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 �*��+���$��� $�,�$ $�( -�# $�� �.�� �� /���01�  -  $� 1��3�++(#�0 456� 7��+�� 7�( 4� �#

�!� ��5 89��� )CFD( 4,��<$#�= ��$�� �$� '�# .��$��?�) 4,��< 8$�� ��� ��@�!  ?�#��

 4+�A� $#�B C�D,�# � .�� �� E�#�0 /#�� $� 3�++(#�0 8�56� -�� F�,D � 3��� $#�B -�# GH�

I�#�$ .# 3�& '�� 4� $#�B �� 4+�A�  �$�J!
(�� '�# 3�) 4K��B .4� ) .# ?��� 4L�,��.��  $#�B ��

�$�J! �$#� �M� = ?��= N��O!. 4� )�.�� �.�� �� /���0 -,��< ��� $� �� 1�� - P��Q# � 1��      


���E+(�.�� -�� ��� �� ��*��$ -��M�# - '�# 3�) R�L�# -��M�# .E $�,S�� 8$�� 4� 
,K�� ��+�

L�# 4,���4� ) � 3�) R��.�����T�� 8$�� 4� �� � '�# 4,��< 8$�� ��U� 4� . V�$ 4� 
(�� 89��U

'�# 3�) ?� 
,K�� �!� ��5 4+#� R��! �#�� ���5 
L�. � R#$& ��$�� �$� /���0 �#�� � �)��

4,KK<R�! �.��� ���* ��� �� WX,S# Y�Z V�$ .# ���.�# 3�) 3��6,�# �� 4 !� '�� 9' . 

����� #�&�� : 4� ) �.��CFD �3�++(#�0 ��.�� �� /���0 456��# 1�� -    .�[� �[�L� �K( �1��

3�+(#�T  

  

1-  ���)�  

/���0 �\(# �.�� �+] ^�� .# ��$#� ��0� ������) ����+�#�� $� �� 'U� Z $� 4( �����+,K� .   

/���0.�< ��( 4,�� �+] 4� �.�� �+] ���- 1�� �1�� - �1�� .�<- 1�� ���0 - 4,�� ��0� ��+����) .

�+�#�� /�� -�# $�1�� �.�� �� 89��� �.��#�0 ��� -  ���)��,T � '6� 1��+� $� ���S '���# .# 1��

V�$ .# �!����Q I�#�) � P��� ^�� _��# �� � �+,K� $#�$�S��� 3��6,�# �.��#�0 F�,D ������< .

� ���U, 8�B�B5! -����+�4+�A� � �.��#�0 3�5� ��$�� 4+�. $/& �.���� '�# 4,��< 8$�� .�+�.�� ]1 [ 

4� ) �!� ��5 89��� 7��+�� I��! #$ 4M�M /���0 $� b#�,# ?��=��c P��� �� �.��#�0 � �<�$�S � �.��

B-109 
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'�# 3��( ��$�� ��� �$� 
,K�� $� #$ E�����. /#$�*�� � �$��M# ]2 [ � '6� .�� �� E�#�0 ����#. $� C&

180 4� ) #$ 40$���( �.��3��# .�#� /�f� �A�& g��,�'�# 3  hQ�� 4M�M ^�U) 4� ����#. ^�U) ' K� E�#��# 4(

� 1�� �� E�#�0 $� �6+ �@#��). ?J�$ /#$�*�� � ]3[  �.�� �� /���0 �.��#�0 � ���.�� ���#�Z   

1�� - #�0 ��S 8�UM�O $� � 3��( ��$�� #$ 1��3�++( 456��#1 3�#� $#�= ��$�� �$� #$�#� . ��i�� $�( $�

 I��!/#$�*�� � ���0 ]4 [3�++(#�0 I��! .�� �� E�#�0 
��� �#�� �M�456� � �#3�) 4k#$#  �      

4� )4! � '(�� ���Q �.��'�# 3�) R�L�# 8#�O= �+�f� . ��i�� $�( $�/#$�*�� � �$��M# ]5[  /���0 

4�9� �� �#4� ) #$ �B�# 4M�M $� �.� �.��� 3��( 4� ) .# 3�& '�� 4� g��,��� 4K��B ���L! g��,� �� #$ �.

