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A B S T R A C T   

Prandtl Eyring fluid and stretchable wedge have multiple usages in many industries. The present study aims to 
investigate the impact of modified Buongiorno trihybrid nanofluid on Prandtl Eyring fluid past a wedge with the 
addition of various influences like endothermic/exothermic reactions, thermal radiation, and thermal conduc
tivity, Cattaneo-Christov double diffusion. Aluminium alloys (AA7072), Aluminium alloys (AA7075) and Silver 
(Ag) are used as nanocomponents. Prandtl Eyring fluid is employed as a conventional liquid in the preparation of 
nanofluids by blending nano components into the base fluid. Further, the flow model is imposed with Modified 
Buongiorno nanofluid. By using the similarity approach, the proposed mathematical flow model of partial dif
ferential equations (PDEs) is turned into highly nonlinear ordinary differential equations (ODEs). Throughout the 
whole range of material parameters, the solution for the ensuing nonlinear boundary value issue is given by 
employing the finite element method (FEM). The numerical results of Prandtl Eyring ternary HNF motion, 
thermal and solute profiles are performed through graphical amassment on the collected data and discussed in 
detail. The numerical significances of material sections, such as the frictional force, local Nusselt quantity, and 
local Sherwood number requirements, are supplied in tabular form. Further, it also presents the validation and 
performance characteristics of the proposed device with previously published work and found excellent accu
racy. In comparison to hybrid nanoparticles, the consequences reveal that heat transmission is amplified in the 
case of tri-hybrid nanoparticles. The numerical consequences show that the heat transfer amount reduces in the 
situation of exothermic reactions parameter Ω < 1 and rises due to magnification in the status of endothermic 
reactions parameter Ω > 1.  
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Introduction 

It is difficult to accurately forecast the precise nature of non- 
Newtonian fluids because of the intricate interaction that exists be
tween the shearing stress and the strain that is exerted. Various math
ematical prototypes have been developed based on viscoelastic, 
rheopectic, thixotropic, and dilatant behaviors. Unlike Newtonian 
fluids, non-Newtonian fluids do not follow the third law of motion. 
Viscosity in Newtonian fluids is constant because shear stress is pro
portional to strain. Oil extraction, biochemicals, medicines, foods, and 
power engineering are only a few of the fields where non-Newtonian 
fluids have been explored. Non-Newtonian fluids include things like 
synthetic and natural liquid organisms, polymers, emulsions, paints, 
blood, oil, toothpaste, and ketchup. As compared to Newtonian fluids, 
non-Newtonian fluids are more challenging to control numerically and 
analytically due to their complexity and nonlinearity. Carreau studied 
the initial formulation of the stress tensor to characterize the nonlinear 
and viscoelastic characteristics of non-Newtonian fluids. Pseudoplastic 
fluids that are thin under shear have important applications. The vis
cosity of a fluid drops as shear stress increases. Blood is a typical instance 
of this. Models of fluids that are thin in shear have been developed. 
Because of its ability to accurately portray decreased shear fluids, the 
Prandtl fluid model is significant. Researchers from all over the globe 
have conducted studies on the impact of numerous events on non- 
Newtonian fluids in order to examine heat and mass transfer analyses. 
This is because non-Newtonian fluids have a complicated character. 

The non-Newtonian character of blood flowing in multi-stenosed 
arteries with an oval cross-section is investigated and understood by 
Shahzad et al. [1]. The Carreau fluid concept takes into account the fact 
that blood does not behave in a Newtonian manner. Raza et al. [2] 
researched Burgers’ fluid, which is of the transient electro-osmotic kind. 
Their experiment took place in a tiny tube with a circular cross-section. 
Shahzad and Awan. [3] presented the analytical study of the peristaltic 
flow of heated non-Newtonian Rabinowitsch fluid flow subjected to an 
elliptical duct. Shahzad and Awan. [4] taken Phan-Thein–Tanner fluid 
model in order to investigate the effect of blood flowing in a contami
nated vein with an elliptical cross-section. Impression of magnetism 
force and Darcy- Forchheimer flow on Casson liquid flow across a cir
cular cylinder was investigated in detail by Awan et al. [5]. Shah et al. 
[6] studied the impact of activation energy and magnetic field on 
thermally radiated bioconvective Prandtl fluid flow towards an 
expandable cylinder. The effect of Coriolis force and nanoparticles on 
rotating Prandtl fluid was elaborated in the description by Awan et al. 
[7]. Shah et al. [8] investigated the influence of free convection on viscid 

liquid flow under the effect of an oblique magnetism force. Li et al. [9] 
investigated the effect of thermal radiation and viscous dissipation on 
chemically reactive time-dependent fluid flow across an elastic sheet. 
The effects of buoyancy on nanofluid flow exposed to a slippery were 
probed deeply by Liu et al. [10]. Chu et al. [11] scrutinized the effect of 
activation energy and double diffusion convection of magnetized 
tangent hyperbolic fluid. The buoyancy effect along with stagnation 
point flow on the Carreau fluid-embedded Catteneo-Christov heat flux 
phenomenon was studied deeply by Li et al. [12]. Chemically reactive 
squeezed Casson fluid accompanied by activation energy and viscous 
dissipation past a horizontal channel were interrogated in the descrip
tion by Li et al. [13]. Li et al. [14] elaborated on the influence of 
Thomson and Troian slip phenomena on ternary nanofluid via a 
stretchable plate. Similar works reported by various researchers for 
authors’ interest are mentioned in Refs. [14–18]. 

