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Abstract  
In this study, the liquid-solid fluidized bed was simulated using a combination of Lattice Boltzmann and smoothed profile method 
and then by changing the geometrical parameters contains of, particles diameter, width of the bed, initial bed height and the 
placement of the particles in non-uniform particles bed, their effects on porosity are studied. The hydrodynamic model of the flow is 
based on the LBM and SPM is adopted to enforce the no-slip boundary condition at the liquid-solid interface. The kinematics and 
trajectory of the discrete particles are evaluated by Newton's law of motion. Comparison of numerical and empirical results for 
porosity at different velosities showed acceptable accuracy. Also, Simulations indicate that an increase in width of the bed and 
particles diameter increased porosity and an increase in initial bed height decreased the porosity of the bed. Finally, the effect of 
placement of particles in none uniform fluidized bed showed the highest porosity accurse where particles with a small diameter stay 
on particles with a large diameter, also where the particles are mixed together the lowest porosity was accrued. 
Keywords: fluidized bed, porosity, polydisperse, lattice Boltzmann method, Smoothed Profile Method.  
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 G��H  

	EF 

G��H  
mm  

K�?��� 

�����   
mm  

�P^�  9�8 G��H 

�8 � 	1���� 7������   

1 3/20×50  403  6/0  5/8  DP1/12 

2 3/20×50  209  6/0  9/5  DP1/12 

3 3/20×50  496  6/0  10  DP1/12 

4 3/20×50  403  4/0  7  DP1/12 

5 3/20×50  403  8/0  5/15  DP1/4 

6 1/15×50  403  6/0  4/11  DP1/12 

7  1/25×50  403  6/0  5/6  DP1/12 

8  2/20×40  209  6/0�8/0  9/7  DP1/12 

9  2/20×40  209  6/0�8/0  1/8  DP1/12 

10  2/20×40  209  6/0�8/0  7/8  ٦/٧ DP١ DP1/12  
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-� @� W	6 B@	� �@ - �7 
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	���-� �?���� �8 3�� =8�� =�@�� G��H  

f(x,y,z,vx,vy,vz,t)=f(X,V,T)                                       )1(    

 ���?
-� �� ��6 �� �� B�x  B@�  |�	R� ��6 � 4�2� ���7� 

���R� ����H 
-� �� 4��@t �� 4��� x �8 
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-�� 9�� �����R� �P5> ���d	8 3�� ���� .D�6 
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�� 9�� �P5> uJ�8 �.��L�� DU ����R� 9�A
��8 �� ��6 .@� 

���[�� �� /� _
��- �2�57 (\� �� ��� 
<� 	�N�� �7���d	8 �8 

V��R� 
-� �8�� )����	  �2����(� �� ��[�
� ����	  ���d	8 ���8 �8 

_
��- �@�>� �7� �� �8 =8�� =�@�� ����R� ]���� �8�� .�8 �>�� �8 

����� /������ V��- �8 ��` �P� 
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�5� ��6�8 	7 	1P5J B���d	8 �� �� 	8 ���	�. ���d �P� 3@T �6�8 

�� ����� 9�A1��> 	1P5J ���L�� ���d	8 ��6 .���- 9�	� 	1P5J 

���d	8 w-�� ���.����8 ��	. Y�	�� ]19 [����� � B�	8 DU ����R� 

9�A
��8 �8 G��^ ��	
�. ���?
-� ��6 
-� .�� 9�� q�	;� I	  �� 

��6 �� =8��� =�@�� G��H ����57 /��A� �8 
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��8 (�F�8 �� ����� .V�� BGK� /� 

	1P5J ���d	8 �8 G��^ �E8�� )3 (�� 	i� �� �	�..   � ��� ����� !"" � #�$%&�$�
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 )3(                                                   

feq =8�� =�@�� ����R� � λ 4��@ ]���� �� �6�8 .	1P5J ���d	8 

BGK �8 f�O
�� X�<^ =8�� =�@�� �����R� B�;8 �3	> 3�
���� � B{	�� 

�� ��	F	8 �� ��� .�8 9�� �B��)1��> ����R� 9�A
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��. B@�- B�x  B@�  � 4��@ �� ����R� 9�A
��8 

uJ�8 �� ��6 �� �8 ����R� �P^� (�� ���6 9�A
��8 �8 q�	;� BGK 

�8 G��^ �E8�� )5 (_�-	8.  �)�
* � �)+�, � � +�� � �)�
* , �� � �- .�)�
* , �� � �)/0�
* , ��1     )5(  

�� �� 9�� ����R� δt 3�. ����@ �xi G�g
O� W�;� ���6 �� �6�8.  

