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Abstract  
Nowadays due to destructive effects and the increase in cost of fossil power plants, clean and renewable energy has been considered more 
than ever. Renewable energies have been widely used due to the reduction of CO2 emission and environmental degradation, in recent 
years; The solar farm method and especially linear Fresnel reflector (LFR) has been of the interest by researchers in terms of 
thermodynamic performance and economical aspects. in this study by applying a thermodynamic models along with high-precision 
empirical correlations, a linear Fresnel solar plant with trapezium-form absorbers, consisting several absorbing pipes, is simulated. the 
model can be employed to investigate the effective parameters on solar plants of these types. The model is proved to have high rate of 
calculations and high precision. the model is applied for a specific climate conditions (Yazd, Iran) and performance of different oils are 
investigated. thermal efficiency, generated vapor rate, thermal dissipation and essential pumping power for each type of oil are studied in 
this study. at the end the most appropriate kind of oil is introduced for the considered city. furthermore, the appropriate oil type for 
different climate conditions regarding different seasons and different zones of the city is recommended. performance of the Fresnel Solar 
Plant can be simply evaluated by the proposed model. 
Keywords: solar power plant, linear Fresnel reflector, oil, heat transfer, trapezium-form absorbers. 
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0.1 m/s ( ���3�,
 �5 �?,�� ��V�

��+ �� ��,�G� <�
�� 0� �D5
� 4
]23[ )8×106<Ra<1.5×109(  

)11(  33.0
l RaNu 0.15=  

 @�Q��
 E��x �� �� �+�5 -��f 
�= �V�, �>
-���>  ���.5�I

 -���I
�+�5 �
&>��7��)Re>5×105   () �>
  �?~
� P�
 -
�5 �� �

 4
 ��*�5 ��5 �V�, 0.1 m/s( .��� ���3�,
 ��4 �D5
� 4
 ���5  

)12(  33.0
g

8.0
ll PrReNu  871)-(0.037= ⋅

 
  X�5 �D5
� ��gPr�= 6��
�� ��V-��� �� 


2

TT  ambg + ��V .�,


�5 �I�� �5 <�� 4�	���� 2��5 n�?M�  �D5
� 4
 -
 �*�+ ;+�� |�V

.��+ �� ��,�G� ��4  

)13(  

g

gwg wv
=

µ
ρ ⋅⋅

lRe  

gρ� 
�= �	�1Sgµ�I<	 �� 2���5 
�= �������� 

-���
2

TT  ambg +�wv.�,
 ��5 �V�,  

   @�Q��
 E��x X�5 F5
�� 4
 ���3�,
 �5-���>  �� 
�= ���.5�I

 .�+ �=
�H ��,�G� ��+ ��R -��� �� -
 �*�+ ;+�� 8���.�

 2���5 F�G� �5 -
 �*�+ ;+�� ���.5�I ���
�K `m�
 ��f P�U=

.��� �� �,�5 <��  

3 - FG/�9�  6�?��;(��-+ 6��	 , 
L)L  

 �?�,� �5 �	�	 F,�� ��+ 9&I -���>���> ;��,�  �� @��, �5

��4 �D5
� 4
 ���5 @�f �K
� �5 �� ���> P�
.�,�.�,
 ��,�G� 65�O  

)14(  
) 

