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This study examines the flow of hyperbolic nanofluid over a stretching sheet in three dimensions. The influence of velocity slip on
the flow and heat transfer properties of a hyperbolic nanofluid has been investigated. The partial differential equations for
nanoparticle solid concentration, energy, and motion were turned into ordinary differential equations. Nanoparticle mass
fluxes at boundaries are assumed to be zero, unlike surface concentrations. The influence of the main parameters on flow
characteristics, surface friction coefficients, and the Nusselt number has been visualized. The results suggest that Brownian
motion has a negligible impact on the heat transfer rate. The ratio of the elastic force to the viscosity force was found to
decrease the fluid velocity. The resulting thermophysical properties of nanofluids are in agreement with previous research. The
present findings can be used to expand the potential for using nanofluids as a coolant in critical thermophysical and industrial
installations.

1. Introduction

Given the variety of scientific and technological contexts, more
studies are needed to investigate how a viscous, incompress-
ible nanofluid flows around a tensile plate. Some applications
include solar receivers, polymer and plastic processing, and a
variety of other industries. The effect of viscosity is especially
noticeable near solid surfaces. According to the studies, the
boundary layer thickness rises when the fluid’s free motion
exceeds the tensile speed. Furthermore, when working with
fluid flows at the boundary of a solid, the friction force cannot
be ignored.

Magnetohydrodynamics (MHD) has many uses. For
instance, it can be applied in plasma research, and engineers
turn to MHD when designing heat pumps, cooling reactors,
flow metres, and generators. The authors in [1] investigated
the flow of MHD micropolar nanofluids over nonlinearly
stretched surfaces. When studying these kinds of flows,
scholars looked at the effects of viscous dissipation, mixed
convection, convective boundary conditions, and Joule heat-
ing. Other scholars explored the important role that friction
between liquid and solid surfaces plays in mechanical

devices [2]. Simultaneously, velocity slippage is an important
factor to consider when assessing the physical properties of
fluid flows in boundary layers.

Heat transfer and fluid flow characteristics of nonsta-
tionary, non-Newtonian fluids were modelled mathemati-
cally in [3]. The said article investigated how velocity slip,
fluid buoyancy, and the Soret and Dufour effects affected
nanofluid properties. These researchers discovered that
decreasing the magnetic field while increasing the fluid slid-
ing parameters increased fluid velocity.

A study of velocity slip conditions suggests that they
only apply to macroscale systems [4]. Some researchers
examined the effect of fluid slip in a dynamic context [5]
and used the Bernstein collocation method to find a solu-
tion. Scholars also explored different slip regimes and how
they affect the flow of boundary layers over nonlinearly
compressible sheets [6]. For that, the dual solutions of fluid
flow equations were found.

Some researchers explored the effect of a nonlinearly
stretching sheet on the MHD mixed convection flow of a
micropolar fluid [7]. Another study reported the results
from a large-scale assessment investigating the MHD
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boundary layer flow along a stretchable cylinder [8]. The
authors focused on analyzing the thermal properties of fluid
flow in axisymmetric boundary layers, as well as the velocity
slip effects in homogeneous magnetic fields.

Another concern was the factors affecting the heat trans-
fer properties of MHD (SWCNT-MWCNT) hybrid nano-
fluid flow in the presence of radiation [9]. A convectively
heated disc stretched in the radial direction was reported
to be the driving force behind the stationary critical flow of
an electrically conductive fluid [10]. The investigation
involved viscous dissipation and Joule heating effects, while
the mathematical modelling was based on Jeffrey’s defining
fluid ratios.

Other effects on the boundary layer fluid flow were also
studied, such as Brownian diffusion, thermal radiation, var-
iable viscosity, magnetic field, and thermophoresis [11]. Fur-
thermore, the heat and mass transfer characteristics of
electrically conductive nanofluids were examined using radi-
ally extended convectively heated surfaces. The rate of
stretching was assumed to be proportional to the radial dis-
tance. Some study investigated the transfer of radiative
energy in a viscoelastic nanofluid while accounting for buoy-
ancy forces and convection conditions [12]. The authors for-
mulated a two-dimensional viscoelastic nanofluid flow using
a rheological model that included thermophoretic and
Brownian diffusions.

