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A B S T R A C T  
 

 

Transformer insulating oil nanofluid is made to improve dielectric and thermal properties of oil by 

employing nanoparticles with proper properties. In the current work, nanofluids based on transformer 
mineral oil were prepared by three procedures using diamond nanoparticles with high thermal 

conductivity, as well as high dielectric properties. It was tried to consider the impacts of use of 

surfactants and ball milling process in the preparation procedures. The effects of a variety of stabilizers 
(the amount and type) and also the ultrasonic time on diamond nanoparticles’ stability in the oil were 

investigated and optimized experimentally. Using the optimized nanofluids, thermal conductivity and 

viscosity of the oil nanofluids were compared and discussed. In addition, the consistency of the thermal 
conductivity results with Maxwell and also Hamilton and Crosser theoretical models was examined. It 

was revealed that, the nanofluid preparation procedure, temperature and nanoparticles’ concentration 

had effects on thermal conductivity of the transformer oil nanofluid, while the presence of 

nanoparticles had a slight impact on the viscosity of the fluid. Also the effect of presence of diamond 

nanoparticles on the electrical properties of transformer oil was studied. Based on the experimental 

results, adding diamond nanoparticles could lead to an increase in the transformer oil breakdown 
voltage, while it had nearly no effect on dielectric loss at low concentrations.  

doi: 10.5829/idosi.ije.2016.29.10a.02 
 

 
1. INTRODUCTION1 
 

Oil is used in transformers as an electrical insulating 

and also a cooling material. However, having a low 

thermal conductivity, transformer oil has a poor effect 

on cooling. Considering the fact that the excessive 

increase in temperature raises the probability of 

dielectric breakdown [1], it is desired to improve the 

cooling power of the oil while its dielectric properties 

are preserved. By increasing the thermal conductivity of 

the transformer oil, lifetime and load capacity of the 

equipment enhance significantly. 

It has been proved that, the particles with higher 

thermal conductivity compared to the base fluid can 

increase the thermal conductivity of the compound. 

                                                           

1*Corresponding Author’s Email: hmolavi@nri.ac.ir (H. Molavi) 

Therefore, in early researches, the particles with the size 

in the range of micrometer and millimeter were 

employed in heat transfer fluids [2]. However, adding 

these particles to the base fluid caused several problems 

such as aggregating, sedimentation and blocking the 

channels, as well as an increment in the required power 

of the pump.  

After introducing nanofluids by Choi et al. [3], lots 

of studies with promising results have been conducted 

on their heat transfer applications. Considering the 

important role of transformers in the electrical grid, a 

new type of transformer oil-based nanofluid has 

attracted the attention of many researchers in the recent 

years. Transformer oil nanofluid is a colloidal 

suspension composed of nanoparticles with the average 

size of less than 100 nm in the oil [4, 5]. This new fluid, 

without mentioned drawbacks of fluids containing 
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bigger particles, is expected to improve the heat transfer 

effects and also dielectric properties of the oil [6].  

There are several researches on different properties 

of the transformer oil nanofluids, including electrical 

properties and thermal conductivity. Yuzhen et al. [7] 

studied the effect of nanoparticles on the dielectric 

strength of mineral oils. They examined three types of 

nanoparticles with different electrical conductivities: 

insulating metal oxide nanoparticles, semi-conductive 

metal oxide nanoparticles and conductive metal oxide 

nanoparticles. The research showed that, the breakdown 

voltages of all nanofluids were much greater than that of 

pure transformer oil. However, the greatest breakdown 

voltage was achieved using insulating meal oxide 

nanoparticles. Yue-Fan et al. [8] studied the effect of 

presence of titanium oxide nanoparticles on the 

breakdown voltage of transformer which led to increase 

in breakdown voltage value. In another study, Karthik et 

al. [9] examined the effects of adding different 

nanoparticles, including Al, Al2O3, Cu and CuO, on the 

important properties of transformer oil. They showed 

that, by adding the nanoparticles, the flash and the 

pouring temperatures increased significantly. In 

addition, before heating the nanofluid, adding 

nanoparticles led to a decrease in the breakdown voltage 

of the transformer oil, while after heating (decreasing 

the humidity of the oil), reverse results were obtained.  

