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Abstract The Unsteady MHD viscoelastic fluid flow through a vertical porous plate with thermal diffusion and
Hall current effects in the presence of chemical reaction which retained current density. Under this
consideration the governing equations of MHD boundary layer flow are reduced to a coupled non-linear system
of partial differential equations and are solved by using parameter perturbation technique. The small viscoelastic
parameter is used as a perturbation parameter. The obtained equations are solved analytically and using Matlab
(R2010a) and Fortran(4.1), the computed results have been obtained with reference to different flow parameters.
Finally, the velocity, temperature and concentration profiles are presented graphically.
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Introduction

Magneto Hydrodynamics (MHD) is the branch of magneto fluid dynamics, which deals with the flow of
electrically conducting fluid in electric and magnetic field. There are many natural phenomena and engineering
problems susceptible to Magneto Hydrodynamics analysis. The field of Magneto Hydrodynamics included only
the study of partially ionized gases as well as the other names have been suggested, such as magneto fluid
mechanics or magneto aerodynamics, but the original nomenclature has been persisted. Engineers employ MHD
principles in the design of heat exchangers, pumps and flow meters, in solving space vehicle propulsion, control
and re-entry problem, in designing communication and radar system and in developing confinement schemes for
controlled fusion. Viscoelastic fluid flow has been generated in the area of heat and mass transfer of the
boundary layer along an oscillating porous plate in presence of thermal diffusion in various fields like polymer
processing industry in particular in manufacturing process of artificial film and artificial fibers and in some
applications of dilute polymer solution in recent years. The boundary layer flow of hon-Newtonian fluid in the
presence of magnetic field has wide range of application in nuclear engineering and industries. The major
significance of the geometry of a textile structure in contributing to resistance to water penetration can be stated
in the following manner. Visco-elastic properties can enhance or depress heat transfer rates, depending upon the
kinematic characteristic of the flow field under consideration and the direction of heat transfer.

Heat Transfer in MHD Visco-elastic Fluid Flow over a Stretching Sheet with Variable Thermal Conductivity,
Non-Uniform Heat Source and Radiation has been investigated by Abel and Mahesha [1]. The visco-elasticity
on the flow and heat transfer in a porous medium over a stretching sheet have been discussed by Abel and
Veena [2]. MHD free convection and mass transfer flow with Hall current, viscous dissipation, joule heating and
thermal diffusion studied by Ajay Kumar Singh [3]. A great deal of work has been carried out to find the
analytic solution of visco-elastic fluid flow of non-Newtonian flows over impervious stretching boundary has
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been analyzed by Chamkha and Ahmed [4]. The steady mixed convection boundary layer flow due to the
combined effect of heat and mass transfer over a stretched vertical surface in a porous medium filled with a
viscoelastic fluid under Soret effect in the presence of magnetic field has been investigated by Gbadeyan et al.
[5]. Viscous dissipative heat on the two-dimensional unsteady free convective flow past an infinite vertical
porous plate when the temperature oscillates in time and there is constant suction at the plate has been analyzed
by Rajesh and Varma [6]. MHD Free Convection Visco-Elastic Fluid Flow Bounded by an Infinite Inclined
Porous Plate in the Presence of Heat Source is studied by Umamaheswar et al [7].

Hence our aim is to study MHD heat and mass transfer on viscoelastic fluid flow along an oscillating porous
plate in the presence of hall current with constant heat and mass flux. MHD boundary layer equations are
reduced to a coupled non-linear system of partial differential equations and are solved by using parameter
perturbation technique. The obtained equations are solved analytically and the computed results have been
calculated with reference to different flow parameter by using Matlab (R2010a) and Fortran(4.1). Finally the
velocity, temperature and concentration profiles are presented graphically.

The Governing Equations

Consider two dimensional unsteady flow of an incompressible viscoelastic fluid through porous medium with
simultaneous heat and mass transfer along an oscillating infinite porous plate with heat source, chemical
reaction and thermal diffusion. The x-axis is taken along the upward direction of the fluid flow and y-axis is
normal to it. The velocity components U, Vand W are in the direction of X, Y and Z direction respectively.

