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�� 

����� E�� �	�K�4 /��0�F! �c�� .6c2 �0�	c. /	�c��� 

�,��� 	2 /�� *c"�2 /	c4��� E�c�C. � I�c� �c) 

�I	�� B-$C� /	4�	D � 	4��� 	2 �	��5 �*8�2 � ���>�?

 6c$D�0 ���) 65*. �*� ��	5 � �	0 �c�� .6c
��� Ec�� �

��/	���� ��*.VOF �	D � � �	D e. �2 S	! ��.

R�� �c2 �c
$"� I�c�VOF �c�*. Ashgriz and Poo 

(1991) 3�cc� ��*cc
� 6cc2 b��cc�� � /�	ccD ecc. /	cc4

 �c� �� 6%c�*. ����	
����c�4 .Van der Meer et. al 

(1992) R��VOF <$��*cc'3� 	cc2 �� FLAIR �cc) 6cc# 

� 6cc".��S�� �cc� Xcc���. �I�cc� 6cc2 �SKYLLA 

�!��cc��.(1998)  Lin and Liu I�cc�VOF /��cc2 �� 

�c2 U*� ��,� �� ��	! �'$V�W � 6L��� 6$V�W /	�!	��5

 X��
35
1�� I�� �	��!�� /. c�	��W/	� Christensen 

et. al (2002) � �	 ! 62 �*4 �#�P �A� E$D�0 ���	! 6#

 � �	��5 +8�62f���62�1�� � � ��� �'$Vc�W 	2 /	4

;	2�]�	$! � /	�� /	78 X5*� 62�� �� ���W *c� .

Ec�� �� ��Hieu and Tanimoto (2002, 2004)  � I�c� 

/�	DVOF ��	c� 	c2 U*c� �*c8�2 �c,��� 	c2 �� /	c4

 �� g�@$�c� hc!�*� �� U*c� �*c"� 	. �!�# 6L��� ��H?T*V!

�

� ����2 .	$��� E�� �Karim et. al (2003) � I�c� 

�� /�c'� /�	D a*c! VOF ��6c� �c!�� 6cL��� ��	c!�*. 

I�� �	� E,c� U*c� 62 U*� �*8�2 �� ��	! �	��5 /��

� ��� J2	c7. �4	' �	��W ]�	$! 	2 	�!W /�� :	%3	7� 

�cc�� �3*cc") +cc2	) .Hieu and Tanimoto (2002) 	cc2 

I�� �� �	V$��VOF � U*c� ��,� � /�� �? ���	D� 

6�P	! �� U*� ��,�I�� �	� �!�� /.6Q�0�I�� �	� /

�4	' c�	��W ]�	c$! 	c2 �2*c8 J2	c7.Ting and Kirby 

(1994) ��� �	�� ��c,� �� fc? U�*�� ��%O� +�	� 

*cc"! .I�cc� ���cc�� �cc2 �cc
$"� /	cc4VOF � ��	ccD �cc
Q 

6
��� MW ���
�� B-$C� /	4 �*� �	V$�� 6$D�0 ���) �

6
��� E�� �6�	!�2 ��	4 .��c� 6cL��� K�! /�	i �c�� .	c2

 �D� �? *5� R�� /	4VOF E�� � /�� �0�� C? 

�c� �cF! 62 ��H?	! M	
$5� /��� 	���� �c��)Hieu and 

Tanimoto, 2002.( 

�	��5 /�� :	%3	7� �*
� 	. ��c�>�? ��c� 	c2 /	c4��c2 

/�3�� /	���� /	
"� �� �0�	. 62 	�� ���� S	i!� /	����

 � K�! /1!��0; 6
��� E���	V$�� �c�� ��� .I�c� /	c4

 R�� E�� �2 �
$"��/�c
2 6,"c� 6$c���! �c2 :;	c%� �

�c� 6$�*! 	�!W \
���!� � :��T ���P /	
"� �!*c� .6c2 

E��4 ��W j7c� �c,�� :;	c%� E$D�c0 �cF! � +�3 

/�3�� /	���� /��c2 I�c� �	c� ��W k*7c� //���cO

 c�. �c�%)*� 6"c�	�� 	c2 ��W j7� � �*"!�	�� :��T 

S	0 �� +�, . �!	�� B-$C� /	4 *c� .�c) �c2 ��lc�

 /1!��0; /	�����62+�3*"! j7� �,�� 63	%� /	78 

�.	"�	�� :l�5 ��2 �� +&	P /	78 	���� E�� ���W

 � 6� K�! �� /�� �0�� C? �6�"� /�
2 I���c$� /	c4

 ��� �
4�*C! ��� ]��� .Ec�� �� ��I�c� Ec�� 	c4 �c) 

