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Abstract: The article explores the three-dimensional stream
of silver (Ag), magnesium oxide (MgO), and motile micro-
organism water-based hybrid nanofluids as independent of
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a,b stream coefficients

B constant

1 Introduction

Many engineering operations include flow through a cir-
cular cylinder, but far less research has been done on
flow over a cylinder in a restricted domain. Several phe-
nomena depend on wall upshots, such as blood flow
through medical equipment in veins, flow over cylind-
rical objects near walls, and so on [1-3]. Moreover, the
analysis of fluid flow across or over an irregular surface
received enough attention. When regular sinusoidal ridges
are present, a three-dimensional (3D) printer, owing to desired
vibrations throughout the printing procedure, prompts research
of the resultant flow consequences [4]. Salahuddin et al. [5]
documented the consequence of variously configured nano-
materials on the thermal characteristics and flow efficiency
of ferrofluid across rigid and sinusoidal surfaces. Wu et al.
[6] utilized several active mechanism wind tunnel to eval-
uate the aerodynamic workloads of a sinusoidal cylinder.
Changing the amplitude and frequency produces a succes-
sion that is entirely coherent in the streamwise direction.
Bilal et al. [7] described an extending cylinder-induced
incompressible Maxwell nanofluid flow accompanied by
an unfluctuating suction/injection effect. It was deter-
mined that the impacts of the thermophoresis consider-
ably increased the velocity of mass transference, while
the consequences of the viscosity factor’s expansion sub-
stantially decreased the velocity curve. Seo et al. [8]
numerically estimated the free convection in a broad, diag-
onal domain with a sinusoidal cylinder. In order to outper-
form a circular cylinder in terms of overall heat exchange,
the sinusoidal cylinders were investigated. Bilal et al. [9]
addressed the hybrid nanoliquid’s Darcy—Forchhemier
mixed convective flow across an angled, expanding
cylinder. Alharbi et al. [10] documented the magnetic
characteristics of nanoliquid flow with energy flux in a
boundary layer incorporating nanocrystals.

Special prominence has been paid to the investiga-
tion of the hybrid nanoliquid with energy and mass trans-
mission. Because of its critical significance in engineering
and innovation, it has attracted the attention of numerous
scientists and experts [11-13]. Propagation of the hybrid
nanoliquid flow, as well as energy transference, plays
crucial roles in biotechnology, nuclear sectors, paper
manufacturing, geophysics, chemical plants, and unu-
sual lubricants are only some of the uses in industry
[13-15]. Commonly used fluids cannot fulfill the global
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demands, in the era of scientific and technological
advancement. However, comparable base liquids with
the deposition of small particles showed a significant
enhancement in thermal characteristics [16]. Currently,
we have employed the Ag and MgO nanoparticles (NPs).
The compound MgO is composed of the ions Mg®" and
02, which are joined by a special interaction. It is more
useful for metalworking and electrical procedures. Similar
to this, the antiseptic capabilities of Ag NPs could be used
to change bioactivity in a diverse range of settings, including
dental procedures, surgery, wound care, and pharma-
ceutical equipment [17]. A 3D numerical estimation of
Ag—-MgO-based nanofluid flow across a curved whirling
disc, is investigated by Ahmadian et al. [18]. The hybrid
composite was made by the addition of Ag—MgO NPs. By
employing the numerical procedure parametric continua-
tion method (PCM), the solution was found. Ag—MgO was
considered to be more useful in addressing insufficient
energy transport. Broad-spectrum antibacterial activities
in metal and metal oxide nanomaterials have been exten-
sively demonstrated for silver and MgO [19]. Anuar et al.
[20] added MgO and Ag nanoparticulates, to produce a
hybrid nanoliquid to evaluate boundary layer flow and
temperature distribution. The consequences exposed that
growing the weight fraction of Ag nanomaterials in a base
fluid reduces the Nusselt number. Gangadhar et al. [21]
have conducted a quantitative analysis of the properties
of a nanofluid combining MgO and Au nanoparticles for
convective heating. The influence of increased slip condi-
tion massively enhances the energy conduction ratio in the
saddle and nodal point regions, according to the conclu-
sions. Hiba et al. [22] inspected the thermal performance
and fluidity of a water-based hybrid nanofluid made of
MgO and Ag over a cylindrical, highly permeable region.
Rasool et al. [15] examined numerical study of electro-
magnetohydrodynamic nanoliquid flows through a Riga
patterninserted diagonally in a Darcy—Forchheimer perme-
able media. Shah et al. [23] quantitatively investigated the
convective fluxes of a remarkable non-homogeneous nano-
fluids mixture across an impenetrable longitudinal electro-
static substrate. Ashraf et al. [24] documented the nanoliquid
flow using the generalized numerical approach.

