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Effects of radiation and chemical reaction on
MHD mixed convective visco-elastic fluid from a
vertical surface with Ohmic heating
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Abstract The effects of radiation and chemical reaction with simultaneous heat and mass transfer on MHD mixed convective visco-
elastic fluid from a vertical surface with ohmic heating has been discussed. A uniform magnetic field of strength By is
applied normal to the plate. Approximate solutions have been derived for the velocity, temperature, concentration,
shearing stress, rate of heat transfer and rate of mass transfer. For solving the governing equations of motion, multi-
parameter perturbation technique has been used. The fluid velocity and shearing stress are discussed graphically with the
help of various flow parameters involved in the equation.
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INTRODUCTION

The study of hydromagnetic flow with heat and mass transfer has gained significant interest owing to its applications in
several biological and engineering systems when the flow is considered visco-elastic over a permeable boundary. The
simultaneous heat and mass transfer problems with chemical reaction are of importance in many processes and have
therefore, received a considerable amount of interest in recent years. In processes such as drying, evaporation at the
surface of water body, energy transfer in wet cooling tower and the flow in a desert cooler, heat and mass transfer occur
simultaneously. A reaction is said to be of the ordern, if the reaction rate is proportional to the n-power of concentration.
In particular, a reaction is said to be first order, if the rate of reaction is directly proportional to concentration itself. In
well mixed system, the reaction is heterogeneous if it takes place at an interface and homogeneous if takes place in
solution. Somess[1], Soundalgekar and Ganesan[2], Khair and Bejan[3] and Lin and Wu [4] have studied heat and mass
transfer on flow past a vertical plate. Elbashbeshy[5] has discussed heat and mass transfer along a vertical plate under the
combined buoyancy force effects of thermal and species diffusion in the presence of magnetic field. The problem of
combined heat and mass transfer in MHD free convective flow from a vertical surface with ohmic heating and viscous
dissipation has been studied by Chen [6]. Raptis et.al [7] has discussed the viscous flow over a linearly stretching sheet in
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the presence of chemical and magnetic field. The effect of the chemical reaction and radiation absorption on the unsteady
free convective flow past a semi-infinite vertical permeable moving plate with heat surface and suction investigated by
Ibraham et.al[8]. Hossain and Alim [9] have studied the radiation effect on free and force convection flows past a vertical
plate, including various physical aspects. Ghaly [10] has analyzed the radiation effects on a certain MHD free convection
flow. Muthucumarswamy and Ganesan [11], Muthucumarswamy [12] have studied first order homogeneous chemical
reaction flow past infinite vertical plate, Sharma et al. [13, 14] have discussed radiation effect on free convective flow
along a uniform moving porous vertical plate in the presence of heat source/sink and transverse magnetic field.
Choudhury et al. [15, 16] have studied in this field for visco-elastic fluid. In this paper, an attempt has been made to
study the effect of radiation and chemical reaction with simultaneous heat and mass transfer in MHD mixed convective
visco-elastic fluid from a vertical surface with ohmic heating. The visco-elastic fluid is characterized by Walters’s liquid
(ModelB") which possess both viscosity and elasticity.

The constitutive equation for Walters liquid (Model B')is

Oik = —P8ik * Oik,

o' = 2n e — 2k,ek (1.1)
where 'K is the stress tensor, p is isotropic pressure, gjy is the metric tensor of a fixed co-ordinate system X', v;is the
velocity vector, the contravarient form of e'¥ is given by

ek = % + vme,ir]§1 - v,l§n el™m — V,imemk (1.2)
It is the convected derivative of the deformation rate tensor e'¥defined by

26K = vip + vy (1.3)
Here n, is the limiting viscosity at the small rate of shear which is given by

M, = J; N(Ddrand ko = [, tN(Ddr (1.4)

N() being the relaxation spectrum as introduced by Walters [17, 18]. This idealized model is a valid approximation of
Walters liquid (Model B) taking very short memories into account so that terms involving

= on
Jr.z. t*N(z)dt n = 2 (1.5)

have been neglected.

