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Abstract

A magnetic dipole effects nonlinear thermal radiation from ferromagnetic liquid
when stretched provinces are analyzed numerically utilizing various parameters
pertinent to the problem. Ferrofluid will undergo a phase shift and become magnetic
when it is in a magnetic field. This technique is useful in various fields, including
electronics, loudspeakers, and materials research. This research aimed to gain further
knowledge about the one-of-a-kind continual flow of ferrofluids via permeable
medium, including Brownian and thermophoresis influences. Ordinary differential
equations may be generated using the appropriate similarity transformation. After that,
the equations are solved by using the approach known as bvp4c. Calculations are
carried out to obtain the results of physical parameters with non-dimension gquantities.
The effects of velocity, temperature, and concentration, as well as the applications of
these factors, are shown graphically. The velocity is affected in various ways by two
factors, namely, the ferromagnetic parameter and the distance. The concentration is
increased due to both the thermophoretic and Brownian variables. The frictional force
rises as the ferromagnetic and Brownian motion parameters increase, yet the Sherwood
and Nusselt numbers decrease throughout this process.

Keywords: Thermo-phoresis, Brownian motion, Magnetic dipole, Radiation.

I. Introduction

The creation of ferrofluids, a kind of intelligent substance, involves dispersing
ferromagnetic particles throughout a base liquid [I]. For generations, scientific
researchers have been captivated by the engineering applications of magnetic liquids.
Hard diskettes, spinning X-ray tubes, propellers, and poles are just a few of the
numerous uses that may be found in commercially available electrical devices [II, 111].
These liquids can be found in electrical motors and high-fidelity speakers to act as heat-
regulating agents. Magnetic fluid is also used in sensors, densimeters, accelerometers,
pressure transducers, etc. [IV]. Alternating magnetic fluid is one method that may be
employed in the medical technology field to cure cancers and tumors [V]. Ferrofluids
are an excellent choice for use in the vibration-dampening systems of speakers, as well
as the rotary seals found in hard drives and new motors with rotating shafts.
Researchers have recently been interested in Ferrofluids because of their paramagnetic
properties. Ferrofluid is beneficial in many applications for various technical fields,
including microchip technology, materials science, thermodynamics, biomechatronics,
aerospace engineering, and related technical fields. The pharmaceutical industry uses
ferrofluid for resonance magnetic imaging. An oscillating vertical surface in a magnetic
region driven by gravity might facilitate the convection of a magnetite water nanofluid,
according to Seth and Mandal [VI1]. Astanina et al. [VI1] described ferrofluid entropy
formation and convection in an open trapezoidal chamber partially filled with
suspended material. An open chamber filled with various horizontal permeable blocks
filled with ferrofluid was studied by Gibanov et al. [VIII]. The heat transfer of
ferrofluid with a non-uniform magnetic region was investigated by Asadi et al. [IX].

There are three methods in which energy may be transferred between bodies with
differing temperatures, and thermal radiation is one of them. Radiation is a process of
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causing things to warm up (variation of their internal energy) by emitting
electromagnetic waves. By cooling or heating this material, it can transmit radiation
from ultraviolet up to far-field infrared, whose specific wavelength depends on its
temperature. Radiation from nearby and distant sources constantly affects the body.
Heat radiation is carried and received by chemical reactions in the transmitter, the
receiver, and the medium. Using specific temperatures, a body can transfer and store
heat. Using a rotating reference frame, Vedavathi et al. [X] experimented with the
consequences of moving metastable high-density radiation beams and metallic
nanoparticles. Radiative nondarcy nanofluid flow in convective conditions by
Vedavathi et al. [XI]. Mohiddin et al. [X11] studied natural convection's MHD flow and
examined how heat production and radiation affected it.

Particles in a fluid that are on the nanoscale are called a "nanofluid" [XIH],[XIV]. In
addition, there are no unintended repercussions associated with working with
nanoparticles, such as pressure loss, erosion, or sedimentation. Brownian motion-
induced convection and consequence transfer via propagating nanoparticle routes are
the most common strategies for improved heat transmission in nanofluids, according
to thorough research [XV-XVIII]. They investigated several technological
configurations with heat augmentation in mind.

