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Nanofluid containing Cu — H,O treated through Maxwell model with induced
magnetic field in penstaltic is important m many processes. For the first time
nanofluid was discussed by Choi [1] which refers to 'a conventional heat transfer fluid
(Water, oil, ethylene glycol etc.) which contains a dispersion of nano size particles.
Majorly, the nanoparticles are considered to be used a tools to increase the thermal
conductivities of the base fluids. The thermal conductivity of heating/cooling fluids
plays a vital role in the development of energy efficient heat transfer equipment for
electronics, transportation, energy supply, and production. The nanofluids actually
contam tny particles (~10 nm diameter) of a magnetic solid suspended in a liquid
medium. For more detail see Refs. [2-10].

Peristalsis 1s a mechanism of fluid that flows through movement of contraction on the
tubes/channels walls. First of all this concept was developed by Latham [11]. He
described fluid motion m peristaltic pump. Further, he also explained the
characteristic of pressure rise versus’ flow rate. Peristalsis is attracted thousands of
researchers around the globe due to its wide applications in the industry and i the
field of medicme, ie., the heart-lung machine.

Moreover, the effects of magnetohydrodynamics (MHD) on peristaltic flow problems
also have some applications in physiological fluids such as blood flow, blood pump
machines, and theoretical studies on the operation of peristaltic MHD compressors.
Due to these important practical applications researchers have put their attentions
towards peristaltic flows see Refs. [12-17].

This thesis discusses the nanofluid contaming Cu — H,O treated through Maxwell
model with induced magnetic field in peristaltic which are still not available n
existing literature to the best of author knowledge.

The present thesis is arranged as follows:

Chapter one includes some relevant definitions and equations of the subsequent
chapters.

Chapter two is a review work of [18].

Chapter three is the extension of chapter two i which the nanofluid containing Cu —
H,O treated through Maxwell model with induced magnetic field in peristaltic flow is

nvestigated.
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Chapter 1

Preliminaries

This chapter incluides some fundamental definitions which may be useful for the
better understanding of the next two chapters.

1.1 Definition

1.1.1 Fluid

Any substance which shows resistance to its mternal molecular structure when
external force applies. Liquids and gases are identified as fluid since they deform
continuously in response to shear stress.

1.1.2 Peristalsis

Perstalsis is a mechanism of flud that flows through movement of

contraction/expansion on the tube/channel walls.

1.1.3 Peristaltic transport

Peristaltic transport is a form of fluid transport generated by a progressive wave of

area contraction or expansion along the length of a distensible tube containing fluid.

1.2 Types of fluid
1.2.1 Nanofluid

A mnanoflud s a flud containing nanometre-sized particles. These fluids are
engineered colloidal suspensions of nanoparticles i a base conducting fluid. The
nanoparticles used in nanofluids are usually made of metals, oxides, carbides and

carbon nanotubes.

1.2.1 Newtonian fluid
Such fluid which obeys Newton’s law of viscosity is called Newtonian fluid,

Newton’s law of viscosity is given by

T=pu—,
“% (1.1)
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where, r is the shear stress, u is the viscosity of fluid, du/dy s the shear rate or

velocity gradient. Gases and most common liquids are tend to Newtonian fluids. Most

common examples are Water, thin motor oil, air, sugar solutions, silicone, etc.

1.2.2 Non-Newtonian fluid

Fluid which do not obey the Newton’s law of viscosity is called non-Newtonian fluid.
Common exanples are paints, flour dough, coal tar, ketchup, shampoo, chewing gum
and fruit juice.

1.3 Flow

The continuous action or fact of moving of something.

1.3.1 Types of flow

1.3.2 Peristaltic flow

A peristaltic pump is a type of positive displacement pump used for pumping a variety
of fluids. The fluid is contained within a flexible tube fitted inside a circular pump
casmg (though linear peristaltic pumps have been made). A rotor with a number of
“rollers”, *‘shoes”, “wipers”, or “lobes” attached to the external circumference of the
rotor compresses the flexible tube. As the rotor turns, the part of the tube under
compression s pinched closed thus forcing the fluid to be pumped to move through
the tube. Additionally, as the tube opens to its natural state afier the passing of the
cam (‘restitution” or “resilience”) fluid flow is induced to the pump. This process is
called peristalsis and is used in many biological systems such as the gastromtestinal
tract.

1.3.3 Uniform flow

If the flow velocity the same magnitude and direction at every point in the fluid it is
said to be uniform.

1.3.4 Non Uniform flow

If at a given instant, the velocity is not the same at every pomt the flow is non-
uniform

1.4 Magnetic field

A magnetic field is the magnetic effect of electric currents and magnetic materials.
The term is used for two distinct but closely related fields denoted by the symbols B
and H, where H is measured in units of amperes per meter (symbol A'm™' or A/m) in

the SI. B is measured in tesla and newton per meter per ampere (symbol: N-m™- A~ in

4
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the SI. B is most commonly defined in terms of the Lorentz force it exerts on moving

electric charges.

1.4.1 Magnetohydrodynamics (MHD)

Magneto hydro dynamics (MHD) (magneto flud  dynamics or hydro magnetics) is
the study of the magnetic properties of electrically conducting fluids. Examples of

such magneto-fluids include plasmias, liquid metals, and salt water or electrolytes. The

(2]

word magneto hydro dynamics (MHD) is derived from magneto-meaning magnetic
tield, hydro- meaning water, and dynamics meaning movement. The field of MHD
was mitiated by Hannes Alfvén, for which he received the Nobel Prize n Physics m

1970.

The fundamental concept behind MHD is that magnetic fields can induce currents m a
moving conductive fluid, which n tum polarizes the fluid and reciprocally changes
the magnetic field itself The set of equations that describe MHD are a combmation of
the Navier-Stokes equations of flud dynamics and Maxwells equations of
electromagnetism.  These differential equations must be solved simultaneously, either

analytically or numerically.

1.4.2 Maxwell’s equations

The Maxwell’s equations are the set of four fundamental equations governing electro-
magnetism, ie., the behavior of electric and magnetic fields. They were first written
down m complete form by James Clerk Maxwell For the varying fields the

differential form of those equations m MKS are given as

I

V. H =0,
VE=£,
o
€XE=-y‘,%., g (1.2)
VxH=J,
J=o{E+p (vVxH)).

where £ s the electric field, H is the magnetic . field, j is the charge density,

£, =8.854187817x10""Fm™ 15 the permittivity of free space and

4, =1.2566370614x10° N4> is the magnetics premeability.

3
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1.5 Physical explanation of dimensionless numbers

1.5.1 Reynolds number (Re)

This dimensionless quantity estimates the correspondence of mertial forces by viscous
forces. Reynolds number is used to characterize fluid behavior in the boundary layer
flow. Mathematically, it is given by

Rezﬂz—/l—zl—u, (1.3)

au/l* v

where u is the fluid velocity, / is the characteristic length and v is the kinematic
viscosity. Laminar flow is characterized by low Reynolds numbers (Dominance of
viscous forces) whereas turbulent flow is characterized by high Reynolds numbers
(Dommance of mertial forces).

1.5.2 Grashof’s number

A dimensionless number represented by Gr m fluid dynamics and heat transfer which
approximates the ratio of the buoyancy to viscous force acting on a fluid. It frequently
arises in the study of situations involving natural convection. It is named after the

German engineer Franz Grashof.
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Chapter 2

Interaction of nanoparticles for the peristaltic
flow in an asymmetric channel with the induced

magnetic field

The present chapter is the review work of [18] on interaction of copper nanoparticle
with the base flud water n an asymmetric channel with the presence of induced
magnetic field. The equations describing the flow of nanofluid is simplified by
applying the low Reynolds number and long wavelength approximations. The exact
solutions of the resulting equations are found. The obtained expressions for velocity
and temperature phenomenon are sketched through graphs. The resulting relations for
pressure gradient and pressure rise are plotted “for various pertinent parameters. The
streamlines are drawn for some physical quantities to discuss the trapping

phenomenon.

