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ABSTRACT
The combined effect of wedge angle and melting energy transfer on the tangent hyperbolic magnetohydrodynamics nanofluid flow across a
permeable wedge is numerically evaluated. Electronic gadgets produce an excessive amount of heat while in operation, so tangent hyperbolic
nanofluid (THNF) is frequently used to cool them. THNF has the potential to dissipate heat more efficiently, thereby lowering the possibility of
excessive heat and malfunctioning components. The effects of thermal radiation and heat source/sink are also examined on the flow of THNF.
The flow has been formulated in the form of PDEs, which are numerically computed through the MATLAB solver BVP4c. The numerical
results of BVP4c are relatively compared to the published work for validity purposes. It has been detected that the results are accurate and
reliable. Furthermore, from the graphical results, it has been perceived that the rising impact of the Weissenberg number accelerates the
velocity and thermal profile. The effect of the power-law index parameter drops the fluid temperature, but enhances the velocity curve. The
variation in the wedge angle boosts the shearing stress and energy propagation rate, whereas the increment of Wi declines both the energy
transfer rate and skin friction.
© 2024 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0196862

NOMENCLATURE

A second-order tensor
B(x) variable magnetic field
B0 magnetic field constant
C concentration
C∞ ambient concentration
C f skin friction
Cs heat capacity
Cw wall concentration

D4 Dufour number
DB Brownian diffusion
DT thermophoresis diffusion
f ′ non-dimensional velocity
k thermal conductivity
K′ permeability constant
Kc chemical reaction
Kp medium permeability
kT fluid thermal diffusion ratio
K(x) variable permeability
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Le Lewis number
M magnetic field
m wedge angle parameter
n power law index
Pr Prandtl number
Qe heat source/sink factor
Q∗e exponential heat source/sink
Rd thermal radiation
Rex local Reynolds number
Sr Soret number
T fluid temperature
T0 surface temperature
T∞ ambient temperature
Tm surface temperature due to melting
U(x) velocity of boundary layer
Wi Weissenberg number
α thermal diffusivity
β1 Hartree pressure gradient
η similarity variable
θ dimensionless temperature
κ∗ absorption constant
ψ(x, y) stream function
Λ heat capacity
λ nanofluid latent heat
ρ density
σ electrical conductivity
σ ∗ Stefan–Boltzmann constant
υ fluid viscosity
ϕ dimensionless concentration
Ω wedge angle

I. INTRODUCTION

Automobiles, the creation of steam-electric power, heating and
air conditioning, the cooling of electronic devices energy systems,
and disease diagnosis are just a few of the industrial applications of
heat transference. Transfer of heat is the kinetic phenomenon that
can be analyzed and investigated independently or in combination.
It is easier to study diffusion and convection separately, although
in both cases, the fundamental physical processes can be charac-
terized by the same set of mathematical equations. Some processes,
such as evaporative cooling and burning, require simultaneous con-
sideration of heat transmission. The integration of heat assignment
phenomena plays a significant role in several industrial processes,
particularly in recent years. Examples of such processes include dry-
ing operations, evaporation on water surfaces, energy recovering
procedures, and chemical sector applications. Heat and mass trans-
missions occur simultaneously; for example, in the power sector,
the extraction of kinetic energy from a fluid in motion is a com-
mon method of power generation. Mass transfer and heat transfer
find extensive utilization in several industrial contexts, including
welding, magma solidification, casting processes, defrost of frozen
ground, and the melting of permafrost.1 Processing of polymers,
ground water pollution, nuclear power plants, geothermal indus-
try, modeling of warships, packed bed reactors, and other processes
are some examples of applications for such flow.2 The consequence

of viscous dissipation nanoparticle volume fraction, thermal radia-
tion, wedge angle parameter, and heat absorption/generation on the
Sisko fluid flow having dispersed nanomaterials across a wedge plate
was inspected by Dadhich et al.3 According to the findings, thermal
transfer declines with rising magnetic field and Eckert number, but
the mass transfer rate increases with the increasing pressure gradient
parameter. Tassaddiq et al.,4 Alharbi et al.,5 and Alharbi et al.6 esti-
mated the nanoliquid flow along a shrinking/stretching surface with
energy and mass transfer. Incorporating nonlinear thermal charac-
teristics, Assiri et al.7 and Rahman et al.8 assessed the fluid flow
across a wedge and some solutions of optical solitary wave solu-
tion. The outcome shows that as the temperature ratio parameter
increases, temperature profiles increase, while the concentration
boundary layer thickness decreases. The dissipative effect on the Jef-
frey fluid over a wedge was analyzed by Dharmaiah et al.9 Butt et al.10

employed an innovative model of inversely multiquadric radial-
based artificial neural networks to assess the magnetized nanoliquid
flow across a wedge. Rana et al.11 elaborated the heat transit char-
acteristics of 3D nanoliquid flow composed of multi-walled carbon
nanotube (MWCNT) and MgO dispersed in EG across a wedge.

