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KEYWORDS Abstract Purpose: The purpose of the current framework is to scrutinize the two-dimensional
Casson nanofluid: flow and heat transfer of Casson nanofluid over cylinder/plate along with impacts of thermophore-
Bioconvection; sis and Brownian motion effects. Also, the effects of exponential thermal sink/source, bioconvec-
Motile microorganisms; tion, and motile microorganisms are taken.

Exponential heat source- Methodology| Approach: The resulting non-linear equations (PDEs) are reformed into nonlinear
sink; ODE:s by using appropriate similarity variables. The resultant non-linear (ODEs) were numerically
Shooting approach (bvp4c); evaluated by the use of the Bvp4c package in the mathematical solver MATLAB.

Cylinder/Plate Findings: The numerical and graphical illustration regarding outcomes represents the perfor-

mance of flow-involved physical parameters on velocity, temperature, concentration, and microor-
ganism profiles. Additionally, the skin friction coefficient, local Nusselt number, local Sherwood
number, and local microorganism density number are computed numerically for the current pre-
sented system. We noted that the velocity profile diminishes for the rising estimations of magnetic
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Nomenclature

u,v Velocity of components (ms™")

p Density of fluid (kgm ™)

X, r Space coordinates (1)

(Cl’)f Heat capacity of the fluid (Jkg 'K™")
o Curvature parameter

{ Dimensionless coordinator

0 Dimensionless temperature

¢ Dimensionless concentration

1 Dimensionless microorganisms

p Casson fluid parameter

0 Microorganisms difference number
o Electrical conductivity (Sm~")

0 Temperature difference parameter
v Kinematic viscosity (kgms™')

A Mixed convection parameter

A Thermal-Biot number

A Solutal-Biot number

23 Microorganisms-Biot number

T, Wall temperature (K)

C, Wall concentration (mol.kg™")

N, Wall motile microorganisms (mol.kg™")

Nc Bioconvection Rayleigh number

Nr Buoyancy-ratio parameter

Dr Thermophoresis diffusion coefficient (m?s~")
D,, Microorganisms diffusion coefficient (m?s™!)
Dg Brownian diffusivity (m?s~!)

Nt Thermophoresis number

Pr Prandtl parameter

Or Exponential heat-sink parameter
Ec Eckert parameter

W, Speed of cell swimming (ms™")
Lb Bioconvection Lewis parameter
T Temperature

C Concentration

N Microorganisms

Rd Thermal radiation parameter

Le Lewis parameter

0, Temperature ratio parameter

Op Heat-source parameter

Pe Peclet parameter

b Chemotaxis constant

Cr Skin friction coefficient

Nu, Nusselt number

Sh,, Sherwood number

Nn, Microorganisms density number
Ty Shear stress tensor (Nm?)

q, Wall heat flux (K)

G Mass heat flux

qn Motile microorganism’s heat flux
Ty Ambient temperature (K)

Coo Ambient concentration (mol.kg™")
Nuo Ambient microorganisms (mol.kg™")
n Fitted-rate constant

Nb Brownian motion number

and mixed convection parameters. The Prandtl number corresponds with the declining performance
of the temperature profile observed. The enhancement in the values of the Solutal Biot number and
Brownian motion parameter increased in the concentration profile.

Originality: In specific, this framework focuses on the rising heat transfer of Casson nanofluid
with bioconvection by using a shooting mathematical model. The novel approach of the presented
study is the use of motile microorganisms with exponential thermal sink/source in a Casson nano-
fluid through a cylinder/plate. A presented study performed first time in the author’s opinion.
Understanding the flow characteristics and behaviors of these nanofluids is crucial for the scientific
community in the developing subject of nanofluids.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Nanofluid innovation has several technological and industrial uses,
including industrial, aeronautics, veterinary, miscomputing, pharma-
ceutical, and several others. Nanotechnology is mostly applied in
the medicinal, nanotube, chemotherapy, and glass industries. Choi
(Choi et al., 1995) established a noble and creative technology that
needs the mixing of nanoparticles and the base fluid for improved
heat transport liquids with much higher temporal conductivities in
terms of energy savings and environmental cleanup. Because of their
greatly enhanced thermophysical characteristics, nanofluids serve as
ideal coolants in several applications. Choi’s groundbreaking research
was inspired by the conclusion that base fluids with low thermal con-
ductivities are efficient for today’s heat transfer requirements. Buon-
giorno (Buongiorno, 2006) looked at the remarkable sliding
properties of Brownian motion and thermophoresis development

