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Abstract 

The present study aims to develop and improve the thermal and optical performance of the solar cookers; 
thus two double exposure solar cookers were designed, constructed and their performance compared under the 
same climatic conditions. During the tests, the parabolic reflected surface of one solar cooker was unaltered 
while the reflected surface of the other one varied. To change the size of the parabolic mirror, a set of narrow 
mirrors were used instead of a continuous surface. The narrow mirrors were installed on a parabolic curve and 
some of them were eliminated proportion to the test progress. By analyzing the experimental results parabolic 
curve of the solar cooker was divided into three sections and the effects of each part on the solar cooker 
performance was determined. Accordingly, we can remove the areas with minimal impact on system 
performance and strength the portion with the further effect. Finally, experimental study conducted in this 
research, could lead as a new method, to an optimum design of a solar cooker geometry. The tests were carried 
out in the Research Institute of Food Science and Technology, located at 37 latitude, 54 longitudes and a height 
of 985 meters above sea level in Mashhad, Iran. 
 
Keywords: Solar energy, solar cooker, Double-exposure solar cooker, Reflected surface. 



 
 

 

48  

�0
��J

�
 

�
.	;

�
 

`
�	O

�
 

I
J+

 
�

+�
�0

��
 

�
? 

+
 ...

 

1 - ���9�  

7�8�@
��+ 1��9��: 1�)a�� 1_	�� F� �� ��
�) ���) 

 � 
b� 1�	. ��9��: A�F�� ���"# ������ ���L
+� M� .����

 1��	6 �1��9��: 7�8� E.�� 	. A� 1�)��	� c�	?� 2�	= F� ��

���b'6 1�d, M� �� � �� e�< �� IJ+ M� 1�� �� � 1�

�� ��9 ���L
+� c� � 
b� 1�	. A� F� �� ���]1[ .5�� �. �8�� �. 

 ���0+�� 1�)��!� ���
,�� ���< 90 % R	Q� �-��: 1_	��

 �.
b� c� � ��� i�Q
:�.��]2[�7�8� 1��9��: 1�) T��+�

 ��+��� �'-�8 � �'��, $.��� 5
:�+ F� 1	�6�'8 1�	. �

�� 
��F C�4� kL<��9�.  A���( �. � �� ���8 �	���� M�

1_	�� ����F ��	/ A�334� �8�� ���� 	�"����;� 1�)

�
,	6 ���]3[ . �	�'?( ��� . � �0+��7�8� �	.��� ����� 1�)

 �'%� ��4� �� 1��9��:�� ����F 5�� �� 2�34���9�.  ��

�� 234� 1�	.�   1��l� � �.	;� `�0��J� 1���F �
+� ��9 &�;��

D��
+� ��	/ ���L
+� ���� c�� �L'
b� 1�)]4[ . F� ���L
+�

&c�����P�30� 1�) B"8 A�c�� E��c,� 1�	. ��9��: �����

F�� G�= �� E.��]5[ � 1	�6���. (n/�� &	)) P+��� �+��)

8 1�	. P�30� @
��+ �. F��� A��. ��9��: 1_	�� 	
!�. B"

��9��:]6[��� . KB"8 V�J+ �	�'?( 1F�+E.�� �����]5[ �

 G�3
�� A�c�� E��c,� 1�	. �"# R	q P+��� �+��) F� ���L
+�

��	6 ��9 
,����]7[  �E9�� F� ���L
+� 1�	. �������� 1�)

 `�,r�� E)���!.�� V�J+ F�]8[ � ��
�) ���)���)�� �'?8 F�

 �� �� �. s�������� . ��F�. 1F�+����	6  �!.�� �7�8�  1�)

 1��9��: ���� � �+�	.�
,	6 ��	/ ���L
+����.  F� �:	.

 $8	� �� ����F 5�� �� ��9 &�;�� `�3�34�]9[  �+�	. ����

�
,	6 ��	/���K 3� 5�� �� A�334� ���� �+�	. 	. ��r( ���

`�3�34�  �,	0� �7�8� \���� �� � �� �	.��� 1��9��: 1�) c��

���?� A��.7�8� M� \�� � T�9 ��F���� .���  �'���( 1��9��:

�� �� ��
�) 
b� A��F � ���!b. ��� . �	�� �	�'?( ������

 �� �"# A� C+�����������?� 	� K �5�0� 1��9��: 7�8� M� ��

&�;�� �. �
< �� ���� ��8� A���� 5��  T�9 �� ��c8 `�<r%�

 T.�/ ���3� �. 
b� A��F � �.�� E��c,� A� 1��� ��"# R	q

 PQ� �J.�� 5�?) �� K��� ���� E)�� � 8���	� 1��	6 1�) 

 E)�� �. 	;�� �"# R	q ���. ��9  ��11  A��F 1�%��

 G�3
�� t	� E��c,� �;�
� �� ��O� 5�� ���	6 B� A��9�8��	6 

�% 1��9��: 7�8� T:�� ��
+� �
,	6 `�]10[ 5��u?) K

 1���0� PQ�1��	6 �	�  7�8� M� Bv�8 �4L% 1�� 	.

