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ABSTRACT

This article’s main aim is to explore the impact of Eyring-Powell fluid flow on gyrotactic microorganisms over a stretched sheet,
considering the incidence of chemical reactions and porous media. By employing the similarity variable technique, the PDEs are
converted into ODEs. The variations in velocity, high temperature, concentration, and motility distributions are exemplified through
graphical representations. These results are achieved using the Runge-Kutta-Fehlberg method with a shooting strategy implemented in
MATLAB. Numerical values for the Sherwood number, the skin friction coefficient, the motile density number, and the Nusselt number
are presented in tabular form. The study provides a comprehensive analysis of the interaction between fluid dynamics and microorganism
behavior. Additionally, it offers insights into optimizing industrial and biomedical applications involving such complex fluid flows.
https://creativecommons.org/licenses/by-nc/4.0/
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1 Introduction

A nanofluid that consists of nano-sized particles recognized as
nanoparticles. Nanoparticles are often utilized in nanofluids
composed of metals, carbides, and oxides. Microorganisms that
can be visible only under the microscope. Microorganisms are
helpful in food production, wastewater treatment, biofuel
production, and constructing a wide range of chemicals and
enzymes. Microorganisms are employed in fermentation to
produce yogurt, cheese, curd, and other foods. Fermentation
microorganisms add flavor and aromas. Vitamins C, B2, and B12
are produced by microorganisms. Microorganisms, with a few
exceptions, are utilized to produce medicines such as penicillin
and tetracycline. The influence of thermal conductivity in
different materials and flow in the boundary layer over a stretched
sheet must be studied due to their significant applications in
various biological processes, production procedures, and
industrial structures such as paper processing, bubble absorption,
metal extrusion, and fermentation. These applications are
referenced in -8, Khan, M [, aimed to investigate the effects of
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variable viscosity on Williamson nanofluid over a non-linear
stretching sheet. D. A. Neild et al. ® investigated the stability
analysis to explore the onset of bioconvection in a horizontally
layered suspension-containing fluid of motile microbes with
heating or cooling from below. W. N. Mutuku et al. ! studied the
bioconvection caused by the hydromagnetic flow of a special type
of nanofluid based on water containing nanoparticles and motile
bacteria over a permeable vertically moving surface.

T M. Wagas et al. [ invented magneto hydrodynamic moving
nanomaterials in a medium characterized by layers with
gyrotactic microbes. This investigation focuses on MHD
stalemate Powell-Eyring nanofluid flow with bifurcation by M.
Ramzan. et al. [Y1. In the current study, using an artificial neural
network, the slip and Darcy-Forchheimer procedure was
investigated for bioconvective applications of the stretched
Powell-Eyring nanofluid model. This is discussed by Andac
Batur Colak et al. *@and F. Naseem et al. *%l, The current study
focuses on the behavioural properties of gyrotactic microbes to
define their function in heat & mass transport in Powell-Eyring
nanofluids if MHD forces are present. A.O. Alharbi. et al. [
briefly explores the impact of entropy caused by
magnetohydrodynamic Eyring-Powell fluid on an unstable
oscillating porous stretched sheet. M. Bilal ®° and others
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conducted this study to investigate heat exchange in the presence
of Eyring-Powell fluid convective flow across a layered stretched
sheet. The fluid is viscous, incompressible, two-dimensional, and
laminar in nature.

