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ABSTRACT. The heat and mass transfer characteristics of the unsteady hydromagnetic natural
convection flow with Hall current and Soret effect of an incompressible, viscous, electrically
conducting, heat absorbing and optically thin radiating fluid flow past a suddenly started ver-
tical infinite plate through fluid saturated porous medium in a rotating environment are taken
into account in this paper. Derivations of exact analytical solutions are aimed under different
physical properties. The velocity, concentration and temperature profiles, Sherwood number
and Nusselt number are easily examined and discussed via the closed forms obtained. Soret
effect and permeability parameter tends to accelerate primary and secondary fluid velocities
whereas hall current, radiation and heat absorption have reverse effect on it. Radiation and heat
absorption have tendency to enhance rate of heat transfer at the plate. The results obtained here
may be further used to verify the validity of obtained numerical solutions for more complicated
transient free convection fluid flow problems.

NOMENCLATURE

u∗ fluid velocity in x∗ direction DT thermal diffusivity t∗ time
w∗ fluid velocity in z∗ direction q∗r radiating flux vector T ∗ fluid temperature
g acceleration due to gravity m hall current parameter
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K∗
1 permeability of porous medium kT thermal conductivity of the fluid

B0 uniform magnetic field C∗ species concentration
cp specific heat at constant pressure Q0 heat absorption coefficient
K∗

r chemical reaction parameter T ∗
w temperature of the wall

C∗
w concentration of the wall T ∗

∞ fluid temperature in the free stream
C∗
∞ species concentration in the free stream U(t∗) time dependent velocity

a∗ mean absorption coefficient Gr thermal Grashof number
Gm Solutal Grashof number Pr Prandtl number
R1 non dimensional constant Kr Chemical reaction number
R Radiation parameter K2 Rotation parameter
M Magnetic parameter DM chemical molecular diffusive
Sc Schmidt number K1 Permeability parameter
S0 Soret number t0 characteristic time
U0 characteristic velocity

GREEK SYMBOLS
ρ fluid density βT coefficient of thermal expansion
βC coefficient expansion for species concentration Ω uniform angular velocity
σ electrical conductivity ν kinematic coefficient of viscosity
ωe cyclotron frequency τe electron collision time
σ∗ Stefan–Boltzmann constant φ Heat absorption parameter

1. INTRODUCTION

In recent years, the problems of hydromagnetic free convective and heat transfer flow in a
porous medium plays an important role in several scientific and industrial processes such as
problems of boundary layer flow control, plasma studies, thermo nuclear fusion, furnace de-
sign, geothermal energy extraction, metallurgy, chemical, mineral and petroleum engineering,
solar power technology etc. and on the performance of so many engineering devices using
electrically conducting fluids, namely, MHD accelerators, MHD generators, nuclear reactors,
MHD pumps, MHD flow-meters, plasma jet engines, etc. Raptis and Kafousias [1] investi-
gated Magnetohydrodynamic free convection flow and mass transfer through porous medium
bounded by an infinite vertical porous plate with constant heat flux. Raptis [2] discussed free
convection and mass transfer effects on the oscillatory flow past an infinite moving vertical
isothermal plate with constant suction and heat sources. Unsteady hydromagnetic free convec-
tion flow with Hall current mass transfer and variable suction through a porous medium near an
infinite vertical porous plate with constant heat flux was studied by Sattar [3]. Lai and Kulacki
[4] analyzed Non-Darcy mixed convection along a vertical wall in a saturated porous medium.
Comprehensive reviews of natural convection boundary layer flow over various geometrical
bodies with heat and mass transfer in porous and non-porous media are well documented by
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Eckert and Drake [5], Gebhart et al. [6], Nield and Bejan [7], Pop and Ingham [8] and In-
cropera et al. [9]. Seth et al. [10] investigated on effects of hall current on hydromaggnetic
free convection flow with heat and mass transfer of a heat absorbing fluid past an impulsively
moving vertical plate with ramped temperature.

Moreover, the chemical reaction, heat and mass transfer on MHD flow over a vertical stretch-
ing surface with heat source and thermal stratification have been presented by Kandasamy et
al. [11]. Dursunkaya and Worek [12] analyzed diffusion-thermo and thermal diffusion effects
in transient and steady natural convection from vertical surface. Postelnicu [13] studied the
influence of a magnetic field on heat and mass transfer by natural convection from vertical sur-
faces in porous media considering soret and dufour effects. Alam and Rahman [14] considered
dufour and soret effects on MHD free convective heat and mass transfer flow past a vertical flat
plate embedded in a porous medium.

