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This communication aims to develop the thermal flow model for generalized micropolar
nanofluid with insensitive applications of bioconvection, activation energy and nonlinear
thermal radiation. The generalized micropolar fluid model is the extension of traditional
micropolar fluid model with viscoelastic relations. The viscous nature of non-Newtonian
micropolar material can be successfully predicted with help of this model. The motivating
idea for considering the motile microorganisms is to control the nanoparticles suspension
effectively. The higher order slip relations are incorporated to examine the bio-convective
phenomenon. The simplified coupled equations in terms of non-dimensional variables are
numerically treated with shooting scheme. The reliable graphical outcomes are presented
for flow parameters governed to the transported problem. The flow pattern of each
parameter is highlighted in view of viscous nature of micropolar fluid.
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1. Introduction

The research in nanofluid presents a growing interest of researchers due to their mul-
tidisciplinary applications in heat exchangers, heating processes, cooling systems,
aerospace technology, heating devices, microelectronics sectors, fuel processing, etc.
Owing to the nanotechnology revolution, the nanoparticles are considered as an
effective heat enhancement mechanism with nanoscale (1-100 nm). The base mate-
rials efficiencies achieve a remarkable trend due to suspension of nanoparticles. The
heat transportation and absorbing characteristics of working liquids are improved
by utilizing the nanofluids. The deviated and ultra-high performances of nanofluids
developed considerable interest in recent days. Choil presented first attention on
the classical idea of nanofluids supported with experimental observations. Buon-
giorno? specified the slip mechanism of Brownian and thermophoretic prospective
for nanofluids. Bhatti et al.? explored the thermal improvement of base fluid with
interaction of Fe3Oy4 tiny sized particles accounting thermal radiation effects and
diffusion applications. Sohail and Raza* used the control mass flux constraints for
exploring the pseudo-plastic type non-Newtonian materials with nanofluid immer-
sion. Khan et al.®> examined the activation energy applications in tangent hyperbolic
nanofluid supported with joint features of magnetic and electric forces. Moreover,
the flow has been controlled by imposing slip relations of higher order at the moving
surface. The stability assessment of hybrid nanofluids along with the work of dual
solutions encountered by shrinked /stretched surfaces has been reported numerically
by Lund et al.® Turkyilmazoglu” worked out the linear stability inspection while
exploring the thermal mechanism of nanofluid based on single model relations.
The research reported by Oudina et al.® examined the importance of discrete heat
source in nanoliquids confined by vertical cylinder for which walls are suggested to
be porous. Kumar et al.? assumed the viscoelastic nanofluid between two expanding
and squeezing surfaces in order to notice the thermal properties. The entropy gen-
eration exploration and involvement of activation energy in nanofluids configured
by curved surfaces was focused analytically by Khan et all® Chu et al.l! focused
on the optimized flow of second grade nanofluid with modified diffusion relations
and variable thermal properties.

The bioconvection pattern appeared when the microorganisms move in the up-
ward direction in the flow configuration. This upward motion of microorganisms
results the appearance of heavy bacteria layer in the top surface f lighter liquid. It
is commonly observed that unstable situation created when density of bacteria be-
comes extremely higher and subsequently the bacterial layers shattered in colony of
convection cells. The concept of bioconvection is associated with the joined features
of buoyancy forces, microorganisms and density stratification. The microorganisms
are characterized into gyrotaxis, oxytaxis and gravitaxis. Upon addition of microor-
ganisms in nanofluids, the stability of nanomaterials improved up to an impressive
level. The pioneer research which examines the bioconvection aspect of nanofluids
has been done by Kuznetsov.'213 Recently, many investigations are addressed in the
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dynamic literature which accesses the mechanism of nanofluids along with motile

