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ARTICLE INFO ABSTRACT
Keywords: The thermal transport in hybrid nanofluid flow across a rotating disk has numerous applications
Rotating disk in technical and engineering fields, including thermal power systems, rotating machinery, gas
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turbines, and electronics. The Hybrid nanofluids offer better thermal efficiency than traditional
single-component nanofluids due to the inclusion of two types of metallic nanoparticles. This
study examines the thermal behavior of an Ag — GO/KO hybrid nanofluid flowing over a rotating,
slippery disk under a highly oscillating magnetic field. The model incorporates a thermal sink/
source and thermal radiation to enhance its applicability in practical scenarios. The Tiwari and
Das approach is used to examine the characteristics of the fluid flow. The model equations are
obtained by applying the proper Von-Karman similarity transformations to the strongly non-
linear system of governing equations, which is then numerically solved using the bvp4c tech-
nique in MATLAB. The effects of physical parameters on thermal field, radial velocity, axial ve-
locity, and tangential direction are visually displayed. The findings indicate that a rise in the
inertia coefficient and porosity variable leads to produce a reducing effect on the radial velocity
and tangential velocity. In contrast, the opposite impact is examined in the axial direction.
Additionally, the result demonstrates the improved temperature distribution due to higher
thermal radiation and unsteady variable. Moreover, tables are depicted to numerically discuss the
impacts of slip variables, heat radiation and unsteady variables on drag coefficients and heat
transport.
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1. Introduction

A rotating system has proved the subject of extensive investigation in the past few years. It has developed popularity amongst
academics because of its numerous applications. Medical equipment, rotating wind turbines, heating and cooling systems, and crystal
development procedures are just a few of the industrial and aviation science fields in which it finds use. Von Karman [1] discussed the
continuous rotational movement caused near a spinning disk. This kind of movement includes a circumferential gradient of pressure
across the disk, that optimizes the forces of centrifugal force. Nadeem et al. [2] described the second law analysis on the heat radiation
and heat sink/source in the presence of inertia coefficient due to rotating disk. Nayak et al. [3] explained the axisymmetric rotating
flow of Darcian Forchheimer due to stretchable/shrinkable nanofluid due to rotating disk. Chu et al. [4] described the dual stability of
stagnation of Darcian Forchheimer due to a rotating disk. Umavathi et al. [5] examined the slip effect of nanoliquid using Darcian
Forchheimer flow past a rotating. Sharma et al. [6] studied the machine learning approach on the hybrid nanofluid due to a rotating
disk with a chemical reaction. Ali et al. [7] simplified the influence of convective of CMC-water base hybrid nanofluid past a rotating
disk. Nisar et al. [8] explored the magneto signal nanofluid using ethylene glycol and water due to stretchable disks.

Recent advancements in nanomaterials have drawn a lot of interest from scientists and researchers because of its vast economic and
scientific implications. Many of the uses of nanotechnology have been brought to the actual world since its inception. Choi [9] first
noted that introducing tiny nanoparticles with high thermal conductivity properties could increase the energy transport capacity
(thermal conductivity) of ordinary fluids. Abedel et al. [10] scrutinized the impact of heat radiation of nanofluid past a stretchable
sheet in the presence of Darcy Forchheimer flow. Moreover, Cui et al. [11] carried out the thermal analysis on the Darcy Forchheimer
heat radiation across oblique sheet. The thermal analysis of heat radiation from chemical reactions in nanofluids caused by stretchy
sheets was discovered by Nisar et al. [12]. Haider et al. [13] explored the effect of variable viscosity on the nanofluid past a stretchable
sheet induced by Dacry Forchheimer. The impact of the porous material of the magneto flow chemically reactive nanofluid with heat
radiation was examined by Nisar et al. [14]. Through the chemical reactive process, Eswaramoorthi et al. [15] investigated the ohmic
heating with thermal radiation for the CNT nanofluid. Using machine learning, Habib et al. [16] investigated how nanoliquid affected
chemically reactive substances. The importance of Darcian Forchheimer in the SWCNT of a single nanofluid beyond a stretched sheet
while taking thin film flow into consideration was described by Nisar et al. [17]. The inclined magnetic flow of thin film for the
nanofluid with nonlinear mixed convective was described by Saeed et al. [18]. The combined impact of heat radiation and source on a
viscoelastic nanofluid in the presence of activation energy was described by Dharmaiah et al. [19].

