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c  g]J�O�ÕVÕ���N-�NJ�.�� 
E  Enerji ( kJ ) 

e  Özgül enerji ( kJ/kg ) 

G                     Gibbs Fonksiyonu ( kJ/kg ) 

g  Yerçekimi ivmesi ( m/s2 ) 

H  Entalpi ( kJ ) 

h  Özgül entalpi ( kJ/kg ) 

I                      Tersinmezlik (kJ) 

m  Kütle ( kg ) 

•
m   Kütle debisi ( kg/s ) 

n  Politropik üs ( birimsiz ) 

P  %DVÕQo���N3D�� 
Q  ,VÕ���N-�� 
R  Gaz sabiti ( kJ/kg.K ) 

toplamS
•

   SLVWHP�HQWURSLVLQGHNL�WRSODP�GH÷LúLP���N:���.�� 
S  Entropi ( kJ/kg.K ) 

s  Özgül entropi ( kJ/kg.K) 

T 6ÕFDNOÕN���.�� 
t             Zaman ( s ) 

U ������������øo�HQHUML���N-�� 
u            Özgül iç enerji ( kJ / kg ) 

V                     Hacim ( m3 ) 

V       ��������������+Õ]���P���V�� 
W  ������������øú���N-�� 
[���������������������$PRQ\DN�GHULúLNOLN�RUDQÕ���NJ���NJ��� 
Z                     Yükseklik ( m ) 

∆  �����������øNL�GH÷HU�DUDVÕ�GH÷LúLP 

Σ             Toplam 

ν             Özgül Hacim ( m3/kg ) 

∂  �����������.ÕVPL�W�UHY 

ε  �����øNLQFL�NDQXQ�YHULPL  

Φ  �����������.DSDOÕ�VLVWHP�NXOODQÕODELOLUOL÷L���N-����� 



φ      ������.DSDOÕ�VLVWHPLQ�ELULP�N�WOH�LoLQ�NXOODQÕODELOLUOL÷L���N-�NJ� 
Ψ �����������������$oÕN�VLVWHP�DNÕú�NXOODQÕODELOLUOL÷L���N-�� 
η                    Birinci kanun verimi 

 

øQGLVOHU 
a  Absorber 

as                    Absorbiyon sistemi 

ç  dÕNÕú 
evap                Evaporatör 

g  *LULú 
kond             Kondenser 

S���������������������d|]HOWL�SRPSDVÕ 
tr   Tersinir 

üret  Üretilen 

v  .ÕVÕOPD�YDQDVÕ 
 

Üsler 

.
 (nokta) Birim zamanda 

o (çember) Standart referans hali 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



KISALTMALAR 

 

&23���������������6R÷XWPD�(WNLQOLN�.DWVD\ÕVÕ��ELULPVL]� 
KE                  Kinetik Enerji ( kJ ) 

PE   Potansiyel Enerji ( kJ ) 

6$6$�������������6�UHNOL�$NÕúOÕ�6�UHNOL�$oÕN 

CEHX   Kondenser –�(YDSDUDW|U�ÕVÕ�GH÷LúWLULFLVL 
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ÖNSÖZ 

%X� WH]�� <ÕOGÕ]� 7HNQLN� hQLYHUVLWHVL� )HQ� %LOLPOHUL� (QVWLW�V�¶QH� ED÷OÕ� 0DNLQH� 0�KHQGLVOL÷L�
$QDELOLP�'DOÕQGD�,VÕ�3URVHV�SURJUDPÕQGD�KD]ÕUODQDQ�\�NVHN�OLVDQV�WH]LGLU�� 
 
0RGHUQ�\DúDPÕQ�D\UÕOPD]�ELU�SDUoDVÕ�KDOLQH�JHOHQ�HQHUML�� LQVDQR÷OXQXQ�HQ� WHPHO�LKWL\DFÕGÕU��
*�Q�P�]GH�GR÷DO�ND\QDNODUGDNL�VÕNÕQWÕ���UHWLPOHUGHNL�]RUOXNODU�QHGHQL\OH�HQHUML�PDOL\HWOHUL�
\�NVHN�RUDQODUGD�JHUoHNOHúPHNWHGLU� 
%X� ROXPVX]OXNODU� PLQLPXP� HQHUML\OH� PDNVLPXP� Lú� HOGH� HGLOPHVL� ]RUXQOXOX÷XQX� RUWD\D�
oÕNDUPDNWDGÕU�� (QHUMLQLQ� YHULPOL� ELU� úHNLOGH� NXOODQÕODELOPHVL�� HQHUMLQLQ� NXOODQÕODFD÷Õ�
VLVWHPOHUGHNL�WDVDUÕP�YH�KHVDSODPDODUD�ED÷OÕGÕU� 
%X� GL]D\Q� YH� KHVDSODPDODUGD� NXOODQÕODQ� HQ� |QHPOL� PHWRGODUGDQ� ELULGH� HNVHUML� DQDOL]L�
PHWRGXGXU�� <DSÕODQ� EX� oDOÕúPDGD� HNVHUML� DQDOL]L� PHWRGXQXQ� � DEVRUEVL\RQOX� VR÷XWPD�
VLVWHPOHULQGH�QDVÕO�NXOODQÕODELOHFH÷LQLQ�J|VWHULOPHVL�DPDoODQPDNWDGÕU� 
%X� oDOÕúPDGD� GHVWH÷L� YH� HPH÷L� RODQ�� \|QOHQGLUPHOHUL\OH� EDQD� \DUGÕPFÕ� RODQ� VD\ÕQ� WH]�
GDQÕúPDQÕ� KRFDP� � 3URI�� 'U�� 2OFD\� .ÕQFD\¶D� �<UG�� 'Ro�� 'U�� 6HPUD� g]NDQ¶D� GHVWH÷LQL�
HVLUJHPH\HQ� SURJUDP� GDQÕúPDQÕP� $UDú�� *|U�� +DQGDQ� dXEXNµD� YH� GHVWH÷LQL� KLoELU� ]DPDQ�
EHQGHQ�HVLUJHPH\HQ���VDEÕU�YH�GHVWHN�J|VWHUHQ�KD\DW�DUNDGDúÕP�VHYJLOL�HúLPH�WHúHNN�UOHULPL�
VXQDUÕP�� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ÖZET 

6LVWHPOHULQ� WHUPRGLQDPLN� DoÕGDQ� DQDOL]LQGH� LNL� \|QWHP� NXOODQÕOPDNWDGÕU�� %X� \|QWHPOHU�
VÕUDVÕ\OD��HQHUML�DQDOL]L��ELULQFL�NDQXQ�DQDOL]L��YH�LNLQFL�NDQXQ�DQDOL]L�\|QWHPOHULGLU��� 
%X� oDOÕúPDQÕQ� DPDFÕ�� HNVHUML� NDYUDPÕQÕQ� LUGHOHQPHVL� �� SHUIRUPDQV� YH� HNVHUML� DQDOL]L�
\|QWHPLQLQ� � VR÷XWPD� VLVWHPOHULQGH� QDVÕO� X\JXODQDFD÷ÕQÕQ� |÷UHWLOPHVLQH� \DUGÕPFÕ� ROPDN���
JHQHOGH�J�o�oHYULPOHULQLQ�DQDOL]LQGH�NXOODQÕODQ�EX�\|QWHPLQ�DVOÕQGD�VR÷XWPD�oHYULPOHULQGH�
GH�QH�NDGDU�HWNLOL�NXOODQÕODELOHFH÷LQLQ�J|VWHULOPHVLGLU� 
%�W�Q� oHYULPOHUGH� ROGX÷X� JLEL� VR÷XWPD� oHYULPOHULQGH� GH� WHPHO� DPDo� YHULPL� DUWWÕUPDNWÕU��
6R÷XWPD� oHYULPOHULQGH� YHULP� DUWÕUÕPÕ� LoLQ�� HYDSRUDW|UGH� DNÕúNDQÕ� NÕ]GÕUPDN�� NRPSUHV|UGH�
NDGHPHOL� VÕNÕúWÕUPD� \DSPDN� YH� NRQGHQVHUGH� DúÕUÕ� \R÷XúWXUPD� \DSPDN� JLEL� \|QWHPOHU�
NXOODQÕOPDNWDGÕU��$QFDN�YHULPL�DUWWÕUPDQÕQ�GDKD�HWNLOL�ELU�\ROX�Ga ekserji analizi yöntemiyle 
oHYULPGH� NL� WHUVLQPH]OLNOHULQ� KHVDSODQDUDN�� EXQODUÕQ� D]DOWÕOPDVÕ� LoLQ� JHUHNOL� WHGELUOHULQ�
DOÕQPDVÕGÕU� 
%X� oDOÕúPDGD� HNVHUML� DQDOL]L� \|QWHPL� GHULQOHPHVLQH� LQFHOHQLUNHQ�� ELULQFL� YH� LNLQFL� NDQXQ��
DQDOL]L�\|QWHPOHUL�KDNNÕQGD�D\UÕQWÕ\D�LQPHGHQ�WHPHO�ELOJLOHU�YHULOPLúWLU��'DKD�VRQUD�VR÷XWPD�
oHYULPOHUL�KDNNÕQGD�JHQHO�ELU�ELOJL�YHULOPLú��WHUPRGLQDPLN�DQDOL]OHUL�WHRULN�RODUDN�\DSÕOPÕúWÕU� 
6RQ� E|O�PGH� LVH� �� |UQHN� ELU� LNL� NDGHPHOL� DEVRUEVL\RQOX� VR÷XWPD� VLVWHPL� �]HULQGH� VD\ÕVDO�
olarak ekserML� DQDOL]L� \DSÕOPÕú�� oHYULP� HOHPDQODUÕ� �]HULQGHNL� HQWURSL� GH÷HUOHUL�� HNVHUML�
ND\ÕSODUÕ� YH� VLVWHPLQ� &23� GH÷HUL� KHVDSODQPÕú� YH� VLVWHPLQ� SHUIRUPDQVÕ� LQFHOHQPLúWLU��
6LVWHPGH�HQ�E�\�N�HNVHUML�ND\EÕ�QRNWDODUÕ�MHQHUDW|U�YH�DEVRUEHUOHUGLU� 
%X� oDOÕúPDGDQ� oÕNDUÕODELOHFHN� HQ� |QHPOL� VRQXo�� VLVWHPLQ� VR÷XWPD� WHVLU� NDWVD\ÕVÕQÕQ� ÕVÕ�
GH÷LúWLULFLOHULQ� YHULPOHUL� YH� HYDSRUDW|U� VÕFDNOÕ÷Õ\OD� GR÷UX� RUDQWÕOÕ� �� NRQGHQVHU� YH� DEVRUEHU�
VÕFDNOÕ÷Õ\OD� WHUV� RUDQWÕOÕ� RODUDN� KDUHNHW� HWPHVLGLU�� $\QÕ� ]DPDQGD� WRSODP� HQWURSL� YH� LNLQFL�
kanun verLPL�LIDGHOHUL��VLVWHPLQ�&23�GH÷HUL�LOH�WHUV�RUDQWÕOÕ�RODUDN�GH÷LúLP�J|VWHUPHNWHGLU� 
 
  
 

 

 

 

 

 

Anahtar kelimeler: DEVRUEVL\RQ���VR÷XWPD���HNVHUML�DQDOL]L���LNLQFL�NDQXQ���NXOODQÕODELOLUOLN���
amonyak-su   

 

 

 

 
 



ABSTRACT 

Thermodynamic system analysis are used three methods. This methods are in turn in order; 
energy analysis (first law analysis), second law analysis methods. 

 
The objective of this study is to examine concept of exergy , to give reference information on 
the performance and exergy analysis methods how to apply on refrigeration systems , actually 
how much effective is used on the refrigeration systems.  

 
The main aim of refrigeration cycles, like all others, is to increase the cycleefficiency. In 
refrigeration cycles for increasing the cycle efficiency, superheating in the evaparator, 
multistage compression and subcooling in the condenser methods are used. On the other hand, 
the more effective arrangement for increasing the cycle efficiency is calculating the 
irreversibilities in the cycle and taking the necessary measures to reduce the irreversibility rate 
in the cycle. 
 
In this study, methods of exergy analysis will be explained, basic information on first and 
second law analysis methods. Then, basic information about refrigeration cycles are given, 
thermodynamic analysis will be done theoretical. 
 
In the last part of study, numerical example about two stage absorption refrigeration systems 
will be done exergy analysis methods, entrophy values of the components of the cycles, 
exergy loses and COP value of the system are calculated and system performance will be 
examined. Maximum exergy loses to be formed on generator and absorber in system. 
 
The most important conclusion of this study, COP value of the system  straight balanced with 
efficiency of heat exchanger and heat of evaparator, reverse balanced with heat of absorber 
and condenser is changed.At the same time , the terms of total entropy and efficiency of 
second law are changed reverse balanced with COP value of the systems.       
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7HUPRGLQDPLN� �� HQHUML� YH� HQHUML� G|Q�ú�POHULQL� LQFHOH\HQ� ELU� ELOLP� GDOÕ� RODUDN�
WDQÕPODQPDNWDGÕU�� 7HUPRGLQDPL÷LQ� VR÷XWPD� oHYULPOHULQH� X\DUODQPDVÕQGD� WHUPRGLQDPL÷LQ�
ELULQFL� YH� LNLQFL� NDQXQX� NXOODQÕOPDNWDGÕU�� 7HUPRGLQDPLN� VLVWHPOHUGH� LNL� HVDV� NDYUDP� olan 

HQHUML�YH�HQWURSL�ELULQFL�YH�LNLQFL�NDQXQXQ�WHPHOLQL�ROXúWXUPDNWDGÕU� 
 
7HUPRGLQDPL÷LQ�ELULQFL�NDQXQX�HQHUMLQLQ�NRUXQXPX�NDQXQX�RODUDN�GD�ELOLQPHNWHGLU��%LULQFL�
NDQXQ� HQHUMLQLQ� QLFHOL÷L� LOH� LOJLOHQLUNHQ� HQHUMLQLQ� QLWHOL÷L� KDNNÕQGD� ELU� GH÷HUOHQGLUPHGH�
bXOXQPDPDNWDGÕU��%LULQFL�NDQXQD�J|UH�VLVWHPH�JLUHQ��oÕNDQ��VLVWHPGH�GHSR�HGLOHQ�YH�VLVWHPGH�
�UHWLOHQ�HQHUML�PLNWDUODUÕQÕQ�WRSODPÕ�VÕIÕUGÕU��%DúND�ELU�GH\LúOH��ELULQFL�NDQXQD�J|UH��VLVWHPOH�
oHYUHVLQLQ�HWNLOHúLPL�VÕUDVÕQGD��VLVWHP�WDUDIÕQGDQ�ND]DQÕODQ�HQHUML��oHYUH�WDUDIÕQGDQ�ND\EHGLOHQ�
HQHUML\H�HúLW�ROPDN�]RUXQGDGÕU��� 
 
7HUPRGLQDPL÷LQ� LNLQFL� NDQXQX� LVH� VLVWHPGHNL� HQHUMLQLQ� QLWHOL÷LQL� VRUJXODPDNWD� YH� EX�
DQDOL]OHUL� JHUoHNOHúWLUPHN� LoLQ� JHUHNOL� RODQ� GH÷HUOHUL� LoHUPHNWHGLU�� øNLQFL� NDQXQ� WHPHOLQGH�
enerjinin bir tüUGHQ� EDúND� ELU� W�UH� G|Q�ú�P�QGH� ELULQFL� NDQXQ� JHUH÷L� HQHUMLQLQ� WRSODP�
PLNWDUÕQGD� GH÷LúLNOLN� ROPDVD� ELOH� HQHUMLQLQ� QLWHOL÷LQGH� PXWODND� ELU� GH÷LúLP� RODFD÷ÕQÕ�
VDYXQPDNWDGÕU� 
 
%XQD�HQ�J�]HO�YH�ELOLQHQ�|UQHN��G|QHQ�PLO�LúLGLU��%X�|UQHNWH�ÕVÕQÕQ�WDPDPÕQÕQ�G|QHQ�PLO�LúLQH�
G|Q�úW�U�OPHVLQLQ�P�PN�Q�ROPD\DFD÷Õ��ÕVÕQÕQ�ELU�NÕVPÕQÕQ�G|QHQ�PLO�LúLQH�G|Q�ú�UNHQ�NDODQ�
NÕVPÕQÕQ� GD� G�ú�N� VÕFDNOÕNWDNL� ELU� RUWDP� WDUDIÕQGDQ� DOÕQDFD÷Õ� WHUPRGLQDPL÷LQ� LNLQFL�
NDQXQXQXQ�ELU�JHUH÷LGLU� 
 
%LU� WHUPRGLQDPLN� VLVWHPGH� VLVWHP� GÕúÕQGDQ� ELU� Lú� HWNLVL� X\JXODQPDGÕNoD� VLVWHPGHNL� ÕVÕQÕQ�
G�ú�N� VÕFDNOÕNWDNL� ELU� RUWDPGDQ�� \�NVHN� VÕFDNOÕNWDNL� ELU� RUWDPD� JHoLúLQLQ� LPNDQVÕ]� ROGX÷X��
LNLQFL��NDQXQ�WDUDIÕQGDQ�RUWD\D�NRQXOPDNWDGÕU� 
 
øNLQFL� NDQXQD� J|UH� ÕVÕQÕQ� LúH� G|Q�úW�U�OPHVL� LoLQ� NXOODQÕODELOHFHN� HQ� L\L� çevrim teorikte 

&DUQRW� oHYULPLGLU�� &DUQRW� oHYULPL� YHULPL� HQ� \�NVHN� RODQ� oHYULPGLU�� %X� oHYULPLQ� oDOÕúPD�
SUHQVLEL��ÕVÕQÕQ�ELU�\�NVHN�VÕFDNOÕN�ND\QD÷ÕQGDQ�DOoDN�VÕFDNOÕN�ND\QD÷ÕQD�JHoLúLQL�VD÷OD\DUDN�
Lú� �UHWPHNWLU�� $\QÕ� ]DPDQGD� &DUQRW� oHYULPL� WHUVLQLU� ELU� oHYULPGLU�� 7HUVLQH� oDOÕúDQ� &DUQRW�
oHYULPLQH� ³7HUV� &DUQRW� dHYULPL³� \D� GD� ³øGHDO� 6R÷XWPD� dHYULPL´� DGÕ� YHULOPHNWHGLU�� øGHDO�
6R÷XWPD� oHYULPLQLQ� oDOÕúPD� SUHQVLEL� LVH�� VLVWHP� GÕúÕQGDQ� ELU� Lú� DODUDN� DOoDN� VÕFDNOÕN�
ND\QD÷ÕQGDQ�\�NVHN�VÕFDNOÕN�ND\QD÷ÕQD�ÕVÕQÕQ�JHoLúLQL�VD÷ODPDNWÕU�� 



7HUV�&DUQRW� oHYULPL�&DUQRW� oHYULPLQGH� ROGX÷X� JLEL� VR÷XWPD�oHYULPOHUL� DUDVÕQGD� YHULPL� HQ�
\�NVHN�RODQ�oHYULPGLU��$QFDN�EX�GH÷HUOHQGLUPHOHU�WHRULNWH�JHoHUOLGLU��7HUV�&DUQRW�oHYULPLQLQ�
SUDWLNWH�X\JXODQPDVÕ�oRN�]RUGXU� YH� \�NVHN�ELU�PDOL\HW�JHUHNWLUGL÷LQGHQ�HNRQRPLN�GH÷LOGLU��
%X�QHGHQOH�7HUV�&DUQRW�oHYULPL�VR÷XWPD�oHYULPOHULQLQ�NÕ\DVODQPDVÕQGD�UHIHUDQV�GH÷HU�RODUDN�
NXOODQÕOPDNWDGÕU� 
 
7HUPRGLQDPLN� VLVWHPOHULQ� DQDOL]OHULQGH� ELULQFL� NDQXQ� DQDOL]L� LOH� HOGH� HGLOHFHN� VRQXoODUÕQ�
GH÷HUOHQGLULOPHVL� ED]Õ� KDtalara neden olabilmektedir. Bu nedenle birinci kanun analizi ile 

ELUOLNWH�LNLQFL�NDQXQ�DQDOL]LQLQ�GH�\DSÕOPDVÕ�GDKD�GR÷UX�VRQXoODUD�XODúÕOPDVÕQÕ�VD÷OD\DFDNWÕU� 
 
øNLQFL� NDQXQ� DQDOL]LQGH� LNL� \|QWHP� NXOODQÕOPDNWDGÕU�� %XQODU� HQWURSL\H� GD\DOÕ� RODQ� HQWURSL�
analL]L�\|QWHPL�GL÷HUL�LVH�NXOODQÕODELOLU�HQHUML\H�GD\DOÕ�RODQ�HNVHUML�DQDOL]L�\|QWHPLGLU��(QWURSL�
DQDOL]L�\|QWHPLQGH��HQWURSL�GH÷LúLPL�YH��UHWLOHQ�HQWURSL�PLNWDUÕ�KHVDSODQPDNWDGÕU��$QFDN�EX�
DQDOL]�\|QWHPL�oRN�NDUÕúÕN�LúOHPOHU�JHUHNWLUHELOLU��D\UÕFD�HQWURSL�HQHUMLQLQ�VDGHFH�QLWHOL÷LQL�YH�
NDOLWHVLQL�LIDGH�HGHUNHQ��PLNWDUÕ�KDNNÕQGD�ELOJL�YHUPHPHNWHGLU�� 
 
(NVHML� �NXOODQÕODELOLU� HQHUML�� \|QWHPLQGH� LVH� NRQWURO� KDFPL� VÕQÕUÕ� X\JXQ� RODUDN� VHoLOHELOLUVH�
LúOHPOHU� oRN� EDVLW� ELU� KDO� DODELOPHNWHGLU�� %X� \|QWHP� HQWURSL� DQDOL]i yönteminin aksine 

HQHUMLQLQ�QLWHOL÷L�LOH�ELUOLNWH�PLNWDUÕQÕ�GD�EHOLUOH\HELOPHNWHGLU�� 
 
(NVHUML� NDYUDPÕQÕQ� WHPHOOHUL� oRN� HVNL� WDULKOHUH� JLWPHVLQH� NDUúÕQ� �� P�KHQGLVOLN� DODQÕQGD�
NXOODQÕODELOLUOL÷L� YH� \D\JÕQOÕN� ND]DQPDVÕ� oRN� \DNÕQ� WDULKOL� ]DPDQODUGD� EDúODPÕúWÕU�� %X�
LUGHOHPHGHQ� oÕNDQ� VRQXo� NXOODQÕODELOLU� HQHUML� DQDOL]L� \|QWHPL�� NDYUDPÕQ� RUWD\D� oÕNWÕ÷Õ�
]DPDQODUGD�JHUHN�J|U�OPH\HQ�ELU�\|QWHPGL��%XQXQ�EDúOÕFD�QHGHQL�LVH��R�G|QHPOHUGH�HQHUMLQLQ�
XFX]�YH�ERO�ROXúX��GR÷DO�HQHUML�ND\QDNODUÕQGD�VÕNÕQWÕ�\DúDQPDPDVÕQD�ED÷OÕ\GÕ��$QFDN�G�Q\D 
Q�IXVX� DUWPD\D�� VDQD\LOHúPH� KÕ]ODQPD\D� YH� GDKD� ID]OD� HQHUML\H� LKWL\Do� GX\XOPDVÕ\OD�
NXOODQÕODELOLU�HQHUML�DQDOL]L�\|QWHPL�GDKD�VÕN�NXOODQÕOPD\D�EDúODQPÕúWÕU� 
 
6R÷XWPD� LoLQ� ÕVÕ� HQHUMLVLQLQ� NXOODQÕOGÕ÷Õ� DEVRUEVL\RQOX� VR÷XWPD� VLVWHPHOHUL� GH�� WÕSNÕ� HNVHUML�
DQDOL]L� \|QWHPL� JLEL� ����¶� OL� \ÕOODUGD� EXOXQPDVÕQD� UD÷PHQ� J�Q�P�]H� NDGDU� ID]OD�
|QHPVHQPHPLúWLU�� $QFDN� J�Q�P�]GHNL� HQHUML� ND\QDNODUÕQGD� \DúDQDQ� VÕNÕQWÕODU� \�]�QGHQ�
WHNUDU� |QHP� ND]DQPD\D� EDúODPÕúWÕU�� 6LVWHP� oHYULPLQGH� LNL� IDUNOÕ� DNÕúNDQ� GRODúPDNWDGÕU��
$NÕúNDQÕQ� ELU� WDQHVL� HYDSDUDW|UGH� EXKDUODúDUDN� VR÷XWPD� \�N�Q�Q� RUWDPGDQ� oHNLOPHVLQL�
VD÷OD\DUDN�VR÷XWPD�LúOHPLQL�JHUoHNOHúWLUPHNWHGLU��'L÷HU�DNÕúNDQ�LVH���VR÷XUPD�LúOHPLQL�\HULQH�
JHWLUHUHN��oHYULPLQ�EHOOL�ELU�NÕVPÕQGD�VR÷XWXFX�DNÕúNDQÕ�WDúÕPD�J|UHvini üstlenmektedir. 

 



$EVRUEVL\RQOX� VR÷XWPD� oHYULPOHULQLQ� HQ� E�\�N� DYDQWDMÕ� G�ú�N� VÕFDNOÕNOÕ� ÕVÕ� ND\QDNODUÕ\OD�
oDOÕúDELOPHOHULGLU��6LVWHPGH�JHUHNOL�RODQ�ÕVÕ��J�QHú��HQG�VWUL\HO�DWÕNODU��MHRWHUPDO�HQHUML��EXKDU�
YH\D� VX� ND\QDNODUÕQGDQ� VD÷ODQPDNWDGÕU�� 6LVWHPLQ� GH]DYDQWDMÕ� LVH�� VLVWHPLQ� E�\�N� ER\XWODU�
JHUHNWLUPHVL�YH�VLVWHPGH�X]XQ�ELU�|Q�oDOÕúPD�V�UHVLQH�LKWL\Do�GX\XOPDVÕGÕU� 
 

*�Q�P�]�úDUWODUÕQGD��VR÷XWPD�VLVWHPOHULQGH�\HQL�HQHUML�ND\QDNODUÕQÕQ�NXOODQÕPÕ�YH�JHUHNOLOL÷L�
ELU�]RUXQOXOXN�KDOLQH�JHOPLúWLU��8FX]�YH�X\JXQ�HQHUML�ND\QD÷ÕQÕQ�EXOXQPDVÕ�YH�EX�HQHUMLQLQ�
HQ�YHULPOL�úHNLOGH�NXOODQÕOPDVÕ��HQHUML�ND\QDNODUÕQGDQ�ND\QDNODQDQ�VRUXQODUÕQ�o|]�P�G�U� 
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$EVRUEVL\RQOX� VR÷XWPD� VLVWHPOHULQGH� NXOODQÕODELOLU� HQHUML� DQDOL]L yöntemi üzerine dünyada 

oRN� oHúLWOL� oDOÕúPDODU� \DSÕOPÕú� �� XOXVODU� DUDVÕ� GHUJLOHUGH� PDNDOHOHU� \D\ÕQODQPÕúWÕU�� %X�
oDOÕúPD\D��ND\QDN�ROXúWXUDQ��oDOÕúPDODU�DúD÷ÕGD�VXQXOPXúWXU� 
 

����� �'RVW��6�� ��'LQoHU��ø�� ������, Tek kademeli amonyak –� VX�DNÕúNDQ�oLIWOL�DEVRrbsiyonlu 

VR÷XWPD�VLVWHPOHULQGH���VLVWHPLQ�PRGHOOHPHVLQL�JHUoHNOHúWLUPLúOHU���WHPHO�N�WOHQLQ�NRUXQXPX�
YH�HQHUML�GHQNOHPOHUL�ÕúÕ÷ÕQGD�VR÷XWPD�oHYULPLQLQ�HQHUML�GHQJHVLQLQ�DQDOL]LQL�VD\ÕVDO�ELU�|UQHN�
�]HULQGH� � JHUoHNOHúWLUPLúOHUGLU�� dHYULP� HOHPDQODUÕQÕQ� KHU� birinin birinci kanun analizini 

JHUoHNOHúWLUPLúOHU� ��VD\ÕVDO�RODUDN�J�QFHO�ELU�|UQHN�KHVDSODPÕúODUGÕU��6LVWHPLQ�VR÷XWPD� WHVLU�
NDWVD\ÕVÕQÕQ�DQDOL]LQL�JHUoHNOHúWLUPLúOHUGLU��� 
 
dDOÕúPD�VRQXFXQGD��NXOODQGÕNODUÕ�IRUP�OL]DV\RQ�YH�L]OHGLNOHUL�\ROXQ��DEVRUEVL\RQOX�VR÷XWPD�
VLVWHPOHULQLQ� ÕVÕ�YH�N�WOH� WUDQVIHUL�DQDOL]OHUL�\DSÕOÕUNHQ�NXOODQÕODELOHFHN�NROD\�YH�J�YHQOL�ELU�
\|QWHP�ROGX÷XQX�EL]OHUH�J|VWHUPLúOHUGLU��%|\OHFH�EXQGDQ�VRQUD�ROXúWXUXODFDN�DEVRUEVL\RQOX�
VR÷XWPD�VLVWHPOHULQGH��VLVWHP�GL]D\Q�HGLOLUNHQ�\DSÕODFDN�NDnun analizleri için, amonyak – su  

DNÕúNDQ�oLIWLQL�NXOODQGÕNODUÕ�EX�oDOÕúPDODUÕQGD� �X\JXODGÕNODUÕ� �PHWRGRORMLQLQ�NXOODQÕOPDVÕQÕQ�
GDKD�GR÷UX�RODFD÷ÕQÕ�YXUJXODPÕúODUGÕU� 
 

2.2. Keçeciler, A.� �� $FDU�� ø�+�� �� &DQEHUN�� $� (1997), %X� oDOÕúPDODUÕQGD�� VÕFDN� dHUPLN�
hDY]DVÕQÕQ�|]HOOL÷L�GLNNDWH�DOÕQDUDN��VRV\DO�WHVLV�YH�RWHOOHUGH�LNOLPOHQGLUPH�YH�VR÷XN�GHSRODUD�
RODQ� LKWL\DFÕ� NDUúÕODPDN� DPDFÕ\OD�� DOÕúÕOPÕú� PHNDQLN� VR÷XWPD� VLVWHPOHULQH� DOWHUQDWLI� ELU�
VR÷XWPD� VLVWHPL� WDVDUODPÕúODUGÕU�� %X� QHGHQOH� PHYFXW� MHRWHUPDO� HQHUML� NXOODQÕOPDVÕ�
G�ú�Q�OHUHN�� VX-OLW\XP� EURPLG� oLIWL� LOH� oDOÕúDQ� DEVRUEVL\RQOX� VR÷XWPD� oHYULPLQLQ�
WHUPRGLQDPLN� DQDOL]LQL� \DSPÕúODUGÕU�� 6LVWHP� HWNLQOL÷LQLQ� oHVLWOL� SDUDPHWUHOHUH� ED÷OÕ�
GH÷LúLPOHUL� JUDILNVHO� RODUDN� YHULOPLú� YH� VRQXoODUÕ� LUGHOHPLúOHUGLU�� $\UÕFD� VHoWLkleri modelle 

X\JXQ� ODERUDWXDU� RUWDPÕQGD� MHRWHUPDO� ND\QDN� NXOODQÕPÕQD� X\JXQ� ELU� GHQH\� G�]HQH÷L�
ROXúWXUDUDN��HNLSPDQODUGD�JHUHNOL�DQDOL]OHUL�\DSPÕúODUGÕU� 
 
$EVRUEVL\RQ� \|QWHPL� LOH� oDOÕúDQ� VR÷XWPD� oHYULPOHULQGH�� HQHUML� RODUDN� EXKDU� YH\D� VÕFDN� VX�
NXOODQÕOPDNWDGÕU�� %X� GXUXP� |]HOOLNOH� MHRWHUPDO� HQHUMLQLQ� VR÷XWPD� DPDFÕ\OD� NXOODQÕOPDVÕ�
EDNÕPÕQGDQ�E�\�N�|QHP�DU]HWPHNWHGLU� 
 

Ülkemizde 100 &� ¶QLQ� DOWÕQGD� ELU� oRN� MHRWHUPDO� ND\QDN�PHYFXWWXU�� %X� ND\QDNODUÕQ� G�ú�N�
verim nedeniyle elektrik enerjisi üreWLPLQGH�NXOODQÕOPDVÕ�P�PN�Q�ROPDPDNWDGÕU��hONHPL]LQ�



J�QGHQ� J�QH� DUWPDNWD� RODQ� VR÷XN� GHSR� LKWL\DFÕ� J|]� |Q�QH� DOÕQDFDN� ROXUVD� EX� ND\QDNODUÕQ�
VR÷XWPD� DPDFÕ\OD� NXOODQÕODELOPHVL� �ONHPL]� DoÕVÕQGDQ� E�\�N� HNRQRPLN� ELU� ND]DQo�
VD÷ODPDNWDGÕU� 
 

<DSWÕNODUÕ� GHQH\VHO� oDOÕúPDGD� \DNODúÕN� ������� N:� NDSDVLWHVLQGHNL� ELU� WHVLV� LoLQ� �� &�     

VÕFDNOÕNWD� MHRWHUPDO� ND\QDNWDQ� ����� NJ�V� VX\XQ� \HWHUOL� RODFD÷ÕQÕ� \DSWÕNODUÕ� DQDOL]� YH�
KHVDSODPDODUOD� EL]OHUH� J|VWHUPLúOHUGLU�� 6X-OLW\XP� EURPLG� VR÷XWXFX� DNÕúNDQ� oLIWL� LOH� oDOÕúDQ������������������
DERUEVL\RQOX�VR÷XWPD�VLVWHPL�HOHPDQODUÕQÕQ�� ÕVÕO�YH�IL]LNVHO�|]HOOLNOHUL�� WHUPRGLQDPLN�DQDOL]�
YH� ER\XWODQGÕUPDVÕQD� LOLúNLQ� JHUHNOL� oDOÕúPD� YH� DUDúWÕUPDODUÕ� JHUoHNOHúWLUPLúOHUGLU��
+HVDSODPDODU� LoLQ� JHUHNOL� ED÷ÕQWÕODUÕ� IRUP�OL]H� HWPLúOHUGLU�� $EVRUEVL\RQOX� VR÷XWPD�
VLVWHPOHULQGH��J�QHú�HQHUMLVL��DWÕN�YH�\HQLOHQHELOLU�HQHUML�ND\QDNODUÕ�LGHDO�HQHUML�ND\QDNODUÕGÕU��
%X� DUDúWÕUPDODUÕQGD�� GR÷DO� ELU� HQHUML� ND\QD÷Õ� RODQ� MHRWHUPDO� HQHUML\L� NXOODQDUDN� VR÷XWPD�
LúOHPLQL�JHUoHNOHúWLUPLúOHUGLU����� 
 
$QDOL]OHULQGH�VLVWHPLQ�&23¶VL�(&23¶X�YH�KHU�ELULQGHNL�ÕVÕ�DOÕúYHULúOHULQL�KHVDSODPÕú�YH�HOGH�
HGLOHQ� VRQXoODUÕ� JUDILNOHUOH� \RUXPODPÕúODUGÕU�� -HRWHUPDO� HQHUML� NXOODQDELOHQ� VLVWHPGH� ÕVÕ�
ND\QD÷ÕQÕQ�VÕFDNOÕ÷Õ����– 80 &� DUDVÕQGD�GH÷LúWLUPLúOHUGLU��.RQGHQVHU�VÕFDNOÕ÷ÕQÕ����– 40 – 50 

&� DODUDN�IDUNOÕ�VÕFDNOÕNODUGDNL�SDUDPHWUH�GH÷HUOHULQL�KHVDSODPÕúODUGÕU� 
 

2.3. Ravikumar, T.S. ; Suganthi, L. ; Samuel , A.A. (1998) �� %X� oDOÕúPDODUÕQGD� J�QHú�
HQHUMLOL�oLIW�HWNLOL�DEVRUEVL\RQOX�VR÷XWPD�VLVWHPL��]HULQGH�HNVHUML�DQDOL]LQL�JHUoHNOHúWLUPLúOHU��
HNVHUML� GH÷LúLP� PLNWDUODUÕQÕ� GHWD\OÕ� RODUDN� LQFHOHPLúOHUGLU�� 6LVWHP� SDUDPHWUHOHULQLQ� HWNLVL��
GDKD�L\L�GL]D\Q�LOH�VLVWHP�SHUIRUPDQVÕQÕ�L\LOHúWLUPH\H�\|QHOLN�KDPOHOHU�ELULQFL�YH�LNLQFL�NDQXQ�
temelleri �]HULQGH� GXUDUDN� DQDOL]� HWPLúOHUGLU�� øNLQFL� NDQXQ� DQDOL]LQLQ�� QLFHO� RODUDN� ELU�
VLVWHPGHNL��ND\ÕSODUÕ� WHPVLO�HWPHVL�YH�RSWLPL]DV\RQ�LoLQ�QHW�H÷LOLPOHU�YHUPHVL�EX�oDOÕúPDGD�
gözlemlenebilmektedir. 

