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?�Y���  

�D�F, OP � #��F& N5���0 %�M!$, ���� %��� ��L? 
!�"� %��� J�K� %I��� �� �F-�  

 ����������� ��������G #�S!� =�M-��� N�[D�F& � \���6� #��!"� =�6-��� #
$W @B�& N

�D 9�� -,��  -��/� � IB M8�/, �� ����� 	��/*F NO�

 1.�!/�H� �� ���*J� �;/, ��/� �B 56�7� ��P�� � Q���F

����� �2�P8 �� -���� .9�� ��8�� ���" ����$0��D � ��

 ���� R�)� -��� �� ���$38�/, 	�� 9J�� <*O� � �S��� �T�!

��:� �� �/UD .#@U� V� ���P, � �$��� -� �S��� ���

*� ����� G��$� -6P8 <���0 �� �� ���$38�/, 	�� �� �� )

-
����F � W:� X��$T -��� ���� �� �B - P� -�� � �$��� ��

-� �)��, �')$� �� -
*0���F � 9�� �*�� �/UD �D �$���

-� M8�/, .���@� �/UD ��0 -�P$T ������ I��0 �� ���/,

"� �**Y, �� V6� ������ ���� ��
*F I/>��> V�E Q���F W*6

(UNFCCC) ���76� ������ ��U��� ���D ������ �� � � ��

 �� 	*�� ��D ������ ���)8� �� �� ���� �� ��*�/6;20 

 ������2015  ���" �*�], ��/� ����/UD 9��^D� <�/,

 -��:; �P��; ��*U7� �;/, Q���F M8�/, -6T� _�� .98��

 ���D ���� 4#, � -��/� � IB X��� .��**Y, ���:, ��

 -�� �� � 	��D WD ��`�"� 9�/3, � -���� _�`� a$��8

 / ! ����/UD M8�/, 	�� -b .9�� ��0 ��/$! ��� 	��D

-� �:P�� �� ��/05  W�� ���D �� c/��� _���� C��

 	�� V�E �� .�$$D d#T� � ��e���� �� �/� X��$T -��$�2B

 ��U����� -:;/, V��" �3� �D ��8�� �P�/, ����/UD M8�/,

������76� �����0 �:P�� ����� �� C�� �� ����/UD �, ���

 ������ �� ����$8 C�3��� � -'�� ?
D M��b �� �� �P�/,

 .�$��
� M�/U, � ���� Q���F M8�/, �� ����0/F V
! ���;

 ��/�� f7U� ���$38�/, 	�� -6T� .���:�� �� -@� ���0

 f7U� g�3*"� 	*$h
� .9����/UD 	�� -'�� ?
D ��)*�

� 	*� ���/UD 	�� -'�� ��:@
D X��/, �/O� �D 9J*

 -�)*��@� �> �� � -,�/T �> �� �P�/, C�� �� ����/UD

-
� �@$�� �e�� ��@� .9�� +���� V��" �D 90�� ��$*
b� ��/,

 �� �� �> �, ����� 	�� �� ��8�� �P�/, ����/UD .��:P,

 f7U� C�^� ��/$! �� .���� ���/� �/`� -��*� ��:����

*� � �:
��O, i/j/� �� �;/, �� ����� �*�� ��/UD �D 9J

-� ������ �> �, +�;�� f7U��� +������ ��:@
D �� ���/,

 .�/T �� �> � -'�� .�/T �� �> ��8�� �P�/, ����/UD

 �S��� ��:
�J*� ���B��D �/�:� ������ �� �S/'/$@, C�3���

��:�j � ./" c�3� �� ��$8�T Q���F M8�/, .���� �$� 5P

-� ���� �B �� �D ���*J� 9�� 	�� �e��*� �
� �� �*� 1�/0

 �S��� ��� �� �� �/� ?�k,����� ��e��; ���� �� 9�� �D

 �� ��� M8�/, 	�� �� �D ���B �� .��� ���/� 9�� �� ���/UD

 	�����)� )*� ����� � ��0 ���
6" l�F g���J� 9�/� ��/$!

-� ���� �� �*�� ���� X��$��&' 1�0��  9T�8 ���� M8�/, 	��

-� W���8 ����� ���� �� -���$� ���&� ������ �� ���/�� �, ���B

 �S��� �$*�� �� �� �/� �mn� �3� �B �P�/, � ��� 9P$T ��

 .���
� 9*�^, ��$�B ��  

 ���� -%#�� ��:���*� �e�� ��� �, 9�� ��e$6, Q���F M8�/,

� � -P*�b X��$� o�� ������ �� I#3�� W�P� �/e'� d#T

 .���� C���� 9��; �� �/� ��0 d�H� ��U*F -6*� �D _�`�

 WD ��`�"� 1_�`� �/e'� d#T� NO� gg��D/� I#3�� ����

W�J*� ������� ���)8� � �/� -��/'B ���D 1	��D �S��� ���

 d#T� � _��T� �� �6��3� � -���� _�`� ���D ��$D �� ��

������ � -!�
�;� 1���8 _�`� a$��8��/
� �*T/, - ���

 �$� �� �@��/H�7  �D 9�� ��0 ��3� -%#�� ��:���*�

 �P�/, WU0 ������ ��:��� �, ���� �/UD �S��� .�0 f��0

 �/e'� d#T� �D 9J$�� 9�� W6J� �h�B .���� ���D 5`� �,

��8 q���, � �P�/, 1_�`�r��:� a$ �� 9'�� -��eU*F 1���



 