Non-Newtonian fluids exhibit a diverse range of kinds, each
possessing distinct features. In comparison with other kinds of non-
Newtonian fluids, the tangent hyperbolic nanofluid (THNF) math-
ematical model possesses numerous notable advantages. Numerous
researchers from all over the world have recently examined tangent
hyperbolic fluids in depth.12 Kebede et al.13 calculated the unsteady
THNF flow over a penetrable wedge. Shahzad et al.14 examined the
two-dimensional unsteady THNF flow under the upshot of suction-
injection. Using motile gyrotactic microbes and unsteady THNF,
Hussain et al.15 deliberated the impact of magnetohydrodynamics
(MHD) and porosity on the fluid flow over a wedge with second-
order slip. Ud Din et al.16 inspected the thermal transport through
THNF flow over a wedge with gyrotactic micro-organisms. The
implications of activation energy on the gyrotactic micro-organisms
THNF flow across slender sheet were inspected by Yahya et al.17

and Alharbi et al.18 The thermophysical effects of THNF flow over a
movable wedge were investigated by Mahdy and Chamkha.19 Weis-
senberg numbers with larger values are associated with improved
skin friction coefficients, as demonstrated by the results.

There are several chemical, mechanical, and industrial appli-
cations that rely significantly on chemical conversions. In order to
control the rate of a chemical reaction (CR), a considerable quan-
tity of oxygen that can be converted into activation energy (AE) is
necessary. The energy needed to initiate a chemical reaction is often
referred to as AE. Svante Arrhenius in 1889 proposed the funda-
mental concept of AE.20 Waqas et al.21 estimated the fluid flow with
activation energy across a shrinking/stretching wedge. An unsteady
non-Newtonian nanofluid’s MHD Falkner–Skan wedge flow with
activation energy was reported by Ali et al.22 Bilal et al.23 numeri-
cally analyzed the unsteady flow of MHD nanoliquids over a slender
Riga sheet subject to activation energy. Over a spinning disk, Alsal-
lami et al.24 used numerical simulations to examine the entropy
anatomization of the Marangoni Maxwell nanofluid flow. With the
existence of Cattaneo–Christov double diffusion, thermal radiation,
endothermic/exothermic reactions, and thermal conductivity, Sajid
et al.25 surveyed the effects of a modified Buongiorno ternary hybrid
nanoliquid flow over wedge. The nanofluid boundary layer flow,
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including gyrotactic microbes with AE and buoyancy force, was
numerically assessed by Othman et al.26

Heat sources and sinks are commonly employed in order to
maintain optimal cooling conditions for electronic devices. The uti-
lization of heat source and sink effects possesses a diverse array of
applications in several domains, such as recovering of crude oil,
the execution of radial diffusers, and the refrigeration of metallic
sheets. Ramzan et al.27 examined the dusty flow Casson nanofluid
in a magnetohydrodynamic (MHD) fluid with a varying heat source
and Fick’s and Fourier’s laws across a stretchable pipe. Using a mod-
ified Buongiorno model, Mahanthesh et al.28 scrutinized the impact
of an irregular partial heat slip, source/sink, and Newton boundary
conditions on the convective flow of fluid across an extending sur-
face. Adnan et al.29 studied the nanoliquid flow through a cylinder
with the upshot of heat source/sink and mixed convective. Sharma
and Gandhi30 investigated the joined impact of MHD and heat
source–sink on a Darcy–Forchheimer flow across a vertical extend-
ing porous medium. The impact of nonlinear heat source/sink
on the radiative ternary convective nanoliquid was numerically
studied by Adnan et al.31 Gul et al.32 considered the MHD vis-
cous dissipated nanoliquid flow with forced convection and heat
source.