MATHEMATICAL FORMULATION

We consider two dimensional mixed convection flow of an incompressible and electrically conducting visco-elastic fluid
past an infinite vertical porous plate. The x -axis is taken along the plate in upward direction and y’-axis is normal to the
plate. A uniform magnetic field of strength B, is applied along the normal to the plate. Let u" and v’ be the components
of the velocity in x" and y ' direction respectively, taken along and perpendicular to the plate. The equations governing the

fluid flow and heat and mass transfer are as follows:
ov'

ou’ 22u’ k a3u’ oB? v

i _ r_ el _ Ko, _ 950, VYV
= VI 9B —T) + gB'(C' = Co) = 2 (v' 35) - 220w — T 2.2)
aT' k02T >k ou’ a2u/ 1 dq.  oB?

v i L(—,) ——O(U'—,—Iz)— — oy (23)
ay, pcp fy, pcp \9y pcp ay' oy pcp @y’ pcp
ac a%c

=D Ki(C ) 2.4)

subject to boundary conditions:
y'=0u=0T=T,C =C,

y' s o0ou' =0T > T, C' = Cy (2.5)
we introduce the non-dimensional parameters as
Voy' u' T'—Ts ™~
= ,2u=—, = )
v Vo Tw—Teo
c'-¢C Ucp v
¢ = w,Pr—T,Sc=—,
> Cw— Coo k D
Tyw—Too)V 143
Gr=980w Tl p W 2.6)
Vo cp(Tyw—Too)
vl koW __ oBgv
TopepVE’T T o pv2’ T pi2 )

International Journal of Statistiika and Mathematika, ISSN: 2277- 2790 E-ISSN: 2249-8605, Volume 11 Issue 1 Page 6



Rita Choudhury, Hillol Kanti Bhattacharjee

Kr = %

where Pr is the Prandtl number, Sc is the Schmidt number, Gr is the Grashof number for heat transfer, Gm is the
Grashof number for for mass transfer, K is the permeability parameter, E is the Eckert number, F is the radiation, k is the
visco-elastic parameter, M is the magnetic parameter, K7 is the chemical reaction parameter.

From (2.1) we get,

v’ = —V,= constant

Introducing the non-dimensional parameters from (2.6) in the equations (2.2) - (2.4) we get,

d? d a3

Gt (M+ )u+k—u= —(Gr8 + Gma) 2.7)

dze du d?u 2

d—yz + Pri = Pri6 = —kPrE % — PrE (T ) — PrMEu (2.8)
d¢

F +Sc—— KTSC¢ =0 (29)

The transformed boundary conditions are

y=0:u=00=1¢=1

y->o:u=060=0¢=0 (2.10)
The physical variables u, 8 and ¢ can expand in the power of the Eckert number. This can be possible physically as E for
the flow of an incompressible fluid is always less than unity.

METHOD OF SOLUTION

We represent the velocity, temperature and concentration as
u(y) = uo(y) + Euy (y)

6(y) = 6o(y) + E6:(y) }

¢(V) = do(y) + Ed1(y)

Using (3.1) in equations (2.7) to (2.9) and equating the co-efficient of like powers of E, neglecting the higher order terms
we get,

(3.1)

kugy + up + upy — (M +2)1tg = —(Gr6, + Gmepo) (3.2)
kuy +u; +uy — (M + %) u, = —(Gré, + Gme,) (3.3)
0y + Pry — PrFOy =0 (3.4)
6; + Pr; — PrFo; = —(kPrugu, + Prud + PrMu?) (3.5
¢ + Scpy — KrScgg =0 (3.6)
¢, + Scpy — KrScp; = 0 (3.7)

with relevant boundary conditions:
y = O,uo = 0,u1 = 0,00 = 1,
0.=0,¢0=1¢1=0
y->mouy=0u =0,6,=0, (3.8)
6, =0,¢0=0,¢1 =0
Solving equations (3.4),(3.6) and (3.7) with the help of boundary condition (3.8), we get
0, = e~ %Y,y = e~ %Y
$1=0
Thus, ¢ = e~ %Y
Now, to solve equations (3.2), (3.3) and (3.5), we use perturbation technique
Ug = Ugo + kupy
u1 = u10 + ku11 (39)
01 =010 + kb3
as k < 1 for small shear rate as given by Nowinski and Ismail [19].
Solving (3.2), (3.3) and (3.5), subject to boundary conditions (3.9) and equating the co-efficient of like powers of k,
neglecting higher order terms we get

ugo + gy — (M + ) tgg = —Gre ™Y — Gme~42 (3.10)

"

" ’ 1
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" ’ 1
ujy +1yo — (M + %) ugy = —Gréyg (3.12)
" ’ 1 "r
u11 + u11 - (M + E) u11 = —GT911 - u10 (313)
010 + Prfi, — PrF6,y = —Prud — PrMu3, (3.14)
011 + Pr6;, — PrFO;; = —Prugy, — 2Prugouy; — 2PrMugouy, (3.15)

