
Research Article

Mohammed Alrehili*

Synergistic impacts of Thompson–Troian slip,
Stefan blowing, and nonuniform heat generation
on Casson nanofluid dynamics through a porous
medium

https://doi.org/10.1515/ntrev-2025-0230
received June 9, 2025; accepted September 28, 2025

Abstract: A cornerstone of classical fluid dynamics, the no-
slip boundary condition posits that fluid particles adjacent to
a solid boundary share the velocity of that surface. While this
principle is foundational to Navier-Stokes theory, its validity
breaks down under certain physical conditions. The present
work investigates the hydrodynamic implications of wall
slip, characterized by the Thompson–Troian model, on the
behavior of a non-Newtonian Casson nanofluid over a
stretching surface. In addition, the Stefan blowing effect is
incorporated as a key practical consideration. The research
also evaluates how variable heat generation interacts with
the Cattaneo–Christov heat flux model. The fluid motion in
this system is driven by the linear stretching of an elastic
sheet embedded in a porous medium, with an applied mag-
netic field influencing the flow. By applying a suitable math-
ematical transformation, the governing partial differential
equations are converted into ordinary differential equations,
which are then solved numerically using the shooting tech-
nique. Graphical representations illustrate the behavior of
the Casson nanofluid, including velocity profiles, thermal dis-
tribution, concentration patterns, and overall flow character-
istics. A significant observation from this study is that, com-
pared to the no-slip condition, the presence of slip enhances
temperature distribution while reducing nanofluid velocity.
The numerical results align well with prior studies, showing
strong quantitative agreement. The findings reveal intriguing
fluid dynamics phenomena, suggesting potential applications
and avenues for future research in this domain.
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Nomenclature

k0 permeability of the porous
medium (m2)

a positive constant ( −s 1)
C mass concentration of dispersed

nanoparticles ( −mol L 1)
u v, velocity components in x - and

y-direction; respectively ( −m s 1)
DB Brownian motion coefficient ( −m s2 1)
Cw factor influencing the rate of nano-

particle aggregation on the
sheet ( −mol L 1)

M magnetic parameter
B0 strength of the imposed magnetic

field (T )
Bt thermophoresis parameter
‴q volumetric heat generation

rate ( −W m 3)
Br Brownian motion parameter
f dimensionless stream representation
Ec Eckert number
Pr Prandtl number
uw velocity of stretching ( −m s 1)
Tw heat intensity adjacent to the sheet (K)
cp thermal capacity ( − −J kg K1 1)
T temperature nanofluid (K)
Le Lewis number

∞T thermal level away the sheet (K)
∞C factor regulating asymptotic nano-

particle presence ( −mol L 1)
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Greek symbols
θ dimensionless temperature
μ nanofluid viscosity ( − −kg m s1 1)
ϕ dimensionless concentration
Γ Casson parameter
Γ2 temperature coefficient of heat

generation
ΩT Cattaneo–Christov coefficient ( −K s 2)
κ thermal conductivity ( − −W m K1 1)
λ1 hydraulic slip factor (m)
Γ1 spatial coefficient of heat generation
λ slip velocity parameter
ρ density ( −kg m 3)
σ electric conductivity ( −S m 1)
β thermal relaxation parameter
δ porous parameter
ξ Stefan blowing parameter
ζ critical shear parameter
ψ stream function ( −m s2 1)
η similarity variable
ν kinematic viscosity ( −m s2 1)

