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Abstract 
   The wellhead pressure and temperature in the geothermal wells at a region are different.  In this paper a new combined flash-binary 
cycle, considering the temperature and pressure differences of wells, for power generation from geothermal wells of Sabalan region 
in Iran, is proposed. Four appropriate working fluids are considered for the binary cycle and the proposed system is analyzed 
thermodynamically by the EES software using the real data of sabalan geothermal wells and the optimum pressure values are 
calculated for two flash chambers. The results show that to achieve the maximum output power, the optimum pressure for the first 
flash chamber is 800 kPa and for the second flash chamber is 92 kPa. Also, the results indicate that, among the considered working 
fluids for the binary system, R141b is the best fluid. For this working fluid the net output power of the proposed cycle is calculated 
as 17.11 MW. To compare the performance of the proposed cycle by cycle proposed in the previous research for geothermal sources 
of Sabalan by considering the well conditions as previous research, the results show that the net output power of  the proposed cycle 
in this paper is 26.3 % higher than the corresponding value obtained for Sabalan geothermal sources in a previous research. 
Keywords: Geothermal energy, Sabalan geothermal sources, Geothermal power plant, Power generation cycle, Thermodynamic 
analysis. 
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1� ��B ����@�. 
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1
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1

1
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1
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W
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 F*��1-  �3 H&3'� I30*���/0&� .%���+�� �,'- J0��0 .0'3 .='�0 

~N8  3H	�� aC���  
 ^Q  5NE�1   h( � 	h)	, h* � h(,+	,h, � h(,-   
 ^Q  5NE�2   h. � 	h,	, h/ � h.,+	, h)* � h.,- 

^Q  3t�C ��/  =�C���  �� � 
* � 
0

* � 
0,�

	 ,�� �,1' � �� *�
* � 
0� 
^Q  =���� ��/  =�C���   �� � 
2 � 
)�


2 � 
)�,�
	 ,�� �,3' � �� 2�
2 � 
)�� 

 =� ������  f� ��M	6 �����  L��1

^Q  

 �� /�
4 � 
/� � �� ).�
). � 
)/� 

 =� ������ �����	�E�� 3	���C L��1   �� )/�
)/ � 
)4� � �� 56�
(( � 
()� 
 =� ������  ^��M	6 �����  L��1

3	���C 

 �� )*�
)* � 
)0� � �� 56�
() � 
(��  

3	���C L��1 =�C���  �� � 
(( � 
(*

(( � 
(*,�

	 ,�� �,56 � �� 56�
(( � 
(*� 
�����.; 3	���C L��1   
�7,56 � �� (*�
(* � 
)2� 
�����.; ^Q  L��1    
�7,8 � �� )��
)� � 
))� 

3	���C L��1 xY� 

 

^Q  L��1 xY� 

 9: � ;<=�>?@ � ><=�
A?@ � A<=

	 ,B� :,CD � E� CD�A?@ � A<=� 

9: � ;<<�><? � ><<�
A<? � A<<

	 ,B� :,F � E� <<�A<? � A<<� 
 
  N�� �9	; ^Q  
Y�P�C ��G��  3��� ^<�_� S��
� �C ����@�]16[ �C �

 L�QR� ���� �^<�_� 5� kC�A� ��; 	1 :��1 3�<	
����� 	��y�

�
 	6��	P  :��8 �� S��
� �2  ����@���B ��� 5�/� S��
� .���� ��B  ��

) L�B2) :��8 � (2 
@C�A� 7� ���U (LC�P :��P  �C 	q�U ��� S��
�

�� =�/�� ]�@�@R� S��
�.�B�C 

  

