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Abstract— The present study deals with Unsteady MHD
free convective Heat and Mass transfer flow near an infinite
vertical plate embedded in porous medium, which moves with
time dependent velocity in a viscous, electrically conducting
incompressible fluid, under the influence of uniform magnetic
field, applied normal to the plate with radiation and Soret
effects. The problem is solved analytically in closed form by
Laplace transform technique and the expressions for velocity,
temperature, concentration, skin friction, rate of heat and
mass transfer has been obtained. The results obtained have also
been presented numerically through graphs to observe the effects
of various parameters and the physical aspects of the problem .
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1. INTRODUCTION

Natural convection flows are frequently encountered in
physical and engineering problems such as chemical catalytic
reactors, nuclear waste materials etc. Transient free convection
is important in many practical applications, such as furnaces
electronic components, solar collectors, thermal regulation
process, security of energy systems etc. when a conductive
fluid moves through a magnetic field and an ionized gas is
electrically conductive, the fluid may be influenced by the
magnetic field. Magnetohydrodynamic free convection heat
transfer flow is of considerable interest in the technical field
due to its frequent occurrence in industrial technology and
geothermal application, liquid metal fluids and MHD power
generation systems etc. The phenomenon of heat and mass
transfer frequently exist in chemically processed industries
such as food processing and polymer production. Free
convection flow involving coupled heat and mass transfer
occurs frequently in nature. For this flow, the driving forces
arise due to the temperature and concentration variations in the
fluid. For example, in atmospheric flows, thermal convection
resulting from heating of the earth by sunlight is affected by
differences in water vapour concentration.
Magnetohydrodynamics has attracted the attention of a large
number of scholars due to its diversified applications. The
study of effects of magnetic field on free convection flow is
important in liquid-metals, electrolytes and ionized gases. The
thermal physics of hydromagnetic problems with mass transfer
is of interest in power engineering and metallurgy. Moreover,
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there are several engineering situations wherein combined heat
and mass transport arise viz. humidifiers, dehumidifiers, desert
coolers, chemical reactors etc. The usual way to study these
phenomena is to consider a characteristic moving continuous
surface.

Free convection flow with mass transfer past a vertical
moving plate has been studied by Soundalgeker[1],
Revankar[2], Soundalgeker et al.[3], Das et al. [4],
Muthukumaraswamy et al. [5] and Panda et al.[6]. The effects
of heat and mass transfer on a free convection flow near an
infinite vertical porous plate has been extensively investigated
by Takhar et al.[7], Hossain et al. [8], Israel et al.[9], Sahoo et
al[10] ,Ali[11], Chaudhary and Jain[12]. Das[13] developed
the problem by considering the magnetic effect on free
convection flow in presence of thermal radiation. Hitesh
Kumar [14] has studied the boundary layer steady flow and
radiative heat transfer of a viscous incompressible fluid due to
a stretching plate with viscous dissipation effect in the
presence of a transverse magnetic field. The effects of
radiation on unsteady MHD free convection flow of a viscous
incompressible electrically conducting fluid past an
exponentially accelerated vertical plate in the presence of a
uniform transverse magnetic field on taking viscous and Joule
dissipations into account have been studied by Maitree Jana
et.al [15]. Chaudhary et.al. [16] have studied the MHD flow
past an infinite vertical oscillating plate through porous
medium, taking account of the presence of free convection and
mass transfer. Rajput and Sahu[17] studied the effect of a
uniform transverse magnetic field on the unsteady transient
free convection flow of an incompressible viscous electrically
conducting fluid between two infinite vertical parallel porous
plates with constant temperature and variable mass diffusion.
Manyonge et al [18] studied steady MHD poiseuille flow
between two infinite parallel porous plates in an inclined
magnetic field and discover that high magnetic field strength
decreases the velocity.

