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ARTICLE INFO ABSTRACT
Keywords: The flow of fluid over a spinning disk has a broad scope of numerous applications. It is employed
Darcy Forchheimer flow in various things, including medical equipment, the braking system of cars, gas turbines, plastic

Rotating disk

Titanium oxide (TiO,) and ferric oxide (Fe304)
nanoparticles

Heat

And mass transfer

films, and glass production. As a result of these applications, we considered the phenomena of
Darcy Forchheimer’s three-dimensional flow on TiO, — Fe304 nanoparticles suspended in based
CMC-water fluid. The influence of thermal radiation and convective conditions is studied.
Moreover, the Buongiorno model is utilized to compute the Brownian motion and the thermo-
phoretic effect. To generate the non-dimensionalized governing equations, suitable alterations are
put into use. These equations are then utilized with Matlab BVP4c. Graphs are used to analyze the
behavior of velocity distributions, and thermal and concentration profiles at different parameter
values. In addition, the solutions to the flow problem have been analyzed in terms of several other
physical variables on velocity, temperature, concentration, drag force, heat, and mass transfer.
According to the findings, it is clear that an escalates in the value of the rotation parameter leads
to an increase in the radial velocity and axial velocity. In contrast, an opposite pattern is followed
in the Forchheimer number. Finally, some engineering quantities are evaluated numerically and
presented in tabular forms.

1. Introduction

Adequate drilling fluid, often known as drilling mud, is necessary for a successful drilling operation. The high viscosity of cellulose
derivative carboxymethyl cellulose (CMC) makes it a popular substance. However, its low heat conductivity limits its usefulness as a
drilling fluid in extreme conditions. The fluid’s efficiency is improved when nanoparticles are dispersed throughout CMC in a colloidal
mixture. Mondal [1] recently addressed the characteristics, features, and synthesis of CMC aqueous solution. It has high solubility
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potential, and the capability to soak up and hold water, control the growth of crystals, enhance shelf life, and give the desired texture to
the body. They keep in mind these unique properties and the multifunctional aspects of CMC in various industrial and technological
applications. Benchabane and Bekkour [2] inspected the impact of moisturization due to the CMC polymetric structure, which has
practical applications in the film-forming factor. After this, Babazadeh et al. [3] the authors inspected some practical applications of
CMC fluids in the pharmaceutical and paper industries. Siqueira et al. [4] studied CMC as a model compound used in paper industries.
Ali et al. [S]described the entropy generation for Cross hybrid water-based CMC solution. The impact of CMC in heat and mass transfer
applications and many other industrial and engineering applications of CMC are found in Refs. [6-9].

Researchers have been interested in the efficacy of liquids as a subject of study because of industrial applications that include heat
transmission. Conventional liquids such as ethylene glycol, water, and oil are utilized in various machinery and equipment; however,
these liquids have a narrower range of temperatures. Various investigators have attempted to boost the thermophysical features of
liquids and reduce the thermal expansion challenges by inserting a few solid nanosized particles into the liquid. It has been done to
strengthen the thermal physical characteristics of liquids. In their initial conversation, Choi and Eastman [10] talked about the
thermophysical features of nanofluid. A new type of nanofluid has been developed to provide the industry with the maximum heat
transfer required. This nanofluid consists of two or more different nanoparticles suspended in a base liquid. This sort of nanofluid,
known as a hybrid nanofluid, operates at temperatures significantly more significantly compared to nanofluid. Similar studies on
nanofluids have been conducted by numerous scientists [11-21]. The transport phenomenon of nanofluids was first described by
Buongiorno [22] in the year 2006; it is a model that is superior to dispersion and homogeneous models in that it incorporates the nature
and properties of nanoparticles as well as those of the carrier liquid. This model has been hailed as an improvement. Abbasi et al. [23]
examined the slip effect on hybrid nanoparticles over a wave surface. Chu et al. [24] probed the numerical investigation of a hybrid
nanofluid using different nanoparticles via various heat sources. Ullah et al. [25] accomplished thermal radiative with water base
hybrid nanofluid due to a spinning disk. Sowmya et al. [26] studied the combined effect of heat generation and convective conditions
for a hybrid nanofluid due to a porous fin. Xue et al. [27] pondered the mixed convective hybrid nanofluid inside a microchannel.
Laiquat et al. [28] endeavored the boundary layer flow of shrinking surface and hybrid nanoparticles past a spongy surface. Lately,
Hassan et al. [29] suggested the MHD flow of nonlinear thermal radiation of hybrid nanoparticles using CNTs due to a revolving disk.
Nayak et al. [30] probed a combined effect of viscous dissipation and thermal radiation on MHD flow over a shrinking surface. Sadeghi
et al. [31] reported a theoretical analysis of buoyancy-driven flow inside the two circular cylinders. Saw et al. [32] offered the thermal
investigation of Cross hybrid nanofluid under quadratic radiative. Nayak et al. [33] explored the wavy Baffles for the implications of
heat with dual diffusion natural convection flow. Sarangi et al. [34] discovered the impact of low and higher Prandtl numbers on
tri-hybrid nanoliquid. Rout et al. [35] explored the second law analysis on Ferro-nanofluid with slip effect due to shrinking disk.
Hakeem et al. [36] examined the MHD Carreau hybrid nanoparticles due to an exponential surface. Sharma et al. [37] reported the
significance of the viscous dissipation of copper nanoparticles due to spinning disks. Kumar and co-worker [38] scrutinized the
Darcy-Forchheimer flow and heat source/sink with a hybrid nanofluid. Kumar and co-worker [39] studied the entropy production of
hybrid nanofluid above their revolving disk induced by partial slip.

