
Contents lists available at ScienceDirect

Case Studies in Thermal Engineering

journal homepage: www.elsevier.com/locate/csite

Numerical study on turbulent forced convective heat transfer using
nanofluids TiO2 in an automotive cooling system

Adnan M. Husseina,b,⁎, H.K. Dawoodc,d,⁎⁎, R.A. Bakaraa, K. Kadirgamaaa

a Faculty of Mechanical Engineering, University Malaysia Pahang, 26600 Pekan, Pahang, Malaysia
b Al-Haweeja Institute, Northern Technical University, Iraq
c Mechanical Engineering Department, College of Engineering, Universiti Tenaga Nasional, Jalan IKRAM-UNITEN, 43000 Kajang,
Selangor, Malaysia
d Department of Mechanical Engineering, College of Engineering, University of Anbar, Ramadi, Anbar, Iraq

A R T I C L E I N F O

Keywords:
Nanofluid
Friction factor
Nusselt number
Turbulent Convective Heat Transfer
Car radiator

A B S T R A C T

The limited thermal properties of liquids have led to the addition of solid nanoparticles to liquids
in many industrial applications. In this paper, the friction factor and forced convection heat
transfer of TiO2 nanoparticles dispersed in water in a car radiator was numerically determined.
Four different nanofluid volume concentrations (1%, 2%, 3% and 4%) were used, and the
resulting thermal properties were evaluated. The Reynolds number and inlet temperature ranged
from 10000 to 100000 and from 60 to 90 °C, respectively. The results showed that the friction
factor decreases as the Reynolds number increases and increases as the volume concentration
increases. Additionally, the Nusselt number increases as the Reynolds number and volume
concentration of the nanofluid increases. The TiO2 nanofluid at low concentrations can enhance
the heat transfer efficiency up to 20% compared with that of pure water. There was good
agreement among the CFD analysis and experimental data available in the literature.

1. Introduction

Heat transfer performance of liquids is limited by their low thermo-physical properties compared with those of solids. The
primary reason behind adding solid particles less type of fluid is called a nanofluid. Dispersing solid metallic or non-metallic
materials in a base fluid (liquid), such as water, ethylene glycol or glycerol, has become an interesting topic recently [1–5]. Base
fluids have been used as conventional coolants in automobile radiators for many years; however, these fluids have low thermal
conductivities. The low thermal conductivities have thus prompted researchers to search for fluids with higher thermal conductivities
than that of conventional coolants. Therefore, nanofluids have been used instead of the commonly used base fluids [6,7].
Peyghambarzadeh et al. [8] investigated forced convection heat transfer to reduce circulating water in an automobile radiator, where
the effects of different amounts of Al2O3 nanoparticles on the heat transfer performance of an automobile radiator was determined
experimentally. The range of flow rates was varied between 2 and 6 LPM with a changing fluid inlet temperature for all experiments.
The results showed that the heat transfer was enhanced using nanofluids by 40% compared with pure water. A numerical study on
laminar heat transfer using CuO- and Al2O3-ethylene glycol and water inside a flat tube of a car radiator was performed by Vajjha
et al. [9]. The air flow was simulated using the commercial software ANSYS 12.1, where the geometry was created in the software
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