4 

 

 ������� 	
��� 
����� ��� ������ ���
� ������� 56 ���� �! � 1396 

 -����� �/�:� 1_�`� �/e'� 9��!� � �S��� ��:
�J*�

�S��� W:� ���)8� �� �> 9�� .���j ?� ��&F ����, ���

 NO� ����� 	�� �� .�B �� t��� �> � Q���F M8�/, V�E

VPU� ���� �$*:� 1�S��� �)*
� �� W� -"����� ���

 ���� ��������� � �/�:� 1-�P$T W� � -�/@J� ��������D

 ��U*� ������� 9:; �� 4#, � 9�/� 9*�*D X��$� ��

 G6%� �� .9�� ����/��� -��)J� 9*
�� �� �S��� ��&F ����,

W�J*� �B ���� �$*:� � 
����� NO� ���� � �S��� �'/� ���

 -��
r��/� ���/
� ��&F�� -���; � W:� u); ?� ��/$! ��

-�-� ��� �� 	�����$� .�$D ���� �$*:� �D ���

W�J*������� �� ������� � �/;/� ������  -"����� 	�/�

 -��/� � IB M8�/, _���� �� -��*��� �� W:� ��D�� �� -@�

��*� � Q���Fr9��� -%#�� ���r��)8� 9:; �� ��r �

��:���$�2B ���D � �S��� ��� .�0�� -H*O� 9J�� ���

 d#T� ���� 4#, � -��e
� � -�/
! ��:0�/�B �3� ���'�

 ��� ��� �� ����� )*� �� _�`� �/e'� ����� 	�� �� .90��

��� �� -@� ��/$! �� ����� 
����� 	
���r	
 C�P8 ���

��$:�r-� - �:��eU��� -
6! ��$
��/, ����/J
� �� ���/,

 
/8 _���� �� V*� �� �� ��*e
U> �3� X��$T �����*� ��

.���
� ���� �D&'�  

  

RS-�
?F? %�&#S-S-, %� 

#[,�� %FA� 

#��!G��� %F�-��� N�G�� =�6-��� ��� @���, =�M-��� N\���6� #��!"�

=��6] 

.����W:� �� -@� W*3�J� �*% -��4�� 	��, .�*6
! ���

-� I/JO� -,���� .2/`O� 1.�*6
! i/� 	�� �� .�/0

 �D -,�PH" � ��/D �� W*3�J� .�/T �� ����� 
����� ��� ��

-� +���� -,���� .�*6
! �B �/;� �� .�$0�� A�
, �� 1�/0

4��.���� ���� �D -�6�7� ��� �/;� W*3�J� �*% -��

�� ������� 1���� VPU��'/' ���-PUPU, ��1  	���:� �� -@�

4�� i/� 	�� �� .9�� W*3�J� �*% -,���� .�*6
! ���

VPU�/' V��� 
����� �� ��0 ����� .���� �� M��b �� 1�'

 2�� N!�� ���, M��b �� � 1���D �/�! �'/' ���/�� �� �����

-� ��/D V��� ���� 	�8�.�/0 

 
��Y� 

4�� �/;� �� W*3�J� �*% -�� .���� ���� �D -�6�7� ���

�� ������� 1���� �/;� VPU��'/' ���-PUPU, ��1 �� -@� 1

                                                             
1
 Radiant Tube Burners (RTB) 

4�� 	��,�m/�� ������� .9�� -,���� .�*6
! ��� i/� 	�� �

VPU� 9�� ��/D ��J
,� C��$D �� t�*��� �D ����/� ���� ��

 19�� ��� �� ��/D ��0 C��$D � 9��/$@� .���� C��$D �

VPU� .9�� G��$��'/' ��� 9�/� �� 2/
P� -PUPU, ��

-� ������� ������� 1�$$D  �� 9�/� �� ������� ����/� ���

 9�� q��� )*� 9�� �� ��0 M�U� ?��]1[. 

