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Abstract  

Experimental study of convective heat transfer behavior and the AC dielectric breakdown voltage of nano oil 
for use in transformers is the main scope of this work. The nano oil containing colloidal magnetic Fe3O4 
nanoparticles at different volume concentration and the Nytro Libra oil that is the conventional oil in power 
transformers has been considered as the base fluid. The convective heat transfer behavior was studied by using 
an experimental setup in laminar flow regime and under constant heat flux. The AC dielectric breakdown voltage 
by usingBA100 portable dielectric oil tester according to IEC 60156 was carried out. Results show that nano oil 
with 23 nanometer size and volume concentration of 0.1% has convective heat transfer coefficient to 4.5% 
higher than the base oil. The AC dielectric breakdown voltage improved 23.8% for nano oil with volume 
concentration of 0.1% compared to the base oil. The results of the convective heat transfer coefficient behavior 
of nano oil were compared with othe researchers.  
 
Keywords: Transformer Oil, Convective Heat Transfer, Nano Oil, Nanoparticles, Dielectric breakdown voltage.
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)12(  NI � 4 _Ùa9b ScdNI � Z�Sè_̀ �� � �STU �� � �Sfb ��												 

)13(  V" � gha9i S["V" � Z�Sjg �� � �Skh ��
 

 �)�� ���%d (� �� (��
�	� ��4 �� �K� *�0I (� �6"  ��

��  Y
� �7������� �%	� *��. �	�� ;	� .�)�. ��) ��K� ��
)  

  

                                                           
1  Surface irregularities 
2  Beckwith 

  

 +�64����� &�$� C�� �K� .���! �� �7�L�4 �H��  

 +�,��� X	�1 *��. &��
6?�*���!  ��) � (��
�	� ��4 ���-�67

 X
��� �. �����21/0 �7/3  �1/0  *�0I ;
�O67 .� � �H��

 �� � �. �7�%$	��(� *�"7�%� � � ]	� � &��
6?� L�4

 +��: �� �"�� �f� � C�`a$�4  &�$� Q	��� .� � ��) �����


� � ]	� � � ��) �� �K� &��
6?� L�4 *�0I �H�� �� �7�

 (� ��6� �7�%$	��(� *�"7�%� �10  �� � �. �� ��
. �H��

 &��
6?� �
B.�f (� � � � ��
�f ].�f ����K� �� p�� ;	�

�.
I �� ����
I�..�)�.  
  

7 -��
�� .-
/  

 +�
  &�
�4 �. ;<�� ���B64 �
�". �
67� �. �:
� �.

#�I ;	� �� �8�. *�7�
����
9����� �� ��	����� P	�4 � �����

 +�,��� X	�1 �.�'� �/��0� �. P
,K�*���!  *��2 ;<��
���

 �
����
9����� �� ���9� � �": ;7� �
��� *�
A
B� C��D
��

 ��) �K� s64 ���	���! �� �.�J  .� � ��) ��I���� ��)�.

 *�"$	��(��	���! ��
6� *��.� hB�a� *�7 &�	�: �� ;<��
��

 ��	�,� �	�� ;<�� �. Q	��� � ��-�! C�
H �,-� ��
� ]I�� L���

� � ��	��!o� � ��. �
=�� �. ;
�O67 . �. C��D
��� �
J

 ���) 5���� G	��(� �;<�� ��	����� P	�4 ���B64AC 

 ������� � �� ��.IEC60156��
6� *��.  .� � ��-�! L�'�� �7  

 �
�". ���7� &�$� Q	��� +�,��� X	�1*���!  �-�67

 �6'2 �=B< �. ;<��
���1/0  �. �	�� ;<�� �. ���� �H��

 &�Y
�5/4 �� �H�� G	��(� (� ]H�2 Q	��� ;
�O67 .�)�.

 ���) 5����AC  ;<��
��� �,	�4 ���,� � �� ��� &�$� Y
�

 *����8/23  >
1
� ;	� .� � ��$
. �	�� ;<�� �. ���� �H��

 � ��	����� ��K� �. ]I�� C�Y
"'� �,	�4 ]H�
- �2��?

�� �
67� Y	�2 ��
�. �
����
9����� .�)�.  
  

  

  

  

 *�0I L�4

% &��
6?�  
G	��(� ����K�  

�(���� *�0I  *�
!

��%� �  

�(���� �
H�I  *�
!

��)  

 *��� ����K�

��%� �  

 �
H�I /��Y.�

�(���� *�
!  

4/1  ℃20-40  ℃7/0  ) +�
  *���WX(  ℃45-  ��130  ]�
�
���  

8/0  ℃20-85  ℃7/0  ) ���
	� *���WQ(  ℃45-  ��130  ]�
�
���  

15/0  0  - 80    V1/0  5����)V(  V0  ��220  ��� ���  

6/0  0  - 2  V1/0 ) &�	�:A(  A0  ��20  �������  

6/0  0  - 200  ml1 �) �.�Q(  ml0  ��250 �������  

4/7  kV 23 -60  kV01/0  ���) 5����  kV 0 ��100  
�(���� ��%� �  *�
!

