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/0�/> �?� ���@*  ,��
� ��-.� ���/0� ��1� ��2.��� �3����� �0��-� ���4 ����.���  

 ���
�*B 
+0); ����   ,��
� ��-.� ���/0� ��1� ��2.��� �3����� �0��-� ���4 �5���� 5�6.���  


���� �;7��  ���7��� �7��� 58��� 9
���� �-.� ��/0� ��1� ��2.���,��
� �    

     97#C� ���@;                                   �7�� �0��7��� 5�6.���� 58��� 9
����  ��1� ��2.����-.� ��/0�,��
� �    

  

���D   

�:��;� �<�= �> ?�@ ���A�0� 1� ��	�� B ��4 (GO) �> �> �C6= �DEF  ��1� �G��2/0� 4/0� 6/0  �� �B� ���� �> ,���I ���� ���J� � 1 ���@� (PCM)� 5��> 

���-> ��->5�� K� B
��7 B� 5��7��L M��C�� ��7�0�. ,��M � ��	�� B ��4 �> �B� ���� 5��� K�N  ��O@�� ���@� . B� ���� 1� ,� �� �� B� B
��7 K�

� ��7 ���A�0� B ��4 ��	��5���� �0� 25% 5��� 3�L �����  �� �	
�S� �> �� 5��7��L B� B
��7 K��� �7�> �-��  �> B� ������ ������� .��I �E0�� 

�0�> ���� �� ,��1 K�N �2���> B
� �0� �� T�S��� 5���4 �
�6>�U ��1� �� �S;�� K�N K� B
��7 B� �> ,��M � ��	�� B ��4 �� V0��� ��1� �G�� �> 

PCM �� �	
�S� �> ����= �� B� ���� �> �
�-�� PCM ���A�0� ��7�0�� O
�M � �� �
�0� .B��WC@ O
�M � 5��� ����
� 4 �� �
X�>Y��0� ��(Th)� VU�� 

O
�M � ��I �E0�� ����7 .�� ��
�-� 3
 ����:� �>�6� 5��> Z����� ,��� ��I �E0�� [0��� �> ,���I �:>�� 1� ��I �E
�� )Ra(�  ,�A�0� ��I)(Ste�  ����� 

O
���0 )Sb (��I � �
��  )Fo (�
��� ��7�0� . B
��;>�� ,�.� ���� �@� O
�M � ��I �E0�� �;>�� ���:� �> ��I �
��  ����.  

�E;F9�- 9���6: K� B
��7 B� 5��7��L � ���� ���J� ����@�1�  �:��;� ��>�6� ��	�� B ��4  

 
Experimental investigation for improving of stepped solar still efficiency by using 

paraffin / graphene oxide 
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Abstract  
The aim of this study is to use graphene oxide (GO) with a volumetric concentration of 0.2, 0.4 and 0.6 in paraffin as phase change 
material (PCM) to improve the efficiency of solar desalinization for concentrated water desalination programs. The results show that 
by adding graphene oxide to paraffin, the melting temperature decreases. The solar desalination, which uses paraffin and graphene 
oxide, has a 25% improvement in sub cooling factor compare to solar desalination, which only works with phase change materials. 
The Nusselt number obtain during melting also suggests that the free heat transfer in the melting zone of the solar still by adding 
graphene oxide with a suitable weight percentage in the phase change material compare with that in which paraffin alone is used as a 
phase change material has been increased. Also, increasing the temperature of the upper hot wall (Th) increases the Nusselt number. 
Finally, an empirical equation for the relationship between the average Nusselt number as a function of Rayleigh number (Ra), 
Stefan number (Ste), cooling factor (Sb) and Fourier number (Fo) is presented. The obtain formula shows that increasing the Nusselt 
number has an inverse relationship with the Fourier number. 
Keywords: Solar still, Phase change material, Experimental study, Graphene oxide. 