If the plate is extended to infinite length, then all the physical variables in the problem are function of y and t
alone. Initially the plate and fluid are in at rest and the plate is set to oscillatory motion. Also it is consider that
the fluid and the plate is at rest after that the plate is to be moving with a constant velocity U o In its own plate

instantaneously at time t > 0, the species temperature of the plate is raised to TW( >T_), where T, is

species temperature at the wall of the plate and T_ be the temperature of species far away from the plate. The
physical model of the problem is shown in the following figure.

u

Figure 1: Physical Configuration and Coordinate system
Thus accordance with the above assumptions the basic equations relevant to the problem are as follows:
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The corresponding boundary conditions for the problem are as follows:
ou . ow
u =U0c03a;t+l_15 , W=U;sinwt + LIE , T=T,,C=C, aty=0

u=0, w=0, T>T, ,C>C_ aty—>oo
where, U , W are the velocity components of the fluid, v is the kinematic viscosity, @ is the acceleration due

to the gravity, p isthe density, x is the permeability of the porous medium, B0 is the constant magnetic field

vector perpendicular to the plate, S is the coefficient of thermal expansion, ﬂ* is the coefficient of
concentration expansion, M = gf3B,, is the Hall parameter, o is the conductivity of the medium, D is the

diffusivity, D; is the coefficient of thermal diffusivity, S is the heat source parameter and the other symbols

have their usual meaning.
Mathematical Formulation
The following non-dimensional variables are introduced to obtain the non-dimensional governing equations:
oUW U, .. tu;? T-T Cc-C
u =——- y w y = y t = —0 , H — © , @ — ©
U, U, v v T,-T, c,-C,

The following non-dimensional governing equations (dropping the asterisk sign) are obtained as follows:

2 3 3 2
A _y A_ qu +G,0+G, @ — Rqaq -V, @D—%q+M—(—q+imq)

ot oy oylat 0 oy° 1+ m?) -
P a0 _ VP%:ﬁ—Psp (6)
ot oy oy
scé—q5 vsaq5 oo soscaH—Kqu
ot oy oy’ oy’ @

corresponding boundary conditions are as follows:

q:ei“"+L1$ﬂ, T=T,,C=C, aty=0
v oy

q=0, T »>T,6 C—>C_ aty—>wx

) v
where =U-+IwW is the non dimensional velocity, G, =—-9gB(T, —T,) is the Grashof number,

2
0
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v .
G, = Fgﬁ (C,—C.) is the mass Grashof number, K'= is the Permeability parameter,
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2 2

v K, U v
M? = 02 is the Heartsman number, R, = —0—2 is the elastic parameter, S, = —is the Schmidt
PUg p v D
v _ | D, ,-T.) .
number, K. =K, —is the chemical reaction parameter, S, =——————=% is the Soret number,
UO v (CW _Coo)

Vo . . : a . Sv
V, = —2% s the suction velocity parameter, P. = — is the Prandtl number, and S'= — is the heat
0

v 0
source parameter.
Due to inadequate boundary condition, a perturbation method has been applied with R, <<1 as a perturbation

parameter. This assumption is quite consistent as the model under consideration is valid only for slightly elastic
fluid. The following transformation have been considered [7]:

a=0,+Ra+OR.)
0=0,+R.0,+0(R,)
&=, +R P, +0O(R, )

Substituting the value of 4, & and @ in the above equations, the following equations have been obtained:
Zeroth order equations

2 2
Al -V Ay _ 98 —( M (1—im)+%]qO +G,0, +G, D,

0 2 2
ot oy oy (1+m*) @®
P 5; ~V,P. =2 By _ 00, ~P.S'0,
o  oy* ©)
2 2
. 0P, -V,S, 0P, _ 0%, +S,S, —2~ "0, -K_S D, (10)
ot o oy oy’

1% order equations

2 2 3 3
9, -V e =6 ql_( M (1-im)+— Jql+G 0,+G, D, (8;10 _\/0a qOJ (11)
oy“ot

ot oy oy* \(1+m?) oy’
P 9%, _ voprae 8‘9 -PS'6, (12)
ot
2 2
Sca(pl—vosca@l:a(p 8860 K.S.®, (13)
ot R & oy?

