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Abstract

Nanofluid as a transport medium displays a great potential in engineering applications involving heat transfer. In this
paper, the execution of water and ethylene glycol-based T,0, nanofluid as a radiator coolant is resolved experimentally.
The convective heat transfer coefficient of T,0,/EG-Water nanocoolant has been estimated and contrasted with the
information acquired experimentally. Nanocoolant were set up by taking 25% ethylene glycol and 75% water with low
volume concentration of T,0, nanoparticles. All the experiments were led for the distinctive volume flow rates in the
range going from 30 to 180 L/h (LPH). The nanocoolant made to flow through curved radiator tubes in every experiment,
so that it can exchange heat effectively. Result shows that increasing the volume flow rate of nanocoolant flowing in the
radiator tubes, increases the heat transfer as well as the convective heat transfer coefficient of nanocooant. Maximum
heat transfer enhancement of 29.5% was recorded for nanocoolant with 0.03% nanoparticle concentration as compared
to water at 150 LPH. Apart from this nanoparticle concentration into the base fluid, no further enhancement in heat
transfer has been observed at any volume flow rate.
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Abbreviations Subscripts
A,  Cross-sectional area of tube, m? in Inlet of radiator tubes
A,  Surface area of tube, m? out Outlet of radiator tubes

C Specific heat, J/Kg-K
D, Hydraulic diameter, m

h  Convective heat transfer coefficient, W/m2-K 1 Introduction

L Length of the tube of radiator, m

m  Mass flow rate, kg/s One of the most vital challenges today is to utilize the
Nu  Nusselt Number available energy and to manage the wastage of heat. The
Q Rate of heat transfer, W engine is the primary source of energy in automobiles, and
Re  Reynolds Number augmentation in performance of its cooling system is of

great importance, as it carries secondary heat from the
engine and dissipates it to the surrounding [1]. Cooling of
systems is standout amongst the most essential special-
ized difficulties confronted by various businesses such as
automobiles, electronics and manufacturing industry [2].
New technologies in electronic devices need efficient heat

Greek symbols

p  Density, Kg/m3

u Dynamic viscosity, kg/m.s
) Volume Concentration
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management as it contains high heat generating circuits
init[3].

Water is traditionally used as a radiator coolant in
automobiles under normal conditions. Ethylene glycol
(EG)-water blend and motor oil slightly bettered the
cooling performance compared to water. However, the
current industrial standards necessitate a more reli-
able and lasting solution to achieve better heat transfer
features in automobiles with enhanced heat dissipa-
tion leading to improved efficiency. With modern tech-
nologies, need to improve heat transfer with the help
of nanocoolants become more significant [4]. It could
be beneficial for automobile cooling system to replace
mediocre cooling medium with nanocoolants. After
adding different nanoparticles into these coolants, their
cooling capacity increases [5]. These improvements are
useful to evacuate heat from the system with the help
of cooling system, generally of smaller size. The result of
smaller coolant system contributes to decrease in engine
load up to a certain level [6]. So that light motor group
can also achieve effectiveness [7]. Size of nanoparticles is
between 1 and 100 nm which is very small due to which
no compromise in pumping power was observed [8].
Suspending nanoparticles improves the heat conveying
ability of coolants with negligible or no pressure drop [9].
A definitive purpose or objective of nanocoolants is to
accomplish the most astounding thermal properties at
least practicable concentration of nanoparticles through
proper scattering and stable suspension in base fluid
[10]. Thermal properties of fluid, holds the supreme role
in heating as well as in cooling applications nowadays
[11]. Essentially, present-day nanotechnology provides
a physical and chemical method for the preparation
of nanometer sized particles or nano-organized sub-
stances, produced on nuclear or sub-atomical scales with
enhanced thermo-physical properties, in comparison
to their distinct mass structures [12]. Estimation of the
heat transfer coefficient of nanofluids is a vital stream
trademark in deciding the implementation of nanopar-
ticles in base fluid. Increment in the heat transfer coef-
ficient of the nanofluids improves the heat transfer rate.
Since Choi [8] presented the idea of nanofluids, various
research groups started dealing with the estimation of
thermal and rheological properties of water-based nano-
fluids for various applications including transportation,
electronic cooling, energy generation, vehicle motors,
nuclear reactors, energy efficiency upgrade and biomed-
ical applications [13]. Eastman et.al. [14] Experimentally
demonstrated the anomalous enhancement of thermal
conductivity of copper nanofluids when mixed with Eth-
ylene glycol. Speculations persists for the causes of this
behavior. However, Brownian motion, loose agglomer-
ates, hydration layer around the particles was suggested
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as few possible mechanism to explain the improvement
in thermal conductivity of nanofluids [15]. The nano-
particles small size (< 100 nm) and large specific surface
arearesults in the long term stability, homogeneity with
minimal clogging in the flow passage. [16].