 

1 - ���4�  
�� T�^ �@�5�@ ���L� ���� ���J� ���@�1�  )PCM( �@ �� _�	�0-

5�@ T�S��� ���4 1� 9��` K� B
��7 B� 5�@ 5��7��L ���� ���A�0� 

���` �� �4��� ]1.[  ��� 3
 � c
�  �E�0� �> ������ �@�2.
��1�

B� B
��7 K� 5�� �> �: �7���� � 5��7��L 5�@ 5�@�
���4  �>

��7 �� �4 d��G ���@� 1�  ���J� ���� 1� ���A�0� �0�]2 .[ ��

 �� ���S�Se� �� �0� ��7 ���� ,�.� �0� �� �4 d��G ���� ���J�

 ���@� 1� �> d��G �3�����f�  ��F � 3���4��3���4�� �S�^5��> ��-

���7 .�� ,��� g����  PCM5�@ �5��-�.�� B� ���� �� 3
 ���� ���J� 

1�  ���@� 3���4�� �0� �> �EI d�hi.� ���� �D� ��L ����� 5���4 

,�-�  9>�` �-U�� �� ���� �7�> ��� �> ,���I  ��
 1�  PCM 5�@ 

_-� ���
� ��L��7 �0� ��7 ]3.[  [0�� B��WC@]4[   T�0 ��

2018 ��� ���@� 1�  ���J� ���� 5�� �> �@�2.
��1� 5�@ �� �4 d��G

  .�0� 5��>  5��I 51�0 ���7 3
��
��   ���@� 1�  ���J� ���� K�N

 [0�� �S � 5�@ ���� 9L�� ��]5[  �0� �� �4 d��G � T�� 3
 ��

 ,����C@ � ,����W4 �<�
�]6[ ���7 �> 3� B� B
��7 K� 3
 51�0

�W<�= �> ���C@ 5�PCM  3���8 T�� 1� ���A�0� �> ,� �
1 ��

 ,���I �> B� ���� j��� 1� �-�� .���L����PCM  �6��� � ����� ���A�0�

 �k�@ ��� �4PCM ��7�� 5��X�> �
���4 �
���0� ����� ,�M�� ��7�>

 (�� B
� 1� ���A�0� �> �� B� B
��7 K� ����� � ��> �@��L ��.�> K�

����.i> ���->.  ,����C@ � 5��U��	L]7[  T��0���� 1� ���A�0� M��

 �� B ��4 ��	�������4 �� ����� ���` �0��> ���� �� 5��7��L 5�@

 ,������ �M���
� K� �
�� �> T��0���� B
� 1� ���A�0� �> ��� �
�� �����4
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07/75 ���= �� ��> �@��L �G�� �
�� T��0 5��> ��2�0� ,������ ��

 �-��25/58 ���>.�0� B��WC@� ����� � ,����C@ ]8 [,�M�� ����� 3
 

K� B
��7 B� 5��7��L ���0 �� �> ���A�0� 1� B� ���� � T�h�� 

5���:� ��� O
�M �  � ���1�� 58�M4� ��1�> �� ��� ,�.� �-�� m
��� .�����

 V���� �> ��7 n/G� 5��7��L B� B
��7 K� ����720%  �74% 

 .�0� �� �
 O
�M �  

�k�4 �o:> 1� d�S�Se� �> O
�M � T�S��� ���4 �� dX��0���� �> 

,��M � �������� ��.�> �> p
�� �
�� M��C�� ��7���� �:��;� �<�= �> 

?�@ ���A�0� 1� "B� ���� / ��	�� B ��4" �> �C6= �DEF �> ,�M�� 

�4������ 2/0� 4/0� 6/0 �G�� 5��> ���-> ��1�> K� B
��7 B� 

5��7��L M��C�� ��7�0� .�6��� B
� d�S�Se� ������� �����>5�@ 

5��>��� �� 5��> ��6
� d�eAG 5��7��L ���	> ������ 5��> B���� 

K� ������7� ��.�> �� B��15�@ Y�4 � 3.L ���� ���.  

