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Abstract: This analysis examined the convective heat trans-
port influence of stagnant point bioconvection movement of a
Darcy-Forchheimer flow past a rotating disk with entropy
generation analysis. The energy expression is contributed
by the effect of thermal radiation and the heat generation/
absorption rate. The second law analysis also accounted for
the given study’s inspection of the irreversible analysis. The
Buongiorno nanoscale model simulates the Brownian move-
ment and thermophoretic effect. Also, the Maxwell fluid
model is used for non-Newtonian rheological characteristics,
and a Darcy-Forchheimer flow model is used for the porous
medium. The nonlinear model equations are transformed into
dimensionless equations through an appropriate transforma-
tion. Further, the converted expressions were computed using
the homotopic procedure. Moreover, the graphs illustrate the
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consequences of flow variables on microorganism profile den-
sity, concentration distributions, thermal, velocity, entropy,
and the Bejan number. The inertia coefficient and non-
Newtonian fluid variable reveal the significance of axial and
radial velocity decrease. An enhancement in the thermal field
is noted for the higher values of the radiation parameter and
the Biot number. The larger magnitude of the Brinkman
number escalates the rate of entropy and the Bejan number.
The drag force decreased from 7.95 to 7.13% for the values
of the inertia coefficient. Heat transport is enhanced by 22%
as the larger magnitude of thermal radiation parameter (Rd)
rises. Mass transfer is further enhanced by bioconvection,
which increases nanoparticle dispersion by up to 18%.

Keywords: Maxwell fluid, nanofluid, Darcy-Forchheimer
flow, rotating disk, thermal radiation

1 Introduction

Scientists have become increasingly interested in the non-
Newtonian liquid flow due to their uses in industry and tech-
nological processes. Liquids exhibiting non-Newtonian beha-
vior have numerous manufacturing purposes such as food
making, optical fibers, polymer sheet production, printing,
and hot rolling. Scientists and researchers focused their
research on the non-Newtonian empirical fluid models.
When shear stress is applied, they change the flow mechanism.
In addition, fluid substances employed varying rheological
characteristics for different non-Newtonian fluid models. In
1867, the Maxwell fluid [1] model was among the non-New-
tonian fluids that described stress relaxation. Jawad et al [2]
explained the impact of second law analysis on Maxwell flow
of nanofluid (NF) in the presence of magnetized effect for the
Marangoni condition due to the stretching sheet. Ali et al. [3]
explained the pressure gradient effect on the Maxwell convec-
tive flow of hybrid nanofluid (HNF) between two parallel
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plates using an analytical method. Parvin et al. [4] illustrated
the magnetization of the Maxwell two-phase NF subject to the
Soret-Dufour impacts past a tilted surface and a shrinking
surface. Safdar et al [5] inspected the impact of the magneto-
flow Maxwell nanomaterial considering the permeable
medium in the presence of microorganisms. Algehyne et al
[6] analyzed the analytical Maxwell thermophysical properties
of a hybrid NF due to a permeable vertical plate. Khan et al. [7]
reported the effect of Darcian Forchheimer magneto-flow of
Maxwell NF in the presence of Levenberg-Marquardt back-
propagation. Jameel et al. [8] probed the irreversible process of
Joule heating for the Maxwell NF with a double diffusion
model due to a porous stretchable surface. Wang et al [9]
scrutinized the impact of three-dimensional melting heat trans-
port on Maxwell NF through a porous sheet.

Uses for nanomaterials are diverse and include cooling
structures [10], cancer medication, microelectronic air con-
ditioning, industry cooling, scan identification, household
appliances, the development of fresh energy sources, and
a lot more. These days, it is very common to improve the
innovative performance of solitary thermal systems to
improve thermal transportation. Its impressive uses in the
manufacturing of documents, healthcare devices, heat
transfer systems, medications, heat transport, lubrication
[11], microelectronics, and many other fields are the reason
for this. The efficiency of heat transmission of ordinary
liquids (water, engine oil, air, and ethylene glycols) can be
improved using a variety of techniques. Enhancing the
working materials’ (base liquid’s) heat conduction can also
increase thermal transfer efficiency. By inserting nanopar-
ticles, relying upon liquid thermal efficiency can be
improved. Nanomaterials are particles with colloidal struc-
tures that persist in a base liquid at nanoscales (1-100 nm).
The term “nanoparticle” was initially employed by Choi and
Estman [12] to describe the improvement of base liquids’
thermal conductivity. A revised model for improving the
thermal transport of NFs is provided by Buongiorno [13].
Wagqas et al. [14] discussed about the magneto flow of vis-
cous NF in the presence of convective flow past a vertical
sheet. Anjum et al [15] described the impact of thermal
analysis in the Eyring—Powell nanomaterial considering
activation energy and microorganisms. Mabood et al [16]
discovered the radiative flow of micropolar two-phase nano-
material using a semi-analytical technique. Ahmed et al. [17]
explored the viscous flow in the nanomaterial subject to the
irreversible process due to the stretchable sheet. Shahzad
et al. [18] examined the non-Fourier heat flux on the micro-
polar nanomaterial in the presence of Darcy-Forchheimer
flow between dual disks. Karthik et al. [19] investigated the
role of thermophoretic particle deposition and ternary
hybrid NFs past a movable sheet saturated in a porous
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medium. Elboughdiri et al. [20] inspected the unsteady stag-
nation point flow of motile microorganisms around a
rotating sphere filled with ternary hybrid NFs and chemical
reaction. Additional, research on different subject of the
problem is emphasized by refs. [21-24].

