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Te phenomenon of bioconvective transport through the manipulation of motile microorganisms is considered a promising
process control technique in several biological processes and microdevices. Inducing convective transport in self-propelling
microbes could be tailored to improve mixing, reaction propensity, and concentration transport within the media. Tis paper
examined the combined efect of magnetic and rotational felds on the argumentation of bioconvective transport in the nanofuid-
mediated plasma fow. A detailed analysis of the transport and dynamics of reactive forces during bioconvection in a rotary disc-
like microchannel is presented. Te physics of the problem was described by coupled nonlinear ordinary diferential equations,
which were numerically computed using the spectral relaxation scheme of the spectral homotopy analysis method. It was observed
that the imposition of a magnetic feld constituted viscous drag in the plasma-nanofuid media, which consequently increases the
thermophoretic parameter in the bioconvective fow. It was ascertained that coupled magnetic and rotational efects signifcantly
augmented the motility of microorganisms and translated to growth inmomentum and concentration felds which is noticeable in
the generation of stretching efect on the bacterium-containing plasma-nanofuid fow.Te fndings of this study could provide an
essential basis for the design of bioreactors, centrifugal microfuidics technologies, and microdevices for use in a broad spectrum
of biotechnology.

1. Introduction

Bioconvection is the unique streamlines of fow felds
generated by self-propelling microorganisms that can be
utilized as a tool in creating serial microscale technologies in
biotechnology and other domains of life sciences. Tis may
be achieved via the miniaturization of fuidic devices which
is currently being demonstrated on a microfuidic platform.
Te credentials of microfuidics have been proven which
include its potential to administer precise control and handle
manipulations in fuidic media for target purposes [1, 2].
Moreover, several outstanding contributions employing
principles of microfuidics proved to be benefcial across a
spectrum of biomedical science and biotechnology.

Importantly, the ease of microfabrication and geometric
control of fuidic conduits in addition to the precise regu-
lation of living cells in microfuidic devices have positioned
microfuidic devices as a promising platform for microbial
and ecological investigations [3–6]. Within miniaturized
fuidic conduits, reengineering of the microenvironment can
be achieved to capture microbial motility and cell-level
activities such as cell-level diferentiation of genotypic and
phenotypic variations in the bacterial population [7–12]
Intricate movements that depict microbial activities such as
bioconvection could be investigated to provide detailed
visualization required to study the dynamics of gyrostatic in
microbe-laden fuids in micron-sized conduits [13–15].
Although the cost of microfabrication is competitive,
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experimentation in micrometer scale requires expensive and
elaborate imaging technology for fow visualization [15, 16].
Terefore, a numerical investigation is been sought as a
precursor to experimentation and to provide rigorous
analysis of bioconvective transport in motile microbial cells
inhabiting a microengineered conduit.

In the family of nanotechnology, carbon nanotubes
(CNTs) have been considered to be a creditable candidate in
thermal management. Te study in [17] presented mathe-
matical investigation on single-walled carbon nanotubes
(SWCNTs) for utilization thermal management. Te study
in [18] reported bioconvection in a stratifed motile mi-
croorganism in fuid media to investigate the role of acti-
vation energy on the dynamics using the popular numerical
shooting scheme. A similar study in [19] showed magnetic
feld-induced transport in a bioconvection scenario over a
wedged surface in a Carreau-type non-Newtonian fuid
domain. Te study in [20] investigated thermal fux and
reaction regime in a modelled Eyring–Powell rheology class
of non-Newtonian fuid. Te study in [21] showed the
potential of scaling lie-group analysis to handle bio-
convection for micropolar fuids through a fbrous medium.
Te study in [22] proposed a self-similar convection strategy
to study concentration transport in a rotatory cone-like
perforated. Te study in [23] showed that a combination of
thermal and reaction optimization can be achieved by
suction in the premise of Karman swirling fow. Over a
rotating disc-like member, the work in [24] studied si-
multaneous biograde and nanograde convection in a Stefan-
type fuid. Te authors numerically showed that thermal
transfer is achieved via suction. A similar investigation by
the same group examined the incidence of Navier slip under
the infuence of magnetic feld in the premise of a fat
substrate [25]. Amirsom et al. presented a three-dimensional
approach to understanding anisotropic slip formation in
bioconvection fow over stretching plates [26].

Te magnetic feld is projected as a promising candidate
to actualize controlled formation of bioconvective fows in
bacterial cells for which ongoing progress in numerical
methods have captured magneto-taxis (magnetotactic) for
propulsion of bacterial cells in fuid media [27]. Te
Buongiorno model was demonstrated to analyze magnetic
feld-mediated convection in nanofuid containing gyro-
tactic microorganisms [28]. Te report of Chakraborty et al.
revealed that using a traditional boundary value scheme the
propulsion rate of motile microorganisms could be con-
trolled by the behaviour of convective transport at the
surface [29]. Te dominating infuence of thermophysical
parameters such as the duo of Lewis and Peclet numbers
constitutes an increase in density of self-propelling micro-
organisms in the presence of magnetic feld [30]. Te study
of Mutuku and associates presented numerical treatment of
magnetohydrodynamic fow in nanofuid containing un-
stable microorganisms leveraging on the Runge–Kutta-
Fehlberg scheme. Te authors showed in semblance to the
work of Pal and Mondal [30] that a combinatory efect of the
earlier bioconvective parameter infuences the propagation

of migrating microorganisms [31]. Termal energy gener-
ated by an imposed magnetic feld efect is considered to
impact the fow regime in bioconvection-driven fuids. Tis
analysis was reported using the augmented continuum ex-
pression over Boussinesq approximation to show that
overall streamline patterns generated by magnetic feld-
infuenced bioconvective transport facilitated rapid thermal
distribution and oxygen convection [32]. Shehzad and his
team showed that magnetic feld imposition around the
domains of motile microbes could be tailored to moderate
angular rotation of the motile microorganism [33].

