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HEAT TRANSFER IN AN MHD FLOW OF AN ERYING-POWELL FLUID OVER
A CONVECTIVELY HEATED STRETCHING SHEET IN THE PRESENCE OF
HEAT SOURCE AND THERMAL RADIATION

LATEEF O. SOGBETUN, B. I. OLAJUWON, AND O. FAGBEMIRO

ABSTRACT. This study investigates the effects of viscous dissipation, Joule heating, and a heat source
on the magnetohydrodynamic flow of an Eyring-Powell fluid over a convectively heated stretched
sheet with convective boundary conditions. The fluid flows over a surface heated by a hot fluid from
beneath through convection. The fluid’s viscosity follows a Reynolds model, while its thermal conduc-
tivity varies linearly with temperature. By applying the standard similarity method, the governing
nonlinear partial differential equations are transformed into ordinary differential equations. These
equations are then solved numerically using the Spectral Quasi-Linearization Method (SQLM). The
study presents and discusses graphical results that highlight the key fluid variables influencing velocity
and temperature profiles. The findings of this research could have significant implications for vari-
ous engineering applications, such as heat exchangers, chemical reactors, and thermal management
systems.

1. INTRODUCTION

Due to its numerous practical applications, researchers have recently focused more on the investigation
of boundary layer flow across a stretching sheet. FEmpirical studies of fluid behavior over varying
surfaces provide vital insight that are highly relevant to manufacturing processes. Industries such as
polymer production, lubricant manufacturing, aerodynamic plastic sheet extrusion, liquid coating of
photographic films, metallic plate condensation in a cooling bath, and glass manufacturing are among
those where fluid flow over stretching surfaces plays a critical role[1]. Crane et al. [11] investigated
the boundary layer flow of a viscous fluid across a sheet moving with velocity proportional to the
distance of the aperture. Kumari and Nath [20] examined the exact solution of two-dimensional flow
over a stretching surface in the presence of a magnetic field. Mukhopadhyay [26] analyzed slip effects on
MHD boundary layer flow past an exponentially stretched sheet with suction/blowing in the presence of
thermal radiation. Chamkha and Mansour [9] studied the effect of chemical reactions and unsteady free
convection on heat transfer over a stretching sheet in a porous medium. Turkyilmazoglu [34] presented
a closed-form solution for two-dimensional laminar flow over a continuously stretched sheet. Tawade
et al [33] proposed a numerical approach for solving unsteady, two dimensional, laminar nanofluid flow
using the 4th-order Runge-Kutta method combined with the shooting method. Ibrahim et al. [16]
investigated the stagnation point flow of an MHD nanofluid towards a stretching sheet.

Extensive studies of the Erying-Powell model under various physical conditions have been conducted
by numerous researchers.The Eyring-Powell model is one of the non-Newtonian fluid models derived
from the kinetic theory of gases rather than an empirical formulas. It also accurately reduces to
Newtonian behaviour at both low and high shear rates. The model’s significance in industries such
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as bio-fluid, food processing, and medical applications has motivated extensive research on this fluid
[6],]24],[27]. Using a numerical technique, Patel and Timol [23] investigated the flow of the Powell-
Eyring model’s flow under asymptotic boundary conditions. Hayat et al.[13] studied the influence of
thermal radiation on magnetohydrodynamics Eyring Powell fluid flow over a stretching surface using
an analytical method. Rosca and Pop [31] analyzed the flow and heat transfer of Powell-Eyring fluid
over a shrinking surface in a parallel free stream. Panigrahi et al.[28] explored the analytical solution
for the Powell-Erying fluid flow past a nonlinear stretching sheet. Hayat et al. [15] examined the
impact of convective boundary conditions on the steady flow of a Powell-Eyring fluid over a moving
surface. In a separate study, Hayat et al. [14] investigated the effects of heat flux and chemical
reactions on the flow of Eyring-Powell fluid past an exponentially stretching surface. Khader and
Babatin [18] numerically solved the problem of the Powell-Eyring fluid flow under the influence of a
magnetic field and thermal radiation using the spectral collocation method. Recently, Abbas et al
[2] studied magnetohydrodynamic (MHD) dissipative Powe-Erying fluid flow due to a stretching sheet
with convective boundary condition and slip. The problem was solved numerically using Runge-Kutta
Method combined with the shooting technique. However, the roles of some vital fluid properties, such
as thermal radiation, heat generation/absorption and the thermal Grashof number were not included
in the model.

