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ABSTRACT

An analysis is carried out to study the parametric influences of thermal radiation and first
order chemical reaction on a two dimensional unsteady heat and mass transfer flow of
Newtonian viscous incompressible fluid past an oscillating plate with Soret effect. It is
observed that, the temperature and the fluid velocity decrease due to increase in Peclet
number (Pe), whereas the concentration as well as the velocity is found to decrease as
mass transfer Peclet number (Pe_ ) increases. It is also seen that, the vorticity vector of

Soret effect,

fluid particles increases due to increase in frequency parameter and time but found to

decrease as mass transfer Peclet number increases.

Chemical reaction,
Thermal radiation,
Porous media.

Introduction

In recent years, considerable attention has been devoted to
the study of combined heat and mass transfer characteristic of a
Newtonian viscous fluid because of its significant applications in
various fields of science and technology. Many natural problems,
chemical processes such as food, polymer production etc. and
various transport processes exist where the transfer of heat and
mass phenomena are taking place simultaneously. It is
interesting to observe that, when heat and mass transfer occur
simultaneously in a moving fluid, the relations between the
fluxes and the driving potentials are of more complicated in
nature. It is observed that, the mass fluxes can also be created not
only by concentration gradients alone but by temperature
gradients as well and is popularly known as Soret or thermal-
diffusion effect. For the fluids with very light molecular weight
as well as medium molecular weight, the importance of Soret
(thermal-diffusion) effect is enormous and as such many
investigators have studied and reported significant results for
these flows of whom Eckert and Drake [1], Dursunkaya and
Worek [2], Postelnicu [3], Ahmed et al. [4] etc. are worth
mentioning. Recently, Sengupta and Sen [5] investigated the
thermo-diffusion (Soret) effect on free convective heat and mass
transfer flow of Newtonian incompressible viscous fluid with
heat generation and thermal radiation. On the other hand
combined heat and mass transfer problems with chemical
reaction are of importance in many chemical industrial processes
and have, therefore, received a considerable amount of attention
in recent years. In processes such as drying, evaporation at the
surface of a water body, energy transfer in a wet cooling tower
and theflow in a desert cooler etc. Chamkha [6] considered the
effect of chemical reaction on the MHD flow of a uniformly
stretched vertical permeable surface in the presence of heat
generation/absorption. Kandasamy et al. [7] studied the effects of
chemical reaction on heat and mass transfer flow along a wedge
in the presence of suction orinjection. Of late, Sengupta [8]
investigated free convective flow of chemically absorbing fluid
through porous media with heat sink. In contrary, radiative heat
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and mass transfer flow with chemical reaction play an important
role in manufacturing industries for the design of fins, steel
rolling, nuclear power plants, gas turbines and various propulsion
device for aircraft, combustion and furnace design, food
processing and cryogenic engineering, as well as numerous
agricultural, health and military applications. Seddek et al. [9]
investigated the combined effects of chemical reaction and
thermal radiation on hydromagnetic mixed convective heat and
mass transfer Hiemenz flow through porous media. Mohamed
and Abo-Dahab [10] studied the influence of chemical reaction
and thermal radiation on the heat and mass transfer flow of MHD
micropolar fluid with heat generation.

The objective of the present paper is to study theoretically
the influence of thermal radiation, first order chemical reaction
and Soret effect on the unsteady heat and mass transfer flow of
Newtonian viscous incompressible fluid through an impulsively
oscillating plate immersed in porous media with consideration of
uniform heat and mass fluxes.

