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Ã|Ì°q   
/�Ìa Z]  dyZ/� �Â�À» Ä] ¦¸fz» �ËY�/� �{ ¦¸fz» {YÂ» �ÔfyY ÉY�] �ZÌ¿ ÊËY~£ Á ÊËÁ�Y{ �ËZÀ/� d§�

�Á� ,Á�ÀËY�Y .d§ZË �ËY�§Y ¾´¼Å É{YÂ»½ZË�m �f�Ì] �ÔfyY ÉY�] ÊeÁZ¨f» ÉZÅ Ã{Z¨f�Y .|� {ZÆÀ�Ìa ZÅ
�Â¸z»Á�°Ì» �Y¾¯ {�Â» Á M�Z¯ {�YÂ» Ä¸¼m �Y ZÅ  Ìa Z] Ä¯ d/�Y ÄÀÌ»� ¾ËY �{ |ÌËPe  dyZ/� d À/� d§�/�

 �Ë�/� �ÔfyY �Z�f¿Y ,�ËZÀ/� ½Á�§Y�Á� �ZÌ¿ Z] .d§ZË Ä /�Âe¾´¼Å Á �e �e µZÌ/� ½ZË�m  Ê°Ë Ä¯ d§ZË |/��
�Â¸z»Á�°Ì» Ä /�Âe ¶»YÂ� �Y¾¯�Â¸z»Á�°Ì» Ê�|ÀÅ cY�ÌÌ¤e .d/�Y Ã{Â] ZÅ ÉY�] \�ZÀ» Ã|ËY ®Ë ¾¯

½ZË�m �ÔfyY {Â^Æ]ÄÀË�Å �{ �Ì´¼/�q cY�iY ½Á|] ZÅ  .d/�Y ÄÌ·ÁY ÉZÅ�Ôe Ä»Y{Y �{ �/�Zu ªÌ¬ve  ÉZÅ
Ê» Ê /� {ÂmÂ»Ä/�|ÀÅ {ZÆÀ/�Ìa Ä] |À¯ {�Y{�b] ÊËZÅÄ¯ Ê»|À¿YÂe   Á{ �ÔfyY �ËY�§Y Ä] ¦¸fz» ©�� �Y

|ÀÀ¯ ®¼¯  ¹�³ Á {�� ½ZË�mÄÌ^� �Y Ã{Z¨f�Y Z] .s�� ¾ËY É{|� É�Z�  s�� Á Ã|� Ä�ËZ¬» �´Ë|°Ë Z] ZÅ
Ê» Ê§� » ÄÀÌÆ]Ê» Ê�|ÀÅ cY�ÌÌ¤e Z] Ä¯ |¿{Y{ ½Z�¿ lËZf¿ .{Â�  Ze ½YÂe5   ÉZÅZ»{ Z] cÓZÌ� �ÔfyY �]Y�]

 �ËY�§Y Ä] �nÀ» Äf^·Y Ä¯ {Y{ {Â^Æ] ÄËZa d·Zu Ä] d^�¿ Y� cÁZ¨f»2  .|� |ÅYÂy �Ì¿ �Z�§ d§Y É�]Y�]  
  

:É|Ì¸¯ cZ¼¸¯  
Á�°Ì»�Â¸z».�Z�§ d§Y ,Z»{ ÊfyYÂÀ°Ë ,c�Y�u µZ¬f¿Y ,½ZË�m �ÔfyY ,¾¯  

  
*µÂX�» Ã|À�ËÂ¿  
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١- Ä»|¬»  
  ÄÅ{  Á{ �{�Ìz�e ÉÁ� �] ÊÆmÂe ¶]Z« �ÌiZe Ê·ZÌ�Á�°Ì»  cY�ÌÆne �ÌyY  Ê°��aÂÌ]  Á  Ê°��a  ÉZÅ

Ã|� Ã{Z¨f�Y Ê°��a d�Ë� cZ¬Ì¬ve �ËZÀ� Á Á�Y{ Ä �Âe Á |Ì·Âe �{ Ã{�f�³ �Â� Ä] Á Äf�Y{|¿Y]1[  �Y .
ÃZ´f�{ ¾ËY Ä¸¼m�Â¸z»Á�°Ì» ZÅ¾¯ {�]�Z¯ �Y .|Àf�Å ZÅ�Â¸z»Á�°Ì» ÉZÅ¾¯  Ê°��aÂÌ] �{ ZÅ»Ê  ½YÂe

 {�¯  Ã�Z�Y  {�YÂ»  ¾ËY  Ä]  ,½ÂÌ�Y�Ë�¼Ì¸a  ,ÊËZÌ¼Ì�  �À¯YÁ  {ZnËY  ,ÊËZÌ¼Ì�  �fÀ�  ,Ä¿Â¼¿  d�¸£  ¾ÌÌ e  :
½ÂÌ�·Â»Y Á Ê°Ë�Â·ÂÌ] ¶Ì¸ve Á ÄË�ne ,ÄÌ¨�e Á kY�zf�Y]2[Ê» ¾ÌÀr¼Å .�Â¸z»Á�°Ì» �Y ½YÂe¾¯  �{ ZÅ

ÃZ´f�{ ,ÊËZÌ¼Ì�ÂÌ] ¶Ì¸ve Á ÄË�neÄ�Y�e ÉÁ� ÊÅZ´�ËZ»�M ÉZÅ)LOC Ã�Æ] ÊËY~£ {YÂ» ÊÀ¼ËY µ�fÀ¯ Á (
 {�]]3[ºf�Ì� �{ .Ê» �ËY�§Y ½ZË�m ºnu Ä] t�� d^�¿ Ê·ZÌ�Á�°Ì» ÉZÅ{�]�Z¯ �Y É�ZÌ�] ÉY�] Ä¯ |]ZË

Åd�Y |À»{Â� Z]4Á5[�Â¸z»Á�°Ì» �{ �|·ÂÀË� {|� ½{Â] ¾ÌËZa Z»Y .¾¯Ê» ¹Y�M ½ZË�m Ä] �nÀ» ZÅ  ,{Â�
Â� Ä] Ze|¼� {YÂ» �ÔfyY Á� ¾ËY �YÊ» c�Â� �za c�  ÉY�] ÄnÌf¿ �{ .d�Y |À¯ ÊeY} �Â� Ä] Ä¯ {�Ì³

