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ABSTRACT

This study investigates the effect of chemical tieacon natural convective flow between two fixegttical porous plates.
The continuity, momentum, energy and concentratigmations were used as the governing equationsdifiensionless
forms of the equations were solved analyticallyngdPerturbation method in order to obtain the vigfptemperature and
concentration. Expressions forthe Skin-friction,sselt number and Sherwood number were derivedhé&umbre, Effects
of assisting free convective currefirmagnetic field?, Prandtl numbePr, chemical reactiad suction/injectiod,
sustention parameteV and Schmidt number on heat and mass transferanfltw were discussed and presented
graphically.

1.0 INTRODUCTION

Natural convection has attracted a great deal teihtdbn from researchers because of its importduaé in nature and
engineering applications. In nature, convectiotsdelrmed from air rising above sunlight-warmeddasr water are a major
feature of all weather systems. Convection is a¢ésm in the rising plume of hot air from fire, ogieecurrents. In engineering,
convection is commonly visualized in the formati@ihmicrostructures during the cooling of molten atetind fluid flows
around shrouded heat-dissipation fins, and soladpoA very common industrial application of natwanvection is free air
cooling without the aid of fans: this can happensomall scales (computer chips) to large scale peguipment. In this
system, heat is transferred from a vertical plata fluid moving parallel to it by natural convesti The study of convection
process in porous channels is a well developed ielnvestigation because of its importance t@aety of situation Jhet al.
[1]. Convection flow formations were studied by maauthors. For instancé,angellottoet a.[2] reported the numerical
investigation of transient natural convection iniaia convergent vertical channel symmetricallpted at uniform heat flux.
Floria and Harnoy [3] augmenting natural conveciioa vertical flow path through transverse vibnasi@f an adiabatic wall.
Jha and Ajibade [4] studied free convective flowtwsen vertical porous plates with periodic heatuinpAbdulaziz and
Hashim [5]considered free convective flow betweeorops vertical plates with asymmetric wall temperat and
concentrations and used homotopy analysis methablt@ boundary value problems. Related works turah convection
research is the finding of new configuration to ioye heat transfer or the analysis of standardigorgtion to determine
optimal geometrical permutations in order to ackiavbetter heat transfer ralees [6] studied the stability of Dersy-bernard
convection. Jhet al. [7] studied unsteady natural convection flow betweefinite vertical parallel plates with ramped
temperature.Rajput and Sahu [8] studied the effechemical reactions on free convective (MHD) flpast an exponentially
accelerated infinite vertical plate through a perotedium with variable temperature and mass ddfuskesavaiatet al. [9]
analyzed the effect of chemical reaction and raatiabsorption on an unsteady MHD convective hadtraass transfer flow
past a semi-infinite vertical permeable moving @lambedded in porous medium with heat source agtibeu Ajibade and
Jha [10] reported transient natural convection flbetween vertical parallel plates with temperatdependent heat
source/sinks. Muthucumaraswamy [11] investigated @ffects of a chemical reaction on a moving isotta surface with
suction. Pal and Talukdar [12] examined the pestioln analysis of unsteady magneto hydro dynamiwective heat and
mass transfer in a boundary layer slip flow pagedical permeable plate with thermal radiation @hdmical reaction. Patil
and Kulkarni, [13] investigated the effect of chealireaction on free convective flow of a polaridluhrough a porous
medium in the presence of internal heat generafRoutet al. [14] studied the effect of radiation and chemiezdction on
natural convective MHD flow through a porous mediwith double diffusion. Sorej al. [15] observed the steady state and
oscillation in homogeneous-heterogeneous reactistes. Williamst al.[16] analyzed the Ignition and extinction of sudac
and homogeneous Oxidation of h&hdCH,. Nguyeret al. [17] investigated unsteady non-Darcy reactioneafiflow from an
anisotropic cylinder in porous media. Ingheinal. [18] studied free convection boundary layer athee¢ dimensional



stagnation point driven by exothermic surface ieactChaudhary and Merkin [19] observed free cotivacstagnation point
boundary layers driven by catalytic surface reactio

However, recent years revealed an increased intabesit fluid and thermal system where chemicattieas take place.
These chemical reactions may undergo through theneof (porous) region which is analyzed alongiifstces/boundaries of
the region. Real world application includes chelng@yineering systems, contaminant transport iigdowater systems, or
geothermal processes.

Models for convective flows on reactive surfacepanous media have been proposed by many investgggt0, 21].
This present work considers chemical reaction effiecnatural convective flow between fixed vertiptdtes with suction and
injection.

