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Abstract:
A comprehensive numerical study is presented to investigate heat transfer in the boundary layer flow of an
incompressible fluid with a couple stress resulting from a permeable plate and linear extension. The model
accounts for the combined influence of a transverse magnetic field and system rotation, where the inclusion of
the Coriolis force introduces an additional rotational resistance that alters the flow structure. Fluid properties
and wall permeability are systematically examined to assess their roles in shaping the thermal behavior. The
thermal analysis is performed under a prescribed surface temperature condition, allowing for a clear eval-
uation of heat transport mechanisms. Moreover, the formulation incorporates both viscous dissipation and
energy due to couple stresses, which are essential in accurately capturing the physics of such fluids. These
considerations are particularly relevant in processes associated with the manufacturing and handling of mag-
netic materials, where rotational and electromagnetic effects coexist and significantly impact heat transfer
characteristics. Similarity transformations create a nonlinear set of coupled ODEs with boundary conditions
from the governing equations. The merged Fibonacci-Lucas polynomials (MFLPs) are used as part of the
problem-solving strategy, along with the least-squares approximation technique, to simplify the equations
that define the mathematical model into a nonlinear system of algebraic equations, then solved by Newton
iteration approach. The research also includes examining the convergence and estimating the error of the
proposed scheme. The results reveal that increasing the couple stress factor can slightly enhance skin fric-
tion (3.5%) but significantly reduces heat transfer (26.7%), while increasing the magnetic field parameter
markedly decreases both skin friction (50.4%) and heat transfer (23.9%). The discussion revolves around
how relevant parameters affect the fluid’s temperature and velocity profiles. The technique’s effectiveness is
shown through a table comparison, indicating good alignment with existing data and highlighting its accu-
racy.
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mials
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Nomenclature
𝑥, 𝑦 Cartesian coordinates (𝑚)
𝐾 Rotation factor
𝑏 Positive constant ( 1

𝑠 )
𝑘 Dimensionless temperature index factor
𝐵0 Magnetic field strength (𝑇)
Pr Prandtl number
𝑓 Dimensionless stream function

Nomenclature
𝐶 𝑓𝑥 Dimensionless skin-friction coefficient
𝑁𝑢𝑥 Dimensionless Nusselt number
𝑀 Magnetic field parameter
𝑐𝑝 Specific heat at constant pressure (𝐽 𝑘𝑔−1 𝐾−1)
𝑣𝑤 Suction velocity (𝑠−1 𝑚)
𝐸𝑐 Eckert number
𝑇∞ Ambient temperature (𝐾)
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Nomenclature
𝑇𝑤 Temperature of the fluid along the sheet (𝐾)
𝑢, 𝑣 𝑥− and 𝑦−velocity components, respectively (𝑚𝑠−1)

Greek symbols
𝜅 Thermal conductivity (𝑚−1𝑊 𝐾−1)
𝜂 Similarity variable
𝜎 Electrical conductivity ( 𝑆𝑚 )
𝜈 Kinematic viscosity (𝑚2

𝑠 )
𝜃 Dimensionless temperature
𝛽 Couple stress parameter
Γ Suction parameter
𝜇 Coefficient of viscosity (𝑠−1 𝑚−1 𝑘𝑔)
𝜉 Material couple stress variable ( 𝑁𝑚 )
𝜆 The energy couple stress parameter
𝜌 Density of nanofluid (𝑚−3 𝑘𝑔).

1. Introduction
Non-Newtonian fluids encompass a wide range of mod-
els that capture complex rheological behaviors such as
elasticity, shear-dependent viscosity, and microstruc-
tural effects, which have attracted significant attention
in industrial and manufacturing fields because their di-
verse applications in polymer processing, biomedical
systems, and advanced thermal technologies, thereby
driving continuous research and innovation. In this con-
text, Nazar et al. [1] investigated a micropolar fluid
model, emphasizing the role of the micro-rotation phe-
nomenon in the stagnation point flow problem past a
stretching wall. Ali et al. [2] focused on a Jeffrey fluid
model, analyzing hydromagnetic flow and heat trans-
fer (HT) mechanism past an oscillatory stretching sheet.
Olkha and Dadheech [3] considered two distinct non-
Newtonian fluids under radiative MHD slip flow, high-
lighting entropy generation aspects. Nabwey et al. [4]
discussed a Carreau nanofluid model, incorporating bio-
convection and chemical reaction impacts in a magne-
tized environment. Khader et al. [5] studied a gen-
eral non-Newtonian nanofluid model, addressing heat
generation properties past a nonlinear stretching sheet.
More recent contributions by Bilal et al. [6] explored an
investigation in a fourth-grade hybrid nanofluid model
with gyrotactic microorganisms, while [7] analyzed a
non-Newtonian hybrid nanofluid with chemical reac-
tions over a Riga plate. Additionally, [8] investigated
a Prandtl-Eyring fluid model with entropy optimization
using artificial intelligence techniques, the research in
[9] addressed an unsteady micropolar nanofluid model
with experimental validation, and [10] examined a tan-
gent hyperbolic nanofluid model with homogeneous and
heterogeneous reactions properties. All these studies
demonstrate the diversity of non-Newtonian fluid mod-
els and their growing relevance in advanced transport
phenomena.