��08 1��9��:A� 1��� �1� A�c�� �. ��7 A��F � ��� E��c,� %

 �� B� A��9�8 A� �� A�c�� �.12��� E)�� %K  	. 2�34� 5��

��08 1��9��: 7�8� M� 1�� 
,	6 `��% 1� A� S��
� ���

7�8� ���� ��9��: 1�) �	>�� �� 1��@) �� ����� ���L
+�

��9]11[.  

 ����F �� 2�34� E���F� � �<�	= �	>�� �� 1��9��: 7�8�

 G�+ �� ��. 5���� 1�	.2002  &�;���9 � 1_	�� A��c?) E.��

Bv�8 �4L% 5���� � w�. 
?+ F� ��9��:�  1��� �� �9 P8��

 F� A�140  �.165 �
��+ �8�� A��F � �.�� E��c,� ��	6

��08 ���?� �. 
��� A� �� B� A��9�8 1�30  ��60  �3�/�

�.�� E)��]12[.  F� ���L
+�? + �+��0�� IJ+ �� � �. ��

 `��% �� T.�3
� M���08 1��9��: 7�8� 1� K���9 PQ�

 P8���9  �� �"# 5
b� A���� �� �
< TQ, A�
��F�  A��.

 ��9��: P�30� c�� A� ����	6 @)�	,]13[.  V	= A�6��)� �x���

��� . D�� �y	6 ���"�
+� � 1F�+ IJ+ �+��) �. �.��

�'�'4� D�� �. �	�� �	�'?( ��� ����	�� D��c6 �� �+��0�� 

 G�3
�� ����	, � ���	� �+�	.��	6  �� �� A����9 1F�+

����?�]14[. ��� . 1F�+ 7�8� A�?) �� Bv�8 �4L%

 1��9��: �� ���	6 P8����� . G��1� 7�8� F�  1��9��:

 K��	6 E���F� � �<�	= ��	6 A�?) C+�� @
��+ 5�� ��

�� 
,���� �� �!.�� 1_	�� R	= �� F� Bv�8 �4L%�	�  �

 F� Bv�8 �4L% 1��� 	z���<7/127  �.165�
��+ �8�� ��	6

�� E��c,� .
, ����� ���. �� @
��+ 5�� M� PQ� ���:c|9�

 ��� ��9��: P�30� A��. � ���	6���	�]15[.  

 ����� ��
���0,�'�/ 1�)�. 2�34� 5�� �  R�) �9�� �x���

 1�	. �.	;���� . �+��0�� V�J+ �+��) 1F�+ ��7�8� 1�)

 1��9��: .
+� ��9 �<�	= ��>�� 5�� �. �+��0�� V�J+ 	O�

 �? + ��	�'?( 	. �	>�� �� 1��9��: 7�8� M� �0��J� A� �


+� ��9: 7�8� �� ��>�� 5�� �. K � �
:�+ ��<�	= 1��9��

 
4� �.�!� C��	9 ��E���F��) 1�
,	6 ��	/ ��?,�) .��� 5��

 @
��+ M� 1�� 	. �y	6 �0��J� nb!� C��	9 �� �

 ����,�	N8 �%�: A� D�� ��� 
+� ��9 &�;���� ����� 1�� 	.

@
��+ 	-�� 2=��� �� � 	-�� 1�)��	6 �	8� c�� . 5�� S��
�

�<�	= ��, E��� �0��J� 
:�+ � 7�8� �� 1��9��: 1�)

 ��� .�� 1�)�	.��� 5��0� � �<�	= �T�'4� A���� � �!b.


�+��� 	� �� @)�	, � �� 1�	.�����.  

  

2- ��B�
+ C,�  

�
,	6 ��	/ ���L
+� ���� 2�34� 5�� �� �� 1��9��: 7�8� 

�� �	>�� �� \�� F���08 � �? + �'%� Eb. �� F� � �9�. 1�

 ��9 T��!�@
��+ 5�� �� .
+�  ��9��: 1_	�� B"8 A����

����� F� �
,���� 1_	�� K���� ��8� R	= �� F��? + 1�)  F�)

(5���� ��08 Eb. F� �
,���� 1_	�� ��	?) �. 1� (w�. F�) P8��

 E��c,� � Bv�8 �4L% 1��� 
b� �;�
� �� �"#�� .��	6

1�	. @
��+ 5�� �.�!� ���?� �	. R�) �. ��. 5���� 	O� �+

5�, 1��9��: 7�8� �	�'?( 	. �"# R	q A�	� ����  ����


,	6 ��	/ ���L
+�]10[.  



