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Abstract

This study presents a numerical investigation of fluid elasticity, increasing resistance to deformation and

magnetohydrodynamic (MHD) flow of a Maxwell non-
Newtonian fluid over a vertical cone, incorporating thermal
radiation and Cattaneo-Christov heat flux effects. The
governing partial differential equations are transformed into
a system of ordinary differential equations using appropriate
similarity transformations and solved numerically using the
bvp4c solver in MATLAB. The influence of key
dimensionless parameters, including the magnetic field
parameter (Hartmann number), Weissenberg number,
thermal radiation parameter, and thermal relaxation
parameter, on velocity and temperature profiles is
systematically analysed. Results indicate that increasing the
magnetic field parameter intensifies the Lorentz force,
which acts as a resistive drag that significantly reduces fluid

suppressing momentum diffusion, thereby lowering velocity
profiles. Conversely, thermal radiation enhances heat
absorption within the fluid, acting as a volumetric heat
source that elevates temperature profiles, while the thermal
relaxation parameter reduces effective thermal diffusivity,
resulting in decreased temperatures. Additionally, multiple
linear regression analysis is employed to develop predictive
models for skin friction coefficient and Nusselt number as
functions of the governing parameters. The regression
models demonstrate that the skin friction coefficient
increases with both magnetic parameter and Weissenberg
number, while the Nusselt number exhibits positive
correlations with thermal radiation and thermal relaxation
parameters.

velocity. Similarly, higher Weissenberg numbers enhance
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1. Introduction

The study of non-Newtonian fluid flow over a cone holds considerable significance due to its extensive applications across
various engineering and industrial domains. The conical geometry is pivotal in processes like polymer spin coating, where
precise thermal and flow control is vital for producing electro-conductive polymers. Furthermore, such flows are integral to the
design of conical diffusers, medical devices, and rheometric equipment applications. This research also aids in optimizing heat
exchanger design, enhancing energy transfer in thermal equipment, and improving the efficiency of gas turbine engines. The
ability to model and control these flows through factors like magnetic fields and permeability is crucial for advancements in
micro-cooling systems, micromixers, and chemical reactor technology. Sajjad-ur-Rehman et al. [' conducted a numerical
investigation on three-dimensional Casson fluid flow over an exponentially stretching heated surface. They employed the
Runge—Kutta—Felberg method alongside homotopy analysis and its optimal variant to validate the solutions for momentum and
energy equations under similarity transformations. Non-Newtonian Casson fluids exhibited higher wall friction coefficients
than Newtonian fluids, whereas the heat transfer rate (Nusselt number) was more pronounced in the Newtonian case across
varying temperature exponents. Additionally, the velocity profiles declined with increasing Casson parameter and stretching
ratio along the streamwise direction, while the temperature profile rose with higher values of both the Casson parameter and
the temperature exponent. Rashidi et al. [?! analytically investigated the convective magnetohydrodynamic flow of a third-
grade non-Newtonian fluid over a linearly stretching sheet, incorporating entropy generation analysis. They employed the
optimal homotopy analysis method to solve the transformed ordinary differential equations and examined the effects of
magnetic field, Biot number, and Prandtl number on velocity and temperature fields. The thermal boundary layer thickness
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diminished with rising Prandtl number, while the magnetic
parameter enhanced both temperature distribution and
entropy generation near the sheet. Furthermore, entropy
generation intensified with increasing Reynolds, Brinkman,
Hartmann, and Biot numbers, whereas the third-grade fluid
parameter exhibited a non-monotonic influence on entropy
production along the boundary layer. Amanulla et al. ©!
numerically examined the steady two-dimensional free
convective MHD flow of a Carreau non-Newtonian fluid
over an isothermal sphere, incorporating velocity slip and
temperature jump conditions at the surface. Khan et al. ¥
numerically investigated the steady two-dimensional flow of
a Carreau non-Newtonian fluid over an inclined shrinking
surface, incorporating the effects of infinite shear rate
viscosity. Maleki et al. B! numerically investigated the
boundary layer flow and heat transfer of pseudo-plastic non-
Newtonian nanofluids over a permeable flat plate,
considering Cu, Cu0,Ti0z and 4120z nanoparticles dispersed in
CMC/water base fluid. Mozafarie and Javaherdeh [©
numerically investigated the flow and heat transfer
characteristics of a non-Newtonian power-law fluid (soursop
juice) flowing through the annulus of a double-pipe heat
exchanger equipped with helical fins around the inner
tube. Kempannagari et al. ! numerically examined the
magnetohydrodynamic  stagnation-point flow of a
micropolar non-Newtonian fluid over an exponentially
stretching curved surface, incorporating Joule heating,
nonlinear thermal radiation, variable thermal conductivity,
and non-uniform heat source/sink effects. Selvi et al. 1
analytically studied the creeping flow around a Reiner—
Rivlin non-Newtonian liquid droplet surrounded by a
Newtonian liquid shell and embedded in a porous medium,
using the Brinkman, Stokes, and Reiner—Rivlin equations
for the respective regions. Ali et al. P! numerically
investigated the g-jitter-induced mixed convection flow of a
micropolar non-Newtonian fluid over an inclined stretching
sheet under the influence of a magnetic field and heat
source/sink. Khashi'ie ef al. 'Y numerically investigated the
magnetohydrodynamic radiative heat transfer of a Reiner—
Philippoff non-Newtonian fluid over a nonlinearly shrinking
sheet, incorporating viscous dissipation and Joule heating
effects. Vishalakshi et al. "' analytically investigated the
three-dimensional magnetohydrodynamic flow of a Walters'
liquid B non-Newtonian fluid over a porous
stretching/shrinking sheet under an inclined magnetic field,
incorporating thermal radiation and mass transpiration
effects. Mahabaleshwar et al. '2! analytically examined the
axisymmetric magnetohydrodynamic flow of a Casson non-
Newtonian  fluid over a nonlinear  permeable
stretching/shrinking surface, incorporating thermal radiation
and Navier slip effects. Al Qahtani et al. ['*! numerically
investigated the non-similar flow of a generalized
Newtonian (Cross) liquid over a vertical porous surface
under the influence of nonlinear radiation, Newtonian
heating, magnetic field, and gravitational effects. They
employed a three-level truncation non-similarity approach to
convert the partial differential equations into ordinary
differential equations and solved them using a collocation
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method in MATLAB. Later, various authors H*1°! discussed
different non-Newtonian fluid movements across distinct
frameworks.