Saeed et al. [XIX] work has been extended using the studies mentioned above to
experience these kinds of consequences. By using a wide range of parameters, we
explore the effects of a magnetic dipole on nonlinear thermal radiation in ferromagnetic
liquid throughout a stretched province. This analysis takes place throughout the
province. Along with the magnetic field, ferrofluid will experience a phase change,
resulting in the fluid acquiring magnetic properties. This method may be helpful in
many areas, such as electronics, research on loudspeakers, and developing new
materials. As part of this inquiry, it was investigated whether and how Brownian
motion and thermophoresis impact the flow of ferrofluids in porous media. An
appropriate similarity transformation can be used to create ordinary differential
equations (ODEs). In the following step, a technique called bvp4c is applied to solve
the equations. To obtain the results of physical parameters using non-dimension
guantities, calculations are performed.

I1. Mathematical Formulation

The flow of a viscous magnetite ferrofluid powered by an impermeable stretched
surface assumes continuous 2-D flow. Flow assumptions are: Two equivalent and
opposing forces acting along the horizontal plane, also christened by the x-axis,
direction perpendicular to the flow, also christened by the y-axis, are what produce the
flow. With u(x) velocity-related farness away from ‘O’, the sheet is extended.
Somewhat beneath the sheet, there is a magnetic dipole. The dipole's center is situated
above the y-axis, 'a’ below the x-axis. Its magnetic flux is rather reliable and completely
saturates the ferrofluid, pointing in the positive towards the x-direction. A set
temperature T, that is lower than the Curie temperature T,, is maintained for the
stretching sheet. Fluid essentials furthest from the wall, however, are perceived as at
temperature T = T, so unable to be magnetized until they enter the thermal boundary
next to the sheet and start to cool [19]. This paper considers a magnetite ferrofluid. This
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fluid is viscous, incompressible, 2-D steady flow, and guided by an impermeable
stretching plane. Fig.1 illustrates the physical flow of the model. The following flow
assumptions are underlying:

1.

By interacting two opposing forces, the axis shows the flow's x-direction.

There is no flow along the y-axis.

2. A sheet stretches by varying its velocity inversely with its origin.

3. Anunderground magnetic dipole exists far below the sheet.

4. Magnetic saturation of positive x-direction ferrofluid spots is significant. To
prevent the sheet from magnetizing, we maintained a constant temperature T,,

underneath Curie temp (T,).

5. Considering fluid components at a distance T = T,.
6.
- 7. | o
—— = | ———
— 1‘ / - 1 ~
o T~ PSS ze X
7 7 b AR,
+ ~] )
Fig.1. An illustration of the physical flow of a model.
Scalar magnetize-potential, their components, magnetic field H [16]:
Y __x
T 2mx2+(y+d)?’ @
_ v _y x*-(+d)?
Hy = ax ~ 2m [x2+(y+d)?]?’ (2)
__ov_ vy 2x(y+d) (3)
YT 8y 2m[x2+(y+d)?]?’
2 2 2
av av\2)2
=4 + &)} )
OH _ _ v _2x
From Egs. (3) and (4) o = oD (5)
OH _ v [ -2 4x?
dy  2m {(y+d)3 + (y+d)5}' (6)
Ferrofluid boundary layer equations follow [19, 20]:
ou ou
Ua + Ua = 0, (7)
u | 0w _ 9 () mou _ ZoM OH _ v
uSt+v5t = (W) 52) + pgBe(T = Tow) + 22750 — 2 (®)
or o _ 10 u) _ 1 0ar _ to pOM( OH . OH
u ox tv ay - pCp 0y (K(T) 6y) pCp 0y pPCp T oT (u ox tv ay)’ (9)
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Problem boundary conditions:: [19, 20]

u:uw(x)+A12—;‘,v=0,T=Tw,c=CW+K13—;aty=0 (11)
uUu—-0,T>Ty,C— Cyp,asy — (12)

The heat flux g, and T* are considered from [11, 21, 22]
a, =222 (13)
and T* = 4TT2 — 3T (14)

The similarity transformations are

_ ¢ _ _ 0y _ ' _ _ T-Tw
1= [ = Veur u = 3 = cxf ), u = =3 = —auf ), 00n) = 2
_ C—Ceo _ Kk _ U . OB o 160°T% , _ cu? T
PO = e P _#Cp'Le o M= T T AT oty € T Tt (15)

B = H*aK(T, — Too), M = K(T, — T), 24 = — I‘=kic,6=A\/§,

2
Rey

T-Too )

71 = (T = T, 1(T) = e =T, K(1) = Ke 7o),
The nomenclature section provides all parameters.

A dimensionless equation is

A=l —vf'o1-f2+ff" -

280
(m+a)*

+04, —Tf =0, (16)

" 1 2 4f 2fr _
[1+€e0+T]0"+Prfo +e0+ 0+ e){ ot (n+a)4] Re, B A

2L fl=o, (17)

n+a)?