Many studies seek to comprehend the mechanisms that
would substantially increase the heat transfer rates in nano-
fluids [13]. Particle migration, particle Brownian motion,
and thermophoresis are some fundamental mechanisms that
have been discussed in the literature [14]. Particle migration
and thermophoresis are the most important mechanisms
increasing the thermal conductivity of nanofluids, according
to precious research [15]. Many investigations concerning
the heat transfer of nanofluids utilize a Buongiorno model,
such as in [16].

The thermal conductivity of conventional fluids is
severely limited as well. The use of nanofluids with metal
nanoparticles in suspension has recently become more com-
mon [17]. More studies emerged that explore the efficiency
of nanofluids created by suspending nanoparticles in com-
mon fluids like paraffin oil, water, motor oil, or ethylene gly-
col [18]. In this case, nanoparticles act as agents to increase
heat transfer rates while improving the thermal properties
of the base fluids likewise [19].

Significant research efforts have been made to assess the
degree of heat transfer intensification in nanofluids. These
studies, for instance, included tests with various nanoparticle
concentrations, base fluid selections, and particle sizes [20].
It has been established that the shape of nanoparticles influ-
ences the properties of nanofluids [21]. Forced convection
achieves a higher heat transfer rate when the concentration
of nanoparticles is high, according to studies of the heat
transfer process in nanofluids [22].

Nanofluids can be seen in numerous manufacturing sec-
tors, including mechanical engineering and transportation,
as well as numerous technologies, including fuel cells, diesel
fuel combustion, solar water heating, microdevices, etc. [23].
The flow of a tangent hyperbolic nanofluid in the MHD

boundary layer over a stretchable sheet was investigated
[24]. Authors investigated how thermal radiation affected
the MHD boundary layer flow of a tangent hyperbolic nano-
fluid with no normal nanoparticle flow over an angled sheet
that extended exponentially and had suction [25]. Here, the
Runge-Kutta method was used to solve the transformed sys-
tems numerically.

Other scholars chose to investigate in depth the influ-
ence of variable thermal conductivity and thermal radiation
on the MHD tangent hyperbolic fluid in the presence of
nanoparticles passing through a stretchable sheet [26]. Heat
and mass transfer properties were studied under collective
sliding and convection conditions with internal heating, vis-
cous dissipation, and Joule heating. The two-dimensional
tangent hyperbolic nanofluid boundary layer equations were
obtained.

Previous research investigates the phenomenon of heat
and mass transfer resulting from the unsteady MHD flow
of Williamson nanofluid in a permeable channel with a heat
source/sink [27]. The presented model accounts for the
buoyancy and thermal radiation effects. The flow equations
are transformed into nonlinear partial differential coupled
equations. To obtain solutions to the above nonlinear sys-
tem, numerical simulations are performed.

Some authors suggested a new way to solve nonlinear
boundary value problems, which often arise in similarity
problems with a variable boundary layer defined in semi-
infinite regions [28]. The proposed method, known as the
spectral relaxation method, is based on simple iteration
schemes created by decreasing the order of the momentum
equation and then rearranging the systems of nonlinear
equations that result.

The equations that model the transport processes are
typically nonlinear, and they have been solved in numerous
papers using various semianalytical or numerical methods.
Traditional studies of nanofluids, for example, have used
homotopic analysis to solve the equations [29]. Spectral col-
location methods, such as spectral local linearisation
methods, spectral perturbation, spectral relaxation, sequen-
tial linearisation, piecewise sequential linearisation as spec-
tral quasilinearisation, and spectral homotopic analysis
methods, have recently been developed. Most boundary
value problems have been solved using these methods. Con-
vergence can be achieved quickly and accurately using these
methods [30].

Buongiorno developed a nonhomogeneous equilibrium
model specifically for nanofluids to facilitate the explora-
tion of mass/heat transfer based on viable theories and
assumptions [31]. This innovative model includes slip
mechanisms, such as Brownian diffusion and thermophor-
esis, which occur inside a liquid medium under certain
physical constraints.