2.1 Mathematical formulation

This section discusses an incompressble peristaltic flow of copper nanofluid in an

rregular channel with channel with & +d,. Asymmetry in the flow is because of
propagation of peristaltic waves of different amplitudes and phases on the channel
walls. An external transverse uniform constant magnetic field H,, induced magnetic
field  H(h (X,Y,0),Hy+ h,(X,¥,£),0) and the total magnetics field
H*(h, (X, Y,0), H, +h,(X,Y,t),0) are taken into account. Finally the channel walls
are considered to be nonconductive Sinusoidal wave propagating beside the walls of

the channel with continuous hustle ¢ . Disproportionate in the canal flow is reserved

due to the subsequent hedge surfaces terminology:

Y=H =d +aq, cos[z—”()?—c,;)}
A
@.1)
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In the above equations g, and p denote the waves amplitudes, 1 is the wave length,
d, +d,is the channel width, ¢, is the wave speed, 1 is the time, X is the direction of

wave propagation and Y is perpendicular to X . Equations of continuity, equation of
motion, equation of energy and Maxwell's equations governing the flow and

temperature in the presence of heat source or heat smk which governs the MHD flow

are given as
V.V =0, 2.2)
1 R = == =(1 /=
pnf(—~+V-VVj=—Vp+y"f(V~VV)+(pﬂ)"fga(T—TO)—V(—ye(H))
or 2
2.3
wy(ﬁ‘fz)ﬁ,
or = =\ = =
(pc)/(———+V-VTj=V-k"/.VT+QU(T—Tm), (2.4)
ot
V. H=0, V.E=0, (2.5)
VxH -0, T=olEru(Vxh)), 2.6
VxE =y H @7
ot

Combming Egs. (2.5) to (2.7) we obtan the induction equation (2.8) as follows

%zex(ex;}‘)ivzﬁ, 2.8)

where ¢=oy, is the magnetic diffisivity, o is the electrical conductivity, u is
magnetic permeability, p i the effective density of the incompressible .nano fluid,
( ,OC)"] is the heat capacity of the nanofluid, ( pc)p gives effective heat capacity of the
nano particle material, k implies effective themgl conductivity of nanoflud, ¢
stands for constant of gravity, u, is the effective viscosity of the fluid, o/dr gives
the material time derivative, ]3 is the pressure. The appearance for static and wave

structures are connected by the subsequent associations

x=X-ct, y=Y, u=U-c¢, v=V), 2.9

The- dimensionless parameters used in the problem are defined as follow

S
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1

Ry v cp s =L = = 5 VR SSSreas

N

L 7= u v y=2,x=27=5,
= ’u=— 5 =—’ :—’ =——-, :—’
i H,cA i ac Y A a A
—_ -7 —
wzé,Rezpca,é':ﬁ,H:T °,d>=_.¢ R
a 2y 1, — 1T, Hoa
aa’ (2.10)
W:—Z,R’”:O—#eac, }_l\':_?’ Gr:-%——( 1_7;))’
ca ’ ' Ap e
- H . / pc — _
% Sl :HU &a &, = k ,T:"(——')—C‘a hy:_‘Q)",-
c Yo, ' (pc)]. (pc)_/.
After using the above non-dimensional parameters and transformation in Eq. (2.9)
employing the assumptions of long wavelength (5 ——>0), the dimensionless governing
equations (without using bars) for nanofluid n the wave frame take the final form as
%+@ =0 2.11
ox oy @11
dp & 1 PB
£ _ +Resfq>w+(—)icr9,
de o' (1-¢) (pB), (2.12)
& dp _ 0, (2.13)
& dy
(2.14)
(DW = Rm[ - —alj’
: dy
0’0k, (2.15)
—+0—0, =0.
ayz kn/' QO
Putting Eq. (2.14) into Eq. (2.12), we get
dp 0 ) PP),
d—p=a—‘”{ ! z.s]+-ReS;Rm[ _QZ]J_LGN;, (2.16)
k| (1-9) &) (pB),
Taking derivative of above equation with respect to y, we have
& o 1 ) 2 PB),
~ v — +ReS,‘Rm(—a Vz’j+( v 6,0, @.17)
' ((1-9) ) (PB), o

The non-dimensional boundaries will take the form as




FE,;.

&)

F
v=r, V__l, a  y=h, 2.18)

»
2.1
W:-E, _a.ll_z__l, at y=h2, ( 9)
2 %
=0 at y=h,, =1 at y=h,, (2.20)
O=0 at y=h, O=0 ar y=nh,. (2.21)

The pressure rise Ap, axial induced magnetic 4, and current density ; in non-

dimensional form is defined as °

1
Ap = l %dx, (2.22)
, 00 (2.23)
X a)} ’
;- oh, (2.24)
ooy

The effective densityp ., the effective dynamic viscosi . and the thermal
pnj yna 'Ll"j

diffusibility o, of the nanofluid, are defined as

Hy
Ion = l—¢ IO +¢10s’ :tln =—7’
f ( ) S f (l"‘¢)
k"
(pc;; )n,. = (1—¢)(pcp ),. +¢(pcp ) » Ay = (pcf) ; (2.25)
P Ty

- k, +2k, —2¢(k, ~k,)
Tk v2k, vk, k) |

Here, ¢ is the solid volume fraction, ., is the dynémic viscosity of basic fluid, o,

p. are the densities of basic fluid and nanoparticle respectively, k, 18 the thermal

conductivity and (,OC,, )n/, is the heat capacity of nanofluid. Thermal physical

properties of water and nanoparticles are defined as [19, 20].

10
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Table 2.1. Thermal-physical properties of water and nanoparticles

Physical Properties | Water(H,0) Copper(Cu)
p(kgm™) 997.1 8933
C, 4179 385
Bx10°(K™) 21 1.67
ke, wm™ (K™) 0.613 401

2.2 Solution of the problem

The exact solutions of Eqgs. (2.14), (2.15) and (2.17) subject to boundary conditions
(2.18) to (2.21) are found as follows:

v(y)=

G(y)zclcosy\/c—’,+czsiny\/a,

cosy\/C—‘,CzC6

i cCcC
. smy\/—, C,

C
cosh y. >
\IC4

2y/C 2
C4(C7+cosh( y\/—s)Cx+sinh[ y‘/—5]c8)+cg+ycl(,

N

1

2C,C(CC, +C,)

2R, sin( [ ) ,c°C, +

C,C°C, +C,(CC, +C,)

1

+_.
\/a(clc4+cs) \/—CTI(C1C4+C5) C5 —sinh[y\/a] (
c, )|

N

@)

<

2R, cos( y Jc) |
=) =)

C*(ER,y* - R,¥’C, +2C, +2)C, )

11

s

(2.26)

(2.27)

| (2.28)

G e g e




The mean volume flow rate Q over one period is given as

O=F+1+d. (2.29)
The pressure gradient dp/dx axial induced magnetic 4 and current density ; arc

elaborated as

1
Czu —m—(C,Q + C5 +sin \/—C_]h:CzC6 + COS\/—C_Ith}Ch) -
P 5

T (T T

ei‘/ZT o eJ("ereE \/C—4C19

JEsh_Ch:
act 2elt For
C,* c’
dp —
= ,\,/F‘,”u@»’ NSNS , (2.30)
" 20 0 Tt 0 T
c.’ C,
Nt |
U G G
e & ch e Ten
- - S 4
CS CS
_\f('_s"x+JCThz
Y
e ¢ e,
CS

12



ERm Y CS - Rm

1 C, +cosh

h = C
" Jac(cc rc)l o (cc +c) ¢ Ve

(2.31)

lme C] (j—i ER,,, C< Rm Sln -V \/aCZ C(l Rm cos -v \/FIC"i C()
+ - — —
cC,+C. CC,+C, CC,+C, CC, +C,

l)” o . N & ]
R cosh C,C, R sinh C,C,
e e om0 e
.. e .

