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The unsteady flow of a viscous incompressible flow past an infinite isothermal verti-
cal oscillating plate, in the presence of thermal radiation and homogeneous chemi-
cal reaction of first order has been studied. The fluid considered here is a gray, ab-
sorbing-emitting radiation but a non-scattering medium. The plate temperature is
raised to T,, and the concentration level near the plate is raised linearly with respect
to time. An exact solution to the dimensionless governing equations has been ob-
tained by the Laplace transform method, when the plate is oscillating harmonically
in its own plane. The effects of velocity, temperature, and concentration are studied
for different physical parameters like phase angle, radiation parameter, chemical
reaction parameter, Schmidt number, thermal Grashof number, mass Grashof
number, and time are studied graphically. It is observed that the velocity increases
with decreasing phase angle wt.
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Introduction

Thermal radiation effects on heat and mass transfer play an important role in manufac-
turing industries for the design of fins, steel rolling, nuclear power plants, gas turbines, and vari-
ous propulsion device for aircraft, missiles, satellites, and space vehicles are examples of such
engineering applications. If the temperature of the surrounding fluid is rather high, radiation ef-
fects play an important role and this situation does exist in space technology. England et al. [1]
have studied the thermal radiation effects of a optically thin gray gas bounded by a stationary
vertical plate. Radiation effect on mixed convection along a isothermal vertical plate were stud-
ied by Hossain et al. [2]. Raptis et al. [3] studied the effects of thermal radiation and free convec-
tion flow past a moving vertical plate. The governing equations were solved analytically. Das et
al. [4] have analyzed radiation effects on flow past an impulsively started infinite isothermal
vertical plate.

The effect of a chemical reaction depend whether the reaction is homogeneous or het-
erogeneous. This depends on whether they occur at an interface or as a single phase volume re-
action. In well-mixed systems, the reaction is heterogeneous, if it takes place at an interface and
homogeneous, if it takes place in solution. Chambre ez al. [5] have analyzed a first order chemi-
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cal reaction in the neighborhood of a stationary horizontal plate. Das et al. [6] have studied the
effect of homogeneous first order chemical reaction on the flow past an impulsively started infi-
nite vertical plate with uniform heat flux and mass transfer. Again, mass transfer effects on mov-
ing isothermal vertical plate in the presence of chemical reaction studied by Das et al. [7]. The
dimensionless governing equations were solved by the usual Laplace-transform technique and
the solutions are valid only at lower time level.

The flow of a viscous, incompressible fluid past an infinite isothermal vertical plate,
oscillating in its own plane, was solved by Soundalgekar [8]. The effect on the flow past a verti-
cal oscillating plate due to a combination of concentration and temperature differences was
studied extensively by Soundalgekar ez al. [9]. Radiation effects on the oscillatory flow past ver-
tical in the presence of uniform temperature analyzed by Mansour [10]. The governing were
solved by perturbation technique. The effect of mass transfer on the flow past an infinite vertical
oscillating plate in the presence of constant heat flux has been studied by Soundalgekar et al.
[11]. Muthucumaraswamy [12] studied thermal radiation effects on vertical oscillating plate in
the presence of variable temperature and mass diffusion.

It is proposed to study chemical reaction and thermal radiation effects on unsteady
flow past infinite isothermal vertical oscillating plate with variable mass diffusion. The
dimensionless governing equations are solved using the Laplace transform technique. The solu-
tions are in terms of exponential and complementary error function. The present study will be
found useful in the design of spaceships.

Mathematical formulation

Thermal radiation effects on unsteady flow of a viscous incompressible fluid past an
infinite isothermal vertical oscillating plate with variable mass diffusion is studied. Here the un-
steady flow of a viscous incompressible fluid which is initially at rest and surrounds an infinite
vertical plate with temperature 7., and concentration C, . Here, the x-axis is taken along the plate
in the vertically upward direction and the y-axis is taken normal to the plate. Initially, it is as-
sumed that the plate and the fluid are of the same temperature and concentration. At time ¢'> 0,
the plate starts oscillating in its own plane with frequency @' and the temperature of the plate is
raised to 7,, and the concentration level near the plate is raised linearly with respect to time. The
fluid considered here is a gray, absorbing-emitting radiation but a non-scattering medium. It is
also assumed that there exists a homogeneous first order chemical reaction between the fluid
and species concentration. Then by usual Boussinesq’s approximation, the unsteady flow is
governed by the following equations:

2
U oB(T ~T.)+gB" (C'—CL) + v (1)
ot 5y'2
oT | *T dq,
pC, =k - 2)
ot 0y> Oy
' all
o _p P ki 3)
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In most cases of chemical reactions, the reaction rate depends on the concentration of
the species itself. A reaction is said to be of the order n, if the reaction rate is proportional to the
n™ power of the concentration. In particular, a reaction is said to be first order, if the rate of reac-
tion is directly proportional to concentration itself.
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With the following initial and boundary conditions:

t'<0: u=0 =T, C'=C. forall y
t'>0: u=uycosw’'t’, T=T,, C'=C.L+(C| —CL)At'" aty=0 4)
u=0, T—>T, C'">C, asy—>w
The local radiant for the case of an optically thin gray gas is expressed by:
%9 _ 4gro(rt -4 (5)
oy

It is assume that the temperature differences within the flow are sufficiently small such
that 7% may be expressed as a linear function of the temperature. This is accomplished by ex-
panding T'# in a Taylor series about 7., and neglecting higher-order terms, thus:

T4 =4T3T -3T4 (6)

By using egs. (5) and (6), eq. (2) reduces to:

Tk PT i6ateT (T, - T) )
ot' 0y?
The dimensionless quantities are defined as:
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in egs. (1) to (4), leads to:
a—U =Gro + GeC +ﬂ )
ot oY?
0_1 20 R
ot Pr 8Y2 Pr (10)
2
6_C=L_6C_KC (11)
0t Sc 0Y?
The initial and boundary conditions in non-dimensional form are:
U =0, 0=0, C=0, forall Y,r<0
t>0: U=coswt, 6=1, C=t, at Y =0 (12)
U=0, 60—>0, C—>0 as Y >

All the physical variables are defined in the nomenclature. The solutions are obtained
for hydrodynamic flow field in the presence of thermal radiation and chemical reaction.
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The egs. (9) to (11), subject to the boundary conditions (12), are solved by the usual
Laplace-transform technique and the solutions are derived as follows:

0= % [exp@nv Rt Jerfe(/Pr +vat ) +exp(—2nv Rt Yerfe (nv/Pr — vat)] (13)

C= é [exp(2nv KtSc )erfc (n\/g +JKt ) +exp(—2nv KtSc )erfc (n«/S_ ~JKi )] -

_ ”‘/ﬁ [exp(—2nVKiSc Jerfe(nv/Sc — VKr) — exp@nvKiSc )erfe(ny/Sc +VKt)]  (14)
24K
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—d[exp(an/E Jerfc (nx/ﬁ +at )+ exp(—2n\/E Jerfc (nx/P_ —at )]+
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where

a=—,0= , C ad: , €= ’and
Pr 1-Pr 1-Sc 2b(1 - Pr) 2¢2(1-Sc) 7 N

In order to get the physical insight into the problem, the numerical values of U have
been computed from eq. (15). While evaluating this expression, it is observed that the argument
of'the error function is complex and, hence, we have separated it into real and imaginary parts by
using the following formula:

—_q2
erf(a + ib) =erf(a) + e"pz(—“) [1 - cos(2ab) + isin(2ab)] +
arm

2exp(—a?) & exp(—n%4) .
+ a,b)+ig,(a,b)]+&(a, b
. Zl g (@b T ig,(a.0)]+ e, b)
where
f,, =2a —2acosh(nb)cos(2ab) + nsinh(nb)sin(2ab)
g, =2acosh(nb)sin(2ab) + nsinh(nb)cos(ab)

le(a, b)| ~10-16|erf (a + ib)|
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Results and discussion

In order to get a physical view of the problem the numerical values of the velocity,
temperature and concentration for different values of the phase angle, radiation parameter, mag-
netic field parameter, Schmidt number, and time. The purpose of the calculations given here is
to asses the effect of different wz, K, R, Sc, and ¢ upon the nature of the flow and transport. The
Laplace transform solutions are in terms of exponential and complementary error function.

The temperature profiles are calculated for different values of thermal radiation pa-
rameter (R=2,5,7,10) fromeq. (13) and these are shown in fig. 1 for air (Pr=0.71) at time ¢ =
= 0.4. The effect of thermal radiation parameter is important in temperature profiles. It is ob-
served that the temperature increases with decreasing radiation parameter.

