLQ�RJOLQG �SDUDEROLF ��UHFHSWRU�GH�UDGLD LH�
VRODU �FRQFHQWUDW ��PRWRr Stirling solar, generator electric. 
 ,QVWDOD LD�SH�FDUH�R�SURSXQHP�VWXGLXOXL�HVWH�IRUPDW �GLQ�GRX �SDU L��3ULPD�SDUWH�HVWH�
FHD�XWLOL]DW �SHQWUX�SURGXFHUHD�HQHUJLHL�HOHFWULFH�GLQ�HQHUJLH�VRODU ��&HD�GH�D�GRXD�SDUWH�D�
LQVWDOD LHL� UHSUH]LQW � FXSODUHD�SULPHL�S U L� OD�XQ� VLVWHP�GH� SURGXFHUH� D�KLGURJHQXOXL� SULQ�
procesul de electroliz � D� DSHL� úL� DSRL� OD� XQ� DQVDPEOX� GH� SLOH� GH� FRPEXVWLH� SHQWUX�
producerea energiei electrice din hidogenul stocat, pentru perioadele în care energia 
HOHFWULF �QX�SRDWH�IL�SURGXV �GLUHFW�GLQ�HQHUJLH�VRODU ��SH�WLPSXO�QRS LL��]LOH�QRURDVH��HWF��
VDX�vQ�SHULRDGHOH�GH�FRQVXP�GH�YkUI�FkQG�HVWH�QHYRLH�GH�XQ�VXSOLPHQW�GH�HQHUJLH�HOHFWULF �
SHQWUX�DFRSHULUHD�FHULQ HORU��8WLOL]DUHD�KLGURJHQXOXL�FD�SXUW WRU�GH�HQHUJLH�RIHU �DQXPLWH�
avantaje ce vor IL�GHWDOLDWH�vQ�FHOH�FH�XUPHD] � 
 'H�DVHPHQHD��LQVWDOD LD�SRDWH�IL�DVWIHO�FRQFHSXW �vQFkW�R�SDUWH�GLQ�KLGURJHQ�V �SRDW �
IL� XWLOL]DW� GLUHFW� SHQWUX� DQXPLWH� DSOLFD LL� �DOLPHQWDUHD� DXWRWXULVPXOXL�� vQF O]LUHD� DSHL�
menajere, etc). 
 Modelul matematic descris pentru studiul motoarelor Stirling solare este aici 
DGDSWDW� SULQ� FRQVLGHUDUHD� YDULD LLORU� ]LOQLFH�� VH]RQLHUH� úL� JHRJUDILFH� DOH� LQVROD LHL�
�LQWHQVLW LL� UDGLD LHL� VRODUH�� E�� DVWIHO� vQFkW� VLPXODUHD� IXQF LRQ ULL� DQVDPEOXOXL� VRODU��
respectiv estimarea energiei eleFWULFH� SURGXVH�� V � SRDW � IL� DSOLFDW � FX� VXFFHV� vQ� RULFDUH�
ORFD LH�JHRJUDILF �úL�vQ�RULFH�SHULRDG �D�DQXOXL� 
 ÌQ�SOXV��FD�DOWHUQDWLY �GH�SURGXFHUH�D�HQHUJLHL�HOHFWULFH�SULQ�XWOL]DUHD�KLGURJHQXOXL�
stocat, modelul este mai departe dezvoltat prin calculele afeUHQWH�HVWLP ULL�SHUIRUPDQ HORU�
HOHFWUROL]RUXOXL� úL� SLOHL� GH� FRPEXVWLH�� FRQGXFâQG� DVWIHO� OD� HVWLPDUHD� SHUIRUPDQ HORU�
întregului sistem. 
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2.1 .  ÍPEXQ W LUHD�0HWRGHL�6FKPLGW�SULQ�

c onsiderarea c inem at ic i i  efec t ive  

 
 $úD� FXP�DP�SUH]HQWDW� vQ�paragraful 1.3.4. , principalele ipoteze suplimentare ale 
PHWRGHL�6FKPLGW�DSOLFDWH�DQDOL]HL�PDúLQLORU�6WLUOLQJ��ID �GH�FHOH�PHQ LRQDWH�SHQWUX�FLFOXO�
LGHDO�� VXQW��PLúF ULOH� SLVWRQXOXL�GH� OXFUX� úL� GHSODVDWRUXOXL� VXQW� FRQWLQXH�SHQWUX� a asigura 
OHJLOH� DUPRQLFH� WHRUHWLFH� GH� YDULD LH� D� YROXPHORU�� VH� FRQVLGHU � R� YDULD LH� OLQLDU � D�
temperaturii gazului în interiorul regeneratorului; de aceea, temperatura din volumul mort 
DO�PDúLQLL��vQ�VSHFLDO�vQ�UHJHQHUDWRU��HVWH�HJDO �FX�PHGLD�WHPSHUDWXULlor extreme ale gazului 
( 2)( FCmed TTT += ), metoda Schmidt utilizând trei parametri:  

• ϕ  –� GHID]DMXO� vQWUH� OHJLOH� GH� YDULD LH� D� YROXPHORU� GH� FRPSULPDUH� úL� GHVWLQGHUH��
FRQVLGHUkQG� FLQHPDWLFD� UHDO � D�PDúLQLL� VWXGLDWH�� DP� GHWHUPLQDt CAD 88=ϕ 1 (vezi 
Fig. 2.3); 

• 

maxdest,

maxcpr,

V

V
k =  –�UDSRUWXO�FLOLQGUHHORU�FHORU�GRX �SLVWRDQH� 

• 

max,

0

destV

V
X =  –�FRHILFLHQWXO�VSD LXOXL�PRUW�DO�PDúLQLL��SHQWUX�DSOLFD LD�QXPHULF �FH�YD�

fi SUH]HQWDW �V-a calculat 
36

0 m 10727,1 −⋅=V ��YROXPXO�PRUW�WRWDO�DO�PDúLQLL� 

 Spre deoVHELUH� GH� PHWRGD� 6FKPLGW� FODVLF , GH� DFHDVW � GDW � VH� YD� considera 
cinematica efectiv �D�PDúinii, deFL� OHJLOH�GH�YDULD LH�HIHFWLY  a volumelor, care depind de 
configura LD�PDúinii studiate. 
 

2.1.1.  $SOLFD LH�SUDFWLF ��0LFUR-c r iogenerat oru l  
MC 80K –1 

 Acest micro-FULRJHQHUDWRU� D� IRVW� SURLHFWDW� úL� IDEULFDW� DFXP� ��� DQL� GH� F WUH�
I.C.P.I.A.F.-S.A. din Cluj-Napoca [65]. În Fig. 2.1 se poate analiza schema acestui micro-
criogenHUDWRU�� FH� OXFUHD]  dup  un ciclu termoregenerativ Stirling în solu ie constructiv  
α �� ILLQG� XWLOL]DW� SHQWUX� RE inerea XQRU� WHPSHUDWXUL� MRDVH� SHQWUX� U cirea detectorilor în 
infrarRúu, a aparatelor electrice, în laboratoarele de cercetare sau alte aplica LL�
DVHP n toare. 
 $úD� FXP�VH� REVHUY � LQ�Fig. 2.1, micro-criogeneratorul este antrenat de un motor 
electric prin intermediul unui cuplaj elaVWLF�úL�D�XQXL�DUERUH�FRWLW��FDUH�DVLJXU �PLúFDUHD�GH�
WUDQVOD LH��DWkW�SHQWUX�SLVWRQXO�GH�OXFUX�FkW�úL�SHQWUX�GHSODVDWRU��SULQ�LQWHUPHGLXO�XQHL�ELHOH�
comune. Tot din Fig. 2.1, se poate observa tipul acestui criogenerator, prin schema de 
principiu (Fig. 2.2��� 'LQ� FRPSDUDUHD� DFHVWHL� VFKHPH� FX� FHOH� SUH]HQWDWH� OD� VROX LL�
FRQVWUXFWLYH�DOH�PDúLQLORU�6WLUOLQJ��SDJLQD�22���VH�REVHUY �F �DFHVW�PLFUR-criogenerator este 
de tip . 

                                                
1 CAD = Crank Angle Degrees 
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Fig. 2.1. Schema micro-criogeneratorului Stirling MC 80K-1 [66], 

[92]. 
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Fig. 2.2. Schema de principiu a micri-criogeneratorului MC 80K-1. 

 Principalele caracteristici tehnice ale microcriogeneratorului MC 80K-1 Stirling 
sunt prezentate in Tabel 2.1 [66]. 

Tabel 2.1. Principalele caracteristici tehnice ale 

microcriogeneratorului Stirling MC 80K-1 [66]. 

Agent de lucru Heliu 

Presiunea medie de umplere 5·105 Pa 

$PSOLWXGLQHD�YDULD LLORU�GH�SUHVLXQH 1,5·105 Pa 

Cursa pistonului de lucru 5·10-3 m 

Diametrul pistonului de lucru 28·10-3 m 

Cursa deplasatorului 5·10-3 m 

Diametrul deplasatorului 10·10-3 m 

Diametrul regeneratorului 0,010 m 

Diametrul firelor metalice din regenerator 0,186·10-3 m 

1XP UXO�GH�VLWH�GLQ�UHJHQHUDWRU 160 

Porozitatea regeneratorului 0,2236 

1XP UXO�WRWDO�GH�UHJHQHUDWRDUH 1 

Materialul regeneratorului bronz 

1XP UXO�GH�FLOLQGUL 1 

Volumul maxim 5,013·10-6 m3 

Volumul minim 1,908·10-6 m3 

Raport de comprimare 
 

2,627 

Tura ia arborelui 1625 rot/min 

Temperatura frigorific  80 K 

Temperatura sursei calde 
 

303K 

Vc 

Regenerator 

ÌQF O]LWRU 

5 FLWRU 
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Puterea frigorific  1 W 

Lungime total  0,319 m 

/ ime totaO  0,12 m 

ÌQ O LPH�WRWDO  0,276 m 

GreutDWH�QHW  7,73 kg 

 
 'LQ�GDWHOH�GH�SURLHFWDUH�D�PDúLQLL��GLQ�GHVHQXO�GH�DQVDPEOX�úL�FHOH�GH�H[HFX LH�VH�
SRW�VWDELOL� UHOD LLOH�DQDOLWLFH�SHQWUX�FDOFXOXO�GHSODV ULORU�SLVWRDQHORU� IXQF LH�GH�XQJKLXO�GH�
URWD LH� DO� DUERUHOXL� FRWLW��  [92]��'HFL�� VH� FXQRVF� H[SUHVLLOH� [� �� úL� \� � reprezentând 

GHSODV ULOH�SLVWRQXOXL�GH�OXFUX�úL��UHVSHFWLY��GHSODVDWRUXOXL� 
 

2.1.2.  Legi le  de var ia ie  e fec t i v  a  vo lum elor  de 
c om pr im are üi  dest indere ale  m aüi n i i  s t ud iat e 

 Pentru calculul cinematicii efective, consider m ca po]L ie ini LDO  a mecanismului 

format� GLQ� FHOH� GRXD� ELHOH�� PRPHQWXO� vQ� FDUH� SLVWRQXO� GH� OXFUX� VH� DIO � vn punctul mort 

superior. Deplas rile celor doua pistoane ( x∆  úi y∆ ��VXQW�FDOFXODWH�ID �GH�DFHDVW  pozi ie 

ini ial , pentru o dHSODVDUH�XQJKLXODU  α  a arborelui cotit (vezi Fig. 2.3) [92]. 

 

 

Fig. 2.3. Mecanismul micro-criogeneratorului Stirling MC 80K-1 

[92] 
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✟
 Deplasarea [ a pistonului de lucru este: 

[m]AD-AB     BD[ ==  (2.1) 

unde 

[m]     EDAEAD +=  (2.2) 

 PULQ�FDOFXOH�VLPSOH�GH�JHRPHWULH�J VLP� 

δcos ACAE =  (2.3) 

unde 2/)( απδ −=  úi 
2

 sine 2AC
α

=  este coarda opus  unghiului  în cercul de raz  

eAF = ��'H�XQGH�UH]XOW : 

[m]     )cos-(1 e
2

sin e 2
22

cos 
2

 sine 2AE

2

αααπα
=






=






 −=  (2.4) 

Iar 

ββ cos Lcos ABED P==  (2.5) 

unde 
PL

sin 
sin

αβ e

CD

CE
== ��5H]XOW �� 

[m]      sineLED 222

p α−=  (2.6) 

 'LQ�vQORFXLUL�UH]XOW �� 

[m]     L-)cos-(1 e sineLx P

222

p αα∆ +−=  (2.7) 

8UPkQG� DFHODúi principiu de calcul, deplasarea pe vHUWLFDO  y∆ a pistonului 
deplasator se scrie  

[m]     PF-QFPQy ==∆  (2.8) 

unde 

[m]     KFK’N’QNQF ++=  (2.9) 

Φ=Φ= coscos ’ SLQNQN  

N’K = NS = Lu FRV  

KF = e VLQ  

iar 
SL

e

QN

CSCK

QN

SK

QN

NN βα sinL-cos ’
sin U=

−
===Φ . 

'LQ�VLPSOD�UHOD LH�WULJRQRPHWULF � Φ−=Φ 2sin1cos ��UH]XOW � 
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2

2 sincosQN’ 









−−= αα e

L

L
eL

p

u
s  

Similar, 

us LeLFMPMPF +−=+= 22’’  (2.10) 

'XS �vQORFXLUL��VH�RE LQH� 

22
SU

222
P

2

P

U2 L-L-esinsinLesin 
L

L
-cos ee

L

L
eLy

P

U
S −+−+








−=∆ αααα  (2.11) 

 ÌQ� UHOD LLOH� DQWHULRDUH� IRORVLP� GLPHQVLXQLOH�PDúLQLL� VWXGLDWH�� [m]   1020L 3

P

−⋅= , 

[m]   1040L
3

S

−⋅= , reprezentkQG� OXQJLPLOH� ELHOHORU� SULQFLSDO � úi secundar , 

[m]   1013L
3

U

−⋅=  lungimea urechii bielei principale� úL [m]   105.2e
3−⋅=  

excentricitatea arborelui cotit [66]. 
 
 ÌQPXO LQG� GHSODV ULOH� LQVWDQWDQHH� DOH�SLVWRDQHORU� FX� DULD� DFHVWRUD�� SXWem exprima 
OHJLOH�GH�YDULD LH�D�YROXPHORU�HIHFWLYH�DVWIHO� 
¾ pistonul de lucru: 

][m     )(
4

)( 3
2

α
π

α x
D

V C

C ∆=  (2.12) 

¾ deplasator: 

][m     )(
4

)(V 3
2

D απα y
DD ∆=  (2.13) 

unde CD  úi DD  sunt diametrele pistonului de lucru úL deplasatorului (vezi Tabel 2.1). 

 /HJHD�GH�YDULD LH�D�YROXPXOXL�WRWDO�HIHFWLY�SHQWUX�PDúLQD�FRQVLGHUDW �HVWH� 

( ) ( ) ( ) ][m     VVVV 3
0DCtot ++= ααα  (2.14) 

 

2.1.3.  &DOFXOXO�SHUIRUPDQ HORU�PDüLQLL 

 0DVD� WRWDO � GH� DJHQW� GLQ� PDúLQ �� FDUH� FRQform ipotezelor simplificatoare este 
FRQVWDQW ��VH�H[SULP �GLQ�HFXD LD�(1.32)�SDUWLFXODUL]DW �SHQWUX�FD]XO�XQHL�PDúLQL�IULJRULILFH��
astfel: 

[kg]     )()( 
1

)( 0 const
T

T
VVV

RT
pm

med

F
DC

F

T =







++= αατα  (2.15) 

 ÌQ�DFHDVW �UHOD LH�LQWURGXFHP�XUP WRDUHD�QRWD LH: 
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[J]     constmRTK TF ==  (2.16) 

 /HJHD�GH�YDULD LH�D�SUHVLXQLL�LQVWDQWDQHH�D�JD]XOXL�GLQ�PDúLQ �GHYLQH� 

[Pa]     
)()(

)(
0 medFDC TTVVV

K
p

++
=

αατ
α  (2.17) 

1RW P�QXPLWRUXO�FX�� 

][m     )()()( 3
0 medFDC TTVVVE ++= αατα  (2.18) 

 Analizînd expresia (� �� VH� REVHUY � F � DFHDVWD� HVWH� FXQRVFXW � DWkWD� WLPS� FkW�
FLQHPDWLFD� HIHFWLY � HVWH� FXQRVFXW ��GHFL� OHJLOH� GH�YDULD LH� D� YROXPHORU�GH� FRPSULPDUH� úL�
GHVWLQGHUH�IXQF LH�GH�XQJKLXO� �VXQW�FXQRVFXWH� 
 &XP� vQ� RULFH� PDúLQ � 6WLUOLQJ� PLúFDUHD� SLVtoanelor este aproximativ VLQXVRLGDO ��
OHJLOH�GH�YDULD LH�D�YROXPHORU�YRU�IL�aproximativ VLQXVRLGDOH�úL�GHFL�H[SUHVLD�(� � va avea 
DFHHDúL�YDULD LH aproximativ�VLQXVRLGDO  - Fig. 2.4��ÌQ�FRQVHFLQ ��DFHDVW �H[SUHVLe va avea 
R�YDORDUH�PD[LP �XUPDW �GH�R�YDORDUH�PLQLP �SHQWUX�GLIHULWH�XQJKLXUL� , astfel. 
• la CAD 661 == αα , )(E α  este maxim : 36

1max m 1068,6)( −⋅== αEE  úi conform 

rela iei (2.17), )(p α  este minim : min1 p)(p =α ; 

• la CAD 2392 == αα , )(E α  este minim : 36
2min m 1026,3)( −⋅== αEE  úi conform 

rela iei (2.17), )(p α  este maxim : 
max2 p)(p =α . 

 

Fig. 2.4. 9DULD LD�H[SUHVLHL�DX[LOLDUH�(� �� 

De aceea, putem scrie: 

max

min
E

K
p = ;   [Pa]     

E

K
p

min

max =  (2.19) 

sau: 



Camelia PETRE - Teza de doctorat   

102 

)(E

Ep
)(p maxmin

α
α = ;   [Pa]     

)(E

Ep
)(p minmax

α
α =  (2.20) 

unde Pa104,3 5
min ⋅=p , Pa106,6 5

max ⋅=p  �YDORDUHD�PLQLP �VDX�FHD�PD[LP �D�SUHVLXQLL�VH�

H[SULP �IXQF LH�GH�SUHVLXQHD�PHGLH�D�JD]XOXL� úL� DPSOLWXGLQHD�GH�YDULD LH�D�DFHVWHLD� date 
FDUH�VXQW�VSHFLILFDWH�vQ�SURLHFWXO�PDúLQLL – vezi Tabel 2.1). 
 
 Lucrul mecanic pentru procesele de destindere úi comprimare se calculeaz  cu 
rela ia: 

[J/ciclu]     )(V d )(pL
2

0
∫
π

αα=  (2.21) 

SULQ�LQWHJUDUH�QXPHULF �SH�FDOFXODWRU��Deoarece�OHJLOH�GH�YDULD LH�D�GHSODV ULORU�FHORU�GRX �
SLVWRDQH�� x� úL� y, sunW� IXQF LL� GH� � QX� IRDUWH� VLPSOH�� LQWHJUDUHD� DQDOLWLF � D� H[SUHVLHL�
lucrului mecanic este� GHVWXO� GH� ODERULRDV �� 3HQWUX� D� HYLWD� DFHVW� Falcul, s-a ales varianta 
LQWHJU ULL�JUDILFH��se traseD] �YDULD LD�SUHVLXQLL�IXQF LH�GH�YROXP�úL�VH�UH]ROY �JUDILF. 
 /XFUXO� PHFDQLF� FRUHVSXQ] WRU� SURFHVXOui de destindere, LD�� HVWH� RE LQXW� WUDVând 

YDULD LD� SUHVLXQLL� IXQF LH� GH� YROXPXO� GH� GHVWLQGHUH� úL� DSRL� integrând grafic prin metoda 

trapezelor. 

 /XFUXO�PHFDQLF� FRUHVSXQ] WRU�SURFHVXOui de comprimare, LC��HVWH�RE LQXW� WUDVând 

YDULD LD�SUHVLXQLL� IXQF LH�GH�YROXPXO�GH�FRPSULPDUH� úL�DSRL� LQWHJUknd grafic prin metoda 

trapezelor. 

 Lucrul mecanic total necesar cicOXOXL�HVWH�GLIHUHQ D�FHORU�GRX �� cicluL = CL  - LD . 

 

 ÌQ�FHHD�FH�SULYHúWH�SHUIRUPDQ HOH�PDúLQLL��VH�DSOLF �HFXD LLOH�GHVFULVH�vQ�SDUDJUDIXO�
1.3.4. . 

 

 În 2.4. este prezentat studiul numeric comparativ,�SHQWUX�DFHHDúL�PDúLQ �IULJRULILF �
6WLUOLQJ�� 6XQW� DQDOL]DWH� UH]XOWDWHOH� QXPHULFH� úL� JUDILFH� SULQ� FRPSDUD LH� FX� FHOH� RE LQXWH�
DSOLFvQG�PHWRGD�6FKPLGW�FODVLF � 
 9DORDUHD�FRHILFLHQWXOXL�GH�SHUIRUPDQ �HVWH�DFHHDúL�vQ�DPEHOH�FD]XUL��ILLQG�RE LQXW�
SULQ� DFHHDúL� H[SUHVLH��� vQV � VH� REVHUY � R� FRUHFWDUH� D� YDORULL� SXWHULL� IULJRULILFH� FX� 0,3 % 
DWXQFL�FkQG�VH�XWLOL]HD] �PHWRGD�6FKPLGW�FRUHFWDW �FRQVLGHUvQG�FLQHPDWLFD�HIHFWLY � 
 7RWXúL�UH]XOWDWHOH�VXQW�PXOW�GLIHULWH�ID �GH�FHOH�H[SHULPHQWDOH�vQ�SULQFLSDO�GDWRULW �
IDSWXOXL� F � QX� V-DX� OXDW� vQ� FRQVLGHUDUH� LUHYHUVLELOLW LOH� FH� VXQW� LQHYLWDELO� JHQHUDWH� vQ�
LQWHULRUXO�PDúLQLL�vQ�WLPSXO�IXQF LRQ ULL� 
 3HQWUX� D� YHGHD� FDUH� HVWH� HIHFWXO� DFHVWRU� LUHYHUVLELOLW L� DVXSUD� SHUIRUPDQ HORU�
PDúLQLL�� WUHEXLHVF� vQ HOHVH� FDX]HOH� GH� JHQHUDUH� D� DFHVWRUD� úL� DSRL� UHDOL]DW � R� GHIDOFDUH� D�
DFHVWRU�LUHYHUVLELOLW L�SH�FDX]H��'XS �R�DVWIHO�GH�DQDOL] �YRP�IL�FDSDELOL�V �VSXQHP�GLQ�FH�
FDX] � VH� SLHUGH� PDL� PXOW� úL� GHFL� V � OX P� GHFL]LLOH� FRUHFWH� SHQWUX� PLQLPL]DUHD� DFHstor 
SLHUGHUL�úL�P ULUHD�SHUIRUPDQ HORU�PDúLQLL� 
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2.2 .  Adapt area Met ode i  Direc t e  pent ru  st ud iu l  
üL�RSWLPL]DUHD�PDüLQLORU�f r igor i f ic e  üi  a  
SRPSHORU�GH�F OGXU �6WLUOLQJ 

 ÌQ�FHOH�FH�XUPHD] �VH�SUH]LQW �R�GH�PHWRG �XWLOL]DW �SkQ �vQ�SUH]HQW�SHQWUX�VWXGLXO�
PRWRDUHORU�6WLUOLQJ�FRQYHQ LRQDOH�[70]�úL�SH�FDUH�GRUHVF�V �R�DGDSWH]�PDúLQLORU�IULJRULILFH�
úL� SRPSHORU� GH� F OGXU �� $FHDVW � SDUWH� RULJLQDO � D� SUH]HQWHL� WH]H� FRQVW � vQ� IDSWXO� F �
VFKHPHOH� GH� FDOFXO� SHQWUX� DVWIHO� GH�PDúLQL� VXQW� SHQWUX� SULPD� GDW � GH]YROWDWH� DQDOLWLF� OD�
DFHODúL� QLYHO� GH� FRPSOH[LWDWH� FD� úL� SHQWUX� PRWRDUHOH� 6WLUOLQJ� FRQYHQ LRQDOH�� 3XQFWXO� GH�
SRUQLUH� DO� DFHVWHL� GH]YROW UL� vO� FRQVWLWXLH� OXFU ULOH� [73], [125]�� GDU� WUDWDUHD�GH� DLFL� ULGLF �
grDGXO�GH�FRPSOH[LWDWH�D�OX ULL�vQ�FRQVLGHUDUH�D�LUHYHUVLELOLW LORU�LQWHUQH�XUP ULQGX-se a se 
DMXQJH�OD�UHOD LL�GH�FDOFXO�SHQWUX�FRHILFLHQ LL�GH�SHUIRUPDQ �FH�SRW�IL�HYHQWXDO�YDOLGDWH�vQ�
PRG�VLPLODU�FX�FHOH�GH�OD�PRWRDUH�6WLUOLQJ�FRQYHQ LRQDOH� 
 

2.2.1.  Ipot eze s im pl i f i c at oar e 

 Fiind vorba de adaptarea metodei prezentate în paragraful 1.3.6. SHQWUX�VWXGLXO�úL�
RSWLPL]DUHD� PRWRDUHORU� 6WLUOLQJ� FRQYHQ LRQDOH� OD� VSHFLILFXO� PDúLQLORU� 6WLUOLQJ� LQYHUVDWH�
�PDúLQL� IULJRULILFH� úL� SRPSH� GH� F OGXU ��� LSRWH]HOH� PHWRGHL� VXQW� DFHOHDúL� �YH]L� SDUDJUDI�
1.3.6.1. , pag. 56���6H�XUP UHúWH�R�WUDWDUH�XQLWDU �D�DFHVWRU�PDúLQL� 
 'H� DVHPHQHD� GH]YROW ULOH� FXSULQVH� vQWUH� HFXD LD� (1.52)� úL� HFXD LD� (1.68)� U PkQ�
valabile.  
 ÌQ�FRQWLQXDUH�YRL�SUH]HQWD�DOJRULWPXO�GH�FDOFXO�SURSXV�SHQWUX�RSWLPL]DUHD�PDúLQLORU�
FX� FLFOX� LQYHUVDW� SUHFXP� úL� GH]YROWDUHD� DQDOLWLF � D� WUHL� VFKHPH� GH� FDOFXO� SURSXVH� GXS �
modelul motoarelor 6WLUOLQJ�FRQYHQ LRQDOH�[70]. 
 

2.2.2.  Algor i t m ul  Met ode i  Di rec t e pent ru c ic lur i  
inversat e 

 UtilizâQG�0HWRGD� 'LUHFW �� FRHILFLHQWXO� GH� SHUIRUPDQ � DO� PDúLQLL� IULJRULILFH� HVWH�
H[SULPDW�FD�SURGXVXO�GLQWUH�FRHILFLHQWXO�GH�SHUIRUPDQ �DO�FLFOXOXL�&DUQRW�úL�UDQGDPHQWXO�
bazat pe Principiul al II-lea al Termodinamicii [13], [88], [73], [125]� DúD� FXP� se 
SURFHGHD] �IUHFYHQW�vQ�OLWHUDWXUD�GH�VSHFLDOLWDWH��LGHH�LQWURGXV �GH BEJAN [91]. Prin acest 
UDQGDPHQW�VXQW�OXDWH�vQ�FRQVLGHUDUH�SLHUGHULOH�JHQHUDWH�GH�LUHYHUVLELOLW LOH�FLFOXOXL� 

irevIICCirevII

C

F

MF COP

T

T
COP ,,

1

1 ηη ⋅=⋅
−

=  
(2.22) 

unde: COPCC�  � FRHILFLHQWXO� GH� SHUIRUPDQ � DO� FLFOXOXL� UHYHUVLELO� &DUQRW� LQYHUVDW� FDUH�
IXQF LRQHD] �vQWUH�DFHOHDúL�WHPSHUDWXUL�TC�úL�TF; 

ηII,irev = randamentul bazat pe Principiul al II-lea al Termodinamicii. 
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$FHVW� UDQGDPHQW� D� IRVW� VFULV� VXE� IRUPD� XQXL� SURGXV� GH� GRL� WHUPHQL� FRUHVSXQ] WRUL�
SLHUGHULORU�JHQHUDWH�GH�GLIHULWH�FDWHJRULL�GH�LUHYHUVLELOLW L�[22], [88], [89]: 

pIIXIIirevII ∆= ,,, .ηηη  (2.23) 

unde: 
XII ,η  = randamentul relativ la Principiul al II-lea datorat procesului de regenerare 

LPSHUIHFW �D�F OGXULL� 
 pII ∆,η  = randamentul relativ la Principiul al II-lea datorat pierderilor de presiune 

JHQHUDWH�GH�YLWH]D�ILQLW �D�SURFHVHORU��úL�DQXPH�GH�YLWH]D�ILQLW �D�SLVWRQXOXL�
úL�D�JD]XOXL�FDUH�WUHFH�SULQ�UHJHQHUDWRU�úL�FHOHODOWH�VFKLPE WRDUH�GH�F OGXU ��
úL� GH� DVHPHQHD�� SLHUGHUL� GH�SUHVLXQH� JHQHUDWH� GH� IUHFDUHD�PHFDQLF � vQWUH�
S U LOH�PRELOH�DOH�PDúLQLL� 

 

c Randamentul relativ la Principiul al II-lea datorat procesului de regenerare 
LPSHUIHFW �D�F OGXULL 
 5HJHQHUDUHD� LPSHUIHFW � D� F OGXULL� UHSUH]LQW � R� SLHUGHUH� LPSRUWDQW � vQ� PDúLQLOH�
Stirling. Aceste pierderi sunt exprimate utilizînd un coeficient al pierderilor regenerative, 
X.  
 În Fig. 2.5�� HVWH�SUH]HQWDW �GLDJUDPD�TS a ciclului Stirling inversat, cu regenerare 
SDU LDO ��LPSHUIHFW ��D�F OGXULL� 

 

Fig. 2.5. Diagrama TS a ciclului Stirling inversat cu regenerare 

SDU LDO �D�F OGXULL. 

 &DQWLWDWHD� GH� F OGXU � FH� QX� HVWH� UHJHQHUDW � GDWRULW � UHJHQHU ULL imperfecte, cu 
LUHYHUVLELOLW L�� HVWH� GDW � GH� UHOD LD, cu ajutorul unui coeficient de pierderi regenerative X 
[39]: 

233’3 QXQ =  (2.24) 

având ca efect reducerea puterii frigorifice cu: 

233’3’34 QXQQ ==  (2.25) 

QR 

3’ 
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3’3Q =Q34’ 
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 ÌQ� DFHVW� FD]�� HIHFWXO� XWLO� YD� IL� FDQWLWDWHD� GH� F OGXU � Q4’4 în loc de Q34 , iar 
FRHILFLHQWXO� GH� SHUIRUPDQ � DO� PDúLQLL� LUHYHUVLELOH� �FkQG� VH� FRQVLGHU � QXPDL� UHJHQerare 
LPSHUIHFW ��� COPirev,X , va fi mai mic decât cel reversibil (egal cu coeficientul de 
performaQ �DO�FLFOXOXL�&DUQRW�LQYHUVDW, COPCC)�úL�DQXPH� 

cicluciclu

Xirev
L

QXQ

L

Q
COP

23344’4
, consum

utilefect −
===  (2.26) 

 ([SULPkQG�UHOD LLOH�SHQWUX�FDOFXOXO�VFKLPEXULORU�HQHUJHWLFH��VH�RE LQH� 

( )
( ) εε
ε

ln1

1

ln

ln
,

R

Xc

T

TTTmR

TTXmcmRT
COP V

F

CFC

FCVF
Xirev −

−
=

−
−−

=  
(2.27) 

 5HFXQRDúWHP� SULPXO� WHUPHQ� DO� UHOD LHL� GH� PDL� VXV� FD� ILLQG� FRHILFLHQWXO� GH�
SHUIRUPDQ �DO�FLFOXOXL�&DUQRW�LQYHUVDW��5H]XOW  urP WRDUHD�IRUP �GH�VFULHUH: 

XIICC

F

CV
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Xirev COP
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ln
1

1
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ε

=















−−

−
=  

(2.28) 

GH� XQGH� UH]XOW � H[SUHVLD� GH� FDOFXO� D� UDQGDPHQWXOXL� UHODWLY� OD� 3ULQFLSLXO� DO� ,,-lea datorat 
SURFHVXOXL�GH�UHJHQHUDUH�LPSHUIHFW �D�F OGXULL�SHQWUX�PDúLQL�IULJRULILFH� 









−

⋅
−= 1
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R
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ε
η  (2.29) 

 ÌQ�UHOD LLOH�DQWHULRDUH��F OGXUD�VSHFLILF �OD�YROXP�FRQVWDQW��cV��HVWH�OXDW �GLQ�WDEHOH�
termodinamice la temperatura medie a gazului, Tmed, iar masa de gaz, m, este calculat �GLQ�
HFXD LD�WHUPLF �GH�VWDUH�SHQWUX�JD]H�SHUIHFWH. 
 ([SUHVLD�FRHILFLHQWXOXL�GH�SLHUGHUL�UHJHQHUDWLYH�D�IRVW�GHGXV �OXvQG�vQ�FRQVLGHUDUH�
FHL�GRL�DOJRULWPL�GH]YROWD L�SHQWUX�PRWRDUH�FRQYHQ LRQDOH�� úL�DQXPH�FHO� µRSWLPLVW¶�SHQWUX�
care a fost dedus un coeficient X1�� úL� FHO� µSHVLPLVW¶� SHQWUX� FDUH� X2 a fost calculat. 
&RPELQvQG�DFHúWL�GRL�DOJRULWPL��V-D�RE LQXW�XUP WRDUHD�H[SUHVLH�GH�FDOFXO�D�FRHILFLHQWXOXL�
de pierderi regenerative [13], [90]: 

( )yXyXX −⋅+⋅= 121  (2.30) 

unde:  

• y este un parametru de ajustare al metodei având valoarea de 0,43� �SHQWUX� PDúLQL�
frigorifice)� VWDELOLW � SH� ED]D� FRUHO ULL� UH]XOWDWHORU� DQDOLWLFH� cu cele experimentale 
�UHDPLQWLP�YDORDUHD�GH������SHQWUX�PRWRDUH�FRQYHQ LRQDOH�; 

• FRHILFLHQ LL� GH� SLHUGHUL� UHJHQHUDWLYH� vQ� HVWLP ULOH� µSHVLPLVW ¶� úL� UHVSHFWLY�� µRSWLPLVW ¶��
VXQW�SUH]HQWD L�vQ�SDUDJUDIXO�1.3.6.3. , fapt pentru care nu mai reiau aici descrierea. 
 
d Randamentul relativ la Principiul al II-lea datorat pierderilor de presiune 
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 Pierderile de presiune sunt luate în considerare prin randamentul ✠ ✠ ✡ ☛ � D� F UXL�
H[SUHVLH� GH� FDOFXO� HVWH� J VLW � vQ� FHOH� FH� XUPHD] �� 3HQWUX� DFHDVWa, voi considera atât 
LUHYHUVLELOLW LOH�JHQHUDWH�vQ�LQWHULRUXO�PDúLQLL�GDWRULW �SLHUGHULORU�GH�SUHVLXQH��FkW�úL�SH�FHOH�
JHQHUDWH�GDWRULW �UHJHQHU ULL�LPSHUIHFWH�D�F OGXULL�� 
 6H�YD�XUPD�DFHODúL�SURFHGHX�GH�FDOFXO�FD�úL�SHQWUX�UDQGDPHQWXO�ED]DW�SH�3ULQFLSLul 
al II-OHD�GDWRUDW�UHJHQHU ULL�LPSHUIHFWH� 

irevcicluirevciclu L

QXQ

L

Q
COP

,

2334

,

4’4

consum

utilefect −
===  (2.31) 

 &RPELQkQG� UHOD LLOH� DQWHULRDUH� úL� H[SULPkQG� VFKLPEXULOH� HQHUJHWLFH�� VH� RE LQH�
expresia lucrului mecanic ireversibil consumat: 

( )
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 (2.32) 

3HQWUX�XúXULQ �vQ�FDOFXOH��VH�XWLOL]HD] �XUP WRDUHD�QRWD LH� 

’, ηη =XIICCCOP  (2.33) 

 LQkQG�FRQW� GH� IDSWXO� F � lucrul mecanic ireversibil, Lirev, se poate scrie ca lucrul 
PHFDQLF� UHYHUVLELO� OD� FDUH� VH� DGDXJ � (deoarece este consumat în plus) un lucru mecanic 
VXSOLPHQWDU�GDWRUDW�SLHUGHULORU�GH�SUHVLXQH�GLQ�PDúLQ ��UH]XOW � 
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 (2.34) 

'XS � VLPSOLILF UL� VL� GHVIDFHUHD� SDUDQWH]HL�� UH]XOW � H[SUHVLD� GH� FDOFXO� D� UDQGDPHQWXOXL�
relativ la Principiul al II-lea datorat pierderilor de presiune: 

( ) ετ

η
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(2.35) 

în care L☛✌☞ ✍✏✎✒✑✓✍✏✎✔☞ ✡ ☛ � HVWH�GDW�GH�XQD�GLQ� UHOD LLOH� (1.55) sau (1.56) vQ� IXQF LH�GH� WLSXO�PDúLQLL�
studiate. 
 ÌQ� IXQF LH� GH� DQXPLWH� LSRWH]H� GH� FDOFXO� FDUH� VH� SRW� IDFH�� GH� PRGXO� vQ� FDUH� VH�
consider �F �DU�DYHD�ORF�JHQHU ULOH�GH�LUHYHUVLELOLW L�úL�GH�HIHFWXO�ORU�DVXSUD�SHUIRUPDQ HORU�
PDúLQLL��VH�SRW�GH]YROWD�PDL�PXOWH�VFKHPH�GH�FDOFXO� 
 'H� H[HPSOX�� VH� SRDWH� FRQVLGHUD� F � SLHUGHUHD� WRWDO � GH� SUHVLXQH� GDWRUDW � YLWH]HL�
finite a pistonului ar fi o medie vQWUH�DFHVWH�SLHUGHUL�GLQ�WLPSXO�SURFHVHORU�GH�FRPSULPDUH�úL�
GHVWLQGHUH��/D�IHO�GH�ELQH�VH�SRDWH�FRQVLGHUD�FD�SLHUGHUHD�WRWDO �HVWH�VXPD�ORU��úL�QX�PHGLD�
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ORU�� $FHODúL� OXFUX� SHQWUX� SLHUGHULOH� GH� SUHVLXQH� vQ� FHOH� GRX � SURFHVH� GH� WUHFHUH� SULQ�
regenerator. 
 6H� YRU� VWXGLD� WUHL� VFKHPH� GH� FDOFXO� FX� LSRWH]H� GH� OXFUX� GLIHULWH� úL� vQ� ILQDO� VH� YD�
stabili care dintre acestea sunt cele mai corecte� SULQ� FRPSDUDUHD� UH]XOWDWHORU�RE LQXWH� FX�
date experimentale. 
 ,SRWH]HOH� vQ� FHHD� FH� SULYHúWH� LUHYHUVLELOLW LOH� FRQVLGHUDWH� vQ� GH]YROWDUHD� ILHF UHL�
VFKHPH� DX� IRVW� PHQ LQXWH� DFHOHDúL� FD� FHOH� FRQVLGHUDWH� vQ� FD]XO� PRWRDUHORU�� SHQWUX�
uniformitate. 
 

2.2.3.  6FKHPD�GH�FDOFXO�´SHVLPLVW µ 

 1XPHOH�DFHVWHL�VFKHPH�D�IRVW�GDW�GXS �FH�V-DX�FRPSDUDW�UH]XOWDWHOH�RE LQXWH�FX�FHOH�
experimentale. S-a oEVHUYDW� F � YDORULOH� RE LQXWH� DQDOLWLF� VXQW� PDL� PLFL� GHFkW� FHOH�
experimentale. Deci, s-D� PHUV� SH� R� JkQGLUH� SUHD� ³SHVLPLVW ´� SULYLQG� JHQHUDUHD� GH�
LUHYHUVLELOLW L�vQ�LQWHULRUXO�PDúLQLL�  
 'H�UHPDUFDW�HVWH�IDSWXO�F �DFHODúL�UH]XOWDW�D�IRVW�RE LQXW�VL�OD�PRWRDre când s-au luat 

vQ�FRQVLGHUDUH�LUHYHUVLELOLW LOH�GXS �FXP�XUPHD] � 

Ipoteze privinG�JHQHUDUHD�LUHYHUVLELOLW LORU 

� &D� úL� OD�PRWRDUH�� VH� FRQVLGHU � R� YDORDUH�PHGLH� D� FHORU� SDWUX� VXUVH� GH� SLHUGHUL� GH�
SUHVLXQH��úL�DQXPH�YLWH]D�ILQLW �D�SLVWRQXOXL� vQ�WLPSXO�SUocesului de comprimare, în 

WLPSXO� SURFHVXOXL� GH� GHVWLQGHUH�� ODPLQDUHD� JD]XOXL� vQ� FHOH� GRX � WUHFHUL� SULQ�
UHJHQHUDWRU� úL� IUHF ULOH� PHFDQLFH�� ÌQ� DFHVW� FD]�� VH� SRDWH� OXFUD� FX� VXPD� SLHUGHULORU�
PHGLL�GH�SUHVLXQH�FH�vQJOREHD] �SLHUGHULOH�GDWRUDWH�YLWH]HL�ILQLWH��ODPLQ ULL�úL�IUHF ULL� 

flamwmed pppp ∆+∆+∆=Σ∆  (2.36) 

� PLHUGHUHD� GH� SUHVLXQH� GDWRUDW � YLWH]HL� ILQLWH� D� SLVWRQXOXL� HVWH� PHGLD� FHORU� GRX �
SLHUGHUL�GLQ�WLPSXO�SURFHVHORU�GH�FRPSULPDUH�úL�GHVWLQGHUH� 
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ww ppp ∆+∆=∆
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 (2.37) 

ÌQORFXLQG�UHOD LLOH�GH�FDOFXO�SHQWUX� cpr
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 (2.38) 

� 6H�FRQVLGHU �F �vQ�FHOH�GRX �SURFHVH�GH�ODPLQDUH�SLHUGHUHD�GH�SUHVLXQH�HVWH�DFHHDúL��
FHHD�FH�vQVHDPQ �F �SLHUGHUHD�PHGLH�GH�SUHVLXQH�GDWRUDW �ODPLQ ULL�JD]XOXL�HVWH�GDW �
GH�UHOD LD�(1.65).  

� Se conVLGHU �F �YLWH]D�JD]XOXL�HVWH�HJDO �FX�YLWH]D�PHGLH�D�SLVWRQXOXL� 
� 6H�FRQVLGHU �SLHUGHULOH�GH�SUHVLXQH�GDWRULW �IUHF ULL�vQWUH�S U LOH�PRELOH�DOH�PDúLQLL�FD�

ILLQG�MXP WDWH�GLQ�FHOH�FH�DSDU�OD�PRWRDUHOH�FX�DUGHUH�LQWUHQ � 
 LQkQG�VHDPD�GH aceste expresii, se�RE LQH� 
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Calculul lucrului mecanic datorat pierderilor de presiune: 
 6H� FRQVLGHU � UHOD LLOH� (1.55) sau (1.56)� SHQWUX� FHOH� GRX � WLSXUL� GH� PDúLQL�� FX�
PHQ LXQHD�F �SLHUGHUHD�GH�SUHVLXQH� HVWH�FRQVLGHUDW � YDORDUHD�PHGLH�D�FHORU� WUHL� VXUVH�GH�
generare. În acest caz: 

( ) ( )[ ] medmedppierderi pVVVVVVpL Σ∆=−++−Σ∆=∆ 121221
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, 22γ  (2.40) 
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unde s-a utilizat�QRWD LD�
ε

µ
3

1
1 −= . 

 &X� XOWLPHOH� GRX � UHOD LL� úL� HFXD LD� (2.35) se poate calcula randamentul relativ la 
Principiul al II-lea datorat pierderilor de presiune. 
 ÌQ�DFHVW�PRPHQW�VH�SRDWH�FDOFXOD�FRHILFLHQWXO�GH�SHUIRUPDQ �DO�PDúLQLL� 
 Rezultatele numerice sunt prezentate în paragraful 2.4. . 
 

2.2.4.  Sc hem a de FDOFXO�´RSWLPLVW µ 

 3ULQ�VLPLOLWXGLQH�FX�PHWRGD�XWLOL]DW � OD�PRWRDUH��Qumele acestei scheme a fost dat 
GXS �FH�V-DX�FRPSDUDW�UH]XOWDWHOH�RE LQXWH�FX�FHOH�H[SHULPHQWDOH��6-D�REVHUYDW�F �YDORULOH�
RE LQXWH�DQDOLWLF�VXQW�PDL�PDUL�GHFkW�FHOH�H[SHULPHQWDOH��'HFL, s-a mers pe o gândire prea 
³RSWLPLVW ´�SULYLQG�JHQHUDUHD�GH�LUHYHUVLELOLW L�vQ�LQWHULRUXO�PDúLQLL� 

Ipoteze privinG�JHQHUDUHD�LUHYHUVLELOLW LORU 

� Sunt luate în considerare separat pierderile de presiune din regenerator în timpul 
FHORU� GRX � SURFHVH� GH� ODPinare, 2-�� úL� �-��� OD� WHPSHUDWXULOH� úL� SUHVLXQLOH� PHGLL�
UHVSHFWLYH��FRQIRUP�UHOD LLORU�(1.66)�úL�(1.67). 

� 6H�FRQVLGHU �SLHUGHULOH�GH�SUHVLXQH�GDWRULW �IUHF ULL�vQWUH�S U LOH�PRELOH�DOH�PDúLQLL�FD�
ILLQG�MXP WDWH�GLQ�FHOH�FH�DSDU�OD�PRWRDUHOH�FX�DUGHUH�LQWHUQ � 

� 'HSODVDUHD�SLVWRDQHORU�HVWH�VLQXVRLGDO ��PRWLY�SHQWUX�FDUH�VH�FRQVLGHU �YLWH]D�JD]XOXL�
HJDO �FX�MXP WDWH�GLQ�YLWH]D�PHGLH�D�SLVWRQXOXL���&kQG�VH�PLúF �GHSODVDWRUXO��YLWHza 
JD]XOXL� vQ� UHJHQHUDWRU� HVWH� HJDO � FX� YLWH]D� GHSODVDWRUXOXL�� &kQG� VH� PLúF � GRDU�
SLVWRQXO� GH� OXFUX�� YLWH]D� JD]XOXL� vQ� YHFLQ WDWHD� DFHVWXLD� HVWH� HJDO � FX� YLWH]D�
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SLVWRQXOXL��GDU� YLWH]D� JD]XOXL� LQ� UHJHQHUDWRUXO� FDUH� VW � IL[� HVWH� OD� OLPLWD� ]HUR��'HFL�
viteza mHGLH�vQWUH�DFHVWH�GRX �H[WUHPH�YD�IL�MXP WDWH�GLQ�YLWH]D�SLVWRQXOXL�GH�OXFUX�� 

 1RXD�VFKHP �GH�FDOFXO�V-D�GRYHGLW�D�IL�³PDL�SX LQ�SHVLPLVW ´�ID �GH�SULPD�VFKHP �
GH� FDOFXO� SUH]HQWDW � SHQWUX� F � SLHUGHULOH� SULQ� ODPLQDUH� vQ� UHJHQHUDWRU� VXQW� OXDWH� vQ�
considerare numai în procesele 2-��úL��-���LDU�SLHUGHULOH�GDWRUDWH�PLúF ULL�FX�YLWH] �ILQLW �D�
pistonului sunt considerate doar în procesele 1-��úL��-4. 

Calculul lucrului mecanic datorat pierderilor de presiune 
 6H�DSOLF �UHOD LLOH�(1.55) sau (1.56) peQWUX�FHOH�GRX �WLSXUL�GH�PDúLQL� ✕

 PDúLQL�6WLUOLQJ�GH�WLS� �(regeneratorul inclus în deplasator): 

( ) ( ) ( )21214,32,21
)(

, VVpVppVVpL flamlamwppierderi −∆+∆+∆+−∆= −−∆
γ  (2.42) 

Conform�LSRWH]HORU�GH�PDL�VXV�UH]XOW � 
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(2.43) 

$FHDVW � UHOD LH� VH� vQORFXLHúWH� vQ� H[SUHVLD� GH� FDOFXO� D� UDQGDPHQWXOXL� UHODWLY� OD�
Principiul al II-OHD�GDWRUDW�SLHUGHULORU�GH�SUHVLXQH� úL� VH� LQe cont de cea de-a doua 
LSRWH] � GH� OXFUX� FRQIRUP� F UHLD� YLWH]D� JD]XOXL� vQ� UHJHQHUDWRU�� wR�� HVWH� HJDO � FX�
MXP WDWH�GLQ�YLWH]D�PHGLH�D�SLVWRQXOXL�GH�OXFUX��w/2: 
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 (2.44) 

✖
 PDúLQL�6WLUOLQJ�GH�WLS� ��UHJHQHUDWRUXO�DúH]DW�vQWUH�FHL�GRL�FLOLQGUL�� 

( ) ( )21114,232,21
)(

, VVpVpVpVVpL flamlamwppierderi −∆+∆+∆+−∆= −−∆
α  (2.45) 

&RQIRUP�LSRWH]HORU�GH�OXFUX��UH]XOW �F � 
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(2.46) 

$FHDVW � UHOD LH� VH� vQORFXLHúWH� vQ� H[SUHVLD� GH� FDOFXO� D� UDQGDPHQWXOXL� UHODWLY� OD�
Principiul al II-OHD�GDWRUDW�SLHUGHULORU�GH�SUHVLXQH� úL� VH� LQH� FRQW� GH� FHD� GH-a doua 
LSRWH] � GH� OXFUX� FRQIRUP� F UHLD� YLWH]D� JD]XOXL� vQ� UHJHQHUDWRU�� wR�� HVWH� HJDO � FX�
jum WDWH�GLQ�YLWH]D�PHGLH�D�SLVWRQXOXL�GH�OXFUX��w/2: 
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 ùWLLQG�UHOD LLOH�GH�FDOFXO�SHQWUX� ✗ ✗ ✘ ✙ ��VH�SRDWH�FDOFXOD�FRHILFLHQWXO�GH�SHUIRUPDQ �DO�
PDúLQLL��5H]XOWDWHle numerice sunt prezentate în paragraful 2.4. . 
 

2.2.5.  6FKHPD�GH�FDOFXO�´FHD�PDL�SX LQ�SHVLPLVW µ 

 $FHDVW � VFKHP � GH� FDOFXO� HVWH� ³PDL� RSWLPLVW ´� vQ� FRPSDUD LH� FX� SULPD� VFKHP �
deoarece se iau în considerare pierderile de presiune prin laminare în regenerator numai în 
WLPSXO�FHORU�GRX �SURFHVH�L]RFRUH��FD�úL�OD�VFKHPD�,,��GDU�ID �GH�VFKHPD�,,��YLWH]D�JD]XOXL�
vQ�UHJHQHUDWRU�HVWH�HJDO �YLWH]D�PHGLH�D�SLVWRQXOXL� 

,SRWH]H�SULYLQG�JHQHUDUHD�LUHYHUVLELOLW LORU 

� Sunt luate în considerare separat pierderile de presiune din regenerator în timpul 
FHORU� GRX � SURFHVH� GH� ODPLQDUH�� �-�� úL� �-��� OD� WHPSHUDWXULOH� úL� SUHVLXQLOH� PHGLL�
UHVSHFWLYH��FRQIRUP�UHOD LLORU�(1.66)�úL�(1.67). 

� 6H�FRQVLGHU �YLWH]D�JD]XOXL�HJDO �FX�YLWH]D�PHGLH�D�SLVWRQXOXL� 
� 3LHUGHULOH� GH� SUHVLXQH� SULQ� IUHFDUH� VXQW� FRQVLGHUDWH� FD� úL� OD� PRWRDUHOH� FX� DUGHUH�

LQWHUQ � 

Calculul lucrului mecanic datorat pierderilor de presiune 
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 6H�SURFHGHD] �VLPLODU�FX�SULPHOH�GRX �VFKHPH�GH�FDOFXO�úL�VH�DSOLF �UHOD LLOH�(1.55) 
sau (1.56) peQWUX�FHOH�GRX �WLSXUL�GH�PDúLQL� ✚

 PDúLQL�6WLUOLQJ�GH�WLS� ��UHJHQHUDWRUXO�LQFOXV�în deplasator), pentrX�FDUH�UH]XOW �GXS �
calcule matematice: 
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(2.48) 

úL�UHVSHFWLY� 
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✚
 PDúLQL� 6WLUOLQJ� GH� WLS� � �UHJHQHUDWRUXO� DúH]DW� vQWUH� FHL� GRL� FLOLQGUL� pentru care 

RE LQHP: 

( ) ( )
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(2.50) 

úL�UHVSHFWLY� 
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 (2.51) 

 
 ùWLLQG�UHOD LLOH�GH�FDlcul pentru ✛ ✛ ✜ ✢ ��VH�SRDWH�FDOFXOD�FRHILFLHQWXO�GH�SHUIRUPDQ �DO�
PDúLQLL��5H]XOWDWHle numerice sunt prezentate în paragraful 2.4.  
 

2.3 .  Com binarea Met ode i  Sc hm idt  
vPEXQ W LW �FX�0HWRGD�'LUHFW  

 
 2ULJLQDOLWDWHD�DFHVWHL�PHWRGH�FRQVW �vQ�IDSWXO�FD�VH� LQH�FRQW�GH�SLHUGHULOH�JHQHUDWH�
GH�LUHYHUVLELOLW LOH�LQWHUQH�úL�H[WHUQH�DOH�PDúLQLL�DWXQFL�FDQG�VH�DSOLF �PHWRGD�6FKPLGW�GHMD�
FRUHFWDW �SULQ�FRQVLGHUDUHD�FLQHPDWLFLL�HIHFWLYH�D�PDúLQLL�VWXGLDWH� 
 $FHVW�QRX�SURFHGHX�GH�FDOFXO�VH�LPSXQH�GLQ�GRX �PRWLYH�SULQFLSDOH� 
1) FkQG�VH�DSOLF �0HWRGD�6FKPLGW�FRUHFWDW ��QX�VXQW�OXDWH�vQ�FRQVLGHUDUH�LUHYHUVLELOLW LOH�

JHQHUDWH�vQ�WLPSXO�IXQF LRQ ULL�PDúLQLL��GHFL�QX�VH�FRQVLGHU �SURFHVH�UHDOH� 
2) FkQG�VH�DSOLF �0HWRGD�'LUHFW ��SUHVLXQHD�JD]XOXL�HVWH�FDOFXODW �I U �D�VH� LQH�FRQW�GH�

FLQHPDWLFD�HIHFWLY �D�PDúLQLL� 
'RULQ D�HVWH�FD��SULQ�FRPELQDUHD�DFHVWRU�GRX �PHWRGH��V �VH�HODERUH]H�R�QRX �PHWRG �

GH�FDOFXO�FDUH�V � LQ �FRQW�úL�GH�FLQHPDWLFD�PDúLQLL��GDU�úL�GH�SLHUGHULOH�GDWRUDWH�
LUHYHUVLELOLW LORU�JHQHUDWH�vQ�WLPSXO�IXQF LRQ ULL. 

Ipoteze de lucru 

) DJHQWXO�GH�OXFUX�GLQ�PDúLQLOH�6WLUOLQJ�PRGHUQH�HVWH�KHOLX�VDX�KLGURJHQ��JD]�FH�SRDWH�IL�
considerat perfect putînd fi aplicat �HFXD LD�WHUPLF �GH�VWDUH�PV=mRT��DFHDVW �LSRWH] �
HVWH�YDODELO �vQ�GRPHQLXO�GH�YDULD LH�D�SUHVLXQLL�úL�WHPSHUWXULL�DWLQVH�vQ�LQWHULRUXO�DFHVWRU�
PDúLQL�� 

) PDVD� WRWDO � GH� DJHQW� GH� OXFUX� HVWH� FRQVLGHUDW � FRQVWDQW � vQ� WLPSXO� IXQF LRQ ULL�� VH�
QHJOLMHD] �VFXUJHUile de fluid; 

) VH� LD� vQ� FRQVLGHUDUH� GLVWULEX LD� HIHFWLY � D� SUHVLXQLL� LQVWDQWDQHH� vQ� LQWHULRUXO� PDúLQLL��
SLHUGHULOH� GH� SUHVLXQH� GDWRUDWH� IUHF ULORU� úL� UH]LVWHQ HORU� JD]RGLQDPLFH� QX� VXQW�
neglijate; 

) vQ�WLPSXO�SURFHVHORU�GH�FRPSULPDUH�úL�GHVWLQGHUH��WHPSHUDWXUD�JD]XOXL�HVWH�FRQVLGHUDW �
FRQVWDQW ��7C , respectiv TF; 
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) WHPSHUDWXUD�JD]XOXL� vQ�UHJHQHUDWRU�HVWH�GH�DVHPHQHD�FRQVLGHUDW �FRQVWDQW �úL�HJDO �FX�
temperatura medie între TC�úL�7F; 

) VH�FRQVLGHU �UHJHQHUDUHD�LPSHUIHFW �D�F OGXULL; 

) se ia în considerare pierderea dH�SUHVLXQH�GDWRUDW �ODPLQ ULL gazului la trecerea sa 
SULQ�VFKLPE WRDUHOH�GH�F OGXU �DOH�PDúLQLL� 

) YROXPHOH�GH�FRPSULPDUH�úL�GHVWLQGHUH�YDULD] �FRQWLQXX�GXS �OHJLOH�HIHFWLYH�LPSXVH�GH�
FLQHPDWLFD�PDúLQLL studiate; 

) se vor lua în considerare pierderile de presiune datorate vitezei finite a pistonului; 

) VH�FRQVLGHU �UHJLP�VWD LRQDU��DVWIHO�vQFkW�WXUD LD�HVWH�PHQ LQXW �FRQVWDQW � 

Calculul presiunii pe piston 
 În expresia presiunii pe piston [70] XWLOL]DW � vQ� 0HWRGD� 'LUHFW �� VH� YD� LQtroduce 
YDULD LD presiunii instantanee a gazului S� ��GDW �GH�UHOD ia (2.17)�úL�FDUH�D�IRVW�FDOFXODW �SH�
ED]D�FRQVLGHU ULL�FLQHPDWLFLL�HIIHFWLYH�D�PDúLQLL�VWXGLDWH� 
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cu semnul + pentru procesul de comprimare si – pentru destindere; 

în care:  ka 3= ; 

 RTc 3=  este viteza medie molecular  ce se va calcula la temperatura TC în 
cazul comprim rii úi la TF în cazul destinderii; 
 iar wcpr� UHSUH]LQW � YLWH]D� GH� GHSODVDUH� D� SLVWRQXOXL� GH� OXFUX� úL� VH� FDOFXOHD] �de 
DFHVW �GDW �derivând deplasarea ∆x, FDOFXODW �FX�UHOD LD�(2.7), IXQF ie de timp: 
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ττ d
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w cpr ==  (2.53) 

5HFXQRDúWHP� vQ� DFHDVW � H[SUHVLH� UDSRUWXO�
τd

d
FDUH� UHSUH]LQW � GH� IDSW� YLWH]D� XQJKLXODU �

30

Q r=  [rad/s], cu nr în rot/min. 

