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Abstract: This research investigates the flow of a Powell-Eyring Nanofluid flowing over an exponentially stretching sheet.
Thermal radiation, Soret, dissipation, and Dufour effects have been put into consideration. The obtained partial differential
equations(PDE) have been transformed into ordinary differential equations (ODE) using similarity transformation. Numerical
solutions are obtained in MATLAB using bvp4c frame work of fourth order accuracy integration scheme. It has been observed
that the boundary layer for momentum increases with the velocity ratio while the boundary layers for thermal and concentration
decrease. The velocity diminishes with increasing magnetic parameter while the temperature and concentration increased. The
temperature increases with an increase in thermophoresis and Brownian motion. Increasing the fluid parameter resulted in
decreased Nusselt number, skin friction, and Sherwood number. Increasing Powell-Eyring fluid parameter decreases the Nusselt
number and Sherwood number but increases skin friction. This research may find use in the development of microelectronics,
chemical processes, human targeted drug delivery, and heating and cooling system.
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1. Introduction

The wide range of industrial applications of non-Newtonian
fluids has lead to many recent studies[1-4]. Some of the
fluids that exhibit non-Newtonian behavior include; lubricants,
polymer solutions, drilling mud, various oils, paints, and
ketchup.

Non-Newtonian fluids flowing over stretching surfaces is of
great importance in electrochemistry and polymer industries.
Generally, stretching surfaces are of different types, i.e.,
exponential stretching, linear and nonlinear stretching, radial
stretching, and bidirectional stretching. Various researchers
have studied non-Newtonian fluids’ behavior in boundary
layer domain [5-7]. Ferdows et al. [8] investigated the
potential for thermal cooling in a convective non-Newtonian
nanofluid that is flowing across a moving, expanding surface
with a versatile power index. It was discovered that as
free stream velocity values increased, boundary layers for
temperature, velocity, and missing velocity and temperature
slopes also increased, but that after a point of separation, the
missing velocity and temperature slopes decreased. Kafunda
et al. [9] explored the non-Newtonian nanofluid’s unsteady

hydromagnetic flow across a stretching sheet in the midst of a
changing magnetic field and a chemical reaction. The applied
magnetic field’s angle of inclination was shown to have a
negative effect on the velocity profile, but the temperature
profile had the opposite effect. Patil et al. [10] studied the
unsteady MHD flow of a Nano Powell-Eyring fluid at its
stagnation point past a convectively heated stretched sheet in
the presence of a chemical process involving thermal radiation.
The results showed that the velocity of the fluid increased as
the fluid parameter values increased, while the temperature
and concentration decreased. Pal and Mondal [11] examined
the combined effects of suction/injection-accounting magnetic
field and chemical reaction, as well as the effects of nonlinear
thermal radiation and Joule heating, on Powell Eyring
nanofluid flow carrying gyrotactic microorganisms moving
through a convectively heated stretching sheet. According to
the results, adding nanoparticles to Powell-Eyring nanofluid
lowers the concentration of nanoparticles by causing a
chemical reaction and a fall in Schmidt number. The density
of motile bacteria decreased as a result of the bioconvection
Schmidt number and bioconvection Peclet number.

A Powell-Eyring fluid is a non-Newtonian fluid named
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after Powell and Eyring and it was presented by them in
1944. The model of Powell-Eyring for fluids may be difficult
to understand mathematically, but it offers distinct benefits
compared to other non-Newtonian fluid models. Specifically,
it is derived from the kinetic theory of liquids rather than
relying on empirical relationships. Additionally, it accurately
represents Newtonian behavior at both low and high shear
rates. Most of the significant properties of Powell-Eyring
fluids are discussed by [12-15]. Salah [16] studied a
model for Powell-Eyring fluid with generalized heat flux and
chemical reaction while considering radiation effects. A
fluid velocity increase was discovered as the Powell-Eyring
parameter increased while reverse behaviour was noticed for
the temperature profile. It was also discovered that the
fluid’s temperature increases in response to an increase in the
radiation parameter. Neseem et al. [17] Peter investigated
the movement of heat through an exponentially extending
sheet in an electrically conductive Eyring-Powell fluid. The
study showed that the time it takes for thermal relaxation
is negatively correlated with the thickness of the thermal
boundary layer, but the Eckert number shows the opposite
correlation.

