
echT PressScience

Doi:10.32604/fhmt.2025.069711

ARTICLE

Semi Analytical Solution of MHD and Heat Transfer of Couple Stress Fluid over
a Stretching Sheet with Radiation in Porous Medium

Sara I. Abdelsalam1,2,*, M. Khairy3, W. Abbas3, Ahmed M. Megahed4 and M. S. Emam5

1Basic Science, Faculty of Engineering, The British University in Egypt, Al-Shorouk City, Cairo, 11837, Egypt
2Instituto de Ciencias Matemáticas ICMAT, CSIC, UAM, UCM, UC3M, Madrid, 28049, Spain
3Basic and Applied Science Department, College of Engineering and Technology, Arab Academy for Science,
Technology and Maritime Transport, Cairo, 2033, Egypt
4Department of Mathematics, Faculty of Science, Benha University, Benha, 13518, Egypt
5Engineering Physics and Mathematics Department, Faculty of Engineering, Helwan University-Mataria Branch, Cairo, 11795, Egypt
*Corresponding Author: Sara I. Abdelsalam. Email: sara.abdelsalam@bue.edu.eg
Received: 29 June 2025; Accepted: 03 September 2025; Published: 31 December 2025

ABSTRACT: This comprehensive research examines the dynamics of magnetohydrodynamic (MHD) flow and heat
transfer within a couple stress fluid. The investigation specifically focuses on the fluid’s behavior over a vertical stretching
sheet embedded within a porous medium, providing valuable insights into the complex interactions between fluid
mechanics, thermal transport, and magnetic fields. This study accounts for the significant impact of heat generation and
thermal radiation, crucial factors for enhancing heat transfer efficiency in various industrial and technological contexts.
The research employs mathematical techniques to simplify complex partial differential equations (PDEs) governing
fluid flow and heat transfer. Specifically, suitable similarity transformations are applied to convert the PDEs into a
more manageable system of ordinary differential equations (ODEs). The homotopy perturbation method (HPM) is
employed to derive approximate analytical solutions for the problem. The influences of key parameters, such as magnetic
field strength, heat generation, thermal radiation, porosity, and couple stress, on velocity and temperature profiles are
analyzed and discussed. Findings indicate that the mixed convection parameter positively affects flow velocity, while the
magnetic field parameter significantly alters the flow dynamics, exhibiting an inverse relationship. Further, this type of
flow behavior model is relevant to real-world systems like cooling of nuclear reactors and oil extraction through porous
formations, where magnetic and thermal effects are significant.
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1 Introduction
Non-Newtonian fluids are a broad category that encompasses a large range of materials with wildly

different material structures. Their primary similarity is that the standard linearly viscous Newtonian model
is unable to adequately describe their behavior. A few examples of materials that fall under the category
of non-Newtonian fluids are polymeric liquids, biological fluids, slurries, suspensions, and liquid crystals.
Certain materials only flow under shear stress if a critical value is achieved. To simulate the behavior of
non-Newtonian fluids, numerous fluids of the rate type have been proposed. Koh et al. [1] investigated the
impact of inlet velocity and temperature on a nonnewtonian fluid’s flow. The development of a propeller
mixer to stir non-Newtonian fluid flow is described in detail. The process is transparent throughout the
entire design process because it is founded on analytical principles submitted by Reviol et al. [2]. It has been
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studied the effects of mass transfer and heat on non-Newtonian a paraboloid’s highest catalytic surface is
exposed to Walter’s B fluid flow studied by Nazir et al. [3]. Muduganti et al. [4] expanded the effect of a
transverse magnetic field on the continuous flow of an incompressible conducting couple stress fluid in a
rectangular channel with a uniform cross-section, with suction or injection at the lateral walls. Conducting
non-Newtonian lubricant is used as a couple of stress fluids to fill the space between the plates presented by
Devani et al. [5].