Modern research fluids containing metallic and metal oxide nanoparticles have widely used applications in various physical sit-
uations. The metal oxide nanoparticles ZnO, Au, Fe;O3, and TiO, have been used in various physical problems to improve thermal
transport properties. Recently, many scholars explored the impact of TiO, nanoparticles in different physical situations. Zental et al.
[40] inspected TiO2 nanoparticles and their medical applications. Then, Behnam et al. [41] explored how TiO» nanoparticles can be
used in photo-thermal therapy and melanoma cancer model applications. After this, Shi et al. [42] examined the impact of titanium
dioxide nanoparticles in different biological systems. Finally, some advanced physical applications of titanium dioxide nanoparticles
have been used, which are mentioned in references [43-45].

To examine the flow of nanofluids and hybrid nanofluids, several studies were conducted on discs that ranged in shape, size, and
material composition. Computers Disk and gas turbine power plants are only two examples of the many different types of mechanical
equipment demonstrating the significance of rotation in heat transfer. Because of the rotating flow configuration, there are essential
uses in frills, aviation engines, compressors engines, and propeller pumps. Flow also plays a role in some other industries. In addition to
their use in engineering, microclimate systems, and electrochemistry, gyrating discs also have different applications. Karman [46] was
the first researcher to investigate the flow across discs. Benton [47] explained the occurrence due to a rotating disk. Emslie et al. [48]
inspected the viscous fluid flow over a rotating disk and its impact in different conditions. After this, Cobb and Saunders [49] where the
authors discussed heat transfer features of rotating disks for various physical situations. Recently, many researchers examined the
modern applications of the rotating disk in different physical conditions, Wang and a co-worker [50] studied the coupling of rotating
disk electrodes for advanced applications in chemical processes and electrochemistry. Beg et al. [51] examined the numerical study of
bioconvection nanofluid flow due to a rotary disk in a spongy surface with a slip effect. Gregory et al. [52] scrutinized the impact of
stability analysis of the three-dimensional boundary layers with advanced applications to the flow due to the rotating disk. Mushtaq
and Mustafa [53] deliberated on the examination of the nanofluid flow toward a stretched rotating disk in the presence of an axial
magnetic field and convective conditions. Khan et al. [54] explored how MHD effect the nanofluid flow and heat transfer analysis due
to a revolving disk. Asma et al. [55] inspected the numerical investigations of the Darcy-Forchheimer flow above a revolving disk with
the applications of nanoparticles in the heat transfer rate. Rehman et al. [56] calculated the numerical analysis of Casson fluid flow
over a rigidly revolving disk with the MHD effect. Some other studies of turning disk flow and its physical applications are addressed in
references [57-60].

e Motivated by the literature mentioned above survey, to the best of the author’s knowledge, no analysis is recorded to explore a
numerical analysis of Darcy Forchheimers flow of CMC-water-based hybrid nanofluid past a rotating stretchable disk.
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e The primary idea of this study is to improve our perception of the exhaustion of energy in industrial and engineering fields. In
addition, water is selected as a base fluid, and two different nanoparticles are tested and compared for their thermal efficiency on
the water-based fluid flow over a rotating disk.

The obtained system of high nonlinear equations is handled numerically by employing the bvp4c numerical scheme.

The impact of velocities, temperatures, and concentrations graphs have been drawn to discuss the effects of many influential
parameters.

