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Abstract 
In this paper a new combined flash-binary cycle is proposed for power generation from geothermal wells of Sabalan region in Iran, 
considering the temperature and pressure differences of wells. Using the real data of these wells, the proposed cycle is analyzed from 
the viewpoints of the first and second law and the optimum pressure values are calculated for two flash chambers. The results 
indicate that for R141b, as the best working fluid for the binary cycle the net output power, energy and exergy efficiencies of the 
proposed cycle are calculated as 17.11 MW, 14.35% and 53.38% respectively. The results of exergy analysis show that the 
condenser of binary cycle has the highest value of exergy destruction. The performance of the proposed cycle in the present work is 
compared with the previously  proposed system  for geothermal sources of Sabalan, and the results show that the net output power, 
energy and exergy efficiencies of  the proposed cycle in this paper is 26.3 %, 31.8% and 23%  higher than the corresponding values 
obtained for the previously proposed system. 
Keywords:  Sabalan geothermal sources, Geothermal power plant, Power generation cycle, Exergy analysis, Exergy destruction. 
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)1(  �� � � �� ���	 
 ���
� 
)2(  W� � � m� �h��� 
 h��� 
)3(  �� 	�
 � �� � 
�� � 

)4(  �� �
��	 
 ���

��	 
 ���
,�			 

  

  
                                                        

                                                        

                                                               

 /���	
��S�� 4������ 	�? Z��, �; yT� � 7�;��� 2�	;:��B �� �
B��  

 )5(  η� �
v�	�P��� 
 P���
h��� 
 h�� 		 

�Q	< s�l�;  �2D	�� Z��, �; 4��� �� �8	9 2�S<� 2�	; �� 2D�S5� �

:
B�� 	�?  

)6(  !�� �	 �!�� ��
 
)7(  "� 
��

�!�� ��
���
 
!�� �	��	 

)8(  #$� %�&
 
��
�!#$� ��
 
!#$� �	 ' #$� ( 

)8-1(  #$� � �� )� 
 �* 
 +*�, 
 ,*�- 
 2D�S5� 4������ �2D�S5� M�	=� |	� 4���� 
0� �; 2�	; S�� 	�? `;���

�S5� M�	=� 
��� ��8	9 2�S<� 2D :��B �� ���N
0�  

)9(  #$� ( � #$� . 
 #$� � 

)10(  /� �
#$� ��
#$� .�

 

)11(  0(� �
#$� (�
#$� �	

 

 2�S<� ?� /� 	> �� 2D�S5� 2��;�� ���6� ��0�P� 2�	; 7��cT> �8	9

2�5 �@;�� ?� 4��� ��-:�	� ���N
0� S�� l��
0�  

)12(  #�( � +*1�2�	 

 
��1� �� 4������2D	��  (Q�� � L�� 4���G 4������) 2D�S5� 4������ �

�� �� 
0� �; 	�? `;��� �; �8	9 O��� ]3�4[:  

)13(  �І �
�� 	�


�� 2��)�2�� 
 �*-
	, �2�� � �3 

)14(  �ІІ �
#$� �
#$� .

� �� 	�

#$� �	 	 , #$

� �	 � #$� 3 
   L��< ��1 ���N
0� `;��� 
0	1   O�FP� 2�	; ��B2D�S5� � 2D	�� 

�8	9 �}��� 	K� ����  2�S<� ?� Q��� 	> .
0� ��B�8	9  /� 4���U �;

2D	�� s�l�; � ��B �
 	5 	K� �� L	
�� :3H 2D�S5� �  4� 2�	;

�8	9 sr0 .
0� ��B �
B��  ��S � Q	� �; 2��1�.��EES  ����

.
0� �
 	5 ��	G O�FP�  



 

 

 

O
�F

P
�

 
2

D�
S5

�
 

�8
	9

 
2 

��
�<

 
2

��
1�

.
��

 
2

�	;
 

��
���

 ...
 