The aim of the present investigation is to analyze the effect of
heat and mass transfer on the unsteady free convection flow of
a viscous, electrically conducting incompressible fluid near an
infinite vertical plate embedded in porous medium which
moves with time dependent velocity under the influence of
uniform magnetic field, applied normal to the plate with
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radiation and Soret effects. A general exact solution of the
governing partial differential equation is obtained by using
Laplace transform technique. Furthermore, this general
solution is applied to consider some important cases of the
flow: (i) motion of the plate with uniform velocity and (ii) the
single accelerated motion of the plate.
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Fig.1 A schematic of the problem and coordinate system

2. Formulation of the problem

Let us consider unsteady free convection and mass
transfer flow of a viscous incompressible and electrically
conducting fluid along an infinite non-conducting vertical flat
plate (or surface) through a porous medium in presence of a
uniform transverse magnetic field B, applied on this plate. An
arbitrary point has been chosen on this plate as the origin of a
Cartesian co-ordinate system with the x’-axis along the plate in
the upward direction and the y’-axis normal to the plate
(Fig.1).

Initially for time t' < 0 , the plate and the fluid are
maintained at the same constant temperature T, in a
stationary condition with the same species concentration C,, at
all points. Subsequently (t' > 0 ), the plate is assumed to be
accelerating with a velocity Uyf(t") in its own plane along the
x'-axis, instantaneously the temperature of the plate and the
concentration are raised to T,, and C',, respectively, which are
hereafter regarded as constant.

For free convection flow, we also assume that : (i) All
the physical properties of the fluid such as coefficient of
viscosity(p), kinematic coefficient of viscosity( v ), specific
heat at constant pressure ( Cp ), thermal conductivity(x ),
volumetric coefficient of thermal expansion( S7),volumetric
coefficient of expansion for concentration( B¢ ), chemical
molecular diffusivity(Dy) and Thermal diffusion (Soret), etc
remain constant. (ii) The effect of variations of density( p )
(with temperature) and species concentration are considered
only on the body force term, in accordance with the usual
Boussinesq approximation. (iii) Since the flow of the fluid is
assumed to be in the direction of the x*-axis, so the physical
quantities are functions of the space co-ordinate y* and time t*
only.
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Under the above assumptions, the governing
equations for the two dimensional flow can be expressed as
follows:

Momentum equation:
u* a%u*

S =05 gB (T —Ta) + g (€7~ C) —
2
Do =By (2.2)
K* p
Energy Equation:
aT* _ K* a%T* 1 dq;
at* pC, dy*2  pCyay* (2.2)
Concentration equation:
ac* ac* a2T*
at* = M ay_*z - T ay*z (2'3)

where u* velocity, T* is the temperature, C* is the species
concentration and g is the acceleration due to gravity.

The initial and boundary conditions corresponding to the
present problem are

w(@y,t)=0T(Q"t) =T,

C'y5t)=C; fory*=0andt* <0

u*(0,t") = uf(t*), T*(0,t) =T, , C*(0,t") =

C, fort® <0)

u -0, T"->T;,
and fort* >0
To reduce the above equations into non-dimensional form for
convenience, let us introduce the following dimensionless

variables and parameters:

(2.4)

y* - o

C* - C;

Y YU . t*U3
u() - U() ’ y_ 19 1) - 19 1]
_ 99Br(Ty—Ts) _ 09BgY
=" T pUg? (25)
pIC, 9gpc (G, — Cx)
P= v’ m=" 53
9 T, —Tes)D
S, = —, Sp = M,
Dy (Cy — C&)Y
_ Kk'Ué _ kiv _ _ '
K_ 192 ;V— UZ ISC_D*Iw_ Ug;
9_(T*—T02) C_(C*—Co*o) _4191*
Ty -Ty S Cp—Cy  KU?

where Gr is the thermal Grashof number, Gm is the mass
Grashof number, K is the permeability parameter, M is the
magnetic parameter, Pr is Prandtl number, Sc is Schmidt
number, Bt is thermal expansion coefficient, B¢ is
concentration expansion coefficient and w is frequency of
oscillation. Other physical variables have their usual
meanings.