The primary outcomes of the present research focused thermal performance of Fe3O4 and TiO5 nanoparticles on the water-based
fluid and their comparison is presented in all graphs.

In addition, Calculations and inspections are performed on the numerical values of skin frictions as well as local Sherwood and
Nusselt numbers. Moreover, the data presented here perfectly accord with the tabulated findings of an earlier published study.

2. Mathematical modeling

Consider the steady incompressible Darcy Forchheimers flow of CMC-water hybrid nanofluid to a rotating stretchable disk. The
current flow study has decided on a cylindrical coordinate system (r, ¢,z). We assume that magnetite-CMC-water nanofluid flow over a
rotating disk lying z = O plane. In the base fluid, water Fe304 and TiO, nanocomposites are dispersed for thermal transport appli-
cations. The Buongiorno model is applied. The thermal characteristics properties of water base fluid containing Fes O4 nanoparticles
are compared with the water having TiO, nanoparticles. The motion in the liquid is produced over the rigid body rotation of the disk in
a positive ¢ direction with constant angular acceleration w (see Fig. 1).

Moreover, the wall temperature is denoted by T, and the ambient temperature T,, from the flow geometry, so the temperature
difference is noticed T,, > T,,. Finally, due to the problem’s axial symmetry, the derivative w.r.t coordinate ¢ is ignored. Using the
above assumptions, the governing equations of the present proposed model can be expressed as follows [50,51]:
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Boundary conditions is defined as [6]
u=cr,v=or,w=0,—ky, = hf(Tf - T)7 Cc=¢C,,z—0 ©)
u—0,v—0,T =T,,C = Cy,z—©

where components u, v, and w are velocity components in r, ¢, z direction, respectively. The fluid temperature is represented by T, C
stands for nanoparticle concentration, s denotes the dynamics viscosity, py,s shows the density, #4,s shows thermal conductivity,
(PCp)pny shows the heat capacitance of the hybrid nanofluid, Dp stands for Brownian diffusion coefficient, Dr for thermophoretic

diffusion coefficient.

L.C, TiO,, Fe,0, Nanoparticles

Porous Space

u=cr,v=CQr,w=0,
by =BT, -T).C=C,

u

Fig. 1. Flow geometry.
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In Eq. (7), the mathematical expression ¢, and ¢, represent the volume fraction of solid nanoparticles of the TiO, and e;0,,
respectively. Further, the subscripts f, hnf, 1s, and 2s exhibit the base fluid, hybrid nanoparticles, and the two distinct solid nanofluids.
The physical data of these hybrid nanoparticles. Thermophysical characteristics of TiO, and Fe;0, with CMC-water base fluid are
displayed in Table 1.

The variables transformation is described as [61]

(p CP)hnf
(p CP)_
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The following transformation are [61]
u=crf(n),v=crGn),w=/c9H(@n),
C T—Ts C— Co (C)]
= ,/—2z.6 — .
=157 (n) = T, ,v/( ) = 7.

Applying the considered similarity variables on Egs. (1)-(5), the transform system of governing equations are given as follows [61]

2F+H =0 (10)
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In which,
Dynamic viscosity = A; ="~ "”” , Density = Ay =2 ""’ , Thermal conductivity = A3 = "f , heat capacity = A4 = %}3;‘7

Here, the altered conditlons are:

F(0) = 1,G(0) = 8, H(0) = 0,6(0) = —A4Bi(1 — 6(0)),y(0) = 1 } 15)
F(00)—0,G(00)—0,0(00)—0,y(c0)—0

where during performing the similarity transformation we get the following dimensionless parameters M, A, Fr, Nt, Nb, Pr, Sc, 5, and Re

Table 1
Thermophysical properties of water base fluid TiO, and Fe;04 nanoparticles are given as.
Physical properties Specific heat capacity Density Thermal conductivity
CMC-water (<0.4%) 4179 997.1 0.613
TiO, 686.2 4350 8.95
Fe304 670 5180 9.7
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are magnetic field, porosity parameter, Forchheimer number, Thermophoresis parameter, Brownian motion, Prandtl number, Schmidt
number, rotational parameter.

