
National Congress on Biosystems Engineering and Agricultural Mechanization th31 
Tehran, 15-17 September 2021  

 
   

 
 

 

 

 É�eÂÌb»Z¯ É�Z� ÄÌ^� Ä¿YÂf�Y ½�z» �{ YÂÅ ½ZË�m Ä¿Y{ ¶z¸zf» {YÂ» ÉÁZu ÉY�ËY�M Á{ Z] ÉY  
µZ¿Z¯ ¹Â��» ) É{Á�Á ÉZÅH,F (   

 
��Y� �ÂË�Y{1*|n» Ê°¸» ½Y�»Z¯ ,1    

١. ½Y�ËY ,�Y�Ì� ,�Y�Ì� ÃZ´�¿Y{ ,É��ÁZ�¯ Ã|°�¿Y{ ,ºf�Ì�ÂÌ] Ê�|ÀÆ» �z]dzare@shirazu.ac.ir    

  
  

Ã|Ì°q   
Ä¿Y{ ¶z¸zf» Ã{Z» ½YÂÀ� Ä] c�} ÉÁZu ½�z» ÊÅ{YÂÅ �Y ¶�Zu �Z�§ d§Y ªÌ¬ve ¾ËY �{  ÉY

  �ËY�M Á{ �{H    ÁF  µZ¿Z¯  �Á� �Y Ã{Z¨f�Y Z]  ÊÅZ´�ËZ»�M ÉÂ¸Ì� ®Ë ÉY�] YÂÅ É{Á�Á ÉZÅ
  �ËY�M ÉY�] ,d§�³ �Y�«  Ä ·Z�»  {�Â» Ê]�neF    �ËY�M Ä] d^�¿  É�f�Ì] �Z�§ d§YH    Ã|ÅZ�»

 ½Z³�Y Ä·{Z » Ã|ÀÀ¯ sÔ�Y d]Zi \ËY�� Á |� Ã{Y{ ��Y�] ½Z³�Y Ä·{Z » Z] Ê]�ne lËZf¿ .d�³
  �ËY�M Á{ �Å ÉY�]H    ÁF    .|� ¾ÌÌ e �Y Ã{Z¨f�Y Z] Ê]�ne ÉZÅ Ã{Y{ Z] ½Z³�Y Ä·{Z » ª]Z�e ½Y�Ì»

�yZ�  cZ ]�» ¾Ì´¿ZÌ» �Á~n» Á ZÅZ�y Ê^�¿ ¾Ì´¿ZÌ» |��{ Á ,¾ÌÌ^e \Ë�� ¶»Z� É�Z»M ÉZÅ
  Ê]Ây Ê¿YÂz¼Å Ã|� sÔ�Y \ËY�� Ä] ÄmÂe Z] ½Z³�Y Ä·{Z » Ä¯ d§�³ �Y�« Ê���] {�Â» ZÅZ�y

Ã{Y{ Z]  Ã{Z¨f�Y Z] .d�Y{ Ê]�ne ÉZÅ ¶yY{ �{ ½ZË�m É�Z� ÄÌ^� ½Z³�Y Ã|� sÔ�Y Ä·{Z » �Y
 �ËY�ËÁ µÂ�»Z¯ �Y�§Y ¹�¿ �{ {Á|v» ½Z¼·Y �Á� Z] c�} �f�]5.3  �Ë�Âe ¾ÌÀr¼Å ,d§�³ ¹Zn¿Y

.|� ÄWY�Y �Ì¿ ½�z» �f�] ¶yY{ �{ ½ZË�m �Â�y Á d��� 
  

:É|Ì¸¯ cZ¼¸¯  {Á�Á µZ¿Z¯ �ËY�M ,¶z¸zf» {YÂ» ,É{|� É�Z� ÄÌ^� ,½�z» ÊÅ{YÂÅÉ  
  
*µÂX�» Ã|À�ËÂ¿  

1767



National Congress on Biosystems Engineering and Agricultural Mechanization th31 
Tehran, 15-17 September 2021  

 
 É�Z� µ|» Ä¿YÂf�Y ½�z» �{ YÂÅ ½ZË�mÄ¿Y{ ¶z¸zf» {YÂ» ÉÁZu ÉY �ËY�M Á{ Z] ÉY   ¹Â��»

 µZ¿Z¯ ) É{Á�Á ÉZÅH,F (  

  
 

 Ä»|¬» 
 Ê�|ÀÆ» �{ ,d�Y �Y{�Ây�] Ê�|ÀÆ» Á ¹Â¸� �{ Ã�ËÁ dÌ¼ÅY �Y ¶z¸zf» �Ìv» �{ d¯�u Ã�Y|¿Y µZ¬f¿Y Ê���]

�Ìv» Ä]  �Â]�» ¶WZ�» Êf�Ë�  d Ì^� d¸� Ä]  |Àf�Å {YÂ» �ËZ� ZË {Ây Z]  �À¯YÁ µZu �{ ÓÂ¼ » Ä¯ ¶z¸zf» ÉZÅ
�Ìv»  �{  µZÌ�  d¯�u  Ê���]  .d�Y  s��»  �f�Ì]  Êf�Ë�  {YÂ»  ¶z¸zf»  Ä]  �Â]�»  cZ ·Z�»  �{  ¶z¸zf»  ÉZÅ

,cÔ£ |À¿Z» Ê°Ë�Â·ÂÌ] cÓÂ�v» É�Z� Ã�Ìy} ,[Z�a ÄÌ¨�e ,�Ì¼ze ,ÊËY~£ cÓÂ�v» É�ÁM�§ ,ZÅ�Âf¯Y�ÂÌ]  |¿Z¼�a
�À¯YÁ .|À¯ Ê» ½ZËZ¼¿ Y� {Ây Ã�Ì£ Á ½�Zz» Ê¿Â¨� |� ¾ÌÀr¼Å Á µZ£} Á�Ìv» ÉZÅ d�Y ¾°¼» ¶z¸zf» ÉZÅ

Ê» Ä¯ {{�³ ZÅ�Âf¯Y�ÂÌ]  �f�] {Ây ÉÁ� µZÌ� }Â¨¿  �ÌÌ¤e ZË  Ê�ËZ»�³ {Ây h�Z] ÉÁ� Ê]�z» cY�iY ÉY�Y{ |À¿YÂe
) Y�f�]Â�substrate  Äf�Y{ ­Y�Ây ÄÌ·ÁY Ã{Z» ZË ( Ê¿Â¨� |� �{ .{{�³ ½M µÂ�v» |Ì·Âe Ã{�Z] �ÅZ¯ h�Z] Á |�Z]

