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Abstract. In this paper, the unsteady MHD free convectivevftrough porous medium
over an infinite vertical plate under the influerafeuniform transverse magnetic field of
strength H has been discussed. The flow is induced by a gkriene dependent
movement of vertical plate. The exact solutions foe velocity, temperature and
concentration are obtained making use of Laplaaesform technique. The effect of
various governing flow parameters on the velodigmperature and concentration are
analyzed, and numerical solutions for the skintifsit, Nusselt number and Sherwood
number are also obtained and discussed.
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1. Introduction

MHD free convection fluid flows frequently occur matural world. Flow through porous
medium is a great interest and attract towardsfipfications in the fields of science and
technology namely in the area of agriculture engjimg to know about the ground water
resources, in fuel technology to study the momémtatural gas, oil, and water through
the oil reservoirs. Studied the effects of chemriealction, Studied radiation effects on
MHD flow through a porous medium with variable tesrgture or variable mass
diffusion. Kesavaiah et al. [1] Many authors [2$dissed MHD free convection heat and
mass transfer flow embedded in porous medium wétht source and suction. Reddy et
al. [3] discussed radiation absorption, chemicattien and magnetic field effects on the
free convection and mass transfer flow through penmedium. Raju et al. [4] studied
unsteady MHD free convection and chemically re&ctilow past an infinite vertical
porous plate. Umamaheswar et al. [5] investigateat and mass transfer in MHD flow
of a viscous fluid past a vertical plate under lkettiry suction velocity. Reddy et al. [6]
had presented thermal radiation and chemical maefifects on MHD mixed convective
boundary layer slip flow in a porous medium wittahsource and Ohmic heating. Rout
et al. [7] discussed effect of radiation and cheinieaction on free convective MHD
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flow through a porous medium with double diffusidffects of chemical reaction and
radiation absorption on MHD flow of dusty visco®ta fluid were considered by
Prakash et al. [8] investigated combined effectsheft absorption and MHD on
convective Rivlin-Ericksenflow past a semi-infinertical porous plate. Raghunath et
al. [9] Studied MHD natural convective rotating flow ofviscous, electrically conducting
and incompressible fluid over an impulsively moviugrtical plate embedded in porous
medium, Wahiduzzaman et al. [10] Studiéthsteady MHD-Free Convection Flow Past
from a Rotating Vertical Plate with the InfluencdeHall and lon-slip Currenidd. Mizanur
Rahman et al. [11$tudied Numerical Simulation on MHD Free Convectidass and Heat
Transfer Fluid Flow over a Vertical Porous PlataiRotating System with Induced Magnetic
Field.

Keeping the above mentioned facts, iis thaper, the unsteady MHD free
convective flow through porous medium over an iitdinvertical plate under the
influence of uniform transverse magnetic field wéagth H has been discussed.

2. Mathematical formulation and solution of the problem

We consider the unsteady MHD free convection floflvan electrically conducting
viscous incompressible fluid through porous mediawer an infinite vertical plate
subjected to a uniform transverse magnetic fieldstofngth B normal to plate. The
physical configuration of the problem is presentethe Fig. 1.

We choose a Cartesian co-ordinate syste(w,y,z) such that x, y axes
respectively are in the vertical upward and perputar directions on the plane. i.e., the
x-axis is along the plate in the upward directipiaxis normal to it and z-axis normal to
the xy-plane. The fluid is permeated by a uniforansverse magnetic field of strength
B, applied to along the y-axis. For time: 0, the stationary plate and the fluid are at the
constant temperaturg,, and species concentrati@y,
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Figure 1: Physical configuration of the problem
At time t=0, the plate begins to move with a time dependefucity Yo f(t) in its
own plane along the x-axis and the temperaturehefplate is raised or lowered to

T(,<,+(T\,\,—To<,)ti , whent<t, and thereafter for>t, it is maintained at a uniform
0

0
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temperaturer,, . Also for timet >0 species concentration is raiseddg . Since the plate

is of infinite extent in x and z direction, and édectrically non-conducting, all the
physical quantities except pressure, are functifng and t only. Magnetic Reynolds
number is so small, and hence the induced magfidticproduced by the fluid motion is
negligible in comparison to the applied magnetieldfiB = (O ,0), the governing

equations are glven by,

du_, 0%u_9By

5 vay2 U —u+gm ~Tw) +9BHC~Coo) (1)

aT_ k a1 Q

Z = - -T 2

3t~ Cp oy2 pcp<T o) 2

oC _po%C 3)

ot 022

Assuming no-slip between the plate and fluid, ttigal and boundary conditions are,

u=0,T=T,,C=C,,for t<0 and y=0 4)

u:uof(t),C:CW, att>0 and y=0 (5)

