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Abstract:

The purpose of this work is to determine transferred heat features and irreversible
transport peristaltic of nanomaterial fluid through a porous medium with an inclined
symmetric channel. Expression of the basic velocity, pressure gradient, temperature,
and stream function profiles within the boundary layer are plotted and discussed in
detail via various values of the distinct parameters. Nanoparticles of hybrid
nanomaterial impacts are also used. In the present article, water is used as a base
liquid while nanoparticle contain polystyrene and graphene oxide. Over time, it is
observed that there are distinct factors and effects such as magnetic field and
porosity parameters. Mathematica software is used for estimating the exact solutions
of axial velocity and temperature profiles. Additionally, the resolution of equations
are considered under the small Reynolds number and large wavelength
approximation. Results with plotting graph access via MATHEMATICA (11) are
listed.

Key words : ,Peristaltic Flow , Hybrid Nanomaterial ,Irreversibility, Inclined
Channel, Porous Medium.
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1- Introduction

Now days, due to the effects of peristalsis experience in various industrial and biological
aspects, many articles have concerned with this subject. Peristaltic is a pattern of the transfer
of fluid that caused by constriction or extension by the region of flexible channel over the
length. Because of peristaltic motion mechanism and its extensive using in medical
engineering and medical field, it is considered extensively by recent investigators. At
consideration of suspension of different nanoparticles combinations with base fluids,
therefore this newly formed of nanofluids is termed as hybrid nanofluids. Nevertheless ,
publication in [1] , the work by Choi of the Argonne National ,USA, representing anomalous
increasing in conductive of thermal at base of fluid with low volume of nanoparticles . The
nanoparticles shapes and slip features in peristalsis driven motion of magneto hybrid
nanoliquid has been exhibited by Iftikhar et al.[2]. Zahan et al.[3] have shown that, while the
impact of connective in hybrid nanoliquid flow first work on hybrid nanoliquid in heat
energy has been paying attention by Sheriff et al.[4]. Most of research material like in Kareem
and Abdulhadi [5] display heat and mass impacts on Hydrodynamic Peristaltic. Initial
discussion of Mechanism of peristaltic transport is natural increased to expansion and
contraction of symmetric channel. The movement that was determined by Saleem et al.[6]
which was through tube contain hybrid nanomaterial. The important investigating of
peristaltic motion in no uniform channel has been disclosed by Akbar et al.[7]. Almost studies
[8,11] deal with MHD problems under different looks. The investigated researches Abbasi et
al. & Imran et al. respectively [9,10] represented the flow of peristaltic of fluid attention via
features in nanomaterial. Furthermore, in [12] Sheriff et al. dealt with different forms of
nanoparticles in a non-uniform channel. Peristaltic flow with nanofluid under effects of heat
source, in an inclined channel with two walls was described by Salih and Habeeb in [13].
Peristalsis mechanism has been proven to be very helpful in transportation of fluid.

Now days, some newborn researches applicable in this experience offered and remarkable
research outcomes in this regard can be seen in [14-17].

Finally, the plan of current study is to resolve MHD(Magneto-hydrodynamic) fluid with
constant viscosity, adopting conservation Laws of mass that appears by simulated equations.
Then all obtained results present the physical manner of different emerging parameters that
illustrated by many graphics and plots.

2- Mathematical Formulation

We consider MHD fluid flow of water based on hybrid nanofluid in two-dimensional non-
uniform asymmetric channel, through a porous medium .The motion is induced magnetic
impacts are neglected, while the flow field is effected by the considered uniform magnetic

strength B . The grapheme oxide and polystyrene are considered the nanoparticle
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Y-axis T=T0

Figure 1: Geometric representation for the flow phenomenon

The equations of walls geometry are stated as follows ..

h =d, + aisin[zf(f - ct)} Upper wall @)

h, =-d,-a, sin{%(f—ctﬁ (p:l Lower wall )

Where a; & a, show the wave amplitudes of upper wall and lower wall, the wave length

is represented by (A), the velouty wave of peristaltic (C) , the time is (t) The Cartesian
coordinate denotes by ( X Y ) , the phase contrast (@) with symmetric channel.

On the other hand,d;,d,, &;, @, & @ satisfy the following association at the inlet of
divergent channel

a3 +a? +2a,a,Cos(p) <[d, +d, [ (3)

_ Further, the flow phenomenon is fundamentally unsteady in laboratory coordinate system:
(X,Y,t) . However, the relationship between the two frames is displayed for stable flow by

the following form and it can be treated as steady flow in a coordinate system (X, Y ), where
we switch form Iaboratory frame to wave frame.

x=X-ct,u=U-c, p=P, y=Y,v=V (4)
In which the velocity components pressure and temperature in the wave frame 15
designated respectively by u,v,p,T.