It is observed that when the density of an electrically conducting fluid is low and/or applied
magnetic field is strong, Hall current is produced in the flow-field which plays an important role
in determining flow features of the problems because it induces secondary flow in the flow-field.
Keeping in view this fact, significant investigations on hydromagnetic free convection flow
past a flat plate with Hall effects under different thermal conditions are carried out by several
researchers in the past. Mention may be made of the research studies of Pop and Watanabe
[15], Abo-Eldahab and Elbarbary [16], Takhar et al. [17] and Saha et al. [18]. It is worthy to
note that Hall current induces secondary flow in the flow-field which is also the characteristics
of Coriolis force. Therefore, it becomes very important to compare and contrast the effects
of these two agencies and also to study their combined effects on such fluid flow problems.
Satya Narayana et al. [19] studied the effects of Hall current and radiation–absorption on
MHD natural convection heat and mass transfer flow of a micropolar fluid in a rotating frame
of reference. Seth et al. [20] investigated effects of Hall current and rotation on unsteady
hydromagnetic natural convection flow of a viscous, incompressible, electrically conducting
and heat absorbing fluid past an impulsively moving vertical plate with ramped temperature in
a porous medium taking into account the effects of thermal diffusion.

Al-Odat and Al-Azab [21] studied the influence of magnetic field on unsteady free convec-
tive heat and mass transfer flow along an impulsively started semi-infinite vertical plate taking
into account a homogeneous chemical reaction of first order. The effect of radiation on the heat
and fluid flow over an unsteady stretching surface has been analyzed by El-Aziz [22]. Singh
et al. [23] studied the heat transfer over stretching surface in porous media with transverse
magnetic field. Singh et al. [24] and [25] also investigated MHD oblique stagnation-point flow
towards a stretching sheet with heat transfer for steady and unsteady cases. Elbashbeshy et
al. [26] investigated the effects of thermal radiation and magnetic field on unsteady bound-
ary layer mixed convection flow and heat transfer problem from a vertical porous stretching
surface. The opposing buoyancy effects on simultaneous heat and mass transfer by natural
convection in a fluid saturated porous medium investigated by Angirasa et al. [27]. Ahmed
[28] investigates the effects of unsteady free convective MHD flow through a porous medium
bounded by an infinite vertical porous plate. Ahmed Sahin [29] studied the Magneto hydrody-
namic and chemical reaction effects on unsteady flow, heat and mass transfer characteristics in
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a viscous, incompressible and electrically conduction fluid over a semi-infinite vertical porous
plate in a slip-flow regime. Recently, Venkateswarlu et al. [30-35] investigated heat and mass
transfer effects on convective MHD flows through porous medium in presence of thermal radi-
ation and chemical reaction.

The objective of the present investigation is to study an unsteady natural convection flow of a
viscous, incompressible and electrically conducting fluid with radiative heat and mass transfer
past an impulsively moving vertical plate embedded in a fluid saturated porous medium taking
into account the effects of the thermal diffusion, hall current, rotation, chemical reaction and
thermal radiation.

The rest of the present paper is arranged in the following fashion. The problem is formulated
in section 2. Analysis of the existence of unique exponential type solutions are given in section
3. Results and discussions in section 4 are followed by the concluding remarks in section 5.

2. FORMATION OF THE PROBLEM

FIGURE 1. Physical model and coordinate system
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We consider unsteady MHD natural convection flow of an incompressible, viscous, electri-
cally conducting and temperature dependent heat absorbing and optically thin radiating fluid
past a moving infinite vertical plate embedded in a porous medium taking Soret and Hall effects
into account. Select the coordinate system in such way that x∗-axis is along the length of the
plate in the upward direction and y∗-axis normal to the plane of the plate in the fluid. A uniform
transverse magnetic field B0 is applied parallel to y∗-axis. Both the fluid and plate are in rigid
body rotation with uniform angular velocity Ω about y∗-axis. 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 maintained at uniform concentration C∗

∞. At time, t∗ > 0 plate starts moving with
time dependent velocity U(t∗) in x∗ direction and temperature of the plate is raised or lowered
to T ∗

∞+(T ∗
w−T ∗

∞)t∗

t0
when t∗ ≤ t0, and thereafter, i.e. at t∗ > t0 plate is maintained at uniform

temperature T ∗
w. Also, at time t∗ > 0 species concentration at the surface of the plate is raised

to uniform species concentration C∗ = C∗
w and is maintained thereafter. Geometry of the flow

problem is presented in Fig. 1. Since plate is of infinite extent along x∗ and z∗ directions and is
electrically non-conducting, all physical quantities depend on y∗ and t∗ only. It is assumed that
the induced magnetic field produced by fluid motion is negligible in comparison to the applied
one. This assumption is valid because magnetic Reynolds number is very small for metallic
liquids and partially ionized fluids [36]. Also no external electric field is applied so the effect
of polarization of fluid is negligible.

