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Abstract  
Injection system of a diesel engine is heart of the engine and could have significant effects on its performance. In this paper an 
annulus nozzle has been considered in the injection system of the Kubota V3300 diesel engine and the engine’s performance has 
been investigated by considering different fuel injection pressures and different pressure of the combustion chamber due to the 
turbocharging. Numerical results show that under turbocharging circumstances, increasing the injection pressure leads to more 
perfect combustion and the magnitude of SFC decreases to 0.195. Results also show that increasing the injection pressure during 
turbocharging lead to the increasing of engine’s power and torque and to the increasing of pollutants. It is found that in the absence 
of turbocharging, increasing the injection pressure leads to the increasing of SFC. It is also found that for the injection pressure equal 
to 60MP, SFC is equal to 0.21. Numerical results indicate that in the absence of turbocharging, increasing the injection pressure 
leads to the increase of the engine’s power, torque and its pollutants. Comparisons between both cases of presence and absence of 
turbocharging show that amount of soot in the case of turbocharging is less than its amount when the engine is naturally aspirated. 
These comparisons also show that NO emission in the absence of turbocharging is considerably less than generation of NO in the 
other case. 
Keyword: Annulus injector, Injector inlet pressure, Combustion chamber pressure, Diesel engine performance.  
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�D�? P�	
F��0�� .2 �.��	
� �����  �� ���K
*�����]	� ��/ � AVL 

Fire���5 ;�� �O� �� �D�?� .7� ;��  �?R�D ? ����? ��� �? �
�?��� 

C���� .��	
�� ��� �.4�  �� ��Z���XKY�P�	
F� 2 �:��� ��2 U�? �

.��	
�� ����� �� �����  .��D;�� 7�� �� * C:��+���8
�� 

D����8� �=F	� ��@ �2 {	  ��*�	?R�� x/Z ;��V�� C���� �:2 

����E��� �� ��D�?.  

)11(  
N� � A ↔ FA � F O� � F ↔ FA � A F � A? ↔ FA � ? 

 5�G8Z .�	� [	W  	�5 �=� C���� U�? ����V� �@ � *�� 2�:

�� *� �? :���  

)12(  N� � A� ↔ 2FA 

 Q��1� ��:� 7��	?��?NO  j�W�H?�� �� *� �? 	�5 2 :���  

)13(  �pFAq�\ � 2kIpN�qpA�q 
 5� /�� C���� ��:��H?�� �� *� �? 	�5 2 ���]22�25:[  

)14(  kI � �√h  exp �� Etgh� 
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2 -2- >�� ���6   

.�8:  2�E=F GHE� ��
�4�� 5� ��� 7�� �� �D ���D� �� ��W

�D ���K
*� �.*� ) Q�D3 p�� 2�8� (;��* .����  ��
�4�� QI��

���D 2�E=F GHE�  ��D 2��? I�* m�	I ��Y� � ��
�4�� �*��: �

  5� �Z�	I.� �� .�1� ��  .�:� ���K
*� ���� ��
�4�� ���E� 7�� ��

 d�K��� ;�W 2����5/0 �=��  �Z�	I �E=F ��\{ �	
�

01/0�=�� 	
� � �E=F 	H9 22 �=��  2	
���  GHE� F��� .�D�?

���K
*� ���� ��
�4�� �Z�	I �E=F ��   �? ����E� �� ����E� 7��

 GHE� F����	��� CD 2 ����� �� ���K
*� ���� ���8V� ��
�4��

 ���?��3300 � �5���� �?����� ?�*� 	
1. �? ��X��  ����5 C��/ �

�2	g*� _�	\� QI�� �� I�* 2	g*� .��8� I����� � _�	\� 

I�	-�� ����5 2���� ;5�� �Z�	1  �5���� �?10 �� /�� �Z�� .�D�?  

