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Abstract— ــــ  The main purpose of this investiga-

tion is to study the effect of thermophoresis particle 
deposition in natural convection heat and mass 
transfer over a vertical flat plate embedded in a flu-
id-saturated porous medium with variable viscosity 
effect. The viscosity of the fluid is assumed to be an 
inverse linear function of the fluid temperature. A 
boundary-layer analysis is employed to derive the 
non-dimensional governing equations. The govern-
ing equations for this contribution are transformed 
into a set of non-similar equations and solved numer-
ically using an implicit finite difference technique. 
Comparisons with previously published work on 
special cases of the problem are performed and the 
results are found to be in excellent agreement. A 
parametric study illustrating the influence of the 
thermophoresis parameter, thermophoretic coeffi-
cient, viscosity-variation parameter, buoyancy ratio 
the Lewis number, Prandtl number, transpiration 
parameter and Grashof number on the fluid velocity, 
temperature and solute concentration profiles as well 
as the Sherwood number and the wall 
thermophoretic deposition velocity is conducted. 
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I. INTRODUCTION 

Double-diffusive convection caused by buoyancy due to 

temperature and concentration gradients in a fluid-

saturated porous medium occurs in a lot of geophysical, 

geothermal and industrial applications, such as the mi-

gration of moisture through air contained in fibrous in-

sulations and the underground spreading of chemical 

contaminants through water- saturated soil.  

Moreover, thermophoresis is a phenomenon which 

causes small particles to be driven away from a hot sur-

face and towards a cold one. Small particles, such as 

dust, when suspended in a gas with a temperature gradi-

ent, experience a force in the direction opposite to the 

temperature gradient. This phenomenon has many prac-

tical applications in removing small particles from gas 

streams, in determining exhaust gas particle trajectories 

from combustion devices, and in studying the particu-

late material deposition on turbine blades. It has been 

shown that thermophoresis is the dominant mass trans-

fer mechanism in the modified chemical vapor deposi-

tion process used in the fabrication of optical fiber per-

form and is also important in view of its relevance to 

postulated accidents by radioactive particle deposition 

in nuclear reactors. In many industries the composition 

of processing gases may contain any of an unlimited 

range of particle, liquid, or gaseous contaminants and 

may be influenced by uncontrolled factors of tempera-

ture and humidity. When such an impure gas is bounded 

by a solid surface, a boundary layer will develop, and 

energy and momentum transfer gives rise to temperature 

and velocity gradients. Mass transfer caused by gravita-

tion, molecular diffusion, eddy diffusion, and inertial 

impact results in deposition of the suspended compo-

nents onto the surface.  

Goren (1977) was one of the first to study the role of 

thermophoresis in laminar flow of a viscous incom-

pressible fluid. He used the classical problem of flow 

over a flat plate to calculate the deposition rates and 

showed that substantial changes in surface deposition 

can be obtained by increasing the difference between 

the surface and free stream temperature. Shen (1989) 

studied the problem of thermophoretic deposition of 

small particles on to cold surfaces in two-dimensional 

and axisymmetric cases. Mahdy and Hady (2009) re-

ported the effect of thermophoretic deposition in non-

Newtonian free convection flow over a vertical plate 

with magnetic field effect. Jayaraj et al. (1999) analyzed 

thermophoresis in natural convection with variable 

properties for a laminar flow over a cold vertical flat 

plate. Chamkha et al. (2006) analyzed the effect of heat 

generation or absorption on thermophoretic free convec-

tion boundary layer from a vertical flat plate embedded 

in a porous medium. Seddeek (2006) studied the influ-

ence of viscous dissipation and thermophoresis on Dar-

cy Forchheimer mixed convection in a fluid-saturated 

porous media. Selim et al. (2003) studied the effect of 

surface mass flux on mixed convective flow past a heat-

ed vertical flat permeable plate with thermophoresis. 

Epstein et al. (1985) investigated the thermophoretic 

transport of small particles through a free convection 

boundary layer adjacent to a cold, vertical deposition 

surface in a viscous incompressible fluid. Garg and 

Jayaraj (1988) analyzed the thermophoretic transport of 

small particles in forced convection flow over an in-

clined plate. Chamkha and Pop (2004) looked to the 

effect of thermophoresis particle deposition in free con-

vection boundary layer from a vertical flat plate embed-

ded in a porous medium; the steady free convection 

over an isothermal vertical circular cylinder embedded 

in a fluid-saturated porous medium in the presence of 

the thermophoresis particle deposition effect was ana-

lyzed in Chamkha et al. (2004). Wang (2006) studied 