The importance of flow and heat transfer characteristics over stretched surfaces in numerous industrial,
scientific, and technological applications, including Fiber production, condensation processes, and textile
machines and plastic sheets, piqued researchers’ interest. Nadeem and Hussain [6] Examined the Williamson
fluid flow’s heat transmission through a porous stretched sheet. Megahed [7] investigated the heat transfer
for Powell-Eyring fluid flow across an exponentially extended continuous porous surface with a changing
thermal conductivity and an increasing temperature distribution of heat flux. Humane et al. [8] studied the
effects of heat radiation, chemical reactions, and an external magnetic field on Casson-Williamson fluid flow
through a stretched porous sheet. The Williamson nanofluid flows across an exponentially stretched sheet
with affected of heat radiation, viscosity dissipation, and chemical interactions was investigated by Pallavi
et al. [9]. Madan Kumar et al. [10] analyzed the properties of Williamson nanofluid flow via a nonlinear
stretching sheet submerged in a permeable medium. Recent articles related to studying the steady flow of
fluids past stretching surfaces, exploring various physical conditions include references [11–13]. This focus
arises from the crucial role such flows play in numerous industrial and engineering applications.

Furthermore, Numerous researchers are interested in magnetohydrodynamic (MHD) flow because of
its significance in numerous engineering applications, including MHD generators, nuclear reactor cooling,
MHD pumps, plasma physics, and the petroleum industry. Raju et al. [14] examined the impact of heat
source/sink, temperature-dependent viscosity on the natural convective heat transfer of a MHD non-
Newtonian nanofluid over a cone. The Hartmann magnetohydrodynamic flow of two immiscible fluids
between two horizontal plates containing two porous media with oscillating lateral wall mass flux was studied
by Bég et al. [15]. The impact of Cattaneo Christov heat and mass fluxing, active energy and convective heat
and mass flux boundary conditions on electromagnetic Maxwell nanofluid flow in Buongiorno model was
studied by Wang et al. [16]. Alomari et al. [17] investigated numerically of variables including magnetohydro-
dynamic influences on the forced/free convection and entropy generation in a curvelinear lid-driven cavity
with carbon nanotubes and an adiabatic cylinder. The Reiner Philippoff nanofluids across an etched sheet
in a porous medium, taking into account thermal radiation, chemical processes, viscous dissipation, and
magnetic field was examined by Adel et al. [18]. Asokakumar Sreekala and Sengupta [19] investigated the
influence of varying magnetic field strengths on vortex shedding around a cylinder.

HPM, is a method that created by He [20,21], has become a key semi-analytical approach for tackling a
wide variety of nonlinear issues, particularly in fluid dynamics, heat transfer, and porous media. The central
concept behind HPM is to use a homotopy to smoothly deform a tough problem into an easier one, so the
solution can be found in a fast-converging series. This technique combines the rigor of analytical techniques
with the iterative structure of numerical schemes. A major advantage of HPM is its effectiveness in solving
highly nonlinear problems without needing to discretize or linearize them, or to use small parameters. This
makes it both fast and computationally affordable. Many studies have shown that HPM is very successful
at solving magnetohydrodynamic (MHD) flow problems, especially in porous media where magnetic fields,
viscous forces, and thermal effects all interact in complex ways [22–24]. Therefore, HPM was the method
used in this research because it is a reliable, straightforward tool that can accurately model the crucial physical
dynamics of MHD flows in non-Newtonian fluids flowing through porous structures.
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The goal of this research is to improve heat transfer in engineering systems that involve MHD flows,
couple stress fluids, and porous media. To make it more relevant to real-world applications like cooling
systems and material manufacturing, the study incorporates the effects of heat generation, thermal radiation,
and magnetic fields. The research uses the HPM to gain a better understanding of the flow’s behavior.
Its practical importance is highlighted through applications in enhanced oil recovery, geothermal energy
systems, and thermal management in porous medium.

2 Analysis of the Problem
In this research, we assume the flow of the proposed fluid is steady, two-dimensional and incompressible.

The proposed model is the non-Newtonian couple stress fluid and moving through a magnetized Darcy
porous medium due to a continuously impermeable vertical stretching sheet, indicated as in Fig. 1. The fluid
is assumed to have a constant density ρ, constant conductivity κ, constant specific heat Cp and constant
convection coefficient h f . The model is considered to be impacted by both heat generation and thermal
radiation. The analysis is conducted within a Cartesian coordinate system x , y, where the stretching sheet is
positioned along the plane y = 0. In this research, it is considered that the stretching sheet can stretched with
a velocity denoted as uw = bx, where b describe the rate of stretching, which means that the sheet is stretched
linearly. Perpendicular to the stretching surface, we assumed a magnetic field with strength B0 impact the
flow. In this physical model, the sheet is considered to have a constant temperature Tw , which is higher than
the the ambient temperature T∞. This physically means that the direction of temperature translation is from
the heated sheet to the fluid. Further, the earlier assumptions for the problem are summarized below:

i. All fluid physical properties such as density, thermal conductivity, and specific heat are taken to
be constant.

