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Abstract: 
Present work investigates the effect of geometry, size and arrangement of ribs in an air channel on the heat transfer and 

friction at various regimes. The obstacles include the triangular, trapezoidal, rectangular, and circular riblets. The RNG k-å 
turbulence model along with SIMPLE algorithm and second-order upwind method have been used for discretization of 
Navier-Stokes and energy equations. The numerical solutions have been compared with their experimental and numerical 
counterparts. The aim of this research is analyzing the performance of various riblets at different flow conditions and the 
behavior of numerical scheme. 
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�§�s����Y�ÊËZn]Zm�ÉZÅ�Z��É�Z�Y��{Z]Ä^e�» Ã{Z¨f�Y�¹Á{ Ã|� �

d�Y�ÊËY�´¼Å���ZÌ »�Ä¯�6��10��Ê»|�Z]������Y�/°e�|/ÀËY�§�µÂ���{
Á�§�\ËY���¦Ì¨ze�ÉZÅÁ�Ì¿�,Ê·Z´q�,�Z�§�ÉY�]���Ã�Y|/¿Y�,Ê/¼nu�

É��¿Y�|Ì·Âe�²ÀÅM�,d¯�u ����­ÔÆf/�Y�²/ÀÅM�Á�Äf¨/�M�Ê�^Àm
dm�·�,½M Ä]�É��¿Y�Á�Äf¨�M�\Ìe�e��0.3�ˬ1�ˬ1�ˬ0.7�ˬ0.8�ˬ0.8�ˬ

1,1�|Àf�Å��¶°���{���Ä¿Â¼¿Ä°^���Y�ÉY�Z] Ã{��§�½Z»�Z� �Ã|�
{ËZÅZm��Ê�½ZË{Y�³�Z]|Ë|��ÉZÅ���Ã�/ËY{�\/Ë��Z]�µZ¿Z¯�ÉY�]��Z/]�ÉY

Ä�z�»�e/h=0.214 �ˬ e/b=0.3ϭ p/e=10 ��ËZ¼¿�Ã{Y{ Ã|� 

d�Y�����/e�Ã|ÅZ/�»�ÉY�/]P�Ã�Y|/¿Y��Ìi �����ËZ/»�M�,lËZ/f¿�ÉÁ��Ä°^/�
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\Ë��Z]�µZ¿Z¯��{ Ã�ËY{�z�»�Z]�ÉYÄ¹Zn¿Y�©Â§�ÉZÅ �Ê/»�{Â/�����Z/]

\Ë��{Y| e�Á�µZ¿Z¯��Z¨e�Y�Ä]�ÄmÂeÄ]�ZÅ��\/Ìe�e�14mm���d/�Å�Á
Ã�YÂË{��Å�ÉÁ��{|���Ã�Y|/¿Y�¾ËY�µZ¿Z¯����Ê/»�[Â/¸�»�Ä°^/��|/�Z]��

Ä�ËZ¬»�½Z�¿�Ä°^��Ä���Å�ÉY�]�lËZf¿ Ê»|Å{�µÔ¬f�Y�Ä¯ �lËZf¿
Ä°^���{��ÌyY��Z¯�ÉY�]�Ä°^���Y�1810��¶�Zu Ê»��,{Â��Z]�Y�Ë

�Ë���e ��d¸/�Â¿��/Ë�Âe��{�Ê�Â�v»��ÌÌ¤e�Ä°^��½{�¯���Ê /�Â»
Ä]�Ä°^��Ä���Å�ÉY�]�{ÂmÁ Ã|»ZÌ¿ d�Y���{�Z] ��¿ �ÄÀË�Å�¾f§�³

ÄËY�Y�lËZf¿�Ê»Z¼e�,[Â¸�»�d«{�Á�cZ^�Zv»�Ê^�¿ ����Z/¯��{�Ã|/�
Ä°^���{���Zu�Ã�Z�Y ÄËY�Y�Ã|� Ê»|¿{�³� ���µ|/»�d/�Y��¯}�¶]Z«
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¦Ë� e�Ê»Ä�ËZ¬»�,Äf¨�M�É�´Ë{�Á�¹Y�M�Ê°Ë�,{Â��{|��ÉY�]�ÉY

c�Â�� ¾§�cZÌ]{Y� �{� {ÂmÂ»� Ê]�ne� lËZf¿� Z]� Ê �Â»�d¸�Â¿��

Äf§�³�d�Y� ��\Ë���Y�¶^«�É{Á�Á�µÂ���{�Äq�³�¹Y�M�½ZË�m��{
fyY�,d�Y�Ä �Âe�µZu�{�½ZË�m�Ä¯�¹Á{���Zu��Z¯�lËZf¿�¾Ì]�¥Ô

