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Abstract

The current idea compares and contrasts the unsteady incompressible mixed
bioconvective of Williamson Non-Newtonian nanofluids due to the presence of cone
rotation. For this inquiry, radiative flux with internal heat generation, absorption
through a porous material, and bioconvection of bacteria and chemical reactions are
taken into consideration. Also, along the x and y directions, velocity slip conditions
are considered. Using similarity variables, the defined coupled nonlinear differential
equations are converted into ordinary differential form. These coupled nonlinear
equations are solved numerically using the Matlab solver and the BVP5c approach.
The main outcomes of the investigations are: A, risesmomentum rate of transfer of
velocity profile in the y direction g'(0) is increases, heat transfer rate coefficient

-0'(0) is showing mixed behaviour with increasing of heat generation/ absorption
parameter Q. Mass transfer rate coefficient —¢'(0) is increasing for some time of
fluid flow later it is decrease for rising for chemical reaction parameter K. The porous
parameter P effects the rate of transmission of microbes —h'(0)is an increasing for
certain time and later it is decreasing with an increasing of porous parameter P.

Keywords: Williamson fluids, Nanoliquid, Gyrotactic microorganisms, bio-
convection, porous medium, heat generation or absorption, chemical reaction,
velocity slip conditions.

Introduction

Since nano liquids are so intricate and diverse, they play a major role in contemporary
research. They are employed in many different fields, including food processing,
medicine, and the petroleum sector. First, Choi and Eastman[1]introduced the idea of
nanofluid. They talked about how base fluids use nano liquids' thermal conductivity.
Wang et. al[2]looked at how radiation and the build-up of nanoparticles affected the
flow of nanofluid. Gowda et al.[3] computer investigation looked at Stefan blowing's
impacts on second-gradient fluid. The sedimentation of thermophoretic particles in an
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unstable hybrid nanofluid was investigated by Gowda et al. [4].Li et al. [5] examined
entropy and the hybrid nano liquid in nonlinear mixed convective flow. Gyrotactic
microorganisms and MHD Williamson nanofluid were studied by Yusuf et al. [6].
Prasannakumara [7] investigated heat transfer in Maxwell nanofluid flow
quantitatively. Using the Hamilton-Crosser model, Benos et al. [8] investigated the
MHD convection of CNT-Water naofluid. Large eddy simulation (LES) of turbulent
and transitional channel flows of a conductive fluid under the influence of a uniform
magnetic field was investigated by Sarris et al. [9]. The effectiveness of particle micro
mixing in heavy metal removal procedures was examined by Karvelas et al. [10].
Gowda et al. [11], [12], [13], [14], [15] investigated the flow of nanofluids for various
geometries. The Williamson fluid model [16] was created by English mathematician
Williamson in 1929, and it was taken into consideration by many studies. A non-
Newtonian fluid model with a shear thinning property is the Williamson fluid. The
MHD Williamson Maxwell nanofluid across a sheet was studied by Abdal et al.[17].
Williamson nanofluid flow was examined for radiation and velocity slip by Qayyum
et al. [18].The Fick's and Fourier's notion for heat production in nonlinear convective
Williamson nanofluid flow was examined by Wagas et al.[19]. Chu et al's
research[20], [21] used chemical reactions and activation energy to examine the
thermal energy of hybrid nanoparticles. He went into detail about the effects of
convective boundary conditions, heat generation, and the characteristics of thermal
radiation. Numerous researchers have completed similar studies [22], [23], [24].
Thermal radiation is used in nuclear power plants, gas turbines, and a variety of
engineering applications, including propulsion systems for satellites, aircraft, and
spacecraft. Consequently, a lot of research has focused on how radiative heat
transmission affects nanofluids. Regarding this, Elbashbeshy et. al. [25] talked about
free heat convection and boundary layer fluid flow around a thermal sphere through a
porous material when thermal radiation and pressure stress work are present.
Furthermore, the impact of radiation and pressure gradient on nonlinear boundary
layer fluid flow across a flat plate was examined by Xenos et al. [26].Due to the
emergence of new species, the chemical reaction in nanofluid flow has a significant
impact on transport phenomena, which in turn influences production criteria. There
are numerous researchers looking into these consequences. The impact of reactive
species on unstable convective heat and mass transfer in fluid flow caused by a
stretching plate in porous media was examined by Chamkha and Mansour [27]. The
impact of forced convection on mass and heat transfer in nanofluid flow through a
porous channel with a chemical reaction occurring on the wall was documented by
Matin and Pop [28]. Zang et.al [29] took into account the changing heat flux while
analysing the effects of radiative heat and chemical reactions on the flow of MHD
nanofluid across a flat plate through porous media. The effects of thermal radiation
and chemical reaction on mixed convection heat and mass transfer in nanofluid flow
over a stretching sheet in a porous media were investigated by Pal and Mandal [30].
There are various applications of bioconvection in the fields of biotechnology and
natural systems. To study fluid behaviour, scientists use the bioconvection of living
microorganisms. Maxwell nanofluid including gyrotactic organisms and nonlinear
thermal radiation was studied by Ramesh et al. [31]. In addition to uses of modified
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Darcy law, Song et al. [32] described the micropolar nanofluid for nonlinear thermal
radiation having gyrotactic organism’s flow. The gyrotactic analysis of a Sutter by
nanofluid with several thermal properties was investigated by Farooq et al.[33].

