
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tjms20

International Journal of Modelling and Simulation

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/tjms20

MHD Eyring-Powell fluid flow over a stratified
stretching sheet immersed in a porous medium
through mixed convection and viscous dissipation

M. Venkata Subba Rao, Kotha Gangadhar & Ali J. Chamkha

To cite this article: M. Venkata Subba Rao, Kotha Gangadhar & Ali J. Chamkha (25 Dec 2023):
MHD Eyring-Powell fluid flow over a stratified stretching sheet immersed in a porous medium
through mixed convection and viscous dissipation, International Journal of Modelling and
Simulation, DOI: 10.1080/02286203.2023.2296678

To link to this article:  https://doi.org/10.1080/02286203.2023.2296678

Published online: 25 Dec 2023.

Submit your article to this journal 

Article views: 54

View related articles 

View Crossmark data

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=tjms20
https://www.tandfonline.com/journals/tjms20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02286203.2023.2296678
https://doi.org/10.1080/02286203.2023.2296678
https://www.tandfonline.com/action/authorSubmission?journalCode=tjms20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tjms20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02286203.2023.2296678?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02286203.2023.2296678?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/02286203.2023.2296678&domain=pdf&date_stamp=25 Dec 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/02286203.2023.2296678&domain=pdf&date_stamp=25 Dec 2023
https://www.tandfonline.com/doi/citedby/10.1080/02286203.2023.2296678?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/02286203.2023.2296678?src=pdf


MHD Eyring-Powell fluid flow over a stratified stretching sheet immersed in 
a porous medium through mixed convection and viscous dissipation
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ABSTRACT
The main aim of the present study is the heat transfer analysis of MHD Eyring-Powell flow over 
a stratified stretching sheet immersed in a porous material. Mixed convection as well as viscous 
dissipation effects are considered in order to observe the heat transfer analysis. To strengthen the 
energy equation viscous dissipation effect is incorporated in this study. Here, temperature dis
tribution is carefully examined to assess rate of heat transmission for the present consideration. 
Present consideration can have many applications in various engineering fields. Later, the most 
appropriate similarity transformations are utilized to transform the governing partial differential 
equations into a nonlinear set of ordinary differential equations. Thereafter, a powerful and 
convergent procedure namely Runge-Kutta-Fehlberg procedure together with shooting technique 
is applied to obtain numerical solution for the condensed problem. Graphs are drawn for various 
values of flow controlling parameters to observe clear insight of the present study through 
velocity, temperature and concentration profiles. Numerical solutions are tabulated for comparison 
purpose. The main observations indicate that the temperature and velocity of the fluid decrease 
over a stretched sheet as the Eyring-Powell fluid material parameter increases. Moreover, mixed 
convection exhibits a significant impact on the present study, as the parameter value increases. 
correspondingly, velocity increases, but temperature shows a reverse nature.
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1. Introduction

Nowadays researchers have developed a keen interest in 
studying flow and heat transfer analysis of fluid flows 
over a stretched surface due to an increase in the use of 
various scientific and technological advancements in the 
production of fiber, in textile machinery, in the process 
of condensation, lubricants, plastic sheets, and food 
processing and so on. The problem of flow and heat 
transmission through stretched sheets under various 
conditions and models has been extensively explored 
since the seminal work of Crane [1]. Chen [2] per
formed a reasonable analysis of the laminar mixed con
vection flow of the boundary layer through a vertically 
stretched sheet to take into consideration the power law 
changes in the sheet’s temperature and velocity. Later, 
Chamkha and Mansour [3] analyzed and presented 
valuable inputs regarding fluid flow over a stretched 
surface in the presence of a porous medium about the 
impacts of chemical processes through heat conduction 
and erratic free convection. Liu et al. [4] distinguished 
about the heat transfer fluid flow due to an unsteady 
stretching surface by considering the variable heat flux. 