The boundary layer flowing of any classical/nanofluids over the 
wedge is a modern problem in computational fluid dynamics, and this 
type of phenomenon is observed in many processes such as submarines, 
warship modelling, designing flaps on aeroplane wings, nuclear power 
plants, cooling air through AC panels, liquid metal flows in heat ex
changers, crude oil extraction, and polymer processing. Moreover, the 
wedge angle plays an important role in airfoils and wings in transonic 
flows. The study of nano-liquid motion past a moving plate has several 
implementations like cooling the electronic device, drying technology, 
heat exchanger, solar energy storage, biomedical devices, atmospheric 
flow, and polymer processing. Keeping these facts, many investigators 
started working on diverse nano-liquid motions over the static/moving 
wedge. For instance, Anuar et al. [19] have presented bvp4c solutions to 
investigate the alumina oxide-copper/water nanofluid flowing via a 
moving wedge and concluded that boundary layer separation is delayed 
by the wedge parameter. Mishra et al. [20] have presented a theoretical 
analysis of the boundary layer motion of nano-liquid over a wedge and 
noticed that heat sinking blankets the surface with the cold fluid layer. 
Khan and Pop [21] have provided the Keller-box method solutions to 
examine the boundary layer motion of nanoliquid via a wedge and 
concluded that the wedge parameter decreases the thickness of hydro
dynamic thickness. Dharmaiah et al. [22] examined the MHD nanofluid 
movement via a wedge underneath the Ohmic effects with the bvp4c 
procedure and accomplished that their solutions may be helpful in 
polymeric sheets, plastic film, and wire drawing. Sarkar and Endalew 
[23] have provided collocation-based solutions for the MHD wedge 
motion of a Casson nano-liquid through a porous medium and concluded 
that their findings may be helpful in designing cooling gadgets and heat 
sinks. Khan et al. [24] elaborated the Carreau nanoliquid motion over 

Nomenclature 

A Prandtl fluid parameter 
Tw wall temperature (K)
γ1 buoyancy parameter (N)

Q Activation energy 
( kJ

mol
)

Ue Free streaming rapidity 

Nb Brownian diffusion 
(

m2

s

)

Pr Prandtl number 
β1 Reaction rate constant 
D Convective heat flux 

( W
m2 .K
)

λ Moving wedge parameter 

ρthnf Density of nanofluid 
(

Kg
m3

)

Cp Specific heat 
(

J
kg.K

)

σ* Stefan-Boltzmann constant 
(

W
m2 .K4

)

B elastic parameter 
T∞ ambient temperature (K) 
m wedge parameter 

n Power law index 
(

kg
m.s

)

Uw Rapidity at wall 
Nt Thermophoresis parameter 
Rd radiation parameter 
Ω Endothermic/exothermic reaction 

Z Convective mass flux 
(

kg
m2 .s

)

α Wedge angle (Rad) 

αthnf Thermal diffusivity of tri-hybrid mixture 
(

m2

s

)

kthnf Thermal conductivity of nanofluid 
(

J
kg.K

)

κ* absorption coefficient 
(

m2

mol

)
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the wedge with mass flux and non-linear radiation effects using MATLAB 
package and provided that the lower velocities are found in the case of 
the static wedge and the higher velocities are noticed in the moving 
wedge. Madhu et al. [25] have offered numerical finite element (FM) 
results for the MHD Sisko nanofluid motion past a wedge and discussed 
the salient features. Kebede et al. [26] have investigated the motion of 
tangent hyperbolic nanoliquid via a stretchable wedge using the 
computational software Mathematica and found that by developing the 
value of wedge angle the velocity rises. Rajput et al. [27] have discussed 
the 2D unsteady motion of HNF over a wedge using the bvp4c approach 
and concluded that heat and mass transfer rate and skin-friction co
efficients noticeably change for favorable and adverse pressure condi
tions. Madhu and Kishan [28] have used FM method to probe the 
flowing situation of MHD nanoliquid via a wedge and provided that the 
wedge angle enhances the velocity profiles. Jabeen et al. [29] explored 
the motion of Casson nanoliquid past a wedge under the microorganism 
effects using the bvp4c procedure and noted that suction/injection 
performs a worthy position in controlling the boundary layer motion. 

Over the last decades, the diverse HNFs boundary layer motion over 
the stretchable/shrinking wedge has established much consideration 
because of its practical applications in various fields such as glass 
blowing, artificial fiber, extraction of polymer, and paper production. 
These applications motivated the researchers to work on HNFs over the 
wedge. Dinarvand et al. [30] have used MATLAB software to investigate 
the motion of titanium oxide-copper oxide/water HNF over a wedge and 
concluded that the mono-nanofluid and base fluid has less thermal 
performance as compared with HNFs. Zainal et al. [31] have analyzed 
the motion of alumina oxide-copper/water HNF past a wedge using the 
computational software MATLAB and provided that their finding may be 
helpful in the thermal analysis process. Kakar et al. [32] have made a 
theoretical analysis of the water-based HNF over the shrinking wedge 
with MATLAB software and concluded that wedge angle enhances 
thermal boundary layer thickness. Zainal et al. [33] have studied the 
unsteady hybrid nano-material motion over the moving Falkner-Skan 
wedge using the bvp4c technique and found that wedge angle and 
dual-type nanoparticles improve thermal efficiency. Berrehal et al. [34] 

have discussed the motion of magnetite-graphene oxide/water HNF 
using the Runge-Kutta-Fehlberg method and concluded that their results 
are helpful in cooling technologies. Ogunniyi et al. [35] inspected MHD 
HNF flow via the wedge using the homotopy analysis method and 
declared that temperature increases with an increase in solid volume 
fraction. Waini et al. [36] have used MATLAB computational software to 
investigate the indication of hybrid nanomaterial done by the stretching 
wedge and determined that as compared with normal nanofluid, a 
higher heat transference rate is detected in HNF. Roșca et al. [37] have 
studied the HNF over a wedge and found that their findings are helpful 
in heat exchangers. Basha et al. [38] made a numerical investigation to 
discuss the motion of Ag-MgO/water HNF past a Riga wedge and noticed 
that the stronger magnetic field lowers the temperature distribution. 
Hassan et al. [39] have studied the motion of copper-silver/water HNF 
over the wedge and concluded that the efficacy of HNFs as a heat 
transference liquid is significantly supplementary to standard liquids. 