The analysis of gyrotactic microbes in free surface
flows has recently gained the attention of the scientific
community. A microorganism is a living organism that
can reproduce, evolve, react to environmental stimuli,
and maintain a structured order. It can be utilized to
improve oil recovery, which involves adding micronutri-
ents and microorganisms to fuel layers to balance out
permeability discrepancies [25-27]. The benefits of motile
microbe interruption include nanofluid stability [28].
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Hydrodynamic convection is created by oxytactic microbes, a liquid with mass and energy conveyance in the pre-
which forms a flow system that moves cells and oxygena- sence of peristaltic transport of motile microbes over a
tion from the highest to the lowest fluid regions. The nano- curved elongated substrate. Despite the fact that the
structure mobility is regulated by molecular diffusion. The earlier analyses have indeed focused on understanding
motile bacteria’s motility seemed to be independent of nanoliquid convection, there has been no effort in the lit-
nanomaterial gestures [29,30]. The working mechanism of erature to inspect the mass and motile microorganism tran-
gyrotactic microorganisms in nanofluid was first discussed sition under the influence of chemical reaction through the
in refs [29,31]. Kuznetsov [32] extended the idea of suspen- cylinder with sinusoidal radius (Figure 1).

sions by including Buongiorno’s conceptualization of The objective of this analysis is to scrutinize the fea-
bio-convection in nanoliquids. Xu et al. [33] analyzed tures of the 3D stagnation point flow of Ag-MgO based
a ferrofluid flow, consisting of motile microbes that hybrid nanoliquids traveling through a spherical cylinder
flowed across parallel surfaces and transmitted energy. with a harmonic radius. The electrostatic source conse-
The velocity curve enhances with the mounting upshot quences are evaluated in the stream flow. Our second
of bioconvection [34]. Sohail et al. [35] examined the priority is to elaborate also the uses and applications of
varied thermophysical characteristics of the 3D flow of silver and magnesium particles for medical and industrial
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Figure 1: Physical configuration of the fluid flow.
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purposes. After depersonalization, the computational tech-
nique PCM is used to calculate the powerful nonlinear
systems. Furthermore, a pictorial assessment of the out-
standing characteristics is performed on the velocity,
mass, temperature, and motile microbes’ profiles.

2 Mathematical formulation

We have presumed the 3D stream of Ag-MgO water-
based hybrid nanofluids through a circular cylinder of
the periodic surface. It is important to note that there
exists a motionlessness point at each point M, N, and
0. The u, v, and w are the velocities terms in the path of
X, y, and z, respectively. Where

u, = xa*, v; = yb*.
Here, a*, b*are free stream coefficients. The streamlines

are defined as x; = BV/¢, where B is constant and ¢ = b*/a".
The nodal stagnation point appendix-lines spanis0 < ¢ < 1.
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The flow pattern is shown in Figure 1(a). In Figure 1, point N
is a saddle point, where points M and O are identified as
nodal points. The streamlines in this respect are specified
in Figure 1(b). Based on the above presumption, the basic
equations can be described as [36,37]:

ug—; + vg—; w - Xa*? + Vs Z, ®)
ug—; + g—; Wg—z =yb*? + thfaZTl;V, 3)
(PCp)lmf(u?)—z(w + VZ—;) = hnfg, (4)
u% + v% = Dh,,f?)%g - k(C - Cyp), (5)
u?)—])\([ + VZ—I)\/] = naaZTI\ZI. (6)
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Figure 2: Exhibition of velocity (f'(7), g’()) curve against volume fraction of silver ¢, and magnesium oxide ¢,, while keeping ¢ = -0.5