  

2 - 
�7	� 
@;7B  

1-2 
0H�<*�7� I;*:  

��) B� ���� Y�����7 1� ��7 5���
�L (��:�G ��>�  �,�C�� q��

 K�N 5��� �>44  �U�����	E0 ,���I �> ���@� 1�  ���J� ���� 

��7 ���A�0� .�0�B ��4 ��	�� ��N ���� B��WC@ ,���C^� 5��> � 1 

US Research Nanomaterials Inc.��7 5���
�L ,���I �> �� �0�

5��> ����M � 3
 ���@� 1�  ���J� ����  ,� �����= ���ECI ���-> 5��>

�����4 ���` ���A�0� ��. �����= r��L  1�  ���J� �������@�  ��	�� �

 B ��4 T��U ��1 ��7 ���� ,�.��0�.  

  

 JF��1- 
��;7@ I;*: PCM 5<;7> ���6; F ]15[  

 اکسيد گرافن پارافين خواص ترموديناميکی

 802 3600 (kg/m3) چگالی

گرمای ويژه   (J/kg K) 2320 (مايع) 765 

گرمايی رسانايی  (W/m K) 23/0 (مايع) 3000 

٠/0013 (kg/m s) لزجت ديناميکی  – 

گرمايیضريب انبساط   (1/K) 00091/0 000125/0 

 – 226 (kJ/kg) گرمای نهان 

 – 44 (C°) دمای ذوب

  

��
M� ���� r��L Nano-PCM �� �
1 dX��:� 1� ���A�0� �> �����

] :��7 ��0�e�9[ 

����� = ∅��� + 
1 − ∅)��                                             )1(  

��,���� = ∅
��)���
��∅)
��)���
����

                                           )2(  

ℎ�� ���� = 
��∅)���� ����
����

                                                  )3(  

 ������
� �UM� Nano-PCM �� ���
1 �;>�� �> ,���  ���� �0� �>

]11�10[  

 ���� = 0.983&�'.()(∅  ���                                              )4(  

�
���0� �
���4Nano-PCM �> ������> ���= �> �U�� �> �   d��G

��7 s
�:�  �
1] �0�12: [ 

*���� =
+���'+����'
+����+��)∅
+���'+����'
+����+��)∅ *��� + 5 ×
10./+01������,���2 34

��5��
6
7, 1)                                 )5(  

  �U B
� ��β  ��0� B�M���> �>�t1.381 ×  10–'9 J/K  �  

   )6(  

/+ = 8.4407
1001)��.<=9<. 
  

/ = 0                                              >6  7 < 7@ABC5D@ / = 1                                             >6  7 < 7BCEDC5D@ 
  

0 �� u�eh������  �7�>� �� s
�:� �
1 d��G �>: ��7 ]19[  

0 = 4�4FGHIJ
4HIKLIJ�4FGHIJ

                   �4�    7@ABC5D@ < 7BCEDC5D@                )7(  

f 3
 �� p>���� s
�:� �
1 d��G �> � �7�>��7: ]13[  

6
7, ∅) = 
2.8217 × 10�'∅ + 3.917 × 10�9) 4
4NO�

+

−3.0669 × 10�'∅ − 3.91123 × 10�9)                            )8(  

2 -2 - �)��2 91�� ,01*K��6*���  

�eAG ���0 �> �E�0� O>�� �� T�^ 1�� d���= � �
�� ����� .

�� ��6��� B
� ���4 �> B� ����  /	���� B ��4 9S��� �@��L �7 .

�:��;� �<�= �> M��C� �> A�0���� 1� ��	�� B ��4 )GO (�> �4������ 

�G�� ��1� �> ,�M�� 2/0 �  4/0� 6/0  �> B� ���� K�N ��7 �� 5��� 

45 �U�� ���	E0� �> ,���I ���� ���J� 1�  )PCM(� �> ��D�� ���-> 

��-> 5��  3
 �K B
��7 B� 5��7��L Y�6�� ��7�0�  .Z�Ei� 

,��� 5��> ��N ���� �> B� ���� 2 �I�0 �> ���A�0� 1� v�> 95% �> ��^ 

K����� 5��> 5��4�EU 1� 5���4 O�> 1� �= T��0���� �� Y�6����7 .