1.** introduced a new type of slip relations (anisotropic

microorganisms. Zohra et a
slip) to address the bioconvection prospective of nanofluid truncated in rotating
cone and subject to the Stefan and blowing constrains. Atif et al.!® visualized the
dynamic of micropolar nanofluid with gyrotactic microorganisms. The study and
role of magnetic Reynolds number on the bio-convective flow of nanofluid assumed
between circular plates was explored by Zhang et al.l® Khan et al.'” conducted
thermal study on flow of Oldroyd-B nanofluid which contains gyrotactic microor-
ganisms theoretically. The significances oxytactic microorganisms in nanofluids of
rotational type with utilization of convective conditions were directed by Dhlamini
et al.1® Zeeshan et al.'? discussed the two-dimensional (2D) flow pattern of couple
stress nanofluid confined by paraboloid revolution. Waqas et al.2? numerically tack-
led the bioconvection problem of nanofluid along with the relations of activation
energy and viscous dissipation. Aldabesh et al.?' intended the transient slip flow
of Williamson nanofluid with applications of bioconvection phenomenon and slip
effects. Waqas et al.22 examined thermally developed analysis for the nanomaterials
in presence of gyrotactic microorganisms.

With analogous features and complicated behavior of non-Newtonian materi-
als, a variety of research has been performed on this topic and popular in the
researchers even current century. Many important applications of non-Newtonian
fluids are observed in the biological systems, industrial point of view, food indus-
tries, chemical and mechanical processes and pharmaceuticals applications. Glass
blowing, fiber coating, petroleum, blood, engine oils, greases are referred to the
importance of non-Newtonian materials. However, it is noticed that the nature and
behavior of such non-Newtonian is not so simple and different in various situa-
tions. This critical issue is addressed by presenting various types of non-Newtonian
models with different rheology. The micropolar fluid is classified amongst the sub-
category of non-Newtonian fluid which predicts the properties at both microscopic
and nanoscales structure. The results for couple stress and linear model are retained
from micropolar fluid. The fundamental mathematical structure of micropolar fluid
was presented by Eringen.22:24 Some dynamic work on flow of micropolar fluid and
other fluid flow can be seen in Refs. 25-35.

This paper addresses the research on bioconvection flow of generalized micropo-
lar nanofluid supporting the bioconvection phenomenon over a uniformly stretched
surface. The generalized micropolar fluid predicts the micropolar fluid and vis-
coelastic properties. The generalized micropolar is the combination of micropolar
and second grade fluid. The higher order slip expressions are imposed to the formu-
lated flow problem. The thermal radiative relations and activation energy relations
are intended the heat and concentration equations. The consideration of motile mi-
croorganisms effectively guaranteed the stability of nanomaterials. The associated
laws are used to address the flow equations. The numerical solution is computed
via shooting technique with effective accuracy.
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2. Problem Statement

Let us consider a 2D bioconvective flow of electrically conducting Micropolar
nanofluid over the stretching sheet. The arbitrary motion of the nanoparticles is
effectively controlled upon the inclusion of the swimming microorganisms within
the fluid. The assumed flow is highly slipping with u = u., + ugp as a velocity of
the stretching sheet. The cartesian coordinate system is selected so that z-axis is
along the surface of the sheet, whereas y-axis is normal to it. The flow of fluid and
heat, as well as mass transfer, are considered in a steady-state, which is incom-
pressible, laminar and stable. A uniform magnetic field of strength By is imposed
perpendicularly with the assumption of a small magnetic Reynolds number such
that the induced magnetic field can be ignored. The Buongiorno nanofluid model is
utilized in the presence of nonlinear radiation and activation energy to model the
temperature and concentration equations. With the help of constant temperature
T, concentration ¢, and density of microorganisms, n, the fluid is maintained
at the surface. At the same time, the fluid that is exterior to the boundary layer
is placed at uniform ambient temperature T,,, concentration c., and the density
of microorganisms ns, With Toy, €y, My > Too, Coo, Moo- Therefore, upon considering