º�Ì¿Z³�ÁYÁ�°Ì» |�� ¶»Z� ZÅ �À¯YÁ ¾ËY ½�Zz» ½{�¯o�Z« Á cY��u ,ZÅ {YÂ» {Z�§ Á Ê�ËZ»�³ {Ây h�Z] Ä¯ ZÅ
Ê» Ã|� Ã�Ìy}  Ê¿Zm cY�Z�y �Á�] Á {YÂ» É{Ây Ä] {Ây µZ f�Y h�Z] Êf�Ë� Êf§ZË�Z] {YÂ» Ã�Ìy} �{ ZË Á {{�³ Á

Ê» ¶z¸zf» �Ìv» �{ µZÌ� ½ZË�m Ä ·Z�» Z] Ê¸¯ c�Â� Ä] .{{�³ Ê·Z» |Ì·Âe ,c�Y�u µZ¬f¿Y ½Y�Ì» d�Y{ �Z�f¿Y ½YÂe
.|Ì�z] {Â^Æ] Y� É��¿Y ¥��» �{ ÊËÂm Ä§�� Á ZÅÂ¸Ì� �{ {Z�§ µ�fÀ¯ ,|¿Z¼�a  

¶u ÃY� ¶z¸zf» Êf�Ë� ÉZÅ�f�] �{ Äf�YÂyZ¿ ÉZÅ|»Z�Ìa �Y É�Ì³Â¸m ÉY�] {YÂÅ ¶j» ÉZÅ ,(É�Z¯ ®Ày) ÊÅ
 ZË  Á µZÌ� É�Z^mY ½ZË�m ÃY�¼Å Ä] �À¯YÁ Ã|ÀÀ¯ µ�fÀ¯ {YÂ» ªË��e ,�f�] ÄfË|Ì�Y µ�fÀ¯ �Â�À» Ä] ÊËZÌ¼Ì� µ�fÀ¯
 YÂÅ  É�Z^mY  ½ZË�m  ÃY�¼Å  Ä]  Ã|ÀÀ¯  µ�fÀ¯  {YÂ»  ªË��e  Á  ÊÅ{YÂÅ  �Á�  Ä¯  ,{�Y{  {ÂmÁ  ZÆ�Á�  ¾ËY  �Y  Ê^Ì¯�e

ÊÅ{�Z³) -µÂ¼ » �Y (�Z³ Z] Ê¿Â¨� |�Á� ¾Ë�e� µÂ¼ » �Á� Á{ �{ �Z³ dyYÂÀ°Ë �Ì£ �Ë�Âe d¸� Ä] .|�Z] Ê» ZÅ
 Ê» Ä¯ {�Y{ {ÂmÁ É�Â¯ �Z¬¿ Ã�YÂ¼Å �f�] �{ Ã|� �¯}  ¾ÌÌ e \Ìe�e ¾ËY Ä] ,|�Z] [�z» ¶»YÂ� |�� Ä¬�À» |¿YÂe

  �Â]�» cZ ·Z�» �{ Ã�ËÁ dÌ¼ÅY �Y �f�] �{ µZÌ� ½ZË�m �Ë�Âe Á ¶°� Ê���] �´Ë{ c�Z^� Ä] ZË Á �Â¯ �Z¬¿ µZ¬f¿Y Ä]
ÄÀÌÆ] Á ¹�m ,Z»�³ d�Y �Y{�Ây�] ¶z¸zf» ÉZÅ�f�] �{ ZÅ|ÀËM�§ É�Z�[17,18].  

 �À¯YÁ |�Z] ®�y ZË [Â��» �Â¿ �Y Ä¯ {YÂ» �Â¿ Ä] Äf�]Ê» Ê¨¸fz» ÉZÅ .|À¯ |�� cÔ£ Â¸Ì� �f�] �{ |¿YÂe
Ä¿Y{ �{ �¨Àe �À¯YÁ �{ µZj» ÉY�]Ê» |Ì·Âe d]Â�� É�Y|¬» cÔ£ ÉZÅ Ë�m Z] Ä¯ {Â� �f�] ¶yY{ �{ YÂÅ ¾f§ZË ½Z

Ê» �f�] ÉZ»{ �ÅZ¯ h�Z]Ê» Ä¯ {Â�µZ § �Y |¿YÂeÊ» É�Ì³Â¸m [�z» �À¯YÁ É�Z� µZÌ� ½ZË�m ¾ÌÀr¼Å Á .|À¯
Ê»Ä]Zm {Ây Z] �Ì¿ Y� d]Â�� |¿YÂe  [�z» ¶»YÂ� �ËZ� |�� �iY �{ �f�]  Ã{�Z] �ÅZ¯ �Y  Ze  |À¯ k�Zy �f�] �Y Á Zm

Ê» É�Ì³Â¸m  ÄmÂe |ËZ] .|À¯  �Y �Ì¿ d]Â�� ,(ÊÅ{YÂÅ ½Á|]) Ê Ì^� ÊËZm Ä]Zm c�Â� Ä] c�Y�u µZ¬f¿Y �{ d�Y{
ÄÌuZ¿ ¾Ì¼Å Ä] {�ÁM {ÂmÁ Ä] Y� ÃYÂz·{ �Ì£ [Â��» Á ®�y ª�ZÀ» d�Y ¾°¼» Á {Â� Ê» Zm Ä]Zm �´Ë{ ÄÌuZ¿ Ä] ÉY

Ä]Zm º�Ì¿Z°» �Y ±��] ½�Zz» �{ ��ZyÊ» Ã{Z¨f�Y É�Z^mY ÊËZm  {Â�[15]�» Ä] ÄmÂe Z] . ÊÅ{YÂÅ �Y Ã{Z¨f�Y ÓZ] \·Z
 �f�]  ¶yY{  �{  µZÌ� ¾f§ZË  ½ZË�m  Z]  .d�Y lËY�  cÔ£ ±��]  ÉZÅÂ¸Ì�  �{ �f�]  ¶yY{  d]Â�� Á  Z»{ µ�fÀ¯ ÉY�]

Ê» É��¿Y d§Y �Zq{ µZÌ� ½ZË�m �Â�¤» Á Ê�y�q ½ZË�m {ÂmÁ d¸� Ä] ¶z¸zf» d§Y ½M Ä] ZuÔ��Y Ä] Ä¯ {{�³
) �Z�§pressure dropÊ» ©Ô�Y (  ,{Â�Ã|ÀÀ¯ ¾ÌÌ e ¶»Z� �Z�§ d§YÄÀÌÆ]  �{ ÉY  ÉZÅÂ¸Ì� ÊÅ{YÂÅ �{ É��¿Y  É�Z�

