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Abstract Maintaining continuous power supply is the
major anxiety of power engineers throughout the world.
Power transformer is one of the critical equipment which
requires high level condition monitoring to sustain uninter-
rupted power supply. Insulation provided within the trans-
former is solid and liquid dielectrics, which plays a major
role in determining the life time. Transformer oil (TOL) is
a liquid dielectric which acts as an insulating medium as
well as coolant. In this paper, an effort has been made to
enhance the critical characteristics of transformer oil using
nanoparticles. Nanofluids are prepared by mixing the nano-
particles (aluminium oxide, aluminium, copper oxide, and
copper) for various volume concentrations with TOL as base
fluid by sonication process. Various critical parameters like
viscosity, breakdown voltage (BDV), Flash point, Fire point,
pH value and Spectral response characteristics of nanofluids
are analyzed.
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1 Introduction

Transformer oil is typically a highly refined mineral oil that
is stable at high temperature which has excellent properties
to suppress arcing, serve as coolant and provide electrical
insulation. Das et al. [1] presented the comprehensive exper-
imental data set for thermal conductivity of nanofluids with
variation in nanoparticle materials, sizes and particle vol-
ume fraction. Kiyuel kwak et al. [2] has conducted analysis
on viscosity of copper oxide nanomaterials with water as
base fluids. Murshed et al. [3] examined the enhancement
of critical parameters like viscosity and thermal property for
water using cylindrical and spherical shaped nanomaterials.
Karthik et al. [4] presented an overall literature review for
analysis of transformer oil characteristics with the aid of
nanoparticles. Karthik et al. [S] presented a general char-
acteristics analysis of viscosity, acidity, breakdown voltage,
dissolved gas and furan analysis of various ranges of aged
transformer oil.
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Fig. 1 Particle size distribution for aluminium
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Fig. 2 Particle size distribution for aluminium oxide

At present scenario in the field of nanomaterials based
TOL, Das et al. has conducted experimental analysis of nano-
fluids with water, TOL, ethylene glycol as base fluids for
cooling requirements. He observed only the enhancement of
thermal conductivity characteristics of TOL. In this work as
initiative, enhancement in various critical characteristics like
flash point, fire point, viscosity, break down voltage (BDV)
and pH values of TOL based nanofluids were examined.

2 Nanofluids

Nanofluids are prepared by dispersing the nanoparticles with
base fluid (TOL) by sonication process. The particle dis-
tributor size analyzer and SEM images help us to deter-
mine the distribution and size of nanoparticles respectively.
Nanofluids are prepared for different partial volume fraction
concentrations. The distribution of particles using particle
distributor size analyzer is shown in the Figs. 1, 2, 3 and
4. Size of the nanoparticles is estimated using SEM images
shown in Figs. 5, 6, 7 and 8. The sizes are confirmed as alu-
minium oxide (5,000 nm), aluminium (10 pm), copper oxide
(500 nm) and copper (100 pwm).
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Fig. 4 Particle size distribution for copper oxide

Fig. 5 SEM image for aluminium

The particle size distribution Fig. 1 illustrate that size of
aluminium varies between 1 and 100 pm and it’s having
maximum distribution at the range of 10 pm. Figure 2 shows
that size of aluminium oxide ranges between 1 and 10 um
and maximum at 5 pm (5,000 nm). Figure 3 illustrate that
size of copper ranges between 1 and 150 wm and the dis-
tribution is also not a uniform one, maximum distribution is
found at 100 pm. Figure 4 shows that size of copper oxide
ranges between 0.1 and 1.25 pm and it is maximum at 0.5pum
(500 nm). In ultrasound sonication process, the nanoparti-
cles and TOL is placed in a chamber. The setup consists
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Fig. 8 SEM image for copper oxide

of ultrasonic sound generating transducers which is usually
piezo electric materials, these materials produces ultra sonic
waves in the fluid.

