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significantly. This paper describes the experimental study of motorcycle radiator
cooling performance using nanopowder ZnO with distilled water and commercial
coolant as the base fluids. The study began by measuring the boiling point and the
specific heat of the base fluid (distilled water and commercial coolant) and nanofluids.
Then, the flow rate of the cooling fluid was measured as the function of the engine’s
rotation speed. The results show that the boiling point of all nanofluids increases with
the highest boiling point achieved by 0.5% ZnO — coolant, i.e., 110.06°C. Thus, the
nanopowder will keep the cooling fluid in the liquid phase and lower the fluid's specific
heat. The fluid with the lowest specific heat is nanofluid 0.5% ZnO — coolant. Low
specific heat relates to the higher temperature drops. Nanofluid 0.5% ZnO — coolant

Keywords: has the highest temperature drop. Unfortunately, nanopowder also increases pressure
Nanopowder ZnO; radiator; ethylene drop by approximately twice the base fluid. Nanofluid 0.5% ZnO — coolant gives the
glycol; overall heat transfer coefficient; highest overall heat transfer coefficient than other nanofluids or the base fluid, i.e.,
pressure drop 42.7 W/m2.°C when its flow rate is 44.2 ml/s.

1. Introduction

An internal combustion engine converts thermal energy from the fuel to mechanical energy.
Then, it will drive some equipment, such as electrical generators, automobiles, lawnmowers, military,
and emergency vehicles, railroad locomotives, construction equipment, boats, etcetera [1]. In the
combustion process, there is an increase in the temperature of the combustion chamber, the walls,
and its surroundings. Since the strength of the engine's material is limited, cooling is an essential
process in equipment that uses an internal combustion engine as its driving force.

Generally, the cooling media used is either water or air. Air is easier to handle and less expensive
compared to water for the cooling of an internal combustion engine. However, the heat transfer rate
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of water is much higher than that of air. That is why much working fluid is water for the cooling
process in gasoline or diesel cars and some motorcycles—the heat produced during the combustion
process is released from the outer surface of the cylinder to the air. Some fins are inserted since the
convection heat transfer in the air is lower than in water. Fins are generally cast integrally with the
cylinder. The fins extend the area of heat transfer and thus improve the cooling process.

Engine coolant is preferred over water, considering it has some disadvantages compared to
engine coolant. Water has a higher freezing point, lower boiling point, and is more corrosive
compared to the coolant. Thus, coolant is mostly used in the cooling system of an internal combustion
engine.

Water or coolant will flow through the cylinder block and absorb some heat from the cylinder.
Then, water or coolant will release the heat while it flows in a radiator. A fan is installed in front of
the radiator to draw ambient air to cool off the liquids. The flow rate of the cooling liquid entering
the engine is primarily controlled by a thermostat. The thermostat controls the flow so that the
engine continues to operate at an optimum temperature [2].

If the operating temperature of the cylinder is too high, then it could be harmful to the cylinder,
especially if the cylinder is made of aluminium, a head-cylinder gasket, and other equipment such as
a pump. But if it is too low, more thermal energy will be transferred to the cooling media. Then it will
lead to improper vaporization of the fuel and decrease the performance of the Internal Combustion
Engine. So, the cooling liquid needs to be controlled to maintain the temperature of the engine within
the optimum range [1-3].

For an old car, the radiator might have some deposit inside or outside the pipes and the fan’s
performance might decrease. These conditions reduce heat transfer from the cooling liquid to the
ambient air, especially when there is a traffic jam on a hot summer day. It is shown by an indicator
that water temperature is higher than the recommended value.

