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 �F/&� @: �=�+ 4% �-��� .
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 �-� ~8G% ��0�% ����+�Q : �X�%�<���%3 }��� ��& ��(8% �% �=��B% ���3�N .
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 /�  ��6�+ 
� ��� �&�6 ,�1)+���� �% ^+ �� 2-G+ �)��� 
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 u�-+�u , b &�2-� �)DQ �%-� �� �P���%2-G+ �)��� 
 2-� �)��� 4�:/�Q �� ���% }��� F+���7+ ]�33 �� 
�%-���.�(7Z �0���% ���& �7� &� \��P��0�)+5 &�� �� 2&��� v �)�6�+ /��)��� ��6�+ �� �)���+ � ( J<N�
 \�l+� �l�)+ &�
�% �0���% ���& �7� �(7Z ��%&��� 
 -<NP��0�)+5 &�� �� 2&���v�% &-<(�� �
�� �� �)���+ ��6�+ /� �-<N.

dmu,R/dθ �� ��� ��� :

θθθ d
dm
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dm luuRu ,, += )p�(

%�� �0���%�% 2���)�� �5 /� �� �% }�{8% @l6 �� ���% �Y��& @�<� �-���  . Q�νb�:/�Q }�{8% @l6 4
 
 2-� �)���νu�:/�Q }�{8% @l6 4�� �-<��� �)���+ 4ν���� @�:��� &-<(�� ����)B% }�{8% @l6:

ν= V/m = x ν b + (1-x) ν u )pq                                             (
 P�� �Y��& &�x%Z �� ��:/�Q 4% 2-� �)��� �-��� .
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hl �% �=��B% �/ �&�� ������ ]o�:[

hl = (1-x2)hu + x2 hb )px                                                                                                                    (
 �Y��& P���l3 �Y��& .��% �-���  .% 2-�� �� �+�F+�7:�� J8� ���� )G+ @^>��:/�Q �� ���% 42-G+ �)��� 
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� �H<�� �� �Z�3 �0�F���:/�Q 4 /� J�� �)���+ 0�F���:/�Q4% 2-� �)��� �7l6 �� �����<� �-��� ��:/�Q 4

7l6 �� /� J�� 2-� �)�����:/�Q 4% �)���+ �-��� .% �>�� �(��% ����)G�� �� ��� 4 &� K�)6� �^�B% /� 
�:/�Q �� _�734-��� �)���+  . �Y��& &� �n0)p$ (� 2-� |D ��Ab%Z �� &nZ �� ]��<)%��:/�Q 4� �-��� 2-� �)�.
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 2-��-��& @�:��� �/ �P�:
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 2 2-���� .I��
& &� �� &�Y+�7:) p"( �)��( 
 �)�o (

% 2-��� ,��l% &��� 
 �0���% �� U%�� �P���% 2�F)�� ��� ���� 
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dT bu% �-���  . \�(�% �&�� &�

% &�GD ������
 �� �=��B% �& \Z �)��� *+ ���3 �(H% -��� ~8G% \Z �)��� *+ Q� �u� &�GD &���7+ ���3 
�&
5 ��-��& .

B �H�)*)� ��5(' O�
 + � ,
�-�)% C���34�� 4��� 2-� ���&� s<0 U�% ��
�/ ]�6 � \Z �)��� *+ ��&
5 ��-�  .H�� C��3 �C���3 ��� /� 

'('%�% �-���  .�% �/ �&�� �� �'('% C��3 �0���% -���.
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=

max

 �/ �&�� �� �5 _��& ��{)8% �N ��� �('% S� �0���% ��0���% ��� ��� ~8G% �N �+�F+�7:�%-���.
A(θdelay , 0) , B (θmax , (dx / dθ)max) , C (θ b , 0) . UH�)o (% ��G+ �& �('% ����-:� .
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 PQ/B�)*)� ��5(' O�
 + � ,

 P�� I��
& &�x � 2-� �)��� �%Z �N θdelay,��)�� &� ���3 ��
�/ a � θbK�)6� ����! ��
�/ f �(dx / dθ)max
%Z �� *+ ��)G��� 
 �2-� �)��� θmax� ��
�/4 *+ ��)G�� �� ��� �5 &� �& \Z �)���@�)�: -:��  .

