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Abstract

Determining how flow rate and silica nanoparticle addition affect the heat transfer coeffi-
cient is the goal of this study. SEM-EDX testing was carried out to obtain the morphologcal
structure of nanosilica and the chemical content of nanosilica. Dispersion of silica nanopar-
ticles (SiO2) with concentrations of 0.1%, 0.2%, and 0.3% in the base fluid of radiator water
was carried out using a magnetic stirrer for 1 h. Next, PSA testing was carried out on the
silica–water radiator nanofluid to determine the size of the nanosilica particles. Tests were
carried out with discharge variations of 2.4, 6 lpm and concentration variations of 0%, 0.1%,
0.2%, and 0.3%. The findings indicate that the fluids without the addition of nanoparticles
at a discharge of 2 lpm have the lowest heat transfer coefficient at 7.03 W/m2·◦C, and the
fluids with a 0.3% silica concentration at a discharge of 6 lpm have the highest heat transfer
coefficient at 15.61 W/m2·◦C. The coefficient of heat transmission increased by 122%.

Keywords: heat transfer; nanofluids; radiator; SiO2

1. Introduction
The use of nanofluid in radiator cooling is a practical means of satisfying the current

need for extremely effective cooling systems. Heat transfer using traditional coolers is very
limited and a radiator with a large area is required to achieve the heat transfer requirements.
Nanofluid promises high heat transfer in a sustainable manner and reduces the heat transfer
area so that the radiator design can be reduced [1], where maximizing radiator design and
size has now reached its limit, one of which is by adding fins to accelerate the radiator’s
cooling rate. The heat transfer coefficient of nanofluids as a radiator coolant is higher than
that of base fluids alone. The addition of solid nanoparticles which have high thermal
conductivity increases the ability of the cooling fluid to conduct heat. The cooling fluid
can absorb more heat with greater effeciency than the base fluid alone because of the solid
particles’ high heat capacity [2,3]. The fluid characteristics were assessed through numerical
analysis as well [4].

There are various kinds of particles that can be used as nanofluid particles. SiO2 is
one of the particles that can be used in nanofluid utilization. The fluid’s heat transfer
coefficient can be raised by SiO2 nanoparticles in comparison to the base fluid. This was
demonstrated in research conducted using a shell and tube heat exchanger. SiO2–Water
and SiO2–Ethylene Glycol nanofluids demonstrate that the heat transfer coefficient of the

Eng. Proc. 2026, 137, 7 https://doi.org/10.3390/engproc2026137007

https://crossmark.crossref.org/dialog?doi=10.3390/engproc2026137007&domain=pdf&date_stamp=2026-05-21
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://orcid.org/0000-0001-7934-1059
https://doi.org/10.3390/engproc2026137007


Eng. Proc. 2026, 137, 7 2 of 10

nanofluids is marginally greater than that of the base fluid at the same intake temperature
and mass flow rate. It has been demonstrated that higher mass flow rates raise nanofluids’
heat transfer coefficient [5]. The heat transmission coefficient increases as the volumetric
concentration of SiO2 increases. Nevertheless, raising the volume concentration also raises
the nanofluid’s viscosity and increases the friction factor [6].

