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Abstract. This research is dedicated to study the peristaltic transport of a pseudoplastic nano-fluid with
inclined asymmetric channel incorporating a porous medium under magnetohydrodynamic (MHD) effects
with convective conditions of the boundary applied on the channel walls. Shape of the wall was represented
using a periodic harmonic wave based on a sine function, reflecting the oscillatory nature of peristaltic
motion. Amathematical model was developed that includedmomentum, continuity, and energy equations,
assuming a large wavelength and a small Reynolds number. Equations were solved by perturbation
method to get approximate solutions, and then numerically using MATHEMATICA 14. The results were
then analyzed graphically by physical parameters (for example the Hartmann number, thermophoresis
coefficient in addition to permeability coefficient) affecting the temperature profile, velocity profile, heat
transfer coefficient as well as pressure rise. The analysis also included the phenomena of trapping and
pumping, which are characteristic features of peristaltic flow in such channels.
2020 Mathematics Subject Classification. 76W05, 76S05, 76U05.
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1. Introduction

Peristaltic transport is a fundamental fluid motion mechanism, induced through periodic deforma-
tions of the transport channel, pushing the fluid in a specific direction without the need for external
pressure. This mechanism has an important role in biological systems, For example, the movement of
ingested materials, the passage of food through the digestive system and the flow of urine from the
kidneys system to the bladder as well as the flow of bile through its ducts.

Our model’s incorporation of MHD, porous medium, and inclined channel effects mirrors actual
physical circumstances in geophysical, industrial, and medical applications where these effects coexist.
For instance, the following can be combined in micro medical devices like peristaltic micropumps,
which use peristalsis to move non-Newtonian fluids like blood or polymer solutions.
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Mathematically, modified Navier–Stokes flow equations allow for the inclusion of magnetic field
(Lorentz force), porosity (Darcy/Forchheimer terms), and slope (gravitational component along
the slope). Several published studies have addressed the integration of some of these factors with
pseudoplastic nanofluid, thus justifying their inclusion in our research from both a physical and
mathematical perspective. Our aim is to study the combined effect of these conditions on peristalsis,
thereby filling an existing research gap and providing a scientific basis for various practical applications.

The first studies on the phenomenon of peristalsis began with the researcher [12] early contributions
marked an important starting point in understanding the mechanisms of undulation pumping, as he
investigated pump performance, internal flow patterns, and mixing resulting from secondary motions.
These findings became the cornerstone of subsequent developments in the study of undulation, then it
became of interest to many researchers (see studies [1,4, 7–9,11,14,16–18]). The field of nanofluids
has witnessed increasing interest in recent years, driven by its diverse biological and engineering
applications, particularly in the fields of biochemistry, medicine, and advanced technologies. For
the first time [3] introduced the term nano-fluid to describe a fluid containing nanoparticles with
diameters typically below 50 nanometers. These particles may be composed of metallic substances such
as aluminum, copper, aluminum oxide, silicon nitride, and silicon carbide, or non-metallic materials
including carbon, graphite, carbon nanotubes, nanosheets, nanofibers, and nanodroplets.

Current interest focuses on examining how magnetohydrodynamics affects pseudoplastic nanofluid
peristaltic transport in an asymmetric channel, which is characterised by flexible walls.

It is known that the viscosity or apparent consistency of these fluids decreases rapidly with increasing
shear rate [5]. Asymmetric wall vibrations have also been observed in some biological channels. Eytan
et al. in 1999 and Ali & Salman, in 2024 studied the effect of rotation of non-Newtonian fluids inside a
corrugated channel [2, 6]. A comparative investigation was conducted into the peristaltic transport of
nanofluids suspended in aqueous media [19]. Tripathi & Bég, in 2014, investigating how nanofluid
characteristics affect peristaltic transport [20]. Hina et al., in 2015, conducted a comprehensive study
on the peristaltic movement of pseudoplastic fluid in a channel curving [10], taking into account
all relevant physical characteristics as well as the impact of thermal and mass transfer. Researchers
are interested in this crucial area because stones in the ureters and bile ducts serve as models for
porous media in channels [13, 15]. The purpose of this work is to examine the peristaltic motion
of a pseudoplastic nanofluid in an asymmetric channel with a porous medium when an external
magnetic field is present. The oscillatory nature of peristaltic motion is reflected in the wall shape,
which is described by a periodic harmonic wave based on a sine function. The perturbation method is
used to obtain approximate solutions for the momentum, continuity, and energy equations under the
assumption of a large wavelength and a small number of Reynolds. Mathematica software is then used
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to graphically analyse how various factors affect temperature, velocity profile, heat transfer coefficient,
and pressure rise. Pumping and trapping phenomena are also investigated.

