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Abstract

Efficient peristaltic transport of non-Newtonian fluids plays a vital role in biomedical, industrial,
and microfluidic applications such as drug delivery, dialysis, polymer processing, and filtra-
tion. This study investigates the peristaltic motion of a Rabinowitsch fluid through a permeable
channel, focusing on the combined effects of suction/injection, wall slip, and permeability on
pressure rise, velocity distribution, and frictional forces. Analytical solutions are derived using
lubrication theory under the assumptions of long wavelength and low Reynolds number, while
MATLAB simulations are employed to examine the influence of key parameters. The results
show that suction/injection enhances pressure rise, slip parameters (β1, β2) distinctly regulate
flow resistance and velocity distribution, and higher wall permeability induces nonlinear veloc-
ity growth. These findings offer valuable insights for optimizing fluid transport and improving
energy efficiency in biomedical and industrial systems.
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1 Symbols and Abbreviations

Symbol/Abbreviations Description
b Amplitude of the wave
ϕ Amplitude ratio
Q Average non-dimensional flow rate
g Gravitational acceleration vector
a Half-width of the channel
P Pressure
v Kinematic viscosity
Re Reynolds number
β1, β2 Slip parameters
k Suction/Injection parameter
t Time
v0 Velocity
(U, V ) Velocity components in lab frame
(u, v) Velocity components in wave frame
µ Dynamic viscosity
δ Wave number parameter
c Wave speed
τxx Normal stress in x-direction
τyy Normal stress in y-direction
τxy Shear stress on plane normal to x acting in y-direction
τyx Shear stress on plane normal to y acting in x-direction

2 Introduction

Peristaltic transport is a fundamental mechanism in physiological and engineering systems,
enabling the movement of fluids through periodic contractions of flexible walls. In biological
contexts, it governs vital processes such as blood circulation, digestion, and urine transport. Since
blood and other biological fluids exhibit non-Newtonian characteristics, classical Newtonianmod-
els are inadequate for describing their dynamics. The Rabinowitsch fluid model, in particular,
captures both shear-thinning and shear-thickening behaviors, making it a more accurate repre-
sentation of complex fluids like blood. Peristaltic processes in the human circulatory system en-
sure unidirectional blood flow, enabling effective nutrient and oxygen transport. Disturbances
in these processes can cause cardiovascular problems. Studying peristaltic transport with wall
suction/injection, and slip is essential for improving diagnostic and therapeutic techniques.

Abbas et al. [1] studied peristalticmotion of Jeffrey fluid in a permeable channel under Lorentz
force and chemical reactions. Magnetic fields and chemical reactions significantly influence mass
transfer and velocity profiles. Abd-Alla et al. [2] investigated the magnetohydrodynamic peri-
staltic transport of Jeffrey fluid in an asymmetric porous channel with heat transfer effects. Their
results highlight howmagnetic field, porosity, and thermal conditions influence velocity and tem-
perature distributions. Akbar et al. [3] investigated heat transfer in Rabinowitsch fluid flowdriven
by metachronal ciliary waves. Analytical solutions for temperature and Nusselt number showed
that increasing wave amplitude enhances heat transfer; effects vary with fluid rheology.

Akram et al. [4] investigated peristaltic transport of Maxwell fluid in a porous asymmetric
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channel. Solutions for velocity and pressure gradient show the effects of porosity, asymmetry,
and fluid relaxation time on flow behavior. Aly and Ebaid [5] presented an exact solution for the
peristaltic transport of nanofluids in an asymmetric channel under the influence of a second-order
velocity slip condition. Their study demonstrates how slip effects significantly alter the flow and
heat transfer characteristics. Chakradhar et al. [6] exploredMHDperistalticmotion ofWilliamson
fluid in a porous channel with suction and injection. Permeability, suction/injection, andmagnetic
field strongly affect flow, relevant for industrial and biomedical devices.

