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Abstract  
In this research a nocturnal radiative cooling system is studied. Firstly the nocturnal radiative cooling potential in Zahedan climate is 
considered. Then the effect of water volume flow rate and storage tank volume on cooling load is investigated. Thermal stratification 
model is used for the storage tank modeling. In this article, the effect of the thermal layer numbers on the result accuracy is studied. 
The article results show that Zahedan has high potential for using nocturnal radiative cooling. On the other hand, the considerations 
show that the water volume flow rate increasing causes the stored water temperature decrease. Also when storage tank capacity 
increases, the stored water temperature increases, but when the amount of water increases, it can help to save more cooling at night. 
Finally assuming the thermal layer number between 3 and 10, can decrease the computation’s error. 
Keywords: Nocturnal radiative cooling, Potential deliberation, Thermal stratification, Nocturnal radiative cooling load. 
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�3 8�R  q�  Cσ 

0�B
,� 
3�M -  �3 	3�	3 �� 
,� F�G
��38 2 45.67 10 (W m K )−× 

��  F��\]6 .�+�3T  � F��2� i�:	3 8�R ;2A� C���rε  i�	9

�	�]�� ���X .
�6 C�  

 P�<
��C��	/  F�3 �53��	453��  ~	  F�� �3 i2e� 0�],� �

�� ��,�=�  .
,� C	
���H �� ���, wA, -� ���3�� wA, �� ��+

�A3�� 7� 0�],� 
], �3 wA, 7� �2� �53�� ��+ F��	3��3  D3�? 	�7 C

:
,� ��,�=�  

)7(  ( )4 4
r rad skyS T T= ε σ −  

0�],� C��� S6�� j�	@� �32 ( )2

sky air skyT T T∆ = −  S6�� �

 C���	453�� ( )rad air radT T T∆ = − �� ����@� 0���  C)8�3 �� (  W��X

 ������ �AH]12[ .  

)8(  ( )3
net r air rad skyS 4 T T T= ε σ −  

����@� ��  C)8( �T�	2  ��6 C����K� �T2�4  wA, C���	453�� �K�  �T567  0�],� C����K� ��  .��+�3T567 �A3�� 7� ���B
,� �3  C

�� 
,� �3 P�6�	3 C��.�5�� .���  

                                                             
1 Emissivity 
2 Sky Depression 

)2(  t cU h 3.8 1.8= = ν +     1.35 4.5< ν <  
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����@� �0�],� C��� 0��3 rJ5� W��X ��  C)9 C�	3 (

��,�=�  C�	3 .
,� ��B� ����3 0�],� 
], �3 S3�� ���<� C

��,�=�  .��+ ��,�=� 0�],� ���X i�	9 ��
3� ���3 0�],� C��� C

i�	9 ���X �3 0�],� 0���[ -� f3�� 7� P�V h�� 
3�M 
,� � ����@� C 

0� �3 W��X 	�7  
,�]12[.  

)9(  
4

sky
sky

air

T

T

 
ε =  

 
 

�A3�� l	���	  � P�6�	3 ��,�=� C�	3 �� 	�7 C  ���X i�	9 C

 ���	� ��.�5�� 0�],�]4[.  

)10(  ( )sky dp0.741 0.0062Tε = +  

����@� �3 �R�� �3 C )10�3 0�],� C��� ( W��X ����@�) C11( 

�� ��,�=� :��+  

)11(  8#!9 = :0.741 @ 0.00628CDEF GH 8I 
�A3��  � ��+ ���B
,� U�X 0�],� C�	3 q�  CT567  �T� 

 i�:	3�K�  �T4J �A<� C���  i�:	3 ��6 8��+ C�℃� .
,�  

�A3�� P�6�	3 � F����� F��\]6 ;�?� C ��,�=� C�	3 C	�  C

���� �p��� 	3� 0��3 � G�]� 0�],� u	+ �3 �0�],� C��� �3 �� ���  W��X

) �A3��12(  
,�]14[.  

)12(  
2

dp dp
sky

T T
0.711 0.56 0.73

100 100

   
ε = + +   

   
  

 �6��H � �9� ����@� F�� �3 �:tX� i��	9 �	3� ��R� W��X ��

.�+  

�3 0�],� C��� �0�],� ���X i�	9 F
+�� �3 �� 
,�  7� � ���

�� ��,�=� 0�],� 
], �3 S3�� 0�G�� ;�	V F�� .��+  

  

2 -2- �/�KL M6�� FG=�:�  

 C�	3 (�� ��P�� 7�, .���� ��R� �	�HI f��� C1 -  P��

 D��� u�2J�2 -  P��Q��  C�6����	/ ]15[ .  