 Ã�Z�Y Êy�] Ä] Ä»Y{Y �{ Ä¯ d�Y Ã|� Ê���] ¦¸fz» ÉZÅ�´�ÅÁ�a ��Âe ¶z¸zf» �f�] �{ �Z�§ d§Y .d�Y cÔ£
Ê» .{Â�  
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�f�] �{ �Z�§ d§Y Ä¿Y{Ã{Y{ Ä¯ ,d§�³ �Y�« Ä ·Z�» {�Â» |5� ��Âe ¦¸fz» ÉZÅ�Y �{ ½M ÉZÅ ¾¼n¿Y {�Y|¿Zf

) ÊËZ°Ë�»Y Ê°Ë�Â·ÂÌ]  Á É��ÁZ�¯ ¾Ì�|ÀÆ»ASABE  d�Y Äf§ZË  �Z�f¿Y ([14] Ê¿ÂÌ�Ë�³� É�Z� µ|» �Y Ã{Z¨f�Y  Z] .
Ã{Y{ ÉÁ� |� ¾ÌÌ e Ä¿Y{ ¦¸fz» ÉZÅ�f�] ÉY�] �Z�§ d§Y ÊÀÌ] �Ìa Ê]�ne cÓ{Z » |5� Ê]�ne ZÅ[6].   d��� �Ë�Âe

  �Æn» Âm Ä¿Y{ ÉÁZu ½�z» ®Ë ÉY�] �Z�§ ÁµZ¿Z¯ Ä]  Á �ËÂ] ��Âe µZ¿Z¯ ¦¸fz» Ê³|��Z] sÂ�� �{ É�ZÀ¯ ÉZÅ
  ¾ÌÌ e �ËÂË{  |�[1]�y . ) �Z]Á�ËY ÉZÅIso-barÄ¿Y{ ¶z¸zf» {YÂ» ÉÁZu ½�z» ®Ë ÉY�] ( �Á� �Y Ã{Z¨f�Y Z] ÉY

d�³ ¾ÌÌ e �¯Á�] ��Âe É{|�[2]  �Ìv» ¶yY{ �{ d��� Ê�y �Ì£ ÉÂ´·Y Z] ÊÅ{YÂÅ ÉY�] �Z�§ �Ë�Âe ÉÂ´·Y .
  |� Ä^�Zv» ¶Ì¯ZÅ Á ½Z] ��Âe ¶z¸zf»[3]ÄÌ^� | ] Ä� �{ É{|� c�Â� Ä] ½Â´¼Å �Ì£ �f�] ÊÅ{YÂÅ . Á |� É�Z�

  |� ��Y�³ �Ì¿ �Z]Á�ËY �Â�y Á d��� �Âf¿Z¯[9].  Z¨f�Y Z]  ¶yY{ �{ �Z�§ Á d��� �Ë�Âe {Á|v» ½Z¼·Y �Á� �Y Ã{
½�z» |� ÄWY�Y dÌ¼�Y Ä¸Ì�Á Ä] ÃZ¯ Á cÔ£ Ä¿Y{ ÉÁZu ÉZÅ[16]µ|» . Ä¿Y{ ½Â´¼Å �Ì£ �f�] ®Ë ÉY�] Ê�ZË� É�Z�

  |� ÄW�Y �f�] ¶yY{ �{ �Z�§ Á d��� ½Y|Ì» �ÅÁ�a ¾ËY �{ Á |� ¹Zn¿Y Ê°ËÁZ� Á ½ZË�ÂreZy ��Âe ZËÂ�[8] d»ÁZ¬» .
m�Á� �{ ½ZË�) ½Z³�Y Ä·{Z » �Y Ã{Z¨f�Y Z] ½�z» ½{�¯�a ¦¸fz» ÉZÅErgun  ,|� ¾ÌÌ e ½Y�Z°¼Å Á Y|À·Â» ��Âe (

Ã{Âe  Ê·Z´q  �iY  �ÅÁ�a  ¾ËY  �{  �yZ�  Á  ­Z°��Y \Ë�� Á  d§�³  �Y�«  ÄmÂe  {�Â»  �Z�§  d§Y  ÉÁ�  ¦¸fz» ÉY
  |� ��Y�³ ¦¸fz» �|·ÂÀË� {Y|�Y �{ ­Z°��Y5;12]( Á |� É�Z� ÄÌ^� cÔ£ Ä¿Y{ Â¸Ì� ÉY�] | ] Ä� �{ ÊÅ{YÂÅ .

  �ÂËY Á ¶Ì¯ZÅ Ä�]Y� Z] ½M lËZf¿[6]  d�Y{ Ê�ËZ»�M lËZf¿ Z] Ê]Ây ª§YÂe É{|� É�Z� ÄÌ^� lËZf¿ Ä¯ |¿|� Ä�ËZ¬»[7] 
���] ½Y�Z°¼Å Á ­Y�Z¯Â· ��Âe cÔ£ Ä¿Y{ ½�z» ¶yY{ �{ �Z�§ cY�ÌÌ¤e ÉÁ� É�Z� �f�] �Á� Á ¶°� �ÌiZe . |� Ê

[11]  .Ä¿Y{ cY�ÌÌ¤e Á Ã|� µZ]�£ Ä¿Y{ Ã�Y|¿Y Ä] ÄmÂe Z] c�} Ä¿Y{ Â¸Ì� ®Ë ¶yY{ �{ d��� �Ë�Âe  ��Âe Ê»�m É|À]
  d�³ ¾ÌÌ e Ã|� �Y�e d·Zu �{ �ËZ» Á �¿�Â·[10].   ®Ë ÉY�] d��� ½Y|Ì» ÊeZ^�Zv» cÓZÌ� ®Ì¿Z°» �Y Ã{Z¨f�Y Z]

Ä¿Y{ �{ c�} Ä¿Y{ ÉÁZu ½�z»e ¦¸fz» Ê»�m É|À] |� Ê���] ½Y�Z°¼Å Á |¿ZeÓÁY ��Â.[13]  
Ê» {ZnËY Êf·Zu �{  ¶z¸zf» �Ìv» ÊÅ{YÂÅ �{ �f�] ¶yY{ YÂÅ ½Z�¼Å �Ë�Âe  É{Á�Á µZ¿Z¯ t�� Ä¯ {{�³

  �{  Ê·Á (É{Á�Á µZ¿Z¯ ¶»Z¯ Ê³|��Z])  |À¯ �Â^� ½�z»  ��¬»  t�� ¶¯ �Y  YÂÅ  Á |�Z]  �f�]  ��¬» Z]  �]Y�]  µZÌ�
d�Ì¿ Ê¸¼� �Z¯ ¾ËY ±��] ÉZÅÂ¸Ì�µZ¿Z¯ �Y Ê�ËY�M ÓÂ¼ » ¶Ì·{ ¾ËY Ä] ,Ê» Ã{Z¨f�Y ÊÅ{YÂÅ ÉY�] ZÅ ¾ËY Ä] .{Â�

µZ¿Z¯ t�� Ê³|��Z] ½Y�Ì» �ÌiZe  dve c|� Ä]  Â¸Ì� ®Ë �{ YÂÅ �Ë�Âe ÉÂ´·Y \Ìe�e �ËY�M ½Z¼Å ZË É{Á�Á ZÅ
µZ¿Z¯]  �{ �Z�§ Á d��� �Ë�Âe Ê���] �{ �iÂ» ¶»Z� ¾Ë�f¼Æ» �´Ë{ c�Z^� Ä] .d�Y É{Á�Á ÉZÅ ÃÂv¿  ZÅÂ¸Ì� �f�

µZ¿Z¯ �ËY�MÊ» ¶z¸zf» �Ìv» ¶yY{ �{ µZÌ� d��� ª§Y ÉÁ� ½M �iY Á �f�] Ä] YÂÅ É{Á�Á ÉZÅ cZ¬Ì¬ve �{ .|�Z]
µZ¿Z¯ �ËY�M �iY ¾Ì�Ìa Ä] ÄmÂe ¹|� ,d�Y Äf§�´¿ �Y�« ÄmÂe {�Â» �Z�§ Á d��� �Ë�Âe ÉÁ� �f�] Ä] YÂÅ É{Á�Á ÉZÅ

�Y�³ Á Z�y h�Z] |¿YÂe Ê» Ä¸X�» ¾ËY  �f�] �{ �Z�§ �Ë�Âe ÉÂ´·Y Á d��� ª§Y ,Z»{ ÊÀÌ] �Ìa ÉY�] ªÌ«{ �Ì£ lËZf¿ �
¥|Å ¾Ì�Ìa cZ°¿ Ä] ÄmÂe Z] .{{�³ ½�z»Ê» �Ë� c�Â� Ä] ��Zu �ÅÁ�a ÉZÅ:|�Z] 

1-µZ¿Z¯ �ËY�M Ä] ÄmÂe Z] �f�]  �Z�§ d§Y  ¾ÌÌ e Ê]�ne �Á� �Y Ã{Z¨f�Y Z] É{Á�Á ÉZÅ  
2-� �{ Ê]�ne lËZf¿ �Y Ã{Z¨f�Y �ËY�M Ä] ÄmÂe Z] ¶z¸zf» {YÂ» ÉÁZu ½�z» �f�] ¶yY{ �{ YÂÅ ½ZË�m É�Z� ÄÌ^

µZ¿Z¯ Á{ �{ É{Á�Á ÉZÅH  ÁF É{|� �Á� �Y Ã{Z¨f�Y Z]  

�Á� Á {YÂ» ZÅ  
Ä¿Y{ c�}) c�} Ä¿Y{ ÉÁZu ÊÅZ´�ËZ»�M Ê¿�z» �f�] �Z�§ d§Y ¾ÌÌ e �Â�À» Ä]  Êf]Â�� ÉYÂfv» Z] ÉY10%    �]

  ¶°� Ä]Z�» (�e ÄËZa)1  ��« Ä] ÊfË�Âb»Z¯ (Ä·Â·) Ä¿YÂf�Y ®Ë ¶»Z� ½�z» ¾ËY .|� ÄfyZ� (50   ®Ë µÂ� Á É�f¼Ìf¿Z�
) ¶°�) �f»1(-  d¼�«1  ��Âf» ��« Ä] c�} Ä¿Y{ Z] Ä¯ (2./±23/6    É{ÓÂ§ ©�Á �Àm �Y Ê�Âa �� ,d�Y Ã|� �a �f¼Ì¸Ì»

) ¶°�)1(-  d¼�«8) ¶°�) ½Â¸¨e �Àm �Y Äv¨� Á (1(-  d¼�«7Z�eY ½YÂÀ� Ä] (Ä¿Y{ c�} ÉÁZu Ä¿YÂf�Y �Ë� µ  ÉY
Ê»�ËY�M  .|�Z]µZ¿Z¯ ¦¸fz» ÉZÅ  ��¬» Z]  ¦¯ ÉZÅ3 ×3   ¾ËY ÉÁ� É�Z°ÀÌ�Z» cZÌ¸¼� �Y Ã{Z¨f�Y Z]  �]�» �f¼Ìf¿Z�
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µZ¿Z¯ ¾ËY ªË�� �Y YÂÅ ,|� {ZnËY ½Â¸¨e Äv¨�Ä¿Y{ {YÂ» ÉÁZu Ä¿YÂf�Y �Ë� Ä] ZÅ �Ë�³ Ã|À»{ ®Ë �Y .|� dËY|Å ÉY

  c�|« Ä] �¯�» �Y5/0    �Z�§ {ZnËY ÊËZ¿YÂe Á cYÁÂ¸Ì¯800   ÊÅ{YÂÅ ÉY�] �ZÌ¿ {�Â» ÉYÂÅ ½ZË�m ¾Ì»Ze �Â�À» Ä] µZ°�Za
) ¶°� ,½Y�ËY ½�ÂeÂ» d¯�� dyZ� �Z§ Ä� �ÂeÂ»Á�f°·Y Ä] �Æn» ¾§ ��Z§) |� Ã{Z¨f�Y �f�]1(-  d¼�«5 Ã|À»{ Á ,(

)  ¶°�) Ã|ÀÀ¯  �Ë�Âe  ®Ë Ä]1(-    d¼�«2� ªËZ� Ã�Ì¿YÂ·Z³  ©�Á �Àm �Y (  ��Âe  Ä¯ Ã|�  ¶�f»  Ä�Ì� ¥ZÌ·Y  Z]  Ã|
µZ¿Z¯  �]�» �f¼Ìf¿Z�) �]�» ��¬» Z] �Ô³ Ê�°¸a �Àm �Y Ê§Z¨� ÉZÅ3×3 -  ) ¶°�1(-  d¼�«3 dÆm ½Â¸¨e Äv¨� Ä] (

) ¶°�) cÂfÌa Ä·Â· Ä¸Ì�Á Ä] É{Á�Á d��� .|� Ã{Y{ µZ�eY YÂÅ ½ZË�m dËY|Å1(-  d¼�«6) �ËZ» �f»Â¿Z» Á (Kimo, 
FranceÃ�Y|¿Y (  É�Ì³) ¶°�)1(-d¼�«4) �e�ÂÀËY ÃZ´f�{ �Y Ã{Z¨f�Y Z] YÂÅ É{Á�Á d��� ,|� (Hyundai, model 

