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Ã|Ì°q   

      Ä] ÄmÂe Z]  Á É|Ì��Ây É��¿Y {�]�Z¯�Á� �ËY�³  ,�Ë~a|Ë|ne Á ­Za É��¿Y ¾ËY �Y Ã{Z¨f�Y ÉY�] ½Á�§Y
É��¿Y ¾ËY �Y Ã{Z¨f�Y ÉY�] ÄÀÌÆ] ÊuY�� dÌ¼ÅY  �Ì¿ Á  �Y É�Ì³Â¸m  ¥ÔeY  ½M Ê» s��» {Â�.    ÉZ»�³ ¥ÔeY

Ã|¿�Ì³ �Y Êf§�¼Å  ÓZ] Y� É��¿Y Ã|� ¹Z¼e d¼Ì« Á Ã{�¯ º¯ Y� ZÆ¿M É��¿Y Ã{�Z] ,Ê]Z¬�] É|Ì��Ây ÉZÅ
Ê».{�]  ¥ÔeY Ä] �Â]�» cZ^�Zv» Ä·Z¬» ¾ËY �{ Ã�¨u É|Ì��Ây Ã|¿�Ì³ �Y Êf§�¼Å c�Y�u Ä¿YÂf�Y ÉYÉY ,  

¦¸fz» ½Z¬¬v» ��Âe Ã|� ÄWY�Y cÁZ¨f» �Á� |Àq Z] ,  Ê���]  Ã|�   Ê» Ä�ËZ¬» ºÅ Z] Á .|¿Â�  �{Ä¼Å   ¾ËY
cZ^�Zv», �Y �Y�§Y ¹�¿EES   YÃ{Z¨f�  .d�Y Ã|�ÉZ»{ ¶Ì^« �Y Ê¨¸fz» ¶»YÂ�  t��   ÉYÂÅ ÉZ»{ ,Ã|¿�Ì³

ÉZËYÁ� Á �Ìv»  �Y ¥ÔeY ½Y�Ì» �{ Ã|¿�Ì³½M    .|¿�iÂ»  Ã|¿�Ì³  �Y[Z«    �Z¨e�Y Ä]250    Á �f¼Ì¸Ì»  µÂ�212  
  Ã�¨u Ä¿ZÅ{ Á �f¼Ì¸Ì»100   ̧Ì»Ì  �f¼Ã|� ¶Ì°�e  d�Y Ä¿YÂf�Y Êe�Y�u µ|^» Ã|¿�Ì³ ¶yY{ �{ .  �Y ¶°� ÉY

  ��« Ä] Ê�» Ä·Â·100    Á �f¼Ì¸Ì»ª¼�  150  Ã|� ÄfyZ� �f¼Ì¸Ì»  .d�Y    t�� Ä��{ Ã|¿�Ì³ t�� ÉZ»{973  
Á773  Á573  Äm�{ Ã|�  Äf§�³ ��¿  �{  ¾ËÂ¸¯   .d�Y  Ê»  ½Z�¿  lËZf¿|Å{   {Z]  d��� ½Y�Ì»  �ËY�§Y  Ä¯   Á  

) Ã|¿�Ì³ \Ì� ÄËÁY� �ÅZ¯ ¾ÌÀr¼Å Á Ã|¿�Ì³ t�� ÉZ»{ Ê¬§Y d·Zu �{ Ã|¿�Ì³  c�Y�u ¥ÔeY ½Y�Ì» (
�Y Êf§�¼Å½M Ê» �ËY�§Y Y� .|Å{  

:É|Ì¸¯ cZ¼¸¯  

,É|Ì��Ây É��¿Y   ÉY Ã�¨u Ã|¿�Ì³ ,Êf§�¼Å c�Y�u ¥ÔeY  

*Ê¼WZ« É|Æ» ®Ì¿Z°» ÃÁ�³ ,ÄÌ»Á�Y ÃZ´�¿Y{ ,ºf�Ì�ÂÌ]  Ã�Z¼�)
:�Z¼e09304945544(                                                       
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¥ÔeY É{|� É�Z� ÄÌ^�  É|Ì��Ây Ã|¿�Ì³�Y Êf§�¼Å ÉZ»�³ Ã�¨uÉY  �Y�§Y ¹�¿ Z]EES  