�� T�^ �1�� �> r�hL j� 1� 2 �u�G B� ���� g��7 �> K�N ,�7 

����� � 5��� ,� �� ����1 �� K�N ,�7 9��� �7�> �>�t �`�> ��-

����. j� 1� �I�0 7 �u�G B� ���� g��7 �> 3�L ,�7 ������ ��� 

5��� ,� �� ����1 �� Y�C� B� ���� ���U ���7 �>�t �`�> ������ .

jw0 �� 5��� [�e� 3�L ����7 .�� T�^ �1�� ����1 1� �� B� ���� 

�C� ���A�0� _�	�0 ��� ���4 5��� K� X�> ��0� ��� �:> 1� 7 �u�G 

Tw �> PCM ��X�> �0� .3
 �
X q1�� 1� B� ����  /B ��4 ��	�� �� 

�
1 B� B
��7 K� 9��.� ��7�0� �� ��-> 5�� �B� B
��7 K 

5��7��L �� �� T�^ V7 O
�M � �@�.   

 
  

3 -2 -��.��) 
�7	�  

 9�71 n�^ �E� K� B
��7 B� 5��7��L  ���� �:��;� �� ,�.� 

���@� .Vh� �.
��1� 9��7 �� �Oi> 3
 K� B
��7 B� 5��7��L  

� 3
 ,Mi� K�0� �
��1 �0�. K� B
��7 B� 5��7��L Oi> 

�EG� O
��1� �0� � ,Mi� K�0� �
��1 5��> 1� B�> ,��> �@ ���4 

5����> B�C� ���A�0� ����7. B
� ,Mi� K�0� �
��1 1� v��5�@ 

�M������4 �> �;` 50 ����0 ��� � g�A��� 60 ����0 ��� ��L�0      

��75��> .�0� O
�M � u;0 ��C� � �0 ��� �E�;�	� )40  ×80  ×1 

�E�� ��� (�� B�
�� �W<�= ,Mi� (�U ���� �����7 .�C	` Y�6�� 

�	� 9��7 3
 �eAG KN�U  �E�5� �� �> 5�� 3
 �
�� 5ME  Vh� 

��7�0�� ���7�> .�eAG KN�U 1� v�� �M������4 ���i< 1 ��C�E��  �

T�^  1300 ��C�E�� � y�I 1000 ��C�E�� ��L�0 ��7�0� �� �> 

z�� ���0 z�� ��7�0� .?��7 B�> 9��� KN�U �E�5� � ��:U �> 
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���A�0� 1� Y�  �E� ,����� )PUF (5��> 5��4�EU 1�  ?/��d���= 1� 