Chamkha et al. [7] studied unstable heat andmass transfer from a stretched surface in a porous
mediumwith chemical reactions and suction/injection. Showed how these factors affect tempera-
ture and concentration profiles for industrial applications. Channakote and Kalse [8] investigated
heat transfer in peristaltic flow of Rabinowitsch fluid through a conduit with porous walls. Fluid
properties and wall permeability significantly influence temperature distribution and heat trans-
fer. El Shehawey andHusseny [9] analyzed peristaltic flow through a porousmedium considering
the effects of porous boundaries. Their study showed that wall permeability significantly influ-
ences the velocity and pressure distribution within the channel. Elmhedy et al. [10] investigated
the effects of heat transfer and an inclined magnetic field on peristaltic flow of an incompressible
Rabinowitsch fluid in an inclined channel using lubrication approximation. Results show heat
transfer and magnetic field influence velocity and particle motion, relevant for modelling gastric
flow in endoscopic procedures.

Goud et al. [11] investigated peristaltic transport of a pseudoplastic fluid in a tube with per-
meable walls under suction and injection. Increasing the suction/injection parameter reduces the
pressure rise required for pumping, useful for controlling flow in biomedical and industrial appli-
cations. Hayat et al. [12] analyzed the simultaneous effects of slip and heat transfer on peristaltic
flow, demonstrating the role of slip conditions in modifying velocity and thermal distributions.

Ismail et al. [13] performed a stability analysis of stagnation-point flowwith heat transfer over
an exponentially shrinking sheet, demonstrating how heat generation influences flow stability
and thermal behavior, which supports the importance of stability considerations in mathematical
modeling of transport phenomena. Kamisli [14] studied laminar flow of non-Newtonian fluid in
channels with wall suction/injection. Analytical solutions for velocity and pressure illustrate how
wall suction/injection impacts flow stability and transition, relevant for membrane and filtration
systems. Kumar et al. [15] investigated the influence of slip effects on the peristaltic transport of
a Rabinowitsch fluid in a non-uniform tube, showing how slip parameters significantly alter the
velocity and pressure characteristics of the flow. Lin et al. [16] analyzed Rabinowitsch fluid in
power-law film slider bearings. Developed a non-Newtonian Reynolds equation and showed that
flow behavior index and layer thickness ratio significantly influence load-carrying capacity and
frictional force.

Maiti et al. [17] studied peristaltic blood flow inmicro-vessels using aHerschel-Bulkleymodel.
Found that amplitude ratio, fluid index, and vessel shape strongly affect velocity, wall shear stress,
flow reversal, and peristaltic pumping efficiency. Misra et al. [18] studied the peristaltic trans-
port of a physiological fluid in an asymmetric porous channel under an applied magnetic field.
They examined how the magnetic field and porosity affect the velocity and pressure distribution.
Their findings provide insights into magnetohydrodynamic effects on biofluid flow in physiolog-
ical channels. Misra et al. [19] explored peristaltic transport of a non-Newtonian fluid with a
peripheral layer. Using long wavelength and low Reynolds assumptions, higher outer layer vis-
cosity was found to increase pressure and frictional forces, depending on fluid rheology. Rafiq
and Abbas [20] examined heat radiation and viscous dissipation effects on Rabinowitsch fluid
flow in a non-uniform inclined tube with convective slip. Analytical results show strong influence
of thermal radiation and viscous dissipation on temperature and flow behavior. Rajashekhar et al.
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[21] explored unstable peristaltic transport of Rabinowitsch fluid in a non-uniform channel with
temperature-dependent fluid properties. Temperature variation significantly affects pressure dis-
tribution and velocity profiles.

Ramamoorthy and Pallavarapu [22] investigated the second-order slip effects on the flow of a
conducting Jeffrey nanofluid in an inclined asymmetric porous channel. Sadaf and Nadeem [23]
explored peristaltic transport of Rabinowitsch fluid in a non-uniform tubewith convective bound-
ary conditions and viscous dissipation. Found that velocity increases with stiffness, rigidity, and
viscous damping for shear-thinning fluids, while Brinkman number enhances temperature. Sara-
vana et al. [24] studied peristaltic pumping in an inclined channel with compliant walls, consider-
ing heat transfer. Derived expressions for velocity, temperature, and heat transfer coefficient; fluid
index and wall compliance impact flow and trapping. Satwai et al. [25] studied blood flow with
nanoparticles through a porous inclined overlapping stenosed artery under an external magnetic
field and demonstrated how porosity, magnetic field strength, and nanoparticle effects signifi-
cantly influence velocity distribution and wall shear stress, providing a mathematical basis for
incorporating porous media and non-Newtonian effects in physiological flow models. Shapiro et
al. [26] examined peristaltic pumping using lubrication approximation. Demonstrated that wave-
induced motion can drive flow without external pressure, providing foundational understanding
for flow in flexible biological conduits.