Corresponding boundary conditions are as follows:
q,=0,0,=0,6,=1,0,=0,®,=1and ¢, =0 at y=0
q,=0,0,=0,6,=0,6,=0,9,=0and ®, =0at y >

In order to reduce the above system of partial differential equations to a system of ordinary differential equation,
the following transformations have been used as follows:

%(y't) = oo (y)+ qu(y)ei{d
Ch(y’t) =0y (y)+ qll()’)eiwt
eo(y!t) = 4900()’)4‘ 6’01(3/)eiajt
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D, (y7 t) = cpoo(y) + 4501(3/)eiwt

D, (y’ t) = cz510(y)+ qsll(y)ei“"
Substituting these values in the equations (8 )-( 13), yields

14 ’ 2 H 1
oo + Voo _( (1—im)+ ?] Qoo = G650 — G Pyo

12y
(1+m?) (14)
2 : 1.
Go1 + Voo _[m(l_ im) -+ K + 'a)} Uor = =G0y, — G, Py
(15)
Ono +Vo P65 —P,S'6y =0 (16)
63, +VoP, 65, — POy (S' +iw)=0 an
e, +V,P.o,,—-PS'6,=0 (18)
6 +V,P.60}, —P.6,,(S' +iw)=0 19)
Do +VoS Lo — K S Poy =—5,5.bg, (20)
dil”o +VOSC¢(;l - Kcsc¢10 = _SOchl”O (21)

Corresponding boundary conditions are as follows:
0 0 0 0
oo 1 Uoa =1+R Jos » Oy = R tho , 0, =R Ay )
oy oy oy oy aty=0 (22
0y =1,60,,=0,6,=0,0,=0,P,,=1,P,, =0, P, =0and &, =0

Ooo =0, Gp1 =0, 0,=0, q;, =0,
0y =1,6,,=0,60,=0,6,=0, Dy, =1, D, =0, P, =0and &, =0
The equations (14)-(21) shows that the coupled ordinary linear differential equations, which can be solved easily

by analytically. The analytical solutions of these equations yields velocity, temperature and the concentration
profiles of the flow field are as follows:

q — agefmzy + a4e’m2y + ase_mloy + ase_mlsy + a7e—mzoyeia1

Joo =R

} at y > oo (23)

+ RC (asefmzy n age—mzy + aioe—mmy + aile—mmy + aize—mlsy + aise—mzoyeia)t)
0= e—mzy
D= aze—mwy + aqe*mzy

Results and Discussion

To study the physical situation of the problem, we have computed the numerical values of the velocity,
temperature and concentration within the boundary layer for different values of the Heat source parameter (S"),
the Chemical reaction parameter (K.), suction parameter (Vo), Hartmann number (M), Elastic parameter (R.),
Permeability paramete (K), Hall parameter (m), Schmidt number (S.), Rarefaction parameter (R), Soret number
(So) with time t = 0.314. The effects of various parameters are chosen arbitrary.

The displayed figures from Figs.(2)-(13) are shown that the effects of the above mentioned parameters on the
velocities profile. Figs.(2), (4), (6), (8), (9), (10), (11), (12) and (13) are plotted by Fortran4.1 code and Figs.
(3), (5) and (7) are plotted by Matlab (R2010a) code which showed that the effects of the various parameters on
the primary velocity (u) and secondary velocity (w) profiles. We observed that the figures are in Fortran 4.1 and
Matlab codes are identical.

TN
/‘@? Journal of Scientific and Engineering Research

56



Nasrin S et al Journal of Scientific and Engineering Research, 2018, 5(7):52-64

In Fig. 2, we have seen that with the increase of the suction parameter (Vo) the primary velocity U is decreased
but the secondary velocity W is large increased within the interval 0 <y < 3.4 (approx.), further it has a minor
decreasing effect from y > 3.4. We observed that the increase in the values of heat source parameter (S") results
in a decrease on the velocity components U and W which are represnted in Fig. 4. In Fig. 6, we observed that
with the increase of the chemical reaction parameter (Kc)the primary velocity U is decreased and the

secondary velocity W is increased within the interval 0 <y < 1.2 (approx.) and further it has a decreasing effect
fromy > 1.2. From Fig.8, we have seen that the velocity components U and W are decreased with the increase
of the different values of Permeability parameter (K). The effect of the Hartmann number (M) on the velocity
field is shown in Fig.9. It is seen that an increase in Hartmann parameter leads to a large decreased in the
velocity components U and W. Fig.10 showed that the velocity is very small increase with the increased of
the elastic parameter (R.). For the variation of the Hall parameter (m) the primary velocity and the secondary
velocity are decreased which are shown in the Fig.11. We have seen that an increase in Rarefaction parameter
(R) primary velocity is increased within 0 <y <1.7 (approx.) and secondary velocity is increased within 0 <y

< 2.1 (approx.) which are shown in the Fig.12. From Fig.13 we see that the velocity components Uand V are
in increased with the increase of the different values Soret number (S).