Formulation of the Problem:

An unsteady two-dimensional flow of Newtonian
incompressible viscous fluid is considered for study, while the
fluid and the porous media are supposed to be in local thermo-
dynamical equilibrium. Also, the fluid flow and the permeability
of the medium are considered to be moderate and as such, the
Forchheimer flow model is not applicable for this discussion. A
co-ordinate system (i, ¥) has been introduced, withx-axis along
the length of the plate in the upward vertical direction and y-
axis perpendicular to the plate towards the fluid region. The plate
oscillates aboutyaxis and is subjected to a constant suction
velocity. Using Boussinesq approximations, a two- dimensional
fluid model is thus developed as:

Continuity Equation
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The relevant initio-boundary conditions:
U0=0,T=T,C=C_,foreveryy, whent <0(5.1)

0 =0, exp(iat), T __9,€__ M aty—o, when T >0
y kK D,
(5.2)
d—0,T »T., C—»C,,fory—oo,whent >0
(5.3)

The constant suction velocity can be considered as:

v(t)=-V,, (V,>0) (6)
Assuming that the medium is optically thin with relatively low
density and following Cogly — Vincentine — Gillies [11]
equilibrium model, the heat flux is quantified as,

aq, — 7 e . = =
&:4(T “T) (k) | 2 | da™=ar(T-T,) (7)
BY o 2T ),
Where, , = e . .andk ..is the absorption co-
|:j(kf)w, b | g g i
efficient, eb - is the Plank’s constant, y represents wave
length.
We now introduce the following non-dimensional quantities as:
y:l’t:M9 u:ia v=;’K KV Re VL
L L Vv, vV, Lv
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The non-dimensional form of equation (1) on assuming constant
plate suction gives,

v =-1. (8)
Also, the non-dimensional form of equations (2) to (4) is,

2
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With non-dimensional boundary conditions as,

o

u =u, exp(iot), %:—1, E:_l’ aty =0 (12.1)

u—>0,0-0, ¢ —> 0 ,fory —> 00
Method of Solution:

To, solve the system of equations (9) — (11), the normal
mode method has been preferred to obtain exact closed form of
solutions supported by the boundary condition (12.1) and to do
so we consider the exponentially oscillating form of solutions
as:

(12.2)
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u(y,t)=Uo(V)§:(ia:: . a(y,t)=00(y)i(ift,)s,
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On using the prescribed form, the equations (9) — (11) give,

2
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d¢°+Pe a4, —(F+iw)Pe, ¢, =—SrPe, d°6, (15)
dy? dy dy

With boundary conditions as:

U, =up> 9% _ 4, 9% _ 4, aty=0 (16.1)
dy dy

U, >0,:6, >0,¢, —> 0, for y—>o0 (16.2)
The real part of expressions for non-dimensional temperature,
concentration and velocity of the flow field finally obtained as:

0,(.1)= ef" - )14, 05(y) fsin(Ay)os(et) + e, in(y) + 4 cos(Ay)sin(e)]
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Skin — friction co-efficient:
The real part of the skin-friction co-efficient exerted by the fluid
particles on the plate is,

1(au 1
) =———| | ==—lad, oy +ay(Uy =0, = 75) = By~ B + B0, + 7,)] cos(at) -
Re | dy Re,

[ondy + 0t + 05 (0 4 75) + Br + Bots + BylUy =0, = y4)]sin(a) (20)
Vorticity of the motion:
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Results and Discussion:

The present paper deals with the exact analysis of unsteady
freeconvective flow of viscous incompressible fluid past
anoscillating plate in presence of thermal radiation, chemical
reaction and Soret effect. The exact closed form of solutions for
velocity, temperature and concentrations as well as skin-friction
and vorticity vector have been obtained for various physical
parameters involved in the study such as Peclet number (Pe),
mass transfer Peclet number (Pe_), thermal Grashoff number

(Gr), solutalGrashoff number (Gm),radiation parameter (R),
local Reynolds number (Re), chemical reaction parameter (F),
Soret number (Sr), permeability parameter (K), frequency of

oscillation parameter (@), mean plate velocity (U,) normal

distances (y)andtime variable (t).
Figure 1 reflects the influence of parameter R on the
temperature profiles (g,, y) for fixed values of Pe=0.71,

w=0.05and t=0.1. It is observed that, due to an increase in
values of R, the thermal diffusivity decrease, which decreases
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the thickness of the thermal boundary layer and thus decrease
the value ofaR. Figure 2 shows the effect of Pe on the

temperature profiles (4, , y) for fixed values of R=2.0, ©»=0.05

and t=0.1. Due to increase in values of Pe, the diffusion mode of
heat transfer becomes prominent in comparison to convection
mode, results of which minimizes the thermal boundary layer

thickness and thus decreases the value of & .

