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ABSTRACT. In this present article, we analyzed the heat and mass transfer characteristics of
the nonlinear unsteady radiative MHD flow of a viscous, incompressible and electrically con-
ducting fluid past an infinite vertical porous plate under the influence of Soret and chemical re-
action effects. The effect of physical parameters are accounted for two distinct types of thermal
boundary conditions namely prescribed uniform wall temperature thermal boundary condition
and prescribed heat flux thermal boundary condition. Based on the flow nature, the dimension-
less flow governing equations are resolved to harmonic and non harmonic parts. In particular
skin friction coefficient, Nusselt number and Sherwood number are found to evolve into their
steady state case in the large time limit. Parametric study of the solutions are conducted and
discussed.

NOMENCLATURE

a∗ mean absorption coefficient M magnetic parameter
B0 uniform magnetic field Nr radiation parameter
C species concentration Nu Nusselt number
Cf skin-friction coefficient n frequency of oscillation
C∞ uniform concentration Pr Prandtl number
cp heat at constant pressure Q non dimensional heat source parameter

Received by the editors January 22 2017; Accepted March 11 2017; Published online March 17 2017.
2000 Mathematics Subject Classification. 80A20, 80A32, 78A40, 85A30, 76S05.
Key words and phrases. MHD fluid, Soret effect, Chemical reaction, Heat transfer, Mass transfer, Porous

medium.
† Corresponding author.

39



40 V. MALAPATI AND V. L. DASARI

K1 permeability of porous medium qr radiating flux vector
Dm chemical molecular diffusivity qw heat flux
Gm Solutal Grashof number Sc Schmidt number
Gr thermal Grashof number Sh Sherwood number
g acceleration due to gravity T fluid temperature
jw mass flux T∞ uniform temperature
K permeability parameter t dimensional time
K2 dimensional chemical reaction U A scaled velocity
Kr non-dimensional chemical reaction u fluid velocity in x-direction
kT thermal conductivity of the fluid v fluid velocity in y-direction

Greek symbols
βc coefficient of concentration expansion σ electrical conductivity
βT coefficient of thermal expansion τ non dimensional time
ν kinematic coefficient of viscosity τw shear stress
ω A scaled frequency η A scaled coordinate
φ A scaled concentration θ A scaled temperature
ρ fluid density σ∗ Stefan-Boltzmann constant

1. INTRODUCTION

Several investigations on natural convection flow are performed using both analytical and
numerical methods under different types of thermal boundary conditions which are continuous
and well defined. Natural convection flows are frequently encountered in science and techno-
logical problems such as chemical catalytic reactors, materials processing, nuclear heat transfer
control, electronic circuits, nuclear waste repositories, petroleum reservoirs, fiber and granular
insulation, geothermal systems etc. Natural convection flows from bodies with different ge-
ometries are extensively investigated as it is evident from review articles and books published
so far [1–4]. Therefore, the present investigation focuses on the problem of MHD natural con-
vection, heat and mass transfer flow of a viscous, incompressible and electrically conducting
fluid past a suddenly started infinite vertical plate taking into account the Soret effect, chemical
reaction and two kinds of thermal boundary conditions.

A convective heat transfer flow from bodies with different geometries embedded in a porous
medium is of significant importance due to its varied and wide applications in many areas of
science and technology, namely, drying of porous solids, thermal insulation, enhanced recov-
ery of oil and gases, cooling of nuclear reactors, underground energy transport etc. Keeping in
view the importance of such fluid flow problems, a number of investigations on natural con-
vection flow near a vertical plate embedded in a porous medium have been carried out. Ahmed
and Sarmah [5, 6] presented thermal radiation and Soret effects on a transient MHD flow with
mass transfer past an infinite vertical plate. Muthucumaraswamy and Ganesan [7] studied
the radiation effects on flow past an impulsively started infinite vertical plate with variable
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temperature. Chamkha [8] investigated on the transient MHD free convection from a porous
medium supported by a surface. Venkateswarlu et al. [8–12] investigated analytically thermal
diffusion and radiation effects on unsteady MHD free convection heat and mass transfer flow
past a linearly accelerated vertical porous plate with variable temperature and mass diffusion.
Postelnicu [13] studied the influence of chemical reaction on heat and mass transfer by natural
convection from vertical surfaces in porous media considering Soret and Dufour effects. Raptis
and Kafousias [14] presented a steady free convection flow past an infinite vertical porous plate
through a porous medium in the presence of a magnetic field. Aldoss et al. [15] presented a
combined free and forced convection flow from a vertical plate embedded in a porous medium
in the presence of a magnetic field. Makinde [16] investigated a hydromagnetic mixed convec-
tion flow and mass transfer past a vertical porous plate with constant heat flux embedded in a
porous medium.