3�. V�� �� ���?
-� @� ���6 9�A
��8  B�	8 ���6 �B@�- � 	R� /� 

V�� ���6 q-��� �� �6�8 V�� B�7 ����?
� 4����� B�	8 ���6 

B@�- B�R8�� � �- B�R8 w-�� 4���52��� ����� ��6 
-� �� �� 9�� 

]7�S�  �
��. B@�- ����R� �8 ���?
-� @� V�� D2Q9� �e� p�	eR� 
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-� ]20  .[

D�e6 2� V�e� D2Q9 �� �� 	1���8 /� ���6 �� B�R8 �8 9 �?��� 


J	- �8 G��^ �E8�� )6 (�� �6�8 �� 4�2� �� �7�.  
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� 2- ��39� '�# 4��1 45K91 E+�H $ N)&� �( D�� D2Q9  �)    
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⎩⎪⎨
⎪⎧ �0.0� … … … . … … … … … … … … . … … … … … … … … . . 8 � 0�9: ;8 � 12 >⌋   , :@� 8 � 12 >A … … … … … … . … . . 8 � 1,2,3,4

√2  ;�9: ;8 � 52 � 14A >, :@� ;8 � 52 � 14A >A … . . . 8 � 5,6,7,8 

)6(  

�� DU B��J =8��  feq A�� �
��. �� ��6 �� B�	8 V�� D2Q9 

�8 G��^ �E8�� )7 (�7��d ��8]21.[  �)/0�
* , �� �I)J⌈��L����). M� � �N��) . M�� � ���M. M�⌉                          )7(       

� �E8�� �)7�	l (�q �� � 1, �� � 1 ⁄ �Q� , �N � 1 �2�Q��R  , �� � �1 2�Q�R 
8�N �7 B���6 � �Q � �)/√3  ���6 �� G�^ 
J	-

�� �L57 .�6�8�9   

I) � T 4 9R … … … … … … … … 8 � 01 9 … … … … … . . 8 � 1,2,3,4R1 36 … … … … … . . 8 � 5,6,7,8⁄                                       )8(  

=8��� ��@� �� ��6�8.  
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��8 B�7	��C
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. �� � V W���
, �, ����  )10(                                   

����9 �E8�� �8 �>�� �8 ��2  (�� p=J�Q�  � 
-�8� ���  �


>A� -���5����X � YQ�+��Z � 0.5�   � q-��
�� .�6�8  
�8 	8�	8 ��	F 4��� ��	. B�7 4��8 �R8 9�8 B�x  �RF�� � B�x  ���6 
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�5� D����
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�5� 9�	
50� .�	�. ��
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� ��6 �� ����- \��� 	
�8 ������@ �� 
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��	  �R8 4��8 ��J @� 9��L57 B�	8 D���� f�
6 �8H�> @� B�x  

�RF�� B�x  �8 ���6 
��89�A �8 G��^ )�E8��11( ���?
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23 )()(
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alalLB DDgg
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4 -2 -  '$&�� 8�� E+�H �( /�+9O ���2� �5(.�    

�� B�7	
�8 ����- @�. -���> G��H ���> �8 	1���� ���d	8 �� ���� 

� B�	8 ���6 B@�- 9�� ���d	8 ���8 @� V�� �	� 3	� �� �	� 
O- 

���?
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�@���� B� �6�8 �� 	8 ��2  V��- 9�8�� G��H ���> �� D^��  /��A� �8 

_7 ��PM ��� 4���� ���d	8 G��H �8 _7 ��>� ���� � B�	8 ���6 B@�- 

���8 @� V�� B�7 �	� 3	� �� �	� 
O- ���?
-� �	� .��� 	.� �-	��� 

G��H ���> �8 ���. B� �6�8 �� ����
� 	8 ��2  V��- 9�8 �� G��H ���> 

��PM ��� �� 9�� G��^ �� 
��U �RF�� G��H �8 _7 ���d	8 �5� ���� .