 ���) 5���� 

1/0   �	��� � ����%d�	���!�:Y� ��n	� *���! �  g�
I  



  

 
 

*
�=

� M
t


� 
� 

�
6 

�f 
+s

: 

101 

8-?W=1 2�-
,  

9- X07�-0G �6  

bf �	�� +�
   

cn C��D
��� *�
A
B�  

f +�
   

nf +�
  
���  

  

Y�+-� 
[1] Shanthi R., Anandan S. S., Ramalingam V., 
"Heat transfer enhancement using nanofluids an 
overview", Thermal Science, vol. 16, no. 2, pp. 
423-444, 2012 . 
[2] Xuan Y., Li  Q., "Heat transfer enhancement of 
nanofluids, International Journal of Heat and Fluid 
Flow", vol. 21, no. 1, pp. 58-64, 2000 . 
[3] Saeedinia M., Akhavan-Behabadi M., Razi P., 
"Thermal and rheological characteristics of CuO–
Base oil nanofluid flow inside a circular tube", 
International Communications in Heat and Mass 
Transfer, vol. 39, no. 1, pp. 152-159, 2012 . 
[4] Beheshti A., Shanbedi M., Heris S. Z., "Heat 
transfer and rheological properties of transformer 
oil-oxidized MWCNT nanofluid", Journal of 
Thermal Analysis and Calorimetry, vol. 118, no. 3, 
pp. 1451-1460, 2014  . 
[5] Segal V., Hjortsberg A., Rabinovich A., 
Nattrass D., Raj K., "AC (60 Hz) and impulse 
breakdown strength of a colloidal fluid based on 

transformer oil and magnetite nanoparticles", in 
Proceeding of IEEE, pp. 619-622, 1998. 
[6] Sartoratto P., Neto A., Lima E., de Sá A. R., 
Morais P., "Preparation and electrical properties of 
oil-based magnetic fluids", Journal of applied 
physics, vol. 97, no. 10, pp. 10Q917, 2005. 
[7] Du Y.-f., Lv Y.-z., Wang F.-c., Li X.-X., Li  C.-
r., "Effect of TiO 2 nanoparticles on the breakdown 
strength of transformer oil", in Proceeding of IEEE, 
pp. 1-3, 2010. 
[8] Lee J.-C., Kim W.-Y., "Experimental Study on 
the Dielectric Breakdown Voltage of the Insulating 
Oil Mixed with Magnetic Nanoparticles", Physics 
Procedia, vol. 32, pp. 327-334, 2012. 
[9] Chiesa M. M., Sarit K. Das., "Experimental 
investigation of the dielecthc and cooling 
performance of colloidal suspensions in insulating 
media", Colloids and Surfaces A: Physicochernical 
and Engineering Aspects, vol. 335, pp. 88-97, 2009. 
[10] Sheet M. S. D., MSDS, EFH-1 
FERROFLUID,Ferro Tech Co., 2007. 
[11] Jamshidi N., Farhadi M., Ganji D. D., Sedighi 
K., Experimental Investigation on the Viscosity of 
nanofluids, IJE Transactions B: Applications, vol. 
25, no. 3, pp. 201-209, 2012. 
[12] Syam Sundar L., Venkata Ramana E., Singh 
M. K., De Sousa A. C. M., "Viscosity of low 
volume concentrations of magnetic Fe3O4 
nanoparticles dispersed in ethylene glycol and 
water mixture", Chemical Physics Letters, vol. 554, 
PP. 236-242, 2012. 
[13] Wen D., Ding Y., "Experimental investigation 
into convective heat transferof nanofluids at the 
entrance region underlaminar flow conditions",  
International Journal of Heat and Mass Transfer, 
vol. 47, pp. 5181–5188, 2004. 
[14] Pak B. C., Cho Y. I., "Hydrodynamic and heat 
transfer study of dispersed fluids with submicron 
metallic oxide particles", Experimental Heat 
Transfer an International Journal, vol. 11, no. 2, pp. 
151-170, 1998. 
[15] Yu W., Choi S., "The role of interfacial layers 
in the enhanced thermal conductivity of nanofluids: 
a renovated Maxwell model", Journal of 
Nanoparticle Research, vol. 5, no. 1-2, pp. 167-171, 
2003 . 
[16] Shah R. K., London A. L., Laminar flow 
forced convection in ducts: a source book for 
compact heat exchanger analytical data: Academic 
press, 1978 . 
[17] Shah R. K., Bhatti M., "Laminar convective 
heat transfer in ducts, Handbook of Single-Phase 
Convective Heat Transfer", pp. 3.1-3.137, 1987 . 
[18] Beckwith T. G., Marangoni R. D., Lienhard J. 
H., Mechanical measurements: Pearson Prentice 
Hall, 2007. 
 

A )��
� z0,� �0  m2(  

cp ) �n	� *���!kjkg-1K-1(  

d ) ��
� �0fmm(  

h  +�,��� X	�1���! )wm-2K-1(  

k  �	��� ��	���! )wm-1K-1(  

P )��
� R
K�m(  

Pr ]����� ��4  

 q"  ��)�	���! )w/m2(  

 _̀ �6'2 �.�(m3s-1) 

Re (��
�	� ��4  

T ) ���K(  

v )��
� �� +�
  R 
�� �4� m/s(  

V M'2 )ml(  

w ��(� ����  x∗ �`a$� +
?  

ρ ) ���%dkgm-3(  

µ ) ��
���	� �:Y�kgm-1s-1(  

φ (%) �6'2 �=B<  

ν 
) +�
  �4� ms-1(  

  