3��(�#�  � I��!E�T 4� �!� ��5 89��� 7��+�� ��.�� E�#�0 � /���0 �+��4,S#��T��# ./#$�*�� � ��< 

]6[ M�� $� #$ ��B@ 3�++(#�0 7� ���#� $#�= ��$�� �$� �*��+�� '3���# .�A�&  '�Dn � 8#�O= 3.#��#

��( 4K��B ���L! g��,� �� #$ ��S g��,� � 4 ��5 #$ 3�+(#�T .�� �<�+(#�T 3���53#�� .  

 ^#��# .# �*�3�++(#�0 ���'6� 'U+� $� g�#$ �3�++(#�0456� ��� �#�+,K� .3�++(#�0 ^�� -�# ��

o�) 8�56� .# � �(�!/�K*� ?�#�� �� �.#� $#� �+,K� .� 3��6,�# ���. 8�56� ^�� -�# .# .��� 4( ��)

3�++(#�0 3�.�� E�#��# 4�1�� ��B@ ��� - �)�� 4,)#� ��0� 1�� .� ��A #$ �O�#�) 8�56� -�# 4( ��.��

 � �+��� #$ �,<$�� �!#�O= ?�*f! � ���) ?p, �i��*� 4� 8�56� ��$ $� ���<$#�= �� 3�+(#�T .�� N�U 8#$%

#$'�4O�#� 4� �+�#�,� �!���) #�0 4,���T .�� .# ?B@ ����� � .o�) 4� ��.�� '(�� hQ�� 8�56� /��� $#�

� /�f+�� .� '����) .�.��#�0 �! '�# R#$& 8�56� -�� /���0 
�"$ q9��U �� r�6!# ���S 4��,6 . /#��

�# '��@ � sDf ��A�& ���$�( 4� 40�! �� 8�56� -�� 4���� � o�)' . 8�56� 4��#. q9��U45  �!60  � 40$�

 �i��*� .# �A�& 4����10  �!100 ���� �,�)�� ��t, ��#�!. /#$�*�� � 
M�� ]7[  $� ��0 8#$% E�#�0

3�++(#�0 I��! #$ 1�� 456�3�#� $#�= ��$�� �$� �#��# .4� ) .# �A�& �.��CFD  4� g��,� � 3��( 3��6,�#

 �� #$ 3�& '��3�#�3���� 4K��B ���L! ���3���$ 4L�,� -�# 4� � ��#1�.�! .# 3��6,�# 4( ��# �M.�� 3�++( 

���#�! �fD� �� A� #$ �*�M�$��� 3�.��. 4M�(/#$�*�� � -+�� ]8[  3�++(#�0 I��! #$ b#�,# ?��= ��c .�� ��

456�3�#� $#�= E��.& �$� ��*� ��U�# $� �#��# ./�f� g��,� 8$�� $� �.#� 456� �� 4( ��� -�# 3�+��

'�# ���( �.��#�0 �#�� ���A+! 4� �8�56� -�� o��+ 4���� � ��U�# C�D,�#.  

R����* v�pS $� ���( E+�� 4� /���$ 'A0 N�B5! -�# $�3�++(#�0 ?S#� F�,D ��� ���

456��#4� ) .# �!� ��5 89��� 7��+�� V�$ I��! 7��+���$��� �.��� '6� � C& �.��#�0 �#�� 

 3�) 3��6,�#�  '�� 4� 8�56� -�� 4+�A� 4�����& ��#�S . #�,�# -�#���+�K 4��+� F��U! 4�� � 4,S#��T 4M

                                                 
1
 Plate pack 
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K 7���� �� 
(�� 89��U� ���U �p,D $�O� 4M3�) � �(% ��0� �.� I�#�) � g��,� '��A� $� � ���<

4� ) 4k#$# �.�� g��,� �� ��$�J! B 4K�� ��#�S�).  

