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Abstract:  
Nano-silica is important material for different industries such as cement and concrete. In this 
paper we use gas condensation method to produce nano-silica particles. In this method, silica 

vapor and hot nitrogen were mixed with cold nitrogen gas and treated quickly to be converted 

into solid particles. Simulation of this process with assuming no accumulation and breakage of 
particles has been done by solution population balance model in fluent software. The population 

balance model is a suitable format for solving crystallization process with nucleation, growth, and 

breakage of particles. Birth and growth rate of particles are assumed as sm
35 1107.5 ×  and 

sm
1110 −  respectively. The size of solid particle depends directly on growth rate under 

experimental conditions and with increasing growth rate increases. Values predicted by the fluent, 

indicate production of nano-silica particles with dimensions below 0.01 nm in the cyclone. 
 
Key words: gas condensation method, population model, nano silica, cyclone 



 2 

11110 ���*�:  

��&� .)AN� 
�� ��&�A�$����� + �7)N�7 !� KAN��V� �� ��>�	 	3 ,"��R�! ��  ,� $�1 �%&"'	 ()
�* ��  ,��


��-�7 ��3
� ���1 ��3
�  ��U<Q ,�
	 �>Q ��-�7 ��3
� W�	��� �.�&����� �+)�� 5
U�&�� ��-�7 ���� ,"')�

��-�7 ,��
 +�R ��-�7 � X����"B-�  =�* �� V�
< ,��� $���D ,# ��A�&�� ���	 ��)� ���� ��#�
�}�{. ��&� .) 3� �B

�"��	)0'# !�
< # �<� �  �� !"�3  )����@A1 �� V�
� ��
N �  	�
4	)!"# � ����. ?�-� !��< ,# N�%� �  

-�7 J�[\	 ]��9���
 � 3 ��"A#)� 5��6 �3���� � ^�� ,# V�
�&�
B���� . .�&�� ��
� 5��6 ��#�
� _
�� !��< �# 

�� !"#  	�
4	 0)�F�� �!"# ���� � ���9 ���
��  	�
4	 0)�F�� K@� ,>�7 ?#
L 0<
� �0)
��� �#��# 

� � !"# ��)`R6�% ...����	. -�7 V��#����R �V
<  V�"	��
� .�&��3�7 
#) ,��� �3���� (a'�	 �2�� 3�  3
� 0-
�1

'@7 
# �b�9��7���H �c ��
%"��  �� ��
 .!d� I�B�� G��7 ?*� �� 2���!	��# �  Ae  J
� ���fghi�j	  �� � 

J
� 1981 &� G��7��"k   ,=��7) �
}�{. � ��)2�� ! �����  W) 3� ;
# �
	� �� $:��"�� 3
� ����< ,# F&� �
'# 

�)� ����� 3� ��� $:��"�� 3
� � +< 
# $�&U�� ?9�� ��9�1 ����� �l� �� � ���
 �	  )��< $�&U�� ?9�� ,# �

�� � ���9�# ��
 �	 �
�)� F7���� ��"	��
� 5��6 � � �
 ��� 
=)��  )
��.2��  F"�� 3� 3
� �3
� C��	 �� J
H 

,=��7� ���m7 � J�\7 �	�

#. �
)�F	 �7�6 !)� 2�� ?	

 J�"�� n�L� ��3���� �?U
 ,>�� ���&# $��# K���7 � 

�)
���
 ���R ?*
H � ]�&9 �;
# J�[\	  �� �)
�� .!)� 2�� ��"@	 �# ?�U�7 �
< ,
�9 �U1��  �
��7� 3� 

� 3� +���"	 $�
 !)� ,
�9 
< ��
� ���R ��-�7 ����	. +���7 
< ,
�9 ��
	3 ,� �
'# o�� ^
@
� ��
 � ?9�� �� $Q 

�
< ,
�9 ��7� ?�U�7 ��
 ���

# O� �<��	}p{.  

       ,�3��	 J�	 3� ,-
4	 !)� �����=7��   �I�&� ��F�� C��      8�� ��8
 ��
%"8�� .�&�8� ��
� ��-�7 ��)��� �3
� ,�@
 ���# .