In another research, Chiesa and Das [10] studied the 

dielectric strength and thermal conductivity of several 

mineral oil nanofluids. Based on the results, thermal 

conductivity enhancements of 1.1, 1.08 and 1.03 for 

nanofluids containing 1% of SiC, Al2O3, and SiO2 

nanoparticles were achieved, respectively. On the other 

hand, they concluded that, use of these nanoparticles in 

transformer oil leads to deterioration in dielectric 

strength of the insulating fluid. Choi et al. [6] 

investigated the effect of dispersing AlN and Al2O3 

nanoparticles in transformer oil on the thermal 

conductivity of the mixture. They showed that, the 

thermal conductivity of the mixture increases with 

particle volume fraction and thermal conductivity of the 

solid particles itself. Also, it was revealed that, higher 

convective heat transfer coefficient, as well as, natural 

convection properties could be reached using nanofluids 

instead of pure oil. 

However, despite the promising results obtained 

from the nanofluids, the important issue of suspension 

stability should not be neglected. The stability is a 

significant parameter for application of nanofluids and 

affects the thermal and electrical properties of the 

transformer oil. Poor stability and sedimentation of the 

nanoparticles may lead to the dielectric breakdown and 

also decrease in the expected thermal characteristics of 

the stable nanofluids. There are several methods to 

increase the nanofluids’ stability, such as using 

ultrasound bath, employing surfactant, changing pH, 

chemical modification, etc. [11-13]. Also, there are a 

variety of techniques to study the stability of the 

nanofluids, including UV-vis spectrophotometer, zeta 

potential, turbidity test, etc. [14-16], by which 

sedimentation rate (or percentage) can be determined.  

In the current study, diamond nanoparticles with 

high thermal conductivity and low electrical 

conductivity were utilized to prepare transformer oil 

based nanofluids to investigate their stability, as well as 

thermal and electrical properties. Considering the fact 

that, thermal conductivity of diamond nanoparticle 

(approximately 2,000 W/m.K) is much higher than that 

of pure transformer oil (about 0.115 W/m.K at room 

temperature), oil suspensions of diamond nanoparticles 

are expected to offer higher thermal conductivity 

compared to pure transformer oil, while dielectric 

properties are preserved.  
 

 

2. EXPERIMENTAL  
 

2. 1. Materials   Nanofluids based on transformer oil 

were prepared by dispersion of diamond nanoparticles 

in the oil using both surfactant and free-surfactant 

techniques. The characteristics of transformer oil are 

shown in Table 1. Furthermore, Table 2 presents the 

properties of the purchased diamond nanoparticles with 

the average size of 4-6 nm. Also, different surfactants 

were applied as nanofluids’ stabilizers, whose codes and 

descriptions are shown in Table 3. Figure 1 represents 

the transmission electron microscope (TEM) 

micrograph of the mentioned nanoparticles. 

 
2. 2. Preparation of Nanofluids and Stability 
Analysis         A two-stage method was employed for 

preparation of the diamond oil nanofluid (D-O 

nanofluid); magnetic stirrer and the ultrasonic bath were 

to disperse the diamond nanoparticles in the base fluid. 

 

 
TABLE 1. Specifications of the transformer oil used as base 

fluid for nanofluid preparation 

Specification Property 

8.539 Kin.Viscosity at 40 C (mm2/s) 

2.28 Kin.Viscosity at 100 C (mm2/s) 
0.0013 DDf at 90 C 

0.88 Density at 15 C (g/mL) 

47.1 Interfacial (mN/m) 

 

 
TABLE 2. Properties of diamond nanoparticles 

98-99% Purity 

4-6 Average particle size (nm) 

Ball Shape 

3.05-3.3 Density (g/cm3) 

3.4o Dielectric constant (F/m) 
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TABLE 3. Structure and chemical formula of the stabilizers 
Chemical 

formula Chemical structures Stabilizer Stablizer 

No. 

C24H44O6 

 

Span80, 
Sorbitanmon

ooleat 
No. 1 

C66H126O16 
 

Span83, 
Sorbitansesq

uioleate 
No. 2 

C64H126O16 
 

Tween80, 

Polysorbat 
80 

No. 3 

(C2H4O)x 
 

PVA, 

polyvinyl 
alcohol 

No. 4 

C18H34O2 
 

Oleic acid No. 5 

C12H24O2  Lauric acid No. 6 

 

 

 
Figure 1. TEM micrograph of diamond nanoparticles 

 

 

The effects of different parameters including 

ultrasonication time, usage of ball milling process, the 

concentration and also type of stabilizer on the 

suspension stability were investigated. In general, three 

procedures were applied for the preparation of several 

nanofluids, which are discussed in the following 

sections. 