In most of the chemical engineering processes, chemical reaction occurs between a foreign
mass and the fluid. Chemical reactions can be classified as either heterogeneous or homo-
geneous processes. This depends on whether they occur at an interface or as a single phase
volume reaction. These processes take place in numerous industrial applications viz. polymer
production, manufacturing of ceramics or glassware, food processing etc. Chamkha [17] in-
vestigated MHD flow over a uniformly stretched vertical permeable surface in the presence of
heat generation/absorption and chemical reaction. Afify [18] studied the effect of radiation on
free convective flow and mass transfer past a vertical isothermal cone surface with chemical
reaction in the presence of a transverse magnetic field. Ibrahim et al. [19] analyzed the effect
of chemical reaction and radiation absorption on the unsteady MHD free convection flow past
a semi-infinite vertical permeable moving plate with heat source and suction. Bakr [20] dis-
cussed the effects of chemical reaction on MHD free convection and mass transfer flow of a
micro polar fluid with oscillatory plate velocity and constant heat source in a rotating frame of
reference. Chamkha et al. [21] discussed the effects of Joule heating, chemical reaction and
thermal radiation on unsteady hydromagnetic natural convection boundary layer flow with heat
and mass transfer of a micro polar fluid from a semi-infinite heated vertical porous plate in the
presence of a uniform transverse magnetic field. Bhattacharya and Layek [22] obtained sim-
ilarity solution of MHD boundary layer flow with mass diffusion and chemical reaction over
a porous flat plate with suction/blowing. Kishore et al. [23] studied the effects of radiation
and chemical reaction on unsteady hydromagnetic natural convection flow of a viscous fluid
past over an exponentially accelerated vertical plate. Venkateswarlu et al. [24–27] presented
thermal radiation and chemical reaction effects on MHD flow through porous medium.

The objective of the present investigation is to study an unsteady natural convection transient
flow of a viscous, incompressible and electrically conducting fluid with radiative heat transfer
past an impulsively moving vertical plate embedded in a fluid saturated porous medium. We
should in prior emphasize that our intention is not to reproduce the results of Turkyilmazoglu
and Pop [28]. In fact, the model that we consider differs considerably from that of Turkyilma-
zoglu and Pop [28] in that we use a better approach in the formulation, introduce a permeability
term and chemical reaction, use of two kinds of thermal boundary conditions, namely, pre-
scribed wall temperature thermal boundary condition (PST) and prescribed heat flux thermal
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boundary condition (PHF). Analytical closed form solutions are presented for the momentum,
the energy and the concentration equations using some proper change of non dimensional vari-
ables and parameters.

2. MATHEMATICAL FORMULATION

Consider an unsteady radiative MHD heat and mass transfer flow of an incompressible, vis-
cous and electrically conducting fluid past a suddenly started infinite vertical porous plate in
presence of a uniform transverse magnetic field of strength B0. Let the x-axis be taken in
vertically upward direction along the plate and y-axis is normal to the plate. It is assumed
that there exist a homogeneous chemical reaction of first order with constant rate K2 between
the diffusing species and the fluid. Initially i.e. at time t ≤ 0, both the fluid and plate are
at rest and at uniform temperature T∞. Also species concentration within the fluid is main-
tained at uniform concentration C∞. At time t > 0, plate starts with constant velocity uo
in x-direction. Geometry of the problem is presented in Figure. 1. Since plate is of infinite
extent along x-direction and is electrically non conducting, all physical quantities depend on
y and t only. Under the assumptions made by Turkyilmazoglu and Pop [28], the equations of
conservation of mass, momentum, energy and concentration governing the natural convective
nonlinear boundary layer flow over an infinite vertical plate can be expressed as:

FIGURE 1. Geometry of the problem.
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where u− fluid velocity in x-direction, v− fluid velocity along y-direction, g− acceleration
due to gravity, ρ− fluid density, βT− coefficient of thermal expansion, βC− coefficient of
concentration volume expansion, t− time, K1− permeability of porous medium, B0− mag-
netic induction, T− fluid temperature, T∞− uniform temperature, α− thermal conductivity
of the fluid, kT− thermal diffusivity of the fluid, C− species concentration in the fluid, σ−
fluid electrical conductivity, C∞− uniform concentration, cp− specific heat at constant pres-
sure, Dm− chemical molecular diffusivity, Tm−mean fluid temperature, qr− radiating flux
vector, ν− kinematic viscosity of the fluid, Q0− heat source term and K2− chemical reaction
respectively.