1 Introduction

Nanofluids represent a class of engineered colloidal sus-
pensions where nanoparticles are uniformly dispersed
within a conventional basefluid. These advanced heat transfer
media have attracted significant research interest owing to
their superior thermal properties and demonstrated potential
to substantially improve thermal management efficiency.
Consequently, replacing traditional fluids with nanofluids
offers considerable advantages in a wide range of cooling
and energy systems. Their novel enhanced thermal properties
have become a major focus of main applicable researches.
Choi [1] pioneered the topic of nanofluids and their researches,
and this novel work has spurred considerable interest across
different manufacturing and engineering fields. These unique
and exceptional properties of nanofluids have promptedmany
researchers to explore their integration into fundamentalman-
ufacturing processes. Further, investigation into nanofluids
topics, particularly focusing on heat transfer mechanisms
and enhancement through different applicable branches, is a
vibrant and active field, especially relevant given the rise of
novel technologies and industrial applications. Therefore,
nanofluids have include diverse and significant applications
across numerous engineering fields, as detailed in the litera-
ture [2–8]. These examples, spanning various industries,
demonstrate the considerable importance of nanofluids for
improving heat and mass transfer mechanism.

Nowadays, within various contemporary industry,
optimizing a lot of biomedical processes depends basically
on considering slip phenomenon in the flow of fluids that
containing nanoparticles. In medical field, especially
through designing heart valves, this condition is crucial
for accurately managing the flow of blood fluid within it
based on the patient’s cardiac state. Incorporating nano-
particles within base fluid can present enhanced control to
the flow mechanism, leading to decreased friction and
enhanced efficiency in artificial heart valve design.
Navier [9] was the leader to establish the original study
and the cornerstone for the slip phenomenon in fluid
mechanics. He also proposed that this phenomenon is basi-
cally depends linearly on the shear stress. Based on
Navier’s foundational work, Maxwell [10] derived a sepa-
rate relation that can describe gas slip phenomenon at a
solid boundary. Because the topic of nanofluids are so
important in different applications, it is crucial to use the
appropriate model when considering the slip velocity phe-
nomenon. Researches have proved that the Thompson and
Troian [11] model is the best and precise model for
studying nanofluids when slip velocity is taken into con-
sideration. Numerous studies [12–16] have demonstrated
the versatility the significance of Thompson and Troian
model in various nanofluid applications and models.

The blowing impact is caused by the movement of
some tiny particles, including nanoparticles, from one loca-
tion to another. This important process plays a crucial role
in various physical phenomena such as evaporation, com-
bustion, material synthesis, and distillation. While injection
refers to introduce another fluid into a system or base fluid,
often under pressure, to control its flow and placement.
Stefan blowing [17] describes the mass transfer process or
the fluid flow that occurs due to evaporation at a sheet sur-
face. This phenomenon is driven by concentration or tem-
perature gradients, which cause molecules to move either
away from or toward the surface. Stefan blowing has a con-
siderable impact on several industrial processes, notably
lubrication [18]. Additional noteworthy applications of nano-
fluids coupled with the Stefan blowing phenomenon are
extensively detailed in references [19–21].

This research examines the combined effects of Stefan
blowing and the Thompson–Troian slip condition on a
Casson nanofluid flowing over a porous stretching sheet,
considering variable heat generation and Cattaneo–
Christov thermal and mass flux boundary conditions. To
the authors’ knowledge, no prior study has simultaneously
analyzed this comprehensive model, which integrates viscous
dissipation, induced magnetism, Ohmic heating, slip mechan-
isms, blowing effects, and nonuniform thermal generation.
By exploring this unique combination of phenomena, the
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study addresses a significant gap in the literature and under-
scores its original contribution to the field.

2 Flow analysis

This study investigates the characteristics of a Casson nano-
fluid characterized by the Casson parameter Γ in a two-dimen-
sional, steady, and incompressible flow regime, specifically
when it is subjected to a stretching sheet. It is well known
that Stefan blowing/suction at the sheet can modify the mass
transfer rate, leading to changes in the boundary layer thick-
ness and overall heat and mass transfer mechanism. Hence,
this serves as a main assumption in this study. Further, the
nanofluid velocity flow is assumed to have two components
with u representing the x -direction component and v repre-
senting the y-direction component (Figure 1).

