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Abstract: Temperature variation with in the transformer affects
the life and efficiency of the distribution transformer. The top oil
temperature in the transformer depends on the type of cooling
and cooling ducts design and their layout. The present article
investigates different methods of ONAN transformer cooling
system by means of locating the cooling ducts at different spacing
and inclinations, with the aim of increasing the heat transfer rate
by disturbing the thermal boundary.
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I.  INTRODUCTION

A distribution transformer is a static device used to reduce the
high voltage of the electrical power distribution system to-the
low voltage serving the  customer by electromagnetic
induction from one circuit to another at the same frequency.
The voltage transformation generates heat in the core and
windings due to eddy current and copper losses. The generated
heat is collected by mineral oil flowing around core and
windings and is dissipated through the transformer tank
cooling system to the atmosphere.

The life time of transformers depends upon the transformer
winding hot spot temperature. In the proper operating
conditions the hot spot temperature of the winding coil is
equal to the top oil temperature in the transformer tank.
Transformer oil acts as both insulating material between the
windings and tank material and as cooling medium in the
transformer and Craft paper is used as an insulator between
the conductors, because of its high dielectric strength. The
stability of these insulating materials depends on the operating
temperatures with the transformer tank. If the maximum
designed temperature is exceeded for any length of time, the
insulation lifetime may be reduced from the nominal level. As
a thumb rule the life of transformer reduces by 50% if the hot
spot temperature increases by 6°C above 80°C.

Overall network losses in the electrical transmission and
distribution systems used to supply power to consumers can
be as much as 6 to 9% of the total power supplied to the
transmission and distribution networks by large power
stations. Transformers, particularly in the distribution
networks, make up about 30 to 40% of that network loss.
High efficiency transformer means low losses and low hot oil
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temperature and result in less degradation of insulation and
longer life of transformer.

The most important heat transfer mechanism in an oil
immersed transformer is through the convection and
radiation. Heat transfer by convection and radiation takes
place from the tank surfaces and additional long vertical
tubes / radiators are added to improve the heat transfer rate.
These additional tubes/radiators increase the surface areas
and increase the heat transfer rate. The rate at which heat is
transferred from the tubular radiator to the atmospheric air
depends on certain parameters like distance between the
tubes, length of the tubes and movement of the air between
the tubes.

Transformer cooling system improvement has been
extensively studied through analytical or advanced numerical
techniques by Miguel E. Rosillo(2). Eleftherios I. Amoiralis
(3) and Stefan D.L. TALU (1) developed a method for
optimum transformer tank panels geometry for the cooling
system.

The present paper investigates the effect of centre to centre
distance between vertical tubes and their inclinations of the
transformer cooling system on the top oil temperature.
Experiments are conducted on an oil-immersed ONAN
distribution transformer with different tubular radiators of
different centre to centre distance and inclinations.

1. IMPROVEMENT OF TRANSFORMER COOLING
SYSTEM

Generally the tubes/radiators are fixed to the tank of the
transformer in vertical direction with different pitch. When the
transformers are heated, heat transfer takes place by natural
convection and radiation. Convection heat transfer occurs
when the movement of the fluid is caused due to density
differences, which are created by the temperature differences
existing in fluid. Boundary layer develops due to the
movement of the fluid upwards along the tube. Heat transfer
within the boundary layer is by conduction only. As the
boundary layer thickness increases, the heat transfer rate
decreases and if the boundary layer thickness is more than
tube diameter interference between boundary layers of air
increases further and drop in heat transfer takes place.
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Fig.3. Radiator with 50mm spacing

When the tubes are inclined, there is a component of the
buoyancy force acting normal to the flow direction, and can
disturb the boundary layer and increase heat transfer rate.
Investigation on inclined cavities was carried out by D.
Henderson (13). Experimental data are not available for free
convection from vertical tube for different pitches and
inclinations.

The surface temperatures of cooling tubes at different lengths
and top oil temperature in the tank are recorded for the
different centre to centre to distance and for different
inclinations of the tubes.

I1l. EXPERIMENTAL SETUP

The aim of this paper is to present the experimental results for
flow over vertical tubes of a distribution transformer for
different pitches and inclinations. The test is conducted on 16
KVA ONAN transformers. The transformer tank has the
provision to connect the cooling tube bundles and radiators at
different pitches as shown in Fig. 1.