T. Hayat et al. ¢ explained the heat exchanger of an Eyring
Powell fluid across a constantly moving plane is investigated
when there is a free stream velocity. A.A. Bossly et al. 71, This
study will look at the constant, Eyring-Powell fluid containing
gyrotactic microorganisms that flow laminar and incompressible
via a layered stretching surface. M. Radha Madhavi et al. 1819,
The goal of the article is to look at the source of heat across a
wedge via porous media for the flow of fluid that conducts
electricity in a magnetohydrodynamic system. The flow of
radiative and incompressible Jeffrey fluid along porous media
across a  starching  sheet is illustrated  using
magnetohydrodynamics. C. Srinivas Reddy et al. ?% proposed to
explore the behavior of gyrotactic microorganisms to
demonstrate the importance of heat & mass transfer in an MHD
unstable Eyring-Powell nanofluid flowing employing a static
wedge. G.R. Ganesh, W. Sridhar et al. 2! discussed Entropy
exploration, higher order nanofluid flow chemical reaction of
Casson, and MHD and electric field impacts are all topics of the
current investigation G. Dharmaiah, W. Sridhar et al. [?2
investigates radiation impact, diffusion, and iron slip on a nano
liquid magneto-titanium alloy. W. Sridhar et al. 2] established
the relationship between fluid flow sheets and mathematical
modelling of magnetic fields, porous media, heat propagation,
and heat transfer by radiation for constant and variable thickness.
N. Vijaya et al. * are studied to investigate the advancements in
Casson fluid that conducts electricity generated by a porous
elongated surface while accounting for Arrhenius energy of
activation, viscosity dissipation, and joule heating. N. Vijaya et
al. 2 study seeks to invent the qualities of thermophoresis &
Brownian motion-induced mass and heat transfer processes
Casson Nano fluid is applied as a liquid thin coating across an
extended sheet. The influence of Casson nanoparticles on
thermophoretic and Brownian forces is investigated. N. Vijaya et
al. 81 the primary goal of the investigation is to investigate
Maxwell fluid in the presence of impact of buoyancy forces
brought on order of magnitude extending sheet during a chemical
reaction. P. Madhu Sravanthi et al. "1 studied the Gyrotactic
microorganisms present on a stretched surface with activation
energy and magnetic field, and nanofluid flow occurs. P. Madhu
Sravanthi. %1 investigates impacts of thermophoresis and
chemical reactivity on a Casson nanofluid's MHD wedge flow.
Mardan Ameen Pirdawood et al. ?°, introduce the Modelling
impact of exposure rate to contaminated water on the spread of
cholera disease through integrating sensitivity analysis and the
explicit Runge-Kutta method. G Vijaya Lakshmi B% s
investigating the heat and mass transfer enhancement effect with
an MHD hybrid nanofluid permeable starching sheet. Ali, H.M.,
and Rehman®®4 studied thermal energy storage (TES) which has
grown in significance due to the intermittent nature of renewable
energy sources and the necessity to manage waste heat released
into the environment effectively.
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The current article investigates the effect of Eyring-Powell fluid
with MHD flow consisting of Gyrotactic microorganisms on the
stretched sheet in the existence of permeability and chemical
reaction. The MATLAB software is used to estimate Skin
friction, Nusselt, local density number of motile microorganisms,
and Sherwood number for variations of distinct parameters.

2 Methods and Materials

The study of the inexhaustible flow of a hybrid convection
Eyring-Powell fluid passing along the stretched plane. Figure 1
depicts the problem geometry. U,, = ax is the stretching velocity
on the x — axis and on the y - axis fluid flow is taken. u, v are
nanofluid velocities where a is +ve term. Proposed model is

defined as [10.15]
3
. 1 ou, lou 1(1ou | 1au
sinh™*| = — |z~ -Z| =2/ | = —<<1.
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The components in the preceding equations are v & u are the
velocity components, o *is electrical conductivity, magnetic field
strength B,, volume expansion coefficientB,, g is the
gravitational force, dimensional material constants B & C,
Density of fluid and density of microorganisms is p, &p,,,
specific heat C,, kinematic viscosity v, heat capacity t,
thermophoresis term Dy, Brownian diffusion coefficient Dy,
fluid temperature T, ambient temperature T, fluid
concentration C, ambient concentration of nanoparticles C,,
speed of swimming cell bW,, diffusivity of microorganism D,y,,
microorganism concentration N respectively.

The boundary circumstances are defined as [*]
u=U, =ax,v=0,C=C, =Cy+dyx,
T:Tw =T0+b1X,N=NW=N0+h1xaty=0,

u—-0,C->Cy,=0Cy+dyx,T> T, =Ty + b,x,

N—-> N, =N, +hyxaty - oo (6)
The similarity variables as fallows
a oY oY
¥ =Vavxf(n),n = \/%y,u =5 "o
_ T-Two _ C—Coo __ N—-Ng
00N =2, ¢ = =, G = 3 — ()

By using the equation (6) the ODEs are converted into PDEs

(1+e)flu_e O_fl/lfnz _I_ffl/ _flz _
(M+Ki)f'+,1(9—N¢—Rba):o ®)
14
4
(1 + §Rd) 0" +P.(f0' —erf — f10 +
N8+ N,8'¢p' +y0 + Ecf"?) =0 9)
" +Sc(fp' —erf '~ ['9) +1L0" + K Sep =0 (10)

G" +Le(fG' —esf' = f'G) —Pe(¢p'G' + (A +G)p") =0

(11
The boundary notations after transformed are as allows.
f(0)=0,f(0) =1,f"(0) =0,6(0) =1 —ey,6(0) =0,
¢(0)=1—¢e, ¢(0) =0,6(0) =1—e3,G(0) =0 (12)

Where o & € are the material factors, e, e,, & e; are thermal,
mass, motile density stratification factors respectively.