Figurel.Variations of temperature against normal distances
relative to thermal radiation.
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Figure2.Variations of temperature against normal distances
relative to Peclet number.
Figure 3 exhibits the influence of mass transfer Peclet
number Pe_on the concentration profiles (4., y) for a set of

fixed values of R = 0.375, F=0.5, t=0.1, @ = 0.05,Pe=0.71,
Sr=0.5. As the values of Pe_ increase, the diffusion mode of

mass transfer becomes more significant than the convective
mode of mass transfer, results of which the thickness of the
solutal boundary layer decreases and thus reducing the value of

¢ -Figure 4 depicts the effect of F on the concentration profiles

(@, y) for a set of fixed values of R = 0.375, Pe, =0.74,

Sr=0.5, t=0.1, @ = 0.05,Pe=0.71. Due to increase in values of F,
the higher concentration species near the plate surface approach
towards the lower concentration species of the free stream
region as a result, the concentration near the plate drops and this

decrease the value of @y .
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Figure 3. Variations of concentration against normal
distances relative to mass transfer Pecletnumber.
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Figure 4.Variations of concentration against normal
distances relative to chemical reaction paramter.
The influence of physical parameter Sr on the concentration

profiles (¢R, y) has shown in fig. 5 for fixed values of R =
0.375, pe _=0.74, F =05, t=0.1,w=0.05Pe=0.71. The

increase in valuesof Srincreases the thickness of concentration
boundary layer thus raising the concentration near the plate.
Figures 6 and 7 depict the parametric effects of Pe_~ and

Peon the velocity profiles (U, y) for fixed values of Pe = 0.71
(for fig. 6), Pe, = 0.74 (for fig. 7),Re=1.0, Sr=0.5, Gr=10.0,
Gm=5.0,F=0.5, K=2.0,R=0.375,u, =1.0 t=0.1,0=0.05. Due
to increase in values of pe , the concentration near the plate

reduces, which minimizes the effect of mass buoyancy force and
thus the rate of flow decelerates and this decreases the value of

Ug .Again, an increase in Pedecreases the temperature near the
plate surface results of which decreases the thermal buoyancy
forces and thus the values of U, get decrease. The effects of
Soret number Sr and chemical reaction parameter F on the
velocity profiles (Ug ,y) are shown respectively in fig. 8 and fig.
9 and for a set of fixed values of pe = 0.74,Pe=0.71,Re=1.0,
Gr=10.0, Gm=5.0,F=0.5, K=2.0, F=0.5(for fig. 8), Sr=0.5 (for
fig. 9), R=0.375,u,=1.0,0=0.05, t=0.1. Due to increase in

values of Sr, the mass buoyancy force increases, which
accelerate the flow rate and this increase the value of . .
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On the other hand it is observed that, the flow velocity
decreases due to increase in values of F. This is obvious due to
the fact that, the increase in F decreases the concentration near
the plate thus decelerates the flow rate and decrease the value of

Sr=0.0
3.5r ~— Sr=2.0
Sr=4.0
Sr=6.0

Yy

Figureb.Variations of concentration against normal
distances relative to Soret number
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Figure6. Variations of velocity against normal distances
relative to mass transfer Peclet number.
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Figure7.Variations of velocity against normal distances
relative to Peclet number.
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Figure8.Variations of velocity against normal distances
relative to Soret number.
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Figure9.Variations of velocity against normal distances
relative to chemical reaction parameter.
Figure 10 shows the effect of thermal radiation R on the

velocity profiles (Ug, y) for certain fixed values of pe =

0.74,Pe=0.71,Re=1.0, Gr=10.0, Gm=5.0,F=0.5, K=2.0, F=0.5,
Sr=0.5, t=0.1,u, =1.0, @=0.05. The increase in values of R is

