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Studying Effects of Using NIR Reflector and Heat Collector in the Solar Greenhouses on 

the Greenhouse Heating and Blocking Pests Way into Greenhouse 
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Abstract 
In the solar greenhouses, natural ventilation is used to repel the unnecessary heat by opening the windows. This regular action is led 
to enter diverse of pest and insects to the greenhouse and consequence production damages. In the presented work, a novel case of 
solar greenhouses is simulated and represented. This design uses a special cover on the roof  that reflects NIR and avoids greenhouse 
warming too much, in the hot seasons. With no more heat, the ventilation needs get less and the pests damages will be prevented. 
In this work, NIR reflected by the cover placed on the circular roof of the greenhouse is focused in the collector equipped in the focal 
line of the roof. The collector contains water and PCM that makes it possible to store huge amount of energy in a limited space. 
Considering energy received in a typical summer day, the optimum quantities for minimum collector radius versus maximum PCM 
volume is computed. Numerical investigation on this design is performed in three different geometries and results are reported as 
temperature contours and stream functions. In addition, energy stored in every three cases is calculated and compared with 
greenhouse heating load. The results shows that annual greenhouse heating load can be provided by energy stored in this system and 
prevents the bothersome insects at the same time. 
Keywords: Solar Greenhouses, NIR Reflectors, Phase Change Materials (PCM), Heat Collector, Greenhouse Heating. 
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�2 �qE5� ��L�  6� 7<�� 8��= ��	0

 6�	�2 8��= �2 ���� K��	[ > � 72�4� �� ����	[ ���4� 6���G �2

���� @� ����	[ K� f�� fWG � ��	� 7WG  ��; \� ����2 �������	0

]14.[  

6� 3�B  �� �I 7�;8 �� ����  ���:10 7<�� �� ���;

M<	I  7<�� �� � .� |�:,� 72�R �A��B ���92�L �2 X��	� 8�=

��� �2 Q�� ��^�2 �qE5� 	��� �A��B ���92�L 3�	B �2 ��	0 > � 7

��; ���� M��W� b�C� �2 ��= �	[ .���  

 �� O�P< �2 �� �A��B ���92�L �,���	0 	h� ����� 8�=��
��� ��

�� �qE5� 7<��  6�,� �.��= �. H�� �� 6��	L u�`< .��� 6���

�� �� �� �qE5� �� ���92�L �4�	B �2 ����	[ > � �� �=�  � �=�

6�; T	0  �qE5� @� K��	[ �[ @� M�2 > � @� ��^�2 �qE5� T���

 A��W� Q�� ���:10��  7P  ��/I @� o:
�� @�� ��/I H�2 �� .���

���� �� U�. �
 	0 ��	R ���E
.� ���� 6� 8�=  �8��/2 8�=@�� �� �.�

�� @�� @� ���G�. �� ���
��@ � 8Q����H���� 6�	�2 8��= 8���Q  @� 	�
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 A��8-  >N�� �2 -���./ ���?�+ >N*� 0 ��2 -�B�.���F12 �0�  

  ���8 *, c*+.�F _�= *, ��)*� d.:/ (U96)kg/s ���	B -6*,   -�B1�7 (  �����012*+202 (  �����012*+3�� ( ����012*+  

 O).�F _�= *, >,�8 ��2 d.:/ (S)k ���	B -6*,   -�B1�7 (  �����012*+202 (  �����012*+3�� ( ����012*+ 

  

  

  

  

  

  

  

  

Z[ . \.] ^
_`a 	0		Zbcd,efg . h] ^

_`a	, Zbcd,ijkZd . `] ^
_`a , l . \. \m	 ^

_a	, n . \. h	,			o . \. h_ 

  

 J0��3- �262 �2 �7�6*= >�0�H� -�B  

Rwall (K/W)  Rin (K/W) Rout,Night (K/W) Rout,Day (K/W)  Rrad (K/W)  
0770/0 1675/0  0027/0 0045/0 1248/0 -� �.��= �������	0 

0359/0 0782/0 0012/0 0020/0 0547/0 �������	0 �� �.��= 

0235/0 0510/0 0008/0 0013/0 0350/0 �������	0 �. �.��= 
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�@�2 H��I ���; @� ���E
.� �2 � �; ���.��; ����@ 8�=  8@�.