 

  

��
���

F 
5

��
<

 
�

���
� 

�
'(

 �
 A

�?
�3

� 
�?

4
�

	,
 

49  

 F� 1��9��: 7�8� �? + Eb.9  ��0.� �.) 
b� �����10  ��

50 �
��+ (	
� T��!� �? + ��4�� M� 1�� 	. �� 
+� ��9

��9 PQ� ��9��: E.�� 
 8 �. 
��� �
+� `��% �. � ���

�� @�>���= �� .���9 GE���F� �)����� ���0� �� �? + 1�)

 @
��+1 �-� 
.�O  �
9����9 ���@
��+ �� �  ���?92 

 ���� �. P+��
�E���F� �)�� ���� 	��N� ���3� 	��N� 1�	. .���9

 ���?9 @
��+ �� �+��0�� IJ+2 ����� 
 8 ���0� �)

�� �9�.���	-� e�0�� 7�8� T:�� �. ��9��: 1�)��	� �� � 

,	q�  	J/ �.20  2?( �10 �
��+E���F� 1�	. 	
��)  	>� ��

�� ���� ��	/ Bv�8 �4L% c�	� �� � 
+� ��9 �
,	6  .��9 5��

 @������� 7�� F� R	q � 
��b} �.2/0 �
��+ 	
��� �� �9�.

 ��9 ���� E9�� ���+ ~�� �. T��� ��= �. A� ���	�. ������

�.) �	�� 1�w�, 7�� M� Bv�8 �4L% .
+�  ��0.�46  ��27  �

 
��b}2/0 �
��+�� (	
��9�.  �� ��9 PQ� �3,� `��% �.

E.�� 
 8 �� F� � 
+��� 
,���� �� ��9��: 1�) Eb. .���?�

��08 1� 1��9��: 7�8� F� �
,���� 1��	6 
?+ �. �� w�.

�� T3
�� R	q � Bv�8 �4L% A� 5�	�F 
?�/ �� K��� @)

�!�9 �4L% M�	/ ����8�� 1�e�0�� 1�)��	� �� ���� �� 

����� F� ��9 1�)�? + �� B"8 ����� . �� A� 1w�. 
?�/

 ��0.� �.) 
b� ����� ��50  ��30 �
��+ 
b� ����� M� � (	
�

 ��0.� �.)50  ��50 �
��+ (	
� PQ����8 .
+� ��9� 7�8� 1�)

 1��9��: 
��b} �.) �.�y ��w M� F�2�
��+	
� �
:�+ (

��9  
��b} �.) �?������� aF�� 7�� M� � ���01/0  

�
��+ 	
� A� �':�� 
?�/ 1�� 	. ( 
+� �
,	6 ��	/ E.�� ��

 .���?� 
���) �"# R	q � Bv�8 �4L% 
?+ �. �� ��9��:

T4� � �)F�� ���?� G�Q�� 1�) `�0J/��9 1��.F�� �.�: �. -

 �� ��� ��	: $����8� \�L��� .��9 @
��+ F� ��� 1�)F�6 �� 7

 P��	� �. P3( � �'8 
?+17  �32 �
��+ 	
�
+� �� K

 A� ��w�. 
?�/�!�9 M�  ��0.� �.) R�L948  ��33  �

 
��b}4/0 �
��+ .
+� ��9 PQ� (	
� 1�� 	. @
��+ T�

t	y ���+ A� ���;.�8 � T3� � T?< �� 
+� �
,	6 ��	/ ���)

 .��	6 T�9 ��17�8� �� 	��Q� .  A�!� �!���F� 1��9��:

 :
+� ��9 ����  

  
D��1- �)�-!���F� 1��9��: 7�8� ���?� �� 	��Q�  

3 - ��)��) D*�
> EF+ > G>�%,�H  

E���F� �� 2�34� 5�� 1�)B� C��	9  &�;�� � !� ����) �

 ����,�	N8 W	( �. �
�0/�� �� � !� .���	637  �8�� ���?9

 ����,�	N8 G�= �54  �8�� $/�� �.	# F� A� \�L��� � 
+� ��9

 ���� IJ+985 �� 	
� .�9�. ��9�: T� E.��I  ���?� ��

E���F��)�.E.�� M� �'�+� G�� S�+TES/1333
/� �. � 

w/m2 10 ± 
�0J/ &�( 5�	
!�. �  w/m28/5  �F���� 1	�6


+� ��9�F���� 2,� IJ+ 1�� 	. T� E.�� `�9 K ��9 1	�6


+�]16[.  

