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is obtained for energy equation whereas velocity equation is solved
numerically by Runge- Kutta method. The influence of numerous parameters
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1. Introduction

Peristaltic transport is a phenomenon that happens when expansion and contraction of a
flexible tube in a fluid generate consecutive waves which transmit along the length of the tube.
This phenomenon has become a topic of great for biomedical, industrial application and
physiological.

It has a wide application in physiological fluid transport in biological regulation such as the work
the kidney to a bladder, movement food in digestive system, movement of ovum in fallopian
channel, transference of lymph during the lymphatic vessels and blood flow in tiny vessels.

* Corresponding author.
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Moreover, there are numerous engineering practicability as well in which peristaltic Machines are
used to transport a vast range of fluids principally in the pharmaceutical industries and chemical.
The active studies in peristaltic flow by Shapiro et al., [1] and Latham [2]. Analysis on the peristaltic
flow through eccentric cylinders have been discussed theoretically and experimentally by
Mekhemer et al., [3] moreover Nadeem et al., [4]. Reddy et al., [5] has stated the work on the
peristaltic flow of a viscous conducting fluid a vertical asymmetric channel. Hayat et al., [6] studied
the peristaltic flow for the Newtonian fluid in an endoscope and debated the exact solution.

Peristaltic flow through magnetic fields has been taken a great interest before the students and
researchers consequent to its expanded implementation in astrophysics and geophysics etc. It was
noticed that a magnetic field was able of controlling the thickening of viscosity of fluid. Moreover,
the magnetic field was very important in identifying and therapy of hypothermia, tumors and
intestinal sicknesses. Several scientific researchers studied peristaltic motion under influence
magnetic field [7-10].

Nanofluids are manufacture by suspending nanoparticles which may be metallic/non-metallic
in base fluids and have been used in a wide range of technologies several of which have been
studied by many of researcher. In modern years, great effort has been given to the study of
nanofluids. In modern years, great labor has been given to the nanofluids research. Investigate
researches [11-14] appeared that even for a tiny volumetric portion of nanoparticles, the thermic
conductivity of the base fluid is improved by (10-50) % with a notable the convective heat transfer
coefficient is increase. Das et al., [15] have seen that the thermic conductivity for nanofluids rises
with growing temperature. Heris et al., [16] experimentally studied the convective heat transfer
coefficient of CuO-water and Al,05-water nanofluids for laminar flow with tube in a constant wall
temperature boundary condition. Naheeda et al., [17] discussed the effect of wall properties and
Cu-water nanofluid in a non-uniform inclined tube. Effect of heat transfer with the non-Newtonian
fluid containing gold nanoparticles in tube discussed by Mekheimer et al., [18]. Synchronous
impacts of wall and slip properties have been studied by Aly and Ebaid [19] and Hayat et al., [20]
analyzed an impact on entropy generation peristaltic flux of nanoparticles in a rotational frame.

Peristaltic flow through porous medium is very common in numerous biological processes such
as transportation the urine through ureter with stones. In some pathological cases, the porous
medium can be seen while the arteries are closed due to oil cholesterol or blood masses. Hussein
et al., [21] investigated the peristaltic flow of MHD through porous medium during asymmetric
channels. Mekheimer [22] studied peristaltic flow through a porous medium in a tended planar
tube. Salman and others [23] Analyzed the heat and mass transfer in in inclined asymmetric
channel through porous medium under Influence magnetic field.

In this study, the aim has been to analysis heat, heat transfer coefficient and fluid flow of
peristaltic in a vertical asymmetric tube with existing a porous medium, magnetic field, a variable
viscosity reliant on a fluid temperature and nanoparticles. Water is base fluid and Copper oxide-
water nanoparticles are merged. The governing equations are simplified under the lengthy
wavelength and low Reynolds number. Finally, graphical study has been done to figure out the
effect of some important parameters containing in the above functions in details.
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2. Formulation of the Problem

Investigate the peristaltic flow of nanofluids in asymmetric vertical circular tube of width (d; +
d,) and length L with variable viscosity. The tube filled with porous medium, k1. The tube walls
are elastic and the flow is observed by the peristaltic sinusoidal waves move with velocity c,
propagating on lengthwise the walls of the channel. The cylindrical coordinates (R,Z) are
considered in such Z-axis is taken as the center line of the tube while R-axis is vertical to it. The
geometry of the walls surface is stated as follows

hy =a; + blcos(zf (Z — cb) (1)
h,=a, + bzcos(zf (Z —cb) + ) (2)

where h; and h, are the left and right tube wall respectively, b;and b, are the amplitudes of the
walls ,A is the wavelength, the phase difference ¢, t is the time and Z is the direction of the wave
propagation. Let u(r,z) and W(7,Z) are represent the components of velocity in the axial r and
z directions respectively. The flow filed in laboratory frame is unsteady becomes steady in wave
frame. The relation between the two frames are given by