 
<DSÕODQ� EX� oDOÕúPDQÕQ� RUWD\D� NR\GX÷X�� D\JÕWÕQ� NDOLWHVL� G�úW�÷�QGH� D\JÕWWDNL� HOYHULúOLOLN�
GR÷UXVDO� RODUDN� GH÷LúLP� J|VWHUPHNWHGLU�� %X�� HYDSDUDW|U�� NRQGHQVHU� YH\D� DEVRUEHULQ�
NXOODQÕODELOLUOL÷LQLQ� oHYULP� úDUWODUÕQÕ� GH÷LúWLUPHVL� YH� MHQHUDW|U� NXOODQÕODELOLUOL÷LQGHNL� X\JXQ�
ELU�GH÷LúLPH�QHGHQ�ROPDVÕ� L]OHQLPLQL�EÕUDNPDNWDGÕU��6RQXoWD��VLVWHP�SHUIRUPDQVÕ�YH�HNVHUML�
YHULPL��]HULQGH�J�QHú�NROHNW|U�Q�Q�PDNVLPXP�VÕFDN�HWNLVL�\DUDWWÕ÷Õ�J|]OHPOHQPLúWLU� 
  
����� �+RUX]�� � ø�� ������� ��%X� oDOÕúPDVÕQGD� DPRQ\DN�– su ve su –� OLW\XP� EURPLG� DNÕúNDQOÕ�
DEVRUEVL\RQOX� VR÷XWPD� VLVWHPOHULQLQ� NDUúÕODúWÕUÕOPDVÕQÕ� JHUoHNOHúWLULOPLúWLU�� 7HPHO� RODUDN�
buhar içindeki amonyak-su ve su-OLW\XP� EURPLG� o|]HOWLOHULQLQ� NDUúÕODúWÕUÕOPDVÕQÕ� YH�



o|]HOWLOHUGHNL� GHULúLNOLNOHULQ� DQDOL]OHULQL� JHUoHNOHúWLUPLúWLU�� 6X-lityum bromid çözeltisinin 

NULWDOOHúPH�ULVNL��]HULGH�GXUPXú�YH�NULVWDOOHúPH�VÕFDNOÕ÷Õ�LOH�LOJL�DQDOL]OHUGH�EXOXQPXúWXU� 
 
<LQH�VLVWHPGH�PHYFXW�HNLSPDQODUÕQ�LúOHWPH�VÕFDNOÕNODUÕQGD��&23��]HULQGHNL�HWNLOHUL�JUDILNOHU�
\DUGÕPÕ\OD� DQDOL]� HWPLúWLU�� 6X-OLW\XP� EURPLG� DNÕúNDQ� oLIWLQLQ� oRN� G�ú�N� VÕFDNOÕNODUGDNL�
VR÷XWPD� LúOHPOHULQGH� NXOODQÕODPD\DFD÷ÕQÕ�� VHEHEL� RODUDN� GD� EX� DNÕúNDQ� oLIWLQGH� VX\XQ�
VR÷XWXFX�ROGX÷XQX�YH� VX\XQ� VÕIÕU� GHUHFHQLQ�DOWÕQGD�NDWÕ� ID]D� G|Q�úHUHN�NULVWDOL]H� ROGX÷XQX�
RUWD\D� NR\PXúWXU�� <LQH� \DSWÕ÷Õ� NDUúÕODúWÕUPDODU� YH� DQDOL]OH� VRQXFXQGD�� VX-lityum bromid 

çözeltisinin, amonyak-VX� o|]HOWLVLQGHQ� GDKD� L\L� ELU� SHUIRUPDQV� RUWD\D� NR\GX÷XQX�
J|VWHUPLúWLU� 
 

dDOÕúPD� VRQXFXQGD� \DSÕODQ� GH÷HUOHQGLUPHGH�� EXKDU� DEVRUEVL\RQOX� VR÷XWPD� VLVWHPOHULQGH�
NXOODQÕODQ�VX-OLW\XP�EURPLG�o|]HOWLVLQLQ�KDYDODQGÕUPD�X\JXODPDODUÕQGDQ�GDKD��VW�Q�ROGX÷X�
J|U�OP�úW�U�� %X� VLVWHPOHUGH� NXOODQÕODQ� DPRQ\DN-su ise, büyük tonaj gerektiren endüstri 

DODQODUÕQGD�� G�ú�N� VÕFDNOÕN� JHUHNWLUHQ� SURVHV� X\JXODPDODUÕQGD� NXOODQÕOPDVÕQÕQ� JHUHNWL÷L�
J|U�OP�úW�U��$PRQ\DN-VX�oHYULPLQLQ�NDEXO�HGLOHELOLU�ELU�SHUIRUPDQV�VD÷layabilmesi için su- 

OLW\XP�EURPLG�oHYULPLQGHQ�GDKD�NDUPDúÕN�ELU�\DSÕ\D�VDKLS�ROPDVÕ�JHUHNWL÷L�YXUJXODQPÕúWÕU����  
 

2.5.  Talbi, M. M. ; Agnew, B. (2000), tek kademeli su –� OLW\XP� EURPLG� DNÕúNDQ� oLIWOL�
DEVRUEVL\RQOX� VR÷XWPD� VLVWHPOHULQGH� ELULQFL� YH� LNLQFL� kanun üzerinde incelemelerde 

EXOXQPXúODU�� VLVWHPLQ� HNVHUML� DQDOL]LQL� JHUoHNOHúWLUPLúOHUGLU�� %X� DQDOL]� HVQDVÕQGD� VLVWHPLQ�
PRGHOOHPHVLQL� \DSPÕú� YH� VLVWHP� HOHPDQODUÕ� �]HULQGHNL� WHUVLQPH]OLNOHUL� KHVDSODPD\D�
oDOÕúPÕúODUGÕU�� 6LVWHPGHNL� KHU� ELU� HNLSPDQ� YH� NDUÕúÕP için enerjinin ve kütlenin korunumu 

HúLWOLNOHUL� DNÕúNDQODUÕQ� WHUPRGLQDPLN� |]HOOLNOHULQH� ED÷OÕ� NDOÕQDUDN� KDO� GHQNOHPL� KDOLQGH�
\D]ÕOPÕúWÕU��(QHUML�GHQJHOHUL�WDEOR�KDOLQGH�OLVWHOHQHUHN��o|]HOWLOHUL�HOGH�HGLOPLúWLU�� 
   

6LP�ODV\RQX� JHUoHNOHúWLULOHQ� VLVWHPGH�� MHQHUDW|U� ÕVÕ� ND\QD÷Õ� RODUDN� ��� &� ¶� GHNL� DWÕN� JD]Õ�
NXOODQPDNWDGÕU�� �� &� VÕFDNOÕ÷ÕQGDNL� GÕú� RUWDP� LVH� HYDSDUDW|U�� NRQGHQVHU� YH� DEVRUEHU� LoLQ�
VR÷XWXFX� RUWDP� J|UHYLQL� �VWOHQPHNWHGLU� 0RGHO� Lo� YH� GÕú� VLVWHPOHUGHQ� PH\GDQD� JHOGL÷L�
G�ú�Q�OHUHN�KHVDSODQPÕúWÕU��'Õú� VLVWHP�� Lo� VLVWHP� LOH� oHYUH� ED÷ÕQWÕVÕQÕ� WHPVLO� HWPHNWHGLU�� øo�
VLVWHP�LVH�HYDSDUDW|U��NRQGHQVHU��DEVRUEHU��MHQHUDW|U��HUL\LN�SRPSDVÕ��LNL�JHQOHúPH�YDOIL�YH�ÕVÕ�
GH÷LúWLULFLVLQL� LoLQH� DODQ� VWDQGDUW� DEVRUEVL\RQ� oHYULPL� HOHPDQODUÕQGDQ� ROXúPDNWDGÕU�� 'Õú�
VLVWHP���DGHW�DoÕN�KDYD�oHYULPLQGHQ�ROXúPDNWDGÕU�YH� Lo�VLVWHPH�YH� Lo�VLVWHPGHQ�oHYUH\H� ÕVÕ�
WDúÕWÕFÕ�ND\QD÷Õ�RODUDN�YHULOPLúOHUGLU�� 
 



%X�KHVDSODPDODU�HVQDVÕQGD�NXOODQÕODFDN�IRUP�OOHUL�YH�LIDGHOHUL�ELOJLVD\DU�RUWDPÕQD�DNWDUDrak 

IRUWUDQ� SURJUDPODPD� GLOL� \DUGÕPÕ\OD� oHYULP� LoHUVLQGHNL� KHU� ELU� QRNWDGDNL� GH÷HUOHULQ�
DQDOL]OHULQL� JHUoHNOHúWLUPLúOHUGLU�� %X� DQDOL]OHU� VD\HVLQGH� KHU� ELU� HNLSPDQGDNL� HNVHUML� YH�
HNVHUML� ND\ÕSODUÕ� KHVDSOD\DUDN�� VLVWHPGHNL� HNLSPDQODUÕQ� YHULPOHULQLQ� EHOLUOHQHbilmesini 

VD÷ODPÕúODUGÕU� 
 

.RQGHQVHU�YH�HYSDUDW|U�\�NOHUL�\DNODúÕN�RODUDN�������MHQHUDW|U�YH�DEVRUEHU�\�NOHULQGHQ�GDKD�
D]GÕU�� %X� IDUN� VDI� VÕYÕODUOD� ROPDPDNOD� EHUDEHU�� NDUÕúÕP� VÕFDNOÕ÷ÕQD� ED÷OÕ� RODUDN� GD�
GH÷LúPHNWHGLU�� $EVRUEVL\RQ� VR÷XWPD� oHYULPL� HNVHUML� PHWRGXQXQ� DYDQWDMODUÕQÕ� J|VWHUPHVL�
DoÕVÕQGDQ�HWNLOLGLU��,VÕ�WUDQVIHU�SURVHVLQGH�ROGXNoD�E�\�N�ND\ÕSODU�YDUGÕU��EXQODU�ÕVÕ�GHQJHVL\OH�
hesaplanamaz.  

 
2.6. Morejon, C. ; Mikhailov, M. ; Burm, N. (2001), \DSWÕNODUÕ� EX� oDOÕúPDODUÕQGD� ��
amonyak-VX�DNÕúNDQ�oLIWOL�DEVRUEVL\RQOX�VR÷XWPD�VLVWHPL�LoLQ�N�WOH�YH�ÕVÕ�WUDQVIHUL�KHVDEÕQGD�
NXOODQÕODELOHFHN� PDWHPDWLNVHO� PRGHOOHPHOHU� \DSPÕúODUGÕU�� $PRQ\DN� VX� NDUÕúÕPÕQÕQ�
WHUPRGLQDPLN�|]HOOLNOHULQLQ�LVWHQLOHQ�úDUWODUGD�KDQJL�GH÷HUOHUGH�ROGX÷XQXQ�EXOXQDELOPHVL�LoLQ�
matematiksel mRGHOOHPHOHU� \DSDUDN�� oHúLWOL� HúLWOLNOHUH� XODúPÕúODUGÕU�� %|\OHFH� VR÷XWPD�
oHYULPLQGH�NXOODQÕODQ�DNÕúNDQ�oLIWLQLQ�NDUÕúÕP�KDOLQGH\NHQ�NL�WHUPRGLQDPLNVHO�|]HOOLNOHULQLQ�
�HQWDOSL�� HQWURSL� JLEL��� VLVWHPLQ� KHUKDQJL� � ELU� QRNWDVÕQGDNL� GH÷HUOHULQLQ� KHVDSODQDELOPHVLQi 

DPDoOD\DUDN�PDWHPDWLNVHO�PRGHOOHPHOHU�\DSPÕúODUGÕU� 
 
dDOÕúPDODUÕQÕQ� VRQXFXQGD�� DPRQ\DN-VX� VR÷XWXFX� DNÕúNDQ� o|]HOWLVLQLQ� KHP� JD]� KHP�GH� VÕYÕ�
ID]ÕQGD\NHQ� HQWDOSL� YH� HQWURSL� GH÷HUOHULQLQ� KHVDSODQDELOPHVLQL� VD÷OD\DFDN� HúLWOLNOHUL� GH�
YHUPLúOHUGLU������� 
 
2.7.� � .D\QDNOÕ�� g�� �� <DPDQNDUDGHQL]�� 5�� ������� �� � %X� oDOÕúPDODUÕQGD�� DEVRUEVL\RQOX�
VR÷XWPD� VLVWHPOHULQGH� ÕVÕ� JHUL� ND]DQÕPÕ� LoLQ� NXOODQÕODQ� HúDQM|UOHULQ�� VLVWHPLQ� SHUIRUPDQV�
NDWVD\ÕVÕQD� HWNLOHULQL� LQFHOHPLúOHUGLU�� 6LVWHPGH� NXOODQÕODFDN� DNÕúNDQ� oLIWL� RODUDN��
absRUEVL\RQOX� VR÷XWPD� VLVWHPOHUL� DUDVÕQGD� \D\JÕQ� RODUDN� NXOODQÕODQ� DPRQ\DN� –� VX� DNÕúNDQ�
oLIWLQL� WHUFLK�HWPLúOHUGLU��dHYULPLQ�WHUPRGLQDPLN�DQDOL]LQL�\DSDUDN��DPRQ\DN�YH�DPRQ\DN�– 

VX�HUL\L÷LQH� DLW� WHUPRGLQDPLN�|]HOOLNOHUL� YHUPLúOHUGLU�� 6LVWHPGH�NXOODQÕODQ� �� DGHW� HúDQM|U�Q�
HWNHQOLN� NDWVD\ÕODUÕQÕQ� GH÷LúLPLQLQ�� VLVWHPLQ� &23� GH÷HUL� �]HULQGHNL� HWNLOHULQL�
J|]OHPOHPLúOHUGLU� 
 
$\UÕFD� MHQHUDW|U�� NRQGHQVHU�� DEVRUEHU� YH� HYDSDUDW|U� VÕFDNOÕNODUÕQÕQ� VLVWHPLQ� SHUIRUPDQVÕQD�
HWNLOHULQL� GH� DUDúWÕUPÕúODUGÕU�� $PRQ\DN� –� VX� HUL\L÷L� NXOODQDQ� DEVRUEVL\RQOX� VR÷XWPD�



VLVWHPOHULQLQ� SHUIRUPDQVÕQÕQ� EHOLUOHQPHVL� LoLQ� WHUPRGLQDPLNVHO� |]HOOLNOHUGHQ� \DUDUODQDUDN��
WHPHO� HQHUML� YH� N�WOH� GHQJHVL� GHQNOHPOHULQL� ELOJLVD\DU� RUWDPÕQD� DNWDUPÕúODUGÕU�� 6LVWHPLQ�
VLP�ODV\RQXQX�ROXúWXUDUDN����DGHW�HúDQM|U�Q�IDUNOÕ�HWNHQOLN�GH÷HUOHULQGH�YH�IDUNOÕ�NRQGHQVHU��
HYDSDUDW|U�� DEVRUEHU� YH� MHQHUDW|U� VÕFDNOÕNODUÕQGD� VLVWHPLQ� SHUIRUPDQVÕQÕ� LQFHOHPLúOHUGLU��
dHYULPGH�NXOODQÕODQ�DPRQ\DN�YH�DPRQ\DN-VX�HUL\L÷LQLQ�VÕFDNOÕNODUÕQÕ�QH�|Oo�GH�HWNLOHGL÷LQL�
WDEORGD�GHWD\OÕ�RODUDN�YHUPLúOHUGLU�� 
 
$EVRUEVL\RQOX� VR÷XWPD� VLVWHPOHULQGH� NXOODQÕODQ� HúDQM|UOHULQ� YH� VLVWHPLQ� oDOÕúPD�
VÕFDNOÕNODUÕQÕQ� VLVWHPLQ� SHUIRUPDQVÕ� �]HULQGHNL� HWNLOHULQL� EHOLUOH\HELOPHN� LoLQ� \DSWÕNODUÕ� EX�
oDOÕúPDGD�úX�EXOJXODUD�XODúPÕúODUGÕU�� 

 
• -HQHUDW|U� VÕFDNOÕ÷ÕQÕQ� DUWÕúÕ\la fakir eriyik konsantrasyonu azalmakta, evaparatör 

VÕFDNOÕ÷ÕQÕQ� DUWÕúÕ\OD� ]HQJLQ� HUL\LN� NRQVDQWUDV\RQX� DUWPDNWDGÕU�%X� LNL� HWNLGH� &23�
GH÷HULQL�DUWWÕUPDNWDGÕU� 

 
• .RQGHQVHU� VÕFDNOÕ÷ÕQÕQ� DUWÕúÕ\OD� IDNLU� HUL\LN� NRQVDQWUDV\RQX� DUWPDNWD�� DEVRUEHU�

VÕFDNOÕ÷ÕQÕQ� DUWÕúÕ\OD� ]HQJLQ� HUL\LN� NRQVDQWUDV\RQX� D]DOPDNWDGÕU�� %X� HWNLGH� &23�
GH÷HULQL�D]DOWPDNWDGÕU���� 

 

2.8.  Sahoo, P.K. ; Misra, R.D. ; Gupta, A. (2003) , Tek etkili su-lityum bromid buhar 

DEVRUEVL\RQ� VR÷XWPD� VLVWHPLQLQ� WHUPRHNRQRPLN� RSWLPL]DV\RQXQX� JHUoHNOHúWLUPLúledir. 

dDOÕúPDOUÕQGD� NOLPD� DPDoOÕ� EX� VLVWHPL� RSWLPL]H� HGHELOPHN� LoLQ�� |QFHOLNOH� oDOÕúPDODUÕQGD�
HNVHUML��]HULQH�NXUXOX�WHUPRHNRQRPLN�WHNQL÷LQL�DoÕNODPÕúODUGÕU� 
 

�%X� X\JXODPD� VLVWHP� YH� HOHPDQODUÕQÕQ� GHWD\OÕ� ELU� HNVHUML� DQDOL]L�� VLVWHP� HNLSPDQODUÕQÕQ�
\DWÕUÕP� PDOL\HWLQLQ� KHVDEÕ�� HNLSPDQODUÕQ� WHUPRGLQDPLN� GH÷LúNHQOHU� FLQVLQGHQ� \DWÕUÕP�
PDOL\HWOHULQLQ� DoÕNODQPDVÕ�� HNVHUML� HVDVOÕ� GHWD\OÕ� ELU� WHUPRGLQDPLN� DQDOL]�� VHoLOHQ�
HNVHUJRHNRQRPLN� GH÷LúNHQOHULQ� �]HULQGH� NDUDU� GH÷LúNHQOHULQLQ� HWNLOHULQLQ� GH÷HUOHQGLULOPHVL�
ve teNUDUOÕ�RSWLPL]DV\RQ�SURVHG�U��NRQXODUÕQÕ�LoHUPHNWHGLU��(QHUMLQLQ�HWNLOL�NXOODQÕPÕ�YH�IL\DW�
HWNLVL� \�NVHOHQ� GH÷HUGH� |QHPOL� ROGX÷XQGDQ�� WHUPRGLQDPLN� YH� HNRQRPLN� NÕVÕWODPDODUD� EX�
VLVWHPOHULQ�RSWLPL]H�HGLOPHVLQH�LKWL\Do�GX\XOPXúWXU� 
 

*�Q�P�]GH�HQ�oRN�úX�LNL�WHUPRGLQDPLN�PHWRG�NXOODQÕOPDNWDGÕU��ELULQFLVLQGH�PHWRG�RUWDODPD�
PDOL\HWOHUL�HOH�DOÕUNHQ�� LNLQFLVLQGH�LVH�WHUPRHNRQRPLN�IRQNVL\RQHO�DQDOL]OHUL�YH�P�KHQGLVOLN�
IRQNVL\RQHO� DQDOL]OHULQL� HOH� DOPDNWDGÕU�� %�W�Q� EX� VD\GÕ÷ÕPÕ]� WHUPRHNRQRPLN� RSWLPL]DV\RQ�



PHWRGODUÕQÕQ� HQ� E�\�N� DYDQWDMÕ�� Q�PHULN� DQDOL]OHULQ� NDUPDúÕN� PHWRGODUÕQÕ� NXOODQPDGDQ�
EDVLWoH�o|]HELOPH�NDSDVLWHOHULQH�VDKLS�ROPDODUÕGÕU� 
 

%X� oDOÕúPDODUÕQGD� DUDúWÕUPDFÕODU� RSWLPL]DV\RQ� LoLQ� RUWDODPD� PDOL\HW� \DNODúÕP� PDOL\HW�
\|QWHPLQL� WHUFLK� HWPLúOHUGLU�� 6HoWLNOHUL� EX� \öntemle modelledikleri çevrim üzerindeki 

QRNWDODUGD�JHUHNOL�DQDOL]OHUL�\DSDUDN��VLVWHPLQ�WHUPRHNRQRPLN�DQDOL]LQL�JHUoHNOHúWLUPLúOHUGLU���� 
 

2.9.  Sahoo, P.K. ; Misra, R.D. ; Gupta, A. (2004) <XNDUÕGD� DUDúWÕUPDODUÕQÕ� DQODWWÕ÷ÕPÕ]�
D\QÕ� �oO�� DUDúWÕUPDFÕ� JUXS� bu sefer  amonyak-VX� DNÕúNDQ� oLIWOL� DEVRUEVL\RQOX� VR÷XWPD�
VLVWHPLQLQ� HNVHUJRHNRQRPLN� RSWLPL]DV\RQXQX� \DSPÕúODUGÕU�� %HOLUOHGLNOHUL� WHUPRGLQDPLN�
PRGHO� �]HULQGH� HNLSPDQODUGDNL� HNVHUML� ND\ÕSODUÕQÕ� YH� WRSODP� HNVHUML\L� ELOJLVD\DU� SURJUDPÕ�
\DUGÕPÕ\OD� EXODUDN� DQDOL]� HWPLúOHUGLU�� %X� oDOÕúPDODUÕQGD� HNVHUJRHNRQRPLN� DQDOL]L�
JHUoHNOHúWLUHELOPHN� LoLQ� LNLQFL� \|QWHP� RODQ�� WHUPRHNRQRPLN� IRQNVL\RQ� DQDOL]OHUL� YH�
P�KHQGLVOLN�IRQNVL\RQHO�DQDOL]OHULQL�NXOODQPÕúODUGÕU� 
 
<DSÕODQ�DQDOL]OHU�VRQXFXQGD�oÕNDQ�GH÷HUOHUL�HNRQRPLN�DoÕGDQ�QH�DQODPD�JHOGL÷LQL�DoÕNOD\DUDN�
WDEOR�YH�oL]HOJHOHU�KDOLQGH�VXQPXúODUGÕU� 
 

2.10. Ezine, E.N. ; Barhoumi, M. ; Mejbri, K. ; Chemki, S. ; Bellagi, A. (2004), Bu 

oDOÕúPDODUÕQGD�WHUPRGLQDPLN�ELU�VLP�ODV\RQ�YH�PRGHOOHPH�JHUoHNOHúWLUPLúOHUGLU��$PRQ\DN�– 

VX� DNÕúNDQ� oLIWL\OH� DEVRUEVL\RQOD� VR÷XWPD� SUHQVLEL\OH� oDOÕúDQ� ELU� FKLOOHU� VLVWHPLQGH� �� LNL�
kademe ve sistemde iki jeneratör kullanarak, sistemin birinci ve ikinci kanun analizlerini 

JHUoHNOHúWLUPLúOHU��VLVWHP�SHUIRUPDQV�YH�HWNLQOL÷LQLQ�QDVÕO�DUWWÕUÕODELOHFH÷LQL�DUDúWÕUPÕúODUGÕU� 
 
%X� oDOÕúPD� DEVRUEVL\RQOX� VR÷XWPD� YH� J�QHú� HQHUMLOL� VR÷XWPD� NRQXODUÕQGD� \DSÕODQ�
DUDúWÕUPDODUÕQ�ELU�SDUoDVÕGÕU��g]HO�\DSÕODUOD�LOJL�RODQ�EX�oDOÕúPDGD��oLIW�HWNLOL��oLIW�MHQHUDW|UO���
amonyak-VX� NDUÕúÕPOÕ� ELU� DEVRUEVL\RQOX� VR÷XWPD� VLVWHPL� NXOODQPÕúODUGÕU�� 6LVWHPLQ�
YHULPOLOL÷LQLQ�KHVDSODQPDVÕQGD�NXOODQÕODQ�HQ�\D\JÕQ�\RO�RODQ��WHUPRGLQDPL÷LQ�ELULQFL�NDQXQX��
ELOJLVD\DU�RUWDPÕQD�DNWDUDUDN��VLVWHP�DQDOL]LQL�JHUoHNOHúWLUPLúOHUGLU� 
 

6LVWHPLQ�HWNLQOL÷LQLQ�JHOLúWLULOHELOPHVL� LoLQ�DEVRUEHU�� HYDSDUDW|U�� ÕVÕ�GH÷LúWLULFL� YH�NRQGHQVHU�
�]HULQGH� LNLQFL� NDQXQ� DQDOL]LQH� GD\DOÕ� RODUDN� HNVHUML� ND\ÕSODUÕQÕ� KHVDSOD\DUDN�� KHU� ELU�
HOHPDQÕQ� &23� �]HULQGHNL� HWNLVLQL� JUDILNOHU� \DUGÕPÕ\OD� DQDOL]� HWPLúOHUGLU�dDOÕúPDQÕQ�
sonucunda sistemde üzerindeki tersinmezlikler en aza indirilebilecek ekipmanlar  

EXOXQPXúWXU�� %X� HNLSPDQODU� �]HULQGH� \DSÕODELOHFHN� L\LOHúWLULOPHOHUOH�� VLVWHPLQ� HWNLQOLN� YH�
SHUIRUPDQVÕQÕQ�SR]LWLI�\|QGH�HWNLOHQHFH÷LQL�RUWD\D�NRQXOPXúWXU� 



�������ùHQFDQ��A. ; Yakut,  K. A. ; Kalogirou, A. (2005), dDOÕúPDODUÕQGD�NXOODQGÕNODUÕ�ÕVÕWPD�
YH� VR÷XWPD� X\JXODPDODUÕ� LoLQ�� WHN� NDGHPHOL� VX-OLW\XP� EURPLG� DNÕúNDQ� oLIWOL� DEVRUEVL\RQOX�
VR÷XWPD� VLVWHPLQGH� HNVHUML� DQDOL]L� JHUoHNOHúWLUPLúOHUGLU�� 2OXúWXUGXNODUÕ� DEVRUEVL\RQOX�
VR÷XWPD�VLVWHPLQGHNL�KHU�ELU�HNLSPDQGDNL�ND\ÕS�HNVHUML��HQWDOSL��HQWURSL��VÕFDNOÕN��N�WOH�DNÕú�
RUDQÕ�YH�VÕFDNOÕN�RUDQODUÕQÕQ�DQDOL]LQL�JHUoHNOHúWLUPLúOHUGLU��dDOÕúPD�VRQXFXQGD�NRQGHQVHU�YH�
HYDSDUDW|UGHNL� ÕVÕ� \�N�� YH� HNVHUML� ND\ÕSODUÕQÕQ�� MHQHUDW|U� YH� DEVRUEHULQNLQGHQ� GDKD� D]�
ROGX÷XQX�DQODPÕúODUGÕU��%XQXQ�QHGHQL�LVH�o|]HOWLGHNL�NDUÕúÕP�VÕFDNOÕ÷ÕQD�ED÷OÕGÕU�� 
 
$\UÕFD�� PRGHOOHPH� \DSÕODUDN� ELU� VLP�ODV\RQ� SURJUDPÕ� \D]DUDN�� EX� SURJUDPÕ� IDUNOÕ� LúOHWPH�
úDUWODUÕ� DOWÕQGDNL� DEVRUEVL\RQ� VLVWHPLQLQ� &23� YH� HNVHUML� YHULPOLOL÷LQL� EHOLUOHPHN� LoLQ�
NXOODQPÕúODUGÕU�� %X� ELOJLVD\DU� SURJUDPÕQÕ� \D]PDN� LoLQ� )RUWUDQ� ��� SURJUDPODPD� GLOLQL�
NXOODQPÕúODUGÕU��%LOJLVD\DU�SURJUDPÕQGD�ÕVÕ�YH�N�WOH�HúLWOLNOHUL��ÕVÕ�WUDQVIHU�HúLWOLNOHUL�YH�OLW\XP�
bromid – suyun termodinamik özelliklerine ait hal denklemlerini kaynak olarak 

NXOODQPÕúODUGÕU�� +HVDSODGÕNODUÕ� GH÷HUOHU� ÕúÕ÷ÕQGD� MHQHUDW|U� YH� HYDSDUDW|UGHNL� ÕVÕWPD� YH�
VR÷XWPD�LúOHPOHULQGH�GÕúDUÕGDQ�NXOODQÕODQ�VR÷XWPD�VX\XQXQ�YH�ÕVÕWPDGD�NXOODQÕODQ�DNÕúNDQÕQ�
JLULú� VÕFDNOÕNODUÕQÕQ� &23� YH� ND\ÕS� HNVHUML� �]HULQGHNL� HWNLOHUL� JUDILNOHU� \DUGÕPÕ\OD� DQDOL]�
HGLOPLúWLU�� 
 
AyrÕFD��ROXúWXUGXNODUÕ�VLP�ODV\RQ�PRGHOL�GH÷LúLN� LúOHWPH�úDUWODUÕ�DOWÕQGD�oDOÕúÕUNHQ��VLVWHPLQ�
ELULQFL�YH�LNLQFL�NDQXQ�YHULPOLOLNOHULQL�DUDúWÕUPÕú�YH�NDUúÕODúWÕUPÕúODUGÕU��6RQXo�RODUDN�RUWD\D�
oÕNDQ�� VLVWHPGHNL� ÕVÕ� ND\QD÷Õ� VÕFDNOÕ÷Õ� \�NVHOGL÷L� ]DPDQ�� VLVWHPLQ� ÕVÕWPD� YH� VR÷XWPD� &23�
GH÷HULQLQ� GH� ELUD]� \�NVHOPHNWH� ROGX÷XGXU�� %XQXQOD� ELUOLNWH� W�P� ÕVÕWPD� YH� VR÷XWPD�
X\JXODPDODUÕ� LoLQ�� ÕVÕ� ND\QD÷Õ� VÕFDNOÕ÷Õ� DUWWÕ÷Õ� ]DPDQ�� VLVWHPLQ� HNVHUMLWLN� YHULPOLOL÷L�
D]DOPDNWDGÕU�� 
 
$EVRUEVL\RQOX�VR÷XWPD�VLVWHPLQGHNL�&23�DQDOL]LQGH��VR÷XWXOPXú�VX�JLULú�VÕFDNOÕ÷Õ�\�NVHOGL÷L�
]DPDQ� &23� GH÷HULQLQ� GH� � \�NVHOGL÷L� NDQÕWODPÕúWÕU�� %XQXQOD� ELUOLNWH�� VR÷XWXOPXú� VX� JLULú�
VÕFDNOÕ÷Õ� DUWWÕ÷Õ� ]DPDQ�� VR÷XWPD� X\JXODPDODUÕ� LoLQ� VLVWHPLQ� HNVHUMLWLN� YHULPOLOL÷LQLQ� GH�
D]DOPDNWD� ROGX÷XQX� J|]OHPOHPLúOHUGLU�� ,VÕWPD� X\JXODPDODUÕQGD� LVH�� VR÷XWPD� VX\X� VÕFDNOÕ÷Õ�
DUWWÕ÷Õ�]DPDQ��VLVWHPLQ�&23�YH�HNVHUMLWLN�YHULPOLOLN�GH÷HULQLQ�GH�DUWWÕ÷ÕQÕ�J|UP�úW�U���������� 
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7HUPRGLQDPL÷LQ� ELULQFL� NDQXQX� ELU� VLVWHPGH� HQHUMLQLQ� ELU� úHNLOGHQ� GL÷HULQH� G|Q�ú�P�� LOH�
LOJLOLGLU�YH�EX�G|Q�ú�POHU�VRQXFXQGD�VLVWHPLQ�WRSODP�HQHUMLVLQLQ�GH÷LúPH\HFH÷LQL�LIDGH�HGHU��
%X�NDQXQ�HQHUMLQLQ�NRUXQXPX�LONHVL�RODUDN�GD�DGODQGÕUÕOPDNWDGÕU��%LULQFL�NDQXQ�HQHUMLQLQ�\RN�
RODPD\DFD÷ÕQÕ�YH�\RNWDQ�GD�YDU�HGLOHPH\HFH÷LQL�DoÕNODPDNWDGÕU�� 
 