3 Experimental Setup and Results

Viscosity of oil is the measure of oil resistance to shear [6].
Viscosity is more commonly known as resistance to flow. If
lubricating oil is considered as a series of fluid layers super-
imposed on each other, the viscosity of the oil is a measure
of the resistance to flow between the individual layers. A
high viscosity implies high resistances to flow, while a low
viscosity indicates a low resistance to flow. Viscosity varies
inversely with temperature, nanofluids viscosity is measured

Fig. 9 Electrodes configuration: BDV measurement

using Red wood viscometer. Flash and fire point is one of the
critical thermal property of TOL. Nanofluids thermal prop-
erty is measured using Martin Pensky open cup apparatus
[7]. Breakdown voltage of transformer oil is analyzed [8] by
BDV test kit range up to 80 kV. In order to obtain uniform
field distribution during measurement of BDV, sphere-sphere
type of eletrodes are used as shown in Fig. 9. UV Spectral
response comprises of two factors such as absorbance and
transmittance. It is mainly measured to confirm the proper
mixing of nanoparticles with TOL. If the particles are mixed
in perfect manner, the absorbance peak get reduces and there
will be no transmission [9]. Pure transformer oil should be
of low absorbance and high transmittance. UV-visible spec-
trophotometer is used to analyse absorption capability of
nanofluids. As per ASTM (American Society for Testing
and Materials), IEC, IS standards [10] UV—Visible test is
not an mandatory test, as initiative nanofluids were subjected
to UV light sources and their Spectral response characteris-
tics was examined, which gives some idea towards quantity
of particles mixed with TOL. pH value of nanofluids is the
measure of base or acid level. The level of pH is determined
using digital pH meter. Critical parameters of TOL are mea-
sured for various particle volume fractions 0.01, 0.05, 0.1,
1 and 2 % of copper (Cu), copper oxide (CuO), aluminium
(Al) and aluminium oxide (AlpO3). The test results of pure
transformer oil and TOL based nanofluids are given in the
Tables 1, 2 and 3 respectively. Percentage enhancements of

Table 1 Test results of ideal TOL

Parameters Values

Flash point (°C) 140

Fire point (°C) 160

BDV (Kv/mm) 32

pH 7.05

Viscosity (centistokes) 30°C 21.50
40 °C 17.77
50°C 11.80
60 °C 9.88
70 °C 7.87
80 °C 6.10
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Table 2 Test results for using aluminium oxide, copper oxide, copper nanomaterials

Material Particle volume Flash point  Fire point  Breakdown voltage (kV) pH value Absorption Viscosity
fraction (%) °C) (°C) (band width)
Before heated After heated Temperature  Viscosity
to 100 °C to 100 °C °C)

AlLO3 0.01 165 180 10 22 8.06 928 30 29.49
40 22.61
50 17.78
60 16.04
70 13.35
80 10.85

AlLO3 0.05 160 170 13 28 7.8 915 30 24.83
40 21.77
50 17.5
60 15.45
70 12.73
80 10.21

AL O3 0.1 160 180 12 33 7.77 914 30 25.11
40 20.36
50 16.62
60 13.35
70 10.85
80 9.23

CuO 0.01 165 175 13 415 8.3 1,032 30 27.58
40 21.21
50 17.78
60 13.65
70 12.11
80 10.53

CuO 0.05 165 175 15.5 44 7.21 924 30 26.76
40 22.05
50 16.62
60 13.04
70 10.85
80 9.23

CuO 0.1 165 175 15 47 7.39 962 30 25.66
40 19.22
50 13.35
60 11.48
70 9.56
80 8.22

Copper 1 170 180 10 29 7.23 979 30 24.28
40 21.21
50 14.25
60 12.42
70 10.85
80 9.88
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Table 2 continued

Material Particle volume Flash point  Fire point Breakdown voltage (kV) pH value Absorption  Viscosity
fraction (%) (°C) °C) (band width)
Before heated After heated Temperature Viscosity
to 100 °C to 100 °C °C)
Copper 2 170 180 13 33 7.11 980 30 23.44
40 21.48
50 16.33
60 11.8
70 9.88
80 7.87

