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Abstract: The analysis of couple stress fluids under slip
conditions is crucial for optimizing a range of industrial
and biomedical applications where microstructural dynam-
ics and interfacial interactions are paramount. Using the
slip velocity phenomena, we perform a numerical simula-
tion of magneto-couple stress fluid (CSF) flow over a per-
meable stretched sheet (SS) inside a porous medium. By
employing dimensionless variables, the steady flow model
can be converted to a single ordinary differential equation
(ODE). Driven by this relevance, our study employs an inte-
grated numerical approach, leveraging the Mohand Trans-
form (MT) and the Adomian Decomposition Method (ADM)
to enhance solution precision and ensure robust conver-
gence. The modified ADM simplifies the complex nonlin-
ear equations for efficient computer-based computation,
while the Mohand Transform enhances convergence, ensur-
ing that the obtained results closely approach the exact
solution. Furthermore, the residual error function is eval-
uated to verify the accuracy and effectiveness of the devel-
oped methodology. When the current findings were com-
pared with other methods for particular flow scenarios,
they demonstrated strong agreement, confirming the accu-
racy of the solution. Research indicates that when coupling
stress, suction, and slip velocity parameters are increased,
the skin friction coefficient rises; however, when the porous
parameter is increased, it falls. The outcomes of this study
can be applied to engineering and biomedical systems such
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1 Introduction

The limitations of the Navier—Stokes equations (NSEs) in
adequately simulating the flow behavior of non-Newtonian
fluids are well known. It is not suitable to utilize the
NSEs for the analysis of these fluids because of their com-
plex flow properties, which greatly depart from their basic
assumptions. Non-Newtonian fluids have well-known and
important applications in many industrial and technologi-
cal applications. Their special qualities are essential in oper-
ations like biomedical engineering, food processing, and
polymer synthesis. Because of this, in order to accurately
explain and forecast the behavior of these fluids in real-
world situations, specialized models and methodologies are
frequently needed [1]. The applicability to many industrial
applications is apparent when non-Newtonian FF across a
stretching sheet is taken into consideration. This situation
is especially important for processes like glass blowing [2],
where the extrusion of plastic sheets requires a fine surface
finish and consistent thickness, and where the controlled
stretching of molten glass is necessary for shape [3]. This
kind of flow is also relevant to the creation of paper [4],
where the material’s stretching affects the fibers’ alignment
and thickness, and to the drawing of copper wires, where
stretching allows for exact control over the wire’s diameter.

A conducting fluid’s properties are usually altered
when a magnetic field (MF) is introduced into the flow.
Any instabilities in the fluid flow are typically stabilized by
this magnetic field. This stabilizing effect may not always
hold true, and stability may not always be improved by the
magnetic field in the way that is anticipated [5]. Complex
behavior can result from the fluid’s interaction with the
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magnetic field; in certain cases, the magnetic field may cre-
ate new instabilities or change the dynamics of the flow
in unexpected ways [6]. The importance of using mag-
netic fields with electrically conductive fluids in engineering
applications is shown in heat generation [7]. In many dif-
ferent metallurgical applications, this approach is especially
significant. Engineers are able to control this cooling process
accurately, which affects the characteristics and quality of
the metals that are created. This is achieved by introducing
a magnetic field. Greater control over the structural and
mechanical properties of the material is made possible by
this magnetic manipulation, and this control is essential for
obtaining the intended results in manufacturing and indus-
trial operations [8]. Recent research underscores the signifi-
cance of magnetic fields, slip velocity, and the mechanism of
fluid flow in optimizing heat transfer and flow control over
deformable surfaces. Studies by Rashid et al. [9-11], and Atif
et al. [12] collectively demonstrate how these phenomena
govern thermal and hydrodynamic performance. Building
on these findings, this work systematically investigates their
coupled effects in fluid flow systems, advancing predictive
models for engineering applications.

