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Chapter 1

Preliminaries

Some basic definitions and concept of various types of fluid are described in this chapter.

1.1 Basic definitions

1.1.1 Fluid

A fluid is a substance that deforms continuously under the influence of shear stress.

1.1.2 Newtonian fluid

A Newtonian fluid is a fluid in which shear stress is directly proportional to rate of deformation

in a linear manner is called Newtonian fluid

du
Tyz = /”’@7 (11)

a

where 4 is the dynamic viscosity and du /dy is the shear rate.

iabiled  nbnnditiininaliiiiiins Nt

s i .




1.1.3 Non-Newtonian fluid

A non Newtonian fluid is a fluid in which shear stress is directly proportional to rate of defor-

>

mation in a non linear manner is called non Newtonian fluid,

ryw = (3—:)" n#1, (1.2)

where n is the flow behavior index and p is the dynamic viscosity, du/dy is the shear rate.

1.1.4 Density

Density of a fluid is defined as its mass per unit volume. Mathematically it can be written as

p= (1.3)

y

m
v
where p is the density, m is the mass and v is the volume.

1.1.5 Viscosity

Viscosity is the property of a fluid that resists the force tending to cause the fluid to flow.

1.1.6 Kinematic Viscosity

Kinematic viscosity is the ratio of dynamic viscosity to density. Kinematic viscosity can be

obtained by dividing the absolute viscosity of a fluid with the fluid mass density
7
v==<, 14
; (1.4)

where
v = kinematic viscosity
1 = absolute or dynamic viscosity

p = density.










of fluid motion is

77 av
& p—r = divT + pb, (1:8)
where % is the material time derivative, V is the velocity, T is the Cauchy stress tensor, p is a
density and b is a body force. In component form Eq. (1.8) yields
o 0 5] T, Tz aTmy
el 2= |u= b; 1.9
p[at”ax“ay}“ 5z "oy % (1.9)
0 0 0 0Ty  OTyy
— — —iv= —— 4+ —= 4 b,. 1.1
p[6t+uax+vay]v o + By + by (1.10)
1.7 Perturbation Method
This is one of the most powerful technique to solve nonlinear ordinary and partial differential
equations of fluid mechanics in which one of the physical parameter can be assumed very small.
_ 1.8 Regular perturbation

Differential equations with small parameter yields. A series of terms of decreasing magnitude
that approximate the solution of the original differential equation. When an equation is changed
by only a small amount, the solution will often only change by a small amount. Expand the
dépendent variable'in a power series depending on the small parameter in the problem. Substi-
tute this series into the original equations, the boundary conditions and the initial conditions.
Expand these equations in a Taylor series, equate the terms corresponding to different powers

of small parameter and solve equations sequentially.




Chapter 2

Peristaltic flow of a fourth grade
fluid in an inclined asymmetric
channel

2.1 Introduction

This chapter is a review work of [9]. This chapter studies the peristaltic flow of a fourth
grade fluid in an inclined asymmetric channel. Analysis is carried out under lbng wave length
approximation. Expression of the pressure gradient per unit wave length AP and the stream

function 1 are obtained. Several graphs of physical interest are displayed and discussed.

2.2 Physical Model

Extra stress tensor S for fourth grade fluid model is given by

T = —pI +5, (2.1)
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where

S = upuAj+aAz+ azxf + B1A3 + By (A2A1 + A1A2) + 55 (“"K?) A

+71A4 + 72 (K:le +AyAG) + ’)’3K§ + 74 (K2K? + K§X2) + 75 (trAz) As

v (trA) A + [v7 (trAs) + 75 (trAzA1)] AL, (2:2)
A = (gr’adV)+(gradV)T,
A o= B K (gradV) + (gad?) Ko i > 1, (2.3)

in which I, p, i, S, A; (i = 1 — 4) respectively stands for identity tensor, the pressure, the viscos-
ity, the extra stress tensor and the Rivlin Ericksin tensor in which a; (i =1~2), 8;(i=1-3)

and v; (¢ = 1 — 8) are the material parameters.