Motivation 

In the current examination, investigators have concentrated on the 
flow of ternary HNFs, which are made up of three dissimilar categories 
of nanoparticles floating in a base fluid. This idea is similar to the mono/ 
HNFs. In general, the ternary HNFs have more significant thermophys
ical properties than mono/ HNFs due to their synergistic effects. 
Nowadays, ternary HNFs are regarded as new-generation fluids; how
ever, very little work has been done in the literature in the direction of 
ternary HNF flows in various situations; however, no effort is done in the 
case of Prandtl Eyring Ternary HNF flow with tri HNFs past a wedge. 

Objective 

With this motive, the authors of the current paper investigated the 
effect of modified ternary HNF flow across the wedge by taking into 
account numerous aspects such as activation energy, chemical pro
cesses, and multiple convective boundary conditions. The nanoparticles 
have been considered alumina oxide, titanium dioxide, and silicon 

Fig. 1. Geometry of the fluid flow.  
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dioxide in the base fluid. The mathematical model is developed and with 
suitable similarity transformations, the model is converted to a system of 
ODE’s. The finite element methodology was managed to resolve the non- 
dimensional system of formulas. The graphical results for various pa
rameters are then displayed. 

Novelty 

The motivation behind the conduct of the existing examination is 
given below.  

1) The effect of tri-hybridity nanoparticles on fluid flowing via a wedge 
has never been elaborated on previously.  

2) The modified di-hybrid Buongiorno nanofluid model is available in 
the existing literature. The novel idea of a modified tri-hybrid 
nanofluid Buongiorno nanofluid model is not implemented yet in 
the available literature.  

3) In the previous literature, no attention has been paid to studying the 
influence of endothermic/exothermic chemically reactive processes 
on the liquid via a wedge. 

Applications 

The implementations of flowings via a wedge might be observed in 
the manufacturing of polymers, the extracting of petroleum products, 
the movement of boiling metals over accelerated surfaces, the move
ment of liquid metallic substances in heat exchange systems, the flinging 
of cold air through AC panels, nuclear power plants, the construction of 
the flaps on airplane wings for enhanced lift, drag, and maneuverability, 
the simulation of naval vessels and submersibles, and in a variety of 
other fields of scientific and technological research. 

Calculated description 

In Fig. 1, the model of varied convective Prandtl Eyring fluid 
distributed with tri HNFs is carried out while taking into account 
ethylene glycol as a standard liquid. The heat transfer phenomenon is 
considered through the inclusion of endothermal (exothermal) re
sponses and initiation energy. However, mass transfer investigation is 
explored under the light of initiation energy accomplish. With the use of 
variable thermal, conduction, radiate heat flow, and temperature vari
ation are examined. When studying heat transmission, Rosseland radi
ative heat flux is taken into account. Considered is a modified 
Buongiorno HNF, which combines ternary HNF, Brownian diffusion, 
and thermophoresis phenomena. Heat and mass transport exploration 
have been elaborated with the insertion of the Cattaneo-Christov double 
diffusion phenomena. The factors Uw and Ue represent the extending 
velocity and ambient velocity. The heat as well as concentricity at the 
wall and ambient heat in accumulation to the concentricity are signified 
by Tw, Cw, T∞, C∞. Additionally, it is presumed that Tw > T∞ and 

Cw > C∞. The wedge is placed alongside x − with y − axes perpendicular 
to it. The gravity acceleration g is smeared normal to the wedge route 
and moreover, the wedge angle is stated by ϑ. The factors ρthnf , 

(
ρCp
)

thnf 

and kthnf characterize the density, specific heat, and thermal conduc
tivity of ternary HNF consistently. Above the consequence of boundary 
layer supposition, the properties like viscous dissipation and Joules’s 
heating and mistreatment, and Boussinesq’s approximation are 
measured since the buoyancy determined assorted convection affected 
that assumed in the momentum equation. Utilizing the Navier-Stokes 
equations, the 2nd-law of thermodynamics, Fick’s 2nd-law of trans
mission, and the rule of conservation of mass, the continuity, energy, 
impetus, and concentricity formulas are produced. Because of the 
beyond suppositions, the influential formulas for continuity, impetus, 
energy, and concentration are provided further down. 

Fig. 2 reflects the flowing diagram illustration of the ternary HNFs 
AA7072, AA7075, and Ag through the deliberation of ethylene glycol 
(EG) by means of a disreputable liquid in the current problem. 

∂u
∂x

+
∂v
∂y

= 0, (1)  

u
∂u
∂x

+ v
∂u
∂y

=Ue
dUe

dx
+

μthnf

ρthnf

[
L
C1

∂2u
∂y2 +

L
2C3

1

(
∂u
∂y

)2∂2u
∂y2

]

+
1

ρthnf
[gβ(T − T∞)

+ gβ*(C − C∞)]
Sinϑ

2
,

(2)  

u
∂T
∂x

+ v
∂T
∂y

+ λT

[

u2∂2T
∂x2 + v2∂2T

∂y2 +

(

u
∂u
∂x

+ v
∂u
∂y

)
∂T
∂x

+ 2uv
∂2T
∂x∂y

+

(

u
∂u
∂x

+ v
∂u
∂y

)
∂T
∂y

]

=
∂
∂y

(
kthnf(

ρCp
)

thnf

∂T
∂y

)