Simultaneous mixing or ultrasonication can be used to create bi-hybrid, as the base fluid’s thermal properties are enhanced by
adding one or more nanoscale particles. Nanofluids have garnered significant interest from researchers over the past decade. The broad
range of industrial applications for kerosene oil-based nanofluids includes heat transfer systems, combustion engines, oil refineries,
renewable energy systems, and more. Kerosene oil is combined with various types of nanoparticles to optimize heat transfer and reduce
energy loss within the system. To recognize this, Ahmad et al. [20] conducted a theoretical analysis on the kerosene oil-based hy-
dromagnetic hybrid nanofluid past surface expanding in the presence of energy source, and convective constraints. The implications of
suction and slip conditions over the hydromagnetic motion of Maxwell tri-hybrid nano-liquid over an enlarging sheet with activation
energy were analysed by Hussain et al. [21]. They observed that, the Nusselt number exhibits a dominant trend with a greater
Hartmann parameter. Zeeshan et al. [22] studied the various shape factor effects of copper nanoparticles on the steady transport of
water-based nano-fluid on stretching and rotating disks. Nisar et al. [23] computed the thermal analysis of trihybrid nanofluid induced
by the Lorentz dipole through nonlinear heat radiation. Alnahdi et al. [24] described the novel features of tri-hybrid nanofluid through
a couple of stresses in a channel. Nisar et al. [25] explained the significance of couple stress on the time-dependent flow of hybridized
viscous nanofluid through the gyrating sphere. Behrouz et al. [26] examined the thermophysical characteristics of hybridized
nanofluid with chemically reactive. Dinarvand et al. [27] discussed the shape factor with heat source across an inclined magnetic field
for the hybrid nanofuid in the squeezing flow. Berreh et al. [28] carried out the irreversible analysis on the hybrid nanofluid with
convective flow past a movable wedge. Dinarvand [29] talked about the consequent of micropolar mixed convective flow of hybrid
nanofluid.

The term ’porous media’ refers to materials that contain voids or pores, which offer resistance to fluid flow. Porous media are
commonly used to control heat transfer and regulate fluid velocity in various industrial processes, such as hazardous material disposal
and oil extraction. High-velocity flow problems are modelled using the modified Darcy-Forchheimer equation, although the funda-
mental Darcy law still applies to understanding the properties of these materials. Applications involving porous media flow are pri-
marily found in drying processes, material processing, cellular technologies, and oil extraction. An energy transmission analysis of the
Darcy-Forchheimer electromagnetic transport of ethylene glycol-based nanofluid over a rotating cone placed on an expandable disk
was presented by Al-Arabi et al. [30]. Alhadri et al. [31] performed the neural networking-based computations for the water-based
hybrid hydromagnetic nano liquid past an expandable surface under the impacts of suction and ohmic heating. The influence of
the porous magnetic flow of binary chemical reaction with chemical reaction was demonstrated by Nisar et al. [32]. The solar thermal
absorption analysis of magnetohydrodynamic flow phenomena involving a Newtonian nanofluid with an energy source was conducted
by Alzahrani et al. [33]. Ali et al. [34] conducted the concentration and thermal analysis of hybrid nanofluid in a porous medium due
accelerated exponential vertical sheet. The axisymmetric flow of MHD CNT caused by a stretchable sheet with heat radiation was
identified by Nisar et al. [35].

