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Abstract 

Micro turbines are indeed very small gas turbines (25-300 kW) that usually have thermal regenerator or recuperator to minimize 
the energy consumption. In currently working plants, the air entered into the compressor is compressed and then is preheated using 
the heat of turbine exhaust gases in a recuperator. One of the methods to enhance the performance of the gas turbine is using a heat 
exchanger to recover the energy of hot gases leaving from gas turbine. To recover heat in gas turbine industry different devices have 
been used. In general, heat recovery devices are divided into two groups i.e. i) regenerators and ii) recuperators. Regenerators act 
periodically and at the first time interval it absorbs the heat of turbine exhaust gas in the heat exchanger matrix and in the next time 
interval transfers heat to the cold dense air leaving the compressor. In contrast, Recuperators are heat exchangers that transfer heat 
into compressed air continuously and use the energy of exhaust hot gases. This paper investigates the thermodynamic of micro-
turbine. The results show that adding a recuperator increases the cycle thermal efficiency significantly. Also this paper investigates 
the effect of recuperator materials on the micro-turbine performance and the turbine inlet temperature as the most effective factor to 
increase the performance. The thermodynamic equations were solved by an engineering software EES2013. Considering the results 
show that at the pressure ratio of 4.29 the thermal efficiency is maximum and adding a recuperator decreases the fuel consumption 
rate 45 percent in the combustion chamber. 
Key words: Thermodynamic modeling, Micro-turbine, Recuperator, EES software.  
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1 Austenitic stainless steel 
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     ��C#O �C�� �E3�C� ��C#O O� ��$�* �
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    �� %�C���� 1��C� ,�	
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.����  1�$ ����� �*    C� ��C��	�����     ���C! ,�*��C��	��� EC���� �C* �
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�*  S�$ �* �0��10   �C* ,�*����	��� ��+ �� �� ��$ �� ���#�
��CC��	�����   � CC�3 �CC"
��+ �CC�K* (� 	CC
.� �O	CC@� F�CC! 1�2CC��
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�$ �* �0�� �* S11   ,�*��C��	��� ��+ �� �� ��$ �� ��3�#�
 �*����	�����    ECK� 	C�� ,�� �� P�
�3 �0��� F�! ?	@� E3�� �*

 �3��F ��3 �6���� E3�� 1� ��� �* � %>	�� ?	@� E3�� �� ���2�*
.$��  
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CC!� \��	CC$ �� ,�*�	CC��	����	�-.T ga�CC.M� %�CC�� �� ������0C15 �
 ��#O013/1  ���� *�B� � ��*60   .��	C6 �C� ,��M� %    �C* �C0�� �C*
 S�$12 �   1���C��� � �C0�	F 1��� E3�� ZT�* ���� *�B� E3��

    �C0��	F 1��C� E3�C� �* 	&�� ���� �q! (� L�/��� E��2O� .��$ ��
       1��C� ��C�� C*�B� E��2CO� �C* �C� ��$ �� ��3�#� 2�� � ��$ ��

	F ���F  .O�� �3��F E��2O� 2�� �0�  
S�$ %�313  �14   ��C#O ��� l�+	* \�H� %��� =�	�j� ����K�

     �C� 1�C#� �� �O	C@� F�C! 1�2�� � S��! ����	+ ��(�* S*�K� ��
   ��C#O �C��  � �� \�H� %��� E3�� �* �� ��$ �� ��3�#� ��3�
 ��$ �� ��3�#� ,��^.3 .��$ �� ����	+ ��(�* E��2O� ZT�* r�F

�    �C*�� �C� E3�C� 2�� �O	@� F�! 1�2�� \�H� %��� E3�� �* �
� ��� �M]�� ,��	*��* �	$�\ � l@� SH��*����	��, 	* ��1�2  
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� 1� ����	+ ��(�* � �O	@� F�!_��F 	�` E3�� ,��	*��* .$�� �3
\�H� %���� � �0�	F 1���  1������ � �3� �� E��2O� �� P
��!
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,�*���  � 1������ � =��]     (�C6 %�C�� �C* P�K
�� z����� %(�6
    %�C3	
����� 1��C�T �C* ��!	X.� P��	� ��� � ,�*��� �* %���� R��

�_      %��C3 C*�B� � ��C#O � �C�� SC��] (� �q�H� S���T 2�� � ��t6	�`
  P��	CC� �CC�� � �CCq�H� SCC���T ,�CC* ,CC�� �� �CC� ���� 2CC�� %����

��$�* �� J�	
+� �G/H� ��#O ����� ,��M� �� ��!	X.�    \C!�� �C�
���"* �+ �� ,�*��� ���(�!  �* %���� %��� ��� !� ��$ �+�	B %�

 ,�*���)TIT ()Turbine inlet temperature(  �3 �-���T �-.0 (�

�� ��  � V	C
�� � ���C* �� !� �� �"�� V	�      � 1��C� 	C* �C���� �C� �C"

_� 1������ �	� W�0 %��
F�! %�"
����H� -T �* ����$�* �
$�� 	�`
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�.� ) 1���TIT(       ���CK� ,C�� �C� ��� E��2CO� (�C&� ���K� (� 	
#�* ��
��	)�� ,��M� ,�*��� ���(�! \!��.    C* %�C�� �� �	���C��  �C+ (� 	�a

 � ����	+ E�� ZT�* (�&�D	6  1�$ �(���� (� E�*	��   V�� ~C��� %�3
� ��$ ,�*���      �C3��F V����C* �� ,�*��C� 	C.T E3�� ZT�* 1� ��� �*

.$�� �*  �0��  %���� %�C�� E��2O� �* �� ��$ �� ��3�#� ����.� �*
 2�� � O�� �3��F E��2O� 1������ ,�*��� �*     %�C3����.� �C* �C0�� �C*

 S�$15  �16  �� ��$ �� ��3�#�    ,�*��C� %���� %�C�� E��2CO� �*
�3��F E3�� �O	@� F�! 1�2��   .$��  

    C� ,�*��C� %���� %�C�� E��2CO� �*  ����"* ��#O ���  � �� �
 �
��� ��� E��2O� �� 1������ 1���    �C* �C0�� �C* ��� 	u���+   �	C� W�C0

 ,�*��� %�3���H�       �C3 �	C� %(�C!  C�F (� ���/
C!� �* �� ��$ ��
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 �� ��q��.3(�  S�$20 �� ��3�#�  1������ E��2O� �* ��$

����	�����  ��(�* �,�*��� (� �0�	F �O'�� =��	+ (� ���/
!� S��� �*
 (� �F	5 ����	+12.32%  �*35.76% �� E��2O�  S*�] ���K� �� �*��

 (� ���/
!� %���2� (� ��� � !� �"0������	�����  ���� 1�#� .�3�  
 %�	�-.T \��	$ ,��M� �� P"� %�3	
����� (� ��� ��#O ���

 S�$ .!� (�6 ,�*���  �21  	* �� ��!	X.� �� ��#O ��� =�	��j�
��� 1�#� �� �F	5 ����	+ ��(�* %� .�3�  

   

  
 ?��21- �:); �'�()D �%9�. *-� ��@A BC2� )YW'  

  
����� ��!	X.� �� ��#O ��� E��2O� �* � �
$�� �#��2O� ���� ��
*� 1�

 ���K� �* 1��!� (� W����#�*     �C�� � C$�� �C3��F �#3�� ����
 S�$ p*�q� ���"* ��#O15 2O� �*    E��2CO� ,�*��C� %���� %�C�� E��

��   .�*��  
  ��C0� ��#O ��� %�	* ���"* �qK�  � ��$ �� �G+'� �� ��q��.3

 �� �CCCCCCqK� ,CCCCCC�� .����PR=4.29 �	+ ��(�CCCCCC* %�����CCCCCC��  
hth= 0.259  .!�  

 %�3����.� �* �0�� �*22  �23  �24      1��2CO� �C� ��C$ �C� ��3�#�
 �(���� �* %>	�� =�/-� 1�2�� E3�� ZT�* ����	�����60�� %  .��$  



 
 
  

 
 

-T 
��	

�
� 

�.
H�

��
�

 �
-T�

.H
�

� 
��&

$�
%  �

�Y
	�

-T
 

P

!�

 
��

�(
 

�3
�$

�	
�F

 

65  

  
 ?��22-  �%�� /.�&'-)�� /. *+)�( <�!�'-  *(�(% /.�&'-)��

�&'()�&���  

  

  
?�� 23- �� /.�&'-)�� *+)�( <�!�' �%  
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12- ?� ' �. ^&.)� _��1� �,(*+�  

�� �� �-� �&�
�     %�C3	�j
� �C* S��C! ����	+ ��(�* 1������ P�	�6
     C� 	C�( SC���T E��2CO� �C� E3�� � �
$�� �)
�* 	�(_  �� ���2C�* 	�`

  .����� 1������ E��2O� �� E3��  
 ��#O ��� � �(�C*   ,�*��C�  C���	
�2�� �    �,�*��C� �C* %���� %�C�� �

 ��!	X.� �* %���� %��� � ��!	X.�  ���	
��2�� ��(�* � �Q�� ?	@�
 F�!  � W�0_� S���T �-.0 (� 2�� �3 �	� ����   1���C��� 	C* ��t6	�`

.�$�* �� �3����	�����  
   ZCT�* ,�*��C��	��� �T�.&� �* ����	����� 1��2O� �� ��� 1�#� [��
�

O� ����	+ ��(�* E��2     �C�� 1�C$ PC� l�! ,��^.3 � ��$ �F	5
���#�* ��#O  �F	5 ����	+ ��(�* 1� �� �� %����#�*    2C�� � ��C* ��$

        1�2C�� ET�C� ZCT�* ��C��	����� 1��2CO� �C� ��� 1�C#� �-N�+ [��
�
  .!� ��$ %>	�� =�/-� 1�2�� E3�� � �O	@� F�!  

#O ����� ,��M� �� ��!	X.� P��	� ���    � ���C* J�	C
+� �CG/H� ��
      SC���T � C!� ��C$ �C+�	B %� �C��"* �+ �� ,�*��� ���(�! \!��
      1���C��� %�� 	C* %���� %��C3 C*�B� � ��C#O ���� S��] (� �q�H�

CC� �CC���	+_ � ��CC!	X.�  CC���	
�2�� 1���CC��� ,�CC�^.3 � �
CC$�� 	�`
� ����	+ 1������ %�� 	* ��F �*�� �* 2�� ,�*���_ �C#� � �
$�� 	�` ��3

  .O�� E��2O� ����	+ 1������ �"�� E��2O� �* �� �$  

 S�$ �* �0�� �*25  �C� �G+'�       lC�	s� �CN�� ,�	
C#�* �C� ��C$
  a�C* %��� ?'
F� S���* �� �
O� �� J�/�� J�	
+� �G/H� �� %>�26�
    2C�� lC�	s� ,C�� (� �.�GT Es* � �$�* �� �-M$ � S��T V��! ,�*

�� ����.�$ %�"#��� � -T �*  .!� �
O	6 D�&  
   S�C$ �� �C��26   �C� �CG+'�  ��C$      �CC* ��C��	����� 1��2CO� �C* �C�

      SC*�] ��C��	����� (� �C0�	F %�C3(�6 %�C�� (��3 1�5 ,�*����	���
�� �G+'�       ��3�C#� ��C$ �C� CO��(�* 1�C5 %>	�� (� %���K� �$�*