The stretching process for the elastic sheet occurs
through the x -axis, while the y-axis represents the vertical
track. A zero net mass flux within the sheet surface is also
assumed here, implying an exactly balance between ther-
mophoretic mass flux (caused by temperature gradients)
and the mass diffusion (driven by concentration gradients).
This balance prevents any net mass transfer through the
sheet surface. In addition, the subsequent assumptions are
itemized below:
• The model is assumed to impacted by Cattaneo–Christov
heat flux model, which is a modified version of Fourier’s
law of heat conduction.

• Thompson, Troian slip condition is also assumed to
impact the model as well as the shear stress at the sheet
surface, influencing the overall flow behavior and heat
transfer mechanism.

• The model also considers the effect of variable heat gen-
eration/absorption, as it affects how effectively heat is
transferred.

• Mass flux at the sheet surface also assumed to affect the
nanofluid velocity, through the Stefan blowing/suction model.

• Both the concentration ∞C and temperature ∞T are con-
sidered to be constants and unchanging at a distance
away from the sheet’s surface.

• The whole model is assumed to be incorporated within a
Darcy porous medium.

• The velocity components ( )u v, describe the motion of
the nanofluid flow through two dimension at any loca-
tion ( )x y, within the boundary region.

• Viscous dissipation is considered in the model, and a mag-
netic field with a strength of B0 is employed in the
y-direction.

Having outlined the previous model’s underlying assump-
tions, we will now delve into a more detailed investigation
of each, including their mathematical representations. We
start with a discussion of the Cattaneo–Christov ΩT phe-
nomenon [22], which can be described as follows [23,24]:
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This phenomenon refines the traditional Fourier law of
heat conduction by accounting for a time-relaxation factor.
This modification allows for a more realistic description of
heat and mass transfer processes that are not instanta-
neous. A main benefit of this technique is its ability to
model and explain heat and mass transfer mechanism
under noninstantaneous conditions. Next, we proceed to
discuss the details of variable heat generation phenom-
enon ‴q and its mathematical formulation, which takes
the following form [25]:

( ) ( )‴ = ⎡⎣ − + − ⎤⎦∞
−

∞q
aκ

ν
T T e T TΓ Γ .w

y
1 2

a
ν (2)

Clearly this relation (2) describes the internal heat genera-
tion through the nanofluid motion, which varies with both
spatial distribution along the sheet with the coefficient Γ1

and the temperature gradients with the coefficient Γ2. Here,
ν is the kinematic viscosity, κ is the thermal conductivity
and positive values for both Γ , Γ1 2 means heat generation
within the nanofluid flow, while negative values repre-
sents heat absorption mechanism. Based on the previously
detailed stated assumptions, the following system of equa-
tions describe the model for steady, incompressible Casson
nanofluid flow [26]:

∂
∂

+
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=
v

y

u

x
0, (3)

Figure 1: The coordinate flow geometry system.
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Now, we begin by defining the physical quantities appearing
in the studied model, including the density coefficient, ρ,
electric conductivity coefficient σ , permeability of the porous
medium k0, Christov–Cattaneo heat flux coefficient δT , ther-
mophoresis diffusion factor DT , specific heat coefficient cp,
and Brownianmotion coefficient DB. Further, this framework
of our model incorporates the synergistic effects of Ohmic
heating [27] and viscous dissipation phenomenon [28],
acknowledging their substantial impact on modifying the
thermal boundary layer structure and augmenting heat
transfer processes in electrically conductive fluids. After
that, we will describe the boundary conditions, which include
a slip velocity that follows the Thompson–Troian slip condi-
tion model [29]. This model is highly suitable for studying the
flow of nanofluids under various conditions. This model is
advantageous due to its nonlinear relationship with shear
stress, which provides greater accuracy compared to another
simpler models. This featuremakes it particularly suitable for
nanofluids, where surface forces and molecular interactions
are significant. Another important assumption here is the
study of the Stefan blowing/suction model [30]. This model,
which represent details description for blowing and suction
effects, is crucial for understandingmass transfer mechanism
during phase change processes such as evaporation and con-
densation. The following conditions complete our model:
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where ζ0 is the critical shear rate, =u axw is the velocity of
the sheet surface, and λ1 is the coefficient of slip velocity.
Moreover, as the critical shear rate vanishes ( =ζ 00 ), the
Thompson–Troian relation converges toward the classical
slip formulation, which is better suited for conventional (non-
nanofluid) flows. The subsequent step is to define the fol-
lowing dimensionless variables in terms of θ, f , and ϕ as
follows [31]:
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Further, we select the stream function ( )ψ x y, with the
following definition:
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Applying dimensionless variables (10) and (11), Eqs. (3)–(6)
becomes:
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with the following boundary conditions imposed:
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At this step, we conclude this section by defining the fol-
lowing nondimensional governing factors as follows:
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Finally, a thorough analysis of the model requires an inves-
tigation into how its key parameters influence heat and
mass transfer rates
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3 Validation of the method’s
precision