Nieh et al. [17] carried out investigation in an air-cooled
radiator to enhance its performance by using TiO, and
Al,0;-wate/EG nanocoolant. Differernt concentration
(0.5, 1.0, 2.0 wt.%) nanocoolant were prepared by two step
method. Reported results evaluated that TiO, based nano-
coolant has higher heat removal capacity than Al,O; based
nanocoolant. Maximum enhancement for heat dissipation
capacity was 25.6%. Naraki et al. [18] conducted experi-
ments in radiator of car to evaluate HTC of CuO/water
nanofluid. Different concentration (0.15, 0.4 vol.%) nano-
fluid were prepared, for stability test was also conducted
with different PH. Maximum HTC value was recorded for
0.4 vol.% nanofluid with 8% enhancement compared to
base fluid. Bhimani et al. [19] conducted experiment with
low concentration nanofluid in automobile radiator to
compare heat transfer coefficient of water and TiO, based
nanofluid. Nanofluid with 1 vol.% concentration shows
40-45% enhancement in heat transfer. Peyghambarzadeh
et al. [20] conducted experiment in automotive radiator
with Al,O;/water and Al,O;/Ethylene—-glycol based nano-
fluids. Different concentration nanofluid were prepared
(0.2, 0.4, 0.6, 0.8, 1.0 vol.%) and heat transfer enhance-
ment of 40% was recorded compared to water. Flowrate
ranges from 2 to 6 L/min. Leong et al. [21] tested copper
nanoparticle with concentration ranging from 0 to 2 vol.%
in ethylene glycol based nanofluid in radiator of car. 3.8%
enhancement in heat transfer was achieved with 2% cop-
per particle. Oliveira et al. [22] conducted experiment for
the study of MWCNT- water based nanofluid in automotive
radiator. Experimental setup consist of wind tunnel that
help in generating air flow across radiator at the rate of
0.175 kg/s. Nanoparticle concentration varied from 0.05
t0 0.16%. The decrease in heat transfer rate was observed
for all test condition.

It is obvious from the above literature that nanofluid
was used as a coolant for different thermal systems as well
as in engine cooling. However less literature is available for
cooling of engine from radiator with low concentration
nanocoolants. In this paper the potential capabilities of
nanoparticles to enhance the heat transfer by increasing
the thermal conductivity of nanocoolant is utilized and is
used in conjunction with conventional coolants. The point
is to examine the study of the nanocoolants as a coolant
in the radiator tubes for the heat transfer and to research
the heat transfer enhancement using T,0, nanoparticles
having diameter ~ 15 nm with different volume concen-
trations i.e. 0.01%, 0.03% and 0.05% in water —EG as the
base fluid.
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Imminent section includes: materials, preparation of
nanocoolants, experimental setup and methodology to find
out the heat transfer, discussion on the finding of different
concentration nanocoolants and their comparison with
other conventional coolants.

2 Material and methods

The two-step approach is the most used strategy for pre-
paring nanofluids. Nanoparticles, nanofibers, nanotubes,
or other nanomaterials utilized in this technique are first
created as dry powders by chemical or physical methods
like grinding, laser ablation, sol-gel processing and so forth.
After this, the nanopowder is scattered into the liquid in the
second preparation activity with the assistance of intensive
magnetic force agitation or ultrasonic agitation [11]. This
method is the most economically feasible technique for
preparing nanocoolant at a substantial scale. The imperative
procedure to improve the stability of nanoparticles in liquids
is the utilization of surfactants. Nonetheless, the usefulness
of the surfactants under high temperature is additionally a
major concern [23]. The material of nanoparticles is picked
as T,0, since it is synthetically steady and its expense is not
as much as its metallic counterpart and furthermore effec-
tively accessible [24]. The two-step method applies better for
nanofluids containing oxide nanoparticles and size of TiO,
particle used for this work was 15 nm, in this way nanofluids
containing T,0, particle were prepared by two-step method.
The nanofluid utilized in the present work was prepared by
utilizing 25% of ethylene glycol (EG) and 75% of water. The
concentration of nanoparticle added to the base fluid was
evaluated using Eq. (1) [25].

