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ABSTRACT

The study of hydromagnetic unsteady MHD flow of an incompressible, electrically conducting, viscous fluid past an
infinite vertical porous plate along with porous medium of time dependent permeability under oscillatory suction
velocity normal to the plate has been made. It is considered that the influence of the uniform magnetic field acts
normal to the flow and the permeability of the porous medium fluctuate with the time. The problem is solved,
numerically by Galerkin finite element method for velocity, temperature, concentration; skin-friction, Nusselt
number and Sherwood number are also obtained. The results obtained are discussed for Grash of number

(GI‘ > 0) corresponding to the cooling of the plate and (GI‘ < 0) corresponding to the heating of the plate with the
help of graphs and tables to observe the effects of various parameters.

Keywords: Heat transfer, Mass Transfer, MHD flow, Verticadrpus plate, skin-friction, Nusselt number and
Sherwood number.

INTRODUCTION

In industries and nature, many transport processiss in which heat and mass transfer takes pleweltaneously

as a result of combined buoyancy effect of themtiflision and diffusion of chemical species. Thepomenon of
heat and mass transfer is observed in buoyancyattimotions in the atmosphere, in bodies of wajgasi — solid

bodies, such as earth and so on. Unsteady osojllitee convective flows play an important role dhemical

engineering; turbo machinery and aerospace techynosuich flows arise due to either unsteady motibra o
boundary or boundary temperature.

Beside unsteadiness may also be due to oscillditeeystream velocity and temperature. In the gastdes an
intensive research effort has been devoted to enablon heat and mass transfer in view of theiriegipn to
astrophysics, geo-physics and engineering. In @additthe phenomenon of heat and mass transfer sig al
encountered in chemical process industries supolgmer production and food processing. Many reseas have
studied the problems on free convection and massfer flow of a viscous fluid through porous mewliun these
studies, the permeability of the porous mediumssuaned to be constant. However, a porous matarghining
the fluid is a non-homogeneous medium and the igrosthe medium may not necessarily be constant.

Combined heat and mass transfer problems with ataneaction are of importance in many processéshane,
therefore, received a considerable amount of abteirh recent years. In processes such as dryiraparation at the
surface of a water body, energy transfer in a veatlicg tower and the flow in a desert cooler, haatl mass
transfer occur simultaneously. Possible application this type of flow can be found in many indiegtr For
example, in the power industry, among the methddgenerating electric power is one in which eleatienergy is
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extracted directly from a moving conducting fluMle are particularly interested in cases in whidfudion and
chemical reaction occur at roughly the same spéétabn diffusion is much faster than chemical reagtthen only
chemical factors influence the chemical reactide;revhen diffusion is not much faster than reactite diffusion
and kinetics interact to produce very differenteet§. The study of heat generation or absorptitetesfin moving
fluids is important in view of several physical pfems, such as fluids undergoing exothermic or #retmic
chemical reaction. Due to the fast Growth of elmair technology, effective cooling of electronicuggment has
become warranted and cooling of electronic equigmeemges from individual transistors to main fraomnputers
and from energy suppliers to telephone switch boamd thermal diffusion effect has been utilized ifmtopes
separation in the mixture between gases with vigiyt Imolecular weight (hydrogen and helium) and med
molecular weight.

Chambre and Young [1] have presented a first octiemical reaction in the neighborhood of a horiabptate.
Dekha et al. [2] investigated the effect of thestfiorder homogeneous chemical reaction on the psooé an
unsteady flow past a vertical plate with a constadt and mass transfer. Muthucumaraswamy [3] ptedeheat
and mass transfer effects on a continuously moigathermal vertical surface with uniform suction taking into
account the homogeneous chemical reaction of firster. Muthucumaraswamy and Meenakshisundaram[4]
investigated theoretical study of chemical reacétfects on vertical oscillating plate with variatiemperature and
mass diffusion.

