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Abstract

The magnetic fluid flow through vertical surface
plays a significant impact in engineering and
industrial processes of insulating materials and heat
exchangers. The main theme of this mechanism
is to obtain the heat and magnetic flux of viscous
fluid motion along the symmetrical magnetized
surface with variable viscosity, porous medium
and magneto-hydrodynamic effects. The goal of
present numerical research is to find the stability
in thermal management of vertical magnetic plates
in manufacturing processes. The mathematical
analysis is performed by using stream functions and
similarity variables for smooth coding in MATLAB
program. The convenient form of present model is
derived by using the combined relation of Keller
box and Newton Raphson approach under defined
boundary values along the magnetized plate. The
fluid velocity, heat transfer and magnetic flux are
the main findings of this wok. It is depicted
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that fluid velocity and temperature profile enhances
for small viscosity and maximum reduced gravity.
It is exhibited that temperature profile enhances
as Prandtl number and porous medium enhances.
It is found that heat transport and magnetic flux
enhances as reduced gravity enhances. It is
also noticed that skin friction and magnetic flux
performs opposite behavior for maximum values of
porous medium.

Keywords: magnetohydrodynamic, reduced gravity,
variable viscosity, porous medium, magnetic flux, heat
transport.

1 Introduction and Literature Review

The prominent importance of current mechanism is
to check the magnetic driven fluid motion along the
vertical porous plate with porous medium, variable
viscosity, reduced gravity and magnetic field effects.
The movement of an insoluble viscous fluid and the
transmission of heat characteristics across a plate have
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gained a lot of interest in recent years due to their
multiple useful uses in biochemical and methods
of production. Mixed convection boundary layer
movements of viscid non-compressible liquid are
gaining popularity as a result of their multiple useful
uses in industries and production. The technique
is helpful for exchanging heat, researching sunspots,
constructing ballistic missiles, investigating how
substances flow in the universe, manipulating fluids
such as metallic substances, cooled nuclear energy
plants, managing bloodstream fluid, and investigating
Earth science and aerospace. Kay et al. [1] studied
the thermal bar boundary-layer analysis for heat
transfer with reduced gravity effects numerically. They
discovered that for lower Nusselt number, the thermal
boundary layer is thicker. Hazrika et al. [2] deduced
the impacts of thermal-conductivity and viscosity on
MHD flow past an upward plate with the help of
shooting method numerically. They observed the
impact of viscosity parameter on concentration profile
prominently. The effect of changing characteristics
and thermophoresis on free force convective flow
along a vertical cylinder in a porous media was
investigated by Srinivasacharya et al. [3]. The impact
of viscosity and varying thermal conductivity on
boundary layer MHD along a vertical surface was
examined by Gbadeyan et al. [4]. They observed
that when the magnetic parameter became stronger,
the velocity profile decreased. Using the finite
difference approach, Chin et al. [5] conducted a
computational investigation of the effects of varying
viscosity on free force convection boundary layer
flow across a vertical cylinder implanted in a porous
medium. They discovered that the linear relationship
between fluid viscosity and temperature is inverse.
Mahmoud [6] investigated the effect of the chemical
reactions and heat production on dual diffusive heat
transfer across a non-isothermal horizontal shape
in a porous medium of changing viscosity. They
discovered that the viscosity parameter raises the
local Sherwood and Nusselt numbers. The effect of
change in viscosity and thermal conductivity on free
force convection dissipative viscose fluid flow across
a rotating geometry was examined by Malik et al. [7].
They found that the velocity profile is decreased for
large value of unsteady parameter.