ii. The model analysis accounts for the impact of heat generation, magnetic field, mixed convection
phenomenon and thermal radiation.

iii. A non-Newtonian couple stress fluid flows over a vertical stretching sheet embedded in a Darcy
porous medium.

iv. The flow is modeled as a steady, two-dimensional, and incompressible system.

Figure 1: Schematic configuration of flow
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Now, according to these previous assumptions and using the boundary layer approximation (Boussi-
nesq’s approximation), we reached to the following simplified forms of the continuity, momentum, and
energy equations as follows [25]:

∂u
∂x
+ ∂v

∂y
= 0, (1)

u ∂u
∂x
+ v ∂u

∂y
= ν ∂2u

∂y2 + gβt (T − T∞) − (
η0

ρ
) ∂4u

∂y4 −
σB2

0
ρ

u − νϕ
k

u, (2)

u ∂T
∂x
+ v ∂T

∂y
= κ

ρCp

∂2T
∂y2 +

Q
ρCp
(T − T∞) −

1
ρCp

∂qr

∂y
, (3)

clearly that the previous system of equation include u, v, which represent the velocity components in x− and
y− directions, respectively. g is the acceleration, η0 is the coefficient of couple stress fluid, Q is the coefficient
of heat generation, βt is the coefficient of thermal expansion, σ is the electrical conductivity, k is the porous
medium permeability and T is the dimension temperature. Further, qr is the radiative heat flux, which can
be expressed as follows:

qr = −
4σ∗

3k∗
∂T4

∂y
, (4)

where k∗ is the coefficient of mean absorption and σ∗ is the Stephan Boltzmann constant. Likewise, the fluid
flow is governed by the following boundary conditions which describe the interaction between the elastic
sheet and the surrounding fluid. These conditions defines as:

u = uw = bx , v = 0, ∂2u
∂y2 = 0, −κ (∂T

∂y
) = h f (Tf − Tw) at y = 0, (5)

u → 0, ∂u
∂y
→ 0, T → T∞ as y →∞. (6)

Here, as appropriate dimensionless variables for our study, we can suggest the following:

ψ =
√

bνx f (η), η =
√

b
ν

y, θ(η) = T − T∞
Tf − T∞

(7)

Again, by referring to the definition of radiative flux qr after defining the previous similarity transfor-
mations, we assume the following:

T4 = (θ(Δ − 1) + 1)4 T4
∞, (8)

where Δ = Tw
T∞ is the parameter of wall temperature ratio. Considering the dimensionless similarity trans-

formations introduced earlier, the new form of the governing equations are reformulated as follows:

Γ f v + (M + β) f ′ − f ′′′ − f f ′′ + f ′2 −Grθ = 0, (9)

{R [1 + (Δ − 1) θ]3 + 1} θ′′ + 3R (Δ − 1) {1 + (Δ − 1) θ} θ′2 + Pr δθ + Pr f θ′ = 0, (10)

f (0) = 0, f ′(0) = 1, f ′′′(0) = 0, θ′(0) = −λ (1 − θ(0)) , (11)
f ′ → 0, f ′′ → 0, θ → 0, as η →∞, (12)
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where M = σ B2
0

ρ b is the magnetic field parameter, β = νϕ
k b is the porous parameter, Γ = b η0

ρ ν2 is the couple stress

parameter, Gr = g βt(Tf−T∞)u3
w

b3 ν2 is the Grashof number, Pr = μc p
κ is the Prandtl number, R = 16σ∗T3

∞

3k∗κ is the
radiation parameter, δ = Q

ρ b C p
is the heat generation parameter and λ = h f

κ

√ μ
b ρ is the mixed convection

parameter. Additionally, analyzing the features of both the fluid temperature and fluid velocity fields,
particularly after obtaining the numerical solution for the proposed model, we may have enabled to
determine the values of the local skin-friction coefficient C fx and the local Nusselt number Nux as outlined
below:

C fx Re
1
2 = − f ′′(0) + Γ f ′′′′(0), Nux Re

−1
2 = −(1 + RΔ3) θ′(0), (13)

where Re = uw x
ν∞ is the local Reynolds number.