��  �(���� �* %>�26� l�	s� 1�2�� �� ��$20�� E3�� %   .�*��  
(~��)  

  
)(R  
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 ?��26- �&'()�&��� �. /.�&'-)�� *+��,( b�)\' �"�%  

  

13- ��1� - e . *),  

      �sC#� 	CY�+ pC�KH� (� ��C�� C!� �* [��
� � =�M��q� ��!� 	*
 �� ���	6   (� �C$�� S��C! ~-
s� %�20� �� %>�26� l�	s�  C�   �C�

CC* (� E��CC� 	�tCC��� CC#6	* SCC���T �CC! (� �CC�� :�CC$�* 1-  E�CC���
����.�$� 2- =��	+ V�K
�� � 3-     C#6(�* ,C�� ���C.� �� �{��qN�
%	�t���     �C� �� J�	C
+� �CG/H� �� �C3  �C3�    ����.�C$ E�C��� �C�� �

�-N� !� %>�26� l�	s� ���� ,�	�.   =��	C+ V�K
�� �����	����� %�	*
%>�26� l�	s� ���� {��qN� �    ,�*��C� �� %>�2C6� l�	s� .��
�3

�� ��&�� {��qN� \!�� 2�� ��3 ��!	X.� �� �  ���*���� (�6   .��$  
  

14-  0fg6 B�)
A 
���� ��#O% ��!	X.�  compressor inlet Pi 

��!	X.� �0�	F ��#O  compressor inlet Pz 
	0 T	!�1� �3 ����% 

J�	
+� (�6 
mass flow rate of 
combustion  gas gmɺ 

�0�� ��3 =��	+% H��\  ambinent air temperature T1 

��3 ��#O% H��\  Ambinent air pressure P1 

*�� �	0� F�!  mass flow rate of  fuel fmɺ  

���	+ x(��� ����, 
F�! 

low heating value 
 LHV 

���% ����% *����,  turbine inlet temperature 
 T3 

���% 0�	F� *����,  turbine inlet temperature 
 T4 

���% 0�	F� ��!	X.�  outlet temperatre 
compressor T2 

���% ����% ������	���  
Inlet temperature 

recuprator 
 

T5 

0�	F ���F ����  the network system Wnet 
��!	X.� ��� work of compressor wAC 

� �������% *����,  the work of gas turbine WGT 
���� ��#O%  �G/H�

J�	
+� 
combustor inlet pressure 

 P3  

���� ��#O% ��!	X.�  compressor inlet pressure 
 P4  

0�	F ���F 1����  net power output PNET 
��� �����% *����,  turbines work WT 

���� ��#O% ������	���  inlet pressure recuperator 
 P5  

0�	F ��#O� ������	���  outlet pressure Recuperator 
 P6  

 .! �� ��#O O� �N��
��3 

The percentage pressure 
drop of the air side 

HaP Re,∆
 

 ?	B ��#O O� �N��
J�	
+� (�6 =a�@H� 

the percentage pressure 
drop of the combustion gas 

side of the APH 
 

APHgP ,∆
 

O	w� ��	6�� J�	
+� (�6  
heat capacity of the 

combustion gas 
 

Cpg 

O'�� =��	+�  �G/H� ��
J�	
+� 

the heat loss in the 
combustion chamber 

 
CCLQ ,

ɺ

 
 �� ��#O O� �N��

J�	
+� �G/H� 
the pressure drop in the cc 

 ccP∆ 

� 1���������	
��2�  
*����,  

the isentropic efficiency of 
gas turbine 

 GTη 

F�! �* ��3 ��	0 �*� 
Mass flow rate of air-fuel 

ratio 
 f

a

m

m
AF

ɺ

ɺ
=

  
>	��% 6 ��(��W�  Gibbs energy GE 

	s��l >�26�%  Exergy destruction ExD 
exph  >�26�% O�2���  Physical exergy exph 

>�26�% $�.����  Chemical exergy exch 
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