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Abstract:
This study investigates how the rotation of peristaltic flow of nonlinear

thermal radiation affects hybrid nanomaterials that are passed via a porous
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medium within a conduit. This process takes place while applying a
magnetic field in an inclined tapered canal and thinking about the impact of
the magnetohydrodynamic (MHD) field. The governing equation is
examined through the application of long-wavelength assumptions and low
Reynolds approximations. We carried out an analytical investigation using
the Mathematica (11.3) software. The graphs illustrate the phenomenon of
trapping circular bubbles in relation to flow lines, velocity, temperature, and
pressure gradient. Hybrid nanomaterial nanoparticles are also employed for
their impacts. Water serves as the base liquid, while the nanoparticles consist
of polystyrene and graphene oxide. The findings demonstrate that velocity
rises with an increase in fluid rotation £, whereas the pressure gradient
diminishes. The temperature rises with an increase in the heat absorption
parameter B , whereas it declines with an increase in the thermal slip
parameter y.
1. Introduction

Peristaltic pumping is a form of fluid movement that occurs when a
progressive wave gets interwoven inside an area. (Latham, 1966) pioneered
peristaltic transfer in his initial endeavour. The laboratory model for the
peristalsis process was initially introduced by (Fung & Yih , 1968). A
substantial body of literature on peristalsis currently exists. See references
for a variety of fluid models and flow configurations (Shapiro et al., 1969),
(Abdulhussein & Abdulhadi, 2023) and (Ibraheem & Hummady, 2024).
Water flow is a Newtonian fluid and serves as an exemplary illustration of
peristaltic flow. Due to the peristaltic motion mechanism and its widespread
application in medical engineering and the healthcare sector, Recent
researchers have conducted thorough examinations.

Researchers designate the resulting nanofluids as hybrid nanomaterial
fluids after examining the suspension of various combinations of
nanoparticles with base fluids. Characterized as distinct chemical conjugates
comprising organic and/or inorganic substances. The findings indicate an
unusual increase in thermal conductivity at the fluid's base, even with a
modest concentration of nanoparticles. The nanoparticles and slip
characteristics in the peristaltic motion of magneto-hybrid nanofluids. by
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(Iftikhar et al., 2019) and (Sheriff et al., 2021) initially addressed the
influence of connectivity in hybrid nanofluid flow in thermally conductive
fluids with a low concentration of nanoparticles, as (Zahan et al., 2019)
demonstrated in their examination of heat energy in hybrid nanofluids. The
preliminary discourse on the mechanism of peristaltic transport naturally
extends to the expansion and contraction of a symmetric channel. (Abbasi et
al., 2020) and (Imran et al., 2020) examined the peristaltic flow of fluid
through the characteristics of nanomaterials. Researchers have demonstrated
the high effectiveness of the peristalsis mechanism in fluid transfer. (Nazeer
et al.,, 2023) and (Noreen et al., 2017) tackled an issue related to
Electroosmotic processes influence the transmission of heat and generation
of entropy in blood flow, which includes gold nanoparticles, within an
asymmetrical channel. The magnetohydrodynamic and thermal aspects of
peristaltic flow have piqued the interest of numerous researchers (Sheriff et
al.,, 2021), (Salih & Abdulhadi, 2024) and (Salman, 2023) since their
examination.

The phenomenon of rotation has various applications in
cosmological and geophysical processes and enhances our understanding of
galaxy formation and ocean circulation. Overview of research evaluating the
effects of the rotation ensues. Researchers have lately investigated the
influence of a magnetic fields and rotational forces on fluid dynamics within
non-symmetric canals, as noted by (Abd-Alla & Abo-Dahab, 2015) and
(Alshareef, 2020).

This study examines the effects of rotation in peristaltic movement of
hybrid nanomaterials fluid within a inclined tapered canal through a porous
medium. The axial velocity, temperature, pressure gradient and trapping
phenomenon results for various critical parameters in our inquiry have been
analyzed using the system of nonlinear equations. By applying long-
wavelength assumptions and low Reynolds approximations, this paper
investigates the governing equation.

2. Mathematical Structure of the Model
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It is important to note that the influences of rotation and magnetic fields

can be effectively analyzed via a porous medium with an inclined tapered
canal composed of hybrid nanomaterial. See Fig.1.

Figure 1. Geometry of the problem

Hy(X,t) = dy + X + by Sin | (X — ct)] 1)

H,(X,t) = —d, — X — b, Sin [27” X — ct) + ¢] 2)

where t, by, b,, m, c, A are the time, amplitudes of waves, non-uniform
parameter, wave speed and wavelength, @ (0 < @ < m) represents the phase
difference between the walls of the channel, utilizing the rectangular
Cartesian coordinates X and Y. aligns the channel's axis X, while Y, which is
perpendicular to X, aligns the transverse axis. We denote the constant heights
of the upper and lower walls from the central line as d; and d,, respectively
and we angle the width of the channel wells with respect to the central axis
X. Notably, ¢ = 0 denotes asymmetry with out-of-phase waves, whereas
¢ = m pertains to waves that are in phase. Moreover, d, , d,, by, b,and ¢ .
the following relationship is:

b? + b? + 2b,bycosp < (d; + d,)? (3)

The equations that govern.