Thanks to God for nanotechnology. It can be applied in any area of our lives, including in solar
collectors and as coolants in automotive heat exchangers [4]. Nanopowder CuO in water or nanofluid
has improved fluids’ thermal properties and increased the Nusselt number by increasing the Reynolds
number and thus improving the convection heat transfer coefficient [5]. Nanofluid CuO could
increase overall heat transfer compared to distilled water [6]. Titanium oxide was used as the
nanoparticles in cooking oil as the fluid base. The heat transfer rate increased 36.25% for 0.09% of
nanofluid volume concentration [7]. An experiment used Alumina nanoparticles which size was 22
nm diameter. Alumina-water-based nanofluid was produced with different concentrations of
Alumina particles using an ultra-sonicator. The heat transfer rate increases as the particle size
decreases [8]. The heat transfer improved by using nano aluminium oxide with 20 nm particle size
and some volume fraction from 0.001 to 0.002. The overall heat transfer coefficient increases by 8%—
10% [9]. The Al,03 nanoparticles of about 30 nm diameter are used in water. The convective heat
transfer coefficient of nanofluid is higher than that of the base liquid at the same mass flow rate and
inlet temperature [10]. Nanofluid flows inside the inner tube and hot pure water flows in the outer
tube. Results show that the overall heat transfer coefficient increases with nanoparticle volume
concentrations in the heat exchangers [11]. The effect of various nanofluids such as Al;03, TiO, SiO;
on automotive engine (Aprilia SXV 450 engine) cooling was experimentally studied. For the 1%
volume concentration of nanoparticles, they found that TiO3, SiO,, and Al,O3 nanofluids could give
higher heat transfer than the base fluid, i.e., 31.9%, 27.7%, and 12.5%, respectively at flow rate =
3.5 GPM [12]. Another researcher investigated numerically the effect of three types of
nanoparticles: copper oxide (CuO), aluminium oxide (Al>O3), and titanium dioxide (TiO;) on the
cooling capabilities of ethylene glycol (EG)-based fluid in a radiator. Mahat et al., [14] developed a
mathematical model for magnetohydrodynamics (MHD) viscoelastic nanofluid flow around a linear
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horizontal circular cylinder with constant heat flux. The skin friction increases but the heat transfer
coefficient decreases for the increasing values of the magnetic field [14]. Rusdi et al., [15] did research
about the impact of nanoparticle penetrate over a shrinking sheet with thermal radiation and partial
slip. The effects of silver (Ag) nanoparticles with water base and kerosene base are investigated.
Using Matlab software, the founding was that the velocity profile increases when both nanoparticle
volume fraction and suction parameter increase. While the increasing in suction parameter to the
decreasing in the temperature profile. Besides that, skin friction coefficient and Nusselt number
increase when the suction parameter increases [15]. Halim and Sidik [16] reviewed past research on
nanofluid used in refrigerants and their performance in refrigeration system.

The effect of zinc oxide (ZnO) water-based nanofluids was also studied on Suzuki Mehran (VXR)
2016 radiator. They studied the heat transfer and also the pressure drop and friction factor. Three
kinds of volumetric concentrations of ZnO nanoparticles were employed, i.e., 0 —0.3% [17]. Another
study on automotive car radiators was applying copper to the ethylene glycol or coolant. Thus, it
turned to be ethylene glycol copper nanofluids. The heat transfer enhancement of the radiator with
this nanofluid increased 3.8% when the copper added as much as 2% at Reynolds number of 6000
and 5000 for the air and coolant [18]. The presence of zinc oxide (ZnO) in aqueous-based nanofluid
effectively increases the heat absorption capacity. The ZnO nanoparticles used were in the range of
19 to 30 nm [19]. The ZnO-water nanofluid is used in a concentric tube heat exchanger. The overall
heat transfer coefficient for ZnO-water nanofluid is increased by 11% with a volume fraction of 0.5%
compared with water [20]. ZnO nanoparticles in ethylene glycol (EG) improve the transport
properties of ZnO—-EG nanofluids. ZnO-EG—water nanofluid has the thermal conductivity
enhancement of 17.26% and viscosity reduction of 17.34% at 27°C.