Singh et al. [27] conducted a theoretical study on heat transfer in peristaltic transport of a
Rabinowitsch fluid, analyzing the influence of non-Newtonian behavior and peristaltic motion on
velocity and temperature distributions in a channel. Sivaranjani and Kavitha [28] analyzed the
peristaltic transport of a pseudoplastic fluid under MHD effects with first-order slip conditions at
permeablewalls. Their results provide insights for designing efficient peristaltic pumping systems
in non-Newtonian fluid applications. Srinivas et al. [29] examined the effects of slip conditions,
wall properties, and heat transfer on MHD peristaltic transport, highlighting how these factors
significantly influence flow behavior and thermal characteristics. Tripathi [30] studied peristaltic
transport of a viscoelastic fluid using the fractional Maxwell model. Analytical expressions for
velocity, pressure, and shear force showed that increasing fractional parameter and relaxation
time decreases pressure difference, aiding analysis of viscoelastic flows. Vaidya et al. [31] in-
vestigated peristaltic flow in an inclined porous channel with convective boundary conditions.
Rheology of shear-thinning and shear-thickening fluids is strongly affected by fluid properties;
porosity reduces trapping for Newtonian and dilatant fluids but increases it for pseudoplastic flu-
ids. Yu-Ming et al. [32] investigated entropy generation in Rabinowitsch fluid flow through an
inclined wavy channel with constant and variable fluid properties. Examined factors affecting
thermodynamic efficiency, entropy creation, and heat transfer.

Most studies consider suction/injection or wall slip separately, often focusing on Newtonian
or simple power-law fluids. The combined effect of suction/injection, and slip parameters on Ra-
binowitsch fluid peristaltic transport remains less explored. This study extends the analysis by
incorporating both slip and suction/injection parameters to better model physiological applica-
tions, including drug transport, cardiovascular diagnostics, and biomedical device design.

Motivated by these considerations, the present study investigates the peristaltic transport of
a Rabinowitsch fluid through a permeable wall under the influence of suction/injection and slip
conditions. By employing the long wavelength and low Reynolds number approximations, ana-
lytical solutions are derived for the velocity distribution, pressure gradient, and frictional force.
The influence of key governing parameters including slip, suction/injection parameter, and fluid
index is systematically analyzed. The findings provide new insights into flow regulation mecha-
nisms, with potential applications in biomedical engineering, microfluidic devices, and industrial
fluid transport systems.
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3 Mathematical Formulation

In this study, the peristaltic flow of a Rabinowitsch fluid is considered in a channel of total
width 2a with permeable walls on both sides. As illustrated in Figure 1, the fluid enters the d
omain through the lower wall with a uniform injection velocity v0 and is removed through the
upper boundary at the same rate. The analysis is made simpler by focussing just on the channel’s
semi-width.

Figure 1: Physical Model

The wall deformation is characterized as.

Y = H(X, t) = a+ bcos
2Π

λ
(X − ct′). (1)

where a is half channel width, b is the amplitude of the wave, t′ is time, λ is the wavelength.

4 Governing Equations and Boundary Conditions

A well-recognized method to examine the non-Newtonian behavior of a fluid is provided by
the Rabinowitsch fluid model, which relates shear stress to shear rate as follows.