We should in prior warn the reader that our model is not the same as that by Turkyilmazoglu
and Pop [28] in which the permeability of porous medium, and chemical reaction effects were
not taken into account. Assuming that no slipping occurs between the plate and the fluid, the
corresponding initial and boundary conditions of the system of partial differential equations for
the fluid flow problem are given below

u = 0, T = T∞, C = C∞ when t ≤ 0 , y ≥ 0

u = uo, C = Cw + ε (Cw − C∞) ent, T = Tw + ε (Tw − T∞) ent for PST,

∂T
∂y = − qw

α

(
1 + εent

)
for PHF when t > 0 , y = 0

u→ 0, T → T∞, C → C∞ as y →∞


(2.5)

where Tw−fluid temperature at the surface of the plate, Cw− species concentration at the
surface of the plate, uo− characteristic velocity, qw− heat flux at the surface of the plate,
n−frequency of oscillation respectively and ε� 1 is a very small positive constant.

Following Magyari and Pantokratoras [29], by using the Rosseland approximation, the ra-
diative flux vector qr can be written as:

qr = −
4σ∗

3a∗
∂T 4 (y, t)

∂y
(2.6)

where, σ∗ and a∗ are the Stefan-Boltzmann constant and the mean absorption coefficient re-
spectively. We assume that the difference between fluid temperature T and free stream tem-
perature T∞ within the flow is sufficiently small such that T 4 may be expressed as a linear
function of the temperature. This is accomplished by expanding in Taylor series T 4 about the
free stream temperature T∞ and neglecting the second and higher order terms, we have

T 4 ∼= 4T 3
∞T − 3T 4

∞ (2.7)

Using equations (2.6) and (2.7) in equation (2.3) we obtain
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In order to represent equations (2.2) , (2.4) and (2.8) along with initial and boundary conditions
(2.5) in non dimensional form, we introduce the following non-dimensional variables.

η =
uo
ν
y, U =

u

uo
, ω =

nν

u2o
, τ =

u2o
ν
t, θ =

T − T∞
Tr

, φ =
C − C∞
Cw − C∞

(2.9)

It may be noticed that characteristic velocity uo may be defined according to the non-dimensional
process mentioned above as (Turkyilmazoglu and Pop [28])

uo = [gβT νTr]
1
3 (2.10)

where the reference temperature Tr = Tw − T∞ for PST case and Tr = qwν
αuo

for PHF case.
By substituting equations (2.9) and (2.10) into equations (2.2), (2.4) and (2.8), we obtain the

following non-dimensional partial differential equations

∂U

∂τ
=
∂2U

∂η2
+ θ +Nφ−

[
M +

1

K

]
U (2.11)

∂θ
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1
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∂η2
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∂τ
=

1
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∂2φ

∂η2
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∂2θ

∂η2
−Krφ (2.13)

Here Gr = gβT νTr
u3o

is the thermal buoyancy force, Gm = gβCν(Cw−C∞)
u3o

is the concentra-

tion buoyancy force, N = Gm
Gr is the ratio of concentration buoyancy force and the thermal

buoyancy force, M =
σB2

0ν
ρu2o

magnetic parameter, K = K1u2o
ν2

is the permeability parameter,

Nr = 16σ∗T 3
∞

3kT a∗
is the radiation parameter, Pr = ν

α(1+Nr) is the Prandtl number, Q = Qoν
ρcpu2o

is

the heat source parameter, Sc = ν
Dm

is the Schmidt number , Sr = DmkTTr
Tmν(Cw−C∞) is the Soret

number, Kr = K2ν
u2o

is the chemical reaction parameter respectively.
Initial and boundary conditions (2.5) in non-dimensional form, are presented below