In recent years, nanoparticles have been extensively applied in many heat exchangers including
radiators. Many researchers were using ZnO nanoparticles but the base fluid used nanoparticles was
majority water. Some research used ethylene glycol as the base fluid but did not use ZnO for the.
Suganthi et al., [21] investigated ZnO-ethylene glycol nanofluid, but they discussed a lot about the
transport properties and not on the heat transfer nor the pressure drop. This paper will discuss the
result of an experiment conducted to find the effect of nanopowder Zinc Oxide (ZnO) added to the
cooling liquid of the radiator of a motorcycle Vixion 2012. The specification sheet of the ZnO and
2012 Vixion motorcycle are attached in Figure 1 and Figure 2, respectively. Some parameters to be
measured were the boiling point, specific heat, the temperature of the cooling liquid at the inlet and
outlet of a radiator, and pressure drop of liquid.
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Fig. 1. The specification sheet of the ZnO

Fig. 2. Vixion Yamaha 2012 motorcycle and its radiator
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2. Methodology

There were six fluids observed in this experiment, i.e., (1) distilled water, (2) distilled water +
nanopowder ZnO 0.3%, (3) distilled water + nanopowder ZnO 0.4%, (4) distilled water + nanopowder
Zn0 0.5%, (5) commercial coolant (ethylene glycol), (6) coolant (ethylene glycol) + nanopowder ZnO
0.5%.

The first thing conducted was doing the preliminary experiment to find the boiling point and
specific heat of the six fluids, as shown in Figure 3 and Figure 4, respectively. The boiling point of
nanofluid is higher than the base fluid. It is true for distilled water and coolant. More concentration
of the nanopowder ZnO makes the boiling point increase. The highest boiling point is given by 0.5%
ZnO - coolant, i.e.,1 110.06°C. The boiling point increases 1.81% for 0.5% ZnO — distilled water and
9.13% for 0.5% ZnO — coolant. Thus, the nanofluid will keep the cooling fluid stay in a liquid phase.
The measured temperature has an uncertainty of £ 0.1°C or around 0.1%. Then, the boiling point of
the six fluids is very accurate.
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Fig. 3. The boiling point of the six fluids studied
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Fig. 4. The specific heat of six fluids in this study

Figure 4 shows that the higher concentration of ZnO, the lower the specific heat of the nanofluid.
The result of the experiment with distilled water determined the concentration of ZnO used with
coolant. Since the specific heat of distilled water with ZnO 0.5% is the least, the experiment will use
coolant with ZnO 0.5% as the nanofluid. The nanofluid will absorb and release heat easier. The
specific heat was measured using a calorimeter. The quantities to be measured were the weight and
the temperature. The smallest weight measured was 31.9 grams. While the scale has an uncertainty
of £ 0.1 gram or around 0.3%. The uncertainty of the specific heat depends on the uncertainty of the
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scale, i.e., 0.3%, and the thermometer used, i.e., 0.1%. The uncertainty of the specific heat was 0.4%
or around + 12 — 17 J/kg.C. The uncertainty was minimal, and the measurement was adequate.

The fluid velocity flowing inside the radiator pipe is needed to obtain the convection heat transfer
coefficient. The flow rate of the cooling fluids in radiator Vixion 2012 was measured at different
engine rotation speeds, as seen in Figure 5. The flow rate of the cooling fluid increases when the
engine speed increases. The engine needs much cooling when speeding up because more
combustion energy is released.

40
35
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15
10
5
0
1000 2000 3000 4000 5000
Engine rotation (Rpm)
Fig. 5. The cooling fluid flow rate at a different engine rotation
speed

flowrate (ml/s)

The experiment cannot be conducted on the motorcycle because some instruments, such as
thermocouples, airflow meter, U-tube to measure pressure drop, need to be installed. Then, a set of
equipment was prepared, as seen in Figure 6. The water flowing into the radiator was heated in a hot
water tank until it reached the optimum operating temperature of the radiator in a real motorcycle.
A ball valve was installed to control the flow rate of the cooling fluid entering the radiator to have
the same flow rate that was measured during the preliminary experiment. Cooling fluid released the
heat to the air drawn by a fan in front of the radiator. Then, fluid flowed down to the reservoir tank
and circulated back to the hot water tank by a pump.