 	`� �� 
3�M 0GJ� DH�� P��, D� C��� �D��� u�2J� P�� ��

 �
 	/��  0GJ� DH�� �� 0G]6 -� �� ����7 C�	3 P�� F�� .��+

 	�e �� .
,� ��B� ����3 D: �/��, C�	3 ��+�3 �
+�� ��R��F� 

W��X  7�	3 Z[�3 �2y�� D: �� �AH��  .��+�	�7  -�H L� �
?�

 0GJ� ���� ��+��  ���+Q��  C�6����	/  ��K�� 0GJ� ����  ���+

�3 ���/ � F���� �� Q�3 7� P��, C��� �� C0GJ�  F�� D��� .
,� 	��
�

 ��� Ut
H� 	M� �� �� 
,� C����+ C�	�� �	���3 W��X  �� �@��V

 ��K�� P��,��  .��+F��	3��3  ���B
,� 7� P�� D��� u�2J� C�	3

 C7����� f���HI�	�  C,8
��  �5���	, C�6�53�� ����+  i,���

��Q P�� 7� ���3 � ����� .��]� ���B
,� ����	: C�6  

 �+ ���+� G�� 	
5�� �� 0��\]6 �2y�� F�� �� �	�HI f���

�3 ��`�� HI�	�  �� ���B
,� C�	3 �i+ P�V �� ��+ -�H L� C7�,

 8
��, ���B
,� 7�� P�V �� �5���	,��  7� L� i+ P�V �� .��+

 f��� CQ�3 �	�HI ��k	/ 	� ���� 
,���� �� ��� F�	453�� ��  L� .��+

 7� �R�	H	453��  -�H 0�],� �3 S3�� P���� D��� �3��  F�� .��+

 ���� 
,���� �� ��� F�	
]� �� f��� F�	�7 
]�? �3 ��+ -�H L�

�� � 7�� P�V �� .��+ F�	
]� �� �	�HI f��� F�	�7 
]�? 7� L� G�

 D��� ���� ����� �� ���-�H ����� ��  D��� 7� �R�	H k	/ L� � ��+

 ���� f��� CQ�3 �3��  .��+�3 �F�  ut
H� 7� �+�� Cb	�� Ut�� i��	�

Q��  D?��: �3 P��, C�6�� .�,� 

 C�	3�3 
,� ����  f��� 	3 8��: WQ��@� 0����HI�	�  D��+ C

��1 ��Q F
 	/ 	`� �� �~	  �6 C�	3 ����=�  �� P��, f�7�� C

��Q C�6  f��� �� �P�Y� C�	3 .
,� C��	9 C	�� �j2
J�D�+ 3  �3

 _��Q��  C����	/ C��� �3 L� �C3 0o  C�6��� F�3 ����Q  � k��

 f��� ���� �
,� k�,��  .��+  

 
H
� 3-  T�� �� �/�KL M6��G�.  1
.��/S  

 
 ~	 ��  L� ��+f��� �3 ���� 7� �@3 �	�HI �3 �� ��H ��� �

 
],�<�V  S�� �k�, C��  �� 
,� F�� 	4�� ~	  F��\]6 .�	�/

 
], �3 
�	: F�: �� L��<�V  W�<�V �� �k�, C��F��  f�7�� 	�

��  ���B
,� P�� ~	  7� ;�<=� F�� �� .��+
,� ��+.  

��7���  ��Q 	6 �� Cb	���3 W��X  	�7
,� ]15[:  

)13(  

m	C� dT5,	dt = α	mO� C�:T�P − T5,	E @ β	m�� C�:T�	 − T5,	E− (UA)5,	:T5,	 − T�E
@ Sγ	C�:T5,	UF − T5,	E;    if γ	 Z 0γ	C�:T5,	 − T5,	[FE;    if γ	 \ 0 

���@� ��� ) C13 �(�,�  ��)�  �3� i��	� �3	R 7� 0�� �������	/

�	�HI f��� 
], �3 � ��3 0��	R �3� �5���	,  (D��� 
], �3)

��
�6. T�P  7� �R�	H P��, C��� �������	/�	�HI f��� 
], �3  � 8)] P��, C��� �	�HI f��� 7� �R�	H  
], �3D��� ��.��+�3  

 
,�� 
], ������@�  C)13 �(�2]R  Cb	�� P�<
�� �k�� � P�� C

 
], �3 P��, 0��	R 7� �+��Q��  C�6����	/  .
,��2]R  P�<
�� k�,

����	/  W��X d�=� �3 �	�HI f��� C�67	� 7� �� 
,���  �3 .�	�/

�[;�  
���<� ��	�HI f��� C��3����	/  ���� S��G � f�����  � ���

 F�� 	�M^� S6�� Z[�3�2]R ��  	/� .��+�[;� ��3 C���� P�  �100 %

 	BX k	� F�� ���+ �
 	/ 	`� ����  .��+�2]R  P�<
�� G�� 	H���	/ 

 F�3Q��  0��3 �� P��, j2
J� C�6��  �� .�������@� �6) C14 () ��16 (

 i��	9^]  P	
�� f3��)�������	/ �(_]  � (��3 P	
�� f3��)`] �3 W��X 

 j�	@� 	�7�� .��+  

)14(  α	 = a 1;     if    i = N and T�P \ T5,	1;     if         T5,	UF d T�P \ T5,	0;                                otherwise 
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)15(  β	 = a 1;     if    i = 1 and T�	 \ T5,	1;     if        T5,	 d T�P \ T5,	[F0;                              otherwise 

)16(  γ	 =

⎩⎪
⎪⎪
⎨
⎪⎪⎪
⎧ −m� � = n βo;     if    i = Np[F

oqF
−m� O = n αo;     if    i = 1p

oq�
m� O n αo − m� � n βo;   	[F

oqF  if  i = 2, … , N − 1	UF
oqp
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J� �=BX
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,� �3 C7�����MATLAB  �
 	/ W��X
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H
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 �3 ����+ �53�� S���	, 8
��, �	�2][ SJ3 F�� �� �������	/

 ��A3 �� �	�HI f��� � 
J� �=BX����:	V  D�+ ��1  ���� 0�5�


,� �
 	/ ��	? �,�	3 ����  ��3 ��+.  ��	R �3� �3 L�

m / kg s0 03=&  �� �������	/ 0��	R � �
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 � ��6 i+ �� 0��6�7 C14  W��X 	��
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C5o  0��� L� C��� S6�� .��� ���� S6�� G�� �������	/ C��� �3

 G�� 0�],� C��� �+�3 	
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 ��Q _�� F�� C��� F�4���� 7�
,� �3 ��  L� F�4���� C��� .���

 0GJ� 0����3  W��X D�+ 7  	������ .���  

 
H
� 7- �P3� �+�= [R \�N���� 1��=  
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