The flow of fluids over a porous medium is widely used in
scientific and ecological structures, including moving fluids in
storage tanks, thermal power systems, catalysis, nuclear reac-
tors, and oil spill drilling. The Darcy-Forchheimer warmed
rule allows us to incorporate material with pores into the fluid
region for dispersal. Porous media communication has sub-
stantial uses in heat exchange building design, geothermal
energy, geophysical sciences, catalyst reactors, groundwater
drainage systems, insulating technology, petroleum safety
devices, and storage systems for energy. Darcy [25], a
Frenchman, first proposed the concept of liquid flow across
porous media in 1856. However, due to its limited permeability
and reduced motion, this concept may not be widely adopted.
Philipp Forchheimer [26] added a quadratic velocity element
to his momentum formula, addressing the glaring short-
coming. Muskat [27] referred to this concept as the “For-
chheimer term.” Sahu et al. [28] studied the viscoelastic flow
in the single wall carbon nanotube and multi wall carbon
nanotube due to the shrinkable rotating disk, considering
the Darcian Forchheimer flow. Nisha and De [29] used the
activation energy with the Darcian Forchheimer flow on Sisko
fluid past a porous stretchable cylinder. Ahmed and Tiamiyu
[30] inspected the non-Newtonian Darcy-Forchheimer time-
dependent flow due to the movable surface. Shah et al [31]
emphasized the magnetized micropolar Darcian Forchheimer
flow of melting heat transport due to porous disk.

The flow of fluid through a revolving disk is a fasci-
nating research topic because of its numerous outstanding
uses, which include rotor-stator systems, growth of crys-
tals, electrolytic structures, ethereal distribution, wrapping
deposits on surfaces, viscometers, maritime circulations,
and healthcare devices, among others. Kirman produced
a significant effort in the flow of fluid exposed to a spinning
disk [32]. Khan et al. [33] observed the impact of thermal
radiation of viscous NF due to a revolving disk. Song et al.
[34] noted the viscous flow of the NF subject to thermal
radiation and the Darcian Forchheimer flow due to away
from the disk. Bu et al. [35] probed the role of squeezing the
flow of NF for the radiative flow of heat flux past a rotating
disk. Ahmed et al [36] used the numerical computation of
the viscous flow with thermal analysis past a revolving
body with nonlinear thermal radiative. Sharma et al. [37]
examined the flow of HNF induced by the radiative flow
due to a rotating disk with a suction/injection effect. During
high operational temperatures, thermal radiation plays a
crucial part that cannot be disregarded. Given that
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numerous industrial procedures involve exceedingly high
temperatures, radiation empathy is essential for designing
an appropriate procedure. In addition, it is essential to
many industrial processes, including ionized physics,
engines with internal combustion, crystal manufacturing,
furnace development, and spaceships. Gomathi and Pou-
lomi [38] inspected the comparative analysis dual solution
of two non-Newtonian fluids subject to thermal radiation
and chemical reaction. Ahmed et al. [39] discovered the
impact of radiative heat flux on the flow of viscoelastic
fluid in the presence of an irreversible process. Owhaib
et al. [40] revealed the study of the radiation heat flux of
nanoparticles due to a rotating disk. Nadeem et al. [41]
examined the Darcian Forchheimer flow of the second
law analysis in the heat generation/absorption consid-
ering the thermal radiation. Sharma [42] developed the
effect of Joule heating with a nonlinear thermal radiative
ferrofluid of heat transportation due to a porosity disk.
Most recently, Nasir et al. [43] reviewed the effect of New-
tonian heating for the Maxwell nanomaterial for the non-
linear mixed convective and radiation heat flux with the
first-order chemical reaction using a semi-analytical
technique.

Currently, no work has studied the impact of the Maxwell
bioconvection flow, radiative flux, second law analysis, and
chemical reactions on NF flow from a porous rotating disk.
This is the originality and the emphasis of the current work.
The analysis takes into account Darcy-Forchheimer, the
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stagnation point flow, and heat generation/absorption effects.
We use convective, thermal, and boundary conditions to com-
prehensively evaluate temperature distributions. Buongiorno’s
nanoscale model with two components is implemented. A first-
order chemical reaction is examined. The flow model is created
using nondimensional equations with relevant variables. The
models are given using the convergence Liao [44] homotopic
analysis method (HAM) through the Mathematica 12 program.
Verification of HAM results using special cases from the pub-
lished work is presented. The study visualizes and interprets
the impact of various flow factors (e.g., stretching variable,
inertia coefficient, porosity variable, thermal radiation, che-
mical reaction parameter, Peclet number, and bioconvection
Lewis number) on movement features. Included are conver-
gence studies for HAM estimates. The outcomes are described
as thermal processes in microchip technology, vehicles, and
heat exchangers. The questions listed below will have the
responses revealed to the existing study:
* How does the Darcy-Forchheimer equation affect the
Maxwell NF?
* How does the stagnation point affect the velocity of the
Maxwell NF by using the velocity ratio variable?
* What are the phenomena of Maxwell NF against various
physical variables?
* What is the role of the Biot number on the rate of heat
transfer?
* How does the skin friction coefficient behave against the
stretching parameter?
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Figure 1: Geometry of the current flow problem.
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2 Problem formulation

Let us assume the steady, axisymmetric flow of Maxwell nano-
liquid across a permeable revolving disk. The flow is caused by
the disk’s rotation and radial stretching. The disk revolves
through a uniform angular velocity w and z = 0 as shown in
Figure 1 [45]. The thermal radiation, bioconvection, convective
boundary conditions, and chemical reactions are also scruti-
nized. The physical interpretation of the irreversibility analysis
is also inspected. The constitutive equations are formulated
through cylindrical coordinates (r, ¢, z) with uniform velocity
u, v, w. It is examined that u,, = ar is the velocity of a stretch-
able rotating disk and u, = cr is the free stream velocity. T; is
the fluid temperature; Ty, Gy, and Y, are the wall temperature,
concentration, and microorganisms, respectively; T. describes
ambient temperature; C., represents ambient concentration;
and Y., denotes the microorganisms.

The governing equations for the viscoelastic Maxwell
fluid model can be described as follows:

Ay = -pI + By, (4]

where Ay represents the time relaxation, B; represents the
extra tensor, I represents a unit tensor, and p represents
the pressure of the fluid. In addition,

By + ﬁl(V. VB; - LBy - BlLT) = [lAl, 2
To=VV, A = LT + L, 3

where T describes the matrix transpose, L represents the
velocity gradient, y is the dynamics viscosity 4; is the first
Rivlin—Erikson tensor, and B, is a time relaxation parameter.