Keeping in view of the above assumptions, the governing equations for unsteady MHD
natural convection flow of a viscous, incompressible, electrically conducting and temperature
dependent heat absorbing and optically thin heat radiating fluid in a uniform porous medium
taking Hall current, Soret, Rotation and Chemical reaction effects into account are given by

Continuity equation:
∂v∗

∂y∗
= 0 (2.1)

Momentum conservation equations:
∂u∗

∂t∗
+ 2Ωw∗ = ν

∂2u∗

∂y∗2
−

σB2
0

ρ

[
u∗ +mw∗

1 +m2

]
+ gβT (T ∗ − T ∗

∞)

+ gβC (C∗ − C∗
∞)− ν

u∗

K∗
1

(2.2)

∂w∗

∂t∗
− 2Ωu∗ = ν

∂2w∗

∂y∗2
+

σB2
0

ρ

[
mu∗ − w∗

1 +m2

]
− ν

w∗

K∗
1

(2.3)

Energy conservation equation:
∂T ∗

∂t∗
=

kT

ρcp

∂2T ∗

∂y∗2
−

Q0

ρcp
(T ∗ − T ∗

∞)−
1

ρCp

∂q∗r
∂y∗

(2.4)

Mass diffusion equation:
∂C∗

∂t∗
= DM

∂2C∗

∂y∗2
+DT

∂2T ∗

∂y∗2
−K∗

r (C
∗ − C∗

∞) (2.5)
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where m = ωeτe is the Hall current parameter, u∗− fluid velocity in x∗− direction, w∗− fluid
velocity along z∗ direction, g− acceleration due to gravity, ρ− fluid density, βT− coefficient
of thermal expansion, βC− coefficient of concentration expansion, t∗− time, Ω− angular ve-
locity, K∗

1− permeability of porous medium, B0− magnetic induction, T ∗− fluid temperature,
kT− thermal conductivity, C∗− species concentration, σ− electrical conductivity, cp− specific
heat at constant pressure, DM− chemical molecular diffusivity, DT− thermal diffusivity, q∗r−
radiating flux vector, ν− kinematic coefficient of viscosity, Q0− heat absorption coefficient,
K∗

r− chemical reaction parameter, ωe− cyclotron frequency and τe− electron collision time
respectively.

The initial and boundary conditions for the fluid flow problem are given below

u∗ = w∗ = 0, T ∗ = T ∗
∞, C∗ = C∗

∞ at y∗ ≥ 0 and t∗ ≤ 0
u∗ = U(t∗), w∗ = 0, C∗ = C∗

w at y∗ = 0 and t∗ > 0

T ∗ = T ∗
∞+(T ∗

w−T ∗
∞)t∗

t0
at y∗ = 0 and 0 < t∗ ≤ t0

T ∗ = T ∗
w at y∗ = 0 and t∗ > t0

u∗ → 0, w∗ → 0, T ∗ → T ∗
∞, C∗ → C∗

∞ as y∗ → ∞ and t∗ > 0

⎫⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭ (2.6)

where T ∗
w− temperature of the wall, C∗

w− concentration of the wall, T ∗
∞− fluid temperature

in the free stream, C∗
∞−species concentration in the free stream and U(t∗)− time dependent

velocity respectively.
In the case of an optically thin gray fluid the local radiant [37] absorption is expressed as

∂q∗r
∂y∗

= −4a∗σ∗
(
T ∗4
∞ − T ∗4

)
(2.7)

where a∗ is mean absorption coefficient and σ∗ is Stefan–Boltzmann constant.
It is assumed that the temperature difference within the fluid flow is sufficiently small such

that the fluid temperature T ∗4 may be expressed as a linear function of the temperature. This
is accomplished by expanding T ∗4 in a Taylor’s series about free stream temperature T ∗

∞. By
neglecting second and higher order terms, T ∗4 is expressed as,

T ∗4 ≈ 4T ∗3
∞ T ∗ − 3T ∗4

∞ (2.8)

Using the equations (2.7) and (2.8) in the last term of equation (2.4) we obtain

∂T ∗

∂t∗
=

kT

ρcp

∂2T ∗

∂y∗2
−

Q0

ρcp
(T ∗ − T ∗

∞)−
16a∗σ∗T ∗3

∞

ρCp
(T ∗ − T ∗

∞) (2.9)

In order to write the governing equations and the boundary conditions in dimensional form,
the following non-dimensional quantities are introduced.

y =
y∗

U0t0
, u =

u∗

U0
, w =

w∗

U0
, t =

t∗

t0
, T =

T ∗ − T ∗
∞

T ∗
w − T ∗

∞
, C =

C∗ − C∗
∞

C∗
w − C∗

∞
(2.10)

Equations (2.2), (2.3), (2.5), and (2.9) reduce to the following dimensional form.

∂u

∂t
+ 2K2w =

∂2u

∂y2
−

M(u+mw)

1 +m2
+GrT +GmC −

u

K1
(2.11)



209

∂w

∂t
− 2K2u =

∂2w

∂y2
+

M(mu− w)

1 +m2
−

w

K1
(2.12)

∂T

∂t
=

1

Pr

∂2T

∂y2
− (R + φ)T (2.13)

∂C

∂t
=

1

Sc

∂2C

∂y2
+ S0

∂2T

∂y2
−KrC (2.14)

where K2 = Ων
U2

0

is the rotation parameter, M =
σB2

0
ν

ρU2

0

is the magnetic parameter, K1 =
K∗

1
U2

0

ν2

is the permeability parameter, Gr = gβT ν(T ∗
w−T ∗

∞)
U3

0

is the thermal Grashof number, Gm =

gβCν(C∗
w−C∗

∞)
U3

0

is the Solutal Grashof number, Pr = νρcp
kT

is the Prandtl number, R = 16a∗σ∗νT ∗
∞

ρcpU2

0

is the radiation parameter, φ = νQ0

ρcpU2

0

is the heat absorption parameter, Sc = ν
DM

is the Schmidt

number, S0 = DT (T ∗
w−T ∗

∞)
ν(C∗

w−C∗
∞) is the Soret number, Kr = K∗

r ν
U2

0

is the chemical reaction number
respectively.

