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ABSTRACT ARTICLE HISTORY

The bioconvective Heimanz flow of nanofluid across a wedge with thermal Received 23 June 2023
stratification is analyzed in this article. The wedges are often seen in glider Revised 19 September 2023
aircraft, rocket climbing frames, etc. The nanofluid considered in this study ~ Accepted 26 January 2024
is composed of aluminum alloys of AA7072 and deionized water. The
AA7072 alloys are speCIaIIy manufactured rnatenals Fompqsed of Bioconvection; Buongiornos
Aluminum and Zinc in the ratio of 98 : 1 along with metals like silicon, fer- model: Heimanz flow:
rous, and copper so that they possess enhanced heat transfer features. The modified differential
mathematical model is formed using the modified Buongiorno’s model transform method; thermal
that includes the discussions related to slip mechanisms and volumetric stratification; wedge
analysis in terms of the weight of the nanoparticle. The model is in the

form of partial differential equations and is later converted to ordinary dif-

ferential equations with the assistance of similarity transformation. This set

of equations is solved by the Differential Transformation Method (DTM)

and the outcomes are discussed through graphs. ,

KEYWORDS

1. Introduction

The small dimensions and huge specific areas of nanoparticles offer enhanced thermophysical
properties. This enables its usefulness in various technological aspects including nanotechnology
and microelectromechanical systems (MEMS). It is quite a well-known fact that the thermal prop-
erties of metals are far better than that of traditional fluids like water, propylene glycol, etc. Thus,
fluids with solid particle dispersion are a very effective tool for heat transfer in appliances like
engine cooling, refrigeration, solar water heaters, thermal storage, etc. In this regard, Li et al. [1]
accustomed the Cattaneo heat flux form to discuss the stagnation point flow of nanofluid. Khan
et al. [2] discussed the friction drag that occurs in the flow of water suspended by carbon nano-
tubes (CNTs). Nadeem et al. [3] analyzed the flow behavior of nanofluid flowing past an oscilla-
tory stretching sheet. The impact of mixed convection for the flow of non-Newtonian type
nanofluid was examined by Quaiser et al. [4] by considering Walter’s-B nanofluid model.
Similarly, Khan et al. [5] discussed mixed convection for the flow of water combined with SiO,
and ALOj;. Nadeem et al. [6] analyzed the flow behavior of viscous nanofluid flowing over a
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Nomenclature
o Thermal Diffusivity (m?s™! N, Motile density at the wall
Y Wedge angle Nb Dimensionless Brownian motion
K Thermal conductivity (Wm™'K™1) Nt Dimensionless thermophoresis
A velocity ratio Nu, Nusselt number
u Dynamic viscosity (kgm~!s71) Pe Peclet number
v Kinematic viscosity (m?*s™! Pr Prandtl number
Q Motile density difference parameter qr Thermal radiation
V] Stream function S, S, Stratification parameters
p Density (kgm™) Sb Bioconvection Schmidt number
(u, v) Velocity components (ms™!) Sc Schmidt number
C Concentration (mol) Sc Schmidt number
Cx Ambient Mass concentration Sh,,Nn, Sherwood numbers
C, Mass concentration at the wall T Temperature (K)
Cf. Skin friction co-efficient Too Ambient Temperature
Cp Specific heat capacity (Jkg™'K™") T, Temperature at the wall
Dg Brownian motion diffusivity f Fluid
Dr Thermophoresis Diffusivity nf Nanofluid
N Motile density s Nanoparticle
Ny Ambient motile density

curved surface. Barnoon et al. [7] discussed entropy generation for various nanofluids flowing
between two horizontal concentric pipes. Al-Farhany et al. [8] created a model to study the dou-
ble-diffusive convection in the fluid flowing in a curvilinear cavity. Hymavathi and Sridhar [9]
discussed the heat and mass transfer of Casson nanofluid considering the impact of suction on
the surface. Sridhar et al. [10] studied the flow of Williamson nanofluid considering the surface
to be a permeable sheet having irregular thickness. Javed et al. [11] studied the impingement of
fluid and its thermal characteristics while the fluid is obliquely flowing on the sheet. Usafzai et al.
[12] studied the jet flow past a wall considering the radiation effect.