U

T + — 0 ) ) (4)
N N %4 U

Pos (5 +U 2V —p, (U +25) = -+ 2 (2p 2 +

9 oU | oU ef

E(’u"’f (§+E)>—O‘efB*2U— U+p,gsina

5)
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Pos g COSQ (6)
aT oT aT
(pCp)e (— +U--+ Va—y) =
2
Ker (55 + ) + @ )

where V=(U, V, 0) represent velocity vector, 0 = Qk , k is the unit
vector parallel to Z axis , is rotation, P represents fluid pressure, Pes

effective density, u.r effective dynamic . viscosity, (Cp)ef Is heat

capacitance, T temperature, k. the permeability coefficient, g gravitational
acceleration, o, effective electrical conductivity, k., effective thermal
conductivity. The produced electric field is disregarded entirely due to the
assumption of a low magnetic Reynolds number.

The steady flow occurs when we shift with constant (c)wave propagation
speed from the fixed frame of reference (X, Y) to the wave frame of
reference(x , y) . Then using the wave frame transformations

v=V,y=Y T=T,%x=X—-ct, u=U—-c ,p=P

(8)

By mtroducmg the dlmensmnless parameter:

Hy T-Ty u Av i
= = X)=— X) = 19_ u=—. v=——

2 Y =5 Mm@ ,nz() T U V=
t:C_fR :pef_dlc 5=_1 H=B.d of D _ ko £ = c? zd%ﬁ@) L
1 e wuy 1 1! * U] H-f’ a dzl T gd11p ).‘U.fC

d m b b od m o
(9) 'd:_Z’ =_,a1:_1, 2:—2’ﬂ=Q\1’M:Lf’W:Lf;’
d1 dl d1 dl kao H.f O'f
k
kK==
kr

where M,W,K are represent mathematically from effective dynamic
viscosity of hybrid nanomaterial, effective thermal diffusivity of hybrid
nanomaterial, effective thermal conductivity of hybrid nanomaterial. Further,
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H,D,R,,6,F,B,9 are represent Hartmann number, Darcy number,
Reynolds number, Wave number , Froude number, heat absorption
parameter, temperature, respectively.

experimental formulation for the physical characteristics of hybrid
nanomaterial are show in Table (1), which are given by (Sheriff et al., 2021).

physical (Cp)f (J/kgK) | p, (kg/m®) ke (w/mK) | of (1/K)

characteristics

Pure water 1210 1053 0.16 0.05 x
107°

Polystyrene 2430 1115 0.253 6.7 X
10—14-

Graphene oxide | 2090 783 0.145 1.03 x
102

Table 1. Thermo-physical features of nanoparticles with base fluid.
The dimensionless configuration of the peristaltic canal walls is represented
by 1, (x) and n,(x)as per equations (1) and(2).

ni(x) =1+ mx+ a, Sin(2rx) (10)
n,(x) = —d — mx — a, Sin(2mx + @) (11)
And relation a? + b? + 2abcos¢. < (1 + d)? (12)

Where 1 is the stream function for the components of velocity u and v,

defined as without dimension quantities: u = 'Z—’f/ and v = — aa—li.

We get the follow equations:

o S0 1) (04 0)] 52 (1)

ox  py 0y3 wr or y K Dg \ Oy
};—:Sina (13)
op _
roie 0 (14)

Upon differentiation (13), we obtain an equation devoid of the pressure
gradient factor as:
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MLy [ -2 — o (15)
aza
K+ =0 (16)

In the wave frame, the boundary conditions that do not include dimensions
are (Salih & Abdulhadi, 2024):

621/; =0, = @:0 aty =m, } a7)

‘3—‘5 ~1, y=F, 19+y——0 aty =1,

The resolution of equations (15) and (16) satisfies the corresponding
boundary conditions (17).

gb =
r3+yrd +
y\/(M+HZDaW)uf—Da:22d§pef 2y\/(M+H2DaW);Lf—Da!22d%pef
VMYS VMYS
e \/; MDg(r1+e \/Tf r2)puf (18)
(M"'HZDaW)Iif_Da-QZd%Pef
19———+C1+yC2 (19)

Such that (r1, r2, r3, r4, C1,C2) the values of coefficient are large
expressions.

Volumetric flow rate is assessed by means of

771 TI1 au
F= f vay= [ Lay 20)
N2 N2 a

3. Graphical Results and Discussion

In this area, we examined the impact of several parameters on the
trapping phenomena, velocity distribution, pressure gradient, and
temperature profile with a particular focus on the rotation parameter (2,
Darcy number D,, Hartmann numberH, non-uniform parameter m , effective

density Posr effective thermal conductivity of hybrid nanomaterial K,
thermal slip parameter y and heat absorption parameter f.
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3.1. Trapping Phenomena

To shed light on the phenomenon of entrapment, a circulating bolus of
fluid is formed at the wave's velocity within a confined streamline zone. The
phenomenon of trapping reduces the fluid's velocity to zero at particular
locations within the wave framework. By accounting for the differences in
the values of the stream function at the two specified locations, we are able
to calculate the volumetric flow rate that is present over a line that connects
multiple locations. This underscores the great significance of investigating
simplified structures. The Lorentz force, acting against the fluid flow,
decreases the size of the trapped mass in Figure (2), while as the Hartmann
number H increases. This paper concludes this finding. See how the Darcy
number D,, rotation (2, and non-uniform parameter m behave in the opposite
direction as they are increased in the figures (3-5). We observe an increase in
the size of the trapped mass.