 
2. 2. 1. The First Procedure: Containing 
Surfactant      Nanofluids were prepared in four 

different contents of nanoparticles: 0.1, 0.15, 0.2, and 

0.6 wt%. At first, weighted nanoparticles with the 

accuracy of 0.001 g were added to the oil and the fluid 

was stirred by a magnetic stirrer at 700 rpm for 15 

minutes. In the next stage, each sample was placed in an 

ultrasonic bath for 30 minutes. Then, the surfactant was 

added (the ratio of surfactant to nanoparticles was 2:1) 

and the samples were stirred by the magnetic stirrer for 

15 minutes, with the same speed. Finally, the samples 

were placed in the ultrasonic bath for 30 minutes.  

 

2. 2. 2. The Second Procedure: Containing 
Surfactant and Using Ball Milling      In this 

procedure, in order to increase scattering of diamond 

nanoparticles in the oil, the ball milling was applied on 

the 0.6 wt% nanofluid prepared by the first method. The 

fluid was milled for 72 hours in tubes using ten balls of 

carbide tungsten. Then, the resulted suspension was 

stirred for 45 minutes in an ultrasonic bath. 
 

 

2. 2. 3. The Third Procedure: Using Ball Milling 
without Surfactant          In this procedure, nanofluids 

were prepared at four aforementioned concentrations. 

First, the nanoparticles were added to the base fluid in 

the desired value and the samples were stirred by means 

of magnetic stirrer at 750 rpm for 15 minutes. 

Afterwards, the samples were stirred for 72 hours in 

tubes containing ten balls of carbide tungsten. Then, the 

derived suspension was placed in an ultrasonic bath for 

45 minutes. It is worth noting that, surfactant was not 

used in the third procedure. 

 

2. 2. 4. Studying the Stabilizer Type and 
Concentration      To investigate the effect of the 

stabilizer type on the D-O nanofluid’s stability, one of 

the mentioned surfactants in Table 3 was added to the 

samples prepared using the first procedure. In all 

samples, the surfactant to nanoparticles ratio was 2:1 

wt%.  

In order to study the impact of stabilizer 

concentration, different ratios of stabilizer to 

nanoparticles including 1:1, 2:1 and 3:1 were studied. 

The nanofluids were prepared, as mentioned before.  
 

 

2. 2. 5. Studying the Ultrasonication Time     In 

order to study the effect of ultrasonication time, in all of 

the samples, the nanoparticles were added to the oil and 

stirred for 15 minutes on a magnetic stirrer (750 rpm). 

The derived suspension was transferred to the ultrasonic 

bath and stirred for 30 minutes. Then, the surfactant 

(with the surfactant-nanoparticles ratio of 2:1 wt%) was 

added and once again the sample was stirred on the 

magnetic stirrer (750 rpm for 15 minutes). Finally, the 

sample was transferred to the ultrasonic bath and stirred 

for 30 and 90 minutes. 
 

 

2. 3. The Instruments of the Analysis     
Nephelometry was used to evaluate the stability of the 

suspensions. Diel test was employed for measuring the 

dielectric loss of the prepared nanofluids according to 

IEC 247 standard, at 90 C. 

The breakdown voltage of the prepared nanofluids 

was quantified using a portable oil test set, considering 

IEC 60156 standard, at room temperature. In order to 

reduce the data scattering, the breakdown voltage was 

measured six times and the average values have been 

reported.  
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3. RESULTS AND DISCUSSION 
 

3. 1. Stability Analysis     Table 4 represents the 

resultss of investigating the effect of the stabilizer type 

on the nanofluids’ stability. The stability is considered 

to be the ratio of turbidity difference between initial 

amount and the turbidity after specific time to the initial 

turbidity. The obtained results could be explained as 

follows. 

Span 80 (stabilizer 1) can make strong bonds with the 

nanoparticles due to its hydrophilic parts consisted of 

three OH groups. On the other hand, lipophilic head 

group, which has 18 carbon molecules, made the 

surfactant soluble in the oil. 