It is established that bacterial and all motile microor-
ganisms possess inherent sensitivity and their response to
rotational impulses could stimulate activities like swirling
and swimming in the fuid media. Rotation-induced bio-
convection was captured in the numerical analysis of two
rotating plates immersed in nanofuid [34]. Waqas and co-
workers numerically described the behaviour of Oldroyd-B
nanofuid containing highly mobile microorganisms [35].
Considering the rheology of nanofuid to follow the Jefrey
model, a group of researchers employed the technique of
homotopy analysis to describe the bioconvection in a conic
vessel under the dual efect of magnetic feld and rotation
[36]. Analysis of biothermal reactions was conducted using
the homotopy method to describe the important physics of
bioconvection in Buongiorno nanofuid [37]. A few reports
have considered the combined efect of magnetic feld and
mechanical-induced rotation on the subject of bio-
convection. Earlier studies showed that continuous disc
rotation depends on the supply of substantial rotational
torque which translates to signifcant velocity spreading
within the media and consequently the experience of de-
clined thermal transport [38]. Tuz-Zohra et al. numerically
examined by generating similarity transformation for the
problem where a biocompatible nanoparticle coated with
microorganisms is exposed to the combinatory efect of
magnetic feld and mechanical rotational forces. Te authors
revealed that the magnetic feld at escalating magnitudes
contributes to the uphill glide motility profle in embedded
microorganisms [24]. Over a stretching rotating disc, suc-
tion-assisted heat transfer intensifcation was achieved by
numerically computing via the Runge–Kutta–Fehlberg
method [39]. Tree-dimensional analysis of bioconvection
in nanofuid fowing through a rotating disc with the
treatment of nanofuid as a power-law model illustrates the
density of self-propelling microorganism depends on the
coupled efect of radiation parameter and the coefcient of
Brownian motion [40].

Over the last two decades, emerging solutions around
medical diagnostics have leveraged innovations in the
corridor of nanotechnology on which the study of nano-
fuidics is premised. Nanoparticles have been utilized in a
number of avenues to address challenges in cancer detection
[41], intervention in the coronavirus pandemic [42], creatine
identifcation [43], desalination [44]; vaccine delivery in
blood lymph node [45], nanotheraphy in abdominal an-
eurysm [46, 47], and detection andmanagement of leukemia
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[48]. In principle, the dispersion of nanoparticles in fuid
media for the transport of target species is treated as
nanofuid. Tere are a number of routes by which nano-
particles can gain admittance into the human body, namely,
food intake and intravenous and intracutaneous injections
[49]. Tis in-body dispersion of nanoparticle creates in-
teraction with biomolecules, and this environment stimu-
lates the formation of a corona of molecule and biomolecule-
nanoparticle complex with plasma serving as the base fuid.
Te inclusion of nanoparticles in the bloodstream and other
body fuids is crusaded as the characteristic features of near-
generation medical devices; thereby the increase in its ap-
plication in many point-of-care devices [50]. Particularly in
biomicrofuidics, metallic, nonmetallic, and polymer-based
nanoparticles are being considered in the design of diag-
nostics tools on microfuidics platforms.

Within the purview of nanofuidics, Brownian and
thermophoretic parameters are considered to possess con-
trolling efects in the analyses of bioconvection in micro-
organism-mediated fow confnement. Amirsom and
coworkers [26] showed that the increasing the Brownian
parameter corresponds to a stronger thermophoretic force
within the fuid domain which encourage the transport of
nanoparticle. Tis invariably translates to increasing
nanoparticle volume fraction in the neighbourhood of the
boundary layer. Beg and coworkers implemented the Lie-
group scheme on magnetoconvective fow in an electrically-
mediated fow environment. Tis group of researchers il-
lustrated that no slip was acheived by increasing Nusselt
number while uprise in the Richson parameter resulted in
thickening of the thermal boundary layer under decimated
Biot number of 0.1 scenario [51]. Invariably, the hydrody-
namic slip parameter swells under these conditions
according to the observations reported in the literature. Te
company of Uddin employed a linear-group transformation
technique to investigate the impact of radiative fux on
idealized scenarios of multiple slip-on momentum, with
thermal and concentration felds premised on a conjugated
Runge–Kutta–Fehlberg ffth-order quadrature scheme [52].
Zhora and fellows numerically illustrated the dynamics of
nonfuid under the infuence of rotational force in the
presence of microorganisms. Te report showed that ther-
mal transport and concentration fux are controlled by an
override efect of suction [24]. Te same group of authors
showed that for biological grade nanoliquid, under elevated
blowing condition, a signifcant boundary layer thickness is
reported while their observation elucidates fow acceleration
with high wall slip parameters [53].

Notable observation in the subject of nano-bio-
convection on a porous substrate with thermal consideration
for Boussinesq approximation has carried sufcient research
interest. Te study in [54] performed numerical experiment
to show that momentum decline with escalating blowing
function and conjugated quantities of Darcy, power-law
index cum proscribed minute-size pore shape parameters.
Te study in [55] utilized the Boussinesq approximation and
reported remarkable bioconvection and thermal transport

with decimated activation energy, thermal, and chemical
parameters in a motile organism-based fuidic media fowing
over a perforated substrate. Te study in [56] employed the
duo of Pedley and Kessler models to analyze the fow of
gyrotactic organisms while evaluating the parameters such
as Peclet, Rayleigh, and associated nondimensional quan-
tities in microorganism-flled media. Balla et al. [57] illus-
trated using numerical scheme to investigate fow in
microorganism-based fows under the Boussinesq as-
sumption based on identifed controlling parameters such as
Rayleigh and chemical parameters. Te studies revealed the
superlative efect of swimming parameters in motile or-
ganism-mediated transport media. Te study in [58] ex-
plored convective transport of nanoliquid fow mediated by
motile microorganisms over a perforated substrate in the
vicinity of magnetic feld imposition. Te study analyzed
heat transfer over varied properties of nanoparticles and
showed that thermal and momentum intensity was higher
for certain nano-oxide while recording escalating magni-
tudes of Nusselt and Rayleigh parameters in the neigh-
bourhood of magnetic feld. Te study of Balla and Naikoti
[59] revealed that momentum transport is strengthened by
the Rayleigh parameter and Peclet number while thermal
transport is strongly connected to the magnetic feld pa-
rameter under a scenario of iss concentration of oxygen in
microorganism-based media. Jamuna and Balla [60]
adopted Boussinesq approximation to examine the Darcy-
type fow in a porous confnement using Gerkain-based fnte
element scheme and identifed the duo of Peclet and Buy-
ancy played a dominant role in determination of iso-
centration of nanooxied and motile orgamisms with special
consideration.