7HUPRGLQDPLN� VLVWHPOHULQ�DQDOL]LQGH� VLVWHP�VÕQÕUODUÕQÕ� EHOLUOHPHN�oRN�|QHPOLGLU�� EHOLUOHQHQ�
VLVWHP� VÕQÕUÕQD� J|UH�� VLVWHP� NDSDOÕ� YH\D� DoÕN� VLVWHP� RODUDN� LQFHOHQHELOPHNWHGLU�� 6LVWHP�
VÕQÕUODUÕQÕQ�X\JXQ�ELU�úHNLOGH�VHoLOPHVL�KHVDSODUÕQ�EDVLWOHúWLULOPHVLQL�VD÷ODPDNWDGÕU�� 
 

7HPHO� RODUDN�� VLVWHP� VÕQÕUODUÕQGDQ� N�WOH� WUDQVIHUL� ROX\RUVD� VLVWHP�� ³DoÕN� VLVWHP´� RODUDN�
WDQÕPODQÕU��ROPX\RUVD�VLVWHP�³NDSDOÕ�VLVWHP´�RODUDN�WDQÕPODQPDNWDGÕU��ùLPGL�VÕUDVÕ\OD�NDSDOÕ�
YH�DoÕN�VLVWHPOHU�LoLQ�ELULQFL�NDQXQ�LIDGHVLQLQ��HQ�JHQHO�KDOL\OH�DQDOL]OHULQL�JHUoHNOHúWLUHOLP� 
 
�����.DSDOÕ�6LVWHPOHU�øoLQ�%LULQFL�.DQXQ�$QDOL]L 
 
%X� oDOÕúPDQÕQ� WDPDPÕQGD� NRQWURO� KDFPLQH� JLUHQ� ÕVÕ� SR]LWLI� �� JLUHQ� Lú� QHJDWLI�� NRQWURO�
KDFPLQGHQ�oÕNDQ�ÕVÕ�QHJDWLI��oÕNDQ�Lú�SR]LWLI�LúDUHWOLGLU��ùHNLO����¶�GH�NDSDOÕ�VLVWHPLQ�úHPDWLN�
ELU�J|VWHULPL�YHULOPLúWLU� 
 

 

 

 

 

 

 

 

 

 
 

 

ùHNLO�����.DSDOÕ�VLVWHP�úHPDWLN�J|VWHULPL 
 

7HUPRGLQDPL÷LQ�ELULQFL�NDQXQXQXQ�JHQHO�LIDGHVL��� 
 

EWQ ∆=−                                                                                                                      (3.1) 

  Sistem 
m=0 

Sistem 
6ÕQÕUÕ 
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(-) Q (+) 

(+) W   (-) 



�wl�rl�|�l ++=                                                                                                    (3.2) 

 

�wl�rl�|:4 ++=−                                                                                           (3.3) 

 
úHNOLQGHGLU� 
 

�����$oÕN�6LVWHPOHU�øoLQ�%LULQFL�.DQXQ�$QDOL]L��dHQJHO������� 
 

<DSWÕ÷ÕPÕ]�oDOÕúPD�JHUH÷L�DoÕN�VLVWHPOHUL�V�UHNOL�DNÕúOÕ�V�UHNOL�DoÕN�VLVWHPOHU��6$6$��RODUDN�
NDEXO� HGHUHN� DQDOL]OHULPL]L� EX� YDUVD\ÕP� �]HULQGHQ� JHUoHNOHúWLUHFH÷L]�� ùHNLO� ���¶� GH� DoÕN�
VLVWHPLQ� úHPDWLN� ELU� J|VWHULPL� YHULOPHNWHGLU�� 6�UHNOL� DNÕúOÕ� V�UHNOL� DoÕN� VLVWHPGH� DNÕúNDQÕQ�
NRQWURO� KDFPLQGHQ� V�UHNOL� ELU� DNÕúÕ� V|]� NRQXVXGXU�� $NÕúNDQÕQ� |]HOOLNOHUL� NRQWURO� KDFPL�
VÕQÕUODUÕ�LoLQGH��ELU�QRNWDGDQ�GL÷HULQH�GH÷LúLNOLN�J|VWHUHELOLU��=DWHQ�WDQÕP�LoLQGH�JHoHQ�V�UHNOL�
V|]F�÷�\OH�]DPDQOD�GH÷LúPH\HQ�DQODPÕ�EHOLUWLOPHNWHGLU��6�UHNOL�DNÕúOÕ�DoÕN�VLVWHPOHUOH�LOJLOL�
DúD÷ÕGDNL�\DUJÕODUGD�EXOXQXODELOLU� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�����$oÕN�VLVWHP�úHPDWLN�J|VWHULPL 
 

• Kontrol hacmi içersinde yH÷LQ� YH� \D\JÕQ� KLoELU� |]HOOLN� ]DPDQOD� GH÷LúPH]�� %|\OHFH�
NRQWURO� KDFPLQLQ�� N�WOHVL�� KDFPL� YH� WRSODP� HQHUMLVL�� V�UHNOL� DNÕúOÕ� V�UHNOL� DoÕN�

JLUHQP  

oÕNDQP  

      Çevre 

Sistem 

W 

Q 



VLVWHPOHUGH�VDELW�NDOÕU��%X�\DUJÕQÕQ�ELU� VRQXFX�RODUDN� WD��KDFLP�VDELW�ROGX÷XQGDQ�EX�
VLVWHPOHUGH�VÕQÕU�LúL�GH�VÕIÕUD�Húittir. 

 
• .RQWURO�KDFPLQLQ�VÕQÕUODUÕQGDNL�KLoELU�|]HOOLN�]DPDQOD�GH÷LúPH]��%X�QHGHQOH�JLUHQ�YH�

oÕNDQ�DNÕúNDQODUÕQ�|]HOOLNOHUL�]DPDQD�J|UH�VDELWWLU� 
 

• 6�UHNOL�DNÕúOÕ�V�UHNOL�DoÕN�VLVWHPOHULQ�oHYUHVL\OH�ÕVÕ�YH�Lú�HWNLOHúLPL�]DPDQOD�GH÷LúPH]��
Bu nedenle sistemin� ELULP� ]DPDQGD� oHYUHVL\OH� \DSWÕ÷Õ� ÕVÕ� DOÕúYHULúL� YH\D� ELULP�
]DPDQGD�\DSWÕ÷Õ�Lú�VDELWWLU����� 

 

Sürekli-DNÕúOÕ-sürekli-DoÕN� VLVWHPOHUGH� V�UHNOLOLN� LIDGHVL� N�WOHQLQ� NRUXQXPX� LONHVL� RODUDN�
DGODQGÕUÕOÕU�6�UHNOL-DNÕúOÕ-sürekli-DoÕN� VLVWHPOHUGH� NRQWURO� KDFPL� LoHUisindeki toplam kütle 

]DPDQOD� GH÷LúPH]�� %X� N�WOHQLQ� NRUXQXPX� LONHVLQLQ� ELU� JHUH÷LGLU�� %X� GXUXPGD� N�WOHQLQ�
NRUXQXPX�LONHVL�JHUH÷LQFH��NRQWURO�KDFPLQH�JLUHQ�WRSODP�N�WOHQLQ��NRQWURO�KDFPLQGHQ�oÕNDQ�
WRSODP�N�WOH\H� HúLW� ROPDVÕ� JHUHNPHNWHGLU��%XQD� J|UH� 6�UHNOL-DNÕúOÕ-sürekli-DoÕN� VLVWHPOHUGH�
süreklilik kanunu; 
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úHNOLQL�DOÕU� 
 

Buna göre, Sürekli-DNÕúOÕ-sürekli-DoÕN�VLVWHPOHU�LoLQ�WHUPRGLQDPL÷LQ�ELULQFL�NDQXQX� 
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dHúLWOL� HQHUML� W�UOHULQLQ� ELUELULQH� HúGH÷HU� PLNWDUGD� G|Q�úW�÷�Q�� EHOLUOH\HQ� WHUPRGLQDPL÷LQ�
ELULQFL�\DVDVÕ��HQHUML�W�UOHULQLQ�ELUELUOHULQH�NHQGLOL÷LQGHQ�G|Q�úHELOPH�H÷LOLPOHUL�KDNNÕQGD�ELU�
VÕQÕUODPD�JHWLUPHPHNWHGLU��2\VD��GL÷HU�HQHUML�W�UOHUL�NHQGLOL÷LQGHQ�ÕVÕ\D�G|Q�úW�÷��KDOGH��ÕVÕ�
GL÷HU� HQHUML� W�UOHULQH� NHQGLOL÷LQGHQ� G|Q�úHPHPHNWHGLU�� %XQD� EHQ]HU� RODUDN� GR÷DGD�
JHUoHNOHúHQ�ELU�oRN�ROD\GD�WHN�\|QO�G�U� 
 
7HUPRGLQDPL÷LQ� ELULQFL� NDQXQX� HQHUMLQLQ� ELU� IRUPGDQ� GL÷HU� ELU� IRUPD� G|Q�ú�P�� LOH� LOJLOL�
LNHQ�� LNLQFL� NDQXQ� EX� G|Q�ú�P�Q� QH� RUDQGD� RODELOHFH÷L� LOH� LOJLOLGLU�� %LULQci yasa hal 

GH÷LúLPOHULQLQ� \|Q�� �]HULQGH� KHUKDQJL� ELU� NÕVÕWODPD� NR\PD]�� DQFDN� ELULQFL� \DVDQÕQ�
VD÷ODQPDVÕ� � KDO� GH÷LúLPOHULQLQ� JHUoHNOHúHFH÷L� DQODPÕQD� GD� JHOPHPHNWHGLU�� %LU� KDO�
GH÷LúLPLQLQ� ROXS� ROPD\DFD÷Õ� NRQXVXQGDNL� ELULQFL� NDQXQXQ� \HWHUVL]OL÷L�� LNLQFL� NDQXn ile 

NDSDWÕODELOPHNWHGLU��� 
 
%LU� ROD\ÕQ� NHQGLOL÷LQGHQ� ROXS� YH\D� ROPDPDVÕ� YH\D� ÕVÕ� YH� Lú� DUDVÕQGDNL� NDOLWH� IDUNÕ� DQFDN�
WHUPRGLQDPL÷LQ� LNLQFL�NDQXQXQD�GD\DQGÕUÕODUDN�DoÕNODQDELOPHNWHGLU��7HUPRGLQDPL÷LQ� LNLQFL�
\DVDVÕ�� ÕVÕ� PDNLQHOHUL� YH� VR÷XWPD� PDNLQHOHUL� JLEi temel mühendislik sistemlerinin 

YHULPOHULQLQ� �VW� YH\D� NXUXPVDO� VÕQÕUÕQÕ� YH� NLP\DVDO� UHDNVL\RQODUÕQ� KDQJL� RUDQODUGD�
JHUoHNOHúHFHNOHULQL� EHOLUOHU�� 6LVWHPOHUGH� HQHUMLQLQ� QLWHOL÷LQL� NRUXPDN� oRN� |QHPOLGLU�� LNLQFL�
\DVD�HQHUMLQLQ�QLWHOL÷LQL�YH�ELU�KDO�GH÷LúLPL�VÕUDVÕQGD�EX�QLWHOL÷LQ�QDVÕO�D]DOGÕ÷ÕQÕ�KHVDSODPDN�
LoLQ�VRPXW�\|QWHPOHU�RUWD\D�NR\PDNWDGÕU�� 
 
7HUPRGLQDPL÷LQ�LNLQFL�NDQXQXQD�J|UH�ÕVÕ�LúH�G|Q�úW�UHQ�KLoELU�J�o�PDNLQHVLQLQ�YHULPL������
RODPD]�� \DQL� ÕVÕQÕQ� WDPDPÕ� LúH� oHYULOHPH]�� %HQ]HU� úHNLOGH�� ³ELU� RUWDPÕ� oHYUH� VÕFDNOÕ÷ÕQÕQ�
DOWÕQD�VR÷XWDELOPHN� LoLQ� LNLQFL� ELU� HQHUML� ND\QD÷ÕQD� LKWL\Do�YDUGÕU�´� YH� ³ÕVÕ� VÕFDNOÕ÷ÕQ� G�ú�N�
ROGX÷X� ELU� RUWDPGDQ� \�NVHN� ROGX÷X� ELU� RUWDPD� GÕúDUÕGDQ� KHUKDQJL� ELU� \DUGÕP� DOPDGDQ�
NHQGLOL÷LQGHQ�JHoHPH]�´�LIDGHOHUL�GH�WHUPRGLQDPL÷LQ�LNLQFL�NDQXQXQXQ�VRQXoODUÕQGDQGÕU� 
 
4.1. Entropi 

 
(QWURSL�� HQHUMLQLQ� NDOLWHVLQL�� NXOODQÕODELOLUOL÷LQL� EHOLUOH\HQ� WHUPRGLQDPLN� ELU� |]HOOLNWLU��
7HUPRGLQDPLN�VLVWHPOHULQ�HQWURSL�GH÷LúLPLQLQ�ELOLQPHVL��VLVWHPLQ�HQWURSLVLQLQ�ELOLQPHVLQGHQ�
GDKD�|QHPOL�YH�GDKD�NXOODQÕúOÕGÕU� 
 
%�W�Q�WHUVLQLU�KDO�GH÷LúLPOHUL�LoLQ�HQWURSLQLQ�JHQHO�LIDGHVL� 
 



7
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Sistem 1 halinden tersinir biU�KDO�GH÷LúLPL�LOH���KDOLQH�JHOLUVH� 
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�����(QWURSLQLQ�$UWÕúÕ�øONHVL 
 
%LU�KDO�GH÷LúLPL�VÕUDVÕQGD�D\UÕN�ELU�VLVWHPLQ�HQWURSLVL�KHU��]DPDQ�DUWDU��DQFDN�KDO�GH÷LúLPLQLQ� 
7HUVLQLU�ROPDVÕ�GXUXPXQGD�VDELW�NDOPDNWDGÕU��%XUDGD�D\UÕN�VLVWHPOH�DQODWÕOPDN�LVWHQHQ�NDSDOÕ�
DG\DEDWLN�VLVWHPGLU��%DúND�ELU�GH\LúOH��D\UÕN�ELU�VLVWHPLQ�HQWURSLVL�KLoELU�]DPDQ�D]DOPD]� 
 
<XNDUÕGDNL� DQODWÕP� HQWURSLQLQ� DUWÕúÕ� LONHVLQL� DoÕNODPDQÕQ� ELU� \ROXGXU�� ,VÕ� JHoLúL� ROPDGÕ÷Õ�
]DPDQ��HQWURSL�GH÷LúLPL�VDGHFH�WHUVLQPH]OLNOHUGHQ�ND\QDNODQÕU�YH�EX�HWNL�KHU�]DPDQ�HQWURSL\L�
DUWWÕUPD� \|Q�QGHGLU�� (QWURSLQLQ� DUWÕúÕ� LONHVL� NDSDOÕ� VLVWHPOHUH� YH� DoÕN� VLVWHPOHUH�
uygulaQDELOHFHN� JHQHO� ELU� LIDGHGLU�� o�QN�� KHU� ]DPDQ� ELU� VLVWHP� YH� oHYUHVL� D\UÕN� ELU� VLVWHP�
ROXúWXUXU�� %X� ED÷ÕQWÕ� ELU� KDO� GH÷LúLPLQGH� WRSODP� HQWURSL� GH÷LúLPLQLQ� DUWÕ� YH\D� VÕIÕUD� HúLW�
RODELOHFH÷LQL� YXUJXODPDNWDGÕU�� *HUoHN� ELU� KDO� GH÷LúLPL� WHUVLQLU� GH÷LOGLU�� EX� QHGenle 

JHUoHNOHúHQ�KHU�KDO�GH÷LúLPL�WRSODP�HQWURSLQLQ�ELUD]�GDKD�DUWPDVÕQD�QHGHQ�ROPDNWDGÕU� 
     
7HUVLQLU� ELU� KDO� GH÷LúLPL� VRQXFX� VLVWHPLQ� HQWURSL� GH÷LúLPLQL� YHUHQ� ������ LIDGHVL�� KDO�
GH÷LúLPLQLQ�WHUVLQPH]�ROGX÷X�GXUXPGD�������KDOLQH�G|Q�ú�U� 
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<XNDUÕGDNL�LIDGHGHNL�HúLWVL]OL÷L�JLGHUPHN�LoLQ��HúLWVL]OL÷LQ�VD÷�WDUDIÕQD�VLVWHPGH�ROXúDQ�HQWURSL�
üretimini simgeleyen �UHW6 terimini ekleyelim; 

 

üretim
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buradan; 
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<XNDUÕGDNL�LIDGHOHUGHQ�DúD÷ÕGDNL�VRQXoODU�oÕNDUÕODELOLU� 
 

• 7HUVLQLU�LúOHPOHUGH�HQWURSL��UHWLPL�VÕIÕUGÕU� 
 
• 7HUVLQPH]�LúOHPOHUGH�HQWURSL��UHWLPL�VÕIÕUGDQ�E�\�NW�U� 
 
• %LU�LúOHPGH�HQWURSL��UHWLPL�QH�NDGDU�E�\�NVH��LúOHPLQ�WHUVLQPH]OL÷L�R�NDGDU�ID]ODGÕU��� 
 
• EntroSL� �UHWLPL� KDO� GH÷LúLPL� VÕUDVÕQGD� L]OHQHQ� \ROD� ED÷OÕGÕU� YH� WHUPRGLQDPLN� ELU�

|]HOOLN�GH÷LOGLU��(QWURSL�GH÷LúLPL�LVH�\ROGDQ�ED÷ÕPVÕ]GÕU�YH�WHUPRGLQDPLN�ELU�|]HOOLN�
ROXS�HQWURSL��UHWLPL�LOH�NDUÕúWÕUÕOPDPDOÕGÕU�� 

 
• (QWURSL��UHWLPL�VÕIÕUGDQ�N�o�N�RODPD]�� 

 
• VerimL� HQ� \�NVHN� RODQ� oHYULPOHU� WHUVLQLU� KDO� GH÷LúLPOHULQGHQ� ROXúDQ� oHYULPOHUGLU��

'ROD\ÕVÕ\OD�� ELU� oHYULPLQ� YHULPLQL� \�NVHOWPHN� LoLQ� oHYULPL]GHNL� WHUVLQPH]OLNOHULQ�
D]DOWÕOPDVÕ��\DQL�HQWURSL��UHWLPLQLQ�PLQLPL]H�HGLOPHVL�JHUHNPHNWHGLU� 

 
• 7HUPRGLQDPL÷LQ�ELULQFL�NDQunundan “enerji yok edilemez ve yoktan da var edilemez” 

VRQXFX� oÕNDUNHQ�� WHUPRGLQDPL÷LQ� LNLQFL� NDQXQXQGDQ� ³HQWURSL� \RNWDQ� YDU� HGLOHELOLU�
DPD�DVOD�\RN�HGLOHPH]´�VRQXFX�oÕNDU��� 

 

�������.DSDOÕ�6LVWHPOHUGH�(QWURSL�hUHWLPL 
 

.DSDOÕ� ELU� VLVWHPLQ� VÕQÕUODUÕQGDQ� N�WOH� JLULúL� YH� oÕNÕúÕ� ROPDPDNWDGÕU�� %X� QHGHQOH� HQWURSL�
GH÷LúLPL�VLVWHPLQ�LON�YH�VRQ�KDOOHULQGHNL�HQWURSLOHUL�DUDVÕQGDNL�IDUNWÕU��.DSDOÕ�ELU�VLVWHPGHNL�
HQWURSL� GH÷LúLPL�� ÕVÕ� JHoLúL\OH� DODNDOÕ� RODQ� VLVWHP� VÕQÕUÕQGDNL� HQWURSL� WUDQVIHUL� LOH� VLVWHP�
VÕQÕUODUÕ�LoHUVLQGHNL�HQWURSL��UHWLPLQH�ED÷OÕGÕU� 
 
.DSDOÕ�ELU�VLVWHPLQ�KDO�GH÷LúLPL�VÕUDVÕQGDNL�HQWURSL�GH÷LúLPL��VLVWHP�VÕQÕUODUÕQGDQ�WUDQVIHU�RODQ�
HQWURSL� LOH� VLVWHP� VÕQÕUODUÕ� LoLQGH� WHUVLQPH]OLNOHUGHQ� GROD\Õ� �UHWLOHQ� HQWURSLQLQ� WRSODP�
PLNWDUÕQD�HúLWWLU��.DSDOÕ�VLVWHPOH�LOJLOL�RODUDN�DQODWÕODQODUÕQ�úHPDWLN�ELU�J|VWHULPL�ùHNLO����¶�GH�



J|U�OPHNWHGLU��<XNDUÕGDNL�V|]O��DQODWÕPÕQ�PDWHPDWLNVHO�LIDGHVL�HQ�JHQHO�KDOL\OH�GHQNOHP����¶�
da verilmektedir. 

 

 

 

 

 

 

 

 

 

 

                                                                               

                                                             :∂  
����������������������������������������������������������������Lú�WUDQVIHUL� 

 

 

�������������������������������������������7���VÕQÕU�VÕFDNOÕ÷Õ� 
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ùHNLO�����.DSDOÕ�VLVWHP�úHPDWLN�úHNOL��%HMDQ�������� 
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<XNDUÕGDNL� LIDGHGH�� HúLWOLN� WHUVLQLU� LúOHPOHUGH�� HúLWVL]OLN� LVH� WHUVLQPH]� LúOHPOHUGH� JHoHUOLGLU��
.DSDOÕ�VLVWHPOHUGH�HQWURSL��UHWLPL�LoLQ�JHQHO�WDQÕP� 
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SINIR 

6ø67(0 

�� (( − ��HQHUML�GH÷LúLPL� 
�� 66 − ��HQWURSL�GH÷LúLPL� 

ÇEVRE 



úHNOLQGH�LIDGH�HGLOHEilmektedir. 

 

 

�������$oÕN�6LVWHPOHUGH�(QWURSL�hUHWLPL 
 

ùHNLO����¶�GH�|UQHN�ELU�DoÕN�VLVWHP�úHPDWLN�úHNOL�YHULOPLúWLU� 
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                                                4���ÕVÕ�WUDQVIHU�RUDQÕ�� 
 

                                                4�7���HQWURSL�WUDQVIHU�RUDQÕ�� 
 

 

 

ùHNLO������$oÕN�VLVWHP�úHPDWLN�úHNOL��%HMDQ������� 
 

.21752/�+$&0ø 

Kontrol yüzeyi 

*LULú 
•

LQP  

dÕNÕú 
•

RXWP  

M  (kütle) 
    E  (enerji) 
  S  (entropi) 

W 
0LO�LúL 

transferi 



$oÕN�VLVWHPOHUGH�HQWURSL��UHWLPL�LoLQ�JHQHO�WDQÕP� 
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'HQNOHP������¶�GD��HúLWOLN�WHUVLQLU�LúOHPOHUGH��HúLWVL]OLN�LVH�WHUVLQPH]�LúOHPOHUGH�JHoHUOLGLU� 
 

 

�����.XOODQÕODELOLU�(QHUML��(NVHUML��.DYUDPÕ��dHQJHO������� 
 

dHúLWOL�HQHUML�W�UOHUL��o�JUXSWD�WRSODQDELOLU� 
 

• 'L÷HU� HQHUML� W�UOHULQH� VÕQÕUVÕ]� RODUDN� G|Q�úW�U�OHELOHQ� HQHUML� �|UQH÷LQ�� PHNDQLN� YH�
elektrik enerjisi) 

 
• 'L÷HU�HQHUML�W�UOHULQH�VÕQÕUOÕ�RODUDN�G|Q�úW�U�OHELOHQ�HQHUML��Lo�HQHUML�YH�ÕVÕ� 
 
• 'L÷HU� HQHUML� W�UOHULQH� G|Q�úW�U�OPHVL� RODQDN� GÕúÕ� RODQ� HQHUML� �|UQH÷Ln; çevrenin iç 

enerjisi) 

 

%DHKU� ³9HULOPLú� ELU� RUWDPGD�E�W�Q�GL÷HU� HQHUML� W�UOHULQH� G|Q�úHELOHQ� HQHUML\H� NXOODQÕODELOLU�
HQHUML� YH\D� HNVHUML� DGÕ� YHULOLU´� GHU�� 'L÷HU� HQHUML� W�UOHULQH� G|Q�úW�U�OPHVL� LPNDQVÕ]� RODQ�
HQHUML\H�LVH�NXOODQÕODPD]�HQHUML��ED÷OÕ�HQHUML��YH\D�DQHUML�GHQLU��'ROD\ÕVÕ\OD�E�W�Q�HQHUML�W�UOHUL�
LoLQ�DúD÷ÕGDNL�HúLWOLN�\D]ÕODELOLU� 
 
Enerji =Ekserji + Anerji 

 
7HUPRGLQDPL÷LQ� ELULQFL�NDQXQXQD� J|UH� E�W�Q� SURVHVOHUGH� HNVHUML� YH� DQHUMLQLQ� WRSODPÕ� VDELW�
NDOÕU��7HUPRGLQDPL÷LQ�LNLQFL�NDQXQXQD�J|UH�LVH�VDGHFH�WHUVLQLU�SURVHVOHUGH�HNVHUMLQLQ�PLNWDUÕ�
VDELW� NDOÕU��%�W�Q� WHUVLQPH]� SURVHVOHUGH� HNVHUML� ND\EÕ� JHUoHNOHúPHNWHGLU��$QHUML\L� HNVHUML\H�
G|Q�úW�UPHN�LPNDQVÕ]GÕU� 
 
(NVHUMLQLQ�GDKD�D\UÕQWÕOÕ�WDQÕPÕ�%RVQMDNRYLF�WDUDIÕQGDQ�\DSÕOPÕúWÕU��³HNVHUML�WHUVLQLU�ELU�SUoses 

VRQXQGD�oHYUH� LOH�GHQJH�VD÷ODQGÕ÷Õ� WDNWLUGH�NXUDPVDO�RODUDN�HOGH�HGLOHELOHFHN�PDNVLPXP�Lú�
PLNWDUÕGÕU�´��*�QFHO�WDQÕPÕ\OD�HNVHUML��HQHUMLQLQ�PLO�LúLQH�G|Q�úW�U�OHELOHQ�NÕVPÕGÕU��(QHUMLQLQ�



PLO� LúLQH� G|Q�úW�U�OHELOHQ� YH� G|Q�úW�U�OHPH\HQ� NÕVÕPODUÕ�� NXOODQÕODELOLU� HQHUML� �HNVHUML�� YH�
NXOODQÕODPD]�HQHUML��DQHUML��RODUDN�G�ú�Q�OHELOLU� 
 

7HUPRGLQDPLNWH�� NXOODQÕODELOLU� HQHUML�� HQHUMLQLQ� PHNDQLN� YH\D� HOHNWULN� HQHUMLVLQH�
G|Q�úW�U�OHELOPH�SHUIRUPDQVÕ�LOH�VÕQÕUODQGÕUÕOPÕúWÕU��7HUPRGLQDPL÷LQ�LNLQFL�NDQXQX��ÕVÕQÕQ�Lúe 

G|Q�ú�P�� LOH� VÕQÕUOÕGÕU�� o�QN�� VLVWHPGH� HOGH� HGLOHQ� ÕVÕQÕQ� \DOQÕ]FD� ELU� NÕVPÕ� LúH�
G|Q�úW�U�OHELOPHNWHGLU�� %X� QHGHQOH�� NXOODQÕODELOLU� HQHUML� J|]� |Q�QH� DOÕQDQ� ÕVÕ� PLNWDUÕQGDQ�
GDKD� D]GÕU�� %LU� VLVWHPGH�� LoLQGH� EXOXQGX÷X� oHYUH� LOH� WHUPRGLQDPLN� GHQJHGH� LVH� oHYre ile 

VLVWHP�DUDVÕQGD�KHUKDQJL�ELU� ÕVÕ�YH� Lú�HWNLOHúLPL�JHUoHNOHúPH]��%X�KDOH�³|O��KDO´�GHQLU��gO��
KDOGHNL�VLVWHPOHU�Lú��UHWHPH]��gO��KDOGH�EXOXQDQ�VLVWHPOHU����VÕIÕU��LQGLVL�LOH�J|VWHULOPHNWHGLU��
gO�� KDOGHNL� VLVWHPOHU� oHYUH� VÕFDNOÕ÷Õ� YH� EDVÕQFÕQGDGÕU�� 6Lstemin çevresine göre kinetik ve 

SRWDQVL\HO�HQHUMLOHUL�VÕIÕUGÕU��%X�KÕ]ÕQ�YH�ELU�UHIHUDQV�QRNWDVÕQD�J|UH�\�NVHNOL÷LQ�VÕIÕU�ROGX÷X�
DQODPÕQD�JHOPHNWHGLU��gO��KDOGH\NHQ�oHYUH\OH�NLP\DVDO� UHDNVL\RQD�JLUPH]��D\UÕFD�oHYUH\OH�
DUDVÕQGD�GHQJHOHQPH\HQ�PDQ\HWLN��HOHNtrik ve yüzey gerilmeleri yoktur. Sistemin ölü haldeki 

|]HOOLNOHUL� VÕIÕU� LQGLVL\OH� J|VWHULOLU�� $NVL� EHOLUWLOPHGLNoH� |O�� KDO� VÕFDNOÕ÷Õ� YH� EDVÕQFÕ�
&��7 �

� =  ve  �3� = DWPRVIHU� ��������� N3$�� DOÕQDFDNWÕU�� %LU� VLVWHPLQ� |O�� KDOGHNL�
NXOODQÕODELOLUOL÷L�VÕIÕUGÕU����� 
 
%�W�Q� LúOHPOHULQ� WHUVLQLU� ROGX÷X� LGHDO� KDO� GH÷LúLPOHUL� LOH� HOGH� HGLOHQ� LúH� WHUVLQLU� Lú� DGÕ�
YHULOPHNWHGLU��*�o��UHWPH�VLVWHPOHULQGH�WHUVLQLU�Lú��ELU�VLVWHPLQ�LON�KDOGHQ�VRQ�KDOH�JHoHUNHQ�
\DSWÕ÷Õ� PDNVLPXP� LúWLU�� 6R÷XWPD� VLVWHPOHULQGH� WHUVLQLU� Lú� LVH� EHOLUOL� ELU� PLNWDU� VR÷XWPD\Õ�
\DSDELOPHN�LoLQ�JHUHNOL�PLQLPXP�LúWLU� 
 
%LU�VLVWHPLQ�KDUHNHWOL�VÕQÕU�LúLQLQ�ELU�NÕVPÕ�FLYDUD�NDUúÕ�\DSÕOGÕ÷ÕQGDQ��VLVWHPLQ�LON�KDOGHQ�VRQ�
KDOH� JHoHUNHQ� \DSWÕ÷Õ� PDNVLPXP� LúWHQ� �WHUVLQLU� Lú��� FLYDUD� NDUúÕ� \DSÕODQ� Lú� oÕNDUÕODUDN�
³PDNVLPXP�ID\GDOÕ´�Lú�EXOXQPDNWDGÕU� 
 
9HULOHQ�ELU�KDOGHNL�VLVWHPLQ�VDGHFH�oHYUHVL�LOH�HWNLOHúLPGH�EXOXQDUDN�|O��KDOH�JHoPHVL�VRQXFX�
HOGH�HGLOHELOHFHN�PDNVLPXP�ID\GDOÕ�LúH��VLVWHPLQ�NXOODQÕODELOLU�HQHUMLVL��NXOODQÕODELOLUOL÷L�YH\D�
eNVHUML� GHQLOPHNWHGLU�� %X� GXUXPGD�� ID\GDOÕ� LúLQ� PDNVLPXP� ROPDVÕ� LoLQ� VLVWHPGHNL� E�W�Q�
LúOHPOHULQ�WHUVLQLU�ROPDVÕ�JHUHNWL÷L�J|U�OPHNWHGLU� 
 
(QHUML�LOH�NXOODQÕODELOLU�HQHUML��HNVHUML��DUDVÕQGD�ED]Õ�IDUNODU�YDUGÕU� 
 

• (QHUML�\RN�HGLOHPH]��NXOODQÕODELOLU�HQHUML�Lse yok edilebilir. 

• .XOODQÕODELOLU�HQHUML��VLVWHPLQ�E�W�Q�KDOOHUL�LoLQ�VÕIÕUGDQ�E�\�N�YH\D�VÕIÕUD�HúLWWLU� 



• .XOODQÕODELOLU�HQHUML��VLVWHPLQ�EXOXQGX÷X�KDOLQ�|O��KDOH�J|UH�VDSPDVÕQÕ�J|VWHULU 
• .XOODQÕODELOLU� HQHUML�� VLVWHPOHU� DUDVÕQGD� WUDQVIHU� HGLOHELOLU� YH� LoOHrindeki 

tersinmezliklerde yok edilebilir.  