D

D
())/ T-(Tk(2n=q

i

o
ina acond Ln⋅⋅ πɺ  

 �D5
� P�
 �� �� ak�����> �����,� �	�	inT �	�	 �?H
� }D, -���

�oD�iD.�+�5 �� �	�	 �?H
� �DO � �I��H �DO E���� �5  

 -���> �
�Q� P�U=;��,�  @�Q��
 e��f 4
-���>  F,� �5 ���.5�I

.�,
 ��,�G� 65�O ��4 �D5
� 4
 �� ��� �� 
��� @�Q��
 @��, � �	�	  

)15(  )T-)(TD(hn= q minifconv,3 ⋅⋅⋅ πɺ  

�� mT � �	�	 F,� �� @��, -���fh @�Q��
 E��x-���>  @��,

.�+�5 ��  4
 
� �?,�� ��V ���5 
��5
 E��x P�
 2���� �,�5 -
�5

.��� ��,�G� ��4 �D5
�  

)16(  n8.0
f PrReNu  0.023=  

 2
�� E��x ;����> �	�K �� X�5 �D5
� �� ��4/0  8��j �� �

 E��x ;����,3/0 ,
 @�Q��
 �/I �5 ��
5 .�-���>  E,��� 2
��

 .���> �� @�UV
 @�Q��
 ��,�G� -
�5-���>  4
 �	�	 @�f �� ���.5�I

.��+ �� ���3�,
 ��4 �D5
�  

)17(  )T-(T C m=q iopconv,4 ⋅ɺ  

iT��	�	 �5 @��, -���� -���oT� �	�	 4
 �I��H -��� mɺ �5�

.�,
 ���I  �5 �� �	�	 F,� �� @��, -���mT 4
 c�=� �� 2�*�

.�,
 ��,�G� 65�O ��4 �D5
�  

)18(  )/2T+(T=T oim  

 @�Q��
�*��,� -���>  9&I -���> 6x�3� �5 �,
 �5
�5 �	�	 ��,��

�4 �D5
� 4
 �� �	�	 ���
�K 8�3?� � �	�	 F,�� ��+��,�G� �  ��

.��+  

 @��, -A��
�� I��H� :��+ �� ��,�G� ��4 �D5
� 4
 ����?� 4
  

)20(  )h-(h m=P inout⋅ɺ  

.�,
 ��,�G� 65�O ��4 �D5
� 4
 ���3�,
 �5 �	�	 @�f �� ��*� ��
  

)21(  

i

2

D2

Lvf
=P

⋅
⋅⋅⋅∆ ρ

 

 �� �aU� ��*� ��
 P�
 2
��I -
�5 4
 �U� ��� .���> �� �
�O �V�<�

.�,
 ��,�G� 65�O ��4 �D5
�  

)22(  

ρ
Pm

=W
∆⋅ɺ

ɺ  

 �5 ����?� ���
�K 2����
� 0U�.��+ �� ��,�G� ��4 �D5
�  

)23(  
β

η
⋅⋅⋅ LWI

q
=

conv,4
th  

 2
�� �� �/�� 0U� �5 � ���5 �����> �b3G� �5 {�5�� F5
�� P�


� �= -��� �� � ���
�K 8�3?�.���� �,�5 
� �����> 4
 �DQ  6K

 ;+�� �5 {�5�� 8X��M� 
��5
 �� �,
 ���> �5 �
<�
 n�� �� 8X��M�

 � �	�	 �5 {�5�� 8X��M� 6K �5 va, � ��+ �� 6K -
 �*�+

.��+ �� ��H
��� 8�3?�  8X��M� �j�N:� � 8X��M� ���� �5 �I�� �5

DH 8X��M� �� �+�5 �� n4X �,
 �DH ��Y �*M*� ��+ -4�, �

6�+ �� 6K ���� .���> 6K �6  .�,
 ��+ ��
� ;��U�  

  

4 - (C��L
� ���	 ��8�0;  

 P5�� F,�� ��+ �T�
 z���� 4
 �z���� �.�, ����V
 -
�5

]���V16 4
 -���I @�� 2����
� �	�Q� P�
.�,
 ��+ ����> 0U� [

]<������ �� 6�4��23[  �	�Q� P�
 ��.��� �� ��,�G� 
� ���� �K
�f

@��,  n�� �5 PY�� ���3�,
 ����Therminol VP1  �� ����� ��

 ���K400 .�,
 ��+ ���3�,
 ��� �� 6UG� 
� ���
?, �I��

]�I�� P�
 �� ��+ ���3�,
 c/� -�=���
���16@��I �� [1  65�O

 �
��U� P�
 -
�5 ��+��H ;5�� 8�+ .�,
 ��=�*�850 �5 8
�

���K <��U� E��x � �5�����10  ����> �b� �� P�
 �� .�,
 ��+

 �	�	 �
�M� � �=�DO �5 �I��H -��� �5 ��
� @��, �V�, �I��

 ��f 2�U= .�,
 ��+ �T
�
 -�
��U� 8��j �5 � ��,�G� 8��3�� -�=

 6�+ 4
 ��7 �8  �5 0��<� ���
5 �x�K �M	�D� z���� �,
 [:*�

]���V P5�� z����16 ���M� �	�Q� �5 ���V P5�� �	�Q� .�+�5 �� [

)19(  ) q+ q(-q=q conv,1rad,1scond ɺɺɺɺ  
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� �5�.�-�1� ]25 -
�5 �?� -�DH �j�� .�,
 ��+ -�
&> �Gj [