'LQ�FDOFXOH�PDWHPDWLFH�UH]XOW : 
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 ÌQ�FHHD�FH�SULYHúWH�SLHUGHULOH�GH�SUHVLXQH��DFHVWHD�VXQW� 
- pierderile de presiune datorate lamin rii gazului la trecerea prin regenerator: 
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, unde în expresia vitezei gazului în regenerator 
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regeneratorului, num rul de regeneratoare úi de viteza deplasatorului wdest aceasta din 
XUP �VH calculeaz  în mod similar cu wcpr fiind derivata deplas rii ∆y func LH�GH�WLPS� 
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- ( ) [ ]252 10045,094,0
4

3
 mNwp cprf ⋅+=∆  pierderile de presiune datorate frec rilor 

interne între p r ile mobile ale maúinii��FD�PHGLD�D�FHORU�GRX �VFKHPH�GH�FDOFXO�. 
 (VWH�GH�PHQ LRQDW�IDSWXO�F �VFKHPD�GH�FDOFXO�XWLOL]DW �HVWH�FHD�FDUH�D�IRVW�GH]YROWDW �
SULQ�0HWRGD�'LUHFW �[70]�úL�YDOLGDW �D�IL�FHD�PDL�DSURSLDW �GH�UHDOLWDWH� 

&DOFXOXO�SHUIRUPDQ HORU�PDúLQLL 
 /XFUXO�PHFDQLF�vQ�SURFHVXO�GH�GHVWLQGHUH��FRPSULPDUH�úL�DO�FLOXOXL�VH�FDOFXOHD] �FX�
formula: 

[J/ciclu]     )(  
2

0
∫=
π

αVdpL p
 (2.56) 

 &RHILFLHQWXO�GH�SHUIRUPDQ �YD�IL�FDOFXODW�GH�DFHDVW �GDW �XWLOL]kQG�0HWRGD�'LUHFW : 

irevIICCMF COPCOP ,η=  (2.57) 

GXS �FXP�V-D�DU WDW�vQ�GH]YROWDUHD�DQWHULRDU ��SDUDJUDIXO�2.2. ). 
 
 ÌQ� FRQFOX]LH�� FHHD� FH� DP� QXPLW� ³FRPELQDUHD´� FHORU� GRX � PHWRGH� D� UHSUH]HQWDW�
FDOFXOXO� SHUIRUPDQ HORU� PDúLQLL� FX� 0HWRGD� 'LUHFW �� GDU� vQ� FDUH� SUesiunea instantanee a 
JD]XOXL�HVWH�FDOFXODW � LQvQG�FRQW�GH�FLQHPDWLFD�HIHFWLY �D�PDúLQLL�VWXGLDWH� 
 ÌQ� XUP WRUXO� SDUDJUDI� VH�SRW� DQDOL]D� UH]XOWDWHOH� RE LQXWH� FX� trei metode de calcul 
prezentate anterior. 6H� YD� IDFH� R� FRPSDUD LH� vQWUH� DFHVWH� UH]XOWDWH� úL� Fele experimentale 
disponibile. 
 

2.4 .  &RPSDUDUHD�UH]XOWDWHORU�RE LQXWH�SULQ�WUHL�

m et ode 

 $P�J VLW�XWLO � FRPSDUDUHD�D� WUHL�PHWRGH�GH� VWXGLX�D�PDúLQLORU�6WLUOLQJ�� úL�DQXPH��
PHWRGD� FLFOXOXL� LGHDO�� PHWRGD� 6FKPLGW� �FX� FHOH� GRX � YDULDQWH� GH� vPEXQ W LUH� – 
FRQVLGHUkQG�FLQHPDWLFD�HIHFWLY �úL�DSRL�FRPELQDUHD�FX�7HUPRGLQDPLFD�FX�9LWH] �)LQLW ��úL�
0HWRGD� 'LUHFW �� (YLGHQW�� DSOLFD LD� QXPHULF � HVWH� DFHHDúL�� úL� DQXPH� PDúLQD� IULJRULILF �
GHVFULV �vQ�paragraful 2.1.1. . 
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 0HQ LRQH]� F � WRDWH� FDOFXOHOH� DX� IRVW� HIHFWXDWH� utilizând programul de calcul 

MATLAB. 

 

2.4.1 .  5H]XOWDWH�QXPHULFH�üL�JUDILFH 

 9RL�SUH]HQWD�WDEHOH�FX�UH]XOWDWH�SHQWUX�ILHFDUH�PHWRG �úL�FRPSDUDWLY�  
 'XS � FDOFXOXO� SDUDPHWULORU� GH� VWDUH�� V-au trasat diagramele pV� úL� V-au calculat 

SHUIRUPDQ HOH�PDúLQLL��FX�ILHFDUH�PHWRG ��5H]XOWDWHOH�QXPHULFH� VXQW�centralizate în Tabel 

2.2�� 'LQ� FRPSDUDUHD� UH]XOWDWHORU� VH� REVHUY � R� LPSRUWDQW � vPEXQ W LUH� D� UH]XOWDWHORU�
DQDOLWLFH� OD� WUHFHUHD�GH� OD�PHWRGD�FLFOXOXL� LGHDO� OD�PHWRGD�6FKPLGW�� FHHD�FH�HUD� WRWXúL�Ge 

DúWHSWDW��UHDPLQWLP�F �SXWHUHD�IULJRULILF �UHDO �D�PDúLQLL�VWXGLDWH�HVWH�GH��:�� 
 ÌQ� FHHD� FH� SULYHúWH� vPEXQ W LUHD�PHWRGHL� 6FKPLGW� SULQ� FRQVLGHUDUHD� FLQHPDWLFLL�
HIHFWLYH�� FRQVLGHU P� F � QX� HVWH� VHPQLILFDWLY � GDF � QH� JkQGLP� OD� IDSWXO� F � PHWRGD� V-a 

complicat. 

Tabel 2.2. Studiu comparativ –�PHWRGD��6FKPLGW��PHWRGD�'LUHFW � 

9DORDUH�QXPHULF �FDOFXODW �SULQ�PHWRGD 
0 ULPHD�

FDOFXODW  
Schmidt Schmidt�FRUHFWDW  Schmidt +�0HWRGD�'LUHFW  

COP 0,358 0,358 0,13 

Pnec [W] 7,35 7,33 20,43 

FQ�  [W] 2,64 2,63 2,64 

 
 ÌQV � HVWH� GH� UHPDUFDW� HIHFWXO� FRQVLGHU ULL� SLHUGHULORU� GLQ�PDúLQ � SULQ� FRPELQDUHD�
PHWRGHL�6FKPLGW�FX�0HWRGD�'LUHFW ��$FHVW�HIHFW�HVWH�YL]LELO�SULQ�FUHúWHUHD�SXWHULL�QHFHVDUH�
DQWUHQ ULL�PDúLQLL� úL� UHVSHFWLY� VF GHUHD� FRHILFLHQWXOXL� GH� SHUIRUPDQ ��'LQ�S FDWH�� GDWHOH�
H[SHULPHQWDOH� GHVSUH� DFHDVW �PDúLQ � QX� QH� VXJHUHD] � YDORDUHD� UHDO � D�COP, deci nu se 
poate valida din acest punct de vedere. 
 Câteva rezultate grafice sunt prezentate în continuare. 

 

Fig. 2.6��9DULD LD�YROXPHORU�GLVORFDWH�GH�SLVWRQ�úL�GHSODVDWRU�SULQ�

utilizarea metodei Schmidt. 
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Fig. 2.7��&RPSDUD LH�vQWUH�OHJLOH�GH�YDULD LH�D�YROXPHORU – metoda 

6FKPLGW� FODVLF � �OLQLH� FRQWLQX �� úL� PHWRD� 6FKPLGW� FRUHFWDW � FX�

FLQHPDWLFD�HIHFWLY ��OLQLD�vQWUHUXSW �� 

 

 
Fig. 2.8�� &RPSDUD LH� vQWUH� GLDJUDPHOH� S9� RE LQXWH� FX� PHWRGD�

6FKPLGW� ³FODVLF ´� úL� PHWRGD� 6FKPLGW� FRUHFWDW � FX� FLQHPDWLFD�

HIHFWLY . 
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Fig. 2.9�� &RPSDUD LH� vQWUH� GLDJUDPHOH� S9� RE LQXWH� FX� PHWRGD�

'LUHFW � FRPELQDW � FX� FLQHPDWLFD� HIHFWLY � úL� PHWRGD� 6FKPLGW�

FRUHFWDW �FX�FLQHPDWLFD�HIHFWLY � 
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 Se poate observa faptul c  pentru calculul diagramei cu ajutorul Metodei Schmidt 
FRPELQDWH�FX�0HWRGD�'LUHFW ��OD�FRPSULPDUH�SUHVLXQHD�SH�SLVWRQ�HVWH�PDL�PDUH�GHFkW�FHD�D�
gazului, ceea ce corespunde realit ii, iar la destindere este mai mic . 
 ÌQ� DFHDVW � ID] � DP� SXWXW� IDFH� YDOLGDUHD� SH� SXWHUH� IULJRULILF � �FHD� RE LQXW �
H[SHULPHQWDO�HVWH�GH��:���6SHU P�V �UHXúLP�vQ�YLLWRU�V �HIHFWX P�R�YDOLGDUH�úL�SH�COP si 
SXWHUHD�QHFHVDU �úL�GH�DVHPHQHD��V �DSOLF P�PHWRGD�úL�DOWRU�PDúLQL�� 
 

2.4.2 .  St udiu  de  sensib i l i t at e  pent ru opt im izar ea 
par am et r i lor  

 Optimizare� vQVHDPQ � DOHJHUHD� DFHORU� YDORUL� DOH� SDUDPHWULORU� FDUH� FRQGXF� OD�
RE LQHUHD�FHORU�PDL�EXQH�SHUIRUPDQ H�DOH�PDúLQLL�VWXGLDWH� 
 3HQWUX� D� IDFH� DFHDVW � RSWLPL]DUH�� HVWH� QHFHVDU� V � FXQRDúWHP� GLQDLQWH� FDUH� VXQW�
efectele acestor paUDPHWUL�DVXSUD�SHUIRUPDQ HORU�PDúLQLL��COP, Pnec). 
 În acest scop, am ales ca parametri de studiu:  

; WXUD LD�DUERUHOXL�FRWLW�DO�PDúLQLL�� 

; natura agentului de lucru;  

; presiunea medie a gazului;  

; diametrul pistonului de lucru;  

; diametrul regeneratorului; 

; QXP rul de site din regenerator. 
 0HQ LRQH]� F � SHQWUX� DFHVW� VWXGLX� GH� VHQVLELOLWDWH� DP� XWLOL]DW� PHWRGD� 'LUHFW �
(schema I de calcul). 

 

Fig. 2.10��&RHILFLHQWXO�GH�SHUIRUPDQ �úL�SXWHUHD�QHFHVDU �IXQF LH�

GH�WXUD LD�DUERUHOXL�FRWLW��SHQWUX�PLFUR-criogeneratorul MC80K-1. 
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Fig. 2.11��&RHILFLHQWXO�GH�SHUIRUPDQ �IXQF LH�GH�YLWH]D�SLVWRQXOXL�

úL�QDWXUD�DJHQWXOXL�GH�OXFUX. 

 

Fig. 2.12��3XWHUHD�QHFHVDU � IXQF LH�GH� WXUD LH� úL� QDWXUD�DJHQWXOXL�

de lucru. 

 
Fig. 2.13. Coeficientul de perfRUPDQ � �VWkQJD�� úL� UHVSHFWLY�

necesarul de putere (dreapta)� IXQF LH� GH� YLWH]D� SLVWRQXOXL� úL�

presiunea medie a gazului. 
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Fig. 2.14�� &RHILFLHQWXO� GH� SHUIRUPDQ � IXQF LH� GH� WXUD LH� úL�

presiunea medie a gazului. 

 

 

Fig. 2.15��&RHILFLHQWXO�GH�SHUIRUPDQ �úL�SXWHUHD�QHFHVDU �IXQF LH�

GH�YLWH]D�úL�GLDPHWUXO�SLVWRQXOXL�GH�OXFUX. 

 

Fig. 2.16�� &RHILFLHQWXO� GH� SHUIRUPDQ � IXQF LH� GH� WXUD LH� úL�

diametrul regeneratorului. 
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Fig. 2.17��&RHILFLHQWXO�GH�SHUIRUPDQ �IXQF LH�GH�YLWH]D�SLVWRQXOXL�

GH�OXFUX�VDX�WXUD LH�úL�QXP UXO�GH�VLWH�GLQ�UHJHQHUDWRU. 

 Din Fig. 2.10 VH� REVHUY � GHSHQGHQ D� SXWHULL� QHFHVDUH� DQWUHQ ULL� PDúLQLL� úL� D�
FRHILFLHQWXOXL� GH� SHUIRUPDQ � GH� WXUD LD� PRWRUXOXL�� atunci când WXUD LD� DUH� YDORUL� PDL�
ridicate necesarul de puterH� FUHúWH�� FHHD� FH� IDFH� FD� úL� costul GH� XWLOL]DUH� V � creDVF . În 
DFHODúL�WLPS��FRHILFLHQWXO�GH�SHUIRUPDQ �LQGLF �R�XúRDU �GHVFUHúWHUH��'HFL�SXWHP�VSXQH�F  
SXQFWXO�RSWLP�GH�IXQF LRQDUH�DO�PDúLQLL� IULJRULILFH�VWXGLDWH�HVWH�DWLQV� OD�WXUD LL�PLFL, când 

HVWH� QHFHVDU � R� FDQWLWDWH� PLF � GH� SXWHUH,� DWkWD� WLPS� FkW� YDULD LD� FRHILFLHQWXOXL� GH�
SHUIRUPDQ �FX�WXUD LD�SRDWH�IL�QHJOLMDW � 
 'H�DVHPHQHD��DP�VWXGLDW�GHSHQGHQ D�COP de natura agentului de lucru - Fig. 2.11. 

&HD�PDL�EXQ �YDORDUH�D�COP�HVWH�RE LQXW �DWXQFL�FkQG�PDúLQD� OXFUHD] �FX�KHOLX�� LDU�FHD�
PDL� VODE � SHQWUX� DHU�� )XQF LRQDUHD� UHDO � D� PDúLQLL� HVWH� FKLDU� FX� KHOLX�3H� GH� DOW � SDUWH��
VWXGLXO� LQGLF �IDSWXO�F �SXWHUHD�QHFHVDU �QX�GHSLQGH�GH�QDWXUD�DJHQWXOXL�GH�OXFru; aceasta 

DUH�DFHHDúL�YDORDUH�SHQWUX�R�DQXPLW �WXUD LH�LQGLIHUHQW�GH�JD]XO�XWLOL]DW - Fig. 2.12. 

 ÌQ�FHHD�FH�SULYHúWH� LQIOXHQ D�SUHVLXQLL�PHGLL� D�JD]XOXL�GLQ�PDúLQ ��FRHILFLHQWXO�GH�
SHUIRUPDQ � SUH]LQW � R� YDULD LH� EUXVF � FX� YDULD LD� SUHVLXQLL� vQWUH� �� úL� �� EDUL�� GXS � FDUH�
FRQWLQX �V �creDVF �GDU�IRDUWH�XúRU�- Fig. 2.13��'HFL��QX�PHULW �HIRUWXO�GH�D�FUHúWH�SUHVLXQHD�
PHGLH�D�JD]XOXL�SHVWH���EDUL�DWkWD�WLPS�FkW�vPEXQ W LUHD�vQ�COP�QX�PDL�HVWH�VHPQLILFDWLY � 
PDL� DOHV� F � GHSHQGHQ D� SXWHULL� QHFHVDUH� GH� SUHVLXQHD�PHGLH� D� JD]XOXL� úL� GH� WXUD LH� HVWH�
liniar-FUHVF WRDUH��&HHD� FH� HVWH� LQWHUHVDQW� GH� REVHUYDW� DLFL� HVWH� IDSWXO� F � SHQWUX� SUHVLXQL�
MRDVH� FUHúWHUHD� SXWHULL� QHFHVDUH� FX� FUHúWHUHD� WXUD LHL� HVWH� XúRDU �� GDU� OD� presiuni mari, 

FUHúWHUHD�GHYLQH�LPSRUWDQW ��$FHODúL�HIHFW�VH�REVHUY �úL�DVXSUD�COP - Fig. 2.14. 

 În Fig. 2.15�VH�SRDWH�REVHUYD�LQIOXHQ D�GLDPHWUXOXL�SLVWRQXOXL�GH�OXFUX�DVXSUD�COP 
úL�SXWHULL�QHFHVDUH��&23�FUHúWH�R�GDW �FX�GHVFUHúWHUHD�GLDPHWUXOXL�SLVWRQXOXL�GH�OXFUX��FHHD�
FH�HVWH�XQ�UH]XOWDW�UH]RQDELO��GDF �IRORVLP�XQ�SLVWRQ�PDL�PDUH��Dvem�QHYRLH�GH�PDL�PXOW �
SXWHUH��'H�DFHHD�SXWHUHD�QHFHVDU �FUHúWH�GHFL�COP scade. 
 3H� GH� DOW � SDUWH�� FkQG� Giametrul regeneratorului este mai mare (Fig. 2.16), 
UHJHQHUDUHD�HVWH�PDL�EXQ �úL�GHFL COP este mai mare��&RVWXO�vPEXQ W LULL�UHJHQHUDWRUXOXL�
GRDU�SULQ�FUHúWHUHD�GLDPHWUXOXL�DFHVWXLD�HVWH�DFRSHULW�GH�vPEXQ W LUHD�COP�DO�PDúLQLL�GRDU�
SkQ � OD�XQ�DQXPLW� QLYHO��SHQWUX�PLFUR-criogeneratorul MC80K-1, acest nivel este de 10-
��PP�� 'XS � DFHDVW � YDORDUH�� FUHúWHUHD� YDORULL� COP� HVWH� QHVHPQLILFDWLY � úL� QX� VH� PDL�
H[SOLF �R�LQYHVWL LH�vQ�FRQWLQXDUH�vQ�FUHúWHUHD�GLDPHWUXOXL�UHJHQHratorului. 
 7RW�OD�QLYHOXO�UHJHQHUDWRUXOXL��QXP UXO�GH�VLWH�DO�DFHVWXLD�SRDWH�IL�YDULDW��Fig. 2.17). 
&RQFOX]LD� HVWH�� FD� úL� OD� REVHUYD LD� DQWHULRDU �� F � H[LVW � XQ� SUDJ� SkQ � OD� FDUH� VH� PHULW �

0 0.2 0.4 0.6 0.8 1
0.1185

0.119

0.1195

0.12

0.1205

0.121

0.1215

0.122

wc [m/s]

C
O

P

MC 80K-1

Ns=100
Ns=200
Ns=300
Ns=500
Ns=700

COP 

w 

COP 



Camelia PETRE - Teza de doctorat   

121 

DFHDVW � LQYHVWL LH��SHQWUX�PDúLQD� VWXGLDW �� FUHúWHUHD�QXP UXOXL�GH� VLWH�SkQ � OD���� are un 
HIHFW�SR]LWLY�úL�FH�SRDWH�IL�PRWLYDW�GLQ�SXQFW�GH�YHGHUH�HFRQRPLF. 
 

2.4.3.  'HIDOFDUHD�LUHYHUVLELOLW LORU�SH�FDX]H 

 3HQWUX�D�QH�IDFH�R�LGHH�GHVSUH�FkW�GH�PXOW�LQIOXHQ HD] �ILHFDUH�FDX] �JHQHUDWRDUe de 
LUHYHUVLELOLW L� DVXSUD� SHUIRUPDQ HORU� PDúLQLL�� YRL� SUH]HQWD� GHIDOFDUHD� SLHUGHULORU� GH�
SUHVLXQH�GDWRUDWH�YLWH]HL�ILQLWH�D�SLVWRQXOXL��ODPLQ ULL�JD]XOXL�OD�WUHFHUHD�SULQ�UHJHQHUDWRU�úL�
IUHF ULL�PHFDQLFH�GLQWUH�SLVWRQ�úL�FLOLQGUX� 
 De asemenea, voi prezHQWD�YDULD LD�FRHILFLHQWXOXL�GH�SLHUGHUL�UHJHQHUDWLYH�X�IXQF LH�
GH�WXUD LH�úL�SUHVLXQHD�PHGLH�D�JD]XOXL��FD�VWXGLX�GH�VHQVLELOLWDWH�� 
 

 

Fig. 2.18. Deducerea pierderilor de presiune (MC 80K-1) 

GDWRUDWH���� IUHF ULL�PHFDQLFH����– vitezei finite a proceselor; 3 – 

ODPLQ ULL�JD]XOXL�vQ��UHJHQHUDWRU. 
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Fig. 2.19. Coeficientul de pierderi regenerative. 

 În Fig. 2.18, putem analiza pierderile de presiune datoarte vitezei finite a pistonului, 
ODPLQ ULL�JD]XOXL� OD�WUHFHUHD�SULQ�UHJHQHUDWRU�úL�IUHF ULL�PHFDQLFH�GLQWUH�SLVWRQ�úL�FLOLQGUX� 
$úD� FXP� VH� REVHUY �� FDX]D� FHD� PDL� LPSRUWDQW � D� SLHUGHULORU� GH presiune este frecarea 
PHFDQLF ��/DPLQDUHD�JD]XOXL�OD�WUHFHUHD�SULQ�UHJHQHUDWRU�LQWURGXFH�FHOH�PDL�PLFL�SLHUGHUL�
GH�SUHVLXQH�� vQ�WLPS�FH�YLWH]D�ILQLW �D�SURFHVHORU�HVWH�SODVDW � vQWUH�FHOH�GRX �H[WUHPH��'H�
DFHHD��Dú�VSXQH�F �OD�OLPLW ��SHQWUX�HYHQWXDOD�GRULQ �GH�D�GLVSXQH�GH�R�PHWRG �GH�VWXGLX�
FkW� PDL� VLPSO �� V-DU� SXWHD� QHJOLMD� HIHFWXO� ODPLQ ULL� JD]XOXL�� GDU� GH� IUHFDUHD� PHFDQLF �
WUHEXLH�V �VH� LQ �FRQW� 
 Coeficientul de pierderi regenerative, X�� QX� YDULD] � FX� WXUD LD�� GDU� DUH� R� YDULD LH�
FRQWLQX � úL� VHPQLILFDWLY � FX� SUHVLXQHD� PHGLH� D� JD]XOXL� �Fig. 2.19��� 3HQWUX� R� FUHúWHUH� D�
SUHVLXQLL�PHGLL�D�JD]XOXL�GH�OD���EDU�OD����EDUL��FRHILFLHQWXO�GH�SLHUGHUL�UHJHQHUDWLYH�FUHúWH�
GH�OD��������OD���������$FHDVWD�vQVHDPQ �F �GDF �SUHVLXQHD�PHGLH�D�JD]XOXL�FUHúWH�GH����
RUL�� FRHILFLHQWXO� GH� SLHUGHUL� UHJHQHUDWLYH� FUHúWH� GH� ����� RUL� úL� vQ� FRQVHFLQ �� UHJHQHUDUHD�
scade. 
 
 'LQ� FHOH� SUH]HQWDWH� DQWHULRU�� vQGU ]QHVF� V � DILUP� F � GH]YROWDUHD� úL� UHVSHFWLY�
DSOLFDUHD�XQHL�PHWRGH�GH�VWXGLX�úL�RSWLPL]DUH�FDUH�V �SRDW �H[SOLFD�QDWXUD�SLHUGHULORU�vQWU-o 
PDúLQ �SRDWH�DYHD�HIHFWH�PXOW�EHQHILFH�vQ�ID]D�GH�SURLHFWDUH�D�PDúLQLL��vQFHUFkQGX-se astfel 
HYLWDUHD�ULVLSHL�GH�HQHUJLH�úL�PDWHULDOH��&RQVLGHU�F �PHWRGD�'LUHFW �DVWIHO�DSOLFDW �HVWH�GH�
PDUH�LPSRUWDQ �úL�FX�UH]XOWDWH�LPSRUWDQWH��5 PkQH�FD�SHUVSHFWLY �GH�FHUFHWDUH�GH�D�YDOLGD�
DFHDVW �PHWRG �SH�R�VHULH�GH�PDúLQL�IULJRULILFH��IXQF LRQkQG�LQ�GLYHUVH�FRQGL LL��DWXQFL�FkQG�
date experimentale vor fi disponibile. 
 

2.5 .  Adapt area Met ode i  Direc t e  pent ru  st ud iu l  
üL�RSWLPL]DUHD�DQVDPEOHORU�FX�PRWRU�6WLUOLQJ�

so lar  

 
 $úD�FXP�DP�DU WDW�vQ�SDUDJUDIHOH�DQWHULRDUH��QHFHVDUXO�GH�HQHUJLH�HOHFWULF �HVWH�vQ�
FRQWLQX � FUHúWHUH� SHVWH� WRW� vQ� OXPH�� ÌQ� DFHODúL� WLPS�� SUHRFXSDUHD� ID � GH� SURWejarea 
PHGLXOXL�DPELDQW�GHYLQH�XQ� IDFWRU�HVHQ LDO� vQ�DOHJHUHD� WHKQRORJLLORU�SRWULYLWH�XWLOL]DWH� vQ�
furnizarea energiei HOHFWULFH��(VWH�XúRU�GH�vQ HOHV�GH�FH�DWHQ LD�FHORU�PDL�PXOWH�RUJDQL]D LL�
VH�vQGUHDSW �DFXP�VSUH�WHKQRORJLLOH�QHSROXDQWH�GH�JHQHUDUH�D�HOHFWULFLW LL�XWLOL]kQG�UDGLD La 
VRODU �� DGXFkQG� vQF � XQ� DYDQWDM� vQ� SOXV�� úL� DQXPH� DFHOD� F � VH� XWLOL]HD] � XQ� FRPEXVWLELO�
gratis. 
 6RDUHOH� HVWH� XQ� UHDFWRU� WHUPRQXFOHDU� QDWXUDO� D� F UXL� UDGLD LH� HVWH� UHFHSWDW � SH�
VXSUDID D�7HUUHL��3XWHUHD�SULPLW �GH�VRO�GXS �FH�DFHDVWD�D�IRVW�HPLV �GH�6RDUH�úL�D�WUDYHUVDW�
DWPRVIHUD�HVWH�GH���N:�SH�R�VXSUDID �GH���P2�RULHQWDW �SHUSHQGLFXODU�SH�UD]HOH�6RDUHOXL�
�YDORDUH� VWDQGDUG��� (YLGHQW� F � DFHDVW � SXWHUH� QX� SRDWH� IL� XWLOL]DW � vQ� PRG� FRQWLQXX� OD�
DFHHDúL�YDORDUH��HD�YDULLQG�GH�OD�]L� OD�QRDSWH�� vQ�FXUVXO�DFHOHDúL�]LOH��GH�OD�XQ�DQRWLPS�OD�
DOWXO�� GH� OD� R� ]RQ � JHRJUDILF � OD� DOWD�� ÌQ� SOXV�� SR]L LD� FDSWRULORU� QX� SRDWH� IL� WRW� WLPSXO�
SHUSHQGLFXODU �SH�UD]HOH�6RDUHOXL�GHRDUHFH�DFHVW�OXFUX�DU�LPSOLFD�PHFDQLVPH�FRPSOLFDWH�úL�
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costisitoare. CX�WLWOX�LQIRUPDWLY��VXSUDID D�QHFHVDU �SHQWUX�D�SURGXFH�R�FDQWLWDWH�GH�HQHUJLH�
HOHFWULF �HFKLYDOHQW �FX�FHD�SURGXV �GH�R�FHQWUDO �QXFOHDU �VDX�WHUPLF �GH���*:H�HVWH�GH�
26 km2��(YLGHQW��SDQRXULOH�VRODUH�VDX�DOWH�VLVWHPH�XWLOL]DWH�SHQWUX�FDSWDUHD�UDGLD LHL�Volare 
SRW� IL� GLVSXVH� vQ� ]RQHOH� ORFXLWH� SH� DFRSHULúXULOH� FO GLULORU�� DFROR� XQGH� QX� MHQHD] �� GHFL�
VROX LL�VH�SRW�J VL� 

 $FHDVW � QRX � WHQGLQ � P-D� SURYRFDW� úL� Pi-DP� SURSXV� V � VWXGLH]� SHUIRUPDQ HOH�

PRWRDUHORU� 6WLUOLQJ� DOLPHQWDWH� FX� UDGLD LD� VRODU � FROHFWDW � Ge oglinzi parabolice�� V �
SUH]LQW� UH]XOWDWHOH� RE LQXWH� úL� V � vQFHUF� R� RSWLPL]DUH� D� DFHVWRU� DQVDPEOH��0HQ LRQH]� F �
DFHDVW �GH]YROWDUH�UHSUH]LQW �XQ�HOHPHQW�GH�RULJLQDOLWDWH�SHQWUX�SUH]HQWD�WH] � 
 5H]XOWDWHOH�RE LQXWH�YRU�IL�DQDOL]DWH�DWkW�QXPHULF�FkW�úL�JUDILF��SULQ�FRPSDUD LH�FX�
cele experimentale furnizate de literatura de specialitate [99]. 
 

2.5.1 .  0RGXO�JHQHUDO�GH�IXQF LRQDUH�D�XQXL�DQVDPEOX�

solar  

 În Fig. 2.20 putem analiza schema unui ansamblu de conversie a energiei solare în 
HQHUJLH�HOHFWULF ��GXS  [99]. 

 

Fig. 2.20. Ansamblu concentrator – receptor – motor Stirling solar 

cu un generator electric incorporat��GXS �[99]). 

 
 Acest sistem de generare a energiei electrice este compus dintr-R� RJOLQG �
SDUDEROLF �� XQ� UHFHSWRU� GH� UDGLD LH� VRODU � FRQFHQWUDW � úL� XQ� PRWRU� 6WLUOLQJ� FX� JHQHUDWRU�
electric sau alternator incorporat. 
 2JOLQGD� SDUDEROLF � SUH]LQW � R� VXSUDID � UHIOHFWRUL]DQW �� GLQ� VWLFO � PHWDOL]DW �
�DOXPLQLX� VDX� DUJLQW�� VDX� SODVWLF� FDUH� UHIOHFW � UDGLD LD� VRODU � LQFLGHQW � VSUH� IRFDU�� DFROR�
XQGH� HVWH� SODVDW� UHFHSWRUXO�� (D� SRDWH� IL� URWLW � GXS � XQ� VLVWHP� GH� GRX � D[H� SHQWUX� D-i 
PHQ LQH� D[D� RSWLF � vQGUHSWDW � GLUHFW� F WUH� 6RDUH�� 0 ULPHD� RJOLQ]LL� GHSLQGH� GH� SXWHUHD�
HOHFWULF �FH�VH�GRUHúWH�D�IL�RE LQXW ��FDOFXODW �OD�QLYHOXO�GH�LQVROD LH�PD[LP �������:�P2) 
úL� GH� UDQGDPHQWHOH� GH� FRQYHUVLH� D� HQHUJLHL� VRODUH� FRUHVSXQ] WRDUH� HOHPHQWHORU�
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componente. )RUPD�LGHDO �D�RJOLQ]LL�HVWH�DFHHD�de paraboloid GH�URWD LH�DYkQG�DYDQWDMXO�F �
SRDWH�FRQFHQWUD�WRDW �UDGLD LD�VRODU �VSUH�IRFDU� 
 Receptorul�GH�UDGLD LH�VRODU �FRQFHQWUDW �DUH�GRX �IXQF LL� ✪

 DEVRDUEH�FkW�PDL�PXOW�SRVLELO�GLQ�UDGLD LD�VRODU �UHIOHFWDW �GH�RJOLQG � ✪
 WUDQVIHU � DFHDVW � HQHUJLH�� VXE� IRUP �GH� F OGXU ��JD]XOXL�GH� OXFUX�GLQ�PRWRU�� ILH� vQ�

mod direct, fie prin intermediul unui tub termic cu metal lichid/vapori. 
 &DYLWDWHD� UHFHSWRUXOXL� HVWH� SUHY ]XW � FX� R� PLF � GHVFKLGHUH� SULQ� FDUH� S WUXQGH�
HQHUJLD�VRODU �FRQFHQWUDW � 
 Motorul Stirling reSUH]LQW � XQ� VLVWHP� HWDQú� XPSOXW� FX� XQ� JD]� GH� OXFUX� �vQ�PRG�
RELúQXLW� KLGURJHQ� VDX� KHOLX�� FDUH� HVWH� VXFFHVLY� vQF O]LW� úL� U FLW�� ILLQG� vQ� PRG� FRQWLQXX�
UHFLFODW�vQ�LQWHULRUXO�PRWRUXOXL��DúD�FXP�DP�Y ]XW�în paragraful 1.2.2. .�3XWHUHD�PHFDQLF �
SH� FDUH� R� IXUQL]HD] � PRWRUXO� HVWH� WUDQVIRUPDW � vQ� SXWHUH� HOHFWULF � FX� DMXWRUXO� XQXL�
generator electric sau alternator. 
 S-a ales motorul Stirling în acest scop deoarece, teoretic, este cel mai eficient 
SHQWUX�FRQYHUVLD�F OGXULL�în lucru mecanic, randamentul ciclului ideal Stirling fiind egal cu 
FHO�DO�FLFOXOXL�&DUQRW��GDU�úL�JUD LH�PXOWLSOHORU�DYDQWDMH�SH�FDUH�OH�RIHU ��paragraf 1.2.7. ). 
 

2.5.2 .  Sc hem a de c alc ul  üL�RSWLPL]DUH�D m ot oarelor  
St i r l ing solare 

2.5.2 .1.  TeKQLF �GH�FDOFXO�D�UDQGDPHQWXOXL�UHFHSWRUXOXL�GH�

UDGLD LH�FRQFHQWUDW  

 Fig. 2.21�SUH]LQW �DFHODúL�DQVDPEOX�FRQFHQWUDWRU�– receptor – motor Stirling unde 
s-D�VFKL DW�WUDVHXO�UDGLD LHL�VRODUH�UHFHSWDWH�GH�RJOLQGD�SDUDEROLF � 

 

Fig. 2.21. Ansamblu concentrator – receptor – motor Stirling – 

fluxuri energetice. 

 3H� ED]D� DQDOL]HL� ELODQ XOXL� WHUPLF� DO� UHFHSWRUXOXL�� FDUH� HVWH� GDW� GH� UHOD LD [13], 
[125]: 

radcvuinc QQQQQ ����� ++=+ 0  (2.58) 

în care:  incQ�  -�IOX[XO�GH�UDGLD LH�VRODU �LQFLGHQW � 

 0Q�   - IOX[XO�GH�UDGLD LH�SULPLW�GLQ�PHGLXO�DPELDQW� 

pierdutQ�pierdutQ�  

W�  

2JOLQG  

 δ 

Drec 

D ✫✔✬✮✭ ✯ ✰✲✱  

  Lrec 

Receptor 

Motor 
Stirling 

E 

dispQ�  
oglindQ�  

MSnecQ ,
�

 
elP  
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 uQ�   - fluxul termic util; 

 
cvQ�  -� SLHUGHULOH� SULQ� FRQYHF LD� QDWXUDO � GH� OD� VXSUDID D� UHFHSWRUXOXL� VSUH� DHU��

UDSRUWDWH�OD�VXSUDID D�UHFHSWRUXOXL� 
 radQ�  -�SLHUGHULOH�SULQ�UDGLD LH��UDSRUWDWH�OD�VXSUDID D�UHFHSWRUXOXL� 

 S-D�GHPRQVWUDW�F �UDQGDPHQWXO�UHFHSWRUXOXL�DUH�XUP WRDUHD�H[SUHVLH�[13],[125]: 

( ) ( )










 −+−
−−=

cavoglindacav

extextext

oglindacav

m

cavc
ECAa

TTATTA

EC

T

a
a

η
αα

η
σε

η 0intint0
4

Re 1  (2.59) 

unde: 
2

oglind

rec

D
C

D

 
=  

 
 este factorul de concentrare�JHRPHWULF � 

( )( )δδπ ++= recrecext LDA 2 �HVWH�DULD�VXSUDIH HL�H[WHULRDUH��L]RODWH�D�UHFHSWRUXOXL� 

4

2

int
rec

recrec

D
LDA

π
π += �HVWH�DULD�VXSUDIH HL�LQWHULRDUH�D�UHceptorului; 

4

2
rec

cav

D
A

π
= �HVWH�DULD�FDYLW LL�UHFHSWRUXOXL� 

extextm

extextm

ext

hAA
k

ThATA
k

T

+

+
=

δ

δ 0

� UHSUH]LQW � WHPSHUDWXUD� VXSUDIH HL� H[WHULRDUH� D�

receptorului; 

2
int ext

m

AA
A

+
= ; 

 acav este absorbtivitatea FDYLW LL� UHFHSWRUXOXL;� HD� HVWH� IXQF LH� GH� HPLVLYitatea 
PDWHULDOXOXL�UHFHSWRUXOXL�úL�FRQILJXUD LH� 

m este emisivitatea materialului receptorului –�SHQWUX�DSOLFD LLOH� QXPHULFH�se vor 
considera dou �FD]XUL�� –�YRSVHD�RELúQXLW � m = 0,87; 

 –�VXSUDID �VHOHFWLY � m = 0,3; 
 este constanta Stefan-Boltzmann [Wm-2K-4]; 
 este grosimea izola LHL�UHFHSWRUXOXL� 

 αext, αint� HVWH� FRHILFLHQWXO� GH� WUDQVIHU� GH� F OGXU � SULQ� FRQYHF LH� OD� H[WHULRUXO� úL�
interiorul receptorului [Wm-2K-1]; 
k�HVWH�FRQGXFWLYLWDWHD�WHUPLF �D�L]ROD LHL�>:P-1K-1]. 

2.5.2 .2.  Algor i t m ul  de c alc ul  a  ansam blulu i  solar  

 5DQGDPHQWXO�UHFHSWRUXOXL�HVWH�UDSRUWXO�GLQWUH�HIHFWXO�XWLO�úL�FRQVXP��DQXPH�GLQWUH�
IOX[XO�GH�F OGXU �GLVSRQLELO�GH�FDUH�EHQHILFLD] �PRWRUXO�úL�FHO�FDUH�LQWU �vQ�UHFHSWRU�ILLQG�
UHIOHFWDW�GH�RJOLQG � 

Re
,

disp

c

in rec

Q

Q
η =

�

�
 (2.60) 
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 8WLOL]kQG�HFXD LLOH�DQWHULRDUH��VH�SRDWH�DIOD�IOX[XO�GH�F OGXU �GLVSRQLELO� 

Re ,disp c in recQ Qη=� �  (2.61) 

 ÌQWUH� RJOLQG � úL� UHFHSWRU� LQWHUYLQH� XQ� UDQGDPHQW� GH� LQWHUFHS LH� FDUH� GHSLQGH� GH�
XPEULUH�úL�GH�GLIHUHQ D�vQWUH�GLDPHWUXO�UHFHSWRUXOXL�úL�GLDPHWUXO�SHWHL�IRFDOH��ILLQG�GHILQLW�
ca: 

,
int

in rec

erceptie

oglind

Q

Q
η =

�

�
 (2.62) 

 /D� UkQGXO� V X�� RJOLQGD� FRQFHQWUHD] � UDGLD LD� VRODU � FX� XQ� UDQGDPHQW� HJDO� FX�
UDSRUWXO�GLQWUH�UDGLD LD�VRODU �LQFLGHQW �úL�FHD�UHIOHFWDW � 

oglind

oglind

oglind

Q

EA
η =

�
 (2.63) 

în care E�HVWH�LQVROD LD��YDORDUHD�standard PD[LP �ILLQG�GH������:�P2. 
 ProdusXO� GLQWUH� UDQGDPHQWXO� GH� LQWHUFHS LH� úL� FHO� DO� RJOLQ]LL� SRDUW � QXPHOH� GH�
UDQGDPHQW�DO�FRQFHQWUDWRUXOXL� úL�YDORDUHD�VD�HVWH� IXUQL]DW �SHQWUX� ILHFDUH�DQVDPEOX�VRODU�
utilizat. 

conc inerceptie oglindη η η=  (2.64) 

 8WLOL]kQG�UHOD LLOH�GH�GHILQLUH�D�UDQGDPHQWHORU�úL�vQORFXLQG� recinQ ,
� �vQ�UHOD LD�IOX[XOXL�

GH�F OGXU �GLVSRQLELO�OD�PRWRU��VH�RE LQH�H[SUHVLD�DFHVWXLD� 

disp rec conc oglindQ EAη η=�  (2.65) 

unde 
2

oglindA
4
oglind

Dπ
=  este aria oglinzii parabolice. 

 )OX[XO� GH� F OGXU � QHFHVDU� PRWRUXOXL� 6WLUOLQJ� SHQWUX� R� EXQ � IXQF LRQDUH� OD� R�
DQXPLW �WXUD LH�HVWH�GDW�GH�UHOD LD� 

60
ln’,

r
CMSnec

n
mRTzQ ε=�  (2.66) 

în care z’� HVWH� XQ� SDUDPHWUX� GH� DMXVWDUH� DO� PHWRGHL�� SULQ� DFHVWD� LQkQGX-se cont de 
SLHUGHULOH�SULQ�WUDQVIHU�GH�F OGXU �GLQ�LQWHULRUXO�PRWRUXOXL� 
 6H�LPSXQH�FRQGL LD�FD�FHOH�GRX �IOX[XUL�V �ILH�HJDOH��6LQJXUXO�SDUDPHWUX�FDUH�SRDWH�
DVLJXUD�DFHDVW �HJDOLWDWH�HVWH�WXUD LD��FDUH�GHYLQH� 

εln’

60

C

disp

r
mRTz

Q
n

�

=  (2.67) 

 ÌQ� XUPD� FRUHO ULL� WXUD LHL� FX� FHD� GLQ� GDWHOH� H[SHULPHQWDOH�� V-D� RE LQXW� SHQWUX� z’ 
valoarea de 0,45. 
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 6H�SRDWH�DIOD�GLUHFW�SXWHUHD�HOHFWULF �IXUQL]DW ��FH�YD�GHSLQGH�GH�IOX[XO�GH�F OGXU �
GLVSRQLELO�OD�PRWRU��UDQGDPHQWXO�PRWRUXOXL�úL�FHO�DO�JHQHUDWRUXOXL�HOHFWULF� 

el oglind ✳✒✴✶✵✔✳✸✷ ✹✒✳✻✺✽✼✿✾❁❀P EA η η η η=  (2.68) 

unde produsul celor patru randDPHQWH� UHSUH]LQW � UDQGamentul global al întregului 
ansamblu solar: 

GEMSrecconcTot ηηηηη =  (2.69) 

 $FHVWD� D� IRVW� FDOFXOXO� SH� SDUWHD� VRODU � D� DQVDPEOXOXL�� $FHVWD� VH� FRPSOHWHD] � FX�
calculul pe motor prezentat în paragraful 2.2. . 
 3LHUGHULOH� GH� SUHVLXQH� úL� HIHFWXO� ORU� DVXSUD� UDQGDPHQWXOXL� úL� SXWHULL� PRWRUXOXL�
GHSLQG�GH�YLWH]D�SLVWRQXOXL�úL�GHFL��GH�WXUD LD�PRWRUXOXL�� LDU� WXUD LD�PRWRUXOXL�GHSLQGH�GH�
F OGXUD�GLVSRQLELO �OD�PRWRU�- vezi UHOD LD (2.67). 

2.5.2 .3.  Algor i t m ul  de opt im izare  

 3HQWUX�D�RSWLPL]D�vQWUHJ�DQVDPEOXO�VRODU��SURSXQ�XUP WRDUHD�VXFFHVLXQH�GH�HWDSH� 
; 6H�DOHJH�XQ�LQWHUYDO�GH�YDULD LH�D�WHPSHUDWXULL�PD[LPH�D�JD]XOXL�TC pentru care se va 

IDFH�VWXGLXO�GH�VHQVLELOLWDWH�úL�UHVSectiv optimizare; 
; 6H� FDOFXOHD] � UDQGDPHQWXO� UHFHSWRUXOXL� IXQF LH� GH� DFHDVW � WHPSHUDWXU � FX� UHOD LD 

(2.60); 
; 6H� FDOFXOHD] � WXUD LD� PRWRUXOXL�� FDUH� GH� DVHPHQHD� HVWH� IXQF LH� GH� WHPSHUDWXU � – 

UHOD LD (2.67); 
; ÎQ�IXQF LH�GH�WXUD LH�úL�FXUV �VH�DIO �YLWH]D�SLVWRQXOXL��w; 
; 6H� FDOFXOHD] � FHOHODOWH� UDQGDPHQWH�� LQFOXVLY� UDQGDPHQWXO� PRWRUXOXL� 6WLUOLQJ� úL�

LPSOLFLW�UDQGDPHQWHOH�SULQ�FDUH�VH�LDX�vQ�FRQVLGHUDUHD�UHJHQHUDUHD�LPSHUIHFW �� II,X��úL�
pierderile de presiune, II, ❂ ; 

; 6H� FDOFXOHD] � UDQGDPHQWXO� FXSODMXOXL� VRODU, SUHFXP� úL puterea electrLF � IXUQL]DW �
DSOLFkQG�UHOD LD�(2.68). 

 
 $FHDVW � PHWRG � GH� DQDOL] � IDFH� SRVLELO � RSWLPL]DUHD� D� GRX � YDULDELOH� vQ� DFHODúL�
timp - WHPSHUDWXUD� úL� D� YLWH]D pistonului -� SULQ� DOHJHUHD� GLYHUúLORU� SDUDPHWUL�� SHQWUX�
FRQFHQWUDWRU��UHFHSWRUXO�GH�UDGLD LH�FRQFHQWUDW �úL�PRWRU� 
 9LWH]D�RSWLP �HVWH�DWLQV �DWXQFL�FkQG�F OGXUD�GLVSRQLELO �vQ�UHFHSWRU�HVWH�HJDO �FX�
F OGXUD� PD[LP � FH� SRDWH� IL� DEVRUELW � GH� PRWRU�� 9LWH]D� OD� FDUH� motorul poate absorbi 
F OGXU � GHSLQGH� GH� WXUD LD�PRWRUXOXL�� 'HFL�� RSWLPL]DUHD� HVWH� DWLQV � DWXQFL� FkQG�PRWRUXO�
IXQF LRQHD] � OD� WXUD LD� OD� FDUH� WRDW � FDQWLWDWHD� GH� F OGXU � GLVSRQLELO � HVWH� DEVRUELW � GH�
motor. MRWRUXO�YD�SURGXFH�SXWHUH�PD[LP �OD�XQ�UDQGDPHQW�PD[LP�vQ�DFHVWH�FRQGL LL.  
 2GDW �FH�WHPSHUDWXUD�RSWLP �D�JD]XOXL�OD�SDUWHD�FDOG �D�PDúLQLL�D�IRVW�VWDELOLW ��DO L�
parametrii, precum diametrul pistonului DC�� GLDPHWUXO� FDYLW LL� UHFHSWRUXOXL�d, grosimea 
L]ROD LHL�UHFHSWRUXOXL�δ��HWF�SRW�IL�YDULD L�úL�VH�Sot determina efectele pe care îl au aceste 
YDULD LL�DVXSUD�SHUIRUPDQ HORU�PRWRUXOXL� 
 $FHDVW � SURFHGXU � IDFH� SRVLELO � RSWLPL]DUHD�RULF URU�variabile� OD� YLWH]D� RSWLP � D�
SLVWRQXOXL� GHWHUPLQDW � DQWHULRU�� $FHDVW � SURFHGXU � GH� DVHPHQHD� SXQH� vQ� HYLGHQ �
sensibilLWDWHD�UDQGDPHQWXOXL�PRWRUXOXL�OD�YDULD LD�DFHVWRU�variabile. 
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2.5.3.  5H]XOWDWH�RE LQXWH�üL�FRQFOX]LL 

 Trei modele diferite de motoare Stirling în IXQF LXQH� [99] au fost alese pentru a 
ilustra optimizarea ansamblului concentrator - receptoU� úL� GHWHUPLQDUHD� SDUDPHWUXOXL� GH�
ajustare z’�� 5DQGDPHQWXO� úL� SXWHUHD� SHQWUX� ILHFDUH� GLQ� DFHVWH� PRWRDUH�� SUHFXP� úL�
UDQGDPHQWXO�JOREDO�DO�DQVDPEOXOXL�VRODU�úL�WXUD LD�PRWRUXOXL�DX�IRVW�FDOFXODWH��YDULD LD�ORU�
ILLQG�UHSUH]HQWDW �IXQF LH�GH�WHPSHUDWXUD�JD]XOXi în receptor. Datele pe care le-am utilizat 
DX�IRVW�XUP WRDUHOH: E = 1000W/m

2
; αcav = 0,97;  σ = 5,67⋅10

-8
 W/ m

2 
K

-4
; k = 0,6 W/ m

 

K; αint = 6 W/ m
2 

K
-1

; αext = 7 W/ m
2 

K
-1

;δ = 0,05 m. 
 Procedura de determinare a valorii parametrului de ajustare z’ a fost�XUP WRDUHD��
s-D�UHDOL]DW�XQ�SULP�FDOFXO�GH�HVWLPDUH�D�SHUIRUPDQ HORU�DQVDPEOXOXL� VRODU�� FX�GDWHOH�GLQ�
literatura de specialitate [99]��SHQWUX�R�YDORDUH�XQLWDU �D�DFHVWXL�SDUDPHWUX��SHQWUX�FDUH�DP�
RE LQXW� R� YDORDUH� D� WXUD LHL� FRQIRrm UHOD LHL (2.67)� úL� GHFL� XQ� VHW� GH� YDORUL� SHQWUX�
SHUIRUPDQ HOH� PRWRUXOXL�� 'LQ� FRPSDUDUHD� GDWHORU�� V-D� REVHUYDW� GLIHUHQ D� vQWUH� WXUD LD�
HVWLPDW �úL�FHD�OD�FDUH�IXQF LRQD�GH�IDSW�PRWRUXO��$FHVW�OXFUX�D�SURYRFDW�DOHJHUHD�XQRU�DOWH�
valori pentru parametrul de ajustare z’. 
 Calculul s-D�UHSHWDW�SHQWUX�PDL�PXOWH�DQVDPEOH�VRODUH�úL�PDL�DOHV�FH�IXQF LRQDX�FX�
PRWRDUH�6WLUOLQJ� GLIHULWH�� DVWIHO� vQFkW� DOHJHUHD� YDORULL� SDUDPHWUXOXL�GH� DMXVWDUH� V � ILH� FkW�
PDL�JHQHUDO ��ÌQ�XUPD�DFHVWRU�vQFHUF UL��D�UH]XOWDW�R�YDORDUH�XQLF ��z’=0,45) ce se potrivea 
cazurilor studiate. 
 În Tabel 2.3�VXQW�FHQWUDOL]DWH�FkWHYD�GLQ�UH]XOWDWHOH�RE LQXWH�FX�DFHDVW �VFKHP �GH�
calcul. 

Tabel 2.3. RezuOWDWH� QXPHULFH� SULYLQG� HVWLPDUHD� SHUIRUPDQ HORU�

ansamblelor solare cu motor Stirling. 

 
Randament 

receptor 
Randament 

motor 
Randament 
total - cuplaj 

Putere 
motor ε 

CUPLAJ real calculat real calculat real calculat UHDO  FDOFXODW  
 

 

[%] [%] [%] [%] [%] [%] [kW] [kW] 
 

Fct 90 92 41 41 32,84 33,26 25 25,4 
Vanguard 

Max 90 87 - 44 - 34,48 - 26,33 
0,87 

Fct 90 93 41 42 32,84 34,25 25 26,15 
Vanguard  

Max 90 88 - 46 - 36,3 - 27,71 
0,3 

Fct 90 92 38-42 40 30-33 32,66 25 24,93 
MDAC 

Max 90 87 - 44 - 34,11 - 26,04 
0,87 

Fct 90 93 38-42 41 30-33 33,56 25 25,62 
MDAC 

Max 90 88 - 46 - 35,91 - 27,42 
0,3 

Fct 80 78 42 40 26,44 24,54 50 48,74 
SBP 17 

Max 80 78 - 40 - 24,54 - 48,75 
0,87 

Fct 80 80 42 42 26,44 26,26 50 52,16 
SBP 17 

Max 80 79 - 42 - 26,29 - 52,22 
0,3 

)FW� �SXQFW�GH�IXQF LRQDUH 

Max = punct de maxim analitic 

 



Camelia PETRE - Teza de doctorat   

129 

 'LQ�FRPSDUDUHD�SHUIRUPDQ HORU�FDOFXODWH�FX�FHOH�H[SHULPHQWDOH�VH�REVHUY �R�IRDUWH�
EXQ �FRUHODUH� 
 3HQWUX� VLVWHPXO� VRODU� 9DQJXDUG� �FHO� PDL� XWLOL]DW� vQ� SUH]HQW��� SHUIRUPDQ HOH� VXQW�
estimate cX� R� HURDUH� GH� ������ SHQWUX� UDQGDPHQWXO� vQWUHJXOXL� DQVDPEOX� úL� ����� SHQWUX�
SXWHUHD�SURGXV �GH�PRWRU��DFHVWH�HURUL�vQVFULLQGX-VH�vQ�OLPLWHOH�DGPLVLELOH�SHQWUX�DSOLFD LL�
de proiectare. 
 Acest studiu a fost realizat pe mai multe tipuri de ansamble solare, fiecare 
IXQF LRQkQG�vQ�FkWH�GRX �UHJLPXUL�GLIHULWH�LPSXVH�GH�HPLVLYLWDWHD�FDYLW LL�UHFHSWRUXOXL� 
 1H�SURSXQHP�FD�vQ�YLLWRUXO�IRDUWH�DSURSLDW�V �H[WLQGHP�DFHVW�VWXGLX�OD�QLYHOXO�FkW�
PDL� PXOWRU� DQVDPEOH� VRODUH�� OLPLWDUHD� SUH]HQW � ILLQG� LPSXV � GH� GLVSRQLELOLWDWHa datelor 
experimentale. 
 Tot Tabel 2.3�QH�IXUQL]HD] �R�LQIRUPD LH�SULYLQG�SXQFWXO�GH�IXQF LRQDUH�RSWLP �D�
ILHF UXL�DQVDPEOX��3H� OkQJ �SXQFWXO�GH� IXQF LRQDUH� UHDO�DO� DQVDPEOXOXL� VRODU�� VFKHPD�GH�
FDOFXO�HODERUDW �IXUQL]HD] �úL�SXQFWXO�RSWLP�GH�IXQF LRQDUH�FH�FRUHVSXQGH�YDORULL�PD[LPH�
a puterii produse de motor (marcat cu „Max” în tabel). Acest regim se poate atinge prin 
VLPSOD� UHJODUH� D� WXUD LHL� OD� R� DQXPLW � YDORDUH�� GXS � FXP� YRP� YHGHD� vQ� JUDILFHOH� FH�
XUPHD] �D�IL�SUH]HQWDWH� 

2.5.4.  Val idarea sc hem ei  de opt im izare a  
ansam blelor  c u  m ot or  St i r l ing  solar  

 'HRDUHFH� 0HWRGD� 'LUHFW � HVWH� SULQ� HVHQ D� VD� JUDIR-DQDOLWLF � úL� LGHHD� GH�
UHSUH]HQWDUH� JUDILF � HVWH� SULRULWDU � SHQWUX� D� XúXUD� vQWHOHJHUHD� IHQRPHQHORU� FH� DX� ORF� vQ�
PDúLQD�WHUPLF ��FRQVLGHU�VXJHVWLY �UHSUH]HQWDUHD�UH]XOWDWHORU�RE LQXWH�VXE�IRUP �JUDILF � 
 În Fig. 2.22 VXQW�SUH]HQWDWH�SHUIRUPDQ HOH� DQVDPEOXOXL� VRODU�Vanguard cu motor 
Stirling, pentru YDORDUHD� HPLVLYLW LL� GH 0,87�� 6H� REVHUY � R� FRUHODUH� IRDUWH� EXQ � D�
rezultDWHORU� RE LQXWH� DQDOLWLF� FX� DFHDVW � PHWRG � úL� D� FHORU� H[SHULPHQWDOH�� 'H� DVHPHQHD��
HVWH�GH�QRWDW� IDSWXO�F �DQVDPEOXO�VRODU�QX�IXQF LRQHD] �OD�SHUIRUPDQ HOH�VDOH�PD[LPH� În 
Fig. 2.23 sunt prezentate rezultatele pentru cazul în care HPLVLYLWDWHD�HVWH������&X�DFHDVW �
RFD]LH�REVHUY P�úL�HIHFWXO�DFHVWHLD�DVXSUD�SHUIRUPDQ HORU�PRWRUXOXL�VRODU� 
 $FHVWH� GRX � ILJXUL� WUHEXLHVF� LQWHUSUHWDWH� vQ� FRUHODUH� FX� Fig. 2.24 în care este 
UHSUH]HQWDW � WXUD LD� PRWRUXOXL�� SDUDPHWUu de control pe care utilizatorul îl poate ajusta 
IXQF LH�GH�SHUIRUPDQ HOH�GRULWH��(VWH�GH�DPLQWLW�WRWXúL�IDSWXO�F �DFHVWH�JUDILFH�VXQW�WUDVDWH�
SHQWUX� LQVROD LD� GH� ����:�P2�� GDU� vQ�PRG� VLPLODU� VH� SRW� RE LQH� UH]XOWDWH� úL� SHQWUX� DOWH�
YDORUL�DOH�LQVROD LHL��FXP�VH�YD�SURFHGD�vQ�SDUDJUDIXO�XUP WRU� 
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Fig. 2.22. 3HUIRUPDQ HOH� DQVDPEOXOXL� VRODU� Vanguard cu motor 

Stirling, pentru εm = 0,87; o –�SXQFWXO�UHDO�GH�IXQF LRQDUH [99]; x 

–�SHUIRUPDQ HOe estimate analitic. 

