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Abstract: This paper investigates the effects of thermal-diffusion and diffusion-thermo on MHD three-dimensional 
axisymmetric flow of a viscous fluid between  radially  stretching sheets  in the  presence  of Hall and  ion-slip currents,  
viscous dissipation, Joule heating  and first order chemical reaction. Governing partial differential equations are obtained 
through four laws of conservation, Maxwell’s equations and generalized Ohm’s law. Obtained partial differential 
equations are made dimensionless by using similarity transformation. The re- sulting problems are solved byhomotopy 
analysis method (HAM).  Convergence of analytic solutions is ensured.  Effects of emerging parameters on dimensionless 
velocities, temperature and concentration fields are seen through plots.   Behavior of different physical parameters on skin 
friction coefficients, Nusselt number and Sherwood number is analyzed. 
[T. Hayat and F. A. Hendi. Thermal-diffusion and diffusion-thermo effects on MHD three-dimensional 
axisymmetric flow with Hall andion-slip currents] Journal of American Science 2012; 8(1):284-294]. (ISSN: 1545-
1003). http://www.americanscience.org. 
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1. Introduction 

Stretching flows are important type of flows 
induced by continuously moving boundary and has 
gained tremendous interest because of their 
applications in industry and engineering such as 
aerodynamic extrusion of plastic sheets, cooling of an 
infinite plate in a cooling bath, liquid film in 
condensation process, continuous filament extrusion 
from a dye, the fluid dynamics of a long thread 
traveling between a feed roll and wind-up roll etc.  
Crane [1] was first to consider the two-dimensional 
flow driven by stretching elastic flat sheet which 
stretches in its own plane with a velocity varying 
linearly with a distance from a fixed point. 

The pioneering work of Crane is subsequently 
extended by many researchers. Axisymmetric flow 
driven by radially stretching sheet has been considered 
by many investigators [3−10]. 

These studies are restricted to axisymmetric flow 
induced by a stretching sheet. 

Most of the researchers neglected the Dufour and 
Soret effects on heat and mass transfer under the 
assumption that they are of smaller magnitude than that 
described by Fourier’s and Fick’slaw. Recent 
advancements show that Dufour effect  are important 
in heat transport and Soret effects are influential in 
mass transfer phenomenon. Some recent contributions 
can be mentioned through refs.[11−14]. In spite of these 
studied, Dufour and Soret effects on MHD three-
dimensional axisymmetric flow induced by radially 
stretching sheets have not yet bee studies. The present 
work  is an attempt in this direction. In this paper we 

use homotopy analysis method (HAM)[15−29] to solve 
the nonlinear problem describing MHD axisymmetric 
flow of a viscous fluid between two radially stretching 
sheets in the presence  of Hall and ion-slip currents, 
viscous dissipation and Joule heating.  In section two, 
the mathematical formulation and definition of skin 
friction coefficients, Nusselt number and Sherwood 
number are presented. Section three extends the 
application of HAM to construct series solutions of the 
governing nonlinear problem.  Section four analyzes the 
convergence of HAM solutions. In section five, the 
results and discussion are given. The conclusions are 
summarized in section six. 
 
2. Formulation of the problem 

Let us consider three dimensional axisymmetric 
flow of an electrically conducting fluid be- tween two 
infinite parallel radially stretching sheets placed 
at . The flow is induced by the sheets 
stretching radially with same rate. The flow is 
considered symmetric about . A uniform 
magnetic field   perpendicular to the planes of sheets 
is applied i.e. in the z-direction. It is assumed that the 
magnetic Reynolds number is very small and induced 
magnetic field is neglected. There is no external electric 
field. Both the sheets have constant temperature    
and constant concentration . Flow fields are defined 
by the following expressions 
 

 
 
The relevant governing equations are 
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where  denotes  the temperaturefield,  the  

concentrationfield,  the  densityof fluid,  

theelectrical conductivity,  the Hall 
parameter, istheion-
slipparameter,  the electron 
collisiontime, themassofelectron,  the cyclotron 
frequency,  isthe electron number density and   the 
neutral particle density, the friction coefficient 
between ionsand neutralparticles, thethermal 
conductivity,   theconcentration susceptibility,  
themeantemperature, thechemicalreaction 
constant, thecoefficientofmassdiffusivity and  

thespecificheat offluid. Theboundaryconditions 
thatcorrespond totheflowunder considerationare 
 

 
 

Introducing similarity variables 

 
In Eqs.  (2) − (7), one obtains 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 
 
Where  

 

 
respectively denote the Reynolds number, Hartman 
number, Prandtl number, Dufournum- ber, Schmidt 
number, Soret number, local Eckert number, and first 
order chemical reaction parameter. Furthermore,  
corresponds to  generative chemical reaction and  
indicates generative chemical reaction. 
Definitionsofskinfrictioncoefficients and in radial 

and azimuthal directions, 
Nusselt number  and Sherwood number  are 
givenbelow 
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inwhich isthelocalReynolds number. 
 
