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Abstract This research communicates the thermal assessment of Sutterby nanofluid containing the

gyrotactic microorganisms with solutal and Marangoni boundaries. The applications of melting phe-

nomenon and thermal conductivity are also considered. The flow is confined by a stretched cylinder.

The prospective of Brownian motion and thermophoresis diffusions are also taken account via Buon-

giorno nanofluid model. The problem is formulated with help of governing relations and equations

which are altered into dimensionless form via appropriate variables. The numerical scheme based on

shooting scheme is employed to access the solution. A comparative analysis is performed to verify

the approximated solution. The observations reveal that the velocity profile enhanced with the Maran-

goni number while a declining velocity profile has been observed with Sutterby nanofluid parameter

and Darcy resistance parameter. The nanofluid temperature get rise with thermal conductivity param-

eter and thermal Biot number. An arising profile of nanofluid concentration is observed for concentra-

tion conductivity parameter and buoyancy ratio parameter.
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Nomenclature

T temperature

N microorganisms
T1 ambient temperature
N1 ambient microorganisms
b2 consistency index

Cp specific heat
q density
b curvature parameter

S sponginess parameter
Nr buoyancy ratio parameter
M magnetic parameter

Pr Prandtl number
Nt thermophoresis parameter
Lb bioconvection Lewis number
Me melting parameter,

Ma Marangoni ratio parameter
A2 concentration Biot number
C concentration

e flow comportment index),

C1 ambient concentration
K thermal conductivity
DB Brownian dissemination
DT thermophoresis diffusion coefficient

s ratio of operative heat capability
a1 Sutterby nanofluid parameter
a2 Darcy resistance parameter

Nc bioconvection Rayleigh number
k mixed convection parameter
Nb the Brownian motion parameter

Le Lewis number
Pe Peclet number
a Marangoni number
A1 thermal Biot number

A3 microorganism Biot number
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1. Introduction

The term ‘‘nanofluid” describes suspended nanoparticles in the

standard fluid which are use to enhance the process of mixed
heat and mass transfer. The research on nano-materials has
drawn the attention of researchers in recent decades due to their

significance in bioengineering, electrical appliances, biomateri-
als, and manufacturing and processing periods. The nano-
materials are mixture of solutions of nanometer-sized particles
with traditional fluids which was first proposed by Choi [1].

Nano-materials used in this liquid are typically made of metal,
carbon steel, and iron oxide, and also carbon nanotubes, and
typical fluids take into account water, gasoline and ethylene gly-

col, etc. The thermal conductivity of nano-materials is greater
than that of traditional fluids and consequently, solid materials
are used to improve the thermal properties of the base liquids.

The presence of solid materials in conventional fluids has now
enhanced the characteristics of heat transfer. There are many
possible uses of nanofluids for temperature difference, including
cooling systems, pharmaceutical procedures, hybrid-powered

motors, chillers, temperature reduction, microchips, domestic
refrigerators, and fuel cells. They show the growth of thermal
conductivity and the coefficient of thermal energy transfer rela-

tive to continuous phase fluids. Several scientists and researchers
have worked with fluids containing various nano-materials,
such as nanostructures, platinum, copper, nitrides, titanium

dioxide, carbon graphite, copper oxide, carbides, and silicon
dioxide with different base fluids. Buongiorno [2] precisely
explored the two irregular slip processes, Brownian motion dif-

fusion, and thermophoresis impact, to increase the convective
rate of thermal energy transfer. Islam et al. [3] investigated the
motion of the MHD and the heat transfer of the micropolar
water nanofluid between the two surfaces of the rotating pro-

cess. Alempour et al. [4] investigated the effect on the nanofluid
flow activity and the heat exchange of the ellipsoid aspect ratio
as well as the rotating of the tube wall. Ghalambaz et al. [5]

examined the heat transfer pattern in vertical plate with suspen-
sion of nanoparticles.
Naga Santoshi et al. [6] carried out a computationalmodel of
3D Casson and Carreau nano-liquids flow through an expan-

sion layer for slip effects. Wang et al. [7] also developed the
method of heat exchangers for the creation or degradation of
the nanofluid flow Boil heat transfer through the starched sur-

face. Acharya et al. [8] presented a numerical frame work for
unsteady stretched flow of nanofluid subject to the non-
uniform hear source. In another contribution, Acharya et al.

