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Abstract
The intention of the current flowmodel is to investigate the significance of bioconvection in
stagnation point flowof third grade nanofluid containingmotilemicroorganisms past a radiative
stretching cylinder. The impacts of activation energy and stagnation pointflow are also considered. In
addition the behavior of thermophoresis diffusion andBrownianmotion are observed. Nanofluid can
be developed by dispersing the nanosized particles into the regularfluid.Nano-sized solidmaterials
for example carbides, grephene,metal and alloyedCNThave been utilized for the preparation of
nanofluid. Physically, regular fluids have low thermal proficiency. Therefore, nano-size particles can
be utilized to enhance the thermal conductivity of the hostfluid.Nanofluids havemany features in
hybrid power engine, heat transfer, and can be used in cancer therapy andmedicine. The formulated
systemofflowproblems are transformed into dimensionless coupled ordinary differential expressions
system via appropriate transformation. The systems of converted governing expressions are computed
numerically by employingwell known bvp4c solver inMATLAB software. The outcomes of emerging
physical flowparameters on the velocity profile, volumetric concentration of then nanoparticles,
rescaled density of themotilemicroorganisms andnanofluid temperature are elaborated graphically
and numerically. Furthermore, velocity of third-grade fluid intensifies for higher values of third-grade
fluid parameter andmixed convection parameter while opposite behavior is detected for buoyancy
ratio parameter andmixed convection parameter. Temperature distribution grows for higher
estimation of temperature ratio parameter and Biot number.Higher amount of Prandtl number and
Lewis number decreases the concentration of nanoparticles. Concentration ofmicroorganisms
reduces by growing the values of velocity ratio parameter and bioconvection Lewis number.

1. Introduction

The nanofluids are fourth generation typefluid. Themain elements of nano-suspension are nanoparticles in
the basefluids such as water, ethylene glycol and gases. Nanoparticles are normally 1–100 nm in thickness.
Nanoparticles are particularly used to improve the heat proficiency of basefluid.Nanofluids are administrating
agents of drugs in dirty areas of the human body. Self-propagating drug structures are used to remove blood clots
in sensitive areas such as the brain, leg, back. The essentiality of a nanofluid is due to its unique thermophysical
properties. Nanofluids have significant industrial impacts. For example, electronic chip cooling, hybrid
powered devices, advanced nuclear systems, photoelectric liquid heating,microchips, strongmagnets and
optoelectronics have attracted exceptional excitement due to their wide range of applications. In relation to the
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applications, the adherents investigated the effects of heat radiation on the nano-lyric flow. The thermal
radiation effectmay also be important if the coefficients for convective heat transfer are high. A great deal of
effort has beenmade in recent years to improve heat efficiency and cooling. The appropriate coolingmethod is
critical for a number of consequences, such as PCs, engines and power devices. Nanoparticles typically contains
carbon annotates, oxides,metals, and carbides. Nano-fluids are useful for awide range of applications, including
heat exchangers, refrigerators, storage devices and cooling systems, nuclear reactors and computer processors.
Choi [1] demonstrated theword nanoparticles inundatedwith normal liquids and conducted first nanofluid
study. Buongiorno [2] introduced amore detailedmodel that includes all nanotechnology-based fluidswith
higher thermal properties. Alamri et al [3] used the FourierHeat FlowPrinciple to investigate the effects ofMHD
on second grade fluid over stretching cylinders. Khan et al [4] analyzed the 2nd order slip flow impact in viscous
fluid over a stretched disk. The features of hydromagnetic second order slip with nonlinear convection in
nanofluid over rotating disk are scrutinized byAbbas et al [5].Wang et al [6] discussed the three dimensional
flowofOldroyd-B nanofluidwith homogeneous/heterogeneous catalytic reaction.Muhammad et al [7]
analyzed themagnetic and electrically conducting fluid behavior over a curved surface by use entropy
generation. Khan et al [8] scrutinized theMHDflowof casson fluid over a stretched surface in the presence of
homogeneous and heterogeneous reactions. Khan andAlzahrani [9] analyzed themagneto-Jeffrey fluid over a
curved surfacewith joule heating impacts. Hayat et al introduced the effect of Cattaneo-Christov heatflux and
thermal conductivity in stagnation pointflowof nanofluid across a variable thicked surface [10]. Further
contributions on nanomaterials fluxes are found in the [11–14].