 4
 ��U� 6�+ �� �=4 -�= 6�+ �� .�,
 ���� �,�5 %7  �8 

] �I�� z���� P�5 �
��Q�16[  �x�K e�QG� 4
 ���� �,�5 z���� �5

.�,
 ��=�*� 65�O  

  

  
 1��6- FG/�9� 1@ 
�,�  

  

 6,
�1- �R�-� �/ �/�$�	; /�)� H�� (�=-��;��]16[ 

����)���5 H�� (�=-��;  �C;
�;  

�	�	 ;��� 9&I E��x  0/94 

�	�	 ;��� 9��4�5 E��x  27/0-1/0  

�*�+ 9&I E��x  0/02 

@��, -���� -���(c)  290 

9R�I �G3j |�V(m) 0/49 

����?� @�f(m)  300 

�DO �I��H �	�	 :)cm(  7 

�DO �?H
� :)cm(  6 

 F�G� -���(c)  25 

)-
 �Q�4�R 9R�I W�3��
m(  0/1 

)����?� @�fm(  300 

�= �	�	 �
�M�  7 

)�Q�4�R ��<5 ��V�Om(  0/6 

  

  
 1��7- ST��� (;-� :����* -IQ7-������	  ,:
L)L /;
9�7  

  

  
 1��8- ST���  (;-�:����* -IQ 4/5 -������	  ,:
L)L /;
9�9  

  

5- ST��� �= :W,� /-���0 
X;�;:  

 �5 �V�<� 4
 r��H 4
 v� �
� PY���	���� �> P���  �� ��
� @�Q��


 �, e��f 4
 9� .��+�	���� P�  .��+ �� 6���� n�> h���� ��:5 �5

�	���� P�  �9� 2��� n�> ;�� ��b�� �5 @�
�	���� P�  ��b�� �5 n��

 � 9� ��:���	���� P�  h���� ��:5 �5 W��+
 ��:5 6���� ��b�� �5 n�,

�, @��� 4
 v�V�5 8��j �5 PY�� .��+ �� ���3�,
 n�> 4
 � ��
� n

�	���� P�  4
 ���/5 ���3�,
 ��b�� �5 ��� P�
 �� ��+ �� r��H @�


 @��� 4
 �I��H n�> h���� ��:5 ���/� �� .�+�5 �� PY�� 8�
�K

 ����t �5 �I�� �5 .��+ �� ��	�� h�5 � ��+ P�5��� ��
� n�,

 �V�<� e��f 4
 
� P�5��� �5 -���� ��:5 4
 �*:5 2
�� �� ��>����

+��H ;5�� .��+ P���� �?��5 F,�� �1�� �*:5 � ��� P���� -��

 �� � PY�� 2�+ n�> _V�5 -��+��H �V�<� �� ��+��H -A��


 �� ��:5 ��	�� ���/��	���� P� ��+ �� F,
� P�
 �� 8��LO ���M� .

 �
��Q� ��b�� �5 .�,
 ����� @��� �� -��	�� ��:5 2
<�� e�QG�

PY�� 
 �I��H � -���� -��� ��= 4�	���� P�  -��� 2�U= F,
�

 .�,
 ��+ |�� ����?� �5 �I��H � -����  
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6,
� 2- Y�?#� :T; �/ �/�$�	; /�)� (���W,� F�Z4J�]�28-30[  

PY�� n��  ��  ���*�5 

���)C(  

�	�1S(kg/m3)  �����> ����t

(j/kg.k)  

�I<	 (kpa.s)  �����,� 

�����>(w/m.k)  