�% �('% _��& ��&
5 ��-� ��B+ &� ��)DQ \�l+� �'('% ,-% 4
& � 2M
! ��� &� �N �6 ��-��� . �l<�� &� ��
:�FG��%/5 �)��� *+ E��)+ /� 2���)���1�1B3 &�3�% 3�� �&-�: 
�&�H�& (Ricardo Hydra research engine) �7� ��1+

���(	 �)��� *+ ) /�x=0.01 �3 (dx / dθ)max( 
 �7� ��1+�(	 ���&�)��� *+ ) /�(dx / dθ)max �3 (dx / dθ)=0.001(
���& I� S� �� \�-N :�<��� -+� 2-� 2�/ ]�13 .�-6 [
& /� 2���)�� �� ��Y� ��� �0���% ��-� ����% t�7l% U	

�%-�5 .��Y� �&��� UB%�<��� ���
/ 
 ,��)�� &� ���3 ��
�/ ��% ��1D� &�B% �� �% K�)6� �+���! -��� . UB% ��<h7:
% U�HG3 �& �('% \�� _�& F�-H� �� ��Y� ��� �&����-:� . *+ @7����% ��% F�� �&��� UB% ��� �� �Z�3 -���

�)����FG��%/5 :�7+�-��� '('% C��3 &� �)��� *+ @7����% ��% �H(� ��%  2-� � �� �-���  .  �B� �%��� &� ��� ��<�
'('% C��3 @7����% ��)��� *+ @7����% /� &�^<%�2-� � ��% �:�FG��%/5 �)��� *+ @7����% �+ �-��� �. /� �X�

�% ��-� �k��& �P���% A�T /� � K�)6� ����! 
 t
� ��%/ �N ��� ��� 2-� � �� [
& 4����%-�5 . [
& /� 2���)�� ��
 ��� ,��)�� &� ���3 ��%/ &� 2-� �)��� �%Z �N � 2-� � ��a �3 f K�)6� ����! &� 2-� �)��� �%Z �N 
 �-�&� 

 ��� ��+c� % �3ajj %�%-���.
(�� ��{8G%�&�3�% ��-<: 
�&�H�& % �/ �&�� �� �-��� ]":[

BTDCoo�p 4�
&
 ��!�� �-� �)�� ��%/ o :r/" @��3 �=�+
BTDCox 4�
&
 ��!�� �-� /�� ��%/ mm�/yo _&��
ATDCox �Z
� ��!�� �-� �)�� ��%/ mm�/ory ��3�� ,�T

ATDCoo�p �Z
� ��!�� �-� /�� ��%/ mm�/"x &-<(�� Y	
�� �
-� ���<� &�3�% ��� &� 2���)�� �&�% ������)�� �-> �� 91RON%�-���  .�� �� ,���% ����7�� ,�%D4

 �&�� �� @�� �)DQ ^+ &� ���� ���C7H17% �-���  .

& � ��G��%/54�� &�3�% ��� 4 &
� &� &�� �7�+ �0�6 2400 rpm�� 4��)=�+ 4/&� @: 4 �()8% �:/�Q -�&� 
4

)GQ����� 2-� \�l+� �()8% .,
-Z &� &�3�% ��� J��%/5 I��� �� ���% ��> T� )o ( 
)p (��� 2-� 2�&
5.

o# &�-1% �5 &� �� ��� �% �)�Q �+�%/ �-% �� ,��)�� &� ���3 ��%/ �-% �%� @N�% �)��� &-<(�� U��� \Z /� ��% ��� . ���
 �()8% CZ�% &� � ��% &�-1%a � � �� 
 aj��� 2-� �)DQ ^+ &� -�&� ]op[.

p# . �&�6 ,�1)+� *+ �� ����1% U��	 2-� ��/5 �&�6 *+ �(6% ��� &� ��� ����+ �n! ��H%� �)6�& �� K�)6� ����! ��
�/ ��783
-��� �% . ���� &� �� ��� �+�%/ �K�)6� ����! &���% CZ�% /�"�-��� �)��� &-<(�� U��� \Z /� -�&� ]op[.
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B�B�H��@��R�� ���N� �(:
 1)*)� ��5(' O�
 + � ,� / STU� 
% �7�	 ��� &��� �<��� C���3 @�:��� 4% �� ��:�;)% ��+5 .7� �� ���3 4'('% ,-% � � ��  �/ ��783 �& 2-�

@�&
5 ��-� .�:�;)%4'('% ,-% �/� -<3&�=>  : : 
 ��)��� *+ @7����% ��)��� ��%/ �-% �,��)�� &� ���3 ��%/ �-%
� ��
�/4% *& �)��� *+ @7����% �5 &� �� �-:� .