After the Buongiorno two-phase model was approved,
some researchers made further assumptions regarding natu-
ral convective flows in a limited nanofluid medium under a
negative temperature gradient applied vertically between
two horizontal boundaries [32, 33]. In this case, the assump-
tion is that the vertical mass flux of nanoparticles vanishes
within these limiting boundaries [32, 33]. In this regard,
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other scholars performed a comprehensive numerical analy-
sis of the unsteady convection MHD Couette flows [34].
They estimated the thermal and mass characteristics of
copper-based radiative aqueous nanofluids using single-
phase and two-phase nanofluid models [34].

To better understand the mechanisms behind thermal
enhancement, some researchers analyzed how thermal
migration of randomly moving nanoparticles has affected
the dynamic and physical characteristics of nanofluidic sys-
tems [35, 36]. Even though the two-phase approach is com-
monly used to model many convection flow issues,
scientifically speaking, the assumption of zero nanoparticle
flux is still under question. Hence, more studies are needed
to investigate the stability of nanofluids.

The first analytical study concerning the stability of elec-
troconvection in a rotating porous medium filled with a
dielectric nanofluid was carried out in 2016 [37]. Two years
later, researchers found some supporting evidence using sev-
eral innovative approaches to computation [38]: the Classi-
cal Galerkin Weighted Residues Technique (CGWRT), the
Power Series Method (PSM), the Polynomial Collocation
Method (PCM), the Wakif-Galerkin Weighted Residual
Technique (WGWRT), the Chebyshev-Gauss-Lobatto Spec-
tral Method (CGLSM), and the Runge-Kutta-Felberg
Method (RKFM). From a methodological perspective,
CGWRT fails to correctly take into account thermal stability
in a limited nanofluidic medium under the assumption of a
zero nanoparticle flux [39]. It gives unacceptable results, for
it has a lower level of accuracy than the other methods
described above [32, 33].

The Buongiorno model is extended in [40] to investigate
the heat transfer and flow characteristics of a three-
dimensional (3D) tangent hyperbolic nanofluid. The pur-
pose of this contribution is to investigate the effects of veloc-
ity slip and suction on the flow and heat transfer
characteristics of a nanofluid. Here, a new boundary condi-
tion is implemented under the assumption that the nanopar-
ticle mass flux equals zero.

Considering the preceding publications, this study is
aimed at developing a method for studying the dynamics
of a three-dimensional tangent hyperbolic flow of a nano-
fluid over a permeable stretchable sheet using the Buon-
giorno model. The objectives in this regard are (1) to solve
the flow equations using spectral local linearisation, (2) to
determine how the local Nusselt number depends on the
parameters of Brownian motion of nanoparticles, (3) to
determine how velocity profiles depend on the magnetic
field parameter and the Prandtl number, and (4) to deter-
mine whether temperature and concentration profiles
depend on the thermophoresis parameters.

2. Materials and Methods

The study suggests a method for modelling a tangent hyper-
bolic nanofluid flow over a permeable stretchable sheet in
this section (Figure 1).

The present model is based on the following assump-
tions. (1) The present case considers the Buongiorno nano-
fluid model. (2) The gravity direction is normal. (3) The

flow is affected by a uniform and inclined magnetic field
with intensity B. (4) The internal heat release in the flow area
is taken at a constant rate. (5) The porous medium is isotro-
pic. (6) Radiation, Joule heating, and viscous dissipation
effects can be ignored. (7) The liquid flows through a hydro-
dynamically and thermally nonhomogeneous porous
medium. (8) The permeability and thermal conductivity of
a porous medium are nonhomogeneous properties. (9) The
porosity is a constant.

The novelty of this article lies in providing evidence that
support the following two statements. (1) The Brownian
movement of particles has an insignificant effect on the heat
transfer rate. (2) The modified Weissenberg number (i.e., the
ratio of the elastic force to the viscous force) causes the
velocity of the moving fluid to decrease. The study also pro-
vides information about the physical influence of different
parameters on the nanofluid flow characteristics, the skin
friction coefficient, and the local Nusselt number.