C�4� 1��) 1���T� ���8 S�+��� M� �'�+�. � 1� 1���

 R	q T:�� B�T�  @
��+ �� 	) �� �� @
��+ M� �'�+� �.

�F���� ������ �
�� G�� ���� 1	�6922  \�� T�����	� �.

k(NiCr- Ni)  
/� �. �(±0.5ºC + 0.3% mv) �F���� 1	�6

 .
+� ��9��+� 	. 5�. ������
+� �	�'?( E���F� �''?��

7�8� 1��9��: 1�)�  �F���� �. �
���. T�����	� ����+5 

�
��+ � �9�. �
,� �	, B� 2?( �� R	q �� F� 	�w�. 	
�

�F����1	�6 �'%�, �� �)
(�+1�)10  ��14  &�;�� F�� 	)

��9]17[ .E���F� G�= ���) ��9��: T� E.�� � B� 1��� �

 	)5 �F���� ��. M� �3�/� 1	�6 
�O �
+� ��9 K ��>�� �.

!�. B"8����� ����F � @
��+ 
 8 ��9��: E.�� 5�	
 1�)

�'%�, �� �? + ��4�� 1�� 	. ��9 PQ� nb!� ����F 1�)

�� @�>�� ��9��: 
?+ �. �
+� `��% �. .���9T�92 .

 A�!� �� �	>�� �� 1��9��: 7�8� ���?� �� ���?9 V	=

��  .�)� 

 

(B)    )(���  

D�� 2- <	=���� 7�8� ��  	��� ��	?) �. �)�-!���F� 1��9��:

 E.�� 1�)��	� K��9��: @
��+ (���1 @
��+ (B �2  

  

T�9 �� 2  ��	?) �. ��9��: E.�� 1�)��	� 	���

����� ��9 ���9�� E���F� F� �'<	� 	) �� �� ���) ��� c�� A�!�

.
+� ��9 ����  

  

  

����� ��	
 ��  


�� 
����� ��� ����� 

��� ���� ���� 

�� ���� �	� 

 �	� !"#  



 

 

�0
��J

�
 

�
.	;

�
 

`
�	O

�
 

I
J+

 
�

+�
�0

��
 

�
? 

+
 ...

 

50  

4 -  I*��� 	
�,. > J!. 

4- 1 - 	.,�4 2�K*���L I*��� 	
�,. 

 R�)2�34� 5�� �.	;� � �0��J� 	O�Eb. �'
b� 1�)

 ����� 1��9��: 7�8� �	�'?( 	. �? +��.�9�.  1�	.


+�  R�) 5�� �. �.�� M���. ����� 1��0� F� � 1�� 	. �� 
b�

 M���9 PQ� �? + ��4�����  5�� .���	6 ���L
+� IJ+

�� �? + IJ+ F� ���	3� �� �
+����� ��9�. `�	��N� A����

 &Fw IJ+ 1�� 	. ��E���F� &�;�� 1�	. �'
b� 1�) @)�	,

��  .���  

. 5�0� R	q �� �E���F� 5���� ��� ) B� 1���� ���3�1  (	
��

�9 	���  
?�/ F� ����� �� ��? +  @
��+ ��2  ���9��

 ���?9 @
��+ �. A� �	�'?( �� ���91  T� A� �� ��9  �����

 
?�/ ���? + ���. PQ� T�9 .��	6 ����3� ���3 5�� S��
� .

�� A�!� �� E���F�:�)�  

 
D��3 -  �� E���F� .@
��+ �� �� B� 1��� 5�. ����3�20 


! �����1392  
(�+ �� �10:10 .
+� ��9 \�	9  
  

 E���F� S��
� G���� A�!� @
��+ �� B� 1��� �� �)�2 

 IJ+ 
��� �.7/76 % @
��+ �. ����3� ��1  ���< ��3 %

 �? + 
?�/ F� ����� �+ �&�� E���F� �� .
+� �
,�� E)��

@
��+ ��2 ���9 ���9��  @
��+ �. A� �	�'?( �1  ����3�

T�9 .���	64�� A�!� �� E���F� 5�� S��
� ..�)�  

 
D��4-  �� E���F� .@
��+ �� �� B� 1��� 5�. ����3�15 

 �
! �����1392  
(�+ �� �11:45 .
+� ��9 \�	9  

 E���F� S��
�&�� !��� A� @
��+ �� B� 1��� �� �)�2  �.

 IJ+ 
���3/66 % �� @
��+ �. ����3�1  ���< ��13 %

 
?�/ F� ����� �� y �&�+ E���F� �� .
+� �
,�� E)��

@
��+ �� �? + 2 �9 ���9����  @
��+ �. A� �	�'?( �1 

T�9 .���	6 ����3�5�� A�!� �� E���F� 5�� S��
� ..�)�  

 
D�� 5-  �� E���F� .@
��+ �� �� B� 1��� 5�. ����3�16 

 �
! �����1392  
(�+ �� �11:30 .
+� ��9 \�	9  

  

 E���F� S��
�&�+ !��� A� @
��+ �� B� 1��� �� �)�2 

 IJ+ 
��� �.8/55 % @
��+ �. ����3� ��1  ���< ��17 %

����� &�?� �&�� y E���F� �� .
+� �
,�� E)�� 1�) Eb.