around the nanofluid. The consequences of heat radiation and Mag-
netohydrodynamics nanofluid flow over permeable media were stud-
ied by Krishna and Chamkha (Krishna and Chamkha, 2020).
Krishna (Krishna, 2021) looked influences of Hall and ion slip over
a Jeffrey nanofluid moving on a surface that transfers heat. Krishna
et al. (Krishna et al., 2020) investigated the Hall and ion slip processes
in MHD flow nanofluid through a heat and mass transfer plate.
Krishna and Chamkha (Krishna and Chamkha, 2019) investigated
the influence of nano-fluid ions and Hall slip over a porosity media.
Krishna et al. (Krishna et al., 2019) described the Joule heating
impact of MHD nanofluid with temporal heatings into an implanted
in a porous media. Krishna (Krishna, 2020) used thermal radiation to
study the impact of Hall and ion slip on nanofluid movement.
Krishna and Chamkha (Krishna and Chamkha, 2021) explored how
slip disrupts the MHD stream of Jeffrey nano-fluid throughout a
plate. Veera et al. (Veera Krishna et al., 2018) studied the effect of
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MHD nanofluid flow over two perpendicular plates on heat and mass
transport.

Non-Newtonian fluids, like Casson fluids, are best characterized as
shear-thinning fluids, in flow velocity at zero it has infinite viscosity, a
yielding tension beyond which no fluid flows, and zero viscosity at
zero shear rates. Tomato sauce, honey, and blood are among well-
known liquids with Casson fluid properties. Casson nano-fluid is the
fundamental liquid of Casson nanomaterials. Various publications
published on the Casson nano-fluid stream study. The process of
Bio-convection in a Casson nano-fluid has applications in industrial-
ization, biotechnology, and food science, including fermentation.
Ullah et al. (Ullah et al., 2019) examined heat generation/absorption
and magnetized Casson nano-fluid stream through a nonlinear perme-
able stretchable cylindrical media having porosity. Kumar et al.
(Kumar et al., 2019) reported the significance of the Williamson-
Casson liquid MHD stream via an extended cylinder. Alizadeh et al.
(Alizadeh et al., 2021) investigated a Casson liquid computational for-
mula including heat transfer and stagnation point stream throughout
a cylinder. Murthy et al. (Murthy et al., 2019) investigated the impacts
of the Casson fluid stream across an expanding cylinder with heat
radiation. Qadan et al. (Qadan et al., 2019) discussed an MHD stream
subject to a micropolar-Casson nanofluid over a cylinder using solar
heat. Hiremath et al. (Hiremath et al., 2019) reported the impact of
heat conductivity in Casson liquid flow over it with a cylinder. Reddy
et al. (Reddy et al., 2019) scrutinized the effects of Casson nano-fluid
flow traveling via circular channels with heat radiation and a minimal
amount of energy. Ali et al. (Ali et al., 2019) considered the effects of
the Casson fluid heat transfer stream across an oscillating cylinder
with Heat and mass transfer. Anantha et al. (Anantha Kumar et al.,
2020) investigated the effect of heat energy on Casson fluid in a
boundary layer flow with a cervical medium. Venkata et al.
(Venkata Ramudu et al., 2020) viewed the consequence of suction/in-
jection over Casson nanofluid flow across a horizontal stretchy sheet
using MHD. Hussain et al. (Hussain et al., 2020) investigated MHD
Casson nano liquid flow with slip conditions across an expanding/
shrinking sheet. Ali et al. (Ali et al., 2020) investigated the interaction
of Casson nano liquid with enthalpy change through a channel. Lund
et al. (Lund et al., 2020) investigated the interactions between MHD
Casson nanofluid stagnation point flow and heat radiation and
entropy. Salahuddin et al. (Salahuddin et al., 2020) established the
model to examine the physical properties of Casson nano-fluid flow
by considering activation energy. Gireesha and Sindhu (Gireesha
and Sindhu, 2020) investigated the role of boundary layer flow in
annular microchannels with heat production and absorption. Tulu
and Ibrahim (Tulu and Ibrahim, 2020) used the Cattaneo-Christov
heat model to explore Casson nanofluid through the stretched cylin-
der. Thumma et al. (Thumma et al., 2020) showed the MHD Casson
nanofluid stream with heat radiation and reaction temperature. Shan-
kar et al. (Shankar et al., 2020) inspected the aftermath of Cattaneo-
Christov heat transmission through stretchable media MHD Casson
fluid stream. Sohail et al. (Sohail et al., 2020) checked out the effects
of entropy and thermal transport in Casson nano-fluid stream across a
unidirectional stretched sheet using magnetohydrodynamics. Shata-
nawi et al. (Shatnawi et al., 2022) investigated Casson nanofluid cor-
relations with heat radiation and stagnation point flow via a Sheet.
Shatanawi et al. (Shatnawi et al., 2022) corroborated the impacts of
hybrid Casson nano-fluid with magnetism and heat transport via a
plane surface. Abbas et al. (Abbas et al., 2022) constructed a mathe-
matical system of nanofluid flow across a plate. The theoretical flow of
ferrofluid on a circular cylinder with convective heat was examined by
Abbas and Shatanawi (Abbas and Shatanawi, 2022). The heat trans-
mission in Casson nano-fluid through a Riga sheet was examined by
Abbas and Shatanawi (Abbas and Shatanawi, 2022). Mukhopadhyay
et al. (Mukhopadhyay et al., 2005) probed the boundary layer stream
in the presence of heat radiation passing through a sheet. Mukhopad-
hyay et al. (Mukhopadhyay et al., 2013) investigated the Casson fluid
MHD flow via a sheet. The Casson nanofluid solution with MHD