254 

 M@��1- *5���6
� �123 *.,�. *.2( *+�,-. @ *+2�. N�I�( �( O;(2� P(.@� 

~S< 2D	�� `;��� 2D�S5� `;��� 

 k����� 4S=�1  h4 � 	h3	, h5 � h4,6	,h7 � h4,8 E� :,83 � T*m� 3�s4 
 s3� 
 k����� 4S=�2  h= � 	h7	, h> � h=,6	, h35 � h=,8 E� :,84 � T*m� 7�s= 
 s7� 

��� 	�=�� 2l�; ��.  7�;��� 
η? �

h5 
 h@
h5 
 h@,A 	 ,W

� ?,BC � m� 5�h5 
 h@� E� :,?,BC � T*m� 5�s@ 
 s5� 

��� 	�=�� 7���� ��.  7�;��� 
η? �

hD 
 h3*
hD 
 h3*,A 	 ,W

� ?,EC � m� D�hD 
 h3*� E� :,?,EC � T*m� 5�s@ 
 s5� 

������ 7�  	�=�� �8	9 ����� Q	5 e� ��

��� 

m� >�hF 
 h>� � m� 3=�h3= 
 h3>� E� :,G.B. � T*Im� >�sF 
 s>� ' m� 3=�s3> 
 s3=�J 

������ 7� 2	���; �8	9 ����� 	�=��  m� 3>�h3> 
 h3F� � m� KL�h44 
 h43� E� :,MN�. � T*Im� 3>�s3F 
 s3>� ' m� 43�s44 
 s43�J 
������ 7� 2	���; �8	9 ����� Q	5 ^��  m� 35�h35 
 h3@� � m� KL�h43 
 h4*� E� :,COPB. � T*Im� 35�s3@ 
 s35�

' m� 4*�s43 
 s4*�J 
2	���; �8	9 7�;��� 

η? �
h44 
 h45
h44 
 h45,A 	 ,W

� ?,KL
� m� KL�h44 
 h45� 

E� :,?,�OQ � T*m� 44�s45 
 s44� 

�����-9 2	���; �8	9  Q� Q,KL � m� 45�h45 
 h3D� E� :,Q��,�OQ � T*Im� 45�s3D 
 s45�
' m� 4>�s4F 
 s4>�J 

�����-9 ^F  �8	9  Q� Q,8 � m� 3*�h3* 
 h33� E� :,Q��,8 � T*Im� 3*�s33 
 s3*�
' m� 47�s4= 
 s47�J 

2	���; �8	9 yT� 

 

 

η� �
v3D�P4* 
 P3D�
h4* 
 h3D 	 ,W� �,KL

� m� KL�h4* 
 h3D� 
 

E� :,�,�OQ � T*m� 3D�s4* 
 s3D� 

 
 

 ��� k����� �8	9 yT�1  

 

η� �
v33�P34 
 P33�
h34 
 h33 	 ,W� �3,8

� m� 33�h34 
 h33� 

 
E� :,�,83 � T*m� 33�s34 
 s33� 

 
 ��� k����� �8	9 yT�2  

 

η� �
v3@�P37 
 P3@�
h37 
 h3@ 	 ,W� �4,8

� m� 3@�h37 
 h3@� 

E� :,�,84 � T*m� 3@�s37 
 s3@� 

  

  

4 -  M�� �
�� ��8�=. 
     �3�0 ���
U� ��K�� �; R��
� O�FP� � 2?����� ?� O,�H � �8	9

 :��6� 2	���; �8	9 � 2� �FH	� �� ��� 	�=�� �8	9 
T�G �� �; 2��1�.��

� ��B O�B �� .
0� ��B ����6� �F�G 	�
+� 2�> ^>�_� R��
� �; 2  ����T�

����	H 4������ 7�;��� 2���� 2��� ��0� 	; 2	���; �8	9�  �; 7
 	5 	K� ��

 4����T> � 2��� ^>�_� �; o;�@� Z��d	  � ����	5 7��? 2�1>�9 `��	B

]20[ :�0	�  R��
� �; � ��B ; � ���� 
0� ^>�_� 4� ��B ����6�.
0� �� 

�3�0 ���
U� ��K�� �; 2�	; ���� 
0� �; R��
� 
T�G  	�=�� ��� �FH	� ��

2�  �2��1�.�� �8	9 	��z� �; o;�@� ��9 	0 L��0 2�>	
����� �;^>�_�  2���

]4[ O�FP� �Q�3��  L��< �� R��
� � �
 	52 ��� ��B ����6� ���� 4�.� R��
� .