In studies related to the volumetric analysis of nanofluid, the velocity slip between fluid and
nanoparticles is ignored. Further, uniform nanoparticle concentration is assumed which is prac-
tically not possible to achieve. The nanoparticles suspended in the fluid experience certain slip
mechanisms among which thermophoresis and Brownian motion have a prominent role. Hence,
modified Buongiorno’s model has been incorporated in this volumetric analysis of nanofluid flow
that includes the weight of the nanoparticle suspension and slip mechanisms discussed by
Buongiorno [13]. In this regard, many researchers have worked on analyzing the effect of ther-
mophoresis and Brownian motion. Eslamian et al. [14] discussed the Brownian motion and ther-
mophoresis in the convective flow of a nanofluid in a porous channel. Matin and Ghanbari [15]
showed that the Brownian motion and thermophoresis enhance the heat transfer rate. These slip
mechanisms were compared for three different nanofluids by Haddad et al. [16]. The flow of
Casson nanofluid [17], micropolar nanofluid [18,19] under the influence of Brownian motion
and thermophoresis has been discussed using Buongiorno’s model. Sangeetha and De [20] dis-
cussed the significance of thermophoresis and Brownian motion considering the buoyancy effects
for the free stream flow. Furthermore they [21,22] have also studied these effects on the Maxwell
and Casson nanofluid considering the porous medium. Also, in their extensive study on these
impacts, they considered the aspect of activation energy and binary chemical reaction influence over
the heat mass transfer in nanofluid. Igbal et al. [23] studied these effects considering the radiation
impact on the Heimanz flow. Xin et al. [24] implemented Thompson and Troian slips at the bound-
ary to analyze the thermal characteristics of Williamson nanofluid in the presence of slip mecha-
nisms. Rehman et al. [25] further explained the Williamson model using the Darcy-Frochheimer
model. More studies on the heat transfer properties of nanofluid can be seen in [26-30].
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The phenomenon of random movement of microorganisms leads to bioconvection. These
microbes may move as a single cell or as a colony of cells. The process of bioconvection occurs
when the microbes settle in the upper fluid region because in the lower layers of fluid will have
an irregular density distribution. Once the fluid layers at the lower regions become less dense
than the upper fluid, the microbes tend to move downwards therefore convective instability
occurs and patterns of convection are observed [31]. These motions of microbes are self-actuated
and hence they are called self-propelled microorganisms. The swimming orientation of microor-
ganisms is governed by the action of their flagella. Numerous other factors that may influence
the direction of swimming include gravity, concentration, stress intensity, and vortices. Based on
these factors, the microorganisms are classified into various classes. In this research, gyrotactic
microorganisms are considered that move around due to concentration gradient and are useful
for agricultural, chemical, and environment-friendly products like fuels, gasoline, and fertilizers.
Even though the nanoparticles suspension in base fluid enhances the thermal conductivity, there
are warnings of inadequate mixing [32]. This is sorted out by the swimming of microorganisms
as they help in avoiding the agglomeration of nanoparticles that eventually occurs in the nano-
fluid flow and safeguards the appliances [33]. In this regard, Chu et al. [34] examined the effect
of nonlinear thermal radiation on the flow of nanofluid past a rotating surface in the presence of
microorganisms. An enhancement in thermal conduction due to the presence of microorganisms
was observed by Islam et al. [35]. Khan et al. [36] discussed the entropy generation in the pres-
ence of gyrotactic microorganisms within the Oldroyd-B nanofluid using the Cattaneo—Christov
model. Waqas et al. [37] measured the swimming of microorganisms in the flow of viscous nano-
fluid. Reddy et al. [38] performed numerical analysis to study the impact of the magnetic field on
the Eyring-Powell nanofluid considering the impact of the microorganisms.