The lipophilic group in span 83 (stabilizer 2), 

containing 18 carbon molecules, instead of one OH 

group in the hydrophilic part, resulted in a weak bond 

between the diamond nanoparticles and the hydrophilic 

part, and subsequently a lower stability compared with 

span 80.  

 

 
TABLE 4. The results of stabilizer type on the nanofluids' 

stability 

Stabilitzer type, 

concentration ratio 

Time 

(h) 

Turbidity 

(NTU) 

Stability 

(%)  

Stabilizer 1, ratio 1:2 

0 177.93 - 

1 174.22 97.91 

24 139.53 78.41 

96 112.48 63.21 

Stabilizer 2, ratio 1:2 

0 177.99 - 

1 173.24 97.33 

24 159.42 89.56 

96 41.26 23.18 

Stabilizer 3, ratio 1:2 

0 77.14 - 

1 68.47 88.76 

24 15.43 20 

96 5.55 7.19 

Stabilizer 4, ratio1:2 

0 153.5 - 

1 124.335 81 

24 13.87 9.03 

96 2.22 1.44 

Stabilizer 5, ratio 1:2 

0 165.19 - 

1 141.25 85.5 

24 26.55 16.07 

96 3.62 2.19 

Stabilizer 6, ratio 1:2 

0 146.36 - 

1 64.43 44 

24 44.21 30.2 

96 5.27 3.6 

In the process of preparing Tween80 (stabilizer 3), 

20 moles of ethylene oxide reacted under pressure and 

through a catalytic process on Sorbitan hydroxyl groups 

and carboxyl oxide groups in Sorbitan oxide ring. Thus, 

the fat-soluble emulsifier (span80) was replaced with 

the water-soluble Tween80. In Tween80 stabilizer, the 

hydrophilic group is more powerful than the lipophilic 

group. Therefore, the surfactant was not capable of 

dispersing the diamond nanoparticles in the transformer 

oil.  

PVA (stabilizer 4) was not able to create the required 

intermolecular forces with the nanoparticles due to its 

low polarity. Stabilizer 5, oleic acid, has 18-carbon 

molecules with one OH group and its lipophilic part is 

strong like span80. However, with the lower number of 

OH groups, it makes a weaker bond with nanoparticles 

compared to span80. Thus, it resulted in less stability in 

the transformer oil compared to span80 stabilizer. 

Stabilizer 6, lauric acid, contains 12 carbon 

molecules with one OH group. Therefore, its lipophilic 

head group is weaker than span 80 which causes a less 

ability to be dissolved in the oil. Having just one OH 

group, the stabilizer made weaker bonds with the 

diamond nanoparticles. These led to a lower stability of 

the diamond nanoparticles in the oil. 

From these results, Span 80 was concluded to be a 

suitable stabilizer for modifying the diamond 

nanoparticles in the transformer oil, in order to have a 

suspension with acceptable stability. 

In the next step, the effect of the stabilizer 

concentration on the stability was studied and the results 

are presented in Figure 2. 

The samples were prepared with surfactant to 

nanoparticle weight ratios of (1:1), (2:1) and (3:1). 

Based on the experimental results, after 360 hours, the 

stability percentages of the samples were 3.02, 50.61 

and 38.65% for the first, second and third samples, 

respectively. 

When the surfactant percentage is too low, a small 

amount of nanoparticles would be modified. On the 

other hand, in case of having excessively high amount 

of surfactant, more energy is needed to separate the 

surfactant molecules. Thus, the best results were 

achieved for the sample with 2:1 ratio. 

In addition, the effect of the ultrasonic time on the 

stability of the nano-diamond particles in the oil is 

shown in Figure 3. Thirty and ninety minutes were 

considered for the ultrasonic process of the samples. 

The results indicated that, after 360 hours, the stability 

of the first sample was 70.83%, while the stability of the 

second sample was only 34.49 %. 

As it can be seen in Figure 3, in the presence of 

surfactant, increasing the ultrasonic time would 

decrease the stability. Probably, the high ultrasonic time 

causes the separation of the surfactants from the 

nanoparticle. It seems that, 30 min is enough for the 

nanoparticles to be dispersed in the oil. 
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After determining the proper surfactant type, amount 

and also the optimal ultrasonication time, the electrical 

and thermal properties of the most stable nanofluids at 

different concentrations were investigated. 

