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BOUNDARY LAYER FLOW WITH DIFFUSION AND FIRST-ORDER CHEMICAL
REACTION OVER A POROUSFLAT PLATE SUBJECT TO SUCTION/INJECTION
AND WITH VARIABLE WALL CONCENTRATION
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Abstract: In this paper, an investigation is made to study the bounidamr flow over a porous flat plate with
diffusion of chemically reactive species undergoing first-oreaction and subject to suction or injection. In this
analysis, the variable plate concentration is considedsthg similarity variable technique, the governing partia
differential equations are transformed into a set of self-amoildinary dfferential equations which are solved by
shooting method. The study reveals that for the increasaation at the plate both velocity and concentration
boundary layer thicknesses decrease and for increasidfiimy both thicknesses increase. The concentration at
a fixed point within the boundary layer decreases with irgiregvalues of the Schmidt number, the reaction rate
parameter and the power-law exponent. For a fixed point, wittease of reaction rate parameter the magnitude
of concentration gradient initially increases and theeradt point it decreases. The rate of solute transfer from
the plate increases with reaction rate parameter and plawesxponent.
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1. Introduction solution of the classical Blasius equation using Ado-
mian decomposition method (ADM). A numerical in-
The flow over a flat plate is a classical problem in yestigation of the classical Blasius flat plate problem
fluid mechanics. A survey in the literature of bound- 3¢ presented by Cortell{]. Batallar [12] extended
ary layer produces that the flow past a flat plate withihe Blasius problem by studying th&ects of radia-
uniform free stream is vastly studied. H. Blasid$ [ tjon on the boundary layer. Recently, Chowdhuk][
first investigated the steady laminar boundary layergiscussed the unsteady free convective flow of an elec-
flow over a flat plate, using similarity variable he ob- rically conducting viscoelastic fluid over an infinite
tained the nonlinear third-order ordinaryfférential  on-conducting vertical plate in presence of transverse
equation and finally solved it analytically. Few years magnetic field.
later, Howarth P] obtained the numerical solution of  The mass transfer analysis in boundary layer flow
Blasius problem. Rileyd] discussed the flow of an pears a great importance in extending the theory of
electrically conducting fluid on a vertical plate in pres- separation processes and chemical kinetics. The dif-
ence of strong magnetic field normal to the flow. Thef,sion of a chemically reactive species in a laminar
existence of a solution for flow past a flat plate wasphoundary layer flow over a flat plate was discussed by
established by Abu-Sittad]. Watanabe and POl chambre and Youndlff]. After that many researcher
demonstrated the halffect on MHD boundary layer jnyestigated the heat and mass transfégats on the
flow over a continuous moving flat plate. The mixed fiow dynamics with and without chemical reaction.
convectional aspects of the flat plate flow were inves-gepnart and Peral§] analysed the combined buoy-
tigated by Afzal and Hussairé] and Yao [/]. Some  gncy dfects of thermal and massfilision on verti-
important characteristics of natural convection over az5| natural convection. The mass transi@eet on the
semi-infinite vertical plate in a porous medium was fiow past an impulsively started infinite vertical plate
studied by Hsu and Cheng][ Mukhopadhyay and ynder several conditions were studied by Soundal-
Layek [9] analyzed the radiatiorfkects on forced con- gekar [L6], Soundalgekar et al.1[7], Das et al. 18]
vective flow and heat transfer over a porous plate in ayng Muthucumaraswamy and Ganesa8, P0]. An-
porous medium. Wandl)] obtained an approximate gersson et al.Z[1] explained the dfusion of a chem-
ically reactive species from a stretching sheet. Fan et
al. [22] obtained the similarity solution of ffusion of
chemically reactive species in mixed convection flow
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over a horizontal moving plate. Anjalidevi and Kan- power-law exponent signifies the change of amount of
dasamy 23, 24] studied the &ects of chemical reac- solute in thex-direction andv,, is variable suction or
tion, heat and mass transfer on laminar flow along anjection through the porous plate and is given/gy=
semi infinite horizontal plate and also analyzed the efvy/(X)¥?, vp is a constant withvg < 0 for suction and
fects of a chemical reaction on the flow past a semiin+g > 0 for injection.

finite plate in presence of a magnetic field. Recently, The stream functiog(x,y) can be introduced as:
Postelnicu 25] described the influence of chemical re-

action on heat and mass transfer by natural convection u= g andv = _ (6)
from vertical surface in porous media by taking into ay ox

account the Soret and Dufouftects.