these assumptions, the governing PDEs are written as2” 2%
dv  Ou
Ly 1)
’U@"FU@‘F/\ U@‘F@@“F@@‘FU 83“
Oy Ox O170y3 T 9z 0y2 T 0y 0y2 Oz 0y>?
]Cl > 8211, )\1 ON U]y[Bg 1
S L e A u+ —[(1 = Coo)pyAg(T — T
< ps) Oy*  pr Oy Py ps . Jorhol )
—(pp — pr)g(c = cos) = (n = 1) 97" (P — py)]; (2)
ON ON v O?N N ( au)
v fu— = ~ 2 (an+ ), 3
dy ox  ppj Oy*  pyj dy )
ua£+ 5‘7T7a®827T+ 160 2 SaiT
oz " dy — 0y®  3(pc)sk® dy Oy
Dr (9T\? aT (dC
)T (91 4 p, & (&2 4
0 {Too<5y> " Bay<3y>}’ W
Oc Oc 0*c  Dro’T T\" —E*
UG+ gy = Do + 1 gy Koo () e (r ) ©
on on 0%n b*w* 0 dc
oy p, g 2 9 (%),
Yor + U@y "0y (cw — Coo) OY (nay) ©)

The velocity components u and v are being oriented along the direction of z-axis
and y-axis, respectively. The physical parameters are viscoelastic parameter Ay, ma-
terial parameter \p, electrical conductivity oy, kinematic viscosity v, fluid density
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pf, micro-inertia j, volume suspension coefficient A, gravity g, motile density p,,
nanomaterials density p,, spin-gradient viscosity v, thermal diffusivity a®, mean
absorption k%, Stefan Boltzmann constant ¢®,8% = (pc),/(pc)s nanomaterials
heat capacity to fluid heat capacity ratio, diffusion constant Dpg, thermophoretic-
diffusion D7, Boltzmann constant k, activation energy E*, chemotaxis constant b*,
swimming cells speed w* and microorganisms diffusion constant D,,. The flow is
assessed by employing the following boundary conditions:

0
u:uw+uslipa UZO, N = _n07u7
%y (7)
T=Ty, c=cy, n=mn, wheny=020,
ou
u—0, — —0 N—=0 T-—=T,.,
%y (8)

C—=Csx, n—ne aty— oo

where ng reflects the boundary parameter which lies between 0 < ng < 1. It is
emphasized that ng = 1 and ny = 0 represent the turbulent boundary layer flow
and concentrated micropolar liquid, respectively.

The higher-order slip relations are introduced:

C_2(3-al 31-P\ 0u
uShp_S « 2 K, oy
S a2 ] g2 0 (Ou
L ma-o) oy (Ge =), )
ou 0 (Ou
uaip = A5+ B, (ay - N)

where K, is Knudsen number, 3 a free path with molecular mean, (A, B) constant
while « is momentum coefficient.

The dimensionless form is achieved with proper utilization of the following quan-
tities:

b= AT, N = [targe), ¢=[% (10)

Tl gy = S0 e = 2l (11)

Tw_Too’ Cw — Coo Ny — Neo

n— Neo

0(¢) =
The set of formulated problem in view of the above variables is

(L+D)f" + ff"+Tg — (f')? = Mf — k[-(f")?

+2f " — £+ A0 — Nro — Rby) =0, (12)
(145)d" - 20 g+ =0, (13)
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/

[1 + ng{l + (00— 1)9}3] 0" + 4Rd (0 — 1)[1 + (0 — 1)0]%0 2
+Pr[f0' + Ny0'd’ + Ny(0')%] =0,

Z & 7 o . n B E .
0] +<Nb>9 + Scf¢’ — Sco** (1 + 40) gZ)eXp( 1—&—59)_0’

X" +Lbfx —Pe(¢"(x +@) +x'0') =0
with boundary conditions:
F0)=0, f(0)=1+~f"(0) +bf"(0) +r0g'(0),
g=-nof’, 000)=1, ¢0)=1 x(0)=1,
f'(00) =0, f"(c0) =0, g(o0) =0,
0(c0) =0, ¢(00) =0, x(00) =0,

M = \JouB2/pra, k=aX/v, T =\/psv,
A= Ag(1 — coo) (T — Tno)/a*,
Rb = 7" (nw — noc)(om — py) /APy (1 = coo) (T — To),
Nr = (pp = pp)(cw = Coo)/Aps(1 = coo)Too,  Pr(=1v/a®),
Rd = 40%T3 /3kk®, Ny = (pc)p,Dp(Cuw — Cx)/(pC) v,
Ni(= (pe)pDr(Tw — Tes) / (pe)  Teov),
Sc =v/Dg, E=FE*/kTy, Pe=bw"/D,,

