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In this investigation, the flow of an incompressible
viscous fluid driven by the travelling waves along the
boundaries of a symmetric channel is studied when

inertia and streamline curvature effects are not

ABSTRACT negligible, where the flow of Al O3 / blood nanofluid

and (Cu—Al;03) / blood hybrid Nano fluid has been
employed to investigate the behaviour of flow and heat
transfer.

An asymptotic solution is obtained to second order in the wave number, a ratio of
channel width to the wavelength, giving the curvature effects. A domain transformation
is used to transform the channel of variable cross section to a uniform cross section, and
this facilitates in easy way of finding closed form solutions at higher orders. The relation
connecting the pressure gradient and time rate of flux is obtained. The analysis also
includes three different shapes of copper Nano-composites, namely, platelet, cylinder
and brick- shaped. The impact of various embedded parameters on the flow and heat
transfer distributions have been demonstrated through the graphs. All the flow

properties, temperature profile and rate of heat transfer at the walls are greatly
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influenced by the presence of copper nanoparticles. Furthermore, it was observed that
the platelet shaped Nano-composites provide a better heat transfer ability as compared
to the other shapes of Nano-particles. The effects of inertia and curvature on pumping,
trapping and shear stress are discussed for symmetric channels and compared with the

existing results in the literature.

KEYWORDS (Cu—A1203) / blood hybrid Nano fluid; heat transfer; inertia;

curvature; peristaltic flow.

1 Introduction: -

Hybrid Nano-fluids have an active role in a large area of the applications of heat transfer
like the heating of solar, cooling in buildings, heating in buildings, nuclear cooling,
generators cooling, electric cooling, refrigeration, lubrications, thermal storage, welding
and automobile radiators. Also play an active role in the industry, where exist a lot of
the applications and features such high thermal efficiency and chemical stability. In
these applications the hybrid nano fluids depend on these features can perform
efficiently if we compare it with nanofluids. Hybrid Nano-fluids are made by dispersing
two or more variant kinds of nanoparticles in base fluid or composite tiny structure in a
base fluid .In addition to it result development the pressure drop and heat transfer
features through exchange between minuses and pluses of unique suspension .it is
reported that about only 5% of (Cu—Al, O3) nanoparticles refer to rising the average
of Nusselt number N to 5.4 from 4.9 but if we add 5% of (Al, 03) nanoparticles will
find the average of Nusselt number Nu rise 4.9 to 5.36.50 we can say that Hybrid
Nano-fluids are an advanced kind of nanofluids which show a noticeable thermal

efficiency compared with nanofluids. There are a lot of studies in this field introduce
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different models which demonstrate the effects of nanocomposite shapes such as the
platelet- shaped, cylinder- shaped and brick- shaped. In the other hand when we choose
the materials of the particles which can improve the positive advantages of each other
and hide the disadvantages of just one material for example Al, O3 is lower thermal
conductivity as compared to the metallic nanoparticles such as zinc, Aluminium, copper
etc, which include great thermal conductivity. It is necessary to say that the addition of
metallic tiny particles like copper (Cu) into a nanofluid based on Al, O3 nanoparticles

can improve the properties of thermo physical of the blend.

in this paper we consider (Cu—Alz 03) / blood hybrid Nano fluid flow driven by the
travelling sinusoidal waves along the upper and lower walls of a symmetric channel
when streamline curvature and inertia effects are in our accounts. The solution is
obtained up to second order in & which is the ratio between channel width and
wavelength .in order to find complete closed form solutions at higher orders we choose
a transformation to transform the channel of variable cross section to a uniform cross
section (the domain of the variable cross section channel into a channel with straight
walls). The effects of streamline curvature and inertia on trapping, shear stress and

pumping are discussed with hybrid nano-fluids.

Peristaltic pumping is the mechanism of transport of fluid by a wave of expansion or
contraction from lower pressure to higher pressure regions. In general, we can prescribe
peristalsis, the process of pumping fluids in a tube or channel and represent it here by
an infinite train of progressive sinusoidal waves in the walls of a two dimensional of a
symmetric channel with respect to the centreline. we have two approaches to deal with
the problems of peristaltic pumping, the first in the laboratory (fixed) frame and other

in wave(moving) frame. By following these methods, many specialists in engineering
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and applied mathematics have studied the mechanical aspects of fluids in flows. Since
the presence of moving boundaries and nonlinearities we find that the analytical
solution for the general problem is not easy so, itis necessary to find general simplifying

assumptions in addition to fluid flow parameters and geometrical parameters.
2 The mathematical description

Contemplate peristaltic transport of a viscous incompressible Newtonian blood - based
(Cu-Al, 03) hybrid nano fluid flow in a symmetric channel with supple walls. The
channel is generated by sinusoidal waves on the channel walls travelling with speed €
and amplitude @ .The lower and upper walls of the channel are maintained at the

different temperatures Ty and Ty, .

