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The current paper illustrates the consequence of viscous dissipation on the unsteady
MHD flow of an incompressible viscous fluid over a vertical permeable surface
embedded in a porous medium. The roles of chemical reaction and thermal radiation has
made the study more interesting. The Perturbation method has been applied to solve the
coupled and nonlinear governing equations. It is found that the present solutions are in
very good agreement with the previous solutions. The important findings are: increasing
values of Eckert number (Ec) enhances the velocity of the fluid flow. The viscous
dissipation convincingly increases the temperature. This analysis is of great interest in

many applications such as polymer processing flows, condensation process of metallic
plate in cooling bath, acrodynamic extrusion of plastic sheets etc.

1. INTRODUCTION

Magnetohydrodynamics (MHD) presents the magnetic
properties of electrically conducting fluid such as plasma,
liquid metals, salt water etc. These fluids also exhibit the
viscosity property which is responsible for the flow of fluid. It
takes energy from the motion of fluid and transfer it into
internal energy. As a result, the fluid gets heated. This
dissipation process has applications in polymer processing
flows, aerodynamic heating in the thin boundary layer around
high speed aircraft etc. Many researchers have studied the
significant effects of viscous dissipation on MHD flow. Devi
etal. [1] investigated the effect of viscous and joule dissipation
on MHD flow past a stretching porous surface. Murugesan and
Kumar [2], Kumari and Goyal [3], Kumar and Reddy [4] and
Rani et al. [5] have considered the viscous dissipation effects
under distinct flow domain.

Now-a-days, it is also of great interest to study thermal
radiation and chemical reaction in MHD flow of the fluid.
Fluid temperature greater than absolute zero emits thermal
radiation. When the fluid flows it results in change
acceleration a dipole oscillation which produces electro-
magnetic radiation. Mass transfer with chemical reaction also
acts a vital role in the fluid flow. Many authors ([6-12]) tried
to study the influences of thermal radiation and chemical
reaction on MHD flow along with viscous dissipation. They
solved the governing equations either analytically or
numerically.

Further, the roles of external magnetic field and porous
medium in MHD heat transfer flow are very much of industrial
importance. These types of engineering problems are very
relevant in geothermal, energy extractions, oil exploration and
the boundary layer control in the field of aerodynamics.
Therefore, many investigations have been accomplished by
the renowned authors. Makinde et al. [13-15] elucidated
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numerically the MHD fluid flows past a vertical plate as well
as past a slippery stretching. In all of their study, they
considered the flow system in a porous medium. Swain and
Senapati [16] examined the mass transfer effect on MHD free
convective flow embedded in a porous medium. Uddin [17]
also carried out his research in a Porous Medium.

The objective of the present study is to analyze viscous
dissipation effect on an unsteady MHD free convective flow
embedded in a porous medium. Viscous dissipation effect was
not attained by Prakash et al. [6], but here we consider it. The
expressions for velocity, skin friction, Sherwood number,
Nusselt number are obtained using the perturbation technique.
These are compared with the previous results for different
physical parameters. The present results agree well with the
previous results. Moreover, the works of Prakash et al. [6] and
Kim [18] have been discussed as special cases. The
significance of the physical parameters also studied
graphically. Here, all the calculations and graphs are carried
out using MATLAB software.

2. MATHEMATICAL FORMULATION

The geometrical flow of the problem is shown in Figure 1.
A two-dimensional boundary layer flow of a viscous
incompressible fluid past a semi-infinite vertical permeable
plate placed in a uniform porous medium is observed. The
fluid is also assumed to be electrically conducting and heat
absorbing. An external magnetic field By is applied in the
presence of thermal and concentration buoyancy effects. The
Hall and ion slip effects are considered negligible. External
electric field is assumed to be zero and the electric field due to
the polarization of charges is negligible. The plate is
maintained at constant temperature T, and concentration Cy,
which is higher than the ambient temperature T, and
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concentration C., respectively. Since we have taken semi-
infinite plane surface, the flow variables are the functions of
y* and t* only. Under these assumptions, the governing
equations are given by;

