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Abstract

An exact solution to the problem of flow past an impulsively started infinite vertical plate with variable temperature and uniform mass
diffusion is presented here, taking into account the homogeneous chemical reaction of first-order. The dimensionless governing equations
are solved using Laplace-transform technique. The velocity, temperature and concentration profiles are shown on graphs. It is observed tha
the velocity and concentration increases during generative reaction and decreases in destructivere2@di@riditions scientifiques et
médicales Elsevier SAS. All rights reserved.
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1. Introduction Soundalgekar [4] has studied mass transfer effects on flow
past an impulsively started infinite isothermal vertical plate.

Chemical reactions can be codified as either hetrogeneoud\dain, Soundalgekar et al. [5] analysed the mass transfer
or homogeneous processes. This depends on whether the?ﬁects on impuISively started infinite vertical plate with
occur at an interface or as a single phase volume reaction. Invariable temperature or uniform heat flux. Chambre and
well-mixed systems, the reaction is heterogeneous, if it takes Young [6] have analysed a first order chemical reaction
place at an interface and homogeneous, if it takes place inin the neighbourhood of a horizontal plate. Das et al. [7]
solution. In most cases of chemical reactions, the reactionhave studied the effect of homogeneous first order chemi-

rate depends on the concentration of the species itself.c@l reaction on the flow past an impulsively started infinite
A reaction is said to be of first order, if the rate of reaction Vertical plate with uniform heat flux and mass transfer. The
is directly proportional to concentration itself (Cussler [1]). dimensionless governing equations were solved by the usual
A few representative fields of interest in which combined Laplace-t.ransform technique and the solutions are valid only
heat and mass transfer along with chemical reaction play at lower time level. . .
an important role in chemical process industries such as |tiS proposed to study the flow past animpulsively started
food processing and polymer production. For example infinite vertical plate with variable temperature and uniform
formation of smog is a first order homogeneous chemical Mass diffusion in the presence a homogeneous chemical re-
reaction. Consider the emission of BM@om automobiles action of first-order. The dimensionless governing equations
and other smoke-stacks. This M@eacts chemically in the gre solveq using the Laplace-tr_ansform technique. The solu-
atmosphere with unburned hydrocarbons (aided by Sun"ght)tmns.are in terms of exponential and complementary error
and produces Peroxyacetylnitrate, which forms an envelop function.
of what is termed as photochemical smog.

Sakiadis [2,3] studied the growth of the two-dimensional
velocity boundary layer over a continuously moving hori-
zontal plate, emerging from a wide slot, at uniform velocity.

2. Analysis

Here the flow of a viscous incompressible fluid past
an impulsively started infinite vertical plate with variable
* Correspondence and reprints. temperature and uniform mass diffusion is considered.
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Nomenclature

A constant y dimensionless coordinate axis normal to

c’ species concentration in the fluid . ... nmot3 the plate

C dimensionless concentration

Cp specific heat at constant pressure . . -kgJ*-K Greek symhols

D mass diffusion coefficient............. 2yt o thermal diffusivity .. ................. fas 1
Gm  mass Grashof number B volumetric coefficient of thermal

Gr thermal Grashof number EXPANSION . ..ottt K
8 accelaration due to gravity............ __,?.nz B* volumetric coefficient of expansion with

k thermal conductivity .............. WK CONCENtratioN ... ...\ K
Ki Chem'c?" reaction pa_rameter St J " coefficient of viscosity .................. Ra
K dimensionless chemical reaction parameter Ki L X 2L
N buoyancy ratio parameter v memauc V|scos.|ty ..................

