Vol. 4, No. 1, pp. 107-123, Year 2025

) Journal of Science and Technology in Mechanical Engineering

Journal Homepage: https://stmechanics.bmtc.ac.ir/?lang=en

DOI: 10.22034/stme.2025.515147.1117

Experiment
Using Oxide Nanofluids

Ahmad Yaghoubi!

al Study on Enhancement of Heat Transfer in Peugeot 206 Radiator

, Hamoon Pourmirzaagha*?

1. M.Sc, Department of Mechanical Engineering, Lan.C., Islamic Azad University, Langroud, Iran
2 Assistant professor, Department of Mechanical and Aerospace Engineering, Ram.C., Islamic Azad University,

Ramsar, Iran

Abstract

Enhancing heat transfer in automobile radiators is one of the key aspects of the
automotive industry. In recent years, increased emphasis has been placed on the use
of nanofluids to enhance heat transfer in various types of heat exchangers; however,
only a limited number of studies have focused specifically on radiators. In this study,
water and two nanofluids (aluminum oxide (Al:Os) and copper oxide (CuQO)) were
experimentally tested in a Peugeot 206 radiator to investigate and compare their heat
transfer performance. The nanofluids were prepared at three different weight
concentrations: 0.1%, 0.3%, and 1.0%. The experiments were conducted at two fan
speeds (medium and high) and four different engine speeds. The results showed that,
under high fan speed, the maximum enhancement in heat transfer compared to
water was achieved with the Al:Os nanofluid at 1.0 wt% and an engine speed of 1152
rpm, reaching a 29.52% increase. For the CuO nanofluid under the same conditions,
the highest enhancement occurred at 1.0 wt% and 1152 rpm, with a 39.52% increase
over water. At medium fan speed, the greatest heat transfer improvement for both
nanofluids was also observed at 1.0 wt% and 1152 rpm, with the ALOs; and CuO
nanofluids showing 27.80% and 35.30% increases, respectively.
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1- Introduction

In the transportation sector, effective cooling is
crucial due to the increasing power output of
internal combustion engines and the advancement
of hybrid vehicles, which necessitate larger
radiators and consequently increase the vehicle’s
frontal area. This enlargement results in higher
aerodynamic drag and increased fuel consumption
[1]. With rapid technological progress, considerable
advancements have been achieved in the design and
manufacture of more compact industrial equipment.
Within this context, thermal management and
efficient heat dissipation have emerged as
significant challenges. Over the past five decades,

the evolution of micro- and nanoscale technologies
has driven a fundamental transformation in cooling
system design [2].

A primary limitation in the miniaturization and
optimization of heat transfer devices is the restricted
thermal performance of conventional fluids such as
water and ethylene glycol. In both conduction and
convection heat transfer processes, the thermal
conductivity of the working fluid plays a pivotal
role, as higher conductivity directly translates to
enhanced heat transfer rates. Given that the thermal
conductivity of solid materials is generally around
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two orders of magnitude greater than that of
conventional fluids, the suspension of finely
dispersed solid nanoparticles within base fluids has
been proposed as a novel and effective strategy to
significantly improve the thermal performance of
heat transfer media [2,3]. Improving energy
efficiency and reducing energy consumption have
always been among the primary concerns of
researchers [4—9]. The same applies to heat transfer
improvement in heating and cooling systems,
prompting extensive investigations into the use of
alternative fluids with better thermal properties than
conventional coolants such as water and ethylene
glycol. Notably, the significantly higher thermal
conductivity of metals like copper and aluminum
compared to liquids inspired Maxwell [10] to
propose the idea of dispersing metal particles in
fluids. In recent years, nanofluids have gained
attention in various engineering fields including
solar systems, electronic cooling, medical
applications, fuel cells, nuclear reactors, and
thermal efficiency enhancement. However, it was
Choi and Eastman [11], and Masuda et al. [12], who
were among the first to introduce nanofluids in their
modern form. Modern nanofluids are typically
defined as fluids in which ultrafine nanoparticles
(1-100 nm) are stably suspended in base fluids such
as water or ethylene glycol [13].

