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ABSTRACT 
An analysis of the effect of transpiration on unsteady two dimensional free convection and mass transfer flow of a 
viscous incompressible electrically conducting fluid through a porous medium of fluctuating permeability bounded by a 
vertical infinite plane surface with constant suction velocity and constant heat and mass flux in the presence of a 
uniform magnetic field and a heat source/sink is presented. The permeability of the porous medium fluctuates in time 
about a constant mean. We have evaluated the velocity distribution u, fluctuating part of velocity profile Mr, Mi and the 
skin friction at the plate by using the perterbation technique. We have investigated the effects of M (Hartmann No.), Ko 
(Porosity Parameter) and So (Thermal Diffusion Parameter) on velocity, concentration and skin friction with the help 
of Graphs. 
 
Keywords: Hartmann Number, Porosity Parameter, Thermal Diffusion Parameter, Magnetic Parameter, Heat Source, 
Sink Parameter. 
 
 
1.  INTRODUCTION  
The steady two-dimensional free convective flow of viscous fluid through a porous medium bounded by a vertical 
infinite surface with constant velocity was studied by RAPTIS et al [1]. The sane problem, when there is a constant 
heat flux on the plate, was studied by RAPTIS et al [2]. Thereafter, RAPTIS [3] and RAPTIS and PERDIKIS [4] 
studied unsteady flow through a porous medium, when temperature of the porous plate oscillates in time about a 
constant  mean. In all these studies mentioned above the permeability of the porous medium was assumed to be 
constant. 
 
CHANDRASEKHARA et al. [5] and VEDHANAYAGAM et al [6] have considered the permeability variation to 
study the buoyancy induced flow behaviour adjacent to a horizontal heated surface in a porous medium. SINGH et al 
[7] and SINGH and KUMAR [8] have investigated the effects of permeability variation on free convective flow 
through a porous medium bounded by an infinite vertical porous plate with constant suction. [9] to [12] have 
investigated the free convection effect on the flow of viscous fluid past an infinite vertical plate with constant suction 
and heat flux. MAHARSHI and TAK [13] have studied the effect of heat source/sink and magnetic field on the free 
convection flow through the porous medium of variable permeability bounded by infinite porous vertical plate. 
Recently, TAK and NAIN [14] have studied unsteady free convection through a porous medium of fluctuating 
permeability bounded by porous vertical plate with constant heat and mass flux.     
 
In this section we study the effect of transpiration on unsteady free convective flow through a porous medium of 
fluctuating permeability bounded by porous vertical plate with constant heat and mass flux.  
 
2.  FORMULATION OF THE PROBLEM  
We consider an unsteady two-dimensional free convection flow of viscous electrically conducting incompressible fluid 
through a porous medium bounded by an infinite vertical non-conducting plate with constant suction and transverse 
magnetic field. The plate is subjected to a constant heat and mass flux. The electrical conductivity of the fluid is 
assumed to be small, so that induced field can be neglected. The viscous dissipation and Darcy’s dissipation terms are 
neglected for small velocities. The x-axis is taken along the plate in the upward direction and the y-axis is taken normal 
to it. All the fluid properties are assumed constant except that the influence of the density variation with temperature is 
considered only in the body force term. As the plate is infinite length, all variables are functions of y only. Hence, by 
usual boundary layer approximation, the governing equations of the flow are  
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where u and v are the components of the velocity in the direction of x and y respectively. g is the acceleration due to 
gravity, β is the coefficient of volume expansion, β* is the coefficient of concentration expansion. S is coefficient of 
heat source/sink. 
 
ρ, µ, ν, KT, Cp are the density, viscosity, kinematic viscosity, thermal conductivity and specific heat of the fluid at 

constant pressure, T is the time, σ is the electrical conductivity of the fluid and µe is magnetic permeability. D is the 

concentration diffusivity, D* is thermal diffusivity. 
 