A number of non-Newtonian identities lead to investigate i.e. themysterious natural fluid rheology. Non-
Newtonian liquids are grouped into three categories i.e. differential, integral and concentrated. Third-grade
liquid is used to disclose the effects of both the shear thickening phenomenon and the dilution. Third-grade
mathematicalmodel ismore realistic exploration of the behavior of non-Newtonian fluids. Thismodel also
offers further study of the structure of non-Newtonian fluidflows. By earlier decades, an impact of potential
applications in industry and technology third grade fluid captured the interest of several researchers. The
governing equations in the third-degree fluidmodel are non-linear and farmore complex than those for
Newtonianfluids. This is worth noting. Thus, equations needmore limits to provide a physically practical
solution. Due to their sundry rheological properties, the nature of non-Newtonian fluids cannot be investigated
by a single constituent relationship. For this liquid, there is a non-linear relationship between shear rate and
shear stress. In the light of this literature review, we proposed amathematicalmodel for third-grade fluidflow
with gyrotacticmicro-organisms. This research focuses on the effects ofmagnetic field, thermophoresis,
Brownianmotion, thermal radiation and bioconvection. TheNavier–Stokesmodel has received considerable
attention in recent decades to highly non-linearfluid simulations. Ali et al [15] examined the effect ofmixed
convection fluid flowof the third grade over the stretching cylinder. Hayat et al [16] discussed the impacts of
binary chemical reactions and activation energy on the third grade nanofluidwith hydromagnetic fluxwith
convective conditions. Chaudhuri et al [17] investigated thermal transfer properties ofmagnetohydrodynamic
(MHD) that is subjected to a uniform thermal flux in thewall, but of varyingmagnitudes, of a third-grade
fluid between parallel plates. Hayat et al [18] explore the characteristics of amagnetohydrodynamic
third-grade nanofluidwith triggering energy and binary chemical reactions. Alzahrani et al [19] discussed the
magnetohydrodynamic, third-grade fluidflowwith gyrotacticmicroorganisms across a horizontal porous
extension sheet. Okoya et al [20] analyzed themass and heat transfer numerically by using afixed cylindrical
annulus to neglect thematerial consumption in a pressure-induced third-grade reactivefluidwith theReynolds
ViscosityModel. Sajid et al [21] explored process of coating a third grade liquid to amoving substrate using a
flat,fixed blade is described.Mahanthesh et al [22]worked onNon-transient dynamics in the presence of
non-Newtonian third-grade pressure-driven nanoparticles. Golafshan et al [23] examined the issue of a
non-Newtonianmagnetohydrodynamic nanomaterial, confined by a vertical stretching sheet, to be a two
dimensionalmixed stagnation-flowof convection.

Stagnation pointflowwas observed bymany researchers and scientists due to its broad application in
industries for example hot rolling, papermaking. In 1911,Hiemens [24] analyzed the stagnation pointflow.
Sajjad et al [25] explored the stagnation point flowof second grade nanofluid past a stretching surface.
Ghasemian et al [26] analyzed the stagnation point flowofMaxwell nanofluid over a cylinder.

Nanofluids containing gyrotacticmicroorganisms are used to improve fluidmixing because they are
responsible for the bioconvection process. Such species are denser thanwater, and normallymove in the
direction of the atmosphere. Bioconvection is amechanical process that is quite attractive to the space. In low
suspensions of upward-swimming cells (against gravity), a change of attitude is noted. It also affects the spatial
distribution of transportablemicroorganisms inmarine settings and promotesmixing of thefluids.
Microorganisms are single cell organisms as they occur in plants, humans, and insects. Bioconvection causes
microorganisms because they aremuch denser thanwater due to aggregation ofmicroorganisms. Bioconvection
caused by the density differences ofmotilemicroorganisms is effectively assorted in the field of environmental

2

Phys. Scr. 96 (2021) 035208 TMuhammad et al



systems, biofuels, and industry. ImmunologyMicrosystems (i.e., biomaterials, tissue engineering, protein
engineering, synthetic biology, and drug delivery systems) such as enzyme biosensors are typically involved in
bioconvection applications.

