International Journal of Latest Research in Science and Technol ogy ISSN (Onling):2278-5299
Volume 4, Issue 6: Page N0.63-64, November-December 2015 (Special Issue Paper )

http: /Amww.mnkjour nals.convijlrst.htm

Specid Issue on International conference on Methematics Sciences-2015(M SC-2015)
Confernece Held at Sadguru Gadage Mahargj College, Karad ,Maharastra,(India)

&=

LAMINAR BOUNDARY LAYER FLOW OF NON-
NEWTONIAN POWER LAW FLUID ALONG WALL
OF CONVERGENT CHANNEL.

Dr. B.P. JADHAV
DEPARTMENT OF MATHEMATICS,
THE NEW COLLEGE, KOLHAPUR-416012
Mobile-+91 9765258838, email- bpj.jadhav@gmail.com

Abstract- Laminar Boundary Layer Flow of Non-Newtonian Power Law Fluid along Wall of Convergent Channel has been considered.
The governing eguations of continuity and momentum are transformed into ordinary differential equations using similarity
transformations. The equations are solved by using method of successive approximations starting with zeroth approximation. For n=1 the
results tallies with Corresponding results for Newtonian fluids. Velocity profiles have been drawn for different values of parameter n;

shows the behavior of power law fluids. Local Skin Friction Coefficient ¢7” = [—fi'[lllj] " has been calculated.
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. INTRODUCTION

Boundary layer flows of viscous, incompressible fluid past
semi infinite flat plate were studied by Blassius [1], Howarth
[2]. The boundary layer flow of viscous fluid aong the wall
of convergent channel was first considered by Pohlhausen[ 3]
. Sanyal [4] studied the two dimensional boundary layers
along the wall of convergent channel with curved boundaries.
The study of compressible boundary layers along the
convergent channel was made by Singh[5].

The study of non —Newtonian viscoelastic fluid along the
wall of convergent channel was made by Black and den[6],
Nandlal Singh[7].Similarity solutions for power law fluid
past wedge were considered by Kapur and Shrivastav[8],Lee
and Ameg[9].The solution to the wedge flow of power law
fluid has been obtained by SRoy[10],Tapas Ranjan
Roy[11].In this paper we have extended the problem of
Jadhav B.P. [12] to Non-Newtonian Power law fluid flow
along the wall convergent channel..

Mathematical Analysis:-

Consider a steady, two dimensional flow of an electricaly
conducting, non-Newtonian power law fluid dong the wall
of the convergent channel .

The x-axis is taken along the direction of flow and y-axis
normal to it. Along the wall of the channel the potential flow
velocity U(X) is given by;

U = -2 (us=0) e ()
The governing boundary layer equations are
au, 8w lpdu 3 duy
utvg FUL v gl .a;j @
fu du _~
Tty =0 (©)

With boundary conditions
u= o} Y =0 at y=0 and
u=Uix) ,v=0asy—==--—(4)
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Introduce a stream function @ (x, y) such that « :z—j,
ag
v=—— e ®)
Introducing similarity transformation
ni-m 1 - -
n=y G Bn) =(rxU™ =1 £ ()
--------- ()

Substituting the values in (6) to the equation (2) reduces to
——— =2 -
n(f T G Ff L FRE0—(T)

n+l
The Boundary conditions are

FO) =0,F00) =0, Flz)=1

Method of Solution:-

To solve the non-linear differential equation (7) under the
boundary conditions (8), we use method of successive
approximations starting with zeroth approximation.

For zeroth approximation, we assume
- 2y - ,
fo)=n— 5+ e
----------- ©)
Where B is arbitrary constant to be determined such that for
the first approximation f, (0) =10,i. e P isrea root of the
equation

grt | 4 L =0

nln+sdmn-2% nh+dn-3

---- (10)
The different successive approximations can be obtained
from

n
FrE D (T fef e  F e - 1- ()
For the first approxi maIionz, ng have, ,
nfL =L LS fof o+ £y —11-(12)
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Integrating (13) with boundary conditions (9), we obtain
A = (A, — Ayn)e™ P81 _ 4 6281 L 1 (13)

Where, Ao - & A Z[n—-1)

= nln+Un-nigmst’ 2= pla+ldn-22 5"
1

nin+dn—am=t 149

Ay =

Values of B can be obtained for various values of power
index n. For different values of B, power index n, values of
£ (n) can be obtained. Hence Velocity profiles can be drawn
for various values of n.

For n=1 the results tallies with the corresponding results for
Newtonian fluids.

For different values of  n, skin friction coefficient " =

[£A (03] ™ various boundary layer parameters are obtained.
Boundary layer parameters.-
i) Displacement Thickness:-
The displacement thickness &, is given by
- c S
6=l (1= £ dy, = Rey==l; (1 - £ dn
. &y 4 Az _ oA

61 Tx (Reyeet = n-nf  (n—2)2Fe (n-3)8
ii) Momentum Thickness:-
The Momentum thickness &; is given by

6=l A=A dy, ZRey=[ A £ dn

(15)

1 -
. - — ar Ay 43 A °
8, = = (Reye=t = p——t 2 4 2 -
< ¥ In-238 Trn—732 52 40 17383
2Ay Az
[(In-5)8
TAdp A4y | 430 4
r_:r:—:-'_u’.ﬁ“’l Il_i’—!_‘lﬁl[r:—:'_lﬁ‘
Az Az
(n—2252 -8

----------- (16)

iii) Skin-friction coefficient (c¢"):- Skin-friction coefficient
cy” isgiven by
" =[h 0] "=14 (=208 - 4 —4; (- 3|7 (17)

Table-1
Boundary layer parametersfor various values of n
n ﬁ]- ﬁz- 51- I:'Jf- =
5y [fy (0] ©
05 0.5344 0.2465 2.168 1.2669

0.8 0.7131 0.3446 2.0694 1.2137

1.0 0.8099 0.3947 2.0519 1.1339

12 0.9079 0.4427 2.0508 1.0110

15 1.0861 0.5243 2.0715 0.7435

18 1.3581 0.6394 2.1240 0.4109
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CONCLUSIONS:-

The vaues of arbitrary parameter B are calculated for
different values of flow index n from the equation (10).for
different values of n various boundary layer

e .« & .
parameters &y, &z Tl vof are obtained; and
4

presented in the table -1.It has been observed that for n=1,the
results agrees with the results obtained by Pohlhausen for
Newtonian fluid.

As n increases the both boundary layer thicknesses
increases, but skin -friction parameter decreases. As n
increases then for dilatants fluids the ratio of thicknesses
decreases, while for pseduoplastic fluids the ratio increases.
The present method employed gives good agreements with
the available results.
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