av*
ay* = 0 ’ (1)
u* u* 1dp* %u* 0By
+ri = -2 - oyt
at* . ay* p Ox* *6y*2 p v . (2)
g[gT(T - Too) +gBC(C - Coo) - Fu ’
aT* aT* K 9°T* 1 dqy
v = L L e
at dy pCp 0y pCp 0y pCp (3)
% e - D Ky 0%C° B 'y,
To) + (€' = Ca) + 4TS5 4 o (B2
ac* ac* a%c*
F-l-v*ay*:DW_R(C*_COO)' (4)

The radiative heat flux is taken, which has been given by
Pal and Talukdar [19] and Cogley et al. [20] as:

a

qr _ * I
ay* _4 (T TOO)I ’ (5)
where, I' = fom Kwa%’fdl, K,,; is the absorption coefficient

at the wall and e, is Planck's function.
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Figure 1. Flow geometry

Under the assumption stated above, the initial and boundary
conditions for the velocity distribution involving slip flow,
temperature, and concentration distributions are defined as:

u* = u;lip = %Z_;*’T* = Tw + E(Tw - Too)en*t*;
e (6)
c*=¢C, +e(C,—Cyxle™t at y* =
0
u=Us =U(1+ €e™t),T* > T,,C* > e

Corasy* - oo

From Eq. (1) we know that the suction velocity near the
plate surface is either a constant or a function of time only.
Consequently, it is considered that

v* = —V,(1+ ede™ ), (®)
where, V, is the mean suction velocity and €A «< 1. The
negative sign indicates that the suction velocity is pointed

towards the plate.
In the free stream Eq. (2) gives
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1dp* _ dU%
T oarr

a * v *
+2B3U, + - U, ©9)

p dx*

The non- dimensional quantities used in the text are:

u* v*

- U
yYoo — U_O,
_ n'v Gr = pgv(Tw—Two) BT
= Ur=—"—""
Vs UV

_v _ voy”*
Vo ’ v
C*—Coo

T Cw—Coo

=0
T*—Teo
Tw—Too |
ovB? v
M = —ZO,SC = -
2% D
Q _ Q;V(Cw_coo)
L pCpVE(Tw-Te)’
VEK*
vz’

Ec

vét*
t = 0_’9 —
v

)

Rv
=—,Du

_ Dka(Cw—Coo) K —
==, = —
143

CK(Tw-Teo) ~

(10)

__
Cp(Tw—Teo) '

(P_ QoV

- 2
pCpVs l

uCp

— Pgv(Cw—Cos)Bc pr=£r
) PR

UgVE
vl
PCpVoz

Gm

Considering the above dimensionless variables, the Eq. (2)
- (4) can be written in a dimensionless form as:

0%u
ay?

ou _ nty 9 _ dUeo _
U (1+ edem™) 2t = Lo 4 M, (U, - U) +

Gro + GmC ,

T oay

26 nty 00 _ 1 9%0
o (1+ €de )i)y

= -0~ FO+Q:C +00 +

(12)

pu d%C du, »
7 G2 TECG)

1 d%c

Sc ay? (13)

B_C_ nt 0_{:_
o (1 + €de )(’)y_

where, M\; = M + % M and K represents the magnetic force

intensity and porosity parameter.
The corresponding non-dimensional initial and boundary
conditions are given by:

2
u=usll-p=(Z)1£,9=1+6e"f,(f=1+ (14)
nt

€e aty =20

U->Uy,=(1+ee™),0-0C->0 asy — o

(15)

where, @, %% is the permeability parameter.

3. METHOD OF SOLUTION

To solve the coupled non-linear partial differential Eqns.
(11)-(13) subject to the boundary conditions (14) and (15), the
Perturbation method [21] is adopted.

