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An analysis is made on the three dimensional flow of a viscous incompressible fluid through a vertical
channel in the presence of radiation in slip flow regime. The right plate is subjected to an uniform injection and
the left plate to a periodic suction velocity distribution. The velocity and temperature fields have been derived
using the perturbation technique. It is found that the velocity decreases with the increase of the slip parameter. It
is also found that the velocity decreases with the increase of the radiation parameter but near the right plate it
increases. For cooling of the plate, the velocity increases with the increase of the Grashoff number and decreases
near the right plate but the reverse effect is observed for heating the plate.
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1. Introduction

The study of viscous fluid flows through a vertical channel is of practical importance due to its
application to transpiration cooling of reentry vehicles and rocket boosters etc. and in gaseous diffusion. In
boundary layer control, the decelerated fluid particles in the boundary layer are removed through slits in the
wall into the exterior of the body. With sufficiently strong suction, separation can be prevented. Also suction is
applied in chemical processes to remove reactants where blowing is used to add reactants, prevent corrosion
and reduce drag. Hydrodynamic combined convective flow as well as free convective hydrodynamic flows in a
vertical channel were studied by many authors. Mention may be made of the works of Aung [1], Sparrow ef al.
[2] and Aung and Worku [3]. Kettleborough [4] studied the transient laminar two dimensional motion
generated by a temperature gradient perpendicular to the direction of the body force of a fluid between two
heated vertical plates. Wang and Skalak [5] obtained the solution for a three dimensional problem of fluid
injection through one side of a long vertical channel for a Newtonian fluid. An extension of this problem was
studied by Sharma and Chaudhary [6] for a visco-elastic fluid, Baris [7] for a Newtonian thermodynamically
compatible fluid of second grade and Baris [8] for Walter's B’ fluid. Singh et al. [9] studied the three
dimensional free convection flow and heat transfer past a vertical plate with periodic suction. If the fluid
temperature is rather high, radiation effects play an important role and this situation does exist in space
technology. Nuclear power plants, gas turbines and various propulsion devices for aircraft, missiles, satellites
are examples of such engineering areas. In this cases, one has to take into account the effects of radiation and
free convection. When the temperature of the plate is high, the radiation effects are not negligible. Takhar et al.
[10] studied the radiation effects on an MHD free convection flow of a gas past a semi-infinite vertical plate.
Pathak et al. [11] studied the radiation effects on an unsteady free convective flow through a porous medium
bounded by an oscillating plate with a variable wall temperature. Perdikis and Rapti [12] also studied the
unsteady MHD free convection flow in the presence of radiation. Sharma et al. [13] presented an approximated
solution for the radiation effect on the temperature distribution in a three-dimensional Couette flow with
periodic suction. Guria and Jana [14] also have studied the effect of periodic suction on a three dimensional
vertical channel flow. Due to the periodic suction the flow becomes three dimensional. Recently, Guria et al.
[15] investigated the effect of radiation on a three dimensional vertical channel flow.

The phenomenon of slip-flow regime has attracted the attention of a large number of scholars due to
its wide ranging application. The problem of the slip flow regime is very important in this era of modern
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science, technology and vast ranging industrialization. In practical applications, the particle adjacent to a
solid surface no longer takes the velocity of the surface. The particle at the surface has a finite tangential
velocity, it slips along the surface. The flow regime is called the slip flow regime and its effect cannot be
neglected. The fluid slippage phenomenon at the solid boundaries appears in many applications such as
micro channels or nano channels. In a geothermal region, a situation may arise when a slip of particles at the
boundary may ocour. Gupta and Goyal [16], Jothimani and Devi [17], Jain and Tanija [18] solved the
problems considering first order velocity slip conditions. Recently Jain and Gupta [19] studied the effects of
the transverse sinusoidal injection velocity distribution on the free convective flow of a viscous
incompressible fluid in slip flow regime under the influence of a heat source. The aim of our present paper is
to study the effect of the radiation parameter and slip parameter on a three dimensional flow of a viscous
incompressible fluid past a vertical channel. An approximate solution has been obtained by the series
expansion method.

