
  
 �������� �	
�� ������)����� ����� ���(  

������ �����  �!����  

  

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

������� ����   

  

  

�!��"� �#"! �$#� %&' �� (
  )����* +���,� �-./� �(
01��  

  
  

��"���  

�#���! $���  
  

�%� �" ��	!�  

 ��� &��! ���� �	����'#  
  

  

"(��� ��	!�  

  �	��)*�%+ ,-�� .���  
  

  

  

/��	0� 1386 



  

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

                                                                                                                                            ������ :.....................................  

                                                                                                                             	��
�                        ��� 	��
�.........................  

  

  

  

������ �	
���  
  

  

 �����	� �	�  :������  

  

  
 �	� :����  

  
������ ��	�������  :84129021  

  
 �	����� :	�
�	�� ����� ������  

 

 ������� :����� ������  
  

 ��
�� ����: �������  

� ��!  

  

"��!
� "#
� �$#� %�& �' (	� )�'��� *�+�,� �-.�� /(	01�� 
  

  

Gas Turbine Combustion Chamber Modeling Using Artificial Neural Network 

  
Title :  

	�!2�� �	�3�  
  

 �����	� �	� :������� �	�  
  

�	�  :	���  

�4	�� �	�3�  
  

 �����	� �	� :� �!" #$�%  
  

 �	� :&���  
  

��	!����  
  

  3	!��	5�              �����                    �+�5��                                                   
  

��
�� 6	3:   87786                    
  

  
�  �84+9 :�  

  
 ;�+'�	5�         ;�	�!'�           ;� �<3���            ;+-��  

 

;+2	= �	
��� 

  

  

�	�.> ���<�: 110  

 

+?�
�  :25  

 

64�@  :10  

 

������  :24  

 

��A�  :�  

 

�8�4 ��	� :�  

 ���<�

B@�+�:30  

CD	�E ���<�  :3  

  
)��  	'(  
  

 
  "3�	F�                "0������ 

  
����G  

 
	F  "3��                         "0������  
  

H���	?   ��+�F I�1�     9JF H�0?��    

+�.�>��   

3�	F �8�4 ���5  ���� ���	
 �� ��� ������� �����
� ������� ������
 ����  

)��K �8�4 ���5  Artificial Neural Network, Learning Patterns, Combustion, Diffusion Flame (Non-premixed flame)  

    

  

 

������� ������ �� �����  

��������� � ���  !����  

"#������� ����$% 

 



������2 3 �$�*  

  

  ��'#�1�� &��! �	2� 3�45 6��+ $��%+"� ��	!� /� 7�5 ���8�� ( 9��� :- $��	8� ;�� :-

   �1� ����"�14 7<	�= ��� ��- ���#� ���-��� ( 3"��="'- 79��� /� >�?@� $�A�� B�� $�%� "� :2

A�� :- ( <#�%�<����� ���#� C#"��- 3��D%2 �� �� �" >�?@� E#� ���!" $�. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