This review of previous research indicates that there is little discussion of the bio-
convection of microorganisms submerged in Williamson nanofluid flowing around a
spinning cone. The physical characteristics of this study are enhanced by the
nanofluid flow across the cone's slip surface through porous walls in the presence of
heat radiation and a magnetic field including Chemical reaction. There appears to be a
void to fill:

1) The effect of flow across a revolving through porous walls of Cone on the

distribution of nanoparticles.

2) What is the impact of steady and unsteady fluid flow with Chemical reaction,

heat generation/absorption, heat radiation, and magnetic field, and bio-
convection on Williamson nanofluid slip transportation?

The goal of this effort is to improve thermal distribution by adding porous walls of
Cone, and fluid with nano-entities, which will raise the base fluid's thermal
conductivity. The concern regarding the potential settling of nanomaterials is
undermined by microbe density gradients. Therefore, in addition to nanofluid
transmission over the cone, bioconvection with Wu’s slip conditions and heat
generation / absorption are taken into account. In rotational dynamical systems,
certain physical features involving heat and mass flow over cone geometry are
feasible. The findings have potential uses in the effective operation of transfer
engines, microelectronic cooling, and heat exchangers.

Mathematical Formulation
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Figure 1. Geometry of flow analysis
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Because of Wu's slip conditions, the fluid flowing past a rotating porous cone
incorporating microorganisms is thought to be an unstable, laminar, incompressible
mixed convection of Williamson nano liquid with internal heat generation and
absorption, thermal radiation, and chemical reaction. Cone rotation velocity as a
function of time is assumed, which leads to flow field instability. The buoyant forces
in the flow field are caused by differences in mass, temperature, and microbes.
Components of velocityu,v and w are in tandem with x, yandzinstructions. The
representation of cone spinning in a porous media is Q (see Fig. 1). Slips in flow
velocity are taken intox and y directions. StrengthBymagnetic field acting
perpendicular to the x- axis. The cone half angle isa®. The self-motile
microorganisms are dilute mixed with base fluid. The motion of microorganisms does
not depend on the transport of nano liquid particles and vice versa. The temperature,
nano particle concentration and microorganisms have constant wall conditions. The
Hall effect is taken into account. The leading equations' formulation is shown as[34],

[35], [36], [37], [38], [39], [40]
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Here, the indicated similarity transformations are applied to obtain the necessary
system of ordinary differential equations.
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The system of ordinary differential equations that was obtained is as follows.
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Appropriate boundary conditions that have been transformed are:

f0)=0, f'(0) =24,f"(0), g(0) =1+4,9°(0), 6(0) =1, $(0) =1, h(0) =
1 at n =0 and

f'(0) =0, g(0) =0, 6(®) >0, $(x0) -0, h(0) > 0asn - o 14)
The parameters that are nondimensional are