 
(NVHUMLQLQ�KHVDSODQDELOPHVL�LoLQ�DúD÷ÕGDNL�YHULOHULQ�ELOLQPHVL�JHUHNPHNWHGLU� 
 

• dHYUHQLQ�VÕFDNOÕN��EDVÕQo�YH�NLP\DVDO�NRPSR]LV\RQXQ�EHOLUWLOPHVL 
• 7HUVLQLU�ELU�SURVHVLQ�YDUOÕ÷ÕQÕQ�NDEXO�HGLOPHVL�JHUHNLU 

4.3.1. KapalÕ�6LVWHPOHUGH�øNLQFL�<DVD�d|]�POHPHVL�(Çengel, 1996) 

 

6LVWHP� VDGHFH� oHYUH\OH� ÕVÕ� DOÕúYHULúLQGH� EXOXQPDNWD�� EDúND� ELU� ÕVÕO� HQHUML� GHSRVX\OD� ÕVÕ�
DOÕúYHULúLQH� L]LQ�YHULOPHPHNWHGLU��.DSDOÕ�VLVWHPLQ�D\UÕFD�KDUHNHWVL]�ROGX÷X�NDEXO�HGLOPHNWH��
bu nedenle sistemin NLQHWLN�YH�SRWDQVL\HO�HQHUMLVL�GH÷LúPHPHNWHGLU�� øQFHOHQHQ�NDSDOÕ�VLVWHP�
LoLQ�WHUPRGLQDPL÷LQ�ELULQFL�YH�LNLQFL�\DVDODUÕ�DúD÷ÕGDNL�JLEL�\D]ÕODELOLU� 
 

7HUPRGLQDPL÷LQ�ELULQFL�NDQXQX� 
 

Q – W = U2 – U1                    (4.8) 

 

7HUPRGLQDPL÷LQ�LNLQFL�NDQXQX� 
 

Süretim = (S2 - S1)sistem + 
çevre

çevre

T

Q
                  (4.9) 

 

Burada Tçevre = T0, Qçevre = -Q olup, Süretim� KDO�GH÷LúLPL�VÕUDVÕQGDNL� WRSODP�HQWURSL��UHWLPL��
EDúND� ELU� GH\LúOH� WRSODP� HQWURSL� GH÷LúLPLGLU�� %X� LNL� GHQNOHP� DUDVÕQGD� ÕVÕ� JHoLúL� WHULPL�
yokedilir ve W çözülürse, 

 

W = (U1 - U2) – T0(S1 – S2 ) – T0Süretim                            (4.10) 

 

HOGH�HGLOLU��:��KDO�GH÷LúLPL�VÕUDVÕQGD�JHUoHNOHúHQ�WRSODP�LúWLU��+DO�GH÷LúLPL�VÕUDVÕQGD�VLVWHPLQ�
KDFPL�GH÷LúLUVH��EX�LúLQ�ELU�E|O�P��oHYUH\H�NDUúÕ��YH\D�WDUDIÕQGDQ��\DSÕODFDNWÕU��%X�GXUXPGD�
JHUoHN�LúOH�oHYUH�LúLQLQ�DUDVÕQGDNL�IDUN�RODQ�\DUDUOÕ�Lú�DúD÷ÕGDNL�JLEL�\D]ÕODELOLU� 



Wy = W – Wçevre = W – P0(V2-V1)                             (4.11) 

 

veya 

 

Wy = (U1 – U2) –T0(S1 – S2) + P0(V1 – V2) – T0Süretim                                     (4.12) 

 

Wy, 1-��KDO�GH÷LúLPL�VÕUDVÕQGD�NDSDOÕ�VLVWHP�WDUDIÕQGDQ��YH\D��]HULQGH��\DSÕODQ�\DUDUOÕ�Lú�ROXS��
\XNDUÕGDNL�GHQNOHPGH�LON�YH�VRQ�KDOOHUGHNL�VLVWHP�|]HOOLNOHUL��oHYUH�|]HOOLNOHUL��30, T0) ve hal 

GH÷LúLPL�VÕUDVÕQGD��UHWLOHQ�HQWURSL\OH�LIDGH�HGLOPLúWLU� 
 

%X�NH]�D\QÕ� VLVWHP��D\QÕ� LON�YH� VRQ�KDOOHU� DUDVÕQGD�YH�D\QÕ�oHYUH�RUWDPÕQGD� WHUVLQLU�ELU�KDO�
GH÷LúLPLQGHQ�JHoVLQ��%DúND�ELU�GH\LúOH��VLVWHPOH�oHYUH�DUDVÕQGDNL�ÕVÕ�DOÕúYHULúL�WHUVLQLU�RODUDN�
JHUoHNOHúVLQ� YH� VLVWHP� LoLQGH� V�UW�QPH� YH� EHQ]HUL� WHUVLQPH]OLNOHU� ROPDVÕQ�� 7HUVLQLU� KDO�
GH÷LúLPOHUL� VÕUDVÕQGD�HQURSL��UHWLPL�\RNWXU��EX�QHGHQOH�6üretim� ���EXOXQXU��%X�KDO�GH÷LúLPL�
VÕUDVÕQGD�\DSÕODQ�\DUDUOÕ�Lú��WHUVLQLU�LúWLU�YH��������QXPDUDOÕ�GHQNOHPGHQ�HQWURSL��UHWLP�WHULPL�
Süretim’i VÕIÕUD�HúLWOH\HUHN�HOGH�HGLOLU� 
 

Wtr = (U1 – U2) – T0(S1 – S2) + P0(V1 – V2)    (4.13) 

 

Bu denklem, T0�VÕFDNOÕN�YH�30�EDVÕQoWD�EXOXQDQ�oHYUHVL\OH�ÕVÕ�DOÕúYHULúL�RODQ�NDSDOÕ�VLVWHPLQ���
YH���KDOOHUL�DUDVÕQGDNL�KDO�GH÷LúLPL�VÕUDVÕQGD�\DSDELOHFH÷L�HQ�oRN�\DUDUOÕ�LúL�YHUPHNWHGLU� 
 

.DSDOÕ�VLVWHP�NXOODQÕODELOLUOL÷L��������QXPDUDOÕ�GHQNOHPGH���KDOLQL�YHULOHQ�KDO��LQGLVVL]��LOH����
KDOLQL�GH�|O��KDO����LQGLVL��LOH�GH÷LúWLUHUHN�HOGH�HGLOLU� 
 

)VV(P)SS(T)UU( 00000 −+−−−=Φ  (4.14a) 

 

veya 

 

)()()( 00000 vvpssTuu −+−−−=φ  (4.14b) 

 

Bu deQNOHPOHUGHQ��NDSDOÕ�VLVWHPLQ�|O��KDOGHNL��X� �X0, s = s0, v = v0��NXOODQÕODELOLUOL÷LQLQ�VÕIÕU�
ROGX÷X�DoÕNoD�J|U�OPHNWHGLU��%DúND�ELU�GH\LúOH��oHYUHVL\OH�GHQJHGH�EXOXQDQ�ELU�VLVWHPGHQ�Lú�
HOGH�HWPHN�RODQDNVÕ]GÕU� 
 



��YH���KDOOHUL�DUDVÕQGDNL�ELU�KDO�GH÷LúLPL�LoLQ�WHUVLQLU�Lú��NXOODQÕODELOLUOLNOH�GH�LIDGH�HGLOHELOLU� 
 

Wtr = 21 Φ−Φ                                                                                                                    (4.15a) 

 

veya 

 

21 φφ −=trW                                                                                                                      (4.15b) 

 

6|]O�� DQODWÕPOD�� NDSDOÕ� ELU� VLVWHPOH� LOJLOL� WHUVLQLU� Lú�� NDSDOÕ� VLVWHPLQ� NXOODQÕODELOLUOL÷LQGHNL�
D]DOPD��YH\D�VÕNÕúWÕUPD�GXUXPXQGD�DUWPD��ROPDNWDGÕU��%XQX������D��QXPDUDOÕ�GHQNOHPL�LON�YH�
VRQ�KDOOHU�LoLQ�\D]ÕS��EXOXQDQ�LNL�GHQNOHPLQ�IDUNÕQÕ�DODUDN�J|VWHUPHN�RODVÕGÕU��6RQ�KDOLQ�|O��
ROPDVÕ� GXUXPXQGD� )0( 2 =Φ �� NDSDOÕ� VLVWHPLQ� LON� KDOGHNL� NXOODQÕODELOLUOL÷L� )( 1Φ ve hal 

GH÷LúLPL�VÕUDVÕQGDNL�WHUVLQLU�Lú��:tr��HúLW�ROXUODU��.XOODQÕODELOLUOL÷LQ�KDO�LOH��WHUVLQLU�LúLQ�LVH�KDO�
GH÷LúLPL�LOH�LOLúNLOL�ROGX÷X�YXUJXODQPDOÕGÕU� 
 

.DSDOÕ�ELU�VLVWHPLQ�KDO�GH÷LúLPL\OH�LOLúNLOL�WHUVLQPH]OLN�DúD÷ÕGDNL�JLEL�LIDGH�HGLOLU� 
 

I = Wtr – Wy = T0Süretim  (4.16a) 

 

i = wtr – wy = T0süretim  (4.16b) 

 

�������$oÕN�6LVWHPOHUGH�(NVHUML��.XOODQÕODELOLUOLN�� 
 

6�UHNOL� DNÕúOÕ� DoÕN� ELU� VLVWHP� HOH� DOÕQVÕQ�� 6LVWHPH� ELUGHQ� oRN� JLULú� oÕNÕúÕQ� RODELOHFH÷L� YH�
sistemin P0� EDVÕQFÕQGD� YH� 70� VÕFDNOÕ÷ÕQGDNL� oHYUH� RUWDPOD� ÕVÕ� DOÕúYHULúLQGH� EXOXQDELOHFH÷L�
NDEXO� HGLOVLQ�� 6�UHNOL� DNÕúOÕ� DoÕN� VLVWHP� LoLQ� WHUPRGLQDPL÷LQ� ELULQFL� YH� LNLQFL� \DVDODUÕ�
DúD÷ÕGDNL�JLEL�\D]ÕODELOLU� 
 

7HUPRGLQDPL÷LQ�ELULQFL�\DVDVÕ�� 
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7HUPRGLQDPL÷LQ�LNLQFL�\DVDVÕ�� 
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bulunur.  Bu denklemle verilen W� �� DoÕN� VLVWHPGH� \DSÕODQ� JHUoHN� LúWLU�� EX� D\QÕ� ]DPDQGD�
\DUDUOÕ�LúH�HúLWWLU��o�QN��V�UHNOL�DNÕúOÕ�DoÕN�VLVWHPOHULQ�VÕQÕUODUÕ�VDELW�ROXS�oHYUH�LúL�V|]NRQXVX�
GH÷LOGLU� 
 

7HUVLQLU� Lú�� \XNDUÕGDNL� GHQNOHPGH� WRSODP� HQWURSL� �UHWLPL� WHULPL� üretimS� � VÕIÕUD� HúLWOHQHUHN�
bulunur. 
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6�UHNOL�DNÕúOÕ�DoÕN�VLVWHPLQ�ELU�JLULú�YH�ELU�oÕNÕúÕ�YDUVD��\XNDUÕGDNL�GHQNOHP�EDVLWOHúWLULOHELOLU� 
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)ss(T)hh(mW çg

2
ç

2
g

çg0çgtr
��              (4.20a) 

 

Veya sistemden geçen birim kütle için: 

 

)zz(g
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VV
)ss(T)hh(w çg

2
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2
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çg0çgtr −+
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+−−−=              (4.20b) 

 

       = pekehsT0 ∆−∆−∆−∆                 (4.20c)

   

$NÕú�NXOODQÕODELOLUOL÷L� �������QXPDUDOÕ�GHQNOHPGH�JLULú�KDOL� LQGLVVL]�RODUDN��oÕNÕú�KDOL�GH�|O��
hal olmak üzere 0 indisiyle gösterilirse, (V0 = 0, z0 = 0): 

 

gz
2

V
)ss(T)hh( 2

000 ++−−−=ψ                                             (4.21) 

 

HOGH� HGLOLU�� %X� ED÷ÕQWÕGDQ� \DUDUODQDUDN�� WHUVLQLU� LúL� DNÕú� NXOODQÕODELOLUOL÷L\OH� J|VWHUPHN�
mümkündür. 



∑∑ ψ−ψ= ççggtr mmW ���                                           (4.22) 

 

%LU�JLULú�YH�ELU�oÕNÕúOÕ�V�UHNOL�DNÕúOÕ�DoÕN�VLVWHP�LoLQ� 
 

çgtrw ψ−ψ=                                         (4.23a) 

 

)(mW çgtr ψ−ψ= ��                              (4.23b) 

 

HOGH�HGLOLU��%LU�DoÕN�VLVWHPGH�ELULP�]DPDQGD�WHUVLQPH]OLN�ø�YH\D�ELULP�N�WOH�LoLQ�WHUVLnmezlik 

L��WHUVLQLU�LúOH�\DUDUOÕ�Lú�DUDVÕQGDNL�IDUNWÕU� 
 

ø� � üretim0ytr STWW ��� =−                               (4.24) 

 

%LULP�N�WOH�LoLQ�WHUVLQPH]OLN�LVH������E��QXPDUDOÕ�GHQNOHPLQ�D\QÕGÕU� 
 

i = üretim0ytr STww =−                               (4.25) 

 

6�UHNOL�DNÕúOÕ�DoÕN�VLVWHPOH�oHYUH�RUWDP�GÕúÕQGDNL�FLVLPOHU�DUDVÕQGD�ÕVÕ�JHoLúL��NDSDOÕ�VLVWHPOHU�
LoLQ�YHULOHQ�\|QWHP�X\JXODQDUDN�J|]|Q�QH�DOÕQDELOLU��gUQH÷LQ��V�UHNOL�DNÕúOÕ�DoÕN�VLVWHPOH�7R 

VÕFDNOÕ÷ÕQGDNL� ELU� ÕVÕO� HQHUML� GHSRVX� DUDVÕQGD� RQ� PLNWDUÕQGD� ÕVÕ� JHoLúL� ROX\RUVD�� WHUVLQLU� Lú�
ED÷ÕQWÕVÕ� DoÕN� VLVWHP� LoLQ� ELULQFL� YH� LNLQFL� \DVD� GHQNOHPOHULQL� \D]ÕS�� oHYUH\OH� ÕVÕ� JHoLúLQL�
gösteren terimi yokederek bulunur: 
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�������=DPDQOD�'H÷LúHQ�$oÕN�6LVWHPOHULQ�øNLQFL�<DVD�d|]�POHPHVL� 
 

.RQWURO� � KDFPL� �� KDOLQGHQ� �� KDOLQH� JHoHQ� G�]J�Q� DNÕúOÕ� GHQJHOL� ELU� DoÕN� VLVWHP�
ROXúWXUPDNWDGÕU�� .RQWURO� KDFPLQH�� |]HOOLNOHUL� ]DPDQOD� YH� JLULú� NHVLWL� �]HULQGH� GH÷LúPH\HQ�
N�WOH�JLULúL��J��YH�N�WOH�oÕNÕúÕ��o��RODELOPHNWHGir. Kontrol hacmine kütle birden çok noktadan 

JLULS�oÕNDELOPHNWH�YH�NRQWURO�KDFPL�30�EDVÕQFÕQGD��70�VÕFDNOÕ÷ÕQGDNL�oHYUH\OH�ÕVÕ�DOÕúYHULúLQGH�



EXOXQDELOPHNWHGLU��'�]J�Q� DNÕúOÕ� GHQJHOL� DoÕN� VLVWHP� LoLQ� WHUPRGLQDPL÷LQ� ELULQFL� YH� LNLQFL�
\DVDODUÕ�DúD÷ÕGD�J|VWHULOGL÷L�JLELGLU� 
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ve 

Süretim = ∑ ∑ +−+−
0

çevre

ggçç12
T

Q
smsm)SS(                            (4.28) 

 

Burada Qçevre = -Q ve Süretim�� V�UHo� LoLQGH�DoÕN� VLVWHPLQ� WRSODP�HQWURSL��UHWLPL� ROPDNWDGÕU��
Daha önce� \DSÕOGÕ÷Õ� JLEL� EX� GHQNOHPOHUL� NXOODQDUDN� ÕVÕ� JHoLúL� WHULPOHUL� \RNHGLOLU� YH� :�
çözülürse, 
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         + üretim021021 ST)SS(T)UU( −−−−                             (4.29) 

 

HOGH� HGLOLU�� %X� GHQNOHP� DoÕN� VLVWHPLQ� JHUoHN� LúLQL� YHUPHNWHGLU��'�]J�Q� DNÕúOÕ� GHQJHOL� DoÕN�
VLVWHPGH�KDUHNHWOL�VÕQÕUODU�YH�EXQD�ED÷OÕ�RODUDN�oHYUH� LúL��:çevre = P0(V2 - V1) olabilir. Elde 

HGLOHELOHFHN� HQ� oRN� \DUDUOÕ� Lú� RODQ� WHUVLQLU� Lú�� oHYUH� LúLQL� \XNDUÕGDNL� GHQNOHPGHQ� oÕNDUÕS�
entropi üretimi Süretim¶L�VÕIÕUD�HúLWOH\HUHN�EXOXQXU� 
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        + )VV(P)SS(T)UU( 21021021 −+−−−                            (4.30) 

 

.DSDOÕ�VLVWHP�NXOODQÕODELOLUOL÷L�YH�DNÕú�NXOODQÕODELOLUOL÷L�WDQÕPODUÕQGDQ�\DUDUODQDUDN��WHUVLQLU�LúL�
YHUHQ��������QXPDUDOÕ�GHQNOHP�ú|\OH�\D]ÕODELOLU� 
 

)(mmW 21ççggtr Φ−Φ+ψ−ψ= ∑∑                                        (4.31) 

 



'�]J�Q� DNÕúOÕ� GHQJHOL� ELU� DoÕN� VLVWHPLQ� YHULOHQ� NRúXOODUGD� NXOODQÕODELOLUOL÷L�� DoÕN� VLVWHPLQ�
JHUoHNOHúWLUHELOHFH÷L�HQ�E�\�N�Lú�SRWDQVL\HOLGLU��%X�GD�WHUVLQLU�Lú�:tr¶QLQ�DODELOHFH÷L�HQ�E�\�N�
�PDNVLPXP��GH÷HUGLU��%X�GH÷HU��������QXPDUDOÕ�GHQNOHPGH��NRQWURO�KDFPLQLQ�VRQ�KDOLQL�YH�
oÕNÕú�KDOLQL�|O��KDO�NXOODQÕODELOLUOL÷LQ���ROGX÷X�KDO�� çψ =0 ve 02 =Φ  olarak belirlenir: 

 

.XOODQÕODELOLUOLN� �:tr,maks = ∑ Φ+ψ 1ggm                             (4.32) 

 

'�]J�Q�DNÕúOÕ�GHQJHOL�ELU�DoÕN�VLVWHPOH�LOJLOL� WHUVLQPH]OLN�,�� WHUVLQLU�LúOH�\DUDUOÕ� Lú�DUDVÕQGDNL�
IDUNWÕU�������D�QXPDUDOÕ�GHQNOHP�� 
 

I = Wtr – Wy = T0Süretim 

 

'�]J�Q� DNÕúOÕ� ELU� DoÕN� VLVWHPOH� oHYUH� RUWDP� GÕúÕQGDNL� FLVLPOHU� DUDVÕQGDNL� ÕVÕ� JHoLúL�� NDSDOÕ�
VLVWHPOHU�YH�V�UHNOL�DNÕúOÕ�DoÕN�VLVWHPOHU�LoLQ�YHULOHQ�\|QWHPOH�J|]�|Q�QH�DOÕQDELOLU� 
 

�����7HUPRGLQDPLN�6LVWHPOHUGH�øNLQFL�<DVD�9HULPL 
 

,VÕ�PDNLQHOHUL��VR÷XWPD�PDNLQHOHUL��ÕVÕ�SRPSDODUÕ�JLEL�PDNLQHOHULQ�oDOÕúPD�HWNLQOLNOHULQLQ�ELU� 
|Oo�V�� RODUDN� ÕVÕO� YHULP� HWNLQOLN� NDWVD\ÕVÕ� WDQÕPODQPÕúWÕU�� %X� WDQÕPODU� \DOQÕ]FD�
WHUPRGLQDPL÷LQ� ELULQFL� NDQXQX� J|]� |Q�QH� DOÕQDUDN� WDQÕPODQPÕú� YH� ELULQFL� NDQXQ� YHULPL�
olarak ta bilinmektedirler.  

 

%LULQFL�\DVD�YHULPL�P�KHQGLVOLN�\DNODúÕPODUÕQGD�KHU�]DPDQ�GR÷UX�VRQXo�YHUPH\HUHN��ED]HQ�
EL]LP� \DQOÕú� GH÷HUOHQGLUPHOHU� \DSPDPÕ]D� QHGHQ� RODELOPHNWHGLU�� %X� QHGHQOH� ELULQFL� \DVD�
YHULPLQLQ�P�KHQGLVOLN�SUREOHPOHULQGH� WHN�EDúÕQD�ELU�|OoHN�RODPD\DFD÷Õ�DQODúÕOPDNWDGÕU��%X�
\DQÕOJÕODUÕ�|QOH\HELOPHN�LoLQ�LVH�LNLQFL�\DVD�YHULPLQLQ�WDQÕPODQPDVÕ�|QJ|U�OP�úW�U� 
 

øNLQFL� \DVD� YHULPL�� VLVWHPGHNL� JHUoHN� ÕVÕO� YHULPLQ�� D\QÕ� úDUWODUGD� RODELOHFHN� HQ� \�NVHN�
�WHUVLQLU��ÕVÕO�YHULPH�RUDQÕ�RODUDN�WDQÕPODQPÕúWÕU� 
 

HNVHUMLVD÷ODQDQ��VLVWHPH
HNVHUMLHGLOHQ��HOGHVLVWHPGHQ�

=ε                                                                                        (4.33) 

 

 

 



���62ö870$�d(95ø0/(5ø��dHQJHO������� 
 
%LU� G�ú�N� VÕFDNOÕNWDNL� RUWDPGDQ� ÕVÕ� oHNLOHUHN�� \�NVHN� VÕFDNOÕNWDNL� ELU� RUWDPD� WUDQVIHU�
edilmesinH�VR÷XWPD�GHQLOPHNWHGLU��,VÕ�oHNLúL�\DSÕODQ�G�ú�N�VÕFDNOÕNWDNL�RUWDPÕQ�oHYUHVLQGHNL�
RUWDP�VÕFDNOÕ÷ÕQGDQ�GDKD�G�ú�N�ELU�VÕFDNOÕNWD�ROPDVÕ�VD÷ODQPÕú�ROXQXU�� 
 
6R÷XWPD� LúOHPLQL�� G�ú�N� VÕFDNOÕNWDNL� RUWDPGDQ� \�NVHN� VÕFDNOÕNWDNL� RUWDPD� ÕVÕ� WUDQVIHULQL 
JHUoHNOHúWLUPHN� LoLQ� � NXOODQÕODQ� FLKD]� YH� HNLSPDQODUÕQ� ROXúWXUGX÷X� VLVWHPH� VR÷XWPD�
PDNLQHOHUL� GHQLOPHNWHGLU�� 6R÷XWPD� PDNLQHOHUL� WHUPRGLQDPLN� oHYULP� HVDVÕQD� J|UH� oDOÕúÕU��
6R÷XWPD� PDNLQHOHULQGH� NXOODQÕODQ� YH� oHYULPGH� GRODúDQ� DNÕúNDQODUD� VR÷XWXFX� DNÕúNDQ� DGÕ�
verilmekteGLU��ùHNLO����¶�GH�EDVLW�ELU�VR÷XWPD�PDNLQHVLQLQ�JHQHO�oL]LPL�YHULOPLúWLU� 
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�������������������������������ùHNLO�����6R÷XWPD�PDNLQHVL�JHQHO�úHPDVÕ 
 
 
6R÷XWPD� oHYULPOHULQLQ� SHUIRUPDQV� GH÷HUOHQGLUPHOHULQL� \DSDELOPHN� LoLQ� ED]Õ� GL\DJUDP� YH�
GH÷HUOHU�NXOODQÕOPDNWDGÕU��%XQODU�� 
 

• 6ÕFDNOÕN�–�(QWURSL�GL\DJUDPÕ 
 

• %DVÕQo�–�(QWDOSL�GL\DJUDPÕ 
 

• So÷XWPD�WHVLU�NWVD\ÕVÕ� 
 
 

6R÷XWXODQ�
Ortam 



�����6R÷XWPD�7HVLU�.DWVD\ÕVÕ��&23� 
 
6R÷XWPD�PDNLQHOHULQLQ� YH� oHYULPOHULQLQ� GH÷HUOHQGLULOPHVLQGH� WHVLU�NDWVD\ÕVÕ� �&23�� terimi 

NXOODQÕOPDNWDGÕU�� 6R÷XWPD�PDNLQHOHULQGH� WHVLU� NDWVD\ÕVÕ�� PDNLQHGH� W�NHWWL÷LPL]� LúH� NDUúÕOÕN�
�UHWWL÷LPL]� VR÷XWPD� HWNLVLQL� J|VWHUHQ� ELU� RUDQGÕU� YH� DúD÷ÕGDNL� LIDGH� LOH� IRUP�OL]H�
edilebilmektedir. 

 

Lú+DUFDQDQ�
HWNLVL�6R÷XWPD&23 = =
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/
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,VÕO� YHULPGHQ� IDUNOÕ� RODUDN�� VR÷XWPD� WHVLU� NDWVD\ÕVÕ� �¶� GHQ� E�\�N� RODELOLU�� 6R÷XWPD� WHVLU�
NDWVD\ÕVÕ�� VR÷XWPD� PDNLQHOHULQLQ� YH\D� VR÷XWPD� oHYULPOHULQLQ� ELUELUL� LOH� NDUúÕODúWÕUÕOPDVÕQÕ�
VD÷OD\DQ�WHPHO�ELU�NULWHUGLU� 
 
%LU�VR÷XWPD�PDNLQHVLQLQ�VR÷XWXODQ�RUWDPGDQ�ELULP�]DPDQGD�oHNWL÷L�ÕVÕ�PLNWDUÕ��R�PDNLQHQLQ�
VR÷XWPD�NDSDVLWHVL�RODUDN�WDULI�HGLOPHNWHGLU� 
 

�����6R÷XWPDGD�.XOODQÕODQ�Çevrimler (Çengel, 1996) 

 
6R÷XWPD�PDNLQHOHULQGH�NXOODQÕODQ�JHQHO�RODUDN��o�DQD�WHUPRGLQDPLN�oHYULP�EXOXQPDNWDGÕU� 
 

• +DYD�YH\D�JD]�VÕNÕúWÕUPDOÕ�VR÷XWPD�oHYULPL 
• %XKDU�VÕNÕúWÕUPDOÕ�VR÷XWPD�oHYULPL 
• $EVRUEVL\RQOX�VR÷XWPD�oHYULPL 

 
�������+DYD�YH\D�*D]�6ÕNÕúWÕUPDOÕ�6R÷XWPD�dHYULPOHUL 
 
%X� WLS� VR÷XWPD� oHYULPOHULQGH� KDYD� YH\D� EDúND� ELU� JD]� DNÕúNDQ� \�NVHN� VÕFDNOÕN� YH� EDVÕQFD�
VÕNÕúWÕUÕOPDNWDGÕU�� 6ÕNÕúWÕUÕODQ� JD]� DNÕúNDQ� VR÷XWXODUDN� JHQOHúWLULOLU�� *HQOHúWLULOHQ� DNÕúNDQÕQ�
VÕFDNOÕ÷ÕQÕQ� G�úPHVL� LOH� ELU� VR÷XWPD� HWNLVL� \DUDWÕOPÕú� ROXQXU�� dHYULP� ER\XQFD� DNÕúNDQ� JD]�
ID]ÕQGDGÕU��*D]�DNÕúNDQOÕ�VR÷XWPD�oHYULPOHULQLQ�HWNLQOLN�NDWVD\ÕODUÕ�G�ú�NW�U�� 
 
)DNDW�LNL�|QHPOL�|]HOOLNOHUL�EXOXQPDNWDGÕU��øON�RODUDN��EX�oHYULPH�J|UH�oDOÕúDQ�PDNLQHOHU�GDKD�
basit ve hafif elemanlar gerektirmektediUOHU�� EX� EDNÕPGDQ� XoDNODUGD� NDELQOHULQ� VR÷XWPDVÕ�
LúOHPLQGH� NXOODQÕOPDVÕ� LoLQ� HOYHULúOLGLUOHU�� øNLQFL� RODUDN�� oHYULPH� UHMHQHUDW|U� HNOHQHUHN��



JD]ODUÕQ�VÕYÕODúWÕUÕOPDVÕ�YH\D�NUL\RMHQLN�X\JXODPDODU� LoLQ�NXOODQÕODELOLUOHU��dHYULPLQ�úHPDWLN�
J|VWHULOLúL�ùHNLO����¶GH�YHULOPLúWLU� 
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ùHNLO�����*D]�DNÕúNDQOÕ�VR÷XWPD�oHYULPL��7HUV�%UD\WRQ�dHYULPL� 
 

%X�úHPD\D�J|UH� 
 

1 –�����.RPSUHV|UGH�L]DQWURSLN�VÕNÕúWÕUPD�LúOHPL� 
 
2 –�����.RQGHQVHUGHQ�VDELW�EDVÕQoWD�oHYUH\H�ÕVÕ�JHoLúL� 
 
3 –�����7�UELQGH�L]DQWURSLN�JHQOHúPH� 
 
4 –�����(YDSRUDW|UH�VDELW�EDVÕQoWD�oHYUHGHQ�ÕVÕ�JHoLúL� 
 

JHUoHNOHúPHNWHGLU��<XNDUÕGDNL� KDO� GH÷LúLPOHULQLQ� W�P�� LoWHQ� WHUVLQLUGLU�� EX� QHGHQOH� oHYULP�
JD]�DNÕúNDQOÕ�VR÷XWPD�oHYULPL�RODUDN�DGODQGÕUÕOPDNWDGÕU��ùHNLO����¶GH�LVH�oHYULPLQ�D\UÕFD��7�– 

V�GL\DJUDPÕ��]HULQGH�J|VWHULOPLúWLU� 
 

Burada  4–��H÷ULVL�DOWÕQGD�NDODQ�DODQ��VR÷XWXODQ�RUWDPGDQ�oHNLOHQ�ÕVÕ\Õ�J|VWHUPHNWHGLU���-2-3-

4-��KDOOHULQLQ�oHYUHOHGL÷L�DODQ�LVH�oHYULPH�JLUHQ�QHW�LúL�J|VWHUPHNWHGLU�� 
 

   Kondenser 

   Evaparatör 

   
Türbin    Kompresör 



 

                          T 

 

                                                                                                 

                          2T                                                                    2 

 

                         

                          3T               3 

                          1T                                                                     1                                                    
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43 ss =                                    21 ss =        s 

 

 
ùHNLO�����*D]�DNÕúNDQOÕ�VR÷XWPD�oHYUiminin T-V�GL\DJUDPÕ��dHQJHO������� 

 

�������%XKDU�6ÕNÕúWÕUPDOÕ�6R÷XWPD�dHYULPOHUL 
 
%X�VLVWHPOHUGH�EXKDU�ID]ÕQGD�EXOXQDQ�VR÷XWXFX�DNÕúNDQ�|QFH�NRPSUHV|UGH�\�NVHN�EDVÕQoODUD�
VÕNÕúWÕUÕODUDN� VÕFDNOÕ÷Õ� \�NVHOWLOLU�� 6ÕFDNOÕ÷Õ� \�NVHOHQ� VR÷XWXFX� DNÕúNDQ� NRQGHQVHUGen 

JHoLULOHUHN� ÕVÕVÕQÕ� oHYUH\H� YHUHUHN� VÕYÕ� ID]ÕQD� JHoPHVL� VD÷ODQÕU�� 6ÕYÕ� ID]ÕQD� JHoHQ� VR÷XWXFX�
DNÕúNDQ� VDELW� HQWDOSLGH� JHQOHúPH� YDQDVÕQGDQ� JHoLULOHUHN� JHQOHúWLULOLS�� VÕFDNOÕ÷Õ� YH� EDVÕQFÕ�
G�ú�U�O�U�� 
 
6ÕFDNOÕ÷Õ� YH� EDVÕQFÕ� G�úHQ� ÕVODN� EXKDU� ID]ÕQGDNL� VR÷XWXFX� DNÕúNDQ� VR÷XWXOPDN� LVWHQHQ��
RUWDPGD��EXOXQDQ�HYDSRUDW|UGHQ��JHoLULOLU��%XUDGD��VR÷XWXFX�DNÕúNDQÕQ�VÕFDNOÕ÷Õ�RUWDP� 
VÕFDNOÕ÷ÕQGDQ�GDKD�G�ú�N�ELU�VÕFDNOÕNWD�ROGX÷XQGDQ�GROD\Õ�RUWDPGDQ�ÕVÕ�oHNHUHN��RUWDPGD�ELU�
VR÷XWPD�HWNLVL�\DUDWPÕú�ROXU� 
 

5.2.2.1 Ters Carnot Çevrimi   

 
*�o� oHYULPOHUL� DUDVÕQGD� WHRULN� RODUDN� YHULPL� HQ� \�NVHN� RODQ� J�o� oHYULPL� &DUQRW� J�o�
oHYULPLGLU�� &DUQRW� J�o� oHYULPL�� LNL� WHUVLQLU� L]RWHUPDO�� LNL� GH� L]DQWURSLN� KDO� GH÷LúLPLQGHQ�



ROXúDQ�� W�PGHQ� WHUVLQLU� ELU� J�o� oHYULPLGLU�� %X� oHYULP� WHUVLQLU� ELU� oHYULP� ROGX÷XQGDQ� KDO�
GH÷LúLPOHUL�WHUV�\|QGH�GH�JHUoHNOHúHELOPHNWHGLU�� 
 
<�NVHN�ELU�ÕVÕ�ND\QD÷ÕQGDQ�ÕVÕ�DODUDN�G�ú�N�ELU�ÕVÕ�ND\QD÷ÕQD�DNWDUDUDN�Lú��UHWHQ�&DUQRW�J�o�
oHYULPL�WHUVLQH�oDOÕúWÕUÕOGÕ÷ÕQGD��GÕúDUÕGDQ�Lú�DODUDN�G�ú�N�ÕVÕ�ND\QD÷ÕQGDQ�ÕVÕ�DODUDN�\�NVHN�ÕVÕ�
ND\QD÷ÕQD�DNWDUPDNWDGÕU��%|\OHOLNOH��G�ú�N�VÕFDNOÕNWD�EXOXQDQ�RUWDPGD�VR÷XPD�HWNLVL��\�NVHN�
VÕFDN� VÕFDNOÕNWD� EXOXQDQ� RUWDPGD� ÕVÕQPD� HWNLVL� \DUDWÕOPÕú� ROXU�� 7HUVWHQ� oDOÕúDQ� &DUQRW� J�o�
oHYULPLQH�³7HUV�&DUQRW�dHYULPL´�YH\D�³&DUQRW�6R÷XWPD�dHYULPL´�Ge denilmektedir. 

 
$\QÕ�ÕVÕ�ND\QDNODUÕ�DUDVÕQGD�oDOÕúDQ�VR÷XWPD�oHYULPOHUL�DUDVÕQGD�VR÷XWPD�HWNLQOLN�NDWVD\ÕVÕ�HQ�
\�NVHN� RODQ� oHYULP� 7HUV� &DUQRW� dHYULPL¶� GLU�� (Q� HWNLQ� VR÷XWPD� oHYULPL� ROPDVÕQD� NDUúÕQ��
&DUQRW�dHYULPL¶�QGH�ROGX÷X�JLEL�DúD÷ÕGD�EHOLUWLOHQ�QHGHQOHUGHQ�GROD\Õ�SUDWLNWH�X\JXODQPDVÕ�
çok zor olan bir çevrimdir.  

