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Abstract 
One of the best ways to provide optimum conditions to the crop is the development of accurate greenhouse models for inside 
environment control. In this study a mathematical model was developed for computing transmitted total solar radiation (beam, 
diffused and ground reflected), for the single span greenhouse, without crops, was performed in Tabriz University. Also a dynamic 
model was developed to predict the all internal temperatures of the greenhouse including greenhouse inside air, soil surface and 
north wall temperature. The input parameters of the model were the measured meteorological conditions and the thermo-physical 
properties of the greenhouse components. Results showed that soil surface heat exchange has a positive contribution to the internal 
air temperature. Comparisons between the predicted and measured results showed close agreement for greenhouse air temperature. 
The correlation coefficient and mean percentage error for this model were calculated as 0.99 and -3.62%, respectively. Results also 
showed a considerable amount of the incident radiation was lost to outside the greenhouse by convection and radiation. 
Keywords: Dynamic model, Single span greenhouse, Solar radiation, Greenhouse air temperature. 
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)2-4(  		���, �� = # /��. ��(� �−��� 

)2-5(  	/��.�� = 2.8 

)2-6(  		/��. �� = 1.42(
� � − ��
G

�8.H3 

  

2 -3-O�L �5 ,?/�. 65�F� GH5�F�  


� ���@A1 V�C UF. �/ 2��7��C I/�� -cJ� I@/  =�  �.�


� ���@A1 I����1 xJ�/ V�C 4�7 h�1 H��Q  >��E� :]��E� .��7
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 >���� �V�C UF. �� 2��7��C I/�� i'9 B��7 V�C UF. ��

 >���� �I7��  
��S7 ������ �/ 
,/��
���SD  >����  BC�� 2��D �/

I��.� ) �F/�� =� ��c�� <��/ .�.� 
LSJ V�C �/3�7 ���O�.� ( ]14 

 16[:  

)3(  ����
���
��
= �	� + ��,��� − ���.��� − �&� 

)3-1(  �	� = ��(1 − ������ 

)3-2(  	��.��� = −)� 

)3-3(  ���.��� = #�/��.������−��� 

)3-4(  �&� =
I�#���� − �8�

J
 

)3-5(  /��.��� = 2.8 

  

2 -4 - ?/�. 65�F� GH5�F�, .<A �5, ���2�3  

��/2 E���< ���2 ��D2 -0� �� ���@A1 ���< Z��Q �� ������
 

� ���@A1
 ��7�/ �/�� ��S�
 / -��Z 8/���< �*9�2  �� ��D  ���@A1

�/ .���1 �c����< ��c�� � ���< ) �F/�� =� �E��F�4( :�7 ���O�.�  

)4(  ����
���
��
= ���.��� − ���.�� − ���.��� 

  

) :]��E� BZ 2��/1) �� (4h�� =� ( ) ^A�� ��*��Matlab 

R2009a�=���� ����L� .�7 ���O�.� (  I���=� p�7 �� ��� ��7 2��1

�/ J  �7 ����1 �c� �� >�� ���� ����L� 4���I�� ����L�  ��7 
��/

�/ �AZ�� �D ��  .���1 ���; ���O�.� ���� �E/ �AZ�� ���� ����L� 4���J

I�� 
��/  �D �� �D5  ����L� 
���= �AY�� <�� ��  �7 h�3�� �L�;� ���

 <��RSD .�7 o�� �/�\ I/�� ��L���  �/�\) >�91�/ (  4���J

��2  >��.�7 ���O�.�  

  

 6@��1-  Q��R /15�D�6�� �5 ,5@�@ �.<�: ��  

/��.��� �.�D�  /��.��� �.�D� 

Ac 25/31   Mg 7360 

Ag 36/15   Mr 8/26  

Aw 52/11   Mw 5/2777  

Ca 1009   z 5/0  

Cc 840  �� 10/0  

Cg 880  ��� 95/0  

Cw 795   �� 86/0  

Fc-g 39/0   �  91/0  

Fc-w 27/0   � � 85/0  

Fg-c 79/0   ϵc 94/0  

Fw-g  28/0   ϵg 93/0  

kg 1  ϵsky 8/0  

Mc 82/537   ϵw 94/0  

  