?��^� � �
1 ��2�0� ����7�� ��7�0� .O7�� �.�75� 5���� 

���i< 4 �E�� ��� �0� .��i> 5�� u;0 �.�7 �EL�� ���` � �4 � 

d��;` �� ������ �.�7 �0 ������L .K� pCU5��� ��7 �> ,Mi� 

K� �;S� �� �� B�
�� ��2�0� ���` ���� ��i
� ����7 � �� 3
 ?�{ 

pCU 5��� ����7 .B
� 9CI [0�� 3
 ���� �� �� ���� ��2�0� Vh� 

��7 �0�� Y�6�� ����7 .K� ��Ah� ���7 �> 1�> ,��� 3
 ��7 ,�M�� 

�K pCU ��7 �> d��G �>�t �2� ��7�� ���@ ��7 30 �S�`� ���>�� 

�� ��7 �0� .K� ��Ah� ��.� ��1�� 1� �� c
�^ d�eAG KN�U ��i�� 

��.� �0� �> �C0 ,Mi� ����� ,�
�U ��.�>�
 9>�` �U�� �0� �� 

��
 1� �E���I �� �> ,�M�� ����� ��t|� ������)4 ?��e�� �
��1 �0� �� 

�:>�� 1� y�I ��
�� ��JU �
��1 O>�� ��7��L � T�h  T�0 �0� 

]14 .[�> ,���I 3
 ��I�` ��E� �
��1 �>��> �> y�I �
�� ��JU �� �D� 

�� �4 ����7 ]15 .[�-7 ���� �:��;� �-.�� 5����  T�^

�
�� ��JU61/59  � �U��y�I �
�� ��JU 26/36 �U�� ���7�> 

]16 .[V0���B
�� �-U Vh� 9���5�@ 5��7��L �� �> d��G �>�t 

�S�	� ����	@ �� ���C�� ����C7 ��2�0� �
�> �> �C0 K��U Vh� 

}��7 �� 58��� 5��7��L �����> B
��-> ��-> 5����> �� ��7�� �7�> .

O
��1��@ 1� �I�0 8 u�G �� 6 u�G Y�6�� �����7 �� T�^ 5X�U 

2018 �� d�� 2018. 5��> �1����5��4 5��� �eAG KN�U )Tb(� 5��� 

u;0 �EL�� �.�7 )Tgi (� 5��� �=�� K� B
��7 )Tw(� �0 

9������� d��A�� Vh� �7 .5��> d��D� �> 5��� �������i��  � 5��� 

�C	` ���;S� �I�C6�5� 1� 9������� 5�@ K-type ���A�0� �7 �� 

�> 3
 ����0� ��t d�I/^� 9>�` 9C= 9h�� ���7�> .5��� �[�e� 

5��� ��W<�= 5��� T�Ee� � 5��� �.�7 � B��WC@ ,�M�� O>�� 

��7��L � ,�M�� ����� K� �;S� �@ 1 �I�0 �1����5��4 �����4.   

  

  
 L�1- ��;*@7B 9����*: 56 507�� 82  

  

  

3 - M0��� F N"�  

d�S�Se� �>�6� 5��> �0��> ���ECI �����=/PCM" "اکسيد گرافن  ��

K� B
��7 B� 5��7��L  Y�6�� ��7 �0� .�� T�^ �1�� 58��� 

5��7��L B�> ��>� �� �� ��_�@��L �_�����;S� � /PCM"  اکسيد

� ^�� @7 .,�C���� �S	�_ گرافن"� ��  9�72 ,�.� ���� ��7��0� 

5��� K� ,��> PCM 1� 9 u�G �� 12 u�G ,�M�� 5��.�> ����7�> 

��
1 �� B
� �,��1 �.i> 1� 58��� 5��7��L �� PCM ���LN ����7 .

j� 1� ,� � 5��> ���� ,��> PCM� ��� �> d�7 O@�� � �
 ��� 

�U�� d���= 5��> K� B
��7 B� 5��7��L �> B� ���� �> m
��� 

O@�� �� �
 �0� .B
� ,��> 9��� �0� �� 58��� ���LN ��7 �� PCM 

����1 �� ��7��L K��F ����� ��1� �� ���7 .� �<� ,��� ���� ���� 

��.�> �> PCM �
�� VU�� O
�M � ��� 5��> d�� ����1 1� 2 u�G �� 

7 u�G �����4.   
 

 
 L�2- ��) 70)�4� )*�F O�P F �*Q@ �) PCM         F 

/PCM""اکسيد گرافن 
  

 9�73� K� �1�� ����� ��7 �� 1�� �� ,�.� ���@� .B
� _`� ,�.� 

���@� �� � �<� ,��� GO �> B� ���� V�0 ����� ��.�> K� B
��7 

����7 �� ,�.� ���@� O
�M � �
���� 5��7��L B� B
��7 K� 

�0� .9��� B
� ��
�� Z�>�� �> �
����� /PCM" ��	��B ��4" 5��> 

��6
� O
���4 �W<�= O
���4 K� �0� �� �> B
� ��:� �0� �� K� 

5��.�> ������� ��;S� ��7 .B��WC@ �> ���A�0� 1� 58��� �� [0�� 

���� PCM �� T/L K��F ��7��L ��1� �����7 ����� K� �;S� ����� 

���>�
 .Y�C� B
� 9
X� VU�� ����� 5�~���= �� ,�
�� 1�� ��7��� �� 

�I�> O
�M � 100% �� ����� K� B
��7 ����7.  
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 9�74 d����J� ��I �E0�� [0��� �� �� ����
� �Y�4 ����1 �� u;0  

��0 B
�
1 23 �U�� ���	E0 ,�.� �0� ���@� .,�C@��^ �� 

u<�� ��0� ��I �E0�� �> ,�C@ ���� d�S�Se� �E�` 9
�C� ���� ]17[ .