(dishes) and ¢ = 0.5 (solid line).
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Here, vuns, Dpnp, and (pCp)pns are the kinematic visc-
osity, mass diffusivity, and volumetric heat capacity,
where D,, is the microorganism diffusion and N is the
motile microbe density.

The boundary conditions are:

u=0,v=0,w=0, N=N,, C=C,,
T =T, at z=0,
" 7)

u—-u,v-v, T—- T, N— N,

C — Cy, When z — oo.

The thermophysical properties of hybrid nanoliquid
and model are [9]:
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Knnf kg0 + 2Ky = 29p1g0(Knf — knigo)
Kep  Kaigo + 2Kknf + Pey(kns — Kaago)
Koy Kag+ 2kr — 26 (ky — Kng)
ke kgt 2Ks + dpglhy — kng) |

In order to diminish the system of partial differential
equations (PDEs) to the system of nonlinear ordinal dif-
ferential equations (ODEs), we defined the following
variables:

u=axf'm), w=-Jav(cgn) +fn),
v=by g, 60 = 7=, ®

(D:ﬂ,hzw’nzz V_.
Cv - Co ny, — Neo \ a*

e = oot _ ¥ Now, by using Eq. (8) in Egs. (1)-(6) and (7), we get:
MY = o’ Hinf = G 400 o
" A f" + cgf" _fIZ +ff"+1=0, 9)
hnf _ _ _ % ngO
o) = (1 ¢Mg0)(1 (1 o )¢Ag) + ¢Mg0( o )’ Algm +fg” + ng/r _ Cg/Z +cC= O, (10)
(pcp)hnf _ _ _ _ (.Dcp)Ag (pCp)MgO k
ooy~ ¢Mg°){1 (1 Gy )¢A} gy Pueo S 1 g +f0' +cg®' =0, (11)
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Figure 3: Exhibition of energy 6(n) curve against (a) volume fraction of silver ¢, (b) magnesium oxide ¢, (c) Prandtl number (d) noddle point,

while keeping ¢ = —0.5 (dishes) and ¢ = 0.5 (solid line).
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Figure 4: Behavior of mass transition ®(n7) and motile microbes h(n) profile against (a) chemical reaction K, (b) Schmidth number Sc,
(c) Lewis number, (d) Peclet number, while keeping ¢ = —0.5 (dishes) and ¢ = 0.5 (solid line).

@"Cy - Sc(f'd')-K=0, (12) The renovated conditions are:

h" + (2Scfh’ + (WP’ — hd")Pe)Re = 0. (13) £1(0) = 0, £(0) = 0, g'(0) = 0, g(0) = 0,

Where, 60)=1, &0)=1, h(0)=1atn =0,

(15)
[ f'(0) =1, B(00) = 0, g'(c0) =1, @(c0) =0,
A=10- ¢Ag)2'5(1 - ¢Mgo)2'5(1 - ¢Mg0(1 - ¢Ag
| h(co) =0asn — oo.
@Cp)Ag] (PColugo - "
, The physical interest quantities are:
ey )| P oy (14) Py d
_ TWX TWy qu
(PCp)n (PCplugo Ci = y Cy=——=, Nty = ————.  (16)
B, = »(1 - ¢Mg0(1 - ¢Ag + ¢Ag (pé;)fg )] + (,'ngO (plép)f ]v pf Uvzv Pf Uvzv kf(Tw - Too)
Ci= (1 - )™ = Pye0)*. Where, 7y, Ty, and g, are defined as:
Table 1: Experimental values of Ag, MgO, and water [9]
p (kg/m3) C, (J/kg K) k (W/mK) B x 10° (K
Pure water 997.1 4,179 0.613 21
Magnesium oxide 3,560 955 45 1.80