flow and heat radiation over a sheet was estimated by Bhattacharyya
et al. (Bhattacharyya et al., 2016). Haldar et al. (Haldar et al., 2017)
explored heat radiation over a sheet using dual nanofluid
formulations.

Self-propelled amoeboid microbes that drift in a liquid cause bio-
convection to happen. When the amount of nanomaterials available
is small sufficient that they have no impact upon this base shear flow,
bioconvection in nanofluids can be examined. Because motile bacteria
are normally stronger than water, they are more likely to move upward
and contribute to the unstable top large density stratified. Temperature
bioconvection is significant in planetary geology processes, such as hot
springs caused by motile microorganisms manifested as thermopiles,
which are thermal living microorganisms. Microorganism uses are
engaged in oil bearings to nearby absorptive differences, which inte-
grate microorganisms with the benefits of nanofluids. Heat transport
is being studied to expand it even more. Many credible professionals
lately researched bioconvection in nanofluids investigation. Kuznetsov
(Kuznetsov, 2012) proposed first the idea of bioconvection in
Microsystems. The investigation of the Bioconvectional stream of
Oldroyd-B hybrid nano-fluid subject to reaction temperature, thermal
radiation, and motile microorganisms was structured by Waqas et al.
(Waqas et al., 2021). Zhang et al. (Zhang et al., 2020) purported effects
of motile microbes and bioconvection in nano liquid over a Riga plate
with Darcy-Forchheimer flow. Bhatti et al. (Bhatti et al., 2022)
explored the impact of nanofluid traveling via tapering arteries on nat-
ural convection flow using motile bacteria. Bhatti et al. (Bhatti et al.,
2020) audited motility and bioconvection of microorganisms in
nano-fluid over the permeable plate. The effects of swimming gyrotac-
tic microorganisms and bioconvection in nanofluids across an
extended surface were studied by Shahid et al. (Shahid et al., 2020).
Muhammad et al. (Muhammad et al., 2021) demonstrated the rele-
vance of Carreau nanofluid bioconvection and heat transport with
repercussions of thermal radiation throughout the wedge surface.
Khan et al. (Khan et al., 2020) examined the bio-convectional stream
of nano-liquid through two plates. The consequences of heat radiation
and activation energy on nanofluid with natural convection flow
throughout the Riga plate were taken into account by Bhatti et al.
(Bhatti and Michaelides, 2021). Shehzad et al. (Shehzad et al., 2020)
used the Cattaneo-Christov theory and a disk-shaped geometry to
investigate the relevance of bioconvection and motile microorganisms
in a nanofluid. Ayodeji et al. (Ayodeji et al., 2020) examined ther-
mophoresis and Brownian motion in an MHD Bioconvectional stream
of nano-fluid through a stretched wall. Ali et al. (Ali et al., 2023)
looked into the interactions of heat radiation and motile microorgan-
isms in nanofluids flowing through a cylinder. Sarkar and Das (Sarkar
and Das, 2022) studied the MHD flow of a nanofluid around a cylin-
drical surface using bioconvection and heat absorption. In the presence
of a Cross nanofluid running through such a cylinder, Ali et al. (Ali
et al., 2022) hypothesized bioconvection and motile microorganisms.
Sarkar et al. (Sarkar et al., 2022) studied Bioconvection in nano-
fluid through Riga plate in presence of motile microorganisms and
heat transfer.

A comprehensive review of previous research reveals that no inves-
tigation has been explored for evaluating the Casson nanofluid with
bioconvection induced by swimming microorganisms across a cylin-
der/plate utilizing non-linear thermal radiation. Our study is unique
in that it investigates the influence of Casson nanofluid convectional
flow on motile gyrotactic microorganisms, and also thermal sink/-
source which is assumed as exponential. The investigation of move-
ment is based on controlled PDEs in the form of ODEs, which are
then computationally addressed by using the shooting approach using
bvpdc Matlab software. This technique is employed in engineering
problems to determine how different independent variable choices
impact the intended outcome. The current technique has the potential
to tackle several biological, pharmacological, and environmental chal-
lenges. Among the most significant implications for medical and bio-
logical sciences is the carrying facts variable which is the emergent
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impact over nano-bioconvective comprising dissemination of gyro-
tactic microorganisms that may exploit as correctly initiate medication
conveyance.