� �<� ,��� ��.�> ��	�� B ��4 �> B� ���� �
�� �I�> O
�M � ��I 

�E0�� [0��� ����7 .��  ,� 9��� O
�M � �
��@ �����= [0��  

���� ���J� 1�  ����@� �> ������� ,�7 ���� ���� �� �-�� �0� .�B��WC@ 

O
�M � ��I  ��
��  ��I �E0�� [0��� �� O@�� ���@�. ��I �E0�� 

[0��� �> ��0� [>��� ��L� ]19�18 [������� �> d��G �
1 ��7�� 

��7: 

STUUUU =  0.18 V WX
<.'�WX YZ[<.'(

                                               )9(  

 T�S��� V
�< B��WC@���4 �� �0�> �
1 �;>�� 1�: �
� 

ℎU =  \D UUUUU+�
]                                                                     )10(  

��I �E
�� � ��I A�0��, �� ��,��� �> ��0� d��A� ��� �� �S;�� K�N 

� d�hi.� ���^ 1� K� B
��7 B� 5��7��L s
�:� ��� ]20[:  

YZ� =  ��̂�_.�`�
4a�4�)]b
+�c�

                                                 )11(  

YZ� =  ��̂�_.�`�
4a�4�)]b
+�c�

                                                )12(  

de&� =  �_.�
4a�4�)
�HF.�

                                                          )13(  

de&� =  �_.�
4a�4�)
�HF.�

                                                         )14(  
  

  

  
 L�4- S���7 ) ��)0��;* T�*�� ,���� )�P 7�  O7>  

  

�� �E=�� ��
�-� 3
 �;>��  �>�6� �> �U�� �> m
��� �>�6� V	� ��7 

5��> Z����� ,��� ��I �E0�� [0��� �> ��I �E
�� )Ra(� ��I A�0��, 

)Ste(� �����  3�L 5��� )Sb (� ��I �
��  )Fo (�> ���A�0� 1� T���  

�
1 �0�> �����0�: 

STUUUU =  aRa�h ijkl�mA�

��jh) n�                                                  )15(  

B
� T���  �>�.� �> �;>��5� �0� �� [0�� Ho � Gao ]27[ 5��> 

Al2O3/paraffin Nano-PCM (��M4 ����C� .5��> �> �0� ,���� 

5�@��J�� �>�t �����:� 3
 �I�C6� ���� 5��> ��0�e� �@��J�� �> 

���A�0� 1� Microsaft Excel ���A�0� ��7�0� .(�� ,��0�4� 

9`��= p>�� 5��> �> �0� ,���� �
��S� �2�	�C@ �> ��0� Z�S� 

�����@ �7 �� �4 ��� �> . 
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�	
�S�  ���[0�� Ho � ]Gao20 [5��>  Z�Ei� Y�������� ��	�� ����

B� ���� �> ��7 (Al2O3/paraffin Nano)  ���C7 T���  ��15  �
��� ��

 ��� �����> �� c�Se� B
� ��� �>  �> ��7 Z�Ei� B ��4 ��	�� ����

 B� ����Al 2O3/paraffin Nano)  ( T���  �> �U�� �>15 �� ,�.� ��-

.�@� 9�7 5 �� ,�.��@� V���� ��  �> ��7 Z�Ei� B ��4 ��	�� ����

B� ����  �> �	
�S� �� B� ���� �> ��7 Z�Ei� Y�������� ��	�� ���� 5����

 d�I�0 �� �@�1�> O
�M � B
� � �7�> �� 5��.�> �@�1�>13  ��17  �>

 B
��X�>.�0� �� ��L ���S�  

  

