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ABSTRACT 

We analyse the combined effects of Hall currents and radiation on the convective heat and mass transfer of a viscous 
electrically conducting rotating fluid through a porous medium past a vertical porpoud plate. in the presence of heat 
generating sources. The equations governing the flow, heat and mass transfer are solved exactly to obtain the velocity, 
temperature and concentration and are analysed for different variations of the the governing parameters G,D-1, 
M,m,N,N1 , Sc, So and α.The shear stress and the rate of heat and mass transfer are numerically evaluated for different 
sets of the parameters. The influence of the Hall currents, thermo-diffusion and radiation effects on the flow, heat and 
mass transfer characteristics are discussed in detail.  
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1. INTRODUCTION 
 
Free convection and mass transfer flow in porous medium has received considerable attention due to its numerous 
applications in geophysics and energy related problems. Such types of applications include natural circulation in 
isothermal reservoirs, acquifires, porous insulation in heat storage bed, grain storage, extraction of thermal energy and 
thermal insulation design. Studies associated with flows through porous medium in rotating envitonment have some 
relevance in geophysical and geothermal applications. Many aspects of the motion in a rotating frame of reference of 
terrestrial and planetary atmosphere are influenced by the effects of rotation of the medium. Also buoyancy and 
rotational effects are often comparable in geophysical processes. Convective transport in a rotating atmosphere over a 
locally heated surface gives rise to dust storms (typhoons) and other atmosphere circulations. 
 
The unsteady flow of a rotating viscous fluid in a channel maintained by non-torsional oscillations of one or both the 
boundaries has been studied by several authors to analyse the growth and development of boundary layers associated 
with geothermal flows for possible applications in geophysical fluid dynamics [2, 3, 4, 6-8, 9, 11]. Later Singh et 
al[12]studied free convection in Mhd flow of a rotating viscous liquid in porous media. Simgh et al[13] have also 
studied free convective Mhd flow of a rotating viscous fluid in a porous medium past a infinite vertical porous plate. 
Recently In all these investigations, the effects of Hall currents are not considered. However, in a partially ionized gas, 
there occurs Hall currents when the strength of the impressed magnetic field is very strong. These Hall effects play a 
significant role in determining the flow features. Yamanishi [15] have discussed the Hall effects on the steady 
hydromagnetic f;low between two parallel plates. Debnath[3] has studied the effects of Hall currents on unsteady 
hydromagnetic flow past a porous plate in a rotating fluid system and the structure of the steady and unsteady flow is 
investigated. Alam et al [1] have studied unsteady free convective heat and mass transfer flow in a rotating system with 
Hall currents, viscous dissipation and Joule heating. Taking Hall effects into account Krishna et al [5] have investigated 
Hall effects on the unsteady hydromagnetic boundary layer flow. Rao et al [9] have analysed Hall effects on unsteady 
hydromagnetic flow. Sivaprasad et al [14] have studied Hall effects on unsteady Mhd free and forced convection flow 
in a porous rotating channel.  
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In this paperr we analyse the combined effects of Hall currents and radiation on the convective heat and mass transfer 
of a viscous electrically conducting rotating fluid through a porous medium past a vertical porpoud plate. in the 
presence of heat generating sources. The equations governing the flow, heat and mass transfer are solved exactly to 
obtain the velocity, temperature and concentration and are analysed for different variations of the the governing 
parameters G,D-1,M,m,N,N1 ,Sc, So and α.The shear stress and the rate of heat and mass transfer are numerically 
evaluated for different sets of the parameters. The influence of the Hall currents, thermo-diffusion and radiation effects 
on the flow, heat and mass transfer characteristics are discussed in detail.  
 