The governing equations are derived from the afore-
mentioned assumptions [34,43]:

ou u ow
—+—+—=0, 4)
or r 0z
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due o%u Vg
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where (i, is the dynamic viscosity of the fluid, v¢ stands for
the kinematic viscosity, F is the inertia coefficient, 8, repre-
sents time for the fluid to relaxation time, T represents the
temperature of a fluid, C is the concentration, Dy is the
measure of Brownian motion, Kr is the rate of reaction,
C, is the heat capacity, a; is the thermal diffusivity, Dr is
the thermophoresis factor, k* is the mean absorption term,
p; is the density, o* is the Stefan—Boltzmann coefficient, W,
is the swimming speed, k is the heat conductivity, the Dy, is
the microorganism diffusion.
The physical boundary conditions for the given model
are as follows [36]:
k oT
“heoz (- 1),
C=Cy,Yy=Y,atz=0
U-u=cr,v—->0T->1,C-> Co, Y~ Yasz > o,

u
—=a, w=0,v=uwr,
r

10)

Furthermore, to ease the analysis of the given model,
the following transformations are introduced [43]:

u=rwF (), v=rwG(), w=-2JwvF(),

m T-T. . C-C
(=22 00 50 |
W) = o

By using Eq. (11), the constitutive Egs. (4)-(9) are
reduced to the following form of ordinary differential
equations (ODEs)s:

F/// _ 48[F2 "wo_ FF/F// — GF/F] _ [(F/)Z _ ZF " o_ GZ]
= BE =2 = Fr(-2 + (F)?) = 0,

(12)

G” - 4¢[F*G” - FF'G’ - FG"G] - 2[F'G - FG'] - BG
- FrG* =0,

13
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4
@”[1 + ERd] + PrQo® + PrFO’ + PrNb='0’

(14)
+PrNt(6)2 = 0
E” + SCFE’ + %@” - ScCrs = (15)
Y” + LbFyY’ — Pe[Y'E + E"(Y + w) =0 (16)
The boundary conditions are as follows:
F(0)=0, F(O)=y, G0 =1,
0’(0) = -Bi(1 - 6(0)), Z(0) =1, (0) =1 )
F(®) = A, G() = 0,0(x) ~ 0, Z(») - 0,
() — 0.
Here, the Deborah number is € = B,w, the porosity
parameter is 8 = wﬁ, the inertia coefficient Fr = Kfﬁ,z,

g* 3
the radiation parameter is Rd = kz, stretching para-
meter is y = % velocity ratio parameter is A = 5 the

Prandtl number is Pr = (‘%, the Brownian motion is Nb =

TDR(Cw — C) . . . _ Qo
— heat source/sink heat source/sink is Q = 200Gy

D1(Ti - T)
Tove

the thermophoresis parameter is Nt = =) , the Scimdth

number is Sc = ﬁ , the Biot number isBi = —, the Peclet

number is Pe = —=, the concentration of mlcroorgamsms

and the bioconvection Lewis number Lb = —

o = Yo
T Y- Y’

2.1 Engineering quantities

The radial and tangential shear stress is denoted as . and
Tp, Which are defined as follows:

T |,=0
p(rw)®’

ou 20
T = ‘uf[g] , = Tl v—fF”(O),
2= \
ov 20 ’
Tp = #f[a]zzo = rw#f,/v—f G'(0)

The reduced form of friction factor is given as follows:

Cf=

(18)

2 2
5+ T, 1
Cr= "= = —[F"(0 + G'(OP]"™

(19)
pe(rw)>  Re

Be =
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Also, Nu,, Shy, and Nh are described as given as follows:

rq,, rqy
Ny, = ————,Sh; = —————,
T k(@ - T T Dy(Cy - Ca)
(20)
Nh=— 0
Din(Yy = Yer)’
where ¢, q, and g, are given in the following form:
. - k[1 160*T3 [aT o = -0s2C |
w - z=0>Y4m = “UB 5 1z=0>»
3k*k oz oz @1

oY
q, = —Dma |z=0.

By using Eq. (11) in Eq. (20), we obtain the following
equation:

4
Nu, = —[1 + ng]@’(O), Sh, = -£(0),

h; = -(0).

(22)

3 Analysis of entropy generation

The objective of this research is to analyze the rate of
entropy creation in a volumetric system. Entropy genera-
tion is influenced by variables such as mass and thermal
energy transfer irreversibility, as well as magnetic interac-
tion irreversibility. The formula is as follows:

ke 160*T3 aT
S¢ = 2 *
TZ" " 3kt
o E s [ac] . &[ﬂ] @3)
T.K* Col0z Y. 0z
J Bofor 6], fofor 2
T.\ 0z 0z T.\0z 0z )

The non-dimensional version of Eq. (20) is

4
Ns({) = 171[1 + ERol]s'z + Br(F"* + G'%)

34 2 (24)

1, II
+ BrR(F? + G?) + =A0% + =A
B( ) A I, 2y

+ AOE + AB'Y.

The ratio of heat and mass irreversibility to total irre-
versibility, mathematically:

+ AZ @/w/
(25)

H[1 + Rd]r—vZ + BI‘(F”Z + G/Z) + Brﬁ(Flz + GZ) + =2 @/2

3A2w/2 +A1@’E, +A2@I¢‘,
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(f T)

In the aforementioned expression I = stands

urlw?
ke(T; - Teo)

for temperature difference parameter, Br = is the

Cw~ Coo .
(WC ) expresses concentration

(Yw Ye)

Brinkman number, II, =

difference parameter, II; = gives microorganism

Rp(C Co
% is the concentration

Rp(Yy — Ye)

difference parameter, 4; =

diffusion parameter, and A, = shows the micro-

organism diffusion parameter.