2. Basic equations

Consider a steady flow of a viscous, incompressible fluid between vertical parallel porous plates
separated by a distance d. Here the x - axis is chosen along the direction of the flow, the y*— axis is

perpendicular to the plate of the channel and the z - axis is normal to the x*y*- plane [see Fig.1]. The

temperature at the plates y* =0 and y" =d are T , and T (TW > To) respectively.

The plate y* =d is subjected to a uniform injection ¥, and the plate ¥" =0 to a periodic suction
velocity distribution of the form

= ¥y l:] + scos{%}] 2.1)

where (< I) is the amplitude of the suction velocity.

The velocity and temperature fields are independent of x since the channel is infinitely long along
the x — direction. The flow itself will be three dimensional due to cross flow.
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Fig.1. Physical model and co-ordinates system.
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Let u*,v*,w* be the velocity components in the direction of the X - y* —,Z — axes respectively. The
problem is governed by the following equations

U 2.2)
oy oz
v ﬁu* ' ﬁu* =v _8 Zz +—a ilz +gB(T* —To), 2.3)
oy oz oy oz
v 6V* o E)v* :_iap;* v _8 :2 —i——a *VZ , 2.4)
oy oz p Oy Oy oz
* * * 2 * 2 *
v*aw*+w*6w*:_]6p*+v 81\/2+6:t; ’ 2.5)
oy 0z p Oz oy 0z
* * 2 ¥ 2k *
v*aT* +W*6T* _y 8{2+6{2 1 GL: (2.6)
oy oz oy 0z pC, oy

where v is the kinematic coefficient of viscosity, p is the density, p s the fluid pressure, g is the
acceleration due to gravity, f3 is the thermal expansion and C,, is the specific heat at constant pressure.

The equation of conservation of radiative heat transfer per unit volume for all wavelengths is
v, =[ K (T )(@M(T )—Gk)dx

where ¢, is Plank’s function and the incident radiation G;_is defined as

1
G, =— 0)dQ
A T Q:47'Cek( )
V.q: is the radiative flux divergence and (2 is the solid angle. Now, for an optically thin fluid exchanging
radiation with an isothermal flat plate at temperature 7, and according to the above definition for the

radiative flux divergence and Kirchhoffs law, the incident radiation is given by G, =4e;, (7})) then
Vq: = 4‘..0 Kk (T*)(ex;, (T* ) — €y (Tb ))d?\. .

Expanding K, (T *) and e, (7})) in a Taylor series around 1, for small (T - To), we can rewrite

the radiative flux divergence as
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Vg =4(1"-T,) I:KXO (aae;h jo d.

where Ky, = KA(TO) .
Hence an optical thin limit for a non-gray gas near equilibrium yields, the following relation

Vg =4(T"-1)1,

and hence

where

_(” oy
I—IO Kxo( - JO dh.

The boundary conditions of the problem are

W =0, v*=—V0{1+acos(§z*ﬂ, w'=0, T"=T, at y =0,

2.7
* au* * * % * %
u =U0+L16—*, v=-V, w=0, T =7T,, p=p, at y =d.
Introducing the non dimensional variables
* * * * * * T* _TO
y:y_a Z:Z_: p:p_za u:u_a V:v_a W:W_a e:u, (28)
d d pV; U, v, v, (T,,-Tp)
Eqgs (2.2)-(2.6) become
@+8_w: 0, 2.9
oy oz
1 (&2 2
V%'Fwa—u:— 8_?+6_Z +Gro, (2.10)
oy oz Reloy* oz
2 2
v@_{_ @__a_p_Fi ﬂ ﬂ , (211)
Gy Oz 8}1 Re 6)}2 622
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2 2
y W Lo Owy 2.12)
oy oz oz Rel o &
20 A2
01 (0 20 .
d 0z RePr|g? o2

where Re=V,d /v, the Reynolds number, Pr=v /p, the Prandtl number and Gr= ng(T — ) / VO2 , the
Grashoff number, F =41d / pC V), the radiation parameter, » = L; / d , the slip parameter. Using Eq.(2.8),

the boundary conditions (2.7) become

u=0, v=—[1+scos(nz)], w=0, 0=1 at y=0,
(2.14)

ou P

u=Il+h—, v=-1, w=0, 0=0, p=—= at y=1
y pV?