Figure 1. Geometry of an asymmetric channel.

2. Problem Formulation

Thiswork examines themagnetohydrodynamic peristalticmotion of an incompressible pseudoplastic
nanofluid influence (MHD) effects in inclined asymmetric channel in two dimensions width 2d and
filled with porous medium. Peristaltic waves propagate along κ̄-axix at velocity c, while Υ-axis is
perpendicular to it [see Figure 1] where Υ1 is the lower wall and Υ2 is the upper wall. A homogeneous
magnetic field B = (0, B0, 0) is apply in Ῡ-direction. The induced magnetic field can be disregarded
because the magnetic Reynolds number is low. The electric field is also considered absent. Sinusoidal
waves that travel along the elastic walls of the channel cause flow to develop. The wall surface geometry
is specified as follows:

Ῡ1 = H̃1 = −d− ḿκ̄ − b1 sin

[
2π

λ

(
κ̄ − ct́

)
+ φ

]
(1)

Ῡ2 = H̃2 = d+ ḿκ̄ + b2 sin

[
2π

λ

(
κ̄ − ct́

)] (2)

Where the channel has a width of 2d and The asymmetric tapered channel’s non-uniformity is repre-
sented by the parameter (ḿ� 1). The amplitudes related to the upper and lower channel walls are
denoted by b1 and b2, t́ is the dimensionless time, φ It describes the difference phase that varies between
0≤ φ ≤ π. Observe that we have an asymmetric channel with out-of-phase waves when φ = 0. In
addition, b1, d, b2 and φ satisfy the condition:

b21 + b22 + 2b1b2 cos (φ) ≤ (2d)2 (3)

In pseudoplastic fluids, the extra stress tensor is:
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S̆ + λ1
DS̆

Dt́
+

1

2
(λ1 − µ1)

(
I1S̆ + S̆I1

)
= µI1

Where λ1 and µ1 are relaxation times besides I1 refers to Rivlin-Ericksen tensor. Also

I1 =

[
∇~V +

(
∇~V

)T]
, dS̆/dt́ = ∂S̆/∂t́+~V .∇S̆,

DS̆

Dt́
= ∂S̆/∂t́ + ~V .∇S̆ −

(
∇~V

)
S̆ − S̆

(
∇~V

)T
.

The extra stress components S̆κ̄κ̄, S̆κ̄Ῡ, S̆Ῡκ̄ and S̆ῩῩ We can get it from the following relationships:

S̆κ̄κ̄ + λ1

[(
∂

∂t́
+ Ũ

∂

∂κ̄
+ Ṽ

∂

∂Ῡ

)
S̆κ̄κ̄ − 2S̆κ̄κ̄

∂Ũ

∂κ̄
2S̆κ̄Ῡ

∂Ũ

∂Ῡ

]

+
1

2
(λ1 − µ1)

[
4S̆κ̄κ̄

∂Ũ

∂κ̄
+ 2S̆κ̄Ῡ

(
∂Ũ

∂Ῡ
+
∂Ṽ

∂κ̄

)]
= 2µ

∂Ũ

∂κ̄

(4)

S̆κ̄Ῡ + λ1

[(
∂

∂t́
+ Ũ

∂

∂κ̄
+ Ṽ

∂

∂Ῡ

)
S̆κ̄Ῡ − S̆κ̄ κ̄

∂Ṽ

∂κ̄
− S̆ῩῩ

∂Ũ

∂Ῡ

]