U = 0, θ = 0, φ = 0 when τ ≤ 0 , η ≥ 0

U = 1, φ = 1 + εeωτ , θ = 1 + εeωτ for PST,

∂θ
∂η = − (1 + εeωτ ) for PHF when τ > 0 , η = 0

U → 0, θ → 0, φ→ 0 as η →∞


(2.14)

It is now important to calculate physical quantities of primary interest, which are the local wall
shear stress or skin friction coefficient, the local surface heat flux and the local surface mass
flux. Given the velocity, temperature and concentration fields in the boundary layer, the shear
stress τw, the heat flux qw and mass flux jw are obtained by

τw = µ

[
∂u

∂y

]
y=0

(2.15)
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qw = −α
[
∂T

∂y

]
y=0

(2.16)

jw = −Dm

[
∂C

∂y

]
y=0

(2.17)

In non-dimensional form the skin-friction coefficientCf , heat transfer coefficientNu and mass
transfer coefficient Sh are defined as

Cf =
τw
ρν2

(2.18)

Nu =
ν

uo

qw
αTr

(2.19)

Sh =
ν

uo

jw
Dm (Cw − C∞)

(2.20)

Using non-dimensional variables in equation (2.9) and equations (2.15) to (2.17) into equations
(2.18) to (2.20), we obtain the physical parameters

Cf =

[
∂U

∂η

]
η=0

(2.21)

Nu = −
[
∂θ

∂η

]
η=0

(2.22)

Sh = −
[
∂φ

∂η

]
η=0

(2.23)

3. SOLUTION OF THE PROBLEM

In order to reduce the system of partial differential equations (2.11) to (2.13) into a system
of ordinary differential equations in non-dimensional form, we represent the trial solutions for
the velocity, temperature and concentration of the fluid as (see, Siva Kumar et al. [30] and
Venkateswarlu et al. [31, 32])

U(η, τ) = U0(η) + εeωτU1(η) + o
(
ε2
)

(3.1)

θ(η, τ) = θ0(η) + εeωτθ1(η) + o
(
ε2
)

(3.2)

φ(η, τ) = φ0(η) + εeωτφ1 (η) + o
(
ε2
)

(3.3)

Substituting equations (3.1) to (3.3) into equations (2.11) to (2.13), then equating the harmonic
and non–harmonic terms and neglecting the higher order terms of o

(
ε2
)
, we obtain

U ′′0 −
[
M +

1

K

]
U0 = − [θ0 +Nφ0] (3.4)
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U ′′1 −
[
M +

1

K
+ ω

]
U1 = − [θ1 +Nφ1] (3.5)

θ′′0 − PrQθ0 = 0 (3.6)

θ′′1 − Pr(Q+ ω)θ1 = 0 (3.7)

φ′′0 − ScKrφ0 = −ScSrθ′′o (3.8)

φ′′1 − Sc(Kr + ω)φ1 = −ScSrθ′′1 (3.9)

where the prime denotes the ordinary differentiation with respect to η.
Initial and boundary conditions, presented by equation (2.14), can be written as

Uo = 1, U1 = 0, φo = 1, φ1 = 1,

θo = 1, θ1 = 1, for PST case, dθo
dη = −1, dθ1dη = −1 for PHF case at η = 0

Uo → 0, U1 → 0, θo → 0, θ1 → 0, φo → 0, φ1 → 0 as η →∞

 (3.10)

Solving (3.4) to (3.9) together with (3.10), we get

Uo (η, τ) = A12e
−A1η +A13e

−A3η +A14e
−A6η (3.11)

U1 (η, τ) = A15e
−A2η +A16e

−A5η +A17e
−A7η (3.12)

θo (η, τ) = e−A1η (3.13)

θ1 (η, τ) = e−A2η (3.14)

φo (η, τ) = A8e
−A1η +A9e

−A3η (3.15)

φ1 (η, τ) = A10e
−A2η +A11e

−A5η (3.16)
By substituting equations (3.11) to (3.16) into equations (3.1) to (3.3), we obtained solutions
for the fluid velocity, temperature and concentration in the case of PST and are presented in the
following form

U (η, τ) = A12e
−A1η +A13e

−A3η +A14e
−A6η + εeωτ

[
A15e

−A2η +A16e
−A5η +A17e

−A7η
]

(3.17)
θ (η, τ) = e−A1η + εeωτ

[
e−A2η

]
(3.18)

φ (η, τ) = A8e
−A1η +A9e

−A3η + εeωτ
[
A10e

−A2η +A11e
−A5η

]
(3.19)