  

 QR5  

W  

 A�3-  :QR5 6��� ����Y L�2" �) >��� AT5< >��� �5���


R�T2( 6&I�5 A�+8&� 8 �2�34�5 ����G :W ��� ��� ��R2(  

  

�*��: �I�* N�� ���E� 7�� ��  I�* k��	D � ���=�* 2

 2�����
 	- 	X� �� 	���E� �D �
 	- 	X� �� ?�A  7�� 2�	? ��D

) ;��Z �� N�{��1��D ����� ( .���  
 
8�� >1- Q��Z� 
*��� 6�G��*+ 65&) 6<8�8 ST2� L�[Z*�  

 I�* 2���

����2 )K(  

 2���� ��1 

)��
�4��MPa(  

Z/� ��������  

)Ns/m2(  

���0@  

)kg/m3(  
��F  

293 

60  

100  

120  

150  

00214/0  830  

1  

2  

3  

4 

  

 5� +� 	: 2�	?��F �: � �V��W C�� ��F �� U�? ;��Z 2

 	�A�� � ��D �
 	- 	X� �� �����I	�.� �:  2�:��
�4�� �	�=8> 2�� 	?

 �� ���K
*� ���� 	���E� *� �
 	-��	9 �?��5�� ���� 2�E=F GHE�

                                                             

1 Cone angle 

) ;��Z2 	�A�� j��/� ��1  C��/ � .*� ���� (�V�� 2���  �	�=8> 	?

 j�	W 5� �XKY� ��1   C��/ � � 	W 5� .D�� �:��I ;/�� �����

�� 	�A�� 2	g*� ��
 � 2�� 	? ��: ���0@ C��/ � �� 7�� �� ���(-


 	- ��	9 �Z�� ���� ���E� 7�� �� N�{������.  
  

>8��2- �9! � 
�T5< :.5&� K35&( 65��)5 �< ;5&�75 6  

) ���K(  ) ��1 kpa(  ��0@��: � )kg/m3(  ��F  

323 

423 

100 

250  

2/1 

3/2  

1  

2 

  

�*��: j�EY� 7�� �� ��D ���K
*� ����� 2+��/�  ��������?�� 

3300 2 ���D�?.  ��,@ 6�E
�� j��/� ��/�� ����� +� ������ 7��

=S� R��\1� .*� ����5� �	D �k� �	�=8>2 ) ;��Z �� �����3 (

 .*� ����  
  

>8�� 3-  �2(2� ����G  

4  ���=�* ���V�  

98  ���=�* 	H9 )mm(  

110  ���� )mm(  

32/3  ) ����� 63FL(  

  

�? ��X�� ;�� 5�*2 �V? �*�2  ��
?� ��+� �*��: G?� *���=� 

]	� �� ����� ��/ �  AVL Fire ;�����D � �D 2��?. ) Q�D4� (�XKY 

 P�	
F����D ��?2  ��D 6��	� 2��
?� � U�? �	� �HE� ��F �� �� ��

.�1� �� .�:�  

  

  
 A�4- �9! �K35&( 65��)5 8 M�) \&� �01�  �< ;5&�75 6  

  

3 - �?� �5 >]1��5 
��&)  

 ���D 5� ;`E
*� �*�	? 2�	?��� 7�� ��  5���,@ ���*�Y� ���D� 

p=
\�  P�	
F� Q�=Y� 2�	?� .�D ���K
*����V �
� ����D 5� ;`E
*�O� 

=I�� ��1  5� QS�F� *���=� ;�=* ���V� .*�  �: �� ���K
*� ����

) Q�D ����8�5 ( p���� �\1� .�D�?  5� ��F R�	��L� �V? �? ��

�� t��� ����? ��1  .�D�?  �(� 5� ��� 7�� �����D 2��? �?  ;�=* ���V�

.� 78525 .�D ���K
*� ��?  QI�� �� ���D 5� ;`E
*� Q�=Y� 2�	?

