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Abstract

The effect of heat and mass transfer on free convective couette dissipating fluid flow through
a porous medium with chemical reaction and slip condition has been studied. The governing
equations of the flow field are solved employing perturbation technique and the expressions
for the velocity, temperature, concentration distribution, skin friction, rate of heat transfer i.e
heat flux in terms of Nusselts number Nu and mass transfer i.e shear stress in terms of
Sherwood number Sh are obtained. The effects of pertinent parameters such as suction
parametersa; , a, ; Grashof number for heat and mass transfer G, , G.; slip flow parameters
h; ,h,; radiation parameterF, permeability parameter K, Chemical reaction K. Schmidt
numberS,, Prandtl numberP,, Eckert number E. on the flow field have been studied and the
results are presented graphically and discussed quantitatively.

Key words: Free convection, MHD, Chemical reaction, porous medium, Slip condition,
Fluid dissipation, heat and mass transfer, couette flow.

| . Introduction:

Free convection flow of heat and mass transfer occurs frequently in nature and industrial
processes. Many fields of interest in which combined heat and mass transfer performs an
important role is in the field of science and engineering such as designing chemical
processing equipment, crop damages due to freezing and environmental pollution. Example

of free convection is the atmospheric flow due to temperature difference etc.

Magneto hydrodynamic (MHD) free convection of a viscous incompressible fluid along a
vertical porous medium channel plates must be studied if we are to understand the behaviour
of fluid flow parameters. MHD free convection flow and heat and mass transfer have become
more important in recent years because of its applications in agricultural engineering and
petroleum industries. Recently, considerable attention has also been focused on new
applications of MHD and heat and mass transfer such as metallurgical processing Kishore et
al (2013). In melt refining, the magnetic field is used to control excessive heat and mass

transfer rate. The effect of radiative heat and mass transfer on unsteady natural convection
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coquette flow of a viscous incompressible fluid in the slip flow regime in present of variable
suction and radiative heat source was analyzed by Das et al (2012). Rao et al (2013),
analyzed the unsteady free convection heat and mass transfer flow through a non-
homogeneous porous medium with variable permeability bounded by an infinite porous
vertical plate in slip flow regime taking in to account the radiation, chemical reaction and
temperature gradient dependent heat source.

Viscous dissipation past a parallel vertical porous plate is always neglected and it is
characterized by the Eckert number (Ec) especially when the flow is at low temperature or in
high gravitational field. This effect is essentially in geophysical flow and many certain
industrial operations, where highly viscous fluids with low thermal conductivity are consider.
The property that comes in to play in free convection is the coefficient of thermal expansion
of the fluid, g and Grashof number, Gr. A numerical study on the effect of chemical reaction,
radiation and magnetic field on the unsteady free convection flow of heat and mass transfer
characteristics in a viscous incompressible and electrically conductivity fluid past an
exponentially accelerated vertical plate by taking in to account the heat due to viscous
dissipation was analyzed by Kishore et al (2013). Khan (2014) investigated the effects of an
arbitrary wall shear stress on unsteady MHD flow of a Newtonian fluid with conjugate effects
of heat and mass transfer in a porous medium over a vertical plate with ramped temperature.
Singh et al (2013) investigated the effects of heat source and thermal diffusion on an
unsteady free convection flow along a porous vertical plate in a rotating system subjected to
constant heat and mass flux. Ecgunjobi and Makinde (2012) investigated the combined
effects of buoyancy force and Navier slip on the entropy generation rate in a vertical porous
channel with wall suction/injection. Sarada and Shanker (2013) studied the effect of chemical
reaction on an unsteady magneto hydrodynamic flow past an infinite vertical porous plate
with variable suction and heat convective mass transfer, where the plate temperature

oscillates with the frequency as that of variable suction velocity.

The aim of this paper is to study the effect of heat and mass transfer on free convective
couette dissipating fluid flow through a porous medium with chemical reaction and slip

condition.
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2. Formulation of the problem:

Let us consider a two-dimensional unsteady MHD free convection flow and viscous
incompressible fluid past through parallel vertical porous medium channel plates placed at a

distance h apart in the presence of chemical reaction and slip conditions.