In a typical test, the bundles of radiator tubes with a pitch of
1D (D diameter of the tube) are connected to the tank. The
thermocouples are placed inside the transformer and within
the tube bundles to record the temperatures.

Eight thermocouples record the temperature along the tube
length for the different centre to centre to distance of the tube
arrangement and for different inclinations of the tubes.

Two thermocouples record top oil temperature in the
transformer and the room temperature. The data acquisition
system with 12 channels continuously records the
thermocouple readings

Fig.2. Cylindrical tubes with 1.5 D spacing
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Experiments were carried out for different inclinations and all
the temperature readings are recorded. The experiments were
repeated for 1.5D and 2D pitches. Similarly radiators with 50
mm and 100 mm pitch are connected to the tank and top oil
8l temperatures were recorded for 6 hours duration. Each test is
8 carried out until the system reaches thermal equilibrium. At the

end of a test, the data is transferred to the excel software for
80 plotting the graphs.

==1Dpitch  =@=1.5Dpitch

19 \ V. RESULTS AND DISCUSSIONS

1B
7 \\ For the purpose of comparing the results the tube length in
\ vertical distance is normalized by the total length of the tube.
16 \ \ During the top oil temperature test, constant heat flux was
7 'Y maintained in the tank tested for 6 hrs and temperatures were
\ recorded every fifteen minutes. When the temperature of the
I \l top oil rise reached a constant value, the temperature is
7 | | | | recorded. Fig.4 shows the variation of top oil temperature for
different inclinations (0, 15, 30 and 45°) for different spacing
0 10 N 0 40 50 (1D and 1.5D). For a given arrangement as the inclination
angle of the tube bundle increases, the top oil temperature
Tube length (x/L) decreases and drops drastically after 15 ° inclination angle.

This behavior is due to the disturbance of the thermal
boundary layer, which exposes the surface of the tube for

Top Oil Temperature ° C

Fig.4. Top oil temperature variation for different tube
Spacings (1D and 1.5 D)
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Fig.5. Top oil temperature of the transformer with
radiators of different pitch

IV. TESTING PROCEDURE

Tests were carried out for a heat flux of 250W/m? and are
maintained constant for all the setups. Initially the tube
bundles are arranged at a spacing of 1D (D diameter of the
tube).
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_ _ It is observed that 100 mm pitch radiator experiences 2°C drop
=4—=30deg-1D pitch  ~f=30deg-1.5D pitch in top oil temperature compared to 50 mm pitch radiators, a
drop of 2.6% in hot oil temperature.

12 -
Fig. 6 and 7 shows the percentage variation of temperature
L 10 along the tube length. For a given inclination angle15° the
% percentage decrease of surface temperature along the tube
T with 1D pitch is 2 to 2.5% and for 1.5D is 8 to 9%. As per the
g' free convection heat transfer the thermal boundary develops
[ along the tube in vertical position and the thermal boundary
w 61 layer thickness increases. The heat transfer within the
g boundary layer is by conduction only. By increasing the
¥ 4 spacing and inclination of the setup, the boundary layer gets
= disturbed and creates a low pressure, which in turn allows
j; 5 more fresh air onto the surface of tube. The temperature drop
° decreases at the top of the tube due to the effect of interface
boundaries. Fig. 8 shows the percentage variation of
0 . . . temperature for different pitches and inclinations.
0 0.2 04 0.6 0.8 1

The observation of Figures 9-10 leads to the conclusion that as
Tube length (x/L) the pitch of the tube increases the percentage drop of tube
temperature increases exhibiting better thermal performance
and it is further enhanced by increase of inclination angle of
the tubes

Fig.7. Percentage variation of temperature along the

tube for 30 ® inclination for 1D and 1.5 D Spacings
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i o - Fig.9. Percentage variation of temperature along the tube for 15°&30°
Fig.8. Percentage variation of temperature along the tube for 15°&30 inclination for 1D spacing
inclination for 1D and 1.5 D Spacings

low temperature ambient air. As the temperature difference (T
tube surface- T ambient) increases the top oil temperature
decreases.

