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Abstract  
In this study, changing of inlet air swirl intensity of standard Harwell combustion chamber on dynamic flow, temperature, radiation 
heat flux and NO pollutant has been assessed. Due to the effect of swirling on dynamic behavior, a new equation has been utilized 
based on tangential and axial velocity component in order to achieve the swirl number. Furthermore, chemical reactions computation 
has been done using Eddy Dissipation model and flow computation and radiation heat flux were performed using standard k-ɛ and P-
1 models. The results show that increasing swirl number from 0.0 to 0.6 with amplification of internal recirculation zone of furnace 
will cause the combustion products into this area and mix air and fuel and accordingly, increase the combustion efficiency by 
eliminating the high temperature points as a main cause of NO generation. Moreover, increasing the swirl number in radial order and 
increasing the heat exchange area regardless of the maximum flame temperature reduction, will increase the flux radiation efficiency 
by 31.3% and reduce the NO pollutant by 58.6%. 
Keywords: Swirl number, Harwell furnace, temperature, radiation heat transfer.  
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 E�S
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 ,����9: � ����C���]5[  ��6 <��W � 	A� �/�	4 �4 �S�SI� ��
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 ���� J�SSI�

,m�	
�� ����� C� �GHI� 7� �;�	= 2��� <:�� � .�1 �:��= F�	




 

   

 

�
/�

	4
 

�
R�

RI
�

 
	A

�
 

	�
�@

�
 

?
�1

 
<

=	
>

 
,

��	
;

 
2

��:
 

2
��

��
 

	4 
��


 
�

 ...
 

32 
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�� ����� 
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 ���� �-�� .�����

7�W5� �;�	= 2��� � �
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 2��� J
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 ���� 2	`���C �RO1
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 ���� J��K9: �-�� .��	5
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 ����
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�� <:�� <=	> ��6 <��W � �4 ��� �4���4  7� 	
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�W5� 7� �;�	= ������ <��W � U���� �4 7 ,����9: � q�  .�4��]10[ 
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�
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.���� E���� �4 �� �RO1  7� <�4 <=	> ��6 <��W � �� 1�� �;�� ���4
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 � ��: � =�/ Ye
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 � �3�
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�D�� �9:�	B�C V�SI� �� ./� �����=	4 2�  ��6 J��O� 2�	4

,��	; <=	>  �P4�� p� 7����W�   ���;��/� 	4 �  ����H���2�: 

6	/  �/�9��4 �
� � /� ��1 ���H
/� ,��	; 2��I� /� �4 U�

 ����S� �4�.� ?�S�SI� U��
� W�� � ��;�� �:�0.���7� U��
� �4 ����

 ./� ��1 �R�N ��1 	.
�� ?�S�SI� �� �� �3�� 7� J��K9: 	��@� 	A�

�� 2��: ,��	; <=	> ?�1 ��1 	4 2������	5 �RO1 �.4��  �4)

�	C E�S
�� �RT� vW����� ,���6� ��	N �/�	4 ���� ?��� �4 (�RO1 7� ?
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 	5 l�:� � ��� 	4 ,��	; <=	> ��6 	�A��  E�S
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 ��: ,��	; <=	> 	�A�� �/�	4 ��G�� �4 (<=	> ��6 	��@�) 	4

,�
� �RO1 �N�	
C� ?�\Z.�-E ���: ������
/� ���� 7� ��:2 ]12[ 

                                                           
1 Swirler 
2 Harwell 

��1 ���H
/� /� ) Q�11.(  ��C �� ��: � =�/ ,��	; ���� J�� ��

(�.@� � ���� �2�O4 �� [��	� �4 6	/ �4 2�:0/15  �8/12  	4 	
�

 2��� � ����A295 �� F�	
C� �GHI� ���� ���5��; 2�:	��� 7� J��R� -

 E��; .���11 ���� 2�	�R96 c��	1 �:� �� ,�.� ��. 

