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Abstract -The present work analyzes the Hall and
Chemical reaction effects on two dimensional MHD flow of a
Visco-elastic fluid past an inclined moving plate by taking
double diffusive convection in the presence of Heat
generation. The governing equations are solved by using a
perturbation technique. The effects of the important flow
parameters on velocity, temperature and concentration fields
as well as Skin-friction, rate of heat transfer and rate of mass
transfer have been studied. It has been observed that the
concentration decreases with an increase in Chemical
reaction parameter, the velocity of flow field decreases due to
an increase in the visco-elastic parameter k.and the velocity
increases with increasing values of modified Grashof number
Gm.

Key Words - Hall parameter, Visco-elastic parameter,
Chemical reaction and Magnetic parameter.

INTRODUCTION:
Study of MHD flow with heat and mass transfer plays an
important role in biological Sciences. Effects of various
parameters on human body can be studied and appropriate
suggestions can be given to the persons working in
hazardous areas having noticeable effects of magnetism
and heat variation. Study of MHD flows also has many
other important technological and geothermal applications.
Some important applications are cooling of nuclear
reactors, liquid metals fluid, power generation system and
aero dynamics. An excellent summary of applications is
given by Huges and Young [6]. Kim [7] studied the
unsteady MHD convective heat transfer past a semi-infinite
vertical porous moving plate with variable suction. Singh
et al. [15] have analyzed the heat and mass transfer in
MHD flow of a viscous fluid past a vertical plate under
oscillatory suction velocity.Singh and Gupta [16] have
analyzed the MHD free convective flow of a viscous fluid
through a porous medium bounded by an oscillating porous
plate in slip flow regime with mass transfer. Khandelwal
and Jain [8] have discussed the unsteady MHD flow of a
stratified fluid through porous medium over a moving plate
in slip flow regime. Convective heat transfer from different
geometries has received considerable attention in recent
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years owing to its importance in various technological
applications such as fiber and granular insulation,
electronic system cooling, cool combustors, oil extraction,
thermal energy storage and flow through filtering devices,
porous material regenerative heat exchangers, Bejan and
Kraus[2]. Sharma and Singh [17] have reported the
unsteady MHD-free convective flow and heat transfer
along a vertical porous plate with variable suction and
internal heat generation. Das et al. [4] have studied the
mass transfer effects on free convective MHD flow of a
viscous fluid bounded by an oscillating porous plate in the
slip flow regime with heat source.

Viscoelastic flows and transport phenomena arise in
numerous areas of chemical, industrial process, bio-
systems, food processing and biomedical engineering. The
heat transfer in the forced convection flow of a viscoelastic
fluid of Walter model was investigated by Rajagopal [12].
Siddappa et al. [14] studied the flow of visoelastic fluids of
the type Walter’s liquid B past a stretching sheet. Abel and
Veena [1] studied the viscoelasticity on the flow and heat
transfer in a porous medium over a stretching sheet.
Muthucumaraswamy [10] has studied effects of chemical
reaction on a moving isothermal vertical surface with
suction. Chaudhary and Jain [3] have found the effect of
Hall current and radiation on MHD mixed convection flow
of a viscoelastic fluid past and infinite plate. Mahapatra et
al. [11] have studied effects of chemical reaction on free
convection flow through a porous medium bounded by a
vertical surface. Chemical reaction and thermal radiation
effects on MHD flow of a visco-elastic fluid past a moving
porous plate by considering double diffusive convection in
presence of heat generation has been studied by Rita
Choudhury and PabanDhar [13]. Sahoo et al [18] have
studied the unsteady two dimensional MHD flow and heat
transfer of an elastic —viscous liquid past an infinite hot
vertical porous surface bounded by porous medium with
source and sink.The importance of thermal-diffusion and
diffusion-thermo effects for various fluid flows has been
studied by Eckert and Drake [5]. Kumar et al. [9] have
investigated thermal diffusion and radiation effects on
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unsteady MHD flow through porous medium with variable
temperature and mass diffusion in the presence of heat
source or sink.