3- The Governing equations

The governing equations of motion for hybrid nanofluid model, with an inclined
asymmetric tapered channel for the current problem are given by[12]:
The Continuity Equations:

u, v o (5)

8x oy
The momentum equations:
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Where U represents the axial velocity along X - directions, v represents the transverse
velocity along Y - directions, and the temperature is T.

Here, Pnnf » Lhnf » Chnf ,<,0C|D>hmc , K, By, ¢0 and K, represent the effective density ,

dynamics viscosity , electrical conductivity ,heat capacitance , permeability parameter ,
magnetic strength , heat absorption coefficient and thermal conductivity for hybrid
nanomaterial’s , respectively.

Now, we introduce the next dimensionless quantities and variables as follows to simplify
the governing equations:

_ - ,—
\
X:i,yzz,u:E’V:i’tzc—t’z}:’u—f,¢:9’§:§’p: a p
A a C co A Yo, a A CAM ¢
g -To ,hlzﬂ,hz:ﬂ,blzﬂ,d:d_{bzza_{ > (9)
To d, d, d, d, d,
Hi ToKi Cp) AT J

Where % Y UV, 8,6,01,05,d,t, P& e components of dimensionless coordinates ,
the axial velocity , dimensionless of transverse , the wave frame , the amplitudes of upper
wall , the amplitudes of lower wall , dimensionless of time , pressure and temperature,
respectively. Also, we shall use several dimensionless parameters that are registered above ,M
the Hartmann number , /8 represents heat source/sink parameter(heat absorption parameter |,
and Br is the Brinkman number .

By applying the dimensionless variables in (9) , with flow being steady , the equations
(5) to (8) become
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Implementing by long wavelength (5<<1) and approximating of low Reynolds number,

with using relationship between stream function and velocity components that defined down

in “Eq.(13)” .

u= 8_(,// , = _58_‘// (13)
oy X

“Eqg.(11)* and“Eq.(12)” become

oy oy _

Xy Oyox (14)

Op _ O || Hbnt OU | 4ol Ohaf | | Hbof iu, 5

Ox Oy|| Mr |OY o i |D

Op _ O || Hnnf | 0%y M2 O hnf {81//}_ Hnnf 1{8;{/} (16)

ox oy i Mg | 8}/2 O oy yor D| oy '

Further, we introduce the mathematically form for effective thermal diffusivity effective
thermal conductivity of hybrid nanomaterial and porosity parameter as follows:

k
T — /’lhnf ’ E - Ghnf , K = hnf D _ k (17)
7z o¢ Ky a’

op _
oy 0 (18)

2 22,\2 Y (19)
K—2+B,-T<—lg> +BM 2E<—’/’+1> LB =0

oy oy oy

By differentiating “Eq.(16)” , we obtain an equation, which is free of pressure gradient as
follows:

4 2 2
Ta—'Z—MZE{a '4 Ti{a—"z’}o (20)

oy oy D| oy
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The boundary conditions with dimensionless wave frame are:

a2
w =0, _1/2/:0, at y=h h
(21)
W:F]J a_W:—]_’ at y:h2 >
oy
Expression that keeping with subjected boundary conditions (21) , where( F,) is the non-

dimensional mean flow rate in the wave frame:

a —a.
w =ag(e™’c, +e?Vcy) +C3 + Yey (22)
where
M 2E 1+a,D D 23
aQ = p A= % , A= (23)
T D 1+a,D

ea2h2 (Fl - hl + h2)

C, =—
1
2a —h 2a 2a,h 2a 2a,h
aB(e 2(IH 2)—a2h1(e 2hl+e 22)+a2h2(e Zhl+e szj
2a,h +a,h
2:
2a 2a,h 2a,m  2a,hp 2a,iy  2a,hp
aS(—e 2hl+e 2 2-—a2h1(e 2 +e 2 )-—azhz[e 2 +e 2
24
2a2m_ 2a2h2 2a2m_ 2a2h2 ( )
h| -e +e +(aZEL e +e
C3:
2a, 2a,h 2a,iy  2a,hp 2a,iy  2a,hp
(—e 2rﬁ'+e 22 +aﬂh(e 2 +e 2 )—azhz(e 2 +e 2
2a 2a,h 2a 2a,h
(—e 2hl+e 22+(a2F1)(e 2rEL+e 22))
C4:
2a 2a,h 2a,ly  2a,hp 2a,m  2a,hp
(—e 2m-+e 22 +a2m(e 2 +e 2 )—azhz(e 2 +e 2

