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distributions.

form. In this paper, the Al,O3 water nanofluid flow is discussed in a
peristaltic vertical cylindrical tube under the effect of gravity and the
constant heat addition/absorption. The mass, Navier-Stokes, heat and
volume flow rate equations represent the mathematical model for long
wavelengths. The system of equations represents a closed form for the
dependent parameters. The model is solved analytically in terms of
nano temperature, velocity and pressure gradient distributions with
existence of nanoparticles suspended in water. The stream function is
obtained in the plane of fluid with nanoparticles. The nano temperature
distribution in a peristaltic tube is affected by different values of
amplitude ratio and heating source parameter. The nano fluid velocity
is increasing with the change of Grashof number values, rate of
volume flow, heating source parameter and decreasing with void
fraction of nano particles. The obtained results are in a closed form

and prove the validity of the current model.
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Introduction

Many scientists and researchers
studied the transport of peristaltic flow
through tubes, channels due to their
important applications in engineering
and medical sciences such as physiology,
and finger pumps and roller, sanitary
fluid transport, transport of corrosive
fluids. Many researchers using the basic
concepts and theories of fluid mechanics
(Landau and Lifshitz, 1987). Moreover,
the description of physical problems
needs to suitable mathematical models.
The fluid mechanics and heat mass
exchange in two-phase flow is very
important topic in industry and physical
problems (Bilicki et al., 1996). The two-
phase flow can be studied for one and
two components for superheated liquids
and mixture of gas and liquid
respectively. Moreover, the heat and
mass exchange in the liquid-vapor
represents the no equilibrium between
two-phase-flow. The physiologists
defined Peristalsis as a one of the major
mechanisms for fluid transfer in many
biological systems. The peristaltic
motion in two-phase density flow and
heat transfer affected the behavior of
vapour bubbles inside a vertical
cylindrical Tube (Mohammadein et al.,
2017).

Peristaltic flow of a Newtonian fluid in a

porous medium surrounded vapor bubble
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in a curved channel | (Mohammadein et
al., 2019). Recently, in biophysics, the
peristaltic flow for a mixture of blood
and gas bubbles in the vertical inferior
mesenteric vein is studied in human
colon (Elbendary and Mohammadein,
2022).This study called two-phase and
two components. The effect of peristaltic
motion on (CuO/Water) nanofluid inside
a vertical cylindrical Tube
(Mohammadein et al., 2023).

In nanotechnology, a particle is defined
as a small object that behaves as a whole
unit with respect to its transport and
properties. These particles are classified
according to diameter. Nanoparticles
used in nanofluid preparation usually
have diameters below 100 nm. Moreover,
the particles as small as 10 nm have been
used in nanofluid research. When
particles are not spherical but rod or
tube-shaped, the diameter is still below
100 nm, but the length of the particles
may be on the order of micrometers. It
should also be noted that due to the
clustering phenomenon, particles may
form clusters with sizes on the order of
micrometers. There are many
nanoparticles used in industry like Al,Os3,
Cu, CuO, and Ag with different
properties. The collations of one and two
nanoparticles for a viscosity of

concentrated suspensions and solutions
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are extended by (Brinkman, 1952). New
treatment of fluid mechanics with heat
and mass transfer: The nonlinear Burger
and Navier-Stokes are converted to a
linear  equations  (Mohammadein,
2020).The simplest analytical solution of
linear  Navier-Stokes equations is
introduced in  two  dimensions
(Mohammadein et al., 2021). The
analytical and simplest resolution of
linear Navier-Stokes equations in two
dimensions (Mohammadein et al.,,

2022).

Moreover,the obtained solution satisfied
the original linear and nonlinear Navier-

stokes equations.

The density and specific heat of
nanofluid can be calculated by the

following relations:

Oy = Pp(P)pt(1— @p)p) (1)
(Pcp)nf = %(pcp)p"l'(l - ‘pp)(pcp)l (2)
On contrary the viscosity of particle

suspensions was
(Brinkman, 1952)

@y =, — @) > (3)

Moreover, the effective thermal

extended by

conductivity is given by

_ )yt
(kep +2kp - pp (ki) T

ker

In this paper, the flow of
incompressible Newtonian Al,03 water
nanofluid in a peristaltic vertical
cylindrical tube is studied. The present

model is represented by mass, Navier-

Stokes, heat and volume flow rate
equations for long wavelengths. The
nano temperature, velocity and pressure
gradient are obtained analytically and
described by graphs with the effect of
some dominant variables.
Analysis