It is noticed that characteristic time t0 may be defined according to the non-dimensional
method mentioned above as

t0 =
ν

U2
0

(2.15)

where U0 is characteristic velocity.
The initial and boundary conditions, presented by equation (2.6) reduced to the following

non-dimensional form
u = 0, w = 0, T = 0, C = 0 at y ≥ 0 and t ≤ 0
u = f(t), w = 0, C = 1 at y = 0 and t > 0
T = t at y = 0 and 0 < t ≤ 1
T = 1 at y = 0 and t > 1
u → 0, w → 0, T → 0, C → 0 as y → ∞ and t > 0

⎫⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭ (2.16)

where f(t) = U(t∗)
U0

.
By combining the equations (2.11) and (2.12), we obtain

∂F

∂t
− 2iK2F =

∂2F

∂y2
−

F

K1
−NF +GrT +GmC (2.17)

where F = u+ iw and N = M
1+im .

The initial and boundary conditions, presented by equation (2.16), in compact form, are
given by

F = 0, T = 0, C = 0 at y ≥ 0 and t ≤ 0
F = f(t), C = 1 at y = 0 and t > 0
T = t at y = 0 and 0 < t ≤ 1
T = 1 at y = 0 and t > 1
F → 0, T → 0, C → 0 as y → ∞ and t > 0

⎫⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭ (2.18)
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In order to investigate the flow features of the fluid generated due to uniformly accelerated
movement of the plate, we consider f(t) = R1t, where R1-a non-dimensional constant.

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 qwand mass flux jw are obtained by

τw = μ

[
∂F

∂y

]
y=0

(2.19)

qw = −α

[
∂T

∂y

]
y=0

(2.20)

jw = −Dm

[
∂C

∂y

]
y=0

(2.21)

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

Cf =
τw

ρν2
(2.22)

Nu =
ν

Uo

qw

kT (T ∗
w − T ∗

∞)
(2.23)

Sh =
ν

Uo

jw

Dm (C∗
w − C∗

∞)
(2.24)

Using non-dimensional variables in equation (2.10) and equations (2.19) to (2.21) into equa-
tions (2.22) to (2.24), we obtain the physical parameters

Cf =

[
∂F

∂y

]
y=0

(2.25)

Nu = −

[
∂T

∂y

]
y=0

(2.26)

Sh = −

[
∂C

∂y

]
y=0

(2.27)

3. SOLUTION OF THE PROBLEM

Equations (2.13), (2.14) and (2.17) are coupled, nonlinear partial differential equations and
these cannot be solved in closed form. So, we reduced these nonlinear partial differential
equations into a set of ordinary differential equations, which can be solved analytically. This
can be done by assuming the trial solutions for the velocity, temperature and concentration of
the fluid as

F (y, t) = F0(y) + ε exp (iωt)F1(y) + o
(
ε2
)
+ ............ (3.1)

T (y, t) = T0(y) + ε exp (iωt)T1(y) + o
(
ε2
)
+ ............ (3.2)
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C(y, t) = C0(y) + ε exp (iωt)C1(y) + o
(
ε2
)
+ ............ (3.3)

where ω is frequency of oscillation and ε << 1.
Substituting (3.1), (3.2), and (3.3) in equations (2.13), (2.14), and (2.17), then equating the

harmonic and non-harmonic terms and neglecting the higher order terms of o
(
ε2
)
, we obtain

F ′′
0 −

[
N +

1

K1
− 2iK2

]
F0 = −(GrT0 +GmC0) (3.4)

F ′′
1 −

[
N +

1

K1
− 2iK2 + iω

]
F1 = −(GrT1 +GmC1) (3.5)

T ′′
0 − Pr(R+ φ)T0 = 0 (3.6)

T ′′
1 − Pr(R+ φ+ iω)T1 = 0 (3.7)

C ′′
0 − ScKrC0 = −ScS0T

′′
0 (3.8)

C ′′
1 − Sc(Kr + iω)C1 = −ScS0T

′′
1 (3.9)

where prime denotes the ordinary differentiation with respect to y.
The corresponding boundary conditions can be written as
F0 = 0, F1 = 0 , T0 = 0, T1 = 0, C0 = 0 , C1 = 0 at y ≥ 0 and t ≤ 0
F0 = f(t), F1 = 0 , C0 = 1 , C1 = 0 at y = 0 and t > 0
T0 = t, T1 = 0 at y = 0 and 0 < t ≤ 1
T0 = 1, T1 = 0 at y = 0 and t > 1
F0 → 0, F1 → 0 , T0 → 0, T1 → 0, C0 → 0 , C1 → 0 as y → ∞ and t > 0

⎫⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭ (3.10)

Solving equations (3.4)-(3.9) under the boundary condition (3.10) we obtain the velocity, tem-
perature and concentration distribution in the boundary layer as

F (y, t) = A11 exp(−A3y) +A13 exp(−A1y) +A14 exp(−A9y) (3.11)
T (y, t) = t exp(−A1y) (3.12)
C (y, t) = A6 exp(−A1y) +A7 exp(−A3y) (3.13)

The Skin friction, Nusselt number and Sherwood number are important physical parameters
for this type of boundary layer flow.

