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Abstract 
In this article, modeling and optimization of power consumption of two–stage compressed air system have been investigated. This 
system includes two centrifugal compressors and a shell and tube intercooler. For modeling of power consumption, actual 
compressors, isentropic efficiencies are calculated from experimental data. Also for modeling of outlet temperature of the intercooler 
and calculation of thermal effectiveness, the neural network algorithm was used. In these equations isentropic the efficiency of 
compressors is a function of inlet temperature and thermal effectiveness of the intercooler is a function of inlet air temperature, inlet 
water temperature of the intercooler and inlet volumetric flow rate of the system. For optimization of power consumption, the 
Lagrangian method is used. Power consumption and isentropic efficiency of the first and second stage compressors, thermal 
effectiveness of the intercooler and entropy generation of compressors are considered as the objective function and optimization 
conditions, respectively. In comparison to the experimental data, the modeling provided suitable accuracy. The optimization 
effectively reduced the power consumption of the system, especially in summer, in a way that the minimum and maximum reduction 
was 2.9% and 9.6%, respectively.      
Key words: Multi-Stage Industrial Compressed Air System, Modeling, Optimization, Variable Isentropic Efficiency, Variable 
Intercooler Effectiveness. 
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 ���A ��2�� % .�+�:  

  

2 -2- �	F G6 ���
�  

 2� W�39�� 2�,- >�I 8�  ���	/  -��3 =
��, >� �� �����

 ����	A ������ ��,�Q�>�I 8�  �i:��)13 2� �P�	I -��3 -��� � (

.
,� 1� >�I 
0P  �� ��3 -��������� 8�  M	: 
4, 2� -���� T� 2�

>�I �� ���L
,� 8� ��+ ]25-24[.  

)13(  2 3

2 1

−=
−

T T

T T
ε  

  XP�	� WuI	:]25-24[  ������ ��>�I 8�  ��	� t	  Y�@;� ��

 ������ �����:>�I 8�  �: �P�� �:����;� -  1�4�� 1���  ��+�: 
,��

�: �� �	5 =
��, �: -���� -��3 -��� 	3 -�2�  -��3 -��� 	��a� ��

 2� �P�	I �� -����>�I 8� ������ �>�I 8�  �����a
��	  �3��I

.��:  

 -�	:�: 
,�  ������ 1����>�I 8� 2� �P�	I -��3 -��� �
���: �

 �: �P�� �: .�+�: Y�@;� 1����� �3- =
��, 8�� -�	: ��+ 
�] �:	.� �

 -�	: d,��� )���: 
,�  2� �P�	I -��3 -��� 1�����I> 8�  �

 G����,�Q� -  =
���6�� 2� ���L
,� 1� ���������+ �3-  ��?E�� �+�:.  

 2� ���L
,� -�	:���+ �3-  2� ���?E256 ���� -  ��+ 
�] y@
N�

 -�	:>�I 8� .
,� ��+ ���L
,�  

 �: �P�� �:���+ �3-  �iI � �;, )�� 2� ���L
,� �: �+2��� y@
N�

 -�	:>�I 8� d,��� 	��8 ���+ -  ���+ >� F��+ ���L
,� ����

��[ ����� )��[ ���I (�� �+�: ���;� .U�� �3-  ��U�� ���+ 8�� 1�0��

 9�7
�� X:�� ����:U�� -  X:�� �9��Tangent Sigmoid   -���� �� 
,�

20  9�7
�� X:�� ���: �LN� 1����U�� -  Y��Log Sigmoid �� �+�:  

 -���� G�� 1� ��20 .
,� �LN� 1���� 

 d�	k 1�	� 2�� �: -�	:12�  X:�� 2� 9�� 1�0�� ��U �� ����: �

Trainlm  )�� ��0:��� 2�,- ��+ - Levenberg-Marquatd 

 ���L
,��� ��� ���: ���	:  -�	: .
,� ��+U�� -  �+2��� X:�� 2� Y��

Learngdm  ���L
,���+ 
,� �����+ ji, [3�� )�� >� ��  -�	:

 ����: � 12� 1�	� 2�� �: � )2����� �+�:  ���L
,���+ 
,�.  