 ÊuY�� ,�ÔfyY dÌ¸]Z« �ËY�§Y \�ZÀ»�Â¸z»Á�°Ì» �ZfyZ�¾¯d�Y É�Á�� ZÅ]6Á7[.
�Â¸z»Á�°Ì»¾¯ �{  .µZ §  �Ì£  Á  µZ §  :|¿Â�  Ê»  ºÌ�¬e  �Â¿  Á{  Ä]  ½Z�{�¯�Z¯  ���  Ä]  ÄmÂe  Z]  ZÅ

�Â¸z»Á�°Ì»¾¯yY  �ËY�§Y ÉY�]  µZ § ÉZÅÉ��¿Y  �Y ½ZË�m �Ôf ,Ê�Ì�ZÀ¤» ½Y|Ì»  |À¿Z» Êm�Zy ÉZÅ
Ê»  Ã{Z¨f�Y  ®Ì¿Â�Y�f·M  �Z e�Y  Á  Ê°Ë�f°·Y  ½Y|Ì»�Â¸z»Á�°Ì»  Ä°ÀËY  {ÂmÁ  Z]  .{Â�¾¯  µZ §  ÉZÅ

  Á ­�vf» cZ �« ,dyZ� |ÀËM�§ ½{Â] dz� ,½{Â] Ã|ÌrÌa ¶Ì·{ Ä] Z»Y ,|¿�e�iÂ» ÓZ] ÄÀË�Å    É{ZË� {�]�Z¯
�Â¸z»Á�°Ì» .|¿�Y|¿¾¯ �ZÌ¿ É�´Ë{ É��¿Y Ä] µZÌ� ½{�¯ `¼a ÉY�] ¹�Ó É��¿Y  �m Ä] µZ § �Ì£ ÉZÅ

Ê» µZ¿Z¯ Ä�|ÀÅ �ÌÌ¤e Z] µZ § �Ì£ Ä¿Â³ �{ .|¿�Y|¿ �ËY�§Y Y� �Z¼e t�� Á �ÅZ¯ Y� �Z�f¿Y µÂ� ½YÂe
Ê» �ÔfyY ½Y�Ì» �ËY�§Y h�Z] dËZÆ¿ �{ Ä¯ {Y{ {Â�]8Á9[�Â¸z»Á�°Ì» �Y Ã{Z¨f�Y .¾¯ ÉZÅ Ä] µZ §�Ì£

d�Y Ã{�¯ Y|Ìa �ËY�§Y ¦¸fz» ÉZÅ{�]�Z¯ �{ ½{Â] ½Y��Y Á dyZ� d·ÂÆ� ¶Ì·{]10[.  
�Â¸z»Á�°Ì» �Â¿ ¾Ë�e Ã{Z�¾¯  Ä] ½YÂe Ê» d�Y Ã|� É�Z� µ|» d Ì^� �Y ¾f§�³ ¹ZÆ·Y Z] Ä¯ ZÅ

�Â¸z»Á�°Ì»¾¯  ÉZÅT  ½Y�Z°¼Å  Á  ²¿ÁÁ  .{�¯  Ã�Z�Y  ¶°�]11[  Ê³�ËÁ  Ê���]  ÉY�]  ÊeZ�ËZ»�M ÉZÅ
µZ¿Z¯Á�°Ì»  �{ �ÔfyY  Á  Ê�y�q ½ZË�m  ,ÄËÂ¿Zi  ½ZË�m {ZnËY  Z]  Ä¯  |¿{�¯  Ã|ÅZ�»  Á  |¿{Y{  ¹Zn¿Y  ZÅ

Ê» ½M �{ Ê]Y{�³½Y�Z°¼Å Á ²¿YÁ .|Ì�� �Ë�� �ÔfyY Ä] ½YÂe]12[  �Â¸z»Á�°Ì» �{ ½ZË�m Ä �Âe Z] ¾¯
T  Y Ä] ½M �{ Ê]Y{�³ ½ZË�m {ZnËY Z] Á ¶°�ÃZeÂ¯ µÂ� �{ dyYÂÀ°Ë �Ôfy  ½Z¬¬v» .|¿{�  ̄Y|Ìa d�{ �e

�Â¸z»Á�°Ì» Ä�|ÀÅ sÔ�Y ÉY�] ÊeZ¬Ì¬ve ,�ÔfyY {�°¸¼� {Â^Æ] ÉY�]¾¯Ê» Ä¯ |¿{Y{ ¹Zn¿Y ZÅ  Ä] ½YÂe
3Y  {ZnËYkÂ»  |À¿Z»  cÁZ¨f»  µZ°�  {�¯  Ã�Z�Y  �¿YÂ»  {ÂmÁ  Á  ÊÀvÀ»  �YÂË{  ,±Y�  ²Ë�  ,�Y{]13Á14[  .

½Y�Z°¼Å Á ¾ËÂ³�Â]]15Á16[  �Â¸z»Á�°Ì»¾¯  ÉZÅT    Ä� d·Zu �{ ÊÀvÀ» ¶°� Ä] Ê ¿YÂ» Z] ��Z¬f» ¶°�
½M .|¿{Y{ �Y�« Ä�ËZ¬» Á Ä ·Z�» {�Â» Y� {�°¸¼� ��¿ �Y É| ]  d§Y Á �ÔfyY �ËY�§Y Ä¯ |¿{Y{ ��Y�³ ZÅ

�] �f¼  ̄�Z�§½Y�Z°¼Å Á ²ÀÌ¼¿ÂÌÅ .{�Ë~a Ê» c�Â� Ê�y �¿YÂ» Ä] d^�¿ ÊÀvÀ» c�Â� Ä] �¿YÂ» ÉY]17[ 
�Â¸z»Á�°Ì» �Â¿ lÀa ÉÁ�  ¾¯�Â¸z» ¶Ì^« �Y µZ §�Ì£Ä] ¾¯  ¶°�  ,t��» Ê¿Á�¸u ÉZÅSAR  1  ,t��»