N50, South Korea) ¦¸fz» �ËY�M Á{ �ÅÁ�a ¾ËY �{ .d�³ µ�fÀ¯ ¾§ Ä] É{Á�Á �¿Z¯�§ µ�fÀ¯ Z] (F    ÁH ÉY�] (
µZ¿Z¯Ã{Z¨f�Y  �ËZ»�M  ¹Zn¿Y  �Â�À»  Ä]  d�Y  lËY�  Â¸Ì�  d À�  �{  Ä¯  �f�]  É{Á�Á  ¦¯  ÉZÅ    ¶°�)  |�2  ÉY�]  .(

Ä¿Y{ ¾f§ZË ½ZË�m �Y É�Ì³Â¸mµZ¿Z¯ ¶yY{ Ä] ZÅÄ¿YÂf�Y ,½�z» ¦¯ ÉZÅ Ã�YÂË{ ®Ë Ä¸Ì�Á Ä] c�} Ä¿Y{ ÉÁZu É
  wY�Â� ��«)  ®^�»3    Á É��ÁZ�¯ ¾Ì�|ÀÆ» ¾¼n¿Y {�Y|¿Zf�Y  Ä]  ÄmÂe Z]  .d�Y Ã|� Y|m ½Â¸¨e  Äv¨� �Y (�f¼Ì¸Ì»
) ÊËZ°Ë�»Y Ê°Ë�Â·ÂÌ]ASABE(  [14]    ÉY�]) c�} ÉÂ¸Ì� �{ �f�] t�� |uYÁ �] Ê]{2s)/m/3(m  0.306-0.0056 Á (

Ã�Y|¿Y ,ÊÅZ´�ËZ»�M ½�z» �{ É{Á�Á µZ¿Z¯ {Z ]Yd��� �{ �Z�§ d§Y É�Ì³  ÉZÅ3/4 ,6/6  ,9/7  ,9/8    Á10  ÄÌ¿Zi �] �f»
 �a d�Y Ã|� Y�mY �Ìv» ÉYÂÅ Z] Ê¼¯ ½Z»� c|» �{ ÊÅ{YÂÅ �ËZ»�M Ä°ÀËY  Ä] ÄmÂe Z]  .d§�³ ¹Zn¿Y   �Z] �Å �Y

ÄËÓ ,duY�f�Y Ê¿Z»� c|» �Y | ] Á ÄÌ¸ze ½�z» �ËZ»�M  ½�z» ¶yY{ �{ É�Ì³�Z] Ã�Z]Á{ Á �Â¸z» ºÅZ] Y� �f�] ZÅ
.|� Ê�Âa º�q �Z�§ d§Y ÉÁ� Ä¿Y{ d]Â�� �ÌiZe �Y |� ¹Zn¿Y 

 

  
 ¶°�1 . s�� ¶°�) ½�z» ,ÃZ´f�{ Ã�YÁ1) YÂÅ Ã|ÀÀ¯ �Ë�Âe ,(2) YÂÅ µZ¿Z¯ ,(3 ,() �f»Â¿Z»4) ¾§ ,(5) cÂfÌa Ä·Â· ,(6) ½Â¸¨e Äv¨� ,(7 ,(

) ½�z» �Âa��8 ( 

 
 d«{ Z] �ËZ» �f»Â¿Z» ��Âe �f�] Á YÂÅ É{Á�Á ¾Ì] �Z�§ ¥ÔfyY1± Ã�Y|¿Y µZ°�Za  .|� É�Ì³ 

  \�ZÀ» c�Â� Ä] Ã|Ë|a �] º¯Zu cÓ{Z » |ËZ] Y|f]Y ½ZË�m ÉÂ´·Y ¾ÌÌ e ÊÅ{YÂÅ |ÀËM�§ É�Z� µ|» �Â�À» Ä]
  �z�»�ËY�M ÉY�]  �f�]  ¶yY{ �{  ½ZË�m ¶°� d¯�u Ã�Y|¿Y  Ä·{Z »  ¶u Z] Ä»Y{Y  �{  Á  .{Â� µZ¿Z¯ ¦¸fz»  ÉZÅ

Ê» ¾ÌÌ e É{Á�ÁÃ|Ë|a É�Z� µ|» ¶ÌÆ�e �Â�À» Ä] .{{�³   ��§ Ä¸X�» ®Ë�Ì§ �] º¯Zu :d�Y Ã|� Äf§�³ ��¿ �{ ÉZÅ  
1-  d�Y dyYÂÀ°Ë Á ¾´¼Å �f�] Ê°Ë�Ì§ �YÂy  
2-  c�Â� Ä] µZÌ�Ê» ��§ ÊÀeÂÌ¿ Á º¯Y�e ¶]Z«�Ì£ {Â�  
3-  d�Y Ã|� �za �f�] �{ dyYÂÀ°Ë c�Â� Ä] ÄÌ·ÁY d]Â��  
4-  d�Y �Y�«�] �f�] Á µZÌ� ¾Ì] ÊËZ»�³ Ê¸v» µ{Z e  
5- µZ¿Z¯ ¾Ì] ®^�» Ã�YÂË{ �Y Ê�Z¿ d§Y �YÊ» Ê�Âa º�q ¶z¸zf» �f�] Á É{Á�Á ZÅ .{Â� 
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  ¶°�  c�Â�  Ä]  Ê¿�z»  É�Z�  ÄÌ^�  �Â�À»  Ä])3  ½�z»  Ä]Z�»  ½M  {Z ]Y  Á  cZ�z�»  Ä¯|�  Äf§�³  ��¿  �{  (

Ê»  ÊÅZ´�ËZ»�MµZ¿Z¯ ¶»Z� ½�z» ¾ËY .|�Z]Ä¿YÂf�Y  ,É{Á�Á ÉZÅÄ¿Y{  ¶z¸zf»  {YÂ» ÉÁZu ÉY ¦¬� Á (c�}) ÉY
  .d�Y ½�z»  

  
 

H 

  

F1 

  
 ¶°�2.  µ|») YÂÅ ÉZÆ·Z¿Z¯ �ËY�MF  ÁH(  

  
 

 
 ¶°�3 -  d¼�) ÊÅZ´�ËZ»�M ½�z» ÄÌuZ¿ Á (d�Y� (`q d¼�) ½�z» ¦¸fz» ÉZÅ  

  

:µZÌ� d¯�u Ã�Y|¿Y Ä·{Z »  
 �{ YÂÅ  É�Z^mY  ÊËZn]Zm d·Zu  ÉY�]  µZÌ�  d¯�u  Ã�Y|¿Y  µZ¬f¿Y  Ä·{Z »  ,d¯�u Ã�Y|¿Y  Ä¿�YÂ»  �Y  Ã{Z¨f�Y  Z]