Figure 1
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Figure 1: Flow configuration and coordinate system

In a Cartesian coordinate system, the x - axis is taken along the plates and the y-axis is taken
normal to it. Since the plates are considered infinite in x —direction, then all flow quantities
become self — similar. Therefore, all the physical variables become function of ¢t" and y " only.
Initially, both the plates and fluid are at stationary conditions with the constant temperature

T, and concentration C,, . After time t' = 0 , the temperature of the plate is raised to T), +
(T’—T,;)tt—, when t < t,, and thereafter, T' is maintained at constant temperature and

concentration is raised toC'. We assume that the flow is laminar and the reaction is assumed
to takes place entirely in the stream where the slip parameters enhancing the velocity of the
fluid. A uniform magnetic field B, is applied in the y’ - direction, the fluid is assumed to be
electrically conducting (electrolyte). The fluid being electrolyte, the magnetic field Grashof
number is taken to be very small and hence the induced magnetic field can be neglected in
comparison with the applied magnetic field in the absence of any input electric field. The heat
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due to viscous dissipation is taken in to account. The flow in the medium is entirely due to

buoyancy force caused by temperature difference between the porous plates and the fluid.
The medium between the porous plates of a permeable material is given as

k'(t) = k(1 + ede™t) )

And a time dependent suction is

v'(t) = —v,(1 + ede™?) ),

For v, > 0 is the suction velocity at a plate. The negative sign indicates that the suction
velocity acts towards the plates.

Under the above assumption as well as Boussinesq's approximation, the equations governing
the conservation of mass (continuity), momentum, energy and concentration can be written as

follows:
Continuity equation:

ov’ _ 0
dy'

Momentum equation:

oy Wty B _ e o 4 e oy 4 oyt
o Vo (1 +edet™?t) 3y gp(T =Ty +gp*(C —C) + Vay: VR +
oB2u’
o= 3

; 3)
Energy equation:

, ' , "\ 2
o _y iw'e)OT _ K O°T 1 dar Kk (0w
ot' Vo(l +ede )63/' T pCp 8y pCp 3y’ + pCp (6y') (4)
Concentration equation:
ac’ ' w't0c [ a%c / /
o~ Vo(1+ede™ )a—y,—Dm+kC(C —Cp) (5)

With the following boundary conditions of the problem
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Where u'andv are the components of velocity along x —axis and y —axis directions, t is
time, g is the acceleration due to gravity, § and B* are the coefficients of volume expansion
of heat and mass transfer, v is the kinematic viscosity, k'(t) is the permeability of the porous
medium, p is the density of the fluid, o is the electrical conductivity of the fluid, B, is the
uniform magnetic field, K is the thermal conductivity, C, is the specific heat at constant
pressure, g, is the radioactive heat flux, g is the heat source, T is the temperature of the wall

as well as the temperature of the fluid at the plate, T}, is the temperature of the fluid far away

”1) being the mean free path where yu, is the Maxwell’s reflection
1

from the plate, L, = (2;

coefficient, C'is the concentration of the wall as well as the concentration of the fluid at the
plate, C, is the concentration of the fluid far away from the plate, D is the molecular
dissipation, k.. is the chemical reaction parameter, A and B are the real positive constants, ¢
is the small positive number such that eA << 1 and eB « 1, w'is a positive constant, t'is the

time in x', y’ coordinate system.

The radiactive heat flux g, is given as

%’f = 4(T - Tyl , where [ is the absorption coefficient at the wall.

Introducing the dimensionless parameters as follows;

"2 v u' v2k, kv, (T — T,
yzy = w=—,u=—,k,= 22,0 = O( h))
v (2 2 v? vq
Dv,(C'=C,)  pvcy gBqv* gmv’p* 4vil
= ;P‘r: :Gr: R C:—”F:—/'
vm k kvo D vo4 .0 CPUOZ
v U Uy vk, Lvy Ly, ol’Bj
SCZB'OC:L:_O;OCZ—U_(;; c — Oolhlz vothZ vo’ g: !
___w _K
CGT-TY p
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We have the following

Momentum equation:

u

(1+£Ae“”t)——Gt9+GC+a -+ mu (6)

2 kp(1+edeWt)

Energy equation:

—(1+eae™) T = P%%—F9+E( ) (7)

Concentration equation:

. 2
~(1+ eAelwf)Z—i = Sl‘;Ti +k.C (8)