Generally, Velocity slip, which is the term for the phenomenon when a fluid fails to cling to a solid barrier, has been seen in specific
situations. When a fluid, such as an emulsion, suspension, foam, or polymer solution, is particulate, a velocity slip may happen on the
extending border. Boundary slip-exhibiting fluids find significant technical uses, including internal cavities and prosthetic heart valve
polishing. Navier’s slippage condition, where the rate of slip velocity relates to the localized shear stress, replaces the no-slip condition
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for some covered surfaces, like Teflon, that resist stickiness. The stability analysis on the hydromagnetic hybrid nano liquid slip flow of
carbon nanotubes over an enlarging medium with an energy source was performed by Lund et al. [36]. The outcomes of velocity slip
and radiative heat flux on the hydromagnetic water-based nano liquid over a stretching disk with entropy creation were discussed by
Acharya et al. [37]. Rahman and Eltayeb [38] analysed the influence of temperature-dependent properties on the convective slip flow
of a Newtonian fluid over a stretching wedge with variable viscosity.

The magneto flow of a radiative flow hybrid nanofluid (GO + AG/KO) over a porous spinning disk under slip conditions has not
been studied. The aforementioned question and thorough review of the research literature show that while many papers have been
written about nanofluids with different geometric shapes, there is less information available about hybrid nanofluids that use a
revolving disk and a base fluid of kerosene oil (KO). This study intends to optimize grease, improve surface properties, and enable
effective catalysis for real-world applications in tribology research, power systems, automobile engines, and substance coatings.

In accordance with the literature review above, the focus of current work is to analyse the spinning Darcy Forchheimer slip flow due
to a rotating disk for the time-dependent hybrid nanofluid (GO + AG/KO) inside a thermal radiation and magnetic field. The non-linear
partial differential equations are governed through mathematical modelling. Applying similarity transformation technique, a set of
ordinary differential equations is obtained. Finally, Bvp4c method is applied to address the resulting equations. The influence of
multiple factors on radial velocity, tangential velocity, heat rate, axial velocity, skin friction factor, and thermal profiles are examined
with the aid of graphs and tables. The unique characteristics of silver and graphene oxide provide a combination of improved physical
performance, chemical resistance, and interaction with the surface that is appropriate to use in grease, catalysts, and surface engi-
neering. Ag-GO/KO was selected due to its ability to address practical issues associated with friction decrease, wear avoidance,
modification of the surface, and catalytic efficiency.

2. Mathematical Formulation

Consider a Darcy Forchheimer flow of time-dependent radiative Ag — GO/KO hybrid nano-fluid towards a slippery spinning disk.
The disk is moving with angular velocity speed ﬁ about the z-axis, where 1 — yt > 0 represents the unsteady state and y is a positive
constant. The cylindrical coordinate (r, ®,2) with velocity component (u,v,w) in which the disk is positioned next to z = 0 and half
space of the disk is filled through the hybrid nanofluid. For hybrid nanoparticles, Ag and GO are suggested. The fluid is dispersed over
2 > 0 and the spinning disc is positioned at z = 0. T, represents ambient temperature, while the disc surface consumes a uniform
temperature of T, as described in Fig. 1. With these assumptions, system’s leading models of the flow are listed below:

The model equations has been given below [2-4].

u ou ow
;
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Fig. 1. Physical model of Darcian Forchheimer Hybrid nanofluid.
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2.1. Thermophysical properties

In this simulation, the base fluid is kerosene oil (KO). Silver oxide and graphene oxide (GO) are selected as nanoparticles to create
the hybrid nanosuspension. For the mono nanofluid, only graphene oxide (GO) is added. The thermophysical properties of nano-
particles in the base fluid are displayed in Table 1. By setting the second particle concentration value (®3) to zero, the results for the
mono nanofluid are obtained. This study is conducted for both mono and hybrid nanofluids, which have been displayed in Table 2.