 �� �? + @
��+2  @
��+ �. A� �	�'?( � ���9 ���9��1 

T�9 .���	6 ����3�6�� A�!� �� E���F� 5�� S��
� ..�)�  

 
D�� 6 -  �� E���F� .@
��+ �� �� B� 1��� 5�. ����3�20 

 �
! �����1392  
(�+ �� �11:30 .
+� ��9 \�	9  

  

 E���F� S��
�&�� y �� A�!� @
��+ �� B� 1��� �� �)�

2  A��.����� ��) @
��+ �. ����3� �� �? + 
?�/ �� 1�1 

 ���< ��25�!� E���F� 5�� .
+� �
,�� E)�� %�� A �� �)�

? + Eb. @ + 5�	
!�. 7�8� �	�'?( �� �+��0�� V�J+ �

 ���6�� 1��9��:25�� % .�9�.  

�%r: S��
� F� 1�E���F��) 11  ��4  G��8 ��1 A�!� .

�� IJ+ 
��� .
+� ��9 ���� �+��0 Eb.�? +  �� 	) ��

@
��+ � @
��+ �� 5�. ��9 
�O 1��� Rr
:� 5�	
!�. �

t (min)

T
(C

)

I(
w

/m
2

)

0 20 40 60
0

20

40

60

80

100

120

600

800

1000

1200

1400

1600

1800

2000

I
Tamb
Tw1
Tw2

t (min)

T
(C

)

I(
w

/m
2

)

0 20 40 60 80
0

20

40

60

80

100

120

600

800

1000

1200

1400

1600

1800

2000

I
Tamb
Tw1
Tw2

t (min)

T
(C

)

I(
w

/m
2)

0 10 20 30 40 50 60 70
0

20

40

60

80

100

120

600

800

1000

1200

1400

1600

1800

2000

I
Tamb
Tw1
Tw2

t (min)

T
(C

)

I(
w

/m
2)

0 20 40 60
0

20

40

60

80

100

120

800

1000

1200

1400

1600

1800

2000

I
Tamb
Tw1
Tw2



 

  

��
���

F 
5

��
<

 
�

���
� 

�
'(

 �
 A

�?
�3

� 
�?

4
�

	,
 

51  


��< 	) �� 1��9��: 7�8� �	�'?( 	. 	�OU� �%���  5�� ��

���;�� F� .
+� ��9 D��c6 G��8 7�8� �	�'?( 	O� ��

 �':�� 1_	�� E��c,� �� 1��9��: T:�� B�R	q�)  	)�q

��  	) �� B� 1��� Rr
:� ���9 n:�9 A���( �. �@
��+ ��

� �. ��9 T3
�� 1_	�� Rr
:� �'%�A  Rr
:� �;�
��� �

 5�� F� ���L
+� �. .
+� ��9 �
,	6 	>� �� @
��+ �� �	�'?(

�� ���� ��+�4� c�� �� @
��+ �� 1_�c6� � 1_	�� ��F�. A���

��?�]16[.  

  

 N>��1- <� �	�'?( 	. �+��0�� V�J+ 	�OU� �+�	. S��
� �%r: 7�

 �	>�� �� 1��9��: @
��+ 1�	.1  �2 

 �%��

 	. 	�OU�

 �	�'?( 

 5�	
!�.

 1��� Rr
:�

��9 ��;�� 

 
���

 IJ+

�+��0�� 

E���F� \�� 

0 0 1  �?) �. 1��9��: 7�8�

������? + 1�)  

3 4/2    767/0     �? + Eb. ����� ��

���9 ���9��  

14 13 663/0     Eb. �� ����� �+

���9 ���9�� �? +  

17 3/16    558/0     Eb. �� ����� �� y

���9 ���9�� �? +  

25 24 0 ����� �?) Eb. 1�)

? +���9 ���9�� �  

  

 T�9 ��7  �	�'?( 	. �+��0�� V�J+ 	�OU� A�c�� ��4��

 S��
� F� ���L
+� �. �	>�� �� 1��9��: 7�8�E���F��) 14-1 

 B� 1��� Rr
:� 5�	
!�. ����?� 5�� �� K
+� ��9 ���� A�!�

 	. @
��+ �� �� P�< 
?�/ �� �+��0�� IJ+ 
���

�? + � �Ĥ.
+� ��9 ���� A�!� 

 
D��7 -  �+��0�� IJ+ 
��� ��+� 	. @
��+ �� �	�'?( Rr
:�

 Eb.�? +  

  