We assume that

u=fo(y) +ee™fi(y) + 0(e?), (16)
6 = go(y) +€e™g,(y) + 0(e?), (17)
C = ho(y) + €e™h,(y) + 0(e?). (18)

Putting Egns. (16)-(18) into Egns. (11)-(13) and comparing
the coefficients (after neglecting the higher order terms of €),
we get

o tfo—Mifo =—M; —Grgy — Gmh, , (19)



1+ =W +n)f; =—-(M; +n) — Afy —

Grg, — Gmhy, (20)
go +Prgy —Pr(F +0) go = —PrQ,hy — Duhy — 1)
E.(f3)*Pr,
go +Prg, —Pr(F+90+n)g, = —PrQ,h, — (22)
Duhi — PrAgy — 2E.Prf,fi ,
hy + Schy — Scyhy =0, (23)
hi + Schi — Sc(y + n)h, = —ASchy . (24)

Further, the boundary conditions (14) and (15) reduce to:

fo=01f0,i=0:1f1,90=1Lg1=Lh, =11
=1
at y=0,

(25)

fo=1f=190—>0,91>0hy—>0,h -
(26)
Oasy — oo,

Solving Eqgns. (23) and (24) under the boundary conditions
(25) and (26) i.e. hy =1,hy =1laty=0and hy - 0,h; —
Oasy — oo;wegethy, =e™Y hy = (1—L)e™Y + Le™2Y,

Now, since Eqgns. (19)-(22) are non-linear, we again assume

9o() = Goo () + Ecgor (v) + O(E.?), 27)
91 = 9100 + Ecg11 () + 0(E.?), (28)
fo@) = foo ) + Ecfor(y) + O(E?), (29)

i) = fioO) + Ecfin(y) + O(EC?), (30)

where, E, < 1.

Substituting (27)-(30) in (19)-(22) respectively, we find the
following equations:

Zeroth order

9oo + Prgoo — Pr(F + ©)goo = —PrQ hy —

Duhg , (31)
gi’() + PTg{O - Pr(F + Q + n) Ji0 = _Prthl - (32)
Duhi — PrAgjo
00 T foo — Myfoo = =My — Grggo — Gmhy , (33)
1'(')+f1'0—(M1+n)f10=—(M1+n)—Af0'0— (34)
Grglo - Gmhl.
First order
" li 12
gor + Prgos — Pr(F + ®)gor = —foo (35)
91’1 + Prgil — Pr (F + Q) + n)gll = —PT'Ag61 - (36)
2Prf50fi0s
o1+ for = Mifor = —Grgoq (37)
11+ fi1— My +n)fi, = —Afgr — Grg1q - (33)
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Similarly, the corresponding boundary conditions are as

follows:

goo =1,901 =, 0, g10 = 1:9,11 = 0,fo0 =’
D1foo » for = D1for + fio = D1f10, f11 = 01 f11  at
y =0,

andgoo = 0,901 = 0,910 = 0,911 = 0, fo0 =
L,fo120, fio=L1fi1—>0 asy— .

39)

(40)

Now, solving the Eqns. (31)-(38) under the boundary

conditions (39) and (40) we get;
9oo = Cee™” + Kie™?V

gOl = Cloemloy + K562m6y + KéeZmzy +
K7ezm8y + K17e(m2+m6)y + Klse(mz+m3)y +
Klge(ms‘*'ms)y,

glO = Clzemlzy + ngmzy + ngm4y + Kloemsy ’

911 = C16€™67 + Kpoe™0” + Ky e?™e” +
Ky,e?™M2Y + K,3e?™sY + K, eM2tme)y 4
Kzse(mz"'ms)y + K26e(m6+m8)y + K27e(m6+m14)y +
Kzse(mz"'ms)y + Kzge(m4+ms)y + K3Oe(2m637) +
K31e(m6+m8)y + K326'(m5+m12)y + Kgge(m2+m14)y +
K3 e?m2y +K356(m2+m4)y +K36€(m2+m5)y +
K37e(m2+m8)y + K3Be(m2+m12)y + K3ge(m8+m14)y +
K4oe(m2+m8)y + K4le(m4+m8)y + K42e(m6+m8)y +

