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Abstract

In this paper, the effect of magnetic force and nonlinear thermal radiation for peristaltic transport of
hybrid bio-nanofluid with the porous medium in a symmetric channel is discussed. The Adomain
decomposition technique is utilized for explaining expressions for axial velocity, stream function,
temperature, Nusselt number, pressure gradient, magnetic pressure, and magnetic force. The finding
shows that gold nanoparticles have an elevation velocity compared with copper nanoparticles, based
fluids, and hybrid nanofluids. The magnetic force contours increase when the wave amplitude increases.
The temperature and heat transfer rate have been examined clearly. It has been observed that rising
thermal radiation increases temperatures. Lastly, the phenomenon of trapping is presented to explain the
physical behavior of different parameters. The effects of physical parameters are examined through
graphs by using the MATHMATICA software

Keywords: Magnetic force, Peristaltic transport, Porous medium, Symmetric channel, Thermal

radiation.

Introduction

Non-Newtonian fluids have received a lot
of interest in relation to peristalsis due to their
diverse applications in industrial and physiologic
processes. Peristaltic transport is a simple form of
fluid flow generated by a progressive wave of area
reduction or expansion over the length of an
elongated tube containing fluid. It is a fundamental
characteristic of most biological systems that they
contain smooth muscular tubes that carry biological
fluids during propulsive movement. It is present in a
variety of glandular ducts, including those that
transport urine from the kidney to the bladder and
chime movement in the gastrointestinal tract. Blood

flow is non-Newtonian fluid and is a good example
of peristaltic flow. The peristaltic transport
technique has been used during surgical operations
such as blood pumps in heart-lung machines.
Despite the fact that peristalsis is well known in
physiology, it was only recently discovered to be
relevant Latham! was a pioneer in this field,
Shapiro et al? researchers have created a wide
variety of functional nanoparticles during the past
few decades. For instance, copper nanoparticles,
gold nanoparticles, and magnetic nanoparticles.
Gold and copper are utilized as delivery vehicles for
drugs in cancer patients. Because of gold particles
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are so small, they can pierce the entire body or
accumulate in tumor areas due to their physical and
chemical properties, their ability to absorb heat, and
their increased permeability®#. Copper is a major
component that is required as a cofactor for the
effective operation of a variety of metabolic
enzymes. It also has antibacterial, antifungal, and
anti-inflammatory properties. That makes it useful
for making microbial resistant, ointments and
bandages®. Much research has been published on
the peristaltic analyze. Zhang et al.® discussed an
entropy study of blood flow propagating through an
anisotropically tapered artery under the suspension
of magnetic Zane-oxide nanoparticles. The
peristaltic of couple stress nanofluid organized by
the presence of electrical field and magnetic field
into micro channel were discussed by Tripathi et
al’. Mishra et al . solved a problem on heat transfer
and entropy generation in blood flow while holding
gold nanoparticles in an asymmetrical channel with
electro osmotic processes. Hussain et al.® examined
thermal analysis under the influence of magnetic
and gravitational forces through a uniformly
inclined channel using Casson fluid as the base fluid
and tiny gold particles. Noreen et al'® studied the
effect of copper particles on the motion of blood in
a vertical channel in the being of heat convection.
Rashid et al.'! discussed the Williamson fluid with

Materials and Methods
Mathematical Formulation:

The unsteady flow of hydro-magnetic,
viscous, electrically conducting, and
incompressible hybrid bio-nanofluid (blood and
Cu-Au nanoparticles) is considered in a two-
dimensional symmetric channel. Also, it is the
propagation of sinusoidal waves down towards the
channel’s wall through a porous medium with a
uniform cross section. 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. the external
magnetic field of strength H, is applied to the
system, resulting in an induced magnetic
field H(H,(x,y,t),H,(x,y,t),0)), therefore the
total magnetic field
becomes H*(Hy(x,y,t), H,(x,y,t) + Hy,0)).The
plate of channel walls is considered to be
nonconductive and Fig 1 show the geometry of 2-

induced magnetic field effects. Abo-Elkhair. et
al'?examined the thermal radiation and magnetic
force on bio-nanofluid via a peristaltic channel with
a moderate Reynolds number, but they did not use a
porous medium in their study. Murad and
Abdulhadi®® investigated the effects of heat transfer
and mass transfer on peristaltic flow of Bingham
plastic fluid via symmetric channels using porous
medium in the existence of a magnetic field. In
addition, many researchers were interested in
magneto hydrodynamic and heat to peristaltic flow
since it was investigated by Khudair and Dwail®*,
Al-Khafajy®®, Kareem and Abdulhadi'é, Ahmed et
al*’, Musawi and Abdulhadi'®, Jawad and
Abdulhadi®.