As an expansion of the conventional viscous theory,
Stokes [13] created the notion of the CSE. With the inclu-
sion of a couple stress & body couples, this new theory
offers a more thorough framework for the analysis of fluid
mechanics. The theory makes it possible to analyze com-
plex fluid behaviors that are not well explained by conven-
tional viscosity theory by including these extra forces. This
advancement has expanded the field of fluid dynamics and
made it possible to represent fluid interactions and phenom-
ena in the actual world with greater accuracy. The couple
stress fluid model accurately characterizes fluids exhibiting
microstructural interactions and intrinsic rotational effects
beyond Newtonian approximations, making it ideal for sys-
tems with suspended particulates or microscale flow geome-
tries. This framework proves valuable for analyzing blood
flow, specialized lubricants, and electro-rheological fluids,
as well as industrial processes like precision coating and
polymer extrusion. Its capability to resolve micro-rotational
dynamics also enhances the modeling of biological flows
(e.g., synovial fluid or capillary blood circulation) and engi-
neered systems involving porous media or magnetic fields,
justifying its use in this study of complex non-Newtonian
transport phenomena [14]. Given the critical relevance of
this type of fluid, numerous researchers [15-18] have inves-
tigated their behavior across diverse physical conditions
and industrial contexts. These studies demonstrate their
efficacy in optimizing thermal and hydrodynamic perfor-
mance in engineered systems.
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The model in question simplifies to a highly nonlinear
ODE, for which an exact analytical solution is sometimes
impossible. Therefore, to get an approximate or numerical
solution, one must use one of the well-known and highly
accurate numerical techniques. A number of sophisticated
numerical and semi-analytical approaches are available for
tackling complex fluid flow models of substantial physi-
cal importance. Prominent among these are the Adomian
Decomposition Method [19], the Finite Volume Method [20],
and the Homotopy Analysis Method [21]. The selection of
these methods is often justified by their documented relia-
bility, accuracy, and adaptability in resolving the nonlinear
systems inherent to fluid dynamics and thermal processes.
The extensive body of literature utilizing these techniques
attests to their robust potential for modeling fundamental
physical behavior and generating stable, convergent out-
comes in a multitude of applied scenarios.

We addressed the problem analytically using a newly
developed methodology. This strategy utilized a modified
ADM model combined with MT [22]. This new approach
offers greater accuracy and efficiency, making it a good
method for solving difficult analytical problems. This
method sometimes provides the exact solutions to the
problem under study. The solution to the emerging of the
ODE verifies the validity and usefulness of this approach.
Graphs and tables are employed to simulate the collected
data.

This research aims to do an extensive analysis of the
behavior of the CSF flows over the SS, especially when a
magnetic field is present and the fluid passes through a
porous medium. The purpose of the current work is to
comprehend the intricate dynamics and interactions that
take place in these situations. The research aims to pro-
vide important insights into the influences of pair stresses,
magnetic fields, and porous media on fluid flow by inves-
tigating this scenario. These findings may have important
ramifications for many industrial applications. An effective
method for solving the model equations is the ADM. The MT
is applied in addition to this approach. These two methods
are combined in the study to effectively address the model’s
intricacies and enable a more accurate and effective solu-
tion. Through a deep look into the behavior of the system
under investigation, this hybrid approach improves analyt-
ical capacities [23,24]. In article [25], the authors presented
a new analytical technique (ADM with MT) and applied it
to obtain analytical solutions to a system of PDEs in their
fractional form (Cabuto). In [26], the authors introduced the
approximate solution of the Kersten-Krasil’shchik coupled
KdV by employing the natural transform and the ADM. In
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[27], the Laplace-ADM is implemented to solve the fractional
telegraph equations.

While the phenomena of couple stress and slip flow
have been widely examined, the combined impact of suc-
tion, slip velocity, and a porous medium on magneto-couple
stress fluids remains a relatively unexplored area. Existing
research, often limited to purely analytical or numerical
approaches, can struggle with convergence and accurately
modeling the complete physics of these complex systems. To
bridge this gap, the current work presents a novel hybrid
technique that integrates the MT with the ADM. This syn-
ergy yields robust semi-analytical solutions that effectively
circumvent previous limitations. The primary novelty of
this research is the successful application of this integrated
solver to precisely model couple stress fluid flow under
realistic boundary conditions. Consequently, its key contri-
bution is the delivery of new physical insights into the inter-
dependent roles of slip, suction, and porous parameters on
flow and thermal fields, with significant implications for
advanced engineering and biomedical design.