4 Solution of the homotopic
procedure

The homotopic procedure tackles a general approach that
applies to powerful and weak nonlinear expressions. The
system is free of both small and significant constraints. The
method described earlier is capable of helping solve all
kinds of nonlinear partial differential equations (PDEs)
that do not require splitting or linearization. This approach
is linear and does not require a base function. The homo-
topic procedure method determines the solution of conver-
gence and series systems.
Initial guesses are as follows:

R()=A+ A=) -e)y, Gy{)=e¥,
Bi-e¢ (26)
0 = g B =t B =€,
PE)=F"-F, LG =6 -G,
2@)=0"-0, @7
LE)=E" -5 LW =y -
Linear operator
LEN g+ fofs + ™) =0 08)
LG f b + /™) = 0,
LO) fies + fre78) =0
LE) fges + /™) =0 (29)

3(1/))(/7,106( + %ne_() =0,

where 4, =1 - 11 coefficient constants.

4.1 Zero-order deformation

The zeroth-order deformation is created as follows:
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(1 - DINEC, 7) - B()] = Thene[F(C, 7), G(¢, 7)), (30)
1= DIGE, 7) = Go(§)] 31)
= thNG[F((r y): G(C’ ﬁ—)]’
A= NN6, 7) - 64({)] 32)
= thNQ[F(() g*)’ @((! j)’ E((’ F)]’
(1= 7EC, 7) - 5()] -

= JhENE[F((s 7)7 @((1 g-)s E((: e9-)])

A= D, 7) - I®)]
= ShylF(L, 7), 60, 7), E(L, 7, ¥(C, T,
Subject to the boundary conditions are as follows:
F(0,7)=0,F(0,7)=0,F(o,7)=0,
G(0,7)=1,G(», 7) =0,

0(0, 7) = Bi([6(0, 7) - 1]), O(x0, 7) = 0, 5(0, 7) = 1,
E(e0, 7) = 0,0, 7) = 1, Y(, 7) = 0.

(35)

Nonlinear is described as Xg, Xg, Ng, Nz and Xy, and
nonzero auxiliary variable is fi, fig, he hz and hy. A is an
embedded parameter.

The nonlinear operator is elaborated as follows:

NF[F((r T)r G(() 7_)]

_ 63Fa(§3,7_) _ (.B)OFE-:;:(D + FraF(a{;’T) OFE-’C;T)
v etrt, NEED - apre P .
e ﬂafg(é?‘) aZFa(é“;T) ~ OF;((,T) aF(a((,fr)
+FGn T+ 63,
NGlF(¢, 7), G(C, T)]
- 2EET 908D r - D6
- (B)G(, T) + FrGX({, T) - 4eFX({, 7762(;(;77 37
+ 4¢F((, ‘DaFEf(T) acg(( 7
+ 4eF (¢, ﬂaZPa(gz 7 G, D,
RelO((, 7), £(C, T)]
e D psegnEen
+Pr Nt[%]z +Proo(¢, 7),



DE GRUYTER

NE[@((s 7-)1 E((? 7-)]

(D) 05(¢,7)
- 6(2 + SC F((’ 7_) 6( (39)
Nt )9%0({, 7) o
+ SC[EJT - Cr&(¢, 7)),

NI/J[F((’ (r)) E((: 7_): w((: 7_)]

_ 9%, T) oY(¢, 7)
- 6(2 + Lb F((: 7-) a(

oY({, 7) 0E(¢, T)
i Pe[ o oC ]
. 0%2({, 7)
a2
when 7 = 0,and 7 = 1 are given as follows:
F({;0) = Fy({), 6(¢;0) = 6¢({), £(;0) = Eo({),
W({50) = Py(O),
F($;1) = F(§), 6($51) = 0(¢), Z(451) = Eo(0),
I'(¢;1) = L.

If 7 is enhanced from 0 to 1, by the Tayalor expansion
series:

(40)

(@ + %, 7)),

(41)

(42)

F({,T)=F() + Y Eu(OA™ = Fu({)
m=1 (43)
_ 1 9™, T)
T m! o am

’

7=0

G, T) = Go({) + Y Gu(DA™ = Gu({)
m=1 (44)
_19"G(,T)
ma¢m

b

=0

0L, T) = 6y({) + Y On(DA™ = Gp({)
m=1
45)
_19me, 7
T ma¢m

3

7=0

0

E((,T) = 5(0) + 2 En(A™ = Gu(()

m=1
_ 19",
m! o™

(46)

>

7=0

Y& T) = YD) + 2 (DA™ = $,(O)
m=1

_ 1 0™
m! oM

47

7=0
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4.2 The m order deformation

Using Eq. (33) for homotopy at m order, we obtain the
following:

Le[En($5T) = Ximfin-1(0)] = heRem({), 48)
LlGn($;T) = XmGm-1(0)] = heRe,m(©), 49)
LolOn(;T) = XnOm-1(0)] = heRe,m((), (50)
LE[Em((,T) - XmEm—l(()] = hE.RE,m((); (51)
Lyl (T = X1 (D] = HyRy,m(), (52)

with the mth-order boundary conditions:
, m-1
Aen(§) = By = Fr Y (A% + Fpyog F'me1-4)
£=0
= BFno1s = M) + AeFur-EFry (53)
+ 4£Fr/n—1—é/Fa”Fm-1—4 + 48FY;1—1—1Fm—1—,€GA{
= Fy-1-4E + AGF;Gpy-1- 4Gy,
m-1
Re,m({) = Gy — Fr Z Gin-1Gm-1-4 = (B)Gy-14m
£=0
+ 4€Fn-1- Gy + 4€Fp 1 4E 1 Gioig 54)
+ 4eF;Gm-1-4G¢ — Fn-1-4F¢
m-1
= 2) GpoyoiFn-s = Fpo1-4Gy,
a=0
m-1 ’ 7 =
(Fn-1-46; =~ Nb Nt _;_ (Ei+
R, =0, t+0Pr ., -, (85
Q,m(() m ,gg() Nt@m—l—é’eé’ + @m—l Q)
m-1
Rym(§) =Yy + LD Y (Bu-r-))
£=0 (56)
m-1
- Pe z (Q%_l_ﬁé + Erlr/l—l(w + wm—l—i))’
£=0
and
Oom=<1
X’"_l,m>1' (57)
The solutions can be explained in general as follows:
En=Fp = ju+ jif5 + jrge™
Gm = G = €5 + prse™
Om = O = s + fre™? | (58)
Em = Em= fig? + g0
Ln = T = fug€” + frge™