2� ��;	I�� �	� �,��	
����c�4 ���>�? +L	�� /�c
!	� 

�� ��,� �!�� /	c4�	D 	c2 �	c��5 \
���!� +�	� 6� 

� ���cc� :��cc��@. Kcc�! � �cc�	5 � h�	cc� ��	cc0 Bcc-$C�

 ��� 62 U*� /�� �?E��	? ����� .

/1cc!��0; /	�cc��� E��cc$����� �cc�� :�	cc"� SPH 

(Smoothed Particle Hydrodynamic) �MPS 

(Moving Particle Semi-implicit).

/1cc!��0; R��(SPH) �cc�*. Lucy (1977) � a��cc2� 

��*. Gingold And Monaghan (1977)  +L	�c� /��c2 

�ccc� �� 6%ccc�*. I	,�K�D��$ccc�W .R��SPH �ccc�*. 

Monaghan (1992) �Lucy (1977) 6cc2 :�*cc&	$"�cc! "

��H? <���.)WCSPH ( �� 6L���.klc&� R�� E�c
>�4 

��cc�)MISPH ( �cc�*.Dalrymple et. al (2001) �
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�; 

Gomez-Gesteria et. al (2005) /��c2 �c� n/�Hc0�� 63

6cc2 U*cc� �	cc���cc2�cc� .Shao and Lo (2003) R�� 

<���. ��H?	!)ISPH ( �*c8�2 U�*�� /��2 � �� 6%�*. �� 


#
��MW ��*� 	2 �
2<62 �	# �
$D�0 .:�	V.<�� /	�c��� 

	$"�!"<���. ��H?)CSPH ( ��H?	! <���. �)ISPH ( E�� �

 6� ��� � �c3	P 63	%� �� �	V$�� 	2 �	 D �3�� )+�	c�

 �'$�*�? � S*$
�� :;	%� (���W �� 62j7� fo� �

�� 6"�	�� ��W *c��	c�� 6c3	%� �� �c�� � l�	c� /�"

<���. �� �	V$�� ��H?	! *c�.�c�� �c%�"p 6c# R�� �

ISPH �� :;	%� �� /�$�I�c� �	c� �	V$c�� j7c� /

�� *�.c%3	7�qShao et. al (2006) R�� 6c� � �	 c! 

ISPH /�cc$�2 Xcc��=. ��6ccL��� ��W j7cc� ��%ccO� �� 

�� �
� .26�c-� �*p �c01�� �	c�. ��	c2 �c��� �/	SPH 

I*c��D E�2 �	0�	� �"���. 	i�� /�c
2 � /1c!��0; /	c4

 ��� :��T X��=..62�'� �!	�2 SPH c=D ��*c! �h2	c. 

�2	�!�� � ���! :��T E�2 /	��01�� +c=$
� K�! �� :��T 

�� �
� .R�� Ec�� � :�	c"� 6"c�	�� Kc�! �	 c$!� /	c4

�� �!*� .��c) �*c2 E��	? X�	%� /��� R�� E�� 6$"3�

 ��� /��� ����� ������ /��*� � �  � /����	?	!

��W �  � /����	?	! K�! �) �*2 E��	? �-� 62�c�� 

(Fang et. al, 2008) . 

��� �� �'� �,��R�� /1!��0; /	Moving-Particle 

Semi-implicit (MPS) �ccc�� .MPS /1ccc!��0; R�� 

+&� � 6� ��� /���5+���c� kl&� ^:��T R�� 

�c�*. �	c2 E�c3�� /��c2 � �*c2Koshizuka and Oka 

(1996) �� 6L��� .R�� �MPS �c���$� :��T 62 I	�� 

�=. � ��� <� :�	c"� :��T Ec�� �c��P 	c2 I	c=$!� /	c4

 �� 6"�	�� �!*� .+cP +, c� X�.�. E��2 :�	c"� /	c4 

1. Curtain Wall 

�	 $!�=��! r� �4 .:��T R�� ��� �'$�*�? :;	%� 

<$
�� �c� +��". :��T E�2 \
���!� :;	%� 62 �!*c� �

��	�. \
���!� ���� �sC � 6-&	D 62 :��T E�2 /	4

�� *� ��� �c!� �c4 6-c&	D � 6c� ��T � \
���r�� 

�!�� ���) �'��,�	2+!�� h2	. >�� S	i!� *c�.Ashtiani 

and Farhadi (2006) �cc!� �	 cc! 6cc# � �cc) 6ccQ�0�

 R�� /����	?MPS +c!�� h2�*. M	C$!� 62 /	�� �P 	. 

