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Abstract

In this paper, effect of radiation and heat source parameters on temperature, concentration and velocity
profile of an electrically conducting fluid passing through an infinite permeable plate is investigated. The
governing equation, which was based on the balanced mass, linear momentum, energy and species
concentration, were non-dimensionalized to reduce the equations to system of ordinary differential
equations. This was then solved by perturbation technique. Effects of radiation parameter, heat source
parameter, and Schmidt parameter are analyzed. We observed that the velocity and concentration profiles
increase with increase in radiation parameter and heat source parameter. The temperature profile
increases with decrease in radiation parameter with increases boundary layer thickness.

Keywords: Magnetohydrodynamics (MHD),; thermal radiation; heat source; permeable membrane;
boundary layer.
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Nomenclatures

English symbols

»

: Magnetic field component along y-axis

: Specific heat at constant pressure

: Thermal Grashof number

: Solutal Grashof number

: Acceleration of gravity

: The permeability of medium

: The permeability parameter

: Hartmann number

. Prandtl number

: Schmidt number

: Eckert number

: Soret number

: Heat source parameter

: Thermal radiation parameter

: Plate velocity

: Chemical reaction parameter

: Chemical molecular diffusivity

: Thermal diffusivity

: Temperature of fluid near the plate

: Temperature of the fluid far away of the fluid from the plate
: Temperature of the fluid at infinity

: Concentration of the fluid

: Concentration of the fluid near the plate
: Concentration of the fluid far away of the fluid from the plate
: Concentration of the fluid at infinity

: Time inx’,y’ coordinate system

: Time in dimensional coordinate

: Velocity component in x’-direction

: Dimensionless velocity component in x - direction
: Nusselt number

: Sherwood number

. Skin fraction

: Co-ordinate system

X,y : Dimensionless coordinate

. Reference velocity

: Suction velocity

: Dimensional heat absorption
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Greek Symbols

: Coefficient of volume expansion for heat transfer
: Coefficient of volume expansion for mass transfer
: Thermal conductivity of the fluid

: Electrical conductivity of the fluid

: Kinematic viscosity

: Non-dimensional

: Density of the fluid

: Thermal diffusivity
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nt : Phase angle
E:S . A positive constant

1 Introduction

A fluid is any substance that deforms continuously when acted on by a shearing stress of any magnitude. The
study that deals with behavior of fluid in motion is known as fluid dynamics. Fluids dynamics therefore
offers a systematic structure that embraces empirical and semi empirical laws derived from flow
measurements and used to solve particular problems. The solution to a fluid dynamics problem typically
involves properties of fluids such as velocity, pressure, density, concentration and temperature function of
space and time. This research does not deal with the motion of an individual particle in a fluid but a
continuum of particles in plasma; it is assumed that the distance between fluid molecules (mean free path) is
very small.

Zueco and Ahmed [1] studied heat and mass transfer mixed convection MHD flow along a porous plate with
chemical reaction in the presence of heat source. The equations were solved using perturbation technique
and analyzed numerically. Sharma, Kumar and Sharma [2] investigated influence of chemical reaction and
radiation on an unsteady MHD free convective flow, mass transfer through a viscous incompressible,
electrically conducting fluid past an infinite vertical heated porous plate with suction, surrounded in porous
medium in the presence of a transverse magnetic field, oscillating free stream and heat source considering
viscous dissipation. Kesavaiah, Satyanarayana and Venkataramana [3] reported analytical solutions for mass
and heat transfer by laminar flow of a viscous, Newtonian, electrically and heat generation/absorbing fluid
on a continuously vertical permeable surface in the presence of a radiation, mass flux and first order
homogeneous reaction. Ram et al. [4] studied unsteady magneto-hydrodynamics free convective flow past a
vertical porous plate in motion in the presence of thermal radiation and first order chemical reaction with
viscous dissipation. Second order perturbation technique was adopted to solve the nonlinear differential
equations governing the fluid flow. Numerical analyses of different parameters on velocity and temperature
profiles were made. In addition, the skin friction coefficients, rate of heat transfer as well as the rate of mass
transfer of the plate were computed. Sagar et al. [5] studied on unsteady MHD free convection boundary
layer flow of radiation absorbing Kuvshinski fluid through porous medium. Kesavaiah, [6] studied MHD
free convection heat and mass transfer flow past an accelerated vertical plate through a porous medium with
effects of hall current, rotation and Dufour effects. Srinathuni [7] worked on Radiation effect on unsteady
free convective MHD flow of a viscoelastic fluid past a tilted porous plate with heat source.

