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Abstract: A steady laminar free convective two-dimensional flow of a viscous incompressible electrically conducting over
an infinite vertical plate embedded in the porous medium with heat and mass transfer is analyzed by taking into account the
effect of viscous dissipation. The dimensionless governing equations for this investigation are solved by using perturbation
technique. Numerical evaluation of the analytical results is performed and graphical results for velocity, temperature and
concentration profiles with the boundary layer are discussed. We observe that skin friction () is lower for water (Pr=7,
Sc=0.61) than for air (Pr=0.71, Sc=0.22).
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1. Introduction

The problem of free convection flow has drawn attention of the researchers due to its application in engineering and technology.
To make heat transfer at the surface more effective, it is very needful to study the free convection flow through a non-
homogeneous porous medium and to estimate its effect on heat and mass transfer. The study of flow through porous medium
finds application in geophysics, agricultural engineering and technology. Further the free convection flow in enclosures has
become increasingly important in engineering applications in recent years due to fact growth of technology, effecting cooling of
electronic equations ranges from individual transistors to main frame computers and so on. Several authors including Gupta
and Sharma[7], Singh et. al.[17], Reddy et.al. [14] has studied MHD flow through porous medium in slip flow regime. A Soret
effect due to natural convection between heated inclined plates with magnetic field was studied by Raju et al.[11].In their study
Reddy et al.[12-13], considered effect of thermal diffusion on heat and mass transfer flow problems in different geometries.
Ravikumar et al. [16] investigated, heat and mass transfer effects on MHD flow of viscous fluid through non-homogeneous
porous medium in presence of temperature dependent heat source. MHD transient free convection and chemically reactive flow
past a porous vertical plate with radiation and temperature gradient dependent heat source in slip flow regime was
investigated by Rao et al. [15].

Non-Darcy fully developed mixed convection in a porous medium channel with heat generation/absorption and hydro magnetic
effects were considered by Chamkha [1]. Non-similar solutions for heat and mass transfer by hydro magnetic mixed
convection flow over a plate in porous media with surface suction or injection and effects of heat generation/absorption and
thermophoresison hydromagnetic flow with heat and mass transfer over a flat surface were considered by Chamkha[2-3].
Magetohydrodynamicsis attracting the attention of the many authors due to its applications in geophysics it is applied to study
the stellar and solar structures, inter stellar matter, radio propagation through the ionosphere etc.

In engineering in MHD pumps, MHD bearings etc. at high temperatures attained in some engineering devices, gas, for example,
can be ionized and so becomes an electrical conductor. The ionized gas or plasma can be made to interact with the magnetic and
alter heat transfer and friction characteristic. Since some fluid scan also emit and absorb thermal radiation, it is of interest to study
the effect of magnetic field on the temperature distribution and heat transfer when the fluid is not only an electrical conductor
but also when it is capable of emitting and absorbing thermal radiation. This is of interest because heat transfer by thermal
radiation is becoming of greater importance when we are concerned with space applications and higher operating temperatures.
The effects of transversely magnetic field, on the flow of an electrically conducting fluid past an impulsively started infinite
isothermal vertical plate was studied by Soundalgekar et al. [18].

Again, Soundalgekar and Takhar [19] studied the effect of radiation on the natural convection flow of a gas pasta semi-infinite
plate using the Cogly- Vincentine-Gillesequilibrium model. For the same gas Takhar et al.[20] investigated the effect of radiation
on the MHD free convection flow past a semi-infinite vertical plate. Later, Hossain et al.[8] studied the effect of radiation on free

IJCRT1872277 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 721


http://www.ijcrt.org/

www.ijcrt.org © 2018 IJCRT | Volume 6, Issue 1 March 2018 | ISSN: 2320-2882
convection from a porous vertical plate. Muthucumarswamy and Kumar [10] examined the thermal radiation effects on moving
infinite vertical plate in presence of variable temperature and mass diffusion. An analytical solution for unsteady free convection
in porous media has been studied by Magyari et al. [9]. Simultaneous radiative and convective heat transfer in a variable porosity
medium was studied by Nagaraju et al. [4]. An analytical solution for hydromagnetic natural convection flow of a particulate
suspension through a channel with heat generation or absorption effects was studied by Subaie and Chamkha [5]. Recently
Patil etal. [6] studied double diffusive mixed convection flow over a moving vertical plate in the presence of internal heat
generation and chemical reaction. Motivated by above cited work, in this chapter we have considered an unsteady MHD
free convection flow of a viscous fluid past a vertical porous plate embedded with porous medium in the presence of thermal
diffusion. In obtaining the solution, the terms regarding radiation effect and temperature gradient dependent heat source are taken
into account in energy equation. The permeability of the porous medium and the suction velocity are considered to be
exponentially decreasing function of time.