τY Y + α τ3yx = µ
∂u

∂Y
. (2)
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The continuity and momentum equations for incompressible Rabinowitsch fluid flow in a fixed
frame are given by

∂U

∂X
+

∂V

∂Y
= 0, (3)

ρ

(︃
∂U

∂t′
+ U

∂U

∂X
+ V

∂U

∂Y

)︃
= − ∂p

∂X
+

∂τXX

∂X
+

∂τY X

∂Y
, (4)

ρ

(︃
∂V

∂t′
+ U

∂V

∂X
+ V

∂V

∂Y

)︃
= − ∂p

∂Y
+

∂τXY

∂X
+

∂τY Y

∂Y
. (5)

Transformation to the wave frame: To simplify the analysis for peristaltic motion, we move to a
frame traveling with speed c:

u′ = U − c,

y′ = Y,

x′ = X − ct′,

v′ = V.

(6)

Here, u′, x′, v′, and y′ represent the axial velocity, axial position, transverse velocity, and transverse
position, respectively measured in the wave frame.
Dimensionless variables: The following non-dimensional variables are introduced:

u =
u′

c
, v =

v′

cδ
, x =

x′

λ
, y =

y′

a
, h =

H

a
, δ =

a

λ
, p =

p′a2

µcλ
, Re =

ρac

µ
,

t =
ct′

λ
, ϕ =

b

a
, τxy =

aτ ′xy
cµ

, τxx =
aτ ′xx
cµ

, τyy =
aτ ′yy
cµ

, α =
c2µ2

a
γ.

(7)

Assumptions and simplifications: Under the assumptions of long wavelength (δ ≪ 1) and
low Reynolds number (Re ≪ 1) [26], the inertia terms are negligible.
Then the governing equations reduce to:

τyx + ατ3yx =
∂u

∂y
, (8)

∂τyx
∂y

− k
∂u

∂y
=

∂p

∂x
, (9)

∂p

∂y
= 0. (10)

Wave-frame boundary conditions: The equivalent dimensionless boundary conditions in the
wave frame are [26]:

∂u

∂y
= 0,

∂2u

∂y2
= 0 aty = 0, (11)

u = −1− β1
∂u

∂y
− β2

∂2u

∂y2
at y = h = 1 + ϕ cos 2πx. (12)

Volume flow rate: The volume flow rate in the fixed (Q′) and wave (q′) frames are defined as:

Q′ =

∫︂ H

0

U dy, q′ =

∫︂ H

0

U dy. (13)

960



S. Sivaranjani and A. Kavitha Malaysian J. Math. Sci. 20(3): 955–972(2026) 955 - 972

Using the transformation from fixed to wave frame (Eq. 6), we have

Q′ = q′ + cH. (14)

Time-averaged flow: The mean flow over a wave period T = λ/c is

Q̂ =
1

T

∫︂ T

0

Q̄ dt = g′ + ca. (15)

In dimensionless form, this becomes

Q = q + 1, (16)

where

q =
q′

ac
=

∫︂ h

0

u dy, Q =
Q̂

ac
. (17)

5 Solution of The Problem

Using the boundary conditions (11) and (12) to solve Eqn (9), we obtain

u = −1 +
(︂dp
dx

)︂(︂y2 − h2

2

)︂
− k
(︂y3 − h3

6

)︂
+ 3α

[︂(︂dp
dx

)︂3(︂y4 − h4

4

)︂
− 3
(︂dp
dx

)︂2
k
(︂y5 − h5

10

)︂
+(︂dp

dx

)︂
k2
(︂y7 − h7

28

)︂
− β1

[︂(︂dp
dx

)︂
h− k

2
h2 + 3α

(︂(︂dp
dx

)︂3
h3 − 3

(︂dp
dx

)︂2
k
h4

2
+ 3
(︂dp
dx

)︂
k2

h6

4

)︂]︂
− β2

[︄(︂dp
dx

)− kh+ 3α
[︂
3(

dp

dx
)3h2 − 6(

dp

dx
)2kh3 +

9

2

(︂dp
dx

)k2h5
]︂]︄

.

(18)

The volume flow rate q in the fixed frame is given by

q =

∫︂ h

0

u dy.