In this work, emphasis is directed towards the contri-
bution of magnetic feld in augmenting the bioconvection of
motile bacterium in a plasma stream which is considered a
complex fuid. Important physics required to delineate the
dynamics of locomotion of microorganisms in the media
under the efect of externally imposed magnetic feld is
analyzed using the established SHAM technique. Magnetic
feld augmentation impacts the microbe capture and rota-
tion of the thin circular disc, while the manifestation of
transport phenomena within the fuid media is described
and inference to purifcation in the plasma stream is me-
thodically presented. Tis fnding may openly focus on the
paradigm of nanoparticle-mediated capture of motile mi-
croorganisms by controlling the incidence of bioconvection
which could open a new paradigm in the broad area of
microdevice technology for medical applications.

2. Description of the Problem

Substantial thrust in numerical computation has been de-
voted to the consideration of bioconvection in convectional
fuid and nanofuid having water as its base fuid. Recent
fndings proved that tailored bioconvection can be con-
sidered a tool for purifying bacterial pollution in a broad
spectrum of fuid media [61–63]. In this study, the problem
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of purifying bacterial-polluted fuid media is investigated by
utilizing bioconvection as a tool to engulf microorganisms
leveraging on techniques of numerical analysis. It considered
bacterial-containing blood plasma (treated as Casson fuid)
is contained in micromachined confnements of the thin
circular discs while the activities of microorganisms in
plasma suspension are predicted to trigger bioconvection in
the circular disc plate (see Figure 1). Te inclusion of
magnetic nanoparticles is considered for engulfng a unique
population of microorganisms. In the process, the low-
density nanoparticle-bacterial conjugate gives raise to bio-
convective transport with the fuid media.Temagnetic feld
is imposed around the circular disc (CD) to augment bio-
convective transport and nanoparticle-bacterium conjuga-
tion, thereby purifying the stream of plasma in the rotating
disc.

2.1. Mathematical Analysis. Consider an unsteady laminar,
incompressible, and bioconvective fow of magnetized
Casson nanofuid with gyrotactic microorganisms. Te fow
is considered to be rotating and stretching in a penetrable
disk. Close to the origin of a cylindrical coordinate system, a
thin elastic disk is assumed to be radially narrow. Te fow
analysis is set up based on the following assumptions:

(i) Te disk is assumed to be stretchable with variable
viscosity and thermal conductivity.

(ii) Te circular disk stretches with a velocity of u �

cr/(1 − at). It is also assumed to rotate with a
uniform velocity v � rΩ/(1 − at) in the azimuthal
direction.

(iii) A difusing nanoparticle is assumed to be situated
at the rotating disk.

(iv) At the surface of the disk, T0, C0, and N0 are
considered to be the temperature, concentration,
and microorganism.

(v) Te reference temperature, concentration, and
microorganism are denoted by Tref, Cref, and
Nref, respectively.

(vi) Te imposed magnetic feld is assumed to be time-
dependent with the magnitude towards the z-axis
described as B(t) � B0/

�����
1 − at

√
.

(vii) Te concentration of nanofuid species in the
plasma-microorganism complex is assumed to be
high such that Soret and Dufour efects are taken to
be signifcant.

(viii) We considered a remodifcation of the energy
equation for nonlinear thermal radiation. Also, the
species concentration is assumed to possess acti-
vation energy with the Arrhenius expressions.

Based on the above assumptions, the boundary layer
equations in accordance with [64] become the following:

Free surface z-aixs

Plasma

MIXING 
CHAMBER

DETAIL B 
SCALE 8 : 5

Micro-organism

Lower plate

NanoparticlesV=r/1-at U=cr/1-at

Figure 1: Schematic representation of microbe-containing circular disc microfuidics device mounted on a rotor.
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Te following boundary conditions are applied in ac-
cordance with [64]:

u �
cr

1 − at
,

v �
cΩ

1 − at
,

w � 0,

T � Ts,

C � Cs,

N � Ns,

at z � 0,
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(8)

where Ts, Cs, Ns, μ(T), k(T), and ] are the interfacial tem-
perature, concentration of self-propelling microorganism,
temperature-dependent dynamic viscosity, temperature-de-
pendent thermal conductivity, and kinematic viscosity, re-
spectively. Also, σe, β∗, g∗, B0, ρf, B(t), T∞, DT, and
τ � (ρc)p/(ρc)v represent electrical conductivity, volume sus-
pension coefcient, acceleration due to gravity, magnetic feld
strength, the density of nanofuid, time-dependent magnetic
feld, free stream temperature, thermophoretic difusion, and
coefcient of thermal difusion, while the density of conjugating
nanoparticles is given as ρp for self-propelling microorganisms
having a density of ρm with free streamN∞.we,T, C,DB, b, kr,
and Ea are the speed of the swimming cells, the temperature,
nanoparticle concentration, Brownian motion difusion, the
chemotaxis, chemical reaction, and the activation energy,
respectively.

For the energy equation, the radiative heat fux approx-
imated by the Rosseland model is employed in this study.
Now, consider that the existence trivial of thermal gradient
within the fow regime is small such that T4 may be computed
directly dependent on the function T∞. Te Taylor series
expansion could explicitly expand T4 while the trivial con-
tribution of higher-order terms decimates about T∞.

T
4

� 4T
4
∞T − T

4
∞. (9)
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Te radiative heat fux reduces to equation (10) with the
invocation of the approximation of Rosseland as follows:

qr � −
4σe

3ke

zT
4

zy
, (10)

where σe and ke are the Stefan-Boltzmann constant and the
coefcient of mean absorption, respectively. Te following
transformation variables are applied to simplify the gov-
erning equations:

ξ �

��������
Ω

](1 − at)



z,

u �
rΩ

1 − at
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2

](1 − at)3/2
χ,

T � T0 − Tref
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2

](1 − at)3/2
θ. (11)

Implementing the above variable on governing equa-
tions (1)–(6) subject to (7) and (8), we obtain the following:
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subject to the constraints with respect to the similarity
variable formulated in accordance with [65]:

F(η) � 0,

G(η) � 1,

F′(η) � α,

θ′(η) � 0,

ϕ(η) � 1,
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4

,
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asη⟶∞.