O'fBS Cb TDT(TW — Tm)
M=220 g = pp= =l Np= W T )
e’ ki @ T8,
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Physical Quantities: Physical quantities of the present model is expressed as [50,51]:
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Here, 7, and 7, is described as radial and transverse stress, q, and j, represented by heat and mass flux [50,51]
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The reduced form of friction force, heat and mass are described as [50,51].
CiRe* =A1\/ (F(0))? + (G(0))* ,NuRe * = — A;6/(0), ShRe ™ = 71,/(0)} (18)

3. Solution strategy

The numerical code bvp4c is created to study the flow model, which is explained by Egs.(11)-(14) with the associated boundary
conditions. Eq. (15) is also altered according to first-order ODEs. Due to their nonlinear nature, these equations make it challenging to
find an accurate solution to the issues they describe. There are several ways to work with numbers that use arbitrary parameters or
discretizations. Such plans are hard to carry out. The Runge-Kutta method is easy to understand, saves money, and is accessible to
code. The process guarantees a rapid and consistent convergence even with significant volatility in the parameters that regulate the
system. Therefore, for this procedure, we assign a new variable [48,61].

For F_p d’F _dR
- lvdff ‘dézidé
2
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The system of first-order differential equations becomes [48,61]
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Transmuted boundary conditions are [48,61]

Ri(0) = 1,R5(0) = B, Rs(0) = 0,R7(0)(0) = —Bi(1 — Rs(0)), Ro(0) = 1 } 1)
R (00)—0,R;(00)—0, Rg(00)—0, R (00)—0
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The relative error tolerance has been set to 10-6.

4. Results and discussion

This section explored the graphical representation of the flow, heat, and concentration profiles against various involved param-
eters. The flow parameter of interest is Brownian motion Nb, thermophoresis parameter Nt, Prandtl number Pr, magnetic parameter M,
volume friction parameter ¢, rotation parameter f, and the local inertial factor Fr. In this analysis, we focused on exploring the impact
of pertinent parameters on the axial velocity F(y), radial velocity G(y), azimuthal velocity H(y), temperature 6(1), and concentration
w(n). In addition, some flow parameters are elucidated through trapping phenomena and highlighted inthe figures. Moreover, nu-
merical values of the Sherwood numberNusselt number and skin friction are evaluated and presented in tables for different pertinent
flow parameters.

4.1. Impact of Darcy-Forchheimer Fr

The fluctuations of Fr versus axial velocity F(r), radial velocity G(r), azimuthal velocity H(;) and temperature 6(z) for the TiO,+
CMC — water and Fe304 + CMC — water based nanofluid are highlighted in Fig. 2(A)-(D), respectively. It is worth noting here in the
present analysis. We have compared the water-based nanofluid containing TiO, and Fe304 nanoparticles in all the radial, axial and
azimuthal velocities, along with the heat and concentration of the fluid. In the present article, fascinating results were obtained during
the analysis of Fr flow profiles along with heat profiles with the comparative study between the TiO, and Fe3O4 nanoparticles in the
base fluid water. The impact of escalating values Fr on the axial and radial velocity are highlighted in Fig. 2(A) and (B), respectively.
From both figures, the magnitude of the velocity gradient declines for the elevated values of Fr on the axial and radial velocity profiles.
During the analysis, it was found that boosting amplitude of Fr developed some extra resistive forces within the fluid during the
dynamics of the liquid over a rotating disk. Therefore, these resistive forces are generated due to the boosting values of Fr, and the axial
and radial velocities decelerate due to the magnitude of the velocity distribution for the positive values Fr. The impact Fr on the
azimuthal velocity profile is highlighted in Fig. 2(C). From the figure, the higher the importance of the Fr azimuthal velocity profile
increase, as shown in the figure. The fascinating result was obtained during the analysis of Fr over the temperature of the fluid. The
impact of Fr on 6(n) is highlighted in explored in Fig. 2(D). From the figure, elevated values Fr make an increase in the temperature

5 1.5
TlOz + CMC-water. 7‘1'02 + CMC-water.
- =—=- F + CMC- water.
0.8l ‘1304 CMC- water. i - =" Fe304 + CMC- water.
Fr=20.1, 0.5, 0.9
1k ]
0.6 | 1 Fr=0.1, 0.5, 0.9
= =
= 0| =
0.4 1 .32 | 1
031> 0.5} 4
. 0.9 1
0.2 - B
0 o
0 2 4 6 o 2 4 6
/i n
@A) (B)
0
TiOZ + CMC-water. - TiOz + CMC-water.
-0.2 1
______ Fe 0, + CMC- water. : - = = = - Fe O, + CMC- water. |
-0.4 '
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Fig. 2. Consequence of Fr on (A)F(17)(B)G(n)(C)H(n)(D)w(1).
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profile (), as shown in the figure.
4.2. Impact of rotational parameter