 

3. 2. Evaluation of the Nanofluids' Properties 
 
3. 2. 1. Breakdown Voltage      The effect of diamond 

nanoparticle concentration on the breakdown voltage of 

the samples prepared by the first procedure is shown in 

Figure 4. As illustrated in the figure, at a concentration 

of 0.15 wt%, the breakdown voltage increased, while by 

increasing the consistency, the breakdown voltage 

reduced. However, the nanofluid breakdown voltage 

was greater than that of pure transformer oil at all 

studied concentrations.  

Since nanoparticles act as a surface trap, they can entrap 

the surface electrons, which make an electric field in the 

oil. The fast electron changed to the slow one, and 

subsequently an increase in the breakdown voltage was 

resulted [6]. 

 

3. 2. 2. Dielectric Loss     Figure 5 shows the variation 

of the dielectric loss of the oil reinforced with different 

concentrations of the nano-diamond. As one can see, the 

dielectric loss of the oil enhances as the nano-diamond 

content increases. 
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Figure 2. Effect of surfactant percentage on the stability of the 

nanofluids 
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Figure 3. Effect of ultrasonication time on the nanofluids 

stability in transformer mineral oil 
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Figure 4. Effect of diamond nanoparticle concentration on 

breakdown voltage  
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Figure 5. Variation of dielectric loss of the transformer oil 

with different diamond nanoparticle contents 
 
 

The results show that, at a lower consistency, the 

presence of nanoparticles does not affect the loss index 

remarkably. Nevertheless, at higher consistencies, the 

index enhances significantly. This is due to the fact that, 

the impurities and the moisture content increase the 

dielectric loss factor. 

 

3. 2. 3. Viscosity    Figure 6 shows the effect of 

temperature and nanoparticles content on the viscosity 

of the transformer oil-nanofluids prepared by the first 

procedure. The viscosity of pure transformer oil is equal 

to 8.539 mm
2
/s at 40 

o
C, while the figure shows that the 

viscosity of the oil containing 0.15 wt% nanodiamond 

particles increased up to 9.25 mm
2
/s. Indeed, oil 

viscosity rises slightly by an increment in the content of 

diamond nanoparticles in oil, which is the result of an 

increase in the intermolecular forces. 

On the other hand, by increase of temperature, the 

viscosity had a decreasing trend as reported before [17, 

18]. This is due to the decline in adhesion forces. 

 

3. 2. 4. Thermal Conductivity      Figures 7 and 8 

show the thermal conductivity indexes of the nanofluids 

prepared by the first and third procedures, respectively, 

at different temperatures. The experimental data show 

that by increasing the consistency of diamond 

nanoparticles in the oil, the thermal conductivity 
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increases. Same as a previous research [19], 

enhancement in thermal conductivity was observed by 

adding even little amounts of nanoparticles. In the 

current study, by adding 0.6 wt% of nanodiamond to the 

transformer oil (using the first preparing procedure), 

6.2% enhancement was observed at 20 °C, while 

Cheesa et al. reported 1% enhancement for a mixture of 

1.19 wt% of Al2O3 nanoparticles in oil. Indeed, natural 

properties of diamond nanoparticles affect the 

nanofluids thermal conductivity. Since nanodiamond 

and alumina thermal conductivities are 2000 and 20-30 

W/m.K respectively, different enhancements are 

reasonable. 

Considering these figures, by increasing temperature 

for all contents of diamond nanoparticles in the 

transformer oil, the thermal conductivity raises. This 

enhancement is caused by Brownian motion, which led 

to increase in interactions between nanoparticles and oil.  