[9] addressed the solar applications of magneto-nanofluid con-
taining the gyrotactic microorganisms. Das et al. [10] inspected
the variable thermal aspects of nanofluid configured by a mov-
ing wedge in presence of surface slip. Acharya et al. [11] pre-

sented a statistical analysis for the multiple slip flow of higher
order nanofluid. The radiative transport of nanofluidic confined
by a bended surface with additional impact of convective con-

straints was worked out by Acharya [12]. Tlili et al. [13] test
the three-dimensional Powell Eyring flow of nanofluid through
the porous channel of Darcy Forchheimer. Amjad et al. [14]

inspected the curved surface on which micropolar nano-
liquids flow is expelled to observe the work of these flows and
the production of heat through a stretched layer. Atashafrooz
et al. [15] have studied the effects of the heat transfer rate and

Brownian diffusion on the thermal properties of the nanofluid
flow toward the inclined step throughout the life of the axial
magnetosphere. Mir et al. [16] investigate the results of the Sut-

terby nano-liquids flow deformed by a linearly stretchable sur-
face. Nawaz et al. [17] explored the effect of hybrid
nanoparticles in the thermal efficiency of Sutterby fluids. Bilal

et al. [18] investigated the implications of the heat and mass
transfer of the Sutterby fluid by assessing the influence of the
magnetic field.Hassan et al. [19] presented an experimental anal-

ysis regarding the hybrid nanofluid flow.Hosseinzadeh et al. [20]
identified the thermal properties of hybrid nano-particles by
using MoS2-TiO2 nanoparticles. In another contribution, Hos-
seinzadeh et al. [21] accessed the characteristics on hybrid nano-

fluid subject to the thermal radiation and octagonal porous
medium space.Mahanthesh et al. [22] focused on thewedge flow
of hybrid nanofluid.
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The process of bioconvection arises based on the average
upward migration of microorganisms, which have been denser
than the base fluid. The definition of bioconvection refers to

the activity of a motile gyrotactic microorganism that says
about macroscopic motions. Suspensions of a denser outer sur-
face grow into unstable due to microorganisms collapsing to

cause bioconvection. There are two groups of microorganisms:
reduced organisms and oxytactic organisms. Microorganisms
have undoubtedly played an essential role in the advancement

of human life, especially because of medical applications.
Without the use of microorganisms, life is difficult to lead.
These species are too rare to be seen even by an efficient micro-
scope, but they are ideal for the environment. Microorganisms

are involved in the processing, production, and environmental
mechanisms of bio-fuels, enzymatic biomaterials, mass trans-
port, biotechnology, and biological engineering. Platt [23] first

introduced this concept of bioconvection and studied revolving
polygonal actions in compact Tetrahymena communities. Ples-
set and Winet [24] studied the bioconvection of Rayleigh-

Taylor instability. Kuznetsov [25] identified the key investiga-
tions for the stabilization of nano-materials, namely biocon-
vection motile microorganisms. Chu et al. [26] investigated

the nonlinear thermal radiation and heat-absorbing/
generating properties of the nanofluid, such as the motile
microorganism, through a bi-directional rotating surface.
Islam et al. [27] found an improvement in heat transfer for

non-Newtonian nanofluids with motile microorganisms,
MHD, and thermal radiation on the stretch sheet. Khan
et al.[28] investigated the production of Entropy comprising

gyrotactic microorganisms and 2-D steady-state non-
Newtonian Oldroyd-B nano-materials employing Cattaneo-
Christov heat and mass transfer mechanism over the porous

chanel. Waqas et al. [29] measured the process of the bio-
convective swimming microorganism in the 2-D constant flow
of viscoelastic nano-materials to the vertical surface. Ferdows

et al. [30] discussed the concept of nanofluid stability by expo-
nential and increasing cylindrical, comprising of motile gyro-
tactic microorganisms. Sajid et al. [31] a double-diffuse,
hyperbolic nano-liquids tangent analysis involving motile

microorganisms and megnetohydrodynaimcs over a stretching
sheet. Many investigators are interested in the bioconvection
of swimming motile microorganisms as seen in Refs. [32–35].

