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Abstract - In Mechanical parts, friction between two sliding
surfaces is one of the major problems which causes wear and
reduce its life. Lubrication system is designed in order to
reduce the wear and increase the mechanical efficiency. The
lubricant used in the system varies between different
applications. In automobile engines various grade oils are
used such as SAE grade 20, 30, 40, 50 and 60. In order to
increase the performance some additives can be added to it.
Past researches suggest the addition of nanoparticles
improves the performance of lubricant. In our paper we
investigated SAE 20W50 oil with ZnO nanoparticles. Viscosity
is measured with different concentrations of ZnO additives at
various temperatures ranging from 30°C to 50°C. The
enhancement of viscosity ranges from 30% to 37% which can
make a significant change in mechanical efficiency.
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1. INTRODUCTION

The lubricant is necessary for an engine to reduce the
friction resistance to minimum and to ensure maximum
mechanical efficiency. It protects the engine against wear
and it also contributes in cooling the piston and other
regions of the engine where friction work is dissipated.
Viscosity is the most important property of a lubricant.
Lubricants with low viscosity for engine may cause
increased metal-to-metal contact, friction, wear and high oil
consumption. In order to improve the performance and fuel
economy of internal combustion engines, it is important to
reduce the overall engine frictional losses. Advances in
engineering led to the development of chemical additives
which when combined with motor oil increased its viscosity
index making it possible for a single oil to meet both the low
temperature and the high temperature grade specifications.
Recently, many researchers have observed the improvement
in properties of lubricants by dispersion of nanoparticle.
However, the dispersion of nanoparticles significantly
modifies the thermophysical properties of base fluid [1].
Aberoumand et al. [2] reported viscosity and thermal
conductivity of Nano lubricants as the most important
parameter for the industrial applications and proposed the
correlations for the same. Mohamed Kamal Ahmed Ali Et
ol.[3] suggested that the addition of nanoparticles to engine
oils can fill scars and grooves of the friction zone. At the
same time, nanoparticles chemically react with engine oil to
form a tribo-film above the nanoparticles when the contact
pressure and temperature are enough to cause a reaction
between the nanoparticles in the lubricating oil and friction
surfaces. The deposition of nanoparticles makes the worn

surface flat and smooth, which can result in an improvement
in the tribological characteristics of internal combustion
engines. His results show that the tribological characteristics
are affected by composition, shape, concentration, grain size,
and dispersion stabilization of nanoparticles in base engine
oils. Ehsan-o-llah Ettefaghi et ol.[4], evaluated the variation
in the rate of flash point and pour point of Nano-lubricants,
which were made as a function of concentration, it was
observed that both parameters had their best amount of
enhancement and pay attention to higher stability of Nano-
lubricants with lower concentration, the oil/MWCNTSs
sample with 0.1 wt% concentration can be suggested as the
most suitable sample for improving the properties of engine
oil. Ehsan-o-llah Ettefaghi et ol. [5] concluded that Among
the different methods which have been used for dispersing
nanoparticles inside the base oil, using planetary ball mill
was determined as the most important method for
stabilization of nanoparticles inside SAE 20W50 engine oil.
Also, the physical properties of Nano lubricants were
measured based on the American Society for Testing and
Materials standard methods. Over the past decades, many
studies have stated that the addition of nanoparticles,
such as metal [13], metal oxide [14], metal sulfides [15] and
[16], carbonate [17], borate [18], carbon materials [19],
organic material [20] and rare-earth compound [21] to
lubricants is effective in decreasing both friction and wear
[22]. The friction-reduction and anti-wear behaviors are
improved due to individual features of the nanoparticles, for
example, their size, shape, and physicochemical nature [23].

In the present experimental study, using two-step
method, the ZnO-SAE 20W50 oil hybrid nanofluid has been
prepared as the experimental sample. The viscosity of the
studied nanofluid was measured in different solid
concentrations ranging from 0.25% to 1.5% and
temperatures (ranging from 30 °C to 50 °C). Moreover, based
on the experimental data, a new correlation to predict the
dynamic viscosity of the nanofluid in terms of temperature
and solid concentration has been proposed.

V.P. Suresh Kumar, A.Baskaran [27], et ol. reports
that the performance of vapour compression refrigeration
system enhances with ZnO nanoparticle with R134a and
R152a.
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Table 1. A summary of several studies conducted on nanofluids viscosity

Volume Temperature Refs
Nanofluid fraction (%) range (°C) Findings
Al203/EG-water 1-4 15-60 Viscosity ratio increased up to 4.3 [6]
TiO2/EG-water 1-4 15-60 Viscosity ratio increased up to 1.7 [6]
Al203/EG-water 0.2-1 30-70 Viscosity ratio increased up to 1.8 [7]
SWCNTs/EG 0.0125-0.1 30-60 Viscosity ratio increased up to 3.2 [8]
Fe304/water 0.1-3 20-55 Viscosity ratio increased up to 2.3 [9]
TiO2/BG-water 0.5-2 30-80 Viscosity ratio increased up to 1.6 [10]
Zn0O/EG 0.25-5 24-50 Viscosity ratio increased up to 1.3 [11]
MWCNTSs/water 0.05-1 25-55 Viscosity ratio increased up to 1.5 [12]