Lb =v/D,,.
The mathematical relation for wall shear stress is
Tw ou
Cr=—p5, Tw= |:(,U/+)\1)+)\1N:| . Crv/Rey = (141)f"(0).
Py, 8y y=0
Moreover, for wall couple stress force:
ON
M, 2 ((Ty)yzo M,+/Re, =Gy
xr pfazx?) ’ eLE g
The non-dimensional form of local Nusselt number is
Nu 4
= = — |1+ -Rd(6, — 1)8(0) + 1)*| ¢/(0).
T — |14 3Ra(6 — 100) + 1°| 90
Similarly, local Sherwood number in non-dimensional form is represented as
Nn, ,
= —x'(0).
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3. Solution Methodology

The shooting method is adopted to determine the numerical solution of the ODEs
(12)—(16) subject to (17)—(18). The shooting method is useful and easy to implement
in software like Matlab due to its low convergence cast and higher accuracy rate.
The solution methodology of the shooting method is as follows:

The boundary value problem (BVP) can be transformed into an initial value
problem (IVP) upon making the following assumption:

f:y17 f/:y27 f”:y?n f///:y47 g9=1Ys, g/:yﬁa
(23)
0=y, 0 =ys, & =y10, x=y11, X =y
The assumptions (13) implies the transformation of BVP (12)—(16) into IVP as
follows:

yll =12,
y/2 = Y3,
y/3 = Y4,

(1+T)ya 4+ y1ys4rye = ¥3 = Mys — k(—y3 + 2y2y4)
,  +Ayr — Nryg — Rbyi1)

S kya ’
Ys = Yo,
Y= — —I'(ys + 2ys) *Fyzy5 + Yoyr

(1+3) (24)
Y7 = Ys,
Y = _ARA(0w — 1)(1 + (6w — 1)y7)*y3 + Pr(y1ys + Noysyo + Nt?/%)’

(14 3RA(1 + (0 — Dyr)?)

yé = Y10,
Y10 = — ((J]:;Z) Ys + Scyryio — Sco™ (1 + dy7)"yg exp (— 1 +E5y7 )>7
Y11 = Y12,

Y12 = —(Lby1yi2 — Pe(y1o(y11 + @) + y12y10))-
The boundary conditions are transformed to:
1(0) =0, 42(0) = 1+ yy3(0) + bya(0) + roys(0),  y3(0) = as,
ya(0) = a2, y6(0) = a3z, ys5(0) = —noys(0), y7(0) =1, (25)
ys(0) = as, 99(0) =1, 910(0) =as, %11(0) =1, ¥12(0) = ae,
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yQ(OO) — Oa 93(00) — Oa y5(00) — Oa y7(00) - 07 (26)
Yo(00) = 0, y11(00) = 0.
in which a1, a9, as,a4,as and ag are the missing initial conditions.

Further, the value of £ can be chosen between 1 to 10, and the values of missing
initial conditions are chosen arbitrarily, i.e., a1 = a2 = a3 = a4 = a5 = ag = 1.
Then, the fourth-fifth order RK-Method can be used to solve the ODEs. Finally,
the values of missing initial conditions can be validated through Newton’s method
to achieve the required accuracy.

4. Results and Discussion

The impacts of governing parameters upon the non-dimensional distributions of the
velocity f/(£), microrotation velocity g(£), temperature 6(&), concentration ¢(£) and
microorganisms x(£) are examined graphically. The physical quantities of interest
like local Nusselt number and local density number are also calculated.