In all the previous studies, they thought that the
thickness of the fluid and the pull of gravity stayed
the same as the temperature at the edge of the fluid
layer changed. But in reality, when the fluid gets
heated up from the inside, its properties change
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a lot. The temperature makes a big difference in
how thick the fluid is and how strong gravity pulls
on it. Normally, when liquids get hotter, they
become less thick, but with gases, they get thicker
as they get hotter. Elaiw et al. [8] developed a
numerical analysis under the influence of viscosity
on the vertex-flow instability for non-Darcy mixed
convective mechanism along the non-isothermal in
porous medium. Hazarika et al. [9] presented
the numerical and experimental phenomenon with
viscosity and MHD mixed convective mechanism
along heated geometry with the help of shooting
method. They found a decrease in velocity due to
increasing value of viscosity parameter. Lin et al.
[10] computed a computational mechanism of mixed
convective mechanism along heated geometry in the
presence of thermally satisfaction medium. Kishan
et al. [11] considered a flow analysis with viscosity
impact on free force convective over a semi-infinite
upward porous geometry numerically. Pullepu et
al. [12] developed a computational framework
for free convective movement along an upward
shape that accounts for both energy production and
chemical interactions. On free forced convection flow
along porous geometry, Abbas et al. [13] reported
the combined effect of thermophoretic motion and
changing viscosity. In order to understand how
varying viscosity and thermal conductivity affect
steady mixed convection flow of incompressible fluid
along a vertical form, Umavathi et al. [14] conducted
an analysis. Pullepu et al. [15] quantitatively studied
the effects of free convection movement through
a horizontal design, including generated heat and
chemical-based reaction. Palani et al. [16] solved
numerically and analyzed the theoretical solution for
the free convective problem on a vertical geometry
with thermal-conductivity and variable viscosity.
Reddy et al. [17] worked extensively on the study
of porosity and variable viscosity of the fluid for
combined effect of Soret and Dafour by using shooting
method.

The researchers in [18] constructed heat and mass
flux phenomenon on MHD mixed convective flow
of an incompressible viscous flow numerically by
using first order chemical reaction. They noticed
that velocity and chemical reaction parameter are
inversely proportional to each other. Srinivasacharya
et al. [19] investigated a numerical simulation of
radiation impact on free force convective due to
vertical wavy-shape in porous material. Authors
[20-23] investigated the effects of transverse magnetic
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field, chemical reaction, porous medium, and natural
convection on heat and mass transfer over various
surfaces. The effects of non-uniform heat generation,
porous medium, thermal radiations and MHD on
heat transfer over confined cylinder was examined in
reference [24]. The optimization of flow dynamics,
thermal rate and mass flow over stretched surface with
inclined magnetic field was solved through numerical
methods in reference [25]. Bayones etal. [26] analyzed
the heating optimization and mass flow of mass and
thermal rate in a tube using fractional Maxwell fluid.
Reduced gravity impact on free convective heat transfer
from a finite flat vertical plate was studied by Lotto et
al. [27]. The numerical and experimental convection
phenomena under low gravity, which are important in
space material processing, were presented by ostarch
[28]. Laminar convection promotes separation, and
thermo solutal convection at reduced gravity appears
to be a promising and advantageous occurrence
according to the researchers. The impacts of hybrid
nanoparticles and buoyancy force on convective heat
transfer of gravity driven fluid flow along vertical
plane structure were investigated by Awwad et al.
[29]. Maranna et al. [30] Studied the movement of
material through mass transpiration with the effects of
magnetohydrodynamics and radiation on thick fluid
flowing past an elongated form. Mabood et al. [31]
explored the behaviors of Jeffrey nanofluid involving
entropy and magnetohydrodynamics effects on a
stretched shape, considering various engineering uses.
The influence of heat source, convective boundaries,
MHD, chemical reaction, nanoparticles, and inclined
magnetic field on heat and mass flow of fluid over
various structures was explored [32-37].

They found that all the studies mentioned earlier
focused on a small temperature gap among surface
liquid and surrounding liquid. The temperature
difference is very large in some thermodynamic
flows. In such cases, the Boussinesq approximation
is not suitable anymore (see Key [1]). To deal with
these situations, the idea of using temperature-related
changes in gravity and thickness of the fluid is
proposed in [1]. This is meant for situations where
there’s a big difference in temperature. The research
investigates how heat and magnetic strength work on a
vertical magnetic porous plate. They use an idea from
a previous study [1] and look at how changes in fluid
thickness due to temperature and the pull of gravity
affect the movement of electrically-conductive fluid.
The study uses computer calculations to understand
this. They use a method called the Keller Box method