The aim of the present chapter is to study hall effects on
visco-elastic fluid flow past an inclined moving plate in the
presence of heat generation/absorption. Approximate
solutions have been derived for the mean velocity, mean
temperature and mean concentration using multi-parameter
perturbation technique and these are presented in graphical
form.
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PHYSICAL MODEL
FORMULATION OF THE PROBLEM:

The unsteady MHD, Visco-elastic fluid flow due to double
diffusive convection past an inclined moving plate with
heat generation/absorption has been considered. The flow
is two dimensional where x'axis is along the plane of
moving plate and y' axis is normal to it, respectively. We
assume that the surface is moving continuously with
constant velocity in positive x'- direction. A uniform
magnetic field of strength B, is imposed transversely to the
plate. Hall effects are taken into account. Induced magnetic
field and applied electric fields are negligible. Taking into
consideration the assumptions made above, the governing
equations can be written as follows.

o'
ay'
1)
ou’ ,ou’ AU ,
— — = T' — T, )cosa (c'—
atl ayl atl + gﬁ ( oo ) + gﬁ (
%u' ' ko [ 93u’
C.)cosa + 90 +—=U, —u —=2
@) ay'? k'( @ p \ay'%at’
a3u' 0eBo? , ,
v’ Uso —u 2
ay’3> + P(1+m2)( *© ) )
ar’ ar’ Kt 02T’ Qo ' 1 aq,’
—tv =t —— T -T,) ———3
at 9y pCp 0y pCp pCp 0y
3)
ac’ ,oc’ a%c’! 2T’ PPy '
a0 TV 5y = Dugzt Dr — K (1= ()

(4)

The boundary conditions are

W =U,,T' =T, + (T, —T.)e', ¢’
=C, +(C, —C,Ne®' aty =0
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u - Uy, = Uo(l + gei“”t’), T'->T,, C' -
(o' as y' > o ()

It is clear from equation (2) that the suction velocity at the
plate surface is a function of time only. Hence the suction
velocity normal to the plate is assumed in the form

v' = =V, (1 + ede@’t)

where A is the suction parameter such that eA << 1 and V,
is a scale of suction velocity. The negative sign indicates
that the suction is towards the plate.

By using the Rosseland diffusion approximation, the
radiative heat flux g, is given by

, 40* 9T "%

qr = -7

3Kg 9y’

(6)

where ¢’ and K; are the Stefan-Boltzmann constant and
the Roseland mean absorption coefficient, respectively. We
assume that the temperature differences within the flow are
sufficiently small such that T'* may be expressed as a
linear function of the temperature. This is accomplished by
expanding in a Taylor series about T'* and neglecting
higher order terms, thus

T'* = 4T, '3T* — 3T,"°

()
Using (6) and (7) in the last term of equation (3), we obtain
dar _  160°Ty'® 22T
ay' 3Ks dy'2
(8)
We now introduce the following non dimensional
quantities
y'Vy ; t'V,y? u'
= _' = » u = —_— »
Y= 9 U
Uy’ u,’ w9
Uoozi'up =_p’ =—
Uo Uo Vo
0 T'-Teo 0= C'—Coo' Gr 9B9(Tw'-To') Gm =
Tw, T 7 Cw’—coo’l V(,ZU 1
gﬁﬁ(cwr_coo’)
Vo®Ug ’
!
p P, Sc = ﬁ,Q Qoﬂz Kr—Klzﬂ, So =
T D pCpVy Vo
Dr(Tw' ~Teo')
ﬁ(CW’_Coo’) 1
_K'Vo? Lo 0Bo®9 ,  40°Te'? _ koVo?
k= 92 M= pVo> R = KTKg k= p92
9)

