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ABSTRACT

The objective of the present study is to investigate thermal diffusion and radiation effects on unsteady MHD flow
past an impulsively started infinite vertical plate with variable temperature and mass diffusion in the presence of
heat source or sink through porous medium. The fluid considered here is a gray, absorbing/ emitting radiation but a

non-scattering medium. At time t>0, the plate is given an impulsive motion with a velocityU = U, in the vertical

upward direction against to the gravitational field. And at the same time, the 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 entering into the problem.

Key Words: MHD, heat and mass transfer, thermal diffusionat-®urce, vertical plate, radiation.

INTRODUCTION

In nature, there exist flows which are caused mdy by the temperature differences but also theceotration
differences. These mass transfer differences dectathe rate of heat transfer. In industries, méaypsport
processes exist in which heat and mass transfes fallace simultaneously as a result of combinegdny effect

in the presence of thermal radiation. Hence, Radiaheat and mass transfer play an important rale i
manufacturing industries for the design of finsgestrolling, nuclear power plants, gas turbines amadous
propulsion device for aircraft, missiles, satefliteombustion and furnace design, materials prowgsenergy
utilization, temperature measurements, remote sgrfeir astronomy and space exploration, food prsingsand
cryogenic engineering, as well as numerous agtirallt health and military applications. If the tesngture of
surrounding fluid is rather high, radiation effeg&y an important role and this situation doessteki space
technology. In such cases, one has to take intoumt¢he combined effect of thermal radiation arassndiffusion.

The study of magneto hydro-dynamics with mass agat transfer in the presence of radiation and siiffu has
attracted the attention of a large number of sehalae 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 beagi etc. The phenomenon of mass transfer is alsp ve
common in theory of stellar structure and obsewvaffects are detectable on the solar surfaceeb donvection
flow the study of effects of magnetic field playmaajor rule in liquid metals, electrolytes and iadzgases. In
power engineering, the thermal physics of hydromaeéig problems with mass transfer have enormoubcapipns.
Radiative flows are encountered in many industaiiad environment processes, e.g. heating and cocliagbers,
fossil fuel combustion energy processes, evapardtiom large open water reservoirs, astrophysitakd, and
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solar power technology and space vehicle re-efirythe other hand, Hydro magnetic free convectived with

heat and mass transfer through porous medium hawgy important applications such as oil and gas ywton,

geothermal energy, cereal grain storage, in chéraiggineering for filtration and purification pra&s in agriculture
engineering to study the underground water resguacel porous insulation. In view of these applice, the
unsteady magneto hydrodynamic incompressible visdtaws past an infinite vertical plate thoroughrques

medium have received much attention.

MHD effects on impulsively started vertical infieiplate with variable temperature in the presericeansverse
magnetic field were studied by Soundalgekar ef1&l]. The effects of transversely applied magnéétd, on the
flow of an electrically conducting fluid past an poisively started infinite isothermal vertical matvere also
studied by Soundalgekar et al. [11]. The dimensiemigoverning equations were solved using Laplaresform
technique. Kumari and nath [8] studied the devalept of the asymmetric flow of a viscous electlicabnducting
fluid in the forward stagnation point region ofveotdimensional body and over a stretching surfaes get into
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 consideredhtian effects on mixed convection along an isotied
vertical plate [5]. In all above studies the stasity vertical plate considered. Raptis and Perdi® studied the
effects of thermal-radiation and free convectiawflpast a moving vertical plate. The governing ¢iqua 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#fifan effect on unsteady MHD free convection and srteensfer
flow past an impulsively started vertical porouatpl Recently, Alam et al [2], studied combined: fo®nvection
and mass transfer flow past a vertical plate wigathgeneration and thermal-diffusion through porowesiium.
Rajesh and Varma [14] studied thermal diffusion aadiation effects on MHD flow past a vertical glawith
variable temperature and mass diffusion. Recemtlynar and Varma [15] investigated thermal diffusiand
radiation effects on unsteady MHD flow through pgranedium with variable temperature and variablessma
diffusion. Saxena and Dubey [16] studied unsteadyDvheat and mass transfer free convection flow bkar
fluid past a vertical moving porous plate in a paenedium with heat generation and thermal diffusidnd the
governing equations were solved using perturbagaehnique. Again, Saxena and Dubey [17] investdyaeat and
mass transfer effects on MHD free convection floaovisco-elastic fluid embedded in a porous mediith
variable permeability in the presence of radiataon heat source in a slip flow regime. Mass transffects on
MHD viscous flow past an impulsively started infeivertical plate with constant mass flux studigdSaravana et.
al [18]. Rathod and Asha [19] examined magnetidfieffects on two-dimensional viscous incomprdssib
Newtonian fluid with the help of numerical technégu Chauhan and Kumar [20] considered Newtoniaorgkc
grade fluid on unsteady flow in a channel partiéillgd by porous medium.

