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Abstract

The objective of this paper is to analyze the effect of radiative heat and mass transfer on unsteady natural convection
couette flow of a viscous incompressible fluid in the slip flow regime in presence of variable suction and radiative
heat source. The governing equations of the flow field are solved employing perturbation technique and the
expressions for the velocity, temperature, concentration distribution, skin friction and the rate of heat transfer i.e. the
heat flux in terms of Nusselts number N, are obtained. The effects of the pertinent parameters such as suction
parameters «;, «; ; Grashof number for heat and mass transfer G,, G, slip flow parameters 4, h,; radiation
parameter F, permeability parameter K,, Schmidt number S,, Prandtl number P,, etc. on the flow field have been
studied and the results are presented graphically and discussed quantitatively. Copyright © IJRETR, all right
reserved.

Keywo rds: Radiative heat; Mass transfer; Natural convection; Couette flow; Variable suction; Permeability.

Introduction

In recent years the effect of radiation on flow problems with heat transfer has been given much importance in
different fields of engineering and technology. Many engineering processes occur at high temperatures and the
knowledge of radiation heat transfer has become very important for the design of pertinent equipments such as
nuclear power plants, gas turbines and various propulsion devices for aircrafts, missiles, satellites and space
vehicles. At high operating temperature, radiation effect is very significant. In view of the above interests a series of
investigations have been made by different scholars.
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Govindarajulu [1] discussed hydromagnetic couette flow with time-dependent suction. Sattar and Alam [2] analyzed
thermal diffusion as well as transpiration effect on MHD free convection and mass transfer flow past an accelerated
vertical porous plate. Sattar and Kalim [3] studied the unsteady free convection interaction with thermal radiation in
a boundary layer flow past a vertical porous plate. Attia and Kotb [4] reported MHD flow between two parallel
plates with heat transfer. Raptis and Perdikis [5] discussed radiation and free convection flow past a moving plate.
Nagaraju et al. [6] investigated simultaneous radiative and convective heat transfer in a variable porosity medium.
Sreekanth et al. [7] described transient MHD free convention flow of an incompressible viscous dissipative fluid.
Chamkha [8] analyzed MHD flow of a uniformly stretched vertical permeable surface in presence of heat generation
/absorption and chemical reaction.

Cookey et al. [9] discussed the influence of viscous dissipation and radiation on unsteady MHD free convection
flow past an infinite heated vertical plate in a porous medium with time dependent suction. Gokhale and Alsamman
[10] estimated the effects of mass transfer on the transient free convection flow of a dissipative fluid along a semi-infinite
vertical plate with constant heat flux. Singh and Gupta [11] investigated the MHD free convective flow of viscous
fluid through a porous medium bounded by an oscillating porous plate in the slip flow regime with mass transfer.
Das and his associates [12] estimated numerically the mass transfer effects on unsteady flow past an accelerated
vertical porous plate with suction. Ibrahim et al. [13] analyzed the effect of chemical reaction and radiation
absorption on the unsteady MHD free convection flow past a semi-infinite vertical permeable moving plate with
heat source and suction. Das [14] investigated the effect of suction and injection on MHD three dimensional couette
flow and heat transfer through a porous medium. Das and his co-workers [15] discussed the hydromagnetic
convective flow past a vertical porous plate through a porous medium with suction and heat source.

The objective of this paper is to analyze the effect of radiative heat and mass transfer on unsteady natural convection
couette flow of a viscous incompressible fluid in the slip flow regime in presence of variable suction and radiative
heat source. The governing equations of the flow field are solved for the velocity, temperature, concentration
distribution, skin friction and the rate of heat 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.

2. Formulation of the problem

We consider a two dimensional unsteady free convective flow of a viscous incompressible fluid between two
vertical parallel porous plates placed at a distance /4 apart in the slip flow regime in presence of variable suction and
radiative heat source. Let the medium between the plates be filed with a porous material of permeability

K'(")= K1+ 2Be "), (1)
and a time dependent suction
vi(t")= vy (1 +ede " ) ()

be applied at the plate y=0 and the same injection velocity be applied at the pate y=1. We choose x-axis along the
plate and y-axis normal to it. Under the above conditions the equations governing the flow are:

Momentum equation:

a_u’_ ’ -o't' a_u,_ r_ ' % r_ ’ ﬁ_# !
o v0(1+gAe )ay,—gﬂ(T Th)"‘gﬂ (C Ch)+v6y’2 K'(t')u’ 3)