Figure 2 demonstrates the effect of the concentration profiles for different values of
the chemical reaction parameter (K =2, 5, 10), Sc = 0.6, and time ¢ = 0.4. It is observed that the
concentration increases with decreasing chemical reaction parameter. Figure 3 represents the ef-
fect of concentration profiles at time ¢ = 0.4 for different Schmidt number (Sc = 0.16, 0.3, 0.6,
2.01), and K = 2. The effect of concentration is important in concentration field. The profiles
have the common feature that the concentration decreases in a monotone fashion from the sur-
face to a zero value far away in the free stream. It is observed that the wall concentration in-
creases with decreasing values of the Schmidt number. The concentration profiles for different
time (r=0.2,0.4, 0.6, 1), Sc = 0.6, and ¢ = 0.2 are shown in fig. 4. The trend shows that the wall
concentration increases with increasing values of the time.
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Figure 1. Temperature profiles for different Figure 2. Concentration profiles for different
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The velocity profiles for different phase an-
gles (wt=0,7/4,n/3,7n/2),R=10,K=4,Gr=
=2,G¢c=2,Sc=0.6,Pr=0.71,and t=0.2 are
shown in fig. 5. It is observed that the velocity
increases with decreasing phase angle wt. Fig-
ure 6 illustrates the effect of the velocity for
different values of the reaction parameter (K =
=0.2, 7, 20), ot=n/4,R=5,Gr=35,Gc =35,
Sc=0.6,Pr=0.71,and 1= 0.4. The trend shows

that the velocity increases with decreasing
Figure 3. Concentration profiles for different chemical reaction parameter.
values of Sc¢
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The effect of velocity for different values of the radiation parameter (R=0.2, 5, 20), 0t =
=n/4,K=4,Gr=5,Gc=2,Pr=0.71,Sc=0.6, and = 0.2 are shown in figure 7. The trend shows
that the velocity increases with decreasing radiation parameter. It is observed that the velocity de-
creases in the presence of high thermal radiation.
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The effect of velocity profiles for different time (¢=0.2,0.3,0.4),R=5,K=2,0t=
=n/4, Gr=5,Gc =5, Pr=0.71, and Sc = 0.6 are shown in fig. 8. In this case, the velocity in-
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creases gradually with respect to time ¢ The velocity profiles for different thermal Grashof
number (Gr = 2,5), mass Grashof number (Gc = 2,10),0t =n/4,K=7,R=2,Sc=0.6, Pr=
=0.71, and time ¢ = 0.2 are shown in fig. 9. It is clear that the velocity increases with increasing
thermal Grashof number or mass Grashof number.

Conclusions

An exact analysis is performed to study thermal radiation effects on unsteady flow past
an infinite isothermal vertical oscillating plate, in the presence of variable wall concentration.
The governing equations are solved using Laplace transform technique. The conclusions of the
study are:

— the velocity increases with decreasing phase angle wt and radiation parameter R,
— the wall concentration increases with decreasing Schmidt number,

— the temperature decreases due to high thermal radiation, and

— the leading edge effect is not affected by the oscillation of the plate.

Nomenclature
4 — constant, [] X — spatial coordinate along the plate, [m]
o absorpti;)n coefficient, [m '] Y — dimensionless spatial coordinate normal to
C’ - concentration, [kgm ] the plate .
C _ dimensionless concentration y — spatial coordinate normal to the plate, [m]
Cp — specific heat at constant pressure, [Jkg 'K] Greek letters
D — mass diffusion coefficient, [m’s™'] o o
erfc — complementary error function a — thermal d.1ffusw1ty., [m~“s]
g — acceleration due to gravity, [ms 2] B — volumetric coelfﬁcwnt of thermal
Gr - thermal Grashof number, [-] expansion, [K]
Gec  — mass Grashof number, [-] B*  — volumetric coefficient of expansion with
K  — dimensionless chemical reaction parameter concentration, [K™']
K, - chemical reaction parameter, [—] u — coefficient of viscosity, [Ra-s]
k — thermal conductivity, [Wm™'K™'] ot  — phase angle
Pr  — Prandtl number, [—] v — kinematic viscosity, [mzsfl]
¢,  — radiative heat flux in the y-direction, [Wm?*]  p — density of the fluid, [kgm ]
R — radiation parameter T — dimensionless skin-friction, [kgm's?]
Sc — Schmidt number, [-] o - Stefan-Boltzman constant (= 5-67-10°%),
T — tqmpergture of t.he plate, [K] [Wm?K ™
t - d}mensmnless time 0 — dimensionless temperature
ty — time, [s] n — similarity parameter
U - dimensionless velocity component .
in x-direction Subscripts
. . . . 1
u - VelOC.lty component in xtdlrectlof}, [ms] o _ conditions on the wall
u, — amplitude of the oscillation, [ms™] -
0 — free stream conditions
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