K43e(2m8y) + K44e(ms+m12)y ,

fOO =1 + KzemGy + ngmzy + K4em8y y

for = C1g€™8” + Kyse™0Y + K ge?™e” +
Ky;e2™2Y + K, ge?™m8Y + K, qe(M2tme)y 4
Ksoe(mz"'ms)y + ](Sle(ms"'ms)y7

fio =1+ Kjge™*Y + K;,e™2Y + Kjpe™Y +
Kize™eY + Ky, e™ + K se™z2Y,

fi1 = Cy0e™2Y + Ky,e™18Y + Kgze™10Y +
Ksq,e®™Y + Ksse?™2Y + Kgge?™sY +
K57e(m2+m5)y + nge(mz"'ms)y + K59e(ms+ms)y +
Kgoe™16Y + Kg,e™10Y + Kg,e2™MeY + Kgze?™2Y +
K64e2m8y + Kﬁse(mz‘*ma)y + KGGe(mz"'ms)y +
Kg,eMmetme)y 4 K eMetmia)y 4 g o(matme)y 4
K7oe(m4+m6)y + K7132m6y + K7ze(m6+m8)y 4+
K73e(m6+m12)y + K74e(m2+m14)y + K7592m2y +
K76€(m2+m4)y + K77e(mz+ms)y + K78€(m2+m8)y 4+
K796(m2+m12)y + Kgoe(m8+m14)y + Kgle(mz"'ms)y +
nge(m4+m8)y + K83e(m6+m8)y + K8432m8y +
Kgse(ms"'mu)y )

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(43)

Therefore, from Eqns. (16)-(18) and (27)-(30), we get the

values of u, 6 and C as follows:

u = foo(¥) + Ecfor (v) + €e™[f1o(y) + Ecf11(»)]
= [1 4 K,e™s¥ + Kze™2Y + K,e™sY] +
E.[Cige™8Y + K 5e™0Y + K,ce?™eY +
K, e2™2Y + K,ge?™msY + K499(m6+m2)y +
Ksoe™M2tme)y 4 K, e(Metma)y ] 4 gemt([1 +

(49)



Kige™+Y + K e™2Y + K ,e™Y + K ze™eY +
Ki,e™8Y + Kise™2Y] + E [Cyoe™20Y +
Kgp,e™8Y + Koae™0Y + K e?™eY + Ko e?™2Y +
KSGesty + K57e(m2+m6)y + nge(mz+m8)y +
nge(meﬁ'ms)y + Kgpe™6Y + K, e™10Y +
K65€(m2+m8)y + Kﬁﬁe(mz"'ms)y + K67e(m6+m8)y +
KggeMetmia)y 4 K je(Matme)y 4 K o(Matme)y |
K, e?meY 4+ K,,eMe+ma)y 4 K o(Me+mi2)y |
K74e(m2+m14)y + K75€2m2y + K76€(m2+m4)y +
K77e(m2+m6)y + K7se(m2+m8)y + K7ge(m2+m12)y +
Ksoe(m8+m14)y + Kgle(mz"'ms)y + nge(m8+m4)y +
K83e(ms+m8)y + K84€2m8y + K85€(m8+m12)y]} ,

0 = goo(¥) + Ecgo1(¥) + €™ [g1o) + Ecg11(¥)]
= CBemsy + Klemzy + EC[Cloemlﬂy + Ksezmey +
Kee?™2Y + K,e?™sY + K ,e(M2tme)y 4
Klse(mz‘*'ms)y + Klge(m6+m8)y] +
ee™{[Ci,e™2Y + Kge™2Y + Kqe™+Y 4+ K ge™eY] +
Ky,e2™2Y + K,3e?™MsY + K,,eM2tme)y
Kzse(m2+ms)y + Kzee(m6+m8)y + K27e(m6+m14)y +
Kzge(m2+m5)y + Kzge(m4+m5)y + K3Oe(2m6)’) +
K3le(m6+m8)y + K3ze(m6+m12)y + K33e(m2+m14)y +
K34ezmzy + K3se(m2+m4)y + K366(m2+m6)y +
K37e(‘m2+ms)y + K383(m2+‘m12)y + K39€(m8+m14)y +
K4oe(m2+m8)y + K4le(m4+m8)y + K4ze(m6+m8)y +