B�B�B�H�V � ���N� �(:
 ���- V � � ������ ���- � �$ ��5�� +�&�/
�()8% C���3��� 483  ��7�-%��%/ �-% 
 K�)6���%/ � &� ���3 ,��)�D�% �� 2-� -+ . �(7Z /�I��
& ��� �Y��& �

/��:]o� [%�-��� .T ��
�/ ���� 2-� |D /��: �Y��& &�� &
� �� K�)6� &� ���3 ��%/ �-% 
 K�)6� ��%/ �-% &� 2-� 

 ���3 �� &�3�%
3
1� �� 
 @�1)�% �=�+ �>\�&5  �(�� )%�F<:� �� r�-��� 2-� K)B% ���� /� -�&�  ( ���3 ��

3
2 �Y��& 

�&�� _�H�%. �/ I��
& /� 2���)�� �� ���<� �(�� \�&5 �>�% �=��B% U��	�-��� ]op[.

)q$ (( )77.0

00,
0, 06.21 r

u

u
LL y

P
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T
TSS −


















=

βα

yr0�% �� P�� �Y��& &� ��:/�Q 42-+�7�	��  �Tu,0=298K , P0=1 atm�%� 
 &�GD 4 CZ% %�-���  .a �b 
 �SL,0 
% ��-� �/ I��
& A�T /��-<�5 .

51.3271.04.2 φα −= )qy                                                           (
77.214.0357.0 φβ +−= )q"                                                                                                               (

2
0, )21.1(9.545.30 −−= φLS )r�                                (

 P�� I��
& &�F/&� @: �=�+4 ]�6 � �(�� �>� 
 cm/s% �-��� .UH�)p (T s<0 U�% ��
�/� �-% &� 2-� 
K�)6� ��%/(θb-θs) &� �(�� \�&5 �>� ]�6 � �&x=0.5% ��G+ �-:�.
& ��1+41% ��% UH� :�FG��%/5 ����

%�-<���a<B<% �0���% 
 � 2-� 2��� ��G+ )/�� �<��� A�T /� ��4��� 2-%5 ��-� ����% t�7l% U	�-6 [
& �� ( �� 
% �/ �&���-���:
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86973.019.3106 −=∆ Lb Sθ )ro(
�� �(�� \�&5 �>� ���3 �<��� ��� ~8G% K�D �Y��& &� �� �+�F+�7:4�� �K�)6� ��%/ �-% ��783 4 &�3�% 

 ��� �
�&�H�&yx"$�/�%�-���.
UH�)� (T s<0 U�% ��
�/��3 ��%/ �-% &� 2-�  &� �(�� \�&5 �>� ]�6 � �& ,��)�� &� ��x=0.5 ��G+  

%�-:� .
& ��1+4:�FG��%/5 ���1% ��% UH� �% �<B<% �0���% 
 -<���� 2-� 2��� ��G+ )/�� �<��� A�T /� ��4 �� 
��� 2-%5 ��-� ����% t�7l% U	�-6 [
&(% �/ �&�{� �-���:

-1.319946165.61 Ld S=∆θ )rp(
�� �(�� \�&5 �>� ���3 �<��� ��� ~8G% K�D �Y��& &� �� �+�F+�7:4�� �,��)�� &� ���3 ��783 4 &�3�% 

 ��� �
�&�H�&�o""q/o #% �-��� .��: �-> /� �-> ��� /)
3
2

− (��� )Q&�� &���� .% %� ��� �(>� &� � )�� ��Z
 -+��3

-��� ,��)�� &� ���3 ��%/ �-% ���3 2�B+ .%Z �� �-� �)�Q �� �+�F+�7:� ,��)�� &� ���3 ��%/ �-% &� 2-� �)���
���3 &��:4% �()8% � ��� -+��3o �3 o�-<� ��;3 -�&�  .%Z ��� ��� &� K�)6� ���3 ��%/ �-% &� 2-� �)���

 ��� J:
�!o �3 p% -�&� �-��� .% �>�� �(��% ����)0�6 �� ����1% &� ,��)�� &� ���3 ��%/ �-% �3 ���� �� �� 
%Z� K�)6� ���3 ��%/ �-% &� 2-� �)���o�% �)DQ ^+ &� -�&� ���Q ):�3�� ���� .�& &� ���3 ���� )Q&�� �Y�

% ��G+ �& �(��% ��7: ��+ P���-:�.
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D�B�B�H���0 �G O�
 Y��4�� ���N� �(:
,)*)� Z��� � / %�5(' ,(dx/dθ)max
%Z �� *+ &���7+ �/ �6��%���� �=�13 -��� s<0 U�% ��
�/ ]�6 � 2-� �)��� -��� .�  .% �����<�� ���3 

%Z �� *+ @7����%��&
5 ��-� �/ �Y��& I��3 �& 2-� �)��� :

b

S
d
dx

θθ ∆
×

=





 2

max

)r�                                                                                                                        (

 P�� �Y��& &�S6��%  
 �('% �∆θb% �('% 2->�	 ��7: �� K�)6� ��%/ �-% �-���  .S &�  ��� P�� �Y��&oo/o &� 
��� 2-� �)DQ ^+. �0���% /� 2���)�� E��)+ )r� (��4:�FG��%/5 �()8% I��� � ,
-Z &� )o ( 
)p (7��3 �&�� �� 
�

 UH� &�)q (��� 2-� 2�&
5 . UH� &�)q (��7> &�B%42-<:� ��G+ (dx / dθ)max
 P�� �Y��& A�T /� 2-%5 ��-�  &�B% 
1D��2-<:� ��G+(dx / dθ)max �<��� ��Y� CT�13 A�T /� 2-%5 ��-� %�-���  .% 2-�� �� �+�F+�7:� �0���% ���� )r� (
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%���� �� -+��3 � &�-1% (dx / dθ)max<�� J�! �& �-<� .

 PQ/����0 �G O�
 Y��4�� ,�5('  %[��� \��] -� � �J !' � � / %)_H (��0 �G O�
 Y��4�� XG� ��,  � / %�5(' 
 %���� a([5 Z]�C� \��] -� � �J !' �

H�B�B�H� ��5(' O�
 Y�4�� %���- ���N� �(:
 θmax
:�FG��%/5 E��)+ �� �Z�3 ���% � �(��D �� �DQ �l�)+ ���3 θmax+/ �	Z t
� ��%/ /��(θmax- θs) �(��D �� �=�+ 
+/ �	Z t
� �3 K�)6� ����!�(θb- θs))��� �->�% �-���  .�� �����<�4 ��&
5 ��-� θmax% 2���)�� �/ �Y��& /� �@�<� :

6451.0max =
−
−

sb

s

θθ
θθ )rq(

 �0���% /� 2���)�� E��)+)rq (��4:�FG��%/5 �()8% I��� � ,
-Z &� )o ( 
)p (7��3 �&�� �� 
� UH� &� )r (
��� 2-� 2�&
5 . UH� &�)r (��7> &�B%4 2-<:� ��G+ θmax
 P�� �Y��& A�T /� 2-%5 ��-� 1D� &�B% �2-<:� ��G+θmax

 A�T /� 2-%5 ��-� �<��� ��Y� CT�13%�-��� .

 PQ/_� ��$(�
 θmax %[��� \��] -� � �J !' � )_� ( �θmax %���� a([5 Z]�C� \��] -� � �J !' � 
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��b���
 )*)� ��5(' O�
 + �,� / �$�$ %&'(� 
% ��<���'('% ,-% ���3�2-� 2��� ����3�� �& 4J�! <�����7+ ���&� �)��� *+  .-% ��� &��-% ,��%/  /� K�)6� 

 �Y��&)ro(�-% ���%/  �Y��& /� ,��)�� &� ���3 )rp(%Z �� *+ @7����% �� �Y��& /� 2-� �)��� )r�(��
�/ 
 ��4 &� �� 
% *& �)��� *+ @7����% �5� �Y��& /� -:�)rq (% ��-��-�5 ./�� ��=� E��)+4�� ,-% ��� I��3 4�:/�Q -�&� 4