 5� ��
�4��3  .�D ���K
*� ����*�Y� ���D���V� 5� ;`E
*�  �� ���D

                                                             

2 Kubota V3300 
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 .*� ��D �
 	- 	X� �� ��
�4�� 5� �Z�	I I�* ��:� 8�9 7��

 �? 25�* �
��- ��F �� I�* ��:� �? _�?	� 2�:����8�45000 

 � ;�=*66000 
�: j�H�� 	0��8: 2�� 	? ;�=* Q��� 7�8: �? ��

 2�	?���D 25�*  ;�=* ���V� �? 25�* �
��- 5� ��
�4�� �=I�� .��	Z

45000 .*� ��D ���K
*�  ���E� 7�� ��V���� �	08:�� 001/0  �

 Q9��F10  	w���F �100 �	? ��	��2 ���5 ]�- 	:� �
 	- 	X� ��  ��D

.*�   

  
QR5 

  
W 

 A�5-  :QR5�?� �< ��*+ L5&��^(6��)Q��Z� 6�G  L5&��^( :W

ST2� D&� 
�8&T 6��) �?� 65&)Q��Z� 6�G  

  

4 - S "
	��  

� 5� Q�9��,�1� �Z �*��:�� �	?2 9�	
F� �	�=8> �;5��� ����� 

���?�� 3300 �D .� ;���
� ��
�4�� �?��25�* �
� � �DO�  *� �?

�	? ����2 ���
1- �.���� �.�/� � I�* [	���4� /�	� .�/�� � 2

����U� ����� 2�:NO ���� � �
� �?O� ?	3�����8: � 7�F � .]27[ 

�E���� 3�* YS ��  �� �D���9 Q?�9 j?�H�� �
� �?O� ?	3�� 

��5� .�D ��:�1�C� �D � �������25�* ��>2  ����� ��� �� .�

2600 �E�9� �� ���  6��	� ��� �6/22  CD�� .*� ��D ]�3��

� I�*/� 15 �HE� 5� Q�9 �Z��2  5�^� U�? �	� .� ���E� �36 

�=���� CD�� ��? 	: �� ]	-�D�?.  
  

>8��4- 
)&	( 8 6<�= _.��� ��.�1�  

2��>  �?	3�    

6/179  176  ���
1- (Nm)  

88/48  9/47  .��� (kW)  

244/0  237/0  SFC (kg/kW h)  

  

  
 A�6- 	�� S "
 ���_. Ma���.�G  

5-  _.���  

 �? ��
�4�� �? ���8V� d�K��� �? ��
�4�� 	��L� �? ���E� 7�� ��

 2�	? ����� �	�=8> 	? 2�E=F d�K��� �? ��
�4�� 	�A�� 2�E=F d�K���

 j��/� ��1  p=
\� ��F ��,@ �� �����I	� � �V��W C�� ��F ��

 � �D� .*� �
 	- ��	9 j�EY� � �*�	? ���� 2��> R��S �? I�*

* 2	g*� �V*�� ���
1- � R��9 ��4�� I�* [	�� ��: ����U� �I�

 ��/ � ]	� �� ��D �
 	- 	X� �� k��	D Y� �����AVL Fire  �?

 ���� *�? 2��> R��S �? � ��D 25�* ���D 2	���g��� R��S

 ��F �� �� ��
�4�� j��/� ��1  ��F ��,@ �� ���� *�? O��
� .*�

��
�4�� 2�	? �V��W C�� � �����I	�  ��D ����E� 6:�? 2�E=F GHE�

 C:�� � I�* 2	g*� 2 ����5 C��/ � 	�A�� O��
� 7�� ����E� �? .���

 2	g*� n�K� ;�W 2�: ����U� ����� 	?NO  ����	- �*�	? ���� �

 .*�  

) Q�D ��7 �? 2�E=F GHE� ��
�4�� CD�� 5� QS�F 2	g*� (

.*� ��D ����� ���8V� ��
�4�� CD�� ��	8: �	D �� .���� 25	� k�

 	: 2�	?;5�� ��  QI�� 2��: ��1  � I�* j��/� ��1  	X� 5�

�� ��:�1� ��XKY� ��F �� I�* 2	g*� _�	\� ����5 �� ��D

�� 2�	��� ��5�� �? ���8V� ;5�� 5� 	
1�? ����? 2�E=F ;5��.�D�?  
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 A�7-  6&I�5 :W 
R2�B� �2�34�5 c��� �5 A"�7 6&I�5 :QR5

