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Abstract: The swimming of motile gyrotactic microorgan-
ism’s phenomenon has recently become one of the most
important topics in research due to its applicability in bio-
technology, many hiological systems, and numerous engi-
neering fields. The gyrotactic microorganisms improve the
stability of the nanofluids and enhance the mass/heat
transmission. This research investigates the MHD fluid
flow of a dissipative Sisko nanofluid containing microor-
ganisms moving along an exponentially stretched sheet in the
current framework. The mathematical model comprises equa-
tions that encompass the preservation of mass, momentum,
energy, nanoparticle concentration, and microorganisms. The
equations that govern are more complicated because of non-
linearity, and therefore to obtain the combination of ordinary
differential equations, similarity transformations are utilized.
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The numerical results for the converted mathematical model
are carried out with the help of the bvp4c solver. The resulting
findings are compared to other studies that have already been
published, and a high level of precision is found. The graphical
explanations for velocity, temperature, and nanoparticles
volume fraction distribution are shown with physical impor-
tance. Physical characteristics like Peclet number, Sisko fluid
parameter, thermophoresis and Brownian motion parameter,
and Hartmann number are taken into consideration for their
effects. Based on the numerical outcomes, the bioconvection
Peclet number enhances the density of mobile microorgan-
isms, whereas thermal radiation contributes to an elevation in
temperature. The velocity field decreases with the enhance-
ment of magnetic parameter; however, the temperature field
increases with increased magnetic parameter and thermo-
phoresis parameter augmentation. Our numerical findings
are ground breaking and distinctive, and they are used in
microfluidic devices including micro instruments, sleeve elec-
trodes, and nerve development electrodes. This study has var-
ious applications in nanoengineering, including nanomaterial
synthesis, drug delivery systems, bioengineering, nanoscale
heat transfer, environmental engineering.

Keywords: MHD, nanofluid, Sisko model, microorganisms,
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Nomenclature

A material parameter (-)

By magnetic field strength (kg s72 A1)
C concentration (kg m=3)

Co ambient concentration (kg m™3)
Cuw sheet concentration (kg m~3)

Cp specific heat (J kg1 K™)

d chemotoxis constant (m)

Dy coefficient of Brownian diffusion (m?s™)
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microorganism diffusion coefficient (m? s™)
coefficient of thermophoretic diffusion (m? s™)

Eckert number (-)

thermal conductivity (W m™ K™)
bioconvection Lewis number (-)
Lewis parameter (-)

magnetic field parameter
Brownian diffusion parameter
thermophoresis parameter

local Nusselt number

concentration of microorganisms (kg m™)
sheet concentration of microorganisms (kg m=3)
ambient concentration of microorgan-

isms (kg m™3)

Peclet number

Prandtl number

radiative heat flux (W m™2)
radiation parameter

local Reynolds numbers
Sherwood number

fluid temperature (K)

sheet temperature (K)
ambient fluid temperature (K)
velocity components (m s™1)

maximum cell swimming speed (m s™)

Cartesian coordinates (m)

Greek symbols

a thermal diffusivity (m? s™)

) heat source/sink parameter

n similarity parameter

0 temperature similarity function

0] concentration similarity function
X microorganism similarity function
A mixed convection parameter

g kinematic viscosity (m? s™)

p density (kg m™)

T ratio of the effective heat capacity
o electrical conductivity (S/m)
Subscripts

L ambient condition

w surface condition
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1 Introduction

