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Abstract— Analytical studies have been conducted on
combined heat and mass transfer in unsteady ionized fluid
flow passing through a vertically oscillating electrically
non-conducting plate under an induced magnetic field.
Through the application of similarity transformations to
coupled ordinary differential equations, an analytical
solution for velocity fields, induced magnetic fields, and
temperature distribution is obtained. The resulting graphs
illustrate variations in the obtained results with different
parameter values, highlighting the effects of ionized fluid
flow under the influence of the induced magnetic field.
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I.  INTRODUCTION

Analytically, the use of similarity transformations is a
common approach to approximate the analytical solution to
coupled differential equations. Nonlinear partial differential
equations can pose challenges in solving; however, through
similarity transformations, these equations can be converted
into ordinary coupled differential equations, which are more
tractable. Monika et al. [1] emphasized the significance of
radiative-free convective flow in various industrial and
environmental processes, including heating and cooling
chambers, fossil fuel combustion, evaporation from large open
water reservoirs, astrophysical flows, solar power technology,
and space vehicle re-entry. In manufacturing industries,
radiative heat transfer plays a critical role in equipment design
reliability, impacting applications such as nuclear power
plants, gas turbines, aircraft, missiles, and satellite devices.
Tanvir et al. [2] highlighted the importance of considering
thermal radiation effects in magnetohydrodynamic boundary
layer flow across several industrial, scientific, and engineering
fields. G.V. Ramana Reddy et al. [4] noted the interest in
studying free convection flows for incompressible viscous
fluids past inclined porous surfaces due to their relevance to

various engineering problems such as nuclear reactor cooling,
aerodynamic boundary layer control, crystal growth, food
processing, and cooling towers.

1. MATHEMATICAL MODEL

Under the electromagnetic Boussinesq approximation, The
MHD unsteady flow with induced magnetic field and heat and
mass transfer is governed by the following equations are given

by:
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The corresponding boundary conditions are.

u=U.[1+e(e" 4 ), w=0T=T,H=H, = u aty =0
uly,t) =0w=0T{H.t) = T_H, = H =0as

'\_rl

Where u,1» and w are the x.y and = components of velocity
vector, v is the kinematic coefficient viscosity. The radiative

heat flux g, is described by the Rosseland approximation
g, = —:—E':L a*and k"are the Stefan-Boltzman constant and
the mean absorption coefficient, respectively. We assume that
the temperature difference within the flow is sufficiently small

so that the T can be expressed as a linear function after using
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the Taylor series to expand T*about the free stream
temperature and neglecting higher-order terms. This results in
the following approximation: T* = 4TT,* — 3T..°.

1. SIMILARITY TRANSFORMATION

To solve the system of equations analytically we need to
transform the governing equations into non-dimensional form,
the usual non-dimensional variables are introduced below.

. e e =2
v=2W="H= [FHU, H= [FHU, t=""
L, L, \]_ﬂ: i v
T-T
g = -
Tu—T,
Using all those non-dimensional variables the non-

dimensional system of the coupled equation becomes
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ﬂr_ﬂ}’ ar"+ tof ANy
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The corresponding boundary conditions,

Q. 1) =1+ (™" + e ) (¥, 1) =1,8(¥.7) = 1at Y=0
UY,7)=0W=0H, = 0H, =08, 1) =0,V -=

Where, t represents the dimensionless time, ¥ is the
dimensionless Cartesian coordinates. I and W are the velocity
component in X and ¥ direction. H; and H; are the magnetic

induction component in X and ¥ direction. # is the
dimensionless temperature.

5=E';i (Suction Parameter), &, w (Grashof
Numbﬁr), R' =% (Rotational Paramete;;, B, =4movpu,
(Magnetic Diffusivity Number), M = —ii ul? (Magnetic
Parameter), R - 160’1} (Radiation Parameter), § = %
(Heat Generation or Absorption Parameter), g:ﬂ:’u

(Prandtl Number)
Let,  =U+iWand £ =H, +iH;

Then the system of coupled ordinary differential equations

aQ &¢Q _aQ 23
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The corresponding boundary condition for the problem
Q. 1) =1+ (™ + e ), E(¥.7) =1,8(¥.7) = 1 atY=0
Qv.o) =08¥.0) = 0,8].7) = 0 as¥ = =

IV. SOLUTION

To solve the system of coupled ordinary differential equations
with the boundary condition, these equations are expressed as