Ä»|¬»  
        ,Ê]Z¬/�] ÉÂ¼Æ/� Ã|¿�ÁM{�³Ã|¿�Ì³  Ä�¬¿ Ã|ÀÀ¯ �¯�¼f» Ä�¬¿�{ Y� |Ì/��Ây Ê/�]Ze Ä /�Y Ä¯ d/�Y ÉY

  Ê¿Â¿Z¯ {Ây  Ê» �¯�¼f»�Y Ê°Ë .|À¯ Ê¸//�Y �Á� ¾Ë�e  Z»{ c�Y�u Ä] É|Ì//��Ây É��¿Y ¶Ë|^e ÉZÅ–  
Ã|/¿�ÁM{�³ {�]�Z/̄  ,ÓZ/]d//�Y Ê]Z/¬//�] ÉZ/Å]2[Ã|/¿�Ì³ .Ä/�¨v» ÉZ/Å¶/Ì^« �Y ÊËZ/ËY�» ��Z/y Ä/] ÉY,  cZ/̈¸e

Êe�Y�u Á Ê°ÌfaY ¼¯f� Ã�YÂË{ dyYÂÀ°Ë Z^Ë�¬e ÉZ»{ ,Ã|¿�Ì³ ÉÁ� ºÌ¬f/�» Êe�Y�u �Z/� Ê·Z´q �ÅZ¯ ,
 �{ ,º¯ É�Y|/Æ´¿ Á Ä/ÌÆe Ä/ÀË�Å ,ÓZ/] É|/Ì//��Ây [~/m ÊËY�Z/̄ ,�Y|/ËZ/a Á d/yYÂÀ°Ë ÊËZ/»�³ Ã{�Z/] ,Ê¸yY{

ºf/�Ì/�|¿Â/� Ê» Ã{Y{ tÌm�e ,ÉÂ¼Æ/� Ê]Z¬/�] É|Ì/��Ây Êe�Y�u ½YÂe ÉZÅ]15[] .Ì³ ÊËZ»�³ Ã{�Z�  Ã|¿
Ä/�¨v»�Ìa Ã|/¿�Ì³ �Y ¶/̄  c�Y�u ¥ÔeY Ä/̂//�Z/v» Z/] ÉYÊ» ÊÀÌ]  ÊËZ/¿YÂe ,Ã|/¿�Ì³ ÊËZ/»�³ Ã{�Z/] .{Â//�

Ê» ½Z//�¿ Y� |Ì¨» ÊËZ»�³ É��¿Y Ä] ,É|Ì//��Ây É��¿Y ¶Ë|^e ÉY�] Ã|¿�Ì³|Å{]4[ c�Y�u ¥ÔeY w�¿ .
(ÊËZn]Zm)Êf§�¼Å Á Ê�]Ze ,Ê�¿Z�� ,�z] Ä� ¶»Z� Ã|¿�Ì³ �Y Ê¸¯  Ê»|�Z]]12[  |ÅYÂ� Á Ê¸Ì¸ve lËZf¿ .

Ê» ½Z//�¿ Ê]�neÃ|¿�Ì³ �Y Êf§�¼Å c�Y�u ¥ÔeY Ä¯ |Å{d//�Y ÄmÂe ¶]Z« ÉY Ã�¨u ÉZÅ]1[.   ¥�� �Y
f§�¼Å c�Y�u ¥ÔeY ¾ÌÌ e ,�´Ë{  ÊÊ³|ÌrÌa ¶Ì·{ Ä] �Zf§�  Z»{É Ã�¨u  Á  {ÂmÁ f��/�  ÉYÂÅ ½ZË�m ÉZÆ

¦¸fz»    �{  ¥Y��YÃ�¨u ,Ã|¿�Ì³  0ÓÂ¼ »   Ä]  |/À¿Z» É{ZË� �Z/Ì//�] ¶»YÂ� .d//�Y Ê°f» Ê]�ne Ä/¼Ì¿ ÉZ/Æ·|»
,Ã�¨u ¶yY{ �{ YÂÅ ÉZ»{  \Ì/� ÄËÁY�  Ã�¨u ÉZÅ Ä/�|ÀÅÁ Êm�Zy {Z] �ËY�/� ,Ã�¨u   �] Ä¯{�Y{ {ÂmÁ