R, cosh['v\/\/_f—ij\/ac R Smh(‘i/\/_c—«]\/c— (2.32)

R CC,C R C.C

m P40 m S 10

CC,+C, CC,+C,

P)

The constants C, - C,, are evaluated using Mathematica 9.

k O,
C=—\ (2.33)
kn/
cos+/C A,
G = ) (2.34)
—cos\[C h,sin\[C,h +cos\[C A sin[C h,

13
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sin \/C_‘]h]

C = ,
cos \/C_’lhz sin/C h —cos \/C_’lhl sin \/C_’lhl

4

C, = ReS’R

Cs

sinJCAC.C, sinJCRCC, cos[CACC,
CC,+C, CC,+C, CC,+C,

cos \/athv‘Cb

CC,+C,

L
(l B ¢)2.5 ’

1 “*m>

(PB)

= L Gr
- N 1]

(0B),

C =

Jec,

[(sin \/—C_[h]Cz —sin \/—CT‘thZ +cos\/—CTlh,C] —cos\/athx)]

+

& &

—¢

JGh £ hy
. :

Ja (e, +c1)]

14
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(2.38)
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C, == ¢

” - h
—/’ll + hz

h,

21

RHI Sin

C] th:C()

R, sin /G h,C,C

RNI COS

Cl hZ C3 Cb

C1 (C1C4 * Ci)

el
B

c
sinh [g@} G
&

l 3
~~R CHK
5 2

m1e

R, cos Cn /1, C-‘C"

C1 (CIC“ +C5)

Cll =
1
+— Rm cosh
-

_Sinh[@
N

\/(—':/‘» \/(—f/y,
e N C [ ¥ C4

4

_ C05h [ 2\/—_11
&

C (CIC +C, )

/o)

Vol R

el

+—ER K —

i

e Vo JC. (h —h

RCh

2 " By
]Cb

it

C(CC +C)

(%

@

v‘ G

113 - hl Ci?‘

)

e

2

c. C

pl

cos JC I C.C,

.
cos\/—/’ C.C,

sin

\/'(Tl(cl(:J + (
sin \/ath‘C"
\/FI(C|C4 +C’)

\/_(CC +C

T

(VI hICv;C'()

+\/—C_(CC +C, )—

Sm\/—hCC COS‘/—_hCC (b —h,)

CC,+C,
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CC +C

?

(2.43)

(2.44)

(2.45)
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Jon Jon Jen Jon o e,
act’ el gz g ¢"7le+eﬁ Fen
c’ Cc’ c’ C,

TR R A N )
e Yo en e em e B F e
C, ) C, C,

siny/Ch,
C2
—sin\/ah:
cos\/C—“hl c
+ 3
—cos\/ahz '
Yok
NN

C Coh.
o \/(Th \/CT
+e V-
+ Ci(hlfh:)

l \/(Th‘ V’.(_Th:
\/C4 - & \/C_J - ¢ \[C

(cos\/ah] —cos\/ahz)C2 +
C
(=sinJCy, +sin JC 1 )C,

sinJC 1,C, +
cos \/ath3

+JC | Colh = hy) + CC(F + by —hy)
+C (F +h —h,)

C.(CC,+C,) (\/a)

A R o +eV’“ Foen
c’ c’ c’ C.
S T N e
e W o e e o

C C. " C,

v

K

(2.46)

(2.47)

(2.48)



F cos/C h,C,C,
\/—(C|C4+C)
sm\/_hCC

Jo(ce,+c)
CC, +C, +sinJC hC,C,
+c0s\JC RC.C,
C,C,+C,
o [ SICRC, =sin JC AC,
e V& chos\/C",lyC3
—cos\/ath3
Cﬁ(~\/C_4+ \/C_Shz)

JCaly \/’(_s_"z
{e e e VG J\/E(CIQ +C,)

h,

(2.49)
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(2.50)

cos\/ah] c
—cos\/ahz ’
—-sin/C h
+ \/—] ] q,
+sin/C\ A,

C +

6

sin{/C,h,C,
[+cos\/ah2CzJ
C,(h )
+C,C,(F +h ~h,)
+C(F+h —h,)

)
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cosh
R, sin \/ath_,Ch R, cos \/ah]C,‘Cu 1 R, [
N :

c(cc,+C)  C(CC +C.)

CJ”[Q —cosh{

] -
—ER h -~
2

B

R,(;Uh

R, sin\JC,h,C,C,

Cwl (C|C4 + (ji)

Rm cos \/F\hIC.\Cb l
+

+
CI(CICL +Ci) C: ‘

m

)
smh[f

@

=~ -L—q

w

|

5

cosh
R, sin\[C,h,C\C, R cos\[ChC,C, 1 . (
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2.3 Results and discussion

In this section, the effects of different physical parameters, nano particle volume

fricton ¢, Stommer’s number S, magnetic Reynolds R and Grashof number Gr on
pressure rise and pressure gradient, nanoparticle volume friction ¢ and heat
generation (Q, on the temperature, magnetic Reynolds R, and Stommer’s number S,
on axial mnduced magnetic field %  and current density j,, nanoparticle volme
friction ¢, Stommer’s number S,, magnetic Reynolds R, Grashof number Gr and
heat generation (, on the velocity profiles for both copper nanofluid and water fluid

with the help of graphical results are displayed n Figs. (2.1) — (2.6). The expression
for the pressure rise 18 calculated numerically using mathematics software. The
trappmng bolus phenomenon observing the flow behavior is also manipulated as well
with the help of streamlines graphs m the Figs. (2.7) — (2.9).

Fig. 1(a) represents the effects of volume fraction ¢ on the pressure rise Ap. It is

noticed here that pressure rise is an increasing function with the increases of ¢
throughout in the retrograde pumping region (Ap>0,0<0)and peristaltic pumping
region(Ap > 0,0 >0), while decreasing at the region (Ap <0,0<0) In Figs. 2.1(b)
and 2.1(c). It is measured that Ap gets decreased with the increasing effects of S,
and R for both copper water and pure water cases in the region (Ap>0,Q>O),
Where’s the Ap mcreases in the region (Ap<O,Q<O). Fig. 2.1(d) Depicts pressure
rise decreases when the values of Gr are increased.