3. Solution of the problem
In order to solve the differential Eqs (2.9)-(2.13), we assume the solution of the following form
u(y,z)=uy(y)+eu; (v, z) +euy (v, 2) +--,
v(,2)=vy(¥)+ev (v 2)+ vy (0, 2) 4o+,
w(y,z)=wy (y)+ew (9. 2) + e wy (3, 2) 4+, 3.1)
P(3.2)= Py (¥)+eps (3, 2) + €7 pa (o 2) +--,

O(y,z)=Go(y)+861(y,Z)+8262(y,z)+---.

On substituting Eq.(3.1) in Egs (2.9)-(2.13) and equating the terms independent of €, we get the
following system of differential equations

vy =0, (3.2)
uy —Revyu; =-ReGr0,, (3.3)
0y —RePrv,0;, —FRePro, =0 (3.4)

where primes denote differentiation with respect to y and the corresponding boundary conditions become
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u,=0, vy=—1, 0,=1 at y=0, and u0=l+h%,
(3.5)
The solution of Egs (3.2) - (3.4), subject to the boundary conditions (3.5) are
vo(¥)=—1, (3.6)
1 —my —m -m; _—m
eo(y)zw[e 2¢ MM |, (3.7)
e —e
Uy (y)=A]e_m1y +A,e "+ 44 +A4e_Rey (3.8)
where
_ —my

4= GrRee ’ (3.9)

(e_'"Z —e " )m] (m; —Re)
= GrRee ™!

2 5

(eim? —e " )m2 (m, —Re)

[1+A, e (14 Reh) =™ (1+mh)|+ dy [ (1+ Reh) - (1+m,h)”
A, = s

’ 1-e®(1+Reh)
[1+ 4, {J—e"”l (1+m,h)} + 4, {J—e""l (I+m,h)”

A4 = -

I-e™R¢(1+Reh)

On substituting Eq.(3.1) in Egs (2.9)-(2.13) and equating the coefficient of &, we get the following
system of differential equations

P My (3.10)
oy Oz

ou,  ouy I (62u1 L,

V)y—+V,—=— PR

+Gro,, 3.11
> " Re J i (3.11)

2 2
v __op 1 {6 v 0 Vz]’ (3.12)

vog“g R_e 8y2 622
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2 2
%:_%+L(é W1+5_W1j, (3.13)

V,
"oy & Rel 7 &2
2 2
VAP /S A AL BTN (3.14)
oy & RePr{ 9° o7

The corresponding boundary conditions become
u;=0, v;=-cos(nz), w;=0, 6,=0 at y=0,
(3.15)

_,0u

u; o s

v;=0, w;=0, 0;,=0 at y=1.

These are the linear partial differential equations describing the three dimensional flow. To solve Eqs
(3.10)-(3.14), we assume velocity components and pressure in the following form

u;(y.z)=u;; (y)cos(nz),

v (3.2)=v;;(y)cos(nz),
Wy, z):_év;,(y)sm(nz), (3.16)

p1(7,2)=pii(y)cos(nz),

91(3” Z): 611(3’)005(“2)

v; and w; are so chosen that the continuity Eq.(3.10) is satisfied automatically.