2. Formulation of the problem

We consider two dimensional steady, laminar free convection flow of an incompressible, electrically conducting viscous fluid
past an infinite vertical porous plate. The flow is considered in presence of the radiation effect.

In Cartesian coordinate system, we take x-axis along the surface in the upward direction and y-axis is taken normal to it.
Under the above stated assumptions the governing equations of continuity, momentum and energy are:

Equation of Continuity

oV
=0 ...(21
- (2.1)

Equation of Momentum

2 OBZ
va—“=gﬁ(T—Tw)+gﬂ*(C—cw)w(a—‘jj—ﬂ— ot (2.2)
oy ") K p
Equation of Energy
2
d
v _ K (a Ij_ L dq, .2.3)
ay pC,\oy pC, dy
Equation of Concentration
dc_ d%c 2T
V@—Dm a—yz + Dl a—yz ...(2.49)
The permeability of the porous medium is assumed to be the form
K=K, ...(2.5)
The radiative heat flux gy is given by (Cogley et. al [16] )
aq
r =4(T—TOO)I ...(2.6)

where 1 is the absorption coefficient and
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Kxn is the radiation absorption coefficient at the wall, ey, is Plank’s function and A is frequency.

The boundary conditions are:

ou of q oC m

u=U,+L,— —=—-——,—=—-—at y=0
oy oy k oy D ..(2.7)
u=0 T>T, C—>C, aty — o
where g and m are uniform heat and concentration flux at the plate respectively and Ll = L, L being mean free path
m
1

and m; the Maxwell’s reflection coefficient.

Integration of equation (2.1) for variable suction gives
V=-V, ...(2.8)
where B is a real positive constant and e is small such that € B << 1.

Now introducing the following non-dimensional quantities

. Dv,(C-C
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Equation (2.2), (2.3) and (2.4) reduce to the following form after dropping the asterisks over them:

2
a_uz_Grg_Gcc_a_l;Jr[MZJriju ...(2.9)
oy oy K
2
%=_ig+59 ...(2.10)
oy  Proy
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with corresponding boundary conditions:

u :a+hla_u %:—1,§:—1 at y=0

oy’ oy oy ..(2.12)

u=0 6->0 C—>0 aty — o

3. Solution of the problem
€ is a small quantity, we reduce the system of partial differential equations to ordinary differential equations by assuming:

fO)=fG)+efi() ..(3.1)

where f stands for u, 6 and C. With the help of equations (3.1), the equations (2.9) to (2.11) reduce to the following differential

equations on equating like powers of e (neglecting 0(<2))

u;+u5—(M2+%)uo =-Grg,-GcC, ...(32)
. , 1 1 -
u, +u, —| M +E u, =—Grég, -GcC, ...(3.3)560+9O -S6,=0
(. .
(34) 50, +0,-86,=0
...(3.5)
1 " ! n
S—CO+CO +S00 o= 0 ...(3.6)
0
l " ! "
S—CC1+C1+509 1=0 ...(3.7)

with corresponding boundary conditions:

0 170°"1 U9y =-106,=0.C, =-1C =0at y=0

uo—>0,u1—>0,60—>0,61—>0,C0—>0,C1—>0 aty —» o

U =o+hu..u =o+h u
.(38)

Equations (3.2) to (3.7) are second order linear differential equations with constant coefficients, the solutions of which are:

u=Ce?Y + C,e Y + (R,+R3)e 42Y + R,e™5c¥ ...(3.9)
6 = Rye~42Y ..(3.10)
C = Aze™2Y + mye~5cY ...(3.11)
where

