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 . �H ��-������ , (%T%� ��*-
  

 $�� #' �!k^2!��F   &.(#�١  /+,�" &'�� xHN( �>�#��� �!�'( �� �2!3 �#�' !' &4 ��#-  $#�-

  �(�� O!B>( #o> ���� &>��> $�� #' (� �2!"!�. 52!��F 7�>�#��� ()C( $�(
��  ?2( �( �I#' .
�3�

52!��F$#+4!'  �2!"!�.  :�!.  !37!3   y�#2�!376!N#"�,�  O!B>(  �  6�I  &>��>  &���  7!3  $!3

A��"  ?+,�.  7&N�'#�  $(#'  !3 �(#\+"(  $�6( $(٢��'  �"�#'  7 .�"(  ...  �  �2!���.  &>��> $(   �(  

�!k+"� ?2( ��4 $()C( � 6!�+I!") :�. �� !31-16!^> ( �
. ��(� .�"(  

) "��1 -1  ��
�$ �,� �������'H �� "�� (]1[ 

  

/+,�" ?2( �#���J ��E>  � 52!��F ���� &>��> &4 �"( �(#< ?2( �( !3  n2#N �( �
�3� 5�4(�

&'  $����  ���  ����  �o�z  �;,>  !'  �
��4 l2���  q2 &��"  n2�)�  A!>!4�#���  q2 :I(� &'  �!�>

��.
>�.    �
. ���\� /3 !' �H+I( &oiE� q2 �� 5�4(� O!B>( �� � ��" ��C &' 
�' &�K#� ��

  5�4(� A�9E� &' ?��� �o�z �;,> !' (� #-!"!�. 7�
��4 l2��� q2 &��"�' 5�4(� O!B>( �( 
�' �

�� n2�)� .
��4 �2!�> �� 
�2F#%   (� �2!"!�. � &2)B��� O!B>( &>��> $�� 
�3�]1[ .  

 
1 Lab on a chip 
2 DNA 
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 �!k+"� �� 6F &��C �( &4 
>�(� $�!�^�' 
2(�% #o> ���� $!3  �( ��4 �!�,' /BK 8#9� &' 6(��

  &4 ���> ��!.( b!' :��E� �J#" � &�2)3 53!4 7)2� ��� 6()�� 53!4 7#-!"!�. 8#9� 53!4 7A!�"

 �
. j;" ��(�� ?2( �k�3  6(�(#% &C�� &4 �"( ��. j�C �!k+"� ?2( ��" &' ?���E�]1[ .  �!�4 ��

 /+,�" ?2( 
2(�% �
2
W 6��' j !z !�>F ?2#+��� &4 ��(� ��C� )�> �;2!�� 7!3  y!��� �� �EM" $!3

 �� j;" &4 �"( q��4 y!��� ?2( �� �I!" � �K(#N ��. .
.!' �(#�3 ��H�^� !' !3  

 ):�. y!"( #'1 -1 ��,< �( ��2 ( � �!k+"� ?2( $!3 !3#,����#��١   �s2� ���3( �( &4 
�+,3  $(

 &>��> $�� #' 52!��F &>�-#3 O!B>( &��b &4 (#� 
>�(���I#' 6F j"!�� �H+I( � j�4#� 7!3  D
� �� !3

 .�"( �!��4 6!��   & !,� �!�'( 6��' q��4 � �C)  �( �.!> $�#�> 6��' j !z :� � &' �>�#��� y!��� �� 7  

 !��� �� &4 R>b�'��� �
2
W �� ��!i+"( �H+I( ��;�' �� $�()'( 6(��J &' �#4!� y  y!��� ?2( �� 7��.

 �"( � ���� h�i> �H+I( �� #]�� �
2
W !��� � �"( ���J #�z]2.[    y!��� �� �H+I( y!"( ?2( #'

 *�� 6�#4 ��!�W &' �!�> 7�>�#���1�4 #o�� �( 
>(�+' !� ��(� 
�F�!4 $!3 .
'!2 ��;�' �i�4 � �  

  

. ,���� (
%	
 �� �����H�+��� �-  

�#���#,���!3 �� $
�' /�,�� ��4 &+"� �� &' :��.  

  

 .,���� ��-�+��� �/�B2	
٢  

  ��> ?2( �#���#,���!3  ��!i+"( !' !��� 7g#E+� ���>!�� D!�M< �( ��!i+"( 6�
'    D(#��X� �(

#,����#��� &"
�3 ��  7D
.   �� 52()%( (� �H+I(#+�(�!W .
�3��"
�3 $!3    �� $�(V- #�]!� !'

 7
>�(� �H+I( �� �2(),' #�]!� &4 :�( ��D
. �� 52()%( (� �H+I( :
�3�  

1- � ���� h�i> 52()%(  

2- y!�� g#+^� {M" 52()%(  

 
1 Micromixer   
2 Passive micromixers 
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  ��> ?2(!3#,����#���  &+"� &' ��I�� /�,�� �J��+� $!3&�(�( �� &4 
>�.7    &' j !M�

A
� �( �I#' �%#��  ��> ?2( �( �
. &Q(�( $!3!3#,����#���    !�>F �!4 y!"( ��"( &+%!2 |!9+I( .  

  

 .�'
%� ���� �32W �32W١  

  &' 
>�. ���\� /3!' �"( �(#< &4 &>��> �� �( O(
4#3 *�� ?2( ��n    /�,�� &>!-(
C 6!2#C

��  ?2( �( O(
4#3 � 
>�.n  �� ���\� /3!' $( &>!-(
C ��N &' !�>!2#C #2�f!+2!�> � 
>�.    $!�+>( ��

 &�K#�   f(�
B� �H+I(  �� /�'A!�" �� ?�' g#+^� {M" 52()%( :� � &' *�� ?2( �� .
>
>��W 7  

�� ��;�' �H+I( 
'!2]2.[  

  

 ..� ���� �32W �32W�/
%٢  

�' *�� ?2( �� 
  �(  n2�)�   �(� ���\� 7g#+^� A!>!4 q2 �� 6!2#C �� 6�#4 A!>!4 q2 �

�
�@�W $
�' &" �"
�3�� $($��� �( ��;J !' A!�" 6!2#C $
�' &" A!>!4 ?2( �� &4 ��.  �2!3

�
. &�;��  $���J � ��%(  D!�C�� &4f!KHM�( 7
>(    &+,�.�
.  f(�
B� �    /�' A!>!4 $!�+>(  ��

��!�J( ?2( &J��B� &4 
>
>��W fH�!4 ���\� q2 �!B2( j;" A �� A!>!4 �C�#I �� ?k�3  .
>�.