In recent times, various nanomaterials have been discovered and among these nanomaterials, alu-
minum alloy (AA7072) is a special variant that has better chemical and physical properties. These
alloys of aluminum have an important role to play in the industries related to aerospace, specifically
in the fabrication of appliances like glider aircraft, rocket climbing frames, etc. From the above litera-
ture survey, it was observed that the works related to the analysis of nanoparticle weight on the bio-
convective flow are rarely available. Thus, this article reports the first study that analyses the
influence of the weight of nanoparticles in the flow of nanofluid past a wedge. The major objective
of this study is to design a mathematical model that includes the impact of physical scenarios such
as thermophoresis and Brownian motion on the nanofluid flowing past a wedge. These forces arise
naturally due to the motion of the solid particles. Along with this objective, it is also aimed to pro-
vide a strong method of solution to the differential equations describing the flow. The nanofluid
considered here is composed of AA7072 and deionized water. The solution for the mathematical
model that describes the flow is obtained through the Differential Transformation method (DTM)
and Padé approximant. The effects of various parameters involved in the study are interpreted
graphically. The process involved in the research process is indicated through the flow chart
(Figure 1).

2. Mathematical model

A steady two-dimensional laminar flow of AA7072— deionized water is considered across a wedge
in the existence of gyrotactic microorganisms. The nanoparticle concentration is assumed to be
diluted so that it has no effect on the swimming of microorganisms. Further, the movement of
the nanoparticle within the fluid experiences thermophoresis and Brownian motion hence these
phenomena are incorporated in the model so as to attain better results that are best suited to the
practical scenario. The modified Buongiorno model has been incorporated to analyze the effects
of these slip mechanisms along with the volumetric analysis. The flow geometry is described
using Cartesian coordinates (Figure 2) and the system is surrounded with temperature T,
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(Introduction)

Plot Graphs
(varying fluid Result Analysis
parameters)

Figure 1. Flow chart of the research process.

AA7072
Water

Figure 2. Flow geometry.

nanoparticle concentration C.,’ and motile density N. The system is configured with the surface
temperature T, nanoparticle concentration C,, and motile density N,,. The wedge is assumed to
move with the free stream velocity Uy. The basic governing equations of the flow in the vector
form are given by:

V-qd=0
(7-V)7 =2veg
pnf

q V)T =y V2T
q -V)C = DpV?C
(q - V)N = DyV2N

o~

Upon incorporating the assumptions in the above equations, the resulting mathematical model
will be of the form [39,40]:
ou Ov

S T, 1
8x+8y 0 (1)
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ou ou U(?U Mg 0*u

v =U—422 2 2
u8x+vay Ox — p,s Oy @
oT  OT T (pGy)yy | Dg OTOC  Dr (0T’
u——i—v—:ocnf—z-l-ipf R ) (3)
Oox Oy W (pC |Cow Oy Oy T \ Oy
u%*_y%— 827C_|_DTCOOﬂ (4)
Ox dy B 0y? T 0y?
u@_N+v8_N_ 82_N_ bW, 2 N% (5)
ax 'y Ny Cy—Cux |0y \ Oy
Subjected to the following Stratification conditions [41]:
u="0U,, v=0, T=T,=Ty+bx, C=C,=Cy+cx N=N, at y=0 ©6)

u—U T—oTe=To+bx, C—Cx=C+cx, N—Ny a y—

The thermophysical constants of deionized water and AA7072 aluminum alloy are specified in
Table 1 and the thermophysical parameters of the nanofluid like p,5 K,p (Cp)nf and ¢ are
defined as:

Ws

Fnf 1 Prf Ps
$=gtw, = =1-¢+ ¢,
PR B (1=¢)* Ps Ps
(pcp)nf (pCp)s Knf 1- ¢ + 2¢ (K:isl(?f) log” (;c;is;cf)
wepy 0T ), K 1=+ 20(L ) log, (<
f ! (KZS—Kf) 08 n (K_;—Kif)

The following similarity transformations are used to non-dimensionalise Eqgs. (2)-(5):

2vpxU_ — T—-Too — C-—Coo — N — Noo
W(’?)—UWF('?)’ 0(’7)—m’ P(’?)—m’ X(’?)—m)
(1+p)U
2vfx

(7)

By making use of Eq. (7), the continuity Eq. (1) is satisfied and remaining Eqs. (2)-(5) can be
written as:

MF”/—@FF”+%V(1 —F?) =0 (8)
Ky Pf Pr
_ C _ Y _
By (PCP)y [PrFO' + NbO'P + Nt02] =0 (9)
Kf (pCp)s
_ . Nt —n
P+ ScFP +—0" =0 10
+ ScFP' + Nb (10)

Table 1. Thermophysical constants of AA7072 and deionized water.

Properties AA7072 Deionized water
Density 2720 997.2
Thermal conductivity 222 0.579

Heat capcaity 893 4221
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X" + SbFX — Pe(XP" +X'P' + QP") =0 (11)

The boundary conditions corresponding to (6) are reduced to:

F=0, F=A 0=1-8, P=1-8, X=1 at =0
F—-1 0—-0 P—0 X-—0 as N — 00

(12)

7 determines the wedge angle. If =0 then the wedge acts as a flat plate and y=1 describes
the wedge half-angle 90°. The case y=1 is a 2 — D stagnation point flow also called Heimanz
flow. The skin friction coefficient, local Nusselt number, local Sherwood number and local motile
density number are defined as:

Haf 3y s Gy %
" dyy=o n [)’y:O 0y y=0
Cf, = N Nu, = —x——-"——, Sh, = —xDg——2— |
A s 0 M P (R )
ON
a)’y:O
Nny, = —xD
= TN DN, = Noo)
By incorporating (7) in (13), the following relations are obtained:
=
Moo PO [ 2, g
f 25° x )
ﬁ+ 1 (1—(]5) (,B+l)R€x Kf (14)
2 - 2 -/
—————Sh, = —D3P (0), —————Nn, = —DyX (0
B ke, PP (O (B ke, = ~OvX(0)
The nondimensional parameters involved in the system are defined as:
D TW - TO(: D Cw - Coo UW
pr=Y, =Pl g De(C=C) ) U
vy % Toc % Coc U
b U. bW, 2
=2 g2 g =% p e M g 2
b (5] vf Dy Dg Dy p+1

3. Solution methodology

The transformed system of ordinary differential equations (8)-(11) along with the boundary con-
dition (12) are solved using DTM as described below.

3.1. Introduction to differential transformation method (DTM)

Among the various methods that are available to solve nonlinear ordinary differential equations
DTM is being widely used by researchers and academicians for various advantages it possesses
[42-45]. It is a semi-analytical method i.e. it has both numerical and analytical approaches for
solving the system of differential equations. For a given differential equation, it generates a poly-
nomial solution that requires symbolic computations. The traditional Taylor series method is
computationally challenging for the users and takes a longer time whereas DTM follows an itera-
tive process to obtain the solution for Taylor series solution of differential equations. The major
benefit of this technique is that it can be used directly for both linear and nonlinear differential
equations without any linearization or perturbation techniques. Another prominent advantage is
that it is capable of reducing the size of computational work while still providing accurate solu-
tions with a fast convergence rate. The basic definitions and transformations related to DTM are
introduced in [46]. Some of the major theorems corresponding to DTM are [47,48]:
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Theorem 1. The transformation ¥ (j) = £1(j)=%,(j) if the function is of the form L(z) =
LI(Z)iLz(Z>.