4��$5  

 3/�0G�� 3��- �*��H� ��H* 3�  :D�I J(" 7>�?@� E#� "�    ��1	� .��1	8� �1�#5��– 

)!� �I ,4�( ��L	!� �"�� ��  .     3/�10G�� 3��1- �*��1H� ��1H* 3�  :D�I /� 7M(� 9N- "�

�/ B����O� ��	� .��	8� "� �#��%�I 3�  :��= ���P    ( )1!� �1I ��L	1!� ��    /� $(� 91N- "�

 3/�0G�� 3��- ��H* :D�IJ��O� :�
I �- /�= E�-"�� .��	8� :QL@�  ��1	� R��N� S�P   ��1 

��L	!�  �I)!� .  ��1#�+ ����� T�	N� �#��?� ( �#��%�I B��%2 E�%N� "� �  :D�I E#� �#�����

� �I ��� ����)! .    :�
1I T1�	N� B�1HN�� �*�
I ,#/�� 3��- �G�� ��"(5 )!� :- 7U� 

 /�= E�-"�� .��	8� :QL@� T�	N� ,V�?� "� �#��%�I 3�  :��= ���+ �02 ( ��� ����� 7J��O�

�I�- �� .      3/�10G�� ( �1I�- �1� 3/��1� �D���1�#� "�	W�! �- <	0�! X# 7�*��H� ��H* :D�I

 J/��5 7�*��H� ��H* :D�I :��!�-   X1#'�� �1- <2�8 E����4 Y"� 3��- ����!�@� <	0�! ����

�I�- �� M�� X# ��G�� ( :�Z0� .   �1
4�( <	10�! /� ���%N� :N0� X# ��G�� 7M�� U�  ,4�( "�

�I�- �I [L8 �5 "� <	0�! ���� B����HW :2 �I�- �� .   :1�8�� "� ��1H* :D�I :2 �A�5 /�

/��� ��W ��/( \#��] ���%� "�=/�! 3��- J/��53�("( �I/��5 3� ��G� ���P    �1� �1+(�W

        ��"(5 )1!� :1- :1A�	� "� ( :�
1I B�1HN�� :�1!�@� 3��1- :	�0��� M�%	8� ,-�� J(" 7�I�-

)!� �I :	��= "�2 :- �I/��5 3� ��G� .    �G��1
� �%�1I ^�1� 7:	�0��� M�%	8� ,-�� )��� " "�

 ( ����2�( ��+( ��
� :- :2 )!� �I :	��= �Q� "� .��	8� 3��-    "� ���1�� �#��%�1I 3�1  :��=

�I�- �� ���2��02� ( )W�! 9�2�( .   3�1_W `�1� /� :D�I J/��5 3��- ��L	!� �"�� <	#"��G�

�I�- �� )!���! �- "��	�� S� .    �1� ��1��� :1#a (� �- "�N��� `�� /� ��L	!� �"�� ��H* :D�I

#a ���
� �- �L�	N� 3�  :D�I 7:���- :D�I M�H@	!� 3��- :2 �I�-     �"�1� B(�1L	� ��1��� 3�1  :



    )14� ��'1�� b�1@G :- :c ( "�	W�! b�@G :- :c 7��D�%* E#�	�- �- :D�I ( �#��= ,4�( ��L	!�

)!� :	��= "��4 ��L	!� �"�� �_W.  


� 46�3� 7'��� : :D�I �*��H� ��H*P�I/��5 3� ��G�P.��	8�PR��N� S� :�
I.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



91
:� �	���  

  

  