In this study, the thermal performance of the cooling
system of a Peugeot 206 vehicle was experimentally
investigated  using  water-based  nanofluids
containing aluminum oxide (Al:0s) and copper
oxide (CuO) nanoparticles at three different weight
concentrations (0.1%, 0.3%, and 1.0%). The key
novelties of this research are as follows:
* A systematic combination of two nanoparticle
types with three concentration levels in a unified
experimental framework, which has not been
simultaneously  investigated under identical

conditions before;

* A comprehensive thermal performance analysis
using an actual automotive radiator, rather than
simulated or lab-scale systems, providing results of
practical and industrial relevance;

The nanofluids were first prepared using magnetic
stirring, followed by ultrasonic agitation for an
optimized duration to prevent nanoparticle
agglomeration and to maintain a stable and uniform
suspension. Throughout the testing procedure,
parameters such as engine speed, coolant flow rate,
and fan speed were systematically varied, and all
relevant data were meticulously recorded. Once
thermal equilibrium was achieved, measurements
were taken to assess the influence of nanofluid
usage on heat transfer enhancement and radiator
efficiency. This practical, real-world experimental
setup provides robust evidence for the potential of
nanofluids in significantly improving the thermal
performance of automotive cooling systems.

* Presentation of comparative performance indices
between base fluid and various nanofluids, serving
as a basis for optimal nanofluid selection in light-
duty vehicle thermal applications.

2- Research Methods

In this experimental investigation, the thermal
performance of aluminum oxide (Al.Os) and copper
oxide (CuO) nanofluids as radiator coolants for a
Peugeot 206 Type 2 engine was comprehensively
examined. The experiments were carried out on a
fully operational laboratory test bench incorporating
the actual engine, its complete cooling system, and
associated instrumentation. To ensure precise and
reliable data acquisition, advanced measurement
tools—including a linear rotameter for accurate
coolant flow rate monitoring and high-precision PT-
type temperature sensors for recording the inlet,
outlet, and radiator surface temperatures—were
utilized.

Figure 1: Overview of the experimental setup and associated
equipment
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%/
: Radiator outlet temperature sensor

i

C: Inlet and outlet temperature indicators
Figure 2: Placement of sensors and rotameter in the cooling
system

3- Results

In this study, it was demonstrated that the use of
aluminum oxide nanofluid significantly enhances
heat transfer from the radiator. Temperature
measurements at various points in the system, along
with  related calculations, confirmed this
improvement. Figure 3 presents the variation of heat
dissipation as a function of engine speed for
different weight concentrations of the aluminum
oxide nanofluid. The results are shown for two fan
speeds: high and medium. As observed in Figure 3,
the heat dissipation from the radiator increases with
the Reynolds number of the flow, which
corresponds to the increase in engine speed.
Moreover, heat dissipation at the high fan speed is
greater than at the medium fan speed. For any given

engine speed, the heat dissipation using aluminum
oxide nanofluid is higher than that of pure water,
and it increases significantly with higher nanofluid
weight concentrations. In other words, the heat
dissipation from the radiator improves with
increasing nanofluid concentration.

The application of copper oxide nanofluid also
resulted in an increase in heat transfer within the
radiator. Figure 4 illustrates the variation of heat
dissipation as a function of engine speed for
different weight concentrations of the copper oxide
nanofluid. This figure presents data for two fan
speeds: high and medium. As observed, heat
transfer increases with the Reynolds number of the
flow, which corresponds to the increase in engine
speed. Additionally, heat dissipation is higher at the
high fan speed compared to the medium fan speed.
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Figure 3: Heat dissipation versus engine speed for water and
aluminum oxide nanofluids at various weight concentrations and

fan speeds (high and medium).
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4- Conclusion

This study confirmed that using Al:Os and CuO
nanofluids as automotive radiator coolants
significantly enhances heat transfer, especially at
1% concentration and 1152 rpm. CuO nanofluid
showed superior performance due to higher thermal
conductivity, intensified turbulence, and
nanoparticle dynamics. Despite increased viscosity,
thermal conductivity remained the dominant factor.
Overall, nanofluids improve cooling efficiency,
reduce system size and weight, and offer promising
potential for modern vehicle thermal management
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