N3
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Magnetic parameter

- Nr = Buoyancy ratio parameter

Rayleigh number
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- Pr = g Prandtl number

16T50" I
>R = 31:31( Radiation parameter
bW,
- Pe = :’ = Peclet number
0

v . . .
- Lb = . Bio convection Lewis number
m
TDR(C—Coo)(T-To)
L(1—-qt*)2
TDT(T-Too)Qsina™
Teo (1—qt*)2Lvg

- Nb =

Brownian motion parameter

- Nt = Thermophoresis parameter

Additional dimensionless physical quantities

Skin friction coefficient



Steady—Unsteady Comparison of Williamson Nanofluid Bioconvection ... 319

The following represents the coefficient of surface drag:

_ 2Tyz
Cfx - (Qsina*)z
1—-qt*
Where, 7, is a shear stress detector and is defined as:
[ ou) ou
Tyz —u(1+ﬁ)(1 +EZ)E atz=0

The dimensionless formulation of the previous problem is obtained by applying Eq.

®):
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Also
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YZ__where, T, 1s a shear stress detector and is defined as:
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Applying Eq. (8) the dimensionless formulation of the preceding equation is:

ny(Rexﬁ = — (g’(O) + ﬁ(g’(O))Z)

Local Nusselt number. The mathematical solution for the heat transfer efficiency
relationship is as described in the following:

X .
Nu, = W __ the external heat transfer is:
k(Tw_Too)
oT 16T 0" dT
Qw="=75, " " 45, & z=0

Using Eq. (8) the preceding solution is reduced as follows:
Nu,(Re,)™ /2 = —(1 - R)8'(0)
Sherwood number it is defined as:
Shy = —m

x k(Cw_Coo)
Where g, stands for surface mass flow and is denoted as:
qmz—DBZ—Z at z=0
Using Eq. (8), the above equation’s non- dimensional version is:
Shy(Rey)™ 2 = —¢'(0)
Density of micro-organisms it is defined as:

_ Xdn
Nnx - k(n—-ne)
Where q,, identifies the flux of motile micro-organisms and is delineated as:
on
qn = —DnCE at z=0

Using Eq. (8), the non- dimensional form of equation is:
Nn.(Re)™ /2 = —h'(0)
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Numerical Procedure

The numerical method for the leading ordinary differential equations (9)—(13) with
boundary conditions (14) is covered in this section. Analytically solving such kinds of
boundary value problems is challenging. While there are other numerical techniques
being employed for this, the BvpS5c method is still widely used [41], [42].
Additionally, we used the BvpSc approach to solve the issue. The governing equations
(9)—(14) are transformed into a first-order differential form as follows in order to
implement this strategy:
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With suitable transformed boundary conditions

f(0) =0, f7(0) = 4,f"(0), —A,g'(0) + g(0) =1,6(0) = 1,¢(0) = 1,h(0) =
1 atn =0and

f'(0) =0, g(0) =0,60(0) =0, ¢(0) =0, h(0) =0 asn - oo

With the above transformed first order ordinary differential equations are coded with
help of Matlab software.
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Results and Discussion

Finding the velocity profile, temperature, concentration, and density of motile
microorganisms in non-Newtonian fluid profiles for the appropriate range of specified
physical parameters is the first step in the computational procedure. Additionally, the
computational results are analysed and their physical interpretation is explained
through the diagrams and numerical comparison shown in a good argument in
tolerance of the boundary conditions for the fixed values of M = 0.5, § = 0.1,m =
0.1, A=0.1,Nr =0.1,Rb =0.1,A4,= 1.0,Ec =0.1,Nb = 0.1,Nt = 0.1,Pr =
6.2,R =0.1,Sc =0.2,Lb = 0.2,Pe = 1.0. P = 0.1 and so the computing process is
carried out, validating numerical values through tables.