Substituting Eq.(3.16) in Eqgs (3.11)-(3.14) and comparing the coefficients of harmonic terms, we
obtain the following set of differential equations

vy, +Revy; —’vy; =Repy, (3.17)
" " 2 ’ _ 2

v;; +Rev,; ="y, =Ren’ p,;,, (3.18)

0, + RePro), —(FRePr+n2 )e,, = RePrv, 0, (3.19)

uy; +Reu;; —n’u;; = Rev, juy — GrRed, ;. (3.20)

When F' =0, Egs (3.17)-(3.20) coincide with Egs (3.17)-(3.20) of Guria and Jana [19].
The corresponding boundary conditions are

u;; =0, v, =-1, v,;=0, 0,,=0 at y=0,
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(3.21)
0 = h_ag; vy =0, v, =0, 0,=0 at y=1I.
Solutions of Eqs (3.17)-(3.20) subject to Eq.(3.21) and on using Eqgs (3.6)-(3.8) yield
q ] q g bq y
v (y.2)= [A5e_m3y +Age "+ Ae™ + Age_“y}cos(nz), (3.22)
] —m3y —myy T —TT .
wl(y,z)=—[A5m3e 4 Agmye™ — Ame™ + Agme y}sm(ﬂz), (3.23)
n
pi(y.z)= [A7eny + Age™™ }cos(nz) , (3.24)
0,(y,z)= [Bje_xly +B,e "2 1+ K, {B3e_(m]+m3)y + B4e_(m1+m4)y +
1B T 4 g )y}+K2 {B7e‘(’"2+’”3 Py Bge_(m2+m4 Py (3.25)
Bge(ﬁ_m2 ) +B10e_(n+m2 ) }}cos nz,
up(y.z)= [Aefm” +Be " 1 Ce M 4 DM 4
+C,e_(m1+’”3)y + Cze—(mﬁmzr )» + C3e(“*m1)y + C4e*(”+m1)y +
(3.26)

+C5e_(m2+m3)y + C6e_(m2+m4 Py C7e(n7m2 by Cgef(mmz by

— +R —| +R —R — R
+Cye (ms+Re)y +Cpe (ms e)erCHe(TE e (™ e)y}cosnz

where

1
m =—{RePri\/Re2Pr2 +4FRePr} ,
s 2

ms =§{Rei\/Re2 +47° }

s =§{R6Pri\/Re2Pr2 +4(FRePr+Tc2)},

- 1 -
—,my L on s
n=e" = (momy) e ()|,

n=e ——[e“(n—m4)+e‘“(n+m4)],
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_ 1 _
ry=mge 3 +E[e“(n—m3)—e 7t(7t+m3)],

(3.27)

- 1 -
ry=mye +E[e“(n—m4)—e 77"(7t+m4)},

As = [Tfrz (en —efn) 1y (en +efﬁ)}/2(r1”4 —113),
A6 =—|:7U"1 (erc _efrc)_‘_rj (en +e*“):|/2(r1r4 —7”27'3),

A7=—2—]n[n+A5(Tc—m3)+A6(n—m4)J,

1

_ —RePrmje ™

X = _ RePrmye™
1 —m; —my ?
e 2 —e

Ky=/—"-—+—"—.
2 (efmz _ e*Wl] )

The other constants are not given here to save space. v, ( y,z) , W ( y,z) and p,; ( y,z) are the same
as obtained by Guria and Jana [14] and [15]. This is due to fact that the velocity components v,( y,z) ,

w;(y.z) and pressure p;(y,z) are independent of the radiation effect. 8(y,z) is same as obtained by Guria

and Jana [15]. This is due to fact that 6( y,z) is independent of the slip effect.