There has been a renewed interest in studying natgygrodynamic (MHD) flow and heat transfer in pescand
non-porous media due to the effect of magnetid$iein the boundary layer flow control and on thégsenance of
many systems using electrically conducting fluiaptis et al. [5] analyzed hydromagnetic free catige flow
through a porous medium between two parallel pladebben [6] presented the boundary layer flowrcavesemi-
infinite plate with an aligned magnetic field irethresence of pressure gradient. He obtained gotufor large and
small magnetic Prandtl number using the method afched asymptotic expansion. Helmy [7] presented an
unsteady two-dimensional laminar free convectiowfbf an incompressible, electrically conductinge¢ionian or
polar) fluid through a porous medium bounded byinité vertical plane surface of constant tempegatur
Gregantopoulos et al. [8] studied two-dimensionakteady free convection and mass transfer flow of a
incompressible viscous dissipative and electricatigducting fluid past an infinite vertical poropiate. For some
industrial applications such as glass productiodh famnace design, and in space technology apmieatsuch as
cosmical flight aerodynamics rocket, propulsion tegss, plasma physics and spacecraft re-entry
aerothermodynamics which operate at higher tempest radiation effects can be significant. In viefvthis,
Hossain and Takhar [9] analyzed the effect ofatain on mixed convection along a vertical platéhwiniform
surface temperature. Kim and Fedorov [10] analyeaasient mixed radiative convective flow of a mjgolar fluid
past a moving semi-infinite vertical porous pldtRithuraj and Srinivas [11] studied the fully deveéol MHD flow

of a micropolar and viscous fluid in a vertical pos space using HAM.

The study of heat generation or absorption efféctsnoving fluids is important in view of several ysical
problems, such as fluids undergoing exothermicndloghermic chemical reactions. Possible heat gdinereffects
may alter the temperature distribution and consetlyyethe particle deposition rate in nuclear reest electric
chips and semiconductor wafers. Seddeek [12] dutiie effects of chemical reaction, thermophorasis variable
viscosity on steady hydromagnetic flow with heatl anass transfer over a flat plate in the presericheat
generation/absorption. Patil and Kulkarni [13]dséd the effects of chemical reaction on free caotive flow of a
polar fluid through porous medium in the presenteanternal heat generation. Double-Diffusive Coniet-
Radiation interaction on unsteady MHD flow over extical moving porous plate with heat generatiod Soret
effects was studied by Mohamed [14]. Radiationa@#feon an unsteady MHD convective heat and massfaa
flow past a semi-infinite vertical permeable moviptate embedded in a porous medium was studied by
Ramachandraprasad et al. [15]. Satyanarayand EJadtudied Hall current effect on magneto hydnaaiyics free-
convection flow past a semi-infinite vertical posoplate with mass transfer. Effects of the chemieattion and
radiation absorption on free convection flow thrbugorous medium with variable suction in the presenf
uniform magnetic field were studied by Sudheer Baimad Satyanarayana [17]. Dulal Pal et al [18] stddi
Perturbation analysis of unsteady magnetohydrodimaanvective heat and mass transfer in a bounidger slip
flow past a vertical permeable plate with thernsdiation and chemical reaction. Recently, RamarddiRet al
[19] have studied the mass transfer and radiatifacts of unsteady MHD free convective fluid flownbedded in
porous medium with heat generation/absorption.

In the present study to investigate of unsteadyDMildw of an incompressible, electrically condugtirviscous
fluid past an infinite vertical porous plate alomgth porous medium of time dependent permeabilinder
oscillatory suction velocity normal to the plateshaeen made. It is considered that the influencth@funiform
magnetic field acts normal to the flow and the peahility of the porous medium fluctuate with thenéi. The
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problem is solved, numerically by Galerkin finitement method for velocity, temperature, conceiutnatskin-
friction, Nusselt number and Sherwood number ase abtained. The effects of various parameters emn
shown numerically and discussed graphically.