From Fig. 2.2(a) one can see that pressure gradient d%x decreases as nanoparticle

volume friction is increased. The variation of the S, and R, gives the same behavior

on pressure gradient graph, the both show mncreasing trend as parameters value
increases see Figs. 2.2(b) and 2.2(c) for both the cases, copper — water and pure water.
The difference between copper Nanofluid and pure water flud is that the copper
Nanofluid contains more pressure than the pure water. We can see the impact of

parameters local temperature Grashof number Gr on the variation of pressure gradient

d x from Fig. 2.2(d) when all other parameters are kept fixed. It is noted that
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pressure gradient decreases as Gr increases. In order to see the difference between

copper nanofluid and pure water, we have constructed the table 2.6 grashouf number
G, and other flow paramecters are fixed as Q9=-2.0, 0, =03, Re=1.0 R =1.0,

w= ”6’ a=0.2, =04, d=1.0. From table 2.6 we observe that the copper water

and pure water, both give us decreasing values of pressure gradient as we increase the
value of Gr. Fig 2.3(a) presents the effects of temperature & for the different values

of volume fraction ¢ one can see that as we increase the ¢, temperature also
increases, we presented the Fig. 2.3(b) to show the behavior of temperature profie
with the effect of heat generation parameter ), the femperature @ mncreases with an
increase of (), for both copper — water and pure water cases. The difference between

these can be seen from the table 2.3.

Figs. 2.4(a) and 2.4(b) show the varations of magnetic Reynolds and Stommer’s
number on an axial nduced magnetic field /_ versus y. It is interesting to note that in
the half region of the channel, the mduced magnetic field is mn one direction.
However, it is in the opposite direction in the other half region of the channel The
Fig. 2.4(a) displays that the magnitude of A_ increases when R, increases from wall
h to the middle of channel, but the decreasing trend is noticed i the other half of the
channel keeping R, increased. On the other hand, the effects of S, on A _ are quite
opposite n comparison to R_. We have also presented tables 2.4 and 2.5, to show this
difference i copper nanofluid and pure water.

In Figs. 2.5(a) and 2.5(b) the current density j is shown as a function of y for
Three different values of R and S, both of these figures are of parabolic type, In the
both figures the magnitude of j, decreases as the values of R, and S, increase.

It is observed from Fig. 2.6(a) that velocity profile decreases near to both walls of

channel but increases in the center of the channel with increase in the value of ¢. To

see the behavior of velocity profile x for the cases of copper water and pure water
with the variation of R, and §,, we displayed the Figs. 2.6(b) and 2.6(c). Velocity
profile « increases near the walls of channels but m the middle of the channel
velocity decreases by increase in R, and S, respectively. We presented the Fig. 2.6(d)

to obtain the variation of velocity profile » for varying the magnitude of parameters
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Gr.The Fig. depicts that there are two phases ie., From left wall to center and from
center to right wall In both the cases of pure water and copper nanofluid, velocity
profile increases from the left wall of channel to the center of channel on increase of
Gr. But opposite behavior is secen from center of the channel to the right wall
Analyzmg this difference between copper water and pure water numerically, we have
drawn a table. 2.6.

Fig. 2.6(e) discusses the behaviors of O, on u versus y for both, copper water and
purc water. One can sce that velocity profile does not change to great extent as

compare to copper water fluid. We see that velocity is increasing by increase ngQ, .

A very interesting phenomenon in the fluid transport is trapping. In the wave frame,
streamlines under certain circumstances swell to trap a bolus which travels as an inlet
with the wave speed. The occuring of an internally circulating bolus stiffened by
closed streamline is called trapping. The bolus described as a volume of fluid bounded
by a closed streamlines in the wave frame is moved at the wave pattern. Fig. (2.7)

shows the streamlines for the various values of the parameter ¢.It is noted that bolus
becomes large when we give greater values to the ¢ . Fig. (2.8) is drawn for the nano

copper fluid we see that bolus becomes small when we give greater vales of Gr
where one can noticed that from Fig. (2.9) in the case of pure water number of

trapping bolus is decreasing with increasing as well as size of bolus also decreases.
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Figs. 2.9: Stream lnes of water for different values of Gr. (a) for Gr=1, (b) for
Gr=2, (¢) for Gr=3, (d) for Gr=4. The other parameters are Q=2, w=0.3,

a=02,b=04,d=10, $=04, R, =1.0, S, =2, Re=1.0, Q, =0.1.
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Table 2.2. Numerical values of pressure gradient for different values of Gr.

34

Gr =4.0 Gr = 6.0 Gr = 8.0
Cu+H,0| H,0 |Cu+H,0| H,0 |Cu+H,0| Hy0

=02 |9=00| ¢6=02 | 9=00| ¢6=02 | 6=00

x dp/dx | dp/dx dp/dx dp/dx rdp/'dx dp/dx

Q -4.01 -7.45898 | -5.80246 ( -7.70392 | -6.07018 | -7.94885 | -6.3379
i -3.5] -8.40545 | -6.41301 | -8.64947 | -6.67893 | -8.89348 | -6.94485
-3.0| -7.50832 | -5.83445| -7.75321 | -6.10206 | -7.99809 | -6.36967

-2.5] -5.69033 | -4.64144 | -5.93791 | -4.91437 | -6.18549 | -5.1873

-2.0) -4.18391 | -3.62207 | -4.43594 [ -3.90397| -4.69797 | -4.18587

15| -3.27188 | -2.98444 | -3.52945 | -3.27786 | -378702 | -3.57129

10| -2.80167 | -2.64863 | -3.06437 | -2.95313 | -3.32707 | -3.25763
05| -2.62158 |-2.51917 | -2.88708 | -2.82991 | -3.15259 | -3.14064

0.0 | -2.66549 | -2.55075] -2.93025 | -2.85982 | -3.19501 | -3.16889

0.5 | -2.94979 | -2.75486 | -3.2106 3.05522 | -3.4714 | -3.35558

1.0 | -3.57585 | -3.199 | -3.83113 |-3.48761 | -4.08641 | -3.77623

1.5 | -4.71482 | -3.98793 | -4.06847 | -4.2658 | -5.21853 | -4.54367

E‘ 2.0 | -6.43487 | -5.13394 | -6.68114 | -5.40427 | -6.92741 | -5.6746
2.5 | -8.06947 | -6.19698 | -8.31379 |-6.46349 | -8.55811 | -6.7299

3.0 | -8.22803 |[-6.29902 | -8.4722 |-6.56525| -8.71638 | -6.83147

3.5 | -6.74026 | -5.33427 | -6.98609 | -5.60373 | -7.23191 | -5.87319
40 | -496341 |-4.15397 | -5.21273 -4.43036 | -5.46204 | -4.70676
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Table 2.3. Numerical values of temperature for different values of Q.

Q, = 0.1 Q, = 0.2 Q =03

Cu+H,0| H,0 |Cu+H,0] H,0 |Cu+H,0] H,0
@=02 |@=00| 0=02 |9=00]| 0=02 |0=00

y 6 6 6 6 6 6

121 1.0000 | 1.0000 |1.0000 | 1.0000 | 1.0000 | 1.0000
-0.81| 0.84520 | 0.85652 | 0.86049 | 0.88504 | 0.87671 | 0.91688
~0.41] 0.68448 | 0.70100 | 0.70682 | 0.74305 | 0.73070 | 0.79064
T0.01| 0.51750 | 0.53428 | 0.54021 | 0.57734 | 0.56464 | 0.62661
038 | 0.35011 | 0.36349 | 0.36822 | 0.39799 | 0.38779 | 0.43776
0.78 | 0.17528 | 0.18260 | 0.1852 | 0.20155 | 0.19594 | 0.22348

Table 2.4. Numerical values of axial induced magnetic field for different values of