Consider the Cartesian coordinate system in the fixed frame (x, _’)_/), the diagram of the

symmetric channel is given by (Fig.1)
y,t) =n=d+s(x—ct), T=T, Upper wall
y(x,t)=-n=—-d— s(x — CD, T=T Lower wall (2.1)

Where S is an arbitrary periodic function, tis the time and d is the half mean width
of the symmetric channel. In order to study the motion in wave frame, we Consider the

Cartesian coordinate system in the wave frame (X, V).

If we assume that the pressure difference Ap across the channel is constant [3] and
the length of the channel Lis an integral multiple of the wavelength A the motion in
wave frame remains steady and the velocity of the waves on the walls is the same C
In order to convert from the fixed frame to the wave frame ,we have the

transformation
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X—ct=x,y=y, u—c=u ,v=v ,and p(xyt)=pky) 2

Where (U, V) and (U, V) are the velocity components, P and P are the pressure in

the fixed and wave frames of reference, respectively.

Tu —

41203 Nano - particle

Anti Body

Cancer

Fig. 1. Hybrid Nano fluid flow due to peristaltic waves with the same amplitude (@)
on the walls of a two-dimensional symmetric channel.

The governing equations of the hybrid Nano fluid in a symmetric channel with
different shapes of nanoparticles in a moving frame for mass ,momentum and

energy are followed by :-

du v

axta =0
ou ou] _ dp Ur [azu %u
Phns [u ox tv ayl —  ox + (1-¢1)5/2(1-¢,)5/2 Llax2 ~ ayz]’
v ov] _  dp Ur 9%v 6217]
Phnf [u P 2yl = "oy T aoeni2me57 loxz T ay2) (2.3)

or , _9T| _ Ksp +(m=DKpr—(m-1)¢2 (Kps—Ks,) [02T | 9°T
(PCp)hns [u Pl Vay] = Kpy Koy 1 (M—DKpy 62 (Kop—Ks) oxz T ay2)
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Where  Upnf, Phnf - Cp and T are the effective dynamic viscosity of the hybrid
Nano fluid, effective density of the hybrid Nano fluid, specific heat at constant pressure

and temperature. We have in the hybrid Nano fluid:-

_ ur
Hnnf = G g 0572152

(PCpIny = (1= ) {(1 = 1)(0C,), + (0Cy) 1} + $2(0Cy), .

Prns = (1 — ¢2){(1 — ¢)ps + Psl¢1} + ¢20s, .

K52+(m—1)be—(m—1)¢2 (be—KSZ)
Ks,+(M=1)Kpr+d(Kpr—Ks,)

Knns = Kpy

Koy +(n=DK p—(n—1)ps (K p—Ks, )
K51+(n—1)Kf+¢1(Kf—K51)

be - Kf

We have from this relations 710, 1L are the shape factor of Cu and Al,0;

nanoparticles respectively .Also Kf, be, Ksl' KSz , ¢1 , (]52 ,‘llf ,pf , (Cp)f ,
Ps, : Ps, , (Cp)sl and (pCp)SZ are thermal conductivity of the base fluid
(blood) , thermal conductivity of Al, O3 -nanofluid, thermal conductivity of Al, 05
,thermal conductivity of Cu,volume fraction ofAl2 03 nanoparticles, volume fraction
of Cu nanoparticles, the base fluid viscosity , the base fluid density , specific heat , the
density of Al;03 ,the density of Cu, specific heat of Al,03 nanoparticles and

specific heat of Cu nanoparticles.

The following table shows the thermo- physical properties of base fluid (blood) and

nano particles Cuand Al,05.
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Table 1. Thermo-physical properties of base fluid (Blood) & (Water) and nanoparticles Al,03 and

Cu
Physical properties | Blood /base fluid | Water/base fluid Al,03(¢1) Cu(h3)
p (kgm™) 1050 997 3970 8933
Cp(J kg7' K1) 3617 4180 765 385
K(Wm K1) 0.25 0.6071 40 400
3 Dimensionless analysis and wall transformation: -
We define the non-dimensional variables: -

A
lex*,yzdy*,uzcu*,vz%v* =”’;§ Lt=-t" Szg
Y=cdy”,

T=T,+6(T,—T,) (24)
Where 1) isthe stream function{ U = l/Jy , V = —1, }and Adisthe wavelength.
By substitution in (2.3) we get (dropping the stars) :-
ReElEZS(lpylpyx - d’xd’yy) = _Esz + lpyyy + 627~pyxx ’ (255)
ReE1E253(lpy¢xx - l/Jxlpyx) = Ezpy + 62(¢xyy + 621/)xxx)f (2.6)
n 1
S(Wy 0 —hiBy) = L mm (626, + 63), 27)

af PrRe

Were:
d cd
6(wave number) = ¥ Re = V—(Reynolds number),
f

P = Z—; (Prandtl number)

501




International Journal of Administrative, Economic and Financial Sciences Volume (4), Issue (12), January 2024

Vr = % (kinematics viscosity of the base fluid(blood))
f

E, = (1_4’2){1_( _&)le}'*‘(f’zi_s;:

Pf

E,=(01- ¢1)5/2(1 - ¢2)5/2

The subscripts X,y refers to the corresponding partial differentiation as long as in
what follows. In this paper we study the effects of inertia and curvature at second
order with respect to of &