3 Procedure Solution
In this part, the governing non-linear ordinary differential Eqs. (9) and (10) with related boundary

conditions (11) and (12) are solved using a semi-analytical method known as the HPM. Because HPM
provides an approximate analytical solution that converges quickly with little computational effort, it offers
a substantial advantage over conventional numerical approaches. In contrast to strictly numerical methods,
HPM enables insight into the influence of various parameters on the flow and thermal profiles without the
need for extensive computational resources. Further it has capability to solve strongly nonlinear problems
without requiring discretization. The procedure and the main definition of this method have been previously
introduced in many publications [26,27]. Therefore, HPM is applied to the governing non-linear ordinary
differential Eqs. (9) and (10) and based on He’s method [3], the definition of linear operators for each equation
is set to be:

L f ( f ) = Γ f ν , LΘ(Θ) = ((R(1 + (△ − 1)Θ))3 + 1)Θ′′.

The governing non-linear ordinary differential Eqs. (9) and (10) can be built as follows in accordance
with the Homotopy Perturbation structure:

H( f ; p) = p [ΓLν
f ( f )]

+ (1 − p)[(M + β)L′f ( f ) − L′′′f ( f ) − L f ( f )L′′f ( f ) + (L′f ( f ))2 −GrLΘ(Θ)] = 0 (14)

H(Θ; p) = p[{(R(1 + (△ − 1)LΘ(Θ)))3 + 1}L′′Θ(Θ)] (15)

+ (1 − p)[3R(△ − 1){1 + (△ − 1)LΘ(Θ)}(L′Θ(Θ))2 + PrδLΘ(Θ) + PrL f ( f )L′Θ(Θ)] = 0

After making certain simplifications and rearranging based on the powers of p-terms in conjunction
with the boundary conditions, we obtain the following after substituting into Eqs. (14) and (15):

f (η) = f0 + f1 η + f2 η2 + f3 η3 + . . . (16)
Θ(η) = Θ0 + Θ1 η +Θ2 η2 +Θ3 η3 + . . . (17)
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where,

f1 =
(6Gr + 6M + 6β − 24Grλ − 24Mλ − 24βλ)

6(γλ4 − 4γλ3 + 6γλ2 − 4γλ + γ)

+ 36Grλ2 − 24Grλ3 + 6Grλ4 + 36Mλ2 − 24Mλ3 + 6Mλ4

6(γλ4 − 4γλ3 + 6γλ2 − 4γλ + γ)

+ 36βλ2 − 24βλ3 + 6βλ4

6(γλ4 − 4γλ3 + 6γλ2 − 4γλ + γ) ,

f2 =
(6(Gr +M + β − 4Grλ − 4Mλ − 4βλ)

γλ4 − 4γλ3 + 6γλ2 − 4γλ + γ

+ 6Grλ2 − 4Grλ3 +Grλ4 + 6Mλ2 − 4Mλ3 +Mλ4

γλ4 − 4γλ3 + 6γλ2 − 4γλ + γ

+ 6βλ2 − 4βλ3 + βλ4 − AGr
γλ4 − 4γλ3 + 6γλ2 − 4γλ + γ

,

f3 =
AGrλ2

(γλ4 − 4γλ3 + 6γλ2 − 4γλ + γ)

Θ1 =
exp(−2y) (Pr

2
+ 3R

2
− 3Rδ

2
− 3AR

2
+ 3ARδ − 3ARδ2

2
)

2R(3Aδ3 − 3A2(−2 + δ)(−1 + δ)2 + A3(−1 + δ)3 − 15Aδ2) + 2 Pr exp(−y) (σ − 1),

Θ2 = −
Pr − 5R + 7Rδ − 2Prσ − 2Rδ2 + 3AR − 6ARδ + 3ARδ2

R(3(−5 + Aδ)Aδ2 + A2(6 + A(−1 + δ) − 3δ)(−1 + δ)2) ,

Θ3 = −A Pr σ .