 ���=7 ,�3��	 J�	� q�1�
1)�M
 ���# �@�
�	 ����6 V
< +"A �� V�,� Q�� )
<���)�3 ,"A< � �  AB
 ��
� �) 


 5��6 (��7  �r�< � ��   ����N��R !� W)3
 �� 
<3
� ��)��	 �# �� ��  ����s �M
H J
H �� ���� t�  �
8<��#�
N 3� �=

 &R ���
	���)��F�  u�# ���&@7 �$� �
< 
@H �#��"N�� ��� ��6 ��� �)# V
<���:�-�)�'7 ��B� � �)  �-�&8�  �8N 
   ?	
8
 �� 

�	��
}hvw{.  

 

1 0 ��
2�  

-�
=	 �7�
@D ,# � ���=7 x
4# $��
L'	 �� ���=7 ,�3��	 ,�3���� 5
[" ) ��6 �jL ���)
�� $���D ,# J�s( �)3 5��* ,# 

 ��
 �	 ,"
��}{vg{:  

 
( )

∑ =+−+
∂

∂
+

∂
+

∂

∂
0

V

nV
LBLD

tV

V
n

dL

Gn

t

n i
&

)()(
 

 

                                                                  

)�(  

  

 n ����D ,"�A��� (#
7V �+�H �H�� �� 5��6 ���=7 dL �J
"A)�� �3���� ?*��� G �
� O��  �
��7 J
"���B(L) 

 � ��-�7 O��D(L)�	 J
"A)�� }�	 O�� ��

# .s �����9� �
�-
� �@	 �%&"'	 5;
4	 5;�
=	 ?H �# �� $3��7 

                                                
1
 Inert Gas Condensation 

2
 David Bourell and Kamlakar Rajurkar 

3
 Gleiter 



 3 

���=75��6 �
� ���# } f{5��6 ?	
U7 �}��v�S{(��7   5��6 0)
� �}�p{ �� ��
 ,I���  . ,-�
=	 ?H ���# x
4#

���=7��3
� (#�	 2�� ,#  j  �	�	 !�	�  ���=7 ,"�A��� 5��* ,# �� ��
 t)�=7:  

�J~H C�> �H�� �� 
�-
"A)�� ���=7 ���
�# �%*  �	�	 �o�� ,j#�� n@s �
�� ,� 
�-
"A)�� C
�7 ?� J�s W)  �	�	 

 ���� ,"��� ���L +<$
��  �	�	 !�	�� � !�	�� +�H � �j� ���<� J~H C�> �H�� �� 
�-
"A)����

# �	 .  �	
��<

,=-
j	 3� ��< ,N�R �# 0�3�7 ?	
B7 ��)-�7 5��6 �3���� (�7 ��
 �
 0�N�� G�����
) � � 
)Q��)� V
<���F) �l�	 �B

 
��Q �3���� �#��

#2�� ���
����R  5;�
=	 ?H J
4"�� #�
� 
# 5��6 �3���� ()3�7 �
<  �	�	 �3
� (#�	 J�	�� ��

�

# �	 +�4"A	.5��6 �3���� ()3�7 !��'7 � ,j#�� n#
j	 p �

# �	 }��v�w{:  

 

$Q �� ,�),( txw α
� $3� ���
�# ),( tx

iαξ��=#�	 !��'7 �4�� �=#  M7 � �&9�� 5
["'	 ���=δ �
"-� (#
7 

���)��	 ��

# . ,N �	
��<�.�&�� ��6 ?�U�7  -
H ���
�< �7
@�
\	 ,�	�� ?9�� �� 5��6 �) �
� ,"A< O�� ����


 �)�3),( txJ��
 ,@�
\	 �)
#  ."	 �U�"��� �
< J�	��
 ���	3Q ,s�#�	 (>��	 �� ���= �  ,"A< O�� 5�
@D �)�3


< ���� 
# n���7 !)�"�# ,� !��<� �<�# �� ��)
	3Q �� �)3 n#
j	  :}c�{  

  
( )

KT

r

e
mKT

P
J 3

42
2

2
*πσ

π

σ −

Ω







Γ=  










Ω
=

∞ )(
ln

*

TP

P
KT

r
σ2  

                                        

(�) 

 

(�) 

  

 � �� o�� G#��*
r   ���6 ����\# ^
=
 Ω      �
��7 J�U&	 W) +�H σ�()
	 W1�� 5��jL �\j� 0�7 m J�U&	 C�> 

�
��7k!	F"-�#  #
l � )(TP∞�jA	 +&�� ^
@
� �
��  �� . � 5��6 �)�3 ,"A< O���&� $����F�-
"A)�� ��)��� �s .