 4 - �	��� 97�>  

�� B
� �c�Se� ���� ����  B ��4��	�� �> wt٪ 0.2� wt٪  0.4 � wt٪  

0.6 ��"B ��4 ��	��/B� ����" ������� ��7��� � �� K� B
��7 B� 

5��7��L  �> ��� ������ .�> ��0� �m
��� d��� �
1  �G/L d��G �>

�� n�;����4: 

1 .��1�> K� B
��7 B� 5��7��L �> "B ��4 ��	��/B� ����"�> ��^ 

[0��� 25% �� �	
�S� �> K� B
��7 B� 5��7��L �� �-�� �> PCM 

9CI ����� ��-> 5�� 5��.�> �� ���� ���7�>.  

 2 .��1�> ���1�� K� B
��7 B� 5��7��L  ���@� 1�  ���J� ���� �>

,�M�� 2 kg / 0.4 m2 ��> �� ���= �� K� B
��7 B� 5��7��L �>  

Φ = 0.6 wt ٪"B ��4 ��	��/B� ����"2.5 kg / 0.4m2  .��> 

3 .� �<� ,��� ��	�� B ��4 ��.�> �> ���� ���J� 1�  ���@� VU�� 

O
�M � ��I �E0�� � O
�M � p����> V
�< T�S��� ���4 �
��4 � �� �> 

��:� 9�	���� 5X�> �, 5��> O@�� 9>�` �U�� �� ,��1 ���4�@� ��-

�7�> .��;��C@ �� �i.� ��0� ���C��
�@ �� �= 5� wt٪0/2 ���� 

���� �����> 9`��= ,�M�� ���LN 58��� �� �� T�^ ���J� 1�  1� ��L 

,�.� �����. 

4 .�� ��U� �> B� ���� 1� ���A�0� 5��7��L 5�@��>��� �� �� ��	�� ��N

�V0��� �4������ ,�M�� �> B ��4  1�  ���J� ���� �> �	
�S� �� ���@�

�� 5��.�> ��1�> � 5�� ��-> 5���� �
�� �7�>.  

5 . B��WC@����:� 3
 �>�6�  �0�>��� �>  �� 5��^  �E0�� ��I

�� [0��� ��E
�� ��I 1� �:>�� d��G �> �0� ��I�A�, ��I �
��  � 

�����  ���� ,�.� 5��� 3�L�0�.  

 

0

10

20

30

40

N
u

Ram

اين تحقيق 

Ho & Gao [27]



 

 
273 

 

C=�� 
�.

4 
�<

�



.
�� 

C�
0�

 ,
��

-�
�� 0�� 0��� 

��
�
� 

0�
^

� 
�A

:U
 ,

�	
=�

 �
5

 
6 - U�;7�  

[1] Asbik M., Ansari O., Bah A., Zari N., Mimet A. and El-
Ghetany H., Exergy analysis of solar desalination still 
combined with heat storage system using phase change 
material (PCM). Desalination, Vol. 381, pp. 26-37, 2016. 

[2] Faegh M. and Shafii M.B., Experimental investigation of a 
solar still equipped with an external heat storage system 
using phase change materials and heat pipes. Desalination, 
Vol. 409, pp. 128-135, 2017. 

[3] Safari A., Saidur R., Sulaiman F., Xu Y. and Dong J., A 
review on supercooling of Phase Change Materials in thermal 
energy storage systems. Renewable and Sustainable Energy 
Reviews, Vol. 70, pp. 905-919, 2017. 

[4] Zhou Q., Liu P.-F., Tzeng C.-T. and Lai C.-M., Thermal 
Performance of Microencapsulated Phase Change Material 
(mPCM) in Roof Modules during Daily Operation. Energies, 
Vol. 11, pp. 679, 2018. 