Keeping in view the assumptions made earlier, solutions to the fluid velocity, temperature and
concentration profiles in the case of PHF are obtained and presented in the following form

U (η, τ) = B7e
−A1η +B8e

−A3η +B9e
−A6η + εeωτ

[
B10e

−A2η +B11e
−A5η +B12e

−A7η
]

(3.20)
θ (η, τ) = B1e

−A1η + εeωτ
[
B2e

−A2η
]

(3.21)

φ (η, τ) = B3e
−A1η +B4e

−A3η + εeωτ
[
B5e

−A2η +B6e
−A5η

]
(3.22)
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3.1. Skin friction. From the velocity field, the skin friction at the plate can be obtained as

CfPST = − [A1A12 +A3A13 +A6A14]− εeωτ [A2A15 +A5A16 +A7A17] (3.23)

CfPHF = − [A1B7 +A3B8 +A6B9] − εeωτ [A2B10 +A5B11 +A7B12] (3.24)

3.2. Nusselt number. From the temperature field, the heat transfer coefficient can be obtained
as

NuPST = A1 + εeωτA2 (3.25)

NuPHF = A1B1 + εeωτA2B2 (3.26)

3.3. Sherwood number. From the concentration field, the mass transfer coefficient can be
obtained as

ShPST = A1A8 +A3A9 + εeωτ [A2A10 +A5A11] (3.27)

ShPHF = A1B3 +A3B4 + εeωτ [A2B5 +A5B6] (3.28)

4. GRAPHICAL RESULTS AND DISCUSSION

In order to investigate the influence of various physical parameters such as Soret effect Sr,
magnetic parameter M , permeability parameter K, heat source parameter Q, Prandtl num-
ber Pr, chemical reaction Kr, mass diffusion parameter Sc, time τ and buoyancy parameter
N on the flow-field, fluid velocity U , temperature θ and concentration φ have been studied
analytically and computed results of the analytical solutions from equations (3.17) to (3.22)
are displayed graphically from Figs.2 to 19 for various values of these physical parameters.
The numerical values of skin friction, Nusselt number and Sherwood number computed from
analytical solutions, presented by equations (3.23) to (3.28) are presented in tabular form in
tables 1 to 6 for various values of different physical parameters. In the present study following
default parameter values are adopted for computations: Sr = 5.0, N = 2.0, τ = 1. 0, Sc =
0.22, Q = 5.0, K = 0.5, Kr = 0.5, Pr = 0.71, M = 2.0, ω = 0.1 and ε = 0.001.
Therefore all the graphs and tables correspond to these values unless specifically indicated on
the appropriate graph or table.

It is observed that from Figs. 2 to 19 fluid velocity U , temperature θ and concentration φ
attain a distinctive maximum value near the surface of the plate and then decrease properly on
increasing boundary layer coordinate η to approach free stream value in both PST and PHF
cases. Fig. 2 depicts the influence of buoyancy parameter N on the velocity U of the flow
field. The buoyancy parameter defines the ratio of Solutal Grashof number to thermal Grashof
number. It is worth mentioning that βT is a positive quantity, while βc can take positive or
negative values. Therefore, the thermal and concentration buoyancy forces act in the same
direction, or they assist each other in driving the flow, in the case N > 0 and they oppose each
other when N < 0. The case N = 0 corresponds to the situation when there is no buoyancy
force effect from mass diffusion. It is evident from Figs 2. Velocity U increases on increasing
N throughout the boundary layer region for both PST and PHF.
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Fig. 3 depicts the influence of porosity parameter K on the velocity U of the flow field. It is
evident from Fig 3 velocity U increases on increasing Kthroughout the boundary layer region
for both PST and PHF. Fig.4 depicts the effect of magnetic parameter Mon the velocity U of
the flow field. The Magnetic parameter M is found to decrease the velocity U of the flow field
at all points.

Figs. 5 to 7, shows the plot of fluid velocity U , temperature θ and concentration φ of the flow
field against different values of Prandtl number Pr taking other parameters are constant in both
cases PST and PHF. The Prandtl number defines the ratio of momentum diffusivity to thermal
diffusivity. The values of the Prandtl number are chosen for air (Pr = 0.71), electrolytic
solution (Pr = 1.00), water (Pr = 7.00) and water at 40C (Pr = 11.40). It is evident
from Figs. 5 to 7, velocity U and concentration φ increases on increasing Prandtl number Pr
in a region near to the plate and they decreases on increasing Pr in the region away from the
plate for PST whereas temperature θ decreases on increasing Pr throughout the boundary layer
region for PST. It is observed that the velocity U , temperature θ and concentration φ decreases
on increasing Prandtl number Pr at all points of the flow field for PHF. Thus higher Prandtl
number leads to faster cooling of the plate.