�      �8#��# (>��	 3� ?*
H �
< ���� n#
j	 ����� ��� �
'# $��� ��� 
# �	
> 3
scm

2

5 1
1075 ×.   5��6 �8
� O�8� � 

��&��#��# . 
s

m11
10

−  �� ��
 ,"��� �P� ��} �g{:   

  

  

                                                
4
 PSD 

( )dLtLnLtm
j

j ∫
∞

=
0

0 ,)(  
                                        

(e) 

 

 

[ ]∑ ∏
= =

−≈
N M

i

ii txtxwtxn
1 1α

αα ξξδξ ),(),(),;(~  
                                        

(k) 

 

 



 4 

30 �������  

  ?U
 ���W) ��=# ,� 0	$�&U��   
# {hgp� J���<��"7 J�&�  �� ��
 ���� $
��.   �� ��8
 t8)�=7 �3�	 �H��� 

     �� ��
 ���� $
�� ?U
 ���  �I�&�.�+"��	 �C�> �
4# 5;�
=	    �~87� O�8� � 3�8-��)� 0�7 ��:���    F�-
8�Q ���8# 

 J�� ,@7�	 ��)�RQ 2�� ��#�
� 
# ���\	 +�H���� ��
 ?H.  

  

 
4�5$06���7�89� ��:
 �� �� �
��	�  

 

  ,-�
=	 ?H ���# +�4"A	 �3
� (#�	 2�����=7 ,�3��	 2�� � RNGJ�	 3� εk ,-�
=	 ?H ���# 

")3�UA)� �� ,"�� �
� ,#  �I�&� �� ,. �,cJ�	   �
	� �� .�&�� �
'#��SS ,# ��%A�7� �
�� � !)�&� 

 ����<S,f J�	 $:��"�� 3
� D�� 
# 
s

m20 �� 
# � ��
 $�&U�� ��� J�	  $:��"�� 3
� V
	� ��p�h �&N)! 

 ����� 3�e �$�&U�� ��9�#�N ?�U�7 � ��
 ��� 
=)�� � ���� �)��
� V
�-
"A�<� �	 �� .�&��  . �)
"�

��
 ���# 0�RG��7  �� ���� !��< ���
�# F�� ��F�� C�� .  

; 0<'�9�   

  J�	 3� �
 $
�# ,� ��j�
�<,�3��	���=7 ���#  �� ��
 ��
%"�� $����F�-
"A)�� ��)��� $��� $
�� . �)
"�  C�D E�� 
#

 �5��6 (��7
#  -
H �� �� 5��6 �3���� n#
j7 ���
�# AU
   � AU
 $��#�

# �	 $����F�-
"A)�� �� 5��6 . 

 !��r�< ��
� 5��6 ?�U�7��&�.��>�	 G)��
 �s $�&U�� �� �<��	 $
�� �� .?U
  eU�7 5��6 �3����  ��
 ?� ��

�	
> 3
� � 
	� 5���m7 �B�7 �	
> 3
� ���H xF>���
 ?�� t&"'	 �H��� $�&U�� ��  $
�� �<��	.,� ��s $
�<  

 �� ��
 ���# 0�R  �I�&� ��F�� C�� ��� H
� �� �	
> 3
� ���H xF>�
R ,�) ! ����� ��9 ���4	 �b���H ,# $�&U��

 ���<� $
�� $�&U�� �� 
	� �
<����# !��r�<  ���H 
7 ��&'	 �
	� $�
 ��� ������!)�&� ,>��   )
�� �� � 


	� !��<  \7 3
� u��9 �� .  ���H �
	� 
# �7���H !�
� ,�H
� W) ��>�c����&� ,>�� ) !)�)3 ,j4� �� !