The couple stress fluid model is an important class of
non-Newtonian models that account for the influence of
microstructural impacts through the fluid, particularly
the presence of particle interactions and size-dependent
behaviors. Unlike classical viscous models, it incor-

porates the impact of couple stresses, which arise due
to the rotational motion of fluid particles and the asso-
ciated internal moments. This makes the model espe-
cially suitable for describing flows involving lubricants,
polymeric suspensions, and biological fluids, where mi-
croscale interactions cannot be neglected. The founda-
tion of this model was first established by Stokes [11] in
1984, providing a theoretical framework to better cap-
ture the behavior of complex fluids with internal rota-
tional resistance. Therefore, subsequent studies have
expanded the applicability of this model across various
physical scenarios. Naduvinamani et al. [12] examined
the impact of surface roughness on squeeze film charac-
teristics within anisotropic porous sheets, highlighting
the role of microstructural effects in lubrication systems.
Makinde and Eegunjobi [13] investigated MHD couple
stress nanofluid flow in a permeable channel, taking into
account the entropy generation and nonlinear thermal
radiation. Farooq et al. [14] conducted a comparative
discussion of the generalized Couette flow model using
advanced analytical techniques, demonstrating the effec-
tiveness of different solution approaches. All these con-
tributions underline the versatility and continued rele-
vance of the couple stress model in modern fluid dynam-
ics research.

The Coriolis force is no mere theoretical abstrac-
tion; it is a real physical player in fluid model systems,
whether we are talking about massive atmospheric cur-
rents or rotating engineering components. When you
shift your perspective to a rotating frame, this appar-
ent force kicks in, bending the paths of moving fluid
particles and reshaping how momentum is distributed
through the flow. In nature, it is the hidden hand be-
hind trade winds, cyclones, and ocean currents. In engi-
neering, it shows up everywhere from turbomachinery
and rotating disks to the precise workings of Coriolis
mass flow meters used in industrial settings. Ignoring
it means missing a key piece of the physics, which is
why a growing body of research has focused on under-
standing its impact, not just for the sake of academic
curiosity, but because getting the flow right in rotating
systems really matters for reliable design. The early re-
search of Koriko et al. [15] revealed that this Coriolis
force does more than tweak fluid-flow past curved sur-
faces, but it fundamentally restructures velocity distribu-
tions and flow patterns. The wide range of applications
and the multidisciplinary nature of this type of fluid have
strongly motivated extensive applied research in recent
years ([16]-[17]).

Numerous studies have looked at the standard Fi-
bonacci and Lucas polynomials and their generalization
due to their significance. Theoretical conclusions on
the SFLPs have been formulated. The scholars in [18]
have delineated conclusions on the SFLPs and their
relationships with other polynomials, particularly or-
thogonal polynomials. The investigations extend be-
yond SFLPs, with numerous scholars keen on intro-
ducing and examining various modified and general-
ized SFLPs sequences. Abd-Elhameed et al. [19] have
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streamlined specific radicals by applying two generic
kinds of SFLPs. Diverse sequences of the FLPs, to-
gether with their generalizations, have been utilized in
multiple research projects to address various types of
ODEs [20]. Haq and Ali [21] have formulated a numer-
ical solution for a two-dimensional model.

The primary objective of the current study is to in-
vestigate a robust numerical framework for solving the
nonlinear system governing the proposed model, with
particular emphasis on the newly incorporated Coriolis
force as a key novel contribution. The analysis system-
atically examines the combined effects of viscous dissi-
pation and energy-related stresses to provide a deeper
understanding of their influence on the flow and trans-
port behavior. Notably, a clear gap exists in the litera-
ture regarding the simultaneous treatment of these mech-
anisms within this configuration, and to the best of the
authors knowledge, such an integrated analysis has not
been previously reported. This study is expected to pro-
vide significant insights into the effect of Coriolis force
on fluid flow and heat transfer, highlighting its poten-
tial applications in engineering systems such as rotating
machinery, geophysical flows, and industrial processes,
thereby underlining the practical importance and rele-
vance of the present work.

2. Mathematical formulation
This work investigates the laminar flow properties of
a non-Newtonian coupled stress fluid across a stretch-
ing sheet, with particular emphasis on the impact of
the Coriolis force, which arises from system rotation.
This rotational effect is incorporated to capture its sig-
nificant role in altering the flow structure and transport
characteristics. In addition to the Coriolis contribution,
the model accounts for energy-related stresses, viscous
dissipation, and a spatially varying surface temperature.
The stretching sheet is assumed to move with a linear
velocity 𝑢 = 𝑏𝑥 along the plane 𝑦 = 0, generating a
continuously developing boundary layer. Furthermore,
the wall temperature is prescribed as 𝑇𝑤 = 𝑇∞ + 𝐴𝑥𝑘 ,
where 𝐴 governs the rate of thermal variation along the
sheet (Figure 1). Through this formulation, the study
seeks to clarify the interplay between rotational effects
and thermophysical mechanisms in shaping the overall
fluid behavior. To actively regulate the flow behavior,
an external magnetic field with a magnitude of 𝐵0 is sup-
plied to the stretching sheet. The external magnetic field
(MF) is analyzed under the hypothesis of a low magnetic
Reynolds number, allowing for the disregard of the in-
duced magnetic field due to its minimal impact relative
to the applied MF. Its influence is captured in the bound-
ary layer equations, which take the following form ([22],
[23]):

𝜕𝑢

𝜕𝑥
+ 𝜕𝑣

𝜕𝑦
= 0, (1)

𝜎𝐵2
0

𝜌
𝑢 + 𝜉

𝜌

𝜕4𝑢

𝜕𝑦4 + 𝜕𝑢

𝜕𝑦
𝑣 + 𝜕𝑢

𝜕𝑥
𝑢 − 2Ω 𝑢 = 𝜈

𝜕2𝑢

𝜕𝑦2 , (2)

Figure 1. The physical setup of the couple stress model

𝜕𝑇

𝜕𝑦
𝑣 + 𝜕𝑇

𝜕𝑥
𝑢 =

𝜅

𝜌𝑐𝑝

𝜕2𝑇

𝜕𝑦2 (3)

+ 𝜈

𝑐𝑝

(
𝜕𝑢

𝜕𝑦

) [(
𝜕𝑢

𝜕𝑦

)
− 𝜉

𝜇𝜌

(
𝜕3𝑢

𝜕𝑦3

)]
+ 𝜉

𝑐𝑝

(
𝜕2𝑢

𝜕𝑦2

)2

.