Therminol VP-1 O1  400  999  1775  000985/0  128/0  

Syltherm 800 O2 400  864  1745  002965/0  12/0  

Dowtherm A  O3 400  9/994  1800  0009428/0  1259/0  

Xceltherm 600 O4  315  3/803  2270  002381/0  1296/0  

Dowtherm Q  O5 330  9/904  1904  0007769/0  1115/0  

  

 e�QG� P�
 ��5 �� PY��3X�5 ����� ��?5�O �5 PY��  �2 �5 PY��

 .�,
 ����> �
�O �,��5 � �M	�D� ���� �� P���� ����� ��?5�O

 @��I �� �= PY�� 8�N:*�2  P���U/� 4
 ��� .�,
 ��+ �T
�


 2
<�� �PY�� W�� P��M� �� ���
���;5��  -
�5 .�+�5 �� �QD�� �= ��

 �,��5;5��  ��+ ����> �
�O �b� �� 6N� ��/S 4
 ��� ��/S ��+��H

�� �,
  ��I� <�� @�, ��� P�����, � P��� n�> ��� ��/S P�
 ��

.��
�  

 @��I ��3  �/+ �*5�� 8�Vmf
 -���� �5 ��� ��/S P�
 8�N:*�

.�,
 ��+ ����� �<�1  -4�
	�� -
�5 8�N:*��V�<�  -��+��H 4


 �I�� �5�*� 8�Vmf
]16[  @��I �1 .�,
 ��+ ����> 0U�  

  

@��I3- ���3�,
 ���� -�= ��� �*5�� 8�N:*�]26[ 

 ��� 
 ;5�� 8�+

��+��H)2
(w/m 

 8�V�, �
�M�

(�V�,) ;5��  

@�
 ��� ��3,
  660 9/11 

n�� ��� �
��H  890 2/14 

n�, ��� ����/+  750 3/12 

n��/S ��� �R�  460 1/10 

 
��5
3 P�
 -
�5 .���> �� �
�O �,��5 ���� X�5 ����� ���?UV �5 PY��

3 � �5�7 ����?� 4
 @��, �I��H -��� PY��390����
?, �I�� 

 -���� -���310 ��Z�� @��, �5� ;5�� �5 �I�� �5 �+�5 �� �I��

 @���� W�x�� P�
 ���Z�� ��� �U� �5 X�UM� �/=�>���� �� .�+�5 ��

 � @��� �5 -���� �5� 2�U= ���� �,�5 -���� �5� .��+ ��

 �b� �� P�1���� �����> ����t F�
�+ �5 �I�� �5 .�,
 ��+ ����>

 ����?� ���+ ��3>6
��� PY�� 4
 ���3�,
 �5 O3  � ��+ -4�, ���+

 @��I �� c/� z���� �H�54  8�3?� �� ��+ �I�� .�,
 ��+ �T
�


 E
K�5 ���
�K)W/m�U� ��� �()w(�5� �)kg/s ��:5 �(

-��	��)kg/s.�,
 ��+ 2��5 ( 

�1�� PY�� �� ���?UV �,��5 -
�5  �4�5 ���5 �� P���� ����� ���?UV �5

 -��� <�� -4�, ���+ P�
 �� .�
� �
�O ���4�, E,��� �4�5 
� ������

 �5
�5 � �5�7 ����?� 4
 @��, �I��H315 �I�����
?,  -��� �  

  

 @��, -����235 �I�����
?,  �5� .�,
 ��+ ����> �b� ��

 �5 -���� �5� 2�U= ���� �,�5 -�����	���� P�  � �����> ����t

                                                           
1
 .��� -���� �5 �<� �� 2
��
 -��+��H ��M�j ��>���� P�	�� ���� -A�	

� P�
 .�+�5 �� �DH -�U/, -�= ���?UV �,��5 e�QG� 4
 �*:5 e�QG

.�+�5 �� �QD�� P�
 �� �1�� -�/�A�	����  
  

 P�1�����+�5 �� <�� �1�� PY�� ��/S -
�5 ��+ ���M� -4�, ���+ .