This study explores a three-dimensional nanofluid flow
using the Buongiorno model. Here, a new boundary condi-
tion is implemented with the assumption that the nanopar-
ticle mass flux at the surface is zero. This condition seems
practically more realistic because the fraction of nanoparti-
cles at the boundary becomes implicitly controlled. This
work investigates the influence of flow and velocity slip on
the nanofluid flow and heat transfer characteristics. The
basic partial differential equations for momentum, energy,
and nanoparticle solid concentration are reduced to ordi-
nary differential equations with the help of appropriate
transformations. These equations were then solved with
bvp4c in MATLAB.

Here, we consider a stationary three-dimensional incom-
pressible flow of an electrically conducting water-based
MHD nanofluid over a convectively heated exponentially
stretching sheet. A uniform transverse magnetic field of
strength B0 is applied in the z direction. The magnetic Reyn-
olds number is considered small. The induced magnetic and
electric fields are ignored. The convective boundary condi-
tion is used after the sheet surface gets heated by a hot liquid.

The resulting three-dimensional model has a z coordi-
nate orthogonal to the stretched sheet in the xy plane. The
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Figure 1: Physical configuration of the proposed model.
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mass flow velocity w is equal to w0, whereas in the case of
suction,w0 > 0, and in the case of injection,−w0 < 0. The
equations for energy, nanoparticle solid concentration,
momentum, and mass can be written as
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+ dw
dz

+ dv
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= 0, ð1Þ
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The boundary conditions are as follows [41]:

u = uw xð Þ = ax + αN1
du
dz

, v = vw yð Þ = by + αN2
dv
dz

, ð6Þ

T = Tw,w =w0,
DT

T∞

dT
dz

+DB
dc
dz

= 0, z = 0, ð7Þ

u⟶ 0, v⟶ 0, T ⟶ T∞, c⟶ c∞, z⟶∞, ð8Þ
where C is the nanoparticle volume; Tw is the constant sur-
face temperature; T is the temperature of the nanofluid; C∞
and T∞ are the nanoparticle volume and the temperature of
the surrounding fluid, respectively; v is the kinematic viscos-
ity of the nanofluid; α is the thermal conductivity of the
nanofluid; N1 and N2 are constant slip coefficients; n is the
power index; DB is the Brownian diffusion coefficient; DT
is the thermophoretic diffusion coefficient; σ is the electrical
conductivity of the fluid; Γ is the Williamson parameter; p is
the nanofluid density; B0 is the magnetic induction parame-
ter; and u, v, and w are the velocity components along the
directions x – y – z, respectively.

β =
Сp

Cf
, ð9Þ

where С f is the heat capacitance of the nanofluid and Сp is
the heat capacitance of the solid nanoparticle.

Further, we have the following assumption: vwðyÞ = yb
and uwðxÞ = xa, with constants a > 0 and b < 0, which corre-

spond to a shrinking sheet, and a > 0 and b > 0, which corre-
spond to a stretching sheet.

Due to Brownian motion ðDT /T∞ÞðdT/dzÞ + dc/dz = 0
(if z = 0) and the boundary condition DB, the fraction of
nanoparticles is controlled passively rather than actively.
This condition ensures that nanoparticles move chaotically
at the boundary.

The similarity transformations are as follows [42]:

v = yag′ ηð Þ, u = xaf ′ ηð Þ,w = −
ffiffiffiffiffi
αa

p
f ηð Þ + g ηð Þ½ �, ð10Þ

φðηÞ = C − C∞/C∞, θðηÞ = T − T∞/Tw − T∞, η =
ffiffiffiffiffiffiffi
a/α

p
z,

where f and g denote the dimensionless flow function and
the dashes denote differentiation by n.

Given (10), equations (2)–(6) will be expressed as

Prf ″ 1 − nð Þ + nWex f ″
� �

+ f ″ f + gð Þ − f ′2 −Mf ′ = 0,

ð11Þ

Prg″ 1 − nð Þ + nWeyg″
� �

+ g″ f + gð Þ − g′2 −Mg′ = 0,

ð12Þ

θ′ f + gð Þ + θ″ + Ntθ′2 + Nbθ′φ′ = 0, ð13Þ

Leφ′ f + gð Þ + φ″ + Nt
Nb θ

″ = 0: ð14Þ

The dimensionless boundary conditions will be as fol-
lows:

g′ 0ð Þ = Bg″ 0ð Þ + λ, f ′ 0ð Þ = Af ″ 0ð Þ + 1, g 0ð Þ = 0, ð15Þ

f ð0Þ = S, θð0Þ = 1, φ′ð0Þ + ðNt/NbÞθ′ð0Þ = 0,
g′ð∞Þ = 0, f ′ð∞Þ = 0, φð∞Þ = 0, θð∞Þ = 0,
where M is the magnetic field parameter, A and B are

dimensionless sliding parameters, Wey and Wex are Weis-
senberg numbers, and λ is the constant stretching parame-
ter, while λ < 0 indicates a shrinking sheet, and λ > 0
means a stretching sheet.

The constant mass flow S is one of the most crucial
parameters in this study. While S < 0 represents injection, S
> 0 represents suction, and S = 0 represents an impermeable
plate; Le is the Lewis number; Nt and Nb are thermophoresis
and Brownian motion parameters, respectively; and Pr is the
Prandtl number.

These parameters are set as follows:
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p
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p
:

ð16Þ
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The local coefficients of surface friction Cf y and Cf x, as
well as the local Nusselt number Nux, are set as follows:

Cf x =
τxw
U2

wρ
, Cf y =

τyw
V2

wρ
, Nux =

qwx
Tw − T∞ð Þk , ð17Þ

where τyw and τxw are coefficients of surface friction in the y
and x directions and qw is the heat flux from the sheet
surface.

The above coefficients are found as follows:

τyw = μ 1 − nð Þ dv
dz

+ Γnffiffiffi
2

p dv
dz

� �2
 !�����

z=0

,

τxw = μ 1 − nð Þ du
dz

+ Γnffiffiffi
2

p du
dz

� �2
 !�����

z=0

,

qw = −k
dT
dz

� �����
z=0

:

ð18Þ

3. Results

By using equation (17), and then substituting equation (12)
into equation (18), one arrives at the following equation:

λ1,5Cf y
Rex
Pr

� �0,5
= 1 − nð Þg″ 0ð Þ + Weyn

2 g″ 0ð Þ2,

Cf x
Rex
Pr

� �0,5
= 1 − nð Þf ″ 0ð Þ + Wexn

2 f ″ 0ð Þ2,

Nux = −θ′ 0ð Þ,

ð19Þ

where Rex = xuw/v and Rey = yuw/v are Reynolds numbers.
The author of this article uses spectral local linearisation

to solve the nonlinear boundary value problem defined by
equations (11)–(14) with boundary conditions (15). The
Gauss-Seidel method and the Bellman and Kalaba quasili-
nearisation method [43] are combined in this solution for
equation separation.

The spectral local linearisation method linearises the
nonlinear components and decouples the system of equa-
tions. Furthermore, the Chebyshev spectral collocation
method is used to approximate the solution of the linearised
system. Scientists, for example, in studies [44, 45], used this
method to solve mathematical models. For example, [46]
gives a description of this method for differential equation
systems.

Spectral local linearisation applied to equations
(11)–(14) yields the following dependencies:

f ‴r+1a0,r + f r+1′ ′a1,r + f r+1′ a2,r + f r+1a3,r = R1,r , ð20Þ

f r+1′ ′′b0,r + f r+1′ ′b1,r + f r+1′ b2,r + f r+1b3,r = R2,r , ð21Þ

θr+1′ c1,r + θr+1′ ′ = R3,r , ð22Þ

φr+1′ d1,r + φr+1″ = R4,r , ð23Þ

where dashes denote partial derivatives with respect to n.
Here, the boundary conditions are set by the expressions

f r+1 0ð Þ = S, f r+1′ ∞ð Þ = 0, f r+1′ 0ð Þ = Af r+1′ ′ 0ð Þ + 1, ð24Þ

gr+1ð0Þ = 0, gr+1′ ð∞Þ = 0, gr+1′ ð0Þ = Bgr+1′ ′ð0Þ + λ,
θr+1′ ð∞Þ = 0, θr+1ð0Þ = 1,
φr+1ð∞Þ = 0, φr+1′ ð0Þ + ðNt/NbÞθr′ð0Þ = 0:
In equations (20)–(23), the coefficients can be found as