On evaluating the above integral, the following expression for the volume flux q is obtained.

q = −h− dp

dx

h3

6
+

kh4

8
− 3α

5

(︃
dp

dx

)︃3

h5 − 3α

12

(︃
dp

dx

)︃2

h6 − 3α

32

(︃
dp

dx

)︃
k2h8

−β1

[︄(︃
dp

dx

)︃
h2 − k

2
h3 + 3α

(︄(︃
dp

dx

)︃3

h4 − 9

2

(︃
dp

dx

)︃2

kh5 +
9

4

(︃
dp

dx

)︃
k2h7

)︄]︄

−β2

[︄(︃
dp

dx

)︃
h− kh2 + 9α

(︄(︃
dp

dx

)︃3

h3 − 2

(︃
dp

dx

)︃2

kh4 +
9

2

(︃
dp

dx

)︃
k2h6

)︄]︄
.

(19)

After simplification, we obtain the following relation between the volume flux and the pressure
gradient.

6(q + h)

h3
= −dp

dx
+

3kh

4
− 18α

5

(︃
dp

dx

)︃3

h2 − 3α

2

(︃
dp

dx

)︃2

kh3 − 9α

16

(︃
dp

dx

)︃
k2h5

− 6β1

h3

[︄(︃
dp

dx

)︃
h2 − k

2
h3 + 3α

(︄(︃
dp

dx

)︃3

h4 − 9

2

(︃
dp

dx

)︃2

kh5 +
9

4

(︃
dp

dx

)︃
k2h7

)︄]︄

− 6β2

h3

[︄(︃
dp

dx

)︃
h− kh2 + 9α

(︄(︃
dp

dx

)︃3

h3 − 2

(︃
dp

dx

)︃2

kh4 +
9

2

(︃
dp

dx

)︃
k2h6

)︄]︄
.

(20)
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Eqn (19) yields the pressure gradient equation when Eqn (20) is used.

dp

dx
=

−6(q + h)

h3
+

3kh

4
− 18α

5
(
dp

dx
)3h2 − 3α

2
(
dp

dx
)2kh3 − 9α

16
(
dp

dx
)k2h5

− 6β1

h3

[︄
(
dp

dx
)h3 − k

2
h3 + 3α

(︂
(
dp

dx
)3h4 − 9

2
(
dp

dx
)2kh5 +

9

4
(
dp

dx
)k2h7

)︂]︄

− 6β2

h3

[︄
(
dp

dx
)h− kh2 + 9α

(︂
(
dp

dx
)3h3 − 2(

dp

dx
)2kh4 +

9

2
(
dp

dx
)k2h6

)︂]︄
.

(21)

Eqn (21) reduces to the Shapiro et al. [26] conclusion in the limiting situation, when α− > 0.
The nonlinear first-order equation for the pressure gradient is given by

6(q + h)

h3
= −dp

dx
+

3kh

4
− 6β1

h3

[︄(︂dp
dx

)︂
h2 − k

2
h3

]︄
− 6β2

h3

[︂(︂dp
dx

)︂
h− kh2

]︂
. (22)

Rearranging terms, we obtain

dp

dx
=

6(q + h)/h3 − 3kh/4 + 3β1k + 6β2k/h

−(1 + 6β1/h+ 6β2/h2)
. (23)

It is difficult to obtain an analytic solution for pressure in Eqn (23), as it is a first-order nonlinear
equation. However, Eqn (23) may be roughly represented by a perturbation expansion as follows
for small values of the pseudoplasticity parameter (α << 1).

p = p0 + αp1. (24)

Since the nonlinear terms in the denominator are small, we apply a binomial expansion:
i.e., (1 + x)−1 ≈ 1− xfor|x| << 1.

(1 + 6β1/h+ 6β2/h
2)−1 ≈ 1− 6β1

h
− 6β2

h2
. (25)

Multiplying the numerator by this series and keeping terms up to first order, we can separate the
leading-order and first-order correction:

dp0
dx

= −6(q + h)

h3
+

3kh

4
+ 3β1k +

6β2k

h
, (26)

dp1
dx

=
36β2(q + h)

h5
+

36β1(q + h)

h4
− 36β2

2k

h3
− 54β1β2k

h2
−
(︃
18β2

1 +
9

2
β2

)︃
k

h
− 9

2
β1k. (27)