The boundary conditions in the appropriate form are given below:

owr wr
_ Ly, v=—— 4Ly, w=0T=T,atz=0
u (1 7}4) + Lu,,v (1 7}/0 +Lv,,w ) waltz
u—0,v—0,T— T, at z—oc0 (6)

Where L = L'\/T — yt and y is the stretching factor.
To convert the equations into dimensionless form, below similarity variables are applied:

® w w 7] _ T—T,
= Z,U = F(&),v=——"—G(&),w= H(&),E(¢) = 7)
a9 = 69 G020 =g
By applying a transformation (6) over equations (1)—(4), the system is expressed in the following dimensionless form:
2F+H =0, 8
F’—&{FZ—GZ+HF+}/(F+£F>}—&Fer—alF:O, )
2 2 Q)
f Ql 2 _
G ——{2FG+HG +y G+—G ——FrG* - F=0, 10)
Qz Q
4 — A
Q4+§Rd = —Q3 Pr HE—}—}/Ez =0, 11

Where, Q, =22 Qo = _ )y Q khnf Q = tm
y =& o (/,Cp) iy

The boundary conditions shown equation (5) also transformed by using transformation technique (6). Finally, below boundary
conditions are obtained:

F(0)=T +IF(0),F(c0) = 0,G(0) = 1 + [1G (0),

G(o0)=0,H(0),Z2(0) =1,Z(c0) =0 (12)
Table 1
Thermophysical properties of nanoparticles and base fluid [39].
KO GO Ag
P 783 1800 10500
k 0.145 5000 429
Cp 2090 717 235
c 21 x 10°° 6.30 x 107 63 x 10°°
Shape - Spherical Spherical
Size(nm) - 2 0.144
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Table 2
Thermophysical model for (GO + Ag).

Properties AG/KO

Density (p) Prf _ 1-11) Yipys
Ps ’s

Viscosity(u) Hop 1
Hpo (1=Y1)%°

Thermal conductivity (k) ky ki +2kf — 21y (ks — k1)
kf - k1 +2kf+Y1(kf7k1)

Heat Capacity (pCp) C Y

p (PCp) ot —1 -1+ 1(p2o) 55

(Pcp) (/’Cp)f

Properties AG+ GO/KO

Density (p) Pof (1 vy [(1 )+ Y2p2s} PRSTN
Pr Ps Pr

Viscosity(x) i 1
B (1=11)*°(1-Y2)*°

Thermal conductivity (k) King ka1 + 2Kknng — 2Y1 (kg — k1) N ksa + 2kny — 2Y 2 (kny — ks2),
kf - ka + Zkhnf + Y1 (khnf — kl) kso + 2knf + YQ( ksg) o

Heat Capacity (pCp) C Y Y

p (PEp) g =1-Y)| T+ 2(pp), l(ﬂcp)u

(/’Cﬁ) (l’cp)f (/’Cp)

2.2. Physical quantities

The main engineering quantities of interest are Nusselt number and frictional parameter defined as follows:

Cfr — 3V wr + TW¢,Nur T+” (13)
Phnf(1 yt)
ou ow ov 1 ow
wr = W T s W 1
(G5 (). 0

_ 14 160U T (0T
Qw = hnf 3k'k oz o

Finally, the skin friction and Nusselt number are defines as follows:

Cf. = % V/F2(0) + G%(0), Nu, = — k,’l"f (1 + ng) Z(0) (15)
1 f

The physical characteristics of hybrid nanofluid

Py _ 1
b (1= )5 (1 — )75

Dynamic viscosity = Q; =

[} [}
Den51ty Q, _phnf (1 7(1)1) |:(1 7(1)2) + 2p25:| + 1:0157

Py Ps Pr
C ) o)
Heat capacity = Q3 = b p)h”f =(1-@)|(1—Dy)+ 2(/’CP)2s + 1 (/’Cp)ls 7
(pCP)f (pCP)f (pcp)f

Thermal conductivity = Q4 =

King _ Koy <k52 + 2k — 205 (koy — ks2)>
ke ke \ koo + 2k + @ (kng — ki2) /)

3. Numerical procedure

This section uses the bvp4c shooting technique, which is written in MATLAB computational computer software, to solve the
reduced ODEs (8-12) with associated boundary constraints (13). The Lobatto-IIIa collocation formula, which is utilized for numerical
calculations, is the foundation of Bvp4c. By adding the following symbols, the multiple-order derivatives are transformed into first-
order ODEs. The flow chart of bvp4c has been revealed in Fig. 2.