2 - �+ ,- .�� � �/�0� 1��23  

N�B5! -�# $� ��$�� �$� 4��+�� 456� 3�++(#�0�#  P�Z 4�5/1 �,�  '(�) I��! 3�) 4,S��

�"��#$%& � �)��) ?*)1(  $� 4(/�D 4�#�,�# �#4�  �O=5/3 4,��< $#�= �, #'� .�,K� -�# $��  '6� /���0

1�.�! 7� I��! �K�� 8$�� 4� C& � P�Z $� R#$& � 'S#�+*� $�Z 4� � 3�) �$#� 3�++(/�D � /���0���� .

 4��#. �� C$� 8$�� 4� 8�56�45 4,��< $#�= N�# xO� 4� ' K� 40$� ��# . '6� 8����pS � �!����Q I�#�)

 P��0 $� 3��6,�# �$� C& �1 '�# 3�& .  

  
 4���1 :��5� #���567 � �3���&8 9����  

 4��	

����� 

� � ����� 

)m
3
/hr( 

�:�0;��  

 )Kg/m
3

( 

 �:��5$0��

)kg/m.s( 

'6�  5/413  9/799  003657/0 

C& 3 2/955 000306/0 

  

4� ) /& 'S�� .# ? = 
,K�� �.��4,��< 8$�� �! /& .# W�� ����#�Z �� -�# I��! 3�) R�L�# ���

 ��,�#$ $� '(�)'�# 3��� 8�56� 4+�A� 4���� 4 ��5 .��#�Z ��+ L�# ��� 3�) R� ��� I�#�$ �� 
(��

V��$2  4,���T .�� /�$� 3�+(#�T .�� 8#�O=��)��. 

  

                                                 
2
 Settling 



 

321 

 

 
 ,$�1 :����
��� ���� - �<+ =��� 9	53 ��� �:7�	 
����>�;�  

2 -1 - ?�;�5@ A��- �  #��B@ ."�� ��5C3 #��	��� ��  

V��$ �� 
(�� -��#�= 4,���T .�� /�$� 3�+(#�T .�� 8#�O= �M�+�$ ��Q $#�B _��# �� 8$�� -�# 4� .

��)��:  

 �<#2Re < G(�,�# /���= ��)��3 '�# 
(���  

    )1(  
( ) 







 ∆
=

µ

Sd
CVS

2

1  

 �<#500Re2 ≤≤ ���� /���= ��)��4 '�# 
(���  

    )2(  
( ) ( ) ( )

( ) ( ) 










 ∆
=

286.0429.0

714.0143.1

2

C

S
S

Sd
CV

µ
  

 � �<#500Re > -!��� /���= ��)��5 '�# 
(��:  

    )3(  
( )

5.0

3 






 ∆
=

C

S
S

Sd
CV  

                                                 
3
 Stokes’ law 

4
 Intermediate  law  

5
 Newton’s law 
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 4O�#$ .# ��� .�M�+�$ ��Q4  4��� '���&:  

    )4(  ( ) 







=

µ
CS SVd

C4Re  

  

 I�#�$ -�# $� 4(SV 4! 'Q�� 3�+(#�T .�� 8#�O= �+�f�)mm/s( �S∆  .�� �� v�pD /.� WX,S#

 �3�+(#�T � 4,���Td 3�+(#�T .�� 8#$% �O= )mm(  �CS  �µ 4,�.�*K�� � v�pD /.� o�!�! 4� )mPa.s  (

4,���T .�� �  o�#�n( )1C  �!( )4C  o�!�! 4� ���544 �108 �172 �999/0 � �+)��.  