Mushtaq et al. [18] proposed a mathematical model for
the stagnation-point flow and heat transfer caused by an
exponentially stretched sheet in a Powell-Eyring fluid. The
shooting method and a fourth-order Runge-Kutta integration
technique were used to obtain the numerical solutions. Among
other results, it was observed that the velocity ratio affects
the momentum boundary layer in a dual manner, while
increasing the velocity ratio causes the thermal boundary
layer to become thinner. A research on the Ree-Eyring
nanofluid flow over a Riga plate using thermal radiation and
bioconvention was conducted by Loganathan et al. [19]. The
findings showed that when the radiation parameter and Biot
number are increased, the fluid temperature rises, whereas
higher Brownian moments and thermophoretic parameters
have the opposite effect. It was also found that fluid velocity
increases when the Weissenberg number is increased, and it
decreases when the mixed convection parameter is increased.
Ishaq et al. [20] explored the entropy production on nanofluid
thin film flow of Eyring-Powell fluid with thermal radiation
and the MHD effect on an unsteady porous stretching surface.
The model was solved using the Homotopy analysis approach.
It was found that entropy decreases with the increasing values
of Eyring-Powell and radiation parameters. And also that
the velocity distributions decreases with increasing magnetic
parameter but the opposite effect was observed for entropy.
Further, it was reported that porosity parameter decreases
the motion of the liquid films. S. Reddy et al. [21]
investigated the hydrodynamic movement of Eyring-Powell
nanofluid within a stagnation point across an inclined cylinder
under the influence of thermal radiation, Arrhenius activation
energy, and binary chemical reaction. From some of the
observations, it was noticed that the velocity of the fluid
increases with large values of velocity ratio and that the
concentration increases with an increase in temperature ratio
parameter and activation energy. A numerical study was

conducted by Khadar and Babatin [22] utilizing a Powell-
Eyring fluid flow model over a layered stretched sheet with
a magnetic field to enhance the cooling process. The
findings demonstrated that although raising the heat generation
or thermal conductivity parameter increases the temperature
distribution, increasing the viscosity or slip velocity parameter
decreases the velocity distribution. A numerical investigation
of time-dependent magnetohydrodynamics (MHD) Eyring-
Powell liquid by taking a moving/static wedge with Darcy
Forchheimer relation was carried out by Ahmed et al. [23].
Thermal radiation was taken into consideration in order to
predict solar radiation, and the concept of bioconvection
was also taken into account in order to control the chaotic
movement of floating nanoparticles. In the case of a static
and moving wedge, it was found that the Forchheimer number
causes the velocity field to decrease. Higher values of the bio
convective Lewis number and Peclet number also degrade the
motile density profiles.

The study of nanofluids has progressed over the years
because of the demand that comes from their industrial and
medical applications such as in heating and cooling systems,
chemical processes, targeted drug transportation in human
bodies, and in microelectronics. A combinations of a base
fluid and suspended nanoparticles which are typically less than
100nm in size is known as a nanofluid. These nanoparticles
can be made from various materials like metals, carbon based
materials, and metal-oxides. Nanofluids presents the heat
transfer enhancement performance and several studies have
been conducted on nanofluids. Ali et al. [24] performed an
irreversibility analysis on a hybrid nanofluid that comprised of
carboxymethyl cellulose and water that was passing through a
stretchable vertical sheet. The findings displayed that while
temperature distribution and Bejan number increased, the
velocity and entropy profiles decreased as the Weissenberg
number increased. It was discovered that by increasing the
value of the mixed Biot number and convective parameter, the
drag friction and heat transfer rate were improved. The effects
of couple stress and combined thermal radiations on heat
energy transfer during 3D nanofluid (water-based) motion over
a rotating surface was investigated by Ullah et al. [25]. It was
discovered that the velocity increases with higher thickness
and stress parameter values, while it decreases with higher
nanoparticle volume fraction and rotation parameter values.

Khan et al. [26] looked at a radiative mixed convective
flow caused by the nanofluid over a porous vertical cylinder
with a mediam that was porous and an irregular heat source
or sink. Y. D. Reddy et al. [27] looked into the numerical
solution of a steady two dimensional magneto-hydrodynamic
stagnation point flow of an incompressible nanofluid along
a stretching cylinder. Additionally, the effects of radiation
and convective boundary conditions were investigated, as
well as thermophoresis and brownian motion. The findings
showed that as the Biot number and radiation parameter values
increased, there was a corresponding rise in nanoparticle
volume fraction and temperature profile. Conversely, when the
values of the brownian motion parameter and thermophoresis
parameter increased, the heat transfer rate decreased. The
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characteristics of thermal energy transfer during the migration
of a hybrid nanofluid in the company of a fluctuating magnetic
field, radiation, and a heat source was examined by Rizk et al.
[28]. The outcome analysis showed that the Nusselt number
and skin friction increase as the magnetic field’s strength
and concentration of nanomaterials increase. It was found
that increased magnetic field strength leads to higher Lorentz
forces, which causes the fluid velocity to constrict. Increased
rotation speed also causes the fluid velocity to decrease.
Additionally, it was observed that the fluid’s temperature
increases as the concentration of nanomaterials increases.
Shah et al. [29] conducted an analysis to determine how
Al2O3 nanoparticles would move through a hot, permeable
cubic object while being affected by magnetic forces. The
results obtained demonstrated effective conduction for higher
magnetic number values. It was discovered that when nano
powder is added to the base fluid, thermal conductivity always