R,..
R,=1 R, =2 R, =3

Cu+H,0| H,0 |Cu+H,0| H,0 |Cu+H,0] H,0
@=02 | $=00| 0=02 | 0=00| =02 | =00

y hy hy hy h By Ry
~1.21]0.01077 |0.01810 |0.01932 |0.03039 | 0.02637 | 0.03952
70.91] 0.19516 | 0.19675 | 0.37669 | 0.37045 | 0.54693 | 0.52735
20.61] 020900 | 020301 | 0.39563 | 0.37163 | 0.56400 | 0.51546
Z0.31] 0.12087 | 0.11206 | 0.22651 | 0.20264 | 0.31980 | 0.27768
70.01| -0.01226 | -0.01842 | -0.02182 | -0.03045 | -0.02953 | -0.03897
0.28 | -0.13606 | -0.13664 | -0.25347 | -0.24323 [ -0.35620 | -0.32962
0.58 | -0.21122 | -0.20625 | -0.40002 | -0.37786 | -0.57051 | -0.52444
0.88 | -0.18082 | -0.17330 | -0.35144 | -0.33208 | -0.51312 | -0.47874
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Table 2.5. Numerical values of axial induced magnetic field for different values of S;.

e EEECS R S b

§;=15 §,=20 S =25
Cu+H,0| H,0 |Cu+H,0| H,0 |Cu+H,0| H,0
=02 | 0=00| ¢=02 [ 0=00| 0=02 | =00
y b hy hy hy h R
-~ -1.21{ 0.0000 0.0000 | 0.0000 0.0000 | 0.0000 0.0000
= -091) 0.18677 | 0.1827 |0.17690 | 0.16781 |0.16650 | 0.15352
-0.61] 0.19524 | 0.18205 | 0.17930 | 0.16017 | 0.16293 0.13991
-0.31| 0.11151 0.09896 | 0.10073 0.08531 | 0.08983 0.07290
-0.01 -0.01062 |-0.01459 | -0.00897 | -0.01133 | -0.00170 | -0.00883
0.28 | -0.12462 | -0.11842|-0.11178 | -0.10042 | -0.09904 | -0.08469
0.58 [ -0.19743 |-0.18514 | -0.18144 [-0.16306|-0.16500 | -0.14257
0.88 | -0.17451 | -0.16435|-0.16673 | -0.15381 | -0.15819 | -0.14286
Table 2.6. Numerical values of velocity for different values of Gr.
Gr=10 Gr=2.0 Gr =3.0
;;\ Cu+H,0| H,0 |{Cu+H,0| H,0 |Cu+H,0| H,0
=02 |9=00| 0=02 |®=00] 6=02 |@=0.0
y u u u u u u
-1.21 | -1.0000 -1.0000 | -1.0000 -1.0000 | -1.0000 -1.0000
-0.911-0.2201 -0.1717 | -0.2072 -0.1598 | -0.1944 -0.1479
-0.61 1 0.1655 0.1751 | 0.1813 0.1970 | 0.1972 0.2189
-0.31 1 0.3398 0.3105 | 0.3516 0.3335 | 0.3633 0.3565
~0.01 | 0.3811 0.3351 |0.3840 0.3482 | 0.3869 0.3613
0.28 | 0.3177 0.2807 |0.3100 0.2758 | 0.3023 0.2710
0.58 | 0.1262 0.1222 | 0.1093 0.0965 | 0.0924 0.0708
0.88 | -0.2642 -0.2305 | -0.2821 -0.2647 | -0.3001 -0.2989
)

36




-
Y
T

;J”\

Vi

Table 2.7. Numerical values of velocity for different values of Q.

Q=05 Q, =15 Q, =25
Cu+H,0| H,0 {Cu+H,0| H,0 |{Cu+H,0| H,0
$p=02 |9=00| =02 [@=00| ¢=02 |0=00
1y u u u u u u
-1.21 | -1.0000 -1.0000 | -1.0000 -1.0000 | -1.0000 -1.0000
-0.91 | -0.2232 -0.1707 | -0.2254 -0.2054 | 0.2392 20.1427
-0.61 | 0.1604 0.1680 | 0.1610 0.1652 | 0.1595 0.1791
[ -0.31 | 0.3350 0.2981 | 0.3382 0.3307 | 0.3518 0.2842
-0.01 1 0.3789 0.3244 | 0.3826 0.3693 | 04015 0.2967
| 0.28 [ 03194 0.2786 | 0.3211 0.3066 | 0.3326 0.2553
0.38 | 0.2735 0.2439 | 0.2741 0.2606 | 0.2808 0.2261
0.88 |-0.2573 -0.2136 | -0.2612 -0.2531 | -0.2775 -0.1964

2.4 Conclusion

Interaction of nanoparticles for the peristaltic flow with the induced magnetic field is

discussed, key pomts are observed as follows:

L

1.

1il.

iv.

VL

VIl

It is noticed here that pressure rise is an increasing flnction with the increases
of volume fraction throughout m the retrograde pumping region.

It is measured that pressure rise gets decreased with the increasing effects of
stommer’s number and magnetic Reynolds, for both copper water and pure
water.

The variation of the magnetic Reynolds gives the same behavior on pressure
gradient for both copper water and pﬁre water.

It is noted that pressure gradient is decreases as increases of Grashof number.

For the different values of volume fraction ¢ one can see that temperature is
an increasing function of volume fraction 4.

Temperature profile increases as the increases of heat generation for both
copper water and pure water cases.
It is observed that for both copper water and pure water cases, velocity profile

increases from the left wall of channel to the center of channel on increase of
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Viii.

1X.

8%,

Grashof number. But opposite behavior is seen from center of the channel to
the right wall.

It is noted that bolus becomes large when we give greater values of the
volume fraction

Bolus becomes small withgive greater values of Grashof number.
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Chapter 3

Nanofluid containing Cu — H,O treated through
Maxwell model with induced magnetic Field in

peristaltic

The objective of this chapter is to study nanofuid contammg copper (Cu) particle
with different shapes mn viscous fluids for the peristaltic flow. The base fluid is water
and nanoparticles are of cupper having shapes bricks, cylindrical and platelets. The
flow will be considered over the two dimensional wavy channel The momentum and
continuty equation with the mteraction of nanofluid under induced magnetic field are
used to model the governing equations. This leads to coupled boundary value
problem The influence of nanoparticle volumetric friction, shape factor, magnetic
Reynold’s number, Stommer’s number and other physical parameters will be

highlighted through graphs.
3.1 Mathematical formulation

After using the relation Eq. (2.9) and non — dimensional parameters Eq. (2.10), the
governing Eqs. (2.2), (2.3) and (2.4) (without using bar) for nanoftid take the

following form:

w ov_o 3.1
ox oy G-D
b _ovi 1 +ReSlz(I))y+mGr0, ' (3.2)
dc oy | (1-¢) (B),
ap _
Lo (3.3)
. aV/J
® =R |E-—| 34
), ( ay (3.4)
00 Kk
5 +9éQo =0. (3.5)

Putting Eq. (3.14) nto Eq. (3.12), we get
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(i

@za}—l/j 1 2.5 +R6S|2R”'( _a_l//)-k(pﬁ)"f Gre (36)
a o (1-¢)" ) . o )" (rB),

Taking derivative of above equation with respect to y we have

6“@/4/ 1 X +ReSme[—@ziJ+(pﬂ)”f P o 3.7)
' | (1-¢) o) (pB), o

The non-dimensional boundaries will take the form as

F oy

Ly =—,— =1, t =h,, )

V=3 o a y=h, 3.8)
F oy

=, ‘_""—:_1’ at :h 3 .
74 5 B y=h, (3.9)
=0 at y=nh, =1 at y=h, (3.10)
O=0 at y=h, O=0 at y=h,. (3.11)