1��J��?)�� �><r� �� ��<�� �� K��	6O5)����� 	O� � �)

 ��<�� �� �
+� @�P����� 	O� ��� E��c,� `�9 �. �) �� � �.��

 ��<��� ����� 	O� c���� E)�� �) T�9 �� ��<�� �+ 5�� .�.��8 

 Eb. 1�� 	.�? + ��9 ���� A�!� 1��9��: 7�8�.��� 

 

 
 
 
 
 
 

  

 

  

  

  

D�� 8- �+ �<��� �+��0�� V�J+ ���6 Eb. ���? +  7�8�

1��9��:  

 

E�� 1�	. 	. �? + Eb. �+��0�� V�J+ 	�OU� A�c�� ���.

 ��<��� F� &��� 	) 1�	. ��	>�� �� 1��9��: 7�8� �	�'?(

� � B ����  T�97 &	� F� ���L
+� �.��c,� Exel  �J.�� M�

 G��8 �� ���� 
+� �. C.��� .���	6 2�J�� �}���2  A�!�

.
+� ��9 ����  

  

N>��2- 
+� �. `w��0�
?�/ 1�	. ���� Eb. �'
b� 1�)

�	>�� �� 1��9��: 7�8� �? +  

RS.	�!�� %�@  ���L E
+ �. �5+�/�  

 Eb.O5)  � = −11.159� + 11.159 
 Eb.P  � = −126.98�� + 101.6� 
 Eb.T  � = −13.799� + 24 

  

 7�, C.��� ��y A���?� ��9 ��;�� 1��� Rr
:� 5�	
!�. 	6

 �. ��9 T3
�� �':�� 1_	�� Rr
:� G��0� � @
��+ �� 5�.

T%�< 	. B��� B� �*�� ����	6 
�,	q �� &	8 B	} �9�.

@
��+ �� 1�	. �	�'?( Rr
:� n:�9) 	�F `��% �. �� (

�� ��	0�:��9  

)1(  � = ∆���� = (∆�)���
� !

 

  

 7�, �J.�� ��u  ��':�� 1_	��m   � R	q T:�� B� &	8c 
�� B� �*�� 1��	6 
�,	q 5��u?) K�9�.x A���?�� 	6 ���3

�� ��4�� F� Eb. 	) �� �+��0�� IJ+ 	�F `��% �. �� �9�.

:
+� ��9 ��	0�  

)2(  � = &!
&!,���

 

  

Aref,r(m^2)

T
m

ax
,d

(K
)

00.10.20.30.40.50.60.70.80.91
0

5

10

15

20

25

30

35

40

��� B � 

� B ��� 



 

 

�0
��J

�
 

�
.	;

�
 

`
�	O

�
 

I
J+

 
�

+�
�0

��
 

�
? 

+
 ...

 

52  

 7�, �J.�� ��A) @
��+ �� �? + �+��0�� IJ+ 
<��� 2  �

A),*�+ �+��0�� IJ+ ���3� 5�	
!�.  � �+��0�� IJ+ G��0�

@
��+ 1 ��W	( 
��< 5�� �� .�9�. ����� 	. ��9 PQ� 1�)

 C.��� .
+� ��9 �
,	6 	>� �� �<�� ��4�� 1��1�2  ���3�

�+ �<��� �� �+��0�� IJ+ 	�OU� 7�8� �? + ��4�� ���6

��9��:�� �,	0� �� 1.����?�  

��<�� ��)�	.��� F� �:	. 1�	. �'%�< S��
� ��+� 	. 1�)���  �

� �� 1��9��: 7�8� @
��+ 
 8 5�� F� ����9 R"< ������

M�+ @)�� 	�A�F�� @) � ��9����� ��� !	� 1�� 	. �� ���)

 Eb.P ��9 PQ� �? + ��4�� F� 	. � 8�� T.�/ 	O� ���

9��: 7�8� �	�'?( � �� R"< T��� 5�?) �. � ����� 1��

.�9 �)��: @
��+ ������ ���9 
,� P8�� Eb. R"< ��� 

 ��4�� F��? +. �	�� �� $8	� �� ��9 �x��� �+��)]13[  ��

��� . 1�	.��08 1��9��: 7�8� M� 1F�+ ���L
+� ���� 1�

�� M��c� 
+� �
,	6 ��	/.���  

  

4- 2 -  D��!4 �+��.	*��,H (��)%�@  %����&' 

 
��� `��% �. 1��9��: 7�8� M� 1�	. 1_	�� ��F�.