increases.
From the discussed literature above, there has been no

attempts made to study the Powell-Eyring nanofluid flow over
a stretching sheet taking into consideration thermal radiation,
dissipation effects, Soret and Dufour effects.

2. Mathematical Formulation
Figure 1 shows the boundary layers for heat and momentum

of the Powell-Eyring nanofluid that is incompressible. The
stress tensor for a Powell-Eyring model [30] is given by:

τij = µ
∂ui
∂xj

+
1

β
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(
1
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∂ui
∂xj

)
(1)

where C1, and β are the Powell-Eyring fluid’s material
parameters such that
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The velocity of the stretching sheet is along the x-axis and is given by Uw(x) = ae
x
l . The fluid temperature at the plate’s

surface of is given by Tw(x) = T∞ + ce
x
2l and the concentration is Cw(x) = C∞ + de

x
2l . The ambient velocity, temperature,

and concentration is denoted by U∞, T∞, and C∞ respectively [16, 17].

Figure 1. Geometrical configuration of the flow over an exponentially stretching sheet.

The equations governing this flow problem are as follows [16, 17, 31]:

∂u
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+
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= 0 (3)
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Table 1. Termo-physical characteristics formulas.

Properties Nanofluid

Dynamic viscosity µnf = µf (1− φ)−2.5

Density ρnf = (1− φ)ρf + φρs

Heat capacity (ρCp)nf = (1− φ)(ρCp)f + φ(ρCp)s

Thermal conductivity
knf
kf

=
ks+(m−1)kf−(m−1)φ(kf−ks)
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)
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(
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)
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where βc, βt, and g are the concentration expansion and
volumetric thermal coefficients, and gravitational constant
respectively. The temperatures of the fluid and the wall
are denoted by T and Tw, respectively. C, Cw, νnf ,
Cpf , Cps, ρf , ρs, and ρnf represent, respectively, the

concentration, concentration at the wall, kinematic viscosity of
the nanofluid, specific heat capacity of the base fluid, specific
heat capacity of the nanoparticles, density of the base fluid,
density of the nanoparticles, and density of the nanofluid. B0,
σnf , DB , DT , q, KT , and kr denote the magnetic field,
electrical conductivity of the nanofluid, Brownian diffusion
coefficient, thermophoresis diffusion coefficient, radiation heat
flux, thermal diffusion ratio, and chemical reaction coefficient,
respectively.

By the Rosselands approximation for radiation, q =
4σ∗
3κ∗

∂T 2

∂y where κ∗ is the absorption coefficient and σ∗ is the
Stefan Boltzmann constant. Expanding T 2 in Tylor series
about T∞ and neglecting higher orders, the relation T 2 =
4T 3
∞T − 3T 4

∞ is obtained.
The following are the relevant boundary conditions:

u = Uw(x) = ae
x
l , v = 0, T = T (w) = T∞ + ce

x
2l ,

Cw(x) = C∞ + de
x
2l , at y = 0

u −→ U∞(x) = be
x
l , T −→ T∞, C −→ C∞ at y −→∞ (7)

To convert the aforementioned partial differential equations (PDE) into ordinary differential equations (ODE), the similarity
transformation variables listed below are applied [16, 18]:
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θ(η) =
T − T∞
Tw − T∞

, φ(η) =
C − C∞
Cw − C∞

(9)

Applying the above similarity transformation to the system of PDEs (5)-(6) the following ODEs are obtained.

(1 +K)f ′′′ + ff ′′ −KΓf ′′2f ′′′ +
2

Re2
(cGrθ + dGcφ)−M(λ− f ′) = 0 (10)
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where the Reynolds number is Re, the chemical reaction
parameter is Γ1, the Eckert number is Ec, the Prandtl number
is Pr, the magnetic number isM , the thermal Grashof number
is Gr, the Schmidt number is Sc, the Soret number is Sr,
the Powell-Erying fluid parameters are K and Γ, the radiation
parameter is Rd, the concentration Grashof number is Grc,
the Brownian motion parameter is Nb, the thermophoresis
parameter is Nt, and the velocity ratio is λ.