4.1. Velocity profiles

The effects of the magnetic parameter M and vortex viscosity parameter I' upon
the non-dimensional velocity f’(£) and microrotation g(&) profiles are presented in
Figs. 1-4. A comparison is made when viscoelastic parameter k£ = 0.1 and k& = 0.5
along with non-dimensional similarity variable £. The upshots of M upon f’(£) and
g(&) are depicted in Figs. 1 and 2. From these figures, it is noticed that the velocity
f'(€) and microrotation g(£) profiles are decaying along with £ for higher estima-
tions of the magnetic parameter M. Both profiles have attained their maximum
values when M = 0 whereas for M # 0 the profiles are gradually decreasing. The
increases in the magnetic parameter lead to the Lorentz force’s existence in the
electrically conducting fluid, which opposes the fluid’s motion. As a result, velocity
and microrotation profiles reduce. It is further noticed that the reduction in the

M=0.0, 0.5, 1.0, 2.0

i

Fig. 1. (Color online) Effects of M upon F’(§).
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Fig. 2. (Color online) Effects of M upon G(§).

Fig. 3. (Color online) Effects of I" upon F’(§).

=
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Fig. 4. (Color online) Effects of I' upon G(£).

boundary layer for k = 0.5 is on a higher note than from k& = 0.1. The influences of
the T' upon f’(¢) and g(&) are elucidated in Figs. 3 and 4. Both profiles escalates
along £ as vortex viscosity parameter I" rises. The value of both profiles is minimum
in the absence of a vortex viscosity parameter, i.e., I' = 0. Physically, the higher
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estimations of the vortex viscosity parameter cause the lower viscosity due to which
the velocity f/(£) and microrotation g(&) profiles escalate. Also, the thickness of the
boundary layer is thicker for £ = 0.5 than from k£ = 0.1.

4.2. Temperature profiles

The effects of the radiation parameter Rd, surface heating parameter 6,,, Prandtl
number Pr, Brownian motion parameter N, and Thermophoresis parameter Ny
upon the non-dimensional profiles of temperature 6(£) are encapsulated in Figs. 5-9.
Figure 5 shows the impression of the parametert Rd upon 6(£). The temperature
profile is increasing along ¢ for rising values of the radiation parameter Rd. The con-
cept behind this is that the increase in the radiation parameter causes the reduction
in the mean absorption coefficient due to which further heat is delivered towards
the direction of the fluid and as a result temperature increases. The increase in the
temperature is on higher notes for k = 0.5. Figure 6 deals to observe the upshots of
the parameter 6,, upon 6(§). The temperature 6(§) is observed escalating along for
rising values of the surface heating parameter 6,,. It is noted that 6,, = 1 means the

1
0.8k k=0.1 .
\ SEN— k=0.5
0.6 - RN A
o NN
@
s N Rd=0.0, 0.5, 1.0, 2.0
047 RN 7
\l \l \\\\
‘\ \\ N .
Y N
02 RN, 4
R SN
N
e
ol .

0 0.5 1 1.5 2 25 3 35 4

Fig. 5. (Color online) Effects of Rd upon 6(§).

1
\\

0.8 NN k=0.1 b

W,

AR

AR ————— k=0.5
0.6 F W\ \\\ 1

iy LA \\‘\
= AR, ﬂ. =1.0, 1.5, 2.0, 3.0
AU v
0.4 AR 1
RN
AN
\\\-\ .
AR
0.2 RN i
NN
NpNnon N
SN
.
i

Fig. 6. (Color online) Effects of 6., upon 6(¢).

2150095-10



Int. J. Mod. Phys. B Downloaded from www.worldscientific.com

by UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA on 03/29/21. Re-use and distribution is strictly not permitted, except for Open Access articles.

A higher order slip flow of generalized micropolar nanofluid

0.8 - —_— k=01 b
B S k=0.5
0.6 R\ i
1
1
sl R Pre70 100, 15.0,20.0 |
LI
LRVANENY
L S
0.2 LRGN i
NN
R
-
ok . it
0 0.5 1 15 2 15 3 35 4
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Fig. 7. (Color online) Effects of Pr upon 6(¢)

0

Fig. 8. (Color online) Effects of N, upon 6(¢).
1 . . . . . .
i
08T R k=0.1 1
N
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0.6 - N i
g \ \“.\ N1=0.2, 0.6, 1.0, 2.0
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04 ‘\‘ ““\\ 1
A \Y
X AN
\ .
0.2 SRS, 1
Ao
Sy
s s
0k L L L N
005 1 L5 2 25 3 35 4 45 5
<
Fig. 9. (Color online) Effects of Ny upon 6(§).