While extensive research has been dedicated to non-
Newtonian fluid flows across various geometries, the
combined influence of magnetohydrodynamic effects,
thermal radiation, and the non-Fourier Cattaneo-Christov
heat flux model on Maxwell fluid over a vertical conical
surface remains underexplored. Existing studies have largely
focused on stretching sheets or flat plates, with limited
attention to conical configurations that are practically
relevant in polymer processing and thermal equipment.
Furthermore, the majority of prior investigations have relied
on classical Fourier's law, neglecting the thermal relaxation
time that characterizes heat propagation in viscoelastic
fluids. This research addresses these gaps by developing a
comprehensive numerical framework that simultaneously
accounts for magnetic field interactions, radiative heat
transfer, and the Cattaneo-Christov formulation for Maxwell
fluid flow over a vertical cone. The significance of this work
lies in its potential to enhance the predictive capability for
thermal and flow behavior in conical geometries, thereby
contributing to improved design and efficiency in industrial
applications such as heat exchangers, spin coating processes,
and rheological instrumentation. The findings from this
investigation offer new insights into the coupled transport
phenomena and provide a robust foundation for optimizing
operational parameters in engineering systems involving
complex fluid dynamics.

2. Mathematica Formulation

In this study, MHD flow of the Maxwell fluid over a vertical
cone in the presence of thermal radiation and Cattaneo-
Christov heat flux is considered. Flow is assumed to be
laminar and steady. The cone has a radius ¥ = xSina and is
pointing downward at a half-angle @. A uniform magnetic
field B is applied perpendicular to the flow as shown in Fig
1.

Based on the assumptions made before, this investigation
requires the following conditions and equations:
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The following similarity transformations are employed to
transform the governing equations:
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Fig 1: Flow diagram

Equation (1) can be readily satisfied by the terms presented
in (5). The successful modification of equations (2-3) and
conditions in (4) through integration of (5) yields the
following result:
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Skin friction coefficient and Nusselt number are defined as
below:

025

(Gr)* f =2£7(0).(Gr)"" Nu=—~(1+R)6'(0)