¥ÔeYf§�¼Å ÉZ»�³�{ ÊÃ|¿�Ì³Ã�¨u ÉZÅÉY Ê» �ÌiPe {�Y~³ .  
Ä/¼Ì¿ µ|/» É{Z/Ë� {Y|/ e  �Ìa ÉY�] Ê]�ne  c�Y�u ¥ÔeY ÊÀÌ] É{|/� Á ÊÅZ/́ //�ËZ/»�M lËZ/f¿ �Y Êf§�¼Å

Ã|»M d/�|]  �Z/�Y �] �]YÁ� ¾ËY Ä¼Å µZu ¾ËY Z] .d/�YÃ|¿�Ì³ {�]�Z¯ Á Ã{Â] �Zy {Z ]Y Á ¶°/� Z] ÊËZÅ
Ã|¿�Ì³ �Y Êe�Y�u ¥ÔeY ¾ÌÌ e �{ É{ZË� ¥ÔfyY cZ«ÁY ÊÅZ³.|¿�Y|¿ Ê¿ZÆm ½Z/�¿ ½Z/�°Ë ¶°/� Z] ÊËZÅ

Ê»|ÀÅ{]13[.  
  µ|» ½{�ÁM d/�|] ÉY�]�Ìa ÉY�] \/�ZÀ» Ä^/�Zv» ,Ã|/� ÊuY�� Ã|¿�Ì³ �Y Êe�Y�u ¥ÔeY ½Y�Ì» ÊÀÌ]

¥ÔeY ½Y�Ì»  c�Y�u   Ä] .d//�Y É�Á�//� Ê]�ne lËZf¿ Z] �]YÁ� �Y Ã|»M d//�|] lËZf¿ ÄÌ//�Z¬» Á Êf§�¼Å
µ|» ÉZÀ^»�] Ã|//� ¹Zn¿Y É{|� cZ ·Z�» �j¯Y ¶Ì·{ ¾Ì¼Å Ê» c�Â//� ÊËZÅ  Ê]�ne c�Â//�] Ä¯ {�Ì³

Êe�Y�u ¥ÔeY lËZf¿ Z¬» Z] Ä·Z¬» ¾ËY �{ .d�Y {ÂmÂ» ZÆ¿M �Ëµ|» Ä ª¬v» |Àq �Y Ã|� ÄWY�Y ÉZÅ  ,¦¸fz»  
|¿�Y{ Ã|/� ÊuY�� µ|» {�Â» �{ ½Y�´Ë{ Z] Ä/�ËZ¬» �{ Ê°Ë{�¿ lËZf¿ Ä¯, Á¾ÌÀr¼Å   ¥ÔeY ½Y�Ì» Ä^/�Zv»

 �Y�§Y ¹�¿ Z] Ã|/� ÊuY�� µ|» �Y Êf§�¼Å c�Y�uEES ,  �Ìa ÉY�] Ê^/�ZÀ» µ|» Ze d/�Y Ã|/� Ê /�ÀÌ] Ê
.{Â� ÄWY�Y Ã|¿�Ì³ �Y Êf§�¼Å c�Y�u ¥ÔeY ½Y�Ì»  
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 �Á� Á {YÂ» ZÅ 

Ã|¿�Ì³ �ZfyZ� 

        Ã�¨u Ã|¿�Ì³ Ä·Z¬» ¾ËY �{  c�Y�u ¥ÔeY É{|� É�Z� ÄÌ^� dÆm ¶Ë} cZ�z�» Z] ÉY Ä¿YÂf�Y ÉY
 �Y Êf§�¼Å ÉZ»�³ ¥ÔeY Ä] �¬§ Ä¯ d�Y �¯} Ä] ¹�Ó ,d�Y Ã|� Äf§�³ ��¿ �{ Êf§�¼Å ÄfyY{�a Ã|¿�Ì³

 .d�Y Ã|�  

 Ã�¨u Ã|¿�Ì³  Ê¸yY{ ��« Ä] Ê�» Ä·Â· �Y ¶°�f» ÉY6    d»Zz� Á �f¼Ì¸Ì»1    ÉY Ä¿YÂf�Y c�Â�] Ä¯ ,�f¼Ì¸Ì»
  Ä¿ZÅ{ ��« Ä] Á ¶°�100    µÂ� Á �f¼Ì¸Ì»150    t�� Z] ÉY Ä¿YÂf�Y  [Z« ®Ë ¶»Z� Ã|¿�Ì³ .|�Z] Ê» �f¼Ì¸Ì»