2.1 Numerical Solutions
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Utilizing boundary conditions, the PDEs in Equation (1) to (5)
are transformed into nonlinear ODEs. By applying boundary
conditions (12), the ordinary differential equations from equation
(10) to equation (13) are solved using MATLAB's BVP4C solver.
This method ensures precise and reliable results for the complex
fluid dynamics problem. Additionally, the solver's efficiency
makes it well-suited for handling the computational demands of
such intricate systems.

3 Results and Discussions

This article suggests that the effect of Eyring-Powell fluid with
MHD flow consists of Gyrotactic microorganisms in the
existence of a stretched sheet of chemical reaction and permeable
media. Physical representations are used to investigate numerical
results. The equations (10 — 13) utilizing the boundary
circumstance (14), the temperature, concentration, velocity
profiles, motile microbe’s density, and mass & heat exchanger
allotments examined for different constraints, in Figure (2) - (20)
and table. M=1, N=0.1, Pe=0.1, Le=1,Rd=0.4, Pr=2.5, Nt=0.1,
Nb=0.5, Ec=1, €=0.1, Kp=1, ¢ = 0.4, A =0.1, Q =0.1, y =0.1,
R,=0.4,e; = 0.5,Sc = 0.8,e, = 0.5,Kr = 0.1, e5=0.5.

By raising the magnetic field, the velocity profiles decrease
because the magnetic field creates Lorentz forces that oppose the
velocity of a nanofluid is as depicted in Figure 2. In Figure 3, the
velocity profiles are escalated when the porosity parameter
increases. The drag force drops as the permeability of a porous
media increases, which causes the fluid’s velocity profile to
accelerate. The material parameter € values increase the velocity
profiles rise. The parameter € and fluid viscosity have an opposite
relationship. With an increase in, the fluid flow resistance
declined as the fluid velocity increased, as is seen in Figure 4. The
buoyance ratio parameter values increase the velocity profiles
diminish. The profiles of temperature escalate as the radiation
parameter rises. Rd denotes the proportional contribution of
thermal radiation transmission to conduction heat transfer, which
is shown in Figure 5. Figure 6 shows that temperature constraints
decrease with increasing Pr. The Prandtl number defines the ratio
of momentum to thermal diffusivity. Compared to the momentum
boundary layer, the thermal boundary layer is substantially
thicker. So, the Prandtl increases when the temperature drops.

Figures 7 & 13 exhibit the temperature and concentration
changes. The thermophoresis phenomenon involves vast
numbers of nanoparticles moving against a hot to a cold region,
which results in an upgrade in fluid temperature and
concentration. The thermal & solutal distributions upsurge due to
Nt. At 10 and 50 °C, the convection caused by the nanoparticles
then Brownian motion improves the thermal conductivity of the
particles. Therefore, the Brownian motion enhances the
temperature field. In contrast, a diminishment in the thickness of
the solutal boundary layer is seen in high values of Brownian
motion Nb in the concentration profile, as seen in Figures 8 & 14.
Figure 9 demonstrates the variations in temperature profiles for
the Ec parameter. Eckert number Ec Parameter rises the
temperature profiles are upgrading. Ec is the ratio of kinematic
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energy and heat enthalpy. As a result, as the Eckert number rises,
kinetic energy can be transformed into internal energy by exerting
effort against viscous fluid forces. Therefore, elevating Eckert
number Ec raises the fluid's temperature. Actually, as e;
increases, the temperature gradient between surface and ambient
fluids decreases, which causes a fall in fluid thermal flow.
Consequently, heat distribution decreases as e, values increase. It
is depicted in Figure 10.

The Changes in Concentration profiles for Schmidt number Sc
are depicted in Figure 11. Higher Sc values slow down mass
diffusions and lower fluid concentration. So concentration
profiles diminish with upgrading Sc values. In Figure 12
chemical reaction parameter values increasing the Solutal
boundary profiles decline. The predominant reason is that with
the expansion of chemical reaction parameters, a greater number Figure 2: f’(n) Variations of M.
of solute molecules become engaged in the reaction, which

causes a reduction in the concentration field. In Figure 15 rising ’
e,, the volumetric fraction between reference and surface ;
nanoparticles decreases. Because of this, as e, increases, the
concentration distribution decreases. Figure 16 displays the
motile density pattern caused by Lewis number Le. Physically,
the lower estimates of Le result in a reduction of the fluid's motile
density by decreasing the diffusivity of microorganisms.
Therefore, when Lewis number Le increases, the motile density
distribution of the microorganism decreases.