"t Lefd +2g" = 0. (18)
¢ ¢+

Transformed boundary conditions:
f'(0) =1+6f"(0),f =0,600)=1,¢0)=1+5¢'(0)atn =0, (19)
f'm) - 0,6 —0,¢m —>0asn - oo. (20)
Physically, noteworthy quantities includes Cr,, Nu, and Sh, be stated:

Cr, Rez = (1 —y,6(0)f"(0), 1)
NuRe, o (1+37.)0'(0), (22)
ShRe, o ¢'(0). (23)
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Here Re, =quW refers to Reynolds number.
I11.  Solution Methodology
The bvp4c method numerically accounts for the resulting linked nonlinear Egs.

(16)—(18) and BCs (19)—(20). The model's numerical approach flowchart is shown
below. (Fig 2).

Calculations for solution

——

Fig. 2. Model solving flow chart.

A finite difference code known as bvp4c may be used to implement the three-stage
Lobatto Illa formula. A collocation formula like this one has a solution provided by the
collocation polynomial, which is accurate to the fourth order over the whole integration
interval and C1-continuous. Both the mesh selection and error management are based
on the residual of the continuous solution. Collocation methods divide the integration
interval into subintervals using a mesh of points. Solvers find a numerical solution to
this problem by solving a global set of algebraic equations resulting from the boundary
constraint as well as the combination of subinterval constraints. After that, the solver
will attempt to estimate the number of errors associated with each subinterval's
numerical solution.

IV. Results and Discussion

The findings from the numerical calculations are explained in physical terms.
Saeed et al. [19] provide an extension of these kinds of consequences using the
aforementioned sources. In the work, fixed valuesinclude Le = y; = 4, = f=a =
05 I'=04,y;, =05,Re, =2,T, =3,6§ =02, Nt = 0.1 =0.1.

A study of the effects of B on velocity distribution is presented in Fig 3. When £ is
enhanced velocity, this is because by increasing the value of the ferromagnetic
interaction parameter, the strength of the magnetic field is increased due to the
existence of a direct proportion between them, and therefore, this causes disturbances
to the molecules inside the fluid, which causes an increase in fluid speed. A study of
the effects of a on velocity distribution is presented in Fig 4. When « is enhanced
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velocity. As the distance parameter boosts, the molecules move for a longer distance,
which expands the fluid's diffusion range and velocity. A study of the effects of " on
velocity distribution is presented in Fig 5. When I is enhanced velocity. Physically this
occurs because the magnetic permeability is directly proportional to viscosity and
inversely proportional to thermal conductivity, causing an effect of fluid velocity with
strengthening magnetic permeability. A study of the effects of A; on velocity
distribution is presented, patterns are illustrated in Fig 6. When 4, is enhanced, it shows
an enhancement in velocity. The effect of the mixed convective parameter is inversely
proportional to the Reynolds number, meaning that there is an inverse relationship
between this parameter and the fluid density, i.e., that as the mixed convective
parameter upsurges, the density is diminished, and thus the fluid velocity is improved.
A study of the effects of y; on velocity distribution is presented in Fig 7. When y; is
enhanced, it shows a reduction in velocity. The upsurge in the variable viscosity leads
to disturbances within the particles that make up the fluid, which reduces its rapidity
due to the difference in viscosity from one position to another within the fluid, which
leads to an imbalance in the movement of the molecules. A study of the effects of € on
velocity distribution is presented in Fig 8. When € is enhanced, it shows an
improvement in velocity.

An impression of Pr on temperature is conferred by the scatter plot in Fig 9. Therefore,
when Pr upsurges, temperature declines. An impression of Re,, on the temperature in
Fig 10. When Re, growths, the temperature improves. Increasing the density of the
fluid causes the fluid to slow down and thus retains its thermal energy stored internally.
A scatter plot, as shown in Fig 11, is used to analyze the impact of Tr on temperature.
Therefore, as T, growths, the temperature progresses. Physically, this occurs due to an
upsurge in the internal heat energy of the fluid molecules, which in turn increases fluid
temperature due to the increase in the temperature of the molecules.