2. FORMATION OF THE PROBLEM
An unsteady hydromagnetic flow of viscous, inconsgiiele, electrically conducting fluid past an int@nvertical
porous plate in a porous medium of time dependennpability and suction velocity is consideredCirtesian co

— ordinate systemx' — axis is assumed to be along plate in the direafathe flow and y' - axis normal to it. A
uniform magnetic field is introduced normal to tHieection of the flow. In the analysis, it is assdnthat the
magnetic Reynolds number is much less than unitythad the magnetic induced field, Further, all thad

properties are assumed to be constant except fhidteoinfluence of the density variation of the terature.
Therefore, the basic flow in the medium is entirdle to buoyancy force caused by temperature diffar between

the wall and medium. Initiallly < 0, the plate as well as fluid is assumed to be atstime temperature and the

concentration of species is very low so that theeSand Dofour effect are neglected. WHér» O, the temperature
of the plate is instantaneously raised (or loweted)' and the concentration of the species is raisetbyeered) to

C,-

Under the stated assumptions and taking the usoakd$nesq’'s approximation in to account, the gawern
equations for momentum, energy and concentratialinrensionless form are:

—
Vettical porous plate

0

Hg.1. Physical skekch and geomstryof the problem

Continuity Equation:

v
— =0 1)
ot
Momentum Equation:

' ' 2,1 i 2,1
M v = gp(T-T)+gp(C-Cr)+v Iy U _ B 2
ot oy oy K Yo,
Energy Equation:
oT'  ,0T' _ k 0°T'
S TV —= 2 3)
ot ay' pC, oy
Concentration Equation:

] ] 21
ac’ +V,ac' _p0 02 @
ot oy oy’
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where U’ is the velocity along thex' - axis, V' — the kinematic coefficient of viscosityJ — the acceleration
due to gravity, 8 — the coefficient of volume expansion for the heansfer, ,3 — the volumetric coefficient of
expansion with species concentratidn,— the fluid temperature]:o_ the fluid temperature at infinityC' — the

!
species concentratimpoo — the species concentration at infinitld —the chemical molecular diffusivity€ —
porosity of the porous mediunk — Mean absorption co-efficientK’ is the constant permeability of the medium,
M — the coefficient of viscosity,Cp ~— the specific heat at constant pressuje;- the frequency of oscillation,
P — the density of the fluid and is the time.

The corresponding boundary conditions are

t'<0: U=0T=T,,C =C, forall y
50U =0 T =T, +¢(T,-T.)é C'=C,+¢(C,-C,)e* aty=0 ©)
v =0, T T, C.C asy - o

From the continuity equation, it can be seen thas either a constant or a function of time. Sauasag suction

. . ] — 7t —
velocity to be oscillatory about a non — zero canstmean, one can writd/ ——V0(1+£éd ) where Vj ~ the
mean suction velocity¢d - frequency of oscillation and, >O, Ell lisa positive constant. The negative sign
indicates that the suction velocity is directed doas the plate. The permeability of the porous omads considered

— ' jait’ . . . . . .
to beKo(t') - K0(1+€é ) The non dimensionless quantities introduced és¢hequations are defined as:

241 [} [ [} ] ] L2
V, A dvad u T-T. C'-C K'v
y= Oy,;t:O n= 2;u:_;T: - °‘;;C: ' °:’; = 20
4v 4v A A T,- T, v~ Co Vv
. . (6)
% =T Vv B [ov vgpI(C, —C,
Gr = 95 [, °°);5‘1::—;Pr:’uCp M=— |— Gm= 95(C,-C.)
A D K v, \p v,
The governing equations for momentum, energy andextration in dimensionless form are:
1 du ( ) OU d%u u 5
== - (1+ee™)——=(Gr)T +(Gm)C +—— - —~-M *u )
4 ot ay ay° K, (1+ ae'"‘)
) 2
la_T - (1+ gemt )a_T = ia_T (8)
4 ot ay Proay?
2
Ea_c_(1+éeint)a_czia CZ: 9)
4 ot oy <oy
The relevant boundary conditions in dimensionlessfare
— — int - int —
u=0T=1+&",C=1+g™ at y=0 (10)
U—»O,T—»O, CcC-0 asy - o
3.METHOD OF SOLUTION
By applying Galerkin finite element method for etiola (7) over the element (e&)/j Sys< yk)is:
Y 2, (e) 1 (e) (e)
I NT 6u2 JLouT AU Ry@ s p dy =0 (11)
v ay 4 ot ay
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int 1
Where A=l+&€" R=—"—+M? P=(Gr)T +(Gm)C
K,A
Integrating the first term in Eq. (11) by parts afdains