�-
�@�W :� � &'  &' �!�> 6F �I!" 7$
�' &" A!>!4 ?2( �"
�3 $!3 $��!�%  &+%#^�W��(� $(]2.[    

 �2!�> ?2( �(#,����#���):�. �� !31-2 ��(� 6!^> (�"( �
..  

  

 
1 Parallel lamonation 
2 Sequential lamination 
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) "��1 -2  ( ���� �32W �32W 4,� �� XY.=
 "G
���/
%.�]1[  

 

 . ����� ,� �/
%.� F�+A$١  

&>��> n2�)�  $(#'  �, !W  /+,�" q2 �K(#N !'  7*�� ?2(  ��!37   (�  &>��>  ��    ��2#W q2 !'

6!,�2 � ?��� �>!��  #k2
�2 &' �;,> `\^� �!% 8H+I( !'7    n2�)� 
K(� A!>!4�#��� q2 6��� &'

��.
��4   �#�' !' �2!�> ��;e� #]( �( $#�- �  6!2�(#-A!>!4�#��� ?2( �� �o�z $!37    ��#C h�i> �!.

  6F l;� &' � D
.   �H+I(  �� 52()%( 
'!2):�. .1-3/+,�" ��4 $!�> (  n2#N ?2( &' &4 �2!3

�� :�J�� 6!^> (� 
��4 
3�]2.[  

) "��1 -3@�	��,���� �� �� ����� �/
%.� F�+A$ 4,� ��%*	 ����� �A��0 (]2[ 

  

  

 
1 Sequential segmentation   



6 

 . ���� �B?Z �B?Z �	%*	 ,� '
 ��� [���$ [��0 '
 �����١  

&>��> �� �( ��2 *�� ?2( ��$(    6!2#C &' A�!> q2 n2#N �( 
>�. ���\� /3!' �"( �(#< &4

�� n2�)� O�� &>��>��.):�. �� .1-4  ( $!�>    ��(� 6!^> *�� ?2( ��4�"( �
.  �( ��!i+"( !' .  

�� 52()%( �H+I( 7&>��> �� ?�' g#+^� y!�� {M" O��i� 
'!2]2[ .  

) "��1 -4����� ���� �B?Z �B?Z  4,� '
 �)� ��*	 (]2[  

  

 .  XY.=
 ����� ���*$٢  

�(� �( #k2� ��2�K  �(  ��!i+"( 7�H+I( 6!�� 53!4 &B�+> �� � �H+I( #�,� 53!4 $!�

 .�"( �H+I( 6!2#C )4#�� O��i� �� 6!2#C )4#���
2( �� y!"( #' 
>(�� :��. �!B2( ��4 $  

•  �"
�3 )4#��

•  �>!2#C )4#��  

 �
2( ��A�( $ 7   �!i+"( !' )4#�� ?2( (#k�3 &"
�3 q2 �( �  �� �!B2( ��.   �
2( �� �  �( O�� $

#C �!B2( n2#N �H+I( ���( 6!2#C 7�;>!C 6!2�� )4#�+�  .��.  6!2#C �� 
2!' *�� ?2( �� &+; (

% 
�.!' �H+I( :'!< #�z 7�H+I( ���( 6!2#C !' �J#]2[  .  

 
1 Segmentation based on injection 
2 Focusing of mixing streams 
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�� ���N��� ��N�
 . XY.=
 ����� �� F\	١  

  ��> ?2(#,����#���6!2#C 6�#4 �!B2( y!"( #' !3���( 6!2#C �� &2�>!] $!3 7    ��C�' aJ!'

  6���F�' ��o>   �� 6!2#C ��  .
>�.  ?2( &B�+>�' ��o>  l2#" �H+I(��o> �' .�"( #�
�F�!4 � #� -

�� �!B2( ��4 *�� &" �( ��4 ��N &' !3 :
>�. 

 ���
E� �� A�( *�� ��$  �(
J(    )�
 ��2�100<Re<10    �(� #" #' ��>(�� 6�(� �(#< !' (

&2�>!] � ��#J $!�>!2#C 76!2#C �!B2( $(��>!2#C ?2( .��.�' !' !�,� 6�#4 /o>  �H+I( ���( #�

�� 52()%( (� $h�i> �!. � � ���� h�i> 6()��3��  l>!� 6�(� �(#< 7�
 ��2� �
J ���
E� ?2( �� .


  aJ!' &4 ��(� A!;>
' �"#�2( $�#�> #]( �� (� A!�" 6!2#C ��C #��X� 7���( 6!2#C �(� #"  #'

6!2#C 52(
�W�� &2�>!] $!3��. &2�>!] $!�>!2#C ?2( .  f!���J  �3!�&'(�#- �+�(� $( > �� � 
>(�� �  


 52()%( �� �2(),' #�]!�D
. �(Vk' �H+I(>.
]3[ 

���
E� �� &4 O�� *�� ��  �(
J(    )�
 ��2�100<Re<10    �!B2(  n2#N �(  ��(�  �#'�!4  (

&"
�3�+� $
�' &" $!3���( 6!2#C 7A!>!4�#��� �� ��!    8#E�� �@�W�!� 6!2#C q2 D��� &'

����.�� &B�+> (� �;"!�� �H+I( 76!2#C 6
. �@�W�!� ..
3�]3[ 

 ���
E� &' ��'#� O�" *��  �(
J(    )?�2!W �
 ��2�1<Re    6�� .�"( (  �� �J#" � !K ?2(

7�"( /4 A!�" 6!2#C  �#�> 6��' t��� :� � &' A!�" 6!2#C 6�#4 �@�W�!� !2 � l>!� 6�(� �(#<  $!3

&>(
>�  �!B2(  !'  � !K ?2(  ��  .
�+,3 
�F�!4!>  �"#�2(6!2#C 7A!>!4�#���  t4 #'  ���� $!3  $!3

�� �!B2( �@�W�!���.  �' �!B2( �� (� $#]�� 5�> &4�� !i2( �H+I( ��;�' � ��o>.
��4]3[  

 

 .�+���,���� @�B� ��-٢   

  ��>  ?2(#,����#����#�'  !'  !3  l;�� q2 �(  $#�->!2#C 7�C�!I&2�>!]  $!�  6!2#C &'  (�  $(

�� :��E� ���( �' ��#' aJ!' &4 
��4�� ���( 6!2#C �� ��o> 
>�. .  �' ?2( &B�+> ��  !' ��o>

 6�� /�'    A!�" �� 76!2#C ��MI 6
>!@�W !2�� ���\� #k2
�2 !'�.  � �
2
W q2)�% y!"( #' .
>

 
1  Chaotic advection in flow 
2  Active micromixers 
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( 7�2!�>!2#C ?��� �!B2( ��C ��!i+"( ���� l;��  ��> ?2#,����#����� $
�' &+"� (� !3  .
��4

�
2
W �( �I#'  ��> ?2( �� ��!i+"( ���� ��2)�% $!3!3#,����#��� D�!;J(�( 
>]2[ :  

•  $�!^% g#E� P"�� &2�>!] $!�>!2#C �!B2(

•  ����!�2���
�3�#+� ( �
2
W P"�� &2�>!] $!�>!2#C �!B2(

•  R�N!�X��#+� ( �
2
W P"�� &2�>!] 6!2#C �!B2(

•  ���� �(��( P"�� &2�>!] 6!2#C �!B2(

•  �#�' !' &2�>!] $!�>!2#C �!B2(6!2�(#- �( $#�- �2!�� $!3

 

 �������,�
�-,�.�/
 �+���,���� .  