Concerning our contribution in this paper, we used
a proposed mathematical model to examine the
magnetic force and thermal radiation effects on
peristaltic transport of hybrid bio-nanofluids in the
presence of a magnetic field through a symmetric
channel with a porous medium. Gold and copper are
considered here as nanoparticles, while blood is
considered to be a non-Newtonian base fluid. The
precise expressions for axial velocity, stream
function, temperature, pressure gradient, Nusselt
number, and magnetic force are obtained. Graphs
are utilized to explain the impact of physical
parameters on flow.

D peristaltic transport with a defined equation for
a wall surface:

§(X.0) = do — dy cos[5 (X — cD)] 1

where d, is the half channel width, d; denotes the
wave amplitude, and the wavelength is A, where ¢
is wave speed, X is the direction of the wave
propagation and t is the time.
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Y. V. M,

Figure 1. Geometry of problem

The governing equations for the problem:

V.E=0,V.H=0, J=VxH, olE+
te(V X H)] = J,

VXE=—u 2" 2

Where J is current density, o is electrical
conductivity, E is electric field, V is velocity
vector and p, is magnetic permeability.The
governing momentum, heat equations and
induction equation of unsteady of viscous
incompressible hybrid bio-nanofluid are?°

40} aT* .
3k} ay
radiative heat flux, kf* and a} are mean absorption
coeffient and Stefan Boltzmann constants
respectively, Q,is the heat source, experimental
formulation for the physical characteristics of
hybrid nanofluid are show in Table 1, which are
given by?°

the temperature distribution, g = — s the

Table 1. physical properties of hybrid nanofluid

Property Nanofluids
Density Pns = ((1 —0)ps + ®1P1) (1
—@;) + 0,p
(pcp)nf = (( ,DCp)f(l - ®1)
Heat capacity + (Pcp)lqh) 1
—03)
+ (pCP)ZQZ
Dynamic _ My
viscosity Fnf = 1 = 0,)25(1 = 9,)25
knf

_ (kz + (m — Dk;3 — (k3 — k)P, (m
Thermal ky(m —1) + k, + @,(k; — k;

conductivity ks

_ (k1 + kg (m = 1) = (ke — ky)(m —
ki + @, (ke —ky) + ke(m — 15

vv=0 3
" o0+ 20) 420 -0,)
v _ 2 * * _ 0,(1+20,) +2(1 - o
Puf o = =VP + iy V2V + e (H* . V). H Electrical =G3< 201200 12 (1_;)3>
1 VH™ _ tnfy, 4 conductivity 3 2 2 2
e 2 7] ) 03
3 ( o,(1+4+20,) + 20¢(1 — @,) )
f’afi - |7><(V><H*)+%|72H*, 5 “ "N\ e (1-0) + o2 +0)
(pCp)nfE = knf V2T + s (VV + (WV)T)? — where @; and @, are the volume fraction of gold
aq bt and copper nanoparticles, m represents the shape
T Qo 6 factor of the proposed nanoparticles, the physical
D characteristics of nanoparticles are classified in
where o is the total derivative, P is fluid Table 221
pressure, { = [0y IS the magnetic

diffusivity, oy, is the electrical conductivity, T is

Table 2. Based fluid and nanoparticles properties

Properties Based fluid Nanoparticle (Gold Au) Nanopatrticle (Copper Cu)
p density pr = 1050 p1 = 19300 p, = 8933

Cp heat capacity Cpy = 3617 Cpy =129 Cpp = 385

K thermal conductivity k;=0.52 k, =318 k, =401

o electrical conductivity o = 1.33 0, = 4.1 (107) 0, = 5.96 * (107)
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For unsteady 2-D flows V = [UX,Y,©), V(X, Y, 1),0]
, Where U is velocity component in coordinate
XandV is the velocity component in coordinate Y.