 

Fig. 2.23. 3HUIRUPDQ HOH� DQVDPEOXOXL� VRODU� Vanguard cu motor 

Stirling, pentru εm = 0,3; o –�SXQFWXO�UHDO�GH�IXQF LRQDUH [99]; x – 

SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 
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Fig. 2.24. 7XUD LD�PRWRUXOXL�úL�UDQGDPHQWXO�JOREDO�DO ansamblului 

solar Vanguard cu motor Stirling; o –�SXQFWXO�UHDO�GH�IXQF LRQDUH 

[99]; x –�SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 

 

Fig. 2.25. 3HUIRUPDQ HOH� DQVDPEOXOXL� VRODU�McDonnell Douglas 

cu motor Stirling, pentru εm = 0,87; o – punctul real de 

IXQF LRQDUH [99]; x –�SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 
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Fig. 2.26. 3HUIRUPDQ HOH� DQVDPEOXOXL� VRODU�McDonnell Douglas 

cu motor Stirling, pentru εm = 0,3; o –�SXQFWXO�UHDO�GH�IXQF LRQDUH 

[99]; x –�SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 

 

Fig. 2.27. 7XUD LD�PRWRUXOXL�úL�UDQGDPHQWXO�JOREDO�DO ansamblului 

solar McDonnell Douglas cu motor Stirling; o – punctul real de 

IXQF LRQDUH [99]; x –�SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 
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Fig. 2.28. 3HUIRUPDQ HOH� DQVDPEOXOXL� VRODU� SBP17 cu motor 

Stirling, pentru εm = 0,87; o –�SXQFWXO�UHDO�GH�IXQF LRQDUH [99]; x 

–�SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 

 

Fig. 2.29. 3HUIRUPDQ HOH� DQVDPEOXOXL� VRODU� SBP17 cu motor 

Stirling, pentru εm = 0,3; o –�SXQFWXO�UHDO�GH�IXQF LRQDUH [99]; x – 

SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 
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Fig. 2.30. 7XUD LD�PRWRUXOXL�úL�UDQGDPHQWXO�JOREDO�DO ansamblului 

solar SBP17 cu motor Stirling; o –� SXQFWXO� UHDO� GH� IXQF LRQDUH 

[99]; x –�SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 

 

Fig. 2.31. 3HUIRUPDQ HOH� DQVDPEOXOXi solar SBP7,5 cu motor 

Stirling, pentru εm = 0,87; o –�SXQFWXO�UHDO�GH�IXQF LRQDUH [99]; x 

–�SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 
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Fig. 2.32. 3HUIRUPDQ HOH� DQVDPEOXOXL� VRODU� SBP7,5 cu motor 

Stirling, pentru εm = 0,3; o –�SXQFWXO�UHDO�GH�IXQF LRQDUH [99]; x – 

SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 

 

Fig. 2.33. 7XUD LD�PRWRUXOXL�úL�UDQGDPHQWXO�JOREDO�DO ansamblului 

solar SBP7,5 cu motor Stirling; o –� SXQFWXO� UHDO� GH� IXQF LRQDUH 

[99]; x –�SHUIRUPDQ HOH�HVWLPDWH�DQDOLWLF� 
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 Rezultate similare se pot analiza în Fig. 2.25 - Fig. 2.33�� FX� DFHOHDúL� REVHUYD LL�
I FXWH�SHQWUX�DQVDPEOXO�VRODU�9DQJXDUG� 
 ÌQ�FRQFOX]LH�� DFHDVW �PHWRG �GH�HVWLPDUH�D�SHUIRUPDQ HORU�DQVDPEOHORU� VRODUH�FX�
PRWRU�6WLUOLQJ�D�IRVW�DSOLFDW �FX�VXFFHV�SHQWUX���DVWIHO�GH�VLVWHPH�úL�UHVSHFWLY���UHJLPXUL�GH�
func LRQDUH� 

2.5.5.  St udi i  de sens ib i l i t at e 

 Prin PRGXO�GH�HODERUDUH�D�VFKHPHL�GH�FDOFXO��DOJRULWPXO�SURSXV�RIHU �SRVLELOLWDWHD�
UHDOL] ULL� GLYHUVHORU� VWXGLL� GH� VHQVLELOLWDWH� D� SHUIRUPDQ HORU� DQVDPEOXOXL� VRODU�GH� GLYHUVH�
variabile, cum ar fi:  

; diametrul pistonului de lucru; 

; diametrul regeneratorului; 

; QXP UXO�GH�VLWH�GLQ�UHJHQHUDWRU� 

; diametrul oglinzii parabolice, etc. 

 ÌQ�FHHD�FH�SULYHúWH�HIHFWXO�QXP UXO�GH� VLWH�GLQ� UHJHQHUDWRU�DVXSUD�SHUIRUPDQ HORU�
PDúLQLL�úL�UHVSHFWLY�DQVDPEOXOXL�VRODU��VH�SRW�FRQVLGHUD�GRX �FD]XUL�GLVWLQFWH��úL�DQXPH�� 

- FkQG� OXQJLPHD� UHJHQHUDWRUXOXL� HVWH� PHQ LQXW � FRQVWDQW � úL� VH� PRGLILF � GLDPHWUXO�
firului; 

- FkQG�OXQJLPHD�UHJHQHUDWRUXOXL�YDULD] �úL�HVWH�PHQ LQXW�FRQVWDQW�GLDPHWUXO�ILUXOXL� 

 'H� DVHPHQHD�� vQ� FHHD� FH� SULYHúWH� HIHFWXO� GLDPHWUXOXL� RJOLQ]LL� se pot deasemenea 
FRQVLGHUD�GRX �FD]XUL� 

- FkQG� GLDPHWUXO� UHFHSWRUXOXL� HVWH� PHQ LQXW� FRQVWDQW� úL� VH� PRGLILF � IDFWRUXO� GH�

FRQFHQWUDUH�JHRPHWULF �

2

oglind

rec

D
C

D

 
=  

 
; 

- FkQG�GLDPHWUXO�UHFHSWRUXOXL�YDULD] � úL�HVWH�PHQ LQXW�FRQVWDQW�IDFWRUXO�GH�FRQFHQWUD LH�
geRPHWULF �C. 

ÌQ�XUP WRDUHOH�JUDILFH��SXQFWXO�Ä[´�FRUHVSXQGH�GDWHORU�H[SHULPHQWDOH�[99]. 
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Fig. 2.34. 3HUIRUPDQ HOH�DQVDPEOXOXL� VRODU�Vanguard, pentru εm 

= 0,87�� IXQF LH� GH� WHPSHUDWXUD� JD]XOXL� OD� SDUWHD� FDOG � 7C� úL�

diametrul pistonului DC = 30÷90 mm, cu un pas de 5mm. 

 
Fig. 2.35. 3HUIRUPDQ HOH�DQVDPEOXOXL�6WLUOLQJ�6%3��, pentru εm = 

0,87 fuQF LH� GH� WHPSHUDWXUD� JD]XOXL� OD� SDUWHD� FDOG � 7C� úL�

diametrul pistonului DC = 30 ÷ 90 mm variat din 5 în 5mm. 
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Fig. 2.36. 3HUIRUPDQ HOH� VLVWHPXOXL�Vanguard, εP � ����� IXQF LH�
de temperDWXUD� JD]XOXL� OD� SDUWHD� FDOG � 7C� úL� GLDPHWUXO�

regeneratorului DR =30÷80 mm (pas de 5mm). 

 

Fig. 2.37��3HUIRUPDQ HOH�VLVWHPXOXL�9anguard, εm = 0,87, fXQF LH�

de temperatura gazului la pDUWHD�FDOG �7C úL�QXP UXO�GH� VLWH�GLQ�

regenerator = 100÷900 (pas de 200) (lungimea regeneratorului 
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Fig. 2.38��3HUIRUPDQ HOH�VLVWHPXOXL�9anguard, εP� ������� IXQF LH�
de tePSHUDWXUD�JD]XOXL� OD�SDUWHD�FDOG �7C� úL�QXP UXO�GH� VLWH�GLQ�

regenerator = 100÷900, (pas de 200) (diametrul firului constant). 

 
Fig. 2.39��3HUIRUPDQ HOH�VLVWHPXOXL�9anguard, εm = 0,87�� IXQF LH�

de WHPSHUDWXUD�JD]XOXL�OD�SDUWHD�FDOG �7C úL�GLDPHWUXO�RJOLQ]LL� �

8÷12 m. (Drec = constant, C = variabil). 
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Fig. 2.40��3HUIRUPDQ HOH�VLVWHPXOXL�9anguard, εP� ������� IXQF LH 
de WHPSHUDWXUD�JD]XOXL�OD�SDUWHD�FDOG �7C�úL�GLDPHWUXO�RJOLQ]LL� �

8÷12 m. (Drec = variabil, C = constant). 

 (IHFWXO� HPLVLYLW LL� WXEXULORU� GLQ� UHFHSWRU� DVXSUD� UDQGDPHQWXOXL� JOREDO� úL� YLWH]HL�
pistonului �WXUD LHL�PRWRUXOXL��úL�LPSOLFLW�DVXSUD�WXWXURU�FHORUODOWH�SHUIRUPDQ H�este ilustrat 
în Fig. 2.22 - Fig. 2.33 pentru 4 tipuri de ansamble solare. 
 ,QIOXHQ D�GLDPHWUXOXL�SLVWRQXOXL� DVXSUD�SHUIRrPDQ HORU�VLVWHPXOXL� VRODU�9DQJXDUG�
sunt ilustrate în Fig. 2.34. 6H�REVHUY �F �SXWHUHD�HOHFWULF �IXUQL]DW �vQUHJLVWUHD] �R�FUHúWHUH�
FX� FUHúWHUHD� GLDPHWUXOXL� FLOLQGUXOXL� úL� vQ� DFHODúL� WLPS�� WXUD LD� PRWRUXOXL� VFDGH�� (VWH� GH�
UHPDUFDW� IDSWXO� F � SHQWUX� GLDPHWUH� PDL� PDUL� GH� �� mm, creúWHUHD� vQ� SXWHUHa� JHQHUDW �
GHYLQH�QHVHPQLILFDWLY ��'H�DFHHD��R�FUHúWHUH�D�GLDPHWUXOXL�SLVWRQXOXL�SHVWH�DFHDVW �YDORDUH�
SUREDELO�F �QX�VH�YD�MXVWLILFD�HFRQRPLF� 
 ,QIOXHQ D� DOWRU� SDUDPHWULL� DVXSUD� SHUIRUPDQ HORU� XQRU� DQVDPEOH� VRODUH� VXQW�
ilustrate. În Fig. 2.35�HVWH�LOXVWUDW �LQIOXHQ D�GLDPHWUXOXL�SLVWRQXOXL�DVXSUD�SHUIRUPDQ HORU�
VLVWHPXOXL�6%3����2�GHVFUHúWHUH� vQ�GLDPHWUXO�SLVWRQXOXL�DUH�XQ�HIHFW� QHJDWLY�DWkW� DVXSUD�
SXWHULL� SURGXVH� FkW� úL� DVXSUD� UDQGDPHQWXOXL�� 9DORDUHD� GH� ��� PP� SHQWru diametrul 
SLVWRQXOXL�UHLHVH�D�IL�RSWLP �SHQWUX�DFHVW�VLVWHP� 
 În Fig. 2.36� HVWH� LOXVWUDW � LQIOXHQ D� GLDPHWUXOXL� UHJHQHUDWRUXOXL� DVXSUD�
SHUIRUPDQ HORU�DFHOXLDúL� VLVWHP�9DQJXDUG��$FHVWH� UH]XOWDWH� VXQW�RE LQXWH�SHQtru cazul în 
FDUH�QXP UXO�GH�VLWH�GLQ�UHJHQHUDWRU�úL�OXQJLPHD�UHJHQHUDWRUXOXL�VXQW�PHQ LQXWH�FRQVWDQWH��
2� FUHúWHUH� vQ� GLDPHWUXO� UHJHQHUDWRUXOXL� vQWUH� ��� úL� ��� PP� SURGXFH� R� vPEXQ W LUH�
LPSRUWDQW � D� SHUIRUPDQ HORU�� 3XQFWXO� PDUFDW� FX� x� GHVHPQHD] � VWDUHD� DFWXDO � GH�
IXQF LRQDUH� D� VLVWHPXOXL [99]�� )LJXUD� LQGLF � SRVLELOLWDWHD� vPEXQ W LULL� SHUIRUPDQ HORU�
DFHVWXL�PRWRU�GDF �GLDPHWUXO�UHJHQHUDWRUXOXL�DU�IL�P ULW�OD����PP� 
 (IHFWXO� QXP UXOXL� GH� VLWH� GLQ� UHJHQHUDWRU� DVXSUD� SHUIRUPDQ HOor sistemului 
Vanguard este ilustrat în Fig. 2.37��/XQJLPHD�UHJHQHUDWRUXOXL�HVWH�PHQ LQXW �FRQVWDQW ��&X�
FkW�QXP UXO�GH�VLWH�FUHúWH��GH�OD�����OD�������FX�DWkW�SHUIRUPDQ HOH�VFDG�XúRU. Acest lucru 
VH� H[SOLF � SULQ� IDSWXO� F � SLHUGHULOH� GDWRUDWH� F GHULORU� GH� SUHVLXQH� vQ� UHJHQHUDWRU� FUHVF��
GHRDUHFH�GLDPHWUXO�ILUXOXL�GH�VkUP �VFDGH�LDU�VSD LLOH�GLQWUH�VLWH�VH�vQJXVWHD] ��$FHVW�OXFUX�
produce o frecare mai mare între straturile de fluid.  
 În Fig. 2.38� HVWH� LOXVWUDW� HIHFWXO� QXP UXOXL� GH� VLWH� GLQ� UHJHQHUDWRU� DVXSUD�
pHUIRUPDQ HORU� VLVWHPXOXL� 9DQJXDUG� DWXQFL� FkQG� GLDPHWUXO� ILUXOXL� VLWHL� HVWH� PHQ LQXW�
FRQVWDQW�� 'H� DFHDVW � GDW � VH� REVHUY � R� LQIOXHQ � PDL� SXWHUQLF � D� QXP UXOXL� GH� VLWH� úL�
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anume pH�P VXU �FH�DFHVW�QXP U�FUHúWH�GH�OD�����OD������DUH�ORF�R�FUHúWHUH�LPSRUWDQW �D�
pHUIRUPDQ HORU. 
 În Fig. 2.39� HVWH� LOXVWUDW � LQIOXHQ D� GLDPHWUXOXL� RJOLQ]LL� SDUDEROLFH� asupra 
pHUIRUPDQ HORU�VLVWHPXOXL�9anguard atunci când diametrul receptorului este constant, ceea 
FH�LPSOLF �R�YDULD LH�D�FRHILFLHQWXOXL�GH�FRQFHQWUD LH��$FHDVW �ILJXU �DUDW �F �UDQGDPHQWXO�
HVWH�UHODWLY�QHDIHFWDW�GH�VFKLPE ULOH�vQ�GLDPHWUXO�RJOLQ]LL�SHQWUX�WHPSHUDWXUL�vQ�MXU�GH������
K, temperaturi de fXQF LRQDUH��&X�WRDWH�DFHVWHD��SXWHUHD�HVWH�SXWHUQLF�LQIOXHQ DW �GDWRULW �
FUHúWHULL� VXSUDIH HL� SHQWUX� FDSWXUDUHD� HQHUJLHL� VRODUH� SURSRU LRQDO� FX� S WUDWXO� GLDPHWUXOXL�
RJOLQ]LL��2�FUHúWHUH�vQ�GLDPHWUXO�RJOLQ]LL�GH�OD���P�OD����P�YD�SURGXFH�R�FUHúWHUH�vQ�SXWHUea 
JHQHUDW �GH�OD����N:�OD����N:�FkQG� WHPSHUDWXUD�JD]XOXL�HVWH�GH������.��'H�DVHPHQHD��
FUHúWH�úL�WXUD LD�GH�OD������USP�OD������USP�SHQWUX�GLPHQVLXQL�FRQVWDQWH�DOH�UHFHSWRUXOXL�úL�
motorului. 
 Fig. 2.40� DUDW � F � R� FUHúWHUH� vQ� GLDPHWUXO� RJOLQ]LL� GH� OD� ��P� OD� ���P� FX� DFHODúL�
UHFHSWRU� úL�PRWRU�SUHVXSXQH� R�SXWHUH� JHQHUDW � GH� ��� N:� vQ� ORF� GH���� N:� �UHDO��� GDU� úL�
WXUD LD�HVWH�PDL�PDUH�GHFkW�FHD�FH�IXQF LRQDUH�������USP�ID �GH������USP��ÌQ�DFHVW�FD]��
dimetrul receptorului a fost considerat variabil, LDU� &� FRQVWDQW�� ,QIOXHQ D� GLDPHWUXOXL�
RJOLQ]LL� DVXSUD� UDQGDPHQWXOXL� HVWH� QHJOLMDELO �� &X� WRDWH� DFHVWHD�� LQIOXHQ D� DVXSUD� SXWHULL�
JHQHUDWH�HVWH�VLPLODU �FX�FHD�GLQ Fig. 2.39. 
 

 Este de mDUH�LPSRUWDQ �D�VSHFLILFD�IDSWXO�F �DFHVWH�FDOFXOH�DX�IRVW�I FXWH�SHQWUX�R�
LQVROD LH� GH� ����� :�P2� GHRDUHFH� OLWHUDWXUD� GH� VSHFLDOLWDWH� IXUQL]HD] � YDORULOH�
H[SHULPHQWDOH�vQ�DFHVWH�FRQGL LL� 
 ÌQV �SULQ�VLPSOXO�IDSW�F �vQ�UHOD LLOH�GH�FDOFXO�DSDUH�LQVROD LD�vn mod explicit, aceste 
FDOFXOH�SRW�IL�DSOLFDWH�vQ�RULFH�FRQGL LL�FOLPDWLFH��OD�RULFH�RU ��vQ�RULFDUH�UHJLXQH�JHRJUDILF ��
7UHEXLH� GRDU� LQWURGXV � H[SUHVLD� GH� HVWLPDUH� D� LQVROD LHL� UDGLD LHL� VRODUH�� DúD� FXP� VH� YD�
SURFHGD�vQ�SDUDJUDIXO�XUP WRU��vQ�FDUH�SUH]HQW P�R�DSOLFD LH�SUDFWLF �D�DFHVWHL�FHUFHW UL� 

2.6 .  3XQHUHD�vQ�YDORDUH�SUDFWLF �D�FHUFHW ULL�

dezvo l t at e : s ist em  de generare  a  energ ie i  
HOHFWULFH�GLQ�HQHUJLH�VRODU �üL�KLGURJHQ�FD�

SXUW WRU�GH�HQHUJLH 

 
 &XP�HQHUJLD�VRODU �DUH�FDUDFWHU�LQWHUPLWHQW��YDULD LL�GLXUQH�úL�VH]RQLHUH�úL�FKLDU�FX�
YDULD LL� DOHDWRULL��� VH� LPSXQH� QHFHVLWDWHD� VWRF ULL� HQHUJLHL� SULPLWH� JUDWXLW� GH� OD� 6RDUH��
(YLGHQW�VWRFDUHD�SUHFXP�úL�WUDQVSRUWXO�RU�SUHVXSXQH�úL�FHYD�GLVLS UL� 
 3HQWUX� SXWHUL� PLFL�� DFXPXODWRULL� VXQW� FHO� PDL� GHV� XWLOL]D L�� vQ� FDUH� HQHUJLD� HVWH�
vQPDJD]LQDW � VXE�IRUP �GH�HQHUJLH�FKLPLF ��ÌQV �GHVF UFDUHD�XQXL�DFXPXODWRU��XWLOL]DUHD�
HQHUJLHL� vQPDJD]LQDWH�� DUH� ORF� FX� SLHUGHUL� VHPQLILFDWLYH� GDWRULW � IDSWXOXL� F � UHDF LLOH�
FKLPLFH� FH� vQVR HVF� DFHVW� IHQRPHQ� VXQW� SXWHUQLF� H[RFDORULFH�� ÌQ� SOXV�� DFXPXODWRULL� VXQW�
JUHL�úL�IRDUWH�FRVWLVLWRUL��EDWHULLOH�FX�SOXPE�vQPDJD]LQHD] ����N:K�SH�ILHFDUH�NJ� 
 2� DOWHUQDWLY � SHQWUX� D� IXUQL]D� HOHFWULFLWDWH� vQ� SHULRDGHOH� GH� FRQVXP� GH� YkUI� �vQ�
VSHFLDO�VHDUD��VXQW�EDUDMHOH�KLGURHQHUJHWLFH��VLPLODU��HQHUJLD�HOHFWULF �DU�SXWHD�IL�DFXPXODW �
úL� VWRFDW ��GH�H[HPSOX�SULQ�HOHFWUROL]D�DSHL�SULQ�FDUH�VH�SURGXFH�KLGURJHQ�úL�R[LJHQ��GHFL�
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procedeu total nepoluant. Pierderile înregistrate prin acest procedeu sunt inferioare celor 
GH�WUDQVSRUW�D�HQHUJLHL�HOHFWULFH�SULQ�ILUHOH�GH�vQDOW �WHQVLXQH�[1]��&XP�SURJUHVH�FRQWLQX �D�
IL�vQUHJLVWUDWH�vQ�WRDWH�GRPHQLLOH�úWLLQ HL��HVWH�úL�DFHVWD�R�SUHRFXSDUH�GH�YLLWRU� 
 ÌQ�DFHVW�SDUDJUDI�VH� YD�SUH]HQWD�XQ�PRGHO�GH�FDOFXO� úL�SURLHFWDUH�D�XQHL� LQVWDOD LL�
solare de producere a energiei electrice pentru o DSOLFD LH�FDVQLF ��úL�QX�QXPDL���SULQ�ILOLHUD�
HQHUJLH� VRODU � –� HQHUJLH� HOHFWULF � - electroliza apei - hidrogen – pila de combustie – 
HQHUJLH� HOHFWULF � VDX� GLUHFW� HQHUJLH� VRODU � –� HQHUJLH� HOHFWULF �� (VWH� XWLOL]DW � VFKHPD� GH�
FDOFXO� D�XQHL� LQVWDOD LL� VRODUH� IRUPDWH� GLQ�RJOLQG � SDUDEROLF �� UHFHSWRU�GH� UDGLD LH� VRODU �
FRQFHQWUDW ��PRWRU�6WLUOLQJ�VRODU��JHQHUDWRU�HOHFWULF��VFKHP �FH�D�IRVW�GH]YROWDW ��VWXGLDW ��

RSWLPL]DW �úL�YDOLGDW �în paragraful 2.5. [120], [121]. 

 ,QVWDOD LD�VWXGLDW �HVWH�IRUPDW �GLQ�GRX �SDU L��3ULPD�SDUWH�HVWH�FHD�GHVFULV �DQWHULRU�
XWLOL]DW � SHQWUX� SURGXFHUHD� HQHUJLHL� HOHFWULFH� GLQ� HQHUJLH� VRODU �� &HD� GH� D� GRXD� SDUWH� D�
LQVWDOD LHL� UHSUH]LQW �FXSODUHD�SULPHL�S U L� OD�XQ�VLVWHP�GH�SURGXFHUH�D�KLGURJHQXOXL�SULQ�
SURFHVXO�GH�HOHFWUROL]D�DSHL�úL�DSRL�OD�XQ�DQVDPEOX�GH�SLOH�GH�FRPEXVWLH�SHQWUX�SURGXFHUHD�
HQHUJLHL�HOHFWULFH�GLQ�KLGRJHQXO�VWRFDW��SHQWUX�SHULRDGHOH�vQ�FDUH�HQHUJLD�HOHFWULF �nu poate 
IL�SURGXV �GLUHFW�GLQ�HQHUJLH�VRODU ��SH�WLPSXO�QRS LL��]LOH�QRURDVH��HWF��VDX�vQ�SHULRDGHOH�GH�
FRQVXP�GH�YkUI�FkQG�HVWH� QHYRLH�GH�XQ� VXSOLPHQW�GH�HQHUJLH�HOHFWULF �SHQWUX�DFRSHULUHD�
FHULQ HORU��8WLOL]DUHD�KLGURJHQXOXL�FD�SXUW WRU�GH�HQHUJLH�RIHU  anumite avantaje ce vor fi 
GHWDOLDWH�vQ�FHOH�FH�XUPHD] � 
 'H� DVHPHQHD�� LQVWDOD LD� SRDWH� IL� DVWIHO� FRQFHSXW � vQFkW� R� SDUWH� GLQ� KLGURJHQ� V �
SRDW �IL�XWLOL]DW�GLUHFW�SHQWUX�DQXPLWH�DSOLFD LL��DOLPHQWDUHD�DXWRWXULVPXOXL��vQF O]LUHD�DSHL�
menajere, etc). 

 Modelul matematic descris în paragraful 2.5. este aici adaptat prin considerarea 
YDULD LLORU� ]LOQLFH�� VH]RQLHUH� úL� JHRJUDILFH� DOH� LQVROD LHL� �LQWHQVLW LL� UDGLD LHL� VRODUH�� E) 
DVWIHO�vQFkW�VLPXODUHD�IXQF LRQ ULL�DQVamblului solar, respectiv estimarea energiei electrice 
SURGXVH��V �SRDW �IL�DSOLFDW �FX�VXFFHV�vQ�RULFDUH�ORFD LH�JHRJUDILF �úL� vQ�RULFH�SHULRDG �D�
anului. 
 ÌQ�SOXV��FD�DOWHUQDWLY �GH�SURGXFHUH�D�HQHUJLHL�HOHFWULFH�SULQ�XWOL]DUHD�KLGURJHQXOXL�
stocat, modelXO�HVWH�PDL�GHSDUWH�GH]YROWDW�SULQ�FDOFXOHOH�DIHUHQWH�HVWLP ULL�SHUIRUPDQ HORU�
HOHFWUROL]RUXOXL� úL� SLOHL� GH� FRPEXVWLH�� FRQGXFâQG� DVWIHO� OD� HVWLPDUHD� SHUIRUPDQ HORU�
întregului sistem. 
 9RL� GHQXPL� DFHDVW � VFKHP � GH� FDOFXO�� schema SEHE (Solar – Electricitate – 
Hidrogen – Electricitate). 
 

2.6.1 .  Cât eva var iant e  de c alc u l  

� Varianta A 
 &D�R�SULP �DSOLFD LH�� VH�SURSXQH�XWLOL]DUHD�XQHL� LQVWDOD LL� VRODUH�SURLHFWDWH�SHQWUX�
���� N:H� �VLVWHPXO� 9DQJXDUG� IRUPDW� GLQ� ��PRGXOH� D� FkWH� ��� N:H�� úL� VH� GRUHúWH� V � VH�
analizeze energia eleFWULF � IXUQL]DW � SULQWU-R� ILOLHU �PXOW� VLPSOLILFDW �� úL� DQXPH� vQWUHDJD�
HQHUJLH� HOHFWULF � SURGXV � GH� DQVDPEOXO� VRODU� HVWH� XWLOL]DW � QXPDL� SHQWUX� SURGXFHUHD��
VWRFDUHD� úL� DSRL� XWLOL]DUHD� KLGURJHQXOXL� �FD� SXUW WRU� GH� HQHUJLH�� vQ� SURGXFHUHD� HQHUJLHL�
electrice. 
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 (YLGHQW�F �úL�I U �FDOFXOH�QH�SXWHP�LPDJLQD�SLHUGHULOH�IRDUWH�PDUL�FH�DSDU�vQWU-un 
DVWIHO� GH� VLVWHP� GDWRULW � FRQYHUVLLORU� PXOWLSOH� SULQ� FDUH� WUHFH� HQHUJLD� HOHFWULF � �SULQ�
electrolizor, sistemul de stocare a hidrogenului produs cu eventualele pierderi de sWRFDM�úL�
apoi prin pila de combustie).�$FHDVWD�D�IRVW�SULPD�HWDS �D�GH]YROW ULL�XUP WRDUHORU�YDULDQWH�
de calcul. 
 

� Varianta B 
 2�DOW � YDULDQW �PXOW�PDL� HILFLHQW � DU� IL� XWLOL]DUHD� XQHL� LQVWDOD LL� VRODUH� SURLHFWDWH�
pentru 100 kWe (sistemul Vanguard format din���PRGXOH�D�FkWH����N:H��úL�VH�GRUHúWH�V �
VH�DQDOL]H]H�HQHUJLD�HOHFWULF �IXUQL]DW �SULQ�ILOLHUD��DOLPHQWDUHD�GLUHFW �D�FRQVXPDWRULORU�FX�
HQHUJLH�HOHFWULF � úL� QXPDL�GLQ� VXUSOXV�SURGXFHUHD�� VWRFDUHD� úL�XWLOL]DUHD� KLGURJHQXOXL� �FD�
SXUW WRU�GH�HQHUJLH���SH�FH�SHULRDG �DU�DMXQJH�úL�Fk L utilizatori ar fi alimenta L. 
 

� Varianta C 
 2�D� WUHLD� YDULDQW �GH� FDOFXO� DU� IL� FD�SOHFkQG� GH� OD� QHFHVDUXO� GH� HQHUJLH� HOHFWULF �
SHQWUX�XQ�FRQVXPDWRU��VDX�PDL�PXO L���V �VH�VWDELOHDVF �QXP UXO�QHFHVDU�GH�PRGXOH�VRODUH�
úL�VXSUDID D�GH�FDSWDUH�D�HQHUJLHL�VRODUH��$FHVWD�DU�IL�XQ�FDOFXO�GH�SURLHFWDUH�D�LQVWDOD LHL�
VRODUH� vQ� IXQF LH� GH� QHFHVDUXO� GH� HQHUJLH� HOHFWULF � úL� GH� WHUHQXO� GLVSRQLELO� SHQWUX�
SR]L LRQDUHD�UHFHSWRULORU�GH�UDGLD LH�VRODU � 
 

2.6.2 .  Al im ent ar ea ut i l i zat or i lor  c u  energie e lec t r iF �

SURGXV �QXPDL�GLQ�KLGURJHQ�ÅVRODUµ��YDULDQWD�$� 

 1R LXQHD� GH� KLGURJHQ� ÄVRODU´� GHVHPQHD] � IDSWXO� F � SURGXFHUHD� KLGURJHQXOXL� DUH�
ORF� SULQ� HOHFWUROL]D� DSHL� XWLOL]kQG� HQHUJLH� HOHFWULF � SURGXV � GLQ� HQHUJLH� VRODU �� GHFL�
ecologic. 

2.6.2 .1.  6FKHPD�LQVWDOD LHL�SURSXVH (var iant a  A) 

 În Fig. 2.41�VH�SRDWH�DQDOL]D�VFKHPD�GH�FDOFXO�D�XQHL�DVWIHO�GH�DSOLFD LL�� 
 3XWHUHD� LQVWDODW � HOHFWULF � WRWDO � D� DQVDPEOXOXL� VRODU�� FDUH� GHSLQGH� HYLGHQW� GH�
QXP UXO�GH�PRGXOH, Nmodule, úL�SXWHUHD�LQVWDODW �D�ILHF UXL�Podul, Pel: 

Pinst = NmodulePel (2.70) 

HVWH� vQ� WRWDOLWDWH� XWLOL]DW � SHQWUX� SURGXFHUHD� KLGURJHQXOXL� SULQ� HOHFWUROL]D� DSHL� vQWU-un 
electrolizor. 
 +LGURJHQXO� DVWIHO� SURGXV� HVWH� VWRFDW� VXE� IRUP � GH� JD]� FRPSULPDW la 200bar în 
EXWHOLL� VSHFLDOH�� $P� DOHV� DFHDVW � IRUP � GH� VWRFDUH� GDWRULW � IDSWXOXL� F � WHKQRORJLD� GH�
IDEULFDUH�D�DFHVWRU�EXWHOL�VSHFLDOH�HVWH�FXQRVFXW �úL�DSOLFDW ��QHUHSUH]Hntând un pericol în 
exploatare [81]. 
 PLOD� GH� FRPEXVWLH� UHDOL]HD] � H[DFW� SURFHVXO� LQYHUV� HOHFWUROL]RUXOXL�� úL� DQXPH�
WUDQVIRUP �HQHUJLD�FKLPLF �D�KLGURJHQXOXL�VWRFDW�vQ�HQHUJLH�HOHFWULF � 
 6FKHPD� SURSXV � D� XQXL� DVWIHO� GH� DQVDPEOX� HVWH� SUH]HQWDW � vQ� Fig. 2.42 
�H[HPSOLILFDUH�SHQWUX�R�DSOLFD LH�FDVQLF �� 
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Fig. 2.41�� 6FKHPD� GH� FRQFHS LH� D� DOLPHQW ULL� XWLOL]DWRULORU� FX�

HQHUJLH� HOHFWULF � SURGXV � GLQ� KLGURJHQXO�� SURGXV� GLQ� HQHUJLH�

VRODU � 

 

Fig. 2.42. Schema de realizare: motor Stirling solar – generator 

electric –� HOHFWUROL] �– hidrogen – stocare – alimentare utilizator 

FX�HQHUJLH�HOHFWULF �úL�KLGURJHQ� 
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                                             hidrogen     combustie 
                                             stocat          H2/O2 (aer) 
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S 
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 . 
wcpr 

Stocaj H2 
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3XWHUH�LQVWDODW �WRWDO  
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Electrolizor 
=> H2 

Pila de combustie 
 !�(QHUJLH�HOHFWULF  

Utilizatori (Ncase) 
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 Schema propXV �HVWH�FRPSXV �GLQ� 
-� RJOLQG � SDUDEROLF � WLS� FDORW �� FX� GLDPHWUXO�GH� ��P� �PRGXOXO� VRODU�9DQJXDUG�� DOHV� GLQ�
FHOH�H[LVWHQWH�vQ�IXQF LRQDUH�[99]); 

-�UHFHSWRUXO�GH�UDGLD LH�VRODU �FRQFHQWUDW �556&� 
- motorul Stirling MS; 
- generatorul electric GE; modulul tip Vanguard produce 25 kWe; 
- electrolizorul pentru producerea hidrogenului; 
-� XQ� FRPSUHVRU� SHQWUX� D� VWRFD� KLGURJHQXO� VXE� IRUP � GH� JD]� FRPSULPDW� OD� ���� EDU�� vQ�

butelii speciale; 
-� SLOD� GH� FRPEXVWLH� FDUH� YD� SURGXFH� HQHUJLH� HOHFWULF � F WUH� FRQVXPDWRU� GLQ� KLGURJHQXO�

stocat. 

2.6.2 .2.  Algor i t m ul  de c alc ul  (var ian t a  A) 

HVWH�XUP WRUXO� 
; 6H� HIHFWXHD] � FDOFXOXO� SHUIRUPDQ HORU� SHQWUX� VLVWHPXO� VRODU� SURSXV�� úL� DQXPH��

UDQGDPHQWXO� JOREDO� DO� LQVWDOD LHL� �FDUH� HVWH� HJDO� FX� SURGXVXO� UDQGDPHQWHORU�
subansamblelRU��FRQFHQWUDWRU��UHFHSWRU�GH�UDGLD LH�VRODU �FRQFHQWUDW ��PRWRU�6WLUOLQJ�
cu generator electric -prezentate în paragraful 2.5.2.2. ): 

GEMSrecconcglobal ηηηηη =  (2.71) 

SUHFXP�úL�SXWHUHD�HOHFWULF �WRWDO�LQVWDODW ��SURGXV �GLQ�HQHUJLD�VRODU �GLVSRQLELO �� 

Pel = EAoglinda global (2.72) 

; 'H�DFHDVW �GDW �vQV ��GHQVLWDWHD�GH�SXWHUH�UDGLDQW ��LQVROD LD�E��VH�FDOFXOHD] �
LQkQG�FRQW�GH�]RQD�JHRJUDILF ��GH�VH]RQ�úL�PRPHQWXO�]LOHL�[79], [80], [155]: 

)cos(0 ZEE =  (2.73) 

E0 = 1000 W/m2��FRQVWDQWD�VRODU � 
Z = unghi zenital: 

[ ])cos()cos()cos()sin()sin(arccos HZ δδ Φ+Φ=  (2.74) 

 = latitudinea [grade]; 
 = XQJKLXO�GH�GHFOLQD LH�DO�VRDUHOXL [grade]; 

 = 0°���HFKLQRF LXO�GH�SULP YDU ��������PDUWLH�� 
 = 23,5°���VROVWL LXO�GH�YDU ��������LXQLH�� 
 = 0°���HFKLQRF LXO�GH�WRDPQ ��������VHSWHPEULH�� 
 = -23,5°���VROVWL LXO�GH�LDUQ ��������GHFHPEULH�� 

H = 15°*(ora-12)� �XQJKL�RUDU� �XQJKLXO� UDGLD LHL�FRUHVSXQ] WRU�RUHL�GLQ�]L�FD�RU �
VRODU �� 
ÌQ�FHHD�FH�SULYHúWH�FDOFXOHOH�SH�PRWRU��DU�PDL�IL�GH�VSHFLILFDW�IDSWXO�F �DFHVWHD�VXQW�
HIHFWXDWH�OD�WXUD LD�OD�FDUH�IXQF LRQHD] �vQ�UHDOLWDWH�VLVWHPXO�VRODU��GHFL�VXQW�DSOLFDWH�
FRQGL LLOH� UHDOH� GH� IXQF LRQDUH�� 'H� DVHPHQHD�� VH� FRQVLGHU � GXUDWD� GH� IXQF LRQDUH�
PHGLH� D� LQVWDOD LHL� VRlare SS  ��� K�]L� úL� XQ� FRQVXP�PHGLX� ]LOQLF�SHQWUX�R� FDV � GH�
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3,5kWe.�ÌQ�YDULDQWHOH�XUP WRDUH��DFHVWH�GRX �YDORUL�YRU�IL�FDOFXODWH�SH�ED]H�UHDOH�úL�
nu doar estimate. 

; (QHUJLD� LQVWDODW � FRUHVSXQ] WRDUH� VH� FDOFXOHD] � LQWHJUkQG� vQ� WLPS� FXUED� SXWHULL�
instalate, dar pentru perioada SS: 

∫=
SS

dPE instinst

τ

τ  [kJ] (2.75) 

; 6H�FDOFXOHD] �GHELWXO�GH�+��SURGXV��$FHDVW �HWDS �SUHVXSXQH�XUP WRDUHOH�VXEHWDSH� 
a) VH� FXQRDúWH� UDQGDPHQWXO� HOHFWUROL]RUXOXL� XWLOL]DW� SHQWUX� SURGXcerea H2, 

randamentul acestuia reprezentând raportul dintre entalpia OLEHU �*LEEV�ce s-ar 

SXWHD� RE LQH� GLQ� „arderea´� UHYHUVLELO � vQWU-R� SLO � GH� FRPEXVWLH� LGHDO � D H2 

SURGXV�SULQ�HOHFWUROL] �úL�FHD�FRQVXPDW �vQ�DFHVW�VFRS��HQHUJLD�LQVWDODW �� 

inst

GH

elect
E

E ,2

H2 producerept   consumata  energie

H2 a alreversibi ardereadin  obtinear -s ce energie
==η  (2.76) 

GH� XQGH� UH]XOW � SRWHQ LDOXO� �HQWDOSLD� OLEHU �� *LEEV� ce s-DU� SXWHD� RE LQH� GLQ�
DUGHUHD�+��SURGXV�SULQ�HOHFWUROL] � 

[kJ]  ,2 instelectGH EE η=  (2.77) 

b) vQ�DFHODúL� WLPS��aceasta�DUH�XUP WRDUHD�H[SUHVLH�GH�FDOFXO�� IXQF LH�GH�FDQWLWDWHD�
GH� +�� úL� OXFUXO� VSHFLILF� PRODU� PD[LP� SURGXV� �D� F UXL� YDORDUH� HVWH� HJDO � FX�
SRWHQ LDOXO�*LEEV� kmolkJwH / 237180max,2 =  [138]):  

[kJ] max,22,,2 HHMGH wnE =  (2.78) 

c) UH]XOW �QXP UXO�GH�NLORPROL��UHVSHFWLY�PDVD�GH�+2�SURGXVH�GLQ�HOHFWUROL] � 

[kmol]  
max,2max,2

2
2,

H

instelect

H

ardereH
HM

w

E

w

E
n

η
==  (2.79) 

[kg] 22,2 HHMH Mnm =  (2.80) 

; 6H�FDOFXOHD] �HQHUJLD�FRQVXPDW �SHQWUX�VWRFDUH�FX�DMXWRUXO�XQXL�FRPSUHVRU��VH�DOHJH�
forma de stocare: gaz comprimat la 200 bar): 

][[kWh] *3600
2 kJwmE stocareHstocare  →=  (2.81) 

unde H2 / 47,0 kgkWhwstocare = . 

; 6H� FDOFXOHD] � HQHUJLD� XWLO � FH� VH� RE LQH� GLQ� +�� GXS � VWRFDUH�� OXkQG� vQ� FDOFXO�
HYHQWXDOHOH�VF S UL��DSSUR[LPDWLY��-2%) [81]: 

[kJ]max,2
2

2,2
2 H

H

HscapariH
H w

M

mm
E

−
=  

(2.82) 
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; (QHUJLD� HOHFWULF � SURGXV � GH� SLOD� GH� FRPEXVWLH� SH� ]L� VH� FDOFXOHD] � IXQF LH� GH�
randamentul pilei: 

[kJ] 2HPCPC EE η=  (2.83) 

; NXP UXO de case ce pot fi alimentate este egal cu:  

 
[kWh] 24*5,3

[kWh] ,

hkW

EE

E

E
NrCase stocarePC

necesara

adisponibilelectrica −
==  

(2.84) 

2.6.2 .3.  5H]XOWDWH�RE LQXWH (var iant a A) 

 3HQWUX�DSOLFD LD�FRQVLGHUDW �V-D�RE LQXW�XQ�QXP U�GH���FDVH�DOLPHQWDWH�]LOQLF��Fig. 
2.43 LQGLF �YDULD LD�QXP UXOXL�GH�FDVH�FX�SXWHUHD�LQVWDODW ��vQ�DFHOHDúL�LSRWH]H��(YLGHQW�F �
LQWHUSUHWDUHD�JUDILFXOXL�SRDWH�IL�I FXW �úL�vQ�VHQV�LQYHUV��DQXPH��SRUQLQG�GH�OD�XQ�QXP U�GH�
FDVH� FDUH� WUHEXLHVF� DOLPHQWDWH�� VH� SRDWH� GHWHUPLQD� SXWHUHD� LQVWDODW � QHFHVDU �� UHspectiv 
QXP UXO�GH�PRGXOH�úL�VXSUDID D�GH�WHUHQ�QHFHVDU � 

 

Fig. 2.43. 1XP UXO� GH� FDVH� FH� SRW� IL� DOLPHQWDWH� SRUQLQG� GH� OD�

diverse puteri instalate atunci când necesarul unei case a fost 

estimat la 3,5 kWe/zi. 

 8UP WRUXO�SDV�HVWH�V �FRPSOHW P�DFHVW�PRGHO�GH�FDOFXO�FX�SURGXFHUHD�GH�HQHUJLH�
HOHFWULF �VLPXOWDQ�GLQ�HQHUJLH�VRODU �úL�KLGURJHQ� 
 

2.6.3 .  $OLPHQWDUHD�XWLOL]DWRULORU�FX�HQHUJLH�HOHFWULF �

ÅVRODU µ�üL�VXSOLQLUHD�SHULRDGHORU�GH�YkUI�GLQ�KLGURJHQ�

„ so lar ”  (var iant a B) 

 'HRDUHFH�QX�HVWH�HILFLHQW�FD�R�IRUP �GH�HQHUJLH�V �WUHDF �SULQ�SUHD�PXOWH�FRQYHUVLL��
SURGXFHUHD�GH�HQHUJLH�HOHFWULF �GLUHFW�GLQ�HQHUJLH�VRODU �HVWH�HYLGHQW�GH�SUHIHUDW��ÌQV �FXP�
HQHUJLD�VRODU �QX�HVWH�WRW�WLPSXO�GLVSRQLELO �úL�vQ�SOXV�H[LVW �SHULRDGHOH�GH vârf în ceea ce 

SULYHúWH�FRQVXPXO�GH�HOHFWULFLWDWH��KLGURJHQXO�HVWH�R�YDULDQW � WRWDO�HFRORJLF �GH�D�VXSOLQL�
acest necesar. 
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2.6.3 .1.  6FKHPD�LQVWDOD LHL�SURSXVH (var iant a  B) 

 În Fig. 2.44 se poate analiza schema de calcul a unei astfel de aSOLFD LL�� GH�
SURGXFHUH�GH�HQHUJLH�HOHFWULF �VLPXOWDQ�GLQ�HQHUJLH�VRODU �úL�KLGURJHQ� 
 )D �GH�VFKema�DQWHULRDU ��SXWHUHD�LQVWDODW �HOHFWULF �WRWDO �D�DQVDPEOXOXL�VRODU�HVWH�
SDU LDO� XWLOL]DW � GLUHFW� SHQWUX� DOLPHQWDUHD� XWLOL]DWRULORU�� LDU� VXUSOXVXO� HVWH� XWLOizat pentru 
producerea hidrogenului prin electroliza apei într-un electrolizor. Hidrogenul astfel produs 
HVWH�VWRFDW�VXE�IRUP �GH�JD]�FRPSULPDW�OD����EDU� vQ�EXWHOLL�VSHFLDOH��FD�DWXQFL�FkQG�HVWH�
QHFHVDU��V �ILH�XWLOL]DW�vQ�SLOD�GH�FRPEXVWLH�SHQWUX�SURGXFHUea energiei electrice. 
 6FKHPD�SURSXV �D�XQXL�DVWIHO�GH�DQVDPEOX�úL�WUDVDW �GXS �PRGXOXO�FHOHL�SUH]HQWDWH�
în Fig. 2.42��H[HPSOLILFDW �SHQWUX�R�DSOLFD LH�FDVQLF ��GHYLQH�vQ�DFHVW�FD]�FHD�GLQ�Fig. 2.45. 
 

 

Fig. 2.44��6FKHPD�GH�FRQFHS LH�D�DOLPHQW ULL�XWLOL]DWRULORU�FX�HQHUJLH�HOHFWULF �

SURGXV � GLQ� HQHUJLH� VRODU �� ILH� GLUHFW�� ILH� SULQ� LQWHUPHGLXO� KLGURJHQXOXL� FD�

SXUW WRU�GH�HQHUJLH� 

2.6.3 .2.  Algor i t m ul  de c alc ul  (var ian t a  B) 

HVWH�XUP WRUXO� 
; 6H� HIHFWXHD] � FDOFXOXO� SHUIRUPDQ HORU� SHQWUX� VLVWHPXO� VRODU� SURSXV� DúD� FXP� V-a 

DU WDW� DQWHULRU� SHQWUX� YDULDQWD�$�� HFXD LLOH (2.71) - (2.75)� GH�XQGH� UH]XOW � YDULD LD�
SXWHULL�HOHFWULFH�LQWDODWH�IXQF LH�GH�UHJLXQHD�JHRJUDILF ��VH]RQ�úL�SHULRDGD�GLQ�]L� 

2�vPEXQ W LUH�D�DOJRULWPXOXL�GH�FDOFXO�ID �GH�YDULDQWD�DQWHULRDU �R�FRQVWLWXH�
FDOFXOXO� SHULRDGHL� GH� IXQF LRQDUH� D� VLVWHPXOXL� VRODU�� SS. Acesta nu mai este 
consiGHUDW��K�]L��FL�HVWH�FDOFXODW�IXQF LH�GH�LQVROD LD�GLVSRQLELO � 

 

3XWHUH�LQVWDODW �WRWDO  
Pinst = NmodulePel 

Surplus�HQHUJLH�HOHFWULF  
Eel,surplus=Einst- E ❃✏❄ ❅ ❆★❃✔❇✒❅ ❈ ❉✓❈ ❊✓❄  

(QHUJLH�HOHFWULF �OD�XWLOL]DWRUL 
E ❃✔❄ ❅ ❆✓❃✔❇✏❅ ❈ ❉❋❈ ❊★❄ =NcaseEel,nec 

Electrolizor 
=> H2 

Stocaj H2 
în butelii de gaz comprimat 200 bar 

Pila de combustie 
 !�(QHUJLH�HOHFWULF  

Utilizatori (Ncase) 
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Fig. 2.45. Schema de realizare: motor Stirling solar – generator electric – 

HOHFWUROL] �– hidrogen – stocare – alimeQWDUH�XWLOL]DWRU�FX�HQHUJLH�HOHFWULF �GLQ�

HQHUJLH�VRODU �úL�KLGURJHQ� 

; /LWHUDWXUD�GH�VSHFLDOLWDWH�VSHFLILF �IDSWXO�F �XQ�PRWRU�6WLUOLQJ�VRODU�SRDWH�IXQF LRQD�
DWkWD� WLPS� FkW� LQVROD LD� DUH� YDORUL� VXSHULRDUH� YDORULL� GH� ���:�P2. Astfel, se 
FXDQWLILF � RUHOH� SHQWUX� FDUH� H[SUHVLD� GH� FDOFXO� D� LQVROD LHL� IXUQL]HD] � YDORUL�
VXSHULRDUH� DFHVWXL� SUDJ�� GHWHUPLQkQG� vQ� ILQDO� SHULRDGD� GH� IXQF LRQDUH� D� VLVWHPXOXL�
VRODU�� (QHUJLD� HOHFWULF � LQVWDODW � VH� FDOFXOHD] � LQWHJUkQG� vQ� WLPS� FXUED� SXWHULL�
instalate, dar pentru noua perioad � SS��FDOFXODW �IXQF LH�GH�LQVROD LH� 

; Se FDOFXOHD]  QHFHVDUXO� GH� HQHUJLH� HOHFWULF � SHQWUX� FRQVXPDWRU�� SH� RUH: 
Eel,nec [kJ] úL�WRWDOXO�GH�HQHUJLH�HOHFWULF ��SHQWUX�WR L�FRQVXPDWRULL –�ILH�F �VXQW�FDVH�
SDUWLFXODUH��ILH�F �VXQW�FO GLUL�SHQWUX�ELURXUL��DFHVW�QXP U�HVWH�GHVHPQDW�SULQ�Ncase): 

necelcasetotalanecel ENE ,,, =  [kJ] (2.85) 

&DOFXOXO�QHFHVDUXOXL�GH�HQHUJLH�HOHFWULF �HVWH�GHWDOLDW�PDL�MRV� 
; 'LQ�DFHVWH�GRX �FDOFXOH�VH�SRDWH�UHDOL]a�XUP WRDUHD�UHSUH]HQWDUH�JUDILF �– Fig. 2.46. 

6H�SRW�REVHUYD�SHULRDGHOH�GH�FRQVXP�GH�YkUI�FH�DSDU�GLQ�S FDWH�H[DFW�vQ�SHULRDGHOH�
vQ�FDUH�HQHUJLD�VRODU �HVWH�PDL�SX LQ�GLVSRQLELO � 

� ÌQV � DFHVW� OXFUX� VH� WUDQVIRUP � vQWU-un avantaj imens� GDF � QH� JkQGLP� F �
DFHDVW � DSOLFD LH� VH� SRDWH� H[WLQGH� SHQWUX� DOLPHQWDUHD� FX� HQHUJLH� HOHFWULF � D� XQHL�
FO GLUL� GH� ELURXUL�� GH� H[HPSOX�� vQ� FDUH� FRQVXPXO� GH� YkUI� FRLQFLGH� FX� FHO� GH�
producere de vârf a energiei solare. 

 

MS RRSC GE 

11 m 

Motor 

Stirling 

Solar cu 

RJOLQG �
SDUDEROLF �
WLS�FDORW  

Electrolizor        Butelii cu      Pile de 

           Compresor        H2       combustie 

                                stocat       H2/O2(aer) 

25 kWe 

S 

aragaz 

H2 
O2 

(aer) 

Eel 

 . 

wcpr 

Eel 

Surplus Eel 
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Fig. 2.46�� 5HSUH]HQWDUHD� FDOLWDWLY � D� SURGXF LHL� úL� UHVSHFWLYH�

consumului zilnic de putere� HOHFWULF �� DSOLFD LH� SHQWUX� FDV �

SDUWLFXODU � 

; 'LIHUHQ D�GLQWUH�HQHUJLD�HOHFWULF �SURGXV �úL�FHD�FRQVXPDW �YD�IL fie un surplus, caz 
în care electrolizorul va�LQWUD�vQ�IXQF LXQH�úL�YD�SURGXFH�KLGURJHQ��ILH�XQ�GHILFLW��FD]�
vQ�FDUH�SLOD�GH�FRPEXVWLH�YD�LQWUD�vQ�IXQF LXQH�úL�YD�FRQVXPD�GLQ�KLGURJHQXO�VWRFDW�
SURGXFkQG�HQHUJLH�HOHFWULF : 





=><
=>>

−
stocat H2 utiliza  vase  deficit      ,0

    H2 produce  vase     surplus    ,0
,, totalnecelinst EE  

(2.86) 

; 6XUSOXVXO�GH�HQHUJLH�HOHFWULF �HVWH�XWLOL]DW�vQ�electrolizor: 

totalanecelinstsurplusel EEE ,,, −=  [kJ] (2.87) 

SHQWUX� FDUH� FRQVLGHUDUHD� UDQGDPHQWXOXL� V X� –� HFXD LD� (2.76) – ne conduce la 
exSUHVLD�SRWHQ LDOXOXL�*LEEV�FH�V-DU�RE LQH�GLQ�DUGHUHD�KLJURJHQXOXL�SURGXV� 

[kJ]  ,,2 surpluselelectGH EE η=  (2.88) 

FX� DMXWRUXO� F UHLD�� SULQ� LQWHUPHGLXO� UHOD LHL� (2.78)�� DIO P� FDQWLWDWHD� GH hidrogen 
SURGXV � 

[kmol]  
max,2

,

max,2

,2
2,

H

surpluselelect

H

GH

HM
w

E

w

E
n

η
==  

(2.89) 

úL�UHVSHFWLY� 

[kg] 22,2 HHMH Mnm =  (2.90) 

6 9 12 15 18 21 24 3 6 RU  

Pel 
[kJ] Pinst 

Pel,nec 
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; (QHUJLD�FRQVXPDW �SHQWUX�VWRFDUHD�+2 produs este: 

][[kWh] *3600
2 kJwmE stocareHstocare  →=  (2.91) 

în care H2 / 47,0 kgkWhwstocare =  stocat la 200 bar [143]. 

; (QHUJLD� XWLO � D� +2 stocat� HVWH� FDOFXODW � IXQF LH� GH� SLHUGHULOH� OD� VWRFDUH�
( 22, %2.1 HHscapari mm = ): 

[kJ]max,2
2

2,2
2 H

H

HscapariH
H w

M

mm
E

−
=  

(2.92) 

; ÌQ� FHHD� FH� SULYHúWH pila de combustie�� DFHDVWD� LQWU � vQ� IXQF LXQH� FkQG� HQHUJLD�
HOHFWULF � SURGXV � GLUHFW� GLQ� HQHUJLH� VRODU � QX� HVWH� VXILFLHQW � SHQWUX� D� DFRSHUL�
necesarul consumatorilor. Astfel, HQHUJLD�HOHFWULF �SURGXV �GH�SLOD�GH�FRPEXVWLH�SH�
zi din H2 stocat�HVWH�FDOFXODW �OXkQG�vQ�FRQVLGHUDUH�UDQGDPHQWXO�SLOHL: 

[kJ] 2HPCPC EE η=  (2.93) 

; Alimentarea utilizatorilor cu energLH�HOHFWULF �HVWH�DFXP�SRVLELO �úL�vQ�SHULRDGHOH�GH�
indisponibilitate a energiei solare, eQHUJLD�HOHFWULF �GLVSRQLELO �GLQ�DQVDPEOXO�VWRFDM�
- pila de combustie fiind: 

[kJ] 2, stocarePCHel EEE −=  (2.94) 

; Per ansamblu, furnizarea energiei electrice va fi: 





+
=

)deficit""  tipre(functiona  varfde consum de orelepentru  , 

         )surplus""  tipre(functionamoderat   consum de orelepentru  , 

2,,,

,,
,

Heltotalanecel

totalanecel

furnizatael
EE

E
E  

(2.95) 

2.6.3 .3.  Calc ulu l  nec esaru lu i  de �HQHUJLH�HOHFWULF  üL�
d LVWUXEX LD�FRQVXPXULORU�HQHUJHWLFH�vQ����RUH 

 Calculele se fac pentru GRX  cazuri: FDV �SDUWLFXODU �úL�ILUP ��FO GLUH�GH�ELURXUL�� 

Puterea diverselor aparate electrocasnice 
 Datele tehnice privind consumurile aparatelor electrocasnice sunt conform 
[www.indesit.com]��HFKLSDPHQWH�FODVD�HQHUJHWLF �$: 
-�IULJLGHU�FX���XúL�   402 kWh/an 
- congelator cu 6 compartimente: 307 kWh/an 
- cuptor cu microunde:  1 kW 
- toaster:    0,8 kW 
-�FDIHWLHU �    0,75 kW 
-�VWRUF WRU�IUXFWH�   0,025 kW 
-�PDúLQD�GH�VS ODW�YDVH��,'(������ 1,05 kWh/ciclu  
- mixer:    0,25 kW 
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- boiler electric:   1,5 kW (15-30 litri) 
-�DSDUDW�DHU�FRQGL LRQDW�  SXWHUH�U FLUH�  1,25 kW 
     SXWHUH�vQF O]LUH� 1,3 kW 
-�URERW�EXF W ULH�   0,7 kW 
- bec:     0.1 kW 
- alarma:    0.06 kW 
- calculator:    0.25 kW 
-�PDúLQD�GH�VS ODW�UXIH��:,73����� 1,02 kWh/ciclu (de 2 ore) 
-�XVF WRU�GH�S U�   1,8 kW 
-�ILHU�GH�F OFDW�   1,8 kW 
- aspirator:    1,4 kW 

Consumurile energetice ale diverselor aparate 
electrocasnice 

 Datele privind consumurile energetice [J] ale diverselor aparate au fost RE LQXWH�GLQ�
putere luând vQ�FRQVLGHUDUH�WLPSXO�GH�IXQF LRQDUH��DVWIHO: 

>N:�DQ@���������WLPS�IXQF LRQDUH>V@1DSDUDWH ��>-@ 

>N:@����WLPS�IXQF LRQDUH>V@�1DSDUDWH�� ��>-@ 

[kWh]*1000*3600*Naparate  =  [J] 

7LPSXO�GH�IXQF LRQDUH a fost considerat astfel: 

- frigider: 24h =24*3600 s; (cazul unei case) 

- congelator: 24h =24*3600 s; (cazul unei case+firme) 

- FXSWRU�FX�PLFURXQGH��WRDVWHU��VWRUF WRU de fructe: 15min = 15*60 s; 

(cazul unei case) 

- cafetiera  (cazul unei case): 60 min = 3600 s  

  (cazul unei firme): 3h = 3* 3600 s; 

- calculator  (cazul unei case): 3h = 3* 3600 s  

  �FD]XO�XQHL�ILUPH���WRDW �SHULRDGD�GH�SUkQ]� 
- PDúLQD�GH�VS ODW�YDVH���K� �������V����FD]XO�XQHL�FDVH� 
- mixer: 20min = 20*60 s; (cazul unei case) 

- ERLOHU�� ��PLQ�  � ����� V� GLPLQHD D�� UHVSHFWLY� ��PLQ� VHDUD� �FD]XO�
unei case) 

- aparatul de aer conditionat:  

- vara (iunie)-�SXWHUH�GH�U FLUH�����PLQ��FD]XO�XQHL�FDVH��� 
   toat  perioada de prânz (cazul unei firme) 

- iarna (decembrie)-�SXWHUH�vQF O]LUH���K��FD]XO�XQHL�FDVH��� 
   toat  perioada de prânz (cazul unei firme) 

- URERW�GH�EXF W ULH�����PLQ��FD]XO�XQHL�FDVH�� 
- PDúLQD�GH�VS ODW�UXIH���K���FD]XO�XQHL�FDVH� 
- becuri: toat �SHULRDGD�GH�GLPLQHD ���VHDU ��FD]XO�XQHL�FDVH� 
  toat �SHULRDGD�GH�GLPLQHD ���SUDQ]�VHDU ��FD]XO�XQHL�ILUPH� 

Divizarea a 24h în 4 perioade 
a fost reaOL]DW �GXS �FXP�XUPHD] � 
- ore consum diminea a (consum de vârf casnic; de baza pt firm ): 

oreD=[6- 8] (2.96) 
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- ore consum prânz (consum de baz  casnic; de vârf pt firm ) 

oreP=[9-17] (2.97) 

- ore consum sear  (consum de vârf casnic; de baz  pt firm ) 

oreS=[17-22] (2.98) 

- consum noaptea (consum de baz  casnic úi firm ) 

oreN=[23-5] (2.99) 

Divizarea consumurilor energetice pe cele 4 perioade 
 ÌQ� FHOH� DU WDWH� DQWHULRU� V-DX� XWLOL]DW� QR LXQLOH� GH� ÄFRQVXP� GH� YkUI´� úL� UHVSHFWLY�
ÄFRQVXP� GH� ED] ´�� ÌQ� FHHD� FH� XUPHD] �� YRL� GHWDOLD� DFHVWH� FRQVXPXUL� SHQWUX� FHOH� GRX �
studLL�GH�FD]��FDVD�SDUWLFXODU �úL�IUPD�� 

●
 3HQWUX�FDV � 

- consum energetic de baz � –� VH� FRQVLGHU � IXQF LRQDUHD� IULJLGHUXOXL� úL� D�
congelatorului: 

Ebaza=Efrigider+Econgelator (2.100) 

-consum energetic diminea a -� VH� FRQVLGHU � IXQF LRQDUHD� IULJLGHUXOXL� úL� D�
FRQJHODWRUXOXL� �GHFL� FRQVXPXO� GH� ED] �� OD� FDUH� VH� DGDXJ � úL� DOWH� DSDUDWH�
HOHFWURFDVQLFH�XWLOL]DWH� vQ�DFHVW �SHULRDG ��FD�GH�H[HPSOX�ERLOHU�SHQWUX� vQF O]LUHD�
DSHL� PHQDMHUH�� XQ� FXSWRU� SHQWUX� vQF O]LUHD�SUHSDUDUHD� unui fel de mâncare, 

FDIHWLHU ��VWRUF WRU�GH�IUXFWH��SU MLWRU�GH�SkLQH�úL�HYLGHQW�LOXPLQDWXO: 

ED=Ebaza+Eboiler_D+Ecuptor+Etoaster+Ecafetiera+Estorcator+ Ebec_D (2.101) 

- consum energetic la prânz – pentru R�FDV � SDUWLFXODU �� DFHVWD� HVWH� FRQVLGHUDW� D� IL�
FRQVXPXO�GH�ED] �GHRDUHFH� VH�FRQVLGHU �F � WR L�PHPEULL� IDPLOLHL� VXQW�SUHRFXSD L�
FX�DFWLYLW LOH�RELúQXLWH��VOXME ��úFRDO ��HWF��úL�QX�VXQW�DFDV : 

EP=Ebaza (2.102) 

- consum energetic seara –� HVWH� FHO� GH� ED] � OD� FDUH� VH� DGDXJ � úL� DOWH� FRQVXPXUL�
VSHFLILFH� DFHVWHL� SHULRDGH� FkQG� PHPEULL� IDPLOLHL� VH� vQWRUF� DFDV �� GH� H[HPSOX��
IXQF LRQDUHD� XQXL�XQRU� FDOFXODWRDUH�� DSDUDWH� GH� X]� JRVSRG UHVF�� DSDUDWXO� GH� DHU�
FRQGL LRQDW� (aac�� SHQWUX� SHULRDGHOH� GH� YDU � �SHQWUX� U FLUHD� DHUXOXL�� VDX� GH� LDUQ �
�SHQWUX�vQF O]LUHD�DHUXOXL�: 

ES=Ebaza+Ecalculator+Eaac+Emixer+Erobot+Em_vase+Eboiler_S+ 

+ Em_rufe+Ebec_S+Ecuptor 

(2.103) 

- consum energetic noaptea –�UHSUH]LQW �FRQVXPXO�GH�ED] � 
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EN=Ebaza (2.104) 

●
 3HQWUX�ILUP  –�VH�SURFHGHD] �vQ�PRG�VLPLODU�OD�GHILQLUHD�FRQVXPXULORU�HQHUJHWLFH�SH�

FHOH���SHULRDGH��GLPLQHD D��SUkQ]��VHDUD��QRDSWHD�� 

- consum energetic de baz �–� HVWH�GHILQLW� GH� IXQF LRQDUHD� IULJLJHUHORU� úL� D� DODUPHL��
alarmelor: 

Ebaza=Efrigider+Ealarma (2.105) 

-consum energetic diminea a: 

ED=Ebaza+Ebec_D (2.106) 

- consum energetic la prânz: 

EP=Ebaza+Ecafetiera+Ecalculator+Eaac+Ebec_P (2.107) 

- consum energetic seara: 

ES=Ebaza+Ebec_S (2.108) 

- consum energetic noaptea –�UHSUH]LQW �FRQVXPXO�GH�ED] � 

EN=Ebaza (2.109) 

 0HQ LRQH]� IDSWXO� F � QXP UXO� DSDUDWHORU� FRQVXPDWRDUH� GH� HQHUJLH� �DODUPH��
calculatoare, cafetiere, etc) este un parametru al modelului. 