 ;"�1 :���<�  1  

 ;"�2 :�
*�2���,� �
����=�� �� 
��= ��� �
$� 3 �#"! �
� �$#� ;�
$* �>?�  9  

2 P1P ��H* 3�  :D�I d��D� ( 3��= dDI :eN#"��  10  

2 P2P �4��	8� 3� ��#5�� "� ��H* 3�  :D�I 3��= "�D-  11  

2 P2P1P .��	8� d��8 �+(�W 3�  ��#a5 ��'�� 9#�%�  12  

2 P2P2P � "�2 ��"��8 �#5"�2 ���- 9��a�- ��  12  

2 P2P3P  �4��	8� 3� ��-"�2 "� <2�8 �%�I ���-  13  

2 P2P4P  J��O� .��	8� 3/�0G��  14  

2 P2P5P  :�
I �- <2�8 �%�I ���-22 / COH    :	�0��� M�%	8� ,-�� 3/�! :��I �-  14  

2 P2P6P  E�%N�xNO ��"��8 3�  �=(��� "� �+(�W  15  

 ;"�3 :�!��"� �#"! �
� �$#� ��
#�  16  

3 P1P ����f��2 "� ��0�� 'O� 3/�0G��  17  

3 P2P �D#g�G��- �(��  19  

     3 P3P �D#g�G��- 3�  <	0�! "� 3��=��#  21  

3 P4P �(�� M��  21  

3 P5P Y�@� ,-���  23  

3 P6P :#a ��c �(�	f!�� :D�I  23  

3 P7P W 9�� ��H* 3�  :D�I )!���! �- J/��5"�  25  

3 P7P1P  ����� :#a ��c ( X# �- "�W 9�� 3�  :D�I  25  

3 P7P2P  "��	�� S� 3�_W �I/��5 <	#"��G�  29  

3 P7P3P  �I hi�� "��	�� S� 3�_W �I/��5 <	#"��G�  30  

3 P8P �*��H� ��H* 3�  :D�I ��2 3��- <�0?�  31  

3 P8P1P  "�W S� �# �	�=/�- 3�  :D�I  32  

3 P8P2P W 3�  :D�I����/�! ��  32  

3 P9P ��H* 3�  :D�I <�� B����HW  32  

 ;"�4 : +���,� ���
� ��
' @A��
$� �� ��
�&�� �
� ���  ��
�( B����C* �(
	 D��34  



�
��E�!��"� �#"! �
� �$#� �7�	�� ���  

4 P1P B���2  35  

4 P2P :	��# 9 �2 �#��%�I $'���D�  36  

4 P3P 0�! �#��%�I���� B�HN�� ���� jN��<	  37  

4 P3P1P Ri	W� )�0� ���-  37  

4 P3P2P � �G�D!� 6�N	��  38  

4 P4P <	0�! �#��%�I X�	��! �- <2�8 Ba��
�  39  

4 P5P  �I/��5 3�  :��%� ��G��)�I/��5 3� ��G�(  40  

4 P6P :D�I J/��5  41  

4 P7P ��H* :D�I "�	W�!  42  

4 P8P ��H* 3�  :D�I � �/�- ( k#�	�  43  

4 P9P #�?� k#�	�����!�@� �#5"�2 :0  45  

 ;"�5 : F3� �� +���,� �-./� �� ���'�3 �
�� ���! ;,PDF  D
"/�	� ����

��(��= �
��G1�  

49  

5 P1P B���2  50  

5 P2P  3"�Z�PDF  50  

5 P3P  Ri	W� )�0� M��
� ���- / M��PDF  52  

5 P4P ��� " m�  )#�(�@� ( �#�'�Ri	W� S� )  52  

5 P5P Ri	W� S� )��� " B��n'+  53  

5 P5P1P  Ri	W� )�0�)R��N� �02(  53  

5 P5P2P Ri	W� )�0� m��- M�?	�� Ba��
�  53  

5 P5P3P  Ri	W� )�0� P �a�( o�� )�0�  54  

5 P5P4P  Ri	W� )�0� :_-�"f  :+"� ( oG��c 7 �  :��= o��+ )�0� �-

"��8B  

55  

5 P6P <	0�! �- <��8 o%�I ���� T���� m�  M��  56  

5 P6P1P  E�%N�SheetFlame  56  

5 P6P2P o#��%�I M��
� ^��   57  

5 P6P3P  �G��
� ��p �%�I M��ChemistryFlamelet  58  

5 P7P m/�0G��PDF  S�a�-"�� )G�8 "� o#��%�I 9���( m��-  59  



5 P7P1P  �# M�%	8� ,#/�� ,-��PDF  59  

5 P7P2P o�5 R��N� �02 /� q!�	� �#��?� &��N	!�  60  

5 P7P3P  ,-�� d�IPDF  61  

5 P8P  �g��L#� oG��
� o%�I m��- �� R��N� r'+ ���� M�� J("  63  

5 P9P  $��L� ���-�#�5 m��%	0�! "� �A	0+ M(��+�  64  

5 P10 P .��	8� :QL@�  65  

5 P11 P :D�I )0�  66  

5 P12 P d8 J(" B��n'+  68  

5 P13 P  3"�'�� $�� d8 :0#�?�PDF  d8 �-LES 9#��/5 k#�	� (  69  

 ;"�6 :�
�� ����� H7�?� �
���&' �(
01�� �� �!��"� �#"! �$#� ��� �
$�  72  

6 P1P 	W�!��L	!� �"�� ��H* :D�I "�  73  

6 P2P �I/��5 <	#"��G�  73  

6 P3P �I/��5 3� ��G� M�H@	!�  74  

6 P4P 3��- ;��?�  75  

6 P5P :D�I 3g�G����  76  

 ;"�7 :I�
��  77  

7 P1P  3��* d8 k#�	�PDF   78  

7 P2P ��H* :D�I :��!( :- 3/�0G�� k#�	�  81  

7 P3P 8 k#�	� "� s@-�I d��  85  

 ;"�8 :�
' ����� �� ��
��
�����  87  

J���  89  


� �	���  91  

 )!���1 P ��	� E	W�! �	�D!� $'���D�  92  

 )!���2 P <2�8 Ba��
�  93  

 )!���3 P � �G�D!� 6�N	�� �@�  94  

 
  