 
ùHNLO� ���D¶� GD� &DUQRW� 6R÷XWPD� oHYULPLQLQ� úHPDWLN� GL\DJUDPÕ� YH� ùHNLO� ���E¶GH� &DUQRW�
6R÷XWPD�oHYULPLQLQ�7-V�GL\DJUDPÕ�J|VWHULOPHNWHGLU��ùHNLO����D¶�GD�NL� úHPDWLN�GL\DJUDPGDQ�
GD�J|U�OHELOHFH÷L��]HUH�JHUoHNOHúHQ�KDO�GH÷LúLPOHUL�VÕUDVÕ\OD� 
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ùHNLO����D�&DUQRW�VR÷XWPD�oHYULPL�úHPDWLN�GL\DJUDPÕ 
 

 

   Kondenser 

   Evaparatör 

   
Türbin    Kompresör 



4-����(YDSRUDW|UGH�VR÷XWXFX�DNÕúNDQD�VDELW�VÕFDNOÕNWD�ÕVÕ�WUDQVIHUL 
 
1-����.RPSUHV|UGH�L]DQWURSLN�VÕNÕúWÕUPD� 
 
2-����.RQGHQVHUGH�VR÷XWXFX�DNÕúNDQGDQ�oHYUH\H�VDELW�VÕFDNOÕNWD�ÕVÕ�oÕNÕúÕ 
 
3-����7�UELQGH�L]DQWURSLN�JHQOHúPH� 
 

ROPDN��]HUH�&DUQRW�6R÷XWPD�oHYULPL�G|UW�WHUVLQLU�KDO�GH÷LúLPL�LoHUPHNWHGLU� 
 

 

                          T 

 

                                                                                                

                 32 TT =                       3                               2 

 

 

                                              

                 14 TT =                      4                                 1                                                    

                                                                         

                                             

                                               

 

        43 ss =                 12 ss =                     s 

 

ùHNLO����E�&DUQRW�VR÷XWPD�oHYULPL�7-V�GL\DJUDPÕ�úHPDWLN�J|VWHULPL�� 
 

���������øGHDO�%XKDU�6ÕNÕúWÕUPDOÕ�6R÷XWPD�dHYULPL��dHQJHO������� 
 

&DUQRW� 6R÷XWPD� oHYULPL� LNL� ID]OÕ� E|OJHGH� oDOÕúWÕ÷Õ� LoLQ� � oHYULPL� ROXúWXUDQ� G|UW� WHUVLQLU� KDO�
GH÷LúLPOHULQGHQ� VDGHFH� HYDSRUDW|U� YH� NRQGHQVHUGHNL� KDO� GH÷LúLPOHUL� SUDWLNWH�
X\JXODQDELOPHNWHGLU�� 'L÷HU� LNL� KDO� GH÷LúLPLQLQ� JHUoHNOHúPHVLQGH� E�\�N� ]RUOXNODUOD�
karúÕODúÕOPDNWDGÕU��gUQH÷LQ�� NRPSUHV|UGH� VÕYÕ-EXKDU� NDUÕúÕPÕQÕQ� VÕNÕúWÕUÕOPDVÕ� JHUHNPHVL� \D�
GD� W�UELQGH� JHQLúOHWLOPHVL� PDNLQHOHUGH� HUR]\RQ� WHKOLNHVL� PH\GDQD� JHWLUHFH÷LQGHQ� SUDWLNWH�
uygulanamaz. 



%X�QHGHQOH�VÕNÕúWÕUÕODFDN�DNÕúNDQ�NRPSUHV|UH�JLUPHGHQ�|QFH�WDPDPHQ�GR\PXú�EXKDU�ID]ÕQD�
G|Q�úW�U�OPHVL� YH� VR÷XWPD� oHYULPLQGH� ELU� W�UELQ� \HULQH� ELU� NÕVÕOPD� YDQDVÕ� NXOODQÕODUDN�
oHYULP�SUDWLNWH�GH�NROD\OÕNOD�LúOH\HELOLU�KDOH�JHWLULOHELOLU��.ÕVÕOPD�YDQDVÕ�VD\HVLQGH��VÕYÕ-buhar 

NDUÕúÕPÕ� KDOLQGHNL� DNÕúNDQ� JHQLúOHWLOLS�� EDVÕQFÕ� G�ú�U�OHUHN� WDPDPHQ� GR\PXú� EXKDU� ID]ÕQD�
oHYULOHUHN�NRPSUHV|UH�J|QGHULOPLú�ROXU��%|\OHFH�PDNLQHOHUGH�ROXúDELOHFHN�HUR]\RQ�WHKOLNHVL�
GH� RUWDGDQ� NDOGÕUÕOPÕú� ROXU�� %X� úHNLOGH� ROXúDQ� \HQL� oHYULPH� LVH� ³øGHDO� %XKDU� 6ÕNÕúWÕUPDOÕ�
6R÷XWPD�dHYULPL´�DGÕ�YHULOLU��dHYULPLQ�JHQHO�úHPDWLN�oL]LPL�LOH�7-s ve P-K�GL\DJUDPODUÕQÕQ�
úHPDWLN�J|VWHULPOHUL�ùHNLO�����YH�ùHNLO����¶�GD�YHULOPLúWLU� 
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������ùHNLO�����øGHDO�EXKDU�VÕNÕúWÕUPDOÕ�VR÷XWPD�oHYULPL�úHPDWLN�J|VWHULPL 
 
 

%XKDU� VÕNÕúWÕUPDOÕ� oHYULP�� VR÷XWPD� PDNLQHOHULQGH�� LNOLPOHQGLUPH� VLVWHPOHULQGH� YH� ÕVÕ�
SRPSDODUÕQGD�HQ�oRN�NXOODQÕODQ�oHYULP�W�U�G�U� 
 

1-����.RPSUHV|UGH�L]DQWURSLN�VÕNÕúWÕUPD�� 
 
2-3 : KondensHUGH�oHYUH\H�VDELW�EDVÕQoWD�ÕVÕ�WUDQVIHUL 
 
3-����.ÕVÕOPD�YDQDVÕQGD�JHQLúOHPH�YH�EDVÕQo�G�ú�ú����VDELW�K¶GD�� 
 
4-����(YDSRUDW|UGH�DNÕúNDQD�VDELW�EDVÕQoWD�ÕVÕ�WUDQVIHUL 

Kondenser 

Evaparatör     



ROPDN� �]HUH� LGHDO� EXKDU� VÕNÕúWÕUPDOÕ� VR÷XWPD� oHYULPL� G|UW� KDO� GH÷LúLPL� LoHUPHNWHGLU��
KompUHV|UH���KDOLQGH�GR\PXú�EXKDU�RODUDN�JLUHQ�VR÷XWXFX�DNÕúNDQ��L]DQWURSLN�RODUDN�EDVÕQFÕ�
YH� VÕFDNOÕ÷Õ� DUWWÕUÕODUDN� NRQGHQVHU� EDVÕQFÕQD� VÕNÕúWÕUÕOÕU�� 6ÕNÕúWÕUPD� LúOHPL� VÕUDVÕQGD� VR÷XWXFX�
DNÕúNDQÕQ� VÕFDNOÕ÷Õ� oHYUH� RUWDP� VÕFDNOÕ÷ÕQÕQ� �]HULQH� oÕNDU�� �� KDOLQGH� NÕ]JÕQ� EXKDU� RODUDN�
NRPSUHV|UGHQ�oÕNDQ�VR÷XWXFX�DNÕúNDQ�NRQGHQVHUH�JLUHU��.RQGHQVHUGH�VDELW�EDVÕQoWD�oHYUH\H�
ÕVÕ�YHUHUHN�VR÷XU�YH���KDOLQGH�GR\PXú�VÕYÕ�RODUDN�NRQGHQVHUGHQ�D\UÕODUDN�JHQOHúPH�YDQDVÕQD�
JLUHU��*HQOHúPH�YDQDVÕQD�JLUHQ�VR÷XWXFX�DNÕúNDQ�JHQLúOH\HUHN�EDVÕQFÕ�YH�VÕFDNOÕ÷Õ�G�úHUHN���
KDOLQGH� ÕVODN� EXKDU� RODUDN� JHQOHúPH� YDQDVÕQGDQ� oÕNDU�� %X� KDO� GH÷LúLPL� VÕUDVÕQGD� VR÷XWXFX�
DNÕúNDQÕQ� VÕFDNOÕ÷Õ�� VR÷XWXODQ�RUWDPÕQ� VÕFDNOÕ÷ÕQÕQ�DOWÕQD�G�úHU��*HQOHúPH�YDQDVÕQGDQ�oÕNDQ�
DNÕúNDQ�HYDSDUDW|UH�JLUHUHN��VDELW�EDVÕQoWD�oHYUHGHQ�ÕVÕ�DODUDN���KDOLQGH�GR\PXú�EXKDU�RODUDN�
HYDSRUDW|UGHQ�oÕNDU�YH�NRPSUHV|UH�JLUHU��%|\OHFH�VR÷XWPD�oHYULPL�WDPDPODQPÕú�ROXU� 
 
ùHNLO� ���¶� GD� J|VWHULOHQ� 7-V� GL\DJUDPÕQGD�� LoWHQ� WHUVLQLU� ELU� KDO� GH÷LúLPLQLQ� H÷ULVL� DOWÕQGD�
NDODQ� DODQ� ÕVÕ� JHoLúLQL� VLmgelemektedir. 4-�� KDO� GH÷LúLPL� H÷UL� DOWÕQGD� NDODQ� DODQ� DNÕúNDQÕQ�
HYDSRUDW|UGH�DOGÕ÷Õ�ÕVÕ\Õ���-��KDO�GH÷LúLPL�H÷ULVL�DOWÕQGD�NDODQ�DODQ�GD�DNÕúNDQÕQ�NRQGHQVHUGH�
oHYUH\H�YHUGL÷L�ÕVÕ\Õ�J|VWHUPHNWHGLU�� 
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ùHNLO������øGHDO�EXKDU�VÕNÕúWÕUPDOÕ�VR÷XWPD�oHYULPLQLQ�7-s 

���������������������������������������������GL\DJUDPÕ�úHPDWLN�J|VWHULPL 
 



'L÷HU�LGHDO�oHYULPOHUGHQ�IDUNOÕ�RODUDN��LGHDO�EXKDU�VÕNÕúWÕUPDOÕ�VR÷XWPD�oHYULPL�LoWHQ�WHUVLQLU�
ELU� oHYULP� GH÷LOGLU�� d�QN�� oHYULPGH� NXOODQÕODQ� NÕVÕOPD� YDQDVÕ� WHUVLQPH]� ELU� KDO� GH÷LúLPL�
LoHUPHNWHGLU�� %X� KDO� GH÷LúLPLQLQ� oHYULPGH� EXOXQPDVÕ�� LGHDO� oHYULPLQ� JHUoHN� EXKDU�
VÕNÕúWÕUPDOÕ�EXKDU�oHYULPLQH�EHQ]HPHVL�LoLQGLU� 
 
%XKDU� VÕNÕúWÕUPDOÕ� ELU� VR÷XWPD� oHYULPL� LoLQGH� DNÕúÕQ� ROGX÷X� HOHPDQODU� \HU� DOPDNWDGÕU�� EX�
QHGHQOH�oHYULPL�ROXúWXUDQ�G|UW�KDO�GH÷LúLPL�GH�V�UHNOL�DNÕúOÕ�DoÕN�VLVWHP�RODUDN�HOH�DOÕQPDOÕGÕU��
6R÷XWXFX� DNÕúNDQÕQ� NLQHWLN� YH� SRWDQVL\HO� HQHUML�GH÷LúLPOHUL� oRN�N�o�N�GH÷HUOHU� ROGX÷X� LoLQ�
KHVDSODPDODU�VÕUDVÕQGD�LKPDO�HGLOHELOLU� 
 
�������$EVRUEVL\RQOX��6R÷XUPDOÕ��6R÷XWPD�6LVWHPOHUL��$VKUDH�+DQGVERRN������� 
 
$EVRUEVL\RQOX�VR÷XWPD�VLVWHPOHUL��ELULQFL�YH�LNLQFL�RODUDN�DGODQGÕUÕODQ��LNL�IDUNOÕ�DNÕúNDQOD�YH�
ÕVÕ�HQHUMLVL�LOH�oDOÕúDQ�VLVWHPOHUGLU��(YDSDUDW|UGH�EXKDUODúDQ�JD]�ELULQFL�DNÕúNDQ�ROXS��VR÷XWXFX�
J|UHYLQL� �VWOHQPHNWHGLU�� %X� DNÕúNDQÕQ� oHYULPL� JHUoHNOHúWLUHELOPHVL� LoLQ� LNLQFL� ELU� DNÕúNDQ�
WDUDIÕQGDQ�DEVRUEODQPDVÕ�JHUHNPHNWHGLU� 
 

2OXúDQ� o|]HOWL� ELU� HUL\LN� SRPSDVÕ� \DUGÕPÕ� LOH� \�NVHN� EDVÕQoODUD� oÕNDUÕOÕU�� 'DKD� VRQUD� EX�
çözelti jeneratör YDVÕWDVÕ\OD� ÕVÕWÕODUDN� \�NVHN� VÕFDNOÕNWDNL� VR÷XWXFX� DNÕúNDQÕQ� WHNUDU� VHUEHVW�
NDOPDVÕ�VD÷ODQÕU��<�NVHN�VÕFDNOÕNWDNL�EX�VR÷XWXFX�DNÕúNDQÕQ�ÕVÕVÕQÕ�oHYUH\H�YHUHUHN�VR÷XPDVÕ�
VD÷ODQÕU��6R÷X\DQ�DNÕúNDQ�VR÷XWPD�HWNLVLQL�\DUDWPDN�LoLQ�WHNUDU�VR÷XWXODQ�RUWDPD�J|QGHrilir. 
   
(Q� \D\JÕQ� RODUDN� NXOODQÕODQ� VLVWHPOHU� VR÷XWXFX� DNÕúNDQ� RODUDN� DPRQ\D÷ÕQ� � �1+ ), yutucu 

madde olarak da suyun ( 2+ � �� NXOODQÕOGÕ÷Õ� VLVWHPOHUGLU��%XQODUÕQ� � GÕúÕQGD� VX\XQ� VR÷XWXFX�
DNÕúNDQ�ROGX÷X��VX-lityum bromür ve su-OLW\XP�NORU�U�VLVWHPOHUL�GH�NXOODQÕOPDNWDGÕU��$QFDN�
VRQ�LNL�VLVWHPLQ�X\JXODPD�DODQÕ��VR÷XWPD�VÕFDNOÕNODUÕQÕQ�VÕIÕU�GHUHFHQLQ��]HULQGH�ROGX÷X�\D]�
LNOLPOHQGLUPHVL\OH�VÕQÕUOÕGÕU� ùLPGL�VLVWHPLQ�DQDOL]LQL�ùHNLO����¶�GH�NL�DEVRUEVL\RQOX�VR÷XWPD�
çevrimine�DLW�úHPDWLN�J|VWHULPL��]HULQGHQ�JHUoHNOHúWLUHOLP� 
 

D���7HUPRGLQDPL÷LQ�ELULQFL�NDQXQXQD�J|UH� 
 

Absorbsiyon sistemi (SASA): 

 

( ) ( ) ( )1314115162110 hhmhhmhhmW pompa −+−+−=
••••
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ùHNLO�����7HN�NDGHPHOL�DEVRUEVL\RQOX�VR÷XWPD�oHYULPL 
�úHPDWLN�J|VWHULPL��$VKUDH�+DQGVERRN����97) 

 

Kondenser (SASA, W=0): 

 

( )1110 hhmQ
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••

                                                                                                        (5.2) 

 

.ÕVÕOPD�YDQDVÕ��6$6$��: ���4 ��� 
 

���� KK =                                                                                                                            (5.3) 

 

 

Kondenser 

.ÕVÕOPD 
9DQDVÕ 

.ÕVÕOPD 
9DQDVÕ 

Absorber 

$\ÕUÕFÕ 

Jeneratör 

(úDQM|U 

Eriyik  
3RPSDVÕ 

Evaporatör 

NRQG4•  

HYDS4•  

J4
•

 

D4
•

 



Evaporatör (SASA, W=0): 

 

( )121 hhmQ
evap

−=
••

                                                                                                          (5.4) 

 

E���7HUPRGLQDPL÷LQ�LNLQFL�NDQXQXQD�J|UH�DQDOL]L� 
 

Absorbsiyon sistemi (SASA, �4 =φ ): 

 

16141015131 φφφφφφ −−−+++=
•

pompaWI                                                                          (5.5) 

 

Kondenser (SASA, 0=Wφ ): 
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.ÕVÕOPD�YDQDVÕ��6$6$�� 0,0 == W φφQ ): 

 

( ) ( )1211012111211 ssTmhhmI −−−=−=
••

φφ                                                                   (5.7) 

 

Evaporatör (SASA, 0=Wφ ): 
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••••











−+−−−=+−=

evap

evap
T

T
ssTmhhmQI 0

1120112112 1φφ                               (5.8) 

 

F����øGHDO�DEVRUEVL\RQOX�VR÷XWPD�oHYULPLQLQ�LNLQFL�NDQXQ�YHULPL� 
 

Sistemin bütünü için ekserji dengesi; 

 

IWQ =−−++− 16141513 φφφφφφ                                                                                     (5.9)  
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����������$NÕúNDQ�dLIWOHULQLQ�.DUDNWHULVWLN�g]HOOLNOHUL��Ashrae Handsbook, 1997) 

 
6R÷XWXFX� DNÕúNDQ� YH� DEVRUEH� HGLFL� oLIWLQGHQ� ROXúDQ� ELU� DEVRUEVL\RQOX� VR÷XWPD� VLVWHPL� LoLQ�
DúD÷ÕGDNL�úDUWODUÕQ�\HULQH�JHWLULOPHVL�JHUHNPHNWHGLU� 
 

• .DWÕ� ID]ÕQ� EXOXQPDPDVÕ� JHUHNPHNWHGLU�� *|]� |Q�QH� DOÕQDQ� VÕFDNOÕN� YH� GHULúLNOLN�
DUDOÕNODUÕQGD�� KLoELU� ]DPDQ� VR÷XWXFX� DNÕúNDQ-DEVRUEH� HGLFL� oLIWL� NDWÕ� ID]GD�
EXOXQPDPDOÕGÕU�� +HUKDQJL� ELU� NÕVÕPGD� NDWÕODúPD� ROGX÷X� GXUXPGD�� EX� NÕVÕPGD� DNÕú�
GXUDFD÷ÕQGDQ�EXUDGDNL�FLKD]ÕQ�GHYUH�GÕúÕ�NDOPDVÕQD�QHGHQ�RODFDNWÕU� 

 
• %XKDUODúPD� RUDQÕ� oRN� |QHPOLGLU�� 6R÷XWXFX� DNÕúNDQ� DEVRUEH� HGLFL\H� J|UH� oRN� GDha 

NROD\FD� EXKDUODúDELOPHOLGLU�� %X� úHNLOGH� LNL� DNÕúNDQ� ELUELULQGHQ� NROD\OÕNOD�
D\UÕODELOPHNWHGLU� 

 

• %LUOHúPH� H÷LOLPL��$EVRUEH� HGLFL�� DEVRUEVL\RQXQ� ROGX÷X� úDUWODUGD� VR÷XWXFX� DNÕúNDQOD�
NXYYHWOL�ELU�H÷LOLP�LoHULVLQGH�EXOXQPDOÕGÕU��%X�H÷LOLP� 

 
 

¾ Rault kanundan neJDWLI�ELU�VDSPD\D�QHGHQ�ROXU�YH�EXQXQ�VRQXFXQGD�VR÷XWXFX�
DNÕúNDQ�LoLQ�DNWLYLWH�NDWVD\ÕVÕQÕ�ELU�GH÷HULQLQ�DOWÕQD�G�ú�U�U� 

 
¾ 6LVWHPGH� GHYUHGHQ� DEVRUEH� HGLFL� PLNWDUÕQÕ� D]DOWÕU� YH� VRQXoWD� GX\XOXU� ÕVÕ�

HWNLOHULQGHQ�RODQ�HQHUML�ND\EÕQÕ�D]DOWÕU� 
 
¾ ,VÕ�GH÷LúWLULFL�ER\XWODUÕQÕ�N�o�OW�U 
 



������-DFRS��$OEULJKW�YH�7XFNHU�WDUDIÕQGDQ�\DSÕODQ�KHVDSODUGD��NXYYHWOL�ELUOHúPH�H÷LOLPLQLQ�� 
������GH��VDNÕQFDODUÕ��RODELOGL÷L��J|VWHULOPLúWLU���-DFRE�YG�����������6H\UHOWLN��HUL\LNOHUGH��EX�� 
������H÷LOLPLQ�ROPDVÕ��MHQHUDW|UGH�DEVRUEH�HGLFL�LOH�VR÷XWXFX�DNÕúNDQÕQ�ELUELULQGHQ�D\UÕOPDVÕ���� 
������LoLQ�LODYH�ÕVÕ\D�JHUHN�GX\XOPDNWDGÕU� 

 
• 6LVWHPGH� LúOHWPH�EDVÕQoODUÕ�QRUPDO�VHYL\HOHUGH�EXOXQPDOÕGÕU��<�NVHN�EDVÕQoODU�NDOÕQ�

FLGDUOÕ�HNLSPDQODU�JHUHNWLUPHNWH�YH�DNÕúNDQÕQ�SRPSDODQPDVÕ� LoLQ�|QHPOL�bir elektrik 

J�F�Q�� LKWL\Do� GR÷XUPDNWDGÕU�� $OoDN� EDVÕQoODU� LVH� E�\�N� KDFLPOL� FLKD]ODUÕ� YH�
VR÷XWXFX�DNÕúNDQ�EXKDUODUÕQÕQ�EDVÕQo�G�ú�P��LoLQ�|]HO�HOHPDQODUÕ�JHUHNWLUPHNWHGLU� 

 
• 6LVWHPGHNL� DNÕúNDQODUÕQ� X]XQ� \ÕOODU� J|UHY� \DSDELOPHVL� YH� ]DPDQOD� |]HOOLNOHULQLQ�

de÷LúPHPHOHUL� LoLQ�� GHYUHGH� NXOODQÕODQ� DNÕúNDQODUÕQ� KHPHQ� KHPHQ� PXWODN� DQODPGD�
NDUDUOÕ�ROPDVÕ�JHUHNPHNWHGLU� 

 
• .DUDUVÕ]OÕN� VRQXFXQGD� DNÕúNDQODU� YH\D� oHúLWOL� PDGGHOHU�� VLVWHP� NRQVWU�NVL\RQXQGD�

NXOODQÕODQ� ED]Õ� PDGGHOHUL� DúÕQGÕUDELOLU�� 2OXPVX]� HWNLOHUL� D]DOWDELOmek için sistemde 

korozyon önleyici maddeler gerekmektedir. 

 
• .RQXWODUGD� NXOODQÕODQ� VR÷XWPD� GHYUHOHULQGHNL� DNÕúNDQODU�� ]HKLUVL]� YH� \DQPD]�

ROPDOÕGÕU��(QG�VWUL\HO�NXOODQÕPGD�EX�úDUW�ID]OD�|QHPOL�GH÷LOGLU� 
 
• 6R÷XWXFX� DNÕúNDQ� YH� DEVRUEH� HGLFLQLQ� YLVNR]LWH�� \�]H\� JHULOPH�� ÕVÕ� \D\ÕOÕP� YH�

GLI�]LYLWH� �\D\ÕOÕP�� NDWVD\ÕODUÕ� |QHPOL� NDUDNWHULVWLN� |]HOOLNOHUGLU�� gUQHN� RODUDN��
DNÕúNDQÕQ� G�ú�N� YLVNR]LWH\H� VDKLS� ROPDVÕ�� ÕVÕ� YH� N�WOH� JHoLúLQL� L\LOHúWLULUNHQ��
SRPSDODPD�SUREOHPOHULQL�D]DOWPDNWDGÕU� 

 
• 6R÷XWPD� VLVWHPLQGH� GRODúD� VR÷XWXFX� DNÕúNDQ� YH� DEVRUEH� HGLFL� PLNWDUÕQÕQ� HQ� D]�

GH÷HUGH�RODELOPHVL�LoLQ��VR÷XWXFX�DNÕúNDQÕQ�JL]OL�EXKDUODúPD�ÕVÕVÕ� 
������������E�\�N�ROPDOÕGÕU� 
 

����������$EVRUEVL\RQOX�6R÷XWPD�6LVWHPOHULQGH�.XOODQÕODQ�%DúOÕFD�$NÕúNDQ�dLIWOHUL� 
 
<XNDUÕGD� VÕUDODGÕ÷ÕPÕ]� E�W�Q� LVWHNOHUL� JHUoHNOHúWLUHQ� ELU� VR÷XWXFX� DNÕúNDQ� DEVRUEH� HGLFL�
oLIWLQLQ� SUDWLNWH� EXOXQPDVÕ� P�PN�Q� GH÷LOGLU�� $PRQ\DN-su ve su-lityum bromid çiftleri bu 

LVWHNOHUL� E�\�N� RUDQODUGD� \HULQH� JHWLUHELOGLNOHULQGHQ� WLFDUL� RODUDN� HQ� oRN� NXOODQÕODQ� DNÕúNDQ�
çiftleridir. 



Amonyak-VX� DNÕúNDQ� oLIWL� LVWHQLOHQ� ELU� oRN� |]HOOL÷L� NDUúÕODPDVÕQD� UD÷PHQ�� EXKDUODúPD�
RUDQÕQÕQ� oRN� N�o�N� ROPDVÕ� YH� oDOÕúPD� EDVÕQFÕQÕQ� ROGXNoD� \�NVHN� ROPDVÕ� ELQD� LoL�
NXOODQÕPODUÕQGD�VÕQÕUODPDODUD�JLGLOPHVLQH�QHGHQ�ROPDNWDGÕU� 
 
Su-OLW\XP� EURPLG� DNÕúNDQ� oLIWLQLQ� DYDQWDMÕ� LVH�� \�NVHN� HPQL\HW�� E�\�N� EXKDUODúPD� RUDQÕ��
E�\�N�ELUOHúPH�H÷LOLPL��E�\�N�NDUDUOÕOÕN�YH�E�\�N�JL]OL�EXKDUODúPD�ÕVÕVÕ�RODUDN�VD\ÕODELOLU��%X�
özelliklerle beraber su-OLW\XP�EURPLG�DNÕúNDQ�oLIWL�NDWÕODúPD\D�PH\LOOLGLU��6R÷XWXFX�DNÕúNDQ�
&�� VÕFDNOÕNWD� � EX]� KDOLQH� G|Q�úW�÷�QGHQ�� EX� DNÕúNDQ� oLIWL� G�ú�N� VÕFDNOÕNODUÕQ� JHUHNWL÷L�

VR÷XWPD�VLVWHPOHULQGH�NXOODQÕODPD]�$EVRUEHUGH�|]HOOLNOH�KDYD� LOH� VR÷XWPD�YH\D�ED]Õ� VÕQÕUOÕ�
X\JXODPDODUGD�LVH�VX�LOH�VR÷XWPD�NXOODQÕ\RUVD��RUWD�GHULúLNOLNOHUGH�OLW\XP�EURPLG�NULVWDOOHúLU��
%XQXQOD�EHUDEHU��DEVRUEH�HGLFL�LoLQ�ED]Õ�WX]�NDUÕúÕPODUÕ�NXOODQPDN��KDYD�LOH�VR÷XWPD�KDOLQGH�
NULVWDOOHúPH�WHKOLNHVLQL�D]DOWDELOLU�� 
 
Su-OLW\XP� EURPLG� DNÕúNDQ� oLIWLQLQ� GL÷HU� VDNÕQFDODUÕ� LVH�� EX� DNÕúNDQ� oLIWLQLQ� G�ú�N� oDOÕúPD�
EDVÕQFÕ� JHUHNWLUPHVL� YH� EX� EDVÕQoODUGD�� OLW\XP� EURPLG� HUL\L÷LQLQ� YLVNR]LWHVLQLQ� \�NVHN�
ROPDVÕGÕU��3UDWLNWH��X\JXQ��FLKD]�GL]D\QODUÕ�NXOODQÕODUDN��EX��VDNÕQFDODU�|QOHQHELOLU��'L÷HU�ED]Õ 
|QHPOL�VR÷XWXFX�DNÕúNDQ�DEVRUEH�HGLFL�oLIWOHUL�DúD÷ÕGD�YHULOPLúWLU� 
 

• Amonyak-oHúLWOL�WX]ODU��5REHUVRQ��������7R]HU������� 
 
• Metil amin-oHúLWOL�WX]ODU��5REHUVRQ��������%O\WDV��������  
 
• Alkoller-oHúLWOL�WX]ODU��$NHU�YG�������� 
 
• Amonyak-oHúLWOL�RUJDQLN�o|]�F�OHU��5REHUVRQ������� 
 
• Kükürt dioksit-oHúLWOL�RUJDQLN�o|]�F�OHU��$OEULJKW, 1963) 
 
• +DORMDQL]H�HGLOPLú�KLGURNDUERQODU-oHúLWOL�RUJDQLN�o|]�F�OHU��$OEULJKW������� 

 
 

%X� DNÕúNDQ� oLIWOHULQGHQ� ELU� NDoÕ�� QLVSHWHQ� EDVLW� oHYULPOHU� LoLQ� X\JXQ� ROXS�� NULVWDOL]DV\RQ�
VRUXQX�EX�DNÕúNDQ�oLIWOHULQGH�\RNWXU��+HQ�]�EX�oLIWOHULQ�oR÷X�KDNNÕQGD�NDUDUOÕOÕN�YH�NRUR]\RQ�
ELOJLOHUL� QRNVDQGÕU�� %X� VR÷XWXFX� DNÕúNDQ� DEVRUEH� HGLFL� oLIWOHUL� DUDVÕQGD� HQ� \D\JÕQ� RODUDN�
NXOODQÕODQÕ�DPRQ\DN-VX�DNÕúNDQ�oLIWLGLU� 
 
�����������$EVRUEVL\RQOX�6R÷XWPD�dHYULPOHULQLQ�dDOÕúPD�3UHQVLEL��$VKUDH�������� 
 
$EVRUEVL\RQOX� VR÷XWPD� VLVWemlerinde  amonyak-su ve su-OLW\XP� EURPLG� DNÕúNDQ� oLIWOHULQLQ�
NXOODQÕOGÕ÷Õ� oHYULPOHULQ� oDOÕúPD� SUHQVLEOHULQL� |UQHN� úHPDWLN� J|VWHULPOHUOH� LQFHOL\HFH÷L]�� øNL�



oHYULP�DUDVÕQGDNL�WHPHO�IDUN�DPRQ\DN-VX�oLIWLQGH�VR÷XUXFX�DNÕúNDQ�VX�LNHQ��VX-lityum bromid 

çiftinde�VR÷XUXFX�DNÕúNDQ�OLW\XP�EURPLGGLU��� 
 
5.2.3.3.1.  −2+� /L%U�$NÕúNDQ�dLIWOL�dHYULPOHU 

 
ùHNLO����¶GH� |UQHN�ELU� WHN�NDGHPHOL� VX� OLW\XP�EURPLG� DNÕúNDQ� oLIWOL�Dbsorbsiyonlu� VR÷XWPD�
oHYULPLQLQ�úHPDWLN�J|VWHULPL�EXOXQPDNWDGÕU�� 
 

 

 

ùHNLO�����6X-Lityum bromid eriyikli tek kademeli  

���DEVRUEVL\RQOX�VR÷XWPD�oHYULPL��*HQFHOL������� 
 

%X� VLVWHPLQ� oDOÕúPD� SUHQVLELQL� ùHNLO� ���¶� GDNL� �3�7�� GL\DJUDPÕQGD�� VX� - lityum bromid  

DNÕúNDQ� oLIWL� LoLQ� � DGÕP� � DGÕP� � LQFHOL\HOLP�� ùHNLO� ���¶� GH� J|U�OG�÷�� JLEL� � HYDSDUatörde 

VR÷XWXODQ� RUWDPGDQ� DOÕQDQ� ÕVÕ� LOH� EXKDUODúDQ� VR÷XWXFX� DNÕúNDQ� VX� � VR÷XUXFXQXQ� EXOXQGX÷X�
KD]QH\H�JLUHU��6X�EXKDUÕ��EXUDGD�OLW\XP�EURPLG�LOH�UHDNVL\RQD�JLUHUHN�VR÷XUXOXU��%X�UHDNVL\RQ�
ÕVÕ� YHUHQ� �HN]RWHUPLN�� ELU� UHDNVL\RQGXU�/LW\XP� EURPLG� WDUDIÕQGDQ� VR÷XUXODELOHQ� VX�PLNWDUÕ�
VÕFDNOÕNOD� WHUV� RUDQWÕOÕGÕU��%X�QHGHQOH� VR÷XUXFX�VÕFDNOÕ÷ÕQÕ� RODELOGL÷LQFH�G�ú�N� WXWPDN�EXQD�
ED÷OÕ� RODUDN� GD� VR÷XUXODELOHQ� OLW\XP� EURPLG� PLNWDUÕQÕ� DUWWÕUDELOPHN� LoLQ� VR÷XUXFXGDQ� ÕVÕ�



çekilir. Su-OLW\XP�EURPLG�NDUÕúÕPÕ�RODQ�o|]HOWL�GDKD�VRQUD�ELU�HUL\LN�SRPSDVÕ�\DUGÕPÕ\OD� ÕVÕ�
GH÷LúWLULFL\H�VRQUDGD�ÕVÕWÕFÕ\D��MHQHUDW|U��J|QGHULOLU��,VÕ�GH÷LúWLULFLVLQGH�VLVWHPGHQ�G|QHQ�VÕFDN�
OLW\XP�EURPLG�LOH�|Q�ÕVÕWÕODQ�o|]HOWL�MHQHUDW|UGH�YHULOHQ�ÕVÕ\OD�EXKDUODúWÕUÕOÕU�� 
 
%LU�D\ÕUÕFÕ�YDVÕWDVÕ\OD�D\UÕODQ�EXKDU�ID]ÕQGDNL�VX-lityum bromid çözeltisinden su kondensere 

LOHWLOLUNHQ��OLW\XP�EURPLG�NÕVÕOPD�YDQDVÕQGDQ�JHoHUHN�WHNUDU�VR÷XUXFX�KD]QHVLQH�DNWDUÕOÕU��6X�
EXKDUÕ�NRQGHQVHUGH�ÕVÕVÕQÕ�YHULS�NÕVÕOPD�YDQDVÕQGDQ�JHoWLNWHQ�VRQUD�VÕYÕ�ID]ÕQGD�HYDSDUDW|UH�
girerek�oHYULPL�WDPDPODPÕú�ROXU�� 
 

 

 

 

ùHNLO�����6X-/LW\XP�EURPLG�HUL\LNOL�WHN�NDGHPHOL�DEVRUEVL\RQOX�VR÷XWPD������������������
oHYULPLQLQ�EDVÕQo�–�VÕFDNOÕN�GL\DJUDPÕ��$VKUDH�+DQGVERRN������� 

 

5.2.3.3.2.  2+1+ �� − �$NÕúNDQ�dLIWOL�dHYULPOHU 

 
Tek kademHOL� DPRQ\DN� VX�DNÕúNDQ� oLIWOL� DEVRUEVL\RQOX� VR÷XWPD� oHYULPOHULQGH� LVH�VR÷XWXFX�
DNÕúNDQ�DPRQ\DN��DEVRUEH�HGLFL�VX�ROPDNWDGÕU� 
 

 



 

                     

 

                                                                  

                                                                                                    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������7HN�NDGHPHOL�DPRQ\DN-VX�DNÕúNDQ�oLIWOL�DEVRUEVL\RQOX� 
                                         sR÷XWPD�VLVWHPLQLQ�úHPDWLN�J|VWHULPL��*HQFHOL������� 

 

ùHNLO�����¶�D�EDNÕOGÕ÷Õ�]DPDQ��VLVWHPLQ�EXKDU�VÕNÕúWÕUPDOÕ�VR÷XWPD�oHYULPLQH�oRN�EHQ]HGL÷L�
J|U�OPHNWHGLU�� $UDGDNL� IDUN�� EXKDU� VÕNÕúWÕUPDOÕ� VR÷XWPD� oHYULPLQGH� oHYULPGH� NRPSUHV|U�
YDUNHQ�� DEVRUEVL\RQOX� VR÷Xtma çevrimin de kompresörün yerini kesik çizgilerle kutu içine 

DOÕQPÕú� NDUPDúÕN� ELU� VR÷XUPD�PHNDQL]PDVÕ� DOPDNWDGÕU��%X�PHNDQL]PD� LoHULVLQGH� VR÷XUXFX�
�DEVRUEHU���ÕVÕWÕFÕ��MHQHUDW|U���ÕVÕ�GH÷LúWLULFLVL��NÕVÕOPD�YDQDVÕ�YH�D\ÕUÕFÕ�EXOXQPDNWDGÕU��7�P�EX�
NDUPDúÕk mekanizma sadece �1+ ¶��Q�EDVÕQFÕ�\�NVHOWPHN�LoLQ�NXOODQÕOPDNWDGÕU�� �1+ �EDVÕQFÕ�
EX� NXWXFX÷XQ� LoLQGH� \HU� DODQ� � NDUPDúÕN� � VR÷XUPDOÕ� � VLVWHP� � LoLQGH� � \�NVHOGLNWHQ� � VRQUD���
NRQGHQVHU� GH� � VR÷XWXODUDN� \R÷XúWXUXOPDNWD�� VRQUD� HYDSRUDW|U� EDVÕQFÕQD� NÕVÕOPDNWD� YH�
HYDSDUDW|UGHQ�JHoHUNHQ�VR÷XWXODQ�RUWDPGDQ�ÕVÕ�oHNPHNWHGLU��dHYULPLQ�EX�E|O�P�Q�Q�|QFHNL�
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oHYULPOHUOH�DUDVÕQGD�IDUN�\RNWXU��.HVLNOL�oL]JLOHUOH�oHYUHOHQPLú�NÕVÕPGD�JHUoHNOHúHQ�LúOHPOHU�
LVH�ú|\OHGLU� 
 
$PRQ\DN� EXKDUÕ�� HYDSRUDW|UGHQ� oÕNWÕNWDQ� VRQUD� VR÷XUXFX\D� JLUHU�� EXUDGD� VX� LoLQGH�
VR÷XWXODUDN� YH� VX\OD� NLP\DVDO� UHDNVL\RQD� JLUHUHN� 2+1+ �� − o|]HOWLVLQL� ROXúWXUXU�� %X�
UHDNVL\RQ� D\QÕ� VX-OLW\XP�EURPLG� DNÕúNDQ� oLIWLQGH� ROGX÷X� JLEL� HN]RWHUPLN� ELU� UHDNVL\RQGXU��
2+ � � LoLQGH� VR÷XUXODELOHQ� �1+ PLNWDUÕ�� VÕFDNOÕNOD� WHUV� RUDQWÕOÕGÕU�� %X� QHGHQOH�� VR÷XUXFX�

VÕFDNOÕ÷ÕQÕ�RODELOGL÷LQFH�G�ú�N�WXWPDN�YH�EXQD�ED÷OÕ�RODUDNWDQ�VR÷XUXODELOHQ� �1+ �PLNWDUÕQÕ�
DUWWÕUPDN�LoLQ�VR÷XUXFXGDQ�ÕVÕ�oHNLOLU��%X�LúOHPGH�VR÷XUXFXQXQ�LoLQGHQ�VHUSDQWLQ�\DUGÕPÕ\OD�
VR÷XWPD�VX\X�JHoLULOHUHN�JHUoHNOHúWLULOLU� 
 
$PRQ\DN� EDNÕPÕQGDQ� ]HQJLQ� RODQ� 2+1+ �� − � o|]HOWLVL� GDKD� VRQUD� ÕVÕWÕFÕ\D� �MHQHUDW|U��
SRPSDODQÕU�� d|]HOWL�� ÕVÕWÕFÕGD� GÕú� ND\QDNWDQ� VD÷ODQDQ� ÕVÕ\OD� EXKDUODúWÕUÕOÕU�� %XKDUODúWÕUPD�
LúOHPL�JHUoHNOHúWLULOGLNWHQ�VRQUD�D\ÕUÕFÕ\D�J|QGHULOLU��%XUDGD�VX��DPRQ\DN�EDNÕPÕQGDQ�]HQJLQ�
EXKDUGDQ� D\UÕODUDN� ÕVÕWÕFÕ\D� JHUL� J|QGHULOLU�� VDI� DPRQ\DN� EXKDUÕ� LVH� NRQGHQVHUGHQ� JHoHUHN�
çevrimi sürdürür. 