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

X=x+ct, Y=y, U=tu+c V=71, 9
where u, v are the velocity components, presenting
the dimensionless quantities which are used to find
the non-dimensional analysis as

. o, 4P s _do Hy By _1 )
x_l'y_do'u_c'v_c' _C)Luf' _)L'Hx_Ho’Hy Hy’ ' az
_T-Ty __ pgcdo _ 2 M? _ of ﬂf(cp)f
,0 = mor, Re == Ry = oflecdy, S* = R M = Hodo\/“:f: P. = K
2 407(T|—Ty,)3 2 ® 5 ; 10
JEC: c ;Rd= a-f(i ) ’ﬁz QOdO I¢: ¢ ) = - £
(cp)f(Tl—Tu) 3kfkys kf(T—=Ty) Hodg CHy Ue
T Y Y U Y Y G )Y ¥
Ty TR Tyt T T e T T ke T T (o), do
In the above _expressions, Ty is temperature at AsRe B.8(, 0, —,0,) = A, V20 +
upper wall, T; is temperature at lower wall, 9 is 4. E. P (45202 + _ 52 2\ 4
stream function , ¢ is magnetic force function, E 2 ‘ r( iy + (Vyy V) )
is electric field strength, § is wavenumber, 7 is Ra(0%)yy + B, 14

permeability parameter, R, is the Reynolds
number, E.is Eckert number, PB.is Prandtl
number, M is Hartmann number, R,,is the

magnetic Reynolds number, g is the internal heat
generations, 6 is the temperature in the non-
dimensional form, and S is the magnetic force
number (stommer's number ).

And we define dimensionless magnetic force
function ¢ and stream function vy through

u=¢y'v= —6&1Yy, Hy =¢y' Hy = —0¢y

by using transformation and introducing the
dimensionless quantities into Eq. 3 to Eq. 6, the
flow equations in terms of stream function » and
magnetic force ¢ are

AiRe 6(lpylpxy - lpxlpyy) =—( Pm)x +
AZ Vzl/}y + SzRe (5¢y¢xy - 6¢x¢yy + d’yy) -

22y +1), 11
A1ReS* (Yy oy — athyy) = (Pu)y +

Ay 62V, + S?ReS2( 5y rx — SPxry +
Pry) + 6%, 12
E= @y~ 0¥y~ ay) + V70, 13

By using cross derivation to eliminate the pressure
between Eq.11 and EQ.12 the next result is
obtained:

A1Re 8(Py V2 — P V21hy) = A,V +
Az
i;Re( Sy V2 — 5P V2 + V2hy) — - vy,

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

Yp=0, ¢,=0, 9y, =0,
$=09y=-1,0=0p=1at y=¢lx]
0=1 at y=—¢[x], 16

Where q is the mean flow rate and the peristaltic
wall’s non-dimensional surface is:

at y=0,

é[x] =1 — € Cos[2nx]
Adomain Decomposition Method:

This method can be utilized to solve linear and
non-linear differential equations as well as integral
equations, and it produces better results than
homotopy  perturbation method??®.  George
Adomian first proposed this method, and
considerable work has been done to solve a variety
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of problems®2¢, The unknown functions ¥ (x,y),
O(x,y) and ¢(x,y)to the formulated equations
into the sum of infinite numbers defined by the
following decomposition series:

Pxy) = Z Ym(ny), 0C6Y)
- Z On(y), BCx,y)

= i Pm (%, ), 17

the decomposition method related itself with
finding the  components  (Wq, Uy, - Upm),

(901 91"'lem) and (¢0' ¢1)") ¢m)' (m 2
0), individually. These components can be got
readily obtaining a relationship contain simple
integrals, in the present problem, we
solve L,({),L;(6) and L;(¢). As a result, the
other linear operators, simply R1, R2, and R3
operators in the system of partial differential
equations as follows:

Lzlp + Rl + N1 = Gl(x,y), L1¢ + RZ + N2 =
G,(x,y),L160 + R3+ N3 = G5(x,y), 18

where N;, N, and N3 are the nonlinear terms, L; =
2
:7(*)(the second order differential operators),

and L2=;—;(*)(the fourth order differential
operators), therefore

Ly = Gy(x,y) —R1 — Ny, L1¢p = Go(x,y) —
R2_N2,L19 =G3(x,y)_R3_N3, 19

On both sides, the inverse operation,
L7'(») =[] J) (*)dydy and
L7Y(») = foy foy foy foy(*) dydydydy , yields
L' (Lyy) = L' (Gy(x,y) —R1 —
Ny), Lfl(L1¢) = Lfl(Gz(X; y) —R2 —
Ny), Li'(L,6)

