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The thermal consequences of the Brinkman type micropolar nanoparticles are inspected theoretically in presence
of microorganisms. The impact of non-uniform heat source and sink is also observed. The thermo-diffusion as-
pects of nano-materials are visualized for heat and mass transfer phenomenon. The appropriate transformations
successfully convert the flow problem into dimensionless form. The shooting numerical computations are per-
formed to access the solution. The accuracy of numerical data is predicted via making comparison with already
performed continuations. The graphical significances for the desired parameters is addressed with aims for
graphs and tables. The findings are summarized with practical applications. The novel outcomes show that
velocity of fluid reduces with inclination factor and Brinkman parameter. The nanofluid temperature is enhanced
with non-uniform heat source sink parameters and Brinkman parameter. The nanofluid concentration reduces
with viscosity constraint. The obtained results presents applications in the era of thermal engineering, energy

production, cooling and heat systems, enzymes etc.

1. Introduction

Owing to the dynamic evolution in the thermal sciences and modern
nanotechnology, the scientists has presented the idea of nanofluids with
ultra-high thermal properties. With multidisciplinary applications, the
researchers have presented many valuable contributions on the flow of
nanofluids with extra ordinary thermal activities. The nanofluids are
assumed to be a uniform immersion of nanoparticles in the base liquids
which discover a fundamental improvement in the heat fluctuation
phenomenon. With high dynamic thermal activities, the interaction of
nanoparticles helps to fulfill the requirement of energy in various en-
gineering and industrial processes. The applications which reflected
from the nanofluids include in many era of sciences, medical engineer-
ing, industries, biomedicine, technologies and thermal engineering. The
base liquids which use as a source of energy in much industrial mech-
anism are improved with interaction of nanoparticles. With nano-size
diameter (1-100 nm), the nanoparticles attributed major importance

in energy production, nano-materials, metallurgical phenomenon,
cooling of devices electronics, controlled drug delivery, chemical pro-
cesses etc. Choi [1] discussed the basic work on nanofluids by reporting
the experimental explanations. The thermophoresis and Brownian
approach for the nanofluids flow was pointed out by Buongiorno [2].
Ibrahim et al. [3] determined the thermal mechanism of Williamson
nanofluid when the melting phenomenon and dissipation features were
more progressive. Acharya et al. [4] addressed the magnetic force
impact on the thermal properties of nanofluid assumed in directional
moving surface. Acharya [5] performed the computational analysis for
the nanoparticles flow with multiple convective constraints and radia-
tion influence. Wasqas et al. [6] explored the thermal prospective of
Maxwell and micropolar nanoparticles in a porous space. Acharya and
Mabood [7] pointed out the distinct thermal applications of Fe3O4
hybrid nanoparticles due to heat generation features over slippery sur-
face. Acharya et al. [8] discussed the improvement in heat transfer by
using the nanofluids and radiation phenomenon. Hashmi et al. [9]
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Table 1

K
Comparison table for (1 + 5) f'(0) when A = 8, = Nr =Rb = 0.

K Turkyilmazoglu [22] Present results
0.0 —1.00000000 —1.00000000
1.0 —1.22474487 —1.22474485
2.0 —1.41421356 —1.41421352

