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CHAP T E R - II

Approximate Solution of Steady Laminar
Flow Past a Horiaontal Plate embedded
in a Saturated Poroua Medium
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1) Introduction i

The approximate solution of the velocity boundary 
layer based on Karman momentum Integral equation was first 
obtained by E. Pohlhausen [3].

The exact solution of the velocity distribution in 
boundary layer flow past a flat plate was investigated 
by Blaslus (1908) [s] and the corresponding numerical 
solution for the thermal boundary layer with and without 
frictional heat was studied by E.Pohlhausen,C3

Recently B.C.Chandrasekhara [l] obtained solution 
for axial and transverse boundary layer equation in the 
case of steady laminar flow past a horizontal plate 
embedded in saturated porous medium.

In this problem we assume the governing equation 
of motion for two dimensional boundary layer following 
B.C.Chandrasekhara [l]„ Yekta and B.B.Waghmode [2], where 
the properties of the fluid and the porous medium such as 
vfe&ogity permeability are constant and 6th degree velocity 
profile for the boundary layer flow over a horizontal plate 
embedded in a saturated porous medium. The velocity - 
distribution is some function H of the ratio y/6« 6 being 
the boundary layer thickness.



The aim of thia analysis is to find the velocity 
distribution graphically and obtain the displacement thick** 
ness 6x momentum thickness 62 and shear stress at the wall

-To.

2) Mathematical Formulation s

For mathematical analysis we assume the governing > 
equation of motion for two dimensional boundary layer flow 
following B.C.Chandrasekhara [l] and Yekta and B.B.Waghmode 
[2] where the properties of the fluid and the porous medium 

such as viscosity, permeability are constant,

bn bn . b2n \)
u -- + v — ■ v —• - — u ... (1)
bx by ^y2 K

bn bv 0 ... (2)
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where K t permeability of the porous medium 
)) 1 Kinematic viscosity of the fluid

The boundary conditions for this problem are

00

y m 0

Y “
du«»<a» H
dy

v * u * 0 
U ■ Uq, ,

1

))0 ) ) )i
(3)

0 when y



04)

3) Analysis of the Problem t

To solve the above equation we define a stream 

function

£ Xp b vp
u - and v ----------- ... (4)

o y b x
Substituting these values in (1) we get

^ b xpb2 rp ^ y V b \p
b y bx%y b x 6 y2 y3 K c) y

i.e.
^ xp b2 ip ^ tyb2 xy 

b y bx oy b x b y* 
where B ■ j)/K,

. IfJ d W y .... - b —— 
Sy3 by .. (5)

Introducing a similarity transformations as
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du 2 2 **<n) x"v r- - % r- ♦ uooay d x

^ qu /Ooo^
r-i " uoo f"(T') y *—d y* -j) x

d3 qj ujp «"*(n)
d y3 ^ x

<*3 V UL *"•<*>
* 3"? fcoTo

Putting all the above values in (1) we get

d t o’ f(<i)f«(n)x-12 .. * *' ..2
°® *’ l---- »«, *“«» * ■-d x

ooJ
dx 2

u^o f^x"1 - Bu^fMn)

where B » j) //K.

2 **1Dividing both side by x equation (7) becomes

. (7)
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1 Bxf**<n) ♦ - f<n> f*(n> - ( — ) f*<n> - o2 Uoo

i.e. 2£*»(n> + f(n) f(n> - 2Bf* 01fr

Bx 3) x )> *2 x2
where S ■ --- --- - - m
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where Re ——
-

with the Boundary conditions

n-o u - o f-o> f--o )
^ )

n - oo> u » f• - 1 . )

The solution of non-linear equation (8)

u 6
—- » f(n) * XL a±n

laid

u
— - l for > 1 where *1 « y/6

• • • (10)

We have to determine the coefficient sq, aj, a2# 

a3, a4, a5 and a$. we prescribe the following boundary and 

compatibility conditions

0>
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& u <)2 u b* u 

d y by2 b y3

By using boundary conditions (11) we get

•0 - 0 a2 “ 0 a3 * 0 and

al + a4 + a5 + a6 " 3 

«1 + 6*4 ♦ 5a<| + ®«6 * 0

12a4 + 20a5 4- 30afi = 0 

24a^ + 60a^ + 120ag ■ 0

A
(11)

... (12)
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Solving the above equations we get

a} » 2, a^ - -5 # a6 * “2* a,- « 6 (^3)

Substituting the values of aQ to afi in equation (10) we 

obtain the velocity in the form

u
f(y\) rn 2n - 5n4 + 6TJ5 - 2n6 ... (14)

CO

We calculate the displacement thickness Si# momentum 

thickness 62 and shear stress at the wall (/rfc )

1) Displacement thickness (61) 

Si •
1 u

S u-------- )
uoo

Sx - 0.2857 S

2) Momentum thickness (62)

u1 u
S — <1
0 u,

)<sn
CO u 00

S2 " ft.3ft33 S

Shearing stress at the wall ( 'T^)

^ uoo ^ f
<0 - n -2 ( ~ )

S n-o

... (15)

(16)
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2* Ooo 
6 • • • (17)

The momentum integral equation may b« solved easily if 63 
instead o£ 6 is regarded as known function and for this we 
write the Kansan momentum equation as

U d«2 6? ^ *0 *2
— 62 —” ♦ (2 ♦ — ) ~ — ■ —
^ dx 62 9 dx 8 U

... (18)

Substituting the values of 6} and 62 ^ro® (15) and (16) 
in equation (18) and simplifying we get

6 6.3&-3V
/j> x

'00
(19)

From equation (19) equation (15),(16) and (17) will 
take following forms

6 1

62

/T*
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Table

t\ o 0.1 0.2

«(H) 0 0.199558 0.39379

n 0.5 0.8 0.7 0.8 0.9

£00 0.84375 0.925248 0.972622 0.993792 0.999558

From tha table velocity distribution curve ha® been 

obtained.

9) ~-r,~, Conclusion® t

1) As 5 increases £rom 0 to 1 the velocity increases.

2) Displacement thickness. Momentum thickness and 

shearing stress at the wall are calculated.

0.3 0.4

0.572622 0.725248



(40)

F i g. 1 — VELOCITY DISTRIBUTION.
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