 #,����#��� �#�� �( ��> ?2(�
2
W �( &4 
�+,3 �2!3  �#�' �H+I( ��;�' �� ��2#+� ( $!3

�� .
�+,3 #2� &+"� &" :�!. ��4 ��M' � 
>#'  

 ��>  A�( $��(�� ��  �� ��!i+"( ��.  �
>��F ��C�' :�!J &4 �
2
W 7A!>!4 �� 6!2#C $  ��2#+� ( $!3

 �2!>!"� j2#� !�>F �� � �"(   ��2#+� (   �� �4#K /3 D(�(�� &' A!>!4 �� &4 � !�" ��  D�!i+� /3!' 
��4

  .�"( {M" �� &^��3 &B�+> ��   �!' A!�" �� g#+^� �(� ��C� $�(�F �
>!� �<!' $!3  A!�J( #]( �� &4 �

  A!�" �� g#+^� {M" !' !+"(#�3 ��2#+� ( 6(
�� ?2( &4 ����� �� .
>�(� �4#K ���'!< �4#+� ( 6(
��

 
.!' 7   �� �!B2( (� �"!�� $�#�> q2 6F l;� &' � �"!�� �.#' 5�� q2 � aJ!' &4 
�4 �  t��u� !2 � �2�

 �� A!�" 6!2#C ��. .   ��> �H+I( &' ���4 � !K �� ?2( �( q2 }�3  �!B2( 6(
�� ?2( &@>!�� � � 
��4

  ���( 6!2#C #' ���J ��C �� �
. �!B2( �.#' $�#�> 7
.!' A!�" �� g#+^� {M" #' ���J ��C �� �
.

 �� A!�" 6!2#C �!B2( j;" &4 ��. �� A!�" �� &2�>!] $!3 f!KHM�( � ��#-   �� (� A!�" 6!2#C ��MI 4  
^

 �� �  52()%( &4 
>!@�W D
.   fb���� .��(� A!;>
' (� �H+I( $(#' �!�> ���� 6!�� 53!4 �   ���
E� :�,>!+W $  

 ��2#+� (  6(
�� /Q(� �!B2( $(#' � !�J( �( !37  !�27    ��> ?2( !' �!;��( �� &4 ���� &+�> .�"( #�X+� � �

 2#C &4 �"( ?2( ��(� ��C� D!.!^+z( ! !�> &4 $( &2�>!] $   �� ��C�' !�>F �� �"( &+"��W 
2F]2[ .  

  O�� ��> :;< � !K 8HI#'!2#C 7&2�>!] $!3  ��!�+� � ���� D��� &' &4 
>�(� ��C� )�> $(

�� �!B2( ���( 6!2#C �� 7���+��"�#+� ( ��!�+� $!�>!2#C �( ��!i+"( !' �  !' &4 j��#� ?2
' .
>�.
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( $!3��#+� ( #' &%!�( $!3��#+� ( 6�(� �(#<:E� �� ��� :�,>!+W A!�J( � A!>!4 �( j"!�� $!3

������2#+� ( 6(
�� !�>F &' $(�� �!B2( A!>!4 �� #�X+� ��(
>( � ��C !' $(��.  ?2( ?�' :�!�� .

6!2#C  52(
�W  j;"  A!>!4  ��  ��C��  ���(  6(
��  �  6(
��&2�>!]  $!3��  A!>!4  ��  $(  &4  ��.

  � 
>�(� 6!�� !' #�X+� �+�3!��' ��#' aJ!'��o>�� �>!2#C $!3�' ?2( .
>�. ��o>f!KHM�( !3  

�� &+I!�. ���+��"�#+� ( g!�'�.F �2!B'!C 6(��J �E���.]2[ .  

  �( O�" ��>�� ��!i+"( A!�" �� �H+I( �� ���+��"�#+� ( $�(
2!W!> #](  &4 ��!k�3 .��.

^�'  7�H+I(  $(#'  ��!i+"(  ����  ��#+� (  ��  � !�J(  =!+ � $�(
2!W!>  
.!'  � �  ���4  q2  �(  #+

 �� ��C�' ���+��"�#+� (  .
2F��N 6!�3    ���
E� ��2)�% #o> &M�> �( 
��#3 
. ��!.( (
+'( �� &4

6!2#C �� �
 ��2� �(
J(�#��� $!37    !�>!2#C ��> ?2( �� �,>b�'��� #]( $��~� #o> �( � �"( ?�2!W

+�3!� �
2
W ?2( !�( ��(
> ��C� &' &�;. � ��(� �,>b�'��� ��3!�]2[ .  
  

 .�+���,��������� ��-  

  ��#,����#����J#" $�!^% $!3 �' �!B2( aJ!' A!�" ��!�+� $!3�� A!�" �� ��o>  .��.

A!>!4 � ���( A!>!4 q2 :�!. �!k+"� ��> ?2( q��4 $!3  �� &4 � !�" .�"( �;>!C#�  

)"��1 -5����� �+���,���� (]4[  
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  A!>!4  ���(�� �4#KA!>!4 �( &4 A!�" �( $#k2� &>��> !' 
�4�� ��(� �;>!C $!3 y!�� ��.

�� (
�W�� ���\� � 
�4  �!B2( jC�� ���(  A!>!4 �� A!�" �� �
. :�!K U!;�>( � �!,;>( .��.