The shooting approach was employed through creating the
numerical findings. In this section, we intend to evaluate
these numerical findings through a comparison with the
previously presented data at the same condition as clear
from Table 1. We compare our results with the findings

reported by Akbar et al. [32] under some special values
for the parameters = = =δ λ ξ 0 that convert our model
to a Newtonian model. The examination take into consid-
eration the magnetic field parameter M to perform this
comparative analysis. Clearly that, the presented numer-
ical results through the tabular form are closely align with
the present findings, supporting their reliability and
accuracy.

4 Numerical methodology

For enhanced clarity, Figure 2 presents a schematic over-
view of the implemented numerical method. This diagram
delineates the computational algorithm regarding the
shooting method, beginning with the conversion of the
governing partial differential equations into a system of
ordinary differential equations. Subsequent steps include
imposing the relevant boundary conditions, making itera-
tive estimates for missing initial values, performing
numerical integration via the Runge–Kutta scheme, and
conducting successive verification of convergence until
the predefined tolerance is met.

5 Findings and interpretation

In this section, a comprehensive numerical examination,
based on the shooting technique, was conducted via a range
of factor values that govern the model to clarify the physical
problem. The findings data are introduced graphically in
Figures 3–11 and presented in Table 2. Figure 3 shows how
a dimensionless slip velocity parameter λ affects the flow
characteristics including velocity ( )′f η , temperature ( )θ η ,
and concentration ( )ϕ η . It is noted from the analysis that
an increase in the slip parameter λ can significantly reduce
the flow velocity ( )′f η , which aligns with the expected phy-
sical concept of the surface slip phenomenon. Physically, the
slip phenomenon always reduces the friction force that
already exist between the sheet surface and the nanofluid,
resulting in a reduce for the flow velocity in the near-the
sheet surface. Also, the effect of the same factor on tempera-
ture ( )θ η is evident in Figure 3(c) through the increase beha-
vior in temperature with increasing it, indicating that heat
transfer becomes more efficient as the slip factor effect inten-
sifies. In addition, the presence of slip phenomenon clearly
affects the distribution of nanoparticles in the boundary layer
region. Clearly that, the nanofluid’s concentration ( )ϕ η exhi-
bits an observable decline behavior close to the sheet surface,

Table 1: Comparison of ( )−f ″ 0 with special values of M when
= = =δ λ ξ 0 and →Γ ∞

M Akbar et al. [32] Present work

0.0 1.00000 1.0000000000
0.25 1.11803 1.1180295840
1.0 1.41421 1.4141987402
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dipping into negative values. It then steadily enhances before
experiencing a sharp reduce, ultimately reaching zero at the
ambient.

As a further examination of the Casson nanofluid flow
behavior with and without slip velocity parameter
( = =λ λ0.4, 0.0), Figure 4 is presented to further compare
the distribution and the shape of streamlines ( )ψ x y, in
both cases. In spite of it is expected that the slip velocity
phenomenon at a surface slows down the overall flow
velocity, it simultaneously decreases the restrictive impact
of the boundary layer region, allowing the fluid to move
more freely and enhancing the density of streamlines.

