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Abstract 
This study investigates the flow and heat and mass transfer characteristics of a nanofluid containing Erying-Powell 
fluid particles over a vertical cone in the presence of magnetic field, convective boundary condition and 
suction/injection effects. By using appropriate similarity transformations, the controlling non-linear partial 
differential equations (PDEs) are converted into ordinary differential equations (ODEs). The finite element method 
is then used to numerically solve the resultant system of ODEs. In any flow shape, the approach may be used to offer 
an approximate solution to various fluid rheology problems. Graphs are used to show how different important 
factors affect the velocity, temperature, and concentration profiles. For vertical cone shape, the skin-friction 
coefficient, heat transfer rate, and mass transfer rate are also calculated and shown in tables. Finally, the graphs 
and tables present a comparative study of the vertical cone results. Therefore, in any flow shape, the approach may 
be used to offer an approximate solution to various fluid rheology problems. 
Keywords:Eyring Powell fluid; Suction/Injection; Vertical Cone; Convective boundary condition; Magneticfield; Heattransfer; 
Mass transfer. 

 

ПОВЕДІНКА РІДИНИ ЕРІНГА-ПАУЕЛЛА ТА ЧАСТИНОК НАНОРІДИНИ ПІД ЧАС 
ПРОТІКАННЯ ПОВЗ ВЕРТИКАЛЬНИЙ КОНУС ЗА НАЯВНОСТІ MHD, 
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Анотація 
У цій роботі досліджено характеристики течії та тепломасообмінунанорідини, що містить частинки рідини 
Ерінга-Пауелла, над вертикальним конусом за наявності магнітного поля, конвективної граничної умови та 
ефектів всмоктування/інжекції. За допомогою відповідних перетворень подібності керуючі нелінійні 
диференціальні рівняння в часткових похідних (PDE) перетворюються на звичайні диференціальні рівняння 
(ODE). Метод кінечних елементів використовується для чисельного розв’язання отриманої системи рівнянь. 
За будь-якої формі потоку цей підхід може бути використаний для наближеного розв’язання різних задач 
реології рідини. Графіки використовуються для демонстрації впливу різних важливих факторів на профілі 
швидкості, температури і концентрації. Для форми вертикального конуса також розрахованітанаведені в 
таблицях коефіцієнти поверхневого тертя, швидкість теплопередачі і швидкість масопередачі. Нарешті, 
графіки і таблиці представляють порівняльне дослідження результатів для вертикального конуса. Таким 
чином, за будь-якої форми потоку цей підхід може бути використаний для наближеного розв’язання різних 
задач реології рідини. 
Ключові слова: рідина Айрінга-Пауелла; всмоктування/нагнітання; вертикальний конус; конвективна гранична 
умова; магнітне поле; теплопередача; масопередача. 
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Introduction 
In the realm of this comprehensive study, both 

computational simulations and empirical 
investigations of Eyring-Powell nanofluids 
flowing around a vertical cone are meticulously 
integrated. The examination of temperature 
gradients, flow rates, and pressure distributions 
is systematically executed through the 
application of experimental methodologies. By 
employing computational fluid dynamics (CFD) 
techniques, the governing equations that dictate 
fluid flow and heat transfer are numerically 
resolved, thereby ensuring a higher degree of 
accuracy.The exploration of Eyring-Powell 
nanofluids' behavior on a vertical cone offers 
valuable insights that could potentially 
revolutionize heat transfer methodologies in 
numerous engineering domains. Beyond 
fostering the development of innovative 
materials with enhanced properties, this research 
also paves the way for the creation of efficient 
cooling systems and solutions for thermal 
management.A profound understanding of the 
rheological characteristics of the fluid, the 
dynamics of heat transmission, and the effects of 
nanoparticle dispersion are crucial prerequisites 
for investigating the flow of Eyring-Powell 
nanofluids along a vertical cone. To delve deeper 
into the principles governing fluid flow and heat 
transfer, researchers scrutinize a multitude of 
parameters, such as thermal conductivity, fluid 
viscosity, cone angle, and nanoparticle 
concentration. 