Nomenclature

B, External magnetic field HW Constant temperature at the plate

C Dimensionless concentration @ Dimensional temperature of the fluid
C' Dimensional concentration of the fluid O Suction
C,, Constant concentration at the plate C, Initial concentration of the fluid

Gr Thermal Grashof number
0 Acceleration due to gravity

R. Chemical reaction

T' Dimensional fluid Temperature

M Magnetic parameter C, Specific heat at constant pressure

N Suspension parameter

Pr Prandtl number

Q Dimensional heat generation term
R Chemical reaction parameter

S Dimensionless heat sink parameter

X Schmidt number
t Dimensionless time

t, Characteristic time
t' Dimensional time

U Dimensionless velocity of the fluid
U’ Dimensional velocity of the fluid

Y Dimensionless co-ordinate perpendicular

to the plate
y' Dimensional co-ordinate to the plate

20 Mathematical analysis

T, Dimensional initial temperature of the fluid

h Gap between the plate
B Volumetric coefficient of thermal expansion

o Stefan Boltzmann constant (electrical
Conductivity)

Nu, Nusselt number

Sh, Sherwood number

Greek symbols
vV Kinematic viscosity
L Density of the fluid

@ Fluid Temperature
V Kinematic viscosity
B Volumetric coefficient of thermal expansion

T, Skin friction

This problem considers chemical reaction effectnatural convective flow between fixed vertical p&twith suction and
injection. Figure 1, Shows the physical configuatbf the problem. One of the plate is placedyét: O and the other at

distancey’ =h.
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Figure 1: Schematic diagram of the problem

The equations governing the flow under the usuahbary layer and Boussineques approximations are:
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The boundary conditions are

t<OU'=0T'=0for Ocy<H

t>0U'=04 =T, C =CLaty'=0
U'=0,6=T,C'=Cjaty =H

(5)

In order to write the governing equations and baupdconditions in dimensionless form the followingn-dimensional
guantities are introduced into equation (1) — (4)
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Using equations (1) and (6) in equations (2) to 443l boundary conditions (5), the dimensionlesseguxg equations
become;
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The corresponding boundary conditions are:

t<0U=6=C for Osy<1l
t>0,U = 0,8= 1+ 6" +£26®™ C= ted" +c%™aty = (19
U=06=0C=0aty=1

To solve equations (7) to (9) subject to the bowpdanditions (10), we take solutions of the form

U =U, +U,ge" +U £%6™ +0(%) +-- = > £l & ™ (1)
i=0
0=6,+6se" +0,%€™ 0(53)+---:Z£iejei“w‘) (12)
=0
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WhereUO(y) ,Ul(y),Uz(y) ,Ho(y) ,Hl(y) ,Hz(y) ,Co(y) ,Cl(y) andCz(y) are to be determined.

Substituting equation (11) into (7), (12) into @)d (13) into (9) and equating the harmonic and-fmmonic terms. Also

neglecting the higher order terms ((f&f) we obtained the velocity, temperature and conaéotr equations as

U (y) = (Bl3enl3y + Bl4e_”14y + Bl@mﬂ + Blg_nby + B 1¢mly + B lg_mzy)
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C(y)=Be™ +Be™ +(B£™ +Be ™ )ce™ +(BL™ +Bg™)e’e™ (16)

Using equation (14) the skin friction on the plafgs0) is
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Using equation (15) the rate of heat transfer enptlates (y=0) is:
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Using equation (16) the Sherwood number on theepl@t=0) is obtained as:
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3.0 Result and Discussion

In order to study the physical problem, the velgdi¢mperature and concentration have been distigsassigning numerical
values to the parameters under study. The vali®rafdtl number (Pr) are chosen to be (Pr = 0.#1aifo (Pr = 7.0) for water
and (Pr = 3) for saturated liquid Freon. The valieesSchmidt number are chosen (Sc = 0.22) for dgeln, (Sc = 0.62) for
water vapour, (Sc = 0.8) for ammonia and (Sc= 2foi)Ethyl Benzene [8]. The values of thermal Gdshumber (Gr)

indicate the state of the plates. Sifa# depends on the plates, it can take positive zedonagative values depending on the
temperature of the plates.

The behaviors of the fluid velocity for differenalues of parameters are presented in FiguresfaBd 5. Figure 2 shows the
effect of thermal Grashof numl(eﬁ;‘-r) , on fluid velocity profile. It is observed thatetlvelocity increases due to the increase

in the values of thermal Grashof number. Increadsli, has the tendency to increase the thermal buoyafiegt and this
give rise to an increase in the induced flow. FégRa reflects that velocity profile is higher intesathan in the air this is
physically possible because there is greater deimsivater than in the air due to closeness of md&s in water which makes

velocity to be higher. The positive values®af indicates the cooling of the plate. Wh(e@r > O) the velocity increases, the

reverse effect is observed in figure 2b which repn¢ heating of the pIa(@r < O) increasingGr implies heat is removed