Therefore, the approximate pressure gradient is expressed as

dp

dx
≈ dp0

dx
+ α

dp1
dx

. (28)

where α ≪ 1 is the pseudoplasticity parameter. This approach clearly separates the Newtonian
contribution, wall slip effects, and first-order pseudoplastic corrections, and provides a tractable
approximation for the pressure distribution in the channel. Then the overall equation is repre-
sented by

dp

dx
= −6(q + h)

h3
+

3

4
kh+ 3β1k + 6β2k

1

h
+ α(

36β2(q + h)

h5
+

36β1(q + h)

h4
(29)

− 36β2
2k

1

h3
− 54β1β2k

1

h2
− (18β2

1 +
9

2
β2)k

1

h
− 9

2
β1k). (30)
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6 Pumping Characteristics

The following is the equation for the pressure increase per wavelength:

∆P =

∫︂ 1

0

dp

dx
dx, (31)

∆P =

∫︂ 1

0

(−6(q + h)

h3
+

3

4
kh+ 3β1k + 6β2k

1

h
+ α(

36β2(q + h)

h5
+

36β1(q + h)

h4
(32)

− 36β2
2k

1

h3
− 54β1β2k

1

h2
− (18β2

1 +
9

2
β2)k

1

h
− 9

2
β1k))dx.

The following is the expression for the dimensionless frictional force at thewall over awavelength:

F =

∫︂ 1

0

h(−dp

dx
)dx. (33)

7 Result and Discussion

The Rabinowitsch fluid’s flow properties are determined by the pseudo-plasticity parameter
(α). Shear-thickening (dilatant) for α < 0, shear-thinning (pseudoplastic) for α > 0, and Newto-
nian fluid for α = 0.

The velocity profile for various values of the first-order slip parameter β1 is shown in Fig-
ure 2. The depicted curves show how slip affects the velocity distribution and correspond to
(β1 = 0.1, 0.2, 0.3, 0.4). The velocity profile changes higher as β1 rises, suggesting that velocity
is increasing throughout the domain. This behavior implies that an overall increase in fluid ve-
locity results from greater slip circumstances. The figure arrow indicates the direction of rising
β1, highlighting the gradual increase in velocity as slip values increase. This pattern suggests that
increased slip at the interface facilitates fluidmotion by lowering resistance. Sivaranjani &Kavitha
[28] reported that increasing slip parameters improves pumping efficiency in pseudoplastic fluids
with suction and injection.

Additionally, the velocity profile for various values of the second-order slip parameter β2 is
shown in Figure 3. The shown curves showhow the second-order slip condition affects the velocity
distribution and correspond to (β2 = 0.5, 0.6, 0.7, 0.8). The velocity profile changes higher as β2

rises, signifying an overall increase in velocity. According to this pattern, fluidmotion is improved
by lowering boundary resistance when the second-order slip parameter is increased. The figure
arrow indicates the direction of rising β2, demonstrating the gradual increase in velocity. The
influence of second-order slip β2 is depicted. Higher β2 values correspond to increased velocity,
consistent with Aly and Ebaid [5], who demonstrated the significant impact of second-order slip
on velocity in nanofluid peristaltic flows. Ramamoorthy and Pallavarapu [22] also found that
second-order slip enhances flow characteristics in porous inclined channels.

Reduced wall friction in the Rabinowitsch fluid is shown by an increase in the velocity as both
the slip parameters β1 and β2 rise. Smoother fluid motion is made possible by increased slip at
the borders, which encourages more effective peristaltic transfer.

The velocity profile for various values of the permeability parameter k is shown in Figure 4.
Plotting curves for (k = 0.15, 0.25, 0.35, 0.45) demonstrate how permeability affects the velocity
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distribution. Higher wall permeability, which makes it easier for fluid to flow through the porous
material, causes the velocity profile to move upward as k rises. Figure 4 shows the effect of wall
permeability k on the velocity profile. Higher permeability leads to increased fluid velocities due
to easier flow through the wall, which agrees with Ei Shehawey andHusseny [9], Misra andMaiti
[18], who reported similar enhancements in velocity and pumping in channels.