Further, Muhammad et al. [5] gave their valuable and 
detailed observations regarding Darcy-Forchheimer 
flow by considering the geometry of exponentially 
stretching curved surfaces using double diffusion of 
Cattaneo-Christov impact. In their work, Megahed 
et al. [6] examined how thermal radiation and heat 
flux affected laminar flow and heat transfer in an 
MHD boundary layer over an unevenly stretched sheet.

Magnetohydrodynamic (MHD) flow research capti
vates scientific interest due to the fascinating impacts 
that magnetic fields can exert on the boundary layer. To 
determine the precise similarity solutions, Pavlov con
sidered a homogeneous magnetic field while examining 
the MHD flow over a stretching surface [7]. Andersson 
considered and studied an incompressible viscous 
fluid’s MHD flow across a stretching sheet [8]. By study
ing the MHD flow across an extending permeable sur
face without and with blowing, respectively [9], and [10] 
made significant advances in the field. In the long run, 
especially for high-velocity streams, the model of non- 
Darcy convection over permeable surfaces makes more 
sense. Later, esteemed researchers like Triphati [11] and 
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Dulal Buddy [12] examined and presented some sensi
ble observations on the MHD boundary layer flow with 
the help of a non-Darcy model with various geometries. 
Convection further divides into three subgroups: forced 
convection, mixed convection, and free convection, 
often known as natural convection. In this context, 
researchers [13–17] shared their insightful findings on 
heat transport analysis using mixed convection with 
various geometries.

Because of the requirement for non-Newtonian 
fluids in industry, scientists are currently attempting to 
understand the consequences of shear stress and fluid 
flow. A solitary reference equation can’t satisfactorily 
depict the heterogeneous character of non-Newtonian 
liquids. Stress and strain may not generally correspond 
directly in non-Newtonian liquids. Since the Eyring- 
Powell liquid depends on the motor atomic model of 
fluids instead of an experimental relationship, it is liked 
above other non-Newtonian fluids. The important role 
that different fluids play in industries attracts research
ers to investigate how they are employed and the chal
lenges that different heat flow phenomena cause. 
According to Abo-zaid et al. [18], with growing Powell- 
Eyring fluid parameter values but falling magnetic field 
values, velocity profiles for both fluid and particle 
phases rise. The detailed remark by Matthew O. Lawal 
et al. [19] for mathematical design for Eyring-Powell 
nanofluid flow gives a wealth of information through 
the combined impact of non-linear radiation, variable 
thermal conductivity, and viscosity. Arindam Sarkar 
et al. [20] looked at temperature-dependent viscosity 
and thermal conductivity effects on a Powell-Eyring 
fluid’s stretching surface and heat transfer when sub
jected to nonlinear thermal radiation. Jamshed et al. 
[21] looked at how a Powell-Eyring nanofluid traveling 
over a linearly increasing non-uniform medium pro
duced entropy and heat. Bilal and Ashbar [22] distin
guished flow and heat transfer in their analysis by 
considering stratified sheet geometry when Eyring- 
Powell fluid which is a non-Newtonian fluid flows 
over stratified sheet by including the mixed convection 
effect and presented in detail and depth.

Ibrahim et al. [23] employed a model of Cattaneo- 
Christov heat flux to examine the boundary layer flow of 
MHD Eyring-Powell nanofluid. The purpose of this 
research is to examine the close relationship between 
the concept of mass, energy, momentum conservation, 
and heat transfer as an input. In their study, Eldabe et al. 
[24] focused on solving a set of non-linear partial differ
ential equations. These equations are employed to con
struct a mathematical model, specifically addressing the 
characteristics of an Eyring-Powell fluid in their inves
tigation. Further, a powerful technique namely FDM is 

used to establish the first- and second-order approxima
tions. Malik et al. [25] explored their notable observa
tions about MHD Eyring-Powell fluid, for this they 
considered the effect of mixed convection with the geo
metry of stretched plate. They noted their significant 
observations among them one of the outcomes is 
a parameter of Eyring-Powell material, the findings 
show that upgrading greatly lowers in both exchanges 
they are heat as well as mass.