Aly et al. [36] examined the boundary layer flow for megneto-
hydrodynaimcs and the power-law nano-liquids composed of
gyrotactic motile microorganisms over the exponentially

expanded surface, like zero nanoparticles mass flux and con-
vective warming. Rana et al. [37] examined the transverse
swimming of nanofluid with the magnetic field and partial slip-
page, and the significance of Newtonian heating over such a

mixed convective heat transfer. Sajid et al. [38] identified the
influences of metal nanoparticles, along with bio-convective
microbes, on the radiative Reiner-Philippoff fluid due to the

stretch sheet. Haq et al. [39] investigated the behavior of mixed
convective MHD fluid flow of Eyring-Powell nanofluid caus-
ing gyrotactic motile microorganisms in the stretched surface.

Shahid et al. [40] investigated the effects of swimming microor-
ganisms on nanofluid MHD with Darcy law through the
extension of the surface. Mogharrebi et al. [41] presented a bio-

convection of nanofluid based on oxytactic microorganisms
confined by rotating cone. Hosseinzadeh et al. [42] analyzed
the three-dimensional analysis for cross nanofluid along with
motile gyrotactic microorganisms.
The non-Newtonian materials are preferable over viscous
fluid in various physiological, industrial and engineering pro-
cesses due to their multidisciplinary nature. Owing to the well

justified fact that the non-Newtonian materials cannot be
defined via single relation, therefore distinct constitutive rela-
tions are suggested in the literature for incorporating the rhe-

ological properties. Among such non-Newtonian materials, the
Sutterby fluid is one which successfully represents the high
polymer aqueous solutions. This model reflects the viscosity

data of variety of polymer melts and polymer solutions. This
interesting aspect of this viscous model is it represents the
properties of non-Newtonian fluids. This model was originally
proposed by Sutterby by investigating the convective heat

transfer features from upright iso-thermal shell to the Sutterby
fluid [43]. Akbar [44] presented the mathematical modeling for
Sutterby fluid in stenosed arteries. Hayat et al. [45] discussed

the peristaltic flow of Suterby fluid in presence of porous
space. Abbas et al. [46] numerical worked out the pulsatile flow
of Sutterby fluid in an inclined arterial stenosis.

The Marangoni phenomenon appeared due to the mass
transportation of surface tension confined by two fluids inter-
face. This phenomenon is also termed as thermo-capillary con-

vection when it depends upon temperature. James Thomson
introduced this phenomenon first time in 1855 [200]. The sur-
rounding fluid particles dragged in a region where the surface
tension is relatively higher. The migration of fluid particles

from higher surface tension to low surface tension is due to
the gradient. The gradient of surface tension is associated with
the concentration or temperature gradient. The Marangoni

effects captured many practical applications like convection
cell, crystal growth, soap films stabilization, Benard cell con-
vection, electron beam melting of metals etc [47–49].

The literature survey presented that a variety of research
has been presented deals with the bioconvection flow of nano-
fluid in presence of various flow features. However, the ther-

mal properties of Sutterby nanofluids containing the
gyrotactic microorganisms with Marangoni boundaries have
not been presented in the scientific literature. This communica-
tion aims to fill this research gap. In order to make the analysis

more versatile and interesting, the thermal conductivity and
solutal concentration conductivity are assumed as variable.
The interesting Brownian and thermophoretic aspects of flow

problem are addressed by using Buongiorno nanofluid model.
The problem expressed in dimensionless form is numerical
tackled with shooting procedure. The present bio-convective

thermal nanofluid model conveys many applications in various
thermal engineering problems, heating and cooling/cooling
systems, bio-medical applications, biomedicine, cancer treat-
ment, manufacturing engineering, bio-fuels, enzymes [50,51].
2. Problem formulation

2.1. Physical consideration:

A two-dimensional flow of Sutterby nanofluid in presence of

gyrotactic microorganisms confined by a stretching cylinder
has been presented. The applications of Marangoni and solutal
boundaries,magnetic force andmelting heat transfer are consid-

ered. The flow has been assumed to be steady and incompress-
ible. Moreover, the magnetic field is along the r-direction and
fluid flow along the z-direction both are perpendicular to each
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other. The induced magnetic field and electric field effects are
not incorporated under to low magnetic Reynolds number
assumptions. The Brownian and thermophoretic prospective

of nanofluid are defined by incorporating the Buongiorno
model. TheDarcy resistance is also taken into account. The flow
is induced towards the cylinder having the stretching velocity

