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Abstract

In this paper, we examined the influence of buoygnand suction/injection
in the problem of unsteady convection with chemicahction and radiative
heat transfer past a flat porous plate moving thiglu a binary mixture in an
optically thin environment is presented. The dimémdess governing
equations for this investigation are solved numeily by the fourth-order
Runge—Kutta integration scheme along with shootitechnique.. Graphical
results for velocity, temperature and concentratiqrofiles based on the
numerical solutions are presented and discussed.
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porous plate; suction/injection

Cartesian coordinates

velocity components
surface temperature

free stream temperature
gravitational acceleration

heat generation coefficient
fluid temperature

nth order irreversible reaction

universal gas constant
suction parameter

Schmidt number

thermal Grashof number
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free stream concentration
concentration of the fluid

surface concentration

Damkdohler number
thermal conductivity

specific heat at constant pressure
diffusion coefficient

plate uniform velocity

Prandtl number
activation energy

heat generation parameter

solutal Grashof number
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Greek symbols

fluid temperature

fluid concentration

similarity variable

activation energy parameter

thermal volumetric-expansion coefficient

o

concentration volumetric-expansion coefficient
Stefan-Boltzmann constant

absorption coefficient

fluid density

kinematic viscosity
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1.0 Introduction

The boundary layer flow of a binary mixture of fisiis always important in view of its applicatidns
various branches of engineering and technology. Gih¢he examples is an emulsion which is the
dispersion of one fluid within another fluid. Typicemulsions are oil dispersed within water or wate
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].
Moreover, all industrial chemical processes aregahesl to transform cheaper raw materials to higheva
products through chemical reaction. Several authaex® obtained some exact solutions for the boyndar
layer flow of a binary mixture of incompressible Wenian fluids [2-4]. Meanwhile, analyses of the
transport processes and their interaction with ¢b@imeactions and thermal radiation are quiteialif
and are intimately connected to the underlyingdfldynamics. Such a combined analysis of chemicdl an
physical processes constitutes the core of chem@adtion engineering. Moreover, the study of heat
generation or absorption effects in moving fluis$nportant in view of several physical problems;hsas
fluid undergoing exothermic or endothermic chemiosdction. The recent advances in understanding
physics of flows and computational flow modelinghaaake tremendous contributions in engineering and
industrial processes. [5] investigated the unstdagly convection interaction with thermal radiationa
boundary layer flow past a vertical porous plateeyl found that an increase in Prandtl number megd
to a reduction in the thermal boundary layer théda In [6] the transient free convection interactivith
thermal radiation of an absorbing-emitting fluid@ a moving vertical permeable plate was studiée.
problem of unsteady hydromagmetic convection thnoagporous medium with combined heat and mass
transfer with heat source / sink was investigate{irh

In this article we further investigate the effea$ thermal buoyancy, solutal buoyancy and
suction/injection on boundary layer problems in tpbessence of radiative term. The similarity
transformation has been utilized to convert theegowg partial differential equations into ordinary
differential equations and then the numerical $otutof the problem is drawn using the fourth-order
Runge—Kutta integration scheme along with shootireghod. The analysis of the results obtained shows
that the flow field is influenced appreciably byetpresence of buoyancy forces, suction or injectiotie
plate surface. It is hoped that the results obthin# not only provide useful information for agpqtions,
but also serve as a complement to the previousestud

2.0 Mathematical formulation
We consider the unsteady one — dimensiamalective flow with chemical reaction and radiatheat

transfer past a vertical porous plate moving thioadinary mixture (Fig. 1). The flow is assumeddéoin
thex-direction, which is taken along the vertical plate
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Fig. 1: Flow configuration and coordinate system.

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

N_o @2.1)
oy
Jdu 67U_ d°u _ _ , (2.2)
TR vl v g,B(T T.)+9B.(C-C.)
pc [W a—Tj +Q+40aT*’ (2.3)
aC  acC
+V—=D — C iR, AP
ot oy ay

whereu andv are velocity components iandy directions respectively], is the temperature,is the time,
g is the acceleration due to graviis the thermal expansion coefficief,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 temperatuf€,, is the

species concentration at the plate surf4Cgis the free stream concentratio@, = (— AH )RA is the

heat of chemical reaction anfdH is the activation enthalpy. We employed Arrheniygetof then™ order

irreversible reaction given by,
R, =k e "RTCn, (2.5)

where kr is the chemical reaction ratdR; is the universal gas constant ads the activation energy
parameter. The appropriate initial and boundandd®ns are