Singh [8] investigated steady flow of viscous incompressible fluid between two parallel infinite plates under
the influence of inclined magnetic field. Results showed that velocity profiles decreased as the strength of
magnetic field was increased. Ravicumar [9] worked on investigation of an unsteady MHD free convection
mass and heat transfer flow of a non-Newtonian fluid flow past a permeable vertical plate in the presence of
heat sink and thermal diffusion. Sharma et al. [10] Investigated Rotating Impact on Unsteady MHD Double
Diffusive Boundary Layer Flow over an Impulsively Emerged Vertical Porous Plate. The expressions for
the distributions of temperature, concentration and velocity were computed and skin friction, Nusselt number
and Sherwood number were analyzed. Ramesh and Eytoo [11] examined the effect of diverse physical
parameters on fluid flow. Three Ree-Eyring fluid between infinitely parallel plates with the effects on
various parameters were considered. Anuradha and Priyadharshini [12] worked on Heat and mass transfer on
unsteady MHD free convective flow pass a semi-infinite vertical plate with soret effect, using perturbation
method in solving the governing equation subjected to the constant radiation term. Various parameters were
analyzed and presented on the temperature concentration and velocity profile. Campos L M B C [13] carried
out an investigation on vertical hydromagnetic waves in a compressible atmosphere under an oblique
magnetic field. Results showed that the velocity perturbation transverse to the magnetic field and gravity
dissatisfied a forth order wave and decoupled second order Alfven wave equations.

Soundalgekar, Takhar and Singh [14] studied the temperature and velocity field in MHD Falkner- Skan flow
of an electrically conducting, incompressible viscous fluid. They reduced the problem to a system of two
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differential equations in terms of variables and solved numerically. Jha [15] also studied free convection
flow through an annular porous medium where the study addresses the Brinkman-extended Darcy model
(Brinkman flow) of a laminar free-convective flow in an annular porous region. Chamkha [16] worked on
MHD chemically reactive and double diffusive flow through porous medium bounded by two vertical plates,
considering a steady state and the effect of Reynolds number on the parameters, and numerical computation
of the result were achieved and results were analyzed. Makinde [17] studied a hydro-magnetic mixed
convention flow of an electrically conducting, incompressible viscous fluid and mass transfer over a vertical
porous plate with embedded constant heat flux. Sharma et al. [18] worked on effects of chemical reaction on
magneto-micropolar fluid flow from a radiative surface with variable permeability. They made analyses with
altering permeability of the medium and the Rosseland approximation was used to describe the radiative heat
flux in the energy equation.

2 Mathematical Formulations

We consider an unsteady two dimensional flow of an electrically conducting fluid passing through an
infinite vertical permeable moving plate immersed in a uniform medium, subjected to a uniform transverse
magnetic field in the presence of concentration and thermal and buoyancy effects. In Cartesian coordinate
system, let x' be taken along the plate and y be perpendicular to the plate. The wall is sustained at fixed
temperature T, and concentration C, greater than the ambient temperature T, and concentration C.
respectively. A uniform magnetic field of magnitude S, is applied parallel to the plate. The transverse
applied magnetic field and magnetic Reynolds’ number are taken to be very small, so that the induced
magnetic field is trivial. Uniform magnetic field acts perpendicular to the permeable surface which absorbs
the fluid with a suction velocity varying with time.