5- �L!3 * M��G 
      ��; ��=��7 ����	6  5���� �C 
�@ �� �C �� 
�� LU�	� 5?�1

 :��8 kC�A� ��; �� =�� ����������	� ]�J?v� � ����1�3 

'��N6 ��B  �,P�� ]�J?v� =�� 7� �3��2�/�� �9	; L�QR� �� .
1�

���O
1� ��B .
1�  

     3��2�/�� �9	;  �CM	� ��N � EES  �����l :��1 ��2; 3�	C

isobutane �n-pentane �R141b  �R123  :�� 5���P ��6��� 7�

 L�QR� ���� 0��������	��
 	6��	P  :��1 ��2; =�� Z�E
�� L��� .
1�

 =
B��[9�B 3�<  K�	E� M�J ����� Z�QA���t 3  ��4�� M�J �57�

 ��EC � I��� 7�  �� 	< �� t�C ���.; =
B�� ��1	
1� 
�QC�P ��6���9

 =��XY< � �� �2�� K1��� �	�QYJ�9	; 3�< =��7 ����	6  S��
� k�v

^<�_� 3�< �1�	C ��B 
�<]16�17�20[ M�Q,� � 
C�l �C �8�� �C .

 :��1 a��	B 5��C=��7 ����	6  7� �8�	9��; �<=�� �	�QYJ �  �9	;

K�U	C  3�	C �M�� � :�� V����� 5NE� ��/  ��Q-� i�Ye� 	�y
� ��

 3����� [��9 5��� 	T���U �C �C��
1����2C 37�1  =�� S��
� � ��B

���2C 37�1 ) :��8 ��4 (�}��� ��B .
1� 5�Y< ��v  :��8 7� ��4 

 :��1 7� ���O
1� ]��- �� 
1� [E/�R141b  3	���C 
Y�P 3�	C

�	
/�C ��9	; �C ����	U 5������ =�	
/�C � 3����� [��9 5��� =

 	���@� �C K��	�11/17  � ]���.�35/14  �-��
1� �C �� ��� 	���@� .

 :��1 �C �9	; hQ
E� V�@� �� :��1 �p��
�� � ��	8 �C� ���/  ����

R141b   :��8 ��5 �}���  ��B .
1�   

  

  
 )
	2-  F�� M��G� �N��@�  M��G� �3 �,'- .'���3 O�NP ./��

 :�0/ Q4*R�]17[    
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 F*��2-   �,'- ��S '�T8( O�NP )��!( M��G� �N��@�* .��� Q4*R� M��G�]16[  

 3��� k�@R�]16[ 	q�U k�@R�    

 ���(°C)         ��/ (kPa)         �p��
��(kJ/kg)   ���(°C)        ��/ (kPa)         �p��
��(kJ/kg) �A@�  

230  

163  

163  

58/98  

163  

58/98  

58/98  

-  

58/98  

40  

40  

2795  

5/666  

5/666  

4/96  

5/666  

990  

990  

2761  

2531  

7/688  

230  

163  

163  

6/98  

163  

6/98  

6/98  

-  

6/98  

40  

40  

2795  

5/666  

5/666  

4/96  

5/666  

4/96  

4/96  

4/96  

4/96  

38/7  

38/7  

990  

990  

2761  

2532  

8/688  

8/688  

2674  

2674  

2591  

2336  

5/167  

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

11  

4/96  

4/96  

4/96  

4/96  

7/688  

2673  

2673  

2591  

38/7  

38/7  

2336  

5/167  

 

 F*��3-   �
�����%&�'( U0&,��- .�4 5��/ ����'6 178�  

��	8 �C� (kg/s) �p��
�� (kJ/kg) ��� (°C) ��/  (kPa) ��; �<  

57 1150 183 1072 :�� ��;  

53 1100 165 700 M�� ��;  

  

 F*��4- .�4'G�0���  .0'3 �,'- %'
��9 (����3)F��� .�4 B�GT� ��&��X 

L��1 3�<	
����� Isobutane n-pentane R123 R141b 

3����� [��9 5��� (kW) 

�9	; ����	U ��7�C (%) 

 (kPa) ��/ ���2C 3 :�� V����� 5NE� 

 (kPa) ��/ ���2C 3 M�� V����� 5NE� 

16026 

44/13  

8/799  

80 

16766 

06/14  

800 

5/134  

17098 

34/14  

800 

4/113  

17112 

35/14  

800 

92 

      