We can eliminate the pressure from the previous equations (2.5) and (2.6) by cross

differentiation so the equations (2.5), (2.6) and (2.7) become: -

ReElEZ‘S(Vwa - ¢xV2¢y) = 1l’yyyy + 252¢yyxx + 54¢xxxx) ,

nf 1
§(1y0x — Piby) = aZ fere V2o (2.7)
2 2 0 92
Where V4= 0 P + — ., we introduce the boundary conditions for the
dx dy
flow by
p=Tay=n=1+Sx . 6=0
lp:_% aay = —n :—1—S(X') , 0=1 (2~8)

Yy=—Tlay=nady=-n

Where ( represents the non-dimensional flow rate in the wave frame at any axial

station of the symmetric channel.
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Introducing the transformation of the domain of the variable cross section

symmetric channel into a channel with straight walls by

y
= = - 29
These relations transform the channelwalls ¥ = 1(x) and ¥y = —1(x) into

¢ = %1 From equation (2.7) we note that 7(x) and —n(x) itmust belong

to the class of 4% order continuously differentiable functions.

Then from the equations (2.7) and (2.9) we get

ReE1E»8

=222 (e V2P, — P V2P ) = V202, (2.10)

1

6 n
- (Ve0; —c0¢) = aszﬁ

V36 2.11)

Where:

v2=(i 25277 >a§2+62 02 _262{377, +(262€ 625 )

n? aco¢

(2.12)

Where the prime ( ! ) refers to the ordinary differentiation with respect to {_in this case

the corresponding boundary conditions on the walls are

¢=§ aé=1 , 6=0
ll)=—% aé=—-1, 6=1 (2.13)

Ye=-—1n al =11
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Also , the velocity components can be expressed as follow

1 !
u=_he  v=—tr+ET P

Now, we show an asymptotic method of obtaining the solutions (2.10) and (2.11)

satisfying the corresponding the previous boundary conditions (2.13)
3 Flow Field: -

In this section we adopt a perturbation method with respect to wave number (&) asthe

parameter, is developed.
stream function (1) and Heat transfer (0)

we can write the stream function l/) as follows
Y = Z?f:o o Y, 0= Z?f:o on On (3.1)

This expansion takes into account both inertia ( R, ) and curvature (&) effects up to
second order so, the method described in this paper is different from whatis mentioned

in Jaffrin [11] , Manton [13] and Usha and Ramachandra Rao [14]

The equations (2.10) and (2.11) that we obtained through the domain transformation
are becoming very complex, but we have the boundary condition & = %1 on the
walls are very much simplified so, we can find the solution these equations in closed
form easily .we can substitute from (3.1) in the equations (2.10) ,(2.11) and (2.12) and

collecting terms of equal powers with respect to ( O ).we get the following sets of

equations :-

0t order (50) -
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Annf 1 1 _
ot oy Ooge = 0 (32)

1
7 Voseee = 0 = WPogeee = 0,

Boundary conditions:-

o(-1) = -1 8,(-1) =1

"t
(D=7 0,(1) =0
Yoe=—1N a &§=-1 (33)
I/JOE =-na §=1

15t order (51):-

Yageee = ReExEon| WoeWozee — YocWoeee| — 2ReE1Ean [WosWose].

Apny 1 1

1
——= Oz = " (Woebo; — Yorbos) (3.4)

af PrRen?

Boundary conditions :-

P:(-1) =0 6,(-1)=0

P:(1) =0, 6,(1)=0

Yie=0 ar §=-1 (3.5)
Pie=0 ae $=1

2" order (62) -

Wagges = ReErEan{ostices — YorWiees + YigWoces — PigWosee) —
2R E Eon'{poshee + V1eWoee} — 2% Poszee + 8NN Yoces —
{12n'% — 4mn" Wposs + 460 Yogees

—2{6&n"" — Eqn" Wosss
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b =B L7 f[a20) ()] o
af PrRe

2,12 2 4
mr s € O[5 =5 =i+ s ¢ () +

IR o) o 1
ssoq(77 +m") + %qznu] B 2(%) & [% (27777,2 +nn") +
ar PrRe
Za(n? +m") + 2= q?n"| + 6 [ (2 i) +
Colsmd
Zq(n? +mn") + ==qn"| - ’lfnf:fz & E(Znn +12n'") +
& PR
g +m") + =P - 2+ gy (36)
Boundary conditions:-
P2(—1)=0,0,(-1) =0
P,(1) =0
6,(1) = 0
Yor =0 a &=-1 3.7)

¢2§=Oat €=1

Then the solutions of 0™ order (60) , 1%t order (61) and 2" order (52) satisfying the

corresponding boundary conditions are :-

bo=L(r+2) -2 (49 6010 -9
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3n?n’' | 11qnn’ 3q2n) (n n' | 27qun’
Y1 =R ElEZ( 280 T 560 t o5 § = ReELE 35 T 560 +

33 g2 n 3 77 77 3q7777 3q2 77 7] 7] qnn'
1120 )f +R ElEZ( 80 T 160 )§° —R E1E2(140 112 T