It should be noted that throughout the graphs, Newtonian fluid flow is
represented by breaking lines, non-Newtonian liquid flow for steady and unsteady
cases are represented by solid lines, and dotted lines respectively.

The impact of Williamson parameterfon the momentum profiles in the
x and y directions aredisplayed in Figures 1 (a) and 1(b) respectively. When the
value of Bincreases, velocity in the x direction is increased whereas the decreasing
behaviour is shown in they direction respectively. The temporal relaxation variable I’
and the Williamson fluid parameter 8 are intimately correlated, which causes flows to
be retarded in y direction.
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Fig. 1(a) momentum profile in the X direction V/s f
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Fig. 1 (b) momentum profile in the y direction V/s

Figures 2, which depict the behaviour of the mixed convection parameterd on the
velocity profile, demonstrate that velocity fall down initially later the momentum
layer is rises with increasing Ain both steady and unsteady circumstances. Because of
buoyant forces, this increased mixed convection creates a mixed flow motion. The
fundamental characteristic of this increase in the velocity profile is that the fluid's
velocity increases as Atakes bigger values.
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Fig. 2. momentum profile V/s 4

The velocity profile in Figures 3 (a) - 3(d), illustrates the increasing behaviour
as the buoyancy ratio parametersNr, the Rayleigh number Rb, and velocity
distribution parameter m increase, respectively. With higher values of these
parameters, there is more resistance to fluid flow in the horizontal direction, which are
the fundamental phenomena causing this acceleration in velocity profiles in the
x direction respectively.
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Figures 4 (a) — 4 (f) illustrates how g, P, and A, affect momentum profiles in the
x and y direction so the skin friction changes with the non-dimensional physical
parameter Williamson parameterfS, porous parameterP and slip velocity parameter
A,. Tt is evident from the figures that velocity grow slightly, at a point of spot the
motion of the fluid is getting up gradually toward the boundary as the values of the
aforementioned non-dimensional components grow inx direction. Whereas the
opposite tendency is observed for momentum profile in the y direction.
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Fig. 4(f). velocity ratio parameter A,, V/sg'(0)

The influence of Pr,Nb,Nt, Ec,and Q on the thermal profile is depicted in
Figures 5(a) — 5(e).Figures demonstrate that temperature rises as Nb, Nt, R, Ec,and Q
values riseand drop down for rise in the Prandtlnumber Pr. The temperature drops
when Prandtl number Pr values rise, as seen in Figure 5a. The physical relationship
between Pr and thermal diffusivity, which lowers temperature in fluid. The behaviour
of Brownian motion parameterNb andthermophoresis parameterNt on a temperature
profile is depicted in Figures 5 (b) -5(c). It is evident from the figure that temperature
increases as Nb and Nt values climb. The fundamental idea behind the rise in
temperature caused by Brownian motion is that because nanoparticles and
temperature are intimately correlated, an increase in temperature results in an increase
in the kinetic energy of these particles. Additionally, particles migrate from hotter to
colder surfaces for the thermophoresis parameter, raising the fluid's temperature. As
its kinetic energy is transformed into thermal energy, raising the fluid's temperature,
for higher estimations, the fluid's thermal field is physically increased by the Eckert
numberEc. As a result, there is less thermal conduction into the fluid hence from
figure 5 (d) it is evident that the temperature profile is increasing with rise in Ec
number. The impact of heat generation/ absorption on the temperature profile is
depicted in Figure 5 (e). It has been observed that as @ increases, temperature rises as
well. The primary cause of this is that the radiation process generates a lot of heat and
for heat generation/ absorption values —68' (0) presented in the figures 6 (a) and 6 (b)
for both cases steady and unsteady —6' (0) profile changes inversely for heat
generation (positive) and heat absorption (negative) values.
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Fig. 5(e) Temperature profile V/s Q
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Fig. 6(a). heat absorption effects V/s —0'(0)
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Fig. 6(b). heat generation effects V/s —0'(0)