The pressure rise Ap, axial induced magnetic A and curent density j. n non —

dimensional form is defined as

1
=) —-dx, 3.12
=] (3.12)
oD
h =-—, : .
S (3.13)
= 3.14
i (3.14)

(ko (Lm)k, = (14 m)p(k, —k,)
v k,+(1+m)k, +¢(k, ~k,)

(3.15)

Where &, and k, are the conductivities of the particle material and the base fluid. In

this Hamilton — Crosser model, m is the shape factor. Elena et al [21] nvestigated
thermal conductivity and viscosity of various shapes of Cupper nanoparticles in a
flud. They analyzed experimental data accompanied by theoretical modeling for
different shapes of nanoparticles. According to them, the valies of shape factor are
given as in the table 3.1, |
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yZ(E—CH)CM +

(CIO -C, ) —sinh yC,, (Cao + Cn)

sin y4JC,,C,;
2 C34C36
+cos y4JC,, C,,

’ C, cosh yC, +
2[ ' )CJS

CD(y): C45 +yC4s +
2 C24C34

The mean volume flow rate Q over one period is given as

O=F+1+d,

L (3.18)

(3.19)

and pressure gradient dp/dx axial induced magnetic 4, and current density j, are

elaborated as
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~1+coshC,hC, C,C, —sin \/C—Mh] \/C—NCQSCM - ¢os \/C—Nh] \/C—HC‘MCJ(‘ +
(coshCyhC,,C,, +sinh C,hC,,C, )
-coshC,,1C,,C,,C, +coshC,,h,C, C,C, +sin \/C—Nh] \/C—NCzsCM
-sin CN/H:\/E':C:SC}0 + cos\/C_Mh, C,,C,C, —cos\/C,,h,

d_p N \/C—yczn C,

dx (cosh Cyuhy = cosh C, b, + sinh Cy by —sinh Cy ) 620
e |
—cosh C,,h, sinh C .1 C,,C,
+cosh C A, sinh C}4/12CHC_15)
F +sinh C,,hC, C,,
-sinh C;,h,C, C, +cos/C,, hC,,C,,
-C,,| —cos \/_C:hz
C.Cyy = in\JC hC, Cy +sin \JCo 1, C,,C,
[1 ~coshC,4,C, C,,C, ]
-l (=h +h,)
+siny/C, A JC,,C,C, +cos\C,hC,C,C,
+ .
2y(E-C,)C, +
\/C—H 2[sinhyC34(C]0 -C,)C,, JC
h =C, + ~coshyC,, (C, +C,)C, ) " )R , 3.21)

1

2 Jc,.c "
o €08 YJCry JCpu Gy —

+2 - ' CNC‘%(»

sin y\j C24 Cu C:n
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C24 [2(E—C33)C34 + 2[

cosh yC,, (Clo -G, )C;" _JC
) 35
sinh yC34 (Cm + CJI )C324

1
Y . R, | (3.22)
2C,.C,, +2[—sm ¥4 Cys CCi ]CMCM
—cos y4/C,,C,,C,,
the constants C,, —C,, are obtained by using Mathematica 9.
k+(1+m)k, +4(k, -k ) 0
"k (e m)k, (1 m)(k, k) (3.23)
Cps = C0sCuh (3.24)
® —08\(Cyyhy sin \Cyuhy +c0s[Cyy by sin \[Coihy ‘
c - sin(C,, A, (3.25)
* cos C,,h, sin\[C,, b, — cos\[C,,h sin\[C,, A, ’ '
__ (3.26)
27 25
(1-¢)
Cy =ReS/R,, (3.27)
Cy = (oh), Gr
» (pﬂ)/ ’ (3.28)
cosh C34h'|C10C34 Cys —cosh C34h2C10C34 C35 -
Sin C24 hl VC24 C25C36 + Sin C24 hZ VCZ4 C25C36 C37
Cm _ —C€0s C24 hl VCZ4 C26C36 +cos C24 hZ C24 C26C36 >, (329) .

—cosh C,h Cys + Cosh C, 1, Cys —sinh Cy 1 Cyg +
sinh Cy,1,Cy5 —(cosh Cy A, C,,Cy5 +sinh Cy 1, C,, C )
(—h +h,)
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-coshC,1C,C,,C,, +coshCy,h,C, C,C, +
sin(C,, h+JC,,C,,C,, —sin/C,, hz,/C24 C,C,, +cosyC,, A
Cy Czsczs —C0s Cz4 hz Cz4 Czecse

coshC, A —

coshC, h, +

sinhCyh — | 4% , (3.30)
sinh C,h,
—sinh C 4, C,,C,s +sinh Cy ki, c
C34C35 . ?
—cosh C,,1C,,C c
+cosh C,,h,C,,C,, —sinh C,,4,C,,C;, +sinh C, 1,C,,Cys |
1[ F+2sinh Cy B C,,C,, + 2¢0sCy B C,,C,, —25in[Cyy by .\
2 C26C36
I~ cosh Cy,hC,,C,,Cos +5inJCo 1y [C,, C,iC,, + )
+
cos C24 hl C24 CZ()CJ(: ]
—-coshC,,1C,,C,,Cys +
cosh €y, 7,C,C3,Cog +5in Gy ([ Coy € G =
Sin \JC24 h?_ \JC24 C25C36 +COs \JC24h'I C24 C26C36 -
cos\/C,, h,
C, = | WG CyCys 1(3.31)

cosh C, i C;s +sinh Cy 1 Cys — cosh C, 1 C,,Cih, —

|

sinh C, 1G5, Cishy
cosh Cy,h —cosh C; b, +sinh C, by —
: C34C35
sinh G, A, A

cosh(Cy,h, )2 C,, —cosh C;,h, cosh C,,h,C,, —
sinh (Cyuh, )’ Cys + sinh Cy by sinh C, b, G +
cosh C,, A, sinh C, A,

C34C35h| —cosh C34h'l sinh C34h2C34C35h1

Ca

o

+
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—cos\/—C:hI

~1+cosh Cy 1,C,,C,,Coy = 5in | Coy 1y [C,, CpiC

(cosh CyyhC,,Cy, +sinh Cy b C,C )
-cosh Cy,hC,,C,,C,, +cosh Cy,1,C, C,,C,, +

103435
sin \/ C24h| Cz4 C25C36 —sin \/ C24 hz C24 Czsc.u,
+¢08/Cy, 1y \[C,,C,C, —cos\[C,, b,

C,.C,.C

26736

Cm CmCze +

Cn = (

+
(cosh Cy b, —cosh Cy,h, +sinh Cyuhy —sinh Cy b, )]

CiCis (3.32)
—cosh C,,h, sinh C,h C,,C,;
+cosh C, A sinh C,,h,C, C,;
F +sinh C, 1, C, C,,
—sinh C;,h,C,,C,; + c0s|C,, 1, C,,C,, —c0s/C,, 1,
“Cu Czscm —sin C24 h1C26C36 +sin Cz4 h2C26C36 -
I-coshC,,h,C,,C,.C,, ( )
~-h +h
+Sin VCN hl V C24 C25C36 +COs VCZ‘% hl CZ4 C26C36 l ’
C“H
o C (3.33)
,;? C34 — 28 ,
C27
C
C,.=-"1%2,
®C, (3.39)
C — C29
36 !
CZ4 (C24C27 + CZR) (3.35)
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—cosh C;,1,C,; + coshC, h,C,,
-sinh C;,A C,; +5inh Cy,1,C, —-

+
(cosh C,,h,C,,C;, +sinh C,,h,C,,C, )

sinh C,,4,C,,Cys(—h, + hy)
—sinh C,,4,C,,C;; + sinh Cy,h,C,,Co)