  ��¬»250  �f¼Ì¸Ì»    �Z¨e�Y Á212   �f¼Ì¸Ì»   d�Y  ¶°�)1(  .  º�a ªËZ� ��Âe Ã|¿�Ì³ [Z« Á µ|^» ¾Ì] Ä¸�Z§
 .d�Y Ã|��a ,Ê�¿Z�� c�Y�u ¥ÔeY �Y É�Ì³Â¸m dÆm ,®Ì»Y�� ÉZ»{ Ä� É{ZÆÀ�Ìa ÉZÆ·|» Ä¼Å ÉY�]

)Ã|¿�Ì³ Ê¸yY{ Ã�YÂË{573 Á773  Á973 ¾ËÂ¸¯ .d�Y Ã|� Äf§�³��¿ �{ (  

  

  
 ¶°�1  Ã|¿�Ì³ Ã�¨u {Z ]Y  : ÄfyZ�   Ã|� .  

É{|� É�Z� ÄÌ^�  

�Y�§Y ¹�¿EES ) Engineering Equation Solver(  

  �Y�§Y  ¹�¿EES   ,¶Ì�¿Y�¨Ë{  cÓ{Z »  ¶u  dÌ¸]Z«  Á  Ã|�  ÊuY�� É�^m  cÓ{Z »  ºf�Ì�  ¶u  �Â�À»  Ä]
  ÄÀÌÆ] ,�¸fz» ÉZÅ�Ì¤f» Z] cÓ{Z » ,É�Z�  ½ZÌ»  Y� ¶�Zu lËZf¿  �Y{Â¼¿ º�� �Ì¿ Á Ê�y�Ì£ Á Ê�y Ê]ZË

.d�Y�Y{  �{  Ê�ZË�  Ê¿Á�{ �]YÂe  Á  Ê°Ì»ZÀË{Â»�e  �]YÂe  �Y  É�ZÌ�]   �Y�§Y  ¹�¿EES    �{  Ä¯|¿�Y{  {ÂmÁ
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Ê» |Ì¨» c�Y�u µZ¬f¿Y Á cÓZÌ� ®Ì¿Z°» ,®Ì»ZÀË{Â»�e ÄÀÌ»� �{ Ê�|ÀÆ» cZ^�Zv»  .|À�Z] cZ^�Zv» Ê»Z¼e
Á Ã|� ¹Zn¿Y �Y�§Y ¹�¿ ¾ËY Z]  Ä¼Å  .d�Y Ã|� º�� ½M ��Âe ZÅ�Y{Â¼¿  

 

      

   µÁ|m �{)1( µ|»  �Y Ê Ì^� d§�¼Å c�Y�u ¥ÔeY ½Y�Ì» Ä^�Zv» ÉY�] É{ZÆÀ�Ìa ÉZÅ  ½Z¬¬v»
:d�Y Ã|� �¯} ¦¸fz» 

µÁ|m1- �]YÁ�  Ê Ì^� d§�¼Å c�Y�u ¥ÔeY ÉY�] É{ZÆÀ�Ìa  

µ|»  É{ZÆÀ�Ìa �]YÁ�  

 É{ZÆÀ�Ìa µ|»Ma ]۶[ 
௎ܰ = 0.088 × ௅ݎܩ

(ଵ/ଷ) × [
ܶܿ
ܶܽ]଴.଴ଵ଼ × cos(ߠ)ଶ.ସ଻ × [

݀
 ௌ[ܮ

ܵ = 1.12 − 0.982 ×
݀
 ܮ

ℎ௖ୀ
௨ܰ × ܭ

ܦ [ܹ ݉ିଶିܭଵ] 

Gr =
gβ୤(Tୌ − Tୟ୧୰)Dୡ

ଷ

νଶ  

Q = hୡ × A୘ × (Tୡ − Tୟ)[ܹ] 

