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Abstract: In this investigation, we analyzed the effect of the magnetic field on the peristaltic motion of the
(AlL,O, / H,0) nanofluid in a vertical asymmetrical channel utilizing heat and mass transfer. The present

problem's unsteady governing equations are modulated. After converting the unstable equations into steady
equations and applying the lubrication theory approximation, the long equations are reduced. The perturbation
method is used to solve coupled nonlinear differential equations analytically (such as the concentration and
temperature equations). The stream function's exact solution is also computed. Plotting the velocity profile,
pressure rise, temperature, and concentration data is done using MATLAB, while generating the streamlines is
performed with MATHEMATICA.
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1. Introduction

Peristalsis refers to the gradual wave of surface contraction and expansion on the pliable wall of a conduit or
channel that transfers fluid from a low-pressure to a high-pressure region. By selecting the peristaltic wave train
that passes through the walls with different phase angles and wave amplitudes, an asymmetric channel is
created. Recently, scientists have become intrigued by their extensive utility in the fields of manufacturing,
physiology, and engineering.This principle is utilized in numerous glandular ducts and physiological processes,
including the movement of urine from the kidney to the bladder, the rhythmic motion of the digestive system,
the flow of intrauterine fluid, the vasomotion of the small blood vessels, and the lymph in the lymph vessels.
There are several industrial uses for this system, including the transportation of caustic liquids in the nuclear
sector, hazardous liquids, sanitary liquids, sensitive materials, etc. Some attempts dealing with peristalsis are
presented in [1-4].

Magnetohydrodynamic (MHD) physiological fluid peristaltic movement is significant in medicine and
bioengineering. In fact, the motion of a conducting liquid across a magnetic field induces an electric current.
When a magnetic field acts on a current, mechanical forces emerge that alter the fluid's path. The principles of
MHD are used in the functioning of compressors, blood pump machines, heat exchanger design, flow meter
design, power generator design, radar system design, and many more applications. These types of
bioengineering and medical science principles have been used for a wide variety of applications, including the
transport of targeted medications, the reduction of surgical bleeding, the creation of magnetic devices for cell
separation, the creation of magnetic tracers, hyperthermia, and many others. Magnetic field therapy typically
makes use of MHD non-Newtonian materials. In particular, MHD peristaltic flows are important for solving
problems with the urinary system, altering the behaviour of cells and tissues, and treating conditions associated
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with gastrointestinal motility. In light of these considerations, there have been various developments for
peristaltic flows of MHD fluids in a channel[5-8].

The term "nanofluid” refers to a conventional fluid (water, Ethelyn glycol, oil, etc.,) that contains nanoparticles
(TiO,,AlL0,,SiO,,etc.,) and possesses considerable practical utility across various domains, including but

not limited to size exclusion chromatography, neuroelectronic interfaces, in vivo therapy, protein engineering,
cancer diagnostics and therapy, and nonporous materials. Scientists, engineers, and physiologists are presently
very interested in the study of nanofluids that are associated with peristaltic activity due to these applications.
Some researchers in the scientific community are of the opinion that the utilization of nanofluids can help
control overeating. A few current studies on nanofluid activity under various assumptions may be seen in the
attempts [9-14].

The objective of the current experiment is to investigate the influence that magnetohydrodynamic flow of heat
and mass transfer has on the peristaltic transport of alumina water (Al,O,/H,0) nanofluid along an
asymmetric vertical channel. After the appropriate governing equations have been created, the length equations
can be simplified by taking into account of large wavelength (A — o) and the low Reynolds number (Re — 0)
assumptions. By employing the series solution obtained through the perturbation approach, analytical methods
are utilized to determine the solutions to the resulting two-dimensional coupled nonlinear differential equations.
The graphical representations of the frequency distribution, velocity profile, and nanoparticle volume fraction
for the alumina water nanofluid were generated utilizing the Matlab software. In addition, the contour plots for
the stream function are illustrated using the Mathematica software. In conclusion, a detailed explanation of the

most significant things that can be learned from the findings. This work can be extended with Hybrid
nanofluids.
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Figure 1. Flow Geometry