T =Ty +(Ty-Teo)- aty=0 for O<tst (6)
t 0

T=Tg aty=0 fort>t0 (7

UZO,T —’TOO’C_’COOI asy—>00 fOI’t>0 (8)

Introducing the foIIowing non-dimensional quanttie

yk_i Up-t o T-Te ¢ = C-Cy

t t

Uo'o 0 o Twle  CwC

Using non-dimensional quantities (dropping astealiskhe governing equations (1), (2)
and (3) can be written as

au_azu_ 2.1
%5 (M +Kju+GrT+GmC (9)
oT _ 192T _
a Fray72 7 (10)
aC _ 1 9°C
ot Sgy2 -
where,
2 O’BSV ) o Klu% )
=—>-Is the Hartmann number (Magnetic field parameﬂéryi2 is the
) v
Porosity parameter, G; =%V:‘)’,_w is the thermal Grashof
u
0
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" - vC
numbeerzw is the mass Grashof numbéh:p K P is Prandtl
u
0

Qv . : : ,
parameter, ¢ = 0" is the Heat absorption parameter and% is the Schmidt

ACpl5
number.
The corresponding non-dimensional boundary cormtio
u=0,T=0,C=0,fort<0andy=0 (12)
u=f(t),C=1fort>0 andy=0 (13)
T=t for O<t<laty=0 (14)
T=1fort>1aty=0 15§
u=0,T=0,C=0,fort>0asy - (16)

3. Resultsand discussion

The velocity, temperature and species concentratiofiles are given in Figures (2-17),
(18-21) and (22-23) respectively when = #/2 for both ramped temperature and
isothermal plates. The numerical values of the dkiation, Nusselt number and

Sherwood number are presented in Tables (1-2) dgripoth ramped temperature and
isothermal plates. The computational results cauwigt using Mathematica Software.

Figures (2-3 and 10-15) shown that for both ramjeedperature and isothermal
plates, the fluid velocity decreases with an insesia M,p, Sc or Pr, whereas it increases
with an increase in K, Gar Gm (Figs 4-9). The application of a transversgnetic field
on an electrically conducting fluid gives rise teesistive-type of force called the Lorentz
force.

Figures (16-17) shows that for both ramped tempezaand isothermal plates,
the fluid velocity increases with an increase ifroughout the fluid region. The fluid
velocity in the case of a flow past an isothernlatepis higher than that of a flow past a
ramped temperature plate.

The computational results for the Concentratiotfil@®for variation in t, and Sc
are shown in Fig. (22-23). In the presence of ppnmatrix the concentration boundary
layer became thinner and thinner as Schmidt nurimmeeases. It is observed that the
concentration profile is asymptotic in nature. Gamteation increases with time whereas
it reduces with Schmidt number increases througtiaufluid region.

The numerical computation of skin friction coeiffict, Nusselt number and
Sherwood number is obtained and presented in Tai2g
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Figure 2: Thevelocity profile Figure 3: The velocity profile against |
against M for ramped temperature  for isothermal plate with K=1, Pr=0.71,
with K=1, Pr=0.71, Gr=2, Gm=2, Gr=2, Gm=2,p=1, Sc=0.22, t=0.2

Figure4: The velocify profile against Figure5: Isothermal plate with M=2,
K for ramped temperature with M=2, PQ Gr=2, Gm=2p=1,S¢=0.22,t=0.2

Pr=0.71, Gr=2, Gm=2¢p=1, Sc=0.22,t=0.2
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Figure6: The velocity profile against Gr  Figure7: The velbcity profile against Gr
for ramped temperature with M=2, Pr=0.71, &mthermal plate with M=2, Pr=0.71,
K=1, Gm=2,¢9=1, Sc=0.22,t=0.2 K=1,Gm==1, Sc=0.22,t=0.2
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Figure8: The velocity profile against Gm Figure9: The velocity profile against Gm
for ramped temperature with M=2, Pr=0.71, &mthermal plate with M=2, Pr=0.71,
K=1, Gr=2, ¢=1, Sc=0.22,t=0.2 K=1, Gr=271, Sc=0.22,t=0.2
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Figure10: The velocify profile againsp Figure 11: The velocity profile against