      

 L�B ��3  ����	U 5������ � 3����� [��9 5��� ]�	��y� ����Y�

���� 5�/� :�� 	�E�� 5NE� ��/  K�U	C �9	; 5�Y< .
1� ��B  ���6

 ^��N � �C 
1� [E/� �� [��9 5��� ���@� �	�E�� 5NE� ��/ 

^��N � �� ^<�� ���/�C ���@� �C 5��1� 7� j� � �
 �� 	T���U .�C��

 ��/  �� �9	; 3����� [��9 5���800-kPa  :�� 	�E�� 5NE� 3�	C

�� 
1� �C  � [��9 5��� 3�� 	C M�� 	�E�� 5NE� ��/  	�lm� .���

 L�B �� �9	; ����	U 5������4 ���� 5�/� �B =�� k�v .
1� �

 �� 
1� [E/� N�� ����Y����/�C  ��/  �� 5���92-kPa  5NE� 3�	C

�� 
1� �C M�� 	�E��  .���  

 3���� ��EC 5�N�� ^��N � dJ�C �C�� ^<�� 	�E�� 57�E� ��/  �; 	<

�� ^��N � �9	; 5��� � ��B =�C��� �C  3���� ��/  �LC�@� �� ��� �C��

^<�� N�� =�C��� J�C � �
 ���� �9	; 5��� ^<�� d  3�<��/  �� .��B

���2C ���2C L��J �� =�� g�Y4� ���B	�| 3  5��� =�	
/�C � ��B

�� L-�U �9	; .��B  

 L�B ��5  ��/  	
����� �� K�U	C �9	; [��9 5��� 3�<����Y�

 3	���C �9	; 	�7 �� �����l :��1 ��2; 3�	C M�� � :�� 	�E�� 5NE�

i�1	� 2C �A@� �� .
1� ��B 5��� �	�E�� 5NE� �� 3�<��/  7� ���

�� =�Y� ���@� =�	
/�C �C �9	; 3�����  3�<��/  =�� 	���@� .�1�

 :��8 �� ���2C4 .
1� ��B ����� L��J :��1 ��2; 	< 3�	C   

 L�B ��6  5��� 3�� 	C 3	���C �9	; =�C��� �C 3���� 3��� 	�lm�

 �����l :��1 3�	C �9	; [��9R141b ���� 5�/�  [E/� .
1� ��B

3��� �; 	< �� 
1�  N�� �9	; [��9 5��� ��B 	
/�C =�C��� 3����

�� ^��N � ��; 	1 3��� 
����R� L��� �C ��� .�C�� =��7 3�<  �����	6

 3��� >?
9� =
 	6 	G� �� �C10  �� ����Q1 �8�� =� ������

����	63��� 	T���U �  �����l :��1160 �� ����Q1 �8��  	G�

�
 	6 ��B 
1�.   

       M�� � :�� 	�E�� 57�E� 3�<��/  K�U	C �9	; ����	U 5������

 �����l :��1 3�	CR141b  L�B ��7 5�Y< .
1� ��B 5�/�  �� ��v

�A@� �� 
1� [E/� ����Y� ��  �	�E�� 5NE� �� 3�<��/  7� ���2C 3

�� =�Y� ���@� =�	
/�C �C �9	; ����	U 5������  =�� .�1� �� 	���@�

 :��84  .
1� ��B �����  
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      �C  ��G��  3����� [��9 5��� � ����	U 5������ ����@� � �1�	C

 ^<�_� �� ��8�� �9	; �C ���@� =�� �� 3��2�/�� �9	;M�4�� ��B   

  

  
 )
	3-  1�T� ��+E YN;'3 �,'- �(�0'; 1����0� * Z2�, 10&(

F*0 '�T8(  

  

  

  

  

  