The velocity profile for various values of the amplitude ratio ϕ is shown in Figure 5. The curves
corresponding to (ϕ = 0.40, 0.50, 0.60, and 0.70) illustrate how changes in ϕ affect the velocity dis-
tribution. The upward trend of the curves indicates that increasing ϕ leads to higher velocity. This
implies that a larger amplitude ratio enhances the wave-induced pumping efficiency, thereby in-
creasing the fluid velocity. Increasing ϕ results in higher velocities, consistentwith the classicwork
of Shaprio et al [26], where higher occulsion ratios enhance velocity and pressure in Newtonian
peristaltic flows. More recent studies, reported that higher occlusion ratios enhance pumping
efficiency in peristalsis, and with Misra and Maiti [18], who showed that suction and injection
significantly modify velocity fields in porous channels, improving fluid transport.

For various values of the slip parameter (β1 = 0.1, 0.2, 0.3, 0.4), Figure 6 shows this pattern,
emphasised by the arrow in the picture, which indicates that the pressure difference rises as β1

does. According to this behavior, amore effective peristaltic transportmechanismunder regulated
circumstances is made possible by raising the slip parameter, which also raises the flow resistance.
As β1 increases, both the velocity and pressure difference exhibit a noticeable rise. This trend
aligns with findings by Goud and Reddy [11], who reported similar enhancements in pressure
difference within increasing slip parameters in Rabinowitsch fluid models.

The pressure flow connection for different values of the slip parameter β2 is shown in Figure 7
(β2 = 0.6, 0.7, 0.8, 0.9), which illustrates how variations in β2 impact the pressure-flow properties
in peristaltic transport. Physically, this behavior suggests that a rise in β2 increases viscous dis-
sipation because of improved slip conditions and permits the fluid to flow more freely over the
channel walls.

Greater resistance to flow is shown by an increase in the pressure difference as the slip param-
eters β1 and β2 rise. This illustrates how boundary slip affects flow control and how crucial slip
conditions are to the design of effective peristaltic pumping systems. This observation is consistent
with the results presented by Aly and Ebaid [5], nothing that higher values of β2 correspond to
increased flow rates and pressure differences in peristaltic transport of non-Newtonian fluids. Fig-
ure 8 shows how the pressure difference changes when the amplitude ratio (ϕ) varies. According
to the presented graphs, which correspond to (ϕ = 0.55, 0.56, 0.57, 0.58), the pressure difference
at a fixed flow rate rises as ϕ increases. This suggests that in peristaltic transport, a greater wave
amplitude needs greater pressure to maintain the same volumetric flow rate. This behavior is in
agreement with the study by Maiti and Misra [18], who observed that a higher amplitude ratio
results in a greater pressure difference in peristaltic transport of non-Newtonian fluids.

The pressure difference for various suction and injection parameter values (k) is shown in Fig-
ure 9. The graphs show that at a fixedflow rate, the pressure differential grows as k increases. They
correspond to (k = 0.10, 0.15, 0.20, 0.25). This behavior implies that additional resistance is intro-
duced by increasing wall permeability, necessitating higher pressure to sustain fluid movement.
This trend is supported by the findings of Abd-Alla et al. [2], who reported that higher values of
k leads to increased pressure differences in peristaltic transport of non-Newtonian fluids.

In Rabinowitsch fluid transport in a peristaltic channel, increased slip, wall porosity, and wave
amplitude all work together to raise the pressure needed to keep the volumetric flow rate constant.
Figures 10 to 13 show that when the pressure rate changes, the frictional force is just opposite be-
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havior to the pressure rate.

Figure 2: Velocity profile for different β1 with α = 0.01, k = 0.25, ϕ = 0.56.β2 = 0.9

Figure 3: Velocity profile for different β2 with α = 0.01, k = 0.25, ϕ = 0.56.β1 = 0.2.

Figure 4: Velocity profile for different k with α = 0.01, ϕ = 0.56,β1 = 0.2,β2 = 0.9.
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Figure 5: Velocity profile for different ϕwith α = 0.01, k=0.25,β1 = 0.2,β2 = 0.9.