:F7A2:F7A3:G7 A4:G,, A5 :H, A6:H, A7:E, Ag:E,
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then the reduced equations are framed out below form:

A=A (16)
A=A A —As A £

2:Q_1 1 A1 A3 As+As Ao +y| Ag +§A2 —FrAi Ay — a1/, 17)
Ay = Ag (18)
Ag=—2A, 19)
A’6:A77 (20)

Q; Pr(AsAg + ygAs)

A, = (21)

<Q4 + ng)

The appropriate boundary conditions are

A1(0) =T +TIA3(0), A2(0) = x1, A3(0) =1 +T1A4(0), (22)
A4(0) :szAS(O):O’Afi(O) :)(37/\7(0) =1, (23)

After guessing the three unknowns, 7, v,, and y,, Bvp4c ran the whole numerical simulation until F(c0) = 0, G(c0) = 0,E(c0) = 0
were reached. Additionally, & = £ is used in place of the asymptotic boundary condition, which is at £ 0. In every instance, the inner
iterative process is carried out with a convergence limit of 10-°. Consequently, the complete solution is acquired.

4. Results and discussion

The present research attempts to comprehend the Darcy Forchheimer time-dependent flow of hybridized nanoparticles with
thermal radiation due to slipping dis including its physical characteristics through heat transmission. Figs. 3-7 demonstrate the flow

Define mesh and initial vectors enumerated underneath:
x = linspace(a, b, n)
yinie =[0101010]
Introduce the function “solinit” using “bvpinit” as stated underneath
Solinit = bvpinit(x, yinit, parameters);
|

dydx = odefun ({ ,y)
dydx = [Ay:Ny:f (§,EF):y3:8(5, G,G):As;h(SEH) : A7 8§, EE E')]
res=bcfun(y0,yinit)
=[A;(0) =T + I1A;(0), 43(0) =1 + [14,4(0), 45(0) =0,45;(0)=1:

v
Define the function “odefun.”and “solinit” in the following ways:
res
Ay () = O.l/ls(m) =0, A7(x) = 0/:

Utilize the following command to integrate the problem:
sol=bvpdc(@odefun,@bcfun,solinit):

[ Sol.x=xsol :(mesh by bvpdc) J

Sol.y=ysel : (Approximate solution by bvp4c)
Plot(xsol,ysol(2,:))(This will plot F against &)

@

| |

Fig. 2. Flow chart of Bvp4c.

6
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behaviour against the radial velocity F(&), azimuthal velocity G(¢), axial velocity H(¢) and temperature field Z(&) associated physical
characteristics. The physical dimensionless variables in the framework of conversion differential equations include the inertia coef-
ficient (0.1 < Fr < 0.9), porosity effect (0.1 < a3 < 0.9), slip variable (0.1 < II < 1.0), stretching variable (0.1 <T < 0.5), radiation
variable (0.1 < Rd < 0.5), unsteady variable (0.1 < y < 0.5), across the velocity distribution, temperature distribution, concentration
of nanomaterial, motile density, entropy minimization and Bejan number. We used the following physical properties for demonstrating
the framework: Fr = 0.3, a3 = 0.9,y = 0.2, Rd=0.5,11 =0.2,II; =0.02,I1, = 0.04. It’s worth noting all of the fields are progressively
reaching far-field boundary conditions. The Prandtl number for the Kerosene Qil (KO) has been set for Pr = 23.004 with Hassain et al.
[41]

