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Abstract
In this examination, a mathematical model is developed for Darcy free convection with reference to an isothermal vertical cone along with fixed apex half angle, pointing downward in a nanofluid-saturated porous medium. The aim of this
methodology is to offer another sort of primary fluid containing nanoparticles and gyrotactic microorganism’s consistence
of permeable medium, chemical reaction alongside convective boundary circumstance. The model presents design rules
for improvement of imperative fabrication of fertilizer and polymer substance. The present model includes the gyrotactic
microorganisms alongside nanoparticles, and cone is dependent on concentration of nanoparticles as well as density of
motile microorganisms. Two important impacts Brownian motion as well as thermophoresis are also included in the present
model for nanofluids. Reduced system of nonlinear differential equations is derived from governing partial differential of the
present flow by using usual transformations along with Oberbeck–Boussinesq approximation. After that, this reduced system
is solved numerically with the use of fifth-order Runge–Kutta method in conjunction with the shooting technique. Relevant
outcomes are exhibited graphically and talked about quantitatively as for variety in the flow controlling parameters related
to the present analysis. Mainly, the observations are bioconvection parameters will in general improve the concentration of
the rescaled density of microorganisms and nanoparticles volume fraction and dimensionless motile microorganisms reduce
with strong chemical reactions.
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In view of heat transfer analysis, the studies regarding natural convection flow over a vertical isothermal cone which
can be placed in permeable media are one of the important and classical models. In fact, thermally conducted
flows through a permeable media involved in many fields,
for example, mechanical, chemical and civil engineering.
Nowadays, nanofluid is a budding composite because which
contains nanoscale solid particles and plays in important role
in convectional heat transfer fluids models. In general, nanofluids are integrated by including metallic or non-metallic
nanoparticles to base liquids, such base fluids are as follows,
water, mineral oils or toluene and so on (Das et al. [1]). In
addition, the most significant quality of nanofluid is that they
have high in thermal conductivity. Further, it is accepted
that some of the slip components are engaged with the convection of nanofluids. With the help of scale investigation,
Buongiorno [2] analyzed the seven essential mechanisms
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related to the convection of nanofluids by developing the
nanoparticles in the base fluid.
All the way by examining the seven major mechanisms,
he concluded that two effects are very significant that are
thermophoresis and Brownian diffusion. In actual fact, the
thermophoresis effect works opposite to the temperature
gradient which means in general particles move from hot
objects to cold ones. Now coming to effect of Brownian
movement, it deals the concentration of fluid, as of we know
that in general particles move from high concentration to
low concentration regions. By considering these effects, the
idea of convective transport in nanofluids explored in detail
by authors (Jing et al. [3], Hady et al. [4], Hayat et al. [5],
Shit and Mukherjee [6], Gangadhar et al. [7], Venkata Subba
Rao et al. [8]).
Nowadays, many esteemed researchers are very much
interested to study the fluid flows with viscosity which conveying microorganisms because of specified applications in
various divisions like, industrial, agricultural and scientific.
In fact, microorganisms play a greater role in numerous
numbers of examinations, especially, in digestion of food,
removal of toxin and antibiotics. The adding of microorganisms to the fluids means it is a mixing of the fluids which