 A��F� 2.�J� B� �':�� 1_	�� E��c,� A�c��) �8�	: 1_	��

 7�8� C+�� ��9 B"8 1_	�� ���3�) 1���� 1_	�� �. (������
+�

�� ��	0� (1��9��:��9]17[ 1_	�� ��F�. Kμ  	�F `��% �.

�� ��	0� :��9  

)3(  μ = � !-.�/0 − �1023
4&∆5  

  

 ��m  P�< 	. R	q �� ��8�� B� &	8 ���3�kg  �C)  1��	6

 G��0� �� B� �*��4.2
kj

kg. K; ����9�.T<� �T=�  ����� 1�)���

 P�< 	. E���F� A��F G�= �� B� ��� � �K  �I  `�9 C+�
�

 P�< 	. IJ+ �<�� 	. 1��9��: E.��w
m�; �A   IJ+ T�


,���� P�< 	. 1��9��: E.�� �����m�  �∆5   A��F G�=

�� ����O P�< 	. E.���9�.]18[ . ���3�7�8� 1_	�� ��F�. 1�)

E���F� 1�	. 1��9��: 1�)1  ��4  G��8 ��3 . ��9 �x���

.
+�  

N>�� 3-  1_	�� ��F�.7�8� 1��9��: 1�) `�!���F� ��1  ��4   

R*���L   U���
1   U���
2  

 E���F�1  15 16 

 E���F�2  5/14  18 

 E���F�3  15 20 

 E���F�4  15 33 

  

 ��+��0�� IJ+ A��. 
.�O T��� �. ��F�. 1_	��@
��+ C+�
� 

1 E���F� �?) �� �) 
.�O ���< �� �15 %���9�. ���  ��F�.

����	6  @
��+2  �. P+��
� E)�� ���3� �� �+��0�� IJ+

? + Eb.�� E��c,� ��.��.  5��;�
�� �� A�!� Eb. �� �)�

 �!.�� `�,r�� 2�	= F� �
,���� 1_	�� F� � 8�� T.�/ V�J+

 �+��0���� �'���9 �� B� B"8 A� F� ����� @ + � ��	6 K

5��	.��.  `�,r�� �. 
��� �!.�� `�,r�� @ +����	6  @
��+

�� 	
!�.�9�.V	= �"� K �+��0�� IJ+ �� F� � �� �� �� ���)

�? + T��� �. 
+� ��9 ���L
+� T.�3
� E.�� �����  1�)

e�0�� 
���) 1��9��: 7�8� T:�� 
?+ �. �� V�J+ F� ��9

���� E)�� �� �!.�� `�,r�� � ���� 1	
!�. �)�F�. F� ��)�

��
�) �����:	.]13[.  

 

5- �����%,�H  

 ���+�	. ��+� 1�) �� �)�-!���F� 7�8� �� 1�� 	.

 1��9��: �	>�� �� ��r��� C��	9 ��  ����	6 &�;�� A����

��� 
+� �. 	�F S��
�
+� � :  

- Eb. 	O� �'
b� 1�) ����� 1��9��: 7�8� �	�'?( 	. �? +

���	6 5��0�  �  ��. �8�� �. A�      ���<�� ��+ ��. �? �+ ���4��

 M� ��<�� 	) 1�	. � �9 @��3� �J.�� �}��� �x���   5��� K����	6

    @
���+ �	��'?( 	�. �+��0�� IJ+ ���3� 	�OU� �J.��  A��!� ��

���)�.  

-  �+�	. S��
��� A�!� ���� 
+� �. Eb. 	�OU� �� �)�P  F�

   F� E��. ������ �� �. 1��9��: 7�8� �	�'?( 	. �? + ��4��

5/4  Eb. 	.�	.���      ����< �� � ������ ����0� 5��?) �.2   	�.�	.

 Eb.�  �.5 �� �����.�9�. 

-  &�� y E���F��� A�!�    �? �+ ������ T���� R"�< �� �)� 

 A�c�� �. �� @
��+ �	�'?(25�� E)�� % K�)�   
� 8 5��� F�

�� �8�� T.�/ Eb. 5�� @ + .�9�. 

-  S��
�E���F� A�!� ��9 &�;�� 1�)���  ��  ��!.�� `�,r�� @ +

 `�,r�� �. 
�������	6  	
!�. 
+�T��� 5�� �.  
�+� 	
 .  ��

7�8� �<�	=1��9��: 1�)  F� V�J+ �+��0�� ���L
+� T.�3
�

��	6        1���9��: 7��8� T�:�� ��. c��� �� ����.��F�. 1�)��	� ��

���?� 
���). 
 

UVW- E
,
;  

4  ��9��: E.�� `�9? 0
�@A  

�  R	q T:�� B� 1���(℃)  

&  �+��0�� IJ+ 
<���(��)  

�  �':�� 1_	��(C)  

�  &	8(DE)  

 ! �*�� 1��	6 
�,	q?C DE. F; A  

5 (����O) A��F  

∆ Rr
:�  

μ  ��F�.1_	��  

  



 

  

��
���

F 
5

��
<

 
�

���
� 

�
'(

 �
 A

�?
�3

� 
�?