Theorem 2. The transformation ¥ (j) = 01.%1(j) for the function L(z) = o1L,(z).

L,
) for the function L(z) = dzm(z).

Theorem 3. The transformation % (j) =
Theorem 4. The tranformation £ (j) = Zj:l:o L1(G1)ZL2(j —j1) for the product L(z) = Ly(2z)Ly(z).

Theorem 5. If L(z) =2z", then the transformation of L(z) is given by Z(j)=
. _J1 j=m
0(j—m) = { 0 j#m
Using the above definitions and theorems, the nondimensional system of differential equations
(8)-(12) are converted to power series as shown below:

FIL+3] = Z’;?‘(Li!3)! [bi;(b+l)(b+2)F[L—b] [b+2] - ZéL b+ »
%;(L—an1)(b+1)F[L—b+1]F[b+1]}
0L +2] = —(Li!z)’j[((ic‘z”fpgbﬂ )EIL — b0[b + 1]+
Nbi(L —b+1)(b+ 1)0[L - b+ 1]P[b + 1] +NtZ(L —b+1)(b+1)0[L - b+ 1]0[b + 1]}
- ; (16)
LNt
P[L+2]:—(L+ i Nb(L+1)(L+2)6[;+2 +SC; (b+1)P[b + 1]F [L—b]] (17)
X[L+2 =- T fz)! [Sbg(m DX[b + 1]F[L — ] —Pe(bz;;(b +1)(L=b+1)X[b+1]P[L—b+ 1]+
ZL:b—i—l b+2)P[b+2]X[L — b + Q(L +1)(L +2)P [L+2])]
. (18)

The constants that are accompanied by the system of Eqs. (15)-(18) are as follows:

Flo]=0, Fl1]=A, F22]=g, O0=1-5, O[l]=g, (19)
o] =1-5,, @O]=g, X[0]=1 X[1]=g

3.2. Padeé approximation

The convergence radius of the power series €(x) =Y .-, oix’ ought not be broad enough and
hence, polynomials are chosen for obtaining approximations. The power series gets transformed
into a rational function because of the Padé approximant and the rational function obtained is of

the form:
[E] _ &/c(x) (20)
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Table 2. Comparison of the result with the existing literature.

~F )

-0'(0)

[50]

[51] This study

[50] [51]

This study

0.2
0.5 0.1
0.2

0.2

0.6169
0.7978
1.3648
1.7655
1.6192
2.0942

0.616929
0.797872
1.364842
1.765142
1.619291
2.094220

0.616928
0.797871
1.364842
1.765541
1.619291
2.094220

1.0189 1.018845
1.1561 1.156053
1.2460 1.246064
1.4082 1.408206
1.3010 1.301085
1.4691 1.469032

1.018905
1.156055
1.246064
1.408206
1.301088
1.469033

0.98 -

0.96 -

0.92

0.90

F'(m)

0.88
0.86
0.84

0.82

0.80

w=0,5,10, 15, 20

IR [N UR NS (Y [T N S (U ST NS

Figure 3. Impact of w on F'(1).

" 1
0 2 3 4 5 8 9 10
n
0.5 r r T T T T T T T T
0.4 _
0.3 -
s
=
N’
D
0.2 -
w=0,5,10, 15, 20
0.1 4
0.0 = \ I i I .
0 2 3 4 5 6 7
n

Figure 4. Impact of w on O(n).

where the polynomials .7 (x) and %,(x) are of degree at most ¢ and d, respectively. On expand-
ing €(x), the fraction (20) looks like

oA (x) Ao+ A X+ AKX+ A3+ A A X
By + Bi1x + Brx? + B3x3 + ...+ Bax?

ﬂd(x) o

1)
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1.0

0.8 |-

0.7 -

— A=0.1,02,03,04,05 ]

0.5

F'(m)

0.4
03 f
0.2

0.1

0.0 I n 1 n 1 n 1 " 1 n 1 n 1

Figure 5. Impact of A on F (1).