This research endeavor aims to shed light on 
the intricate interplay between fluid dynamics, 
heat transfer, and nanoparticle behavior, 
ultimately contributing to the advancement of 
engineering applications and the development of 
cutting-edge technologies. Powell and Erying [1] 
said that their concept included an analysis of the 
underlying mechanics of the relaxation theory of 
viscosity. The pseudo-plastic behavior in the 
Powell-Eyring fluid model represents the non-
linear viscosity effect in the Eyring-Powell fluid 
flow around a sphere, as Ziegenhagen [2] pointed 
out. However, there is an extra viscoelastic effect 
in the Oldroyd fluid model, which leads to a 
larger deviation from Stoke's law. Ziegenhagen 
witnessed that. An analysis was conducted by 
Nadeen and Saleem [3] on the mixed convection 
flow of an Erying-Powell fluid along a rotating 
cone.  

Ara et al. [4] provided illustrations of Powell-
Erying flow occurring on a revolving disk and on 
a horizontal melting surface. The flow of an 

Eyring-Powell fluid may be affected by buoyancy 
as well as catalytic surface reactions on the upper 
horizontal surface of a paraboloid of revolution, 
as found by Abegunrin et al. [5]. Gireesha et al.'s 
study [6] looked at the magnetohydrodynamic 
(MHD) flow of a three-dimensional Eyring-Powell 
fluid across a stretched surface. The impacts of 
heat radiation and convective boundary 
conditions were the primary focus of the 
investigation. Akbar et al.'s study [7] explored the 
idea of an Eyring-Powell fluid on a stretched 
surface exposed to a magnetic field. Khan et al. 
[8] discussed their research on the homogenous-
heterogeneous reactions in the flow of Eyring-
Powell nanofluid. The existence of self-similar 
solutions for the Eyring-Powell fluid flow across a 
moving surface was investigated by Jalil et al. [9]. 
Referring to [10] and [11], Hayat and colleagues 
studied the comparison of series and numerical 
solutions for Eyring-Powell fluid. Additionally, 
the Soret and Dufour effects were studied in 
relation to the effects of thermal radiation and 
joule heating on the flow of Eyring-Powell fluid. 
Rehman et al. studied mixed convection and heat 
generation/absorption in the flow of a dual 
stratified Eyring Powell fluid across a stretched 
cylinder. The finite element solutions for MHD 
driven problem solving system were given by 
[12–31]. The works mentioned in the literature 
[32–38] had a significant impact on 
understanding the essence of the reported work. 

The primary objective of this research is to 
investigate the flow characteristics of a two-
dimensional Erying-Powell fluid in conjunction 
with a nanofluid under the influence of 
magnetohydrodynamics (MHD). The flow is 
directed along a vertical cone and is subject to 
convective boundary conditions, mass transfer, 
heat transfer, suction/injection, and a magnetic 
field. This study builds upon previous research, 
providing a deeper understanding of these flow-
related elements.To achieve this, we utilize the 
fundamental Navier-Stokes Equation and the 
Erying-Powell fluid model to derive the 
governing equations. Through the application of 
required similarity transformations, we obtain 
ordinary differential equations (ODEs). We then 
solve these ODEs computationally using the finite 
element method.Our study presents the influence 
of various physical characteristics on the profiles 
of temperature, velocity, and concentration, as 
demonstrated through graphs and tables. This 
research contributes to the broader 
understanding of the complex interactions 
between Erying-Powell fluids, nanofluids, and 
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magnetohydrodynamics, providing valuable 
insights for experts in the field.In line with the 
goal, the following research questions are 
addressed in this study:  

a) How does Erying-Powell fluid flow behave 
when nanofluid particles are added? 

b) How do the buoyancy forces work to 
accelerate the Erying-Powell fluid in a given 
direction?  

c) How do Brownian motion effects, 
thermophoresis, convective boundary conditions, 
and Prandtl number affect the temperature of 
Erying-Powell fluid at the wall and the rate of 
heat transfer? 

d) How does the concentration of Erying-
Powell fluid near the wall vary depending on the 
thermophoresis, Brownian motion, and Schmidt 
number? 

 

Mathematical Formulation 
The purpose of this work is to investigate the 

influence that heat transfer and mass transfer 
have on the flow of Erying-Powell + nanofluid 
around a vertical cone under conditions of 

suction/injection and convective boundary. The 
flow may be circular in nature, since it goes 
around the cone. This problem is depicted in 
Figure 1, which shows the specific physical 
position and geometry of the issue. Several 
presumptions have been made about this project, 
including the following: 

a) Geometries' boundary surfaces are 
imposed under convective conditions.  

b) Other factors taken into account are 
thermophoretic effects and Brownian motion.  

c) The energy and concentration formulae 
fail to account for double diffusion effects. 

d) The surface’s stretching velocity, 
temperature and the concentration are taken as    

2w

x
u

L


  , 1r

wT T ax 
,

2r

wC C ax   

e) α determines the cone's half angle. 
 