��� �'$�2	�� 6c2 �"�c! SPH � �.���c�	? /��� �c) 

/�$ �2 ��� .R��MPS +L	�� � �MW �*$c� ��,�

 U*� ��,� ��	� 62 MW ��7) ��� ��l$� ��c2 ��c� 

���(Suzuki et. al, 2007)  . R�� E�� E�c
>�4 �c�*.

Gotoh et. al (2002) �scC � � ��c�� /	c4�	D /��2 

��	c� � ��	
c� X-& <�5 	2 I	�� \
���!� +L	�� �
!	�

 �� 6%�*. E�	� MW +8� 62 /��� M*�� 	� d�$�;�

 � ��� ��6$"3� �O�D �	���c
!	� MW 	c2 M*c�� �*c8�2 

t�& 	� E�	� /	c4�	D �	c�K�4 \
���c!� �� ��c� �F!

I	�cc���	cc0 ��ccV�3 � u� ��cc��
�� /	cc4���! � �cc�	5 

�� �%)�� ����� �� �� I�� ���*�4n�� �� 63 �	�.

:	%3	7� 62 65*. 	2 q
��� � �-") I�� /	c4VOF �SPH 

�MPS �� �D�0 6i�$! ��*. 6Q�0� 6�MPS �c�9 ���� 

�*2 UK3 I	�c� ��c�� /	4�	D � ���c�	5 )	c� ��	c�

M*�� (�W �*c2 /1!��0; +�3 62 	�� ���� 6$D�0�	� 62

�� � ��� /�3�� /	���� �0�� C? /	78 tHP X5*�

 /	c
"� �c2 �	c��5 :;	c%� +cP +c�3 6c2 �c'� t�cp

:��T \
���cc!��� �	 cc$!� /	cc78 �� /��0*cc-5 vcc�	2 

	!?/���c�	 /	c4SPH �c� *c�)Ashtiani and Farhadi, 

2006(.E�� �� �c� R�� Ec�� ����	c� 62 65*. 	2 �� ��*c.

\�cc? �cc
�2�cc# 6cc# R��MPS �	cc��� �3�cc� 6cc2 	cc=.�� 

2. Diffusion 
3. The Particle Method 
4. Kernel 
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�? 

���	D�
Q UKc3 6c2 ��*c$2 	c. �� �� /�c%2 6c� ��c$P��

 ���>�? � w��$� /	4��� ��� �� $� 6�n/	4�	D �	��5 �� �A

 B-$C� �
�	2I�� �	� /�#.E�� � �c� :�*& �� ��*c.

 �,��	
����c�4 ���>�? +L	�� +�-�. � R�� E�� �c
!	� 

�	��5 � �� ��,�E��	? $c� �	c��5 �*c8�2 Kc�! � �

��	� 	2 ��� +�, . 	4�	V$�� ��# \
���c!� +�	c� 6c�

��	� 6$�*�?�M*�� �I	�� ��	0 �
$�4.

R�� J�=�. E�� �MPS /��2 I�� �	� �5 /�c�	! �	c�

 �� ��,� �� ��2 �	# 62��� ��� ./��2����? �� ��	c4

 ;	2 �'$V�W +�3 62 �� E���\
���c!� E$D�c0 �F! � 

*c. �c�	5 � I	�� ��*4 B-$C� /	4�	Dx	c2 SI�c� �	c� /

6$V�W �	��5 ��� /���O .�� t�4 �	V$c�� 6%3	7� E�� 

��K� �� �c2 �
$"� /�	D �
Q /	���� /	4VOF �	c
� � 

�/1!��0; R�MPS �c�� .�� 6%c�*. I�c� E���2	c
2

 6� �3�� ��� �/�%2UK3 ��� /1!��0; ��� 6# �!�*. �A�

 X-c& �$�c2 ��	c0 �I	�� B-$C� /	4�	D S�*.)�c�	5 (�

�c�'2 �F! � �� I	�� ��7� 6�; .I�c� Ec�� �c2 ��lc� 

� ���c� ���%)*� R��K0 6F�3 �4 � ��� �	) 6�
��

 	4�	D :��T �	 D �� B-$C� /6"�	�� �c� �c
# �'$Vc�W �

�$���	? �� /�	��2 � �	��5 Kc�! �� �c'� /	4 I�c� �	c� /

�� 
#�.