CREER @T 5, C) (®
N(e)-r au _J‘ aN au + N(e)-r } au _ Aau + R_j(e) _ P — O (12)
oy oy oy 4 ot oy

Yi Y

Neglecting the first term in Eq. (12), one gets:

Y T (e) (e) (e
AL 4 oy

Let U(e) = N(e)¢e) be the finite element approximation solution ovethe element
Yo Y ' Nk - y yj
Ye 7Y Ye 7Y,

are the

(yj Sys< yk)where N© :[Nj Nk]’ ¢ :[uj uk]T and N; =

basis functions.
% [[N'N' NN |[u. %N N, NN ||
o gl ol
7 1INy N N N LU 4yj N, N, N, N, l-Jk
_ A 3-"5 NJ- N} NJ- N;( U, dy+BT Nj NJ- Nj N, U; dy:PT Nj dy
21 Yi N} Nk Nl‘< Nk Uy 6yj Nj Nk Nk Nk Uy Yi Nk
Simplifying we get
1 1 - U, 112 1 l:lj Al-1 u, R| 2 U, P

+ — - +— =—
1@ [-1 1lu | 24[1 2] | 29[-1 u | 61 u | 2

where prime and dot denotes differentiation w.tyo and time't 'respectively. Assembling the element equations

for two consecutive elemen(éli_l SYSY, ) and (y, Sys< yi+1) following is obtained:

i |
1 -1 0lfu, 2 1 o
12 -1 2 -1y, A T
| ® 24
0o -1 1f|u,, 0 1 '
Ui+
- | (13)
A -1 1 O||u_, R 2 1 O|| u;,_, 5 1
- -1 O jju |+—= 1 1|| u, =— 2
2| 6 2
0 -1 1{ju, 0 1 2|u, 1
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Now put row corresponding to the node ‘i’ to zefrom Eq. (13) the difference schemes witR = h is:

1 1|- too A R
F[_L#—l-'- 2y - L%+1] +Z1r Ui+ 4U; + Ui+ _E[_l%-l"' L#+1] +_6[L%—1+ A + L%+1] =P

(14)
Applying the trapezoidal rule, following systemexfuations in Crank-Nicholson method is obtained:
AT+ AT AL =AY+ AYT AW +12P0k (15)
Now from Egs (7) and (8), following equations al#ained:
BT +BT™ +BJ =BJ" + B]" + BT .
CC +CC™+CLl =CQL,+CG +Cgl, (17)

where

A=h+ 2Rk —12h + &k A= h+ 2h+ BkhA=h+ Rk -d2- AR

A,=h - 2Rk + 12h - G\kAs: h- 2 - RkhA=h- R+ 1B+ AR
P=24n(Gr KT,) + 2h GmXC' B, = h( Ak(Pr) =12hB,= #(Pr) + 24rh;

B,= h(Pr) - 6Ak(Pr) -12h B, —h( (Pr) + 12h B;= #(Pr) - 2¢h ;
B;=h(Pr) + 6Ak(Pr) +12hC = h() + 6Ak(Sc) - 12h ;C,= #() + 2¢h
C,= h(s) - 6Ak(Sc) -12hC, = h(s) - 6Ak(Sc) + 12h C = U(Sc) - 2 ;
C,=h(Sc) + 6Ak(Sc) + 12h;

r) + 6Ak(P
r) - 6Ak
) k

U T

k . . . . . - . 10
Herer = — and h, k are mesh sizes alonYy — direction and time-direction respectively. Index refers to

space and j' refers to the time. In the equations (15), (16J &h7), takingi :l(J)I’l and using boundary
conditions (10), then the following system of eduraé are obtained:

AX =B i =103 a9

Wherea 's are matrices of  order I and X,Bi's are column  matrices having

N — components. The solutions of above system of empmtre obtained by using Thomas algorithm foraiglp
temperature and concentration. Also, numericalt&wie for these equations are obtained by C — progre. In
order to prove the convergence and stability ofe@ah finite element method, the same C — programas run
with smaller values of h and k and no significahtimge was observed in the values of u, T and Ccéléme
Galerkin finite element method is stable and cogest.

