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Abstract

The effect of chemical reaction on laminar mixed convection flow and heat and mass transfer
along a vertical unsteady stretching sheet is investigated, in the presence of heat
generation/absorption with variable viscosity and viscous dissipation. The governing non-
linear partial differential equations are reduced to ordinary differential equations using
similarity transformation and solved numerically using the fourth order Runge-Kutta method
along with shooting technique. The effects of various flow parameters on the velocity,
temperature and concentration distributions are analyzed and presented graphically. Skin-
friction coefficient, Nusselt number and Sherwood number are derived at the sheet.

Introduction

Processes involving magnetohydrodynamics(MHD) heat and mass transfer flow in the
boundary layer, induced by a moving surface in a fluid with chemical reaction occur
frequently in nature. It occurs not only due to temperature difference but also due to magnetic
field or combination of these. In chemical engineering there are many transport processes that
are governed by the joint action of the buoyancy forces from both thermal and mass diffusion
in the presence of chemical reaction effects. During a chemical reaction between two species
heat is also generated. Diffusion and chemical reactions in an isothermal laminar flow along a
soluble flat plate were studied by Fairbanks and Wike [1]. Chakrabarti and Gupta [2]
investigated hydromagnetic flow and heat transfer over stretching sheet. Apelblat[3] presented
mass transfer with a chemical reaction of first order with effects of axial diffusion.The effects
of mass transfer on flow past an impulsively started infinite vertical plate with constant heat
flux and chemical reaction were studied by Das et al.[4].

Anjalidevi and Kandasamy [5] studied the steady laminar flow along a semi-infinite
horizontal plate in the presence of a species concentration and chemical reaction. Fan et al. [6]
studied the mixed convective heat and mass transfer over a horizontal moving plate with a
chemical-reaction effect. Takhar et al. [7] investigated the flow and mass diffusion of a
chemical species with first-order and higher order reactions over a continuously stretching
sheet with an applied magnetic field. Muthucumaraswamy [8] studied the effects of a
chemical reaction on a moving isothermal vertical infinitely long surface with suction. Anjali
Devi and Kandasamy [9] studied effects of chemical reaction, heat and mass transfer on non-
linear MHD laminar boundary layer flow over a wedge with suction and injection. Chamkha
[10] presented an analytical solutions for heat and mass transfer by laminar flow of a
Newtonian, viscous, electrically, conducting and heat generation absorption. The effects of
radiation and chemical reactions, in the presence of a transverse magnetic field, on free
convective flow and mass transfer of an optically dense viscous, incompressible, and
electrically conducting fluid past a vertical isothermal cone surface are investigated by Afify
[11]. Kandasamy et al. [12] studied the nonlinear MHD flow with heat and mass transfer
characteristics of an incompressible, viscous, electrically conducting and Boussinesq fluid on
a vertical stretching surface with chemical reaction and thermal stratification effects.



The combined effects of non-uniform heat source/sink and thermal radiation on heat transfer
over an unsteady stretching permeable surface was discussed by Pal [13]. Unsteady mixed
convection heat transfer over a vertical stretching surface with variable viscosity and viscous
dissipation was studied by Aziz [14]. Radiation and Magnetic field Effects on Unsteady
Mixed Convection Flow over a Vertical Stretching/Shrinking surface with suction/injection
was discussed by Sandeep et al[15].

The objective of the paper is to investigate the influence of heat and mass and magnetic field
on an unsteady flow over a vertical stretching sheet with heat generation/absorption and
chemical effects in presence of variable viscosity and viscous dissipation.

Formulation of the problem

An unsteady, two-dimensional, boundary-layer convective flow of an incompressible, viscous
and electrically conducting fluid along a vertical stretching sheet embedded in porous media
in the presence of heat and mass transfer, chemical reaction is considered. The Xx-axis is
considered along the sheet and y-axis is perpendicular to the sheet. The fluid properties are
assumed to be constant except the viscosity, the density term of in buoyancy terms of the
momentum equations and the chemical reaction is homogeneous and of first order taking
place in the flow. The sheet is stretching in its own plan with velocity

Uw=Dbx/(1-at) Q)
where b(>0) is the stretching parameter and «(>0) is the unsteadiness parameter and both
have dimensions of (time)™. The surface temperature T,, and concentration distribution of the
sheet C,,, which varies with the distance x along the sheet and time t. The system is influenced
by an external transverse magnetic field of strength B defined as