Here, we must mention that the inclusion of the energy
due to couple stresses in the energy equation is physi-
cally justified as it accounts for the internal rotational
interactions within non-Newtonian fluids, such as poly-
meric and complex fluids, where microstructural effects
significantly influence energy transport. Moreover, the
viscous dissipation term is incorporated in the same
equation due to its important role in high-speed and
highly viscous flows, where mechanical energy is con-
verted into thermal energy, thereby affecting the tem-
perature distribution. Therefore, the present configura-
tion is relevant to practical applications, including poly-
mer processing, coating flows, and rotating industrial
systems under magnetic environments. A useful sim-
plification arises when the material couple stress vari-
able is set to zero (𝜉 = 0), which effectively reduces the
non-Newtonian dipolar fluid to a Newtonian one. In this
limit, the influence of coupled stresses vanishes, and the
fluid behaves like a standard Newtonian fluid. It is also
worth noting the key transport properties: 𝜅 denotes the
thermal conductivity, and 𝜎 the electrical conductivity.
To accurately characterize the flow, the following bound-
ary conditions (B.Cs) must be obtained [22]:

𝑇 = 𝑇𝑤 = 𝑇∞ + 𝐴𝑥𝑘 , 𝑢 = 𝑢𝑤 = 𝑏𝑥, 𝑣 = −𝑣𝑤 ,
𝜕2𝑢

𝜕𝑦2 = 0, 𝑎𝑡 𝑦 = 0, (4)

𝑢 → 0, 𝑇 → 𝑇∞,
𝜕𝑢

𝜕𝑦
→ 0, 𝑎𝑡 𝑦 → ∞. (5)

The parameter 𝑣𝑤 represents the suction velocity and
controls the rate at which fluid is either drawn toward or
far from the stretching sheet. This, in turn, affects the
BL thickness and the overall flow characteristics.

2.1 The dimensionless form of the model
We simplify things by using similarity transformations.
This cuts down the number of variables we have to jug-
gle, turning the original PDEs into a set of ODEs that
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are dimensionless and much easier to handle. The trans-
formations go like this [24]:

𝜂 =

(
𝑏𝜌

𝜇

) 1
2

𝑦, 𝑢 = 𝑏𝑥 𝑓 ′ (𝜂), (6)

𝜃 =
𝑇 − 𝑇∞
𝑇𝑤 − 𝑇∞

, 𝑣 = −
(
𝑏𝜇

𝜌

) 1
2

𝑓 (𝜂).

The governing ODEs, together with their corresponding
B.Cs, are presented below, following directly from the
similarity transformations (6) discussed earlier. These
relations form the backbone of the analysis, as they
emerge naturally from the applied transformations.

𝑓 ′ ( 𝑓 ′ − 𝐾 + 𝑀) = 𝑓 ′′′ − 𝛽 𝑓 (5) + 𝑓 𝑓 ′′, (7)

𝑃𝑟𝐸𝑐 𝑓 ′′
(
𝛽 𝑓 (4) − 𝑓 ′′

)
(8)

= 𝜃′′ + 𝑃𝑟 [ 𝑓 𝜃′ − 𝑘 𝑓 ′𝜃] + 𝐸𝑐𝜆 ( 𝑓 ′′′)2 ,

𝑓 (𝜂) = Γ, 𝑓 ′ (𝜂) = 1, 𝜃 (𝜂) = 1, (9)
𝑓 ′′′ (𝜂) = 0, 𝑎𝑡 𝜂 = 0,

𝑓 ′ (𝜂) → 0, 𝜃 (𝜂) → 0, 𝑓 ′′ (𝜂) → 0, as 𝜂 → ∞. (10)

The parameters guaranteed in this model are defined and
explained as follows:

𝐾 =
2Ω
𝑏
, 𝛽 =

𝜉𝑏

𝜈2𝜌
, 𝑀 =

𝜎

𝜌𝑏
𝐵2

0,

𝜆 =
𝑏 𝜉𝑢2

𝑤

𝜅𝜈(𝑇𝑤 − 𝑇∞)
, 𝐸𝑐 =

𝑢2
𝑤

𝑐𝑝 (𝑇𝑤 − 𝑇∞)
,

𝑃𝑟 =
𝜇𝑐𝑝

𝜅
, Γ =

−𝑣𝑤√
𝜈𝑏
.

We will now conclude the study by discussing the lo-
cal Nusselt number 𝑁𝑢𝑥 and the local skin friction coef-
ficient 𝐶 𝑓𝑥 , which are important fluid dynamics param-
eters. They measure the rate of the HT at the surface
and the shear stress exerted by the fluid on the surface,
respectively. They have the following formulas, respec-
tively:

𝑁𝑢𝑥𝑅𝑒
−1
2 = −𝜃′ (0), (11)

𝐶 𝑓𝑥𝑅𝑒
1
2 = − [ 𝑓 ′′ (0) − 𝛽 𝑓 ′′′′ (0)] ,

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

3. Implementation of the approximation
method

This study seeks to examine the properties of the merged
Fibonacci-Lucas polynomials (MFLPs). Additionally,
we present an approximation formula for the derivatives
of the MFLPs. Subsequently, employ it to resolve the
provided model utilizing the least squares strategy.

