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ABSTRACT

The objective of the present study is to investigate thermal diffusion and radiation effects on unsteady MHD flow
past a linearly accelerated vertical plate with variable temperature and also with variable mass diffusion in
presence of heat source or sink under the influence of applied transverse magnetic field. The fluid considered hereis
a gray, absorbing/ emitting radiation but a non-scattering medium. At time t>0, the plate is linearly accelerated

with a velocityu = Uyt in its own plane. And at the same time, plate temperature and concentration levels near the

plate raised linearly with time t. The dimensionless governing equations involved in the present analysis are solved
using the Laplace transform technique. The velocity, temperature, concentration, Skin-friction, the rate or heat
transfer and the rate of mass transfer are studied through graphs and tables in terms of different physical
parameters like magnetic field parameter (M), radiation parameter (R), Schmidt parameter (Sc), soret number (S0),
Heat source parameter (S), Prandtl number (Pr), thermal Grashof number (Gr), mass Grashof number (Gm) and
time (t).

Key words: MHD, thermal diffusion, linearly, Accelerated, tieal plate, radiation, Heat source or sink.

INTRODUCTION

The study of magneto hydro-dynamics with mass aat bransfer in the presence of radiation and siiffu has
attracted the attention of a large number of sechalae to diverse applications. In astrophysicsgaaphysics, it is
applied to study the stellar and solar structuradio propagation through the ionosphere, etc.nigireering we
find its applications like in MHD pumps, MHD beag etc. The phenomenon of mass transfer is alsp ve
common in theory of stellar structure and obsewvaftects are detectable on the solar surfaceel donvection
flow the study of effects of magnetic field playngajor rule in liquid metals, electrolytes and igdzgases. In
power engineering, the thermal physics of hydro meéig problems with mass transfer have enormoulcapipns.
Radiative flows are encountered in many industaiiad environment processes, e.g. heating and cocliagbers,
fossil fuel combustion energy processes, evapardtiom large open water reservoirs, astrophysital$, solar
power technology and space vehicle re-entry.

MHD effects on impulsively started vertical infieiplate with variable temperature in the presericeansverse
magnetic field were studied by Soundalgekar efldl]. The effects of transversely applied magnééld, on the
flow of an electrically conducting fluid past an poisively started infinite isothermal vertical matvere also
studied by Soundalgekar et al. [11]. The dimensiemlgoverning equations were solved using Laplaresform
technique. Kumari and nath [8] studied the develept of the asymmetric flow of a viscous electiicabnducting
fluid in the forward stagnation point region ofvaotdimensional body and over a stretching suriaas set into
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impulsive motion from the rest. The governing e@ret were solved using finite difference schemee Tddiative
free convection flow of an optically thin gray-gpast semi-infinite vertical plate studied by Sodgdkar and
Takhar [13]. Hossain and Takhar have considereéatian effects on mixed convection along an isotia
vertical plate [5]. In all above studies the statity vertical plate considered. Raptis and Perdi® studied the
effects of thermal-radiation and free convectiawflpast a moving vertical plate. The governing ¢qua were
solved analytically. Das et al [4] have consideradiation effects on flow past an impulsively stdrtinfinite
isothermal vertical plate. The governing equatiowsre solved by the Laplace transform technique.
Muthucumaraswamy and Janakiraman [9] have studied Mnd radiation effects on moving isothermal ieait
plate with variable mass diffusion.

Alam and Sattar [3] have analyzed the thermal-di€fo effect on MHD free convection and mass trarféev. Jha
and Singh [6] have studied the importance of tiiects of thermal-diffusion(mass diffusion due tomperature
gradient). Alam et al [1] studied the thermal-d#ffan effect on unsteady MHD free convection and sreensfer
flow past an impulsively started vertical porouatpl Alam et al [2], studied combined free con@tind mass
transfer flow past a vertical plate with heat gatien and thermal-diffusion through porous medilajesh et al
[14] and Kumar et al [15] studied thermal diffusiand radiation effects on MHD flow past a vertipte with
variable temperature and mass diffusion. Saxendaey [16] studied unsteady MHD heat and massteariree
convection flow of a polar fluid past a vertical wrag porous plate in a porous medium with heat ggtien and
thermal diffusion. And the governing equations wask/ed using perturbation technique. Again, SaxamhDubey
[17] investigated heat and mass transfer effect¥lbiD free convection flow of a visco-elastic fluenbedded in a
porous medium with variable permeability in thegamece of radiation and heat source in a slip flegime. Mass
transfer effects on MHD viscous flow past an impudly started infinite vertical plate with constamass flux
studied by Saravana et. al [18]. Rathod and AsBhdtamined magnetic field effects on two-dimenaloriscous
incompressible Newtonian fluid with the help of renwal technique. Chauhan and Kumar [20] considered
Newtonian second grade fluid on unsteady flow inhannel partially filled by porous medium. Very eeatly,
Kumar et al [21] investigated thermal diffusion aratiation effects on unsteady MHD flow through quos
medium with variable temperature and mass diffusiothe presence of heat source or sink. The diroeless
governing equations were solved by using Laplaaesfiorm technique.