 ?L��O� �2m	�� ��	C �7���� �v	; 2�S4 ?L��O� QC 2�	4

���5 2�S4 � <4�� �,��	; (�.
b� �
 	5 �	-4 ���I� a3C (�� 7� �:

 V�HR� -; � ��1a
���0�� 7� 6	/ � ��.  ?L��O� SIMPLE 

 �C � ��1 QC v�� ���	� ��C �� ?L��O� ���9� ./� ��1 ���H
/�

�N�4 	���S� �� ��1 y	  ���0�: ���	09:�����7� 	
9� �:6-10  .�1�4 

 J��K9: <���� 7� �,�
� F�	
C� 2�	4�� �RC	� ��1 ���H
/� Q�z 2�

: /� 

)1(  ��� + 1.5�	
 + 3.76�
� → �	 + 2�
	 + 5.64�
 
  �	 + 1�	
 + 3.76�
� → �	
 ++3.76�
 

 
  9	1- G-(�<- �H#"� ����/  

  

 8,��1 G-(�<- �H#"� +&(��F I'-(	 

�9�  �C��  
=�/  

]13[  

��:  

]13[  

2���� ��C�� {�O1  (mm) 6-0  
5/27-

5/16  

2��I� 6	/  (m/s)  0/15  8/12  

�6�O1 6	/  (m/s)  0/0 0/0  

<=	> ��6  - 0/0 4/0 

|���4��� p�
��/ 2m	��3  (m2/s2) 26/2  63/1  

�4��	5 ^e�� k	�2�4  (m2/s3)  8/1131  0/692  

���  (K) 295  295  

,D���� ��	; 	��  -  0/0  2315/0  

,m�	
�� ��	;	��  -  0/0  7685/0  

,�
� ��	;	��  -  0/1  0/0    
 ��;��� ]6�4 ,��	; �� <=	> �H��� 	4 ��e6 ,��	; �� ��1

 k	� 	�� J�� �� ��� �	C W�� �/�9� 2�
/�� �� 2��I� 6	/

 	4 .�	� �:��= 	��@� ��>� ?�1 �4 �� �RO1 ��
 � � ��: � =�/ Ye
=�

���1 ��/� J�� �����=	4 ��L�4 �9:� 7� ,��	; <=	> _�IT 27�/

 <=	> <S� �4 �;�� �4 ./��H��� ��3�� �� � 2��I� 6	/ 2�:

 2��: ,��	; <=	> 	A� �/�	4 2�	4 	B�C V�SI� �� ,��	; �� �/�9�

�\Z.� 	4 F�	
C� �GHI� �4 2���� ��6 �O4 ,��4 	
����� 7� ��RO1 2�:

<=	>5 )S) ����O� ?��T �4 (2 	�A�� �P4�� J�� ./� ��1 ���H
/� (

�H��� ,��W9:; �/�9� � 2��I� 6	/ 2�:	> ,��	 }�I� �� �.=

                                                           
3 Turbulent kinetic energy 
4 Dissipation rate of turbulence 
5 Swirl number 

r 

Symmetry axis x 

Air inlet 

Fuel inlet 

900 mm 

Exhaust 
150 mm 

106 mm 
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��� �:��= ]14[.  

 )2(  � = 	23 ���� × �1 − ����� !1 − ����� 
" 
�� �P4��   F� 

#$#%  ,��	; 2��I� 6	/ �4 �/�9� 6	/ ��� �

� &'  �&( 1 	0���4 [��	� �4�;��= � �R=�� {�O �	� ��3�� �����

./� <=	>  

����	  27�/ E�� 2�	4 �4��	5 ��1 E�� 7� F�	
C�J��0� 2�1 

 /� ��1 ���H
/�]15[ �� ,���	  N� � �5��/ Q��� �4 E�� J�� .