  

  



D3�� 3 D
$�� �	���  

  

  

 M(�+2 P1P �#5"�2 ���- 9�� )�+ ���+(�W ( ��#�("( a�- ��� ��"��8 "�2  13  

 dDI3 P1P ��(�� "�	W�!  17  

dDI3P2P �D#g�G��- �(�� 3�%I  20  

 dDI3 P3P �(�� ��I M�
� �@�  20  

 dDI3 P4P �(�� M��  22  

 dDI3 P5P Y�@� ,-��� T�	N� `����  23  

 dDI3 P6P :#a ��c �(�	f!�� ��H* :D�I  24  

 dDI3 P7P ����� :#a X# �- "�W 9�� :D�I  26  

 dDI3 P8P ����� :#a ��c �- "�W 9�� :D�I  28  

dDI3P9P ���(�� �- q���� ;�#�- ( ��/( \#��]  31  

dDI3P10P �*��H� ��H* 3�  :D�I 3��- :?�V  31  

 dDI4 P1P �  :��= ����/ B����O� �� � ���� ��H* :D�I "�	W�!  35  

 dDI4 P2P  :	�0��� ( ��� �� � ���� ��H* :D�I "�	W�!  36  

 dDI4 P3P  ���2 ��02� ( )W�! 3�#�� 3����#�+ 3��- .��	8� :QL@� ( Ri	W�  38  

 M(�+4 P1P  ���
� /� �
-�� B"�� :- ��#��/5 3��G� 3�_W ( �I/��5 3��G� 3�_W

����� 3���(��  

43  

 M(�+4 P2P  ��#��/5 3��G� 3�_W ( �I/��5 3��G� 3�_W  43  

 M(�+4 P3P  �I/��5 3��G� 3�_W)a�- ��* ( ��#��/5 3��G� 3�_W ()E�#�� ��* ( 3��-

���2 )2�I T�	N� 3�  :��=  

44  

 dDI4 P4P   $�= �- :D�I 3��- U�  �#��?� \08 �- ��H* ���- 9�� "���%�510−  :���t

��	� 3��-  

44  

 dDI4 P5P   $�= �- :D�I 3��- U�  �#��?� \08 �- ��H* ���- 9�� "���%�510−  :���t

 3��-H  

45  

 dDI4 P6P   $�= �- :D�I 3��- �  :��= ���+ �02 ����/ B����O� /� :��%� X#510−  46  

 M(�+4 P4P  \08 �- ���H� :Q��8 3����� :0#�?�)(kbytes ��H* :D�I �- ���5 )�0� (  47  

 M(�+4 P5P  ���/ :0#�?�CPU  \08 �-)(s�#� J/��5 ��H* :D�I �- ���5 )�0� (  48  



 dDI5 P1P  E�%N� /� d��8 �fG�	�� ( �  :��= ���+ �02SheetFlame  57  

 dDI5 P2P �G��
� �%�I 3���� �- �  :��= �G�� �02  58  

 dDI5 P3P ��= 3�%I X# 7:	�0��� M�%	8� ,-�� /� �D��)( fp  59  

dDI5P4P T*��� 3�	G� ,-�� dDI :��%�  61  

 dDI5 P5P  3��- �	- ,-��3.0=f  (005.0'2 =f  62  

 dDI5 P6P  3��- �	- ,-��1.0=f  (01.0'2 =f  63  

 dDI5 P7P ��� ( oG��c 7�  :��= o���/ q!�	� �#��?� :�!�@� ��("  63  

 dDI5 P8P  "� ����!�@� B���%* 3/�!��+prePDF  (FLUENT  64  

 dDI5 P9P  9#�%�TableUpLook  �G�D!� 3��-iφ  /� �
-�� ����* :-f  (2'f  65  

 dDI5 P10 P  .��	8� :QL@�  65  

 M(�+5 P1P ��  ( )W�! 3�("( B�HN��  66  

 M(�+5 P2P  T�	N� 3�  d8 3��- :����- 3��� :0#�?�  67  

 dDI5 P10 P  ��L	!� �"�� :D�I :��%�  67  

 dDI5 P11 P  d8 3��- :G�0� �#���%  )4� 3�%I /� :��%� X#PDF �- 12  :��=

�#��%�I  

68  

 M(�+5 P3P  d8 B�HN��PDF ��L	!� �"��  68  