4. Results and discussion

In order to get a physical insight into the problem the velocity field, temperature field, shear stresses
and Nusselt number have been discussed for various non dimensional parameters. We have plotted the non-
dimensional velocity u in Figs 2-5 for different values of the slip parameter, radiation parameter, Grashoff
number and Reynolds number for Pr=0.71, €¢=0.05, z=0.0. It is evident from Fig.2 that the velocity
decreases with the increase of the slip parameter. It is found that the velocity decreases with the increase of
the radiation parameter but near the right plate it increases. For cooling of the plate (Gr > 0) , the velocity

increases with the increase of the Grashoff number and decreases near the right plate but the reverse effect is
observed for heating of the plate (Gr <0).
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Fig.2. Primary velocity u for Gr=5.0, Re=5.0, Pr=0.71, € =0.05 , z=0.0.

1.2 T T T T T T T T T

Fig.3. Primary velocity u for Gr=5.0, Re=5.0, Pr=0.71, € =0.05 , z=0.0.
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Fig.5. Primary velocity u for Gr=5.0, Re=5.0, Pr=0.71, € =0.05 , z=0.0.

Knowing the velocity field it is interesting to know the shear stress at the plate. The shear stress at

the plate »* =0 due to the primary flow is given by

. :F{au*] _uy, [é_uj
oy” V0 d \ ),

4.1)
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In a non-dimensional form the shear stress at the plate y =0 can be written as

i
ouuy \ov) .,

=u, (0)+ eu, (0),

= —(Aym; — Aymy — A;Re)+e[~Am; — Bmy —Ch;— D, +
_C](ml +m3)—C2(m, +m4)+C3(n—m])—C4(Tc+m])+
—Cs(my+m3)—Cs(my +my)+C; (n—my)—Cg(n+my)—Cy(m; +Re)+ 4.2)

~Cyy(my +Re)+Cy;(n—Re)+Cy; (n—Re)—Cpy (n+Re) ]cosnz.

The shear stress due to the primary flow in terms of T, is given in Tabs 1 and 2 for different values

of the slip parameter, radiation parameter, Reynolds number and Grashoff number and for Gr=5.0, € =0.05,
z=0.0.

Table.1. Shear stress component due to the main flow for Gr=2.0,Pr=0.71, Re=2.0, z=0.0.

h T,

F=20 F=30 F=40 F=50
2 3.50 3.57 3.66 3.75
3 3.44 3.52 3.62 3.73
4 3.39 3.48 3.59 3.71
5 3.34 3.44 3.56 3.69

Table.2. Shear stress component due to the main flow for F=2.0,Pr=0.71, h=0.5, z=0.0.

Gr T,

Re=2.0 Re=25 Re=3.0 Re=3.5
2 3.66 4.21 4.69 5.34
3 4.10 4.75 5.37 6.06
4 4.53 5.29 6.05 6.18

The shear stress due to the primary flow increases with an increase in the Reynolds number,
Grashoff number as well as the radiation parameter but decreases with an increase in the slip parameter.

Figure 6 represents the variations of O for different values of the radiation parameter. The
temperature profile decreases with the increase of the radiation parameter.
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Fig.6. Temperature profile 0 for Gr=5.0, Re=5.0, Pr=0.71, €= 0.05, z=0.0.

The Nusselt number is the great measure of heat transfer from the plates to the fluid flowing up
between the plates due to its practical importance. On definition of the Nusselt number depends on the rate of
heat transfer from the plate to the fluid. The heat transfer coefficient from the plate to the fluid may be

calculated as
T* k(T,-T
q:_k(a J :_M(@J ) (4.3)
y**O y=0

o’ d \o

In a non-dimensional form the heat transfer coefficient at the plate y =0 is given by

Nu, = -1 —(ajy_o =0y (0)~20,(0).