���4�  8�=����	0 �.��= �. 	= 8�	2  �� F52 ���� 86� 	���4�  �=

 U��L ��3 ����  c��
� � ,0 ��.�5� K�G�. H�� �� ��	0 > � ����

����  ���4� ��; ���;� Q�� 	
,�� �� ��B 6�W= . 	0 ��	R �.�	2

 ���4� �2 �� ;�� �=��< ��L� ���:10 ���	�2 ������ �� Q�� �,2��

�� 8@��� ���	�2 ���92�L U��L �� Q�� ���4� H�� 	���4� .�;�23 

���� �.��= �. 	= 8�	2.�. �� 6�,� 8@��� ��[ K��.�5� �
��� -

 @� �)� .� Q�I�� ���	�2 ���92�L ���4� ���4� 	��Y� 	2 6� 	h� �=�

g	a K��.�5� �� 6� U�WG���; 	q� ..�  

 �� ���:10 8��� ��~� 8�	2 8�	2 ����	[ >��� �� .� �/��2 	���4�

���� �6�=��0 �;� 8�	2 o.��� �� �� ����	[ ���4� � 	B @� ..� @���

�	�<_ 72�R \
��. H��  ��.�5� � Q����� @�� ��/I 	= �� �.� 8@�.

��;  8��	0 � ���:10 �,���	0 ��2 ��A� c��
� H�� 8�� 	= ..�

	�<_� ���=�@� 	��Y� ���� � Z� �� ��; 8�	2 �. �� � o:
�� 8�=@��  

 7�; �. 8�=����W� �� S1
:� �.��=9 �10 � 11  ����� � 8����	0

��; ���� ..� �� 6�,� 7�; �. 	= 8�=  H�� @� ���E
.� �� �=�

�	�<_ \
��.  ��2 H���� 8�	2 �� 8V	�� @� �2�< ����2 >��� �@�.

�� ��	R ���
<� �� ���:10 �,���	0 �=�.  

  

 
 A��9- *�6 O, ��)�H� ���?�+ �7�6*= ��, �, ����012*+ �, -20�0 -E

�7 ���	B �2 ����012*+  

  

  
 A��10 -  ���?�+ �7�6*= ��, �, ����012*+ �, -20�0 -E*�6 O, ��)�H�

02 ���	B �2 ����012*+  

  

  
 A��11- ���?�+ �7�6*= ��, �, ����012*+ �, -20�0 -E*�6 O, ��)�H� 

�� ���	B �2 ����012*+  

  

  
 A��12-  �, >X�� ���	B �� *B AF �7�6*= ;�#�7 ;6*V7

 �)����� �63� ;6*V7 �)��*+�2 �6.)2  

h) . 0.5 p
�qr 	 , hAB�,s6t . 15 p

�qr 	 , hAB�,u)vw� . 	25 p
�qr 	 ,

L . 0.1m	 
6�W= 7�; @� �� ��B  8�=11  - 9 	2 ��  � �.��= �. 	= �� ����

�	�<_ 8V	�� �Q���� � 6�
�2�� ���/2 7P  �. 	= 8�	2  H���� 8�	2 ��;

..� � �� ���:10 �,���	0 ��2  8V	�� �/L�� 72�R ���4� ��/2 7P  ��

 ��2 �.��= �. 	= 8�	2 6�
�2�� 7P  �� ..� �	
.� �� ��@��

����2 �,���	0 .� \� �	�<_ 8V	�� ��@�� �  ��L� ���@ ���4� �2 ��;

