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Abstract: A metallic alloy is a combination of two or more
elements, often called a compound or a solution. Steel is
largely composed of carbon, a nonmetal, but alloys are
often made up of metals. In this article, the authors have
explored the electrically conducting water-based viscous
nanofluids flow past a rotating disk surface. The nanofluids
flow is composed of titanium and aluminum alloys where
water is used as a base fluid. Two important cases, namely
the stretching case and the shrinking case, were investi-
gated to analyze the flow behaviors due to the different
embedding factors. The impacts of viscous Joule heating,
thermophoresis, Brownian motion, activation energy, non-
linear thermal radiation, and chemical reaction are inves-
tigated here. By employing an appropriate set of variables
for shifting the leading equations to dimension-free form.
The mathematical model is solved numerically by incor-
porating the bvp4c MATLAB scheme. Current work is vali-
dated with previous studies. The outcomes showed that the
radial velocity increases when the disk surface stretches
and reduces when the disk surface shrinks. On the other
hand, the Azimuthal velocity increases when the disk

surface shrinks and reduces when disk surface stretches.
Both the radial and Azimuthal velocities are the dimin-
ishing functions of the magnetic factor, whereas tempera-
ture is the growing function of magnetic factor. In addition,
the temperature is more influenced by the magnetic factor
in the case of nonlinear radiation. The higher magnetic
factor increases skin friction. In addition, the stretching
case experiences more surface drag than the shrinking
case. It is found that nanofluid flow containing titanium
alloy has perceived the greater impacts of the embedded
factors compared to the nanofluid flow containing alu-
minum alloy.

Keywords: nanofluids, water, titanium and aluminum alloys,
Joule heating, viscous dissipation, rotating disk, stretching/
shrinking cases

Nomenclature

u, v, w components of flow
r , φ, z coordinates
B0 strength of the magnetic field
Ω angular velocity

=u arw stretching velocity
S stretching/shrinking factor

=v rΩw rotational velocity
T temperature
Tf reference temperature
C concentration
Cf reference concentration
a constant
ρ density
μ viscosity
σ , k electrical and thermal conductivities
p pressure
Cp specific heat
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DB Brownian diffusivity coefficient
DT thermophoretic coefficient
kr reaction coefficient
Ea coefficient of activation energy
n power index
hf , hc heat and mass transfer coefficients
ϕ nanoparticle volume fraction
M magnetic factor
Pr Prandtl number
ω temperature difference factor
BiT, BiC thermal and concentration Biot numbers
Kr chemical reaction factor
Nt thermophoretic factor
Rd thermal radiation factor
Nb Brownian motion factor
E activation energy factor
Sc Schmidt number
θw temperature ratio factor

1 Introduction

It is difficult to achieve high competence in thermal-mass
fluidity while working with ordinary fluids that have
subpar thermophysical properties. The introduction of
the idea of nanofluids brought the issue to some actuality.
A fluid that has been infused with quite conductive nano-
particles is known as a nanofluid. In contrast to larger
particles, these nanoparticles are easily suspended in the
base fluid for long enough duration. The prodigious effort
of nanofluid was presented by Choi [1]. Due to the magni-
ficent heat performances, the nanofluid is accepted as a
dominant source of energy and has many applications
in modern thermal technological and industrial develop-
ments. Wen and Ding [2] examined the electrostatic
stability processes and the use of a high-shear mixing
homogenizer to distribute titanium nanoparticles in pure
water. In order to investigate the performance of nanofluids
in terms of thermal transference under the conditions of
natural convection, these nanofluids are discovered to
be extremely stable. Lin and Ghaffari [3] explored heat
transmission phenomena of power-law fluid within two
extending disks separated by a fixed distance and rotate
coaxially. They discovered that rotation improves the velo-
city components. Wang et al. [4] summarized the funda-
mental ideas of slip conditions including their definition
and categories. An analysis was conducted by Tyler et al.
[5] to determine how nanoparticles, specifically nanodia-
monds, affect heat transfer in fluids and polymer solids.
Techniques are discussed for dispersing nanoparticles in