Regarding Figures 7 and 8, two distinct regions are 

distinguishable. At low concentrations (less than 0.2 wt 

%), the rate of thermal conductivity enhancement is 

greater than that of the higher ones. A similar trend has 

been reported by other researchers [20, 21] in their 

experiments on TiO2-water nanofluids, in which 

transition typically occurred at nearly 1% volume 

fraction. 
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Figure 6. Effect of temperature and nanoparticles’ content on 

the viscosity 
 

 

0

1

2

3

4

5

6

7

8

0 0.2 0.4 0.6 0.8

T=20 deg C

T=40 deg C

T=60 deg CE
n

h
a

n
c
e

m
e

n
t

T
C

%
 ,
(K

e
ff

/K
f-

1
)

Nanodiamond wt %  
Figure 7. Thermal conductivity index versus nanoparticle 

%wt for the prepared nanofluids by the first procedure 
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TABLE 5. Thermal conductivity indexes for 0.6%wt 

nanofluids prepared by different procedures at 20 
o
C 

Enhancement (%) Procedure 

6.2 The 1st procedure 

15.92 The 2nd procedure 

55.56 The 3rd procedure 

 

 

Zhu et al. [22] also observed the same behavior, with 

a transition at around 2% volume fraction. Here, the 

obtained results show a comparable trend, but transition 

appeared at 0.2 wt% fraction (equal to 0.056% volume 

fraction). This difference may be the result of different 

base fluids. 

In addition, a comparison of the thermal 

conductivity indexes (at 20 
o
C) of the prepared 0.6% 

nanofluids by the three mentioned procedures is shown 

in Table 5.  

As one can see, the highest value for the thermal 

conductivity index was achieved for the nanofluid 

prepared by the third method. Here, the main difference 

is in the method used for dispersing nanoparticles in the 

fluid. Although surfactants are well-known materials for 

enhancement of suspension stability, they could 

negatively affect the total thermal conductivity by 

surrounding nanoparticle surface. Ball milling (used in 

the second and third preparation procedures) is another 

method of dispersion which increases the stability [19]. 

This process segregates nano agglomerates into smaller 

clusters and prepares a larger interface for heat transfer. 

Nanofluids made by the first and second procedures 

presented appropriate results for understanding the 

parallel effects of using surfactant and ball milling. 

Since the thermal conductivity enhancement of the 

nanofluid prepared by the second procedure was greater 

than that prepared by the first method, so it could be 

concluded that use of ball milling after adding surfactant 

is a proper way for increasing thermal conductivity. 

Although both methods of adding surfactant and ball 

milling are proper methods to have stable suspension, 

but lower thermal conductivity of surfactants in 

comparison with nanoparticles, restricts the total 

enhancement in thermal conductivity. 
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3. 3. Examining the Consistency with the 
Theoretical Models      In order to explain the 

anomalous enhancement of thermal conductivity of 

nanofluids, researchers have proposed many theoretical 

models. One of the earliest attempts was comparing the 

obtained results with the classical Maxwell model. This 

model matched well with experimental results for low 

concentrations of spherical particles with millimeter or 

micrometer size. Hamilton and Crosser (H C model) 

extended the Maxwell’s model for non-spherical 

particles by introducing a parameter which considers the 

non-sphericity. Maxwell model is [20]: 

 
(1) 

where,  is the effective thermal conductivity of the 

suspension,  is the thermal conductivity of the base 

fluid,  is the thermal conductivity of nanoparticle 

and  is the volume fraction.While, Hamilton and 

Crosser model (HC Theory) is [20]: 

 
(2) 

In this relation, n is the non-spherical shape factor given 

as: 

 (3) 

where, ψ is the sphericity, defined as the ratio of the 

surface area of a sphere with a volume equal to that of 

the particle to the surface area of the particle.  
Thermal conductivities of nanofluids made by the third 

procedure (Figure 9) are in agreement with results 

obtained by Xuan and Li [23]. They showed that for ψ = 

0.7, their experimental results for thermal conductivity 

of nanofluids with different volume fractions and shape 

factors match HC theory well. While ball milling affect 

the structure of nanoparticle [24], it is reasonable to 

assume that nanoparticle shape is non-spherical and use 

HC model. In Figure 9, the experimental results were 

compared to the derived data from HC and Maxwell 

theoretical models. 
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4. CONCLUSIONS 
 

 

Transformer oil nanofluids were prepared using 

diamond nanoparticles with three different procedures, 

in order to study electrical and thermal properties of the 

prepared nanofluids. In the first preparation procedure, 

magnetic stirrer, surfactant and ultrasonic bath were 

employed, while in the second one ball milling was also 

applied. In the third procedure, magnetic stirrer, 

ultrasonic bath and ball milling were used in the 

absence of surfactants.  