Energy equation:
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Concentration equation:

’ ' 2 A
ai,—v;,(ngAe*’”' )ai,zDa <. Q)
ot oy oy'?
The boundary conditions of the problem are:
u'-U, =L, ai’aiz _1’8£: _m aty' =0,
oy' oy’ k oy’ D
’ au’ ’ ’ ’ ’ ’
Oy
2
where L; = w L , L being the mean free path and [1,, the Maxwell’s reflection coefficient.
H
The radiative heat flux g, is given by
a ! !
qr,:4(T _Th)l, (7)
oy

8ebl
oT

frequency, u’ is the velocity, T’ is the temperature, C'is the concentration, £ is the volumetric coefficient of

where I = .[ kkw dh , k ww is the absorption coefficient at the wall, €p) is Planck’s function and A is the

expansion for heat transfer, § * is the volumetric coefficient of expansion for mass transfer, k is the thermal
conductivity, v is the kinematic viscosity, C, is the specific heat at constant pressure, D is the molecular diffusivity,
g is the acceleration due to gravity, 4 and B are the real positive constants, ¢ is the time and ¢ is a small positive
number such that e4<<1 and eB<<I.

Introducing the following non-dimensional variables and parameters,

"t 12 ’ ’ 2t ' ' ' ' ' '
y:yvolt:f"o ’w:%,u:U_I’V:U_O’Kp:"oIZ(o’ szv(,(T ,—Th),czDvo(C _Ch),
14 14 vy Vo P v Vg vm
vC 2 2 * qvl ’
Pr=—p p,Gr=V gfq’Gc=v gﬂ4m,F= V Z’SC :L, alzﬁ! a2 :&’R:VL
k kvy) Dv,, PC v, D vy Vo v
Lvp Lyvy
Ly ®)
1% v
in Equations (3)-(5), we get the following non-dimensional equations
2
a—”—(1+8Ae*‘°’)a—”=Gr9+GCC+a - “ : )
ot Oy oy K, (l +&Be ™! )
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where G, and G, respectively are the Grashof number for heat and mass transfer, K, is the permeability parameter, P,
is the Prandtl number, F'is the radiation parameter, S. is the Schmidt number, o] and o, are the suction parameters
and 4, and h;, are the slip flow parameters.

The corresponding boundary conditions now reduce to:

u=a1+hla—u, @z—l, ai=—l at y=0 |
oy '
ou
u=a,+—, 0=0, C=0 aty=h. (12)

oy
3. Method of Solution

We now wish to seek the solutions for Equations (9)-(11) under boundary condition (12) for a particular case R=1,
which is valid for an incompressible fluid. In order to solve Equations (9)-(11), we assume

u @y, 0)=u () + au (v) €”+ 0 (&), (13)
0 =6 1) +eb () e”+0(E), (14)
Co, )=Co () TeCi () ™+ 0 (&). (15)

Using Equations (13)-(15) in Equations (9)-(11), we get the following zeroth order and first order equations:

Zeroth order:

d 0
0 G e+ GO+ 0t (16)
oy 6)/2 Kp
2
_B 1000 gy 17)
oy P. oy
oG, _ 1 .8°G a8
v S
First order:
du, o o2 B
—ou ~ A2 T =G0, + G0+ L T (19)
oy Kp KP
0, 0 o%0
—0, a0 DO 10O gy (20)

& ¥ P oy
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The corresponding boundary conditions are

oC
u0:a1+hlaaﬂ,u1:h1% 6902_1 aelzo, =_1, 1=0 aty:()’

oy oy oy oy oy

0 0
u0=(12 +h2ﬂ,u1:h2i, 6020, 9120, COZO, CIZO aty=1
oy oy

The solutions of Equations (16)-(21) under boundary condition (22) are given by

u(y,t):(BIe””y +B,e™?’ —Bge™?’ —Bye™’ — B, e 5 + B, )+8ef‘“’(B3em3y + B, e —B e

A A y; -s
—Be™ + Dye™ + De™ —D,e™Y — Dye’Y —D,e™? —Dse™ — Dge Cy),

0(y.t)= (Azel” + A;et? )+ ge ! (A4e’15y + Bye’? — B,e™ — B7eﬂ4y),

1 {(_ _ _
C(y,t):S—(e Scv 4 gSe )+£e a’t(Aoeﬂ]y +A]e;°2y +Bse S"y)_

c

The wall shear stress i.e. the skin friction at the wall is given by

[(%t] (8%] _m,(aulj
T=|— =|— +&e —_— .
ay y=0 ay y=0 ay y=0

Using Equation (23) in Equation (26), it is given by
f:(mIBI +m232 _4338 _4439 +S0310)+ 8€_wl(m3B3 +m4B4 _j’]BIZ
— 3B+ 43Dy +A,D; —AsDy =Dy —m,;D,—m,Ds5+S,Dg).