Uw zð Þ as shown in Fig. 1. Let T be nanofluid temperature, C
be concentration and N reflects the microorganisms density.
The nanofluid attained constant surface temperature Tw, con-

centration Cw and motile densityNw. The variable thermal con-
ductivity and solutal concentration are assumed. The nanofluid
temperature, concentration andmotile density at free stream are
symbolized with T1;C1 and N1; respectively. The velocity

component u is assumed along r� direction while velocity com-
ponent v along z� direction.

2.2. Basic governing equations

In view of the above postulations, the governing equations of
the proposed model are [53]:

Conservation of mass:

@u

@r
þ u

r
þ @w

@z
¼ 0; ð1Þ

Conservation of momentum:

u
@w

@r
þ w

@w

@z
¼ m�

2

@2w

@r2
þ m�

2r

@w

@r
� m�eb2

4

@w

@r

� �2
@2w

@r2

� rB2
0

qf

uþ Rz

qf

þ 1

qf

1� Cf

� �
qfb

��g� T� T1ð Þ
� qp � qf

� �
g� C� C1ð Þ

� N�N1ð Þg�c qm � qf

� �
2
64

3
75; ð2Þ

Conservation of energy:
Fig. 1 Physical vi
u
@T

@r
þ w

@T

@z
¼ 1

qcp

@

@z
k Tð Þ @T

@z

� �
þ K

qCp

� �
f

@2T

@r2
þ 1

r

@T

@r

� �

þ s DB

@C

@r

@T

@r
þ DT

T1

@T

@r

� �2
" #

; ð3Þ

For variable thermal conductivity, we use:
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Conservation of concentration:
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For variable concentration relations, let us introduce:
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Conservation of microorganisms:
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The appropriate boundary constraints are [53]:
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ew of the flow.
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The physical variables are e (flow comportment index), T1
(ambient temperature), C1 (ambient concentration), N1 (am-

bient microorganisms), k (thermal conductivity), b2(consis-
tency index), DB (Brownian dissemination), Cp (specific

heat), DT (thermophoresis diffusion coefficient), q (density)
and s (ratio of operative heat capability).

2.3. Similarity transformation

To explain the proposed equations, the following appropriate
dimensionless variables are imposed into the basic main equa-

tions [53]:

u ¼ �
ffiffiffiffiffiffiffi
v�U0

l

q
R
r
f fð Þ;w ¼ U0z

l
f0 fð Þ; f ¼

ffiffiffiffi
U0

v� l

q
r2�R2

2R

	 

;

h fð Þ ¼ T�T1
Tw�T1

;/ fð Þ ¼ C�C1
Cw�C1

; v fð Þ ¼ N�N1
Nw�N1

:

9=
;; ð9Þ

The dimensionless velocity field, dimensionless temperature
field, non-dimensional concentration field and dimensionless
microorganism field are f; h; / and vrespectively.

ð1þ 2bfÞf000 þ 2ff00 � 2f 02 � a1
2
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where b ¼ 1
R

ffiffiffiffi
v� l
U0

q	 

is the curvature parameter, a1 ¼ eb2U3

0
z2

l3v�

	 

is

Sutterby nanofluid parameter, S ¼ v� l
k�U0

	 

is sponginess param-

eter, a2 ¼ eb2U2
0
z2

l2k�

	 

is Darcy resistance parameter,

Nr ¼ qp�qfð Þ Cw�C1ð Þ
qf 1�C1ð Þ Tw�T1ð Þb�

� �
is buoyancy ratio parameter,

Nc ¼ c�� qm�qfð Þ Nw�N1ð Þ
qf 1�C1ð Þ Tw�T

�
1

� �
b

� �
is bioconvection Rayleigh number,

M ¼ rB2
0

qaxn�1

	 

is the magnetic parameter, and

k ¼ b�g 1�C1ð Þ Tw�T1ð Þl
mþ1ð Þu2e

	 

is mixed convection parameter, Pr ¼ v

a

� �
is the Prandtl number, Nb ¼ sDB Cw�C1ð Þ

m

	 