��/D V����'/' VPU� �� �D -���-� ��D -PUPU, �� 1�$$D

 .�/T �� #��D �:�B �� 
����� �D ���� �/;� �'/' ����P,

-� .�/T ��0 C��$D 
����� �� ��0 ����� .���� .��*�

! �'/' ���/�� �� ����� M��b �� 1�'/' V��� �� � ���D �/�

-� ��/D V��� ���� 	�8� 2�� N!�� ���, M��b �� .�/0

 ����/��� -�2�� 9*��J� �� -���� C��$D �D ���/� -���

�6*�� �� .���� 1�0�� ?� M��b �� #^�) ����;� -�����; �

-� V3�$� ��/D V��� (��$�� C�3��� -���� +)*��@� -'� �/0

�'/' VPU� .�����, 1-PUPU, ��9�� ��]2[.  
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?F? ^�F��#S-S-, %�&  

 
����� �� -0�� .���� G��$� C�3��� ���� -PUPU, ��� �'/'

-� -���b 1��/D V��� �� ��P�� �� �;/, �� �'/' ���$� .��/0

9����O� � A���� �� �� 8 1��/D I�7��� �� -0�� ���

-� 1�'/' ���� Q$; ���� ��/� �� -@� .�$0�� .����� �$��/,

���/�  X��/, �D 9�� 	�� �/0 �;/, �B �� ���� �D �e�� W:�

 -b�3� �/;� �� � �0�� 9��/$@� ��@�� �� �, �'/' zH� ����

 �� -��*��� ���� .�/0 I�$�;� <�/�� ���� �� �,2�� ���� ��

�'/' G��$� -���b ���
� -PUPU, �'/' i/� �� 1-PUPU, �

���> ��� ��1 ���>��� ���� �2 9�� ��0 -���b ]2[ .

�'/' ���>��� ���� i�/��q��� 1-PUPU, ��� .�$�J� �,

 �� 
����� .2/`O� �D 9�� 	�� �'/' i/� 	�� ���� -�k��

-� 9D�� �D��� 9
� �� VPU� 9
� �� �*J� ?� � �$$D

 ����� �/;� ���>��� �'/' ����]3[ .  

VPU� �� 1���>��� ���� i�/�� �� �D 9�� �DE �� +�2 -���

-� ������� 1����� -�2/b �6P0 �D �� ���
� i�/�� �� � �/0

1���>��� VPU��� ����rr��� ���� -;��� 9!�� �� -���

-�VPU� 9; 9*T�� .�/0 ����� N!�� 12�� 9!�� ���

 9�/� � �/� c/67� �� 
����� .2/`O� G*D�, � �@�

 �0 ���/� �����]4[ ���U*� .�O*j/, ��P� �7� �� �� .

�'/' i�/�� �� �H��� ��-� ���� ��.�/0  


?F? (`?�]��� ���� #S-S-, %�&Z��  

���$� ����� �� �'/' 	������ .�$�J� -,����� ��� i/� 	��,

�'/' 	�� ?� ��  9�/� � �/� c/67� �D 9�� W*3�J� i/� ��

���   � ���� 9
�  �B �e�� 9
� �� �� 
����� �� VT�� ���

-� t��� ���/�� �� ����� 9
� �� 2/
P� W*3�J� i/� .��/0

��� �� �B �D��� � 9�� V`�� ��/D ���$0 .�/T �� -;

 �� �D 9�� -'�`,� ���$0 C�`,� �� �/�$� .9�� ��0 V`��

 1C�^� ��/$! ��) �/0 W���8 �'/' ���� -'/b c�J��� ��@�� �B

                                                             
1
 Recirculating Tubes 

2Non-Recirculating Tubes 

�'/' �� i/� 	�� ���� 2/
P� .(-�/UD C�`,�VPU� �� �� �� -���

-� ������� �$6� �6P0 i/� 	�� -���� .#@U� �� -@� �� .�/0

VPU���� 1��W� �� -U��> -��/� �� .9�� �'/' -��:��� ���

 �� ������F�� ����� � -��/� 	�� �� ��� 	�8� 2�� N!�� �D

-� �6P0/� i�/�� �� .����3 V�� �/�4  �'/' -;��� � �����

 .�$�J� V`�� �O�T ?� �� 2/
P� � ����� ���" 9
� ?�

-� {*F ��/D ���/�� �� �� �O�T 	�� �;/, �� .�$$D V@0 ��

�'/' �� i/� 	�� ���� �/;� -,���� c�J��� ��@�� -PUPU, ���

 C�3��� zH� ����� �/H$� �� .9J*� ���$0 C�`,� �� ��*� �

�'/' �� �e�� i/� ?� 1��U*� .�������F �� -PUPU, ���5 

) V@0 �� �D 9�� ��0 -���b1 	�� �� .9�� ����U� V��" (

������ VPU� �� �� -PUPU, �'/' i/�-� � .2/`O� � �/0

 G*D�, W� �� -��*� ���0 �� VPU� �� 	�� 
����� �� VT��

-� ��/0]4[.  

 

R6G1- 
� #S-S-, 
?F?Z��]��� ���� 
��0]4[  


?F? (O������ abFKA� Z��]��� �� #S-S-, %�&  

�����'/' 	�� i/� 	��, �� ���
� �� ?� -PUPU, �'/' 1��

�'/' �B �� �D 9�� ���>��� � �/�! N!�� �)D��

 �B ��0 c/67� � �/36� �� 8 V��� �� 
����� .2/`O�

-� ����� 9�/� � �/� c/67� ��)V@0 �� �D �/02 ��U� (

-���b   �� .9�� ��0 ���� �$��� -�6�7� i�/�� ���; ���

�'/'V@0 -F �6 VPU� ���
� ��I����� ����� ���7  ������� 

                                                             
3 U Shape 
4 W Shape 
5Trident shape 
6P-shape tube 
7Regenerative Burners 
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-�) V@0 �� .�$$D3�� �� ��/
� ( �'/' -F -PUPU, ���

  .9�� ��0 ���� ��U� V@0  

 

R6G2- \� #S-S-, 
?F? ������ abFKA� Z��]��� �� ��]1[  

W:�W�J*� 9�)� 	��, �� �D 9�� 	�� ���>��� ����� ���

 � �/� c/67� �� 
����� �� VT�� ������ G*D�, V*'�

 �/� c/67� �/;� ��� ��) M*"� <*O� ?� �� 
����� 19�/�

� �-� +���� (9�/�H3� ����� �� ����F 	�� .�/0 �� -���

-� ��*�/6; �6P0 -@��)� �� 2�� ���� 	�� �e�� 9�)� .�$D

�'/' �� ���� ���>��� 96! �� �D 9�� 	�� -PUPU, ���

��� X��� zH� ���� X��/, 1�'/' V��� 
����� �� VT�� ���

9��/$@� �'/'��� ����� +�! 96! �� .�0 ���/� �, 12�� �

��$�2B ��U��� � �*'/,QD�� ���1
  C/' �� i/� 	�� �� ���

��$�2B ���D ���� 4�� 	�� .9�� ��
D ��*J� -PUPU, ���

�/� � 9�/� ���>��� 4�� �� QD��2 )FGR-� ( �$���

]5[ . 

 

R6G3 -  ������ abFKA� Z��]��� �� R6G #0 #S-S-, 
?F?

]4[  

  

                                                             
1NOx 

2Flue-Gass recirculation  

RS-� ^�F�� =��7��� ��F� %�&
?F? ��#S-S-, %�& 

�'/' ���� VPU� I�7��� .�*}); �� ���� �� V�" -PUPU, ���

 �$��� .�/0 ��*� VPU� I�7��� ���� -6D V��! �$> 9�� ��:�

���O� -��
, �'/' -6��� �� 8 �� 
����� 1
����� ���

-� -PUPU,9'�� 9O, ���/,�@� ���3��U8 14  �� �� �

-P*�b .�/T5 #��� .�/0 +���� �� 9�J� ��0 �DE ��U8 _

-� ��*�$� _��b� �� 8 �� �D W:� �����*P� �� -@� .�/0

-� 	**P, �� �'/' V��� ��U8 �B A��� -�U� C�
��� 1�$$D

 .�/T �� ��/D �� 8 V��� �� 
����� �� VT�� .2/`O�

�'/' �� ��� ����� �� ��/D 9*Pj� ��� .9�� -PUPU, �

2/`O� E/�� +�! �D �0�� -,�/T �B V��� �� 
����� .

 .�/T �� ���� �'/' V��� �� 
����� �
�� 1�0�� ����j

 �m� �� -�� .�/T 	�� �� .�/0 +���� �@� 9O, �� -P*�b

 ��/D V��� �� 
����� .2/`O� -�U� C�
��� )*� ��� �����

-� 	*���W�J*� 	�� �� �e�� -!/� .��� -U�� .�/T  �� ��- 

-U@�6 -� -���b@6
! .��/0W�J*� 	�� �� M��), �� ��

 C��$D ��/b �D��� �� �@� � ����� �� ���U8 ��/�

-� W:� .�@� �e�� �� .���
� -"�� -�$� �H�O� ��U8 �D �/0

 ����) �'/' �� VPU� �6P0 W*3�J� A�
, +�! 1-���b

.9�� (�'/' �� G*�B �� ��*�/6;  

 �� -����� 1 VPU� I�7��� ��  W:� V��/! �� �e�� -@�

�$D .9�� ����� 9�/� �� �/� 9�J� ��� �� G��$� C�

VPU� i/� 	���:�VPU� ����� 9�/� � �/� C��$D ���� ��-

-� ��D ���U8 ��/� ����� �� �D �$�J� ��� 	*$h
� .�$$D

 �'/' ����� �� -���/$@� ���� X��/, ���/�� ���� VPU�

 q��� W�J*� �� -8�P� �� ����� �� .�$D ����� -PUPU,

�����F .9�� ��0 �  

  

                                                             
3Suction 
4Pressure 
5Natural 
6Push-Pull System 
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 (`?�RS-�#,���� O����� 
� L"�� %�&1  

VPU� I����� � VPU� W�J*� �� 1-,���� I����� �� ):�� ���

-� ������� ���U8 .�/T �� ���� -,���� -����� .�$$D

VPU� �� I����� �� ):�� ���75  �,85 -� �**Y, �T�� .�$D

VPU� 	�� ��
����� �� �� �D 9�� ��/� 	�� �� �� ��:��

�'/' .���� �/;� VPU� ?� -PUPU, �  

VPU� �� -@� �D -��e$� ��/$! �� �e�� VPU� 9�� 	0�� ��

 t��� �� 
����� �� VT�� .2/`O� � ���D V
! �D���

-� �� �D -6PU� �� �/;/� -,���� I����� W�J*� .�$D

-� V
! �D��� ��/$!�*F N!�� �$D VPU� ��/� ������

-� ��D C�� ���/0 I����� �� �D 
���� .2/`O� ���� .