34713 347134735
(—hl + hz)
—cosh C;,hC,,C,, +coshC, ,1,C,,C,, -
C, = 34hl 3435 (3.36)

sinhC, 4 C,,C,, +sinhC hC,,C

F +5sinh C;,1,C,,C,; — sinh Cy,h,C, C, + cos |Co 1 C, Cy —

cos/C,, h,C,.C,, —sin(C, hC,.C,. +

Sln 24 hZ C26C36

I -cosh C34h1c 34 15

+51n\j CouhyC C~5C3( ~h + hz)

+¢08JCy 1, C,,C,.C,, )

—cosh Cy,h,C,,Cys + cosh Cy h, C34C35 —sinh C,,nC,,C;, +

sinh C,,h,C,,C;;
[~cosh C,,1,Cys + cosh Cy 1, C ] 337

47

Bl B



{17

cosh C34th|0C34C35 —cosh C34h2C10C34C35 -

= sin\[Cyh €y CouCy +5in Gy 1y G, s C =

COS 4/ Couhy VG Cy6C g + cOs ol JC, GGy

—cosh C,,h,C,, + cosh Cy 1, Cs —sinh C A Cys +

sinh C,,4,C,, —(cosh C,,h,C,.C, +sinh C,,8,C,.Cy, )(=h, + h,)

34°"2

—coshC,,nC,,C,, +coshC h,C,C, —sinhC,,hC,,C, +)

J+

sinh C,,4,C,,C,s (=h, + h,) +sinh C,,4,C,,C

34735
—cosh Cy i C,; + cosh C;,h,C —sinh Cy i C,, +

sinh C,h,C,, -

(cosh Cy, A Cy,Cys +sinh Cy i Cy, Cog ) (= + )

C39 - Sinh C34h2C34C35 (3'38) .
F +sinh C,h,C,,C,, —sinh C;,h,C,,C,, + c0s|C,, A C,.C, -
cosyC,, h,C,,C,, —siny/C, hC,C, +sinyC,,hC,C, -
1=cosh Cy 1 CyCy s +5In Gy 1y G5y CosCog
(= +h,)
\ +€08 [0y by €y Gy Cyg ]
—cosh C,,h,C,;C,, +cosh Cy,1,C,,C5 —
sinh Cy,hC,C,, +
sinhC,,h,C,,C;
—cosh Cy hC,, +coshCy h,Cs —) (—sinhC,4C,,C
C40: 347135 3477235 ]_[ 347134 JSJL (339)
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coshC,,hC,C,.C,, —cosh Cy,h,C,,C,.C,, —
| 5in\[Coy i [C,,CiC +5in[Coghy\JC,, CoiC -
cos \/C_Nh1 \/C—MC%CM +cos \/C_N'hz \/—CZCnCm
—cosh Cy 1,C,, + cosh C,,h,C,, —sinh C,, A C,, +
sinh C,,h,C,; - (cosh C;,C,,Cy5 +sinh Cy 1, C, Cis)
(=h, +h,)

C,=| (—coshCyhC,C, +coshC,hC,C, —sinhC,,hC,,C, + (3.40)
+
sinh C,,h,C,,C,;
F +sinh C, 4 C,,C,, — sinh Cy,h,C,oC,, +
cos C24 th25C36 —€0s C24 th25C36 - Sln \J C24 th26C36
1-cosh Cyyh,C,,C,,C +sinJC,
+sm \/C—Mhzczﬁc]é _ 34h] 1073435 24 ]
\J C24 C25C36 +cos C24 hl C24 C26C36
(_hl + hz)
(cosh Cy,h —cosh Cyyh, +sinh Cy,h, —sinh C, b, )
~cosh Cy,hC,,C,, + cosh C,,h,C,,C,, —sinh C; 4, C,,C,;
+sinh C,hC,.C,.
Co = (3.41)

sinhC,,h,C,.C,, (=h, +h,)

340

sinh C,h,C,.C,,
—-coshCy,hC,, + cosh C,,h,C,,

coshC ,hC,,C, +
—sinh C,,4,C,, + sinh C,,h,C,, [ TR j

347717735 34°72

“\sinhc. hC.C

34717734735

(_hl +h2)

—cosh Cy,1,C, + cosh C,h,C,, —J [—sinh C,,hC,C, +]
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cosh C;,,C,,C,,Cs — cosh Cy 1, C € Cs = sin |Gy

C24 Czscas +sin C24 hz v Cza CZSC]() —Cos Cz4 hl C24 C26C36
+cos C24 h?_ C24 CZ() C]ﬁ
—cosh G, A, C,, +cosh C,,h,C,;
coshC,,hC, C,, +sinhC A
C,.C

34735

~-sinhC, A C,, +sinh C, A,C, — (
(_hl + hz)

(— cosh C,,h,C,,C,, + cosh thzcmc”] -

-+
—sinh Cy,1,C,,C,, +sinh C;,1,C,,C,,

|

(3.42)

(cosh C,.h, — cosh C, .k, +sinh C, b, —sinh C, A, )

—coshCy,hC,,Cis +

cosh C,,h,C,,C,s —

sinh C;,1,C,,Cys +

sinh C,,1,C,,Cs

—cosh Cy,h C, + cosh Gy, 1, Cy —J
sinh Cy, 1, Cy,Cos (= + )

sinh C,,iCy +sinh Cy A, Cys —

cosh C, A C,,Cy + (b + 1)
sinh Gy, 7, C, G 2

—sinh C, 1, C,, G
+sinh C;,4,C;,C;;

—cosh Cy 1 Cys +cosh Cy,h,Cys -

(3.43)
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[~ —coshC hh +
2C10 C“C”[ 347270 )+

coshC, hh,

—cos Cz4hzh|
C26
+cosC, hh

24771772

1
C; =
5 2\,C24C34(h1 —hz)

2C,C R

347736 ) C h h g
—sin
+C2{ 22 1]

+siny/C,, hh,

(E a C33)C34h1 (hl _hz)hz -
+ N C24 2C3|C35 (_CCth hl + ecu"l hz ) +

sinh C,,hh, -
2C30C35 smhc hh
2

3470

(3.44)

1
C46 ==
2/C,,C.,(h ~1,)

[l G s fEmje|
34 6 +
(cos\/_C;h, ‘COS\/C_zl;hz)Czs 3

coshC,,h —
coshC;,h,

ol oSGl |
10 sinh C;,h, 30 |35

_(ecuhl — O™ )C31

+(E=Cy)Cua (B~ 1)

(3.45)
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3.3 Results and discussion

In this section, we discussed the effects of different physical parameters, nanoparticle

volume friction ¢, Stommer’s number S, magnetic Reynolds R, heat generation Q,
and shape factor m of the nanoparticles on pressure rise, Stommer’s number S,

magnetic Reynolds R, Grashof number G} and shape factor m on pressure

m?*

gradient, nanoparticle volume friction ¢, heat generation , and shape factor m of
the nanoparticles on the temperature, magnetic Reynolds R_ and Stommer’s number
S, as well as shape factor m of the nanoparticles on axial induced magnetic field 4,
and current density ;,, nanoparticle volmme friction 4 Stommer’s number S,

magnetic Reynolds R, and Grashof number Gr and generation Q, on the velocity
profiles for copper nanofluid of shape bricks cylinder and platelets with the help of
graphical results displayed in Figs. (3.1) — (3.4) The trapping bolus phenomenon
observing the flow behavior is also manipulated as well with the help of streamlines
graphs in the Figs. (3.7) — (3.12).