�O	�� I�� �6L��� ��� 	i
�� � 	c4�$���	? �8�2 �c
!	� 

�cV�3 /��c�! �Bc-$C� /	c4�	D E�c2 /���! ��$�2 /�2�

 u� � �c��
�� /��c�! �/1!��0;MPS 62	 c� R�� 	c2 

VOF �� 6$D�0 �	� 62�E�� �X5*� *c"�2 6c5*. +c2	) 

I�� 6
��� � . E$D�0 �F! � n�	D +2	=$� ��A h�	� ��	0 /	4

 ��	5 �)�$�2 /�2� (��� ��� �'��,� �2 .��/*� �'� 

R�� � �	V$c�� �*c� I���$� <�4	V�MPS ��c� 6cL��� 

��*.Koshizuka and Oka (1996) �
!	� �:��T �3	'Q 

� a	%� �+!�� h2	.y!� ��A � ��7c� \ c� � :��T ����

MPS�kl&� ��� ��� 6�X5*� E�� \�? �c
�2=�) �c$

����? 6c%3	7� �*� /	4 �c
!	� �c� ��c,� 6c2 :�*c& 

6� /�%2��*�./��2 �c��5 /	�c��� ����	c� \�	c�! 

62 � ��� 6$D�0 �	� Ec�� I�c���c� ��c,� ]�	c$! �� �

U*� ��,� � *5*� �4	' �	��W � /�� c
��� E��6

��cc�� ��cc� �	V$cc� .� /�cc� I�cc� ]�	cc$! 6�cc�	=�

����!� /��0 �	 c! �c-�-�. /	�c��� � �4	' c�	��W /	4

 ��cc�>�? ����cc� � I�cc� /;	cc2 �	��cc2 �cc) ��cc
4

 �,��	
�����4��� .I�� ]�	$! E�
>�4 �� ��	P�$�� 

6�3�� I�� /�� �2 ��� S	i!� :	Pl&�MPS ���.

%#&'�( )*���	 
�-&� :;	%��f�*$c�����	! :;	cccc%� �R�� E��

��� 6c� �c3	P � 6c� 6�cO�D I	c��� �� fc? � /�c%2

 62 d�
��*2�� 6$�*! ��� +�� *�:

j ji
e

j i

du p f
dt x x

τ
ρ ρ

∂∂= − + +
∂ ∂

)�(

�W � 6#juV3*� q6� � ���� /	4��5 x�y�z�p
�	 DGef� ��iP /	4���! jiτV3*� q���2 \
. /	4

��� .2 R�� E�� �6/�3�� /	���� tl8 ��	 D 

62 :�*& � :�	"� �F! � �,��	
� � �,�.	$�� /�Ki� 

��! 6$D�0 *��2 �	��5 ��W j7� R�� E�� � ���� 6�*p

	�*8 :��T d. d. /��2 6"�	�� 	2 �62�� � ���W �H3 

�� ��*.:�	"� �� �	 D 62:�*&��@$� /+�	� +=$�� 

62 �,��	
� � �,�.	$�� �	 D ��	=� �F! � �-� :�*&

$D�06/��2 �� �W ���=� ��	 D E��*? 63	%� ��KD� 	2 �

�� 6"�	�� :��T ��	�. .3	%�q62 �	 D E��*? � 6$D� �	�

�S*$
�� � �'$�*�? :;	%� �� 6� J�=�. E�62�������W

62 :�*& ��� ���)Koshizuka and Oka, 1996:( 

( ) p
t

pt
t

2
2

. ∇=
∆
∆
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�� �� I�� <$��*'3� ��*. 6c&l8 �*c72 ���c) 6c� 6c2

 �-&� �� <��=.)������4l� � �	�D{|��:(

{(I�� S	0��*s.��%)*� kl&� �:��T.

((+PE��*? � �	 D 62���W	4�	 D ��.

|(S� S	0��*s. 	�$��c� � 	c�$�%)*� kl&� �)I	c���

�	 D ��	=�.(

E�� � /�	D � �3	P /��2 <$��*'3� /	�! �!�� +,c� (

��� ��� 6L��� .