Fig 12 shows the effects of Lewis's number on the concentration of the constituents.
As the Lewis number increases, the concentration profiles become more uniform. This
impact on the concentration of the fluid in question is caused by the direct link between
the fluid's viscosity and the Lewis number. Fig 13 displays the effects of the
thermophoresis parameter Nt on the concentration distribution. As Nt increases, the
concentration fields get larger. The concentration distributions expand as a result of the
increased concentration of nanoparticles caused by the increased thermophoresis force
as Nt rises. Both the concentration distribution and the limit layer viscosity increase
when the Nb concentration increases, as seen in Fig 14. Macroscopic particles in the
liquid are more prone to move randomly and collide as Nb grows. Consequently, the
liquid concentration will be greater. It is possible to arbitrarily reduce fluid velocity by
increasing Nb.

Due to the relationship between the thermophoretic and Brownian parameters and the
thermal diffusion occurring inside the fluid, an increment in the concentration of the
fluid occurs with the increase of these parameters.

The Cf viscosity parameter is shown against the Lewis number in Fig 15. See Fig 16
for the radiation parameter vs. the Cf ferromagnetic parameter impact. An increase in
Cf is the consequence of a larger ferromagnetic parameter. See how the Nu viscosity
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parameter relates to the Lewis number in Fig 17. Increases in the viscosity parameter
cause a decrease in Nu. Shown in Fig 18 are the nu ferromagnetic parameters and how
they affect the radiation parameter.

Nu falls as the ferromagnetic parameter rises. Physically, with increasing temperature,
the heat transport rate is diminished as a result of rising in the studied effects of the
parameters governing the problem, and the Nusselt quantity is reduced. The impact of
Sh thermophoresis parameter is shown in Fig 19. As the Thermophoresis parameter is
adjusted upwards, the Sh is reduced. The impact of Sh on Nb is seen in Fig 20. As Nb
heightens, likewise, Sh. Physically, with increasing concentration, the mass
transmission rate is diminished as a result of rising in the studied effects of the
parameters governing the problem, and the Sherwood number is reduced.

1 . ' : : 1

—— =02 - a=01
—= B=04 08 - a=02
3206 ] - a=03

5 P
08t 5-08 08 \,\ 004

091

Fig. 3. Velocity at distinct values of . Fig. 4. Velocity at distinct values of a.

15 .

——- =01 |

——- A, =04

——- A, =07
A =10

1
i
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Fig. 7. Velocity at distinct values of y;.  Fig. 8. Velocity at distinct values of e.
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Our results are good agreement with earlier published work ([19], [33]).
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A clustered column chart to
compare values

b 4 =
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Ref[19] Ref [33] Current work

Fig. 21. A pictorial chart to compare validation
V. Conclusion-report

We numerically study, with a wide variety of important parameters, the effects
of the magnetic dipole on nonlinear thermal ferromagnetic fluid throughout a stretching
zone. The experiment was also conducted to get a better understanding of the peculiar
steady flow of ferrofluids in porous media accompanied by Brownian motion and the
effects of thermophoresis. Differential equations for ordinary differentials may be
obtained by using the acceptable similarity transformation.

i.  Avelocity depends on two variables, distance and ferromagnetic parameter.
ii. A rising Prandtl number results in a lower thermal boundary layer thickness
and temperature.
iii.  Both the Nt and the Nb raise the concentration.
iv.  The ferromagnetic and Brownian motion parameters are raised, and the skin
friction increases, but the Sherwood and Nusselt numbers fall.

Nomenclature

X horizantal coordinate (m)

y vertical coordinate (m)

u horizontal velocity (m/s)

v vertical velocity (m/s)

T fluid temperature inside the boundary layer (K)
Tw temperature of the sheet (K)

Too fluid temperature far away from the sheet (K)
H magnetic field of intensity (4/m)

Cp specific heat at constant pressure (J / kg.K)
Cr skin-friction coefficient

Nu the local Nusselt number

Sh the local Sherwood number

Dy, mass diffusivity

k* the mean absorption coefficient
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The distance between the origin and center of the
magnetic dipole/distance parameter.
radiation parameter

Prandtl number

Lewis number

the first-order velocity slip parameter
magnetization (kg/s%A)

the concentration of the fluid near the surface
the dimensionless temperature

the dimensionless velocity

thermo-phoresis parameter

Brownian motion parameter

Greek symbols

U]

similarity variable

stream function (m?/s)

density of the fluid (kg/m?)
dynamic viscosity (kg/ms)
wall shear stress

the electrical conductivity

the Stefen-Boltzmann constant
the strength of the magnetic field
ferromagnetic interaction parameter
dimensionless curie temperature
magnetic permeability (s/m?)
distance parameter

viscosity parameter

mixed convective parameter
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