Fig. 3(a)-3(c) demonstrates the effects of the inertia coefficient Fr on the velocity parameters of the radial velocity F(&), azimuthal
velocity G(¢), axial velocity H(£) and their distributions for both the nanofluid (Ag /KO) and hybrid nanofluid cases (Ag + GO /KO).
Fig. 3(a) provides a representation of the inertia coefficient Fr on the velocity parameters of the radial velocity F(¢) for the influence of
the nanofluid (Ag /KO) and hybrid nanofluid cases (Ag + GO /KO). The visualization gives the impression that the larger in inertia
coefficient Fr radial velocity F(¢) is lower. Permeability rises with increasing inertia coefficient Fr values, creating restriction in a fluid
movement. Consequently, the fluid velocity is reduced. The influence of the inertia coefficient Fr for each of the nanofluid (Ag /KO) and
hybrid nanofluid cases (Ag+GO /KO) across the azimuthal velocity G(¢) is exposed in Fig. 3(b). As we intensify the inertia coefficient
Fr the across the azimuthal velocity G(&) goes down, which is caused by the inertia coefficient Fr. The inertia coefficient Fr for the axial
velocity H(¢) on nanofluid (Ag /KO) and hybrid nanofluid cases (Ag+GO /KO) is graphically exemplified in Fig. 3(c). It is evident that
the axial velocity H(¢) begins to accelerate as the inertia coefficient Fr. Fig. 4(a—c) demonstrates the effects of porosity effect @; over the
velocity parameters of the radial velocity F(¢), azimuthal velocity G(¢), axial velocity H() through the nanofluid (Ag /KO) and hybrid
nanofluid cases (Ag + GO /KO). Fig. 4(a) illustrates the radial velocity F(¢) for larger estimates of porosity effect a; . the radial velocity
F(¢) depreciates as the porosity effect a; enlarges. From this figure, hybrid nanofluid cases (Ag +GO /KO) exhibit superior behaviour to
nanofluid nanofluid (Ag /KO). Physically, the existence of porous space causes an impediment in liquid flow, resulting in a diminution
in radial velocity near the disk. Fig. 4(b) the azimuthal velocity G(&) due the higher magnitude of porosity effect @; with nanofluid
(Ag /KO) and hybrid nanofluid (Ag + GO /KO). An increase in azimuthal velocity G(¢) results in an reduction in azimuthal velocity (¢).
The effect of the porosity effect a; of nanofluid (Ag /KO) and hybrid nanofluid (Ag +GO /KO) across the axial velocity H(¢) is seen in
Fig. 4(c). It has been reported that for nanofluid (Ag /KO) and hybrid nanofluid (Ag + GO /KO), the axial velocity H(¢) is improved for
greater porosity effect a;.

1.2 T T T T T T 0.8
1 GO +A4Ag/KO =—— y GO +Ag/ KO —
Ag/KO === b AgKO ===
0.8 1
0.6 i 0.4
0.4 o Fr=0.1,0.4, 0.9
0.2
Fr=0.104,09
021
0 L
v’
-0.2
0 1 2 3 4 5 6 7 '0'20 1 2 3 4 5 6 7
¢ ¢
(a) (b)

-0.2
-0.4 ¢ T
8 | K po=emespmagesaheada
=
-0.6 | Fr=0.1,0.4, 0.9
GO +Ag/ KO
-0.8 1 Ag/ KO -

©

Fig. 3. Effect of inertia coefficient on (a) F(¢)( b) G(&) (c) H(¢)
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1.2 0.8
7 GO +Ag/ KO —— GO +Ag/KO ——
Ag/KO = - - 0.6 Ag/KO ==+
0.8
0.6 0.4
NY S
oy @ =0.1,0.4,0.9
0.4 !
thi a,=0.1,0.4,0.9
0.2
0 l
0 v 4
-0.2 : -0.2 :
0 2 4 6 0 2 4
'3 '3
(@ (b)
0
-0.2 /
0.4\ [ ___1
S
061 o =01,04,09
0.8 GO +Ag/KO ——
Ag/KO = =-
-1 |
0 2 4 6
3
(©)

Fig. 4. Effect of porosity factor (a) F(¢)( b) G(¢) (¢) H(¢)