to solve the equations, and then they use software
called MATLAB to make graphs and numbers. These
graphs show things like how fast the fluid is moving,
how strong the magnetic field is, and how hot it is.
They also look at the slopes of these graphs, which
tell us about things like how the fluid rubs against
the plate, how heat is transferred, and how strong
the magnetic power is. This helps them understand
how things change along the plate. The main research
gap between present and existing literature is to
predict heat transfer rate under variable gravity not
constant gravity. In reduced gravity, the gravitational
acceleration depends on maximum temperature and
maximum density effects which present significant
relation due to temperature. In this study, the
combined effects of MHD, temperature dependent
viscosity and reduced gravity on magnetized fluid for
heat transfer performance were explored.

2 Flow problem and mathematical description

This research is dedicated to numerically solving
a magneto-thermo analysis problem, considering
temperature-dependent gravity and viscosity for
convective heat transfer around a magnetized heated
shape embedded in porous material. The problem
will be transformed into a set of nonlinear models,
which will then be converted in suitable form applying
the stream-function approach. The modified model
is tackled applying Finite Difference Method (FDM)
combined with the Keller/Box technique. The
computational results, based on the specified pertinent
parameters, will be presented in both geometrical and
statistical formats.

We're exploring a scenario involving a steady,
two-dimensional, and non-compressible electrically
conducting liquid. We're observing velocity fields u
and v along the = and y directions in Figure 1. H,
and H, represents the magnetism intensities in those
directions, with H, = Hj at the surface, where Hj is
the magnetic field strength.

In the literature, most studies assume constant fluid
properties. However, under specific circumstances,
especially the fluid viscosity can change with
temperature. This can be expressed mathematically as
1= pio|l +v(T — Tw)] by following [2, 4, 5, 8, 9].
The following equations depict the expressions for
continuity, momentum, magnetic force, and energy:

@
ox

9
+2Z =0

= M)
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Figure 1. Vertical plate with induced magnetic field.
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The relationship between density and temperature is

as follows when the temperature is sufficiently close

to T},:

P = Pm

= — (T -Ty)*, T—T,+AT
Pm

(6)

as y — Foo

for a certain fixed AT. Consider region y > 0 subject
to the boundary constraints in order to obtain the
symmetry in this case. Where T, = 1), + AT is
related to by equation (6) and has the formula T, =
Ty, + AT The reduced gravity can be easily defined as
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P~ P

g =g( ) (ie., the fluid particles of acceleration

with densi%)l pm ) by following [1, 24, 27, 28]. Equation
(6) then becomes,

Pm

9 = 97" (Too — Tim)” (7)
Poo
Defined boundary values are listed below;
wu=0; v=0 Hy=Hy, Hy=0, T="T,
at y=0

(8)
U—-Usx, T—Tyw, H —0 as y—oo. (9)
The appropriate limiting values of

velocity /temperature, considering temperature-based
viscosity, reduced gravity, and the presence of

porous medium components, have been explained

T,
well. The terms R.xz = M, Usoy Trn = Too + =

, Tso, D = Duzr.., To sigrlfify Reynolds parametgr,
free velocity, variable maximum temperature,
ambient temperature, porosity medium and constant
temperature over heated vertical surface.

3 Stream Variables and Similarities

The equation (10) presents stream and similarity
functions to convert main model into ODEs. These
ODEs show pertinent parameters which displays
important role for numerical solutions.

_w W _ v _de 5 T-Tw
“_ay’ YT B Hl_éy’ H2_§x’ ‘9_Tw—Too'
(10)

The streaming functions ¢ and v represent MHD flow
and fluid flow behavior respectively, while 6 denotes
the dimensionless heat/temperature. The similarities
are listed below.

n="2y ¥ = Vaeref). (1)

H T
o= o Vvalsg, T=Tawt2000), (= poo[L+7(T = T)].
(12)
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Applying equations (10)-(12) to equations (1)-(5) and
(8) results in the transformed non-linear ordinary
differential equations (ODEs);