4. SKIN — FRICTION, RATE OF HEAT AND MASS TRANSFER

Skin — Friction coefficientd) at the plate is r = (Z_UJ
Y Jy=o

Heat transfer coefficier& NU) at the plate isNu = —(‘Z_Tj
Y Jy=o

Mass transfer coeﬁicier(tSh) at the plate issh = _(G_Cj
ay
y=0
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RESULTS AND DISCUSSION

Some numerical calculations have been carried @muthie non-dimensional velocity, temperature, cobedion,

skin — friction coefficientand heat and mass transfer coefficients in ternidusselt numbe( NU) and Sherwood
number(S’l) respectively. The effects of material parametechsas Prandtl numbépl’), Schmidt numbe(rSZ),
Hartmann numbe(rM), permeability parametéK), Grashof number(Gr) and modified Grashof number

(Gm) have been observed. The numerical calculationbedet results are presented graphically in figu2gsd
(15). During the course of numerical calculatiofigh® velocity, temperature and concentration, whkies of the

Prandtl number are chosen for (aﬁ?f = 0.73, electrolytic solutior(Pr = l.q, water (Pf = 7.q and

water at ﬂC(PI‘ = 11.4() . To focus our attention on numerical values of ié®ults obtained in the study the
values of Sc are chosen for the gases represdliffnging chemical species of most common interestir namely

Hydroger(SC = 0.23, Water—vapou(SC = 0.6(), Oxyger(SC = 0.6@, Ammonia(SC = 0.73

Methanol (SC = l.OQ and Propyl-benzene(sc = 2.63 at 20C and one atmospheric pressure. For the

physical significance, only the real part of compégiantity is invoked for the numerical discussiorthe problem

and att =1.0, stable values for velocity, temperature and cotretion fields are obtained. To examine the effect
of parameters related to the problem on the vsldigtd and skin-friction numerical computationg aarried out at

(Pr = 0.7:9 which corresponds to air at Z5 and one atmospheric pressure. The values of Gramhmber

(GI’) and modified Grashof numbe(er) are taken to be positive and negative as theyeotisply represent

symmetric cooling of the plate wheBr > 0 and symmetric heating of the plate wifgh < 0. Since the flow is
continuous flow which is tends to infinity. For flimg solution of this problem we have placed inéniertical plate
in a finite length in the flow and hence we soltkd entire problem in a finite boundary. Howeverthe graph
Y — values vary from O to 4, velocity, temperature andcentration tends to zero as y tends to 4. iSHhisie for

any value ofYy , thus we have considered finite length.

The temperature and the species concentrationoaged to the velocity via Grashof numbé@r) and modified
Grashof number(Gm) as seen in equation (7). Figs. 2-13 display tlecef of material parameters such as

Gr, Gm, M, Sc, Prand K on the velocity field for both externally coolir(gﬁf >0) and heating(GI‘ <O) of

the plate. It is observed that an increase in trask®f number or modified Grashof number leadsi¢oeiase in the
velocity field in both the presence of cooling dmehting of the plate. For various values of Grashofiber and

modified Grashof number, the velocity profiles atetted in Figs. 2 and 3. The Grashof numlééﬁl’) signifies

the relative effect of the thermal buoyancy foroethie viscous hydrodynamic force in the boundagpedaAs
expected, it is observed that there is a rise énvdlocity due to the enhancement of thermal buoydorce. Here,

the positive values ofX correspond to cooling of the plate. Also, @ increases, the peak values of the velocity
increases rapidly near the porous plate and theaydesmoothly to the free stream velocitile modified Grashof
number Gmdefines the ratio of the species buoyancy forcéhéoviscous hydrodynamic forcds expected, the
fluid velocity increases and the peak value is nmdistinctive due to increase in the species buoydorce. The
velocity distribution attains a distinctive maximuralue in the vicinity of the plate and then desesaproperly to
approach the free stream value. It is noticed tthatelocity increases with increasing values ef @lolutal Grashof
number.