Wy ey,

— nn
91 —W - T oL
(af Pr Re

Py = (Zt RELE,)? * (Bt Lot Ly Jogyr (&g (REE,)? +

120 120 ' 420 ' 1008 ' 1980
i, fo  fs | fe 3 fo+(ReE1E2)*+f3 5 4 (ReE1E2)*+fy 7
(oo T 260 T 756 T 15s)¢ T ( 120 ) v A
(ReE1E2)**f5 59 (ReE1E2)**fs 511)
3024 7920
1 (nn’2+n2n”) n S £ 59¢ n +n2n”) n
e e | —(3—+
4 (appp 1 2 ' a/l120 840 315) 4 fapys o 2
ar Pr Re af Pr Re
ﬁ)[i_i_7ﬁ+ﬁ]+L[i_ﬁ_f__ L
252 1440 120 ' 672 O 1 56 288 12 224
8<m>

ey @ Ol G e+ a4 ) +
af Pr Re

" ReE4E: 1 ’2 "
aqzn ] (ahn; ? >(55 -8 [E(Znn +1°n )+560q(n
af Pr Re

" 1 ReELE: 1 12 "
) + g dn] + W@“f) [ 2m™ +0?n") +
(Zf Pr Re

=a(n® +mn") + 254t - thil&l )(59 & = (2m* +
ar Pr Re

") +—=a(n + ") + —=q?n"| - ""2'(53—€)+%(E3—€)
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The expressions for fler , f3 , f4, f5 are giveninAppendix(l).squtions of ot
order (50) , 1 order (51) and 2" order

The flux at any axial station in the fixed frame (X, ) is

Q=[lw+Ddy =" wdy+ [I dy=q+21.

Also, the time mean flow rate ( the quantity of practical interest)

~ 1 T 1 T

Q=2),Qdt =—[/(q+2n)dt =q+2,
A

As 7 is periodic function with period T(= Z)

4 Pumping Characteristics:-

In peristaltic motion the pumping is always characterized by the relation between the
time mean flow rate () to the pressure difference Ap at the ends of the channel. With

respect to the pI'ESSU re
P=2Xn=00"DPn (4.1)

From equations (2.5) & (2.6), we get Do , P1 and P with the same the previous

technique in stream function and heat transfer
0" order (50) -

1
Pox = E_ZIPOyyy (4.2)
poy =0.

1t order (51) -
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plx = E—t{lplyyy —_ ReElEZ (l/)()yl/)ny - lpOxl/)Oyy)} (43)

ply =0.

24 order (82) -

P2x = ELZ{IPZyyy + Yoyxx} — ReEr (1/]03/1/]13’35 + Y1yPoyx ~ YoxPiyy ~
YixPoyy). (4.4)

1
b2y = _E_2¢Oxyy

We can calculate Pg , P1 and Py from expressions YPq , 1 and P in the (x, y )
coordinate by using the transformation which transform the domain of variable cross

section a symmetric channel into a channel with straight walls

3q 3
= — -—, =0 4.5
Pox 2E,n3 Eon? pOy ( )
27¢*n" | 3qn’ _ en’
=ER 4+ — - — =0 4.6
Pix 1 e{ 70 13 3572 35 77} ply ( )
_ _9ayn’ _eyn’
pZy - 2 3
2E71m Ezn
2 2 2 2 2
_ _ W ECERAn'™ | 9qy®n'" | 9y*n'"  21qn’” | 78 Ei*EaR.%¢n’”
Pax 1225 EonS E;n*  10E,n3 1347573
2 2 2
18n'" | 13 E1*EpRo%qn'” 2 Ei’EpRe*qn’” 127 Ey?EpRC%an” _ 9ay®n”
5E,n? 13475n32 1757 11550 4E,n*
3y*n" | 3an” 117 Ei*EpRC*q%n” | en'" 158 Ei’EaReq’n”
E,n3 20E,n? 26950n2 5E,7 134757
166 E12E;R.%n 1"’

4.7
40425 (47)

Where the prime ( ! ) refers to the ordinary differentiation with respect to X. From these

relations we have the pressure in x and y direction is a function of x, y up to second

order (52), also we note that both Pgy, and Py, equal zero but P34, not equal zero.
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We define the difference of the pressures averaged over the cross section at axial

stations X = 0 & X = L (length of the channel) the mean pressure difference (

Apy),

1 x= 1
J™= p(0)dy —

2Mx=0 ~~Mx=0 2Mx=L

Apy = S5t p(Lydy . (48)

We assume that L is an integral multiple of A, so the pressure difference( Ap ) over

A=1is

x= Ao
Mp = — [ (J; 52 dn)dy. (4.9)

—Nx=0 Y0 dx

Where 1] is periodic with period A . from equations (4.2), (4.3),(4.4),(4.5),(4.6),(4.7)
and (4.9)

Ap = (Bp)o + & (Ap)1 + 6% (Ap)2 + 0(5°).

Where :-
1 x= A
@p)o = —— [7=° (Jy Pox dx)dy,
1 x= Yl
@)= —— [ (J, P d)dy, (4.10)

@), = — [ (J pyr dx)dy.