Skin friction coefficient:
Knowing the velocity field, the skin friction coefficient can be obtained, which is in non-
dimensional form is given by

Cf =

(
∂F

∂y

)
y=0

= − [A3A11 +A1A13 +A9A14] (3.14)
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Nusselt number:
Knowing the temperature field, the rate of heat transfer coefficient can be obtained, which is in
non-dimensional form is given, in terms of the Nusselt number, is given by

Nu = −

(
∂T

∂y

)
y=0

= tA1 (3.15)

Sherwood number:
Knowing the concentration field, the rate of mass transfer coefficient can be obtained, which is
in non-dimensional form, in terms of the Sherwood number, is given by

Sh = −

(
∂C

∂y

)
y=0

= A1A6 +A3A7 (3.16)

Here the constants are not given due shake of brevity.

4. RESULTS AND DISCUSSIONS

In order to investigate the influence of various physical parameters such as hall current pa-
rameter m, Soret effect S0, rotation parameter K2, magnetic parameter M , radiation parameter
R, permeability parameter K1, heat absorption parameter φ, Prandtl number Pr, thermal buoy-
ancy force Gr, solutal buoyancy force Gm, chemical reaction parameter Kr, mass diffusion
parameter Sc and time t on the flow-field, primary velocity u, secondary velocity w, tem-
perature T and concentration C have been studied analytically and computed results of the
analytical solutions, presented by equations (3.11)-(3.13) are displayed graphically from Figs.
2 to 22. In the present study following default parameter values are adopted for computations:
Gr = 4, Gm = 3, Pr = 0.71, Kr = 0.5, R = 2.0, m = 0.5, K2 = 2.0, ω = 0.5, M =
1.0, Sc = 0.6, R1 = 0.5, t = 0.5, K1 = 0.5, φ = 3.0 and S0 = 0.5. It is observed from
Figures. 2 to 14 fluid primary velocity u and fluid secondary velocity w attain a distinctive
maximum value near the surface of the plate and then decrease properly on increasing bound-
ary layer coordinate y to approach free stream value. Fig. 2 depicts the influence of hall current
parameter m on the primary velocity u and secondary velocity w.

It is evident from Fig. 2, u increases on increasing m in a region near to the plate and it
decreases on increasing m in the region away from the plate whereas w increases on increasing
m throughout the boundary layer region. This implies that, hall current tends to accelerate
secondary fluid velocity throughout the boundary layer region which is consistent with the fact
that hall current induces secondary flow in the flow field. Hall current tends to accelerate pri-
mary fluid velocity in a region close to the plate whereas it has a reverse effect on fluid primary
velocity in the region away from the plate. It is perceived from Fig. 3 that, primary velocity
u decreases on increasing rotation parameter K2 whereas secondary velocity w increases on
increasing K2 in the region near to the plate and it decreases on increasing K2 in the region
away from the plate. This implies that, rotation tends to retard primary fluid velocity through-
out the boundary layer region. Although rotation is known to induce secondary fluid velocity
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FIGURE 2. Influence of m on
velocity profiles.

FIGURE 3. Influence of K2

on velocity profiles.

in the flow-field by suppressing the primary fluid velocity, its accelerating effect is prevalent
only in the region near to the plate whereas it has a reverse effect on secondary fluid velocity
in the region away from the plate. This is due to the reason that Coriolis force is dominant in
the region near to the axis of rotation. Fig. 4 depicts the effect of radiation parameter R on the
primary velocity u and secondary velocity w of the flow field.

FIGURE 4. Influence of R on velocity profiles.

The radiation parameter R is found to decelerate both the primary velocity u and secondary
velocity w of the flow field at all points. This is because radiation parameter have tendency to
reduce fluid temperature which is clearly evident from Fig. 16. Higher the radiation parameter,
the more sharper is the reduction in velocity.
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It is observed that from Fig. 5 both u and w decreases on increasing heat absorption pa-
rameter φ. This implies that heat absorption tend to retard the primary and secondary fluid
velocities.

FIGURE 5. Influence of φ on velocity profiles.

This is because heat absorption have tendency to reduce fluid temperature which is clearly
evident from Fig. 15. The effect of Grashof numbers for heat transfer Gr and mass transfer
Gm on the primary velocity u and secondary velocity w of the flow field are presented in Figs.
6 and 7.