Numerous biological, industrial, and technical processes,
such as the production of fibres, refinement of polymer,
hot roll glass blasting, heat exchangers, extrusion of aero-
dynamics, MHD power generators, domestic refrigerator-
freezers, rubber and plastic sheet manufacturing, cooling
process of reactors, improving diesel generator efficiency,
and cooling/drying of papers, the flow of nanofluid over
stretching or shrinking sheets is extremely important [1].
Nanofluids may be useful in solar energy, nuclear reactors,
medicine delivery, and cancer treatment. Nanoparticle scat-
tering in common (base) fluids yields nanofluids. Polymer
solutions can be utilized as base fluids in addition to normal
fluids including oils and lubricants. Choi et al. [2] were the
first to present the fundamental concept of such metallic
nanoparticles by presenting a comprehensive model for
improving the thermal characteristics of base fluid. Subse-
quently, Buongiorno [3] established a non-homogeneous
equilibrium model by incorporating Brownian movement
and thermophoresis properties to describe the slip mechanism
of nanoparticles. Eastman et al. [4] explored the phenomena of
heat transfer in the presence of copper oxide (CuO) particles
made of water and AlL,O; particles made of ethylene glycol.
Since then, Sheikholeslami et al. [5] have explored the proper-
ties of nanofluids. Pourfattah et al. [6] employed two-phase
flow simulation to investigate the characteristics of micro-
channel heat sink. The processing methods and thermal char-
acteristics of oil-based nanofluid were investigated by Asadi
et al [7]. Khan et al. [8] investigated the fluid flow of nano-
particles for the Jeffrey fluid. An experimental study on the
effects of ultra-sonication of MWCNT-H,0 nanofluid was car-
ried out by Asadi et al [9]. Zeeshan et al [10] conducted an
analysis on the movement of two immiscible fluids within a
lengthy, flexible tube. They formulated models for both the
core and peripheral regions, making assumptions of long
wavelength behaviour and creeping flow. Riaz et al [11]
explored the transportation of nanosized particles through a
curved channel characterized by non-Darcy porous condi-
tions. The flow in this channel is driven by a peristaltic
wave. Riaz et al [12] analyzed the effects of an applied mag-
netic field and entropy generation on Jeffrey nanofluid in the
annular section between two micro non-concentric pipelines,
with the inner pipe being rigid and moving at a constant
speed. The researchers discovered that the magnetic field
reduced the flow velocity and the rate of entropy production
while increasing the temperature of the nanofluid. Following
that, other researchers and technologists worked in the same
field, and numerous publications have been published that
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consider the existence of nanofluids and magnetic fields in
addition to linear and nonlinear thermal radiation, chemical
reactions, and other factors [13-15].

Bioconvection occurs when bacteria spread randomly
in a single-celled and, in certain cases, colony-like pattern.
Because of the gyrotactic microorganisms upstream, the
buoyancy of the fluid significantly increases. The flow of
microbes in nanofluids has recently drawn the attention of
researchers due to wide applications in biosensors, micro-
bial-enhanced oil recovery, engineering, biological, and che-
mical fields such as biofuels, cancer treatment, enzymes,
biotechnological applications, production and manufac-
turing, industrial level, and others. Firstly, Kuznetsov [16]
established the concept of nanofluid bioconvection. Later,
using Navier-Stokes equations, Alloui et al [17] examined
the distribution of microorganisms in a cylinder. Waqas
et al. [18] used the magnetic dipole effect to investigate the
bioconvection effect that microbes produce in Jeffery nano-
fluid through an expanded surface. Waqas et al. [19] pre-
sented a computational investigation of nanofluid flow
(Oldroyd-B Model) with mass and heat transport, gyrotactic
microbes past a rotating disc using the MATLAB built-in
function bvp4c. Uddin et al [20] first described the blowing
effect on bio-convection flow across a dynamic stretched
sheet. Following that, Chamkha et al. [21] described the bio-
convective fluid flow containing microbes through a
radiating stretching plate. Using the help of a nanofluid
model of Buongiorno’s and the O.-Boussinesq approxima-
tion, Rashad and Nabwey [22] examined the bio-convection
flow containing microorganisms through a cylinder placed
horizontally under convective boundaries. Alwatban et al
[23] investigated bioconvection using slip effects of Wu’s at
the surface. Aziz et al [24] anticipated a bioconvective flow
of microorganisms embedded in the porous medium. Shaw
et al. [25] used a spectrum relaxation technique to derive
the associated equations depicting the fluid nanoflow with
microorganisms. Rashad and Nabwey [22] and Rashad et al
[26] recently addressed the subject of bioconvection over a
vertical thin cylinder. Elboughdiri et al [27] investigated
radiating viscoelastic nanofluids in MHD mixed convective
flows near a sucked impermeable surface with exponen-
tially decreasing heat generation using Jeffery’s model,
convective mass transport, thermophoresis, and Brownian
diffusion under boundary layer assumptions. The influence
of nanoparticles on the thermosolutal sensitivity of non-New-
tonian fluid flow is investigated by Sharma et al. [28], with
numerical computations employing blood as the base liquid.
Wakif [29] computed the two-dimensional mixed convective
motion of a radiating mixture of an upper-convected Max-
well nanofluid and gyrotactic motile microorganisms along a
convectively heated vertical surface with a uniform magnetic
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field source, revealing the non-homogeneous appearance and
dynamical properties of the system. Puneeth et al. [30] investi-
gation focuses on analysing the impact of Brownian motion
and thermophoresis on the flow of a tangent hyperbolic (pseu-
doplastic) nanofluid past a rotating cone in three-dimensional
free stream conditions.