 �� �
4� !)� �� 
	� $
)���� ��>� ���
�# $�&U�� �� ��� $:��"�� 3
� �����.  

                                                
5
 first-order upwind scheme 



 5 

 

 
   

4�5 ,0=�� 08>? ��8		@� &���A ��# ���� B0��� ��8	@� &C
� � 4/ �D0��8		@� EF� ���A ��# G!H( IJA	-�5 4 

�
��	� ��    

  

?U
e – t-���r�< 5��6 ��-�7 ���
�# � �<� �	 $
�� �� ��&'	 �
	� 
# �	
> 3
� �� ��
 ��-�7 5��6 �3���� �
@7�� !



# �	 $�&U�� !�)
R �H��� �� ����� �"��F#� . ?B
 �� ,N ��j�
�<e  ��<
�	�	� �l� �# �"B1�N 5��6 ��
� V��

��)3� F � FN�	��  �� ,# $�&B)��� ��
 q
7�R ����. ?U
p()3�7 $�&U�� �� $
U	 KAH �# �� 
�-
"A)�� �3����  

�	 $
���<�.��<
�	 $�&U�� !�)
R �>��9 �� �7  
�� 5��6 ���
 �	 ��)� ?U
 �� ,� ��j�
�< ��
 �	 �.  

  

        
4�5;0 �
��	� �� ���� L�( 8
 �� �M��9�'8/ -����� N'�
�  

 

 �
<  �	�	 ���# ��F�� C�� �)�
4	pvS  i�j� ���wall� �wall ��wall �vapor inlet, nitrogen inlet� gas 

outlet  �
<������ �� ?U
w ��� ��
 ���� $
��.  



 6 

m0

0

10000

20000

30000

40000

50000

60000

wall  1 gas outlet wall wall 2 vapour

inlet

n2 inlet

���

�ل    
�
م 
	

 �
�
وا
ر 
 د
�ل
��
�	
 آ
اد
��
�

   

m1

0.00E+00

5.00E-09

1.00E-08

1.50E-08

2.00E-08

2.50E-08

3.00E-08

3.50E-08

wall  1 gas

outlet

wall wall 2 vapour

inlet

n2 inlet

 ����

   ��
���
���
�	
 آ
��
 آ
�ل
��

  

 الف                                                                  ب

m3

0.00E+00

5.00E-33

1.00E-32

1.50E-32

2.00E-32

2.50E-32

3.00E-32

3.50E-32

wall  1 gas

outlet

wall wall 2 vapour

inlet

n2 inlet

���

�ل  
��
م 

�
�
 �
�
وا
ر 
 د
�ل
��
�

 آ
��
�

    

m 2

0.00E+00

5.00E-21

1.00E-20

1.50E-20

2.00E-20

2.50E-20

3.00E-20

wall  1 gas

ou tlet

wall wall 2 vapour

in let

n2 inlet

 ����

�ل     
��
م 

�
�
 �
��
وا
ر 
 د
��
���
��
�

 آ
�
�
��

  
  ج                                                                      د

4�5O0 8PQ R��
� =�� �	� S
>� ����
�B &0D &�
��	� S
>� ��� T' R��
� 0�&�
��	� S
>� ��� �� R��
� 0 R��
� 

3�
��	� S
>� ���   

  

 ,� ��j�
�<��� ��
 �	 ��)� 
<����� ,# $�&U�� �
< ����� �� � �"��# $�&U�� ���)
R �>��9 �� 
�-
"A)�� ���=7 �

����	 �%*.� ����	 K@� $�&U�� !�)
R �>��9 �� 
�-
"A)�� (��7  ���4	 �b���H ,# �j� !)� �� 
��Q ?� J�s ,

���# ��9. J
"A)�� �j� �+�H ����=7 ,����# ��>� ���<� $
�� ,� ����� �-�F� ���� o�� �
<������ �	
�7 !��r�< 