2. Mathematical description

We analyze the two-dimensional flow of Casson nanofluid via
a cylinder/plate with nonlinear thermal radiation, Brownian
motion, thermophoresis effect, and exponential heat source/
sink. The geometry of the present issue is depicted via cylindri-
cal coordinates in this way cylinder is considered horizontal in
the vertical direction (x-axis) and orthogonal to it in the radial
direction (y-axis), as illustrated in Fig. 1.

The assumptions of the current flow model can be described
as follows:

% Two-dimensional steady time-dependent flow is mathemat-
ically formulated.

® The Casson fluid flow over a cylinder/plate is studied here.

¢ The importance of Non-linear thermal radiation and expo-
nential heat source/sink are summarized.

6 The effect of bioconvection with swimming motile microor-
ganisms is developed.

6 The Bvp4c (shooting approach) is used.

The governing equations are (Azam et al. (Azam et al.,
2022), Reddy et al. (Reddy et al., 2018), Cao et al. (Cao
et al., 2022), and Song et al. (Song et al., 2021):

Oy (ru) + 0,(rv) = 0}, (1)

U0 u+vou= v(l +%) (&,u +}8ru) — %u
Ll e (T- T (1-C) T
—&(C=C)(py—py) =€ (P — /) (N = Ny)]

ud, T-+v0,T=-10,[K(1)0,T]

2,2
aBju

pep

+:50.(q.)+7(D50,CO,T+0.CO.T+22 (0,1 +(2.77°))

+a(0, T+70,T) +42 (1 +§) (0,u)* +

pepF

% (7_
+ Preps (T—Tx)

%5 g (2 —R?
2 (1= T exp (— /(%55 )n)

3)
9.C+v9,C=——0,[K(C)0,C) + D0, 1r0,C) + 2 15, ((r0, 1)
uody VO, 7pcp r r Br POy Toorrrr )
(4)
WON + VO + [, (N0 O — e po.N (5)
X r r r (CW _ CDC) - mrr
With suitable boundary conditions:
u(x,r) = u,(x) =2, v(x,r) =0, —k0,T = h(T\, — T),
—D30,C = hy(C, — C), —D,,0,N = h,(N,, — N)
at r=R,
u—0, N — Ny, C— Cy, T— Ty, at r—
(6)

Mathematically, radiative heat fluxg,, variable conductiv-
ityK(T), and variable diffusivity K(C) are addressed (Waqas
et al. (Waqas et al., 2020).

on R KDl )

K(C) = Du[&:(Se) +1]

(7
The appropriate similarity transformations are (Tamoor
et al. (Tamoor et al., 2017).

u—>07—->7,.,C—>C, N-—>N_r—>x

Uyx or
u(x,r)=u, (4\’):°T«v(.\‘.r):0.—k5 =h,(T,-T), —Dggz h(C,-C),-D

Microorganisms 4 == \omentum Boundary Layer

Nanoparticle o

Fig. 1

=== Thermal Boundary Layer

]

m

0 N
x ,,,6%:1 (N,-N) atr=R,
or

Concentration Boundary Layer
Motile Microorganisms Boundary Layer

Physical behavior of the current fluid model.
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The results of governing PDEs by using similarity transfor-
mations in the form of ODEs

(3)
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The dimensionless flow parameters are listed below:

Parameter Name

Parameter values

Curvature parameter

Mixed convection parameter
Buoyancy-ratio parameter
Eckert parameter

Bioconvective Rayleigh number

Magnetic parameter
Brownian motion parameter
Temperature ratio parameter

Thermal radiation parameter

(= /ar)
z( (- C’)f(uom )ﬂg>

_ Cf Cx
- 1 C, (17-7)p,

+PrEcM*f? + PrNt(1 + 200)6" Thermophoresis parameter Nt(: rDT(v?—Tu))
+Pr(f0') + Q,0 + Qexp(—nl) =0, Lewis number e (: g_x)
(10) Bioconvection Lewis parameter b (: ﬁ)
(14+240) (9" + 1) + 20209 Peclet number Pe (: me‘>
+(1420) (¢" +20") + 20 (¢’ +2116) (11) Microorganism difference 5(: Neo )
. No=No
+PrLe(f¢r) =0 Thermal-Biot number 2 (_ h 0_1)
H{ = uoy
(14 200)" + 22/ + Lb() — Peld' (2 + 0) + 7/ 9') = 0} Solutal-Biot number (= ey fi)
(12) Microorganisms-Biot number Js (: h, %)
With
f: 0, f: 1, 0 é):_/ll(1+9(é’))’
&) = —2a(1 + $(0)) 20 = —25(1 + 7(0)) The main physical engineering parameters are addressed as
4/ — 0 Cf — 21"' — x‘]w — qu
FO=0. 00 =0, $(5) =0, 2() =0, as¢—oc pi MI=Te) ™ DalC= )
(13) Nn. — Xq, 14
= NN [ (14)

1 T T T 1 T
— a=0.0 (Plate)
0.8 ---a=0.3 (Cylinder)|/ 0.8
o A=0.1,0.4,0.8,1.2 | | ll
\ —U. ’ . ’ . ’ . \
0.4} 1 0.4
0.2F 1 0.2
0 . 0
0 4 6 8 0 2

Fig. 2 Action of (1) for(f).

