
   

  
 

 

 

�
��

��
� 

�
	



��

� 
�

�
�

 �
��

��
 �

��
��

 �
7

9
 


��
 �

47
 �

��
��

 �
2

 �
��

�
���

 �
13

96
 

#
$%

 �
11

3
-

12
1

 

* :��������	
 �� ���� ������ ������ ������ raminme56@yahoo.com 

 :������  ����05 /05/94  

�&�  ����� :'11/08/94 

 (
���)* ��+,-�� *-. /-���0 1��#�1�	-2 3��4� (��5 6��	 ��  

  

6)	� �)7��89�  ���*�
� ��+�
 �,��+��� -�.*�
�  �,��/� �0����� ��1*�
� 2
��
 �'�3� �'�3�  

:��;� (
�� �)�*  ���*�
� �������,
  �,��/� �0����� ��1*�
� 2
��
 �'�3� �'�3�  

 
�
��.   

-���� 4���
 �5 6�	� �7
8
 9�:� � ;�
<�
 ���<= -�= ��>���� -�= �?�� ;�5 4
 ;�� �5 @���� -A��
 -�= B�� � ��&����.� �,
 .-�/�A��
 �� �� �D5
� �5 ;=�� 

��	�� CO2 � E��:� F�G� ��4 -�/	�,�� ��H
 ��1��I �J�� -
 
��� ���� � ��K �� �LM5 4
 ��
�� -
�
� ��I�� -��N�O
 ���5 �,
 .�� P�
 	�Q�� '�� @�� 

-4�, ��>���� -��+��H 6�,�� �DH �5 �����> �Q�4�R -
 6�*�� 4
 P���S �	�	 9R�I �T
�
 ��+ �,
 .�5 0U� -4�	�� �T
�
 ��+ �� 2
�� ���?UV -�=���
��� 

�7�� �5 P�
 W�� �/=�>���� 
� �,��5 ��U� .-4�	�� �5 -���� ���3�,
 4
 -�/	�� 0���������� � 8X��M� �5�.� �5 �O� X�5 ���5 �,
 � �5 
�
� 2��5 �V�, 8��,�G� 

X�5 4
 -�DH P���� �
���H�5 �,
 .�� P�
 ;=�J� �5 �,��5 ���?UV P���S @��, 6��V ��H
��� ��+ �,
 � ���?UV 2� 
� �� -�/=�� 8��3�� @�, � 6��, ��>���� 

 PY�� �5� �5��Z�� � �5�7 ���� �,��5 �
�O ����> �,
 .��G� @�UV
 -4�	�� ���M� ��+ -
�5 0� F�
�+ 9� � ��
�= [:*�  )�/+ �<�- 2
��
 (���M� ��+ � 

���?UV �/�Y�� _G5 ��+ �,
 .�� P�
 �	�Q� 2����
� 2
<������
�K ��:5 8�3?��-��	�� ���
�K � `�N� A�aU� -
�5 �= PY�� ���� �,��5 � ���Q� �
�O ����> ��
. 

�� �/��
 E,��� P��� PY�� -
�5 F�
�+ �*5�� �/+ ���� �b� ���M� ��+ �,
.c= P��S PY�� E,��� -
�5 ���3�,
 �� 6N� �= � c�?O
 -�= d?�:� ���M� � 

��/�*�� ��+ �,
.e�f '�� �T
�
 ��+ �� P�
 �	�Q� �� 2
�� ���?UV ���
�K ��>����  6�,�� 
� -
�5 �= �QD�� �,��5 ��U�.  

�<;, (�= (
��5: -��+��H ��>����g ��4�� ��>��6�g PY��g ���
�K -4�	��g-
 �Q�4�R �����>.  

