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Abstract

This research aims to investigate the significance of Brownian motion and thermophoresis
dispersion on the magnetohydrodynamic (MHD) Casson nanofluid flow over a non-linear
slanted permeable stretching surface, considering the influence of convective boundaries and
thermal radiation with a synthetic response. Nonlinear ordinary differential equations (ODEs)
are derived from managing the nonlinear partial differential equations (PDEs) through suitable
similarity transformations. Various quantities related to flow characteristics, such as skin
friction, Nusselt number, and Sherwood number, as well as other factors affecting velocity and
temperature profiles, are analysed.

Introduction

Non-Newtonian fluids have garnered considerable attention from researchers, engineers, and
scientists due to their diverse applications, including food production, annealing, and various
industrial manufacturing processes. These fluids find utility in biological applications,
lubricants, paints, polymeric suspensions, among others. Researchers have explored several
models, such as the pseudoplastic model, Ellis model, power-law model, viscoelastic model,
among others, to understand their behaviour through different rheological equations, which
have been solved numerically in various studies. Given their intricacy and nonlinearity, authors
in the literature have employed diverse types of rheological equations to effectively describe
the characteristics of non-Newtonian fluids.

The behaviour of Casson fluids distinguishes them from all other types of non-Newtonian
fluids. They exhibit shear-thinning characteristics with an undefined zero viscosity at zero
shear rate and vice versa. Everyday examples of fluids displaying this behavior include orange
juice, toothpaste, honey, tomato sauce, human blood, and soup. Several studies have
explored different aspects of Casson fluid flow: Hayat et al. [1] conducted a critical
examination of Casson fluid behavior over a stretchable surface. Ugwah-Oguejiofor et al. [2]
investigated the influence of melting on MHD Casson liquid flow past a stretchable permeable
sheet. Kamran et al. [3] elucidated the flow of Casson nanofluid in the presence of a magnetic
field. They obtained numerical solutions for their flow equations. Reddy and Krishna [4]
studied the effects of Soret and Dufour on an MHD micropolar fluid flow over a linearly
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stretching sheet through a non-Darcy porous medium. They numerically solved their model
using the Runge-Kutta method combined with the shooting technique. Shah et al. [5] focused
on the model of Cattaneo-Christov for Casson ferrofluids flowing past a stretchable sheet.
These studies contribute to a better understanding of the unique behavior of Casson fluids
and their applications in various contexts [6-8]. This current study delves into unexplored
areas that have not been investigated in prior published works. Building upon the insights
from the literature mentioned above, this paper introduces the incorporation of Brownian
motion, thermophoretic diffusion movement, and the Buongiorno model for
magnetohydrodynamic (MHD) Casson nanoliquid [9-11]. The velocity, concentration, and
temperature profiles are depicted through illustrative diagrams, while computational results
of engineering significance are presented in tables.

Problem description

Consider an incompressible, Casson nano liquid flow of a nonlinear slanting porous
stretchable sheet.
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Putting Eq. (5) and Eq. (&) in Eq. (3) is simplified to
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The present analysis considered the boundary conditions (BCs) as:

u=u,(x) zax"‘;vz{);—kz—izhf[Tf—T];Cz C,aty=0,

(8)
U—-U,(x)=0;v—-0;T>T,;C—C,aty— o
The transformations variables are
2uaxM*l T—Te C—Cpq (m+1)ax™1
Y= F) 00 = =25 ¢ = =25 =y " — (9)

Substituting Eq. (9) into Eqg. (1) to Eq. (4), the following ordinary differential equations are
obtained,;

(1 +§)f'” +ff" —%(f’)z +ﬁ(&6 +8¢) cos a —ﬁ(M +§)}” =0, (10)
(1+2)6" +Pr £’ + PrNbg'¢y + PrNb (6') = 0, (11)
" + (Nt/ND)6" + Lefd' —Kr Le ¢ = 0, (12)

The transformed boundary constraints are:

fa=0; f'(mM=1; 6'(0)=-Bi(1-8(0)); dp(n) =1 atn=0, (13)
f'm—=0; 8(n) »0; ¢(n) >0 asn— o,

Results

The Runge-Kutta Fehlberg scheme with shooting technique is employed to investigate the
results of the transformed ordinary differential equations of Eq. (10) to (12) with the BCs (13).
The main aim is based on the impact of Brownian movement along with thermophoresis on
MHD Casson nano liquid limit layer over a nonlinear slanted permeable surface [12-14]. The
heat and mass transport problem were set up with thermophoresis, thermal radiation and
Brownian motion. The flow model is solved numerically, and the physics of the problem is

shown graphically [15].
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Fig. 2. Velocity profiles with magnetic and permeability parameters
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Fig. 3. Velocity profiles with power index and solute buoyancy parameters
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