3.1 Presenting the merged of FLPs
This subsection presents a novel amalgamation of FLPs
and delineates certain attributes of these polynomials.
The standard FLPs can be derived by applying the fol-
lowing two forms [25]:

𝐹𝑖 (𝑧) − 𝑧𝐹𝑖−1 (𝑧) − 𝐹𝑖−2 (𝑧) = 0, (12)
𝐹0 (𝑧) = 0, 𝐹1 (𝑧) = 1,

𝐿𝑖 (𝑧) − 𝑧𝐿𝑖−1 (𝑧) − 𝐿𝑖−2 (𝑧) = 0,
𝐿0 (𝑧) = 2, 𝐿1 (𝑧) = 𝑧.

The forms in (12) demonstrate that both FLPs follow the
same pattern; however, they begin with different initial
values. Thus, we can derive the following [25]:

Λ𝑖 (𝑧) = 𝑧Λ𝑖−1 (𝑧) + Λ𝑖−2 (𝑧), (13)
Λ0 (𝑧) = 𝑎, Λ1 (𝑧) = 𝑏𝑧,

generalizes the two sets in (12). We denote Λ𝑖 (𝑧) =
𝐹𝐿𝑎,𝑏𝑖 (𝑧) for the MFLPs, that is

𝐹𝐿𝑎,𝑏𝑖 (𝑧) − 𝑧𝐹𝐿𝑎,𝑏𝑖−1 (𝑧) − 𝐹𝐿
𝑎,𝑏
𝑖−2 (𝑧) = 0, (14)

𝐹𝐿𝑎,𝑏0 (𝑧) = 𝑎, 𝐹𝐿𝑎,𝑏1 (𝑧) = 𝑏𝑧.

Theorem 3.1 Consider a positive integer 𝑖. The power-
ful form of impersonation of 𝐹𝐿𝑎,𝑏𝑖 (𝑧) is:

𝐹𝐿𝑎,𝑏𝑖 (𝑧) =
⌊ 𝑖

2 ⌋∑
𝑘=0

(𝑖 − 2𝑘 + 1)𝑘−1 ((𝑖 − 2𝑘)𝑏 + 𝑘𝑎)
𝑘!

𝑧𝑖−2𝑘 .

(15)

3.2 Approximate formula of the derivatives
The primary aim of this subsection is to provide an ap-
proximate formula for the derivatives of the MFLPs.

The function 𝜓(𝑧), can be approximated in terms of
the MFLPs in following form:

𝜓(𝑧) ≃ 𝜓𝑚 (𝑧) =
𝑚∑
ℓ=0

𝑐ℓ 𝐹𝐿
𝑎,𝑏
ℓ (𝑧). (16)

Theorem 3.2 Assume that the function 𝜓(𝑧) is approx-
imated as in (16) then 𝐷 (𝑛) (𝜓𝑚 (𝑧)) can be defined as:

𝐷 (𝑛) (𝜓𝑚 (𝑧)) =
𝑚∑
ℓ=𝑛

⌊ ℓ
2 ⌋∑
𝑖=𝑛

𝑐ℓ Φ
𝑎,𝑏
𝑖, ℓ, 𝑛 𝑧

ℓ−2𝑖−𝑛, (17)

Φ𝑎,𝑏𝑖, ℓ, 𝑛 =
(ℓ − 2𝑖 + 1)𝑖−1 ((ℓ − 2 𝑖)𝑏 + 𝑖𝑎)(ℓ − 2𝑖)

𝑖!
.

Proof: Having the analytic expression of the MFLPs,
utilizing properties of the differential operator𝐷 (𝑛) , one
gets the following two cases:

Case 1: For ℓ = 0, 1, . . . , 𝑛 − 1, we find
𝐷 (𝑛) 𝐹𝐿𝑎,𝑏ℓ (𝑧) = 0.
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Case 2: For 𝑖 = 𝑛, 𝑛 + 1, ..., 𝑚:

𝐷 (𝑛) (𝜓𝑚 (𝑧)) = 𝐷 (𝑛)
[
𝑚∑
ℓ=0

𝑐ℓ 𝐹𝐿
𝑎,𝑏
ℓ (𝑧)

]

= 𝐷 (𝑛)


𝑚∑
ℓ=0

𝑐ℓ

⌊
ℓ
2

⌋∑
𝑖=0

(ℓ − 2𝑖 + 1)𝑖−1 ((ℓ − 2 𝑖)𝑏 + 𝑖𝑎)
𝑖!

𝑧ℓ−2𝑖


=

𝑚∑
ℓ=0

⌊
ℓ
2

⌋∑
𝑖=0

𝑐ℓ
(ℓ − 2𝑖 + 1)𝑖−1 ((ℓ − 2 𝑖)𝑏 + 𝑖𝑎)

𝑖!
𝐷 (𝑛) 𝑧ℓ−2𝑖

=
𝑚∑
ℓ=𝑛

⌊
ℓ
2

⌋∑
𝑖=𝑛

𝑐ℓ
(ℓ − 2𝑖 + 1)𝑖−1 ((ℓ − 2 𝑖)𝑏 + 𝑖𝑎)(ℓ − 2𝑖)

𝑖!
𝑧ℓ−2𝑖−𝑛

=
𝑚∑
ℓ=𝑛

⌊
ℓ
2

⌋∑
𝑖=𝑛

𝑐ℓ Φ
𝑎,𝑏
𝑖, ℓ, 𝑛 𝑧

ℓ−2𝑖−𝑛,

where Φ𝑎,𝑏𝑖, ℓ, 𝑛 is defined in (17) and this ends the
proof of the required formula (17).

We will now analyze the convergence of the method
proposed in this study from through the following theo-
rem.

