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The present objective is to numerically analyze the induced magnetic field (IMF) effect of an unsteady MHD flow of Casson fluid
through two infinite vertical plates. The effect of radiative heat has been scrutinized. Governing non-dimensional PDEs of the flow are
discretized by the finite difference method to some algebraic system of equations, which is then numerically solved concerning the
boundary conditions. The effects of the radiations, magnetic Prandtl number, Prandtl number, Hartmann number, and Casson parameter
on temperature profile, velocity profile, and induced magnetic field have been depicted through graphs. The radiative effect and Prandtl
number have considerable influence on the surface drag force and also on the rate of heat transfer.
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1 INTRODUCTION

Convective heat transfer takes place between a moving fluid and its surrounding surface when there is difference in
temperature. Such convective flows have wide applications in different fields of engineering and industries. It also has its
vast applications in many agricultural and industrial water distribution, geothermal mining and groundwater flows.
Magnetohydrodynamic convective flows have drawn more attention in the past few decades owing to its applications in
the study of chemical engineering, planetary magnetospheres and electronics.

For a free convective, the flow is induced by buoyancy forces. Free convection plays an important role to design
performance of several system as it provides large resistance to heat

transfer. The convection of non-Newtonian fluid has recently been able to draw the attentions of many researchers
as it has more explicable properties then the Newtonian fluid. A non- Newtonian fluid has the property that the
deformation rate varies with viscosity. It has its wide applications in crude oil extraction. Casson fluid is a most popular
non-Newtonian fluid that has its rheological effects on viscoelastic fluids. Casson fluid is a fluid with the properties of
high viscosity shear thinning and yield stress below which flow is restricted. It has its significant applications in the field
of chemistry and mechanics. Several mathematicians, engineers and scientists have analyzed the applications of Casson
fluids. Many researchers have also contributed their work on convection of a Casson fluid. Rodi and Mopuri [1] have
recently analyzed the convective flow a Casson fluid. They analytically deliberated the influence of magnetic field,
chemical reaction along with Soret effect of flow through an inclined semi-infinite plate. Vijayaragavan and
Karthikeyan [2] have examine the Hall current effect along with diffusion-thermo-effect, chemical reaction and radiative
effect. In 2021, Vijayaragavan et al [3] have investigated transient convective flow pass an inclined vertical plate. Their
work was concerned on transfer of mass and heat of a conducting Casson fluid. For a rotating system Pushpalatha [4]
explored free convection of Casson fluid. Perturbation technique was applied in solving the equations. Throughout their
study, they conclude that Casson parameter controls the fluid velocity profile and thermodiffusion effect enhance both
concentrations and velocity profiles.

The study of fluid flow via various physical configurations and media has been able to capture the interest of many
experts. Due to various significance of mass and heat transfer, magnetohydramic flow of fluid with the influence of
reaction by chemical has drag a lot of interest in the intervening years. Additionally, the radiative transport of heat has
several uses in the construction of nuclear power plants and different missile, satellite, and other technologies. Considering
all of these important applications, Sarma et al., [5] examine the mass transfer for a flow through an infinite plate. Laplace
transform method is applied in solving the governing equations. Their results show considerable changes due to influence
of different parameters and along with it the porosity of the medium slows down the fluid velocity which is in agrees with
physical reality. Through a flat plate and vertical cone Kumar et al., [6] have analyzed the non-Darcy convective flow.
Muhammad Wagqas et al [7] addresses the mixed convective flow of a viscous micropolar liquid with joule heating. The
occurrence of fluid is towards non-linear stretched surface. The equations governing the problem are solved by homotopic
procedure. A.K. Agrawal et al [8] have extended their work on transfer of mass of convective flow past a vibrating circular
cylinder.
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The research mentioned above have often been limited to relatively low magnetic Reynolds numbers, allowing for
the disregard of magnetic induction effects. If magnetic Reynolds number is relatively high, such effects is considered.
Due to its employment in numerous technological and scientific phenomena, such as MHD power generation, geophysics,
crude oil purification, glass making, etc., the IMF has many essential applications in the theoretical and experimental
studies. The study of mixed convective constant flow of a Newtonian fluid through a vertical infinite plate in porous
material was examined by Ahmed and Chamkh [9]. In presence of IMF the main objective was to study the rate of transfer
of heat and mass with the effects of chemical reaction, thermal radiation. Sarveshanand and Singh [10] analyzed the free
convective steady flow between two vertical infinite porous plate in addition of suction velocity.
Fadzilah Md. Ali et al., [11] numerically illustrated the transfer of heat of a steady convective flow through a stretching
sheet. Hazarika et al [12] numerical analyzed the convective flow with fuzzified boundary conditions and with the effect
of IMF. The impact of an IMF on a free convective unsteady flow of conducting fluid across a vertical semi-infinite plate
has been analyzed by Kumar and Singh [13]. The implicit finite difference approach of Crank-Nicolson type was applied
in solving the PDEs. Ahmed [14] precisely solved a continuous Poiseuille flow with mass and heat transfer under the
influence of a transverse magnetic field with effect of thermal diffusion and IMF.

