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Preface

Peristaltic is a mechanism to pump a fluid by means of progressive area of
contraction or expansion on the length of a distensible tube or channel containing
fluid. This mechanism has large number applications in physiology, industry and
biosciences. Some typical applications include urine transport from kidney to
bladder through ureter, vasomotorin small blood vessels. Some recent studies
dealing the peristaltic flows different flow geometries are given in the refs.[1-10].

Recently, the peristatic flows of non-Newtonian fluids have gained considerable
attention. In nature there is not a single model which exhibits all the properties of
fluids. Therefore, numerous models have been reported to discuss different aspects
of the fluid. Some new fluid models are reported in the refs.[11-15].

Very recently, the flow of Williamson fluid model has given much importance due
to itslarge number of applications. Some important studies on the Williamson fluid
are reported in the paper [15-20].

The purpose of the present dissertation is to examine the peristaltic flow of
Williamson fluid model in an asymmetric channel with or without Nanoparticle
volume fraction. The solutions are constructed with the help of regular perturbation
method and Homotopy perturbation method.

In chapter one we have examined the peristaltic flow a Williamson fluid in an
asymmetric channel. The analytical solutions are found under the assumption of
long wavelength and low Reynolds approximations.

Chapter two is devoted to study peristaltic flow of Nano non-Newtonian fluid in an
asymmetric channel. The assumption of long wavelength and low Reynolds
approximations and then solved analytically with the help of HPM.
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Chapter 1

Peristaltic flow of a Williamson fluid

in an asymmetric channel

1.1 Introduction

In this chapter, we have presented the peristaltic flow of a Williamson fluid in an asymmetric
channel. The flow equations of Williamson fluid for two dimensional channel are modelled
under the assumptions of long wavelength and low Reynolds number approximation. The
reduced equations are solved analytically with the help of regular perturbation method. The
flow analysis is characterized in detail. This work is the review of Akbar and Nadeem [26],

however, the essential details missing in their work are incorporated.
1.2  Fluid model

For an incompressible fluid the balance of mass and momentum are defined as

divU = 0, (1.1)
gcfi—tj = div +<f, (1.2)

where ¢ is the density, U is the velocity vector, S is the Cauchy stress tensor, f represents the



specific body force and d/dt represents the material time derivative. The constitutive equation

for Williamson fluid is charecterized as

S = —pl+e, (1.3)
€ = —lioo T (Horhoo) (1 =TH) 715,
in which - pI is the spherical part of the stress due to constraint of incompressibility, € is

the extra stress tensor, ji, is the infinite shear rate viscosity, 1 is the zero shear rate viscosity,

I" is the time constant and 4 is defined as

¥ = \/%ZZ’?ij’c)”jz‘: \/g (1.4)

Here IT is the second invariant strain tensor. We consider the constitutive Eq. (1.4) , the

case for which u., = 0 and I'y<1 . The component of extra stress tensor therefore, can be

written as

€ = —po[(1 +TH))F. (1.5)

1.3 Mathematical formulation

Consider the peristaltic flow of an incompressible Williamson fluid in a two dimensional channel
of width dy + do. Along the channel walls the flow is generated by sinusoidal wave trains

propagating with constant speed ¢ . The geometry of the wall surface is defined as

_ o
Y = N;y=d;+ajcos [%(X - cf)] , (1.6)
_ _ 2mM
Y = N2:—d2—b1COS [T(X_Ca+(1):| N (17)
where the amplitudes of the waves are a; and by, A is the wave length, the width of the

channel is di + da, ¢ is the velocity of propagation, ¢ is the time and X is the direction of wave

propagation. The phase difference ® varies in the range 0< ® < 7 in which ® = 0 corresponds



to symmetric channel with waves out of phase and ® = =, the waves are in phase, further a,

s, di, dy and ® satisfies the condition

a2 + b% + 2a1by cos ® < (dp + do)*. (1.8)

The equations governing the flow of a Williamson fluid are given by

oU oV
ax Tay = Y (19)
oU _oU _oU . _8]5_8?)—()—(_8%)—@7
G tUax TVey) T Tax T ax  av (1.10)
o _ v OV _ 0P Otgy Ofyy
FtUex TVay T ey ax oy (111)

Introducing a wave frame(z, y) moving with velocity ¢ away from the fixed frame (X,Y) by

the transformation

T=X-c,y=Y, u=U—c, v=V, P(x) = P(X,t). (1.12)

