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Abstract:

In this paper, we study the effects of a magnetic force on the flow of hybrid bio -

nano fluid (Cu - Au. NPs) for a peristaltic channel through a porous medium in an
asymmetric channel. Nanoparticles of gold and copper as well as the blood (the base
fluid) is taken into account. By using the Adomian decomposition method to solve the
governing equations, formulas for velocity, stream function, temperature, current
density, and magnetic force have been obtained. The findings show that Gold
nanoparticles have an elevation magnetic force compared with copper nanoparticles,
based on fluid (blood) and hybrid nanofluid. Finally, the phenomenon of trapping is
offered as an explanation for the physical behavior of many parameters. The effect of
physical parameters is plotted and analyzed by using the Mathematica software.

Keywords; Porous medium, Adomain decomposition technique, Peristaltic transport,
Magnetic force, Current density.
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1- Introduction:

Many researchers and engineers have given significant interest in nanofluids (NF) because
it is used in a variety of biochemical and medical industries. Nanofluids are colloidal
nanoparticle suspensions (NPS) in a base fluid, which was first reported by Choi[1]. Several
nanoparticles such as Gold, silver and copper particles are used in proteins, administering drugs,
and nucleic acids due to the great biocompatibility, magnetic, chemical, special mechanical,
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and thermal effects that these nanoparticles display. Gold nanoparticles are useful in cancer
therapy because they are tiny and can penetrate the entire body, or due to their concentration at
tumor sites due to permeability. Copper has strong antibacterial properties that are helpful in
treating epidemic diseases. It has antibacterial and antifungal properties [2-4]. Because of the
distinctive characteristics of gold and copper NPs are significantly important in biomedical
science. The propagation of waves along the channel walls produces an important mechanism
known as peristalsis. The peristaltic pumping of a nanofluid is an essential role in transportation
for many biological and industrial procedures [5-8]. Many researchers attempted to investigate
the peristaltic flows under the suspension of nanoparticles in light of the aforementioned uses.
Kothandapani and Prakash [9] studied the impacts of thermal radiation and the heat source/
absorption parameters with the peristaltic flow of a hyperbolic tangent nanofluid model in the
influence of n inclined magnetic field. Noreen et al.[10] discussed the effect of nanoparticles
on the motion of blood in a vertical channel. Rashid et al. [11] investigated the Williamson fluid
with induced magnetic field effects Hu et al.[12]examined the peristaltic flow through an
asymmetric inclined channel when an external applied magnetic field without using the
presumptions of lubrication theory. Zhang et al.[13]discussed entropy study of blood flow
propagating through an anisotropic ally tapered artery under the suspension of magnetic Zane
- oxide nanoparticles. Murad and Abdulhadi[14] discussed how a dilating peristaltic wave
affects the peristaltic transport of a power-law fluid in an elastic tapered tube with varying cross
sections. Seikh et al.[15] investigated that a uniform magnetic field and nanoparticles affect slip
blood flow in combination. Kareem and Abdulhadi [16] investigated how varying viscosity,
mass transfer, and heat transfer affect magneto hydrodynamic (MHD) peristaltic flow in an
asymmetric tapering inclined channel through a porous medium.

Das et al.[17]studied the dual impacts of Hall and ion - slip currents through the peristaltic
transport of a water-based nanofluid. Abo-Elkhair et al.[18]examined the thermal radiation and
magnetic force on nanofluid via a peristaltic channel with a moderate Reynolds number. In an
asymmetric channel with an applied magnetic field present. In addition, there are a lot of
researchers who studied heat source\ sink in temperature gradient with porous medium [19-24].
A mathematical model is proposed to investigate the effects of the magnetic force on the
peristaltic transport of hybrid bio-nanofluid (Cu - Au NPs) through an asymmetric channel with
porous medium in light of the aforementioned research. The exact expressions of magnetic
force, current density, temperature, stream function, and velocity. Graphs are used to illustrate
how physical characteristics affect the flow, with the use of the Adomian decomposition
technique.