The increment of the rotational parameter 5, and its impacts on the axial velocity F(r), radial velocity G(r), azimuthal velocity H(1)
profiles are highlighted. The fluctuations of f versus velocity F(r), radial velocity G(i), and azimuthal velocity H(y) for the TiOy+
CMC — water and Fe304 + CMC — water based nanofluid are elucidated in Fig. 3(A)-(C) respectively. Fig. 3(A) shows how g affects
radial velocity. Increasing § increases radial velocity g grows as the disk rotates. Centrifugal force pulls fluid particles radially. Fig. 3(B)
shows how rotational parameter § affects boundary layer tangential velocity. The rotation parameter improves tangential velocity
distribution. Physically, disk rotation increases tangential velocity. We found that f has a greater influence on the disk surface than at
the boundary layer edge. Fig. 3(C) shows how increasing the rotation parameter increases the fluid’s negative z direction. The disk’s
rotation forces additional fluid to the surface, reducing azimuthal velocity.

4.3. Impact of volume fraction ¢

The fluctuations of ¢ versus velocity F(5), radial velocity G(r), azimuthal velocity H(y) and temperature 6(r), for the TiOy+ CMC—
water and Fe3O4 + CMC — water based nanofluid are highlighted in Fig. 4(A)-(D) respectively. During the analysis, we judge the impact
of different volume friction ¢ on the velocities and temperature of the fluid containing nanoparticles. In addition, we have two different
nanoparticles and their thermal characteristics on the performance of the water-based fluid. It can be observed that in all the figures,
we highlights the impact of volume friction in the case of TiO, and Fe3;04 nanoparticles in the base fluid water and found its behavior
during the fluid flow dynamics over a stretching rotating disk. In this research, we obtained some excellent thermal characteristics of
the suspended nanoparticles on the heat transfer rate. The impact of elevated values of ¢ on the axial and radial velocity are high-
lighted in Fig. 4(A) and (B), respectively. From both figures, the magnitude of the velocity gradient declines for the elevated values of ¢
on axial and radial velocity profiles. During the analysis, it was found that the boosting values of ¢ increased the concentration of the
fluid, due to which the internal viscous forces within the fluid get higher, which produces extra resistive forces. As a result, fluid
velocities decline in both axial and radial velocities. Furthermore, the boosting values of ¢ in both the cases TiO, and Fe3O4 nano-
particles suspended in the water have the same effect on the fluid flow over a rotating disk. The impact ¢ on the azimuthal velocity
profile is highlighted in Fig. 4(C). From the figure the higher the values of the ¢ azimuthal velocity profile increase as shown in the
figure. An excellent thermal characteristic is noticed during the analysis of ¢ on the temperature of the fluid. The impact of ¢ on 6(n), is

2
1 Ti02 + CMC-water.
7TiO , + CMC-water. .
2 ) - = = = Fe O + CMC- water.
- — = - 1«‘(:;()4 + CMC- water. i
0.8 = 1 1.5 T
B—1.0, 1.5, 2.0 B=1.0, 1.5, 2.0
0.6 ) —_
=
= 0.17 - S 1 |
= v ©
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0.4} N S16 . ) / iy
A 4
1.351. 945 0.5} 0.36 A\ |
0.2 1 0.70 9
0 0
0 2 4 6 0 2 4 6
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)
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-0.2 - — = = Fe 0, + CMC- water.
~0.4 | ]
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-0.8 1
=
= 17 1
-1.2 B
-1.4 O 4
\\\:~ —
-1.6 | S S
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Fig. 3. Consequence of $ on (A)F(1)(B)G(n)(C)H(n).
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highlighted and explored in Fig. 4(D). From the figure, elevated values of ¢ make an increase in the 6(1), as shown in the Figure. This
increase in temperature occurs due to the rise in nanoparticle concentrations in the fluid. As the concertation of nanoparticles increases
in the nanofluid with the higher values of ¢ in both the cases TiO, and Fe;O4 nanoparticles due to this increase in the concentration, a
friction force developed in the fluid particles, which enhances the temperature of the fluid, as shown in Fig. 4(D).

4.4. Impact of thermophoresis parameter Nt

The fluctuations of Nt versus temperature 6(5) and concentration y(n) for the TiO, + CMC — water and Fe3O4 + CMC — water
nanofluid is highlighted in Fig. 5(A) and (B) respectively. The impact of various values of the thermophoretic parameter Nt on TiO2+

Ti02 + CMC-water.
Fe{04 + CMC- water.