Using equation (9), the governing equations (2), (3) and (4)
reduce to the following dimensionless form
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The non-dimensional forms of the equation (2) to (4) are
given by

ou _ ity 2% _ o%u
- (1 + €de )ay—Gr19+Gm1(Z)+ay2+

(M1 +%)(U°o—u)+a;]—:°

g (2 iwty 0*u
k (ayzat (1 + c4e )ay3)
2 (10)
2 _ 0ty 20 _ 1 (1, 4RY2% _
at (1+€A€ )6y_Pr(1+3)6y2
(11)
9 _ iwty 90 _ 1970 2%
5, — (1 +¢ede )6y = o Kr® + So 272
(12)

where Gr; = Gr cosa, Gm; = Gm cosa
subject to boundary conditions
u= U, 6§ =1+¢e™,p=1+ce“at y=0
u= Uy(t) =1+, 6§50, 0—>0 as y > o
(13)
3 SOLUTION OF THE PROBLEM

Equations (10) to (13) are coupled non-linear partial
differential equations and these cannot be solved in closed
form. However, these equations can be reduced to a set of
ordinary differential equations, which can be solved
analytically. To solve these equations we make the
following assumptions for the non-dimensional free stream
velocityU,,, velocity profile u, temperature profile 6 and
concentration profile @

Up =1+ et + 0(e?)
(14)

u(y,t) = ug (y) + e™uy (y) + o(e?)
(15)

0(y,t) = 0y (¥) + €0, (y) + o(e?)
(16)

B, t) = B () + e B, (y) + o(e?)
(17)

On substituting the equation (14) to (17) into the equations
(10) to (12) and equating the harmonic and non-harmonic

terms, and neglecting the higher order terms o(£2), we
obtain

kug™ 4w +up’ — (Ml + %) Ug = —Gréy — Gm G —
(M, +3) (18)

1
ku" +u" —iwku," +uy — (M1 + X + iw) Uy

1
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— Auy' — kAug’ (19)
90” + Lgol + LQ 90 = 0 (20)
9111
+1L6, +(Q — iw) LO,
= —AL8, 1)

@, + Sc @, — Kr Sc @y = —ScSo8,"
(22)

0," +Sc®, — (KrSc + iwSc)®, = —ASc@, — ScSo06,"
(23)

Here primes denote the differentiation with respect to y
The corresponding boundary conditions reduce to
uy=Upu =0,00=16,=1, §,=1,0, =1 at y=0

u,—~>lLu »-16,-06,-00,—-00, >0 asy - o
(24)

Solving equations (18) to (23) under the boundary
condition (24) we get the zeroth order and first order
solutions for temperature and concentration distribution as
follows

0o (y) = e™%2¥
(25)

0:(y) = kie™ Y + (1 —ky)e™ ™Y
(26)

Do (y) = —kpe™ Y + (1 + ky)e™ %Y
(27)

@1(}1) = kse_agy + k4_e_a6y - k6€_a4y - (ks + k7)e_a2y
(28)

Using equations (25) to (28) in equations (16) to (17), we
get the temperature and concentration distribution as
follows

0 = e %Y + ge'®t [k e™%Y + (1 — ky)e™%Y]
(29)

D = —kye %Y + (1 + ky)e %Y + ge'®t (kge98Y
+ k e — ke
— (ks + k7)e™2Y)
(30)

Again in order to solve the equations (18) and (19), we use
multi parameter perturbation technique in terms of Visco-
elastic parameter and assuming k <« 1, as visco-elastic
parameter is considered to be less than unity for small
shear rate, thus we write

ug(¥) = ugo(y) + kug, (y) + O(kz) (31)

u; (¥) = ug0(y) +kuy;(y) + O(kz)
(32)
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Using (31) and (32) in the equations (18) to (19) and
equating the coefficients of like powers of k, we get the
following set of differential equations
" ! 1
uOO + uoo - (Ml + E) uOO = —GT‘QO - Gm QO -
(M +2) (33)
Upr" +Upy — (M1 + %) Upr = _uoom

(34)

u10” + u10’ - (Ml + % + l(})) ulo = —GT‘Gl - GTI‘L @1 -
1 ,

'

1 , .
u11” + ulll - (Ml + E + lw) U1 = l(l)ulou — Uqg -
Augy' — Augy"” (36)

