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Nanofluid containing Cu HzO treated ttrough Maxwell rmdel with induced

magnetic field in peristaltic is inportant in many processes. For the first tirne

nanofluid was discrssed by Choi [] which refers to a conventional heat transfer fluid

(Water, oif ethylene gtycol, etc.) which contains a dispersion of nano size particles.

Majorly, the nanoparticles are corsidered to be used a tools to increase the therrnal

conductivities of the base fluids. The thernnl conductivity of heating/cooling fluids

plays a vital role in the development of enerry efficient heat transfer equfinrent for

electronics, transportation, enerS/ supply, and production, The nanofluids actu,ally

contain tiny particles (-10 nm dianreter) of a nragnetic solid suspended in a Iiquid

medium For more detail see Refi. [2-10].

Peristalsis s a mechanism of fluid that flows ttrough movement of contraction on the

tubes/charurels walls. First of all this concept was developed by Latham [11]. He

descnbed fhrid nrotion in peristahic punp. Further, he also explained the

characteristic of pressure rise versus' flow rate. Peristalsis is athacted thorsands of

researchers arourd the globe due to its wide applications in the indusfy and in the

field of medicine, i.e., 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 punp

machines, and theoretical studies on the operation of peristahic MHD compressors.

Due to these inportant practical applications researchers have put their attentions

towards peristahic flows see Refs. [2-17].
This thesis discusses the nanofluid containing Cu

rnodel with induceil magnetic field in peristaltic

existing literature to the best of author knowledge.

The present thesis is arranged as follows:

Chapter one includes some relevant deftritions

chapters.

Chapter two is a review work of [18].

- HzO treated through Maxwell

which are still not available in

and equations of the subsequent

Chapter ttuee is the extension of chapter two in which the nanofluid containing Cu

HzO treated tlrough Maxwell model with induced nngnetic f,eld in peristaltic flow

investigated.
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Chapter 1

Preliminaries

This chapter includes sorne fi.uidanrental definitions which may be usefi.rl for the

better understanding of the next two chapters.

1.1 Definition

1.1.1 Fluid

Any substance which shows resistance to its internal

extemal force applies. Lrquids and gases are identified

continuously in response to shear stress.

1.1.2 Peristalsis

Peristalsis is a mechanism of ftuid that flows

conffactior/exparsion on the tube/channeI walls.

1.1.3 Peristaltic transport

through rnovenrent of

Peristahic transport is a form of fluid transport geneiated by a progessive wave of

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

1.2 Types of fluid

1.2.1 Nanofluid

A nanofluid is a fluid containing

engineered colloidal swpensions of

nanoparticles used in nanofluids are

carbon nanotubes.

1,2.1 Newtonian fluid

Such fluid which obeys Newton's

NeMon's law of viscosity is given by

rnolecular sfuchne when

as fluid since they deform

nanornetre-sized particles. These fluids are

nanoparticles in a base conducting fluid. The

usually made of rnetals, oxides, carbides and

e

itTl

law of viscosiry is

du
T = lt---,

dy

called Newtonian fluid,

(1.1)
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where, r is the shear stress, p is the viscosily of fludrd, duldy is the shear rate or

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

cornrrxcn examples are Water, thin motor oi[ air, stgar solutions, silicone, etc.

1,2.2 Non-Newtonian fl uid

Fluid whrch do not obey the NeMon's law of viscosity is called non-Newtonian fluid.

Common exanples are paints, flour doug[ coal tar, ketchup, shanpoo, chewing gum

and liuit juice.

1.3 Flow

Thc continuous action or fact of rnoving of something.

1.3.1 Types offlow

1.3.2 Peristaltic flow

A peristahic punp is a q/pe of positive displacement purp used for pumping a variety

of fluids. The fluid is contained within a flexible tube fitted inside a circular purp

casing (though linear peristahic punps have been made). A rotor with a nunber of
"rollers", "shoes", 'v[ers", or "lobes" attached to the extemal circunference of the

rotor conpresses the flexible tube. As the rotor turns, the part of the tube under

conpression is pinched closed thw fbrcing the fluid to be punped to npve ttrough

the tube. Additionally, as the tube opens to its natural state after the passing of the

cam ('testitution" or 'tesilience') fluid flow is induced to the punp. This process is

called peristalsis and is tsed in many biologrcal systenr,s such as the gastrointestinal

tract.

1.3.3 Uniform flow

If the flow velocity the sanre magnitude and direction at every point in the fluid it is

said to be uriform.

1.3.4 Non Uniform flow

If at a given instant, the velocrly is not the same at every point the flow is non-

uniform

1.4 Magnetic field

A rnagnetic field is the rnagnetic effect of electric currents and magnetic nraterials.

The tenn is'used for two distinct but closely related flelds denoted by the symbols B

and H, where H is measured in units of anperes per rneter (symbot A.m I or A/m) in

the SI. B is measured in tesla and newton per meter per ampere (symbol N.m l.A*l 
in



the Sl. B is most comnnnly defined in tenns of the Lnrentz force it exerts on moving

electric charges.

1.4.1 Magnetohydrodynamics (MHD)

Magneto hydro dynamics (MHD) (nragrreto fluid dynamics or hydro rnagnetics) is

the study of the nragretic properties of electrically conducting fluids. Exanples of

such magneto-fluids include plasnias, liquid nretals, and salt water or electrolytes. The

word magneto hydro dynamics (MHD) is derived from magneto-nreaning magnetic

field, hydro- nreaning water, and dynamics meaning movement. The field of MFID

was initiated by Harures Alfv6n, for which he received the Nobel Prize in Physics in

1970.

The fixrdamental concept behind MHD is that rnagnetic fields can induce currents in a

moving conductive fhlid, which in turn polarizes the fluid and reciprocally changes

the rnagnetic field itself The set of equations that descnbe MHD are a combination of

the" Navier-Stokes equatiors of fluid dynamics and Maxwell's equations of

electrornagnetism These differential equ,ations mtst be solved simuhaneously, either

anatytically or numerically.

1,4.2 Maxwell's equations

The Maxwell's equ,ations are the set of four flurdamental equations governing electro-

magnetisnl i.e., the behavior of electric and rnagnetic fields. They were frst written

down in conplete form by Janrcs clerk Maxwell For the varying fields the

differential form of those equations in MKS are given as

Y.H =0,

;; p
Y L=-;

€o

V"E= -, u' 
.-

dt

v"H=j.
J = o{i * t,"(r, .r)},

(r.2)

ffi

s

ft
't'e.

where i is the electric field, H is the magnetic field, i
€o :8.854187817 xto-t2 Fm-t is the permittMty of

tt" :1.2566370614 x 10-" NA-2 is the magretics prenreability.

is the charge density,

fee space and

I
I

I
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1.5 Physical explanation of dimensionless numbers

1.5.f Reynolds number (Re)

This dimensionless quantfy estimates the correspondence of inertial forces by viscots

forces. Reynolds nurnber is used to characterize fluid behavior in the bourdary layer

flow. Mathematically, it is given by

*" = 
pu',1.1, 

=lu , (1.3)pttlf u'
where u is the fluid velocity, / is ttre characteristic length and u is the kinematic

viscosity. Laminar flow is characterued by low Reynolds nrunbers (Dominance of

viscots forces) whereas turbulent flow is clnracteized by hrgh Reynolds nunbers

(Dominance of inertial forces).