2.3 Mathematical formation

Consider fourth grade fluid in an asymmetric channel of width d; + dz and inclined” at an
angle a to the horizontal. Let ¢ be the speed by which sinusoidal wave trains propagate along
the channel walls. The X and'Y are taken parallel and transverse to the direction of wave

propagation, fespectively. The wall surface satisfy

iy (X,7)
ha (X, )

di 4+ a;sin [2; (7 - ci)] ,

—dy — agsin l:?; (7 - Cf) + ¢] , (2.4)










)

Eliminating the pressure gradient from Eqs. (2.12) and (2.13) is

WO 0YONpe,l 6_2 _ 2‘9_2 d? B
OR [(ay O0r Oz 3y> v "/’] - [(31;2 512 Szy| +90 570y (Szz = Syy) |,  (2.15)

where
o2 o2
2__[s2
V= (6 Ox2 +6y2>’

and then applying long wavelength approximation in Egs. (2.12), (2.13) and (2.15), we have

Op 0S8y | Rsina

ér By Fr ’ (2.16)
Op
g 2.1
3y = (2.17)
8%Syy
25T 2.18
=0, (2.18)
where
| 8%y AN
oy = —= 4+ =) , 2.1
Szy a7 T ( 8y2> (2.19)
I = §&H+6.
The boundary conditions in dimensionless form becomes
_F oY _
'()b - 55 a_y“_l fory_h’l(w)7
_F oy -
Y = By -1 for y=hy(x), (2.20)

in which the dimensionless time mean flows 8 and F respectively in fixed and wave frame by

the following expressions

6=F+1+d, : (2.21)
where
hy aw
F:/ —~dy. 2.22
v 3y (2.22)

12




2.4 Perturbation solution

¥

Substituting Eq. (2.23) into Eqs. (2.16) to (2.20), we find the following system.

2.4.1 Zeroth order system

'y
oyt
Opo
bz

with the boundary conditions
1/}0 = 9’
1/)0 = _75

2.4.2 First order system

',
oyt

opy
oz

with the boundary conditions

12’1:7,

¢1=-""

- We look for a regular perturbation in terms of small parameter I" as follows

= Ky+THkH+...

= p+Ip+...

0,
%y, Rsina
—_ + ——
oy Fr
9o _ _
By - 1  for y=hy(z),
0
aiyoz—l for y=hg(z).

0 (6_w ’
3y2 ay2 ’

Oy, o8 [(P¥)’]
9y oy |\ 9y?

9 _
By =0 for y=hi(x),
0y, _
W =0 for Y= h2 (I)

13

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)
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5 5
K, = %(%—120) , Ko =~—(h1+he) <6p0 12G) ;

dpo )2 [ 12F,
Ky = ~12G) |—=—
3 10 ( oz (hy — ha)®

2
+(47h1+106h1h2+47h2) (3:00 12G) ]

) 10 oz
‘\{ )
t Ky = _(h1+h2) <6p0 12G) li 18F .
- 2 oz (h1 — h2)
.. | (41h} + 118hihg + 4113) ( Opy- s
e Opo 9K,
Iy Ks = (b +h)<——1G> [——-——
}\%2 w‘i ( .h2)3
i K
2
+ 10 bz —12G
1
K¢ = ————[-2(Ku — Ki2) + (h1 — he) (K13 + Ki4)},
(h1 — h2)
1 N
Ky = —=[3(h1 +h2) (K11 — K12)
(h1 — ha)®
L — (h1 — h2) ((h1 + 2h2) K13 + (2h1 + h2) K14)],
5 K, = _3(htha) (@ _ 12G> [ 6F i
% 4 Oz (h1 — h2)
h2 + 8hyhg + A2
3 NUALCUEL N TR
¥ 10 oz
{ Ky = K4 —3hiKs —2hoKo,
e K = K —hiKy— hy (b2 = 383) Ko — hy (hn — 2hy) K7,
‘i. . -
: Ky = —hiKg+ % — KIKy — hSKy — h3K3 — hiK, — h3Ks,
& F.
Y Kig = —hiKg— 7"" ~ hIK, — KK, — h3Ks — hAKs — h3Ks,
B Ki3 = —2h1Kg— ThSK; — 6h3Ks — 5hiK3 — 4h3K, — 3hIKs,
% Ki4 = —2hgKg— ThSK) — 6h3K> — 5h5K3 — 4h3K4 — 3h3Ks.
ax
K};‘;f‘
=
3
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Fig. 2.2:(e) Effect of d on AP when
0=02,b=04,¢=2% R=10, Fr=1,