K43e(2mSY) + K4_4_€(m8+m12)y]}

(50)

C =e™Y +ee™[(1 - L)e™Y + Le™2Y]. (51)

The coefficient of skin friction is given by

Z—; oo = et Ksiny + Kymo + E[Cugimg +
Kysmqg + Kyo2mg + Ky72m, + Kyg2mg +
Ky9(m, + mg) + Kso(m, + mg) + K5, (mg +
mg)] + ee™{[Kiemys + Ky1my + Kipmy +
Kizmg + Kiamg + Kismyp] + E[Coomy +
Kigmqg + Kssmqg + K5 2mg + Kss2m, +
Kse2mg + Ks;(m; + mg) + Ksg(m, + mg) +
Kso(mg + mg) + Kgomyg + Kgimyg + Kg22me +
Kg32m, + Kgu2mg + Kgs(m, + mg) + Kgg(m, +
mg) + Ke7(me + mg) + Kgg(mg + myy) +
Kgo(my + me) + K79(my + me) + K712mg +
K7,(mg + mg) + K;73(mg + my3) + K74(m; +
myy) + K752m; + K76(my +my) + K77(m; +
me) + Kzg(m; + mg) + K79(my + myp) +
Kgo(mg + my,) + Kgq (M, + mg) + Kgp(my +
mg) + Kgz(me + mg) + Kgy2mg+Kgs(mg +
myz)]} .

(52)

The rate of heat transfer in terms of Nusselt number

Nu (69) Come + Kymy + Eo[Cromyo + Ks2
— =\ = m m m m,
Rex ay =0 66 1772 cl*~10""*10 5 6
+ K62m2 + K72m8 + K17(m2 + m6)
+ Kig(m, + mg) + Ki9(me + myg)]
+ €ent{[C12m12 + K8m2 + K9m4
+ Kiomgl + Ec[C16my6 + KaoMag
+ K212m6 + K222m2 + K232m8

+ Kpa(my + mg) + Kp5(m; + mg)

(53)
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+Ky6(me + mg) + Kp7 (Mg + my4)
+ Kpg(my + mg) + Kpo(my +mg)
+ K30 2m6 + K31 (m6 + mg)

+ K35 (mg +my3) + K33(my + myy)
+ K342m2 + K35 (mz + m4)

+ K3 (m; + mg) + K37(my + mg)
+ K3g(m; + my3) + Kzo(mg + myqs)
+ Kyo(my + mg) + Kyq (my + mg)
+ K42 (m6 + mg) + K432m8

+ Kya(mg + myz)]}

Finally the rate of mass transfer in terms of Sherwood
number (Sh) is given by

Sh

ac
= = < ) = my +ee™[my(1 — L)+ Lm,] (54

9y/,

4. RESULT AND DISCUSSION

The perturbation solutions are obtained for the MHD free
convective flow under the appropriate boundary conditions
and are presented through graphs and tables. The effect of
viscous dissipation is of special interest which has not been
taken care of in the earlier studies.

In the Figure 2, velocity profile is depicted for distinct
values of Eckert number (Ec). Increasing values of Ec
enhances the velocity. This is happened by the increase in
kinetic energy resulted by viscous dissipation in the boundary
layer.

Velocity of fluid flow for distinct values of Gm and Gr are
drawn in the Figures (3) and (4). It is noted that the increasing
values of Gm and Gr help to improve the velocity. For both
thermal and solutal Grasshoff number, buoyancy force
dominates the viscous force which gives higher velocity. The
results agree well with the study of Prakash et. al. [5].