@��I �� � ��+ ��,�G�5  ��/S -
�5 ���� �,�5 z���� 4
 -
 �jmH

.�,
 ��+ ����� �1�� PY��  

  

6,
� 4- :W,� 
� \)�-� ST���O3  

O3 �K
�  @�
 ��� n�� ��� n�, ��� n��/S ��� 

2����
� -  7/41 24/52 58/46 21/24 

 8�3?�

���
�K 

W/m  2287 2292 2290  2274 

�U� ��� w  946/6 12/29 32/13 579/0 

-��	�� ��:5 kg/s  1998/0  4142/0 2836/0 01468/0  

  

@��I 5- n�� ��� �� �= PY�� -
�5 ���� �,�5 z���� �jmH  

 PY�� �K
�  O1 O2 O4 O5 

2����
� -  15/52 54/50  96/65 32/66  

 8�3?�

��
�K� 

W/m  
2299 2419 1260 1233 

�U� ��� w  24/29 68/41 06/36 56/52  

 ��:5

-��	�� 

kg/s  
4092/0 3951/0 5475/0  5506/0 

-���� �5�   991/5 561/6  495/6 697/7 

  

 ���
�K 2����
� P���*�5 X�5 ����� ���?UV �5 -�= PY�� P�5 ��

 PY�� �5 {�5��O3 �
 � ���
�K 8�3?� P���*�5 .�+�5 �� `�N� -A�

 PY�� �5 {�5�� �U� �� ��+O2  PY�� ����
 �5 �I�� �5 .�+�5 ��

O3  �� ��
� 
� ��:5 ��	�� 2
<�� P���*�5 ��
 �,
�
� 
� �5� P���U�

.�+�5 �� PY�� P�
 �����> ����t 2��5 X�5 �?V  

 PY�� 4
 ���3�,
 �5 ����?� ���
�K 2����
�O5  `m�H
 �55/0 -�j��


 z���� 4
 ��*�5 PY�� 4
 ���3�,
 �5 ��+ �T
�O4  ��+ d?� -���>.�,


 PY�� 4
 ���3�,
 �5 �	�	 4
O4  ���K2  -
 -A��
 .�,
 ��*�5 �j��

 -
�5 ��� �� `�N� �V�<� �� PY�� P�H
��
 2���I �5 -
�5 �U� ��

 PY��O5  ���K ��30 .�,
 ��*�5 �j��  

8�N:*� PY�� P���U/� 6��V �� d�j��  z���� �,�5 ���� �� 

�+�5 .�5 2
��V @�k� PY�� O5 �	�1S -��*�5 ��
� �5 PY�� O4 

��
� 4
 �5� ���I -��*�5 �
���H�5 �=
�H ��5. 2�U= ��f �� 4
 

�	��M� ��+ ���M� [:*� �,
)�5 �I�� �5 ���� -4�
	�� �� P�
 

;:5 �5 �� �b� P���> ���M� 8��LO -��� 2�
�� �+�5 �� (2����
� 

�5 ����t �����> � ��5 ��
5
� ��+ �� .�5� PY�� O5� 6/15 �j�� 

;�5 4
 PY�� O4 �,
 � 1/15 �j�� ��U� 4
 PY�� O5 �� �+�5 .�5 
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P�U= 6�	� 2����
� O5 �5 `m�H
 0.5 -�j�� 4
 PY�� O4 ��*�5 

�,
.  � �/�Y�� �
��Q� -
�5 
� @X��,
 P�
 2
�� �� �5�*� 8��j �5

.��U� _G5 ���� �,�5 z����  

5 �I�� �5 � 2����
� �� ��+ �� �bKm� ��+ n�.�
 8��,�G� �

 @��O 65�O ���
5 �c� ;5�� 8�+ �5 -�= ��� �� PY�� �� P�
 ���?UV

.�+�5 �� X�5 -��� �5 -�= PY�� 4
 ��  

@�
�I 4
 �� ��f 2�U=4 � 5  �5 -���� �5� ��U� ��=�*� 2
�� ��

.�+�5 �� 8��3�� d?�:� F�
�+ �� PY�� �= -
�5 ����?�  4
 �LM5

 W�� P�
 �� .���
� 
� �5�7 ��� �U� 4
 ���3�,
 6��U� -�= ���4�,

 ��� @��, �I��H � -���� -��� `m�H
 �� ��+ �I�� ���5 �K
�f

.�+�5 �� -��+��H �V�<� �� c/� -�= ���M� 4
  ��� ���4 `m�H


 -��U� 8�� �� PY�� ��j�H P��� P�5 4
 � PY�� P�
�+ _V�5

 ;:5 �� .��+ �� PY�� 6�OO3  ��
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