Y, =yC +y3C, +C3 +

8064059

= L7'(G3(x,y) — R3 —N3), 20
j
Then L' (LyY) = ¢ — Zj3=0}]-’_!ai(x)

where a;(x) are the integration constants which
can be calculated based on the specific condition,
¢ and 6 are the same, consequently

P y) = X4 3y, a;(x) + L3*(G,(x,y) — Rl—N1>]
d(x,y) = Z] =0 ,b () + L7'(G,(x,y) = R2 = N,)

0(x,y) = X3z éyl ¢j(x) + L7*(Gs(x,y) —R3 — Ny) |
21

The partial differential equations solution is given
as Eq. 17, Where ¢, ¢, and 6, are the functions
including the boundary condition, forcing function
G;(x,y) and the integral constants ,the other
components can be obtained by the recursive
relation ,the nonlinear term Ni can be represented
by the infinite series of Adomain polynomials A,
shown in the form

Ni
= Z Am (1/}01 1/)1, ...,l/)m, 901 91' L em' ¢0! ¢1' L (l)m)
m=0
Where A,, are the Adomian polynomials for the

specific non-linearity, the Adomian polynomials
A,, for nonlinear terms N; can be computed by
using the following expression:

Am_m'djm( (EL OJLF))| m=0
Where F; are nonlinear term components.

Method of the Solution:

Using the Adomian decomposing method to solve
the nonlinear systems of Eqgs 13, 14 and 15 with
the corresponding boundary condition Eq 16, the
result is as follows:

=2 (-1020) 1, (22,

oG 124£2(360qy>5%nE"* + 120y2862nEg" > (28" — 3¢€") +

1282(~42q6%n¢"* + 3qy*8%n 6"2+f'2(qy262+84qn—24y262 &)+ 4qy*5%nE'ED) +

+2185(4 + q62&" + q6°nE@®) —

28%(—21q + 21q62¢'* + 2(y26% + 84n)E" + +63q8%né""?

+84q82nE'E® + 2y2862nEW) + 383 (—q(y?8? + 84m)E" + 12y282nE"? + 48'% (y? 8% + 847

+63q67n¢"") + 16y282nE' 3 — qy282nE®))),

23
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1 2 1 2
(I)O = _EERmA3f +§ERmy A3,

1 1 5
¢1=C4+yCs— —RmA3(€ERmy6é‘A3(3q +4&)& — Zy“f(q + 2ERm&A;E%E" + 2&(1

2084

5 2
+EQRmSA;¢") + 5 3¢ (3q +£(2 + 3EqRM&AE’ — 4E82¢'%) + 2562 (RmAsE’ — 28¢)),

Hoz_y(i)_yzﬁ+fl4+ﬂfz

24

28] 24, 24, '
2
0, = Cs+yCy+ Cg — ToA5e00 (§ y34,&7(12RdBA5E% + 36RAB?A,E* + 18RAB3EC — A3 (6Rd
4
+Re8Asp,EE") + 262A%(—28"% + §E'")) — 2y2E8(3RAB2A2E* + 6RAB3A,E6 + 2RAB4E8
+BA3E2(—4Rd + ReSAsp,(3q + 28)¢") — AL(3RA + 4B562828'% + 4B62E3E™))), 25
The constants coefficients And the magnetic pressure profile is obtained from

Cy,Cy,C3,C4,Cs5,Cq,Crand Cg are large.
Coefficients can be determined by using the
boundary condition equation Egq. 16 and
MATHMATICA software. As a result, the
approximate solution is to use the first i, and
second ;.

Y=vo+P+-,0=¢o+ ¢ +--,0=0,+
0y + - 26

The gradient of magnetic pressure is obtained from
Eq 26 to Eq 18, which yields

dP, i

ox - AaRe S(Yy Py — Wrthyy) + A, V2,
+ SZRe( 6?4y¢xy — 5¢Pxyy
+dyy) — Tz('l)x +1),

OPm

Dy A1R663(¢y¢xx - ¢xlpyy) -
A, 52 Vzi,bx - SzRe(SZ( 6¢y¢xx - 6¢x¢xy +
bay) + 207, 27

Results and Discussion

This part looks at the graphical results of a variety of
important parameters used in the suggested modeling.
The graphs Figs. 2-12 are specifically for streamlines,
axial velocity, magnetic pressure, magnetic force,
contours, temperature, Nusselt number and pressure
gradient profile. To make it more meaningful, several
cases were examined, including permeability
parameters 1, Hartmann number M, electric field
parameter E, Reynolds number Re, and magnetic
Reynolds number Rm, The numerical values were