The plot of nanofluid (Ag /KO) and hybrid nanofluid (Ag +GO /KO) stretching variable I" over the velocity parameters of the radial
velocity F(&), azimuthal velocity G(&), axial velocity H(¢) has been exhibited in Fig. 5(a—c). Fig. 5(a) displays the results of stretching
variable I" across the radial velocity F(£). The larger magnitude of the stretching variable I' declines the radial velocity F(¢) of nanofluid
(Ag /KO) and hybrid nanofluid (Ag + GO /KO). By changing how fluid constituents deform in the radial direction, the stretching
parameter close to a revolving disk influences the radial velocity. Usually, a parameter controls how the liquid’s radial velocity varies
with disk distance, altering the properties of the outermost layer and the flow profile. The effects of stretching variable I versus the
azimuthal velocity G(&) are recognized in Fig. 5(b). Weak azimuthal velocity G(&) are seen for higher estimations of stretching variable
I' in the presence of radial velocity F(&) of nanofluid (Ag /KO) and hybrid nanofluid (Ag + GO /KO). Fig. 5(c) shows that for nanofluid
(Ag /KO) and hybrid nanofluid (Ag + GO /KO), axial velocity H(¢) accelerates as stretching variable I' rises. Fig. 6(a—c) compare the
radial velocity F(¢), azimuthal velocity G(¢), axial velocity H(&) of the nanofluid (Ag /KO) and hybrid nanofluid (Ag+GO /KO) under
different values of ®; and ®. Fig. 6(a) views that for nanofluid (Ag /KO) and hybrid nanofluid (Ag +GO /KO) radial velocity F(¢) is an
enhancing function of slip variable (IT). The slip effect around a revolving disk can alter the radial velocity of fluid in the region of the
disk by lowering the resistance on the fluid and the appearance, thus alters the velocity profile. The type of substance, the viscosity of
the fluid, and the slip duration all affect how much of a slip effect. Fig. 6(b) shows the slip variable (IT) trend on azimuthal velocity G(¢)
for nanofluid (Ag /KO) and hybrid nanofluid (Ag + GO /KO). the azimuthal velocity G(¢) reduced as the slip variable (IT) enhanced.
Fig. 6(c) indicates that axial velocity H() decays due to the nanofluid (Ag /KO) and hybrid nanofluid (Ag +GO /KO) as the slip variable
(IT) rises.

The impact of the thermal radiation Rd across the temperature field =(&) through the nanofluid (Ag /KO) and hybrid nanofluid
(Ag+GO /KO) is illustrated in Fig. 7(a). The temperature field E(¢) is growing with the rising magnitude of thermal radiation.
Physically, it is evident from the relation between radiative thermal flow and Rosseland radiant absorptivity that, an increment in
radiative thermal flow gives increment in the liquid’s internal heat and an improvement in radiant heat conduction. As illustrated in
Fig. 7(b), as the unsteady parameter y becomes greater, the temperature field Z(¢) of the liquid flowing over the disk diminishes. For
the nanofluid (Ag /KO) and hybrid nanofluid (Ag +GO /KO) nano-liquid categories.

The rate of heat transport and the factor of skin friction are the two most significant factors in thermal engineering. The drag
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friction Cf; describes the drag force in liquid, while thermal diffusion rate is described by the Nusselt number Nu,. Variations in Cf; of
the bar graph versus the stretching variable I' are displayed in Fig. 8(a) which concerns two different fluid categories as nanofluid
(Ag /KO) and hybrid nanofluid (Ag +GO /KO) respectively. As seen in the figures, the drag friction Cf, depends on I'. Fluctuation in heat
transfer rate Nu, versus the thermal radiation parameter is depicted in Fig. 8(b) concerning the nanofluid (Ag/KO) and hybrid
nanofluid (Ag +GO /KO) categories. It is clear from this illustration that the heat diffusion rate is a rising function of Rd.
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Fig. 9(a) - 9(b) represents the influence of numerous factors on parameters drag friction Cf, and Nusselt number Nu,. Fig. 9(a) shows
a three-dimensional representation of local skin friction as it varies with the parameter Fr and the porosity factor a; . Fig. 9(b) shows the
surface plot of Nusselt number Nu, in terms of the radiation parameter Rd and the unsteady parameter y.

Additionally, Table 3 provide numerical values of drag friction Cf; for the various magnitudes of porosity variable a;, unsteady
variable y, inertia coefficient y, slip factor I, stretching variable I for the nanofluid (Ag /KO) and hybrid nanofluid (Ag + GO /KO). The
larger magnitude of the porosity variable a; and stretching variable I" reduces the drag friction Cf, while enhancing the unsteady
variable y, inertia coefficient y, slip factor Il. Consequently, it is discovered that the nanofluid (Ag/KO) and hybrid nanofluid
(Ag +GO /KO) exhibit the most efficient behavior due the enhancement in the thermal radiation Rd and unsteady variable y examined
in Table 4. Finally, we compared our result with previous literature and it shows an outstanding agreement, which has been displayed
in Table 5.