Observations from previous studies reveal the lack of
evidence regarding the flow of dissipative magneto Sisko-
nanofluid with gyrotactic microorganisms along an expo-
nentially stretching sheet. The goal of this study is to
describe the heat transfer properties of bioconvection
flow of Sisko nanofluid along an exponential stretched
sheet. To obtain a simplified mathematical model, similarity
transformations are employed. The computational analysis
is completed using the bvp4c and coding MATLAB scripts.
Graphical analysis is used to explore the behaviour of the
relevant parameters, and results are compared with the
earlier research. For designing equipment, such as electric
ovens, electric heaters, microelectronics, and wind genera-
tors, the thermal industry uses these kinds of modelled
problems. The study aims to analyse the behaviour of the nano-
fluid flow and the influence of the motile microorganisms, with
potential applications in the field of nanoengineering.

2 Mathematical modelling

2.1 Rheological model

Consider a non-Newtonian fluid that is time independent
and follows the Sisko rheological model; the Cauchy stress
tensor for such fluids is defined as follows:

T=-pl+S§,

where S is the extra stress tensor and is expressed as follows:

1 n-1
a+b ‘ ./Etr(Af) ]Al,

where for “n > 0 for various fluids,” a and b are the physical
constants difference, 4; = (grad V) + (grad V)T, V repre-
sents for the vector as velocity, and T stands for transposi-
tion and means the first Rivlin-Erickson tensor.

S:

2.2 Governing equations and boundary
conditions

The flow configuration of the current investigation is illu-
strated in Figure 1, which shows the movement of a two-
dimensional laminar boundary layer dissipative Sisko
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Figure 1: Physical model.

nanofluid containing microbes across an exponentially
stretched surface, under steady conditions (independent of
time). Here, the sheet was stretched exponentially along the
x-axis with a stretching velocity u,(x) = upe*/" to initiate the
flow of nanofluids. The effects of viscous dissipation, magnetic
field, and Brownian motion are addressed in flow formulation.
The x and y-axes are assumed perpendicular to each other. A
fixed magnetic field, By, is acted parallel to the y-direction upon.
u and v represent the velocity components along the x and y
axes, respectively. Furthermore, the assumption is made that
the temperature, nanoparticle volume fraction, and density of
motile microbes on the stretchable surface are T,,, Cyy, and Ny,
respectively. In addition, it is considered that these variables
remain constant as T, C,, and N, when moving away from the
stretchable surface.