(18)

Te parameters encountered in this study are defned as
follows:

Λ � bTref

Ωr
2

](1 − at)3/2
,

A �
a

Ω
,

We �
λ1Ω
1 − at

,

M �
σB

2
0
Ωρf

,

c �
(1 − at)2β∗g 1 − C∞(  Tw − T∞( 

rΩ2
,

Gr �
ρp − ρf  Cw − C∞( 

β∗ρf 1 − C∞( T∞
,

Gc �
c
∗ ρm − ρf  Nw − N∞( 

βρf 1 − C∞( T∞
,

α �
c

Ω
,

θ0 �
Ts

T0
,

R �
4σeT

3
0

kke
,

Nb �
DBτ Cw − C∞( 

α
,

Pr �
]
α

,

Nt �
DTτ Tw − T∞( 

T∞α
,

Le �
α

DB

,

E �
Ea

K1T0
,

Ec �
]2

cp Ts − T0( 
,

Lb �
]

Dm

,

Pe �
bwe

Dm

,

N �
N∞

Nw − N∞
,

(19)

where Λ, A, We, M, c, Gr, Gc, α, θ0, R, Nb, Pr, Nt, Le, E,

Ec, Lb, Pe, andN are the variable viscosity, unsteady pa-
rameter, Deborah number, magnetic term, mixed convec-
tion parameter, buoyancy parameter, Rayleigh number,
radiation parameter, Brownian motion parameter, ther-
mophoresis parameter, Prandtl number, Lewis parameter,
Arrhenius number, Eckert number, bioconvective Lewis
parameter, Peclet parameter, and bioconvective term.

2.2. Spectral Relaxation Method. Recently, the spectral
homotopy analysis method is becoming a popular approach
directed at solving partial diferential equations largely be-
cause of the robustness and accuracy of the scheme. Sig-
nifcantly, the contribution of Motsa et al. in the
development of this technique has sustained appreciable
patronage by researchers in the feld of computational fuid
mechanics. Te author found SHAM as a convenient and
efcient scheme as it obliterates the need for ergodicity while
permitting an expanse of linear cum nonlinear operators in
the solution protocol. Te SHAM technique demands that
the design of the algorithm should be leveraged on linear
operators such that numerical solutions can be added to
intricate partial diferential equations. Te execution of
SHAM invites schemes of the standard protocol, specifcally
convergence-controlling indices, in the attempt to lighten
the constraints associated with the implementation of the
traditional Homotopy analysis method [66–69]. Te report
of Abdelmalek et al. employed SHAM to solve higher-order
Fredholm-type integrodiferential problems [70, 71].
Makukula applied SHAM to study MHD fow restrictions
over a stretching surface, while the study in [72] explored
SHAM to investigate bioconvection in plasma-mediated
nanoparticle fow under magnetic feld exposure.
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Numerical computing was implemented using a special
scheme of the homotopy analysis method known as spectral
relaxation techniques (SRM) because it is capable of pro-
viding an elaborate description of pertinent transport pa-
rameters within the spatial domain of the rotating disc. Te
choice of SRM informed by its capability of multistage re-
laxation and robust handling of nonlinear coupled difer-
ential equations [73]. Moreover, the compactness of
matrices generated is a precursor for higher accuracy of

computation in a well-coupled system of equations. Te
method employs the concept of the Gauss-Siedel relaxation
technique to decouple the system of equations. Te
decomposed equations are discretized and implemented by
the Chebyshev pseudo-spectral method. Te linear terms in
the resulting equations are computed at r + 1 while the
nonlinear terms are at r. Implementing the procedure of
SRM into the system of equations, we obtain the following:

1 +
1
β

 f
‴
r+1 + a1,rf

‴
r+1 + a2,rfr+1″ − Afr+1′ − A

ξ
2
fr+1″ + a3,rfr+1″ + a4,r + a5,rf

‴
r+1 + a6,r − 2WeA

2
fr+1′ −

7
4

Weξfr+1″ − We
ξ2

4
f
‴
r+1 + a7,r

+ a8,rfr+1′ + a9,rfr+1″ + a10,r + a11,rfr+1″ − Mfr+1′ − MWeAfr+1′ − AM
ξ
2
fr+1″ + a12,rfr+1″ + a13,r � 0,

(20)

Gr+1″ + b1,rGr+1″ + b2,rGr+1′ − MGr+1 − WeAMGr+1 −
1
2
ξAMGr+1′ + b3,rGr+1′

−
ξ
2

AGr+1′ − AGr+1 + b4,rGr+1 + b5,rGr+1′ −
1
4

WeAξ2Gr+1″ − 2WeGr+1

−
7
4
ξWeGr+1′ + b6,rGr+1′ + b7,rGr+1 + b8,rGr+1′ + b9,rGr+1′ ,

(21)

1 +
4
3

R θr+1″ + Λ1θr+1′ + c1,r + c2,r − Δθr+1 − Aθr+1′ −
3
2

Aθr+1c3,rθr+1 + c4,rθr+1′ + c5,r + c6,rθr+1′ � 0, (22)

ϕr+1″ + d1,rϕr+1′ + d2,rϕr+1 − 0.5ALePrξϕr+1′ + d3,r − 1.5ALePrϕr+1 + d4,rϕr+1 � 0, (23)

χr+1″ − 1.5ALbχr+1 − 0.5ALbξχr+1′ + e1,rχr+1′ + e2,rχr+1 + e3,r + e4,rχr+1′ � 0, (24)

subject to the boundary constraints as follows:

Ffr+1(0) � 0,

Gr+1(0) � 1,

fr+1′ (0) � α,

θr+1(0) � 1,

ϕr+1(0) � 1,

χr+1(0) � 1,

(25)

fr+1′ (∞)⟶ 0,

fr+1(∞)⟶
A

4
β,

θr+1(∞)⟶ 0,

ϕr+1(∞)⟶ 0,

χr+1(∞)⟶ 0,

(26)

where all coefcient parameters are defned as follows:

a1,r � Λ 1 +
1
β

 θr,

a2,r � Λ 1 +
1
β

 θr
′,

a3,r � −WeξAfr+1′ ,

a5,r � 2WeξAfr,

a6,r � 4Wefrfr+1′ f″ − 4Wef
2
rf
‴
r+1 + 4WeG − rGr+1′ fr+1′ ,

a4,r � WeξAGrGr
′,

a7,r � 2WeG
2
r ,

a8,r � −2WeAfr+1′ ,

a9,r � 3WeAfr,

a10,r � f′2r + G
2
r ,

a11,r � 2fr,

a12,r � −2Mfr,
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a − 13, r � c − Nrϕr − Ncχr,