+ τ
[

DB
∂C
∂y

∂T
∂y

+
DT

T∞

(
∂T
∂y

)2
]

−
1

(
ρCp
)

thnf

∂qr

∂y
+

Ωk2
r (C − C∞)

(
T

T∞

)n
Exp
(
− Qa
κT

)

(
ρCp
)

thnf

(3)  

u
∂C
∂x

+ v
∂C
∂y

+ λC

[

u2∂2C
∂x2 + v2∂2C

∂y2 +

(

u
∂u
∂x

+ v
∂u
∂y

)
∂C
∂x

+ 2uv
∂2C
∂x∂y

+

(

u
∂u
∂x

+ v
∂u
∂y

)
∂C
∂y

]

= DB

(
∂2C
∂y2

)

+
DT

T∞

(
∂2T
∂y2

)

− k2
r (C − C∞)

(
T

T∞

)n

exp
(
− Qa

κT

)

.

(4) 

The following are the corresponding boundary restrictions: 

Fig. 2. Ternary HNFs.  
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y=0 :u=uw(x)=Uwxm,v=0,− k
∂T
∂y

=h1(Tf − T∞),− D1
∂C
∂y

=h2(Cf − C∞),

y→∞ :u→Ue(x)=U∞xm,T=T∞,C=C∞

⎫
⎪⎬

⎪⎭

(5) 

Here are some calculated formulations for ternary HNF’s thermo
physical properties. 

Thermophysical possessions of AA7072, AA7075, and Ag nano
particles and EG base fluid are offered in the next table: Table 1. 

The factor for the Rosseland approximation is 

qr = −
4σ*

3κ*
∂T4

∂y
, (7) 

where σ* and κ* signify the Boltzmann number and the absorbing 
factor, correspondingly. 

Currently, think appropriate transformations are listed below. 

ψ =

(
2νxUexm

m + 1

)1
2

f (η), η =

(
Uexm(m + 1)

2νx

)1
2

y,

θ(η) = T − T∞

Tw − T∞
, ϕ(η) = C − C∞

Cw − C∞
.

⎫
⎪⎪⎪⎬

⎪⎪⎪⎭

Eqs. (2)–(5) are transformed as an outcome of the foregoing trans
formation keen on the following non-dimensional given by: 

Af ″′ +Bf″′ +A1A2
m + 1

2
ff″ +A1A2m(1 − f ′2)+A1γ1(θ + Nϕ)

Sinα
2

= 0, (8)   

ϕ′′+

(
Nt
Nb

)

θ′′ + Sc f ϕ′ − β1 Sc (1 + δθ)nexp
(

− Q
1 + δθ

)

ϕ

− ScΨ2

(
m + 1

2
f 2ϕ′′ −

6
m + 1

ηf ′2ϕ′ + f f ′ϕ′
)

= 0,
(10) 

The endpoint preconditions (6) have the resulting structure: 

η= 0 : f (η)= 0, f ′(η)= λ, θ′(0)= − D(1 − θ(0)), ϕ′(0)= − Z(1 − ϕ(0))
η→∞ : f ′(η)→1, ϕ(η)→0, θ(η)→0.

}

(11)  

Physical measures 

The factors similar to drag constant Cf , heat transfer frequency Nux 

and mass transfer ratio Shx are 

Cf =
2τw

ρf u
2
w
,Nux =

xqw

kf (Tw − T∞)
,

}

(12) 

whereas expressions regarding τw, qw and qm are given below 

τw = μnf

[
A
C1

∂u
∂y

+
A

2C3
1

(
∂u
∂y

)3
]

qw = − kthnf

(
∂T
∂y

)

+ qr.

⎫
⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎭

(13) 

By substituting Eq. (17) for Eq. (16) and performing the comparing 
conversion, the quantities that are described in Eq. (17) be non- 
dimensional in the following way: 

1
2
Cf Re1/2 =

1
A1

[
αf″ + βf 3″]

,

NuxRe− 1/2
x = − (A4 + Rd)θ′.

⎫
⎪⎬

⎪⎭
(14) 

where Rex = Uwx
νf

. The following dimensionless parameters are 
derived from (10)-(13): 

Table 1 
Thermophysical possessions.  

Properties Ethylene Glycol (EG) AA7072 AA7075 Ag 

ρ 1114 2720 2810 10,500 
Cp 2415 893 960 235 
k 0.252 222 173 429  

μthnf =
μf

(1 − ϕ1)
2.5
(1 − ϕ2)

2.5
(1 − ϕ3)

2.5,

ρthnf = (1 − ϕ3)
{
(1 − ϕ2)

[
(1 − ϕ1)ρf + ρ1ϕ1

]
+ ρ2ϕ2

}
+ ρ3ϕ3,

(
ρCp
)
thnf = (1 − ϕ3)

{
(1 − ϕ2)

[
(1 − ϕ1)

(
ρCp
)

f +
(
ρCp
)

s1
ϕ1

]
+
(
ρCp
)

s2
ϕ2

}
+
(
ρCp
)

s3
ϕ3,

kthnf

khnf
=

k3 + 2khnf + 2ϕ3
(
k3 − khnf

)

k3 + 2khnf + ϕ3
(
khnf − k3

) ,

khnf

knf
=

k2 + 2knf + 2ϕ2
(
k2 − knf

)

k2 + 2knf + ϕ2
(
knf − k2

) ,
knf

kf
=

k1 + 2kf + 2ϕ1
(
k1 − kf

)

k1 + 2kf + ϕ1
(
kf − k1

) .