+
1

2
(λ1 − µ1)

(
S̆κ̄κ̄ + S̆ῩῩ

)(∂Ũ
∂Ῡ

+
∂Ṽ

∂κ̄

)
= µ

(
∂Ũ

∂Ῡ
+
∂Ṽ

∂κ̄

) (5)

S̆ῩῩ + λ1

[(
∂

∂t́
+ Ũ

∂

∂κ̄
+ Ṽ

∂

∂Ῡ

)
S̆ῩῩ − 2S̆Ῡκ̄

∂Ṽ

∂κ̄
− 2S̆ῩῩ

∂Ṽ

∂Ῡ

]

+
1

2
(λ1 − µ1)

[
2S̆κ̄Ῡ

(
∂Ũ

∂Ῡ
+
∂Ṽ

∂κ̄

)
+ 4S̆ῩῩ

∂Ṽ

∂Ῡ

]
= 2µ

∂Ṽ

∂Ῡ

(6)

3. Method of Solution

The equation of continuity can be expressed as:

∂Ũ

∂κ̄
+
∂Ṽ

∂Ῡ
= 0 (7)

The momentum equations:

ρf

[
∂Ũ

∂t́
+ Ũ

∂Ũ

∂κ̄
+ Ṽ

∂Ũ

∂ Ῡ

]
= −∂P̃

∂κ̄
+

∂

∂κ̄

(
S̆κ̄κ̄

)
+

∂

∂ Ῡ

(
S̆κ̄ Ῡ

)
− σ́B2

0Ũ −
µ

K0
Ũ + ρfg sinα (8)

ρf

[
∂Ṽ

∂t́
+ Ũ

∂Ṽ

∂κ̄
+ Ṽ

∂Ṽ

∂Ῡ

]
= −∂P̃

∂Ῡ
+

∂

∂κ̄

(
S̆Ῡκ̄

)
+

∂

∂Ῡ

(
S̆ῩῩ

)
− µ

K0
Ṽ − ρfg cosα (9)

The governing equation for nanoparticle temperature:

(ρć)f

[
∂T̃

∂t́
+ Ũ

∂T̃

∂κ̄
+ Ṽ

∂T̃

∂Ῡ

]
= κ

[
∂2T̃

∂κ̄2
+
∂2T̃

∂Ῡ2

]
+ (ρć)p

DT

Tm

(∂T̃
∂κ̄

)2

+

(
∂T̃

∂Ῡ

)2
 (10)
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Symbols Ṽ and Ũ denotes the transverse and axial velocity components, respectively. Some symbols
employed in the present analysis are defined in a dedicated table named NUMERICALTURE. The
governing boundary constraints, which include the no-slip and convective thermal boundaries, can be
written as:

U = 0, T̃ = T0 at Ῡ1 = Ȟ1 (11)

U = 0, T̃ = T1 at Ῡ2 = Ȟ2 (12)

To simplify variables, dimensionless quantities are defined as follows:

x =
κ
λ
, y =

Υ

d
, t =

ct́

λ
, u =

ũ

c
, v =

ṽ

c
, δ =

d

λ

h̀2 =
H̃2

d
, θ =

T̃ − T0

T1 − T0
, p =

d2p̃

λµc
, Sij =

d1

cµ
S̆ĩj̃ , λ

∗
1 =

λ1c

d

K =
K0

d2
, Re =

ρfcd

µ
, a =

b1
d
, b =

b2
d
,m =

ḿλ

d

Nt =
τDT (T1 − T0)

Tmv
,M =

√
σ́

µ
dB0, F r =

c2

gd
, u =

∂Ψ

∂y

h̀1 =
H̃1

d
, µ∗1 =

µ1c

d
, Pr =

µćf
κ
, v = −δ ∂Ψ

∂x



(13)

Where the dimensionless parameters refer to the following quantities: y and x denote the axial and
transverse coordinates, Fr the Froude number, Ψ the stream function.