3 Solutions by homotopy analysis method 
 

and  in the form of base functions 

 
 
can be written as 
 

 

 
 

in which and    are the coefficients to be 
determined. The  initial guesses  

and linear 
operators are chosen in the following 
forms  

 
 

 

 

 
whence 

 
 

and  are the constants. 
 
3.1  Zeroth-order formation problems 
The zeroth order deformation problems  are constructed 
as follows 
 

 
 

 
 

 

 
 

 

 
In above  expressions   and 

 are  respectively  the 
embeddingandauxiliary parameters and  

and 

 When varies from to , then  variesfrom 
the  initial  guess varies from 
the initial  guess  varies from 
the  initial  guess  and  varies 
from the  initial  guess The non linear  
operators  are given below 

 

 

 
 

 

 

 

 

 

 

 
 

 

 
Taylor’s power series gives 

 

 

 

 
In which 
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3.2  Higher order deformation problems 
Writing 

 
 
 

 
 
the so called mth order deformation problems  are 

 
 

 
 

 

 
 

 
 

 
 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

It is found that problems (26) − (28) have the following 
general solutions 
 

 
 
 

 
 
where and  are the 
corresponding particular solutions. 
 
4

 

Convergence of solutions 
The convergence and rate of approximation of 

series solutions (32)- (35) strongly depend upon the 
values of auxiliary parameters.  For this purpose 
the curves are plotted through figures 1 – 3.These 
figures show that the admissible ranges  
for are  

and  . However 
the whole forthcoming calculations are performed 
when  In order  to ensure  the 
convergence  of solutions, Table  1 is constructed. From 
this table  it is evident that the convergence is achieved 
at order of approximations up to  decimal 
places. 
 
5  Results and Discussion 
Figs.  5 − 7 describe the behavior  of Hartman number  
on magnitude of radial  velocity  axial  velocity  

and  azimuthal velocity   . These  figures 
show that  and   decrease  with  an  increase  
in    while    increases  by  increasing  .  It is 
noted  from Figs.   8 – 10 that an  increase  in Reynolds  
number  leads  to decrease  in the magnitude  of radial  
velocity and  axial  velocity     However  
azimuthal velocity   increases when  Reynolds  
number  Re isincreased.    Figs.   11and  12 illustrate that 
the magnitude of radial velocity and axial 
velocity increase by increasing Hall parameter  
whereas  azimuthal velocity decreases  when  Hall  
parameter is increased (Fig-13). Figs.   14 − 16 
demonstrate  the influence  of ion-slip  parameter  on 
magnitude  of radial velocity  axial  velocity  

and  azimuthal  velocity  . These  figures 
depict  that the  magnitude of radial  velocity  and  
axial  velocity  increase  whereas  
azimuthalvelocity decreases when ion-

slipparameter is increased. ComparisonofFigs.5 

16indicatesthateffectsof  and are opposite tothose 
of   and  onthemagnitudeofradial velocity , 
axial velocity and azimuthalvelocity From 
Figs.  17 and 18, it is evident that the reisoppositeeffect 
of  ondimensionlesstemperature  and 
dimensionless concentration The 
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dimensionlesstemperature increases but 
dimensionlessconcentration decreasesbyincreasing

Schamidt (Figs. 1920).Figs.2122reveal thatthe 

dimensionless temperature and showopposite 
behaviorwithanincrease in Soretnumber  
Thedimensionless temperature isanincreasing 
functionof ,  and and  decreases when 

 and are increased asshowninFigs. 2330. 

Table 2showsthevariationofskinfriction 
coefficients .and .  inradial 

andazimuthaldirection. From this table, itisobvious  
thatskinfrictioncoefficients .and isanincrea

singfunctionof ,and whereasthesedecreaseby  
decreasing   and  .Table 3ispreparedfortheinfluence 
ofphysical 
parametersonNusseltnumber andSherwoodnumber 

 ThisTable showsthat the 
Nusseltnumber andSherwoodnumber 

areincreasing functions 
of and and decreasingfunctions 
of   and . 

 
Table 1. Convergence of HAM solutions for different order of approximations when  
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Table 2.Variationofskinfriction coefficient fordifferentvaluesofphysical parame- ters. 
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Table 3.VariationofNusseltnumber andSherwoodnumber fordifferentvalues  Ofemergingparameters. 

 
 



 Journal of American Science, 2012;8(1)                                                      http://www.americanscience.org 

   

editor@americanscience.org                                                               http://www.americanscience.org 293

 
 

6. Final Remark 
In this investigation, we have  discussed the 

thermal-diffusion (So ret effect) and diffusion- 
thermo (Dufour effect) on heat and mass transfer of 
the steady flow ofaviscous fluid between 
radiallystretchingsheets inthepresence ofHallandion-
slip currents, viscous dissipation and Joule heating. 
The main point soft hepresented analysis 
aregivenbelow. 
 
•Variationof and on and isoppos
ite tothatof and . 
 
•There areopposite effects of 

and on and  
 
•The reisnosignificanteffects and on and . 
•Qualitatively,the 
effectsof and areopposite and onthe 
skinfriction coefficients and . 

•Variationof and  
ontheNusseltnumber  and 
Sherwoodnumber are qualitatively similar. 
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