where Fy, Gy, On, Zy, and ), have a particular solution.
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The average residual error for series solution of Hpm = 1
F(), G(D), (), £(0), and ¢({), nonzero auxiliary vari- R
ables, is i, fig, he hiz, and hy. We use the average residual k k k >
errors for the equation of the mth order as follows [40]: j ZE‘(@A%)) ZGi(eA%)) Z@i(eA%), (63)
< S| 0 1=0 1=0
o = 1 - F k k
Him = — ‘ 2 SieBr), Y i(ehr)
2 =0 =0
k k k
il | 2D, ) Glebn), ) Oetn) | (59)
1=0 1=0 1=0
X 2| K k : . .
=0 S Eeds), Y lebn) 5 Numerical solution
1=0 1=0
1 The NDSolve approach is used to solve the system of Egs.
Hom = VG (12)-(16) with the boundary condition (17) to obtain the
‘ . k 2 results. This technique uses numerical methods to solve dif-
; Z F(eAx), Z Gi(eAr), Z Qi(ehr), (60) ferentla‘l equations. Th'ls method aut(.)matlcally.dlscretlze.s j[he
. Z AT 1=0 1=0 evaluation of data. This method attains exceptional precision
et F k- k ’ and maintains a consistent level of stability. Furthermore, it
Z:Zo Eiehs), 1=Zo Yi(edr) achieves exceptional speed while utilizing little CPU resources
and handling concise expressions.
Hom =
S S S " 51 soluti ion of h i
|| 2Een), Yatenn, Y ouenn| @ 31 SO ution expression of homotopic
1=0 1=0 1=0
< 3 |4 ) ) ’ convergence
=0
Zi(ehr), (eA .
I:ZO eln) lzZOlPl( *) The Homotopy analysis method has been used to compute
the convergence analysis [44,46]. This approach requires
o = 1 an auxiliary variable, h-curve. This allows us to alter the
’ N , convergence region for F”(0), G’(0), ©'(0), £'(0), and ¢'(0).
k k k It is important to choose the right number for the auxiliary
j 2 Fi(edn), ) Gi(ehn), ) Oi(ebn), || (62) parameter h to control and speed up the convergence
1=0 1=0 1=0 N . .
x Z NE X X ) of the approximation series with the help of the so-called
=0 > Si(ehr), Z‘Pi(‘-’Aﬁ) h-curve. The 15th-order estimate gave us the h-curve of
1=0 1=0 F”(0), G(0), ©'(0), £'(0), and ¥'(0). Figure 2(a) and (b)
reveals that the range of region magnitude
s 20 : 20;
S I S
= 10F-+----- Fomm e G- - - - o 10f--
= : 20 : s '
< i i i RN
s TxTT——— T s W
S O N R AR — (T SN O N SR
& —20} ’ i ’ 20k, i i . .
-1.0 -0.5 0.0 -1.5 -1.0 -0.5 0.0 0.5
7, 1, 1o 7z, Ay
(@) (W)

Figure 2: (a) F"(0), G(0), ©'(0) for the hi-curve. (b) £'(0), (0) for the h-curve.
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Figure 3: The total square residual error.

-051<hp <011, -12<hg<012-141<hg<031, -14
< he £ 012, -1.4 < hy < 0.1. Figure 3 exhibited total square
residual error. The 15th-order approximation results in the
convergence of HAM as shown in Table 1. Table 2 reveals
the total square residual error.

Figure 4(a)-(e) shows the comparison of numerical
and analytical. Hence, we computed the 12th order of
approximation for F({), G({), ©({), £({), and Y({).

Bioconvective two-phase nanofluid in a Maxwell (non-Newtonian) === 9

6 Validation of the result

To confirm that the HAM estimations are accurate, several
previous studies from the published literature are com-
pared. As shown in Table 3, the contrasting findings of
the skin friction coefficient in a limited situation are in
excellent agreement with the literature. Thus, it is reason-
able to say that there is a great deal of confidence in the
current HAM solutions.

7 Results and discussion

The present part of this research displays visual informa-
tion regarding velocity components, including radial F({),
azimuthal G({), concentration field Z(¢) and temperature
profiles ©({), entropy generation Ns(¢), and Bejan profile
Be({), are shown in Figures 5-11. The physical outcome
variables, such as the stretching variable (1), rotating para-
meter (Y), Deborah’s number (¢), Porosity variable (B),
inertia coefficient (Fr), Brownian motion (Nb), thermo-
phoretic diffusion (Nt), Prandtl number (Pr), thermal radia-
tion (Rd), heat source/sink (Q), chemical reaction variable

Table 1: Convergence analysis of HAM for f = 0.1,A = 0.1, y = 0.4, ir = g = hg = hz = hy =-0.56,Bi= 0.2, Lb =12, Nt =0.2,¢ =

0.5,Pe=0.2,Pr=09,Sc=0.7,Cr=10,w =11

M F"(0) G(0) £'(0) £'(0) ¥'(0)

1 0.30000 1.32900 0.18027 113333 0.88256
5 0.36612 1.48196 0.18325 1.18026 0.62423
10 0.36890 1.49321 0.18130 1.27458 0.51302
15 0.36890 1.49321 0.18130 1.27458 0.51302
20 0.36890 1.49321 0.18130 1.27458 0.51302
25 0.36890 1.49321 0.18130 1.27458 0.51302
30 0.36890 1.49321 0.18130 1.27458 0.51302

Table 2: Average squared residual error is i = 0.36890, hig = 1.493210, hig = 0.18130, hz = 1.27458, hy, = 0.51302

m ﬂlf,m ﬂ(},m ﬁe,m ﬂE,m 7'[\|),m

2 5.744725 x 1074 2.8732 x 1074 2.4976 x 1074 6.60017 x 107 1151505 x 1073
6 1.03188 x 1076 1.31933 x 1076 8.50479 x 1074 34779 x 1076 3.3132 x 107
12 2.35733 x 107° 1.38214 x 108 2.9881 x 1074 4.4029 x 1077 1.09597 x 107
18 2.72019 x 1071 313983 x 10710 1.28763 x 107* 8.86161 x 1078 3.36798 x 1076
24 5.05576 x 1073 1.10736 x 1071 6.09797 x 1076 2.26792 x 1078 1.39112 x 1076
30 2.45552 x 1073 1.22731 x 1071 3.05375 x 1076 7.24909 x 1070 7.07786 x 1077
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Figure 4: (a) Numerical and analytical comparison of F'({). (b) Numerical and analytical comparison of G({). (c) Numerically and analytically
comparison of ©({). (d) Numerically and analytically comparison of £({). (e) Numerical and analytical comparison of ¥({).