�� 9�� :�;<� I	  	8 9�� 
-� �� G��H ���> �-	��� �0�� �8 ���. 
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4���� ���� 9��r �P�2� 9�8 G��H � ������ B�7 �i?<� �� �7� .

�9��	8��8 3@T 
-� /� /���� B��J �8 ��� �
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 � 

G��H ���> �8 Dd�� _7 � �8 ������ B�7 �i?<� B	�.�P> ��6. /� 
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� B�	8 ��PM 	8 9�� �D�2� ���?
-� /�@� B�	�� �R �� 9�8 

G��H �� �6�8 ����@ �� �P^�  9�8 G��H @� /� �U @�[� �� �8 4� 

��U�� 95�� �� ����. 	
5� ��6 .9�� B�	�� �R �� ����� �	8 �8  G��^ 

/� B�	�� �>��d �8 D� ���7�	�� �� 	8 ��H V�5J� �� ��6 � �l� 

�� ��	. � ���;� 4� B�� ��H i 3� �� 	N� ]������ �8 ��H j 3� �8 G��^ 

�E8�� )12( D8�F ��-�<� 
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�*cid jef* � fce � 2fd � hh k� j f* � fc⎸f* � fc⎹k  ef* � fce n 2fd � h  
)12(  �"ab.*co

�
⎩⎪⎨
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�RF�� A�	� 3	> 

G��H i 3� � j 3� � RWj  
�RF�� A�	� 3	> ��H B@�[�  
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5- 	1�� ������ ��	F ���� �� ��6 )D�63 .(ζ  ���
-� �� ��U�� 

95��  �� �6�81 �� �� ���6 B@�- B�7 3�[�� ��6 �� 9�� :�;<� 
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C�+ �� �5 ��H 'K�	� '+&� D��)+ '$&�� �CO+( 

8�� �5 ��H $ �+95( 8�5�� �( /�+9O �5(.� ��+95( $ ��H  

  

4 -3 -   6$� �5��� �+9�#  

(�� ���5� ���571 �� �� V�- 2005 w-�� �������� � �������� 

]10 [� 	R� ��6 �6�� B�	8 ���6 B@�- 
�	U G��H ���> �� V��- 

� V�5J� W	6 B@	� 3�J (AC� �� XE- Y	
2� V��- � ���> �� 

�6�8 .�� 9�� �(�� XE- 	7 ��H ���> �� �8 4���J /� XE- �8 


��Ol �	?^ ��P8 �8 4���J /� @	� �8 �
��Ol D8�F ����;� �8 �U�� 

���6 � 	R� �� ��6 .�8 ������J SPM 	7 ��H �� �8 /� ��<�� ���57 

3�-�� �8 ��<�� =8�� 
�RF�� _�> ���>)φ(x� 4�2� �� �7� �� 9�� 

��<�� �� ��U�� ���> B���� ���;� �/� �� ��U�� V��- B���� ���;� 

	?^ � �8 ��` ���57 @� ���;� /� �8 ���;� 	?^ �� XE- Y	
2� ���> 

� V��- 	��C� �� ���)D�64] (12�23.[�� (�� ���5� ����57 
�5� 

B�7 ������ @� D��F 
J	- � =8�� 
�RF�� G��H ���> B�� 3�5� ��U�� 

����-�<� |�	R� �� ���6 �� 9�� ���U�� D��6 V��- � D� G��H 

���> �� �6�8 .B�	8 9��R� �U��� �� �� �0�� G��H ���> ��>� ������ 

=8�� 
�RF�� G��H ���> �8 G��^  �E8�� )14 (� 	R� �� ��6.  ∅�
, �� � ∑ ∅*�
, ��rs*t�                                                       )14(  

   �E8�� 9�� �� �x,t)( φ��H 
�RF�� =8�� � i � �6�8 �� 3� Np �

����� ��	F DU ��U�� 	-��	- �� 
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2 Smothed profile method(SPM)  

  ∅*�
, �� � :�f* � |
 � v*���⎸� 
s(x)=T0                                
 w �h/2�� :@� x��yz � 1{        |
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, �� � �1 � ∅�
, ���M$�
, ��                  
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