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Abstract

Objectives: Analysis of Cassion nanofluid over a wedge is carried out
for magnetohydrodynamics (MHD), wedge parameter, thermal radiation
parameter, non-uniform heat source or sink and suction/injection parameter.
Method: With the help of similarity transformations, the governing partial
differential equations corresponding to the momentum and heat transfer
are reduced to a set of non-linear ordinary differential equations. Numerical
solutions of these equations are obtained. Findings: The influence of relevant
parameters on non-dimensional velocity and temperature profiles are depicted
graphically and in table form for two flow cases namely for nanofluid and for
regular fluid. Novelty: It is experienced that with an escalation of magnetic
field parameter, the flow is accelerated. Velocity profile shows growth with
enhanced wedge parameter. Nusselt number and Skin friction parameters are
discussed with the assistance of the table for base fluid and nanofluid.

Keywords: Nanofluid; Suction; Injection; MHD; Casson fluid; Wedge

1 Introduction

Casson fluid is first invented by Casson in 1959. It is based on the structure of liquid
phase and interactive behaviour of solid, of a two-phase suspension. Some examples
of Casson fluid are Jelly, honey, tomato sauce and concentrated fruit juices. When
human red blood cells, fibrinogen, globulin in aqueous base plasma, protein, and other
components are present, human blood can also be considered as a Casson fluid. Several
scientists, engineers, mathematicians, and academics have studied Casson fluid flow in
the context of fluid mechanics, depending on various circumstances.

Mishra and Kumar( have explored modeling and numerical simulation of
hydromagnetic natural convection Casson fluid flow with n'"-order chemical reaction
and Newtonian heating in porous medium, taking into account the various parameters
on the flow properties of Casson fluid. Thameem and Sivara® studied stability
analysis Casson fluid flow over a wedge. Shanmugapriya® discussed physical model
for multiple slip flow of magnetized Casson nanofluid over a wedge. Anomitra
and Pranithal® analyzed thermophoretic and Brownian effects. Suresh Kumar et
al.® analyzed the flow, heat, and mass transfer behavior of Casson nanofluid past
an exponentially stretching surface in presence of Hall current, thermal radiation,
Brownian motion and thermophoresis. Radha ) studied the effect/result of heat source
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parameter over a wedge. Shah et al”) examined the transfer of heat in magnetized Carreau fluid with chemical reaction
and under influence of thermal radiation over nonlinear stretching/shrinking surface. The impact of thermophoretic particle
deposition on heat and mass transfer throughout the dynamics of Casson fluid flow over a moving thin needle has been explored
by Naveenkumar et al.®). Double diffusive convection and cross diffusion effects on the Casson fluid across a Lorentz force
driven Riga plate in a porous medium with heat sink, was evaluated by Kanayo et al.®). Unsteady Magnetohydrodynamics
oscillatory Casson fluid flow over an inclined vertical porous plate in the presence of Soret effects and chemical reaction with
heat absorption has been explored by Raghunath and Obulesu!?). An investigation of the micropolar nanofluid sandwiched
between permeable fluids enclosed in a horizontal channel is illustrated by Umavathi et al. '), The investigation of MoS2-Sio2-
Go/water ternary hybrid nanofluid containing motile gyrotactic microorganisms was carried by Mishra et al. '), Mishra et
al. 13 developed machine learning algorithm to predict the heat transfer rate at the surface.

The hydro-thermal characteristics of two different types of hybrid nanofluid flow, namely MoS,—SiO,/water hybrid
nanofluid and MoS, — SiO; — GO/ water ternary hybrid nanofluid flow toward an inclined cylinder in the presence of heat
generation/absorption and viscous dissipation is analyzed by Mishra and Pathak(!*), Over an inclined cylinder the flow
attributes of a carbon nanotube based hybrid nanofluid is studied by Mishra and Upreti('®). Aspects of electroosmotics are
analysed by Akbar NS and research group®-!®). The study of elevated stretched cylinder and peristaltic flow is carried by
Akbar et al. 1920, Double layered convective heated flow of Eyring Powell fluid across an elevated stretched cylinder using
intelligent computing approach is analyzed by Akbar et al ?!) in his study.