2 -5- �+.��. ,/�3 ��/�� ,�A  

�=���� 2��1 5� ���@A1 5� �� 4���/�� h�1 =� 5� �� �D  ���Q


;�7-  ���S7 4�S�C�. �� P;� 
/�62  ��+,��� 2=��,� ���,���

*����  �7 h�3�� B�7)1 .( B���� =� ���O�.� �/ ���@A1 
AY� �A�.�

 �� ���@A1 i�� .�7 ���O�.� (�9 =� :]�w�� 2��/  �7 ��C�. 
�D�

 �Z��� �/ ���@A1 k�7 �S. m267/1  �/ 4� ���0� �cOT� 

 �Z��� m225/0 .�7 ���E� 
/�6 ������ ��  ���@A1 <�� dL. ^�7

°6/26  
��S7 ������ p�O��� �H�� UF. �/ ���� m4/2  p�O���  ��/

 
/��9 5q�� ������m 8/0  .��/ �/ �/��/ ���@A1 I7�� B� �Z���

m2 77/42  �� ��/m2 25/31  �,�7 �/ 4�mm 4  �Z��� �/ 
;�/ 

m2 52/11  ������) 4�S�. ��� � �/ 
��O. 2�9� ������ =� ���O�.� �/

�7 ���7�� (
��S7 .7��C I/�� :�7�� H�� UF. ��  ���O�.� �/ =�

�+�.�I/�� �  >��) X�.TES 1333�=���� X�� �  2��1Wm–2 

2000-0  �?��; �;� Wm–2 1 
���= �AY�� �/ (�J�. -�� 

�=����  I/�� 4�*�� �
N��� 8/�� =� ���O�.� �/ yz. .�7 2��1

^�7 u�F. �/ �� <��= =� ��7 I/��=�/  I@� �-�L���  ���@A1 ���


� �� ��.�T� 2��/ .�7 ��.�T� �.� I7�� =� 2���J I/�� 4�*

�,�7  4���; =� 2��7 ���O�.� �+��/  B��� ]8  17[.  

�,�7 I7�� ����@A1 2��D 2���  
��S7 ������ �V�C UF. �2�

 =� ���O�.� �/ 8�T� 2���  ���@A1 {��C  BC�� ���+�Z  �/ 
����

 
���= �AY��5 �=���� �L�;� �=���� .�7 2��1  �� 8�T� 2��� 2��1

 .�7 h�3�� 
/�q ��E9 5� BC�� ��  2��� 5� p�O��� 2��/

�=����  =� ��� 2��1�+�Z >�� 2�DSHT11  X�� .�7 ���O�.�

�=����  <�� 2��/ ��� 2��1�+�Z  ���T� ��°C8/123-0/40 - 
�  �7�/

 
���� ���T� �� 4� �;� °C50-0  �Z ��°C5/0  <�� .�.�

���� ��A/�; ����.�= ���� �� �/�Q�  ��� 4��*SD 2��1   k�� �;� =�

�.� �����C�/ 
�]�/ ���E��.  <�� =� h��� �D�+�Z�/ �D   ���1��9 ��Q

 
���= �AY�� �� �� ���7 -�c�� 2��Q ���������� �����/ =� ���O�.� �/

 ��7 ��.��C-D :��Y �/  ��\  ����1 �=���� �� �/�Q�  ��� 4��=

����.  

  

3 - S#� @ T1���  

7��C I/�� :�7��2  ���5 H�� UF. �� 4���/�� =�  �/ 

I/�� =� ���O�.� X�. �=���� � 8/�� =� ���O�.� �/  �7 2��1�N�
� 

��4�* �� B� I/��2 ) B�7 .�7 ��.�T� ���@A1 BC�� �/3 4�*�� (

�RSD  B� 
������ I/���< �� I/��2 ������ =� 5��D ��   �D

5� ���@A1 dL. 
� 4�,� �� ���Q 4�SD .�D�  �� ��Q��D�,� 
�  ��7


� k�O�� 
/��9 dL. H��Q =� ���@A1 
������ I/�� ��SJ I@/ .���� 

�/ ���@A1 p�� <�� �� ����� 4�,� X����  ��Z 8.��� ��Q72 I/�� %


� i'9 
/��9 dL. =� 
������ �RSD .��7�< ������ /��9
 

��S��< ��4�*  ��Z) ��/ ���� W�w�C� ��C �/ �� i'97  ����1 .(%

���2�� ]18[ dL. �� ����� (��*1  B�7 ������ ���@A1 
/��9 2�D

�/    i� 8���7 �� 2��7��C I/�� <���,�/ 
�]�/ dL. W�wC


� ������ ��D 
���D ����.  