  É| ]  Ä�  ,É| ]  Ä�  pÌa�Z»SAR   {Y{  �Y�«  Ê¬Ì^�e  Ê]ZË��Y  {�Â»  Y�  Y�³YÁ  Ä�|ÀÅ  Z]  Á|¿  Á  É|�Y  .
½Y�Z°¼Å]18[ �Â¸z»Á�°Ì» �{ �ÔfyY Ã|Ë|a¾¯�YÂË{ �{ kÂ» µÂ� ½{Â] �]Y�]Z¿ �ÌiZe Á Ê�ÂÀÌ� ÉZÅ-

Å½Y�Z°¼Å Á ¾q .|¿{Y{ �Y�« Ê���] {�Â» Y� ÊÀÌËZa Á ÊËÓZ] ÉZ]19[    ¾ËY Ä] Ä�|ÀÅ �Â¿ �� Ä�ËZ¬» Z]

1 split-and-recombination
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�Â¸z»Á�°Ì»  Ä¯  |¿|Ì��  ÄnÌf¿¾¯�ÌiZe  Ê ]�»  pÌa�Z»  ÉZÅ  ÔfyY  ÉÁ�  ÊÆmÂe  ¶]Z«  Á  �Y{  .|¿�Y{  �
½Y�Z°¼Å]20[  �Â¸z»Á�°Ì»¾¯  {�°¸¼�  Ä¯  |¿{Y{  ��Y�³  Á  |¿{�¯  Ä�ËZ¬»  Y�  pÌa�Z»  Á  ºÌ¬f�»  ÉZÅ

�Â¸z» .d�Y �fÆ] �ËY�� Ä¼Å �{ Z^Ë�¬e pÌa�Z» Ã|ÀÀ¯  
  ÉY�] �Ôe Ä¯ d�Y �z�» ÓZ] �{ \zfÀ» cZ ·Z�» �Á�» �YÊ§� »  Ä�|ÀÅ  �Â¸z»Á�°Ì»¾¯    ÊËZÅZ] 

dÌ¨Ì¯Z] �ÔfyY  �e  Á  �f¼¯ µÂ� �{ ��Zu Ê���] ,Á�ÀËY�Y .d�Y ��f�³ µZu �{ Á ÄmÂe {�Â» ½ZÀr¼Å
�Â¸z»Á�°Ì» �Y É|Ë|m �YÂ¿Y Ê§� » Ä] {�Y{ |�«¾¯½ZË�m �fÆ] �ÔfyY {ZnËY ÉY�] ZÅ  ÉZÅÉZ»{ Z] 

Ä�|ÀÅ .{�Y{�b] ¦¸fz»ÄÌ^� �Y Ã{Z¨f�Y Z] |Ë|m ÉZÅ  .|� |ÀÅYÂy Ê]ZË��Y É{|� É�Z�  
  

٢-  ZÅ �Á� Á {YÂ» 
١-٢  º¯Zu cÓ{Z »  

�Â¸z»Á�°Ì» �{ ½ZË�m¾¯µZÌ� Á �Ë~aZ¿ º¯Y�e Á ZËZa c�Â� Ä] ZÅ  ¶»Z�  Ê» Äf§�³ ��¿ �{ ÊÀeÂÌ¿ .{Â�
Ê» ¹Y�M ½ZË�m �ËY�� ,¾ÌÀr¼Å .|�Z] Á ½ZË�m ¶Ì¸ve ÉY�]c�Y�u µZ¬f¿Y Ä·{Z »)Ê´f�ÂÌa Ä·{Z » Ä�1 ,(

Ä·{Z »)ºfÀ»Â»2Á3Ä·{Z ») É��¿Y Á (4 (�ZÌ¿ {�Â» .d�Y

ݑ߲  )1(
ݔ߲ +

ݒ߲
ݕ߲ = 0

ߩ   )2( ൬ݑ
ݑ߲
ݔ߲ + ݒ

ݑ߲
൰ݕ߲ = −

݌߲
ݔ߲ + ߤ ቆ

߲ଶݑ
ଶݔ߲ +

߲ଶݑ
 ଶቇݕ߲

ߩ   )3( ൬ݑ
ݒ߲
ݔ߲ + ݒ

ݒ߲
൰ݕ߲ = −

݌߲
ݕ߲ + ߤ ቆ

߲ଶݒ
ଶݔ߲ +

߲ଶݒ
ଶቇݕ߲

ݑ)௣ܥߩ  )4(
߲ܶ
ݔ߲ + ݒ

߲ܶ
(ݕ߲ = ݇ ቆ

߲ଶܶ
ଶݔ߲ +

߲ଶܶ
ଶቇݕ߲

  ,ÓZ] cÓ{Z » �{ߩ)௄௚
௠య(  ,Ê·Z´q݌)ே

௠మ  (  ,�Z�§ܶ )ܭ(    Á Z»{ݑ    Áݒ  d���ZÅ)௠
௦(    cZÆm �{ݔ    Áݕ  Ê».|À�Z] 

  ,¾ÌÀr¼Åܥ௣)௃
௄௚ ௄(    Á ߤ )௄௚

௠.௦(  Ê» Ê°Ì»ZÀË{ dm�· Á Ã�ËÁ ÊËZ»�³ dÌ§��  .|À�Z] �{ | ] ½Á|] ÉZÅ�f»Y�Za

  �|·ÂÀË� {|� ¶Ì^« �Y ½ZË�m ¾ËYܴ݁ = ௨௅
ఔ

    dÌ¼�Y {|� Áܵܿ = ఔ
஽

  Ê»  ��Zu ¶Ì¸ve �{ .|�Z]ܮ   ���
d�Y µZÌ� É{Á�Á  Ê» Ã{Y{ �ËZ¼¿ | ] �z] �{ Ä¯.{Â�  �{��Zu Ê���]  µZÌ� ½YÂÀ� Ä] [M  ¶»Z�    �{

.d�Y Ã|� Äf§�³ ��¿  Ä] É{|� ¶Ì¸ve �{ Á É| ]Á{ c�Â�¹�¿dÀWÂ¸§ �Ì�¿Y �Y�§Y2   .d�Y Ã|� ¹Zn¿Y  
  