The effect of magnetic paramet®is shown in the Fig.3 in case of cooling of thetgldt is observed that the
velocity of the fluid decreases with the increabenagnetic parameter values. As expected, the itgldecreases
with an increase in the magnetic parameter. lesabse that the application of transverse magfietitwill result
in a resistive type force (Lorentz force) similardrag force which tends to resist the fluid flomdahus reducing its
velocity. Also, the boundary layer thickness desesawith an increase in the Hartmann number. We sde that
velocity profiles decrease with the increase of nedig effect indicating that magnetic field tendsretard the
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motion of the fluid. Magnetic field may control tilew characteristics. From Figs.5 and 6 it is aked that an

increase inSc or Prdecreases the velocity field. A comparison of vityodistribution curves due to cooling of the
plate show that in the vicinity of the plate thdoaity falls very rapidly and thereafter steadihdicating that the
curves rise gradually after attaining minimum vahgar the plate. Fig.7 shows the effect of the pability of the

porous medium parametdf on the velocity distribution. As shown, the velgci$ increasing with the increasing
dimensionless porous medium parameter. The effettteodimensionless porous mediulh becomes smaller as

K increase. Physically, this result can be achiaviedn the holes of the porous medium may be negletiethe
Figs. 8 - 13 on velocity field mentioned above, pane to the case of cooling of the plate oppodiects are
observed in the case of heating of the plate.

Fig.14 illustrates that the effect of Prandtl numbe the temperature profiles. An increase in Ptandmber
decreases the Temperature field. Also, Temperdilcefalls more rapidly for Water in comparison A@r and the
Temperature field curve is exactly linear for Mascuvhich is more sensible towards change in Teatpee. From
this observation it is concluded that Mercury issimeffective for maintaining Temperature differemican be used
efficiently in the laboratory. Air can replace Maryg, the effectiveness of maintaining the Tempematihanges are
much less than Mercury. If Temperatures are maiathi Air can be better and cheap replacement fiusimnial
purposes. From Fig.15 shows that an increase itmBithnumber decreases the concentration field. Also
Concentration field falls slowly and steadily forydtogen and Helium but falls very rapidly for Oxygend
Ammonia in comparison to Water vapour. Thus Waggrour can be used for maintaining normal Conceatrat
field and Hydrogen can be used for maintainingatife Concentration field.

Table 1. Skin — Friction coefficient of §) for cooling of the plate

Gr Gm | M Sc Pr K T

10.0| 40| 05/ 022 0.71 100 09.3767
20.0| 40| 05| 022 0.71 10,0 15.3080
10.0| 80| 05/ 022 0.71 100 12.82y4
10.0| 40| 05 068 0.71 100 08.3829
10.0| 40| 1.0/ 022 0.71 100 05.4382
10.0| 40| 05 024 0.71 200 10.02Y0
10.0| 40| 05/ 0.22 7.0 100 04.2189

Table 2. Skin — Friction coefficient of €) for heating of the plate

Gr Gm | M Sc Pr K T
-10.0| 40| 05 022 0.71 100 -2.4751
-20.0| 40| 05 022 0.71 100 -8.4012
-10.0| 80| 0.5 0.22 0.71 100 0.9754
-10.0| 40| 05 064 0.71 100 -3.4690
-10.0| 40| 1.0/ 022 0.71 100 -1.7866
-10.0| 40| 05 022 071 200 -2.5397
-10.0| 40| 05 022 7.0 100 2.6825