The objective of the present paper is to studyeffiects of thermal-diffusion and radiation on uiastg MHD flow

through porous medium over an infinite verticaltplavith variable temperature and mass diffusiothapresence
of transverse applied magnetic field and heat sgsirk. The dimensionless governing equations irealin the
present analysis are solved using Laplace transfechmique. The solutions are expressed in ternexpbnential
and complementary error functions.

NOMENCLATURE:

a” Absorption coefficient

K Permeability parameter

H Heat source parameter

By External magnetic field

(o4 Species concentration

Cw Concentration of the plate

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

Cp Specific heat at constant pressure
D Chemical molecular diffusivity
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D, Coefficient of thermal diffusivity
g Acceleration due to gravity
G, Thermal Grashof number
LE Mass Grashof number
M Magnetic field parameter
Nu Nusselt number
P Prandtl number
O Radiative heat flux in the y- direction
R Radiative parameter
Se Schmidt number
5o Soret number
Sh Sherwood number
T Temperature of the fluid near the plate
Tr.;; Temperature of the plate
T,, Temperature of the fluid far away from thaetpl
t Time
i Dimensionless time
u Velocity of the fluid in thex - direction
i,  Velocity of the plate
el Dimensionless velocity
_1" Co-ordinate axis normal to the plate
¥ Dimensionless co-ordinate axis normahtlate
Greek symbaols:
K Thermal conductivity of the fluid
o Thermal diffusivity
i Volumetric coefficient of thermal expaoisi
I'N Volumetric coefficient of expansion with a@mtration
o Coefficient of viscosity
u Kinematic viscosity
el Density of the fluid
0 Electric conductivity
2] Dimensionless temperature
erf Error function
erfc ~ Complementary error function
Subscripts:
w Conditions on the wall
oo Free stream conditions

MATHEMATICAL FORMULATION:
An unsteady two-dimensional laminar free convecfiiow of a viscous, incompressible, electricallyndacting,
radiating fluid past an impulsively started infaivertical plate with variable temperature and mdisgision
through porous medium in the presence of transvegpied magnetic field are studied. A temperatigpendent

heat source (or sink) is assumed to be presethieiflaw. The plate is taken alorg —axis in vertically upward

direction andy’ —axis is taken normal to the plate. Initially itassumed that the plate and fluid are at the same

temperaturel | and concentration level., in stationary condition for all the points. At tifie> 0, the plate is

given an impulsive motion with a velocity = U, in the vertical upward direction against to thevietional field.
And at the same time the plate temperature isddisearly with time t and also the mass is diffli$e@m the plate

to the fluid is linearly with time. A transverse gmetic field of uniform strengttB, is assumed to be applied

normal to the direction of flow. The viscous digdipn and induced magnetic field are assumed todggigible.
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The fluid considered here is gray, absorbing/engttiadiation but a non-scattering medium. Then ufgeusual
Boussinesq’s approximation, the unsteady flow igegoed by the following equations.

o oy ogfu u
— =gd4T' -T')+gB(C -C )+v— -7 —y— 1
a! ﬂ 00) w( 00) WZ p kr ( )
T 0T oq
- K — r + I T! _TI 2
mp atl ayIZ ayr Q( 00 ) ( )
[ 21 21
9 _p9C ,p [T G)
oy dy

With the following initial and boundary conditions

t'<0:u'=0, T'=T,, C'=C., forall y
t'>0: u=u,, T'=T.+(T,-T.)At", C'=C. +(C, -C.)At' at y =0

U’:O,T'HTOL,C'AC;asy'—»m (4)
2
u
Where A=—2,
\
The local radiant for the case of an optically thiny gas is expressed by
a * [ [
& - _ga’ofT-T4) (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 isaiied by expandin(j"4 in a Taylor series aboul, and
neglecting the higher order terms, thus we get