621�7 /01� �2�34�5 c��� �5 A"�7  

  

) Q�D8 .�1� �� P�	
F� �XKY� QI�� �? I�* 2	g*� ��Y� (

�� .�:�  

  

  
 A�8- �9! � AT5< ST2� 6&I�5;5&�75 6  

  

 5� �����-4� 2�:  _�	\� ����5 C��/ � 2�E=F GHE� 2�:��
�4��

�� 2	g*��D�?.  7�� �?�I �? /�� 	{�F ��� �� ���K
*� ���� ��
�4�� ��

)Q�D �� ��D G�5�� R�	H9 �� 9� �? .*� ���� ]�3�� �� �K���7 � (

) Q�D8�� ( �? � ���? 6: �? +��/� R�	H9 	H9 ��  ���� .���

 G�5�� 2	g*� _�	\� ;�� 8�9 �� 2/�	� 8�9 5� .5��
� R��S

��D� ��
�4�� �� .����XKY� QI�� �? 2���� R�	H9 	H9 2�E=F GHE-

�� ���8V� ��
�4�� 5� 	
8� �=�I P�	
F� 2�D�? ���F)+� 6:�(. 

 2���� I�* 2	g*� 2/�	� 8�9 �:��
�4�� 5� N�� 7�� �� 7��M8:

 ����� �.� I�* 2	g*� �� � ���? I�* R�	H9 5� 2	
8� 6��	�

�� ��Z� I�* D�� R�	H9 ���8V� 2�:��
�4����� .  

) Q�D9A�� (	� ��1   j��/� c�F 	? P�	
F� �XKY� QI�� ��1  	?

��5�� Q�� ���  2�	?��F �� ���=�* QI�� ��1  �� .�1� ��  �? .�:�

CD�� ��1  C��/ �? ����1� * QI�� ��1  ���E����=�  C��/ ���  �?��

5�	� C��/ �  ��1  e>�? CD�� ���=�* QI�� �? I�* ���� C��/ �

 ��D �?� G���. ��: � I�* _�=\�2 ?2	
1� �	?2  P�	
F� �=F	�

�C� ���
\� �� 6:�	  ��D����E� �? . 7�� �� 7���� � U�? ����8� 2

 C��/ � �? �Q�D �? 2���� 2��:�XKY� ��F 5� P�	
F� 2C�� 

������I	� ��F �? �V��W �� C��/ � ���=�* QI�� ��1  ���E� �?��.  
   

  
 A�9-  SR�7 8< 65&) 6<8�8 Q��Z� 6�G��*+ �< ��*+ L5&��^(

c� 
�5�2T&� 8 
B�?d  

  

) Q�D10�XKY� QI�� �� 7�0���� 2��� R�	��L� ( �� P�	
F� 2

�� .�1��:�. : ���=�* QI�� ����� ��
 � QI�� ��1  ��
 � ����8

�� ���=�*�D�?. �� ��:�1� Q�D �� 7�� �� 7��M8: �� ��D �?

�1  C��/ ��� C��/ � 7�0���� 2��� CD�� �.�?��  

  

  
 A�10 -  65&) 6<8�8 Q��Z� 6�G��*+ �< ��< L5&��^( SR�7 8<

c� 
�5�2T&� 8 
B�?d  

  

) Q�D �? �Z�� �?11( � QI�� �V{�� 2��� P�	
F� N�	D �?

C��/ � ���=�*  U�? ��� _�E� �� .�D ��/3� �? N�	D .��	
�� � �
 ��

�� ���.  C:�� �? ��1 � CD��.�/� U����� ����� �.��	
� C:�� 

�� �?��. 5�	� � �?C:� ��1  I�* CD��  � ��D ���=�* ���� 2	
8�

�� C:�� 7�0���� 2���  .�?�� ����� ����� ���E� �����I	� ��F ��
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�? .��	
��1 ��F 5� 	
C�� �� �V��W�D�?.   
  