And the boundary conditions

ou 26 ]
u oc1+hlau a———1,£=—1,aty=0

u=oc2+g—1;,9=0,6=0aty=h

3. Method of solution

In order to solve equation (6 — 8), we assume

U(y,t) = U, () + ee™ U, (y) + 0(e%) 9)
0(y,t) = 0,(y) + ee™* Uy (y) + 0(e?) (10)
Cy, t) =C,(y) + ee™C; (y) + 0(e?) (11)

Replacing the above in to the governing equations to have the zero and the first order

differential equations respectively

For equation (6)

U, + U, — (ki - m) U, = —G,8, — G.C, (12)

p

Uy + Uy + <iw + Ki — m) U, = —G,.0, — G.C, — AU, (13)

p
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For equation (7)

6, + P.6, — P.F6, = —P.E_.(U,)? (14)

6, + P-6; + P.(iw — F)0; = —P.A6; — 2P.E.U, U, (15)

For equation (8)

Co+S.Co+S.K.C,=0 (16)

C{ +S.C, + S.(iw + K.)C; = —AC, (17)

Now, the boundary conditions are

U, =+ h,U;, Uy = hU;, 6,=-1,0,=0,C, =-1,C;, =0aty=0
U,=a,+hU,, U =hU;, 6,=06,—0C =0C,=0aty=1
4. Further simplification

In order to obtain the solution of the above differential equations, we expand

U, Uy, 8,,0,,C,and C; in the powers of Eckert numberE,, assuming that it is very small.
Uo(y) = Upo(¥) + EcUo: (¥) + O(E?)

Ur(y) = Uro () + EcUs1 () + O(ER)

00 () = 000(¥) + Ec01(y) + O(EE)

01(y) = 010(y) + Ec61:(y) + O(ER) (18)

Co(¥) = Coo(y) + EcCo1(y) + O(EE)

Ci () = Cio(y) + EcCi1(y) + O(EE)

Using (18) in (12 - 17), we have the following equation;

For moment, we have

Ugo + Upo = LaUoo = —GrBoo — GcCoo (19)

Upy + Upy — LyUpy = —Gr8p1 — G¢Coy (20)
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Uip + Uip — L3Uyp = —AUpo — G019 — G:C1p (21)

Ui1 + Uiy — L3Uyy = —AUpy — G611 — GcCyy (22)

With the following corresponding boundary conditions

Upo =%X1+ hiUpg, Upr = hiUpy,  Uyp = hiUip, Uy = hUjy,aty =0 and
Upo =%Xz+ haUgo, Up1 = haUgy, Uip = hyUjp, Uiy = hUf; aty =1

For energy, we have

050 + B0, — B-FOpo =0 (23)
601 + B-0g1 — P-F8o1 = —P.(Ugp)? (24)
010 + P10 + Lyb10 = —P-0g (25)
611 + P-011 + Ly61; = —PABgy — 2UqoUso (26)

With the following corresponding boundary conditions
90020,901=0,910=O,911=0aty=1

For concentration, we have

Coo + ScCoo + ScKcCoo =0 (27)
Cor + ScCo1 + ScKcCor =0 (28)
Cio + ScCio + L1Cip = —ACy (29)
Ci1 + ScCiy + LiCyy = —ACy, (30)

With the following boundary conditions
C(’)0=_1,C(,)1=O,C{O=O,C{1=O aty=0 a‘l’ld
C()O:OICO:l:OIClO:OJC:ll:Oatyzl

The solution of equation (19 - 30) under boundary conditions are given by
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CONCENTRATION:

Co(y) = Clemly + Czemzy + EC(C3em3y + C4€m4y) (31)

C1(y) = Cse™sY + Cge™eY + Kje™Y + K,e™2Y + E.(C,e™Y + Cge™8Y + Kze™sY +
K,e™Y) (32)

ENERGY:

90(}/) = Cgemgy + Cloemloy + EC(Cllemlly + ClzemIZy + K562m17y + K6eL6y +
Kye?™sY) (33)

91(_‘)1) = C13em13y + C14em14y + ngmgy + ngm10y + EC(Clsemlsy + C16em16y +

Kipe™1Y + Ky e™2Y + K elsY + K zel10Y + K el12Y + K cel14Y)  (34)

MOMENTUM:

UO (y) = C17em17y + Clgemlsy + K16em9y + K17em10y + Klgemly + Klgemzy +

E.(Ci9e™19Y 4 Cype™20Y + Kype™1Y + Ky e™2Y + K,,e™3Y + K,3e™Y)  (35)