b1,r � Λθr,

b2,r � Λθr
′,

b3,r � 2Mfr+1,

b4,r � −2fr+1′ ,

b5,r � fr+1,

b6,r � −WeξAfr+1′ ,

b7,r � −WeξAfr+1″ ,

b8,r � −4WeAfr+1′ ,

· b9,r3WeAfr+1

b10,r � −2fr+1fr+1′ ,

b11,r � −2fr+1fr+1″ ,

b12,r � −G
3
r+1,

b13,r � f
2
r+1,

c1,r � Do Prϕr+1″ ,

c2,r � −MEcPrf′2r+1 − MEcPrG62r+1 + EcPrF″2r+1,

c3,r � −2fr+1′ ,

c4,r � fr+1,

c5,r � PrNtθ′2r+1,

c6,r � PrNbϕr+1′ ,

d1,r � 2LePrfr+1,

d2,r � −2LePrfr+1′ ,

d3,r �
Nt

Nb
θr+1″ ,

e1,r � Lbfr+1,

e3,r � −PeNϕr+1″ ,

e4,r � −Peϕr+1′ ,

d4,r � −LePrσ∗∗ 1 + δθr+1( 
n exp −

E

1 + δθr+1
 ,

e2,r � −Peϕr+1′ .

(27)

Te Gauss-Lobatto collocation points defne the un-
known functions as follows:

ξj � cos
πj

N
 , j � 0, 1, 2, . . . , N; 1≤ ξ ≤ − 1, (28)

where N is the number of collocation points. Te domain of
the physical region [0,∞) is simplifed into [−1, 1]. Hence,
the problem is solved on the interval of [0, L] and not [0,∞).
Here, the following transformation to map the interval is
used:

η
L

�
ξ + 1
2

, −1≤ ξ ≤ 1, (29)

where L represents the scaling parameter used in imple-
menting the boundary constraints at infnity. Te following
initial approximation is chosen to satisfy the boundary
conditions in equations (17) and (18)as follows:

f0(η) � α e
−η

+ 1( ,

θ0 � ϕ0 � G0 � e
−η

.
(30)

Te choice of SRM in this study is due to its elegance and
easy computations. Tis method has been proven novel in
the literature. Te system of equations (22)–(24) can be
solved iteratively for the unknown functions starting from
the initial approximations in (29).Te iteration protocols are
presented for ur+1(y, t), ϑr+1(y, t), and φr+1(y, t) when r �

0, 1, 2. To solve the system of equations (22)–(24), the
equations are discretized with the help of the Chebyshev
spectral collocation method in the y− coordinate while the
t− component is derived over the implicit scheme of the
fnite diferencing method. Tis numerical approach is used
with the centre about a midpoint between tn+1 and tn. Te
midpoint is expressed as follows:

t
n+(1/2)

�
t
n+1

+ t
n

2
. (31)

About the centroid tn+(1/2) to the undisclosed functions,
say u(y, t), ϑ(y, t), and φ(y, t) and analogous terms reduce
to

u yj, t
n+(1/2)

  � u
n+(1/2)
j �

u
n+1
j + u

n
j

2
,

zu

zt
 

n+(1/2)

�
u

n+1
j − u

n
j

Δt
,

ϑ yj, t
n+(1/2)

  � ϑn+(1/2)
j �

ϑn+1
j + ϑn

j

2
,

zϑ
zt

 

n+(1/2)

�
ϑn+1

j − ϑn
j

Δt
,

φ yj, t
n+(1/2)

  � φn+(1/2)
j �

φn+1
j + φn

j

2
,

zφ
zt

 

n+(1/2)

�
φn+1

j − φn
j

Δt
.

(32)
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An important role of the collocation scheme is to employ
the diferentiation matrix D to invoke approximation op-
eration on the derivative of the required derivatives, which
are specifed as follows:

dr
u

dy
r � 

N

k�0
D

r
iku ξk(  � D

r
u, i � 0, 1, . . . N,

drϑ
dy

r � 
N

k�0
D

r
ikϑ ξk(  � D

rϑ, i � 0, 1, . . . N,

drφ
dy

r � 
N

k�0
D

r
ikφ ξk(  � D

rφ, i � 0, 1, . . . N,

(33)

subject to (25) and (26) where we get the following:

ur+1 �

ur+1 x0, t( 

ur+1 x1, t( 

⋮
ur+1 xNx−1

, t 

ur+1 xNx
, t 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

a0,r �

a0,r x0, t( 

a0,r x1, t( 

⋱
⋱

a0,r xNx
, t 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

ϑr+1 �

ϑr+1 x0, t( 

ϑr+1 x1, t( 

⋮
ϑr+1 xNx−1

, t 

ϑr+1 xNx
, t 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

b0,r �

b0,r x1, t( 

b0,r x2, t( 

⋱
⋱

b0,r xNx
, t 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

φr+1 �

φr+1 x0, t( 

φr+1 x1, t( 

⋮
φr+1 xNx−1

, t 

φr+1 xNx
, t 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

c0,r �

c0,r x0, t( 

c0,r x1, t( 

⋱
⋱

c0,r xNx
, t 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(34)

Te same diagonal matrix goes for
a1,r, a2,r, b1,r, b2,r, b3,r, b4,r, c0,r, and c1,r.

N1u
n+1
r+1 � H1u

n
r+1 + G1,

N2ϑ
n+1
r+1 � H2ϑ

n
r+1 + G2,

N3φ
n+1
r+1 � H3φ

n
r+1 + G3.

(35)

Te equations are susceptible to these initial conditions
and boundary conditions as follows:

ur+1 xNx, t
n

(  � ϑr+1 xNx, t
n

(  � φr+1 xNx, t
n

(  � 0,

ur+1 x0, t
n

(  � 1,

ϑr+1 x0, t
n

(  � φr+1 x0, t
n

(  � 1 + υe
nt

, n � 1, 2, . . . ,

ur+1 yj, 0  � e
−yj ,

ϑr+1 yj, 0  � φr+1 yj, 0  � e
− yj + o′ent

.

(36)

2.3. Computational Data. Te array of important thermo-
physical quantities such as skin friction, Nusselt number,
and Sherwood number parameters serving as input data for
computational investigation is contained for selected di-
mensionless variables and is illustrated in Table 1. Com-
putational values of skin friction, Nusselt number, and
Sherwood number for key fow parameters are described in
Table 2.

