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Abstract:

In this study, we used water-based nanoparticles as our medium of inquiry in order to evaluate
the transfer of momentum and heat inside an unsteady flow of Casson Mn — Zn Fe,0O4 nanofluid
over a spinning cone. The relevance of heat flow situations and wall temperature conditions is
well known in the engineering and industrial sectors. After that, a shooting approach based on
the Runge-Kutta algorithm is used in order to numerically solve the ensuing set of governing
equations. In the graphic representation of our results, we showed two potential outcomes for
Wall temperature and Heat Flux. Even whether the wall is very hot or cold, this fact will not
change. Tiny solid particles suspended in a colloidal media are a defining feature of nanofluids.
Solid particles on the nanoscale range from metals and oxides to carbides and carbon nanotubes.
This led Choi to realise that suspending nanoparticles in these common base fluids improves
their thermal conductivity noticeably. The generated nanofluids outperform traditional base
fluids in thermal conductivity. Solutions containing solid particles measuring on the nanoscale
scale, such as metals, oxides, carbides, carbon nanotubes, and so on, are referred to as nanofluids
or colloidal suspensions. Water, kerosene, and mineral oils, all of which have a poor thermal
conductivity, are employed in the conventional mode of heat transfer. Choi realised that by
suspending nanoparticles in these common base fluids, the thermal conductivity may be
significantly improved. The generated nanofluids outperform traditional base fluids in thermal

conductivity.

KeyWOI'dS: Ferrous fluid, rotation, rotating cone casson fluid, non-uniform heat source/sink.
MHD.
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Introduction:

Electric motors, generators, transformers, phones, speakers, and even spinning X-ray
machines all require ferromagnetic materials in some capacity. The magnetic properties of iron,
cobalt, nickel, etc. are known as ferromagnetism. A large number of MHD-based fluid devices
rely heavily on ferrous-based nanoparticles, including sensor systems (ultrasound, image),
pressure transducers (gases, liquids), electro mechanical converters (loudspeaker, microphone),
and so on. In a recent article, Paras Ram and Kushal Sharmal[5] talked on Ferrofluid flow with a
spinning disc and the influence of rotation on MHD viscosity. Referenced in Raju et al.
Temperature and momentum transmission in a ferrofluid with a multi-scale, multi-dimensional
(MHD) boundary layer. Using a spinning cone as an example, Hering et al. [11] spoke about
Laminar mixed convection. Reference: K.Sarma et al. [12]. a cone-shaped source of laminar
mixed convection. Conical convection with a mixture of hot and cold air. through M. Kumari
[13]. Boundary layers that rotate on spherical, circular, and axisymmetric shapes. by means of
Wang [14]. Nadeem and Saleem
[16] theorised about the MHD movement of nanofluids across a rotating cone. C.L.Tien [17] A
spinning cone creates a laminar flow that may carry heat and mass efficiently. M. Alamgir[18]
shown that discs optimise heat convection in laminar free convection, when heat is transferred
from a vertical cone. P. Cheng, et al. [19]. Natural convection is responsible for the movement of
a darcian fluid around a cone. According to the well-known H.S.Takhar. [20]. a cone-shaped
source of vertically-rotating, mixed convectional and magnetically-induced flow. a product of

G.Nath's mind and hand. [21].
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The conical source of laminar combined convection. W.A.Khan \s,Z.H.Khan [29] The movement and heat
transmission of a ferrofluid across a flat plate subject to a constant heat flux. Furthermore, geometrical
arrangement plays a vital part in modern manufacturing, engineering, and experimental design. Important
research onnormal fluids in cone geometries may be found in" . Industries as diverse as nuclear heat or cold
treatment, spacecraft components preparation, rolling, engineering, etc. all rely on the magneto hydrodynamic
flow to regulate production. With this goal in mind, the authors investigated the effects of different flow

geometries and regulating parameters on the magnetohydrodynamic features of a suspension.

Ferrous
Nanoparticles

These analyses elucidated how the magnetohydrodynamic flow regulates the boundary
layers of both fluid and thermal transfer. There is a comprehensive discussion of magnetic fields
in the cited works [33—-35]. Researchers have shown that using nanoparticles in a base liquid may
speed up the operation of cooling and heating systems. In light of the fact that no theoretical
work has been done to date on the topic of " Thermophoresis and Brownian motion in a solution
of ferrous nanoparticles producing radiated magnetic flow," we conduct a study to learn more
about the heat and mass transfer properties of magnetohydrodynamic (MHD) ferrofluid flow
caused by a cone when Brownian motion and thermophoresis are present. In order to create
nanoparticles, a combination of CoFe204 and water at 100c and CoFe204 and water at 500c
was utilised. Solving the ODEs for the nonlinear flow using the shooting technique of Runge-
Kutta (RKSM). Non-uniform heat sources and sinks, as well as thermal radiation, were also
taken into account in this investigation to speed up the heat transfer process.What happens to a
water-based fluid when its cone rotates depends on the presence of metallic particles and the
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fluid's buoyancy. The current study, “which discusses the heat transfer features of casson fluid
flow around a spinning cone in a rotating frame containing Mn-ZnFe203 nan oparticles in water,
is motivated by previous studies along these lines”. According to these findings, there are at least

two potential explanations aimed at the partition temperature and heat transfer around a rotating

cone.