Furthermore, an in-depth examination of entropy 
production in the context of Powell-Eyring flow nano
fluid immersed in a porous channel was provided by 
Ogunseye and Sibanda [26], who meticulously designed 
the mathematical model. To gain insights into the beha
vior of Eyring-Powell fluid flowing over a stretched 
sheet using rational Chebyshev functions, Parand and 
Moayeri [27] conducted a boundary layer investigation 
through numerical analysis. Salleh et al. [28], utilizing 
Newtonian theory, conducted heat transfer analyses for 
a boundary layer flow over a stretched sheet, thereby 
contributing to the understanding of this phenomenon. 
In a study by Shuguang Li et al. [29], a comprehensive 
analysis of the unsteady flow of viscous liquid under the 
influence of a magnetic field was presented, taking into 
account the effects of dissipation, ohmic heating, and 
radiation. Notably, the study delved into the detailed 
discussion of entropy rate. Furthermore, Zhimeng Liu 
et al. [30] reported from their investigation that tem
perature and concentration profiles experience 
enhancement with increasing Brownian motion. 
Additionally, as Darcy-Forchheimer and activation 
energy parameters were elevated, a corresponding 
reduction was observed in both velocity and concentra
tion profiles. Mamatha et. al [31]. used the Lie group 
method to analyze the multi-linear regression of a triple 
diffusive convectively heated boundary layer with the 
effects of suction and injection.

Further, eminent authors like [32–36] presented their 
valuable observations on nanofluid flows by considering 
the various geometries under the influence of various 
effects. Recently, Xin et. al [37]. reported notable 
remarks on the problem of minimizing make span for 
scheduling jobs with equal lengths and arbitrary sizes on 
uniform parallel batch machines with different capaci
ties. Hadi Jahanshahi et. al [38]. used a unified neural 
control scheme to get output-constrained trajectory 
tracking of a space manipulator with the help of 
unknown parameters and external perturbations. José 
Luis Díaz Palencia et. al [39]. observed and noted from 
their study about the wave solutions for Eyring-Powell 
fluid formulated with a degenerate diffusivity and 
a Darcy-Forchheimer law. Hayat et. al [40]. investigated 
the MHD boundary layer flow of Powell-Eyring 
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nanofluid past a non-linear stretching sheet of variable 
thickness and presented valid remarks. José Luis Díaz 
Palencia et. al [41]. presented in detail manner about the 
two-dimensional Erying-Powell fluid flowing in an 
MHD porous medium and noted their remarks. Abbas 
and Ahmed M. Megahed [42] presented valuable obser
vations; one of the observations is that by increasing the 
thermal stratification parameter cooling process can be 
controlled considerably.

Shuguang Li et al. [43] presented a mathematical 
model and explained features in detail about biofiltra
tion treating mixtures of toluene and N-propanol in the 
biofilm and gas phase. Later, some other important 
studies regarding various applications, methodologies, 
and techniques can be seen in Refs [44–46]. Further, 
Shuhe Sun et al. [47] in their study used the kerosene oil 
and water base fluid with aluminium oxide and titanium 
oxide nanoparticles to discuss the thermal phenomenon 
of the study. Xiao Xin et al. [37] presented detailed 
observations on Scheduling equal-length jobs with arbi
trary sizes on uniform parallel batch machines. 
Shuguang Li et al. [48] studied the bicriteria problem 
of scheduling jobs with positional deadlines and agree
able release and processing times on a single machine to 
minimize total completion time and maximum cost 
simultaneously. Zhimeng Liu et al. [49] studied very 
critically and produced a good number of results on 
Bicriteria multi-machine scheduling with equal proces
sing times subject to release dates.

