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Abstract

The primary objective of this study is to investigate the impacts of Brownian motion and
thermophoresis dispersion on the behavior of magnetohydrodynamic (MHD) Casson nanofluid
boundary layer flow over a non-linear inclined permeable stretching surface. This analysis takes into
consideration convective constraints, thermal radiation, and chemical reactions. Nonlinear ordinary
differential equations (ODEs) are derived from governing nonlinear partial differential equations (PDEs)
using appropriate similarity transformations. The study quantifies various engineering parameters,
such as skin friction, Nusselt number, and Sherwood number, while elucidating their influence on the
velocity, temperature, and concentration profiles through graphical representations.

Introduction

The exploration of non-Newtonian fluids has garnered considerable attention from researchers,
engineers, and scientists, primarily due to their diverse applications, including food production and
annealing [1]. These fluids play a pivotal role in various industrial manufacturing processes,
encompassing areas such as biological fluids, lubricants, paints, and polymeric suspensions. Numerous
models, such as the pseudo-plastic model, Ellis model, power law model, and viscoelastic model, have
been scrutinized in the literature, each accompanied by distinct rheological equations and numerical
solutions [2]. Non-Newtonian fluids exhibit complexity and nonlinearity, leading researchers to employ
various types of rheological equations to characterize their behavior. Of particular interest is the
Casson fluid, which stands apart from other non-Newtonian fluids [3]. It showcases shear-thinning
characteristics, manifesting indefinite viscosity at zero shear rate and vice versa. lllustrative examples
of this behavior can be observed in substances like orange juice, toothpaste, honey, tomato sauce,
human blood, and soup [4]. In 2012, Hayat et al. conducted an in-depth analysis of Casson fluid
behavior within the context of flow over a stretchable surface. Maboob and Das (2019) investigated
the impact of melting on the flow of magnetohydrodynamic (MHD) Casson fluid past a stretchable
sheet within a penetrable medium. Kamran et al. (2017) contributed to the understanding of Casson
nanofluid MHD flow [5].

This study delves into the domain of free convection MHD radiating flow over an inclined plate
confined within a porous medium. Prior research efforts have shed light on various aspects of related
phenomena [6]. For instance, R. Nasrin and M.A. Alim (2011) investigated the influence of variable
thermal conductivity on the interplay between conduction, Joule heating, and MHD free convection
flow along a vertical flat plate [7]. In a similar vein, R. Nasrin and M.A. Alim (2010) examined the
combined impact of viscous dissipation and temperature-dependent thermal conductivity on MHD
free convection flow featuring conduction and Joule heating along a vertical flat plate [8]. Furthermore,
R. Nasrin (2010) provided insights into MHD free convection flow along a vertical flat plate with
thermal conductivity and viscosity dependent on temperature. This study seeks to fill gaps overlooked
in prior research endeavors [9]. Building upon the aforementioned literature, we present an
investigation involving the Buongiorno model integrated with Brownian and thermophoretic diffusion
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phenomena for MHD Casson nanofluid. Our paper offers numerical results pertaining to velocity,
concentration, and temperature distributions [10].

Mathematical formulation

Concentration Boundary Layer
Thermal Boundary Layer
Momentum Boundary Layer
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Figure 1: Physical model of the problem

The rheological model of state for an isotropic motion of a Casson liquid can be uttered as:

( P
2y +—=le, aT>m,
W=y ¢ (1
2| My + P" le T< T
1 M - AL
\ ! 2r,_ | Y
el ' @
cx ¢y
éu du 1)é%u oB(x) v
ua—n,xﬁ—y: .\1—51{3};‘ 3[:"3:- T-T )+ p.(C-C, }{_m-f ; U—EU (3)
o o2 8 D =t \‘l'Z
T BT _ K T 1 % |, eceT, _[«gj“ @
dx oy ,{J‘CPC_}’Z (oc)p ey droy T\ oy
n ~ 2
ua—c+v§— cc D Fr -K (C-C,) (5)
dx dy Byz .’ E.‘yz
In this problem the boundary conditions are considered as:
cT
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The Roseland flux estimation is expressed as:
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Using equations (7) and (8). the equation (4) is l:onverted to:
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Introducing the similarity transformations as:
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Figure 2: Effect of magnetic parameter (M) and permeability parameter (K) on velocity profile
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Figure 3: Effect of power index parameter (m) and solutal buoyancy parameter [5 ) on velocity profile

4 45 5§

Conclusion

The results derived from this study align closely with those presented in previously published research.
The primary discoveries from this investigation are as follows:

- Anincreased value of M leads to a degradation in the velocity profile.
- The velocity profile experiences degradation with higher values of B.

- The Biot number (Bi) exhibits an enhancement in the heat transport coefficient.
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- Higher values of Nb and Nt contribute to the augmentation of the temperature profile.

- All relevant flow parameters have been observed to intensify the rate of heat and mass transport, as
evidenced by the rise in the local skin friction coefficient, Nusselt number, and Sherwood number.
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