٢-٢  Ä�|ÀÅZÅÊ���] {�Â» É   

Ä�|ÀÅ Ä¼Å �{É{Á�Á ��� ZÅ    �]Y�]L  �]Y�] ÊmÁ�y ��� ,L2  �ÔfyY ÄÌuZ¿ µÂ� ÁL80    ��¿ �{
  .d�Y Ã|� Äf§�³  µZÌ�  ¹�³  Á Ä�|ÀÅ ÉÓZ] Á `q d¼� �Y {�� µZÌ�   {�YÁ Ä�|ÀÅ ¾ÌËZa Á `q d¼� �Y

�Â¸z»Á�°Ì» {Â� Ê» k�Zy d�Y� d¼�« �Y Ä�|ÀÅ µÂ� �{ �ÔfyY �Y �a Á {Â� Ê» ¾¯. ¾Ë�e Ã{Z�

2 Ansys Fluent
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Ê»  Ä¯  Ä�|ÀÅ  �Â¿Ä�|ÀÅ  �ËZ�  Ê�z]  �iY  ¾ÌÌ e  ÉY�]  �yZ�  ½YÂÀ�  Ä]  ½YÂe  �Â¿  d§�³  ��¿  �{  ZÅ
�Â¸z»Á�°Ì» ¾¯T  .d�Y ¶°�  

  
 ¶°�1 �Â¸z»Á�°Ì» ®Ë ÄËZa Ä�|ÀÅ : Ã|ÀÀ¯T  Ä�|ÀÅ) ¶°�1 (  

Ê» Y�  �ÔfyY  ½Y�Ì»Ã�YÂË{  �Y  �Â�À»  ¾Ì¼Å Ä]  .{Y{  �ËY�§Y  Ä�|ÀÅ  �{  �ÌÌ¤e  Z]  ½YÂekÂ»  ÉZÅ ,�Y{
Y�´¼Å-  pÌa�Z» Á Y�³YÁ��Zu Ê���] �{    Ã{Z¨f�YÊ» {Â�  Ä�|ÀÅ Ä¯  Ä�Â]�» ÉZÅÄ]  \Ìe�e¶°� �{  ÉZÅ2  

 Ze4   Ã|� Ã{Y{ �ËZ¼¿.|¿Y    
Ã�YÂË{  ¶°� �{ ZÅ2    c�Â� Ä]·{Z » Z] ÊmÂ»Ä S(x) = −0.075 − 0.0675 ∗ sin(2π ∗ (୶ି଴.ଵହ)

଴.଺ + π)   {ZnËY Ã|�
Y|¿.  ¶°�  �{3    ¶°�  Ä·{Z »  Z]  ÓZ]  Ã�YÂË{2    Ä·{Z »  Z]  ¾ÌËZa  Ã�YÂË{  ÁS(x) = −0.375 + 0.0675 ∗ sin(2π ∗

(୶ି଴.ଵହ)
଴.଺

+ π)  Ã|� º��.|¿YÃ�YÂË{ ¶°� �{ �Z§ ¥ÔfyY {ZnËY Ã|ËY �«YÁ�{ÊmÂ» ÉZÅ�Â¸z» ¶°�  �{ ¾¯
¶°�ÉZÅ  2    Á3      .d�Y Ã|� Ä ·Z�»  ¶°� �{ ½ZË�m �Ì�»4      ½Y�Ì» Ä]L2Ã�YÂË{ Ä·{Z » Á Ã|� ¥�vÀ»  ZÅ

  ¶°� |À¿Z¼Å Ä�|ÀÅ ¾ËY �{2  Ã�YÂË{ Ä·{Z » .d�Y Ã|� Äf§�³ ��¿ �{¶°� �{ ZÅ  5  ¶°� |À¿Z¼Å  4    d�Y
¶°� ¶Ì�f�» �¿YÂ» ½ZË�m �Ì�» �{ Z»Y  �ÔfyY {ZnËY ÉY�]    {Z ]Y Ä]ଶ୐

ଷ
ൈ ଵଷ୐

ଵହ
   .d�Y Ã|� Ã{Y{ �Y�«   ¶°� �{ 

6  Ã�YÂË{  Ä·{Z »¶°�  |À¿Z»  ZÅ  4  Á  |�  º��  Y�] É  »  �ÅZ¯Ì½Y�  �m  �{  �Z�§  d§Y Ë,½Z   �»Ì�  �m Ë½Z    �{
ÃZ³�~³ZÅ   Ë����e    �Ì�» ¥Y�v¿Y ½Y�Ì» ¾ÌÀr¼Å ÁL4  Á  �¸� Ä] Ê ]�» �¿YÂ»L2[Zzf¿Y  |�|¿ .  Ä�|ÀÅ �{-

Å�Â¯~» ÉZm µ 150=L Ê»|�Z].

  
 ¶°�2  :�Â¸z»Á�°Ì» Ä�|ÀÅ Ã�YÂË{ Z] Ã|ÀÀ¯ ÊmÂ» ÉZÅ  Ä�|ÀÅ) ¶°�2(  

  
 ¶°�3  :�Â¸z»Á�°Ì» Ä�|ÀÅ Ã�YÂË{ Z] Ã|ÀÀ¯ ÉZÅY�´¼Å-Y�³YÁ  Ä�|ÀÅ)3 (  

  
 ¶°�4 : �Â¸z»Á�°Ì» Ä�|ÀÅ Ã�YÂË{ Z] Ã|ÀÀ¯ ÉZÅpÌa�Z»  Ä�|ÀÅ)4 (  

  
 ¶°�5  :�Â¸z»Á�°Ì» Ä�|ÀÅ Á pÌa�Z» Ã�YÂË{ \Ì¯�e �Y Ã|ÀÀ¯SAR    ®Ë�Z] ÃZ³�~³ Z] Ä�|ÀÅ)5 (  
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 ¶°� 6  :�Â¸z»Á�°Ì» Ä�|ÀÅ Á pÌa�Z» Ã�YÂË{ \Ì¯�e �Y Ã|ÀÀ¯SAR   �Ë�� ÃZ³�~³ Z] Ä�|ÀÅ)6 (  