produce a better in transfer of mass. Then again, the study of
bioconvection has significant importance in applications of
biological and biotechnology divisions. In fact, macroscopic
convection motion of the fluid is named as bioconvection; it
is because of density gradient it arises as a result of the collective swimming of motile microorganisms. These selves
moved motile microorganisms will increase the fluid density
with help of swimming in a particular direction; as a result,
bioconvection is formed. To increase the stability, microorganisms are added to the nanofluid as a suspension (Kuznetsov [9]) and might be keeping away from nanoparticles.
Later, gyrotactic microorganisms which contain in nanofluid taken by Aziz et al. [10] to investigate the mass, heat
and motile microorganism transport rate, Further, Tham
et al. [11] presented a detailed note on steady and mixed convection flow of nanofluid which contain gyrotactic microorganisms over a solid sphere in the presence of surface
maintain at constant temperature through porous medium
saturated by means of vertically in upward direction for
the two cases, i.e., heating and cooling. Moreover, Mutuku
and Makinde [12] considered a novel type of a water-based
nanofluid which contains nanoparticles along with motile
microorganisms to study the bioconvection with the effect
of hydromagnetic flow past a permeable vertical moving
surface. Later, Khan and Makinde [13] conducted a study to
characterize the heat and mass transfer of electrically conducting gyrotactic microorganisms past a stretching sheet
which is convectively heated.
After that, Mahdy [14] considered the natural convective flow due to gyrotactic microorganisms through a porous
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media saturated by a water-based nanofluid. Basir et al. [15]
investigated the temperature-dependent viscous fluid containing microorganisms with thermal diffusion and diffusion
thermal effects. De [16] observed the dual nature on nanofluid flow containing motile microorganisms by including
the thermal radiation effect.
Further, Khan et al. [17] have investigated MHD flow
of nanofluid over a vertical plate which contains gyrotactic
microorganisms in the presence of Navier slip. A comprehensive conversation is given by various authors (Khan et al.
[18], Avramenko and Kuznetsov [19], Hill et al. [20]) to
study the bioconvection in suspension of oxytactic bacteria
is model for the onset of bioconvection along with the adding of gyrotactic/oxytactic microorganisms different kinds of
geometries. Later, Abdul-Kahar et al. [21] have considered
nanofluid to investigate the two effects that are chemical
reaction and heat radiation over a porous vertical stretching
surface. Further, Kameswaran et al. [22] have considered
stretching or shrinking sheet to characterize the hydromagnetic nanofluid flow by means of two effects that are viscous
dissipation and chemical reaction. Numerous numbers of
esteemed researches are considered different kinds of geometries (Venkateswarlu and Satya Narayana [23], Gangadhar
et al. [24], Imtiaz et al. [25], Khan et al. [26], Zhao et al.
[27], Qiao et al. [28], Zhao et al. [29]) to analyze flow, heat
and mass transfer by means of impacts of chemical reaction.
The aim of this approach is to offer a new type of primary
fluid comprising nanoparticles and gyrotactic microorganism’s consistence of porous medium, chemical reaction
along with convective boundary situation. After converting
the set of four highly nonlinear coupled ODEs, the resulting system is computed by utilizing a well-known technique
is called the fourth-order Runge–Kutta method along with
shooting technique (Dogonchi et al. [30], Ibrahim and Shanker [31]), which is especially appropriate for highly nonlinear equations. With the use of proposed technique heat and
mass transfer rates are analyzed thoroughly by assigning the
numerical values to the parameters related to the present
study. As per the author’s knowledge concern, this kind of
problem does not exist, so that problem and outcomes are
novel and unique.