The relevant boundary conditions are
uoo = Up,uO1 = 0'”’10 = 0,u11 =0 at y:O

Ugo = Lup; 2 0,uyp» Luy; =0 aty - oo
(37)

Now solving the differential equations (33) to (36) subject
to the boundary conditions (37), we get the solutions of
zeroth order and first order for velocity profile as

uy(y) = (1 + kype™ 40 — (kg — ky1)e™ %Y —
kioe™Y) + k((k1s + kys)e™"10Y —

kise™%%Y — kise™%Y)
(38)

w () = (1 + kase™ 2V + ((kzo — ki)™ — (kq7

— (k19 + kpa)e™ 6 — kige™ Y + kyye”"10%) +
k((kqatkae + k3z)e™"12Y

+( ka7 + ksz)e™™ — (kg + k3s + k3o +

kay)e™ %Y — (kyg + k35 + ko + kyz)e™Y —
(k3o + k36)e™ Y + (k31 + k3; + k3g + kyq)e™910%)
(39)

Using equations (38) and (39) in equation (15), we get the
velocity distribution as follows

u=(1+ ke — (kg — ki)™ — kype™7)
+ k(((kyq + ky5)e™ 407

— kye™%Y — kyge%Y 4 gel®((1 + kyse ™42V +
((kzo — kye)e™”

—(ky7 + kyy + kp3) €797 — (kyg + kpp)e™ %Y —
kige™8Y + ky,e™%10Y)

+k((kaatkae + k3z)e™ 2 + (kyy + kaz)e™ Y — (kag
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—(kao + k35 + kyag + kyz)e™ Y — (k3o + kse)e™ Y
+ (k31 + k37 + k3g + kyp)e™410%))

(40)
Skin friction:
The Skin friction at the plate is given by
ou
T= <_) = (_a10k12 + ay (kg — ki) + agksg

ay/,
+ k(—ajo(kig + kis) + azkqs
+ a6k15))

+ feiwt((_alzkzs —ay (ko — ki6)
+ ay(kyy + ka1 + kp3) + ag(kio + kopu)

tagkig — ajokaz) + k(—aq2 (ks +
koo + k3) — ag(kyy + ks3)

t+ay (kg + kss + k3g + kap) +
ag (koo + k3s + kag + kaz) + ag(kso + kse)

—a1o(ksy + k37 + k3g + k4p)))

(41)
Nusselt number:
The rate of heat transfer at the plate in terms of Nusselt
number is given by
26 i
Nu = (E)Fo = —a, + e (—a, (1 — ky) — ayk,)
(42)

Sherwood number:

The rate of mass transfer at the plate in terms of Sherwood
number is given by

Sh = (Z—S) = _a6(1 + k2) + a2k2 + Seiwt(_agkg —
y=0
agky + aske + ay(ks + k7)) (43)

RESULT AND DISCUSSION:

In order to get physical insight into the problem velocity,
temperature and concentration, Skinfriction coefficient T,
Nusselt number Nu, Sherwood number Sh have been
discussed by performing numerical caluculations for
different values of dimensionless parameters and
representative set of results is reported graphically in
Figures 1-11.These results are obtained to illustrate the
influence of the Chemical reaction parameter Kr, Heat
source parameter Q, Soret number So, Magnetic field
parameter M, Schmidt number Sc, Hall current parameter
m, absorption of Radiation parameter R and visco-elastic
parameter k on the velocity, temperature and concentration
profiles.

Fig.1 represents concentration profiles for different values
of Soret number So. It is observed that as Soret humber
increases concentration decreases. Fig.2 illustrates the
concentration profiles for different values of Chemical
reaction parameter Kr. It is found that, the concentration
decreases with an increase in Chemical reaction parameter.
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The effect of Heat source parameter Q on temperature
profiles is shown in figure.3. It is seen that temperature
decreases with increasing values of Heat source parameter
Q. Fig.4. shows the effect of absorption of Radiation
parameter R on temperature profiles. It is observed that
temperature increases with increasing values of R. Fig.5
depicts the effect of visco-elastic parameter k on the
velocity profiles. It is shown that the velocity of flow field
decreases due to increase in the visco-elastic parameter k.