T'* 04T1°T1'-31* (6)
From equations (5) and (6), equation (2) reduces to

ar’' _ 0T 3t
mpw —KV +1& O-Too (TOo _T ) (7)

On introducing the following non-dimensional quées:

[ .2 ] r_T! 1 _ D -I-r _-I-r
u:u_!t:tuoiy:yuo’ :Tl T°°',C:C' COT’F)r:;ICIo’ = l(rW 100)
Uy v Y T,-T. C, —C., K v(C, —-C..)
-I-r _-I-r Cl _Cl 2kl 2
Gr_gl&/( W3 oo),Gm_gﬁV( V3\I w),K:uoz SC:l, MZOBOZV’
Uo Uo v D Ao
R= 16a’v’aT.® . Q'V?
- 2 A 2
kug KU (8)
We get the following governing equations which diraensionless
ou _ d°u u
—=G,0+G,C+—-Mu-— 9)
ot oy K
2
y:ia—f—i(FﬁH)H (10)
ot Proy® Pr
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2 2
oC _1o0°C 809

== i 11
ot Scay® oy’ ()
The initial and boundary conditions in dimensioslé&sm as follows:

t<0:u=0 6=0 C=0 for al v,

t>0:u=1 #=t, C=t at y=0, and

u- 0, 9—>0, c-0 as Yy - o, (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
for velocity, temperature and concentration fieddle expressed in terms of exponential and complemeerror

functions.

[t Pr v Pr S t Pr
6?()/,t)—l:(i+%}eXF(Y\/S)effc[y2\/f +'/PrJ (— YT ex
(13)

et =oof [ o 5 | 1 ool 2]+ (0-2 c(é? |
(oot onted 2 7 sl oo 5%
Ao tom s e
[+ oo 5 3+ -2 o 5

+%[d jexpea>[eXF(ym)af‘{yﬂ \/ﬁ}exd ym)erf{w? (Pr Cjt]]

+p{(2 2T ek 2R 2 (520t e =)
AR )

(AHAz)HZ”LmjeXD(Yx/_)effC( \/—+\/_j( 4\/M_jexp( y\/_)erfc(Z\/_ M'tﬂ

I\)ll—‘

O'

u(y,t) = %[ex;{yx/w )erfc(i + /Mt j + ex;{— yM’ )erfc(i -JM't H
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+ % exp(—ct)_ex;{y«/ S-c Pr)erfc[ y;i/? + (Pér - cjt] + exd— yVS-c Pr)erf{ yﬁ - /(% - c)tﬂ
WS, J_aj rexil- y@)erfc(% . x/_ctﬂ
+%exp(—|t)_exp{y\/M "= )erfc(z—i//f +w/iM "= ﬁj + exp(y\/ M' =1 )erfc(z—f;f + /(M =1 ﬁﬂ
—%exp(—lt) exp(y\/ S-—1 Pr)erfc( y;i/? + /(Pér -1 jtj + exp(— yvS-I Pr)erfc[ yﬁ - (% =1 jtﬂ

+%exp(nt):exdy«/M "+ n)erfc(z—i/Eh/fM# nﬁ} +exd— yWM' + n)erfc(z—il/f—wliM# nﬁﬂ

+ % exp(-ct) _exp(y«/ - cSc)erfc(

- % exp(nt)—exp(y\/ﬁ)erfc( L +/nt j + exp(— y\/ﬁ)erfc( yg/\/fg -Jnt H
WS j

{ex j+ exp( yvS )erfc( \/E j +A8erfc( o

—E(Ay + Aa){exp(yx/W )erfc(z—\/f Mt j +expyVM’ )erfC(Z—fft -VMt H (15)

where

M'=M+%S=R+H b=S S, c=— > =L =S"M M

S
PI-<c s’ -1 -1

me Gr A = @ +'\t/)I)Gm

me(S cPr)
cS(S-M'+c-cPr)’

bGM(S—-cPr)
cS(S-M'+c-cPr)’
(PF1)[SG(S-M' +c-cPr)+GmbdM' Pr-9)|

Ai_
A3:

y —

A= S(S-M')?*(S-M'+c-cPr)
A = GM(Sc-1)[M'(S+bcPr)+ ¢S+ b)(Sc - 1)]
M'2S(M' - ¢ +cSc)
A = cS(Pr-1)(Gr —bGm) + Gmb(S—-M")(cPr-S)
cS(S-M")?
_ GmcS(Sc-1) + M'Prbc—bS(M' + ¢ - c)]
A8 - 12
cM'“S
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NUSSELT NUMBER:
From temperature field, now we study Nusselt numpate of change of heat transfer) which is givemon-
dimensional form as