2. FORMULATION and SOLUTION OF THE PROBLEM 
 
We consider the steady flow of an incompressible, viscous, electrically conducting, rotating fluid through a porous 
medium bounded by a vertical plate. In the undisturbed state, both the plates and fluid rotate with same angular velocity  
Ω and are maintained at constant temperature and concentration. Further the plates are cooled or heated by constant 
temperature gradient in some direction parallel to the plane of the plates. We choose a cartesian co-ordinate system 
O(x, y, z) such that the plate is at z=0 and  the z-axis coincide with the axis of rotation of the plates .The steady hydro 
magnetic boundary layer equations of motion with respect to a rotating frame moving with angular velocity Ω under 
Boussinesq approximations are 
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The energy equation is   
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The diffusion equation is  
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Equation of State is 
 )()( ∞∞

•
∞∞∞ −−−−=− CCTT ρββρρρ                  (2.5) 

 
where u,v are the velocity components along x and y directions respectively,p is the pressure including the centrifugal 
force,ρ is the density is the permeability constant, ν is the coefficient of kinematic viscosity ,k1 is the thermal 
diffusivity,D1 is the chemical molecular diffusivity, β  is the coefficient of thermal expansion, •β  is the volumetric 
coefficient of expansion with mass fraction,Q is the strength of the heat source , k11 is the cross diffusivity and qr is the 
radiative heat flux. 
 
When the strength of the magnetic field is very large we include the Hall current so that the generalized Ohm’s law is 
modified to 
  )( HxqEHxJJ eee µστω +=+                                 (2.6) 
 
where q is the velocity vector. H is the magnetic field intensity vector.E is the electric field, J is the current density 
vector, eω is the cyclotron frequency, eτ  is the electron  
 
collision time,σ is the fluid conductivity and eµ is the magnetic permeability. 
 
Neglecting the electron pressure gradient, ion-slip and thermo-electric effects ans assuming the electric field E=0, 
equation (2.6) reduces  
  vHmjj eyx 0σµ=+                    (2.7) 

  uHmjj exy 0σµ−=−                    (2.8) 

where m= eeτω  is the Hall parameter. 
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On solving equations (2.7) & (2.8) we obtain  
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By using Rosseland approximation the radiative heat flux is 
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It should be observed that by using Rosseland approximatrion the present analysis is limited to optically thick fluids. 
We assume that the temperature differences  within the flow are sufficiently small so that 4T ′ may be expressed as a 
linear function of the temperature. This is accompanied by expanding  4T ′  in a Taylor series about ∞T  and neglecting 
higher order terms as  
 434 34 ∞∞ −≅′ TTT                   (2.12) 
 
where •σ is Stefan-Boltzman constant and Rβ is the mean absorption coefficient. Far away from the plate we have 
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Using the equations(2.5),(2.12)&(2.13)the equations of motions governing the flow through a porous medium with 
respect to a rotating frame are given by 
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Combining (2.14) & (2.15) we get 
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where 
 q=u+iv 
 
The non-dimensional variables are 
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The equations governing the flow, heat and mass transfer are (dropping the dashes) 
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The boundary conditions are 
 
 0=q                                        on z=0 
 1, 1Cθ = =                            on z=0 
 0, 0, 0q C as zθ→ → → →∞                                                                  (2.20) 
 
Solving equations (2.17)-(2.19) subject to the boundary conditions (2.20) we obtain 
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3. SHEAR STRESS, NUSSELT NUMBER AND SHERWOOD NUMBER 
 
Shear stress on the wall z=0 is given by 
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Local rate of heat transfer across the walls (Nusselt Number) is given by 
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Rate of mass transfer(Sherwood Number) is given by  
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4. DISCUSSION OF THE NUMERICAL RESULTS: 
 
The effect of Hall currents and thermo-diffusion on convective Heat and Mass transfer flow of a viscous fluid past a 
vertical plate is investigated. We take p = 0.71 in this analysis. 
 