1 _ _
:—[—mle "2 +mze m]j|+8|:B])\41 +Bz7\42 +K133 (m] +m3)+

(e—m2 _ e—m] )

+K B, (m;+my)—K;Bs(n—m;)+K,Bg(n+m;)+K,B,(m, +ms)+ (4.4)

+KZBS (mz +m4)_Kng(T[_m2)+KzBlo (n+m2)]COSTEZ,

and the heat transfer coefficient at the plate y =1 is given by
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~(m+my)

= + S[Blk1e7x1 +B,h,e 2 +K,B; (m; +my )e_(m1+m3) +

n’+m])

+K B, (m; +m, e_(m1+m4)—KIB5(n—m1)e(ﬁ_m1)+K]B6(Tr+m])e_( + (4.5)

)
+K,B; (m2 +m3)e_(m2+m3) + K, By (m2 +m4)e_(m2+m4) +

-K,B, (n—mz)e(n_mZ) +K,By, (Tr+m2)e_(n+m2)}cosnz.

We have plotted the rate of heat transfer in terms of the Nusselt number for different values of the
radiation parameter, Prandtl number and Reynolds number and for Gr=15.0, € =0.05, z=0.0. In order to

be realistic, the rate of heat transfer of air (Pr=0.71) is plotted in Figs 7 and 8 and for water (Pr=7.0) in

Figs 9 and 10. It is found that the rate of heat transfer is much lower in the case of water than in air at the
plate y=1 and a reverse effect is seen at the plate y =0. Also, it is seen that the heat transfer is more

pronounced at the plate y = 0. The rate of heat transfer at the plate y =0 increases whereas that at the plate
y =1 decreases with an increase in the radiation parameter in case of both water and air.

10

Nu

Fig.7. Rate of heat transfer Nu, for Pr=0.71, Gr=5.0, €=0.05, z=0.0.
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Fig.9. Rate of heat transfer Nu, for Pr=7.0, Gr=5.0, €=0.05, z=0.0.

Pr=7.0
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Pr=7.0

Fig.10. Rate of heat transfer Nu, for Pr=7.0, Gr=5.0, €=0.05, z=0.0.

It is interesting to note that with an increase in the Reynolds number, the Nusselt number at the plate
y =0 rapidly increases whereas that at the plate y =1 tends to zero.

Conclusion

The effect of slip on the steady flow of a viscous incompressible fluid between two vertical porous
plates is studied in the presence of radiation. It is found that the slip effect reduces the primary velocity. It is
also found that the rate of heat transfer at the left plate (plate with periodic suction) increases whereas that at
the right plate(plate with constant injection) decreases with an increase in the radiation parameter £, in case
of both air and water. It is seen that the heat transfer is more pronounced at the left plate. The rate of heat
transfer is much lower in the case of water than that of air at the right plate and the reverse effect is seen at
the left plate. Our problem is a non-trivial extension of Guria and Jana [15] in slip flow regime.
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Nomenclature

4;,i=1,--8 — constants
A,B,C,D — constants
B;,i=1,--10 — constants
C;,i=1:--12 — constants
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Cp

d — channel width
F —radiation parameter
Gr — Grashoff number
g — gravitational acceleration
h —slip parameter
K.,K;,K, - constants

— specific heat at constant pressure

k — thermal conductivity
m;,i=1,--4 — constants
Nu,;,Nu, — Nusselt number at the plates y=0 and y=1
Pr — Prandtl number
p — dimensionless pressure
p* —pressure

q - local heat transfer at the plate
Re — Reynolds number
r,i=1,--4 — constants

*

— temperature of the fluid

T,, —plate temperature ( Y= 0)

T, - plate temperature ( y'=d )
u,v,w —dimensionless velocity components in the x, y, z -axes respectively
* * * . . .
u , v, w —velocity components in the x, y, z -axes respectively
V, — constant suction velocity
x,y,z — dimensionless Cartesian coordinate system

x*,y", z* — Cartesian coordinates system
B — coefficient of thermal expansion
— amplitude of suction velocity
06 —non-dimensional temperature
Aj A, —constants

m

p  —viscosity
U1, — constants
v — kinematic viscosity
p —density
1,,T, — shear stress due to primary and secondary flows

X

Dimensional variables are indicated by dropping asterisk and are defined in Eq.(2.8).

References

[11 Aung W. (1972): Fully developed laminar free convection between vertical plates heated asymmetrically. — Int. J.
Heat Mass Transfer, vol.15, pp.1577.