A moving coordinate system (X,Y ) with the same velocity cwave propagating along the X-axis will
be introduced. The coordinates and components of velocity and pressure in both frames are shown as
follows:

κ = κ̄ − ct́,Υ = Ῡ, ũ (κ,Υ) = Ũ
(
κ̄, Ῡ, t́

)
− c,

ṽ (κ,Υ) = Ṽ
(
κ̄, Ῡ, t́

)
, p̃ (κ,Υ) = P̃

(
κ̄, Ῡ, t́

)
 (14)

The continuity is satisfying and the Eqs. (8)–(10) become:

Reδ

[(
∂Ψ

∂y
+ 1

)
∂2Ψ

∂x∂y
− ∂Ψ

∂x

∂2Ψ

∂y2

]
=− ∂p

∂x
+ δ

∂

∂x
(Sxx) +

∂

∂y
(Sxy)

−
(
M2 +

1

K

)(
∂Ψ

∂y
+ 1

)
+
Re

Fr
sinα

(15)

−Reδ3

[(
∂Ψ

∂y
+ 1

)
∂2Ψ

∂x2
+
∂Ψ

∂x

∂2Ψ

∂x∂y

]
=− ∂p

∂y
+ δ2 ∂

∂x
(Sxy) + δ

∂

∂y
(Syy) +

δ2

K

∂Ψ

∂x
− δRe

Fr
cosα (16)

Reδ

[(
∂Ψ

∂y
+ 1

)
∂θ

∂x
− ∂Ψ

∂x

∂θ

∂y

]
=

1

Pr

[
δ2 ∂

2θ

∂x2
+
∂2θ

∂y2

]
+Nt

[
δ2

(
∂θ

∂x

)2

+

(
∂θ

∂y

)2
]

(17)
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The dimensionless of stress components are:

Sxx + λ1

{
δ

[
∂

∂t
+

(
∂Ψ

∂y
+ 1

)
∂

∂x
− ∂Ψ

∂x

∂

∂y

]
Sxx − 2δSxx

∂2Ψ

∂x∂y
− 2Sxy

∂2Ψ

∂y2

}
+

1

2
(λ1 − µ1)

[
4δSxx

∂2Ψ

∂x∂y
+ 2Sxy

(
∂2Ψ

∂y2
− δ2∂

2Ψ

∂x2

)]
= 2δ

∂2Ψ

∂x∂y

(18)

Sxy + λ1

{
δ

[
∂

∂t
+

(
∂Ψ

∂y
+ 1

)
∂

∂x
− ∂Ψ

∂x

∂

∂y

]
Sxy + δ2Sxx

∂2Ψ

∂x2
− Syy

∂2Ψ

∂y2

}
+

1

2
(λ1 − µ1) (Sxx + Syy)

(
∂2Ψ

∂y2
− δ2∂

2Ψ

∂x2

)
=
∂2Ψ

∂y2
− δ2∂

2Ψ

∂x2

(19)

Syy + λ1

{
δ

[
∂

∂t
+

(
∂Ψ

∂y
+ 1

)
∂

∂x
− ∂Ψ

∂x

∂

∂y

]
Syy − 2δ2Sxy

∂2Ψ

∂x2
+ 2δSyy

∂2Ψ

∂x∂y

}
+

1

2
(λ1 − µ1)

[
−4δSyy

∂2Ψ

∂x∂y
+ 2Sxy

(
∂2Ψ

∂y2
− δ2 ∂

2Ψ

∂x∂y

)]
= −2δ

∂2Ψ

∂x∂y

(20)

The expression for (11) and (12) is as follows:

∂Ψ

∂y
= 0, θ = 0 at y = h̀1 (21)

∂Ψ

∂y
= 0, θ = 1 at y = h̀2 (22)

Applying the large-wavelength approximation along with the small Reynolds number limit.
The following Eqs. (15)–(20) become:

∂p

∂x
=

∂

∂y
(Sxy)−

(
M2 +

1

K

)(
∂Ψ

∂y
+ 1

)
+
Re

Fr
sinα (23)

∂p

∂y
= 0 (24)

∂2θ

∂y2
+ Pr Nt

(
∂θ

∂y

)2

= 0 (25)