With the help of (2.5), the governing equations (2.1) to (2.3)
reduce to
With the help of (2.5), the governing equations (2.1) to (2.3)
reduce to
W _ 9" 4 6.0+ GnC — Nu 2.6)
at  dy? T m '
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82 06 _
ayZ—P—+GQ+F9—O 2.7)
a%c

557 5. X =4S 50a ~=0 (2.8)

The corresponding initial and boundary conditions in non-

dimensional form are :

uy,t)=0,0y,t)=0,C(y,t) =0 fory*=0andt* <0

u(0,t) = f(t), 6(0,t) =1, €(0,t) = 1 for t* >0)

u—->0 6-0, C->0 y->o andfort >0 (2.9)

3. Solution of the problem

In order to obtain the analytical solutions of the
system of differential equations (2.6) to (2.8), we shell use the

Laplace transform technique.
Applying the Laplace transform (with respect to time t) to
equations (2.6) to (2.9), we get

=—eXp( yE N5 +F) (3.1)

C = —exp( y\/_\/—) Az EXP( y\/_ Vs)
-4, ;exp(—y\/S_c Vs) + S +A5 exp(—y4/Se Vs)

1 1
+4, S_I_—Aexp(—y\/F Vs +F) +4, —exp(—y\/F Vs +F)

— Zeexp(~yyP Vs +F) forR #1and 5, 21 (32)
209 = f) eXp(—y\/5+—N) + ﬁ exp(—yVs + N)

+

exp( yvs + N) +

exp( yVvs + N)

A
+ oy 3 exp(—y\/s + N) + exp(—y\/s + N)

+ exp( y\/s+N)+—exp( y\/_\/s+ F)

_|_
Aqg

exp( y\/_\/5+ F)—Ay; —exp( Y\/_ Vs)

A exp (= y\/_\/_)+ 7 exp (=Y /SV5)

eXp( ¥ \/SV5) + 52 exp( ¥ JSs)
* exp(— y\/_\/ST)+A23 exp(—y /P Vs +F)

s+A

s+ F
ForP,=landS,=1
0= %exp(—y\/s +F) (3.4)

_ 1 1 S,
C = ;exp(—yx/g) - B ;exp(—yx/g) + ?Oexp(—yx/g)
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+B, Lexp(-yVSFF) — Lexp(—yVsFF)  (35)
% (y,s) = f (s) exp(—yVs + N) — By %exp(—y\/s-l-—N)
+Bg exp(—yVs + N) + Bg %exp(—y\/S-I-—F)
+B; ~exp(—yVs) — By exp(—yvs) (3.6)

Then, inverting equations (3.1) - (3.6) in the usual way we
get the general solution of the problem for the temperature
6(y,t), the species concentration C(y, t) and velocity u(y, t)
for t > 0 in the non dimensional form as

2
1[e—ym erfc (yz\/f —\/A_1t>]|

for B =1 (3.7)
2 P !
l+ey\/PfA1 erfc (y tr + A1t>J

Y J’) —4,C [e-ym-_f*ﬁ erfc (sz—g - JTst>

y\/i)
2Vt

C= erfc(

+eIVSe=3 erfc (% + —A3t>]} —A6erfc<

e—ASt
+4¢

o ()
+ e?VSeV=As erfe (yz\/f + —A5t>]}

+A2{ [e‘y\/P_fV A3t orfc (y\/_ (45 + Al)t>]

+eV VP =AtA1 gpfe <},2L\/? + (=43 + Al)t>

+A6{% [e'y\/P—r\/E erfc <% - (,/Alt)> +
evPrdl erfcyPr2e+A1t}

—A6{ [e'y‘/P—TV ~AstA1 erfc (y\/_ V(=45 + A )t)
+¢23’\/P—ﬁ/m erfc (}’2‘/—; + /(=45 + Al)t)]}
forB.#1 andforS, # 1 (3.8)

— ety Perye (2 - VF)
+ exp! (y\/_)erfc( + \/_)] forP, =1 (3.9

C= B \/_exp(——Ft) By \/— p(‘y )
+B,erfc (27?) - 7 [expi?@y\/_)erfC(ﬁ —VFt)

+expiyVF) erf (- + VFT)] ,forP.=1andS.=1 (3.10)
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Thus the expressions (3.7) - (3.10) are the general solution of
the present problem. These general solution include the
effects of heating, the diffusion and the motion of the plate.
Since the non dimensional temperature 6(y,t), non
dimensional  species concentration C(y, t) are clearly
described in (3.7) to (3.10), so we shall confine our self to non
dimensional velocity u(y, t) for various types of f(t).