From the above literature, it has been decided that so far no one
has elaborated the tangent hyperbolic MHD nanoliquid flow across a
permeable wedge with the consequences of CR and heat source/sink.
Therefore, we have estimated numerically the combined effect of
wedge angle and melting energy transfer on the tangent hyperbolic
MHD nanoliquid flow across a permeable wedge with the signifi-
cances of Soret and Dufour and thermal radiation. The THNF flow
has been formulated in the form of PDEs, which are numerically
computed through the BVP4c. The numerical results of BVP4c are
compared to the published work for the validity purpose. The core
novelties of the proposed model are as follows:

● To study the tangent hyperbolic MHD nanofluid flow across
a permeable vertical wedge.

● To elaborate the consequences of magnetic field and buoy-
ancy forces.

● To examine the energy transfer under the significances of
exponential heat source/sink and thermal radiation.

● To assess the mass diffusion over a permeable surface subject
to Arrhenius AE and second-order CR.

● To derive the numerical solution of nonlinear system of
coupled PDEs.

In Sec. II, the problem is formulated and physically described.

II. MATHEMATICAL FORMULATION
In this article, in the presence of diffusion-thermo, melting heat

transfer, and thermo-diffusion, a two-dimensional unsteady forced
convective, electrically conducting, radiating, incompressible flow
of THNF over a porous wedge is inspected. Cw denotes the wall
concentration, and Tm represents the surface temperature due to
the melting process. U(x) = axm is supposed to be the velocity of
nanofluid above the boundary layer. Here, a is a positive constant.
The variable magnetic field is applied perpendicular to the wedge’s
surface as B(x) = B0x(

m−1
2 ). The surface permeability is stated in as

K(x) = K′x−(m−1). m = β1
2−β1

is the wedge angle factor, where β1 sig-
nifies the Hartree pressure gradient. T∞ is the temperature of the
nanofluid away from the surface. Here, T∞ < Tm as well as T0 < Tm.
The physical sketch of the fluid flow is shown in Fig. 1. The fol-
lowing form can be used to express the hyperbolic tangential fluid
equation’s constitutive representation:

τ = [(μ∞ + μ0) tanh (ΓΩ̇)n
+ μ∞]Ω̇. (1)

Here, τ and Γ are the extra stress tensor and material constant, where
Ω̇ can be formulated as

Ω̇ =

√

∑k∑m Ω̇kmΩ̇mk

2
=

√
A
2

. (2)

The aforementioned statement denotes that the symbol A represents
the invariant of the second-order strain rate tensor. The term can be
specified as

A =
tr(LT

+ L)
2

2
, (3)

where L = (gradV), in which V signifies the velocity of the fluid.
Assume that μ∞ = 0 and that we are concentrating on the THNF,
which indicates a shear thinning behavior when ΓΩ̇ < 1, and the
expression τ reduces to

FIG. 1. Physical geometry of the fluid flow.
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τ = μ0Ω̇[(ΓΩ̇)
n
]

= μ0Ω̇[(−1 + 1 + ΓΩ̇)n
]

= μ0Ω̇[−1 + n(ΓΩ̇ + 1)]. (4)

The governing equations for the THNF flow can be stated as
follows:33–35

∂u
∂x
+
∂v
∂y
= 0, (5)

u(
∂u
∂x
) + v(

∂u
∂y
) = U(x)(

∂U(x)
∂x

) + (
σB2
(x)
ρ f

+
υ

K(x)
)

× (U(x) − u) + υ[(
√

2Γ(
∂u
∂y
) − 1)n + 1]

×
∂2u
∂y2 + gβT(T − T∞) cos γ

+ gβC(C − C∞) cos γ, (6)

u(
∂T
∂x
) + v(

∂T
∂y
)

= α
∂2T
∂y2 +

κTDB

CsCp

∂2C
∂y2 +Λ

⎧⎪⎪
⎨
⎪⎪⎩

DB
∂C
∂y

∂T
∂y
+

DT

T∞
(
∂T
∂y
)

2⎫⎪⎪
⎬
⎪⎪⎭

−
1
ρCp

∂qr

∂y
+

Q∗e
(ρCp)hnf

+ (T − T∞) exp(−
√

a
υ f

ny), (7)

u(
∂C
∂x
) + v(

∂C
∂y
) =

κTDB

Tm

∂2T
∂y2 +

DT

T∞
∂2T
∂y2 +DB

∂2C
∂y2

− K2
r (

T
T∞
)

n
exp(

−Ea

κT
)(C − C∞). (8)