The modified boundary conditions are:
y=0:uyy =0,upy; =0,uyp =0
U3 =0,010=0,6;,=0
Y= 0:Uyy =0,uy; =0,u=0 (3.16)
Uy =0,60,0=0,61, =0
Solving equations (3.10) to (3.15) with boundary condition (3.16) we get,
Ugyg = Aze %Y + Aje™%Y — A,e™ %Y
Ugy = Age™ %Y + Age™ %Y — Age™ %Y
010 = Be™%Y + B,e"2%Y 4+ B,e 2%Y + Bje~2%2Y + B,e”%7Y + Bge %Y + Bge %Y
011 = Bize™%Y + B,e 2%Y + Bge 2% + Bye 2%2Y 4+ B je"%Y + B, e%Y + B,e” %Y
Uyg = Byre” %Y + Biue %Y + Bige 2%Y + Bige %Y + B, e 2%Y 4+ Bige”%Y + Bige” %Y + B,ge %Y
Uy, = Noe™ %Y + Nye~ %Y + Nye~2%Y + N e 2%Y 4 Nge=2%2Y + Nge~%7Y + N,e~ %Y + Nge~ %Y
From (3.9) we get,
Uy = Aze %Y + Aje %Y — A,e” %Y
+k(Age™%Y + Age™ %Y — Age™*2Y)
U; = By1e” %Y + Biye™%Y + Bige 2%Y + B,e”2%Y + B ,e”2%Y + Bioe” %Y + Bige” %Y + B, e~ %Y
+ k(Nge~%Y + N,e~%Y + Nje 2% + N,e 2%Y + N.e 2%2Y 4+ Nge~%7Y + N,e~%Y + Nge~%Y)
0, = Be %Y + Bie 2%Y 4+ B,e"2%Y + B,e 2%2Y + B,e~%Y + Bge %Y + Bge %Y + k(Bjze” %Y + B,e %Y +
Bge 2%Y + Bge~2%Y 4+ B je %Y + Biie %Y + Bj,e”%7Y)
The velocity profile is given by
u=uy+Eu
= Aze %Y + Aje” %Y — Aye™ %Y + k(Age %Y + Ase” %Y — Age %2Y) +E[By e %Y + Byye %Y + Bige 2%4Y +
Bige 2%V + B ,e72%Y 4+ Bige” %Y + Bige %Y + B,y %Y + k(Nge~%Y + N,e~%Y + Nye 2%Y + N, e~ 2%Y +
e 2% + Nge~%7Y + N,e~%Y + Nge~%Y)]
Knowing the velocity field, the shearing stress can be obtained, which in non-dimensional form is given by
0 =—Azaq — Aray + Ay, + k(—Agag — Asay + Agay + Asal + Ajai — A,a3) + E[(—By1ag + Biay — 2Bisag —
2B1604 — 2B17a; — B1g@y — Bio@g — Bao@o) + k(Byy@g + B14af + 4Bisag + 4Biea; + 4By;a3 + Bigaj +
Bioai + Byoad — Noatg — Nyay — 2N3ag — 2Ny — 2Nsa; — Nga; — Nyag — Ngatg)]

The non-dimensional rate of heat transfer in the form of Nusselt number is given by

dg ’ ’

Nu - (E)yﬂ) - [90 + Eel]y=0

The non-dimensional rate of mass transfer in terms of Sherwood number is given by
do . .

sh=()  =lgo+Eai] _
dy/,_ y=0

The constants are not given due to sake of brevity.