Numerous studies have highlighted the significant role of heat sources in influencing the functionality
of thermal systems. The temperature difference between a surface and the surrounding fluid is often
affected by the presence of heat sources or sinks. Heat generation frequently occurs in combustion
processes, such as in engines, boilers, and furnaces, while heat absorption is central to cooling systems
like refrigeration, air conditioning, heat exchangers, and more. Heat generation or absorption can vary,
being constant, spatially dependent, or temperature-dependent. Chamkha and Khaled [8] investigated
heat and mass transfer in natural convection in the presence of heat generation/absorption and a mag-
netic field. Their findings revealed an increase in the heat transfer rate with higher heat absorption
parameters. In another study, Chamkha [10] analyzed the effect of heat absorption on time-dependent
magnetohydrodynamic (MHD) flow across a vertical porous plate. He observed that a higher heat
absorption parameter reduces the Nusselt number. Asimoni et al. [3] presented an analysis of two-
dimensional MHD convective nanofluid flow in a lid-driven cavity, considering the influence of chemical
reactions and heat absorption coefficients. Asogwa et al [4] investigated the impact of chemical reac-
tions and heat absorption on the flow of a Casson fluid over a rapidly accelerated inclined Riga plate,
considering ramped wall temperature and ramped surface concentration. Flow behavior of thin liquid
films on a linear stretching sheet, incorporating the effects of thermocapillary and variable heat gener-
ation or absorption was studied by Janthe et al. [17]. Analytical investigation on the influence of heat
generation or absorption on mixed convection flow field within a vertical channel containing a porous
matrix was reported by Kumar et al. [19]. Manvi et al [23] examined the heat dissipation analysis
across a layered stretching sheet, focusing on the magneto-hydrodynamic (MHD) mixed convective flow
of an Eyring-Powell fluid.

Radiation plays a pivotal role in thermal distribution, profoundly affecting heat transfer processes
and temperature regulation. Its importance is underscored in thermal systems, where the intensity of
emitted radiation is directly tied to an object’s temperature. Thermal radiation is particularly sig-
nificant in a wide range of industrial applications, such as energy conversion systems, gas turbines,
aerospace technology, chemical engineering, nuclear reactors, metallurgical operations, and renewable
energy technologies. A thorough understanding and optimization of thermal radiation effects are criti-
cal for developing high-temperature energy conversion systems, including those used in rocket engines,
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missile re-entry scenarios, astrophysical phenomena, and heat exchangers. Recent research has exten-
sively explored the behavior and impact of radiation in thermal systems. For example, Khan et al.
examined entropy generation in non-Newtonian nanofluids under the influence of radiation. Daniel et
al. [12] studied the combined effects of viscous dissipation and thermal radiation on chemically reac-
tive magnetohydrodynamic (MHD) fluids. Rashad [30] investigated how slip conditions and radiation
affect MHD flow dynamics. Mittal and Patel [25] analyzed the interplay of nonlinear thermal radia-
tion, Brownian motion, and chemical reactions in two-dimensional MHD stagnation point flow. Lopez
et al. [21] explored the role of convective boundary conditions and radiation in MHD nanofluid flow.
Sharma [32] developed a simulation to study the effects of radiative heat flux and viscous dissipation
in MHD fluid flow. Additionally, Bilal et al [7]. examined the thermal characteristics of hydromag-
netic Williamson nanofluid flow, incorporating the influence of radiation. Athal et al. [5] analysed how
thermal radiation and chemical reactions jointly impacted on MHD flow of a hyperbolic tangent fluid
containing nanoparticles over a stretched surface. A numerical analysis of Casson nanofluids flowing
through porous materials on stretched magnetic surfaces, considering non-uniform heat source/sink and
radiation was reported by Manvi et al [22].

The literature reviewed indicates that limited research has been conducted on the MHD flow of an
Eyring-Powell fluid, particularly toward a convectively heated stretching sheet with convective bound-
ary conditions. The inclusion of slip and convective boundary conditions in the study of Eyring-Powell
fluids enhances the model’s physical relevance, making it more applicable to real-world problems such
as microfluidics, industrial lubrication, thermal management systems and, heat exchangers. These con-
ditions provide a deeper understanding of fluid behavior, heat transfer, and fluid-surface interactions,
which are critical for optimizing system performance. Thus, this study aims to advance the mathemati-
cal analysis of MHD Eyring-Powell fluid flow through a porous medium with slip conditions, influenced
by thermal radiation, heat generation/absorption, thermal Grashof number, viscous dissipation, nonlin-
ear thermal conductivity, and Joule heating. The proposed research has significant applications across
various engineering fields, such as heat exchangers, chemical reactors, cooling systems, renewable energy
technologies, and thermal management systems. The dimensionless equations are solved numerically
using the Spectral Quasi-Linearization Method (SQLM), with computational implementation carried
out in MATLARB software. The effects of various dimensionless parameters on temperature and velocity
profiles are analyzed and presented graphically.