<:�D� 	
.�4�� ��	N ���H
/� ���� �N�	
C� 2�: 2�	4 J��K9: .�	�5

���1������
/� E�� 7� ,��	; ?�1�.
b� 27�/) − *   ��1 �
 	5 �	-4

 /�]16[.  

 E�S
�� ��RO1 �� L�4 2�:��� ��;� Q���42��	5  7� ��� �.4��

vW������� a-� 2�: E�S
��	5 ���1 �3�
� �� � ���4 7� ,� _�IT 27�/

 /� �����=	4 ��L�4 �9:�]17[ 2�	4 	B�C V�SI� �� ��/� J�� 	4 .

E��� 27�/ E�S
�2��	5 ,�� �� �.4�� E�� 7� �RO1 �.4��2  ���H
/�

J�� ./� ��1 ���1 ��G�� �4 [/��� E�� p� E�� <4�� ,�W�� 27�/

J
 	5 	G� �� ������� J��K9: � L�4 N� Q��� �4 �� ���4 F�	
C� 

E����  <4��J�4 ���5 �� �RO1 c�I� �� ��;�� ���� ?��z � 27�5 2�:

2�:����	  27�/ ���1  ��	N ���H
/� ���� ��	
�5 ?��T �4 �N�	
C�

�� �	�5]16[. �	4 c/�� QC ����� �U��
� �
/�� 7� ,���9s� E�\C 2

���12��4�	5 ���O� �4 ���: �� . 	5 ��	N �4��7�� ���� rR
Z� 2�:

U��
� �
/�� J�� 2�	4 2��I� 2��� 8�7�� ���1 �	5 ���O� �4 ���:

16172 �32634 �63448 ����S� 	0���� �4  8�7�� F��P�� �4 �;�� �4 �

 �F�  ���1 �/ 	: 2�	4 ��� ���O� �4 QC ���116172  ,���6 �4 �	5

���	5 ~�Z
�� �RT� ���1 )Q�1 2(.  

  