Table 3 Test results for TOL using aluminium nanomaterials

Material Particle volume  Flash point Fire point  Breakdown voltage (kV) pH value Absorption Viscosity

fraction (%) (°C) (°C) (Bandwidth)
Before After Temperature ~ Viscosity
heated heated °O)
to 100°C  to 100°C
Al 1 160 170 10 12 7.58 931 30 24.28
40 19.79
50 14.85
60 12.73
70 10.85
80 9.887
Al 2 160 170 23.5 27 13.18 928 30 22.6
40 18.65
50 13.65
60 11.8
70 9.56
80 8.22

Table 4 Percentage enhancement of critical parameters

Materials Particle volume Enhancement Enhancement Enhancement Enhancement Enhancement
fraction (%) of flash point (%) of fire point (%) of BDV of viscosity (at of pH (%)
after heated (%) 80 °C) (%)
AlLO3 0.01 17.85 12.5 31.25 (Reduced) 77.86 14.32
Al,O3 0.05 14.28 6.25 12.50 (Reduced) 67.37 10.63
Al,O3 0.1 14.28 12.5 3.12 51.31 10.21
Al 1 14.28 6.25 62.50 (Reduced) 62.08 7.51
Al 2 14.28 6.25 15.62 (Reduced) 34.75 86.18
CuO 0.01 17.85 9.37 29.68 72.62 17.73
CuO 0.05 17.85 9.37 37.50 51.31 2.26
CuO 0.1 17.85 9.37 46.87 34.75 4.82
Cu 1 21.42 12.5 9.37 (Reduced) 61.96 2.55
Cu 2 21.42 12.5 3.12 29.01 0.85

critical parameters are listed in Table 4. From the results itis  after heating to 100 °C the BDV gets increased. pH value
confirmed that flash point, fire point and viscosity of nanofl- ~ was with in the base limit, hence problems due to acid level
uids based TOL shows better improvement than ideal TOL.  content is eliminated. The sonication process is performed
BDV characteristic shows a slight reduction in value, but  using ultrasonic bath as shown in Fig. 10.
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Fig. 10 Sonication process-ultrasonic
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Fig. 11 Viscosity of aluminium nanofluids

Main drawback of suspending micron sized particles (alu-
minium and copper) with TOL is sedimentation of particles
and related barrier problems.

3.1 Viscosity

Measurement of Viscosity is carried out by varying the
temperature from 30 to 80 °C for various particle volume
fractions. Viscosity indicates fluidity; oil with low viscosity
has more fluidity and gives better cooling. At lower ambi-
ent temperature the viscosity sharply rises and the speed of
oil circulation reduces. Hence measurement of viscosity is
carried out for various temperatures.

Viscosity of aluminium oxide, aluminium, copper oxide
and copper nanofluids is higher than viscosity of pure TOL,
therefore flow rate of nanofluids reduces. On increasing the
particle volume concentration and temperature of nanofl-
uids, it reduces viscosity of nanofluid and the flow rate gets
increased. Variations of nanofluids viscosity to temperature
is shown in Figs. 11, 12, 13 and 14.

From the Figs. 11, 12, 13 and 14 it is identified as, when-
ever temperature of TOL based nanofluids gets increases it
reduces the viscosity and the flow rate gets increased.
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Fig. 12 Viscosity of Al;O3 nanofluids
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Fig. 14 Viscosity of copper oxide nanofluids

3.2 Breakdown voltage

Breakdown strength analysis of transformer oil is carried as
per Indian standard IS6792 specifications. BDV of Alumi-
num Oxide, aluminium, Copper oxide and copper nanofi-
uids is found to be lesser than the pure TOL, reasons for this
decrease in the BDV of nanofluids are of;

Impurities may be present in the nanoparticles.
Nanoparticles used are of metallic type which reduces the
BDV value.