 �H�� ������)� �� ��
�	 �)�
4	 �$�&U�� !�)
R �>��9 �� J~H C�>  ������ �� �)�
4	 !)� C�����	
<  �� . ?U
 

� �m7 5���  �	�	 S � � �<��	 $
�� $�&U�� t&"'	 �H��� �� ��: 



 7 

                                 
                                                                                ب                    الف                                        

4�5U0 =�� 0� ��8		@� B 8PQ R��
0�
��	� =�9 � )(�
� �� T' R��
�  ��8		@�  

  

 ?U
 �)
"�� ?U
 �
<������ 
# �#�9 n#
j7 w���  �7  
�� �
�-
"A)�� (��7 ���
�# ���< � �� ���)
R �>��9 ��

��"A< $�&U��.   �	�	 3� K�7�7 ,# 
�"�	�	 �)�
4	 ,� ����	 ��<
�	 !��r�<S  �	�	 
7 p ,PH~	 ?#
L 0<
�  ��

 �� ,"�
).  �
<  �	�	 ���# ��F�� C�� ��
 ���# 0�R �)�
4	�vS J��> �� J
�� +�H ��� ���� ��
 $
�# :  

  

6��A,0�
��	� �� )!H( ��7 R��
� =�9 � 8'��*�  

 ))))مومنت سيالمومنت سيالمومنت سيالمومنت سيال( ( ( ( مقادير مومنت ها در واحد حجم مقادير مومنت ها در واحد حجم مقادير مومنت ها در واحد حجم مقادير مومنت ها در واحد حجم  مومنتمومنتمومنتمومنت

0 18979 

1  6.76E-09 

2 4.87E-21 

3 5.19E-33 

4 7.27E-45 

5 1.26E-56 

  

?�U�7 ���<� $
�� J��> �)
"� �{fgf,��g �� $�&U�� +�H �H�� �� J
"A)�� ���=7.  

 

    نتيجه گيري و جمع بندينتيجه گيري و جمع بندينتيجه گيري و جمع بندينتيجه گيري و جمع بندي

    

3� ,-
4	 !)� �� �� ��
 ��
%"�� $�&U�� �� .�&�� ��
� 5��6 F"�� ���#  3
� 0-
�1 2��  . ��)��� �3
� ,�@


  �I�&� ��F�� C�� 3� ��
%"�� 
# $����F�-
"A)�� �� ��
 C
��� +�4"A	 �3
� (#�	 2�� 3� ���=7 $3��7 J�	 ?H 
# � . �)
"�

.�&�� 5��6 ��-�7 ���<� $
�� ��F�� C�� G��7 ��
 ���# 0�R �
=#� �� S,S��� �"	 ��
�  �� $�&U�� �� .  

  

        

        



 8 

NA�8�:  

        

 [1]H���� �$�A�� "	�! $���	 .»C��« .	��� V:�-��B7�X �� V
<)t .
�*  N�
 �J�� �
1)1 �
9 (�� ��) �$��

�ph{.  

 [2] D. Bourell and K. Rajurkar, “ Micromanufacturing”, Chapter3, 2004 
[3] J. Dutta, H.Hofmann, “Nanomaterials”, SFIT, 2003. 
[4]Ramkrishna, D., & Mahoney, A. W. (2002). Population balance modeling. Promise for the 
future. Chemical Engineering Science, 57, 595–606. 
[5] Randolph, A. D., & Larson, M. A. (1988). Theory of particulate processes (2nd ed.). San 
Diego, CA: Academic Press. 
[6] Mersmann, A. (2001). Crystallization technology handbook (2nd ed.). New York: Marcel 
Dekker. 
[7] G. Madras, B.J. McCoy, Journal of Crystal Growth 243 (2002) 204– 213. 
[8] G. Madras, B.J. McCoy, Journal of Chemical Physics 115 (2001) 6699–6706. 
[9] G. Madras, B.J. McCoy, Journal of Chemical Physics 117 (2002) 6607–6614. 
[10] G. Madras, B.J. McCoy, Journal of Chemical Physics 117 (2002) 8042–8050. 
[11] G. Madras, B.J. McCoy, Journal of Colloid & Interfacial Science 261 (2003) 423–433. 
[12]McGraw, R., 1997. Description of aerosol dynamics by the quadrature method of moments. 
Aerosol Science & Technology 27, 255–265. 
[13]Gordon, R.G., 1968. Error bounds in equilibrium statistical mechanics. Journal of 
Mathematical Physics 9, 655. 
[14] Gordon, R.G., 1968. Error bounds in equilibrium statistical mechanics. Journal of 
Mathematical Physics 9, 655. 
[15]Marchisio, D.L., Fox, R.O., 2005. Solution of population balance equations using the direct 
quadrature method of moments. Journal of Aerosol Science 36 (1), 43–73. 
[16] Koo. A., Brooks.  G.A., Nagle. M., 2008. Nucleation and Growth of  Mg  condensate during 
supersonic gas quenching, Journal of Crystal Growth, 310, 2659-2667. 
 [17] SwaNsoN  E., Relation  of nucleation  and  crystal-growth  rate  to  the  development  of 
granitic  textures, 1997, American  Mineralogist, Volume 62,  966-978 
 
