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Abstract

In this paper, the effect of conventional nanofluids including Al203, CNC and TiO2
and hybrid nanofluids including AI203/CNC and AI203/TiO2 on the cooling rate of an
automobile radiator was investigated. Hydrodynamic-Thermal simulation was
performed using ANSYS Fluent software. The flow rate of the nanofluid solution was
in the range of 10 to 100 g/s and the volume concentration of the nanofluid was between
0.1 and 0.9%. The flow temperature of the hot fluid was 45 °C and the temperature of
the radiator cooling air was 30 °C. The results showed that hybrid nanofluids, despite
increasing the heat transfer coefficient (CHTC), also increased the pressure drop of the
system. At 0.9%, The thermal performance efficiency (TPE) parameter analysis
showed that hybrid nanofluids including AI203/CNC and Al203/TiO2 (values 1.5 and
1.42) had better performance than conventional nanofluids including Al203, CNC and
TiO2 (values 1.30, 1.32 and 1.09). It was also observed that TiO2 nanofluid had a low
effect on increasing the thermal performance of the radiator.
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1- Introduction

Engine cooling is the biggest technical challenge in
the manufacturing, electrical, and automotive
industries. Water pump failure and radiator wear,

optimal  fuel

consumption  while
overcooling. Many industrial cooling systems,

automotive parts, air conditioning,

preventing

power

along with inefficient coolant, are the main causes
of overheating in automobile engines. Overheating
can cause damage to various parts of the vehicle,
including warping of the cylinder head, distortion of
the radiator hose, and even vehicle failure [1].
Engine operating temperatures must be controlled
to prevent mechanical problems in materials caused
by high operating temperatures, which allows for

generation, and chemical processes use common
coolants such as water, motor oils, mineral oil, and
ethylene glycol as the base fluid [2]. Increasing the
heat transfer rate of the base fluid is one of the
primary issues for current science and technology
[3]. Improving cooling performance includes three
methods: passive cooling, active cooling, and a
combination of the two [4]. Active methods mostly
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require the use of external forces to improve the
cooling capabilities, such as installing a cooling fan
to remove excess heat or using antifreeze (water and
antifreeze) [5]. However, this solution has
limitations in order to maintain the same system
size, area or input power. Adding nanoparticles to
the base fluid has great potential to increase the
effectiveness of the cooling technique [6] [7]. Fluids
in this category, known as nanofluids, are in which
a colloidal suspension of solid nanoparticles (100
nm in size) is added to the base fluid. Therefore,
researchers have focused on comparing the heat
transfer characteristics of solid particles with base
fluids to enhance the thermal performance of
automotive cooling systems. Various studies have
shown that the use of nanofluids in automotive
cooling systems can help minimize the size and
weight of the radiator, while increasing system
efficiency and reducing fuel consumption [8]. In
most works, a mixture of water and ethylene glycol
(in various proportions) is used in automotive
cooling systems [9].

It is observed that most studies conducted on
automobile radiators focus on the effect of
conventional nanofluids and in the laboratory, and
the use of hybrid nanofluids for radiators, especially
their numerical simulation, is very limited. In the
present work, a radiator is simulated in real
dimensions and then the effect of different simple
and hybrid nanofluids on the performance of the
radiator cooling system is investigated. The
innovation of the present work is the simultaneous
use of conventional and hybrid nanofluids and the
comparison between them.

2- Research Methods

In the present work, the effect of various hybrid
nanofluids on the cooling performance of an
automobile radiator is numerically investigated.
First, the work of Singh et al. [10] is used to verify
the numerical results. Figure 1 shows the geometry
of a finned radiator. The number of tubes is 39 and
the number of fins is 10. The temperature of the hot
water entering the tubes is 45 degrees Celsius and
the air temperature is 30 Celsius and the velocity is

3 m/s. The flow rate of the hot water entering the
radiator is variable and ranges from 10 g/s to 100
g/s. In the present work, the hot water base fluid is
used as the inlet fluid to the automobile radiator and
the air base fluid is used as the cooling fluid of the
automobile radiator. In the present work, in order to
increase the heat transfer, nanofluids (simple and
hybrid) are added to the water fluid to investigate its
effect on the cooling performance of the radiator.