  
 A�11-  L5&��^(NO  65&) 6<8�8 Q��Z� 6�G��*+ �< SR�7 8<

c� 
�5�2T&� 8 
B�?d  

   

�� C��/ � ���=�* QI�� 2��� � ��1  ��F 7�� ��  �� � �?��

�� ��/3� 2	
1�? .��	
�� �3�
� �� ��{�� �? ]5U .��D  �� �D�?

 .�/��NO  Q�D) ���8V� 2�:��
�4�� �? ����E� �� 2�����6 	w�� �� (

�� 	
8� RU�F  7�� .����� 	?�	? ���	E� 2����� .��� ���E� ���� �? �D�?

 N�{��	W�I �?  2�:��
�4�� �� I�* 2	g*� ����5 �� *� 7��

.� n�K� ;�W � ���8V� 2�:��
�4�� 5� 	
1�? ����? 2�E=F GHE�  6� �:

�� �D�?M8: . ��D ���D�� I�* R�	H9  �:��
�4�� 5� N�� 7�� �� 7��

I����� R��S �? �� C\� ���=�* QI�� 	� ���D]20.[ 

) Q�D12�	Z 	�� (� ���� ��5 c�F 	? ���� Q�� ���  .�1�

�� �� ��:�1� .�:� ��� 7
 � U�? � P�	
F� N�	D �? �� ��D2 �XKY� 

�P�	
F� => �? C���� >	*.4���� ]�> � �: �? c*��� ���*�

 �P�	
F� ;�F �� I�* ���E����� C��/ � P�	
F� ]�8�� 5� d� � �
 �� 

�=S� C���� .�D ��� Q��� �? D 2�:����8� D���  P�	
F� 5� �

 QI�� �� ��D ��3�� d�U�?��� R�D � c*��� 2��� 7��M8:

 ��D ��3�� ���� ����=�*���E� �?��*��� 2 ������  C:�� � ��D

�� �?��. �� C��/ � 2����� ���� ���E� CD�� ��1  C��/ � �?  .�@ �?��

 ��1  C��/ � �?�� C��/ � I�* ��^ jW��� /�� � �?�� n�K� ;�W

C��/ �  �? 2	
1�? R��n �3�
� �� � �
 ��.�
��� m��  ���I	?

�� �� 	
1�? �9�� P�	
F� cZ�� �� ����8� �D�� .  

 ���E� ��������� �	? ��D2  ��FC�� �V��W  5� 	
1�? ��F

�����I	� �� P�	
F� Q��� �? �� �D�?  ��F 7�� �� 	
1�? �9�� 2�:

�� �D�?. �� 	
8� ��F 7�� �� 7�0���� 2��� .�@ 7��M8:  �D�?

�� 	
8� ��F 7�� �� /�� ���� .�D ������ ���E� �D�?.  

  

  
 A�12-  65&) 6<8�8 Q��Z� 6�G��*+ �< �<8< L5&��^( SR�7 8<

�c 
�5�2T&� 8 
B�?d  

  

) Q�D13L� (R�	��  .��� ��p=
\� �1D�� 2�:��1 �  2�	? ��

 ��FC��  �����I	� � �V��W�� .�1� �� �:�.�8: .  ��X
�� �� ��W

�� �/ � �? ����� .��� ���C� ��1  �/�j� �/ � �I�*C� �� 5 ��?���	� 

 �? ���=�* ���� 2	
1�? I�* ���E� CD�� ��1  C��/ ���  �� ��D

�� 7�� N�{6,� 7�	� �� .��� C��/ � Q����D�?.  ��1  C��/ � �? �
���

�� 	����5 2	g*� _�	\� ����5 ���D 	�/�� R�	H9 	H9 CD�� � ��D

�� ]�3�� 2	
,? �K���? P�	
F� �3�
� ��  C��/ � cZ�� �� �	�-

.�D �:��I .��� �x/Z  7��M8: �?�����I	�  ���
I� �� 2	
1�? 2��:

�� ��	9 ��D ���D�� I�*  �	�-�3�
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