FIGURE 6. Influence of Gr

on velocity profiles.
FIGURE 7. Influence of Gm

on velocity profiles.

A study of the curves shows that the Grashof numbers for heat transfer Gr and mass transfer
Gm accelerate the primary velocity u and secondary velocity w of the flow field at all points.
Comparing the curves of Figs. 6 and 7, it is further observed that the increase in velocity of the
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flow fields more significant in presence of mass transfer. Thus, mass transfer has a dominant
effect on the flow field.

The nature of primary velocity u and secondary velocity w in presence of foreign species
such as Hydrogen (Sc = 0.20), Helium (Sc = 0.30), Water vapour (Sc = 0.60), Ammonia
(Sc = 0.78) is shown in Fig. 8. The flow field surffers a decrease in primary velocity u and
secondary velocity w at all points in presence of heavier diffusing species. It is observed from
Fig. 9 primary velocity u and secondary velocity w increase on increasing time t. This implies
that primary and secondary fluid velocities are getting accelerated with the progress of time.

FIGURE 8. Influence of Sc

on velocity profiles.
FIGURE 9. Influence of t on
velocity profiles.

Fig. 10 displays the effect of the chemical reaction parameter Kr on primary velocity u

and secondary velocity w of the flow field at all points. It is seen, that primary velocity u and
secondary velocity w decreases with increasing the chemical reaction parameter Kr. Fig. 11

FIGURE 10. Influence of Kr

on velocity profiles.
FIGURE 11. Influence of S0

on velocity profiles.



216 M. VENKATESWARLU, D. VENKATA LAKSHMI, AND K. NAGA MALLESWARA RAO

displays the effect of the Soret number S0 on primary velocity u and secondary velocity w of
the flow field at all points. It is seen, that primary velocity u and secondary velocity w increases
with increasing the Soret number S0.

Fig. 12 depicts the effect of Magnetic parameter M on primary velocity u and secondary
velocity w of the flow field. The Magnetic parameter M is found to decrease the primary
velocity u and secondary velocity w of the flow field at all points. Fig. 13 depicts the influence
of porosity parameter K1 on primary velocity u and secondary velocity w of the flow field. It is
evident from Fig. 13, u increases on increasing K1 in a region near to the plate and it decreases
on increasing K1 in the region away from the plate whereas w increases on increasing K1

throughout the boundary layer region.

FIGURE 12. Influence of M

on velocity profiles.
FIGURE 13. Influence of K1

on velocity profiles.

Fig. 14 shows the plot of primary velocity u and secondary velocity w of the flow field
against different values of prandtl number Pr taking other parameters are constant. The values

FIGURE 14. Influence of Pr on velocity profiles.
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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 observed that the primary velocity u and
secondary velocity w of the flow field decreases in magnitude as prandtl number Pr increases.
Thus higher prandtl number leads to faster cooling of the plate.

Figs. 15 and 16 depict the effect of heat absorption parameter φ and radiation parameter
R on the temperature T of the flow field. It is observed that heat absorption parameter φ and
radiation parameter R are found to decelerate the temperature T of the flow field at all point.

FIGURE 15. Influence of φ

on temperature profiles.
FIGURE 16. Influence of R

on temperature profiles.

Figs. 17 and 18 depict the effect of time t and prandtl number Pr on the temperature T

of the flow field. 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

FIGURE 17. Influence of t on
temperature profiles.

FIGURE 18. Influence of Pr

on temperature profiles.
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solution (Pr = 1.00), water (Pr = 7.00) and water at 40C (Pr = 11.40). It is noticed that the
fluid temperature T increases in magnitude on increasing time t and it decreases on increasing
the prandtl number Pr at all points of the flow field.

It is observed from Figs. 19 and 20 that species concentration C decreases on increasing
Schmidt number Sc whereas it increases on increasing time t. This implies that there is an
enhancement in species concentration with the progress of time throughout the boundary layer
region.

FIGURE 19. Influence of Sc

on concentration profiles.
FIGURE 20. Influence of t on
concentration profiles.

Figs. 21 and 22 depict effect of Soret number So and chemical reaction parameter Kr on
concentration distribution of the flow field. The species concentration C is found to increases

FIGURE 21. Influence of S0

on concentration profiles.
FIGURE 22. Influence of Kr

on concentration profiles.

on increasing Soret number So whereas it is decreases on increasing the chemical reaction
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parameter Kr. Table 1. Represents the numerical values of heat transfer coefficient Nu for
different values of radiation parameter R, Prandtl number Pr and heat absorption parameter φ.
Nusselt number Nu increases on increasing R, Pr, and φ. Also the value of Nu is least for
Mercury and highest for Water at 40C .

TABLE 1. Nusselt number Nu when t = 0.5.