Here, (u, v) represent the velocity terms, Q∗e is the exponential heat
source/sink term, DB specifies the Brownian diffusion, Kr presents
the rate of chemical reaction, DT is the thermophoresis diffusion,
kT characterizes the fluid thermal diffusion ratio, Λ =

(ρc)p
(ρc) f

describes the heat capacity of the nanofluid, α = k
(ρc) f

sig-
nifies the nanofluid thermal diffusivity, Ea is the activation
energy term, υ denotes the fluid viscosity, σ denotes the fluid
electrical conductivity, and n represents the fluid power law
index.

The boundary conditions (BCs) are

T = Tm, u = 0, v = 0, k
∂T
∂y
= ρv(x, 0)(Cs(Tm − T0) + λ), C = Cw at y = 0,

u→ U(x), v = 0, C → C, T → T∞ as y →∞.

⎫⎪⎪⎪
⎬
⎪⎪⎪⎭

(9)

Here, λ indicates the nanofluid latent heat, k indicates the
nanofluid thermal conductivity, T0 represents the solid surface
temperature of the nanofluid, Cs indicates the nanofluid heat
capacity of the solid surface, and ρ indicates the nanofluid
density.

The term qr is expressed as

qr = −
4σ∗

κ∗
∂T4

∂y
(10)

and

T4
≅ −3T4

∞ + 4T3
∞T, (11)

where κ∗ is the absorption constant, while σ ∗ symbolizes the
Stefan–Boltzmann constant.

Placing Eqs. (10) and (11) in (7) yields

u(
∂T
∂x
) + v(

∂T
∂y
) = (α +

16α∗T2
∞

3ρCpκ∗
)
∂2T
∂y2 +

κTDB

CSCP

∂2C
∂y2

+Λ
⎧⎪⎪
⎨
⎪⎪⎩

DB
∂C
∂y

∂T
∂y
+

DT

T∞
(
∂T
∂y
)

2⎫⎪⎪
⎬
⎪⎪⎭

+
Q∗e

(ρCp)hnf
+ (T − T∞) exp(−

√
a
υ f

ny).

(12)

The stream function ψ(x, y) is stated as
∂ψ
∂y
= u,

∂ψ
∂x
= −v. (13)

The similarity variables are

η = (
(m + 1)U(x)

2xv
)

1
2

y, T = θ(η)(Tm − T∞) + T∞,

ψ = (
2vxU(x)

m + 1
)

1
2

f (η),
C − C∞
(Cw − C∞)

= ϕ(η).

(14)
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By employing Eq. (14) into a set of PDEs, we get

(1 − n(1 −Wi f ′′)) f ′′′ +
2m(1 − f ′2)

1 +m
+
(1 − f ′)

Kp
+ f f ′′

+M(1 − f ′) + (Gr)θ cos γ + (Gm)ϕ cos γ = 0, (15)

(1 +
4Rd

3
)θ′′ + Pr{D4ϕ′′ +Nbϕ′θ′ +Ntθ′2 + f θ′}

+Qe exp (−nη) = 0, (16)

ϕ′′ + Pr Leϕ′ f + θ′′(Pr LeSr +
Nt
Nb
) − Cr(θΔ + 1)nϕe

−Ae
(1+Δθ) = 0.

(17)

The transformed BCs are

f ′(η) = 0, θ(η) = 1, Bθ′(η) + Pr f (η) = 0, ϕ(η) = 1 at η = 0,

f ′(η)→ 1, θ(η)→ 0, ϕ(η)→ 0 as η→∞.