�' �� �H+I( ��;�' � ��o>��. 7:�.]  )1-5([ 7]4[ .  
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 ��2�80 -30   7    $( &I!. &" #,����#���  �H+I( `I!.
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^> O!B>( �'#B� �  

) "��2 -17�
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>�(�  (�  � �N    �"�#'

 ��#4 
>(7  ]:�.)2-19([  #�]!�  .���  �(  ��>  ?2(  �#���J $�� �"
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�
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2�#- A!�J( !3�(�2�.�"( &+%!2 &�"�� D���  ):�. ��2 -
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%.��	�/%0  :f    �'
%.��	�B?A�   

A!�" 6!2#C  D!�C �� j��#� &' �F � A�>!�( $!3y    � -y  A!>!4 ��(��� $���� $!3 .
>�.

  &�"�� ��C $���� A�N �N �( RW6!2#C 6
. &+%!2lN!�� q2 �� A!�" �� 7!3 T  #k2
�2 &' :�.

 �� ���I#'  ��C �� �H+I( A!>!4 ��(� � 
��4+x  ��.
>�.  �#��� �!�'( !' $!�>!2#C ��    :� � &'

�� ��
E� Db!�" ?�' � ���� h�i> &' P�% �H+I( 7O(�F 6!2#C /2=� 6��' j !z 6!�3 !�( .��.  

  �H+I( l2#,� � :��,� ��C ���!i+� $!�.�� 7
. ��!.( :9% ?2( �� &4 ��N  $!3#,����#��� ��

.��(� ��C� � !�i>(    ?2( ��&�!> 6!2!W&"
�3 �!B2( *�� �( 7  :�( � 6!2#C #�,� �� ��!�+� $!3

 j�4#� � $�!"(
C$(#' `I!. 52()%(  .�"( �
. ��!i+"( �H+I(  

 �� 6�(�+�!> #,����#��� ��&I!. 7��M  lM�� {M" ��(
>( �� j�4#� � $�!"(
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K(� $!3
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  ?2( �� ?��@�3 &�!> 6!2!W  &M'(�  � A�>!�( � �F ���\� |(�I ?�' ��<(� � �'#B� $  ��#C #,4
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 .F��G DE��B�  

  #' /4!K Db�!�� A!�" 6!2#C    � !K �� :�"( /+���� $!�' � (O#C $!�')�k+"��W :�!. /Q(�  

 �k+"��W & �!��  

)1-3(  ∇. �ρV��⃗ � = 0 

 /+���� & �!��  

)2-3(  ∇. �ρV��⃗ V��⃗ � = −∇P + ∇. �τ�⃗ � + �� 

  6F �� &4V��⃗    �J#" �(�#'7  

)0-3(  V��⃗ = �u, v, w� 

�  τ�⃗  5�� ��,>!� �.#'   &' �) & �!�� D���3 -4 �� t2#�� (��.:  

)4-3(    τ�⃗ = μ[#∇V��⃗ + �∇V��⃗ �$% − 2
3 δ�∇. V��⃗ � 

 :K !'   Db�!�� ?2(   �� �"� &' �!^% � �J#" $!3 #�X+�  ?2( .
�2F  Db�!�� $(#'   j�4#�  $!3  ?k�3

 /+,�" �� � ���' �!% q�  �
2
W 6!�' $(#' 7
�+,3 &>��> q2 �( #+^�' !2 q2 $�!K &4 � !�"�#��� $!3

 �!�> $#k2� & �!�� &' O#C A!�+>(   �"( .   �� ��!i+"( �2!B'!C h�i> & �!�� �( !�� !2 �o�z ?���� $(#' .��.  

)5-3(  ρV��⃗ . ∇φ = ∇. �ρD∇φ� 

  !B�2( ��V��⃗  7ρ  7φ  7D  7μ  7g    �P    ��2 ��#C #,4 7A!�" � !k� 7�J#" �(�#' #k>!^> j��#� &'

  7h�i>  j2#� 7$���� Db!�" �(�C)     $!3#�X+� .
�+,3 �!^% � &'h!C �!+. 7A!�"ρ  ،μ    P�%

�"( �.�W /^� :'!< �!^% &' !�>F �k+,'(� � (�'!] $!�� �� ) 
�+,3 ��#C #,4 �( ��'!�] 28[ .

�-s2� t����  !' 6!2#C $!3�(
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�' 6�
'   )���.( � &��W 7�
 ��2� Re7Pe � (Sc 6!�'�� :��#-  

Re = Ud
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D  = Re Sc ;    Sc=4
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�"( �
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  � � !k� 7A�>!�( � �F ���\� |(�I ?�' �!;��( &' ��'#� $�!" &�;. ?2( 5\' ?2#+���

�C) #C#,4 7���\� j�4#�  !'  7Db!�" �(  ��2  ��)A�>!�(  !B�2(�� (  �� .�"(  &4 /�>(�ρ�φ�    �

μ�6�    �MI &M'(� !'�� U#% 5�W  ��Q��% R�,>(16   fH�!4  3 D�!i+�+, 
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/2�(� ��4 ��N &' 7
.!' |�9\� /BK y���� D��� &' � !k�]28[ :  
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�8
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+ ∆v<=>�φ�  

  6F  ��  &4ρ?    �ρ@  A!�"  � !k�  �  $����  ` !I $!3∆v<=>�φ�    /BK .
�+,3 �H+I(  /BK

�� &+i- ��#C 
K(� #' /BK &' �H+I(  ��#C #,4 !' A!�" �� �H+I( 
�2F#% �N �� &4 ��.

�� &%!�( ���\� &' 7`\^��� /4 6F �( !2 ��.��.  . �(
�� 6��' #i�  ∆v<=>�φ�     A!e� $(#' 7

 " &' &�;. $�!+%� ���\� &4 �>!��A!�  7��(� R (��
>(� $!3  &�#-.�"( /BK �!�' $!��� &'  ?2(

���� �� 7/BK �!�' 7�����    &4 �>!�� A!e� $(#' .�,�> x�!� A�>!�( � �F ���\�1   � �F #+� 1  
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�2 !' A�>!�( #+�   !' #'(#' :�!K /BK 7
>�.91 /1    !' #�!�+� &4 �"( #+� 5 %    53!4
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A = B
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  &4∆f<=>�φ�  �
2( #�z �
�3� 6!^>  6��' AF�H+I(  &��C ?2( .�"(   !� &� !M� �� |!I ��N &'

 (#2� 7�"( /�� �!�,'    $!���� &420℃  !' A�>!�( � �F �( �N��\�0.3 < φ < 0.6    +C) �   f!;2#��  

  #'(#' &"�C)   &'!^� �!+%� ?��� .��(� ` !I �F (���\� �( $�!�,' $(#' $AHK !' &>!-
�� $!3 -

�� �
2� q�>!-�( $!3  ��.]29[.    A�
C)1 -3 (    � � !k� #2�!���C)     �� (� A�>!�( � �F ���\�

  $!��20℃  �� 6!^> D�!i+� ��#C $!3#,4 $(#'.
3�    �� ��C�� �'#B� D!JHN( �( ��!i+"( !'