liquids and solids. Heat transfer properties of liquid suspen-
sions are qualitatively compared using a custom thermal
transport test setup that measures particle size distributions
and fluid viscosities. Using a flash lamp technique, the thermal
conductivity of polymer samples is measured to ensure nano-
particle dispersion. A hybrid nanofluid is another creation
with enhanced thermal properties than traditional base fluids
and nanofluids. Nanoparticles are mixed into a base fluid to
form this mixture. In the composition of nanofluids or hybrid
nanofluids, metal carbide, metal nitride, metals, metal oxides,
and other carbon-based compounds are the most often
employed nanoparticles. Sajid and Ali [6] presented an inclu-
sive review of the hybrid nanofluids’ thermal conductivity by
overviewing the theoretical and experimental studies on the
hybrid nanofluids. They discussed various dynamics affecting
thermal conductivity, including nanoparticle type, tempera-
ture, variability of pH, and sonication time. The hybrid
nanofluid slip flow was inspected by Wahid et al. [7] over a
permeable sheet that was stretching/shrinking exponentially
over time. The application of alumina and copper in a hybrid
system using H O2 as base fluid is examined and proved that
volume fractions on copper nanoparticles can increase both
the dragging force and Nusselt number. Yasir and Khan [8]
addressed the blood-based hybrid nanofluid flow containing
Cu and Ag nanoparticles past a stretching surface using
porous media. Their results show that the hybrid nanofluid
flow has better performance in terms of heat transfer when
compared to blood fluid. Babu et al. [9] investigated the slip
flow of a nanofluid past a nonlinear stretching surface. They
observed that the rate of heat transfer is higher on the non-
linear stretching surface when compared to linear stretching
surface. Yasir et al. [10] presented the stability analysis of a
hybrid nanofluid flow over a shrinking/stretching curved sur-
face with nonlinear thermal radiation and heat source and
found that the rate of heat transfer increases with the higher
thermal radiation factor. Kumaraswamy Naidu et al. [11]
examined the sodium alginate-based nanofluid flow con-
taining Fe3O4 nanoparticles over a thermally convective
extending surface. They found that the higher thermal Biot
number heightens the rate of heat transfer. Harish Babu and
Satya Narayana [12] investigated the Jeffrey nanofluid flow
due to rotating stretching surface. Yasir et al. [13] addressed
the heat transfer analysis of hybrid nanofluid flows over a
stretching/shrinking surface. They found that the skin friction
increases and velocity distribution reduces with the higher
magnetic factor. Some other relevant studies can be seen in
refs [14–16].

In order to illustrate the impression of Brownian
motion and thermophoretic diffusion, different investiga-
tors have used the prominent Buongiorno model. Pakravan
and Yaghoubi [17] considered the nanoparticle passage of a
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natural convective thermal transfer of nanofluids. Shei-
kholeslami and Ganji [18] investigated the heat transmission
characteristics of a three-dimensional flow on a rotating
sheet with the effects of magnetic field, thermophoresis,
and Brownian motion factors. They observed that the mag-
netic and rotating factors have a direct relation with the skin
friction. Also, the Reynolds number has a similar relation
with the Nusselt number. Goudarzi et al. [19] addressed the
Brownian motion of the water-based hybrid nanofluid com-
prising Ag and MgO nanoparticles in an enclosure. They
showed that there is 11% increment in Nusselt number
due to the increasing thermophoresis diffusion of both Ag
and MgO nanoparticles. Abdelmalek et al. [20] discussed the
bioconvection magnetohydrodynamics nanofluid flow over
an extending sheet with the features of thermal absorption/
generation and activation energy by considering the velocity
slips and convective conditions. Abdelmalek et al. [21] ana-
lyzed the 3D flow of cross-liquid with chemical reaction.
Dawar et al. [22] examined hybrid nanofluid flow on a con-
vectively heated curved surface with variable internal
heating and Brownian motion. They found that the hybrid
nanofluid case experienced more effects from the embedded
factor when compared to the nanofluid case.

The importance of rotating disk induced flows in a
variety of real-world applications, including aerospace
engineering, and food processing technologies, rotational
air cleaners, centrifugal pumps, rotor-stator systems, gas
turbine engineering, chemical industries, chemical engi-
neering, and turbomachinery. A steady rotating flow of
liquid close to a spinning disk was proposed by Kármán
[23]. An approximate integral approach was used in the
study by Kármán [23] to obtain analytical solutions. Mik-
lavčič [24] identified a few errors in Von Kármán analysis
and produced precise numerical estimates for the principal
equations. Stuart [25] investigated the Von Kármán flow
over a revolving disk of infinite radius with uniform suction
and found that the radial component of the flow decreases
with the increasing suction factor. Ackroyd [26] studied the
laminar flow of fluid past a gyrating disc with suction and
injection cases by using series solution with exponents as
negative. This method is proven to consistently yield highly
accurate solutions for all suction scenarios and for low injec-
tion values at the disk surface, demonstrating excellent pre-
cision. Shah et al. [27] examined fluid flow on a rotating disk
with Hall current. Alreshidi et al. [28] deliberated on the
impacts of Brownian motion and thermophoresis on
magnetized nanofluid flow with Joule heating and slip con-
ditions due to porous spinning disk. Jyothi et al. [29] consid-
ered the effect of activated energy on fluid flow over a
revolving disk. Qayyum et al. [30] examined the heat trans-
mission of a dissipative flow of fluid amid two revolving

