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ABSTRACT: In tropical regions, particularly during the summer, a rise in ambient temperature causes
a significant increase in the hot spot temperature of transformers, which can result in the early failure
of transformers and cause irreparable damage to the power grid. Therefore, efforts to reduce the hot
spot temperature of transformers are of great importance. One method of thermal management for oil-
immersed transformers is to enhance the heat transfer properties of the oil with additives, allowing for
the effective and rapid dissipation of heat from the windings and core to the surrounding environment. In

this study, the experimental performance of three nan-oil aluminium oxide, iron oxide, and multi-walled  Keywords:
carbon nanotubes was evaluated in a laboratory-scale oil-immersed transformer with a maximum rated = "
power of 150 watts. To this end, the aforementioned nanoparticles were mixed with transformer mineral oil
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oil ata concentration of 0.5 g/L and tested in the transformer. The results showed that adding nanoparticles
to the oil, within the permissible range for various parameters, improved the physical properties of the
nano-oil, which could play a significant role in the thermal management of transformer oil. For example,
at 100% of the transformer’s full power, the aluminium oxide, iron oxide, and multi-walled carbon
nanotube nano-oils reduced the hot spot temperature by 2.1°C, 1.3°C, and 5.4°C, respectively, compared
to the baseline test with mineral oil. The primary reason for this improvement is the enhanced thermal

Nanoparticle
Hot Spot Temperature

conductivity of the nano-oil.

1- Introduction

Research on nano-oils is relatively new but shows
promise for improving transformer performance due to
the high insulating strength of the oil, which is influenced
by moisture levels [1]. Several studies have examined how
adding nanoparticles affects the breakdown voltage of
transformer oil. For example, Jin et al. [2] found that silicon
oxide nanoparticles increased breakdown voltage with
specific moisture levels.

In general, the studies conducted on the addition of
nanoparticles to transformer oil [3], along with the type
of nanoparticle, concentration, and parameters examined,
indicate that most of the previous research in this field has
primarily focused on the dielectric properties of the oils.
In contrast, less attention has been given to the thermal
and cooling properties of nanofluids in transformers. For
example, in the most important related study [4], the effect
of using four nanofluids containing Cu, Al O,, TiO,, and
SiC nanoparticles with different volume fractions was
investigated on the average temperature of a 250 kVA
transformer. However, the designed geometry of the active
components of the transformer was assumed to be rigid,
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which is entirely different from the real geometry. Therefore,
the thermal modeling results are not reliable. The lack of fins
in the housing geometry or merely conducting numerical
studies with unreasonable assumptions (such as in two-
dimensional thermal modeling of the transformer or its active
components, etc.) are among the other gaps in the research in
this field.

Thus, in this study, as a first step, the key properties (such
as viscosity, thermal conductivity, breakdown voltage, loss
factor, permittivity, and electrical resistance) of nanofluids
containing multi-walled carbon nanotubes, iron oxide, and
aluminium oxide will be examined. For this purpose, three
nano-oils with concentrations of 0.05 g/L, 0.1 g/L, and 0.5 g/L
are prepared, and their stability is evaluated. Subsequently, the
best results will be compared for their effect on the properties
of transformer oil, and finally, the impact of each nano-oil on
the temperature at various points of the transformer will be
experimentally studied.

2- Experimental setup
The study involved three nanoparticles:
e Multi-walled Carbon Nanotubes: 0.5 g per liter of
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Fig. 1. Overview of the transformer system under test along with the location of the sensors.

transformer oil was ultrasonically treated at 40 kHz and
200 W for 45 minutes.

e Iron Oxide: 2 g mixed with 30 ml ethanol, treated
ultrasonically, followed by the addition of oleic acid
and centrifugation to separate the particles. Dried
nanoparticles were mixed in a 0.5 g/l concentration in oil
and treated at 240 kHz and 200 W.

e Aluminium Oxide: Powdered AI203 (20 nm) was
dispersed in oil with oleic acid and treated ultrasonically.
A small laboratory transformer simulated real transformer

conditions (150 W load). The tank dimensions were 25 cm x

10 cm x 22.5 cm, with 8 longitudinal and 4 lateral fins. Ten

DS18B20 temperature sensors monitored oil temperatures at

various points, including fin tips and bases, along with one

ambient temperature sensor (Figure 1).

3- Results and Discussion

Stability of Nano-oils: UV-Vis spectrophotometry
measured the stability of nano-oils over time. For the first five
days, absorbance changes were minimal, but increases were
observed after ten days: aluminium oxide (5.68%), multi-
walled carbon nanotubes (6.73%), and iron oxide (8.23%).
The stability was deemed acceptable for the testing duration,
though long-term stability requires further investigation.