A current problem introduces the
motion of an incompressible viscous
Newtonian Al,03/ water nanofluid in a
peristaltic vertical cylindrical tube. The
flow represents a sinusoidal wave train
propagating with constant speed along

the boundaries of the outer tube.
VA

i
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Fig. (1): Sketch of model
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The axisymmetric  cylindrical
polar coordinate system is chosen such
that the coordinate is along the center
line of the tube in z-direction and
coordinate along the radial coordinate in
r-direction. The boundary of the tube is
adjusted at a finite temperature and at the
center we have used axisymmetric
condition on temperature as proposed in
the current problem. The physical model
of the present problem is shown in Fig. 1,



where "a" is the radius of the tube, "b" is
the amplitude of the wave, A is the
wavelength and t is the time. The fluid
flow is unsteady in the fixed frame

(r, z).

However, in a coordinate system

moving with the propagation velocity c.
H=a+bsin(z;£) (5)

The differential equations of mass,
Navier-Stokes, and heat transfer
represent the mathematical model of the
current problem under the effect of
constant heat addition/absorption in
frame (7, z ) as follows:

Mass Equation:

1 9 a2 w (6)

Navier- Stokes Equations in directions r and
z respectively in the form:

r2 472

I T

W _dn &
e H[m ]*M’“ weoo®

Heat Equation:

Par (€, ),;(u +‘_va1'l) k,.f(
)+ (9)

Where” P" is the pressure of
fluid, "T™ is the fluid temperature, @ is

the constant heat absorption/addition,

(cp)ny is the nano specific heat at

constant pressure, k is the thermal

ph
r=ar, 1=1Az, w=cw, 1=d, ngp, t=-
g=""T 5 % h_1tesin@
- Tﬂ ’ _IJ —I—es].l]( ]IZ) Pl
3
gaT
Gc_ﬂvzﬂ' Re:$’
Pr — F(cp)gf g = Qn
(10)

where, R_ is the Reynolds

number, e is the amplitude ratio, G, is
the Grashof number, Pr is the Prandtl
number, and S, is the non-dimensional

heat source parameter. Substituting from
equation (10) into the equations (6-9),
we obtain the following system in frame

(r,2)
14 ow
rar T 5

R 53(11 $w— u):-:—rw‘

a[18( #) u i
6{r6r(r3r) r’+6 dzz} (12)
pqtla(ﬂw W i ﬁl&wah :
Car L e L
2
p,;(c,)VToc(éuaasz) K?r"(grif %‘ﬂ zgz_g)+ (14

The above system (11-14) is solved for
large values of wavelength (6 « 1) in
the mixture of Al,05 water nanofluid.
Then the mass equation still same but in

contrary the equations (12-14) become

a
5 = (15)
ror ) Fl oz Ge“f (16)

rﬂr( ) (17)
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where, By = ﬂ—L and
G=Fnf =L
p;R,,Fl e M1 = Honf

The  corresponding dimensionless
boundary conditions for solving of

equation (13) has the form

Pf—0 at r=0,
ar
g'll_r = ﬂu at T:h. (18)

then the nano temperature becomes

Onp(r,z) = O +—— ﬁ"‘r (h* —1%) (19)

Substituting from Eqn. (19) into the Eqn.
(16) and solving equation (16) with the

following boundary conditions

™ _o at r==0
or
w =24, at r=h

(20)
then, the nano velocity components of
nano fluid through a peristaltic tube

becomes

W(r,2)= vt o1
u(r,z) =2n cosan(‘l% t
%_"_ﬂ’)) (22)
And, ‘2 1
Where the nano fluid velocity

components u and w in the direction of r
and z respectively. The system (15-17)
becomes in a closed form in a fixed
frame when the volume flow rate takes

the form

q=2[ r(w(r2)dr, (23)

The nano pressure gradient has the form

ar 1
o= (- 4600, - )
iz o

In the same way, on the basis of

equations (17-19), the stream function

becomes

rz A 4 sz 2
q(,,,)zﬁo_+ﬁ(f__f_)+w
1 44 1 2

_G(H_u(r‘ ﬁy) by W)

4 2/ 46 % 2

Discussion and Results

The physical problem describes the
Al,03 water nanofluid flow in a
peristaltic vertical cylindrical tube. The
mathematical model consists of mass,
Navier-Stokes, heat, and volume rate
equations (6-9) and (23) respectively is
transformed to a non-dimensional one
(11-14). The system (11-14) for long
wavelengths is reduced to another

system (15-17). The nano temperature

(19), fluid velocity components (21-22),

pressure gradient (24), and stream

function (25) are obtained as a solution

of the system (15-17) in analytical form.