Table 3: Comparison of A with previously published results

A Ramesh Mathew Nisar Current
et al. [47] et al. [48] et al. [43] analysis (HAM

analysis)
0.01 -0.9991 — -0.99800 -0.99670
0.1 -0.9696 -0.9693 -0.96939 -0.96441
0.2 -0.9181 -0.91810 -0.91811 -0.91137
0.5 -0.6672 -0.66726 -0.66726 -0.66091
0.7 — -0.43475 -0.43347 -0.431309
0.8 — -0.29938 -0.29938 -0.29783
0.9 — -0.15471 -0.15471 -0.15390
1.0 — 0 0 0

(Cr), Peclet number (Pe), Bioconvection Lewis number (Lb),
temperature difference variable (/T), concentration differ-
ence variable (I;), microorganism difference variable (/5s),
concentration diffusion variable (4;), and microorganism
diffusion variable (A4;).

The influence of inertia coefficient (Fr), porosity vari-
able (), Deborah number (¢), and velocity ratio (1) over
radial velocity F({) is shown in Figure 5(a)-(d). Figure 5(a)
demonstrates the radial velocity F({) depreciates when the
inertia coefficient (Fr) climbs progressively. It is obvious
from this figure that an escalation in the inertia coefficient
(Fr) leads to the generation of a resistive force on fluid
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Figure 5: (a) Fluctuation of F'({) versus Fr. (b) Fluctuation of F'({) versus f8. (c) Fluctuation of F'({) versus €. (d) Fluctuation of F'({) versus A.

motion, which in turn results in a decrease in the flow
profile. The role of the porosity variable () through the
radial velocity F({) is shown in Figure 5(b). The porosity
acts as a decelerating agent that reduces the radial velocity

F({). The obstruction in the liquid flow is produced by the
occurrence of porous space, which consequences in a
reduction in the speed of fluid. Figure 5(c) depicts the
Deborah number (¢) effect on the radial velocity F({).

LOFF------- o s Pt
! ! — Fr =01 !
0.8p)----m--- P R s T B3 R PTTTTIIT0E T
L S e beso -t Fr=24--- QOB ;
S 0.4f -\ RN e L 8 | 2 R Poemo T AELE
: : — Fr =40 :
0.2} moeeeees Fomeeees pommeeees poomeees poomeoee-
Do N N——— 00 —
0 2 4 6 8 0 2 4 6 8
4 4
(@) (b)

G ()

Figure 6: (a) Fluctuation of G({) versus Fr. (b) Fluctuation of G({) versus f. (c) Fluctuation of G({) versus .
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Figure 7: (a) Fluctuation of ©({) versus Nt. (b) Fluctuation of ©(() versus Nb. (c) Fluctuation of ©({) versus Rd. (d) Fluctuation of ©({) versus Bi.

A larger magnitude of Deborah’s number (¢) causes a an extended relaxing time in the Maxwell fluid. As a result,
visible depreciation for the radial velocity F({). With a the material becomes less fluid and takes on the character-
greater amount of the Deborah number (¢), we observe istics of a more solid material. Figure 5(d) displays that as

0.8F -\ - P T SEINETT

(a) (b)
Feeeeeeen Fonmmeees 1.0
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""" Ssemin 0.8

............... —iSe=13--- ~ 0.6
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Figure 8: (a) Fluctuation of Z({) versus Nt. (b) Fluctuation of Z({) versus Nb. (c) Fluctuation of Z({) versus Sc. (d) Fluctuation of Z({) versus Cr.
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Figure 10: (a) Fluctuation of Ns({) versus IT;. (b) Fluctuation of Ns({) versus IL,. (c) Fluctuation of Ns({) versus IL. (d) Fluctuation of Ns({) versus Br.

(e) Fluctuation of Ns({) versus Rd. (f) Fluctuation

of Ns({) versus B.
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the velocity ratio (A1) enhances, radial velocity F({) strongly
escalates, meaning the flow accelerates. The stream velo-
city surpasses the stretching linear velocity as the velocity
ratio (A >1). Through an outside flow, it generates a
momentum boost that shows up as a high acceleration at
all transverse coordinate values, {. As a result, the thick-
ness of the velocity is diminished. But when (A < 1), the
expanding velocity is greater than the velocity free stream,
and the reverse effect is considered, meaning that the
thickness of the boundary layer grows and the velocity
F({) is suppressed. Both external and stretched velocities
are equal when A =1, and this scenario logically lies
between A > 1 and A < 1. It is evident that while a higher
external velocity aids in the creation of momentum, a

DE GRUYTER

greater stretch of the sheet inhibits it. For A <1 and
A >1, a reflection symmetry is calculated about the line
A = 0. Figure 6(a)—(c) elucidates the effect of the inertia
coefficient (Fr), porosity variable (f), and Deborah number
(¢) across the azimuthal velocity G({). A decrease in
azimuthal velocity G({) is associated with a greater esti-
mate of the inertia coefficient (Fr), which is shown in
Figure 6(a). Figure 6(b) shows the porosity variable (5)
over azimuthal velocity G({). The azimuthal velocity G({)
decays with the larger magnitude of the porosity variable
(B). The azimuthal velocity G({) through the impact
of Deborah number (¢) is visualized in Figure 6(c). The
azimuthal velocity G({) is a declining role of the Deborah
number (€).