Using the assumptions stated earlier, the fundamental equa-
tions for the present investigation can be addressed as follows [31]:

Continuity equation:

du ov

a)("‘@:o. (1)

Momentum equation:

ou ou_adu bof oul' oBu
—tV—=—— - —— -— @
ox dy p oyt poyl oy p
Thermal energy equation:
or | or _ T acaT  Dyfor|
ax ay ay ay ay T. | oy
1 aqr Q
- T-T,
wey oy ey
1 [au] [ au]"”
+ h|-——
(PCp)f ay
oBy%u?
(pCp)t
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Nanoparticle concentration equation:

acC oC o*C Dy 0T
U— +V— =Dp— + — 4)
ox oy ay T ay

Conservation equation for microorganisms:

ON N N dW |0

L 21y
ax ay Moy Cy - Co| 0y

9y

=0. 5

The corresponding boundary conditions are as follows:
aty =0:u=uy = ue¥;v=0;T=Ty

C = CW; N = NW)
aty > o, u=0, T-> T, C— Co, N N. )

(6)

The following transformations are used to convert
the aforementioned equations into their non-dimensional
forms [32]:

o
20L

u = upe*If(n)

0
V== e + )]

Xx/2L

n=y

T_ o0
0(n) = .- T.
C-Co
o) = coC.
N - N,
x(n) = No-N. (8)

The radiative heat flux g, is determined using the
Rosseland diffusion approximation and is given by
40* OT*

= 9
qr 3k* ay ()

The Rosseland mean absorption coefficient is denoted as
k*, and the Stefan-Boltzmann constant is represented by o*.
Assuming minimal temperature variations within the flow,
T* can be expressed as a linear function of temperature.

T4 = 4T3 - 3T2. (10)
Using Egs. (9) and (10)
6 * 3 2
9q, _ 160 T, 0 T’ (1)
ay 3k* ay?

where ) shows similarity parameter; f(n) indicates dimen-
sionless stream function; 8(7) represents dimensionless
temperature; and f'(n) shows the dimensionless velocity
profile (the derivative of f(n)).

By utilizing the non-dimensional similarity para-
meters given below, Eqs. (1)-(7) can be converted into
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dimensionless equations. The given equations are con-
verted into their non-dimensional forms using the fol-
lowing transformations:

Af/// + n(_f//)n—lf/// _ Mf/ _ 2f/2 +ﬁ'// - 0} (12)
4R 2 2
[1 + ?]0” + B.fo’ + B0 + Nyo'¢’ + NO“ + MRE_ " 13)
+ ARE(f")* + RE(-f")"" = 0,
0" + BLoY + [ﬁ]e" -0, 1)
Np
X'+ Lofy’ = [R("Y + X)) = 0. (15)

Furthermore, the boundary conditions are modified as follows:

at
n=0:fmM=15fnN)=0,00n=1 16)
o) =1 x( =1,
for
n—o:f(n)=0;0(n=0;¢n) =0;xn =0 17

In Eqgs. (12)-(17), the prime indicates the differentiation
with respect to i (similarity parameter). The following non-
dimensionless parameters are used:

a dW, Dp(Cy — Cw)
L = — P = . N =
b Dmx e Dm » IVp 9 )
I C T SN 40°T5 . Qx
t = s e T ) - * ) - ’
UT. Dy k*k PCplleo
Uoo)® g Rey,)2/(n+1) XUoo
c=7( ) sh=— - (o) Rey = 2=,
(cp)i(Ty - Too) ar Re, a

_px(uL)™

Re
b b

2.3 Coefficients of heat and mass transport

The main objective of this analysis is to determine the
factors that engineers need to take into account when
addressing heat and nanoparticle mass transfer. Defining

Xqy
k(Ty - To)

these as follows: local Nusselt number Nu, = [
y=0

and local nanofluid Sherwood number Sh, = [%] )
W . y=0

oT

oy

whereq,, = -k is wall heat flux. Using the aforementioned
y=0

transformations, these parameters will reduce to (Rep,) VD

Ny, = —[1+ %

6°(0) and (Rep) V**USh, = -¢(0).
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3 Computational procedure

The examined physical problem is addressed by a system
of partial differential equations that are reduced to a
system of ordinary differential equations (ODEs) using
appropriate similarity transformations. Furthermore, the
converted system of nonlinear ODEs (12)—(17) is solved by
using the bvp4c function. To achieve this, the system of
ODEs (18)—(23) is converted to first-order ODEs, which
can be summed up as follows:
Solution by bvp4c:

F=sf =y f =y =y0=0;0 =Y50" =y, ¢ =y;;
O =Y =Y X =Yes X = Ve X = Ve
27 + MY, = y,y,

o Z2 T2 T 18
/ A+ (D" ()"t =
0" =y;
_ [Byyys + 8By, + RE(-y;) ™D + MB Eyf + Noysyy + Noig + ARE3)*l  (19)
s %] '
=
' = ¢” = -|RL + — (20)
Y, =¢ [ Yy + 3%
Yy =X" = RyYy + Ryg® — Luyyyy. 1)
Using boundary conditions
atn=0:y,1 =0,y -1=0,y,4-1=0, 22)
y0(6) -1=0, )’0(8) -1=0,
forn-o:y.2)=1,y,, y,(4) =0,
n »n@ Y@ 23)

»,(6) =0, y,(8) = 0.

The convenience with which nonlinear issues in
simple domains can be dealt with is an advantage
of this approach. The method is proven effective and
precise in a number of boundary value problems and
iteratively refined to a range of 10~ and a step size
of 0.05.

4 Results and discussion

In this section, we will focus on explaining the flow regime,
or the conditions under which the nanofluid moves
and behaves in terms of its velocity temperature, micro-
organism profile, and nanoparticle concentration.
The scope of variables considered in this investigation
is
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0<A<15 0<M<15 0<B<15 0<E <15 0<N,
<15, 0<N; <15 0<L.<15 0<R<150<§
<15, 0<L, <15 0< R <15

4.1 Effect of A on velocity, temperature,
chemical reaction, motile density profiles

Figure 2(a) shows that the fluid velocity increases as Sisko
fluid parameter (material parameter) increases. Due to the
fact that the relationship between the material parameter
and the fluid’s viscosity is inverse. The observations from this
study indicated that when the value of A was increased, the
viscosity of the fluid decreased, leading to a subsequent

A=0.1

09 =05 |
n=0.7, M=0.5, R=0.1, Ec=0.2 ____,ﬁzg‘i

08 - Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2 A=10 |
Pe=1.1, Le=1.3,5=0.1 —— i Ami2

—===A=15 |

7
(a)
\ A=0.1
oo n=0.7, M=0.5, R=0.1, Ec=0.2 A=05 |7
Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2 T A=07
08 Pe=1.1, Le=1.3,5=0.1 A=10 |1
- = A=12
07 —=—=iA=15 | A
06 .
Zo5¢ 1
04 .
03 ,
02t .
01 .
0 .
0 7 8 9 10
U
(c)

Figure 2: (a) f'vs A, (b) O vs A, (c) ¢ vs A and (d) y vs A.
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reduction in the resistance encountered during fluid motion.
The fluid velocity rises as a result. The effect of Sisko fluid
parameter A (material parameter) on fluid temperature is
shown in Figure 2(b). As the material parameter A is raised,
a drop in the fluid temperature is seen.

4.2 Effect of M on velocity, temperature,
nanoparticle concentration, and
microorganism profiles

The purpose of Figure 3(a)-(d) is to explore how the velo-
city, temperature, volume proportion of nanoparticles, and

A=0.1
09 n=0.7, M=0.5, R=0.1, Ec=0.2 A=05 |

Pr=1.2, Nb=0.1, Nt=0.1, Lb=12 |===="A=07
08 1 Pe=1.1, Le=1.3,5=0.1 A=10 |7

- = A=12
07 —-—=A=15 |
os W g
SosF  f .

- o
04 W i
v
k.
03 1\ b
A S
02+ ks .
\‘\‘
LS
01 < 1
- -
0 L T

n=0.7, M=0.5, R=0.1, Ec=0.2 A=0.1

091\ Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2
\ Pe=1.1, Le=1.3 ,5=0.1

—=—=A=07

08 A=10 |

06

05

x(n)