EQ. 27 by being integral with y, which yields
Pn = foyAlRe63(¢y¢xx - lljxlzbyy) -

AZ 62‘721»[)3: - 52R362( 6¢y¢xx - 6¢x¢xy +
bry) + %52% dy, 28

The distribution of the dimensionless shear stress
has the following form:

Txy = Az(lpyy - Slexx) 29
also, the electric field E is obtained from

1

E =1y, - 6(¢y¢x - ¢x¢y) + AR V2, 30

The dimensionless form of the bulk mean
temperature is shown by

3 3
O = Jo 0 Pydy / f5 ydy, 31
Moreover, the Nusselt number is represented as

Nu=—1/6,4, .

chosen based on the previous literature 2" and trapping
for flow is discussed graphically. All figures are
plotted using the Mathmatica 12 program.

Axial Velocity Profile

The axial velocity mechanism is displayed in Fig
2 in relation to the physical parameters. The graphical
results are shown in Fig 2. We can observe that the
axial velocity u shows a dual mechanism. Fig 2a
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shows the axial velocity decline for Cu nanofluid,
base fluid (blood), hybrid nanofluid, and Au
nanofluid. Its behavior is reversed on the other side.
The effect of permeability of porous medium n on
axial velocity u is investigated in Fig 2b, which shows
that increasing the permeability n decreases the axial

— Hybrid

-08 -06 -04 -02

005}
000
~0.05F = w2
[ — m=4
F=— M=8
S0k L, e

-08 -06 -04 -02

5

velocity u. Fig 2c. illustrates that large values of the
Hartmann number M tend to increase the axial
velocity. The magnetic Reynolds number Rm is
discussed in Fig 2d the axial velocity increases when
the parameter Rm increases.

o]
T

-06 -04 -02 00 02 04

-0.8

Figure 2. Axial velocity profiles for different fluid parameters

Temperature Profile:

The effect of physical parameters on the
temperature profile 6 is represented in Fig 3. Both
Figs 3a, and 3b show that the effect of thermal
radiation Rq and absorption parameters 3 on the
temperature profile is improved by both parameters.
As shown in Fig 3a, an increase in the radiation
parameter led to an increase in the propagation of
electromagnetic waves while decreasing heat
conduction. It has a significant effect on thermal
diffusion in a system later on. When it is
extinguished, the nearby molecules move less

vigorously and transport less energy between them
because heat transfer diffusion happens due to
random molecular motion. The Eckert number E.
improves the temperature profile as shown in Fig 3c.
The increased Eckert number E. indicates that
adjective transport is important in improving the
temperature profile. This finding is similar to that of
Abo-Elkhair et al*?. Fig 3d shows that the Prandtl
number firstly opposes the temperature profile. On
the other hand, its behavior begins to change and
becomes reverse.

Page | 1345


https://doi.org/10.21123/bsj.2023.7835

2024, 21(4): 1339-1354
https://doi.org/10.21123/bsj.2023.7835
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

Baghdad Science Journal

&

05 00 05

<r
V

Figure 3. Temperature profiles for different fluid parameters.

Pressure Gradient Profile:

The influence of parameters that matter with respect
to the pressure gradient can be shown graphically in
Fig. 4. These graphs are plotted between Op/dy vs
X,Y.

Fig 4 shows that the pressure gradient is undulating
along the Y-axis and X-axis, although it varies more
rapidly along the y-axis. Observing in Figs 4a, and
4b, the pressure gradient has a double mechanism, it
increases in the first half of (y < 0) due to an

increase in the parameters M and Rm but decreases
in the other half (y < 0). Fig 4d and Fig 4e show
the reverse conduct for the pressure gradient along
x-axis, which means that the pressure gradient is
diminishing along the channel as M and Rm values
increase. The Reynolds number Re increase in the
first half (y < 0) for increasing values, but it begins
to change its situation and behavior in the next half
(y > 0) as shown in Fig 4c The pressure gradient
along the x-axis decreases remarkably, so Reynolds
number Re rises through Fig 4f.
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Figure 4. Pressure gradient profiles for different fluid parameters.

Magnetic Pressure Profile:

The graphical results for the magnetic pressure
profile Py are illustrated in Fig 5.