4#��	 ����.�� 
4#+#�� 56�! 

I�� J�=�. E�� �MPS �
Q 6� ��	D /�c%2)MP-MPS (

 ��� ��� ��5� �� ��,� B-$C� +L	�� /��2.����c� 

+,� � 63n�� E�� 6�3��|�� ��� *c�)Ashtiani and 

Farhadi, 2006 :( a	V.�� 	2 �2W �*$�|/���	CO �{�/�

��� � �$�{�/�6>O*P � �$� I*cp 6c2 /��/��c$� 

�� /�� �? �
� .+,� ��I�c� �cV�� ]�	c$! �� ��	c�! 

E��	c? � 6c� �7���c� � �� ��,� 6c�3�� ���c. �c�

 �� *5� �� ��4	 � *� .E��	? ��D 62 65*. 	2 �c�

 62 *5*� `	�3	[� �� `�	��2 `��2 d 8 ]�	$! *5� +�3

 I�� ���) E�� � �bD	� `�� � b4	' �	��W E�� `�	�

 I�c� b2	���� � 6$D�0 ���) �F! �� �� ��,� 63n�� a*!

��� 6$D�0 :�*& ]�	$! 6��	=� 	2 .

:��T E�c2 6c�3�� 6-c&	D ��	=�)dr ( �!	c�� S	c0 �(dt) �

�Ay� a	%�)er(scC � 6c
��2 ���c=� 63n�� �4 ���	c2 

�!��*� �� � ����� 62 65*.��� :

2.0≤=
dr
udt

Cr )��(

AB� (I�� <$��*'3� MP-MPS 

E�� �� ���	�cP +c�-�. a*c! 6c� �cO	P 6c%3	7� � ��

 �� S	i!� �Ay� a	%� � �!	�� ��!	,�.�c�@$� E��.�Ayc� dt 

��� �*2 .63n�� � �!	�� S	0 62 �"�! ���	�P +�-�.

 +,� J2	7� �� ��,����� .�*c�� ��*c�! Ec�� �

 j7c� � 6c� �c�� �.��T ��%. <L	) �*�� � �	�� �=D�

 �	 cD � 6$D�0 ���) ��W �c� 6c2�i. �� ��W �c

� .+c�-�.

 ��	c2 � �!	c�� S	c0 :�	V$� ��	=� +�	� I�� ���	�P

����/�	. 6�!	A �{/���� 6�!	A.

}�c� /	cO�� �c2 ��lc� 6c� �c� S*c-%� J�=�. E�� �

 �!	c�� /	c��	0 � :��T ����c!� E�c2 �"�	
. ��	2 ��!��*�

 ��	2 ���)�2 .�� 6Q�0� �'� �!	�2 62�� dQ*� 	2 ��*. �

/��c2 ��*cC3 ^���c!� E$D�c0 �cF! � 	c2 � �!	�� /	��	0

 �!	�� S	0 ��*. ��! 	�� ��� 	O�� �� �!��*� }�� �:��T

K�� �
�%� �P �� �� �# �..

ك ذراتيتفك

مايكد گذار عي ذرات  ذراتيكد گذار
گاز

 ذراتيكد گذار
جامد

يگام زمان
ديجد

 ذراتتصويرگام اول
عيما

تصويرگام اول
ذرات جامد

ت ذراتياصلاح موقع

ينيكنترل سنگ
گاز

عين فشار ماپواسن فشار گازپواسپواسن فشار جامد

عي مايكنترل سبك

 ذراتتصويرگام دوم
عيما

تصويرگام دوم
ذرات گاز

تصويرگام دوم
ذرات جامد

كنترل گام
زماني

رهيذخ
اطلاعات

سطح آزاد

ni<β.
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4 �� ��	�! �� 

AB��6� +,� � �O�� hp	=� E��	? � 6�3�� ���. 	2 �� ��,� /�%2 ��B3��(/�s=�M��/�s= 
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+,cc� �c
!	� �c� ��c,� �� fc? �	c��5 ��W j7c��

62 +c2	=� ��*c� 6c2 �*8�2 �� f? � 6$D	� \��KD� ����

 �2	A 	"��=. � ���� �D� �	Q��*� .Ec�� 6c2 6c5*. 	2

�01�� +�D��? 	2 �W 6��	=� �I�� /	4 +�-�. ���	�cP�

�cc!��*� �cc��cc2��2 {/��cc� 6"cc�	�� .6cc2 6cc5*. 	cc2

���� �c�! �!	c�� S	c0 ���=� �6
� �2 /	4 �� �c!�*.{(/�

�2��2 ̂���c!� *c� �$,Q*c� :��T G6c2 6c5*. 	c2 E���2	c
2

���� �!	c�� S	c0 6
��2 ��	=� 6
� �2 /	4sdt=0.003 �

:��T ����!�0.01 m dr=� a	%� �y�Amre 6.1=�c$� 

�� M	C$!� �%. 	%2� 62 65*. 	2 6��+,c� � ��c� B|

a*cc�i� � ���� 6�Vcc& � ��T ���� � 	�ccD � ��T 

�� 6$D�0 �F! .

+,� ��I�c� �O�� hp	=� ]�	$! 	c2 ]�	c$! �� 6$c� 6c� 

��� ��� 6��	=� .R�� 6c2 }*c2�� ]�	$!SPH � 6%c�*. �

�c�*. ��c�Facundo et. al (2007)  I�c� MPS � �	c� 

�4	' �	��W ���	s.63n�� �c� ���� �c�� .+,c� ��

c2 6c� ��c� �� \�	�! /�	0 �	D �� �!	�� h7=� �
Q6+c�3

 :�*c& 6�c�	=� �*c� Ec�� � /�	0 �	D �� 62	 � ]�	$! *"!

 ��� 6$D�'!.+,� � �6� `	�! �� `�c%2 63n�c� ��c,� 

���	 ! ��� ��� ��.�� +c") �!	�� ��	2 ��/�6c� 6c�!	A 

��! ��� 	�3�� ]�	$! � /	�� :�	V. ���� S��W �	��5 *�

)+�� /	4���.(�� �'$Vc�W \��KcD� 	2 � �	�� E�� �� f?

 /*c� �� �	c0 � I	�c� /	4�	D \
���!� E$D� ;	2 � *� d�

 �c� +�, c. U*� ��W j7� I*p E��C. � tl$8� ��'� �

�� ���2 
#�.

AB�?62 �!	�� hp	=� � I�� ]�	$! 6��	=� X�.�.B3�((/�M(�/�U(�/�(�/��({MW �*$� E$C�� �� f? 6�!	A 

I�� � /	4{(�4	' �	��WKoshizuka and Oka (1996) ((SPH |(MPS �(MP-MPS 

)F:$(

)H(

)I(

)�(

)�(

1) 2) 3) 4)
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AB� @62 �!	�� hp	=� � �*4 �	��5 I�� ���� 62 �Q �� X�.�. B3�({/��M({�/��U((/��((�/�6�!	A 

AB��6� /	�! �� ��,� /�%2)(/�6�!	A(

+,� J2	7���� f? �/�	c2 ��c� +�, c. U*� 6� 6�!	A

��*� �� �*8�2 ���� ��� �
�.I�c� /1c!��0; /	c4 

SPH �MPS ��W j7� E��C. � �	� �c!�� 	78�	c�� 

2 �O	P I��6�2*8 �	) \�? 62 Ec�� � ��W j7c� �c
�2

 �c�� :	"c�	�� �� 6-P�� .�c-��W�c� �� ��*c. E�c
Q 

6�5*.�#R�� 6� MP-MPS 62�	�c��� ��	c� tlc8

 I	�c� � �	c0 �	D � � :��T �	�K�4 X�=%. 	2 �� �	��5

I�� �	� �� /�
�G�H3 ��� � MW j7� �� ��T ��� ��5 

2 � /�	0 �	D 62 �W6f,�)/	�c��� �c
!	�SPH ( vc�	2

��� �2	� � �� ! :��T E�2 �H3 ��! 	78 �	Q I�� *� .

E�� �� �2 ��l� �� Ec�� � ��	c2 ��&*sc8 I�c� �	c� /

�	cc��5 I�cc� �6$Vcc�W /	cc4MPS MP-6cc2 "cc�	�� +cc�3q

h�	� � �*4 �	��5 \
���!��62 �) �"�! /�$ �2 X.���

I�� 6262	 � /	4��.