4. Applications of the general solution

In this section we now consider some important cases
of flow as given below:

Case(i): Motion of the plate with uniform velocity

Let f(t) = H(t), the Heaviside unit function

Then f(s) = %

In this case we observe that the result (18) and (19)
for 8(y,t), and C(y, t) are unaffected and the expression for
u(y,t) is reduced to
u(y,t) = [e y‘/_erfc( \/N_)+ey‘/—erfc( 7t

Nt+ay,t 4.1)

Case(ii): Motion of the plate with a given acceleration

Let f(t) = tH(t), the Heaviside unit function

Then f(s) = Siz

In this case also we observe that the result (18) and
(19) for 6(y, t), and C(y, t) are unaffected but the expression
(3.10) for u(y,t) is reduces to the following analytical form:

u(y,t) = (% - L)e'y‘/—erfc (F - \/N_t)

+(5+4\/_)ey‘/—erfc( +\/_)+®(y,t) (4.2)

Where
00y, 0) = [ I Werfe (Z—ﬁ - Vi)

+e"Werfe (z—ﬁ + m)]
Ay S T grfe (VAT )

+ eVt orfe (% +/(4 + N)t)]
sy o e erpe (2 2 [ )

+ e?VAtN orfe (ZL\/E + /A, + N)t)]
g, S (T o (- VA )

+ eV A3HN erfc (ZL\/E + (45 + N)t)]
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e —Ast

[e VAtV erfc (2%/? — (45 + N)t)

y
+ eVV AN of c(—+ —Ac+N t)
f i (=45 + N)t)]
—A21t
+Az3 5 > [e VA2tV erfc (%—./(—A21+N)t)

+eIVTA2tN orfe (L (=4, + N)t)]

A34 o IVPAT erfe (3’\/— (\/I)>

+ exV/PriAL erfc <}’2\/? + (\/A—1t)>

[e_y\/P—rV —AstA1 erfc (y\/— (—Aq + Al)t>

_Am{

+eVVPr~As+AL erfC(
—AlgerfC( \/—>
e A1t —v./S..[A y\/S—C
FA o e ySeVArz erfc (ﬁ‘@)
eV VSl erfe (yzL\/S?_C+ Ay )]}
Aqt [e—y\/P—rm erfc (@ (A, + 4 t)
+ NPT erfie (30 + G + A0

A+ ADE T}

+A36{e_

+A23{ [e‘y\/P_ﬁ/m erfc (y\/_ m)
+e3’\/P_ﬁ/m erfc (y‘/— + (43 + A )t)]}
+A28{ [e_y‘/P—”/m erfc( wh m)
+e3’\/P_f\/m erfc (sz\/; + (=45 + Al)t)]}
forB.#1,S.#1 (4.3)

0(,6) = By ; [expil-yVN)erfe (7 — VNE)
+expiyVN)erfc ( + \/_)]
+Bg \/_exp (— - Nt)
By enn (37) +Brerse (37)
+By % [expi—yVF)erfc (— - \/ﬁ)

+explifyVF)erfc (— + \/_)]
For P,=1landS =1 (4.9

5. Skin-friction
Case(i): Motion of the plate with uniform velocity
- _ ("_")
t=-5

— 1=z
_z[ﬁ

y=0

exp(—N¢t) + VN [erfc(VNt) — erfc(—VNt)]]
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a0
+ (— 5.1
&), 5
Case(ii): Motion of the plate with a given acceleration
= —[—exp( Nt) + (— - —) [erfc(VNt) —
erfc—/l/t] + 3d3yy=0 (5.2)
Where
G) =5l
W, 2 N