 
,VÕWÕFÕGD� NDODQ�� DPRQ\DN� EDNÕPÕQGDQ� ]D\ÕI� 2+1+ �� − o|]HOWLVL�� ELU� HúDQM|UGHQ� JHoHU��
SRPSDGDQ�oÕNDQ�o|]HOWL\H�ELU�PLNWDU�ÕVÕ�YHULU�YH�GDKD�VRQUDGD�VR÷XUXFX�EDVÕQFÕQD�NÕVÕODUDN��
VR÷XUXFX\D� J|QGHULOLU�� %|\OHFH� VR÷XUPD� PHNDQL]PDVÕ� LoHULVLQGHNL� oHYULPGH tamDPODQPÕú�
olur. 

 
�����������$EVRUEVL\RQOX�6R÷XWPD�dHYULPOHULQGH�.XOODQÕODQ�(NLSPDQODU��$VKUDH������� 
 
$EVRUEVL\RQOX�VR÷XWPD�oHYULPOHULQGH�NXOODQÕODQ�HNLSPDQODU�DúD÷ÕGDNL�JLELGLU� 
 
 
5.2.3.4.1.   Jeneratör 

 
-HQHUDW|UOHU��\DQPD��U�QOHULQGHQ�ÕVÕ�oÕNDUPDN�LoLQ�GÕú�WDUDIWDQ�NDQDWOÕ��GLNH\�WDQNODUGÕU��øoWHQ�
\�NVHOHQ�PH\GDQD�JHOPLú� EXKDU� YH�D]DODQ� ]D\ÕI�DEVRUEHQW� DUDVÕQGD�\DNÕQ� NDUúÕ� DNÕú� WHPDVÕ�
PH\GDQD� JHWLUPHN� LoLQ� ELU� DQDOL]|U� �o|]�POH\LFL�� SODNDODUÕ� VLVWHPL� YDUGÕU�� $WPRVIHULN� JD]�
EU�O|U��MHQHUDW|U��DWHúOHU��dÕNDQ�DOHY�ERUXVX�NDUÕúÕN��U�QOHUL�DEVRUEHU�YH�NRQGHQVHUGHQ�JHoHQ�
KDYD�LOH�NDUÕúÕU�YH�\HWHUOL�\DQPD�KDYD�DNÕúÕQÕ�V�UG�UPHN�LoLQ�NRQGHQVHU�KDYD�IDQÕQÕQ�oHNLPLQH�
ED÷OÕGÕU��� 
 

 



��������������,VÕ�(úDQM|U� 

 
*�oO��YH�]D\ÕI�DEVRUEHQW�DUDVÕQGDNL�ÕVÕ�WUDQVIHUL��NÕVPHQ�J�oO��DEVRUEHQW�WDúÕ\DQ�ELU�ERELQLQ��
DQDOL]|U�SODNDODUÕ�\ROX\OD�VSLUDO�\DSWÕ÷Õ�MHQHUDW|U-DQDOL]|U�LoLQGH�YH�NÕVPHQ��VRO�V\RQ�NÕOFDOÕ�
\ROX� LOH� MHQHUDW|UGHQ� |Oo�OHQ� J�oO�� DEVRUEHQWLQ�� ]D\ÕI� DEVRUEHQW� WDúÕ\DQ� ELU� KHOLVHO� ERELQLQ�
�]HULQGHQ�JHoWL÷L�VRO�V\RQOD�VR÷XWXOPXú�DEVRUEHUGH�PH\GDQD�JHOLU� 
 
6RO�V\RQOD� VR÷XWXOPXú� DEVRUEHUGH�� J�oO�� DEVRUEHQW�� HYDSRUDW|UGHQ� JHOHQ� EXKDUÕQ� ELUD]ÕQÕ�
DEVRUEH�HGHU�EX�VD\HGH��oHYULP�&23¶�VLQL�L\LOHúWLUPHN�LoLQ�DEVRUSVL\RQ�ÕVÕVÕQÕ�oHYULP�LoLQGH�
tutar. Güçlü absorbent ve absorbe edilPLú� EXKDU�� VRO�V\RQOD� VR÷XWXOPXú� DEVRUEHUGHQ��
DEVRUEVL\RQXQ� WDPDPODQGÕ÷Õ� YH� DEVRUEVL\RQ� ÕVÕVÕQÕQ� KDYD\D� DWÕOGÕ÷Õ� KDYD� LOH� VR÷XWXOPXú�
absorbere kadar devam eder. 

 
7DULI� HGLOHQ� VRO�V\RQOD� VR÷XWXOPXú� DEVRUEHUH� ELU� DOWHUQDWLI� MHQHUDW|U� EDVÕQFÕQGD� ]D\ÕI�
absorbeQW� LOH� ROXUNHQ�� J�oO�� DEVRUEHQWLQ� ID]OD� VR÷XWXOGX÷X� YH� VRQUD� JLULúWH� HYDSDUDW|UGHQ�
KDYD�VR÷XWPDOÕ�DEVRUEHUH�NDGDU�VR÷XWXFX�EXKDUÕ�LOH�ELUOHúWL÷L�ELU�Lo�LoH�ERUX�HúDQM|U�G�U� 
 
5.2.3.4.3.   'R÷UXOWPDo��5HGUHV|U� 
 
-HQHUDW|UGHQ�oÕNDQ�EXKDU�KDOHQ�ELU�PLNWDU�VXEXKDUÕ� LoHUPHNWHGLU��%XKDU�VR÷XWXODUDN� LoHUGL÷L�
VX�EXKDUÕ�|QHPVL]�ELU�PLNWDUD�NDGDU�D]DOWÕOPDNWDGÕU� 
5HGUHV|U�� ]D\ÕI� DEVRUEHQWL� VRO�V\RQ� SRPSDVÕQGDQ�� VRO�V\RQOD� VR÷XWXODQ� DEVRUEHU� YH�
MHQHUDW|UH�J|W�UHQ�ELU�VSLUDO�ERELQ�LoHULU��+DYD�VR÷XWPDOÕ�NRQGHQVHUH�NDGDU�GHYDP�HGHn buhar 

YH�MHQHUDW|UH�JHUL�DNDQ��ERELQGHQ�\R÷XQODúPD�DUDVÕQGDNL�NDUúÕ�DNÕú�WHPDVÕQD�\DUGÕPFÕ�ROPDN�
LoLQ�ELU�W�U�FRQWD�GDKLO�HGLOPLúWLU��� 
 
5.2.3.4.4.   Absorber ve Kondenser  

 
%XQODU�� JLUHQ� KDYDQÕQ� oR÷XQOX÷XQXQ� NRQGHQVHU� W�SOHULQGHQ� DNDFD÷Õ� YH� D\UÕODQ� KDYDQÕQ�
oR÷XQOX÷XQXQ� DEVRUEHU� W�SOHULQGHQ� DNDFD÷Õ� úHNLOGH�� KDYD� DNÕúÕQD� J|UH� G�]HQOHQPLú� NDQDWOÕ�
tüplerdir. 

 
5.2.3.4.5.   Evaparatörler 

 
6R÷XWXODFDN� VÕYÕ�� VR÷XWPD� \�N�Q�� DEVRUEH� HGHQ� � EXKDUODúDQ� DPRQ\D÷Õ� WDúÕ\DQ� ELU� NDELQLQ�
�]HULQH� GDPÕWÕOÕU�� 7DQN�� DWPRVIHU� EDVÕQFÕQGDGÕU� YH� �QLWHOHU�� VR÷XWXODQ� VÕYÕ\Õ� \�N� ND\QD÷ÕQD�
VLUN�OH� HWPHN� LoLQ� ELU� SRPSD� LoHULU�� (YDSRUDW|UH� JLGHQ� VR÷XWXFX� WÕNDo� ERELQOHUL� \DUGÕPÕ\OD�
NRQGHQVHUGHQ�|Oo�O�U��6R÷XWXFX�ÕVÕ�HúDQM|U�Q�Q�ELU�Lo�LoH�W�S�WLSL��VR÷XWXFXQXQ�D÷ÕUOÕN�EDúÕQD�



PDNVLPXP� VR÷XWPD� HWNLVLQL� VD÷ODPDN� LoLQ� NXOODQÕOÕU�� %X�� |]HOOLNOH� EX� oHYULPGH� HWNLOLGLU��
o�QN��DPRQ\DNWD�EXOXQDQ�VX��DUWÕN�D]DOGÕNoD�\�NVHOHQ�VÕFDNOÕNODUGD�EXKDUODúDQ�ELU�VÕYÕ�DUWÕ÷Õ�
üretir.   

 
������������6RO�V\RQ�3RPSDODUÕ 
 
3RPSDODU�KHUPDWLN�SR]LWLI�GHSODPDQOÕ�FLKD]ODUGÕU��6RO�V\RQ��ELU�HVQHN�GL\DIUDPD�EHQ]HU�ELU�
\DOÕWPD� SDUoDVÕQÕQ� DOWHUQDWLI� KDUHNHWL� WDUDIÕQGDQ� HPPH� YH� ERúDOWPD� YDOIOHUL� \ROX\OD� KDUHNHW�
HWWLULOLU��+LGUROLN�VÕYÕ�GDUEHOHULQGHQ�JHOHQ�DOWHUQDWLI�KDUHNHW��HPPH�EDVÕQFÕ�DWPRVIHULN�RODQ�ELU�
vana veya piston poPSD�WDUDIÕQGDQ�HVQHN�\DOÕWPD�SDUoDVÕQÕQ�NDUúÕ�WDUDIÕQD�GD÷ÕWÕOÕU�� 
 
5.2.3.4.7.  Kapasite Kontrolü 

 
(NLSPDQ�� JHQHOOLNOH� ELU� WHUPRVWDW� DUDFÕOÕ÷Õ\OD� DoÕOÕU� YH� NDSDQÕU�� (÷HU� VX� VÕFDNOÕ÷Õ� GRQPD\D�
\DNODúDFDN�NDGDU�G�úHUVH��EU�O|U��NDSDWPDN�LoLQ��ELU�VR÷XWXOPXú�VX�G�÷PHVL�PHYFXWWXU��'DKD�
G�ú�N�ELU�\�N�RUDQÕQD�G�ú�UPHN�LoLQ��HNLSPDQODUÕQ�����G�ú�N�DWHúOHPHVL�X\JXQGXU��� 
 

5.2.3.4.8.  Koruyucu Cihazlar 

 
(NLSPDQGD�NXOODQÕODQ�NRUX\XFX�FLKD]ODU�DúD÷ÕGD�YHULOPLúWLU� 
 

• *D]� EU�O|U�Q� \DQPDVÕQD� L]LQ� YHUPHGHQ� |QFH� KDYD� DNÕúÕQÕ� GR÷UXOD\DQ� ELU� \HONHQOL�
GHYUH�DQDKWDUÕ 

• -HQHUDW|U�\�NVHN�VÕFDNOÕN�EXWRQX 

• %DVÕQo�WDKOL\H��HPQL\HW��YDQDVÕ 
 

 

 

 

 

 

 

 

 

 

 



6. ø.ø��.$'(0(/ø�� 2+1+ �� − ��$.,ù.$1/,��$%625%6ø<21/8��62ö870$� 
������6ø67(0ø�9(�6$<,6$/�%ø5�g51(.��� 
       
%X�oDOÕúPDGD�DPDo�G�]HQOHQPLú�RODQ� LNL�NDGHPHOL�DEVRUEVL\RQOX�VR÷XWPD�VLVWHPLQLQ� LNLQFL�
NDQXQ� �DQDOL]LQL�JHUoHNOHúWLUPHN�YH� LNLQFL� �NDQXQ�YHULPL�� WRSODP�HQWURSL�YH�&23�GH÷HULQLQ�
VLVWHPGHNL�PHYFXW�HNLSPDQODUÕQ�SHUIRUPDQVODUÕQD�ED÷OÕ�RODUDN�QDVÕO�GH÷LúWL÷LQL�J|VWHUPHNWLU��
øNL� NDGHPHOL� VR÷XWPD� VLVWHPL� � WHRULN� RODUDN� LQFHOHQLS�� VD\ÕVDO� ELU� |UQHN� �]HULQGH� DQDOL]�
\DSÕODFDNWÕU�� 
 

øNL� NDGHPHOL� VLVWHPOHUGH�� ELU� oHYULP� LoHULVLQGH� LNL� DGHW� DEVRUEVL\RQ� PHNDQL]PDVÕ�
EXOXQPDNWDGÕU��%|\OHFH�GDKD�ID]OD�PLNWDUGD�VR÷XWXFX�HOGH�HGLOHUHN��VLVWHPLQ�VR÷XWPD�J�F��
DUWWÕUÕODUDN�&23�GH÷HULQLQ�L\LOHúWLULOPHVL�VD÷ODQPÕú�ROXU��)DNDW�&23�GH÷HULQL�L\LOHúWLUPHN�LoLQ�
VLVWHPH�HNOHPHOHU�DUWWÕNoD��VLVWHP�GDKD�NDUPDúÕN�ELU�KDO�DOPDNWD�YH�G�]J�Q�oDOÕúWÕUÕOPDVÕ�GD�
]RUODúPDNWDGÕU�� 6LVWHPGH� PHYFXW� KHU� ELU� HOHPDQ� LoLQ� Kassas ayarlamalar yapmak 

gerekmektedir.    

 

.DODQ� NÕVÕPODUGD�� LNL� NDGHPHOL� VLVWHPLQ oDOÕúPD� SUHQVLEL� \DSÕODQ� NDEXOOHUOH� VHoLOHQ�
WHUPRGLQDPLNVHO� GH÷HUOHUOH� &23� KHVDEÕ� YH� VD\ÕVDO� ELU� LNLQFL� NDQXQ� DQDOL]L, son olarak da 

HGLQLOHQ�GH÷HUOHU�ÕúÕ÷ÕQGD�JHUHNOL�GH÷erlendirmHOHU�\DSÕODFDNWÕU��6istem �]HULQGHNL�QRNWDODUÕQ�
VDKLS� ROGXNODUÕ� WHUPRGLQDPLNVHO� E�\�NO�NOHU�� SDNHW� SURJUDP� RODQ� 5HISURS� \DUGÕPÕ\OD�
ELOJLVD\DU�RUWDPÕQGD�bulunarak�VLVWHPLQ�HNVHUML�DQDOL]L�JHUoHNOHúWLULOHFHNWLU���� 
 

�������6LVWHPLQ�dDOÕúPD�3UHQVLEL 
 

ùHNLO����¶�GH�J|U�OG�÷���]HUH�VLVWHP�LNL�D\UÕ�VR÷XUPD�PHNDQL]PDVÕ�LoHUPHNWHGLU��6LVWHPGH�LNL�
MHQHUDW|U��ÕVÕWÕFÕ���LNL�DEVRUEHU���o�DGHW�NÕVÕOPD�YDQDVÕ��LNL�DGHW�HUL\LN�SRPSDVÕ��LNL�DGHW�o|]HOWL�
HúDQM|U��� ELU� DGHW� NRQGHQVHU� HúDQM|U��� LNL� DGHW� D\ÕUÕFÕ�� ELU� evaporatör ve bir kondenser 

EXOXQPDNWDGÕU�6LVWHPGH� DPRQ\DN-VX� DNÕúNDQ� oLIWLQGHQ� VX� DEVRUEHU�� DPRQ\DN� LVH� VR÷XWXFX�
RODUDN� NXOODQÕOPDNWDGÕU�� .HVLN� oL]JL\OH� oHYULOHQ� NÕVÕP� VLVWHPH� HNOHQHQ� LNLQFL� NDGHPHGLU�� ,�
QROX� MHQHUDW|U� ÕVÕ� ND\QD÷Õ� RODUDN� ,,� QROX� DEVRUEHUGHQ� DWÕODQ� ÕVÕ\Õ� NXOODQPDNWDGÕU�6LVWHPLQ�
oDOÕúPDVÕ�ùHNLO����¶�GH�YHULOPLúWLU��%X�úHNLOGHNL�J|U�OHQ�DNÕPODU��� 
 

1 – 2  :� ,� QROX� DEVRUEHUGHQ� oÕNDQ� ]HQJLQ� 2+1+ �� − o|]HOWLVL� ,� QROX� o|]HOWL� SRPSDVÕ�
\DUGÕPÕ\OD�EDVÕQFÕ�DUWWÕUÕODUDN��,�QROX�o|]HOWL�HúDQM|U�QH��6+;�,��SRPSDODQÕU� 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ùHNLO�����øNL�NDGHPHOL�DPRQ\DN�–�VX�DNÕúNDQOÕ�DEVRUEVL\RQOX�VR÷XWPD� 
VLVWHPL�DNÕú�úHPDVÕ��$GHZXVL�DQG�=XEDLU������� 
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2  –  3 �����(úDQM|UH��JLUHQ��o|]HOWL���EXUDGD��,��QROX��MHQHUDW|UGHQ��JHOHQ��IDNLU�� 2+1+ �� −  

o|]HOWLVLQGHQ�DOGÕ÷Õ�ÕVÕ�LOH�ELU�PLNWDU�ÕVÕQÕU���� 
 
3 – 4   : ,� QROX� HúDQM|UGHQ� oÕNDQ� o|]HOWL� ���� ÕVÕWÕOPDN� LoLQ� ,� QROX� MHQHUDW|UH� JLUHU��%XUDGD�
ÕVÕWÕODQ� o|]HOWLGHQ� � � 2+1+ �� − � � EXKDUÕ� ���� HOGH� HGLOHUHN� ,� QROX� D\UÕúWÕUÕFÕ\D� J|QGHULOLU��
Jeneratörde kalan eriyik, ayUÕúWÕUÕFÕGDQ�JHOHQ�� 2+� �����LOH�ELUOHúHUHN��IDNLU�� 2+1+ �� −  (4) 

o|]HOWLVLQL�ROXúWXUDUDN�,�QROX�MHQHUDW|UGHQ�D\UÕODUDN�6+;��¶H�G|QHU�� 
 
4 – 5   : <�NVHN� VÕFDNOÕNWDNL fakir  2+1+ �� − � ���� o|]HOWLVL� HUL\LN� HúDQjöründen geçerek 

ÕVÕVÕQÕ� 2+1+ �� − zengin çözeltisine verir. 

 
5 – 6    : � ,VÕVÕQÕ�YHUHQ�IDNLU�o|]HOWL� ,�QROX�NÕVÕOPD�YDQDVÕQGDQ�JHoLULOHUHN�EDVÕQFÕ��DEVRUEHU�
EDVÕQFÕQD�G�ú�U�OHUHN��DNÕúNDQÕQ�DEVRUEHUH�JLULúL�VD÷ODQÕU���� 
 
7 – 9     :  Buhar halindeki 2+1+ �� − D\ÕUÕFÕ\D�JLUHUHN��EXKDU�ID]ÕQGDNL�VX\XQ�DPRQ\DNWDQ�
D\UÕOPDVÕ�VD÷ODQÕU�YH�D\UÕODQ� 2+ � �����MHQHUDW|UH�JHUL�J|QGHULOLU��$\ÕUÕFÕGDQ�� �1+ EXKDUÕ�����
oÕNDU� 
 
9 – 10   :  $\UÕúWÕFÕGDQ�oÕNDQ�EXKDU�ID]ÕQGDNL�DPRQ\DN��LNLQFL�NDGHPHGHQ�JHOHQ�\LQH�EXKDU�
ID]ÕQGDNL�DPRQ\DNOD������ELUOHúHUHN�������NRQGHQVHUH��J|QGHULOLU��.RQGHQVHUGH�ÕVÕVÕ�DOÕQDUDN�
\R÷XúWXUXODQ�DPRQ\DN�VÕYÕ�KDOGH�NRQGHQVHUGHQ������oÕNDU� 
 
10 – 11 : .RQGHQVHUGHQ� oÕNDQ� VÕYÕ� KDOGHNL� DPRQ\DN� ELU� HúDQM|UGHQ� JHoLULOHUHN� ÕVÕWÕOPDVÕ�
VD÷ODQÕU��%XUDGD� ÕVÕ� ND\QD÷Õ� RODUDN�� � GDKD� VRQUD� HYDSRUDW|UGHQ�JHoLULOHUHN� ÕVÕ� ND]DQDQ� D\QÕ�
DNÕúNDQ�NXOODQÕOPDNWDGÕU� 
 
11 – 12   : (úDQM|UGH�EHOLUOL�ELU�PLNWDUGD�ÕVÕ�ND]DQDQ�VÕYÕ�DPRQ\DN���QROX�NÕVÕOPD�YDQDVÕQGDQ�
geçLULOHUHN��EDVÕQFÕ�HYDSRUDW|U�EDVÕQFÕQD�G�ú�U�O�U� 
 
12 – 13  : %DVÕQFÕ�G�ú�U�OHQ� VÕYÕ� DPRQ\DN� �����HYDSRUDW|UGHQ�JHoLULOHUHN�EXKDUODúWÕUÕOÕU� YH��

�1+ �EXKDUÕ������HOGH�HGLOLU� 
 
13 – 14  : Elde edilen �1+ EXKDUÕ� HúDQM|UGHQ� �&+;��� JHoLULOHUHN� ÕVÕVÕQÕQ� ELU� NÕVPÕQÕ� VÕYÕ�
KDOGHNL�DPRQ\D÷D������YHUPHVL�VD÷ODQÕU�� 
 



14 – 15 : ,VÕVÕQÕQ� ELU� NÕVPÕQÕ� YHUHQ� �1+ � EXKDUÕ� ,� QROX� DEVRUEHUH� JHUL� G|Q�ú�Q��
WDPDPODPDGDQ�|QFH�LNL\H�D\UÕOÕU��%LU�NRO������,�QROX�DEVRUEHUH�JLGHUNHQ��GL÷HU�NRO������LNLQFL�
NDGHPH\L� ROXúWXUPDN� �]HUH� ,,� QROX� DEVRUEHUH� JLGHU�� ,� QROX� DEVRUEHUH� JLGHQ� �1+ EXKDUÕ�
burada fakir  2+1+ �� − o|]HOWLVL\OH�ELUOHúHUHN��]HQJLQ� 2+1+ �� − o|]HOWLVLQL�����ROXúWXUXU� 
 
15  –  16 : Birinci kademeden gelen �1+ EXKDUÕ� � ,,� QROX� DEVRUEHUGH�� IDNLU� o|]HOWL\OH� �����
ELUOHúHUHN��]HQJLQ� 2+1+ �� − o|]HOWLVLQL������ROXúWXUXU�� 
 
16  –  17 :� ,,� QROX� DEVRUEHUGHQ� oÕNDQ� ]HQJLQ� 2+1+ �� − çözeltisi II� QROX� o|]HOWL� SRPSDVÕ�
\DUGÕPÕ\OD�EDVÕQFÕ�DUWWÕUÕODUDN���,,�QROX�o|]HOWL�HúDQM|U�QH��6+;���SRPSDODQÕU� 
 
17  –  18  �����(úDQM|UH��JLUHQ��o|]HOWL��EXUDGD��,,��QROX��MHQHUDW|UGHQ��JHOHQ��IDNLU�� 2+1+ �� −  

o|]HOWLVLQGHQ�DOGÕ÷Õ�ÕVÕ�LOH�ELU�PLNWDU�ÕVÕQÕU���� 
 
18 –  19  : ,,� � QROX�HúDQM|UGHQ� oÕNDQ� o|]HOWL� ÕVÕWÕOPDN� LoLQ� ,,� QROX� MHQHUDW|UH�JLUHU��%XUDGD�
ÕVÕWÕODQ� o|]HOWLGHQ� 2+1+ �� − � EXKDUÕ� ����� HOGH� HGLOHUHN� ,,� QROX� D\UÕúWÕUÕFÕ\D� J|QGHULOLU��
-HQHUDW|UGH� NDODQ� HUL\LN�� D\UÕúWÕUÕFÕGDQ� JHOHQ�  2+ � � ����� LOH� ELUOHúHUHN� � IDNLU� � 2+1+ �� −  

�����o|]HOWLVLQL�ROXúWXUDUDN�,,�QROX�MHQHUDW|UGHQ�D\UÕOÕU�� 
 
19 – 20     : <�NVHN�VÕFDNOÕNWDNL fakir  2+1+ �� − ������o|]HOWLVL�HUL\LN�HúDQM|U�QGHQ�JHoHUHN�
ÕVÕVÕQÕ� 2+1+ �� − zengin çözeltisine verir. 

 
20 – 21    : �,VÕVÕQÕ�YHUHQ�IDNLU�o|]HOWL���QROX�NÕVÕOPD�YDQDVÕQGDQ�JHoLULOHUHN�EDVÕQFÕ��DEVRUEHU�
EDVÕQFÕQD�G�ú�U�OHUHN��DNÕúNDQÕQ�DEVRUEHUH�JLULúL�VD÷ODQÕU���� 
 
22 – 24    :  Buhar halindeki 2+1+ �� − �����D\ÕUÕFÕ\D�JLUHUHN��VX\XQ�DPRQ\DNWDQ�D\UÕOPDVÕ�
VD÷ODQÕU�YH�D\UÕODQ� 2+� ����� � MHQHUDW|UH�JHUL�J|QGHULOLU�� ,,�QROX�D\ÕUÕFÕGDQ� �1+ EXKDUÕ� �����
oÕNDU� 
 
24 – 25   : ,,�QROX�D\ÕUÕFÕGDQ�oÕNDQ� �1+ EXKDUÕ�������ELULQFL�NDGHPHGHQ�JHOH �1+ EXKDUÕ�����LOH�
ELUOHúHUHN������NRQGHQVHUH�JLUHU� 
 

26  – 1 : Birinci kademeden gelen �1+ EXKDUÕ� � ,� QROX� DEVRUEHUGH�� IDNLU� o|]HOWL\OH� ����
ELUOHúHUHN��]HQJLQ� 2+1+ �� − o|]HOWLVLQL�����ROXúWXUXU�� 



%X� úHNLOGH� ELULQFL� YH� LNLQFL� NDGHPH� DUDVÕQGDNL� ED÷ODQWÕ� NXUXODUDN�� G|QJ�Q�Q� GHYDPÕ�
VD÷ODQPÕú�ROXU� 
 

6.2. 6LVWHPLQ�7HUPRGLQDPLN�$QDOL]LQGH�<DSÕODQ�.DEXOOHU 

 
$úD÷ÕGD�YHULOHQ�GH÷HUOHU�DPRQ\DN�DNÕúNDQÕ�LoLQ�LGHDOH�\DNÕQ�VHoLOPLú�GH÷HUOHU�ROXS��GH÷HUOHU�
�]HULQGH�NÕVPHQ�GH�ROVD�L\LOHúWLULOPH\H�JLGLOPLúWLU��6LVWHPGH���NJ�V�DPRQ\DN-su çözeltisi sabit 

RODUDN�GRODúWÕ÷Õ�YDUVD\ÕOPDNWDGÕU��6LVWHPGH�UHIHUDQV�QRNWDODUÕQGD�EHOLUOHQHQ�DNÕúNDQ�GHULúLNOLN�
GH÷HUOHUL� YH� UHIHUDQV� QRNWD� VÕFDNOÕNODUÕ� $ODUNR� &DUULHU� $�ù�� ILUPDVÕ� WDUDIÕQGDQ� EHOLUOHQHUHN�
WDUDIÕPÕ]D�WDYVL\H�HGLOPLúWLU� 
 
<DSÕODQ�NDEXOOHU�DúD÷ÕGDNL�úHNLOGHGLU� 
 

• 6LVWHPLQ�V�UHNOL�UHMLP�úDUWODUÕQGD�oDOÕúWÕ÷Õ�NDEXO�HGLOPLúWLU� 
• $EVRUEHUGHQ�oÕNDQ�HUL\LN��DEVRUEHU�VÕFDNOÕ÷Õ�YH�EDVÕQFÕQGD�ROXS�GHQJH�KDOLQGedir. 

• -HQHUDW|UGHQ�oÕNDQ�HUL\LN��MHQHUDW|U�VÕFDNOÕ÷Õ�YH�EDVÕQFÕQGD�ROXS�GHQJH�KDOLQGHGLU� 
• .RQGHQVHUGHQ� oÕNDQ� VR÷XWXFX� DNÕúNDQ�� GR\PXú� VÕYÕ� úDUWODUÕQGD� ROXS�� NRQGHQVHU�

VÕFDNOÕ÷ÕQGDGÕU� 
• (YDSRUDW|UGHQ� oÕNDQ� VR÷XWXFX� DNÕúNDQ�� GR\PXú� EXKDU� úDUWODUÕQGD� ROXS�� HYDporatör 

VÕFDNOÕ÷ÕQGDGÕU��� 
• 6LVWHPGH�JHUoHNOHúHQ�EDVÕQo�ND\ÕSODUÕ�LKPDO�HGLOPLúWLU� 
• 6LVWHPLQ�oHYUH\OH�RODQ�ÕVÕ�HWNLOHúLPL�LKPDO�HGLOPLúWLU� 
• 6LVWHPH�Lú�JLULúL�LKPDO�HGLOPLúWLU� 
• $\QÕ� VÕFDNOÕN� YH� NRQVDQWUDV\RQ� LoLQ�� GHQJH� KDOLQGHNL� HQWDOSL� LOH� GHQJHVL]� KDOGHNL 

HQWDOSL�HúLW�NDEXO�HGLOPLúWLU� 
• dHYUH�RUWDP�VÕFDNOÕ÷Õ����&�RODUDN�NDEXO�HGLOPLúWLU� 

 
6.3. Sistemin Termodinamik Analizi 

 
ùHNLO����¶�GH�YHULOPLú�RODQ�oHYULPGH�HYDSRUDW|U�YH�DEVREHUGHNL�G�ú�N�EDVÕQo��NRQGHQVHU�YH��
MHQHUDW|UOHUGH�LVH�\�NVHN�EDVÕQo�NXOODQÕOPDNWDGÕU. 
 