X (m) X (m)

Y (m)

Y (m)

)F:$(

)H(

))I(

)�(
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AB�C/	���� � �� ��,� �O�� h7=� ��W j7� I*p ���@. SPH �MPS �MP-MPS 

�4	' �	��W �Koshizuka and Oka, 1996 

4#%#7
	 56�! 
63n�c� ?cc��� /U*c� ��cc,� ��cc�� +L	�cc� �� /��� 

+P�*� �$�2 /*'3� E��%. � ���4���� .E�� � \cC2 

]�	$! I�� MPS /�	cD �
Q 	c2 /�c� � �c-�-�. ]�	c$! 

)Facundo et al, 2007 ( /��2��,� U*� 6�c�	=� ��c� 

���.

� I�� �	�/R�� 6c2 U�*�� MP-MPS �c� c.��* ���

a*! ����� /��� �	 cD �\ c� ��7c� �j7c� ��W 

�	V$�� �#.�I�� �O	P 	26c5*. 6c2 /1c!��0; �*c2 

+P�62"�	��qj7��$���	? ��W ���! �	�! �Ec�� ���c=� 

26�*p �	�*8 	2+P:;	%� /��2 ��	�. :��T 62�� 

�� ��W .��E�� ���D	� ��� 62�.��T 6c� /�� j7c� ��W 

���) ���!��0 �	 D �V& +���. *�.
��	�:��T w�$ c� 

E�2 �	0 �h�	� �
$�46�/��c2 :��T h�	c� �c� ��*c. 	c2 

� �3	'Q 6"�	�� �cP E$c�� � �)*β��c!W �*c2 h�	c� 

62 ����2 6$�*�? �*p �� .6c2 �c0� ��c'� �!	c�2 �3	c'Q 

��T �cc)*� ni�ccP ��/*cc� �cc$�� ��	 ccD ��T �W 6cc2 

���!	$���	�	 D�V& J-%. 6$D�0 ���WS	0 �!	c�� 6c2 

��*
� ��T /���j7� ��W 6$8	
� ��*�.

)��(0nni β<

���=� β:	%3	7� 62 65*. 	2 J�=�. E�� � Ashtiani and 

Farhadi (2006)  �2��2��/��� 6$D�0 �F! � .

}�� /��� ��� 6�����*. /��2 +cP *c"�2 ��W�c2 ��

 I	��� ��W j7��#��� ��7� \ � .}�c� a*! E��

 h2	. /��H0 �A� 62 65*. 	2 /���δc2�W ���T �c2 �c=D :�

I	��� ��W j7��X5*� ��*� 6#�.��T 6c� c26+c�3 

E��	? ���W �3	'Q �)*� +�	�. 6c2 U��c8 ��j7c� ��W 

�!���	2�����! X�	
$� 	26���� ���P 	�!W 62j7� c2�	

�!�0 .��E�� ��E�� }�c� Xc5*� /���c�	? �$ c�2 +cP 

�4�*8 ��.

� �*� �$�2 Kc�! �a*c! }�c� /��c� *c5� �� 6c� 

�
.�	"� ��:����� /��� I���$� ��� X-& �}�� \
c. 

�$�2 .�	�4 �*p 6��$ �? j�O*. �� ��� �I�� �O	P 

:��T 626�6$� ��	0 h�	� ���	5 d�,V. /��2 �:��T 
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�? 

��	5 ����*. 	2�2	A '!	�E$�� ��%)*� 	�!W�6c2 �!	c�W 

E�� ����� ���/I	��� �� �#.�� �c.��T �c3	P Ec�� �

���	5 /	4��� 62 6� I	� dc�K! �c� ��!*c� �*�cP � 

�2��2 �3	'Q 	2 <���$� ��	5 :��T0n6c2 T*cV! 6c2 �	c) 

�W �2 ��l� � �� �
4�*C! 	�!W +8����� /���! ���� �

����c!� 	2 X�	
$� 6� K�! I	�� :��T �2 ��	5 :��T t�p

 ��� � ���� �:��T�6�*8�2 :��T ��	I62��	5 ��� 

�2 ��I	I	��� ��*�)\C2(�{. (

����� ��c�/�$�c2 ��c� �c
!	� Kc�! �c5��8 � /��� 

62 :�*& �� 6$D�0 �F! � ��	5 �	D � � X-& *c� .	c2

 �cQ ��� ��� � U*� ��3*. 62 �0� 6� :�	V. E�� �	c�!