(14+e0)f" +e0' '+ %f/f” —Qf +Ry (20 — 0*) A — %Mgg” =0

(13)
fg” mn gf”
_ =P,J" — 14
5 g 5 (14)
9/
P, (—Gf’ — 2f> =0 (15)
In above reduced model, the parameters Pr = K, P, =
Q
n H L po 98Ty 1
I/’ 1/247Tp ’ Ugo Sl RexDam’ ‘
/
M (T — Tso), 71, Ry = gﬁ*gAT present Prandtl factor,

MHD Prandtl factor, magnetic parameter, convective
parameter, similarity factor, unitless temperature,
porosity factor, viscosity parameter, viscosity constant,
and reduced gravity. The limiting values are listed
below.

ff=0, f=0, g=0, =1, ¢g¢=1 at n=0
(16)
ff—=1, 6—-0 ¢ —0, at n—oo.  (17)
T TG
The terms Cf, = ——, Nu, = ————— and
fa ,0Uoc>2 ‘ K(Ty — Too)

i
Mg, = % present skinfriction coefficient, Nusselt

[e.e]
coefficient and magnetic flux coefficient. The formula
of 7, g and j,, are listed below.

(o (Y (on
w = [ By y:O’ Guw = Ay y:07 Jw = K By o

(18)

The main reduced form of skinfriction, Nusselt factor
and magnetic flux factor is listed below.

R, Y?Cy, = f"(0), Re,”V/2N,, = —0'(0),

R, —1/2Mg :g/l(o) (19)

4 Numerical Analysis
Method

The current nonlinear ordinary model is very complex
and analytical solution is not easy. For this high
coupled model, the numerical approximation is only
possible. For this analysis, the appropriate variables
are assumed in equation (20). These variables convert
the high derivatives to single derivative.

and Computational

f=d, g=nu,

20
0 =1, 0 =1I=nm. (20)

"no__ 1 _ mo__ .1
= g =v,

Equations (13)-(16) are simplified to overcome the
challenges they pose. The resulting simpler forms are
as follows:

ff=p=>f-p=0 (21)
P=q=p—q=0 (22)
d=u=4g—-u=0 (23)
vW=v=u-v=0 (24)
0 =1=0-1=0 (25)

1 1
(1+€0)q +elqd + 5pq—Qp+1~zg(29—92)A— 5Mgv =0

(26)

;o fvoogq
1%U+§“L570 (27)
m+ P, <0P+l§> =0 (28)

The ordinary form of boundary limits is listed below.

/=0, g=0, p=0, u=1, 06=1, at n=0,
(29)
p—1, u—0, 6#—0, as n— oo. (30)
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Now using backward, central 7,,—1, 1, and mid-point
1,1 formulas of FDM scheme with initial conditions
2

by using equations (31), we have,

=0, 7p="np—1+ b, Tin = Noo- (31>

The first differential form and single function of FDM
scheme are listed below in equation (32).

:fn_fn—l :fn+fn—1

! —_
f hn 9 f 2 - fn—%7 (32>
and
1
Jn— fno1— §hn (pn +Pn_1) =0, (33)
1
Pn —Pp—1— §hn (Qn + qn—l) =0, (34>
1
9n — Gn—-1 — ihn(un + un—l) = 07 (35>
1
Uy, — Up—1 — ihn (vp, + v,—1) =0, (36)
1
0, —0,_1— ihn(ln +1l-1) =0, (37)

Using the equations (33)-(37) mentioned earlier, the
governing equations (21)-(30) transform into:

1 €
H(Qn - Qn—l) + %(Qn‘f’@n—l)(Qn - Qn—l)
€ 1
+ 7+ lam1)(@n + gn—1) + (P + Pa1) (@ + Go1)
0 On+0n_1\°
- §(pn +pn—1) + Rg)\ (9n+0n—1) <21> ]
M
- ?(gn + gn—l)(vn + Un—l) =0
(38)
1 P,
S (fn + fn71> (Un + Unfl) + — (Un - Unfl)
8 I
1 (3)
~3 (gn + gn—1) (Gn + gn-1) =0
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L O+ 0,0) (Put Paa) g (1) (o + o)

1
+— (mp+mp—1)=0

P,
(40)
along with boundary conditions
fo=0, go=0, Pb=0, u=1 6y=1, at n=0
(41)
pn—1, 0, —0, u,—0, as n—oo (42)