1.1 Main contributions and novel insights

This study introduces a new examination of magneto-couple
stress fluid flow over a permeable SS in a porous medium,
notably including slip velocity, a less-explored area. The
primary contribution is a novel hybrid analytical-numerical
technique, combining the Mohand transform with the ADM,
which ensures quick convergence and higher solution accu-
racy. This method simplifies complex nonlinear equations
and its results align well with established benchmarks. Fur-
thermore, the research offers fresh insights into how key
parameters like couple stress, suction, slip velocity, and
porosity affect the skin friction coefficient, thereby enhanc-
ing our understanding of slip flow behavior in magneto-
porous systems.

The construction of the manuscript is presented in
the following order: Section 2 introduces the mathematical
development of the model under study. Section 3 delineates
the procedure solution, where we presented some essential
ideas on the MT and implemented modified ADM. Section 4
gives a code verification for the proposed method. Section 5
shows a numerical simulation of the examination problem
and a discussion of the results obtained. Section 6 presents
the conclusions.

2 Mathematical development

Considering the steady-state, fluid flow of a non-Newtonian
CSF across a linearly permeable SS during a porous medium.
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Perpendicular to the permeable, stretchy surface, a specific
strength of the MF is applied. The fluid movement in the
surrounding area may be affected by this field’s interac-
tion with the flow dynamics because of the magnetohy-
drodynamic (MHD) effects. The flow happens in the semi-
infinite porous zone where y > 0, which is described by
its permeability, and the permeable sheet is deemed to line
with y = 0 (see Figure 1). As it is clear, Figure 1 schemati-
cally depicts the studied configuration: a 2D magneto-couple
stress fluid flowing steadily over a porous, SS aligned with
the x — axis. The model incorporates transverse magnetic
effects (y — direction), and wall-normal flow development,
and accounts for both surface suction/injection and velocity
slip boundary conditions.

The stretching velocity of the sheet is given by
u,, = bx; b is the stretching rate. This suggests that the
sheet extends faster the farther you walk along it and that
the pace of stretching is directly related to the distance
x from a given location. The objective is to compute the
fluid’s velocity field, especially in the involvement of the
slip velocity phenomenon at the permeable SS and at loca-
tions remote from it that satisfy the necessary boundary
constraints. The momentum and continuity equations for
the couple stress fluid are systematically derived, incorpo-
rating the steady, incompressible flow conditions, boundary
layer approximations, Darcy-porous medium interactions,
and transverse magnetic field effects. The mathematical for-
mulation rigorously accounts for microstructural stresses
characteristic of non-Newtonian fluids, while ensuring con-
sistency with fundamental conservation laws [28]:

V.-U=0, (4]
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Figure 1: Geometrical model and coordinate system of the FF.
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where U = (u,v), p,k, 4,0, and B,, are the velocity vec-
tor, density, permeability, viscosity, electrical conductivity,
and the magnetic field intensity, respectively. Now, we sim-
plify the continuity and momentum equations by using the
boundary layer approximation. In this approximation, the
area near the sheet where the fluid undergoes abrupt veloc-
ity changes is the main focus. As a result, we arrived at the
subsequent governing equations [29]:

ux+vy=0, 3)
uu,+ovu +@u —Eu —Lu—G—Bgu 4)
X YT T W T pk p

here, 7, denotes the material constant specific to the couple
stress fluid, which characterizes its unique properties. Here,
it is important to see that the non-Newtonian CSF can be
made into a Newtonian fluid by setting the material couple
stress parameter to zero (, = 0). This will remove the
couple stresses’ effects and simplify the fluid’s behavior to
that of a typical Newtonian fluid. The CSF is the electric con-
ductivity. The following boundary conditions (B.Cs), which
must be satisfied to characterize the CSF’s behavior inside
the system, control its flow:

3
== (55) = (55))

5 (5)

u

U=—Uw, 07)12=0, at y=0,

u—0 ou -0 at y — 0. 6)
9 ay 2

The velocity slip coefficient f, controls the preceding
boundary conditions. It takes into consideration the relative
motion of the fluid and the boundary surface, permitting
partial slip instead of a no-slip condition. Incorporating slip
velocity is essential for modeling realistic flow behavior in
microscale and nanoscale systems where the no-slip con-
dition breaks down due to surface interactions, roughness,
or rarefaction effects. Slip alters velocity profiles, reduces
shear stress, and modifies near-wall heat and mass trans-
fer — critical for micro/nanofluidic devices, MEMS lubrica-
tion, polymer processing, and targeted drug delivery. This
approach enhances accuracy in predicting flow dynamics
for such applications.