— a=0.0 (Plate)

---a=0.3 (Cylinder)

=1.0,2.0,3.0,4.0

Fig. 3 Action of (B) for(f).
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The shear stresses in the direction of the x-axis and r-axis
are written as:

T, =pul 1 —l—l ou =—k or
w /’l ,B ar r:R7 qw - 81’ r:R7
ocC ON
qm = _DB (E) r:Ru q, = _Dm (E) "R}u (15)

The dimensionless results of engineering quantities are:
Lot = (1 )10, ke =51+,
ShRe'? = s (1+5k5), . (16)

#(0)

—12 _ 1
NnRe '? = J4 (1 + X(O))

1 T T T
— a=0.0 (Plate)
0.8} ---a=0.3 (Cylinder)|-
0.61 Nc=0.1,0.4,0.8,1.2|
Y

04F -
0.2F -

0 . .
0 2 4 6 8

¢
Fig. 4  Action of (Nc) for(f).
1 T T T
— a=0.0 (Plate)
0.8 ---a=0.3 (Cylinder)|-
0.61 Nr=0.1,0.4,0.8,1.2| T
e

04} .
0.2F -

0 . .
0 2 4 6 8

¢
Fig. 5 Action of (Nr) for(f).

3. Numerical scheme

In this research investigation, we analyze the impacts of the
Bioconvectional flow of Casson nanofluid over a cylinder/-
plate. The governing ordinary differential equations (9-12)
with suitable boundary constraints (13) are computed numer-
ically with the help of Bvpd4c (Shampine et al. (Shampine
et al., 2000) and Wang et al. (Wang et al., 2020) solver in Mat-
lab by using the shooting approach with convergence rate10°.
First, we convert the main differential equations system to the
Ist-order ODEs model. The shooting approach is used to iter-
atively estimate the missing starting restrictions until the con-
straints are fulfilled. By providing new variables, the higher-
order differential system of equations is reduced to the first
order. The following ranges of the verses flow parameters for
the formulation of figures are computed as 0.1 <A< 1.2
10<<40 0.1 <K Ne<<12 0.1 SKNr<1201<MLL2

1 T T T
— a=0.0 (Plate)
0.8} ---a=0.3 (Cylinder)|-
0.61 M=0.1,0.4,0.8,1.2 |
Y

0.4} :
0.2 .

0 . .
0 2 4 6 8

¢
Fig. 6  Action of (M) for(f').
0.35 T T T

— a=0.0 (Plate) |
---a=0.3 (Cylinder)

Pr=3.0,4.0,5.0,6.0 |

Fig. 7 Action of (Pr) for(6).
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30<Pr<6.0  1.5<0,<1.80.1<4<040.1<Q,<12
1.0<0p,<19 1.0<€, <40 0.1 <K Nb<0.25 0.1 <Nt <
0412<Le<24 02< <05 01<6 <07 0.1 <A<
0401 <RI<1.201 < Pe<1.2 and 12<Lb<24 are
analyzed.

Let

f: hl7f = h27.f” = h37fm = h’he = h479/ = h579” = h’5>
:h67¢,:h71¢//:h,77 X:h&l/:h%X”:h; ’
(17)

(1 + 113) (20th) — hyhsy + 12+ M*(hs) — A(hy — Nrhg — Nehg)

4. Results and Discussions:

Here, in this topic graphical and tabular data are utilized to
scrutinize the impacts of the number of physical flow variables
of the whole model due to using a scientific approach in the
computational tool MATLAB. This work illustrates the Bio-
convectional flow of Casson nanofluid with swimming motile
microorganisms and heat source/sink passing through a cylin-
der/plate. The consequences of thermos-phoresis and Brown-

hg = (18)
(145) (1 +220)
—(1 + 20C) (hs)€, — 2aths — PrEc(1 + 24() (1 + ;) 12— PrNb(1 + 20 )hshy

o —20€ hyhs — PrEcMZhg — PrNe(1 + 20({)/1? —Pr(hihs) — Q,hy — Qpexp (—nl), (19)

’ (1 +2o<§)(h4el Y14 [{1 + RA(1 + (0, — 1)/14)3}115}) ’

1+ Nt 1/ Nt
(1 + 20(C)/’l7€2 + 20(62/’1(,/’!7 + 20(4, (N_th) + 20((/’!7 + Vth) + PI‘L@(hlh7)

W= 20

7 (1 +2a0)(1 4 E2h6) ’ (20)
W —20thg — Lb(hyho) +P€[/’l/7(hg +0) +h9h7] ’1 ian motion effect for the current study in the MHD flow
= (1 +2a) ' (21) system are also discussed.