٣-٢  É{|� �Á� Á É��» �ËY�� 

ÄÌ^� Á ¶Ì¸ve ÉY�] É��» �ËY��¹�¿ �{ ½ZË�m É�Z�É{Á�Á ÉY�] dÀWÂ¸§ �Y�§Y c�Â� Ä] ZÅvelocity

inlet    ½ZË�m ÊmÁ�y ÉY�] Ápressure-outlet    �Y É{Á�Á µZÌ� ÉZ»{ �z] ¾ËY �{ .|� [Zzf¿YInlet1 ,  80  

  Äm�{�ÂÌ�¸�    ÉY�] ÁInlet2,  20    Äm�{�Àe �ÂÌ�¸�  ¶Ì¸ve Ä] Ä�|ÀÅ �Å �{ Ä°ÀËY Ä]  ÄmÂe Z] Á |� ºÌ
 �|·ÂÀË� Á{ Z] ½ZË�m5/7  Á25 É{Á�Á �{ d��� |� ÄfyY{�a �]Y�] \Ìe�e Ä] ZÅ05/0   Á167/0 �f»   ÄÌ¿Zi �]

Ã�YÂË{ ÉY�] .|� É�Y~´ËZm  �ËY�� Ä�|ÀÅ ÉZÅStationary Wall    ÁNo slip    d·Zu Êe�Y�u �z] �{ ÁHeat

Flux  �¨� �Y|¬» Z].|¿|� [Zzf¿Y  
  ºfË�Â´·Y �Y ½ZË�m �] º¯Zu cÓ{Z » ¶u ÉY�]SIMPLE    �Y ¶Ì¸ve �{ d«{ �ËY�§Y ÉY�]  ÁSecond

Order    cZ¬f�» ¹Z¼e ÉY�]  .d�Y Ã|� Ã{Z¨f�Y  �Y|¬»  ÊËY�´¼Å �ZÌ »Ã|¿Z¼Ì«Z]   Á Ê´f�ÂÌa  cÓ{Z » ÉY�]
 ºfÀ¼»3-10  É��¿Y Ä·{Z » ÉY�] Á6-10.d�Y Ã|� Äf§�³ ��¿�{  

   
٣-lËZf¿  

u É{|� lËZf¿ �z] ¾ËY �{ÄÌ^� �Y ¶�ZÄ�|ÀÅ ÉY�] É�Z�Ê» ÄWY�Y Ã|� Ê§� » ÉZÅ Ã{Z¨f�Y Z] Á {{�³
Ä�|ÀÅ Ä�ËZ¬» Ä] lËZf¿ �Y½M �Â¿ ¾Ë�fÆ] [Zzf¿Y Á ¦¸fz» ÉZÅÊ» ZÅ  .ºË�Y{�a ,É{|� É�Z� ÄÌ^� �Y ¶^«

] ½Y�Z°¼Å Á ­Â¯ Ê���]21  �{ �¿Z» Z] É| ]Á{ µZ¿Z¯ ®Ë ÊmÁ�y ½ZË�m �{ �ÔfyY {Â^Æ] ÄÀÌ»� �{ [
  ½ZË�m ÃY�  ÉZ�y Á |� �Y�°e4    .|»M d�|] µZ¿Z¯ �Y ÊmÁ�y ÉZ»{ ÉY�] |��{  Ä°¿ZÀq  �f�Ìa |� ½ZÌ]

Ã�YÂË{  Ä�|ÀÅ �{ ZÅ1   0Ô»Z¯  Ä�|ÀÅ �´Ë{ Z] Ä�ËZ¬» ÉY�] �ZÌ » ½YÂÀ� Ä] Á |Àf�Å ¥Z�Ê» ZÅ .|�Z]    µÁ|m
1  ¿µÂ� �{ Y� s�� ¾ËY ÊËZ»{ lËZf �ËZ¼¿ �|·ÂÀË� {|� Á{ Á (É{Á�Á Ä] d^�¿ Ã|� Ã|ÌnÀ�) ¦¸fz» ÉZÅ

Ê» .|Å{½ZË�m ÉZ»{ ¥ÔfyY �Y|¬» É{Á�Á �Y Ä¸�Z§ �ËY�§Y Z] Ä¯ d�Y {ÂÆ�»¹�³ ÉZÅ )௠ܶ௔௫(  {�� Á 
)௠ܶ௜௡(  Ê» �f¼¯  �f¼¯ ÉZÅZ»{ ¥ÔfyY ¾f§�³ ��¿�{ Z] �ÔfyY |¿Á� ½{Â] �fÆ] ÄmÂe \·Zm Äf°¿ .{Â�

 �|·ÂÀË� {|� ÉY�]5/7  �|·ÂÀË� {|� Z] Ä�ËZ¬» �{25 �Â¸z»Á�°Ì» ÉZÆf¿Y Ê°Ë{�¿ �{ .d�Y) ¾¯12/0=x (
  {Á|u �f¼¯ �|·ÂÀË� {|� �{ {ÂmÂ» ÉZ»{ ¥ÔfyY35  Y .d�Y �f�Ì] �|·ÂÀË� {|� �Y �f°qÂ  ̄�]Y�]  ½Z�¿ ¾Ë

Ê»ÄËÓ Ä^¸£ ¶Ì·{ Ä] Ä�|ÀÅ ¾ËY �{ |Å{d��� �{ �ÔfyY ,½ZË�m �] d��� É��» ÉZÅ  �fÆ] �f¼¯ ÉZÅ
  ¹Zn¿YÊ» {Â��Â¸z» �{ É�Z³|¿Z» ½Z»� �ËY�§Y ÊÀ » Ä] ½ZË�m d��� ½{Â] �f¼¯ ¾ËY �] ÃÁÔ� . Á ¾¯

  .d�Y �ÔfyY µZ¼fuY �ËY�§YÉ{|� lËZf¿    ª]Z�»�Y{Â¼¿  1  �] Y� �Z�§  d§Y  �|·ÂÀË� {|� ÉY5/7    Á25 
Ä]�Ë{Z¬» \Ìe�e  kpa  24/85    Ákpa  24/293  Ê» ½Z�¿|ÀÅ{    ÉY�] �f�Ì] ¹�Ó É��¿Y ½Y�Ì» Ã|ÀÅ{ ½Z�¿ Ä¯

