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Abstract

The effects of unsteady flow past an infinite vertical plate with variable
temperature and constant mass flux are investigated. Laplace transform technique is
used to obtain velocity and concentration fields. The computation of the results
indicates that the velocity profiles increase with increase in Grashof numbers, mass
Grashof numbers and time. For combined parameters, the velocity field is increasing
with increase of mass Grashof number and decreases with increasing Grashof,
Schmidt and Prandtl numbers. Similarly, concentration profile is decreasing with
increasing Schmidt number.
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1.0 Introduction

The importance of laminar free convection and ttéatieeffects and mass transfer finds applicationtechnological
and engineering fields and manufacturing indussigsh as rocket propulsion systems, spacecraftrye@erodynamics,
plasma physics, glass production, furnace engingedesign of reliable equipment, nuclear powentslagas turbines
and various propulsion devices for aircraft, mesilsatellites and space vehicles are examplesiabf engineering
applications [1], [2].

The nonlinear fluid flow in [3] with the effect ofagnetic field on the transient free convectionwflof an
electrically conducting fluid over an impulsivelyaged isothermal plate has been discussed. Thatingsnonlinear
equations are solved numerically. The velocity amhcentration decreases with increasing magnetianmeter.
Similarly, the chemical parameter increases theaisi of the fluid for a generative chemical reantiwhile for
destructive chemical reaction it is decreased.

Recently, [4] studied the MHD flow of a viscous émapressible fluid past an oscillating vertical platith radiation
and variable mass diffusion. Applying Laplace tfanamethod, the velocity and temperature fieldswedl as the
concentration were obtained.

Also [5] investigated the thermal radiation effeotsthe flow past an impulsively started infinitertical plate with
variable temperature and mass flux. Applying Laplaansforms, the temperature, velocity and comagoh were
obtained. The results obtained indicate velocitgréases with decreasing radiation parameter. Sigilaelocity
increases with increasing thermal Grashof numlea. $imilar case, [6] examined the interactionreéfconvection with
thermal radiation of a viscous incompressible flpast an impulsively started vertical plate withthesad mass transfer.
The numerical results for temperature, concentnatice shown graphically. It is observed that temmfpee, velocity
decrease in the boundary layer while skin friciimcrease with the increase in radiation parameter.

Similarly, [7] considered free convection and maassfer effect on oscillating vertical plate irethresence of a
homogenous first order chemical reaction. Velogaiiyreases with decreasing radiation parameter ematal reaction
parameter.

In their investigation, [8] gave an exact soluttorthe flow of a viscous incompressible unsteadwfpast an infinite
vertical oscillating plate with variable temperat@and mass diffusion. Applying Laplace transfornthuod, the effects of
velocity and concentration are studied for différparameters like phase angle, chemical reactioanpeter, thermal
Grashof number, mass Grashof number, Schmidt nuanteitime. From [9], the radiation effect of Coadiiow with
uniform temperature and constant mass flux has Istedied leading to exact solutions. The effectslinéarly
accelerated flow have been examined extensivelly [10], [12]. Hence the present study discussedathalytical
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solution to the boundary layer flow of an electiig@onducting fluid in an infinite vertical plateith heat and mass

transfer, with prescribed linear velocity, varialdenperature and mass flux without viscous disgipaand chemical
reaction.

2 FORMULATION

We consider the mass effects on unsteady flow wibeous incompressible fluid past a vertical irténplate with
variable velocity, temperature and constant massifl studied. It is assumed no heat dissipatiahcm®mical reaction
exit. Thex-axis is taken along the plate in the verticallyvapd direction. Initially, the fluid is at rest. Fome t >0, the

temperature and concentration is raised. The gmgrequations in non-dimensionless form followig] [10],[11],
[12] are given by
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ooy 9B(T'-T,)+ 98 ( ) (1)
a_C’: OZC' (2)
atr ay12

oT' _ k °T' -
ot pC, dy?