QY. 7) = Qo(¥) + £(e™“T + &7“)Q, (V)
E(V.7) = &(V) + (™7 + e797)E (V)
B(Y.7) = 6, (¥) + (&7 4 =)@, (V)

Putting the value in the system of coupled ordinary differential
equations.
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Then the corresponding boundary conditions becomes

Q=L =16 =1at¥=0
Qp=05 =06 —0at¥ —oco
Q,=L&5=16=1a¥=0
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Soling the equations by using boundary conditions, we obtain
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Where the values of A, . A..A;. 4, A4:.4; are defined in
appendix.
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Now putting the values of @, &g 8y, @1, 51,8, in the system
of coupled ordinary differential equations. We obtain.

(i Goe— Y
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V. RESULT

The main goal of the computation is that the analytical
solutions of fluid velocity @, magnetic induction &, fluid
temperature & changes with different values of Suction
parameter 5, Grashoff number(,, prandtl number (£},
Magnetic Diffusivity Number{F,.}, Absorption Parameter( 5},
Radiation parameter (&).In Figure 5.1(i) shows the velocity
profiles for different values of Suction Parameter{5}. This
figure shows that the velocity profiles decrease with the
increase of5.In Figure 5.1(ii) shows the velocity profiles for
different values of Grashof number(. ). This figure shows
that the velocity profiles increase with the increase of(..In
Figure 5.1(iii) shows the velocity profiles for different values
of Prandtl number(F.}. This figure shows that the velocity
profiles increase with the increase ofE-.In Figure 5.1(iv) shows
the velocity profiles for different values of radiation
parameter({R}. This figure shows that the velocity profiles
increase with the increase of R.

R 5 8 0 o o4 B B
Dsare fom e ) D fom e lae)

(@) (b)
Figure: 5.1(a) Variation in velocity with Suction Parameter 5
atF =07L.8=-05R=0036 = L00, wr = n/4
Figure: 5.1(b) Variation in velocity with Grashof Number G.at
P =07L=-05R=0055=050w =xn/4

L
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.
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Figure: 5.1(c) Variation in velocity with Prandtl Number F. at
G, = 1.00,8 = —0.5, R =.05,5 = 0.50, wr = m/4
Figure 5.1(d) Variation in velocity with Radiation Parameter R
atF =078 =-0506,=100.5=0.500r = x/4

In Figure 5.2(e) shows the magnetic induction profiles for
different values of Suction parameter (E,, ). This figure shows
that the magnetic induction profiles decrease with the increase
of Fy.. In Figure 5.2(f) shows the magnetic induction profiles
for different values of Magnetic diffusivity number (F; 1. This
figure shows that the magnetic induction profiles decrease
with the increase of 5.
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Figure: 5.2(e) Variation in magnetic induction with Suction

[

parameter 5 at £, = L.00, wr = /4
Figure 5.2(f) Variation in Magnetic induction with Magnetic

diffusivity number £, at 5§ = 0,30, wr = w/4
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(9) (h)
Figure: 5.3(g) Variation in temperature with Suction
Parameter 5 at &, = 1.00, B = 0.71,
= —050,F = 0.05, wr = /4
Figure: 5.3(h) Variation in temperature with Prandtl Number
P atG, = 1.00,5 = 0.50, § = —0.50,R = 0.05, wr = n/4
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In Figure: 5.3(iii) shows the temperature profiles for different [3]
values of Absorption Parameter{&}. This figure shows that
temperature profiles decrease with the increase of&.In Figure:
5.3(iv) shows the temperature profiles for different values of
Radiation Parameter(R). This figure shows that temperature  [4]
profiles increase with the increase of R,

[5]
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Figure 5.3(j) Variation in temperature with Heat Generation or
Absorption parameter 5 at &- = 1.00 5 = 0.50
B =0J1LR =005 wr =u/4
Figure: 5.3(k) Variation in temperature with Radiation
Parameter R at &, = 1.00, 5 = 0.50, K. =0.71, 8 = —-0.30,

wt =4
Appendix
_1|5K +F/5°-4(8 +RB) /R,
T2 1+R '
1[5 + B \[57— 411 + R (8 + w tan (wr))/E
272 1+R '
A; = 5By,
1 n i AT WT )
1
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1 .
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Condition
a=90%1=cos20° =0and (0,iR") = (0.0.2)
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