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Abstract-- The Eyring-Powell fluid model is a non-Newtonian
fluids model that describes the flow of fluids such as clay, paint
and blood. Previous studies found contradictory results
regarding its rheological characteristics. The Modified Eyring-
Powell fluid model overcomes these disparities by adding a new
parameter that distinguishes between shear-thinning and
shear-thickening models. Although few studies have been
conducted on heat transfer in Modified Eyring-Powell fluids,
mass transfer properties remain relatively unexplored. This
study develops and examines the governing partial differential
equations (PDEs) for heat and mass transfer in the Modified
Eyring Powell fluid. Similarity transformations are used to
convert the PDEs into a system of nonlinear ordinary
differential equations (ODEs). The Chebyshev-collocation
method is adopted to generate approximate numerical
solutions. The result shows that the velocity, temperature, and
concentration of modified Eyring-Powell fluid reduced with
increasing rotational force.

Nomenclature
Variables and Parameters
Fc - Coriolis force
T - shear stress
By - Constant magnetic field strength
Q - Coriolis force
u, v - velocity in x and y directions
o - thermal diffusivity
T, C - Temperature, Concentration
K, 3 - dynamic and kinematic viscosity
g - Acceleration due to gravity
p - density
K - dimensionless Coriolis force
1 - dimensionless distance
M - Magnetic field parameter
Sc - Schmidt number
G, Grs - Grashof parameters
r - Chemical reaction parameter
Pr - Prandtl number
Cf - Skin friction
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Ny, N¢- Brownian and thermophoretic parameters
Nu - Nusselt number

J - Joule heating parameter

DB - mass diffusivity

I. INTRODUCTION

The Eyring-Powell fluid model has gained prominence in
the modelling of non-Newtonian fluids due to its solid
theoretical foundation and mathematical robustness. Unlike
empirical models such as the power-law or Bingham models,
the Eyring-Powell model is derived from the theory of
reaction rates developed (Oke and Mutuku, 2021), originally
to explain molecular deformation under stress. It expresses
the relationship between shear stress and strain rate using a
hyperbolic sine function, which enables it to describe both
Newtonian and non-Newtonian behaviours without
introducing singularities at zero shear rates. The theory
considers the forces required to break two bonds of differing
strengths, where one is strong bond and the other is a weak
bond (Abegunrin et al., 2017; Kumar and Srinivas, 2020).
This theoretical foundation enhances the practical relevance
and adaptability of the Eyring-Powell fluid model in
practical applications. Mucus, moisturising lotion, hair gel,
yoghurt, latex paint, and polymeric solutions are examples
of fluid modelled by the Eyring-Powell fluid model (Patel
and Timol, 2009; Siddiqui et al., 2014; Rahimi et al., 2017;
Junaid et al., 2023). The Eyring-Powell model is particularly
effective in capturing behaviours such as creep deformation
under sustained stress. Due to these properties, Eyring-
Powell fluids have found applications in a wide range of
fields, including the formulation of cosmetic products and
industrial paints, and in the processing of clay slips and
industrial greases.

Oke et al. (2023) applied the Eyring-Powell model and
demonstrated that increasing the fluid’s non-Newtonian
parameter led to significant alterations in the velocity and
temperature profiles. However, the original Eyring Powell
model, despite its advantages, was not sufficient to capture
the all-fluid behaviours observed in industrial and biological
fluids. To address this, recent studies have proposed
modifications to the model.



N 2

IJRDET

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 03, March 2026)

Oke (2021) introduced an additional parameter to control
the degree of deformation. This has given rise to what is
known as the Modified Eyring-Powell (MEP) model. Oke
(2022) introduced a generalisation of the Eyring-Powell
model by incorporating a deformation parameter g to
regulate whether the fluid behaves as a shear-thinning or
shear-thickening fluid. Some recent studies on the modified
Eyring-Powell fluid include Anjum et al. (2022) who
considered the influence of activation energy on the flow of
modified Eyring-Powell fluid. Khan (2023) studied the
biocovection and nonlinear radiation, Junaid et al. (2023)
included the magnetic dipole effect, and Anjum et al. (2023)
considered the activation energy.