04

03

02
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microorganism density curves are influenced by the mag-
netic parameter (M). The velocity profile is observed to
decrease as magnetic field strength estimates (M) increase,
according to Figure 3(a), owing to the Lorentz force theorem, on
which the magnetic field is established. The greater collisional
impact between fluid atoms, as indicated by M, results in
increased fluid flow resistance. Furthermore, the Lorentz force,
which acts in opposition to the direction of flow, creates a
resistance force that contributes to the thickness of the thermal
boundary layer, as shown in Figure 3(b). The presence of a
reversing force results in a decrease in the fluid flow, leading
to a decline in the velocity field. Notably, Figure 3(c) and (d)
demonstrate that the inclusion of magnetic parameters contrib-
uted to the enhancement of temperature and volume fraction

M=0.1

09 n=0.7, R=0.1, A=1.2, Ec=0.2 M=05 |7
Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2 === M=0.7

08 - Pe=1.1, Le=1.3, 5=0.1 M=1.0 |

(@)
09 \ n=0.7, R=0.1, A=1.2, Ec=0.2 mfg; i
o\ Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2 e
08k \ Pe=1.1, Le=1.3 , 5=0.1 il
R - = w=t2
071 —-—-M=15 |
06 | 1
Zost 1
04t 1
03 | 1
02 f 1
01} 1
0 .
0 8 9 10

Figure 3: (a) f'vs M, (b) O vs M, (c) ¢ vs M and y vs M.
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near the surface, as well as the thicknesses of the thermal and
nanoparticle concentration boundary layers. These outcomes
can be explained by the increased heat generation associated
with higher magnetic parameter values (M), which led to the
expansion of temperature, concentration, and gyrotactic micro-
organism boundary layers, as depicted in Figure 3(b)—(d).

4.3 Effect of B on temperature, nanoparticle
concentration profile, and microorganism
profiles

The curves for the temperature, nanoparticle volume frac-
tion, and density of the motile microorganisms are

M=0.1
09 n=0.7, R=0.1, A=1.2, Ec=0.2 M=05 |

Y Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2 ———M=07
08 F Yy Pe=1.1, Le=1.3, 5=0.1 M=10 |

i - — M=12
07 ‘\\‘ ———M=15 |
o6 W i

A\Y
o5t W, .
55} \\‘
04 W .
AN
03 NS -
\\\
02 RIS .
RN
SN TN
01 | NS .
S :‘;s.
0 L L L T B e T Y

(b)
1 T T T T T T T T T
M=0.1
09 1 n=0.7, R=0.1, A=1.2, Ec=0.2 M=05 |
Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2 —=—-M=07
08 | Pe=1.1, Le=1.3 , 5=0.1 M=1.0 |
- = -M=12
o7 f
06 |
Eos5t
=
04 |
03 |
02 f
o1 |
0
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depicted in Figure 4(a)-(c), which illustrated the manner in
which the Prandtl number B. affected these curves. The
Prandtl number had no effect on velocity, according to Eq.
(9). As shown in Figure 4(a), the temperature and thickness
of the thermal boundary layer decreased as B increased. In
terms of physical significance, when B was raised, the thermal
diffusivity dropped, leading to a reduction in the capability
of energy to transfer across the thermal boundary layer.
The thicknesses of the concentration boundary layer exhibited
an upward trend as B increased as shown in Figure 4(b). The
influence of the Prandtl number on the motile microorgan-
ism’s density (y(17) is shown in Figure 4(c), which indicates
that the density of microorganisms increased with increasing

DE GRUYTER

B.. This is due to the fact that the boundary layer thicknesses of
the motile microorganisms decreased with increasing B,
causing their size to decrease. In other terms, the increase in
B, resulted in a reduction in the number of gyrotactic microbes.