follows:

a0,r = Wexnf ″ − n + 1
� �

Pr, a1,r =WexnPrf r′′′ + f r + gr ,

ð25Þ

a2,r = −ð2f r′+MÞ, a3,r = f r′′,

b0,r = Wexng″ − n + 1
� �

Pr, b1,r =WexnPrgr′′′ + f r + gr ,

ð26Þ

b2,r = −ð2gr′+MÞ, b3,r = gr′′,

c1,r = bNφ′ + 2tNθ′ + f r + gr ,
d1,r = eL gr + f rð Þ,

R1,r = f r′′′a0,r + f r′′a1,r + f r′a2,r + f ra3,r − F1,

R2,r = gr′′′b0,r + gr′′b1,r + gr
′b2,r + grb3,r − F2,

R3,r = θr′′ + θr′c1,r − F3,

R4,r = φr
″+ φr

′d1,r − F4:

ð27Þ

The region η ∈ ½0, L∞� can be transformed into the inter-
val x ∈ ½−1, 1� using a suitable linear transformation. The
author defines the Gauss-Lobatto grid points as follows:

xj = cos jπ
N 3

, j = 0, 1,⋯,N: ð28Þ

Unknown functions are represented as matrices. Their
Chebyshev differentiation matrix derivatives are as follows:

df
dx

= 〠
N

k=0
Djk f xkð Þ =DF, j = 0, 1,⋯,N: ð29Þ

In this respect, the higher-order derivatives are written
as follows:

dnf
dxn

=DnF, ð30Þ

where D is the differentiation by n and n is the order of the
derivative.

In this respect,

F = f x0ð Þ, f x1ð Þ,⋯, f xNð Þ½ �T : ð31Þ
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Then, in equations (20)–(23), the spectral method is
used to derive the following equation:

R1,r = D3a0,r +D2a1,r +Da2,r + Ia3,r
À Á

Fr+1,

R2,r = D3b0,r +D2b1,r +Db2,r + Ib3,r
À Á

Gr+1,

R3,r = D2 +Dc1,r
À Á

θr+1,

R4,r = D2 +Dd1,r
À Á

φr+1,

ð32Þ

where I is a unit matrix ðN + 1Þ × ðN + 1Þ and the coeffi-
cients in bold are diagonal matrices. The matrix will be writ-
ten as

R1,r = AFr+1, R2,r = BGr+1, R3,r = Cθr+1, R4,r = Eϕr+1: ð33Þ

In this respect,

A =D3a0,r +D2a1,r +Da2,r + Ia3,r ,
B =D3b0,r +D2b1,r +Db2,r + Ib3,r ,
C =D2 +Dc1,r , E =D2 +Dd1,r:

ð34Þ

Then, by iteratively solving equation (33), starting with
suitable initial solutions, approximate solutions for θ, ϕ, f ,
and g are derived.

The conservation equations are then solved by spectral
local linearisation [47]. Figures 2–9 show the dependencies
of the numerical simulation results.

4. Discussion

The author verified the accuracy of the obtained results by
comparing the solutions they presented with the results pub-
lished in [48] for a variety of parameter values.

Figure 2 shows how the magnetic field parameters M
affect the concentration ϕðηÞ and temperature θðηÞ profiles.
The research results indicate that the concentration and
temperature profiles increase with increasing magnetic field
parameters, as shown in the figure. The research [49] sup-
ports this conclusion. This is because an increase in electro-
magnetic forces causes fluid movement to slow down. The
concentration and temperature boundary layers subse-
quently thicken, according to the researchers who wrote this
article.

Figure 3 shows how the magnetic parameter M changes
based on velocity profiles. It is important to note here that
the velocities as g′ðnÞ and f ′ðnÞ decrease with increasing
magnetic field parameters. This is explained by electromag-
netic interactions between magnetic fields and electrically
conductive nanofluids. This interaction produces the slow-
ing Lorentz force, which reduces the velocity of fluids in
the boundary layers, and this phenomenon is well supported
by data [50]. Consequently, the magnetic field parameter
presence has a substantial effect on flow dynamics. Addi-
tionally, it can be deduced that g′ðnÞ has lower values than
f ′ðηÞ for various fixed values of M.