Encouraging two-dimensional, electrically 
conducting, incompressible Erying-Powell-
nanofluid flow boundary layer equations may be 
found by using the following assumptions: 

 

 
Fig. 1. The fluid flow`s geometric depiction 

 

Continuity Equation: 
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Equation of thermal energy: 
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(3) 

Equation of species nanoparticle volume concentration: 
2 2
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B
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(4) 

These are the flow's boundary conditions 
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Introducing the following similarity transformations 

   2
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w w
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 
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     (6) 

Following the actualization of equation (1) by (6), equations (2), (3), and (4) will take on the 
following forms. 

   2 21 cos cos 0,f f f ff f Mf Gr Gc                      (7) 

 
2

1Pr Pr Pr Pr 0,f r f Nb Nt                      (8) 

2 0,Nb Scf Scr f ScNt                 (9) 

The corresponding boundary conditions (5) become 
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The following are the associated physical parameters  
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Quantities of physical interest, the physical parameters of the skin-friction coefficient, local Nusselt 
number and local Sherwood number are presented as follows: 
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 
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Finite Element Method Solutions. 
The finite element approach is essential for 

solving both partial and ordinary differential 
equations. This approach makes it possible to 
solve differential equations very efficiently. The 
finite element approach is based on the idea 
that the domain may be split into smaller units 
called finite elements, which have a limited 

number of dimensions. Currently, this 
technique is regarded as the most adaptable 
and adaptive approach for doing engineering 
analysis. This approach has been used to 
investigate several fields of research, including 
heat conduction, hydrodynamics, solid object 
motion, solid mechanics, chemical processes, 
electrical networks, and sound propagation. 
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Figure 2 illustrates the use of the finite element 
approach. Prior to initiating finite element 

analysis, it is important to thoroughly execute 
the following stages: 

 
 

 
 

Fig. 2. Finite Element Method flow chart 
 

Various methods, such as LU decomposition 
and Gauss elimination, may be used to derive 
numerical solutions for built equations. It is 
essential to consider the mathematical formulae 
used to approximate real functions while working 
with real numbers. There are 20,001 nodes in the 
flow domain, and each one is divided into 10,000 
identically sized quadratic components. There 
are 10,000 identically sized quadratic 
components in the flow domain. Eighty thousand 
nonlinear equations were available for analysis 
once the element equations were created. Using 

the Gauss elimination method, the remaining 
system of nonlinear equations is numerically 
solved with an accuracy of 0.00001 once the 
boundary conditions have been applied. Gaussian 
quadrature is a very efficient technique for 
resolving challenges related to integration.  
 

Program Code Validation 
To ensure the accuracy and validity of the 

existing model, a comparison was made with the 
results obtained previously in [39] and [40], 
which are presented in Tables 1 and 2. 

Table 1 
Skin friction: Comparison results with [39] and [40] for the variation of r1 are presented 

r1 results of reference [39] results of reference [40] Results of this study 
- 2.1 0.155592 0.155592 0.156356765096553 
2.0 0.156001 0.155995 0.157417082750226 

 

 
Table 2 

Analysis of the current results of Nusselt number determination when r1 is changed in comparison with published 
results [39] and [40]. 

r1 results of reference [35] results of reference [36] Results of this study 
- 2.1 2.237475 2.238739 2.247680756147360 
2.0 2.232780 2.234070 2.239960961456902 

 

Results and Discussion 
Compared to the results obtained in the above 

section after solving the equations using FEM, 
this section is specifically designed to specifically 
address the conclusions of this study and 
investigate the effects of various important 
parameters on the distributions such as velocity, 

temperature, and concentration. The significance 
and unique discoveries identified above are 
detailed in the following tables and figures.  
The influence of fluid variable β on velocity 
profiles is examined in Fig. 3. It can be observed 
that an increase in β leads to an increase in 
velocity and layer thickness. From the physical 
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point of view, it can be seen that as β increases, 
the viscosity decreases and the fluid velocity 
increases.  
The fluctuations of the magnetic field parameter 
(M) on velocity profiles are shown in Fig. 4. The 
Lorentz force is a resistive force that occurs when 
M rises and is comparable to the drag force. The 
Lorentz force slows motion by delaying the 
intensity of velocity. 
The impact of the thermal Grashof number (Gr) 
on the cone velocity distribution is shownin Fig. 
5. A higher Grashof number improves the cone's 
velocity dispersion. Due to  the decrease in the 
viscosity of the nanofluid caused by the increase 
in the thermal Grashof number, the thickness of 
the boundary layerdecreases. Consequently, the 
velocity distribution increases as the nanofluid 
flow's viscosity decreases.  