2 Mathematical Formation for the Problem
In the present study, let us take incompressible, steady,
two-dimensional, vertical isothermal cone (with half of the
angle 𝜔 ) which embedded in a Darcy porous medium. In
this analysis, water-based nanofluid is considered which
contains oxytactic microorganisms. Ambient temperature
of the nanofluid is denoted as T∞, and cone temperature is
denoted as Tw ; moreover, the left side of the cone surface
is heated from a temperature of the hot fluid Tf (> T∞ ) or is

Arabian Journal for Science and Engineering

(
)
cooled fluid Tf < T∞ by means of the convection method
(see Aziz [32] and Ishak [33]). Furthermore,C is assumed as
nanoparticles volume fraction and N is assumed as density
of microorganisms at surface of the cone, i.e., y = 0 with a
fixed value and assumed as, Cw , Nw similarly ambient values are assumed as C∞, N∞ in that order as y approaches to
infinity. Moreover, it can be assumed that the approximation
of Oberbeck–Boussinesq is valid at the same time concentration of the nanoparticles is also diluted. The considered
coordinate system is like that x-axis is associated with the
flow on the cone surface.
The origin O is positioned on the cone vertex, surface of
the cone is measured in the direction of x-axis with reference to the origin O and coordinate y is perpendicular to the
surface of the cone as displayed in Fig. 1.
By all these suppositions, the governing PDEs related to
the present flow are as:
𝜕(r u) 𝜕(r v)
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In the above equations, velocity components are assumed
as u and v in the direction of x and y axes in that order, the
thermal diffusivity and volumetric coefficient are assumed
as 𝛼 and 𝛽 in order, 𝜇 assumed as nanofluid dynamic viscosity, 𝜌p assumed as density of nanoparticles, 𝜌f assumed
as density of the base fluid, 𝜌m∞ assumed as microorganisms, 𝛾 denotes the average volume of the microorganisms,
K denotes the Darcy permeability of the porous medium,
̂ denotes the constant maximum cell swimming speed,
W
̄ D
̃ are denotes the effects of
𝜀 denotes the porosity, D, D,
Brownian movement, thermophoresis diffusion and diffusivity of microorganism coefficients sequentially, g denotes
the acceleration because of gravity, b denotes the chemo
taxis constant, 𝜏 = 𝜀(𝜌c)p ∕(𝜌c)f denotes the heat capacity
with effectiveness of the nanoparticles material, k0 denotes
the chemical reaction constant and r denotes the radius of
the cone.
Related boundary conditions are
v(y) = 0,

−k

u(y) → 0,

𝜕T(y)
= hf (Tf − T(y)),
𝜕y

T(y) → 0,

C(y) = Cw ,

C(y) → Cw ,

n(y) = nw ,

y = 0,

(7)
n(y) → nw ,

y → 0.
(8)

In Eq. (7), k is used to represent the fluid thermal
conductivity.
According to the Ames [34], similarity transformations
are as follows:
T − T∞
C − C∞
y
, 𝜙(𝜉) =
,
𝜉 = Ra1∕2 , 𝜓 = 𝛼rRa1∕2 f (𝜉), 𝜃(𝜉) =
x
T f − T∞
Cw − C∞
(
)
(
)
1 − C∞ 𝜌f ∞ Kg𝛽 Tf − T∞ cos 𝜔
n − n∞
𝜒(𝜉) =
, Ra =
x.
n w − n∞
𝜇𝛼

(9)

Let 𝛹 is assumed as free stream function and it satisfies
, v = − 1r 𝜕𝜓
Eq. (1) along with CR equations, i.e.,u = 1r 𝜕𝜓
.
𝜕y
𝜕x

Moreover, here by means of cross-differentiation, we can
eliminate pressure P from the two equations, i.e., (2) and (3).
For all the regular transformations mentioned in equation
number (9), Eqs. (2)–(8) are converted into set of nonlinear
coupled differential equations and they are as follows:

f �� − 𝜃 � + Nr𝜙� + Rb𝜒 � = 0,

(10)

Fig. 1  Schematic diagram for the proposed flow
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3
𝜃 �� + f 𝜃 � + Nb𝜙� 𝜃 � + Nt𝜃 �2 = 0,
2

(11)

Nt ��
3
𝜃 − kr𝜙 = 0,
𝜙�� + Le f 𝜙� +
2
Nb

(12)

(
)
3
𝜒 �� + Lb f 𝜒 � − Pe 𝜒 � 𝜙� + 𝜙�� (𝜒 + 𝜎) = 0.
2

(13)

The transformed boundary conditions are as follows:

f (𝜉) = 0,

𝜃 � (𝜉) = −Bi(1 − 𝜃(0)),

𝜙(𝜉) = 1,

𝜒(𝜉) = 1,

at 𝜉 = 0,

f (𝜉) → 0,

𝜃(𝜉) → 0,

𝜙(𝜉) → 0,

(14)
𝜒(𝜉) → 0,

as 𝜉 → ∞.
(15)