The rate of heat transfer i.e. the heat flux at the wall is given by

Nu ) (@] ) (ae_oj " Se_mt (%j '
), Y )0 Y ),

Using Equation (24) in Equation (28), it is given by
Nu = (/13"42 + 1’4‘43 )+ geiwt (/15"44 + /163() - /13B6 - /1437 ),

where

S, 1 S, P 1
A =- 2 +31/Sf —40S, , 1, == —i,/sj —40S, , Ay =- 2 +3w/P,? +4P.F ,

2 2

A, :—%—%/Pf +4P.F , As =—%+§,/Pﬁ —4P (0-F), A5 =— i —éwlpf —4P (0-F),

2
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E,=e" (l_hsz)a Eg=e"(I=hym;),

Eg=a,+Bge™ (1—hyA;3)+ Bye™ (1—hyA, )+ Byye 5c(I-—h,S.)= B, E, =1—hym;, Eg=1—h;m,,

E, :B12(1— h111)+ 313(1— h1/12)—Do(l_h1/13)—D1(1—h1/14)+Dz(l_h1/15)

+D;3(I=hiAg )+ Dy(I=hym,)+ Ds(I—hym,)+ Ds(I+h,S, )+ Dy, E;y =e™ (I=hymy),

E; =e™ (I—h2m4),

Epy =Bye (I1=hyd;)+ Bize™ (1= hydy) = Dye’ (1= hy2;) = Dye™ (1= hydy)+ Dye™ (1= hyAs)
+De (1—hyds)+ Dye™ (I—hym;)+ Dse™ (I—h,m,)+ Dge Sc(I+h,S, )+ D,. (30)

4. Discussions and Results
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This paper discusses the effect of variable suction and mass transfer on unsteady free convective couette flow of a
viscous incompressible fluid in the slip flow regime in presence of variable suction and radiative heat source. The
governing equations of the flow field are solved for the velocity, temperature, concentration distribution, skin
friction and the rate of heat 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 1-9,
temperature profiles 10-11 and concentration distribution shown in Figure 12.

4.1. Velocity field

The velocity of the flow field 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 «;, @,, Grashof number for heat and mass transfer G,,
G; slip flow parameters A, h,, radiation parameter F, permeability parameter K, and Schmidt number S,. The
effects of these parameters on the velocity of the flow field are analyzed in Figures 1-9.
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Figure 1: Velocity profiles against y for different values of a1 with P=0.71, ©=0.1, t=0.1, €=0.02, G= 2, G=2,
S.=0.6, K,=1, F=0.1, A=0.5, B=0.5, h;=0.1, h,=0.1 and a,,=0.2

Figures 1 and 2 discuss the effect of suction parameters «; and a; respectively on the flow field. Analyzing the
curves of both the figures, it is observed that both the parameters have accelerating effect on the velocity of the flow
field at all points. Figures 3 and 4 respectively depict the effect of Grashof number for heat transfer G, and mass
transfer G, on the flow field. The Grashof number for heat transfer is found to retard the velocity of the flow field at
all points. The effect of a growing Grashof number for mass transfer is to accelerate the magnitude of velocity of the
flow field at all points. The effects of slip flow parameters h;, h,; on the velocity of the flow field are shown in
Figures 5 and 6 respectively. Comparing the curves of both the figures, it is observed that both the parameters
enhance the velocity of the flow field at all points in a different manner. The parameter h; tends to converge the
velocity profiles at a point and there after the effect reverses while the parameter h, tends to diverge the velocity
profiles from a point.
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Figure 7 shows the effect of radiation parameter F on the flow field. A growing radiation parameter is found to
accelerate the velocity of the flow field at all points. In Figure 8, we present the effect of permeability parameter K,
on the velocity field .The effect of increasing permeability parameter is to accelerate the velocity of the flow field at
all points. Figure 9 elucidates the effect of Schmidt number S, on the velocity field. The effect of growing S, is to
decrease the velocity at all points of the flow field.