Also, we introduce the following nondimensional parameters to reduce the number of para-

meters in the given equations

x U v
T )\7 Yy dl, (% 07 v cy )\7 1 d17 2 d27 ( )
A di _ di _
T = —T T = —T Tyy = —Tgg
T ,LL()C TXy Ty ,LL()C Ty yy /LOC yy»
d d r d? - d
5 = 1,R:§01,We—?C,P= L p, _Ju
A Ho di Ao ¢

Making use of Egs. (1.12) and (1.13) into Egs. (1.9) to (1.11), the resulting equations

interms of stream function ¥ (u = %, v=—§ g—f) take the following form
8”(# 0 8'¢ 0 8”(# ap Qasz 87—33:1/

5 T2 _ P |2 _B_ gz 1.14

Re [ay oxr Ox 8y} oy Ox Ox oy’ (1.14)



oYy 0 oY 0 w Op 0T or
3 AR e 2 Yy sZ'Yy 1.1
0 Re[@y Or Ox 8y] Ox oy 0 Ox 0 oy’ (1.15)
where
0%
o = 1 1.1
€ = 2L+ Weil, (1.16)
o NG
€ry = [+We’v](—8y — 053 (1.17)
0*W
ey = 2W0[1+Weil5—- T (1.18)
0*v 82\1J 0V, 0?0 L2
° 2 2 207" Y 2 2

in which §, Re, We represents the wave, Reynolds and Weissenberg numbers, respectively.
Under the assumptions of long wavelength 6 << 1 and low Reynold number, neglecting the
terms of order 0 and higher, Egs. (1.14) and (1.15) along with (1.16) to (1.19) take the following

form

oP 0 0?9’ w
— = —|1+W 1.20
G — W T (1.20)
oP
— = 0. 1.21
i (121)
Elimination of pressure from above two equations, yields
0? 0?v 9*v
— + W 1.22
S | WeS ) o (1:22)
The dimensionsless mean flow O is defined by
©=L+1+d, (1.23)

in which



where

hi(xz) =1+ acos2nx, ha(x) = —d — beos(2mz + ).

The boundary conditions in terms of stream function ¥ are defined as

L 0V
U = 3 —y:—l for y = hy(z),
U = —%, g—j = —1 for y = hg(x).

1.4 Perturbation solution

(1.24)

(1.25)

(1.26)

(1.27)

Since Fq.(1.22) is non-linear equation, its exact solution seems to be impossible subject to

these conditions, therefore, we are interested to calculate the analytical solution with the help

of famous regular perturbation method.

For perturbation solution, we expand ¥, L and P as,

U = Uy+ T +0(We?),
= LO + L1 + O(WGQ),

P = Py+ P +0(We?).

(1.28)
(1.29)

(1.30)

Making use Fq¢s.(1.28) to (1.29) into Eq.(1.22) and boundary conditions (1.26) and (1.27),

and equating the like powers of We, we obtain the following systems



1.4.1

1.4.2

Zeroth order system

4
0*0 0.
oyt
0P, 0%,
Ox oy3
L, 9V,
U Zo Y70
0 27 Oy
L, 0¥
U _Ze Z20
0 27 dy
First order system
v 0 om
oyt oy dy
oP  Pu 9
Ox oy> Oy
Ly 0¥,
W i
! 27 Oy
L1 0¥,
v
! 27 Oy

1.4.3 Solution of zeroth order system

= —1 on hy(x),

—1 on ho(x).

(1.31)
(1.32)
(1.34)

(1.35)

(1.36)
(1.37)
(1.38)

(1.39)

the solution of Egs. (1.31) and (1.32) subject to boundary conditions (1.34) and (1.35) are

directly defined as

Lo+ h1 — ha
(hg — h1)3

Yo
1

(hy — h1)?
~(hy — =21~ Bhahd)),

dx

(2y% — 3(hy + ho)y* + 6hihay) — y +
Ly

2

+ h1)(h3 — 3h1h3)

ary  12(Lo + h1 — ho)

8

(hg — h1)?

(1.40)

(1.41)



For one wavelength the integration of Eq.(41), yeilds

Lap,
APy = — 1.42
= | e (142)

where CZ—”—; is defined in Eq.(1.41).