“Nomenclature:
F Fluid w condition at the wall
0 condition at the free stream ng Nanofluid
qw Wall heat flux (W/m?) f,g Dimensionless velocities
G, Grashof number Re.  Local Reynolds number
Nu, Local Nusselt number Cf, Skin friction coefficient in x- direction
Cfy Skin friction coefficient in y- direction
T Temperature( k) K™ Mean absorption coefficient
Olnf Diffusion coefficient (m”/ s) Pr  Prandtl number
Br Volumetric thermal expansion (K™ ) 0 Dimensionless temperature (K)
c Electical conductivity (s/m)

(pcp),  Effective heat capacity of the particle medium (Kg/m’K)

(pcp),  Effective heat capacity (Kg/m’K) ¢ Nano particle volume fraction
o Stefan-Boltzmann constant (Wm/K*) v,¢ Kinematic viscosity (m%/s)
n Similarity variable ‘Q Composite angular velocity

Kar Thermal conductivity (W/mK)
G Specific heat capacity at constant pressure (J/Kgk)

u, v, w velocity components in x, y, z directions
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S Unsteadiness parameter X Distance along the surface (m)
y Distance normal to the surface (m) o; Ration of angles
N;, N, Heat generation a* Semi vertical angle
Unf Dynamic viscosity(Ns/m?) por  Density (Kg/m®)
v Kinematic viscosity (m?/s) g. Acceleration due to gravity (m/s%)
Ve Free stream velocity

Formulation of the problem:

In the study, we consider an unsteady ferrofluid flow on a rotating cone in rotating frame
with non-uniform heat source/sink.” Consideration is given to the fixed rectangular curved-linear

coordinate system. The crucial geometric aspect of the problem is seen in Fig.l.
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g 800

Nanoparticles

Fig 1. Physical model of the problem

Here, u, v, and w represent the x, y, and z components of velocity, respectively. The cone

and the fluid both revolve steadily around the cone's axis, making them both stiff. Their rotation,

which might be in the same or opposite direction as the fluid flow, causes the disruptions. The

buoyant forces in the fluid flow are caused by the temperature gradient. The outside of the

cone acts as an insulator for electricity. It is assumed that the flow isaxisymmetric. Given

this, we estimate that the magnetic Reynolds number is low, suggesting that the produced

magnetic field has a low impact. There is also no electric field present in the flow. One may

write the wall's temperature as a function of x. For an incompressible, unsteady flow in the

boundary layer, S. Raju presents the momentum and energy equations. [1]

Flow Analysis:
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The boundary conditions for the HF case are:

® . £\~
u=0,v=xQ, sina (l—sthma ) w=0,T =T atz=0, 5

# #\~1
u=0,v=v, =x{ sina, (l—sthinoc ) T > TwasZ —

The boundary conditions for the WT case are:

* «\—1
=0,v=xQ, sina |1-stQsina w=0,-K T=q atz=0,
u V=Xx42 ( ) fT qw 7 6
* % \—1
u=0,v=v, =x% sina, (l—sthin(x ) T —>T.asz - o

In the above equation N; >0, N, >0 corresponds to internal heat generation and N; <0, N, <0

Corresponds to heat absorption coefficients respectively and the nano fluid constants are given by

po=(1-4) +0 (o ) =(-0)(pc ) +o(pc ) = " (op) =(-0)(oB) +0(op)

nf of P P oaf P s nf (1_ ¢)2,5 nf 7 s

K, K, +2K, 20 (K, -K,)

K Ke+2k, +0 (K, -K.) -
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Introducing non dimensional ! (T] )
variables:

u=-2"xQsina” (1 —sthinoc*y1
v=szin0L*(1—sthinOL*)_lg(n)
:(UQsina*)O.S (1—St§2$in()t*)_0.5 f(ﬂ)

. -1
v, = xQ, sina” (1—szQsina”)

N0
n=| $¥sine ) (1- stQsino " )05 ¢ 8
() )
« 2.5
q =q = (l—sthinOL*)
W OLL
(*%sina” ) (q )
T =T, +] | (1—sthina*)|—W|6(n)

v v \K;)
{ = (Qsin o’ )t”
“where s is the unsteady parameter, (2; and €2, are the angular velocities of the cone and free stream

fluid respectively. Q = Q; + €, is the composite angular velocity, making use of eq,7,8 in Egs (1)-

(4) transformed boundary layer equations are given by

( 1\ 1 ( ( Y“ i -7 ' -1 " 2 2 ( ((pB) \\ 9
1+ Folicep P (s o2 (s v2 g )-2fe ~(ma) J)lmessl L The <o
B L e I (SN XYW}