Ul(y) = C216m21y + szemzzy + K24em17y + K256m18y + K26€m13y + K27em14y +
K ge™sY + Kyge™eY + E (Cy3e™23Y + Cyue™24Y + K319V + K31e™20Y + K3 e™15Y +

Introducing (31 — 36) in to (9 - 11), we get the following fields;

U(y,t) = C,e™7Y + Cge™8Y + K, e™Y + K,,e™10Y + geWt((,e™21Y + C,,e™22Y +

Ky,e™7Y + Kyse™s8Y + K,ce™3Y + K,,e™14Y 4+ Kyge™sY + K,ge™eY)
O(y,t) = Coe™Y + C1pe™0Y + geWt(Ci3e™3Y + Cye™4Y + Kge™oY + Kqe™10Y

C(y,t) = Ce™Y + C,e™Y + E.(C3e™Y + Cre™Y) + et (Cse™sY + Coe™sY +

Kie™Y + K,e™2Y)
SKIN FRICTION:

The expression for the skin friction (7) i.e the shear stress is,
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611.1

dy y=0

ou ou i
7= [— = [ "] + ee“"’t[
vly—o dy

= C17my7 + Seth(szmzz + Ky4myg)

y=0

RATE OF HEAT TRANSFER:

The expression for the rate of heat transfer i.e heat flux at the plate in terms of Nusselt
number(Nu) is,

w3, -

we [0
== + ge™t [—1]
yly_o dy

y=0 9y y=0
= Cgmg + ClO + EethC13m13
RATE OF MASS TRANSFER:

The expression for the rate of mass transfer at the plate in terms of Sherwood number Sh is

given as
oy y=0 oy y=0 oy y=0

=Cym, + C, + ee™tComs

Where

’12+4L2
m17 = _1 + > y m18 = _1 > ) mlg
_ 12+4Lg _
my, =—1+ — my, = —1 o Ma3
/PTZ +4FP; PZ+4FP,
y m9=—PT+ T,mm:—Pr— T
P2-4L,
2

12+4L 12+4L 12+4L

—= :_1+ 2, mzo :_1_ -~z y
\/ \I 2 \/ 2

12+4L 12+4L 12+4L
3 = _1 + 3, m24_ = _1 - [—=

\I 2 \} 2

_ PZ—4L, _

,My3 = —HB + > yMygy = =B —

K. = — GrCy GrCio GG
16 mZ+mo—L, '’ 17 m2o+myg—Ly’ 18 m2+mq—L,
_ GrCz _ GrCi1 _ GrCiz _ GrC3
Ko=———"—"" Koy=—T————F7 Kn=——=7T—""Kp and

T2
ms3 +m3—L2
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Koo = — GrCy _ ___ACymyy _ ____ACigmyg _ GrCy3
23 mi+my—L,’ 24 mi,+my;—Ls ' 25 mig+mqg—Ls’ 26 miz+myz—Ls
G, C G C5 G, CG AC 9gMq9
Kyy = ——"""— Kpg=——— and Ko = ———"— , K3yp= ——>——
m14+m14—L3 m5+m5—L3 m6+m6—L3 m19+m19—L3
Koo = ——ACoMz20  p . Grlis
yAN31 — 2 —L.' 32 — 2 —L
m20+m20 3 m15+m15 3
GrC1e G.C GcCq
K33 = ——5"—""— Ky = ———"— andKzs = ———— )
m16+m16—L3 m7+m7—L3 m8+m8—L3
—PrC17my7 _ —PrCy17my7C18Myg _ —PrCi1gMyg
K5 Ng — K7

- 2‘m%7+2‘m17Pr—PrF (‘m17+m18)2+Pr(m17+‘m13)—PrF' - 2m%8+2m18Pr_PrF

5.0 Results And Discussions:

This paper discusses the effect of heat and mass transfer on free convective couette
dissipative fluid flow through a porous medium with chemical reaction and slip conditions.
The governing equations of the flow field are solved for the velocity, temperature,
concentration distribution, skin friction and the rate of heat and mass transfer and the effects
of the various flow parameters on the flow field have been studied and the results are
presented graphically and discussed quantitatively with the aid of velocity profiles in figures

1 - 11, temperature profile 13 — 14, and concentration distribution shown in figures 15 — 16.
51VELOCITY FIELD