Khan et al [27] elaborated the natural boundary convection flowofwater based nanofluid consisting of
gyrotacticmotilemicroorganisms on a truncated surface cone. Rashad et al [28]described bioconvection of
nanofluidsmade up of gyrotacticmotilemicroorganisms that is subjected to a horizontal circular cylinder with
convective boundary restrictions. Naz et al [29] demonstrated the dynamic engineering of nanofluid in the
magnetohydrodynamic circle, including gyrotacticmicroorganisms. Al-Khaled et al [30] studied the theoretical
workwhich deals with the application of the bioconvection phenomenon on tangent hyperbolic nanofluid
motion over an acceleratedmoving surface.Waqas et al [31] divulged the impact of bioconvection of nanofluids
has been problematic over the last decades because it has awide range of physical significance in biotechnology.
Balla et al [32] studied the bioconvective flow in the presence of a chemical reaction in a porous square cavity
containing an oxytacticmicroorganism.Naganthran et al [33] reported that bioconvection nanofluid transport
is a new focal point forfluid dynamics, as suspensions ofmicroorganisms and nanoparticles have shown to
enhance their thermal conductivity, such as biofuels cells and bio-microfluid systems that supportmany
industrial applications. Zuhra et al [34] developed themathematicalmodel for the analysis of the simultaneous
flowof twoNanoliquids (Casson andWilliamson) through a porousmediumunder the influence of boom
forces, in presence of cubic-autocatalysis chemical reactions andmotilemicroorganisms.Mansour et al [35]
numerically studiedmagnetohydrodynamicmixed convectionwith gyrotacticmicro-organisms in a carriage-
driven cavity. Zeng et al [36] studied that continuummodel for horizontal change diluted suspension, with a
maximumnumber of Reynolds up to 100, past a single, solid, longitudinal, circular ring stretching from aflat
horizontal bed to a free water surface, as afirst step towards understanding the spread of swimming
microorganisms in shallowwater flowwith vegetation. Khan et al [37] explored the brief overview of the
boundary layer flow characterizingmagneticallymodifiedNewtonianfluids caused by the transformation
of the bioconvection parabolic and chemical reactive species is described.Mallikarjuna et al [38] examined the
nanofluid flow containing gyrotacticmicroorganisms in a continuousmixing of bioconvection through a
thin vertical channel.Waqas et al [39] scrutinizedmodified second grade nanofluid flowwith heat,motile
microorganisms andmass transfer through the stretching surface.Waqas et al [40] discussed the thermal
andmass transfer phenomenon in the presence of amotile gyrotacticmicroorganism in the presence of
Williamson’s time-basedmagnetohydrodynamic (MHD)flow. Khan et al [41] explored theoretical
continuation of couple stress nanofluid, under porousmedia, gyrotacticmicroorganisms, activation energy and
convective conditions tomeet present challenges in processing of nano-biomatogens and improving thermal
extrusion systems. Ray et al [42] analyzed the numerically a thin electrical conductive film ofNewtonianCasson
with evenwidth on a horizontal elastic sheet resulting from a slit in the presence of viscous dissipation, a two-
dimensional, unstable,magnetohydrodynamic bioconvection flow. Amirsom et al [43] illustrated three-
dimensional bioconvection flowwith gyrotacticmicroorganisms over a biaxial stretching sheet was suggested
for theoretical analysis. Al-Kaled et al [30] examines the application of the biological convection effect to the
acceleratedmoving surface of the tangent hyperbolic nanofluid. Khan et al [44] scrutinized the impact of
thixotropic nanofluids on nonlinearmixed convective flow.Naz et al [45] explored nanofluid research carried
out byWalters B fluid under the influence of Joule heating andmagnets flowing through horizontal cylindrical
surfaces; viscous dissipation,microorganisms swimming and stratification. Chakraborty et al [46] investigate
the combined effect of nanofluid flowon bioconvection along the expansion sheet coexisting with gyrotactic
magnetic fieldmicroorganisms and the convective boundary conditions. Khan et al [47] analyzed the effect of
microorganisms inWalter-B fluid towards a stretched surface.

Thenovelty of this analysis is to explore the stagnationpointflowof radiative-third gradefluid containing
gyrotacticmotilemicroorganismsover a stretching cylinder in the presence of bioconvectionphenomenon. In
current investigationnonlinearmathematicalmodel featuring third gradenanofluid is developed. Famous shooting
scheme is used to treat the systemof ordinary differential equations. Furthermore bvp4c collocationmethod is
used for simulation. The current problemhasmany applications in realworld innanotechnology, electrical and
mechanical engineering, biotechnology andbiomedicine and industries. These type problems aremore useful in
highnuclear systems, chemical sciences, drugdelivery, cancer therapy, crystal growthing andmilitaryfields.