disks. Later on, numerous studies [31–39] have been con-
ducted by researchers to investigate different types of flow
by considering different physical conditions.

Nanometer-sized metal particles or non-metals and
metalloids form the alloy. There are many different types
of alloys, but the best ones are brass, steel, phosphor
bronze, solder, and gold. In addition to their use in biome-
dicine, alloys are employed in a wide range of engineering
uses like advanced powder technology, fuel cells, surgical
implantation, aerospace science technology, drug delivery
systems, hip joint replacement processes, nuclear reactors,
and various biological treatments. For corrosion protec-
tion, nanoparticle coatings of aluminum (AA7075) and tita-
nium (Ti Al V6 4 ) alloy nanoparticles are applied to chemical
processing equipment, transpiration cooling, wire, fiber,
and heat exchangers. Due to the high susceptibility of
metallic alloy nanoparticles to magnetic fields, interactions
of flows with magnetic fields can alter the physical as well
as thermal features of nanofluids, thereby regulating their
flow and thermal transference. Hybrid nanofluids, com-
bining titanium alloy and aluminum alloy nanoparticles,
offer intriguing possibilities, especially in applications invol-
ving rotating disk surfaces. These applications include heat
transfer enhancement, tribological applications, cooling sys-
tems in electronics, energy conversion systems, material
processing and manufacturing, aerospace and automotive
applications, and thermalmanagement in renewable energy
systems. Being inspired by the above applications of alloys,
the authors are interested in investigating the alloys of alu-
minum (AA7075) and titanium (Ti Al V6 4 ) over a rotating disk
surface. To make novel this study, the following questions,
which are not yet addressed, are to be addressed in the
present investigation:
• In which scenario (stretching or shrinking), do the radial
and azimuthal velocities exhibit higher values?

• In which scenario (stretching or shrinking), a magnetic
field has diverse impact on the Azimuthal velocity, radial
velocity, and drag force at the surface of the rotating disk?

• In which case (i.e., linear or nonlinear), the thermal
radiation has maximum impact on the temperature of
the nanofluids flow?

Which water-based nanofluid flow (i.e., Ti Al V6 4 nano-
fluid or AA7075 nanofluid) is greatly influenced by the
embedded factors?

Thus, to address the above research questions, the
authors have taken the water-based nanofluids flow over
an angularly rotating disk surface. Two types of alloys
called aluminum alloy and titanium alloy are mixed with
water to form the water-based nanofluids flow. Initially, a
mathematical framework was proposed in the form of
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PDEs as presented in Section 2. The numerical solution of
the mathematical design is done by using bvp4c MATLAB
scheme, which is shown in Section 3. The authentication of
the current flow problem and discussion of results are
presented in Section 4. The final remarks are concluded
in Section 5.

2 Model formulation

Consider a laminar flow of a viscous nanofluid on a
rotating disk. The angular velocity of the disk surface is
denoted by Ω, which rotates along -z axis. The components
of velocity (u, v, w) are analyzed, respectively, in -r , -φ , and
-z directions. The flow is influenced by the strength of the
magnetic field B0, which is normal to the flow direction.
The rotating disk stretches along a radial direction with
velocity ( ) =u r, 0 Suw, where =u arw is the stretching velo-
city, >S 0 denotes the stretching scenario, and <S 0 denotes
the contracting scenario. In addition, the disk rotates with
velocity ( ) =v r v, 0 w (in anticlockwise direction) with velocity

=v rΩw such that ≥Ω 0. Cw, Cf , and ∞C denote the surface,
fluid, and free-stream concentrations, respectively. In addi-
tion, Tw, Tf , and ∞T depict the surface, fluid, and free-stream

temperatures, respectively. A geometrical representation is
shown in Figure 1.Moreover, theflowassumptions are as follows:
1) Thermophoresis and Brownian motion
2) Chemical reaction and activation energy
3) Viscous dissipation
4) Nonlinear thermal radiation
5) Joule heating
6) Convective conditions

Thus, the leading equations are defined as follows [38,40,41]:
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Figure 1: Flow geometry of the problem.
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The thermophysical features of nanofluid are charac-
terized as follows:
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Table 1 shows the thermophysical features of the base
fluid and nanoparticles.