The plate is assumed to move with a constant velocity in the direction of the fluid flow. Except that the
influence of density variation with temperature has been considered only in the body all other fluid
properties assumed constant. Owing to the infinite plane surface assumption, the flow variables are voltage
which denotes the absence of an electric field. The fluid has constant thermal conductivity and viscosity. The
fluid is considered to be gray-absorbing emanating radiation but non-scattering medium and the Rosseland’s
approximation is used to describe the radiative heat flux. It is considered to be negligible in x " direction as
compared in y direction. The concentration of diffusing species is taken to be very small compared to other
chemical species; the concentration of species away from the wall C_, is extremely small, therefore Soret and
Dufour effect are ignored. Based on these assumptions made, governing equations for conservation of
momentum, energy, species and concentration are given as follows.

Continuity equation

av
=0 (M

Momentum equation
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rou 6Bou
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Energy equation

L 0T kO L Qo oy _ L %ar

v TV T o T (T Ty (3)
Species equation
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Where y " and t’ are dimensional distance along and perpendicular to the plate u’ and v’ are the component
of dimensional velocity along y’ direction. v is the Kinematic viscosity, By is the magnetic field component
along y-axis, ¢ is the electrical conductivity, k is the thermal conductivity, p is the density, g is the
acceleration of gravity, K, is the chemical reaction parameter, § is the coefficient of volume expansion for
heat transfer f'is the coefficient of volume expansion for mass transfer B, is the magnetic induction, K’ is
the permeability of medium K is the permeability parameter, c, is the specific heat at fixed pressure, Q, is
the dimensional heat absorption coefficient, o is the thermal diffusivity D is the chemical molecular
diffusivity, D; is the thermal diffusivity, ¢’ is the concentration of the fluid near the plate, T' is the
temperature of fluid near the plate.

Under these assumptions, the appropriate boundary conditions for the velocity, temperature and
concentration are

'

u' = U, T=T,+ &(T,—T,), c= cy(c,—cr)e™ at y =0
u'=U,=U,(1+ee™), T=T,,c=c,, a Yy = (5)

Where Uz;' ¢y, T, are the wall dimensional velocity, concentration and temperature respectively, and U,
¢, , T, arethe free stream dimensional velocity, concentration and temperature. U, and n are constant.

Using the following non dimensional quantity in non-dimensionalizing the modified model

_ ¥V _tVv3 o _T-T, _C-C, —
y== t== =% O=r> ¢=¢
0 [0} 0 {0} 00
' " ’) r ' ’
_Up _ 8BV(T,—T, _ 8BVv(Cy—Cx) _ vpCp
UP_V_a Gr_ U w’ GC_ U > Pr_ 5
0 0V ov3 ¥
v oB3v vQo K V3 Kypv >—
Sc =5 == = K==, Ke=737> (6)
PVo P pv3 0
_ veCp _v _ K __ V8 _ D1(Ty=T)
PI‘_ 5 SC__s - '3 c— T Y SO_ "
K D 40Ty Cp(Ty—Tx) (Cp=Cx)

Dimensionaling the governing equations for momentum, energy and species equations give rise to the set
equations

du v du 9%u 1

2 —Voay—a—}’z+Gre+Gm¢—(M+§)u @)
9 v 1 4R\ 020

ATy =n (1) 50 ®)
ap v 9y _ 1 0% 20

7t T ooy~ scoe T S0g, ~ Kid ©)
Suction velocity in the plate.

v = —vy(1 + ge™®). (10)

Where v, is scale of suction velocity.
¢ is the value less than a unit.
Negative sign implies that the suction is in direction of the plate.

Substituting (10) into equation (7), (8), and (9), obtained
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B 4 ey P (Mt

= (L4 8e™) T =S54 G0 + G (M+2)u (11)
D (1 4 oo o L (1 4 4R _

E—(1+ee t)ay_pr(1+ 3)ayz S0 (12)
B _ g 4 penty® 1% o 00

- (1 4een) = 84S 5 — K (13)

Where, G, is the thermal Grashof number, G,, is the solutal Grashof number, M is the hartmann number, P, is
the Prandtl number, Sc is the Schmidt number, Sy, is the Soret number, S is the heat source parameter, R is
the thermal radiation parameter.