2.Mathematicalmodel

Here, the stagnation pointflowof third grade nanofluidwithmotilemicroorganisms past a radiative stretching
cylinder is scrutinized. The significance of activation energy, thermal radiation, and Brownianmotion,
thermophoresis aspects is accounted. Let us consider velocity of the stretching cylinder =W zw

W z

l
0( ) directed

along z-direction, where z is velocity reference and specific length l.The cylindrical polar coordinates (r z, ) are
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chosen, in such direction, z-axis along cylinder while r-axis is orthogonal to it. The velocity components
u w, ) are specified in (r z, )way. The uniformmagnetic field of strength B0 is applied due to poorermagnetic
Reynolds number the electric and inducedmagnetic field are ignored. Physical flow configuration of the current
model in the absence of porousmedium is depicted infigure 1.
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Figure 1. Flow configuration of currentmodel.
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Boundary restrictions are as follows:
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3.Numerical procedure

In this segmentation, the dimensionless nonlinear expressions (9)–(12) subject to the boundary conditions
(13)–(16) are tackled numerically. It’s hard tofind exact solution because equations are highly nonlinear in
feature.We employ awell-known numerical scheme bvp4c shootingmethod is followed for suitable numerical
calculation throughout theMATLAB software. Before starting process, the systemof higher orderODEs are
converted into first order ordinary differential equations by introducing interesting variables.

6

Phys. Scr. 96 (2021) 035208 TMuhammad et al



Let

z z z z

q
q
z

q
z

f
f
z

f
z

c
c
z

c
z

= = = = = ¢

= = = ¢

= = = ¢

= = = ¢

f r
df

d
r

d f

d
r

d f

d
r

d f

d
r

r
d

d
r

d

d
r

r
d

d
r

d

d
r

r
d

d
r

d

d
r

, , , , ,

, , ,

, , ,

, , , 22

1 2

2

2 3

3

3 4

4

4 4

5 6

2

2 6

7 8

2

2 8

9 10

2

2 10 ( )

b gz
gz g

b gz
b gz g

b gz
b gz g

b gz
a gz g gz

b gz
b

b gz
l

¢ =
+

+ - + + +

+
+

á + + + - ñ

+
+

á + + + ñ

+
+

á + + + ñ

+
+

- -
+

á - - ñ

r
r

r r B r r r

r
r r r r r r r

r
r r r r r

r
Re r r r

r
r r r

r
r Nrr Ncr

1

1 2
1 2 2

1

1 2
1 2 2 3 6 2

1

1 2
2 1 2 2 2

1

1 2
6 1 2 8 1 2

1

1 2

1

1 2
, 23

4
1 1

4 2
2 2

3 1 3

1 1
1 2 4 3

2
2 3 1 4

1 1
2 3

2
2 3 1 4

1 1

2
3
2

4 3
3

1 1
2 1 1 3

1 1
5 7 9

( )
[( ) ]

( )
[( ){ } ( )]

( )
[ ( ) ( )]

( )
[ ( ) ( ) ]

( )
[ ]

( )
( ) ( )

g gz gz

q g q

q gh
¢ =

+ - + - + - + -

- + - + + -

+ + - +
r

r r r r Rd r Nbr r Ntr Qr

r r r

Rd r

Pr 2 1 1 2 Pr 1 2 Pr

1 1 2 6 1 1

1 1 1 1 2
, 24

Rd f f

Rd f
6

2 5 2 5
4

3 6 6 8 6
2

5

2

3 5
3

6 5
2

4

3

2

3 5
3

( )

( )

( ) ( ) ( )

[{ ( ) } ( ) { ( ) } ]

(( ) ) ( )
( )

⎡

⎣
⎢⎢

⎤

⎦
⎥⎥

gz

g gz g

s d
d

¢ =
+

- - + ¢ - - -

+ +
-
+

r

r
Nt

Nb
r

Nt

Nb
r LePr r r r r

Le r
E

r
r

1

1 2

2 1 2 2

Pr 1 exp
1

, 25
n

8

8 6 6 1 8 2 7

5
5

7*( )