After carefully studying the studies referenced above, it 
is felt that the MHD Eyring-Powell fluid model with 
mixed convection boundary layer flows over a stratified 
stretched sheet embedded in a porous medium under the 
influence of viscous dissipation and heat generation/ 

absorption effects is still lacking in the literature. This 
model evaluates the behavior of temperature distribution 
for the proposed fluid flow over a stratified stretched 
sheet. With the help of suitable similarity transformations 
governing partial differential equations of the proposed 
study are transformed into a non-linear system of ordin
ary differential equations. Thereafter boundary condi
tions are also transformed into dimensionless form. The 
Runge-Kutta-Fehlberg procedure together with the 
shooting technique is applied to obtain a numerical solu
tion for the condensed problem. Tables and graphs are 
drawn to discuss how various physical characteristics 
affect each other. For better understating the clear insight 
of the problem skin friction and the Nusselt number are 
evaluated numerically. There is a reasonable correlation 
between the present outcomes and earlier investigations.

This examination aims to find the responses to the 
following queries: What is the effect of the Eyring- 
Powell fluid parameter on the velocity of the fluid? Is 
there any influence on the velocity of Newtonian and 
non-Newtonian fluid fluids? How does the magnetic 
field affect the temperature of the fluid? Does the 
Eckert number influence the temperature of the fluid? 
How do you solve a nonlinear system of partial differ
ential equations numerically? And does the mixed con
vection parameter influence the velocity of the fluid?

2. Problem formulation

Let us consider a two-directional, incompressible, 
steady mixed convection flow of Eyring-Powell fluid 
when it flows over a stratified stretching sheet as 
shown in Figure 1. Furthermore, with a constant rate 
sheet extending perpendicular to the x-axis direction. 

Figure 1. Physical model and coordinate system.
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Fluid velocity at the free stream stage is zero. To exam
ine the heat exchange analysis energy equation is 
strengthened by including the heat generation/absorp
tion effect and viscous dissipation.

For this study, the governing flow equations are as 
follows and simplified using appropriate boundary layer 
approximations, as demonstrated in previous works 
(e.g. Powell and Eyring [50], Kumarans and Srinivas 
[51], Ramzan et al. [52]). 

@u
@x
þ
@v
@y
¼ 0; (1) 

u
@u
@x
þ v

@u
@y
¼ νþ

1
ρβC

� �
@2u
@y2 �

1
2ρβC3

@u
@y

� �2
@2u
@y2

þ gβ T � T1ð Þ �
σB2

0
ρ

u �
ν
kp

u;

(2) 

u
@T
@x
þ v

@T
@y
¼ α

@2T
@y2 þ

Q
ρCp

T � T1ð Þ þ
ν

Cp

@u
@y

� �2

:

(3) 

In the above-mentioned equations, α ¼ k
ρCp

, k shows the 
fluid thermal conductivity, Cp shows at constant pres
sure specific heat and Q shows the coefficient of heat 
generation/absorption, T represents the fluid tempera
ture and T1 is the ambient temperature, β and C are 
the Eyring-Powell fluid parameters, μ is the dynamic 
viscosity, v is the kinematic viscosity, ρ is the fluid 
density, σis the electrical conductivity, B0is the magnetic 
field applied normal to the fluid flow and gis the grav
itational acceleration.

For this study, the following are the conditions of 
boundary: 

u ¼ uw ¼ ax; v ¼ 0; T ¼ Tw ¼ T0 þ b1x at y ¼ 0;
u! 0; T ! T1 ¼ T0 þ b2x as y!1

�

(4) 

In the above-mentioned equations, both u and v represent 
the x- and y-axis velocity components, respectively. 
T0; b1 and b2represent the stretching sheet reference 
temperature related and positive dimensional constants in 
order. The similarity transformations for the study are as 
follows, with references available in previous works (e.g. 
Bilal and Ashbar [22], Abbas and Ahmed 
M. Megahed [42]). 