Theorem 3.3 Suppose that 𝐷 ( 𝑗 𝑛)𝜓(𝑧) ∈ 𝐶 (0, 1) for
𝑗 = 0, 1, . . . , 𝑚 and Ψ̄𝑚 = span

{
𝐹𝐿𝑎,𝑏ℓ (𝑧)

}𝑚
ℓ=0

. If
𝜓𝑚 (𝑧) defined in (16) is the best approximation (BA)
to 𝜓(𝑧) from Ψ̄𝑚 and

S𝑚 (𝜓(𝑧)) =
∫ 1

0
[𝜓(𝑧) − 𝜓𝑚 (𝑧)]2 𝑑𝑧.

Then
lim
𝑚→∞

S𝑚 (𝜓(𝑧)) = 0.

Proof: To begin with, we can consider the following
generalized Taylor formula:

𝜓∗ (𝑧) =
𝑚∑
ℓ=0

𝑧ℓ𝑛

(ℓ 𝑛)!𝐷
(ℓ 𝑛)𝜓

(
0+

)
.

From this formula and 𝜓∗ (𝑧) ∈ Ψ̄𝑚, one can obtain:

|𝜓(𝑧) − 𝜓∗ (𝑧) | < 𝑧 (𝑚+1)𝑛

((𝑚 + 1)𝑛)!Δ𝑛,

where Δ𝑛 ≥ sup𝜉 ∈ (0,1]
��𝐷 (𝑚𝑛+𝑛)𝜓(𝜉)

��. On account
𝜓𝑚 (𝑧) is the BA of 𝜓(𝑧) and because of the above re-
lation, one can get:

∥𝜓(𝑧) − 𝜓𝑚 (𝑧)∥2
2 ≤ ∥𝜓(𝑧) − 𝜓∗ (𝑧)∥2

2 (18)

=
∫ 1

0
|𝜓(𝑧) − 𝜓∗ (𝑧) |2𝑑𝑧

≤
∫ 1

0
Δ2
𝑛

𝑧 (2𝑚+2)𝑛

((𝑚𝑛 + 𝑛)!)2 𝑑𝑧

=
Δ2
𝑛

((𝑚𝑛 + 𝑛)!)2

∫ 1

0
𝑧 (2𝑚+2)𝑛𝑑𝑧

=
Δ2
𝑛

((𝑚𝑛 + 𝑛)!)2 ((2𝑚 + 2)𝑛 + 1)
.

Therefore, one can obtain lim
𝑚→∞

| |𝜓(𝑧) − 𝜓𝑚 (𝑧) | |22 = 0.

3.3 Numerical enforcement of the MFLPs
To utilize the MFLPs and derive the necessary
framework for addressing (7)-(10) within the interval
[0, 𝜂∞] = [0, 3], we adhere to the subsequent stages
(algorithm):

Method 1: We use the approximation by using MFLPs
and the derived approximated formula of the
derivatives (17) to reduce the system under study
(7)-(10) to a system of algebraic equations. This
will be achieved under the following three steps:
1. We estimate 𝑓 (𝜂), and 𝜃 (𝜂) by 𝑓𝑚 (𝜂), and
𝜃𝑚 (𝜂) as follows:

𝑓𝑚 (𝜂) =
𝑚∑
𝑘=0

𝑐𝑘𝐹𝐿
𝑎,𝑏
𝑘 (𝜂), (19)

𝜃𝑚 (𝜂) =
𝑚∑
𝑘=0

𝑑𝑘 𝐹𝐿
𝑎,𝑏
𝑘 (𝜂).

2. Substitution from Eqs.(17), (19) in (7)-(10), we
obtain:

𝐷 (3) ( 𝑓𝑚 (𝜂)) − 𝛽 𝐷 (5) ( 𝑓𝑚 (𝜂)) (20)
+ ( 𝑓𝑚 (𝜂)) 𝐷 (2) ( 𝑓𝑚 (𝜂))

−
(
𝐷 (1) ( 𝑓𝑚 (𝜂))

)2

+(𝐾 − 𝑀) 𝐷 (1) ( 𝑓𝑚 (𝜂)) = 0,

𝐷 (2) (𝜃𝑚 (𝜂)) + 𝑃𝑟
[
( 𝑓𝑚 (𝜂)) 𝐷 (1) (𝜃𝑚 (𝜂)) (21)

−𝑘 (𝜃𝑚 (𝜂)) 𝐷 (1) ( 𝑓𝑚 (𝜂))
]

+𝐸𝑐 𝜆
(
𝐷 (3) ( 𝑓𝑚 (𝜂))

)2

+𝑃𝑟𝐸𝑐
(
𝐷 (2) ( 𝑓𝑚 (𝜂))

) ((
𝐷 (2) ( 𝑓𝑚 (𝜂))

)
−𝛽

(
𝐷 (4) ( 𝑓𝑚 (𝜂))

))
= 0,

𝑚∑
𝑘=0

𝑐𝑘 𝐹𝐿
𝑎,𝑏
𝑘 (0) = Γ, (22)

𝑚∑
𝑘=0

𝑐𝑘 𝐷
(1)𝐹𝐿𝑎,𝑏𝑘 (0) = 1,

𝑚∑
𝑘=0

𝑑𝑘 𝐹𝐿
𝑎,𝑏
𝑘 (0) = 1,

𝑚∑
𝑘=0

𝑐𝑘 𝐷
(3)𝐹𝐿𝑎,𝑏𝑘 (0) = 0,

𝑚∑
𝑘=0

𝑐𝑘 𝐷
(1)𝐹𝐿𝑎,𝑏𝑘 (𝜂∞) = 0,

𝑚∑
𝑘=0

𝑑𝑘 𝐹𝐿
𝑎,𝑏
𝑘 (𝜂∞) = 0,

𝑚∑
𝑘=0

𝑐𝑘 𝐷
(2)𝐹𝐿𝑎,𝑏𝑘 (𝜂∞) = 0.
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3. We presume that the approximate solution
( 𝑓𝑚 (𝜂), 𝜃𝑚 (𝜂)) for the given problem may be sup-
plied to perform a thorough numerical analysis via
simulation. Therefore, we calculate the residual er-
ror function (REF) as outlined [26]:

REF1 (𝜂; 𝑎, 𝑏, 𝑚) = 𝐷 (3) ( 𝑓𝑚 (𝜂)) (23)
−𝛽 𝐷 (5) ( 𝑓𝑚 (𝜂)) + ( 𝑓𝑚 (𝜂)) 𝐷 (2) ( 𝑓𝑚 (𝜂))

−
(
𝐷 (1) ( 𝑓𝑚 (𝜂))

)2

+(𝐾 − 𝑀) 𝐷 (1) ( 𝑓𝑚 (𝜂)) ≃ 0,

REF2 (𝜂; 𝑎, 𝑏, 𝑚) = 𝐷 (2) (𝜃𝑚 (𝜂)) (24)

+𝑃𝑟
[
( 𝑓𝑚 (𝜂)) 𝐷 (1) (𝜃𝑚 (𝜂))

−𝑘 (𝜃𝑚 (𝜂)) 𝐷 (1) ( 𝑓𝑚 (𝜂))
]

+𝐸𝑐 𝜆
(
𝐷 (3) ( 𝑓𝑚 (𝜂))

)2

+𝑃𝑟𝐸𝑐
(
𝐷 (2) ( 𝑓𝑚 (𝜂))

)
.((

𝐷 (2) ( 𝑓𝑚 (𝜂))
)
− 𝛽

(
𝐷 (4) ( 𝑓𝑚 (𝜂))

))
≃ 0.

The smallest residual (REF𝑖 (𝜂; 𝑎, 𝑏, 𝑚) → 0, 𝑖 =
1, 2) signifies that the numerical solution roughly
corresponds with the precise solution, indicating
that the absolute error tends to zero.

Method 2: Utilizing the least squares method, we es-
tablish the objective functions:

𝑆𝐹1 [𝑐0, 𝑐1, ..., 𝑐𝑚]=
∫ 3

0
[REF1 (𝜂; 𝑎, 𝑏, 𝑚)]𝑑𝜂,(25)

𝑆𝐹2 [𝑑0, 𝑑1, ..., 𝑑𝑚]=
∫ 3

0
[REF2 (𝜂; 𝑎, 𝑏, 𝑚)]𝑑𝜂.

To minimize 𝑆𝐹1 [𝑐0, 𝑐1, ..., 𝑐𝑚], 𝑆𝐹2 [𝑑0, 𝑑1, ..., 𝑑𝑚],
and obtain the optimal values of 𝑐𝑖 , 𝑑𝑖 , 𝑖 =
0, 1, 2, ..., 𝑚, we construct the following relations:

𝜕 𝑆𝐹1

𝜕 𝑐𝑘
= 0,

𝜕 𝑆𝐹2

𝜕 𝑑𝑘
= 0, 𝑘 = 0, 1, 2, ..., 𝑚.

(26)

Method 3: Equations (26) form a set of (2𝑚 + 2) non-
linear algebraic equations that may be solved us-
ing the Newton iteration method to obtain the co-
efficients {𝑐𝑘 , 𝑑𝑘}𝑚𝑘=0. Additionally, we can deter-
mine the approximate solution of the system (7)-
(10) by employing the formulas (19).

4. Validation of the numerical scheme
The MFLPs and the least squares method were utilized
to numerically resolve the nonlinear ordinary differen-
tial equations and their corresponding boundary condi-
tions. This procedure facilitated an accurate and effec-
tive study of the solution’s behavior within the estab-
lished boundary constraints through a methodical inves-
tigation of the problem. To validate and underscore the

Table 1. − 𝑓 ′′ (0) values at various 𝑀 with 𝐾 = 𝛽 = Γ = 0

𝑀 Hayat et al. [27] Current method
0.0 1.000000 1.0000000000
0.5 1.224747 1.2247467705
1.0 1.414217 1.4142149908
1.5 1.581147 1.5811459980
2.0 1.732057 1.7320565908

accuracy and consistency of our results in relation to pre-
vious studies, the skin friction coefficient, represented
as − 𝑓 ′′ (0), was compared with data from the literature.
Hayat et al. [27] indicated that Table 1 illustrates a strong
concordance between the given results and the existing
literature. This consistency highlights the importance of
our results in relation to previous research and affirms
their validity.

Table 2 gives an extensive discussion on numerical
accuracy, convergence behavior, and error estimation of
the approximation method used, which would enhance
confidence in the results obtained. The residual error
function was calculated at various values of the approx-
imation order 𝑚 at 𝛽 = 1.0, 𝜆 = 0.5, 𝐸𝑐 = 0.2, 𝑃𝑟 =
3.0, 𝑘 = Γ = 𝑀 = 1.0. Through these comparisons, we
can measure and estimate the accuracy of the proposed
method. It also becomes clear that by choosing appro-
priate values for𝑚, we can control the reduction of error
as well as the accuracy of the proposed technique.

5. Results and discussion
The model at hand was solved by first converting
the PDEs into comparable ODEs. Using the pro-
posed technique, this transformation was completed,
and the merged Fibonacci-Lucas polynomials and the
least square method were then applied to solve the re-
sulting problem. A comprehensive examination of the
solutions was performed, with particular focus on the
effects of altering significant parameters. This analysis
elucidated how alterations to these factors influence the
behavior of the system under examination. Figure 2 of-
fers a comprehensive visual representation of the inter-
related impacts on the profiles of 𝑓 ′ (𝜂) and 𝜃 (𝜂), as well
as the variations in the stream function 𝑓 (𝜂) across the
system, illustrating how alterations in 𝛽 influence the
flow characteristics and thermal dynamics of the fluid.
𝑓 (𝜂), 𝑓 ′ (𝜂), and 𝜃 (𝜂) increase with the growth of the
couple stress parameter in this figure, suggesting that the
couple stress term enhances the model’s fluid flow and
heat transfer. The beneficial impact of the coupled stress
parameter indicates its necessity for sustaining flow sta-
bility and promoting efficient thermal energy distribu-
tion, both of which improve overall system execution.