This paper deals with the effects of thermalwdifbn and radiation on unsteady MHD flow past impulsively

started linearly accelerated infinite verticdatp with variable temperature and also withalde mass diffusion
in the presence of heat source or sink andnstexse applied magnetic field. The dimensemigoverning

equations involved in the present analysis areesblising Laplace transform technique. The solutazesxpressed
in terms of exponential and complementary errocfioms.

NOMENCLATURE:

a” Absorption coefficient

a Accelerated parameter

By External magnetic field

C' Species concentration

Cw Concentration of the plate

Co Concentration of the fluid far away from the plate
C Dimensionless concentration

Cp Specific heat at constant pressure

D Chemical molecular diffusivity

D, Coefficient of thermal diffusivity

g Acceleration due to gravity

G, Thermal Grashof number

G Mass Grashof number

M Magnetic field parameter

Nu Nusselt number

Pr Prandtl number

O Radiative heat flux in the y- direction
R Radiative parameter

Sc Schmidt number

So Soret number

Sh Sherwood number

T Temperature of the fluid near the plate
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Ty Temperature of the plate
T, Temperature of the fluid far away from thate

t' Time

t Dimensionless time

u' Velocity of the fluid in thex - direction

U Velocity of the plate

u Dimensionless velocity

y' Co-ordinate axis normal to the plate

y Dimensionless co-ordinate axis normahtlate
Greek symbols:

K Thermal conductivity of the fluid

a Thermal diffusivity

B Volumetric coefficient of thermal expamsi

B Volumetric coefficient of expansion withraentration
M Coefficient of viscosity

v Kinematic viscosity

p Density of the fluid

o Electric conductivity

0 Dimensionless temperature

Error function
erfc ~ Complementary error function

o)
=,

Subscripts:
w Conditions on the wall
o0 Free stream conditions

MATHEMATICAL FORMULATION:

In this problem, we consider Thermal-diffusion aadiation effects on unsteady MHD flow padt a viscous
incompressible, electrically conducting, radiatihgd past an impulsively started linearly alecated infinite
vertical plate with variable temperature amdhss diffusion in the presence of Heat sdwsicdk under the

influence of applied transverse magnetic fiethe plate is taken along —-axis in vertically upward
direction and y' —axis is taken normal to the plate. Initially is assumed that the plate and flui¢ at

the same temperaturé, and concentration levelC in stationary condition for all the pointat time

t'>0, the plate is linearly accelerated Withav'ﬂejodu:uot' in the vertical upward direction against to

the gravitational field. And at the same dirthe plate temperature is raised linearith iime t and also
the mass is diffused from the plate to th&d is linearly with time. A transversenagnetic field of
uniform strength B, is assumed to be applied normal to theepldhe viscous dissipation and induced
magnetic field are assumed to be negligiilee fluid considered here is gray, absorangtting radiation

but a non-scattering medium. Then under lsuali Boussinesq's approximation, the unsteatbw fis
governed by the following equations.

ou’ \ 0%u' ogBiu’
— =gB(T'-T.)+gB (C'-C.)+v—73 -2~ 1
o - 9T -T)+ B (C-Cl) VR @)
oT' 0°T' aq

=K -—+Q(T, -T' 2
mp atl ay12 ayr Q( oo ) ( )
oc' _ _0°C' 0°T'
Y D 12 + 1 12 (3)
ot oy oy
With the following initial and boundary conditions
t'<0:u'=0, T'=T., C'=C., forall y'
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t'>0: U =ut', T' =T, +(T, -T.)At,
c'=c,+(c,-C.)At" at y'=0

u=0T -5T,, C>5C,asy - o 4)
2
u
Where A=—2,
\
The local radiant for the case of an optically thiny gas is expressed by
a * [ 1
K - a0l -T) 5)
oy

It is assumed that the temperature differencesimitie flow are sufficiently small and thdt'* may be expressed
as a linear function of the temperature. This isamied by expandingT'4 in a Taylor series aboul, and
neglecting the higher order terms, thus we get