Nt=1.0, 2.0, 3.0

)

n

(A)

Fig. 5.
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N 34
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CMC — water and Fe304 + CMC — water nanofluid on thermal distribution is portrayed in Fig. 5(A). From the figure, the increase in
temperature curves due to the escalating values of Nt is noticeable physically. The rise in Nt speeds up the thermophoretic process. The
thermophoresis phenomenon occurs in the form of molecular mobility occurs when the temperature gradient is imposed. By imposing
the thermal gradient, the uniform distribution of particles like TiO, + CMC — water and Fe3O4 + CMC — water basenanofluid flow over
a stretching rotating disk transmits thermal energy very rapidly within the thermal boundary lyre region from the hotter surface to the
cooler part. As a result, the temperature of the fluid gets high as shown in Fig. 5(A). Similarly, the nanoparticle concentration profile
y(n) for the escalating values of Nt on the TiO; + CMC — water and Fe3O4 + CMC — water base nanofluid is portrayed in Fig. 5(B). The
plot of the higher value Nt versus concertation profiles (1) shows an increment behavior, it has been observed during the dynamics of
nanofluid flow over a stretching rotating disk through the process Nt and is used as a supporting factor for the increases in the fluid
concentration within the boundary, and physically it is correct. These obtained results highlight that Nt is used to develop the ther-
mophoretic process, due to which the concentration gets higher, as shown in the figure.

4.5. Impact of Brownian motion parameter Nb

The variations of Nb versus temperature 6(y) and concentration () for the TiO; + CMC — water and FesO4 + CMC — water
nanofluid are highlighted in Fig. 6(A) and (B) respectively. The temperature curve for various values of Nb the parameter is highlighted
in Fig. 6(A) as shown. From the figure, it can be observed that an elevation in the parameter Nb improves the thermal characteristics
0(n) of the working fluid temperature distribution, as seen in Fig. 6(A). This acceleration produces in the temperature due to the
enlarging values of the Brownian motion parameter temperature 6(1) and concentration () for the TiO; + CMC — water and Fe304-+
CMC — water nanofluid that reveals that erratic speed produces in the molecules suspended TiO; nanoparticles and Fe304 nano-
particles in water. The temperature gradient increases due to the rise in Nb, which is responsible for the speed-up of the zigzag motion
of molecules within the fluid, due to which the temperature gets high. Similarly, the nanoparticle concentration profile y(5) for the
growing values of Nb is highlighted in Fig. 6(B). The plot of the high importance of Nb versus concertation profiles shows a decrement
behavior. It is physically correct. This decrement in the concertation of the nanoparticles in both the cases TiO, + CMC — water and
Fe304 + CMC — water nanofluid is due to the reason that increasing Nb there a chance of repetition interaction among the nano-
particles TiO, and Fe;04 Consequently, the gap between the nanoparticles is reduced; hence, the concentration distribution decreases,
as shown in Fig. 6(B).

4.6. Impact of Prandtl number

The impact of Pr versus temperature 6(5) for the TiO; + CMC — water and Fe3O4 + CMC — water nanofluid is highlighted in Fig. 7.
The temperature curve for various values of Pr the parameter is highlighted in Fig. 7 as shown. From the figure, the high importance of
Pr have shown a significant decrease in the thermal boundary physically. It is correct. This decrease in the temperature for higher
values of Pr is because it controls the relative thickness of the thermal boundary layers, due to which the temperature of the fluid over s
rotating disk declines for the higher values of Pr.

4.7. Impact of Schmidt number Sc

The impact of Sc on the concertation profile of the fluid is portrayed in Fig. 8. From the plot, it can be observed that higher values of
the Sc will decline the concentration profile in the boundary layer region in both cases for the TiO, + CMC — water and Fe304+ CMC—
water based nanofluid flow over a rotating disk as shown in the figure.

i 1
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N \
\
0.6 -~ 0.6 \\
S < \
I 3 .
0.4 Nb=0.1,03, 0.6 1 04 N\ Nb=0.1,03,06
\\
02 0.2 \
N
S N
0 0
0 1 2 3 4 5 6 0 2 4 6
7 7
(A) B

Fig. 6. Consequence of Nb on (A)6(1)(B)y ().
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Ti02 + CMC-water.

- e Fe304 + CMC- water.

0.08 E
Pr=1.0, 1.5, 2.0

=
= 0.06 B
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0.02 E

(1]

(1] 2 4 6

Fig. 7. Consequence of Pr on ().