The skin friction coefficient (Cf ), Sherwood number (Sh),
and Nusselt number (Nu) are among the other numbers of
relevance [16,32].

Cf =
τw
ρU2

w

, Nux =
xqw
kce

x
2l
, Sh = − xqm

Dde
x
2l

(15)

where τw denotes the surface skin shear stress, qw represents
the heat flux, and qm signifies the mass flux, as defined by the
following equation:
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By applying the non-dimensional numbers (14) and the
equations (7) and (16) to (15), the skin friction, Nusselt
number, and Sherwood number can be expressed as follows:

√
2ReCf = (1 +K)f ′′(0)− KΓ

3
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3. Numerical Solution
Agrawal and Kaswan [32] employed a fourth-order

precision methodology (bvp4c) and the homotopy analysis
method to solve the Eyring-Powell fluid model. Other
authors have used the bvp4c [17,33,34]. The numerical
solutions are obtained using the bvp4c MATLAB solver, a
finite difference code that utilizes the three-stage Lobatto
IIIa formula. Equations (10), (11), and (12) are converted
into difference equations as shown below. The flowchart
illustrating the numerical scheme is presented in Figure 2.
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Figure 2. Numerical scheme.
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The boundary conditions are as follows.

y1 = 0 y2 = 1 y4 = 1 y6 = 1

y2 = λ y4 = 0 y6 = 0 (20)

4. Results and Discussion
This section discusses the results and observations of the

current research.

4.1. Velocity Profiles

An observation has been made in Figure 3, and it shows that
the fluid velocity increases with a rise in Powell Eyring fluid
parameterK. This can be attributed to the reduced viscosity as

K increases, which leads to a higher velocity. The temperature
gradient upsurge as the thermal Grashof number Gr increases
as shown in Figure 4. This results in the buoyancy force
leading to an increase fluid velocity. A similar trend is
observed for the concentration Grashof number in Figure 5.

According to Figure 6, an increment in the magnetic number
lowers the velocity profile. This is because an increase in the
magnetic number implies that a flow resisting force, known as
Lorentz force is enhanced. The velocity increases a λ increase
as shown in Figure 7.
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Figure 3. Influence ofK on f ′(η).

Figure 4. Influence ofGr on f ′(η).

Figure 5. Influence ofGc on f ′(η).

Figure 6. Influence ofM on f ′(η).

Figure 7. Influence of λ on f ′(η).

4.2. Temperature Profiles

Figure 8 illustrates the effects of Ec on the temperature
profile. According to the findings, as Ec increases, the heat
transfer rate at the plate’s wall reduces, resulting in a thicker
thermal boundary layer. This leads to an increase in fluid
temperature.

The fluid temperature drops with heightening Powell-Eyring
parameter. Enlargement of the values of Γ imply that the
fluid is less viscous which reduces the fluid’s thermal boundary
layer and its dispassion effects. Therefore the temperature of
the fluid drops as shown in Figure 9.

The thermal boundary layer diminishes as K values grow.
This enhances the heat transfer rate of the flat plate which then
lowers the temperature. Therefore, the profile for temperature
drops as shown in Figure 10.

In Figure 11, the temperature profile grows with an
enhancement in the magnetic parameter M . Joule heating is
enhanced with an increase in the magnetic filed which results
in an increased fluid temperature.

Figure 12 shows the temperature profile with different
Brownian motion factor (Nb) values. Increasing the value of
Nb leads to higher temperatures.

The temperature profile in Figure 13 demonstrates an
inverse relationship with the thermophoresis parameter Nt.
Growing values of the thermophoresis parameters Nt causes
more random movement, which raises the temperature and
reduces the nanoparticle volume fraction.

Figure 14 shows that the temperature upsurges with
enhanced Pr. The thermal boundary layer is lowered as
Pr rises. Therefore, heat is transmitted rapidly leading to a
temperature drop.

The temperature profile in Figure 15 shows that the fluid’s
temperature exacerbates with higher values of Rd. This is
associated to the heat flux from the plate that increases with
an increase in Rd.

Figure 16 illustrates the influence of alterations in the
velocity ratio parameter on the temperature profile. It has been
noted that when λ grows, temperature falls.
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Figure 8. Influence ofEc on θ(η).