+ \/ﬁ(erfc'(\/m) - erfc(_m))]

+A10e—A9t[ e e~(N—A9)t 4

2

V(N —A4Ay) (erfc(,/(N — Ag)t) —erfc(—(N — Ag)t))]
+A30 eA1zt [ e~ (N+412)t

2
N+A12 erfcV+A12t—erfc—N+A12¢t

e~ (N-43)t 4
2

N—A3 erfcN—A3t—erfc—N—-A3¢

A31 A3t [
+——e \/ﬁ

Az —ASt[ e~(N=As)t 4
to e =

N—=A5 erfcN—A5t—erfc—N—-A5¢

_|_A_e—A21f [
2 1Tt

N—A21 erfcN—-A21t— erfc—N—-A21¢

e~ (W—4z21)t 4

Aﬁ[—_z —A1t
+ 5 \/ﬁe +

PrAl erfcAlt—erfc—AI1t

A —
+ ;()e Agt[

A1—-A9Pr erfcAl1—A9f—erfc—A1—A9¢

e~ (4149t |

Sc
s | ]
Ass _aoe [~205 _
+=r et [T‘/t_e Azt (S Aqp) (erfc(,/Alzt)—

erfc—A12t

+Azﬁe_A3t [%ﬁ_ce“m +/(=43S,) (erfc(,/—A3t) -

erfc——A3¢

A =28 _
A2 gt [0 et 4 LS (erfel(y/Ant) -
erfo—A12t
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A _ —2,/S¢
+%e Ast I:T\/t—eASt-i- (—4sS,) (erfc(\/ (_As)t)_
erfc——A5t

A36 —Ayqt [Z2Pr  —(A1—Ag5)t
+ — e 21 —e 1 25 +
2 vt

A1—A25Pr erfcAl1—A25¢—erfc—AI1—-A25¢

+A£6—A3t[ 2P o—(A1—A3)t 4
2 Tt

A1—A3Pr erfcAl—A3t—erfc—AI1—-A3¢

A28 —Act [Z2Pr  —(A1—-45)t
+-e 5 [\/ﬁ L N
A1—=A5Pr erfcAl—A5t—erfc—A1—A5¢

for B.+1,S #1 (5.3)
(), Sl
Y/, 2 lmt
+VN (erfc(\/m) - erfc(—m))]
+2B8 e_Nt_zB:t3_BF7
—ﬁ F ‘Ft+\/_(erfc(\/_)—erfc( \/_))]
forP,=1land S, =1 (5.4)

6. Nusselt number

An important phenomenon in this study is to
understand the effects of t, P, on the Nusselt number. In
non dimensional form, the rate of
heat transfer is given by

= %[%e—fllt +(BAp) (erfc(\/m) - erfc(—\/m))]

for B, # 1 (6.1)
= i[Fe Y (erfe(JD) —erfe(~0))
forP, =1 (6.2)

7. Sherwood Number

Another important physical quantities of interest is
the Sherwood number which in non-dimensional form is

s =-(%)

y=0
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__ i_ﬁe—A3t[‘_ZeA3t
nt 2

Vit
+./(—45S.) (erfc(\/T;;t)
— erfe(—=As0)) |
/5

vt

o

Ag ot -2 it

-e A [ﬁeA
+/(—A4s5S,) (erfc(,/—Ast)
- erfc(—,/—ASt)) ]

242 aye [__2 o~ (A1-A3)t
2 Vit

+ V(4 — A3)P, <erfc (\/ (A, - A3)t)
—erfc (—w/ (A, — A3)t)) ]
+% J_nite_Alt + (P-4} (erfc(\/A_lt)
—erfe(~/Ar)) |
ﬁe—z‘lst [__Ze—(z‘h—As)f
2
+ (4, — AP, (erfc (,/(A1 — As)t)
—erfc (—\/ (4, — As)t)> ]

forB#1,5, #1 (7.1)
— B1 —Ft _ _B1 By
2¢/mt3 Zm Vit
So[-2 _
—2[Ze e+ VF (erfe(VFe) — erfc(—VF)) |
forP,=1andS.=1 (7.2)

8. Numerical Discussions:

To understand the physical meaning of the problem,
we have computed the expression for u, 6, C, t, N, and S;, for
different values of Prandtl number Pr, magnetic field
parameter M, Grashof number Gr, modified Grashof number
Gm, Schmidt number Sc, permeability parameter K, Radiation
parameter F, and Thermal diffusion (Soret) So. The purpose of
the numerical result given here is to assess the effects of
different parameters upon the nature of the flow, temperature
and concentration etc..