With
=0, =1,hs(0) == (1 +h4(0)), 17({) = =2 (1+hep(0)),
ho(8) = —23(hs(0) +1), (-0 )
hs(0) =0, he()—0, hy(0)—0, ha({)—0 as{— oc.
(22)

— a=0.0 (Plate)
---a=0.3 (Cylinder)

ﬂw=1.5,1.6,1. 7,1.8

0.2

0.1

¢

Fig. 8 Action of (6,) for(6).

The consequence of the (1) profile (f') is visualized in Fig. 2.
The velocity field (') boosted above the bottom level for the
higher magnitude of mixed convection parameter(4). Mixed
convection variable measures the effect of free convection on
flowing fluid in comparison to that of forced convection. The
significance of the fluid parameter (B) (f') is depicted in

0.4 T T 1
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Fig. 9  Action of (f) for(6).
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Fig. 3. The flow field (/') decreased for the increasing values
of(). The importance of the bioconvection Rayleigh parame-
ter (Nc) for (f) displayed in Fig. 4. Incrementing magnitudes
of bioconvection Rayleigh variable (Nc) declined velocity field
of problem. The effect of the buoyancy ratio parameter (Nr)
for the velocity distribution profile (/') is sketched in Fig. 5.
The growing values of the buoyancy ratio parameter (Nr)
decay the velocity distribution profile(f). Both quantities are
physically connected to buoyancy ratio forces that impede
the flow of the two fluids. Fig. 6 shows the importance of
(M) versus the velocity distribution profile is explained. The
flow profile declined for the growing variations of the magnetic
parameter. Physically, the changed magnetic parameter
strengthens the external electrical field, which causes the veloc-
ity of the fluid to rise. Fig. 7 depicts the significance (Pr) of the

thermal distribution profile(0). The thermal distribution pro-
file (0) decays due to the mounting variation given(Pr). The
Prandtl number depicts the thermal conductivity to thermal
diffusivity ratio. As a result, an increased Prandtl number leads
to decreased thermal diffusivity. As a result, as the Prandtl
number increases, the (0) decreases. The consequence of (0,,)
the temperature distribution field (0) is plotted in Fig. 8. The
(0) increased for higher values for the temperature ratio
parameter(0,). Physically, enhancing the non-linear thermal
radiation parameter raises internal energy. As a consequence,
the thermal field is enhanced. Fig. 9displaysthe aspect of ()
the temperature distribution field(#). The temperature distri-
bution field (0) is augmented by growing valuations of the Cas-
son fluid parameter(f). Fig. 10 outlined the outcomes due to
temporal stratification (4;) Biot number on the thermal
field(0). The increasing counts of temporal stratification (4;)
Biot number increased the thermal field(0). Fig. 11 is noted
the behavior of the exponential heat-sink parameter (Q,) for
the thermal distribution profile(0). The thermal distribution
profile (0) boomed due to the increasing counts exponential
thermal-sink variable(Q). The attitude of (Q,) the tempera-
ture field (0) considered in Fig. 12. The rising magnitude of
the thermal-source variable (Qp) enhances the thermal distri-
bution profile(). Fig. 13p or traysresults of the thermal con-
ductivity count (€;) on the thermal distribution field(#). The
increasing evaluation of (€,) enhanced the temperature(6).
Fig. 14described the (Nb) for(¢). The concentration distribu-
tion field (¢) reduces by the advancement in magnitude in
favor of the Brownian motion variable(Nb). Fig. 15disclosed
consequences of the Prandtl count Pr for the concentration
distribution profile(¢). It has seemed that the escalating
approximation of Prandtlcount decays the concentration dis-
tribution profile(¢p). Actuality, the connection between Pr
and thermal diffusivity is inverse. An increase in Pr generates
reduced thermal diffusivity, resulting in a decrease in the
curves. The nature of (N¢) regarding concentration distribu-
tion field (&) is detailed in Fig. 16. The concentration distribu-

Table 1 Numerical results of local skin friction coefficient —f*(0) for diverse parameters.