6LVWHP� LoHULVLQGH� DEVRUEHU� PHNDQL]PDVÕ� LoHULVLQGH� NXOODQÕODQ� LNL� DGHW� HúDQM|UGH� GH� DPDF�
\�NVHN� VÕFDNOÕN� YH� GHULúLNOLNWHNL� o|]HOWLQLQ� ÕVÕVÕQGDQ� ID\GDODQDUDN� G�ú�N� VÕFDNOÕN� YH�



GHULúLNOLNWHNL� o|]HOWL\L� ÕVÕWPDNWÕU�� .RQGHQVHUOH� HYDSRDUDW|U� DUDVÕQGD� NXOODQÕODQ� HúDQM|U�Q�
NXOODQÕP� DPDFÕ� LVH� \�NVHN� VÕFDNOÕNWDNL� VÕYÕ� DPRQ\D÷ÕQ� ÕVÕVÕQÕ� HYDSRUDW|UGHQ� oÕNDQ� G�ú�N�
VÕFDNOÕNWDNL� DPRQ\DN� EXKDUÕQD� YHUPHVLGLU�� $\UÕFD� LNLQFL� NDGHPHGHNL� ,,� QROX� DEVRUEHUGHQ�
DWÕODQ� HQHUML� ,� QROX� MHQHUDW|UGH� ÕVÕ� ND\QD÷Õ� RODUDN� NXOODQÕOPDNWDGÕU� Böylece jenaratör için  

JHUHNOL� RODQ� ÕVÕ� PLNWDUÕ� D]DOWÕOPDNWD� YH� VLVWHPLQ� VR÷XWPD� HWNLQOL÷L� DUWWÕUÕOPÕú� ROPDNWDGÕU��
$úD÷ÕGD�VLVWHPLQ�UHIHUDQV�QRNWDODUÕQGD�|QFHGHQ�EHOLUOHQHQ�GH÷HUOHU�YHULOPLúWLU� 
 

• (YDSRUDW|U�VÕFDNOÕ÷Õ�����QRNWDVÕ��� C
o 10−  

• ,�QROX�DEVRUEHUH�JLULú�VÕFDNOÕ÷Õ�����QRNWDVÕ��� Co 27  

• ,�QROX�DEVRUEHU�VÕFDNOÕ÷Õ����QRNWDVÕ��� C
o0 4  

• ,�YH�,,�QROX�HUL\LN�SRPSDVÕ�YHULPL����� 

• 6+;�YH�6+;��o|]HOWL�HúDQM|UOHUL�YHULPL����� 

• I, II nolu jeneratör ve kondenser basÕQFÕ��������N3D 

• ,�QROX�MHQHUDW|UGHQ�oÕNDQ�DNÕúNDQ�EXKDUÕ�VÕFDNOÕ÷Õ����QRNWDVÕ��� C
o 105  

• ,�QROX�MHQHUDW|UGHQ�oÕNDQ�VH\UHOWLN�o|]HOWL�VÕFDNOÕ÷Õ����QRNWDVÕ��� C
o10 1  

• ,�QROX�D\ÕUÕFÕGDQ�oÕNDQ�DNÕúNDQ�EXKDUÕ�VÕFDNOÕ÷Õ����QRNWDVÕ�� Co0 7  

• .RQGHQVHUH�JLUHQ�DNÕúNDQ�EXKDUÕ�����QRNWDVÕ�� C
o0 7  

• .RQGHQVHU�VÕFDNOÕ÷Õ�����QRNWDVÕ�� C
o0 4  

• &(+;�HúDQM|U�YHULPL����� 

• ,,�QROX�DEVRUEHU�JLULú�VÕFDNOÕ÷Õ�����QRNWDVÕ�� Co7 2  

• II nolu�DEVRUEHUGHQ�oÕNÕú�VÕFDNOÕ÷Õ�����QRNWDVÕ��� C
o10 1  

• ,��,,�QROX�DEVRUEHU�YH�HYHSDUDW|U�EDVÕQFÕ������N3D 

• ,,�QROX�MHQHUDW|UGHQ�oÕNDQ�DNÕúNDQ�EXKDUÕ�VÕFDNOÕ÷Õ�����QRNWDVÕ�� Co 081  

• ,,�QROX�MHQHUDW|UGHQ�oÕNDQ�VH\UHOWLN�o|]HOWL�VÕFDNOÕ÷Õ�����QRNWDVÕ��� Co00 2  

• ,,�QROX�D\ÕUÕFÕGDQ�oÕNDQ�DNÕúNDQ�EXKDUÕ�VÕFDNOÕ÷Õ�����QRNWDVÕ��� C
o0 7  

• 6LVWHPGH�PHYFXW�o|]HOWL�GHELVL��������QRNWDODUÕ�����NJ�V 
• ,�QROX�DEVRUEHUGHQ�oÕNDQ�o|]HOWL�GHULúLNOLN�RUDQÕ��� 5,401 =x  



• ,�QROX�MHQHUDW|UGHQ�oÕNDQ�o|]HOWL�GHULúLNOLN�RUDQÕ� 5,957 =x  

• ,�QROX�D\ÕUÕFÕGDQ�oÕNDQ�o|]HOWL�GHULúLNOLN�RUDQÕ�� 5,999 =x  

• ,,�QROX�MHQHUDW|UGHQ�oÕNDQ�o|]HOWL�GHULúLNOLN�RUDQÕ�� 5,3322 =x  

• II nolu absorberden�oÕNDQ�o|]HOWL�GHULúLNOLN�RUDQÕ�� 9,716 =x  

• ,,�QROX�D\ÕUÕFÕGDQ�oÕNDQ�o|]HOWL�GHULúLNOLN�RUDQÕ�� 5,9924 =x  

 

Amonyak-VX� HUL\L÷L� LoLQ� HQWDOSL-GHULúLNOLN� GL\DJUDPÕ� YH� |QFHNL� E|O�POHUGH� YHULOHQ�
GHQNOHPOHU� NXOODQÕODUDN�� VLVWHPGHNL� HOHPDQODUÕQ� ROXúWXUGXNODUÕ� UHIHUDQV� QRNWDODUÕQGDNL��
DNÕúNDQ�GHELOHUL��HQWDOSLOHUL��VÕFDNOÕNODUÕ��HQWURSLOHUL��ÕVÕ�\�NOHUL��HNVHUML�ND\ÕSODUÕ��YH�VLVWHPLQ�
&23�GH÷HUL�EXOXQDELOLU�� 
 

$úD÷ÕGD� WHUPRGLQDPL÷LQ� ELULQFL� YH� LNLQFL� NDQXQODUÕQD� J|UH� KHU� ELU� �QLWHQLQ� WHUPRGinamik 

DQDOL]OHUL�YHULOPLúWLU��%X�DQDOL]OHUGH�SRWDQVL\HO�HQHUML�LKPDO�HGLOPLúWLU� 
 

5HIHUDQV� QRNWDODUÕQGD� ROXúDQ� EDVÕQo�� VÕFDNOÕN�� GHULúLP� NRQVDQWUDV\RQX�� HQWDOSL� YH� HQWURSL�
GH÷HUOHUL��GHELOHU�YH�HNVHUML�GH÷HUOHUL�dL]HOJH����¶GH�YHULOPLúWLU��ùLPGL�UHIHUDQV�noktalardaki 

DNÕúNDQ�GHELVL�GH÷HUOHULQL�VÕUDVÕ\OD�EXODOÕP� 
 

I nolu absorber:     

 
ùHNLO����¶�GH�,�QROX�DEVRUEHUGH�PH\GDQD�JHOHQ�N�WOH�JLULú�oÕNÕúODUÕ�J|U�OPHNWHGLU��� 
 

 

 

 

 

 

 

 

 

 

 

ùHNLO������,�QROX�DEVRUEHU�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 

2+1+ �� −  

fakir eriyik 
 

2+1+ �� −  

zengin eriyik 
 

66 h,m
•

 

2626 h,m
•

 
11 h,m

•

 
ABSORBER I 

�1+  

EXKDUÕ 
 

�D� 7�4•  

26 

6 

   1 



ÇizelJH�����øNL�NDGHPHOL�DEVRUEVL\RQOX�VR÷XWPD�VLVWHPLQGHNL�UHIHUDQV�QRNWDODUÕ 
YH�KHVDSODQDQ�GH÷HUOHU 

 

$NÕP 

No C)(

 
0

T
 

(kPA)

 P
 

)kgm( 3

v
 

kg)  /(kj 

h
 x  

)kg(

 

s

m
•

 
)(

 

NJN-
φ

 
)kJ(

 

kgK

s
 

1 40 300 0,001 -66,65 0,405 1 -216,2 0,494 

2 40 1600 0,001 -64,65 0,405 1 -215,4 0,498 

3 105 1600 0,002 251,85 0,405 1 -143 1,331 

4 110 1600 0,001 282,78 0,3598 0,928841 -140,9 1,399 

5 43,5 1600 0,001 -57,96 0,3598 0,928841 -221,7 0,512 

6 43,5 300 0,001 -57,96 0,3598 0,928841 -221,7 0,512 

7 105 1600 0,109 1535,75 0,955 0,076334 6,1993 4,845 

8 105 1600 0,001 251,85 0,405 0,005175 -143 1,331 

9 70 1600 0,095 1391,66 0,995 0,071159 -37,12 4,414 

10 40 1600 0,002 192,35 0,995 0,087159 -135,9 0,658 

11 -7,5 1600 0,002 -55,45 0,995 0,087159 -145,5 -0,155 

12 -7,5 300 0,007 -55,45 0,995 0,087159 -145,5 -0,155 

13 -10 300 0,403 1100,25 0,995 0,087159 -306,6 4,339 

14 27 300 0,514 1348,05 0,995 0,087159 -305,8 5,182 

15 27 300 0,514 1348,05 0,995 0,016 -305,8 5,182 

16 110 300 0,001 421,25 0,079 0,218152 -172,5 1,534 

17 110 1600 0,001 423,25 0,079 0,218152 -171,7 1,538 

18 180 1600 0,004 775,6 0,079 0,218152 -45,21 2,309 

19 200 1600 0,001 842,26 0,0065 0,202152 -310,3 2,331 

20 114,5 1600 0,001 460,25 0,0065 0,202152 -450,3 1,505 

21 114,5 300 0,001 460,25 0,0065 0,202152 -450,3 1,505 

22 180 1600 0,127 2386,72 0,335 0,05725 594,92 6,047 

23 180 1600 0,095 775,6 0,079 0,04125 -45,21 2,035 

24 70 1600 0,095 1391,66 0,995 0,016 -37,12 4,414 

25 70 1600 0,095 1391,66 0,995 0,087159 -37,12 4,414 

26 27 300 0,514 1348,05 0,995 0,071159 -305,8 5,182 

 



¾ Kütle dengesi : 
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¾ Enerji dengesi : 

 

111662626 a
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¾ Entropi dengesi ve ekserji analizi: 
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( ) ( ) ( ) N:�.��������������
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•

    

 

( ) ( )060066 ssThh −−−=φ                                                                                                 (6.7) 

 

( ) ( ) 7,22123021,0512,0*293572,8596,576 −=−−−−=φ  kJ/kg 

 

( ) ( )026002626 ssThh −−−=φ                                                                                             (6.8)  

 

( ) ( ) 8,3053645,1182,5*29328,53505,134826 −=−−−=φ  kJ/kg 

 

( ) ( )010011 ssThh −−−=φ                                                                                                  (6.9) 

 

( ) ( ) 2,21627552,0494,0*293572,8565,661 −=−−−−=φ  kJ/kg 
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438,18−=Φ D��  kW 

 

,�QROX�o|]HOWL�SRPSDVÕ� 
 
ùHNLO����¶�GH�,�QROX�o|]HOWL�SRPSDVÕQGD�PH\GDQD�JHOHQ�N�WOH�JLULú�oÕNÕúODUÕ�J|U�OPHNWHGLU� 
 

 

¾ Kütle dengesi: 

 

2211 xmxm
••
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ùHNLO������,�QROX�HUL\LN�SRPSDVÕ�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Enerji dengesi: 

 

12211 pWhmhm
•••

−=                                                                                                           (6.13) 

 

( ) ( ) N-�V�������
������
�: S� =−−−=
•

 

 

( )
1

1211
1

p

p

PPm
W

η
ν −

=

•
•

                                                                                                        (6.14) 

 

¾ Entropi dengesi ve ekserji analizi: 

 

11221 smsmS p

•••

−=                                                                                                             (6.15) 

 

( ) ( ) N:�.�����������
������
�6S� =−=
•

 

 

( )
2

211

1
P

PPm
p

−
=∆Φ

•

                                                                                                          (6.16) 

 

( )
8125,0

1600

1600300*1
1 −=

−
=∆Φ p  kW 

2 1 



,�QROX�o|]HOWL�ÕVÕ�GH÷LúWLULFLVL��6+;��� 
 

ùHNLO����¶�GH�,�QROX�HúDQM|UGH��6+;���PH\GDQD�JHOHQ�N�WOH�JLULú�oÕNÕúODUÕ�J|U�OPHNWHGLU�   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������,�QROX�HúDQM|UGHNL��6+;���N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Kütle dengesi: 

 

532

••••

== mmm 4m ,                                                                                                            (6.17) 

 

¾ Enerji dengesi: 

 

133552244 SHX
Qhmhmhmhm
•••••

=+=+                                                                             (6.18) 

 

( ) ( )2335441 hhmhhmQ
SHX −=−=

•••

                                                                                   (6.19) 

 

( ) NM�V�����������������
������46+;� =−−=
•

 

 

( )54

3

4

23 hh

m

m
hh −=− •

•

 

 
S   
H  
X   
1 

�� K�P•  

�� K�P•  

�� K�P•  

�� K�P•  

2+1+ �� −  

fakir eriyik 
 

2+1+ �� −  

fakir eriyik 
 

2+1+ �� −  

zengin eriyik 
 

2+1+ �� −  

zengin eriyik 
 

4 

3 

2 

5 



( ) 254

3

4

3 hhh

m

m
h +−= •

•

                                                                                                       (6.20) 

 

24

54
1

TT

TT
SHX −

−
=η                                                                                                                  (6.21) 

 

 

¾ Entropi dengesi ve ekserji analizi: 

 

224433551 smsmsmsmSSHX

•••••

−−+=                                                                               (6.22)       

 

( ) ( ) ( ) ( ) 0091,0498,0*1399,1*928841,0331,1*1512,0*928841,01 =−−+=
•

SHXS  kW/k 

 

( ) ( )050055 ssThh −−−=φ                                                                                                (6.23) 

 

( ) ( ) 7,22123021,0512,0*298224,8196,575 −=−−−−=φ  kJ/kg 

 

( ) ( )030033 ssThh −−−=φ                                                                                                (6.24)  

 

( ) ( ) 143572,85331,1*298572,8585,2513 −=−−−=φ  kJ/kg 

 

( ) ( )040044 ssThh −−−=φ                                                                                                (6.25) 

 

( ) ( ) 9,1402301,0399,1*298572,8578,2824 −=−−−=φ  kJ/kg 

 

( ) ( )020022 ssThh −−−=φ                                                                                                (6.26) 

 

( ) ( ) 4,21527552,0498,0298572,8565,642 −=−−−−=φ  kJ/kg 

 

335522441 φφφφ
••••

−−+=∆Φ mmmmSHX                                                                           (6.27) 

 



( ) ( ) ( ) ( ) 6649,2143*17,221*9288,04,215*19,140*9288,01 =−−−−−+−=∆Φ SHX  kW 

 

I nolu jeneratör: 

 

ùHNLO����¶�GH�,�QROX�MHQHUDW|UH�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

 

 

 

 

 

 

 

 

 

 

 
 

ùHNLO������,�QROX�MHQHUDW|UGHNL�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Kütle dengesi: 

 

4738

••••

+=+ mmmm                                                                                                              (6.28) 

 

65

13

•••

••

==

=

mm

mm

4m

 

 

 

77448833 xmxmxmxm
••••

+=+                                                                                           (6.29)      

 

77668811 xmxmxmxm
••••

+=+  

 

( ) ( ) ( ) ( )77661188 1111 xmxmxmxm −+−=−+−
••••

                                                               (6.30) 

2+1+ �� −  

zengin eriyik 
 

�� K�P•  �� K�P•  

�� K�P•  
JENERATÖR 

I 

2+1+ �� −  

EXKDUÕ 
 

�D� 7�4•  

�� K�P•  

2+�  

 

2+1+ �� −  

fakir eriyik 
 

8 7 

4 

3 



( ) ( ) ( )
( ) ( ) ( )7761

626

16
1188 1111 xmxm

xx

xx
xmxm −+−

−
−

=−+−
••••

 

 

( ) ( )( )
( )

( )7

1

626

2616
88

7
1

1
1

x

m
xx

xxx
xm

m
−









−

−−
−−

=

••

•

                                                                         (6.31) 

 
( )
( )

( )
( ) 1

78

16

626

726
8

••

−
−

−
−

= m
xx

xx

xx

xx
m                                                                                               (6.32) 

 

( )
( )

( )
( ) 005175,01*

955,0405,0

405,03598,0
*

3598,0995,0

955,0995,0
8 =

−
−

−
−

=
•

m  kg/s 

 

( )
( )

( )
( ) 1

626

16

78

826
7 m

xx

xx

xx

xx
m

−
−

−
−

=
•

                                                                                             (6.33) 

 

( )
( )

( )
( ) 076334,01*

3598,0995,0

405,03598,0
*

955,0405,0

405,0995,0
7 =

−
−

−
−

=
•

m  kg/s 

 

¾ Enerji dengesi: 

 

21 ag
QQ
••

=                                                                                                                            (6.34) 

 

¾ Entropi dengesi ve ekserji analizi: 

 

7

2
883344771

T

Q
smsmsmsmS a

g

•
•••••

−−−+=                                                                         (6.35) 

 

( ) ( ) ( ) ( ) 271312,0
378

71,22
331,1*0051,0331,1*139,1*928,084,4*076,01 =−−−+=

•

gS  kW/K 

 

( ) ( )070077 ssThh −−−=φ                                                                                                  (6.36) 

 

( ) ( )2951,1845,429843,48975,15357 −−−=φ =6,1993 kJ/kg 

 



( ) ( )080088 ssThh −−−=φ                                                                                                   (6.37) 

 

( ) ( )27552,0331,1*298472,8585,2518 −−−=φ =-143 kJ/kg                  

 









−−−−+=∆Φ

•••••

7

0
2338844771 1

T

T
Qmmmm

ag φφφφ                                                         (6.38) 

 

( ) ( ) ( ) ( )

N:�������

���
����
��������
����
�����������
����������
������

J�

J�

=Φ







 −−−−−−−+=Φ

 

 
                                                                               

 

,�QROX�DEVRUEHU�NÕVÕOPD�YDQDVÕ: 
 

ùHNLO����¶�GD�,�QROX�DEVRUEHU�NÕVÕOPD�YDQDVÕQD�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

 

 

 

                                                            �� K�P•  

 

 

 

 

 

                                                                                �� K�P•     

 

 

 

ùHNLO������,�QROX�MHQHUDW|UGHNL�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

 

5 

6 



¾ Kütle dengesi: 

 

656 xmm ==
••

5x ,                                                                                                                (6.39) 

 

¾ Enerji dengesi: 

 

�� KK =                                                                                                                                (6.40)       

 

¾ Entropi dengesi ve ekserji analizi 

 

55661 smsmSV

•••

−=                                                                                                             (6.41) 

 

( ) ( ) 0512,0*9288,0512,0*9288,01 =−=
•

VS  

 

( ) ( )050055 ssThh −−−=φ                                                                                                  (6.42) 

 

( ) ( ) 7,22123021,0512,0*298224,8196,575 −=−−−−=φ  kJ/kg 

 

55661 φφ
••

−=∆Φ mmV                                                                                                          (6.43) 

 

( ) ( ) 07,221*9288,07,221*9288,01 =−−−=∆ΦV  

 

 

Kondenser 

 
ùHNLO����¶�GH�NRQGHQVHUH�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

¾ Kütle dengesi: 

 

1592510

••••

+== mmmm                                                                                                         (6.44) 

 

���� [[ =  

 



 

 

 

 

 

 

 

 

 

           

 

������ùHNLO������.RQGHQVHUGHNL�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Enerji dengesi: 

 

KOND
Qhmhm
•••

+= 10102525                                                                                                    (6.45) 

 

( ) ( ) 53,10466,1391*087,035,192*087,0 =+−=
•

KOND
Q  kj/s 

 

¾ Entropi dengesi ve ekserji analizi 

 

0

25251010
T

Q
smsmS KOND

KOND

•
•••

+−=                                                                                      (6.46) 

 

( ) ( ) 0293,0
298

53,104
414,4*087,0658,0*087,0 =+−=

•

KONDS  kW/K 

 

( ) ( )010001010 ssThh −−−=φ                                                                                                (6.47) 

 

( ) ( ) 9,1353645,1658,0*29828,53535,19210 −=−−−=φ  kJ/kg 

 

( ) ( )025002525 ssThh −−−=φ                                                                                               (6.48) 

 

�1+  

EXKDUÕ 
 

���� K�P•  
KONDENSER 

�.21' 7��4•  

���� K�P•  

�1+  

VÕYÕ 
 

25 

10 



( ) ( ) 12,373645,1414,4*29828,53566,139125 −=−−−=φ  kJ/kg 

 

( ) 







−−−=∆Φ

••

KOND

KONDKOND
T

T
Qm 0

102510 1φφ                                                                       (6.49)  

 

( ) 9322,1
313

298
1*53,104)9,135(12,37*087,0 =






 −−−−−=∆Φ KOND  kW 

 
(úDQM|U��&(+;�� 
 

ùHNLO����¶�GH�HúDQM|UGH��&(+;��PH\GDQD�JHOHQ�N�WOH�JLULú�oÕNÕúODUÕ�J|U�OPHNWHGLU��� 
 

¾ Kütle dengesi: 

 

111413

••••

== mmm 10m ,                                                                                                          (6.50) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������(úDQM|UGHNL��&(+;��N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Enerji dengesi: 

 

CEHX
Qhmhmhmhm
•••••

=+=+ 1414111110101313                                                                       (6.51) 

 
C   
E  
H  
X    

���� K�P•  

���� K�P•  

���� K�P•  

���� K�P•  

�1+  

VÕYÕ 
 

�1+  

VÕYÕ 
 

�1+  

buhar 
 

�1+  

buhar 
 

10 

14 

13 

11 



( ) ( )131414111010 hhmhhmQ
CEHX

−=−=
•••

                                                                               (6.52) 

 

( ) 59,21)45,55(35,192*087,0 =−−=
•

CEHX
Q  kJ/s 

 

( )1110

14

10

1314 hh

m

m
hh −=− •

•

 

 

( ) 131110

14

10

14 hhh

m

m
h +−= •

•

                                                                                                     (6.53) 

 

( ) 05,134825,1100)45,55(35,192
071,0

087,0
14 =+−−=h  kj/kg 

 

1310

1110

TT

TT
CEHX −

−
=η                                                                                                                  (6.54) 

 

¾ Entropi dengesi ve ekserji analizi: 

 

1313101014141111 smsmsmsmSCEHX

•••••

−−+=                                                                          (6.55) 

 

( ) 0026,0339,4658,0182,5155,0*087,0 =−−+−=
•

CEHXS  kW/K     

 

( ) ( )011001111 ssThh −−−=φ                                                                                                 (6.56) 

 

( ) ( ) 5,1453645,1155,0*29828,53545,5511 −=−−−−−=φ  kJ/kg 

 

( ) ( )014001414 ssThh −−−=φ                                                                                                (6.57)  

 

( ) ( ) 8,3053645,1182,5*29828,53505,134814 −=−−−=φ  kJ/kg 

 

( ) ( )013001313 ssThh −−−=φ                                                                                                (6.58) 



( ) ( )3645,1339,4*29828,53525,110013 −−−=φ  kJ/kg 

 

1414111113131010 φφφφ
••••

−−+=∆Φ mmmmCEHX                                                                     (6.59) 

 

( ) 7661,0)8,305()5,145()6,306(9,135*087,0 =−−−−−+−=∆ΦCEHX  kW 

 

Evaporatör 

 
 
ùHNLO����¶�GD�HYDSRUDW|UH�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

 

 

 

 

 

 

 

 

 

 

 

                  
ùHNLO������(YDSRUDW|UGHNL�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 

 

¾ Kütle dengesi: 

 

1312

••

= mm                                                                                                                           (6.60) 

 

���� [[ =  

 

¾ Enerji dengesi: 

 

EVAP
Qhmhm
•••

+= 12121313                                                                                                       (6.61) 

�1+  

buharÕ 
 

���� K�P•  
 EVAPORATÖR H(9$3 7�4•  

���� K�P•  �1+  

VÕYÕ 
 12 

13 



( ) 72,100)45,55(25,1100*087,0 =−−=
•

EVAP
Q  kJ/s 

 

¾ Entropi dengesi ve ekserji analizi 

 

0

12121313
T

Q
smsmS EVAP

EVAP

•
•••

−−=                                                                                        (6.62) 

( ) ( )
298

72,100
155,0*087,0339,4*087,0 −−−=

•

EVAPS   kW/K 

 
( ) ( )013001313 ssThh −−−=φ                                                                                                (6.63) 

 

( ) ( ) 6,3063645,1339,4*29828,53525,110013 −=−−−=φ  kJ/kg 

 

( ) ( )012001212 ssThh −−−=φ                                                                                                (6.64) 

 

( ) ( ) 5,1453645,1155,0*29828,53545,5512 −=−−−−−=φ  kJ/kg 

 

( ) 







−−−=∆Φ

••

EVAP

EVAPEVAP
T

T
Qm 0

121313 1φφ                                                                         (6.65)  

 

( ) 546,2
263

298
1*72,100)5,145(6,306*087,0 −=






 −−−−−=∆Φ EVAP  kW 

 
,,,�QROX��NÕVÕOPD�YDQDVÕ: 
 

ùHNLO�����¶GD�,,,�QROX�NÕVÕOPD�YDQDVÕQD�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

¾ Kütle dengesi: 

 

111112 xmm ==
••

12x ,                                                                                                          (6.66) 

 

¾ Enerji dengesi: 

 

���� KK =                                                                                                                             (6.67)       



 

                                                            ���� K�P•  

 

 

 

 

 

 

                                                                                ���� K�P•     

 

 

ùHNLO�������,,,�QROX�NÕVÕOPD�YDQDVÕQGDNL�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Entropi dengesi ve ekserji analizi 

 

111112123 smsmSV

•••

−=                                                                                                          (6.68) 

 

( ) 0)155,0(155,0*087,03 =−−−=
•

VS  

 

111112123 φφ
••

−=∆Φ mmV                                                                                                      (6.69) 

 

( ) 0)5,145(5,145*087,03 =−−−=∆ΦV  

 
 
,�QROX�D\ÕUÕFÕ� 
 

ùHNLO�����¶�GH�,�QROX�D\ÕUÕFÕ\D�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

¾ Kütle dengesi: 

 

987

•••

+= mmm                                                                                                                       (6.70) 

 

998877 xmxmxm
•••

+=  

11 

12 



 

 

 

 

 

 

 

 

 

 

 
 

ùHNLO�������,�QROX�D\ÕUÕFÕ�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

 
¾ Enerji dengesi: 

 

1998877 r
Qhmhmhm
••••

++=                                                                                                 (6.71) 

 

( ) 89,16)66,1391*071,0()85,251*0051,0(75,1535*076,01 =−−=
•

r
Q  kJ/s 

 

¾ Entropi dengesi ve ekserji analizi 

 

0

1
7799881

T

Q
smsmsmS r

r

•
••••

+−+=                                                                                       (6.72) 

 

( ) ( ) ( ) 0078,0
298

89,16
845,4*076,0414,4*071,0331,1*0051,01 =+−+=

•

rS  kW/K 

 









−−+−−=∆Φ

••••

1

0
17799881 1

r

rr
T

T
Qmmm φφφ                                                                   (6.73) 

 

( ) 395,1
378

298
1*89,16)1993,6*076,0()12,37*071,0(143*0051,01 =






 −−+−−−−=∆Φ r  kW 

 

�1+  

EXKDUÕ 
 

�� K�P•  �� K�P•  

AYIRICI 
I 

2+1+ �� −  

EXKDUÕ 
 

�U� 7��4•  

�� K�P•  

2+�  

 

9 

8 

7 



II nolu absorber:     

 

ùHNLO�����¶�GH�,,�QROX�DEVRUEHUGH�PH\GDQD�JHOHQ�N�WOH�JLULú�oÕNÕúODUÕ�J|U�OPHNWHGLU��� 
 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�������,,�QROX�DEVRUEHU�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Kütle dengesi : 

 

151529 xmm ==
••

29x ,  

 

162115

•••

=+ mmm                                                                                                                    (6.74) 

 

161621211515 xmxmxm
•••

=+                                                                    (6.75) 

 

( ) 161615212115 )(
••

−=− mxxmxx                                                                                             (6.76)  

 

( )
( ) 16

2115

1615
21

••

−
−

= m
xx

xx
m  

 

( )
( ) 1616

2115

1615
15

•••

=
−
−

+ mm
xx

xx
m  

 

2+1+ �� −  

fakir eriyik 
 

2+1+ �� −  

zengin eriyik 
 

���� K�P•  

���� K�P•  

���� K�P•  
ABSORBER 

II 

�1+  

EXKDUÕ 
 

�D� 7�4•  

21 

16 

15 



15

2116

2115
16

••









−
−

= m
xx

xx
m                                                                                                           (6.77) 

 

218,0016,0*
0065,0079,0

0065,0995,0
16 =








−
−

=
•

m  kg/s 

 

( )
( ) 2021,0218,0*

0065,0995,0

079,0995,0
21 =

−
−

=
•

m  kg/s 

 

¾ Enerji dengesi : 

 

2161621211515 a
Qhmhmhm
••••

+=+                                                                                          (6.78)   

 

( ) 71,22)25,421*2181,0()25,460*2021,0(05,1348*016,02 =−+=
•

a
Q  kJ/s 

 

¾ Entropi dengesi ve ekserji analizi: 

 

15152121

7

2
16162 smsm

T

Q
smS a

a

••
•

••

−−+=                                                                                 (6.79) 

 

( ) 0075,0)182,5*016,0()505,1*2021,0(
378

71,22
534,1*218,02 =−−+=

•

aS  kW/K       

 

( ) ( )021002121 ssThh −−−=φ                                                                                                (6.80) 

 

( ) ( ) 3,450)993,0(505,1*29856,17825,46021 −=−−−−=φ  kJ/kg 

 

( ) ( )015001515 ssThh −−−=φ                                                                                                (6.81)  

 

( ) ( ) 8,3053645,1182,5*29828,53505,134815 −=−−−=φ  kJ/kg 

 

( ) ( )016001616 ssThh −−−=φ                                                                                                (6.82) 



( ) ( ) 5,172)019,0(534,1*29867,13825,42116 −=−−−−=φ  kJ/kg 

 









−−−+=∆Φ

••••

7

0
21616151521212 1

T

T
Qmmm

aa φφφ                                                                (6.83) 

 

( ) ( ) ( ) 22,64
378

298
1*71,22534,1*2181,0182,5*016,0505,1*2021,02 −=






 −−−+=∆ aϕ  kW 
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ùHNLO�����¶�GH�,,�QROX�HUL\LN�SRPSDVÕQGD�PH\GDQD�JHOHQ�N�WOH�JLULú�oÕNÕúODUÕ�J|U�OPHNWHGLU� 
 

 

                                          1616 ,hm
•

                                  1717 ,hm
•

 

 

 

                                                                   1PW
•

     

                                                                             

 

 

ùHNLO�������,,�QROX�HUL\LN�SRPSDVÕ�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Kütle dengesi: 

 

17171616 xmxm
••

=                                                                                                                   (6.84) 

 

17161716 , xxmm ==
••

                                                                                                              (6.85) 

 

¾ Enerji dengesi: 

 

217171616 pWhmhm
•••

−=                                                                                                        (6.86) 

 

( ) 436,025,42125,423*2181,02 =−=
•

pW  kJ/s 

16 17 



( )
2

16171616
2

p

p

PPm
W

η
ν −

=

•
•

                                                                                                     (6.87) 

 
 
¾ Entropi dengesi ve ekserji analizi: 

 

161617172 smsmS p

•••

−=                                                                                                          (6.88) 

 

( ) 00087,0534,1538,1*2181,02 =−=
•

pS  kW/K 

 

( )
17

171616

2
P

PPm
p

−
=∆Φ

•

                                                                                                        (6.89) 

 

( )
177,0

1600

1600300*2181,0
2 −=

−
=∆Φ p  kW 

 
 

,,�QROX�o|]HOWL�ÕVÕ�GH÷LúWLULFLVL��6+;��� 
 
 
ùHNLO�����¶�GH�,,�QROX�HúDQM|UGH��6+;���PH\GDQD�JHOHQ�N�WOH�JLULú�oÕNÕúODUÕ�J|U�OPektedir.   