 3URJUDPXO�GH�FDOFXO�UHDOL]DW�FHUH�FD�GDWH�GH�LQWUDUH�SULQWUH�DOWHOH�úL�DFHVWH�YDORUL� 

2.6.3 .4.  5H]XOWDWH�RE LQXWH��YDULDQWD�%��üL�VWXGLL�GH�

sens ib i l i t at e 

 5H]XOWDWHOH� RE LQXWH� DSOLFkQG� DFHVW � YDULDQW � GH� FDOFXO� DX� IRVW� HODERUDWH� SHQWUX�
diverse regiuni geografice úL� OD� GLYHUVH� PRPHQWH� GH� WLPS� GLQ� DQ�� DVWIHO� vQFkW� SH� ED]D�
VWXGLLORU�GH� VHQVLELOLWDWH� V � VH� SRDW � DQDOL]D� FH� DU� vQVHPQD� LPSOHPHQWDUHD�XQHL� DVWIHO� GH�
LQVWDOD LL�vQ�GLYHUVH�ORFXUL�SH�*ORE� 
 $P� I FXW� X]� GH� XUP WRDUHOH� LSRWH]H�� WHPSHUDWXUD� OD� FDUH� HVWH� SURGXV� H2 în 

electrolizor este cea a mediului ambiant, 300K; presiunea H2 înainte de stocare (deci 

LPHGLDW� FH� D� IRVW� SURGXV� vQ� HOHFWUROL]RU�� HVWH� GH� �EDU� úL� HVWH� VWRFDW� VXE� IRUP � GH� JD]�
comprimat la 200bar; randamentul electrolizorului este considerat 50%, iar cel al pilei de 

combustie 70% [81]�� (YLGHQW� F � VWXGLLOH� GH� VHQVLELOLWDWH� V-DU� SXWHD� H[WLQGH� úL� OD� DFHúWL�
parametri. În plus, s-ar mai putea considera ca parametru al studiului de sensibilitate 
presiunea de stocare, ceea ce ar conduce la valori diferite pentru lucrul mecanic specific 
FRQVXPDW�SHQWUX�VWRFDUHD�KLGURJHQXOXL�úL�GHFL�OD�DOWH�UH]XOWDWH� 
 'H�DVHPHQHD��DP�FRQVLGHUDW�SHQWUX�R�FDV �SDUWLFXODU �XWLOL]DUHD�XQXL�QXP U�GH���
becuri economice simultan, 1 calculator,� �� DSDUDW� GH� DHU� FRQGL LRQDW�� LDU� GLQ� FHOHODOWH�
DSDUDWH� HOHFWURFDVQLFH� FkWH� XQXO�� 3HQWUX� R� ILUP �� DP� OXDW� vQ� FRQVLGHUDUH� ��� EHFXUL�
HFRQRPLFH�VLPXOWDQ�����FDOFXODWRDUH����DSDUDWH�GH�DHU�FRQGL LRQDW��LDU�GLQ�FHOHODOWH�DSDUDWH�



Camelia PETRE - Teza de doctorat   

155 

HOHFWURFDVQLFH� FkWH� XQXO�� 'XS � FXP� PHQ LRQDP� úL� PDL� GHYUHPH�� DFHVWH� YDORUL� VH� SRW�
PRGLILFD�IRDUWH�XúRU�vQ�SURJUDPXO�GH�FDOFXO�FRQFHSXW�DVWIHO�vQFkW�IOH[LELOLWDWHD�SURJUDPXOXL�
RIHU �XWLOL]DWRUXOXL�DOHJHUHD�RULF URU�GLPHQVLXQL�GH�FRQVXP�HQHUJHWLF� 
 )RUPXOD�GH�FDOFXO�D�GHQVLW LL�GH�UDGLD LH�VRODU ��LQVROD LHL�E��QH�RIHU �SRVLELOLWDWHD�
FDOFXO ULL�DFHVWHLD�vQ�RULFH�FRQGL LL�JHRJUDILFH�VDX�VH]RQLHUH��&kWHYD�DVWIHO�GH�H[HPSOH�SRW�
IL� XUP ULWH� vQ� Fig. 2.47 - Fig. 2.50�� &RQIRUP� DFHVWRU� YDULD LL�� VH� REVHUY � F � SHQWUX�
5RPkQLD�� SULP YDUD� úL� WRDPQD� VXQW� DFHOHDúL� FRQGL LL� GH� LQVROD LH�� GHFL� SXWHUHD� HOHFWULF �
LQVWDODW �D�DFHOXLDúL�DQVDPEOX�VRODU�YD�IL�VL�HD�DFHHDúL�SHQWUX�DFHVWH�GRX �SHULRDGH� 

 

Fig. 2.47. VDULD LD� ]LOQLF � D� GHQVLW LL� GH� UDGLD LH� VRODU � SHQWUX�

5RPkQLD�����JUDGH�ODWLWXGLQH�QRUGLF ��OD�GDWD�GH����PDUWLH� 

 

Fig. 2.48. 9DULD LD� ]LOQLF � D� GHQVLW LL� GH� UDGLD LH� VRODU � SHQWUX�

România (45 grade latitudiQH�QRUGLF ��OD�GDWD�GH����LXQLH� 
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Fig. 2.49. 9DULD LD� ]LOQLF � D� GHQVLW LL� GH� UDGLD LH� VRODU � SHQWUX�

5RPkQLD�����JUDGH�ODWLWXGLQH�QRUGLF ��OD�GDWD�GH����VHSWHPEULH� 

 

Fig. 2.50. 9DULD LD� ]LOQLF � D� GHQVLW LL� GH� UDGLD LH� VRODU � SHQWUX�

5RPkQLD�����JUDGH�ODWLWXGLQH�QRUGLF ��OD�GDWD�GH����GHFHPEULH� 

 6 � FRQVLGHU P� DFXP� un prim studiu de caz: România, vara, utilizarea unui 
modul solar Vanguard pentru alimentarea cu energLH�HOHFWULF �D�XQHL�FDVH�SDUWLFXODUH. 
Rezultatele studiului pot fi analizate în Fig. 2.51 - Fig. 2.58. 
 &RQIRUP� LSRWH]HOH� úL� GDWHORU� GH� LQWUDUH� FRQVLGHUDWH�� QHFHVDUXO� GH�SXWHUH� HOHFWULF �
pentru alimentareD� XQHL� FDVH� SH� WLPS� GH� YDU � vQUHJLVWUHD] � YDULD LL� vQWUH� FRQVXPXO� SH�
WLPSXO�QRS LL�úL�FHO�GH�GLPLQHD ��SUkQ]�VDX�VHDU ��GXS �FXP�HVWH�LOXVWUDW�vQ�Fig. 2.51. 
 'H�DVHPHQHD��XWLOL]DUHD�XQXL�PRGXO�9DQJXDUG�vQ�DFHDVW �SHULRDG �vQ�5RPknia ar 
SURGXFH�R�SXWHUH�HOHFWULF �WRWDO� LQVWDODW �FH�DU�DYHD�YDULD LD�]LOQLF �GLQ�Fig. 2.52, unde se 
REVHUY �GH�DVHPHQHD�úL�UDQGDPHQWXO�UHFHSWRUXOXL�GH�UDGLD LH�VRODU �FRQFHQWUDW �� 
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 Acesta este marele avantaj oferit de metoda de�FDOFXO�GH]YROWDW ��GH�D�SXWHD�HVWLPD�
SHUIRUPDQ HOH�DQVDPEOXOXL�VRODU�vQ�RULFH�PRPHQW�DO�]LOHL��vQ�RULFH�UHJLXQH�JHRJUDILF ��SULQ�
IDSWXO� F � DWkW� UDQGDPHQWXO� UHFHSWRUXOXL� FkW� úL� SXWHUHD� LQVWDODW � GHSLQG� GH� GHQVLWDWHD� GH�
UDGLD H�VRODU � 
 Suprapunând aceste dRX �LQIRUPD LL�HVHQ LDOH��QHFHVDUXO�GH�SXWHUH�HOHFWULF �úL�FHD�
LQVWDODW �� vQ� DFHODúL� JUDILF�� OD� DFHHDúL� VFDU � – Fig. 2.53 –� VH� SRDWH� XúRU� VHVL]D� IDSWXO� F �
QHFHVDUXO� GH� HQHUJLH� HOHFWULF � SHQWUX� SHULRDGD� GH� SUkQ]� HVWH� WRWDO� DFRSHULW direct din 

HQHUJLD� HOHFWULF � SURGXV � GH� PRGXOXO� VRODU�� FX� XQ� VXUSOXV� XWLOL]DW� SHQWUX� SURGXFHUHD�
KLGURJHQXOXL�� 'H� DVHPHQHD�� VH� SRDWH� FDOFXOD� WLPSXO� GH� IXQF LRQDUH� DO� LQVWDOD LHL� VRODUH��
care în acest caz este de 12 ore. 

 Din integrarea curbelor de putere fXQF LH� GH� WLPS�� VH� RE LQ� YDORULOH� HQHUJLLORU�
LQVWDODW ��QHFHVDU ��vQ�VXUSOXV�úL�UHVSHFWLY�GHILFLW��$P�FRQVLGHUDW�UHOHYDQW�V �FDOFXOH]�DFHVWH�
YDORUL�SHQWUX�ILHFDUH�RU �GLQ�]L��DVWIHO�F �DP�RE LQXW�UHSUH]HQW ULOH�JUDILFH�GLQ�Fig. 2.54 - 

Fig. 2.57�� $FHVW� OXFUX� IDFLOLWHD] � LQWHUSUHWDUHD� IXQF LRQ ULL� vQWUHJXOXL� DQVDPEOX� úL�
YL]XDOL]DUHD�SHULRDGHORU�vQ�FDUH�HQHUJLD�VRODU �QX�HVWH�VXILFLHQW �SHQWUX�DOLPHQWDUHD�GLUHFW �
D� FRQVXPDWRUXOXL� FX� HQHUJLH� HOHFWULF �� 3HQWUX� FDVD� SDUWLFXODU �� SHULRDGHOH� GH� FRQVXP�GH�
YkUI� FRLQFLG� FX� SHULRDGHOH� GH� SURGXFHUH� PLQLP � GH� HQHUJLH� HOHFWULF �� IDSW� SHQWUX� FDUH�
GHILFLWXO�YD�IL�VXSOLQLW�SULQ�XWLOL]DUHD�KLGURJHQXOXL�SURGXV�DQWHULRU�úL�VWRFDW� 
 În Fig. 2.58 este reSUH]HQWDW �SURGXF LD�GH�KLGURJHQ��vQ�NJ��SH�RUH��SHQWUX�D�SXWHD�
UHDOL]D�R�LQWHUSUHWDUH�VLPLODU �FHOHL�SULYLQG�HQHUJLLOH� 

 

Fig. 2.51. )OXFWXD LLOH� QHFHVDUXOXL� GH� SXWHUH� HOHFWULF � SHQWUX�

alimentarea unei case pe� WLPS� GH� YDU � vQ� 5RPkQLD�� SH� FHOH� ��

perioade considerate ale zilei. 
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Fig. 2.52. 3HUIRUPDQ HOH� HVWLPDWH� �SXWHUH� HOHFWULF � LQVWDODW � úL�

UDQGDPHQWXO� UHFHSWRUXOXL� GH� UDGLD LH� VRODU � FRQFHQWUDW �� DOH�

modulului VangXDUG�IXQF LRQkQG�YDUD�vQ�5RPkQLD��GHSHQGHQ D�GH�

YDULD LD�GHQVLW LL�GH�UDGLD LH�VRODU � 

 

Fig. 2.53. 1HFHVDUXO� GH� SXWHUH� HOHFWULF � úL� SXWHUHD� HOHFWULF �

LQVWDODW � SHQWUX� 5RPkQLD�� YDUD�� XWLOL]kQG� �� PRGXO� 9DQJXDUG 

pentru alimentarea unei case. 
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Fig. 2.54. (QHUJLD� HOHFWULF � LQVWDODW �� vQ� N:K�� SHQWUX� PRGXOXO�

Vanguard utilizat vara, în România. 

 

Fig. 2.55. (QHUJLD�HOHFWULF �QHFHVDU ��vQ�N:K��SHQWUX�DOLPHQWDUHD�

unei case vara, în România. 
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Fig. 2.56. 6XUSOXVXO� GH� HQHUJLH� HOHFWULF � UH]XOWDW� GLQ� HQHUJLD�

HOHFWULF �GLVSRQLELO �GXS �DOLPHQWDUHD�XQHL�FDVH�YDUD�vQ�5RPkQLD� 

 

Fig. 2.57. 1HFHVDUXO�GH�HQHUJLH�HOHFWULF �U PDV�QHDFRSHULW�GLUHFW�

GLQ� HQHUJLD� HOHFWULF � SURGXV � GH� PRGXOXO� 9DQJXDUG� �GHILFLW��

SHQWUX�R�FDV ��YDUD��vQ�5RPkQLD� 
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Fig. 2.58. Masa GH� KLGURJHQ� SURGXV � vQ�SHULRDGD�GH� VXUSOXV� GH�

HQHUJLH� HOHFWULF � SURGXV � GH� PRGXOXO� 9DQJXDUG�� YDUD�� vQ�

România. 

 

 8Q�VWXGLX�QXPHULF�DO� DFHVWXL�FD]�HYLGHQ LD] � YDORULOH�GLQ�Tabel 2.4��(VWH�XúRU�GH�
REVHUYDW�IDSWXO�F �un modul VanguaUG�SRDWH�vQWUH LQH�QHFHVDUXO�GH�HQHUJLH�HOHFWULF �a 
unei case pe 24h în totalitate vara, în România�� DOLPHQWkQG� GLUHFW� ����N:K� úL� vQF �
�����N:K�SULQ� LQWHUPHGLXO� KLGURJHQXOXL� SURGXV� úL� VWRFDW�� GXS � FH� V-au dedus pierderile 
GDWRUDWH� WUDQVIRUP ULORU�SULQ� HOHFWUROL]RU� úL� SLOD�GH� FRPEXVWLH� úL� FHOH� GDWRUDWH� VWRFDMXOXL��
'HILFLWXO�WRWDO�GH�HQHUJLH�HOHFWULF ��DGLF �FH�QX�SRDWH�IL�GLUHFW�DFRSHULW�GLQ�HQHUJLD�HOHFWULF �
SURGXV �GH�PRGXO��HVWH�GH�����N:K��FHHD�FH�HVWH�WRWDO�DFRSHULW�SULQ�XWLOL]DUHD�KLGURJHQXOXL�
produs o� ]L�PDL� GHYUHPH�� 5 PkQH� FKLDU� R� GLIHUHQ � GH� �����N:K� VWRFD L� VXE� IRUP �GH�
KLGURJHQ�SHQWUX� DOWH� SHULRDGH� �GH� H[HPSOX� ]LOH� QRURDVH��SHULRDGD�GH� LDUQ �� HWF�� VDX� DOWH�
QHFHVLW L� 

Tabel 2.4. Rezultate numerice privind alimentarea cu energie 

HOHFWULF �úL�SURGXFHUHD�KLGURJHQXOXL�XWLOL]kQG�XQ�PRGXO�9DQJXDUG�

pentru alimentarea unei case vara în România. 

Ore de deficit 0 -���úi 19-24 
0DVD��WRWDO �GH�+2 produs [kg] 2,53 
(QHUJLD�WRWDO �VWRFDW �vQ�+��SURGXV�>N:K@ 95,41 
(QHUJLD�WRWDO �DFRSHULW �GLUHFW�>N:K@ 8,57 
Deficit total de energie [kWh] 9,26 
'HILFLW�GH�HQHUJLH�GLPLQHD D�>N:K@ 1,38 
Deficit de energie seara [kWh] 7,88 

 
 9RL� SUH]HQWD� SHQWUX� FRPSDUD LL� un al doilea studiu de caz: România, iarna, 
utilizarea unui moduO�VRODU�9DQJXDUG�SHQWUX�DOLPHQWDUHD�FX�HQHUJLH�HOHFWULF �D�XQHL� 
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case particulare. Rezultatele studiului pot fi analizate în Fig. 2.59 - Fig. 2.66. 
 6H� REVHUY � F � GDWRULW � LQWHQVLW LL� UHGXVH� D� UDGLD LHL� solare în acest anotimp, 
QHFHVDUXO� GH� HQHUJLH� HOHFWULF � QX�PDL� SRDWH� IL� DFRSHULW� QXPDL� GLQ� IXQF LRQDUHD�PRGXOXL�
solar.  
 'H�DVHPHQHD��FDQWLWDWHD�GH�KLGURJHQ�SURGXV �HVWH�PXOW�PDL�PLF �vQ�FRPSDUD LH�FX�
IXQF LRQDUHD� SH� WLPS� GH� YDU � D� DFHOHLDúL� LQVWDOD LL�� FHea ce este normal pentru zona 
FOLPDWLF �D�5RPkQLHL� 

 

Fig. 2.59. )OXFWXD LLOH� QHFHVDUXOXL� GH� SXWHUH� HOHFWULF � SHQWUX�

DOLPHQWDUHD� XQHL� FDVH� SH� WLPS� GH� LDUQ � vQ� 5RPkQLD�� SH� FHOH� ��

perioade considerate ale zilei. 

 

Fig. 2.60. 3HUIRUPDQ HOH� HVWLPDWH� �SXWHUH� HOHFWULF � LQVWDODW � úL�

UDQGDPHQWXO� UHFHSWRUXOXL� GH� UDGLD LH� VRODU � FRQFHQWUDW �� DOH�
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PRGXOXOXL� 9DQJXDUG� IXQF LRQkQG� LDUQD� vQ� 5RPkQLD�� GHSHQGHQ D�

GH�YDULD LD�GHQVLW LL�GH�UDGLD LH�VRODU � 

 

Fig. 2.61. 1HFHVDUXO� GH� SXWHUH� HOHFWULF � úL� SXWHUHD� HOHFWULF �

LQVWDODW � SHQWUX� 5RPkQLD�� LDUQD�� XWLOL]kQG� �� PRGXO� 9DQJXDUG�

pentru alimentarea unei case. 

 

Fig. 2.62. (QHUJLD� HOHFWULF � LQVWDODW �� vQ� N:K�� SHQWUX� PRGXOXO�

Vanguard utilizat iarna, în România. 
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Fig. 2.63. (QHUJLD�HOHFWULF �QHFHVDU ��vQ�N:K��SHQWUX�DOLPHQWDUHD�

unei case iarna, în România. 

 

Fig. 2.64. 6XUSOXVXO� GH� HQHUJLH� HOHFWULF � UH]XOWDW� GLQ� HQHUJLD�

HOHFWULF � GLVSRQLELO � GXS � DOLPHQWDUHD� XQHL� FDVH� LDUQD� vQ�

România. 
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Fig. 2.65. Necesarul de energiH�HOHFWULF �U PDV�QHDFRSHULW�GLUHFW�

GLQ� HQHUJLD� HOHFWULF � SURGXV � GH� PRGXOXO� 9DQJXDUG� �GHILFLW��

SHQWUX�R�FDV ��LDUQD��vQ�5RPkQLD� 

 

Fig. 2.66. 0DVD� GH� KLGURJHQ� SURGXV � vQ�SHULRDGD�GH� VXUSOXV� GH�

energie electric � SURGXV � GH� PRGXOXO� 9DQJXDUG�� LDUQD�� vQ�

România. 
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Tabel 2.5. Rezultate numerice privind alimentarea cu energie 

HOHFWULF �úL�SURGXFHUHD�KLGURJHQXOXL�XWLOL]kQG�XQ�PRGXO�9DQJXDUG�

pentru alimentarea unei case iarna în România. 

Ore de deficit 0 -���úi 15-24 
0DVD��WRWDO �GH�+2 produs [kg] 0,49 
(QHUJLD�WRWDO �VWRFDW �vQ�+��SURGXV�>N:K@ 16,16 
(QHUJLD�WRWDO �DFRSHULW �GLUHFW�>N:K@ 1,08 
Deficit total de energie [kWh] 21,14 
'HILFLW�GH�HQHUJLH�GLPLQHD D�>N:K@ 6,4 
Deficit de energie seara [kWh] 14,74 

 
 Analizarea rezultatelor numerice din Tabel 2.5� DUDW � IDSWXO� F � IXQF LRQDUHD�
LQVWDOD LHL�SH�WLPS�GH�LDUQ �vQ�5RPkQLD�DFRSHU �XQ�QHFHVDU�GH�����N:K�]LOQLF�GLUHFW��SOXV�
vQF � �����N:K� GLQ� XWLOL]DUHD� KLGURJHQXOXL� VWRFDW� ]LXD� DQWHULRDU �� vQV � GLIHUHQ D� GH�
����N:K� U PDV � WUHEXLH� DFRSHULW � GLQ� KLGURJHQXO� VWRFDW� SH� WLPS� GH� YDU � úL�VDX� GH� OD�
UH HDXD�GH�GLVWULEX LH�D�RUDúXOXL� 
 
 Pentru un al treilea studiu de caz: România, vara, utilizarea unui modul solar 
9DQJXDUG� SHQWUX� DOLPHQWDUHD� FX� HQHUJLH� HOHFWULF � D� XQHL� FO GLUL� GH� ELURXUL� �ILUPH���

rezultatele pot fi analizate în Fig. 2.67 - Fig. 2.71. 
 Din Tabel 2.6�UH]XOW �GH�DVHPHQHD�F �DOLPHQWDUHD�FX�HQHUJLH�HOHFWULF �D�XQHL�ILUPH�
SH�WLPS�GH�YDU �vQ�5RPkQLD�HVWH�SRVLELO �QXPDL�GLQ�XWLOL]DUHD�XQXL�PRGXO�VRODU�9DQJXDUG� 

 

Fig. 2.67. 1HFHVDUXO� GH� SXWHUH� HOHFWULF � úL� SXWHUHD� HOHFWULF �

instaODW � SHQWUX� 5RPkQLD�� YDUD�� XWLOL]kQG� �� PRGXO� 9DQJXDUG�

SHQWUX�DOLPHQWDUHD�XQHL�FO GLUL�GH�ELURXUL� 
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Fig. 2.68. (QHUJLD�HOHFWULF �QHFHVDU ��vQ�N:K��SHQWUX�DOLPHQWDUHD�

XQHL�FO GLUL�GH�ELURXUL�YDUD��vQ�5RPkQLD� 

 

Fig. 2.69. 6XUSOXVXO� GH� HQHUJLH� HOHFWULF � UH]XOWDW� GLQ� HQHUJLD�

HOHFWULF �GLVSRQLELO �GXS �DOLPHQWDUHD�XQHL�FO GLUL�GH�ELURXUL�YDUD�

în România. 
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Fig. 2.70. NecesaruO�GH�HQHUJLH�HOHFWULF �U PDV�QHDFRSHULW�GLUHFW�

GLQ� HQHUJLD� HOHFWULF � SURGXV � GH� PRGXOXO� 9DQJXDUG� �GHILFLW��

SHQWUX�R�ILUP ��YDUD��vQ�5RPkQLD� 

 

Fig. 2.71. 0DVD� GH� KLGURJHQ� SURGXV � vQ�SHULRDGD�GH� VXUSOXV� GH�

energLH� HOHFWULF � SURGXV � GH� PRGXOXO� 9DQJXDUG�� YDUD�� vQ�

România. 
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Tabel 2.6. Rezultate numerice privind alimentarea cu energie 

HOHFWULF �úL�SURGXFHUHD�KLGURJHQXOXL�XWLOL]kQG�XQ�PRGXO�9DQJXDUG�

pentru alimentareD�XQHL�FO GLUL�GH�ELURXUL�YDUD�vQ�5RPkQLD� 

Ore de deficit 0 -���úi 19-24 
0DVD��WRWDO �GH�+2 produs [kg] 0,94 
(QHUJLD�WRWDO �VWRFDW �vQ�+��SURGXV�>N:K@ 30,53 
(QHUJLD�WRWDO �DFRSHULW �GLUHFW�>N:K@ 139,9 
Deficit total de energie [kWh] 16,23 
Deficit de enHUJLH�GLPLQHD D�>N:K@ 1,81 
Deficit de energie seara [kWh] 14,42 

 
 0XOWLSOH� VWXGLL� GH� VHQVLELOLWDWH� VH� SRW� UHDOL]D�� GH� H[HPSOX� vQ� SULYLQ D� ]RQHL�
JHRJUDILFH��D�DQVDPEOXOXL�VRODU�XWLOL]DW��D�QXP UXOXL�GH�LPRELOH�DOLPHQWDWH��D�QXP UXOXL�GH�
module solare utilL]DWH��HWF��3URJUDPXO�GH�FDOFXO�SHUPLWH�VHOHFWDUHD�XQXLD�GLQ�XUP WRDUHOH�
module solare: Vanguard, McDonnell Douglas sau SBP17. Acest studiu se poate extinde 
úL�OD�DOWH�PRGXOH�DIODWH�vQ�IXQF LXQH� 

 În Tabel 2.7� VH� UHJ VHVF� FkWHYD� din rezultatele unui asemenea studiu de 
sensibilitate: FkWH� FDVH� SRDWH� DOLPHQWD� WRWDO� �GLUHFW� úL� SULQ� LQWHUPHGLXO� KLGURJHQXOXL�

VWRFDW��I U �DOWH�VXUVH��SH�GXUDWD�XQXL�DQ�GRX �PRGXOH�VRODUH�9DQJXDUG" 

Tabel 2.7. Studiu de sensibilitate: câte case poate alimenta total 

(direct úL�SULQ�LQWHUPHGLXO�KLGURJHQXOXL�VWRFDW�� I U �DOWH�VXUVH��SH�

durata unui�DQ�GRX �PRGXOH�VRODUH�9DQJXDUG� 

(QHUJLD�WRWDO �>N:K�]L@ 2 module 
Vanguard ce 
DOLPHQWHD] � stocat  

în H2 
DFRSHULW �

direct 
deficit 

bLODQ  
mediu 

%LODQ �WRWDO�anual 
[kWh/an] 

primavara 110,72 6,65 26,95 +83,77 
vara 190,82 17,14 18,54 +172,28 
toamna 110,72 6,65 26,95 +83,77 

2 case 

iarna 32,32 2,15 42,28 -9,96 +29600  
primavara 107,43 13,30 53,91 +53,52 
vara 182,35 34,29 37,08 +145,27 

toamna 107,43 13,30 53,91 +53,52 

4 case 

iarna 31,25 4,31 84,56 -53,31 
 

+17910 
primavara 104,15 19,95 80,86 +23,29 
vara 173,88 51,44 55,63 +118,25 
toamna 104,15 19,95 80,86 +23,29 

6 case 

iarna 30,18 6,47 126,84 -96,66 +6130 
primavara 102,50 23,28 94,34 +8,16 

vara 170,36 47,18 66,35 +104,01 

7 case 

toamna 102,50 23,28 94,34 +8,16 

+180 
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iarna 29,65 7,55 147,98 -118,33 

primavara 100,86 26,60 107,82 -6,96 

vara 167,73 41,13 78,87 +88,86 

toamna 100,86 26,60 107,82 -6,96 

8 case 

iarna 29,12 8,63 169,13 -140,01 -5800 
 
 ÌQ�XUPD�XQXL�VWXGLX�GH�VHQVLELOLWDWH�SULYLQG�QXP UXO�GH�FDVH�DOLPHQWDWH�QXPDL�GLQ�
HQHUJLD� HOHFWULF � SURGXV � GH� GRX � PRGXOH� VRODUH� 9DQJXDUG� �GLUHFW� úL� SULQ� XWLOL]DUHD�
KLGURJHQXOXL�SURGXV�úL�VWRFDW���UH]XOW �F �QXP UXO�RSWLP�GH�FDVH�HVWH�GH�úDSWH� 
 $WXQFL�FkQG�VXQW�DOLPHQWDWH�PDL�SX LQ�GH���FDVH��U PkQH�HQHUJLH�vQ�SOXV�VWRFDW �VXE�
IRUP �GH�KLGURJHQ��PDL�PXOW�GH���FDVH��QHFHVDUXO�GH�HQHUJLH�HOHFWULF �QX�SRDWH�IL�DFRSHULW�
LQWHJUDO��'DF � VH� DOLPHQWHD]D� �� FDVH�� DQXDO� ���� N:K� VXQW� vQ� SOXV� VWRFD L� VXE� IRUP �GH�
hidrogen. 
 &X� WRDWH�DFHVWHD��DP�UHFRPDQGD�DOLPHQWDUHD�XQXL�QXP U�GH���FDVH�GLQ���PRGXOH�
9DQJXDUG�SHQWUX�D� LQH�FRQW�úL�GH�XQ�QXP U�GH�]LOH�QRURDVH�vQ�FDUH�vQ�UHDOLWDWH�V-ar produce 
PDL�SX LQ �HQHUJLH�GHFkW�FHD�HVWLPDW � 
 
 ÌQ�WRDWH�FRQGL LLOH��ILH�F �H�YRUED�GH�SHULRDGD�YHULL��ILH�F �H�YRUED�GH�SHULRDGD�LHUQLL��
DQDOL]D� UHDOL]DW � FX� DMXWRUXO�PRGHOXOXL�PDWHPDWLF�GH]YROWDW� DUDW � F � LPSOHPHQWDUHD� XQHL�
DVWIHO�GH�LQVWDOD LL�SH�WHULWRULXO�5RPkQLHL�DU�IL�GH�Pare ajutor în acoperirea necesarului de 
HQHUJLH�HOHFWULF �D�FDVHORU�SDUWLFXODUH��FO GLULORU�GH�ELURXUL�úL�DOWH�LQVWLWX LL� 
 5 PkQH�V �ILH�DQDOL]DW �SDUWHD�HFRQRPLF �D�XQHL�DVWIHO�GH�LQYHVWL LL��GH�OD�FRVWXO�GH�
DFKL]L LH�úL�LQVWDODUH�SkQ �OD�FHO�GH�DPRUWL]Dre. 
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3.  &2175,%8 ,,�25,*,1$/E LA 
DEZVOLTAREA TERMODINAMICI I ÎN TIMP 

FINIT  

3.1 .  0RGHO�WHUPRGLQDPLF�GH�VWXGLX�üL�

RSWLPL]DUH�D�PDüLQLORU�WHUPLFH�FX�GRX �VXUVH�

GH�F OGXU ��0762-2) –�SUH]HQWDUH�JHQHUDO  

 
 $FHVW� PRGHO� GH� DQDOL] � úL� RSWLPL]DUH� VH� ED]HD] � SH� expresiile matematice ale 
SULQFLSLLORU�,�úL�DO�,,-lea ale termodinamicii, care-úL�GRYHGHVF�DLFL�SXWHUHD�úL�JHQHUDOLWDWHD��
Principiul I este aplicat ciclului, în timp ce principiul II este aplicat atât la nivelul ciclului 
FkW� úL� DO� vQWUHJXOXL� VLVWHP�� UHVSHFWLY� DQVDPEOXO� FLFOu –� VXUVH� GH� F OGXU �� Expresiile 
PDWHPDWLFH� DOH� VFKLPEXOXL� GH� F OGXU � vQ� SURFHVHOH� FDUH� DX� ORF� vQWUH� ILHFDUH� VXUV � GH�
F OGXU �úL�DJHQWXO�WHUPLF�DO�PDúLQLL�FRPSOHWHD] �DFHVW�PRGHO� 
 Analiza include LUHYHUVLELOLW LOH� LQWHUQH� DOH�PDúLQLL� SULQ� LQWURGXFHUHD� WHrmenului 
FRUHVSXQ] WRU�JHQHU ULL�GH�HQWURSLH�LQWHUQ ��FD�SDUDPHWUX�DO�PRGHOXOXL� 
 ÌQ� PDMRULWDWHD� DQDOL]HORU� HIHFWXDWH� SkQ � vQ� SUH]HQW�� DSOLFDWH� DOWRU� FLFOXUL� GHFkW�
ciclului Carnot, s-D�VWXGLDW�QXPDL�FD]XO�HQGRUHYHUVLELO��I U �D�VH�FRQVLGHUD�LUHYHUVLELOLW ile 
LQWHUQH� DOH� FLFOXOXL�� 'HVLJXU�� HVWH� GLILFLO� GH� D� H[SULPD� úL� VWXGLD� WHRUHWLF� VDX� SUDFWLF�
JHQHUDUHD� GH� HQWURSLH� LQWHUQ �� GDU� DFHDVWD� GHYLQH� XQ� LQVWUXPHQW� IRDUWH� SXWHUQLF� úL� XWLO� GH�
FXDQWLILFDUH� D� LUHYHUVLELOLW LOor interne ale ciclului, apropiind astfel modelul analitic de 
HVWLPDUH�D�IXQF LRQ ULL�PDúLQLL�GH�IXQF LRQDUHD�UHDO �D�DFHVWHLD� 
 Prin aplicarea principiului al II-OHD�DO�WHUPRGLQDPLFLL�vQWUHJXOXL�VLVWHP��VH�VWXGLD] �
JHQHUDUHD� GH� HQWURSLH� WRWDO , luându-se astfel în considerare atât generarea de entropie 
LQWHUQ � FkW� úL� LUHYHUVLELOLW LOH� GDWRUDWH� SURFHVHORU� GH� WUDQVIHU� GH� F OGXU � vQWUH� VXUVH� úL�
DJHQWXO�GH�OXFUX�DO�PDúLQLL� 
 Scopul unei astfel de metode îl constituie RSWLPL]DUHD� PDúLQLL� WHUPLFH studiate 
prin: 
1) GHILQLUHD�XQRU�IXQF LL�RELHFWLY�úL�D�UHVWULF LLORU�SUREOHPHL�FRQVLGHUDWH; 

2) VWDELOLUHD�YDORULL�RSWLPH�D�IXQF LHL�RELHFWLY��FX�VDX�I U �UHVWULF LL�LPSXVH; 

3) GHWHUPLQDUHD�JHQHU ULL�GH�HQWURSLH�WRWDO ; 

4) realizarea unui studiu parametric de sensibilitate pentru stabilirea valorilor 

SDUDPHWULORU�LPSXúL�FDUH�JHQHUHD] �XQ�UHJLP�RSWLP�GH�IXQF LRQDUH�D�PDúLQLL� 

 
 )XQF LLOH�RELHFWLY pot fi: 
� puterea PHFDQLF � PD[LP � SURGXV � �UHVSHFWLY� PLQLP � FRQVXPDW �� IXQF LH� GH� WLSXO�

PDúLQLL�VWXGLDWH�–�PRWRU�VDX�PDúLQ �FX�FLFOX�LQYHUVDW�� 
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� FRQVXP�PLQLP�GH� HQHUJLH� WHUPLF � �IOX[XO� WHUPLF� SULPLW� OD� SDUWHD� FDOG � D�PRWRUXOXL���
UHVSHFWLY� SXWHUH� IULJRULILF � PD[LP � �IOX[XO� WHUPLF� SUHOXDW� OD� SDUWHD� UHFH� D� PDúLQLL�
IULJRULILFH��VDX�SXWHUHD�WHUPLF �SURGXV �OD�SDUWHD�FDOG �D�PDúLQLL��SRPSD�GH�F OGXU �� 

�  randament termic (respectiv, coeficient�GH�SHUIRUPDQ ��PD[LP� 
� �JHQHUDUH�GH�HQWURSLH�WRWDO �PLQLP ��HWF� 
 
 5HVWULF LLOH�LPSXVH�SRW�IL�GH�QDWXU �FRQVWUXFWLY �VDX�IXQF LRQDO ��GH�H[HPSOX� ●

 VXSUDID D�WRWDO �D�FHORU�GRX �VFKLPE WRDUH�GH�F OGXU �LPSXV ��UHVWULF LH�GH�VSD LX�úL�VDX�
economicitate); ●

 conGXFWDQ D�WHUPLF �WRWDO �LPSXV � ●
 FRVWXO�WRWDO�DO�FHORU�GRX �VFKLPE WRDUH�GH�F OGXU �LPSXV��VDX�DOWH�UHVWULF LL�VLPLODUH� ●
 XQD� �VDX� PDL� PXOWH� VLPXOWDQ�� GLQ� SHUIRUPDQ HOH� PDúLQLL� LPSXV �H��� GH� H[HPSOX��
UDQGDPHQWXO�� FRHILFLHQWXO� GH� SHUIRUPDQ � VDX� SXWHUHD�PHFDQLF � JHQHUDW �� FRQVXPDW �
VDX� IOX[XO� WHUPLF� GLVSRQLELO� OD� VXUVD� FDOG � �� SXWHUHD� IULJRULILF � D� PDúLQLL� WHUPLFH� ��
SXWHUHD�WHUPLF �D�SRPSHL�GH�F OGXU ��HWF� 

 
 )XQF LH�GH�ipotezele modelului, se pot considera diverse studii de caz: 
; surse termice de tip termostat� �DOH� F URU� WHPSHUDWXUL� U PkQ constante� SH� WRDW �GXUDWD�

IXQF LRQ ULL�PDúLQLL�WHUPLFH�� 
; VXUVH�WHUPLFH�FX�FDSDFLW L�ILQLWH��Dle�F URU�WHPSHUDWXUi�YDULD] �vQ�WLPSXO�SURFHVXOXL�GH�

WUDQVIHU�GH�F OGXU �vQWUH�DJHQWXO�VXUVHL�úL�FHO�GLQ�PDúLQD�WHUPLF �� 
; natura legLORU�GH�WUDQVIHU�GH�F OGXU �OD�FHOH�GRX �VXUVH�– liniare sau generalizate de tip 

convectiv sau radiativ; 
; QDWXUD�OHJLL�GH�YDULD LH�D�JHQHU ULL�GH�HQWURSLH�LQWHUQ ��FRQVWDQW ��OLQLDU �FX�GLIHUHQ D�GH�

WHPSHUDWXU � D� DJHQWXOXL� GH� OXFUX� GLQ�PDúLQ � vQWUH� FHOH� GRX � H[WUHPH�� ORJDULWPLF � GH�
UDSRUWXO�FHORU�GRX �WHPSHUDWXUL��HWF�� 

 
 )XQF LH�GH�FHOH�PHQ LRQDWH�DQWHULRU��LSRWH]HOH�FRQVLGHUDWH��FRPELQD LLOH�GH�UHVWULF LL�
LPSXVH�� OHJLOH� GH� WUDQVIHU�� GH� YDULD LH� D� JHQHU ULL� GH� HQWURSLH�� HWF��� VH� SRW� JHQHUD� R�
multitudine de FD]XUL�GH�VWXGLDW��SHQWUX�ILHFDUH�WLS�GH�PDúLQ �WHUPLF �FRQVLGHUDW ��PRWRU��
PDúLQ �IULJRULILF �VDX�SRPS �GH�F OGXU �� 
 0HQ LRQH]� F � WRDWH� FDOFXOHOH� DX� IRVW� HIHFWXDWH� SULQ� HODERUDUHD� XQRU� SURJUDPH� GH�
calcul complexe în MATLAB. De asemenea, s-a lucrat într-o�IRUP �DGLPHQVLRQDO �SHQWUX�
D�PLQLPL]D�SURSDJDUHD�HURULORU�GH�FDOFXO�úL�D�vQFHUFD�R�JHQHUDOL]DUH�D�PRGHOXOXL�vQ�FHHD�FH�
SULYHúWH�P ULPHD�JDEDULWXO�PDúLQLL�VWXGLDWH� 
 ÌQ� GHVFULHUHD� ILHF UXL� FD]� VWXGLDW�� VH� YRU� PHQ LRQD� WRDWH� GHWDOLLOH� OXDWH� vQ�
considerare, LSRWH]H��UHVWULF LL��HWF��SUHFXP�úL�SURFHGXUD�GH�DGLPHQVLRQDOL]DUH�XWLOL]DW � 
 

3.2 .  MTSO-2 ap l ic a t  m ot oare lor  t e rm ic e 

 
 ÌQ�FD]XO�DSOLF ULL�PRGHOXOXL�SHQWUX�VWXGLXO�úL�RSWLPL]DUHD�PRWRDUHORU�WHUPLFH��VH�SRW�
OXD�vQ�FRQVLGHUDUH�XUP WRDUHOH�FD]XUL�GH�UHVWULF LL�LPSXVH��YDORDUH�LPSXV �D�UDQGDPHQWXOXL�
WHUPLF�DO�PRWRUXOXL��JHQHUDUHD�GH�HQWURSLH�LQWHUQ �LPSXV �GH�FRQVWUXF LD�PDúLQLL��SULQ�XQD�
GLQ�FHOH�WUHL� OHJL�GH�YDULD LH�DPLQWLWH�DQWHULRU���SXWHUHD�PHFDQLF �SURGXV ��SXWHUHD�WHUPLF �
SULPLW �GH�OD�VXUVD�FDOG �úL�WRDWH�FRPELQD LLOH�ORU� 
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 &RQVLGHUkQG� úL� WRDWH� FRPELQD LLOH� SRVLELOH� GH� OHJL� GH� WUDQVIHU� GH� F OGXU � �OLQLDUH��
JHQHUDOL]DWH�GH� WLS� FRQYHFWLY� VDX� UDGLDWLY��SHQWUX� ILHFDUH� GLQ� FHOH� GRX � VXUVH� WHUPLFH�� QH�
putem închipui câte cazuri pot fi generate. 
 

3.2.1 .  Surse-t erm ost at , l eg i  l i n iare de t rans fer  t erm ic , 
I U �SLHUGHUL�WHUPLFH�vQWUH�VXUVH 

 &D]XO�FHO�PDL�VLPSOX�GLQ�SXQFW�GH�YHGHUH�DO�FRPSOH[LW LL�PRGHOXOXL�PDWHPDWLF�úL�
DO�LSRWH]HORU�GH�FDOFXO�HVWH�FHO�vQ�FDUH�VXUVHOH�WHUPLFH�VXQW�FRQVLGHUDWH�GH�WLS�WHUPRVWDW��I U �
pierderi teUPLFH�vQWUH�HOH��LDU�OHJLOH�GH�WUDQVIHU�GH�F OGXU �vQWUH�DJHQWXO�VXUVHL�úL�DJHQWXO�GH�
OXFUX�GLQ�PDúLQ �VXQW�OLQLDUH��FD]�FH�YD�IL�SUH]HQWDW�vQ�FRQWLQXDUH� 
 În Fig. 3.1 este reprezentat un astfel de ciclu, cu particularizare pentru ciclul motor 
Carnot ireversibil. 

 

Fig. 3.1. Reprezentarea ciclului motor Carnot ireversibil� I U �

SLHUGHUL�WHUPLFH�vQWUH�VXUVHOH�GH�F OGXU � 

 Toate procesele sunt considerate ireversLELOH�� 'DF � SHQWUX� FHOH� GRX � SURFHVH�
adiabate LUHYHUVLELOLWDWHD� HVWH� FRQVLGHUDW � SULQ� JHQHUDUHD� GH� HQWURSLHL� LQWHUQ , pentru cele 
GRX �SURFHVH� L]RWHUPH� LUHYHUVLELOLWDWHD�DSDUH�SULQ� WUDQVIHUXO�GH�F OGXU � OD�GLIHUHQ � ILQLW �
vQWUH�DJHQ L� 

3.2.1 .1.  Ipot eze de s t udiu a le  m odelu lu i  

• 3HQWUX� VLPSOLILFDUH�� VH� SUHVXSXQH� F � SURFHVHOH� GH� WUDQVIHU� GH� F OGXU � GH� OD� VXUVH� OD�
DJHQWXO� GH� OXFUX� DO� PDúLQLL� VXQW� GH� DúD� QDWXU � vQFkW� WHPSHUDWXULOH� FHORU� GRX � VXUVH�
U PkQ�FRQVWDQWH��LSRWH]D�����ILHFDUH�VXUV �HVWH�FRQVLGHUDW �FD�ILLQG�XQ�WHrmostat. 

• 'H� DVHPHQHD�� VH� FRQVLGHU � FD]XO� XQXL� UHJLP� VWD LRQDU� �SHUPDQHQW�� GH� IXQF LRQDUH�
�LSRWH]D�����GH�RELFHL�DFHVWD�ILLQG�FKLDU�UHJLPXO�QRPLQDO�DO�PDúLQLL� 

• ,SRWH]D���FRUHVSXQGH�QDWXULL�OHJLORU�GH�WUDQVIHU�GH�F OGXU �OD�FRQWDFWXO�GLQWUH�VXUVHOH�GH�
F OGXU �úL�DJHQWXO�GH�OXFUX�DO�PDúLQLL��úL�DQXPH��IOX[XO�GH�F OGXU �WUDQVIHUDW�GH�OD�VXUV �
la agent, cazul sursei calde sau invers, cazul sursei reci, depinde doar de temperaturile 
VXUVHL�úL�DJHQWXOXL�GH�OXFUX�� 

T 

S 

TC 

TF 

TSC 

TSF 

CQ�  

FQ�  
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( )STTfUAQ ,⋅=�  (3.1) 

unde: UA� UHSUH]LQW � FRQGXFWDQ D� WHUPLF � D� FRQWDFWXOXL� UHVSHFWLY�� T este temperatura 
DJHQWXOXL�GH�OXFUX�DO�PDúLQLL��TS este temperatura sursei. 

 LQ� V � VXEOLQLH]� IDSWXO� F � DFHDVW � VFULHUH� HVWH� GDWRUDW � FRQVLGHU ULL� GLIHUHQ HOor 

ILQLWH� GH� WHPSHUDWXU � vQWUH� JD]� úL� VXUV , implicit a unor supUDIH H� ILQLWH� GH� WUDQVIHU� GH�
F OGXU �úL�GHFL��D�XQRU�WLPSL�ILQL L�GH�FRQWDFW�FX�VXUVHOH��'LQ�DFHVW�SXQFW�GH�YHGHUH��metoda 

VH�vQFDGUHD] �vQ�FODVD�PHWRGHORU�Gin Termodinamica în Timp Finit. 
 
 CRQYHQ LD� WHUPRGLQDPLF �FX�SULYLUH� OD� YDORULOH�SR]LWLYH� úL� QHJDWLYH�DOH�P ULPLORU�
VWXGLDWH�HVWH�FHD�SRWULYLW�F UHLD�OXFUXO�PHFDQLF�SURGXV�GH�VLVWHP�SUHFXP�úL�F OGXUD�SULPLW �
GH�DFHVWD�VH�FRQVLGHU �D�IL�P ULPL�SR]LWLYH� 
 3HQWUX�VWXGLXO�XQHL�PDúLQL�HQGRUHYHUVibile nu se poate vorbi de generare de entropie 
LQWHUQ �� LDU� FHD� H[WHUQ � HVWH� GDWRUDW � QXPDL� LUHYHUVLELOLW LORU� FDX]DWH� GH� SURFHVHOH� GH�
WUDQVIHU� GH� F OGXU � vQWUH� VXUVH� úL� DJHQW�� ÌQ� VFKLPE�� SHQWUX� R� PDúLQ � HQGRLUHYHUVLELO �
DSUR[LPD LD�IRORVLW �GHV�vQ�OLWHUDWXU �[64]�SUHVXSXQH�F �JHQHUDUHD�GH�HQWURSLH�LQWHUQ �HVWH� 
� ILH�FRQVWDQW � ctSi =� ; 

� ILH�R�IXQF LH�OLQLDU �GH�WHPSHUDWXU � 

� VDX�FKLDU�SURSRU LRQDO �FX�
F

C

T

T
ln , 

unde indicele C�FRUHVSXQGH�S U LL�Falde, iar F�S U LL�UHFL�D�PDúLQLL�� 
 Într-XQ�PRG�PDL�JHQHUDO��VH�SRDWH�H[SULPD�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �FD�ILLQG�R�
IXQF LH�GH�FHOH�GRX �WHPSHUDWXUL��TC�úL�TF: 

( )FCi TTgS ,=�  (3.2) 

$FHDVW �IXQF LH�U PkQH�D�IL�GHWHUPLQDW �H[SHULPHQWDO�VDX�VWDELOLW �SH�FDOH�WHRUHWLF �SH�ED]D�
unei analize entropice. 

3.2.1 .2.  5HOD LL�PDWHPDWLFH�IXQGDPHQWDOH�DOH�PRGHOXOXL 

 0RGHOXO� GH� DQDOL] � SUH]HQWDW� VH� ED]HD] � SH� GRX � LQVWUXPHQWH� IXQGDPHQWDOH� úL�
SXWHUQLFH��úL�DQXPH�H[SUHVLLOH�PDWHPDWLFH�DOH�SULQFLSLLORU�,�úL�DO�,,-lea ale termodinamicii. 
&RUHVSXQ] WRU� LSRWH]HORU� SUH]HQWDWH� DQWHULRU�� H[SUHVLD� PDWHPDWLF � D� SULQFLSLXOXL� ,� DO�
WHUPRGLQDPLFLL�SHQWUX�R�PDúLQ �WHUPLF �HVWH� 

C F
P Q Q= +� �  (3.3) 

în care: P�HVWH�SXWHUHD�PHFDQLF �SURGXV �GH�PDúLQ � 

CQ� HVWH�IOX[XO�WHUPLF�VFKLPEDW�OD�SDUWHD�FDOG �D�PDúLQLL� 

FQ� HVWH�IOX[XO�WHUPLF�VFKLPEDW�OD�SDUWHD�UHFH�D�PDúLQLL��DYkQG�semnul negativ. 
 Principiul al II-OHD�DO�WHUPRGLQDPLFLL�SRDWH�IL�H[SULPDW�PDWHPDWLF�vQ�GRX �PRGXUL��
IXQF LH�GH�VLVWHPXO�FRQVLGHUDW��'DF �VH�FRQVLGHU �GRDU�FD]XO�XQHL�PDúLQLL�HQGRLUHYHUVLELOH��
DWXQFL�SULQFLSLXO�,,�HVWH�DSOLFDW�FLFOXOXL�SH�FDUH�DJHQWXO�GH�OXFUX�DO�PDúLQLL�vl parcurge: 
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0C F
i

C F

Q Q
S

T T
+ + =

� �
�  (3.4) 

în care TC�UHSUH]LQW �WHPSHUDWXUD�DJHQWXOXL�GH�OXFUX�OD�SDUWHD�FDOG �D�PDúLQLL� 
TF�UHSUH]LQW �WHPSHUDWXUD�DJHQWXOXL�GH�OXFUX�OD�SDUWHD�UHFH�D�PDúLQLL�� 

iS� HVWH�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �GDWRUDW �LUHYHUVLELOLW LORU�LQWHUQH�DOH�PDúLQLL� 

 'DF �YRP�FRQVLGHUD�VLVWHPXO�FD�ILLQG�vQWUHJXO�DQVDPEOX�IRUPDW�GLQ�PDúLQD�VWXGLDW �
úL�FHOH�GRX �VXUVH�WHUPLFH��DWXQFL�H[SUHVLD�PDWHPDWLF �D�SULQFLSLXOXL�DO II-lea este: 

0C F
T

SC SF

Q Q
S

T T
+ + =

� �
�  (3.5) 

în care TSC�UHSUH]LQW �WHPSHUDWXUD�VXUVHL�FDOGH�D�PDúLQLL� 
TSF�UHSUH]LQW �WHPSHUDWXUD�VXUVHL�UHFL�D�PDúLQLL�� 

TS� este generarea de entropLH�WRWDO � 
ÌQ�DFHDVW �UHOD LH�V-D�FRQVLGHUDW��FRQIRUP�LSRWH]HORU�I FXWH��F �WRDW �F OGXUD�FH�VH�WUDQVIHU �
vQWUH� DJHQWXO� GLQ� FLFOX� úL� DJHQ LL� VXUVHORU� VH� WUDQVIHU � LQWHJUDO�� IDSW� SHQWUX� FDUH� vQ� ORFXO�
IOX[XULORU�WUDQVIHUDWH�GH�F WUH�VXUVH�DSDU�IOX[XULOH�WUDQVIHUDWH�F WUH�DJHQWXO�GLQ�PDúLQ ��OLSVD�
indicelui S�GLQ�QRWD LD�IOX[XULORU�GH�F OGXU �� 
 &RPELQkQG� FHOH� GRX � H[SUHVLL� DOH� SULQFLSLXOXL� DO� ,,-OHD� VH� RE LQH� JHQHUDUHD� GH�
HQWURSLH�WRWDO �DVWIHO�� 

1 1 1 1
T i C F

C SC F SF

S S Q Q
T T T T

   
= + − + −   

   
� � � �  (3.6) 

GH�XQGH�VH�REVHUY �F �JHQHUDUHD�GH�HQWURSLH�WRWDO �HVWH�vQWRWGHDXQD�VXPD�D�WUHL�FRQWULEX LL�
SR]LWLYH��JHQHUDUHD�GH�HQWURSLH�LQWHUQ �úL�FHOH�GRX �JHQHU UL�GH�HQWURSLH�GDWRUDWH�SURFHVHORU�
GH�WUDQVIHU�GH�F OGXU �GLQWUH�FHOH�GRX �VXUVH�WHUPLFH�úL�DJHQWXO�GH�OXFUX�DO�PDúLQLL��3HQWUX�R�
PDúLQ � HQGRUHYHUVLELO ��

TS� � VH� OLPLWHD] � GRDU� OD� XOWLPLL� GRL� WHUPHQL� �LUHYHUVLELOLW LOH�
GDWRUDWH�WUDQVIHUXOXL�GH�F OGXU �OD�VXUVH�� 
 6WDELOLUHD� UHOD LHL� DQDOLWLFH� SHQWUX� JHQHUDUHD� GH� HQWURSLH� LQWHUQ � HVWH� GLILFLO �� vQ�
OLWHUDWXU �VH�IRORVHVF�XUP WRDUHOH�DSUR[LPD LL [64]:  
-�D��FRQVWDQW ��������������������������������������������������������� ctSi =� ; 

-�E��OHJH�GH�YDULD LH�OLQLDU �FX�WHPSHUDWXUD:           ( )
FCi TTctS −⋅=� ; 

-�F��OHJH�GH�YDULD LH�ORJDULWPLF �FX�WHPSHUDWXUD����
F

C
i

T

T
lnctS ⋅=� . 