 �+2��� X:�� ���+ )2��� -�	:Train  ���;� ���+ ��	: ���:���� �3- 

 F��+ ��+ ���� )2���70 %���� �3-  F��� �+�: .15 %���� �3  -�	:

 � 1�	� 
��15 %1� �3  � ��?� R��< �: ���+ �.�, ���
E� -�	:

 T�N
����+ ���.  

>�I �: -���� -��3 -���  
0P 1� �: -���� T� -��� �8�

>�I  ���+ -���� -�3	�a
� 1���E �: -���� -��3 �:� � -���

�� 9�4E� ��?E >�I 2� �P�	I -��3 -��� � ���+  �P�	I �8�

�� ��?E ���+ .�+�:  

  

3 -2-  �(�0E�6��D0� % ;&/  

	A ������ �: �
�:�� Y�� ��,	H4� � 	?� 1��� ����>�I 8� 

 9�� ��,	H4� �:�/� 1� � 	?� 1��� ��,�Q� .
,� ������� �+�: �

 F��� �: 8��p431� ��  8�� ��=
��,  2� �;:>�I 8�  >� ���� ��3

>/I 8� �� ��+  Y�� ��,	H4� �: -���� -��3 
:�\� -��
Q�
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 �� �9�� �@A	� ��,	H4� �:�/� 8��	:��: .
,� 9�� ��,	H4� �:�/�

 G�� �.����� 1���  >� 2� ���L
,� �:�@4P��5 �-  ��2�: Y�� �P��

 ��,	H4� >���	
�G���@A	� -  �: -���� -��3 -��� d�A	: �� Y��

.�	� ��,�Q� 1�  

)14(  ( ) 2
34 3 3 30.0048 3.134 572.42= − +T T Tη  

 ��2�: -�	: )2�	: 8�� 2� F<�A -�iI 8�	
/�: 9�� ��,	H4� �: �:�/�

 -���� -��� �� Y�� ��,	H4� >���	
�G��K 307 : ��,	H4� �

��  ���A �� �iI 8�� ���7� �� �+�:1�� % .�+�:  

 9��P1 ���� �3- �4,�  �� ���7� 8�� �� �,�	: ���� =
��, �: }�:	�

 1�/��� �3�.  

 #&��1- �/'/ �)% C�
� %�)�(�0E�6 ���'  

 -��3 �:�

 -����

)m3/s(  

 
E	,

 ������

 ������	
���

)R.P.M(  

 1���

 ������	
���

)KW(  

 
E	,

 ������

)R.P.M(  

 9��

 -�3��,	H4�

G�	� 2� G�	C  

25291  17129  1680  17129  C7301 

  

3- 
�
�	 $��% 
� �20H� I'(B*+,  

 -�	:0:��� 2�,- =
��, � 	?� 1��� )�� -	�C���: 	: ��uE �

 XP	� WuI	: �V��	CU]20[  ��,	H4� >���	
�G�� ��2�: 8�:�@A	� - 

 �
 	C 	O� �� 	�2 R��< �: W�3 X:�� � ��+ F��D R��L� Y�� � 9��

�� ��+ ]20[.  

)15(  
0 2 1 4 3≡ = − + −W L h h h h  

D��3�-  �
+�� 	�2 F�+ �: G�� 1� V��	CU d��	k � ����� 	: =��A

�� ���+ ]20[ .  

)16(  ( ) 2 4

1 3

ln
 ≡ − −  

∫ ∫
s sT T

a T T

dh dh
L R r

T T
λ  

)17(  2 1
12

2 1

 −
≡ − − 

s
b

h h
L

h h
χ η  

)18(  2 3 3 1

2 1 2 1

1
   − −

≡ − = − +   − −   
c

h h h h
L

h h h h
µ ε µ ε  

)19(  4 3 4 4
34 34

4 3 4 3

1
   − −

≡ − = − +   − −   

s s
d

h h h h
L

h h h h
κ η κ η  

 �V��	CU X:���: R��<  ~�� F��+ X:�� >�a
��	  	�2 F�+ �: F7
��

 y�	;��� ��+ ]20[.  