It is observed that from Figs. 8 to 10, both velocity U and concentration φ increases on in-
creasing heat source parameter Q in a region near to the plate and they decreases on increasing
Q in the region away from the plate whereas temperature θ decreases on increasing Q through-
out the boundary layer region for PST. It is observed that the velocity U , temperature θ and
concentration φ decreases on increasing heat absorption parameter Q at all points of the flow
field for PHF. It is also noted from Figs. 11 to 13 that the fluid velocity U , temperature θ and
concentration φ attain their steady state for large time τ for both PST and PHF.

Figs. 14 and 15, depict effect of Soret number Sr on the fluid velocity U and concentration
distribution φ of the flow field in both cases. The velocity U and species concentration φ are
found to increases on increasing Soret number Sr for both PST and PHF.

It is observed that from Figs. 16 and 17 the fluid velocity U and species concentration φ
decreases on increasing chemical reaction parameterKr.This implies that the chemical reaction
parameter retard the fluid velocity and concentration throughout the boundary layer region for
both PST and PHF. It is observed from Figs. 18 and 19 that the fluid velocity U and species
concentration φ increases on increasing Schmidt number Sc in a region near to the plate and
then decreases on increasing Sc in the region away from the plate for both PST and PHF. This
implies that the flow field surfers a decrease in fluid velocity U and concentration φ in presence
of heavier diffusing species.
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FIGURE 2. Influence of N on U .

FIGURE 3. Influence of K on U .

FIGURE 4. Influence of M on U .
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FIGURE 5. Influence of Pr on U .

FIGURE 6. Influence of Pr on θ.

FIGURE 7. Influence of Pr on φ.
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FIGURE 8. Influence of Q on U .

FIGURE 9. Influence of Q on θ.

FIGURE 10. Influence of Q on φ.
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FIGURE 11. Influence of τ on U .

FIGURE 12. Influence of τ on θ.

FIGURE 13. Influence of τ on φ.
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FIGURE 14. Influence of Sr on U .

FIGURE 15. Influence of Sr on φ.

FIGURE 16. Influence of Kr on U .
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FIGURE 17. Influence of Kr on φ.

FIGURE 18. Influence of Sc on U .

FIGURE 19. Influence of Sc on φ.
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TABLE 1. Skin friction Cf when Sr = 5.0, M = 2.0, N = 2.0, Kr = 0.5,
K = 0.5, Sc = 0.22, Nr = 1.0.

Pr Q τ
Skin frictionCf

PST PHF
0.71 5.0 1.0 0.4940 0.7977
1.00 5.0 1.0 0.4708 0.8415
7.00 5.0 1.0 0.3464 1.0070

11.40 5.0 1.0 0.3212 1.0327
0.71 2.0 1.0 0.5518 0.6466
0.71 4.0 1.0 0.5088 0.7660
0.71 6.0 1.0 0.4817 0.8217
0.71 8.0 1.0 0.4621 0.8563
0.71 5.0 0.1 0.4941 0.7979
0.71 5.0 0.2 0.4941 0.7978
0.71 5.0 0.3 0.4941 0.7978
0.71 5.0 0.4 0.4941 0.7978

TABLE 2. Skin friction Cf when Pr = 0.71, Q = 5.0, τ = 1.0, N = 2.0,
K = 0.5, M = 2.0, Nr = 1.0.

Sr Sc Kr
Skin frictionCf

PST PHF
0.2 0.22 0.5 0.8680 0.9963
0.4 0.22 0.5 0.8524 0.9880
0.6 0.22 0.5 0.8368 0.9797
0.8 0.22 0.5 0.8212 0.9714
5.0 0.22 0.5 0.4940 0.7977
5.0 0.32 0.5 0.3739 0.7455
5.0 0.60 0.5 0.0704 0.6071
5.0 0.66 0.5 0.0105 0.5792
5.0 0.22 0.5 0.4940 0.7977
5.0 0.22 1.0 0.5849 0.8684
5.0 0.22 1.5 0.6465 0.9167
5.0 0.22 2.0 0.6938 0.9540
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TABLE 3. Skin friction Cf when Pr = 0.71, Q = 5.0, τ = 1.0, Sr = 5.0,
Sc = 0.22, Kr = 0.5, Nr = 1.0.