2.1 Model in dimensionless form

Here, by lowering the number of independent parame-
ters, the problem can be made simpler by applying sim-
ilarity transformations. Thus, with the help of similarity
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transformations, the controlling nonlinear PDEs are con-
verted to dimensionless ODE, which can be described as
follows [30]:

u=Dbxf'(n),

_ m,>%
v (p f(n).

In the context of our investigation, this equation, which
directly results from the transformations, is crucial for addi-
tional analysis:

@)

KfO ="~ ff"+ 2+ GA+Mf =0,  ®

fn=w,  f=1+p(f"-Kf¥), ©)
f""(m) =0, at =0,
f'tn) =0, f"'(n) =0, as n—oo. (10

Here A = ﬁ is the porous parameter, M = ﬁBé is the MF

— M i — —Uy
parameter, K= Vv is the Couple stress parameter, w \/E

is the suction parameter and f = ﬁo\/% is the slip velocity
parameter. We will now continue the study by discussing the
skin friction coefficient (SFC) Cf,, an important parameter
of fluid dynamics. It measures the resistance that a fluid
encounters when it comes into contact with a solid surface,
and its comprehension is crucial for maximizing flow rates,
reducing energy waste, and guaranteeing the effectiveness
of a range of technical applications. The following repre-
sents a representation of the skin friction coefficient for-

mula:
T

Cf = W 11
fx ou,,’ (1
where 7, takes the following form:
ou\ n, < Pu >]
T,=—|ul =—)——| 5= . (12)
v [ <ay> p ayg y=0

Using equation (12) and the non-dimensional variables pro-
vided in equation (7) in conjunction with the relationship
described in equation (11), we arrive at the following con-
clusion:

CfRe = —[f"(0) = Kf®(0),

where Re = % is the local Reynolds number.

13

3 Procedure solution

3.1 Basic concepts on the MT

The MT of the function g(#) is denoted and given as follows
[31]:
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M{g(m} = Glo) = 02/ gme="dn,  k <0<k,
0

The inverse MT of G(o) is M {G(0)} = g(n).
The main properties of the MT [32]:
1. For arbitrary constants a,, a,, we have

M{a,g1(n) + a,8,(m} = aM{g (M} + a,M{gy(m)}.

2. The MT of the derivatives g™ (z).

M{g™(n)} = 0" Glo) — 0" g(0) — ¢"g'(0)
— =0 g (0), n=12,....
(149

3. The MT for the power functions:

n!
on—l ’
I'n+1)
on—l

neN;
M{n"} =

. n> -1

3.2 Implementation of the modified ADM

To apply the modified ADM for solving equation (8), we
reform it in the following form:

f(S)(’,I) — NL(f) =K [f/l/ + ff// _ f/z —(A +M)f’].
(15)
Taking the MT of this model (15) gives the following:
35 F(S) _ SG f(O) _ SS f/(o) _ S4 f/l(o) _ 83 f//l(o) _ 82 f(4)(0)
= M[NL(f)]. (16)

By imposing the B.Cs (9), we can get the following solution:

Fs)=sw+ y + %;(2+313;(3+ S%M[NL(f)]. a7

Taking the inverse MT of the equation (17) yields the follow-
ing:

1 1
f("l)=0)+)(1”l+£)(2’72+ﬂ)(3"l4

+M [slsm INL(f)] ] (18)

where

n=r0, =10, x=720.

Now, the components of the approximate solution to the
problem under study will be obtained using the iterative
scheme as follows:
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fom=w+ yn+ %Xz"lz + i}m‘*, (19)
. r1 r1
Fraatn) = M SMINLOD] | = w7t Sm[a, )]
m=12,.... (20)

We decompose the nonlinear term NL(f) by utilizing
Adomian’s polynomials 4, in the following form:

NL(f) = ) Ap, @1

m=0

1| am Q iz
o= (27 )]

Applying the previous formula, we can calculate the firstA,,
in the following form:

where,

(22)

bo = [ +To g~ T~ G4 0T
_ 1 1
=K [(a)+ nh+ 2 1+ 2 )(3”4))(2
-1 —(1+M))(1],

A =K+ fof +Fufy = 2fofi — A+ MOf], ...
(23)
We can calculate the first components of the approximate
solution using the iterative formula (20) in the following
form:

Fuom = [ Smf4g]|

_ 1 1 1 1
=K' [(gw’f; + 6141 n’+ 7142 n + 9143 ’19)
1
Xy — a115()(12 +(4 +M))(1)],
(24)
Thus, we can obtain the approximate solution by collecting
m of these approximated terms as follows:

m—1
fulm) =Y, Film). 25)
k=0

When m — oo, this form is close to the true solution.