In all the above-mentioned equations, prime denotes
the partial derivative with respect to variable 𝜉 . Thermal
boundary layer is considered as thin; for this reason, r can
be approximated by the local radius of the cone (r = x sin 𝜔).
Additionally, in equation numbers (10)–(14), Rb denotes
the bioconvection Rayleigh number, Ra denotes the thermal
Rayleigh number, Nr denotes the buoyancy ratio parameter, Nt denotes the modified diffusivity ratio parameter,
Nb denotes the Brownian motion parameter, Le denotes the
traditional Lewis number, kr denotes the chemical reaction
parameter, Pe denotes the bioconvection Péclet number, Bi
denotes the local Biot number, Lb denotes about bioconvection Lewis number, and 𝜎 denotes bioconvection constant.
And all these flow controlling parameters are defined as
follows:
(
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,
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The formulas for the physical quantities of the study,
for example, Nusselt, Sherwood and density number of the
motile microorganisms numbers are defined as in that order:

xqw
Nu = (
),
k Tf − T∞
xqm
Sh = (
),
D Cw − C∞
xqn
Xn = (
).
̃
D nw − n∞

(17)

In the above equation, i.e., (17), heat flux qw , mass flux
qm and motile microorganisms flux qn are formulated at the
wall in that order are:

𝜕T ||
,
𝜕y ||y=0
𝜕C ||
,
qm = −D
𝜕y ||y=0
|
̄ 𝜕n | .
qw = −D
𝜕y ||y=0
qw = −k

(18)

By utilizing Eqs. (9), (17) and (18), the following are
obtained

Nu = −Ra1∕2 𝜃 � (0),
(19)

Sh = −Ra1∕2 𝜙� (0),
1∕2

Xn = −Ra

�

𝜒 (0),

After applying all the changes on Eq. (19), we get the
changes (Hillesdon et al. [35]):

Nur = Ra−1∕2 Nu = −𝜃 � (0),
Shr = Ra−1∕2 Sh = −𝜙� (0),
−1∕2

Xnr = Ra

(20)

�

Xn = −𝜒 (0).

3 Solution of the Problem
Numerical solution is obtained for Eqs. (10)–(13) by
means of suitable boundary conditions which are specified in Eqs. (14)–(15) by utilizing fifth-order Runge–Kutta
method in conjunction with the shooting technique, for
these Eqs. (10)–(13) can be reduced into first-order group
of equations by assuming f = z1 , f � = z2 , 𝜃 = z3 ,
𝜃 � = z4 , 𝜙 = z5 , 𝜙� = z6 , 𝜒 = z7 , 𝜒 � = z8 . For all these
changes, the equations are as follows:
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Along with the initial conditions
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]
H e r e , u1 , u2 , u3 , u4 = f � (0), 𝜃 � (0), 𝜙� (0), 𝜒 � (0) . Now
the first-order system equation (22) is solved numerically
with the convergent numerical technique, i.e., fifth-order
Runge–Kutta method by considering suitable values to
u1, u2 , u3 and u4 . Newton–Raphson method is applied to
iteratively to guess the values u1, u2 , u3 and u4 . This entire
procedure is repeated up to solutions obtained free stream
conditions by considering the various values for 𝜉max , for
example, 𝜉 = 10, 11, 12, 13. Here, error tolerance is considered as 10−9. The solutions obtained with the numerical procedure stated above are found to be consistent with those of
MATLAB built in tolerance bvp 4c.