The impact of Nb, Nt,Sc,and K on the concentration profile is depicted in
Figure 7 (a)- 7 (e). The concentration rises quickly for increasing of thermophoresis
parameter Nt, and chemical reaction parameterKvalues while falling for increasing
Nb and Sc values. —¢'(0)show the influence for chemical reaction parameter K rises
in both cases steady and unsteady cases, —¢'(0) increases initially and after some
point it grows up gradually.
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Fig. 7 (b) Brownian motion parameter Nb V/s Concentration Profile
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Figure 7 (e) Chemical reaction parameter K V/s- ¢'(0)
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The impact of Lewis numberLb, Peclet number Peand microorganism’s
concentration difference parameterdon the motile density profile is displayed for both
cases steady and unsteady cases in Figures 8 (a) — 8(d). It is evident that when the
values ofLb, Pe, and dJincrease, the motile microorganisms file decreases. The
diffusivity of living microbes decreases as the Peclet number increases, which is the
fundamental cause of this Pe retardation. The rate of change of motile density
—h'(0) of microorganisms is increase initially and at some point the motile rate of
change of density of microbes is decreasing gradually.
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Fig. 8(a). Motile Microorganism’s profile V/s Lb
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Fig. 8(b) Motile Microorganism’s profile V/s Pe,
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Fig. 8(d). Influence of Porous parameter P V/s—h'(0)
Computational study

Table 1 shows the impact of the skin friction factor for both steady and unsteady
scenarios owing to various parameters such as M, §,m, A, Nr, Rb, P and A,. The skin
friction factor grows more for stable case values as M rises than for values in unsteady
case. Steady cases decline more than unsteady cases when fvalue rises. The steady
example exhibits greater value gain as m increases than the unsteady case. Steady
case values rise higher than unsteady case values when Aincreases. The values of the
steady case and unsteady case both fall with an increase in N7, but the steady case has
a greater decline. There is an equivalent amount of value drop in both scenarios for
every increment in Rb. When it comes to A, values, both case values rise in tandem
withA,,. Coming to the Porous effect on skin friction factor f"(0) rises more with
rising of steady and unsteady cases. The findings ofg’(0) for M, 8,m, P and A, for
both the steady and unsteady instances are displayed in Table 2. It is evident that the
values of the steady case increase more than the values of the unsteady case as
M increases. Conversely, a rise in 8, P, and A, values result in a greater fall in steady
and unsteady case values. The results for 8'(0) while R, Nb, Nt, and Q are active for
both instances are shown in Table 3. It is observed that in shaky circumstances, R
increases more than in steady cases. On the other hand, in unstable circumstances
relative to steady cases, the values of Nb, Nt, and Q heat generation decline more.
Table 4 displays the effect of the Sherwood number for the various parameters
K,Nb, Nt. The Sherwood number increases as Sc and Nb values rise. The unsteady
scenario experiences a greater decrease with increasing Nt value than the steady case.
When I'grows, the steady case increases more than the unsteady case. Table 5
displays the &, Pe, and Lb values for h’' (0). The values for unsteady cases increase
more than those for steady cases when Lb, Pe,and § values rise.
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Table 1. Results of skin friction factor —f''(0) in x- direction for various parameters

M B m | A Nr | Rb | A, P | Stady case | Unsteady case
1.0 [0.5 |1.0 0.1 (0.1 |01 0.1 ]0.1
1.5 0.3660 0.3254
2.0 0.4156 0.4007
2.5 0.4724 0.4511
0.5 0.4724 0.3026
1.0 0.3178 0.2516
1.5 0.2648 0.2308
1.0 0.3500 0.4511
1.5 0.4724 0.5297
1.0 0.5152 0.5411
0.1 0.4724 0.4889
0.2 0.5152 0.4651
0.3 0.5556 0.4511
0.1 0.4724 0.4419
0.3 0.4636 0.4326
0.5 0.4549 0.4224
0.1 0.4724 0.4724
0.3 0.4584 0.4584
0.5 0.4443 1.4443
0.1 1.4834 1.4834
0.5 0.4829 0.4829
1.0 0.4724 0.4724
0.1 ]0.3541 0.4611
0.2 ]0.4825 0.5397
0.3 ]0.6632 0.6451