The similarity variables are defined as follows [23,40,44]:
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Using Eq. (9) in Eqs. (1)–(7), we have
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The main factors are described as follows:
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Skin friction coefficient and Nusselt and Sherwood
numbers are described mathematically as follows [45]:
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Table 1: Thermophysical features of the base fluid and nanoparti-
cles [42,43]

Properties H O2 AA7075 Ti Al V6 4

σ 0.005 26.77 × 106 5.8 × 105

k 0.613 173 7.2
Cp 4,179 960 0.56

ρ 997.1 2,810 4,420
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Thus, the above equation is reduced as follows:
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where Re
Ωr

ν
r

2

f

is the local Reynolds number.

3 Numerical solution

The shooting method is used in the current model to carry
out the numerical analysis [46–49]. The bvp4c MATLAB
scheme is used to investigate the first-order system of
equations. This approach has the benefits of solving non-
linear system of equations with small effect, allows us to
define the error tolerance on our own, can solve those
systems that are challenging by using analytical methods,
and provides solutions faster than other methods. To apply
this technique, let us assume that
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Then, the modeled ODEs can be written as follows:

( ) ( )′ = −ξ ξ1 2 2 , (21)
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4 Discussion of results

In this section, we have presented the physical discussion
of the flow profiles. The nanofluids flow (Ti Al V–H O6 4 2

nanofluid and AA7075–H O2 nanofluid) over a disk surface
that rotates angularly is considered here. Two important
cases, namely the stretching case and the shrinking case,
were investigated to analyze the flow behaviors due to the
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different embedding factors. Figures 2–8 and Tables 3–5
are displayed in this regard. Figure 2(a) displays the impact
of stretching/shrinking (S) on radial velocity profile ( ( )f ζ ).
Here, the results of S are shown for two different cases of
the disk: (i) when the disk stretches ( >S 0) and (ii) when
the disk shrinks ( <S 0). For >S 0, ( )f ζ increases, and for

<S 0, ( )f ζ reduces. These effects are obvious due to the
physical phenomena of the surface. In addition, the effect
of S is greater for −Ti Al V H O6 4 2 nanofluid when compared

to AA7075–H O2 nanofluid for both >S 0 and <S 0. Figure
2(b) displays the impression of stretching/shrinking (S) on
Azimuthal velocity profile ( ( )h ζ ). Here, the results of S are
shown for two different cases of the disk: (i) when the disk
stretches ( >S 0) and (ii) when the disk shrinks ( <S 0). For

<S 0, ( )h ζ increases, and for >S 0, ( )h ζ reduces. In addi-
tion, it is concluded that when the disk shrinks, ( )h ζ

increases, and when the disk stretches, ( )h ζ reduces as
shown in Figure 3(a). In addition, −AA7075 H O2 nanofluid
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Figure 2: (a) ( )f ζ vs S . (b) ( )h ζ vs S .
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has maximum velocity for both the shrinking and
stretching disks when compared to −Ti Al V H O6 4 2 nano-
fluid. Figures 3(b) and 4(b) show consequences of magnetic
factor (M ) on ( )f ζ , ( )h ζ , and temperature ( ( )θ ζ ) panels. Both

( )f ζ and ( )h ζ reduce with greater M while ( )θ ζ reduces.
Physically, the greater M produces the contrasting force to
the flow because of the Lorentz force. The Lorentz force is
impeding force performing in contradiction of the flow par-
ticles motion. As we increase M , the greater Lorentz forces
produce that declines velocity of fluid. Therefore, both ( )f ζ

and ( )h ζ reduce with higher M . In addition, M increases
when the disk stretches. Furthermore, this effect is greater for

−AA7075 H O2 nanofluid when compared to −Ti Al V H O6 4 2

nanofluid. On the other hand, the greater Lorentz force
produces higher thermal transference rate at the surface
of disk and results in augmentation of thermal distribution.
Therefore, the greater M augments ( )θ ζ . In addition, an
important phenomenon is discussed here (linear and non-
linear thermal radiation). =θ 1w shows the linear and