The present study of MHD convective flow of Casson fluid through infinite vertical plates with induced magnetic
field is presumed to be used in various technological phenomena and will have significant role in many scientific
experimental processes. The effect of radiation can be seen in various space technology and in design of nuclear power
plants. The suction velocity plays an important role in artificially controlling the behavior of the boundary layer and hence
it has wide application in industries and aeronautical engineering. Hence, from the above properties of different
parameters and its wide applications in various fields has motivated to do the present analysis. The novelty of the present
study is to analyze MHD convective flow of fluid in addition with significant impact of magnetic Reynold’s number so
that the effect of induced magnetic field is considered along with the radiative effect.

2. PROBLEM FORMULATION
A free convective flow of a Casson fluid passing through two infinite vertical plates is assumed. Let d be the distance
between the two plates. The x" —axis is chosen vertically along the plate and the y’ —axis is chosen perpendicular to the
plate. By, is a uniform magnetic field applied along the y' —direction as shown in Figure 1. Initially, the fluid and the plate
are at a same temperature Ty. With time t > 0 the temperature of the first plate increases to T; while temperature of the
second plate is kept at temperature Ty. The magnetic Reynold’s number is not assumed to be small and so the induced
magnetic field is not insignificant.
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Figure 1. Configuration of the flow problem

Equations governing the flow problem are:
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Boundary conditions are:

u=0T=T,H =0aty' =0 4
u =0T =T,,H =0aty’ =d. 5)

Where velocity along x’ —axis is u’ ,the suction velocity is v’ , t' ,T' ,H' are the dimensional time, temperature and induced
magnetic field respectively. The kinematic viscosity is v, g is the acceleration due to gravity, a is the casson parameter,
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B is the thermal expansion coefficient, 4, is the magnetic permeability, o is the electrical conductivity and p is the fluid
density.

The radiative term (;—C;‘" present in the energy Eq. (2.2) can be simplified by using Rosseland
approximation as given below:

, __ 40, 0T"*

G =~ (©)

where Stefan-Boltzmann constant is 6; and the mean absorption coefficient is k; .
With the application of Taylor’s series, we expand linear function T', about the free stream
temperature. Hence neglecting the high order terms the result of the approximation transforms into the form:

T'* = 4T$T' — 3T;. @)
Using Eq. (2.6) and Eq. (2.7), we have
dgr _ _ 160,T3 82T’
dy 3k, o0y'? (®)
Then Eq. (2.2) takes the form:
ar’ (0T k 9*T 160, T3 82T’
at’ v ay' pCp dy'? 3k pCp y'?’ ®
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and the boundary conditions are:
u=00=1H=0aty=0, (13)
u=00=0H=0aty=1. (14)

The non-dimensional skin friction (7 ) and Nusselt number (Nu) is given by:

<6u) N <66)
T=—\|5 , Nu=—|—
ay/ o ady

3. METHOD OF SOLUTION
The above transformed equation Eq. (2.10) - Eq. (2.12) are coupled non-linear partial differential equations. As the
analytical or exact solutions seems to be not feasible so we use Finite Difference Method (FDM) in order to solve the
differential equations. This method is comparatively precise, effective and has better stability characteristics. Here we
discretized the governing PDE about the point (i, j) and reduce it to a system of algebraic equations. The following
equations are the reduced form of finite difference approximation by truncating the higher order terms:
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The above equations discretize the dimensionless PDEs to a system of algebraic equations. The equivalent finite
difference scheme for equation Eq. (2.10)-Eq. (2.12) is as follows:
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Where At and Ay are the dimensionless time-step and finite difference grid size in the y —direction respectively. Here i
is the grid point in the time variable ¢ and j designates the grid points along the y —directions. The mesh size is considered
as Ay = 0.1 with time step At = 0.14. The order of accuracy of this method is o[(4y), (4y)?]. The scheme is
unconditionally stable and so this method is compatible.