The permeability of the porous medium is assumed to be as 
 
 𝐾𝐾′(𝜕𝜕′) = 𝐾𝐾0

′ �1 +∈ 𝑒𝑒𝑖𝑖𝑖𝑖 `𝜕𝜕` �`                                                                                                                                              (5) 
 
where Ko′ is the mean permeability of the medium, ω′ is the frequency of the fluctuation, t′ is the time and ∈(<<1) is a 
constant quantity. 
 
The boundary conditions of the problem are  
 
𝜕𝜕 = 0,    ∂T

 ∂y
= − q

k
,       ∂C

 ∂y
= −m

D
   𝑎𝑎𝜕𝜕    𝜕𝜕 = 0                                                                                                                  (6) 

 
u → 0, T → T∞ C → C∞ , as       y →∞            
 
Integration of eq. (1) gives 
 
𝜕𝜕 = −𝜕𝜕0                                                                                                                                                                             (7) 
             
On introducing the following non dimensional quantities 
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Equations (2), (3), (5) and boundary conditions (7) can be written as (dropping the superscript *)  
 
1
4
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
− 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
= 𝜕𝜕2𝜕𝜕

𝜕𝜕𝜕𝜕2 − 1
𝐾𝐾0�1 +∈𝑒𝑒𝑖𝑖𝜔𝜔𝜕𝜕  �

 𝜕𝜕 −𝑀𝑀𝜕𝜕 + 𝐺𝐺𝑟𝑟𝜃𝜃 + 𝐺𝐺𝑐𝑐
𝜑𝜑                                                                                                          (8) 

 
1
4
𝜕𝜕𝜃𝜃
𝜕𝜕𝜕𝜕
− 𝜕𝜕𝜃𝜃

𝜕𝜕𝜕𝜕
= 1

𝑃𝑃𝑟𝑟

𝜕𝜕2𝜃𝜃
𝜕𝜕𝜕𝜕2 + 𝑆𝑆𝜃𝜃                                                                                                                                                     (9) 

 
1
4
𝜕𝜕𝜑𝜑
𝜕𝜕𝜕𝜕
− 𝜕𝜕𝜑𝜑

𝜕𝜕𝜕𝜕
= 1

𝑆𝑆𝑐𝑐

𝜕𝜕2𝜑𝜑
𝜕𝜕𝜕𝜕2 + 𝑆𝑆0

𝑆𝑆𝑐𝑐

𝜕𝜕2𝜃𝜃
𝜕𝜕𝜕𝜕2                                                                                                                                              (10) 

   
and the boundary conditions become 
 
𝜕𝜕 = 0,    ∂θ

 ∂y
= −1,       ∂φ

 ∂y
= −1  𝑎𝑎𝜕𝜕    𝜕𝜕 = 0                                                                                                                   (11) 

 
u →0 θ → 0,  φ → 0  as   y → ∞             
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where    
 

Pr =
μCp

𝐾𝐾𝑇𝑇
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Sc =
v
D

 (Schmidt Number), 
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K0
′ v0

2

v2  (Permeability Parameter), 

Gr = gβ
vq
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 (Grashoff Number),  

Gc = gβ∗
vm
Dv0

 (Grashoff Number of mass transfer), 

𝑀𝑀 =
vσB0

2

ρv0
2  (𝑀𝑀𝑎𝑎𝑔𝑔𝑀𝑀𝑒𝑒𝜕𝜕𝑖𝑖𝑐𝑐 𝑃𝑃𝑎𝑎𝑟𝑟𝑎𝑎𝑣𝑣𝑒𝑒𝜕𝜕𝑒𝑒𝑟𝑟), 

𝑆𝑆∗ =
vS

𝜌𝜌𝐶𝐶𝑝𝑝𝑉𝑉0
2

(Heat Source/Sink Parameter), 

S0 = qD∗

𝑘𝑘𝑣𝑣
 (Thermal diffusion parameter),  

   
In the neighbourhood of the plate we look for a solution as 

u (y, t) =  uo(y) + ∈ eiωt  u1(y)                                                                                                                                      (12) 
 

θ (y, t) = θo(y) + ∈ eiωt  θ1(y)                                                                                                                                       (13) 
 

φ (y, t) = φo(y) + ∈ eiωt  φ1(y)                                                                                                                                       (14) 
 
Where ∈ is a small constant and ∈<<1. 
 