Kp=0.3, 0.5, 0.7, 0.9

Figure 17 shows how Peclet number Pe alters the distribution of 02}
motile density in microorganisms. Increased Pe causes a o4l
reduction in microorganism diffusions, which in turn lowers the i
fluid's motile density of microbes. As a result, greater values of 0
Pe result in an improvement in the motile density distribution of

the microbes. Figure 18 depicts how e; altered the motile density Figure 3 : f'(n) Variations of Kp.
distribution of microorganisms. With increasing e;, the
concentration difference between the surface and distantce from
the surface diminishes. Figure 18 illustrates the outcome of e; on
the motile density distribution of microbes. As e; increases, the 1
concentration difference between the surface and areas further 08 %
from the surface diminishes. This trend indicates that higher e, o7t %
values promote a more uniform distribution of microorganisms.
Ultimately, these findings highlight the critical role of e; in

i
3 3.5 4 4.5 5

controlling microorganism concentration gradients within the & 08
fluid. 04T
Table 1 discusses about present article results and base paper o
results. It is compared to very small variations from the base 02
paper. In this paper, Kr, Kp, Ec, Rd are considered. These 01y
parameter variations are discussed in the results and discussions. 0 : : : : : -
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

Tables 2 and 3 detail the variations in skin friction, Nusselt
number, local density number of motile microorganisms,
Sherwood number under various parameters. These parameters Figure 4: f'(n) Variations of €
include M, Kp €, N, Rd, Pr, Nt, Nb, Ec, Sc, Kr, Le, Pe,

ey, e,,& e;. Table 3 presents the variations in Rey, Nuy, Sh, and

Nn, for different parameters.
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s Table 1: Comparison of —8'(0) for distinct P, values with Kp=Rd= Ec=
TR Kr= 0.
P, Afrah Al-Bossly et al. 7! Present result
1L
=
]
2 1.229083 1.339383
05F 3 1.542006 1.682008
4 1.851297 1.962397
5 1.970626 2.197162
0 . SRt e,
0 0.5 1 1.5 2 25 3 3.5 4 4.5
n
Figure 18 : G(n) Variations of Pe.
Table 2: Rey, Nuy, Shy and Nny variations for distinct parameters.
M |Kp |€ N |Rd | Pr N, | N | Ec Re)’¢; Nu,Re; '/ shRe;'? NnRe,;'?
1 1.213898 0.687139 1.173902 1.568339
2 1.476199 0.574617 1.178563 1.565109
3 1.704648 0.487613 1.182851 1.563917
4 1.911452 0.416811 1.186804 1.563788
0.3 1.837642 0.441272 1.185390 1.563747
0.5 1.547572 0.546378 1.17988 1.564597
0.7 1.409082 0.602086 1.177335 1.565718
0.9 1.327026 0.636899 1.175862 1.566656
0.5 1.213898 0.687139 1.173902 1.568339
1 1.054853 0.760909 1.171376 1.571545
0.5 0.944527 0.815635 1.169790 1.574531
2 0.862735 0.858163 1.168732 1.577234
1 1.297279 0.649857 1.175338 1.567053
3 1.362855 0.617017 1.176658 1.566070
5 1.428981 0.582723 1.178099 1.565191
7 1.495673 0.546913 1.179666 1.564422
2 1.590910 1.592722 0.369204 1.583564
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4 1.551749 1.168608 0.467673 1.647469

6 1.529417 0.958704 0.518614 1.684564

8 1.514903 0.832299 0.550064 1.708605

2 1.568449 1.339683 0.427272 1.619907

3 1.598244 1.682008 0.349156 1.571976

4 1.619463 1.962397 0.287511 1.539497

5 1.635346 2.197162 0.237191 1.516375

0.2 1.662241 2.537354 0.644693 1.537794

0.4 1.636354 2.070114 1.239444 1.643395

0.6 1.612907 1.551280 1.455049 1.692117

0.8 1.589688 0.986315 1.575176 1.726080

0.1 1.624545 1.816479 1.366323 1.670666

0.2 1.615204 1.632256 1.195181 1.656298

0.3 1.606666 1.492565 1.062742 1.647023

0.4 1.598841 1.384265 0.954317 1.640705

0.2 1.617337 1.600657 1.410064 1.681491

0.4 1.603052 1.169844 1.497299 1.703007

0.6 1.588946 0.740249 1.584186 1.724345

0.8 1.575020 0.312014 1.670700 1.745499

Table 3: Rey, Nuy, Shy and Nny variations for distinct parameters.