 .d�Y �f³��] �|·ÂÀË� {|� d·Zu �{ µZÌ� d¯�u    
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بیوسیستم  )١۴٠٠(مکانیک
 

µÁ|m 1 : {Z¬» Ë� Z»{É ] Ì�Ì,ÄÀ ¼¯Ì ÄÀ Á ¥ÔfyY Z»{ �{ ��Z¬» ¦¸fz»  Ä�|ÀÅ 1 
012/0  01/0  008/0  006/0  004/0  002/0  0  X(m)

25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  Re
52/58  25/50  04/61  55/50  27/64  35/51  46/68  15/53  62/73  35/57  73/78  45/67  80  80  Tmax

48/41  75/49  96/38  45/49  71/35  65/48  54/31  88/46  38/26  65/42  27/21  55/32  20  20  Tmin

04/17  50/0  08/22  10/1  56/28  70/2  92/36  270/6  24/47  70/14  46/57  90/34  60  60  ∆T(°C)

  

�Y{Â¼¿ 1 :  Ä�|ÀÅ �{ �Z�§ d§Y ÉZÅ¦¸fz»  Ê���] {�Â» �|·ÂÀË� {|� Á{ ÉY�]

  
 µÁ|m2  µÁ|m Ä]Z�» �Ë{Z¬»1  Ä�|ÀÅ ÉY�] Y�2 Ê» �ËZ¼¿  ÄÀÌ¼¯ Á ÄÀÌ�Ì] ÉZ»{ ¥ÔfyY �Y|¬» .|Å{

  d^�¿  Ä�|ÀÅ Ä]1  Z»{  ¥ÔfyY �Y|¬»  .d�Y Äf§ZË �ÅZ¯    �|·ÂÀË� {|� ÉY�]5/7    Ze5    {|� ÉY�]  Á  �]Y�]
  �|·ÂÀË�25    Ze5/2  Ê» �ÅZ  ̄�]Y�]  ÄËZa Ä�|ÀÅ Ä] d^�¿ �ÔfyY {Â^Æ] Ã|ÀÅ{ ½Z�¿ Ä¯ |]ZË1    ½ZÀr¼Å .d�Y

Ê» Ã|ÅZ�»�Â¸z» �ÔfyY {�¯�Z¯ Ä¯ {Â�  �Z�§ d§Y �Ë{Z¬» .d�Y �fÆ] �f¼¯ �|·ÂÀË� {|� �{ ¾¯ ÄmÂe Z]
  Ä]  �Y{Â¼¿1    �|·ÂÀË� {|� ÉY�]5/7    Á25    �]Y�]kpa  95/137    Ákpa  68 /577  Ê»½Z�¿ Ä  ̄|À�Z]  �ËY�§Y Ã|ÀÅ{

Ê» �ÔfyY �ËY�§Y ÉZÆ] Ä] ÄËZa Ä�|ÀÅ Ä] d^�¿ �Z�§ d§Y.|�Z]  

µÁ|m2 : {Z¬» Ë� Z»{É ] Ì�Ì,ÄÀ ¼¯Ì ÄÀ Á ¥ÔfyY Z»{ �{ ��Z¬» ¦¸fz»  Ä�|ÀÅ 2 
012/0  01/0  008/0  006/0  004/0  002/0  0  X(m)

25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  Re
74/53  05/50  52/55  25/50  03/58  65/50  86/61  75/51  79/67  25/55  51/75  35/64  80  80  Tmax

28/46  95/49  58/44  75/49  88/41  35/49  07/38  15/48  49/32  95/44  20/24  15/35  20  20  Tmin

46/7  10/0  94/10  50/0  15/16  30/1  79/23  60/3  30/35  30/10  35/51  20/29  60  60  ∆T(°C)

  
  Ã�Z¼� Ä�|ÀÅ ÉY�] Ã|»M d�|] lËZf¿3    µÁ|m �{3  Ã�YÂË{ Ä�|ÀÅ ¾ËY .d�Y Ã|� Ã{Y{ �ËZ¼¿  ÊËZÅ

Y�´¼Å Á Ê�ÂÀÌ�-  .d�Y{ Y�³YÁ  �|·ÂÀË� {|� ÉY�]5/7  , Ä�|ÀÅ �Y �f�Ì] Ã|»M d�|] ÉZ»{ ¥ÔfyY ½Y�Ì»
  Ã�Z¼�2    Ä�|ÀÅ �Y �f¼¯ Äf ·̂Y Á1  d�Y  �|·ÂÀË� {|� �{ {Â^Æ] ¾ËY ,µZvÀËY Z] .25  Ê¼¿ Ã|Ë{ {Â�.   ¾ÌÀr¼Å

  �|·ÂÀË� {Y|�Y ÉY�]  �Z�§ d§Y5/7    Á25   Ä]  \Ìe�ekpa  24/186    Ákpa61/553  |»M d�|]  )  Ä]�Y{Â¼¿  1  
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بیوسیستم  )١۴٠٠(مکانیک
 

|ÌÀ¯ ÃZ´¿(    Ä�|ÀÅ Ä]Z�» �Ë{Z¬» Ä] d^�¿ Ä¯2  Ê» ,Á�ÀËY�Y .d�Y �f�Ì]  Ã�Z¼� Ä�|ÀÅ d§�³ ÄnÌf¿ ½YÂe3 
 Ä�|ÀÅ Ä] d^�¿2  .{�Y{ É�f¼¯ ÊËY�Z¯  

µÁ|m3 : {Z¬» Ë� Z»{É  ]Ì�Ì,ÄÀ ¼¯Ì ÄÀ Á ¥ÔfyY Z»{ �{ ��Z¬» ¦¸fz»  Ä�|ÀÅ 3 
012/0  01/0  008/0  006/0  004/0  002/0  0  X(m)

25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  Re
51/54  05/50  44/56  15/50  17/59  55/50  47/63  75/51  48/69  88/54  86/76  95/63  80  80  Tmax

48/45  95/49  54/43  75/49  81/40  45/49  51/36  25/48  51/30  10/45  14/23  95/35  20  20  Tmin

03/9  10/090/12  40/0  36/18  10/1  96/26  50/3  97/38  78/9  72/53  28  60  60  ∆T(°C)