Nx=0 "~ Nx=0
The different integrals appearing in (4.10) are given in appendix (2) which evaluated
using the software package Mathematica 4.1and are presented in appendix (3) .in this

paper we prescribe the peristaltic waves on the wall by

n =1+ a cos2mx, Upperwall (4.11)
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-n =-1-—a cos2nx Lower wall

Where @ is dimensionless amplitude of the wave .after calculating all the integrals we

get the pressure rise over A = 1 whichis independent of y.

A _=6 1 4+ (2+a2)q5 ,
( p)O E, {(1_(12)(5) 4(1—a2)(§)}

(Ap). =0,
(4.12)
—788 16
(&p), = 40125 m?a’ By (ReEy)* — 1_757T2 q E; (ReE1)2(1 -V1- az) -
232 2 2 2(_ 1
22 2B, q*(ReEr)? (-1 + =)
156 1 96 1
— 7T2a2q3E (R E )2 _ 7_[2 (_1+ )
13475 2 e (1- az)(g) 5E, Vi-a2
36 1
mfatq——s .
5B, (1- aZ)(z)

We can write the pressure difference ( Ap) as follow

Ap =@ + @19 + 929% + 939> + 0(53).

Where

0o = 2{—>— — 0.009744 w2a?5%E,(R,E,)? ——n262(
52(1_a2)(i)

1
=)
_ 2

oy = 2(—&@) 18 w4 045708 12E,(R,E,)26%(1 -
4E2(1—a2)() SEZ (1- aZ)()

V1—a?)},
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1
= 2{—0.043044 72E; 6?(RE1)? (—1 + =)}
() { 2 ( e 1) Vi—az }

@3 = 2{—0.005792 72a252E,(R,E;)* —}.
(1—a2)(2)

We want to express the pressure difference in terms the mean flow rate Q = (q +

2) up to the 2" order of §.we can write the pressure difference
Ap = &y + £,Q0 + £,Q% + £0Q°, (3.21)

Where

€0 =@o— 2¢1 +49; — 8¢,

€1 =91~ 49, +12¢;3,

&2 = ¢; — 693,

&3 = @3.

We note that the coefficients (g, @1, P2 and 3 are functions of the non-

dimensional parameters 0, a and R,. From the relations (4.12) we note
that (Ap)1 = 0, then we find no term proportional with R, .if we put R, = 0
,O0 £ 0 we get streamline curvature effects. But if we put o= O,Re #* 0 this
case isn't possible .

5 Shear stress at the walls of the channel :-

in this section we describe the shear stress distribution on the upper and lower walls of

the channel whichis a physical quantity of interestin the flows of uniform cross section

With respect to upper wall at ¥ = 7)(X), the tangential stress of the symmetric

channel is given by

r= o L=}t o —onbe 2 ) /G

(5.1)
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Where Oyy , O'xy and 0y, aresstress tensor's components and the shear stress tensor
for the motion is

(rij = —pSl] + Zﬂei]',

Then
a
Oxx = —P+2pe, =—p+ Zﬂ£== _p+zl“upyx'
a
oyy = —p +2uey, = —p+2 #% = =D = 2 Wy, (5.2)

ou  a
Oxy = 2Uexy = u(ﬁ + i = pu(Wyy — Yrx)-

We introduce the non-dimensional for shear stress distribution

T=E7
d
T(x,y) = T0(x,¥) + 611 (x,y) + 8%72(x,y) + 0(8°), (5.3)
d 2
Where T = lpOyy/ 71 = lplyyr T, = lpZyy — Yoxx — 21/)0yy (d_Z) -
d
WWhoxy (3D,

In order to transform (x,y) system to ({, &), we using the transformation (2.9)
So the shear stress is

T((, f) =Ty ((! 'S) + 87:1 (Z; E) + 627:2 ((' E) + 0(63)' (54)

By substituting for P, Yy , P into (5.4), and evaluate atthe wall & = 1, we get

6&(2+1 1 3q%n’ 1 ,
7(¢,$) = _%4' 9 *n_2<_42Re€59192 (1611273) T+

1 ’ 3 7 3 ! 1 !
ol ) + 20R.&3ey e, (@qzn +—qnn’ + =17 ) -

33q%n’ 27 P 1 '
6Re€elez( Lt g’ + o1y )) + 8%
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<; (—z (—776160q(10 +E(=7+30(=1+8)8) +

5174400m2
3R,%q%£(12333 + 7782(—570 + 61282 — 270&* + 35£°))eZe? +
4én (—388080(4 +58(—4+38)) + 3R, *q?(4412 + 115582(—19 +
2982 — 178 + 3£%))eZe? + 11R, efeZn(28q(24 + 582(—33 + 6382 —
458* + 11£°)) + (213 + 782(—255 + 53182 — 405¢* +

11056))77))) n'’+ & (—776160q(—11 +15¢%) + 3R,%q%(9837 +

7782(—420 + 41482 — 180&* + 258%))ee? + 4n (—776160(—2 +
5¢2) + 4R,%q%(3138 + 38582(—33 + 4582 — 27&* + 5£°))eZe? +
R.2e?e2n(7q(1268 + 5562(—111 + 189¢2 — 141&* + 358%)) +