The stability of nanofluids was studied as a function 

of stabilizer type, amount and sonication time. The most 

stable nanofluid was prepared by employing Span 80 

stabilizer, with 2:1 surfactant to nanoparticle content 

ratio, and when ultrasonication time was 30 minutes.  

Furthermore, breakdown strength and dielectric loss 

of the prepared transformer oil nanofluids were 

investigated. The breakdown strength of the transformer 

oil first increased to a specific value, while by more 

increase in the concentration of diamond nanoparticles, 

it decreased. The maximum value of about 38% 

increscent was achieved for 0.15 wt% nanofluid. 

Dielectric loss was also enhanced by increasing the 

nanodiamond content. At low concentrations, insulating 

losses were low, while by increasing the concentration, 

the losses increased, significantly. 

Based on the experimental results, viscosity of the 

nanofluid declines with temperature increase. This is 

due to decreasing of the adhesion forces. On the other 

hand, oil viscosity increases with the rise in the content 

of diamond nanoparticles in the oil, which is the result 

of an increase in the intermolecular forces. 

Comparing the thermal conductivity index for the 

nanofluids prepared by the three mentioned procedures 

showed that, the best results were achieved in the 

absence of surfactant while ball milling was employed. 

However, ball milling led to an increase in the thermal 

conductivity index in the presence of surfactant.  

In addition, experimental data showed that, by 

increasing the content of the diamond nanoparticles in 

the oil, the thermal conductivity raises. The best result 

of 73% increase in the thermal conductivity index (at 

30ºC) was achieved for 0.6% nanofluid prepared by the 

third procedure. 
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هچكيد

 
 

واوًسيال سيغىي تشاوسفًسماتًس تا تكاسگيشي واوًرساتي تا خًاظ مىاسة ي تٍ مىظًس تُثًد خًاظ حشاستي ي ػايقي سيغه 

دس مطالؼٍ حاضش، واوًسياالتي تش پايٍ سيغه مؼذوي تشاوسفًسماتًس تا تكاسگيشي واوًرسات الماس كٍ داساي ضًد. تُيٍ مي

ضشية َذايت حشاستي تاال ي َمچىيه خًاظ ػايقي مطلًتي َستىذ، تا استفادٌ اص سٍ سيش، تا دس وظش گشفته اثش حضًس 

تاثيش چىذيه پايذاس كىىذٌ )اص وظش وًع ي ميضان( ي َمچىيه صمان  پايذاس كىىذٌ َا ي فشايىذ آسياب گلًلٍ اي، تُيٍ گشديذوذ.

اػمال امًاج آلتشاسًويک تش ميضان پايذاسي واوًرسات دس سيغه تٍ غًست آصمايطگاَي تشسسي ي تش اساس وتايج حاغلٍ 

سياالت سيغىي تُيىٍ ساصي غًست گشفت. سپس تا استفادٌ اص واوًسياالت تُيىٍ، ضشية َذايت حشاستي ي ييسكًصيتٍ واوً

مقايسٍ ي مًسد تحث ياقغ گشديذ. ػاليٌ تش ايه، مقايسٍ وتايج آصمايطگاَي ضشية َذايت حشاستي تا مذل َاي وظشي 

تشاساس وتايج حاغلٍ مطخع گشديذ كٍ، سيوذ تُيٍ واوًسيال، دما ي  ماكسًل ي َمچىيه َميلتًن ي كشاسش اوجام ضذ.

سيال سيغىي تاثيشگزاس مي تاضذ. ايه دس حالي است كٍ حضًس واوًرسات غلظت واوًرسات تش ضشية َذايت حشاستي واوً

َمچىيه, تايش حضًس واوًدسات  تش خًاظ الكتشيكي سيغه  گشدد.مىجش تٍ تغييشات واچيضي دس ميضان ييسكًصيتٍ سيال مي

تًاوذ مىجش تٍ افضايص  تشاوسفًسماتًس مًسد مطالؼٍ قشاس گشفت. تش اساس وتايج آصمايطگاَي، افضيدن واوًرسات الماس مي

 يلتاط ضكست سيغه تشاوسفًسماتًس، تذين ايجاد تغييش دس اتالف دي الكتشيكي دس غلظت َاي پاييه، گشدد.

doi: 10.5829/idosi.ije.2016.29.10a.02 

 

 

 