studied the thermophoretic decomposition of Maxwell nanofluid
confined by moving disks. Acharya et al. [10] examined the effects of
slip and convective conditions impact for the nanofluid flow by per-
forming the statistical analysis. The investigation addressed by Khan
[11] conveys the hybrid nanofluid properties assumed due to rotating
disk flow. Ramesh et al. [12] presented the convective thermal mode of
Al,03-Ag nanoparticles numerically via shooting approach. Rafique
[13] performed the thermal simulations for the Brinkman micropolar
nanofluid with thermophoresis applications. Khan and Alzahrani
determined the convective transport of silicon dioxide and molybdenum
disulfide nanoparticles with entropy generation pattern for the Sisko
liquid. The bioconvection phenomenon is the most valuable the
impressive research area in the bio-engineering and bio-technology. The
bioconvection phenomenon is usually assumed as a sub branch of
thermofluid which reflects the applications of convective transport of
nano-materials in presence of microorganisms. The bio-convective
transport pattern is associated with the hydrodynamic instability for
the upward flow of microorganisms which float in the upper zone of the
surface. The microorganisms have properties to throw out in distinct
surrounding consequences like gravitational force, chemical reaction,
electric and magnetic force. The nanoparticles flow the Brownian and
thermophoretic mechanism as compared to the microorganism which
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are self oriented. The bioconvection phenomenon presents the distinct
applications in bio-fuels, bacteria, fertilizers etc. Kuznetsov [15] worked
out the mathematical modeling of bioconvection problem and discussed
the oxytactic microorganisms phenomenon. Makinde and Animasaun
[16] addressed the bioconvection pattern with quartic autocatalysis and
fundamental features of thermal radiation and chemical reaction.
Acharya et al. [17] claimed the applications of solar radiation for bio-
convection magnetized flow of nanofluid. The work performed by
Acharya et al. [18] evaluated the role of slip factor for nanofluid flow
with microorganisms. Usman et al. [19] addressed the Eyring Powell
bioconvection flow proflem due to Riga transport by exploring the
nonlinear thermal radiation phenomenon. Nadeem et al. [20] discussed
a computational problem for the ferrofluid flow with microorganisms
numerically. The finite element numerical approach for micropolar
nanofluid fluid was followed by Ali et al. [21].

The bioconvection applications in chemical reactive flow of Brink-
man micropolar nanofluid over inclined surface is examined numeri-
cally in this contribution. The magnetic force, activation energy and
thermal radiation phenomenon is also encountered. Moreover, the non-
uniform heat absorption and generation consequences are entertained to
improve the progressive heat transportation prospective. The convective
Nield conditions for the formulated problem are convinced to perform

the analysis. The numerical shooting technique is imposed to address the
solution procedure.

2. Flow analysis

The convective transport of Brinkman micropolar is visualized in
presence of microorganism. The inclined surface induced the flow with
uniform velocity. The associated thermal relations for the non-uniform
heat source/sink, thermal radiation and activation energy are intro-
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Fig. 1. (a-c): Velocity profile for (a) parameter M and K (b) Rb and Nr. (c) j,, and factor f;
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Fig. 2. (a-d): Temperature profile for (a) Pr,; and K, (b) Nt and Nb, (c) Nr and f, (d) A and B.

duced to modify the heat and concentration equations. The magnetic R )
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The uniform velocity of the considered inclined surface is expressed with
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representing the Brinkman type micropolar nanofluid with described 6 3 7 ” 7
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The expressions for the non-uniform heat source and sink Q. are

P presented as:
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The boundary conditions are [13,21]:
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Fig. 3. (a-c): Concentration profile for (a) Sc and K, (b) Nt and Nr, (c) E and f,,.
l T T T T T T T Table 2
@ Numerical values of —6 (0), —¢ (0), — (0).
y K Nt Nb A —6(0) —4'(0) -1 (0)
’ 0.1 0.2 0.2 30 0.35 0.48 0.55
Lb=0.2.0.5.1.0.1.5 0.5 0.37 0.50 0.59
B 0.7 0.41 0.52 0.60
0.6r % Pe=02.0.5.1.0.1.5 1 0.3 01 0.33 0.45 0.57
X T e 0.3 0.32 0.41 0.53
0.5 0.30 0.38 0.51
0.1 0.37 0.42 0.50
0.5 0.35 0.45 0.47
0.7 0.31 0.48 0.42
45 0.40 0.45 0.51
60 0.38 0.42 0.49

Fig. 4. Microorganism profile for Lb and Pe..
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The physical quantities are p; (fluid density), ¢" (electric conduc-
tivity), u (viscosity), By (magnetic field strength), N (micro-rotation), j*
(micro-inertia), * (Brinkman coefficient), Py (nanoparticles density), Dg
(Brownian motion coefficient), g (gravity), k; (material constant), o,
(Stefan-Boltzmann coefficient), k* (mean absorption coefficient), Dr
(thermophoresis dispersion), Q" (volume suspension coefficient), T
(temperature), C (concentration), p,, (microorganisms density), n (mi-
croorganisms), E, (energy coefficient), D,, (coefficient of microorgan-
isms), Kr?> (chemical reaction constant), m (fitted rate constant), m
(fitted rate constant), b, (chemotaxis constant) E, (activation energy
coefficient) and wy, (cell swimming speed)
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The developed similarity variables are:

N \/%MML v=—Vavf(n),u=axf (), n = \/%%

T—Ty C— Co
Tw _ Tm7 ¢(’]) - Ceo

(10

n— Ny

0(n) = . x(n) =

Ny — N

The dimensionless flow problem in view of equations (10) is
formulated as:

(L+K)f" +ff"+Kg — (f)* = (M = B,)f + (0 — Nrp — Rby)cosp, =0,

an

K\ N g
<1+§>g —K@2g+f')-fe+gf=0, 12)
(1 ;er) 0" +Pr[NbO ¢ +f6 +Nt(6)* | +Af +B16=0, (13)
¢ —Sco.(1+ we)”‘exp< - ﬁ) b+ (%) 0" +Scfdp =0, 14
£+ Lbfy —Pe(¢"(¢ +0u) +2¢) =0. s)

Eq. (13) is further modified in terms of effective Prandtl number
0"+ Pry [NbO ¢ +f6 +Nt(6 )’ ] + Prog(Af +B18) =0, 16)

with Pryy = (1 +Rd)/Pr
with boundary conditions

£(0) =0,f(0) = 1,(0) = 0,6/ (0) = —Bi[l — 6(0) ],
Ntgp (0) + Nbo (%) =0,7(0) =1, } a7

1 (00)=0,8(00)—0,6(c0) =0, ¢(00) 0,  (00) 0. 18)

With flow parameters like vortex viscosity constraint K = k; /psv,
magnetic parameter M :%, Brinkman parameter f, = %, bio-
convection Rayleigh constant  Rb( =7 (ny — nw) (0 —p;)/

Q'ps(1 — Cx)(Ty — Ts) ), buoyancy ratio constant Nr( = (p, — p;) (Cy —
Cs)/ Q*pf(l — Cw)Ts ), angular micropolar parameter Q = %;, mixed

convection parameter A( = Q'g(1 — Cs)(Ty — Tw)/b?x), Prandtl num-
ber Pr =, Brownian constant Nb = %ﬁw’w, activation energy E =
E,/k,T,,, and radiation parameter Rd = 46" T,,%/3kk", thermophoresis

AwDr(Tyw—Te

constant Nt = =~ ) Lewis number Le = g—g, bio-convective Lewis
wlm

number Lb = 7=, activation energy E ( = kET%), Peclet number Pe = b’g%
and motile difference constant ¢,, = ("W”j‘;l -

The local Nusselt number, local Sherwood number and motile den-
sity number are expressed as:

\/]\2‘7 = —(1 +§Rd>9’(0),
Sh ,
N =—¢ (0), (19)
Ny ,
Jk’fg =4 (0).

3. Numerical method

The numerical scheme namely shooting technique is employed in
this section to discuss the obtained solution. The shooting method is the
most effective numerical scheme due to higher accuracy. This method is
based on the conversion of boundary value scheme into set of initial
value system. This scheme is based on following steps:
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/ , 7 '
f:S]vf,:Sbf//:Sz-,f/ =953,
f— — I — ¢
63,': 5472][1“‘5:/8 155 -,9,:561 (20)
v =s7, *57:/45*58745, = 595,
!
@' =50, x =500 =51, =511

o (51 —s3) + (2)> 4+ (M — B,,)s, — A(s¢ — Nrss — Rbsyp)cosp,

S = 21
g (1+K) (21)
 —14s + gy + K(2qs +
4= 9195 T 4294 (294 43)7 (22)
(1 + ’7“)
s’7 = —Pry [NbS7s9 + 5187 + NI(S7)2} — Proy(Ais: + Bysg), 23)
, Nt v . -E
s, = —Sesysy ~ w8 +8co” (1 + 6s7) q“exp<m>, 24)
s, = —Lbssi +Pe(s o (y + @) + 51150 ) (25)
with
51(0) = S7 52(0) = 1,S4(O) = 0,57(0) = 7Bl[1 — 55(0)]7 (26)
Ntsg + Nbs; = 0,510 = 1,
52(00)—0, 54(00)—0, 56(00)—0, s5(00)—0, 519(00)—0. 27)

4. Validation of solution

Table 1 presents the solution verification by comparing the obtained
numerical data with work of Turkyilmazoglu [22]. A good agreement is
noted between both studies.