��L�& .#� 4( �#�� $#�B .�M�+�$ ��Q 4 ��5SV '�# R.9 �'A0 �#�� 4M��U -��U! 4 ��5SV �

���zT R�L�# �OS � �U� 8$�� 4� 8� ��5 �,K���.  {�� �� #�,�# -�#���+�3���5  'Q�� �.�M�+�$ ��Q     

4! ��5 4Z��� 4M��U .# 3�O= �+�f�� 4 � ��) 8$�� $� R�Q .�M�+�$ ��Q N��O! 3�& '�� 4� ��3���5 

�n��� � 3��6,�# I�#�$ ���� .#��<�.  

 ��+ 456� 3�++(#�0 8� ��5� 8�56� -�� .# P��� $� Q ���. 3.�� �#�)�� . $� ���� 4( �$�Z 4�

P�p!# � 8�56� ��$ -,��< $#�= �#�� R.9 '��� 8#�O= �/�. 8� -�# �+)�� 4,)#� #$ �i��*� 4�.  �� -�#���+�

.# P��� $z< /�. 8� � sDf �O= �� 8#�O= V��$ 'Q�� /�$�& '�� 4�  .��� �$� 4���� ��$� Q �#�L

�& ��#�S '�� 4� 8�56� -��.     

 

2 -2- �/�0� 1��23 �  A��- #D�2��� ���� ���	CFD  

?*) $� 2 �#� /�f� �n�Q � �M�Z 1OB �� $� ��( ���)'�# 3�) 3 . � 4��+� /��� |$�� ?�M� 4�

4� ) ��!� ��5 
L�/�*# 
,K�� ?( �.����� ��zT�)�� . $� 4M�K ?� ��!� ��5 /�. E��( 'A0

4� 4��+�P��� $� Q ���#�L .# �*� -,��< ��� $� �� ��U�  {�Q � P�Z ��32/1  �5/1 '�Dn � �, ���

025/0 �030/0 �035/0 �040/0 �, L�#'�# 3�) R� . ?*)3 � /�f� #$ 3�) C�D,�# �!� ��5 
L����.  
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 ,$�2 :�E�8 � �/5F 
B)� �� �� ��� ��&�  

  

  
 ,$�3 :��� H�I:;� �3��	��� AJ-  

-��M�# 4M�B -�# $� 3��6,�# �$� 3�<���6 - � -��M�#�)��.  89��U ?�) �.�KM� $� 
(�� 89��U

R�,+� � �i,���T � �+)�� .�� �#�� 4(k � F��U! ��. ?*) 4� o�!�! 4�����<:   

  

    )5(  ( )
( ). 0

k k

k k ku
t

ε ρ
ε ρ

∂
+ ∇ =

∂  
    )6(  ( ) ( ) ( ) ( )rkkrkkkkkkkkk

kkk uuFgupu
t

u
−++∇∇+∇−=∇+

∂

∂
ρεµεερε

ρε
.. 2  

  

                                                 
6
 Eulerian 
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-�� ������� �,K��� �.�KM� 'A0���) �$#� R�,+� }�B� ?( 89��U $� � 3�) 4 ��5 �.�� . $�

4� ) C& P��� 4( '�# 3�) {�� 3�) R�L�# �.��4� '6� ���$#�� R�0 P�B,�# 
��� 4,�$$�( . �L�& .# -�+���

3�) {�� ���( ?*) 4� 8#$% �3��� 7]�( $��K� 8#$% �O= 4( ��+��� ��� &�� ����� .# ?�M� -�# 4� � ��#

'�# 3�) .4� ) -�# $� ���� -��,�A ��( $�O�� |#$� ����� ��.���)��. P��� /���0 �#�� -  .�� � P���

 4� R��� {�� 3�O= 8$����) .� 4( '�# �$��U -�# .�� �� ���# .�� /#�+Q 4� ��.�� C�D,�# $� 'K���

��) '=� �Q�� . /#�+Q 4� '�# oM�c 4( �.�� ��)�� 4,)#� ��0� ��.�� .# ���K�� $#�B 4( ���0 4���� �#��

� 4,��<���$� P�# .����) . ��.�� .# ^�� -�# �#�� P�� ! o��n) 1��- /���0 � 1�� 1�� � ��� � ���- .�< (

� F��U! ��. 8$�� 4���):  

  

    )7(  
p

pqp

pq

f
K

τ

ραα
=  

    )8(  

q

pp

p

d

µ

ρ
τ

18

2

= 

     

 $� 4( /&f � |$� 1��! /#�+Q 4� �pτ3$% E���& /�. /#�+Q 4� �7 � F��U!��). pd�  .�� 8#$% �O=

 3�+(#�T)C& (��)�� . �$� $�'�U��!f   |$� o��n 4�dC �4� ) $�3�) R�L�# �.�� � P����)- -���8 

o��+� P� -��!�)��.  