(@ )
Figure 2. Effect H on the stream lines " " for (a) "H" =1 (b) "H"=3

@ (b)
Figure 3. Effect D, on the stream lines " y" for (a) "D," =1 (b) "D," =3
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(b)
Flgure4 Effect!z on the stream Ilnes " 1/)" for(@ "N" =1 (b) "0 =7

@) (b)
Figure 5. Effect m on the stream lines " 9" for (a) "m" =0.1 (b)"m" =0.4

3.2. Velocity Profile

The influence of different values on axial velocity u is illustrated in
Figures 8 to show the effect of changing the values of Figure 6 (a- c). As
this figure shows, Darcy numberD, , rotation parameter 2 , and effective

density p, 90 up, the axial velocity the axial velocity increases in the center

of the channel. Figure 6 (d), shows that as the Hartmann number H goes up,
the axial velocity decreases in the middle of the channel. Figure 6(e) shows
that when non-uniform parameter m increases, the velocity decreases on the
left side and increases on the right side.
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Figure 6. Variation the velocity profile with different perimeter "u"when {D, - 1,H -

1,M-3,a; »06,a,>07,d-1,¢ —>§,F - 1L,W-02m-02p,; - 050 -
Lus—05,d; —»02,x - 1}

3.3. Pressure Gradient Profile " g—z"

This subsection will examine the pressure within the canal. Each
graphic in this section depicts the difference in pressure for variations along
the channel at a specific wavelength x€[-1,0]. The data indicates that the
flow is constrained in the narrow section of the channel x€[-0.5,-0.2]. A
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greater pressure gradient is necessary to attain normal flow. The reduced
pressure gradient in the broader section of the canal x€[-1, -0.5]U[-0.2, 0]
facilitates fluid passage. Figures 7 (a) and (b) show that the pressure gradient
gets bigger as the Hartmann number H, and the non-uniform parameter m go
up. This graph indicates that greater pressure is necessary to transport a
specific volume of fluid via the constricted section of the channel. Upon
examining canal parameter, including the Darcy number D,, rotation

parameter (2, and effective density p, s 88 illustrated in Figure 7 (c-g), the

observed pattern is reversed. The incline requires a reduced pressure of fluid

movement.
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Figure 7. Variation the pressure gradient profile with different perimeter " z—z"when
{D, —>1H—>1M—>3a1—>0.6az—>0.7d—>1<l>—>E F->1W->02m-
0.2,per > 05,2 > 1,ur > 0.5,dy » 02,y > 1LE —>05a—> ,R, = 0.1}

3.4. Temperature Profile "9 "

This subsection examines the effect of the different major physical
parameters on the temperature profile in Figure 8 (a-c). The results indicate
the nearly parabolic nature of the temperature profiles. Figure 8(a) shows the
influence of heat absorption parameter [ on temperature profile. The
findings show that there exists a considerable increase in the temperature of
the fluid for the increasing value of heat absorption parameter g in In the
center of the channel and decreases on the sides. Afterward, heat transfer
diffusion occurs due to random molecular motion, the adjacent molecules
move less vigorously and thus transport less energy between them when they
are extinguished. Notice in the figure 8( b) that when the thermal slip
parameter y increases, the temperature decreases. As for the figure 8(c), the
temperature decreases in the center of the channel with an increase on the
sides of the channel when increasing effective thermal conductivity of hybrid
nanomaterial K.
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Figure 8. Variation the temperature profile with different perimeter "9 " when {a; —
0.6,a, - 07,m-0.7,d > 1,¢ —>%,y -1,->1,K->1x-1}
4. Conclusions
This paper investigated the peristaltic flow of hybrid nanomaterials in an

inclined tapered channel, given the effects of rotation, porous media, and
magnetohydrodynamics (MHD). The cumulative impact of heat transfer are
being considered. We depicted the key variables in the study by graphing
them with Mathematica (11.3) software and found the following results:
e Increased rotation of 2 and the Darcy number D, increases velocity and
the volume of the entrapped mass, accompanied by a less pressure gradient.
e As the Hartmann number H increases, the velocity and volume of the
entrapped mass decrease and the pressure gradient escalates.
¢ As the non-uniform parameter m increases, both the bolus volume and the
pressure gradient increase, the velocity on the left side diminishes, and the
velocity on the right side escalates.
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e The pressure gradient reduces and the velocity increases as the effective
density p, f increases.

¢ As the heat absorption parameter 8 increases, the temperature escalates;
conversely, an increase in both the effective thermal conductivity of the
hybrid nanomaterial K and the thermal slip parameter y helps decrease
temperature.
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