(25)



Table (1): The physical parameters’ values

used in the present problem

Density Thermal Specific
(k ,rm3~J conductivity heat
pLEgl k(W/mK) | €p(J/kg K)
Water | 958.3 0.6857 4240
Al;05 3700 46 880

In the current problem, the range of void

fraction for nanoparticles “@p” = 0.01,

0.02 and 0.03. The physical values are
illustrated in Table (1).

The nano temperature distribution
Onp(r,z) varies with “r” for different
values of heat transfer parameter "g”is
shown in Fig. (2a). It is noted that, the
temperature proportional directly with
the heat transfer parameter values. The

nano temperature distribution 8,,(r, z)in

terms of “r” for different values of
amplitude “e” is shown in Fig. (2b). It is
observed  that, the  temperature
proportional inversely with amplitude
values.

The fluid temperature distribution

Onp(r,z) varies with “r” for different
values of void fraction for nanoparticles
“epis shown in Fig. (2c). It is noted

that, the temperature proportional
inversely with void fraction for
nanoparticles ¢, values.

The nano fluid velocity w(r,z) in

terms of “r’ for different values of

Grashof number "G," is shown in Fig
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(3a). It is noted that, the velocity
proportional directly with the Grashof
number values. The nano fluid velocity

€6 9

W (r,z) varies with “r” for different

values of amplitude e is shown in Fig.
(3b). 1t is noted that, the velocity
proportional directly with amplitude

values. The nano fluid velocity w(r, z)

varies with “r” for different values of
heat transfer parameter is shown in Fig.
(3c). It is noted that, the velocity
proportional directly with heat transfer
parameter values.

The nano fluid velocity w (r,z) varies
with “r” for different values of void

fraction for nano particlese, is shown in

Fig. (3d). It is noted that, the fluid velocity
proportional inversely with different
values of void fraction for nano particles
@p Values.

IR
T

The pressure gradient varies with for

different values Grashof number G, is

shown in Fig. (4a). It is noted that, the
pressure gradient proportional directly

with the Grashof number G, values. The

nano Pressure gradient of fluid varies with
“r” for different values of amplitude e is
shown in Fig. (4b). It is noted that, the
pressure gradient proportional directly
with amplitude e parameter values. The
Pressure gradient varies with “r” for

different values of heat transfer parameter
B is shown in Fig. (4c). It is noted that, the

pressure gradient proportional directly
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with the heat transfer parameter values.
The Pressure gradient varies with “r” for
different values of wvoid fraction for

nanoparticles ¢y is shown in Fig. (4d). It

is noted that, the pressure gradient
proportional inversely with the void

fraction for nanoparticlese,,.
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Fig. (2a): Temperature varies with amplitude
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Conclusions

The  viscous incompressible
Newtonian fluid flow in a peristaltic
vertical cylindrical tube were analyzed in
detail. The suspended nano particles
(A L,05) in the fluid flow affected
behavior of physical problem. The nano
temperature, fluid velocity and pressure
gradient are affected by some physical

parameters (amplitude ratio "e", Grashof
number "G”, and heat transfer parameter
"g" , void fraction for nano
particles "gp" ; which are illustrated

through the graphs.

The concluded remarks from the above
discussion of results and figures are

tabulated in the following points:

1. The nano temperature in the fluid
flow increases with  heat transfer
parameter "B . On contrary,
temperature decrease with amplitude

ratio ""e" and void fraction for nano
particles "gp".

2. The nano fluid velocity increasing
with amplitude ratio " e ', Grashof
number and heat transfer parameter”g".

3. The nano fluid velocity is
proportional  inversely with  void
fraction for nanoparticles "gp".

4. The nano pressure gradient
proportional directly with Grashof

number, amplitude ratio e, and heat



152

transfer parameter "g" .values. In the

same way, the pressure gradient
proportional inversely with fraction for

nanoparticles “gp".
5. The nano particles AL,0; play a

dominant factor of nano fluid flow.

6. The nanofluid temperature, fluid
velocity and pressure gradient in a
peristaltic vertical cylindrical tube
prove the validity of the proposed
model.
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