In the present paper, théect of difusion of chem-
ically reactive species undergoing first-order chemica
reaction on laminar boundary layer flow over a porous o Py Wy By
flat plate subject to suction or injection is investigated. Ny oxovi U ov (7)

. o ! y OXdy  OX Ay ays
In the analysis, the wall concentration is variable and
the reaction rate is taken inversely proportional to the gy 9C gy 6C 9°C LR,
position along the plate. By using similarity trans- Fy& - ﬁa_y = a_yz -
formation, self-similar set of equations are obtained . i
and then solved numerically using well-known shoot- 1€ boundary conditions in (4) for the flow reduce to:

Using relation (6), the equation (1) is satisfied iden-
Itically and the equations (2) and (3) become:

~ (€-Cs) (8

ing method for the solution of boundary value prob- o o o

lem (BVP). The numerical results are plotted and the 6_y =0, ax -V aty = 0; 8_y — U asy — oo
variation of flow behaviour and solute transfer charac- 9)
teristics are thoroughly analysed. The dimensionless variables fprandC can be in-

troduced:

¥ = YU,uxf(y) andC = C., + (Cw — Cu)¢(n) (10)
Consider the steady two-dimensional flow of a vis-

cous incompressible fluid and masstasion with ~ Where thlezsimilarity variabley is defined asp =
first-order chemical reaction over a porous flat plateY(Ue/vX) 2, o _ _
with suction or injection. Using boundary layer ap- In view of relations in (10) we finally obtain the self-
proximation, the equations for the flow and the con-Similar equations in the following form:
centration distribution may be written in usual notation 1
as 7+ Zff" =0 (11)
ou + N _ 0 (1) 2
ax  ay
du du _ u

2. Formulation of the Problem

¢+ %Scf¢’—8c(nf’+ﬂ)¢=0 (12)

uax +V3y B ”ayz 2) where Sc= v/D is the Schmidt number anél =
9C  aC 9C LRy/U is the reaction rate parameter.
U— +v— =D— -R(C-C,) 3) The boundary conditions (9) and (5) finally become:
ox oy ay?
whereu andv are velocity components ir- and f(m)=S,f'(n) =0atnp=0;f'(n) » Lasy -
y-directions respectivelyy (= u/p) is the kinematic (13)
viscosity of fluid,p is the density of fluidy is the co- ¢(n) = 1atn =0;¢(n) - 0asy » (14)

efficient of fluid viscosity,C is the concentration
is the difusion codficient,C,, is concentration in the
free streamR(X) is the variable reaction rate of the so-
lute and is given byR(X) = LRy/X, L is the reference
length andR, is a constant.

The appropriate boundary conditions for the veloc-
ity components and the concentration are given by: 3. Numerical Method for Solution

whereS = (—2v,,/U.)(Re)Y? = —2vp/(Uv)Y?is the
suction or injection parameteS > 0 (i.e. vp < 0)
corresponds to suction ai8l< 0 (i.e. vp > 0) corre-
sponds to injection.

u=0,v=Vvyaty=0;u— Us,asy > oo (4) The nonlinear coupled fierential equations (11)
\ and (12) along with the boundary conditions form a
C=Cy=Cs+Cox aty=0;C - Cy asy —» o BVP and is solved using shooting method, by con-

_ - (3 verting it into an initial value problem (IVP). In this
whereU,, is the free stream velocitg,, is the variable

plate concentration witle, > 0 is a constantn is a
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Figure 1: Velocity profilef” () for S = 0 Figure 2: Velocity profilest’(r) for various values 08
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method we have to choose a suitable finite value of

n — oo, Sayn.. We set following first-order system: 08

0.6~

1
f'=p, p’=q,q'=—§fq (15)

¢’=z,z’=—%8cfz+8c(np+,8)¢ (16)

with the boundary conditions:

f(0) =S; p(0) = 0;¢(0) =1 17
To solve (15) and (16) with (17) as an IVP we must Figure 3: Concentration profiles(y) for various values 0§

need values fag(0) i.e. f”(0) andz(0) i.e. ¢’ (0) but no

such values are given in the boundary conditions. The

initial guess values fof”’(0) ands’(0) are chosen and !N the flow over a porous plate, théects of exter-

applying fourth order Runge-Kutta method a solution nally applled syctlon or |nje_ct|on on velocity _and con-

is obtained. Then we compare the calculated values dfentration profiles are very important. The dimension-