w,

particle

Pparticle

— D)

Volume Concentration, ¢ =
particle + Wﬂu[d

Pparticle Ptiuid

The synthesized nanofluid was first stirred in mag-
netic stirrer for about 1.5 h and then kept in an ultrasonic
bath continuously for 90 min. However, a surfactant SDBS
(Sodium Dodecyl Benzene Sulfonate) was used. SDBS with
weight equal to1/10th weight of the nanoparticles was used.
The bulk volumetric concentrations of 0.01%, 0.03% and
0.05% nanoparticle for 5.5L capacity were utilized for the
present examination. Ultrasonic bath was used for sonicat-
ing nanoparticles in base fluid as shown in Fig. 1.

2.1 Experimental setup and formula used
In this experiment, different devices were assembled

to complete the setup which includes 4-S diesel engine
of capacity 3.75 kW, framework also consist of 8-K type

Fig. 1 Sonication process

and 2 wire type thermocouples. A display for indicating
temperature and a rotameter for measuring the flow-
rate of nanocoolants were also used during the study.
Initially, the fluid (coolant) at its room condition was
allowed to pass and pick heat from the engine and in this
temperature of the fluid raised. This flow of nanocool-
ant repeated continuously, until steady state is achieved
after which no further rise in temperature was observed.
At this point the temperature at the inlet of radiator (i.e.
engine outlet) was recorded. There is a fan at one side
of the radiator, which sucks the ambient air through the
outer periphery of radiator tubes. The heated fluid enters
the radiator’s tube and thus, heat gets convected from
the central axis towards the inner periphery of the tube
simultaneously in all the tubes (60 tubes). The thickness
of the tubes (0.04 mm) was so small and it is made up of
highly conducting material (i.e. copper), due to which
temperature difference between inner and outer surface
of tubes walls become infinitesimally small and it was
assumed that both surface are at same temperature [26].

Now, the heat gets convected from the outer surface
of the tube to the surrounding air, by passing air tall
60-tubes of the radiator with the help of a fan. So that
heat transfer can be calculated from flowing fluid to the
surface of the tube. At this point, average heat transfer
coefficient plays an important role. This property ensures
that the amount of heat removal for a unit surface area
in contact with the fluid is proportional to the unit tem-
perature drop. More is the value of heat transfer coeffi-
cient for coolant, more will be the heat transfer rate [27].
Calibrate thermocouples by correlating it with standard
thermometers by immersed theming stirred water or
oil baths. The specific points are calibrated with respect
to reference temperature baths, for example, a blend of
squashed ice and water. Observe the changes at differ-
ent temperatures and record the errors (Figs. 2, 3,4, 5, 6).
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Fig. 2 Different view of experi-
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It can be easily concluded that error in the measure-
ment of temperature with the help of thermocouple is in Fig.6 Nusselt number at different LPH for TiO2/EG-Water nanofluid
the range of 0-3%. Hence, thermocouple can be used to  (0.03% by volume)
measure temperature.
Various considerations have been made with respect to
the operating conditions of the diesel engine cooling sys-
tem: Steady-state, incompressible and Newtonian laminar
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Table 1 Error in temperature measuring device

S.No Mercury-in-glass Thermocouple Error (%)
thermometer

1 0°C 0°C 0

2 18.5°C 18°C 2.7

3 44°C 43°C 2.27

4 73.5°C 73°C 0.68

liquid streams with consistent thermophysical properties
of the nanofluid. Moreover, conduction of heat in the axial
direction and wall thickness of the tubes of radiator was
neglected. Vehicle radiator utilized for this experiment, com-
prises of numerous flat tubes of each length (L=307.34 mm)
and hydraulic diameter (D, =3.92 mm). The Reynolds num-
ber was determined by using the termi.e. hydraulic diameter
(Dy), given by Eq. (2).

4x[gd2+(D—d)xd] o
Oh = xdr2xD-4d)

Heat transfer by bulk of the coolant is measured using
Eq. 3).

Q=mC,AT = n‘ncp(Tin = Tout) 3)

where, m is the mass flow rate of fluid (Kg/s), Cp is the
specific heat at constant pressure (J/Kg-°K), T, is the inlet
temperature of fluid to the radiator and T, is the outlet
temperature of fluid from radiator. Transmission of heat to
atmosphere is given by Eq. (4).