e Size of the nanoparticle and Particle volume fraction.
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BDV of nanofluids is improved by exact determination of
particle volume fraction and also by heating the nanofluids
up to 100 °C, then cooled to room temperature. Any moisture
contents present in nanofluids reduces the BDV, on heating
the nanofluids the moisture content gets evaporated, which
in turn increase the breakdown voltage. Although metallic
nanoparticles are used, from the results it is observed on
increasing particle volume fraction trends to increase the
BDV value. Variations of nanofluids BDV to particle volume
fraction is shown in Figs. 15, 16, 17 and 18. Copper oxide and
copper nanomaterials shows tremendous increase of BDV
than other materials. As a future work an effort shall be
made to utilize non- metallic nanoparticles to enhance the
BDYV value.

At initial stage as shown in Figs. 15, 16, 17 and 18, TOL
based nanofluids shows low value of BDV compared to pure
TOL, but after heated to 100 °C BDV value shows fine
improvement.

3.3 Flash Point and Fire Point

Flash point refers to both flammable as well as combus-
tible liquids. Flash point of a volatile liquid is the lowest

Fig. 18 BDV of copper oxide nanofluids

temperature at which it can vaporize to form an ignitable mix-
ture in air. Fire point is the temperature at which the vapour
continues to burn after being ignited. It is the lowest tem-
perature at which, on further heating beyond the flash point,
the sample will support combustion for 5 s. Flash and fire
point test is carried out in Pensky—Martens open cup appara-
tus as per American Society of testing and materials ASTM
D3828.

Flash point and fire point values of aluminium oxide,
aluminium, copper oxide and copper based nanofluids shows
tremendous increase for various particle volume fractions. It
is confirmed from the results, thermal property of TOL shows
excellent improvement than other critical parameters. Varia-
tions in flash point and fire point for different volume fraction
of particles are shown in Figs. 19 and 20. From the figure it is
observed that copper nanoparticles based TOL shows highest
enhancement of flash point and fire point.

3.4 Measurement of pH Value

pH value is used to be a familiar terms indicating acidity
and base level of liquid. Nanofluids pH value is at base level
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Fig. 21 pH values of nanofluids

(above 7). It indicates non availability of acid contents in
nanofluids based TOL. pH value is measured using digital
pH meter. Variations of nanofluids pH value for different
volume fraction of particles is shown in Fig. 21. From the
figure it is observed almost all of the TOL based nanofluids
are at base level only.

3.5 Spectral Response of Nanofluids

Absorption is defined as the ratio of the radiant flux absorbed
by abody to that incident upon it. Spectral absorptions refer to
absorptions measured at a specified wavelength. Ultraviolet
visible spectrophotometers quantify the optical properties of
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samples in Ultraviolet and visible wavelength region. Spec-
trophotometer determines amount of light with particular
wavelength transmitted and absorbed through TOL.

Spectral response analysis for TOL based nanofluids is
performed using single beam UV-Visible spectrophotometer.
Bandwidth value obtained during the measurement of absorp-
tion peak is shown in Fig. 22. During measurement of trans-
mission capability of nanofluids based TOL,; it is observed
zero percentage transmission peaks for all samples, which
implies that all the nanoparticles are mixed with TOL. From
the results it is confirmed on increasing the particle vol-
ume fraction of fluids the bandwidth width also seems to
be increasing and lies in the visible region. UV-Visible test
is not a mandatory test as per standards, but as initiative the
Spectral response characteristics has been analyzed, which
gives some idea towards the spectral response of nanofluids
and quantity of particles mixed with TOL.

4 Conclusion

Variations in particle volume fraction of nanoparticles based
TOL shows tremendous improvement in viscosity, flash and
fire point. Breakdown voltage of nanofluids is slightly lower
than pure TOL, but based on exact particle volume fraction
and maintenance of temperature BDV can be improved. pH
value of the nanofluids are at base level, hence it is con-
ferred that nanofluids doesn’t create complexity due to acid
contents. Enhancement in critical parameters of transformer
oil can be achieved by determining exact size and fraction
volume of nanoparticles, which will be surely an alternate
medium for traditional mineral oils.
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