 É{ZÆÀ�Ìa µ|» Jilte  ]٧[ N୙ = 0.122 × Rୟ
(଴.ଷଵ) × [

Tc
Ta]଴.଴଺଺ × (1 + cos θ)଴.ଷ଼ 

Ra =
gβ୤ΔTDୡ

ଷ

αᇱν  

ℎ௖ୀ
௨ܰ × ܭ

ܦ [ܹ ݉ିଶିܭଵ] 

ܳ = ℎ௖ × ்ܣ × ( ௖ܶ − ௔ܶ)[ܹ] 

 É{ZÆÀ�Ìa µ|» Paitoonsurikan  ]١٢[ 

  

௎ܰ = 0.00324 × ܴܽ଴.ସସ଻ 

ܴܽ =
ௌܮܶ߂௙ߚ݃

ଷ

ߥᇱߙ  

ܵܮ = (4.79 × (ߠ)ସ.ସଷݏ݋ܿ − ݒܽܿܦ((ߠ)଴.଻ଵଽ݊݅ݏ0.37 + (ߠ)ଷ.ଶସݏ݋1.06ܿ)
− ݌ܽܦ((ߠ)଴.ଶ଼଺݊݅ݏ0.0462 + (ߠ)ହ.ଷଵݏ݋7.07ܿ)
+  [ܯ]ܮ((ߠ)ଶ.ସଷ݊݅ݏ0.221

ℎ௖ୀ
௨ܰ × ܭ

ܦ [ܹ ݉ିଶିܭଵ] 

ܳ = ℎ௖ × ்ܣ × ( ௖ܶ − ௔ܶ)[ܹ] 

  

  Ä] Äf�]YÁ É�Z^mY Êf§�¼Å ÉZ»�³ µZ¬f¿Y \Ë��  Ê^¿Zm {Z] ,ÊÀ Ë dÆm Á{ .d�Y Êm�Zy {Z] ½ZË�m cY�iY
)side-on)  Á��{Á�  {Z]  Á  (head-onÊ»  Äf§�³  ��¿  �{  ¶Ì¸ve  �{  (  Ä¿ZÅ{  Äv¨� Z]  É�YÂ»  {Z]  �³Y  .{Â�
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  Ã|¿�Ì³ {�Â]Ê·Zu�{ ,d�Y Ê^¿Zm {Z] Ç|ÀÅ{ ½Z�¿ ,    Ã|¿�Ì³ Ä¿ZÅ{ Äv¨� �] {Â¼� {Z] �³Y Ä¯|À¯ {�Ây�]  ,
 {Â] |ÅYÂy Á��{Á� {Z] Ç|ÀÅ{ ½Z�¿  ¶°� )2(�Y Ê�Z¿ Êf§�¼Å c�Y�u ¥ÔeY .    ÈËÁY� Ä] ÄmÂe Z] Á��{Á� {Z]

  ¶ËZ¼e ÈËÁY� Á {Z] d��� Ä] Äf�]YÁ Ê^¿Zm {Z] �Y Ê�Z¿ Êf§�¼Å c�Y�u ¥ÔeY .d�Y �Ì¤f» Ã|¿�Ì³ ¶ËZ¼e
d�Y Ã|¿�Ì³]10[.     

  

  

  
  

 ¶°�2 - Ã|¿�Ì³ \Ì� ÄËÁY� Á Á�{Á� Á Ê^¿Zm {Z] ÉZ¼¿ 

 µÁY|m �{2 Á3  {Z] Á Á�{Á� {Z] ÉY�] É�Z^mY Êf§�¼Å c�Y�u ¥ÔeY ½Y�Ì» ÊÀÌ] �Ìa �]YÁ� \Ìe�e Ä]
  .d�Y Ã|� ÄWY�Y Ê^¿Zm  

µÁ|m2- �]YÁ�  (Á�{Á� {Z]) É�Z^mY Êf§�¼Å ÉZ»�³ µZ¬f¿Y \Ë�� É{ZÆÀ�Ìa  

µ|»  É{ZÆÀ�Ìa �]YÁ�  

 É{ZÆÀ�Ìa µ|»Ma  ]۶[  ℎ௙௢௥௖௘ௗ = ݂ × ܸଵ.ସ଴ଵ 

݂ = 0.1634 + 0.7498 × (ߠ)݊݅ݏ − 0.5026 × (ߠ2)݊݅ݏ
+ 0.03278 ×  (ߠ3)݊݅ݏ

Q = h௙௢௥௖௘ௗ × A୘ × (Tୡ − Tୟ)[ܹ] 