However, Oke (2021) noted that the Eyring-Powell fluid
model is a generalisation of Newtonian fluids and the shear-
dependent fluids (whether shear-thinning or shear
thickening). They also noted that the intrinsic characteristics
of the Eyring-Powell fluid to alternate between shear-
thinning and shear-thickening properties under some certain
conditions was not been captured in the constitutive
equations for the Eyring-Powell fluids. The lack of
definition for the dual nature of the model has led several
authors to produce conflicting results in literature. Some
studies reported that velocity increases with increasing
Eyring-Powell fluid parameter while others reported a
decrease in velocity with increasing Eyring-Powell fluid
parameter. Oke (2021) developed a model called the
Modified Eyring-Powell (MEP) fluid that explains the
reason for the conflicting outcomes. The Modified Eyring-
Powell was developed by updating the Eyring-Powell
constitutive equations with a deformation parameter whose
values determine the shear-dependent nature of the fluid. By
incorporating the deformation parameter, the Modified
Eyring-Powell model successfully unified the conflicting
outcomes by emphasizing that the outcomes are only
evidence that the Eyring-Powell fluid model can capture
both the shear-thinning and the shear-thickening properties
of the fluid.

The application of the modified Eyring-Powell fluid
model to tea manufacture is motivated by the need for a
rigorous theoretical description of the rheological and
transport phenomena arising during mechanically intensive
processing stages (Rathnayake et al., 2023). Operations such
as rolling, curling, and drying (Aaqil et al., 2023) involve the
interaction of partially macerated tea leaves and expressed
juices with rotating surfaces, producing a heterogeneous,
non-Newtonian medium whose flow behaviour cannot be
adequately captured by classical Newtonian models.
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The modified Eyring-Powell formulation provides a
suitable model to describe shear-dependent viscosity, stress
distribution, and coupled heat and mass transfer under
rotational effects. The model offers a scientific basis for
analyzing process efficiency, equipment performance, and
thermal control mechanisms. Although its use in tea
manufacture is presently conceptual, this theoretical
approach paves way to extend advanced non-Newtonian
flow modelling to agro-industrial processing systems with
the aim of improving process understanding and
optimization.

As a relatively new class of fluid model, studies on
Modified Eyring-Powell have focused mostly on the heat
transfer in the flow. In this study, a mass transfer is included
along with the heat transfer process in the Modified Eyring
Powell flow over a linearly stretching and rotating surface.

Coriolis force is one of the inertia forces that affect flows
over a rotating surface (Koriko et al., 2020). According to
Koriko et al. (2020), Coriolis force acts mutually
perpendicular to the velocity vector, introducing a fictitious
force that deflects the direction of motion. The effect
becomes significant in the momentum and thermal boundary
layers. Applications of Coriolis force can be found in
geophysical and industrial systems where the rate of rotation
of the surface is significant in relation to the acceleration of
the fluid. Modelling of flows in turbine, rotating disk
reactors, meteorological systems, and centrifugal filtration
devices cannot be accurate unless Coriolis force are
incorporated. The Coriolis force is driven by the rate rotation
of the surface upon which the flow is happening. Increase in
surface rotation means an increase in the Coriolis force and
vice versa. Lou et al. (2022) studied the influence of Coriolis
force on dusty micropolar fluid and found that the rate of
microrotation distribution is proportional to the size of
Coriolis force. Khan and Uddin (2023) considered the
influence of Coriolis force on unsteady bio-flow.

From the ongoing, it has become clear that Eyring-Powell
fluid is able to capture both the shear-thinning and shear-
thickening behaviours of the non-Newtonian fluids. The
modified Eyring-Powell delineates the shear thinning from
the shear-thickening properties by introducing a deformation
parameter. As a relatively new class of fluid, studies have
focused on the heat transfer in Eyring-Powell fluid flow and
no study has considered the concentration equation in the
flow over a rotating surface. This study is therefore set to
analyze the heat and mass transfer in the modified Eyring-
Powell fluid.
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II. GOVERNING EQUATIONS
11.1 Modified Eyring-Powell Model

According to Oke and Mutuku (2021), the shear stress for
an Eyring-Powell fluid is derived from the understanding
that there is a need to break a weak bond and a strong bond.
The total shear stress is

T =pVu+ larc:‘-;inh (qu)

The modified Eyring-Powell fluid introduced by Oke
(2021) and emphasized in Oke (2022), was derived by
incorporating the deformation parameter g on the shear
stress relative to the weak bond so that the total shear stress
is