Al = %-Pr+\/Pr2 +4PrS], N? = M? +Ki
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3. Skin Friction

With the help of velocity and temperature profiles, the expression for the skin friction (t) is given

ou
r=(5;) = i Cadls — Aa(Ry + Re) — ScR,

4.Nusselt Number

The expression for the Nusselt number (Nu) is

1

Nu =
“ (90

) = AzeAzy

5. Discussion and Conclusion

In order to get physical insight of the problem, calculations have been made for velocity and temperature profiles, species
concentration function, skin friction and Nusselt number for different values of the parameters entered into the problem viz. Ko
(Permeability parameter), M (Magnetic parameter), Gr (Grashoff number), Pr (Prandtl number), Sc (Schmidth number), S

(Radiation parameter) and Gc (Grashoff number for mass transfer), So(soret number).

In figure 1, the velocity distribution is plotted against y for fixed values  Pr = 0.70 (air as a fluid), and S=0.12. We
observe that velocity increases with the increase in Ko, So and Gr but decreases with increase in M, Gc and Sc . It is also being

observed that the velocity increases rapidly near the plate and then decreases slowly far away from the plate.

Pr=0.70, $=0.12

SNo| Gr | sc [ Gec | K
1 5.0 | 1.0 | 2.0 | 10.0
2 5.0 | 1.0 [ 2.0 10.0
3 5.0 | 1.0 [2.0]10.0
a 5.0 | 1.0 | 2.0 | 10.0
s
6
7

o a|v|a|w|a|nfanlz
»
°

Velocity(y) ——

Figure 1: Velocity profiles plotted against v for different values of
k.M,Gr.Sc.Ge.So.

Temperature distribution, which depends on Prand S, is shown in figure 2. It is clear from the figure 2, that the temperature
increases with the increases of Pr andS. For the case of the heat sink (S < 0) the temperature of the fluid is less as compared to

heat source (S > 0).
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S.No. Pr S
1 0.71 0.22

2 0.71 0.58
0,s<t 3 7.0 21

Temperature 0

—t— f ;
1 0.5 1 1.5 2 25

Figure 2: Temperature profiles against y for different value
of Prand S.

The concentration profile (C) is shown in figure 3 against y for different values of Sc and So. It is concluded that increase in

Sc decreases species concentration. It is also observed that for (So =4.0) taking Sc = 2.52 species concentration further decreases.

Pr=0.70

s
i
7/ﬁ
\

Concentration C

T L T
g
1
£

We observe from figure 5 that important parameter viz. skin friction (t ) increases when Ko, S, Gc and Gr are increased
but decreases with increases in Sc, Pr and M . Another important parameter viz. the Nusselt number (Nu) at the plate is plotted
against Prandtl number(Pr) in figure 4. It follows that Nusselt number decreases when Pr increases.

ol J o o
2| ol 3| 3

1 L5 N M—

Figure 4: Variation of Nusseltnumber —— T

Reference

1. Chamkha A.J, “Non-Darcy Fully Developed Mixed Convection in a Porous Medium Channel with Heat
Generation/Absorption and Hydromagnetic Effects,” Numerical Heat Transfer, PartA,VVolume32,1997, pp. 653
-675.

2. Chamkha A.J and Issa C, “Effects of Heat Generation/Absorption and Thermophoresis on Hydromagnetic Flow
with Heat and Mass Transfer Over a Flat Surface ”. International Journal of Numerical Methods for Heat &
Fluid Flow, Volume 10, 2000, pp. 432-449.

3. Chamkha A.J, “Non-Similar Solutions for Heat and Mass Transfer by Hydromagnetic Mixed Convection Flow
Over a Plate in Porous Media with Surface Suction or Injection.” International Journal of Numerical Methods
for Heat & Fluid Flow,Volume 10, 2000, pp.142-162.

IJCRT1872277 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 726



http://www.ijcrt.org/

www.ijcrt.org © 2018 IJCRT | Volume 6, Issue 1 March 2018 | ISSN: 2320-2882

4.

10.
11.
12,

13.
14,

15.

16.

17

18.
19.
20.