( ) ( )

( )
( )

⎡

⎣

⎢⎢⎢⎢
⎛
⎝⎜

⎞
⎠⎟

⎤

⎦

⎥⎥⎥⎥

g d g gz gz¢ = - + + + + ¢ + +
+ -

r r Pe r r r r r

Lbr r Lbr r

2 2 1 2 1 2

, 26
10 10 9 1 8 8 10 8

9 2 1 10

[( )( ( ) ) ( ) ]
( )

With

= = = = - - + = =
¥ = ¥  ¥  ¥ 

r r r r Bi r Nbr Ntr r
r B r r r

0 1, 0 0, 0 1, 0 1 0 , 0, 0 1,
, 0, 0, 0, 27

2 1 5 6 5 8 6 9

2 5 7 9

( ) ( ) ( ) ( ) ( ( )) ( )
( ) ( ) ( ) ( ) ( )

Figure 2. Sketch of ¢f against a.
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Figure 3. Sketch of ¢f against Re.

Figure 4. Sketch of ¢f against l.

Figure 5. Sketch of ¢f against Nr.
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Figure 6. Sketch of ¢f against B.

Figure 7. Sketch of ¢f against M.

Figure 8. Sketch of q against Pr.
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4. Results and discussion

This portion is concernedwith significant features of prominent variables on velocity; temperature,
nanoparticles concentration andmotilemicroorganism concentration are disclosed and graphically captured.

Figure 2 is captured to depicting the behavior of third grade fluid a on velocity ¢f .Velocity profile ¢f
enhance for higher value of third grade fluid number a.Figure 3 is plotted to observe the features of Reynolds Re
on velocity ¢f . For higher values of Reynolds Re the velocity ¢f enhancing. The variations of velocityfield ¢f
versusmixed convection parameter l are validated infigure 4. The growing aspect in velocity profile ¢f is
observed infigure 4. Figure 5 is captured to focus the features on velocity field ¢f set up by buoyancy ratio
parameter Nr.The fact that buoyancy ratio parameter Nr has a reducing behavior on the velocity field ¢f is
shown infigure 5. Behavior of velocity ratio parameter B on velocity profile ¢f is studied infigure 6. It is noticed
that velocity profile ¢f is increased via velocity ratio parameter B.Boundary layer only exist for <B 1and
>B 1. Impact ofmagnetic parameter M on velocity ¢f is sketched infigure 7.Here velocity profile ¢f declines

with increasing values ofmagnetic parameter M.Physically, for highermagnetic field the resistive force
increases and the velocity profile reduces. Due to largermagnetic parameter Lorentz forces are produced that
resist the flowoffluid as a resultflowoffluid simultaneously reduces.

Figure 8 communicates the vital role of temperature distribution q via Prandtl number Pr.This figure
divulges that by growing Prandtl number Pr, dimensionless distribution q ismaneuvered. Physically by growing
the Prandtl number thermal diffusivity reduced as a result temperature of nanoliquid is also diminishes. Figure 9
unveils the inspirations of the temperature ratio parameter qf on the temperature field q. It is obvious that the

Figure 9. Sketch of q against q .f

Figure 10. Sketch of q against Nt .

10

Phys. Scr. 96 (2021) 035208 TMuhammad et al



Figure 11. Sketch of q against Bi.

Figure 12. Sketch of f against Pr.

Figure 13. Sketch of f against Nt .
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Figure 14. Sketch of f against Nb.

Figure 15. Sketch of f against Le.

Figure 16. Sketch of f against E.
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temperature ratio parameter qf tends to improve the variation of temperature distribution q. Figure 10 is
delineated to scrutinize the physical aspects of temperature distribution q over thermophoresis parameter Nt.
From the sketched lines offigure that intensification the thermophoresis parameter Nt , put up the temperature
field q.Thermophoresis is a phenomenon inwhich heated particles are pulled away fromwarm surface to the
cold region. Due to this reality the temperature of the fluid increases. Figure 11 is captured to design the
influence of Biot number Bi via distribution profile q. It is also scrutinized that the temperature field q enhanced
for higher variations of Biot number Bi. Physically Biot number described as intra-particle ratio and external
heat transport resistance. Therefore we expect significant intra-particle temperature profiles for high Biot
numbers. Figure 12 reveals the effect of the Prandtl number Pr on the volumetric concentration of nano-
particles f.The diminishing behavior of volumetric concentration f on enlarging Pr is observed in sketched

Figure 17. Sketch of c against Pe.

