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In this paper, the incompressible viscous Newtonian nano fluid
(CuO/Water) flow through a vertical cylindrical tube under the effect of
peristaltic motion is studied. The mathematical model is formulated by
mass, Navier-stokes, heat and volume rate equations. The nonlinear and
linear partial differential equations are solved analytically in terms of
temperature, velocity, stream function and pressure gradient distributions
of the nano fluid for long wavelengths. The obtained results are affected
by amplitude ratio, heat transfer coefficient, void fraction of
nanoparticles and Grashof number. The nano fluid temperature is
proportional inversely with amplitude ratio and void fraction of
nanoparticles. The nano fluid velocity is proportional directly with heat
transfer coefficient, amplitude ratio and Grashof number values. The
void fraction of nanoparticles values affects velocity and pressure
gradient distributions of nano fluid inversely. The nano fluid pressure
gradient is increasing with Grashof number values. Moreover, the
concluded remarks proved the validity of the proposed model. The
physical model can be extended for different nanoparticles under the

effect of some dominant physical parameters of fluid and flow.
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Introduction

Peristaltic force is an organic
siphon which employs episode wave-
like squeezing movement which
voyages down a vessel and forces the
stuffing of the vessel (Abu-Nab et al.,
2022; Mohammadein and Abu-Nab,
2019; Darzi et al., 2012). This
mechanism also occurs in  many
applications involving bio-mechanical
systems such as finger and roller
pumps, heart lung machine, blood pump
machine, dialysis machine and transport
of noxious fluid in nuclear industries
(Mohammadein and Gad EI-Rab,
2001). In recent vyears, considerable
efforts have been usefully devoted to
the study of peristaltic flow of
Newtonian  nanofluids because a
practical and fundamental constitutive
relation that can be used for all fluids
and flow IS not  available
(Mohammadein and Abu-Nab, 2019;
Mohammadein and Gouda, 2006;
Nasiri et al., 2011). The production of
particles with sizes on the order of
nanometers (nanoparticles) can be
achieved with relative ease with the
recent improvements in nanotechnology
(Nasiri et al., 2011; Mohammadein
and Gouda, 2006). As a
consequence, the idea of suspending
these nanoparticles in a base liquid for

improving thermal conductivity has

been proposed recently (Suresh et al.,
2012; Sundar and Sharma, 2010;
Prasher et al., 2005). Such suspension
of nanoparticles in a base fluid is called
a nano fluid. Due to their small size,
nanoparticles fluidize easily inside the
base fluid, and as a consequence,
clogging of channels and erosion in
channel walls are no longer a problem.
It is even possible to use nano fluids in
microchannels (Darzi et al.,, 2012).
When it comes to the stability of the
suspension, it was shown that
sedimentation of particles can be
prevented by utilizing  proper
dispersants (Suresh et al., 2012;
Sundar and Sharma , 2010). Recently,
the analytical solutions of fluid velocity
field and stream function are be
prevented by Mohammadein, 2017.

In this paper, the incompressible
Newtonian nano fluid (CuO/Water)
through a vertical cylindrical tube under
the effect of peristaltic motion is
studied. The mass, Navier-stokes, heat
and volume rate equations represent the
mathematical model of present problem.
The analytical solution is obtained for
temperature, velocity, pressure gradient
distribution of the nano fluid under the

effect of Grashof number G, , heat
source parameter £, amplitude ratio e,

heat transfer coefficient « and void



fraction of nanoparticles ¢,, . Results are

valid for long wavelength only.
Analysis

Consider the axisymmetric of a
Newtonian fluid in circular cylindrical
tube with a sinusoidal wave of small
amplitude traveling down its wall. The
wall of the tube is given by the
equation:
H(z,t) = a + bsin(2x z) 1)
where a is the average radius of the
original undisturbed tube, b is the
amplitude of the wave, 4 is the
wavelength and ¢ is the wave speed, r
and z are the cylindrical polar
coordinates with z measured along the
axis of the tube and r is in the radial
direction. Let u and w be the velocity

components in the radial and axial
directions, respectively. The peristaltic
bubbly flow of a viscous incompressible
Newtonian fluid through a vertical tube.
between

The  relations physical

parameters (density, thermal

conductivity  and viscosity  of
(CuO/Water)) of nano state in terms of
nanoparticles and water are in the

following form:

(p)nf = ¥p (P)p‘l'(l_ ‘pp)(p)l (2)

(e Cp),,f: Pp (Pcp)p"'(l ~— ¥ )(e Cp)[

3)
(lu')nf = (P’)f (1_ qop )_2-5 (4)
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Fig. (1): The Problem Sketch

The mathematical model of the physical
problem is  describped by the
conservative nano mass, Navier - Stokes
heat transfer and volume flow rate
equations as follows:

Mass equation'

G+ =0 5)
Navier- Stokes equations

—ou

r: (nr (75, +w,.,z =2+ Wy

for(750) —5+52) ®)

— oW

z(p),.f(u C w2 =2+ (W

[rar( t’hv) + a*] +g(pa)n; (T —To)
(1)

Heat equation'

(pcp)nf (H. + w _) - (k)nf
a“ 13T  &°T (8)

72 FaF a2

Volume flow rate equation:
g =2, Fw(F2dr (9)
The above system (5-9) represents a

current problem in a dimensional form.