Parameters —1"(0)
M A Nr Nc Ec p o=0.0 o=0.3
0.4 0.2 0.1 0.5 0.3 0.1 0.6502 0.6945
0.8 0.7063 0.7465
1.2 0.7547 0.7915
0.5 0.5 0.1 0.5 0.3 0.1 0.6555 0.6925
1.0 0.6398 0.6551
2.0 0.6091 0.6321
0.5 0.2 0.2 0.5 0.3 0.1 0.6656 0.7089
1.5 0.6720 0.7161
2.5 0.6769 0.7217
0.5 0.2 0.1 0.1 0.3 0.1 0.6646 0.7089
0.8 0.6780 0.7151
14 0.6799 0.7237
0.5 0.2 0.1 0.5 0.5 0.1 0.6649 0.7797
1.0 0.6754 0.7935
1.5 0.6869 0.9170
0.5 0.2 0.1 0.5 0.3 0.4 0.6566 0.6989
0.8 0.6640 0.7063
1.2 0.6789 0.7257
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tion profile (¢) incremented for an increased evaluation of the exists. The effect of Lewis number (Le) for the concentration
thermophoresis parameter(Nz). The thermophoresis effect is distribution field (¢) is elucidated in Fig. 17. The concentra-
the transfer force that happens when a temperature gradient tion distribution field (¢) is declined for growing valuations

Table 2 Numericresults of —6'(0) local Nusselt number for diverse variables.

Variables —0'(0)
M A Nr Nc¢ Pr Nt Rd A ox«=20.0 =203
0.4 0.2 0.1 0.5 2.0 0.3 0.5 0.3 0.2051 0.2004
0.8 0.2038 0.1990
1.2 0.2025 0.1977
0.5 0.1 0.1 0.5 2.0 0.3 0.5 0.3 0.2050 0.1935
0.8 0.2052 0.2051
1.4 0.2060 0.2058
0.5 0.2 0.2 0.5 2.0 0.3 0.5 0.3 0.2048 0.2000
1.5 0.2046 0.1998
2.5 0.2045 0.1997
0.5 0.2 0.1 0.1 2.0 0.3 0.5 0.3 0.2055 0.2003
0.8 0.2046 0.1999
1.4 0.2035 0.1998
0.5 0.2 0.1 0.5 3.0 0.3 0.5 0.3 0.2192 0.2150
4.0 0.2280 0.2241
5.0 0.2329 0.2303
0.5 0.2 0.1 0.5 2.0 0.5 0.5 0.3 0.2019 0.1968
0.8 0.1974 0.1918
1.4 0.1875 0.1808
0.5 0.2 ol 0 2.0 0.3 0.6 03 0.1925 0.1978
1.2 0.1902 0.1858
1.8 0.1759 0.1759
0.5 0.2 0.1 0.5 2.0 0.3 0.5 0.8 0.2795 0.2731
1.6 0.2714 0.2651
2.4 0.2680 0.2618

Table 3 Numeric results of —¢’(0) local Sherwood number for diverse variables.

Variables —¢'(0)

M A Nr Le Pr Nt Nb A o=0.0 o=0.3
0.4 0.2 0.1 2.0 2.0 0.3 0.2 0.4 0.2943 0.2881
0.8 0.2933 0.2871
1.2 0.2924 0.2861
0.5 0.1 0.1 2.0 2.0 0.3 0.2 0.4 0.2942 0.2878
0.8 0.2945 0.2912

1.4 0.2950 0.2945

0.5 0.2 0.2 2.0 2.0 0.3 0.2 0.4 0.2940 0.2878
1.5 0.2939 0.2877

2.5 0.2938 0.2876

0.5 0.2 0.1 3.0 2.0 0.3 0.2 0.4 0.3145 0.3095
4.0 0.3266 0.3223

5.0 0.3348 0.3310

0.5 0.2 0.1 2.0 3.0 0.3 0.2 0.4 0.3115 0.3064
4.0 0.3226 0.3181

5.0 0.3304 0.3264

0.5 0.2 0.1 2.0 2.0 0.5 0.2 0.4 0.2735 0.2804
0.8 0.2551 0.2630

1.4 0.2305 0.2389

0.5 0.2 0.1 2.0 2.0 0.3 0.5 0.4 0.3088 0.3037
0.8 0.3125 0.3076

1.4 0.3152 0.3105

0.5 0.2 0.1 2.0 2.0 0.3 0.5 0.8 0.2032 0.1983
1.6 0.2011 0.1961

2.4 0.1999 0.1948
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Table 4 Numerical results of local microorganism density number —y'(0) for diverse parameters.