M N K
Skin frictionCf

PST PHF
1.0 2.0 0.5 0.0122 0.3640
2.0 2.0 0.5 0.4940 0.7977
3.0 2.0 0.5 0.8798 1.1504
4.0 2.0 0.5 1.2058 1.4516
2.0 0.2 0.5 1.6174 1.7567
2.0 0.4 0.5 1.4926 1.6501
2.0 0.6 0.5 1.3678 1.5436
2.0 0.8 0.5 1.2429 1.4370
2.0 2.0 0.1 2.5756 2.7450
2.0 2.0 0.3 0.9940 1.2555
2.0 2.0 0.5 0.4940 0.7977
2.0 2.0 0.7 0.2340 0.5628

TABLE 4. Nusselt number Nu.

Pr Q τ
Nusselt number Nu

PST PHF
0.71 5.0 1.0 1.8862 1.0011
1.00 5.0 1.0 2.2386 1.0011
7.00 5.0 1.0 5.9227 1.0011
11.40 5.0 1.0 7.5583 1.0011
0.71 2.0 1.0 1.1930 1.0011
0.71 4.0 1.0 1.6871 1.0011
0.71 6.0 1.0 2.0663 1.0011
0.71 8.0 1.0 2.3859 1.0011
0.71 5.0 0.1 1.8861 1.0010
0.71 5.0 0.2 1.8861 1.0010
0.71 5.0 0.3 1.8861 1.0010
0.71 5.0 0.4 1.8861 1.0010
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TABLE 5. Sherwood number Sh when Sc = 0.22, Sr = 5.0,Kr = 0.5, Nr = 1.0.

Pr Q τ
Sherwood number Sh

PST PHF
0.71 5.0 1.0 1.4322 0.6043
1.00 5.0 1.0 1.8123 0.6269
7.00 5.0 1.0 5.8370 0.7107
11.40 5.0 1.0 7.5583 7.5416
0.71 2.0 1.0 0.6945 0.5294
0.71 4.0 1.0 1.2186 0.5881
0.71 6.0 1.0 1.6261 0.6167
0.71 8.0 1.0 1.9718 0.6346
0.71 5.0 0.1 1.4321 0.6043
0.71 5.0 0.2 1.4321 0.6043
0.71 5.0 0.3 1.4321 0.6043
0.71 5.0 0.4 1.4321 0.6043

TABLE 6. Sherwood number Sh when Pr = 0.22, Q = 5.0, τ = 0.5, Nr = 1.0.

Sc Sr Kr
Sherwood number Sh

PST PHF
0.22 5.0 0.5 1.4322 0.6043
0.32 5.0 0.5 2.0890 0.9208
0.60 5.0 0.5 3.8358 1.7785
0.66 5.0 0.5 4.1950 1.9565
0.22 0.2 0.5 0.2615 0.2946
0.22 0.4 0.5 0.1909 0.2572
0.22 0.6 0.5 0.1204 0.2197
0.22 0.8 0.5 0.0498 0.1822
0.22 5.0 0.5 1.4322 0.6043
0.22 5.0 1.0 1.1917 0.4121
0.22 5.0 1.5 1.0150 0.2688
0.22 5.0 2.0 0.8705 0.1504

Tables 1 to 3. Represents the numerical values of skin friction coefficient Cf for different
values of Prandtl number Pr, heat source parameter Q, Soret number Sr, Schmidt number Sc,
chemical reaction parameterKr, Magnetic parameterM , buoyancy parameterN , permeability
parameter K and time τ . Skin friction coefficient Cf increases on increasing Kr and M
whereas Cf decreases on increasing Sr, Sc, N and K for both PST and PHF. It is observed
that skin friction coefficient Cf decreases for PST and increases for PHF on increasing Pr and
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Q. It is also noted that the skin friction coefficient attain their steady state for large time τ for
both PST and PHF.

Table 4, Represents the numerical values of heat transfer coefficient Nu for different values
of Prandtl number Pr, heat source parameter Q and time τ . Nusselt number Nu increases on
increasing Pr and Q . It is clear that the heat transfer coefficient attains their steady state for
large time τ for both PST and PHF. Also the value of Nu is least for Mercury and highest for
Water at 40C.