Substituting equation (12), (13), (14) in (8), (9) and (10), equating harmonic terms and neglecting ∈2 and higher power 
terms, following equations are obtained. 
 
uo” + uo’ - (M +1/Ko)uo = - Grθo - Gcφo                                                                                                                      (15) 
 
u1” + u1’- (M +1/Ko + iω /4)u1 = -Grθ1- (1/Ko )uo- Gcφ1                                                                                           (16) 
 
θo” + Prθo’ + SPrθo = 0                                                                                                                           (17) 

 
θ1” + Prθ1’ + (S - iω /4)Pr θ1 = 0                                                                                                                              (18) 

 
φo” + Scφo’ + So θo’’ = 0                                                                                                                           (19) 
 
φ1” + Scφ1’ - (iω /4)Scφ1 + So θ1’’ = 0                                                                                                                          (20) 
 
where dashes denote differentiation with respect to y.  
 
The corresponding boundary conditions are   
 
  uo = u1 = 0, θo’ = -1,   θ1 = 0, φo’ = -1, φ1 = 0 at y = 0 
                                                                                                                                                                                         (21) 
 uo = u1→ 0,   θo = θ1→ 0,  φo = φ1→ 0 as y → ∞   
 
The solutions of equations (15) to (20) under the boundary conditions (21) are  
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0

1 2
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                                                                  (22) 
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       (26) 

φ1(y) = 0                                                                                                                                                                          (27) 
 
where 

,    , 

,,   ,  

,   

 
 
Taking the real part of the above solutions, the velocity field can be expressed in terms of the fluctuating parts as 
 
u (y,t) = uo(y) + ∈( Mr cos ωt - Mi sin ωt)                                                                                                                     (28) 
 
where u1(y) = Mr + iMi   

   

              

              

              

              

                 ....  ....                                          (29) 
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where 

  

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
Hence the expression for the transient velocity, for ωt=π/2 is given by 
 
 u(y,π/2ω) = uo(y)- ∈Mi            ....                ....                                                                                                (31) 
 
3.  SKIN FRICTION  
The expression for the skin friction at the plate in terms as                                                                              

 τ = ( 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

 )y=o= uo’(0) + ∈e iωtu1’(0)     

          
   τ = uo’(0)  + ∈e iωt (Nr + iNi)       ....         ....                                                                            (32)  
                                         
   τ = uo’(0)  + ∈(Nr cos ωt - Ni sin ωt)   ....         ....                                                             (33) 
 
4. RESULTS AND DISCUSSION   
Transient Velocity Profile is plotted in Fig.-1 at Pr= 0.71, Sc= 0.3, M =1.0, S = 0.1, ω = 1.0, Gr = 0.1, Gc = 0.3, ∈ = 
0.01 and following different values of M, Ko and So. 
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    M  Ko   So  
                       For Graph-1         1.0               1.0  1.0  
                       For Graph-2 2.0               1.0  1.0  
                      For Graph-3 1.0 2.0  1.0  
                       For Graph-4 1.0 1.0  2.0  
 
It can be seen from the Graphs of Fig.-1 that the transient velocity u has the trend of increasing sharply upto y = 1.2, 
then after it velocity has the trend of decreasing sharply with the increase in y. Comparing all Graphs with Graph-1 it is 
concluded that with the increase in Ko and So, the velocity u increases, but it decreases with the increase in M. 
 
From Fig.-2 it is observed that concentration increases with the increase in  So.    
 
From Fig.-3 it is observed that all Graphs of skin friction τ are sinusoidal in nature. Comparing all Graphs with Graph-1 
it is concluded that skin friction increases with the increase in Ko and So, but it decreases with the increase in M. 
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