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Abstract  

Experimental study of convective heat transfer in nano-fluid, containing Fe3O4powder nano-particles without 
stabilizer and nano-fluid containing colloidal nanoparticles of Fe3O4, with stabilizer, is the main aim of this work. 
For this purpose, the Nytro Libra oil, as a conventional oil in power transformers has been considered as the base 
oil. Results show thatthe use of nanoparticles, improves the base fluid heat transfer characteristics. Alsobased on 
the experimental observations, the use of nanoparticles in the powder form, decreases and in the colloidal form 
increases the dielectric properties of transformer oil. Hence, the thermal behavior of the two types of nano-oils 
would be important. The results in present study showed that the convective heat transfer coefficient of nano-
fluid, containing nano-particles in the powder form in a tube with constant heat flux, and volume concentration 
of 0.1% and 0.3%, is 7% and 9.5% mare than nano-oil containing colloidal particles and also 6.5% and 2.4% 
higher than the base oil, respectively. Finally, thermal behavior of different nano-oils samples are discussed, and 
other researcher’s arguments are also taken into consideration. 
 
Keywords: Transformer Oil, Powder Nanoparticles, Colloidal Nano fluid, Heat Transfer. 
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] 9�����/0 � )�c .%�1[ � ������� *��+����  ��F&� �3
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�� �2&� ����  ��� f���  ��	\ �� �
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2- 674�'��� �
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%� )��A� *��	, &� ��0 "� )	�K�5\

O���– ��Jm� w��� D� �3 f�	�AC �� OB
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�� ����	,  ��@ �� .��( ]�7�� h�
�� *�	��m� �5�%�3 �����

 O�����	�160-SMT   �5:� /�< ���� ��  ���� O:��& ��

 )	�K �"���� �� �\�	E � )���� )��� �� �( ���� ��	<  9���"�

���� .���  	0 O�����	� "� �010  )��� w/\ ����N��.��	K   ��	\

� i� ���� 9���"� �5:� /�< "� -
(JK "���	3[�3  "� �� ��(

  �F�� "� ���=
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%���

���" �"�3 D� �` �� y��� ;	z D� �� ��( w/\ 1��% �

�� ��%�A� {C$�  .��( 1��% ���@ "� i�  "�D�E -�  ����

�� ���� ����� �E	c � ��( �����  FC� D�E .��� -�  1��� D�

�
%�� ���� 3 �	% |� �� %� )� �� �
%�� "� ���>� *��:  
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 -.������ ���F�&��	� j��E �� )����/!,  1��% b�`

w\�	�]3�11�12�13[ ) p3��� "� ���=
%� �33) �� (8 ��%�A� (

�� .��	K 

 ��� = �1 − ����� + ��� )3(  

��� = �1 + 2.5 ����� )4(  

���� = �1 − �������� + ������  )5(  

��� = K ��� + 2� + 2 �� − �!�1 + "�#��� + 2� −  �� − �!�1 + "�#� � 
)6(  

$%�� = ��� . &. '���  )7(  
()�� = ��� . �*+,���  )8(  
                                                           
1 riser 

 ����>� �� ��)6( �β      ��+���}� 	}H< �}3 1��}% ��[ ��CM ���

 �� %�1/0  �
&	K 	7� ��%� ��(]13  *��	}, 1�}2
�� L�	M.[ 

�
&	/0� h ) �H3�� "�9%� ��%�A� O3�< (:  
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�12 − 1��3 

 ��/"  �����	, ��(12  �1�  )��� � ������ )��� L��	� �3

 � ���3 1��%x    9���"� �5:� /�< )���� "� )��A� �5:�&

3 	�" �H3�� "� ����	, ��( .�(�3 �� ��� %� :���  

)10(  /" = 45'6 

 ��d  ����� 	H<L  � 9���"� �5:� /�< 1�`QO� ~�0� 
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)11(  4 = �7 

 ��V   � ��Jm� w��� h�
��I O��� ]�% "� )���@  ��	\ - f�	�

��.�(�3b�`  1�` �� 1��% �/!, )��� w�"�� )h	�� )�23 O:�

3 	�" �H3�� "� ���� ��� %� :���  

)12(  T� = T9: + q" . P. xρ. C�. ϑ. A 

 ��!���  �� ��ρ  ����#cP  ����� p�A�A  � ���� wH2� �H%
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�H3�� "� p%�
� &	/0)13( 3 ��� %� :���  
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 ��1B�  � ������ )��� p%�
�1B2  )��� -�#�����/!, 
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�� L�	M �

 "� ���=
%� �3 �H3��)15( w\�	� "�]14�15 �3	!� )�0 ���� �3 [ ��

 	M�, ��� �� ���� -.�� )�	375Re=  �  ���� )"	� p��	(

 ����2�%� ����	K.  

 O�( 2 �3 �3	!� ?��
 � ����2� �� �� ���� %�3 ?��
� �3 �

�H3�� "� ���� %� )15��  �$� ( �� �3�E ����C/0 �� �0�

 � �
(�� ��\� ?��
� -�� -�#���� �0�HE ���, ��11��  % :�(�3 

)15(  

( )

1
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1
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 ���� -.�� �� ���� OE�� ����  �$� �0�  �3 ����2� �� �� 	���2�

:�H3�� "� �� )����  

 )16(  F = 64$% 

�� ��%�A�.���� �� ����< O3�< ����C/0 ��	K  
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0��5 - 	M�L 1�2
�� *��	, �� �
%�� )���� �	3 )���� -.�� ��, )���� 

*��+ ���� )4�5���� )�3 75. /!,�3/0 %���	,��(���w/m
2 

2700q" =  

� A� ���/@ *[��%���� �� *��	, 1�2
�� ���'3_ O���@ 	�N

 ���+ ����� �`�,� 1��% ��[ �*��+ ����	3 �	, ����� )��>
�

 ���& D�
���3 �	,1  �( ���� � )h	�� O��, )�02  *��+
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