  
  Ã�Z¼� Ä�|ÀÅ �{4  Ã�YÂË{ �iY dve µZÌ� d¯�uÊmÂ» ÉZÅ  �{ Ä¯ ÊnËZf¿ .d�Y pÌa�Z» �Ì�» Á ¶°�

  µÁ|m4    Ä�|ÀÅ ¹Z¼e Ä] d^�¿ �ÔfyY {Â^Æ] ÃYÂ³ Ã|� Ã{Y{ ½Z�¿  Ä�|ÀÅ Ä] d^�¿ .d�Y ¾Ì�Ìa ÉZÅ2 ,  
  ¾Ì´¿ZÌ» �ÅZ¯ Ä�|ÀÅ ¾ËY �{15  Á20  Ä] |��{  ÉZÅ�|·ÂÀË� ÉZ»{ ¥ÔfyY ÉY�] \Ìe�e5/7    Á25   .ºË�Y{

Ê» ½Z�¿ lËZf¿ ¾ËY  Á Ã�YÂË{ cY�ÌÌ¤e cY�iY �Y ½Z»�¼Å Ã{Z¨f�Y |Å{� d¯�u �Ì�» ¥Y�v¿Y {Â^Æ] �{ µZÌ
  Ä°¿ZÀq .d�Y �eY�Z¯ �f¼¯ �|·ÂÀË� {|� �{ �ÔfyY ¶^« |À¿Z» �Ì¿ Ä�|ÀÅ ¾ËY �{ .|¿�Y{ Ê¼Æ» �¬¿ �ÔfyY

  �{�Y{Â¼¿  1    ,d�Y Ã|� Ã{Y{ �ËZ¼¿    �Z�§ d§YÄ] �f�Ì] Á �f¼¯ �|·ÂÀË� {|� ÉY�] Ä�|ÀÅ ¾ËY �{  \Ìe�e
  �]Y�]kpa  44/143    Ákpa  9/698   .d�Y �f�Ì] ¹Á{ Ä�|ÀÅ �Y Z»Y �f¼¯ ¹Â� Ä�|ÀÅ �Y Ä¯ d�Y Ã|»M d�|]  

µÁ|m 4 : {Z¬» Ë� Z»{É ] Ì�Ì,ÄÀ ¼¯Ì ÄÀ Á ¥ÔfyY Z»{ �{ ��Z¬» ¦¸fz»  Ä�|ÀÅ 4 
012/0  01/0  008/0  006/0  004/0  002/0  0  X(m)

25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  Re
41/52  05/50  84/53  15/50  10/56  45/50  69/59  35/51  81/65  35/5459/7405/6480  80  Tmax

60/47  95/49  09/46  85/49  19/44  55/49  41/40  65/48  89/33  35/45  12/26  75/36  20  20  Tmin

81/4  10/0  75/7  30/0  91/11  90/0  28/19  70/2  92/31  0/9  47/28  30/27  60  60  ∆T(°C)

  
  Ä�|ÀÅ �{5    \Ì¯�e �YÊmÂ» Ã�YÂË{ ½Âq É{�YÂ»  ,¶°�  {Â^Æ] ÉY�] �¿YÂ» Á ½ZË�m �Ì�» ¥Y�v¿Y
½ZË�m �ÔfyY  Ã�Z¼� Ä�|ÀÅ Ä] d^�¿ .d�Y Ã|� Ã{Z¨f�Y ¹�³ Á {�� ÉZÅ4 {|� ÉZ»{ ¥ÔfyY �Ë{Z¬» �{ ,

  �|·ÂÀË�5/7    �|·ÂÀË� {|� �{ Ê¯|¿Y {Â^Æ] Z»Y .d�Y Ã|�¿ ¶�Zu É{Â^Æ]25    ¾ËY Z] .d�Y Ã|� ¶�Zu
  ª]Z�» {ÂmÁ�Y{Â¼¿  1    �|·ÂÀË� {|� �{ �Z�§ d§Y ÉÓZ] �ZÌ�] �Ë{Z¬»25    Ä¯  �Y �Ì]  Ê¸^« �Ë{Z¬» �]Y�] Á{

Ê» Y|Ìa �ËY�§YÄ�|ÀÅ Ä] d^�¿ �Â¯~» �|·ÂÀË� {|� �{ Y� Ä�|ÀÅ ¾ËY |À¯ZÌ�] ¾Ì�Ìa ÉZÅ ÃÂ¸m ÄÀË�Å�a �
Ê»  .|Å{  ¾ËY �] ÃÁÔ�  �|·ÂÀË� {|� �{5/7    �Z�§ d§Y �ËZ� �Y �f�Ì] �]Y�] Á{ Ze ¾Ì´¿ZÌ» �Â� Ä] Ä�|ÀÅ ¾ËY

Ä�|ÀÅ.d�Y ZÅ  �Y    Êe�Y�u ��¿  Ä�|ÀÅ Ä] d^�¿ ÊfË�» Ä�|ÀÅ ¾ËY �Ì¿4    Y~· Á {�Y|¿ { [Zzf¿Y dËÂ·ÁY �
Ê¼¿  .|�Z]  

 µÁ|m5 : {Z¬» Ë� Z»{É ] Ì�Ì,ÄÀ ¼¯Ì ÄÀ Á ¥ÔfyY Z»{ �{ ��Z¬» ¦¸fz»  Ä�|ÀÅ 5   
012/0  01/0  008/0  006/0  004/0  002/0  0  X(m)

25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  Re
45/52  05/50  60/53  15/50  95/55  55/50  04/59  45/51  66/64  15/5447/7365/6380  80  Tmax

58/47  95/49  11/46  85/49  30/44  55/49  54/40  45/48  08/34  05/45  88/26  65/37  20  20  Tmin

87/4  1/0  49/7  30/0  65/11  0/1  50/18  0/3  58/30  10/9  59/49  26  60  60  ∆T(°C)
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  Ä�|ÀÅ6    Ä�|ÀÅ �{ Ã|� Ã�Z�Y {�YÂ» ÉZËY�» �Y d�Y Ã{�¯ �Ôe5   �ÌÌ¤e Ä°ÀËY �] ÃÁÔ� .|À¯ Ã{Z¨f�Y
Äm�{ {Â¿ cZÆm  ®Ë {ZnËY Ê�Y|e µZÌ� ÉY­ZÀ]Â�M ½ZË�m3  Ê» Y�  Ä�|ÀÅ Ä] d^�¿ {ÂmÁ ¾ËY Z] .|À¯