Chamkha A.J, Nagaraju P, Takhar H.S, and Chandrasekhara B.C, “Simultancous Radiative and Convective Heat
Transfer in a Variable Porosity Medium” Heat and Mass Transfer, Volume 37, pp. 243-250, Transfer, Volume
37,2001, pp. 243-250..

. Chamkha A.J and Al-Subaie M, “Analytical Solutions for Hydromagnetic Natural Convection Flow of a

Particulate Suspension Through a Channel with Heat Generation or Absorption Effects.” Heat and Mass
Transfer, Volume 39,2003, pp. 701-707.

. Chamkha A.J, PatilP.M and RoyS,“Double Diffusive Mixed Convection Flow over a Moving Vertical Plate in

the Presence of Internal Heat Generation and Chemical Reaction.” Turkish Journal of Engineering &
Environmental Sciences, Volume 33, 2009, pp. 193-206.

. Gupta M and Sharma S, “MHD flow of viscous fluid through a porous medium bounded by an oscillating porous

plate inslip flow regime”, Acra Ciencia Indica, 17M,1991,389-394.

. Hossain A.M, Alim M.A. and Rees, D.A.S., “Effect of radiation on free convection from a porous a vertical

plate” Int.J.Heat Mass Transfer, 42, 1999, 181-191.

. Magyari E, Pop | and Keller B, “Analytical solutions for unsteady free convection flow through a porous media”,

J.Eng. math., 48,2004, 93-104.

Muthucumarswamy R and Kumar G.S, “Heat and Mass Transfer effects on moving vertical plate in the
presence of thermal radiation”, Theoret. Appl. Mach., 31(1),2004, 35-46.

Raju M.C, Varma S.V.K, Reddy P.V and SumonSaha, “Soret effects due to Natural convection between Heated
Inclined Plates with Magnetic Field”, Journal of Mechanical Engineering, Vol. ME39,No.Dec 2008,43-48.

Raju M.C, Varma S.V.K and Reddy N.A, “Thermo diffusion and chemical effects with simultaneous thermal
and mass diffusion in MHD mixed convection flow with ohmicheating”, Journal of Naval Architecture and
Marine Engineering 6(2009), pp. 84-93.

Raju M.C, Varma S.V.K and Reddy N.A, “MHD Thermal diffusion Natural convection flow between heated
inclined plates in porous medium”, Journal on Future Engineering and Technology.Vol.6, No.2,2011, pp.45-48.

Raju M.C, Varma S.V.K and Reddy T.S, “ The effect of slip condition, Radiation and chemical reaction on
unsteady MHD periodic flow of a viscous fluid through saturated porous medium in a planar channel, Journal
on Mathematics, Vol.1, No.1, 2012, pp. 18-28.

Raju M.C, Varma S.V.K, Rao B.M and Reddy G.V, “MHD transient free convection and chemically reactive
flow past a porous vertical plate with radiation and temperature gradient dependent heat source in slip flow
regime”, IOSR Journal of Applied Physics, Vol. 3(6), 2013, 22-32.

Ravikumar V, Raju M.C, Raju and G.S.S, “Heat and Mass Transfer Effects on MHD Flow of Viscous Fluid
through Non-Homogeneous Porous Medium in Presence -of Temperature Dependent Heat Source,
International”.

. Singh N.P, Singh R.V and Singh, Atul Kumar, “Flow of a dusty viscoelastic fluid through a porous medium

near an oscillating porous plate in slip flow regime”, IMACT, 31, 1998, pp. 99-108.

Soundalgekhar V. M, Gupta S.K and Birajdar N.S, “Effects of mass transfer and free convection flow past
currents on MHD stokes problem for a vertical plate”, Nuclear Eng. Des., 53, pp.339-346.

Soundalgekar V.M and Takhar H.S, “Radiative convective flow past a semi- infinite vertical plate”, Modelling
Measure and Cont., 51,1992, 31-40.

Tahkar H.S, Gorla S.R and Soundalgekar V.M, “Radiation effects on MHD free convection flow of a radiating
gas past a semi-infinite vertical plate”, Int.J.Numerical Methods heat fluid flow, 6, 1996, pp. 77-83.

IJCRT1872277 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 727


http://www.ijcrt.org/