3.1 Algorithm (Runge–Kutta) Method of Order Five
The following is the new 6-stage fifth-order 5-parallel 2-processer parallel Runge–Kutta fifth-order algorithm (Ponalagusamy and Ponnamma [36]) (selecting a54 = 0 so that k4
and k5 can be evaluated simultaneously)
We set xi = a + ih, i = 1, 2, 3, … n and y0 = y(x0 ), for
k = 0, 1, 2, … n − 1, define yk+1 by
)
(
250
442
8192
31
17
k1 −
k3 +
k4 +
k5 +
k6 ,
yk+1 = yk + −
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255
9945
234
where k1 = h f (xk , yk ),

(21)
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(
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h
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5
5
(
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39k1
2h
5
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5
160
32
)
(
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2
5
h
− k + k ,
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2
24 24 2 3 3
)
(
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3h
1
3
k5 = h f xk + , yk +
− k2 + k3 ,
16
8
16
4
)
(
9k1 15
8
12
8
k6 = h f xk + h, yk −
+ k2 + k3 − k4 + k5 .
14
14
7
7
7

4 Results and Discussion
of the Computations
To understand the physical interpretation of the current
investigation, a numerical analysis is presented for the
rescaled velocity, temperature, nanoparticles volume fraction and rescaled motile microorganisms using proposed
numerical technique by taking different numerical augments of the flow controlling parameters which are encounter in this study, for example, Nr = 0.2, Rb = 0.2, Nt = 0.1,
Le = 1, Nb = 0.1, Lb = 1, 𝜎 = 0.2, Pe = 1, Bi = 0.1, and
kr = 0.5.
Figures 2, 3 and 4 are drawn to understand the nature of
the non-dimensional profiles of velocity, temperature and
motile microorganisms for various numerical estimations of
buoyancy ratio Nr (Nr = 0, 0.05, 0.1, 0.2) in the presence of
two cases, i.e., lower bioconvection Peclet number Pe = 1 and
higher bioconvection Peclet number Pe = 2. Velocity turned
down to surface for the increasing values of buoyancy ratio
as shown in Fig. 2. Moreover, expression of Nr in Eq. (16)
embodies comparative involvement of thermal buoyance force
to viscous hydrodynamic force. If this parameter is increased,
then the flow will get energized along with the buoyancy at
the same time there exists a reduction in viscous effect. Thermal and microorganism’s boundary layer depleted with lower
buoyancy effect, as shown in Figs. 3 and 4. Asymptotically
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Fig. 2  Graph for velocity for buoyancy ratio and bioconvection Péclet
number

Fig. 4  Graph for motile microorganisms for buoyancy ratio and bioconvection Péclet number

Fig. 3  Graph for temperature for buoyancy ratio and bioconvection
Péclet number

Fig. 5  Graph for velocity for bioconvection Rayleigh number and
local Biot number

smooth convergence of all motile microorganism’s plots is
likewise accomplished in the free stream confirming again
the inconvenience of an adequately huge boundlessly boundary condition in the calculations. Besides, the dimensionless
velocity, temperature and rescaled motile microorganisms
are declined for the increasing estimations of bioconvection
Peclet number as observed in Figs. 2, 3 and 4. These outcomes
are in great concurrence with those of Mahdy [14] and Khan
et al. [17].
Figures 5 and 6 delineate the impacts of bioconvection
Rayleigh number Rb (Rb = 0, 0.05, 0.1, 0.2) particularly
two values of Bi, i.e., Bi = 0.1, 0.2. It tends to be seen that
the non-dimensional velocity diminishes, while temperature increases with an expansion in bioconvection parameter. Besides, these figures indicate that with expanding Biot
number the velocity and temperature segments are assessed
close to the wall though it is diminished further from the
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wall. If we take Biot number value less than 0.1, it reflects
the heat conduction within body is very high when compared to heat convection away from surface, and there is no
importance for the temperature gradients inside. To avoid
this complexity in the present study, we consider the Biot
number as strictly above 0.1 and this range of Bi forms a
“thermally thick” regime. Moreover, Biot number and coefficient of convection heat transfer both are proportional to
each other at the surface, at the same time, Biot number and
thermal conductivity both are inversely proportional to each
other the by fixing the other parameters as constant [see
expression of Bi in Eq. (16)]. Lower Biot number means
there is a high thermal conductivity and vice versa.
In fact, Fig. 7 is drawn to understand the behavior of
rescaled dimensionless nanoparticles volume fraction profile for the variations of bioconvection Rayleigh number Rb
and nanofluid Lewis number Le effects. From this figure,
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Fig. 6  Graph of temperature for bioconvection Rayleigh number and
local Biot number