2-Mathematical formulation:

A two dimensional incompressible and electrically conducting nanofluids have been taken
into consideration through a porous medium in an asymmetric channel. The channel width
isd, +d; and the wave moves in an X- axis at a constant speed of C. The rectangular
coordinate system X, Y is specified with X-axis aligned with the channel’s centerline and Y-
axis aligned with the channel’s transverse direction, as shown in (Figure (1)). The external
magnetic field of strength h, is applied to the system, resulting in an induced magnetic field
H(hy(x,y, 1), hy(x,y,t) + hg, 0), which produces an induced magnetic field H the plate of
channel walls, the upper wall h,and the lower wall h, are represented by the peristaltic waves
as

2
hi(X,t) = dy + a;cos [771 (X = Ct)]
hy(X,t) = dy + by cos [ (X = €t) + 9] (1)
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Figure 1: Geometry of problem

Where A is the wave length, a,, b, are the amplitudes of waves, 9*represents the phase
difference (0 < 9* < m), 9* = 0 is similar to a symmetric channel without phase waves, 9* =
7 represents the waves are in phase, Moreover, a,,d;, do, b;,d, and 9*satisfy the condition
a? + b? + 2a,b; cos9* < (dy + dy)>.

The equations governing the problem are given by:
Maxwell’s equation are:

VE=0, VH=0,J=VxH

o[E + pe (VX HY)] =]

0H
VXE:_ueE (2)

Where E, J, o, Vand p. representthe electric field, current density, electrical conductivity,
velocity vector and magnetic permeability.
The governing momentum, induction and heat equations of unsteady viscous incompressible
nanofluid are given by[25].

V.V=0 (3)
o gy = —VP + o V2V + o (H . IR — g T = b2ty )
2L =V x (VX H) + = V2H (5)
(PCpIneor = KnfV?T + oe(VV + (F)N)? = 2+ Qg (6)

WhereDRt represents the total derivative, P is fluid pressure, v* = pu.o,r represents the

magnetic diffusivity, o, Is the electrical conductivity. T represents the temperature
* 4

distribution, q = — %‘% is the radiative heat flux, ki and o mean absorption coefficient and
f

Stefan Boltzmann constants, Q, is the heat source.

Where nf is hybrid nanofluid, p,¢ is effective density, ( pcp)nr is heat capacity, p,¢ is dynamic

viscosity, k¢ is thermal conductivity, o,¢ is electrical conductivity which is given by[25]

Pnf = ((1 — @1)ps + ®1p1)(1 —03) + D2p2
( pcp)nf = (( PCp)f(l - 0,)+ ( pcp)1®1) (1-0,) + ( pCp)2¢2
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m
Hnf = W (7)

Where @, and @, are the volume fraction of gold and copper particles.
Koo = <k2 + (m — Dk; — (k3 —k;)@,(m — 1)) K
e ks(m —1) +k, + @,(k; — k) ’
k. = (k1 + ke (m— 1) — (k¢ — k) (m — 1)@,
3 ky + @, (ke — ky) + ke (m — 1)
. 02(1 + 2@2) + 2(1 - @2) O3
om0 ( 032+ 0,) + 0,(1— 0,) >
0'1(1 + 2@1) + ZGf(l - @1)
03 = 0f< — > (8)
0'1(1 (31) + O'f(z + (Z)l)
And in the above equation m represent the shape of factor of the proposed nanoparticles
respectively; the physical characteristics of nanoparticles are classified in the Table (1).

Table 1: based on fluid and nanoEarticIes Erogerties|26|

Properties Based fluid NPs (Gold Au) NPs (Copper Cu)
p density p; = 19300 p; = 8933
C,, heat capcity Cpr = 3617 Cpr =129 Cp2 =385
K thermal conductivity k¢=0.52 k, =318 k, = 401
o electrical conductivity of = 1.33 o, = 4.1%(107) 6, =5.96  (107)
For unsteady 2-D flows V = [U(X, Y, t), V(X, Y, t),0], where U denotes the velocity component
in coordinate X and V are denoted the velocity component in coordinate Y.

The following transformations are used to convert all equations in our study from fixed to the
movable frame (X, y) which defines

K¢

X = x+ct, Y=y, U=u+c¢ V=v 9

Where u and v are the velocity components, presenting the dimensionless quantities which
are used to find the non-dimensional analysis as