1.5.2 Grashof s number

A dinrensionless nurnber represente d by Gr in fluid dynamics and heat transfer which

approxinr.rtes the ratio of the buoyancy to viscors fbrce acting on a fluid. It tequently

arises in the study of situations involving natural convection. It is nanred after the

Gcrman engincer Franz Grashof

Slt
\T.
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Chapter 2

Interaction of nanoparticles for the peristaltic

flow in an asymmetric channel with the induced

i*1
tr

magnetic field

The present chapter is the review work of [18] on interaction of copper nanoparticle

with the base fluid water in an asyrnnetric channel with the presence of induced

magretic field, The equatiors describing the flow of nanofluid is snrplified by

appbmg the low Reynolds mrnrber and long wavelengh approxirnations. The exact

solutions of the resuhing eqrntions are fotmd. The obtained expressions for velocity

and tenperature phenonrcnon are sketched tlrough gaplu. The resulting relations for

pressure gadient and pressure rise are plottbd'for various pertinent pararneters. The

streamlines are drawn for sorne physical quantities to discuss the trappmg

phenonrcnon.

2.I Mathematical formulation

This section discusses an inconpressfole peristaftic flow of copper nanofluid in an

inegular charurel with channel with d,+d". Asynrnetry in the flow is became of

propagation of peristahic waves of different anplitudes and phases on the channel

walls. An extemal transverse uriform constant magretic fieh Fo, induced nngretic

field rt(n,1X,Y,t),rt'+ hy(X,Y,t),0) and the total nngretics lield

rt*(n.(X,Y,t),Ho+hy(X,Y,t),0) are taken into accormt. Fi*lly the channel walls

are considered to be nonconductive Sinusoidal wave propagating beside the walls of

the charurel with continuous hustle c,. Disproportionate in the canal flow is reserved

due to the subsequent hedge surfaces terminology:

$

s'-

Y = H,, = d, + ,, *rl+(- - r,i)), 
1

Y = H, 
= 

-d, - b, "*l+(x - ,,4. ,l)
(2.t)
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In the above equations a, afld b, denote the waves anplitudes, / is the wave lengh

d,+dris the channel width c, is the wave speed, / is the tinrc,X is the direction of

wave propagation and I is perpendicular to X. Equations of continuity, equation of

nrction, equ,ation of enerry and Maxwell's equatiorx goveming the flow and

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

are glen as

Y'V =0, (2.2)

fi =0, V r=0,

J=o{E*p"(i"r)},

n

YxH =J,

(2.4)

(2.s)

(2.6)

(2.7\
AH

'At
r\\
i!-rr Combining Eqs. (2.5) to (2.7) we obtain the induction equ,ation (2.8) as follows

AH' - t- -.\ I -,+=V,(v"H l+-v'H,dt\/t
(2.8)

sir
\*'

where 6 : oH" is the magretic diffisivity, o is the electrical conductMty, /,"b

magnetic pentreablfu, p,, is the effective densrry of the inconpressible -nano fluid,

(pr) r, is the heat capacity of the nanofluid, (nr) ,, gives effective heat capaciry of the

nano particle material, k{ nrplies effective therrnal conductirrity of nanofluid, g

stands for corstant of gavity, F,r k the effective viscosity of the fluid, d I dt gives

the material time derivative, p is the pressure. The appearance for static and wave

structures are corurected by the subsequent associations

X=X-Ct, !=Y, U:U-C, v:V.
Tlie dimersionless pararneters used in the problem are defined as follow

(2.e)



2a
P:-- ^ P,

Htc^
b

Ct): -, Re :
a Pt

u/
V':L,Rr,:oltu

CA

u:

pca

2v
-u, 

v : -,acc

.6-9.e:
I

@
,

H ort

T -T^Jr@
r, -r"

ac, h.* : @-, G, : Ptgaa2 
Q, -q), 

(2'lo)

.trLl fC

,sre

After using the above non-dimensional pararneters and transformation in Eq. (2.9)

enployTrg the assurrptions of long wavelength (d+0), the dimensionless governing

equations (without wing bars) for nanofluid in the wave tarne take the final form as

(2.11)

ap 
- a'vt ( t )+ n.slo,^ *(,0!):, orr,A - U 6 rri,J'^"'' 

*" * 
1pp),'

dP -ndy-"'

o'" = R'' ('-*\'
\ oy)

**e!!-e,=0.qv' l(,,t.

Putting Eq. (2.14) into Eq.(2.12), we get

# : #(Ghl + Re si^'' 
? - H*ffi o"'

Taking derivative of above equation with respect to /, we have

tul L .*]+ n.si4 (-q4*(,N1, c,! =o
@' [(, -o),' ) -''-1- ar, )- @p),vr ry - 

w'

The non-dinrensional bor.mdaries will take the form as

0u 0v_+_-0.
0x 0y

$

(2.r2)

(2.13)

(2.14)

(2. l s)

(2.16)

:\
s' (2.t7)
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FV=r,

Fv=-r,
0:O at

@:0 at

The presstue rise Ap, axial

dimensional form is deftred as

The effective densifyp,r, the

diflilsibility a,, of the nanofluid,

o!-=-t, at y=h,,
oy

0w
* = -1, at y =hz,
oy

y:l\, 0=l at !:hz,
/: h, @:O at y:4.
induced nragretic h* and cunent

J

l,
np = l$dx,

un dx

.aot^-n.. - 
-.^Ay

ah
,_ -

Av

effective O*-. viscosity

are deftred as

(2,18)

(2.1e)

(2.20)

(2.21)

density y- in non-

/ta. and the

(2.22)

(2.23)

(2.24)

therrnal

!.-

P. Pt =(l- 0) p r + 0p,. /t,r = ; 4,2s," (r -0)"

(o" n),, = (l - O)(p",) , * O(p",), , d,t =
k"

nJw , (2.25)

t. _ t_ ( r, *zt , -zd(r, -k-)')
n,lt -Ltl@l

Here, Q is the solid volunre liactioq ,rz7 is the dynamic viscosity of basic fluid, p,
p, are the densities of basic fluid and nanoparticle respectively, k,r is the themal

conductivity and (prr)r, is the heat capacity of nanofluid. Therrnal physical

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

.t\.F

l0
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Table 2.1. Thermal-physical properties of water and nanoparticles

Physical Properties Water(HrO) Copper(Cu)

o(kgm') 997.1 8933

Cp 4179 385

p xtos (t-' ) 21 r.67

k,wm-t(a-') 0.613 401

2.2 Solution of the problem

The exact solutions of Eqs. (2.14), (2.15) and (2.17) subject to boundary conditions

(2,l8) to (2.21) are found as follows:

s v, (y) =

.".,[f)

-r,rr[fJ

)*,- 
c,t vcu,

,_.,*[f)-
c,c:''cu + c, (qc, + c, )

(2.26)

(2.27)

(2.28)

2c,c:'' (c,co + c,)

2R,, sin (r.E) c,c:'' cu + zn,, .ot (l.f )

o(v)=

+

s ,,rr[f)*
c'r'' (tn,y' - R,y'C,u + 2c,, + 2yc,,

ll

e (y) =C, cos y.f + C,sin y "tQ,

gritrEt, * ''lrEqE-* I

tr(ce/ cJ 
- 
fr1cp. * 6,; 

- *

co(c, +.",r[f)* .,,,nI W
I



The nran volurp flow rate Q over orrc perbd is girren as

Q=F+l+d. (2.29')

The pressue gradient dpldx axial irduced rmpetic 11, arl crnrent density j- are

ehborated as

t
cr, - e,!_;(c,co 

*c, + sin.pl ,crcu +.or.p1r,qq 
) -

dp

-=dx
(2.30)

,lt

-GL.Ek @-8,,
,E-Tq4 ,T-@g04,

t"

t2



a^ cos yrl-Qcrcrco - n^ sin y,{-C,crcrcu +

ER,yC, - R,

-R^yCrCro + CrCo

ER,CtC , ER^C5 n^sinyrt-qcrCu
T-

C,Co+C, C,Cn+C, C,Co+C,

R,cosy,t-qcrco

C,Co + C,

J-q",

-''[€)

-rinf, 
/E
Jc.