2(809 + 7782(=75 + 17782 — 165* + 5056))17))) n)) +0(8%).
Similarly we can compute the shear stress at the lower wallat § = —1.
6 Rate of working of wall of channel :-

We can calculate the energy which pumps fluid through the channel by peristalsis
comes from the working of the channel wall against the radial force (F) exerted by the
fluid on the wall of the channel. But the axial force exerted by the fluid it has no effect
on the wall due to no axial velocity on the wall of the channel. we consider the motion

in the wave frame (X, )

the radial force(F) exerted by the fluid on the wall of the channel per unit area acting

on the fluid at upperwallat y = 1(x),
2
_ _ an 2 (An)"y1/2
F={oy, -0y} / (1+62{2})
Where the stress tensor is given by ¢ = —pé‘ii + Zueij,
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Where @ yy and 0y, are stress tensor's components Then

Oyy =D+ 2ue,, = p+2u—=—p—2u¢xy,

= 2,uexy = ,ll( ﬂ(lpyy Yxx)-

The net rate of working of the wall over a wavelength Adis
2T
W= f, (U =, DF dx

7. Discussion of the results

7.1. Trapping phenomenon
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-05

-04 -0.2 0.0 02 0.

(c)

Fig(1).curvature effects on streamlinesfora = 0.6 ,a = 0,q = —1.07, R, = 0,6 = 0,
6=01,¢,=01,¢,=0.03with@d=0,a=06 -0b)d=0.1,a=0.6
-06=0,a=0

Trapping is an important phenomenon in peristaltic motion; in a reference frame
(moving frame) moving with the wave speed C we observed that the streamlines split
to trap a bolus of fluid under certain conditions. We note that the streamline pattern for
hybrid nano-fluid with a = 0.6, q = —1.07, R, =0,6 =0, § = 0.1,
¢1 = 0.1, ¢, = 0.03 asshown inFig (1). The centre streamline Y = 0 split
to trap a bolus of hybrid nano-fluid as shown in Fig (1b) for 0 = 0.1, but there is no
trapped bolus in Fig (1a) at 6 = 0,since § give us the curvature effects .so we deduce

the limits of trappingwith & = 0 the details in [23], since § (Wave number ) =

a

1 i.e, A = 00 this mean that there is no wave so we get the behaviour of hybrid nano-
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fluid in Poiseuille flow as shown in Fig (1c).so we get the curvature effects is decreasing

the minimize limiton é (é = q + 2) with respect to the center streamline trapping

and this resultis compatible with[11] .

. = %2 ; 2 : d
Fig.(2).Inertia & viscous effects on streamlines fora = 0.7 ,q = —0.8, § = 0.01, ¢; =
0.1, ¢, = 0.03 with (&) R, = 0, ) R, = 110, © R, = 550,
@ R, = 1000

Fig.(2) shows the effects of inertia force that represented by Reynolds number (R,) on

trappingfora = 0.7 ,q = —0.8, § = 0.01, ¢p; = 0.1, p, = 0.03 .we
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find in this figure when inertia forces are non-existent i.e., Re = (), the streamlines
show converting trapping case from symmetric trapped into asymmetric trapped which
moving towards the direction of upstream then reduce gradually as shown in Fig.2b, ¢
and d and this result also is compatible with[16] .in this paper we take Reynolds
number (R,) arbitrary so we can choose it very large as in case (d) R, = 1000 we
note that there is another eddy on the side of downstream for a channel although the
some expect another eddy on the side of downstream for a tube from an engineering

perspective only .
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20— |— Re=0

= Re=50

10
—  Re=100

-20

(c)
(d)
Fig. (3).Inertia & curvature effects on streamlines for @ = 0.7 ,q = —-0.5 6§ =0.1, ¢1 =
0.1, ¢, = 0.03 with(®) R, =0, ®) R, = 110, © R, =550,

@ R, = 1000
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Fig. (3) Shows inertia force and curvature on the stream lines we must plotted the
streamlines for = 0.7,q = —0.5 with different Reynolds numbers for 0 =0.1
(> 0.01 as seen in figur 9) we find in Fig. (3a) variation(asymmetry) in
stream lines is caused by the forces of inertia (R ;) and Fig. (3b) we observed that The
W =0

as seenin Fig. (3C) but Fig. (Sd) the 2nd eddy growths on the under stream

centre  streamline split  additionally ~ four stagnation  points

side of the channel whereas Ramachandra Rao and Usha [14] there is The centre

streamline ) = 0 spliting in addition to more than two stagnation points.