3. Results and Discussion

Equations (6 - 7) with the conditions (8) are solved using the
bvp4c solver in MATLAB. The rise in the magnetic field
parameter (Hartmann number) intensifies the Lorentz force,
which acts as a resistive drag opposing the fluid motion.
This retarding force significantly reduces the bulk flow
velocity, a trend clearly illustrated by the decreasing
velocity profiles in Fig 2. Fig 3 shows that as the
Weissenberg number increases, the fluid's elastic relaxation
time grows, which heightens its resistance to deformation
and suppresses momentum diffusion. This enhanced elastic
stress effectively thickens the fluid, thereby reducing the
velocity gradient and causing a lower overall velocity
profile. The rise in the thermal radiation parameter increases
the temperature profile because it enhances the absorption of
radiative heat within the fluid, adding more internal energy
to the system. This additional radiative flux effectively acts
as a volumetric heat source, which intensifies the thermal
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boundary layer and raises the local temperatures, as clearly
demonstrated by the upward shift in the curves for
increasing radiation values in Fig 4. Fig 4 shows that an
increase in the thermal relaxation parameter (indicating a
larger time lag between the heat flux and temperature
gradient) reduces the effective thermal diffusivity of the
medium. This slower heat propagation delays the inward
movement of thermal energy, causing the temperature to
drop significantly compared to the classical Fourier case.

3.1 Multiple Linear Regression

Multiple linear regression (MLR) is a powerful statistical
tool used to model the linear relationship between a single
dependent (response) variable and two or more independent
(predictor) variables. Its primary importance lies in
quantifying how each predictor influences the response,
while controlling for the effects of others, thus enabling
accurate predictions and identifying the most significant
governing parameters in complex physical systems.

For the present problem, the skin friction coefficient (¢/) and
Nusselt number (Vi) can be expressed as functions of key
dimensionless parameters (e.g., magnetic field parameter
and thermal radiation parameter). Before substituting the
computed numerical values, the general regression models
take the form:

Cfr=Po+ 1M+ [ We 9
Nu=vyo+viR+yx2T (10)

Where B: and Yi are the regression coefficients to be
determined.

Now, substituting the actual numerical values from the 25-
point dataset into these equations and performing the least-
squares fitting yields the specific regression coefficients.
After substitution, equations (9 — 10) becomes:

Cf =217 +0.022- M + 0.1151 - We (11)
Nu = 0973 + 0.2738 R + 0.2625T (12)

From equation (11), it is observed that the skin friction
coefficient increases with a rise in both the magnetic
parameter (M) and the Weissenberg number (We). The
magnetic field generates a drag-like force called the Lorentz
force, which resists the fluid motion and adds extra friction
at the surface. Although the effect of M is relatively small, it
still contributes positively to the skin friction. On the other
hand, the Weissenberg number has a much stronger
influence because it represents the elastic behaviour of the
fluid. Higher elasticity means the fluid resists stretching and
deformation more strongly, which increases the shear stress
acting on the boundary wall. Thus, both parameters hinder
the flow near the surface, leading to a higher skin friction
coefficient. From equation (12), it is observed that the
Nusselt number increases with a rise in both the radiation
parameter (R) and the thermal relaxation parameter (I"). The
radiation parameter enhances heat transfer because thermal
radiation provides an additional mode of energy transport
apart from conduction and convection. As R increases, more
heat energy is carried through radiation, which improves the
overall rate of heat transfer at the surface. Similarly, the
thermal relaxation parameter also shows a positive effect,
meaning that within this regression model, an increase
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in I leads to better heat transfer. This suggests that under
the specific conditions of the dataset, the delay in heat flow
may actually allow more time for thermal energy to
accumulate and be transferred effectively.
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Fig 4: Impact of thermal radiation parameter on the temperature
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Fig 5: Impact of thermal relaxation parameter on the temperature
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4. Conclusions

The present study numerically investigated the

magnetohydrodynamic boundary layer flow of a Maxwell

non-Newtonian fluid over a vertical cone, incorporating the

effects of thermal radiation and Cattaneo-Christov heat flux.

The governing partial differential equations were

transformed into ordinary differential equations using

similarity transformations and subsequently solved using the

bvp4c solver in MATLAB. The influence of key physical

parameters on velocity and temperature fields was

systematically examined, and multiple linear regression

models were developed to predict the skin friction

coefficient and Nusselt number. The major findings of this

investigation are summarized as follows:

= Rise in the magnetic field parameter causes a reduction
in the velocity of the fluid.

* Fluid velocity decreases with the increase in the
Weissenberg number.

= [t is observed that there is a rise in the temperature of
the fluid with the rise in the thermal radiation but the
same decreases with the surge in the thermal relaxation
parameter.

= It is noticed that there is a rise in the skin friction
coefficient with the rise in both the magnetic field
parameter and Weissenberg number.

= It is observed that the Nusselt number increases with a
rise in both the radiation parameter and thermal
relaxation parameter.
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