Á��lËZf¿��m�»�����{ÂmÁ��ÉZÆ¸°��,{�Y{�,��Á���¾Ì»Á{��Y�Ê·Á���
�Ä]�\Ë��| ]ª]Z�e�Ã|Ë{�Ê]Ây�Ê»{Â�� ��iY�Ê���]�¥|Å��,¶°�

�ËY�M�Á�Ã�Y|¿YµZ¬f¿Y�ÉÁ��\Ë���{�­Z°��Y�Á�Z»�³�º¯Y�e�½ZË�m
Z»�³��Ë~aZ¿����µZÌ�d�Y��Á���Âf»�d¸�Â¿�{|�| ]�\Ë���Y��¹Á{

Zv»Ä^��Ê»{Â���½ZË�m� �{Äf¨�M����Âf»�d¸�Â¿� {|��¥ÔfyY
[Z�u�Ê]�ne��Z¯�Á�Ã|���Y��f¼¯�50%�Ê»|�Z]����{�¥ÔfyY�¾ËY
�mY�»�����Á����� Ä]�\Ìe�e��9%�Á�11.6%��Y�³�Ã|��d�Y��
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¶Ì§Á�aÉZÅ�]Y��{�d���ÉZÆf¿Y�Á� Y|f�½ZË�m�ÉY�]�µZ¿Z¯�ÉZÅ
\Ë�� Z]� µZ¿Z¯� �{� Äf¨�M� Á� ¹Y�MÉZÅ�Ã�ËY{Ä�z�»� Z]�ÉY�µ|»� Á�

cZÌ]{Y��{�{ÂmÂ»�lËZf¿�Z]�Ê¸^«�Ê´f¨�M�¾§�����¶°��{ÉZÅ��Ze�
��Ä�ËZ¬»�Ã|�d�Y� �Ä¿Â´¿Z¼Å�Ã|Ë{� Ä¯�Ê»¶Ì§Á�a� {Â�ÉZÅ�

d«{�d����¶]Z«�|¿�Y{�Ê·Â^«��¹|��µ|»�d«{�¨�MÊ´f�©Â§���{
ÄÌ^�É�Z��½ZË�m��{|���Ë�Âe� �{� �Y{Â¼¿�¥Y�v¿Y�h�Z]�Ê�y�q
d¸�Â¿��Ê �Â»Ê»{Â���µ|»Ê´f¨�M��RNG k-å�½ZË�m�ÉY�]��

Ä �Âe�Ê¸yY{�ÉZÅ�Ã{Y{�ÄÌ^���{�Á�Ã|��Ä]Y{�³�É�Z�Ze�ZÅ��É|u
d�Y� ¦Ì �� ��{�µ|»� ½M� ¶]Z¬»½ZË�m� Ê´f¨�M� ÉZÅ��Êm�Zy

µZ¬f¿Y�ÉY�]�¹�Ó�d«{��Z»�³|¿�Y|¿��Zn¿M��Y��Z¯��{�Ê¸�Y�¥|Å�Ä¯�
�µZ¬f¿Y� {Â^Æ]�Ê���]� ��Zu\Ë�� Z]�­Z°��Y� Á� Z»�³�Ä]� ,d�Y� ZÅ
Ê´f¨�M�µ|»�¶Ì·{�¾Ì¼Å� RNG k-å�[Zzf¿Y�|���¶Ì§Á�a���

d����ª]Z�e�¹Y�M�½ZË�m�lËZf¿�Z]�[Ây�{ÂmÂ»�����{�Y{����
 

    ¶°�����Ä�ËZ¬»¶Ì§Á�a�{�d����ÉZÅ���{�µZ¿Z¯�ÉZÆf¿Y
Äf¨�M�½ZË�m, Re=5000�����

� �
¶°�������Z]�µZ¿Z¯��{�Ä°^��lËZf¿�µÔ¬f�Y\ËÃ�ËY{�ÉZÅÉY��

°�¶����½ZË�m��{�Ê �Â»�d¸�Â¿��Ë�Âe�Ä�ËZ¬»¹Y�M���� 
Re=550 � �
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¶°������Ä�ËZ¬»¶Ì§Á�a�½ZË�m��{�µZ¿Z¯�ÉY|f]Y��{�d����ÉZÅ