-� ���� ����� 1�/0200 �;�� V@*� 	�� .9�� 9��:���8 �

 -���� VT�/8 ��20  �,60 -� A/@P� �*��m �DE �� +�2 .�/0

 -6PU� �� ��0 t��� +�e$� �� 
����� .2/`O� �D 9��

-� V
! �D��� ��/$! �� �D � ���D ��/��� �B C��� �� 1�$D

� �� X���-� �B ��0 ��) V@0 .�/04 -PUPU, �'/' ?� (

V�� V@*� �� �� �� -,���� I����� W�J*� �� ):�� V@0 /�

-� ��U� �� ���D.���  

 ���� -�� 8 ����� � ?�U� .�/T �� 2/
P� I����� W�J*�

��� �/�! �� 2/
P� I�����  �� ��8� ��D �� ��/� .9�� ��� ���

$��� 1.���� �� +��3� ��/� Q$; 9�� ?*���� �]4[.  

 

R6G4-  R�� #S-S-, 
?F? O����� c�/�� 
� L"�� R6G F�

 %��� R6�� �� �� �� #,����]1[  

                                                             
1Regenerative Burners 

RS-� (O�F��� d��� %�&2
 

      ���U8 .�/T �� VPU� i/� 	�� �� -U�������� W�J*�

 �3*"� VPU� C��� �D 	�� 96! �� .9�� ���
� VPU� �/� ��

 �� .���� C�3��� 1���� ���" -U�������� W�J*� ����� ��

-� +���� -�/� �� �/� ��������� �/�$� 	�� -����� .����

VPU�
D -,���� I����� ����� i�/�� �� 9�J� �� �� � ��

 ����O�65  �,72 ) V@0 �� .9�� �T��5 �� ��/
� ?� (

VPU� 9�� ��0 ���� ��U� �/��� C��� ���]6[   

 

R6G5 - RS-� �� 
�F
� \� �� =��7��� ��F� �F��� d��� %�&


?F? #-��]��� #S-S-, %�&]1[  

) V@0 ���/
�6VPU� 	*� �J��3� ?� ( I����� ����� ���

VPU� � -,���� ���-� ��U� �� �/��� C��� �;/, �� .���

) V@0 ��6�$*U*� ���� 1( -,���� I����� �� ):�� W�J*� �

 ���� X��/, �e�� .���! �� .9�� ��@��)� <�/�� ���� ��

9��/$@� 1W�J*� 	�� �� �'/' zH� N!�� 9�)� 	�� .9�� �,

-� ���� �� �� �*� 	�8� 2�� �� -���e� ���� ��/�� �/0

 1W
�)D����� -,���� I����� �� ):�� W�J*� ���D <�/�� �

.��� �,2�� ��  

                                                             
2Self-Recuperative Burners 
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R6G6- c�/�� 
/��Y� �'� �� O����� � Z����C��� %���� %�&

 #S-S-, 
?F? eH� %��� f��F,]6[  


����%��C  

�J��3� ���'/' � -6D 9'�� �� 1W� �� 9�J� -PUPU, ���

-��J� ���>��� ����� W�J*� ����)� �D 9�� ��/, �� 9

 i/� 	�� ��/
� ���� .9�� ��U*� ���>��� ���� W�J*�

�'/' C��$D 1������ �6P0 ������F � E/�� V@U� -PUPU, ���

�B ����� ���-� .�/T ��:� ��*J� �� .��**Y, � ���&F

 .9�� �, 	*��F ���B zH� ����  

     �'/' -,���� -����� ���� 2�� ���� 1-PrrUPU, ���

4��-�6�7� ��� 4�� 	�� �� -@� ���� �/;� �� ������� 1��

�*F ���� 1-;��� ������ �� VT�� �S��� ��/� ���D +��

 �� ������� +/��� 4�� �� �� �$�B�8 	�� .9�� �����

W�J*�-� .�/T -,���� I����� � �/��� C��� ��� .���&F

W�J*� 	�� �� �D 9�� �DE �� +�2��$�2B ���D ���� �� ��

-� �$> 
����� �� ��/,�6���M*"� �� � �� c/67� ����

 
����� �� VT�� .2/`O� ���>��� 4�� �� �/� � 9�/�

.��D �������  

f)���  

[1] Pritchard, R., J.J. Guy, and N. Connor, 
Industrial gas utilization: engineering 

principles and practice. 1978: Bowker. 
[2] Charles Jr, E.B., Industrial Burners Handbook. 

2003, CRC Press. 
[3] Mei, F. and H. Meunier, Numerical and 

experimental investigation of a single ended 

radiant tube. 1997, Faculte Polytechnique de 
Mons, Mons (BE). 

[4] Quinn, D.E. and J. Newby, Radiant Tube 

Burners, in Industrial Burners Handbook. 
2003, CRC Press.  