Be (&)

__________________

Figure 11: (a) Fluctuation of Be({) versus IT. (b) Fluctuation of Be({) versus IT,. (c) Fluctuation of Be({) versus IIz. (d) Fluctuation of Be({) versus Br.

(e) Fluctuation of Be({) versus Rd. (f) Fluctuation of Be({) versus .
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Figure 12: (a) Plot of Cf, against &, . (b) Plot of Nu, against Q, Rd. (c) Plot
of Sh; against Sc, Cr. (d) Plot of Nh against Pe, Lb.
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The influence of thermal distribution ©({) with
varying thermophoretic force (Nt), Brownian motion
(NDb), radiative flow (Rd), and the Biot number (Bi) was
shown in Figure 7(a)-(d). Figure 7(a) displays the thermal
distribution ©({) versus thermophoretic force (Nt). The
heat transport escalates the larger estimation of thermo-
phoretic force (Nt). Physically, a rate of heat by a larger
thermophoretic body force induces a greater movement of
nanoscale particles approaching cooler regions. It addi-
tionally raises the heat transfer across the boundary-layer
thickness by heating the boundary layer and aggravating
thermodiffusion in the regime. Figure 7(b) elucidates the
role of Brownian motion (Nb) through the thermal distri-
bution O({). Greater estimation of Brownian motion (Nb)
enhanced the temperature field. A larger estimation of
Brownian motion (Nb) results in an enhancement in the
rate of diffusion that results in a crash between the fluid of
nanoparticles. Figure 7(c) plots the larger values of the
radiative variable (Rd) against thermal distribution 0({).
An escalation in radiation results in a reduction in the
means of absorption, which in turn elevates the thermal
layer. Figure 7(d) is designed to illustrate the consequence
of the Biot number (Bi) on the thermal field 8(¢). In the
thermally straightforward case, it is noted that the thermal
distribution ©(¢{) grows as the Biot number (Bi) increases.
Higher values of the Biot number (Bi) indicate an increase
in the convection coefficient and a diminution in the rate of
heat at the body’s surface. Consequently, the fluid receives
a greater amount of heat from the rotating surface.

Figure 8(a)—(d) develops the phenomena of thermo-
phoresis number (Nt), Brownian motion (Nb), Schmidt
number (Sc), and the chemical reaction (Cr) against con-
centration distributions Z(¢{). Figure 8(a) is plotted to
demonstrate the properties of thermophoresis number
(Nt) through the concentration distributions =Z(3). Clearly,
concentration distributions Z(&) intensified with a larger
magnitude of the thermophoresis number (Nt). Physically,
a more uniform dispersion of the nanoscale and a greater
concentration value are the outcomes of the enhanced
movement of the nanoscale over a thermophoretic body
force. As shown in Figure 8(b), the value of the concentra-
tion field goes down as the value of Brownian motion (Nb)
goes up. Brownian motion causes more ballistic collisions,
reducing nanoparticle mobility. The role of the Schmidt
number (Sc) across the concentration distributions £({)
is shown in Figure 8(c). The mounting magnitude of the
Schmidt number (Sc) rises to decrease the concentration
distributions £({). The Schmidt number (Sc) is the rate of
diffusion coefficient, resulting in depreciation in concen-
tration distributions Z(3). Figure 8(d) sketches the effect of
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Figure 13: (a) Contour plot for the A = 0.1, B = 0.1. (b) Contour plot for the A = 0.1, § = 0.1.

chemical reaction (Cr) on the concentration distributions
Z({). The concentration distribution Z(¢) declines as the
chemical distribution reaction (Cr) changes. The motile
density ¥({) reduces with the enhancing magnitude of
(Pe) and (Lb) as shown in Figure 9a and b, respectively.
As the two parameters grow, the characteristic of ¥({)
diminishes. The Peclet number (Pe) stimulates the swim-
ming of self-moving microorganisms in the fluid, reducing
the number of motile densities ¥({) moving near the plate.
When the bioconvection Lewis number (Lb) rises, the

Table 4: Computational value Cf,Re; 2 of ¢, y, Fr, A

Fr £ y A Cf.Re,1?

0.1 0.1 0.3 0.4 0.543448
0.5 0.586655
1.0 0.638578
15 0.688375
0.1 0.523830
0.5 0.601999
1.0 0.698185
1.5 0.792141
0.3 0.491870
0.8 0.639901
1.0 0.905861
1.5 2.249380
0.6 1.035040
0.9 1.590170
13 2.453310
17 3.662351

diffusivity of bacteria decreases. This means fewer bacteria
are moving. As the motile density (') grows, the thickness
of the boundary layer decreases as well.

Figure 10(a)—(f) observes the entropy production Ns({)
against the different values of temperature difference vari-
able (I})), concentration difference variable (IL),

Table 5: Computational value Nu,Re,™? of Bi, Rd, Pr, Q and Nb

Nu,Re, 12

Q Bi Nb Rd Pr HAM

0.1 0.1 0.2 0.5 0.5 0.182637
2.0 0.201852
4.0 0.214308
5.0 0.225998
0.1 0.102529

0.2 0.186461

0.3 0.255664

0.4 0.313208

0.1 0.191433

0.2 0.186461

0.3 0.187079

0.4 0.174480

0.1 0.554620

0.8 0.539912

14 0.528841

1.8 0.521517

0.7 0.282323

1.0 0.290626

1.3 0.294336

1.6 0.299980
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Table 6: Computational value Sh,Re, /2 of Nb, Nt, Sc and Kr