4.8. The impact of skin friction Cp, Nusselt number Nu, and Sherwood number Shy

The Skin Friction versus f against various values of Fr is portrayed in Fig. 9. The Nusselt number Nu versus Nt against escalating
values of Nb is highlighted in Fig. 10. The Sherwood number Sh versus Nt against enhancing values of Sc is presented in Fig. 11. From
the figure, it can be observed that the Cy, Nu and Sh are highlighted for water base fluid containing TiO, and Fe3O,4 nanoparticles and
the fluid flow is considered over a stretching rotating disk. From Fig. 9 an increasing behavior is noticed in the Cy with escalating values
of Fr.Similarly, the variation of Nu and Sh is portrayed in Figs. 10 and 11 which shows that the higher importance of the Nb and Sc the
corresponding Nu and Sh get higher in both the cases TiO, + CMC — water and Fe3O4 + CMC — water based nanofluid flow over a
rotating disk as shown in Figures.

4.9. Consequence of Fr on the contour line and streamline pattern

From Fig. 12(A) and (B), it can be observed that Fr plays a vital role in the dynamics of the hybrid nanofluid flow over a stretching
rotating disk. The escalating values Fr of the streamlines get lower, as shown in the figure, which shows that Fr controls the fluid flow.
The same behavior was noticed during the graphical analysis of Fr in Section 4.1 for the axial and radial velocity shown in Fig. 2(A) and
(B), respectively. Figs. 13 and 14 exhibit the streamline for the numerous values of Fr.

5. Validation of the results

In addition to this, the comparison has also been performed in Table 2 with the previous literature that has been done by Ali et al.

Ti02 + CMC-water.

Fe304 + CMC- water. ]

Sc=1.0, 2.0, 3.0

Fig. 8. Consequence of Sc on y/(n).
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Fig. 11. Consequence of Nt and Sc on Sh.

[5] for —0'(0) as a particular stance for our current study.

6. Table discussion

Heliyon 9 (2023) e17641

The information about the Skin Friction Cy, Nusselt Number Nu and Sherwood number Sh for TiO, + CMC — water and Fe304+
CMC — water based nanofluid flow over a rotating disk as shown in Tables 3-5. The impact of Fr results in the enhancement of the force
friction in the case of TiO5 + CMC — water and Fe304 + CMC — water as seen in Table 4. The heat and mass flux impact is tabulated in
Table 5. The Sc, Nb, and Nt enhance the heat flux with an evident augmentation in mass flux.
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Fig. 13. Consequence of Fr = 0.0 on the streamline.

7. Concluding remarks

This research discussed the proposed model of Darcy Forchheimers flow of magnetite-CMC-water nanofluidover a rotating
stretchable disk and the fluid contained TiO, + CMC— water base and Fe3O4 + CMC— water nanofluid. The stretchable rotating disk
with heat and mass transfer disturbs the fluid.

During the present analysis, we get the following concluding remarks.

e The growing values Fr decline the axial velocity F(n) and radial velocity G(n) while increasing the azimuthal velocity H(y) and
temperature ().

e The growing values of rotational parameter § accelerate the axial velocity F(x) and radial velocity G(n) while reducing the
azimuthal velocity H(r).

o The escalating values ¢ slow down the axial velocity F(y) and radial velocity G() while speeding up the azimuthal velocity H(z)
and temperature 6(1).

e The increase in the Nt result is an increase in both the thermal (i) and concentration y(z) distribution.

e The higher values Nb increase the temperature 6(1) while declining the concentration () distribution.

o The growing values of Pr control thermal 6(r) profile.

o The increase in the Schmidt number declines concentration () distribution.

12
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Table 3

The values of skin-friction co-efficient CfRei for different values of fluid parameters.

Table 2

-

=l

[ ]

TiO, + CMC water.
Fe304 + CMC water.

Fig. 14. Consequence of Fr = 0.3 on the streamline.

Numerical comparison of Nusselt number for the various values of Pr.

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Pr Ali et al. [5] Current outcomes
0.7 0.4560 0.4539
2.0 0.9113 0.9113
7.0 1.8954 1.8954
20 3.3539 3.3539

1
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1

@ p M @ 1

CfRe2

TiOy CMC — water Fe304 + CMC — water
0.5 0.1 1.0 0.01 1.7002 1.6901
1.0 0.1 1.0 0.01 2.2551 2.2441
1.5 0.1 1.0 0.01 2.9998 2.9887
1.5 0 1.0 0.01 3.0031 3.0016
1.5 0.2 1.0 0.01 2.9997 2.9884
1.5 0.3 1.0 0.01 2.2987 2.2876
1.5 0.3 0.5 0.01 2.7727 2.7617
1.5 0.3 1.5 0.01 3.2184 3.2072
1.5 0.3 2.5 0.01 3.6217 3.6109
1.5 0.3 2.5 0.02 3.7312 3.7202
1.5 0.3 2.5 0.03 3.8430 3.8321
1.5 0.3 2.5 0.04 3.9572 3.9461

e The Cj, get higher with the growing values of Fr verses f.
e The Nu, increases with the elevated values of Nb versus Nt.
e The Sh, get higher for the elevated values of Sc versus Nt.