Further, a comprehensive flowchart (Fig. 2) providing a step-by-step illustration of the numerical
method is presented below for better clarity and understanding.

4 Validation of the HPM
In this section, a comparison was made between the proposed results that obtained by the HPM and the

previously published results in reliable scientific research such as Hayat et al. [28] and Turkyilmazoglu [29].
As we observed from the Table 1, the outcome of the comparison introduced an excellent agreement between
the all results. This strong consistency confirms the reliability and the accuracy of the HPM in solving
this type of these physical problems. These findings corroborate the models employed, suggesting broader
applicability of HPM across different scientific fields.
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Figure 2: Chart representing the numerical technique

Table 1: Comparison of values of − f ′′(0) for different values of β when Γ = Gr = 0

β Hayat et al. [28] Turkyilmazoglu [29] Present result
0.0 1.000000 1.00000000 1.0000
0.5 1.224747 1.22474487 1.2253
1.0 1.414217 1.41421356 1.4139
1.5 1.581147 1.58113883 1.5779
2.0 1.732057 1.73205081 1.7227
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5 Results and Discussion
This section provides a comprehensive analysis of the computational findings to clarify how key

parameters affect velocity and temperature profiles in the magnetohydrodynamic (MHD) flow of a couple
stress fluid past a porous, vertically stretching sheet. Through appropriate similarity transformations, the
governing nonlinear partial differential equations were converted into ordinary differential equations, which
were subsequently solved using the HPM. This semi-analytical technique combines simplicity with precision,
effectively modeling the intricate interactions among magnetic fields, thermal radiation, heat generation,
and couple stress effects. The analysis emphasizes the role of parameter variations in modifying flow
behavior and heat transfer characteristics, offering deeper insights into the underlying physical phenomena.
Before we begin our discussion, it’s important to note that while we vary the governing parameters, the
other parameters are held constant at Γ = 1.2, β = 0.5, λ = 0.3, M = 0.5, Gr = 0.2, δ = 0.5, Δ = 1.2 and R =
0.5. Fig. 3a demonstrates that augmenting the couple stress parameter Γ significantly boosts fluid velocity
near the stretching surface. The velocity enhancement observed with increased couple stress parameter
stems from microstructural effects, mitigating internal fluid resistance and promoting streamlined flow.
This characteristic is especially crucial in applications utilizing lubricants or non-Newtonian fluids, where
improved flow behavior is essential for optimizing heat and mass transfer. Also, as depicted in the Fig. 3b, an
elevated temperature ratio parameter Δ results in an increase in the fluid’s temperature distribution. Here,
the enhancement in temperature observed with a higher temperature ratio parameter can be attributed to
increased thermal interaction between the fluid and its environment. Physically, the velocity enhancement
observed with increasing couple stress parameter stems from microstructural impacts which built in the
non-Newtonian fluid that decrease viscous resistance, promoting improved near-surface fluid flow, a valuable
trait for engineering applications involving non-Newtonian fluids. Concurrently, elevated temperature ratio
parameters intensify thermal exchange at the boundary layer, resulting in greater heat absorption due to
strengthened fluid-environment thermal coupling.

Figure 3: (a) f ′(η) for assorted Γ (b) θ(η) for assorted Δ

As depicted in Fig. 4a, an elevation in the porous medium parameter β leads to a discernible decrease in
the fluid velocity profile. This observation suggests that the presence of greater porosity within the medium
exerts a significant resistance to fluid flow, consequently diminishing its velocity. Furthermore, as porosity
decreases, the medium’s permeability diminishes. This reduction in permeability translates to an increased
drag force acting on the fluid, thereby slowing its movement. This effect is of considerable importance in
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filtration systems and geological applications, where the ability to regulate flow rates through porous media is
crucial. Further, as depicted in Fig. 4b, an elevated heat generation parameter δ is associated with an increase
in the fluid’s temperature distribution. Here, this increase in temperature with a higher heat generation
parameter is a consequence of the intensified thermal energy generation arising from the internal heat source
within the fluid. Physically, increasing the heat generation parameter d intensifies the internal thermal energy
source, leading to a rise in fluid temperature, as clearly observed in Fig. 4b.