(3.7) 

 'H� DVHPHQHD�� IOX[XULOH� GH� F OGXU � VFKLPEDWH� GH�PRWRU� FX� H[WHULRUXO� VXQW� GH� WLS�
liniar în acest caz: 

( ) ( )
CSCCC TTUAQ −=�  ; ( ) ( )

FSFFF TTUAQ −=�  (3.8) 

 Randamentul termic al motorului este:  
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CQ

P

�
=η  (3.9) 

3.2.1 .3.  Adim ens ional izarea problem ei  

 3ULQ� DQDORJLH� FX� QXP UXO� GH�XQLW L� GH� WUDQVIHU� WHUPLF�� FDUH� VH� GHILQHúWH� FD� ILLQG�
UDSRUWXO�vQWUH�FRQGXFWDQ D�WHUPLF �úL�FDSDFLWDWHD�WHUPLF �PLQLP �GLQWUH�FHL�GRL�DJHQ L�FDUH�
SDUWLFLS �vQ�SURFHVXO�GH�WUDQVIHU�GH�F OGXU � 

( )
minpcm

UA
NTC

�
=  (3.10) 

VH�LQWURGXFH�QR LXQHD�GH�FULWHULX�GH�HYDOXDUH�D�WUDQVIHUXOXL�GH�F OGXU  pe care îl definim 
astfel: 

( )
cicluagentpcm

UA
CTQ

_
�

=  (3.11) 

GDWRULW � H[LVWHQ HL� XQHL� QHFHVLW L� LQJLQHUHúWL� GH� D� DYHD� R� DVWIHO� GH� OLPLWDUH� úL� GDWRULW �
IDSWXOXL� F � GHILQL LD�NTC� QX� SHUPLWH� XWLOL]DUHD� DFHVWXL� IDFWRU� vQ� DQXPLWH� FRQGL LL�� 6XQW�
cazuri în care CTQ este chiar NTC (cazul în care agentul GLQ�FLFOX�DUH�FDSDFLWDWHD�WHUPLF �
PLQLP �vQ�UDSRUW�FX�FHL�GRL�DJHQ L�DL�FHORU�GRX �VXUVH�GH�F OGXU ���7UHEXLH�PHQ LRQDW�IDSWXO�
F �LQWURGXFHUHD�DFHVWXL�FULWHULX�HVWH�I FXW �SHQWUX�FD]XO�XQXL�PRWRU�FH�IXQF LRQHD] �FX�XQ�
DJHQW�GH�OXFUX�JD]RV�FH�QX�vúL�VFKLPE �ID]D��FD]XO�PRWRUXOXL�FRQVLGHUDW� 
 Alegem ca DGLPHQVLRQDOL]DUHD� V � ILH� I FXW � vQ� UDSRUW� FX� FULWHULXO� GH� HYDOXDUH� D�
WUDQVIHUXOXL�GH�F OGXU �DO�VXUVHL�FDOGH��CTQC���úL�WHPSHUDWXUD�VXUVHL�UHFL��TSF . 
 6H�XWLOL]HD] �XUP WRULL�SDUDPHWUL�úL�YDULDELOH�DGLPHQVLRQDOH� 
- criteriul de evaluare a transferului de c OGXU �DO�FHORU�GRX �VXUVH� 

( )
( )

cicluagentp

C

C
cm

UA
CTQ

_
�

= ;   
( )

( )
cicluagentp

F
F

cm

UA
CTQ

_
�

=  (3.12) 

FX�XUP WRDUHD�UHVWULF LH�LPSXV �GH�OLPLWDUHD�WUDQVIHUXOXL�GH�F OGXU � 

FCT CTQCTQCTQ +=  (3.13) 

- UDSRUWXO�WHPSHUDWXULORU�ID �GH�WHPSHUDWXUD�VXUVHL�UHFL�� 

        ;           ;           SC C F
SC C F

SF SF SF

T T T

T T T
θ θ θ= = =  (3.14) 

- fluxurile energetice adimensionalizate: 
SHQWUX�VXUVD�FDOG  
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( ) ( )CSCC

SFcicluagentp

C

C CTQ
Tcm

Q
q θθ −==

_

~
�

�
 (3.15) 

pentru sursa rece 

( ) ( ) ( )( )FCTFF

SFcicluagentp

F

F CTQCTQCTQ
Tcm

Q
q θθ −−=−== 11~

_
�

�
 (3.16) 

SHQWUX�SXWHUHD�WHUPLF  

( ) ηC

SFcicluagentp

q
Tcm

P
w ~~

_

==
�

 (3.17) 

- JHQHUDUHD�GH�HQWRSLH�LQWHUQ �úL�WRWDO �DGLPHQVLRQDOH� 

( )
cicluagentp

i

i
cm

S
s

_

~
�

�
=  ;   ( )

cicluagentp

T

T
cm

S
s

_

~
�

�
=  (3.18) 

 &RQIRUP�FRQYHQ LHL�GH�VHPQH�DGRSWDW �úL�VFKHPHL�GH�SULQFLSLX�D�PRWRUXOXL��TSF < 
TF < TC < TSC���FHHD�FH�LPSXQH�XUP WRDUHOH�UHVWULF LL� 

�� � SF��� F��� C��� SC ;  

0    ;      0   ;     0  ;    0C F iq q w s> < > >� � � �  
(3.19) 

$FHVWH�UHVWULF LL�YRU�IL�vQWRWGHDXQD�YDODELOH�SHQWUX�RULFH�PRWRU�WHUPLF�VWXGLDW��LQGLIHUent de 
SUH]HQ D�YUHXQHL�DOWH�UHVWULF LL�LPSXVH�GH�XWLOL]DWRU�VDX�GH�FRQVWUXF LD�PDúLQLL� 

3.2.1 .4.  St ud i i  de c az 

 6H�SRW�DQDOL]D�XUP WRDUHOH�FD]XUL� 
A) VWXGLXO�IXQF LLORU�RELHFWLY�PHQ LRQDWH�DQWHULRU�vQ�FD]XO�vQ�FDUH�VLQJXUD�UHVWULF LH�LPSXV �

(în afara celor impuse de IXQF LRQDUHD�IL]LF �D�PRWRUXOXL��HVWH�YDORDUHD�UDQGDPHQWXOXL�
termic al motorului, ; 

B) VWXGLXO� IXQF LLORU� RELHFWLY� vQ� FD]XO� vQ� FDUH� DYHP� GRX � UHVWULF LL� LPSXVH�� úL� DQXPH��
valoarea randamentului termic, ��GDU�úL� JHQHUDUHD�GH�HQWURSLH� LQWHUQ ��

is� �� LPSXV �GH�

FRQVWUXF LD�PRWRUXOXL��SULQ�FRQVLGHUDUHD�SH�UkQG�D�FHORU�WUHL�SRVLELOLW L�– UHOD LLOH (3.7); 
C) VWXGLXO�IXQF LLORU�RELHFWLY�PHQ LRQDWH�DQWHULRU�vQ�FD]XO�vQ�FDUH�VLQJXUD�UHVWULF LH�LPSXV �

(în afara celor impuse de�IXQF LRQDUHD�IL]LF �D�PRWRUXOXL��HVWH�YDORDUHD�SXWHULL�SURGXVH�
de motor, P; 

D) VWXGLXO� IXQF LLORU� RELHFWLY� vQ� FD]XO� vQ� FDUH� DYHP� GRX � UHVWULF LL� LPSXVH�� úL� DQXPH��
valoarea puterii produse de motor, P��GDU�úL�JHQHUDUHD�GH�HQWURSLH�LQWHUQ ��

is� �� LPSXV �

GH�FRQVWUXF LD�PRWRUXOXL� 
E) VWXGLXO�IXQF LLORU�RELHFWLY�PHQ LRQDWH�DQWHULRU�vQ�FD]XO�vQ�FDUH�VLQJXUD�UHVWULF LH�LPSXV �

�vQ�DIDUD�FHORU�LPSXVH�GH�IXQF LRQDUHD�IL]LF �D�PRWRUXOXL��HVWH�YDORDUHD�SXWHULL�WHUPLFH�
SULPLWH�GH�OD�VXUVD�FDOG ��

CQ� ; 
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F) VWXGLXO� IXQF LLORU� RELHFWLY� vQ� FD]XO� vQ� FDUH� DYHP� GRX � UHVWULF LL� LPSXVH�� úL� DQXPH��
YDORDUHD� SXWHULL� WHUPLFH� SULPLWH� GH� OD� VXUVD� FDOG ��

CQ� �� GDU� úL� JHQHUDUHD� GH� HQWURSLH�

LQWHUQ �� is� ��LPSXV �GH�FRQVWUXF LD�PRWRUXOXL� 

G) FRPELQD LL�GH�FkWH�GRX �SHUIRUPDQ H�LPSXVH� 
H) FRPELQD LL�DOH�FHORU�WUHL�SHUIRUPDQ H�LPSXVH��HWF� 
 'DWRULW � OLPLW ULORU� GH� VSD LX�� voi prezenta în continuare R� VHOHF LH din aceste 
cazuri�GHúL�DX�IRVW�VWXGLDWH�PDL�PXOWH�FD]XUL. 

3.2.1 .5.  Randam ent ul  t e rm ic  im pus  

 Acest caz în care randamentul motorului este considerat ca parametru, DUH�UHOHYDQ �
SUDFWLF � vQ� VLWXD LD� vQ�FDUH�PRWRUXO�HVWH� vQ� IXQF LRQDUH�FRQWLQX ��DVWIHO� F �HVWH�GH�GRULW� vQ�
regim economic. 
 Se aleg valori potrivite pentru parametrii modelului: CTQT = 2; SC = 5;  = 0,32. 
9DORULOH�UDQGDPHQWXOXL�WHUPLF�VXQW�DOHVH�DVWIHO�vQFkW�V �ILH�SR]LWLYH�úL�PDL�PLFL�GHFkW�FHOH�
DOH� UDQGDPHQWXOXL� FLFOXOXL�&DUQRW� IXQF LRQkQG� vQWUH� DFHOHDúL� WHPSHUDWXUL������ ��� CC = 

SCθ
1

1− . 

 9DULDELOHOH�U PkQ C�úL�CTQC�� IXQF LH�GH�FDUH�VH�YRU�IDFH�UHSUH]HQW ULOH�JUDILFH�úL�
RSWLPL] ULOH� 
 6H� YRU� VWXGLD� SXWHUHD� SURGXV � GH�PRWRU�� FRQVXPXO� GH� SXWHUH� WHUPLF � GH� OD� VXUVD�
FDOG �úL�JHQHUDUHD�GH�HQWURSLH� LQWHUQ �úL� WRWDO �IXQF LH�GH�SDUDPHWULL� LPSXúL�úL�GH�YDORULOH�
variabilelor. 
 6H�DGLPHQVLRQDOL]HD] �UHOD LD�PDWHPDWLF �D�SULQFLSLXOXL�DO�,,-lea al termodinamicii 
SHQWUX�D�GHWHUPLQD�JHQHUDUHD�GH�HQWURSLH�LQHWHUQ ��luând în. 
 ÌQ� DFHVW� VFRS�� GLQ� HFXD LD� SULQFLSLXOXL� ,� DO� WHUPRGLQDPLFLL�� UHOD LD� (3.3), prin 
considerarea expresiilor� IOX[XULORU� GH� F OGXU  (3.8)�� VH� H[SULP � WHPSHUDWXUD� JD]XOXL� OD�
SDUWHD�UHFH�D�PDúLQLL� 

( )
( ) ( )( )CSC

F

C

SFF TT
UA

UA
TT −−+= η1  (3.20) 

GXS �FDUH�VH�DGLPHQVLRQDOL]HD] �FRQIRUP�SURFHGXULL�PHQ LRQDWH�DQWHULRU� 

( )( )CSC

CT

C

F
CTQCTQ

CTQ
θθηθ −−

−
+= 11  (3.21) 

 $GLPHQVLRQDOL]DUHD�UHOD LHL�SULQFLSLXO�DO�,,-lea al termodinamicii aplicat ciclului în 
VFRSXO� GHWHUPLQ ULL� JHQHU ULL� GH� HQWURSLH� LQWHUQ , prin înlocuirea expresiei F IXQF LH� GH�
variabilele considerate, CTQC�úL� C, conduce la: 

( ) ( )
( )( ) 


















−
−−

−
+

−
−=

C
CSC

CT

C

CSCCi

CTQCTQ

CTQ
CTQs

θθθη

ηθθ 1

11

1~  (3.22) 

 ÌQ�PRG�VLPLODU�VH�GHWHUPLQ �JHQHUDUHD�GH�HQWURSLH�WRWDO � 
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( ) 







−−−=

SC

CSCCT CTQs
θ

ηθθ 1
1~  (3.23) 

 $FHDVW �GH]YROWDUH�PDWHPDWLF �FRQGXFH�OD�XUP WRDUHOH�UH]XOWDWH� 
 În Fig. 3.2 - Fig. 3.5�VH�SRDWH�REVHUYD�F �H[LVW �R�VWUkQV �OHJ WXU �vQWre valorile C, 

CTQC�úL� is~ . Pentru fiecare valoare CTQC H[LVW �R�YDORDUH�OLPLW �PLQLP �úL�XQ�interval de 

YDULD LH permis pentru C�DVWIHO�vQFkW�FD]XO�DQDOL]DW�V �ILH�IL]LF�SRVLELO��LPSXV�GH�FRQGL LD�

is~ !����$FHDVW �valoare de prag inferior pentru C�FUHúWH�SH�P VXU �FH�YDORDUHD�OXL�CTQC 

FUHúWH��ÌQ�PRG�VLPLODU��YDORDUHD�OLPLW �LQIHULRDU �D�OXL�CTQC�FUHúWH�SH�P VXU �FH� C�FUHúWH��
$FHVW� DVSHFW� HVWH� SUHYL]LELO�� DYkQG� vQ� YHGHUH� IDSWXO� F � FX� FkW� H� PDL� PDUH� VXSUDID D� GH�
schLPE�GH�F OGXU � OD�VXUV �� HYLGHQ LDW �GH�CTQC, cu atât temperatura agentului la partea 
FDOG � HVWH� PDL� PDUH�� ÌQ� XUPD� XQXL� VWXGLX� GH� VHQVLELOLWDWH� UHDOL]DW� SHQWUX� YDORULOH�
randamentului termic, s-D�REVHUYDW�F �YDORULOH�OLPLW �D�YDULDELOHORU� C úL�CTQC sunt fuQF LH�
de , fiind mai ridicate pentru valori mai mari ale randamentului termic.  

/D�OLPLWD�H[WUHP �VWDQJ ��DFHVWH�FXUEH�WUHF�SULQ�RULJLQHD�D[HORU��$FHVW�OXFUX�QX�HVWH�
vQV � YL]LELO� SH� JUDILFH� GDWRULW � FRQGL LLORU� QHFHVDUH� UXO ULL� SURJUDPXOXL� 0$7/$%� úL�
lucrului cu vectori nenuli. 

 

Fig. 3.2��&XUEHOH�GH�YDULD LH�D� IOX[XULORU�HQHUJHWLFH� IXQF LH�GH� C 

pentru CTQC=0,5 –�FD]XO� �LPSXV. 
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Fig. 3.3�� &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH� IXQF LH� GH�

CTQC�SHQWUX� C = 3 –�FD]XO� �LPSXV. 

 

Fig. 3.4�� 9DULD LD� JHQHU ULL� GH� HQWURSLH� LQWHUQ � IXQF LH� GH� C� úL�

CTQC��OLPLWDUHD�YDORULORU� C  fizic posibile –�FD]XO� �LPSXV. 
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Fig. 3.5��9DULD LD�JHQHU ULL�GH�HQWURSLH�LQWHUQ �IXQF LH�GH�&74C�úL�

C; limitarea valorilor CTQC fizic posibile –�FD]XO� �LPSXV. 

 

Fig. 3.6�� 9DULD LD� JHQHU ULL� GH� HQWURSLH� LQWHUQ � úL� WRWDO � úL� D�

IOX[XULORU� HQHUJHWLFH� IXQF LH� GH� C�� GRPHQLXO� GH� YDULD LH� IL]LF�

posibil; studiu de sensibilitate în raport cu randamentul motorului 

–�FD]XO� �LPSXV. 

 

Tabel 3.1. DepHQGHQ D�YDORULORU�IL]LF�SRVLELOH�SHQWUX� C�GH� SC. 

SC C,coresp max,
~

is  
corespTs ,

~  

2 1,9 0,011 0,018 
3 2,6 0,06 0,1387 
4 3,4 0,113 0,258 
5 4,2 0,1619 0,384 

CTQT=2 
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Fig. 3.7�� 9DULD LD� JHQHU ULL� GH� HQWURSLH� LQWHUQ � IXQF LH� GH� C; 

GRPHQLXO�GH�YDULD LH�IL]LF�SRVLELO��VWXGLX�GH�VHQVLELOLWDWH�vQ�UDSRUW�

cu randamentul motorului –�FD]XO� �LPSXV. 

 În Fig. 3.2�úL�Fig. 3.3 VH�SRDWH�REVHUYD�F �SXWHUHD�SURGXV �PD[LP �VH�RE LQH�SHQWUX�
valori C�VF ]XWH�úL�CTQC ULGLFDWH��&kQG�JHQHUDUHD�GH�HQWURSLH�WRWDO �DUH�YDORUL�PLQLPH��QX�
H[LVW �QLFL� LUHYHUVLELOLW L��GDU�QX�VH�SURGXFH�QLFL�HIHFW�XWLO� LPSRUWDQW��0RGXO�GH�YDULD LH a 
JHQHU ULL� GH� HQWURSLH� LQWHUQ � úL� WRWDO � FRUHODW� FX� YDULD LD� IOX[XULORU� HQHUJHWLFH� VXJHUHD] �
DOHJHUHD� SXQFWXOXL� GH� IXQF LRQDUH� DO�PDúLQLL�PDL� DSURDSH� GH� Ts~  �PD[�� GDF � LQWHUHVXO� vO�
FRQVWLWXLH�SXWHUHD�SURGXV �GH�PDúLQ � 
 Am efectuat doX � VWXGLL� GH� VHQVLELOLWDWH�� XQXO� vQ� UDSRUW� FX� WHPSHUDWXUD�
DGLPHQVLRQDO � D� VXUVHL� FDOGH� - Fig. 3.6 –� úL� XQXO� vQ� UDSRUW� FX� UDQGDPHQWXO� WHUPLF� DO�
motorului - Fig. 3.7��'LQ�DFHVWH� ILJXUL� VH� UHPDUF � IDSWXO�F �R� WHPSHUDWXU �PDL� ULGLFDW � OD�
VXUVD� FDOG � LPSOLF � VFKLPEXUL� HQHUJHWLFH� PDL� VXEVWDQ LDOH�� GDU� úL� JHQHUDUHD� GH� HQWURSLH�
FUHúWH�SH�P VXU ��'H�DVHPHQHD��OLPLWD�LQIHULRDU �D�WHPSHUDWXULL�JD]XOXL�vQ�FRQWDFW�FX�VXUVD�
FDOG � � C�� FUHúWH� SH� P VXU � FH� SC� FUHúWH�� 2� DOW � REVHUYD LH� LPSRUWDQW � DU� IL� OHJDW � GH�
domeniul de valori posibile pe care le poate lua C; acesta este cu atât mai larg cu cât 
temperatura sursei calde este mai mare. 
 ÌQ�FHHD�FH�SULYHúWH�HIHFWHOH� UDQGDPHQWXOXL�PRWRUXOXL�DVXSUD�GRPHQLXOXL�GH� YDORUL�
posibile pentru C��DFHVWD�GLQ�XUP �VFDGH�FX�FkW�UDQGDPHQWXO�FUHúWH - Fig. 3.7��6H�REVHUY �
F �XQ�UDQGDPHQW�GH�7���VH�SRDWH�DWLQJH�GRDU�GDF �WHPSHUDWXUD�DGLPHQVLRQDO �D�JD]XOXL�vQ�
FRQWDFW� FX� VXUVD� FDOG � YDULD] � IRDUWH� DSURDSH� GH� 4,6, iar 80% se atinge atunci când 
temperatura gazului se apropie foarte tare de cea a sursei calde. Cu alte cuvinte�� UHJ VLP�
UDQGDPHQWXO�FLFOXOXL�&DUQRW�GDF �WHPSHUDWXUD�JD]XOXL�HVWH�HJDO �FX�FHD�D�VXUVHL� 
 5H]XOWDWHOH�RE LQXWH�HUDX�SUHYL]LELOH� 

3.2.1 .6.  RaQGDPHQWXO�WHUPLF�üL�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �

im puse 

 ÌQ�DFHVW�FD]��SDUDPHWULL�PRGHOXOXL�GH�DQDOL] �VXQW��CTQT = 2; SC = 5;  = 0,32 (cu 
DFHOHDúL�SUHFL] UL�GH�DOHJHUH�FD�SHQWUX�FD]XO�DQWHULRU���

is~ = 0,01 (cazul a) –�FRQVWDQW ��VDX� 
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( )FCi ss θθ −= ’~~  (cazul b) –� YDULD LH� OLQLDU � FX� WHPSHUDWXUD�� vQ� FDUH� ’~s � UHSUH]LQW � R�

FRQVWDQW �� ’~s =0,01���$FHDVW �XOWLP �UHOD LH�SURYLQH�GLQ�DGLPHQVLRQDOL]DUHD�UHOD LHL (3.7)-b) 
sFULV � VXE� IRUPD�� ( )FCi TTSS −= ’�� � vQ� FDUH� H[SUHVLD� DGLPHQVLRQDO � D� FRQVWDQWHL� ’S�  este 

p

SF

cm

T’S
’s~

�

�
=  sau 

F

C
i cs

θ
θ

ln~~ =  (cazul c) –� YDULD LH� ORJDULWPLF  cu temperatura) în care c~  

reprezint � R� FRQVWDQW � � c~ =0,01��� $FHDVW � XOWLP � UHOD LH� SURYLQH� GLQ� DGLPHQVLRQDOL]DUHD�

UHOD LHL (3.7)-c��VFULV �VXE�IRUPD��
F

C
i

T

T
cS ln�� = �vQ�FDUH�H[SUHVLD�DGLPHQVLRQDO �D�FRQVWDQWHL�

c�  este 
pcm

c
c~

�

�
= . 

 Spre deosebire de cazul precedent, impunerea unei valori sau respectiv a unei legi 
GH�YDULD LH�SHQWUX�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �se GHWHUPLQ �GLQ�UHOD Lile (3.7): 

a) R�HFXD LH�GH�JUDGXO�DO�GRLOHD�vQ� C pentru cazul în care is~ �HVWH�FRQVWDQW � 

( ) ( )[ ]
( ) ( )[ ] ( ) 011~21

1~

111

1
2

=+−+−++−
+−−−

SCSCCSCiCSCCC

CCiC

aCTQasCTQaCTQ

CTQCTQsa

θθθηθθ
ηθ

 (3.24) 

b) R�HFXD LH�GH�JUDGXO�DO�WUHLOHD�vQ� C pentru cazul în care 
is~ �YDULD] �OLQLDU�FX�WHPSHUDWXUD� 

( )( ) ( )( ) ( )[ ]
( )( ) ( )[ ]

( ) 01

1’~’~21

1121’~1’~
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111
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11
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CSCSCCSCC
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aCTQ

CTQasCTQsa

aCTQaasaas

θθ
ηθθθθ

ηθθθ

 (3.25) 

c) R�HFXD LH�WUDQVFHQGHQW �în C pentru cazul în care 
is~ �YDULD] �logaritmic cu temperatura: 

( ) ( ) ( )
( ) 








−

−+
−

−=
−+ CCSC

CSCC

CSC

C

a
CTQ

a
c

θθθ
ηθθ

θθ
θ 1

1

1

1
ln~

11

 (3.26) 

XQGH�DP�IRORVLW�QRWD LD�� ( )
CT

C

CTQCTQ

CTQ
a

−
−= η11 . 

 $úDGDU��YDORULOH� C�VH�FDOFXOHD] �IXQF LH�GH�YDULDELOD�CTQC. 
 6H�SRDWH�REVHUYD�FX�XúXULQ �F � ILHFDUH�YDORDUH�D�YDULDELOHL�CTQC GHWHUPLQ �GRX �
VDX� WUHL� YDORUL� �GXS � FD]�� D� YDULDELOHL� C. Se SXQH� SUREOHPD� YDOLG ULL� DFHVWRU� YDORUL�� HOH�
WUHEXLH�V �vQGHSOLQHDVF �FRQGL LLOH�LPSXVH�GH�UHVWULF LLOH (3.19)�úL�vQ�SOXV� 
- UDQGDPHQWXO�PRWRUXOXL� V � ILH� LQIHULRU� UDQGDPHQWXOXL�FLFOXOXL�&DUQRW� IXQF LRQkQG� vQWUH�

aceleaúL�WHPSHUDWXUL�� 

SC

CC θ
ηη 1

1−=<  (3.27) 

- V � ILH�vQGHSOLQLW �FRQGL LD�UH]XOWDW �GLQ�FRPELQDUHD�SULQFLSLXOXL�,�úL�DO�,,-lea, între �úL�
F ��SHQWUX�ILHFDUH�FD]�GH�YDULD LH�D�JHQHU ULL�GH�HQWURSLH�LQWHUQ � 
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cazul a) 
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cazul b) 

( ) ( )

( )
SCC

F

C

FC

FC

C

F

C

F

FC

C

F

endorev

SC

CC

q

s

q

s

q

s

θ
θ

θ
θθ

θθ
θ

θ
θ

θθ
θ

ηη

θ
ηη

1
1~

’~1

’
1

’

1
1

−<







−−⇒

=>










−−−=−−=

−=<

�

�

�

�
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cazul c) 
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 (3.30) 

 'LQ�FDOFXOHOH�HIHFWXDWH�DX�UH]XOWDW�XUP WRDUHOH� 
a) vQ� FD]XO� HFXD LHL� GH� JUDGXO� DO� GRLOHD�� H[LVW � GRX � VROX LL� UHDOH� SHQWUX� WHPSHUDWXUD�

DGLPHQVLRQDOL]DW � D� DJHQWXOXL� WHUPLF� OD� VXUVD� FDOG �� C�� SULPD� ILLQG� vQV � IRDrte 
DSURSLDW �FD�YDORDUH�GH� SC��FRUHVSXQ] WRDUH�VXUVHL� 

b) vQ�FD]XO�HFXD LHL�GH�JUDGXO�DO�WUHLOHD��VH�RE LQ�WRW�GRX  sROX LL fizic posibile (reale�úL�FDUH�
V �vQGHSOLQHDVF �UHVWULF LLOH�LPSXVH�� 

c) vQ�FD]XO�HFXD LHL transcendente, H[LVW  tot�GRX �VROX LL�fizic posibile. 

Rezultate pentru cazul is~ �FRQVWDQW  

 Pentru cazul a) (
is~ �FRQVWDQW ��VH�RE LQ�GRX �VROX LL�DOH�HFXD LHL�GH�JUDGXO�GRL - Fig. 

3.8. 6H� REVHUY � F � XQD� GLQ� VROX LL este FDUDFWHUL]DW � GH� R� WHPSHUDWXU  a gazului foarte 
DSURSLDW � GH� FHD� D� VXUVHL� FDOGH� �DSURSLHUHD� GH� FD]XO� H[RUHYHUVLELO��� 'H� DVHPHQHD�� YDORUL�
ridicate ale variabilei CTQC� �FDUH� WLQG� F WUH� CTQT�� LPSOLF � H[RUHYHUVLELOLWDWHD�� UH]XOWDW�
DúWHSWDW�GH�DOWIHO��VXSUDID �PDUH�GH�WUDQVIHU�GH�F OGXU �� 

3HQWUX�ILHFDUH�GLQWUH�DFHVWHD��VH�YHULILF �IDSWXO�F �IOX[XULOH�HQHUJHWLFH�WUHF�SULQWU-un 
SXQFW�GH�RSWLP��PLQLP�SHQWUX�SULPD�VROX LH�úL�PD[LP�SHQWUX�D�GRXD��Fig. 3.9�úL�Fig. 3.10) 
FHHD�FH�FRQIHU � VWDWXWXO�GH�UHJLP�GH�GLVLSD LH�PLQLP �SULPHL� VROX LL�� UHVSHFWLY��regim de 
SXWHUH� PD[LP  celei de-D� GRXD� VROX LL� Analitic am demonstrat (cu ajutorul metodei 
Lagrange) c �SHQWUX�XQ�UHJLP�DOHV��ILH�FHO�GH�GLVLSD LH�PLQLP ��ILH�FHO�GH�SXWHUH�PD[LP ���
FHOH�WUHL�RSWLPH�FRUHVSXQG��DQDOL]kQG�SH�UkQG�VLVWHPXO�GH�HFXD LL��FX�DFHOHDúL�UHVWULF LL��GDU�
VFKLPEkQG� GRDU� IXQF LD� RELHFWLY� �SXWHUH� SURGXV � PD[LP �� JHQHUDUH� PLQLP � GH� HQWURSLH�
WRWDO �� UHVSHFWLY� IOX[� GH� F OGXU �PLQLP� WUDQVIHUDW� GH� OD� VXUVD� FDOG ��� DFHVWD� �VLVWHPXO� GH�
HFXD LL��D�FRQGXV�OD�DFHHODúL�UH]XOWDW�CTQC optim. 
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Fig. 3.8�� &HOH� GRX � VROX LL� DOH� HFXD LHL� GH� JUDGXO� GRL –� FD]XO� �

impus , is~  constant. 

 

Fig. 3.9�� &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH� IXQF LH� GH�

CTQC�SHQWUX�SULPD�VROX LH� C�D�HFXD LHL�GH�JUDGXO�GRL – regim de 

SXWHUH�PD[LP �–�FD]XO� �LPSXV , 
is~  constant. 
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Fig. 3.10�� &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH� IXQF LH� GH�

CTQC�SHQWUX�FHD�GH�D�GRXD�VROX LH� C�D�HFXD LHL�GH�JUDGXO�GRL – 

UHJLP�GH�GLVLSD LH�PLQLP �–�FD]XO� �LPSXV , 
is~  constant. 

 

Fig. 3.11. &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH�

FRUHVSXQ] WRDUH�SXWHULL�PD[LPH�SHQWUX�R�YDORDUH� �LPSXV ; studiu 

de sensibilitate în raport cu randamentul motorului –�FD]XO� �LPSXV 

, 
is~  constant. 

CTQT=2 

CTQT=2 
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Fig. 3.12. &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH�

FRUHVSXQ] WRDUH� JHQHU ULL� PLQLPH� GH� HQWURSLH� WRWDO � SHQWUX� R�

YDORDUH� �LPSXV ��VWXGLX�GH�VHQVLELOLWDWH�vQ�UDSRUW�FX�UDQGDPHQWXO 

motorului –�FD]XO� �LPSXV , 
is~  constant. 

 

Fig. 3.13. Curbele de putere PD[LP �� UHVSHFWLY�PLQLP �SHQWUX�R�

vDORDUH� �LPSXV ��VWXGLX�GH�VHQVLELOLWDWH�vQ�UDSRUW�FX�UDQGDPHQWXO 

motorului –�FD]XO� �LPSXV , 
is~  constant. 

CTQT=2 

CTQT=2 
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Fig. 3.14. &XUEHOH�GH�YDULD LH�D� temperaturilor adimensionale ale 

JD]XOXL� OD�SDUWHD�FDOG ��UHVSHFWLY�UHFH�D�PDúLQLL� FRUHVSXQ] WRDUH�

valorilor extreme ale puterii SURGXVH� SHQWUX�R� YDORDUH� � LPSXV � 

studiu de sensibilitate în raport cu randamentul motorului �– cazul 

�LPSXV , is~  constant. 

 

Fig. 3.15. Valorile extreme ale puterii motorului adimensionale 

SHQWUX� R� YDORDUH� � LPSXV �� IXQF LH de randament – studiu de 

sensibilitate în raport cu  generarea de entropie interQ �–�FD]XO� �

impus , is~  constant. 
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Fig. 3.16. Valorile extreme ale puterii motorului adimensionale, 

SHQWUX� R� YDORDUH� � LPSXV �� IXQF LH� de randament – studiu de 

sensibilitate în raport cu  pierderile între surse –�FD]XO� �LPSXV , 
is~  

constant. 

 Din Fig. 3.9� úL� Fig. 3.10� UH]XOW � F � SHQWUX� DPEHOH� UHJLPXUL� DQWHULRU� PHQ LRQDWH�
UDQGDPHQWXO� WHUPLF�DO�FLFOXOXL�QX�SRDWH�GHS úL�YDORDUHD�GH�����SHQWUX�YDORULOH�PHQ LRQDWH�
ale parametrilor.  
 Un studiu de sensibilitate în raport cu randamentul motorului pune vQ�HYLGHQ � vQ�
Fig. 3.11�SXQFWXO�RSWLP�GH� IXQF LRQDUH�VXE�DVSHFW�SXWHUH�PD[LP �– randament, respectiv 
JHQHUDUH� GH� HQWURSLH� WRWDO �� $VWIHO�� UH]XOW � FKLDU� XQ� SDOLHU� RSWLP�� SHQWUX�  ∈ (0,5÷0,6). 
'HVLJXU� F � DFHVWH� YDORUL� ULGLFDWH� DOH� UDQGDPHQWXOXL� VXQW� JUHX� GH realizat în realitate, 
UHJLPXO� HIHFWLY� GH� IXQF LRQDUH� VLWXkQGX-se relativ la valori  ∈� ����·������ XQGH� vQV ��
JHQHUDUHD�GH�HQWURSLH�WRWDO �HVWH�LPSRUWDQW � 
 Curbele din Fig. 3.12�� IDF�GRYDGD�IDSWXOXL�F �vQ�FRQGL LL�GH�GLVLSD LH�PLF ��FDUH�VH�
DSURSLH� GH� IXQF LRQDUHD� UHYHUVLELO � D� PDúLQLL�� IOX[XULOH� HQHUJHWLFH� SUH]LQW � YDORUL� IRDUWH�
UHGXVH��GHFL�SXWHUHD�SURGXV �HVWH�QHVHPQLILFDWLY � 

 Graficul trasat în Fig. 3.13�SULQ�UHXQLUHD�FHORU�GRX �VROX LL�–�GH�SXWHUH�PD[LP �úL�GH�
GLVLSD LH� PLQLP � –� HVWH� VLPLODU� JUDILFHORU� WLS� ÄEXFO ´� ELQHFXQRVFXWH� vQ� OLWHUDWXUD� GH�
specialitate – vezi Fig. 1.16 [48]. 
 În Fig. 3.15 se poate analizD� LQIOXHQ D� JHQHU ULL�GH�HQWURSLH� LQWHUQ �DVXSUD�SXWHULL�
PRWRUXOXL� vQ�DPEHOH� UHJLPXUL�GH� IXQF LRQDUH��&X�FkW�DFHDVWD�HVWH�PDL� LPSRUWDQW ��FX�DWkW�
GRPHQLXO�IL]LF�SRVLELO�VH�UHVWUkQJH�SHQWUX�YDULDELOHOH�úL�SHUIRUPDQ HOH�SRVLELOH�GH�DWLQV�DOH�
motorului. 

 EstH� GH� UHPDUFDW� DLFL� IDSWXO� F � DFHVW� WLS� GH� FXUEH� QX� HVWH� vQWkOQLW� vQ� OLWHUDWXUD� GH�
specialitate, reprezentând o noutate în acest domeniu. 
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 7RDWH�DFHVWH�UH]XOWDWH�QXPHULFH�VXQW�LQWHUSUHWDWH�vPSUHXQ �FX�Fig. 3.14, curbele de 
YDULD LH�D�WHPSHUDWXULORU�DGLPHQVLRQDOL]DWH�DOH�JD]XOXL��OD�FHOH�GRX �S U L�DOH�PDúLQLL��FDOG �
úL�UHFH���FRUHVSXQ] WRDUH�ILHF UXL�SXQFW�RSWLP�GLQ�JUDILFXO�DQWHULRU�SXWHUH-randament. 
 În paragraful 3.2.2. unde prezint dH]YROWDUHD� SHQWUX� OHJL� GH� WUDQVIHU� GH� F OGXU �
JHQHUDOL]DWH�GH�WLS�FRQYHFWLY�FX�OXDUHD�vQ�FRQVLGHUDUH�D�SLHUGHULORU�WHUPLFH�vQWUH�FHOH�GRX �
VXUVH� GH� F OGXU �� VH� SRW� DQDOL]D�PDL� PXOWH� VWXGLL� GH� VHQVLELOLWDWH�� $LFL� Dú� GRUL� V � LQVLVW�
asupra aceluia în raport cX�DFHVWH�SLHUGHUL�GLQWUH�VXUVH��&RQVLGHUDUHD� ORU�JHQHUHD] �FXUEH�
din ce în ce mai restrânse ca valori fizic posibile – Fig. 3.16. Asupra acestui fenomen voi 
reveni în paragraful respectiv. 

Rezultate pentru cazul 
is~  liniar 

 Pentru cazul b) ( is~ � OLQLDU �� VH� RE LQ� WRW� GRX � VROX LL� IL]LF� SRVLELOH� DOH� HFXD LHL� GH�

gradul trei, dintre� FDUH�XQD�SURGXFH� IOX[XUL�HQHUJHWLFH� WRW� WLPSXO�FUHVF WRDUH� vQ� UDSRUW�FX�
CTQC�� LDU�FHDODOW �HVWH�R�VROX LH�GH�SXWHUH�PD[LP �SURGXV ��GXS �FXP�VH�REVHUY �vQ Fig. 
3.17� úL Fig. 3.18.� $FHDVWD� GLQ� XUP � VXJHUHD] � F � SXWHUHD�PD[LP � SHQWUX� XQ� UDQGDPHQW�
LPSXV�VH�RE LQH�DWXQFL�FkQG�FRQGXFWDQ HOH�VXQW�HJDOH�OD�FHOH�GRX �VXUVH��CTQC = CTQF = 

1��� VH� UHJ VHúWH� DVWIHO� XQ� UH]XOWDW� GHVFRSHULW� DQWHULRU� GH� %(-$1� [91]�� ÌQV � GRUHVF� V �
VXEOLQLH]�IDSWXO�F �DFHDVW �HFKLSDUWL LH�DUH�ORU�QXPDL�vQ�FD]XO�vQ�FDUH�VXUVD�GH�HQWURSLH�DUH�
valori foarte reduse. Când vDORULOH� JHQHU ULL� GH� HQWURSLH� LQWHUQ � VXQW� LPSRUWDQWH��
HFKLSDUWL LD�QX�PDL�DSDUH� 
 'H�DVHPHQHD��DP�UHOXDW�DFHOHDúL� VWXGLL�GH� VHQVLELOLWDWH�FD� úL�SHQWUX�FD]XO�DQWHULRU�
�JHQHUDUH�GH�HQWURSLH�LQWHUQ �FRQVWDQW ���([HPSOLILF�cu studiul de sensibilitate în raport cu 
randamentul motorului - Fig. 3.19�úL�FHO�vQ�UDSRUW�FX�UDQGDPHQWXO�úL�JHQHUDUHD�GH�HQWURSLH�
LQWHUQ �- Fig. 3.20.  

 

Fig. 3.17. &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH�

FRUHVSXQ] WRDUH� SULPHL� VROX LL� IL]LF� SRVLELOH� –� FD]XO� � LPSXV��
is~  

liniar. 

’~s =0,01 
CTQT=2 
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Fig. 3.18. &XUEHOH� GH� YDULD LH� D� IOX[XULORr energetice 

FRUHVSXQ] WRDUH� FHOHL� GH� D� GRXD� VROX LL� IL]LF� SRVLELOH� –� FD]XO� �

impus , 
is~  liniar. 

 

Fig. 3.19. &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH�

corespun] WRDUH� SXWHULL� PD[LPH�� VWXGLX�GH� VHQVLELOLWDWH� vQ� UDSRUW�

cu randamentul motorului –�FD]XO� �LPSXV , is~  liniar. 

’~s =0,01; CTQT=2 

’~s =0,01 
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Fig. 3.20��3XWHUHD�PRWRUXOXL�DGLPHQVLRQDO �IXQF Le de randament – 

studiu de sensibilitate în raport cu  JHQHUDUHD�GH�HQWURSLH�LQHUUQ ��

FD]XO� �LPSXV��
is~  liniar. 

 6SUH�GHRVHELUH�GH�FD]XO�DQWHULRU�GLVFXWDW�� VH�REVHUY �din compararea Fig. 3.20 cu 
Fig. 3.15 faptul c �YDORDUHD�PD[LP�PD[LPRUXP�D�SXWHULL�VH�DWLQJH�SHQWUX�YDORUL�XúRU�PDL�
UHGXVH�DOH�UDQGDPHQWXOXL�úL�DFHDVW �YDORDUH�HVWH�úL�HD�XúRU�LQIHULRDU �FHOHL�RE LQXWH�SHQWUX�
cazul 

is~  constant.  

 De asemenea, valoarea limit � D� randamentului HVWH� PXOW� VF ]XW � SHQWUX� DFHHDúL�
valoare a constantei din expresia 

is~ ��'DF �FRPSDU P�Fig. 3.15�úL�Fig. 3.20�SHQWUX�R�DFHHDúL�

valoare a constantei din expresia lui is~ � �GH� H[HPSOX� ������� REVHUY P� F � vQ� FD]XO�

FRQVLGHU ULL�
is~  constant (cazul a) - Fig. 3.15�� YDORDUHD� OLPLW � D� UDQGDPHQWXOXL� QX� SRDWH�

GHSDúL������LDU�SXWHUHD�PD[LP �DGLPHQVLRQDO �������Se când în cazul b) - Fig. 3.20, acesta 

HVWH�LQIHULRU�YDORULL�GH������LDU�SXWHUHD�PD[LP �DGLPHQVLRQDO ������ 
 Se mai REVHUY � H[LVWHQ D� DFHOXLDúL palier între ���� úL� ��� pentru valorile 

UDQGDPHQWXOXL�� SHQWUX� FDUH� SXWHUHD� PD[LP � SURGXV � SUH]LQW � XQ�PD[LP�PD[LPRUXP, la 

DFHOHDúL�YDORUL�FD�úL�SHQWUX�FD]XO�DQWHULRU��vQV �DFHVWH�YDORUL�OLPLW �GHSLQG�GH�JHQHUDUHD�GH�
HQWURSLH��SH�OkQJ �WHPSHUDWXUL��HWF��- Fig. 3.20. 

Rezultate pentru cazul is~  logaritmic 

 Cazul c) (
is~ � ORJDULWPLF �� SURGXFH� WRW� GRX � VROX LL� IL]LF� SRVLELOH� DOH� HFXD LHL�

WUDQVFHQGHQWH��GLQ�FDUH�XQD�SURGXFH�IOX[XUL�HQHUJHWLFH�WRW� WLPSXO�FUHVF WRDUH�vQ�UDSRUW�FX�
CTQC�� LDU�FHDODOW �HVWH�R�VROX LH�GH�SXWHUH�PD[LP �SURGXV ��GXS �FXP�VH�REVHUY �vQ Fig. 

3.21�úL�Fig. 3.22. 

 Dintr-XQ� VWXGLX� GH� VHQVLELOLWDWH� VLPLODU�� VH� REVHUY � DFHODúL� SDOLHU� SHQWUX� IOX[XULOH�
RSWLPH�PD[LPH�vQ�UDSRUW�FX�UDQGDPHQWXO�PRWRUXOXL�úL�DFHODúL�DIHFW�Ge maxim maximorum 

FD�úL�OD�FD]XULOH�DQWHULRDUH�- Fig. 3.23. 

’~s =0,01 
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Fig. 3.21. &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH�

FRUHVSXQ] WRDUH� SULPHL� VROX LL� IL]LF� SRVLELOH� –� FD]XO� � LPSXV, is~  

logaritmic. 

 

Fig. 3.22. &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH�

FRUHVSXQ] WRDUH� FHOHL� GH� D� GRXD� VROX LL� IL]LF� SRVLELOH� –� FD]XO� �

impus, is~  logaritmic. 
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Fig. 3.23. &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH�

FRUHVSXQ] WRDUH� SXWHULL� PD[LPH�� VWXGLX�GH� VHQVLELOLWDWH� vQ� UDSRUW�

cu randamentul motorului –�FD]XO� �LPSXV��
is~  logaritmic. 

3.2.1 .7.  3XWHUHD�SURGXV �GH�PRWRU�LPSXV  

 'H� DFHDVW � GDW , SXWHUHD� DGLPHQVLRQDO � SURGXV � GH�PRWRU devine parametru. Este 
FD]XO� SUDFWLF� DO� GHFRO ULL� XQXL� DYLRQ VDX� DO� XQHL� PDúLQL� PRWRDUH� FH� QHFHVLW � SXWHUH�
FRQVWDQW �vQ�WLPSXO�IXQF LRQ ULL� 
 'H]YROW ULOH�DQDOLWLFH�SUH]HQWDWH� vQ�SDUDJUDIHOe 3.2.1.2. úL�3.2.1.3. U PkQ�YDODELOH��
FX� VLQJXUD�REVHUYD LH�F � YDULDELOHOH� úL�SHUIRUPDQ HOH�PRWRUXOXL� VXQW�H[SULPDWH�IXQF LH�GH�
SXWHUHD� DGLPHQVLRQDO � vQ� ORFXO� UDQGDPHQWXOXL�� $VWIHO�� RE LQHP� SHQWUX� generarea de 
HQWURSLH�LQWHUQ �H[SUHVLD�  
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 &RQGL LLOH� SHQWUX� FD� VROX LLOH� DQDOLWLFH� RE LQXWH� V � ILH� IL]LF� YDODELOH� VXQW� FHOH�
SUH]HQWDWH�vQ�UHOD LLOH�(3.19)�úL�(3.27). 
 5H]XOWDWHOH� RE LQXWH� SXQ� vQ� HYLGHQ � OLPLWHOH� SRVLELOH� GH� YDULD LH� D� YDORULORU�
variabileORU��'H�DFHDVW �GDW �DP�DOHV�FD�YDULDELOH�FHOH�GRX �WHPSHUDWXUL�DGLPHQVLRQDOH�DOH�
JD]XOXL�úL�DP�H[SULPDW�CTQC�IXQF LH�GH�DFHVWHD� 
 În Fig. 3.24� VH� SRDWH� DQDOL]D� DFHDVW � OLPLWDUH� D� YDORULORU� WHPSHUDWXULORU�
adimensionalizate ale gazXOXL�GH�OXFUX�GLQ�PRWRU��DWkW�SHQWUX�SDUWHD�FDOG �D�PDúLQLL�FkW�úL�
pentru cea rece. 
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Fig. 3.24�� /LPLWDUHD� YDORULORU� FHORU� GRX � WHPSHUDWXUL�
adimensionale ale gazului din motor – cazul w~  impus. 

 Din studiile realizate s-D�REVHUYDW�F � IOX[XULOH�GH�F OGXU � VFDG�SH�P VXU �FH� VFDG�
FHOH� GRX � WHPSHUDWXUL� DGLPHQVLRQDOH� DOH� JD]XOXL�� FD� GH� DOWIHO� úL� UDQGDPHQWXO� PRWRUXOXL��
FHHD�FH�HUD�GH�DúWHSWDW� 
 Un caz mult mai practic esWH�DFHOD�FkQG�VH�LPSXQH�úL�JHQHUDUHD�GH�HQWURSLH�LQWHUQ � 

3.2.1 .8.  3XWHUHD�SURGXV �GH�PRWRU�üL�JHQHUDUHD�GH�HQWURSLH�

LQWHUQ �LPSXVH 

 &D�úL�SHQWUX�FD]XO� UDQGDPHQW� úL� JHQHUDUH�GH�HQWURSLH� LQWHUQ � LPSXVH�� V-au studiat 
FHOH� WUHL� OHJL�GH�YDULD LH�D� is~ �� ,PSXQHUHD�XQHL� YDORUL� VDX�UHVSHFWLY�D�XQHL� OHJL�GH�YDULD LH�

pentru JHQHUDUHD�GH�HQWURSLH�LQWHUQ �se GHWHUPLQ �GLQ�UHOD Lile (3.7): 

a) UH]XOW �R�HFXD LH�GH�JUDGXO�DO�GRLOHD�vQ� C pentru cazul în care is~  este cRQVWDQW � 
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(3.33) 

b) UH]XOW � R� HFXD LH� GH� JUDGXO� DO� WUHLOHD� vQ� C pentru cazul în care 
is~ � YDULD] � OLQLDU� FX�

temperatura: 
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c) UH]XOW � R� HFXD LH� WUDQVFHQGHQW � în C pentru cazul în care is~ � YDULD] � logaritmic cu 

temperatura. 
 $úDGDU��YDORULOH� C�VH�FDOFXOHD] �IXQF LH�GH�YDULDELOD�CTQC. 
 Câteva rezultate sunt prezentate, selectiv, în Fig. 3.25 - Fig. 3.27. 

 

Fig. 3.25. &XUEHOH� GH� YDULD LH� D� IOX[XULORU� HQHUJHWLFH�

FRUHVSXQ] WRDUH�FHORU�GRX �VROX LL�IL]LF�SRVLELOH�– cazul w~  impus, 

is~  constant. 

 Din analiza Fig. 3.25� VH�REVHUY � IDSWXO� F � VROX LD� D� GRXD�QX�JHQHUHD] �XQ� UHJLP�
GRULW�GH�IXQF LRQDUH��UDQGDPHQW�PLQLP�VL�FRQVXP�HQHUJHWLF�OD�VXUVD�FDOG �PD[LP��UHVSHFWLY�
JHQHUDUH� PD[LP � GH� HQWURSLH� WRWDO �� IDSW� SHQWUX� FDUH� QXPDL� SULPD� VROX LH�� FHD� FDUH�
JHQHUHD] �UHJLPXO�GH�HFRQRPLFLWDWH��UDQGDPHQW�PD[LP��VH�YD�UH LQH� 
 ùL�DLFL�VH�FRQVWDW ��DQDORJ�FX�Fig. 3.18��F �UDQGDPHQWXO�PD[LP��GH�DFHDVW �GDW ��VH�
RE LQH� SHQWUX� GLVWULEX LD� HJDO � D� FHORU� GRX � FRQGXFWDQ H� �FX� DFHOHDúL�PHQ LXQL� OHJDWH� GH�
JHQHUDUHD�GH�HQWURSLH�LQWHUQ �� 
 Pentru cazul 

is~ �OLQLDU�VH�RE LQ�FXUEH�GH�YDULD LH�DVHP Q WRDre celor din Fig. 3.25, cu 

DFHHDúL� UHPDUF ��&RPELQDUHD�FHORU�GRX �VROX LL� JHQHUHD] � JUDILFH� FXP�VXQW�FHOH�GLQ�Fig. 
3.26�IXQF LH�GH�YDORULOH�w~ ��]RQD�VXSHULRDU �ILLQG�GH�QHGRULW� 
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Fig. 3.26. &XUEHOH�GH�YDULD LH�D�IOX[XULORU�HQHUJHWLFH�primite de la 

VXUVD� FDOG � FRUHVSXQ] WRDUH� FHORU� GRX � VROX LL� IL]LF� SRVLELOH��

studiu de sensibilitate în raport cu w~  – cazul w~  impus, 
is~  liniar. 

 

Fig. 3.27. &XUEHOH� GH� YDULD LH� D� randamentului motorului 

FRUHVSXQ] WRDUH� VROX LHL� UH LQXWH�� VWXGLX�GH�sensibilitate în raport 

cu w~  – cazul w~  impus, 
is~  liniar. 

 În Fig. 3.27�VH�HYLGHQ LD] �HIHFWXO�LPSXQHULL�SXWHULL�PRWRUXOXL�DVXSUD�UDQGDPHQWXOXL�
pentru regimul de func LRQDUH�GH�HFRQRPLFLWDWH��UDQGDPHQW�PD[LP�� 
 5H]XOWDWH�DEVROXW�VLPLODUH�VH�RE LQ�SHQWUX�FD]XO�GH�YDULD LH�ORJDULWPLF �D�

is~ . 

3.2.1 .9.  3XWHUHD�WHUPLF �JHQHUDW �GH�VXUVD�FDOG �LPSXV  

 ,PSXQHUHD�SXWHULL�WHUPLFH�HOLEHUDWH�GH�VXUVD�FDOG �D�PRWRUXOXL�este cazul practic al 
OLPLW ULL�VXUVHL�GH�F OGXU �GLVSRQLELOH�SHQWUX�DOLPHQWDUHD�PRWRUXOXL��GH�H[HPSOX�XQ�PRWRU�
solar. 
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 'H]YROWDUHD� DQDOLWLF � FRPSRUW � DFHODúL� GHPHUV� PDWHPDWLF�� 5HOD LLOH� DQDOLWLFH�
prezentate în paragrafele 3.2.1.2. úL� 3.2.1.3. U PkQ� YDODELOH�� FX� VLQJXUD� REVHUYD LH� F �
YDULDELOHOH� úL� SHUIRUPDQ HOH� PRWRUXOXL� VXQW� H[SULPDWH� IXQF LH� GH� SXWHUHD� WHUPLF �
DGLPHQVLRQDO � Cq~ � vQ� ORFXO� UDQGDPHQWXOXL�� $VWIHO�� RE LQHP� SHQWUX� JHQerarea de entropie 

LQWHUQ �úL�WRWDO �H[SUHVLLOH�(3.31), respectiv (3.32). 
 &RQGL LLOH� SHQWUX� FD� VROX LLOH� DQDOLWLFH� RE LQXWH� V � ILH� IL]LF� YDODELOH� VXQW� FHOH�
SUH]HQWDWH�vQ�UHOD LLOH�(3.19)�úL�(3.27). 
 5H]XOWDWHOH� RE LQXWH� SXQ� vQ� HYLGHQ � OLPLWHOH� SRVLELOH� GH� YDULD LH� D� YDORULORU�
YDULDELOHORU��'LQ�OLSVD�VSD LXOXL�YRL�FRPHQWD�GRDU�UH]XOWDWHOH�JUDILFH�RE LQXWH�SHQWUX�GLYHUVH�
studii de caz. Cu cât teperatura gD]XOXL� OD� SDUWHD� UHFH� D� PDúLQLL� HVWH� PDL� PDUH�� FX� DWkW�
JHQHUDUHD� GH� HQWURSLH� HVWH� PDL� PDUH�� LDU� UDQGDPHQWXO� PDL� VODE�� FHHD� FH� LPSOLF � úL�
producerea unei puteri mai mici. 

3.2.1 .10.  3XWHUHD�WHUPLF �JHQHUDW �GH�VXUVD�FDOG �üL�

JHQHUDUHD�GH�HQWURSLH�LQWHUQ �LPSXVH 

 ImpunHUHD� XQHL� YDORUL� VDX� UHVSHFWLY� D� XQHL� OHJL� GH� YDULD LH� SHQWUX� generarea de 
HQWURSLH�LQWHUQ �GHWHUPLQ �GLQ�UHOD LD (3.7)�DFHODúL�WLS�GH�HFXD LL�SUH]HQWDWH�SHQWUX�FD]XULOH�
DQWHULRDUH�úL�DFHODúL�WLS�GH�FXUEH�GH�YDULD LH� 
 
 Din analizD� FHORU� FkWHYD� UH]XOWDWH� SUH]HQWDWH� UH]XOW � vQ� PRG� HYLGHQW� PHULWXO�
PRGHOXOXL� HODERUDW�� FDUH�� GHúL� VLPSOX�� SXQH� vQ� HYLGHQ � OLPLWH� DGPLVLELOH� GH� YDULD LH� DOH�
YDULDELOHORU� úL�SDUDPHWULORU�PRGHOXOXL��PRGXO�GH�UHSDUWL]DUH�D� VXSUDIH HL� WRWDOH�GH� VFKLPE�
GH�F OGXU ��LPSXV ��vQWUH�VFKLPE WRDUHOH�GH�F OGXU �GH�OD�FHOH�GRX �VXUVH��SULQ�LQWHUPHGLXO�
CTQ��� FRQGL LL� GH� UHDOL]DUH� DOH� UHJLPXULORU� RSWLPH� GH� IXQF LRQDUH� DOH� PDúLQLL�� UHVSHFWLY�
SRVLELOLWDWHD� DOHJHULL� UHJLPXOXL� GH� IXQF LRQDUH� vQ� IXQF LH� GH� RELHFWLY� �SXWHUH�� UDQdament, 
generare de entropie – maxime/minime). 
 

3.2.2 .  Surse-t erm ost at , l eg i  de t rans fer  t erm ic  
genera l i zat e  de t ip  c onvec t i v , c u p ierder i  t erm ic e 
înt r e surse 

 $FHVW�VWXGLX�HVWH�UHDOL]DW�vQ�SULQFLSDO�SHQWUX�D�REVHUYD�LQIOXHQ D�OHJLL�GH�WUDQVIHU�GH�
F OGXU �OD�FHOH�GRX �VXUVH�WHUPLFH��$FHVW�DVSHFW�D�PDL�IRVW�VWXdiat de ANGULO-BROWN 
et al [47]�� GDU� QH LQkQG� FRQW� GH� LUHYHUVLELOLW LOH� LQWHUQH� DOH� PDúLQLL�� $OWH� VWXGLL� DX� IRVW�
publicate în literatura de specialitate, pentru un motor radiativ Carnot cu considerarea 
LUHYHUVLELOLW LORU� LQterne [102] pentru care un criteriu ecologic de optimizare a fost ales 
[103]�� SUHFXP� úL� SHQWUX� XQ�PRWRU� &DUQRW� LUHYHUVLELO� vQ� FDUH� VFKLPEXULOH� GH� F OGXU � VXQW�
descrise de legi de transfer generalizate de tipul Q ~�� 7�m [104], [105]. 
 ÌQ� PRGHOXO� PDWHPDWLF� GH]YROWDW� úL� SUH]HQWDW� vQ� DFHDVW � WH] � GH� GRFWRUDW� VH� YRU�
FRQVLGHUD�GRX �IRUPH�GH�OHJL�GH�WUDQVIHU�GH�F OGXU �QHOLQLDUH��JHQHUDOL]DWH��úL�DQXPH��GH�WLS�
FRQYHFWLY�� DYkQG� FD� DSOLFD LL� SUDFWLFH� FRQYHF LD� QDWXUDO � úL� ILHUEHUHD�� úL� GH� WLS� UDGLDWLY��
,UHYHUVLELOLW LOH�LQWHUQH�DOH�PDúLQLL�VXQW�vQ�FRQWLQXDUH�OXDWH�vQ�FRQVLGHUDUH�SULQ�LQWHUPHGiul 
JHQHU ULL�GH�HQWURSLH�LQWHUQ ��ÌQ�JHQHUDO��vQ�GH]YROW ULOH�GLQ�OLWHUDWXUD�GH�VSHFLDOLWDWH��DFHVWH�
LUHYHUVLELOLW L� VXQW� OXDWH� vQ� FRQVLGHUDUH� SULQ� IDFWRUXO� GH� LUHYHUVLELOLWate [106], [107]. De 
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DVHPHQHD��JHQHUDUHD�GH�HQWURSLH�WRWDO �HVWH� LQWURGXV �SULQ�DSOLFDUHD�SULQFLSLXO�DO�,,-lea al 
termodinamicii întregului ansamblu ciclu-VXUVH�GH�F OGXU � 
 5H]XOW �DVWIHO�XQ�PRGHO�FRPSOHW�GH�RSWLPL]DUH�D�FLFOXO�&DUQRW�LUHYHUVLELO�FH�SXQH�vQ�
HYLGHQ � UHJLPXUL�RSWLPH�GH� IXQF LRQDUH� D�PDúLQLL� VWXGLDWH�VXSXVH�GLYHUVHORU� UHVWULF LL�GH�
QDWXU �GLPHQVLRQDO �VDX�IXQF LRQDO � 

3.2.2 .1.  Ipot eze de s t udiu a le  m odelu lu i  

 5 PkQ� YDODELOH� LSRWH]HOH� VSHFLILFDWH� vQ� SDUDJUDIXO� 3.2.1.1. ; singura modificare 
DSDUH�DVXSUD�OHJLORU�GH�WUDQVIHU�WHUPLF�OD�FHOH�GRX �VXUVH�GH�F OGXU ��ÌQ�DFHVW�SDUDJUDI��VH�YD�
studia cea de tip convectiv, de forma: 

( )n

S TTUAQ −=�  (3.35) 

 În mod similar celor prezentate pentru�OHJL�GH�WUDQVIHU�GH�F OGXU �OLQLDUH��JHQHUDUHD�
GH�HQWURSLH�LQWHUQ �VH�SRDWH�H[SULPD�FD�ILLQG�R�IXQF LH�GH�FHOH�GRX �WHPSHUDWXUL��TC�úL�TF: 

( )FCi TTgS ,=�  (3.36) 

 Studiul se va face pentru fiecare� GLQ� FHOH� WUHL� WLSXUL� GH� IXQF LL� g prezentate în 
paragraful anterior. 
 2� vPEXQ W LUH� DGXV � PRGHOXOXL� DU� IL� FRQVLGHUDUHD� SLHUGHULORU� FH� DSDU� vQWUH� FHOH�
GRX � VXUVH� GH� F OGXU �– Fig. 3.1�� ÌQ� IXQF LRQDUHD� UHDO � D� RULF UXL�PRWRU�� vQWUH� FHOH� GRX �
VXUVH�DSDUH�R�UH]LVWHQ �WHUPLF �FH�UHSUH]LQW �GH�IDSW�SLHUGHULOH�WHUPLFH�JOREDOH�vQWUH�FHOH�
GRX �VXUVH� 

 

Fig. 3.28. Reprezentarea ciclului motor Carnot ireversibil cu 

piHUGHUL�WHUPLFH�vQWUH�FHOH�GRX �VXUVH�GH�F OGXU � 

3.2.2 .2.  5HOD LL�PDWHPDWLFH�IXQGDPHQWDOH�DOH�PRGHOXOXL 

 ([SUHVLLOH� SULQFLSLXOXL� ,� úL� DO� ,,-lea ale termodinamicii aplicat la nivelul ciclului 
U PkQ� DFHOHDúL� – HFXD LLOH� (3.3)� úL� (3.4),� vQV � DSOLFDUHD� SULQFLSLXO� DO� ,,-lea la nivelul 
vQWUHJXOXL�DQVDPEOX�YD� LQH�FRQW�úL�GH�SLHUGHULOH�vQWUH�FHOH�GRX �VXUVH� 
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 FOX[XULOH� GH� F OGXU � VFKLPEDWH� GH� PRWRU� FX� H[WHULRUXO� VXQW� GH� WLS� JHQHUDOL]DW�
convectiv, astfel: 

( ) ( ) Cn

CSCCC TTUAQ −=�  ; ( ) ( ) ( ) 11 −−−= FF nn

FSFFF TTUAQ�  (3.38) 

în care termenul ( ) 11 −− Fn  a fost intURGXV�SHQWUX�D� LQH�FRQW�GH�VHPQXO�VFKLPEXOXL�GH�F OGXU �
OD� VXUVD� UHFH� D� PRWRUXOXL� úi anume, negativ indiferent de valoare exponentului legii de 
transfer termic, nF. 
 3ULQ�VLPLODULWDWH�VH�H[SULP �úL�IOX[XO�WHUPLF�FH�FDUDFWHUL]HD] �SLHGHULOH�vQWUH�VXUVH� 

( ) ( ) Pn

SFSCPP TTUAQ −=�  (3.39) 

 ÌQ�FHOH�PHQ LRQDWH�DQWHULRU�VH�FRQVLGHU �IOX[XO�
PQ� �SR]LWLY��GLQVSUH�VXUVD�FDOG �VSUH�

cea rece. 