 ��*� ���	2 M�	c
. ��� 	2 X�	
$� ��	5 T�a	cV.�� H�

U*� I*pL���P � �� ? �	c� U*c� �
!	� c�!*$���

	��W��	' �U*� 3*.�����
� .�E�� �3	P ���2��� U*� 

�	� �!*$��?)6c3	%�)(�(�	V$c�� �c� *c�)Dean & 

Dalrymple, 1991(:

)�(kh
S
H

Piston =)(

��� �� ��K�� U*�)
L
π2

(�h� �	��5 J�� S����!� 

���P U*� �	� ��� .	265*. 62��	!�*. I�� �+c�-�. 

:��T ��	5 ����*. I�c� �	c�/:��T �2*c�� ��Kc�! ��

��	!�*. /	4�*=3	2 /��D�0 �F! � I�� E�� .

bc-�-�. +P 	2 ��� �� 6%�*. I�� ]�	$! ���) E�� �

 ��� ��� 6��	=� .	7� E�� � ]�	$! ����2 62 6%362�c� 

� +P	c� ��� 62 U*� ��,� � /�� �? I�� �� ���W

 �c2��� �� �	V$c�� 	c2 U*� ��,� ]�	$! �2��2)Dean & 

Dalrymple (1991��� ��� 6$8��? .

U*� ?���!��  I	[� E�� � +P	� ��� 62 /��� a	cV.�� 

�/��$� J�� �(�/�c$� �M�	c
. ��� ��/(6c�!	A �c�� 

)+,� {�(.�I��c�*! U*c� �c2 <�	P :;	%� 62 65*. 	2

 	2 ��� �2��2 U*� I*pL=23.2 m 6c3	%� 6c2 6c5*. 	2 �

)(�(�	� U*� ���P ���=��2��2 S=2.3m��� .� � c�E

�3	P U*� f?��?��� /�2X�� /��1/35 6-&	D � 

�/��$�/�c� 6>cO*P ���"�c� j7c� /��$2� �� �
,c� .

E�� � ��,� a	V.�� �2��2 6-&	D{�$� �c�� .�+,c� 

{{ ���. U*� ��67=! a��� 	.+�� ��c,� �/	c��	0 

�!	�� B-$C� �	 ! �� ��� ���.

J2	7� I��5 {:��T ����!� 62 65*. 	2 ��	62�c'� �!	�2 

3�� �)�6{/�/�c� � �-�-�. ]�	$! E�2 �2*8 J2	7. �

�� ��4	 � *� .U*� , .�+��� 	2U*� �	� ?�!*$��	.

���=�{�$� /�KD� �\a	V.�� �� �foc� c���
,c� .�

+,� {(	$!�]�"�! a	V.�� U*� 6c2 a	cV.�� 3�� c�6�W�

+&�*D B-$C� ��	?/� j7� �X�� ��4	 � ��*�.

8#�9�:; ��� 
I�� 62	 . J�=�. E�� � �c2 �c
$"� /�	cD� /	4VOF �

I��MPS � /��2 S�; :;	%� � 6%3	7� /	c4���! I	c��

 �c2 	c4�	D /	c4���! Kc�! � Bc-$C� /	4�	D � :��T E�2

 /1c!��0; ����c� � �V�3 � ���
�� �u� �
!	� �'��,�

 �� �� 6%�*. .���c� �� 6%c�*. :;	c%� 6L��� �� f?

6� ��	D �
Q I�� S	c! 	c2 /�c%2)Multi Phase Moving 

Particle Semi-implicit (MP-MPS �c� 6L��� .c�*�i� 6

<�c�%. �.;	c%� +�� 62 ��	��5 ���>�? ����� 6c2 ��Hc?

 �	��5 ��	� �F! � �� ��,� 6-�5 �� �,�3����4 /	4

 ��� ��� 6$D�0 .�c� �	 c! Jc�=�. Ec�� ]�	c$! 6c� �c4

 /	���� 	2 �	 D E��*? � f�*$�� ���	! :;	%� X���.

 E$D	c� 6%c�*. Xc5*� �Jc�=�. E�� � ��� 6$D�0 �F!�

 �0; /�� I�� ��	!�*. 6� ��� /1!� I�� a*c! �c4 /�	�

�� �� �!	��5.
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AB� �D�����3���6U*� ��,� 63n�� 

A*� ���� f? U*� /�� �? �O�� hp	=�B3� (t=2.91s�H=0.8m M(4.53s�0.86mU(5s�0.96m �(5.25s�1m 
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