Sxx = (λ1 + µ1)Sxy
∂2Ψ

∂y2
(26)

Sxy +
1

2
(λ1 − µ1) (Sxx + Syy)

∂2Ψ

∂y2
− λ1Syy

∂2Ψ

∂y2
=
∂2Ψ

∂y2
(27)
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Syy = − (λ1 − µ1)Sxy
∂2Ψ

∂y2
(28)

Equation (24) shows that p is not dependent on y, pressure can be eliminated from Eq. (23). Upon
simplifying Eqs. (26)–(28), and introducing the pseudoplastic fluid parameter ζ = (µ2

1 − λ2
1) We get

the system:
∂2

∂y2
(Sxy)−

(
M2 +

1

K

)
∂2Ψ

∂y2
= 0 (29)

Sxy =

∂2Ψ
∂y2

1− ζ
(
∂2Ψ
∂y2

)2 (30)

∂2θ

∂y2
+ Pr Nt

(
∂θ

∂y

)2

= 0 (31)

in accordance with the boundary constraints:

Ψ = −F
2
,
∂Ψ

∂y
= 0, θ = 0 at y = h̀1 = −1−m (x+ t)− b sin [2πx+ φ] (32)

Ψ =
F

2
,
∂Ψ

∂y
= 0, θ = 1 at y = h̀2 = 1 +m (x+ t) + a sin [2πx] (33)

in this context, ζ = (µ2
1 − λ2

1) is defined as the pseudoplastic fluid parameter, while the symbol F is
used to represent mean flows in a dimensionless form.

F (x, t) = Q+ b sin [2πx] + a sin [2πx+ φ] (34)

F =

∫ h̀2(x)

h̀1(x)

∂Ψ

∂y
,Q ≡ q̃

cd
, dy = Ψ

(
h̀2

)
−Ψ

(
h̀1

)
(35)

The amount of pressure rise per wavelength is given by the following equation:

∆p =

∫ 1

0

∂p

∂x
dx (36)

The lower wall’s transfer heat coefficient can be found using this formula:

Z (x) =
∂h̀1

∂x

(
∂θ

∂y

)
y=h̀1

(37)

Equations (29)–(31), together with the boundary constraints (32) and (33). The perturbation method
was used in the numerical solution to obtain analytical equations for the heat transfer, temperature field,
stream function, axial velocity, pressure distribution, pressure gradient, and nanoparticle concentration.

4. Solution Technique

Since the Eqs. (29)–(31) are not solvable by conventional methods to obtain exact solution, numerical
approaches are adopted.In this context, the series solutions corresponding to small parameters are
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derived using the perturbation technique. Specifically, the variables P,Ψ, F and Z are perturbed with
respect to the fluid parameter ζ, while is perturbed with respect to the Prandtl number Pr. The series
expansions are truncated and retained up to the first-order approximation.

P = P0 + ζP1 + ζ2P2 + . . . ,

Ψ = Ψ0 + ζΨ1 + ζ2Ψ2 + . . . ,

F = F0 + ζF1 + ζ2F2 + . . . ,

Z = Z0 + ζZ1 + ζ2Z2 + . . . ,

θ = θ0 + Prθ1 + Pr2θ2 + . . . .


(38)

4.1. Zeroth-order equations. The equations at this order are expressed as:

∂4Ψ0

∂y4
−N1

2∂
2Ψ0

∂y2
= 0 (39)

∂p0

∂x
=
∂3Ψ0

∂y3
−N1

2

(
∂Ψ0

∂y
+ 1

)
+
Re

Fr
sinα (40)

∂2θ0

∂y2
= 0 (41)

Where (N1
2 = M2 + 1

K ) According to the boundary constraints listed below:

Ψ0 = −F
2
,
∂Ψ0

∂y
= 0, θ = 0 at y = h̀1 (42)

Ψ0 =
F

2
,
∂Ψ0

∂y
= 0, θ = 1 at y = h̀2 (43)

zero class equations solutions are:

Ψ0 = c3 + yc4 +
e−yN1c1 + eyN1c2

N1
2

θ0 =
h1 − y
h1 − h2

∂P0

∂x
=
Re sin [α]

Fr
+

(
−c1e

−yN1N1
3 + c2e

yN1N3
1

N2
1

)
− N2

1

(
1 + c4 +

−c1e
−yN1N1 + c2e

yN1N1

N2
1

)
Z0 =

∂h1

∂x

(
∂θ0

∂y

)
y=h1

= − −ḿ− 2bπ cos [2πx+ ϑ]

−2− 2ḿ(t+ x)− a sin [2πx]− b sin [2πx+ ϑ]

4.2. First-order equations. The equations at this order are expressed as:

∂4Ψ1

∂y4
+ 3

∂4Ψ0

∂y4

(
∂2Ψ0

∂y2

)2

+ 6

(
∂3Ψ0

∂y3

)2(
∂2Ψ0

∂y2

)
−N1

2∂
2Ψ1

∂y2
= 0 (44)
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∂p1

∂x
− ∂3Ψ1

∂y3
− 3

∂3Ψ0

∂y3

(
∂2Ψ0

∂y2

)2

+N1
2∂Ψ1

∂y
= 0 (45)

∂2θ1

∂y2
+Nt

(
∂θ0

∂y

)2

= 0 (46)

In accordance with the boundary constraints:

Ψ1 = −F
2

∂Ψ1

∂y
= 0, θ = 0 at y = h̀1 (47)

Ψ1 =
F

2
,
∂Ψ1

∂y
= 0, θ = 1 at y = h̀2 (48)

First class equations solutions are:

Ψ1 = c7 + yc8 +
1

8N1

(
− 2e−yN1

(
−6c1

2c2y −
15c1

2c2 + 4c5

N1

)
+ 2eyN1

(
−6c1c2

2y +
15c1c2

2 + 4c6

N1

)
− c1

3e−3yN1

N1
− c2

3e3yN1

N1

)

θ1 =
−h̀1h̀2Nt − y

(
−h̀1Nt − h̀2Nt

)
− y2Nt

2
(
h̀1 − h̀2

)2

dp1

dx
=−

3
(
c1e
−yN1N2

1 + c2e
yN1N2

1

)2 (−c1e
−yN1N3

1 + c2e
yN1N3

1

)
N6

1

+
1

8N1

(
27c1

3e−3yN1N2
1 + 36c1

2c2e−yN1N2
1 − 36c1c2

2eyN1N2
1 − 27c2

3e3yN1N2
1

+ 2e−yN1

(
−6c1

2c2y −
15c1

2c2 + 4c5

N1

)
N3

1

+ 2eyN1

(
−6c1c2

2y +
15c1c2

2 + 4c6

N1

)
N3

1

)

+N2
1 (c8 +

3c1
3e−3yN1 + 12c1

2c2e
−yN1 − 12c1c2

2eyN1 − 3c2
3e3yN1)

8N1

+
+2e−yN1

(
−6c1

2c2y − 15c1
2c2+4c5
N1

)
N1

8N1
+

2eyN1(−6c1c2
2y + 15c1c2

2+4c6
N1

)N1

8N1
)

Z1 =
∂h1

∂x

(
∂θ1

∂y

)
y=h1

= (−m− 2bπ cos [2πx+ ϑ])(
− (−1−m (t+ x)− b sin [2πx+ ϑ])Nt

(−2− 2m (t+ x)− a sin [2πx]− b sin [2πx+ ϑ])2

− −((1 +m(t+ x) + a sin [2πx])Nt)

2 (−2− 2m (t+ x)− a sin [2πx]− b sin [2πx+ ϑ])2
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+
(1 +m(t+ x) + b sin [2πx+ ϑ])Nt

2(−2− 2m(t+ x)− a sin [2πx]− b sin [2πx+ ϑ])2

)
5. Results and Discussion

This section examines the impact of the physical variables on flow characteristics, which is reviewed
using graphs and numerical results. The trapping phenomenon, pressure gradient, pressure rise, and
velocity distribution are all examined in the analysis. It is shown that these behaviors are affected by
increasing the values of parameters such as the upper wall capacity coefficient (b), the phase difference
coefficient (φ), the dimensionless flow rate (Q), and the lower wall capacity coefficient (a).