u ¼ a x f 0 ηð Þ; v ¼ �
ffiffiffiffiffi
aν
p

f ηð Þ; η ¼
ffiffiffi
a
ν

r

y; θ ηð Þ

¼
T � T1
Tw � T0

(5) 

In the above equation, ψ is used to represent the stream 
function which substantially satisfies the C-R Equations, 
moreover, it can be formulated asu ¼ @ψ

@y v ¼ � @ψ
@x, 

f ηð Þshows a non-dimensional stream function for this 
flow and η shows a variable of similarity for this study, 
as well 

T ¼ b1 x θ ηð Þ and T1 ¼ T0 þ b2x (6) 

By these assumptions, Equation 2 -Equation 3 are as 
follows: 

1þ εð Þf 000 � ε σ f 002f 000 � f 02 þ ff 00 þ λθ � M þ Gð Þf 0
¼ 0;

(7) 

θ00

Pr
þ θ0 f � θ f 0 � e1f 0 þ γθ þ Ec f 002 ¼ 0: (8) 

Transformed conditions of the boundary are as 
follows: 

f 0ð Þ ¼ 0; f 0 0ð Þ ¼ 1; θ 0ð Þ ¼ 1 � e1 at y ¼ 0
f 0 ηð Þ ¼ 0; θ ηð Þ ¼ 0 as η!1

�

(9) 

Where, 

ε ¼
1

ρνβC
; σ ¼

aUw
2

2C2ν
; λ ¼

gβb1

a2 ; Pr ¼
ν
α
; M ¼

σB2
0

ρa

e1 ¼
b2

b1
; γ ¼

Q
ρCpa

; Ec ¼
u2

w
Cp Tw � T0ð Þ

; G ¼
ν

kpa
(10) 

The formulas for local skin friction and Nusselt number 
in this study are presented in the following equations: 

Cfx ¼
τw

ρuw2 ; Nux ¼
xqw

k Tw � T1ð Þ
(11) 

here, at the surfaceτwshows fluids usual meaning that is 
shear stress, qw is shows fluids flux of heat and it is 
formulated as qw ¼ � k @T

@y

� �

y¼0
.

With all the assumptions and their substitutions, the 
simplified formulas for the non-dimensional coefficient of 
skin friction and the non-dimensional Nusselt number are 
as follows: 
ffiffiffiffiffiffiffi
Rex
p

Cf ¼ 1þ εð Þf 00 0ð Þ �
1
3

ε σ f 003 0ð Þ; NuxRe
� 1
2

x ¼ � θ0 0ð Þ (12) 
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moreover,Rex ¼ uwx=v represents the formulae for 
Reynolds number of this study.

3. Solution of the problem

To numerically solve the transformed Equation 7 - 
Equation 8 with suitable boundary conditions, 
Equation 9, the Runge-Kutta-Fehlberg (R-K-Fehlberg) 
technique, along with the shooting method, is 
implemented. Through the following assumptions, the 
non-linear system is reduced to a first-order system to 
implement the proposed method on a simplified system 
of first-order ordinary differential equations (ODEs). 
They are as follows: 

y1 ¼ f ; y2 ¼ f ; y3 ¼ f ; y4 ¼ θ; y5 ¼ θ (13) 

The resulting differential equations are: 

y01 ¼ y2 (14) 

y02 ¼ y3 (15) 

y30 ¼
1

1þ ε � εσ32 y2
2 þ M þ Gð Þy2 � y1y3 � λy4

� �

(16) 

y04 ¼ y5 (17) 

y04 ¼ Prðy4y2 þ e1y2 � y5y1 � γy4 � Ecy2
3Þ (17) 

Corresponding boundary conditions are: 

y1 0ð Þ ¼ 0; y2 0ð Þ ¼ 0; y3 0ð Þ ¼ a1; y4 0ð Þ ¼ 1 � e1;

y5 0ð Þ ¼ a2; y2 1ð Þ ! 0; y4 1ð Þ ! 0
(19) 