)20(  0≡ + + + +a b c dL L L L L L  

) S:��� 1��� ��	D �:16) �� (19 �� (�i:�� - )20 2� -	�C 1����	C �: � (

 2� s� � 1� 1��� ��	D 	L< -���� � �i:�� 8���> 	,-  R��,�Q� 2�

 
0P Y2U }	+ 
��0� �� �k���0:��� 2�,-  >� � 	?� 1���=
��, 

 ���@A	� -  �: ��	/  -��3>�I 8�  F�+ �: ���������;� - )21 (

1��: �� ��+ ]20[.  

)21(  
( )12 4 4 3

34 2 34 3

1
1

− −
= +s s

s

T T T

T T

η ε
η η

  

 >� ����;� 8������;� -  -���� ���: �iI 	�o3�v ���C  �@�@Q� FA

 ���0: S��	+ ��,�Q� -�	:4�� �+�: �
���: �� 1� 8��	:��: .�: R��< 

��E=
��, >� 	C� �� ��5 	3 .��4� FA - >�I 8�  ��2�: -����

 �: ��6�� ��+�: �:�/� G�� �3��,	H4� >���	
�G�� ��2�: � �A�� ����	A

 8
 	C 	O� ���i:�� - )2 � 	?� 1��� 1�+ ���0: }	+ (=
��, 

 �� �.�
� 8�� �� �+�: �:�/� ��,	H4� �� 	3 �� ��/  
��� �� 
���

 G���� 1���  2�����;� - )21 (�: 
,�  .���� 

 8
 	C 	O� �� �:�i:�� - )21 ��O�� �: (��,�Q� -  � � 	?� 1���

�: 
,� =
��, >� �� ���0: S��	+ 1����  �� �� �;D�� ��	/  -��3

 ������ � �3��,	H4� >���	
�G�� ��2�: 1�>�I 8� �a
� ����� 	

�� �+�: �� 1���  �, )�� >� r�	\ 2��@A	� -  �� ��� 8�� 	�2 ��

 .��� Y�.��  

•  9�� ��,	H4� ��/  
���
0

r
12 rr =  �
 	C 	O� ���� ��+  ��

��/  
��� 8�� =
��, 2��� ���� �@� ��/  ��,� 	:  ��/  
 � �

 ��>�I 8� .
,� �����  

• ��,�Q� - :	�2 -�3	
����� 

 - : 1 1h (T ) .-���� 1��	P �:� �	� � 
:�\� ���� ���L
,� �: 

 - 2sT �2s 2sh (T ). 

 - ��,�Q� - ε �3h �3T  2� ���L
,� �:���+ - .�E��?� ��?E 

 - ��,�Q� - 4sT  2� ���L
,� �:
34

0 12

r
r

r r
=  ��/  
���)

.(Y�� ��,	H4� 

•  FA����;� - )21 (1���E �:  -�	: Y2U }	+�: 
,�  1����

 S��	+0:��� - =
��, � 	?� 1��� � 8�� 	C� .����;�  �� �+ �k��

 �� ��/  
��� 	��a� �: �/� �k�� 	C� � 
,� ���0: S��	+

 8�� 1� 2� �P�	I -��3 -��� 	��a� 1� X�� �: � 9�� ��,	H4�

 FA ��+ �	643 �� ����2 �� ���:�� �� ����;��� ���=. 

 

4 - J�� & K5�+�  

1 -4 -  ��	� ��L+:' & ��0�B K5�+�#�� $��%  

: -�	: �9�� ~��
� 1���� 
,� ���0: � -2�,  ����� �� 2� -2�,

 ��G � Y	� ��MATLAB  	�o ����;� -��E FA .
,� ��+ ���L
,�

) �iI21 ( ��+ 	�z FA�	� ��,� 	: � ���: ��G � Y	� 8�� ��I ��

 1���E �: �7@A �� ��	�� 	3 �� G�� ��?E ���+ 2� F<�A �P�	I

.
,� ��+ ���L
,� Y�� ��,	H4� -����  

 F�+2  -��� d�A	: 9�� ��,	H4� >���	
�G�� ��2�: 2� F<�A ~��
�

 1�/� �� 1� �: -���� -��3�� �3� 2� -���� -��3 -��� 	��a� �: .