 dDI5 P12 P  ,_?� "� ��� �*�
I ,#/�� :0#�?�mmx 100= T�	N� )G�8 :! "�  69  

 dDI5 P13 P �-�A� k#�	� "� ��L	!� �"�� B�'��A� ��2 3�%I  70  

 dDI5 P14 P  �*�
I ,#/�� :0#�?� ,_?� "� ��	� �G�� �02mmx 100=  )G�8 :! "�

T�	N�  

70  

 dDI6 P1P ��#�+ ����� E�%N� 3��- �I :	��= �Q� "� ��H* :D�I ��2 3�%I  73  

 M(�+6 P1P :���- :D�I M�H@	!� )�+ �I 9#��/5 3�  :D�I 3�_W ��'��  76  

 M(�+6 P2P ��H* :D�I B�HN��  76  

dDI 7 P1P 3� "�	��2 "� ��� d8PDF  �-12  :��=)2128( max KT =  78  

 dDI7 P2P �	��2��� 3� " "� S�a�-"�� 3u d8PDF  �-12  :��=)95.58( max =K  79  

 dDI7 P3P  )TG� ( ���+ �02 3� "�	��22O )6 (�+ �02 3� "�	��2 ��CO )& (

 ���+ �02 3� "�	��2OH 2  

79  

 dDI7 P4P   "� R��N� �02 S��#"�( ( R��N� �02 �*�
I ,#/��mmx 100=  80  

 dDI7 P5P   "� R��N� �02 S��#"�( ( R��N� �02 �*�
I ,#/��mmx 400=  80  



  dDI7 P6P �� "� ��� �*�
I ,#/mmx 100=  81  

 dDI7 P7P  "� ��� �*�
I ,#/��mmx 400=  81  

 dDI7 P8P  "� ��	� ���+ �02mmx 100=  82  

 dDI7 P9P  "� ��	� ���+ �02mmx 400=  82  

 dDI7 P10 P  "� �u�02� ���+ �02mmx 100=  83  

 dDI7 P11 P  "� E-�2 ��02��� ���+ �02mmx 100=  83  

 dDI7 P12 P  "� ��� �*�
I ,#/��mmx 600=  84  

 dDI7 P13 P  "� ��	� ���+�02 �*�
I ,#/��mmx 600=  84  

 dDI7 P14 P  "� �u�02� ���+�02 �*�
I ,#/��mmx 600=  85  

 dDI7 P15 P  "� /�= /�� "� 65 ���+�02 �*�
I ,#/��mmx 600=  85  

 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



B��
"�K� 3 LMN! �	���  
  

  

  

�O&� @
� ;#&	 
PO 

  

Q�7?� �0� 

  
f 

  

P 

Q�7?� �0� R	��� f P 

� �0� S�
O��3Q�7? 
2'f P 

T0�
�O	 T�(3 9O�U w P 

V
O
� θ P 

F(��= W�� η P 

L��&� 9O�U α P 

X�7:� T3�K y P 

T#"! �P#� T3�K ŷ P 
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Artificial Intelligence  

2
 Soft Computing 

3
 Serial Processing 

4
 Parallel Processing 
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 Genetic Algorithms 

6
 Artificial Neural Networks 

7
 Fuzzy Logic 

8
 Expert Systems 

9
 Hybrid Systems 
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 Reynolds Stress Model 

11
 Direct Numerical Simulation (DNS) 

12
 Probability Density Function (PDF) 

13
 Premixed Flame 

14
 Non-Premixed Flame 

15
 Central Processing Unit 
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 Look Up Table 
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