[5] Li S., Chen Y. and Sun Z., Numerical simulation and 
optimization of the melting process of phase change material 
inside horizontal annulus. Energies, Vol. 10, pp. 1249, 2017. 

]6[  �.? ��U � .� ,����W4" ���-> � �=��^K� 51�0   5���7��L B�� B
��7

���LN �>    ����@� 1��  ����J� ����� 3C� �> �
���4 58��� 51�0"  �  ��E6�

M
��� ��2.��� 3����� �0��-� .� �49 .( �1 .r �235 -244 �1398. 

]7[    K)�U ���������4 3
 ���ECI �> �M���
� K�/ VI ��� �.� 5��U��	L

5��7��L _�S�	�" �  M�
��� ��2�.��� 3����� �0��-� �E6� .� �48 .( �

1 .r �169 -177 �1397. 

[8] Kumar T.S., Jegadheeswaran S. and Chandramohan P., 
Performance investigation on fin type solar still with paraffin 
wax as energy storage media. Journal of Thermal Analysis 
and Calorimetry, Vol. 136, pp. 101-112, 2019. 

[9] Li M., A nano-graphite/paraffin phase change material with 
high thermal conductivity. Applied Energy, Vol. 106, pp. 25-
30, 2013. 

 
[10] Sheikholeslami M., Numerical modeling of nano 

enhanced PCM solidification in an enclosure with metallic 
fin. Journal of Molecular Liquids, Vol. 259, pp. 424-438, 
2018. 

[11] Vajjha R.S., Das D.K. and Namburu P.K., Numerical 
study of fluid dynamic and heat transfer performance of 
Al2O3 and CuO nanofluids in the flat tubes of a radiator. 
International Journal of Heat and fluid flow, Vol. 31, pp. 
613-621, 2010. 

[12] Mahdi J.M. and Nsofor E.C., Solidification of a PCM 
with nanoparticles in triplex-tube thermal energy storage 
system. Applied Thermal Engineering, Vol. 108, pp. 596-
604, 2016. 

[13] Arasu A.V. and Mujumdar A.S., Numerical study on 
melting of paraffin wax with Al2O3 in a square enclosure. 
International Communications in Heat and Mass Transfer, 
Vol. 39, pp. 8-16, 2012. 

[14] Shukla A.K., Sudhakar K. and Baredar P., Design, 
simulation and economic analysis of standalone roof top solar 
PV system in India. Solar Energy, Vol. 136, pp. 437-449, 
2016. 

[15] Sint N.K.C., Choudhury I., Masjuki H.H. and Aoyama 
H., Theoretical analysis to determine the efficiency of a CuO-
water nanofluid based-flat plate solar collector for domestic 
solar water heating system in Myanmar. Solar Energy, Vol. 
155, pp. 608-619, 2017. 

[16] Kermani M., Goudarzi G., Shahsavani A., Dowlati M., 
Asl F.B., Karimzadeh S., Jokandan S.F., Aghaei M., 
Kakavandi B. and Rastegarimehr B., Estimation of short-term 
mortality and morbidity attributed to fine particulate matter in 
the ambient air of eight Iranian cities. Annals of Global 
Health, Vol. 84, 2018. 

[17] Sampathkumar K. and Senthilkumar P., Utilization of 
solar water heater in a single basin solar still—An 
experimental study. Desalination, Vol. 297, pp. 8-19, 2012. 

[18] Ho C.J. and Gao J.Y., An experimental study on 
melting heat transfer of paraffin dispersed with Al2O3 
nanoparticles in a vertical enclosure. International Journal of 
Heat and Mass Transfer, Vol. 62, pp. 2-8, 2013. 

[19] Bergman T.L., Incropera F.P., DeWitt D.P. and Lavine 
A.S., Fundamentals of heat and mass transfer; John Wiley & 
Sons: 2011. 

[20] Ho C.J. and Gao J.Y., An experimental study on 
melting heat transfer of paraffin dispersed with Al2O3 
nanoparticles in a vertical enclosure. International Journal of 
Heat and Mass Transfer, Vol. 62, pp. 2-8, 2013. 

 