__x _ Yy _ _u _ v __d%p 6—d0 H_HxW
x_A'y_dO' = v p_C/l,uf' AT YT H,
_ H n T —T, prcdy
H=—y,_=—,9=—u, R, =——, R,, = oru.cd,,
5‘2 M2 M Hd O'f p 'uf(cp)f E C2
= , = 0Qo |—, = = ,
R.Ry, Uy " kf ‘ (Cp)f(Tl_Tu) (10)
. ; 10
4oy (T, - T,)? Qod§ - T ¢ - E
a= " b= W=cdop,p = — ,E=—
3kfkf kf(Tl _Tu) Hodo CHO /,te
o k (pcp) d
Alzpﬂ, Azzﬂif, A3=Lf,A4:ka’ = nf'a:d_l
% Ky of f (pcy), 0
h,(X,t) h,(X,t) a, b;
El(x) - dO ) fZ(x) - dO y €1 = d_o' €, = d_O )
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in the preceding expressions, T, T;, ¥, 8,1, R, E., P, M,R,,, B, S , ¢, Band E are the
upper temperature of the wall , lower temperature of the wall, the stream function, wave
number, permeability parameter, the Reynolds number, the Eckert number, the Prandtl number,
the Hartmann number, the magnetic Reynolds number, the internal heat generation, the
magnetic force number (Stommer’s number), the magnetic force function, the temperature,
and the electric field in the non-dimensional form, respectively.

We introduce the dimensionless of the magnetic force function ¢ and the stream function { as
follows:

T oy Y 0x
After eliminating that, the continuity equation is identically satisfied and we get:

AlRe 6(lpylpxy - lpxlpyy) 2
= ~(Puds+ 4720, + SPRe (8, = 8uthyy +byy) =y +1) (1D
A1R863(¢y1/)xx - lpxlpyy)

A
= (Pp)y + Ay 8272, + S2ReS%( 8¢y drx — SPxry + Prxy) — 7262% (12)
1
AR,

E = (lpy - 5(lpy¢x - wx(l’y) + VZ(I’ (13)

AsRe B.8(,6, — ,0,)

= AV20 + Ay Ec P (45203, + (Byy — 6%2) ) + Ra(0%), + (1)
Eliminating P, from the first and the second equations in Eq (11) and Eq (12), we obtain:
AiRe S(Lljyvijx - L|JxV2lIJy)

= A,V*Y + S?Re( 5, V2, — 8¢, V2, + V2¢hy,) — % (Wyy +6%0,y)  (15)

For the wall dimensional stream, temperature functions and the magnetic force in the wave
frame, the boundary conditions for non-conductive elastic walls are :

Y =0, ¢yZOr lpyy:O' at y=&(x)
6=0 =1 6=0 Y=1 at y=5)

6=1 at y=<&H) (16)
Where q represents the mean of flow rate and the peristaltic wall’s non-dimensional surface
are:
& (x) =1+¢€cos[2nx], &,(x) =—a— € cos [2771 (X —Ct) +97]
3-Solution to the problem:
Using the Adomian decomposition method (ADM)[27-29], the exact solution to Egs.(13), (14)
and (15) is determined which is the non-linear differential equations. The linear operator is as
follows:
am(x) Y .
Ly =% L) = [ @dy.i=123,.

m—times
Also, ADM contains dividing unknown functions¥(x,y), 8(x,y) and ¢(x,y) to the
equations that are expressed into a sum of infinity numbers that is described in the following
decomposing series:

W) = ) Un(oy), d9 = ) dm(y) 8y = ) Bu(xy)  (17)
m=0 m=0 m=0
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Where (m = 0), find the components(ygy, Wy, ..., Um), (o, @1, ..., Om) and (6o, 64, ..., O)
individually. By obtaining a relation that contains simple integrals, we solve for (L, (), As

a result, the other linear operator in the system of partial differential equations is simply
RZloperators as follows:

Lly(LlJ) + R+ N, = fi(x,y) (18)
Where L;, represents the highest order derivative with respect to y, i=1,2,3,..., and N;
represents the nonlinear terms. Therefore,

L1y(1|1) = fi(x,y) =R — N; (19)
Liy(Liy (W) = L1y (f1(x, ) — Liy(Ry) — L1y (Ny) (20)
We obtain: Liy(Liy(§) = ¢ = X7 14 (x')y]

WhereA; (x) represent the integration constants WhICh can be determined from specified
conditions

j (x)yf

e y) = L () - mmoz@m)+2 1)

In the same form of this methodology, we get ¢and 6 ,the partial differential equations
solution according to suggest methodology is given as (17), the nonlinear term Ni may be
represented by the infinite series of Adomain polynomials which is given in the form

Ni = Z Am (¢0, ¢1, ey d)m, 60, 91, ey Hm, l'po, l'pl, ey l.lJm)

m=0

Where A,, represents the Adominan polynomials for the specific non—linearity that can by
using the following expression:

An = o (N (Em, &L F, ))| ,m > 0, Where F; are component of the nonlinear terms

Using ADM to resolve the nonlinear system of equations (13)-(14) and (15) with the
corresponding boundary condition (16), yields the zeros and the first order systems, we have
the solution as follows:

— 1 _ a2 3 204 _
Vo TALEALIE (v = &[xD(=qy” + 284 [x]° + 381 [x]°(q — 282 [x]) + 2y(q
+ )& [x] + 2(q — 29)§2[x]? — 28, [x](v? + (3q — 2y)&2[x] — 282[x]?))

1 2 6
Yy =Cy +yCy +y?C3 +y3Cy + (gqy5A251[x]6 + §y5A251[X]7 - gquAzfl[x]sz[x]
14
— qy* A6, [x]°&,[x] — ?3’514251[95]652[35] — 2y* A58, [x]7 &, [x] +
) + 144045, [x]&,[x]® — 16n4,&,[x]%) )
b = P (—E RmA;§; [x]* + 2E RmA;&; [x]§;[x]) + y(—E Rm A3&,[x]) + EE Rm y2A3.

1 2y,2 2
¢1 = C5 + yC6 - 4‘80T](E1[X] _ EZ [X])4 ERm y 5A§(SE1 [X]S - 4021[X]7EZ[X] - 521 [X]6(y

— 4y&,[x] — 225, [x]?) + 28 [x]°(2y® + 60n + 5y?E; [x] — 40yE, [x]
— 708, [x]%) + -+ — 20Ey8°ng, " [x]))) (23)
(v = &xD (244 + B = &IxD Galx] — Ez[x]))_

B0 =" 24,6 x] - & 1))
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0; = C; + yCg + (—3Ecq’y*A,ALp,& [X]* — 12E.qy*A,A%p,&; [x]° — 16Rqy*ALE, [x]°

— 12E.y*A,ALp 81 [X]° — 32Ray°BALE: [x]” + 64Rqy° A% [x]

— 24Rgy°®B?A%8; [x]® + 128Rqy*BASE, [X]® — 96R4y* A%, [x]®

— 8Ray’B3A481 [x]° + - + 16A3E,[x]'0) (24)

The C4, C,, C5,Cy, Cs, Cg, C,and Cg are large constants cofficients can be determined by

using boundary condition Eq.(16) and Mathematic software .As a result, the system
approximate solution appears such as this.
Y =Ym=0¥m,0=2Xn=00m, ¢ =Lm=0dPm (25)
The gradient of magnetic pressure is obtain from Eq (25) to Eq.s (11-12), we get:

( l)m)x = AlRe S(Lljylpxy - prlpyy) + szzlpy + SZRe( 6¢y¢xy - 6¢x¢yy + ¢yy)

A
e (pr + 1)
n
( Pm)y = A1R683(1|Jyl|1xx - lljxqjyy) - AZ Szvzlpx - SzRe‘SZ( 6¢y¢xx - 6¢x¢xy + ¢xy)
A
+ 72 5%, (26)
The non- dimensional current density is obtained through:
] =-V?¢ (27)
So, the electric field E is obtained from
1
E = llJy - 5(¢y¢x - lle(iby) + AR qu) (28)
38 m:-

4-Discusses the results:

This part aims to look at the examination of the graphical results of several physical
parameters that are used in the proposed modelling. We have drawn the graphics below, in
particular: streamlines, axial and normal velocity, current density, magnetic force contours, and
temperature profile. To make it more meaningful, we looked at many cases, including
wavenumber §, magnetic Reynolds number Rm, permeability parameter n, electric field
parameter E, high and low Reynolds number Re, and Hartmann number M. The numerical
values were chosen based on the previous literature[30, 31] and the trapping for flow is
discussed graphically, all figures are plotted by using the Mathematica program.