linear radiation and €, > 1 implies the nonlinear radiation. The escalation in the
surface heating parameter leads to a more extensive fluid temperature than from
the ambient temperature, because of which the thermal state of the temperature
is increased and as a result temperature enhances. The escalation in the profile of

2150095-11
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temperature is a little higher for £ = 0.5. Figure 7 portrays the effects of the pa-
rameter Pr upon 6(). It is examined in Fig. 7 that the temperature and boundary
layer thickness decreases as the Prandtl number enhances Pr. Because the Prandtl
number is mainly associated with thermal and momentum diffusivities; therefore,
the rise in the Prandtl number causes the dominance of momentum diffusivity over
thermal diffusivity because of which the temperature decays. The reduction in the
behaviour of the temperature and boundary layer is more considerable for k£ = 0.5.
The impact of the parameter N, upon 6(€) is captured in Fig. 8. The temperature
0(&) is enhancing along £ for growing values of the Brownian motion parameter N.
During the Brownian motion process, the arbitrary motion of the fluid particles
is enabled because of which additional heat energy is generated and as a result
temperature enhances. The enhancement in the temperature is more extensive for
k = 0.5 than from k& = 0.1. The profile of the temperature 6(§) in Fig. 9 is observed
increasing along £ for growing values of the thermophoresis parameter N;. In the
thermophoresis phenomenon, the fluid particles are dragged back from warm to the
cold surface due to which temperature escalates. Also, the boundary layer thickness
increases and this increase in the case of k = 0.5 is higher than from k = 0.1.

4.3. Concentration profiles

The effects of the Brownian motion parameter N, and Thermophoresis parameter
Ny, Schmidt number Sc and activation energy parameter F upon the concentra-
tion distribution ¢(§) are demonstrated in Figs. 10-13. The concentration profile
(&) in Fig. 10 is seen decaying along ¢ for growing values of the Brownian motion
parameter Np. The collision of the nanoparticles during the Brownian motion pro-
cess produces the resistance due to which concentration reduces. The reduction in
the concentration of nanoparticles is on a higher note in the case of kK = 0.5 than
from k = 0.1. The effects of the parameter N; upon ¢(§) are provided in Fig. 11.
It is noticed that the concentration is increasing along & for rising values of the
thermophoresis parameter N;. The number of nanoparticles is increased during the

0.8 F Hh

0.6

$&

04

0.2

Fig. 10. (Color online) Effects of N, upon ¢(§).
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(28]

LG

L]

4.5

Fig. 13. (Color online) Effects of E upon ¢(§).

thermophoresis because of which the concentration of the nanoparticles enhances.
The enhancement for k& = 0.5 is more extensive. The effects of the parameter Sc
upon ¢(§) are displayed in Fig. 12. The concentration profile in Fig. 12 is decaying
along £ for higher values of the Schmidt number Sc. As the Schmidt number is in
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an inverse relationship with mass diffusivity, that is why the rise in the Schmidt
number owns a weeker mass diffusivity, and as a result, concentration decays. The
effects of the parameter E upon ¢(€) are reflected in Fig. 13. As it is evident that
the increase in the activation energy parameter leads to the rise in the concentration
profile. The higher estimation in the activation energy parameter causes a lower re-
action rate due to which the chemical reaction decays and as a result concentration
enhances. Thus the enhancement for k£ = 0.5 is more extensive.

4.4. Microorganisms profiles

The effects of the bioconvection Lewis number Lb, Peclet number Pe and biocon-
vection parameter w upon the dimensionless distribution of the microorganisms are
depicted in Figs. 14-16. It is examined from these figures that the profile of microor-
ganisms is a decreasing function of the parameters Lb, Pe and . The diffusivity
of the microorganisms decays as the bioconvection Lewis number surges because
of which microorganisms enhances. In additions, the increase in the Peclet number

2O

Fig. 14. (Color online) Effects of Lb upon x(&).