Q=hAAT =hA(T, - T,) ()

where, h is the Convective Heat Transfer Coefficient (W/
m?2-K), A is the Area of the Tube from which transfer of heat
takes place, T, is the Bulk Temperature of the Fluid, and T,,,
is the Wall Temperature of the tubes of the Radiator.

hD,,
Nusselt Number, Nu = a (5)

Table 2 Uncertainty analysis

where, D,, is the Hydraulic Diameter of the tube, K is the
Thermal Conductivity of flowing fluid (W/m-°K).

VD
Re:p h

m (6)

Where, Re'is the Reynolds number, V'is the velocity of the
flow, ‘D, is the hydraulic diameter of tube and ‘W’ is the
dynamic viscosity of the fluid (Table 1).

Table 2 shows the uncertainty analysis for different
instruments used in this work.

3 Results and discussion
3.1 Reliability test of the apparatus used

In this study, to validate the experimental setup, experi-
ments were conducted with pure water and nanocoolant
(0.03% concentration) in tube of radiator. The experimen-
tal results showed reasonable agreement with Shah and
London equation [28].

D 173 D
Nu = 1.953<RePrI> for RePrZ > 33.33 (7)
Nu = 4.364 + 0.0722<RePr%> forRePr2 <3333 (g)

3.2 Heat transfer study

Initially, water is used as a coolant to absorb heat from the
engine and transfer it to the surroundings while flowing
through the tubes of the radiator. In Fig. 7, it can be seen
that the convective heat transfer coefficient is increasing
along the volume flow rate (LPH) and attaining a maxi-
mum value at 150 LPH and then there is slight decrease.
At the start, there is a sharp increase in convective heat
transfer coefficient (i.e. 46% enhancement) but after
that, enhancement becomes gradual. It can be noticed
from Fig. 8 that the heat transferred from coolant to the
atmosphere increases and attains a maximum value and
then decrease. At 150 LPH (Volume Flow Rate), maximum

S.No Name of the instruments Range of instrument Variables measured Values measured in % uncertainty
experiment
Min Max Min Max
1 K-Type thermocouple 0-200 °C Bulk temperature, T, 43 67 0.7463 1.1628
2 Wire thermocouple 0-200 °C Wall temperature, T,, 41 63 0.7937 1.2195
3 Rotameter 0-10 LPM Volume flow rate 0.5 3 0.3334 2
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rate of heat transfer is achieved. Enhancement of heat
transfer is 60% when compared with the least amount of
heat transfer by this coolant (i.e. water). Reduction in the
heat transfer coefficient and heat transfer after150 LPH
is because of less time given to fluid at high flow rate to
absorb or reject heat.

Difference between radiator’s inlet and outlet tempera-
ture (T;,—T,,e) With respect to volume flow rate is shown in
Fig. 9. As we can in Fig. 7 that AT is maximum for volume
flow rate of 30 LPH. The reason for this trend is clear that
at low volume flow rate time taken by coolant to absorb
or reject heat, from engine to the surrounding is more. At
low flow rate time given to coolant to exchange heat is
more as compared to coolant at high flow rate. So time
taken by coolant to flow plays an important role in heat
exchange process. If heat exchanging medium does not
get proper time to communicate with another medium,
there is a probability of unsuccessful heat transfer.

Figure 10 shows different concentration TiO, nanocool-
ants performance by improving the heat transfer coeffi-
cient at different volume flow rate. It is clearly concluded
that increasing the velocity of coolant in radiator tubes
increases the heat transfer coefficient. Hence, velocity
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of coolant plays an important role in increasing the heat
transfer coefficient. Compared to water and water-EG
combination, all different concentration nanocoolants
performs better at corresponding flow rates. Nanocoolant
with particle concentration 0.03% gives the best results,
it may be because beyond this concentration nanocool-
ant stability reduced. The reason for this enhancement in
the value of heat transfer coefficient is because of increase
in thermal conductivity of nanocoolant with addition of
nanoparticle into the base fluid [29].