F=R, z=Z—ct, o=V, w=W,p(z7,t)=P(ZR,T) (3)
Now, the basic equations governing the motion and heat for the vertical tube are

1w, aw _ (4)

r or 0z

iz + 617-] -5 oF [qunf(e) oF ]+“"f(9) (a_ﬁ_z) *

Puf (¥ 6r 0z or or r

2 [ @) (Z+2)| - pnp ()2, (5)
ons [057 + 9 57] = 5o 4 el @ (55 + 5] + 5 @) (35)]

(OVInpg (T = To) = 03w — s (), (6)
Sraswi= [T S e o)

where 7 and Z are the coordinates in the wave frame.T is the temperature of the fluid. 3, the
magnitude of magnetic field. The Maxwell-Garnet model for effective thermal conductivity (k)

used in the current flow problem is described as [24]

319



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 63, Issue 2 (2019) 317-328

(8)

= (kn+2kf—2¢(kf—kn))
T e+ 2k 42 (k=)

The effective thermal diffusivity of nanofluid (a,s) , the effective density of nanofluid (o) ,
capacitance respectively of consider nanofluid (pc,),r and the thermal expansion coefficient
(Vny) of considered nanofluid for flow modelis defined as [24]

Knf
Unf = Gooomr ' P1f = (1= d)ps + dpn,

(pcp)nf =(1- ¢)(pcp)f + ¢(pcp)n ’ (9)
Y)ng = (1 =)y + d(Y)n.

In above equations p , ¢, and k define the density, thermal expansion coefficient, specific heat and
thermal conductivity. The subscripts f and n denoted the base fluid (water) and nanofluid (CuO),
respectively.

The effective dynamic viscosity ( pu,¢) due Reynolds model is mathematically written as
e—aG

U _
ynfzmande“9=1—a9,a<<1. (10)

where ( pif) is viscosity of the fluid, (@) is the viscosity parameter and (¢) is the nanoparticle
volume fraction. The following non-dimensional variables

T z w Au alzﬁ (T—To) El
r=—, z=-, W=—,Uu=—, = , =~ 0 ’hl =—,
a; s c a,c cAug To a,
h, ct b, b, az paic gaa,*Tops
h2=_lt=_l€1_ ’ 2 — __IRe= IG 7
a; A ai a; 1 ur Cur
a,? 2alo k al
ﬁleO,M2:E01,K:_12,6:_ (12)
Tokf Hf aq A

Here r and z are dimensionless 7 , Z coordinates, t is dimensionless time, w and u are
dimensionless axial and transverse velocity components, p is dimensionless pressure, 8 is
dimensionless temperature function, £; and €, are amplitudes of left and right walls, § is the wave
number, Re is the Reynolds number , Gr Grashof number, [ is heat source/sink parameter, M is
the Hartmann number and K is the Darcy number. By substituting Eq. (11) in Eq. (5) to (7) and
under the suppositions of long wave length § << 1 and low Reynolds number. We obtain

o _
or 0, (12)
o _ 10 (K ow)), @Vus g (12 M)

=2 ar(ﬂf (r ar)>+ L Gro <M 2w, (13)
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920 | 100 kp
6r2+r ar+ﬁknf_0' (14)

The dimensionless of boundary conditions are defined as

w=-1 ,0=0 at r = hy(z) where hy = 1 + &;cos(2nz) (15)
aw 20
> = e 0 at ¥ = h,(z) where h, = a + g;cos(2nz + @) (16)

Heat transfer coefficient at the left and right walls are defined as equations

_ kny (06

Zhl(r) = kr (ar)rzhl left wall (17)
_ s (20 i

Zpo(r) = P (ar)r=hz right wall (18)

3. Solution of The Problem

Solving Eq. (14) with boundary conditions in (15) and (16), we obtain the expression for
temperature as follows

1 kn+2ke+2¢(ke—ky)
0(r,z) = _Z<(kn+2k];—2¢(k];—kn)> 2B + ¢, + ¢4log(r), (19)
where
_1 kn+2kf+2¢(kf—kn)> 2
€173 ((kn+2kf—2¢(kf—kn) h2p (20)
1 kn+2kf+2¢(kf—kn)) 20 (kn+2kf+z¢(kf—kn)) 2
“2= 4—(((kn+2kf—2¢>(kf—kn) hif =2 (ken+2kp—2¢(kp—ky) haf log(ha) (21)

Eq. (13) with boundary conditions (15) and (16) is solved numerically in Mathematica. This
technique is based on the Runge-Kutta method with 4th order. Graphical analysis is presented in
the next section.