-l

5) ',.."*[f)*h,= , (2.31)

(2.32)

(2.33)

(2.34)

J-qr,(c,c, +c,) ,[-q (c,c, + c,\

,v

R,CtC4Crc _ R,CrCro

C,Co + C, C,Cn + C,

3

The constants C,-C^ are evahated rsng Matlrermtica 9.

krQo
Lr =:-,

knt

l3
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.,::.:!ffi€i:.14:.W+

cr=

r- I
"o - (t oY'

C, = ReSlR,,

'r=ffiO',

(2.3s)

(2.36)

(2,37)

(2.38)

Q.3e)

(2.40)

ir

i;

hrsin,tC,h, - cos./C,fr, sin

CrCo+C,

,orJ-qh,c,co

lbcr*.or.fr

,t-q(c,c,+c,)

l4



,tQ *'G JT,
Er, Gt,

e 'E u J-rr,,

GL_E',
49{_2"6_!l;_
C:,,

,{qn,

,tc,n,-e
Y

rf

,lcrn, ,lcrt\

C:,,

Coh

,14n, ,ld,n,

2"-E'@ r',,
C:,,

,l5tq.,lc,th ,[-c,t, ,Ek
eT'TC"h eE ,F'6 ,E Co4

cs

'lc'\ Jqh,

e-E'E+-___
cs

cs

Co4

'ld.n, ,1c,,,,

ze6 @ guz

C:,,

EL_$,, EL-EI
eF-E cu; eE'E coh

cs

cs

,14^, 'F'r,E'Tcoh,
c5

l5

c,, - c;A(cp, *c, + sin .@,c,c o + 
"or,[-q 

n,c,c,) -

( GLEk( EL Cb) )

['"['@+'u )r""1
4CL-
C:,,

,14,,t.,ld^.

ze'E-E c:''
c:a

EL E^,
e'6 E coh, 

,

(2.41)

(2.42)



R, sin ,{f,,hrcrcu , R^cos,[-qhrcrcu

@- c1c,c*rS

*#^'[-''[#) '*[#))
C,,

I=--
-h+h,

c,, =

,,-*n(#)-

"*[P)*

C,h,- 4

L C:,,

llt

E!
.6q

c5

@
.E

@
C4 "6 J1U,'

, "o",t-qhrc rc o sin,{V,h,c rc 
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2.3 Results and discussion

ln this sectioq the effects of different phpical pararneters, nano particle volurne

friction /, Stomnrer's nurnber S, nngretic Reynolds R.and Grashof nr.unber Gr on

pressure rise and pressure gradient, nanoparticle volume friction O and heat

generation Qo on the ienperature, magrctic Reynolds R, and Stornrner's nurnberS,

on axial induced magnetic field h, and current densiry j,, nanoparticle volunre

friction /, Stommer's nurnber s, , magretic Reynolds R,, , Grashof nurnber Gr and

heat generation Q, on the velocity profiles for both copper nanofluid and water fiuid

with the help of gaphical resuhs are displayed in Figs. (2.1) - (2.6). The expression

for the pressure rise is calculated nunrerically using rnathenratics software. The

trapping bolus phenomenon observing the flow behavior is also rnanpulated as well

with the help of shearnlines gaphs in the Frgs. (2,7) - (2.9).

Ftg. l(a) represents the effects of volunre fraction Q on the pressure rise Ap. It is

noticed here that pressure rise is an increasing fi.nction with the increases of /
throughout in the reffograde punping region (np r 0,Q < 0)and peristaltic pwrping

region(Af >0,Q>0), while decreasing at the region (tp.0,8<0) In Frgs. 2.1(b)

and 2.1(c). It is measured t}nt Lp gets decreased with the increasing efects of S,

and R, for both copper water and pure water cases in the regio, (Ap>0,0>0),

Where's the Lp increases in the region (0p <0,Q.0) n,g 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'/tr* 

O""r"ases as nanoparticle

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

on pressure gadient gaph the both show increasing trend as paranrcters value

increases see Figs. 2.2(b) and 2.2(c) for both the cases, copper - water and pure water.

The difference between aopper Nanofluid and pure water fluid is that the copper

Nanofluid contains more pressure than the pure water. We can see the inpact of

parameters local tenperature Grashof nunber Gr on the variation of pressure gadient

n%r 
from Fig. 2.2(d) when all other pararneters are kept fixed. It is noted that

t
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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 nunber

G, and other flow parameters are fixed as Q=-2.0, 8u=0.3, Re=1.0 & =1,0,

,="/6, a :0.2, b :0.4, d =1.0. From table 2.6 we obserye that the copper water

and pure water, both gwe us decreasing values of presswe gadient as we increase the

value of Gr. Fig. 2.3(a) presents the effects of tenperahre 0 for the different values

of vohnne fraction 0 one can see that as we increase the S, tenperahne also

increases, we presented the Fig. 2.3(b) to show the behavior of tenperature profile

with the effect of heat generation paranreter Qo the tenperansre 0 increases with an

increase of Qu for both copper - water and pure water cases. The difference between

these can be seen from the table 2.3.

Figs. 2.a(a) and 2.4(b) show the variatiors of magrretic Reynolds and Storrner's

rurnber on an axial induced rnagnetic field fr. versus y. It is interesting to note that in

the half region of the charure[ the induced magretic field is in one direction.

However, it is in the opposite direction in the other half region of the channel The

Fig. 2.4(a) displays that flre nragnitude of ft, increases when R, increases from wall

ft, to the middle of charurel but the decreasing trend is noticed in the other half of the

chamel keeping R,, increased. On the other hand, the effects of S, on ft, are quite

opposite in conparison to R,. We have also presented tables 2.4 and 2.5,to show this

difference in copper nanofluid and pure water.

ln Frgs. 2.5(a) and 2.5(b) the current density 7- is shown as a fi.urction of y for

Tluee 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 velociry profile decreases near to both walls of

channel but increases in the center of the channel wrth increase in the value of d . To

see the behavior of velocify profile u for the cases of copper water and pure water

with the variation of R,, and S, , we displayed the Figs. 2.6(b) and 2.6(c). Velocity

profile er increases near the walls of channels but in the middle of the channel

velocity decreases by increase in R, and S, respectively. We presented the Fig. 2.6(d)

to obtain the variafion of velocity profile u for varying the magnitude of parameters

$

Q
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'ffir! =

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, velocif

profile increases from the left wall of channel to the center of channel on increase of

Gr. But opposite behavior is seen tom center of the channel to the right wall

Arn[zing this difference between copper water and pure water nrrnerically, *. irur.

drawn atable.2.6.

Fig. 2.6(e) discusses the behaviors of Q on u versus y for bot[ copper water and

pure water. One can see that velocity profile does change to great extent as

compare to copperwater fluid. Wesee that velocity is increasing byincrease inpn.