From Figs. 3.1(a) — 3.1(c) o.ne can see that pressure rise increases with the increase of
volume fraction ¢, Stommer’s number S, and magnetic Reynolds R, . Fig.3.1 (d)
shows that Ap decreases with the increase of (.

If all other parameters are kept constant and give variation to shape factor m then
pressure rise is an increasing function of m.

Fig. 3.2 (a) Represents the effects of volume fraction on the pressure gradient dp/dx
t 15 measured that as one can increases the value of volume fraction pressure
gradient decreases. Figs. 3.2 (b) and 3.2 (c) shows that dp/dx increases with the
mcrease of Stommer’s number S, and magnetic Reynblds R . Fig. 3.2(d) shows that
pressure gradient dp/dx is decreasing function of Gr. If all other parémeters are kept
constant and give variation to shape factor m then pressure rise is an increasing
function except of volume fraction, for volume fraction dp/dx is decreasing function
of m.

Fig. 3.3(a) shows the effects of temperature 6 for the different values of volume

fraction 4 one can see that temperature decreases with increase of volumé fractiong,

but increases with the increases of heat generation parameter (,. If all other
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parameter is kept constant and gives the variation to shape factor m then pressure rise
is a decreasing function of m .

Fig. 3.4(a) shows the effect of magnetic Reynolds R on an' axial induced magnetic
field 7, against y. Axial induced magnetic field 4, increases in the half region of the

channel but decreases in the remaining half region of the channel as one can increase

the value of magnetic Reynolds R, . Fig. 3.4(b) shows that Stommer’s number gives

the same behavior on an Axial induced magnetic field, If one increases the valie of

Stommer’s number S, the value of 4_increases from wall 4 to the middle of channel
Figs. 3.5(a) and 3.5(b) show the variation of magnetic Reynolds and Stommer’s

number on current density j, versus y. Fig 3.5(a) shows thatj, is the increasing
fimction of magnetic Reynolds and 3.5(b) shows that j, is the decreasing function of

Stommer’s number when other parameters are kept constant.

Fig. 3.6(a) represents the effect of volume fraction on the velocity profile . Velocity
profile near to both sides of the channel decreases with the increase of volume
fraction, but increases in the center of the channel Fig. 3.6(b) and Fig. 3.6(c)
represents the effect of Stommer’s number and magnetic Reynolds on the velocity
profile u. Velocity profile near to both sides of the channel icreases with the
increase of Stommer’s number and magnetic Reynolds, but decrease in the center of
the channel Fig. 3.6(d) and Fig. 3.6(e) show opposite behavior of Grashof number
and heat generation on the velocity profile » compare with the effect of Stommer’s
number and Grashof number. Velocity profile near to both sides of the channel
decreases with the increase of volume fraction, but increase i the center of the
channel One can see that velocity profile »is a decreasing function of m near to both
the wall of the channel but increasing function of m at the center of the channel

A very mteresting phenomenon in the fluid transport is trapping. In the wave frame,
streamlnes under certain circumstances swell to- trap a bolus which travels as an inlet
with the wave speed. The occurfing of an internally circulating bolus stiffened by
closed streamline is called trapping. The bolus described as a volume of fluid bounded
by a closed streamlines in the wave frame is moved at the wave pattern. Fig. 3.7

ndicates the streamlines for the various values of the parameter ¢. It is observed that
for greater values of ¢ the size of bolus becomes larger in case of bricks shape

nanoparticals. Same behavior is seen in Fig. (3.8) and (3.9) for cylinder and platelet
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shape nanoparticles respectively. Fig. (3.10) is drawn for the nano copper fluid with
particle shape bricks, it is noticed that greater valies of Gr bolus becomes small
Same behavior is seen in Figs. (3.11) and (3.12) for cylinder and platelet shape

nanoparticles respectively.
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Fig.3.6 (a): Variation of velocity profile u(y) different value of @.
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Fig.3.6 (d): Variation of velocity profile u(y) for different values of Gr.
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Figs.3. 7: Stream lines of bricks shape nanoparticles for different values of 4. (a) for
$=0.1, (b) forg=02, (c) for =03, (d) for ¢=0.4. The other parameters are
0=2, w=0.3, a=02, b=04, d=10, Gr=1, R =10, § =2, Re=10,
Q,=0.1.

61




(i

% 0 % 0
-1 -1
& -2 -2
h -3 -3
Z20-15-10-05 0.0 0.5 1.0 13 -2.0-15-1.0~05 0.0 0.5 1.0 15
y
3f 3
2 2
1 1
% 0 w olf
—1I\ -1 %
-2 -2
-3 ‘ -3 .
~2.0-15-1.0-05 0.0 05 1.0 15 ~20-15-1.0-05 00 05 1.0 15
¥ y y
(© (d)
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for ¢=0.1, (b) for =02, (c) for $=0.3, (d) for p=0.4. The other parameters arc
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0,=0.1,
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Figs. 3.9: Stream lines of platelets shape nanoparticles for different values of ¢. (a)
for ¢=0.1, (b) for $=0.2, (c) for $=0.3, (d) for $=0.4. The other parareters are
0=2, w=03, a=02, b=04, d=10, Gr=1, R =10, § =2, Re=1.0,
0,=0.1.
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Figs. 3.10: Stream lines of bricks shape nanoparticles for different values of Gr. (a)
for Gr=1, (b) for Gr=2, (c) for Gr=3, (d) for Gr=4. The other parameters are
@g=2, =03, a=02, b=04, d=10, ¢=04, R, =10, S,=2, Re=10,

0, =0.1.
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Figs. 3.11: Stream lines of cylinder shape nanoparticles for different values of Gr. (a)
ForGr=1, (b) for Gr=2, (¢) for Gr=3, (d) for Gr=4. The other parameters are
=2, w=03, a=02, b=04, d=10, $=04,R, =10, S, =2, Re=10,

0,=0.1.
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Figs. 3.12: Stream lines of platelets shape nanoparticles for different values of Gr. (a)
ForGr=1, (b) for Gr=2 , (¢) for Gr=3, (d) for Gr=4 . The other parameters are
P=2,w=03, a=02, b=04, d=10, ¢=04,R =10, §=2, Re=10,

Q,=0.1.

3.4 Conclusion
Interaction of nanoparticles for the peristaltic flow with the induced magnetic field is
discussed, key points are observed as follows:
L It is measure that pressure rise is an increasing function of volume fraction,
Stommer’s number and magnetic Reynolds nufmber as well as shape factor .

ii..  Pressure rise is a decreasing function of heat géneration.
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It s observed that pressure gradient gets increased as one can increase the
value of Stommer’s number and magnetic Reynolds number, but decreased
with the increasing effect of Grashof number and volume fraction.

For different values of shape factor m one can see that pressure gradient is an
increasing function of m

It is noticed that temperature gets decrease with the increase of volume
fraction but increases as one can increases the value of heat generation.
Temperature s a decreasing function of shape factor m .

The value of velocity decreases near to both side of the channel but increases
at the center of the channel as one can increase the value of volume fraction,
Grashof number and heat generation.

It is observed that velocity gets increase near to both side of channel with the
mcrease of Stommer’s number and magnetic Reynolds number but have
opposite behavior at the center the of the channel At the center of the channel
velocity decreases with the increase of Stommer’s number and magnetic
Reynolds number.

One can see m the figure that near to side of channel velocity is increasing
function of shape factor and decreasing at the center of the channel

It is measured that for greater value of volume fraction bolus becomes large.

For greater value of Grashof number bolus becomes smaller.
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