Ahmed et al. [7] conducted research on the effect of car radiator performance with
TiO2 nanofluid. In the laminar zone, where the Reynolds number varied from 560 to
1650, the study was conducted using TiO2 nanofluid at concentrations of 0.1, 0.2, and
0.3% at flow rates of 0.097 and 0.68 m3/hour. This research shows that when the volume
concentration and Reynolds number increase, the friction is reduced. Compared with
concentrations of 0.1% and 0.3%, a concentration of 0.2% can increase efficiency by 47%.
This shows that increasing the Reynolds number and nanofluid volume concentration
has a direct impact on the heat transfer coefficient. Leong et al. [8] conducted research
on the effect of car radiator performance with nanofluid-based cooling. As opposed to
utilizing ethylene glycol (base fluid) alone, employing ethylene glycol as a base fluid
raises the engine cooling system’s overall heat transfer coefficient and heat transfer rate.
The results showed that the heat transfer was enhanced by approximately 3.8% when 2%
copper particles were added to the base fluid at Reynolds numbers of 5000 for coolant and
6000 for water, respectively. Naraki et al. [9] conducted research on the effect of car
radiator performance with CuO nanofluid. The research was carried out in laminar flow
(100 ≤ Re ≤ 1000). The findings of this study indicate that, in comparison to base fluids,
nanofluids have a greater overall heat transfer coefficient. The total heat transfer coefficient
rose as the concentration of nanofluid went from 0% to 0.4%. However, the total heat
transfer coefficient dropped when the temperature of the nanofluid intake rose from 50 to
80.5 ◦C. By using nanofluids, the total heat transfer coefficient can increase by up to 8% at a
concentration of 0.4% relative to the base fluid. Peyghambarzadeh et al. [10] conducted
research on increasing nanofluid heat transfer with a water/ethylene base fluid as a new
coolant for car radiators. In this study, the heat transfer properties of a binary combination
and pure water and ethylene glycol are compared. Additionally, there are differences in
the concentrations of Al2O3 nanoparticles mixed with the base fluid. The search flow rate
and fluid input temperature were adjusted to be between two and six liters per minute in
each experiment. Research shows that nanofluids significantly improve heat transmission
compared to base fluids. Under ideal circumstances, the increase in heat transmission is
about 40% compared to the base fluid. Ali et al. [11] conducted research on increasing
heat transfer in car radiators with MgO nanofluids. The research was carried out using
MgO nanofluid at concentrations of 0.06%, 0.09% and 0.12%. Compared with pure base
fluid, heat transfer is increased at all concentrations. At a volume concentration of 0.12%,
the increase in peak heat transfer was obtained by 31%. The fluid flow rate is 8–16 liters
per minute. For the same volume concentration, the heat transfer rate at a lower flow
rate is higher than the heat transfer rate at a higher flow rate. The fluid temperature at
the inlet flow only increased by 6%, namely 8 ◦C. Qasim et al. [12] conducted research on
increasing heat transfer in car radiators with ZnO nanofluids. ZnO nanoparticle volume
concentrations in the range of 0.0–0.3% were used in the investigation. In a laminar flow
scenario (186 ≤ Re ≤ 1127), the fluid input temperature remains constant at 70 ◦C, but the
fluid volume flow rate changes between 2 and 12 liters per minute. The largest increases
in heat transfer rate, total heat transfer coefficient, and Nusselt number were achieved by
using nanofluids with a 0.2% nanoparticle volume concentration, which were 41%, 50%,
and 31%, respectively.
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2. Method
2.1. SEM-EDX Test

The scanning electron microscopy–energy dispersive X-ray spectroscopy (SEM–EDS)
system employed in this study was the Thermo Scientific Phenom Pro X (Thermo Fisher
Scientific, Waltham, MA, USA). Silica nanoparticles are prepared for SEM-EDX testing so
that the morphological structure of the silica nanoparticles and the contents of the silica
nanoparticles are known.

2.2. Nanoparticle Dispersion

To produce nanofluids, the nanoparticles are dispersed in the base fluid. Silica nanopar-
ticles will be dispersed in radiator water at concentrations of 0.1, 0.2, and 0.3% to obtain
nanofluid with 3 types of nanoparticle concentrations. Dispersing of nanoparticles was
carried out using a magnetic stirrer. The dispersion process was carried out for 1 h and at a
speed between 800 and 1200 rpm.

2.3. PSA Test

After going through the dispersion process, a silica–water radiator nanofluid is ob-
tained. Next, PSA testing was carried out on the silica–water radiator nanofluid to deter-
mine the size of the nanosilica in the nanofluid.

2.4. Heat Transfer Testing

The nanofluids were then tested on a cooling system test equipment as shown in
Figure 1. Tests were carried out at concentrations of 0.1%, 0.2%, and 0.3%. At each
concentration there are 3 variations in fluid flow rate, namely 2, 4, and 6 lpm so that
12 different data are obtained, which will then be compared with each other.

Figure 1. Test scheme.