A very interesting phenomenon in the fluid transport is trapping, In the wave frame,

strearnlines urder certain circunstances swell to trap a bolus which travels as an inlet

with the wave speed. The occurring of an intemally circulating bohs stiffened by

closed strearnline is called trapping. The bolus descnbed as a volurne of fluid bounded

by a closed streamlines in the wave tarne is moved at the wave pattern Fig. Q.7)

shows the streamlines for the various values of the pararneter 0 .It ts noted that bolus

becomes large when we give geater values to the 0 . Ftg.(2.8) is drawn for the nano

copper fluid we see that bohs beconres srnall when we give greater values of Gr

where one can noticed that tom Fig. (2.9) n the case of pure water nurnber of

happing bohs is decreasing with increasing as well as size of bohs also decreases.

v

not

F

:rthv

24



e

a\-lE

O

Fig.2.l (a)t Variation of pressure rise Ap for different value of 0.

Fig.2.1 (b):Variation of pressure rise Ap for different values ofSr.

Fig.2.1 (c):Variation of pressure rise Ap for different values of R-

€\
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Gr = 4,0,

Gr = 6,0,

Gr = 8,0,

Qs = 0,J, Re = 1,0,

Rn = 2.0, 51 = 2.0, at = 0,52,

= 0,2, b = 0,4, d = 1.0, I = 0.2.

ri

Figs'Z.L (d):variation of pressure rise Ap for different values of Gr.
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values of a.
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Fig.2.2 (a): Variation of pressure gradient dp/ dx for different

Fig.2.2 (b):Variation of pressure gradient dp/dx for different

I

values

Q = -2, Qo = 0,3, Re = 1.0,

R. = 1.0,51 = 2,0 , at =-,
6
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6
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for different values of Gr.Fig.2.2 (d):Variation of pressure gradient
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(a):Variatibn of tenperature profile g for different values of 0.
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6
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Qo=0'1,
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Fig.2.3 (D):Variation of tenperatue profih 0 for different vahrcs of 00.

0.4

0.2

-0.2

I CttE2O
I

l- Putt f,rt.{r

X,^ = 1,0,

.X,^ 
= 2,0,

X,n = 3.0.

Q=2'Qs=0.E'
Rc = 2.0,8=0.003,

51 = 1,0, ot =03,
a=0,2,b=0,1,1=0,2,

d = 1.0, Gt = 1,0.

,u

-0.

-0.

-t .0 0.5 1.0
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Fig.2.A(b):Variation of axial induced nn$etb fieH h, fordifferent vahres of 51.
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Fig.2.S(c):Variatbn of cunent density i, for diftrent \xahrcs of Rm.
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Figs.2.7: Stream lines for different values of Q. @) for Q=0.1, (b) for Q=0.2, (c) for
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(a)

Figs. 2.8: Stream lines of copper water nanofluid for different values of Gr.(a) for

Gr:1, (b) for Gr=2, (c) for Gr=3,'(d) for Gr=4. The other pararneters are Q:2
o=0.3, a=0.2, b=0.4, d=1.0, d=0.4, R,n=l .0, Sr =2, Re:1.o, e_o-o.L.
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Table 2.2. Nwnerical values of pressure gadient for different values of Gr.

Gr 4.0 Gr - 6.0 Gr 8.0

Cu * HrO

A=0.2

Hr0

0: 0.0

Cu * H.r0

@: 0.2

Hr0

0=0.0

Cu * HrO

A: 0.2

Hr0

@=0.0

x dp/ dx dp/ dx dp/ dx dp/ dx dp/ dx dp/ dx

-4.0 -7.45898 -5.80246 -7.70392 -6.07018 -7.9488s -6.3379

-3.5 -8.40s4s -6.41 301 -8.64947 -6.61893 -8.89348 -6.9448s

-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. I 8549 -5.1 873

-2.0 -4. I 839 I -3.62207 -4.43s94 -3.90397 -4.69797 -4. r 8587

- 1.5 -3.27188 -2.98444 -3.52945 -3.27786 -378702 -3.57129

1.0 -2.80r67 -2.64863 -3.06437 -2.953t3 -3.32707 -3.25763

-0.5 -2.621s8 -2.51917 -2.88708 -2,82991 -3.15259 -3.14064

0.0 -2.66549 -2.s5075 -2.9302s -2.85982 -3.19501 -3. l 6889

0.s -2,94979 -2.75486 -3.2106 -3.05s22 -3.47 t4 -3.3ss58

1.0 -3.57585 -3.t99 -3.83113 -3.48761 -4.08641 -3.77623

t.5 -4.71482 -3.98793 -4.96847 -4.2658 -5.21853 -4.54367

2.0 -6.43487 -s.t3394 -6.681 l4 -s.40427 -6,9274t -s,67 46

2.s -8.06947 -6. l 9698 -8.3t379 -6.4$4q -8.5581 1 -6.7299

3.0 -8.22803 -6.29902 -8.4722 -6.s6s25 -8.71638 -6.83147

3.5 -6.74026 -5.33427 -6.98609 -s.60373 -7,23191 -5.87319

4.0 -4.96341 -4.1s397 -5.2t273 -4.43036 -s.46204 -4.70676

E

*)r.;
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Table 2.3. Nunerical values of tenperature for different values of 00.

0o = 0'1 Qo = 0'2 Qo = 0'3

Cu * HrO

6: 0.2

HrO

0=0.0

Cu * HrO

@=0.2

Hr0

0=0.0

Cu * H.rO

A: 0.2

HrO

0:0.0
v 0 e 0 e 0 e

t.2t L0000 1.0000 l,0000 1.0000 L0000 1.0000

-0.81 0.84s20 0.8s6s2 0.86049 0,88s04 0.87671 0.91688

-0.41 0.68448 0.70100 0.70682 0.74305 0.73070 0.79064

-0.01 0.5 1750 0.53428 0.54021 0.57734 0.s6464 0.62661

0.38 0.35011 0,36349 0.36822 0.39799 0.38779 0.43776

0.78 0. I 7528 0. I 8260 0. l 852 0.201s5 0.19594 0.22348

Table 2.4. Nunrerical values of axial induced magrretic field for different values of

R^.

R^=1 R^=2 Rm -3
Cu * HrO

@=0.2

Hr0

@=0.0

Cu * Hr)

@=0.2

Hro'

0=0.0

Cu * HrO

@=0.2

Hr0

0=0.0

v hx h, hx h* hx h*

l.2t 0.01077 0.01 810 0,0t932 0.03039 0,02637 0.039s2

-0.91 0.195 l6 0.t9675 0.37669 0.37045 0.54693 0.5273s

-0.61 0.20900 0.20301 0.39563 0.37163 0.56400 0.s l s46

-0.31 0.t2087 0.11206 0.22651 0.20264 0.31980 0.27768

-0.01 -0.0t226 -0.01842 -0.02182 -0.0304s -0.02953 -0.03897

0.28 -0. I 3606 -0.13664 -0.25347 -0.24323 -0.3s620 -0.32962

0.s8 -0.21122 -0.20625 -0.40002 -0.37786 -0.57051 -0.52444

0.88 -0. I 8082 -0. I 7330 -0.35t44 -0.33208 -0.s 1312 -0.47874

=\lF'

s
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Table 2.5.Numerical values ofaxial induced magnetic field fordifferent values of Sr.

Sr = 1'5 s1 2.0 Sr = 2'5

Cu * HrO

a: 0.?