Parameters —7(0)
M A Nr Pe Lb 23 au=0.0 «=0.73
0.4 0.2 0.1 0.1 2.0 0.4 0.2849 0.2890
0.8 0.2835 0.2878
1.2 0.2823 0.2867
0.5 0.5 0.1 0.1 2.0 0.4 0.2848 0.2866
1.0 0.2851 0.2872
2.0 0.2857 0.2875
0.5 0.2 0.2 0.1 2.0 0.4 0.2845 0.2887
1.5 0.2844 0.2887
2:5 0.2843 0.2886
0.5 0.2 0.1 0.4 2.0 0.4 0.2916 0.2944

0.8 0.3000 0.301

1.2 0.3076 0.3078
0.5 0.2 0.1 0.1 3.0 0.4 0.3027 0.3064
4.0 0.3140 0.3175
5.0 0.3220 0.3253
0.5 0.2 0.1 0.1 2.0 0.8 0.3051 0.3067
1.6 0.2915 0.3029
24 0.2855 0.2978

of Lewis number(Le). The mass diffusion and thermal conduc-
tivity of a fluid are linked by the Lewis number. Fig. 18desig-
nates the result of (ff) for the concentration distribution
field(¢). The concentration field is augmented by the rising
valuation of the(f). Fig. 19showsthe outcomes of the
Solutal-Biot number (4,) against the concentration distribu-
tion field(¢). The concentration distribution field (¢) increased
with mounting values of the Solutal-Biot number(4,).
Fig. 20founds the characteristics of thermal diffusivity (&)
for the concentration distribution field(¢). The concentration
distribution field (¢) reduced with the increasing values of
thermal diffusivity(&,). The effect (f) on the microorganism
field (y) is designed in Fig. 21. The microorganism field (y)
is enhanced by intensifying values of the Casson fluid param-
eter(f8). Importance of motile microorganisms Biot number
(43) on microorganism field () is delineated in Fig. 22. The
() increase with increasing estimations of microorganisms’
Biot number(4;).

5. Figures
See Figs. 2-22.
6. Tabular values

Table 1 depicts that skin friction is increased by the growing
counts of the buoyancy ratio variable (Nr) and bioconvection
Rayleigh variable (Nc¢) while decreased for the mixed convec-
tion parameter(4). Table 2 reveals that the local Nusselt-
number is reduced for the variation of thermal radiation
parameter (Rd) and thermal Biot number(4,). Table 3 ana-
lyzed that the local Sherwood number is decreased for the
magnetic parameter(M). Table 4 examined that the local
motile microorganism density number is upgraded for biocon-
vection Lewis number (Lb) and Peclet number(Pe). Table 5
compares the results with Tamoor et al. (Song et al., 2021)
and Fang et al. (Shampine et al., 2000) for various values of

Table 5 Comparison of —f”(0) for dissimilar values of
magnetic parameter M.

M  Fang et al. (Fang Tamoor et al. (Tamoor  Current
et al., 2009) et al., 2017) work
0.0 1.0000 1.00000 1.00000
0.2 1.0198 1.01980 1.01981
0.5 1.1180 1.11803 1.11804
0.8 1.2806 1.28063 1.28064
1.0 1.4142 1.41421 1.41422

Table 6 Comparison of —¢'(0) regarding dissimilar counts of
Prandtl countPr.

Pr Rehman et al. Mukhopadhyay Current
(Rehman et al., 2022)  (Mukhopadhyay, 2013)  work
1.0 0.9544 0.9547 0.9549
3.0 1.4702 1.4714 1.4715
5.0 1.8952 1.8961 1.8963

the magnetic parameter. These findings were determined to
be in good agreement. Table 6 compares Nusselt number val-
ues with those reported in the literature. We discovered a great
match, which verifies the current findings.

7. Conclusions

We investigated the two-dimensional stream of Casson nano-fluid
across cylinder/plate including non-linear thermal radiation, exponen-
tial thermal source/sink, motile microorganisms, and bioconvection.
Brownian motion and the thermophoresis phenomenon are also
looked into. The similarity transformations are used to turn the gov-
erning (PDEs) into a non-linear ODE system. The transformed ODEs
are then numerically resolved in MATLAB computational software
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using the Bvp4c solver (shooting technique). The graphical and tabular
results demonstrate the effect of including physiological parameters.
The significant findings are:

6 The velocity distribution profile declined regarding the increasing
rates of the Casson fluid parameter and bioconvective Rayleigh
variables.

8 The velocity distribution field is enhanced regarding the higher
magnitude of mixed convection parameter while declining for
buoyancy-ratio number.

6 The enhancement in the values of the temperature ratio parameter,
thermal Biot number, and Casson fluid parameter causes an impor-
tant increase in the temperature profile.

6 The augmentation in the magnitude of the Prandtl number causes a
significant decline in the temperature distribution profile while
enhanced for the Solutal Biot number.

6 The concentration distribution profile is improved with an
improvement in the values of the Solutal Biot number, and Casson
fluid parameter while decreased for the Lewis number.

% The microorganism profile is raised by raising the magnitude of
microorganisms-Biotparameter and Casson nanofluid parameter.

6 The currently studied bioconvective nanofluid is used in different
engineering and technological applications like gas turbines, auto-
mobile radiators, heat exchangers, microbial fuel cells, nuclear
reactors, and bio-medical utilizations.
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