3.2.2 .3.  Adim ens ional izarea prob lem ei  

 Pornind de la principiul stabilit pentru realizarea procedurii de adimensionalizare – 
HFXD LLOH�(3.14) - (3.18), acestea�VH�UHVFULX�vQ�FRQGL LLOH�GDWH�DVWIHO� 
- fluxurile energetice adimensionalizate penWUX�VXUVD�FDOG : 

( )
( ) ( )

( )
( )

( )
( ) C

C

C

C

n

CSCgenCC

SFp

n

SF

n

SF

CSC

C

SFp

n

CSCC

SFcicluagentp

C

C

CTQq

Tcm

T
T

TT
UA

Tcm

TTUA

Tcm

Q
q

θθ −=⇒

⇒







 −

=
−

==

,

_

~

~
���

�

 (3.40) 

XQGH�ÄJHQHUDOL]DUHD´�D�IRVW�WUDQVIHUDW �FULWHULXOXL�GH�HYDOXDUH�D�WUDQVIHUXOXL�GH�F OGXU ��FDUH�
GHYLQH�vQ�DFHVWH�FRQGL LL� 

( )
( )

cicluagentp

n

SFC

genC
cm

TUA
CTQ

C

_

1

,
�

−

=  (3.41) 

- fluxurile energetice adimensionalizate pentru sursa rece, în mod similar: 

( ) ( ) ( ) 1
,

_

11~ −−−== FF nn

FgenF

SFcicluagentp

F

F CTQ
Tcm

Q
q θ

�

�
 (3.42) 

unde: 

( )
( )

cicluagentp

n

SFF

genF
cm

TUA
CTQ

F

_

1

,
�

−

=  (3.43) 
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-�SLHUGHUHD�WHUPLF �vQWUH�VXUVH� 

( ) ( ) Pn

SCgenP

SFcicluagentp

P

P CTQ
Tcm

Q
q 1~

,

_

−== θ
�

�
 (3.44) 

unde: 

( )
( )

cicluagentp

n

SFP

genP
cm

TUA
CTQ

P

_

1

,
�

−

=  (3.45) 

- SXWHUHD�WHUPLF �DGLPHQVLRQDO � 

( ) ( )ηPC

SFcicluagentp

qq
Tcm

P
w ~~~

_

+==
�

 (3.46) 

- JHQHUDUHD�GH�HQWRSLH�LQWHUQ �úL�WRWDO �DGLPHQVLRQDOH�U PkQ�QHVFKLPEDWH: 

( )
cicluagentp

i

i
cm

S
s

_

~
�

�
=  ;   ( )

cicluagentp

T

T
cm

S
s

_

~
�

�
=  (3.47) 

 Metodologia dH�RE LQHUH�D�UH]XOWDWHORU�JUDILFH�HVWH�DFHHDúL�FD�SHQWUX�FD]XO�OLQLDU� 

3.2.2 .4.  5DQGDPHQWXO�WHUPLF�üL�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �

im puse 

 3HQWUX�FD]XO�vQ�FDUH�UDQGDPHQWXO�WHUPLF�DO�PRWRUXOXL�HVWH�LPSXV��VH�SRW�F XWD�GRX �
IXQF LL�RELHFWLY��úL�DQXPH��PD[LPL]DUHD�SXWHULL�SURGXVH�GH�PRWRU�úL�UHVSHFWLY��PLQLPL]DUHD�
JHQHU ULL�GH�HQWURSLH�WRWDO �GLQ� VLVWHP��7HQWD LD�HVWH�GH�D� OH�DYHD�SH�DPDQGRX �vQ�DFHODúL�
WLPS��3UDFWLFD� QH� VSXQH�F �DFHVW� OXFUX�HVWH� LPSRVLELO��'DU�RDUH�H[LVW � YUHR� OHJ WXU � vQWUH�
SXWHUHD� PD[LP � SURGXV � úL� YDORDUHD� FRUHVSXQ] WRDUH� D� JHQHU ULL� GH� HQWURSLH"� /D� DFHVW�
OXFUX�SXWHP�U VSXQGH�vQ�XUPD�DSOLF ULL�metodei multiplicatorilor LAGRANGE. 
 ÌQWUHEDUHD� vúL� DUH� U G FLQLOH� vQ� JUDILFHOH�SUH]HQWDWH� vQ�SDUDJUDIXO�DQWHULRU��XQGH�VH�
poate observa o corelare între punFWXO� RSWLP� DO� SXWHULL� SURGXVH� úL� SXQFWXO� RSWLP�
FRUHVSXQ] WRU�DO�JHQHU ULL�GH�HQWURSLH�WRWDO ��2DUH�DFHVWHD�FRUHVSXQG�FKLDU�DFHORUDúL�YDORUL�
ale variabilelor? 

Aplicarea metodei multplicatorilor Lagrange 
 Lagrangianul asociat acestei probleme se scrie astfel: 

2211 CCFOL λλ ++=  (3.48) 

unde FO�UHSUH]LQW �IXQF LD�RELHFWLY�DOHDV ��LDU�C�HVWH�UHVWULF LD�LPSXV � 
 9DORULOH� RSWLPH� DOH� YDULDELOHORU� PRGHOXOXL� VH� RE LQ� GLQ� UH]ROYDUHD� XUP WRUXOXL�
VLVWHP�GH�HFXD LL� 

0
var var_1

=



∂
∂

>− iabileniabila

L
;   0

1

=
∂
∂
λ
L

;   0
2

=
∂
∂
λ
L

 (3.49) 
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 8UPHD] �DSOLFHUHD�DFHVWHL�PHWRGH�FD]XOXL�VWXGLDW� 
 'LQ�FRPELQDUHD�HFXD LLORU�(3.3) adimensioQDOL]DW �FX�(3.46)�úL�OXkQG�vQ�FRQVLGHUDUH�
H[SUHVLLOH�IOX[XULORU�GH�F OGXU �JHQHUDOL]DWH�–�HFXD LLOH�(3.40)�úL�(3.42)��UH]XOW � 

( ) ( ) ( ) ( ) ( ) 01111 ,
1

,, =−−−−+−− − PFFC n

SCgenP

nn

FgenF

n

CSCgenC CTQCTQCTQ θηθηθθ  (3.50) 

3ULQ�JHQHUDOL]DUHD�DFHVWHL�HFXD LL�UH]XOW �SULPD�HFXD LH-UHVWULF LH��&1): 

( ) 01 ,,, =−+− χηξη genPgenFgenC CTQCTQfCTQ  (3.51) 

unde s-DX�XWLOL]DW�XUP WRUHOH�QRWD LL�DOH�IXQF LLORU�LQWURGXVH� 

( )
( ) ( )
( ) P

FF

C

n

SC

nn

F

n

CSCf

1

11 1

−=

−−=

−=
−

θχ

θξ

θθ

 (3.52) 

GH�XQGH�VH�REVHUY �IDSWXO�F �f�HVWH�R�IXQF LH�QXPDL�GH� C, iar �HVWH�R�IXQF LH�QXPDL�GH� F. 
 ÌQ�HFXD LD�(3.51) se ia în considerare: 

genCgenTgenF CTQCTQCTQ ,,, −=  (3.53) 

 'LQ� FRQVLGHUDUHD� H[SUHVLLORU� IOX[XULORU� GH� F OGXU � vQ� HFXD LD� SULQFLSLXO� DO� ,,-lea 
DSOLFDW�FLFOXOXL��UH]XOW � 

( ) ( ) ( )
0~11 1

,, =+
−−

+
− −

i

F

nn

FgenF

C

n

CSCgenC
s

CTQCTQ FFC

θ
θ

θ
θθ

 (3.54) 

vQ� FDUH� VH� LQH� FRQW� GH� IXQF LLOH� LQWURGXVH� GH� (3.52), rezultând FHD� GH� D� GRXD� HFXD LH-
UHVWULF LH�D�VLVWHPXOXL��&2): 

0,, =++ g
CTQfCTQ

F

genF

C

genC

θ
ξ

θ
 (3.55) 

în care g�HVWH�R�IXQF LH�úL�GH C�úL�GH F�FRQIRUP�HFXD LHL�(3.36). 

)XQF LD�RELHFWLY�–�SXWHUHD�SURGXV �GH�PRWRU 
 &RQVLGHU P� DFXP� SULPD� GLQ� FHOH� GRX � IXQF LL� RELHFWLY� HQXQ DWH� DQWHULRU�� SHQWUX�
cazul impunerii randamentului termic al motorului: 

( )PC qqwFO ~~~ +== η  (3.56) 

 Lagrangianul devine în acest caz: 
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( ) ( )[ ]

( ) 0

1

,,,2

,,,,1

,,

=







+−++

+−−+−+

++

gCTQCTQ
f

CTQ

CTQCTQCTQfCTQ

CTQfCTQ

F

genCgenT

C

genC

genPgenCgenTgenC

genPgenC

θ
ξ

θ
λ

χηξηλ

χηη

 
(3.57) 

 6H�FDOFXOHD] �SH�UkQG�GHULYDWHOH�(3.49) pentru variabilele considerate (CTQC,gen�� C, 

F): 

( )[ ] 01:0 21
,

=







−+−−+=

∂
∂

FCgenC

f
ff

CTQ

L

θ
ξ

θ
λξηλη  (3.58) 

( )[ ] 0’
’

’1’:0
2,2,1, =








+

−
+−+=

∂
∂

C

C

C

genCgenCgenC

C

g
ff

CTQfCTQfCTQ
L

θ
θ

ληλη
θ

 
(3.59) 

în care g’C�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu C; 

( )[ ] ( ) 0’
’

’:0
2,,2,,1 =








+

−
−+−=

∂
∂

F

F

F
genCgenTgenCgenT

F

gCTQCTQCTQCTQ
L

θ
ξξθ

λξλ
θ

 (3.60) 

în care g’F�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu F; 

( ) ( ) 01:0 ,,,,
1

=−−+−=
∂
∂ χηξη
λ genPgenCgenTgenC CTQCTQCTQfCTQ
L

 (3.61) 

( ) 0:0 ,,,
2

=+−+=
∂
∂

gCTQCTQ
f

CTQ
L

F

genCgenT

C

genC θ
ξ

θλ
 

(3.62) 

 'LQ� FRPELQDUHD� HFXD LLORU� (3.58) - (3.62)� UH]XOW � XQ� VLVWHP� GH� HFXD LL�� 6H�
SURFHGHD] �OD�UH]ROYDUHD�DFHVWXLD�GXS �FXP�XUPHD] � 
- se împarte ecuD LD�(3.58) la ÂI; 
- VH�vPSDUWH�HFXD LD�(3.59) la ·CTQC,gen·f’; 

- VH�VFDG�FHOH�GRX �HFXD LL�RE LQXWH�DQWHULRU�úL�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- GLQ�HFXD LD�(3.60) se H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- VH�HJDOHD] �FHOH�GRX �UDSRDUWH�úL�UH]XOW �R�HFXD LH��SULPD�GLQ�VLVWHPXO�GH�PDL�MRV���FDUH�
vPSUHXQ �FX�HFXD LLOH�(3.61)�úL�(3.62)�IRUPHD] �XUP WRUXO�VLVWHP�GH�HFXD LL� 
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( )
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FgenC
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ξ
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χηξη

ξ
ξ

ξθ
ξ

θ

 (3.63) 

VLVWHP� FH� VH� UH]ROY � SULQ� PHWRGD� 1HZWRQ-Raphson în raport cu CTQC,gen�� C�� F (se 
GHULYHD] � ILHFDUH� HFXD LH� vQ� UDSRUW� FX� ILHFDUH� YDULDELO � úL� VH� IRUPHD] � R�PDWULFH� GH� �[3; 
UH]XOW �R�HFXD LH�PDWULFHDO �GH�IRUPD�Ax=B��GH�XQGH�VH�H[WUDJ�VROX LLOH�x). 
 6LVWHPXO�VH�UH]ROY �SHQWUX�ILHFDUH�GLQ�FHOH�WUHL�IXQF LL�g�SUH]HQWDWH�vQ�HFXD LLOH�(3.7) 
adimensionalizate. 
 &RQVLGHU� F � UH]ROYDUHD� PDWHPDWLF � D� DFHVWXL� VLVWHP� QX� LPSXQH� GLILFXOW L�� IDSW�
pentru care nu o voi detalia în continuare. 

)XQF LD�RELHFWLY�–�JHQHUDUHD�GH�HQWURSLH�WRWDO  
 &RQVLGHU P� DFXP� D� GRXD� IXQF LH� RELHFWLY�� SHQWUX� FD]XO� LPSXQHULL� UDQGDPHQWXOXL�
termic al motorului: 

PF

SC

PC
T qq

qq
sFO ~~

~~
~ +−

+
−==

θ
 (3.64) 

 Lagrangianul devine în acest caz: 

( )
( ) ( )[ ]

( ) 0
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,,,,1

,,,
,,

=
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+−−+−+

++−−
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−

gCTQCTQ
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CTQCTQCTQ
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genCgenT
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genC
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genPgenCgenT

SC
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θ
ξ

θ
λ

χηξηλ

χξ
θ

χ

 (3.65) 

 6H�FDOFXOHD] �SH�UkQG�GHULYDWHOH�(3.49) pentru variabilele considerate (CTQC,gen�� C, 

F): 

( )[ ] 01:0 21
,

=







−+−−+−=

∂
∂

FCSCgenC

f
f

f

CTQ

L

θ
ξ

θ
λξηλ

θ
ξ  (3.66) 

( )[ ] 0’
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CTQfCTQ
fCTQL

θ
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ληλ
θθ

 
(3.67) 

în care g’C�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu C; 
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( ) ( ) ( ) 0’
’

1’:0
2,,21,, =
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−
−+−−=

∂
∂

F

F

F
genCgenTgenCgenT

F

gCTQCTQCTQCTQ
L

θ
ξξθ

λλξ
θ

 (3.68) 

în care g’F�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu F; 

( ) ( ) 01:0 ,,,,
1

=−−+−=
∂
∂ χηξη
λ genPgenCgenTgenC CTQCTQCTQfCTQ
L

 (3.69) 

( ) 0:0 ,,,
2

=+−+=
∂
∂

gCTQCTQ
f

CTQ
L

F

genCgenT

C

genC θ
ξ

θλ
 

(3.70) 

 'LQ� FRPELQDUHD� HFXD LLORU� (3.66) - (3.70)� UH]XOW � XQ� VLVWHP� GH� HFXD LL�� 6H�
SURFHGHD] �OD�UH]ROYDUHD�DFHVWXLD�GXS �FXP�XUPHD] � 

- VH�vPSDUWH�HFXD LD�(3.67) la 
SC

genC fCTQ

θ
’, ; 

- VH�vPSDUWH�HFXD LD�(3.68) la ( ) ’,, ξgenCgenT CTQCTQ − ; 

- VH�VFDG�FHOH�GRX �HFXD LL�RE LQXWH�DQWHULRU�úL�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- VH�vPSDUWH�HFXD LD�(3.66) la 
SC

f

θ
ξ − ; 

- VH�vPSDUWH�HFXD LD�(3.68) la ( ) ’,, ξgenCgenT CTQCTQ − ; 

- VH�DGXQ �FHOH�GRX �HFXD LL�RE LQXWH�DQWHULRU�úL�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- VH�HJDOHD] �FHOH�GRX �UDSRDUWH�úL�UH]XOW �R�HFXD LH��SULPD�GLQ�VLVWHPXO�GH�PDL�MRV���FDUH�
vPSUHXQ �FX�HFXD LLOH�(3.69)�úL�(3.70)�IRUPHD] �XUP WRUXO�VLVWHP�GH�HFXD LL� 

( )
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θ

 (3.71) 

VLVWHP�FH�VH�UH]ROY �SULQ�PHWRGD�1HZWRQ-Raphson în raport cu CTQC,gen�� C�� F . 

 'LQ� FRPSDUDUHD� FHORU� GRX � VLVWHPH� GH� HFXD LL� RE LQXWH� SHQWUX� FHOH� GRX � IXQF LL�
obiectiv, sistemele (3.63)�úL�(3.71)��UH]XOW �DFHODúL�VLVWHP�GH�HFXD LL�RULFDUH�DU�IL�IXQF LD�

RELHFWLY� FRQVLGHUDW �� &X� DOWH� FXYLQWH�� YDORDUHD� H[WUHP � D� SXWHULL� SURGXVH� GH� PRWRU�
�PD[LP �VDX�PLQLP ��YD�IL�RE LQXW �SHQWUX�DFHOHDúL�YDORUL�RSWLPH�DOH�YDULDELOHORU�FH�UH]XOW �
din rezolvarea�VLVWHPXOXL�GH�HFXD LL�FD�úL�SHQWUX�YDORDUHD�H[WUHP ��PD[LP �VDX�PLQLP ��D�
JHQHU ULL�GH�HQWURSLH�WRWDO ��'HFL� 
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( ) ( )T

corespunde
sExtremawExtrema ~~  →←  (3.72) 

 (YLGHQW��FD]XO�vQ�FDUH�H[SRQHQ LL�FHORU�GRX �OHJL�GH�WUDQVIHU�GH�F OGXU �VXQW�HJDOL�FX�
unitatea corespunde legilor de transfer liniare, studiate în paragraful 3.2.1. , legile de 
transfer liniare fiind un caz particular al legilor de transfer generalizate. 
 
 ÌQ� FHOH� FH� XUPHD] � YRL� H[HPSOLILFD� UH]XOWDWHOH� RE LQXWH� SULQ� FkWHYD� UHSUH]HQW UL�
grafice pe care le-am considerat mai sugestive. 
 5H]ROYDUHD�VLVWHPXOXL�GH�HFXD LL�FRQGXFH�OD�RE LQHUHD�D�GRX �VROX LL�FDUH�JHQHUHD] �
GRX �UHJLPXUL�GH�IXQF LRQDUH�D�PRWRUXOXL��XQXO�GH�SXWHUH�PD[LP �úL�XQXO�GH�GLVLSDUH�WRWDO �
PLQLP � 
 Astfel, în Fig. 3.29�HVWH�UHSUH]HQWDW�UHJLPXO�GH�SXWHUH�PD[LP �SHQWUX�FD]XO�vQ�FDUH�
OD�VXUVD�FDOG �VH�FRQVLGHU �R�OHJH�GH�WUDQVIHU�GH�F OGXU �JHQHUDOL]DW �FX�H[SRQHQWXO�nC=3 
(cazul practic al procesului� GH� HYDSRUDUH��� LDU� OD� VXUVD� UHFH� HVWH� FRQVLGHUDW � R� OHJH� GH�
WUDQVIHU� GH� F OGXU � OLQLDU �� I U � SLHUGHUL� WHUPLFH� vQWUH� FHOH� GRX-D� VXUVH�� 6H� REVHUY � FXP�
valorile extreme (maxime) ale celor trei fluxuri energetice adimensionalizate corespund 
DFHOHLDúL�YDORUL�CTQC��ÌQ�SOXV��DFHVWHD�VXQW�DWLQVH�SHQWUX�R�YDORDUH�UHGXV �D�CTQC, ceea ce 
LQGLF �IDSWXO�F �SURFHVXO�GH�HYDSRUDUH�HVWH�PDL�LQWHQV�GHFkW�FHO�GH�WUDQVIHU�WHUPLF�OLQLDU�úL�
GHFL�QHFHVLW �R�VXSUDID �GH�VFKLPE�GH�F OGXU �PDL�UHGXV � 
 Acest caz se poate compara cu cel din Fig. 3.30�FDUH�UHSUH]LQW �H[DFW�VLPHWULD� 
 În Fig. 3.31� VH� REVHUY � YDULD LD� WHPSHUDWXULL� JD]XOXL� OD� SDUWHD� FDOG � D�PDúLQLL� vQ�
UDSRUW� FX� FHD� D� VXUVHL� FDOGH�� SHQWUX�GLYHUVH� FRPELQD LL� GH� OHJL� GH� transfer termic la cele 
GRX � VXUVH�� $FHVWH� JUDILFH� YRU� IL� OXDWH� vQ� FRQVLGHUDUH� DWXQFL� FkQG� VH� HYDOXHD] �
SHUIRUPDQ HOH�PRWRUXOXL� 
 3XWHUHD� SURGXV � GH�PRWRU� HVWH� UHSUH]HQWDW � JUDILF� vQ� Fig. 3.32� SHQWUX� FHOH� GRX �
UHJLPXUL�GH�IXQF LRQDUH�úL�SHQWUX�GLYHUVH�FRPELQD LL�VLPHWULFH�úL�QHVLPHWULFH�DOH�OHJLORU�GH�
WUDQVIHU�GH�F OGXU �OD�FHOH�GRX �VXUVH��6H�REVHUY �HIHFWXO�SR]LWLY�DO�XQXL�WUDQVIHU�GH�F OGXU �
PDL�LQWHQV�OD�FHOH�GRX �VXUVH�ID �GH�FD]XO�OLQLDU� 
 Un studiu de sensibilitate în raport cu randamentul motorului a generat rezultatele 
din Fig. 3.33��(VWH�GH�VHVL]DW� OLPLWD�PD[LP �D�UDQGDPHQWXOXL�FH�SRDWH�IL�DWLQV�vQ�GLYHUVHOH�
FRQGL LL�GH� WUDQVIHU�GH�F OGXU ��8Q�SURFHV� LQWHQVLILFDW�GH� WUDQVIHU�GH�F OGXU �DUH�XQ�HIHct 
SR]LWLY� DVXSUD� SXWHULL� SURGXVH�� GDU� QHJDWLY� DVXSUD� UDQGDPHQWXOXL�� vQV � HVWH� FD]XO� FX�
rezultatele mai apropiate de realitate. 
 (IHFWXO� FRQVLGHU ULL� SLHUGHULORU� vQWUH� VXUVH� SRDWH� IL� DQDOL]DW� vQ� Fig. 3.34 într-un 
studiu de sensibilitate dublu –� vQ� UDSRUW� FX�SLHUGHULOH�GDU� úL� FX� UDQGDPHQWXO�PRWRUXOXL�– 
SHQWUX� SXWHUHD� SURGXV � DGLPHQVLRQDO � vQ� FD]XO� FHORU� GRX � UHJLPXUL� GH� IXQF LRQDUH�� 6H�
REVHUY � UHGXFHUHD� VHPQLILFDWLY � D� YDORULL� PD[LPH� SH� FDUH� R� SRDWH� DYHD� UDQGDPHQWXO� vQ�
cazul intensiILF ULL�SLHUGHULORU�vQWUH�VXUVH��3XWHUHD�SURGXV �QX�HVWH�DIHFWDW �GDWRULW �PRGXOXL�
GH� D� FRQVLGHUD� DFHVWH� SLHUGHUL� vQ� PRGHOXO� PDWHPDWLF�� úL� DQXPH� QHWUHFkQG� SULQ� FLFOX�� FL�
GLUHFW�GH� OD�R�VXUV � OD�FHDODOW ��2� LQWHQVLILFDUH�D�SHUGHULORU�GH����RUL� UHGXFH�UDQGDPentul 
maxim de la 65% la 48% aproximativ. 

 8Q� VWXGLX� GH� VHQVLELOLWDWH� PXOWLSOX�� vQ� UDSRUW� FX� �� YDULDELOH� VLPXOWDQ�� UHOHY �
rezultatele din Fig. 3.35� XQGH� VH� SRDWH� DQDOL]D� HIHFWXO� JHQHU ULL� GH� HQWURSLH� DVXSUD�
SHUIRUPDQ HORU�PDúLQLL, corelat cu efectul diverselor valori ale randamentul termic asupra 
SXWHULL� SURGXVH� úL� FRQVLGHUDUHD� SLHUGHULORU� vQWUH� VXUVH�� 6H� REVHUY � GRPHQLXO� SRVLELO� GH�
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YDULD LH� SHQWUX� YDORULOH� UDQGDPHQWXOXL� FD� HIHFW� DO� SLHUGHULORU� �ILJXUD� GLQ� GUHDSWD� vQ�
coPSDUD LH�FX�VWkQJD���GDU�úL�WUHSWDW��SH�P VXU �FH�FUHVF�YDORULOH�

is~ . 

 Alte studii de sensibilitate se pot dezvolta. Fig. 3.16� IDFH� SDUWH� GLQ� DFHDVW �
categorie, de considerare a pierderilor între surse. 
 

 

Fig. 3.29��)OX[XULOH�HQHUJHWLFH�SHQWUX�R�OHJH�OLQLDU �OD�VXUVD�UHFH�úL�

HYDSRUDUH�OD�VXUVD�FDOG �–�FD]XO� �LPSXV��
is~  constant. 

 

Fig. 3.30��)OX[XULOH�HQHUJHWLFH�SHQWUX�R�OHJH�OLQLDU �OD�VXUVD�FDOG �

úL�HYDSRUDUH�OD�VXUVD�UHFH�–�FD]XO� �LPSXV�� is~  constant. 
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Fig. 3.31��'LIHUHQ D�GLQWUH�WHPSHUDWXUD�DGLPHQVLRQDO �D�JD]XOXL�OD�

SDUWHD�FDOG �D�PRWRUXOXL�úL�FHD�D�VXUVHL�SHQWUX�FHOH�GRX �VROX LL�DOH�

VLVWHPXOXL�GH�HFXD LL��VWXGLX�GH�VHQVLELOLWDWH�vQ�UDSRUW�FX�OHJLOH�GH�

WUDQVIHU�OD�FHOH�GRX �VXUVH–�FD]XO� �LPSXV�� is~  constant. 

 

Fig. 3.32�� 3XWHUHD� SURGXV � DGLPHQVLRQDO � SHQWUX� FHOH� GRX �

regimuri; studiu de sensibilitate în raport cu legile de transfer la 

FHOH�GRX �VXUVH–�FD]XO�  impus, is~  constant. 
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Fig. 3.33�� 3XWHUHD� PD[LP �� UHVSHFWLY� PLQLP � SURGXV �

DGLPHQVLRQDO �SHQWUX�FHOH�GRX �UHJLPXUL��VWXGLX�GH�VHQVLELOLWDWH�vQ�

raport cu legile de� WUDQVIHU� OD� FHOH� GRX � VXUVH� úL� UDQGDPHQWXO�

motorului –�FD]XO� �LPSXV�� is~  constant. 

 

Fig. 3.34�� 3XWHUHD� PD[LP �� UHVSHFWLY� PLQLP � SURGXV �

DGLPHQVLRQDO �SHQWUX�FHOH�GRX �UHJLPXUL��VWXGLX�GH�VHQVLELOLWDWH�vQ�

UDSRUW� FX� SLHUGHULOH� vQWUH� VXUVH� úL� UDQGDPHQWXO�PRWRUXOXL� SHQWUX�

OHJL�OLQLDUH�GH�WUDQVIHU�GH�F OGXU �–�FD]XO� �LPSXV�� is~  constant. 
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Fig. 3.35�� 3XWHUHD� PD[LP �� UHVSHFWLY� PLQLP � SURGXV �

DGLPHQVLRQDO �SHQWUX�FHOH�GRX �UHJLPXUL��VWXGLX�GH�VHQVLELOLWDWH�vQ�

UDSRUW�FX�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �úL�UDQGDPHQWXO�PRWRUXOXL�

SHQWUX�OHJL�OLQLDUH�GH�WUDQVIHU�GH�F OGXU �úL�FD]�I U �Sierderi între 

surse (stânga) sau cu pierderi între surse (dreapta) –� FD]XO� �

impus, 
is~  constant. 

 5H]XOWDWH� VLPLODUH� VH� RE LQ� SHQWUX� FD]XULOH� GH� YDULD LH� OLQLDU � úL� ORJDULWPLF � D�
JHQHU ULL�GH�HQWURSLH�LQWHUQ � 

3.2.2 .5.  3XWHUHD�SURGXV �üL�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �

im puse 

 ÌQ� DFHVW� FD]�� FRPELQDUHD� HFXD LHL� SULQFLSLXOXL� ,� DO� WHUPRGLQDPLFLL� vQ� IRUP �
DGLPHQVLRQDO �� FX� H[SULPDUHD� HFXD LLORU� vQ� IXQF LH� GH� SXWHUH� vQ� ORFXO� UDQGDPHQWXOXL�� úL�
XWLOL]DUHD� DFHORUDúL� IXQF LL� GHILQLWH�GH� UHOD LLOH� (3.52) conduce la SULPD� HFXD LH-UHVWULF LH�
(C1): 

0~
,, =−− ξgenFgenC CTQfCTQw  (3.73) 

 CHD�GH�D�GRXD�HFXD LH-UHVWULF LH�D�VLVWHPXOXL��&2)�U PkQH�OD�IHO�–�HFXD LD�(3.55). 
 ÌQ� FD]XO� vQ� FDUH�SXWHUHD�SURGXV �GH�PRWRU� HVWH� LPSXV �� FD� IXQF LL� RELHFWLY� SXWHP�
FRQVLGHUD�UDQGDPHQWXO� WHUPLF�DO�PRWRUXOXL��FH�VH�GRUHúWH�D�IL�PD[LPL]DW��úL�JHQHUDUHD�GH�
HQWURSLH�WRWDO ��FH�VH�GRUHúWH�D�IL�PLQLPL]DW �� 

)XQF LD�RELHFWLY�– randamentul termic al motorului 
 &RQVLGHU P� DFXP� SULPD� GLQ� FHOH� GRX � IXQF LL� RELHFWLY� HQXQ DWH� DQWHULRU�� SHQWUX�
cazul impunerii puterii produse de motor: 

χ
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==  (3.74) 

 Lagrangianul devine în acest caz: 
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 (3.75) 

 6H�FDOFXOHD] �SH�UkQG�GHULYDWHOH�DFHVWXLD�SHQWUX�YDULDELOHOH�FRQVLGHUDWH� �CTQC,gen, 

C�� F��úL�FHOH�GRX �UHVWULF LL� 
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(3.77) 

în care g’C�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu C; 
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 (3.78) 

în care g’F�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu F; 
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 (3.79) 

( ) 0:0 ,,,
2

=+−+=
∂
∂

gCTQCTQ
f

CTQ
L

F

genCgenT

C

genC θ
ξ

θλ
 

(3.80) 

 Din combinarea acestor derivate rezulW � XQ� VLVWHP� GH� HFXD LL�� 6H� SURFHGHD] � OD�
UH]ROYDUHD�DFHVWXLD�GXS �FXP�XUPHD] � 

- VH�vPSDUWH�HFXD LD�(3.76) la ( )2
,,

~

χgenPgenC CTQfCTQ

wf

+
−

; 

- VH�vPSDUWH�HFXD LD�(3.77) la ( )2
,,

,
~

χgenPgenC

genC

CTQfCTQ

CTQwf

+

−
; 

- VH�DGXQ �FHOH�GRX �HFXD LL�RE LQXWH�DQWHULRU�úL�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- GLQ�HFXD LD�(3.78)�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- VH�HJDOHD] �FHOH�GRX �UDSRDUWH�úL�UH]XOW �R�HFXD LH��SULPD�GLQ�VLVWHPXO�GH�PDL�MRV���FDUH 
vPSUHXQ �FX�HFXD LLOH�(3.79)�úL�(3.80)�IRUPHD] �XUP WRUXO�VLVWHP�GH�HFXD LL� 
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 (3.81) 

VLVWHP�FH�VH�UH]ROY �SULQ�PHWRGD�1HZWRQ-Raphson în raport cu CTQC,gen�� C�� F. 
 6LVWHPXO�VH�UH]ROY �SHQWUX�ILHFDUH�GLQ�FHOH�WUHL�IXQF LL�g�SUH]HQWDWH�vQ�HFXD LLOH�(3.7) 
adimensionalizate. 

 &RPSDUkQG� VLVWHPXO� GH� HFXD LL� RE LQXW� SHQWUX� FD]XO� DQWHULRU� vQ� FDUH� UDQGDPHQWXO�
motorului era impus, (3.63)�� FX�FHO�RE LQXW�SHQWUX�DFHVW�FD]� vQ�FDUH�SXWHUHD�SURGXV �HVWH�
LPSXV �� (3.81)�� REVHUY P� F � DYHP� GH-D� IDFH� FX� R� VLQJXU �PRGLILFDUH�� úL� DQXPH� HFXD LD�
UHVWULF LH�&��� vQ� UHVW�� HFXD LLOH� VLVWHPXOXL� VXQW� DFHOHDúL��&D� DWDUH�� VLVWHPXO�GH� HFXD LL� HVWH�
DFHODúL�PHUHX�úL�GHSLQGH�GRDU�GH�UHVWULF LLOH�LPSXVH� 

)XQF LD�RELHFWLY�–�JHQHUDUHD�GH�HQWURSLH�WRWDO  
 &RQVLGHU P�DFXP�D�GRXD�IXQF LH�RELHFWLY��SHQWUX�FD]XO�LPSXQHULL�SXWHULL�PRWRUXOXL� 
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 Lagrangianul devine în acest caz: 
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 6H�FDOFXOHD] �SH�UkQG�GHULYDWHOH�SHQWUX�YDULDELOHOH�FRQVLGHUDWH�(CTQC,gen�� C�� F��úL�
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în care g’C�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu C; 
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în care g’F�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu F; 
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 'LQ� FRPELQDUHD� HFXD LLORU� (3.84) - (3.88)� UH]XOW � XQ� VLVWHP� GH� HFXD LL�� 6H�
SURFHGHD] �OD�UH]ROYDUHD�DFHVWXLD�GXS �FXP�XUPHD] � 

- se împarte ecuD LD�(3.85) la -
SC

genC fCTQ

θ
’, ; 

- VH�vPSDUWH�HFXD LD�(3.86) la ( ) ’,, ξgenCgenT CTQCTQ − ; 

- VH�DGXQ �FHOH�GRX �HFXD LL�RE LQXWH�DQWHULRU�úL�VH�H[SULP �UDSRUWXO�
2
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; 

- VH�vPSDUWH�HFXD ia (3.84) la 
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ξ − ; 

- VH�vPSDUWH�HFXD LD�(3.86) la ( ) ’,, ξgenCgenT CTQCTQ − ; 
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- VH�HJDOHD] �FHOH�GRX �UDSRDUWH�úL�UH]XOW �R�HFXD LH��SULPD�GLQ�VLVWHPXO�GH�PDL�MRV���FDUH�
vPSUHXQ �FX�HFXD LLOH�(3.87)�úL�(3.88)�IRUPHD] �XUP WRUXO�VLVWHP�GH�HFXD LL� 
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 (3.89) 

VLVWHP�FH�VH�UH]ROY �SULQ�PHWRGD�1HZWRQ-Raphson în raport cu CTQC,gen�� C�� F . 

 'LQ� QRX��GLQ� FRPSDUDUHD� FHORU�GRX � VLVWHPH�GH�HFXD LL� RE LQXWH�SHQWUX� FHOH� GRX �
IXQF LL�RELHFWLY�� VLVWHPHOH� (3.81)� úL� (3.89)�� UH]XOW �DFHODúL�VLVWHP�GH�HFXD LL�RULFDUH�DU� IL�

IXQF LD�RELHFWLY�FRQVLGHUDW ��&X�DOWH�FXYLQWH��YDORDUHD�H[WUHP �D�UDQGDPHQWXOXL�PRWRUXOXL�
�PD[LP �VDX�PLQLP ��YD�IL�RE LQXW �SHQWUX�DFHOHDúL�YDORUL�RSWLPH�DOH�YDULDELOHORU�FH�UH]XOW �
GLQ�UH]ROYDUHD�VLVWHPXOXL�GH�HFXD LL�FD�úL�SHQWUX�YDORDUHD�H[WUHP ��PD[LP �VDX�PLQLP ��D�
JHQHU ULL�GH�HQWURSLH�WRWDO ��'HFL� 
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( ) ( )T

corespunde
sExtremaExtrema ~ →←η  (3.90) 

 
 &RQVLGHU� F � vQ� DFHVW� SDUDJUDI� DP� SUH]HQWDW� R� GH]YROWDUH� DQDOLWLF � FX� XQ� UH]XOWDW�
IRDUWH� LPSRUWDQW� DVXSUD� FRUHO ULL� YDORULORU� H[WUHPH� DOH� SHUIURPDQ HORU� PRWRUXOXL� SHQWUX�
DFHODúL� UHJLP� GH� IXQF LRQDUH� �DFHHDúL� VROX LH� D� VLVWHPXOXL� GH� HFXD LL��� LDU� UHSUH]HQW ULOH�
grafice sunt sugestive din acest punct de vedere. 
 'H� DVHPHQHD�� VWXGLLOH� GH� VHQVLELOLWDWH� UHDOL]DWH� DFRSHU � R� JDP � ODUJ � GH� FRQGL LL�
SRVLELOH�GH�IXQF LRQDUH� 
 

3.2.3 .  Surse-t erm ost at , l eg i  de t rans fer  t erm ic  
genera l i zat e  de t ip  rad iat i v , c u  pierder i  t erm ic e înt re  
surse 

 )D �GH�FD]XO�SUH]HQWDW�DQWHULRU��GH�DFHDVW �GDW �FRQVLGHU P�DOWH� OHJL� JHQHUDOL]DWH�
GH�WUDQVIHU�GH�F OGXU �OD�FHOH�GRX �VXUVH��úL�DQXPH�GH�WLS�UDGLDWLY� 

3.2.3 .1.  Ipot eze de s t udiu a le  m odelu lu i  

 5 PkQ� YDODELOH� LSRWH]HOH� VSHFLILFDWH� vQ� SDUDJUDIXO� 3.2.2.1. ; singura modificare 
apare asupra legilor de transfer termic�OD�FHOH�GRX �VXUVH�GH�F OGXU �FDUH�VXQW�de forma: 

( )nn

S TTUAQ −=�  (3.91) 

 ÌQ�PRG�VLPLODU�FHORU�SUH]HQWDWH�SHQWUX�OHJL�GH�WUDQVIHU�GH�F OGXU �OLQLDUH, generarea 
GH�HQWURSLH�LQWHUQ �VH�SRDWH�H[SULPD�FD�ILLQG�R�IXQF LH�GH�FHOH�GRX �WHPSHUDWXUL��TC�úL�TF, 
studiul efectuându-se�SHQWUX�ILHFDUH�GLQ�FHOH�WUHL�WLSXUL�GH�IXQF LL�g prezentate. 

3.2.3 .2.  5HOD LL�PDWHPDWLFH�IXQGDPHQWDOH�DOH�PRGHOXOXL 

 Expresiile principiuluL�,�úL�DO�,,-lea ale termodinamicii DSOLFDW�OD�QLYHOXO�FLFOXOXL�úL�
întregului sistem U PkQ� DFHOHDúL� ca pentru cazul legilor de transfer generalizate de tip 

convectiv. 

 FOX[XULOH�GH�F OGXU �VFKLPEDWH�GH�PRWRU�FX�H[WHULRUXO�VXQW�vQV �H[SULPDWH�DVWIHO� 

( ) ( )CC n

C

n

SCCC TTUAQ −=�  ; ( ) ( )FF n

F

n

SFFF TTUAQ −=�  (3.92) 

 3ULQ�VLPLODULWDWH�VH�H[SULP �úL�IOX[XO�WHUPLF�FH�FDUDFWHUL]HD] �SLHGHULOH�vQWUH�VXUVH� 

( ) ( )PP n

SF

n

SCPP TTUAQ −=�  (3.93) 

 SH�FRQVLGHU �IOX[XO�
PQ� �SR]LWLY��GLQVSUH�VXUVD�FDOG �VSUH�FHD�UHFH� 

3.2.3 .3.  Adim ens ional izarea prob lem ei  

 Procedura de adimensionalizare HVWH� LGHQWLF � FX� FHD� SUH]HQWDW � vQ� SDUDJUDIXO�
3.2.2.3. cu modLILFDUHD�LQWURGXV �GRDU�GH�QDWXUD�OHJLORU�GH�WUDQVIHU�GH�F OGXU � 
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- IOX[XULOH�HQHUJHWLFH�DGLPHQVLRQDOL]DWH�SHQWUX�VXUVD�FDOG � 

( ) ( )CC n

C

n

SCgenC

SFcicluagentp

C

C CTQ
Tcm

Q
q θθ −== ,

_

~
�

�
 (3.94) 

XQGH�ÄJHQHUDOL]DUHD´�D�IRVW�WUDQVIHUDW �FULWHULXOXL�GH�HYDOXDUH�D�WUDQVIHUXOXL�GH�F OGXU ��FD�úL�
în cazul legilor de tip convectiv; 
- fluxurile energetice adimensionalizate pentru sursa rece, în mod similar: 

( ) ( )Fn

FgenF

SFcicluagentp

F
F CTQ

Tcm

Q
q θ−== 1~

,

_
�

�
 (3.95) 

- pierderea termiF �vQWUH�VXUVH� 

( ) ( )1~
,

_

−== Pn

SCgenP

SFcicluagentp

P
P CTQ

Tcm

Q
q θ

�

�
 (3.96) 

- SXWHUHD� WHUPLF � DGLPHQVLRQDO �� SUHFXP� úL� JHQHUDUHD� GH� HQWRSLH� LQWHUQ � úL� WRWDO �
DGLPHQVLRQDOH�U PkQ�QHVFKLPEDWH. 

 0HWRGRORJLD�GH�RE LQHUH�D�UH]XOWDWHORU�JUDILFH�HVWH�DFHHDúL�FD�úL�SkQ �DFXP. 

3.2.3 .4.  5DQGDPHQWXO�WHUPLF�üL�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �

im puse 

 6H� SURFHGHD] � vQ� PRG� VLPLODU� FD]XOXL� GH� OHJL� GH� WUDQVIHU� GH� F OGXU � GH� WLS�
convectiv. Astfel, aplicarea metodei multiplicatorilor LAGRANGE va conduce la: 
- prima eFXD LH-UHVWULF LH��&1): 

( ) 01 ,,, =−+− χηξη genPgenFgenC CTQCTQfCTQ  (3.97) 

Unde, de data aceasta,�IXQF LLOe introduse sunt: 

1

1

−=

−=

−=

P

F

CC

n

SC

n

F

n

C

n

SCf

θχ

θξ

θθ

 (3.98) 

GH�XQGH�VH�REVHUY �IDSWXO�F �f�HVWH�R�IXQF LH�QXPDL�GH� C, iar �HVWH�R�IXQF LH�QXPDL�GH� F. 
- FHD�GH�D�GRXD�HFXD LH-UHVWULF LH�D�VLVWHPXOXL��&2): 

0,, =++ g
CTQfCTQ

F

genF

C

genC

θ
ξ

θ
 (3.99) 

în care g�HVWH�R�IXQF LH�úL�GH� C�úL�GH� F. 
 SH�REVHUY �F �UHVWULF LLOH�VXQW�DFHOHDúL�FD�SHQWUX�FD]XO�GH�OHJL�GH�WUDQVIHU�GH�F OGXU �
FRQYHFWLYH��UDQGDPHQW�LPSXV��FHHD�FH�HVWH�úL�QRUPDO��(YLGHQW�F �úL�VLVWHPXO�GH�HFXD LL�YD�IL�
DFHODúL�- (3.63) - pentru�RULFDUH�GLQ�IXQF LLOH�RELHFWLY�FHUFHWDWH��SXWHUH�SURGXV �VDX�JHQHUDUH�
GH�HQWURSLH�WRWDO ���'LIHUHQ D�FRQVW �GRDU�vQ�H[SUHVLLOH�IXQF LLORU�I�� �úL� . 
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 ([HPSOLILF�vQ�FRQWLQXDUH�SULQ�FkWHYD�UHSUH]HQW UL�JUDILFH�GLQ�FHOH�RE LQXWH� 
 5H]ROYDUHD�VLVWHPXOXL�GH�HFXD LL�FRQGXFH�OD�RE LQHUHD�D�GRX �VROX LL�FDUH�JHQHUHD] �
GRX �UHJLPXUL�GH�IXQF LRQDUH�D�PRWRUXOXL��XQXO�GH�SXWHUH�PD[LP �úL�XQXO�GH�GLVLSDUH�WRWDO �
PLQLP � 

 

Fig. 3.36�� 3XWHUHD� SURGXV � DGLPHQVLRQDO � FRUHVSXQ] WRDUH� FHORU�

GRX � UHJLPXUL pentru cazul transfer radiativ la ambele surse; 

studiu de sensibilitate în raport cu randamentul - –�FD]XO� �LPSXV��

is~  constant. 

 

Fig. 3.37�� )OX[XULOH� HQHUJHWLFH� DGLPHQVLRQDOH� FRUHVSXQ] Woare 

UHJLPXOXL� GH� SXWHUH� PD[LP � SHQWUX� FD]XO� WUDQVIHU� UDGLDWLY� OD�

ambele surse; studiu de sensibilitate în raport cu randamentul - – 

FD]XO� �LPSXV�� is~  constant. 
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Fig. 3.38��3XWHUHD�SURGXV �PD[LP �DGLPHQVLRQDO �SHQWUX�GLYHUVH�

FRPELQD LL�GH�WUDQVIHU�GH�F OGXU �OD�VXUVH��VWXGLX�GH�VHQVLELOLWDWH�vQ�

raport cu randamentul - –�FD]XO� �LPSXV��
is~  constant. 

 Un studiu de sensibilitate în raport cu randamentul motorului este reprezentat în 
Fig. 3.36�SHQWUX�FD]XO�XQXL�WUDQVIHU�GH�F OGXU �GH�WLS�UDGLDWLY�OD�DPEHOH�VXUVH�DOH�PRWRUXOXL��
SHQWUX�SXWHUHD�SURGXV �GH�PRWRU�vQ�DPEHOH�UHJLPXUL�GH�IXQF LRQDUH��6H�REVHUY �vQ�SULPXO�
rând limitDUHD� GRPHQLXO� SRVLELO� GH� YDULD LH� D� UDQGDPHQWXOXL� úL� FULWHULXOXL�CTQC� ID � GH�
CTQT��'H� DVHPHQHD�� VH� REVHUY � F � SH�P VXU � FH� UDQGDPHQWXO� LPSXV� DUH� YDORUL� ULGLFDWH��
LQWHUYDOXO� SRVLELO� GH� YDULD LH� D� FULWHULXOXL� CTQC� VH� GLPLQXHD] �� LDU� PD[LPXO� SXWHULL� VH�
deplaVHD] �F WUH�YDORUL�PDL�PLFL�DOH�DFHVWXLD��CTQC).  
 (VWH�LQWHUHVDQW�GH�UHPDUFDW�IDSWXO�F �YDORULOH�UHGXVH�úL�FHOH�PDUL�DOH�UDQGDPHQWXOXL�
LPSOLF �YDORUL�UHGXVH�DOH�SXWHULL�SURGXVH��DúD�FXP�UHLHVH�úL�GLQ�Fig. 3.37. 
 7RWXúL�� GLQ� VXSUDSXQHUHD� UH]XOWDWHORU� JUDILFH� RE LQXWH� vQ� XUPD� XQXL� VWXGLX� GH�
VHQVLELOLWDWH�vQ�UDSRUW�FX�OHJLOH�GH�WUDQVIHU�GH�F OGXU �GH�WLS�UDGLDWLY��FRPELQD LL�VLPHWULFH�úL�
QHVLPHWULFH� OD�FHOH�GRX �VXUVH�GH�F OGXU �� UH]XOW � IDSWXO�F �SULQ�FRQVLGHUDUHD� WUDQVIHUXOXL�
radiaWLY�OD�DPEHOH�VXUVH�VLPXOWDQ��UH]XOWDWHOH�QXPHULFH�VXQW�PXOW�SUHD�PDUL� vQ�FRPSDUD LH�
FX�FHOHODOWH�FRPELQD LL�- Fig. 3.38. Acest lucru pare normal, deoarece în general, sursa rece 
D�PRWRUXOXL�QX�HVWH�FDUDFWHUL]DW �GH�XQ�WUDQVIHU�GH�F OGXU �UDGLDWLY� 

3.2.3 .5.  3XWHUHD�SURGXV �üL�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �

im puse 

 ÌQ� PRG� VLPLODU� FX� LPSXQHUHD� UDQGDPHQWXOXL�� úL� SHQWUX� DFHVW� FD]� GH]YROW ULOH�
analitice (3.73) - (3.90)� FRUHVSXQ] WRDUH� OHJLORU� GH transfer termic generalizate de tip 
FRQYHFWLY�U PkQ�YDODELOH��FX�OXDUHD�vQ�FRQVLGHUDUH�D�QRLORU�H[SUHVLL�DOH� IXQF LLORU� I�� �úL�  
GLQ�HFXD LLOH�(3.98). 
 6H�RE LQ�UH]XOWDWH�JUDILFH�DVHP Q WRDUH�FHORU�SUH]HQWDWH�FD]XOXL�OLQLDU��GXS �FXP�V-
D�REVHUYDW�úL�SHQWUX�FD]XO�vQ�FDUH�UDQGDPHQWXO�HVWH�LPSXV� 
 
 0RGHOXO�GH]YROWDW�SHQWUX�VWXGLXO�úL�RSWLPL]DUHD�PRWRDUHORU�WHUPLFH�úL�SUH]HQWDW� vQ�
DFHVW� SDUDJUDI� SHQWUX� FD]XO� VXUVHORU� GH� F OGXU � GH� WLS� WHUPRVWDW� HVWH� GRDU� R� SULP � ID] ��
'H]YROW UL�DOH�DFHVWXL�PRGHO�VH�PDL�SRW�IDFH�vQF �SHQWUX�DOWH�IXQF LL�RELHFWLY�VDX�DOWH�VWXGLL�
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GH�VHQVLELOLWDWH��'H�DVHPHQHD��VWXGLXO�SRDWH�IL�DSOLFDW�úL�PDúLQLORU�FX�FLFOX�LQYHUVDW��PDúLQL�
IULJRULILFH� úL� SRPSH� GH� F OGXU �� LQkQG� FRQW� GH� PRGLILF ULOH� LPSXVH� GH� IXQF LRQDUea 
acestora. 
 2�vPEXQ W LUH�D�DFHVWXL�PRGHO�DU�IL�FRQVLGHUDUHD�VXUVHORU�GH�F OGXU �GH�FDSDFLW L�
ILQLWH��D�F URU�WHPSHUDWXU �V �VH�PRGLILFH�vQ�WLPSXO�SURFHVXOXL�GH�WUDQVIHU�GH�F OGXU ��FHHD�
FH�HVWH�FD]XO�UHDO�GH�IXQF LRQDUH��9RL�GH]YROWD�DFHVW�VWXGLX�SHQWUX�PDúLQLOH�IULJRULILFH�GLQ�
GRULQ D�GH�D�YDULD�SUH]HQWDUHD�úL�GH�D�QX�UHSHWD�DFHODúL�OXFUX�FD�úL�SHQWUX�PRWRDUH� 
 

3.3 .  MTSO-2 ap l ic a t �PDüLQLORU�WHUPLFH�FX�FLFOX�

inversat  

 7UDWDUHD� PDúLQLORU� WHUPLFH� FX� FLFOX� LQYHUVDW� �PDúLQL� IULJRULILFH� VDX� SRPSH� GH�
F OGXU �� HVWH� RDUHFXP� VLPLODU � FHOHL� SUH]HQWDWH� SHQWUX� VWXGLXO� úL� RSWLPL]DUHD�PRWRDUHORU�
WHUPLFH�� 7HUPHQXO� ÄRDUHFXP´� VH� UHIHU �� SH� OkQJ � DVSHFWHOH� OHJDWH� GH� IXQF LRQDUH�
�VFKLPEXULOH�HQHUJHWLFH���OD�IDSWXO�F �DJHQWXO�GH�OXFUX�GLQ�PDúLQ �WUHFH�SULQ�GRX �VFKLPE UL�
GH�ID] ��vQ�HYDSRUDWRU�úL�UHVSHFWLY��FRQGHQVDWRU��$FHVW�OXFUX�DUH�XQ�HIHFW�LPSRUWDQW�DVXSUD�
DOHJHULL�UHIHULQ HL�SHQWUX�DGLPHQVLRQDOL]DUHD�P ULPLORU��FD�úL�SHQWUX�FULWHULXO�GH�HYDOXDUH�D�
WUDQVIHUXOXL�GH�F OGXU � 
 'DF �OD�PRWRU��XQGH�DJHQWXO�GLQ�PDúLQ �HVWH�vQ�ID] �JD]RDV �SH�WRDW �GXUDWD�FLFOXOXL�
GH�IXQF LRQDUH��VH�SRDWH�DOHJH�FD�UHIHULQ �SHQWUX�DGLPHQVLRQDOL]DUH�SURGXVXO� ( )

cicluagentpcm
_

�  

FRQIRUP� UHOD LLORU� (3.12) - (3.18)�� OD� PDúLQD� IULJRULILF � �úL� UHVSHFWLY� SRPSD� GH� F OGXU ��
DFHDVW �DOHJHUH�QX�PDL�SRDWH�IL�YDODELO �GHFkW�FX�VSHFLILFDUHD�XQHL�VW UL�GH�UHIHULQ � 
 De criteriul NTC�QX�VH�SRDWH�GLVFXWD�GHORF�vQ�FD]XO�PDúLQLORU�IULJRULILFH�FX�VXUVH�WLS�
WHUPRVWDW��GHRDUHFH� vQ� WLPSXO�SURFHVHORU�GH� VFKLPE�GH�F OGXU �GLQWUH�DJHQWXO� IULJRULILF� úL�
DJHQ LL� FHORU�GRX �VXUVH� WHUPLFH� �vQ� WLPSXO�HYRSDU ULL� úL� FRQGHQV ULL� DJHQWXOXL� frigorific), 
QLFL� WHPSHUDWXUD� DJHQWXO� GLQ� VXUV � úL� QLFL� WHPSHUDWXUD� DJHQWXOXL� IULJRULILF� QX� YDULD] �� ÌQ�
plus, produsul ( )

cicluagentpcm
_

� � WLQGH� F WUH� LQILQLW�� /D� PDúLQLOH� IULJRULILFH� FX� VXUVH� GH�

FDSDFLW L�ILQLWH��D�F URU�WHPSHUDWXU �YDULD] ��VH�SRDWH�GHILQL�DFHVW�FULWHULX��GXS �FXP�YRP�
YHGHD�vQ�FHOH�FH�XUPHD] � 
 

3.3.1 .  Surse-t erm ost at , l eg i  de t rans fer  t erm ic  
genera l i zat e  de t ip  c onvec t i v  

 'HRDUHFH�FD]XO�OLQLDU�DO�OHJLORU�GH�WUDQVIHU�GH�F OGXU �HVWH�XQ�FD]�SDUWLFXODU�DO�FHORU�
generalizate, voi prezenta numai� FD]XO� JHQHUDOL]DW� GH� WLS� FRQYHFWLY�� 6FKL D� XQXL� FLFOX�
inversat Carnot ireversibil cu surse tip termostat este cea din Fig. 3.39. 
 3UH]HQWDUHD�PDúLQLL�GLQ�SXQFW�GH�YHGHUH�DO�LUHYHUVLELOLW LORU�GLQ�WLPSXO�IXQF LRQ ULL�
HVWH�DFHHDúL cu cea de la motor – paragraful 3.2.1.  
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Fig. 3.39. Reprezentarea diagramei T-S pentru un ciclu Carnot 

LQYHUVDW�LUHYHUVLELO�FX�VXUVH�GH�F OGXU �WLS�WHUPostat. 

3.3.1 .1.  Ipot eze de s t udiu a le  m odelu lu i  

 5 PkQ�YDODELOH�LSRWH]HOH�SUH]HQWDWH�vQ�SDUDJUDIXO�3.2.1.1. , pentru cazul motoarelor 
FX�VXUVH�WHUPLFH�WLS�WHUPRVWDW��FX�VSHFLILFDUHD�IDSWXOXL�F �OHJLOH�GH�WUDQVIHU�GH�F OGXU �VXQW�
generalizate de tip convectiv: 

( )n

S TTUAQ −=�  (3.100) 

3.3.1 .2.  5HOD LL�PDWHPDWLFH�IXQGDPHQWDOH�DOH�PRGHOXOXL 

 5HOD LLOH�PDWHPDWLFH�(3.3) - (3.7)�U PkQ�GH�DVHPHQHD�YDODELOH��VXQW�UHOD LLOH�GH�ED] �
ale modelului propus. 