)GQ�� &� �()8%  ,
-Z)o ( ,�H�� 
)x ( �3)o� (��� 2-� 2�&
5 . ,
-Z ��� &�Tint�%� 4 ��%/ &� &-<(�� U��� &�� 
�
&
 ��!�� �-� �)��4 �Ign.+/ �	Z ��
�/ � �EGR (%)�:/�Q -�&� 4)GQ� � �Vol. Eff 7l6 2�/���
 �Res.Fr. ��  

%Z��:/�Q 4% 2-+�7�	�� �-��� . ��<h7:exp5 E��)+ �� 2&��� :�FG��%/� 
 sim/�� ��=� E��)+ �� 2&��� 4% �-<� . &�
'('% C��3 /� U��6 E��)+ �� ���% !�3 I� ��(H��% �:�FG��%/5 E��)+ �� 2&��� ��1+ 
 -����% �-<� . 2-�� �� �+�F+�7:

%�'('% C��3 I��3 2-%5 ��-� &�GD &���7+ ������� �� �:�FG��%/5 &�GD �� �a�&�� �1��Y%  .�Y�4 ��� &�GD @7����% 
�4 �/� )7� �:&���7+ /� �/q% -�&� �-��� .

 ,
-Z &�)p ( ,�H�� 
)oo ( �3)ox (/�� ��=� �l�)+4�� 4��)=�+ 4��� 2-� 2��� ��G+ ��: �� ���� �()8%  .
��� A��Y3��:&���7+ ��� 4'('% C��3 /� U��6 �:�FG��%/5 E��)+ 
 ��&�� ��Z
  .� ��� &�4:&���7+ /� �Y� �4 @7����% 

 /� )7� &�GDr/r% -�&� �-���.

 +� 0��-�' %�./ b���
1��� 1�@-�F  U�$ 1�#F�� ,c*�N� 
J��%/5 I��� o p � q r

Tint (K) �/�p� �/�px �/�qx �/�rp �/�xy
Ign. (0CA 
BTDC) r/�q r/�" r/qr �/q" �/rq

EGR (%) �/� �x/q p$/" "q/op ��/ox

A/F Ratio r�/oq r�/oq q�/oq qq/oq �r/oq

Vol. Eff (%) ry/�� �x/�� o"/�p $$/�p x"/�p

Res.Fr. (%) p$/" r"/op �o/ox po/oy "r/o"

COV (%) qy/o r/o ��/o "q/o q�/p
Comb. duration 
(deg) exp �p/xx $y/$p �q/y� p$/yy �q/"$
Comb. duration 
(deg) sim qy/xx pq/$q o"/yp ��/yy oo/"p
Ign. delay 
(deg) exp $o/oy �x/po $y/pr �r/p" ry/�o
Ign. delay 
(deg) sim �o/oy ��/po yr/pq ry/p$ rr/p"
(dx / dθ)max
(1/deg) exp �qp�r/� ��"or/� ��r$q/� ��r�r/� ��o"�/�
(dx / dθ)max
(1/deg) sim

�qo$o/� ��yo"/� ��rpx/� ���qq/� ��p�o/�

θmax (deg) exp �r/" or/y �y/$ rx/x y�/x

θmax (deg) sim p"/y qr/$ �$/y "r/$ y/y
Pmax (bar) 
exp. �y/po $$/p� qq/po y�/p� qx/p�
Pmax (bar) 
sim. "y/p� p"/p� ""/p� "p/o" r"/p�
Pmax ERROR 
(%) q$/� �o/p �o/p p�/q xq/�

1#�%Z �� &���7+ /� 2���)�� �� �:�FG��%/5 &�GD &���7+ ��� 2-%5 ��-� �:�FG��%/5 2-� �)���  . �:�FG��%/5 &�GD @7����%
�% ��� 2�FG��%/5 &� 2-� 4�Q 2/�-+� �:�FG��%/5 &�GD @7����% �� [
& ��� /� 2-%5 ��-�-���.
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 +� 0D�-�' %�./ b���
1��� 1���.G
 1�(@ %� !5(' 1c*�N� 

PQ/d�.'�:� ��#e %G��C� )*)� + � f'(� � / %,�$�$ %&'(�@�"#���-J b���
 � � / , .
 +� 0)B ( !�&9�)B(