1 1 a
T =puVu+ | =arcsinh [ =Vu
B E . (2)

The momentum equation for the Modified Eyring-Powell
fluid can then be written as
h . g Py [ (g+2) {0y : oy ! uy
— +u =p—t——|1l-—— | — — —
o ! dr3  (BE) 62\ dra s i3
(a2 () o)
6E% \ dry 1y a3
A3)

The flow of Modified Eyring-Powell fluids is considered
in this study by incorporating the concentration equation in
the equations derived by Oke (2022). The Modified Eyring-
Powell fluid is treated as incompressible, so that it is
assumed that the density does not vary during the flow
process. Assume that turbulence is disregarded so that the
flow remains steady and laminar. Furthermore, the no-slip
condition is enforced at the boundary, indicating that the
fluid velocity coincides with that of the surface. Figure (1)
shows the configuration of the flow and the conditions at the
wall.

duy dup p Ay q
— flUy—=——
dry 201‘3 p iy p(BE)

uy

Thermal boundary layer

=

I.,~Viscous boundary layer

Figure I: Flow configuration
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The equation governing the flow is the system
equations

dur Oug

ﬁ + E =10, 4
duy Ay pdPuy q (g+2) (O ! uy ol Puy

mﬁ+uzﬁ=;@+pwﬂq ( -G (E) ) (E) m—mm (5)
dT o otT

MEJFME:“E' (6)
ac ac >*C

MEMQE: BE. (M)

Conditions at the surface of the wall (x,= 0) obey the no-
slip condition so that u; = ax;,C = C,, and T = T,,. Since the
flow is not happening perpendicular to the surface, then u,=

0. By compiling these conditions, the conditions are
ur=axi, u2=0, =Ty, C=Cy, atx2=0, ®)

)

U—0,T— T, C— Cx, asy — 0.

2.2 Similarity Transformation

Consider the similarity variables chosen in Oke (2021) and Oke (2022) as

n=al28-1/12x,
with the stream function
v =al2812x1f.

(10)
(1

To derive the expression for the variables u and v, we start
by rewriting them as functions of the stream function such
that

U] = ax —f Uy = fal/?ﬁl/Qf-
dn 12)

Furthermore, a rescaling transformation is given for 7'and
C. Since T € [T,T,] and C € [C,C,], then they are
transformed to the interval [0, 1] by the linear transformation
T, =T Cp—0C

AT YT TAC

]

Too,

, where AC = Cy— Coo, AT=Tyw—
(13)

By using the variables (10) - (13), the dimensionless form
of the equations (4) - (7) becomes

R LI AR Y AN
(o (-2 (5) ) (55)

e 40
— 4+ Prf— =10,
di? rf di)
PP . d¢ 0
— 4+ Sef— =0,
dn? dn !

S A (AN S
S Vo A & Lo,
(i!"} (il’ (({J”) + j({fﬂz

>

(14)

(15)

(16)
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and the dimensionless of the conditions (8)- (9) are
df )
E[U) =1, f(0)=0,0(0)=0, 2(0) =0,
d
ﬁ[”x} =0,0(ne) =1, ® (1) =1.

(17)

(18)

where the parameters defined as

p_ ot 1 o, 20 a 1 Dp 1
T 2E2" T uBE' a0 Pr 9 Se
19)

III. SOLUTION APPROACH
3.1 Chebyshev-Collocation Method

The collocation is a weighted residual method used to
approximate the solutions of a differential equation

L{u(m] =1 (n) (20)

by starting with an initial approximate solution

N

un () =Y exgr (1),
k=0
@n
where ¢ are the basis functions and c; are unknown
coefficients to be determined (Gebril et al., 2024). The
residual is defined as

R(7) = L{un ()] = f ()

The next step is to find N + 1 collocation points #;, (k=
0,1,--- ,N) and ensure that the residual is zero at the the
collocation points, so that

R(p) =0, fork=0,1,- ,N. (23)

We are therefore required to solve the N +1 equations for
the N +1 unknown coefficients cx. By choosing the basis
function ¢« as the Chebyshev polynomials, the method is
referred to as Chebyshev-collocation method.