NU = —{%} 17)
ay y=0

From equations (13) and (17), we get Nusselt nurabdollows:

N“{tfse”f R e }

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

Sh= {a—c} (18)
9 |,

From equations (14) and (18), we get Sherwood nubéollows:

Sh=21+b),|— s (d —%j\/f (d —Ej exp(—ct){\/% exp(t) + J-cScerf \/—_ct}
(d——j{f ;{ j+ Serf \/g}

+ [d —%j eXID(—Ct)Ng exp{— % + ctj +/S—cPrerf /(% - cjt}

A B B 2) S

RESULTSAND 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), permeability paramef€), Soret number(So), Schmidt number (Sc), Thermal
Grashof number (Gr), Mass Grashof number (Gm), {inand Prandtl number (Pr) in figures 1 to 1d ables 1-

4 for the cases of heating (Gr < 0, Gm < 0) amalieg (Gr > 0, Gm > 0) of the plate at time t = @2t=0.4. The
heating and cooling take place by setting up fr@@vection current due to temperature and concémtrgtadient.

Figure 1 reveals the effect magnetic field parametefluid velocity and we observed that an inceeasmagnetic
parameter M the velocity decreases in cases ofrgpahd heating of the plate for Pr = 0.71. ldige to fact that
the application of transverse magnetic field wabult a resistive type force (Lorentz force) simtia drag force,
which tends to resist the fluid flow and thus reddgcits velocity. Figure (2) displays the influenoé thermal-
diffusion parameter (soret number So) on the veldi@éld in both cases of cooling and heating o filate. it is
found that the fluid velocity increases with incsig values of So in case of cooling of the platg a reverse effect
is observed in the case of heating of the plaguréi 3&4 show the effects of Gr (thermal Grashahbar) and Gm
(mass Grashof number) and time t on the veloaodtg fu. From these figures it is found that the g#jou increases
as thermal Grashof number Gr or mass Grashof nu@bepr time t increases in case of cooling of tlaep It is
because that increase in the values of thermalhGfasumber and mass Grashof number has the tendency
increase the thermal and mass buoyancy effect. gités rise to an increase in the induced flowdpamt. And a
reverse effect is indentified in case of heatinghaf plate. From Tables 1-4 it is observed thah wie increase of
radiation parameter R or heat source parameteralogity increases up to certain y value (distafinoen the plate)
and decreases later for the case of cooling opliie. But the trend is just reversed in case afihg of the plate.
From figure (5) it is seen that in both cases dfliog and heating, the velocity increases as pebitigaof the
porous medium (K) increases.
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The temperature of the flow field is mainly affesttiey the flow parameters, namely, Radiation parem@) and
the heat source parameter (H). The effects of thasemeters on temperature of the flow field a@nshin figures
6. It is observed that as radiation parameter Reat source parameter H increases the temperdttive flow field
decreases at all the points in flow region.
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Figure 3: Velocity profilesfor different Gr & Gm with so=5, Sc=2.01, M=3, R=10, H=4, K=0.5, Pr=0.71 and t=0.2
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Figure 4: Velocity profilesfor different timet with so=5, M=3, Pr=0.71, R=10, H=4, K=0.5
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Figure 6: Temperature profilesfor different R and H
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Figure 9: Concentration profilesfor different R with So=5, Sc=2.01, H=1 and Pr=0.71
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Figure 10: Nusselt Number
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Figure 11: Sherwood number for different Sc,So and R