4.1Trapping phenomenon:

Trapping is a peristaltic pumping mechanism, in which a streamlined flow forms a circular
path, which is called a bolus at the volumetric flow rate value. In order to examine the effects
of the Reynolds number Re and the phase difference 9* in an asymmetric channel, Figures (2 -
3) were drawn. It is observed from Figure (2) that the increasing values of Re, always has a
minor influence negligible at the size of de trapped bolus, one can clearly see that in a graphic
streamline. It is displayed in Figure 3 which illustrates the effect of phase difference 9* on
trapping. It can be observed that the bolus that appears in the central region for 9*=0 travels to
the left and gradually decreases in the size as 9™ increases. The effect of the wave number § and
permeability parameters n on trapping are observed in Figures (4-5). In Figure (4), we noticed
that when the wavenumber 9 rises, the trapped bolus of the asymmetric channel increases in
size. We observed that the permeability parameters 1 reduced the number of trapped bolus when
permeability parameters 1 values are increasing as displayed in Figure (5). It can be noted from
the Figure (6) that the formation of trapped boluses increases in size with the increase of Rm
number.

Figures (7 to 9) develop magnetic force outlines to show how major physical parameters are
considered. The contour of the magnetic force happens in parallel with the flow field. In Figure
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(7), it has been noted that the contours of the magnetic force rapidly increase with the magnetic
Reynolds number Rm. The values of Rm rise indicate more credible magnetic induction.
Additionally, it demonstrates that the effects of the magnetic scatter and dynamo are reduced
as the magnetic Reynolds number increases. In Figure (8), it is clear that as the permeability
parameters n increase, the number of magnetic contours reduces and the size of the bolus
changes.

In Figure (9), it is developed to show the behavior of magnetic Reynolds number Rm on
trapping phenomena, it is seen that the raise of the wavenumber parameter enhances the
magnetic force contours in both upper and lower half of the channel.

1.1

BT ey M

0.9

*(C) Re=50

Figure 2: Impact of Reynolds number on the stream lines (e; = 0.2,¢€, =
1.2 Rm=0,M=1,q=0.1,E =05, § =0.2,0, = 0.05,0, =0.1,n =

Vs

0.2,9"==,a=2)
4
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Figure 3: Impact of phase difference 9*on the stream lines(e; = 0.2,¢, = 1.2,Re =
0.5,Rm = 0.5M =1,q = 0.3,E = 0.5,6 = 0.2,0, = 0.05,0, = 0.1,n = 0.2,9* =

—
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——
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&:\ —
— ——
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Figure 4: Impact of wave number on the stream lines (¢; = 0.2,e, = 1.2,Re =
i

0.L,Rm = 0.1,M = 3,¢ = 0.5,F = 0.5,8, = 0.05,6, = 0.1,y = 0.2,9" =%,a =
2)

x(a) n=0.01

0.1 f=61®

-5 -4 -3 -2 -1 (o] 1
x(c) n=0.04

Figure 5: Impact of permeability parameters n on the stream lines (e; = 0.2,¢, =
1.2,Re =0.1,Rm=0,M = 0.005, ¢ =0.1,E =0.5,6 = 0.2,0; = 0.05,0, =

0.1,9" =7,a=2)
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*x({c) Rm=0.3
Figure 6: Impact of Rm on the stream lines (¢; = 0.2,¢, = 1.2,E = 0.3,Re =
0.1,Rm = 0.1, M = 30,q = 0.5,

§=02,0,=017=020, =0.059 =—,a =2)
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o8t o

N P — i
O \ ____;;:;_—__—_—;-;_,_,.--//?*( |
0.6 f'%ﬂ\.\’ﬁz T ..
»(c) Rm=0.6
Figure 7: Impact of Rm on the magnetic force contours (¢; = 0.2,¢, = 1.2,Re =
0.L,M =3,9" =7 ,E =05,
q=0.1,6=0.20, =0.050,=01n=02a=2)

-2 T 1215 f}, / '\__,_-—---"_‘L--H '

x(c) n=0.8
Figurer 8: Impact of permeability parameters n on the magnetic force contours
(6, =0.2,6e, =1.2,Re = 0.1,
Rm = 0.1,M =3,q=0.1,E =056 =0.2,0, = 0.05,0, = 0.1,n = 0.2,9" =
%,a =2)
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Figure 9: Impact of wavenumber on the magnetic force contours(e; = 0.2,¢, =
1.2,9" =2,Re = 0.1,Rm = 3,
M=6,q=0.1E=050, =0.050¢,=0171n=0.2a=2)

This subsection describes an examination of velocity distribution. Graphics have been drawn
to show the evolution of the velocity profile. The impact of different values of major parameters
on the axial velocity u is explained in Figure (10). The effects of magnetic Reynolds number
Rm, wave numbers 6 on the axial velocity profile can be observed in Figure (10 (a-b)). It can
be noticed that the axial velocity increases in the region y < —0.5. Otherwise, it decreases as
Rm and ¢ increase. The influence of the Hartmann number M on the axial velocity is displayed
in Figure (10c) an enhancement of axial velocity which is examined due to the higher M. The
fluid axial velocity is shown in Figure (10d) to be at its highest when there is gold nanofluid
present. However, it reduces for base fluid, then further for hybrid nanofluid, and it finally
becomes the lowest for copper nanofluid.