Fig. 7  Graph of nanoparticles volume fraction for bioconvection Rayleigh and Lewis number

we can see that nanoparticles volume fraction is accelerated
over all the fluid layers along with the increase in Rb, while
distribution of nanofluid concentration is decreased along
with the increase in the Lewis number. Moreover, it might
be observed that, the non-dimensional nanofluid concentration is reduced because of enhancement in Lewis number Le
when keeping nanoparticles concentration ΔC as constant.
From Fig. 8, it can be observed that rescaled density
of the motile microorganisms is purely dependent on the
bioconvection Lewis number and bioconvection constant
inside of the boundary layer. In fact, there is no countable
bioconvection constant influence on the rescaled density of
motile microorganisms for large estimations of bioconvection Lewis number in the present analysis. Moreover, we
noticed that for higher estimations of bioconvection Rayleigh causes an upsurge in the rescaled density of motile
microorganism as seen in Fig. 8.

Fig. 8  Graph of motile microorganisms for bioconvection Rayleigh
number and bioconvection Lewis number

Fig. 9  Graph of temperature for Brownian motion and thermophoresis

Figures 9 and 10 reveal the effect of Nt and Nb on the
two profiles that are temperature 𝜃 and rescaled nanoparticle
volume fraction 𝜙 . From Figs. 9 and 10, it is noticed that
increase in Nt reflects the size of dimensionless temperature,
volume fraction of the nanoparticles and related thickness
of the boundary layer and it is observed as decrease. Consequently, we can observe the enhancement in the gradient of
the nanoparticles volume fraction at the wall. It is a direct
result for the existing of thermophoresis force and because
of this increase in thermophoretic force nanoparticle volume fraction is increased. Now coming to Brownian motion
parameter, in nanofluid, it can be defined as the ratio of diffusion of the nanoparticles; it is because of effect of Brownian motion and thermal diffusion. Hence, by this effect, one
can expect that there exists a difference between the nanoparticle volume fraction at the wall and at the ambient along
with increase in Brownian motion parameter. Based on the
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Fig. 10  Graph of nanoparticles volume fraction for bioconvection
Brownian motion and thermophoresis

Fig. 12  Graph of nanoparticles volume fraction for chemical reaction
and local Biot number

Fig. 11  Graph of motile microorganisms for bioconvection and
Brownian motion

Fig. 13  Graph of motile microorganisms for chemical reaction and
local Biot number

theory of equation of Einstein–Stokes (Buongiorno [2]),
Brownian movement of particles is dependent on increase
in the particle diameter. For this reason, there is an increase
in the Brownian motion due to the decrease in particle diameter. From Figs. 9 and 10, it is seen that the expansion in Nb
expands the dimensionless temperature distribution, while
diminishes the rescaled nanoparticles concentration profiles.
Moreover, nanofluid concentration profiles are very much
reflected for the effect of Nb when compared to temperature
profiles; this comparison is observed in Figs. 9 and 10. Generally, the increase in Nb tends to decrease the nanoparticle
concentration, as shown in Fig. 10.
From Fig. 11, it is observed that a rescaled motile microorganism is decreased for the expansion in Nb. It can be
observed from Figs. 12 and 13 that both nanofluid concentration and motile microorganism’s distributions decline
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Fig. 14  Graph for the effect of thermophoresis on Nusselt number for
various values of Brownian motion
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Fig. 15  Graph for the effect of thermophoresis on Sherwood number
for various values of Brownian motion