3.3.1 .3.  Adim ens ional izarea prob lem ei  

 3HQWUX�D�UHDOL]D�R�WUDWDUH�FkW�PDL�XQLWDU �D�PDúLQLORU� WHUPLFH��Sentru cele cu ciclu 
GLUHFW�FkW�úL�LQYHUVDW���VH�XWLOL]HD] �GLQ�QRX�QR LXQHD�GH�criteriu de evaluare a transferului 
GH�F OGXU �SH�FDUH�GH�DFHDVW �GDW �vO�GHILQLP�OXkQG�FD�UHIHULQ �GHELWXO�FDORULF�DO�DJHQWXOXL�
GLQ� FLFOX� vQ� VWDUHD� GH� YDSRUL� VXSUDvQF O]L L�� OD� LQWUDUHD� vQ� FRQGHQVDWRU� �SHQWUX� D� HYLWD� R�
UHIHULQ � LQILQLW�� DúD� FXP� DP� H[SOLFDW� OD� vQFHSXWXO� DFHVWHL� SUH]HQW UL��� ùL� SHQWUX� F � QH�
UHIHULP� OD� FD]XO� GH� OHJL� GH� WUDQVIHU� JHQHUDOL]DWH�� úL� GH� DFHDVW � GDW � WUDQVIHU P�
„generalizarea” asupra acestui criteriu: 

( )
( )

VSIcicluagentp

n

SC

gen
cm

TUA
CTQ

C

__

1

�

−

=  (3.101) 

 Alegem ca adimensionDOL]DUHD� V � ILH� I FXW � vQ� UDSRUW� FX� FULWHULXO� GH� HYDOXDUH� D�
WUDQVIHUXOXL� GH� F OGXU � DO� VXUVHL� FDOGH�� CTQC,gen� �� úL� WHPSHUDWXUD� VXUVHL� FDOGH� �FD�
WHPSHUDWXUD�PHGLXOXL� DPELDQW�� SULQ� VLPLOLWXGLQH� FX� UHIHULQ D� DOHDV � vQ� FD]XO�PRWRDUHORU���
TSC���6H�XWLOL]HD] �GHFL�XUP WRULL�SDUDPHWUL�úL�YDULDELOH�DGLPHQVLRQDOH� 
- FULWHULXO�GH�HYDOXDUH�D�WUDQVIHUXOXL�GH�F OGXU �DO�FHORU�GRX �VXUVH� 

T 

S 

TC 

TF 

TSC 

TSF 

CQ�  

FQ�  
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( )
( )

VSIcicluagentp

n

SCC
genC

cm

TUA
CTQ

C
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1

,
�

−

= ;   
( )

( )
VSIcicluagentp

n

SCF
genF

cm

TUA
CTQ

C

__

1

,
�

−

=  (3.102) 

- raportul temperaturilor fa �GH�WHPSHUDWXUD�VXUVHL�FDOGH�� 

SC

SF

SF
T

T
=θ  ;  

SC

C

C
T

T
=θ  ;  

SC

F
F

T

T
=θ  (3.103) 

- fluxurile energetice adimensionalizate: 
la�VXUVD�FDOG ��IOX[XO�HQHUJHWLF�WUHEXLH�V �ILe tot timpul negativ) 

( ) ( ) ( ) 1
,

__

11~ −−−== CC nn

CgenC

SCVSIcicluagentp

C

C CTQ
Tcm

Q
q θ

�

�
 (3.104) 

la sursa rece (flux energetic pozitiv) 

( ) ( )

( )( ) F

F

n

FSFgenCgenT

n

FSFgenF

SCVSIcicluagentp

F
F

CTQCTQ

CTQ
Tcm

Q
q

θθ

θθ

−−=

=−==

,,

,

__

~
�

�

 (3.105) 

SHQWUX�SXWHUHD�WHUPLF  

( ) COP

q

Tcm

P
w F

SCVSIcicluagentp

~
~

__

==
�

 (3.106) 

- JHQHUDUHD�GH�HQWRSLH�LQWHUQ �úL�WRWDO �DGLPHQVLRQDOH� 

( )
VSIcicluagentp

i

i
cm

S
s

__

~
�

�
=  ;   ( )

VSIcicluagentp

T
T

cm

S
s

__

~
�

�
=  (3.107) 

 Conform conveQ LHL�GH�VHPQH�DGRSWDW �úL�VFKHPHL�GH�SULQFLSLX�D�PDúLQLL�IULJRULILFH��
TF < TSF < TSC < TC���FHHD�FH�LPSXQH�XUP WRDUHOH�UHVWULF LL� 

F�� SF��� SC �� C���� SC =1 ;  

0~ <Cq  ;  0~ >Fq  ;  0~ <w  ;  0~ >is  
(3.108) 

$FHVWH� UHVWULF LL� YRU� IL� vQWRWGHDXQD� YDODELOH� SHQWUX� RULFH� PDúLQ � IULJRULILF � VWXGLDW ��
LQGLIHUHQW�GH�SUH]HQ D�YUHXQHL�DOWH�UHVWULF LL�LPSXVH�GH�XWLOL]DWRU�VDX�GH�FRQVWUXF LD�PDúLQLL� 

3.3.1 .4.  &RHILFLHQWXO�GH�SHUIRUPDQ �üL�JHQHUDUHD�GH�HQWURSLH�

LQWHUQ �LPSXVH 

 3HQWUX� FD]XO� vQ� FDUH� VXUVHOH� WHUPLFH� DOH�PDúLQLL� IULJRULILFH� VXQW� GH� WLS� WHUPRVWDW��
DOHJ�VSUH�H[HPSOLILFDUH�D�DSOLF ULL�PRGHOXOXL�GH]YROWDW�SUH]HQWDUHD�FD]XOXL�vQ�FDUH�COP�úL�

is~  sunt impuse. 
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 6H� SRW� F XWD� GRX � IXQF LL� RELHFWLY�� úL� DQXPH�� PD[LPL]DUHD� SXWHULL� IULJRULILFH� úL�
UHVSHFWLY�� PLQLPL]DUHD� JHQHU ULL� GH� HQWURSLH� WRWDO � GLQ� VLVWHP�� $SOLFUHD� metodei 
multiplicatorilor LAGRANGE�QH�YD�FRQGXFH�OD�XQ�VLVWHP�GH�HFXD LL�SHQWUX�ILHFDUH�IXQF LH�
obiectiv în parte, care prin rezolvare ne va furniza valorile optime ale variabilelor de 
control ale sistemului. 

Aplicarea metodei multplicatorilor Lagrange 
 Lagrangianul asociat acestei probleme se scrie astfel: 

2211 CCFOL λλ ++=  (3.109) 

unde FO�UHSUH]LQW �IXQF LD�RELHFWLY�DOHDV ��LDU�C�HVWH�UHVWULF LD�LPSXV � 
 9DORULOH� RSWLPH� DOH� YDULDELOHORU� PRGHOXOXL� VH� RE LQ� GLQ� UH]ROYDUHD� XUP WRUXOXL�
VLVWHP�GH�HFXD LL� 

0
var var_1

=



∂
∂

>− iabileniabila

L
;   0

1

=
∂
∂
λ
L

;   0
2

=
∂
∂
λ
L

 (3.110) 

 Din combinarea principiului� ,� DO� WHUPRGLQDPLFLL� FX� HFXD LD� (3.106)� úL� OXkQG� vQ�
considerare expresiiOH�IOX[XULORU�GH�F OGXU �JHQHUDOL]DWH��UH]XOW � 

( ) ( ) ( ) 0
1

11 ,
1

, =
+

−+−− −

COP

COP
CTQCTQ FCC n

FSFgenF

nn

CgenC θθθ  (3.111) 

3ULQ�JHQHUDOL]DUHD�DFHVWHL�HFXD LL�UH]XOW �SULPD�HFXD LH-UHVWULF LH��&1): 

0
1

,, =
+

+ ξ
COP

COP
CTQfCTQ genFgenC  (3.112) 

unde s-DX�XWLOL]DW�XUP WRUHOH�QRWD LL�DOH�IXQF LLORU�LQWURGXVH� 

( ) ( )
( ) F

CC

n

FSF

nn

Cf

θθξ

θ

−=

−−= −111
 (3.113) 

GH�XQGH�VH�REVHUY �IDSWXO�F �f�HVWH�R�IXQF LH�QXPDL�GH� C, iar �HVWH�R�IXQF ie numai de F. 
 ÌQ�HFXD LD�DQWHULRDU �VH�LD�vQ�FRQVLGHUDUH� 

genFgenTgenC CTQCTQCTQ ,,, −=  (3.114) 

 'LQ� FRQVLGHUDUHD� H[SUHVLLORU� IOX[XULORU� GH� F OGXU � vQ� HFXD LD� SULQFLSLXOui al II-lea 
DSOLFDW�FLFOXOXL��UH]XOW � 

( ) ( ) ( )
0~11 ,

1
, =+

−
+

−− −

i

F

n

FSFgenF

C

nn

CgenC
s

CTQCTQ FCC

θ
θθ

θ
θ

 (3.115) 

vQ� FDUH� VH� LQH� FRQW� GH� IXQF LLOH� LQWURGXVH� GH� (3.113), rezultând FHD� GH� D� GRXD� HFXD LH-
UHVWULF LH�D�VLVWHPXOXL��&2): 
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0,, =++ gCTQ
f

CTQ
F

genF

C

genC θ
ξ

θ
 (3.116) 

în care g�HVWH�R�IXQF LH�úL�GH� C�úL�GH� F�FRQIRUP�HFXD LHL�(3.36). 

)XQF LD�RELHFWLY�–�SXWHUHD�IULJRULILF  
 &RQVLGHU P�DFXP�SULPD�GLQ�FHOH�GRX �IXQF LL�RELHFWLY�HQXQ DWH�DQWHULRU� 

( ) ξθθ genF

n

FSFgenFF CTQCTQqFO F

,,
~ =−==  (3.117) 

 Lagrangianul devine în acest caz: 
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gCTQ
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θ
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ξ

 
(3.118) 

 6H�FDOFXOHD] � SH� rând derivatele (3.110) pentru variabilele considerate (CTQF,gen, 

C�� F): 

0
1

:0 21
,
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+−+
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FCgenF

f

COP

COP
f

CTQ
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λξλξ  (3.119) 
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g
ff

CTQCTQfCTQCTQ
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 (3.120) 

în care g’C�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu C; 

0’
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’:0
2,2,1, =
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∂
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F

F

F
genFgenFgenF

F
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CTQCTQ

L

θ
ξξθλξλξ

θ
 (3.121) 

în care g’F�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu F; 

( ) 0
1

:0 ,,,
1

=
+

+−=
∂
∂ ξ
λ COP

COP
CTQfCTQCTQ

L
genFgenFgenT  (3.122) 

( ) 0:0 ,,,
2

=++−=
∂
∂

gCTQ
f

CTQCTQ
L

F

genF

C

genFgenT θ
ξ

θλ
 

(3.123) 

 'LQ� FRPELQDUHD� HFXD LLORU� (3.119) - (3.123)� UH]XOW � XQ� VLVWHP� GH� HFXD LL�� 6H�
SURFHGHD] �OD�UH]ROYDUHD�DFHVWXLD�GXS �FXP�XUPHD] � 
- VH�vPSDUWH�HFXD LD�(3.121) la ’, ξgenFCTQ ; 
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- VH�vPSDUWH�HFXD LD�(3.119)�OD� � 

- VH�VFDG�FHOH�GRX �HFXD LL�RE LQXWH�DQWHULRU�úL�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- GLQ�HFXD LD�(3.120)�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- VH�HJDOHD] �FHOH�GRX �UDSRDUWH�úL�UH]XOW �R�HFXD LH��SULPD�GLQ�VLVWHPXO�GH�PDL�MRV���FDUH�
vPSUHXQ �FX�HFXD LLOH�(3.122)�úL�(3.123)�IRUPHD] �XUP WRUXO�VLVWHP�GH�HFXD LL� 
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 (3.124) 

VLVWHP�FH�VH�UH]ROY �SULQ�PHWRGD�1HZWRQ-Raphson în raport cu CTQF,gen�� C�� F. 
 6LVWHPXO�VH�UH]ROY �SHQWUX�ILHFDUH�GLQ�FHOH�WUHL�IXQF LL�g�SUH]HQWDWH�vQ�HFXD LLOH�(3.7) 
adimensionalizate. 

)XQF LD�RELHFWLY�–�JHQHUDUHD�GH�HQWURSLH�WRWDO  
 &RQVLGHU P�DFXP�D�GRXD�IXQF LH�RELHFWLY� 

SF

genFgenC

SF

F

CT CTQfCTQ
q

qsFO
θ
ξ

θ ,,

~
~~ −−=−−==  (3.125) 

 Lagrangianul devine în acest caz: 
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 (3.126) 

 6H�FDOFXOHD] � SH� UkQG� GHULYDWHOH� (3.110) pentru variabilele considerate (CTQF,gen, 

C�� F): 
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în care g’C�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu C; 

0’
’

’
1’

:0
2,2,1

, =







+

−
+

+
+−=

∂
∂

F

F

F
genFgenF

SF

genF

F

gCTQ
COP

COP
CTQ

CTQL

θ
ξξθλξλ

θ
ξ

θ
 (3.129) 

în care g’F�UHSUH]LQW �GHULYDWD�IXQF LHL�g în raport cu F; 
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 (3.130) 
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genFgenT θ
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θλ
 

(3.131) 

 'LQ� FRPELQDUHD� HFXD LLORU� (3.127) - (3.131)� UH]XOW � XQ� VLVWHP� GH� HFXD LL�� 6H�
SURFHGHD] �OD�UH]ROYDUHD�DFHVWXLD�GXS �FXP�XUPHD] � 

- VH�vPSDUWH�HFXD LD�(3.129) la 
SF

genFCTQ

θ
ξ ’,− ; 

- VH�vPSDUWH�HFXD LD�(3.128) la ( ) ’,, fCTQCTQ genFgenT − ; 

- VH�VFDG�FHOH�GRX �HFXD LL�RE LQXWH�DQWHULRU�úL�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- VH�vPSDUWH�HFXD LD�(3.127) la 
SF

f
θ
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− ; 

- VH�vPSDUWH�HFXD LD�(3.129) la 
SF

genFCTQ

θ
ξ ’,− ; 

- VH�VFDG�FHOH�GRX �HFXD LL�RE LQXWH�DQWHULRU�úL�VH�H[SULP �UDSRUWXO�
2

1

λ
λ

; 

- VH�HJDOHD] �FHOH�GRX �UDSRDUWH�úL�UH]XOW �R�HFXD LH��SULPD�GLQ�VLVWHPXO�GH�PDL�MRV���FDUH�
vPSUHXQ �FX�HFXD LLOH�(3.130)�úL�(3.131)�IRUPHD] �XUP WRUXO�VLVWHP�GH�HFXD LL� 
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 (3.132) 

VLVWHP�FH�VH�UH]ROY �SULQ�PHWRGD�1HZWRQ-Raphson în raport cu CTQF,gen�� C�� F. 
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 'LQ� FRPSDUDUHD� FHORU� GRX � VLVWHPH� GH� HFXD LL� RE LQXWH� SHQWUX� FHOH� GRX � IXQF LL�
RELHFWLY�� UH]XOW �DFHODúL� VLVWHP�GH� HFXD LL�RULFDUH� DU� IL� IXQF LD� RELHFWLY� FRQVLGHUDW . Cu 
DOWH� FXYLQWH�� YDORDUHD� H[WUHP � D� SXWHULL� IULJRULILFH� �PD[LP � VDX� PLQLP �� YD� IL� RE LQXW �
SHQWUX�DFHOHDúL�YDORUL�RSWLPH�DOH�YDULDELOHORU�FH�UH]XOW �GLQ�UH]ROYDUHD�VLVWHPXOXL�GH�HFXD LL�
FD�úL�SHQWUX�YDORDUHD�H[WUHP ��PD[LP �VDX�PLQLP ��D�JHQHU ULL�GH�HQWURSLH�WRWDO ��'HFL� 

( ) ( )T

corespunde

F sExtremaqExtrema ~~  →←  (3.133) 

 'HFL�� VH� RE LQ� DFHODVL� WLS� GH� UH]XOWDWH� FD� úL� SHQWUX� WRDWH� FHOHODOWH� FD]XUL� VWXGLDWH�
pentru motoarele termice. 
 În cRQWLQXDUH��YRL�H[HPSOLILFD�FX�FkWHYD�UH]XOWDWH�JUDILFH�GLQ�FHOH�RE LQXWH� 

 

Fig. 3.40. Temperaturile adimensionale ale agentului frigorific 

SHQWUX� FHOH� GRX � VROX LL� DOH� VLVWHPXOXL� GH� HFXD LL� – cazul COP 

impus, is~  constant. 

 În Fig. 3.40�VXQW�UHSUH]HQWDWH�YDULD LLOH�WHPSHUDWXULORU�DGLPHQVLRQDOH�DOH�DJHQWXOXL�
IULJRULILF�SHQWUX�FHOH�GRX �VROX LL�DOH�VLVWHPXOXL�GH�HFXD LL��$FHVWH�GRX �VROX LL�GHWHUPLQ �
GRX �UHJLPXUL�GH�IXQF LRQDUH��XQXO�GH�SXWHUH�IULJRULILF �PD[LP ��LDU�FHO ODOW�GH�JHQHUDUHD�
GH� HQWURSLH� WRWDO � PLQLP �� vQV � GXS � FXP� V-a demonstrat analitic, punctele extreme ale 
P ULPLORU�HQHUJHWLFH�FRUHVSXQG�DFHORUDúL�YDORUL�RSWLPH�DOH�YDULDELOHlor sistemului. 
 În Fig. 3.41� VXQW� LOXVWUDWH� IOX[XULOH� HQHUJHWLFH� úL� JHQHUDUHD� GH� HQWURSLH� WRWDO �
DGLPHQVLRQDOH�SHQWUX�VROX LD�GH�SXWHUH�IULJRULILF �PD[LP �IXQF LH�GH�YDULDELOD�GH�FRPDQG �

F���'LQ�DFHVW�JUDSKLF�UH]XOW �R�LQIRUPD LH�LPSRUWDQW �FX�SULYLUH�OD�IL[DUHD�WHPSHUDWXULL�GH�
HYDSRUDUH� úL� DQXPH�� SDUWHD� FRQYHQDELO � HVWH� HYLGHQW� FHD� GLQ� VWkQJD� YDORULORU� PD[LPDOH��
XQGH�SXWHUHD�FRQVXPDW �úL�JHQHUDUHD�GH�HQWURSLH�WRWDO �DX�YDORUL�VF ]XWH�SHQWUX�WHPHSUDWXUL�
IULJRULILFH�VF ]XWH� 
 Prin Fig. 3.42� DP� GRULW� V � IDF� R� SDUDOHO � FX� GLDJUDPD�T-S�� 6H� REVHUY � OLPLWDUHD�
YDORULORU� SRVLELOH� SHQWUX� FHOH� GRX � WHPSHUDWXUL� DOH� DJHQWXOXL� IULJRULILF��'H� DVHPHQHD�� GH�
DLFL� VH�REVHUY � ELQH� F � VROX LD� D�GRXD� JHQHUHD] � FHOH�PDL�PLFL� SLHUGHUL�� GDU� úL�P ULPLOH�
HQHUJHWLFH�VXQW�FRUHVSXQ] WRU�GH�PLFL� 
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Fig. 3.41�� )OX[XULOH� HQHUJHWLFH� úL� JHQHUDUHD� GH� HQWURSLH� WRWDO �

DGLPHQVLRQDOH�SHQWUX�VROX LD�GH�SXWHUH� IULJRULILF �PD[LP � IXQF LH�

GH�YDULDELOD�GH�FRPDQG � F – cazul COP impus, is~  constant. 

 

Fig. 3.42. Temperaturile adimensionale ale agentului frigorific 

SHQWUX� FHOH� GRX � VROX LL� DOH� VLVWHPXOXL� GH� HFXD LL� IXQF LH� GH�
Ts~ – 

cazul COP impus, 
is~  constant. 
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Fig. 3.43�� 3XWHUHD� IULJRULILF � DGLPHQVLRQDO � SHQWUX� FHOH� GRX �

regimuri - cazul COP impus, 
is~  constant. 

 

Fig. 3.44�� 3XWHUHD� IULJRULILF � DGLPHQVLRQDO � SHQWUX� FHOH� GRX �

regimuri; studiu de sensibilitate în raport cu COP - cazul COP 

impus, is~ � FRQVWDQW� �vQ�SDUWHD�GUHDSW �HVWH�UHSUH]HQWDUHD� OD� VFDU �

ORJDULWPLF �� 
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Fig. 3.45�� 3XWHUHD� IULJRULILF � DGLPHQVLRQDO � SHQWUX� FHOH� GRX �

regimuri; studiu de sensibilitate în raport cu COP; reprezentare 

IXQF LH� GH� YDULDELOD� GH� FRPDQG � F - cazul COP impus, 
is~  

constant. 

 

Fig. 3.46�� 3XWHUHD� IULJRULILF � DGLPHQVLRQDO � SHQWUX� FHOH� GRX �

regimuri; studiu de sensibilitate în raport cu is~ ; reprezentare 

IXQF LH� GH� YDULDELOD� GH� FRPDQG � F - cazul COP impus, is~  

constant. 
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Fig. 3.47�� 3XWHUHD� IULJRULILF � DGLPHQVLRQDO � SHQWUX� FHOH� GRX �

regimuri, caz neliniar - cazul COP impus, 
is~  constant. 

 

Fig. 3.48�� 3XWHUHD� IULJRULILF � DGLPHQVLRQDO � SHQWUX� FHOH� GRX �

UHJLPXUL�� VWXGLX�GH� VHQVLELOLWDWH� vQ� UDSRUW�FX�&23�úL�FRPELQD LLOH�

QHVLPHWULFH� GH� OHJL� GH� WUDQVIHU� OD� FHOH� GRX � VXUVH� - cazul COP 

impus, 
is~  constant. 
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Fig. 3.49�� 3XWHUHD� IULJRULILF � DGLPHQVLRQDO � SHQWUX� FHOH� GRX �

regimuri; studiu de sensibilitate în raport cu COP, legi de transfer 

neliniare - cazul COP impus, 
is~  constant. 

 Reprezentarea puterii frigorifice pentru amEHOH� UHJLPXUL� IXQF LH� GH� F� JHQHUHD] �
FXUEH� WLS� EXFO � FD� FHD� GLQ� Fig. 3.43. O valoare a temperaturii adimensionale F poate 
JHQHUD�R�YDORDUH� ULGLFDW � D� SXWHULL� IULJRULILFH� VDX�GLPSRWULY � R� YDORDUH� IRDUWH� VF ]XW �� FH�
WLQGH� F WUH� ]HUR��'H� DVHPHQHD�� R� DFHHDúL� YDORDUH� D� SXWHULL� IULJRULILFH� SRDWH� IL� DWLQV � OD� R�
WHPSHUDWXU �IULJRULILF �GHVWXO�GH�DSURSLDW �GH�FHD�GH�UHIHULQ ��D�PHGLXOXL�DPELDQW��– partea 
din dreapta a curbelor -� � VDX�SRDWH� IL� DWLQV � OD� WHPSHUDWXUH� IULJRULILFH� MRDVH�– partea din 
VWkQJD� D� FXUEHORU�� (YLGHQW�� DFHDVW � DOHJHUH� GHSLQGH� GH� VHWDUHD� SDUDPHWULORU� PDúLQLL� úL� D�
celorlalte variabile de control ( C, CTQF, etc). 
 Un studiu de sensibilitate efectua în raport cu COP� UHOHY � OLPLWDUHD� GRPHQLXOXL�
pentru variabilele sistemului�GDU�úL�HIHFWHOH�DVXSUD�SHUIRUPDQ HORU�PDúLQLL�- Fig. 3.44. Cu 
FkW�LPSXQHP�PDúLQLL�IXQF LRQDUHD�OD�XQ�COP�PDL�PDUH��FX�DWkW�SXWHUHD�IULJRULILF �VFDGH�LDU�
GRPHQLXO� SRVLELO� GH� YDULD LH� D� YDORULORU� YDULDELOHORU� VH� UHVWUkQJH��$FHVW� OXFUX� VH� REVHUY �
foarte bine în Fig. 3.45�SHQWUX�WHPSHUDWXUD�IULJRULILF �úL�SXWHUHD�IULJRULILF � 
 *HQHUDUHD� GH� HQWURSLH� LQHWUQ � DUH�GH� DVHPHQHD�XQ� HIHFW� LPSRUWDQW� DVXSUD� DFHVWRU�
P ULPL�� GXS � FXP� VH� SRDWH� REVHUYD� vQ� Fig. 3.46. Valori din ce în ce mai ridicate ale 
HQWURSLHL�LQWHUQH�FUHDWH�JHQHUHD] �GRPHQLL�GH�YDULD LH�GLQ�FH�vQ�FH�PDL�UHVWUkQVH�DWkW�SHQWUX�
WHPHSHUDWXULOH� IULJRULILFH�FkW�úL�SHQWUX�SHUIRUPDQ HOH�PDúLQLL��(VWH� LQWHUHVDQW�GH� UHPDUFDW�
F �SHQWUX�WHPSHUDWXUL�IULJRULILFH�QX�IRDUWH�VF ]XWH��JHQHUDUHD�GH�HQWURSLH�WRWDO �QX�DUH�XQ�
efect foarte important asupra puterii frigorifice –�SDUWHD�GH�WDQJHQ �D�FXUEHORU��GLQ�GUHDSWD��
ÌQV �HIHFWXO�DFHVWHLD�HVWH�IRDUWH�LPSRUWDQW�vQ�DSOLFD LL�FULRJHQLFH�– partea stânJ �D�FXUEHORU�
GH�YDULD LH� 
 În Fig. 3.47 - Fig. 3.49� VH� SRW� DQDOL]D� HIHFWHOH� OHJLORU� GH� WUDQVIHU� GH� F OGXU � – 
GLYHUVH� FRPELQD LL� DVXSUD� SR]L LRQ ULL� YDORULORU� H[WUHPH� DOH� SHUIRUPDQ HORU� PDúLQLL� vQ�
raport cu variabilele sistemului. De asemenea, foarte important mi se pare efectul asupra 
P ULPLL� SXWHULL� IULJRULILFH�� 'DFD� SHQWUX� FD]XO� OLQLDU� LPSXQHUHD� XQXL� FRHILFLHQW� GH�
SHUIRUPDQ D�GH�����FRQGXFHD�OD�RE LQHUHD�XQHL�SXWHUL�IULJRULILFH�PD[LPH�DGLPHQVLRQDOH�GH�
0����� FD]XO� GH� VFKLPEDUH� GH� ID] � OD� DPEHOH� VXUVH� �Fig. 3.49�� UHGXFH� DFHVW � YDORDUH� OD�
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DSUR[LPDWLY�������$FHVW� VWXGLX�SRDWH�DYHD�FRQVHFLQ H� LPSRUWDQWH� vQ�SURLHFWDUHD�PDúLQLORU�
frigorifice. 

3.3.1 .5.  3XWHUHD�IULJRULILF �üL�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �

im puse 

 8Q� DOW� FD]� VWXGLDW� HVWH� FHO� vQ� FDUH� SXWHUHD� IULJRULILF � HVWH� LPSXV � vQ� ORFXO�
FRHILFLHQWXOXL�GH�SHUIRUPDQ � 
 Deoarece calculele analitice sunt similare, voi prezenta numai câteva din rezultatele 

RE LQXWH��3HQWUX�DFHVW�VWXGLX�GH�FD]��VH�RE LQH�R�VLQJXU �VROX LH�IL]LF�DFFHSWDELO � 

 

Fig. 3.50. Temperaturile adimensionale ale agentului frigorific – 

cazul 
Fq~  impus, 

is~  constant. 

 

Fig. 3.51�� )OX[XULOH� HQHUJHWLFH� úL� JHQHUDUHD� GH� HQWURSLH� WRWDO �

adimensionale – cazul 
Fq~  impus, 

is~  constant. 
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Fig. 3.52�� )OX[XULOH� HQHUJHWLFH� úL� JHQHUDUHD� GH� HQWURSLH� WRWDO �

adimensionale; studiu comparative pentru diverse legi de transfer 

GH�F OGXU �– cazul Fq~  impus, is~  constant. 

 

Fig. 3.53. Reprezentarea valorile extreme ale puterii consumate 

DGLPHQVLRQDOH� IXQF LH� GH� YDORULOH� H[WUHPH� DOH� &23� – cazul 
Fq~  

impus, 
is~  constant. 
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Fig. 3.54��9DULD LD�&23�IXQF LH�GH�WHPSHUDWXUD�IULJRULILF ��VWXGLX�

GH�VHQVLELOLWDWH�vQ�UDSRUW�FX�SXWHUHD�IULJRULILF �– cazul 
Fq~  impus, 

is~  constant. 

 

Fig. 3.55�� 9DULD LD� &23�� VWXGLX� GH� VHQVLELOLWDWH� vQ� UDSRUW� FX�

LYHUVHOH� FRPELQD LL� GH� OHJL� GH� WUDQVIHU� GH� F OGXU � OD� FHOH� GRX �

surse – cazul Fq~  impus, is~  constant. 

 $QDOL]D�SHUIRUPDQ�WHORU�PDúLQLL�vQ�FRQGL LLOH�LPSXQHULL�SXWHULL�IULJRULILFH�VH�YD�IDFH�
prin studierea variabilelor sistemului. Astfel, Fig. 3.50�úL�Fig. 3.51 se voU�VWXGLD�vPSUHXQ ��
6H�REVHUY �RE LQHUHD�XQXL�UHJLP�GH�FRQVXP�PLQLP�úL�FRHILFLHQW�GH�SHUIRUPDQ �PD[LP� 
 Din Fig. 3.52� VH�REVHUY �F �SDOLHUXO�FHO�PDL� IDYRUDELO� vQ�FHHD�FH�SULYHúWH�YDORULOH�
WHPSHUDWXULL� IULJRULILFH� HVWH� vQWUH� ���� úL� ���� SHQWUX� D� RE LQH� R� IXQF LRQDUH� FX� GLVLSDUH�
PLQLP �úL�COP�PD[LP��$FHVW�SDOLHU�GHSLQGH�úL�GH�OHJHD�GH�WUDQVIHU�GH�F OGXU ��ÌQ�SDUWHD�
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GUHDSW �D�ILJXULL��SHQWUX�FD]XO�FRQVLGHU ULL�WUDQVIHUXOXL�GH�F OGXU �FX�VFKLPEDUH�GH�ID] �OD�
DPEHOH�VXUVH��VH�REVHUY �OLPLWDUHD�GRPHQLXO�IL]LF�SRVLELO�SHQWUX�WHPSHUDWXUD�IULJRULILF �úL�
SDOLHUXO�RSWLP�vQWUH�����úL����� 
 Reprezentarea din Fig. 3.53�HVWH�VLPLODU �UHSUH]HQW ULL�3XWHUH-Randament în cazul 
PRWRUXOXL�� vQV � DFHDVW � UHSUH]HQWDUH� VHPQLILF � vQ� DFHVW� FD]� SXWHUHD� PLQLP � FRQVXPDW �
IXQF LH�GH�YDORULOH�PD[LPH�DOH�COP��6H�RE LQH�DFHODúL� JHQ�GH�YDULD LH�� FX�DWLQJHUHD�XQXL�
regim de maxim maximorum pentru COP��6H�PDL�REVHUY �F �SHQWUX�COP�vQWUH�����úL�����
�SHQWUX� FD]XO�QXPHULF� FRQVLGHUDW���SRW� IL� DWLQVH� GRX � UHJLPXUL�GLIHULWH� OD� DFHHDúL� YDORDUH�
COP��XQXO�GH�SXWHUH�IULJRULILF �PDL�PDUH�úL�FRQVXP�PDL�PDUH�VDX�DOWXO�GH�FRQVXP�PDL�PLF�
úL�SXWHUH�IULJRULILF �PDL�PLF � 
 8Q� VWXGLX� GH� VHQVLELOLWDWH� vQ� UDSRUW� FX� SXWHUHD� IULJRULILF � DUDW � GHSHQGHQ D�
LQWHUYDOXOXL�IL]LF�SRVLELO�GH�YDULD LH�D�YDORULORU� WHPSHUDWXULL�IULJRULILFH�SUHFXP�úL�D�COP - 
Fig. 3.54��6H�REVHUY �DWkW�DFHDVW �UHVWULF LH�FkW�úL�GHSODVDUHD�SXQFWXOXL�PD[LP�DO�COP�F WUH�
YDORUL�PDL�VF ]XWH�DOH�WHPSHUDWXULL�IULJRULILH� 
 Fig. 3.55�HYLGHQ LD] �HIHFWXO�GLYHUVHORU�FRPELQD LL�GH�OHJL�GH�WUDQVIHU�GH�F OGXU �OD�
FHOH�GRX �VXUVH�WHUPLFH��FD]XO�FHO�PDL�IDYRUDELO�ILLQG�FHO�OLQLDU��LDU�FHO�PDL�SX LQ�IDYRUDELO�
FHO�FX�VFKLPEDUH�GH�ID] �OD�DPEHOH�VXUVH� 

3.3.1 .6.  &kWHYD�UH]XOWDWH�üL�SHQWUX�SRPSHOH�GH�F OGXU  

 'H]YROWDUHD� DQDOLWLF � D� PRGHOXOXL� SHQWUX� SRPSHOH� GH� F OGXU � HVWH� VLPLODU � FHOHL�
SHQWUX�PDúLQL�IULJRULILFH��DYkQG�JULM �OD�GHILQL LD�FRHILFLHQWXOXL�GH�SHUIRUPDQ � 
 ÌQ� FRQWLQXDUH�� YRL� SUH]HQWD� GRDU� FkWHYD� UH]XOWDWH� JUDILFH� RE LQXWH� GXS � DSOLFDUHD�
PRGHOXOXL� SHQWUX� VWXGLXO� XQHL� SRPSH� GH� F OGXU �� 'DWRULW � IDSWXOXL� F � SULQFLSLXO� GH�
IXQF LRQDUH� DO� SRPSHL� GH� F OGXU � HVWH� DVHP Q WRU� FHOXL� GH� IXQF LRQDUH� D� XQHL� PDúLQL�
frigorifice, rezultatele sunt similare. 

 

Fig. 3.56�� 9DULD LD� IOX[XULORU� HQHUJHWLFH� IXQF LH� GH� WHPHSUDWXUD�

DJHQWXOXL� OD�SDUWHD�FDOG �D�PDúLQLL�SHQWUX�FHOH�GRX �UHJLPXUL�GH�

IXQF LRQDUH�– cazul COP impus, is~  constant. 
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Fig. 3.57�� 9DULD LD� SXWHULL� WHUPLFH� DGLPHQVLRQDOH� IXQF LH� GH�

temepratura agentului la parteD�FDOG �D�PDúLQLL�SHQWUX�UHJLPXO�GH�

SXWHUH�WHUPLF �PD[LP ��VWXGLX�GH�VHQVLELOLWDWH�vQ�UDSRUW�FX�&23�– 

cazul COP impus, 
is~  constant. 

 

Fig. 3.58�� 9DULD LD� JHQHU ULL� GH� HQWURSLH� WRWDO � DGLPHQVLRQDO �

IXQF LH�GH�WHPHSUDWXUD�DJHQWXOXL� OD�SDUWHD�FDOG �D�PDúLQLL�SHQWUX�

UHJLPXO�GH�SXWHUH�WHUPLF �PD[LP ��VWXGLX�GH�VHQVLELOLWDWH�vQ�UDSRUW�

cu COP – cazul COP impus, 
is~  constant. 

 În Fig. 3.56� VXQW� UHSUH]HQWDWH� IOX[XULOH�DGLPHQVLRQDOH�SHQWUX�FHOH�GRX �VROX LL� DOH�
VLVWHPXOXL�GH�HFXD LL��$FHHD�VL�REVHUYD LH�FD� OD�PDúLQLOH�IULJRULILFH�HVWH�GH�I FXW�úL�DLFL�úL�
DQXPH��]RQD�SUHIHUDELO �GH�IXQF LRQDUH�HVWH�FHD�SHQWUX�FDUH�HIHFWXO�XWLO�HVWH maxim dar în 
FRQGL LLOH�XQXL�FRQVXP�úL�GVLS UL�PLQLPH��&XP�FHOH�GRX �FRQGL LL�QX�SRW�IL�DWLQVH�VLPXOWDQ��

CTQT=2 

CTQT=2 
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VH� DOHJH� R� VROX LH� GH� FRPSURPLV�� 3HQWUX� FD]XO� VWXGLDW�� DFHDVWD� DU� IL� ]RQD� GLQ� GUHDSWD� D�
JUDILFHORU�SUH]HQWDWH��DGLF � WHPSHUDWXUD� VSD LXOXL� vQF O]LW� FkW�PDL�PDUH��FX�R�EXQ �SXWHUH�
WHUPLF �

Cq~ , dar cu un consum cât mai mic. 

 Studiul de sensibilitate efectuat în raport cu valorile COP� LPSXVH� UHOHY � YDULD LL�
VLPLODUH� SHQWUX� HIHFWHOH� XWLOH� DOH� FHORU� WLSXUL� GH� PDúLQL� FX� FLFOX� LQYHUVDW�� &UHúWHUHD�
FRHILFLHQWXOXL� GH� SHUIRUPDQ � DUH� FD� HIHFW� GLPLQXDUHD� SXWHULL� WHUPLFH� úL� D� WHPSHUDWXULL�
VSD LXOXL� vQF O]LW� - Fig. 3.57. Prin impunerea valorii lui COP�� VF GHUHD� SXWHULL� WHUPLFH�
GHWHUPLQ �OD�UkQGXO�V X�VF GHUHD�GLVLSD LHL�WRtale - Fig. 3.58. 

 

 6XUVHOH� GH� WLS� WHUPRVWDW� QX� UHIOHFW � vQWRWGHDXQD� UHDOLWDWHD�� GDU� VLPSOLILF �PRGHOXO�
PDWHPDWLF�� 6XQW� VLWXD LL�� FD]XUL� SDUWLFXODUH�� FkQG� FRQVLGHUDUHD� XQHL� VXUVH� GH� WHPSHUDWXU �
FRQVWDQW �QX�LQGXFH�HURUL�GH�FDOFXO��ÌQV ��VXQW�úL�FD]XUL�FkQG�WUHEXLH�QHDS UDW�OXDW �vQ�FDOFXO�
YDULD LD�WHPSHUDWXULL�VXUVHL�GH�F OGXU ��$FHVW�FD]�FRUHVSXQGH�VXUVHORU�FX�FDSDFLWWL�ILQLWH� 
 

3.3.2 .  6XUVH�FX�FDSDFLW L�ILQLWH 

 6WXGLXO� VXUVHORU�FX�FDSDFLW L� ILQLWH� LPSOLF �FRQVLGHUDUHD�XQRU� WHPSHUDWXUL diferite 

DOH� DJHQWXOXL� WHUPLF� GLQ� VXUVD� GH� F OGXU � vQWUH� LQWUDUHD� úL� LHúLUHD� GLQ� VFKLPE WRUXO� GH�
F OGXU ��2�DVWIHO�GH�UHSUH]HQWDUH�D�XQXL�FLFOX�LQYHUVDW�&DUQRW�HVWH�vQ�Fig. 3.59. 

 

Fig. 3.59. Reprezentarea ciclului inversat Carnot ireversibil cu 

VXUVH�GH�F OGXU �FX�FDSDFLW L�ILQLWH� 

 6H�YD�QRWD�LQWUDUHD�vQ�VFKLPE WRU�FX�LQGLFHOH�Äe´��LDU�LHúLUHD�FX�LQGLFHOH�Äs”. 

 'LIHUHQ HOH� FDUH� LQWHUYLQ� vQ� GH]YROWDUHD� PRGHlului analitic apar în expresiile 

IOX[XULORU�GH�F OGXU �VFKLPEDWH�vQWUH�DJHQWXO�IULJRULILF�GLQ�PDúLQ �úL�DJHQ LL�WHUPLFL�DL�FHORU�
GRX �VXUVH�GH�F OGXU ��SUHFXP�úL�vQ�H[SUHVLD�HQWURSLHL�WRWDOH�JHQHUDWH��GXS �FXP�XUPHD] � 
-�VFKLPEXO�GH�F OGXU �OD�VXUVD�UHFH�(evaporator) se poate exprima astfel: 

FsSF

FeSF

sSFeSF

FFF

TT

TT

TT
AUQ

−

−
−

=

,

,

,,

ln

�  sau ( )
sSFeSFFSFF TTCQQ ,, −== ���  

(3.134) 
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TC 

TF 
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QC 
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în care ( )
recesursaagentpF cmC

__
�� = �UHSUH]LQW �GHELWXO�FDORULF�DO�DJHQWXOXL�WHUPLF�GLQ�VXUVD�UHFH� 

- schimbul de F OGXU �OD�VXUVD�FDOG ��FRQGHQVDWRU��VH�SRDWH�H[SULPD�DVWIHO� 

sSCC

eSCC

eSCsSC

CCC

TT

TT

TT
AUQ

,

,

,,

ln
−

−
−

=�  sau ( )eSCsSCCSCC TTCQQ ,, −== ���  
(3.135) 

în care ( )
caldasursaagentpC cmC

__
�� = � UHSUH]LQW � GHELWXO� FDORULF� DO� DJHQWXOXL� WHUPLF� GLQ� VXrsa 

FDOG � 
 6H�IDFH�LSRWH]D�VFKLPE WRDUHORU�GH�F OGXU �OD�FDUH�IOX[XO�WUDQVIHUDW�GH�XQ�DJHQW�HVWH�
SUHOXDW�vQ�WRWDOLWDWH�GH�FHO ODOW� 
 Aplicând metoda -NTC, aceste schimburi energetice pot fi exprimate astfel: 

( ) ( ) ( )
FeSFF

NUT

FeSFFFF TTCeTTCQ F −−=−= −
,, 1 ��� ε  (3.136) 

unde 
F

FF

F
C

AU
NUT

�
= , respectiv 

( ) ( ) ( )eSCCC

NUT

eSCCCCC TTCeTTCQ C

,, 1 −−=−= − ��� ε  (3.137) 

C

CC
C

C

AU
NUT

�
= � �GHRDUHFH� DJHQWXO� IULJRULILF� WUHFH� SULQ� VFKLPEDUH� GH� ID] � vQ� WLPSXO�

proceselRU�GH�WUDQVIHU�GH�F OGXU �FX�VXUVHOH�� 
 ÌQ� FHHD� FH� SULYHúWH� JHQHUDUHD� GH� HQWURSLH� WRWDO �� H[SUHVLD� DFHVWHLD� VH� RE LQH� GLQ�
LQWHJUDUHD�IOX[XOXL�GH�F OGXU �WUDQVPLV�OD�ILHFDUH�VXUV �vQWUH�WHPSHUDWXUD�GH�LQWUDUH�úL�FHD�GH�
LHúLUH�D�DJHQWXOXL� 

∫
sSF

eSF

T

T SF

F
T

dT
C

,

,

� ;   ∫
sSC

eSC

T

T SC

C
T

dT
C

,

,

�  (3.138) 

care conduce la: 

eSC

sSC

C

eSF

sSF

FT
T

T
C

T

T
CS

,

,

,

, lnln ��� +=  (3.139) 

ÌQ�UHVW��SURFHGXUD��GH�DGLPHQVLRQDOL]DUH�úL�RSWLPL]DUH��HVWH�DVHP Q WRDUH�FX�FHD�SUH]HQWDW �
deja pentru cazul surselor de tip termostat. 
 &RQVLGHU�F �VH�SRDWH�SUH]HQWD�vQ�FHOH�FH�XUPHD] �XQ�DOW�FD]�GH�RSWLPL]DUH��úL�DQXPH�
vQ�UDSRUW�FX�VXSUDID D�WRWDO �D�FHORU�GRX �VFKLPE WRDUH�GH�F OGXU �úL�UHVSHFWLY�GLVWULEX LD�

RSWLP �D�VXSUDIH HORU�vQWUH�FHOH�GRX �VFKLPE WRDUH. 
 $VWIHO��DOHJ�VSUH�H[HPSOLILFDUH�FkWHYD�FD]XUL��(OH�GLIHU �SULQ�PRGDOLWDWHD�GH�D�DOHJH�
parametrii úL� YDULDELOHOH� VLVWHPXOXL� úL� GH� D� UHSUH]HQWD� UH]XOWDWHOH� IXQF LH� GH� DQXPL L�
SDUDPHWULL�GH�FRPDQG ��ÌQ�SURLHFWDUHD�úL�VDX�UHJODUHD�PDúLQLL��SDUDPHWULL�GH�FRPDQG �YRU�IL�
FHL�DMXVWD L�FRUHVSXQ] WRU�GH�F WUH�LQJLQHU� Multitudinea de studii de caz restul tocmai din 
GLYHUVHOH�FRPELQD LL�vQWUH�SDUDPHWULL�úL�YDULDELOH� 
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3.3.2 .1.  Var iant a A) de opt im izare 

 Un prim caz considerat este uUP WRUXO� 
- 6H� FRQVLGHU � FD� SDUDPHWULL� DL� VLVWHPXOXL� AT, iS�  (LPSXV �GH�XQD�GLQ� FHOH� WUHL� OHJL� GH�

YDULD LH�FRQVLGHUDWH�DQWHULRU), UF, UC, 
FC� , TSC,e, TSF,s. 

- 3DUDPHWULL�GH�FRPDQG �VXQW�DOHúL�DVWIHO��TC, AF. 
- 5HVWULF LLOe sunt: 

FQ� , 
iS�  �GHFL��SXWHUH�IULJRULILF �LPSXV �. 

- $OJRULWPXO�GH�FDOFXO�HVWH�XUP WRUXO� 
��� SOHFkQG�GH� OD� H[SUHVLD� IOX[XOXL� GH� F OGXU � VFKLPEDW� OD� SDUWHD� UHFH� D�PDúLQLL� GH� F WUH�
agentul sursei: 

( )sSFeSFFF TTCQ ,, −= ��  

VH�GHWHUPLQ �WHPSHUDWXUH�DJHQWXOXL�VHFXQGDU�OD�LQWUDUHD�vQ�HYDSRUDWRU��IXQF LH�GH�SDUDPHWULL�
úL�YDULDELOHOH�FRQVLGHUDWH� 

=> 
F

F

sSFeSF
C

Q
TT

�

�
+= ,,   �I�SDUDPHWULL�úL�YDULDELOHOH�VLVWHPXOXL� 

��� H[SUHVLD� IOX[XOXL� GH� F OGXU � VFKLPEDW� OD� SDUWHD� UHFH� D� PDúLQLL�� GDU� VFULV� VXE� IRUP �
JOREDO � 

ln,,mFFFF TAUQ ∆=�  

unde 

FsSF

FeSF

sSFeSF

mF

TT

TT

TT
T

−

−
−

=∆

,

,

,,
ln,,

ln

� HVWH� GLIHUHQ D� PHGLH� ORJDULWPLF � GH� WHPSHUDWXU � vQWUH� FHOH�

GRX �IOXLGH�GLQ�HYDSRUDWRU 
conduce la aflarea temperaturii de vaporizare (temperature agentului frigorific în 
evaporator): 

=> 

( )

( )sSFeSF

F

FF

sSFeSF

F

FF

TT
Q

AU

TT
Q

AU

sSFeSF

F

e

eTT
T

,,

,,

1

,,

−

−

−

−
= ①

①

  �I�SDUDPHWULL�úL�YDULDELOHOH�VLVWHPXOXL� 

3) deoarece 
iS�  este un parametru, din principiul II al termodinamicii aplicat ciclului se 

GHWHUPLQ �IOX[XO�GH�F OGXU �VFKLPEDW�OD�FRQGHQVDWRU� 

=> 







+−= i

F

F

CC S
T

Q
TQ �

�
�  �I�SDUDPHWULL�úL�YDULDELOHOH�VLVWHPXOXL� 

4) Scris sub forma: 

ln,,mCCCC TAUQ ∆=− �  

în care 

sSCC

eSCC

eSCsSC

mC

TT

TT

TT
T

,

,

,,
ln,,

ln
−

−
−

=∆ ��VH�GHWHUPLQ �WHPSHUDWXUH�DJHQWXOXL�VHFXQGDU�OD�LHúLUHD�GLQ�

FRQGHQVDWRU��UH]ROYDUH�JUDILF �� 
=> TSC,s   �I�SDUDPHWULL�úL�YDULDELOHle sistemului) 

���$FHHDúL�H[SUHVLH�D�IOX[XOXL�GH�F OGXU �VFKLPEDW�OD�FRQGHQVDWRU��GDU�VFULV�SHQWUX�DJHQWXO�
VXUVHL��DS �LQGXVWULDO � 

( )eSCsSCCC TTCQ ,, −=− ��  
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IXUQL]HD] �GHELWXO�FDORULF�DO�DJHQWXOXL�VXUVHL� 

=> ( )
eSCsSC

C

C
TT

Q
C

,, −
−

=
�

�   �I�SDUDPHWULL�úL�YDULDELlele sistemului) 

���VH�PDL�FDOFXOHD] �SXWHUHD�FRPSUHVRUXOXL : 

CF QQW ��� +=   �I�SDUDPHWULL�úL�YDULDELOHOH�VLVWHPXOXL� 

úL�FRHILFLHQWXO�GH�SHUIRUPDQ �DO�PDúLQLL� 

W

Q
COP F

�

�
=   �I�SDUDPHWULL�úL�YDULDELOHOH�VLVWHPXOXL� 

SUHFXP�úL�JHQHUDUHD�GH�HQWURSLH�WRWDO � 

eSC

sSC

C

eSF

sSF

FT
T

T
C

T

T
CS

,

,

,

, lnln ��� +=  =�I�SDUDPHWULL�úL�YDULDELOHOH�VLVWHPXOXL� 

 &kWHYD�GLQ�UH]XOWDWHOH�RE LQXWH�VXQW�illustrate în Fig. 3.60 - Fig. 3.64. 
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Fig. 3.60. &RHILFLHQWXO� GH� SHUIRUPDQ � DO� PDúLQLL� IXQF LH� GH�

WHPSHUDWXUD� GH� FRQGHQVDUH� úL� VXSUDID D� HYDSRUDWRUXOXL� �FD]XO�

iS� =constant). 

 În Fig. 3.60�VH�REVHUY �LQIOXHQ D�DULHL�HYDSRUDWRUXOXL��YDULDW �vQWUH��P2�úL�DULD�WRWDO �
D�FHORU�GRX �VFKLPE WRDUH�GH�F OGXU ��úL�D�WHPSHUDWXULL�GH�FRQGHQVDUH�DVXSUD�COP; grafice 
VLPLODUH�VXQW�RE LQXWH�SHQWUX�IOX[XULOH�HQHUJHWLFH�DOH�PDúLQLL��6H�SRDWH�H[WUDJH�R�LQIRUPD LH�
LPSRUWDQW �GLQ�SXQFW�GH�YHGHUH�DO� LQYHVWL LHL�HFRQRPLFH�UHQWDELOH� vQ�FHHD�FH�SULYHúWH�DULD�
HYDSRUDWRUXOXL� vQ� UDSRUW� FX� DULD� FRQGHQVDWRUXOXL��(YLGHQW� F � UH]XOWDWHOH� GLIHU � IXQF LH� GH�
SDUDPHWULL�FRQVLGHUD L��DFHVW�VWXGLX�ILLQG�XWLO�DWXQFL�FkQG�HVWH�DSOLFDW�XQHL�PDúLQL�DQXPH� 
 $FHVW�UH]XOWDW�VH�SRDWH�DQDOL]D�úL�PDL�ELQH�vQ�Fig. 3.61��XQGH�SHQWUX�R�YDORDUH�DOHDV �
D� WHPSHUDWXULL� GH� FRQGHQVDUH� VH� SRDWH� GHWHUPLQD� GLVWULEX LD� RSWLP � D� VXSUDIH HORU� GH�
VFKLPE�GH�F OGXU �vQWUH�FHOH�GRX �VFKLPE WRDUH� 
 $FHDVW � ILJXU � WUHEXLH� LQWHUSUHWDW � úL� FX� DMXWRUXO� Fig. 3.62� GHRDUHFH� úL� LQIOXHQ D�
GHELWXOXL�FDORULF�DO�DJHQWXOXL�WUHEXLH�OXDW �vQ�FRQVLGHUDUH� 
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Fig. 3.61. &RHILFLHQWXO� GH� SHUIRUPDQ � DO� PDúLQLL� IXQF LH� GH�

VXSUDID D� HYDSRUDWRUXOXL�SHQWUX�R� YDORDUH�DOHDV � WHPSHUDWXULL�GH�

condensare (cazul 
iS� =constant). 
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Fig. 3.62. 'HELWXO� FDORULF� DO� DJHQWXOXL� VXUVHL� FDOGH� IXQF LH� GH�

VXSUDID D� HYDSRUDWRUXOXL�SHQWUX�R� YDORDUH�DOHDV � WHPSHUDWXULL�GH�

condensare (cazul iS� =constant). 
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Fig. 3.63. &RHILFLHQWXO�GH�SHUIRUPDQ �DO�PDúLQLL�IXQF LH�GH�GHELWXO�

caloric al agentului sursei calGH� SHQWUX� R� YDORDUH� DOHDV �

temperaturii de condensare (cazul 
iS� =constant). 
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Fig. 3.64. 6XSUDID D� HYDSRUDWRUXOXL� IXQF LH� GH� GHELWXO� FDORULF� DO�

DJHQWXOXL� VXUVHL� FDOGH� SHQWUX� R� YDORDUH� DOHDV  temperaturii de 

condensare (cazul 
iS� =constant). 

 
 Din analiza Fig. 3.63� VH� REVHUY � F � SXQFWXO� RSWLP� GH� IXQF LRQDUH� DU� FRUHVSXQGH�
unui COP�PDUH� úL� XQ� GHELW� FDORULF�PLF�� SDUWHD� VWkQJ � D� FXUEHL�� ÌQV � GLQ�Fig. 3.64 acest 
SXQFW�GH�IXQF LRQDUH�FRUHVSXQGH�úL�XQHL�DULL�D�HYDSRUDWRUXOXL�PDUH��(YLGHQW�F �VH�YD�DOHJH�
R�VROX LH�SH�ED]D�XQXL�FRPSURPLV�WHKQLFR-HFRQRPLF�úL�GH�GLVSRQLELOLWDWH�D�VSD LXOXL� 
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 ,PSXQHUHD�UHVWULF LHL�SHQWUX� iS� �FD�IXQF LH�OLQLDU �GH�WHPHSUDWXU �VDX�ORJDULWPLF ��QX�

PRGLILF � IRUPD�JUDILFHORU�� FL� UHGXFH�GRPHQLXO�GH� YDULD LH� IL]LF�SRVLELO� SHQWUX�YDULDELOHOH�
sistemului. Acest studiu este prezentat în paragraful 3.4.4. prin aplicarea modelului pe date 
experimentale existente. 
 Alte cazuri considerate sunt prezentate în Tabel 3.2. 

Tabel 3.2. Studii de caz –� PDúLQL� IULJRULILFH� FX� VXUVH� WHUPLFH� FX�

FDSDFLW L�ILQLWH��RSWLPL]DUH�GXS �DULD�VFKLPE WRDUHORU�GH�F OGXU � 

&D]XO�,��3XWHUHD�IULJRULILF  
FQ� �LPSXV � Cazul II) Puterea compresorului W� LPSXV  

Nr. 
Parametrii 
modelului 

Parametrii de 
FRPDQG  
(pentru studii de 
sensibilitate) 

Variabilele 
modelului 

5HVWULF LL 

I.1 AT 

UF, UC 

TSFs , TSCe  

AF 

TF , TC   

AC 

TSFe , TSCs  

FC�  , 
CC�  

CQ�  , W�  , COP, 

TS�  

( )sSFeSFFF TTCQ ,, −= ��  

0=+−
F

F

C

C

i
T

Q

T

Q
S

��
�  

I.2 AT 

UF, UC 

TSFs , TSCe  

CC�  

AF 

FC�  
AC 

TSFe , TSCs , TF , TC 

CQ�  , W�  , COP, 

TS�  

( )
sSFeSFFF TTCQ ,, −= ��  

0=+−
F

F

C

C

i
T

Q

T

Q
S

��
�  

I.3 AT 

UF, UC 

TSFs (sau TSFe) , 

TSce 

CC�  

AF 

TC 

FC�  

AC 

TSFe , TSCs , TF , TC 

CQ�  , W�  , COP,  

iS�  , TS�  

( )
sSFeSFFF TTCQ ,, −= ��  

II.1 AT 

UF, UC 

TSFs , TSCe  

AF 

TF , TC 

AC 

TSFe , TSCs , FC�  , 

CC�  

CQ�  , FQ�  , COP, 

TS�  

0<−= CF QQW ���  

0=+−
F

F

C

C

i
T

Q

T

Q
S

��
�  

II.2 AT 

UF, UC 

TSFs , TSce 

CC�  

AF 

FC�  

AC 

TSFe , TSCs , TF , TC 

CQ�  , COP, TS�  

0<−= CF QQW ���  

0=+−
F

F

C

C

i
T

Q

T

Q
S

��
�  

II.3 AT 

UF, UC 

TSFs , TSCe  

CC�  

AF 

TC 

FC�  

AC 

TSFe , TSCs , TF , TC 

CQ�  , FQ� , COP,  

iS�  , TS�  

0<−= CF QQW ���  

 0HQ LRQH]�F �DWXQFL�FkQG�JHQHUDUHD�HQWURSLHL�LQWHUQH�HVWH�FRQVLGHUDW �R�UHVWULF LH�D�
sistemului, aceasta este coQVLGHUDW �GXS �FHOH�WUHL�OHJL�GH�YDULD LH�SUH]HQWDWH�vQ�PRGHO� 
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 ÌQ�FHOH�FH�XUPHD] �YRL�SUH]HQWD�GRDU�GRX �GLQ�DFHVWH�FD]XUL� 

3.3.2 .2.  Var iant a B) de opt im izare (c azul  I .2 d in t abel ) 

 ,DW � XQ� DO� GRLOHD� VWXGLX� GH� FD]� vQ� FHHD� FH� SULYHúWH� RSWLPL]DUHD� VXSUDIH HORU� GH�
scKLPE�GH�F OGXU �– cazul I.2 din Tabel 3.2.  
 )D �GH�H[HPSOXO�SUH]HQWDW�DQWHULRU��YDULDQWD�$���GH�DFHDVW �GDW �GHELWHOH�FDORULFH�
DOH�FHORU�GRL�DJHQ L�QX�VXQW�LPSXVH��ILLQG�YDULDELOH�FH�YRU�IL�GHWHUPLQDWH��ÌQ�SOXV��DSDUH�XQ�
nou parDPHWUX�GH�FRPDQG ��WHPSHUDWXUH�GH�YDSRUL]DUH� 
$OJRUWPXO�GH�FDOFXO�HVWH�XUP WRUXO� 
���'LQ� H[SUHVLD� SXWHULL� IULJRULILFH� VH�GHWHUPLQ � WHPSHUDWXUH� DJHQWXOXL� VHFXQGDU� OD� LHúLUHD�

din evaporator 
F

F

sSFeSF
C

Q
TT

�

�
+= ,, ; 

���$SRL�VH�GHWHPLQ �WHPSHUDWXUH�GH�YDSRUL]DUe 
FF

F
eSFF

C

Q
TT

�

�

ε
−= , ; 

���&RQVLGHU�PDL�UHOHYDQW�FD]XO�GH�YDULD LH�ORJDULWPLF �D�JHQHU ULL�GH�HQWURSLH�LQWHUQ ��GHFL�

2ln1 const
T

T
constS

F

C

i +⋅=� �� FHHD� FH� LPSOLF � UH]ROYDUHD� JUDILF � D� HFXD LHL� SULQFLSLXO� ,,��

02ln1 =+++⋅
F

F

C

C

F

C

T

Q

T

Q
const

T

T
const

��
��DFHDVW �UHOD LH�VH�YD�UH]ROY �vQ�TC, în care fluxurile 

GH�F OGXU �VH�H[SULP �GLQ�HFXD LLOH�PRGHOXOXL�PDWKHPDWLF�SUH]HQWDWH�vQ�FDGUXO�YDULDQWHL�$� 

4) Din expresia ( )eSCsSCCC TTCQ ,, −= �� = ( )eSCCCC TTC ,−�ε � VH� GHWHUPLQ WHPSHUDWXUD�

DJHQWXOXL� GLQ� FRQGHQVDWRU� OD� LHúLUHD� GLQ� VFKLPE WRUXO� GH� F OGXU ��
( )eSCCCeSCsSC TTTT ,,, −+= ε . 