Fig.6 illustrates the velocity profiles for different values
of Schmidt number Sc. It is obvious that as Schmidt
number Sc increases, the velocity increases. The influence
of the inclination angle aon the velocity profiles is
presented in Fig.7 This shows that the velocity decreases
with increasing values of inclination angle a. The influence
of Magnetic field parameter M on the velocity field is
shown in figure 8. It is observed that as Magnetic field
parameter M increases, the velocity decreases.
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Fig.9. depicts the effect of Hall current parameter m on the
velocity profiles. It is shown that the velocity increases due
to increase in the Hall current parameter m.Fig.10
illustrates the effect of Grashof number Gr on velocity
profile. It is observed that as the Grashof number Gr
increases, the velocity also increases. The velocity profile
for different values of modified Grashof number Gm are
shown in Fig.11. This shows that the velocity increases
with increasing values of modified Grashof number Gm.

Table.1 shows numerical values of the Skin friction
coefficient 7, Nusselt number Nu and Sherwood number
Sh for various values of Chemical reaction parameter Kr,
Soret number So, Heat source parameter Q, absorption of
Radiation parameter R, Hall current parameter m and
Permeability parameter K. It is observed that as chemical
reaction Kr and Soret number So increase, Sherwood
number increases. It is observed that Nusselt number
decreases with increasing values of Heat source parameter
Q and absorption of Radiation parameter R. It is also
observed that as Hall current parameter m increases, the
skin-friction increases and as Soret number So and
Permeability parameter K increases, the skin-friction
increases.

Fig.1. Concentration profiles against y for different values So with Sc=5,

t=0.5, A=0.5, Kr=2, ¢ = 0.001, Pr=2, R=3
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Fig.2. Concentration profiles against y for different values Kr with Sc=5,

t=0.5, A=0.5, So=3, ¢ = 0.001, Pr=2, R=3

Fig.3. Temperature profiles against y for different values Q with Sc=5,

t=0.5, A=0.5,e = 0.001, R=3, Pr=2
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Fig.4. Temperature profiles against y for different values R with Sc=5,

t=0.5, A=0.5, ¢ = 0.001,Pr=2, R=3

0.9 r r r r r r r r r
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 o.8 0.9 1
y
Fig.5. Velocity profiles against y for different values k with Sc=5, S0=0.6, Up=1, R=3,
M=2, m=0.5, k=1, K=0.02, t=0.5, A=0.5, Kr=2, ¢ = 0.001,a = g,/l =1, Pr=2
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0.9 r r r r r r r r r
o o.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 a1
vy
Fig.6. Velocity profiles against y for different values Scwithk = 0.02, So=3, Up=1, R=3,
M=2, m=0.5, K=1, t=0.5, A=0.5, Kr=2, ¢ = 0.001,a = g,l =1,Pr=2
1.8 T T T T T T T T T
1.7 [
1.6 *=0,776,7v4,7U3
,/"‘ pmmmmmTT T S m———
1.5 " -
f’—’
-~
13- SN e R |
1.2 -
1.1 -
1 r r r r r
o o.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
%
Fig.7. Velocity profiles against y for different values a with k = 0.02, So=3, Up=1, R=3,
M=2, m=0.5, K=1, t=0.5, Sc=5, A=0.5, Kr=2, ¢ = 0.001,4 = 1, Pr=2
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Fig.8. Velocity profiles against y for different values M with k = 0.02,S0=0.5, Up=1, R=3,

M=2, m=0.5, K=1, t=0.5, Sc=0.6, A=0.5, Kr=2, ¢ = 0.001,A = 1, = g, Pr=2

Fig.9. Velocity profiles against y for different values m with k = 0.02, S0=0.5, Up=1, R=3,