1.4.4 Solution for the first order system

Substituting the zeroth-order solution (1.40)into (1.36), the solution of the resulting problem

satisfing the boundary conditions take the following form:

2 3 4
] Yy Lo+hi—haoy
Uy = = = = Y(———————) == 1.4
1="Co+ Cry+ Cagp + O 88( (ha — h1)? TR (1.43)
where
6 A
= —— (L1 — =(h3(2hy — —
hih3 k3 A h3h2  hih3  hd L
3 _ 1%2 2y A2 M2 T2y
_ Ahyhy (h1+ h2)
G = =5
1 3 3 6h1h2L1
2(h2 — h1)3 (hl<2h2 hl) h2<2h1 h?))) + (hg — h1)37 (145)
_ (hithe) 5 3
Cy = A(4(h2 — h1)3 (h1(2h2 hl) h2(2h1 hg)) +
2 2
(hl + hihy + hz)) B 6L1<h1 + hg)’ (1.46)
3! (hg — h1)3
Gy = —2  (h = A3(2hy — hy) — B2t — ho))) (1.47)
Lo+ hi — ha
A = -288(———— 1.48
( (h2 _ h1)3 ( )
The axial pressure gradient at this order is
AP, = /1 b b (1.49)
1 — 0 dm . .

Summerizing the perturbation results for small parameter We, the expression for stream



funcions and pressure gradient can be written as

. Ll(hl + hg) 3 9 L 5 )
T = o —Tn)? (2y” = 3(h1 + h2)y” + 6hihay) —y + o h1)3(( 5+ h)(h — 3hah)
L. 5 Y2 yd yl
_(hg - 5)(h1 - 3h2h21) + WG(B +Cy+ DE + E? + AIE)’ (1'50)
ap 12(L + h + ho) 12 A, ,
= T 132k — hy) — B3 (2hy —
dx (hg — h1)3 el (ha — hy)3 4! (hy(2h2 = h1) = h3(2h1 — h2))
(L + h1 + hg) 9
—144(h1 + hg)|———————==|~. 1.51
(h1 + ha)| (= )7 ] (1.51)

1.5 Results and discussion

Using mathematics software expression for pressure rise AP is calculated. The effects of various
parameters on the pressure rise AP are shown in F'igs.1 to 4, for various values of Weissenberg
number We , channel width d and wave amplitudes a, b. It is observed from Fig.1 that
pressure rise decreases for small values of § (0< 6 <4.4) with the increase in We and for large
0 (4.4< 0 <6.4), the pressure rise remains constant and then again decreases for § = 6.4. It is
observed that the pressure rise increases with the increase in a and b for small 6 (0< 6 <40)
and for large 6 (40< 0 <80), the results are opposite (see Fig.2 and F'ig.3). It is also observed
that the pressure rise decreases with the increase in d for small § (0< 6 <30) and for large 6
(30< 6 <80), the results are opposite (see Fig.4). Fig.5 and Fig.6 represent that for [70,100]
the pressure gradient is small, we say that the flow can easily pass without imposition of large
pressure gradient, while in the narrow part of the channel, to retain same flux large pressure
gradient is required. Moreover in the narrow part of the channel, the pressure gradient decreases
with the increase in We and d. It is also observed that the behavior of We and d on the pressure
gradient are similar. The pressure rise AP for different values of b are shown in F'ig.7. It is seen
that the curves for the pressure rise are not linear and in the region, the pressure rise decreases

with the increase in b while in the region 6 € [0, 40].

10
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Figure 1-1: Variation of AP with 6 for different values of We at a = 0.01, b = 0.01,d = 0.2 and
¢ =0.8.

1.6 Trapping phenomena

Trapping is another interesting phenomenon in peristaltic motion. It is basically the formation
of an internally circulating bolus of fluid by closed stream lines. This trapped bolus pushed a
head along peristaltic waves. F'igs.8 tol5 illustrate the stream lines for different values of We,
Q@ and a. The stream lines for different values of We are shown in Figs.8,9 and 10. It is found
that with the increase in Weissenberg number We the size of the trapping bolus decreases in
the upper half of the channel and increases in the lower half of the channel. In Figs.11, 12 and
13 the stream lines are prepared for different values of volume flow rate Q). It is depicted that
the size of the trapped bolus increases in the upper half of the channel with the increase in @,
while the size and the number of the trapped bolus increases in the lower half of the channel.
It is observed from F'igs. 14, 15 that the size of the trapping bolus increases in the lower and

upper half of the channel with the increase in amplitude of the wave a.