Shear stress distributions: -

a=01

) \ - 6=0 f — =02
3 - 501 — g3

AEAA

- 602

6-03

(a) (b) (o)
Fig. (4).Shear stress on the upper wall with ¢ = -2, (,‘bl =0.1, ¢2 = 0.03

= For various a

(a) For various &

(b) For various R,

(9 Re

— 6=0
— 6=01
— 6=02

-3 Vi 6=03

f“’ /\A

— Re=0

-10 — Re=50

& \Il

— a=03

4 5204

(©

Fig. (5).Shear stress on the lower wallwith ¢ = —2, ¢; = 0.1, ¢, = 0.03

(a) Forvarious 8

(b) For various R,

(c) R, = For various a
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Both Fig. (4) and Fig. (5) show the shear stress distribution at the lower and upper walls
of the channel which play an important role in the medical applications .we note that
in Fig. (4) shear stress distributions on the upper wall For various curvature effects,
inertia forces and the amplitude of the channel . in Fig. (4a) shear stress distributions
increases with an increases curvature effects at X = 0 in addition to symmetry the
shear stress about line X = 0 which does not happen in Fig. (4b) at increasing of
Reynold's number Also in Fig. (4c) shear stress distributions increases with an increases
values of amplitude of the channel atX = 0, (T = 0) in addition to symmetry the
shear stress about line X = 0 .also from these figures we note changing in the sign
of the shear stress that not mean flow separation because the velocity of the wall is
limited . Similarly Shear stress distribuation on the lower wall, in Fig. (5a) shear stress
distribution increases with an increases curvature effects at X = 0 in addition to
symmetry the shear stress about line X = 0 which does not happen in Fig. (5b) at
increasing of Reynold's number .Also in Fig. (5c) shear stress distributions increases
with an increases values of amplitude of the channel at X = 0, (T = 0) in addition
to symmetry the shear stress about line X = 0.From these figures we note changing

in the sign of the shear stress
These results is agreement with the numerical results which obtained in [16], [21].
Pumping (pressure drop characteristics):-

In this section we study a distinctive characteristic of peristaltic motion for hybrid nano-
fluid is pumping that is the relationship between Ap and @ which is summarized in
Fig. (6) .we note that pressure rise (Ap) is a function of 3 degree of time mean flow

rate (Q) as seen in (3.21) in addition to parameters Reynolds number(R,), wave
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number(d), wave amplitude(@),solid volume fraction of nanoparticles of Al, 05 and

Cu (1, ¢,) base fluid density(Dr), the density of Al,03 and Cu (Ps, + Ps,)-

Fig. (6-a) shows The variation of pressure gradient Ap with time mean flow rate @
with givend = 0.1, a = 0.2, ;1 = 0.1 and ¢p, = 0.03 for different values
of Reynolds number(R, = 0,100,200,400) . We observed that at small value of
Reynolds numberR, = 0, the graph ( Ap - G)is straight line and this linearity
completely disappears at the large values of Reynolds number like 200 or
400.Moreever at Ap = 0 and Q = 0 for large Reynolds number (R, =
200,400 there is no any pumping

2

N\

-05 05 10 15 20

-4

Fig. (6-a).The variation of pressure gradient AP with time mean flow rate G

In peristaltic motion the pumping is always characterized by the relation between the

time mean flow rate Q to the pressure difference AD at the ends of the channel. With

respect to the pressure

P=2Xn=00"Pn (4.1)
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From equations (2.5) & (2.6), we get Do , P1 and P with the same the previous

technique in stream function and heat transfer
0" order (50):—
=—y (4.2)

Pox E, oyyy - :
poy =0.
1% order (51) -

1
Pix = E, {wlyyy — R EE, (IIJOyl/Jny - ¢0xlp0yy)}r (43)

2" order (52) -

P2x = é{l:DZyyy + 1:Dnyx} - ReEl (¢0y¢1yx + wlylpny -
¢Ox¢1yy - wlxd)Oyy)' (4.4)

1
P2y = — E_z l/)0xyy

We can calculate Pg , P1 and Do from expressions Yq , P4 and P, in the (x, y)
coordinate by using the transformation which transform the domain of variable cross

section a symmetric channel into a channel with straight walls

3q 3
= - — = 4.
pOx 2E2773 Eznz pOy O ( S)
27¢*n" | 3qn’ _ en’
=ER —_——— =0 46
D1x 1Re{ 70 13 + 3592 35 11} D1y (4.6)
! !
_ _9ayn' _ 6yn
P2y 2E;m*  Epn®’
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2 2 2 2 2
11 E\E;Re% ' | 9ay®n'” | 9y®n'"  21qn'” | 78 E1*E;RcaPn’T

Pax = — 1225 E,nS E;n*  10E.n3 1347573
187'° | 13 E2ERAqP”Y 2 B CERAqn't 127 Ei2EsRGAan” 9qy*n'!
5E2n 1347572 1757 11550 4E,n*
anl 36177” 117 E12E2Re2q37]” 617” 158 E12E2Rezq27]”
E;n® | 20E;n2 2695072 SEyn 134757
166 E;2E;R.2nn"!
4.7)
40425

Where the prime ( ! ) refers to the ordinary differentiation with respect to X. From these

relations we have the pressure in x and y direction is a function of x, y up to second

order (52), also we note thate both Doy, and Py, equal zero but Py, not equal zero.