Utilizing the iterative Newton-Raphson method
outlined below for a seamless algorithm;

=g oty P =l +oph (43)
gt =an +oqn, O =0n+50n (44)
up ™ =y +6ul, gt =gt +0gh  (45)
ARV T L LA L i (46)

We overlook any signs of higher-order abilities, similar
to the conventional Newton-Raphson technique,
leading to the equations taking on a new form;

1

5fn - 6fnfl - ihn (5pn + 5pn71) = (Tl)n (47)
1

6pn - 6pn71 - §hn (5Qn + 5%171) = (Tg)n (48)
1

O0gn — 0gn_1 — th (0vp + 6vp—1) = (13),, (49)
1

Sy, — OUp_1 — §hn (0vp + 6vp—1) = (1a),, (50)
1

00, — 60,1 — ihn ((5ln + 5ln_1) = (T5)n (51)
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Once again, by incorporating equations (47)-(51)
into equations (38)-(42), the equations are further
simplified as shown below;

(al)n 5qn + (ag)n 5(]n—1 + (a3)n 59n + (a4)n (Sgn_l
+ (as),, 0ln + (as),, 0ln—1+(az),,0pn+(ag), 0pn—1
+ (ag),, 0gn + (a10),, 0gn—1+(a11),,0v,+(a12),0vn—1

T6)n
(52)

(bl)n oy, + (bg)n OUp—1 + (bg)n 5fn + (b4)n 5fn_1
+ (b5),, 0qn + (b6),, 6Gn—1 + (b7),, dgn + (b3),, dgn—1

- (T7)n
(53)
(c1),, 0pn + (c2),, 6Pn—1 + (¢3),, 66n
+ (c4)p, 00n—1 + (c5), 0.fn + (c6),, 0 fn1  (54)
+ (¢7),, dmy + (cg),, 6mp—1 = (13),,
Along with boundary limits,
5f0 = 0, 590 = 0,5]90 = 0, 5UO = 1, 590 =1
(55)
opn=1, 0660,=0, ou,=0 (56)

5 Matrix Form of Algebraic Equations

The subsequent crucial stage involves arranging
the previously estimated equations in a matrix
format. If this is executed incorrectly, either the
matrix solution approach falters due to a particular
matrix (determinant = 0) or submatrix, the method’s
efficiency greatly diminishes due to a lack of apparent
configuration in the matrix. We possess:

Ad =, (57)

[A1][C1]
[B2][A2][C%]
[A] = : : )
[Bn—l][An—l][Cn—l]
[Bn][An]
[ 0] ] [ 1] ] (58)
[62] [r2]
[0]=1 = ;=1 ,
[6n—1] [rn—1]
L [6n] ] L [ra]

6 Analysis and Discussion of Results

Influence of reduced gravity, temperature dependent
viscosity and aligned magnetic field on flow behavior,
heating efficiency and magnetic flux of magnetic fluid
motion along vertical plate is explored. The nonlinear
coupled model with continuity equation, flow
momentum equation and magnetic flow momentum
equation is developed under suitable boundary values.
The porous medium effects are applied to reduced
excessive heating energy and better heat transfer
optimization. The appropriate stream variables and
similarity variables are used to convert PDEs into
ODEs for developing pertinent parameters. The
numerical solution of fluid velocity, fluid temperature
and magnetic velocity is deduced using Keller box
scheme with central difference formula and Newton
Raphson approach. The skinfriction magnitude,
Nusselt quantity and magnetic flux quantity are
explored in geometrical and numerical form. The main
outcomes are discussed below.

Figures 2a-2c explore the fluid velocity flow, fluid
temperature flow and magnetic velocity flow along
vertical plate using different values of viscosity
parameter ¢ = 1.0,5.0,9.0 and 14.0. The increasing
value of fluid velocity is detected as viscosity
parameter decreases ¢ = 1.0 in Figure 2a. For high
value of viscosity parameter ¢ = 1.4, the lower flow
magnitude in fluid velocity is observed. In Figure
2b, the behavior of fluid temperature is discussed.
The increasing flow of fluid temperature is found as
viscosity parameter decreases ¢ = 1.0. The decreasing
flow rate of fluid temperature is observed as viscosity
parameter increases € = 1.4. In Figure 2c, the distinct
behavior of magnetic velocity is observed than other
values. For high value of viscosity parameter ¢ = 1.4,
the increasing flow magnitude of magnetic velocity is
found. For lower value of viscosity parameter € = 1.0,
the decreasing flow magnitude of magnetic velocity is
detected.
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Figure 2. Pictorial representation of f'(n), ¢’(n) and 6(n) for
€.