 �Q�Q8 a1��3��C�	e� ]15[  IC��� 3�	C=��7 ����	6  a��	B �5?�1

 7� �8�	9 :��1��; �<  ^<�_� 5� kC�A�	G� �� �
 	6 ��B  �4�
� �

 [��9 5��� �� 
1� ��B�9	; 3  �� 3��2�/�����@� 3  	q�U3/26 %

 5� ����	U 5������ �8/31 7� 	
/�C %�9	; 3  �Q�Q8 3��2�/��


�< :��8 �� .6  �C 
��� �9	; ���2C 5�N���9	; 3  5�/� �Q�P

����  ��B .
1�   

    F*��5-  �,'- �
�����%&�'( )��!( M��G� .%���+�� �3

��&��X F���  .R141b  

��   
(kg/s) 

T (°C) P 
(kPa) 

h 
(kJ/kg) 

:��1 �A@� 

- 10 100 08/42  =��7 ����	6  0 

57 183 1072 1150 =��7 ����	6  1 

57 4/170  800 1150 =��7 ����	6  2 

94/11  4/170  800 2769 =��7 ����	6  3 

94/11  32/97  92 2458 =��7 ����	6  4 

06/45  4/170  800 2/721  =��7 ����	6  5 

06/45  32/97  92 2/721  =��7 ����	6  6 

25/6  32/97  92 2671 =��7 ����	6  7 

25/6  155 92 2786 =��7 ����	6  8 

19/18  32/97  92 2571 =��7 ����	6  9 

19/18  40 38/7  2270 =��7 ����	6  10 

19/18  40 38/7  5/165  =��7 ����	6  11 

19/18  01/40  110 6/167  =��7 ����	6  12 

81/91  32/97  92 7/704  =��7 ����	6  13 

81/91  03/73  92 8/305  =��7 ����	6  14 

81/91  03/73  110 8/305  =��7 ����	6  15 

53 165 700 1100 =��7 ����	6  16 

53 165 700 1086 =��7 ����	6  17 

53 32/97  700 2/408  =��7 ����	6  18 

9/157  40 9/132  06/85  R141b 19 

9/157  4/41  1950 74/86  R141b 20 

9/157  32/87  1950 146 R141b 21 

9/157  155 1950 7/373  R141b 22 

9/157  15/61  9/132  8/321  R141b 23 

53 32/97  92 2/408  =��7 ����	6  24 

2538 10 100 5/283  ��< 25 

2538 25 100 6/298  ��< 26 

2482 10 100 5/283  ��< 27 

2482 25 100 6/298  ��< 28 

    

  

  

  

  

  

  

  

  

  

  

  

 )
	4-  YN;'3 �,'- �(�0'; 1����0� * Z2�, 10&(

[*% '�T8( 1�T� ��+E 
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 )
	5-  ��&��X F��� ���- .0'3 [*% * F*0 '�T8( 1/�T� ��+E 'G�0��� *% YN;'3 �,'- Z2�, 10&(R141b 
R123 
isobutane  *n-pentane

  

  
 )
	6-  �,'- Z2�, 10&(��&��X F��� .��% 5�'G+�3 YN;'3  

  

  
 )
	7-  ��&��X F��� �3 �,'- �(�0'; 1����0�R141b  YN;'3

[*% * F*0 '�T8( 1�T� .�4��+E  

 F*��6- �N��@� �,'- %'
��9 . �,'- �3 .%���+�� . ��8P .  

% ����	U 5������  �9	; [��9 5���  (kW)  ��; ��	8 �C�  �<(kg/s)  ��; �p��
��  �<(kJ/kg)  ��; 3���  �<(°C) 3��2�/�� �9	;  

96/9  78/49  500  1000  170   �Q�Q8 ^<�_�]15[  

13/13  89/62  500  1000  170  	q�U ���  

8/31  3/26  -  -  -  % ���2C �-��  

  

6 -���G� .'�6  

     ��; 3�< =��7 ����	6  5?�1�C 5���J  �2����; 3�< =��7 ����	6 

��B	OU  5�	�� ��/��C ��G��  f	C ������� ��B�C 	�
,� ]�,��A� .