We define the difference of the pressures averaged over the cross section at axial

stations X = 0 & x =1L (length of the channel) the mean pressure difference (

Apy),

Ap, =  p(0)dy - f”" ~ p(Ldy . 48)

We assume that L is an integral multiple of A, so the pressure difference( Ap ) over

A=1is

_ 1 (Nx=0 A0p
Ap = — L 0(f0 - dx)dy. (4.9)

Where 7] is periodic with period A . from equations (4.2), (4.3),(4.4),(4.5),(4.6),(4.7)

and (4.9)
Ap = (Ap)o + 6 (Ap)1 + 6%(Ap)2 + 0(8°).

Where :-

1 = A
@p)o = -— [2,7° (Jy Pox dx)dy,

—MNx=0
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@p) = = [ (fy pre dx)dy. (4.10)
1 Ny= A
(Bp)a = o— 2,7 (Jy Pax dx)dy.

The different integrals appearing in (4.10) are given in appendix (2) which evaluated
using the software package Mathematica 4.1and are presented in appendix (3) .in this

paper we prescribe the peristaltic waves on the wall by
n =1+ a cos2mx, Upper wall (4.11)

—n =-—1—a cos 2nx Lower wall

Where @ is dimensionless amplitude of the wave. after calculating all the integrals we

get the pressure rise over A = 1 whichis independent of y.

A _=6 1 4+ (2+a2)q5 ,
( p)O E, {(1_(12)(5) 4(1—a2)(5)}

(Ap): =0, (4.12)
88
(4p); = 20425 ¢ n?a® E; (ReEy)* __” q E; (R.E1)? (1 V1 — az) -
232 1
2695 n*E; 4*(Re El)z( W)
156 1 96 1
- n?a’q’E; (R E,)? o — —m? (—1+—)
13475 1-a0) SE Nemwr
36 1
mfatq——s .
SE, (1- aZ)(z)

We can write the pressure difference ( Ap) as follow

Ap =@ + @19 + 929% + 939> + 0(53).

525




International Journal of Administrative, Economic and Financial Sciences Volume (4), Issue (12), January 2024

Were
-3 2,252 2 A48 _2¢2
o = 2{———= = 0.009744 ma?§?E,(R.Ey)? — o262 (—1+
52(1_(12)(5) 5Bz
1
1—a2)}'
_ 2 2,252
oy = 2(—&@) 18 w4 045708 12E,(R,Ey)26%(1 -
4E2(1—a2)(§) SE2 (1_q2)(3)

V1—a?)},

@, = 2{—0.043044 ©°E, §*(R.E;)? (—1 + %az)}

@3 = 2{—0.005792 n2a?62E,(R,E;)* —=).
(1—a2)(2)

We want to express the pressure difference in terms the mean flow rate Q = (q + 2)

up to the 2" order of §.we can write the pressure difference
Ap =&+ E1Q + E,Q0% + £30°, (3.21)
Were

€0 = Qo — 291 +4¢; — 893,

€1=¢1— 49, +12¢;3,

&2 = @2 — 693,

&3 = @3

We note that the coefficients (g, 1, P2 and 3 are functions of the non-

dimensional parameters 4, a and R,. From the relations (4.12) we note
that (Ap)1 = 0, then we find no term proportional with R, .if we put R, = 0
L0 £ 0 we get streamline curvature effects. But if we put 6=0, Re #* 0 this

case isn't possible.

Conclusions: -
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In the present analysis, we examine the effects curvature, inertia force, nano particles
volume fraction, and heat source/sink of an incompressible, viscous fluid of (Cu—)
hybrid nanofluid with heat transfer in an asymmetric channel with supple walls by
peristaltic transport, also the two shape factors of the nanofluid were considered
(spherical and cylindrical nanoparticles). The effects of various physical parameters are
considered on the axial and normal velocities, streamlines, heat distribution, shear
stress on the walls, Nusselt number, normal force, and entropy generation. The main

outcomes of this study are summarized as follows:

1. The physical properties of aluminum oxide nanoparticles improve the axial
motion of (bio-fluid) blood, while the physical properties of copper
nanoparticles improve the normal motion of (bio-fluid) blood, so the hybrid
nanoparticles enhance the biological motion.

2. The temperature of the fluid for hybrid nanofluid (blood model) is less than
that for the clear fluid. So, the hybrid nanofluid gives us control over the
temperature of the patients.

3. The perturbation method solution obtained here, after we introduce the
domain transformation, gives us improved accuracy for the discussion of
several phenomena, such as pumping and trapping, and so on.

4. An increase in solid volume fraction, heating source, Reynolds, and Prandtl
numbers increases the Nusselt number.

5. The fluid temperature increases for increasing values of wave amplitude,
Reynolds, Prandtl numbers, and the heat source while decreases for increasing

values of flow rate, sink heating, and solid volume fraction (|)1 and (I)Z.
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6. Shear stress of copper nanofluid is the highest due to the frictional force of

copper is high.

7. When the generated shear stress distribution on the vessel's blood wall

exceeds a certain maximum limit (this is according to damaged blood

constituents). In this case, the magnitude of the shear stress distribution has an

important role in the process of molecular convective.
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