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Heating, bvp4c Method detail. Key findings revealed that the aligned magnetic field and Casson

parameter effectively reduced the fluid velocity but have minimal
impact on the particle velocity.

1. Introduction

The dusty Casson fluid model combines the Casson fluid model with the presence of dust particles, making it a
valuable tool in various engineering and industrial applications. The particles can have a significant impact on the
flow properties of the fluid, such as viscosity, yield stress, and heat transfer. [1] who first introduced Casson fluid,
which is a type of non-Newtonian fluid that exhibits shear thickening behaviour. In this research, exposure has
been given related to the idea that the flow of a suspension is governed by two forces which are viscous force and
yield stress. Various studies have investigated the effect of dust particles on the flow characteristics, including
viscosity, yield stress, and shear-thinning behaviour. [2] investigated the effects of particle concentration on the
viscosity of dusty Casson fluids. They found that the viscosity increased with increasing particle concentration. [3]
studied the effects of particle size on the yield stress of dusty Casson fluids and found that the yield stress
increased with increasing particle size.

[4] investigated how inclined Lorentz forces influence the flow and heat transfer of a Casson fluid boundary
layer over a non-absorbent stretched sheet. They discovered that the Lorentz forces had a considerable impact on
the fluid's temperature and velocity characteristics. Exploring the impact of magnetized flow and dust particles
on heat transfer, [5] investigated the behaviour of a dusty Casson fluid over a stretching sheet. Their findings
revealed a notable increase in heat transfer rate with the presence of a magnetic field.

Aside from that, [6] investigated the behaviour of a dusty Casson fluid over a stretching sheet with presence
of aligned magnetic field and Newtonian heating. The study's findings demonstrated that the dusty Casson fluid's
flow and heat transfer characteristics can be greatly influenced by the presence of a magnetic field and Newtonian
heating. In their study of radiative heat transfer in dusty Casson fluids moving past an undulating surface, [7]
revealed a surprising boost in heat exchange due to the presence of dust particles.
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Newtonian heating refers to the phenomenon where the fluid temperature increases linearly with the
distance from a heated surface. Several studies have examined the effect of Newtonian heating on fluid flow and
heat transfer characteristics. Examining the combined effects of Newtonian heating, thermal radiation, and the
Casson parameter on fluid flow over a flat plate, [8] observed a decrease in both velocity and temperature as the
Casson parameter increased. It shows that the Newtonian heating effect has a significant impact on the flow and
heat transfer characteristics of a Casson fluid past a flat plate. [9] employed an experimental approach to probe
the influence of Newtonian heating on the mass flow conditions of a Casson fluid flowing over a stretched surface.
Their findings revealed a substantial impact of the heating strategy on both the fluid's flow characteristics and its
heat transfer capabilities.

Therefore, the purpose in this research is to numerically investigate and create a mathematical description of
the effects of several parameters which are fluid-particle interactions (), Casson parameter (A), magnetic field
parameters (M), and aligned angle (a:) on the velocity and temperature profiles of the fluid and dust phases. In
contrast to the previous research by [10], this study employs the bvp4c method in MATLAB R2022a providing a
distinct analytical perspective and potentially refining the accuracy of numerical results.

2. Materials and Methods

A steady two-dimensional dusty Casson fluid boundary layer flow is applied to a stretching sheet at a stretching
linear velocity uw(x)=ax. The flow is subjected to an aligned magnetic field with an acute angle a: as shown in Fig.
1.

Fluid phase

Dust phase
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Fig. 1 Flow Configuration by Ariffin et al. [10]

The governing equation for fluid and dust phases of this flow by refering to Arifin et al. [10] are:
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subject to the boundary conditions:
oT
u=u,(x)=ax,v= O'E =-hT asy=0,
(7)
u —>0,up —>O,vp —>v,T —>Tw,Tp —T, asy-—>oo.

Where (u, v) and (up, vp) are the fluid and particle phase’s velocities. u is the coefficient of viscosity of the fluid,
p and pp are the density of the fluid and dust phase, a: is the aligned angle, v = 1 /k is the relaxation time or particles
phase, a is a positive constant, k is the Stoke’s resistance, ¢, and cs are specific heat of fluid and dust particle, T and
Tp are the temperature of fluid and particle phase, yr the thermal relaxation time, By is the magnetic field strength,
A=up V(21 )/py is the non-Newtonian (Casson) parameter and hs is the heat transfer parameter.

These non-linear partial differential equations are transformed into ordinary differential equations by using

similarity equations
! -T,
u = axf (n),V=—«/avf(77),f7=\[y 9(77)— )

T
T (8)
= axF '(n),v,, = —JavF (), 6, () = ——=
The transformation of equations (1)-(6) can be experessed as:
1 .
@+ K) fo(m)+ £ () T () = (F°(7))* + BN(F (7)) = T (7)) —M sin® &, T '(17) =0 (9)

0"(n)+Pr £ (n)0'(n)+ ﬂN( (m)-6(1))=0, (10)
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Along with the boundary conditions
f(0)=0, f'(0)=1, 6'(0)=—y(1+6(0)) asn =0,

(1) >0, F'(n) >0, F (1) > (). 0(1) 0.6, (1) >0 a7 > (13

Where mass concentration of particle phase is N=pp/p, fluid-particle interaction parameter is f=1/atv,
magnetic field paramater is M=o0B¢?/pa, Prandtl number is Pr=ucy/k, and y=-hs(v/a)1/? is the conjugate parameter
for Newtonian heating.