����W� U�[ H�� �2 .����  8�=11 - 9 �� 6�,�  � 6�
��@ 7P  �� �=�

 ���2��@�2 U�WG� �2 ��.��= �. 	= 8�	2-��Q� �A;�6����Q�	R 8V	�� �

�	�<_ ..� � ���� ���:10 �,���	0 ��2 H���� 8�	2 ��;  g	B	2 8�	2

7�,� H�� 6�	� �	�<_  	
�2 -� @� ���E
.� �� 	q� �2 ���� @�. .�.�  

�� 	
�2 H�� ���� ��	R ���:10 �2 ��� o.��� ����� �� �����  ��;

 8�	2 U�. �	. 8�=@�� �� � ���W� �	�<_ �� 7P  	= ��@�� 8V	�� �

�	�<_ 8V	�� H�� @� .�	�0 ��	R ���E
.� ���� ���:10 M���	0 H����  ��;

�� P� 8�	2 6���\= 8	+�� 8��L g�� M���	0 6�I  �� � ���:10 S�

e��	. T	0 Z� �� ���Q0 H�� .�	2 �	/2 Q�� 	4
�� �
;��/2 8�=  �����

��	R �.�	2 � 7�15� ���� ��� K�A��`� ��H�� �2 .�	�0 �� U�[ 

W�R  3��G �� ���	��Y� �2 �� �; �=��< ���;� �A��`� 8�A2 8�=

�2 ���  ������ �� �
 �  8 Q�� �� ���
��@ M���	0 H���� 7�,� ����:10

��.��W� g	B	2 6���  

 H��I <�. � �[�	B �� 8��P
R� F[��� �2 �L�� �2 �/
�� ��

���:10 	�h�� �8� �2 3��G N�� @� K� f�� 8	�)� � 6� �� �
 � ��� ���

�� ��	R �.�	2 � 7�15� .�	�0  

 ����W� �� 7�;12  ��� 7� ����	[ K�E1� K�	��Y� K�	��Y� �2

 �����.� 6�Q�� ����	0��; ����� ����� 	�Y
� ���W� ..�  H�,�� 8�=

�����.� K�	��Y� �/�� � ���2 2�h �����.� �� �.�	2  �� .��	0 7�;
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 12 �� ���� \� �����.� o��	C �� � �.��= �. 	= �� �� ��;  @� 	�

03/0 	
� 	2 K�� �.� K�	��Y� �2 ����	[ K�E1� �+
�2�� H��1� ����

 ����	0 @� M�2 8	���4� �� ��� ���2 ���;03/0  �� M��Q � ����

�� 	���� �K�E1� .��;  

72�R �
��  �	�<_ K��	[ ���
��@ ����W� �2 N�L� �2 �� H�� �L��

 8�= 7�; @� -� 	= �� ��;11 - 9  �� K� f�� ����W� �2 ����4� �

 7�;12 �� ���� 
W� �����.� o�	C 	���4� 8�	2 �� ��; @� 	006/0 

	
� 	2 K��  K�E1� 6�Q�� �2 �������	0 �� ��; �	�<_ 8V	�� �H��1�

�� 	2�	2 ���:10 @� ���
��@ ����	[ �� ��A� .��;  @� ���E
.� �2 6���

3��G  �����.� �2 ���= ����	0 ���[ ��006/0 	
� 	2 K��  �� H��1�

6� �,���	0 @��� 7� ���:10 ������ 	� H��2 .��W� H���� �� ���� �� o��

-�< \� 8��� ���Q= Q�� � 	� K�	,[ � K� � ���� @� A��W� �2 �

�2 U�. U�P  T�W� �� ���:10 M���	0 �o.��� �4��G 8	�0���2  @� @���

.��2 �=��< �1��  <�.  