3. Results and Discussion
3.1. SEM-EDX Test

The nanoparticles as shown in Figure 2, contain 3 chemical elements, namely carbon,
oxygen and silicon as described in Figure 3. The elemental composition of the sample
is presented in Table 1. Silica, which has the chemical formula SiO2, should not contain
carbon elements in it. The appearance of carbon in this test is due to the use of carbon tape
as an auxiliary medium in testing silica. Nanosilica in powder form is attached to the tape.
The nanosilica does not completely stick to and cover the tape, so the energy emitted by
the test equipment hits the carbon part of the tape and detects the presence of carbon in the
nanosilica element content. By ignoring the presence of carbon, the content of the particles
is correct where there is only silicon and oxygen. Based on its concentration, oxygen also
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has a greater amount than silicon, this is appropriate considering that silica has the formula
SiO2, where carbon has a greater number of atoms than silicon.

 

Figure 2. Microstructure of silica nanoparticles.

 

Figure 3. Chemical content of silica nanoparticles.

Table 1. Elemental Composition of the silica nanoparticles.

Element
Number

Element
Symbol

Element
Name

Atomic
Conc.

Weight
Conc.

6 C Carbon 31.656 23.4
8 O Oxygen 55.85 55

14 Si Silicon 12.494 21.6

3.2. PSA Test

PSA testing was conducted to determine the particle size and distribution charac-
teristics of the silica nanoparticles, as presented in Figure 4. Even though the SEM-EDX
test also provides information regarding the size of the particles, its accuracy is still far
behind compared to the PSA test, so PSA testing is needed to determine the actual size
of nanosilica.
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Figure 4. Particle size distribution of the silica nanoparticles.

The sample used in PSA testing is silica nanofluid with a concentration of 0.3%. The
test results show that 88% of the particles in the fluid are 358 nm in size and the remaining
12% of the particles are 5042 nm in size, as described in Table 2.

Table 2. Peak-based particle size distribution parameters (Mean, SD, Mode, and Area Ratio).

Peak No Area Ratio Mean S. D. Mode

1 0.88 358.0 nm 261.4 nm 232.1 nm
2 0.12 5042.0 nm 1470.5 nm 6703.3 nm

Total 1 920.1 nm 1623.7 nm 232.1 nm

3.3. Heat Transfer Testing

To find out how the concentration of silica nanoparticles added to the radiator cooling
fluid and the flow velocity affected the heat transfer coefficient, heat transfer testing was
performed. Three distinct discharges were used for each concentration during the test.
Consequently, twelve distinct average heat transfer coefficients were found throughout
the test.

Figure 5 shows that the heat transfer coefficient rises with increased fluid flow. The
heat transfer coefficient rises by 36% when the flow rate is raised from 2 to 4 lpm. At a
concentration of 0%, this increase is 12% higher than the rise in the discharge heat transfer
coefficient of 2 to 4 lpm. The heat transfer coefficient value is likewise greater than the
concentration of 0%. A 46% increase in the heat transfer coefficient is achieved by increasing
the flow rate from 4 to 6 lpm. This increase is 19% smaller than the increase that occurs in
the discharge heat transfer coefficient of 4 to 6 lpm at a concentration of 0%. The increase in
heat transfer coefficient from 2 to 6 lpm discharge is also smaller than at 0% concentration,
namely 98%, while at 0% concentration it is found to be 105%. However, the heat transfer
coefficient value at a concentration of 0.1% is higher than at a concentration of 0%, namely
14.61368415, while at a concentration of 0% it is 14.42937696.
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Figure 5. Effect of discharge on heat transfer coefficient at 0% concentration.

Figure 6 demonstrates that the heat transfer coefficient increases monotonically with
flow rate at a concentration of 0.1%. Specifically, the coefficient rises by approximately
36% when the flow rate increases from 2 to 4 lpm, and by about 46% from 4 to 6 lpm,
indicating enhanced convective heat transfer at higher discharge rates. Overall, the increase
from 2 to 6 lpm, reaches approximately 98%, slightly lower than the 105% observed at 0%
concentration. Nevertheless, the absolute heat transfer coefficient at 0.1% concentration
(14.61 W/m2·◦C) remains marginally higher than that at 0% concentration (14.43 W/m2·◦C),
confirming the positive contribution of nanoparticle addition to thermal performance.
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Figure 6. Effect of discharge on heat transfer coefficient at 0.1% concentration.