Hr0

0=0.0

Cu t HrO

0: 0.2

HrO

0: 0.0

Cu * Hr)

@: 0.2

HrO

A: 0.0

v h* lLx hx hx h* hx

-t.21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-0.9 r 0.18671 0.1827 0.17690 0.1678r 0. I 6650 0. I 53s2

-0.61 0.19524 0. I 820s 0,17930 0.16017 0.16293 0.1 399 1

-0.31 0.1Ilsl 0.09896 0. I 0073 0.08s31 0.08983 0.07290

-0.01 -0,0 r062 -0.0 r4s9 -0.00897 -0.01133 -0,00 r 70 -0.00883

0.28 -0.t2462 -0.11842 -0.1 I 178 -0.10042 -0.09904 -0.08469

0.58 -0.19743 -0.18514 -0. I 8144 -0.16306 -0.16500 -0.14257

0.88 -0.r74s1 -0. I 643s -0.16673 -0.15381 -0.1s819 -0.r4286

Table 2.6.Nunrerical values of velocity for diftbrent values of Gr.

-i

-r\
s1

Gr = \.0 Gr = 2.0 Gr = 3.0

Cu * HrO

@=0.2

Hr0

0:0.0
Cu * Hr2

A=0.2

Hr0

0=0.0

Cu * Hr?

A=0.2

HrO

0 :0.0

v u u u u u u

1.21 - 1.0000 1.0000 L0000 L0000 1.0000 - 1.0000

-0.91 -0.2201 -0.1717 -0.2072 -0. I s98 -0.1944 -0.1479

-0.61 0. I 655 0.1751 0.1 81 3 0.1970 0.1972 0.2189

-0.31 0.3398 0.3 l0s 0.35 l6 0.3335 0.3633 0.3565

-0.01 0.38 r l 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. l 093 0.096s 0.0924 0.0708

0.88 -0.2642 -0.2305 -0.2821 -0.2647 -0.3001 -0.2989
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Table 2.7.Nunerical values ofvelocity fordifferent values of 00.

0o = 0'5 Qo = 1'5 Qo = 2'5

Cu * HrO

@: 0.2

HrO

0=0.0

Cu * HrO

A: 0.2

Hr0

A :0.0
Cu * H..O

@: 0.2

HrO

0:0.0
v u u u u u u

-1.21 1.0000 - l.0000 - 1.0000 - L0000 1.0000 - 1.0000

-0.91 -0.2232 -0.1707 -0.2254 -0.2054 0.2392 -0.1421

-0.61 0. I 604 0. I 680 0, 1610 0.t652 0. I 595 0.1791

-0.31 0.33s0 0.2981 0.3382 0.3307 0.3518 0.2842

-0.0 r 0.3789 0.3244 0.3826 0.3693 0.401s 0.2967

0.28 0.3194 0.2786 0.3211 0.3066 0.3326 0.25s3

0.3 8 0.2735 0.2439 0.2741 0.2606 0.2808 0.2261

0.88 -0.2573 -0.2136 -0.26t2 -0.2s31 -0.2775 -0.r964

2.4 Conclusion

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

discussed, key points are observed as follows:

i It is noticed here that pressure rise is an increasing fi.nction with the increases

of volume fraction ttroughout in the retrograde punping region.

ii. It is measured that pressure rise gets decreased with the increasing effects of

storrner's runrber and magnetic Reynolds, for both copper water and pure

water.

iii. The variation of the magnetic Reynolds gves the sanr behavior on pressue

gradient for both copper wader and pure water.

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

v. For the different values of volume taction Q . one can see that tenperature is

an increasing fi.rnction of volunre fraction /.
vi 'fenperature profile increases as the increases of heat generation for both

copper water and pure water cases.

vii. It is observed that for both copper water and pure water cases, velocity profile

increases tom the left wall of charurel to the center of channel on increase of

s

.F\

li4
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viii.

Grashof nurnber. But opposite behavior is seen from center of the channel to

the right wall

It is noted that bohrs beconrcs large when we give greater values of the

volunre taction

Botus becomes small withgive greater values of Grashof nurnber.

ft}l|

,\v

B
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Chapter 3

Nanofluid containing Cu - HzO treated through

Maxwell model with induced magnetic Field in

peristaltic

The objective of this chapter is to study nanofluid containing copper (Cu) particle

with different shapes in 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 dinrersional wavy charmel. The nrcmentum and

continuity eqution with the interaction of nanofluid under induced magnetic field are

used to model the goveming equations. This leads to coupled borurdary value

problem The influence of nanoparticle volumetric frictioq shape fictor, rnagretic

Reynold's nurnber, Stonmer's ntunber and other phyiical' paranrcters will be

highlighted ttrough gaphs.

3.1 Mathematical formulation

After ming the relation Eq. (2.9) and non - dimensional paranreters Eq. (2.10), the

governing Eqs. (2.2), (2.3) and (2.4) (without tsing bar) for nanofluid take the

following form:

6N

0u Av

-+--0.ox b,
(3.1)

(3.2)

(3.3)

(3.4)

(3.s )

*=#(ch)+Resi<D" *ffio"'
@=0.
dy

- ( ^\
@rr,=U,[u -H,
a2e k,
^,+0,-Qu:O'oy- k,t

F4. (3.12), we get

ra
l*

Putting Eq. (3.14) into
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- -1, at Y=h,,

, : -L, o.v 
= -r, at y =hz,2'fu

0=0 at y=h, 0=l at l=4,
@=0 at y=4, @=0 at y=4.

The pressure rise A,p, axnl induced nngretic h., and current densrty 7- ul

dimensional form is defined as

* =#(ch)+ Resf^' (' H*ffi '"
Taking derivative of above equation with respect to I we have

#etrJ.*.,,o(#).Wc,ff=o
The non-dinrensional boundaries will take the form as

op =i4 ar,
Ndr

'.r=*, 
.

oy

j,=*.
qv

t, _ t. ( t, *1t + m)k, -(t + m)p(k, - r, ))L,ti-^rl 
l

(3.6)

(3.7)

(3.8)

(3.e)

(3. r 0)

(3.1l)

non -

(3.12)

(3.13)

(3.l4)

(3. l s)

F )ty
v/ =-=,---20v

ta

,>.*'E

Where ft, and k, are the conductffies of the particle material and the base fluid. In

this Hamihon - Crosser nndel, m is the shape fictor. Elena et aL l2l) investigated

thermal conductivity and viscosily of varior.rs shapes of Cupper nanoparticles in a

fluid. They analynd experirrental data acconpanied by theoretical nrodeling for

different shapes of nanoparticles. According to therq the values of shape fictor are

given as in the table 3.1.
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Nanoparticle nanre Shapes Shape frctor

Bricks 3.7

Cylinder 4.9

Platelets 5.7

:r

3.2 Solution of the problem

Exact sohrtions of Eqs. (3.4), (3.5) and (3.7) subject to bourdary conditions (3,8 -
3. I 1) are found as follows :

tr
IC

e (y) = *"1r, ff @ - 4l),,, 
[a

(3. r 6)(a -r)),

Cr, + yCu + C*Cucosh Croy + CrrCrrcosh (Cr.y) 
I

W (y) = -C,rC rrsinh Croy + C,C usinh Croy - C rrC *.or yfi 
f 

,

+CruC*siny.ffi l

where

(3.t7)
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( v'(t - cu)c* + ')

'['[il i'-';,) - sinh vc,(c*. .,,)t'.,j.