u(y0)=0, T(y0)=T,. c(y0)=c,. (2.6)
u(0,t)=U,, T(0,t)=T,, c(o,t)=C,, t>0, (2.7)
Uu-0, T-T,,C-C, @Sy - o,t>0, (2.8)
where U jis the plate characteristic velocity. We introdube following dimensionless quantities and
parameters,
T.T, C,C 4Ut T,
u=U @), 0.0,)- 1T (s 9, )= E:Cu) g 9O
” C. 0 (2.9)
4utgB.C., v k v E y '
G =—=Sf¢c-x lPr:7lA:7lSc:7l = = ,
¢ U, A pc p'” RsT. é 2Jut
- 3
ko =k, e f™ b= %,Ra = %,Da = 4tk ,C .
pc. T, pc,
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From Eq. (2.1)y is either constant or a function of time. Followii®], we choose

1
v~ c(%)g, (2.10)
where ¢ > 0 is the suction parameter and ¢ <eisrjection parameter. Egs. (2.2) — (2.4) therobex
F'+2(+c)F'=-G, (6-1)-G, (¢ -1). @1
pl9"+2(/7+c)9':bDa¢”exp(y(l—;D—Rae“y (2.12)
Sl ¢"+2(’7+c)¢'=—DJ"exp(V(l—%n’ (2.13)
with the boundary conditions
F(0)=1,6(0=6,,4(0)=9¢,, (2.14)

F(0)=0, 8(w)=1¢(»)=1,
where prime symbol represents derivatives witheespon, b is the heat generation parameias, is the

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

3.0  Method of solution

The set of non-linear ordinary differential equat@2.11)—(2.13)with boundary conditions i2.14)
have been solved numerically by using the Rungetakintegration scheme with a modified version & th
Newton—Raphson shooting method Wi, G, and ¢ as prescribed parameters. The computations were
done by a program which uses a symbolic and cortipo& computer language MAPLE [8]. A step size

of Arp=0.001 was selected to be satisfactory for a ogaree criterion of 10in nearly all cases. The
value ofy,, was found to each iteration loop by the assignmseatementy,, = 77.. + A7 . The maximum

value of#,, to each group of parametésg G ,and c is determined when the values of unknown boundary
conditions a7 = 0 not change to successful loop with error thas 10’

4.0 Results and discussion

In order to get a clear insight of the phgbjgroblem, the velocity, temperature and concéintrghave
been discussed by assigning numerical values tpatameters encountered in the problem. To bestieali
the values of Schmidt number (Sc) are chosen fairdgen (Sc = 0.22), water vapour (Sc = 0.62),
ammonia (Sc = 0.78) and Propyl Benzene (Sc = 26®mperature 28 and one atmospheric pressure.
The values of Prandtl number is chosen to be Pi7% @hich represents air at temperaturéC2&nd one
atmospheric pressure. Attention is focused ontipesivalues of the buoyancy parameters i.e. Grashof
numberG,; > 0 (which corresponds to the cooling problem) antlital Grashof numbeg. > 0 (which
indicates that the chemical species concentraticdhe free stream region is less than the condéemrat
the boundary surface). The cooling problem is oeienountered in engineering applications; for eXamp
in the cooling of electronic components and nucteactors. It is noteworthy that the heat transd¢e at
the plate surface increases with fluid suctionilavit decreases with increasing parameter valddhiiol
injection.

Fig. 2 shows the effect of the thermal buoyancgdoparamete6, on the horizontal velocity in the
momentum boundary layer. It is clearly seen thatd fvelocity is highest at the moving plate sugamnd
decreases to the free stream zero value far away tihhe plate satisfying the boundary conditiés. the
thermal buoyancy force parameter increases in thsepce of uniform suction, the flow rate retard an
thereby giving rise to a decrease in the velocitgfiles. The momentum boundary layer thickness
generally decreases with increasing value§ofMeanwhile, it is interesting to note that a reeeflow
occurs within the boundary layer as the intensitthermal buoyancy force increases. The effectodital
buoyancy force parameter, @ depicted in Fig. 3. As seen from this figudee fluid velocity decreases
from its maximum value at the moving plate to treefstream zero value. Moreover, a local peak itgloc
occurs within the boundary layer as solutal Grashohber increases. Fig. 4 illustrates the effectvall
suction and injection on the horizontal velocitytiie momentum boundary layer. The
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trend of the velocity profiles in this figure ismsa as those shown in Fig. 2. It is observed that th
momentum boundary layer thickness decreases witkasing wall suction (c > 0) and increases with
increasing wall injection (c < 0).