0.7

0.6

0.3

0.2 3 *—@=0
—o— 0, =0.1
—>%—0,=0.3
—e—,=0.5
O T T T T T T T T T

0O 01 02 03 04 05 06 07 08 09 1
y

Figure 2: Velocity profiles against y for different values of o, [lwith P=0.71, ®=0.1, t=0.1, €=0.02, G= 2, G=2,
S=0.6, K,=1, F=0.1, A=0.5, B=0.5, h;=0.1, h,=0.1 and 0,=0.1
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Figure 3: Velocity profiles against y for different values of G,[] with P=0.71, ®=0.1, t=0.1, €=0.02, G= 2, S;=0.6,
K,=1, F=0.1, A=0.5, B=0.5, h;=0.1, h,=0.1, 0,=0.1 and a,=0.2
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Figure 4: Velocity profiles against y for different values of [1 G, with P=0.71, ®=0.1, t=0.1, €=0.02, G=2, S:=0.6,
K,=1, F=0.1, A=0.5, B=0.5, h;=0.1, h,=0.1, 0,=0.1 and a,=0.2
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Figure 5: Velocity profiles against y for different values of h;,[1 with P,=0.71, ®=0.1, t=0.1, €=0.02, G=2, G;=2,
Sc=0.6, K,=1, F=0.1, A=0.5, B=0.5, h,=0.1, ,;=0.1 and 0,,=0.2
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Figure 6: Velocity profiles against y for different values of [1 h, with P=0.71, ®=0.1, t=0.1, €=0.02, G=2, G;=2,
Sc=0.6, K,=1, F=0.1, A=0.5, B=0.5, h;=0.1, 0,;=0.1 and 0,,=0.2
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Figure 7: Velocity profiles against y for different values of [1 F with P=0.71, ®=0.1, t=0.1, €=0.02, G= 2, G=2,
S.=0.6, K,=1, A=0.5, B=0.5, h;=0.1, h,=0.1, 0,,=0.1 and a,=0.2
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Figure 8: Velocity profiles against y for different values of K, Iwith P,=0.71, ®=0.1, t=0.1, €=0.02, G.= 2, G/=2,
S=0.6, F=0.1, A=0.5, B=0.5, h;=0.1, h,=0.1, o;=0.1 and ¢,=0.2
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Figure 9: Velocity profiles against y for different values of S.[Twith P=0.71, ©®=0.1, t=0.1, €=0.02, G= 2, G=2,
szl, on.l, AZO.S, BZO.S, h1=0.1, h2=0.1, 01,1:0.1 and (12:0.2

4.2. Temperature field

The temperature field suffers a major change in magnitude due to the variation of Prandtl number P, and radiation
parameter F. The effects of these parameters on the temperature field are discussed in Figures 10-11. Both the
parameters retard the magnitude of temperature of the flow field at all points.
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Figure 10: Temperature profiles against y for different values of [1 P, with ©=0.1, t=0.1, €=0.02, F=0.1 and A=0.5
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Figure 11: Temperature profiles against y for different values of Flwith P,=0.71, ©=0.1, t=0.1, €=0.02 and A=0.5
4.3. Concentration distribution

The presence of foreign mass in the flow field greatly affects the concentration boundary layer thickness of the flow
field at all points. The factor responsible for this variation is Schmidt number S,. In Fig.12, keeping other parameters
of the flow field constant, the Schmidt number S. is varied in steps and its effect on the concentration boundary layer
of the flow field is studied. It is observed that a growing Schmidt number reduces the concentration boundary layer
of the flow field at all points.
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Figure 12: Concentration profiles against y for different values of S.[Iwith ®=0.1, t=0.1, €=0.02 and A=0.5

5. Conclusions

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 ; and «; are observed to have an accelerating effect on the velocity of the flow
field at all points.

2. The Grashof number for heat transfer G, is found to retard the velocity of the flow field at all points and the
effect of a growing Grashof number for mass transfer G, is to accelerate the magnitude of velocity of the flow
field at all points.

3. The slip flow parameters h; and h, enhance the velocity of the flow field at all points in a different manner.
The parameter h; tends to converge the velocity profiles at a point and there after the effect reverses while the
parameter h, tends to diverge the velocity profiles from a point.

4. A growing radiation parameter F is found to accelerate the velocity of the flow field at all points.

5. The effect of increasing permeability parameter K, is to accelerate the velocity of the flow field at all points.

6. The Prandtl number P, and the radiation parameter F retard the magnitude of temperature of the flow field at
all points.

7. A growing Schmidt number reduces the concentration boundary layer thickness of the flow field at all points.
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