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Steady Laminar Plow Past a Heated Horizontal

Plate Embedded In a8 S8aturated Porous Medium



(43)

l) Introduction

Blasius [1] was the first person who solved the
Prandtl boundary layer équatign for an incompressible
viscous flow over alflat plate by assuming a series solu-
tion, Later Toffer [ 2] and Hewarth [3] tacklea the same Howa ?
problem by using the numerical methods to obtain the
solution, In all these analysis it is clear that a boundary
layer of thickness '§' is formed and in this layer the |
streamwise component of the flow velocity ‘u’ varies from
geroc on the plate to Ug on the free stream, But no mention
is being made about transverse component V which has con-
sidareﬁle influence on motion of viscous fluid, Kankov [ 4]
was the first mathematician who investigated in 1960 the
formation of two boundary layers associated with two compo-
nents of velocity u and v such that the thickness § compo-
nent 6f velocity u varies from zero to U, and in thickness a
the component v varies from zero to the plate to zero at

the free stream,

Recently B,C.Chandrasekhara [5] has obtained on
interesting solution of the existence of transverse and
axial velocity components for thermal boundary layers in
the case of flow past a horizontal plate embedded in satu-

rated porous medium, A,K.,Kolar and Vv ,M.,K.Sastri [6] by
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using the implicit Crank-Nicolson-Predictor-corrector
method investigated the influence of step Adiscontinuity in
porous plate temperature in free convection with transpi-

ration,

By using implicit C,N,P,C,Method of finite Aifference

scheme [6) and [7] we obtained a solution of the boundary

layer equation for steady laminar flow past a heated

horigzontal plate embedded in caturatod porous medium,
Mgg}lowing the formalism of B.C,Chandrashekara which is oncg ////
of the interesting problems in fluid Mechanics, B.P.Jadhav{

and B.B;waghnodo [9] worked on Laminar Boundary Layer of /' !

a Power Law Fluid past a continuously Moving Porous flat

plate by using szeroth approximate method,

2) Physical Model and Mathematical Analysis

The governing equations of motion for two Aimensional

boundary layer are given by
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where X ; permeability of the porous medium,
) 3 Kinematic viscosity of the fluiad
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with boundary conditions

u = U,, veV, as y=0

)
) ees (3)
u-—>0asy=—> o )

3) Analysis of the Problem

To solve the above equation we define a stream

function P such that

d Y o Y
u.---' V 8 = wwme oo (‘)
oy o x

Substituting equation (4) in (1) we get
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where B = 3 /A

Introducing a similarity transformation aa‘

/ U
n '\/ 5-2 + Y. q’ (ﬂ) = Vv J) on £(M) eee (7)
x .

then
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B w u: £ (q)
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Putting the values of equation (8) in equation (3) we get

, 9ot ) 3t v em) e(x?
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On simplifying we get

£ () + 2 £(1) £2(1) - SE(V) = O ... (10)

B
where S = ( == ) x
Yo
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with boundary conditions

=0 f=aq £' = 1
1/ Y eee (11)

e Nl

1= o £' m» 0

where ¢ is suction/injection parameter ( a > 0 for suction
and a < 0 for injection equation (10) can be solved by

using the method of successive approximatenn.

Making Beroth approximation for £ and it derivatives

as

1 o
fol) = a - e M, %

AY eee (12)

fé(n) -e

£2(1) = - A~ M

where A is a constant to be determined, The solution of
equation (10) subject to boundary conditions (11) can be

obtained for different approximates from the equation
N 2 : ' (13
i - 11203 L X ]

for the first approximation we have

'

Using the boundary condition (1l1l) along with equation (14)

gives
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L1 1 -an .1 -\ =An
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On integrating equation (15) we get