is the Brownian

motion parameter, Nt ¼ sDT Tw�T1ð Þ
T1m

	 

is the thermophoresis

parameter, Le ¼ a
DB

	 

is Lewis number, Lb ¼ m

Dm

	 

is biocon-

vection Lewis number andPe ¼ bWc

Dm

	 

is Peclet number

The boundary conditions in dimensionless form are:
Meh 0ð Þ þ Prf 0ð Þ; f0 fð Þjf¼0 ¼ �1a 1þMað Þ;
h0 0ð Þ ¼ �A1 1� h 0ð Þð Þ;/0 0ð Þ ¼ �A2 1� / 0ð Þð Þ;

v0 0ð Þ ¼ �A3 1� v 0ð Þð Þ; at f ¼ 0

f ! 0; h ! 0;/ ! 0; v ! 0 as f ! 1

9>>>=
>>>;
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Here Me ¼ cp T1�Tmð Þ
kþcs Tm�T0ð Þ

	 

is the melting parameter, a ¼ cTA

lX

ffiffiffi
X
c

q	 

is Marangoni number, and Ma ¼ cCB

cTA

	 

is Marangoni ratio

parameter, A1 ¼ hf
k

ffiffiffiffiffiffiffiffiffiffiffiffiffi
2m
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q	 

is thermal Biot number,

A2 ¼ hg
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is concentration Biot number,
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2m
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q	 

is microorganism Biot number.
3. Numerical solution

Eqs. (11)–(14) with boundary conditions (15) are solved
numerically by using famous shooting technique by using
MATLAB computational software. Since these equations are
nonlinear and coupled in nature therefore the exact solution

is not possible. The shooting mthod is the most efficient tech-
nique to compute the numerical approximation of such type of
highly nonlinear problems. This method shows excellent solu-

tion accuracy and does not consist of any complicated dis-
cretization like other numerical schemes. The accuracy of
this numerical is also found to be excellent. In order to simu-

lates the flow problem via this iterative technique, let us
assume:
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Table 1 A comparative analysis for obtain numerical results with work of Akbar et al. [51], Taimoor et al. [52] and Bilal et al. [53]

when a1 ¼ b ¼ S ¼ k ¼ a1 ¼ 0:

M Akbar et al. [51] Taimoor et al. [52] Bilal et al. [53] Present results

0.0 1.0000 1.0000 1.0000 1.0000
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Fig. 3 Impact of a1 and a2 on f 0.
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4. Solution verification

The solution verification for current modeled flow problem is
accessed by comparing the results with work of Akbar et al.
[51], Taimoor et al. [52] and Bilal et al. [53] as a limiting case

in Table 1. A desirable solution accuracy of obtained solution
is noticed with these investigations.

5. Discussion

In this section, we will scrutinize obtained the graphical results
of Sutterby nanofluid confined by stretching cylinder with the

Melting phenomenon. The influence of various flow parame-
ters is examined with help of various graphs. Fig. 2 shows
the behavior of bioconvection Rayleigh number Nc and Mar-

angoni number a on velocity distribution f0: It can be noticed
that the increasing values of Marangoni number a causes an

intensifying velocity distribution f0. Physically, the Marangoni
number presented the comparative analysis for transportation
rate due to Marangoni flow and diffusion transportation rate.

The higher values of a results a progressive Marangoni flow
due to which velocity increases. However, a declining change
in velocity is observed with bioconvection Rayleigh number

Nc: The physical explanation for such declining behavior is
due to presence of buoyancy forces due to bioconvection
which retarded the fluid velocity effectively. Fig. 3 is prepared
to describe the characteristics of Sutterby nanofluid parameter

a1 and Darcy resistance parameter a2 on f0. Both parameters
effectively reduce the fluid velocity. Physically, the decrement

in velocity for higher values of a2 is due to the fact that Darcy
0 2 4 6 8
0

0.5

1

1.5

2

f

Nc=0.1,0.8,1.6,2.2
=0.2,0.3,0.4,0.5

Fig. 2 Impact of Nc and a on f0.
resistance parameter is associated with the permeability of por-