The key contributions and novelties of this study are summarized as follows:

(i) This research investigates the thermal behavior of MHD Eyring-Powell fluid over a convec-
tively heated stretching sheet with convective boundary conditions—an area that is relatively
unexplored in existing literature.

(ii) The model incorporates convective boundary conditions, temperature-dependent viscosity and
nonlinear thermal conductivity, offering a more precise representation of heat transfer in fluids.

(iii) The study simultaneously examines the combined influence of viscous dissipation, Joule heating,
thermal Grashof number, and a heat source on the MHD flow of an Eyring-Powell fluid over a
convectively heated stretching sheet.

2. MODEL FORMULATION

Consider an incompressible, two dimensional flow of a non-Newtonian Erying-Powell fluid past a
convectively heated linearly stretching sheet. The fluid flow is steady and laminar with the sheet
velocity assuming the form U, = ax where a is a constant. A schematic representation of the model
is provided in figure 1. A transverse magnetic field of strength By is applied perpendicular to the fluid
layers.
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The stretched sheet surface is being heated by hot fluid from beneath through convection with the
temperature Ty = Tx + Az™, T < Ty , where T, denotes the constant temperature of the cold
fluid far away from the sheet, A and m are constants. The effects of thermal variables such as viscous
dissipation, thermal radiation, heat source and Joule heating on the fluid properties are incorporated
into the analysis.

Using the boundary layer approximation, the simplified continuity equation, momentum equation
and energy equation for an incompressible fluid conform with Erying-Powell model are as follows:
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The boundary conditions for the continuity, momentum, and energy equations (2.1)-(2.3) are as follows:
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Here, v and v denote the velocity components along the x and y axes, T is symbol for temperature
of the fluid ps stands for the ambient fluid density, o connotes electricity conductivity parameter,
¢p represents the specific heat term, k(7T') signifies nonlinear thermal conductivity, p is the dynamic
viscosity, B and C stand for the Powell-Eyring fluid parameters.

The fluid viscosity follows a Reynolds model and the thermal conductivity is a linear function of
temperature and given as:

1 = psoe 7 and k(T) = koo(1 + 0*(T — Tio)) (2.5)
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where v* is a viscosity variation parameter and g, is the fluid dynamic viscosity at the ambient
temperature, ks is the constant value of the coefficient of thermal conductivity far from the plate, and
0* is a small parameter.

Introducing the following stream function and similarity variables in (2.6)

T-T
V= Vavaf (), n= 1y 00 = 7 (2.6)
Equations (2.1) - (2.4) become
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Here a prime denotes differentiation with respect to . The quantities a and § connote the material

0'(0) = —A

fluid parameters, A represents the slip parameter, M signifies the magnetic parameter, G, is thermal
grashof number, A stands for the surface-convection parameter, ) denotes heat source, E¢ signifies the
Eckert number, Pr connotes the Prandtl number and e symbolizes thermal conductivity parameter.
These quantities are mathematical represented as follows:
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The surface drag force and Nusselt number are expressed as follows:
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Using equations (2.6), (2.12) and (2.13) in (2.11), we have
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where Re, = U,z /v -

3. METHOD OF SOLUTION

The suitable initial solutions for equations (2.7)—(2.8) subject to the boundary conditions in equation
(2.9)-(2.10) are

1 2
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As suggested by [10], applying quasi linearization to the system of coupled ordinary differential equations
(2.7)-(2.8), we have give the following iterative sequences of linear equations
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where the terms containing subscripts r» + 1 denote present approximations and those containing sub-
scripts r denote previous approximations. The matching boundary conditions are:

Fre1(0) =0, f1q(0) =1+ X7 £ 4 a4 (0) — )\ 8 f/41(0),

(L 6,02(0)
i ee;l(o»

fiia(m) =0, Br41(n) =0 as n— oo, (3.6)