M=1, K=1, t=0.5, Sc=0.6, A=0.5, Kr=2, ¢ = 0.001,A = 1, = %, Pr=2
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0.9 r r r r r r r r r
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 o.8 0.9 1
%
Fig.10. Velocity profiles against y for different values Gr with k = 0.02, So=3, Up=1, R=3,
M=2, m=0.5, K=1, t=0.5, Sc=5, A=0.5, Kr=2, ¢ = 0.001,A = 1,a = g Pr=2
1.35¢ T T T T T T T T T
Gm=5
i3- | mmm—— Gm=10 -
——— GSm=15
Gm=20
1.25 e, -"'~T
1.2 ‘,‘—"' ‘_,,_——“' - s
. e ””_—
= ’,¢ . -
. 9 ’I’
1.15 [~ "‘,.’ ”’4 -—
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1.1 RaWid .
KePs
7’ 7
&0
e
7’7
1.05 "‘/ -
(2
1 r r r r r r r r r
o o.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 a1
y
Fig.11. Velocity profiles against y for different values Gm with k = 0.5, So=1, Up=1,
R=3, M=2, m=1, K=1, t=0.5, Sc=0.6, A=0.5, Kr=2, ¢ = 0.001,A =1, =§
Comparison study:
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3F T T T T T T
2.5 -
> o e et i _l
1.5 -

,Gr=5
E 1, Gr=5 !
= .2, Gr=5
0.5~ . Gr=-5 -
-1, Gr=-5
o[ .2, Gr=-5 ot
1.5 r r r r r r L
o 0.5 a 1.5 2.5 3 3.5 5
So
Fig: 12. Effects of visco elastic parameter and Grashof number on skin friction profiles with
S0=3, R=3, M=2, m=1, K=1, Sc=5, A=1, Kr=2, Gm=5, ¢ = 0.002,
A=1la= g, Gm=5, Q=2

5r T T T T T T
4 n
g [ —_ e ——————————— e ———————— i

............ K=0,Gr=5
2r | mm———- k=0.1,Gr=5 7
k=0.2,Gr=5
e 1k | e K=0.Gr=-5 i
------ k=0.1,Gr=-5

o k=0.2,Gr=-5 i
-1 -
= [ T, vernmrennes -

3 L r r r r r r
o 0.5 1 1.5 2.5 3 3.5 5

So

Fig:13. Effects of visco-elastic parameter and Grashof number on skin friction profiles with

So0=3, R=3, M=2, K=1, Sc=5, A=1, Kr=2, Gm=5, ¢ = 0.002,

A=1,Gm=5, Q=2

From the figures 12 and 13, it is clear that the present results, when the inclination angle(a) is zero and in the absence of Hall

effect, are in good agreement with the corresponding results of Rita Choudary and PabhanDhar [13].
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(1

[2
(3]

(4]

[3]
(6]
[71

TABLE:
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Effects of Kr, So, Q, R, m, k on 7, Nu, Sh with M=2, K=1, Sc=5, A=1,Gm=5, £ = 0.002,

A=1,6m=5, Gr=5, a = =, Pr=2

Kr So Q R m K T Nu Sh
1 3 1 1 0.5 0.1 - -- 1.2054
2 3 1 1 0.5 0.1 - -- 1.5193
3 3 1 1 0.5 0.1 - - 1.7556
2 2 1 1 0.5 0.1 1.9695 - 1.2777
2 3 1 1 0.5 0.1 1.9804 - 1.3499
2 4 1 1 0.5 0.1 1.9913 - 1.4222
2 3 2 1 0.5 0.1 - 0.1523 --
2 3 3 1 0.5 0.1 - 0.1522 -
2 3 4 1 0.5 0.1 - 0.1521 --
2 3 1 2 0.5 0.1 - 0.0979 -
2 3 1 3 0.5 0.1 - 0.0711 --
2 3 1 4 0.5 0.1 - 0.0562 -
2 3 1 1 1 0.1 2.1461 - -
2 3 1 1 15 0.1 2.2862 - -
2 3 1 1 2 0.1 2.3806 - -
2 3 1 1 0.5 0.2 2.4476 - -
2 3 1 1 0.5 0.3 2.9148 - -
2 3 1 1 0.5 0.4 3.3820 - -
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