From Figures (5) and (6), the effects of porous permeability
parameters K and @; on velocity are observed. Here, @ is
directly proportional to the square root of K. In the present
study higher permeability K allows the fluids to flow rapidly.
As a result, increasing values of @; also enhance the fluid
velocity. At K=0.001, we get approximately linear flow after
some elevation.

— — —Ec=0.01
Ec=0.02

2127

0.9

Figure 2. Velocity profiles for Ec, Sc=0.6, F=2, M=2, Gr=4,
Gm=2, t=1, Pr=0.2, A=0.5, n1=0.1, Q1=2, Du=0.5,K=0.1
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) ) ) Figure 6. Velocity profiles for K, Sc=0.6, F=2, M=2, Gm=2,
Figure 3. Velocity profiles for Gm, Sc=0.6, F=2, M=2, nl1=0.1, t=1, Pr=0.2, Gr=4, A=0.5, Q1=2, Du=0.5
Gr=4, A=0.5,n1=0.1, t=1, Pr=0.2,K=0.1, Q1=2, Du=0.5

15
S e M=0
s R M=1
14F £ i
M=5
131
T 12¢
1.1
1 1
0.8 1 0.9
P e R R S T S
y —» y —>
Figure 4. Velocity profiles for Gr, Sc=0.6, F=2, M=2, Gm=2, Figure 7. Velocity profiles for M, Sc=0.6, F=2, K=0.1,
n1=0.1, =1, Pr=0.2, K=0.1, A=0.5, Q1=2, Du=0.5 Gm=2, n1=0.1, t=1, Pr=0.2, Gr=4, A=0.5, Q1=2, Du=0.5,
F=2
1.7
k 15
1.1
0 1 2 3 4 5 6 7 0.8 .
0 1 2 3 4 5 B 7
Y y —

Figure 5. Velocity profiles for 91, $¢=0.6, F=2, M=2, Gr=4, Figure 8. Velocity profiles for F, Sc=0.6, M=2, Gr=4, Gm=2,
Gm=2, n1=0.1, t=1, Pr=0.2,K=0.1, A=0.5, Q1=2, Du=0.5 n1=0.1, =1, Pr=0.2, K=0.1, Q1=2, Du=0.5, A=0.5
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Figure 9. Velocity profiles for ¢, Sc=0.6, M=2, Gr=4, Gm=2,
nl=0.1, t=1, Pr=0.2, K=0.1, Q1=2, Du=0.5, A=0.5, F=2
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Figure 10. Velocity profiles for Pr, Sc=0.6, M=2, Gr=4,
Gm=2, n1=0.1, t=1, K=0.1, Gr=4, Q1=2, Du=0.5, A=0.5,
F=2

12

— — — Ec=0.01

it

Figure 11. Temperature profiles for Ec, Sc=0.6, M= 2, Gr=4,
Gm=2, n1=0.1, t=1, K=0.1, Pr=0.2, Q1=2, Du=0.5, A=0.5,
F=2

— — —Pr=0.71

Figure 12. Temperature profiles for Pr, Sc=0.6, M=2, Gr=4,
Gm=2, n1=0.1, t=1, K=0.1, F=2, Q1=2, Du=0.5, A=0.5

Table 1. Comparison between present results with previous results

y Result of Kim [18] Result of Prakash et al. [6] Present results
Nu Sh Nu Sh Nu Sh
0.00 -1.3400 -0.8098 -1.3400 -0.8098 -1.3400 -0.8097
0.50 -1.4825 -1.1864 -1.4825 -1.1864 -1.4827 -1.1859
0.75 -1.5227 -1.3178 -1.5227 -1.3178 -1.5227 -1.3177
1.00 -1.5546 -1.4325 -1.5546 -1.4325 -1.5543 -1.4326

Figure 7 shows that magnetic parameter acts as a resistive
force to the fluid flow. This results also agree well with
previous study of Prakash et al. [5].

Figure 8 and 9, that velocity decreases when radiation
parameter F and heat absorption parameter @ increase. So, we
can control the flow of fluid by rising both the parameters.