;+1(0) = -
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Equations (3.3)-(3.4) are integrated using the Chebyshev spectral collocation method. The boundary
condition [0, 00) is converted to [—1,1] using the domain transformation e = 2n/L — 1 where L is the
scaling parameter assumed to be large and the interval [0, 00) is replaced by [0,L] . The Chebyshev
nodes in [—1, 1] are defined by the Gauss-Lobatto collocation points[3], [5] given by

)
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The coupled equations (3.3)-(3.5) can then be written in matrix form (3.16). The differentiation matrix
used to approximate the derivatives of unknown variables is expressed as D = 2D /L, where D is the
Chebyshev spectral differentiation matrix of order (N + 1) x (N + 1),
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In equation (3.16), matrix A has dimension 2(N 4+ 1) x 2(N + 1) , matrices Y and B have dimensions
4(N + 1) x 1 define in (3.20)-(3.26):
An A12:|
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In the above definitions T stands for transpose, I is an (N + 1) x (N + 1) identity matrix and ay,
and by, (k=0,1,---,n),(r =0,1,---,N) are diagonal matrices of size (N + 1) x (N + 1). After
modifying the matrix system in equation (3.16) to incorporate the boundary conditions (3.17)-(3.19),

the solution is obtained as
Y=A"'B (3.27)

4. OUTCOMES AND DISCUSSION

Here, the result of the numerical solutions obtained from the Spectral Quasi Linearization Method
(SQLM) are analyzed. To provide a physical insight into the flow problem, pictorial and tabular
representations are presented and discussed. The variables are assigned the following values

a=03,6=03 v=01, M =02 A=02, Ec=02,
Pr=15e=02 Ry=05 Q=0.1, Gy =05,

unless otherwise stated.

By setting several fluid parameters to zero, as indicated in Table 1, the present study was cross-
referenced with related works found in the literature. The numerical results obtained in Table 1 were
compared with the work of Abbas et al. [19], who used the Runge-Kutta method of order four in
conjunction with the shooting method, and with that of Hayat et al. [20], who employed the homotopy
analysis method. The outcomes of the comparison show excellent agreement with these past works.

The relationship between the Powell-Eyring parameter («) and the velocity (f'(n)) and temperature
(6(n)) fields is schematically illustrated in Figure 2. Increasing the value of « results in a significant
improvement in the velocity distribution and a slight reduction in the temperature distribution. Physi-
cally, due to its reciprocal relationship with fluid viscosity, an increase in « causes a rise in fluid velocity.
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Fluid viscosity decreases with increasing « , which reduces internal resistance. This allows the fluid
molecules to move more freely, leading to a noticeable increase in velocity.

The velocity distribution (f’(n)) and temperature distribution (6(n)) predictions for the Powell-
Eyring parameter (4) are shown in Fig. 3. It is evident that increasing the numerical value of the §
can somewhat slow down the Powell-Eyring fluid flow, while increasing the value of § has the opposite
effect on the temperature distribution.

The viscosity v of the Powell-Eyring fluid and its impact on flow (f’(n)) and the heat transfer
mechanism (6(n)) are shown in Figure 4. It is evident that increasing the values of y reduces fluid
velocity, as they are associated with a higher shear stress of Powell-Eyring fluid, which increases the
fluid’s viscosity. At higher viscosities, the fluid’s molecules interact more strongly hindering the fluid’s
ability to move freely. This increased internal resistance results in a slight decrease in the fluid’s overall
speed, as the fluid particles encounter greater resistance while flowing. However, the viscosity parameter
slightly raises the temperature field, as shown in Fig. 4b.

The impact of the surface-convection parameter (A) on the temperature (6(n)) and velocity distribu-
tions f’(n) is shown in Figure 5. A high value of A results in an iincrease in both the fluid temperature
and the sheet temperature 6(0), due to the direct relationship between the surface-convection parameter
and the heat transfer coefficient. Furthermore, as the value of A increases, the velocity distribution of
the boundary layer substantially increases. By physically enhancing the heat exchange at the fluid’s
surface, the surface-convection parameter promotes a faster transfer of heat from the fluid to its sur-
roundings. As the surface-convection parameter increases, the enhanced heat transfer leads to a rise in
the fluid’s temperature.

As shown in Figure 6, the influence of the magnetic field’s (M) on Powell-Eyring fluid flow within
the boundary layer can be utilised to control the velocity field f/(n) and generate heat (6(n)). The
generation of an increased resistance force known as the Lorentz force, is directly related to increasing
values of M and acts perpendicular to the direction of fluid flow. Consequently, as the Lorentz force
increases, the impedance force also increases, opposing the fluid flow and thinning the boundary layer.
It is evident that increasing the value of M enhances both the temperature distribution and the sheet
temperature 6(0) causing the thickness of the thermal boundary layer to rise as a result.