[5] Quinn, D.E. and J. Newby, Radiant Tube 

Burners, in Industrial Burners Handbook. 
2003, CRC Press. 

[6] Quinn, D.E. and J. Newby, Radiant Tube 

Burners, in Industrial Burners Handbook. 
2003, CRC Press. 


$SG �� #/�+�!T� ����� ��U�,  

#$��� g���� 

�G�� #��!G��� %F�-��� ��� @���, =�M-��� N\���6� #��!"� =�6-��� N  


��Y�

��$�2B ��U��� � 	*�� ������  �� �� 
����� �$�B�8 C��$D 1��

 u); ��@6
! ���)8� � I�7� ������ �*'/, ���D 9:;

���O�  ��/$! �� -P*�b ��� .9�� ���� ���" ��U� W:� ���

 �� �*� 1_�`� ��)8���� �0� �� l�F -��/�23.7  �T��

� .9�� ���� ��`��� �/� �� �� ��:; �� �S��� 	*��,	�  ��/�

 � ������ �� ��&��*m], V��/! -���� �� 	*33O� �D �0

V��D �>�� 
����� �$��/�� �, �$�����F �6P0 ���������F  �,

W'�� -H*O� � �$*:� _�`� �D �$��� 9��  �� 	�J�� ���� �,

 C��$D 9:; �� -J*b�$Y� ���*� �� ������� .���� C���� ��

_�� �� 
����� ?*�$*� � ����; ���*�  � -����� ���)8�
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��$�2B ��U��� ���D  C�� 	*! �� � ��0 ����$0 i/j/� ��

WD ��8�� ���" �;/, ��/� �, .9�� ��  


hi���,  

 C�� ��1847 ���*� ?� �� �6P0 �D ��D ����U� �����8 1

�/" -J*b�$Y� 5*Pj ���*� ?� 9
� �� �,  _�O$� �,

-�  -J*b�$Y� ���*� �/ � �D 98�� ��*�� �� .�/0

%-� X
0 �6P0 _��O�� N!�� �/" 9��/$@��*  �� .�/0

 � -J*b�$Y� ������ �/ � �� 1.��**Y, 	�� �D ��D C2����

-� c/��� �6P0 �� Q*b�$Y���� �/0]1[ 1�����8 �� QF .

 �*m�, ��/� �� M*3O, �� 
����� ��� �� -J*b�$Y� ���*�

 9�� ���� ��U� .�P'�H� 	�� .9�� ��0 +���� ��$D��F .�/T

-� 
����� C��$D �m/� 4�� ?� �D  ?� �� ������� ���/,

��J;�� .�3*3O, .�0�� -J*b�$Y� ���*� ��U� �D ��  ��$��

�6P0 ���8� �� 9��/$@��*% -J*b�$Y� ���*� �*m�,  �*% ���

� ��7*�B �*F��/� �� ������� � Q*b�$Y����F 56�7� ���1 

Q*b�$Y���� � (�/� �� �/;/� �k*JD�)2  )CO2 1CO � 1

NOx-� 
����� �� �*��� ( .�0��   

5�+�!T����0 � 5�+�!T� ��F� 

	�B �� X
0 �6P0 ���8  V*'� �� �����8 �����B �� ���

9*6��" Q*b�$Y� .����� ���  ���*� �� ��/� ���&F

9�� -J*b�$Y�����@'� ��*����" �/O� A��� �� .  �� ���� 1��

 Q*b�$Y���8 � Q*b�$Y���� 1Q*b�$Y����F ���� ��

���� -� ��$�  9*Pj� �� Q*b�$Y����F ���� C/@'/� .��/0

 C�Y0� �� ��8 �S��� d/H� �� ��8 -�/���/D ��! �D 9�� /,���

-�  �� ���*J� ���� -���$� 9J*'�,�D ��/� 	�� .���
�

�$D�� �� C/@'/� �� 	*��� 9:; � ��/� �B ���  .��m� ��

���� ���� -'/@'/� ���8� � -@�)*8 ��/� �� f7U�]2[ .