 

¾ Kütle dengesi: 

 

201817

•••••

=== mmm 1916 m , m                                                                                              (6.90) 

 

¾ Enerji dengesi: 

 

21818202017171919 SHX
Qhmhmhmhm
•••••

=+=+                                                                      (6.91) 

 

( ) ( )1718182019192 hhmhhmQ
SHX −=−=

•••

                                                                              (6.92) 

 

( ) 22,7725,46026,842*2021,02 =−=
•

SHX
Q  kJ/s 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ùHNLO�������,,�QROX�HúDQM|UGHNL��6+;���N�WOH�JLULú-oÕNÕú�úHPDVÕ 

 

( )2019

18

19

1718 hh

m

m
hh −=− •

•

 

 

( ) 172019

18

19

18 hhh

m

m
h +−= •

•

      

 

( ) 6,77525,42325,46026,842
2181,0

2021,0
18 =+−=h  kJ/s                                                                                       

 

1719

2019
2

TT

TT
SHX −

−
=η                                                                                                                  (6.93) 

 

¾ Entropi dengesi ve ekserji analizi: 

 

17171919181820202 smsmsmsmSSHX

•••••

−−+=                                                                         (6.94)   

 

0012,0))538,1309,2(*2181,0())331,2505,1(*2021,0(2 =−+−=
•

SHXS  kW/K    

 
S   
H  
X   
2 

���� K�P•  

���� K�P•  

���� K�P•  

���� K�P•  

2+1+ �� −  

fakir eriyik 
 

2+1+ �� −  

fakir eriyik 
 

2+1+ �� −  

zengin eriyik 
 

2+1+ �� −  

zengin eriyik 
 

19 

18 

17 

20 



( ) ( )020002020 ssThh −−−=φ                                                                                               (6.95) 

 

( ) ( ) 3,450)993,0(505,129856,17825,46020 −=−−−−=φ  kJ/kg 

 

( ) ( )018001818 ssThh −−−=φ                                                                                                (6.96)  

 

( ) ( ) 21,45)019,0(309,2*29867,1386,77518 −=−−−−=φ  kJ/kg 

 

( ) ( )019001919 ssThh −−−=φ                                                                                                (6.97) 

 

( ) ( ) 3,310)993,0(331,2*29856,17826,84219 −=−−−−=φ  kJ/kg 

 

17171919181820202 φφφφ
••••

−−+=∆Φ mmmmSHX                                                                     (6.98) 

 

721,0)))7,171(21,45(*2181,0()))3,310(3,450(*2021,0(2 =−−−+−−−=∆Φ SHX  kW 

 

II nolu jeneratör: 

 

ùHNLO�����¶�GH�,,�QROX�MHQHUDW|UH�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

 

 

 

 

 

 

 

 

 

 

 
 
 

ùHNLO�������,,�QROX�MHQHUDW|UGHNL�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 

2+1+ �� −  

zengin eriyik 
 

���� �KP•  ���� K�P•  

���� K�P•  
JENERATÖR 

II 

2+1+ �� −  

EXKDUÕ 
 

JJ 7�4•  

���� K�P•  

2+�  

 

2+1+ �� −  

fakir eriyik 
 

23 22 

19 

18 



¾ Kütle dengesi: 

 

19221823

••••

+=+ mmmm                                                                                                           (6.99) 

 

2120

1618

•••

••

==

=

mm

mm

19m

 

 

 

1919222223231818 xmxmxmxm
••••

+=+                                                                                  (6.100)      

 

2121222223231616 xmxmxmxm
••••

+=+  

 

( ) ( ) ( ) ( )2222212116162323 1111 xmxmxmxm −+−=−+−
••••

                                                     (6.101) 

 

( ) ( ) ( )
( ) ( ) ( )22222116

2115

1621
16162323 1111 xmxm

xx

xx
xmxm −+−

−
−

=−+−
••••

 

 

( ) ( )( )
( )

( )22

16

2115

151621
2323

22
1

1
1

x

m
xx

xxx
xm

m
−









−

−−
−−

=

••

•

                                                                  (6.102) 

 

( )
( )

( )
( ) 16

2223

1621

2115

2215
23

••

−
−

−
−

= m
xx

xx

xx

xx
m                                                                                         (6.103) 

 

( )
( )

( )
( ) 041,02181,0*

335,0079,0

079,00065,0

0065,0995,0

335,0995,0
23 =

−
−

−
−

=
•

m kg/s 

 

( )
( )

( )
( ) 16

2115

1621

2223

2315
22

••

−
−

−
−

= m
xx

xx

xx

xx
m                                                                                         (6.104) 

 

( )
( )

( )
( ) 05725,02181,0*

0065,0995,0

079,00065,0

335,0079,0

079,0995,0
22 =

−
−

−
−

=
•

m  kg/s 

 



¾ Enerji dengesi: 

 

23231818191922222 hmhmhmhmQ
g

•••••

−−+=                                                                        (6.105) 

 

7,105)6,775*041,0()6,775*2181,0()26,842*2021,0()72,2386*057,0(2 =−−+=
•

g
Q  kJ/s 

 

¾ Entropi dengesi ve ekserji analizi: 

 

2

2

23231818191922222

g

g

g
T

Q
smsmsmsmS

•
•••••

−−−+=                                                              (6.106) 

 

453

7,105
)035,2*041,0()309,2*2181,0()331,2*2021,0()047,6*057,0(2 −−−+=

•

gS  

 

015,02 −=
•

gS  kW/K 

 

( ) ( )022002222 ssThh −−−=φ                                                                                            (6.107) 

 

( ) ( ) 92,594207,0047,6*298751,8072,238622 =−−−=φ  kJ/kg 

 

( ) ( )023002323 ssThh −−−=φ                                                                                             (6.108)  

 

( ) ( ) 21,45)019,0(035,2*29867,1386,77523 −=−−−−=φ  kJ/kg 

 











−−−−+=∆Φ

•••••

2

0
223231818191922222 1

g

gg
T

T
Qmmmm φφφφ                                            (6.109) 

 







 −−

−−−−−+=∆Φ

453

378
1*7,105

)21,45*041,0()21,45*2181,0()3,310*2021,0()92,594*057,0(2

             

g

 

 

12,552 −=∆Φ g  kW 



,,�QROX�DEVRUEHU�NÕVÕOPD�YDQDVÕ: 
 

ùHNLO�����¶GD�,,�QROX�NÕVÕOPD�YDQDVÕQD�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

 

                                                            ���� K�P•  

 

 

 

 

 

 

                                                                                ���� K�P•     

 

 

ùHNLO�������,,�QROX�DEVRUEHU�NÕVÕOPD�YDQDVÕQGDNL�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 
 
¾ Kütle dengesi: 

 

212021 xmm ==
••

20x ,                                                                                                          (6.110) 

 

¾ Enerji dengesi: 

 

2021 hh =                                                                                                                             (6.111)       

 

¾ Entropi dengesi ve ekserji analizi 

 

202021212 smsmSV

•••

−=                                                                                                       (6.112) 

 

0)505,1505,1(*2021,02 =−=
•

VS  

 

( ) ( )020002020 ssThh −−−=φ                                                                                             (6.113) 

20 

21 



( ) ( ) 3,450)993,0(505,1*29856,17825,46020 −=−−−−=φ  kJ/kg 

 

202021212 φφ
••

−=∆Φ mmV                                                                                                   (6.114) 

 

0))3,450()3,450(*2021,02 =−−−=∆ΦV  

 

 

,,�QROX�D\ÕUÕFÕ� 
 

ùHNLO�����¶�GH�,,�QROX�D\ÕUÕFÕ\D�DLW�N�WOH�JLULú�oÕNÕú�úHPDVÕ�J|U�OPHNWHGLU� 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ùHNLO�������,,�QROX�D\ÕUÕFÕ�N�WOH�JLULú-oÕNÕú�úHPDVÕ� 
 

¾ Kütle dengesi: 

 

242322

•••

+= mmm                                                                                                                  (6.115) 

 

1524

••

= mm  

 

242423232222 xmxmxm
•••

+=  

�1+  

EXKDUÕ 
 

���� K�P•  ���� K�P•  

AYIRICI 
II 

2+1+ �� −  

EXKDUÕ 
 

�U� 7��4•  

���� K�P•  

2+�  

 

24 

23 22 



¾ Enerji dengesi: 

 

2242423232222 r
Qhmhmhm
••••

++=                                                                                       (6.116) 

 

 

38,82)66,1391*016,0()6,775*041,0()72,2386*057,0(2 =−−=
•

r
Q  kJ/s 

 

 
¾ Entropi dengesi ve ekserji analizi 

 

0

2
2222242423232

T

Q
smsmsmS r

r

•
••••

+−+=                                                                             (6.117) 

 

096,0
298

38,82
)047,6*057,0()414,4*016,0()035,2*041,0(2 =+−+=

•

rS  kW/K 

 









−+−+=∆Φ

••••

2

0
22222242423232 1

r

rr
T

T
Qmmm φφφ                                                           (6.118) 

 







 −+−−+−=∆Φ

343

298
1*38,82)92,594*057,0()12,37*016,0()21,45*041,0(2r  

 

65,782 −=∆Φ r  kW 

 

 

+HVDSODQDQ�HQWURSL�GH÷HUOHULQL�NXOODQDUDN�oHYULPLQ�WRSODP�HQWURSL�GH÷HULQL�KHVDSOD\DOÕP� 
 
 

N:�.����������6

66666666666666

WRSODP

D�3�6+;�J�.21'&(+;(9$3U�U�J�6+;�3�D�WRSODP

=

++++++++++++=

•

••••••••••••••

 

 



dL]HOJH������øNL�NDGHPHOL�DEVRUEVL\RQOX�VR÷XWPD�VLVWHPLQGHNL�HOHPDQODUÕQ�ÕVÕ�NDSDVLWHOHUL��
HQWURSL�GH÷HUOHUL�YH�HNVHUML�ND\ÕSODUÕ 

 
 

h1ø7( 
•4  (kW) 

•6  (kW/K) Φ©  (kW) 

Absorber I 108,7 0,020815 -18,438 

Pompa I 2 0,004 -0,8125 

Shx I 198 0,009118 2,664891 

Jeneratör I 22,7 0,271312 8,210186 

Kondenser 104,5 0,029391 1,932201 

Cehx 21,6 0,002615 0,766125 

Evaparatör 100,7 0,047905 -2,54618 

$\ÕUÕFÕ�, 16,9 0,008816 1,391594 

Absorber II 22,7 0,007581 -63,3933 

Pompa II 0,44 0,000873 -0,17725 

Shx II 77,2 0,001218 0,714993 

Jenaratör II 105,7 0,01491 -54,273 

$\ÕUÕFÕ�,, 82,4 0,100839 24,5064 

 

 

øNLQFL�NDQXQ�YHULPLQL�KHVDSOD\DOÕP�� 
 

080688,0

2121

=

∆Φ+∆Φ+∆Φ+∆Φ
∆Φ

=

ε

ε
ggPP

EVAP

 

 



�����dDOÕúPD�%XOJXODUÕ�YH�'H÷HUOHQGLUPe 

 

%X� oDOÕúPDGDNL� DPDo� G�ú�N� GH÷HUOHU� LoHUHQ� DEVRUEVL\RQOX� VR÷XWPD� VLVWHPOHULQLQ� VR÷XWPD�
HWNLQOLN� NDWVD\Õ� GH÷HUOHULQLQ� L\LOHúWLULOPHVL� YH� VLVWHPLQ� HNVHUML� DQDOL]LQLQ� \DSÕODUDN� VLVWHPLQ�
SHUIRUPDQV� DQDOL]LQLQ� \DSÕOPDVÕGÕU�� %X� QHGHQOH� HOGH� HWWL÷LPL]� VRQXoODU� ÕúÕ÷ÕQGD� VLVWHP�
KDNNÕQGDNL�GH÷HUOHQGLUPHOHUL��WDEOR�YH�JUDILNOHU�\DUGÕPÕ\OD�JHUoHNOHúWLUHFH÷L]� 
 

ùHNLO� ���¶� GH� YHULOHQ� � DPRQ\DN� –� VX� DNÕúNDQ� oLIWOL� LNL� NDGHPHOL� DEVRUEVL\RQOX� VR÷XWPD�
VLVWHPLQLQ� VLP�ODV\RQX� ELOJLVD\DU� RUWDPÕQGD� JHUoHNOHúWLULOPLúWLU�� 7HPHO� Hnerji ve kütle 

GHQJHVL� GHQNOHPOHUL� ELOJLVD\DU� RUWDPÕQGD� EXOXQPXúWXU�� %X� KHVDSODPDODUGD� JHUHNOL� RODQ�
amonyak-VX� o|]HOWLVLQH� DLW� WHUPRGLQDPLNVHO� GH÷HUOHU� 5()3523� LVLPOL� ELU� P�KHQGLVOLN�
SURJUDPÕ� NXOODQÕODUDN� EXOXQPXúWXU�� <DSÕODQ� KHVDSODPDODU� YH� HOGH� HGLOHQ� VRnuçlar 

GR÷UXOWXVXQGD��o|]HOWL�HúDQM|U�YHULPL��NRQGHQVHU�HúDQM|U�YHULPL��DEVRUEHU�VÕFDNOÕ÷Õ��NRQGHQVHU�
VÕFDNOÕ÷Õ� YH� HYDSRUDW|U� VÕFDNOÕ÷Õ� ED]� DOÕQDUDN� VLVWHPLQ� VR÷XWPD� HWNLQOLN� NDWVD\ÕVÕ� �&23���
WRSODP�HQWURSLVL�YH�LNLQFL�NDQXQ�YHULPLQGHNL�GH÷LúLPOHU�LQFHOHQPLúWLU��(OGH�HGLOHQ�VRQXoODU��
J|UVHO�RODUDN�JUDILNVHO�RODUDN�DQDOL]�HGLOPLúWLU�� 
 

ùHNLO� ����¶� GH� NRQGHQVHU� ÕVÕ� GH÷LúWLULFLVL� �&(+;�� YHULPLQLQ�� VLVWHPLQ� VR÷XWPD� HWNLQOLN�
NDWVD\ÕVÕ� �&23���VLVWHPLQ� WRSODP�HQWURSLVL�YH� LNLQFL�NDQXQ�YHULPL��]HULQGHNL�HWNLOHUL� J|rsel 

RODUDN�J|U�OPHNWHGLU��dL]HOJH����¶�GH�LVH�EX�DQDOL]�VD\ÕVDO�RODUDN�J|U�OHELOPHNWHGLU���9HULPLQ�
GH÷LúLPL\OH�&23�YH� LNLQFL�NDQXQ�YHULPL�GH÷HUOHULQGH� �ELU� � GH÷LúLP� �JHUoHNOHúLUNHQ�� WRSODP��
HQWURSL��GH÷HUL��GH÷LúLP�J|VWHUPHPHNWHGLU� 
 

Bu gözlemin sebebi CE+;�ÕVÕ�GH÷LúWLULFLVL�HQWURSL�GH÷HULQLQ��VLVWHPLQ�WRSODP�HQWURSL�GH÷HUL�
LoHULVLQGHNL�\�]GHVLQLQ����������ND\GD�GH÷PH\HFHN�NDGDU�N�o�N�ELU�GH÷HU�ROPDVÕGÕU��%X�GD�
WRSODP�HQWURSL�GH÷HULQLQ� VDELW�NDOPDVÕQD�QHGHQ�ROPDNWDGÕU��&(+;�YHULPLQLQ�DUWÕúÕ\OD�&23�
artmakta�� YHULPLQ� D]DOPDVÕ\OD� D]DOPD� H÷LOLPLQH� JLUPHNWHGLU�� ,VÕ� GH÷LúWLULFL� YHULPL�&23� LOH�
GR÷UX� RUDQWÕOÕGÕU�� &23� GH÷HUL�� oHYULPGHNL� KDQJL� HOHPDQ� ROXUVD� ROVXQ�� oDOÕúPD� úDUWODUÕQGD�
PH\GDQD� JHWLULOHQ� GH÷LúPHOHUH� NDUúÕ� oRN� KDVVDVWÕU�� $\QÕ� úHNLOGH� LNLQFL� NDQXQ� YHULPL� de   

&(+;�YHULPL�LOH�GR÷UX�RUDQWÕOÕGÕU��øNLQFL�NDQXQ�YHULPL�GH÷HULQGHNL�D]DOÕú�WUHQGLQLQ�VHEHEL�LVH�
&(+;� YHULPLQ� DUWWÕNoD� HYDSRUDW|UGH� HNVHUML� ND\EÕ� GH÷HULQLQ� D]DOPDVÕGÕU�� %X� QHGHQOH� WHUV�
yönlü bir hareketlenme söz konusudur. 
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ùHNLO������&(+;�ÕVÕ�GH÷LúWLULFL�YHULPLQLQ�&23��� WRSODP6•  ve ε  üzerindeki etkisi  

 

dL]HOJH������&HK[�YHULPL�GH÷LúLPLQH�ED÷OÕ�&23��� WRSODP6•  ve ε �GH÷HUOHUL 
 

η  COP WRSODP6•  (kW/K) ε  (%) 

0 0,604698 0,489569 0,423537 

0,1 0,622071 0,489569 0,398944 

0,2 0,639444 0,489569 0,371992 

0,3 0,656817 0,489569 0,34256 

0,4 0,67419 0,489569 0,310522 

0,5 0,691563 0,489569 0,275742 

0,6 0,708936 0,489569 0,238075 

0,7 0,726309 0,489569 0,197365 

0,8 0,743683 0,489569 0,153445 

0,9 0,761056 0,489569 0,106134 

1 0,778429 0,489569 0,055241 



ùHNLO� ����¶� GD� o|]HOWL� ÕVÕ� GH÷LúWLFL� �6+;�� � YHULPLQLQ�� VLVWHPLQ� VR÷XWPD� HWNLQOLN� NDWVD\ÕVÕ�
(COP), ikinci kanun verimi (ε ) ve sistemin toplam entropisi ( WRSODP6• ) üzerindeki etkileri 

J|UVHO�RODUDN�J|U�OPHNWHGLU��dL]HOJH����¶�GH�LVH�EX�DQDOL]�VD\ÕVDO�RODUDN�J|U�OHELOPHNWHGLU��� 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO������6+;�ÕVÕ�GH÷LúWLULFi veriminin COP , WRSODP6•  ve ε  üzerindeki etkisi  

 

dL]HOJH������6+;�YHULPL�GH÷LúLPLQH�ED÷OÕ�&23��� WRSODP6•  ve ε �GH÷HUOHUL 
 

η  COP WRSODP6•  (kW/K) ε  (%) 

0 0,484771 1,2508 0,3613 

0,1 0,504353 1,169955 0,2532 

0,2 0,525584 1,089909 0,2131 

0,3 0,54868 1,009864 0,1742 

0,4 0,5739 0,929819 0,1309 

0,5 0,60155 0,849773 0,1167 

0,6 0,631999 0,769728 0,1052 

0,7 0,665695 0,689682 0,0951 

0,8 0,703186 0,609637 0,0903 

0,9 0,745152 0,529592 0,0813 

1 0,792446 0,449546 0,0791 
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d|]HOWL�ÕVÕ�GH÷LúWLULFLVL�YHULPLQLQ�GH÷LúLPL\OH�&23�GH÷HULQGH��ELU��DUWÕú�J|]OHPOHQLUNHQ���LNLQFL�
NDQXQ�YHULPL�YH� WRSODP�HQWURSL�GH÷HUOHULQGH�ELU�D]DOÕú�J|U�OPHNWHGLU��%X�ROD\ÕQ�DoÕNODPDVÕ�
WDP�RODUDN�\DSÕODPDPDNWDGÕU��$PD�oRN�YHULPOL�\�NVHN�&23�GH÷HUOL� VR÷XWPD� VLVWHPOHULQGH�
HQWURSL��UHWLPL�D]�JHUoHNOHúPHNWHGLU��<DQL�&23�GH÷HUL�DUWWÕNoD� WRSODP�HQWURSL�GH÷HUL�G�ú�ú�
göstermektedir. 

 

øNLQFL�NDQXQ�YHULPLQGHNL�D]DOÕúÕQ�QHGHQL�LVH�MHQHUDW|U�HNVHUML�ND\EÕ�GH÷HULQGHNL�YHULPH�ED÷OÕ�
RODUDNWDQ� JHUoHNOHúHQ� DUWÕúWÕU�� 6+;� ÕVÕ� GH÷LúWLULFL� oHYULPGHNL� NULWLN� HOHPDQODUGDQ� ELULGLU��
3HUIRUPDQVÕQD�ED÷OÕ�NDODUDNWDQ�&23�YH� WRSODP�HQWURSL�GH÷HUOHULQL�GLUHNW�YH�HWNLOL�RODUDNWDQ�
GH÷LúWLUHELOPektedir. 

 

ùHNLO� ����¶� GH� DEVRUEHU� VÕFDNOÕ÷ÕQGDNL� GH÷LúLPH� ED÷OÕ� RODUDNWDQ�� VLVWHPLQ� VR÷XWPD� HWNLQOLN�
NDWVD\ÕVÕ��&23����LNLQFL�NDQXQ�YHULPL��ε ) ve sistemin toplam entropi ( WRSODP6• ��GH÷HUOHULQGHNL�
GH÷LúLPOHU� J|U�OPHNWHGLU��dL]HOJH� ���¶GH� \DSÕODQ� JUDILNVHO� LúOHPLQ�PDWHPDWLNVHO� DoÕNODPDVÕ�
verilmektedir.  
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ùHNLO������$EVRUEHU�VÕFDNOÕ÷ÕQÕQ�&23��� WRSODP6•  ve ε  üzerindeki etkisi  



dL]HOJH������$EVRUEHU�VÕFDNOÕ÷Õ�GH÷LúLPLQH�ED÷OÕ�&23��� WRSODP6•  ve ε �GH÷HUOHUL 
 

T ( 0 C) COP WRSODP6•  (kW/K) ε  (%) 

15 1,1306 0,374 0,042 

20 1,0556 0,392 0,045 

25 0,9954 0,419 0,051 

30 0,9166 0,438 0,062 

35 0,8456 0,464 0,072 

40 0,7696 0,489 0,080 

45 0,7021 0,518 0,093 

50 0,6406 0,539 0,111 

55 0,5956 0,558 0,152 

60 0,5546 0,571 0,233 

65 0,5336 0,589 0,391 

 
 
$EVRUEHU� VÕFDNOÕ÷ÕQÕQ� GH÷LúLPL\OH� &23� GH÷HUL� WHUV� RUDQWÕOÕ� ELU� úHNLOGH� D]DOPD� Wrendine 

JLUHUNHQ��LNLQFL�NDQXQ�YHULPL�YH�WRSODP�HQWURSL�GH÷HUOHULQGH�GR÷UX�RUDQWÕOÕ�RODUDNWDQ�ELU�DUWÕú�
gözlenmektedir. 
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ùHNLO������.RQGHQVHU�VÕFDNOÕ÷ÕQÕQ�&23��� WRSODP6•  ve ε  üzerindeki etkisi  



ùHNLO�����¶�GH�NRQGHQVHU�VÕFDNOÕ÷ÕQGDNL�GH÷LúLPH�ED÷OÕ�RODUDNWDQ��VLVWHPLQ�VR÷XWPD�HWNLQOLN�
NDWVD\ÕVÕ��&23����LNLQFL�NDQXQ�YHULPL��ε ) ve sistemin toplam entropi ( WRSODP6• ��GH÷HUOHULQGHNL�
GH÷LúLPOHU� J|U�OPHNWHGLU�� dL]HOJH� ���¶GH� EX� \DSÕODQ� JUDILNVHO� LúOHPLQ� PDWHPDWLNVHO�
DoÕNODPDVÕ�YHULOPHNWHGLU�� 
 

dL]HOJH������.RQGHQVHU�VÕFDNOÕ÷Õ�GH÷LúLPLQH�ED÷OÕ�&23��� WRSODP6•  ve ε ��GH÷HUOHUL 
 

T ( 0 C) COP WRSODP6•  (kW/K) ε  (%) 

15 1,1306 0,2571 0,042 

20 1,0556 0,3150 0,045 

25 0,9954 0,3512 0,051 

30 0,9166 0,3921 0,062 

35 0,8456 0,4434 0,072 

40 0,7696 0,4895 0,080 

45 0,7136 0,5312 0,093 

50 0,6406 0,5523 0,111 

55 0,5956 0,5646 0,152 

60 0,5546 0,5714 0,233 

65 0,5336 0,5898 0,391 

 

 
$EVRUEHUGH�ROGX÷X�JLEL�NRQGHUVHU� VÕFDNOÕ÷ÕQGDNL�\DSÕODQ�GH÷LúLPOHU�VRQXFXQGD�&23�GH÷HUL�
D]DOPD� WUHQGLQH� JLUHUNHQ�� LNLQFL� NDQXQ� YHULPL� YH� WRSODP� HQWURSL� GH÷HUOHULQGH� ELU� DUWÕú�
gözlenmektedir. 

 

ùHNLO�����¶�GH�HYDSRUDW|U�VÕFDNOÕ÷ÕQGDNL�GH÷LúLPH�ED÷OÕ�RODUDNWDQ��VLVWHPLQ�VR÷XWPD�HWNLQOLN�
NDWVD\ÕVÕ��&23����LNLQFL�NDQXQ�YHULPL��ε ) ve sistemin toplam entropi ( WRSODP6• ��GH÷HUOHULQGHNL�
GH÷LúLPOHU� J|U�OPHNWHGLU�� dL]HOJH� ���¶GH� EX� \DSÕODQ� JUDILNVHO� LúOHPLQ� PDWHPDWLNVHO�
DoÕNODPDVÕ�YHULOPHNWHGLU�� 
 

(YDSRUDW|U� VÕFDNÕOÕ÷ÕQGDNL� DUWÕú� WUHQGL\OH� &23� GH÷HULGH� DUWÕú� J|VWHUPHNWH�� VÕFDNOÕ÷ÕQ�
G�ú�U�OPHVL\OH� &23� GH÷HULQGH� GH� ELU� GH÷HU� G�ú�ú�� J|]OHQPHNWHGLU�� 6LVWHPLQ� WRSODP�
HQWURSLVLGH�VÕFDNOÕN�DUWÕúÕ\OD�D]DOPD�WUHQGLQH�JLUPHNWH��VÕFDNOÕ÷ÕQ�D]DOWÕOPDVÕ\OD�DUWÕú�H÷LOLPL�
VHUJLOHPHNWHGLU�� øNLQFL� NDQXQ� YHULPL� GH� VLVWHPLQ� &23� GH÷HUL\OH� D\QÕ� NDUDNWHULVWLN� |]HOOL÷L�
sergilemektedir. 



dL]HOJH������(YDSRUDW|U�VÕFDNOÕ÷Õ�GH÷LúLPLQH�ED÷OÕ�&23��� WRSODP6•  ve ε ��GH÷HUOHUL 
 

T ( 0 C) COP WRSODP6•  (kW/K) ε  (%) 

-10 0,7696 0,449546 0,055241 

-8 0,81509 0,429381 0,106134 

-6 0,86058 0,409215 0,153445 

-4 0,90607 0,389049 0,197365 

-2 0,95156 0,368884 0,238075 

0 0,99705 0,348718 0,275742 

2 1,04254 0,328552 0,310522 

4 1,08803 0,308386 0,34256 

6 1,13352 0,288221 0,371992 

8 1,17901 0,268055 0,398944 

10 1,2245 0,2543 0,423537 
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ùHNLO������(YDSRUDW|U��VÕFDNOÕ÷ÕQÕQ�&23��� WRSODP6•  ve ε   üzerindeki etkisi  



6.     SONUÇLAR 

 
$EVRUEVL\RQOX�VR÷XWPD��VLVWHPOHULQLQ��SHUIRUPDQVÕ�GL÷HU�VR÷XWPD�VLVWHPOHULQH�J|UH�G�ú�NW�U� 
<DSÕODQ� EX�oDOÕúPDGD� ELU� DPRQ\DN-VX� DNÕúNDQ� oLIWOL� DEVRUEVL\RQOX� VR÷XWPD� VLVWHPLQLQ� KHP�
HNVHUML� DQDOL]LQLQ� JHUoHNOHúWLULOPHVL� YH� KHPGH� &23� GH÷HULQGH� QDVÕO� ELU� L\LOHúWLUPH�
\DSÕODELOHFH÷LQLQ� EXOXQPDVÕ� DPDoODQPÕúWÕU�� %X� DUD\Õú� LoHULVLQGH� LNL� NDGHPHGHQ� ROXúDQ� ELU�
DEVRUEVL\RQ�VLVWHPL�ROXúWXUXODUDN�VR÷XWPD�HWNLQOLN�NDWVD\ÕVÕQGD�ELU�L\LOHúWLUPH�\DSÕODUDN�GDKD�
HWNLQ� ELU� VR÷XWPD� LúOHPL� JHUoHNOHúWLULOPHVL� VD÷ODQPÕúWÕU�� 7DVDUODQDQ� VLVWHPGH� EDVÕQo� ND\EÕ�
ROPDGÕ÷Õ�YDUVD\ÕOPÕúWÕU� 
 

2OXúWXUXODQ�VR÷XWPD�oHYULPLQGH�KHU�NDGHPHGH�ELU�MHQHUDW|U��NÕVÕOPD�YDQDVÕ��DEVRUEHU��o|]HOWL�
pRPSDVÕ� YH� ELU� D\ÕUÕFÕ� EXOXQPDNWDGÕU�� %LULQFL� NDGHPHGHNL� MHQHUDW|U� LNLQFL� NDGHPHGHNL�
DEVRUEHUGHQ�DWÕODQ�HQHUML\OH�HQHUML�LKWL\DFÕQÕ�NDUúÕOD\DELOHFH÷L�G�ú�Q�OP�úW�U��2OXúWXUXODQ�EX�
sistemde her bir elemandaki entropi üretimi, sistemin toplam entropisi, sistePLQ� VR÷XWPD�
HWNLQOLN� NDWVD\ÕVÕ� YH� LNLQFL� NDQXQ� YHULPL� DNÕúNDQÕQ� GH÷LúNHQ� oDOÕúPD� úDUWODUÕ� DOWÕQGDNL�
WHUPRGLQDPLN�|]HOOLNOHUL�NXOODQÕODUDN�KHVDSODQPÕúWÕU� 
 

%|\OHFH�VLVWHPLQ�GH÷LúLN�oDOÕúPD�úDUWODUÕ�DOWÕQGD�KDQJL�GH÷HUOHUL�DODELOHFH÷L�J|]OHPOHQPLúWLU��
Bu gözOHPOHPH\L�\DSDELOPHN�LoLQ�ELOJLVD\DU�GHVWH÷L�DOÕQPÕúWÕU��7HUPRGLQDPLNVHO�WHPHO�N�WOH�
YH� HQHUML� GHQNOHPOHUL� ELOJLVD\DU� RUWDPÕQD� JHoLULOHUHN� LVWHQLOHQ� GH÷HUOHU� KHVDSODQPÕúWÕU��
Sistemdeki amonyak-VX�o|]HOWLVLQH�DLW�JHUHNOL�WHUPRGLQDPLNVHO�GH÷HUOHULQ�EXOXQDELOmesi için 

5HISURS�P�KHQGLVOLN�SURJUDPÕQGDQ�ID\GDODQÕOPÕúWÕU� 
 

dHYULP� �]HULQGH� \DSÕODQ� DQDOL]OHUGH� &(+;� ÕVÕ� GH÷LúWLULFLVL� YHULPL�� 6+;� ÕVÕ� GH÷LúWLULFLVL�
YHULPL��DEVRUEHU�VÕFDNOÕ÷Õ��NRQGHQVHU�VÕFDNOÕ÷Õ�YH�HYDSRUDW|U�VÕFDNOÕ÷Õ�GH÷LúNHQ�GH÷HU�RODUDN�
DOÕQDUDN�� VLVWHPLQ� VR÷XWPD� HWNLQOLN� NDWVD\ÕVÕ�� WRSODP� HQWURSLVL� YH� LNLQFL� NDQXQ� YHULPL�
GH÷HUOHULQGHNL�GH÷LúLPOHU�J|]OHPOHQPLúWLU��%X�LQFHOHPHOHUGH�LON�RODUDN�&(+;�ÕVÕ�GH÷LúWLULFLVL�
HOH�DOÕQPÕúWÕU�����LOH������YHULP�GH÷HU�DUDOÕ÷ÕQGD�\DSÕODQ�LQFHOHPHGH�YHULPLQ�DUWÕúÕ\Oa COP 

GH÷HULQLQ� DUWWÕ÷Õ�� WRSODP� HQWURSL� GH÷HULQLQ� GH÷LúPHGL÷L� YH� LNLQFL� NDQXQ� YHULPLQLQ� GH� D]DOÕú�
H÷LOLPLQGH� ROGX÷X� J|U�OP�úW�U�� %XUDGD� WRSODP� HQWURSLGH� ELU� GH÷LúLP� JHUoHNOHúPHPHVLQLQ�
QHGHQL�ÕVÕ�GH÷LúWLULFL�HQWURSL�GH÷HULQLQ� WRSODP�HQWURSL�GH÷HUL� LoHULVLQGe çok küçük bir yüzde 

ihtiva etmesidir.  

 

6+;�ÕVÕ�GH÷LúWLULFLVLQGH�\DSÕODQ�LQFHOHPHGH�LVH�YHULPLQ�DUWÕúÕ\OD�&23�GH÷HULQLQ�DUWWÕ÷Õ�IDNDW�
VLVWHPLQ�WRSODP�HQWURSL�GH÷HULQLQ�ELU�G�ú�ú�VHUJLOHGL÷L�J|U�OP�úW�U��%XQXQ�QHGHQL�WDP�RODUDN�



belirlenememekle birlikte lLWHUDW�UOHUGH� \�NVHN� YHULPOL� &23� GH÷HUL� \�NVHN� NDUPDúÕN�
VLVWHPOHUGH� VLVWHPLQ� WRSODP� HQWURSL� GH÷HULQLQ� G�ú�N� ROPDVÕ� JHUHNWL÷L� YXUJXODQPDNWDGÕU��
øNLQFL�NDQXQ�YHULPL�GH�\LQH�D]DOÕú�H÷LOLPLQGHGLU� 
 

$EVRUEHU�YH�NRQGHQVHUGH�\DSÕODQ�LQFHOHPHOHUGH�LVH�RSHUDV\RQ�VÕFDNOÕNODUÕQÕQ��DUWÕúÕ\OD�&23�
GH÷HUL� D]DOÕú� J|VWHULUNHQ�� WRSODP� HQWURSL� GH÷HUL� YH� LNLQFL� NDQXQ� YHULPL� DUWÕú� H÷LOLPL�
J|VWHUPHNWHGLU��7RSODP�HQWURSLGHNL�DUWÕúÕQ�QHGHQL�LVH�\�NVHN�VÕFDNOÕNODUGD�VLVWHPGHNL�HQWURSL�
�UHWLPLQLQ�GDKD�ID]OD�JHUoHNOHúPHVLGLU� 
 

Son olDUDN� GD� HYDSDUDW|UGH� LQFHOHPHGH� EXOXQXOPXúWXU�� (YDSRUDV\RQ� VÕFDNOÕ÷ÕQGDNL� DUWÕúOD�
&23�GH÷HUL� YH� LNLQFL� NDQXQ�YHULPL� DUWÕú� H÷LOLPL�J|VWHUPLú�� WRSODP�HQWURSL� GH÷HUL� LVH� D]DOÕú�
H÷LOLPLQH�JLUPLúWLU�� 
 

%X� DQDOL]� VRQXFXQGD� VLP�ODV\RQX� \DSÕODQ� EX� VLVWHPGH�� VLVWHPLQ� &23� GH÷HUL\OH�� WRSODP�
HQWURSL� YH� LNLQFL� NDQXQ� YHULPL� GH÷HULQLQ� WHUV� NDUDNWHULVWLNWH� ROGXNODUÕ� J|U�OP�úW�U�� 6LVWHP�
SHUIRUPDQVÕQÕQ�L\LOHúWLULOHELOPHVL�YH�WHUVLQPH]OLNOHULQ�D]DOWÕODELOPHVL�LoLQ�oHYULP�LoHULVLQGHNL�
DEVRUEHUGHQ� DWÕODQ� DWÕN� HQHUMLQLQ� ELULQFL� NDGHPHGHNL� MHQHUDW|U� WDUDIÕQGDQ� NXOODQÕODELOHFH÷L�
G�ú�Q�OP�úW�U�%|\OHFH� VLVWHP� LoHULVLQH� GÕúDUÕGDQ� PLQLPXP� HQHUML� JLULúL� VD÷ODQPÕú�
ROPDNWDGÕU��6LVWHPGHNL�HQ�E�\�N�HNVHUML�ND\EÕ�QRNWDODUÕ�MHQHUDW|U�YH�DEVRUEHUOHUGLU��� 
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