Figures 3a-3c explore the fluid velocity flow, fluid
temperature flow and magnetic velocity flow along
vertical plate using different values of reduced-gravity
parameter Rg = 0.1,0.3,0.5 and 0.7. The increasing
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value of fluid velocity is detected as reduced-gravity
parameter increases Rg = 0.7 in Figure 3a. For lower
value of reduced-gravity parameter Rg = 0.1, the
lower flow magnitude in fluid velocity is observed.
In Figure 3b, the behavior of fluid temperature is
discussed. The increasing flow of fluid temperature is
found as reduced-gravity parameter increases Rg =
0.7. The decreasing flow rate of fluid temperature
is observed as reduced-gravity parameter decreases
Rg = 0.1. In Figure 3c, the distinct behavior of
magnetic velocity is observed than other values. For
high value of reduced-gravity parameter Rg = 0.7,
the decreasing flow magnitude of magnetic velocity is
found. For lower value of reduced-gravity parameter
Rg = 0.1, the increasing flow magnitude of magnetic
velocity is detected.

Figures 4a-4c explore the fluid velocity flow, fluid
temperature flow and magnetic velocity flow along
vertical plate using different values of Prandtl
parameter Pr = 0.5,1.0,3.0 and 7.0. The increasing
value of fluid velocity is detected as Prandtl parameter
decreases Pr = 0.5 in Figure 4a. For high value of
Prandtl parameter Pr = 7.0, the lower flow magnitude
in fluid velocity is observed. In Figure 4b, the behavior
of fluid temperature is discussed. The increasing flow
of fluid temperature is found as Prandtl parameter
increases Pr = 7.0. The decreasing flow rate of
fluid temperature is observed as Prandtl parameter
decreases Pr = 0.5. In Figure 4c, the distinct behavior
of magnetic velocity is observed than other values.
For high value of Prandtl parameter Pr = 7.0, the
decreasing flow magnitude of magnetic velocity is
found. For lower value of Prandtl parameter Pr = 0.5,
the increasing flow magnitude of magnetic velocity is
detected.

Figures 5a-5c¢ explore the fluid velocity flow, fluid
temperature flow and magnetic velocity flow along
vertical plate using different values of porous
parameter 2 = 1.0,3.0,5.0 and 7.0. The increasing
value of fluid velocity is detected as porous parameter
1 = 1.0 decreases in Figure 5a. For high value of
porous parameter 2 = 7.0, the lower flow magnitude
in fluid velocity is observed. In Figure 5b, the behavior
of fluid temperature is discussed. The increasing flow
of fluid temperature is found as porous parameter
2 = 7.0 increases. The decreasing flow rate of
fluid temperature is observed as porous parameter
(2 = 1.0 decreases. In Figure 5c, the distinct behavior
of magnetic velocity is observed than other values.
For high value of porous parameter 2 = 7.0, the
increasing flow magnitude of magnetic velocity is
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Figure 3. Pictorial representation of f'(n), ¢’(n) and 6(n) for
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found. For lower value of porous parameter €2 = 1.0,
the decreasing flow magnitude of magnetic velocity is
detected.