Figure 3 illustrates the progression of 𝜃 (𝜂), 𝑓 ′ (𝜂),
and 𝑓 (𝜂) profiles for a specified range of 𝑀 . This figure
indicates that when the values of 𝑀 increase, there is a
notable rise in temperature near the sheet; yet, 𝑓 ′ (𝜂),
and 𝑓 (𝜂) profiles exhibit entirely contrasting behavior.
The MF creates the Lorentz force, which is a force that
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Table 2. The REF for 𝑓 , and 𝜃 via different values of 𝑚

REF 𝑓 at: REF𝜃 at:
𝜂 𝑚 = 4 𝑚 = 8 𝑚 = 12 𝑚 = 4 𝑚 = 8 𝑚 = 12
0.0 1.9851E-05 6.2650E-08 3.5297E-10 2.3698E-05 7.9528E-08 4.5687E-10
0.75 1.0256E-05 8.0641E-08 7.0292E-10 9.0287E-05 1.9308E-08 2.6408E-10
1.5 3.0269E-05 1.9325E-07 2.9557E-10 1.2569E-05 5.8921E-08 6.8504E-10
2.25 2.3030E-04 4.0287E-07 1.9824E-09 6.0269E-04 5.9873E-07 9.2587E-09
3.0 8.6542E-04 0.1489E-07 2.0156E-09 4.6280E-04 7.9632E-07 5.3214E-09
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Figure 2. (a) 𝑓 (𝜂) and 𝑓 ′ (𝜂) for selected 𝛽 (b) 𝜃 (𝜂) for selected 𝛽.

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.5

1.0

1.5

2.0

Η

M=0.0, 1.0, 1.5

f 'HΗL
f HΗL

M=0.0, 1.0, 1.5

K=0.2, G=1.0, Β=1.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

0.8

1.0

Η

ΘHΗ
L M=0.0, 1.0, 1.5

Λ=0.5, Ec=0.2, Pr=3.0, k=1.0

Figure 3. a) 𝑓 (𝜂) and 𝑓 ′ (𝜂) for various 𝑀 (b) 𝜃 (𝜂) for various 𝑀
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Figure 4. (a) 𝑓 (𝜂) and 𝑓 ′ (𝜂) for selected Γ (b) 𝜃 (𝜂) for selected Γ
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resists fluid motion and explains this effect. Conse-
quently, there is a reduction in both 𝑓 ′ (𝜂), and 𝑓 (𝜂) due
to the diminished fluid flow rate. The elevated thermal
buildup of fluid particles is caused by the same resistive
force, which increases the temperature near the sheet.

Figure 4 illustrates the dimensionless stream func-
tion 𝑓 (𝜂), dimensionless temperature 𝜃 (𝜂), dimension-
less velocity 𝑓 ′ (𝜂), and the influence of Γ across the
boundary layer (BL). A weaker suction parameter has
markedly reduced restricting effects on 𝑓 (𝜂). A de-
crease in temperature and velocity fields is connected
with an increase in Γ values. This is because there is
more suction, which pulls fluid away from the surface
and thins the BL. There is therefore less fluid available
to transfer heat and momentum, which causes the veloc-
ity and temperature inside the BL to decrease.

The influence of the rotation factor 𝐾 on the flow
characteristics is clearly illustrated in Figure 5. As 𝐾
increases, both 𝑓 (𝜂) and 𝑓 ′ (𝜂) exhibit a noticeable de-
cline, indicating a suppression of the fluid motion and
a contraction of the BL structure. This behavior is at-
tributed to the enhanced Coriolis force induced by sys-
tem rotation, which acts as a resistive mechanism op-
posing the primary flow direction. Consequently, the
fluid particles experience a deflection and momentum
loss, leading to weaker streamlines and reduced veloc-
ity magnitude. Further, the temperature field shows a
significant increase with higher rotation levels. Physi-
cally, this can be explained by the reduced convective
transport due to the weakened fluid motion, which lim-
its the ability of the flow to carry heat away from the
surface.

Figure 6 illustrates the influence of 𝐸𝑐 and 𝜆 on 𝜃 (𝜂).
The figure shows how changes to these parameters affect
the fluid’s thermal behavior. Both 𝐸𝑐 and 𝜆 exhibit an
increasing trend with increasing temperature. Viscous
heating reduces mechanical energy into thermal energy,
and the energy couple stress refers to a fluid’s internal
resistance to rotational motion, facilitating energy dissi-
pation inside the system. The total thermal energy in-
creases as a result of these combined effects, which af-
fects the fluid’s temperature distribution.

Figure 7 illustrates the influence of 𝑃𝑟 and 𝑘 on 𝜃 (𝜂)
profile. The temperature profiles clearly indicate a de-
creasing impact of both 𝑃𝑟 and 𝑘 . A bigger temperature
index parameter generally results in more rapid temper-
ature fluctuations, reducing the overall thermal gradient.
A rise in 𝑃𝑟 signifies a larger ratio of momentum diffu-
sivity to thermal diffusivity, resulting in a thinner ther-
mal BL and a reduced rate of heat transfer. The conflu-
ence of these factors results in a decrease in the fluid’s
temperature.