4.4 Effect of E. on temperature, nanoparticle
concentration profile, and microorganism
profiles

In Figure 5(a)-(c), temperature, concentration, and micro-
organism density variations are depicted for different

1 T T T T T T T T T 1 T T T T T T T T T
08 7\“\ n=0.7, M=0.5, A=1.2, Ec=0.2 E:g; | 09 n=0.7, M=0.5, A=1.2, Ec=0.2 E:g; 4
v B\ R=0.1,Nb=0.1, Nt=0.1,Lb=12 | ___ =" L R=0.1, Nb=0.1, Nt=0.1, Lb=1.2 P07
08 | Wy Pe=1.1,Le=1.3, 801 Pr=10 | 08 ,|‘\‘\ Pe=1.1, Le=1.3,5=0.1 Pr=10 |
N - = Pr=12 ‘.‘\ - = Pr=12
o7 Wy —===Pr=15 | o7+ %\ —-—=Pr=15 |
AN A
L , \
06 vy 06 F WA .
. W . W N
= K \ = v\
So5F W . So5F W\ 1
S \‘ \‘ S \\\ \
04 b W \\ . 04 b W \\ .
L) .
\ *, \ Y
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W\, VNN,
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‘\‘\\‘ \.‘~—. SN L Seeao
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Figure 5: (a) 6 vs E., (b) ¢ vs E. and (c) y vs E..

Eckert number (E.) values. These figures illustrate that an
elevated Eckert number leads to an increase in fluid tem-
perature. This effect arises from the fact that E, represents
the ratio between kinetic energy and enthalpy, and as E,
increases, so does kinetic energy. Consequently, fluid par-
ticles collide more frequently, converting Kinetic energy
into thermal energy and resulting in higher fluid tempera-
tures. It was observed that when E, increased, the density
of microorganism dropped. When the Eckert number
increases in the fluid flow, it implies that there is a higher
rate of heat transfer. Elevated temperatures resulting
from increased heat transfer can be detrimental to micro-
organisms, leading to a drop in their density due to
thermal stress.

4.5 Effect of Nj, on temperature,
nanoparticle concentration profile, and
microorganism profiles

Figure 6(a) and (b) depict the impact of the Ny, on the tem-
perature and nanoparticle volume fraction trajectories. The
temperature boundary layer was shown to be improved as
Ny increased; however, the nanoparticle volume fraction
boundary thickness had the reverse effect. Based on the
information presented in Figure 6(b), it is evident that the
Brownian motion parameter contributes to a decrease in the
thickness of the concentration boundary layer, leading to a
subsequent decline in the concentration. The particles travel
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Figure 6: (a) 6 vs Ny, (b) ¢ vs Ny, and (c) y vS Np.

arbitrarily as a result of the greater Brownian motion, which
is another physical explanation for the situation. This random
movement results in additional heat being emitted. Hence,
the formation of temperature curves was investigated. In
addition, Ny, has no effect on the motile microbe profiles’
density and velocity.

4.6 Effect of 6 on temperature, nanoparticle
concentration profile, and
microorganism profiles

Furthermore, the heat sink parameter (§) represents the
rate of heat removal or dissipation from a system. A higher

6 signifies more efficient cooling, leading to a lower tempera-
ture (Figure 7(a)). As shown in Figure 7(b), a higher § indi-
cates more efficient cooling and enhanced fluid motion,
resulting in better nanoparticle dispersion and reduced con-
centration. An increase in the heat sink parameter () leads
to an increase in microorganism density profiles due to
improved thermal regulation (Figure 7(c)).

4.7 Effect of L. on nanoparticle concentration
profile and microorganism profiles

By analysing Figure 8(a) and (b), it was evident that
an elevated value of L. led to a decline in concentration
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Figure 9: (a) 0 vs N; and (b) ¢ vs N;.

profile, and on the other hand, the trend was reversed for
the microorganism profile at p = 1.2. In the region where
n <12, the increase in L, resulted in a decrease in the
thickness of the microorganism boundary layers. while,
for n > 1.2, the reverse trend was observed with increasing
L. The effect of L, on concentration is further illustrated in
Figure 8(a), where it was observed that concentration
decreased as L. increased. The underlying explanation is
that as L. increases, mass diffusivity decreases, resulting in
a reduction in the depth of penetration of the boundary
layer.