µZ¿Z¯  Ä�]Y�) ½�z» ¦¬� ,ZÅ1 Ä�]Y�) �f�] Á (2d�Y �Ë� c�Â� Ä] \Ìe�e Ä] ([4] : 
 

 )()( ijjijifi Puu τρ ∂+−∂=∂                                         (1)    
  

ii
sf

i
s

ij
jjji

s

f
j uu

K
F

Cu
K

CPuu
ερµ

ε
τ

ε
ρ

212 )()( −−∂+−∂=∂             (2)  

 µZÌ� ÉY�] ÊÀeÂÌ¿ �Zf§� ��§ Z]  
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ijkkijjiij uuu δµµτ ∂−∂+∂=
3
2)(                                                                       (3)  

2

23

)1(150 s

ps d
k

ε
ε

−
=                                                                                                      (4)   

  

3150
75.1

s

F
ε

=                                                                                                           (5)   

 
dÌ¼¯) µÁ|m �{ ZÅ�Ì¤f» Á ZÅ1) Ä·{Z » ,d�Y Ã|� Ê§� » (1) ÄÌuZ¿ �{ (1) Á (3) Ä·{Z » Á ½�z» (2 ÄÌuZ¿ ÉY�] (

)2) ¶°� �{ Ä¯ d�Y �Y�«�] ½�z» (1 ËY ¶u ÉY�] É��» �ËY�� .d�Y Ã|� Ã{Y{ �ËZ¼¿ (  c�Â� \Ìe�e Ä] cÓ{Z » ¾
:{Â] |ÅYÂy �Ë� 

 
É{Á�Á �{ :  

nUu
inin 0=                                                                                                                (6)  

 
ÊmÁ�y �{ :  

  

npuuPI
outijji 0))(( =∂+∂+− µ                                                                  (7)  

  
0P  Ê» YÂÅ Ê^�¿ �Z�§¹�e Ä¯ d�Y{ ÄmÂe |ËZ] .|�Z]  Ä·{Z » d�Y� d¼� ¹�ZÆq Á ¹Â� ÉZÅ2   ½Z³�Y Ä·{Z » ½Z¼Å

Ê»  �Â�À» Ä] ¶Ì·{ ¾Ì¼Å Ä] .d�Y Ã|»M d�|] �f�] ¶»Z¯ É{Á�Á d·Zu ÉY�] Ä·{Z » ¾ËY ,|�Z] É{Á�Á d·Zu Z] ªÌ¨¸e
µZ¿Z¯) tÌv�e \ËY�� Ä] �ZÌ¿ ZÅ1C    Á2CÃ�Y|¿Y Ã{Z¨f�Y Z] Ê]�ne c�Â� Ä] \ËY�� ¾ËY ,{�Y{ ( �{ �Z�§ d§Y �Y É�Ì³

d��� �Ë� �{ ¶z¸zf» �Ìv» �{ É�Zm µZÌ� ½YÂÀ� Ä] YÂÅ Ê°Ë�Ì§ �YÂy .d�³ ¾ÌÌ e ¶^« Ä¸u�» �{ ¦¸fz» ÉZÅ
:d�Y Ã|� ÄWY�Y  

  
3/225.1 mkgair =ρ                                                                                      (8) 

  
sPaair .107894.1 5−×=µ                                                                               (9)    

  
  ¾Ì] ¶z¸ze cY�ÌÌ¤e ½Y�Ì»38/0    Ze42 /0  Y Ê�y �]Ze c�Â� Ä] �ËZ¼¿ �Ë� c�Â� Ä] Ä¯ ,d�Y Ã|� ��§ �Z � �

 d�Y Ã{Y{[10]:  
  

)(38.0
R
ras +=ε                                                            (10)  
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  Ä¯a    Z]  �]Y�]04/0    ,d�Yr    Á �Ì¤f» �Z �R    Z] �]Y�] �f�] �Z �25/0  .d�Y�f» Êf¿Z�   \ËY�� Á cÓ{Z » ¾ÌÌ e Z]

 ½Z¼·Y É{|� �Á� �Y Ã{Z¨f�Y Z] É��» �ËY�� �Z�Y �] µZÌ� cÓ{Z » ¶z¸zf» �f�] ÉY�] ½Z³�Y Ä·{Z » Ã|� sÔ�Y
) µÂ�»Z¯ É�Zne  �Y�§Y  ¹�¿  Z]  {Á|v»Comsol Multiphysic V5.3  Á Ê]�ne lËZf¿  Ä�ËZ¬»  ÉY�]  .|�  ¶u ( ��Ë~a

Ã{Y{ �] ½Z³�Y Ä·{Z » ��Y�]  ZÅZ�y cZ ]�» ¾Ì´¿ZÌ» �Á~n» ÉZÅ �yZ� �Y �Z�§ d§Y Ê]�ne ÉZÅRMSE   |��{ Á
 ZÅZ�y Ê^�¿ ¾Ì´¿ZÌ»eM .|�Z] Ê» �Ë� c�Â� Ä] Ä¯ |� Ã{Z¨f�Y 

 

∑
=

−
=

N

i

preii

N
yy

RSME
1

2
,exp, )(        (11)    

  
  

∑
=

−
=

N

i i

preii
e y

yy
N

M
1 exp,

,exp, )(100         (12)    

 

  �Y Ã{Z¨f�Y Z]  É�Z� ÄÌ^� ÉY�] Ä¯ |»M d�|] ½Z³�Y Ã|� sÔ�Y Ä·{Z » �ËZ»�M �Y ¶�Zu Ê]�ne lËZf¿ ��Y{�a
 ÃZ´f�{ d�Y{ ÄmÂe |ËZ] .d�³ Ã{Z¨f�Y µZÌ� É{Á�Á \zfÀ» ÉZÅ �ËY�M �Y ¹Y|¯ �Å ÉY�] �f�] ¶yY{ �{ YÂÅ ½ZË�m

mÂe Z] d��� ½Y|Ì» Ze {{�³ ¶u ¹YÂe c�Â� Ä] |ËZ] Ã|� Äf§�³ ��¿ �{ cÓ{Z » ¾ÌÌ e µZ¿Z¯ Á �f�] ¶]Z¬f» �iY Ä] Ä
 .{{�³  

hv] Á lËZf¿  
µZ¿Z¯ �ËY�M ÉY�] �Z�§ d§Yd��� �{ É{Á�Á ÉZÅ) ¶°� �{ É{Á�Á ¦¸fz» ÉZÅ4  Z] ,d�Y Ã|� Ã{Y{ �ËZ¼¿ (