 O�B �� ��B2  L��< �2 ���>� 4�.�  �; 	d�H ��� R��
� L��G O;�G 
6;�@�

 Z�6�6P� R��
� 	�
+��� 7�.��.�B�;  

  

  

  

  

  

  

  

  

  
 /��2-   �123 *2�4�( Q��R *��� M�� S4���@  T:@U� S4���
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 M@��2-   �123 ��V O��8�. Q��R /
	"0 S4���@ *��4 T:@U� S4���]4[  

 2��� o�6P�]4[  	d�H o�6P�    

 ���  

(°C)  

 �r��
��

(kJ/kg)  

 ���	
��

(kJ/kg.K) 

 ���  

(°C) 

 �r��
��

(kJ/kg) 

 ���	
��

(kJ/kg.K)  

  

�@6�  

230  

163  

163  

58/98  

163  

58/98  

58/98  

58/98  

58/98  

40  

40  

990  

990  

2761  

2531  

7/688  

7/688  

2673  

2673  

2591  

2336  

5/167  

61/2  

664/2  

725/6  

99/6  

973/1  

032/2  

372/7  

372/7  

149/7  

498/7  

5723/0  

230  

163  

163  

6/98  

163  

6/98  

6/98  

6/98  

6/98  

40  

40  

990  

990  

2761  

2532  

8/688  

8/688  

2674  

2674  

2591  

2336  

5/167  

61/2  

664/2  

725/6  

989/6  

973/1  

032/2  

371/7  

372/7  

149/7  

497/7  

5723/0  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

  

5- W"( @ S4���  

      �� ��� ��B 	NH ����	5 7��? ��9 ��S�0 4�	�� 4A�0 �6@�� ��

 ���+� 7�� ?�OH�	� ��9 �� ^���?� ��0� 4���� �; 
�6 �� �; ��.��� ��� 

 L��< o;�@� ��9 �� 7�� ����������	� Z�UAI�3  .
0� ��B '��S5

�� ����6� 7�� �+G�� Z�UAI� 7�� ?� 2�	;  O�FP� ����������	� �8	9

�1�.�� .
0� ��B ���N
0� 2�   

  

 M@��3-  �78� �4��2- 9
�� *�: ��3 ��
���45;�20 X.;1  

Q�� ��9  L�� ��9  {��8  

700  1072  ��.   (kPa)  

165  183  ���  (°C)  

1100  1150  �r��
��  (kJ/kg)  

53  57  ��	< �;�  (kg/s)  

  

2��1�.�� �8	9  ��S � Q	� �;EES  2�	;�0 �����t L��0  O��U L��0)

(2	���; :
��0 ��B �
8��B n-pentane �R141b  �R123  ?�

 .
0� �
 	5 ��	G O�FP� ���� /��������	� Q�� � L�� 4���G ��5���

 7�� E�=
�� O����0  Q�U ����� E�F@� 2�> X8�B 7
B�� L��0

 
�F;�G ��5���8 ��3�� Q�U �2� ���=F5 :� Z�	t� �4?� 2 ��l M�	=�


B�� ��0	
0� 7��cT> � ��=; � a��� ?�  �� 	> �� l�; ���-9 7

�� �1�� M0��� �	�FTU  ^>�_� R��
� o�I ����	5 7��? 2�> �8	9

�B�; �� ��B �0�	; 2�>]4�5�7�21[.    