Figures 4 and 5 show how the change in the Weissenberg
number depends on the temperature, velocity, and concen-
tration of nanoparticles. Here, an increase in the Weissen-
berg number (Figure 4) leads to the increase in the
temperature and concentration profiles. This finding is con-
sistent with previous research [51]. Increases in the Weissen-
berg number parallel to the axes, on the other hand, cause a
decrease in velocities. This makes sense, since the Weissen-
berg numbers show the relationship between the shear rate
and the relaxation time. Hence, as the Weissenberg numbers
increase, so does the relaxation time. Therefore, higher resis-
tances arise, and consequently, the velocity profiles decrease.
Figure 5 shows one example of this.

Figure 6 shows what happens to the nanoparticle con-
centration and temperature profiles when the Prandtl num-
ber changes. As can be seen, as the Prandtl numbers rise, the
profiles of temperature and nanoparticle concentration at a
particular point decrease, which is supported by the authors
in [52]. Physically speaking, the cause could be that a rise in
Prandtl numbers causes a fall in thermal conductivity, which
in turn causes a fall in the concentration and thermal thick-
ness of boundary layers.

Figure 7 shows how the Prandtl number affects velocity
profiles with fixed parameters. It is not difficult to conclude
that as the Prandtl number increases, the velocity profiles
increase close to the boundary layers, and this is supported
by the study [53]. It can further be argued that for any fixed
values of the Prandtl number Pr and η, g′ðηÞ has lower
values than f ′ðηÞ.

Figure 8 shows how the thermophoresis parameters
change based on the concentration and temperature profiles.
It is plain to see that as the values of Nt increase, the concen-
tration and temperature profiles increase as they approach
the boundary. This is reflected in the robot’s results as well
[54–57]. Furthermore, for any fixed value of n, anything
near the boundaryϕðnÞ will assume a smaller value than θð
ηÞ. Another notable point is the sharp increase in concentra-
tion profiles near the boundary as Nt increases. The reason
for the temperature profile θðnÞ increasing could be that as
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Figure 2: Concentration and temperature profiles affected by
magnetic field parameters.
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Nt increases, so does the transfer of fluid to the cold region
from the hot one, causing the fluid temperature to rise.

Figure 9 shows how the parameters of Brownian motion
affect the concentration profiles. It has been discovered that
as the Brownian motion of nanoparticles increases, so do
their concentration profiles. This can be explained by the
fact that as the Brownian motion of nanoparticles increases,
more intense mixing and uneven movement of the nanofluid
begins to occur, leading to a decrease in the nanoparticle
concentration profiles.

5. Conclusions

This study uses the Buongiorno model and a permeable,
stretchable sheet to study the dynamics of three-
dimensional tangent hyperbolic nanofluid flows. The
assumption was that the flux fields were subjected to mag-
netic field effects, which impacted the change in nanofluid
flows.

Using spectral local linearisation, the flow equations can
be solved successfully. The proposed method has been
shown to produce highly precise results.

When the Brownian motion parameters change, the
Nusselt number does not change significantly. This suggests
that the Brownian motion of nanoparticles is restricted,
which has a significant impact on the thermal conductivity
of nanofluids.

The Nusselt number decreases with increasing thermo-
phoresis parameters. Nanoparticle diffusion into cold zones
increases with increasing thermophoresis, which explains
this phenomenon physically. This, in turn, increases the
thickness of the thermal boundary layers, which further con-
tributes to a reduction in the rates at which heat is
transferred.

It has been established that changes in the Nusselt num-
ber at fixed values of thermophoresis parameters do not
occur as Brownian motion parameters increase. Alongside
this, the Nusselt number decreases as the thermophoretic
parameter increases for a fixed parameter of Brownian
motion.

When the thermophoresis parameters are changed, the
concentration profiles increase significantly near the
boundaries.

When the values of the magnetic field parameters are
increased while all the other parameters remain unchanged,
there is a corresponding decrease in the velocity profiles at
points that are close to the boundaries.

The velocity profiles increase as Prandtl numbers
increase while other model parameters stay constant.

As the thermophoresis parameters increase, so do the
concentration and temperature profiles.
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