  A�
C)1 -3(  7  � � !k� �!;��( &' ��'#� $!3�(���> �C)     &' A�>!�( � �F ���\�  A�>!�( ��#C #,4

  7�"( �
. /"��.:])  1-3   �3-2[( .   &C�� $( &��C 
�� l'(��4    ��2)�% ���!I ��#3 $(#'  &'

D���UDF ���\� &' ��'#� |(�I ��,< ��  �� ��Q��% R�,>(16 $�(V-�!'�"( �
..  

:� !k� &' ��'#� l'!�  

ρ = 72.3 φN – 131.2   φQ − 11.1  φG − 136.2  φ + 996.9                                  )3-10(                                         

 :�C)  &' ��'#� l'!�  

µ = 0.010151 φN – 0.01578   φQ − 0.0013323  φG + 0.007299  φ + 0.0009145     

)3-11(                                                                                 
 @,
�)1-3(  ���� �� @%	�$
 , bH X%)i� ���/ , �/��K ����A�VW℃ ]29[  

   

    

  

  

  

  

  

  

  

  

  

  

Mass Fraction Of 

Ethanol 

Mixture 

Viscosity(pa.s) 
Mixture Density(kg,m3) 

0 0.00103 998.2 

0.0175 0.00107 995.2 

0.035 0.00116 992 

0.046 0.00123 989.8 

0.065 0.00131 987.1 

0.0812 0.00141 984.3 

0.1638 0.00192 973.1 

0.252 0.00242 961 

0.341 0.00274 946.2 

0.373 0.00281 939.9 

0.442 0.00284 926 

0.554 0.00276 901.1 

0.666 0.00246 875.6 

0.765 0.00212 852.3 

0.875 0.00173 824.5 

0.925 0.00154 811.4 

0.962 0.00138 801 

1 0.00121 789.5 
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 �� ��,E� ��(�2� !3�#� #2!" .�"( �
. A!�J( �
. ���\� A!�" ��#I ��C �C�#I 6!2#C -
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H   lM�� �!i��(  

   A!>!4  
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 . "G 4,�  

 h�i> & �!�� $�!" A!�% $(#'-  &�2)- �( �2!B'!CSpecies transpot   ?2( �� .�"( �
. ��!i+"(

 ��E>  ?��@�3 �  !�>F  ?�'!�  h�i>  j2#� �  Db!�" �+,2!'  �()%(  O#>  �(  ��,<  |(�I &;"!E� $

  ��o�� ?2
' .��#- $�(V-�!' �()%( O#> �� Db!�" ���\�UDF  ���\� �C)  � � !k� &' ��'#� $!3

) l'(�� y!"( #' &4 A�>!�( � �F٣- ١٠ ) � (٣-١١��I(� #�2!��!4 !' �"( �
. &+.�> (    ��Q��% R�,>(

١۶ (V-�!'.�"( �
. $�  $���� �J#" $�#� �#. �� :�!. $�#� P2(#.) $(#'   ���\� A!�" ��

�
>�.� #3 �� 7  ��#C #,4 !'  �  A!�" q2 P�% $���  �� ��(�(��.    6!2#C $�#� �#. q2 �

�C�#I)   �
. ���\� A!�" ��#I $(#'�� ��!I�#� ?2( �( $���� 6!2#C O!�� 7(��.    $�#� �#. �

  ��(�2���  .�"( �
. A!�J( ��(�2� $�� #' #i� $h�i> �!. � *)X  O
J �#. .
.!'   $=#>( & �!��

�"( �
^> :K 
�2F#% 6��' �'!] !�� :� � &']٣١ ,٣٠ ,٢٨[ ��� &' �k�3 !3#,����#��� .  D

&+%#- �(#< ��%( 
>(7  #'!�'    ��E� $!+"(� �� &'h!C �!+. ?2(Z  .�"( �
. A!�J(   � �J#" v���W�4  

  *��  !'  �!^%simplec    �  *��  !'  �!^%  $�!"  &+,,- D!>!"�>  53!4  ��Cstandard    ��C �

h�i> � /+���� Db�!�� $�!" &+,,- �"!W �<� 52()%(-  *�� !' �2!B'!CQuick    &+%#- D���

.�"( �� �"� &' �>!�� (#k�3 :K�
>!��<!' 6()�� &4 
2F  �( #+�4 !31 ∗ 10�Y  .��.  

 .XY.=
 e=�� �#��3� �%3	  

� D!� !M� #e4( ��  �� ��#C #,4 P"�+� R>!2�(� l'#� P"�� �H+I( ��i�4 7&+%#- D��

 �� �'!2��( 6!2#C ��C #' ���J lM��#3D��� &' &4 ��#-  & �!��   )3-12(  t2#��  ����.]28  7

30  731 [ .  

σG�x� = 

\ ] [∅�_. `. a� − ∅b�x�]G

\ dydz = 

f ∑ �∅= − ∅b�Gf

=h
                                           )-3

21(    

  6F �� &4  r =(x,y,z)  �N    �K!,� !' lM�� #3 &>��> �!�> �(
��s    �∅i    A�>!�( A!�" ��#C #,4

  &M�> ��i   � lM�� {M" ��∅b�_�   6!�� !' ��#J lM�� {M" �� P"�+� ��#C #,4x    &' � �"(

D��� ) & �!��3 -13 ( �� t2#�� .��#-  

∅b�x� = ] ∅�r�\  dydz = 

f ∑ ∅= f

=h
                                                                             )3-13 (  
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 f!+2!�> �) �H+I( `I!. &;"!E� ��E>MID��� &' (   & �!�� )14-3.�"( (  

kl = 1 − m
mnop

 ,       ���� = q∅b�x��1 − ∅b�x��                                                       )3-14(  

  6F �� &4�    �����  �� ��#C #,4 R>!2�(� #e4(
K � R>!2�(� j��#� &'  {M"  lM��    !' ��#J