,l'*rJ-o, lr,.r,"
[ + cos y./C,o C,u ./o(y) = co, + yc* +

z"tqocro
. (3.18)

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

Q:F+l+d, (3.19)

and pressure gadient dp I dx axial induced rnagrretic ft. and current dersity 7, are

elaborated as

R

S
,,.tr

.B

s
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- cos,t{o l4,t-qo c,uc,o *

;in,tc*46q,q)
q,-cos.ffifr, 

)

F + sinhCroh,C,nC,

- sinh C rohrC,oC r, + cos rtQ l4C rrc *

-"o',!Q,h,
cuc* - sin,{{oh,c,oc,u + sin.@ ,.crocru

(l - cosh CyhtC*CyC), )
-[* 

ri, ,{-,n,.,[-c*c,.g, + cos.[c7 ,r[1c,oc,o)Fn' 
+ h')

ch

+S

crl

ft, + sinh Cro4 -sinh q4ft, ))

)roC*

)*Cu

Jr^

;lrrttc"

"Crr)

,ohrCroC',0

'tC,r,.J

c*

Jc"
hCroC

'hC34l

aor.I

cy

;,)

sin,

Crol\

cosh

- +c(

hrc

h.c

_S,

rhC

+c(

C)6'

,cr, -

sinh

c,, +

C,,C

Croh

j,oCro

cr, +

),nC*'

JC

cx

h, sinh

h. sinh

,c,o

,OC'

C,n'

(cosh

C*Cr,

Crohr:

Croh,s

)*41

4C,o

'*4(

,*n,

q.

(,

c

C

C

+ cosh Cro

;osh Cro&,t

-cosh Crol

-sin.@

,{Qc,,c,

/- cosh

[ * rort

-C4i

cosh

- COI

-oi.

l+

(..

dp_
dx

(3.20)

R

(zy(r - c,, )c, *_t
Ja.l ,[',* yc,o(c,o-c,,)c,o 

)..
[ [-coshyCro(Cro + Cr,)Cro ) "

*rf "*'J'^J-;"-.',..."
Isin y./Cro ,,lC,oCro )

=Cou*h, (3.21)
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Ctf

jr

e

t[. E - C,)C,. *,[;T;1,,1, ;l ]l; )., )l
,(:":,'ff;);,1.... 

)-'

.l
l" -- 

2JC,4C31 (3.22)

- Cou are obtained by using Mathematica

r_ /r.+(t+m)k,+6(tc,-t<,) A-r - Vo,

9.crothe constants

(3.23)

-.or.ffift, rin Crol4sin Croh,
Cz, =

Crult, + cos

cos ,,/Cro ft, (3.24)

Crrh, sin Crl,,tin"t-C^n,
)c..

cos

sinrlCroh.,
(3.2s)

/-l
L^- 

- 

--

'' (l-o)"'
q* = ReSf R.,

(p0\ .C,,,=*Gr," 
\p0),

(3.26)

(3.27)

(3.28)

coshCrol4C,oCroCrr- cosh C34h2CtoCyCy - )
stn,{Q n, "{-q c,,c,o + sin 

"{{o 
h, r[1 c.,,c, o 

I 

C,

- "rt "{Q n,,{c *c ruc,u + cos 
"{ 

qo h, rlQc,uc,n )
[ (-cosfr Cr4Cu+coshC,ohrC,, -sinh C*lqCrr+ )

I 
C,,l rinn C3oh2c35-(cosh C34htc34C, +sinh Croh,C*C3r)l

[ [(-r,*r,) )

C,, (3.2e)
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^\s'

q,

e

-cosh C344CrcCt4C1s + cosh CrohrC,oCroCr, +

sin"t-c*h,.t-^c,,c,u-sin,tQn,,{qoc,,c,u*"or,t-qon,

"!Qc *c * - "or,t{o 
h, "t{oc,uc,u

[[-costr 
c34h?vcr5 ).."]

([+cosh C34h2C34C3s -sinh q44C34C3s+sinh C34h2C34C3s) 
* 

)

[[:,'Jil_.]..,]
[[sinh C,-fr, ) )

[[;,::-' 
4c *c u+ sinh' 

:u')' -)

cI (3.30)

fr?t,n ?,! - 
cosh Croh, + sinh C,^ft, -l q.a,

(sinhCroh, \ ) "

!(, .2sinhCrol4c,oc,, + 2cos ,tcl4c,,c,u - 2sin f* l.
'[C*c,u )

[t -.ort C14htCt,,C.4C,, + sin ,{-CrohruQc*q. *).
I _ lh,+

[.otJc,ol,, ,!c^c,ncu, )

[[-.orf, C*l4C,oC*Crr+ ) )

I I 
."rn C34h2CtoC34C3, +sin J|l,,{-*cuc*- I I

I I 
,t, l@ ."t-c*cuc,u +,ot"tc*4,lic^c,,c* - | |

l l 
."'J., r, I Ic,,=l[Jc*c,.q, ) 

I

| (cosh CrhCrr+ sinh C )4htc rs- cosh C3l9j4c3sht -\l
[[sinrl q4{q4crsh ))

co,

cosh ( Crofr, )' Cr:, -cosh Crol2, cosh C rohrC,

sinh (C,oi, )' C,, * sinh Crofr, sinhCrohrCr, +

cosh Croft, sinhCrol4

C*Cu4 - cosh C,o( sinh Cyh2c34c.shl

co,

(3.3 l )
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-l + cosh C34htC*CroCr, -sin,@oh,rl{ocuc*

-rot^{c*4

(cosh Cro(C,oC,, + sinh C344C,.C r,)

-coshCroh,C,uCroCr, + cosh C34hzC*C34C3s +

si",t-c",, 4,{Q c uc * - sin r@ hr,{Q c,,c,,

* 
"ot 

r{ c * 4,t-q c roc ru - rot "{ c- h,

q,

[-cosh Croi, sinh Crft,C,oC, )

[*.ortl C,0fr, sinh Crohrc.'oCrr)

F + sinh C344CrcC35

- sinl't C, 
o 

h rC, u 
C,, + 

" 
o t,{-qo h rc r rC, u - c o s,t C- h,

-c, c uC * * sin 
^{ 

c * n,c.oC,o + sin 
"{c *lrrc *c* -

(l - cosh C34hptucjoc3, ) .

[ * r,, .f*, r[-q c uc ** .o, .@fr , 5, ̂
 
r.^r," )(-''

+ hr)

c*

(3.32)

_6- lq,'
cy

/- -C," l5 ,
Lr*

c..
C,,

- 
,tQ 1c.,c,, + c, )

(3.3 3 )

(3 34)

(3.3s)

,p}

V
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[-cosh 
CrohCu + cosh C34h2Cr, )

| -sinh C.oh,Cr, +'sinh CrolrrC,, - |

| 1.o.f, C34htc)oCt5+ sinh C,^fr,C,.,a,, ) l*
[1-r,, *r,,; )

c-- = [-to'hc)A|croq, 
+ cosh C34h2cucr, -\

" (sinh C]4htc)oC)s + sinh C,ofirCroC,, )

[O 
- r}a o4C*Cu - sinhC,ohrC,,C,, * 

"orrlqo4c*C,o -

l*t J-Wg,,c,o - sin ,t-c*h,c,uc,u *

I sinr!c,^lr,c,oC,u -

| [r -."'r, C,04c,,c,.c,, )

I I 
.',, Jdt.,{c,c.,c,n ll-n, 

* n,)

[[*.o' J-c, kJc,c.,c,, )

(3.36)

[-cosh 
C j \CyC js+ cosh C34h2CyC 35- sinh C,oi,C,oC,, +)l

[sinh CroirC,oC,, )l
.- (-cosh C*hCu+cosh q4hrc3s-\ 

|

'" - 
[sinh c34htc34c]5(h, + hr) ) |
-(-sinh C34l\C34c3s+sinh,tCrohrC*Cu) 

I

(3.37)"\
N

s
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.s

*

-3e -

C.,

+

,q,)
htC*

)Sh C

lsinl

+ cos

qhzCr,

\CroC

C..h r ,h,- sinh,oh

lrrc

Cro(

C3s -

,C*(

c..h

nh

rinl

)

)rohrC*

J-c*n,

t r!-crol,

,, - sinl

)r, + sir

C.,C..