R Pr φ Nu R Pr φ Nu

2.0 0.71 3.0 0.9421 2.0 7.00 3.0 2.9580
4.0 0.71 3.0 1.1147 2.0 11.40 3.0 3.7749
6.0 0.71 3.0 1.2639 2.0 0.71 1.0 0.7297
8.0 0.71 3.0 1.3973 2.0 0.71 3.0 0.9421
2.0 0.71 3.0 0.9421 2.0 0.71 5.0 1.1147
2.0 1.00 3.0 1.1180 2.0 0.71 7.0 1.2639

Table 2. Represents the numerical values of skin friction coefficient Cf for different values
of Hall current parameter m, rotation parameter K2, radiation parameter R and heat absorption
parameter φ. Skin friction coefficient Cf increases on increasing m whereas Cf decreases
on increasing R and φ for both primary and secondary velocities. It is observed that skin

TABLE 2. Skin friction coefficient when Kr = 0.5, So = 0.5,M = 1,K1 =
0.5, Gr = 4, Gm = 3, R1 = 0.5, ω = 0.5, Sc = 0.6, t = 0.5, Pr = 0.71.

m K2 R φ
Skin friction coefficient Cf

Primary Secondary
0.5 2.0 2.0 3.0 1.0138 0.8742
1.0 2.0 2.0 3.0 1.0232 0.9250
1.5 2.0 2.0 3.0 1.0429 0.9509
2.0 2.0 2.0 3.0 1.0600 0.9632
0.5 2.0 2.0 3.0 1.0138 0.8742
0.5 4.0 2.0 3.0 0.5745 1.0719
0.5 6.0 2.0 3.0 0.2914 1.1660
0.5 8.0 2.0 3.0 0.0857 1.2331
0.5 2.0 2.0 3.0 1.0138 0.8742
0.5 2.0 4.0 3.0 0.9870 0.8582
0.5 2.0 6.0 3.0 0.9665 0.8470
0.5 2.0 8.0 3.0 0.9501 0.8387
0.5 2.0 2.0 1.0 1.0525 0.9001
0.5 2.0 2.0 3.0 1.0138 0.8742
0.5 2.0 2.0 5.0 0.9870 0.8582
0.5 2.0 2.0 7.0 0.9665 0.8470
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friction coefficient Cf decreases for primary velocity and increases for secondary velocity on
increasing rotation parameter K2.

Table 3. Represents the numerical values of skin friction coefficient Cf for different values
of Grashof number Gr , modified Grashof number Gm, Schmidt number Sc and chemical re-
action parameter Kr. Skin friction coefficient Cf increases on increasing Gr and Gm whereas
Cf decreases on increasing Sc and Kr for both primary and secondary velocities.

TABLE 3. Skin friction coefficient when So = 0.5,M = 1,K1 = 0.5, R =
2,m = 0.5,K2 = 2, R1 = 0.5, ω = 0.5, φ = 3, t = 0.5, Pr = 0.71.

Gr Gm Sc Kr
Skin friction coefficient Cf

Primary Secondary
1.0 3.0 0.60 0.5 0.6564 0.7731
2.0 3.0 0.60 0.5 0.7755 0.8068
3.0 3.0 0.60 0.5 0.8947 0.8405
4.0 3.0 0.60 0.5 1.0138 0.8742
4.0 2.0 0.60 0.5 0.6679 0.7193
4.0 4.0 0.60 0.5 1.3597 1.0290
4.0 6.0 0.60 0.5 2.0516 1.3388
4.0 8.0 0.60 0.5 2.7434 1.6486
4.0 3.0 0.20 0.5 1.0503 0.9258
4.0 3.0 0.30 0.5 1.0376 0.9077
4.0 3.0 0.60 0.5 1.0138 0.8742
4.0 3.0 0.78 0.5 1.0045 0.8610
4.0 3.0 0.60 0.5 1.0138 0.8742
4.0 3.0 0.60 1.0 0.9498 0.8095
4.0 3.0 0.60 1.5 0.9047 0.7683
4.0 3.0 0.60 2.0 0.8693 0.7381

Table 4. Represents the numerical values of mass transfer coefficient Sh for different values
of Schmidt number Sc, chemical reaction parameter Kr, Soret number So, radiation parameter
R, Prandtl number Pr and heat absorption parameter φ. Sherwood number Sh increases on
increasing Sc and Kr. Sherwood number Sh decreases on increasing So, R, Pr and φ. Also
the value of Sh is least for Hydrogen and highest for Propyl benzene.

Table 5. Represents the numerical values of skin friction coefficient Cf for different values
of Soret number So, Magnetic parameter M , permeability parameter K1 and prandtl number
Pr . Skin friction coefficient Cf increases on increasing So and K1 whereas Cf decreases on
increasing M and Pr for both primary and secondary velocities.
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TABLE 4. Sherwood number Sh when t = 0.5.