�L� �K( �8� ��5 1��K! 'A0�  .�� 3�+(#�T)C&( 'Q�� ' K� N��Z .#4 ��5 ����~ ���   4[� �

'�# 3�) 3�#� $#�= 8� ��5 $� 4�M�# _�� /#�+Q.  

 4,KK< V�$ $� �?� �#��      � 'Q�[� /�[��� ?[� �#�[� � R�� 4[ !� '��9�� WX,S# Y�Z .# �.��

'�# 3�) 3��6,�# ?H��� V�$ .# �$�f� . ��#�i�� $��U /#��8-10 #��� U4M�� T�i,���  R#$& ^�� .# /���0 �

��)�� . ���T�� 8$�� 4� � �!� ��5 4+#� R��! �#�� ���5 
L� V�$ 4� 
(�� 89��U ���. R�< ��001/0 

 4���@��< ?� [�3�  '[�#.         4� [) � 8� [��5 R�[L�# �#�[� 3��6,[�# �$�[ 
,[K�� 8�[pDf �.�[�  8$�[p�      

Intel(R) Core(TM) i5-3.8GHz, RAM:12GB ��)�� .  

  

                                                 
7
 Particle Relaxation time 

8
 Schiller and Naumann 
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3 -  ���� 9���� �	��   

) ���$� 'Q�� �N�B5! -�# $� 3�) 3��6,�# ���$� �.� ����)�� .��) .# �i�� �*��.� ���  4(

'�# �0��S $�f� �.� ��) �'�# 3�) 3��6,�# /& .# ��� 4UM�O -�# $� . 3��6,�# ���0 $� �.� ��) -�# 

� � R��U /���0 1�.�! N�=� 8��k�0 4( ��)3�� R��U $�f� �.� ����B �# �)��.  �.� ��) .# �L+�# $�

� 3��6,�# ��� 3$#�����) .� $�( 4� ��0 �� P��� ��#�� /��( ���5 �#�� �.� ��) -�#��$.  

  

4-  !� �� H�5� 4L):	� �	��   

C#�0 PXB,�# ��$�� $��+ 4� �E .# 3 '�# 4,��< $#�= ��$�� �$� F�,D E ^�� .E  ^�[� .# ��

� 4,��� $�,S��)��+� 3�) 4,��< ��� $� ��B� ���� .# �!��$ 3$#��� $�+( $� 4(��# . 7� �� $� ��$�� �$� $��U

.# E��+� $� $�f� '�# /#�� 3�) 4k#$# ���/���0 �$� Q �#�L ��)�� .E 8�pDf��+� P��0 $� ��

2 '�# 3�&.  

  
 4���2: !� #�6IM���M =� � ����:	� ��5� ��N��  

��M =� )mbar/m( Cell  !� O5; 

١۴۵/٧٠٢٨٠  ٠   ^�� E1  

١٧۵/١٨٧  ٠۵٠٠   ^�� E2  

١٧۶/٧  ٠۵٠٠٠٠   ^�� E3 

  

P��0 g��,� 4( $�O���� 2 � /�f� ^�� E $� 
,K�� /�$� $�f� '�# ���2     ^�[� E[ 4[� ' K�3 

� ��( $��K� 8#���t! �#$#� ^�� E � �)��1 �$#� �i�� E ^�� �� �� #$ WX,S# -��,f�� . ^�� E -�#���+�

2 �� 4+�A� E /#�+Q 4�#'�# 3����< C�D,�# 8� ��5 R�L�# �.   