Hot water

tank \
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heater Ball Valv: T
radiator Fluid Inlet to radiator
- f----—"; T
- Talv
b : . g'/—aall Valve
Cooling flnid is pumped
— — =
7
— _——
Air outlet from radiator
Fluid outlet from
radiator
Adr inlet to radiator
(a) (b)

Fig. 6. The equipment used during experiments; (a) Schematic diagram, (b) Experimental setup
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The K-type thermocouple was installed at the inlet and outlet of the cooling fluid, at the inlet and
outlet of the air crossing radiator, and at the hot water tank to ensure that the temperature of the
cooling fluid entering the radiator was at the optimum temperature. U-tube was installed to measure
the pressure drop of cooling fluid passing through the radiator. Figure 7(a) and Figure 7(b) show the
location of the instruments installed.

Fluid entering radiator
\ Py,
@ radiator \ —
[ L ¥ \ |
= | (=
@— ||= l
— — !
— — — :
f
_r_ . . .
&) Fluid leaving radiator Ufigtse
Oil
(a) (b)
Fig. 7. The location of the instruments installed; (a) Location of K-type thermocouple, (b) Location of
U-tube

3. Result and Discussion

The effect of nanofluid using ZnO as the cooling fluid in the radiator of motorcycle Vixion 2012 is
discussed in this section. The ambient air temperature during the experiment was between 29.2 —
32.1°C. Nanofluid with more concentration of ZnO gives a higher temperature drop for the cooling
fluid passing through the radiator. It is valid for both base fluids, distilled water, and coolant. Figure
8 shows that the highest temperature drop occurs for nanofluid 0.5% ZnO-coolant. A higher
temperature drop means higher heat transferred from the cooling fluid to the air. The slightest
temperature difference between both cooling fluid and air is when distilled water is used as the
cooling fluid.
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Fig. 8. Temperature drops of cooling fluid passing through the radiator

The most significant temperature drop among the cooling fluids is in nanofluid 0.5% ZnO —
coolant. The specific heat of this nanofluid is the smallest in Figure 4. For the same flow rate and heat
transfer, the smaller the specific heat, the higher the temperature difference.

3.1 Overall Heat Transfer Coefficient

Heat transfer in the radiator involves convection in each fluid and conduction through the wall
separating the air and cooling fluid. An overall heat transfer coefficient U is used to account for the
contribution of all these effects on heat transfer. The rate of heat transfer from the cooling fluid is
equal to the rate of heat transfer to the air, as shown in Eq. (1):

Q = mCOOll‘t:lg fluid CpATcooling fluid = UA AT,y (1)

Where log-mean temperature difference, AT}y, is defined as in Eq. (2):

AT,— AT
ATy = #ﬂ)l (2)

AT,

AT, = Tcooling fluid,in Tair,out

AT, = Tcooling fluid,out — Tair,in

The overall heat transfer coefficient, U, in the radiator is shown in Figure 9. Nanofluid 0.5% ZnO
— coolant gives the highest value compared to other nanofluids or the base fluid, i.e., 42.7 W/m?2.°C

when the flow rate is 44.2 ml/s. The lowest value is 14.7 W/m?2.°C when the fluid is distilled water
flowing at 21.1 ml/s.

When coolant is the base fluid, the 0.5% nanopowder ZnO increases the overall heat transfer
coefficient by 10.8%, 8.7%, and 12.4% for a flowrate of 21.1 ml/s, 27.3 ml/s, and 44.2 ml/s,
respectively. The finding with distilled water as the working fluid is that 0.3% nanopowder ZnO
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increases the overall heat transfer coefficient by 19.4%, 30.6%, and 60.8% for a flowrate of 21.1 ml/s,
27.3 ml/s, and 44.2 ml/s, respectively.
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flowrate of cool fluid (ml/s)

—&—Distilled water (DW) coolant —&5—Dist Water + Zn0 0.3%

Dist Water + ZnO 0.4% Dist Water + ZnO 0.5% coolant + ZnO 0.5%
Fig. 9. The overall heat transfer coefficient in the radiator

The nanopowder ZnO can increase the overall heat transfer coefficient, U, for any base fluid.
More concentration will produce a higher overall heat transfer coefficient, U, of the radiator. The
overall heat transfer coefficient improvement occurs, mainly when the engine rotates at high speed.
This finding can be helpful to overcome the degradation of the old radiator.