Table 1.Outcomes of- f 0( ) versus M , l, Nr, Nc, b ,1 b ,2 B, a.

Parameters - f 0( )

M l Nr Nc b1 b2 B a a = 0.0 a = 0.3

0.1 0.2 0.5 0.5 0.3 0.3 0.1 0.1 0.6606 0.8038

0.4 0.7462 0.8826

0.8 0.8421 0.9706

0.5 0.1 0.5 0.5 0.3 0.3 0.1 0.1 0.7621 0.8964

0.4 0.7917 0.9262

0.8 0.8333 0.9683

0.5 0.2 0.1 0.5 0.3 0.3 0.1 0.1 0.8422 0.9823

1.0 0.8230 0.9521

2.0 0.8049 0.9233

0.5 0.2 0.5 0.1 0.3 0.3 0.1 0.1 0.8782 0.9975

1.0 0.7194 0.8371

2.0 0.5618 0.6790

0.5 0.2 0.5 0.5 0.1 0.3 0.1 0.1 0.6064 0.6973

0.4 0.5419 0.6705

0.8 0.4769 0.6409

0.5 0.2 0.5 0.5 0.3 0.1 0.1 0.1 0.5729 0.6901

0.7 0.5400 0.6590

1.4 0.5038 0.6304

0.5 0.2 0.5 0.5 0.3 0.3 0.3 0.1 0.5493 0.6570

0.7 0.4830 0.5609

1.0 0.3821 0.4227

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.3 0.6054 0.6626

0.7 0.6344 0.6456

1.0 0.6654 0.6731
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Figure 18. Sketch of c against Lb.

Table 2.Outcomes of q- ¢ 0( ) versus M , l, Nr, Nc, b ,1 b ,2 a, Pr, Nb, Nt , Rd, B,.

Parameters q- ¢ 0( )

M l Nr Nc b1 b2 a Pr Nb Nt Rd B a = 0.0 a = 0.3

0.1 0.2 0.5 0.5 0.3 0.3 0.1 1.2 0.2 0.3 0.8 2.0 0.3929 0.3769

0.4 0.3801 0.3654

0.8 0.3662 0.3529

0.5 0.1 0.5 0.5 0.3 0.3 0.1 1.2 0.2 0.3 0.8 2.0 0.3777 0.3634

0.4 0.3635 0.3590

0.8 0.3571 0.3424

0.5 0.2 0.1 0.5 0.3 0.3 0.1 1.2 0.2 0.3 0.8 2.0 0.3631 0.3475

1.0 0.3714 0.3579

2.0 0.3877 0.3669

0.5 0.2 0.5 0.1 0.3 0.3 0.1 1.2 0.2 0.3 0.8 2.0 0.3703 0.3582

1.0 0.3876 0.3758

2.0 0.4016 0.3900

0.5 0.2 0.5 0.5 0.1 0.3 0.1 1.2 0.2 0.3 0.8 2.0 0.3987 0.3912

0.4 0.4031 0.4032

0.8 0.4183 0.4133

0.5 0.2 0.5 0.5 0.3 0.1 0.1 1.2 0.2 0.3 0.8 2.0 0.4008 0.3883

0.7 0.4134 0.3931

1.4 0.4265 0.4080

0.5 0.2 0.5 0.5 0.3 0.3 0.3 1.2 0.2 0.3 0.8 2.0 0.4088 0.3996

0.7 0.4299 0.4245

1.0 0.4502 0.4473

0.5 0.2 0.5 0.5 0.3 0.3 0.1 1.0 0.2 0.3 0.8 2.0 0.3672 0.3567

2.0 0.5064 0.4925

3.0 0.5936 0.5782

0.5 0.2 0.5 0.5 0.3 0.3 0.1 1.2 0.1 0.3 0.8 2.0 0.4098 0.3998

0.4 0.3968 0.3841

0.8 0.3742 0.3609

0.5 0.2 0.5 0.5 0.3 0.3 0.1 1.2 0.2 0.1 0.8 2.0 0.4037 0.3919

0.4 0.4003 0.3887

0.8 0.3937 0.3815

0.5 0.2 0.5 0.5 0.3 0.3 0.1 1.2 0.2 0.3 0.1 2.0 0.5088 0.4961

0.5 0.4401 0.4279

1.0 0.3803 0.3691

0.5 0.2 0.5 0.5 0.3 0.3 0.1 1.2 0.2 0.3 0.8 1.0 0.5416 0.3285

1.4 0.5522 0.3611

1.7 0.5576 0.3776
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Figure 19. Sketch of c against B.