Sc Kr S0 R Pr φ Sh Sc Kr S0 R Pr φ Sh

0.20 0.5 0.5 2.0 0.71 3.0 0.0611 0.60 0.5 0.5 2.0 0.71 3.0 0.3288
0.30 0.5 0.5 2.0 0.71 3.0 0.0846 0.60 0.5 0.5 4.0 0.71 3.0 0.2793
0.60 0.5 0.5 2.0 0.71 3.0 0.1479 0.60 0.5 0.5 6.0 0.71 3.0 0.2361
0.78 0.5 0.5 2.0 0.71 3.0 0.1826 0.60 0.5 0.5 8.0 0.71 3.0 0.1972
0.60 0.5 0.5 2.0 0.71 3.0 0.1479 0.60 0.5 0.5 2.0 0.71 3.0 0.3288
0.60 1.0 0.5 2.0 0.71 3.0 0.4089 0.60 0.5 0.5 2.0 1.00 3.0 0.2783
0.60 1.5 0.5 2.0 0.71 3.0 0.6055 0.60 0.5 0.5 2.0 7.00 3.0 -0.2645
0.60 2.0 0.5 2.0 0.71 3.0 0.7692 0.60 0.5 0.5 2.0 11.40 3.0 -0.5082
0.60 0.5 0.2 2.0 0.71 3.0 0.4601 0.60 0.5 0.5 2.0 0.71 1.0 0.3885
0.60 0.5 0.4 2.0 0.71 3.0 0.3725 0.60 0.5 0.5 2.0 0.71 3.0 0.3288
0.60 0.5 0.6 2.0 0.71 3.0 0.2850 0.60 0.5 0.5 2.0 0.71 5.0 0.2793
0.60 0.5 0.8 2.0 0.71 3.0 0.1974 0.60 0.5 0.5 2.0 0.71 7.0 0.2361

TABLE 5. Skin friction coefficient when Gr = 4, Gm = 3,Kr = 0.5, φ =
3, R = 2,m = 0.5,K2 = 2, ω = 0.5, R1 = 0.5, Sc = 0.6, t = 0.5.

So M K1 Pr
Skin friction coefficient Cf

Primary Secondary
0.2 1.0 0.5 0.71 0.9865 0.8520
0.4 1.0 0.5 0.71 1.0047 0.8668
0.6 1.0 0.5 0.71 1.0229 0.8815
0.8 1.0 0.5 0.71 1.0411 0.8963
0.5 1.0 0.5 0.71 1.0138 0.8742
0.5 2.0 0.5 0.71 0.8966 0.8063
0.5 3.0 0.5 0.71 0.7895 0.7555
0.5 4.0 0.5 0.71 0.6918 0.7166
0.5 1.0 0.1 0.71 0.3167 0.3463
0.5 1.0 0.2 0.71 0.7323 0.5678
0.5 1.0 0.3 0.71 0.8926 0.7120
0.5 1.0 0.4 0.71 0.9705 0.8077
0.5 1.0 0.5 0.71 1.0138 0.8742
0.5 1.0 0.5 1.00 0.9865 0.8579
0.5 1.0 0.5 7.00 0.8335 0.7937
0.5 1.0 0.5 11.40 0.8013 0.7853



222 M. VENKATESWARLU, D. VENKATA LAKSHMI, AND K. NAGA MALLESWARA RAO

5. CONCLUSION

An investigation of the effects of hall current, Soret number, chemical reaction parmeter
and rotation parameter on unsteady hydromagnetic natural convection flow with heat and mass
transfer of a viscous, incompressible, electrically conducting and optically thick radiating fluid
past an impulsively moving vertical plate embedded in a fluid saturated porous medium is
carried out. Important findings are as follows:

• Hall current tends to accelerate secondary fluid velocity throughout the boundary layer
region. Hall current tends to accelerate primary fluid velocity in a region close to the
plate whereas it has a reverse effect on the primary fluid velocity in the region away
from the plate.

• Rotation tends to retard primary fluid velocity throughout the boundary layer region
and accelerate secondary fluid velocity only in the region near to the plate whereas it
has a reverse effect on secondary fluid velocity in the region away from the plate.

• Thermal and concentration buoyancy forces tend to accelerate both the primary and
secondary fluid velocities throughout the boundary layer region.

• Primary and secondary fluid velocities are getting accelerated with the progress of time
throughout the boundary layer region.

• Heat absorption parameter, thermal radiation and Prandtl number tend to retard fluid
temperature and there is an enhancement in fluid temperature with the progress of time
throughout the boundary layer region.

• Mass diffusion and chemical reaction parameter tends to retard species concentration
and there is an enhancement in species concentration with the progress of time and
Soret number throughout the boundary layer region.

• Radiation parameter, heat absorption parameter, Schmidt number, chemical reaction
parameter, magnetic parameter and Prandtl number tends to retard skin friction coeffi-
cient and there is an enhancement in skin friction coefficient on increasing Hall current
parameter, Grashof number, modified Grashof number, Soret number and permeability
parameter for both primary and secondary velocities. But skin friction coefficient de-
creases on increasing rotation parameter for primary velocity whereas it has a reverse
effect for secondary velocity.

• Radiation parameter, Prandtl number and heat absorption parameter have tendency to
increase the heat transfer coefficient.

• Schmidt number and chemical reaction parameter have tendency to accelerate the mass
transfer coefficient. Soret number, radiation parameter, Prandtl number and heat ab-
sorption parameter retard the fluid concentration.
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