The effect of the magnetic Reynolds number Rm
and Hartmann number M on the magnetic pressure
is shown in Figs 5a, and 5b. When the values of Rm
and M increase, the magnetic pressure P, decreases
along the entire channel. The influence of the

permeability of porous medium mn on the magnetic
pressure profile in the peristaltic pumping region is
seen in Fig 5c. It was observed that the parameter
n leads to decrease in magnetic pressure to begin
with, but soon the reverse occurs, causing the
profile of magnetic pressure to progressively
increase with height and in the range. In Fig 5d is
depicted the impact of Reynolds number Re on the
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magnetic pressure profile Pn. The magnetic
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Figure 5. Magnetic pressure profiles for different fluid parameters.

Nusselt Number Profile:-

The Nusselt number Nu is utilized to determine the
heat transfer between a solid body and a moving fluid.
Figure 6 displays the plots of the Nusselt number Nu
versus the wavenumber 6. The Nusselt number profile
for the hybrid nanofluid in Fig 6a, is higher than that
of the gold and copper nanofluids, as well as it higher
than that of the base fluid (blood). Fig 6b shows a
view on the permeability of porous media n on the
Nusselt number profile Nu and it found that Nu

diminishes with an increase in the permeability
parameter 1. The result of the heat absorption
parameters § on the Nusselt number profile Nu is
shown in Fig 6¢. This indicate that the performance of
B on Nusselt number profile is quite opposite as
compared to those of permeability parameters 1. Fig
6d indicates that as the magnetic Reynolds number
Rm increases, the Nusslet number profile Nu
decreases.

Page | 1348


https://doi.org/10.21123/bsj.2023.7835

2024, 21(4): 1339-1354
https://doi.org/10.21123/bsj.2023.7835
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

Baghdad Science Journal

= f=01

~0250f

L = f=0.15

== f=02
| ) T R E————
000 005 010

Figure 6. Nusselt number profiles for different fluid parameters.

Trapping Phenomenon:

The trapping mechanism refers to the creation of a
bolus of fluid through enclosed streamlines. Because
the entrapped bolus is surrounded by a peristaltic
wave, it flows at the same speed as the wave. This
mechanism has important significance in physiology
according to fluid flow mechanics. This mechanics
implies complexity, which is useful for investigating
peristaltic flows. Fig 7 illustrates the conduct of
Hartmann number M to the trapping mechanism, as
can be seen in these diagrams as the M rises, the
trapping bolus reduces while the number of bolus
rises slowly. Fig 8 shows that the permeability
parameters 1 reduce the number of trapped boluses
when permeability parameter m values are

increasing. The trapped bolus's size is increasing as
the magnetic Reynolds number Rm rises, as shown
in Fig 9.

Figs 10-12 show the development of magnetic force
contours to define the presence of physical
parameters. As can be seen in Fig 10, magnetic
force contours run in the same direction. The wave
amplitude € raises the magnetic force contours
greatly because of the increase in the wave
amplitude magnitude as the flow field. As shown in
Fig 11, the magnetic force contours decrease as the
value of the electrical field E increases. It is clear
that in Fig 12, when the magnetic Reynolds number
Rm rises, the magnetic force contours shrink while
the number of lines increases gradually.
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Figure 7. Impact of Hartmann number M on the stream lines
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Figure 9. Impact of magnetic Reynolds numbers Rm on the stream lines
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Conclusion

The effect of nonlinear thermal radiation and
magnetic force on the peristaltic transport of hybrid
bio-nanofluid with a porous medium in a symmetric
channel under the influence of magnetic fields with

high and low Reynolds numbers has been
investigated. Blood is considered base fluid which
is non-Newtoinan and Cu-Au as nanoparticles.
Momentum, Maxwell, and heat are studied in the
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dimensionless form as a system of nonlinear partial
differential equations with nonlinear thermal
radiation equations. Graphical results are presented
for the axial velocity, temperature, pressure
gradient, Nusselt number, magnetic pressure,
magnetic force contours, and trapping, the major
findings of this study are outlined as follows:

e The axial velocity u curves and pressure
gradient along y exhibit dual mechanisms.

e The gold nanoparticle has a higher velocity as
compared to the base fluid (blood), hybrid
nanoparticles, and copper nanoparticles

e The magnetic field and magnetic Reynolds
number improved the axial velocity.

e The radiation parameters, Eckert number, and
heat absorption parameters improved the
temperature profile.

o For Reynolds number Re, the influence of
the pressure gradient along the x direction
decreases dramatically.

e The magnetic pressure profile decreases

with increasing magnetic Reynolds number
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