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Abstract The transient natural convection in a vertical channel filled with nanofluids has been

studied when thermal radiation is taken into consideration. The equations governing the flow are

solved by employing the Laplace transform technique. Exact solutions for the velocity and temper-

ature of nanofluid are obtained in cases of both prescribed surface temperature (PST) and pre-

scribed heat flux (PHF). The numerical results for the velocity and temperature of nanofluid are

presented graphically for the pertinent parameters and discussed in detail. The fluid velocity is

greater in the case of PST than that of PHF.
� 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Nanoparticle research is currently an area of intense scientific
interest due to a wide variety of potential applications in
biomedical, optical and electronic field. Nanotechnology has

received extensive attention in recent years due to enormous
applications in engineering, food and industrial, transporta-
tion, electronics, biomedicine, nuclear rectors, automobiles,

drug delivery and biological sensors. Nanofluids are engi-
neered by suspending nanoparticles with average sizes
1–100 nm. Nano-fluids is a term first introduced by Choi [1]

and refers to a new class of heat transfer fluids with superior

thermal properties. The mixture of the base fluid and nanopar-
ticles having unique physical and chemical properties is
referred to as a nanofluid. It is expected that the presence of

the nanoparticles in the nanofluid enhances the thermal con-
ductivity and therefore substantially enhances the heat transfer
characteristics of the nanofluid. Nanofluids can be defined as

the dilution of nanometer-sized particles (smaller than
100 nm) in a fluid [2], and nanofluids can be produced by dis-
persed evenly nanoparticles in a base fluid, such as water, ethy-
lene glycol and oil [3]. The nanofluids usually contain the

nanoparticles such as metals, oxides, carbides or carbon nan-
otubes, whereby these nanoparticles have unique chemical
and physical properties [4]. Recently, there is a great progress

in a new generation of magneto-nanofluids which provide very
desirable features in materials processing, energy applications
and also medical engineering. Many engineering processes
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occur at high temperatures, and the knowledge of radiative
heat transfer plays significant role in the design of equipment.
Nuclear power plants, gas turbines and various propulsion

devices for aircraft, missiles, satellites and space vehicles are
examples of such engineering processes.

Convective flows in vertical channels are significant in the

improvement of cooling systems in heat exchangers, solar cells,
nuclear reactors, and many other electrical and industrial
appliances. Mainly affected by the buoyancy forces, such flows

are largely studied as means to facilitate the thermal perfor-
mance in several industrial processes. Low thermal conductiv-
ity of common fluids such as water and oil has proven to be a
big hurdle in the use of such fluids as facilitators of heat trans-

fer. This fact has persuaded engineers to design fluids with
enhanced thermal conductivity and prevent the energy loss.
There are many studies of nanofluids in different geometries.

In contrary, the number of studies on natural and mixed con-
vection of nanofluids in vertical or horizontal channels is lim-
ited. Grosan and Pop [5] have presented the fully developed

mixed convection in a vertical channel filled by a nanofluid.
Sacheti et al. [6] have studied the transient free convective flow
of a nanofluid in a vertical channel. Maghrebi et al. [7] have

presented the forced convection heat transfer of nanofluids
in a porous channel. Motsumi and Makinde [8] have examined
the effects of thermal radiation and viscous dissipation on
boundary layer flow of nanofluids over a permeable moving

flat plate. The natural convective heat transfer in square cavity
by utilizing nanofluids in the presence of magnetic field and
uniform heat generation/absorption has been presented by

Teamah and El-Maghlany [9]. Rossi di Schio [10] have exam-
ined the effect of Brownian diffusion and thermophoresis on
the laminar forced convection of a nanofluid in a channel.

Xu et al. [11] have analyzed the mixed convection flow of a
nanofluid in a vertical channel. Nandeppanavar et al. [12] have
studied the MHD flow and heat transfer over a stretching sur-

face with variable thermal conductivity and partial slip. Fak-
our et al. [13] have described the mixed convection flow of a
nanofluid in a vertical channel. Nield and Kuznetsov [14] have
investigated the forced convection in a parallel-plate channel

occupied by a nanofluid. The nanofluid flow over an unsteady
stretching surface in the presence of thermal radiation has been
studied by Das et al. [15]. Das and Jana [16] have presented the

natural convective magnetonanofluid flow and radiative heat
transfer past a moving vertical plate. Pourmehran et al. [17]
have made an analytical investigation of squeezing unsteady

nanofluid flow between parallel plates.
The aim of our present paper was to examine the effects

of thermal radiation on an unsteady natural convective flow

of a viscous incompressible nanofluid in a vertical channel.
Assume that the flow is laminar and the fluid is gray absorb-
ing–emitting radiation but no scattering medium. Closed

form solutions of the initial and boundary value problems
that govern the flow are obtained for two different types of
boundary heating, namely, the prescribed surface temperature
(PST) case and the prescribed heat flux (PHF) case. The

results for the fluid velocity and temperature profiles are pre-
sented graphically and discussed for the pertinent flow
parameters.

2. Formulation of the problem and its solution

Consider the unsteady flow of an electrically conducting

nanofluid bounded by two infinitely long vertical parallel
plates separated by a distance h. Choose a Cartesian co-
ordinates system such that the x-axis along the direction of

the flow vertically upward and y-axis perpendicular to the
channel plates as shown in Fig. 1. Initially, at time t ¼ 0, the
channel plates and the fluid are assumed to be at the same

temperature Th and stationary. At time t > 0, the channel plate
at y ¼ 0 moves with the velocity ku0 and the temperature of the
plate at y ¼ 0 is raised or lowered to T0 (for PST case) and the
rate of heat transfer at the plate (y ¼ 0) is constant (for UHF

case). It is assumed that the flow is entirely driven by the
motion of the channel plate y ¼ 0 as well as thermal buoyancy
force. It is also assumed that the radiative heat flux in the

x-direction is negligible as compared to that in the
y-direction. The fluid density is assumed to be linearly
dependent on the temperature buoyancy force in the equations

of motion. As the channel plates are infinitely long, the velocity
and temperature fields are functions of y and t only. The fluid
is a water based nanofluid containing three nanoparticles,

copper (Cu), aluminum oxide (Al2O3) and titanium
dioxide (TiO2). The nanoparticles are assumed to have a
uniform shape and size. Moreover, it is assumed that both
the base fluid and nanoparticles are in thermal equilibrium

state. The thermophysical properties of the nanofluid are given
in Table 1.

The unsteady natural convective flow of a radiating fluid,

under usual Boussinesq approximation, is governed by the fol-
lowing equations
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where u is the velocity along the x-directions, T the
temperature of the nanofluid, lnf the dynamic viscosity of

the nanofluid, bnf the thermal expansion coefficient of the

nanofluid, qnf the density of the nanofluid, knf the thermal

conductivity of the nanofluid, qr the radiative heat flux
and ðqcpÞnf the heat capacitance of the nanofluid which

are given by
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Figure 1 Geometry of the problem.
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