for ramped temperature with M=2, Pr=0.71, &mthermal plate with M=2, Pr=0.71,
K=1, Gr=2, Gm=2, Sc=0.22,t=0.2 K=1, Gr=2, Gm=2, Sc=0.22,t=0.2
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Figure12: The velociiy profile against Sc Figure13: The veiocity profile against Sc
for ramped temperature with M=2, Pr=0.71, fothermal plate with M=2, Pr=0.71,
K=1, Gr=2, Gm=2, ,t=0.2 K=1,Gr=2, Gm=2=1,t=0.2
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Figure14: The veIoci'ty profile against Pr Figure15: The veiocity profile against Pr
for ramped temperature with M=2, Sc=0.22, fothermal plate with M=2, Sc=0.22,

K=1, Gr=2, Gm=2,p=1, t=0.2 K=1, Gr=2, Gm=2571,t=0.2
1.0 1.0
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Figure 16: The velocity profile against t for Figure 17: The velocity profile against t

ramped temperature with M=2, Sc=0.22, igothermal plate with M=2, Sc=0.22,
K=1, Gr=2, Gm=2, Pr=0.71 =K Gr=2, Gm=2p=1, Pr=0.71
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Figure18: The temperéture profile againstRigure 19: The temberature profile against
for ramped temperature with=1, Pr=0.71 t for isothermal plate witlp=1, Pr=0.71
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Figure20: The temperatufe profile against Figure 21: The temberature profile against
@ for ramped temperature with t=0.8, gfor isothermal plate with t=0.2, Pr=0.71
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Figure22: The concentration profile

againstg with Sc=0.22
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Figure23: The Concentration profile
against Sc with

Table 1; Skin friction

MIK| @ Pr | Gr| Gm | Sc t I, 7,

2 1|1 (071] 2 2 10.22 | 0.2 | -0.807552 | -0.025256
3111071 2 2 10.22 | 0.2 | -0.725452 | -0.014855
4 11| 11]071] 2 2 10.22 | 0.2 | -0.624989 | -0.000455
2 2|1 (071] 2 2 10.22 0.2 |-0.747748 | -0.014452
2 13|1(071] 2 2 10.22 | 0.2 | -0.602784 | -0.009996
2 11| 2071 2 2 10.22 | 0.2 | -1.225632 | -0.035625
2 11| 3 (071] 2 2 10.22|0.2|-2.870014 | -0.041475
2 1)1 3 2 2 10.22 | 0.2 | -0.902747 | -0.074452
2 1|1 7 2 2 10.22 | 0.2 | -1.255440 | -0.14445
211|1(071] 3 2 ]10.22 | 0.2 | -1.255522 | -0.125210
21| 1(071) 4 2 10.22 | 0.2 | -1.355455 | -0.859963
2 1|1 (071] 2 3 10.22 | 0.2 | -2.854748 | -0.998546
2 1|1 (071] 2 4 10.22 | 0.2 | -3.558966 | -1.845510
2 1|1 (071] 2 2 0.6 | 0.2 | -0.690748 | -0.009633
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Table 2: Nusselt number

t @ | Pr | At Ramped | At
temperature | isothermal
(Nu) plate (Nu)
02|21 | 071 0.857395 —0.658155
04|21 |0.71 ] 1.243430 —0.978467
061 | 0.71 | 1.589440 —1.283285
02]2 |0.71] 1.253952 —1.066595
023 |0.71| 1.624698 —1.447939
021 |3 1.762434 —1.352882
02|11 |7 2692163 —2.066561

4, Conclusion
The conclusions are made as follows:

1.

2.

pw

Heat absorption reduces the fluid temperature, @dsethermal diffusion and
time have the opposite effect,

Heat absorption and the magnetic field tend tordethe fluid flow, whereas
thermal diffusion, mass diffusion, thermal buoyarioyce and mass buoyancy
force and porosity have the opposite effect.

The mass diffusion rate and time tend to increpseiss concentration,

Heat absorption and the magnetic field tend toease the shear stress at the
plate, whereas thermal diffusion, thermal buoyafarge and mass buoyancy
force have the reverse effect,

Heat absorption and time tend to increase the afiteeat transfer at the plate,
whereas thermal diffusion has the reverse effed, rmass diffusivity and time
tend to reduce the rate of mass transfer at thie.pla
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