4. Result and Conclusion
Objective of this part is to investigate the impact of diverse physical parameters on the velocity
distribution, temperature distribution and heat transfer coefficient with illustrate by graphical

results presented in Figure 1-19. The parameters contain the Grashof number, the Hartmann
number, the Darcy number, heat source parameter, viscosity parameter, nanoparticle volume

321



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 63, Issue 2 (2019) 317-328

@

fraction, the phase difference and the amplitudes of left and right walls. These calculations are
founded on nanofluid properties authenticated in Table 1.

Table 1

Thermo - physical properties of H,0 & Cu0
Physical properties  ¢,(J/kgK) p(kg/m?)
H,0 4179.0 997.1

CuO 540.0 6500.0

k (W/mk) y+ 10-5(1/K)
0.613 21.0
18.0 0.85

4.1 Velocity Profile

Figure 1-9 describes the velocity profile w, as a function of (r), for numerous values of
parameters, where the other parameters are static. Figure 1 shows the effect of viscosity parameter
(a ) on the velocity profile, the velocity is increasing near to walls with increases of (« ) values, but
the velocity is nearly not affected by enhancement of this parameter in center of the tube .The
influence of the Darcy number (K) and the heat source/sink parameter () were shown in Figure
2 and 3. Notice that higher values of the Darcy number and the heat source/sink parameter
decrease the velocity in the center of the tube but the situation is inverted by the side of the tube
walls. In addition, Figure 4 reveal that as Grashof number (Gr) increase, the velocity profile
increases close to the walls of tube whereas it not effects at the central of the tube. In Figure 5, one
can note that the axial velocity rises with an increase in amplitudes of left wall (€,). Figure 6 displays
that the increase in nanoparticle volume fraction ( ¢ ) decreases the fluid velocity at the right wall
of the channel while Gradually effect of this parameter decreasing towards middle and left wall.
Figure 7 and Figure 8 are depicted to study the influence of amplitudes of right wall (&;) and the
phase difference (¢ ). these figures mention that an increase in (&;) and (¢ ) the axial velocity
decreases near the left wall for ( 0 < r < 0.976) . While the velocity increases in the rest of the
tube with values of ( 0.976 < r). Also, Figure 9 designates that the great values of the Hartmann
number (M) reduce the velocity at the walls of the tube and the influence of this parameter is
progressively fading in the core of the tube. this result is expecting because the realty that an impact
of magnetic field produces a Lorentz force that is a resistant force.
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Fig. 1. Velocity distribution with different values of
() 2=0.7, Gr= 2.0, & = 0.04, f = 2, % =02, ¢=
n/3, g, = 0.1, &, = 0.5,K=0.5, M=1

Fig. 2. Velocity distribution with different values
of (K) z= 0.7, Gr= 2.0,¢ = 0.04, § = 2, 3—5:
02,9 =1/3,66=0.1,a=0.1 & =05 M=1
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Fig. 3. Velocity distribution with different values of
(f)z= 0.7, Gr= 2.0,¢ =0.04, a=0.1, Z—Z’:
02,9 =m/3,&, =0.1, &, = 0.5,K=0.5,M=1
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Fig. 5. Velocity distribution with different values
of (&) 2= 07, Gr= 2.0,¢ = 0.04, § =2, 2=
02,9 =m/3,a =0.1,& =0.5K=0.5 M=1
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Fig. 7. Velocity distribution with different values
of (&;) z= 0.7, Gr= 2.0,¢ = 0.04, f =2, Z—:=
0.2, ¢ =m/3,a=0.1,& =0.1,K=0.5M=1

00 05 10 15 20 25 30
r
Fig. 4. Velocity distribution with different values
of (Gr)2z= 0.7, f= 2.0, = 0.04, a = 0.1, 3=
02,9 =m/3,& =0.1,6, =0.5,K=0.5 M=1