  

5-����]�� 0 -*+-�	,  

���:10 @� 8���L \
��. ��� H�� �� ����� 8��;��< 8�=

��; 	2 >R�� M;�� �� .� 6���� -��Q� �A;� ���� @� >��� S4. 8��

�� ���:10 6��� �2 Q�	R6� 8V	�� � ��;@�2 ���� 3�	B H��2 .���2��

�W� T	0 �[ @� M�2 U�. T	0 U�P  �� ���:10@�2 �2 8@��� �)� ��; -

�D��� 6�	� ���:10 �2 K�	,[ � K� � ���� @� � ��� ���:10 8�=

�� A��W�������	0 8�	2 .��; �8�	��� S4. ������ X< �� >R�� �

���/2 K��.�5�T�9�� 8@�.6�,� c��
� � �; ���� N�A; Z�:
�� �2 ���

 �@���� �2 �������	05 �
��. ���� 6���G �2 H� ���� e��� ���4� � 	
�

 �@���� �2 ���� U�B �[�� �� ���=�@� 	��Y�25/3 �� 	
���	�<_ 6���-

\� �� �� 8V	�� 8@�.]  H�	�.<�. 345� H�W� 8�  

�������	0 ���A� �2 S1
:� �.��= �. 8�	2 8��G K��.�5� 8�=

��
��� K��a �2 c��
� �  	0 T�9�� K��E
� 6��	L >2��� � ��� 8�=

���� .�; (��Q06���W� �7a�[ 8�= �A��B ���92�L 6��	L u�`< 	0

T	0 ��� 8�=��
��� � .� ���:10 8�]  ��6� �9���� 6�;,� �� 6�

���	�<_ 8V	�� ��.�5� �2 .�=� ��; �� ���� �.��= �. 	= �� ��;

-� �.��= 8�	2 8V	�� H�� �� Q���� �6�
�2�� ���/2 U�P  �� �������	0

�2 6�
��@ � o��	�45/2 �33/3 �63/1  �77/0 �� U�V�+� H�� .�;�2

�� �.��= 8�	2 	���4� �������	091/4 �66/6 �26/3  �54/1  � U�V�+�

�. �.��= 8�	2 �������	036/7 �98/9 �89/4  �54/1  (��Q0 U�V�+�

��; 8�	2 � U�P  ���W� �� �,���	0 ��2 �2 	���4� H�� ����4� ..�

�.��=�� 6�,� S1
:� 8�=�	�<_ 8V	�� �=� M���	0 8�	2 ��;

�� ��E� 6�
��@ 7P  QL �2 U�. 7� �� ���:10 K�A��`� .���

6�,� �1�W��� �2 ��������.� �2 �4��G Z�:
�  ����	0006/0  	2 K��

	
��� \
��. �H��1� ��/G 	2 �� U�. 7� �� ���:10 M���	0 �����

�2 ���:10 M���	0 8�	2 �1��  <�. @� ���E
.� @� ���:10 � �	�+2-

H�G �� ��; @���U�[�� ���5� Q�� ���:10 7<�� �2 K� � ���� ��� ��-

 .��	0  

  

6 -2����B  

 �[���m2 A 

8��	0  �2�h ��,  �� �x��kJ/kgK cp 

 �8��;��< 8V	�� ��;W/m2 G 

 U�4
�� o�	C8��	0  ����92�LW/m2K h 

 �Z�_ �x�� 8��	0kJ/kg hl 

 U�4
�� o�	C8��	0 �����.� W/mK k 

 >2	� >1C U�B �2 ���� N�A; ���PCM k 

 ������ ��:Cm  L 

 ��������	0 ���� U�Bm l 

U�V�+� MJ 

 6���� -��Q� M2�� �Q�	R Near Infrared 

Radiation 
NIR 

	
� ���� nm 

H�+���� 1.�� ��G LMNNNN 
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�.���  8�	2 U�A  M2��Photosynthesis 

Active Radiation 
PAR 

	��Y� ����  ����=� @� Phase Change Material PCM 

 8V	������	0 �J Q 

 ���4�����	0 �K/W R 

 ��������	0 ���� N�A;m R 

�2 ��G �1��� �A2 Ra 

 �����  T 

 �6��@s T 

 �M4�2�	  M2��Ultra Violet UV 

 �\9[m3 V 

  ����.) e)fN				
 ����+Ikg/m3 y	
 �LQ�Pa s µ	
 �Q).� *) 
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night  
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night  

H� ���� e��� Pa  

��; �	�<_ Store  

Z� W  
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