The values of y,,k = 1,2,3 will be given by applying
the B.Cs (9)-(10).

To achieve a complete numerical simulation, we esti-
mate the following residual error function REF f(m, 1) [33]
for the solution f(#) of equation (8) as follows:
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REF ;(m, ) = K () — fPn) — () 2 ()

+ (M +A+M) fl) ~0.  (26)

The convergence of the ADM is well known and has
been discussed and studied in many studies, including
[34-36]. Here, in this paper, the method has been improved
by applying the Mohand transform. Therefore, the accuracy
of the modified method will be verified in the next section,
as is the case in many recently published studies, such as
[37,38]. This is done through comparisons with other meth-
ods, as well as calculating the REF, and also through graphi-
cal results, which demonstrate the high agreement between
the approximate solutions and the solution behavior, while
achieving the expected physical meanings for the problem
under study.

4 Code verification

The modified ADM was used to numerically solve the non-
linear ODE (8) and the associated B.Cs. Figures are used
to show the significance of the physical parameters. Data
from the literature, according to Turkyilmazoglu [39], and
Yih [40] (who used the finite difference method) have been
compared in Table 1 with our findings for the SF-coefficient
—f"(0).

To validate our approximate solutions at
K =05 =M = 03,4 = 02, o = 0.8), we
give a comparison in Table 2 with the ADM [41, 42] with

Table 1: Values of —f'/(0) at various AwithK = f = @ = M = 0.

A Turkyilmazoglu [39] Yih [40] Present work
0.0 1.00000000 1.0000000000 1.0000000000
0.5 1.22474487 1.2247000000 1.2247447998
1.0 1.41421356 1.4142000000 1.4142135550
1.5 1.58113883 1.5811000000 1.5811388259
2.0 1.73205081 1.7321000000 1.7320507995

Table 2: A comparison of the REF between the current method and the
ADM via various values of m.

n Present Method - REF at: ADM-REF at:

m=17 m=13 m=17 m=13
0.0  6.75364E—06 9.12550E—10  3.25478E—04  6.02517E—07
0.6 1.74102E—06  4.14785E—09  6.02584E—03  7.25810E—06
1.2 2.95142E—05  7.52841E—09  5.21470E—03  5.22581E—06
1.8 3.02541E—06  6.25874E—09  0.65471E—03  4.25910E—05
24  5.00442E—05  6.02584E—08  9.02547E—02  5.01487E—04
3.0 1.25874E—04  6.25874E—07  0.21450E—02  7.25644E—04
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different values of m by computing the REF in the two
methods. This comparison illustrates the thoroughness of
the introduced method in this paper. From the REF, we can
confirm that the accuracy of the method can be controlled
by choosing appropriate values for the approximation
order m.

5 Results and discussion

By combining the modified ADM for solving the nonlinear
ordinary differential equation and related boundary con-
ditions is created. By combining these two approaches, the
analytical process is streamlined, and the complexity of
nonlinear systems may be effectively handled. It produces
solutions that are more accurate and efficient, and provides
significant insights into the behavior of the model. It is espe-
cially helpful in solving nonlinear differential equations
when dealing with boundary conditions, which makes it
an invaluable tool in both mathematics and engineering
contexts. We shall provide a detailed analysis of the non-
Newtonian CSF flow across the SS embedded in a porous
medium in this section. Keeping all other factors fixed,
Figure 2 looks at how changes in both K and g affect f()
and f'(#). It can be seen that for 0.0 < < 3.0, the velocity
increases as both K and f increase. By altering the shear
stress distribution, K, in the meantime, takes into considera-
tion the stresses and micro-rotational effects inside the fluid,
which can improve the fluid’s flow characteristics. When
combined, these factors lower the total flow resistance and
encourage a faster flow rate within the designated range
of #. Furthermore, the couple stress parameter causes the
dimensionless stream function to grow, whereas the slip
velocity parameter causes the opposite effect. Physically,
the couple stress parameter characterizes the microscale
rotational behavior within the fluid, leading to the devel-
opment of asymmetric stresses that decrease viscous resis-
tance and enhance the overall flow velocity. At the same
time, the presence of velocity slip minimizes wall shear
by reducing fluid—surface interaction, thereby facilitating
faster motion near the boundary. Together, these two effects
- microstructural rotation and interfacial slip act synergisti-
cally to improve momentum transfer and alter the structure
of the boundary layer.