3. Results and Discussions

The the numerical computation for governing ordinary differential equations is obtained by using bvp4c method
on MATLAB R2022a. The current problem's flow and heat transfer are graphically evaluated through several
physical parameters which are fluid-particle interactions (f), Casson parameter (4), magnetic field parameters
(M), and aligned angle (a:). The numerical results for the velocity and temperature profile for both fluid and dust
phases are computed for several fixed pertinent parameter which are a:= n/6, M=2, =1, y=0.5, A=1, N=12.6,
Pr=16.7 and A=0.25. Table 1 showed the comparison of skin friction coefficient f''(0) when the Casson parameter
and fluid particle interaction parameter is absent. The numerical solution of Ariffin et al,[10] were discovered to
be consistent with the current research.

Fig. 2 and 3 illustrate the Casson parameter's effects on fluid flow, with and without dust particles. On Fig. 2,
both the dusty Casson fluid (f=1) and the Casson fluid ($=0) exhibit a decreasing pattern of fluid velocity with
increasing A values. It is important to note that when there are dust particles present, fluid movement tends to
slow down. Same as in Fig. 3, as 4 increases, both phases show a significant decreasing trend. As A increases, the
plastic dynamic viscosity of the fluid (us) also rises. This viscosity governs the internal friction within the fluid and
influences its resistance to flow. Higher viscosity causes the fluid molecules to have more intermolecular
cohesiveness, which makes it more difficult for them to pass one another thus reduces the flow velocity.
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The velocity profile for different values of of magnetic field, M and aligned angle, a: are captured in Fig 4 and
5 respectively. The different values of M and a; are sets as M=0.0, 1.0, 3.0, 5.0 and a:=0, /6, w/4, /3. w/2. It can
be noticed that the increasing value of M and a: resulting the velocity profile to decrease for fluid and dust phases.
When a fluid particle moves through a magnetic field, it experiences the Lorentz force which acts perpendicular
to both the magnetic field and the flow direction, essentially causing a drag on the particles and fluid in motion.
When a; increases, the component of the magnetic field acting perpendicular to the flow also increases. As a result,
there is a greater drag and a stronger Lorentz force, which lowers the flow velocity of the fluid and dust phases.

The effect of fluid-particle interaction parameters, § on the temperature and velocity profiles for both phases
is shown in Fig. 6 and 7. fis set as $=0.2, 0.8, 1.2 and 1.5. As f§ increases, the fluid phase showed a decreasing
trend meanwhile dust phase showed an increasing trend. Increasing § generally causes the fluid's phase velocity
to drop due to the drag exerted produced by the opposing behaviour of the dust particle to the flowing stream.
Conversely, this force also drags the dust particles along with the flow, increasing their velocity results in
equilibrium velocities where both phases move at the same speed.

From Fig. 7, an increasing value of § resulting in increasing heat transfer between the fluid and particle phases
due to more frequent collisions and interactions between the phases facilitate thermal energy exchange. The dust
particles tend to be hotter than the fluid making them act as heat sinks. This indicates that during their interactions
and collisions, they quickly absorb heat from the fluid thus the temperature profile of the fluid will gradually
decrease.

Table 1 Comparison result for f "(0) ,when g=N=0, i— 0.

M (Ariffin et al,) Present results
[10]
0.0 -1.0000 -1.0000
0.2 -1.0954 -1.0954
0.5 -1.2247 -1.2247
1.0 -1.4141 -1.4141
1.2 -1.4832 -1.4832
1.5 -1.5811 -1.5811
2.0 -1.7320 -1.7320
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Fig. 2 Velocity profile for several values of A with and without dust particle
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Fig. 3 Velocity profile for several values of A
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Fig. 5 Velocity profile for different values of a1
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Fig. 6 Velocity profile for different values of 8
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Fig. 7 Temperature profile for different values of 8

4. Conclusion

The numerical solution for this problem has been solved by utilizing the bvp4c technique in MATLAB R2022a, we
unveiled intricate interactions between these parameters, significantly impacting both the fluid and particle
phases. The effects of several parameters were analysed and revealed that the Casson parameter (A4) acted as
potent brakes, drastically reducing the velocity of fluid and dust phases due to heightened internal friction with
dust particles further impeded the flow of the fluid. Besides that, a greater magnetic force (M) and aligned angle
(a1), generating a drag-inducing Lorentz force. Similarly reduced the velocity of both phases. Fluid-particle
interaction () showed opposing effects, increasing particle velocity while reducing the fluid velocity through
drag, which might result in equilibrium velocities at certain values. As f§ increased, there was an increase in heat
transmission because more frequent collisions promoted phase-to-phase thermal exchange. The fluid's
temperature profile decreased because of dust particles absorbing heat from the fluid and serving as heat sinks.

It is advised that further research investigates the effects of magnetic fields at different angles in the flow
direction to provide a more comprehensive understanding of their influence. Besides, examine the additional flow
conditions, such as an unstable flow or viscous or non-viscous flow or analysing the behaviour of the system under
turbulent conditions would be relevant for various practical applications.
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