11



Figure 1-2: Variation of AP with 0 for different values of a at We = 0.001, b = 0.1, d = 0.4
and ¢ = 0.3.

0 L 1 L L L L
10 20 30 40 a0 60 70

Figure 1-3: . Variation of AP with 6 for different values of b at We = 0.001, a = 0.1, d = 0.4
and ¢ = 7.
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Figure 1-4: Variation of AP with 6 for different values of d at We = 0.001, a = 0.1,b = 0.4,

and ¢ = /6.

10 T T T T T r T T T
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Figure 1-5: Variation of dP/dx with z for different values of We at a = 0.5, b = 0.5, d = 0.4
and ¢ = 0.01.
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dp/dx

Figure 1-6: Variation of dP/dx with z for different values of d at a = 0.5, b = 0.5, We = 0.4

and ¢ = 0.01.

D 1
8 10 15 20 25

Figure 1-7: . Variation of AP with 6 for different values of We at a = 0.5, b = 0.5,d = 0.4 and
¢ = 0.01.
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Figure 1-8: stream lines for We = 0.53.

Figure 1-9: stream lines for We = 0.62.
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Figure 1-10: stream lines for We = 0.72
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Figure 1-11: stream lines for () = 0.8
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Figure 1-12: stream lines for ) = 0.9.

Figure 1-13: stream lines for Q = 0.98.

17



Figure 1-14: stream lines for a = 0.1.
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Figure 1-15: stream lines for a = 0.13.
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Chapter 2

Peristaltic flow of Non-Newtonain

nanofluid in an asymmetric channel

2.1 Introduction

This chapter deals with the study of peristaltic flow of non-Newtonian fluid in asymmetric
channel. The governing equations of nano-Williamson fluid model are presented and simplified
with the help of long wavelength and low Reynolds number approximations. The simplified
problem is solved analytically with the help of homotopy perturbation method (HPM). The
physical features of pertinent parameters are disscussed through graphs. Finally, the trapping

phenomena is aslo presented through ploting stream lines.

2.2 Mathematical formulation

Let us consider the peristaltic flow of an incompressible non-Newtonian fluid in a two dimen-
sional vertical channel of width di + ds. The flow is generated due to sinusoidal wave trains

propagating with constant speed ¢ along the channel walls. The geometry of the wall surface

19



is defined as

Y

_ oo
= N;=dy+ajcos [%(X—cf)],

I o
= NQ——dg—blcos[Tﬂ(X—cﬂ—i—(I)},

(2.1)

(2.2)

where a1 and by are the amplitudes of the waves, A is the wave length, the width of the

channel is d; + da, the velocity of propagation is ¢, £ is the time and X is the direction of wave

propagation. The phase difference ® varies in the range 0< ® < 7 in which ® = 0 corresponds

to symmetric channel with waves out of phase and ® = 7, the waves are in phase, further aq,

s, di, deand® satisfies the

condition

a2 + b? + 2a1by cos ® < (dy + da)*.

(2.3)

The governing equations of nano non-Newtonian fluid for vertical asymmetric channel are

defined as
w o,
oxX oy
8[7 _ GU _ 8[7 oP 87_—)_()_( 6%)—0—/ _ _
A5 A v i DA & QD T -1, .
S( 5 +U8X +V8Y) 5% 5% 5% + sga( 0) +sgd(C — Cp),
oV 0V S0V 0P Orgy Otyy
GtV T Vay T oy ax v
el T PT T 0T aCo
oz T oy 072 | 0y2 BY9z oz ' oy oy
DT 8T 2 8T 2
9C  _aC 0*’C  9*°C. Dz, 0*T 0°T
(u%+va_g)_DB(W+a_g2) ?0(%+8_37)’

20
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Introducing the nondimensional variables

(§C)pl_?T(T1 —Tp)?

oo 2y v 2wt 2mdy dp _ 2ndiP
- A 'Y d17 )\7 - A7 - A ) 7d17 - HCl)\?

}_Zl BQ pCldl al a9 Sdl T — T(]

1 d_17 2_ d2’ € [ y d17 7d177 7/JJC177 Tl—T()?