  Ã�Z¼�4    Êfu Á5  Ê¼¿ Ã|Ë{ c�Y�u µZ¬f¿Y ÄÀÌ»� �{ É{Â^Æ]  Ä] ÄmÂe Z] Z»Y .{Â��Y{Â¼¿  1   �Z�§ d§Y ½Y�Ì»
s�� Ê»Z¼e �Y �f¼¯ Ä�|ÀÅ ¾ËY �{  �|·ÂÀË� {Y|�Y ÉY�] Ä¯ d�Y ¾Ì�Ìa Ã|� ÄWY�Y ÉZÅ5/7    Á25  Ä]  \Ìe�e

  �]Y�]kpa 71/112   Ákpa 46/541  Ê»   .|�Z]  
 µÁ|m6 : {Z¬» Ë� Z»{É ] Ì�Ì,ÄÀ ¼¯Ì ÄÀ Á ¥ÔfyY Z»{ �{ ��Z¬» ¦¸fz»  Ä�|ÀÅ 6 

012/0  01/0  008/0  006/0  004/0  002/0  0  X(m)
25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  25  5/7  Re

34/55  25/50  70/57  65/50  21/60  35/51  20/64  25/53  43/70  55/5732/7635/6680  80  Tmax

56/44  75/49  92/42  45/49  43/39  55/48  76/34  45/46  22/31  45/43  70/22  45/32  20  20  Tmin

78/10  5/0  78/14  2/1  78/20  80/2  44/29  80/6  21/39  10/14  62/53  90/3360  60  ∆T(°C)

  
  ¶°�7  ½ZË�m �ÔfyY  ²¿� Z]) ¹�³ Á (Ê]M ²¿� Z]) {�� ÉZÅ ½Z�¿ Z»{ ÉZÅ�Âf¿Z¯ ªË�� �Y Y� (�»�«

Ê» d��� �«YÁ�{ .{�Y{ {ÂmÁ �ÔfyY ÉY�] É�f�Ì] µÂ� �f�Ì] �|·ÂÀË� {|� �{ Ä¯ d�Y �z�» .|Å{
  µZÌ� ½ZË�m �f�Ì]½ZË�m �ÔfyY �{ Ê¨À» ¶»Z�½M �e{Á� �Y�§ Z]  ZÅ½ZË�m ­�f�» sÂ�� �Y ZÅ  .d�ZÅ

Ä�|ÀÅ ¹Z¼e �{  �|·ÂÀË� {|� ÉZÅ5/7  Ä] µZ¿Z¯ Ä¼Ì¿ �Y ¶^« Ã|� {ZnËY ²¿� ÊfyYÂÀ°Ë½Z�¿ Ê]Ây Ã|ÀÅ{
  �|·ÂÀË�  {|�  �{  Ä°¿M  µZu  .d�Y  \�ZÀ»  �ÔfyY25  �Â¸z»  µZ¿Z¯  ÉZÆf¿Y  Ze  Êfu ²¿�  ¥ÔfyY  ¾¯

½ZË�mÄËÓ �f Ë�� �iY �Y Ê�Z¿ �Â�Â» ¾ËY .d�Y {ÂÆ�» ¹�³ Á {�� ÉZÅ½ZË�m �ÔfyY �] É��» ÉZÅÅ Z
 .d�Y �f°qÂ¯ �|·ÂÀË� {|� �{  

25=Re  5/7=Re

 

 

 

¶°� 7 Ä�|ÀÅ ÉY�] Z»{ �Âf¿Z¯ : �|·ÂÀË� {Y|�Y �{ Ê���] {�Â» ÉZÅ5/7  Á25. 

  
ºÌ¼�e ÉY�]  ¾Ì] �Y ÄÀÌÆ] Ä�|ÀÅ [Zzf¿Y �{ �fÆ] É�Ì³  É�ËÂ�e cY�ÌÌ¤e �Y d�Y �fÆ] Ã|� Ê§� » {�YÂ»

�Â¸z»Á�°Ì» {Y|f»Y �{ Z»{ {Â� Ã{Z¨f�Y ¾¯  .  �Y{Â¼¿2  » ½Z�¿Ê  �{ Ä¯ |Å{5/7=Re  Y|f]Y �{ ÁÉ   �» Ì � 

3 Chaotic flow
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  Ä�|ÀÅ5  ]Ì�f� Ë¾  �ÅZ¯ w�¿  Z»{ ¥ÔfyY   �» Ä»Y{Y �{ Z»Y {�Y{ Y�Ì�  Z»{ �ÅZ¯ w�¿  É  Ä�|ÀÅ Á{4    Á5  
» �]Y�] ºÅZ]Ê .|¿Â�    �Y�Y{Â¼¿  1  Ê» ½Z�¿ Y� �Z�§ d§Y Ä¯  {Y{fuY� Ä]Ê  »Ê  \eY�» Ä] Ä¯ {�  ̄Ã|ÅZ�» ½YÂe
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Abstract 

With the development of the pharmaceutical and food industries, the need to mix different
materials in different conditions in order to make homogeneous materials increased. Therefore,
different methods were proposed for mixing more flows. The use of micro-mixers is one of the
efficient and approved cases in this field, which was developed with the development of the
manufacturing industry. With the growing need of industries, the expectation of faster and more
homogeneous mixing of the fluid flow grew, which was one of the factors in the development of
micromixers. Micromixer geometric variations are a good idea to improve the mixing of flows
without significant effects on initial costs. The present study, in continuation of the existing efforts,
tries to suggest geometries that can help increase the mixing of hot and cold flows in different ways.
Using numerical simulation, these designs are compared with each other and the optimal design is
introduced. The results showed that with geometric changes, the mixing of fluids with different
temperatures can be improved up to 5 times compared to the basic mode, which of course, will lead
to a 2-fold increase in pressure drop.
 
Key words: Micromixer, flow mixing, heat transfer, temperature uniformity, pressure drop. 
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