The effect of the solutalGrashof number (Gc) 
on the velocity distribution is shownin Fig. 6. This 
illustrates the solutalGrashof number reaction 
that is comparable to the thermal Grashof 
number. Furthermore, the phenomenon lacks 
both solutal buoyant forces and thermal forces 
when Gr = 0 and Gc = 0. Fluid flow is controlled 
by the suction/injection parameter. It is clear that 
profiles get thinner at higher S velocity values 
(Fig. 7). The fluid closest to the boundary rises in 
S<0 (injection), leading to an increase in the flow 
velocity and molecular collisions, ultimately 
resulting in an increase in internal kinetic energy. 
However, when S>0 (suction) occurs, the fluid 
close to the boundary is drawn in, resulting in 
porosity close to the border and a decrease in the 
velocity profile. 

Fig. 8 illustrates how the Prandtl number (Pr) 
affects temperature profiles. A drop in 
temperature is indicated by elevated Prandtl 
number Pr readings over a specific threshold. We 
see a cooling effect when we reverse the Prandtl 
number and thermal diffusivity. 
The temperature and concentration curves are 
impacted by Nb, as shown in Figs. 9 and 10. An 
increase in the Brownian motion parameter 
caused the temperature profile to settle at higher 

levels. The random motion caused by the 
collisions between base fluid and nanoparticles is 
known as Brownian motion. More collisions 
occur when the Brownian motion parameter is 
greater. The fluid's internal kinetic energy rises 
as a result of particle collisions. The 
concentration profile and the Brownian motion 
parameter have the opposite connection. The 
quantity of nanoparticles in the base fluid 
decreases as the Brownian motion parameter 
increases.  
Temperature and concentration profiles are 
affected by the thermophoresis parameter (Nt), 
as shown in Figs. 11 and 12. As Nt values rise, so 
do the temperature and concentration curves. 
The transport force caused by the temperature 
differential between the fluid's layers is known as 
thermophoresis. Additional Thermophoresis 
parameter indicates that when the temperature 
differential between the layers rises, the rate of 
heat transformation correspondingly rises. The 
concentration of the fluid rises as the number of 
nanoparticles increases. Nt increases 
concentration profiles as well as temperature 
profiles as more nanoparticles transfer heat 
between the layers.  
The thermal Biot number (Bi) and temperature 
distributions are directly correlated, as shown in 
Fig. 13. The temperature profile rises with 
increasing thermal Biot number values, as Fig. 13 
illustrates. The coefficient of heat transport is 
included in the thermal biot number. No heat 
transmission from the wall is indicated by Bi = 0. 
The temperature profile rises when the thermal 
biot number (Bi>0) increases because of an 
increase in mean heat transfer rate. 
Schmidt number (Sc) and concentration profile 
are shown in Fig. 14. The profile gets thinner as 
the concentration of Sc rises. Given that Sc is the 
viscous diffusion rate divided by the molecular 
diffusion rate. Therefore, by increasing the 
viscous diffusion rate, the molecular diffusion 
rate may be fixed, increasing the Schmidt 
number. 

  

 
Fig. 3. β effect on velocity profiles 

 
Fig. 4. M effect on velocity profiles 
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Fig. 5. Gr effect on velocity profiles  

 

 
Fig. 6. Gc effect on velocity profiles 

 

 
Fig. 7. S effect on velocity profiles 

 

 
Fig. 8. Pr effect on temperature profiles 

 

 
Fig. 9. Nb effect on temperature profiles 

 

 
Fig. 10. Nb effect on concentration profiles 

 
Fig. 11. Nt effect on temperature profiles 

 

 
Fig. 12. Nt effect on concentration profiles 

 

 
Fig. 13. Bi effect on temperature profiles 

 

 
Fig. 14. Sc effect on concentration profiles 

 

 
Fig. 15. r1  effect on temperature profiles 

 

 
Fig. 16. r2  effect on concentration profiles 
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Table 3 
Values of skin friction with changes in parameters 

β M Gr Gc Pr S Bi r1 r2 Nb Nt Sc Cf 
0.2 0.5 0.5 0.5 0.71 - 1.0 5.0 0.1 0.2 0.2 0.3 0.22 1.457707457452 
0.4 

 
 

  

 

 
 

 
 

  1.485758258023 
0.6 1.509896456892 

 0.8 1.415567608764 
1.0 1.385675676418 

 