The dimensionless variables as follows:
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F=ar, Z=1z, w=cw, E:%u,
_ cA
P= az P, T_Tﬂﬂ‘nf—l_?ﬂ!
5_2 b o _Zrgul
A’ a 7 cu;

(ep)t prcd

B ="l R, =

T k[ Lt -3 HI
h=1+esin(2nz) ,q = c aq (10)

Substituting by the equation (10) into
the equations (5-9), we obtain the non-

dimensional equations in the form:
14 aw
,—_;(ru)+¥—[} (11)

(P)nrR6* (6 Ou du aoP
%(—u—+w ) _(E)"f

a Jr az) ~
+M[}i(rﬂu _1+52ﬂ}

md rar\ ar 2 az2
(12)
R, 6% (5 ow aw) 9P
o @)ny Yar T Wa )T _(g)nf +
g (1 ([ 20)) | 2 3P
ui {rﬂr (‘.I"' ar } pp2 az*
+ (pa); (13)
RaPrsz(Pcp)nf 5 ﬂgﬂf +w LT
(Pep)i 2t dz

(K)nf a2%e, Ong |, 180y Zﬂ Onf
nf (208 4 2200 4 527 7550)  (14)

Volume flow rate equation of the nano
fluid:

h
Gny = 2 Iu T Wy, (1, z)dr (15)
The above system (11-15) is difficult to
solve in an analytical way. In contrary,

when we take in our consideration that,
the wavelength is long (6 « 1) and the
Reynolds number is quite small
(R, — 0) then, equations (12-14) are

simplified as follows:
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Gy =0 (16)
aP (Bnp (10 (pa)ns

G = e {rar( )}J‘ (pa); Grlns

(17)

+ 2%} _ (18)

r ar
The boundary conditions of heat

transfer are given by:

90ns _ (@nf -
o~ (ny at r=—h (19)
ﬂﬂf == (ﬂﬂf)u at r=nh (20)

Solving Egn. (18) wusing the
boundary conditions (19-20), then the
nano fluid temperature distribution

B, is given by:

Onr(r,2) = (Bnp)o +c1In > (21)
where,

- _h(z)uf
T oy (22)

Substituting by Eqg. (21) into the Eqn. (17)
and solving Egn. (17) with the following
boundary conditions:

aw
o = 0 at =0 (23)
w =4, at r=h (24)

Then putting (w = w,,; ), we get the
nano fluid velocity w;, in the direction of

cylinder axis z in the form:
aP
War(r,2) = A0+ G2~ 1) (5 Z)M_

@ nf)u (h2 —12) + %

{(rz —h?) - 2r’In 3} (25)
Substituting from Eqgn. (25) into the
Egn. (15) and solving Eqgn. (15), then

R &



the nano fluid pressure gradient (g_:)nr

becomes:
Gnr = (A0 —35) + G
(@npdo—2 (26)

On the basis of equations (11) and (25),

the nano fluid stream function ., is

given by:
Ynyp(r,2) = f Wy (r, Z)dr
]

1
Pur(r,z) = Agr% + Erz(r — 2h?)

oP ( nr) c
Gnr — Gl 2R — ) +

(r2(r? — 2h2) — 4rt (111% - @)

where
1dy,
‘u'nf(rrz) = - ;%ﬂj
g = 2neCos(2nz) (28)

The nano fluid velocity in the radial

direction of cylinder w,; is given by:

up(r,z) = —2neCos(2nz) [%{

dp T (@)ny
_4h (E)n,«] g @huo— 155"
n 4, 164
(e (@uo + ot ) + 32~ 15

,,r

(2 — 2h?) — 4h (‘f’) pEE

(a)nf
4(k)ns

(% — 6h?) — 2r? (111;"—1 - (29)

{2h(Onr)o —
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Discussion and Results
The peristaltic ~ flow  of

incompressible
CuO/Water problem is studied. The

nanoparticles

physical problem is described by mass,
Navier-Stokes, heat and volume flow
rate equations (5-9) respectively for
Newtonian nano fluid flow throughout a
vertical cylindrical tube. The
dimensional system (5-9) is transformed
to the non-dimensional one (11-15). The
system (11-15) is reduced to the system

(16-18) when (& « 1). This system is

solved analytically in a simple way.