J��%/5 I��� o p � q r x

Tint (K) �/�p� �/�p� �/�p� �/�p� �/�p� �/�p�
Ign. (0CA 
BTDC) �/�o �/�� �/�$ r/q� r/rq r/r"

EGR (%) �/� �/� �/� �/� �/� �/�

A/F Ratio �y/o� xx/oq xx/or x"/o$ rx/o" px/po

Vol. Eff (%) ��/�� xp/�� r�/�q "$/�$ $o/qo or/qr

Res.Fr. (%) �x/" pq/" px/" y$/y rr/y oo/y

COV (%) qq/o xo/o xr/o o$/p yq/p p�/r
Comb. duration 
(deg) exp x"/xr q"/xx r�/$p yx/$" yq/"q ��/o�r
Comb. duration 
(deg) sim "�/xr $o/x$ "r/$� x$/y� $$/"q "q/o�y
Ign. dalay 
(deg) exp �r/o$ oy/oy x"/o" qq/pp yp/p" yo/�x
Ign. delay 
(deg) sim $"/o$ rp/oy yy/o" ox/pq yr/�� op/�y
(dx / dθ)max
(1/deg) exp �qo�y/� ��yp�/� ��y$"/� ��q$o/� ��pr"/� �p"pr/�
(dx / dθ)max
(1/deg) sim

�qo""/� �qoo�/� ��"ry/� ��r$$/� ��ox�/� �pyrr/�

θmax (deg) exp ��/oo xx/" qo/oo �$/oo o$/y "$/$

θmax (deg) sim �y/oo y"/" $"/" �p/oo xy/x pq/y
Pmax (bar) 
exp. px/p� $$/o" "$/p� yq/o" rp/po yr/p�
Pmax (bar) 
sim. ry/o" �"/p� �$/po q�/o" "q/p� "�/o"
Pmax ERROR 
(%) �x/� oq/� qy/� pp/p $�/p rx/q
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PQ/h�)*)� + � f'(� � / %.'�:� ��#e %G��C� ,�$�$ %&'(�@�"#���-J b���
 � � / ,.
 +� 0)B( !�&9�)D(

PQ/i�)*)� + � f'(� � / %.'�:� ��#e %G��C� ,�$�$ %&'(����-J b���
 � � / @�"#,.
 +� 0 )B( !�&9�)H(

PQ/j�)*)� + � f'(� � / %.'�:� ��#e %G��C� ,�$�$ %&'(�@�"#���-J b���
 � � / ,.
 +� 0)B( !�&9�)�(

PQ/Bk�)*)� + � f'(� � / %.'�:� ��#e %G��C� ,�$�$ %&'(�@�"#���-J b���
 � � / ,.
 +� 0)B( !�&9�)_(
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PQ/BB� ��#e %G��C� )*)� + � f'(� � / %.'�:�,�$�$ %&'(�@�"#���-J b���
 � � / ,.
 +� 0)D (!�&9�)B(

PQ/BD�)*)� + � f'(� � / %.'�:� ��#e %G��C� ,�$�$ %&'(�@�"#���-J b���
 � � / ,.
 +� 0 )D( !�&9�)D(

PQ/BH�)*)� + � f'(� � / %.'�:� ��#e %G��C� ,�$�$ %&'(�J b���
 � � / @�"#���-,.
 +� 0 )D( !�&9�)H(

PQ/B��)*)� + � f'(� � / %.'�:� ��#e %G��C� ,�$�$ %&'(�@�"#���-J b���
 � � / ,.
 +� 0 )D( !�&9�)�(
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PQ/B_�)*)� + � f'(� � / %.'�:� ��#e %G��C� ,�$�$ %&'(�@�"#���-J b���
 � � / ,. +� 0 )D ( !�&9�)_(

PQ/Bd�e %G��C� )*)� + � f'(� � / %.'�:� ��#,�$�$ %&'(�@�"#���-J b���
 � � / , . +� 0)D ( !�&9�)d(

_�%l��
 1��F
o#'('% �)��� *+ ,-% ����3�:�FG��%/5 E��)+ /� 2���)�� �� �� �	Z ,��)�� &�3�% .� 4 .3 ��!�!�� &��� 

��� 2-� \�l+� &-<(�� .��> T�:�FG��%/5 � U%�� &�3�% ��� �: -�&�4�:/�Q �()8% 4)GQ� �) � �3 ox-�&�  ( 