-2\
aA + 1 + 28 - e
A R ] e eeee- ver (16)
-2\ 4A
Integrating again we get
=2\
alA + 1 + 28 -
g0 = [ o I - e 7
2 ea2
Integrating again we get
ak + 1 + 28 -\ 2N
-2\ 163

where <, is constant of integration to be Adetermined by

using the boundary conditions

al + 1 + 28 1
C; = «a+ 523 - .1"6.;5 ees (19)
A+ 1428 _ g €M
£f1(M) = ‘-‘:;;3---‘ ] e + -;g;s- + a+
aA + 1 + 28 1
+ = ee. (20)

2A3 1623
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-2\
ah + 1 + 28 - e
£r(m) = [ A ] e - ——=gz=
222 8A
Putting M = 0 €' = 1, then
g 1 2
2t Sv//“ + 2(3 + 88)
A= -
2
2
o o 3 ‘
A= = + - 4 4 - oss
2 "V// 7 (8 + 5 ) 0 (21)
ah + 1 + 28 1l
f;(O) - - ] + ——- ee. (22)
2 4N

The values of A, £1(ﬂ). fi(ﬂ). f;(ﬂ) have been obtained
for different values of S and Adifferent values of suction (a).

The values have been shown analytically and graphically,

RESULTS AND DISCUSSION

a) Boundary Layer Thickness (§)

The boundary Layer thickness (§) is Adefined as that
Aistance from the moving surface at which

S = £0(q) = 0,01
Uo

from the table 1 to 3 it has been observed that as the
porous parameter (3) increases so the skin friction and the

boundary layer thickness (5) decrease.

b) Also from the table (4) as suction (a) is zero,
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porous (S) = 0 and A = 0,62 we see that as | increases
the velocity distribution decreases,

Also for a= 0, S = 0,5 and A = 0,62 we see that as

% increases the velocity distribution decreases,

Again we check for a = 0, S = 0 and A = 0,76,
We see here again that as | increases the velocity Aistri-

bution decreases,
CONCLUSIONS

The effect of porous parameter makes the skin fric-

tion and boundary layer decrease [Refer table 1 to 3],

As the suction (a) increases the boundary layer
thickness (5) decreases [Refer table 1 to 3]. As the
parameter S increases, the velocity Aistribution Aecreases

as © varies from 1 to 10 [Refer table 4].

The above results are compared with the results of

B.P.Jadhav and B,B.,waghmode [10] and found that they are //ff’

approximately same, .
Y see poye
s
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Table 1

for Section (¢) =0

s A -£%(0) 8
0 0.6% 0.40 13
0.5 0.9% 0.79 10
1l 1.17 1.07 9
1.5 1.37 1.28 8
2 1.56 1,46 7
Table 2
for Section (a) = 0.5
s '\ -£*(0) 8
0 0.76 0.58 10
1.5 1,07 0.96 9
1l 1,31 1,21 8
1.5 1.5 1.41 7
2 1.68 1.59 6
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able 3

for Section (a) = 1

s A -£%(0) 8
0 0.92 0.77 11
0.5 1,22 1,12 9
1 1.45 1.36 8
1.5 1.65 1.56 7
2 1.82 1.76 6
Tabla 4
Por Section (a) = 0 Porosity (S) = 0, A = 0,67
and 8 = 0,5
1 A= f£f'(q) B = £'(n) C = £'(n)

0 0.9755 1.3788 0.9782
1 0.6056 0.8225 0.5113
2 0.3492 0.4658 0.2509
3 0.1946 0.2574 0.1199
4 0.1066 0.1404 0,0566
5 0.0579 0.0761 0.0266
6 0.0313 0.0411 0.0125%
7 0.0169 0,0221 0,0058
8 0.0091 0.0119 0.0027
9 0.0049 0.0064 0.0013
10 0.0026 0.0034 0.0006

A=
Bw=
Cm

£*'(M) for a= 08 =0 A = 0,6%
£'() fora = 0S8 = 0.5 A= 0.G%
£'(q) for a= 0.5 S =0 A= 0,7¢
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Fig.1 — VELOCITY DISTRIBUTION.
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