B=Bq(1-at)™? (2
The volumetric rate of heat generation/absorption is given as
Q=Qo(L-at)™ (3)

Under above assumptions, the governing equations of continuity, momentum, energy and
concentration are given by
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along with the boundary conditions

at y=0: u=u,, v=0, T=T,,, C=C,, and
asy=wo:u=0, T>T,, C>C, (8)

where u and v are the velocity components along the x and y directions respectively, p., is the
density of the fluid, g is the gravitational acceleration, 3 is the thermal expansion coefficient,
B* is the concentration expansion coefficient, o is the electrical conductivity, T is fluid



temperature inside the thermal boundary layer, C is the species concentration in boundary
layer, T is the temperature far away from the sheet, C.is the species concentration far away
from the sheet. Cyis the specific heat at constant pressure, k is the thermal conductivity, D is
the mass diffusion coefficient. Variation of the viscosity with temperature are assumed to be
of the form[16]
Y = [1+oT- T p=a(T-Ty), 9)
where a=du,and T,=T, -1/t (20)
are constants and their values depend on reference state and the thermal property of the fluid
7. Also T,=T.+[bx*2v.](1-a2)? and C,=C.+[bx*/2v.](1-az) where v, is the kinematic
viscosity of the fluid.
Introducing the similarity variable n and the dimensionless variables f, 6 and ¢ as:

n=(b/ vie)(1-at) %y (11)
w=[v= bl(1-at)]"*x.fi1) (12)
T=T.+[bX*/2v.](1-a1)20(n) (13)
C=C.+[bX*2v.](1-0t) % d(n) (14)

where y(x,y,t) is the stream function satisfying the continuity equation (4) with u=0w/0y and
v=-0y/0x. The components of velocity can be readily expressed as:

u= Unf (), v=-[vz bl(L-0t)] () (15)
Making use of Egs. (11)-(14), Egs. (5)-(7) reduce to
[ =2 A+ 05nf") + 2 = " = A0 + NO) + Mf] - 25 (16)
9" = Pr [A(ze' +0.570") — f0' +2f'0 — SO — :—ngcf”Z] (17)
0" = Sc[A(2¢ +0.5n¢9") — f¢' + 2f'd + ] (18)
The transformed boundary conditions:
at n=0: =0, f' =1, 6=1, ¢=1 and
atndoo: /50,00, ¢ 0. (19)

where a prime denotes ordinary differentiation with respect to 1, 0 = (T-Tx)/(Tw-Tx) is the
non-dimensional temperature, 6= (T-To)/(Tw-To)=-1/dTy-T,) is the variable viscosity
parameter, A= a/b is the unsteadiness parameter, Ec=2bv./C, :uWZICp(TW-TOO) is the Eckert
number, M=26By> (1-at )p.b is the Magnetic number, N=B*(Cu-C.)A(Tw-T.) is the
Buoyancy ration parameter, Pr=v.0..Cy/k is the Prandtl number, S=Q(1-at)/apCyis the heat
generation/absorption Parameter and A=gpx/2b v.=Gr/Re,® is the mixed convection
parameter with Gry = gB(Tw-T.)x/v.” is the Grashof number. The case in which A=0
corresponds to the forced convection regime while that in which A is large corresponds to
thefree convection regime.
For practical applications, the physical quantities of major interest are the local friction
coefficient C

Cx = 2(01/0y)y=0 | pl>=(26,/6,-1)Rex % (0) (20)
the local Nusselt number Nuy



Nu,=-x(8T/dy)y=0=-Re, >0 (0)/[2(1-a1)] (21)
and local Sherwood number Sh,

She=-x(6C/dy)y=0 =-Re?*$(0)/[2(1-at)] (22)
where Rex =u.X/v., is the local Reynolds number based on the sheet velocity uy,.

Results and discussion

The non-linear coupled differential Egs. (16)-(18) with boundary condition (19) and
constitutes a boundary value problem has been solved numerically by fourth order Runge-
Kutta Shooting method for different values of the parameters. Effect due to magnetic field and
chemical reaction at the wall of the cone over the velocity, temperature and concentration are
shown through figures 1-3. Fig. 1 depicts the dimensionless velocity profiles for different
values of magnetic field and chemical reaction parameters. It observes that the velocity
component of the fluid along the surface of the sheet increase with decrease of the strength of
the magnetic field, on the contrary, fig. 2 and 3 shows the dimensionless temperature and
concentration of the fluid increase with increase of the strength of the magnetic field. On the
other hand the dimensionless velocity and temperature of the fluid reduce with an increase of
chemical reaction parameter while the dimensionless concentration has the opposite behavior.