Future direction

Our study was carried out on the Darcy-Forchheimer by considering CMC-water with two nanoparticles rotating using the
Buongiorno model over a rotating disk. Mixed convective and MHD, multiple slip effect, and general fluids models may be included in
future work if time and resources permit.
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Table 4
1

The values of local Nusselt number Nu Re 2 for different values of fluid parameters.

@ Pr Nt Nb 1
NuRe 2
TiO, CMC — water Fe304 + CMC — water

0.01 6.7 0.4 0.4 0.4255 0.4145
0.01 0.4274 0.4164
0.01 0.4281 0.4172
0.01 0.4290 0.4169
0.01 6.7 0.4 0.4 0.4301 0.4291
0.01 0.4312 0.4201
0.02 0.4409 0.4399
0.03 6.7 0.4608 0.4597
0.04 0.4693 0.4582
0.04 5 0.4480 0.4368
0.04 6 0.4562 0.4451
0.04 7 0.4626 0.4515
0.04 7 0.2 0.4634 0.4523
0.04 7 0.5 0.4622 0.4512
0.04 7 0.8 0.4610 0.4500

Table 5

1

The values of local Nusselt number Sh Re 2 for different values of fluid parameters.

Sc Nt Nb 1
ShRe 2
TiO, CMC — water Fe304 + CMC — water

0.7 0.4 0.4 0.6084 0.5973
0.8 0.6777 0.6676
0.9 0.7433 0.7321
0.7 0.5 0.4930 0.4821
0.8 0.4 0.5716 0.5605
0.9 0.6454 0.6343
0.7 0.6 0.5 0.3976 0.3866
0.8 0.4853 0.4743
0.9 0.5670 0.5559
0.7 0.7 0.6 0.3197 0.3086
0.8 0.4160 0.4049
0.9 0.5053 0.4942
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Nomenclature

A
Fr
B;
Nb
Nt
Pr
K

TS eTQmy

Nu,
Sh,
r7 ¢7 Z

u,v,w

S

Dr

EEP R

Porosity parameter Dimensionless
Darcy-Forchheimer Dimensionless

Biot number Dimensionless

Brownian motion Dimensionless
Thermophoresis force Dimensionless

Prandtl number Dimensionless

Mean absorption Dimensionless

Schmidt number Dimensionless

Dimensionless axial velocity Dimensionless
Dimensionless radial velocity Dimensionless
Dimensionless azimuthal velocity Dimensionless
Dimensionless temperature field Dimensionless
Dimensionless concentration field Dimensionless
The ratio of effective heat capacity Dimensionless
Skin friction coefficient Dimensionless

Nusselt number Dimensionless

Sherwood number Dimensionless

Cylindrical Dimensionless

Rotation parameter Dimensionless

Component of velocity ms™!
Angular velocity s~!

Specific heat J(kg) 'K™!
Acceleration due to gravity ms™

Thermophoretic diffusion coefficient m2s~1
-1

2

Brownian diffusion coefficient m2s
The temperature of the fluid K
Wall temperature K

Ambient temperature K

Surface heat K

Coefficient of heat transfer Wk~1m—2

Hybrid nanofluid

Dynamic viscosity of CMC-wtaer kg(ms) "

Hhnf

Vinf Kinematic viscosity of CMC-wtaer m?s~!

g Thermal diffusivity of CMC-wtaer m?s~!

Kbnf Thermal conductivity of CMC-wtaer kgmK~1s~3
Phnf Density of nanofluid of CMC-wtaer kgm~3
(Cp)ryy  The density of microorganism particles kgm~3
nanofluid

Hnf Dynamic viscosity of CMC-wtaer kg(ms)

Vnf Kinematic viscosity of CMC-wtaer m?s~!

g Thermal diffusivity of CMC-wtaer m?s!

kns Thermal conductivity of CMC-wtaer kgmK~'s~3
P Density of nanofluid of CMC-wtaer kgm 3
(Cp)s The density of microorganism particles kgm3
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