 2�> O�B ��3  �4   �; �8	9 2D�S5� � 2D	�� 4������ Z�	��z� ����T�

 L��0 �0 	> 2�	;  Q�� � L�� k����� 4S=� ��.  ��0� 	; M��	�

 �����t L��0 �� 
0� gd�� .
0� ���� 4�.� �����tR141b  2����


1; �	�FTUL��0 7�� 2�	; .�B�; �� 2	  ���1; 2�>��. 800-kPa 

2�	;  � L�� k����� 4S=�92-kPa Q�� k����� 4S=� 2�	; 4������ �

 	���6� �; M��	� �; ��8 ���.�; ���6� �; 2D�S5� 4������ � ����	H

35/14 �,��  �38/53  .��0� �� �; 
0� X=.� �� ���5 4�T>

 ���6� k����� 4S=� ��.  ^��S ��8	9 4������  ?� s� � �
 �� ^��S �

 ���6� �; 4��0���.�;� �� ^>�� 4?�=� ��.  �9 	> aG�� �� .�;��

 � ��B 7�;��� �; 2���� ��=; 4�S�� ^��S � xU�; �;�� ^>�� k�����

 S�� 7�;��� 2���� ��.  �O;�6� �� ��� �;�� �� ^��S � �8	9 4���

 ���1; 2�> ��.  �� .��B �� �8	9 4��� ^>�� xU�; � �
 �� ^>��

��1; O��U �� 7�� n�T3� ���B 	�v 2 �8	9 4��� 7�	
.�; � ��B �

.��B �� O,�H  

  
 /��3-   M�
� �� �( �123 *+�,-. @ *+2�. �����.� H.2

Y0 �.5;��

M@. O��8�. �,Z� ��6L [�? 2( \	�Z� �4;��]  

  
  

  
 /��4-   M�
� �� �( �123 *+�,-. @ *+2�. �����.� H.2

Y0 �.5;��

^@5 O��8�. �,Z� ��6L [�? 2( \	�Z� �4;��]  

  

  ?� �<�	8 ����	5 7��? L��0 `��	B 4��; Q�F+� � 
;�t �; �<�� �;

��9 ��.  ��F,� :�Tj� 	�z
� �0 M�H 	; �8	9 7�� �	�FTU ��>

 �;��
0� 2�	; 2	���; �8	9 2��� 	w���H � Q�� � L�� k����� 4S=�
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 ���1; 7�� R��
� � ��B 2?�0 ���1; 2����� X��8 4��� 	w���H �;

 L��< �� 2?�04  L��< ?� �� ��I 4�T> .
0� ��B �}���4  X=.�

 
0�  
  

 M@��4- \	�Z� �4;��] *�: M�
� *.2( �123 (��
�() *�: 2��.���  
n-pentane R123 R141b �8	9 2�>	
����� 

16766 17098 17112  X��8 4��� (kW) 

06/14 34/14 35/14 (%) �8	9 ����	H ��?�; 

3/52 33/53 38/53 (%) 2D�S5� ��?�; 

800 800 800 4S=� ���1; ��. 1 (kPa) 

5/134 4/113 92 4S=� ���1; ��. 2 (kPa) 

155 155 155   2	���; �8	9 ���1; 2��� 	w���H

(°C) 
  

 L��0 ?� ���N
0� Z��, ��R141b  ��8	9 2	���; 
T�G 2�	;

 7�	
.�; � 2D	�� 4������ 7�	
.�; �2����� X��8 4��� 7�	
.�;

 	���6� �; M��	� �; 2D�S5� 4������11/17  �Z���-�35/14  � �,��

38/53  L��0 ��	< �;� � ��.  ���� 	���6� .���� �� 
0� �; �,��

 L��0 �; �8	9 fF
=� k�6� ��R141b   L��< ��5 ��B �}��� .
0�  

 O�B ��5  2�� 	; �8	9 2	���; :
��0 7�;��� �; 2���� 2��� 	�t��

 �����t L��0 2�	; �8	9 2D�S5� � 2D	�� 4������R141b  ���� 4�.�

L��0 2��� �9 	> 
0� X=.� �� ��I 4�T> .
0� ��B  �; 2����

 �; �<�� �; ��� .�;�� �� ^��S � S�� �8	9 4������ ��B 	
.�; 7�;���

 7�	
.�;2��� 	w���H �����	5 7��? 2�> ��9 	0 2���  �����t L��0

 	d�H ��� ��155 
0� ��B �
 	5 	K� �� ����F0 �<��. 