  

Studying Performance of Fresnel Solar Power Plant with Different Working Fluids  
 

R. Shabanpour         Department of Mechanical Engineering, Tafresh University, Tafresh, Iran 

R. Mehdipour Department of Mechanical Engineering, Tafresh University, Tafresh, Iran 

 
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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)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
�


 EK�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  ��
� 2�*� ��H 4
 -��/5 ���?UV

 6�+ �+
9  � -���� -��� `m�H
 EK �5 @��, �5� �
��U�

 PY�� �5 �5�7 �5� �5 ��>���� �� 
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 �� �+ �T
�
 �	�� �	�Q� P�
 F,�� ��+ �T
�
 -4�, ���+ 4
 ���3�,
 �5

 �� .�,
 ���5 
�
� 6�4�� -��+��H ��>���� ���?UV �,��5 ��?5�O

 @�Q��
 @�� P�
���>  @�� ��>���� 6��, � 9R�I 6H
� � 2���5 ��

+���?UV ��
�
 �� @�� �O� � ���?UV �,��5 4
 �M5 .�,
 �� 5 

 ���Q���,��5 ���� 8��3�� ����� -�= �����G� �5 d?�:� PY��

 � ��<� � ��+ �,��5 d?�:� @�N� �� �/�Y�� ���?UV .�,
 ��+

 ������ � X�5 -��� �� ������ �5 PY�� )PY�� �?j
 ��,� �� E��M�

,
 ��+ _G5 (P���� -��� �� �U� 4
 ���3�,
 �5 ��� 6��, �� .�

 P��M� E,��� PY�� � ��+ �,��5 �5�7 �5� �5 �1�� � ��Z�� ���

 -A��
 � -��	�� ��:5 2
<�� ����N� 2
�� �,��5 P�
 �� .�,
 ��+

.�,
 ���5 8��LO ���M� ��+ 9&I  

�5 �I�� �5 z���� �,�5 ���� �� ef��� ����� �QD�� �<� ��  -
�
�

�*M*� � ��X�5��+�5 PY�� -�= �5 ����t ����� X�5 ����� PY�� 

O3 ��/�*�� �� ��+.  �,��5 ���� -�/�Y�� �� �� �
� 2�*� z���� 

 -
�
� PY�� P�
-��� �I��H �,�����-A��
� �I��H � ��:5 -��	�� 

��*�5 � ��� �U� -��U� ��� �5 ���, PY�� �= PY�� .��
� O1 <�� 

�5 `m�H
 �U� ��� �5 PY�� �-��/�*� �� ���	�
 n�� �
�O 

���1��. �� PY�� -�= �5 ����t ����� P���� �� PY�� O5 �� F�
�+ 

�5
�5 �5 -��� �I��H -��X�5 4
 ����?� r��H �� ��+. c= P��S �� 

�D�
�+ �� -��� �I��H 
� �5�7 �� �b� c���15 PY�� ���&� 4
 

�2����
� ��:5 -��	�� � �5� -��*�5 �
���H�5 �� +�5�. �5 P�U= 

6�X� P�
 PY�� -
�5 ef��� �5 �*M*� P���� �� ���,��� �� �+�5.  

  

7 - c	-�2 F�@_I%; , �=/���  
 Dh  

)�Q�4�R W�3��
m(  

iD  )�	�	 �?H
� �DO �DOm(  

oD
 

�H �DO)�	�	 �I�m(  

f  B��Dj
 E��x  

g )P��4 6Q7 9��+2m/s(  

I  ) �= ���� }D, �5 ��+��H -���� ;5��-2Wm (  

ck
 

�����> �����,� �����> �b3G� -
�= 

 ak
 �����,� �����> �	�	

-2 o(Wm C)  