Fig. 16  Graph for the effect of thermophoresis on density of motile
microorganism number against Brownian motion

with intensification in strength of either Biot number or
chemical reactions.
Figure 14 gives the data about the one of the important
effects regarding nanofluid study that is thermophoresis
on the local Nusselt number for the various estimations of
Brownian movement. From Fig. 14, it is seen that for the
expanding estimations of Nt there exists a comparing decline
in the local Nusselt. Additionally, it is seen that there exists
reasonable enhancement in the distribution of temperature in
the entire boundary layer system for the expanding estimations of Nt. On the other hand, it is seen that, by expanding
Nt we get the relating increment in Sherwood number just
as motile microorganisms density number as appeared in
Figs. 15 and 16. On the other hand, from the same figures, it
can be noticed that, increase in Nb causes in an increase in
the concentration of thickness of the boundary layer and the
boundary layer thickness of the rescaled density of motile
microorganisms, consequently Shr and Xnr are increased.

Fig. 17  Graph for the effect of bioconvection Lewis number on Nusselt number against bioconvection Peclet number

Fig. 18  Graph for the effect of bioconvection Lewis number on density of microorganism number against bioconvection Peclet number

Figures 17 and 18 exhibit the local Nusselt number Nur
and motile microorganisms’ density number Xnr profiles
against bioconvection Lewis number Lb for various augments of bioconvection Peclet number Pe . Actually, rise in
Pe and Lb decides the motion of the fluid and it reduces
the temperature distributions and motile microorganisms’
density, consequently the temperature gradients and microorganisms rescaled density are decreased. Thus, Nur and
Xnr are increased.

5 Conclusions
In this paper, characteristics of heat and mass transfer rates
are examined thoroughly for the time-independent hydrodynamic natural convective of vertical permeable cone
which is embedded in a porous medium. Actually, cone is
filled by the proposed Newtonian nanofluid which contains
gyrotactic microorganisms. Two effects such as chemical
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reaction and convective condition are included in this analysis. The convergent numerical technique that is fifth-order
Runge–Kutta method in conjunction with the shooting
technique is utilized to obtain the numerical solution for the
reduced system. Graphs and tables are plotted for the various
parameters related to the current analysis. The profiles for
the velocity, temperature, nanoparticles volume fraction and
motile microorganisms are drawn and thoroughly studied
graphically by using the parameters related to the present
analysis. A reasonable correlation is obtained for the present
outcomes and results available in the literature which are
published previously. The accompanying results are distinguished from this examination:
1. For the increasing estimations of bioconvection Lewis
number, rate of reaction, bioconvection Peclet and
Biot number, rescaled density of microorganisms is
decreased, while for the buoyancy ratio and bioconvection Rayleigh number it is increased.
2. Rescaled density number of microorganisms as well
as reduced Sherwood number completely depends on
two important impacts thermophoresis and Brownian
motion.
3. Bioconvection Peclet and bioconvection Lewis numbers
have a significant enhancing on rescaled Nusselt number
and opposite results obtained for thermophoresis and
Brownian motion impacts.
4. For the buoyancy ratio and bioconvection Peclet number,
there is a decrease in the boundary layer of momentum
and velocity at inside.
5. Inside boundary layer of thermal and temperature, both
are increased along with the buoyancy ratio, thermophoresis, Brownian motion, bioconvection Rayleigh and
Biot numbers, but for bioconvection Peclet number, it is
decreased.
The present consideration shows some understanding
into thermal diffusion impacts on the development of temperature-dependent viscous fluid in bioconvection receptive
stream under convective wall condition. The calculations
might be proper to materials preparing of biofuel cells. The
present amusements have considered a no-slip wall condition for speed. Future assessments will inquire about both
isotropic and anisotropic hydrodynamic slip on non-Newtonian nanofluid and in addition may research thermal and
solutal slip as well.
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