4. RESULT AND DISCUSSION

An unsteady MHD convective flow of a Casson fluid through vertical infinite plate with IMF has been examined.
The governing non-dimensional equations has been discretized to algebraic system of equations. Along with the boundary
conditions the system of equations are numerically solved by Gauss-Seidel iterative method. The numerical results along
with the influence of the parameters have been depicted through tables and figures. Throughout our discussion we have
chosen arbitrarily some of the values for the parameters such as radiation parameter (N = 5), suction parameter (v = 1),
Casson parameter (o = 0.5), magnetic parameter (M = 5) and magnetic Prandtl number (Pm = 1). We have considered the
Prandtl number Pr to be 0.7 that corresponds to air in a range where the dynamic and the thermal boundary layer are
approximately equal. Figure 2 - Figure 5 displays the influence of Prandtl number, Hartmann number, radiation effect
and Casson parameter on velocity profile respectively.
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Figure 2. Variation of Prandtl number(Pr) on velocity Figure 3. Variation of Hartmann number(M) on velocity
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Figure 4. Variation of radiation parameter(N) on velocity Figure 5. Variation of Casson parameter(a) on velocity

The Prandtl number is a quantity that shows how the molecular diffusivity of heat and momentum are related. It
calculates the relative amount of heat and momentum in the velocity and thermal boundary layer. Figure 2 clearly depicts
the rise in Prandtl number, lowers the velocity boundary layer thickness. Figure 3 examines that with the rise in Hartmann
number the flow velocity lowers and reverse is the case as y increases. The velocity profile in Figure 4 shows a parabolic
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shape with the addition of radiation parameter with maximum value somewhere in the middle region. It also examines
that due to high effect of radiation, the velocity increases. Casson fluid exhibits high viscosity shear thinning
characteristics as well as yield stress. The impact of the Casson parameter on the fluid velocity is anticipated. Figure 5
demonstrates that as o rise, the rate of motion considerably increases. Figure 6 and Figure 7 depict how temperature
changes with the addition of N and Pr. In both the figures temperature tends to zero at maximum value of y. The thermal
boundary layer thickness rise with the rise in radiation effect whereas it lowers with the rise in Pr. Figure 8 and Figure 9
demonstrate how the induced magnetic field is influenced by the M and Pm.
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Figure 8. Variation of Hartmann number (M) on induced Figure 9. Variation of magnetic Prandtl number (Pm) on
magnetic field induced magnetic field

It is clear that the variation of Hartmann number initially increases the induced magnetic field, which falls down
after a certain value of y. The same observation is seen in case of variation of magnetic Prandtl number on IMF. Nusselt
number is a non-dimensional heat transfer coefficient. It is a coefficient that is used to determine the conduction or
convection of heat transfer. Table 1 and Table 2 shows how the N and Pr affect the heat transfer rate. It follows that when
the radiation rise, the heat transfer rate lowers. Similarly, the rate of heat transmission is slowed down as the Pr increases.
Table 3 -Table 7 exhibit the variation of Skin friction with influence of Casson parameter, Hartmann number, radiation
parameter, Prandtl number and magnetic Prandtl number. The viscous drag force is enhanced with rise in Casson
parameter. Table 4 illustrates that rise in M results in a steady decrease in the magnitude of skin friction. That is the
frictional force lowers due to addition of magnetic field. Table 5, Table 6 and Table 7 shows that the direction of drag
force is reversed as radiation parameter, Prandtl number and magnetic Prandtl number increases.

Table 1. Nusselt Number with change in radiation parameter.

N Pr Nusselt number
1.0 0.7 -4.04438
3.0 0.7 -4,06635
5.0 0.7 -4.07465
7.0 0.7 -4.07901

Table 2. Nusselt Number with change in Prandtl number.

N Pr Nusselt number
1.0 1.0 -4.0596
1.0 3.0 -4.1710
1.0 5.0 -4.3003

1.0 7.0 -4.4480
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Table 3. Skin friction with change in Casson parameter

a M N Pr Pm SKkin friction
0.15 5.0 1.0 0.7 1.0 0.00920
0.20 5.0 1.0 0.7 1.0 0.01177
0.25 5.0 1.0 0.7 1.0 0.01413
0.30 5.0 1.0 0.7 1.0 0.01632
0.35 5.0 1.0 0.7 1.0 0.01834

Table 4. Skin friction with change in Hartmann number

a M N Pr Pm SKkin friction
0.5 1 1.0 0.7 1.0 0.02374
0.5 3 1.0 0.7 1.0 0.02370
0.5 5 1.0 0.7 1.0 0.02362
0.5 7 1.0 0.7 1.0 0.02350
0.5 9 1.0 0.7 1.0 0.02334