 6!��x  .�"(  

 . L��.	 �Z� , �3W �����  

 *�� �� �"
' ?��@�3 .�"( _2!+> #' &�;. ��(
>( #�]!� /�� aK!;� �( ��2 7$�
J $!3

  �  �
. 
� ��  &�;. .�"(  $�
J n��E�  #3  8(
3(  �(  &�;.  �(  :�+,�  _2!+>  6���F  /BK �(
��

 A#+�4 &'  $!3 &oKH�  :'!<  #�]!�  �
�F  ��C�  &�!>#'  $(#C(  6!��  D
�  �  �
�F  �"
'  _2!+>  #'  $(

 /BK �(
�� 52()%( !' .
>�(� $#�����!4 A#+�4 /BK �!�'( 6���> #+���4 � A#+�4 $!3' 7!3 &  �� �s2�

�!2� 6!2�(#- !' nN!�� �� 7 &' (� 6!2#C �!+%� 6(�� n�<� ��N�"�#' #�   &' .���>  t���� &' 6
�"� A!;>�

 n�<� �!+%�/^� 52()%( )�> &�!>#' $(#C( 6!�� D
� 76!2#C #�  �'!2��( !' �+,2!' .�.(� 
3(�I $#�-

  &' 6(�+' 7&�!>#' $(#C( 6!�� D
� 52()%( �!�4 �� 6!2#C �!+%� t���� 7�<� 52()%( 6()�� {�E�

�(�C #C t�+\� $!3#+�(�!W $(#' � �;< :'!< $!3.�%!2 �"� 6!2  

 . ��#� '
 "G @YA.�
  

  7&�;. �( :K AH�+"( �"�#' $(#'�H+I( `I!.   �H+I( A!>!4 $���� �( t�+\� :�(�% ��  

  #,����#��� ��H   :�.    �
 ��2� �
J $(�( &'50   &�;. ��  �"�#' D�!i+� $!3�"( �
.  D!9\^� .

&�;.$
�')A�
C �� D�!i+� $!32-3.�"( �
2�#- &Q(�( (  

  
 ) @,
�2-3 , ��g �

B$ D�<i�� ( ��/%)� ��#�  '
 "G @YA.�
 ��  

  
  $
�' &�;.

١ 

  $
�' &�;.

٢  

  $
�' &�;.

٣  

  $
�' &�;.

۴  

  $
�' &�;.

۵  

 �#-  44588 108864 778277 1485288 1721045 

A��" 29875 86336 690688 1349200 1526573 
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  #,����#��� $
�' &�;. H  *�� !' :�.sub map    &+%!2 6!��!" :�. �;��� $!� ��" !' �

.�"( &+%#- D���    �(���>�H+I( `I!.    #'j,K  �H+I( A!>!4 $���� �( t�+\� :�(�%    �(�( &'

&�;.�� t�+\� $!3  �
J  �
 ��2�50  ) :�. ��4-3 ��(� 6!^> (�"( �
..  

)"��4 -3  �
�%*	 (XY.=
 e=��  ��#� �
�� XY.=
 @�	�� @%0 ��D,�2.� ��-  

:�. &' &C�� !')4 -3(   ����  �( &�;. 6�#4 )2� &4 /�'!21349200    &'1526573  &C�� :'!< #�]!�  $(

  �#- �(
�� $(�( &' $
�' &�;. ?2( #'!�' .��(
> _2!+> #'1485288  A��" �(
�� �1349200    6(��J &'

�!\+>( & !,� &���' � �2!�> $
�' &�;.  �� 7��.]:�.)5-3([  .  

)"��5 -3
�� ��#� (�  ��	��   �/�+�  
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:K :K(#� O!�� �� &C�� :'!< &+�>  7&�!> 6!2!W ?2( ��  W ?2( �� .�"( �
 ��2� �
J &;"!E� ��E>  6!2!

 &�!>  �� t2#��  �F $����  �� � �F A!�" ��2)�%  |(�I $!�;� #'  �
 ��2� �
J��.    #'(#'  ��  �

  �J#"$���� A!>!4  &;"!E� �� ��!i+"( ���� �J#" 6(��J &' �F  �
J  �"( �
. �!\+>( �
 ��2�] 

26, 28[  . A!e� $(#'    !' #�!�+� $���� �J#" &;"!E� ��E>  �
J  �
 ��2�50    !' $���� A!>!4 $(#'

lM��  ��'#�(r = s = 0.4 * 10�Qt�   .�"( #2� D��� &'  

 :��� ��
�3 #M< &;"!E�  

u �
Gv

wJx
�

G∗y.N∗y.N∗
yz{

y.|∗
yz}
� 0.4 ∗ 10�Q t              (��� ��
�3 #M<) 

:!� !>!4 $���� �J#" &;"!E�  

~� �
��G���

�
  → 2� �

��.µ

�.�
  → 2� �

�y∗y.yyy|�

��|∗y.N∗
yz}
� 0.1115 t/� 

→ !� !>!4 $���� �J#" = 
y.


�

G
� 0.05574 t/� 

  

 . L��.	 �N�� ��#.&
  

  & !,� �( 7n�E� ?2( �� $�!" &�;. *�� �B�" �!;+J( ��CT   $�!" &�;. #,����#���

6(�!��3 � �+�- P"�� �
.]28[  >(�!��3 � �+�- .�"( �
. ��!i+"(  5  �H+I( $�
J �"�#' &'

�
2( #�z  #,����#��� �� A�>!�( � �F AFT  &+I(�#W D�!i+� �
 ��2� �(
J( �� :�.:�. .
>()6-3 (  

 &"
�3T � �� 6!^> (� 6F �!�'( � �
. $�!" &�;. #,����#��.
3�  
  

)"��6 -3 ��B�
 , ��
�- (T �N�� ��#.&
 �� �
� �'�� ��#� �+���,����]28[  

�J#"  $����١  

 $���� �J#"2  

�C�#I 6!2#C  

L 
W, H 

r� , s�  
  

x 

y 

z 
��  
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   �H�( �;,> !' ���M+,� lM�� {M" $(�(� �H+I( A!>!42:1    lM�� {M" U#J)W=2H 

  �H    !' A�!�� � �N � (�!i��(L=5H  A!>!4 ��#3 .�"(    l�� $ ��(
>( !' � ��'#� lM�� $(�(� $����

W'=H    !' #'(#' � �N �L'=5H  &�3 .
�+,3  #,����#��� �� �!�'(T    �(
�� y!"( #' :�.H=100µm  

&;"!E�  �
.�J#" 7�F ��2)�% |(�I $!�;� #' & !�� ?2( �� �
 ��2� �
J &;"!E� .
>(   �� �F  

�"( �
. O!B>( �H+I( A!>!4 �!�'( � $���� A!>!4]28[ .  

  $
�' &�;.T    *�� !' #,����#���sub map    �(
�� &' &+%!2 6!��!" �;��� $!� ��" !' �

500   .�"( &+%#- D��� A��" �()3  

  :���!�2���#� � $�#� P2(#.  