/() and¢() at (= 20) with the given boundary less velocity and concentration profiles are depicted in

conditionsf’(7.,) = 1 andé(n..) = 0 and adjust the Figures2 and 3 respectively for various values of the

values off”(0) and¢’(0) using Secant method to give sucti.0n or in_jection paramet&. For thg increase of

better approximation for the solution. The step-size@PPlied suction, the value of the velocity profili)

is taken as\y = 0.01. The process is repeated until 8 @fixed;increases and the concentration prajilg)

we get the results correct up to the desired accuracy df€creases, it is due to the fact that the momentum as
1076 level. well as concentration boundary layer thicknesses de-

crease with suction. On the other hand, reverse sce-
nario is observed for external injection case, that is,
with increasing injection, the value of the velocity de-
creases and the concentration increases because due to

4. Resultsand Discussion

The numerical computations is carried out for sev-
eral values of parameters involved in the equations viz
the suction or injection parametes); the Schmidt
number (Sc), the reaction rate parame@rand the
power-law exponentn). The computed results are
explained by plotting some figures and correspondin
physical reasoning are also given.

At first, for the confirmation of the accuracy of ap-
plied numerical method we compare our obtained re
sults corresponding to the velocity profile f8r= 0
(i.e. in absence of suction or injection) with the given
result of Howarth 2] in Figure 1 and have found in
excellent agreement.

the injection both boundary layer thicknesses increase.
We now concentrate our attention on thgeet of

the Schmidt number Sc on the reactive solute distri-

bution. Figured is the graphical representation of the

%oncentration profiles for various values of Sc. The

value of the solute profile at a fixedjuickly decreases
with increasing values of Sc. Actually the Schmidt

number is inversely proportional to thefitlision coef-
ficient. So, an increment of Sc produces a reduction
of diffusion codficient and which acts in thinning the
concentration boundary layer thickness. For this rea-
son the concentration profile decreases. Furthermore,
an interesting characteristic of the concentration pro-
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Figure 5: Concentration gradient profilgp) for various values of  Figure 7: Concentration gradient profilg4s) for various values of
Sc B

files is noticed i.e. after certain increment of Sc the S0-an concentration gradient profiles due to the variation

lute profiles e_xhlblt negative value (50.5_) for SOMe  of power-law exponent are demonstrated. As simi-

1. The negative value of the concentration profile for |4y to the reaction rate parameter, for increasing values

large Sc is because of substantial increase in the rate f n, the concentration profile decreases. So, due to

solute transfer from the plate to the fluid in presence ofenpancement of plate concentration the solute transfer

chemical reaction. The concentration grgd@nt profilesncreases. The magnitude of the concentration gradi-

¢'(n) for several values of Sc are plotted in Fighrdt  ant injtially increases with increasinyg but for larger

is observed from the figure that the magnitude of the4yes of; it decreases.

concentration gradient initially increases with Sc, but Finally, the values of-¢(0) which is proportional

for greater values of it decreases with Sc. to the rate of mass transfer from the plate, for several
The fects of reaction rate paramefon the con-  yajyes of reaction rate paramegeand power-law ex-

centration profiles and concentration gradient profiles,onenm are depicted in Figurg0. It is seen that the
are presented by the Figurésaand7. From the Fig-
ure 6, we observed that the value of the solute profile
at a fixed point decreases with increasing values. of ! \
Thus the chemical reaction enhances the mass trans- | %
fer. On the other hand, concentration gradient profiles
exhibits diferent behaviour before and after a critical
point. Beforen ~ 2.451 the magnitude of concentra-
tion gradient profile increases and after that point it
decreases. Furtherover, for small valueg ttie mag- =
nitude of gradient curves at first increases for small &
and for greater values ofit starts to decrease and fi-
nally approaches to zero. But, for large values of reac-
tion rate parametes, those curves decrease through-
out and goes to zero.

In Figures8 and9, the variations of concentration rigyre g: concentration profileg(y) for various values of

0.2

0

0




10

] (1]
i 2]

Figure 9: Concentration gradient profilg¢’{n) for various values of
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Figure 10: The values of¢(0) againsi3 for various value ofi
(13]

rate of mass transfer from the plate enhances for incre-
ments of botls andn. Itis very useful when the solute [14]
diffusion is given prime importance, i.e., in many pro-

cesses in chemical engineering.
[15]

5. Conclusion

The objective of this investigation is to analyse the[16]
boundary layer flow over a porous flat plate with dif-
fusion of chemically reactive species undergoing first-
order reaction and subject to suctiimjection. In  [17]
this analysis the plate concentration is taken variable.
From the study these following points can be con-

cluded. [18]

e Due to increasing suction both velocity and con-
centration boundary layer thicknesses decreasei
while for injection both increase. o

e The increasing values of Schmidt number and the
reaction rate parameter decreases the concentra-
tion at point. [20]

e Most importantly, the increase of plate concen-
tration enhances the rate of mass transfer from
the plate. [21]

(22]
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