The velocity of the flow varies to a great extent with the variation of the flow parameters. The
main factors affecting the velocity of the flow field are; suction parameters a; , a,, Grashof
number for heat and mass transfer G, , G, , slip parameters h, , h,, radiation parameter F,
permeability parameter K,,, Schmidt number S, chemical reaction K., magnetic parameter M
and heat source g. The following graphs are important in checking the effect of such

parameters.
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Figurel: Effect of suction parameter o, on velocity profile u
T T T

Velocity U

Figure 1: velocity profiles against y for different values of «;=? with P. =0.71,w =

0.1,t =0.1,e = 0.02,G. = 2,G, = 2, K, =0.,M = 0.5,¢q 1,S, = 0.6,K, = 1,F =
0.1,A=0.5B=05h, =0.1,h, = 0.1 and o, = 0.2

Figure2: Effect of suction parameter ., on velocity profile

Velocity U

Figure 2: velocity profiles against y for different values of «,=? with B. =0.71,w =

0.1,t =0.1,e = 0.02,G. = 2,G, = 2, K, = 0.1,M = 0.5,¢ 1,5, = 0.6,K, = 1,F =
0.1,A=0.5B=05h; = 0.1,h, = 0.1 and oc;= 0.1
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Figure3: Effect of Grashof number Gr on velocity profile

Velocity U

Figure 3: velocity profiles against y for different values of G, =? with B. =0.71,w =
0.1,t=0.1,6=002G.=2 K, =01,M=054q1S.=06K,=1F=01A4=
0.5,B = 0.5,h; = 0.1, h, = 0.1,0¢c;= 0.1 and oc,= 0.2

Figure4: Effect of Grashof number Gc on velocity profile

Velocity U

Figure 4. velocity profiles against y for different values of G. =? with B. =0.71,w =
0.1,t =0.1,6=0.02,G6,=2, K, =01,M=05,q1S.=06K,=1F=0.1A4=
0.5,B =0.5,h; = 0.1, h, = 0.1,0¢c;= 0.1 and oc,= 0.2
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Figure5: Effect of slip parameter h1 on velocity profile
60
T T T

4

Velocity U

0 ! ! ! ! ! ! ! ! !
0 0.1 0.2 0.3 0.4 0.5 .

Figure 5: velocity profiles against y for different values of h; =? with B. =0.71,w =
0.1,t=0.1,6=0.02G.=2, K, =01,M=054q16=2,5.=06K,=1F =
0.1,A=0.5B=0.5,,h, =0.1,¢,= 0.1 and oc,= 0.2

Figure6: Effect of slip parameter h2 on velocity profile
0

Velocity U

1 ! ! ! !
0 0.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1

Figure 6: velocity profiles against y for different values of h, =? with B. =0.71,w =
0.1,t=0.1,6=0.02G.=2, K, =01,M=054q16=2,5.=06K,=1F =
0.1,A=0.5,B=0.5,h; =0.1,c;= 0.1 and oc,= 0.2
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Figure7: Effect of radiation parameter F on velocity profile
T T T

Velocity U

120 ! ! ! ! ! ! ! ! !
0

Figure 7: velocity profiles against y for different values of F =? with . = 0.71,w = 0.1,t =
0.1, =0.02,G6, =2, K, =01,M=05,q1,6,=2,5.=06,K,=1,4A=05B =
0.5, h1 = 01, hz = 01, °C1= 0.1 and 0C2= 0.2

Figure8: Effect of permeability parameter Kp on velocity profile
15 T T T T

]
m\\a\o\\;
5
of o
- 4
e R
>
2
2 |
3
>
—6—Kp=0.1
101~ —%—Kp=05

25 ! ! ! ! ! ! ! ! !
0

Figure 8: velocity profiles against y for different values of K, =? with P. =0.71,w =
0.1,t =0.1,6 =0.02,G, =2, K, =01,M =0.5,q1,6, =2,5S. =0.6,F =0.1,A =
0.5,B = 0.5,h; = 0.1, h, = 0.1,0c;= 0.1 and oc,= 0.2

452


http://www.ijiset.com/

IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 6, June 2015.

www.ijiset.com

ISSN 2348 — 7968

Figure9: Effect of Schmidt number Sc on velocity profile
0

Velocity U

Figure 9: velocity profiles against y for different values of S, =? with B.=0.71,w =

0.1,t =01, =0.02,G. =2, G, =2,K,=1,F=01K, =01,M=05q1, A=
0.5,B = 0.5,h; = 0.1,h, = 0.1,0¢;= 0.1 and o¢,= 0.2