The dimensional form of the boundary condition becomes

u=U, 6 =1+c¢e™, C=1+c¢ce™, U=1+¢ece™ at y=0
u=U,6-0, cC -0, U- 0, asy — o (14)
3 Method of Solution

In order to solve the partial differential equations, subjected to the boundary condition; the partial differential
equation is reduced to set of ordinary differential equations then solved analytically. We assumed that
velocity, temperature and concentration in a series expansion in power of € where € < 1 as

u(y,t) = up(y) + suy(y)et+ 0(e?) +... (15)
0(y, ) = 0,(y) + £6,(y)e" + 0(e?) + - (16)
0@y, 0 = ¢(v) + &, (y)e" + 0(e?) + - (17)

Substitute equation 15 — 17 into 11 — 13, and neglecting higher- order terms of O(g2), the follow pairs of
equation for (8, ¢, Ug) and (6, ¢,, U, ) are obtained.

(1+%7) 05 — PO + S0, = 0 (18)

¢ + Scdy — KiScd, = —ScSo80 (19)

U = Ug + (M +3) Up = —G,05 — Gy, (20)

(1+%)0; — B0 + P(S + )0, = —0; Q1)

¢) +Scd, = (K, +)Scd; = Schy + 8 Se0) (22)
" , 1 1 '

Ui = U+ (M+n+2) U = =Gy — Gty — (M+) Ug = U (23)

Subjected to the below boundary conditions.

Up=U, U =0, bo=1 ¢;=0, 6,=0, 6;,=0 asy=0
u, =1, U =1, do — 0, ¢, — 0, 6p—-0, 6,—-0 asy—-0 (24)
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Solving equations 18 — 23, The corresponding values for 8y, 0;, ¢,, ¢,, Uy, U, are obtained.

0y = ce™ (25)
0, = c3e™Y 4 c4e™Y (26)
o, = cee" + cre™ 27
O, = coe™ +¢19e™ + ¢ ™Y + ¢ppe™ (28)
Uy = c14€ + ¢5€° + ¢(4e™ (29)
Up = €156 4 ¢19€Y + C0e™ + 5,69 + ¢5e™ + cyp3e™ (30)

In view of the above solution, the velocity, concentration and temperature distribution in boundary layer
becomes

U(y,t) = cy4e"2Y + c;5eP2 + ¢ ge™2Y + gePt(c ge™ + €22 + ¢, 0e™2Y + ¢y 1092 + ¢,,eP2Y + ¢, 5e72Y)

(€2))
B(y.t) = cee™ + c7e™Y + ge™(coe?® + ¢ 10" + ¢j e + ¢ ppe™Y) (32)
O(y,t) = c;e™ + ge"(cze™Y + ¢ e™Y) (33)
The parameters of the physical quantities can be defined and determined as follows
The skin friction due to local wall shear is given by
Ci4 + bycys + mycyq + ee™(zy015 + ayc19 + Mycy) + dacyy + byyy + 1200) (34)
The Sherwood Number: Mass transfer coefficient (sh) in terms of amplitude and phase is given by
= bycg + myc; + ge™(dyco + bycyg + ay¢y; + myeyy) (35)
Nusselt Number
The rate heat transfer is given by
Nu = —(1+ 4R/, -0
Nu=—(1+ 4R/3)(m2c1 + ge™(aycy + mycy ) (36)

Where
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C1=1, C3=1—C4,

[cio +cip +ci2l, Cio
_ —[SemyCy+S0ScC4m3]

s B P Ci4

m3+Scmy—(ky+n)Se

—[Gr+C7Gm]

1, = C
m%+m2—(M+1/k)’ 18

_ ~(GrCy+GrCro+(M+1/, +M2))

Con =
20 m%+m2—(M+n+1/k)

>

_(M + 1/k + r2)C14

C3 =

r%+r2_(M+n+ l/k)
and

P — /Pr2+4spr(1+4R/3)
m, =

201448/

by = 1/, (=Sc — /Se? + 4k;s,),

M
nP,’