5.1. Velocity profile. Initially, Figs. 2-5 clearly show that the velocity distribution takes the form of
a parabola., as shown in the graphs. These figures were plotted to investigate the influence of the
Hartmann numberM , the permeability parameter κ, the phase difference coefficient φ, and the average
flow rate on velocity distribution Q. The value of x = 2.001 and t = 2.001 in all Figures. Fig 2 shows
the effect of the Hartmann number (M) on velocity. The results show a decline in velocity at the center
channel, whereas an inverse trend is observed near the boundaries. This is attributed to influence of
the applied magnetic field, which impedes fluid movement and acts as an axial damping force that
reduces the flow velocity. The opposite is true as the permeability parameter k rises, show Fig 4. Fig 5
illustrates the velocity increase progressively with the rise flow rate Q. Finally, Fig 3 illustrates how the
phase difference coefficient affects the channel’s velocity profile.

Figure 2. Presents the impact of different values to (M) on the velocity profile.



Asia Pac. J. Math. 2026 13:45 11 of 22

Figure 3. Presents the impact of different values to (φ) on the velocity profile.

Figure 4. Presents the impact of different values to (k) on the velocity profile.

Figure 5. Presents the impact of different values to (Q) on the velocity profile.
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5.2. Temperature profile. This part deals with the analysis of the effect of Prandtl number Pr, phase
difference φ, non-uniform parameter m, and thermophoresis parameter Nt on temperature profile.
These figures show that the temperature profiles are almost parabolic, with an increase in temperature
observed in the center of the channel. Figures 6 and 7 shows that asNt and Pr increase, the temperature
rises. The impact of raising the non-uniformity parameterm on the channel’s temperature distribution
is shown in Figure 8. The findings show that higher values ofm cause the temperature to rise in the
channel’s lower region while having the opposite effect in its upper region, where it progressively
drops. In Figure 9, the complete opposite occurs.

Figure 6. Presents the impact of different values to (Nt) on the temperature profile.

Figure 7. Presents the impact of different values to (Pr) on the temperature profile.
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Figure 8. Presents the impact of different values to (m) on the temperature profile.

Figure 9. Presents the impact of different values to (φ) on the temperature profile.

5.3. Pumping characteristics. Figures 10, 11, 12 and 13 show how different physical parameters affect
the average pressure increase. (∆p) as a function of the volumetric flow rate (Q). In all cases, ∆p

Lorentz force, which creates an additional opposing effect on the flow, weakening the pumping process.
Figure 12 shows the effect of the Reynolds number Re. Higher Re leads to a lower value of ∆p at

a constant flow rate. Physically, higher values of Re indicate a predominance of inertial effects over
viscous forces, reducing pressure losses and resulting in a lower pumping pressure requirement. Finally,
Figure 13 illustrates the effect of wave number α. Increasing α results in a lower ∆p at the same flow
rate. This is explained by the fact that increased wall undulation increases the frictional resistance
within the channel, increasing pressure losses. Overall, the results indicate that pumping efficiency
is significantly influenced by permeability coefficients and magnetic field, while both the Reynolds
number and wave number also play important roles in controlling the amount of pressure increase
within the channel.
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Figure 10. Presents the impact of different values to (k) on the average pressure rise.

Figure 11. Presents the impact of different values to (M) on the average pressure rise.

Figure 12. Presents the impact of different values to (Re) on the average pressure rise.
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Figure 13. Presents the impact of different values to (α) on the average pressure rise.

5.4. Heat transfer coefficient. Figures 14, 15, 16 and 17 reflect the impact of peristalsis on the channel’s
upper wall heat transfer coefficient he results show that this coefficient varies as a result of sine
waves propagating along the walls. Additionally, Figure 14 illustrates how the heat transfer coefficient
increases as the value ofM increases, while Figures 15, 16 and 17 show that the coefficient decreases as
the values of Q, k, and ζ increase.