Ê» �ËY�§Y �Ì¿ �Z�§ d§Y d��� �ËY�§Y  cÔ£ Ä¿Y{ ÉÁZu ½�Zz» Á ZËÂ� ,º³�Â� ,Âm ½�z» ÉY�] Ä]Z�» lËZf¿ ,|]ZË
  d�Y Ã|� ��Y�³ ZÅ�´�ÅÁ�a �ËZ� ��Âe[1,7,8,15].    �ËY�M �{ É�f�Ì] �Z�§ d§YF    �ËY�M Ä] d^�¿H    ,|� Ã|ÅZ�»

Ã{Y{ �Y Ã{Z¨f�Y Z] .|�Z] �f�] ¶yY{ �{ �Â�¤» Á Ê�y�q ½ZË�m {ZnËY d¸� Ä] |ËZ� ÄnÌf¿ ¾ËYÉZÅ    d]YÂi Ê]�ne
�yZ� ,d�³ ¾ÌÌ e ½Z³�Y Ä·{Z »Ã{Y{ Z] ½Z³�Y Ä·{Z » ª]Z�e ¾ÌÌ e ÉY�] É�Z»M ÉZÅ  µÁ|m �{ Ê]�ne ÉZÅ1   �ËZ¼¿

�ËY�M Ä¼Å ÉY�] ½Z³�Y Ä·{Z » .d�Y Ã|� Ã{Y{  ¾ÌÌ^e \Ë�� ÉY�Y{ ZÅ9/0  �yZ� �ËZ� Ä] ÄmÂe Z] Á d�Y Ä·{Z » ¾ËY ZÅ
Ã{Y{ Z] Ê]Ây Ê¿YÂz¼Å�] Ê]�ne ÉZÅ.d�Y{ �ËY�M Á{ �Å ÉY 
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 ¶°�4 - ÉZÅ �ËY�M �{ �Z�§ d§YH  ÁF ¦¸fz» ÉZÆf��� �{  

 
  

 µÁ|m1 -�yZ�Ã{Y{ ��Y�] É�Z»M ÉZÅ ÉZÅ
½Z³�Y Ä·{Z » �] Ê]�ne 

  �ËY�M
H 

Ergun 
P-
value 

C1 435092/0 < 1 %  

C2 434032/0 < 1 %  

RSME 949395/2  

Me% 476757/1 < 10 %  
2R 9/0  

�ËY�M 
F1  

Ergun P-
value 

C1 312033/0 < 1 %  

C2 136825/0 < 1 %  

RSME 653568/1  
Me% 685454/0 < 10 %  

2R 9/0  
 

  �ËY�M ÉY�] d��� �Ë�Âe Ä¿Â¼¿ ½YÂÀ� Ä] Ä ·Z�» ¾ËY �{F  ) ¶°�) �{ �f�] ¶yY{ �{5  d��� �{ ((3/4    �] �f»
 �f�] ÄÌ·ÁY ¹Â� ®Ë �{ d�Y �z�» Ä¯ �Â�¿Z¼Å .d�Y Ã|� Ã{Y{ �ËZ¼¿ ¶z¸zf» �Ìv» �¯�» É{Á�Á µZ¿Z¯ ÄÌ¿Zi

Ê» �f�] ª�ZÀ» �ËZ� �Y �f�Ì] d��� cY�ÌÌ¤e �Â�y .d�Y dyYÂÀ°Ë Z^Ë�¬e d��� �Ë�Âe �f�] �Z¨e�Y ��Á �{ ,|�Z]
Ì¿ d��� �Ì�»Ê» ½Z�¿ �f�] ¶yY{ YÂÅ d¯�u ÃÂv¿ Ä¯ ¶°� ¾ËY�{ � �Â�y ¾ËY Z] ÄmÂe Z] .d�Y Ã|� ÄWY�Y �Ì¿ |Å{

0

20

40

60

80

100

120

140

160

180

200

0 2 4 6 8 10 12

pr
es

su
re

 d
ro

p 
[p

a/
m

]

inlet velocity [m/s]

pressure drop-H

pressure drop-F

1774



National Congress on Biosystems Engineering and Agricultural Mechanization th31 
Tehran, 15-17 September 2021  

 
Ê» Ã|ÅZ�» ½ZË�m �y�q ,d���Ê» Ä  ̄{Â� {ÂmÁ �] É|ÌËZe Á {{�³ ¶z¸zf» �f�] ®Ë Ä] YÂÅ �fÆ] }Â¨¿ h�Z] |¿YÂe

.d�Y �f�] �{ ½ZË�m �y�q 
 

 
 

 ¶°�5 -  �ËY�M �{ d��� �Ë�ÂeF  É{Á�Á d��� Z]3/4  É{Á�Á µZ¿Z¯ �{ ÄÌ¿Zi �] �f»  

  
   �ËY�M ÉY�] d��� �Ë�ÂeH  ) ¶°� �{ ÉY�]6  �f�] µÁY ¹Â� ®Ë �{ d��� cY�ÌÌ¤e �f�Ì] ,d�Y Ã|� ÄW�Y (

  �ËY�M Z] Ä]Z�» ÄnÌf¿ ¾ËY Ä¯ d�Y �Z¬¿ �ËZ� �Y �e|Ë|�F  Ê»Ì¿ ½ZË�m �Â�y ¶°� ¾ËY �{ .|�Z] Ã|� Ã{Y{ ½Z�¿ �
 �ËY�M ¥Ôy�] ,d�YF   .|�¿ Ã|ÅZ�» �Z�f£Y Á �y�q 

 

 
 ¶°�6 -  �ËY�M �{ d��� �Ë�ÂeH  É{Á�Á d��� Z]3/4  É{Á�Á µZ¿Z¯ �{ ÄÌ¿Zi �] �f» 

 
�Z¨e�Y  �{ d��� ¶ËZ§Á�a �Y{Â¼¿  �ËY�M ÉY�]  ¦¸fz» ÉZÅF  ) ¶°� �{7  �Z¨e�Y �ËY�§Y Z] ,d�Y  Ã|� ÄWY�Y  (

dyYÂÀ°Ë d��� ¶ËZ§Á�aÊ» �f¼¯ ½M cY�ÌÌ¤e Á Ã|� �e �Z¨e�Y �ËY�§Y Z] d��� ¶ËZ§Á�a ¶°� �f¼¯ cY�ÌÌ¤e .|�Z]
  �ËY�M ÉY�] .d�Y Äf§ZË ��f�³ �f�] ¶yY{ �{ ½ZË�m Ä¯ |�Z] ¶Ì·{ ¾ËY Ä] |ËZ� �f�]H   c�Â� Ä] d��� cY�ÌÌ¤e