One of the important phenomena in this study, which
cannot be overlooked, is the investigation of the effect of
the magnetic field as a function of magnetic number M and
how it controls the nanofluid properties through its

velocity ( )′f η , temperature ( )θ η , and concentration ( )ϕ η ,
as illustrated in Figure 5. It is noteworthy that near the
surface ( ≤ ≤η0 1.2) of the elastic sheet, the fluid concen-
tration ( )ϕ η is initially lower than zero ( ) <ϕ η 0, then rises,
passing through a zero concentration point, and continues
to rise. Immediately after that, the concentration reduces
until it reaches zero at a point farther from the elastic sheet
surface. It is also important to note the impact of the mag-
netic field and its strength on both the velocity and tem-
perature fields of the Casson nanofluid. It is clearly notice-
able that the magnetic field acts as a stimulating factor for
temperature distribution in an organized manner. Physi-
cally, the presence of the magnetic field suppresses the
field of nanofluid velocity due to the presence of the Lor-
entz force, which is responsible for this phenomenon,
whether in terms of velocity reduction or enhanced

Figure 2: Flowchart of the computational approach.
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Figure 3: (a) ( )f η′ via varying λ, (b) ( )ϕ η via varying λ, and (c) ( )θ η via varying λ.

Table 2: Values of
−

Sh Rex x

1

2 , Cf Rex x , and
−

Nu Rex x

1

2 for different values of the controlling parameters with = −ξ 0.5, =Le 1.0, =ζ 0.1, =β 0.2, =Γ 0.8,
and =Pr 3.0

λ M δ Γ , Γ1 2 Bt Br Cf Rex x
−−

Nu Rex x

1

2

−−
Sh Rex x

1

2

0.0 0.5 0.2 0.2 0.1 0.8 2.08362 0.351757 0.039327
0.2 0.5 0.2 0.2 0.1 0.8 1.42029 0.390025 0.040457
0.4 0.5 0.2 0.2 0.1 0.8 1.08602 0.356028 0.042554
0.2 0.0 0.2 0.2 0.1 0.8 1.25022 0.549157 0.046585
0.2 0.5 0.2 0.2 0.1 0.8 1.42029 0.390025 0.040457
0.2 1.0 0.2 0.2 0.1 0.8 1.55925 0.263494 0.035459
0.2 0.5 0.0 0.2 0.1 0.8 1.27024 0.462919 0.043889
0.2 0.5 0.5 0.2 0.1 0.8 1.60148 0.295784 0.035694
0.2 0.5 1.0 0.2 0.1 0.8 1.83355 0.164477 0.028593
0.2 0.5 0.5 0.0 0.1 0.8 1.59771 0.546514 0.044552
0.2 0.5 0.5 0.2 0.1 0.8 1.60148 0.295784 0.035694
0.2 0.5 0.5 0.4 0.1 0.8 1.60597 0.002464 0.025868
0.2 0.5 0.5 0.2 0.1 0.8 1.60148 0.295784 0.035694
0.2 0.5 0.5 0.2 0.2 0.8 1.59888 0.234519 0.068613
0.2 0.5 0.5 0.2 0.5 0.8 1.59813 0.103780 0.142317
0.2 0.5 0.5 0.2 0.1 0.5 1.59925 0.277852 0.057671
0.2 0.5 0.5 0.2 0.1 0.8 1.60148 0.295784 0.035694
0.2 0.5 0.5 0.2 0.1 1.5 1.60343 0.311687 0.018883
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Figure 4: (a) Stream function with =λ 0.0 and (b) stream function with =λ 0.4.

Figure 5: (a) ( )f η′ via varying M and (b) ( )ϕ η via varying M , and (c) ( )θ η via varying M .
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Figure 6: (a) Stream function with =M 0.0 and (b) stream function with =M 1.0.