�9	; Z�E
�� � ^���� 3�� 	C �����  =�� 7� 5��� ����� 3�	C K1���

��; �< M�4�� ��B .
1�  ��^<�_� 3�<  ��� 	�E�� �9	; �Q�P

�QU	��� 3� �C 5���J  7� ������N6 3�<  IC��� =�� 3�	C K1���

��B��2�/��  .
1�@� ���9	; 0� 	q�U ���  7� 5��� ����� 3�	C ���8  

  

 IC���=��7 ����	6  5?�1��� >?
9� =
 	6 	G� �� �C ��/  � ��; 3�< 

=��7 ����	6 ��B��2�/�� L�QR� ���� � ����������	� �
 	6��	P  .
1�

; L�QR� =�� �� 3�	C K1��� �����l :��1 ��2�9	; 	�7  	G� �� 3	���C

�
 	6 ��B  :��1 �� 
1� ��B �4�
� �R141b  �	�QYJ =�	
2C 3����

 5������ �
�<5�/� ]��1�R� . �� �<� 	�E�� 5NE� 3�	C ���2C ��/  

�=�	
/�C �C �C��
1� 3�	C M�� � :� 3����� 5���  	C�	C K��	� �C800 

 �92  :��1���Q���� ��B�C.  5�/� k�@R� =�� S��
��� �<�  	T���U ��

 3����� [��9 5����9	; 3 3��2�/��  �,P�� a��	B =
 	6 	G� �� �C

 ��; ��=��7 ����	6 5?�1  �C 	C�	C11/17 �� � ]���.�����	U 5���� 

Net 
Net 

Net 

R141b R123 

N-pentane 

	وان ���ص 

(kW) 
 (kW)	وان ���ص 

 (kW)	وان ���ص 

  
ن
ز
�
� 

ر
�


�

  
ن
ز
�
� 

ر
�


�

  
ن
ز
�
� 

ر
�


�

)�
�ر ��زن ا����ط اول kPaزن ا����ط اول  (��ر �
�(kPa) 

)�
�ر ��زن ا����ط اول kPa( 

isobutane 

)�
�ر ��زن ا����ط اول kPa( 

  
ن
ز
�
� 

ر
�


�

	وان 



 

 

 

��
2�

/
��

 � 
L

�Q
R

�
 

�
��

��
���

��
	�

 
�9

	;
3 

��
�8

 
3

�	C
 

��
��

�
 ...

 

146 

 	C�	C 5�35/14  �-���� ��B�C 	1 a��	B =
 	6 	G� �� �C =��XY< .

 k�v ��;�9	; 3  ��Q�P 3��2�/���� 
1� ��B �4�
� �9	; 

3��2�/��  ����� �C ���P ����@� =�� ��3/26  	
/�C [��9 5��� �-��

)89/62 ��@� �� �C ��78/49 �9	; �C 
��� (]���.� 3��2�/��  �Q�P


1�.  

  

7 -   \]79 O�'�E             

h   z�eE� �p��
��(kJ/kg)  


�  a��	B �� z�eE� �p��
��

 a�R�(kJ/Kg)  

�� G  ~N8 7� 3���J ��	8 �C�k   

(kg/s)  
�� ��� =��7 :��1 ��	8 �C� ����	6 

(kg/s)  
P   ��/ (kPa)  

          
�  ��	6 :�@
�� r�<� (kW)  

s   z�eE� ���	
�� (kJ/kg.K)  

T  ���C)  (°  

v   z�eE� i4U(m^3/Kg)  

   ��  ��� M�4�� r�<� (kW)  

  �� ��	   [��9 5���(kW)  

x  ��EC 
�O��  

����&� \�79   

�'     xY� 5������  

��      =�C��� 5������  

�	�     ����	U 5������     

^�&�'�/ �4   

f  ^Q   

geo  =��7 :��1 ����	6  

HP  t�C ��/   

LP  =���� ��/   

OF  (�����l) 0���6�� :��1  

P  xY�  

T  =�C���  

  

8-_�0'� 
[1] Dipippo R., Geothrmal power plants, principles, 
applications, case studies and  environmental 
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