The Chebyshev polynomials 7, (¢) of the first kind are
defined as
T, (&) = cos(narccosé) (24)

over the interval [—1,1] (Cevik et al.,, 2025). The
polynomials are orthogonal with weight function

w (€) \/%—52

(22)

(25
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so that
1 pop 5 n=m#0
—= 2 dt=<S7m n=m=0
—£2 7
—14/1-¢& 0 n#m

. (26)

The polynomials can be obtained from the recursive
relation
Tn+1=2ETn— Th1 27

and the roots of the the polynomial are

2k —1
fk—cos(

ﬂ') L k=1,2,--- ,n.
(28)
and the derivative is

, _ nsin(narccos§)

n o m

Evaluating the polynomials at the end points & = =1, we
have
T, (—1) = cos (narccos (—1)) = cos (nw) = (—1)",
T, (1) =cos(narccos (1)) = cos(n x 0) = 1,

- T 2 - T 1
lim 7}, =n°, lim T, = (—l)”+ n.
£—1 CE==—1

3.2 Transformation of domain
The domain & € [—1,1] can be transformed into # € [0,L]

using the transformation
2
£=7n ,

so that the Chebyshev polynomials is evaluated for

e
Tn (‘E) - Tn, (Er] - ]-) .

Evaluating the polynomials and their first derivatives at
the end points # = 0,L, we have

T,(0)= (—1)”. T,(L)y=1,
lim 7" = n?, lim T/ = (—'l)"+1 n.
£l f£==1

IV. SOLUTION TO THE MODEL

Assume solutions of the form

= i apT., 9 = i by Ty, D =
k=0

k=0

™

Z T,

k=0
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where T are the Chebyshev basis functions. This means
there are

m+D+m+)+(m+1)=n+2m+3

coefficients to solve for. We therefore need a total of n +
2m + 3 equations. Since there are 7 boundary conditions, and
then only n + 2m — 4 equations are needed. To get n + 2m —
4 collocation points from 3 equations, then n + 2m — 4 needs
to be a product of 3. The easiest choice for n and m is to set
m=n— 1, so that
nt2m—-4=n+2n—-1)—4=3n—-6=3(n—1).

The Chebyshev collocation points are obtained using the
formula

. |
éfcos(ﬁ)ejow-.

The internal nodes among the collocation points are
picked so that we have a total of #n — 2 collocation points.

Substituting the series of equation (29) into equations (14)
- (16), we have

7' (L——(Z Lﬁ”) )qh (J'aszk)q_l-i{ﬂ
-A‘Zaﬂ{-z(aRZuﬂ'jn){m (Zuhl ):n_
per e Rt P
Z eTL + Prag (im’nﬂ
i
Ty + Sany (Z cffjﬂﬂ + ‘wzm (
=

Lo

k=3

_ i uﬂjﬂ: + i !ikaI;J]
j=1

i=

)

+1‘r2 " (Z bﬂjn) =0

k=0 \j=1

Yol IL) )
1

Jj=

(31)

i=1
k=2 k=0

and equation (17) becomes

n m m

Y ) K =1, E ) =0, Z Fh, =10, Z e =0.

k=0
m m

ka\—ﬂ Z}”‘_l Zr;\—l

®)

3

Evaluating equations (30 - 32) at the n—2 collocation
points means we are required to solve the system of non-
linear equations;
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-1
N A : :
Zm V4|1~ 42 Z a Ty g1y \/iﬁz v -KT; - E o TiT,
k=3 { =2 =1
n 2 n
+Z[1)T*.T)" -KY T - Z u,‘.Zu ik +Zu;‘ ZuJI;‘
j = k=1 \ =t =2

=0

(E T JKH +Priu;— (i":f}'fl—) =0

1 m
(AJA + Scay, 1;1;. +Sr‘ZuR N 1T | =0.
= \o
ZH)"“%A:L ~1)Fa; =0, z (~1)F b, =0, Z
k=0 k=t

ikzak =1, ib" =1, ch =1
k=0 k=0 k=0

=0,

iMm

(6=6p)

[bkl,‘ + Pray.

=2 (6=t,)

=0.

(e=¢,)

Ko, =0. (33)

L

(39)

where p =1, --- ,n — 2. Hence, we have a total of 3(n — 2)
+ 7 = 3n + 1 equations to solve. Recall that there are n+1
coefficients a (k= 0, - ,n), and there are n coefficients by
and n coefficients cisince k=0, - ,n—1. The total number of
coefficients totals to
n+l+n+n=3n+1.