Figure 7: (a) ( )θ η and ( )f η′ via varying δ , (b) ( )ϕ η via varying δ , (c) ( )θ η via varying δ .
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temperature distribution. Further, the practical impor-
tance of analyzing magnetic field effects, which are funda-
mental to a wide range of applications, is explored in
greater depth in references [33–35].

In the following graph, the streamlines ( )ψ x y, for two
distinct cases ( = =M M0.0, 1.0) are examined, as it is clear
from Figure 6. Clearly that the Casson nanofluid flow is
restricted by the presence of magnetic field, which directly
results in decreasing the number of observed streamlines

( )ψ x y, compared to the case of absence of a magnetic field,
where the fluid flow is more uninhibited and widespread.

Another critical aspect of this work is the investigation
of how the porous medium in terms of porous parameter δ

impacts the Casson nanofluid behavior. Specifically, we ana-
lyzed its effect on velocity ( )′f η , temperature ( )θ η , and con-
centration ( )ϕ η , as depicted in Figure 7. The fluid concentra-
tion exhibits a novel pattern along the elastic sheet: it starting
the concentration below zero, it transitions through a zero
concentration point, enhances, and then reduces, eventually
reaching to zero concentration again but in this case at a
point further away the elastic sheet surface. Also, it is essen-
tial to examine how the flow within a porous medium can be
impacted by the presence of this pores, especially on the
fluid’s velocity and temperature. Physically, the porous
medium, through its intricate network of pores, facilitates a
more regulated transfer of thermal energy. However, the
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Figure 8: (a) Stream function with =δ 0.0 and (b) stream function with =δ 1.0.

Figure 9: (a) ( )θ η via varying Γ , Γ1 2 and (b) ( )ϕ η via varying Γ , Γ1 2.
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solid protrusions within the medium introduce additional
drag and resistance, which in turn reduce the nanofluid velo-
city and compress the boundary layer thickness.

Further, to visually compare flow patterns within a
momentumboundary layer, streamline curves ( )ψ x y, are intro-
duced through Figure 8 for two different cases, porous ( =δ 1.0)
and nonporous ( =δ 0.0)media. As expected, the presence of the
pores of the porous medium can create a force in the form of
additional resistance, which results in reducing the flow velocity
and the corresponding boundary thickness. As a result, a smaller
number of streamlines are noted compared to a case in non-
porous medium, where the flow becomes greater freedom and
has no or fewer restrictions.

The following figure examines the influence of the heat
generation parameters Γ , Γ1 2, one dependent on distance Γ1

and the other on the temperature difference Γ2, as shown
in Figure 9. It is clear from these curves that both parameters
Γ , Γ1 2 can regulate the temperature distribution ( )θ η of the
nanofluid aswell as enhance this distributionwithin a limited

region ( ≤ ≤η0.0 4.0) inside the boundary layer. Physically,
elevated values of the heat generation parameters Γ , Γ1 2 inten-
sify internal heating, which amplifies temperature levels,
improves thermal diffusion, and causes the thermal
boundary layer to grow in thickness. Similarly, these para-
meters Γ , Γ1 2 can significantly impact the fluid concentration

( )ϕ η by enhancing it within a specific region ( ≤ ≤η1.5 4.3) of
the boundary layer. After that, the nanofluid concentration
collapses until it reaches to zero concentration at a point
farther from the sheet surface. Here, it is important to note
the crucial role of these parameters in delaying the attain-
ment of zero concentration degree or, in other words, in
expanding the region of fluid concentration.

After that, the relationship between the thermophoresis
parameter Bt and the resulting temperature ( )θ η and concen-
tration ( )ϕ η distributions is visualized in Figure 10. As clearly
from the curve, the temperature profile of the Casson nano-
fluid is significantly controlled by the thermophoresis para-
meter, which results in a rise behavior in the field of

Figure 10: (a) ( )θ η via varying Bt and (b) ( )ϕ η via varying Bt .