P  ����?� 4
 r��H n�1�= �� @��, -A��

-2(Wm ) 

gqɺ
 �	�	 F,�� ��+ 9&I -���>

-2(Wm )  

 qrad,1ɺ

  �+ F,�� ��+ 9&I -���>�*
-2(Wm ) 

 qrad,1ɺ

  �*�+ �5 �	�	 4
 �*5�� ��+ d?� -���>
-2(Wm )  

 qrad,2ɺ

  2���5 �5 �*�+ 4
 �*5�� ��+ d?� -���>
-2(Wm )  

 qconv,1ɺ

   �	�	 4
 ��+ d?� ���.5�I -���>
-2(Wm )  

 qconv,2ɺ

 �*�+ 4
 ��+ d?� ���.5�I -���>
-2(Wm )  

 qcondɺ
  @�Q��
�*��,� -���> �	�	 ��,�� ��

-2(Wm )  

 qconv,3ɺ

  @�Q��
-���> �	�	 |�V �� ���.5�I
-2(Wm )  

 qconv,4ɺ

   @�Q��
-���> �	�	 @�f �� ���.5�I
-2(Wm )  

aT  )�	�	 �����5 }D, -���K(  

gT
 )-
 �*�+ ;+�� -���K( 

inT  )�	�	 �?H
� }D, -���K(  

wv  )��5 �V�,m/s(  

W   �U� ���(W)  

cW  ) ����> �
�O 2� -�� �= �	�	 �� -
 �G3j |�Vm(  

gW   �*�+ ;+�� |�V)-
m(  

mW  )�= ���� �7�� |�V W�U.�m(  

α     *:��>�� �����> 
�=  

aα  �	�	 -
�5 ��+ 9�:��
 ;��� 9&I E��x  

β  ���� 9��4�5 E��x  

cβ  �����> �b3G� 2��� -
�= {���
 E��x)(K -1 

gβ  
�= {���
 E��x)(K -1  

γ  -
 �*�+ ;+�� ���V E��x  

gρ  
�= �	�1S)(Kgm 3−  

σ  7P�<�	�5 2�3�,
 �5�)K(Wm 42− 

gε
 

�*�+ 9��4�5 E��x  

cϑ  �I<	 �����U��,)s(m -12  

gϑ  �I<	 
�= �����U��,)s(m -12  

gµ  �I<	 
�= ��������s)(Kgm 1−  

 
  

8 - R�;-�  

[1] Gharbi N., Derbal H., Bouaichaoui S. and Said 
N., A comparative study between parabolic trough 
collector and linear Fresnel reflector technologies, 
Energy Procedia, pp. 565–572, 2011. 
[2] Morin G., Dersch J., Platzer W., Eck M. and 
Aberle A.,  Comparison of Linear Fresnel and 
Parabolic Trough Collector power plants, July. 
Solar Energy, Vol. 86, pp. 1–12, 2011. 
[3] Mills D.R. and Morrison G.L., Compact linear 
Fresnel reflector solar thermal power plants, Solar 
Energy Vol. 68, pp. 263–283, 2000. 
[4] Haberle A., Zahler C., de Lalaing J., Ven J., 
Sureda M., Graf W., et al, The Solarmundo project: 
advanced technology for solar thermal power 
generation. Adelaide, Australia. ISES 2001 Solar 
World Congress;. 25-30 Novembe, 2001. 
[5] Lin M., Sumathy K., Dai Y.J., Wang R.Z. and 
Chen Y., Experimental and theoretical analysis on a 
linear Fresnel reflector solar collector prototype 
with V-shaped cavity receiver, Applied Thermal 
Engineering Vol 51 pp. 963-972, 2013. 
[6] He J., Qiu Z., Li Q. and Zhang Y., Optical 
Design of Linear Fresnel Reflector Solar 
Concentrators, Energy Procedia Vol 14 pp. 1960 – 
1966, 2012. 
[7] Nixon J.D., and Davies P.A., Cost-exergy 
optimisation of linear Fresnel reflectors, Solar 
Energy Vol 86 pp. 147–156, 2012. 