1.0 1.483588542882 
1.5 1.515678071578 

 

1.0 1.496578728728 
1.5 1.520676767146 

 1.0 1.421225876807 
2.0 1.395672726258 

 - 0.5  1.426578781852 
0.5 1.408658965281 
1.0 1.375657618582 

 

7.0 1.486587687618 
9.0 1.518768315892 

 

0.3 1.431586581568 
0.5 1.415768768725 

 

0.4 1.420987987102 
0.6 1.407423423691 

 

0.5 1.476765718785 
0.8 1.490746517936 

 

0.6 1.482581856845 
0.8 1.501587680716 

 0.30 1.401258760863 
0.78 1.375760163056 

 

Figures 15 and 16 illustrate how wall 
concentration affects the temperature (r1) and 
concentration (r2) distributions of the cone-
shaped nanofluid flow. Wall concentration is 
reduced by both the thermal and concentration 
distributions. As wall concentration increases, the 
thicknesses of the boundary layers decrease. This 
illustrates the decrease in both the temperature 
and concentration of the nanofluid flow.  

As the values of the engineering parameters 
vary, Table 3 displays the numerical values of the 
Skin-friction coefficient. It is shown that the skin 
friction coefficient increases with increasing 
values of the following parameters in this table, 
but decreases with increasing values of β, M, Pr, S, 
r1, r2 and Sc. 

It can be seen that Cf decreases with 
increasing values of β, M, Pr, S, r1, r2, and Sc, 
while it increases with decreasing values of other 
parameters, as shown in table 3.  

As Bi, Nb, and Nt values increase, the rate of 
heat transfer coefficient progressively increases; 
however, as Prandr1 values increase, the 
opposite impact is observed in table 4 . Table 5 
discusses the impacts of Sc, r2, Nb, and Nt on the 
rate of mass transfer coefficients, or in terms of 
the Sherwood number coefficient. The mass 
transfer coefficient is shown to be growing with 
increasing Nt values and decreasing with 
increasing Sc, r2, and Nb values based on the 
table.

 
Table 4 

Values of heat transfer coefficient rateat changing parameters  
 

Pr Bi r1 Nb Nt Nu 

0.71 5.0 0.1 0.2 0.3 0.547616590645 
1.00     0.515087650827 
2.00 0.484657710054 

 7.0 0.572188827165 
9.0 0.591875645287 

 0.3 0.525676571691 
0.5 0.492257676319 

 0.5 0.563658707361 
0.8 0.589265659155 

 0.6 0.573881587615 
0.8 0.591756187560 
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Table5 
Values of mass transfer coefficient rate at changing parameters  

Sc r2 Nb Nt Sh 

0.22 0.2 0.2 0.3 0.645716456031 
0.30    0.602587680765 
0.78 0.571935996131 

 0.4 0.625696319155 
0.6 0.591765087680 

 0.5 0.605678630185 
0.8 0.571576091760 

 0.6 0.675676175135 
0.8 0.694675005761 

Conclusions 
This paper examines the flow toward a 

vertical cone of a two-dimensional, viscous, 
incompressible, electrically conducting magnetic 
fluid, taking into account mass and heat transfer. 
Moreover, a nanofluid is included. Conversely, 
Erying-Powell fluid effects were applied to the 
fundamental controlling partial differential 
equations, and similarity transformations and 
non-dimensional variables were used to convert 
them into solvable equations. The study 
highlights a number of important findings about 
the distribution of velocity, temperature, and 
concentration, including the effects of magnetic 
field, Solutal and Thermal Grashof numbers, 
Suction/Injection, Prandtl number, Biot number, 
Thermal wall concentration, Brownian motion, 
Thermophoresis, and Schmidt number. 

A. When a magnetic field and suction or 
injections are present, the velocity distribution in 
the fluid flow decreases. In contrast, the Erying-
Powell fluid parameters favorable affect – 
thermal and solutal Grashof numbers – lead to an 
increase in the velocity. 

B. In contrast to the decrease inPrandtl 
number and thermal wall concentration 
parameter, the fluid flow temperature increased 
with thermophoresis, Brownian motion, and Biot 
number.  

C. Schmidt number, Brownian motion 
coefficient, and solutal wall concentration 
parameter were shown to influence the lowering 
of the nanoparticle concentration distribution.  
The presence of the thermophoresis coefficient, 
however, had the opposite effect.  

D. Lastly, a comparison of this research with 
[39] and [40] is presented  
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