Table 3.Outcomes of f- ¢ 0( ) versus M , l, Nr, Nc, b ,1 b ,2 a, E, Pr, Nb, Nt , Rd B, ,.

Parameters f- ¢ 0( )

M l Nr Nc b1 b2 a E Pr Nb Nt Rd B a = 0.0 a = 0.3

0.1 0.2 0.5 0.5 0.3 0.3 0.1 0.1 1.2 0.2 0.3 0.8 2.0 0.5893 0.5653

0.4 0.5701 0.5481

0.8 0.5494 0.5294

0.5 0.1 0.5 0.5 0.3 0.3 0.1 0.1 1.2 0.2 0.3 0.8 2.0 0.5665 0.5451

0.4 0.5502 0.5386

0.8 0.5406 0.5267

0.5 0.2 0.1 0.5 0.3 0.3 0.1 0.1 1.2 0.2 0.3 0.8 2.0 0.5446 0.5212

1.0 0.5571 0.5368

2.0 0.5682 0.5503

0.5 0.2 0.5 0.1 0.3 0.3 0.1 0.1 1.2 0.2 0.3 0.8 2.0 0.5554 0.5373

1.0 0.5815 0.5636

2.0 0.6025 0.5850

0.5 0.2 0.5 0.5 0.1 0.3 0.1 0.1 1.2 0.2 0.3 0.8 2.0 0.5980 0.5850

0.4 0.6046 0.5959

0.8 0.6125 0.6023

0.5 0.2 0.5 0.5 0.3 0.1 0.1 0.1 1.2 0.2 0.3 0.8 2.0 0.6011 0.5725

0.7 0.6151 0.5897

1.4 0.6298 0.5970

0.5 0.2 0.5 0.5 0.3 0.3 0.3 0.1 1.2 0.2 0.3 0.8 2.0 0.6132 0.5994

0.7 0.6448 0.6367

1.0 0.6754 0.6710

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.4 1.2 0.2 0.3 0.8 2.0 0.6029 0.5848

0.8 0.6134 0.5931

1.2 0.6237 0.6064

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.1 1.0 0.2 0.3 0.8 2.0 0.5508 0.5350

2.0 0.7596 0.7387

3.0 0.8903 0.8673

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.1 1.2 0.1 0.3 0.8 2.0 0.2294 0.1994

0.4 0.2176 0.1881

0.8 0.1478 0.1428

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.1 1.2 0.2 0.1 0.8 2.0 0.9018 0.8959

0.4 0.8006 0.7773

0.8 0.5747 0.5262

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.1 1.2 0.2 0.3 0.1 2.0 0.5088 0.4961

0.5 0.4401 0.4279

1.0 0.3803 0.3691

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.1 1.2 0.2 0.3 0.8 1.0 0.5049 0.4926

1.4 0.5565 0.5417

1.7 0.5827 0.5664
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lines. The characteristic of nano-particles concentration f and thermophoresis parameter Nt aremanifested in
figure 13. The curves of concentration field truncate with enhancing variation of thermophoresis parameter.
Physically thermophoresis is a phenomenon thatmoves tiny-particles fromhot to cold surfaces. Figure 14
incorporates the consequence of the Brownianmotion parameter Nb on the concentration profile f.The
volumetric concentration of nano-particles f is dilute with knock up the values of the Brownianmotion
parameter Nb. Physically a boost in Brownianmotion an improvement in the temperaturefield arises due to the
higher haphazardmovement of particles.