2. Mathematical formulation

Peristaltic motion of two-dimensional viscous, incompressible (Al,O, / H,0) nanofluid via an asymmetric
vertical channel walls covered by h{and h’zsee Figure 1. The flow is propagated by sinusoidal wave trains

with constant wave speed c in the direction of X' are given by

hi (X, ¥)=-d, -3, cos%(f(’—cf’)m
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h;(X’,f’)=d1+alcos%(>~<’—cf') @)

Here wave speed C, channel width d, +d,, the wave amplitudes &,, 8, , phase difference ¢ €[0,7] ¢=0
then the waves are out phase (symmetric channel) and ¢ =T then the waves are in phase. Moreover,
d,,d,,a,,a, . ¢ satisfies the relation

a’ +a’+2aa,cosp<(d,+d,)’(2)

The nanofluids thermophysical properties are

36'(o, — o)

(pcp)nf :‘&5'(pcp)s +(1_‘&;,)(pcp)f1 an :( +Gf’ pnf 2(1_{5-')pf +a'ps’

zj+21j+(1—csfcs)

here @' is the nanofluids solid fractional volume, o, . (PC,), and p,, are the nanofluids electrical

conductivity, specific heat and density.

The governing equations are

o {50 —o0 50}_ P , 08, 35 _o,BU
nf V.

ot oX oY| X oX oY  p,

+(1_C0)pnfga (T_TO)+(pp P )gﬁ (C_Co) (3)

Pt NGV NP By By 4)
ot oX oY oY oX oY
(pCp) {£+U£+\_/i}:Kn{g+gJ
ot oX oY oxX? oY
oCoT oCoT]| D oTyY (aTy
T (it o i . 5
+(0C.), DB{@)‘( XN a‘}TM (Cs), Kaxj +(an }( :
C ~ ~ 2 2 2 2
@4—0@4—\7@ ZDB aTE—i—aTE +& a_-l;+aT-l; (6)
ot oX oY oX® oY Ty OX® oY

In which V', U’ are the velocities in Y’,X' directions, P’ T',B,, C', T', T, k ,D; ,and Dgare the

pressure, time, electrically conducting magnetic field, concentration, temperature, mean temperature, chemical
reaction parameter, thermophoresis parameter and Brownian diffusion coefficient respectively.

Physical properties | P(kgm™) ¢, (JkgK™) k(Wm™K™) | p(Kgm's™) o(Sm™)
Water (H,0) 997.0 4179.0 0.613 8.91x107* 0.05
Al,O, 3970.0 765.0 38.5 - -

Table 1. Thermophysical properties of water and AlLO,
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The (Al O, / H,0) nanofluids thermal conductivity, Prandtl number and viscosity (Table 1) are described as

k. =(4.97&"% +2.72& +1)k,, Pr, =(82.16" +3.9& +1)Pr,,s p, = (1236 +7.3& + 1),
nf f nf f nf f

(@)
Introducing Galilean Transformation
y=Y,u=U-C,X=X-ct,v=V (8)
Applying Eq.(8) intoEgs. (3)-(6) we get
A, NV_g ©)
ox 0oy
] 0S
cd, (_+C)a—u+7@ _ P B Py oy (u+1)
oX OX oy 6‘ oX 637 C;
+(1-Cy)py 9, (T- 0)+(pp—pnf)gﬁ(C—C0) (10)
U oS,, oS
o —C@+(U+C)a—u+vg _ P Py Py (11)
X X oy dy X oy
(e.),[cZ 0+ 01T+ T -k, (214 2T
oX oX oy ox® oy (12)
aCaT oCaT | Dy ary (eTY
L N R
—~ —~ 2 2 2 2
B (@) e |op,[7C, 28] Bl T o o
oX oX oy oxX® oy Ta | OX° oy
The dimensionless variables are
- — Y - 2— — — c
x=§,y=l,hl=£,h2=&,6=$,P= d. P U= ,v=—tPr, =“f( ), R _ picd,
A d, d, d, A Cu A c cd K, L

- CCo g T-To o _(1-C)pg,d/(T-T, ,Gn:(pp—pf)gédf(cl—co),M:\/c_TBod“ (14)
He

N, = ),Nt= o 1= Sy =——S,.,S, =——S,,,S,y =—S,,

where Nb , Pr,, Nt , 7 ,Reand t are Brownian motion parameter, Prandtl number, thermophoresis diffusion

parameter, chemical reaction parameter, Reynold’s number and effective heat capacity.
The stream functions is