The displayed figures from Fig.(14) - (17) are shown that the effects of the suction parameter (Vo) and heat
source parameters (S”) on the temperature profile. Fig.(14) and (16) are made by Fortran4.1 code and Fig.(15)
and (17) are made by Matlab code. Here also we observed that the figures are identical in both code.

From the figures in Fig.(14) we have seen that the temperature profiles are decreased for different values of heat
source parameter (S7). In Fig.(16) leads to a decreasing effects on the temperature with the increase of the
Suction parameter (Vo).

The concentration profiles are shown in Fig.(18)-(25) for different values of S’, V,, K. and So. The displayed
figures (18), (20), (22) and (24) are done by Fortran 4.1 code and the Fig. (19), (21), (23) and (25) are done by
Matlab code, are both identical.

Fig.(18) shows that the concentration is increased with the increase of heat source parameter (S°). For the
increase different values of suction parameter (V,), the concentration is decreased which are shown in the
Fig.(20). In Fig.(22), it is observed that for different values of chemical reaction parameter (K.), the
concentration is decreased with the increase of K. Finally it is seen that in Fig.(24), that for the effect of
different values of Soret number the concentration is increased.

5=10; P=071; E=10; K
G,=10; G = 5.0; M=20;
E=10;R=03 m=03;
5=022; R=02; 5:=10

0.5

Figure 2: Velocity profiles for different values of suction parameter (using Fortran code)
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Figure 4: Velocity profiles for different values of heat source parameter (by using Fortran code)
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Figure 6: Velocity profiles for different values of chemical reaction parameter (using Fortran code)

*
)

o
=)

Wy

%

l Journal of Scientific and Engineering Research

58



Nasrin S et al Journal of Scientific and Engineering Research, 2018, 5(7):52-64
3 T 25
- E=10 - E=10
E=135 E.=15
a5l &~ E.=20 ——EK,=20
'/\\\ §=1.0; P,=0.71; F,;=0.4 0 B Tt e a -
A\ G.=10- G = 5.0: =20 | é Lfd g’FUS"Gl“,E;_Pg‘
AN KE'=10;R.=0.5;m=05 Lm= 10; R,=0.5: m=0.5
\\ \ 5=022; R=02; 5,=1.0 5.=0.27: R=0.2: 5,=10
u s i
05F b 1
o 1 2 4 5 [} 7 8 a2 10 o 2 4 6 8 10 12

o \

........ =10
- E=153
........ E'=20

8]
L

15| §=10; P,=0.71: £.=1.0
/ I=04; G,=10; G =5.0;
M=20; R,=035; m=035;
5=0.22; R=0.2; 5»=1.0

§=10; P,=071;E.=10
=04 ; Gu=10; G = 3.0;
M=20; R.=035; m=0.35;
‘w

u 5=022: R=0.2; 5,=1.0 L
E i
[ osf
0.5 _- :
y v
Figure 8: Velocity profiles for different values of Permeability parameter (using Fortran code)
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Figure 9: Velocity profiles for different values of Hartmann parameter (using Fortran code)
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Figure 10: Velocity profiles for different values of Elastic parameter (using Fortarn code)
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Figure 11: Velocity profiles for different values of Hall parameter (using Fortarn code)
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Figure 14: Temperature profiles for different values Figure 15: Temperature profiles for different values
of heat source parameter (using Fortarn code) of heat source parameter (using Matlab code)
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Figure 16: Temperature profiles for different values Figure 17: Temperature profiles for different values
of t Suction parameter (using Fortran code) of Suction parameter (using Matlab code)
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Figure 18: Concentration profiles for different values  Figure 19: Concentration profiles for different values
of heat source parameter (using Fortran code) of heat source parameter (using Matlab code)
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Figure 20: Concentration profiles for different values  Figure 21: Concentration profiles for different values

of Suction parameter (using Fortran code) of Suction parameter (using Matlab code)
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Figure 22: Concentration profiles for different values  Figure 23: Concentration profiles for different values
of chemical reaction parameter (using Fortran code) of chemical reaction parameter (using Matlab code)
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Figure 24: Concentration profiles for different values ~ Figure 25: Concentration profiles for different values
of Soret number (using Fortran code) of Soret number (using Matlab code)
Conclusion

MHD heat and mass transfer on viscoelastic fluid flow along an infinite oscillating porous plate in the presence
of hall current with constant heat and mass flux. The resulting system of dimensionless non-linear coupled
partial differential equations is analytically solved by a perturbation method. The effects of different parameters
such as Prandtl number, Hartmann number, the elastic parameter, Chemical reaction parameter, Heat source
parameter, thermal Grashof number, mass Grashof number, Schmidt number, the suction parameter, Rarefaction
parameter and Soret number on velocity, temperature and concentration distribution have been discussed
graphically. The resulting figures are identical both Matlab and Fortran computed data.