Figure 7 illustrates the variation of the heat transfer coefficient with flow rate at a
concentration of 0.2%. A gradual increase is observed from 2 to 4 lpm (≈24%), followed by
a more substantial enhancement from 4 to 6 lpm (≈43%). Although the overall increment
(≈78%) is lower than that at lower concentrations, indicating reduced sensitivity to flow
rate, the maximum heat transfer coefficient reaches 14.71 W/m2·◦C, which is the highest
among all tested conditions.
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Figure 7. Effect of discharge on heat transfer coefficient at 0.2% concentration.

Figure 8 shows that the heat transfer coefficient increases with flow rate at a concen-
tration of 0.3%. The coefficient rises by approximately 25% from 2 to 4 lpm and by about
50% from 4 to 6 LPM. The overall enhancement from 2 to 6 lpm reaches around 87%, which
is lower than that at 0% and 0.1% concentrations but higher than at 0.2%. Notably, the
0.3% concentration yields the highest heat transfer coefficient among all tested conditions,
indicating superior thermal performance at this loading.
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Figure 8. Effect of discharge on heat transfer coefficient at 0.3% concentration.

Figure 9 demonstrates that the heat transfer coefficient increases with the addition of
nanosilica and higher particle concentration. An initial enhancement of approximately 4%
is observed at 0.1% concentration, followed by a further increase of about 12% when the
concentration is raised to 0.2%. However, the improvement becomes marginal (≈0.8%)
when the concentration is increased from 0.2% to 0.3%, indicating diminishing returns
at higher loadings. Compared to the base fluid (0%), the overall enhancements at 0.1%,
0.2%, and 0.3% concentrations are approximately 4%, 17%, and 18%, respectively. At
a discharge of 2 lpm, the 0.3% concentration yields the highest absolute heat transfer
coefficient; nevertheless, its incremental gain over 0.2% is minimal, suggesting that higher
nanoparticle loading is less efficient beyond 0.2% concentration.
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Figure 9. Effect of discharge on heat transfer coefficient at a discharge of 2 lpm.

Figure 10 shows that the heat transfer coefficient rises as nanosilica is added to the
fluid and its concentration is raised. The heat transfer coefficient enhances by 15% with
the addition of 0.1% concentration of nanosilica. The heat transfer coefficient improves
by 2% when the concentration is raised from 0.1% to 0.2%. Moreover, the heat transfer
coefficient only rises by 1% when the concentration is raised from 0.2% to 0.3%. Therefore,
the effective dose of nanoparticles at a 4 lpm discharge is limited to a 0.1% concentration.
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Figure 10. Effect of discharge on heat transfer coefficient at a discharge of 4 lpm.

Figure 11 illustrates the effect of nanosilica concentration on the heat transfer coefficient
at a flow rate of 4 lpm. The addition of 0.1% nanosilica results in a modest improvement
of approximately 1%. Increasing the concentration to 0.2% yields only a slight additional
gain of about 0.7%, indicating limited enhancement at low-to-moderate loadings. However,
a more pronounced increase of approximately 6% is observed when the concentration is
further raised to 0.3%. Overall, among the evaluated conditions, the addition of nanosilica
at 0.1% concentration provides the most effective enhancement relative to the base fluid,
achieving an improvement of approximately 15% in the heat transfer coefficient.
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Figure 11. Effect of discharge on heat transfer coefficient at a discharge of 6 lpm.

4. Conclusions
The test and analysis findings indicate that the heat transfer coefficient of radiator

water may be raised by mixing in silica nanoparticles. Radiator water alone does not
have the same heat transfer coefficient as nanofluid silica-radiator water. The heat transfer
coefficient improves in tandem with an increase in fluid flow rate at each concentration.
When a 0.3% concentration of nanofluid was added to a 6 lpm fluid flow rate, the heat
transfer coefficient increased by the greatest amount at 121.94%.
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