3 - J'��� ���(* , �K-�- 
 �� ��� 8�7�� QC U��
� ��
 	5 ?��T QC �3�/���
6� ��G�� �4

���� �4 ���� E�s,����9: � |�R��� �4	3� 2�:3 ]12[  E�� U��
� �

27�/ ��;�� 2�:]13 ,18[  Q�1 ��3  Q�1 J�� ./� ��1 ����S�

 2�: 6	/ �H��� 2���� 	4 <=	> ��6 7� ���H
/� �� �:� �� ,�.�

 ����W� � QC N� <��W � ]6�4 	B�C ��� V4�P� �/�9� � 2��I�

 .��1 �� �:�0.���7� U��
� �4 �RT�C U��
� [/��� ����4 

                                                           
1 Magnussen Eddy Dissipation 
2 P-1 
3 Wilkes et al 

  
        9	2 - ��'�>� 3�L��"� �L	 �- 8M>��-  

 
 Q�1 ��4 ��� ,�.� ,��	; ��
 � 	4 �<=	> ��6 <��W � 	�A�� �

�� ��:�.� �� ��P��9: ./� ��1 ��1 2���� ,��	; �� �
��C ��

 <=	> ��6) /� <=	> ,��40/0 �(�4��	5 ��C�� p��;��= 2�  ��

 2���� ���:� ����W��� Q�1 F�	
C� �GHI��	�56 <��W � �4 . ��

 ,� ?���3� �� W�� 2	0�� �;��= �4��	5 ����)� ��C�� 	4 ��e6 <=	>

�� ��;�4 <��W � .���� �R�N �4��	5 �4 r��Z� �.=	> -; �� ���

����	5 v�� �4��	5 	
.�4 �1� [;�� <=	> ��6 	
.�4 � �����P4 ��

 <=	> ��63/0 �� ��= �7���� 	`���C �� v�� �;��= �4��	5 .�1�4

 J��K9: �� ��C J�� ��C�� p� ���1 	�z �;��= �4��	5 �� 	4 ��e6

Q�1 �4 {�	1 ���� ����� �� W�� �R=�� �4��	5�� 2	�5��� . ��;�

����� � =�/ 	
-4 Ye
=� ]6�4 2W�	� �4��	5�� ����� �4 .��1

 2	
-4 Ye
=� � ���.� �RO1 Q=�� �4 �� �RO1 ^�	s� 2��: �� 2��s

 ���� Q�1�:��W � �4 .�4 <=	> ��6 <�  7� 	
5�W4 	���S�3/0 � ��

�;��= �4��	5 � [��	� 	0���� �4 �� Q��.� �� 2�C�� �;��= �4��	5 -

�:�.  �/�9� 6	/ �H��� ,�1 ��W4 Q��� �4 <=	> ��6 <��W � �4

 �� ��.  a� ��C�� ��3�� � ���� 2W�	� ��I� 7� ,��	; ^�	I�� �,��	;

W4 �R=�� �4��	5 �7���� �SP�� J�� �4��	5 �7���� ���� J9B ��1 	
5�

�� ]6�4 �R=�� �4��	5 ��C�� ,�1 	
5�W4 .�1 �:��= 	
�>�� �;��= -

�RT�  7� ��: � =�/ Y�RZ� �� ��1 �4 2���� ���:� 7� 	���� 2�:

 � =�/ Y�RZ� 	
-4 Ye
=� [�/ � ��1 ���.� �RO1 ,��� �4 QO.�

 .��	5 ��:  
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 �4 �/�9� 6	/ �H��� ,�1 ��W4 Q��� �4 <=	> ��6 <��W �

 �� ��.  a� ��C�� ��3�� � ���� 2W�	� ��I� 7� ,��	; ^�	I�� �,��	;

 �4��	5 �7���� ���� J9B ��1 	
5�W4 �R=�� �4��	5 �7���� �SP�� J��

�� ]6�4 �R=�� �4��	5 ��C�� ,�1 	
5�W4 .�1 �:��= 	
�>�� �;��= -

=�/ Y�RZ� �� ��1 �RT�  7� ��: � �4 2���� ���:� 7� 	���� 2�:

.��	5 ��: � =�/ 	
-4 Ye
=� [�/ � ��1 ���.� �RO1 ,���  

 Q�1 ��5  ���� ,�.� ?��H
� <=	> ���6� 2�	4 �RO1 2��� 8�7��

�� ��:�.� �� ��P��9: ./� ��1 Q��� �4 <=	> ��6 <��W � �4 ���1

 Q�1 QI� �,��	; 6	/ 2��I� �H��� <:�� a9�W��� � �RO1 2	�5

�� p��W� ���� 2���� �4 �RO1 2����� [�/ 	�� J�� .��1 �� ��1

 �
1�� F�	
C� �GHI� ,��� �� �� 2	
.�4 ���� ,��7 F�	
C� ?L�\I�

 �l�:�  E�S
����	5  .�4�� ���-4 �RO1 7�  
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 9	4-  3,�#�� 01(2 &-�F- +-(* ��'(� N.O1 +���  

  

 2�
/�� �� ��: � =�/ Y�RZ� 8�7�� Q��� �4 ��C J�� �� J��K9:

 ��I� 2�
/�� �� ��: � =�/ Y�RZ� ��	; W�	9� v�6 � �6�O1

 =����� ����� 8�7�� � �
 �� <:�� W�� �RO1 ����� p�� ����� 2W�	�

�� ��3�� ���� E�s ���/ 	�� J�� .��	5 Y�S� ^)C �4 �� ��	5 �� [

 ����L� Q��.� k	� �RO1 ,��� �� L�4 ��� W�	9�NOx  W�� ����	C

 Q�1 V4�P� J��K9: .�4�� <:��5  <=	> ��6 �� ��� 8�7��3/0 

 ?��H
� ,� 7� 	
5�W4 <=	> ���6� � 	
�>�� <=	> ���6� �4 ���

 <=	> ���6� 2�	4 �����s �4 �/�0/0 �1/0  �2/0 ��� 8�7��  �4�.�

 2�	4 � /� Q��9
� ���� /� J���� �4 ,� 	`���C QI� � 	0����

 <=	> ���6�4/0 �5/0  �6/0  2��� 	`���C QI� � �4�.� ��� 8�7�� W��

 �:��= 	
���W� ���� (/�L�4) 2���� �4 �RO1��4.  