4.8 Effect of N; on temperature,
nanoparticle concentration profile, and
microorganism profiles

Variations in the thermophoresis parameter N; are reflected
in Figure 9(a) and (b), illustrating the impact on the

PR Nt=0.1
d \ n=0.7,M=0.5, A=1.2, Ec=0.2 N=0.5
! . \ Pr=1.2,Nb=0.1,R=0.1,Lb=12 | Nt=07
ol I \\ \ Pe=1.1,Le=1.3,5=0.1 Nt=1.0 | |
n MY - = Nt=1.2
n NAY —===:Nt=1.5
8 9 10

temperature and nanoparticle fraction curves. The results
demonstrate that N; has a significant impact on both tempera-
ture and nanoparticle fraction. This phenomenon occurs due
to the increase in the thermal boundary layer density caused
by the thermophoresis parameter. As observed in Figure 9(a),
an increase in N results in an increase in temperature.
The microscopic fluid particles involved in thermophoresis
activities are drawn from the warm to the cold region,
resulting in an improvement in temperature, thermal
boundary layer, and nanoparticle volume fraction pro-
files. However, N; has no impact on velocity and density
curves of motile microorganism.

The local Nusselt number [-6'(0)] for different para-
meters is compared with the results obtained by [15,33-35]
in Table 1. It demonstrates excellent agreement between

Table 2: Comparison of Sherwood number [-¢'(0)] for different values
of Ny, N, and B taking Le =R =E. =L, =0

Table 1: Comparison of local Nusselt number -6'(0) for different values
of B for Le=R =E.=N; =Ly, =Ny, =M=0

P, Ref. [15] Ref.[33] Ref.[34] Ref.[35] Current study
1 0.954782  0.954782  0.9547 0.954955  0.954779
1.5 1234755 1.234823
2 1.471460 1.4714 1.471454
2.5 1.680229 1.680225
3 1.869073  1.869075  1.8691 1.869074  1.869072
5 2.500131  2.50013 2.500184  2.500139

Ny, N: B Shyn=0 Shyn=1
Jawad Current  Jawad Current
et al. [36] Study et al. [36] Study

01 05 15 -1.35820 -1.3479 -1.35938 -1.35859

0.5 -0.238811 -0.23792  -0.239002 —-0.238092

1.0 -0.098888 -0.98742  -0.098954  -0.098879

1.5 0.1 0.0223188 0.022217  0.0223610 0.02228

0.5 -1.35820 -1.35789  -1.35938 -1.35876
1.0 -2.75366 -2.75306  -2.75610 —-2.75532
1.5 -4.14542 -4.14483  -4.14910 —-4.14725
3.0 -1.21912 -1.21754 -2.06224 -2.06212
5.0 -1.53875 -1.53779 -2.45134 -2.45124
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the current study and those obtained in the aforemen-
tioned studies.

Table 2 depicts the influence of Sherwood number due
to various parameters. It is noticed that an elevation in the
thermophoresis parameter causes an upward trend in
local Sherwood number values, whereas an elevation in
the Prandtl number results in a reduction in the Sherwood
number.

5 Conclusions

In the current framework, this study investigates the MHD

fluid flow of a dissipative Sisko nanofluid containing micro-

organisms moving along an exponentially stretched sheet.

Using the bvp4c solver, numerical results for the converted

mathematical model are calculated. The significant results

are enumerated as follows:

1) Because of the inverse relationship between the mate-
rial parameter (A) and the viscosity of the fluid.
Observations from this study revealed that as the
value of A increased, the fluid’s viscosity decreased,
resulting in a reduction in the resistance encountered
during fluid motion. As a consequence, the fluid velo-
city increases.

2) Both temperature and nanoparticle fraction are signifi-
cantly affected by the thermophoresis parameter ().
This phenomenon occurs because the increase in N
increases the thermal boundary layer density.

3) When the Eckert number of a fluid increases, it indi-
cates a higher rate of heat transfer. Microorganisms
may experience a decrease in density as a consequence
of thermal stress when exposed to elevated tempera-
tures caused by increased heat transfer.

4) The increase in Prandtl number (B) resulted in a decrease
in thermal diffusivity, hence causing a decline in the
efficiency of energy transmission across the thermal
boundary layer. The thickness of the concentration
boundary layer demonstrated an increasing trend as
the B grew.
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