3579



Nassief and Abdulhadi Iragi Journal of Science, 2023, Vol. 64, No. 7, pp: 3567-3586

L B B B B L NN L B 6001 ]
20000 — Rm=0.4_ =03
- — Am=15 4001 — 003

_ ~ - =07
1000} Rm=3 ] 200} ]
= ) /
0 f 0
i
/ -200f
1000} ]
~400}
0 20 -15 -10 -05
20 -15 -10 -05 00 05 10 20015 10 =05 000510
y !
(d)
S . — 3000F '
== blood
o000} Y 2000} Ay
4000 M= —
— M=50 [ ]
2000 1 - 1000 = hybrid
B ) 0 ;
/ N~ /
-2000F \ ] _1[}00_ \ i
4000} ]
=20 -15 -10 =05 00 05 10 -20 -15 -10 -05 00 05 10

) .

Figure 10: Axial velocity with the different physical parametersx = 0.2,¢; =
02,6, = 1.2,9* = %,a =2,q=05(a)(Re =0.1,M =30,E =0.3,6§ =0.2,0, =
0.05,,0, = 0.1,n = 0.2)(b)(Re = 0.1, Rm = 6,M = 0.5, = 0.5,E = 0.3,0, =
0.05,8, = 0.1,n = 0.2)(c)(Re = 50,Rm = 3,g = 0.5,E = 0.3,6 = 0.2, 0, =
0.05,,8, = 0.1,7 = 0.2)(d)(Re = 50,Rm = 20,M = 0.5,q = 0.5,E = 0.3,6 =
0.3,1 =0.2)

Figure 11 shows the behavior of parameters involved in normal velocity. The effect of different
values of major parameters on the normal velocity is explained. In Figure (11a), it can be
observed that the normal velocity of the fluid is similar to the axial velocity within region y >
—0.5. Figures (11b-11c) illustrate the behavior of magnetic Reynolds number Rm and wave
number on the normal velocity component v. We notice that the normal velocity decreases with
Rmanddintheregion —2.2 < y < —0.5,anditincreases intheregion— 0.5 < y < 1.The
impact of the Hartmann M on normal velocity is displayed in Figure (11d) an enhancement of
normal velocity is examined due to the increase of M.
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Figurell normal velocity with the different physical parameters parameters x =
02,6, =02, ¢6,=12,9" = %,a =2, =0.5(a)(Re =50,Rm = 20,M =

0.5,E = 0.3,6 = 0.3,7 = 0.2)(b)(Re = 50,M = 30,q = 0.5,E = 0.3, =

0.2,, @, = 0.05,0, = 0.1,n = 0.2)(c)(Re = 0.1,Rm = 3,M = 3,E = 0.5,,0, =
0.05,,0, = 0.1,n = 0.2)(d)(Re = 50,Rm = 3,E = 0.3,5 = 0.2,, @, = 0.05,,0, =
0.1, =0.2)

4.3- Magnetic force and Current density profile:
The influence of important physical parameters on magnetic force ¢p and current density J
profile are sketched in Figure (12) and Figure (13).