Figure 4: (a) f ′(η) for assorted β (b) θ(η) for assorted δ

As illustrated in Fig. 5a, the mixed convection parameter λ exerts a significant influence on the fluid’s
velocity profile, leading to a notable enhancement with increasing values. This parameter characterizes the
relative importance of buoyancy forces compared to forced convection forces within the flow. An increase
in the mixed convection parameter signifies a greater dominance of buoyancy forces, which act to accelerate
the fluid and enhance its velocity. Additionally, Fig. 5b demonstrates that as the radiation parameter rises,
the fluid’s temperature distribution also increases. Physically, higher radiation intensifies heat transfer within
the fluid due to increased thermal radiation effects. This results in greater heat retention and elevated
temperatures, which is particularly important in high-temperature applications like energy systems and
material processing.

Figure 5: (a) f ′(η) for assorted λ (b) θ(η) for assorted R
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Fig. 6a illustrates a negative correlation between the magnetic number and the fluid’s velocity profile.
Physically, a higher magnetic field strength produces a Lorentz force that exerts a drag on the fluid, thereby
reducing its velocity. This effect is of significant importance in MHD applications, such as plasma flows
and electromagnetic casting, where controlling fluid velocity through magnetic fields is essential for process
improvement. Further, Fig. 6b demonstrates a positive correlation between the Grashof number Gr and
the fluid’s velocity profile. The Grashof number’s physical significance lies in its direct relationship with
buoyancy effects caused by thermal expansion in fluids. Higher values amplify natural convection currents
by strengthening the upward thrust generated from temperature variations. This enhanced buoyant force
becomes particularly influential in systems where free convection dominates, as steeper thermal gradients
produce more vigorous fluid circulation and faster flow development. Further, the studies by Reddy and
Kumar [30] and Suhasini et al. [31] support the idea that magnetic fields are essential for influencing fluid flow.
Their research highlights the significant role magnetic fields play in controlling fluid motion and improving
heat transfer.

Figure 6: (a) f ′(η) for assorted M (b) f ′(η) for assorted Gr

It is crucial to complement this physical and applied study with an analysis of both the skin friction
coefficient C fx(Rex)

1
2 and the heat transfer rate Nux(Rex)

−1
2 , as well as their response to the governing

parameters. Therefore, the following Table 2 has been created for a comprehensive evaluation. Analysis of
the data reveals a positive correlation between the magnetic field, couple stress, porous parameters, and both
the rate of heat transfer and the coefficient of surface friction. Conversely, the mixed convection parameter
appears to have a contrasting effect, increasing heat transfer while simultaneously decreasing the surface
friction coefficient. Finally, the numerical results indicate a clear positive correlation between the thermal
radiation parameter, Grashof number, heat generation parameter, and the heat transfer coefficient. Increases
in each of these parameters correspond to increases in the heat transfer coefficient.

Table 2: Values of C fx(Rex)
1
2 and Nux(Rex)

−1
2 for different values of Γ, β, λ, Gr, M, δ, Δ and R with Pr = 6.8

Γ β λ M Gr δ Δ R C fx(Rex)
1
2 Nux(Rex)

−1
2

0.9 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.5039 0.0186
1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.6500 0.2585

(Continued)
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Table 2 (continued)

Γ β λ M Gr δ Δ R C fx(Rex)
1
2 Nux(Rex)

−1
2

1.6 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.8471 0.7966
2.0 0.5 0.3 0.5 0.2 0.5 1.2 0.5 2.0454 1.4273

1.2 0.0 0.3 0.5 0.2 0.5 1.2 0.5 1.4977 0.2585
1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.6500 0.3650
1.2 1.0 0.3 0.5 0.2 0.5 1.2 0.5 1.8023 0.9899
1.2 1.5 0.3 0.5 0.2 0.5 1.2 0.5 1.9546 1.7841

1.2 0.5 0.1 0.5 0.2 0.5 1.2 0.5 1.6531 0.6639
1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.6500 1.2374
1.2 0.5 0.5 0.5 0.2 0.5 1.2 0.5 1.6467 1.8110
1.2 0.5 0.8 0.5 0.2 0.5 1.2 0.5 1.6411 2.0900

1.2 0.5 0.3 0.0 0.2 0.5 1.2 0.5 1.4977 0.7053
1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.6500 0.9958
1.2 0.5 0.3 1.0 0.2 0.5 1.2 0.5 1.8023 1.2374
1.2 0.5 0.3 1.5 0.2 0.5 1.2 0.5 1.9546 1.7841