Figure 7 displays the response of the temperature (8(n)) and velocity profiles f'(n) to varying values
of thermal conductivity parameter €. There is a slight increase in the fluid velocity distribution due to
the thermal conductivity parameter’s indirect effect on the fluid velocity field. Additionally, a higher
€ indicates that the kinetic energy of the molecules is greater. This results in more frequent molecular
collisions and, consequently, a higher temperature distribution in the thermal region away from the
sheet.

Figure 8 illustrates the changes in the temperature (6(n)) and velocity distributions f’(n) as the
Eckert number (Fc¢) varies. The Ec represents the process by which kinetic energy is converted into
stored energy and subsequently dissipated as heat when work is done against the stresses of a viscous
fluid’s. As a result, while the velocity distribution showed a slight increase, a rise in Fec significantly
enhances the temperature distribution and sheet temperature 6(0).

The impact of thermal Grashof number G,; on the flow (f’(n)) and the heat transfer mechanism
(0(n)) is depicted in Figure 9. It is evident that increasing the values of G, enhances the fluid velocity.
This can be attributed to the dominant effect of the buoyancy force when compared to the viscous force
acting on the fluid. However, the G,; reduces the temperature field, as shown in Fig. 9b.

The relationship between the Prandtl number (Pr) and the velocity (f’(n)) and temperature (6(n))
fields is schematically illustrated in Figure 10. An increase Pr results in a decline in both the velocity
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distribution and the temperature distribution. This indicates that the effect of thermal diffusivity on
the fluid velocity and temperature is greater than that of momentum diffusivity.

The influence of the radiation parameter (Ry) on the Powell-Eyring fluid velocity field (f'(n)) , and
temperature distribution (6(n)) is illustrated in Figure 11. The chart shows an increase in both the fluid
velocity and the temperature profile as the radiation parameter increases. An enhanced Ry implies a
rise in the kinetic energy of the molecules due to heat. This results in more frequent molecular collisions
and, consequently, a higher temperature distribution in the thermal region away from the sheet.

Figure 12 demonstrates the effect of the heat generation/absorption parameter (Q) on the flow profile
and the temperature distribution 6(n) of the Powell-Eyring fluid. The @ represents the ratio of the
volumetric heat to the density of the fluid at specific heat capacity and constant pressure. As a result,
both the fluid flow and temperature profiles improve with an increase in the heat generation/absorption
parameter.

The relevance of the slip velocity parameter (A) on the velocity distribution f’(n) and heat transfer
rate 0(n) is shown in Figure 13. It has been observed that a decrease in the value of the A reduces
both the temperature profile and the velocity profile. This phenomenon can be explained physically by
the slip velocity effect, which is thought to represent the presence of roughness on the sheet’s surface
or indicate the existence of irregularities. As a result, this specific characteristic slows down the fluid
velocity in the boundary layer area.

Following the derivation of the skin friction coefficients (C f Reé ) and Nusselt number (N ugRey %)
for the convectively heated Powell- Erying fluid given in equations (2.14) and (2.15), Table 2 highlights
the influence of various fluid physical parameters such as Powell-Eyring parameters (a)&(d), viscosity
(7), magnetic field (M), slip velocity parameter (\), Eckert number (Ec¢) , Prandtl number (Pr) ,
thermal conductivity parameter (¢), surface-convection parameter (A), radiation parameter (Ry), heat
generation/absorption parameter (@) , and thermal Grashof number (G,) on the skin friction and
Nusselt number. The computed values in the table reveals that the values of Re% Cf improves when
increasing either «, M e, or Pr while elevating d,v, A, Ec, Pr, A, Ry, @, or G,; diminishes the skin
friction. Moreover, it is observed that local Nusselt number increases when either o, A, Ec, Pr,e, A, Ryq
or G, is increased . Conversely, an increase in M or @) decreases the local Nusselt number. Further
analysis of the table shows that rising values of either § or v have little effect on the local Nusselt
number.
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TABLE 1. Table 1: Comparison of — f(0) for different values of o and § when Pr =1

and all other fluid variables are to zeros.