Sh,Re,2

Nb Sc Nt Cr HAM

0.1 0.5 1.0 11 1.082730
1.0 1.086250
2.0 1.086942
3.0 1.087571
0.8 0.825642

12 1.220841

15 1.422021

18 1.699320

0.2 0.641201

04 0.644157
0.6 0.646998

0.8 0.653262

13 0.581811
15 0.678084
17 0.734808
19 0.820668

microorganism difference variable (II3), Brinkman number
(Br), thermal radiation (Rd), and porosity variable (f).
Figure 10(a) confirms the role of temperature difference
variable (/) entropy production Ns({). The entropy
production Ns({) reduces as the larger magnitude of
the temperature difference variable (II;). Physically, as
the temperature difference variable (II}) rises, so does
the erratic behavior of the molecules, increasing the sys-
tem’s entropy. Figure 10(b) exemplifies when the concen-
tration difference variable (/L) affects the entropy produc-
tion Ns(¢). The sketch displays the enhancement in the
entropy production Ns({) for the mounting magnitude of
the concentration difference variable (II;). In fact, the

Table 7: Computational value Nh,Re, /2 of L, Pe and @

HAM

1
Lb @ Pe NhRe, 2

0.1 12 1.0 0.622188
0.3 0.684480
0.6 0.722514
0.8 0.781558
0.3 0.607557
0.5 0.630634
0.9 0.642544
11 0.668622

1.0 0.731177

12 1.128110

13 1.403690

16 1.878517
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lesser the concentration, the higher the entropy, and con-
sequently, the lower the free energy. Figure 10(c) views
the outcomes of entropy production Ns({) for the micro-
organism difference variable (IL). This variable boosts
entropy production Ns({) that impacts the movement of
included molecules to the flow near the disk. Figure 10(d)
visualizes the entropy production Ns({) for the various
ascending magnitude of the Brinkman number (Br). A
greater Brinkman number improves the viscoelastic force
and therefore raises the potential of fluid particles col-
liding. Due to this entropy production, Ns(¢{) increased.
Figure 10(e) and (f) displays that the thermal radiation
(Rd) and porosity variable () influence the entropy pro-
duction Ns({). Higher magnitudes of the thermal radia-
tion (Rd) and porosity variable () causes an increment in
entropy production Ns({).

Figure 11(a)-(f) witnesses the Bejan number Be({) for
the various magnitude of the temperature difference vari-
able (II), concentration difference variable (IT,), microor-
ganism difference variable (II3), Brinkman number (Br),
thermal radiation (Rd), and porosity variable (). Figure
11(a) depicts the Bejan number Be({) behavior in relation
to the temperature difference variable (I;). Greater estima-
tion of the temperature difference variable depreciates the
Bejan number. Figure 11(c) shows the features of microor-
ganism difference variable (II;) on the Bejan number
Be({). Here, the Bejan number Be({) boosts via bigger
microorganism difference variable (IL). Figure 11(d)
expresses the Bejan number Be({) due to the larger values
of Brinkman number (Br). The Brinkman number is the
heat transmitted via molecular conduction near the disk,
which transfers more heat. The silent feature of the
thermal radiation (Rd) and porosity variable (8) on the
Bejan number Be(() is shown in Figure 11(e)—(f). The Bejan
number Be({) intensifies for the thermal radiation (Rd)
and porosity variable (f).

Figure 12(a) illustrates the effect of € and B on Cf,. Cf,
reduces with the larger values of the £ and Cf, enhances the
growth of f. Figure 12(b) exhibits the consequences of
Rd and Q over Nu,. It is evident that the escalating the
Rd heat transport is enhanced that describe the thickness
of boundary. The heat transport on the disk is reduced due
to the mounting magnitude of Q. The mass transfer rate Sh,
is altered by the Schmidt number (Sc) and the chemical
reaction (Cr) as shown in Figure 12(c). The value of Sh,
decreases gradually as the Schmidt number (Sc) and the
chemical reaction (Cr) increase. Figure 12(d) demonstrates
the effect of Nh, with bioconvection Lewis on the microbial
density (Lb) and the Peclet number (Pe). Figure 13(a) and
(b) elaborates the contour plot for magnetic field (M),
inertia coefficient (Fr), porosity variable (f), and fluid vari-
able (y).
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Table 4 presents the numeric evaluation of the Cf,Re,!/?
for inertia coefficient (Fr), porosity variable (), Deborah
number (¢), and rotating variable (y). The skin friction
coefficient goes up as the nertia coefficient (Fr), porosity
variable (), Deborah number (¢), and rotating variable
(y). Table 5 displays the heat rates depreciation with a
higher magnitude of Brownian movement (Nb) and
thermal radiation (Rd) but accelerates for heat source-
sink parameter (Q), Prandl number (Pr), and Biot number
(Bi). As shown in Table 6, higher values of Brownian
motion (Nb), chemical reaction parameter (Cr), Schmidt
number (Sc), and thermophoresis parameter (Nt) lead to
a greater mass concentration gradient. Table 7 indicates
the Peclet number (Pe), Bioconvection Lewis number
(Lb), and microorganism difference variable (@) make
the motile number rise more quickly.

8 Final remarks

The purpose of this work is to examine the axisymmetric
flow of a second law analysis on Maxwell bio-nanofluid
with the Darcy Forchheimer flow, which is induced by a
spinning disk. Radiative and chemical reactive are
employed to describe the heat and mass transport phe-
nomena when nanoparticles are present in the fluid. The
von Karmdan transformations are employed to convert
PDEs into ODEs. Analytically and numerically, solutions
are applied to modeled equations. Ultimately, the following
significant outcomes are provided.
* The depreciation is noted for the radial velocity F({)
and azimuthal velocity is noted through inertia coeffi-
cient (Fr) and Deborah number (¢).
The residual error and convergence have been produced
for the difference order.
¢ The temperature distribution ©(¢) grows as Biot number
(Bi) and thermal radiation variable (Rd).
* The temperature () and concentration distributions
Z({) are enhanced as a result of an increase in the ther-
mophoresis parameter (Nt).
Concentration profile £({) is reduced with larger values
of the Scimdth number (Sc) and chemical reaction vari-
able (Cr).
* Varying the Brikmann number (Br), concentration differ-
ence variable (I), and concentration difference variable
(IL,) develops the entropy production Ns({) and Bejan
number Be({).
The entropy production Ns({) and Bejan number Be({)
tends to reduce for the larger values of temperature
difference variable (ITy).
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