 
 

 
 
 
 
 
 

  

  

  

  

 
 
 

  

  

  

  

  

  

        





 1 

 

 ��������	�
����
 ���� � ��� �
 �	�	� 
��� ���� ��� �����  �
��	� ��  

 


 �� �!"�# $% &  ��'
�
� ���( )*� �!+�,
 

� ������	 �
�� ��
�
�
� �������  ���
 ����	 ������ �
����� �com.yahoo@golkhou_f  

�  �����	 ���� �
���������	 ������ �
����� ����
  com.gmail@hmosavian  

-�	��:  

           �� !"# � $
��� ���
	 �%&"'	 ()
�* +�	 ,�-�� ��
	 .�&�� ��
� .
� 0-
�1 2�� 3� ,-
4	 !)� �� 5��6 ��-�7 ���# 3

 � ��
��&�.  �� ��
 ��
%"�� . .�&�� �
'# 2�� !)� ��     ���89�# ��8� $:��8"�� 3
� 
# ;
# �
	� �� $:��"�� ����< ,#

 
=)�� � �����	
> 5��6 ,# ?)�@7����	 . ��)��� !)� �3
� ,�@
�5��6  AB
 � (��7 C�D E�� 
#  ��F�� C�� G��7 

     ?H 
# �  �I�&�  ���=7 ,�3��	 J�	   ��8
 C
���    8�� .     ���8=7 ,8�3��	 J�8	  K8-
L� ) �8M
  ���8# �@8�
�	   ?8H  �8�)��� 

�-
"A)�N��F�  
# ����< $��)�3 ,"A< �  AB
 � �
� �) 5��6 (��7 
 ��. �3 ,"A< O�� 8)  7�7 ,8# 5��6 �8
� � � 8� K

sm
35

11075 ×. � sm
11

10
−     �� ��
 ,"��� �P� ��  . �"A8# �	
> 5��6 �3����     �� 5��6 �8
� O�8� ,8# +�4"A8	 �

)��
G 0)
	3Q     �F�� 
# � ���� )  � O�� 0 �F�� �
)   �	 0)�#
 .    J�8	 ?H 
#  �I�&� ��F�� C�� G��7 ��
 ���# 0�R �)�
4	

�7 ���
�# �+�4"A	 �3
� (#�	 2�� 3� ���=7 ,�3��	)3 �
=#� 
#  .�&�� ��
� 5��6 ��- �S,S� �� $�&U�� �� �"	��
� .  

ُ  

��	�/ ��!�/:        3
� 0-
�1 2�� � ,-�
=	���=7 ,�3��	���
�  �.�&��$�&U��        

        

Modeling of  production and granulation of silica nano-particles in the cyclone via 

gas condensation method 
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Abstract:  
Nano-silica is important material for different industries such as cement and concrete. In this 
paper we use gas condensation method to produce nano-silica particles. In this method, silica 

vapor and hot nitrogen were mixed with cold nitrogen gas and treated quickly to be converted 

into solid particles. Simulation of this process with assuming no accumulation and breakage of 
particles has been done by solution population balance model in fluent software. The population 

balance model is a suitable format for solving crystallization process with nucleation, growth, and 

breakage of particles. Birth and growth rate of particles are assumed as sm
35 1107.5 ×  and 

sm
1110 −  respectively. The size of solid particle depends directly on growth rate under 

experimental conditions and with increasing growth rate increases. Values predicted by the fluent, 

indicate production of nano-silica particles with dimensions below 0.01 nm in the cyclone. 
 