[2] Sparrow E.M., Chrysler G.M. and Azevedo L.F. (1984): Observed flow reversals and measured predicted Nusselt
number for natural convection in a one sided heated vertical channel. — ASME Journal of Heat Transfer, vol.106,
pp-325.

[3] Aung W. and Worku G. (1986): Theory of fully developed combined convection including flow reversal. — Journal
of Heat Transfer, vol.108, pp.485.

[4] Kettleborough C.F. (1972): Transient laminar free convection between heated vertical plates including entrance
effects. — Int. J. Heat Mass Transfer, vol.15, pp.883.



358 M. Guria

[5] Wang C.Y. and Skalak F. (1974): Fluid injection through one side of a long vertical channel. — AIChE J., vol.20,
pp.603.

[6] Sharma P.R. and Chaudhary R.C. (1982): Fluid injection of a Rivlin-Ericksen fluid through one side of a long
vertical channel. — Bull. Tech. Univ. Istanbul, vol.35, pp.175.

[7] Baris S. (2001): Injection of a non-Newtonian fluid through one side of a long vertical channel. — Acta Mech.,
vol.151, pp.163.

[8] Baris S. (2002): Steady three-dimensional flow of a Walter's B' fluid in a vertical channel. — Turkish J. Eng. Env.
Sci., vol.26, pp.385.

[9] Singh P., Sharma V.P. and Misra U.N. (1978): Three dimensional free convection flow and heat transfer along a
porous vertical wall. — App. Sci. Res., vol.34, pp.105.

[10] Takhar H.S., Gorla R.S.R. and Soundalgekar V.M. (1996): Radiation effect on MHD free convection flow of a gas
past a semi-infinite vertical plate. — Int. J. Num. Methods for Heat and Fluid Flow, vol.2, No.6, pp.77.

[11] Pathak G., Maheshwari C.H. and Gupta S.P. (20006): Effect of radiation on unsteady free convection flow bounded
by an oscillating plate with variable wall temperature. — Int. J. of Applied Mechanics and Engineering, vol.11,
No.2, pp.371.

[12] Perdikis C. and Raptis E. (2006): Unsteady MHD flow in the presence of radiation. — Int. J. Applied Mechanics
and Engineering, vol.11, No.2, pp.385.

[13] Sharma B.K., Agarwal M. and Chaudhary R.C. (2007): Radiation effect on temperature distribution in three-
dimensional Couette flow with suction or injection. — Applied Mathematics and Mechanics, vol.28, No.2, pp.309.

[14] Guria M. and Jana R.N. (2006): Three dimensional free convection flow and heat transfer past a vertical channel.
— International Journal of Fluid Mechanics Research, vol.33, No.4, pp.320.

[15] Guria M., Ghara N. and Jana R.N. (2010): Radiation effect on three dimensional vertical channel flow. — Int. J.
Applied Mechanics and Engineering, vol.15, No.4, pp.1065-1081.

[16] Gupta M. and Goyal A. (1995): MHD unsteady flow of a viscous stratified fluid through a porous medium between
two parallel plates in slip flow regime. — Acta Ciencia Indica, vol.21, No.4, pp.488-494.

[17] Jothimani S. and Anjali Devi S.P. (2001): MHD Couette flow with heat transfer and slip effects in an inclined
channel. — Journal of Mathematics, vol.43, No.1, pp.47-62.

[18] Jain N.C. and Taneja R. (2002): Unsteady MHD flow with radiation through porous medium in slip flow regime. —
Modelling, Measurement and Control B, vol.71, No.8, pp.23-26.

[19] Jain N.C. and Gupta P. (2006): Three dimensional free convection Couette flow with transpiration cooling. — J.
Zhejjang Univ SCIENCE A, vol.7, No.3, pp.340-346.

Received: July 14,2015
Revised: March 22,2016