S &—

0.4

0.3

6(m)

0.2
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Figure 6. Impact of A on O(7).

S

0.4

0.3

P(m)

A=01,02,03,04,05
02

0.0

Figure 7. Impact of A on P(n).
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1.0 —
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08|
al
06 |

0.5

X(m)

04 A=0.1,0203,04,05
0.3 |

0.2

0.0

Figure 8. Impact of A on X(1).

05—

0.4

0.3

6(m)

0.2
Nt=1,23,4,5

0.1

0.0

Figure 9. Impact of Nt on O(n).

0.5 r T T T T T T T v

0.4

0.3

P(m)

0-2 Nt=0.2,0.4,0.6,0.8, 1

0.0

Figure 10. Impact of Nt on P(1).
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S &—

0.4

0.3

6(m)

0.2
Nb=1,223,4,5

0.0

Figure 11. Impact of Nb on ©(n).
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Figure 12. Impact of Nb on P(1).
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Figure 13. Impact of S1 on Oy.
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o—_—

P(m)

Figure 14. Impact of S2 on P().
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Figure 15. Impact of Sc on P(#).
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Figure 16. Impact of Sb on X(n).
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—_—
0.9
08|
al

0.6

05| Pe=05,1,152 25 -

X(m)
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02}

0.1}

0.0

Figure 17. Impact of Pe on X(1).

YNy, s, Nn,

cr,

Figure 18. Impact of A on Cf,, Nuy, Shy & Nny.

The normalizing condition %,(0) =1 is applied to the above equation. The numerator and
denominator, respectively, have ¢+ 1 and d independent coefficients, as seen in the above frac-
tion. The most significant disadvantage of using the padé approximant is determining [c, d] to get
the best outcome. The approximants [c,d] are entirely created using the algebraic procedures
[46]. These two values were chosen to be equivalent in this investigation. The DTM solution may
or may not fulfill the infinite boundary conditions [49]. As a result, when the series solution is
combined with the Padé approximant, the boundary value problem on infinite domains is solved
more effectively. Equations (15)-(18) are thus subjected to Pad’e Approximants around x=0, as
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Figure 19. Impact of S; & S; on Nuy & Shy.

Figure 20. Impact of Sc & Sb on Shy & Nny.

well as the (g1,£2,¢3,4). The number of terms in the rational function affects the numerical val-
ues’ convergence. Choosing more terms in the power series, on the other hand, improves the pre-
cision of the result. The obtained solutions are validated by comparing them to the existing
literature, which is listed in Table 2. Yacob et al. [50] used the Keller box method to obtain the
solutions whereas, Dinarvand [51] used MATLAB’s bvp4c package to obtain the solutions.



NUMERICAL HEAT TRANSFER, PART B: FUNDAMENTALS . 15

4. Results and discussion

The analysis of AA7072— deionized water flow across a wedge in the existence of microorganisms
is performed using the DTM. The use of modified Buongiorno’s model that discusses the impact
of nanoparticle volume fraction in addition to the slip mechanisms; thermophoresis and
Brownian motion helped in arriving at the more realistic model. Also the effect of nanoparticle
weight is analyzed for the flow and heat transfer profiles of nanofluid. The outcomes of the study
are discussed through graphs in this section. These graphs demonstrate the behavior of fluid pro-
files for the change in flow parameters.