ous medium. Due to higher permeability of porous space, the
velocity of nanofluid reduces. Fig. 4 is indicated to show the
influence of the Marangoni ratio parameter Ma and buoyancy

ratio parameter Nr over the fluid velocity f0. The highest values
of Marangoni ratio parameter Ma causes an increasing veloc-
ity distribution while an enhancing values of Nr result a decay-

ing f0. Fig. 5 is prepared to examine the influence of melting

parameter Me as well as mixed convection parameterk on f0.
It can be noticed that the greater value of melting parameter
Me improves the fluid velocity. Moreover, the fluid velocity

f0 enhanced for mixed convection parameter k. The higher
0 2 4 6 8
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Fig. 4 Impact of Ma and Nr on f 0.
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numerical variation of mixed convection parameter attributes
larger buoyancy forces which significantly improve the veloc-
ity. In order to show the variation of Prandtl number Pr and

thermal conductivity parameter 21 on nanofluid temperature
h, Fig. 6 is plotted. It is observed that the enhancing 21 results
a decrement in h. However, the nanofluid temperature gets

decreasing trend with Prandtl numberPr. Physically, the larger
values of Pr accomplish less thermal diffusivity which turns
down nanofluid temperature. Fig. 7 gives the influence of ther-

mal Biot number A1 on h. It can be noticed that the greater
value of thermal Biot number A1 improves the thermal field
of species h. In fact, thermal Biot number is physically related
to the coefficient of heat transfer which is responsible to

improve the temperature. This figures also incorporates the
change in h due to thermophoresis parameter Nt. The nano-
fluid temperature h get enhanced for enlarge values of ther-

mophoresis parameter Nt. The thermophoresis mechanism
discloses the movement of nanoparticles towards the surface
of lower temperature from heated surface due to temperature.

This migrated phenomenon makes variation in nanofluid tem-
perature. Fig. 8 is disclosed to examine the consequence of
concentration conductivity parameter 22 and buoyancy ratio

parameter Nr on concentration field of species/. From this
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Fig. 6 Impact of Pr and 21 on h.
figure, it is observed that the concentration field of species /
show increasing change with both 22 and Nr. Fig. 9 aims to

examine the consequence of curvature parameter b and con-
centration Biot number A2 on concentration field of species
/. It is observed that the concentration field of species/ get
increases for curvature parameter b and concentration Biot

number A2. Fig. 10 is designed to securitize the behavior of
Brownian motion parameter Nb and thermophoresis parame-
ter Nt on /. The profile of concentration field of species / is

enhanced for larger thermophoresis parameter Nt and Brown-
ian motion parameter Nb. Fig. 11 is achieved to display the
characteristics of Prandtl number Pr and Lewis number Le

against concentration field of species/. The growing values
of Prandtl number and Lewis number Le reduce the concentra-
tion field of species/ Physically, the Prandtl number Pr repre-

sents the ratio between the thermal conductivity to the thermal
diffusivity. Consequently, higher values of Prandtl number
lead to reduced thermal diffusivity in addition to weaker val-
ues of declined diffusivity appear. The declining variation in

concentration associated with larger values of Lewis number
is due to the fact that Lewis number attained reverse relation
with mass diffusivity. The higher values assign to Lewis num-

ber predict the lessened mass diffusivity which control the
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nanofluid concentration.. Fig. 12 is captured to illustrate the
influence of Peclet number Pe and bioconvection Lewis num-
ber Lb on microorganism’s field v. It is noted that microorgan-
ism’s field v get retarded by enlarging the estimation of Peclet

numberPe. The reverse relation of Peclet number with motile
diffusivity refeltcs a declining microorganism’s profile. From
this figure, it can be also noticed larger bioconvection Lewis

numberLb decrease the microorganism’s field v. Fig. 13 reveals
the impact of microorganism Biot numberA3and curvature
parameter b via microorganism field v. Here concentration

of microorganism distribution v is boosted up by growing
the amount of microorganism Biot number A3and curvature
parameter b.

6. Physical quantities

Table 2 shows the aspect of flow parameters on the local skin

friction coefficient. The local skin friction coefficient rises for

higher variations Nr;Nc;Me;S and f00 0ð Þ declines for larger
variationsk.The numerical estimations of local Nusselt num-

bers via different flow parameters are shown in Table 3. It
can be depicted that the local Nusselt number decreases for



Table 3 Numerical results of �h0 0ð Þ versus flow parameters.