2. SAMPLES PREPARATION

In our investigation we have mixed ZnO
nanoparticles with SAE 20W50 oil. The samples are
prepared in various concentrations such as solid volume
fractions 0f0.125%, 0.25%, 0.5%, 0.75% and 1.0% and 1.5%
ZnO with few quantities of lubricating oil. The nanoparticles
are highly reactive to the fluids as its surface to volume ratio
is high and can be prepared by mixing with magnetic stirrer.
Then the mixture is uniformly dispersed with ultrasonic
vibrator.

Table 2. Characteristics of ZnO nanoparticles

Characteristic Value
Purity +99%
Color milky white
Size 35-45 (nm)
True density 5.606 (g/cm3)
Specific surface area (SSA) ~65 (m2/g)
Thermal conductivity 19 (W/m.°C)
Specific Heat 544 (]/kg.°C)

Table 2. Characteristics of SAE 20W50 Oil

Fig-1 SEM image of ZnO nanoparticle at 0.2micro meter

Table 2 and 3 denotes the characteristics of ZnO
nanoparticles and SAE 20W50 oil respectively. ZnO is known
for its anti-corrosive property and SAE 20W-50 viscosity oil
gives good high temperature performance by providing a
thicker oil film on bearing surfaces as well as better sealing
of piston rings. SAE 20W-50 is recommended for older
naturally aspirated petrol and diesel engines of passenger
cars, mini bus taxis, light commercial vehicles and contractor
equipment involved in start/stop operations with short
service intervals. By adding the both together better
performance can be achieved.

3. THEORETICAL INVESTIGATION
3.1 VISCOSITY

Many research papers have established the effect of
parameters such as particle size, volume fraction, viscosity of
Nanoparticles and also the base liquids. Einstein [24] (1956)
was the first to calculate the effective viscosity of a
suspension of spherical solids using the phenomenological
hydrodynamic equations. Einstein [24] derived the equation
(1) for proposing a viscosity of non-interacting particles

Characteristic Value
Kinematic viscosity @ 100 °C 1.8x10-5 (m?2/s)
Viscosity Index (VI) 90
Flash point 246 (°C)
Pour point -9 (°Q)
Total base number (TBN) 4.1 (mg KOH /g)
Density @ 15 °C 0.906 (g/cm3)
Specific Heat 1900 (J/kg.°C)
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which is suspension in a base fluid when the volume of
concentration was lower than 5%.

Hefr=w (1+2.5¢0) L. 1

The correlation suggested by Brinkman [25] for particle
concentrations less than 4% was derived in equation (2):

Hnf= Mof (1-0)%5 L. 2)

The correlation which was suggested by Wang et al [25] is
established in equation (3):

Wnf= Wbf (1+7.30+12302) .. (3)

The effect of Brownian motion was derived by Bachelor [26]
the formulae for this effect is given in equation (4):

Unf= pe (1+2.50+6.502) . 4)

4. EXPERIMENTAL INVESTIGATION

The viscosity of the ZnO nanofluids was measured
by Saybolt viscometer. Say bolt viscometer consists of a
water bath and oil bath, both provided with two
thermometers inside them. There is a ball valve, which is
located at center of oil bath to flow of oil through the orifice.
A heater with regulator is fixed for heating purpose. The
measured kinematic viscosity was converted to dynamic
viscosity for comparison with the exiting experimental data.
The kinematic viscosity was calculated by using the formula,

V=(A*t)-(B/t)

Where
A -0.00226 cm?2/s?
B -1.8 cm?

t - Time of collection of oil

Fig-2 Say bolt Viscometer.

5. RESULT AND DISCUSSION

Thus, the lubricants at different volume fractions
(0.25%, 0.5%, 0.75%, 1%, 1.25% and 1.5%) at various
temperatures (Ranging from 30°C to 50°C) is measured and
the values are tabulated. The values obtained is analyzed. At
certain temperature 30°C the viscosity value of Nano
lubricant is compared with the conventional oil and it is
found that viscosity increases by 30% to 37% as the volume
fraction increases.
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Fig-4 Volume fraction vs Relative Viscosity

6. CONCLUSION

Since the temperature and pressure conditions
under which most automobile engines operate are
reasonably standardized. The lubrication oil used ismostlya
well experimented and it meets the requirement of the
engine but still nanoparticle addition, increase the heat
transfer properties and also increase the operating life of
engine parts by mitigating the frictional power loss
percentage in engines through the use of nanoparticle
additives with engine oils. Though the experiments give
positive results some preventive measures should be
investigated in order to improve the stabilization of
nanoparticles with the base oil.
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