⎫⎪⎪
⎬
⎪⎪⎭

(18)

The dimensional parameters are

Kp =
aK′(m + 1)

2v
, Pr =

v
α

, B =
C f (Tm − T0)

λ + Cs(Tm − T0)
, M =

2σB2
0

ρ f a(m + 1)
, Wi =

√

U3
(x)(m + 1)Γ2

x
,

Qe =
Q∗e

a(ρCp) f
, Nt =

DT(Tm − T∞)Λ
vT∞

, Nb =
DB(Cw − C∞)Λ

v
, Le =

α
DB

, D4 =
κTDB(Cw − C∞)
CsCp(Tm − T∞)

,

Sr =
κTDB(Tm − T∞)
Tmv(Cw − C∞)

, Rd =
4σ∗T3

∞
κ∗κ

, Gr =
l2gβT(Tm − T∞)

υuw
, Gm =

l2gβc(Cw − C∞)
υuw

, Ae =
−Ea

κT
,

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪
⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(19)

where θ is the dimensionless form of temperature; f ′ represents
the non-dimensional velocity; ϕ is the dimensionless form of con-
centration; Le represents the Lewis number; Pr, Nb, and Wi are
the Prandtl number, Brownian diffusion, and Weissenberg number,
respectively; Nt represents the thermophoresis factor; Sr represents
the Soret number; D4 represents the Dufour number; Cr is the
second-order chemical reaction; M represents the magnetic field; Gr
and Gm are the thermal and mass Grashof numbers, respectively;
Kp represents the permeability of the medium; Ae is the activation
energy factor; Rd is thermal radiation; and Qe represents the heat
source/sink factor.

The mathematical expression of melting is B = Cp f (Tm−T∞)
λ+Cs(Tm−T0) .

Cp f (Tm−T0)
λ signifies the Stefan number (liquid), and Cs(Tm−T0)

λ sig-
nifies the Stefan number for solid states. The physical quantities are
expressed as

√
RexC f =

nWi
2
( f ′′(0))2

+ (1 − n) f ′′(0),

Nu
√

Rex
= −(1 + Rd

4
3
)θ′(0),

Sh
√

Rex
= −ϕ′(0),

(20)

where Rex is the Reynolds number.

III. NUMERICAL SOLUTION
The MATLAB boundary value problem solver BVP4c

is built around the finite difference approach. In the

proposed model, BVP4c is employed to numerically solve
the non-dimensional system of ordinary differential equa-
tions (ODEs). For the purpose, the system of ODEs is
further simplified into lowest order by using the following
procedure:36–38

δ1 = f (η), δ2 = f ′(η), δ3 = f ′′(η), δ4 = θ(η),

δ5 = θ′(η), δ6 = ϕ(η), δ7 = ϕ′(η).
(21)

By inserting Eq. (21) in Eqs. (15)–(18), the system of ODEs
becomes

(1 − n(1 −Wiδ3))δ′3 +
2m(1 − δ2

2
)

1 +m
+
(1 − δ2)

Kp
+ δ1δ3

+M(1 − δ2) + (Gr)δ4 cos γ + (Gm)δ6 cos γ = 0, (22)

(1 +
4Rd

3
)δ′5 + Pr{D4δ′7 +Nbδ7δ5 +Ntδ5

2
+ δ1δ5}

+Qe exp (−nη) = 0, (23)

δ′7 + Pr Leδ7δ1 + δ′5(Pr LeSr +
Nt
Nb
) − Cr(δ4Δ + 1)nδ6e

−Ae
(1+Δθ) = 0.

(24)

The transmuted BCs are

δ2(η) = 0, δ4(η) = 1, Bδ5(η) + Pr δ1(η) = 0, δ6(η) = 1 at η = 0,
δ2(η)→ 1, δ4(η)→ 0, δ6(η)→ 0 as η→∞.

} (25)
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TABLE I. Relative comparison with the published studies.

Le m B
Sarkar and
Endalew38

Endalew and
Sarkar39

Present
work

1.0 0.5 1.0 1.748 73 1.748 74 1.748 743 2
1.0 0.6 1.0 1.774 12 1.774 13 1.774 134 2
2.0 0.5 1.0 1.750 51 1.750 51 1.750 519 8
3.0 0.5 1.0 1.751 33 1.751 33 1.751 342 1
1.0 0.5 2.0 1.661 48 1.661 48 1.661 490 1
1.0 0.5 3.0 1.605 35 1.605 35 1.605 379 8

For the validity of the results of Eqs. (22)–(24), Table I is made.