—S:b2Cs¢

Cq =

T b3+Scba—(ketn)S,

= —[c15 + ci6ls

= —[cig+ oty H eyt ea3], 9=

—GmCy

C = —-———-
217 Bidy—(Mtnt 1

C6=1_C7a

=

—ScSoM?
m%+SCm2—KrSC’
—S0S.C3a3
a3+Scay—(k+n)S,

C; =

—GmCe

Cl5 =2 1/~
b3+by—(M+1/)

—[GrC3+GmCiy
a3 +ay—(M+n+ 1/k)

_ ~(GuCio+(M+!/ +b2)C1s
Cpn = > 1
by+by—(M+n+'/})

—Py— [P2+4(1+4R/ )P, (s+n)

a =

2(144R7)

d, =1/, (=Sc— /Se+ 4k +m)s)

r2=1/2(—1—J1+4(M+1/K)sc), =1/, (—1—J1+4(M+n+1/K))

4 Results and Discussion

In order to achieve good insight of the physical problem numerically, results of the governing equations are
computed and graphs are presented. This enables us to carry out the numerical analysis for the distribution of
the concentration, temperature and velocity across the boundary layer for various parameters. In the present
study we have chosen values of the parameters as follows: A=0.5, t =1.0, n = 0.1, &= 0.02, Gm= 5.0, Gr=
2.0,M=1.0,B.=0.71, So = 0.4, kr = 0.2 k = 0.2 while R, S, S, are varied over a range, which are listed in
the figures. The representations of the parameters are given in the nomenclature below.

Fig. 1. Graph of concentration profile for difference value of R
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Fig. 2. Graph of concentration profile for difference value of S

14

0.8+

0.6+

Fig. 3. Graph of temperature profile for difference value of R
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Fig. 4. Graph of temperature profile for difference value of S
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Fig. 7. Graph of velocity profile for difference value of S
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Fig. 8. Graph of velocity profile for difference value of Sc

Concentration profile for diverse values of radiation parameter is described in Fig. 1 we observe that
increase in radiation parameter leads to increase in concentration profile. Hence thermal radiation improves
convention flow. Fig. 2 shows the concentration profile for different values for heat source S, we observe
that the heat is generated as the buoyancy force increases which induced the flow rate to increase and hence
the concentration profile also increases. The effect of radiation parameter (R) on the temperature profiles are
presented in Fig. 3. From this figure we observe that, as the value of (R) increases the temperature profile
decreases, with an increasing in the boundary layer thickness. The effect of heat source on temperature
profile is observed in Fig. 4. We also obtain from the figure that the temperature profile increases with
decrease in heat source parameter. Fig. 5 shows the effect of Schmidt number (Sc) on temperature profile.
We observe that increase in values of Schmidt number (Sc) leads to increase in the temperature of the
system.

Fig. 6 shows the effect of thermal radiation (R) on the velocity profile. We observed that increase in R result
to increase in velocity profile. Similarly it can be seen as shown in Fig. 7 that increase in heat source (S)
results in the increase in the velocity profile. While Fig. 8 shows the effect of Schmidt number (Sc) on the
velocity profile. We can see, in the figures that increase in values of Schmidt number (Sc) leads to decrease
in the velocity profile.

5 Conclusions

This work effect of thermal radiation on an unsteady magnetohydrodynamic double diffusive boundary layer
flow past a permeable infinite vertical plate with heat source is investigated. From this study we conclude
that the velocity profile increases with an increase in the free convection current flow which increases the
flow rate through the vertical permeable medium. An increasing in Thermal radiation and heat source
parameter, increases the velocity profile and concentration profile of the flow field at all points. Furthermore,
we notice an increase in Schmidt number decreases the velocity profile of the flow. Temperature profile
deceases with increase in thermal radiation and Heat source parameters which are noticed to increase the
viscosity of the fluid thereby inhibit the flow at all points.
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