The velocity profiles for different parameters with
plate moves uniform velocity (Pr # 1& Sc # 1) are shown in
figs. 2 to 9. It is observed that the velocity increases with
increasing Pr, Gr, k and t but decreases with increasing F, Sc,
So M and Gm.
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The velocity profiles for different parameters with
plate moves uniform velocity (Pr = 1& Sc = 1) are shown in
figs. 10 to 14. It is observed that the velocity increases with
increasing F, So Gr, Gm, k and t.

The velocity profiles for different parameters with
plate moves a given acceleration (Pr # 1& Sc # 1) are shown
in figs.15 to 22. It is observed that the velocity increases with
increasing F, Pr, Gr, k and t but decreases with increasing Sc,
So, M and Gm.

The velocity profiles for different parameters with
plate moves a given acceleration (Pr = 1& Sc = 1) are shown
in figs. 23 to 27 . It is observed that the velocity increases with
increasing F, So Gr, Gm, k and t. Figures 28 & 29 depicts the
temperature profiles for Radiation parameter F and Prandtl
number Pr. It is noticed that the temperature decreases with
increasing F and Pr respectively. We observe that the
temperature for air is greater than that of water, which is due
to the fact that thermal conductivity of fluid decreases with
increasing Pr.

For various values of Radiation parameter F, Prandtl
number Pr , Schmidt number(Sc), Thermal diffusion (Soret)
So, the concentration profiles are shown in figures 30 to 33.

It is seen from figures 30, 32, 33 that an increase in F,
Pr, So leads to an increase in the concentration. While it
decreases with the increase of Sc as given in figure 31.

From Table 1 it is noticed that an increase in Pr, F,
Sc, So, M, Gr, and Gm results in a increase in the surface skin
friction due to uniform velocity. From Table 2, the same effect
was observed with given acceleration.

From Table 3, it is noticed that an increase in Pr and
F, leads to an increase in the rate of heat transfer expressed in
terms of Nusselt number.

From Table 4, it is noticed that an increase in Pr, F,
Sc, So, and Gr, leads to an increase in the rate of Mass transfer
expressed in terms of Sherwood number.

0.8
0.6
0.4

Pr=20.5, 0.71, 0.9
0.2

y

Fig. 2: Velocity profile for Pr when
the plate moves with uniform
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Fig. 3: Velocity profile for F when the y

plate moves with uniform velocity Fig.6: Velocity profile for M when the

plate moves with uniform velocity
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y Fig.7: Velocity profile for Gr when the
plate moves with uniform velocity
Fig.4: Velocity profile for Sc when the
plate moves with uniform velocity L
1
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Fig.5: Velocity profile for So when the

plate moves with uniform velocity
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Fig.10: Velocity profile for M when the y
plate moves with uniform velocity (Pr =1 & Sc =1) Fig.13: Velocity profile for Gr when the
plate moves with uniform velocity (Pr =1 & Sc =1)
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Fig.27: Velocity profile for k when the plate
moves with given acceleration (Pr =1 & Sc =1)
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Table 1: (when Pr=1& Sc = 1)