« 0 | Hayat et al | Abbass et al Current work

0.1]0.1 0.956018 0.956016949 | 0.955420980682675
0.2]0.1 0.917972 0.917971807 | 0.916012863291598
0.31]0.1 0.883221 0.883219986 | 0.880935980734648
0.1]0.1 0.956018 0.956016949 | 0.955420980682675
0.11]0.5 0.964859 0.964858906 | 0.963183203896961
0.11]0.1 0.975361 0.975310998 | 0.973574356920722
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TABLE 2: Numerical value of Reglg/ ’C f at the surface in the case of shear thickening, shear thinning
and Newtonian fluid for various values of De, Re, kp, A and Nt

AR 7 t | & T 1
o ) £ A A M | Pr | Ec Gt | R, | O CfRe.3 | Nu,Re, 3

0.0 03 |02 0.1 0.2 |02 15 0.2 0.1 |05 0.5 | 0.1 | 0.5182 0.1300
0.3 03 |02 0.1 0.2 |02 15 0.2 0.1 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 0o |02 0.1 0.2 |02 15 0.2 0.1 |05 0.5 | 0.1 | 0.9073 0.1301
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 0.3 | 0.0 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1310
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.0 0.2 |02 15 0.2 0.1 |05 0.5 | 0.1 | 0.9158 0

0.3 03 |02 0.1 0.2 |02 15 0.2 0.1 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.1 0o |02 15 0.2 0.1 |05 0.5 | 0.1 | L.2062 0.1282
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.1 0.2 | 0.0 1.5 0.2 01 |05 0.5 | 0.1 | 0.8355 0.1325
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.1 0.2 |02 1.0 0.2 0.1 |05 0.5 | 0.1 | 0.5972 0.1278
0.3 03 |02 0.1 0.2 |02 15 0.2 0.1 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.1 0.2 |02 15 0.0 0.1 |05 0.5 | 0.1 | 0.9192 0.1375
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.1 02 |02 1.5 0.2 0.0 |05 0.5 | 0.1 | 0.9022 0.1302
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.1 0.2 |02 15 0.2 0.1 | 0.0 0.5 | 0.1 | 0.9341 0.1296
0.3 03 |02 0.1 0.2 |02 15 0.2 0.1 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.1 0.2 |02 15 0.2 0.1 |05 0.2 | 0.1 | 0.9082 0.1053
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1301
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.0 | 0.9075 0.1311
0.3 03 |02 0.1 02 |02 1.5 0.2 01 |05 0.5 | 0.1 | 0.9050 0.1301

5. CONCLUSION

The MHD flow of an Erying-Powell fluid over a convectively heated stretched sheet with convective
boundary conditions has been solved using the Spectral Quasi-Linearization Method (SQLM). The
summary of the analyses in this research work is outlined as follows:

(i) The slip velocity parameter reduces the skin friction coefficient, temperature distribution, and

velocity profile but increases the Nusselt number.

(ii) The surface-convection parameter increases the fluid velocity, fluid temperature, sheet temper-
ature, and Nusselt number but reduces the skin friction coefficient.

(iii) The magnetic field parameter enhances both the sheet temperature and temperature distribu-
tion while reducing the fluid flow and Nusselt number.

(iv) Both the fluid flow and temperature profiles improve with an increase in the heat genera-
tion/absorption parameter, but the opposite is true for the skin friction coefficient and Nusselt
number.
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(v) The skin friction coefficient decreases with an increase in either the radiation parameter or the
Eckert number. However, the fluid velocity, temperature profile, and Nusselt number increase
with an increase in the radiation parameter or the Eckert number.

(vi) As the thermal Grashof number increases, the fluid velocity and Nusselt number improve, while
the temperature profile and skin friction coefficient decrease.

6. LIMITATIONS OF THE PRESENT STUDY

This study focused on a limited scope of fluid variables, including viscous dissipation, Joule heating, a
uniform magnetic field, thermal radiation, temperature-dependent viscosity and thermal conductivity,
and a heat source, to analyze the flow of an Eyring-Powell fluid under velocity slip and convective
boundary conditions.

7. SUGGESTIONS FOR FUTURE WORKS

The current study can be expanded to explore the unsteady flow of Eyring-Powell fluids, incorporating
a non-uniform magnetic field, Cattaneo-Christov heat flux models, and mixed or radiative boundary
conditions along different geometries. Additionally, entropy analysis could be integrated into the model
to assess thermodynamic efficiency. A suitable closed-form or semi-analytical solution to the problem
can be attempted, and the results could be validated using a numerical method to ensure accuracy and
reliability.
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