Figure 10Effect of chemical reaction Kc on velocity profile
0 T T T

Velocity U

Figure 10: velocity profiles against y for different values of K, =? with B. = 0.71,w =
0.1,t=01,=002G6=2 6,=2,K,=1,F=0.1S.=06M=05q1, A=
0.5,B =0.5,h; = 0.1, h, = 0.1,0¢c;= 0.1 and oc,= 0.2
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Figurell: Effec of magnetic parameter on velocity profile
0 T T T ]

Velocity U

Figure 11: velocity profiles against y for different values of M =? with B. = 0.71,w =
0.1,t=0.1,=002G6=2 5. =06G=2,K,=1,F=01K.=01,q=1 A=
0.5,B =0.5,h; = 0.1, h, = 0.1,0¢c;= 0.1 and oc,= 0.2

Figure 1 and 2 shows the effect of suction parameters a; and a, on the velocity profile, it is
observed that increasing in suction parameters by the curves accelerate the velocity of the
flow field at all points. Figure 3 and 4 shows the effect of Grashof number G, , G, on velocity
profile, it is noticed that increase of the Grashof numbers decreases the velocity of the flow
field at all points. Figure 5 and 6 shows the effect of slip parameters h,, h, on the velocity
profile which enhance the velocity of the flow field and tend to diverges the flow field at all
points. Figure 7 show the effect of radiation parameter on velocity profile, it is observed that
the increase of radiation parameter F is to retard the velocity of the flow field at all points.
Figure 8 show the effect of permeability parameter K,, on velocity profile. An increase in
permeability parameter tends to converge the velocity of the flow field at all points. Figure 9
show the effect of growing Schmidt number S. on velocity profile. It is observed that
increase in Schmidt number tend to converge the velocity of the flow field at all points.
Figure 10 show the effect of chemical reaction on velocity profile. It is noticed that the
increasing in chemical reactionK,, is to accelerate the velocity of the flow field at all points.
Figure 11 show the effect of magnetic parameter on velocity profile. It is found that the

velocity of the flow field decreases with increase in magnetic parameterM at all points
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5.2 TEMPERATURE FIELD

A thermal boundary layer develops when a fluid at specific temperature flows over a surface
which is at different temperature. The flow parameters affected temperature field due to
variation of prandtl number B., radiation parameter F, Eckert number E,. . The effects of these

parameters on the temperature field will be seen by the following graphs.

Figure12: Effect of Prandtl number Pr on Temperature profile
05

Temperature T

45 1 1 1 1 1 1 1 1 1
0

Figure 12: Temperature profiles against y for different values of B. =? with S, = 0.6,w =
01,t=01,=0026=2, 6. =2,K,=1,F=01,K.=01,M=05,q1, A=
0.5,B =0.5,h; =0.1,h, = 0.1,¢;= 0.1 and «,= 0.2

Figure13: Effect of radiation parameter F on temperature profile
-0.5

Temperature T
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Figure 13: Temperature profiles against y for different values of F =? with B. = 0.71,w =

0.1,t =0.1,e = 0.02,G. = 2, K. =0.1,M = 05,¢ 1,6, = 2,5, = 0.6, K, = 1,A =
0.5,B = 0.5,h; = 0.1,h, = 0.1,0¢;= 0.1 and o¢,= 0.2

Figure14: Effect of Eckert number Ec on Temperature profile
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Temperature T
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Figure 14: Temperature profiles against y for different values of E. =? with B. = 0.71,w =
0.1,t=0.1,6=002G6 =2 F=1K =01,M=05q1G, =2,5.=06K,=1A4=
0.5,B = 0.5,h; = 0.1, h, = 0.1,0¢c;= 0.1 and o, = 0.2

Figure 12 show the effect of Prandti number on temperature profile. It is found that an
increase in prandtl number B. cause about decrease in temperature of the flow field at all
points. Figure 13 show the effect of radiation parameter on temperature profile. The
temperature of the flow field is found to diverge with the increase in radiation parameter F at
all points. Figure 14 show the effect of Eckert number on temperature profile. We observed

that an increase in Eckert number E., decreases the temperature of the flow field at all points.
5.3 CONCENTRATION DISTRIBUTION

The present of foreign mass in the flow field greatly affect the concentration boundary layer
thickness of the flow field at all points. The factors responsible for these variations are