Variations in A and M are shown to affect the f(#) and
f' () profiles in Figure 3. About the overall fluid dynamics,
the effects of these parameters are highlighted, and insights
into the flow behavior under various porosity and mag-
netic influence circumstances are provided by this graph-
ical representation. Reduced fluid velocity and a dimen-
sionless stream function result from the magnetic field’s
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(a) f(n) and f'(n) for selected K
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Figure 2: The influence of K and § on f(x) and f'(n). (a) f() and f’(n) for selected K (b) f(1) and f’(n) for selected f.

(a) f(n) and f'(n) for selected A
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Figure 3: The influence of A and M on f() and f'(n). (a) f(1) and f'(n)) for selected A (b) f(#) and f’(n) for selected M.

opposition to the fluid’s motion, or Lorentz force. Due to the
introduction of resistance to the flow through the medium,
the porous parameter exhibits the same behavior. In a
manner akin to the Lorentz force, the porous structure
reduces the fluid’s velocity and modifies the stream func-
tion by raising friction and decreasing total permeability.
From a physical perspective, both the applied magnetic
field and the porous medium act as resistive forces that
impede fluid motion. The magnetic field induces a Lorentz
force opposing the fluid’s movement, thereby diminishing
its velocity and stream function. Concurrently, the limited
permeability of the porous medium enhances viscous drag,
which further suppresses fluid motion and weakens circu-
lation intensity. The combined influence of these resistive
mechanisms markedly affects momentum transport within
magneto-porous configurations. Such behavior is critical

in the MHD flow control applications, including nuclear
reactor cooling, microfluidic systems, and biomedical pro-
cesses, where accurate magnetic regulation of fluid dynam-
ics is essential.

Figure 4 compares two cases: One without a porous
medium (4 = 0.0) and another with a porous medium
present (A = 0.3). In the absence of porosity (A = 0.0), the
streamlines follow a smooth, uninterrupted path, indicating
undisturbed flow. However, when porosity is introduced
(A = 0.3), the streamlines become scattered, revealing
how the porous structure disrupts the flow by redirecting
pathways and adding complexity. This contrast indicates
the significant impact of porous media on fluid dynamics.
From a physical standpoint, introducing a porous medium
enhances resistance to fluid motion, forcing the fluid parti-
clestodiverge from their normal trajectories. As aresult, the
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(a) Stream lines for A = 0.0

Figure 4: Stream lines for different A. (a) For A=0.0 (b) For A=0.3.
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Figure 5: The influence of @ on f(#) and f'(#). (a) f' () for selected w (b) f(#) for selected w.

streamlines become irregular and disturbed, demonstrating
the dissipative and energy-attenuating influence exerted by
the porous matrix.

The relationship between f() and f'(x) is clarified in
Figure 5 by the suction parameter w. A thorough illustration
of how different suction levels affect the flow character-
istics is given by this visualization. The fluid velocity falls
and the dimensionless stream function rises as the suction
parameter varies. Higher suction causes fluid to be removed
from the BL, which raises the concentration of fluid close to
the surface and intensifies the velocity gradient. As a result,
the dimensionless stream function rises as it represents the
improved flow dynamics close to the boundary, but the over-
all fluid velocity falls as a result of the fluid removal. Physi-
cally, a higher suction parameter pulls fluid away from the
surface, which intensifies the velocity gradient close to the
boundary and increases the stream function. Nevertheless,
this removal of fluid leads to a decrease in the overall fluid
velocity, as less fluid remains within the boundary layer.

Finally, through all these discussions and physical inter-
pretations of all the parameters affecting the problem under
study, which indicate that the expected physical meanings
of the solution’s behavior are achieved, this means that the
proposed method has been applied well, more effectively,
and accurately.