3- Results

Figure 8 shows the values of pressure drop increase
for different nanofluid solutions. It is observed that
the pressure drop with respect to the fluid flow rate
is approximately a quadratic function and its values
increase with increasing fluid flow rate. It is also
observed that the AI203/CNC nanofluid solution
produces the highest pressure drop and the TiO2
nanofluid produces the lowest pressure drop in the
radiator tube assembly.
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Figure 1: Schematic of the geometry of an automobile radiator

This is a contradictory behavior with the values of
heat transfer increase, because in the heat transfer
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section it was shown that the best performance was
related to AI203/CNC and the worst performance
was related to TiO2. For this reason, the thermal
performance coefficient (TPE) parameter, which
indicates the power of heat transfer coefficient
increase with respect to the increase in pressure
drop, is investigated. The number one for this
parameter indicates the equality of the heat transfer
increase and the increase in pressure drop, and
therefore, in order to justify the type and amount of
nanofluid, this value should be greater than one.
Figures 9 and 10 show the thermal performance
coefficient (TPE) at volume fractions of 0.1 and 0.9
percent. It is observed that the value of the thermal
performance coefficient is higher at low flow rates
and decreases with increasing base fluid flow rate.
The reason for this is that at high flow rates, the
contribution of fluid convection heat transfer
becomes superior to the performance of nanofluid
properties and practically the effect of nanofluid in
improving the heat transfer rate is reduced. It is
observed that the hybrid nanofluids AI203/CNC
and AI203/TiO2 had better performance than
simple nanofluids, so that at a volume fraction of 0.1
percent and a flow rate of 10 g/s, the TPE parameter
for these two hybrid nanofluids is 1.16 and 1.12,
respectively. While for simple nanofluids Al203
and CNC, this value is approximately 1.07. For
TiO2 nanofluid, the TPE value even reached below
1, which indicates the inappropriateness of using
this nanofluid in automotive radiator cooling
applications at low volume fractions. The TPE
parameter at 0.9% volume fraction and 10 g/s flow
rate for AI203/CNC and AI203/TiO2 hybrid
nanofluids is 1.5 and 1.42, respectively, while for
simple AI203, CNC and TiO2 nanofluids it is 1.30,
1.32 and 1.09, respectively.
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Figure 2: Pressure drop increase value for different nanofluids

These values are the highest TPE values. For TiO2
nanofluid, at mass flow rates higher than 10 g/s, the
TPE value approaches one even at a volume fraction
of 0.9%, indicating the low effectiveness of this
nanoparticle.
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4- Conclusion

In the present work, a performance comparison was
made on simple and hybrid nanofluids in increasing
the cooling rate of an automobile radiator. Simple
nanofluids include AlI203, CNC, and TiO2, and
hybrid nanofluids include AI203/CNC and
Al203/TiO2. The flow rate of hot water entering the
radiator is in the range of 10 to 100 g/s, its
temperature is 45 Celsius, and the temperature of
the radiator cooling air is 30 Celsius. The
hydrodynamic-thermal simulation of the radiator
was performed using ANSYS Fluent software. The
results showed that hybrid nanofluids, despite
increasing the heat transfer coefficient (CHTC)
compared to simple nanofluids, also increase the
pressure drop rate of the system. By examining the
thermal performance coefficient (TPE) parameter, it
was observed that hybrid nanofluids including
AlI203/CNC and AI203/TiO2 had better
performance than simple nanofluids including
Al203, CNC and TiO2, so that the highest thermal
performance coefficient (TPE) for hybrid
nanofluids AI203/CNC and AI203/TiO2 was 1.5
and 1.42, respectively, while for simple nanofluids
Al203, CNC and TiO2 it was 1.30, 1.32 and 1.09,
respectively. The results showed that TiO2
nanofluid has a low effect on increasing the thermal
performance of the radiator.
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