  

5 -  ,���3 � ��"J3;Q��:  

4� ) g��,� ����.$# $��+ 4� 4M�B -�# $��.�� CFD �   I[��! 3�[) 4,S�� 3�++(#�0 ���+� I�#�) .#

'�# 3����< 3��6,�# �"��#$%& '(�) .� �� E�#�0 /#�� ��$�� ?�) �g��,�   F[�,D ?[�#�� �� '6� � C& .�

� 4+�A� 4���� C�D,�# � 8�56��)��.  

  



 

326 

 

5 -1 - ������R �� �&J- �0� #����S3 �5�;  

 7� �n�Q 1OB $� C& .�� ��L� �K( 8#���t!#�L  ?*) $� ���4 '�# 3�) 3�#� /�f� . 3���f

�<4( ���  ���A,�# ��B� 4� ���5 IB� 8#���t!#�L �$� 1�L! -��,f�� � ��) 4)�<  8$�� /& �+���T

����<.  

  

  
 ,$�4 :�E�8 
B)� �� H+ �� �&J- �0� #����S3  

  

?*) 5  '6� .�� ��L� �K( 8#���t! ���P��� '(�� ��K P�Z $� #$ � /�f� -���. 456� $���� .

G*Q  4,���T .�� �#�� �L+�# $� r�� �#���$)'6� (9�� $� 9�� $��K� v��S ��$� �� � 3��,�# r�6!# $#�= C& �

'�# 4,��< .� 3���f��B� 4�B� $� -���T 7]�( $��K� 3���5 �0 4� '6� .�� ��L� �K( 4( ���< 4�  7�

 7���� $��K�'�# 3�).  
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 ,$�5 : �� �&J- �0� #����S3 =�;4��	 =��- ��0� 45F ��  

  

5 -2-  �N�� !���� ��"�� �� #���� ���� ��� �	��   

?*) 6  1�.�! C& .�� ��L� �K($� #$ �� /���0 �0��S 1OB 8�56� -�� F�,D ?�#�� /�f�   

����. /���� 3���f $#���� -�# $� 4( $�Z4�� $� ��) ?�#��#� �f�#��# ���$ #�,�# C& ��L� �K( �4,) 

� ?� �6� '�� 4� GH� ��+( . /�) 
���(� � 8�56� -���T 4)�< $� C& .�� 1�L! ?�M� 4� $�,�$ -�#

��L� �K( '�# /& .�!$� Q 4�  $�5 �6� 4OB� $�X  P��U 4( �� 4)�< -���T�] '�� P��� ��K '�# �

 �.�� �� /���0��)��  $�5 ��,�#$ $� �!��0 ��( �X 4� ��L� �K( �'�#$ '�� -���T 4)�< �� P��U �

 7���� 7�3�) '�# 3��,�# r�6!# '�K= -�# $� ?�( E�#�0 � .�5 ��A,�# 4� /�) 7���� $X  �� P��U

 �.�� 7! �,K��� ��B� -�# �3�++(#�0 o��+ ��*��Q 8$�� $� q�,U� Z 4( '�# /���0 ��K $� �!9�� �Z�B�

�+)�� 3�). 4� ) g��,�� /�f� �.��4���� E�#��# �� 4( �+�� � r�6!# �,�( �.��#�0 /#�� �8�56� � �,�#

C& .�� ���< qX�( $�Z 4�  1OB ?($� 3�+(#�T�0��S �$#� $��� .� -�#���+��!# E��( 4( '��< 4L�,� /

�) ��#�S ��.�� �.��#�0 /#�� E�#��# hQ�� 8�56� 4���� .$#���� ���Z .# �M� $#�B 4( '�# -�# �i���� ��

4+�A�� #$ �#'��� ��0� �!����Q I�#�) �#�� /#�! . 4���� C�D,�# ��25  �30 ���� 3���f �, 4( ��)

t!�� r�6!# ��L� �K( $#���� $� ���+��& ���6'�# 3��, . /�] -�#���+� �� 8�56� 'S�� ?�#������.  ��5M .#
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p,=#.��� �$� �#� E��( o � 4� ����� �'�# 4��� 4� /��B � 4���� 4( '6< /#�!30 ��� /#�+Q 4� �,

� C�D,�# 4+�A� $#�B��).   