,Äf¨�MRe=5000���� � �
� �

��
 ¶°�����Ä�ËZ¬»¶Ì§Á�a�½ZË�m��{�µZ¿Z¯�ÉZÆf¿Y��{�d����ÉZÅ

¹Y�MRe=550�����
� �

��
¶°�����Ä�ËZ¬»¶Ì§Á�a�½ZË�m��{�µZ¿Z¯�ÉY|f]Y��{�d����ÉZÅ

,¹Y�M�Re=550�����
 

¶°���{����Y|¬» y+�¹Y�M�ÄËÓ��Ë��d»Zz��Ä]��Â]�»�ÉY�]
�{� ¶u�µZ¿Z¯�µ|»� Á� \Ë�� ½Á|]¦¸fz»� Ê´f¨�M� ÉZÅ�k-å�

�,{�Y|¿Zf�YRNG k-å��,Realizable k-å��,k-ù�,{�Y|¿Zf�Yk-ù �
SST���Y�Ê ]Ze�c�Â��Ä]x�Ã{�ÁM�Ã|��d�Y��½Z�¿��Y{Â¼¿�Ê»�|Å{
�Ä¯M�¦¸fz»�ÉZÅ�µ|»�µÂ���ËY�§Y�Z]�Ê°Ë{�¿��Ë{Z¬»�Ä]�Ê´f¨�
��Yy+�|¿Â��Ê»�Y�´¼Å���Á�½Âq�Ë{Z¬»�¾ËY�¶]Z«�Ã�f�³��{��µÂ^«

,d�Y��]Ze��{�Y|¿Zf�Y�Ã�YÂË{y*�Ä]��Z¯�Ê»{Á���µ|»�Ê´f¨�M�k-ù�
�]Ze��{�Ê·Á� ,{�Y|¿� {�Y|¿Zf�Y� Ã�YÂË{��Â�y+��{Á|u� �{�|ËZ]�½M

ÄËÓ�Á{�Ã�YÂË{��]Ze�|À¿Z»�d��{�Á�|�Z]�®Ë´f¨�M�µ|»�ÉY�Êk-å�
Ê»� ¦Ë� e{Â�� �¶°������Y{Â¼¿y*�µ|»� ÉY�]ÉZÅ��¦¸fz»
Ê´f¨�M�k-å��,{�Y|¿Zf�YRNG k-å �,Realizable k-å��ËZ¼¿�Y��

Ê»��Ì¿�½M��Y�Ê�Z¿�ÉZ�y�Á�d�Y�µÂ^«�¶]Z«�Ã{Á|v»��{�Ä¯�|Å{
d�Ì¿�{ÂmÂ»� �¶°���{����Ä�ËZ¬»Nu �Ä]�Nu0���{|� �d¸�Â¿

\Ë�� ½Á|]� µZ¿Z¯(�Ê´f¨�M� µ|»� ÉY�]k-å�Á���YÂË{� �]Ze� ½Á|]

Ê´f¨�M� µ|»�ÉY�]� {�Y|¿Zf�Yk-ù�\Ë�� Z]� µZ¿Z¯� �{�Ã�ËY{�Z]� ÉY
Ä�z�»�{�Ê¸^«�ÉZÅ�¾§�cZÌ]{Y��{�{ÂmÂ»�lËZf¿�Z]�Ä�ËZ¬»�����

ÄWY�Yd�Y� Ã|�� �Ä¿Â´¿Z¼Å� Ä¯Ã|Ë{�Ê»Ê´f¨�M� µ|»� ,{Â��k-ù�
Y{�É{ZË��ÉZ�yÄf��ÉZ�y�Á�k-å�¶]Z«�{�Y|¿Zf�Y�Ã�YÂË{��]Ze�Z]�

�Ì¿�µÂ^«d��¶°���{����ÄËÓÁ{�Ã�YÂË{��]Ze�Ä�ËZ¬»µ|»�Z]�ÉY��

ÉZÅ��ËZ¼¿�Ê´f¨�M�¦¸fz»�Ã{Y{�Ã|��d�Y��Y��Y�Ã{Z¨f�Y�Äq�³
�Ë�� ��»� �{� �]Ze� ¾ËY�0Ô»Z¯� ÄËÓ� Á� ÄËÓ����{� Ê´f�ÂÌaZ¿� Äf¨�M
{ZnËY� d���� ªf�»�Ê»� ,|À¯Z»Y��Ê �Â»� d¸�Â¿� �Ë�Âe� lËZf¿

¶]Z«�ª]Z�e�{�Y{�Ê·Â^«��µ|»�Ê´f¨�M RNG k-å 0Ô»Z¯�¶yY{��{�
Ä]�Á�d�Y��ËZ»�M�ÉZ�y�Ã�Z]���{�É��¿��Y|¬»�Ä]�Ê¬�À»�c�Â�

�m�»������¶Ì»�Ê»|À¯���
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¶°�������|·ÂÀË��{|��Ä]�d^�¿�¾Ì´¿ZÌ»�d¸�Â¿�cY�ÌÌ¤e��Y{Â¼¿
\Ë�� Z]� µZ¿Z¯� �{� Y�Ã�ËY{� ÉZÅÄ�z�»� Z]� ÉYµ|»� Á� ¶^«� ÉZÅ��

Ê´f¨�M� k-å�RNG�Ä�ËZ¬»�{�lËZf¿�Z]������ËZ¼¿�Y�Ê»�|Å{�Z]
{|�� �ËY�§Y�µZ¬f¿Y� �|·ÂÀË�Ê»� �f�Ì]� Z»�³{Â���¶°�� �{����
�Ë�Âe� �Y{Â¼¿�{Y|�Y�Ã�ËY{�\Ë�� Z]�µZ¿Z¯� �{�Ê �Â»�d¸�Â¿�Z]�ÉY

Ä�z�»¶^«�Ê´f¨�M�µ|»�Á�ZÅ�{|�Y�ÉY�]��¦¸fz»��|·ÂÀË�Ã{Y{�
Ã|��d�Y� ��d¼��Ä]��y�q�ÄÌuZ¿�Äf¨�M�½ZË�m�cZ^�Zv»��{
Za¶ËZ»�¾ÌË�Ã|��d�Y���\Ë�� �Y�¶^«� ÄÌuZ¿� �{� �Y{Â¼¿�Ê´f�°�

Ã{Â]�Ä]� Ä¯�{ZnËY� ¶Ì·{�� \Ë�� �Y� ¶^«� Ê�y�q� ÄÌuZ¿�{�
d�Y�±��]�ÉZÅ�|·ÂÀË���¶°���{�����Â�y�{Y|�Y�ÉY�]�½ZË�m�

\Ë�� Z]� µZ¿Z¯� �{� ¦¸fz»� �|·ÂÀË��Ã�ËY{ÉY�Á�Ä�z�»� Z]ZÅÉ� 
e/h=0.214�, e/b=0.3�p/e=10�Ê´f¨�M�µ|»�Á� k-å� RNG�

�ËZ¼¿�Ã{Y{�Ã|��d�Y���{�Re=1000�¶�Zu�ÊËY�´¼Å��Ä¯�|�¿
½Z�¿d�Y� Y�~³� Ê¿Y�v]� d·Zu� Ã|ÀÅ{� ��{�¸°�ÉZÆ�����Â�y�

Ä�|ÀÅ��{�½ZË�mÉZÅ�Ä�z�»�,¦¸fz»�e/h=0.214ˬ�e/b=0.3�

Á�p/e=10�Ê´f¨�M�µ|»� Á� k-å� RNG��ËZ¼¿�Ã{Y{�Ã|�|¿Y��
Ê»ÄnÌf¿�½YÂe�Ä¯�d§�³��Â�y�½ZË�m�µZ¬f¿Y�ÉÁ�e�Z»�³PÄ]��Ìi�
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Ä]�d§ZË�{�Ê¿Z�M�Ê»Ã�ËY{�\Ë��{Â�Ä]�ÉY�\Ë��¾Ë�fÆ]�½YÂÀ�
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