Following modifications to the governing parameters,
Table 3 now presents the distributions of the skin fric-
tion (SF) 𝐶 𝑓𝑥𝑅𝑒

1
2 and Nusselt number (NN) 𝑁𝑢𝑥𝑅𝑒

−1
2 .

Assessing SF and NN is equally important, as they pro-
vide essential insights into the frictional resistance and
thermal conductivity of the fluid flow. The NN assesses
the efficiency of heat transfer between the fluid and the

surface, whereas skin friction indicates the shear stress
at the boundary, affecting the system’s total drag and en-
ergy losses. Understanding these indications enhances
the performance, thermal management, and efficiency
of fluid flow engineering systems. An evident increase
in the SF and NN correlates with a rise in the suction
parameter. Decreases in the Nusselt number are sig-
nificantly attributed to 𝛽, 𝑀, 𝐾, 𝐸𝑐, and 𝜆. This indi-
cates that a reduction in the rate of heat transfer between
the fluid and the surface is attributable to an increase
in these parameters. The table illustrates the correla-
tion between elevated Nusselt numbers and increased
Prandtl numbers, as well as temperature index Γ val-
ues. A larger temperature index value results in a steeper
temperature gradient, enhancing heat transfer, whereas
a higher Prandtl number facilitates thermal BL develop-
ment, thereby improving heat transfer efficiency. The
overall heat transfer rate between the fluid and the sur-
face is enhanced by these parameters collectively. The
table clearly indicates that higher values of the SF co-
efficient are attributable to 𝛽 (thermal expansion coeffi-
cient), Γ (specific heat ratio), and 𝐾 (thermal conductiv-
ity).

6. Conclusions
Based on the numerical results obtained from solving
the problem under study by applying the approximation
method used, we can summarize the following observa-
tions and recommendations, while also noting some lim-
itations and some future suggestions:

1. Both temperature distribution and fluid velocity are
positively affected by the couple stress parameter,
while the suction coefficient has the opposite effect.
Both the suction coefficient and the Prandtl num-
ber are also correlated with increasing the Nusselt
number.

2. Increasing the suction coefficients, coupling stress,
and rotation coefficient tends to an increase in the
skin friction coefficients.

3. The temperature distribution can be upgraded by
using lower values of the temperature index param-
eter or the Prandtl number.

4. The future study can investigate transient and
unsteady flow scenarios to understand time-
dependent thermal and flow behaviors.
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Figure 5. (a) 𝑓 (𝜂) and 𝑓 ′ (𝜂) for selected 𝐾 (b) 𝜃 (𝜂) for selected 𝐾
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Figure 6. (a) 𝜃 (𝜂) for selected 𝜆 (b) 𝜃 (𝜂) for selected 𝐸𝑐
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Figure 7. (a) 𝜃 (𝜂) for selected 𝑘 (b) 𝜃 (𝜂) for selected 𝑃𝑟
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Table 3. Nusselt number 𝑁𝑢𝑥𝑅𝑒
−1
2 and skin friction coefficient 𝐶 𝑓𝑥𝑅𝑒

1
2 as functions of specific governing parameters

𝛽 𝑀 Γ 𝐾 𝜆 𝐸𝑐 𝑘 𝑃𝑟 𝐶 𝑓𝑥𝑅𝑒
1
2 𝑁𝑢𝑥𝑅𝑒

−1
2

0.5 1.0 1.0 0.2 0.5 0.2 1.0 3.0 1.29016 3.84708
1.0 1.0 1.0 0.2 0.5 0.2 1.0 3.0 1.33483 3.33366
1.5 1.0 1.0 0.2 0.5 0.2 1.0 3.0 1.33558 2.81952
1.0 0.0 1.0 0.2 0.5 0.2 1.0 3.0 1.91974 3.75796
1.0 1.0 1.0 0.2 0.5 0.2 1.0 3.0 1.29998 3.35441
1.0 1.5 1.0 0.2 0.5 0.2 1.0 3.0 0.95147 2.85777
1.0 1.0 0.5 0.2 0.5 0.2 1.0 3.0 0.99090 2.80753
1.0 1.0 1.0 0.2 0.5 0.2 1.0 3.0 1.29998 3.35441
1.0 1.0 1.5 0.2 0.5 0.2 1.0 3.0 1.66333 5.04989
1.0 1.0 1.0 0.0 0.5 0.2 1.0 3.0 1.16393 4.21955
1.0 1.0 1.0 0.5 0.5 0.2 1.0 3.0 1.49378 3.84731
1.0 1.0 1.0 1.0 0.5 0.2 1.0 3.0 1.80253 3.57812
1.0 1.0 1.0 0.2 0.0 0.2 1.0 3.0 1.29898 3.89067
1.0 1.0 1.0 0.2 1.0 0.2 1.0 3.0 1.29756 3.34787
1.0 1.0 1.0 0.2 2.0 0.2 1.0 3.0 1.29653 2.78781
1.0 1.0 1.0 0.2 0.5 0.0 1.0 3.0 1.29783 4.15420
1.0 1.0 1.0 0.2 0.5 0.5 1.0 3.0 1.29783 3.00908
1.0 1.0 1.0 0.2 0.5 1.0 1.0 3.0 1.29783 2.04844
1.0 1.0 1.0 0.2 0.5 0.2 0.0 3.0 1.29960 3.30327
1.0 1.0 1.0 0.2 0.5 0.2 1.0 3.0 1.29605 3.88305
1.0 1.0 1.0 0.2 0.5 0.2 2.0 3.0 1.29596 4.38002
1.0 1.0 1.0 0.2 0.5 0.2 1.0 1.0 1.29963 1.64616
1.0 1.0 1.0 0.2 0.5 0.2 1.0 2.0 1.29791 2.81259
1.0 1.0 1.0 0.2 0.5 0.2 1.0 3.0 1.29605 3.88305
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