The rise in the weight of the AA7072 nanoparticle suspension causes the nanofluid to become heav-
ier and since the weight is a downward force it opposes the fluid flow and hence the velocity of fluid
flow is reduced (Figure 3). This reduction in velocity allows the nanoparticle to stay at a point for a lon-
ger period so that it can conduct more heat and also the increase in w turns out to be the reason for
an increased number of nanoparticles that boosts the overall thermal conductance of the nanofluid
(Figure 4). The effect of the moving wedge enhances the velocity due to the fact that the positive values
of A correspond to the motion of the wedge along with the free stream flow of nanofluid. This creates
a force that supports the nanofluid motion along its direction hence the velocity of the fluid increases
(Figure 5). The increases in the velocity of the nanofluid may not allow the nanoparticle to conduct
heat to its full capacity and thus the temperature decreases with the increase in A (Figure 6). Further
the increased velocity will takeaway the nanoparticles far from the boundary layer thus decreasing the
nanoparticle concentration (Figure 7) and similarly, the microorganisms tend to move toward the
boundary rejoin due to the concentration gradient thus leading to the enhancement in motile density at
the boundary layer (Figure 8).

The slip mechanisms namely, thermophoresis and Brownian motion are experienced by the
solid suspensions within the fluid and have an important role in the heat and mass transfer char-
acteristics of the nanofluid. The metal suspensions move from hotter region to cooler region due
to thermophoresis thus increasing the temperature of the nanofluid (Figure 9) and decreasing the
concentration of nanoparticle (Figure 10). Similarly, the solid particles move from higher concen-
trated region to lower concentrated region due to Brownian motion and the increase in the values
of Nb corresponds to the increased movement of nanoparticles causing an increase in the thermal
profile (Figure 11) and concentration profile (Figure 12). The temperature gradient decreases
between the hot surface and the surfaces away from it for an increase in thermal stratification
and thus the temperature decreases (Figure 13). Similarly, the concentration gradient between
these two regions of nanofluid diminishes with the increment in concentration stratification and
thus a reduction in the nanoparticle concentration is observed for an increase in S, (Figure 14).

The nanoparticle movement and microorganisms swimming within the nanofluid enhance
with the increase in Schmidt number this will cause increased mass diffusivity that in turn
reduces the mass concentration (Figures 15 and 16). The higher values of Peclet number causes
the self-propelled microorganisms to move at a greater speed than the nanofluid. Hence, the
motile density at the surface reduces (Figure 17). The rise in the wedge parameter has a greater
impact on the motile density than any other fluid profile. The increase in A enhances the heat
and mass transfer rates but diminishes the skin friction (Figure 18). Furthermore, as the strength
of the stratification increases the heat and mass transfer rates decreases (Figure 19). The increase
in Schmidt number causes more diffusion and hence the mass transfer rate increases due to its
rapid movement (Figure 20).

5. Conclusion

The two-dimensional Heimanz laminar flow of AA7072— deionized water nanofluid past a wedge
is analyzed in the existence of gyrotactic microorganisms and thermal and solutal stratification.
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The flow is modeled using modified Buongiorno’s heat and mass equation that includes the two
major phenomena experienced by nanoparticles while moving in a fluid namely thermophoresis
and Brownian motion. The model that describes this flow is transformed to a set of ordinary dif-
ferential equations by using suitable transformation and the analysis is performed through DTM
equipped with Padé approximant. The study’s significant findings are as follows:

The wedge parameter opposes the fluid flow and thus helps in conducting more heat.
The concentration of microorganisms is enhanced for an increase in wedge parameter.
The increase in the weight of nanoparticles makes the fluid heavier and hence opposes the
fluid flow which results in enhanced heat conduction.

e Stratification parameters have a decreasing effect on both temperature and concentration
profiles.

e The density of microorganisms decreases with bioconvection Schmidt number and Peclet
number.

e The mathematical model described in this study will have a prominent role in enhancing the
efficiency of thermal extrusion systems.

This study on the Heimanz flow of AA7072— deionized water has provided some valuable
insights into the field of nanofluid. However, there is still much room for further exploration in
this area. For instance, the studies related to choosing the optimal nanoparticle concentration
help industries to synthesize the nanoparticles and use nanofluids effectively. Rheological proper-
ties can further be explored to understand the behavior of nanofluid in a much better way. The
study can be explored under various other physical instances that are encountered in real life.
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