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Abstract

In this article, the problem of transient convectiowith
chemical reaction and radiative heat transfer paat flat
porous plate moving through a binary mixture in an
optically thin environment is investigated. The
dimensionless governing equations for this investign
are solved numerically by the fourth-order Runge—a
integration scheme along with shooting technique.
Graphical results for velocity, temperature and
concentration profiles based on the numerical sabarts are
presented and discussed.
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Nomenclature

(X,y) Cartesian coordinates C. free stream concentration
(u,v) velocity components C concentration of the fluid
T, surface temperature C. surface concentration

T, free stream temperature D, Damkdghler number

g gravitational acceleration k thermal conductivity

Q heat generation coefficient Cp specific heat at constant pressure
T fluid temperature D diffusion coefficient

R, nth order irreversible reaction U, plate uniform velocity

Rs universal gas constant Pr Prandtl number

C suction parameter E activation energy

S, Schmidt number b heat generation parameter
G, thermal Grashof number G, solutal Grashof number
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Greek symbols

fluid temperature
fluid concentration

similarity variable

activation energy parameter

thermal volumetric-expansion coefficient
concentration volumetric-expansion coefficient

Stefan-Boltzmann constant
absorption coefficient
fluid density

kinematic viscosity
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1.0 Introduction

Studies related to boundary layer flow of a binarixture of fluids are always important in view @$ i
applications in various branches of engineering t@etinology. A familiar example is an emulsion vhic
is the dispersion of one fluid within another fluidypical emulsions are oil dispersed within waiewater
within oil. Another example where the mixture ofiifls plays an important role is in multigrade oils.
Polymeric type fluids are added to the base odsto enhance the lubrication properties of minaifdlL].
Several problems relating to the mechanics of aoill avater emulsions, particularly with regard to
applications in lubrication practice, have beensidered within the context of the binary mixtureahy

by [2] and [3].

Meanwhile, analyses of the transport processestagid interaction with chemical reactions and tharm
radiation are quite difficult and are intimately no@cted to the underlying fluid dynamics. Such a
combined analysis of chemical and physical prosessenstitutes the core of chemical reaction
engineering. Moreover, the study of heat generatioabsorption effects in moving fluids is importam
view of several physical problems, such as fluidengoing exothermic or endothermic chemical reactio
The recent advances in understanding physics efsfland computational flow modeling can make
tremendous contributions in engineering and indalsprocesses. [4] studied the problem of absorking
emitting gray fluid with a black vertical plate. idg perturbation technique, they obtained solutitat was
applicable for small values of the conduction-rédiainteraction parameter. [5] investigated thstaady
free convection interaction with thermal radiationa boundary layer flow past a vertical poroustgla
They found that an increase in Prandtl number might to a reduction in the thermal boundary layer
thickness. [6] studied the transient free conveciicteraction with thermal radiation of an absogbin
emitting fluid along a moving vertical permeableatel The problem of unsteady hydromagmetic
convection through a porous medium with combinedt lamd mass transfer with heat source / sink was
investigated by [7]. [8] studied the combined effeaf chemical reaction, heat and mass transfergaéo
wedge with heat source and concentration in thegmee of suction or injection. Their result shotast t
the flow field is influenced appreciably by chenticeaction, heat source and suction or injectiothat
wall of the wedge.

In this present work, we investigate the transiemvection with chemical reaction and radiativethea
transfer past a flat porous plate moving throudiirary mixture which is an extension of [8] to adniy
mixture instead of at the wall of the wedge. Thuilsirity transformation has been utilized to cornvée
governing partial differential equations into oralin differential equations and then the numericalton

of the problem is drawn using the fourth-order Rasigutta integration scheme along with shooting
method. The analysis of the results obtained shinat the flow field is influenced appreciably byeth
presence of chemical reaction, heat source, thaadation at the plate surface. It is hoped thatresults
obtained will provide useful information for apgitons.
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2.0 Mathematical formulation

Consider the unsteady one — dimensional convefifiwewith chemical reaction and radiative heat &fen
past a vertical porous plate moving through a lyimaixture (Fig. 1). The flow is assumed to be ia xh
direction, which is taken along the vertical plate.

A A 4 4 C

Fig. 1: Flow configuration and coordinate system.