At this point, the number of equations tally with the
number of the unknown and the equations can therefore be
solved using the Newton’s method.

V. NUMERICAL EXPERIMENT

To validate the numerical method adopted in this study,
consider the case where ¢ = 1, then equation (14), (15), and

(16) reduce to
2 3
N P L AR P L j—ff
dn? dn? dn dn
(40)
d2®
a2 f =
dn dn (41)
dztl) f B
dn? (42
Taking the values of parameters as K=1, ¢ =0.5, 6 =0.1,

Pr=0.72, and Sc = 0.6, then the equation further simplifies

to
2f B df df d*f

1405(1-001 o " dp \dn i~

[ )88

@O e

ap O g =0

d>*® de _

prid
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Consider n = 3, then the collocating polynomials are

[ =apTy + a1 Ty + asTs + agTy, (43)
0 =boTy + b1 11 + o1, (44)
b =Ty + 111 + 215, (45)

Substituting 7o, 71, 7>, and T3, the equations become

0.36agh; — 0.36a1b; + 0.36azby — 0.36a301 + ba — L4daghs + 1.44a1bs — 1.44asbs + 1.4dazhy

+ (0.18ayby — 0.72a2by + 1.62a3by 4 0.72agbs — 1Adarby + 3.6a2bs — T.2asba) 1

+ (0.18azby — 1.08azby +0.36a1by — 2.16azbs + 7.56a3by) 1;2

+ (0.18asby + 0.36a2by — 2.88ashy) 1;3 + ﬂ.ﬂﬂu;gb-_n)'l =0 (46)
0.3apey — 0.3ageq +0.3a9¢; — 0.3aze) + ¢2 — L2ages + 12012 — 120205 + 1.203¢2

+(0.1age; - 0.6age; + 1.35a3¢; +0.6agcs — 120,y + Jugty - Gazea)

+(0.15a5¢; ~ 0.9a¢; + 03,6y — 1.8a5¢; + 6303, 1

+(0.15age; +0.3a5¢; = 2dagey) i +0.3a3e57" =0 (47

Consider n = 3, then the collocating polynomials are

and the boundary conditions become,

ag—ay+as—az =0, a;—4day+9a3=2, by—b +by=0
p—ci+ea=0, a+4das+9a3=0, bg+b+b=1 e+e+cz=1

The collocation points are chosen as the interior points
among

gt()z *1, f] = O, 52: —1.
Hence, the equations to solve are

The solution are obtained using MATHEMATICA as

£=10.0293 — 0.25961 + 0.777252 + 0.03835%, 6 = 0.5870157 —
0.08425377% ¢ = 0.5308465 — 0.07021147.

Validation of Results

The results from the Chebyshev-collocation method is
compared with the results from MATLAB bvp4c for
validation. For the sake of comparison, the following values
are chosen for the parameters;

q=1;,Pr=0.72;6=0.5;0=0.1; K=1; Sc = 0.6; = 5.

The Chebyshev-collocation method is solved for
increasing number of terms # and the results are compared
at each truncation and the comparison is shown in table (1).
The table reveals that the results get better as n gets larger.
From the table, the error becomes insignificant at n > 11.
Hence, it can be concluded that method of solution is
admissible for the current problem.
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Table 1:
Validation of Results
Cr Nu Sh
" bvpde present Error Nu present Error Sh present Error

3 | -1.15609 -1.07034 &.57e-02 | 0.457556 0.48654 2.90e-02 | 0.41255 043378  2.12e-02
4 | -1.15609  -1.13154  2.46e-02 45755 0.46822  1.07e-02 | 0.41255 041980 7.25e-03
5 | -1.15609  -1.15009  6.01e-03 2.26e-03 | 0.41255 041401  1.45e-03
6 | -1.16609 1.53e-05 | 0.41255 041255 G6.25e-06
7 | -1.15609 2.66e-04 2.53e-04 | 0.41255 041241 14904

0
1.30e-03 | 0.
0.