Magnetic force ¢ and current density J profile for the gold nanofluids in Figure (12a-13a)
are higher than those for the hybrid nanofluid and base fluids. They are also higher than those
for copper nanofluids. In Figure (12(b-c)), the conduct of current density profile J is depicted
for wavenumber &, and magnetic Reynolds number Rm, it is seen that the current density J rises
in the central area of the channel when Rm and 6 are increased. While an opposite behavior is
observed closed to the channel walls, and the magnetic force rises by increasing Rm and & as
shown in Figure(13(b-c)). The influence of permeability parameters n on the profile of current
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density J is shown in Figure(12d), and it can be seen that J decreases as n increases close to the
channel center. We observe how the impact of n on the magnetic force ¢ in Figure(13d). It has
been found that the magnetic force rises at the channel's center, and it slowly declines near the
channel's walls as 7 increases.
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Figure 12: Current density profile with the various physical parameters x = 0.2,¢; =
02, e, =129 = %,a =2,q=05(@)(Re=0.5Rm=6M=03E=03,8 =
0.1,n = 0.3)b)(Re = 0.6,Rm =2,M = 0.3,E = 0.3,6 = 0.1,0, = 0.1, 0, =
0.15,17 = 0.3)(c)(Re = 0.5,Rm = 30,M = 0.3,E = 3,0, = 0.05,0, = 0.1,n =
0.3)(d)(Re = 0.5,Rm = 30,M = 0.3,E = 0.3,6 = 0.3,0, = 0.05,8, = 0.1)
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Figurel3: Magnetic force profile with the various physical parameters x = 0.2,¢; =
02, 6, =1.2,9* = %,a =2,9=05(a)(Re=0.5Rm=6M=03,E=0.3,6 =
0.1,7 = 0.3)(b)(Re = 0.6,Rm =2,M = 0.3,E = 0.3,6§ = 0.1,0, = 0,0, =
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0.3)(d)(Re = 0.5,Rm = 30,M = 0.3,E = 0.3,§ = 0.3,0, = 0.05,8, = 0.1)

4.4-Temperature profile:

This subsection examines the effect of the different major physical parameters on the
temperature profile in Figure (14). The results indicate the nearly parabolic nature of the
temperature profiles. Figure (14a) shows the influence of heat radiation Rd on the temperature
profile. The findings show that there exists a considerable increase in the temperature of the
fluid for the increasing value of the thermal radiation Rd. An increase in radiation parameters
tends to improve the spread of electromagnetic waves and thermal conduction decreases.
Afterward, it has an intense impact on thermal diffusion at the speed. Since heat transfer
diffusion occurs due to random molecular motion, the adjacent molecules move less vigorously
and transport less energy between them when they are extinguished. The influence of the
Prandtl number pr is shown in Figure (14b) this indicates that p, greater results in an
improvement of the temperature profile. In Figure (14(c)), a decline in the temperature profile
IS noticed as the heat absorption 3 increase. Consequently, an improvement of the temperature
is observed toward rising values of Ec as shown in Figure (14d).
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Figure 14: Temperature profile with the different physical parametersx = 1,¢; =
0.2,6, =12,0; = 01,0, =01,a=2,9" =) (o, =3,6 = 0.5,Re = 0.5, =

0.5,7 = 0.2,Rm = 5,M = 05,8 = 0,Ec = 0,E = 0.5)(b)(§ = 0.5,Re = 0.5,q =
0.5, = 0.2,Rd = 0.5,Rm = 5,M = 0.5,8 = 0.5,Ec = 0.2,E = 0.5)(C) (p, =

3,6 = 0.5,Re = 0.5,q = 0.5,Rd = 0.1, Rm = 5,M = 0.5,5 = 0.2,Ec = 0,E =
0.5(d) (p, = 1,6 = 0.5,Re = 0.5,q = 0.5,7 = 0.2,Rd = 0.5,Rm = 5,M = 0.5, 8 =
0.5,E = 0.5)

5-Conclusion:

The peristaltic transport of nonlinear thermal radiation and magnetic force on hybrid bio-
nanofluid are examined through a porous medium for an asymmetric channel in the effect of a
high and a low Reynolds number with applying a magnetic field. The governing equations
representing momentum, Maxwell, and heat equations are considered. Utilizing the Adomian
decomposition technique, exact solutions for axial velocity, normal velocity, current density,
stream function, temperature, and magnetic force have been presented. Below is a summary of
the study's main outcomes:

o With an increase in M improves the axial velocity field.
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¢ The normal velocity profile exhibits split conduct in regions: y > - 0.5 and y < 0.5 with respect
to all physical parameters.

¢ The gold nanofluid is higher than those for the hybrid and base fluids. They are higher than
those for the copper nanofluid in magnetic force and current density.

¢ An increase in Rm and § enhances the magnetic force and current density.

¢ An improvement of the temperature is observed towards increasing values of Ec.

¢ The formation of trapped boluses increases in size with the increase of Rm number.

¢ An increase in n the number, the number of magnetic contours reduces and the size of the
bolus changes.

These results can be used to support how PET scan influences blood flow within the human
body, particularly when gold, copper, or both nanoparticles are combined to treat blood cancers.
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