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(6)   

[(

(1 + ∊θ) +
Rd
A3

)

θ′′ + ∊θ′2
]

+
A3

A4
Pr
(
Nbθ′ϕ′ + Ntθ′2)+

1
A3

Ωβ1(1 + δθ)nexp
(

− Q
1 + δθ

)

ϕ

+
A3

A4
Prf θ′ −

A3

A4
PrΨ1

(
m + 1

2
f 2θ′′ −

6
m + 1

ηf ′2θ′ + f f ′θ′
)

= 0,

⎫
⎪⎪⎪⎬

⎪⎪⎪⎭

(9)   
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λ =
Uw

U∞
, A =

L
μf C1

, B =

(
L

2C2
1

)(
(m + 1)U3

e xm− 1/3

2νf

)

,

Pr =
μCp

k∞
, Rd =

16σT3
∞

3k*k∞
, γ1 =

Grx

Re2
x
,Grx =

gβT(Tw − T∞)x3

ν2
f

Q =

(
Qa

kT∞

)

, δ =
Tw − T∞

T∞
, Nb =

τDB

νf
(Cw − C∞),

β1 = σk2
r , Nt =

DT

T∞

τ
νf
(Tw − T∞), τ =

(
ρCp
)

s(
ρCp
)

f

,

Sc =
νf

DB
, Ψ1 = λT

Ue

2x
, Ψ2 = λC

Ue

2x
,

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

here A1, A2, A3 and A4 are assumed via   

Fig. 3. G-FEM flow diagram.  

Table 2 
Associating of − θ′(0) standards with Pr , when ∊ = 0, ϕ = 0, ϕthnf = 0, Nb = 0, 
Nt = 0, λ = 0, Z→∞. and D→∞.  

Pr Das et al [41] Bouslimi et al. [42] Present Results 

72 × 10-2  0.80876122  0.80876181  0.80876181 
1 × 100  1.00000000  1.00000000  1.00000000 
3 × 100  1.92357431  1.92357420  1.92357420 
7 × 100  3.07314679  3.07314651  3.07314651 
10 × 100  3.72055436  3.72055429  3.72055429  
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Fig. 4. Investigation of A arranged by.f′(η).

Fig. 5. Investigation of B proceeding by.f′(η).

Fig. 6. Investigation of m continuously by.f′(η).

Fig. 7. Investigation of α scheduled by.f′(η).

Fig. 8. Investigation of γ1 proceeding by.f′(η).

Fig. 9. Investigation of Pr arranged by.θ(η).
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Solution methodology 

With the aid of restricted component computation, the correspond
ing limit conditions of the present model were mathematically recon
structed. The partition of the anticipated space into elements forms the 
foundation of the restricted component strategy (finite). This article 
examines the Galerkin finite element method (G-FEM) [40]. Fig. 2 serves 
as a reference for the limited component calculation’s stream layout. 
This method has been applied to a few computational liquid elements 
(CFD) problems; the advantages of doing so are listed below. 

Step-I: Solid structure (called ODEs) produces weak structure, and 
residuals are prearranged. 
Step-II: To obtain a frail structure, outline capacities are directly 
extracted, and Galerkin limited component plot is applied. 
Step-III: Building solidity components involves an assembly process, 
and a global firmness network is envisaged. 
Step-IV: With the aid of the Picard linearization method, the alge
braic outline (nonlinear conditions) is acquired. 
Step-V: By manipulating the accompanying halting models and 10-5 

(computational resistance), algebraic conditions are reenacted. 

Fig. 10. Investigation of Nb indicated by[03B8](η).  

Fig. 11. Investigation of Nt given by [03B8](η).  

Fig. 12. Investigation of Ω arranged by [03B8](η).  

Fig. 13. Investigation of β1 corresponds to [03B8](η).  

A1 = [(1 − ϕ1)(1 − ϕ2)(1 − ϕ3) ]
− 2.5

,

A2 = (1 − ϕ3)

{

(1 − ϕ2)

[[

(1 − ϕ1) + ϕ1
ρ1

ρf

]]

+ ϕ2
ρ2

ρf

}

+ ϕ3
ρ3

ρf
,

A3 = (1 − ϕ3)

{

(1 − ϕ2)

[

(1 − ϕ1) +

(
ρCp
)

s1(
ρCp
)

f

ϕ1

]

+

(
ρCp
)

s2(
ρCp
)

f

ϕ2

}

+

(
ρCp
)

s3(
ρCp
)

f

ϕ3, A4 =
kthnf

kf

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎭

(15)   
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⃒
⃒
⃒
ηi+1 − ηi

ηi

⃒
⃒
⃒ < 10− 5.

Additionally, The Galerkin restricted module process’s stream sum
mary is shown in Fig. 3. 

Validation of code 

By contrasting the heat transport rate after the current process with 
the confirmed results of prior investigations, the validity of the 
computational technique was established [41,42]. Table 2 displays a 
comparison of recent research findings with those from earlier studies. 
The outcomes of the present exploration were quite exact and 
analogous. 

Results and discussion 

The movement of Prandtl Eyring fluid disseminated with tri HNFs 
(AA7072, AA7075, Ag) through the deliberation of ethylene glycol by 
means of a base fluid with a modified Buongiorno HNF model. FEM a 
well-known numerical procedure, has been used to apply the mathe
matical model, which takes the form of nonlinear ODEs, to determine 
the solution. This study’s major goal is to research how to increase heat 
transfer rate utilizing Ternary HNF as the primary emphasis, and it has 
been found that HNFs are better capable of doing so. The graphical 
findings that are included in the discussions part (Figs. 4-26) allow us a 
thorough assessment and examination of the numerical computations 
provided in the finite element method’s segment on the approximate 
result. 

Results show the impact of characterizing parameters, especially 
those that explain the novel aspects of the current study, such as the 
activation energy (Q), reaction rate constant (β1), and endothermic/ 
exothermic reaction parameter (Ω). This is based on the assumption that 

Fig. 15. Investigation of ∊ arranged by [03B8](η).  