Table 3 gives the relationship between the SFC and
the other governing parameters, such as the suction, slip
velocity, porous, magnetic, and couple stress characteris-
tics. This table gives a thorough summary of how each of
these variables affects the skin friction coefficient, a crucial
component in figuring out the resistance a fluid encounters
when it passes over a surface. By looking at these variances,
the table helps clarify how these parameters interact and
how they affect skin friction as a whole, providing important
insights into how the fluid behaves generally in response to
changes in these controlling elements. This table shows that
while A shows the opposite trend, K, §, M, and o all show
a rise in skin friction coefficient with rising values. This
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Table 3: Skin friction coefficient Cf,Rez as a function of specific
controlling parameters.

K B ) m ® CfRe:
0.5 0.3 0.2 03 0.8 131513
10 0.3 0.2 03 0.8 135283
2.0 0.3 0.2 03 0.8 141494
10 0.0 0.2 03 0.8 126480
10 0.3 0.2 03 0.8 135283
10 0.8 0.2 03 0.8 148473
0.5 0.3 0.0 03 0.8 1.93024
0.5 0.3 0.2 03 0.8 131513
0.5 0.3 03 03 0.8 114272
10 0.3 0.2 0.0 0.8 126481
10 0.3 0.2 03 0.8 135283
10 0.3 0.2 0.8 0.8 148473
10 0.3 0.2 03 0.6 129326
10 0.3 0.2 03 0.8 135283
10 0.3 0.2 03 12 147325

result indicates that elements that either improve the fluid-
surface interaction or increase the flow resistance have a
direct impact on skin friction. More specifically, because of
increased fluid resistance and surface interactions, higher
skin friction is caused by increases in K, #, M, and o. On the
other hand, a larger porosity parameter lowers skin friction
by making it easier for fluid to move through the porous
medium, which lowers resistance and surface interaction.
Finally, this study provides actionable insights with direct
implications for engineering and biomedicine. The eluci-
dated relationships between key parameters, slip, suction,
and porosity and the resulting flow offer a blueprint for opti-
mizing thermal management systems. Such optimization is
vital in contexts ranging from nuclear power generation to
electronics cooling. Additionally, the results provide criti-
cal guidance for the design of next-generation microfluidic
devices, where precise control over minute fluid volumes is
paramount for biomedical diagnostics.

6 Conclusions

This research presented a novel computational framework
thatleverages the MT and ADM to analyze the steady flow of
a non-Newtonian couple stress fluid over a stretching sheet
embedded in a Darcy porous medium, under the influence
of slip velocity and magnetic fields. The present work dis-
closes the intricate interplay between fluid microstructure,
boundary slip, and magnetic forces, transforming the result-
ing equations into a dimensionless form for analytical solu-
tions. Graphically illustrated velocity and stream function
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profiles reveal their sensitivity to various physical param-
eters. Key contributions include a modified semi-analytical
technique with improved convergence, a detailed paramet-
ric investigation of flow responses to magnetic intensity,
suction, slip, and couple stress effects, and rigorous valida-
tion against existing studies. In summary, the findings have
demonstrated that:

1. Athinner boundarylayer is produced when the velocity
distribution is retarded by a boost in the suction, poros-
ity, and magnetic parameters.

2. The slip and coupling stress parameters also rise in
tandem with the velocity profiles.

3. Significant effects on the Cf, can be observed as the slip,
magnetic, porous, and couple stress parameters grow.

4. Flow through a porous medium shows an inverse rela-
tionship with the coefficient of skin friction, resulting in
a significant decrease in it.

5. Raising the quantities of K and w results in a higher
dimensionless stream function.

6. Future research could expand this model to better
reflect real-world conditions by incorporating 3D flow
dynamics, temperature-sensitive material properties,
and machine learning algorithms. These enhancements
would improve bhoth the precision and computational
performance of the solutions.

In addition, by comparing our results with other meth-
ods and calculating the residual error function, as well as
verifying the expected physical meanings of the solution
behavior, this means that the given method has been well
implemented and is more effective and accurate. In future
work, we will try to study convergence by presenting a
theoretical study to prove it, as well as making further modi-
fications to the proposed method to avoid shortcomings and
to increase the accuracy of the solutions and the efficiency
of the technique. Also, we try to solve this problem using
other methods, such as the finite element method or finite
difference method.
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