Figures 6a-6c explore the fluid velocity flow, fluid
temperature flow and magnetic velocity flow along

4
——Pr=0.5
== =Pr=1.0

3.5 o Pr=3.0|]
= = Pr=7.0
3 1
25 =8.6, M=0.7, 1=0.03,

al Pm=0.4, Rg=3.1,:=1.5

£ 2

S -

15
1
0.5
0 L L
0 1 2 3 4 5 6
n— >
(a)
1
—— Pr=0.5
0.9 2=8.6, M=0.7, 1=0.03, = ==Pr=1.0 4
3 Pm=0.4,Rg=3.1,e=15 | [ Pr=3.0
0.8 ¥ = = Pr=7.0
",7\
orf Y
«_\
0.6 -y
_-\
Zos |‘-_\‘
\ .
\
0.4 v o0
LR
0.3 +os
o
LY
0.2 v
LR
\ ~
0.1 X
0 —
0 0.5 1 1.8 2 2.5 3 3.5
L) ————
(b)
1
—— Pr=0.5
3=8.6, M=0.7, 2=0.03, = = =Pr=1.0|{
Pm=0.4, Rg=3.1,=1.5 coo Pr=3.0
= = Pr=1.0

o) ——>

(c)

Figure 4. Pictorial representation of f'(n), ¢’(n) and 8(n) for
P,.

vertical plate using different values of buoyancy
parameter A = 0.1,1.0,3.0 and 5.0. The increasing
value of fluid velocity is detected as buoyancy
parameter A = 5.0 increases in Figure 6a. For lower
value of buoyancy parameter A = 0.1, the lower flow
magnitude in fluid velocity is observed. In Figure
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Figure 5. Pictorial representation of f'(n), ¢’(n) and 6(n) for

6b, the behavior of fluid temperature is discussed.
The increasing flow of fluid temperature is found
as buoyancy parameter A
decreasing flow rate of fluid temperature is observed

Q.

0.1 decreases.

than other values. For high value of buoyancy
parameter A = 5.0, the decreasing flow magnitude
of magnetic velocity is found. For lower value of
buoyancy parameter A = 0.1, the increasing flow
magnitude of magnetic velocity is detected.
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Figure 6. Pictorial representation of f’(n), ¢’(n) and 8(n) for
A

as buoyancy parameter A = 5.0 increases. In Figure 6¢c, Figures 7a-7c explore the fluid velocity flow, fluid
the distinct behavior of magnetic velocity is observed temperature flow and magnetic velocity flow along
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vertical plate using different values of magnetic
parameter M = 0.1,1.5,3.5 and 5.5. The increasing
value of fluid velocity is detected as magnetic
parameter M = 5.5 increases in Figure 7a. For lower
value of magnetic parameter M = 0.1, the lower flow
magnitude in fluid velocity is observed. In Figure

7b, the behavior of fluid temperature is discussed.

The increasing flow of fluid temperature is found
as magnetic parameter M = 0.1 decreases. The
decreasing flow rate of fluid temperature is observed
as magnetic parameter M = 5.5 increases. In
Figure 7c, the distinct behavior of magnetic velocity is
observed than other values. For high value of magnetic
parameter M = 5.5, the decreasing flow magnitude
of magnetic velocity is found. For lower value of
magnetic parameter M/ = 0.1, the increasing flow
magnitude of magnetic velocity is detected.

Table 1. Numerical results for f”/(0), —g”(0) and for —’(0)
for various values of € = 1.0, 5.0, 9.0, 14.0, while other
parameters are fixed.

€= f"(0) —4"(0) —0'(0)

1.0  1.588768829342915 0.745631051314296 1.792476247598057
5.0 0.672160340031253 0.639913472185171 1.412382098417781
9.0 0.453301366853811 0.588168142609830 1.254839314888374
14.0  0.332274641235580 0.547148464443530 1.139754658767668

Table 2. Numerical results for f”/(0), —g”(0) and for —’(0)

for various values of R, = 1.0,2.0, 3.0,4.0, while other
parameters are fixed.

Ry 1"(0)

—9"(0)

—6'(0)

0.1
0.3
0.5
0.7

1.094524856085405
1.231884617453011
1.369073043829710
1.495770201500889

0.381168870540422
0.579088928566133
0.704466975144494
0.804029751353085

0.727570962514822
1.079087599966608
1.313044496007767
1.502949236807803

Table 3. Comparison of skin friction f”(0) for various
values of magnetic force M = 0.0,0.1, 0.5, 1.0 with some
fixed parameters.