Pr Prandtl number 0 density of the fluid

< Schmidt number T dimensionless skin-friction

T’ temperature of the fluid near the plate. . ... .. K o dimensionless temperature

t time. ... s 7 similarity parameter

t dimensionless time erfc complementary error function

u' velocity of the fluid in thex'-direction .. ms*i Subscripts

uo velocity oftheplate................... ‘BT N

u dimensionless velocity w conditions at the wall

y coordinate axis normalto the plate .. ... .... m o0 conditions in the free stream

It is assumed that the effect of viscous dissipation is  Onintroducing the following non-dimensional quantities:
negligible in the energy equation and there is a first order

’ 1,2 ’
chemical reaction between the diffusing species and the, — _“ "0 y=2*0
fluid. Assuming no leading edge or parallel flow, so that all MOIGr ) v ) V/
the convective terms are zero. Théaxis is taken along , _ " — T or = BV Tw— Ty)
the plate in the vertically upward direction and thleaxis T, — T’ ug
is taken normal to the plate. At time < O, the plate and c'—cl, vgB*(Cl, — CL.) (5)
fluid are at the same temperatdtg and concentratiof’, . C= o —c Gm= -2
Attime ¢’ > 0, the plate is given an impulsive motion in the w o0 (03
vertical direction against the gravitational field with uniform py — “_Cl” Sc= i, N = _m’ K = "_Igl
velocity ug, the plate temperature is made to raise linearly k D Gr ug
wi_th time. Also the level of the spgcies concentration is ;, Egs. (1)—(4), leads to
raised toCy,. Then by usual Boussinesq’s and boundary
layer approximation. The unsteady flow is governed by the du 8%u
foﬁowinpp ions: Y ’ g - =0+NC+-— (6)
g equations: 9t dy
du' L L 3%u’ 30 1 9%
W=gﬂ(T - T})+8B*(C —Cm)+vm 1) o0~ Pray? (7)
T’ 92T’ 3C  19%C

Cr—=k—> 2 — == - 8
PEr g =%y ) ot S 0y2 ®)
aC" D82C’ _ k. 3) The initial and boundary conditions in non-dimensional
ar  ay2 ! quantities are
with the following initial and boundary conditions: u=0, =0, C=0 forally,r<0
W=0 T'=T, C'=C forally./<0 (>0 u=3 0="Dr=aw, c=1
>0 u'=ug, T =T+ (T}, —TL)Al @ Gr g ©)

C'=C|, aty'=0 aty=0

w=0 T ->T, C—>C, asy —oo u=0, 6—>0, C—0 asy—>oo

whereA = u3/v. whereA; = (Av)/u.
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The numerical calculations are valid fag = 1. Egs. (6)— 10

(8), subject to the boundary conditions (9), are solved by
the usual Laplace-transform technique and the solutions are

derived as follows:

0 = t[(1+ 2n% Pr)erfc(nv/Pr)
— %n«/ﬁ exp(—n? Pr)} (10)

= ! erfc 7I2
U= oo + e
x [(3+ 129> + 4n*)erfe(n)
n
- ﬁ(10+ 4n?) exp(—n?)

— (3+ 127?Pr +4n*(Pr)?)erfc(n+/Pr )

+ UTJT (10+ 4n*Pr) exp(—n? Pr)}

n N erfc )+NeX[Xat)
ko 2K

x [exp(2nv/bt Sc)erfe(nv/Sc+ vbr)
+ exp(—2n+/br c)erfe(nv/Sc — vbr )
— exp(2n+/at )erfc(n + +ar)
— exp(—2n+/at erfe(n — vat )]
— Zlich [exp(2nv/K 1 Sc)erfe(nv/Sc+ VK1)

+exp(—2nvVKt )erfe(nv/'Sc— VK]
(11)

C = %[exp(zn\/KtSc)erfc(nx/gc+ VKt)
+exp(—2pvVKr erfe(nV/'Sc— VK1)]  (12)

where,
K< K1+ <)
an =—

az(l—SC) d b=

n=y/2v1, %

025

Fig. 1. Concentration profiles.

and chemical reaction parameter. The temperature profiles
are calculated from Eg. (10) and these are shown in Fig. 1,
for air and water. It is observed that the temperature

increases with increasing the time. The effect of the Prandtl
number is very important in temperature field. There is a

fall in temperature due to increasing values of the Prandtl

number.