  

 É{ZÆÀ�Ìa µ|» kenduosh  ]۴[ ℎ௖ = 0.848 × )௔௜௥ܭ
(ߠ)ݏ݋ܿ × ܸ × ݎܲ × ߩ

௙ߤ
)଴.ହ × (

௖ܦ

2 )ି଴.ହ 

Q = h௖ × A୘ × (Tୡ − Tୟ)[ܹ] 

  

 É{ZÆÀ�Ìa µ|» Jilte  ]٧[  
௎ܰ = 1.635 × ܴ௘

(଴.ଷ଼) × ]ଵ.ଶݎܲ
௔௣ܦ

௖௔௩ܦ
]଴.଼ଽଶ × (1 + ݏ݋ܿ  ଴.ଶ଼ହ(ߠ
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ℎ௖ୀ
௨ܰ × ܭ

ܦ [ܹ ݉ିଶିܭଵ] 

ܴ௘ =
V × D௔௣

ν  

ܳ = ℎ௖ × ்ܣ × ( ௖ܶ − ௔ܶ)[ܹ] 

  

  

µÁ|m3-  (Ê^¿Zm {Z]) É�Z^mY Êf§�¼Å ÉZ»�³ µZ¬f¿Y \Ë�� É{ZÆÀ�Ìa �]YÁ�  

µ|»  É{ZÆÀ�Ìa �]YÁ�  

 É{ZÆÀ�Ìa µ|»Ma  ]۶[     ℎ௙௢௥௖௘ௗ = 0.1967 × ܸଵ.଼ଽସ 

ܳ = ℎ௙௢௥௖௘ௗ × ்ܣ × ( ௖ܶ − ௔ܶ)[ܹ] 

 É{ZÆÀ�Ìa µ|»Kreith ]۵[ ℎ௖ =
0.036 × ܴ௘

଴.଼ × (ଵ/ଷ)ݎܲ × ܭ
௖ܦ

[ܹ ݉ିଶିܭଵ] 

ܳ = ℎ௖ × ்ܣ × ( ௖ܶ − ௔ܶ)[ܹ] 

  

Á lËZf¿ hv] 

         ½Â�{�ZrË� {|� Ä^�Zv» Z]  ¶°�)2( ¾ÌÌ e Êf§�¼Å ¥ÔeY �Â¿ ,|�,   µ|» Ä] ÄmÂe Z] �b�
Å �ËY�� ÉY�] cZ^�Zv» É{ZÆÀ�Ìa ÉZÅ¼ ¹Zn¿Y Ê^Ì¯�e Á É�Z^mY ,Ê Ì^� d§�|Ë{�³ .  

  

  
  

 ¶°�3-  ÉZÅZ»{ ÉY�] ½Â�{�ZrË� {|� Ä^�Zv»973  Á773 Á573 �Y {Z] ÉZÅ d��� ,¾ËÂ¸¯1  Ze10 ÄÌ¿Zi�] �f»  
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 Ê» Ã|ÅZ�» Ä¯ �Â�¿Z¼Å  {|� {Â� {Z] d��� ¾ÌÀr¼Å Á Ã|¿�Ì³ t�� ÉZ»{ Ä] Ê´f�] ½Â�{�ZrË�
  {Á|u {Z] d��� �{ .d�Y �f�Ì] Ê Ì^� ¥ÔeY ½Z°»Y �eÓZ] ÉZÅZ»{ �{ .{�Y{2    �Y �eÓZ] Á ÄÌ¿Zi�] �f»

Ã�¨u Ã|¿�Ì³ �{ É�Z^mY ¥ÔeY ,½MÊ» {ZnËY ÉY .{Â�  

¥ÔeY Ä] �Â]�» cZ^�Zv»  c�Y�u  Êf§�¼Å :Ê Ì^�  

 
 

 
  

 ¶°�4 -  É{ZÆÀ�Ìa µ|» �Z�Y�] Ê Ì^� d§�¼Å c�Y�u ¥ÔeYMa  ) ¶°�A É{ZÆÀ�Ìa µ|» ,(Jilte )¶°�B µ|» Á (
 É{ZÆÀ�ÌaPaitoonsurikan  ) ¶°�B(  ÉZ»{ t�� Ä� �{ Ã|¿�Ì³ )973Á773Á573 (¾ËÂ¸¯  