Oy
oX

u= 8\41 andv =

Applying Eq.(14) into Egs.(10)-(14), and assumptions of low Reynolds number, long wavelength
approximations, and into Eqs.(10)-(14) in terms of stream function as follows

P _ By +Pr G o+G, - M2 (v, +1)(15)
OX o P G

1201



TuijinJishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol. 44 No.6 (2023)

opP
T —0(16)
oy
) 2
a—?+PrNbﬁa—q’@+PrNtﬁ(@J =0 (7)
oy K. Oy oy Ky \ Oy
2 2
3_?+ﬁ5_?:0(18)
oy° Nboy
where

by [ O
Syy == : [5’}/2 J’
From Egs.(15) and (16)

4 2
Oz_an[a \Vj_i_pnf GTae-FG a(P_an Mz(a Wj
(20)

e ay4 Ps oy " o  ps 6)yz

The boundary conditions are

F
W=—E,\Vy=—1,6=0,(p=0aty=hl:—d—bCOS(X+¢), 21)
4 =5V =-1,0=1¢=1aty=h, =1+acosx,
3. Solution of the Methodology

Egs.(17) and (18) are coupled nonlinear partial differential equations. It is therefore impossible to calculate an
exact solution. Consequently, the regular perturbation method is used to derive serial solutions for the small

parameter b". Thus, we develop @ and ¢ as follows
0=0,+p0,+p"0, +... 22)
P=@, + '@, +p’e, +...(23)

Substitute the result of Eqs (17) and (18) into Eqgs.(22), (23)and p’ —1we get directly as follows

2

f=cy+c,+cy+c, +y—A2
2 (24)
N 2
p=CYy+C,+CY+C _N_tAzy?
° (25)
Exact solution of Eg. (20) with the help of Eq. (21) is as follows
y=B, +B,y+B,y’ +B,y’ +Ae " +A, Yy (26)

Due to page restrictions, all the constants appeared in Eqs (24)-(26) are ignored. The pressure rise Ap, for single
wavelength is defined by
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2n d
Ap, = | d—zdx @7)

0

4, Result and Discussion

4.1.Velocity and pressure rise

This section presents the graphical analysis of the fluid velocity, Pressure rise, temperature, concentration and
stream functions for a variety of significant parameter values. The variation of the velocity profile for the
Hartmann number was shown in Figure 2(a). This graphic shows that the (Al,O, /H,0) nanofluid's velocity

decreased for Magneto hydrodynamic flow near the centre of the channel. The fact underlying this action is the
resistive nature of Lorentz force, which reduces fluid velocity. Therefore, the bigger magnetic number's opposite
behaviour is advantageous for treating conditions like depression, cancer, joint difficulties, and migraine
headaches. Impact of ¢ on velocity profile is depicted in Figure 2(b). From this figure we observe that the fluid

velocity diminishes for enhancing the values of ¢ .The influence of the concentration Grashof number G, on
velocity is shown in Figure 2(c). Since the concentration Grashof number G, is the ratio of buoyant forces to

viscous forces, it has an inverse relationship with viscosity. Because high viscosity restricts blood flow, and low
viscosity increases blood flow velocity through the human body, the end result is high blood pressure. As a
result, bigger quantities of concentration Grashof number G are required to slow blood flow.
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Figure 2.Variation of velocity for (a) M, (b) ¢ and G, with ®=1.9,d=1.1,a=0.4,

M=2,G,=05b=0.3, <|>:g,w:o.1,|\|t =0.2,N, =0.3,x=0.1,p=1

We examine the changes in velocity distribution as the Grashof number G increases from lower to higher
levels. Because the acceleration in Grashof number G, increased buoyant forces while decreasing viscous
forces, the velocity profile improved. The axial velocity is observed to decrease in the region y y<0.1,

however after the centerline, the velocity behavior reverses and becomes dominant in the region y >0.1.
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Figure 3. Variation of Pressure rise for (a) M and (b) ¢ with M=2,G, =0.5,G, =0.5,b=0.3,

At the midline y=0.1,, all of the graphs blend, indicating that this is the intermediate region of the velocity

profile and that all fluid particles have the same velocity at this point. However, the extreme flows occur at the
peristaltic wall's right and left ends.Figure 3(a) and (b) plotted for variation of pressure rise for Hartmann

number and phase difference against ® From Figure 3(a), it reveals that, the pressure rise of A|203 / HZO

nanofluid is lowered in the retrograde region (Ap >0,® < Q) peristaltic pumping region (® > 0,Ap >0).