We choose Cartesian axes, /) parallel and perpendicular to the plate, respebti and velocity
components arai( V), respectively. Then, the governing equationsstarh a flow are [9-12],

N_yg, (2.1)
oy
au au d°u
—tV—=U—+ T-T, )+ c-c.) (2.2)
5 vay Uayz 98 ( )+ 98, ( -)
oT oT 0°T
o Lvel -k +Q+400 T4, (2.3)
pc"(at Vayj ay? TQ4oa
oC oC 9%C
+v—=D —+R,> (2.4)
ot ay oy

whereu andv are velocity components iandy directions respectivelyf is the temperature,s the time,
g is the acceleration due to gravifis the thermal expansion coefficiefi,is the concentration expansion
coefficient, U is the kinematic viscosityD is the chemical molecular diffusivityk is the thermal

conductivity, o is the densityT, is the wall temperaturd,,, is the free stream temperatur@,,is the

species concentration at the plate surfdcg,is the free stream concentratiap,= (— AH )RA is the heat

of chemical reaction and\H is the activation enthalpy. We employed Arrhenius typehefnf” order
irreversible reaction given by,

R,=k, e ®RTC", 2.5)
where kr is the chemical reaction ratd?; is the universal gas constant afds the activation energy
parameter. The appropriate initial and boundary conditions are

u(y,0)=0, 7(y0)=T,, c(y0)=cC,. (2.6)
u(ot)=U,, T(0,t)=T,, c(ot)=cC,, t>0, (2.7)
u-0, T T C-C_, asy - o,t>0, (2.8)

o 1
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where U ,is the plate characteristic velocity. We introduce the followiigedsionless quantities and
parameters,

u=U,F(n), (g,gw):@,@,m): (C'CW),Gr _ 4utg T, |

m C. Y,
2.9
Gc:%!PrZZ!A:L!Sc:ivy: E n = y , ( )
U, A oc, D R.T., 2Jut
__E _ 3
K, = ke - p= CAHIC o 1600t oo g co.
pc,T, PC,
From Eq. (2.1)y is either constant or a function of time. Following @ choose
1
V:_C(%]Z’ (2.10)
where ¢ > 0 is the suction parameter and c < 0 is the injectiampgar. Egs. (2.2) — (2.4) then become
F'+2( +c)F'=-G,(6-1)-G_ (¢ -1), (2.11)
149”+2(/7+c)<9’:bDa¢”exp(y(l—;D—Rae“’ (2.12)
SL¢"+2('7+c)¢'=- Da¢"eXp(y(l—;D' (2.13)

with the boundary conditions
F(0)=1 600=6,,4(0)=4,,
F(0)=0, () =1 ¢()=1,
where prime symbol represents derivatives with respegt bois the heat generation paramei®a, is the

Damkéhler numberRa is the radiation parametey,is the activation energy parameté€, is the thermal
Grashof number an@, solutal Grashof number.

(2.14)

3.0 Computational approach

The set of non-linear ordinary differential equati¢nd.1) — (2.13with boundary conditions i(2.14)have
been solved numerically by using the Runge—Kutta integratitveme with a modified version of the

Newton—Raphson shooting method wigh Ra, Da, HW, ¢W, , b, n, Sc, andPr as prescribed parameters.

The computations were done by a program which uses a symandlicomputational computer language
MAPLE [9]. A step size ofA77 = 0.001 was selected to be satisfactory for a convergence critérid@H

in nearly all cases. The value vf was found to each iteration loop by the assignment staem = /7.
+An.

4.0 Analysis of results and conclusion

In order to get a clear insight of the physical problem,viilecity, temperature and concentration have
been discussed by assigning numerical values to the parameteuntered in the problem. To be realistic,
the values of Schmidt number (Sc) are chosen for hydro§ern=(0.22), water vapour (Sc = 0.62),
ammonia (Sc = 0.78) and Propyl Benzene (Sc = 2.62) at tempe28C and one atmospheric pressure.
The values of Prandtl number is chosen to be Pr = 0.7dhwepresents air at temperaturé@%nd one
atmospheric pressure. It should be mentioned herethat O indicates an increase in the chemical
reaction rate.
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4.1 Results discussion

Fig. 2 depicts the variation of temperature profile agapasthwise coordinatg for varying values of wall
temperature paramet@W and fixed values of other physical parameter in the presenggfofm suction.