 

 

@
�,

�
 

��
a��

�M
+

 � 
P

��

�

 
-

�/
�

 
��

�
 

121 

[8] Facão J. and Oliveira A.C., Numerical 
simulation of a trapezoidal cavity receiver for a 
linear Fresnel solar collector concentrator, 
Renewable Energy Vol. 36 pp. 90-96, 2011. 
[9] Singh P.L., Sarviya R.M. and Bhagoria J.L., 
Thermal performance of linear Fresnel reflecting 
solar concentrator with trapezoidal cavity absorbers, 
Applied Energy Vol. 87 pp. 541–550, 2010. 
[10] Sahoo S. S., Singh S. and Banerjee R., 
Analysis of heat losses from a trapezoidal cavity 
used for Linear Fresnel Reflector system, Solar 
Energy Vol. 86 pp. 1313–1322, 2012.  
[11] Larsen S. F., Altamirano M. and Hernández A., 
Heat loss of a trapezoidal cavity absorber for a 
linear Fresnel reflecting solar concentrator, 
Renewable Energy Vol 39 pp. 198-206, 2012. 
[12] Wagner M. J., Results and Comparison from 
the SAM Linear Fresnel Technology Performance 
Model, World Renewable Energy Forum Denver, 
Colorado, 2012. 
[13] Pino F.J., Caro R., Rosa F. and Guerra J., 
Experimental validation of an optical and thermal 
model of a linear Fresnel collector system, Applied 
Thermal Engineering Vol 50 pp. 1463-1471, 2013. 
[14] Morin G., Platzer W., Eck M., Uhlig R., 
Häberle A., Berger M. and Zarza E., Road map 
towards the demonstration of a linear Fresnel 
collector using single tube receiver, 13th 
International Symposium on Concentrated Solar 
Power and Chemical Energy Technologies, Seville 
(Spain). ISBN 84 7834-519-1, 2006. 
[15] Abbas R., Muñoz J. and Martínez-Val J  . M., 
Steady-state thermal analysis of an innovative 
receiver for linear Fresnel reflectors, Applied 
Energy Vol. 92 pp. 503–515, 2012. 
[16] Muñoz J., Martínez –Val J. M. and Abbas R., 
Thermal regimes in solar -thermal linear collectors, 
World Renewable Energy Congress –sweden, 2011. 
[17] Pye J., Morrison G. and Behnia M., Pressure 
drops for direct steam generation in line-focus solar 
thermal systems, Solar Annual Conference of the 
Australian and New Zealand Solar Energy Society, 
2006. 
[18] Sahoo S. S., Sh M Varghese, Kumar C. S., 
Viswanathan S. P., Singh S. and Banerjee R., 
Experimental investigation of convective flow 
boiling in the absorber tube of the linear Fresnel 
reflector solar thermal system, Renewable Energy 
Vol. 55 pp. 18-23, 2013. 
[19] www.novatecsolar.com/56-1-PE-2.html 
Accessed 30 oct 2014 
[20] www.novatecsolar.com/49-1-PE-1.html 
Accessed 30 oct 2014 
[21] Grena R. and Tarquini P., Solar linear Fresnel 
collector using molten nitrates as heat transfer fluid, 
Energy Vol. 36 pp. 1048-1056, 2011. 
[22] SolarEnergy, www.novatecsolar.com Accessed 
30 oct 2014 
[23] Pye J. D., System Modelling of the Compact 
Linear Fresnel Reflector, 21st May, 2008.  

[24] Dudley V., Kolb G., Mahoney A., Mancini T., 
Matthews C. and Sloan M., Test results: SEGS LS-
2 solar collector, Tech. Rep., Sandia National Labs., 
Albuquerque, NM (United States) 1994. 
[25] Moss T., Brosseau D., Final test results for the 
Schott HCE on a LS-2 collector, SAN2005-4034, 
Sandia National Laboratory. 
[26] https://eosweb.larc.nasa.gov Accessed 30 oct 
2014 
[27] https://therminol.com Accessed 30 oct 2014 
[28] https://dowtherm.com Accessed 30 oct 2014 
[29]http://www.radcoind.com/products/industrial-
energy/xceltherm-600-engineering/ Accessed 30 
oct 2014 

 

 

 