 N!�� 1-;��� ���*� ������ �� Q*b�$Y����F ���� ����U�

�/" ���*� 9
� �� Q*b�$Y����F ���� I&; -� �,  .�/0

W:� ��/$! �� �k*JD�  1�/� �� �/;/� Q*b�$Y����F ��� 	��,

/� �� -J*b�$Y����F 9*T�� ����� N!�� ������ .9�� �

                                                             
1
 Paramagnetism 

2 Diamagnetism 

�� 1	��D�*JD�/�/� V��0 
����� �� VT��  1	��D�*JD�

 .����� -J*b�$Y���� 9*T�� IB ��7� � �S���*� ����*JD�

 �� � ��0 X8� ���$�B GH" �� �� <�/, Q*b�$Y���� ��/�

5*Pj ���*� 9
� -� 9D�� �,  �� Q*b�$Y���8 ��/� .�$$D

� �� �m� �� ���/� -J*b�$Y� ����U� �����W  1-'���, �$D

 -J*b�$Y� ���*� �/ � �� -����$�B 9*T�� ��3'� N!��

-� ��/0 .��/� 	*� ��  �� �:$, 1���� 
����� �� ��0 �*'/, ���

��/� �D ���� �/;� Q*b�$Y����F � Q*b�$Y���� ����  ���

NO 1OH � O2 ��/� ���� � Q*b�$Y����F 9*T�� �����  ���

 ���� � 
����� �� ��0 �*'/, Q*b�$Y���� 9*T�� �����

 �� �k*JD� �� ��0 ���� -
�� -J*b�$Y� ���*� .�$�J�

��/� ���� �� 9�J� Q*b�$Y����F ���� ��/$!  ����)� ��*J� ��

 ���*� �� �/� ���8� 	**P, �� -���� �3� �D �/O� �� 1 9��

���� -J*b�$Y�]2[ ����� W,� �� ��/� �� Q*b�$Y����F ���8� .

/ � ��  .9�� ��0 ����U� -
}�� -�H" �� ����U� ?� �

 �� -�H" �� �������U� 	�� 19��/$@� �*% -J*b�$Y� ���*�

 9
� �� Q*b�$Y����F ��/� ��*�� �� � ��0 ���, W� ���*�

 -J*b�$Y� ���*� .��" ���)8�-� V��
�� -��e$�  .��/0

 Q*b�$Y���� ��/� �� 9��/$@� �*% -J*b�$Y� ���*� ?� �D

W,� 1�/0 -� C�
!� H" �� ����U� ?� ����� �� f'�� -�

-�  C�
!� ���*� 5'�7� -0�� -�H" �� ����U� 	�� �D �$D

 �� 9�J� 5*Pj �P8�� Q*b�$Y���� ��/� ��*�� �� � ��0

����� ��0 C�
!� -J*b�$Y� ���*�]3[.  

��/� �/;� �� �;/, ��  �� Q*b�$Y���� � Q*b�$Y����F ���

 <�/, 1���*� �� ��/� �� ���&F�*m�, �/O� 1
����� .2/`O�

Q*b�$Y� 9*6��" ������F -� 	**P, ���&F  9*6��" .����

Q*b�$Y�  ��/� _#� �� Q*b�$Y���� ��/� ���&F

-� �/� �� �� -���m ����3� � ��/� -�$� Q*b�$Y����F ��*� .

 C��;1 ��/� -��� -���/0 -J*b�$Y� 9*6��" ��)*�  ���

-� ��U� �� ���� 
����� �� ��0 �*'/,  Q*b�$Y� 9*6��" .���

 ����3� ����� � ��� X��, 1Q*b�$Y����F ��/� ���� -���/0
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 ���� �� 9�^�000001/0  �,001/0  ����)cgs-� (  �D 1�0��

Q*b�$Y� 9*6��"  ��� �� ���&F �H��� A/@P� <�/, � ����

) �H���1��/� ���� ( -� 9�� �� 56�7� ��� ��B]4[:  

)1( �� �
����

�	

������ 
 1�	�

3����

 

d��)1- 
�FC #��� #C��FG #/�+�!T� @�$��X  �� �&

���� ������]2[ 

��/� 
 -���/0 Q*b�$Y� 9*6��"

 ����)cgs( 

CO2 21×10-6- 

CO 9.8×10-6 - 

H2O 12.63×10-6- 

H 2.93×10-6- 

H2 3.99×10-6- 

O 4.61×10-6- 

N2 12×10-6- 


$SG dF+ �� ��U�, 

-� ��U� q����  1-J*b�$Y� ���*� .�0 ���)8� �� �D ���

 ���D �6P0 ���� � �6P0 ��! ���)8� �� �6P0 -'/b ��P��

-� ����]5[��
� .  V@0 �� �D �/b1 -� ����U�  ���)8� �/0

-� ���D �� �6P0 i��,�� 1-J*b�$Y� ���*� .���  

 

R6G1- 
$SG ��FK,]5[ 

mT a) Bmax=0 mT ; b) Bmax= 325     

c) Bmax=520 mT ; d) Bmax=780 mT 

=�!�bP �� ��U�, 
$SG %�& 

 ���D ���/J� �S���*� ��)*� -J*b�$Y� ���*� ���)8� ��

-� -� ��U� �D ���� V��D 9�/� ��� -� �,  �*m�, 9O, .��/�

 Q*b�$Y����F ���*� V*'� �� 1-J*b�$Y� ���*� �������

 ������� �� Mb�$� 9
� �� �6P0 _��b� �k*JD� 1�k*JD�
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The International Symposium on Combustion is 

the world congress and major biennial meeting of 

The Combustion Institute. Symposia provide 

combustion scientists, students, and practitioners 

around the world a scientific venue for sharing 

ideas and experiences on the development and 

applications of combustion science. Each 

symposium is open to anyone with interest in 

researching combustion occurrences.  

Colloquia Descriptions 

A total of 13 colloquium categories will be 

addressed at the 37th International Symposium on 

Combustion. Authors must indicate a choice of 

colloquium with their submissions. 

� Gas-Phase Reaction Kinetics  

Including the kinetics of hydrocarbons and 

oxygenated fuels, formation of gaseous pollutants, 

elementary reactions, mechanism generation, 

reduction and uncertainty quantification. 