The velocity component (u) is shown in figs 1-8 for different G, D-1, M, m, E-1, Sc, S0, N, N1 and α. Fig.1 represents the 
velocity with Grashof number G. It is found that u > 0 for G > 0 and u < 0 for G < 0. |u| experiences an enhancement 
with increase in |G|(  0). The variation of u with D-1 or M shows that lesser the permeability of the porous medium / 
higher the Lorentz force smaller |u| in the flow region. [An increase in the Hall current parameter (m) enhances |u| in 
the region]. With respect to variation of u with m shows that the velocity changes from negative to positive as we move 
away from the plate. The region of transition from negative to positive enhances with increase in m (fig. 2 & 3). From 
fig.4 we find that u reduces with E-1 in the entire flow region. The variation of u with Schmidt number (Sc) shows that 
lesser the molecular diffusivity smaller |u| in the flow region and for further lowering of the molecular diffusivity the 
velocity changes from positive to negative as we move away from the wall (fig.5). With respect to soret parameter S0 
we observe that u > 0 for S0 > 0 and   u < 0 for S0 < 0. |u| enhances with increase in |S0| (<0) and reduces with S0 (<0) 
(fig.6). When the molecular buoyancy force dominates over the thermal buoyancy force the velocity depreciates in the 
flow region irrespective of the directions of the buoyancy forces (fig.7). |u| reduces with radiation parameter N1 and 
heat source parameter α (fig.8). 
 
The non-dimensional temperature (θ) is shown in figs 9 & 10 for different α and N1. The temperature gradually reduces 
from its prescribed value 1 on y = 0 and attains the value ‘0’ for away from the wall. An increase in the heat source 
parameter α reduces the temperature. Also the temperature experiences a depreciation with increase in the radiation 
parameter N1 (fig.9). 
 
The concentration distribution (C) is exhibited in fig 10 -13 for different Sc, S0, N and N1. From fig. 10 we find that 
lesser the molecular diffusivity smaller the concentration in the flow region. An increase in S0 > 0 enhances the actual 
concentration while an increase in S0 < 0 leads to depreciation in the actual concentration (fig.11). When the molecular 
buoyancy force dominates over the thermal buoyancy force the actual concentration depreciates when the buoyancy  
 
forces act in the same direction while for the forces acting in opposite directions it experiences an enhancement in the 
flow region. An increase in the radiation parameter enhances u in the neighborhood of the wall and it depreciates for 
away from the wall (fig.13).  
 
The shear stress at y = 0 is shown in tables 1 & 2 for different G, D-1, M, m, N and N1. It is found that the shear stress 
enhances with increase in G. Lesser the permeability of the porous medium / higher the Lorentz force larger |Sh| at y = 
0. An increase in the Hall parameter m reduces |τ| at the wall. Also it experiences an enhancement with increase in D-1 
(table 1). From table 2, we find that lesser the molecular diffusivity smaller |τ| at y = 0 and for further lowering of the 
molecular diffusivity larger |τ|. The variation of τ with soret parameter S0 shows that |τ| enhances with |S0| |(  0). Also it 
enhances with N > 0 and reduces with increase in |N| (<0) An increase in N1 or α leads to a depreciation in |τ| (table 3). 
 
The Nusselt number (Nu) at the wall y = 0 is shown in table 4. It is found that the rate of heat transfer enhances with 
increase in the radiation parameter N1 and heat source parameter α. 
 
The Sherwood number (Sh) at y = 0 is shown in table 5 for different parametric values. It is found that the rate of mass 
transfer reduces in magnitude with α≤5 and enhances with higher α≤10. Lesser the molecular diffusivity larger |Sh| at 
the wall. Also it enhances with increase in the soret parameter |S0| (  0). When the molecular buoyancy force dominates  
 
 



Dr. Y. Madhusudhana Reddy*1, Prof. D. R. V. Prasada Rao2 and P. Sreenivasa Rao3/ EFFECT OF HALL CURRENT AND THERMO-
DIFFUSION ON CONVECTIVE HEAT… / IJMA- 3(6), June-2012, Page: 2337-2346 

© 2012, IJMA. All Rights Reserved                                                                                                                                                   2342 

over the thermal buoyancy force the rate of mass transfer experiences an enhancement in magnitude irrespective of the 
directions of the buoyancy forces. Also it depreciates with increase in the radiation parameter N1. 
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