Figures 4-6 present the effects of the unsteadiness parameter A on the velocity, temperature
and concentration profiles, respectively. From these figures it observed that increasing value
of A results in decreasing the velocity, temperature and concentration keeping other
parameters fixed. Figures 7-9 illustrate the influence of the chemical reaction parameter y and
the Schmidt number Sc on the velocity, temperature and concentration profiles in the
boundary layer, respectively. Increasing the chemical reaction parameter produces a decrease
in the species concentration. In turn, this causes the concentration buoyancy effects to
decrease as y increases. Consequently, less flow is induced along the sheet resulting in
decreases in the fluid velocity in the boundary layer. On the other hand, the fluid temperature
increases as y increases. In addition, the concentration boundary layer thickness decreases as y
increases. Moreover, the Schmidt number is an important parameter in heat and mass transfer
processes as it characterizes the ratio of thicknesses of the viscous and concentration
boundary layers. Its effect on the species concentration has similarities to the Prandtl number
effect on the temperature. That is, increases in the values of Sc cause the species concentration
and its boundary layer thickness to decrease resulting in less induced flow and higher fluid
temperatures. This is depicted in the decreases in the velocity and species concentration and
increases in the fluid temperature as Sc increases. These behaviors are clearly evident in
Figures 7-9. The influence of heat generation/absorption over velocity, temperature and
concentration are elucidated with the help of figures 10-12. It is clear that the velocity of the
fluid increases with increase of heat generation parameter S but the temperature and
concentration of the fluid increases with increase of S. On the other hand the velocity,
temperature and concentration of the fluid decrease with the increasing values chemical
reaction parameter y.

Conclusions

We conclude the following from above results and discussion:

1.The influence of chemical reaction, the fluid flow along the sheet accelerate with increase of
chemical reaction parameter, on the other hand, temperature of the fluid increases with
increase of chemical reaction parameter but concentration of the fluid reduces with it.

2. For all values of unsteadiness parameter, increasing values of the chemical reaction
parameter the boundary layer decreases on the surface of the sheet.



3. The increases in the values of Sc cause the species concentration and its boundary layer
thickness to decrease resulting in less induced flow and higher fluid temperatures. This is
depicted in the decreases in the velocity and species concentration and increases in the fluid
temperature as Sc increases.

4. Due to heat generation, increases of heat generation parameter accelerate the fluid motion
and decelerate the temperature and concentration of the fluid along the sheet.

1 1
Ec=.1
—y=0 Sc=3 e =0, M=0
0.8 — - 08 1 A=
3 Sc=.3 5=5 e— =3 M=0
- A=6 _
0.6, =5 0.6 | N=1
: - A A=l y=0,M=1.5
5 M=0 - s Bu=>5
0.4 - = 0.4 Pr=.72 s =3 M=1.5
M=1.5 Ou=5 ’ '
: Pr=72
0.2 0.2 -
0 - - = : T 0
0 2 N> 4 6 8 0 2> 4 6

Fig.1 Velocity profiles for various values of Fig.2 Temperature profiles for various values of
chemical reaction y and magnetic parameter M. chemical reaction y and magnetic parameter M.
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Fig. 3 Concentration profiles for various values of Fig.4 Velocity profiles for various values of
chemical reaction y and magnetic parameter M. chemical reaction y and unsteady parameter A
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Fig. 5 Temperature profiles for various values of  Fig. 6 Concentration profiles for various values of
chemical reaction y and unsteady parameter A chemical reaction y and unsteady parameter A.



Fig.7 Velocity profiles for various values of Fig.8 Temperature profiles for various values of
chemical reaction y and Schmidt number Sc.  chemical reaction y and Schmidt number Sc.

Fig. 9 Concentration profiles for various values Fig.10 Velocity profiles for various values of
of chemical reaction y and Schmidt number Sc.  chemical reaction y and heat generation S.

Fig.11 Temperature profiles for various values Fig. 12 Concentration profiles for various values of
of chemical reaction y and heat generation S.  chemical reaction y and heat generation S.
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