1.2 0.5 0.3 0.5 0.0 0.5 1.2 0.5 1.6546 0.6639
1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.6500 1.2374
1.2 0.5 0.3 0.5 0.4 0.5 1.2 0.5 1.6455 1.8110
1.2 0.5 0.3 0.5 0.6 0.5 1.2 0.5 1.6409 2.3846

1.2 0.5 0.3 0.5 0.2 0.0 1.2 0.5 1.6500 0.0186
1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.6500 1.2374
1.2 0.5 0.3 0.5 0.2 1.0 1.2 0.5 1.6500 2.4934
1.2 0.5 0.3 0.5 0.2 1.5 1.2 0.5 1.6500 3.7494

1.2 0.5 0.3 0.5 0.2 0.5 0.5 0.5 1.6500 0.2585
1.2 0.5 0.3 0.5 0.2 0.5 1.0 0.5 1.6500 0.7966
1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.6500 1.2374
1.2 0.5 0.3 0.5 0.2 0.5 1.5 0.5 1.6500 2.3702

1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.0 1.6500 0.0207
1.2 0.5 0.3 0.5 0.2 0.5 1.2 0.5 1.6500 1.2374
1.2 0.5 0.3 0.5 0.2 0.5 1.2 1.0 1.6500 3.8069

6 Main Remarks
This research investigates the flow and heat transfer features for a non-Newtonian couple stress fluid

past a vertical stretched impermeable sheet within a Darcy porous medium, considering magnetic field,
heat generation and thermal radiation. Using dimensionless transformations and the HPM, the governing
equations of the model are converted to a highly nonlinear ordinary differential equations, then the
approximate analytical solution for this system obtained, respectively. In summary, the findings indicate
the following:
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Results show the mixed convection parameter increases velocity, while the magnetic field parameter
decreases it. The effects of porosity, couple stress, and thermal radiation on velocity and temperature are also
analyzed, offering practical industrial insights.

1. Increasing both the couple stress parameter and the mixed convection factor results in a higher fluid
flow velocity and a thicker boundary layer.

2. Enhancing temperature ratio parameter or radiation factor or heat source parameter leads to heating
the fluid and thickening the thermal boundary layer.

3. A stronger magnetic field strength or greater porous medium factor results in decreasing both the fluid
flow velocity and the boundary layer thickness.

4. Increased values in the magnetic field, couple stress, and porous parameters are associated with higher
heat transfer rates and surface friction coefficients.

5. The heat transfer coefficient is positively impacted by the thermal radiation, Grashof, and heat
generation parameters.

6. The future scope of this study could be applied to more complex scenarios, such as unsteady flows,
nanofluid dynamics, and models that account for variable properties.
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Nomenclature
b Constant ( 1

s )
h f Convection coefficient (m−2 W K−1)
g Acceleration gravity ( m2

s )
Tf Surface temperature where convection occurs (K)
CP Specific heat at constant pressure (kg−1 K−1 J)
qr Radiant heat flux (W m−2)
B0 Magnetic field’s strength (T)
R Radiation parameter
Q Coefficient of heat generation (W m−3)
k Permeability of the porous medium (m2)
Pr Dimensionless Prandtl number
Gr Dimensionless Grashof number
M Parameter of magnetic field
k∗ Mean absorption coefficient (m−1)
T∞ Ambient temperature condition (K)
T Fluid temperature (K)
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u v Velocity vector components (ms−1)
x , y Cartesian axis coordinates (m)

Greek Symbols
η0 Couple stress coefficient (N m)
σ∗ Stefan-Boltzmann Constant (W m−2 K−4)
Γ Couple stress parameter
θ Dimensionless temperature
β Dimensionless porous parameter
Δ Wall temperature ratio parameter
ν Kinematic viscosity ( m2

s )
κ Thermal conductivity (m−1 W K−1)
δ Dimensionless heat generation parameter
η Similarity coefficient
λ Dimensionless mixed convection parameter
μ Dynamic viscosity (s−1 m−1 kg)
βt The coefficient of thermal expansion, (K−1)
ρ Density (m−3 kg)
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