The above reduced system is solved numerically with 
R-K-Fehlberg by considering suitable values of a1 and 
a2.The values of a1and a2 are chosen by shooting 
method such that y2 1ð Þ ! 0; y4 1ð Þ ! 0are fulfilled. 
This iterative process continues until the required accu
racy is achieved, and further adjustments do not signifi
cantly impact the solution. The number of steps and the 

size of the starting mesh points are adjusted based on 
the numerical value of η1. This value is chosen as 6. 
Furthermore, this study’s error tolerance is10� 9. There 
is a coherent correlation between the results obtained. 
The Runge-Kutta-Fehlberg method proves advanta
geous due to its error control mechanism and the ability 
to adjust the time step to maintain errors within 
a predetermined range. The numerical outcomes sug
gest that the proposed method exhibits superior com
putational speed and provides more accurate results 
compared to some other existing methods.

3.1 Validation of results and method

For validation purposes of the proposed study and 
strategy, the outcomes which are found from the pro
posed technique have been compared with the out
comes available in the literature which are produced 
by eminent researchers in their past studies for very 
specific situations. Tables 1–2 indicate such outcomes 
in chronological order. In detail, skin friction values are 
measured and documented in Table 1 by adjusting the 
variables and assuming. These findings are then com
pared to the literature [42,53] and find a credible rela
tionship between the outcomes. Now coming to Table 2, 
it produces the details concerning the numerical out
comes of � θ0ð0Þ and Cf Re

1=2� �
by changing the para

metric values. Moreover, a decent correlation between 
the present study and previous studies.

when M ¼ λ ¼ e1 ¼ Ec ¼ Kp ¼ γ ¼ 0 with the pre
vious studies like Abbas and Ahmed M. Megahed [42] 
andHayat et al. [53]

4. Results and discussion analysis part

This division is going to explain the importance of the 
consideration of the present problem, in this regard, the 
R-K-Fehlberg approach is used to numerically solve and to 
examine the MHD Eyring-Powell flow over a stratified 
stretched sheet which can be placed in a porous medium 
with a combined consequence of convection and viscous 
dissipation. All of the numerical computations are 

Table 1. Comparison of coefficient of skin friction Cf Re
1=2

� �
for various values ε of σ.

Cf Re
1=2

� �

ε σ
Abbas and 

Ahmed M. Megahed [42] Hayat et al. [53] Present Results

0.1 0.1 0.95601695 0.956017 0.956014
0.2 0.1 0.91796980 0.917970 0.917970
0.3 0.1 0.88322379 0.883224 0.883224
0.1 0.1 0.95601695 0.956017 0.956014
0.1 0.5 0.96486289 0.964862 0.9648761
0.1 1.0 0.97531099 0.975312 0.975310
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completed for several numerical values of the flow- 
controlling parameters associated with the current topic 
to gain a thorough understanding of it. Thereafter, velocity 
and temperature profile graphs are drawn for numerical 
estimations of parameters of dimensionless all of which are 
associated with present consideration through the pro
posed numerical procedure in order to fully understand 
the physical problem. The parametric values are taken as 
P ¼ 0:1; σ ¼ 0:1; λ ¼ 0:1; Pr ¼ 0:7; e1 ¼ 0:3; γ ¼ 0:1;
M ¼ 0:1;Kp ¼ 0:1; Ec ¼ 0:1 otherwise specified. Figures 
2–20 display a pictorial depiction of the numerical 
outcomes.

The graph for the velocity field is presented in 
Figure 2 for an increasing estimation of the parameter 
of magnetic field M. The velocity curve decreases with 

larger estimates of the parameter M; it can be seen in 
Figure 2. Because of the existence of the magnetic field 
effect, a substantial resistive force is developed for the 
flow of fluid, this force is technically termed Lorentz 
force, as a result, fluid velocity curve decreases. Figure 3 
depicts how the magnetic parameter M affects the dis
tribution of temperature. For higher levels of M, tem
perature profiles exhibit an increasing pattern of 
behavior. Higher Lorentz forces (resistive forces) are 
produced when M is increased, and these forces have 
the ability to convert some thermal energy into heat 
energy. Consequently, the temperature profile rises.