Schmidt numberS,, chemical reaction parameterK, and are shown below.
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Figure15: Effect of Schmidt number on Concentration profile
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Figure 15: concentration profiles against y for different values of S, =? with B, = 0.71,w =
01,t=01,=0026=2, 6.=2,K,=1,q=1,E.=1F=0.1,K,=0.1,M = 0.5,
A=05B=0.5h; =0.1,h, =0.1,0¢c;= 0.1 and oc,= 0.2

Figure16: Effect of chemical reaction Kc on concentration profile
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Figure 16: concentration profiles against y for different values of K, =? with . = 0.71,w =
01,t=01,=0026.=2, 6.=2,K,=1,q=1E.=1F =0.1,5.=0.6,M = 0.5,
A=05B=0.5h; =0.1,h, =0.1,0¢c;= 0.1 and o<, = 0.2

Figure 15 show the effect of Schmidt number on concentration profile. The concentration of
the flow field is observed to be converging at all points with increase in Schmidt number S..
Figure 16 show the effect of chemical reaction on concentration profile. It is clearly observed

that concentration of the flow field increases with increase in chemical reaction K, at all
points.
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44 SKIN FRICTION, NUSSELT NUMBER AND SHERWOOD NUMBER

DISTRIBUTION

Tablel: variation of skin friction 7,,7,, Nusselt number N, ,N,, and Sherwood number

Shy , Shy

t T, T, Ny, Ny, Shy Sh,
0.0 45.7394 20.2722 -6.7439 -1.8770 0.3022 -0.2776
0.1 45.7559 20.2879 -6.7439 -1.8765 0.3016 -0.2780
0.2 45.7722 20.3034 -6.7439 -1.8761 0.3010 -0.2785
0.3 45.7881 20.3187 -6.7439 -1.8756 0.3004 -0.2789
0.4 45.8038 20.3338 -6.7439 -1.8751 0.2998 -0.2793
0.5 45.8192 20.3487 -6.7438 -1.8746 0.2992 -0.2798
0.6 45.8344 20.3634 -6.7437 -1.8741 0.2986 -0.2802
0.7 45.8493 20.3779 -6.7437 -1.8735 0.2980 -0.2807
0.8 45.8639 20.3923 -6.7436 -1.8730 0.2974 -0.2811
0.9 45.8782 20.4064 -6.7435 -1.8724 0.2968 -0.2815
1.0 45.8922 20.4204 -6.7434 -1.8718 0.2962 -0.2820

6. Summary and Conclusions

The effect of heat and mass transfer on free convective couette dissipative fluid flow through
a porous medium with chemical reaction and slip conditions. The governing equations of the
flow field are solved for the velocity, temperature, concentration distribution, skin friction

and the rate of heat and mass transfer using a perturbation technique.
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We present below some of the important features of the flow field due to the variation of the

flow parameters.

1. Both the suction parameters a; and a, on the velocity profile are observed to have an
accelerating effect on the velocity of the flow field at all points. The Grashof number
G, , G.for heat and mass transfer are found to retard the velocity of the flow field at all
points. Both the slip parameters h;, h, enhance the velocity of the flow field in
different manner and are tends to diverge the flow field at all points. It was observed
that the increasing radiation parameter F is to retard the velocity of the flow field at
all points. The effect of increasing permeability parameter K, tend to converge the
velocity of the flow field at all points. The effect of the growing Schmidt number S, is
to converge the velocity of the flow field at all points. The effect of the increasing
chemical reactionK, is to accelerate the velocity of the flow field at all points. It is
found that the velocity of the flow field decreases with the increasing magnetic
parameterM at all points.

2. The effect of the increasing prandtl number B. cause about decrease in temperature of
the flow field at all points. The temperature of the flow field diverges at all points
with the increase in radiation parameter F. The effect of the increasing Eckert number
E ., tends to decrease in the temperature of the flow field at all points.

3. The concentration of the flow field seems to be converging at all points with increase
in Schmidt number S.. The concentration of the flow filed increases with the
increasing chemical reaction K, at all points.

4. The skin friction increases with increase in time. Nusselt number (the rate of heat
transfer) remain constant at the upper boundary and increases across the lower bound
with increase in time, the rate of mass transfer decreases at the upper bound and

increases across the lower bound with increase in time.

This work has potential role in the field of science and engineering such as designing
chemical processing equipment, crop damages due to freezing and environmental

pollution.
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