from the channel walls which result in thickeninigtioe thermal boundary layer which leads to an &iew in the transient
velocity similarly. Figure 3 shows effect of sudten parameter (N) in the velocity profile. It iwident that the velocity
profile is higher in case of water (Pr = 7.0) thhat of air (Pr = 0.71). Figure 4 reveal the effetmagnetic field on velocity
profile it is seen from this figure that the vekycilecreases with the increase in the magnetid. fleis interesting to note that
the effect of magnetic field is to decrease theiealf velocity profile throughout the boundary lapeesence of the magnetic
field in an electrically conducting fluid introdudsorentz force which act against the fluid flowgkie 5 demonstrate the
effect of suction/injection parameter on velocitpfe, it is observed that velocity increases vitttle increase of injection for
cooling of the plate and decreases for the heaffiitige plate. It is also clear that suction stab#i the boundary layer.
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Figure 2: Effect of thermal Grashof number (Gr)vattocity (u)
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The effects of Prandtl number, heat sink and snftigection parameters on the fluid temperatureilaustrated in Figures 6, 7
and 8. It is observed from Figure 6 that the tempge increases with an increase of heat sink patean{S). It is seen in

Figure 7 the temperature decreases with an increaBeandtl| number(Pr) due to suctioﬁ5< O). Also an increase in

Prandtl number (Pr) increases the temperatureojin;'action(d' > O) , higherPr fluid transfer heat less effectively than the

lower Pr fluid and consequently a decrease in temperasikes pplace which in turn reduces the velocity inrégion Figure 8,
reveals that the temperature increases with threase of the suction/injection parameter.
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From Figure 9 it is observed that increase in Sdhmumber decreases the concentration of the floisl causes the
concentration buoyancy effects to decreases, theay the reduction in concentration profile areoatpanied by reduction in
the concentration boundary layer. Figure 10 shdwsefffect of chemical reaction parameter (R) ondiwecentration of the
fluid. It is observed that the concentration ofdlincreases with the decrease of chemical reagidoameter (R).
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Table 1: For Skin friction, Nusselt number and Sherwood number.

Pr Gr M R & o N T, Nu, S
0.71 5 1 1 022 02 3 2.8972 0.8838 1.0515
7.00 5 1 1 022 02 3 3.1910 -0.0233 -
0.71 10 1 1 022 02 3 4.2604 - -
0.71 5 2 1 022 02 3 2.4045 - -
0.71 5 1 2 022 02 3 4.3003 - 1.1218
0.71 5 1 1 0.60 0.2 3 5.8859 - 1.1347
0.71 5 1 1 022 05 3 2.9539 0.7862 1.0193
0.71 5 1 1 022 02 4 3.4084 - -

The comparison of variation of Skin frictiéﬁ():(U')), Nusselt number(NuO=(9')) and Sherwood number

(ShO = (C')) at y=0 is shown in table 1. Increase in Grashof numdr and sustention paramefd, increases the skin

friction. Increase in the suction/injection paraemghcreases the skin friction and decreases fdieai transfer and Sherwood

number. For increasing magnetic paramMer the skin friction decreases. Increase in the evalfi Prandtl number (Pr),
increases the skin friction but has reverse effactate of heat transfer. Also the skin frictiord &herwood number increases
as Schmidt number increases.

3.0 Conclusion.

In this paper we have studied the chemical reaatftect on natural convective flow between fixedtioal porous plates. In
the absence of mass transfer equation [4] our prassult agrees with available work [1, 7]. Frone tstudy conducted,
weconclude that:

i. The velocity increases with the increase of ther@@shof number, increasir@r implies heat is removed from the
channel walls which result in thickening of therthal boundary layer which leads to an elevatioithia transient
velocity similarly,sustention parameter and sudtigaction parameter for cooling of the plate, allexreases with an
increase in magnetic field parameter and sucti@viion parameter for heating of the plate

ii. 666The temperature profile increases with an irs@ea suction/injection, heat sink parameters arahdtl number
due to injection, similarly decreases with the @&ge in Prandtl number due to suction, highefluid transfer heat
less effectively than the lowdrr fluid and consequently a decrease in temperaake place which in turn reduces
the velocity in the region

iii. 777The concentration increases with an increas8ciimidt number and decreases with an increasediatian
parameter.

iv. 888An increase in thermal Grashof num(ﬁrr)and sustention parame(eN) increases skin friction and an

increase in magnetic field parameter (M) decreakasfriction, magnetic field decrease the valuevelbcity profile
throughout the boundary layer presence of the ntagfield in an electrically conducting fluid intdoice Lorentz

force which act against the fluid flow. Also, artiease in suction/injection parame(e)') increases skin friction but

decreases the rate of heat transfer and Sherwoodbaru Similarly, an increase in radiation paramégi®y and
Schmidt number (Sc) increases skin friction andrnBbed number. Moreover, an increase in Prandtl remgBr)
increases skin friction but reverse effect is obséron rate of heat transfer.
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