L CG Lk DGO
C1 —Co (<o) (ce) por

P Z,Gr _ gad3(Ty _TO),BT _ gad?(Cy —Co).
o vcy vecy

To(sc) for
(2.9)

Using the above non dimensional quantities and the resulting equations in terms of stream

o

5oV = —5%15) can be written as

function ¥ (u =

6 Re 8—1/}2—8—1/}2 8_1/} — _8_P_ 2aTxx_
Oy dx  drxdy] 9y Oz oz
00 oo
Gra_y_._BTa_y’
op 0 0y 9oy oP o1,
3 O0p 0 oY 010 9P  H0Tay
’ Re[@y@x 8m8y] ox dy 0 o
0% 0000 90,
3_y2+Nb8_y8_y+(8_y) =0,
820' Nt o0

— — — 2:
Oy? +Nb(8y)

where

21

0T 2y

0

dy

0T yy

oy’

(2.10)

(2.11)

(2.12)

(2.13)



2
v
Tee = —2[1+Wed| 0

Oxdy’
0?0 0%
Ty = [1+W€’V](W—5 W)a
R\
Tyy = 5[ +W67]8 a
Foaa\ 0w 0% Foaa\
° _ 2 2 2 2
o= |2 G0, +(8y o G+ (Gaay)

(2.14)
(2.15)

(2.16)

(2.17)

in which ¢, Re, We represents the wave, Reynolds and Weissenberg numbers, respectively.

Under the assumptions of long wavelength § << 1 and low Reynolds number, neglecting the

terms of order ¢ and higher,

oP 0 ok N2\
- — =21 B,
O ay[( +Weay2)82]+G9+ o,
OP
a_y —_— 0.
Elimination of pressure from equations, give
0? 0?v 9*v 00 do

ay 82)8 2]+G7“8_y 8_y

in which
ov
L= [ oy =)~ hafa),

hi(x) =14 acos2nz, ho(x) = —d — beos(2mz + D).

The bounddary conditions in terms of stream function ¥ can be defined as

22
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(2.19)

(2.20)

(2.21)

(2.22)



L oV
v = E, 8_y = —1 for Yy = h1($), (223)
L 0

2.3 Homotopy perturbation method

Since, the above equations of above boundry value problem is highly nonlinear and coupled
differential equations their exact solutions are not possible, therefore we are intersted to compute
the solution with the help of homotopy perturbation method. The homotopy perturbation

method is defined as

H(W,q) = (1-¢q)I[L(¥)— L(¥o)] +

R PV, 2V T 99
oo
Bra—y] = 0, (2.25)
820 9090 90 .,
H(0,q) = (1 —q)[L(0) — L(6o)] + Q[a—yg + Nba_ya_y - Nt(a_y) ], (2.26)
H(o.q) = (1 - g)[L{e) — Liow)] + g2 + Mo @0y _ g (2.27)
7q - q 0 q 3y2 Nb ayQ - 9 .
oP 93V oP 930 92U 93
H(p.q) = (1-qlo- - a_yg] +alo- - a7~ Wegmap O

—Byo] = 0. (2.28)

According to HPM, we choose the following linear operaters

84

Ly = —
v ay47

(2.29)

23



L — 2.

= 5 (2.30)
82
Ly =—. 2.31
" (2.31)
Using

U =Uy+q¥; +... (2.32)
0 =060+ q01 + ... (2.33)
o=o09+tqo1+ .. (2.34)

Making use of Egs. (2.29) to (2.34) and equating the like powers of ¢, we obtain the following

systems

2.3.1 Zeroth order system

9%0y
- =0 2.
90 =0at Yy = hl, (2.36)
90 =1at Yy = hg, (237)
820'0
20 2.
oo=0aty=h, (2.39)
gy — 1 at Yy = hg, (2.40)
R
—— =0 241



v = 20 yayon,
2" 0y

v = 220 ey,
27 0y
ory _ o,
or  Oy3

2.3.2 First order system
8291 890 80’0 890 2
—_— N — — — pu—
8y2 + b ay 8y + t( 8y) 07

91:Oaty:h1,

91:0aty:h2,

0?0 N; 020
21 + _t( 20)2 =0,
Oy Ny Oy

o1 =0at y=hy,

01:0aty:h2,

o, 03y 4 92U, 04, 00y
— +2W 2W —— + G, —
oy* + ( oy3 )+ ¢ oy? oyt + G oy
)\
‘Ifo = O,@ZOth:hl,
dy
)\
‘Ifo = O,@ZOth:hg,
dy
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(2.42)