��(�2� $�� #' #i� !' #'(#' $h�i> �!. ?��@�3 � *)X  O
J �#.  �H+I( A!>!4 $!3 

•  $�#� �#.out flow  �C�#I ��

• $���� �� &+%!2 &�"�� �J#" :2!%�#W !3

•  �F � !k� #2�!��    $!�� �� A�>!�( �VW℃    !' #'(#' j��#� &'998
��
��    �789

��
��  

.�"( �
. &+%#- #o> ��

•   $!��  ��  A�>!�(  �  �F  �C)  #2�!��VW℃    !'  #'(#'  j��#�  &'0.001��. �    �

0.0012pa.s �� �
. &Q(�( #2�!�� &' &C�� !' .�"( �
. &+%#- #o> ��]28[ .

•   �C)  � � !k� #2�!�� ) Db�!�� P"�� ���\٣-١١) � (٣- �١٠ "!E� (  �
. &;

!' #'(#' &'h!C �!+. .�"(٩�٨١  ��C ��– z .�"( �
. A!�J(  

  

�!��   �
 ��2� �(
J( 7�B�" �!;+J( ��o�� &' & !�� ?2( �� �
. �"�#' �
 ��2� �
J1 /0  71 710  �

100    #,����#��� �C�#I �� �H+I( `I!. .
�+,3T �"
' _2!+>  !'  �
. $�!" &�;. :�.

  :�. �(���> �� 6(�!��3 � �+�- P"�� �
�F )7-3(    �
 ��2� �
J �� .�"( �
. ����F1 /0    `I!.

  �
 ��2� �(
J( &' �;,> $#+^�' �(
�� �H+I(1  710  �  100  �(
J( �� .�"( ��(� |!9+I( ��I &'
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  �
 ��2�6!2#C ��C� O
J :� � &' ?�2!W&'(�#- $!3�� ��
E� h�i> &' �H+I( 7$(  �
J �� .��.

  �
 ��2� 1 /0   Db!�" � �"( #k2� �"�#' ���� �
 ��2� �(
J( �( #+^�' �!�,' A!�" D��!B� 6!��

 �
 ��2� �
J !� �
 ��2� �
J 52()%( !' .
>�(� (� #k2
�2 �� h�i> ��C �%!4 ��#%10  J �!�4 ��  O


6!2#C ��C�&'(�#- $!3�� 53!4 )�> Db!�" h�i> � D��!B� 6!�� 7$( 53!4 
3!. &B�+> �� 7
'!2

  �( �
 ��2� �
J 52()%( !' ./�+,3 �H+I( `I!.10    !�100    �(���>  6!^> (� �H+I( `I!. 52()%(

���� (� #�( ?2( :� � &4 
3�6!2#C :��^� ��#. 6(��&'(�#- $!36F �4#. � $(  
�2F#% �� !3

.�,>(� �H+I( ) :�.7 -3 (   �� 6!^> (� �B�"�!;+J( �( :�!K _2!+>  .
3�_2!+> �>(�\�3    &�;.

 ���( & !�� � $�!"��E> �E� #k>!�' .�"( & !�� ?2( $�!" &�;. $  

"��)7 -3(   �+���,���� @%0 �� XY.=
 e=�� D
���j$ �+��A�T �
� 1�N	
 �'�� ��#� �� "��

�)W
 �/�A� ,   
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�/�+� L��.	 1���K "<�  
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 .��
A�  

:�,>!+W  !3#,����#���  7�#���  $=� ����  ��  .
>�(�  ����  ��  ���"�  $�#'�!4  $!3

  !3#,����#���/+,�" :�;< �( �2!3�#'�!45�4(� $(#' !3��+4F��#��� 7$=� ��' $!3  �2!���. $!3

  &4 �"!��� ?2( &' ?2( � 
>�(� ... � &.(#� $�� #' �!k^2!��F �  �"
��� � ���J &��!C ���#�(  ��

/+,�" !'  $�!2� �!;��(  .
�+,3 � !�"�#��� $!3?2(  #'!�'    $!3#,����#��� �I!" � �K(#N !'

I( `I!.�H+  b!'  �  .�"( 6!��E� ���( 8(
3( �( ?�2!W �!^% �%(  ��N 6!�3    q2 :9% �� &4

 *�� �( ��2 7
2�#- 6!�'  52()%( ���( $!3�H+I( `I!.  &"
�3 �!B2( 7#,����#��� q2 ��  $!3

&'(�#- �!B2( ��C 6!2#C #�,� �� ��!�+�l2#" �H+I( � �>!2#C $!3 .�"( ���( 6!2#C �� #�

 A��( �( ��2  j�4#� � $�!"(
C :�( 7*�� ?2( �� �#'�!4#W١  �� �H+I( A!>!4 A�N �� 6!2#C  .
.!'

  /�,�� (� 6!2#C � �
. /�,�� &I!. 
�� !2 �� &' #�,� A�N �� �H+I( A!>!4 &4 D��� ?2( &'

��&I!. � 
�4�� #k2
�2 &' #�,� q2 �N �(  RW 6!2#C $!3 52()%(  aJ!'  :�( ?2(  .
>
>��W  

{M"   y!��  $!�>!2#C  ��   �H+I( `I!. 52()%(  &B�+>  �� � �
2�#- A!�"  (�    :��,� ��C &'

7h�i> 
�2F#%    �W ����(�]22[.  &2!W #' )�> n��E� ?2(  � A!>!4 A�N �� ��!�+� &"
�3 �!B2( *�� $

  !�' j�4#� � $�!"(
C /�� � $�#'�!4 :�(�"( �
.  �H+I( #' (� 6F &C�� :'!< D(#�]!� �    �"�#'

��  .
�4  #,����#���  �H+I(  &�(�(  �� H  6�(�+�!>  �  � �N 6�(�+�!>  76�(�+�  � !K &" �� :�.

 ) �
 ��2� �
J &" �� ��M��20  750 7100 (�"�#' �"( �
. .  

  

 
1 Split and Recombination 
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 .���� ��
 , XY.=
 e=�� �� ��
�- ��_�$  

&"
�3  #,����#��� $
�' &"H  :�. �� 6�(�+� :�.)1-4 (  ��(� 6!^> �"( �
. . 

)"��1 -4( �+���,���� �
B� �� ��
�-  H  �'
%.� "��   

 

��N 6!�3  ):�. �� &41 -4  (�� �
3!^�7��.    #,����#��� H  �� $(�(� :�.  $���� A!>!4

.�"( 6!,�2 �!�'( !' �H+I( $!� !>!4 � �C�#I A!>!4 q2 �  A!�"  ()B� $���� �� �( ` !I $!3  �

�J#" !'  6!,�2 $!3 !>!4 ��(�  lN!�� q2 �� � �
. $���� $!�T  ��(� � ��#4 ���I#' /�' :�.