� �Y Ê ]Ze�Z¨e�Y �{ ½�z» �Z   ½M ¶°� �ÌÌ¤e Á d]Zi ¶ËZ§Á�a �Z¨e�Y �ËY�§Y Z] ,d�Y Ã|� Ã{Y{ ½Z�¿ ¦¸fz» ÉZÅ
Ê» �e{Á|v»  ¶°�) {Â�8Ê» �«YÁ �{ .(Ê» ��f�³ ½ZË�m �f�] �Z¨e�Y µÁY ¹Â� ®Ë �Y | ] Ä¯ d¨³ ½YÂe |ËZ] ,|]ZË

dyYÂÀ°Ë d��� �Ë�Âe Ä¯ d�Y{ ÄmÂe¶»Z¯ Ê³|��Z] d·Zu Ä] |�Z] �e   t�� ¶¯ �Y É{Á�Á ÉYÂÅ) É{Á�Á µZ¿Z¯
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®Ë{�¿ ({�~´] �f�] ��¬»Ã|ËY d·Zu Ä¯ d�Y �e  d¸� Ä] Êf À� ±��] ÉZÅÂ¸Ì� �{ .d�Y ½�z» ÊÅ{YÂÅ ÉY�] µY

Ä¿Y{ {ZË� ½�Á d¸� Ä] �Z¨e�Y ÉZf�Y� �{ �f�] Ê³{��§º¯Y�f» Äf�Å ®Ë ZÅ¾ÌËZa ¶z¸ze Z] �eÊ» ¶°� É�e Ä¸X�» ,{�Ì³
 |�Z] Ê¸°� Ä] ½�z» ¾ÌËZa Á �¯�» �{ |ËZ] ½ZË�m �a .d�Y º¯Y�f» Äf�Å ¾ËY ¶yY{ �{ (YÂÅ) µZÌ� ½ZË�m }Â¨¿ Ê¸�Y

  �ËY�M �{ ,|�Z] Äf�Y{ Y� º¯Y�f» Äf�Å ¾ËY �{ }Â¨¿ ÊËZ¿YÂeF    É�fÆ] ÊËZ¿YÂe |ËZ� ½ZË�m �{ �y�q {ÂmÁ d¸� Ä]
·Y .|�Z] Äf�Y{ º¯Y�f» Äf�Å Ä] }Â¨¿ �{ �Z�§ d§Y d¸� Ä] d�Å �Ì¿ Ê^ËZ » ÉY�Y{ �ËY�M ¾ËY �{ ½ZË�m �y�q ¾ËY Äf^

ÉÂ« Ã|À»{ Ä] �ZÌ¿ �eÓZ] Äf§�³ ÄnÌf¿ ¾ËY �ËY�M Á{ �{ d��� ¶ËZ§Á�a Ä�ËZ¬» Z] .{�Y{ ÊËY�mY �eÓZ] ÄÀË�Å Ä] �ZÌ¿ Á �e
Ê»  �ËY�M Ä¯ {Â�H  Ê» dyYÂÀ°Ë �f Ë�� d��� ¶ËZ§Á�af¨³ Ä¯ �Â� ½Z¼Å ZË {{�³  ��f�³ Ä] �e{Á� ½ZË�m |� Ä

Ê» Ê´f§ZË  �ËY�M �{ Ê·Á ,|��F   �ËY�� .{�Y{ Y� �f�] ¹Z¼e Ä] ÊÅ{YÂÅ }Â¨¿ ÉZ¿YÂe ½ZË�m �y�q {ÂmÁ d¸� Ä]
  �ËY�MF   Ê]Á�°Ì» ¶»YÂ� ¹ÂnÅ |À¿Z» {�Y{ {ÂmÁ �f�] �Z¬¿ ¹Z¼e Ä] É�Â§ Á ÊÅ{YÂÅ �ZÌ¿ Ä¯ d�Y \�ZÀ» Êf·Zu ÉY�]

  �ËY�M Ê·Á ,cY��u ZËH  ÉY�]   \�ZÀ»  |f¼» ÊÅ{YÂÅ  Ä] ½Z»� µÂ� �{ dËZÆ¿  �{ �f�]  �Z¬¿  Ê»Z¼e  Ä°¿Âq d�Y �e
Ê» µ{Z e Ä] Ê¿Z�°Ë c�Â�.|�� 

 
  

 
 ¶°�7 - �ËY�M �{ d��� ¶ËZ§Á�aF  É{Á�Á d��� �{3/4   ÄÌ¿Zi �] �f» 
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 ¶°�8 - �ËY�M �{ d��� ¶ËZ§Á�aH  É{Á�Á d��� �{3/4  ÄÌ¿Zi �] �f» 

 
 

 É�Ì³ ÄnÌf¿  
  Ã|� sÔ�Y \ËY�� .|� É�Z� ÄÌ^� c�} Ä¿Y{ �f�] ¶yY{ YÂÅ �Ë�Âe É{|� �Á� �Y Ã{Z¨f�Y Z] ªÌ¬ve ¾ËY �{

Ã{Y{ Z] Ä·{Z » ¾ËY ��Y�] |ÌËZe ÉY�] É�Z»M �yZ� Á d�³ ¾ÌÌ e ½Z³�Y Ê]�ne Ä¼Ì¿ Ä·{Z » ÉY�] ÄWY�Y Ê]�ne ÉZÅ
  Ä  ̄|�Ã{Y{ ¾Ì] Ê]Ây ª]Z�eÄÌ^� ½Z³�Y Ã|� sÔ�Y Ä·{Z » �Y Ã{Z¨f�Y Z] .{Y{ ½Z�¿ Y� ½Z³�Y Ä·{Z » Á Ê]�ne ÉZÅ É�Z�

  �ËY�M Á{ ÉY�] d��� �Ë�Âe ÉZÅ�Âf¿Z¯ ,d§�³ ¹Zn¿Y �f�] ¶yY{ �{ ½ZË�mF    ÁH    �ËY�M �{ ,|� ÄWY�Y �Ì¿F   ½ZË�m
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Computer Simulation of Gas Flow in Cylindrical Bin Containing Granular 
Porous Material with Two Common Duct Inlet Arrangements (H, F) 
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ABSTRACT 

 
In this study pressure drop of bin containing corn with two common inlet duct 

arrangements (H, F) was determined by empirical method. The modify Ergun equation was 
fitted on experimental data and coefficient of determination, mean root square error and 
mean relative error were used as indices were used to investigate the goodness of fitness 
between the empirical data and Ergun equation. Based on statistical indices there was a good 
agreement between experimental data and Ergun equation. The F arrangement duct had 
higher pressure drop than H arrangement duct. Moreover, the velocity distribution was 
simulated by finite element methods using COMSOL Multiphysics-5.3 for the experimental 
cylindrical silo having H and F inlet duct arrangements and then the velocity profile was 
plotted for different bin radius at different bin heights. 
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