Flow parameters Local Nusselt number

M k Me Pr A1 Nr Nc b Nb Nt �h0 0ð Þ
0.1

0.7

0.7

0.2 0.5 2.0 0.3 0.1 0.1 0.3 0.2 0.3 0.1829

0.1816

0.1804

0.5 0.1

0.3

0.7

0.5 2.0 0.3 0.1 0.1 0.3 0.2 0.3 0.1810

0.1814

0.1820

0.5 0.2 0.1

0.3

0.7

2.0 0.3 0.1 0.1 0.3 0.2 0.3 0.1771

0.1791

0.1832

0.5 0.2 0.5 3.0

4.0

5.0

0.3 0.1 0.1 0.3 0.2 0.3 0.1949

0.2034

0.2092

0.5 0.2 0.5 2.0 0.1

0.4

0.7

0.1 0.1 0.3 0.2 0.3 0.0821

0.2133

0.2761

0.5 0.2 0.5 2.0 0.3 0.2

0.4

0.6

0.1 0.3 0.2 0.3 0.1812

0.1811

0.1820

0.5 0.2 0.5 2.0 0.3 0.1 0.2

0.4

0.6

0.3 0.2 0.3 0.1811

0.1809

0.1808

0.5 0.2 0.5 2.0 0.3 0.1 0.1 0.1

0.4

0.7

0.2 0.3 0.1836

0.1800

0.1767

0.5 0.2 0.5 2.0 0.4 0.1 0.1 0.3 0.1

0.3

0.5

0.3 0.1831

0.1793

0.1754

0.5 0.2 0.5 2.0 0.4 0.1 0.1 0.3 0.2 0.1

0.4

0.7

0.1851

0.1792

0.1728

Table 2 Numerical results of �f00 0ð Þ versus flow parameters

Flow parameters Local skin friction coefficients

M k Me S Nr Nc b �f00 0ð Þ
0.1

0.7

0.7

0.2 0.5 0.3 0.1 0.1 0.3 0.1379

0.1545

0.1685

0.5 0.1

0.3

0.7

0.5 0.3 0.1 0.1 0.3 0.1618

0.1570

0.1474

0.5 0.2 0.1

0.3

0.7

0.3 0.1 0.1 0.3 0.1525

0.1558

0.1630

0.5 0.2 0.5 0.1

0.4

0.7

0.1 0.1 0.3 0.1103

0.1764

0.2161

0.5 0.2 0.5 0.3 0.2

0.4

0.6

0.1 0.3 0.1597

0.1605

0.1601

0.5 0.2 0.5 0.3 0.1 0.2

0.4

0.6

0.3 0.1600

0.1612

0.1625

0.5 0.2 0.5 0.3 0.1 0.1 0.1

0.4

0.7

0.1636

0.1800

0.1767

Bioconvection analysis for Sutterby nanofluid over an axially stretched cylinder 4671