Figure 9. Influence of Γ on θ(η).

Figure 10. Influence ofK on θ(η).

Figure 11. Influence ofM on θ(η).

Figure 12. Influence ofNb on θ(η).

Figure 13. Influence ofNt on θ(η).

Figure 14. Influence of Pr on θ(η).

Figure 15. Influence ofRd on θ(η).
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Figure 16. Influence of λ on θ(η).

4.3. Concentration Profiles

Figure 17. Influence of Γ1 on φ(η).

Figure 18. Influence of λ on φ(η).

Chemical molecular diffusivity diminishes when reaction
parameters rise because the species are consumed in the
process. Consequently, an inference can be made from Figure
17 that the concentration field diminishes as the values of
the chemical reaction parameter augments. The concentration
profile drops for increasing λ as depicted in Figure 17. An
enhanced concentration boundary layer results from elevating
values of λ. Figure 19 shows how the Schmidt number
affects concentration. There is a fall in the concentration
with increased Sc. From Figure 20, it has been noted that

the fluid medium’s concentration grows in tandem with an
increase in the Soret number. Higher Soret numbers signify
greater temperature gradients, leading to increased convective
flow and consequently an enhanced concentration distribution.
However, as one approaches the wall, where the temperature
gradient decreases, the Soret effect weakens. Thus, a thinner
concentration boundary layer is obtained by raising the Soret
number.

Figure 19. Influence of Sc on φ(η).

Figure 20. Influence of Sr on φ(η).

4.4. Effects of Variation of Parameters on Skin Friction,
Nusselt and Sherwood Number

Table 2 presents the local Nusselt number, Skin-friction,
and Sherwood number across various parameter values. As
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K increases, the skin friction coefficient also increases. A
comparable trend is seen in the Nusselt and Sherwood numbers
as K increases. As the values of λ increase, the Nusselt and
Sherwood numbers decrease, but the skin friction coefficient
rises. When there is an increase in the Powell-Erying fluid
parameter Γ, the skin friction coefficient, Nusselt number,
and Sherwood number decrease. Raising the Prandtl number
Pr results in higher Nusselt and Sherwood numbers, but
reduces the skin friction coefficient. As the magnetic number
M increases, the skin friction coefficient rises, whereas the
Nusselt and Sherwood numbers decrease. Other authors have
noticed similar trends [17, 18, 36].

Table 2. Skin friction coefficient, Nusselt and Sherwood numbers for various values of
parameters.

K λ Γ Pr M Cf Nux Shx

0 0.4998 0.7754 2.5848

0.5 0.7412 0.8894 2.9646

1 0.9827 1.0049 3.3495

1.5 1.2241 1.1215 3.7382

0.01 0.5239 0.7867 2.6225

0.2 0.5240 0.7404 2.4679

1 0.5245 0.5404 1.8014

1.2 0.5246 0.4890 1.6301

0 0.5248 0.7865 2.6217

0.5 0.5206 0.7854 2.6181

1 0.5165 0.7843 2.6145

1.5 0.5123 0.7832 2.6109

1.5 0.5239 0.8999 2.9996

2 0.5239 0.9648 3.2162

2.5 0.5241 1.0254 3.4181

3 0.5239 1.0835 3.6116

0 0.5242 0.5356 1.7853

0.2 0.5243 0.4250 1.4167

0.4 0.5244 0.2999 0.9998

0.6 0.5245 0.1574 0.5245

5. Concluding Remarks

This study is about Powell-Eyring nanofluid flow over
a stretching sheet where thermal radiation, dissipation,
Sort, and Dofour effects have been put into consideration.
The influence of various non-dimensional parameters on
temperature, velocity, and chemical reaction of the fluid has
been studied. Below are the notable finding of the study.

1. As the velocity ratio λ and the Powell-Eyring fluid
parameter K increase, the velocity also increases;
however, it decreases with a rise in the magnetic
parameter M .

2. The velocity rises with the enhancement of Brownian
motion (Nb), thermophoresis (Nt), and magnetic
parameters (M ), yet declines as the Powell-Eyring fluid
parameters (K and Γ) and the velocity ratio (λ) increase.

3. When the velocity ratio λ, chemical reaction parameter
Γ1, Schmidt number Sc, and Soret number Sr increase,

the concentration decreases. Otherwise, it increases.
4. A decrease in the skin friction, Nusselt number and

Sherwood number after increasing the fluid parameter Γ
has been observed. Increasing K enhances skin friction
bt lowers the Nusselt number and Sherwood number.
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