Table 5. Skin friction with change in radiation parameter

a M N Pr Pm SKkin friction
0.5 5.0 1.0 0.7 1.0 0.02362
0.5 5.0 3.0 0.7 1.0 0.02354
0.5 5.0 5.0 0.7 1.0 0.02352
0.5 5.0 7.0 0.7 1.0 0.02350
0.5 5.0 9.0 0.7 1.0 0.02349

Table 6. Skin friction with change in Prandtl number

[V} M N Pr Pm Skin friction
0.5 5.0 1.0 0.25 1.0 0.02369
0.5 5.0 1.0 0.50 1.0 0.02365
0.5 5.0 1.0 0.75 1.0 0.02361
0.5 5.0 1.0 1.00 1.0 0.02357
0.5 5.0 1.0 1.25 1.0 0.02348

Table 7. Skin friction with change in Magnetic Prandtl number

o M N Pr Pm Skin friction
0.5 5.0 1.0 0.7 0.25 0.02371
0.5 5.0 1.0 0.7 0.50 0.02368
0.5 5.0 1.0 0.7 0.75 0.02365
0.5 5.0 1.0 0.7 1.00 0.02362
0.5 5.0 1.0 0.7 1.25 0.02358
5. CONCLUSION

We examined the free convection of an unsteady flow of a Casson fluid through vertical plates of infinite length
with the effect of IMF. Here, an electrically conducting and viscous fluid is considered. The equations which govern are
non-dimensionalized to a system of PDE’s and then solve numerically. The graphical representations of the fluid
properties under the influence of embedded parameters shows considerable changes. The tabular illustration of rate of
heat transfer and the surface drag force shows significant influence of the parameters. The present study of fluid through
infinite vertical plates is frequently used in many technological phenomena.

The results of the present study can be concluded as below:

The rise in Prandtl number leads to the fall in velocity profile and the rise in Hartmann number initially lowers
the velocity profile which is then reverse later on.

The velocity profile falls with the rise in Casson parameter and radiation parameter.

The fluid temperature falls with the application of Prandtl number and rise with the

rise in radiation parameter.

Induced magnetic field initially rise with the rise in magnetic Prandtl number and Hartmann number which
decreases later on.

The heat transfer rate for the fluid problem is decreased with the radiation parameter and Prandtl number.

With the application of Casson parameter the viscous drag force increases. The viscous drag force falls as the
radiation effect, magnetic Prandtl number and Prandtl number rises.
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YUCEJBHE JTJOCJI)KEHHS KOHBEKTUBHOI'O IOTOKY KACCOHOBOI PIJIMHM ITIOB3 HECKIHYEHHY
BEPTUKAJIBHY IJIACTHUHY 3 IHAYKOBAHUM MATHITHUM IIOJIEM
Xipen Jeka?, Ilapicmira Ixykan™P
“@akynvmem mamemamuku, Yuieepcumem Kommon, Accam, Inois
b Tenapmamenm mamemamuxu, Koponiecvkuti 2nobanviuii ynisepcumem, Accam, Indis

[ToTouna MeTa HoJsirac B YUCEIBHOMY aHali3i edekTy ingykoBaHoro maraitHoro rnoist (IMIT) necranionapHoro MI'/l nmotoky pinuHu
Kaccona yepe3 1Bi HECKiHUEHHI BEpTHKaNIbHI IUIACTHHU. BruB paniamiiinoro Temna 0yio perensHo BUBYeHO. KepiBHi Ge3po3MipHi
YaCTKOBI YaCTKOBI ZieTajli HOTOKY IHUCKPETH3YIOThCS METOAOM CKIHYEHHHUX PI3HMIb A0 AEsAKOi anreOpaiuHOl CHCTEMH PIBHSHB, sSKa
HOTIM YHCENBHO PO3B’S3y€THCS IOAO 'PAHUYHMX YMOB. BIUMB BunpoMiHIOBaHb, MarHitHoro uucna Ilpanntis, uucna Ilpannris,
gncnaa ['aptmana ta mapamerpa Kaccona Ha mpodine TemmeparypH, mpodinb IIBHAKOCTI Ta iHAYKOBaHE MarHiTHe mone Oyio
300pakeHo Ha rpadikax. Pamianiiiamii edekt i uncno [IpaHaTnsg MaroTh 3HAYHUH BIUIMB HA CHITy TIOBEPXHEBOTO OTOPY, a TAKOX Ha
MIBUAKICT TEIUIONEepeaadi.

Kunrouosi cnoBa: MI/]; piouna Kaccoua; indyxkosane macnimune none; FDM