4
�

	,
 

53  

X*&�Y�. �@   

°  ��?����  

    

X*&�,*��@    

G �����  
H ��� �  

IJH �+��0��  

K B�  

L�M C�4�  

I 
���  

N �? +  
O Rr
:�  

1  @
��+1  

2  @
��+2  

  

%�)ZB
�[
  

�����
!� F� ���3�34� �_�	� 5�� 1�	8� ��  1����� c�	�

 ���!)�*� ���"# $���% `�'��� � A�+�	: 1����, � @'( a���

 	�!� � �� `�?<F F� �� 
+� ��9 ���L
+� ���"# $���% � &�'(

�� .��	6  

  

\�),�  

[1] Schwarzera K., Eugenia M., daSilvab V., "Solar 
cooking system with or without heat storage for families 
and institutions", Solar Energy, vol. 75, pp. 35–41, 2003. 
[2] Nahar N. M. and Gupta Jagdish P., "Energy 
conservation potential for solar cookers in arid zones of 
India", Energy, vol. 16, pp. 965-969, 1991. 
[3] Valmiki M. M., Li P., Heyer J., Morgan M., Albinali 
A., Alhamidi K., Wagoner J., "A novel application of a 
Fresnel lens for a solar stove and solar heating", 
Renewable Energy, vol. 36,  pp. 1614-1620, 2011. 
[4] Al-Soud M. S., Abdallah E., Akayleh A., Abdallah S., 
Hrayshat E. S., "A parabolic solar cooker with automatic 
two axes sun tracking system", Applied Energy, vol.  87, 
pp. 463–470, 2010. 
[5] Kumar N., Chavda T., Mistry H. N., "A truncated 
pyramid non-tracking type multipurpose domestic solar 
cooker/hot water system", Applied Energy, vol. 87, pp. 
471–477, 2010. 
[6] N. Kumar, T. Chavda, H.N. Mistry, “A truncated 
pyramid non-tracking type multipurpose domestic solar 
cooker/hot water system”, Applied Energy, Vol. 87, pp. 
471–477, 2010. 
[7] Sharaf E., "A new design for an economical, highly, 
efficient, conical solarcooker", Renewable Energy, vol. 
27, pp. 599–619, 2002. 
[8] khosrawialhoseini M., maarefat M., "Evaluation of 
radiation energy loss in display case refrigerators", 
Journal of Modares Mechanical Engineering, vol.37, 2009 
(in Persian) 
[9] Muthusivagami R. M., Velraj R., Sethumadhavan R., 
"Solar cookers with and without thermal storage—A 

review",Renewable and Sustainable Energy Reviews 14, 
691–701, 2010. 
[10] A. Harmim, M. Boukar, M. Amar, “Experimental 
study of a double exposure solar cooker with finned 
cooking vessel”,Solar Energy, vol. 82, pp. 287–289, 2008. 
[11] Harmim A., Belhamel M., Boukar M., Amar M., 
"Experimental investigation of a box-type solar cooker 
with a finned absorber plate",Energy, vol. 35, pp. 3799–
3802, 2010. 
[12] Harmim A., Belhamel M., Boukar M., Amar M., 
"Experimental investigation of a box-type solar cooker 
with a finned absorber plate", Energy, vol. 35, pp. 3799–
3802, 2010. 
[13] Harmim A., Merzouk M., Boukar M., Amar M., 
"Performance study of a box-type solar cooker employing 
an asymmetriccompound parabolic concentrator", Energy, 
vol. 47, pp. 471-480, 2012. 
[14] Harmim A., Merzouk M., Boukar M., Amar M., 
"Performance study of a box-type solar cooker employing 
an asymmetriccompound parabolic concentrator", Energy, 
vol. 47, pp. 471-480, 2012. 
[15] Harmim A., Merzouk M., Boukar M., Amar M., 
"Design and experimental testing of an 
innovativebuilding-integrated box type solar cooker", 
Solar Energy, vol.98, pp. 422-433, 2013. 
[16] Houseyin Ozturk H., "Experimental determination of 
energy and exergy efficiency of the solar parabolic-
cooker",Solar Energy, vol. 77, pp. 67-71, 2004. 

[17] Funk P. A., "Evaluating the international standard 
procedure for testing solar cookers and reporting 
performance", Solar Energy vol. 68, pp. 1–7, 2000. 
[18] Naveen Kumar, G. Vishwanath, Anurag Gupta, "An 
exergy based unified test protocol for solar cookers of 
different geometries",Renewable Energy, vol. 44, 457-
462, 2012. 

  