Table 2. Results of Skin friction factor g’ (0) in y — direction for various parameters

M 15 P A, Steady case | Unsteady case
1.0 0.5 1.0 1.0 1.1563 0.1298
1.5 1.2816 0.2564
2.0 1.3628 0.3231
0.5 1.3128 1.3111
1.0 0.9546 0.9587
1.5 0.8456 0.8235
0.1 1.3456 1.3864
0.2 1.3153 1.3456
0.3 1.2956 1.2687
0.1 2.0869 2.0154
0.5 1.6397 1.6307
1.0 1.3768 1.3124
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Table 3. Results of Nusselt number —6'(0) for various parameters
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R Nb Nt Q Steady case Unsteady case
0.1 0.1 0.1 1.0 0.5787 1.0386
0.2 0.6186 1.0946
0.3 0.6571 1.1485
0.1 0.5787 1.0386
0.2 0.5392 0.9919
0.3 0.5013 0.9469
0.001 0.6031 1.0656
0.05 0.5922 1.0535
0.1 0.5787 1.0386
0.1 1.0168 1.4133
0.5 0.8219 1.2468
1.0 0.5787 1.0386

Table 4. Results of Sherwood number —¢’(0) for various parameters

K Nb Nt Steady case | Unsteady case

0.1 0.1 0.1 1.8553 1.4004
0.2 1.9876 1.5300
0.3 2.0219 1.7535
0.1 1.6683 1.4568

0.2 1.6766 1.5356

0.3 1.6821 1.6248

0.01 1.5138 1.6698

0.05 1.5023 1.5620

0.1 1.4149 1.4573

Table 5. Results of Motile density number —h'(0) for various parameters

Lb Pe ) steady case | Unsteady case

0.1 0.1 0.1 0.4213 0.4369
0.5 0.4473 0.5693
1.0 0.5373 0.6097
0.1 0.5684 0.7064

0.2 0.6289 0.7930

0.3 0.8153 0.8437

0.1 0.5358 0.7001

0.2 0.5658 0.7283

0.3 0.5963 0.7656
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Conclusions

Unsteady Williamson nanofluid transport with mixed bioconvection across a rotating
cone with porous wall is analysed numerically with an integrated effect of chemical
reaction, heat generation/absorption and radiative heat transfer mechanisms. The
governed system of non- linear differential equations are solved by computational
procedure BVP5c¢ technique with Matlab solver, and the following out comes of the
key findings are:

e Itis noted that when 8, Nr, Rb and A, uplift, the velocity f'(n)decreases. For
Williamson parameter 3, P, A, effect the rate of change of motion of the
liquid, it is initially increasing later on decrease in the x- direction as 8, P, A,
rises.

e It is also evident that whenf,m, and Ajadopt greater values, the
velocityg’(0)drops. Also, the rate of transfer of liquid motion is decrease first
and at point of time liquid transfer increase gradually a for 8, P, A,, rise.

e Thermal boundary layer thickness is decreases in the temperature profile
when, Ec,Nb,Nt,and R take bigger values. Conversely, when Pr rises
temperature profile is decreasing. When heat absorption case, rate of heat
transfer coefficient—6'(0)resulting in picture that the heat transfer rate is
decreases initially after certain point the transfer rate is increases timely
contrary behaviour shown for heat generation case

e it is evident that when Nb, Sc, adopt greater values, the concentration profile
¢(n) diminishes. When Nt rises, the concentration profile ¢(n)grows. Also
mass transfer rate coefficient ¢’'(0) is increases for chemical reaction
parameter K rises initially later on decreases gradually

e When Lb,Pe,and § and take greater values, the motile density profile
decreases.

e The Nusselt number increases when Q rises but decreases when Nb, Nt,
and Q take higher values.

e Sherwood number rises with elevated Sc, Nb, but for Nt rises mass transfer
rate coefficient -¢'(0) increased in steady case where as decreased for
unsteady case.

e AsLb, Pe, and Stake on greater values, the movable density number rises.
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