IV. RESULTS AND DISCUSSION
The mutual consequences of wedge angle and melting energy

transfer on the THNF flow across a permeable wedge are numeri-
cally analyzed. The modeled equations are simulated numerically via
BVP4c. The core observation obtained from the BVP4c is analyzed
as follows:

Figures 2–6 highlight the consequences of surface permeability
Kp, n, magnetic factor M, wedge angle factor m, and Weissenberg
number Wi on the velocity curve f ′(η), respectively. Figure 2
exposes that the impact of surface permeability factor Kp drops the
fluid velocity. Physically, Kp is a property of permeable surface that
allows fluid particles to flow through the sheet or surface. However,

FIG. 2. Surface permeability Kp vs f ′(η).

FIG. 3. Power law index n vs f ′(η).

this effect resists the flow, which causes a lessening in the velocity
outline. Figures 3 and 4 exhibit that the flow velocity f ′(η) enhances
with the increment of power law index n and magnetic factor M.
Physically, the Lorentz force produces due to the magnetic effect,
which is also recognized as a resistive force that declines the fluid
velocity f ′(η) as shown in Fig. 4. Figures 5 and 6 illustrate that the
fluid velocity boosts with the impact of wedge angle term m, but
diminishes against the variation in Weissenberg number Wi. In this
case, increasing the wedge angle factor results in improved forced
convection. In addition, this increases the velocity of the nanoliq-
uid. Consequently, as the wedge angle factor upsurges, the speed
of a THNF rises (Fig. 5). From a physical perspective, Wi is the
ratio between elasticity and fluid viscosity. This physical fact explains

FIG. 4. Magnetic factor M vs f ′(η).

FIG. 5. Wedge angle parameter m vs f ′(η).

FIG. 6. Weissenberg number Wi vs f ′(η).
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FIG. 7. Thermal Grashof Gr vs f ′(η).

FIG. 8. Mass Grashof number Gm vs f ′(η).

why the thicknesses of the velocity boundary layers increase as
Wi increases since high Weissenberg fluids have low resistivity and
take more time to reach free stream velocity (Fig. 6). Figures 7 and 8
evaluate the nature of thermal Gr and mass Grashof number Gm vs
f ′(η). The fluid velocity enriches with the rising impact of Grashof
numbers due to the generation of buoyancy forces. The increasing
effect of thermal and mass Grashof numbers usually results in ele-
vated fluid velocity. The fluid motion intensifies as these Grashof
numbers increase because buoyancy forces become more effective.

FIG. 9. Dufour number D4 vs θ(η).

FIG. 10. Brownian motion Nb vs θ(η).

FIG. 11. Thermophoresis factor Nt vs θ(η).

FIG. 12. Prandtl number Pr vs θ(η).

FIG. 13. Thermal radiation factor Rd vs θ(η).
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FIG. 14. Weissenberg number Wi vs θ(η).

FIG. 15. Brownian motion Nb vs ϕ(η).

FIG. 16. Chemical reaction Cr vs ϕ(η).

A higher fluid velocity across the wedge surface is the result of
buoyancy forces driving the flow.

Figures 9–14 show the influence of the Dufour number D4,
Nb, Nt, Pr, Rd, and Weissenberg number Wi on energy field θ(η),
respectively. Figures 9–11 elucidate that the thermal profile devel-
ops with the rising impact of D4, Nb, and Nt, respectively. In fact,
D4 is known as the energy flux due to the concentration differ-
ence and because it offers a coupled non-reversible progression.
Hence, the change in D4 enriches the energy curve θ(η) (Fig. 9).
Figures 10 and 11 also show that the energy curve boosts with the
rising impact of Nb and Nt. Physically, due to the internal collisions
of fluid molecules, they generate heat, which causes advancement in
fluid temperature θ(η)(Figs. 10 and 11). Figures 12 and 13 expose

FIG. 17. Lewis number Le vs ϕ(η).

FIG. 18. Thermophoresis factor Nt vs ϕ(η).

that the energy cure of THNF declines with the variation in Pr,
but enhances with the upshot Rd. Physically, fluid with the high
Prandtl value has always less thermal diffusivity, and that’s why,
the fluid energy curve θ(η) falls off with the effect of Pr as publi-
cized in Fig. 12. The upshot of thermal radiation parameter carries
heat from the source to the fluid flow, which causes elevation in the
energy curve θ(η) as offered in Fig. 13. Figure 14 reveals the out-
come of an energy field θ(η). Physically, Wi is the ratio between fluid
viscosity and elasticity. This physical fact explains why the thick-
nesses of the energy boundary layers increase as Wi increases since
the energy curve boosts with the effect of Wi (Fig. 14). Figures 15
and 16 illustrate the impact of Nb and chemical reaction factor
Kr on the concentration field, respectively. The impact of both para-
meters exposes that the mass profile ϕ(η) drops with the variation