Now, we introduce the boundary condition of non- dimensional temperatbhre & in the
wave frame as follows:

At y=h, %=0,
oy oo (25)
At y=h,, G+y—=0.
oy

The exact solution of temperature Eq.(18), that satisfies the boundary conditions (25), can
be obtained as follows:

(26)

g__Y(B.(A+a)EM* +aiT)+B)

C
ok TG +YG
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Where
 (a+a)B,E;M? +a2B,T, + g)2hh, —hZ +2y(h, —h,)
1 2k ! @7)
nfa+a)B,EM?+a2B,T, + 5))
2 — [

k

The values of coefficient (C;,C,) can be determined with the boundary conditions in ( 25)

Eq., Also, by using MATHEMATICA listing version 11 .
Additionally, we present the solution of axial velocity equation via differentiating of
stream function with respect to (y), then we get the form of its term as follows:

32 (54, +d,~d1y-+h,+2h,)

eaz(d2+d1y+h2)(_d /D eaz(d2+dly+h2)d /D ed1
1 1 1 1

222 4y (-1+y)-hy) ~2a2

-d,-d,a2—-de ™

(G-
a2—-d,e ™ a2+d,Fla2+

—2a2 -a2 a2
(dy (=1+y)—hy) T(d2+d1y+hz) CT(Zdierz_le*Zhl*hz)
1

de Fla2—-de * F-de Fla2 (28)

282 (4, (-1ey)-h) “282( 4, (-14y)-hy)

y=_b@+re” a2h —b,(l+e * az2h,))

232 4, vy +hy+hy)

(d,4/D, —d,/D,e * +(d, +d,)a2+

222 (4,10 by ) )
1 1

(d,e +d,e )a2+

2324, 1, +hy+hy) 2324, 1, +hy+hy)

+b(@d+e® ya2h, +b,(Ll+e yaz2h,))

4- Graphical results and discussions ..

In this section, we discuss the impact of parameters on axial velocity, magnetic force,
pressure gradient, temperature, stream function for various values. The results are described
by the graphical clarification while the software program of Mathematica was used to obtain
the results. The trapping aspect was also studied and described through graphs.

4.1- Velocity Profile ..

Various parameters that we use to calculate the profile of velocity cross section of the
channel. The axial velocity is calculated at the (x = 2) cross section. Clearly in figure (1)
form (A-F) parabolic distribution of velocity and at the center of channel it increases. Fig. A
provides the value of (M ) on the axial velocity, where the increasing in value of it leads to
decrease in velocity. We observe that the velocity profile decreases with increasing the value
of (¢). It may be also noted that the axial velocity variation in apart of channel with alteration
in the value of parameter. It is important to note the change of velocity profile near the center
when changing values of (x). The influence of the parameters (D,), (E,) and (F) on the

velocity profile is shown in Figures (D),(E) &(F) .
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Figure 2: Represents axial velocity profile with different values of parameters
such as {M =1¢=1D=4F=01E =02T=4b=001d =02b,=0.1d, :O.Lx=1}.
4.2-Temperature Profile ..
Figures-3 (Al —F1) illustrate the impact of heat transfer on peristaltic flow for several

values of parameters. The present plots display important information that communicate with
the heat transference in the fluid. Fig. (Al) shows the effects of M (Hartman number), on
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temperature distribution. The temperature curves are dominant for base fluid (water) as
compared to hybrid nanofluid in the ranges (o <y <2). The graphical results show that the
temperature increases with decreasing Br (Brinkman number) as represented in Fig.(B1) .
Physically, Brinkman number is demonstrated as the quantity to measure irreversibility of
fluid resistance. However, the effects of heat source/sink parameter ( 4 ) on temperature

distribution display in Fig.(C1) .It can be

observed

that the temperature distribution

increases with increasing (¢) and () . When any decreasing in (k) leads to increase the

value of temperature.
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Figure 3: Representing the Temperature profile with different values of parameters such
asiM=1¢=1D =4,F=01E =027 =4,b=00Ld,=0.2,b,=01d,=01x=1}
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4.3-Gradient Pressure behavior ..

4.3-Gradient Pressure behavior ..

The study of behavior of gradient pressure show in Figures (4 —7) , where the alteration
of gradient pressure counter to the axial coordinate x at different wave forms. (D), (F), (T)
and the amplitude ratio effects on pressure gradient are display in Figures-(4-7). It can be
noticed from Figure-3 that increasing porosity parameter leads to increasing the pressure
gradient. It is also observed that increasing (F)and (T) leads to increasing the gradient of

pressure. In Figure-(6), it is illustrated that increasing of the amplitude ratio (¢) leads to

decreased pressure gradient. Also, it observed that the flow can be passed simply without
imposition of high gradient pressure. The Figures-show that, the pressure gradient gives low
magnitude for hybrid nanofluid .