,J
os!

C35

ocy

hrC

S

l

h2

C,

t

-t
+

i4(

rs - cosh

,Cro + si

..C.. + c

shc34h2

1c34h1c3

cosh C-.

'l4ur5 - '

,oCrrCro

*CruC*

I cosh c

cosh q4

.- + cosl

5+

-(c

cy

'ro4C

-hr^
-4
'*h,c

trCu

,oh,C

4Ctol

,C,
,,h,

C34

*h,

cosn

sin r,.,

cos \
cosh

nhc

cosh

nhC

I

t
(-

[,,
(-

c,, = 
[si

crccycss

,J40,,,
r,t[Qc,,

Cr, + cos

, - (cosh

C*Cu + c

.c..

;hCroh

J-q^,

,JC^

;hCroh

cyh2c

CroC*

,JC,C
h,Jq^

C*4

hctohl
l.

)(-n, + n,) )
.ar*)

F + sinh C 344C toc j, * sinh C rohrC,nC,, + cos r!{o hrC uC * -

"ot,{{^lrrcrrcru -sin,{Qh,,cruc,u + sin ,{{ohrcr,,cro -

[t - cosn C34l\CrcC34C3, + sin J-c*1,.,[-c*cr$*\, , , \

[*.o, Jdn,.{qoc,oc,o )\-4 
+ h'z)

, (3 .3 8)

[-cosh 
C344C)iC,5 + cosh Cr4h2C*C,, -\

I 
sinh C,.o/r,C,oC,, * 

|

(sinh C,oi"C,.C,, )

t_ _ (-cosh Cs.htcts +-cosh C)4h2Cu -\ (-sinh Ct4hp3oC3r\

'* - 
[rinh C)Ahtcuc)s(n, + n,) .J-[+sint C,ohrc,oCrr)

f-costr C*\Cu+ cosh C34hzcu- sinh Crofr,C,, + ')

I sinh CrolrrC,, - |

[(.orf, C 344q4C 3s+ sinh C344C 34C3s)?4 * nr) )

(3.3e)
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Co, =

( cosh C rol4C,oC *C u- cosh C 34hzc nC yC 3s -
-l rir rQr ,rlc,oc,,c,u + srn,t-Crohrr{-qoc*c,u

[.or,[c7,l-c u c 
^c 

* * "or,td] 
hr.,l-* c 

^c *

.)

[-cosh 
CrkCu + cosh C34h2C j, - sinh C.,^fr,C,, + 

)
I sinh C,.i,C,, - (cosh C344C34C35 + sinh Cr4htcr4qs) 

|

[1-n, *r,; )

*[-cosh 
C34l\C j^C15 + cosh C34hzCyCu - sinhC.oh,CroC*

Isinh C,.,i,C,oC,,

IO 
. r]t, o4C,oCu - sinhCrohrC,oC,, *

| 
.or r/c7,c ,rcru - "ot.t-rn,c *c,n - sin,t-c,oh,c.ucru

I 
- 

(t -.orr, Cj44Ct0C34Ct + sin J-C*1,,
| 

+sm Jc,.a ,C*C* -l
I \ ,{Qc,,c,u * 

"or.t{oh,^{-c^c,uc,o
(-n, + n,)

(3.40)

Co, =

(-cosh C34hpyq5 + cosh C34h2C3oCt5 - sinh Croi,C,.C,, )
[+sinf, Croh.Cjocrs )

[-cosh CrohCu + cosh q4h2cu -\ (-sinhC.4C,C,, *)

[sinh C,,],C, oC,,(-h, + h,) J- [.trn C,,h,C,oCr, )

f-cosh 
Crol\C,,+cosh C34h2Cu 

)

I 
-,,"n c*h,cis+sinhc,ofr,c,, 

[;T;,.{;,.;: 
.) 

I

[1-r,, +r,) )

(cosh Croft, - cosh Croh, + sinh Crri, - sinh C*hr)

(3.41)

rlt
r!4

.<\

.ui

i

o*v
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a:

Q)

-+
M

(coshCrol4c,uCrCrr- cosh C34h2C,oC34C j. - sin Jqrh

| 
.[ar,, 4,, + sin,{Q h,,{Q c,,c, u -, o r,{ qo h,,{-qo c,uc, 

u

[*.ot.ft ,r[c,c,uc,o

[-cosh 
CrohC^,+ cosh C34h2Cu

I (coshC..lr.C^.C.- +sinhC..i.
Cr, =l -sinh C*hrC., +sinhC,,fr,C,. -l rq I 14 r) rq l,, 

I 
r{ I r) )4 z ') (crc*

[(-1, + a, )

*[- cosh C 344C 3oC 15+ cosh Cyhzc *C u\
(-sinh C344C*C* + sinhCrohrC*Cu )

(3.42)

C*=

(cosh C,oi, - cosh C*h, + sinh C,.ft, - sinh C,oi, )

(-cosh C*h.,CroCr, +\

|.ort Ct4h2C34C3s- 
|

lslnfrC,.{C, oC,,* 
|

[sinh C,ohrCroC,, )

[-cosh 
C*\Crr+ cosh Cr.rrcr, -) _

Isinh C,,e,C, oCrr(-h, + hr) )

-cosh C34hrC35 + cosh C34h2C35 -
sinh C rol4C r, + sinh Crofr ,C r, -
(cosh C*h4C*Cu+\,

[;-;;;;;; )?n*n,)

(-sinh C*hq4q5\

[+sinh Crohrcrocrr)

(3.43)

50



*l'

ia

sa,

R

(E - c.,)crott,(h, - hr')h, -
2C3tc35(-""'o'h, * 

"."4 
hr) *

2c.c ,s[r':r:?,,,::1,)

*"tQ

z,tc*c,,(t, - n,)
Cot = (3.44)

R

((ti",{-c*n, -sin J-c^6)q, *)zl" _ 
" 

lcroCro+

C,,

(cosh Croh -\
[coshC,oft, )

.,,.[;ilLl:t.)c,
-(ec*n, - ""ur)r,

_ nl\+(E -crr)cro(t

J,,,

z,tq,c,oU, - h,)
C46 (3.4s)
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3.3 Results and discussion

,t1

ln this section, we discussed the effects of different physical paranrcters, nanoparticle

volume friction /, Stommer's nurnber S, magnetic Reynolds R_ heat generation Q

and shape fictor m of the nanoparticles on pressure rise, Stonn:rer's ntrnber S,

magnetic Reynolds Rn , Grashof nr,unber Gr and shape factor m on pressure

gradient, nanoparticle volunre friction $, heat generation Qu and shape frctor z of

the nanoparticles on the temperature, magnetic Reynolds R. and Stonmrcr's nunber

,Sr as well as shape hctor m of the nanoparticles on axial induced rnagnetic field h-

and crrrent density j 
" 
, nanoparticle vohnne tiction / Stomner's nwnber ,Sr

magretic Reynolds R,, and Grashof mnnber Gr and generation Qo on the velocily

profiles for copper nanofluid of shape bricks cylinder and platelets with the hep of

graphical results dsplayed in FiS.(3.1) - (3.a) The trapping bolu,s phenomenon

observing the flow behavior is also manfiulated as well with the hep of streanrlines

gaphs in the Figs. (3.7)-(3.12).