18 +H1-0+0( \)(f,g—g,fﬂ(l—oc —g-2"ng")) =0
1-d )25 | |Q /j' 1
(1-9) \ \ or )

" f(pcp) ) [ ((pe) )
0-s(20 +2'm0 )+l g +ol——=— ll(v f4n0)=0 1

T L e

The relevant boundary conditions for HF case are stated as

10
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£(0)=0,7(0)=0,g(0)=a ,0(0) =L, f (2)=0,g () =1-00 6 () =0 12
1 L

The relative boundary conditions for WT case are stated as
F(0)=0,F (0)=0,6(0) =a ,® (0) = -1, F (=) = 0,G (=) =l-a O(0) =0. 13

The relevant boundary conditions
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cosa. (T -T )L QL2 sina® Q L G
Gr:gﬁT (w oo) Re = sin o = I pr— ) = r 14
v’ L 0 Q, o  Re:
f L

Where Gr is the Grashof number ,Rey is the Reynolds number, A is the buoyancy force parameter,
and Pr is the prandtl number.

The coefficients of surface skin friction in tangential and azimuthal directions for the WT case

(ou ]
2p
— L L@Z JJ =0 =—Re o5 ,»
Cpe . 2 x f (O)a
p[(lxsi?oc S(‘I—vs\tflsinoc )]
2] o ]
Cyy = s K )J =0 5 =Re 05 g (O) 15
p[Qrsina’ (1-siQsina”) |
Or

C R =—f ()€ =R =5 (0)

Where Re, is the Reynolds number. The surface skin friction coefficient in tangential and

azimuthal direction for HF case are

C Re"s— F(O)C —Re°5 —G (0) 16
fx

The Nusselt number for the WT and HF case are given by
K, K 1
NuRe™ ="" 0 (0), NuRe™ ="

K )

f f

17

Method of solution:

The nonlinear differential Egs. (9-11) with the boundary conditions (12-13) are
solved numerically using Runge — Kutta based shooting method. Initially the set of nonlinear
ordinary differential Egs. (9- 1 1) converted to first order differential equations by using as
following:
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With the boundary conditions for HP case are

F(1)=0,1(2)=0,f(4) =a, f(6)=lam -0, f(2)=0,f(4)=1-a, f(6)=0,am »= 22

With the boundary conditions for WT case as

F(1)=0,£(2)=0,f(4) =0, f (6) =-1,atn >0, (2) =0, f (4) =1-at,, £ (6) =0 ,at
n - 23
To solve the Eqgs. (19-21) with Egs.(22-23) is an initial value of D(0) for HF and WT cases
respectively. We guess the values of y3(0),ys(0), y7(0) which are not given at the initial conditions.
Once all initial conditions are found then we solve the Eqs.” Integrations (21-23) are performed
using the Runge-Kutta fourth order technique with a 0.01-step iterative step length. To check the

accuracy of the current solutions, we compare them to those found by S.Raju et al [1].

Consequences besides debate:

Using a Runge-Kutta based shooting method, we numerically solve the system of
nonlinear coupled ordinary differential equations (9), (10), and (11) with boundary conditions
(15), (16), and (17). (17). Wall temperature and heat flow examples demonstrate the influence of
non-dimensional regulating components, such as the friction factor coefficient and the local
nusselt number, on velocity and temperature profiles. The numerical calculations accounted for
the values of the non-dimensional parameters.As S =5, A = 1.0, a,=1.0, $=0.2, =0.5, N;=0.1,
N=0.1. All of these variables are held constant throughout the research, with the exception of

minor adjustments made in the individual charts and tables.
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The wall temperature scenario is shown in green on the graph, whereas the heat flow

case is depicted in red.The thermophysical properties are given below Table 1.

Thermo physical properties of water and Mn-ZnFe204 are given by W.A. Khan et al[29]

“Physical properties Base Fluids Magnetic Nano
Particles
Water Mn-ZnFe204
p( Kg/m’ 997 4900
Cp(j/Kg.k) 4179 800
K(W/m.k) 0.613 5”

Figure: 1-3 as presented below the graphical depiction of temperature and velocity
[}
profiles for different values of the volume % of ferrous oxide nano practises. When the
1

nanoparticle percentage in the air is raised, the tangential velocity field improves but the

iazimuthal velocity field and the wall temperature and heat flux temperature profiles

1
ideteriorate.
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'Conclusions:

I

- Since E rotation tends to control the flow, it finds most of its applications in industry and
:av1at10n Casson fluid flow in a rotating frame containing Mn-Zn Fe203 nanoparticles in
water is studied, along with its momentum and heat transmission features. The resultant {FE
iconnected non-linear governing equations may be numerically solved using a shooting
strategy inspired by Runge-Kutta. The goal of this study was to address questions about the
wall temperature and heat transfer across a rotating cone.
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