— D1=07

— D1=0.8

— D1=0.9
M =1,4=0.01

Figure 4: The influence of (D) on ressure gradient profile at

F=01E =02T=4,
b, =0.01,d, =0.2,b, =001,
d,=01y=2

— F=0.019

— F=0.01

— F=0.025

M =1¢4=0.0,D =0.7,

Figure 5: The influence of (F) on pressure gradient profile at
F=0.019E =02T =4,

b, =0.01,d, =0.2,b, =0.01,

d,=01y=2
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— =01
— =05
— =09

. . ) ) M =14=0.1,D =0.01,
Figure 6: The influence of (¢) on pressure gradient profile at
F=0.1E =0.2T =4,

b, =0.01,d, =0.2,b, =0.01,

d,=01y=2

— T1=0.02
— T1=0.04

— T1=0.09

M =1,4=0.01,D, =0.01,

Figure 7: The influence of (T ) on pressure gradient profile at F—0.1E, =02,b,=00L

d, =0.2,b, =0.01,

d,=01y=2

4.4-Trapping Phenomena
Internally circulating of the liquid that formulation by closed streamline, where it is called

Trapping. The movement of bolus with same speed of the wave. This phenomenon is useful
in avaricious the motion in the arrangement of thrombus characters. Figures-(8-9) show
various values of effective parameters on the trapping stream lies. Analyzing the influence of
Hartman number (M) on trapping in Figure-8 when observed that the larger size of the bolus
becomes larger with the increase of Hartman number. Figure -9 exhibits that the volume of
bolus raises with increasing in porosity parameter (D).
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Figure 8: Distinct values of (™ ) that impact on Stream lines for (@)m =1 ,(b)m =2 ,(c)m
=3, at various parameters are
¢=1a=022a,=012D =1LF=01E =02T=4,b =0.01,b,=0.01d,=0.2,d, =0.1.

[IX¢] s 1.0 1.5 20 z5 0

Figure 9: Distinct values of (D) that impact on Stream lines for (a) D =1 ,(b) D =3 ,(c)
D =5, at various parameters are
@ =1,a1 = O.22,a2 =012, M =1, F=0.1,E =02, T =4,

b]_ = 0.01, b2 = 0.01, dl = 0.2, d2 = 0.1.
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Conclusion

The results of this study demonstrate that in MHD hybrid nanofluid flow in non-uniform
channel , deal with the impacts of irreversibility , porous media ,induced magnetic of
peristaltic movement on convective heat transport of fluid with constant viscosity in two wall
, actual physical quantities that shown in the governing of equations of this problem analysis
through contrary graphs. The important observations in all these expressions such as axial
velocity, temperature , stream function and pressure gradient . We can point out the following
conclusions:
A - 1t was found that the profile of axial velocity takes a parabolic shape as a centered channel
with increasing parameters.
B- Hartman number and porosity parameter show opposite behavior on the velocity profile .
C- We ignore that, the temperature value increase when the values of parametric are
increasing, while it is higher at the central channel mostly. Further, the temperature curve
grows with respect to the Brinkman number.
D - Generally, the pressure gradient profile action oscillatory in the range of the whole x-axis
for various values of non-dimensionless wave amplitude T1 and E1. The wave frame on
pressure decreases and increases gradually.
E - In the phenomenon of trapping that observes in peristalsis motion, we noted the larger size
of bolus increased, and almost the effect of Hartmann number appears when the bolus
decrease as its value increases.
F - In fact, physical applications in the transport of peristalsis moving have been considered,
due to the contraction and expansion of symmetric channel that appears in various process,
such as blood transformation, ureter, and other human body areas.

References

[1] S.U.S.Choi, "Nanofluid technology : Current Status and future research ", in Proc , Korea-U.S.
Tech. Strategic Technol. , Vienna , USA, 1998 .

[2] Iftikhar ,N.,Rehman,A.,Sadaf,H.,&Igbal,S.,” Study of Al.Os/copper—water nanoparticle shape,
slip effects, and heat transfer on steady physiological delivery of MHD hybrid
nanofluid”,Candian Journal of Physics ,vol.97,n0.12,pp.1239-1252,2019 .