) B�7 ��4@A1 
AC�� 2�*9�  8�T� 
���� :����[� (���  5� ��

4���/�� =� .�.� ��7 ���� 4�,� 4�SD 
� ��D�,� �� ��Q ��7  ��

���� ����� 
C�/  B��. 2�FC =� 
7�� �� �.� ���SD 4�.�� �/ �D

�=���� 
� 2��1 .�7�/  2��7��C I/�� :�7 I��*�� �/ ��� 4�,� X����

 
AC�� UF. 2���  V�C UF. 2��� ����@A1 BC�� 2��D 2���


��S7 ������ 
� I��*��  �J�. ��Z �� ��C ���,�/ �/  �/��13 


� .�.�  I���=� =� �� 8�T� 2��� -S�*���°C 1/36  ���,�/ 

���@A1 
AC�� 2��D 2��� °C 6/65 �Z �� �7 ��\ fl�C� =� 
�
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�9��  ��Z°C 30 .�.��� � <�� <�/  

 J	3- Q��7 +. ,�<*: I��� �.U��  6<4 �5 ���2�3 V��2� ,�A

+@�  

  

  
 J	4- �+.��. ,��5 
W�#� ,.<A ��	 ,/�3  
���2�3 JL.5 ,.<A

�K��	 ��.<15 ��L.5 P=� @ O�L P=� I1��+X G�� �5  

 
 ���@A1 BC�� 2��D 2��� ���,�/ ��Z°C 66  �J�. �� �� ��/

13 .����� k�O�� 4�SD  {���� ���C�/ �.� ��7 ��m P/��� �� �� ��Q

 ���1 <��  ��7 4� 2��� I��*�� xJ�/ V�C UF. �/ 2��7�C �����


� ���@A1 2��D I����1 xJ�/ ���SD  I/�� H��Q =� .��7  �9�� �/

�/ X���� �/ �/ ���@A1 V�C 2��� �E��F� <�� =� ���� �.� �� ��� <���]

.�7�� I���=� 
Q  2���  V�C 
���� fl�C� <��RSD BC�� 2��D

�/ ���@A1 8.��� ��Q °C 13  fl�C� <�� �� ��/ :�J�. ���0|  ��

.��/ <���,�/ �7�� ��9 2��7��C I/�� {�  4�,� <��RSD X����

 �E��F� ���� ���@A1 2��/ ��� 
���� fl�C�BC�� 2��D  ���@A1 

 2��D 2���8�T� �/  8.��� ��Q°C 26 ��/.  