8 | -1.15609 5.51e-05 | 0. 1.30e-04 | 0.41255 041248 74Te-05
0
0.
0.
0

9 [ -1.15609 1.25e-05 045751 4.16e-05 | 0.41255 041253  2.37e-05
10 | -1.15609 3.21e-06 0.45754  8.84e-06 | 0.41255 0.41255  5.13e-06
11 | -1.15609 -1.15609  8.86e-07
12 | -1.15609  -1.15609  2.54e-07

. 0.45755  6.45e-07 | 0.41255 0.41255  5.00e-07
45755 0457556 4.51e-07 | 0.41255 041255 1.77e-07

VI. ANALYSIS AND DISCUSSION OF RESULTS

The results obtained from the numerical solution are
analysed and discussed in this section. The results are
analysed in relation to existing academic literature to assess
their conformity with theoretical expectations, and highlight
areas of divergence that warrant additional inquiry.

Figures (2 - 4) illustrate the effect of Coriolis force on the
flow variables. The numerical results plotted in Figure (2)
reveals that Coriolis force K reduces velocity. This result is
theoretically expected and aligns well with classical rotating
flow dynamics. The Coriolis force arises due to the rotation
of the frame, and introduces an apparent inertial force that
acts perpendicular to the direction of motion. This force
inhibits the forward motion of fluid particles, resulting in a
reduced axial velocity. This outcome aligns with the
outcome of Oke (2021) who also reported a noticeable
reduction in axial velocities as Coriolis force increased. As
Coriolis effects increases, the centrifugal and rotational
inertial forces acting on fluid elements increase which
consequently opposes both the primary stretching and the
convective forces driving the flow. The momentum
boundary layer thins out and the flow velocity is hindered,
thereby reducing the velocity.

Figure (3) illustrates the response of temperature to
Coriolis force. The influence of Coriolis force is also
observed on the thermal characteristics of a Modified
Eyring-Powell (MEP) fluid. The results of this study indicate
that increasing the Coriolis parameter leads to a decrease in
temperature within the boundary layer. As the Coriolis force
parameter represents the influence of rotation on the flow
field, this observation stands in contrast to Oke (2021) who
reported a temperature increase under similar conditions.
However, the divergence in result can be traced to the choice
of the deformation parameter ¢ = 1 which indicate a distinct
fluid rheology as noted by Oke (2022). Oke (2022) noted
that the fluid is shear-thickening for odd values of ¢ while
even values of ¢ represent shear thinning case.
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In the current study where g = 1, a shear-thickening fluid
is therefore under consideration. Hence, the cooling effect
observed in Figure (3) is consistent with a shear-thickening
MEP fluid. In such a rheological flow, amplified rotational
resistance acts as a thermal insulator, preventing the thermal
energy from diffusing significantly within the fluid domain.
The concentration field is the distribution of species within
the flow domain and it determined by both the motion of the
fluid and the mass diffusivity.

Figure (4) demonstrates that as the rotational parameter K
increases, the concentration profile decreases, indicating a
dilution of species concentration within the boundary layer.
Since the species concentration are advected by the velocity
field and diffused by molecular or turbulent processes. Thus,
any suppression of velocity due to increasing directly
impacts the advective capacity of the flow to transport
species away from or along the surface.

1 T T T T T T T T T
0.9 1
q=1,Pr=0.72,5¢=0.6,¢=0.5,6=0.1
0.8 H 1
0.7} 1
EO‘G r |
.-§‘ 05} 4
o
> 04 1
03 1
—K=0.7
o.z2r —K=16
—K=25
o —K=34
0 1 1 A
0 1 2 3 4 5 6 7 8 9 10
dimensionless distance 7
Figure II: Velocity with increasing K
1 T r T T
08 —K=0.7 1
—K=1.6
eer —K=25 |
07 F —K=34 1
@5 06 R
[
g05[ 1
a8
E04f ]
03 ,
02 g
sl q=1,Pr=0.72,5¢=06,¢=0.5,6=0.1
0 1 1 L L L L ! . L
0 1 2 3 4 5 6 7 8 9 10

dimensionless distance 7

Figure III: Temperature with increasing K
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Figure IV: Concentration with increasing K

