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Abstract

This study investigated the significance of applying Cattaneo-Christov's theories to the analysis
of fluid flow with chemical reactions over a stretching surface, considering various
thermophysical factors. The physical problem was mathematically modelled using a set of
partial differential equations. To simplify this complex system, appropriate similarity variables
were introduced, leading to a set of coupled nonlinear ordinary differential equations. These
transformed equations were then solved using the spectral relaxation method, a technique
rooted in Gauss-Seidel relaxation methods. The results were presented through visualizations
and tabulated data. Interestingly, the thermal radiation parameter was observed to enhance
both velocity and temperature distributions, while the magnetic field parameter had a
dampening effect on the velocity profile.

Introduction

The Cattaneo-Christov thermal flux framework is employed to describe thermal transfer in
viscoelastic flow induced by exponentially extending mass. ldowu et al., [1], demonstrated
that altering viscosity and heat conductivity can communicate flow dissipation. Khan et al.,
[2], studied the MHD Falkner-Skan Sutterby nanofluid using the nanofluid model and
Cattaneo-Christov heat flux theory. Williamson hybrid engine oil nanofluids were investigated
alongside Cattaneo-Christov heat flux. Ali and Sandeep [3], numerically modelled the heat
radiative transport of MHD Casson-Ferro fluid. Zhang and colleagues [4], examined melting
heat reaction in von Karman circulating motion of hybrid nanofluids using Cattaneo-Christov
heat flux. Hayat and Nadeem [5], applied the Cattaneo-Christov model and a chemical process
to an exponentially stretchable surface, addressing the motion of 3D Eyring-Powell fluid. The
Cattaneo-Christov model was used to analyse Carreau fluid flow over a thin sheet by Shihao
et al. [6], connecting viscoelastic fluid flow with heat transport processes.

Within the realm of literature, investigations have delved into the realm of Cattaneo-Christov
heat flux while considering factors like heat generation, viscous dissipation, and Brownian
motion [7-9]. However, a notable gap in these studies lies in the omission of the
electromagnetic force and permeability surface effects. Addressing this gap, the current
research focuses on a physical setup where a porous medium coexists with a stretching
surface, influenced by the presence of an electromagnetic force [10]. The resulting system of
partial differential equations was tackled through numerical methods, and the resulting
outcomes were visually represented in graphical form.

Mathematical formulation
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This paper investigates a scenario involving a constant, smooth, viscous, and incompressible
nanofluid flow over a vertical porous plate (refer to Figure 1). The study delves into the heat
transfer dynamics within this setup, taking into account heat generation and thermal radiation
effects [11-13]. The boundary layer estimation is valid and the governing equations are:
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The associated boundary conditions are:
u = bx, v =0, T=T, at y=0 (4)
u=v=0, T—T, as y— @ (5)

The following suitable similarity transformations are defined to simplify the current model:

b T—-T, , o
n=y\£, 60D =7—7— u=bxf'tn,  v= Vbvf(n) (6)

Using Eq. (6) on Eq. (1)-Eq. (4) subject to (5) to obtain:
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With the constraints:

fO=f, ffFO)=1 0(0)=1, (9)
f(e0)=0, B(x)=0 (10$)

Spectral relaxation method
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Through the employment of the SRM (Spectral Relaxation Method), the Gauss-Seidel
relaxation technique is harnessed to decouple and linearize the system of equations. In this
process, the current iteration denoted as r+1 is applied to the linear terms, while the
preceding iteration denoted as r is applied to the nonlinear terms.

Going by the process of SRM on the transformed Eq. (7) & (8) subject to Eq. (9) to obtain:
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Fig 1: Effect of magnetic parameter on the velocity profile.
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Fig 2: effect of permeability parameter.
Conclusion

The principal findings of the study are as follows:
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1. Elevating the magnetic parameter results in an augmented velocity profile. This
phenomenon arises due to the significant influence of the electromagnetic force on the
Lorentz force, leading to a reduction in strength and subsequent velocity increase;

2. The fluid's velocity within the boundary layer experiences augmentation owing to the
expansion in the holes caused by an increase in the permeability parameter;

3. Anincrease in the Prandtl number is shown to enhance both the hydrodynamicand thermal
boundary layer thickness;

4. An upsurge in the Eckert number (Ec) corresponds to an increased heat energy, thereby
augmenting both the hydrodynamic and thermal boundary layer thickness;
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