In the Figure 10, effects of Prandtl number (Pr) on velocity
is shown. Velocity is reduced with increasing values of Prandtl
number. Here the momentum diffusivity influences behaviour
of the fluid flow resulting lower velocity.

The increasing values of Eckert number (Ec) lead higher
temperature which is shown in Figure 11. But in Figure 12, the
Prandtl number (Pr) adversely affects the temperature. Here
we can measure the relative importance of viscous dissipation
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to the thermal dissipation.

Table 2. Values of Nu and 7 w.r.t. Ec

Ec Nu T
0.00 -0.8243  2.3054
0.01 -0.8301 2.2896
0.02 -0.8359 2.2580
0.03 -0.8416 -1.4325
0.04 -0.8474 2.2422

In Table 1, our results with Ec=0, Sc=0.6, F=2, M=2, Gr=4,
Gm=2, Q1=2, Pr=0.2, A=0.5, Du=0.5, n1=0.1, t=1, K=0.1 is



compared with the previous results of Prakash et.al. [6], and
Kim [18] and it agrees well. This supports our method and
accuracy of calculation. From Table 2, the Nusselt number and
Skin friction both diminish with higher Eckert number.

5. CONCLUSIONS

The study of viscous dissipation effect on the unsteady
MHD flow of an incompressible viscous fluid over a vertical
permeable surface fixed in a porous medium is executed in the
proximity of thermal radiation and chemical reaction. After
applying the perturbation technique, the governing partial
differential equations lead some non-linear ordinary
differential equations. To handle these non-linearities, Eckert
number (Ec) is taken as a small parameter to perturb the
equations again. This assumption gives us better result. Some
results are given below.

e An increase in dissipative heat characterized by the
parameter, Ec due to viscous dissipation leads to
significant increase in temperature of the fluid.

e Increasing values of Eckert number enhances the
velocity of fluid flow.

e For both thermal and solutal Grashoff number,
buoyancy force dominates the viscous force.

o Higher porous permeability allows the fluid to flow

rapidly.

e Magnetic parameter behaves as a resistive force to
the fluid flow.

e Velocity is reduced with increasing values of Prandtl
number.

e Velocity reduces when radiation parameter and heat
absorption parameter rise.
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NOMENCLATURE

A Suction velocity parameter

Bo Magpnetic field of uniform strength

c Species concentration, kgm3

Cw Species concentration at the plate

Cp Specific heat at constant pressure, JkgK

Cs Concentration susceptibility the plate

Cf Skin friction coefficient

Cs Species concentration far away from the plate
Chemical molecular diffusivity, m?s*

D Dufour number

Du The coefficient of mass diffusivity

Dm Eckert number

Ec Thermal radiation parameter

F Thermal Grashof number

Gr Solutal Grashof humber

Gm Acceleration due to gravity, ms=

g Permeability parameter

K Thermal diffusion ratio

Kr Absorption coefficient at the wall

Kiw The permeability of the porous medium
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Greek symbols

o
Br
Be
¢

d1
(S}

v

T A43eac<

Subscripts

8

Hartmann number

Nusselt number

Prandtl number

Pressure

Heat source parameter

Dimensional heat absorption coefficient
Sink strength

Radiation absorption parameter

The coefficient of proportionality for the
absorption

Radiative heat flux

Chemical reaction parameter

Sherwood number

Schmidt number

Fluid temperature

Temperature of fluid near the plate, K

Fluid temperature at the surface, K

Fluid temperature in the free stream, K
Temperature at the wall

The free stream dimensional temperature
Radiative heat flux

Dimensionless velocity component, ms*

Fluid thermal diffusivity, m?s-
Thermal expansion coefficient, K
Concentration expansion coefficient, K
Heat source parameter

Porous permeability parameter
Dimensionless fluid temperature, K
Dynamic viscosity, kgm-1s

The kinematic viscosity, m?s-

The fluid-electrical conductivity
Permeability parameter
Dimensionless normal distance
Skin friction coefficient

Density of the fluid, kgm

Conditions on the wall
Free stream condition
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