Effects on Transformer Oil Properties: Nanoparticles
in transformer oil significantly influence key performance
metrics such as viscosity, thermal conductivity, and electrical
resistance. This study examined nanofluids containing
multi-walled carbon nanotubes, iron oxide, and aluminium
oxide at a concentration of 0.5 grams per liter. The addition

742

of nanoparticles altered these parameters while remaining
within acceptable limits; electrical resistance exhibited the
most substantial change, while viscosity was least affected.
Notably, iron oxide nanofluid increased breakdown voltage,
whereas aluminium oxide and carbon nanotubes decreased
it due to partial discharge effects. Overall, the presence of
multi-walled carbon nanotubes in transformer oil has the
most considerable impact on reducing hot spot temperatures.

Thermal Performance: Laboratory tests with 0.5 g/L
of multi-walled carbon nanotubes dispersed in oil revealed
a hot spot temperature of 75 °C, significantly lower than
the 80.4 °C recorded for standard oil. This improvement
can be attributed to the higher thermal conductivity of the
nanotubes (approximately 175 W/m-K). In contrast, iron
oxide nano-oil demonstrated only minimal enhancement in
heat transfer compared to base oil, with just a 1.3°C reduction
in hot spot temperature. This limited performance may result
from either its lower thermal conductivity or increased
sedimentation. For aluminium oxide nano-oil, the hot spot
temperatures measured at 100% full power were 78.3°C. The
tests indicated varying temperatures across different loads,
reflecting moderate heat dissipation effectiveness. Figure 2
illustrates the best results obtained in this study for all three
nano-oils in comparison to findings from other research.

As can be seen, the best result is from titanium oxide
nanoparticles, reducing the hotspot temperature by about
8°C. However, they are costly and have a high volume
percentage. Additionally, high-weight metallic nanoparticles
can cause electrical discharge, affecting system efficiency. In
conclusion, multi-walled carbon nanotubes, with a suitable
percentage, are a more compatible and affordable option for
transformers.
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Fig. 2. Comparison Chart of Hot Spot Temperature Reduction in Various Studies[5-9].

4- Conclusions

This research investigated the experimental effect of adding
three nanoparticles iron oxide, aluminium oxide, and multi-
walled carbon nanotubes on reducing the hot spot temperature
of a transformer. The study evaluated the properties of mineral
oil and three nano-oils with a concentration of 0.5 grams
per liter, ensuring all transformer oil characteristics, such as
viscosity and thermal conductivity, remained within acceptable
limits. The temperatures of the nano-oils were measured in a
laboratory transformer at power levels of 38%, 68%, and
100%. The initial hot spot temperature with mineral oil served
as a reference. Results indicated that, despite similar thermal
conductivities (0.121 W/m-K for iron oxide and 0.120 W/m-K
for aluminium oxide), iron oxide did not significantly reduce
the hot spot temperature, with only a 1.3 °C decrease compared
to the baseline. In contrast, aluminium oxide reduced the
temperature by 2.1 °C due to its greater stability. Notably, the
addition of multi-walled carbon nanotubes (0.175 W/m-K) led
to a significant reduction of 5.4 °C, demonstrating superior
effectiveness.
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Table 1. The laboratory studies were conducted on the addition of nanoparticles to transformer oil.
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Table 1. The laboratory studies were conducted on the addition of nanoparticles to transformer oil.
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Fig. 1. Nano-oil containing a) multi-walled carbon nanotubes, b) iron oxide, ¢) aluminum oxide, and d) pure
mineral transformer oil.
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Fig. 2. TEM images of a) iron oxide nanoparticle, b) aluminum oxide nanoparticle, and ¢) multi-walled carbon
nanotubes.
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Fig. 3. a) Real view of the transformer b) View of the fins attached to the laboratory transformer tank c) View of the
cylinders inside the tank
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Fig. 4. Overall view of the transformer system under test, along with the sensor placement locations.
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Fig. 5. Absorption spectrum changes of nano-oils containing a) multi-walled carbon nanotubes, b) aluminum oxide,
and c) iron oxide, with a specified wavelength range at different times.
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Table 2. Measurement of the properties of nano-oils with a concentration of 0.5 g/l at room temperature (25°C )
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Fig. 6. a) Temperature graph of the transformer with regular oil b) Temperature graph of the transformer with multi-
walled carbon nanotube nano-oil at a concentration of 0.5 g/l
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Table 3. The temperature of the oils in the laboratory transformer at 38% of full power.
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Table 4. The temperature of the oils in the laboratory transformer at 68% of full power.
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Table 5. The temperature of the oils in the laboratory transformer at 100% of full power.
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Fig. 7. Comparison chart of the reduction in hot spot temperature of the transformer in various studies [S2-56].
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