Table 3. Heat transfer coefficient in terms of Nusat number

Pr | 00.025| 00.719 07.00p 11.4090
Nui | 0.1239| 0.6868 5.1852 7.2611

Table 4. Mass transfer coefficient in terms of Shevood number

Sc 0.22 0.30 0.60 0.66 0.78 1.00 2.62
Sh| 0.2525| 0.3168 0.5852 0.6406 0.7514 0.9p25 2.3165

Table 1. represents the numerical values of shkitidn coefficient ¢) for variations in
Gr, Gm, M, Sc, Pr and respectively, corresponding to cooling of the @latAn increase in

Gr orGm orK leads to an increase in the value of skin — ifmictcoefficient while in increase in
M or & or Plleads to a decrease in the value of skin — frictiosfficient.

Table 2. represents the numerical values of shkitign coefficient ¢) for variations in
Gr, Gm, M, Sc, Pr and respectively, corresponding to heating of the elatAn increase in

Gr orGm or Pr leads to an increase in the value of skin —frictiooefficient while in increase in
M or & or Kleads to a decrease in the value of skin — frictioefficient.
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Gr =5.0,10.0,15.0,20.0
5
5
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P.D
= 3
2
1 Gm =10, M = 0.5 Sc = 022.FPr =
0.71,K=10.0,£ = 0.005 nt = /2.
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y
Fig.2. Effect of Grashof number (Gr) on velocity profiles.
8
Gm=5.0,10.0,15.0,20.0
Gr=10,M=0.5,Sc=0.22, ik 10,
Pr=0.71, = 0.005, nt=n/2.
g 4
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0 1 2 3
y

Fig.3. Effect of modified G-rashof number (Gm) on vicity profiles
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Pr=0.71,8¢=0.22,
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0
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Fig. 4. Effect of Magnetic number (M) on velocity profiles
5
Sc=0.22,0.30, 0.60, 0.78,
4
Gr = 10, Gm = 10
Pr=0.71, M = 0.5
K,=10,¢ = 0.005
. 3 nt = n/2.
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y
Fig. 5. Eftect of schmudt number (Sc) on velocity profiles
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7
Pr = 0.025,0.71,7.00,11.62
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Gr =10, Gm =10, M = 0.t
g Sc =0.22, K= 10,& = 0.005
nt = a/2.
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Fig.7. Effect of Permeability parameter (K) on \atg profiles.

62
Pelagia Research Library



M. Venkateswarlu et al Adv. Appl. Sci. Res., 2013, 4(6):52-67

2.5
Gr =-5.0,-10.0,-15.0,-20.0
2 Gm=10,M=0.5, Sc=0.22,
Pr=0.71, K= 10.0,e = 0.005
nt = n/2.
1.5
g1
R3)
2
U 05
—
0
C 1 2 3
0.5
-1
-1.5
y
Fig 8. Effect of Grashotf number (Gr) on velocity profiles
0
&
5
2
)
it
-4
Gr=-10,M=0.5,Sc =0.22
Pr=0.71, K= 10 ¢ = 0.00¢
nt = /2.
Gin =-5.0,-10.0,-15.0,-20.0
-8

Fig.9. Effect of modified Grashof number (Gm) on viocity profiles
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Fig.12. Effect of Prandtl number 'Pr' on velocity profiles
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Fig.13. Effect of Permeability parameter (K) on vebcity profiles
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Fig.14. Effect of Prandtl number (Pr) on temperatuse profiles
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Fig.15. Effect of Schmidt number (Sc) on concentran profiles

Table 3. represents the numerical values of haaster coefficientN U for different values of Prandtl numbé&?r .

An increase inPr leads to an increase in heat transfer coefficilso the value ofNU is least for Mercury and
highest for Water at°4c.

Table 4. represents the numerical values of massfer coefficient(S’l) for different values of Schmidt number

<. AnincreaseS leads to an increase in mass transfer coefficilab, the value ofShis least for Hydrogen and
highest for Propyl benzene.
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