(2.43)

(2.44)

(2.45)

(2.46)

(2.47)

(2.48)

(2.49)

(2.50)

(2.51)

(2.52)

(2.53)



3 2\1/ 3\11
on _ 0 oy 070 070 + G0y + B,oy. (2.54)

dr 0y3 e oy? oy
2.3.3 Solution of zeroth order system

The solution of the zeroth order system satisfing the boundry conditions straight forward written

as

Yy hy
Op = 2.55
0 h2 — hl hl — h27 ( )
y hy
_ 2.56
A vy i (2:36)
L(h1+h
Uy (1—23)(2@/3 — 3(h1 + ha)y® + 6hihay) —y +
(h2 = h1)
(B3 = 3hhd) = (he — Y83 — 3hohy) (2.57)
(hg—hl)?’ 2 1 2 179 2 2 1 2101 ), .
0Py 12(L + hy — ho)
_ 2.58
833 (hg — h1)3 ( )
2.3.4 Solution of first order system
With the help of zeroth order system, the solution of first order system is defined as
1
01 = ————(—hihaNy+ hiyNy + hoyNy — y* N
1 2(h1—h2)2( 1ha Ny + hay Ny + hay Ny — y~ Ny
—h1ha Ny + hiy Ny + hay Ny — y° Ny), (2.59)
o1 =0, (2.60)
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Uy = Ch3h3 + 2Ch3hoy + 2Chih3y — Ch3y? — 4Chihoy® — Ch3y? + 2Chyy® — Cy,  (2.61)

where

L(hl + h2)2 Gr Br
288We + =C, 2.62
(hg —h1)¢  (ha —h1)  (ha —hq) (2.62)
oP; _ 144We(L + hy — h2)2 B 144ho(L + hy — h2)2
or (ha — hq)8 (hg — h1)8
T BT

"~ 2(hy —hy)  2(hy —ha)

Finally, substituting zeroth order and first order solutions into Egs. (2.32) to (2.34) when

q — 1, take the form

L(h1 + ha)

Vo= Ty Y T30 )y Olubay) —y+
1 L 3 5 L. 4
(ha — h1)3((§ + h1)(hy — 3hih3) — (he — 5)(h1 — 3hoh21) +

Ch3h3 + 2Ch2hay + 2Chihdy — Chiy? — 4Chyhay® — Ch3y® +

2Chay® — Cy, (2.64)
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oP 12(L+hy — hy)  144We(L + hy — ha)?

ox (hg — h1)3 (ha — h1)®
 144hy(F +hi —h2)*  Gr(hi+hg)  Br(ha+ ho)
(hg — hy)® 2(hy — ha) 2(hy — ha)
1

(5(ha — h1)"((=1 + h1)h1 + (=1 + h2)ha) G NZ — 2(hy — hg)° B, N}

20(h2 — hl)ng
—2Ny(2304(L + hy — ho)>(11h3 + 8h1hg + 11h3)We?
—(h1 — h2)°(8(L + hy — ha)

(11h3 4 8hihy + 11h3)We(B, + G,) + (h1 — he) G, Ny. (2.65)

2.4 Results and discussion

Using mathematics software the expression for pressure rise AP is calculated numerically . The
effects of various parameters on the pressure rise A P are shown in F'ig.1to 4 for various values of
Weissenberg number We , channel width d and wave amplitudes a, b. It is observed from Fig.1
that pressure rise increases for small values of 6 (0< § <24) with the increase in We and for 0
(24< 6 <48), the pressure rise remains constant and then decreases for § >48 . It is observed
that the pressure rise increases with the increase in a for small 0 (0< 6 <25) for 0 (25< 6 <45),
it remains constant (see Fig.2) and for 6 (25< 6§ <70) pressure rise decreases. It is observed
that the pressure rise increases with the increase in b for small 6 (0< § <23) and then for 6§ >23
pressure rise shows opposite behaviour. It is also observed that the pressure rise decreases with
the increase in d for small  (0< 6§ <12.5) and for large 6 (12.5< 6 <25), the results are opposite
(see Fig.4). Fig.5 represent that for and [60, 100] the pressure gradient is small. It is seen that
with the increase in the Brownian motion parameter NV, concentration profile decreases in the
region (0<y<1). For thermophoresis parameter N; concentration profile increases in the region
(0<y<1.6). It is seen that with the increase in the Brownian motion parameter N}, temperature
profile increases in the region (0<y<1). For thermophoresis parameter N; temprature profile
increases in the range (0<y<1). It is observed that pressure rise increases for small values of =
with the increase in Brownian parameter ,thermophoresis parameter, local temprature Grashaf