Figure 15 illustrates the crucial impact of Lewis number Le and nano-particle concentration f.Thisfigure
professes that the concentration field f turns downwith increment in the values of Lewis number Le.Physically
Lewis number is ratio betweenmomentumdiffusivity andmass diffusivity.Mass diffusivity rises with enhance
in Lewis number, concentration boundary layer reduces. Figure 16 examines the aspects of the activation energy
E and volumetric concentration f.As increment in the values of activation energy E, the volumetric
concentration f boosted up. Figure 17 is interpreted to examine the behavior of Peclet number Pe onmotile
microorganism field c. From this sketched it is analyzed that themotilemicroorganisms c reduce for higher
values of Peclet number Pe. Figure 18 is scrutinized the physical relation between the bioconvection Lewis
number Lb and the rescaled density ofmotilemicroorganism’sfield c.An interesting behavior observed, by
augmentation of the bioconvection Lewis number Lb,motilemicroorganism’s concentration c decline.
Figure 19 illustrates the impact of velocity ratio parameter B againstmotilemicroorganism concentration c.
From this scenario, It is noticed themicroorganism concentration c decrease for higher values of velocity ratio
parameter B.

Table 1 is constructed for characteristics of involves parameters such as,magnetic parameter,mixed
convection parameter, buoyancy ratio parameter, third grade parameter, velocity ratio parameter, and
activation energy M, l, Nr, Nc, b ,1 b ,2 B, a respectively on skin fraction coefficient increases for b ,1 l, Nr, M,
Nc, but opposite impact is observed against b ,2 and B.Table 2 is captured to examine the salient behavior of
involved parameter against local Nusselt number. It is noticed that, local Nusselt number upsurges for

bNr Nc B, , , .1 The significance of local Sherwood number versus involved parameter is depicted in table 3. The

Table 4.Outcomes of c- ¢ 0( ) versus M , l, Nr, Nc, b ,1 b ,2 a, B, Lb, Pe.

Parameters c- ¢ 0( )

M l Nr Nc b1 b2 a B Lb Pe a = 0.0 a = 0.3

0.1 0.2 0.5 0.5 0.3 0.3 0.1 0.2 1.0 0.1 0.6005 0.5706

0.4 0.5801 0.5522

0.8 0.5577 0.5318

0.5 0.1 0.5 0.5 0.3 0.3 0.1 0.2 1.0 0.1 0.5763 0.5489

0.4 0.5694 0.5318

0.8 0.5590 0.5210

0.5 0.2 0.1 0.5 0.3 0.3 0.1 0.2 1.0 0.1 0.5529 0.5231

1.0 0.5658 0.5396

2.0 0.5773 0.5538

0.5 0.2 0.5 0.1 0.3 0.3 0.1 0.2 1.0 0.1 0.5628 0.5390

1.0 0.5922 0.5690

2.0 0.6163 0.5933

0.5 0.2 0.5 0.5 0.1 0.3 0.1 0.2 1.0 0.1 0.6110 0.5930

0.4 0.6188 0.6035

0.8 0.6279 0.6142

0.5 0.2 0.5 0.5 0.3 0.1 0.1 0.2 1.0 0.1 0.6048 0.5808

0.7 0.6194 0.5983

1.4 0.6247 0.6058

0.5 0.2 0.5 0.5 0.3 0.3 0.3 0.2 1.0 0.1 0.6252 0.6057

0.7 0.6545 0.6410

1.0 0.6856 0.6765

0.5 0.2 0.5 0.5 0.3 0.3 0.1 1.0 1.0 0.1 0.6854 0.6132

1.4 0.6730 0.6346

1.7 0.6534 0.6418

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.1 1.2 0.1 0.6867 0.6627

1.6 0.6135 0.7882

2.0 0.9268 0.9006

0.5 0.2 0.5 0.5 0.3 0.3 0.1 0.1 1.0 0.2 0.5668 0.5391

0.6 0.3715 0.3250

1.0 0.1806 0.1161
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local Nusselt number is decreasing function for Brownianmotion and thermophoresis parameter while
opposite trend for b ,1 b .2 The features of involved parameters over local density number ofmotile
microorganism are shown in table 4. The local density numbermotilemicroorganism are reduces for higher
values of Pe and Lb.

5. Conclusions

The salient features of bioconvection in the stagnation pointflowof third grade fluid across a radiative stretching
cylinder consideringmotilemicroorganisms are studied. Velocity profile increases for highermixed convection
parameter. Prandtl number has a similar behavior on temperature distribution and concentration of
nanoparticles [48, 49]. The significance of thermophoresis parameter on volumetric nanoparticles
concentration and temperature distribution are dissimilar in nature. Density ofmotilemicroorganism
concentration lessenswith growing Peclet number and bio-convection Lewis number.
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