�H+I( A!>!4  /��+,� ��.
>�#-  �H+I( A!>!4 /��+,�  �( /3 6!,�2 &I!. �� &'    /3 � � �N #o>

/�,�� ��M�� #o> �(    .�"( �
.&I!. &' 6�(�+� ��N &' 6!2#C  $!3 A�( j�4#� � $�!"(
C 
K(�  

  �2(
3����.&I!. 6��' 6�(�+� .�J#" 6��' #'(#'  $!��� &'  �H+I( A!>!4 $!3  �� A!�" $!3

&I!. �( q2#3  .�"!3  6!2#C PI �� &'!^� $#�,� �N �( RW  7�� /3 &' 
>
>��W  .  RW �2!�> ��

 j�4#� � $�!"(
C 
K(� 5. �N �(  &'!^�  �2(
3 6�#�' &' �C�#I lM�� �( �
. ���\� 6!2#C 7

�� .��.  #,����#��� ��> ?2( /�� �2)� l<(� �� 7  A!�" �2!B'!C �2!>(��  ��,< &' ��(�2� ��!B� $!3

�4�!^�  ��C �H+I(  A!>!4  $)4#�  #+^�'  .�"(  h�i>  
�2F#%  ��  ):�.2 -4 ��E>  (  �  �4#K $

A!�" �H+I( #,����#��� �� !3H 6!^> (� 6�(�+� :�.  ��.
3�    

  

  

  

X 

Y 
Z 
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)"��2 -4  �+���,���� ��.=�� D����� ( H �32W :b �+���,���� C).i� ��- �*+Z :C/
 "��

 �+���,���� '
 �%#& 7�G �� �/
%.� ���� �32W]26 [  

��N 6!�3 �� �
3!^� &4��.7 A!�"  $)4#� ��,< &' #�,� ?�K �� )�> ��(�2� ��!B� $!3

�� ��;�' (� �H+I( 
�2F#% � �
. !B'!C �H+I( A!>!4.
�^\'  

&"
�3    #,����#��� $
�' &"H  ):�. �� � �N 6�(�+� !> :�.3 -4  ��(� 6!^> ( .�"( �
.  

  

)"��3 -4  �+���,���� �
B� �� ��
�- (H    �/%0 �'
%.� �	 "��  

X 

Y 
Z 
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 �H+I(  

/��+,�  400×400  1500  400×400  1500  400×400  1500  

 $!+"(�y  400×400  1300  400×400  650  200×400  1300  
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  �
 ��2� �(
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Type Balanced Cross sectional Unbalanced Longitudinal Unbalanced 
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,********************************************************************

** 

   UDF that specifying a mass fraction dependent density and viscosity  

 

********************************************************************

**, 

 #include "udf.h" 

 

 DEFINE_PROPERTY(cell_viscosity,c,t) 

{ 

 real mu_lam; 

 real fi = C_YI(c,t,0); 
 mu_lam = 0.010151 *pow(fi,4.0) - 0.01578 *pow(fi,3.0) -0.0013323 * 

pow(fi,2.0) + 0.007299 * fi + 0.0009145 ; 
 return mu_lam; 

 } 

  DEFINE_PROPERTY(cell_density,c,t) 

{ 

    real rho_lam; 

    real fi = C_YI(c,t,0); 
    rho_lam = 72.3 *pow(fi,4.0) - 131.2 *pow(fi,3.0) - 11.1 * pow(fi,2.0) - 136.2 * fi 

+ 996.9; 
    return rho_lam; 

} 
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  ��Q��% R�,>( �()%( O#> P"�� $�!" &�;.16   D!��o�� ��,< ?2( �� .�"( �
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 O#> �� �
. ��(� ��Q��% R�,>( �()%(16�� &Q(�( &�K#� &' &�K#� D��� &' .��#-  

• File …. Read …. Mesh 

• Mesh …. Check 

• Mesh …. Change UNITES To mm …. Scale 

• Define …. General …. ( steady, pressure based) 

• Define …. Models …. Species …. Species transpot (on) 

• Define …. Material …. Choose ( ethanol(l) and water(l)) 

• Define …. User-defined …. Function …. Interpreted …. Density and viscosity 

UDFs 

• Define …. Models …. Species transpot …. mixture property(Edit) 

• Mixture species …. Water and ethanol 

• Mixture density .... User defined 

• Mixture viscosity …. User defined 

• Diffusion coefficient …. 1.2 ∗  10�� 

• Define …. Boundary condition…  

• Right inlet & left inlet (velocity inlet), outlet (out flow) 

• Define …. Operating condition …. Gravity (on) …. -9.81 (z axis)  

• Solve …. Method …. Scheme (simplec), Discretization …Pressure 

(standard) …. Momentum & Convection-Diffusion (Quick)  

• Solve …. Control …. Under Relaxation Factors …. Default mode 

• Solve …. Monitor …. Residuals (print, plot) …. Convergence criteria (1 ∗
 10�Y) 

• Solve …. Initialization …. Standard initialization …. Compute from left inlet 

• Run Calculation  
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ABSTRACT 

         Compared to conventional macroscopic methods, microfluidic devices have the 

advantages of reduced solvent, reagent and cell consumption, shorter reaction 

times, portability, low cost and low power consumption. This study propose two 

novel generation of  three Dimensional splitting and recombination passive 

micromixers (the longitudinal and cross-sectional unbalanced micromixer) that 

are designed based on the H-shaped balanced micromixer geometry. Numerical 

simulation were performed to study the mixing dynamics of two miscible 

liquids(water & ethanol) in all three types of micromixers and results compared 

with the previous well-known H-shaped balanced micromixer. Laminar flow 

regime, incompressible, steady and no-slip velocity are Assumptions that govern 

fluid flow. It was found that mixing index and pressure drop are significantly 

affected by the unbalancing and depends on Reynolds number (inlet velocities). 

increasing the Reynolds number will increase mixing index, at Re=100 the 

mixing index of the cross-sectional unbalanced micromixer is more than 90% 

while at Re=20 this is less than 70%. Creating an unbalanced flow will increase 

mixing index, however, cross-sectional unbalancing is more effective than 

longitudinal unbalancing, at Re=100 the mixing index of the cross-sectional 

unbalanced micromixer has increased about 30% compared to the H-shaped 

balanced micromixer. Numerical results show that increasing the Reynolds 

number will increase pressure drop of all three types of micromixers. Compared 

with each other, the longitudinal unbalanced micro mixer and the H-shaped 

balanced micromixer with equal pressure drop, have 25%  lower pressure drop 

than the cross-sectional unbalanced micromixer. 
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