���7 2��/  ���@A1 
����Z ����� 2=�. >�L��� -�D�O� =����1 

2�� =� ���O�.� �/  �7 ���O�.� 2��7��C I/�� 2�D  �H�� UF. ��

 �
��S7 ������ 
���/ UF. 2��� �8�T� 2��D 2���  �,�7 2���

 �/�\ ����L� 
C�/ <��RSD  ��/ �J�.����@A1  2��D 2��� 4�*��

 
��S7 ������ 
AC�� UF. 2���  V�C UF. 2��� ����@A1 
AC��

I�� .�7 
��/ ���7 X���� ��� 4�,� ���@A1 
����Z ����� 2=�.  ��

I�� �/ ���; 
/�C �/ ��7 �?��� >�� 
��/  ���@A1 BC�� 2��D 2���  

 
��S7 ������  
AC�� UF. 2���
� .�7�/   

) B�7 ��5 (�=���� ����L� I��  ��7 2��1 
��/  2��� 2��/ ��7

4�SD .�.� ��7 ���� ���@A1 
AC�� 2��D 
� ��D�,� �� ��Q  ��7

�=���� ����L� <�/ 
�]�/ 
+���SD  ��9 ��7 ��= <�S@�  ��7 2��1

 .����2��/ 
+���SD ^��N ���� I��  
/�3� 2�D  2��� ��7 
��/


AC�� 2��D  ���@A199/0 �/ �.��� �.  <��RSD��+����Y�� < �FC 

���� <�� 2��/ �D 62/3-% �/  �?��� >�� 2]�/ �;� =� 
��Z �� ��� �.�

 2��/ ��7
� ���@A1 
AC�� 2��D 2��� .�7�/ rC�7  2�D��+���< 

�FC  � �,���+���< �FC :�E/�� ���� <�� 2��/ �/ �/��/ ^���� �/ �D 

°C 72/1-  °C 19/3 �/ .��� �.� 4�D��  2��9 ]1 [  2��/ 
���

 �� ����� (��*1 �0�� .����� �?��� ���@A1 
AC�� 2��� <�S@� <�+����

 �0�� >�� 2��/ �FC �Y��8.�.� %   ��3��7�� 2�+�� �E��F� ��

4����SD ]2 [ >�� 2��/  >�� 5� =� ���@A1 2=�.5������  ���O�.�

  ���@A1 2�D������� =� ���O�.� �/  ���������  2��� 
.��7��D 2�D

.���= <�S@� �� ���@A1 
AC�� 2��D  ���L���+���< �FC  �0�� >�� 2��/

�/ 4����=  4���/�� 2��/ �/��/ ^���� �/ °C 3/1  °C 8/1 �/  �.�

.���   

���7 X���� I�� 2��/ 2=�.  
��S7 ������ 
AC�� UF. 2��� 
��/

 
AC�� 2��D 2��� �/ ���� 2��S� �;� =�.��/ �����C�/ ���@A1 

��+����Y�� < �FC ���� <�� 2��/  �D54/7�/ % ��� �.� <��RSD .

rC�7  2�D��+���< �FC  � �,���+���< �FC :�E/��  <�� 2��/

����  �/ �/��/ ^���� �/ �D°C 58/5  °C 83/8 �/ .��� �.�  =� 
��

 B��� �/ �FC <�� B�]��/ 2��� I/�� 4�*�� H�;� 4���� r@,� 

.�.� 
��S7 ������ 4�SD �7 ���7� �� ��Q  <��E� 2��/ �E��F� <�� ��

I/�� P�=�� 2��7��C I/�� ��� ��.�T�  ���@A1 BC�� ��  2���


��S7 ������ �/  ���. 2�E/ �. B�AT� =����O�.� �7 �� (� <�� .

�.� ����1 ���; ���O�.� ���� 2���= :�E��F� ]15  19[.  �/ (� <��

���7 ����  �.� h=]  �.� ��7 ��/ �.� 2����z��� 2=�. �/

�=���� 2��1 ���@A1 d�  ������ �� I/�� 4�*�� H�;� 2�D�  H�;� ���L�

.��7 <��E� 4�  

 J	5- �+.��. /15�D� ,/�3 ��	 I�� @  ���� ��	 ,��5 JL.5 ,.<A

���2�3 I1��+X G�� �5  

  

���@A1 V�C 2��� ���� �� ���N� >�� X����  ����� .���� I@/

���� 2��/ ) ��/ ]�/ 
+���SD ^��N rC�7 ��� <�� 2�D96 �� (%

.�.� >�� 8.�� V�C 2��� :����[� ��� r�@,� =� 
��Z  ���

�/ ]�/ >�� 2�FC  ��Z �FC <�+����) ��� �.�°C 14 .(4�SD  ��Q

 I@/ �� ��)2-3 �/ ���.� I/�� =� 
,@/ ��7 ���7� -D ( UF.