Figure 14. Presents the impact of different values to (M) on the heat transfer coefficient.
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Figure 15. Presents the impact of different values to (Q) on the heat transfer coefficient.

Figure 16. Presents the impact of different values to (k) on the heat transfer coefficient.

Figure 17. Presents the impact of different values to (ζ) on the heat transfer coefficient.
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5.5. Nusselt number. Figures 18, 19 and 20 illustrate impact the variables to Nusselt number. Figures
indicate that it rises (heat transfer improves) with rise values form and falls in the channel’s middle.
increases at end the channel with increasing values of Pr and Nt.

Figure 18. Presents the impact of different values to (Pr) on the Nusselt number.

Figure 19. Presents the impact of different values to (Nt) on the Nusselt number.
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Figure 20. Presents the impact of different values to (m) on the Nusselt number.

5.6. Trapping. The trapping phenomenon corresponding to various values of m, Hartman numberM ,
phase difference varying φ, and mean flow rate Q is depicted in Figures 21-24. It has been noted that
as Q andM increase, so does the size of the trapped bolus. Additionally, it is noted that asm and φ
increase, the trapped mass’s volume decreases.

(a)m = 0.113 (b)m = 0.141

Figure 21. Stream lines for a = 0.15, b = 0.43, ζ = 0.026, d = 0.51, k = 0.31, Q =

0.83,M = 2.0, t = 3,m = 0.155, φ = π/6,M = 0.6.
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(a)M = 0.6 (b)M = 2.2

Figure 22. Stream lines for a = 0.15, b = 0.43, ζ = 0.026, d = 0.51, k = 0.31, Q =

0.83,M = 2.0, t = 3,m = 0.155, φ = π/6.

(a) φ = π/3.0 (b) ϑ = π/1

Figure 23. Stream lines for a = 0.15, b = 0.43, ζ = 0.026, d = 0.51, k = 0.31, Q =

0.83,M = 2.0, t = 3,m = 0.155.
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(a) Q = 0.83 (b) Q = 0.9

Figure 24. Stream lines for a = 0.15, φ = π/6, b = 0.43, ζ = 0.026, d = 0.51, k =

0.31, Q = 0.83,M = 2.0, t = 3,m = 0.155.

6. Conclusions

The findings demonstrated that raising the Hartmann number causes the flow velocity to drop, the
average pressure to drop, the pumping process to weaken, the heat transfer coefficient to rise, and
the trapped bolus to enlarge. This is because of the Lorentz force. As the permeability coefficient
rises, the flow velocity increases, the necessary pumping pressure decreases, and the heat transfer
coefficient decreases. Increase the phase difference coefficient leads to a decrease in the flow velocity, the
temperature gradually decreases, and the volume of the trapped mass decreases. raise the parameter
for thermophoresis It causes the temperature to rise and raises the Nusselt number at the end of
the channel. A higher flow rate (Q) results in a larger trapped bolus, a decrease in the heat transfer
coefficient, and an increase in velocity.

In the future, this analysis can be expanded to include additional physical effects such as rotation
and chemical interactions. By examining the effects of varying viscosity, heat generation or absorption,
and nanoparticle aggregation, practical medical and industrial applications will be better understood.
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Nomenclature

Nomenclature
ρp Density of nano-particles g Acceleration
σ́ Fluid electrical Conductivity Re Reynolds number
DT Thermophoretic diffusion coefficient Pr Prandtl number
K0 Permeability parameter t Time
ρf Density of fluid K Darcy number
κ Thermal conductivity of fluid α Inclination of the channel with the horizontal
λ Wavelength P̃ Dimensional Pressure
Q Dimensionless mean flows p Dimensionless pressure
T̃ Fluid temperature θ Dimensionless temperature
B0 Magnetic parameter Tm Fluid mean temperature
M Hartman number µ Fluid viscosity
δ Wavenumber Nt Thermophoresis parameter
h Height of the channel u Velocity component in the x-direction
v Velocity component in the y- direction m Non-uniform paremeter
b Wave amplitude of walls
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