3. Validation of Results

Te convergence and accuracy of the present study are
verifed by comparing the results from the investigation with
the published reports of Abdelmalek et al. [64] when Λ1 �

β � Λ2 � Do � Δ � 0 at variable viscosity and thermal
conductivity. Te comparison was conducted for
A � 1.5, 1.7, 1.9, M � 0.1, 0.4, 0.7, and Gr � 0.2, 0.4, 0.8 as
shown in Tables 3 and 4.Te present study results agree with
the literature data with high accuracy in the numerical
computing procedure implemented in this work. Terefore,
these outcomes motivated the study of the efects of other
fow parameters on the complex nanofuid-mediated bac-
terium-plasma fuid.

4. Results and Discussion

Te set of transformed coupled third-order ordinary dif-
ferential equations described in equations (12)–(16) and the
boundary conditions expressed in equations (17) and (18)
were solved numerically using the spectral relaxation
method (SRM). Te contribution of changes in the various
critical parameters on velocity (1 + (1/β))f′(η), azimuthal
velocity component G(η), temperature distribution θ(η),
and concentration distribution ϕ(η) are given in a dia-
grammatic form while the Nusselt number, Sherwood
number, and skin friction are computed and tabulated. All
key parameters plotted are obtained by setting other pa-
rameters at constant values as follows:
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Table 1: Computational values of skin friction, Nusselt number, and Sherwood number for key fow parameters.

β We M Gr Gc A R Pr −f″(0) −g′(0) −θ′(0) −ϕ′(0)

1.0 1.1621 0.1639 1.0048 1.0564
2.0 1.1867 0.9065 1.0076 1.0595
3.0 1.2107 1.1721 1.0104 1.0627

0.2 1.1254 1.4417 1.0416 1.1165
0.3 1.1544 1.5509 1.0452 1.1215
0.4 1.1843 1.6635 1.0488 1.1267

0.4 2.4309 1.5260 1.0996 1.2462
0.7 2.4062 1.3608 1.0996 1.2462
0.5 2.4024 1.2251 1.0996 1.2462

0.2 1.6309 1.8406 1.3958 1.3410
0.4 1.0652 1.8919 1.3958 1.3410
0.6 2.0039 1.9990 1.3958 1.3410

0.3 1.2314 1.8014 1.0081 1.0743
0.5 1.2574 1.6118 1.0112 1.0743
0.7 1.2830 1.4244 1.0142 1.0743

0.1 1.3076 1.2918 1.0792 1.6564
0.3 1.3353 1.3914 1.0838 1.6564
0.5 1.3628 1.4981 1.0886 1.6564

0.5 1.8774 2.6832 2.0824 2.8987
1.0 1.9132 2.6757 2.0876 2.8987
2.0 1.9499 2.1516 2.0931 2.8987

0.71 2.1906 1.6775 2.1223 1.2273
3.00 2.1433 1.7063 2.1151 1.2273
7.00 1.0978 1.7409 2.1083 1.2273

Table 2: Computational values of skin friction, Nusselt number, and Sherwood number for key fow parameters II.

Ec Nt Nb So Do Pe −f″(0) −g′(0) −θ′(0) −ϕ′(0) −χ′(0)

0.01 1.6145 1.3575 1.9599 1.3254 1.6145
0.05 1.6264 1.3612 1.9601 1.3254 1.6145
0.10 1.6288 1.3653 1.9666 1.3254 1.6145

0.2 1.1621 1.1639 1.0104 1.2702 1.1266
0.4 1.1867 1.9065 1.0048 1.2702 1.8900
0.6 1.2107 1.9474 1.0076 1.2702 1.9995

0.2 1.5452 1.0382 1.1237 1.4355 1.1980
0.5 1.5676 1.7577 1.1294 1.4575 1.4577
0.8 1.5903 1.8895 1.1353 1.4791 1.6940

0.5 1.5732 1.1222 1.7285 1.2045 1.6198
1.0 1.5963 1.2471 1.7285 1.2661 1.6198
2.0 1.6198 1.3906 1.7285 1.2741 1.6198

0.3 2.4548 2.5944 2.0957 2.3635 2.0419
0.6 2.4764 2.7815 2.1019 2.6159 2.0419
0.9 2.4981 2.9805 2.1082 2.8718 2.0419

0.3 1.5586 1.7213 1.9097 1.7668 1.1460
0.5 1.5805 1.8465 1.9097 1.8134 1.3180
0.7 1.6026 1.9885 1.9097 1.8604 1.5033

Table 3: Comparison of the present study with that of Abdelmalek et al. [64] when β � 1.

Pe Lb Abdelmalek et al. [64] −χ′(0) Present study −χ′(0)

0.1 0.5716 0.5714
0.5 0.6813 0.6811
1.0 1.7900 1.8000

0.1 0.0328 0.0326
0.4 1.5480 0.5476
0.8 0.9854 0.9852
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Figure 2: Infuence of Casson parameter on the velocity, azimuthal velocity, and temperature.

Table 4: Comparison of the present study with that of Abdelmalek et al. [64] when β � 1.

[64] Present study
A M Nr −f″(0) −g′(0) −f″(0) −g′(0)

1.5 1.9986 2.5672 1.9984 2.5671
1.7 2.1149 2.6671 2.1147 2.6670
1.9 2.2282 2.7668 2.2280 2.7666

0.1 1.7531 2.3596 1.7528 2.3597
0.4 1.8619 2.4393 1.8613 2.4387
0.7 1.9646 2.5168 1.9642 2.5166

0.2 1.8696 2.4687 1.8694 2.4685
0.4 1.8967 2.4651 1.8965 2.4649
0.8 1.9239 2.4620 1.9237 2.4616
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Figure 4: Efect of magnetic parameter on the velocity distributions.
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De � 0.2

λ � 0.1,

Gc � A � 0.5,

Gr � 0.3,

α � 0.2,

Pr � 0.71,

σ � 0.2,

Nb � 0.6,

Nt � 0.3,

Lb � 0.4,

E � 0.5,

Pe � 0.4,

M � 1,

R � 0.9,

Ec � 0.01,

β � 2.0.
(37)

Figure 2 shows the rheological behaviour of plasma-
nanofuid is modelled after the Casson model denoted with
(β), for which there is the infuence of velocity distribution,
azimuthal velocity, and temperature distribution.
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Te supposition of zero rest position translated to an
increase in the value of β as an antecedent to upraise both
temperature and azimuthal velocity in the wall vicinity,
whereas a decrease is noticeable far from the wall of the
spinning disc. On the contrary, an elevation of the velocity
distribution is observed as the values of β increase. Physi-
cally, variable viscosity and thermal conductivity tend to
increase the viscosity of the complex fuid in the vicinity of
the rotating member but quickly degenerate in the far region
of the circular plate. Te result shows that growth in β
parameter produces a fast movement to fuid fow within the
circular disc because as β increases, the yield stress Py of the
Casson parameter increases while the quantity of plastic
dynamic viscosity μB degenerates.