It was also found that the minimum heat transfer is associated
with the 15%ngle and 0.125 x/L tube length of 1D pitch.
(fig.6.) Maximum heat transfer occurred at 0.38 x/L of 30°

Figure 5. illustrates the variation of the hot spot temperature in  Inclination angle for a pitch of 1.5D (Fig.7).

the distribution transformer with radiators of different pitches.
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Fig.10. Percentage variation of temperature along the tube
for 15°&30° inclination for 1.5 D spacing

VI. CONCLUSION

In this paper, cooling system of a transformer is modified in
terms of better layout of the tube / radiators, improving
transformer thermal performance. In particular, increasing the
pitch of the tubes/radiators improves the heat transfer rate and
decreases the top oil temperature.

The investigation is carried out by increasing the pitch of the
tubes/radiators. The experiments have shows that top oil
temperature has reduced by 11.8% with 1.5D spacing at
30%inclination, which enhances the life of the transformer.
Further research concerning higher pitches and disturbance of
thermal boundary by turbulent generators will be done in later
works.

10.

11.

12.

13.

www.ijert.org

International Journa of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 3 Issue4, April - 2014

REFERENCES

Stefan D.L. TALU1, Mihai D.L. TALU2-Dimensional optimization of
frontal radiators Of cooling system for power transformer 630 Kva
20/0.4 kv in terms of maximum heat transfer, U.P.B. Sci. Bull. Series C,
Vol. 72, Iss. 4, 2010

Miguel E. Rosillo, Carlos A. Herrera, and Guillermo Jaramillo, IEEE
Transactions On Power Delivery, Vol. 27, No. 4, October 2012
Eleftherios 1. Amoiralis, Marina A. Tsili, Antonios G. Kladas. and
Athanassios T. Souflaris Distribution Transformer Cooling System
Improvement by Innovative Tank Panel Geometries, IEEE Transactions
on Dielectrics and Electrical Insulation Vol. 19, No. 3; June 2012
Marius-Constantin Popescu and Cristinel Popescu, Transformer thermal
and loss of life models, Journal of Electrical and Electronics Engineering
Research Vol. 1 (1), pp. 001-022, November, 2009

Jian Li, Taosha Jiang2, Stanislaw Grzybowski, Hot spot Temperature
Models Based on Top-oil Temperature for Oil Immersed Transformers,
2009 Annual Report Conference on Electrical Insulation and Dielectric
Phenomena

A. Weinla der, W. Wu, S. Tenbohlen Z. Wang- Prediction of the oil flow
distribution in oil-immersed transformer windings by network modeling
and computational fluid dynamics, Published in IET Electric Power
Applications Received on 30th April 2011, www.ietdl.org

Y. X. Wang, H. B. Ma and G. P. Peterson Investigation of the
Temperature Distribution on Radiator Fins with Micro Heat Pipes,
Journal Of Thermo physics And Heat Transfer,Vol. 15, No. 1, January—
March 2001

8.M. R. Gouvea, E. J. Robba, E. C. Belvedere, J. R. S. Moreira, and P.
A. Brunheroto Thermal Simulation for Distribution Transformers in
Underground Vaults, 2004 IEEE IPES Transmission 1L Distribution
Conference CL Exposition: Latin America

Marius-Constantin Popescu, Nikos Mastorakis, Gheorghe Manolea,
AidaBulucea and , Liliana Perescu-Popescu, Thermal Model Parameters
Transformers ,WSEAS TRANSACTIONS on POWER SYSTEMS
dssue 6, Volume 4, June 2009 Transformers ,\WSEAS
TRANSACTIONS on POWER SYSTEMS .Issue 6, Volume 4, June
2009

Abdulrahim Kalendar- Numerical And Experimental Studies Of Natural
Convective Heat Transfer From Vertical And Inclined Narrow Flat
Plates And Short Cylinders, PhD thesis, Queen‘s university, Kingston,
Ontario, Canada June, 2011

Jon Gastelurrutia a,*, Juan Carlos Ramos a, Gorka S. Larraona a,
Alejandro Rivas a, Josu lzagirre b, Luis del Rio b - Numerical modelling
of natural convection of oil inside distribution transformers, Applied
Thermal Engineering 31 (2011) 493-505

S. A. Nada a and M. Mowad , Free convection from a vertical and
inclined semicircular cylinder at different orientations , Alexandria
Engineering Journal, Vol. 42 (2003), No. 3, 273-282

D. Henderson_, H. Junaidi, T. Muneer, T. Grassie, J. Currie,
Experimental and CFD investigation of an ICSSWH at various
inclinations,Renewable andSustainable Energy Reviews 11 (2007)
1087-1116

2381