8� ��5 _��# �� �+  �� 3�) R�L�# � I�#�$1  �!4  ED� $� 3�) �(% ���$ /��( �Z �� �2-1�  4����

 -�� .��� �$� 8�56�30 ���'�# 3�& '�� 4� �, .4� ) .# 3�& '�� 4� 4L�,� -�#���+� 7��+�� �.��

 8� ��5 .# 3�& '�� 4� 4L�,� �� �!� ��5 89����$�J! �$#� N��O! .    

  

  
 ,$�6 : �� �&J- �0� #����S3 �5�� ��:	�� �� H+x 1�:I� ,��5 �  #���� ���   

6-  �J�:; ���U  

4� ) N�B5! -�# $�      1��[ �.�[� �� /�[��0 �!� [��5 89��[� 7[��+�� �.�� -    3�[++(#�0 $� 1��[  

456�     89��[U ?�[) 4[( 
(�[� 89��U ?� N��Z .# �8�56� -�� 4+�A� 4���� /�$�& '��� $��+ 4� �#

� R�,+� � �i,���T1�� �.�� �� /���0 -,��< ��� $� �� ��+)�� - E+( 
��� P��Q# � 1�� �.�� -�� ��� 

�� ��*��$ -��M�#- '�# 3�) R�L�# -��M�# .3�#� .# ?��� g��,� 4� 40�! ��4� ) ��� N��O! �.�� �M� = ?��= -��

�#� -�#3 I�#�$ .# 3�& '��� ����B � ���
(�� �$�J! �$#� ��0� . 3�XQ/�f� g��,� -�# ��  4[( '�# -�# 3�+��
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� E�#��# '6� .# C& �.��#�0 /#�� �8�56� -�� 4���� E��( ��      �[��t! �4�[��� �,[f�� E��[( �[� �M� ����

 .�� ��L� �K( $� ��#�+]3�+(#�T ��� ��L�# � ��)  ���[p,=# 8���X 4� �+�    4[+�A� 4�[��� C�[D,�#  8$�[� 

����zT.  

7- �$M3 �;����@ �  

�H� �� �"��# 1��+� ���+A � ��#�Z '(�) .# _)EIED (     ��[+��#�! 4[� �[*!# �[� 4[(   $� �[�S#� ��[�

 3�[++(#�0 'S�� � ��#�Z ����)��,T � .�< � '6� 1��+� 4� ���� 8#��AL! ��M�! � 'S��  456[� ��[� �#

����( $#z<#� ��� ! �"��#$%& '(�) 4� #$ /#���$# .�< � '6� '(�) /.�D .  

 

8- N�-�� � AXL8�  

p $�f� �pa 

t  �/�.s  
ρ  4,�K�#� �kg/m

3  

ε ?D�D!  
Μ  4,�.�*K�� �kg/(m.s) 

krF         �.�� -�� R�,+� P�� !  
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Abstract 
In this study hydrodynamics of liquid-liquid two phase flow through plate pack coalescer have 

been investigated by CFD simulation. Separation performance dependency to plates distance and 

it’s optimum value for specific operating condition has been investigated. Furthermore the 

optimum value has been compared with calculation based on theoretical laws and the results 

show a good conformity. Unsteady state, two phase 3D simulations have been performed based 

on Eulerian-Eulerian approach. Structured meshes have been used in the simulation. Governing 

equations are solved by finite volume method for all computational domains. The flow pattern is 

laminar and second-order UPWIND differencing method has been used for discretization of 

convection terms. 

Key Words: CFD simulation, Two phase flow, Liquid-liquid plate pack coalescer, Dispersed 

phase, Volume fraction. 
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