RESULTS AND DISCUSSION

The purpose of this study to bring out the effects of radiation and chemical reaction on mixed MHD convective visco-
elastic fluid from a vertical surface with ohmic heating. The effects of visco-elastic parameter is exhibited through the
non-dimensional parameterk. The non-zero values of the parameter k characterize the visco-elastic fluid and k = 0
represent the Newtonian fluid flow phenomenon. Figures 1 - 8 depict the fluid velocity u against y for various flow
parameters viz. Prandtl number Pr, Grashof number for heat transfer Gr, Grashof number for mass transfer Gm, radiation
parameter F, chemical reaction parameter Kr, Schmidt number Sc, permeability parameter K of physical interest Eckert
number E, Magnetic parameter M as the Prandtl number Pr helps to study the simultaneous effects of momentum and
thermal diffusion in the fluid flow, the Grashof number Gr characterizes the free convection parameter of heat transfer
and Gm characterizes the free convection parameter for mass transfer. The Schmidt number Sc studies the combined
effect of momentum and mass diffusion, Eckert number E helps to study the dissipation of mechanical energy into
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thermal energy due to the presence of viscosity, Magnetic parameter M estimates the Lorentz force in the fluid flow
region etc. In our study the results are discussed for the flow past an externally cooled plate (Gr > 0). From the figures,
it is observed that the fluid velocity accelerates rapidly near the plate and then decelerates in both Newtonian and non-
Newtonian fluid flow mechanism. Also, the growth of visco-elasticity depict the enhancement of fluid velocity at all
points in the fluid flow regions in comparison with the Newtonian fluid flow phenomenon for variation of other flow
parameters. From the practical point of view, it is very important to know the shearing stress and consequently, the
viscous drag in non-dimensional form.
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Figure 2: Fluid velocity u against y for Pr=5, Gm=2,
Gr=3, Sc=5, K= 1, F=4, M= 2, Kr=1

Figure 1: Fluid velocity u against y for Pr=8, Gm=2,
Gr=3, Sc=5, K=1, F=4, M= 2, Kr=1

0.12 007
019, 0.0G
08 4 By 0.05
F.os % k=0 'Fgf; ——k=0
Yoos 4f % T le=0.01 o I |=0.01
0.02 ——-k=0.02 0.01 —L— k=0.02
0 T T o
o 1y 2 3 0 1y _2 3

Figure 3: Fluid velocity u against y for Pr=8, Gm=5,
Gr=3, Sc=5, K= 1, F=4, M= 2, Kr=1

Figure 4: Fluid velocity u against y for Pr=8, Gm=2,
Gr=5, Sc=5, K=1,F=4, M= 2, Kr=1
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Figure 5: Fluid velocity u against y for Pr=8, Gm=2,

Gr=3, Sc=5, K=3,F=4, M=2, Kr=1

Figure 6: Fluid velocity u against y for

Gr=3, Sc=5,K=1,F=3, M=2, Kr=1
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Figure 7: Fluid velocity u against y for Pr=8,
Gm=2, Gr=3, Sc=5, K= 1, F=4, M= 2, Kr=0.6

Figure 8: Fluid velocity u against y for Pr=8, Gm=2,
Gr=3, Sc=2, K=1, F=4, M= 2, Kr=1
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Figure 15: Shearing stress ¢ against Sc

Figure 16: Shearing stress ¢ against K

Figures 9 -16 reveal the variation of shearing stress against different flow parameters. From the graphical illustrations it
can be remarked that the shearing stress exhibits a diminishing nature with the increasing values of Pr and tl number Pr
(figure 9), radiation parameter F ( figure 12), Magnetic parameter M (figure 13), chemical reaction parameter Kr ( figure
14), Schmidt number Sc (figure 15) but reverse patterns have been demonstrated for rising values of thermal Grash of
number Gr (figure 10), mass Grash of number Gm (figure 11) and permeability parameter K (figure 16) for variations of
other flow parameters. Again, the figures demonstrate that the growth of visco-elasticity accelerates the shearing stress or
viscous drag with the rising values of the flow parameters r,Gr, Gm in the fluid flow region but decelerates for
permeability parameter K, Schmidt number Sc, magnetic parameter M, chemical reaction parameter Kr in compared to
simple Newtonian fluid. The rate of heat transfer in the form of Nusselt number and the rate of mass transfer in the form
of Sherwood number are not significantly affected by the variation of visco-elastic parameter.

CONCLUSIONS
The visco-elastic effects on radiation and chemical reaction with simultaneous heat and mass transfer in MHD mixed
convective fluid from a vertical surface with ohmic heating has been presented. The conclusions of the study are as
follows:
e The fluid velocity accelerates rapidly near the plate but then decelerates in both Newtonian and non-Newtonian
fluid flow phenomenon.
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e The growth of visco-elasticity shows an enhancement of the shearing stress at the plate with the rising values of
Grash of number for heat transfer, Grash of number for mass transfer, radiation parameter, Pr and tl number.

e The enhancements of visco-elastic parameter with rising values of permeability parameter, Schmidt number, and
magnetic parameter depict a diminishing nature of the shearing stress at the plate.

® The temperature and concentration fields are not significantly affected by the visco-elastic parameter.
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