>θ 1w shows the nonlinear thermal radiation. θw is ratio of
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Figure 3: (a) ( )f ζ vs M . (b) ( )h ζ vs M .
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reference temperature (Tf ) to free-stream temperature ( ∞T ).
So by definition, >θ 1w shows the more significance impact
than =θ 1w . This is only possible for reference temperature
to be greater than as it is at free-stream. The higher the
reference temperature, the greater the heat generated in
the flow system. The more heat in the flow system definitely
shows the higher temperature. This phenomenon is shown
Figure 5(a). Figure 5(b) expresses the impression of thermal
Biot number (BiT) on ( )θ ζ . The results show that the increasing
BiT increases ( )θ ζ . Actually, the increasing BiT increases the

coefficient of heat transfer. The increasing coefficient of heat
transfer has direct relation with BiT. So by this fact, the
increasing BiT heightens the thermal transference rate, which
consequently increases the temperature distribution. In addi-
tion, the impression of BiT is maximum for the nonlinear
thermal radiation case. Also, the higher impact of BiT is
perceived for −Ti Al V H O6 4 2 nanofluid when compared to

−AA7075 H O2 nanofluid. Figure 6(a) shows the impact of acti-
vation energy parameter (E) on concentration distribution
( ( )ψ ζ ). The higher E heightens the concentration boundary
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Figure 4: (a) ( )θ ζ vs M . (b) ( )θ ζ vs BiT.
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layers, which results in an augmenting impact on ( )ψ ζ . In addi-
tion, the greater impact is found for −Ti Al V H O6 4 2 nanofluid
when compared to −AA7075 H O2 nanofluid. Figure 6(b)
expresses the result of chemical reactivity factor (Kr) on

( )ψ ζ . The increasing Kr reduces ( )ψ ζ . Actually, the increasing
Kr diminishes the molecular diffusivity of the nanofluids
flow, which results in reduction in the concentration layers
at boundary. Therefore, the increasing Kr declines ( )ψ ζ .
In addition, the greater impact of Kr is observed for

−Ti Al V H O6 4 2 nanofluid when compared to −AA7075 H O2

nanofluid. Figure 6(a) exhibits the result of Sc on ( )ψ ζ . The

higher Sc reduces ( )ψ ζ . This is due to the reason that the
escalating Sc diminishes the molecular diffusivities of the
nanofluids flow, which affects the solutal boundary layer
thicknesses to decreases. The reduction in the thicknesses
of the boundary layers results in a declining impact of the
concentration distribution. Therefore, the higher Sc reduces

( )ψ ζ . When compared the two different nanofluids, the max-
imum impact is found for −Ti Al V H O6 4 2 nanofluid than

−AA7075 H O2 nanofluid. Figure 7(a) expresses the impression
of concentration Biot number (BiC) on ( )ψ ζ . The results show
that the increasing BiC increases ( )ψ ζ . The reason is that the
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Figure 5: (a) ( )ψ ζ vs E . (b) ( )ψ ζ vs Kr.
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increasing BiC increases the coefficient of mass transfer. The
increasing coefficient of mass transfer has direct relation
with BiC. So by this fact, the increasing BiC heightens the
mass transfer rate and boundary layer of the concentration
profile, which consequently increases the concentration distri-
bution. In addition, the higher impact of BiC is perceived for

−Ti Al V H O6 4 2 nanofluid when compared to −AA7075 H O2

nanofluid. Figures 7(b) and 8(a) show the impact of Nt on
( )θ ζ and ( )ψ ζ , respectively. The higher Nt augments both
( )θ ζ and ( )ψ ζ . Actually, the higherNt strengthens the thermo-
phoretic force, which forces the particles of the nanofluids to

move toward the hot region from colder one. This movement
of the nanofluid particles enhances the thermal boundary
layer and temperature of the nanofluids. Thus, the growing
Nt heightens ( )θ ζ . In addition, the impression of Nt is max-
imum for the nonlinear thermal radiation case. Also, the
higher impact of Nt is perceived for −Ti Al V H O6 4 2 nanofluid
when compared to −AA7075 H O2 nanofluid. On the other
hand, the concentration boundary layer thicknesses also
enhance with increasing Nt, which results in an enhanced
impact on the concentration distribution, as shown in Figure
8(b). In addition, the higher impact of Nt is perceived for
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−Ti Al V H O6 4 2 nanofluid when compared to −AA7075 H O2