Pressure rise diminishes in the augmented pumping regions (0 <® <0.5) and boosts in (® > 0.5). As seen in

Figure 3(b), the pressure rise decreases everywhere the phase angle values are improved.

4.2.

Temperature and concentration

There are numerous uses for biomedical engineering that rely on mass and bioheat transfer via peristaltic
motion. Thermal energy exchanges between various physical system components are related to the process of
heat transfer. Heat transfer rate is generally dictated by the physical characteristics of a medium and the
temperature difference between compartments. Bouyancy force affects a fluid's movement through a medium,
whether it is Newtonian or not. The movement of fluid transports heat from one spot to another and from one
particle to another during convective heat transfer. Furthermore, heat transport includes tissue conduction, heat
convection caused by blood flow through pores in tissues, and hemodialysis, vasodilation, and oxygenation.
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Figure 4. Variation of Temperature for (a) N,and (b) N,with b=0.5,0=1.9,d=1.1,¢= g,x =0.1,

©=01a=04N,=021t=01p=1.
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The temperature profile for the thermophoresis parameter Nt is shown in Figure 4(a). The values of Nt clearly
characterize the intensity of thermophoretic effects. Increasing the thermophoresis parameter Nt values
improves the temperature profile. Physically, the thermophoresis parameter Nt increases the density of the
thermal boundary layer, resulting in an increase in temperature as thermophoresis increases. For greater Nt
values, boundary layer thickness is greater. In thermophoresis, tiny particles are pushed from a warm surface to
a cold one, thereby increasing the temperature. Brownian diffusion coefficient Nb versus temperature profile are
depicted in Figure 4(b). With an increase in Nb, the temperature profile in the channel falls. Figure 5(a) depicts
the concentration profiles for various values of Nt. The concentration in the channel falls with increasing Nt.
The effect of Nb is illustrated in Figure 5(b). This graph demonstrates that the concentration increases as the
Brownian coefficient Nb increases.
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Figure 5. Variation of Concentration for (a) N, and (b) N, with

b=0.5,®=1.9,d=1.1,¢=%,x=0.1, ©=01a=04N,=02t=01p=1

4.3. Trapping phenomenon

The process of streamlines capture is one of the most important peristaltic pumping phenomena. In essence,
closed streamlines generate a fluid bolus that circulates organically. This bolus was captured and propelled
forward by peristaltic movement.
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Figure 6. Streamlines for (a) M =1and (b) M = 4 with b=0.3,G, =0.5,G, =0.5,

©=19,d=1.1a=0.4, ¢:%,m=o.1, N,=0.2,N, =0.3,x=0.1.
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Figures 6(a,b) show the behavior of streamlines in relation to the Hartmann number. The size of the trapped
bolus diminishes in the left wall and enhances in the right wall when the magneticM parameter is increased. In
addition, the trapped bolus disappear in the left wall for larger magnetic parameter M. The phase difference on
the streamlines changes, as seen in Figures 7(a,b). The middle region's emerging bolus is observed to move
leftward and get smaller as it gets better. The bolus disappears and the streamlines travel parallel to the
boundary walls at greater phase differences.

2 P (b)
C =

-13 -10 —05 0.0 0.5 1.0 1.5 -5 -0 -0.5 00 05 10 15

Figure 7. Streamlines for (a) ) — O(b) ¢ = gwith M=1b=0.3,G,=05G, =05,

©=19,d=1.1a=0.4, ¢:g,m=o.1, N,=0.2,N, =0.3,x=0.1

5. Conclusion

In this paper, we studied heat and mass transfer analysis on the effect of magnetic field of (Al,O,/H,O)

nanofluid through vertical asymmetrical channel under the peristalsis. Key findings of impact of various flow
parameters are presented below.

> Velocity of the fluid reduces for M enhances.

> Pressure rise diminishes in the retrograde and peristaltic region when M enhances but rises in the
augmented pumping region. Pressure lowered throughout the region when ¢ rises.

> Nanofluid temperature enhances for larger Thermoporesis parameter but opposite trend concluded in
the concentration profile.

> Temperature and nanofluid volume fraction diminishes for Brownian motion parameter boosts.
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