
Desalination and Water Treatment 
www.deswater.com
1944-3994/1944-3986 © 2012 Desalination Publications. All rights reserved
doi: 10/5004/dwt.2012.1939

*Corresponding author.

44 (2012) 7–14
June

Natural convection from a vertical plate embedded in a stratifi ed 
medium with uniform heat source

Suvash C. Sahaa,*, YuanTong Gua, Md. M. Mollab, Sadia Siddiqac, Md. Anwar Hossainc

aSchool of Chemistry, Physics and Mechanical Engineering, Queensland University of Technology, 
GPO Box 2434, Brisbane QLD 4001, Australia
Tel. +61 7 4781 3614; Fax: +61 7 4781 6788; email: s_c_saha@yahoo.com, suvash.saha@qut.edu.au
bDepartment of Electrical Engineering and Computer Science, North South University, Dhaka, Bangladesh
cDepartment of Mathematics, COMSATS Institute of Information Technology, Islamabad, Pakistan

Received 31 March 2010; Accepted 17 November 2011

A B S T R AC T

Natural convection fl ow from an isothermal vertical plate with uniform heat source embedded 
in a stratifi ed medium has been discussed in this paper. The resulting momentum and energy 
equations of boundary layer approximation are then made non-similar by introducing the usual 
non-similarity transformations. Numerical solutions of these equations are obtained by an 
implicit fi nite difference method for a wide range of the stratifi cation parameter, X. The solutions 
are also obtained for different values of pertinent parameters, namely, the Prandtl number, Pr 
and the heat generation or absorption parameter, λ and are expressed in terms of the local skin-
friction and local heat transfer, which are shown as graphical form. Effect of heat generation or 
absorption on the streamlines and isotherms are also shown graphically for different values of λ.
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1. Introduction

Every day various free convection processes occur in 
environments with temperature stratifi cation. Yang [1] 
fi rst presented a general approach for obtaining similar-
ity solutions for a class of problems with a non-isothermal 
vertical wall surrounded by an isothermal atmosphere. 
For laminar free convection along a vertical plate, Chee-
sewright [2] obtained similarity solutions dealing with 
various types of non-uniform ambient temperature dis-
tributions by using the technique developed by Yang 
[1]. Fujii et al. [3] presented both analytical and experi-
mental results for a temperature stratifi cation in which 
the ambient temperature distribution varies with x0.7.

Numerical investigation on the natural convection fl ow 
along a vertical porous surface placed in thermally strat-
ifi ed media has recently been investigated by Saha [4] 
and natural convection fl ow from a vertical fl at plate 
in a stratifi ed medium with effect of viscous dissipa-
tion and double diffusion has been studied by Saha and 
Hossain [5]. More recently, effect of viscous dissipation 
on the natural convection boundary layer fl ow along a 
porous surface considering a temperature stratifi cation 
in which the ambient temperature distribution varies 
with x by Hossain et al. [6]. Later, Saha et al. [7] studied 
the conjugate effect of thermal and mass diffusion on the 
problem proposed in Ref. [4].

The study of radiation or heat generation/absorp-
tion effects in moving fl uids is important in view of 
several physical problems such as those dealing with 