  
 /��5-  �4;��] M�
� �() �123 *+�,-. @ *+2�. �����.� �.5;��

R141b*2�4�( �123 *��5 942�6
( [�? 2(  (  

  

  

  

  

  

  

  

  

  
  

  

  

 M@��5-  �123 ��
���45;�20 /
	"0 S4���

 *5���6
� * �4;��] M�
� �(R141b 

��   
(kg/s) 

T 
(°C) 

P 
(kPa) 

L��0 �@6� 

- 10 100 ����	5 7��? 0 

57 183 1072 ����	5 7��? 1 

57 4/170  800 ����	5 7��? 2 

94/11  4/170  800 ����	5 7��? 3 

94/11  32/97  92 ����	5 7��? 4 

06/45  4/170  800 ����	5 7��? 5 

06/45  32/97  92 ����	5 7��? 6 

25/6  32/97  92 ����	5 7��? 7 

25/6  155 92 ����	5 7��? 8 

19/18  32/97  92 ����	5 7��? 9 

19/18  40 38/7  ����	5 7��? 10 

19/18  40 38/7  ����	5 7��? 11 

19/18  01/40  110 ����	5 7��? 12 

81/91  32/97  92 ����	5 7��? 13 

81/91  03/73  92 ����	5 7��? 14 

81/91  03/73  110 ����	5 7��? 15 

53 165 700 ����	5 7��? 16 

53 165 700 ����	5 7��? 17 

53 32/97  700 ����	5 7��? 18 

9/157  40 9/132  R141b 19 

9/157  4/41  1950 R141b 20 

9/157  32/87  1950 R141b 21 

9/157  155 1950 R141b 22 

9/157  15/61  9/132  R141b 23 

53 32/97  92 ����	5 7��? 24 

2538 10 100 ��> 25 

2538 25 100 ��> 26 

2482 10 100 ��> 27 

2482 25 100 ��> 28 

  

  

 O�B ��6  .
0� ��B ����� �8	9 fF
=� 2�S<� 2D�S5� M�	=� |	�

 �� 2D�S5� M�	=� |	� 7�	
.�;�����-9  �; ��� k����� � 2	���; 2�>

 	���6� �; M��	�2703  �2683  M�	=� |	� 7�	
T� � Z���F��

 .�
 � �� e�N�� �8	9 ��� k����� 
T�G 2�> yT� �� 2D�S5�

 �; 	;�	; �8	9 O� 2D�S5� M�	=� |	� 7��cT>12467  �� Z���F��

.�B�; 

 ����T�
��� 2D�S5� M�	=� 2���� 2D�S5� �; �8	9 2�S<�  O�B ��

7  7�	
.�; �� 
0� X=.� .
0� ��B ���� 4�.�
���  M�	=�

 �� 2D�S5������-9  ���6� �; �8	9 2	���; 
T�G43/8  .�B�; �� %


���  �� 4��; S�9�� O��� �; ��� k����� 2�> yT� 2D�S5� M�	=�

� ��.� ����� ����T� 7����.  

  O�B ��8  .
0� ��B ���� 4�.� �8	9 2�S<� 2D�S5� 4������ ����T�

 ���6� �; L�� k����� 4S=� 
0� X=.� �� ��@��T>6/97  2���� %

 ���6� �; �8	9 2	���; 
T�G yT� � 2D�S5� 4������ 7�	�l�;11/10 %  
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 /��6- a2� �.5;��  �4;��] M�
� �() �123 *.,�. *+�,-. [42Z0R141b(  

  

  
 /��7-  �.5;��Q8��  *.,�. *+�,-. [42Z0 �123 ) *5@�@ *+�,-. �(ST(  

 

  
 /��8-  �.5;�� *.,�. *+�,-. �����.� �4;��] M�
� �() �123R141b(  
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 /��9- G��
� *+�,-. ��42� �.5;��  �4;��] M�
� �()R141b(  

  

  

 �8	9 O� 2D�S5� 4������ .��B�; �� 2D�S5� 4������ 7�	
T� 2����

 ���6� S��38/53 .�B�; �� %  O�B ��9  O� 2D�S5� 4��	< ����T� S��

 .
0� ��B ���� 4�.� :
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