Table 1: Velocity for different R for Gr=15, Gm=10(cooling of the plate) with So=5, Sc=2.01, Pr=0.71, M =3,
H=4, K=0.5 and t=0.2

y R=2 R=4 R=6 R=8
0.0 1.0000 1.0000 1.0000 1.0000
0.2 0.7741 0.7774 0.7805 0.7834
0.4 0.5474 0.5492 0.5509 0.5524
0.6 0.3509 0.3501 0.3494 0.3488
0.8 0.2046 0.2025 0.2006 0.1989
1.0 0.1090 0.1068 0.1050 0.1033
1.2 0.0533 0.0517 0.0503 0.0492
14 0.0240 0.0230 0.0222 0.0215
1.6 0.0099 0.0094 0.0090 0.0087
1.8 0.0038 0.0036 0.0034 0.0032
2.0 0.0013 0.0013 0.0012 0.0011

Table 2: Velocity for different R for Gr=-15, Gm=-10(Heating of the plate) with So=5, Sc=2.01, Pr=0.71, M =3,
H=4, K=0.5 and t=0.2

y R=2 R=4 R=6 R=8
0.0 1.0000 1.0000 1.0000 1.0000
0.2 0.4613 0.4580 0.4550 0.4521
0.4 0.1922 0.1904 0.1888 0.1872
0.6 0.0735 0.0744 0.0751 0.0757
0.8 0.0265 0.0287 0.0306 0.0322
1.0 0.0093 0.0115 0.0134 0.0150
1.2 0.0033 0.0049 0.0062 0.0074
1.4 0.0011 0.0021 0.0029 0.0035
1.6 0.0003 0.0008 0.0012 0.0016
1.8 0.0001 0.0003 0.0005 0.0006
2.0 -0.0000 0.0001 0.0002 0.0002
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Table 3: Velocity for different H for Gr=15, Gm=10(cooling of the plate) with So=5, Sc=2.01, Pr=0.71, M =3,
R=10, K=0.5and t=0.2

y H=1 H=3 H=5 H=7
0.0 1.0000 1.0000 1.0000 1.0000
0.2 0.7819 0.7848 0.7874 0.7899
0.4 0.5517 0.5532 0.5546 0.5559
0.6 0.3491 0.3485 0.3480 0.3476
0.8 0.1997 0.1982 0.1968 0.1955
1.0 0.1041 0.1026 0.1012 0.1000
1.2 0.0497 0.0486 0.0477 0.0469
14 0.0218 0.0212 0.0207 0.0202
1.6 0.0088 0.0085 0.0083 0.0081
18 0.0033 0.0032 0.0031 0.0030
2.0 0.0011 0.0011 0.0010 0.0010

Table 4: Velocity for different H for Gr=-15, Gm=-10(Heating of the plate) with So=5, Sc=2.01, Pr=0.71,
M=3,R=10, a=0.5 and t=0.2

y H=1 H=3 H=5 H=7
0.0 1.0000 1.0000 1.0000 1.0000
0.2 0.4535 0.4507 0.4480 0.4456
0.4 0.1880 0.1865 0.1851 0.1838
0.6 0.0754 0.0759 0.0765 0.0769
0.8 0.0314 0.0330 0.0344 0.0356
1.0 0.0143 0.0158 0.0171 0.0183
1.2 0.0068 0.0079 0.0088 0.0097
14 0.0032 0.0038 0.0044 0.0048
1.6 0.0014 0.0017 0.0020 0.0022
1.8 0.0006 0.0007 0.0008 0.0009
2.0 0.0002 0.0002 0.0003 0.0003

The concentration distributions of the flow fielcealisplayed through figures 7, 8 & 9. It is affsttoy three flow
parameters, namely Soret number (So), Schmidt nu(Slzg and radiation parameter(R) respectivelynifigure 7

it is observed that the concentration increasels art increase in So (Soret number). Figure 8 &@akthe effect
of Sc and R on the concentration distribution & tlow field. The concentration distribution is fudito increase
faster up to certain y value (distance from theg)land decreases later as the Schmidt paramefeoi(Radiation
parameter (R) become heavier.

Nusselt number is presented in Figure 10 agaims ti From this figure the Nusselt number is obséno increase
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 air (Pr=0.71). The reason & #maller values of Pr are equivalent to increpsie thermal
conductivities and therefore heat is able to ddéfasvay from the plate more rapidly than higher &alaf Pr, hence
the rate of heat transfer is reduced. Finallymfrigure 11 it is seen that the Sherwood numberedses with
increase in Sc (Schmidt number), So (soret numdrat)R (radiation parameter).
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