 J�����C �� /� ��  <=	> ��63/0  2��)5 ��C <=	> ���6� J�4

J���� 	�L�4 � 	�(��= 7� �� �� ������� J�� R6 �� ����B 	��@� {

 V4�P� �RO1 �� ��1 Q��.� 2�: �4��	5 2�0�� 	��@� � ,��	; 2�0��

 Q�1 _�B��4 ./�   

 Q�16  ��6) <=	> ,��4 ��C �� �� F�	
C� �GHI� �� ��� 8�7��

 <=	>0/0 <=	> ��6 � (6/0  ./� ���.� 	��\� �4 �4 �;�� �4

�6 a�S
�� Y�������I� 2�: �H��� �4 <=	> �2  6	/ �/�9� �

,��	; �� �	� ,��4 ,��� ��  Q��� �4 ,��	; <=	> ��6 <��W � �4

,� �/�9� �H��� <��W � � 6	/ 2��I� �H��� ,�1 p>��  7� ,��	;

 2�
/�� �� � ��1 ���= ���� 2W�	� ��I� 2�� 	4 W�	9
� ��C

 ��3�� ]6�4 	�� J�� � �1 �:��= <Z� �6�O1��� 8�7��=����� ��  ��

 �� =����� 8�7�� J�� .���	5 �:��= F�	
C� �GHI� �6�O1 2�
/��

 	�G� ���:�	4���Z� 2�: ���� �R���  � a-� ����4���4 2��	B  �

�/ 2����� ?L�\I� �H�� ���-4 [�1 �:��=.  

  

  
 9	5 -  01(2 &-�F- +-(* ��.B +QB(� �."� &-���- �& ��& R'�.5

3,�#��  

  
 

  
)a(           <=	> ��6)0/0(  

)b(          <=	> ��6)6/0(  
 9	6 -  &�F) 01(2 �,�* TU�< �& G-(�<- �H#"� �& ��& R'�.5
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 Q�1 ��7  2��� Q� �	� �6�O1����  �;�	= ��,� a/�  ./� ��1

�� ��:�.� �� ��P��9:<=	> ��6 <��W � �4 ��1�  7� �;�	= 2���

 ^e�� �3�
� �� � F�	
C� �GHI�����	5  J�� R6 . �� �:��= <:��

J�� 	�� � 2	�5 Q�1 � <=	> ��6 <��W � �4 �� / ��C�� ��S� �

 �4��	5 ��C�� J�� ,��� �4 F�	
C� 7� QT�C ��� 2�:7�5 ��R=�� �4��	5

�� <:�� F�	
C� �GHI� 7� �-�� ��	= 6	/ � ��1 ������4�� J�� .

�/ 	���� [ ��1 E���� 2�	4 2	
.�4 T	  F�	
C� ?L�\I� �� ��	5

����	5  �GHI� 7� �;�	= 2��� �3�
� �� � ��1�4 �
1�� ���� ������ �4

.�4�� <:�� ����	C ^e�� � F�	
C�  

 Q�1 ��8  ��1 ?�	��@�����	5  ���� ,�.� 2��I� 2�
/�� �� �.4��

./� ��1 J�� �;�� [��; �
�� �/  ab� �4 <=	> ��6 <��W � �4 ��

 Q�1) �RO1 c/�
� 2��� <:��5 ��1 c/�
� �(����	5  �RO1 �.4��

 � <��W �O�7��� =����� 2�	4  ��1����	5  �.4���� ��3��.��	5  J��

  ���� ]6�4 �.4����1 =����� 8�7��2��	5  ���� E�s �� ,����

 ,���� � ���4 ��H� ����4 �
O�T Z� 2�:����	  �� �� �1 �:��=

 ���H
/� a:�	  �� ���)� 2�:�	4��� �� F�	
C� �GHI� 2�t  v�9� 7�

.�	� �:��=  

  