��)=�+4 ��: �� ���� �()8% )o� �3 pp-�&�  (% &�� �7�+ �0�6 &��-���  .
p#:�FG��%/5 ��> T� ��� ����1%�/�� ��=� E��)+ 
 4'('% ,-% I��3 � ��G+ ��� 2���'('% �)��� *+ ,-%�

��� �� 2-� 2��� ����3�% �6� -<��D -+��3 ! �& &�3�% &� K�)�-<� ���FG��Y� 
 4 &�GD @7����% �=��B%2-�  ��� I��3 
 /� )7� [
&r% -�&� �-���  .

�#/�� �<��� \
�0 4�:�;)% 4'('% �)��� *+ ,-% ��� 4 �)��� *+ ,�=	 U��	 ��783 ��Z ~8G% &�3�% .� 
��� 2-� 2��� ��G+ &�3�% �H(7> ���FG�! �l�)+ &� 
.

Z0���
1- Bliazrd, N.C. and Keck, J.C. , “Experimetal and Theoretical Investigation of Turbulent Burning Model for Internal 

Combustion Engine”, SAE Paper No. 740141, 1974.
2- Hires, S.D., Tabaczynski, R.J., and Novak, J.M., “The Prediction of Ignition Delay and Combustion Intervals for 

Homogeneous Charg, Spark Ignition Engine”, SAE Paper No. 780232, 1978.
3- Tabaczynski, R.J., Trinker, F.H., and Shannon, B.A.S., “Further Rifinment and Validation of a Turbulent Flame 

Propagation Model for Spark Ignition Engine” Combustion and Flame, Vol. 39.
4- Miymoto, N., Chikahisa, T., Murayama, T., and Sawyer, R., “Description and Analysis of Diesel Engine Rate of 

Combustion and Performance Using Wiebe's Function”, SAE Paper No. 850107, 1985.
�#-<%
/&5�D4 � �.  �" /�� �<���4    �� ]��
 C��3 ]��k 4 J�! <���           �L	Z ,��)L�� &�L3�% &� 2-L� ��/5 �&�L6 *+ �4"� L��!  �L%�+ ��

��<�&����-<�% -�&� � .�+�H% )M+� U�-=34(<D 2-HG+�� ���-<�% ��
�D 2�FG+�� �� �-�G% o�yq
6- Lyn, W.T., “Calculation of the Effect of Rate of Heat Release on the Shape of Cylinder-pressure Diagram and Cycle 

Efficiency”, Proc. I.M.E. (Auto div.), No.1, 1960-61

Archive of SID

www.SID.ir

www.SID.ir


����� ������ 	
���� �����
���� ������������� ��� � !���� ��"#
�$ 

7- Austen, A.E.W. and Lyn, W.T., “Relation Between Fuel Injection and heat Release in Direct Injection Engine and 
Nature of Combustion Processes”, Institution of Mechanical Engineers, Automotive Division, no. 1, p. 1069-1082, 1962

8- Blair, G.P. and Fleck, P., “The Unsteady Gas Flow Behavior in a Charge Cooled Rotary Piston Engine”, SAE Off-
Highway Vehicle Meeting and Exhibition, Milwaukee, Wis., SAE Paper No. 770763, 1977.

9- Wahiduzzaman, S. and Morel, T. and Sheard, S., “Comparison of Measured and Predicted Combustion Characteristics 
of a  Four-Valve S.I. Engine”, SAE paper No. 930613, 1993

10- Ferguson, C.R.  “Internal Combustion Engines Applied Thermo sciences”, John Wiley & Sons, Inc. 1986

aa#����� ��. �"�&� 
 ��0�Y%�'('% K�)6� ,-% �	Z ,��)�� &�3�% ��Z ��4"��! ���<�&�� �%�+ ����-<�% -�&� � .�+�H% ) U�-=3

M+�4(<D 2-HG+�� ���-<�% ��
�D 2�FG+�� �� �-�G% o�yq
12- Heywood, J. B., “Internal Combustion Engine Fundamental”, McGraw Hill, New York, 1988
13- Heywood, J. B. and Sher, E., “The Two-Stroke Cycle Engine”, Taylor & Francis, London, 1999

Archive of SID

www.SID.ir

www.SID.ir