“ Sc Kr e, Le Pe es Re,l/ ¢ I NuxRe;l/ 2 shRe;l/ 2 NnRe;l/ 2
0.2 1.702473 0.371902 1.508285 1.698618
0.4 1.698161 0.007899 1.453175 1.692339
0.6 1.693803 0.347108 1.399784 1.686353
0.8 1.689400 0.693495 1.348041 1.680649
0.4 1.591179 0.527031 0.882746 1.672219

0.6 1.586495 0.435923 1.177586 1.715473

0.8 1.582581 0.353355 1.448537 1.754904

1 1.579311 0.278617 1.698555 1.791072

5 1.584175 0.407536 1.185794 1.717075

1.581211 0.344120 1.390912 1.746776

1.578969 0.291840 1.567974 1.772289

11 1.577191 0.247102 1.725707 1.794960

0.2 1.696508 0.322550 1.046995 1.638947

0.4 1.696163 0.221976 1.299664 1.672484

0.6 1.695811 0.118773 1.553056 1.706175

0.8 1.695451 0.012932 1.807171 1.740020

0.5 1.701999 0.266874 1.405468 1.119863

0.6 1.701247 0.229768 1.413234 1.239206

0.7 1.700539 0.194059 1.420688 1.355600

0.8 1.699874 0.159771 1.427828 1.469000

0.2 1.695374 0.141663 1.432373 1.876861

0.4 1.694238 0.085820 1.444091 2.262913

0.6 1.693214 0.032938 1.455169 2.662554

0.8 1.692292 0.017053 1.465628 3.074616

0.2 1.695988 0.170704 1.426270 1.689310

0.4 1.696626 0.122504 1.434872 1.833802

0.6 1.697264 0.073946 1.443544 1.978454

0.8 1.697901 0.025025 1.452286 2.123270
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Nomenclature
u,v components of velocity
U, Stretching velocity
pr Density of fluid
B,C Dimensional constants
Pmr Density of microorganism
M Magnetic parameter
Le Lewis number
Dg Brownian diffusion
Pr Prandtl number
Kp Porous Parameter
Kr Chemical reaction Parameter
e&o Material parameters
N Buoyance ratio parameter
y Heat generation factor
€ Variable thermal conductivity constant
A Mixed convection
Pe Peclet number
Sc Schmidt number
Ec Eckert number
Ny Brownian motion parameter
e Thermal stratification
e, Mass stratification factor
ez Motile microorganism’s stratification factor
Rb Rayleigh number
N, Thermophoresis parameter
Rd Radiation parameter
N¢ Nanofluid heat capacity parameter
Q Difference in microorganisms concentration
Ty Reference temperature
Co Reference concentration
mg microorganism’s concentration
By Magnetic field
T Fluid temperature
Tw Temperature of the surface
To Ambient temperature
qw Heat flux
By Volume expansion
g Gravitational force
o * Electrical conductivity
Cp Specific heat
D, Microorganisms diffusivity
m,y, Microorganisms concentration
Greek symbols
o Electrical conductivity
a Thermal diffusivity
] Stream function
\% Kinematic viscosity of the base fluid
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Conclusion

The main aim of the paper is to the influence of the
incompressible flow of Eyring-Powell fluid with MHD flow,
which includes gyrotactic microorganisms, on the stretched sheet
in the existence of permeability.

The Magnetic field M, N parameters increase the velocity profiles
diminishes, for Porous term K, € parameters it is escalates.

Ry, Ny, Ny, Ec parameters increases the temperature profiles rises.
The parameters P., e, escalates temperature profiles decrease.

The parameters Schmidt number Sc, Chemical reaction
parameter K., Brownian motion N,, e, boost up the
concentration profiles lessons, and the values of N, increases
concentration profiles escalate.

Lewis number Le, Peclet number Pe, e; parameters escalate the
density of motile microorganisms’ profiles declines.
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