Figure 11: (a) ( )θ η via varying Br and (b) ( )ϕ η via varying Br .
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temperature within a specific region of the boundary layer,
especially after =η 1.0, as demonstrated by the curves. Phy-
sically, the thermophoretic force, intensified by an increased
parameter, propels nanoparticles along thermal gradients
from warmer to cooler zones. This phenomenon amplifies
thermal energy concentration, facilitates heat redistribution,
and leads to a broadening of the thermal diffusion region and
a consequent increase in thermal boundary layer thickness.
In addition, the same parameter Bt impacts the field of nano-
fluid concentration by increasing it within a specific region of
the boundary layer, away from the sheet surface. However, in
close proximity to the surface of elastic sheet, the nanofluid
concentration exhibits a notable reversal, experiencing a
sharp decline that results in negative concentration values
for the Casson nanofluid.

As illustrated in the following curve (Figure 11), the
Brownian parameter Br has a negative effect on the tem-
perature distribution ( )θ η . This effect is observed within a
limited region of the boundary layer ( ≤ ≤η0 3.0), after
which the alteration stabilizes until the temperature
reaches zero ( ( ) →θ η 0) at a far distance from the
stretching sheet ( → ∞η ). Regarding the fluid concentration

( )ϕ η , it shows a notable rise close to the stretching surface
( ≤ ≤η0 0.8) as Brownian parameter intensifies. But, this
trend is not sustained; beyond a certain distance ( ≥η 0.8),
heightened Brownian parameter values causes the nano-
fluid concentration to diminish until reaching to stabilizes
at ( → ∞η ). After that, we must turn to the relationship that
should not be overlooked through Table 2, which combines
between the governing parameters of the physical model
and their impact on the surface friction coefficient Cf Rex x

as well as the heat and mass transfer coefficients
−

Nu Rex x

1

2

and
−

Sh Rex x

1

2 . It is clearly evident from the recorded results
that the surface friction coefficient increases due to the
magnetic number, Brownian motion parameter, porous
parameter, and heat generation parameters. However,
the effect is reversed negatively due to the slip velocity
parameter and the thermophoresis parameter. It is also
evident that the relationship between the heat and mass
transfer coefficients and the magnetic parameter, porous
parameter, and heat generation parameters is an inverse
relationship. However, their relationship with the slip velo-
city parameter is a direct relationship.

6 Concluding remarks

Employing the Thompson–Troian framework, this study
analyzes the flow characteristics of a Casson nanofluid,

integrating the effects of Stefan blowing, viscous dissipa-
tion, nonuniform heat generation, and Cattaneo–Christov
thermal flux under slip boundary conditions. Numerical
analysis were performed via the shooting method. This
study highlight the valuable insights into nanofluid beha-
vior through porous media with magnetic field conditions.
Based on the entire study conducted. the following key
findings were made as follows:
1) Elevating the slip parameter diminishes skin friction by

48% and augments mass transfer by 8%. Conversely,
intensifying the magnetic field increases skin friction
by 25% while inhibiting heat transfer by 52%.

2) Brownian, magnetic, porous, and heat generation fac-
tors raise friction, while slip and thermophoresis fac-
tors lower it.

3) Less number of streamlines are observed in the porous
medium and the case of presence of magnetic field,
whereas the nonporous medium or the absence of mag-
netic field allows freer flow with minimum restrictions
that create more streamlines.

4) Heat and mass transfer rates inversely relates to mag-
netic, porous, heat generation factors; but directly
to slip.

5) Porous parameter slows flow motion, shrinks the
boundary layer thickness, and reduces streamlines
compared to unrestricted flow with porous medium.

6) At a distance from a sheet surface, nanofluid concentra-
tion drops to zero; magnetic field affects Casson nano-
fluid’s speed and its corresponding heat.
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