5. Conclusion

This study focused on analysing the influence of (Rd) and slip boundary conditions over transient Darcy—Forchheimer flow of
(GO +Ag /KO) on a slippery rotating disk. By applying the similarity transformation technique, the non-linear PDEs are transformed
into a set non-linear ODEs. Subsequently, the Bvp4c is implemented to approximate the resulting equations. Influence of multiple

physical parameters on flow characteristics was examined using tables and graphs. The key findings are summarized as follows:

e As the parameters Fr and I" increase, the tangential and radial velocity components for both nanofluid (Ag /KO) and hybrid
nanofluid (Ag+GO /KO) nano-liquid case decreases.
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)

Fig. 9. 3D flow process (a) Fr and @; on Cfr (b) Rd and y on (Nur)

Table 3
Numerical results of Cfr for various parameters.
Cfr
a ¥ Fr I r GO + Ag/KO Ag/KO
1.1 0.4578 0.3667
1.2 0.3899 0.3119
1.3 0.3361 0.2685
1.1 0.4061 0.3245
1.5 0.7542 0.6018
2.0 1.3352 1.0683
1.0 1.3352 1.0683
1.5 1.3530 1.0811
2.0 1.3668 1.0909
1.1 1.3192 1.0611
1.2 1.3429 1.0838
1.3 1.3565 1.9064
0.1 1.3990 1.0550
1.4 1.3876 1.0549
2.7 1.3856 1.0548

e The axial velocity of the hybrid nanofluid increases with the porosity parameter and velocity slip parameter.

e As radiation Rd increases, the temperature of the kerosene oil-based hybrid nanofluid also increases, but a reverse relation is
observed for the unsteadiness parameter.

e Skin friction profile is a rising function of the unsteadyness parameter, Darcy-Forchheimer number, and slip number.

e An enhancement in the porosity factor leads to a decrease in the distribution of skin friction Cf.
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Table 4
Approximated Results of Nur for various parameter.
Nur
Rd v GO + Ag/KO Ag/KO
1.1 1.7815 1.4522
1.5 1.9633 1.5879
1.8 2.1440 1.7234
1.0 2.3140 1.8493
2.0 2.3287 1.8636
3.0 2.3434 1.8779
Table 5
Comparison of Rd with drag friction and heat.
Rd F’(0) =(0) F(0) =(0)

Hussain et al. [39]

Current studies

1.4159
1.4452

N =

0.7184
0.8845

1.41592541
1.44525482

0.718414983
0.884524516

e The thermal transfer rate is elevated for greater thermal radiation parameter and unsteady parameters.

Nomenclature
uv,w Velocity component (m/s)
Tw Temperature of the disk (K)
Teo Temperature away from the disk (K)
Fr Inertia coefficient
r Stretching parametr
1 Slip parameter
Cfr Drag friction
Nu, Nusselt number
F Dimensionless Radial velocity
G Dimensionless Tangential velocity
H Dimensionless Axial velocity
2 Dimensionless temperature
Rd Thermal radiation
Pr Prandtl number
Unsteady variable
Hybrid nanofliod
(p) hny Specific heat of hybrid nanofluid (m?/s?K)
Hing Coefficient of viscosity (Kg/ms)
Vhnf Kinematic viscosity of hybrid nanofluid (m?/s)
Phnf Density of hybrid nanofluid (kg/m 3)
Nanofluid
() s Specific heat of hybrid nanofluid (m?/s*K)
Hnf Coefficient of viscosity (Kg/ms)
Vif Kinematic viscosity of hybrid nanofluid (m?/s)
Prf Density of hybrid nanofluid (kg/m3)
kns Thermal conductivity of hybrid nanofluid (Kgm/Ks®)
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