Figure 6: The distinction between∆p and Q̄ for β1 with β2 = 0.4 k = 0.3, α = 0.07, and ϕ = 0.35.

Figure 7: The distinction between∆pwith Q̄ for β2 with β1 = 0.3, α = 0.07, ϕ = 0.35, k=0.3.
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Figure 8: The distinction between∆pwith Q̄ for ϕwith β1 = 0.4, β2 = 0.3, α = 0.07, k=0.5.

Figure 9: The distinction between∆pwith Q̄ for k with β1 = 0.3, α = 0.07, ϕ = 0.35, β2 = 0.3

Figure 10: The distinction between F with Q̄ for β1 with β2 = 0.4 k = 0.3, α = 0.07, ϕ = 0.35.
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Figure 11: The distinction between F with Q̄ for β2 with β1 = 0.3, α = 0.07, ϕ = 0.35, k=0.3.

Figure 12: The distinction between F with Q̄ for k with β1 = 0.3, α = 0.07, ϕ = 0.35, β2 = 0.3

Figure 13: The distinction between F with Q̄ for ϕwith β1 = 0.4, β2 = 0.3, α = 0.07, k=0.3.
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8 Conclusion

In thiswork, the peristaltic transport of a Rabinowitsch fluidwith slip effectswas analyzed, and
analytical formulations for pressure, velocity, and frictional force were obtained using lubrication
theory principles valid for slow, wave-driven flows. The impact of important parameters on the
flow characteristics was examined throughMATLAB simulations. The results can be summarized
as follows:

1. Reducedwall friction in the Rabinowitsch fluid is demonstrated by an increase in the velocity
profile as both slip parameters β1 and β2 rise. Enhanced slip at the boundaries facilitates
smoother fluid motion, resulting in more effective peristaltic transfer.

2. The velocity profile increases with the suction/injection parameter and the amplitude ratio
ϕ, indicating improved fluid transport. Stronger wall contact and higher wave amplitude
promote enhanced propulsion of the Rabinowitsch fluid under peristaltic motion.

3. The pressure differential rises with increasing slip parameters β1, β2, amplitude ratio ϕ, and
permeability k, signifying greater flow resistance. In Rabinowitsch fluid transport, enhanced
slip, wall porosity, and wave amplitude necessitate higher pressure to maintain a steady
volumetric flow rate.

4. The frictional force exhibits an opposite behavior to the pressure rate.

Overall, this study provides theoretical insights into the role of slip, suction/injection, and per-
meability in controlling peristaltic transport of Rabinowitsch fluid. The findings hold significant
relevance in biomedical applications such as blood circulation, chyme propulsion, and urine trans-
port, as well as in industrial processes involving polymer solutions, drug delivery systems, and
energy-efficient fluid handling.

9 APPLICATION

There are several useful applications in the biological and industrial domains for the investi-
gation of peristaltic transport of Rabinowitsch fluid with suction and injection under slip circum-
stances. It aids in the design of artificial organs, the optimisation of drug delivery systems, and
the comprehension of blood flow dynamics in small arteries in biomedical engineering. Similar to
this, these flowmodels are helpful for physiological processes including the flow of synovial fluid
in joints, urine transport via the ureters, and bloodmovement in capillarieswith porouswalls. The
effects of suction/injectionmechanisms and slip conditions are important in drug delivery systems
because focused therapy requires precise fluid management. The study is especially pertinent to
the movement of fluids throughout the gastrointestinal tract, where peristaltic action is essential.
These findings are valuable for applications such as enhanced oil extraction, microscale fluid ma-
nipulation, and polymer-based process optimization. The study is also helpful for developing
lubrication and cooling systems, where efficient fluid transport management is required under
a variety of circumstances. Its significance in engineering applications can be further increased
by using the effects of suction and injection on fluid velocity in filtering systems and membrane-
based separation procedures. This research is crucial for the design of filtration systems, polymer
processing, and microfluidic devices where non-Newtonian fluids behave as dilatants or pseu-
doplastics. Comprehending how slip effects interact with suction and injection can improve the
effectiveness of lubricating systems, membrane-based fluid separation procedures, and chemical
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and bioreactors.
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