The mathematical model is solved
analytically in case of long wavelength
in the peristaltic vertical cylindrical
tube. The nano fluid temperature
distribution is obtained by equation
(21).The nano fluid

components are given by equations (25)

velocity

and (29). The nano fluid pressure
gradient is defined by equation (26).
Moreover, the stream function of the
nano fluid is derived by relation (27).
The nano fluid flow is affected by some
physical parameters such as, Grashof

number G, , amplitude ratio e, heat
transfer coefficient @ and void fraction
of nanoparticles ¢, . The peristaltic

(CuO/Water)
problem is studied in a steady state. The

flow of nano fluid

numerical values of physical parameters

(Suresh et al., 2012) used in the present
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problem is tabulated in the following
Table.
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Table (1): The physical properties of pure water and CuO.

. Density Specific heat Thermal conductivity
Materials plicg/m?) CpU g K) k(W/m K)
Pure Water 958.3 4240 0.6857
(Cu0O) 6320 531.8 18
Moreover,

A =0, e=02,
(Eﬂf)o == 10_2, a — 0.2,

@, =001, G, =04 and q = 0.01

The nano fluid temperature distribution
is clearly increasing with the increasing
of heat transfer coefficient @. On the
other side, it is proportional inversely
with the increasing of the amplitude
ratio e and the void fraction of
nanoparticles ¢, as shown in Figs. 2(a-
C).

The gradient pressure distribution of the
nano fluid is with the increasing of heat
transfer coefficient a, amplitude ratio e
and the Grashof number G, values. On
contrary, it is proportional inversely
with the void fraction of
nanoparticles ¢, as shown in Figs. 3(a-
d).

The nano fluid velocity increases with
heat transfer coefficient «a, amplitude
ratio e and the Grashof number G,
values. On contrary, it is proportional

inversely with the void

fraction of nanoparticles ¢,, as shown in
Figs. 4(a-d).

The nano fluid stream function is
plotted for three different amplitude

ratio values e .lt is observed that the

density of streamlines is proportional
directly with amplitude ratio values e as
shown in Figs. 5(a-c).

In Figs. 6(a-c), the nano fluid stream
function is plotted for three different

Grashof number values G, .It is

observed that the density of the nano
fluid stream lines is proportional
inversely  with  Grashof  number

values G,..
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Conclusions

The current problem is solved
analytically under the effect of
peristaltic motion for long wavelength
and low Reynolds number. The nano
temperature, axial velocity, pressure
gradient, stream function, and radial
velocity of the nano fluid (CuO/Water)
are obtained by equations (21), (25),
(26), (27), and (28) respectively. The
effect of amplitude ratio, heat transfer

coefficient « and void fraction of
nanoparticles ¢, are observed. The

discussion of results and figures

concluded the following remarks:

1-The nano temperature distribution of
the nano fluid is proportional directly

with heat transfer coefficient & and
inversely with amplitude ratio e and
void fraction of nanoparticles ¢,, .

2-The gradient pressure distribution of
the nano fluid is proportional directly
with  heat

transfer  coefficient,

amplitude ratio e and the Grashof
number G, values and inversely with
the void fraction of nanoparticles ¢, .

3-The nano fluid velocity distribution is
proportional directly with heat transfer
coefficient, amplitude ratio e and the
Grashof number G, values. On
contrary, it is proportional inversely

with void fraction of nanoparticles ¢, .

Mohammadein et al., (2023)

4-The density of the nano fluid stream
lines is proportional directly with

amplitude ratio values e.

5-The density of the nano fluid stream
lines is proportional inversely with

Grashof number values G,..

6-The nano fluid (CuO/Water) flow
represents a dominant factor in
vertical peristaltic motion. The
proposed model can be extended for
more properties of fluid and flow.

Nomenclature

T Temperature of liquid (K°).

P Pressure (N/m?).

T, Initial temperature of liquid (K?) .

(6nf)o Initial nano fluid temperature.

e Amplitude ratio.

G, Grashof 's number.

g Dimensionless volume flow rate.

B. Prandtl number.

& Wave number.

a Radius of the tube.

b Amplitude of the wave.

A Wavelength.

c, Specific heat of liquid at constant
pressure (Kg~1]/k).

p, Density of liquid (Kg m~2).

(k)ng Thermal conductivity of nano fluid.

k; The thermal conductivity of liquid.

(P)ng Density of nano fluid (Kgm™2).

h peristaltic boundary
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