The overall heat transfer coefficient increases as more ZnO is used in the coolant-based or water-
based nanofluid. This trend is the same as what Suganthi et al., [21] found. They reported that the
thermal conductivity increased 33.4% when ZnO-EG (Ethylene Glycol) nanofluids contained 4% and
only 17.26% for 2%. The thermal conductivity of both nanofluids increased linearly with nanoparticle
concentration.

3.2 Pressure Drop

Any viscous fluid will experience a pressure drop when it flows inside a pipe or enclosure. The
pressure drop is caused by (1) friction between the fluid and the surface of the straight pipe or
enclosure and (2) various fittings such as valve, elbow, tee, inlet, exit, expansion, and contractions in
addition to the straight pipe. Figure 10 shows the pressure drop of the six-cooling fluid studied. Since
coolant is more viscous than distilled water, its pressure drop is higher than water. It is valid for both
the base fluid and nanofluid. More concentration of nanopowder ZnO in the fluid increases its
pressure drop. So, the increasing overall heat transfer coefficient also produces a higher pressure
drop.
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Fig. 10. Pressure drops of cooling fluid passing through the radiator

The highest-pressure drop was given by nanofluid 0.5% ZnO — coolant, i.e., 61.24 Pa, 77.22 Pa,
and 173.07 Pa for the flow rate of 21.1 ml/s, 27.3 ml/s, and 44.2 ml/s, respectively. While pressure
drop given by base fluid coolant was only 31.95 Pa, 45.27 Pa, and 69.23 Pa for flow rate of 21.1 ml/s,
27.3 ml/s, and 44.2 ml/s. Nanopowder ZnO with a concentration of 0.5% approximately doubled the
pressure drop. Increasing pressure drop is undesirable since it means more pumping power to
circulate the cooling fluid to the radiator.

The higher the nanopowder’s concentration, the higher the pressure drop. The trend is
corresponding to the other researchers’ findings, such as Qasim et al., [17] and Suganthi et al., [21].

3.3 The Uncertainties of Measurement Apparatus

The measurement apparatus used in the experiment are shown in Table 1. From the uncertainties
of the measurement, the uncertainties of some variables calculated could be determined. The most
significant uncertainty of some variables calculated is 5.31% for the density, 6.67% for the flow rate,
1.3% for the specific heat, 5.49% for the overall heat transfer coefficient, and 8.75% for the pressure
drop. Thus, the results can be accepted.

Table 1

The uncertainties of measurement apparatus used

Instruments used Accuracy Smallest data measured Biggest uncertainties
k-type thermocouple 0.1°C Tambient-air = 29.2°C 0.34%

Scale 0.1gr Mcopper = 31.9 gram 0.31%

Measuring cup 10 ml Vwater = 200 ml 5%

Stopwatch 0.1s Twater-flow = 6.0'S 1.67%

mm block in u-pipe 1 mm H=48 mm 2.08%

Meter 1 mm H=70mm 1.43%

Anemometer 0.1 m/s 5.8 1.72%
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4. Conclusions

From the experiment conducted in a radiator Vixion 2012, nanopowder ZnO can increase boiling
point, reduce the specific heat of the cooling fluid, increase temperature drop when it passes through
the radiator, increase overall heat transfer coefficient, but also increase pressure drop.

The highest boiling point is given by 0.5% ZnO — coolant is 110.06°C. The boiling point increases
1.81% for 0.5% ZnO — distilled water and 9.13% for 0.5% ZnO — coolant. Thus, the nanopowder will
keep the cooling fluid in a liquid phase. Nanopowder ZnO can lower the specific heat of the fluid. The
fluid with the lowest specific heat is nanofluid 0.5% ZnO — coolant. Low specific heat relates to the
higher temperature drops. Nanofluid 0.5% ZnO — coolant has the highest temperature drop.

Nanofluid 0.5% ZnO — coolant gives the highest overall heat transfer coefficient than other
nanofluids or the base fluid, i.e., 42.7 W/mZ2.°C when its flow rate is 44.2 ml/s. However, nanopowder
also increases pressure drop. The pressure drops of nanofluid 0.5% ZnO — coolant is approximately
twice that of the base coolant.
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