where U' is the velocity of the fluidC' is the mass concentration, ahdis the temperature of the fluid’is time, Y'is

distance,V is the kinematic viscosityg is the gravitational constanjis the thermal conductivity,@* is modified

thermal conductivity, Kis thermal conductivity, Ois density, Cpis heat capacity at constant pressure, D is the
diffusivity..
The initial and boundary conditions are:
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Introducing the following dimensionless variables
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Equations (1) to (4) reduce to
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The initial and boundary conditions become
t<0: u=0, 4=0,C=0 forally
t>0: u=t, Q:t,a—C:—laty=0 9)
oy
U—>0,6—> 0,C - Oa%/—>°°
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whereu is the velocity of the fluidC is the mass concentration, afllis the temperature of the fluid, théhis the
Grashof numbeliGc is the concentration numbék is the Schmidt number and Pr is the Prandtl number
3 METHOD OF SOLUTION

The solutions of (6) — (8) by Laplace transformjeabto the boundary conditions (9) are

e :ize‘JS_Pry (10)
S
C=— L sy (11)
s
0= ize—\/gy + Gr 3{e—J§y _e—\/ﬁy} + Ge . {e—JEy - ex/gy} (12)
S (PI'—])S (3:—1)@55
Inverting equations (10) to (12), we obtain
g(&.t)=F,(¢,Prt) (13)
2\t _
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4 RESULTS AND DISCUSSION

The effects of various parameters and time forflilid fields will be assessed. To have clear un@d@ding into the
nature of the flow distributions, we computed thedoeity and concentration fields. The graphs ptbtsee shown in
Figures 1 to 11. The Prandtl number for water izseim as 7, the Schmidt number Sc = 0.2, time #=a0d other values
where used are stated. The results obtained wi#adivelocity are in agreements with existing wdild, [11], [12]. For
a fix time, the velocity profile emanates from ther

Figures 1 to 10 represent the velocity profiles tloe fluid flow. Figure 1 gives the velocity prefifor various
Grashof numbers. It is seen that velocity is insieg as Grashof number increases. Similarly, Figurepicts the
velocity profile for mass Grashof number. As Gcraases, velocity profile increases. It is cleart te maximum
velocity of figure 2 is higher than that of Figure

Figures 3 to 4 represent the velocity profiles ¥arious with different Gr , Gc and Gr , Gc , Sc,réspectively.
From Figure 3, it is observed that while other paeters are fixed, velocity is decreasing with imsieg Gr and
increases with increase of Gc. Figure 4, the vsldsireducing for increasing Gr, Sc and Pr whilésiincreasing for
increasing Gc. The profiles of the two figures elif§lightly.

Figures 5 to 7 show the velocity profiles for varsaSchmidt numbers with different Gr and Gc. Ffegure 5, as Gr

and Gc are equal, the velocity profile is highagtrd®.2 while in Figure 6, as Gr is greater than tGe velocity drops
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to about 1.3. Similarly, in Figure 7, as Gr is l#san Gc, the velocity profile decreases to ov8rlut higher than
that of Figure 6.

Figures 8 to 10 represent the velocity profilesvarying time with different values of Gr and Geofn Figure 8, as
Gr > Gc, the velocity profile increases and reachewvaximum of 5.5. Figure 9 shows the variatiortiofe on the
velocity profiles. For Gr = Gc, the velocity prafilncreases but drop to about a maximum of 4.3nRfmure 10, as Gc¢
> Gr, the velocity profile is highest reaching axmaum of 7.5, compared with Figures 8 and 9.

Figure 11 gives the concentration profile with ation of Schmidt numbers. It is seen that the commaéon is
decreasing with increasing Schmidt numbers.
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Figure 1: Velocity distributiomsth different Grashof numbers
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Figure 2: Velocity distributionstiidifferent mass Grashof numbers
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Figure 3: Velocity profiles with varying Grashofcdhmass Grashof numbers.
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Figure 6: Velocity distributions withfferent Schmidt numbers & =10,Gc = 5.
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Figure 9: Velocity distributiomsth different time a€Gr = GC =5.
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Figure 11: Concentratiodistributions with different Schmidt numbers
5 CONCLUSIONS

Effects of unsteady flow past an infinite vertipdhte with variable temperature and constant magsafre studied. The
velocity profiles increase with increase in Grashombers, mass Grashof numbers and time for fixdmeters. With
combined parameters, the velocity field decreasib imcreasing Grashof, Schmidt and Prandtl numbehnde it
increases for increasing Gc. It is observed thatentration profile is decreasing with increasing8idt number.
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