From the above discussion the conclusion has been drawn as follows:

1.
2.

The velocity is decreased with increasing of S, M, K’ and m.

The velocity component u is decreased with increasing of K. and V,. For the increased of K. the
secondary velocity w is increased within the interval 0 <y < 1.2 (approx.) and further it has a
decreasing effect from y > 1.2. Also the increased of V, the secondary velocity v is large increased
within the interval 0 <y < 3.4 (approx.), further it has a minor decreasing effect fromy > 3.4.

The velocity is increased with increasing of Sg and R..

The temperature distributions are decreased with increasing of the values of S” and V,.

There is no variation of the other parameters.

The concentration distributions are decreased with increasing of the, values of K. and V,. And the
concentration distributions are increased with increasing of the values of S”and S,.
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Appendix
~PV, +4P.V,* +4P.S’ PV, +P.V,  +4P S’ Vo PV +4(S +io) p
m, = 5 ; ) = > ; * 2
PVo+y PV +4(S i) p, _PVo PNy +4pST Ve PV +4p S
4 — 5 - ! 6 - 2’
2 2 2
—prV0+\Ilpr2V02+4(S'+ia)) P, BV, + [PV +4(S +io) p, : —V,S, +VZ2S2 +4K S,
m, = 5 =m,; M, = 5 =m, - my= 5
n VS, VIS HAK S, . VS, +VESE Ha (it K,)S, " VS, +\Vy'SZ +4 (io+K,)S,
0= ’ 11 — ’ 2 —
2 2 2
VS, +V2S? +4K S, _ V,S, +VZS2+4K.S, VS +J\/OSZ+4 (i0+K,)
my = 5 =my m, = 2 =M, M5 = T
—Vo+\/V02+ [ (1-i )+—} V0+\f/02+ [ (1- )+i,}
V,S, + NS+ 4(imw+ K, )S, m, = (L+m’) - (Lrm’) K],
My = =My, 2 2
2
M 2 . 1 . M 2
Vo +. |V, +4 ———=(1-im+—+iw 2
\/ Llerz)( )+ } V0+\ﬁ/0 +4L1 )(1 im)+-— +|a)}
My, = 2 ' m,, = 5 ;
M? 1 M? : 1
N+ M2+ (1 Vy + Vg 4| (1—im)+
(1+m?) K’ _ (1+m*) K’ _
m,, = 2 =My m,, = 2 =My,
M? . 1 . M? . 1 .
_V°+\/\/°2+4{(1+rnz)(l_lm)+l<'+lw} V0+\#02 +4{(1+m2)(1—|m)+K,+la)}
My = 2 =My My, = 5 =My,
mg =m, ) m,=m; M3 =My ] M5 = My, m, =my Myz = Mg
s =M, Mg =M, =My My =My, Mg =My, Myo =My,
—S S m2 a _Gr ’
_ . L=
%= m; -V,S.m,-K.S, 8 =1-a,

=
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a — _aZGm . a _ _a.le
4 5 — ,
M ? : 1 M ? : 1
2 2
m, -V,m,—|-——(1—im)+—— m,” =V,m, — 1-im)+-—
10 0'"o {(1+m2)( ) K'} 2 o''l2 {(1+m2)( ) K'}
-1 “may _ m
a\6=(1+an1 emwy){(lJrRmze )a; + (1+Rmye ™")a, + (1+Rm,e 2y)as}
8
a, = 1 — : a, = _Voa3m23 .
1+ Rmye ™) 2 11
2 -
m,* -Vom, —| ————(1-im)+
(1+m?) K
a, = ~Voa,My,’ . —V,a,m: +/PV,> +4P.S’
B e - 5
my,” —V,my, — —im)+-~- 2 _ s 1
OO (14 m?) K m; —Vom, {(“mz)(l Im)+K,}
— _Voasr’nls3
e tvm |- M (i) L
m18 OrnlS (1+m2) K/
_l —m2y _ —-m —mgy
= R ey (L R )0 (L mae ™), + (L mee ™ )a + (L Rmge ™ )a
8
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