number and local nanopartical Grashaf number.
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Figure 2-1: Variation of AP with 0 for different values of We at a = 0.2, b = 1, d = 3,
¢=05G, =05 B, =05 Ny=1, N, =1

2.5 Trapping phenomena

Trapping is another interesting phenomenon in peristaltic motion. It is basically the formation
of an internally circulating bolus of fluid by closed stream lines. This trapped bolus pushed a
head along peristaltic waves. Figs. (14) to (19) illustrate the stream lines for different values
of We and a. The stream lines for different values of We are shown in Figs.(14), (15), (16).
It is found that with the increase in Weissenberg number We the size of the trapping bolus
decreases in the upper half of the channel and increases in the lower half of the channel. It
is observed from Figs.(17),(18),(19) that the size of the trapping bolus increases in the lower

and upper half of the channel with the increase in amplitude of the wave a.
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Figure 2-2: Variation of AP with 6 for different values of a at We = 0.98, b = 0.2, d = 3,
¢6=05G.=1,B, =2, Ny =1, Ny =1
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Figure 2-3: Variation of AP with 0 for different values of b at a = 0.1, We = 0.01, d = 7.5,
¢=05G =091, B, =01, Ny=1, Ny =1
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Figure 2-4: Variation of AP with 0 for different values of d at a = 0.1, b=1, d = 7.5, ¢ = 0.5,
Gr=091, B, =01, Ny=1, Ny =1, We =0.01
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Figure 2-5: Variation of dP/dx with x for different values of We at a = 0.5, b = 0.5, d = 0.4
and ¢ = 0.01.
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Figure 2-6: Variation of AP with x for different values of G, at We = 0.01, b = 1, d = 3,
¢=05a=02, B =005 N,=1, Ny =1
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Figure 2-7: Variation of AP with = for different values of B, at We = 0.01, b = 1, d = 5,
¢=0.5,a=04, G- =0.1, Ny =05, N; = 0.5
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Figure 2-8: Variation of AP with = for different values of N, at We = 0.01, b = 1, d = 3.5,
¢=05a=02 G, =1, Ny =1

+  Nt=01

Figure 2-9: Variation of AP with z for different values of Ny at We = 0.01, b = 1, d = 3.5,
¢6=05a=02 G- =1, Ny=1
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Figure 2-10: Variation of o with x for different values of Ny at b= 0.5, d = 0.1, ¢ = 1.5,a = 0.6,
Ny =1
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Figure 2-11: Variation of o with x for different values of Ny at b =0.5,d = 0.1, ¢ = 1.5,a = 0.6,
N, =15

34



....... Nb:1

0
- Nb:2

[ = — -\\
10 BEm e ~

[, T NN -- Nb=3

L .“"'"h,‘_\ Sal .. ~
08 T T Noo- N
06
04 r

L L L L L L L L L L L L L L L L L | y
02 04 06 08 10

Figure 2-12: Variation of o with x for different values of Ny at b= 0.5, d = 0.2, ¢ = 3.5,a = 0.6,
Ny =4

....... Nt:1
0
- Nt=2
r = — \\
1.0 xc‘: _—~ans ~
ISt Sl AN -- Nt=3
L .-.,,,_mﬂ-\ Sao .. AN
08 R N - Nt=4
L " “hng “«,~ \
Q] \‘"m‘ ‘s\\ \\\
06t T SO\
. \\\
04t AN
L L L L L L L L L L L L L L L L L ’ il y
02 04 06 08 10

Figure 2-13: Variation of o with x for different values of N; at b = 0.5, d = 0.1, ¢ = 3.5,a = 0.6,
N, =28
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Figure 2-14: stream lines for We = 0.06

Figure 2-15: stream lines for We = 0.08.
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Figure 2-16: stream lines for We = 0.09.

Figure 2-17: stream lines for a = 0.8.
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Figure 2-18: stream lines for a = 0.9.
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