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Abstract

Under an arbitrary time-dependent heating of an infinite vertical plate (or wall),
the steady viscosity-dependent free convection flow of a viscous incompressible fluid is
investigated. Using the asymptotic method of solution on the governing equations of
motion and energy, the resulting Ordinary differential equations were solved
numerically. And the results show that the fluid energy decreases as the distance moved
by the plate increases.

1.0 Introduction

Transient convection is of fundamental interestiainy industrial and environmental such as air d@mvng systems,
human comfort in buildings, atmospheric flows, metdhermal regulation processes, and cooling eftednic devices. In
view of these applications, [1] investigated trensifree convection flow between two horizontalgtlet plates. The results
of a numerical study of the transient natural catiea flow between two vertical parallel plates wg@resented by [2].

In this study, Joshi applied uniform heat flux de tvalls. Singh [3] and Singh et al [4] studied flbev of behavior of a
transient free convective flow of a viscous incoegsible fluid between two vertical parallel platesrelative motion using
Laplace transform technique.

The first numerical solution for developing natwanvection flow in an isothermal channel was iegiout by [5]
using boundary-layer approximation. Aung [6], Augtgal [7], Miyatake and Fuzii [8], andMiyatake ¢{@] presented their
results for a steady free convective flow betweentieal walls by applying different physical treants for transport
process.

Our interest in this paper is to show how the distamoved by the plate affects the energy disiobuf the fluid, and
our model is taken from the work of [10] and [11].

1. Mathematical formulation
The free-convection flow is two-dimensional andsitconsidered with the coordinate origin at an teaby point on an

infinite, porous limiting vertical plate or wall.HE X' -axis is along the plate and in the upward direcéad they' -axis

normal towards it. The fluid is viscous and incoegsible. The flow is induced either by the motidrthe plate or by
heating it or both.

The plate is at rest with a constant temperafyreand it is suddenly moved with a constant veldgitylts temperature is

instantaneously increased (or decreased) by thetitwa?(Tv'v —Tof,) fort >0 ,Tv'V (;t Tw) a constant temperature of the

plate.
On the physical grounds of the present problenthalljuantities are assumed to be functions oplaee coordinatgy’ and

t', so that the vector of the velocity is given by (' ,0).
Then the equation of continuity, on integratioryegi V' = constant =V’ (say), whereV' is the normal velocity of suction
or injection at the wall according a8 < 0 or V' > O respectivelyv' =0 represents the case of a non-permeable wall.

The corresponding equation of motion and energyHigrcase are respectively;
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where p denotes the fluid density[ ' the temperature, g the acceleration due to grayiy the coefficient of volume

expansion K the thermal conductivity; anp the specific heat at constant pressure.

n
We assume that the viscosiiy= y/, ['-II'- _ -_II-_°°, j , whereNis a positive number.
w - 00
We introduce the following non-dimensional varegbhnd parameters;
t'u 'u V!
t= , = _y ° , Vv, = _° ,
v v u,
o T-T.
Non-dimensional temperatui@ = -
w - TOO
Prandtl numberP = @
k
Grashof numberg = m
u.

®)

(4)

®)
(6)

The corresponding initial and boundary conditiohthe system (1) and (2) after being non-dimendined are:

0(y0)=0, 6(0t)=a, 6(x0)=0
u(y0)=0, u(0t)=0, u(x0)=0
The boundary conditions (7) and (8) are solved gggtically as

6=6 +af, +a’f,+a’f, +... and u=u, +au, +a’u, +a’u, +

Non — dimensionalization of (1) and (2) accordiog3), (4), (5) and (6) gives;

6_u+ %_i g“% +G4
ot "oy oy oy

Ll 19@ en(a“j
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u2

Cp(T, -T.)

ou 06
And for the steady case,— =0 andE =0, equations (10) and (11) become;

ot
v M_dfgdl), gq
dy dy dy
L96_1d%0, .(du ’
+ad"| —
dy P dy? dy

where g =

()
®)

(9)

(10)

11)

12)

(13)

We assum@ <a<<l1, and if we treat the coefficients of" after expanding (12) and (13) asymptotically with

()" = (6, +ab, +a’6, +a’g, +...)" , we have;

VO%:E(HO du J Gg

dy dy dy
dg 1 d?%6

Vv, =—
dy P dy’

(14)

(15)
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The corresponding asymptotic initial and boundamyditions for the energ. , and for the velocity) = are:

6 (y,0),=0,601t)=a 6 (o t)=0andU, (y,00=0 U (o,t)=0
Equation (15) has the auxiliary equatnsﬁ -v.pm=0, wherem=0andm=V,p

The solution for (15) is of the form, (y) = A + B/ (16)
Using the boundary conditions féron (16) we have that:
& (y)= al™® (17)

whereV, = 3, B > O for finiteness
Putting equation (17) into equation (14), we haat:t

—,Biuo -4 0/“[‘””yiu0 +al™ G (18)
dy ~ dy dy
And on integrating equation (18), we have
iu +££ﬁpny.u — aG \Bro=p)y _ﬁgﬂoﬂy (19)
dy ° a" ° Bpa" a

Wherek; is the constant of integration
Equation (19) can simply be written as

%uo+a.uow =ty -ct " (20)

n

Whereazﬁn,bZ aG c:k—ln,d:,é’pn—,ﬁ’pand f=y=/Lpn
a

a Boa"’
If we obtain the coefficients o@t, we will have;

du, _ d (en dU1J+Gel (21)

“dy dyl ° dy

2 2
V. do, _ 1 d?%g, v oy du, 22)
dy P dy? dy

Satisfying

U (0) = 0,Uy () = 0, 6 (0)=0,6; (=) =0, wheret (y) =a £
Unique solutions exist for (21) and (22) by theotfean below:
Theorem [1]:
Consider the initial value system;

X5 = (X Xy e X, 1), X, () = X

1 _ —_
XZ - fz(xl’XZ’ """ Xn’t)!xz (to)_XZO
.......................... (23)
XE = (X, Xy X, ), X (E) = X
Let D denote the region in (n+1) — dimensional spane dimension for t and one dimension for vextor

If the partial derivativesi’ i,j=12.., n are continuous and bounded on D. Theretls a constard > 0 such that
0X
]
there exist a unique continuous vector solutdift) of the system of equations (23).

Equation (17) is a simple function whose pointsdodted in Figurel fory :landﬁp -1,
2
Equation (19) which is a linear first order ordipalifferential equation is numerically solved for
a=1b=1c= E,G =1and gp = 1forn= 2,n=3and n = 4 using the forward different method with =1, and
2 2

the result is shown in Figure 2.
2. Conclusion

The energyd, decreases as the distance moved by the plateohtaily increases. The energy decreases creatkigka

before attaining a constant value. The velocittheffluid decreases d@3decreases.
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Figure 1: The graph of the ener@,) against the

distance (y) moved by the fluid Figure 1: The graph of the energ§,) against the

distance (y) moved by the fluid
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