Fig. 16. Investigation of D arranged by [03B8](η).  
Fig. 14. Investigation of Rd formulated with respect to [03B8](η).  
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Fig. 18. Investigation of n with admiration to [03B8](η).  

Fig. 19. Investigation of δ with reverence to [03B8](η).  

Fig. 20. Investigation of Sc occurs withϕ(η).  

Fig. 21. Investigation of Z occurs with ϕ(η).  

Fig. 22. Investigation of Nb indicates with.ϕ(η).

Fig. 17. Investigation of Q with respect to.[03B8](η).
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there are three diverse categories of nanoparticles. The speed, energy, 
and mass owing to stagnation point flow are all factors that the flow 
analysis takes into consideration. 

Figs. 4-8 display the velocity distributions for various fluid param
eters such as Prandtl liquid factor, elastic stricture, wedge constraint, 
wedge angle, and buoyancy parameter in both the cases like hybrid and 
ternary HNF. It is renowned from Fig. 4 that, with accumulative Prandtl 
fluid parameter the boundary layer thickness diminishes, results there is 
an increase in the velocity profile of nanofluids. Moreover, it is also 
noticed that higher velocities are found in the status of hybrid nano
liquid as compared with ternary hybridity nanoliquid. Physically fluid 
becomes less viscous under an amplification in A which develops the 
velocity of liquid flow over stretching and elevates the velocity field 
f′(η). The velocity increment is observed with the enhancement of the 
elastic parameter (see Fig. 5). It is reflected that liquid is transferring 
away from the vertical side in the upward path under magnification in 
elastic parameter B. Physically it is observed that the stretching capacity 
of the sheet magnifies owed to an enlargement in B and less resistance is 
offered to a fluid moving over an expandable and the velocity of fluid 
amplifies which escalates f′(η). It is noticed from Fig. 6 that, the rapidity 
rises with increasing amounts of wedge parameter. It is also noted that 
up to a certain distance, the velocity is higher for ternary hybrid nano
fluids, later the same higher velocities are noticed for hybrid nanofluids. 
It is caused literally by the wedge parameter, which is connected to a 
pressure gradient. Higher wedge parameter values, therefore, suggest a 
beneficial pressure gradient that improves liquid movement. Addition
ally, for a higher value of m, the velocity distribution moves closer to
ward the edge’s surface and opposing fluid movement. Additionally, the 
thickness in terms of momentum boundary layer increases with a posi
tive change in m as well as decreases with the shear rate of the thick
ening fluid. It is depicted in Fig. 7 that, the wedge angle decreases the 
velocity of the nanofluid, and the trend in both the nanofluid is irregular. 
The velocity of the nanofluid declines with the rise of the buoyancy 
parameter (see Fig. 8). It is also investigated that, there is a mixed ve
locity behaviour for hybrid and ternary hybrid nanofluid based on the 
axial directions. Physically it is observed that a more viscous fluid 
generates less buoyancy and it is well established that the intersection of 
nanoparticles in the base fluid amplifies fluid density as well as viscosity 
and lessens buoyancy phenomenon as well as f′(η).

Figs. 9-19 plotted to see the variations of nanoparticle temperature 
distributions for distinct parameters such as Prandtl number, Brownian 
diffusion parameter, thermophoresis parameter, endothermic/ 
exothermic reactions parameter, reaction rate constant, radiation 

Fig. 24. Investigation of Q on.ϕ(η).

Fig. 25. Investigation of δ on ϕ(η).  

Fig. 26. Investigation of λ on ϕ(η).  Fig. 23. Investigation of Nt with respect to ϕ(η).  
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parameter, ε, convective heat flux, activation energy, power law index 
and the ratio of temperature. From Fig. 9, the stronger temperature 
boundary layer thickness is noticed with the enhancement in Prandtl 
number, results there is a decrement in the nanoparticle temperature of 
both the nanofluids. Moreover, the mixed kind of behaviour is noticed 
with respect to diverse values of the Prandtl number. Physically heat 
distributes more faster as a result of an enlargement in Pr which di
minishes the heat transport phenomenon and temperature field θ(η). 
The rising Brownian diffusion parameter enhances the nanoparticle 
temperature of both nanofluids (see Fig. 10). Particles collide more at 
random because of magnification in Nb. Physically molecules are more 
random and share more kinetic energy with each other which eventually 
amplifies the thermal conductivity of the fluid. As a result heat transfer 
among the liquid particles amplify and temperature field θ(η). It is 
obvious from Fig. 11 that, the nanomolecules temperature growths with 
stronger thermophoresis restriction. Physically molecules from the 
hotter region to the colder region by rising Nt and the equilibrium 
condition is maintained. After some time the temperature of the fluid 
amplifies by improving Nt with amplifies θ(η). It is concluded from 
Fig. 12 that, endothermic reaction decreases the nanoparticle 

temperature of both nanofluids. It is observed that energy is released or 
absorbed during the chemical reaction process. During the endothermic 
reaction, energy is absorbed by the system which later on decreases the 
temperature of the fluid and θ(η). The reaction rate constant enhances 
the temperature profile (see Fig. 13). Because there are more successful 
interactions between reactants as a result of the elevated temperature, 
the rate at which they react rises. The total amount of molecules con
taining energy equivalent to or even above the energy of activation rises 
when the temperature rises. As a result, both the reaction’s pace and the 
total number of efficient collisions rise. It is depicted from the graph 
that, the nanomolecules temperature rises with enhancing radiation 
parameter (see Fig. 14), and a similar trend is noticed with ∊ (see 
Fig. 15). The inclusion of nanomolecules in standard liquid absorbs more 
radiation in contrast to simple fluid. Physically, thermal radiative flux
ing is operated where significant heat is required. More heat is delivered 
to a system by rising Rd which amplifies the temperature inside the fluid 
and eventually amplifies θ(η). Particles collide more freely and share 
more kinetic energy with each other as a result of magnification in ∊. 
Insertion of nanoparticles in the liquid develops its thermal conductance 
phenomenon and furthermore improves θ(η). It is perceived from Fig. 16 
that, with the enhancing convective heat flux, the nanoparticle 