Tables 5 to 6, Represents the numerical values of mass transfer coefficient Sh for different
values of Prandtl number Pr, heat source parameter Q, Schmidt number Sc, Soret number Sr,
chemical reaction parameter Kr and time τ . Sherwood number Sh increases on increasing
Pr, Q and Sc whereas Sherwood number Sh decreases on increasing Sr and Kr for both PST
and PHF. It is noted that the Sherwood number attain their steady state for large time τ for both
PST and PHF. Also the value of Sh is least for Hydrogen and highest for Propyl benzene.

5. CONCLUSIONS

An investigation on the influence of Soret and chemical reaction effects on the MHD natural
convection flow of a viscous, incompressible, electrically conducting and radiating fluid past
an impulsively moving vertical plate embedded in a fluid saturated porous medium is carried
out. Important findings are as follows:

• Buoyancy parameter, permeability parameter and Soret number tends to accelerate
the fluid velocity throughout the boundary layer region for both PST and PHF. Mag-
netic parameter and chemical reaction parameter tends to decelerate the fluid velocity
throughout the boundary layer region for both PST and PHF.
• Schmidt number tends to accelerate the fluid velocity in a region close to the plate

whereas it has a reverse effect in the region away from the plate. Prandtl number and
heat source parameter are tends to accelerate the fluid velocity in a region close to the
plate whereas they have a reverse effect on the fluid velocity in the region away from
the plate for PST. Also it is observed that Prandtl number and heat source parameter
tends to decelerate the fluid velocity for PHF throughout the boundary layer region.
• Prandtl number and heat source parameter tends to retard fluid temperature throughout

the boundary layer region for both PST and PHF.
• Prandtl number and heat source parameter tends to accelerate the species concentration

in a region close to the plate whereas they have a reverse effect on the species concen-
tration in the region away from the plate for PST. Prandtl number and heat source pa-
rameter tends to retard the species concentration throughout the boundary layer region
for PHF.
• Schmidt number tends to accelerate the species concentration in a region close to the

plate whereas it has a reverse effect on the species concentration in the region away
from the plate for both PST and PHF.
• Soret number, Schmidt number, buoyancy parameter and permeability parameter tends

to retard skin friction coefficient and there is an enhancement in skin friction coefficient
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on increasing chemical reaction parameter, magnetic parameter for both PST and PHF.
But skin friction coefficient decreases on increasing Prandtl number and heat source
parameter for PST whereas they have a reverse effect for PHF throughout the boundary
layer region.
• Prandtl number and heat source parameter have tendency to increase the heat transfer

coefficient.
• Prandtl number, heat source parameter and Schmidt number have tendency to acceler-

ate the mass transfer coefficient. Soret number and chemical reaction parameter retard
the mass transfer coefficient.
• The fluid velocity, temperature, concentration, skin friction coefficient, heat transfer

coefficient and mass transfer coefficient are attain their steady state with the progress
of time throughout the boundary layer region for both PST and PHF.

APPENDIX

A1 =
√
PrQ, A2 =

√
Pr(Q+ ω), A3 =

√
ScKr, A4 = ScSr, A5 =

√
Sc(Kr + ω),

A6 =
√
M + 1

K , A7 =
√
M + 1

K + ω, A8 =
A2

1A4

A2
3−A2

1
, A9 = 1−A8, A10 =

A2
2A4

A2
5−A2

2
,

A11 = 1−A10, A12 =
1+NA8

A2
6−A2

1
, A13 =

NA9

A2
6−A2

3
, A14 = 1− (A12 +A13),

A15 =
1+NA10

A2
7−A2

2
, A16 =

NA11

A2
7−A2

5
, A17 = −(A15 +A16),

B1 =
1
A1
, B2 =

1
A2
, B3 =

A1A4

A2
3−A2

1
, B4 = 1−B3, B5 =

A2A4

A2
5−A2

2
, B6 = 1−B5,

B7 =
B1+NB3

A2
6−A2

1
, B8 =

NB4

A2
6−A2

3
, B9 = 1− (B7 +B8) , B10 =

B2+NB5

A2
7−A2

2
, B11 =

NB6

A2
7−A2

5
,

B12 = −(B10 +B11).
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