Figures 4–5 illustrate how the porosity parameter Kp 
affects the temperature and velocity patterns. When the 
porosity parameter increases, consequently, it can be 

Table 2. Impact of different parameters on skin friction coefficient and Nusselt number.
ε σ λ Pr e1 γ M Kp Ec Skin friction Nusselt number

0.1 0.1 0.1 0.7 0.3 0.1 0.1 0.1 0.1 1.016002 0.695951
0.3 0.939874 0.722028
0.5 0.878324 0.743727
0.1 0.3 1.020601 0.695376

0.5 1.025355 0.694791
0.1 0.3 0.956838 0.713417

0.5 0.900547 0.727722
0.1 0.5 0.888080 0.650402

0.5 0.967628 0.686919
0.3 0.891650 0.666435
0.5 0.878817 0.592949

0.3 0.983654 0.704768
0.5 1.062097 0.683367

0.3 0.983654 0.704768
0.5 1.062097 0.683367
0.1 0.3 0.896020 0.680927

0.5 0.891578 0.635053

Figure 2. Graph of velocity profile for different values of M.
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noticed that the velocity profile declines, although the 
temperature curve exhibits the opposite tendency. The 
cause of this is that the thermal boundary layer exhibits 
very modest variations in the heat distribution, which is 
a weak function of the porosity parameter. The thermal 
boundary layer therefore gets a little bit thicker as Kp 
rises. In line with one physical hypothesis, the results 
will act as a guide for lowering the velocity field, 

comparable to fluid flow through a porous medium 
with a high Kp value.

Figures 6–7 illustrate how temperature and velocity 
curves change due to the impact of Prandtl number Pr. 
Actually, from these curves, one can understand that 
both velocity as well as temperature curves are found to 
diminish with rising arguments of Pr values. As Pr rises 
consequently, we can see a decline in the thickness of the 

Figure 3. Graph of temperature profile for different values of M.

Figure 4. Graph of velocity profile for different values of Kp.
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thermal boundary layer. Physically, this is explained by 
the slower heat transmission of fluids with greater 
Prandtl values.

In Figures 8–9, the temperature distribution curves 
for Eckert number Ec values are depicted. The tem
perature and velocity profiles have increased, as shown 
in Figures 8–9. As Eckert number Ec increases, asso
ciated boundary layers rise as well. This is caused by an 
increase in heat production as the Eckert number rises, 

this is subsequently stored in the fluid, resulting in 
significant frictional forces between fluid particles. As 
a result, the temperature distribution becomes more 
intense.

Figs. 10–11 depict the effect of material parameter 
σon combined curves of temperature and velocity. For 
increasing estimations of the material parameter σ velo
city profile is seen to decrease as shown in Figure 10 
while the opposite tendency is noted for temperature 

Figure 5. Graph of temperature profile for different values of Kp.

Figure 6. Graph of velocity profile for different values of Pr.
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profile for the same increment values of a material para
meter as shown in Figure 11.

Figure 12 illustrates the velocity profile for the fluid 
parameter ε, from this figure it is observed that there is 
an upsurge in the velocity profile as the fluid parameter 
εincreases. In contrast, as illustrated in Figure 13, tem
perature profiles drop off as the value εincreases. The 
decrease in viscosity of a shear-thinning fluid is asso
ciated with an increase in ε. Consequently, fluid mole
cules move at greater speeds while heat generation is 

reduced due to the frictional force. Therefore, the tem
perature distribution drops.