found to decrease the temperature near the plate and as such the
thermal buoyancy effect automatically decreases which, results

in decreasing the value of U, .
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FigurelO.Variations of velocity against normal distances
relative to thermal radiation parameter.
Figure 11 depicts the parametric influence of R on the skin-

friction profiles (7, t) for a set of fixed values of pe =
0.74,Pe=0.71,Re=1.0, Gr=10.0, Gm=5.0,F=0.5, K=2.0, F=0.5,
Sr=0.5, t=0.1,y, =1.0, @=0.05. It is observed that, the skin

frictional effect increases gradually due to increase in values of
R as well as t. Figure 12 presents graphically the effect of Pe on

the skin-friction profiles (7, t) relative to a set of fixed values
of Pe = 0.74,Re=1.0, Gr=10.0, Gm=5.0, R=0.375, F=0.5,
K=2.0, F=0.5, Sr=0.5, t=0.1,U, =1.0,®=0.05. It is clearly
observed that, the value of 7, increases due to increase in
values of Peas well as t.The influence of mass transfer Peclet
number Peg_on the skin-friction profiles (7, t) for a set of

fixed values ofPe=0.71,Re=1.0, Sr=0.5, Gr=10.0,
Gm=5.0,F=0.5,K=2.0,F=0.5, Sr=0.5, t=0.1,u,=1.0,0=0.05is

demonstrated in figure 13. Due to increase in values of pe_and

t, the value of 7 is found to be increased gradually.
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Figurell. Variations of skin-friction against time scales
variable relative to thermal radiation parameter

o

Al

a2k

-13F

14r

TR

151

-16

A7k -

-181 -

_19 — r r r I I r r r I [
0 0.5 1 15 2 25 3 3.5 4 4.5 5

to

Figurel2. Variations of skin-friction against time scales
variable relative to Peclet number.
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Figurel3. Variations of skin-friction against time scales
variable relative to mass transfer Peclet number.
Table 1 highlights numerically the variation of frequency of
oscillation parameter @ against time t on the magnitude of the

vorticity vector‘f)R(y,t)‘. It is observed that, the magnitude of

the vorticity vector increases due to increase in values of @,
while an opposite trend has been observed as time propagates.
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Table 1. Numerical values of €3, for different values of @
against arbitrary values of t.

t @ =0.005 @=0.01@=0.05 @w=01

0.0 2.2782 2.2789 2.3004 2.3665
0.5 2.2778 2.2773 2.2605 2.2099
1.0 22774 2.2756 2.2192 2.0479
1.5 2.2770 2.2739 2.1764 1.8807
2.0 2.2765 2.2721 2.1323 1.7089
25 2.2761 2.2703 2.0869 1.56327
3.0 2.2756 2.2684 2.0402 1.3528

35 2.2751 2.2664 1.9922 1.1694
4.0 2.2746 2.2644 1.9429 0.9831
4.5 2.2741 2.2624 1.8924 0.7944
5.0 2.2736 2.2603 1.8408 0.6037

Table 2 represents the change in values of vorticity vector
|§2R(y,t)|due to arbitrary change in mass transferPeclet number

Pe, against time t. It is clearly seen that, the vorticity vector of

fluid particles decreases as the values of Pe, increase.

Table 2. Numerical values of Q, for different values of Pe_
against arbitrary values of t.

t Pe,=01 Pg =03 pg =05 peg =07
0.0 13.9382 6.7718 5.0943 4.3628
0.5 13.8976 6.7518 5.0788 4.3486
1.0 13.8484 6.7276 5.0601 4.3316
15 13.7904 6.6991 5.0382 4.3120
2.0 13.7239 6.6665 5.0131 4.2896
2.5 13.6488 6.6297 4,9849 4.2646
3.0 13.5651 6.5888 4.9536 4.2369
35 13.4730 6.5437 49192 4.2065
4.0 13.3724 6.4946 4.8818 4.1736
45 13.2635 6.4414 4.8413 4.1380
5.0 13.1463 6.3841 47977 4.0998
Conclusions:

The significant outcome of the discussion is highlighted as:
eThe temperature decreases due to increase in values of thermal
radiation parameter and Peclet number.

eThe concentration decreases due to increase in values of mass
transfer Peclet number and chemical reaction parameter while
due to increase in Soret number the concentration is found
increasing.

oThe increase in parametric values of Peclet number, mass
transfer Peclet number, thermal radiation and chemical reaction
parameters decreases the fluid velocity, while the velocity
increases due to increase in Soret number.

eThe skin-friction is found to increase as thermal radiation
parameter, Peclet number and mass transfer Peclet number
increase.

eThe vorticity vector decreases due to increase in mass transfer
Peclet number and time, while an opposite effect has been
observed due to increase in frequency parameter.

Acknowledgement:

The author is thankful to UGC, New Delhi, India for providing
the financial support to conduct this research work under UGC
MRP no. F41-1382/2012(SR).

References:
[1] E. R. G. Eckert, and R. M. Drake, “Analysis of heat and
mass transfer,” Hemisphere Pub. Corp.,Washington, D.C., 1972.



26054

[2] Z. Dursunkaya, and W.M. Worek,“Diffusion-Thermo and
Thermo-Diffusion effects in transient and steady natural
convection from vertical surface,” International Journal of heat
and mass transfer, vol. 35, pp. 2060-2065, 1992.

[3] A. Postelnicu, “Influence of chemical reaction on heat and
mass transfer by natural Convection from vertical surfaces in
porous media considering Soret and Dufour effects”, Heat and
Mass Transfer, vol. 43, no.6, 595-602, 2007.

[4] N. Ahmed, S. Sengupta and D. Datta, “An exact analysis for
MHD free convection mass transfer flow past an oscillating
plate embedded in a porous medium with Soret effect’’, Chem.
Eng. Comm.,vol. 200,pp. 494-513, 2013

[5] A. J. Chamkha “MHD flow of a uniformly stretched vertical
permeable surface in the presence of heat generation/absorption
and a chemical reaction,” Int. Comm. Heat Mass Transfer vol.
30, pp. 413-422, 2003

[6] R. Kandasamy, K. Periasamy, and P. K.K.Sivagnana,
“Effects of chemical reaction, heat and mass transfer along a
wedge with heat source and concentration in the presence of
suction or injection” Int J Heat Mass Transfer, vol. 48, no.7, pp.
1388-1394, 2006.

SanjibSengupta/ Elixir Appl. Math. 73 (2014) 26049-26054

[7] S. Sengupta, “Free convective flow of chemically absorbing
fluid past an oscillating plate embedded in Porous media with
heat sink uniform heat flux and fluctuating wall concentration”,
International Journal of Engineering Science and Technology,
vol. 6, no.5,pp. 203 — 212, 2014.

[8] M.A Seddeek, A.A Darwish and M.S Abdelmeguid, “Effects
of chemical reaction and variable viscosity on hydromagnetic
mixed convection heat and mass transfer for Hiemenz flow
through porous media with radiation”, Commun Nonlinear Sci.
Numer. Simul., vol. 12, pp.195-213, 2007.

[9] K. Manivannan, R. Muthucumeraswamy and V. Thangaraj,
“Radiation and Chemical reaction effects on isothermal vertical
oscillating plate with variable mass Diffusion”, Thermal
Science, vol. 13, no. 2,pp. 155-162, 20009.

[10] S. Sengupta and M. Sen, “Free convective heat and mass
transfer flow past an oscillating plate with heat generation,
thermal radiation and thermo-diffusion effects”, JP J. of heat and
mass transfer, vol. 8, no. 2, pp. 187-210, 2013.

[11] A. C Cogly, W. C Vincentine and S. E. Gilles, “Differential
approximation for radiative transfer in a non- gray gas near
equilibrium,” ATAA Journal,vol. 6, pp. 551 — 555,1968.