T'* O4T°T' =314 (6)
From equations (5) and (6), equation (2) reduces to
OT’ aZT ,
ok (T, -T) ™
On introducing the following non-dimensional quées:
r 1 .2 ! TI _-I-l r_ ] C ro_ ]
u:i’t:tuo’y:yuo’gz i 0‘1, :C’ COT’Pr:/Jp'SOZDl(TW T'°°)
U, \ \ T, - T, C,—-C. K v(C, —-C.)
T! _Tl . 1 _ 2 o ,2 13 1,2
G - g . 2) G =9 V(Cg c.) s =V MoV g 16V QY
U, u, D o il kug KU
(8)
We get the following governing equations which diraensionless
M_go+G, C+ﬂ—|\/|u ©)
ot ay?
2
96 _10% (R+H), (10)
ot Proy Pr
2 2
oC _10°C, 06 an

= " 4 - -

ot Scay* oy’
The initial and boundary conditions in dimensioslé&sm as follows:
t'<0:u=0, =0, C=0 for all vy,

t>0: u=t, d=t, C=t at y=0,

u-0 -0 c-0 as y - co. (12)
SOLUTION OF THE PROBLEM:
The appeared physical parameters are defined indirenclature. The dimensionless governing equafiem (9)
to (11), subject to the boundary conditions (12 solved by usual Laplace transform technique hadsblutions
are expressed in terms of exponential and complamearror functions.

(2 Z;rjexrg @,)a{vgr 2 j
[5-2a e riski -5
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[+ Jeffc(é? )
oo ) c(é? J |
+ex(}yﬁsf)af%—m

[ yWPr &
1[d_b o Sert 2Vt +\/;fj

C(y,t) =(1+b)

1/, b
B (d _cj exp(ct)

2

|+ expy/s )erfc[yif_ \/7 ]

ypr exp(yf )erfc(w_+Fj
_*C ZFJW( e
o Yerpe iz WF“'} J
2 e +ex£a—y\/8—7 ﬂerfE A \/[:}]
Rt

{2 enf i {g @
A 2

)(tz 4{\Fjexp%/E )erf% \[+\/Mtj

(tz Mjexpfyx/» )erf%\y[ ﬂj

uy.t)=A

)

+1-A-A
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_exlﬁy S—cPr f{y‘/_r / Pr—c}]
+2 exptet)
+eX|E6-y S—-cPr {y\/_r ’Pr jtj

exp{yx/T)erfc( WS J_]
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exp(yvM )erfc(i +/Mt j

1 2.t
-E(Aﬁ#\g) , (15)
+exp(yv'M )erfc —2— + /Mt
POVM) (zﬁ J
Where
S
S=R+H,b=S5,, c= ,
Pr-<c
_bPr, _S-M __ M
d= = n= ,
S -1 -1
bGm-Gr 1+ b)Gm
p2BmCr, _asbom
__ bGm(S-cPr)
cS(S-M +c-cPr)’
bGm(S-cPr)

4" cS(S-M +c—-cPr)’
(PF1)[SGH(S-M +c—cPry+Gmb¢M Pr-9)]

A= S(S-M)*(S-M +c—-cPr)
A = GM(Sc—1)[M (S+bcPr)+cS(L+b)(Sc-1)]
M 2S(M - ¢+ cSc)
A = cS(Pr-1)(Gr —bGm) + Gmb(S—-M)(cPr-S)
cS(S-M)?2

_ GmMcS(Sc-1) + M Prbc—bS(M +c¢—cSc)]

A = 2
CcM “S

NUSSELT NUMBER:
From temperature field, now we study Nusselt numpate of change of heat transfer) which is givernon-

dimensional form as
Nu = {%} (16)
oy y=0

From equations (13) and (16), we get Nusselt nurabédollows:

N”{tfse”\r A etg e }

SHERWOOD NUMBER:
From concentration field, now we study Sherwood ben{rate of change of mass transfer) which isrgimenon-

dimensional form as

ch= _["_C} (17)
ay /=0

From equations (14) and (17), we get Sherwood nuabéollows:
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Sh=2(1+b) E{d—EJ =
V4 c)\ 7t

<
d- %) exp(-ct) \/; exp(et)

++/—cScerf4/—ct

(
(o2 o5 3
(

/Efex;g-&aj
b 7t Pr
+/d —EjexpECt)

++R-cPrerf (ER—cjt
r
t\/ﬁerf1/5+,/t—mex;{—gj
Pr Vi Pr
+ﬂerf E
2/R \Pr

RESULTS AND DISCUSSION

In order to get the physical insight into the pesh] we have plotted velocity, temperature, conediotn, the rate of
heat transfer and the rate of mass transfer féerdifit values of the physical parameters like Raigparameter
(R), Magnetic parameter(M), Heat source parameétrforet number(So), Schmidt number (Sc), The@rakhof
number (Gr), Mass Grashof number (Gm), time (t) &nadndtl number (Pr) in figures 1 to 11 for thesasa of
heating (Gr < 0, Gm < 0) and cooling (Gr > 0, Gr@)>of the plate at time t = 0.4. The heating aadliag take
place by setting up free-convection current dugtoperature and concentration gradient.