Fig. 5 depicts the variation of temperature prodigginst span wise coordinagefor varying values of
wall temperature parameteﬂW and fixed values of other physical parameter & fhesence of uniform

suction. It is interesting to note from this figutet the fluid temperature increases (or decrg¢deesmrd
the free steam temperature whenever the plate tamupe is lower (or higher) than the free steam
temperature. The effect of suction / injection paeter on the fluid temperature is highlighted ig.F.
The trend of the temperature profiles in this figig same as those shown in Fig. 7. It is obsetivatdthe
fluid temperature increases with suction and desggavith injection.

The effect of suction / injection parameter on¢hemical species concentration in the boundary laye
is depicted in Fig.7. From this figure, it is sabat the species concentration within the boundtaygr is
higher for suction and lower for injection.
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Fig. 2. Variation of the boundary layer velocity profiledth increasing values of thermal Grashof number
whenG, =y=Ra= Da=8,,=¢,,=c=0.1b=n=1,%=0.62.
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Fig. 3. Variation of the boundary layer velocity profilegth increasing values of the solutal Grashof
number wherG, = y=Ra= Da=6,,=¢,,=c=0.1b=n=1,5=0.62.
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Fig. 4. Variation of the boundary layer velocity profilegith increasing values of suction/injection
parameter whe@, =G, = y= Ra= Da=6,,=¢,, =0.1,b=n=1,Sc = 0.62.
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Fig. 5. Variation of the boundary layer temperature pesfilvith increasing values of the wall temperature

whenG, = G, = Raz/=Da=¢,,=c¢ =0.1b=n=1,S=0.62.
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Fig. 6. Variation of the boundary layer temperature pesfiwith increasing values of suction/injection
parameter whe@, =G, = y= Ra= Da=6,,=¢,, =0.1,b=n=1,Sc = 0.62.
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Fig. 7. Variation of the boundary layer concentration pesf with increasing values of suction/injection

parameter whe@; = G = y=Ra= Da=6,,=¢,, =0.1,b=n=1,5=0.62.

5.0 Conclusion

The effects of wall suction / injection and buogwnforces on unsteady convection of a viscous
incompressible fluid past a vertical porous plagestudied. A set of non-linear coupled differential
equations governing the fluid velocity, temperataed chemical species concentration is solved
numerically for various material parameters. A cosmgnsive set of graphical results for the velgcity
temperature and concentration is presented andgiied. Our results reveal among others, that the fl
velocity within the boundary decreases with inciegs/alues of buoyancy forces and wall suction, and
increases with wall injection.

Acknowledgements

POO want to thank Professor Makinde for his usefigigestions and support at Cape Peninsula Uniyersit
of Technology, Cape Town, South Africa.

Journal of the Nigerian Association of Mathematic&hysics Volumel6 (May, 2010) 293 - 300

buoyancy and suction/injection in heat and mass ... Olanrewaju, and Lamidi Jof NAMP



References

[1] F. Dai, M. M. Khonsari, A theory of hydrodynaeriubrication involving the mixture of fluids, J.pfl.
Mech. 61 (1994) 634-641.

[2] N. Mills, Incompressible mixtures of Newtonifloids, Int. J. Engng. Sci. 4 (1966) 97-112.

[3] C. E. Beevers, R. E. Craine, On the determimatf response functions for a binary mixture of
incompressible Newtonian fluids, Int. J. Engng.. 6i (1982) 737-745.

[4] M. S. Gdsus, The steady flow of a binary mixture between twtating parallel non-coaxial disks, Int.
J. Engng. Sci. 26 (1992) 665-677.

[5] M. D. Abdus Sattar, M. D, Hamid Kalim, Unsteafilee-convection interaction with thermal radiatio
in a boundary layer flow past a vertical poroudgld.Math. Phys. Sci.Vol.30, (1996) 25-37.

[6] O. D. Makinde, Free convection flow with therdnmadiation and mass transfer past a moving vdrtica
porous plate, Int. Communication in Heat and Mass3fer 32 (2005) 1411-1419.

[71 M. H. Kamel, Unsteady MHD convection throughrpos medium with combined heat and mass
transfer with heat source/sink, Energy Conversiuth anagement 42, (2001) 393-405.

[8] A. Heck, Introduction to Maple, 3rd Edition, Bpger-Verlag, (2003).

Journal of the Nigerian Association of Mathematic&hysics Volumel6 (May, 2010) 293 - 300

buoyancy and suction/injection in heat and mass ... Olanrewaju, and Lamidi Jof NAMP