���6H�GHWHUPLQ �IOX[XULOH�HQHUJHWLFH��COP�úL�
TS� . 

 În Fig. 3.65 - Fig. 3.68 sunt prezentate câteva din rezultateOH� RE LQXWH� vQ� XUPD�
acestui studiu: 

 

Fig. 3.65. 3XWHUHD� FRPSUHVRUXOXL� IXQF LH� GH� WHPSHUDWXUD� GH�

FRQGHQVDUH� úL� LQIOXHQ D� �QHVHPQLILFDWLY �� D� GHELWXOXL� FDORULF� DO�

agentului sursei reci (cazul iS�  logaritmic); în dreapta - 

reprezentare de detaliu. 
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Fig. 3.66. 6XSUDID D� HYDSRUDWRUXOXL� IXQF LH� GH� WHPSHUDWXUD� GH�

FRQGHQVDUH� úL� LQIOXHQ D� QHVHPQLILFDWLY � D� GHELWXO� FDORULF� DO�

agentului sursei reci (cazul iS� =logaritmic). 

 

Fig. 3.67. Temperatura agentului sursei reci la intrarea în 

HYDSRUDWRU� IXQF LH� GH� WHPSHUDWXUD� GH� FRQGHQVDUH� úL� LQIOXHQ D�

debitului caloric al agentului sursei reci (cazul 
iS� =logaritmic). 
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Fig. 3.68. (ILFLHQ D� HYDSRUDWRUXOXL� IXQF LH� GH� WHPSHUDWXUD� GH�

FRQGHQVDUH�úL�LQIOXHQ D�GHELWXOXL�FDORULF�DO�DJHQWXOXL�VXUVHL�UHFL�– 

cazul proiect ULL� úL� DOHJHULL� VFKLPE WRUXOXL� GH� F OGXU � OD� VXUVD�

rece (cazul iS� =logaritmic). 

 Din Fig. 3.65� úL�Fig. 3.66� VH� REVHUY � IDSWXO� F � GHELWXO� FDORULF� DO� DJHQWXOXL� GH� OD�
sursa rece nu are o� LQIOXHQ � LPSRUWDQW � DVXSUD�SUIRUPDQ HORU�PDúLQLL�� ÌQ� VFKLPE�� FX� FkW�
WHPSHUDWXUD�GH�FRQGHQVDUH�HVWH�PDL�PLF ��FX�DWkW�FRQVXPXO�FRPSUHVRUXOXL�HVWH�PDL�PLF��ÌQ�
FHHD� FH� SULYHúWH� DULD� HYDSRUDWRUXOXL�� H[LVW � XQ� SDOLHU� SHQWUX� WHPSHUDWXUD� GH� FRQGHQVDUH�
(între 21-��� �&�� SHQWUX� FDUH� P ULUHD� DULHL� HYDSRUDWRUXOXL� FRQGXFH� OD� GLPLQXDUHD�
consumului compresorului. 
 ,QIOXHQ D� GHELWXOXL� FDORULF� DO� DJHQWXOXL� GH� OD� VXUVD� UHFH� QX� HVWH� LPSRUWDQW � QLFL�
DVXSUD�WHPSHUDWXULL�DJHQWXOXL�OD�LHúLUHD�GLQ�HYDSRUDWRU��GHFL�D�VSD LXOXL�U cit. În Fig. 3.67 se 
SRDWH� REVHUYD� F � R� GXEODUH� D� YDORULL� GHELWXOXL� FDORULF� GXFH� OD� R� VF GHUH� D� WHPSHUDWXULL�
VSD LXOXL� U FLW� FX� GRDU� ���� �&�� 7RWXúL�� R� LQIOXHQ � EHQHILF � DUH� DVXSUD� HILFLHQ HL�
evaporatorului - Fig. 3.68��GXEODUHD�YDORULL�GHELWXOXL�FDORULF�DUH�GUHSW�FRQVHFLQ �VF GHUHD�
HILFLHQ HL�HYDSRUDWRUXOXL�QHFHVDU�GH�OD�����OD�����SHQWUX�R�DFHHDúL�YDORDUH�D�WHPSHUDWXULL�
GH� FRQGHQVDUH�� FHHD� FH� DU� vQVHPQD� R� HFRQRPLH� GH� LQYHVWL LH� vQWU-XQ� VFKLPE WRU� IRDUWH 
performant. 

3.3.2 .3.  Var iant a C) de opt im izare (c azul  I .3 d in t abel ) 

 ,DW �XQ�DOW�VWXGLX�GH�FD]�vQ�FHHD�FH�SULYHúWH�RSWLPL]DUHD�VXSUDIH HORU�GH�VFKLPE�GH�
F OGXU �– cazul I.3 din Tabel 3.2. 
 )D �GH�YDULDQWD�$��GH�DFHDVW �GDW �VH�FRQVLGHU �FD�SDUDPHWUX�GH�FRPDQG �GHELWXO�
caloric al agentului sursei calde, 

CC� �� LDU�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �QX�VH�PDL� LPSXQH�

SULQ�QLFL�R�OHJH�GH�YDULD LH�FL�YD�IL�GHWHUPLQDW �GLQ�HFXD LLOH�PRGHOXOXL� 
 Câteva rezultate sunt prezentate în Fig. 3.69 - Fig. 3.71 . 
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Fig. 3.69. &RHILFLHQWXO� GH� SHUIRUPDQ � DO� PDúLQLL� IXQF LH� GH�

WHPSHUDWXUD�GH�FRQGHQVDUH�úL�VXSUDID D�evaporatorului (cazul I.3, 

iS� =constant); reprezentare 3D. 

 

Fig. 3.70. &RHILFLHQWXO� GH� SHUIRUPDQ � DO� PDúLQLL� IXQF LH� GH�

WHPSHUDWXUD�GH�FRQGHQVDUH�úL�VXSUDID D�HYaporatorului (cazul I.3, 

iS� =constant); reprezentare 2D. 
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Fig. 3.71. *HQHUDUHD�GH�HQWURSLH�LQWHUQ �IXQF LH�GH�WHPSHUDWXUD�GH�

FRQGHQVDUH�úL�VXSUDID D�HYDSRUDWRUXOXi (cazul I.3, 
iS� =constant). 

 În Fig. 3.69� HVWH� UHSUH]HQWDW � VROX LD� PDWHPDWLF � D� YDULD LHL� FRHILFLHQWXOXL� GH�
SHUIRUPDQ � IXQF LH� GH� DULD� HYDSRUDWRUXOXL� úL� WHPSHUDWXUD� GH� FRQGHQVDUH�� ÌQV � SULQ�
LPSXQHUHD�FRQGL LLORU�GH�H[LVWHQ � IL]LF �D�DFHVWHL�VROX LL�PDWHPDWLFH�� UH]XOW �R� OLPLWDUH�D�
GRPHQLXOXL�GH�YDULD LH�D�WHPSHUDWXULL�GH�FRQGHQVDUH�vQWUH����– 50°C - Fig. 3.70��6H�REVHUY �
F � SHQWUX� YDORUL� DOH� WHPSHUDWXULL� GH� FRQGHQVDUH� �vQ� FRQGL LLOH� FRQVLGHUDWH� úL� OD� YDORULOH�
QXPHULFH�DOH�SDUDPHWULORU��PDL�PLFL�GH����&��FRHILFLHQWXO�GH�SHUIRUPDQ �HVWH�vQ�FRQWLQX �
FUHúWHUHD�FX�FUHúWHUHD�WHPSHUDWXULL�GH�FRQGHQVDUH��vQUHJLVWUkQG�XQ�PD[LP��DSRL�VF ]kQG�SH�
P VXU � FH� TC� FRQWLQX � V � FUHDVF �� 'H� DVHPHQHD�� GLVWULEX LD� VXSUDIH HORU� GH� VFKLPE� GH�
F OGXU �vQWUH�FHOH�GRX �VFKLPE WRDUH�FRQGXFH�OD�YDULD LD�GRPHQLXOXL�IL]LF�SRVLELO�SHQWUX�TC. 
 &XP�GH�DFHDVW �GDW �QX�DP�PDL�LPSXV�JHQHUDUHD�GH�HQWURSLH�LQWHUQ �SULQ�QLFL�R�OHJH�
GH�YDULD LH��Fig. 3.71�SUH]LQW �FXUEHOH�GH�YDULD LH�D�DFHVWHLD�DúD�FXP�UH]XOW �GLQ�HFXD LLOH�
PRGHOXOXL�úL�PDL�SUHFLV�GLQ�SULQFLSLXO�DO�,,-OHD�DO�WHUPRGLQDPLFLL��6H�REVHUY �F �RULFDUH�DU�
IL�WHPSHUDWXUD�GH�FRQGHQVDUH��FX�FkW�DULD�HYDSRUDWRUXOXL�HVWH�PDL�PLF ��FX�DWkW�JHQHUDrea de 
HQWURSLH�HVWH�PDL�PLF ��'HFL��GLQ�DFHVW�SXQFW�GH�YHGHUH�HVWH�GH�SUHIHUDW�R�IXQF LRQDUH�FX�XQ�
HYDSRUDW�PDL�PLF�GHFkW�FX�XQ�FRQGHQVDWRU�PDL�PLF��2�DOW � LQIRUPD LH� IXUQL]DW �GH�DFHVWH�
JUDILFH�HVWH� LQIOXHQ D� WHPSHUDWXULL�GH�FRQGHQVDUH� DVXSUD�JHQHU ULL�GH�HQWURSLH� LQWHUQ ��FX�
FkW�DFHDVWD�HVWH�PDL�PDUH��SHQWUX�R�YDORDUH�IL[ �D�DULHL�HYDSRUDWRUXOXL��FX�DWkW�JHQHUDUHD�GH�
HQWURSLH�LQWHUQ �FUHúWH� 
 

 ÌQ�FRQFOX]LH��QLFL�GLQ�SXQFW�GH�YHGHUH�DO�SHUIRUPDQ HORU��COP��úL�QLFL�DO�JHQHU ULL�
GH�HQWURSLH�LQWHUQ �QX�HVWH�GH�SUHIHUDW�R�IXQF LRQDUH�OD�WHPSHUDWXUL�GH�FRQGHQVDUH�ULGLFDWH�úL�
FX�R�GLVWULEX LH�D�VXSUDIH HL�GH�VFKLPE�GH�F OGXU �PDL�LPSRUWDQW �SHQWUX�HYDSRUDWRU� 
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3.4 .  Va l idarea m odelu lu i  MTSO-2 pent ru  c azu l  
PDüLQLORU�IULJRULILFH 

 Validarea unui model analitic este un proces foarte important din punct de vedere al 
DFFHSW ULL� UH]XOWDWHORU� DQDOLWLFH� úL� DO� YLLWRDUHORU�SRVLELOH� DSOLFD LL� DOH�PRGHOXOXL� GH]YROWDW��
vQV �vQ�DFHODúL�WLPS�HVWH�XQ�SURFHGHX�ODERULRV�úL�GLILFLO�GDWRULW �PDL�PXOWRU�IDFWRUL�� 
 ÌQ� SULPXO� UkQG�� OLSVD� GDWHORU� H[SHULPHQWDOH� úL� D� SRVLELOLW LORU� GH� HIHFWXDUH� D�
H[SHULPHQWHORU�FRQGXFH�GH�PXOWH�RUL�OD�GH]YROWDUHD�XQRU�PRGHOH�FH�U PkQ�YDODELOH�GRDU�OD�
nivel teorHWLF�� FDUH� VFRW� vQ� HYLGHQ � DQXPLWH� DVSHFWH� WHRUHWLFH� LPSRUWDQWH�� GDU� UH]XOWDWHOH�
QXPHULFH� SRW� GLIHUL� VXEVWDQ LDO� GH� FHOH� UHDOH�� 9DOLGDUHD� XQXL� PRGHO� DQDOLWLF� QHFHVLW �
disponibilitatea unui set de date experimentale care de multe ori este incomplet disponibil. 
 ÌQ�DO�GRLOHD�UkQG��YDOLGDUHD�UHSUH]LQW �GH�PXOWH�RUL�XQ�SURFHV�GH�vQFHUF UL�UHSHWDWH�
ILH�GH�vPEXQ W LUH�D�PRGHOXOXL�DQDOLWLF�SULQ�FRQVLGHUDUHD�XQRU�IHQRPHQH�QHOXDWH�vQ�VHDP �
sau prin introducerea unor factori de corelare, procedeu utilizat des în asWIHO�GH�DSOLFD LL� 
 3H�SDUFXUVXO�GHUXO ULL�DFHVWHL�WH]H�GH�GRFWRUDW�vQ�FRWXWHO ��V-D�LYLW�RFD]LD�HIHFWX ULL�
XQRU�H[SHULPHQWH�GH�ODERUDWRU�vQ�)UDQ D��SH�GRX �PDúLQL� IULJRULILFH�vQ�GLYHUVH�FRQGL LL�GH�
IXQF LRQDUH�� GH� XQGH� H[LVWHQ D� DFHVWHL� S U L� vQ� FDUH� YRL� vQFHUFD� V � GHVFULX� SURFHVXO� GH�
YDOLGDUH� D� PRGHOXOXL� DQDOLWLF� SUH]HQWDW�� DSOLFDW� PDúLQLORU� IULJRULILFH�� GDU� SH� FDUH� vO� YRL�
DSOLFD�FRQGL LLORU�GH�IXQF LRQDUH�DOH�LQVWDOD LHL�FRQVLGHUDWH� 
 

3.4.1 .  &RQWH[WXO�GLVSRQLELOLW LL�GDWHORU�H[SHULPHQWDOH 

 În cadrul unei colabRU UL� vQWUH� ODERUDWRUXO� vQ� FDUH�PL-DP� GHVI úXUDW� DFWLYLWDWHD� vQ�
FDGUXO� DFHVWHL� WH]H� vQ� FRWXWHO �� Laboratoire d’Energétique et Mécanique Theorique et 
Appliquée (LEMTA)�GLQ�FDGUXO�8QLYHUVLW LL�+HQUL�3RLQFDUp�GLQ�1DQF\��)UDQ D��úL�$JHQ LD�
1D LRQDO �SHQWUX�&Hrcetare (Agence Nationale pour la Recherche) s-a încheiat un program 
de cercetare denumit SIMPFRI (Sûreté, Innovation et Maîtrise de l'énergie dans les 
Procédés Frigorifiques) ce are doi parteneri: CEMAGREF (Unité de Recherche, Génie des 
Procédés Frigorifiques - Institut de Recherche pour l'Ingénierie de l'Agriculture et de 
l'Environnement��úL�(')��(OHFWULFLWp�GH�)UDQFH�� 
 5HVSRQVDELOLL� FHORU� GRX � HFKLSH� GH� FHUFHWDUH� VXQW� GO�LQJ�� 'HQLV� /('8&4� GLQ�
SDUWHD� &(0$*5()� úL� GO�LQJ�� )UpGpULF� 6,&$5'� GLQ� SDUWHD� (')� 5	'�� F URUD� OH�
PXO XPHVF� SHQWUX� FRODERUDUH�� VSULMLQ� úL� SURPSWLWXGLQHD� FX� FDUH� DX� U VSXQV tuturor 
FHULQ HORU�QRDVWUH� 
 ÌQ�FDGUXO�DFHVWXL�SURJUDP�GH�FHUFHWDUH��DX�IRVW�SXVH�OD�GLVSR]L LH�GDWH�H[SHULPHQWDOH�
RE LQXWH�FX�GRX �LQVWDOD LL� 
- R� LQVWDOD LH� &(0$*5()� GH�PLF � SXWHUH� IXQF LRQkQG� FX� DJHQ LL� IULJRULILFL�5��� VDX�

R404A; 
- R�LQVWDOD LH�(')�VHPL-inGXVWULDO �GH�SXWHUH�PHGLH�IXQF LRQkQG�FX�5���$�VDX�5���$��

ÌQ� SULQFLSDO� DX� IRVW� VWXGLDWH� GRX � UHJLPXUL� SHUPDQHQWH�� SULPXO� SULQ� PHQ LQHUHD�
FRQVWDQW �D�WHPSHUDWXULL�GH�FRQGHQVDUH�D�DJHQWXOXL�IULJRULILF��LDU�FHO�GH-al doilea prin 
PHQ LQHUHD�FRQVWDQW �D�WHPSHUDWXULL�DJHQWXOXL�VXUVHL�UHFL�OD�LHúLUHD�GLQ�HYDSRUDWRU� 

 &RQVLGHU� LPSRUWDQW� V � PHQ LRQ]� IDSWXO� F � datele experimentale ne-au fost 
IXUQL]DWH� OD� FHUHUH�� H[SHULPHQWHOH� ILLQG� HIHFWXDWH� vQ� FRQGL LLOH� FHUXWH� GH� QRL pentru a 
SXWHD�FRUHOD�GH]YROWDUHD�DQDOLWLF ��LSRWH]HOH�FRQVLGHUDWH��FX�FRQGL LLOH�GH�IXQF LRQDUH�UHDO � 
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3.4.2 .  ,QVWDOD LD�H[SHULPHQWDO  

 9RL�GHVFULH�SH�VFXUW�ILHFDUH�GLQ�FHOH�GRX �LQVWDOD LL�H[SHULPHQWDOH� 

3.4.2 .1.  ,QVWDOD LD�H[SHULPHQWDO �(') 

 ,QVWDOD LD�H[SHULPHQWDO �(')�HVWH�FHD�GLQ�Fig. 3.72.  

 
Fig. 3.72��,QVWDOD LD�IULJRULILF �(')�– HP410A. 
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Fig. 3.73. Schema de pricipiu a buclei R410A – circuitul 

evaporator / agent frigoportor. 
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Fig. 3.74. Schema de pricipiu a buclei R410A – circuitul 

FRQGHQVDWRU���DS �LQGXVWULDO � 

 

Fig. 3.75. Schema de pricipiu -� LQVWDOD LD� IULJRULILF �(')��DJHQ L�

IULJRULILFL�5���$�úL�5���$� 
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 În Fig. 3.73 - Fig. 3.75�VXQW�UHSUH]HQWDWH�VFKHPHOH�GH�SULQFLSLX�DOH�DFHVWHL�LQVWDOD LL��
iar în Tabel 3.3 câteva date caracteristice. 

Tabel 3.3�� &DUDFWHULVWLFLOH� IXQF LRQDOH� DOH� LQVWDOD LHL� IULJRULILFH�

EDF. 

Compresor  SABROE HPO 24 

1XP U�SLVWRDQH 4 

7XUD LD 800 - 1800 rot/min 

Volumul cursei 97 m3/h la 1500rot/min 

Putere motor  37 kW 

Putere frigoriILF  22 - 160 kW 

COP 2 - 6 �GXS �UHJLPXO�GH�IXQF LRQDUH ) 

Temperatura de evaporare  - 35 °C -> + 20 °C 

Temperatura de condensare + 35 °C -> + 45 °C 

*UDG�GH�VXSUDvQF O]LUH 8 °C 

3.4.2 .2.  ,QVWDOD LD�H[SHULPHQWDO �&(0$*5() 

 ,QVWDOD LD�H[SHULPHQWDO �&(0$*5()�HVWH�Fea din Fig. 3.76. 

 

Fig. 3.76. Schema de pricipiu -�LQVWDOD LD�IULJRULILF �&(0$*5()��

DJHQ L�IULJRULILFL�5���úL�5���$� 

HPc 

D
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 În Tabel 3.4�VH�UHJ VHVF�SULQFLSDOHOH�FDUDFWHULVWLFL�DOH�DFHVWHL�LQVWDOD LL� 

Tabel 3.4�� &DUDFWHULVWLFLOH� IXQF LRQDOH� DOH� LQVWDOD LHL� IULJRULILFH�

CEMAGREF. 

Compresor cu piston  
&LOLQGUHH�WRWDO  0,1125·10-3 m3 
7XUD LD�QRPLQDO  1450 rot/min 
Condensator tip "butelie"  
Lungimea serpentinei 6 m 
Diametrul intern al tuburilor 18 mm 
6XSUDID �GH�VFKLPE�GH�F OGXU �SH�SDUWHD�
agentului frigorific 

1,66 m2 

Fluid caloportor apa 
Evaporator coaxial  
$JHQWXO�IULJRULILF�FLUFXO �SH�Lnterior, iar fluidul frigoportor pe 
exterior 
Diametrul intern 15,88 mm 
Grosimea tuburilor 3 mm 
Lungimea tuburilor  5,66 m 
cp VROX LH�GLOXDW �GH�JOLFHULQ  4,05 kJ·kg-1·K-1 
Fluidul frigoportor este un amestec GH�PRQRSURSLOHQ �JOLFRO�úL�DS �
în procent masic de 30% 
Ventil de laminare  
electronic 0 - 100% 

3.4.2 .3.  &RQWUROXO�DVXSUD�LQVWDOD LHL�H[SHULPHQWDOH 

 În Tabel 3.5��VH�SUH]LQW �FkWHYD�GLQ�PDQHYUHOH�FH�SRW�IL�HIHFWXDWH�vQ�YHGHUHD�UHJO ULL�
LQVWDOD LHL�IULJRULILFH�OD�UHJLPXULOH�GH�IXQF LRQDUH�GRULWH��$FHVWH�LGHL�QH-au fost utile pentru 
F �DVWIHO�DP�úWLXW�DVXSUD�F URU�YDULDELOH���SDUDPHWUL�SXWHP�DF LRQD�vQ�GH]YROWDUHD�PRGHOXOXL� 
 0HQ LRQH]� F � SHQWUX� DFHVW� WDEHO� DP� FHUXW� VSULMLQXO� GO�LQJ�� )�� 6,&$5'�� F UXLD� vL�
PXO XPHVF��SHQWUX�D�SXWHD�UHDOL]D�FRQWRSLUHD�vQWUH�WHRULH�úL�SUDFWLF � 

Tabel 3.5�� 0DQHYUH� GH� FRQWURO� úL� UHJODM� DVXSUD� LQVWDOD LHL�

experimentale. 

0 ULPL�FH�SRW�IL�

variate 
&DX] �úL�HIHFW 

3RVLELOLW L�GH�LQWHUYHQ LH�

DVXSUD�EXFOHL�GH�vQFHUF Ui 
3UHVLXQHD�úL�VDX�
temperatura de 
condensare 

În mod normal, presiunea de 
FRQGHQVDUH�VH�UHJOHD] �SULQ�YDULHUHD�
GHELWXO�GH�DS �LQGXVWULDO ��IOXLGXO�
caloportor). ([LVW �GH�DVHPHQHD��R�D�
doua posibilitate ce permite 
PHQ LQHUHD�GHELWXOXL�FRQVWDQW�OD�
LHúLUHD�GLQ�FRQGHQVDWRU�úL�DQXPH�SULQ�
modificarea temperaturii apei la 

Se intervine asupra 
circuitului apei industriale, 
modificând temperatura apei 
la intrarea în condensator.  
$U�IL�SRVLELO �úL�PRGLILFDUHD�
debitului de agent frigorific 
(prin compresor sau ventilul 
de laminare). 
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LQWUDUHD�vQ�FRQGHQVDWRU��JUD LH�
recircul ULL�XQHL�IUDF LXQL�OD�LHúLUHD�
din condensator). 
 

Debitul de agent 
frigorific 

Compresorul are 2 sisteme de reglare:  
a) prin dezactivarea pistoanelor, ce 
SRDWH�IDFH�FD�DFHVWD�V �IXQF LRQH]H�OD�
25, 50, 75 úL 100% din capacitate ; 
E��SULQ�YDULHUHD�WXUD LHL��DYkQG�HIHFW�
DVXSUD�WHPSHUDWXULL�OD�LHúLUHD�GLQ�
evaporator. 
 

Activarea / dezactivarea se 
IDFH�PDQXDO��FD�úL�UHJODUHD�
WXUD LHL. 

Temperatura de 
la intrarea în 
ventilul de 
laminare / gradul 
GH�VXEU FLUH 

5HJODUHD� JUDGXOXL� GH� VXEU FLUH� VH�
poate face manual la nivelul 
VXEU FLWRUXOXL� 

6H� DF LRQHD] � DVXSUD�
GHELWXOXL� GH� DS � LQGXVWULDO  
GLQ� VXEU FLWRU (temperatura 
DSHL� OD� LQWUDUHD� vQ� VXEU FLWRU�
QX�SRDWH�IL�FRQWURODW �� 

 
 Consider important ca reprezentarea rezuOWDWHORU�JUDILFH� V � ILH� UHDOL]DW � IXQF LH�GH�
YDULDELOH� GH� FRQWURO� DVXSUD� F URUD� LQJLQHUXO� SRDWH� DF LRQD� SHQWUX� D� UHJOD� LQVWDOD LD� OD�
DQXPL L�SDUDPHWUL�GH�IXQF LRQDUH�FH�XUPHD] �D�IL�DOHúL�IXQF LH�GH�SHUIRUPDQ HOH�HVWLPDWH� 
 

3.4.3 .  Preluc rar ea dat e lor  ex per im ent ale 

 'DWHOH�H[SHULPHQWDOH�SULPLWH�VSUH�SUHOXFUDUH�DX�IRVW�XUP WRDUHOH� ②
 WHPSHUDWXUD�DJHQWXOXL�IULJRULILF�GH�DVSLUD LH�úL�UHIXODUH�FRPSUHVRU� ②
 WHPSHUDWXUD�DJHQWXOXL�IULJRULILF�GH�LQWUDUH�úL�LHúLUH�FRQGHQVDWRU� ②
 JUDGXO�GH�VXEU FLUH� ②
 temperatura agentului frigorific la intrarea în ventilul de laminare; ②
 WHPSHUDWXUD�DJHQWXOXL�IULJRULILF�GH�LQWUDUH�úL�LHúLUH�HYDSRUDWRU� ②
 WHPSHUDWXUD�DSHL�OD�LQWUDUH�úL�LHúLUH�HYDSRUDWRU� ②
 WHPSHUDWXUD�DSHL�OD�LQWUDUH�úL�LHúLUH�FRQGHQVDWRU� ②
 GHELWXO�GH�DS �GLQ�FRQGHQVDWRU� ②
 GHELWXO�GH�DS �GLn evaporator; ②
 debitul de agent frigorific; ②
 WXUD LD� ②
 SXWHUHD�HOHFWULF � ②
 SUHVLXQHD�DJHQWXOXL�IULJRULILF�OD�DVSLUD LD�úL�UHIXODUHD�GLQ�FRPSUHVRU� ②
 SUHVLXQHD�DJHQWXOXL�IULJRULILF�OD�DVSLUD LD�úL�UHIXODUHD�GLQ�FRQGHQVDWRU� ②
 presiunea agentului frigorific la aspirD LD�vQ�YHQWLOXOGH�ODPLQDUH� ②
 SUHVLXQHD�DJHQWXOXL�IULJRULILF�OD�DVSLUD LD�úL�UHIXODUHD�GLQ�HYDSRUDWRU� 

 
 Prelucrarea datelor a presupus mai multe etape: 
; WUDQVIRUPDUHD�WXWXURU�XQLW LORU�GH�P VXU �vQ�XQLW L�DOH�VLVWHPXOXL�LQWHUQD LRQDO� 
; J VLUHD�� FX� DMXWRUXO� SURJUDPXOXL� GH� FDOFXO� 5()3523� D� SURSULHW LORU� DJHQWXOXL�

frigorific în punctele caracteristice ale ciclului frigorific – Fig. 3.77: entalpii,  
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entropii, volume specifice, etc; 
; calculul schimburilor energetice pe fiecare dispozitiY� DO� LQVWDOD LHL� �FRQGHQVDWRU��

evaporator, compresor, etc): 
SHQWUX�DJHQ LL�WHUPRGLQDPLFL�DL�FHORU�GRX �VXUVH� 

( )
icondagecondagcondagpcondagcondag TTcmQ ,,,,,,,, −= �� ; 

( )
eevapagievapagevapagpevapagevapag TTcmQ ,,,,,,,, −= ��  

(3.140) 

SHQWUX�DJHQWXO�IULJRULILF�GLQ�PDúLQ � 

( )43 hhmQQ trefrigeranC −=≡ ��� ;   ( )78 hhmQQ trefrigeranF −=≡ ���  (3.141) 

3HQWUX�FRPSUHVVRU��SXWHUHD�FRQVXPDW �úL�UDQGDPHQWXO�L]HQWURSLF� 

( )12 hhmWcpr −= �� ; 

12

12

hh

hh

w

w s

real

teoretics

cpr −
−

==η  
(3.142) 

; FDOFXODUHD� WHPSHUDWXULORU� HQWURSLFH� HFKLYDOHQWH� GH� HYDSRUDUH� úL� FRQGHQVDUH�� DVWIHO�
vQFkW�V �DSUR[LPH]�FLFOXO�UHDO�FX�FHO�DO�XQXL�FLFOX�&DUQRW�HFKLYDOHQW� 

43

43
,

ss

hh
T eqcond −

−
= ;  

78

78
,

ss

hh
T eqevap −

−
=  (3.143) 

FDOFXODUHD�JHQHU ULORU�GH�HQWURSLH�LQWHUQ �úL�WRWDO ��conform principiul II al termodinamicii; 
; FDOFXOXO�FRHILFLHQWXOXL�GH�SHUIRUPDQ � 
; UHSUH]HQWDUHD�JUDILF �D�P ULPLORU�FDOFXODWH�úL�D�JHQHU ULL�GH�HQWURSLH�LQWHUQ � 
; încercarHD� GH� D� J VL� FRUHO UL� vQWUH� JHQHUDUHD� GH� HQWURSLH� LQWHUQ � úL� YDULDELOHOH� GH�

FRQWURO� DOH� VLVWHPXOXL� vQ� YHGHUHD� J VLULL� XQHL� UHOD LL� DQDOLWLFH� FX� R� FkW� PDL� EXQ �
DSUR[LPDUH� D� UH]XOWDWHORU� UHDOH� úL� HYHQWXDO� GH� D� YDOLGD� XQD� GLQ� FHOH� WUHL� OHJL� GH�
YDULD LH� XWLOL]DWH� DQWHULRU� vQ� GH]YROWDUHD� PRGelului –� FRQVWDQW �� OLQLDU � VDX�
ORJDULWPLF � 

 0HQ LRQH]�F �DX� IRVW�HIHFWXDWH�FDOFXOH�QXPHULFH� úL� JUDILFH�SHQWUX� ILHFDUH�GLQ�FHOH�
GRX � LQVWDOD LL� IULJRULILFH� úL� SHQWUX� GLYHUúL� DJHQ L� IULJRULILFL�� GXS � H[LVWHQ D� GDWHORU�
experimentale. Astfel, am trasat grafiFH�GH�GHSHQGHQ �D� JHQHU ULL�GH�HQWURSLH� LQWHUQ �GH�
GLYHUúL�SDUDPHWUL pentru�LQVWDOD LD�(')�úL�SHQWUX�LQVWDOD LD CEMAGREF. 

 În urma acestor calcule, s-au observat�F �
iS� �DUH�DFHHDúL�WHQGLQ �GH�YDULD LH�SHQWUX�

GLYHUVH� YDORUL� DOH� WXUD Lei - Fig. 3.79, iar iS� � FUHúWH� FX� FUHúWHUHD� SXWHULL� FRQVXPDWH� úL� D�

puterii frigorifice. 
 &RQVLGHU� F � DQDOL]DUHD� GDWHORU� H[SHULPHQWDOH� SRDWH� FRQGXFH� úL� OD� DOWH� UH]XOWDWH�
LPSRUWDQWH� SULYLQG� DFHVWH� GHSHQGHQ H�� SUHFXP� úL� OD� YDOLGDUHD� LSRWH]HL� FRQVLGHUDWH� vQ�
PRGHOXO�DQDOLWLF� vQ�FHHD�FH�SULYHúWH� OHJLOH�GH�YDULD LH�D�JHQHU ULL�GH�HQWURSLH�

iS� ��HFXD LLOH�

(3.7).
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Fig. 3.77��5HSUH]HQWDUHD�FDOLWDWLY �D�GLDJUDPHORU�S-K�úL�7-s.  
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nr=1445 rot/min
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Fig. 3.78��'HSHQGHQ D�JHQHU ULL�GH�HQWURSLH�LQWHUQ �GH�GHELWXO�GH�

agent frigorific pentru un regim (LQVWDOD LD�(')��R410A). 
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Fig. 3.79. 'HSHQGHQ D� JHQHU ULL� GH� HQWURSLH� LQWHUQ � GH� SXWHUHD�

IULJRULILF �� SHQWUX� GLYHUVH� YDORUL� DOH� WXUD LHL (LQVWDOD LD�

CEMAGREF, R22). 

Si (QF),  nr=1445 rot/min

y = 0.0002x - 0.0867
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Fig. 3.80. 'HSHQGHQ D�6i�GH�SXWHUHD�IULJRULILF ��SHQWUX�R�YDORDUH�D�

WXUD LHL (LQVWDOD LD�&(0$*5()� R22). 
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Si (W),  nr=1445 rot/min
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Fig. 3.81. 'HSHQGHQ D� 6i de puterea compresorului, pentru o 

YDORDUH�D�WXUD LHL (LQVWDOD LD�&(0$*5()��R22). 

3.4.4 .  6LPXODUHD�IXQF LRQ ULL�UHDOH�üL�YDOLGDUHD�

m odelu lui  ana l i t i c  

 Prin aplicarea modelului dezvoltat în pragraful 3.3.2. SHQWUX�VWXGLXO�úL�RSWLPL]DUHD�
LQVWDOD LLORU�H[SHULPHQWale prezentate anterior, s-a realizat o opimizare în trei variabile (TC, 

AF, 
FC�  sau CC� ��� FX� SDUDPHWULL� GH� FRPDQG � FH� SRW� IL� UHJOD L� GH� LQJLQHU�� RE LQkQGX-se 

XUP WRDUHOH�UH]XOWDWH��6LPXODUHD�H[SHULPHQWXOXL�D�IRVW�UHDOL]DW �LPSXQkQG�vQ�SURJUDPXO�GH�
FDOFXO� SDUDPHWULL� LQVWDOD LHL� UHVSHFWLYH� úL� FRQGL LLOH� UHDOH� GH� IXQF LRQDUH� �WHPSHUDWXUL��
GHELWH�� VXSUDIH H� GH� VFKLPE� GH� F OGXU �� HWF��� 3XQFWXO� GH� IXQF LRQDUH� UHDO� HVWH�PDUFDW� SH�
UH]XOWDWHOH�JUDILFH�RE LQXWH�SULQ�VLPEROXO�*. 
 Aplicarea variantei A�FRQGXFH�OD�XUP WRDUHOH�rezultate: Fig. 3.82 - Fig. 3.86. 
 Din Fig. 3.82� UH]XOW � F � LQVWDOD LD� IXQF LRQHD] � OD� XQ� FRHILFLHQW� GH� SHUIRUPDQ �
PD[LP��FX�R�GLVWULEX LH�GH�DULL�GH� WUDQVIHU�GH�F OGXU �PDUH� OD�HYDSRUDWRU��$FHDVW � ILJXU �
HVWH� VLPLODU �FX�Fig. 3.63��GDU�GH�DFHDVW �GDW �DSOLFDW �XQRU�FRQGL LL�UHDOH�GH�IXQF LRQDUH��
Punctul experimental a fost pR]L LRQDW�SULQ�FRPELQDUHD�YDORULORU�H[SULPHQWDOH�DOH�COP�úL�

CC� . 

 &kQG� VH� DSOLF � PRGHOXOXL� R� OHJH� GH� YDULD LH� OLQLDU � VDX� XQD� ORJDULWPLF � FX�
WHPSHUDWXUD�D�JHQHU ULL�GH�HQWURSLH� LQWHUQ �� VH�RE LQ�FXUEHOH�GLQ�Fig. 3.83, respectiv Fig. 
3.84��(VWH�GH�UHPDUFDW�UHGXFHUHD�GRPHQLXOXL�IL]LF�SRVLELO�GH�YDULD LH�D�GHELWXOXL�FDORULF�DO�
agentului sursei calde, CC� ��úL�LPSOLFLW�D�DULHL�HYDSRUDWRUXOXL�- Fig. 3.85�úL�Fig. 3.86. 

 Fig. 3.87� úL�Fig. 3.88� DUDW � UH]XOWDWHOH� VLPXO ULL� IXQF LRQ ULL�PDúLQLL� vQ� UDSRUW� FX�
SXQFWHOH� H[SHULPHQWDOH�� 6H� REVHUY � R� EXQ � FRUHODUH� D� SHUIRUPDQ HORU� úL temperaturii 
DJHQWXOXL�GLQ�PDúLQ ��GDU�R�XúRDU �VXEDSUHFLHUH�D�FRHILFLHQWXOXL�GH�SHUIRUPDQ � 
 2EVHUYD LLOH� UHPDUFDWH� vQ�paragraful 3.3.2.2. , unde au fost prezentate rezultatele 
JUDILFH�RE LQXWH�SULQ�DSOLFDUHD�PRGHOXOXL�XQHL�RDUHFDUH�PDúLQL�IULJRULILFH��U PkQ�YDODELOH�vQ�
DFHVW�FD]��XQGH�DP�DSOLFDW�PRGHOXO�XQHL�LQVWDOD LL�vQ�IXQF LRQDUH��'LQ�Fig. 3.89�VH�REVHUY �R�
IRDUWH� EXQ � FRUHODUH� D� HVWLP ULORU� DQDOLWLFH� FX� UH]XOWDWHOH� H[SHULPHQWDOH�� ÌQ� SOXV�� VH�PDi 
REVHUY �F �SXQFWXO�GH�IXQF LRQDUH�HVWH�VLWXDW� OD� WHPSHUDWXUL�GH�FRQGHQVDUH�PDL�PLFL��FHHD�
ce conform concluziei de la pagina 247��VLWXHD] �IXQF LRQDUHD� LQVWDOD LHL� vQWU-un regim de 
GLVLSDUH�LQWHUQ �FkW�PDL�UHGXV . 
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Fig. 3.82. &RHILFLHQWXO�GH�SHUIRUPDQ �DO�PDúLQLL�IXQF LH�GH�GHELWXO�

FDORULF� DO� DJHQWXOXL� VXUVHL� FDOGH� SHQWUX� R� YDORDUH� DOHDV �

temperaturii de condensare – comparare cu punctul experimental * 

(cazul iS� =constant, LQVWDOD LD�(')��R410A). 
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Fig. 3.83. &RHILFLHQWXO�GH�SHUIRUPDQ �DO�PDúLQLL�IXQF LH�GH�GHELWXO�

FDORULF� DO� DJHQWXOXL� VXUVHL� FDOGH� SHQWUX� R� YDORDUH� DOHDV �

temperaturii de condensare – comparare cu punctul experimental * 

(cazul iS� =liniar, LQVWDOD LD�(')��R410A). 
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Fig. 3.84. &RHILFLHQWXO�GH�SHUIRUPDQ �DO�PDúLQLL�IXQF LH�GH�GHELWXO�

caloric al ageQWXOXL� VXUVHL� FDOGH� SHQWUX� R� YDORDUH� DOHDV �

temperaturii de condensare – comparare cu punctul experimental * 

(cazul 
iS� =logaritmic, LQVWDOD LD�(')��R410A). 
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Fig. 3.85. Aria evaporatorului fXQF LH� GH� GHELWXO� FDORULF� DO�

DJHQWXOXL� VXUVHL� FDOGH� SHQWUX� R� YDORDUH� DOHDV � WHPSHUDWXULL� GH�

condensare – comparare cu punctul experimental * (cazul 

iS� =liniar, LQVWDOD LD�(')��R410A). 
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Fig. 3.86. $ULD� HYDSRUDWRUXOXL� IXQF LH� GH� GHELWXO� FDORULF� DO�

DJHQWXOXL� VXUVHL� FDOGH� SHQWUX� R� YDORDUH� DOHDV � WHPSHUDWXULL� GH�

condensare – comparare cu punctul experimental * (cazul 

iS� =logaritmic, LQVWDOD LD�(')��R410A). 

 

Fig. 3.87. 6LPXODUHD� SHUIRUPDQ HORU� PDúLQLL� IXQF LH� GH� GHELWXO�

caloric al agentului sursei calde – comparare cu punctele 

experimentale * (cazul iS� =constant, LQVWDOD LD�(')��R410A). 
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Fig. 3.88. 6LPXODUHD� WHPSHUDWXULORU� DJHQWXOXL� GLQ�PDúLQ � IXQF LH�

de debitul caloric al agentului sursei calde – comparare cu 

punctele experimentale * (cazul iS� =constant, LQVWDOD LD� (')��

R410A). 

 
 Aplicarea variantei B�FRQGXFH�OD�XUP WRDUHOH�rezultate: Fig. 3.89 - Fig. 3.90. 

 

Fig. 3.89. 3XWHUHD� FRPSUHVRUXOXL� IXQF LH de temperatura de 

condensare; studiu de sensibilitate în raport cu debitul caloric al 

agentului sursei reci – comparare cu puncte experimentale * (cazul 

I.2, 
iS� =const., LQVWDOD LD�&(0$*5()��5��). 
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Fig. 3.90. (ILFLHQ D� HYDSRUDWRUXOXL� IXQF LH� GH� WHPSHUDWXUD� GH�

condensare; studiu de sensibilitate în raport cu debitul caloric al 

agentului sursei reci – comparare cu puncte experimentale * (cazul 

I.2, iS� =const., LQVWDOD LD�&EMAGREF, R22). 

 
 Aplicarea variantei C�FRQGXFH�OD�XUP WRDUHOH�rezultate: Fig. 3.91 - Fig. 3.93. 

 

Fig. 3.91. COP� IXQF LH� GH aria evaporatorului; studiu de 

sensibilitate în raport cu temperatura de condensare – comparare 

cu puncte experimentale * (cazul I.3, LQVWDOD LD�&(0$*5()��5��); 

VWXGLX�FRPSDUDWLY�SHQWUX�GRX �YDORUL�DOH�SXWHULL�IULJRULILFH�LPSXVH� 
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Fig. 3.92. 3XWHUHD� FRPSUHVRUXOXL� IXQF LH� GH aria evaporatorului; 

studiu de sensibilitate în raport cu temperatura de condensare – 

comparare cu puncte experimentale * (cazul I.3, LQVWDOD LD�

CEMAGREF, R22); studiu coPSDUDWLY� SHQWUX� GRX � YDORUL� DOH�

puterii frigorifice impuse. 

 

Fig. 3.93. *HQHUDUHD� GH� HQWURSLH� LQWHUQ � IXQF LH� GH aria 

evaporatorului; studiu de sensibilitate în raport cu temperatura de 

condensare – comparare cu puncte experimentale * (cazul I.3, 

LQVWDOD LD� &(0$*5()�� 5��); VWXGLX� FRPSDUDWLY� SHQWUX� GRX �

valori ale puterii frigorifice impuse. 

 'LQ�JUDILFHOH�SUH]HQWDWH�VH�REVHUY �R�EXQ �FRUHODUH�D�HVWLP ULORU�DQDOLWLFH�FX�GDWHOH�
experimeQWDOH��$X�IRVW�HIHFWXDWH�GLYHUVH�VWXGLL�GH�VHQVLELOLWDWH�SHQWUX�D�VH�XUP UL�SRVLELOH�
UHJLPXUL� RSWLPH� DOH� LQVWDOD LHL� ID � GH� SXQFWXO� DFWXDO� GH� IXQF LRQDUH�� 'LQ� UHSUH]HQW ULOH�
JUDILFH�RE LQXWH��UH]XOW �F �DPEHOH�LQVWDOD LL�IXQF LRQHD] �OD�XQ�UHJLP�GH�SDUDPHtri optimi. 
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 3ULQ�FRUHODUHD�EXQ �D�HVWLP ULORU�DQDOLWLFH�FX�UH]XOWDWHOH�H[SHULPHQWDOH��FRQVLGHU F �
UHDOL]DUHD� VLPXO ULL� IXQF LRQ ULL� DFHVWRU� LQVWDOD LL� SRDWH� IL� XWLO � vQ� VWXGLXO� DOWRU� LQVWDOD LL��
SHQWUX� DOHJHUHD� UHJLPXULORU� RSWLPH� GH� IXQF LRQDUH�� &XP� RULFH� SURFHGXU � GH� YDOLGDUH�
SUHVXSXQH� H[LVWHQ D� D� FHO� SX LQ� XQ� SDUDPHWUX� GH� DMXVWDUH�� DFHVW� SDUDPHWUX� vQ� FD]XO�
PRGHOXOXL� SUH]HQWDW� vO� UHSUH]LQW � FRQVWDQWD� GLQ� OHJLOH� GH� YDULD LH� D� HQWURSLHL� LQWHUQH�
JHQHUDWH�D�F URU�YDORUL�DX�IRVW�OXDWH�GLQ�SUHOXFUDUHD�GDWHORU�experimentale. 
 $ú� vQGU ]QL� V � SUHY G� R� vPEXQ W LUH� D� DFHVWXL� PRGHO� SULQ� J VLUHD� XQHL� OHJL� GH�
GHSHQGHQ � D� JHQHU ULL� GH� HQWURSLH� LQWHUQ � GH� XQD� GLQ� P ULPLOH� PRGHOXOXL� �WXUD LD�
compresorului, debitul de agent din ciclu, etc) sau de determinare a unei depenGHQ H� D�
FRQVWDQWHORU�GLQ�OHJLOH�GH�YDULD LH�GH�DFHVWH�P ULPL��DVWIHO�vQF W�PRGHOXO�V �SRDW �IL�DSOLFDW�
QX�QXPDL�vQ�VFRSXO�VLPXO ULL��GDU�úL�DO�SURLHFW ULL�LQVWDOD LLORU��FX�R�SUHGLF LH�FkW�PDL�EXQ �D�
rezultatelor experimentale. 
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4.  &21&/8=,,�*(1(5$/(�ûI  
PERSPECTIVE 

 
 
 &HUFHWDUHD�SUH]HQWDW �vQ�FDGUXO�DFHVWHL�WH]H�GH�GRFWRUDW�D�IRVW�GH]YROWDW �SH�GRX �
GLUHF LL�SULnFLSDOH��úL�DQXPH�7HUPRGLQDPLFD�FX�9LWH] �)LQLW �úL�7HUPRGLQDPLFD�vQ�7LPS�
Finit. 
 &HOH� GRX �PRGHOH� PDWHPDWLFH� GH]YROWDWH� VXQt considerate a fi unelte utile în 
SURFHVXO� GH� RSWLPL]DUH� D� PDúLQLORU� UHDOH�� GDU� úL� vQ� HWDSD� GH� FRQFHS LH�� vQ� IXQF LH� GH�
UHVWULF LLOH�LPSXVH� 
 Calculele numerice aferente au fost efectuate utilizând soft-ul MATLAB, prin 
elaborarea de programe de calcul comSOH[H�GDWRULW �PXOWLSOHORU�VWXGLL�GH�VHQVLELOLWDWH�úL�
D� QXP UXOXL� PDUH� GH� VWXGLL� GH� FD]� SUH]HQWDWH�� 3UHOXFUDUHD� GDWHORU� H[SHULPHQWDOH� V-a 
efectuat utilizând programul Microsoft EXCEL� SUHFXP� úL� SURJUDPH� FX� WDEHOH�
WHUPRGLQDPLFH� SHQWUX�GHWHUPLQDUHD� SURSULHW LORU� DJHQWXOXL�GLQ� FLFOX� vQ� GLYHUVHOH� VW UL�
(REFPROP). 
 )D � GH� VWDGLXO� DFWXDO� DO� FHUFHW ULORU�� V-D� RE LQXW� XQ� DQVDPEOX� GH� FXQRúWLQ H�
FRQFUHWL]DW� SULQ� UHSUH]HQW UL� JUDILFH� GHWDOLDWH� DOH� SHUIRUPDQ HORU� PDúLQLORU� VWXGLDWH�
IXQF LH�GH�SDUDPHWULL�GH�FRPDQG ��SDUDPHWUL�FH�SRW�IL�DMXVWD L�GH�LQJLQHU�vQWU-R�LQVWDOD LH�
H[LVWHQW ���SUHFXP�úL�QXPHURDVH�VWXGLL�GH�VHQVLELOLWDWH��&kWHYD�UHSUH]HQW UL�JUDILFH�VXQW�
RULJLQDOH�úL�SUH]HQWDWH�SHQWUX�SULPD�GDW � 
 6WDELOLUHD� DFHORU�SDUDPHWUL� FH�SRW� IL� XúRU� DMXVWD L� GH� LQJLQHU� D� IRVW� HIHFWXDW � vQ�
XUPD� FRQVXOW ULL� FX� VSHFLDOLúWL�� LQJLQHUL� GH� FHUFHWDUH� vQ� WHKQLFD� IULJXOXL� GH� OD� (')� úL�
&(0$*5()��)UDQ D� 
 
 $SOLFDUHD�0HWRGHL�'LUHFWH�OD�VWXGLXO�úL�RSWLPL]DUHD�PRWRDUHORU�6WLUOLQJ�VRODUH�D�
SUHVXSXV� LQWHJUDUHD� vQ� VFKHPD� GH� FDOFXO� FRUHVSXQ] toare motoarelor Stirling 
FRQYHQ LRQDOH� D� S U LL� ÄVRODUH´� FRPSXV � GLQ� FRQFHQWUDWRUXO� GH� UDGLD LH� VRODU �
FRQFHQWUDW � �RJOLQGD� SDUDEROLF ��� UHFHSWRUXO�� PRWRUXO� 6WLUOLQJ� VRODU� úL� JHQHUDWRUXO�
electric. Acest lucru a implicat introducerea unor randamente corespXQ] WRDUH� úL� D�
ÄUHJO ULL´�WXUD LHL�PRWRUXOXL�vQ�IXQF LH�GH�IOX[XO�GH�F OGXU �GLVSRQLELO�GLQ�UHFHSWRU� 
 Utilizarea datelor experimentale din literatura de specialitate ne-D� RIHULW� úDQVD�
XQHL� YDOLG UL� D� VFKHPHL� SURSXVH� SHQWUX� �� PRWRDUH� 6WLUOLQJ� VRODUH� úL� �� Uegimuri de 
IXQF LRQDUH� 
 Validarea MHWRGHL�'LUHFWH� DSOLFDW �PRWRDUHORU� 6WLUOLQJ� VRODUH� QH-D� vQFXUDMDW� V �
QH�JkQGLP�OD�DSOLFD LL�SUDFWLFH�Dle�DFHVWHL�PHWRGH��GH�XQGH�D�DS UXW�LGHHD�GH�D�SUH]HQWD�
úL� DSOLFD� PRGHOXO� GH]YROWDW� SHQWUX� R� LQVWDOD LH� VRODU � concepuW  pentru producerea 
HQHUJLHL�HOHFWULFH�úL�D�KLGURJHQXOXL�FD�SXUW WRU�GH�HQHUJLH��VFKHP �SH�FDUH�DP�GHQXPLW-o 
schema SEHE (Solar – Electricitate – Hidrogen - Electricitate). Avantajul cel mai 
SUH LRV�DO�DFHVWHL�PHWRGH�HVWH�DFHOD�F �permite calculul performDQ HORU�PRWRUXOXL�VRODU�

vQ� IXQF LH� GH� GHQVLWDWHD� GH� UDGLD LH� VRODU  (insola LD E) úL� GHFL� SRDWH� IL� DSOLFDW  în 
RULFDUH�FRQGL LL�FOLPDWLFH�úL�JHRJUDILFH. 
 S-DX�VWXGLDW�PDL�PXOWH�FD]XUL��DWkW�GLQ�SXQFW�GH�YHGHUH�DO�ORFDOL] ULL�JHRJUDILFH��
FkW�úL�FD�WLS�GH�XWLOL]DWRU��FDV �SDUWLFXODU �VDX�FO GLUH�GH�ELURXUL���6-au efectuat calcule 
complete pentru consumul energetic timp de un an de zile, luându-se în considerare cele 
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SDWUX�DQRWLPSXUL��SHQWUX�VWXGLXO�XQXL�XWLOL]DWRU�vQ�5RPkQLD��úL�GHFL��D�SHULRDGHOH�GLIHULWH�
de�SURGXFHUH�D�HQHUJLHL�HOHFWULFH�GLQ� HQHUJLH� VRODU ��YDUD� vQ� VSHFLDO� vQPDJD]LQkQGX-se 
VXE�IRUP �GH�KLGURJHQ��VWRFDW�úL�DSRL�XWLOL]DW�LDUQD�SUHFXP�úL�vQ�FHOHODOWH�SHULRDGH�vQ�FDUH�
HQHUJLD�VRODU �QX�HVWH�GLVSRQLELO �ILH�GHORF��ILH�vQ�FDQWLWDWH�VXILFLHQW � 
 Au fost efectuate calcule aferente multiplelor conversii energetice. 
 6SHU�F �UH]XOWDWHOH�RE LQXWH VXQW�XWLOH�úL�vPL�GRUHVF�V �J VHVF�UHVXUVHOH�QHFHVDUH�
SHQWUX�D�FRQWLQXD�DFHDVW �FHUFHWDUH�FDSWLYDQW . 
 
 Modelul termodinamic dezvoltat pentru studiul ciclului Carnot ireversibil a pus 
vQ�HYLGHQ  UH]XOWDWH�LPSRUWDQWH�DVXSUD�H[LVWHQ HL�XQRU�UHJLPXUL�GLIHULWH�GH�IXQF LRQDUH�D�
PDúLQLORU� WHUPLFH� úL� DVXSUD� OLPLWHORU� SRVLELOH� SH� FDUH� OH� SRW� OXD�SDUDPHWULL� VLVWHPXOXL�
VWXGLDW� SUHFXP� úL� OLPLWHOH� GH� YDULD LH� D� YDULDELOHORU� PDúLQLL�� vQ� IXQF LH� GH� UHVWULF LLOH�
impuse.� ,PSXQHUHD� UHVWULF LLORU� vQ�PRGHO� HVWH� XQD� GLQ� FRQGL LLOH� WHUPRGLQDPLFLL� UHDOH��
ireversibile. 
 ùDQVD�GH�D�DYHD�DFFHV�OD�GDWH�H[SHULPHQWDOH ne-a oferit ocazia de a putea realiza 
VLPXODUHD� IXQF LRQ ULL� XQHL�PDúLQL frigorifice úL� GH� D� FRPSDUD� SHUIRUPDQ HOH� HVWLPDWH�
analitic cu cele determinate experimental.�0HQ LRQ P� IDSWXO� F � UHJLPXULOH� GLIHULWH� GH�
experimentare efectuate au fost solicitate în mod expres de noi, în cadrul unui contract 
de colaborare, având furnizate în acest mod diverse seturi de date experimentale. 
 Mare parte din experimentele realizate au fost comandate având chiar ca 
RELHFWLY�VLPXODUHD�úL�YDOLGDUHD�PRGHOXOXL�GH]YROWDW�GHMD� 
 
 ÌQGU ]QHVF� V � DILUP� F � GH]YROWDUHD� GH� FDUH�P-am ocupat pe parcursul acestei 
perioade ne-a deschis noi perspective� SH� FDUH� QH� GRULP� V � OH� DGXFHP� vQ� ID] � GH�
realizare în viitorul apropiat. 3ULQWUH�FHOH�PDL�LPSRUWDQWH��HQXPHU P: 

� &RPSOHWDUHD�PRGHOXOXL�GH�FDOFXO�DO� LQVWDOD LHL�VRODUH�SUH]HQWDWH�SHQWUX�SURGXFHUHD�
energiei electricH� úL� D� KLGURJHQXOXL� FD� SXUW WRU� GH� HQHUJLH printr-un calcul de 
proiectare a modulelor solare úL� UHVSHFWLY� D� VXSUDIH HL� GH� WHUHQ� QHFHVDUH�
UHFHSWRULORU� GH� UDGLD LH� VRODU � FRQFHQWUDW � �RJOLQ]LOH� SDUDEROLFH� pornind de la 
estimarea unui necesar de energie elecWULF ��SHQWUX�GLYHUVH�DSOLFD LL (studiul de caz 
C prezentat în paragraful respectiv); 

� &RPSOHWDUHD� DFHOXLDúL� PRGHO� SULQ� FDOFXOH� DIHUHQWH� HVWLP ULL� DQDOLWLFH� D�
UDQGDPHQWHORU� HOHFWUROL]RUXOXL� úL� SLOHL� GH� FRPEXVWLH, FX� DMXWRUXO� UHOD LLORU�
termodinamice; 

� Realizarea unui studiu comparativ între diverse metode de captare a energiei 
solare; 

� Realizarea unui studiu economic comparativ între diverse sisteme de producere a 
energiei electrice pe baza energiei solare; 

� ([WLQGHUHD� YDOLG ULL modelelor prezentate pentru mai PXOWH�PDúLQL� vQ� IXQF LRQDUH 
(motoare, PDúLQL� IULJRULILFH, pompe GH� F OGXU ); validarea modelului metodei 
'LUHFWH�FX�GDWHOH�H[SHULPHQWDOH�SH�FDUH�OH�GH LQHP�SHQWUX�PDúLQL�IULJRULILFH� 

� Completarea SUHOXFU ULL� GDWHORU� H[SHULPHQWDOH� RE LQXWH vQ� YHGHUHD� J VLULL unei 
UHOD LL analitico-experimentale pentru estimarea JHQHU ULL� GH� HQWURSLH� LQWHUQ  sau 
FHO� SX LQ� D� FRQVWDQWHORU ce intervin vQ� OHJHD� GH� YDULD LH� ORJDULWPLF � FX� UDSRUWXO�
temperaturilor, IXQF LH� GH� HOHPHQWHOH� PDúLQLL� VWXGLDWH (DQDOL]DUHD� LQIOXHQ HL�
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suprafe HORU� FHORU� GRX � VFKLPE WRDUH� GH� F OGXU , a dimensiunilor principale ale 
PDúLQLL, etc); 

� &XSODUHD� FHORU� GRX � FXUHQWH ale Termodinamicii Ireversibile prin integrarea în 
modelul specific Termodinamicii în Timp Finit a expresiei JHQHU ULL�GH�HQWURSLH�
LQWHUQ  dH]YROWDW � FX� DMXWRUXO� Termodinamicii FX� 9LWH] � )LQLW  (vQ� IXQF LH� GH�
YLWH]D�SURFHVHORU�GLQ�PDúLQ ). 

 
 'H� DVHPHQHD�� XUP ULP� FRPSOHWDUHD SXEOLFD LLORU UHDOL]DWH� vQ� DFHDVW � SHULRDG  
prin noi articole în revistele de specialitate, HWDS �LPSRUWDQW �D�FHUFHW ULL. 
 
 ÌP�H[SULP�UHFXQRúWLLQ D� úL� VLQFHUH�PXO XPLUL tuturor celor care au contribuit la 
DFHDVW � FHUFHWDUH, fie prin sfaturi utile, SULQ� vQGUXPDUHD� F WUH�R� UHIHULQ � ELEOLRJUDILF �
LPSRUWDQW , SULQ�DGUHVDUHD�XQHL�IUD]H�PHQLWH�vQFXUDM ULL, ILH�FX�R�UHPDUF �SHUWLQHQW  XWLO �
vQ�DPHOLRUDUHD�LSRWH]HORU�FRQVLGHUDWH�úL�GHFL�D�PRGHOHORU�GH]YROWDWH. 
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