  
 9	7-  G-(�<- �H#"� ��,(1 �& �F�:	 +��& R'�.5  

  

  
 9	8  -  �."� &-���- �& �;*�5 3�-(< 8�>��- ��	��.B  

   

 Q�1 ��9  ��1 c/�
�����	5  �� ���� ������ c/�� �
 ���� �.4��

rR
Z� <=	> ���6� ./� ��1 ���� ,�.�  ,��	; <=	> ��6 <��W �

 ���C ��2/0 �.4�� ��1 	4 �����> 	�A�� �2�� 	4 2��	   ������ ����

�����. <=	> ��6 <��W � �4 ���  J�42/0  ��3/0  �P= ��s �4 ��1 J��

�� <��W � <=	> ��6 �� �� /� ,� 	�� J�� Q��� .�4��2/0  Q��� �4

<=	> ,�W�� ,��4 J�����  ��:�.� �RO1 ��
 � �� �-;�� Q4�N 	��@�

�9���1� |� ��� �/�9� 6	/ <��W � �4 U���� �4 ,� 7�  <Z� �

�6�O1 2�
/�� �� �RO1 � E���� _P/ <��W � Q��� �4����	5  � �RO1

 ����� E�s �� =����� ����� 8�7�� ��3�� ��1����	5  [N�O
� � �.4��

 ���� ������ 2�� 	4 2��	  ��1 ,��� <��W ��4�� . ��6 <��W � �4

 <=	> 7�3/0 �4 4/0�  � �
 �� <��W � �0
�:� �4 ������ �4 ���4�� ��1

 <=	> ��6 ��4/0 ��C �4 �R=�� �4��	5 ��C�� ,��/� Q��� �4 	`�

��= �7����  Q�1)4( �<��W � 2	`���C ��: � =�/ Ye
=�  W�� �

�� �N�	
C� ��� 2�:7�5 ���� ,��7 <��W �  ,����
�4 E�R/ J�� �4 �

�� ��= ���S� J�	
.�4�/�� 2�	4 �� /� ���C �� J�� .�6�<=	> � 

7� 	
5�W4 4/0  ��1 ,�W�� ����)� �4��	5 �7���� ,���� 4�A Q���4 �.4��

S�	��� 4�A ��.����  

 Q�1 ��10  ���� ��I� E�s �� ,m�	
�� ����� ����L� 8�7�� c/�
�

 ./� ��1 ���� ,�.� ?��H
� <=	> ���6� 2�	4 p� ���)� ����L�

�� ��� �4 �
�4�� ����L� ��� ��C�� �� ����L� J�� Q��.� QI� .�1�4

 ����L� J�� ,�W�� ��� <��W � �4 � ���4 �RO1 2L�4�� <��W �.�4�� 
 Q�1 �� �� ��P��9:10 �� ��:�.� �<=	> ��6 <��W � �4 ���	5

 ���� 2��
4� 9/ �4 ���� ���-
�� 9�N 7� �����L� J�� ���S� ���.�4

�� �	C 9/ �4 �RO1 ����� ���.�4 ,�1 �34�; 	�� J�� Q��� .���

�� k� <=	> ��6 <��W � �4 �� /� ���� 2��
4� .�:� J��K9:7� 

 Q�110 �� ��:�.� 2�	4 ,m�	
�� ����� ����L� ���S� ���.�4 �� ��1

 <=	> ���6�0/0  ���2/0 <=	> ���6� 2�	4 ,� ���S� 7� 	
.�4 �R�= �

3/0  ���6/0 ./�  

  
 9	9-  01(2 &-�F- �& ��.B ��-.'& +,� �;*�5 ��	 Y�Z����

[��\�  
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  9	10 –  +-(* ��.B �."� &-���- �& �@,(��� ���B- ���']^ R'�.5