� Soot, Nanomaterials, and Large 

Molecules 

Including the formation, growth, and destruction 

of soot, PAHs, carbon nanostructures, and other 

nanoscale materials. 

� Diagnostics  

Including the development and application of 

diagnostic techniques and sensors for the 

understanding and control of combustion and 

reacting flow phenomena. 

� Laminar Flames 

Including their ignition, structure, propagation, 

extinction, stabilization, dynamics, and 

instabilities. 

� Turbulent 

Flames including their ignition, structure, 

propagation, extinction, stabilization, dynamics, 

and instabilities, and modeling of turbulence 

chemistry interaction. 

� Spray, Droplet, and Supercritical 

Combustion 

Including atomization, combustion of droplets, 

sprays, and supercritical fluids. 
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� Detonations, Explosions, and 

Supersonic Combustion  

Including flame acceleration, DDT, and pulse-

detonation-, constant volume combustion-, and 

scramjet-engines. 

� Solid Fuel Combustion  

Including fundamental aspects related to 

pyrolysis, oxidation, gasification, and ash 

formation from coal, biomass, and wastes, as well 

as combustion of propellants and metals. 

� Fire Research  

Including fundamental aspects of ignition, 

burning, spread and suppression of fire, as well as 

applications to building fire and urban/wildland 

fire safety. 

� Stationary Combustion Systems and 

Control of Greenhouse Gas Emissions 

Including combustion in stationary power 

generation, fluidized beds, incineration, utility 

boilers, industrial applications, NOx and SOx 

reduction, MILD combustion, oxy-fuel 

combustion, chemical looping, and CO2 capture. 

� Internal Combustion Engines  

Including device-specific aspects of fuels 

research, emissions, direct injection, and 

combustion dynamics (e.g. ignition, quenching). 

� Gas Turbine and Rocket Engine 

Including propulsion and power generation, as 

well as device-specific aspects of fuels research, 

emissions, stability, and combustion dynamics 

(e.g. ignition, quenching, and thermoacoustics). 

� Other Concepts  

Including assisted combustion (plasmas, electric 

and magnetic fields), catalysis, fuel synthesis and 

transformation, micro-channel reactors, integrated 

process intensification, fuel cells, and electrolysis. 

Important Dates: 

30 November 2017: Due date is 23:59 Pacific 

Standard Time (GMT-8hrs) for receipt of 

completed paper. 

Week of 2 April 2018: Authors notified of 

acceptance for presentation at the symposium.  

For instructions on submission of papers, visit  

Instructions to Authors of Contributed Papers 

To provide a forum for presentation and 

discussion of work in progress, poster sessions 

will be scheduled to run concurrently with 

contributed oral sessions. Presentation in Work-

in-Progress Poster (WiPP) sessions will be 

determined on the basis of a one-page abstract. A 

full-length paper is not required. The posters 

presented in WiPP sessions will not be published 

in the Proceedings of The Combustion Institute. 

The sessions will be organized by: 

WiPP Co-Chairs: Matthew Cleary, University of 

Sydney, Australia; Alessio Frassoldati, 

Politecnico di Milano, Italy; Perrine Pepiot, 

Cornell University, United States. 

Deadline for WiPP Submissions: 

26 April 2018: Due date is 23:59 Pacific Standard 

Time (GMT -8 hrs) for receipt of abstracts. 

21 May 2018: Authors notified of decision for 

Work -in-Progress Posters 

Website Address: 

https://www.combustioninstitute.org

The Western States Section Combustion Institute 

(WSSCI) is a non-profit educational and scientific 

society whose purpose is to promote the science 

and application of combustion for the benefit of 
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society. It was incorporated on December 10, 

2014 in the State of Delaware, United States of 

America. The WSSCI is composed of all 

members of The Combustion Institute resident in 

the States of Alaska, Arizona, California, 

Colorado, Hawaii, Idaho, Montana, Nevada, New 

Mexico, Oregon, Utah, Washington, Wyoming, 

and the Pacific territories of the United States, 

without obligation upon the part of any member 

so included. All activities of WSSCI are carried 

out in coordination with The Combustion Institute 

(CI). The Western States Section Combustion 

Institute (WSSCI) facilitates the dissemination of 

the results of scientific research related to 

combustion by sponsoring annual technical 

meetings. 

Advance Registration Deadline: September 1, 

2017 
The fee for advance registration is $240 (members 

of the Combustion Institute), $320 (non-

members), $65 (student members with suitable 

identification), and $85 (student non-members). 

The advance registration deadline is September 1.  

Registration includes refreshment breaks, and a 

reception on the evening of October 2, 2017.  A 

USB drive containing the conference proceedings 

is included in the cost of meeting registration.  

Key Dates 

Abstract Deadline:  July 27, 2017 

Abstract Acceptances Sent:  August 2, 2017 

Paper Submission Deadline:  August 31, 2017 

Early Registration Deadline:  September 1, 2017 

Student Award Deadline:  September 1, 2017 