5. Discussion

The illustration of velocity f against change magnetic parameter M
and viscosity constraint K is inspected by preparing Fig. 1(a). The
reduced velocity profile with higher M is noticed. Physically, the in-
crease in magnetic parameter causes a resistive force which is known as
Lorentz force. This Lorentz force has tendency to control the increasing
change in velocity. The increment in velocity is observed for increasing
viscosity constraint K. Physical aspects of such increasing behavior of f
is due to presence of viscous forces. The graphical results reported in
Fig. 1(b) visualized the nature of f for bioconvection Rayleigh constant
Rb and buoyancy ratio constant Nr. A reduction in fluid particles ve-
locity for both flow parameters is examined. Physical explanation for
such trend is due to presence of buoyancy forces. Fig. 1(c) highlight the
influence of Brinkman parameter f3,, and inclination factor f; on f . Both
parameters effectively presents the resistance in the velocity.

The inspection in temperature 6 for increasing variation of Prandtl
effective Pryy and viscosity constraint K has been visualized in Fig. 2(a).
With distinct numerical values of Pr s and K, the temperature profile get
decline. The Prandtl effective explored the joint consequences of Prandtl
number and radiation constant. The higher change in Prandtl constant
depresses the thermal diffusivity due to relation relations between both
quantities. The impact of thermophoresis constant Nt and Brownian
constant Nb on 6 has been presented in Fig. 2(b). Both Brownian motion
and thermophoresis constant are the most important parameters of
Buongiorno nanofluid model. A boost up nanofluid temperature is raised
with both parameters. Physically, the thermophoretic phenomenon
presents the motion of heated nanoparticles which moves from heated
surface to cooler zone due to temperature gradient. This fluctuation in
temperature results improvement in 6. The increasing change in tem-
perature due to Nb is associated to the random movement of fluid par-
ticles. Fig. 2(c) explored influence of Nr and f,, on 6. An increasing
variation in 6 is observed due to Nr and f3,,. The results conveyed in Fig. 2
(d) show that nanofluid temperature enhanced with non-uniform heat
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source/sink parameters A and B. It is concluded form this results that
presence of non-uniform heat source/sink is more effective to improve
the nanofluid temperature.

Fig. 3(a) presented the change in concentration ¢ for Schmidt
number Sc and viscosity constraint K. The reduction in the profile of ¢ is
noticed with Sc. The physical explanation for decrease in ¢ due to Sc is
due to the fact that Schmidt number presents the inverse relations with
mass diffusivity. The lower mass diffusivity is observed for higher
Schmidt number. The impact of K on ¢ also reports decreasing trend.
Fig. 3(2) shows that concentration profile arises with thermophoresis
constant Nt and buoyancy constant Nr. The graphical results for acti-
vation energy E and Brinkman parameter f3,, is observed in Fig. 3(c). the
presence of both parameters enhanced the concentration. Fig. 4 reposts
the influence of bio-convective Lewis number Lb and Peclet number Pe
on microorganism profile y. When Lb and Pe get increasing numerical
values, a lower profile of y is observed. Physically, Peclet number is
inversely related to the motile density due to which y decline.

The numerical values are obtained in table 2 for flow parameters by
using the relation of —6'(0), —¢ (0), —¢'(0). The results predicted from
this table show that all physical quantities increases with K while lower
numerical values are noticed for #; and Nt.

6. Conclusions

The bio-convective significances of Brinkman micropolar nanofluid
is addressed in presence of non-uniform heat source/sink and thermal
radiation. The shooting technique is used for the solution procedure. The
main outcomes observed from current analysis are:

The fluid velocity reduces for the Brinkman parameter and inclina-
tion factor.

The nanofluid temperature get enhanced with Brinkman parameter,
thermophoresis constant while the results for temperature field are
opposite by increasing viscosity constraint.

The presence of non-uniform heat source/sink parameters is more
effective to improve the nanofluid temperature.

A lower concentration of nanofluid is inspected with viscosity
constraint and Schmidt number.

A boost up concentration profile is predicted with Brinkman
parameter.
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