nanofluid. Figure 8(a) and (b) shows the impact of Nb on
( )θ ζ and ( )ψ ζ , respectively. From these figures, we see that
the increasing Nb increases ( )θ ζ but reduces ( )ψ ζ . The fact is
that the higher Nb increases Brownian motion of the nano-
fluids particles, which leads to an increase in the temperature
and the thermal boundary layers, resulting in augmenting
behavior in ( )θ ζ . Furthermore, the impact of Nb is maximum
for the nonlinear thermal radiation case. Also, the higher
impact of Nb is perceived for −Ti Al V H O6 4 2 nanofluid when
compared to −AA7075 H O2 nanofluid. On the other hand, the

increasing Nb reduces the mass transfer rate and so are the
concentration boundary layers. Thus, the higher Nb reduces

( )ψ ζ . In addition, the greater effect of Nb is perceived for
−Ti Al V H O6 4 2 nanofluid when compared to −AA7075 H O2

nanofluid. Table 2 expresses the assessment of current analysis
with published results of the previous studies. Here, close rela-
tions between the present and published results are found,
which validate the present analysis. Table 3 displays the
impressions of M and S on CRer f . The higher magnetic

factor augments CRer f . The reason is that the higher M
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Table 2: Validation of the present results with previous studies when = = =S ϕPr 6.2, 0.0, and 0.0

Outcomes (( ))f ′ 0 (( ))h‒ ′ 0 (( ))g‒ 0 (( ))θ‒ ′ 0

Present 51.03537103 × 10‒2 61.58881969 × 10‒2 0.8882966310 93.38779486 × 10‒2

Kelson and Desseaux [50] 51.0233 × 10‒2 61.5922 × 10‒2 88.4474 × 10‒2 —

Bachok et al. [34] 51.02 × 10‒2 61.59 × 10‒2 — 93.37 × 10‒2

Turkyilmazoglu [51] 51.023262 × 10‒2 61.592201 × 10‒2 88.447411 × 10‒2 93.387794 × 10‒2

Abbas et al. [52] 50.9175 × 10‒2 61.5375 × 10‒2 88.2042 × 10‒2 93.1855 × 10‒2
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enhances the Lorentz force, which always opposes the motion
of the fluid particles. Thus, the enhancing Lorentz force
increases the drag force at the surface. Therefore, CRer f

increases with greater M . In addition, the effect of M on
CRer f is higher when >S 0. Also, −Ti Al V H O6 4 2 nanofluid

has maximum surface drag than the −AA7075 H O2 nanofluid.
The impact of S on CRer f is also shown in Table 3. This is
obvious that the higher stretching rate will increase the surface
drag force, but this effect is opposite for the case of shrink-
ing sheet. Similar impacts are perceived here. In addition,

−Ti Al V H O6 4 2 nanofluid has maximum surface drag than
the −AA7075 H O2 nanofluid. Table 4 show the impacts of Rd,

Nb, Nt, and BiT on local Nusselt number ( Nu
1

Rer

). It is

observed that Nu
1

Rer

increases with higher values of Rd

and BiT and reduces with higher values of Nt and Nb. The
increasing Rd means that extra heat generates in the flow

system, which obviously increases Nu
1

Rer

. Similarly, the

increasing BiT increases the coefficient of heat transfer, which

results in an increase in the rate of heat transfer. Thus, Nu
1

Rer

increases with higher BiT. On the other hand, Nu
1

Rer

reduces

with higher values of Nt and Nb. This indicates that the dis-
tribution of nanoparticles in the flow regime may benefit
from the Brownian motion process. Moreover, low Nt and
Nb values may contribute to temper the flow regime. In addi-
tion, −Ti Al V H O6 4 2 nanofluid has maximum heat transfer rate
than the −AA7075 H O2 nanofluid. Table 5 expresses the

impression of Sc, Nb, Nt, and BiC on Sh
1

Rer

. It is perceived

that the greater values of Sc, Nt, and BiC heightens Sh
1

Rer

,

while the greater values of Nb diminishes Sh
1

Rer

. In addition,

−Ti Al V H O6 4 2 nanofluid has maximum mass transfer rate
than the −AA7075 H O2 nanofluid.