Hamad
M and Alsaedi Awais et Present
Ferdows etal. [33] al. [34] Results
[32]
0.0 1.9991 1.9991 1.9991 1.9990
0.1 2.0101 2.0101 2.0101 2.0069
0.5 2.1102 2.1102 2.1102 2.0800
1.0 2.3902 2.3902 2.3902 2.1834
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Figure 7. Pictorial representation of f'(n), ¢’(n) and 8(n) for
M.

fluid. The constant parameters Pr = 7.0, A = 4.9,
and M = 14.3 are maintained. From Table 1, the
uppermost skinfriction occurs at a lower ¢ = 1.0,
whereas the smallest skin friction value is observed

Table 1 illustrates the inspiration of the viscosity at a larger ¢ = 14.0. Similarly, magnetic intensity is

constraint (¢ =

1.0,5.0,9.0, and 14.0) alongside heightened atlower ¢ = 1.0 but diminishes at higher

the upward magneto-thermal surface to analyze the ¢ = 14.0. Heat transfer is found to be highest at smaller
behavior of corporeal properties: skinfriction rate, ¢ = 1.0 and lowest at larger ¢ = 14.0, all under the
magneto intensity rate, and heating energy rate of the influence of Prandtl quantity Pr = 7.0. In Table 2,
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it is presumed that maximum skinfriction occurs at
larger Rg = 0.7, whereas minimum skinfriction is
observed atlesser Rg = 0.1. Magnetic intensity follows
a similar pattern, being highest at larger Rg = 0.7
and lowest at smaller Rg = 0.1. A correlation is
noted between the reduced gravity parameter and the
change in —¢'(0): as reduced gravity Rg increases,
—0'(0) also increases, and vice versa. In Table 3, a
numerical comparison of skin friction with previous
results is computed for different magnetic force values
(M = 0.0,0.1,0.5,1.0). The numerical outcomes
exhibit favorable agreement with the current physical
model, demonstrating accuracy in the calculated
skinfriction, magneto strength, and heating magnitude.
These values are obtained from the velocity, magnetic
field, and temperature profiles, further confirming the
reliability of the present numerical analysis.

7 Conclusion

Influence of reduced gravity, temperature dependent
viscosity and aligned magnetic field on flow behavior,
heating efficiency and magnetic flux of magnetic fluid
motion along vertical plate is explored. The nonlinear
coupled model with continuity equation, flow
momentum equation and magnetic flow momentum
equation is developed under suitable boundary values.
The porous medium effects are applied to reduced
excessive heating energy and better heat transfer
optimization. The appropriate stream variables and
similarity variables are used to convert PDEs into
ODEs for developing pertinent parameters. The
numerical solution of fluid velocity, fluid temperature
and magnetic velocity is deduced using Keller box
scheme with central difference formula and Newton
Raphson approach. The skinfriction magnitude,
Nusselt quantity and magnetic flux quantity are
explored in geometrical and numerical form. The core
outcomes are discussed below.

e The analysis reveals that fluidvelocity plot reaches
its peak at the lower ¢ value of 1.0, although the
lowest fluidvelocity plot is observed at the larger
e value of 14.0. This trend prominently emerges
in the context of reduced gravity effects.

e The magneto velocity graph exhibits a
pronounced peak with a strong response at
higher reduced gravity (Rg = 0.7) for the liquid
characterized by A = 5.9 and Pr = 7.0, eventually
approaching an asymptotic behavior as per the
specified condition

e The analysis indicates that the temperature
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distribution demonstrates a peak performance ata
minor MHD Prandtl quantity (Pm = 0.1), while
the slightest temperature charge is observed at a
upper Pm value of 2.5.

e The highest skinfriction is observed at the slighter
charge of ¢ = 1.0, while the lowest skinfriction
value is identified at the superior value of ¢ = 14.0.

e It is concluded that the magneto strength reaches
its supreme at the lower ¢ value of 1.0, whereas a
lower magnetic intensity is evident at the higher
e value of 14.0.

o The analysis reveals that heat transfer is at its peak
when ¢ is smaller (¢ = 1.0), although the smallest
heat transfer charge is observed at greater ¢ values
(e = 14.0), influenced by the Prandtl number.
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