Fig. 27. Impact of Prandtl fluid parameter A on the surface drag coefficient. 
Blue lines represent ternary hybrid nanofluid and green lines represent di- 
hybrid nanofluid. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 

Fig. 28. Impact of elastic parameter B on the skin friction coefficient. Blue lines 
represent ternary hybrid nanofluid and green lines represent di-hybrid nano
fluid. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 

Fig. 29. Impact of thermal conductivity parameter ∊ on Nusselt number. Blue 
lines represent ternary hybrid nanofluid and green line represent di-hybrid 
nanofluid. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 

Fig. 30. Effect of thermal radiation Rd on Nusselt number. Blue lines represent 
ternary hybrid nanofluid and green lines represent di-hybrid nanofluid. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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temperature declines in both the nanofluids. The nanoparticle temper
ature reduces with increasing values of activation energy (see Fig. 17). 
This is because there are more particles with the necessary minimum 
energy. As the temperature drops, the response rate drops as well. The 
activation energy is unaffected by temperature changes. Catalyst addi
tion is the sole means to change the activation energy. It is noted from 
Figs. 18-19 that, with the enhancing power law index and temperature 
ratio, the nanoparticle temperature decreases in both the nanofluids. 
Moreover, from these nanoparticle temperature pictorial notations, it is 
detected that the higher temperature is seen in the ternary HNF case as 
compared with the simple hybrid nanofluid case. Physically viscosity is 
inversely linked with temperature. Viscous fluids have more viscosity 
and low temperatures. It is also observed that a positive change in 
temperature decreases viscosity. More resistance is offered to the fluid 
flow subjected to an incremental change in n which lessens θ(η). The 
temperature ratio parameter is the ratio of free stream temperature to 
wall temperature. When the difference between a free stream and wall 
temperature increases, heat transfer inside the fluid diminishes, and θ(η)
decreases. 

Figs. 20-26 are drawn to see the effect of diverse parameters such as 
Schmidt number, convective mass flux, Brownian diffusion parameter, 
thermophoresis parameter, activation energy, temperature ratio, and 

Table 3 
Investigation of varied dimensionless factors on the frictional force factor.  

A B m γ1 N ϑ λ Cfx Re1/2
x  

0.5 3 1 5  0.1  0.1  0.5  1.1412  
0.8        1.2517  
1.1        1.4116  
1.5        1.6901  

4       1.1615  
5       1.3412  
6       1.5854   

1.2      1.2119   
1.4      1.5467   
1.6      1.7089    

6     0.9907    
7     0.8576    
8     0.6431      

0.3    0.9000      
0.5    0.7895      
0.7    0.5521       

0.3   0.6767       
0.5   0.4003       
0.7   0.2958        

0.6  0.8324        
0.65  0.6217        
0.7  0.4797  

Table 4 
Change of distinguished variables on the heat transport and mass transport rates.  

∊ Rd Pr Nb Nt Ω β1 δ n Q Sc Z Ψ1 Ψ2 NuxRe1/2
x ShxRe1/2

x 

1 1 1.7 1 0.5  0.1  0.1  0.1  0.1  0.1 0.5 0.5  0.1  0.1  1.4213  0.6521 
2               1.3154  0.6621 
3               1.2001  0.6798 
4               1.0957  0.6851  

2              1.3157  0.6891  
3              1.6041  0.6901  
4              1.8711  0.6998   

3             1.3890  0.6690   
4             1.4771  0.6692   
5             1.4982  0.6699    

2            1.2312  0.6851    
3            1.1301  0.6721    
4            1.0015  0.6530     

1           1.1576  0.5432     
1.5           0.9742  0.4576     
2           0.9063  0.3211       

0.3          1.2115  0.6104       
0.5          1.0143  0.6233       
0.7          0.8665  0.6402        

0.3         1.4300  0.5001        
0.5         1.3114  0.5155        
0.7         1.2197  0.5214         

0.3        1.1231  0.5321         
0.5        1.2151  0.5376         
0.7        1.2465  0.5454          

0.3       1.5621  0.5552          
0.5       1.5670  0.5709          
0.7       1.5695  0.5963           

0.3      1.4867  0.6176           
0.5      1.4415  0.6021           
0.7      1.4312  0.5876           

1     1.3521  0.4105           
1.5     1.3426  0.4788           
2     1.3311  0.5459            

1    1.5432  0.5431            
1.5    1.5839  0.5002            
2    1.6277  0.4875              

0.2   1.2176  0.6631              
0.3   1.0213  0.6754              
0.4   0.9966  0.6885               