[3] Zahan, I., Nasrin, R. &Alim, M. A.,"Mixed convective hybrid nanofluid flow in lid-driven
undulated cavity: effect of MHD and Joule heating," J. Nav. Archit. Mar. Eng , vol. 16 , no. 2, pp.
109-126 ,2019.

[4] Sheriff, S., Akbar, N. S., Sadaf, H. & Mir, N. A. ,"Heat and peristaltic propagation of water based
nanoparticles with variable fluid features,"Phys. Scr.,vol. 94 no. 12, 125704 , 2019.

[5] Kareem and Abdulhadi, "Impacts of Heat and Mass Transfer on Magneto Hydrodynamic
Peristaltic Flow Having Temperature-dependent Properties in an Inclined Channel Through
Porous Media", Iraqi Journal of Science, vol. 61, no. 4, pp.854-869, 2020.

[6] Saleem, A. et al. "Physical aspects of peristaltic flow of hybrid nano fluid inside a curved tube
having ciliated wall ," Results Phys19,103431 ,2020 .

[71 Akbar,N.S., Butt, A. W. & Tripathi, D., “ Nanoparticle shapes effects on unsteady physiological
transport of nanofluids through a finite length non-uniform channel ,” Results in Physics”, vol.
7,pp.2477-2484, 2017.

[8] Ghazi and Waleed , "Impacts of Porous Medium on Unsteady Helical Flows of Generalized
Oldroyd-B Fluid with Two Infinite Coaxial Circular Cylinders," Iragi Journal of Science, vol. 62,
no. 5, pp.1686-1694, 2021.

[9] Abbasi, F. M., Gul, M. &Shehzad, S. A.," Effectiveness of temperature-dependent properties of
Au, Ag, Fe304, Cu nanoparticles in peristalsis of nanofluids,” Int. Commun. Heat Mass Transf. ,
vol. 116, 104651 ,2020.

[10] Imran, N., Javed, M., Sohail, M. &Tlili, 1." Utilization of modified Darcy’s law in peristalsis with
a compliant channel: applications to thermal science,”" J. of Material Research and Technology
,vol.9,no. 3, pp.5619-5629 ,2020.

5650



Salih and Abdulhadi Iragi Journal of Science, 2024, Vol. 65, No. 10, pp: 5638-5651

[11] Mohaisen and Abdulhadi, "Effects of the Rotation on the Mixed Convection Heat Transfer
Analysis for the Peristaltic Transport of Viscoplastic Fluid in Asymmetric Channel , " lraqi
Journal of Science, vol. 63, no. 3, pp.1240-1257, 2022.

[12] Sheriff, S. Ahmad & N. A. Mir, "lrreversibility effects in peristaltic
transport of hybrid nanomaterial in the presence of heat absorption” ,nature.com/scientific
reports/, vol. 11, 19697 , 2021.

[13] Salih and Habeeb, "Peristaltic Flow with Nanofluid under Effects of Heat Source, and Inclined
Magnetic Field in the Tapered Asymmetric Channel through a Porous Medium, "Iragi Journal of
Science, vol. 63, no. 10, pp.4445-4459, 2022.

[14] Farooq, S., Hayat, T., Khan, M. I. & Alsaedi, A. , "Entropy generation minimization (EGM) in
magneto peristalsis with variable properties ," Comput. Methods Programs Biomed.,vol. 186,
€105045 ,2020.

[15] Sameh A. Hussein , Anas A. M. Arafa , NawalAlmalki , Lulwah AL-Essa3, |,
AbdelhafeezElIshekhipy , Saad Almuaddi , Taher Ghrib, Nouf AL-Saleem, Nehad Ibrahim .,"
Irreversibility optimization on chemically reactive in MHD of radiated Powell-Eyring nanofluid
flow with Arrhenius activation energy through Peristaltic micro vessel containing Planktonic
microorganisms,” Research Square , doi: https://doi.org/10.21203/rs.3.rs-2127282/v1 , 2022 .

[16] Aamir Ali , MehakSajid , Hafiz JunaidAnjum , Muhammad Awais , Kottakkaran SooppyNisar ,
and C. AhamedSaleel , "Entropy Generation Analysis of Peristaltic Flow of Nanomaterial in a
Rotating Medium through Generalized Complaint Walls of Micro-Channel with Radiation and
HeatFlux Effects," Micromachines, vol.13, 375, 2022.

[17] K. Muhammad, T. Hayat, A. Alsaedi, "Numerical study for melting heat in dissipative flow of
hybrid nanofluid over a variable thicked surface,"Int. Commun. Heat MassTransf. , vol. 121 ,
104805, 2021.

5651


https://doi.org/10.21203/rs.3.rs-2127282/v1