Boundary layers are developed over a continuous moving surface in the fluid region. They are significant in nature because
they have an impact on transport phenomena. When temperature variations lead to variations in density, which in turn produce
buoyancy forces that operate directly on the fluid’s constituent parts, natural convection occurs inside the fluid. Over the past few
decades, there has been a great deal of interest in the theoretical and practical investigation of heat transfer MHD free convection
flow with thermal radiation effects on a vertical plate. Since magneto hydrodynamics flow and heat transfer over a continuous
stretching sheet are used in many industrial manufacturing processes, including the production of paper, ceramic polymer
extrusion, and plastic, they are considered to be among the most significant problems in fluid dynamics. Casson nanofluid flow
is the topic of great interest of many researchers. Wedge used in several industrial applications one of which is to regulate fluid
flow across the fluids path. While takeoff and landing of airplane the air flow is divided by a wedge or plate. The motivation
behind this investigation is to better understand the behavior of nanofluid, in different flow scenarios and under the influence
of magnetic fields. The novelty of this study lies in investigating mass and heat transmission rates in nanofluid. The findings
highlight the complex interplay between these factors and their impact on the transport process. Keeping this fact in mind, an
attempt is made to investigate the flow and heat transfer characteristics of Casson nanofluid in a case of moving wedge.

2 Methodology
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Fig 1. Flow geometry

We presumed magnetohydrodynamic two dimensional, time independent flow of nanoliquid along a poignant wedge as
depicted in Figure 1. The wedge angle is given by Q = A pi where A = (2n/n+ 1) is wedge angle parameter. A variable magnetic
field is applied along the flow direction as shown in Figure 1.

It is noted that the effect of thermophoresis is considered in the present analysis. The stretching and free stream velocity of
the wedge is given by

uw(x) =Ux", ue(x) = Uxx" (1)

Here T,,, T.., Gy and C., are temperature and concentration at the boundary and free stream.
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In view of the aforesaid physical presumptions the flow governing equations are given below.

uy+vy =0 (2)
_ Upng _1 Ohnf o
u (I"X) +V(”y) = "‘6(”6>x + (1 +B ) (“yy) - Bo(x) (e —u) (3)
Pinf Phnf

k(Ty) (166°T3)

u(Ty) +v(T) = (pcl’)nf (3k*(pcp)nf) Tyy)+q 4)

The respective boundary restrictions are

u=uy,(x),v=v,(x),T=T,, aty =0,
U—>ue, I = T, asy — oo

(5)

Where u and v are the velocity components. T is temperature. In order to transform the aforementioned Equations (2), (3), (4)
and (5) to the dimensionless form we utilize the below similarity transformations,

W = (e /n+ 1) (), u ="y, v =, (6)
N =((n+ue/2vx)'? . T =T+ 6(n) (T, — T..)
In the energy Equation (6)
¢" = (kyUo/xvy) {A* (T, — T.) f' + B+ (T — T.)} ?)

is the irregular heat source/sink parameter, in which A* and B* are the coeflicients of space and temperature dependent heat
source and sink respectively. In order to transform the aforementioned Equation (2) is automatically satisfied using Equation (6)
and Equations (3) and (4) transformed in dimensionless ODEs as follows

Arf 4+ AAs — AAsf? + MAs (f’—l) FAff =0 8)

(1/Pr)(As+4R/3)0" +Asf0 +A*f +B*6 =0 9)

the transformed boundary restrictions are

f:Safz%ezlaatn:O7 } (10)

f/:I,G:O, atmn — oo,

where M,A,y,R,A*,B*,S and Pr are the dimensionless parameters magnetic field, wedge angle, wedge parameter, thermal
radiation parameter, non-uniform heat source/sink, suction/injection, Prandtl number, respectively, they are defined as:

M = (207B8/pyUn(n-+ 1) & = 20/ 0+ 1), 1= Ui/ ),

— (11)
Sy () (141 (v (x))/20) 2 ,Pr=<(ucp) f/kf),R=(4c*Tg/kk*),
The nanofluid restrictions are taken as,
A= Enf _ (1—9)>,
by p
A =Pl —(1-9)+9 2
pr ( ) 3(Pf o
Onf O — Oy
Ay = — =1 — 5
3 of { + (G+2)(Gl)¢)] A of’ (12)
Ay = kng (ks +2kp —20ks +20k;
(ké‘) ks +2kp+20ks —2¢ks )’
C
A= p Pnf:1+¢(p P
(PCp>f (Pcp)f
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Here, u,, represents the absolute viscosity and i represent the viscosity of base fluid. The subscripts f and nf are respectively
meant for base fluid and nanofluid. The physical entities of engineering interest are skin friction coefficient Cy,, and local Nusselt
number Nu, which are given as

Re}> Cyy = Ay f"(0)

1 +4R/3 )
<2(/<:+ 1/>>3-5A49 ©

Re%S Nuy — — (13)

The non-dimensional governing Equations (8) and (9) are solved using Runge-Kutta method with the help of boundary
condition 11 (Equation (11)). The solutions are obtained by using similarity transformation for variation in magnetic field
parameter, wedge parameter, thermal radiation parameter, suction /injection for velocity and temperature profiles.