0.2  1.1759  0.6021               
0.3  1.1021  0.5730               
0.4  0.9977  0.5411  
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moving wedge parameter. It is noted from Fig. 20 that, the nanoparticle 
attentiveness decreases with rising values of the Schmidt number, where 
the concentration boundary layer thickness is stronger with the Schmidt 
number. Schmidt number is thermal to mass diffusivity. Physically mass 
diffuses more quickly by improving Sc which lessens Sc. The nano
particle concentration decreases with convective mass flux (see Fig. 21), 
and a similar trend is noticed with rising Brownian diffusion parameter 
(see Fig. 22). It is declared that the concentricity of the liquid diminishes 
as a result of magnification in mass flux through convection which di
minishes ϕ(η). Physically concentration is changed with temperature. 
The concentration of the product decreased and the concentration of the 
reactants rose as the temperature rose. That is why a frequent collision in 
Nb amplifies fluid temperature but diminishes concentration field ϕ(η). 
It is depicted in Fig. 23 that, the nanoparticle concentration enhances 
with rising values of thermophoresis parameter. Physically particles of 
the liquid migrate from the hotter zone to the colder plane which am
plifies the concentricity of the species within the liquid and eventually 
amplifies ϕ(η). Activation energy decreases the nanoparticle concen
tration (see Fig. 24). A catalyst lowers the reaction’s transition state, 
lowering the reaction’s activation energy in the process. As a result ϕ(η)
diminishes. Clearly, from Fig. 25, the temperature ratio increases the 
nanoparticle concentration decreases. It is observed that the mass 
diffusion phenomenon diminishes when the change between surface and 
ambient temperature grows which diminishes the rate of mass transport 
and ϕ(η). It is detected from Fig. 26 that, the moving wedge variable 
boosts the nanoparticle concentration. Physically an amplification in the 
wedge parameter provides less resistance to the fluid flow and the mass 
diffusion rate amplifies which brings about an amplification in ϕ(η). 
Figs. 27-28 sketched the impact of the Prandtl fluid parameter A and 
elastic parameter B on the surface drag coefficient. It is moderately 
apparent a confident change in A magnifies the viscosity phenomenon 
and provides more resistance to the fluid flow which actually amplifies 
the friction phenomenon and provides more drag to the fluid flow and 
furthermore diminishes the skin friction phenomenon. It is noticed that 
magnification in B provides an extension in the stretching sheet and 
more resistance is offered to fluid flow and the drag phenomenon am
plifies which diminishes surface drag friction. Figs. 29-30 are designed 
to explore the influence of thermal conductivity ∊ and thermal radiation 
Rd on heat transfer Nusselt number. It is quite evident that particles 
collide more randomly under the magnification in temperature and 
share more kinetic energy with each and escalates ∊ and heat transfer 
rate. Electromagnetic waves are really the means through which radi
ation is transmitted. When these waves interact with a liquid, they raise 
the temperature of the substance. Because of this, a magnification Rd 
increases the rate of heat transmission. Temperature escalates more in 
the situation of tri hybridity nanoliquid in comparison with di HNFs. 

Table 3 displays the skin friction coefficient variations for diverse 
parameters such as Prandtl fluid factor, elastic constraint, wedge re
striction, buoyancy parameter, N, wedge angle, and moving wedge 
parameter. It is spotted that the frictional force factor raises with rising 
values of the Prandtl fluid parameter, elastic parameter, and wedge 
parameter, and the trend is reversed with enhancing parameters such as 
buoyancy parameter N, wedge angle and moving wedge parameter. 
Table 4 represents the variations in heat transfer rate and mass transi
tion rate with particular to diverse fluid parameters. It is observed that 
both the heat and mass transference rates enhances with increasing ra
diation parameter, temperature ratio, power law index, and activation 
energy, and the converse path is detected in the case of thermophoresis 
variable and reaction rate constant. Increasing values ∊ decreases the 
heat transport rate, while it expands the mass transmission rate. Prandtl 
number develops the heat transfer rate and declines the mass transfer 
rate. Heat transfer rate decreases with increasing Brownian diffusion 
parameter, endothermic/exothermic reaction, and Schmidt number, 
while with these parameters the mass transfer rate enhances. Convective 
mass flux improves the heat transfer frequency and drops the mass 
transfer amount. Heat transfer diminishes but the Sherwood number 

amplifies in the case of the thermal relaxation parameter Ψ1 but both 
heat transfer and Sherwood number diminishes owing to magnification 
in concentration relaxation parameterΨ2.

Concluding remarks 

With ethylene glycol as a standard liquid and consideration of mul
tiple physical parameters, the study piece investigates the steady flow
ing of Prandtl Eyring liquid discrete with tri HNFs. The Modified 
Buongiorno prototype is operated to jointly examine Brownian motion, 
thermophoresis, and their impacts. The numerical approach (i.e., FEM) 
is applied to calculate the ascending non-dimensional boundary value 
problem. A comprehensive parametric examination of the appearances 
of distinct parameters is shown. The subsequent conclusions are drawn:  

• The resulting velocity was growing by an increase in A,B and m, 
while inclination, as well as buoyancy parameters, have reverse 
outcomes on this.  

• The temperatures with the thickener of the thermal boundary layer 
decrease on an enhancing Pr,Nb, Ω,D,Q, n and δ parameters 
simultaneously.  

• Liquid temperature enhances with mounting in Nt, β1,∊ and Rd 
quantities.  

• Species concentration of fluid was reduced by an increase through 
Schmidt quantity as well as activation energy parameter. 

• It is discovered that the temperature in the ternary hybridity nano
fluid case is greater than in the simple hybrid nanofluid case.  

• Wedge parameter helps us to improve the friction factor.  
• Thermal radiation and activation energy contribute to higher Nusselt 

and Sherwood numbers.  
• Heat transfer phenomenon diminishes as a result of a magnification 

in thermal relaxation time. 
• A positive variation in the concentration relaxation parameter di

minishes the Sherwood number. 

Future direction 

In the present article, a novel modified Buongiorno ternary hybrid 
nanofluid simulation has been in order to investigate the influence t of 
nanomolecules on fluid flow subjected to a wedge. In the future, this 
work has been utilized in order to develop a modified Buongiorno tetra 
hybrid nanofluid model to probe the effect of tetra nanomaterials on the 
fluid over various geometries like disks, cylinders, nonlinear expandable 
sheets, needles, etc. It can be said that in the near future we are currently 
working on extending the current concept in this study to include the 
main ideas in the following valuable papers [43–45]. 
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