 

 Z] É{ZÆÀ�Ìa µ|» ,Ã|� ÄWY�Y ÉZÅ µ|» Ä] ÄmÂeMa  ÁJilte  Ê» ½Z�¿ Y� ¥ÔeY �Y Ê^�ZÀ» \Ë�¬e  .|Å{
  ��Âe Ã|� ÄWY�Y µ|»Paitoonsurikan  �Y �eÓZ] ÉZËYÁ� ÉY�]θ=60  Äm�{ Ê» ½Z�¿ Y� Ê¨À» �Y|¬».|Å{  
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Y|¬» Ä^�Zv» ÉY�] É{ZÆÀ�Ìa Ä·{Z » ½M ¶Ì·{ �sL    Ê».|�Z]   µZÌ� ��Âe Ã|� Ê� µÂ� �´¿Z�¿ {|� ¾ËY
Ê» Ã�¨u ¶yY{ �{.|�Z]  

  

  

  Ä] �Â]�» cZ^�Zv»Êf§�¼Å c�Y�u ¥ÔeY É�Z^mY  :Á��{Á� {Z] �ËY�� dve  

 

 
 

 

 

 ¶°�5- Á��{Á� {Z]  É{ZÆÀ�Ìa µ|» �Z�Y �] ,Ma )¶°�A É{ZÆÀ�Ìa µ|» �Z�Y �] ,(kenduosh  ) ¶°�B  µ|» �Z�Y�] Á (
 É{ZÆÀ�ÌaJilte ) ¶°�C(   ÉZ»{ �{973 ÉZËYÁ� Á ¾ËÂ¸¯0Á30Á60Á90  .Äm�{  
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¥ÔeY Ä] �Â]�» cZ^�Zv»  Êf§�¼Å c�Y�uÉ�Z^mY �ËY�� dve  :Ê^¿Zm {Z] 

 

 
  

 ¶°�6-  É{ZÆÀ�Ìa µ|» ,Ê^¿Zm {Z] Êf§�¼Å c�Y�u ¥ÔeYMa  )¶°�A É{ZÆÀ�Ìa µ|» �Z�Y �] (Kreith )¶°�B(   Ä� �{
 Ã|¿�Ì³ ÉZ»{ t�� )973Á773Á573 (¾ËÂ¸¯ 

  
ÄnÌf¿É�Ì³  

      ¹�¿ ��Âe Ã|� ÄWY�Y ÉZÆ·|» Z] Ê�Ìv» ¦¸fz» �ËY�� �{ Êf§�¼Å c�Y�u ¥ÔeY ½Y�Ì» ,ªÌ¬ve ¾ËY �{
  �Y�§YEES  Ê» ½Z�¿ lËZf¿ .|Ë{�³ ¹Zn¿Y Ä¿YÂf�Y Ã|¿�Ì³ ÉY�] Ä¯ |Å{,Ã|� ÄfyZ� ÉY    c�Y�u ¥ÔeY ½Y�Ì»

  �Y �f¼¯ {Z] ÉZÅ d��� �{ Ê Ì^�2  Ê» w� ÄÌ¿Zi�] �f».|Å{    Ê¸¯ c�Y�u ¥ÔeY  Á {Z] d��� �ËY�§Y Z]
Ê» �ËY�§Y ,Ã|¿�Ì³ t�� ÉZ»{ �ËY�§Y ¾ÌÀr¼Å,Ã|¿�Ì³ \Ì� ÄËÁY� �ËY�§Y  ¾ÌÀr¼Å .|]ZË    ¥ÔeY ½Y�Ì»

 Ã|¿�Ì³ �Y c�Y�uY��ÅZ¯ Ê»|Å{ .  
  
  
  
  
  
  

806



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 

١٠ 
 

  
  

  
  

 �mY�»:  
 

1. A. M. CLAUSINGAN. 1981. Analysis of Convective Losses From 
   Cavity Solar Central Receivers. Solar energy Vol. 27. No. 4, pp. 295-300, 1981 

2. Burgess, G., Scott, P., and Pye, J. (2008). Spherical and asymmetric mirror panels for paraboloidal 
concentrators. In "ISIS-AP-3rd International Solar Energy Society Conference-Asia Pacific region 
(ISES-AP-08) Incorporating the 46th ANZES Conference. Sydney Convention & Exhibition 
Center". 