Pr F Sc SO M Gr | Gm T1
0.50 | 8.00 | 1.50 | 1.00 | 2.00 | 0.50 | 0.40 558.36
0.71 | 8.00 | 1.50 | 1.00 | 2.00 | 0.50 | 0.40 | 17852.35
0.71 1 9.00 | 1.50 | 1.00 | 2.00 | 0.50 | 0.40 | 180863.29
0.7118.00 | 2.0 | 1.00 | 2.00 | 0.50 | 0.40 | 14619.02
0.71 | 8.00 | 1.50 | 2.00 | 2.00 | 0.50 | 0.40 | 22149.91
0.71 |1 8.00 | 1.50 | 1.00 | 5.00 | 0.50 | 0.40 | 90977.50
0.71 | 8.00 | 1.50 | 1.00 | 2.00 | 3.00 | 0.40 | 13322.74
0.71 | 8.00 | 1.50 | 1.00 | 2.00 | 0.50 | 1.00 | 24264.85

Table 2: Skin-friction (Case 2)

Pr F Sc S0 M Gr | Gm T1
0.50 | 8.00 | 1.50 | 1.00 | 2.00 | 0.50 | 0.40 563.19
0.71 |1 8.00 | 1.50 | 1.00 | 2.00 | 0.50 | 0.40 | 17857.18
0.71 1 9.00 | 1.50 | 1.00 | 2.00 | 0.50 | 0.40 | 180868.13
0.71 1 8.00 | 2.0 |1.00 | 2.00 | 0.50 | 0.40 | 14623.85
0.71 |1 8.00 | 1.50 | 2.00 | 2.00 | 0.50 | 0.40 | 22154.75
0.71 | 8.00 | 1.50 | 1.00 | 5.00 | 0.50 | 0.40 | 90984.64
0.71 |1 8.00 | 1.50 | 1.00 | 2.00 | 3.00 | 0.40 | 13327.17
0.71 |1 8.00 | 1.50 | 1.00 | 2.00 | 0.50 | 1.00 | 24269.69

Table 3: Nusselt number

DOI:10.15693/ijaist/2015.v4i6.124-137

Table 4: Sherwood number

Pr F Sc SO Gr Sh
0.50 8.00 1.50 1.00 0.50 -120.07
0.71 8.00 1.50 1.00 0.50 1641.41
0.71 9.00 1.50 1.00 0.50 6260.57
0.71 8.00 2.00 1.00 0.50 -55.73
0.71 8.00 1.50 2.00 0.50 3275.57
0.71 8.00 1.50 1.00 3.00 396.31

9. Conclusion:

In this study, a general analytical solution for the
problem of unsteady MHD free convection flow with heat and
mass transfer near a moving vertical plate has been
determined. Some important application from the point of
view of physical interest was discussed. Also we investigate
some physical examples for evaluation of the numerical values
of the velocity, temperature, concentration etc. of water (Pr =
7) and air (Pr = 0.71). To our knowledge, this study gives in
close form the actual analytical solution of MHD free
convection flow with heat and mass transfer problem which

have wide application in different fields of Engineering.

Appendix:

o _R =SSPy AP, _ —S.SoR
A =F T p ! 4, = P—S. ' 43 T p-s. YT ps. !
— a4 _ AP — A - 1— — =0

As = Ay =210 Ag= A= 1—Ag Ay =15,
A = PrA1oN Ag _ —GnA7 N
9T o1 IO T T g o 2 T g
_ —GpAy _ GmAy _ A14 _
Az =—1—, Ay = 51 A5 = Aata) Ajg = —Ass,
— “Gmds — M7 - _ — ZGmAs—N
Ay = 51 A1 T Aqg Agg y Az P71
P AL—N A
A21 = Ag = Prl—l y A22 = A3—2A?21 |A23 = _AZZ = A212—0A3
—Gm4e _ —GmAe _ Gmde _ Az
Az P—1 ' Azs = P.A1—N » Aze = P—1  Az7 = As—Agy
A
Ay = —Ay = ﬁ y Azg = —(A19 — A1z + Azs)
Azg = Pr = N, —(A13 + Ags +
Ag) 050 | 8.00 4.00 Az =
0.71 8.00 477 —(A1s + 4z3)
0.71 9.00 5.06
A32 = _(A19 + AZS)

y Asz = — (A — Ays + Ay7)
Azq = (Ago + Az5) , Aszs = (A3 + 4As6)

Aze = —Azz = (A — Ays + Ay7)
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