In Fig. 11, AT for different coolants has been compared
corresponding to the volume flow rates. It cannot be
clearly said by comparing water and water-EG, that which
among them shows the highest value of AT at 30 LPH.
Whereas from 60 to 180 LPH water-EG combination gives
greater value of AT compared to water. The reason for
higher value AT is less heat capacity of water-EG compared
to only water. Ultimately, ¢ =0.03% nanocoolant has the
maximum AT corresponding to all flow rates when com-
pared with other coolants. Maximum enhancement of
100% was observed at 120 LPH and 150 LPH in the value
of AT when compared nanocoolant (¢ =0.03%) with water.
In Fig. 12, outlet temperature is plotted against the vol-
ume flow rates. Increasing the flow rate of nanocoolants,
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increased the temperature of fluid coming from radiator
outlet. Therefore there is a direct relationship between
fluids flow rate and outlet temperature. The reason for
this increase in temperature is that, at high flow rate fluid
didn’t get enough time to exchange heat. For different vol-
ume flow rates, radiator outlet temperature is maximum
for water. Because of high heat capacity of water it was
unable to drop the temperature value at the outlet of the
radiator as compared to other coolants. Same relationship
between outlet temperature and fluid flow rate was pub-
lished and reported by Heris et al. [30].

In Fig. 13, the heat transfer ratio of different volume
concentration nanocoolants with respect to base fluid at
different volume flow rate has been shown. With the little
addition of nanoparticle (0.03%), heat transfer increase is
clearly observed. Corresponding to 0.03% concentration,
maximum enhancement of 1.295 times is observed at 150
LPH. Hence, 29.5% of maximum heat transfer is achieved
here as compared to base fluid. There was continuous
removal of heat from diesel engine to the surrounding.
Enhancement in heat transfer with nanocoolant at differ-
ent volume flow rate was observed. The reason for this
improvement in heat transfer is reduction in heat capac-
ity of nanocoolant. Hence, it exchange heat more rapidly
as compared to water and water-EG mixture. Maximum
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Fig. 13 Heat transfer enhancement versus coolant with different
concentration

enhancement is recorded for 0.03% T,0, particle concen-
tration in water-EG mixture. Similar study of heat transfer
enhancement with volume flow rate has been reported
by Ali et al. [31].

Involvement of nanocoolant in the radiator tubes shows
enhancement in heat removal capacity as compared to
base fluid. Hence, nanocoolants posses’ great potential in
removal of heat from high heat generating equipment’s.
Also because they are nanometer sized particle, they can
be easily used in MEMS (micro-electromechanical system)
to improve their efficiency.

From results of this experiment it is also concluded that
low concentration nanocoolants plays an important role in
heat transfer improvement. CFD analysis can also be done
in future to compare the results with experimental data.

4 Conclusion

In radiator, for the purpose of heat transfer, conventional
coolant such as water was being used, and also the mix-
ture of water and other coolant like ethylene glycol was
utilized. But, the latest development in the field of nanoflu-
ids has achieved great milestone in heat transfer. For this
study, water with ethylene glycol (75:25 by volume) used
as the base fluid and T,0, nanoparticles were mixed in it, to
develop different concentration nanocoolants. The results
obtained from nanocoolants are better as compared to
water and mixture of water-EG. Nanocoolant with 0.03%
of T,0, volume fraction shows maximum enhancement of
heat transfer as well as heat transfer coefficient compared
with other coolants. 29.5% enhancement in the value of
heat transfer‘Q’was recorded for nanocoolant with 0.03%
particle volume concentration, which is overall maxi-
mum. This is due to the increase in thermal conductivity
and heat transfer coefficient of prepared nanocoolant.
The temperature difference between inlet and outlet of
radiator was maximum for nanocoolants when compared
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to water and water-EG mixture. This clearly indicates that
nanocoolants has higher heat removal capacity than pure
water and water-EG mixture. Temperature at outlet of the
radiator is least for nanocoolant with 0.03% nanoparti-
cle concentration corresponding to all the volume flow
rates. Suspending nanoparticle in the base fluid shows
enhancement in coolants heat removal capacity as well
as assured usage of nanocoolants in engine radiator and
other heat exchange devices. This better enhancement of
heat removal from engine leads to smaller size and also
reduction in the manufacturing cost of the radiator. Limi-
tations of this work includes cost of preparing nanocool-
ants, less stability of nancoolants for longer period of time,
accumulation of nanoparticle with passage of time. Cost of
preparing nanocoolant are some of the other challenges
faced during the time of preparing it.

Future scope: T,0, nanoparticle of size 15 nm was
used to synthesis different concentration nanocoolants.
Hence, this work may be further extended using differ-
ent shapes, size, type, concentration of nanoparticle in the
base fluid. Also method of synthesizing nanocoolant may
be different.
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