Figure (1) displays the influences of M (matic parameter) on the velocity field in sea of cooling and
heating of the plate. It is found that tkelocity decreases with increasing of maign@arameter M in
case of cooling, while it increases in the caskedting of the plate. Physically it meets the dapiat the magnetic
field exerts a retarding force on free convectiowf It is seen that from Figure (2) theloaity increases with
increase in So ( Soret number) in the ceseling of the plate but a reverse efféestidentified in the
case of heating of the plate. From figu® dnd (4) it is observed that with the imse of radiation
parameter R or Schmidt number Sc, the velogityreases up to certain y value (distanaemfrthe plate)
and decreases later for the case of coobifigthe plate. But a reverse effect is obsenmedthe case of
heating of the plate. The velocity profiles tbfferent values of time t are shown in Figure, (b)s seen that as
time t increases the velocity increases graduallthe case of cooling of the plate and the trerjdssreversed in
the case of heating of the plate.

The temperature of the flow field is mainly affettey the flow parameters, namely, Radiation param@) and
the heat source parameter (H) keeping Prandtl nurtidg as constant. The effects of these parametars
temperature of the flow field are shown in figuslt is observed that as radiation parameter Reat source
parameter H increases the temperature of the fleld decreases at all the points in flow regiomuré 7 shows the
plot of temperature of the flow field against fafferent values of Prandtl number (Pr) at time 62 & t =0.4
taking radiation parameter (R) as constant. It iseoved that the temperature of the flow field dases in
magnitude as Pr increases. It is also observedthieatemperature for air (Pr=0.71) is greater ttreat of water
(Pr=7.0). This is due to the fact that thermal aatiyity of fluid decreases with increasing Pr,uléiag decreases in
thermal boundary layer.

The concentration distributions of the flow fielcealisplayed through figures 8, 9 &10. It is affmtby three flow
parameters, namely Soret number (So), Schmidt nu(Sog, radiation parameter(R) and Heat sourcemeier (H)

3280
Pelagia Research Library



B. Seshaiah et al

Adv. Appl. Sci. Res,, 2012, 3(5):3273-3284

respectively. From these figuriégs clear that the concentration increases wn increase in So (sornumber) and
interestingly he concentration distribution is found to increfester up to certain y value (distance from theg)|
and decreases later as the Schmidt parameter (Rgdiation parameter (For heat source parameter (become

heavier.

Nusselt number is presented in Figure 11 agaims ti From this figure the Nusselt number is obséto increas
with increase in R for both water (Pr=7.0) and (&r=0.71). It is also observed that Nusselt nunibemwater is
higher than that of aifPr=0.71). The reason is that smaller values o&rerequivalent to increasing the theri
conductivities and therefore heat is able to défasvay from the plate more rapidly than higher ealaf Pr, henc
the rate of heat transfer is reduceAnd finally, from figure 12 it is seen th&herwood number decreases v
increase in Sc (Schmidt number), So (soret nund@)R (radiation paramete

Velogity

Figure 1: Velocity profilesfor different M when so=5, Sc=2.01, Pr=0.71, R=15 and t=0.4
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Figure 3: Velocity profilesfor different R when so=5, Sc=2.01, M=3, Pr=0.7, H=0 and t=0.4
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Figure 4: Velocity profilesfor different Sc when so=5, M=3, Pr=0.71, R=10, H=5 and t=0.4
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Figure5: Velocity profilesfor different t when so=5, Sc=2.01, M=3, Pr=0.71, R=10, H=5
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Figure 7: Temperature profilesfor different valuesof Pr.
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Figure 8: Concentration profilesfor different So with R=4, H=1, Sc=2.01 and Pr=0.71
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Figure 10: Concentration profilesfor different R and H with So=5, Sc=2.01, H=1 and Pr=0.71
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Figure 11: Nusselt Number
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Figure 12: Sherwood number for different Sc,Soand R
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