280K  ��325K  ���	7� ��,	H4� >���	
�G�� ��2�:5 [3�� %�� ��:�.  
  

  
 C��2-  �(�0E�6 �/$�� M'0

-B %'() %��/ N,D0� #&' ��D0�
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) 9��P1 2� F<�A ~��
� (9�� 2�,-  ��,	H4� � 	?� 1����@A	� - 

 1�/� �� �:	.� ~��
� � 9���� �3� .  

  

 #&��2-  K5�+�#�� $��% #&' �(�0E�6 �20H� I'(B ��0�B &  

Error(%) W12mod(kW)  W12act(kW)  Q(m3/s)  T1(K) 

47/6  723  733  175/6  281  

45/6  745  793  388/6  289  

44/6  728  775  138/6  297  

43/6  755  804  470/6  305  

43/6  743  794  484/6  313  

42/6  746  794  484/6  321  

44/6  745  794  484/6  324  

  

 F�+3  2� F<�A ~��
���[ :���  2� �P�	I -��3 -���>�I 8� 

 1�/� �� ��+ 
�] �:	.� ~��
� � ��?E ���+ S,�� ������� �3�.  

  

  
 C��3-  ��&0F %��/ K5�+��	F G6 ��0�B & �LH: ��L� O��' 0�  

  

1�43 ���C  F�+ 2� ���� 1���  ��,��� 
D� -���� ���+ �	� ��3�/�

 �V�� �: ���:s�E F4;��  ���� 2�) ��� ���0C�� 	��a� �: 1�100  �;: �:

 2� �P�	I -��� �� ���0C�� )	� >�>�I 8�  ��3�/��� ��+ 8�� (.

-�	���� S��	+ 	��a� F��� �: ���0C�� 	��a�  �: 1�
��2 F?  2�

.
,� 1�
�:�� 

 ��,� 	: ���+ �:��2�� ��O�� �:���� �3-  1� 
���� 1���  2�

)�� �3-  �@4P 2� d,��� -������,�Q� -  � R�;:	� FD��A -�iI

 ���;� W�	Q������ �3-  2� F<�A ~��
� � �;D��9�� 2�,-  -��3 -���

 2� �P�	I>�I 8�  �E��?� ��?E ���+ )�� ��,� 	: �����

��4� ���L
,�. ) 9��P2 1�/� �� ��?E ���+ -���� ~��
� (�� �3�.  

  

 #&��3-  %���P K5�+��
Q �
	� �LH: ��L�  

 W�	Q��

���;�  

 -�iI

 FD��A

R�;:	�  

 8�	
4�

��� �iI  

)K(  

 8�	
/�:

��� �iI  

)K(  

 ���;����� �3  

617/1  184/4  002/0  00/3  40  

  

 F�+4  ������ R�	��a�>�I 8�  ��,� 	: ������i:�� - )13 �� (

 1�/��� �3� .1�43 ���C  ������ R�	��a� 
,� �N/� F�+ 2� ��

>�I 8�  ��3 1�	� >�I 
0P  8�:7/0  ��1/1 �� �+�:  8�� �: ��

 Y�� ��,	H4� �: -���� -��3 -��� Y	C ����: S��	+ �� �� 
,� ��;�

���� -��� 2� 
,� 	
4� ����	A ������ 8��	:��: � 9�� ��,	H4� �: -

>�I 8� >�I -�	: ��3 -��� ) �i:�� ��,� 	:13 (�� �����  2� 	
/�:1 

 1� �: RU�7� 2� Y��� v�3 �� �� 
,� -���� 8�� � �+�:���+� �- 

.
,� ��/�  

>�I 1�G�� 	6�� R���E �:  ��3 1�	� -��3 -��� �� ���: -�A �:

 Y�� ��,	H4� �: -���� �� ��� 8�� �� .
,� 9�� ��,	H4� 2� 	
4�

��  -��� 	
/�: �5 	3 [3�� �� -���� T� �:� 1�G�� [��G � �: 1���

>�I �� T� .��� Y�.�� 8�  

  

  
 C��4- �5'��6 M'0

-B�	F G6  %'() %��/ O��' 0� ���
�

C�
� %/&�&  

  

) 9��P3 2� F<�A ~��
� (9�� 2�,-  1��� �: }�:	� �:	.� ~��
� �

 ��,	H4� � 	?��@A	� -  1�/� �� Y���� �3� .�
�� -  �: XP�� =0�

 ��,	H4� 8������Q� -  1� �: -���� -��3 -��� R�	��a� =�

��,	H4� WuI	:) .
,� ( 9��  

  

 #&��4-  K5�+�#�� $��% ;&/ �(�0E�6 �20H� I'(B ��0�B &  

Error(%) W34mod(kW)  W34act(kW)  T3mod(K)  T3act(K) 

51/6  644  686  60/304  304  

50/6  655  698  91/305  306  

47/6  661  703  35/308  308  

50/6  648  690  90/309  310  

50/6  629  670  65/311  312  

50/6  651  693  85/313  314  

49/6  616  656  90/314  316  

  

 F�+5  ��,	H4� >���	
�G�� ��2�: R�	��a��@A	� -  ��,� 	: Y��

 1�/� �� 1� �: -���� -��3 -����� �3� F��� �: .����Q� -  =�

 G�� 1� ��2�: R�	��a� ��,	H4� 8�� �: -���� -��3 -��� R�	��a�

 R�	��a� -���� -��3 -��� l��� R�	��a� �@<� 
@E .
,� l���

 �: -���� T� -��� l���>�I 8� 
,�.   
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 C��5-  �(�0E�6 �/$�� M'0

-B �� %/&�& %'() %��/ N,D0� ;&/

IP  

  

2 -4 - 
�
�	 $��%  

 ��,	H4� S��	+ �: �
�:�� ����+ Y�� ��,	H4� -�	���� S��	+

 � 9��>�I 8�  ���0: -�3	
����� .
,� �������+ -  ��,	H4� �� 8��

 ���0: � 	?� 1��� 8��p43 � ��,	H4� 	3 �� ���0: ��/  
��� F��+

 9���P ��4  �5  ���� 1�/���+ ��� 1��� ��+ ���0: ���7� 8�	
/�: .

 d��	� �: Y�� � 9�� ��,	H4� � 	?�20 � %6 %�� �+�: 8��p43 .

 d��	� �: F��, � 	?� 1��� ��+ ���: ���7� 8�	
4� � 8�	
/�:

6/9 � %9/2.
,� %  

  

 #&��5- & %/�: S5'0� #&' �(�0E�6 ��� �	

�  

W12opt(kW) W12mod(kW)  r12opt(bar)  r12(bar) T1(K) 

742  723  956/1  100/2  281  

750  745  922/1  030/2  289  

615  728  910/1  000/2  297  

642  755  880/1  971/1  305  

643  743  867/1  947/1  313  

633  746  850/1  919/1  321  

632  745  846/1  911/1  324  

  

 #&��6- & %/�: S5'0� #&' �(�0E�6 ��� �	

�  

W34opt(kW) W34mod(kW)  r34opt(bar)  r34(bar) T1(K) 

689  644  943/1  180/1  281  

685  655  911/1  180/1  289  

630  661  895/1  800/1  297  

670  648  876/1  782/1  305  

660  629  855/1  776/1  313  

658  651  848/1  776/1  321  

630  616  845/1  776/1  324  

  

 F�+6  1�/����3� -  9�� ��,	H4� 2� �P�	I -��3 -��� R�	��a�

 �: -���� -��3 -��� R�	��a� ��,� 	: ��+ ���0: � -��E S��	+ ��

 �� ��,	H4� 8�� 2� �P�	I -��3 -��� ��+ ���0: S��	+ �� .
,� 1�

 ���AK10.1� -�	���� -��E S��	+ 2� 
,� 	
4�  

  
C��6- �6 ��&0F %��/ M'0
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