FIG. 19. Activation energy Ae vs ϕ(η).
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TABLE II. Numerical outcomes for f ′′(0), −θ′(0), and −ϕ′(0).

m W i n Pr Nb Nt D4 Sr M Le B Rd f ′′(0) −θ′(0) −ϕ′(0)

0.3 0.2 0.4 3.0 0.2 0.2 0.1 0.1 0.1 0.5 1 1 2.272 80 0.526 82 0.475 32
0.6 2.285 42 0.527 93 0.475 73
0.8 0.2 2.272 63 0.526 41 0.475 28

0.4 2.239 63 0.522 98 0.473 19
0.6 0.4 2.272 82 0.526 26 0.475 02

0.7 2.260 02 0.528 36 0.476 78
1.1 3.0 2.272 73 0.526 82 0.475 24

5.0 2.245 46 0.513 01 0.626 13
7.0 0.2 2.272 29 0.526 38 0.475 87

0.3 2.261 52 0.446 48 0.611 28
0.2 0.2 2.272 85 0.526 27 0.475 28

0.4 2.263 29 0.463 59 0.258 81
0.2 0.1 2.272 88 0.526 92 0.475 36

0.5 2.220 62 0.160 43 0.722 27
0.1 0.1 2.272 81 0.526 21 0.475 18

0.5 2.280 52 0.579 97 0.218 28
0.1 0.1 2.372 90 0.526 36 0.475 91

0.4 2.206 82 0.527 89 0.476 18
0.1 0.5 2.272 13 0.526 90 0.475 89

0.8 2.262 41 0.454 13 1.032 23
0.5 1.0 2.272 36 0.526 37 0.475 35

2.0 2.482 24 1.063 87 0.374 13
1.0 1 2.272 60 0.526 17 0.475 23

2 3.352 13 0.384 44 0.545 89

in Nb and Kr. Figures 17 and 18 highlight the impact of Le and
Nt on the mass curve, respectively. The escalating values of
Le diminish the concentration outline, whereas the variation in
Nt augments the mass profile ϕ(η). Figure 19 displays the nature
of activation energy Ae vs ϕ(η). Physically, the diffusion pro-
cesses and the rate of reactions are impacted by the activation
energy factor, and this eventually affects the concentration of flu-
ids. Higher concentrations of fluid and material accumulation result
from slower reactions or less diffusion caused by a higher activation
energy.

Table II presents the numerical results for shearing stress
f ′′(0), Nusselt number, and −ϕ′(0). It has been pragmatic that the
variation in wedge angle boosts the shearing stress and energy prop-
agation rate, whereas the increment of Wi declines both the energy
transfer rate and skin friction.

V. CONCLUSIONS
We have numerically reported the combined effect of wedge

angle and melting energy transfer on the tangent hyperbolic MHD
nanoliquid flow through a permeable wedge. The consequences of
chemical reaction, Soret and Dufour, heat source/sink, and thermal
radiation are also examined on the flow of THNF. The flow has been
formulated in the form of PDEs, which are numerically calculated
through the BVP4c. The numerical results of BVP4c are relatively

compared to the published work for the validity purpose. The main
conclusions are as follows:

● The fluid velocity significantly improves with the rising
impact of the buoyancy forces.

● The impact of surface permeability factor Kp drops the fluid
velocity.

● The flow velocity f ′(η) enhances with the increment of
power law index n and magnetic factor M.

● The variation in the wedge angle boosts the shearing stress
and energy propagation rate, whereas the increment of
Wi declines both the energy transfer rate and skin friction.

● The fluid velocity augments with the impact of wedge angle
term m, but diminishes against the variation in Weissenberg
number Wi.

● The energy curve enriches with the rising impact of D4, Nb,
and Nt.

● The impact of Nb and chemical reaction factor drops with
the variation in the mass profile ϕ(η).

● The energy cure of THNF declines with the variation in
Pr, but enhances with the upshot Rd.

● The positive variation in the activation energy parameter
elevates the mass diffusion rate of THNF.

● The rising values of Le diminish the concentration out-
line, whereas the variation in Nt augments the mass profile
ϕ(η).
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