Fig. 6. Velocity distribution with different values
of () z= 0.7, Gr= 2.0, =2, g—i’: 0.2,¢ =
n/3,a =0.1,¢& =0.1, &, = 0.5,K=0.5,M=1

Fig. 8. Velocity distribution with different values
Of ((p) z= 07' Gr: 201¢ = 0.04, B = 2; Z_IZ):

02,6, =01,a=01,& =05,K=05 M=1
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Fig. 9. Velocity distribution with different values of
(M) z= 0.7, Gr= 2.0, ¢=0.04, B=2, dp/dz= 0.2, o= 1/3,
a=0.1,&=0.1,&=0.5,K=0.5

4.2 Temperature Distribution

The Figure 10-14 clarify the effect of several physical parameters on fluid temperature
distribution. Figure 10 shows result for the growing value of the heat source/sink parameter (f)
tends to increasing in temperature profile. Figure 11 describes the variation in temperature for
increasing values of the nanoparticle volume fraction (¢). It is remarkable to remind here that
adding of nanoparticles and rising their volume fraction has considerable impacts on axial
temperature of fluid. It is established that axial temperature decreases with increase in volume
fraction of nanoparticles. In actuality, thermic conductivity of nanofluid is greater with the raise of
nanoparticle volume fraction that smooth the heat transfer therefore decreasing the temperature.
This is clear from decreasing temperature profile of the nanofluid with increases the nanoparticle
volume fraction. From Figure 12, it was shown that the effect of amplitude of left wall (¢;) on the
temperature profile .The temperature increases with increase in (¢;) .The behaviors of amplitudes
of right wall (¢,) and the phase difference (@) on the temperature were illustrated in Figure 13
and 14, the temperature increases at right wall and in the middle.
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Fig. 10. Temperature profile with different values of  Fig. 11. Temperature profile with different values of
(B)z=0.7,¢ =0.04,9p =m/3,& =0.1,&, = 0.5 (¢)z=0.7,=2.0,9 =1/3,&, = 0.1,&, = 0.5
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Fig. 12. Temperature profile with different values Fig. 13. Temperature profile with different
of (1) 2= 0.7, = 0.04, ¢ =1t/3,8 = 2.0, &, = values of (&;) z= 0.7, ¢ = 0.04, ¢ = 1/3, & =
0.5 0.1, =20
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Fig. 14. Temperature profile with different
values of () z=0.7, = 0.04, 5 = 2.0, & =
0.1,&,, =05

4.3 Heat Transfer Coefficient

Variance between temperature of fluid and temperature on the wall made the heat transfer
coefficient occurs from wall to fluid. Heat transfer coefficient at the left wall of the tube Z,,; was
taken graphically for several physical parameters through Figure 15-19. Z; is increasing the heat
source/sink parameter( ) and the nanoparticle volume fraction (¢) effect is negligible (see Figure
15 and 16). Also one can note in Figure 17 the value of heat transfer coefficient decreases in region
(—=0.25 < z <0.25) and increases in the remaining region with the increasing of left
wall amplitude (g€1). In Figure 18 we noticed that when (z < 0) heat transfer coefficient
increases with increasing the amplitude of right wall (€2) but this behavior is reversed, when z >
0. Mixed behavior of the heat transfer coefficient is observed upon increasing the phase difference
parameter (¢) via Figure 19.
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5. Conclusions

In this mathematical model, we showed the effects of magnetic field and heat transfer on the
peristaltic flow with a variable viscosity dependent on temperature through a porous medium in
an asymmetric vertical tube. The governing equations are simplified under the suppositions of
long- wavelength and low-Reynolds number. The approximate solution is obtained for velocity
whereas the exact solution is obtained for temperature and heat transfer coefficient. We
concluded the axial velocity increase at the walls with increasing of (a) and (Gr) parameters
whereas nearly not affected in middle of center of tube. The axial velocity decreases at the center
part of the channel with the increase in (f) and (K ) while it enhances near the channel walls. It
is observed that (M) has reverse influence and The CuO nanoparticles (¢) have virtually impact on
the axial velocity close to the right wall and the velocity profile increase at the walls with increasing
of (&) . Increase in nanoparticles volume fraction (¢p) shown decrease in temperature profile. The
temperature distribution exhibits increase when (£, €1, €;5),and () increase. For different value
of the parameters that control the heat transfer coefficient, it is related that the temperature
increases up to limiting value of (z) and take opposite effect where (z) increase over that limiting
value.
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