3 Results and discussion

In order to analyze the results, numerical computation has been carried out for various values of the magnetic field parameter,
wedge parameter, thermal radiation parameter, on-uniform heat source/sink and suction/injection. For illustration of the
results, numerical values are plotted in Figure 2 through Figure 8. Effect of magnetic field parameter in the range 1 <M <3
on velocity and temperature with and without nanoparticles is highlighted with graphs in Figures 2 and 3 respectively in which
temperature enhances. Figures 4 and 5 dissipates the effect of wedge parameter in the range from -0.3 to 0.3, on velocity and
temperature with and without nanoparticles. The effect of thermal radiation parameter on temperature is highlighted in Figure 6
which shows growth for both base fluid and nanofluid. Figures 7 and 8 shows velocity profile for variation of non-uniform heat
source/sink and suction/injection. Thermophysical properties of nanoparticle and base fluid is given in Table 1. Variation in
Skin friction factor under various physical parameters for base fluid (Water) and nanofluid (Fe3O4-Water) cases is shown in
Table 2. Skin friction factor for nanofluid have some higher values when compared with base fluid. Table 3 gives Variation in
local Nusselt number under various physical parameters for base fluid (Water) and nanofluid ( Fe304-Water) cases. Nusselt
number for nanofluid suppresses in magnitude when compared with base fluid. Table 4 highlights the numerical values of skin
friction parameter for variation in magnetic field, which shows similar results using different methods.
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Fig 2. Effect of magnetic field parameter on velocity

Table 1. Thermophysical properties of nanoparticle and base fluids

Physical properties  Fe304 Water (Base fluid)
Cp(J/kgK) 670 4179

p (kg/m*) 5180 997.3

K(w/m) 9.7 0.613

o(s/m) 0.74x10° 21
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T T T T

Solid Line: Base Fluid
Dashed Line: Nanofluid

4=-0.3,0,0.3

03
0.25

0.2

\
N
\ 05 06 07 08 09
N
N
-
0.5 1 1.5 2 25

Fig 5. Effect of wedge parameter on temperature
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Table 2. Variation in Skin friction factor under various physical parameters for base fluid (Water) and nanofluid (Fe3 O4-Water) cases

Moy ¢ S .
Base fluid Nanofluid

1 1.337063 1.879895

2 1.651684 2.108753

1.911372 2.313328

-0.3 1.887266 2.622037

0.0 1.622931 2.269244

0.3 1.337063 1.879895

0.01 1.539399 2.156715

0.02 1.337063 1.879895

0.03 1.174941 1.657140
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Fig 8. Profile for suction/injection

Table 3. Variation in local Nusselt number under various physical parameters for base fluid (Water) and nanofluid (Fe3O4-Water)

cases
My R A B Nux

Nanofluid Base fluid

1 2.808875 1.983909

2 2.807506 1.984173

3 2.807078 1.984500

-0.2 2.125250 1.521080

0.0 2.482914 1.760646

0.2 2.808875 1.983909

1.0 3.313480 2.362174

1.5 3.752140 2.690019

4.147668 2.984620

Table 4. Authentication of obtained results forC, for various values of M
M  Shooting KBM Present results
0.3 1.352628 1.352628  1.3526285
0.6 1373606  1.373606 1.3736062
0.9 1385734  1.385734 1.3857347

4 Conclusions

Solution for the flow of a Casson nanofluid and heat transfer over a wedge is presented. A transformed set of equations is
obtained and solved. With increase in magnetic field parameter, the fluid velocity is found to increase whereas temperature
decreases. Increasing the value of wedge parameter improves the velocity profile and decreases the temperature. Skin friction
parameter and Nusselt number have superior values for nanofluid when compared with base fluid. The same results are obtained
for Skin friction parameter using different solution methods.

Nomenclature

0 -dimensionless temperature; ¢ -dimensionless concentration; f -dimensionless velocity; Cy -skin friction coefficient; Nu,
-local Nusselt number; M -Magnetic field parameter; A -wedge angle; v -wedge parameter; R -thermal radiation parameter;
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A*

-non-uniform heat source/sink; B* -suction/injection; Pr -Prandtl number; C,, -specific heat at constant pressure (J/kgK)x

-distance along the surface; (m) ; y -distance normal to the surface (m); T -temperature of the fluid (K) ; C -concentration of
the fluid (Moles /kg); (pC,) -heat capacity of the nanofluid (kg/m*K) ; (pC,) . -effective heat capacity solid (kg/m’K) ; By
-magnetic induction parameter; 1) -similarity variable; u -velocity component; v -velocity component
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