Figure 3 illustrates the efect of Deborah number (De) on
the velocity distribution. An elevation of the velocity dis-
tribution is noticeable as the Deborah number (De) in-
creases. In experiments, if De� 0, an outcome for viscous
fuid is obtained, while De� 1, 2, 3, 4, and 5 shows a vis-
coelastic characteristic. Te Deborah number explains the

relaxation time to observation time ratio, which means that
the peak value of De is equivalent to a large relaxation time,
which prompts enhancement in velocity distribution around
the velocity feld.

Te contribution of Hartmann number (M) on mo-
mentum transport is described in Figure 4, which shows
noticeable degeneration in the velocity distribution for in-
creasing values of M. Te imposed magnetic feld trans-
versely to the electrically conducting fuid fow produces
Lorentz force, which exemplifed velocity drag-like that
retard the momentum of a conducting plasma-mediated
bacterium-containing nanofuid.

Figure 5 illustrates the impact of the unsteady parameter
(A) on the temperature distribution. Te unsteadiness in the
fuid temperature is noticeable close to the plate as the value of
the unsteady parameter increases. Physically, for a variable
viscosity and thermal conductivity, random mixing of fuid
particles causes their temperature to increase drastically.
Figure 6 illustrates the distribution of buoyancy ratio constant
(Gr) in the velocity feld, azimuthal velocity, and temperature
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distribution. An increase in the value of Gr is observed to
degenerate the azimuthal velocity but causes a drastic increase
in the velocity distribution. In addition, escalating the mag-
nitude of Gr drastically precipitates the thermal feld in the
microorganism-laden fuid, especially in the neighbourhood of
the rotating plate, while the fuid sufers thermal decay in the
far feld. Te buoyancy ratio constant acts like an upward
force, increasing the entire hydrodynamic boundary layer.

Te competing contribution of buoyancy in the bid to
induce fow by subduing friction in the vicinity of the ro-
tating circular disc is captured in Figure 7. Tis distribution
exhibits the impacts of the Rayleigh number on the velocity,
azimuthal velocity, and temperature distribution. It was
noticed that an increase in the velocity and temperature

distribution is noticeable, whereas the azimuthal velocity
profle shows a downward slope for selected cases consid-
ered. Physically, it can be inferred that the Rayleigh number
is greatly infuenced by the buoyancy force in bioconvection
analysis. Physically, it can be inferred that the Rayleigh
number is greatly infuenced by bouyant force in bio-
convection analysis with maximum variation of Gc while the
contribution of rotation feld being the azimuthal velocity
components becomes very weak.

Figure 8 illustrates the consequence of the thermo-
phoresis parameter (Nt) on the velocity, concentration, and
motile density distributions, respectively. An increase in the
velocity and concentration distribution is noticeable in the
plot because of an increase in Nt values, whereas a decrease

ζ

1.4

1.2

1

0.8

0.12
0.115

0.11

2.15 2.22 2.50.6

0.4

0

2

X 
(ζ

) X 
(ζ

)

0 2 4 6 8 10 12
ζ

1.2

1

0.8

0 .6

0.4

0.2

-0.2

0

0 2 4 6 8 10 12
ζ

F'
 (ζ

)

0 2 4 6 8 10 12
ζ

0.4
0.5

0.1
0.2
0.3

Nt

0.4
0.5

0.1
0.2
0.3

Nt

0.4
0.5

0.1
0.2
0.3

Nt

6

5

4

3

2

0

1

ϕ 
(ζ

)

Figure 8: Efect of the thermophoresis parameter on the velocity, concentration, and motile density distributions.

16 Journal of Engineering



in the motile density distribution can be observed. Te
impact of the Brownian motion parameter (Nb) on the
velocity distribution, concentration distribution, and motile
density distribution is depicted in Figure 9. As the magni-
tude of Nb increases, an increase in velocity distribution is
noticeable which translates to an over-ridden infuence of
convective thermal transport within the motile-organism
media under combined magnetic cum rotational force. Also,
an increase in Nb causes degeneration to the concentration
and motile density distribution near the plate and in the
distal area from the plate. Physically, a random collision of
fuid particles causes a decrease in fuid velocity; hence, an
increase in Nb leads to an increase in the boundary layer in
the momentum feld.

Te consequence of the population of motile microor-
ganisms on convective thermal transport is captured in
Figure 10.Te increase in Pe causes an increase in the motile
density distribution near the disc, as observed in Figure 10,
whereas a degeneration is far away from the plate. Figure 11
shows the contribution of the Eckert parameter (Ec) on the
velocity distribution, azimuthal velocity, and temperature
distribution, respectively. Te velocity alongside the tem-
perature is noticed to increase as the Eckert number esca-
lates. A decrease in the azimuthal velocity is noticeable with
the increasing quantity of the Ec parameter. Te viscous
dissipation term (Eckert parameter) portrays the relation-
ship between the fow of kinetic energy and the enthalpy,
which describe energy transformation occasioned by viscous
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stresses. Consequently, observed viscous dissipation medi-
ates streamwise thermal growth in the momentum feld.

Terefore, the thickness in the thermal and hydrody-
namic boundary layers leads to redistribution of microor-
ganisms within the fow stream towards the rotating
member of the microfuidic setup. Te efect of the radiation
parameter (R) on the velocity and temperature distributions
captured in Figure 12 illustrates an increase in the value of R,
leading to an elevation in both velocity and temperature
distributions. A nonlinear relationship between radiation
and temperature was observed which is in tandem with the

fndings in the study of Uddin and coworkers [52]. Tis is
true because of the random collision of fuid particles within
the boundary layer. Hence, radiation is signifcant in as
much R> 0(i.e., R≠ 0). Te distribution of Prandtl number
(Pr) along the thermal and momentum feld in Figure 13
describes an increase in the value of Pr, which elevates the
velocity and temperature distribution. Pr explains the re-
lationship between momentum viscosity and thermal con-
ductivity, and it coordinates the relative thickening of both
momentum and thermal layers in the heat transport anal-
ysis. At lower Pr, higher thermal conductivities and thick
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thermal boundary layer structures give room for heat to
difuse when Pr is at the peak. Figure 14 illustrates the impact
of the Prandtl parameter on the velocity feld and thermal
transport in the vicinity of the thermal boundary layer. Te
profle of this observation is in the similitude of the efect of
thermal radiation parameter on momentum and tempera-
ture felds as captured in the former plot.