It is interesting to note from this figure that the didemperature increases (or decreases) toward the free
steam temperature whenever the plate temperature is loweglerhihan the free steam temperature. Fig.
3 shows the effects of chemical reaction rate on the fluid éeahyre profile within the boundary layer
when the wall temperature is lower than the free stream tetoperin the presence of uniform suction. A
decrease in the fluid temperature is observed with increasing wdlDa. Fig. 4 represents graph of
temperature distribution with spanwise coordinattor different values of radiation paramefa. From
this figure, it is seen that the fluid temperature stagmfa minimum value at the moving plate surface,
increases till it attains the peak value within the boundamr]and then starts to decrease until it reaches
the free stream temperature value at the end of the bounglaryfda all the values of radiation parameter.
The effect of increasing value of radiation parameter is more ipemtnat the peak value within the
boundary layer i.e. the peak value drastically increases witkasitclg value in the value &a due to
internal heat generation by Arrhenius kinetics. Fig. Sesgmts the temperature profiles for different values
of reaction order parametem)( The fluid temperature is lowest at the moving plateaserfand increases
toward the free stream value away from the plate satisfymdpdlandary condition. It is observed that the
fluid temperature decreases with increasing order of Arrhehiesiical reaction.

The effect of chemical reaction rate paramé@aras shown in Fig.6 is very important in concentration
field. Chemical reaction increases the rate of interfacial massfara$e reaction reduces the local
concentration, thus increasing its concentration gradient arldpitsAs seen from the graph, increasing
parameter values of the chemical reaction rate causes an increasecondentration of the chemical
species in the boundary layer. Moreover, the peak concentratfiom ig attained within the boundary layer
and increases with increasing value in the valuBaflue to Arrhenius kinetics. Similar facts are seen in
the case when Schmidt number is increased as noted in Rige fbserved from this figure that an
increase in the Schmidt number Sc lead to an increase in thecehamécies concentration within the
boundary layer. Physically, the increase of Sc means decrease efutapldiffusion D. Hence, the
concentration of the species is higher for higher values of &toarer for small values of Sc. Fig. 8 is a
plot of concentration profiles againgfor various values of the order of reactimnAs seen from this plot,
the concentration of species decreases with increasing vaiua tife solutal boundary layer.
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Fig. 2. Variation of the boundary layer temperature profiles witliéasing values of
the wall temperature whép= G, = Ra== Da= ¢W =¢=0.1b=n=1,5=0.62.
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Fig. 3. Variation of the boundary layer temperature profiles witliéasing values of
the Damkohler number whép= G, = y=Ra=6,=¢,=c=0.1b=n=1,5=0.62.
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Fig. 4. Variation of the boundary layer temperature profiles witliéasing values of

the Damkohler number whéh = G = y=Da=8,,=¢,,=c=0.1b=n=1,S = 0.62.
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Fig. 5. Variation of the boundary layer temperature profiles witlréasing values
of the reaction order wh&) = G, = Ra/=Da=6,,=¢,,=c=0.1b=1,Sc = 0.62.
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Fig. 6. Variation of the boundary layer concentration profiledwitreasing values of
the Damkoéhler number whe® = G = y=Ra=6,=@,,=c=0.1b=n= 1,5 = 0.62.
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Fig. 7. Variation of the boundary layer concentration profiledwitreasing values
of the Schmidt number whén= G. = Ra=Da=6,,=¢,=c=0.1b=n=1.
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Fig. 8. Variation of the boundary layer concentration profiledwitreasing values of
the reaction order whén= G, = Ra=Da=6,=¢,,=c=0.1b=1,5 = 0.62.

5. Conclusions

The effects o™ order Arrhenius chemical reaction, thermal radiation on eahsionvection of a
viscous incompressible fluid past a vertical porous plateidiesl. A set of non-linear coupled differential
equations governing the fluid velocity, temperature and dat@nmspecies concentration is solved
numerically for various material parameters. The temperaturdepiaéreases in the presence of Ra and
decreases with increasing valuesDa& andn. In addition, the chemical species concentration within the
boundary layer increases with increase valud3aph andSc.
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