From Figure 14 it can be identified how the para
meter of mixed convection λchanges velocity profile. 
The graph demonstrates that fluid velocity grows as 
mixed convection λincreases. This rise was brought 
by the force of thermal buoyancy. Moreover, noticed 
that there is an upsurge in the thickness of the 
momentum boundary layer for variations of buoy
ancy force. The effect of the mixed convection 

Figure 7. Graph of temperature profile for different values of Pr.

Figure 8. Graph of velocity profile for different values of Ec.
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parameter on fluid temperature is seen in Figure 15. 
According to the graph, increasing of λ exhibits 
a reduction in thermal buoyancy force which lowers 
the fluid’s temperature.

As the heat-generating parameterγrises, the fluid’s 
velocity across the stretched sheet rises it can be seen 
in Figure 16. As the heat-generating parameter is raised, 
the fluid’s temperature increases as seen in Figure 17.

Figure 18 illustrates how thermal stratification para
meter e1 behaves on curves of velocity as well as tem
perature. The graph demonstrates that fluid velocity 
decreases as temperature stratification upsurges. This 
phenomenon can be attributed to a reduction in con
vective potential between the sheet surface and ambient 
temperature. With an increase in the stratification para
meter, the temperature θ(η) of the moving fluid 

Figure 9. Graph of temperature profile for different values of Ec.

Figure 10. Graph of velocity profile for different values of σ.
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experiences a decrease. This is because of low tempera
ture difference between the ambient fluid and the fluid 
at the surface, as depicted in Figure 19.

From Figure 20, it can be noticed that the velocity of 
Powell-Eyring fluid is greater than the Newtonian model. 
The reason is that the Powell-Eyring fluid’s viscosity decele
rates with the shear rate, leading to a rise in both fluid 
velocity and the thickness of the momentum barrier layer.

5. Conclusions

In this consideration, a numerical approach is employed to 
examine thoroughly about heat transfer of MHD Eyring- 
Powell flow over a stratified stretched sheet embedded in 
a porous medium. Consequently, two effects namely mixed 
convection and viscous dissipation are included in this 
study. By using similarity transformations, a nonlinear 

Figure 11. Graph of temperature profile for different values of σ.

Figure 12. Graph of velocity profile for different values of ε.
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system is obtained from governing partial differential equa
tions related to this flow. Using the RKF approach, 
a numerical solution for the condensed system is obtained. 
Based on the current investigation numerical results, 
a reasonable correlation between this analysis and past 
studies is seen. Some of the findings are

(1) The Powell-Eyring fluid is compared with the 
Newtonian model and observed to have more 
velocity than that of the Newtonian model.

(2) The heat transfer rate decreases with an increase 
in the Prandtal number and Eyring-Powell fluid 
material parameters.

(3) The temperature and velocity of fluid drops 
across a stretched sheet are influenced by an 
increase in the flow-controlling parameter 
namely Eyring-Powell fluid material.

(4) As the parameter of Eyring-Powell material is 
raised, a temperature rise is seen, although the 
velocity profile falls.

Figure 13. Graph of temperature profile for different values of ε.

Figure 14. Graph of velocity profile for different values of λ.
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(5) Fluid velocity increases but temperature decreases 
when the mixed convection value is increased.

(6) As the Eckert number increases, so does the 
temperature distribution.

(7) Fluid velocity decreases while temperature 
increases as the magnetic parameter is increased.

(8) As the parameter of porosity is raised, fluid velo
city drops while the temperature rises.

(9) On the basis of the current investigation, 
a reasonable correlation between this analysis and 
past studies is seen.

The present study can have applications in the food 
processing industry, polymer industry, and many engi
neering fields. With these outcomes, researchers can 
further modify the problem by including different 

Figure 15. Graph of temperature profile for different values of λ.

Figure 16. Graph of velocity profile for different values of γ.
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kinds of thermal flow features like thermal radiation, 
bioconvection, entropy generation, nonuniform heat 
source/sink, and so on.
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