From Fip. 3.1(a) - 3.1(c) one can see that pressure rise increases with the increase of

volume fraction /, Stomner's nurnber S, and magnetic Reynolds R,,. Ftg.3.l (d)

shows tbat Lp decreases with the increase of 8u.

If all other pararneters are kept constant and give variation to shape factor m then

pressure rise is an increasing f,urction of m .

Fig.3.2 (a) Represents the effects of volunre fraction on the pressure gradient dp/dx

.lt is measured that as one can increases the value of vohnne fraction pressure

gradient decreases. Figs. 3.2 (b) and 3.2 (c) shows that dp/dx increases with the

increase of Stomner's nunber S, and rnagnetic Reynolds R-. Flg. 3.2(d) shows that

pressure gradient dp / dx is decreasing finction of Gr. If all other parameters are kept

constant and grve variation to shape fictor m then presswe rise is an increasing

fi;nction except of volunre tactioq for volume fraction dp/dx is decreasing fi.urction

of m.

Ftg. 3,3(a) shows the effects of tenperature d for the different values of volume

fraction Q one can see that tenperature decreases with increase of volunrb fractionfi,

but increases with the increases of heat generation pararneter Qo If all other

G
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parameter is kept constant and gives the variation to shape fictor m then pressure rise

is a decreasing fimction of m.

Fig. 3.4(a) shows the effect of magnetic Re1,nolds.R,, on an'axial induced nngretic

field ft, against y. Axial induced magretic field ft., 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-. FE. 3.4(b) shows that Stomnrer's mrmber gives

the same behavior on an Axial induced rnagretic field, lf one increases the value of

Stommer's nrunber S, the value of fr, increases fom wall /r, to the middle of channel

Figs. 3.5(a) and 3.5(b) show the variation of magnetic Reynolds and Storrrner's

ntunber on cunent densrry 7- versus y.Flg.3.5(a) shows thatj, is the increasing

f..urction of magnetic Reynolds and 3.5(b) shows that j"is the decreasing fi.nction of

Stommer's ntunber when other pararneters are kept constant.

Fig, 3.6(a) represents the effect of volurne fraction on the velocity profile 4. Velocity

profile near to both sides of the channel decreases with the increase of vohnne

fractiorq but increases in the center of the channel FE. 3,6(b) and Flg. 3.6(c)

represents the effect of Stonnrer's nurnber and nngnetic Reynolds on the velocity

profile u . Velociry profile near to both sides of the channel increases with the

increase of Stonrner's nwnber and rnagrretic Reynolds, but decrease in the center of

the charurel FE. 3.6(d) and Fig. 3.6(e) show opposite behavior of Grashof nrlnber

and heat generation on the velocity profile a compare with the effEct of Stomrner's

number and Graslrcf rurnber. Velocity profile near tb' both sides of the channel

decreases with the increase of vohnne taction, but increase in the center of the

channel One can see that velocity profile u is a decreasing fi.urction of m near to both

the wall of the charurel but increasing fi.urction of mat the center of the channel.

A very interesting phenonrcnon in the fluid transport is trapping. In the wave tame,

strearnlines under certain circumstances swell to frap a bolu which travels as an inlet

with the wave speed. The occufing of an intemally circulating bohrs stiffened by

closed sffeamline is called trapping. The bohs descnbed as a volurne of fluid bouurded

by a closed strearnlines in the wave frarne is moved at the wave pattem. Fig. 3.7

indicates the strearnlines for the various values of the pararneter /. 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 Fg. (3.8) and (3.9) for cylinder and platelet

q"
!f,
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{c

shape nanoparticles respectively. FE. (3.10) is drawn for the nano copper fluid with

particle dhape bricks, it is noticed that greater values of Gr bohs beconres srnall.

Sanre behavior is seen in FiS.(3.11) and (3.12) for cylinder and platelet shape

nanoparticles respectively.
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FiS.3. 7: Stream lines of bricks shape nanoparticles for different values of /. (a) for

d=0.1, (b) forl =0.2, (c) for 0=0.3, (d) for 0=0.4. The other paranreters are

Q=2, at:0.3, a=0.2, b=0.4, d=1.0, Gr: l, R, =1.0, Sr =2, Re=1,0,

Qo=0.1.
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Figs,3. 8: Stream lines of.cylinder

for Q = 0.1, (b) for Q:0.2, (c) for

Q=2, co:0.3, a=0.2, b=0.4,

Qo=0'l'

1,51.0

Y
-2.{,-1.-5-1.0-0.5 0.0 0.5 I.0 1.5

.v

(d)

shape nanoparticles for different values of $. (a)

d:0.3, (d) for Q=0.4. The other pararneters are

d =1.0, Gr: l, & = 1.0, E = 2, Re = 1.0,

t\

- 2"0 - 1.5 - t.0 - 0.5

-2.0-1.-5-1.0-0.s

62



!r\
.S

-2,0-1.5-I.0-0.5 0.0

v
0.5 r.0 l.s

- 2.0 - 1.5 - I .0 - 0.s 0.0 0.5 1 .0 1.5

I
(c)
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for Q = 0.1, (b) for p:0.2, (c) for

Q=2, ro:0.3, a=0.2, b=0.4,
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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
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Figs. 3.11: Sfeam lines of cylinder shape nanoparticles for different values of Gr. (a)
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3,4 Conclusion

hrteraction of nanoparticles for the peristahic flow with the induced rnagnetic field is

discussed, key points are observed as follows:

i It is measure that pressure rise is an increasing fi.urction of volunre taction,

Stonnner's mrnber and magnetic Reynolds ntnhber as well as shape frctor .

ii. Pressure rise is a decreasing fiurction of heat generation.
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,ti

111.

iv.

vlll.

lx.

It is observed that pressue gradient gets increased as one can increase the

value of Stonrner's number and nngnetic Reynolds nurnber, but decreased

with the increasing effect of Grashof number and vohme fraction,

For different values of shape frrctor m one can see that pressure gradient is an

increasing fi.nction of rn

It is noticed that tenperaflre gets decrease with the increase of volunre

fraction but increases as one can increases the value of heat generation.

Temperatwe is a decreasing fi;nction 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 volunre tactiorl

Grashof number and heat generation.

It is observed that velocity gets increase near to both side of channel with the

increase of Stonuner's rurnber and magnetic Reynolds ntunber but have

opposite behavior at the center the of the channel At the center of the channel

velocity decreases with the increase of Stonrner's nurnber and rnagnetic

Reynolds nrunber.

One can see in the figrre that near to side of chamel velocity is increasing

flurction of shape fictor and decreasing at the center of the charmel

It is measured that forgreater value of volume fraction bohs becornes large.

Forgreater'value of Grashof ntunber bohs becomes srnaller.
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