 
3. Kaushika ND. 1993.Viability aspects of Paraboloid dish solar collector systems. Renewable energy, 

3(6/7). 787-793 
4. Kendoush, A. A. (2009). Theoretical analysis of heat and mass transfer to fluids flowing across a flat 

plate. International Journal of Thermal Sciences, 48 (1), Elsevier Masson SAS, p.188–194 
5. Kreith, F., Bohn, M. S., 1986. Principles of heat transfer, 4th edition. Harper and Row Pub, New York. 
6. Ma, R. Y. 1993. Wind effects on convective heat loss from a cavity receiver for parabolic concentrating 

solar collector. Contractor Report, Sandia National Laboratories, SAND92-7293, Albuquerque, New 
Mexico. 

7. R.D.Jiltea, S.B.Kedarea, J.K.Nayaka.2014. Investigation on Convective Heat Losses from Solar 
Cavities under Wind Conditions. Energy Procedia 57 437 – 446 

 
8. Reddy K S, Kumar N S, Veershetty G. 2015. Experimental performance investigation of modified cavity 

receiver with fuzzy focal solar dish concentrator. Renewable Energy 74, 148-157. 
 
9. Riveros-Rosas, D., Sánchez-González, M., Arancibia-Bulnes, C. A., and Estrada, C. A. (2011). 

Influence of the size of facets on point focus solar concentrators. Renewable energy 36, 966-970. 
10. Seo, T., Ryu, S. and Kang, Y. (2003). Heat losses from the receivers of a multifaceted parabolic 

solar energy collecting system. Journal of Mechanical Science and Technology, 17 (8), Springer, 
p.1185–1195. 

11. Shuang-Ying Wua, Lan Xiao a, Yiding Cao b, You-Rong Li. 2010. Convection               heat loss 
from cavity receiver in parabolic dish Solar thermal power system: A       review.�Solar Energy 84 
(2010) 1342–1355 

12. S. Paitoonsurikarn and K. Lovegrove. 2013. On the Study of Convection Loss from Open Cavity 
Receivers in Solar Paraboloidal Dish Applications. Destination Renewables - ANZSES 2003 

13. WU SY, Xiao L, Li YR. 2010. Convection Heat Loss from Cavity Receiver In Parabolic Solar Thermal 
Power System: a review. Sol Energy; 84: 1342-55 

 

807



National Congress on Biosystems Engineering and Agricultural  th13
Mechanization 

Tehran, 15-17 September 2021  
 

١١ 
 

Numerical Simulation of Convective Heat Loss from 
Solar cavity receiver with EES Software 

 
.4, Maziar feizolahzadeh3, Aref Mardani 2,, Arash Mohebbi*1Mahdi Ghaemi 

 
1. Department of Biosystems Mechanical Engineering - Urmia University, Iran 
2. Department of Biosystems Mechanical Engineering - Urmia University, Iran 
3. Department of Biosystems Mechanical Engineering - Urmia University, Iran 
4. Department of Biosystems Mechanical Engineering - Urmia University, Iran 

  

Abstract 

According to usage of solar energy and the development tendency to use this clean and renewable 
energy, the importance of optimal design and also to prevent its loss is raised. Convective heat loss from 
parabolic dish solar receivers reduces their energy efficiency and increases the cost of energy. 

In this paper, the calculations related to convective heat loss from the solar receiver of cylindrical cavities 
are reviewed and compared with several different methods presented by different researchers. EES 
software is used in all these calculations. Different parameters such as receiver surface temperature, 
ambient air temperature and receiver angles affect the amount of loss from the receiver.  

The receiver consists of a cover with a height of 250 mm and a length of 212 mm and a cavity aperture of 
100 mm. Inside the receiver, a cylindrical heat exchanger is made of copper pipe with a diameter of 100 
mm and a depth of 150 mm. The internal temperature of the receiver is considered at three levels of 973, 
773 and 573 [K]. The results show that increasing the wind speed and surface temperature of the receiver 
as well as decreasing the angle of inclination of the receiver (receiver in horizontal position) increases the 
amount of convective heat loss from the receiver. 
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