The parameter ¢ denotes material parameter which
characterizes the extent of deviation from Newtonian
behaviour. It governs the degree of elastic resistance or
strain-rate sensitivity in the fluid. Figures (5 - 7) show the
response of the flow variable to the Eyring-Powell
parameter. The velocity increases with increasing Eyring-
Powell fluid parameter as shown in Figure (5). The
parameter amplifies the impact of the non-Newtonian term
in the constitutive equation. This term governs shear-
thickening behaviour, meaning that the fluid resists motion
more as the shear rate increases, especially near the wall.
Consequently, an increased axial flow is experiences due to
a steeper pressure gradient or stretching.
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Figure V: Velocity with increasing €

Figure (6) reveals that the temperature also rises as the
material parameter increases. As the parameter increases, the
fluid becomes more sensitive to shear, which raises the
effective viscosity near the wall, dampens the convective
transport of heat, and intensifies viscous dissipation.
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The cumulative effect is an accumulation of thermal
energy near the wall, manifesting as a rise in the temperature
profile throughout the domain. The fluid becomes sensitive
to shear as ¢ increases and the effective viscosity near the
wall also increases. The convective thermal transport
dampens and viscous dissipation intensifies and the
cumulative effect is an accumulation of thermal energy near
the wall, manifesting as a rise in the temperature profile
throughout the domain.
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Figure VI: Temperature with increasing ¢

Figure (7) shows the response of concentration to the
Eyring-Powell fluid parameter. The concentration profile is
governed by a balance between advection and diffusion,
which are both affected by the parameter. This diminished
convective mixing leads to retention of species near the
surface, thus raising the concentration within the boundary
layer.
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Figure VII: Concentration with increasing ¢
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The Prandtl number (Pr) is a dimensionless parameter
that quantifies the relative thickness of the momentum and
thermal boundary layers. Increasing Prandtl number implies
decreasing thermal diffusivity relative to momentum,
resulting in thinner thermal boundary layers. Figure (8)
shows that fluid temperature increases with Prandtl number.
As the thermal diffusivity decreases, the boundary becomes
better at retaining heat more effectively because it diffuses
slowly into the bulk fluid. Consequently, the near-wall fluid
experiences thermal accumulation, leading to higher local
temperatures.
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Figure IX: Temperature with increasing Pr

The Schmidt number (Sc) is the ratio of momentum
diffusivity to mass diffusivity. High Schmidt number implies
low mass diffusivity and species diffuse slowly compared to
momentum. Figure (9) shows that increasing the Schmidt
number leads to an increase in the concentration profile
within the boundary layer of the Modified Eyring-Powell
fluid over a rotating surface.
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VII. CONCLUSION

This study analyses the heat and mass transfer
characteristics in the flow of Modified Eyring-Powell (MEP)
fluid over a rotating surface. The study has been able to
achieve the four specific objectives. The first objective was
achieved through an empirical derivation of the equations
governing the boundary layer flow of the MEP fluid. The
model incorporated concentration equation and the Coriolis
force arising from the rotating system. The second objective
was achieved by applying the similarity transformations to
reduce the partial differential equations into a system of
dimensionless non-linear ordinary differential equations.
The third objective was achieved by employing the
Chebyshev-collocation method and the result was validated
against MATLAB’s bvp4c solver to confirm the accuracy
and convergence of the method. The numerical solution
from the Chebyshev-collocation method convergence to the
solution from the bvp4c solver for n > 11. The outcomes of
the study revealed that; steps required to achieve the general
objective of this study are as follows;

i. Coriolis force suppresses velocity, temperature, and
concentration in modified Eyring-Powell fluid.
il. Eyring-Powell fluid parameter reinforces velocity,

temperature, and concentration.
Prandtl number increases temperature and Schmidt
number increases concentration.

iil.

VIII.

This study has considered heat and mass transfer
characteristics of Modified Eyring-Powell fluid over a
rotating surface and the following recommendations are
proposed for further research and practical application;

RECOMMENDATIONS

i. The choice of ¢ = 1 restricts our study the shear-
thickening behaviour of the MEP fluid. Future work
can explore other values of ¢, to generalise the findings
across a wider class of non-Newtonian fluids.

ii. To adapt this study to polymer processing, bioreactors,
chemical vapour deposition and thermal insulation, the
study can incorporate chemically reactions,
magnetohydrodynamic forces and thermal radiation in
3D porous media.

. The bifurcation analysis, perturbation response, and
critical thresholds for the flow transition is
recommended for further studies.
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