Key words: gas condensation method, population model, nano silica, cyclone 
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  ج                                                                      د

4�5O0 8PQ R��
� =�� �	� S
>� ����
�B &0D &�
��	� S
>� ��� T' R��
� 0�&�
��	� S
>� ��� �� R��
� 0 R��
� 

3�
��	� S
>� ���   

  

 ,� ��j�
�<��� ��
 �	 ��)� 
<����� ,# $�&U�� �
< ����� �� � �"��# $�&U�� ���)
R �>��9 �� 
�-
"A)�� ���=7 �

����	 �%*.� ����	 K@� $�&U�� !�)
R �>��9 �� 
�-
"A)�� (��7  ���4	 �b���H ,# �j� !)� �� 
��Q ?� J�s ,

���# ��9. J
"A)�� �j� �+�H ����=7 ,����# ��>� ���<� $
�� ,� ����� �-�F� ���� o�� �
<������ �	
�7 !��r�< 

 �H�� ������)� �� ��
�	 �)�
4	 �$�&U�� !�)
R �>��9 �� J~H C�>  ������ �� �)�
4	 !)� C�����	
<  �� . ?U
 

� �m7 5���  �	�	 S � � �<��	 $
�� $�&U�� t&"'	 �H��� �� ��: 
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                                                                                ب                    الف                                        

4�5U0 =�� 0� ��8		@� B 8PQ R��
0�
��	� =�9 � )(�
� �� T' R��
�  ��8		@�  

  

 ?U
 �)
"�� ?U
 �
<������ 
# �#�9 n#
j7 w���  �7  
�� �
�-
"A)�� (��7 ���
�# ���< � �� ���)
R �>��9 ��

��"A< $�&U��.   �	�	 3� K�7�7 ,# 
�"�	�	 �)�
4	 ,� ����	 ��<
�	 !��r�<S  �	�	 
7 p ,PH~	 ?#
L 0<
�  ��

 �� ,"�
).  �
<  �	�	 ���# ��F�� C�� ��
 ���# 0�R �)�
4	�vS J��> �� J
�� +�H ��� ���� ��
 $
�# :  

  

6��A,0�
��	� �� )!H( ��7 R��
� =�9 � 8'��*�  

 ))))مومنت سيالمومنت سيالمومنت سيالمومنت سيال( ( ( ( مقادير مومنت ها در واحد حجم مقادير مومنت ها در واحد حجم مقادير مومنت ها در واحد حجم مقادير مومنت ها در واحد حجم  مومنتمومنتمومنتمومنت

0 18979 

1  6.76E-09 

2 4.87E-21 

3 5.19E-33 

4 7.27E-45 

5 1.26E-56 

  

?�U�7 ���<� $
�� J��> �)
"� �{fgf,��g �� $�&U�� +�H �H�� �� J
"A)�� ���=7.  

 

    نتيجه گيري و جمع بندينتيجه گيري و جمع بندينتيجه گيري و جمع بندينتيجه گيري و جمع بندي

    

3� ,-
4	 !)� �� �� ��
 ��
%"�� $�&U�� �� .�&�� ��
� 5��6 F"�� ���#  3
� 0-
�1 2��  . ��)��� �3
� ,�@


  �I�&� ��F�� C�� 3� ��
%"�� 
# $����F�-
"A)�� �� ��
 C
��� +�4"A	 �3
� (#�	 2�� 3� ���=7 $3��7 J�	 ?H 
# � . �)
"�

.�&�� 5��6 ��-�7 ���<� $
�� ��F�� C�� G��7 ��
 ���# 0�R �
=#� �� S,S��� �"	 ��
�  �� $�&U�� �� .  
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