sina = 0.2, T = 0.01.
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Fig. 2.2:(g) Effect of F'r on AP when

b=04,d=1,¢=1, R=10,
L=002Fr=1
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Fig. 2.2:(f) Effect of I" on AP when
a=03,b=02¢=7, R=10, Fr=1,

sina = 0.5.
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Fig. 2.2:(h) Effect of a on AP when
a=050b=05d=15¢="1, R=10,
I' =0.02, sina = 0.5.

- —————— i b

e — - es

— .




e

"
cl

i

180

160

140

Fig. 2.2:(i) Effect of ¢ on AP when
a=05T1=0025=07d=1.5,
Fr=1,sina=0.5.
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Chapter 3

MHD peristaltic flow of fourth grade

fluid in a curved channel

3.1 Introduction

This chapter concerned with the influence of magnetic field on the peristaltic flow of a fourth
grade fluid in a curved channel. The governing equations of the fourth grade fluid are modelled.
Series solution is carried out under long wave length assumption. The expression for stream

function and pressure gradient are obtained. Numerical results are graphically discussed for

various values of physical parameters of interest.

3.2 Mathematical formulation

Consider a two dimensional magnetohydrodynamic (MHD) flow of an incompressible fourth
grade fluid in a curved channel of radius R* and uniform ‘thickness 2d; coiled in a circle with
centre O. The flow is electrically conducting in the presence of constant magnetic field Bo
applied in the radial direction. Due to small magnetic Reynolds number, the induced magnetic
field is negléiCted. The flow is in the azimuthal direction X and R is in radial direction, U and

V are the components of velocity in the azimuthal and radial directions respectively. The walls

25
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e

where

h a,lp
F=-| edn (3.13)

is the dimensionless mean flow rate in the wave frame which is related to the dimensionless

mean flow rate 6 in the laboratory frame as in the following expression

§=F+2. (3.14)

3.3 Solution procedure

Employing Eq. (2.23) into Egs. (3.9) — (3.12), we get following systems:

3.3.1 Zeroth order system

0 1 0 2 m2 (—¢0r + 1)]

o -~ T = 3.15
or [k (r + k) or ((’” + k) S"") k(r+ k) 0 (3.15)
Opo 1 9 2 m? (—or +1)

vPo _ Z =y v oS 3.16
8z  k(r+k)or (("””‘) S"") k(r+k) (3.16)
where
1~y
=— - r 3.17
SO’I'I wOr'r r + k 3 ( )
Fy oY
Yo = —29,—5‘9=1atr=—h,
Fy 9y
_ _Z0 Y¥o _ = h. 3.18
N 5" B latr=nh (3.18)
3.3.2 First order system
8 1 8 2 m? (—wlr)]
v v re) — — 22| =0, 3.19
or [k(r+k)6r((r+k) 51 ) k(r+k) (3.19)
{ Op 1 0 2 m? (—1,)
on el =N T 3.20
Bz k(r+k)6r((r+k) Sirz) Kt k) (3:20)
where
lrz — 1rr r+ k Orr r+ k ’ .
28
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