5 Conclusion

The electrically conducting viscous nanofluids flow over an
angularly gyrating disk is explored in this investigation.
Two different types of nanoparticles, namely titanium
alloys (Ti Al V6 4 ) and aluminum alloys (AA7075). were inves-
tigated, whereas water (H O2 ) is used as a base fluid. Two impor-
tant cases, namely the stretching case and the shrinking case,
were investigated to analyze the flow behaviors due to the dif-
ferent embedding factors. The impacts of viscous Joule heating,
thermophoresis, nonlinear thermal radiation, Brownian motion,
activation energy, and chemical reaction are investigated here. At
the end of this investigation, the following key points are
illustrated:
• The radial flow increases when the surface of the disk
stretches and reduces when the disk surface shrinks. On
the other hand, the Azimuthal velocity increases when

Table 3: Impacts of M and S on CRer f

M S AA7075–H O2 Ti Al V–H O6 4 2

1.50 0.1 1.749404207 1.773694765
1.75 0.1 1.863047936 1.884131577
2.00 0.1 1.971631862 1.990188495
1.50 −0.1 1.637009762 1.649974856
1.75 −0.1 1.755704601 1.765142631
2.00 −0.1 1.869070098 1.875921695
1.75 0.1 1.863047936 1.884131577
1.75 0.2 1.943502204 1.970664495
1.75 0.3 2.042922023 2.076507283
1.75 −0.1 1.755704601 1.765142630
1.75 −0.2 1.725669558 1.729275744
1.75 −0.3 1.708472324 1.706096980

Table 4: Impacts of Rd, Nb, Nt, and BiT on Nu
1

Rer

Rd Nb Nt BiT AA7075–H O2 Ti Al V–H O6 4 2

1.0 0.3 0.3 0.5 0.2939523146 0.3055227847
1.5 0.3884742454 0.4038005311
2.0 0.4793603598 0.4975608549
2.0 0.4 0.4614944500 0.4787616300

0.6 0.4257151773 0.4411786784
0.8 0.3900292450 0.4037818812
0.3 0.2 0.4609330164 0.4777864491

0.4 0.4239745672 0.4382766749
0.6 0.3870670571 0.3990251843
0.6 0.6 0.4129920515 0.4245642843

0.7 0.4334330116 0.4445941612
0.8 0.4499411309 0.4607029209

Table 5: Impacts of Sc, Nb, Nt, and BiC on Sh
1

Rer

Sc Nb Nt BiC AA7075‒H O2 Ti Al V‒H O6 4 2

1.0 0.3 0.3 0.5 0.1440435747 0.1454743799
1.5 0.1695438946 0.1716908589
2.0 0.1912788432 0.1938364811
2.0 0.4 0.1916562020 0.1943887531

0.6 0.1915873040 0.1945021543
0.8 0.1911107593 0.1941242023
0.3 0.2 0.1919489729 0.1939343527

0.4 0.1986035019 0.1996018768
0.6 0.2124578424 0.2126565364
0.6 0.6 0.2278976716 0.2283818719

0.7 0.2403584756 0.2411006010
0.8 0.2506248389 0.2515980012
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the disk surface shrinks and reduces when the disk sur-
face stretches.

• Both the radial and Azimuthal flows are the diminishing
functions of the magnetic factor, whereas temperature is
the escalating function of the magnetic factor. In addi-
tion, the temperature is more influenced by the magnetic
factor in the case of nonlinear thermal radiation.

• Escalation in thermal Biot number, Brownian motion,
and thermophoresis factors result in a rising thermal
panel. Furthermore, in a nonlinear thermal radiation
scenario, the magnetic factor has a greater influence
on temperature.

• High concentration Biot number, activation energy, and
thermophoresis factors heighten concentration panels,
while high, Brownian motion, Schmidt number, and che-
mical reactivity factors reduce them.

• Skin friction is increased by a higher magnetic factor. In
addition, the higher surface drag is experienced in the
elongating scenario in comparison to the contracting
scenario.

• The local Nusselt number is an escalating function of
thermal radiation and thermal Biot number.

• It is found that the nanofluid flow containing titanium
alloys has perceived the greater impacts of the embedded
factors when compared to the nanofluid flow containing
aluminum alloys.

6 Future recommendations

The existing problem can be modified by using mass flux
and zero mass flux conditions to investigate the rate of
mass transfer at the surface of the rotating disk. The
same model can be extended for hybrid nanofluid flow
containing titanium and aluminum alloys by using dif-
ferent types of regular fluids.
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