The numerical values of the concentration profiles are
computed from Eg. (12) and these values are plotted in
Fig. 1. for different values of the Schmidt number and
chemical reaction parameter. The effect of Chemical re-
action parameter and Schmidt number are very impor-
tant in concentration field. Chemical reaction increases
the rate of interfacial mass transfer. The reaction reduces
the local concentration, thus increasing its concentration
gradient and its flux. It is observed that the concentra-
tion increases during generative reaction and decreases in
destructive reaction. The concentration increases with de-
creasing Schmidt number. It is clear that, the concentration
increases tremendously in the presence of geneartive reac-
tion.

The mass diffusion Eq. (8) can be adjusted to meet these ~ The effects of buoyancy ratio parameter for both aiding

circumstances if one takes

(i) K > 0 for the destructive reaction,
(i) K =0 for no reaction, and
(i) K < O for the genearative reaction.

(N > 0) as well as opposingM < 0) are shown in Fig. 2.
It is observed that the velocity increases in the presence of
opposing flows and decreases with aiding flows. This trend is
just reversed in the case of stationary vertical plate (Gebhart
and Pera [8]).

The velocity profiles for different values of the Schmidt

The purpose of the calculations given here is to assessnumber, chemical reaction parameter and the time are shown

the effects of the paramete$s, N and K upon the nature

in Fig. 3. Itis clear that the velocity increases with increasing

of the flow and transport. The numerical values of the chemical reaction parameter or time. It is also observed that
velocity, temperature and concentration are computed for the velocity decreases with increasing values of the Schmidt
different parameters like Schmidt number, buoyancy ratio number.
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Fig. 2. Velocity profiles for differentv.
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Fig. 3. Velocity profiles for differenk, Sc andz.

From the velocity field, the efect of mass transfer on the
skin-friction is studied and is given in dimensionless from as

,__<d_“> __i<d_“)
dy y=0 2\/; dn n=0

Hence, from Egs. (11) and (13),

(13)

R. Muthucumaraswamy, P. Ganesan / Int. J. Therm. Sci. 41 (2002) 475479

Table 1
Values of the skin-frictiont
t S N K Pr=0.71 Pr=70
0.2 Q6 0.2 0.2 2.8929 2.9109
0.2 Q6 —-0.2 0.2 1.7043 1.6863
0.2 Q16 02 0.2 8.7652 8.7833
0.2 Q6 0 02 0.5943 0.6123
0.2 Q6 0.2 -0.2 1.9410 1.9236
0.4 Q6 0.2 0.2 2.1021 2.1532
1 [ 1 4 N ]
T = —| —— = +
Jre [ Gr 3(/Pr+1) K&
N exp(at
%[\/Scerf(\/bt) — JVaerf(Jar)]
N erf(vVKr) (14)
K<

The numerical values of are computed and listed in
the following table forGr = 2. It is observed from the
table, that an increase in the Schmidt number or time leads
to fall in skin-friction. It is observed that the skin-friction
increases in the presence of aiding flows and decreases in the
presence of opposing flow. Moreover, the value of the skin-
friction increases in the presence of destructive reaction and
decreases with generative reaction. In a frame of reference
moving with the plate with velocityg upwards, the plate is
arest and the free stream has a uniform velocity downwards.
Thus in this case the free stream velocity is opposite to the
direction of bouyancy force which acts vertically upwards.
This leads to flow separation. It is also observed that the
skin-friction is more in water as compared to that in air.
But, this trend is just reversed in the presence of generative
reaction or opposing flow.

3. Conclusions

An exact analysis is performed to study the flow past
an impulsively started infinite vertical plate in the presence
of variable temperature and uniform mass diffusion. A ho-
mogeneous first-order chemical reaction between the fluid
and the species concentration. The dimensionless govern-
ing equations are solved by the usual Laplace-transform
technique. The effect of different parameters like Schmidt
number, buoyancy ratio and chemical reaction parameter are
studied. It is observed that the velocity increases due to the
presence of the foreign mass. Conclusions of the study are
as follows:

(i) The velocity and concentration increases during gen-
erative reaction K < 0) and decreases in destructive
reaction(K > 0).

(i) The velocity increases tremendously in the presence of
generative reaction.

(iif) The velocity increases in the presence of opposing
flows (N < 0) and decreases with aiding flowg ¢ 0).
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