Table 4 Numerical results of /0 0ð Þ versus flow parameters

Flow parameters Local Sherwood number

M k Me Pr Le Nr Nc b A2 Nb Nt �/0 0ð Þ
0.1

0.7

0.7

0.2 0.5 2.0 2.0 0.1 0.1 0.3 0.4 0.2 0.3 0.2750

0.2742

0.2736

0.5 0.1

0.3

0.7

0.5 2.0 2.0 0.1 0.1 0.3 0.4 0.2 0.3 0.2739

0.2741

0.2745

0.5 0.2 0.1

0.3

0.7

2.0 2.0 0.1 0.1 0.3 0.4 0.2 0.3 0.2703

0.2721

0.2759

0.5 0.2 0.5 3.0

4.0

5.0

2.0 0.1 0.1 0.3 0.4 0.2 0.3 0.2924

0.3046

0.3134

0.5 0.2 0.5 2.0 3.0

4.0

5.0

0.1 0.1 0.3 0.4 0.2 0.3 0.2975

0.3119

0.3219

0.5 0.2 0.5 2.0 2.0 0.2

0.4

0.6

0.1 0.3 0.4 0.2 0.3 0.2740

0.2738

0.2736

0.5 0.2 0.5 2.0 2.0 0.1 0.2

0.4

0.6

0.3 0.4 0.2 0.3 0.2740

0.2737

0.2734

0.5 0.2 0.5 2.0 2.0 0.1 0.1 0.1

0.4

0.7

0.4 0.2 0.3 0.2776

0.2723

0.2675

0.5 0.2 0.5 2.0 2.0 0.1 0.1 0.3 0.1

0.3

0.7

0.2 0.3 0.0843

0.2192

0.4037

0.5 0.2 0.5 2.0 2.0 0.1 0.1 0.3 0.4 0.1

0.3

0.5

0.3 0.2480

0.2826

0.2894

0.5 0.2 0.5 2.0 2.0 0.1 0.1 0.3 0.4 0.2 0.1

0.4

0.7

0.2895

0.2672

0.2505
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larger estimations M;Nt;Nt while it booms for the remaining
parameter. Furthermore, the greaterk and Pradvance the heat

transfer. Table 4 scrutinizes the variation in local Sherwood

number �/0 0ð Þagainst different parameters. From this study,

it can be investigated that the local Sherwood number

�/0 0ð Þ is rising M;Nr;b. It is also observed that Me and A2

influences augment the local Sherwood number�/0 0ð Þ. From
Table 5 the numerical estimation of local microorganism’s
density number scrutinized that it intensifies for Lb;Pe; while
it diminishes with b. Also, variations of microorganism density
number are boosted up with A3.

7. Concluding observations

The two-dimensional flow of Sutterby nanofluids over a
stretching cylinder is scrutinized in the presence of bioconvec-
tion and swimming microorganisms. The effect of bio-
convectional flow analyzed with thermal conductivity. The

Marangoni and solutal boundaries with melting phenomenon
are considered as a novelty. The shooting algorithm is imposed
in order to achieve the numerical computations. Key observa-
tions of investigations are as follows:

� Velocity profile enhanced by amplification in the values of
mixed convection parameter and Marangoni ratio parame-

ter while opposite nature is noticed for the buoyancy ratio
parameter.

� Change in Sutterby nanofluid parameter and Darcy resis-

tance parameter effectively controls the motion of fluid
particles.

� The thermal of species is boom up by increasing the amount
of thermal conductivity and thermal Biot number.

� The concentration of species boomed for higher concentra-
tion Biot number and buoyancy ratio parameter.

� An arising change in concentration is noticed with curva-

ture parameter and concentration conductivity parameter.
� Microorganism’s field is decreased for distinguished magni-
tudes of Peclet number and bioconvection Lewis number.

� Themicroorganismprofile get enhancedwithmaximumvari-
ation of Biot number and bioconvection Rayleigh number.



Table 5 Numerical results solutions �v0 0ð Þversus flow parameters.

Flow parameters Local microorganism number

M k Me Lb Pe Nr Nc b A3 �v0 0ð Þ
0.1

0.7

0.7

0.2 0.5 1.0 0.1 0.1 0.1 0.3 0.4 0.2295

0.2276

0.2261

0.5 0.1

0.3

0.7

0.5 1.0 0.1 0.1 0.1 0.3 0.4 0.2269

0.2273

0.2282

0.5 0.2 0.1

0.3

0.7

1.0 0.1 0.1 0.1 0.3 0.4 0.2221

0.2246

0.2296

0.5 0.2 0.5 2.0

4.0

6.0

0.1 0.1 0.1 0.3 0.4 0.2661

0.2997

0.3165

0.5 0.2 0.5 1.0 0.2

0.4

0.6

0.1 0.1 0.3 0.4 0.2315

0.2399

0.2477

0.5 0.2 0.5 1.0 0.1 0.2

0.4

0.6

0.1 0.3 0.4 0.2271

0.2270

0.2268

0.5 0.2 0.5 1.0 0.1 0.1 0.2

0.4

0.6

0.3 0.4 0.2270

0.2269

0.2261

0.5 0.2 0.5 1.0 0.1 0.1 0.1 0.1

0.4

0.7

0.4 0.2227

0.2292

0.2349

0.5 0.2 0.5 1.0 0.1 0.1 0.1 0.3 0.1

0.3

0.7

0.0842

0.1911

0.2997
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