� dA� 
LSJ V�C �/ I��.� H��Q =� V�C  �/ �E��F� <�� �� .��7

<���= V�C 2��� <��E� 2��/ �h=] :������ ��9 h�J �/ �9��  =�

(��*1 ���J� 
� �c� �/ �� �7 ���O�.� :�E��F� �+�� �� ��7  �.�

H�;� :�E��F� �.� h=]  ���� �E��F� <�� 8���7 ^.���  �/ 2��
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J V�C 2��� 2�.���'� :��Y 
LS  

 B�7)6(  :�OA��S�; �� 
� 4�,� �� ���@A1 dA�@� 2�D .�D� 

4�SD 
� ��D�,� �� ��Q  k�O�� ���@A1 I7�� =� :�OA� <���,�/ ��7


� ) ����qc-a.(  ��Z �� ��� 4�,� X����61 % 2��7��C I/�� =�


� dA� 4��/ �/ ���@A1 I7�� H��Q =� ���@A1 BC�� �/ 2� .��7 

:���Z fl�� <��  >���� <��RSD  I7�� UF. =� ���SD :��Y �/

.�.� 4�S.� �/ 
,/��  ���@A1 d� =� <��RSD  
��S7 ������ =� :�OA�


� B��7 �� :�OA� =� 2��S� I@/ 
LSJ V�C �/  ��� 4�,� X���� .��7

 �� ^���� �/ ���@A1 d�  
��S7 ������ =� :�OA�11  %12 B� =� %

2�� I/�� ���� W�w�C� ��C �/ �� .��� 4�SD  ��D�,� �� ��Q


� 
� k�O�� ���@A1 I7�� H��Q =� :�OA� -cJ� I@/ ��7  .����

 
����Z 2�D��� =� ���O�.�
9��C �� 
AC�� 
� �����  �� 
S0� B��J

�/ :�OA� <�� ID�� ^7 �� W�wC 4����= ��. 2�D  4�*�� ID�� 

���@A1 �� 
��w� 2g��� �E��F� �� .�7�/ 2=��,� 2�D  ��,� �� �� 2�

���@A1 5� I7�� =� :�OA� -0. �7 h�3�� 4���/�J  ��/ ���1 2�Z ��

 ��Z5/33.�7 4���J % <��RSD  ��Z �� �7 (��*1 �E��F� <�� ��

37
� i'9 4�D��1 �� ���@A1 BC�� �/ 2�� I/�� =�% ��7 ��  �0

1
� i'9 ���@A1 2��D �� 2�� I/�� B� =� % ��7 ]3 [.   

  

  
 J	6- Q��7 +. ���./0 G�$�� I1��+X G�� �5 ���2�3 V��2� ,�A  

  

4 - ,/�3 �����  

� �?��� �E��F� <�� h�3�� =� f�D5 � >��������
  2��/

���7 2=�.  >�L������1 <�S@�  �D���2 AC��
 ��� B��7 ���@A12 

��D2 ��� ����@A12 ���  V�C UF.2 AC�� UF.
  ���@A1.��/  <��/

��c�� g��� >��E� :]��E�2  �D ���5 � =��< =�� I@/ �D���@A1 2 

�7 ��7��-0� . 
� �� H�LT� <�� X���� <��� �/ 4���  �YlC ��= :��Y

.���  

1. �� ���@A1 �E��F� ����  =� 2��7��C I/�� <���,�/ dL.


� i'9 
/��9 ��7} �/ ��Q�� 2  ��Z72
������ I/�� %  >�Q ��

=� =� 
� i'9 �S�; <�� .��7 �RSD�< ��S��< ��4�* i'9 I/�� 

 =������� /��9
 
� k�O�� ����  ��Z)7.(% 

2. �/ 8�T� 2��D �/ ���@A1 BC�� 2��D 2��� fl�C�  ��Q

 8.���°C 26 C� <�� �� ��/� �0| 5��*� :�J�. �� n�Y�w@� fl

 2��7��C I/�� �� 2��7��C.��/ -S�*��� ��/ �v���Z 

3. ���7 X����  ���@A1 
AC�� 2��� 2��/ ��� 4�,� 2=�.

�=���� ����L� <�/ 
�]�/ 
+���SD  ��7 ��= <�S@�  ��7 2��1 ��9

�/ }����  �� 2��Q��+����Y�� < �FC =� ��S� ��7 �?��� >�� 24 %

.��/ 
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