3,�#�� 01(2 &-�F-  

 2�	4 ���������� � =�/ [/��� Ye
=� v�6 �	�� J�� Q���

 J�4 <=	> ���6�0/0  ���2/0 ��C�� Q��.� � J�� �� ����� W�	9� 2�:

 ./� <=	> ���6�,� ���� �� �� �R�N 2�:����9� �� ��P��9: ]I4 �:

��1  J�4 	���S� 2�	43/0  ���6/0 �� 2W�	� �4��	5 ��;� Q��� �4 �

 2��
4� �4 ����L� J�� ���S� <=	> ���6� J�� �� ��R=�� �4��	5 ,�9:

�� <:�� ?�1 �4 W�� ,� ���S� � ��1 p��W� ���� 7� 	�� J�� �� �4��

 ?�.� <=	> ��6� J�� �� ���������� � =�/ [/��� ����4 Ye
=�

��7 �	�5 �RO1 �� L�4 ����� W�	9� Y�S� ��3�� 8��� ���)� �4��	5 �	�

�� <:�� �� ,m�	
�� ����� ����L� V�	s J�� 7� � ��1.�:�  

4-  +(�7 ����� 
 �� ��
 � 	4 2���� 2��: ,��	; <=	> ?�1 	��@� 	A� 	B�C V�SI�

  ��1 � ��� �,��	; ������������	5  7� ���H
/� �4 E���: QO.� �.4��

 2��I� � �/�9� 6	/ 2�: �H��� 	4 ��
�� � ���; r�	O� p�

 ./� �
 	5 ��	N �O��P� ���� ,��	;�
 �� <:�D� J�� �RT� 2�:

 :7� ������6  

•  �� =����� ����� 8�7�� ��3�� J9B <=	> ��6 <��W �

 Y�S� ^)C � �RO1 	`���C 2��� <:�� ]6�4 ���� E�s

��� ,���6 �4 L�4 ��� ����L� Q��.� 84NOx �� ����	C -

.��	5 

•  ��1 <��W � ]6�4 <=	> ��6 <��W � ����	5 �RO1 �.4��

�1 �:��= ���� �� ����	C ��1 =����� 8�7�� �. 

•  � �6�O1 2�
/�� �� �RO1 <Z� ]6�4 <=	> ��6 <��W �

� ������ �4 �RO1 ����	C E���� _P/ <��W ��� ���.��	5 

•  � �� =����� 2��� 8�7�� ��3�� J9B <=	> ��6 <��W

 � ���� �� ?L�\I� ���� ,��7 <��W � ]6�4 �6�O1 2�
/��

.�1 �:��= <���� �� ����	C ^e�� <:�� 

•  ��C�� ��3�� � ,��	; 2�0�� 	��@� ]6�4 <=	> ��6 <��W �

5 2�:�� ,��	; �� �;��= � �R=�� �4��	.��1 

• ��
 � 	4 �R=�� �4��	5 <S�  7� 	
.�4 ����4 �RO1 �N�	
C�

 ./� �;��= �4��	5 

•  � =�/ Ye
=� <��W � Q��� �4 <=	> ��6 <��W �

 <:�� ]6�4 �L�4 ����� W�	9� Y�S� <:�� � ����������

 �4 �
�4�� ����L� p� �� ,m�	
�� ����� ����L� �;�� Q4�N

�� /� ���.��1 

�
 ���� 	B�C <:�D� 2�:2���:�� ����� ���	;� � ��H�  ���-4 2�	4

����	C ,������ QO.� ��3�� � �: ��1����	5  �=����� ����� 8�7�� 

.�1�4 �R��� Z� 2�: ���� ��  
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