5. Conclusion

Analysis of fuid transportation in rotating porous
microchannels with thermal and concentration impact has
been discussed, emphasizing modelled plasma fow in a
bacterium-containing nanofuid media. It is worth noting

that the work here focuses on the transport phenomena of
fuids in a rotating porous microchannel with the efects of
heat and mass transfer. Tis study employed similarity
variables on the formulated systems of partial diferential
equations to obtain a set of coupled nonlinear total dif-
ferential equations. Te SRM is more accurate due to its
easy computations than methods in the literature reviewed
in this study. Terefore, the choice of SRM is due to its
accuracy and elegance. Important parameters related to
thermal radiation, unsteadiness, thermophoresis, Brow-
nian motion, Eckert number, and Deborah number were
discussed using graphical data. Te viscosity and thermal
conductivity of the fuid fow are considered to vary within
the boundary layer regime.Te present outcomes show that
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the case of variable viscosity and thermal conductivity
increases the velocity distribution due to the increase in the
Casson parameter.

With the production of Lorentz force, the velocity
alongside the hydrodynamic boundary layer degenerates.
Te viscous dissipation term (Eckert number) dramatically
afects the velocity and temperature distribution, and an
increase in Ec elevated the velocity and temperature felds,
respectively. Te unsteadiness parameter was found to cause
unstable fow close to the wall and becomes normal far away
from the plate where the impact of viscosity and thermal
conductivity is minimal. In the analysis, the disc is assumed
to be stretched with variable viscosity and thermal con-
ductivity. However, difusing nanoparticles are assumed to
be situated at the rotating disk. Te concentration of
nanofuid species is taken to be high such that Soret and
Dufour’s contribution cannot be neglected [74].

Within the boundary layer region, the duo of thermal
conductivity and viscosity of the complex fuid was observed
to show ascending variation while the motile microorgan-
isms swim peripherally over the rotating disk. Augmentation
in the fow feld is occasioned by the feld imposition cum
rotating disk that showed increase in the thermal radiation
parameter which precipitates the fuid thermal condition,
thus energising propulsion in the microorganism stream.
We reported considerable growth in the thermal and hy-
drodynamic boundary layer increases is regarded as the
augmentation in bacterial-embedded fow. Te outcomes of
this study can be a useful application in the design and
development of bioreactors and microfuidic devices in
varied felds of bioengineering, biomedical, and biotech-
nology. A future outlook of this study would be to analyse
the contribution of Coriolis efect in a centrifugal micro-
fuidics paradigm.

Nomenclature

A: Unsteadiness parameter (−)
B0: Magnetic feld strength (Tesla)
B(t): Time-dependent magnetic feld (Tesla)
b: Chemotaxis (m/s)
DB: Brownian motion difusion (1/m2s)
DT: Termophoretic difusion (1/m2s)
Ea: Activation energy (J/mol)
N∞: Free stream motile density (kg/m3)
Ns: Surface motile microorganism (−)
T∞: Free stream temperature (K, °C)
C: Nanoparticle concentration (mol/dm3)
Cs: Surface concentration (mol/dm3)
E: Arrhenius chemical reaction parameter (−)
Ec: Eckert number (−)
Lb: Bioconvective Lewis (−)
Le: Lewis number (−)
Nb: Brownian motion parameter (−)
Nt: Termophoresis parameter (−)
Pe: Peclet number (−)
Pr: Prandtl number (−)
Ts: Surface temperature (K, °C)
Gc: Motile density Grashof number (−)

Gr: Mass Grashof number (−)
M: Magnetic parameter (−), Hartmann number
R: Termal radiation parameter (−)
T: Temperature (K, °C)
t: Time (s)
We: Deborah number (−)
kr: Chemical reaction (mol)
ke: Coefcient of mean absorption (−)
qr: Radiative heat fux (W/m2)
we: Speed of swimming cells (m/s)
N: Bioconvective term (m/s)
u: Velocity in the x-direction direction (m/s)
a: Coefcient parameter (unitless)
c: Nanoparticle concentration (mol/mL)
r: Chebyshev linear term (unitless)
g∗: Gravity (m/s2).

Greek Symbols

μ(T): Temperature-dependent dynamic viscosity
(m2/s)

k(T): Temperature-dependent thermal
conductivity (W/m·K)

]: Kinematic viscosity (m2/s)
σe: Electrical conductivity (S/m)
β∗: Volume suspension coefcient (m3)
β: Casson parameter (unitless)
ρf: Nanofuid density (kg·m−3)
τ � (ρc)p/(ρc)v

:
Termal difusion coefcient (m2/s)

ρp: Nanoparticle density (kg/m3)
ρm: Microorganisms mean density (kg/m3)
Λ1: Variable viscosity (1/s)
Λ2: Variable thermal conductivity (unitless)
c: Termal Grashof number (unitless)
Δ: Heat generation parameter (unitless)
ξ, θ0: Rayleigh number (unitless)
Ω: Reference concentration
η: Similarity variable (unitless)
λ: Variable viscosity parameter (1/s)
α: Termal difusivity (m2·s−1).

Subscripts/Superscripts

∗ : Superscript
0: Initial value
1: Next stage value
∞: Free stream
B: Magnetic feld strength (Am−1)
f: Dimensionless velocity (unitless)
m: Mean condition (unitless)
p: Condition relating to the nanoparticle or constant

pressure (unitless)
Ref: Reference condition (unitless)
s: Surface condition (unitless)
T: Temperature condition (K)
v: Kinematic viscosity condition
w: Velocity component in z-direction (m/s)
c: Termal buoyancy force (unitless)
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z: Direction of fow (unitless).

Abbreviations

CD: Circular-disc
CNT: Carbon nanotube
SWCNT: Single-walled carbon nanotubes
HAM: Homotopy analysis method
MHD: Magneto hydrodynamics
ODE: Ordinary diferential equation
SHAM: Spectral homotopy analysis method
SRM: Spectral relaxation method.
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