(O

0 0.5 1 1.5 2 25 3 3.5 4 45 5

Fig. 15. (Color online) Effects of Pe upon x(&).
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Fig. 16. (Color online) Effects of @ upon x/(§).

causes the increase in the swimming motion of the self-propelled microorganisms,
which is responsible for the increment in concentration profile. Also, the higher
estimations of the bioconvection parameter lead to the diminution in the thickness
of the boundary layer because of which the microorganisms profile decreases. It is
further examined from Figs. 14-16 that the decrease in the concentration profile is
slightly higher for k = 0.5 than that of £ = 0.1.

Table 1. The numerical values of the local Nusselt num-
ber.

Nug

VReg
r Rd 0y Pr Ny, Nt k=01 k=05

02 05 1.5 6.2 0.1 0.2 20454 2.0681

0.5 2.0860 2.0891
1.0 2.1362 2.1366
2.0 2.1974 2.1980
02 1.0 2.8359 2.8626
1.5 3.4796 3.5102

2.0 4.0352 4.0695

0.5 1.0 1.4332 1.4437

2.0 2.8626 2.9057

3.0 4.9179 5.0006

1.5 7.0 2.1174 2.1440

10.0 2.3121 2.3551

15.0 2.4792 2.5517

6.2 0.5 1.2187 1.2488

1.0 0.6036 0.6257

2.0 0.1321 0.1392

0.1 0.6 1.5015 1.5316
1.0 1.1441 1.1789
1.5  0.8559 0.8923
2.0 0.6716 0.7061
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Table 2. The numerical values of the local
density number.

VReq

r Lb  Pe w k=01 k=05
02 10 02 03 1.3992 1.3916
0.5 1.4003 1.3956
1.0 1.4022 1.3995
2.0 1.4052 1.4041
02 1.5 1.8957 1.8882
2.0 2.3955 2.3881

3.0 3.3956 3.3881

1.0 0.4 1.7922 1.7771

0.6 2.1856 2.1630

1.0 2.9735 2.9360

0.2 0.5 1.4589 1.4500
1.0 1.6080 1.5959
2.0  1.9065 1.8883
3.0  2.2054 2.1812

4.5. Local Nusselt number

Table 1 demonstrates the calculated numerical values of the local Nusselt number
for various values of the parameters like I'; Rd, 8,,, Pr, N, and N;. The values
are calculated in the case when k& = 0.5 and £ = 0.1. The other parameters are
fixed as M = 0.5,A = 2,Nr = 0.1,Rb = 0.1,Sc = 2,0 =1, = 1,n = 1,FE =
1,Lb=1,Pe =0.2,w =1.8,7 = 0.2,b = 0.5,79 = 0.3,79 = 0.4. The local Nusselt
get maximum numerical values with I' and Rd for both £ = 0.1 and k£ = 0.5. The
increasing rate due to these parameters is relatively maximum when k£ = 0.5.

4.6. Local density number

Table 2 shows the calculated numerical values of the local density number for differ-
ent values of the parameters like I', Lb, Pe and @. The values are calculated when
k =0.5 and k = 0.1. The other parameters are fixed. The increasing trend in \;g‘%

is observed for @, Pe and T.

5. Conclusions

Present investigation presented the results for flow of modified micropolar nanofluid
with addition of motile microorganisms over convectively heated surface. The higher
order slip constraints and activation energy features are also accounted to the ther-
mally developed flow. The shooting algorithm with MATLAB software is tested to
simulate the numerical data. The graphical inspection of all parameters is intended
in view of viscoelastic nature of micropolar fluid. The major findings are listed as

e An increasing change in microrotation velocity due to variation of vortex viscosity
is examined which is more effective when value of viscoelastic parameter increases.
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The temperature enhanced for the uplift variation of surface heating, ther-
mophoresis constant and viscoelastic parameter.

The declining trend for increasing numerical values of Prandtl number is more
progressive when the value of viscoelastic parameter increases.

The presence of activation energy is more effective for enhancing nanofluid con-
centration.

The increasing profile of concentration field is more progressive when fluid is more
viscous.

The changes in bioconvection parameter and Peclet number parameter reduce
the motile microorganism.
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