Silver 10,500 235 429 1.89
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Table 2: Comparative assessment of PCM and bvp4c package for skin friction and the Nusselt number

(95, ) JRe, Gy x/yJRe Gy, Nu,./Re,
PCM bvp4c PCM bvp4c PCM bvp4c
Ag 0.00 1.2683 1.2682 0.4994 0.4992 1.3304 1.3300
0.01 1.9488 1.9385 0.7635 0.7629 1.6187 1.6183
0.02 2.6974 2.6970 1.0621 1.0615 1.9296 1.9290
MgO 0.00 1.2686 1.2682 0.4999 0.4991 1.3321 1.3299
0.01 1.6667 1.6659 0.6565 0.6556 1.4977 1.4954
0.02 2.1541 2.1535 0.8482 0.8474 1.7396 1.7383
= (@ )a_u = —(k )a_T Table 4: Numerical outcomes of Nusselt number for the nanoliquid
hnf 0 hf 0 and hybrid nanoliquid
(17)
%
Twy = ((thf )g)zo. [ Pugo Ag-MgO/water  Ag/water MgO/water
Nu,./Re, C Nu,./Re, C Nu,./Re, C
The dimensionless form of Eq. (16) is: ol = il
0.01 0.01 0.537 0.518 0.521
_ 1 " 0.02 0.02 0.573 0.537 0.541
VReCpy = ((1 — o) - ¢2)z.5)/ 0), 0.03 0.03 0.608 0.556 0.561
0.04 0.04 0.643 0.576 0.581
(x/y)JReCp = ( P (1 PR )g”(o), (18)
2
Nuy, (khnf)e,(o) Al's + (cg + (1)(3 - (22 +1=0, (20)
VRey ke Ail's + (f+ )5 — G2+ ¢ =0, (1)
knes 1
. {'s + (f+ cg8)3 = 0, 22)
3 Problem solution Ky B Pr
{"10C1 — Sc(f'¢y) — K =0, (23)
Different steps, which are used during applying PCM to . )
system of Eqs. (9)-(13) and (15), are [38-43]: §" + Re((25¢4, + Peqio)y, = Peq(lio) = 0. (24)
Step 1: Reduced BVPs to the first order ODEs boundary conditions are:
— n _ I _ — — —
f=6 ["=6 8 =6 0=G @={ h=4, §(0) = 0, &(0) = 0, £,(0) = 0, ¢(0) = 0
I _ — 1 _ ! _ ! _
f'= (2, g= (4, g = (ea 0 = (8, Q' = (10, (19) (7(0) =1, (9(0) =1, (11(0) =1, 05)
= §(00) = 1, §5(00) = 1, §(c0) = 0, {y(c0) = O,
By employing Eq. (19) to Egs. (9)-(13) and (15), {;1(00) = 0
we get:
Table 3: Numerical outcomes of skin friction for the nano and hybrid nanoliquid
Pug Pugo Ag-MgO/water Ag/water MgO/water
JRey Cy x/y+JRe,Cs VRe, Cy x/yRexC JRe, Cy x/yRexCp,
0.01 0.01 1.300 0.450 1.231 0.423 1.231 0.424
0.02 0.02 1.451 0.513 1.300 0.450 1.303 0.453
0.03 0.03 1.647 0.591 1.380 0.482 1.388 0.485

0.04 0.04 1.882 0.687 1.471 0.518 1.482 0.523
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Step 2: Familiarizing the embedding constraint p to
Egs. (20)-(24):

A3+ (cg+ {)(G-Dp - &P +1=0, (26)
Al's + (f + C(l})((é -Dp - C(sz +c=0, (27)
khnf 1 ’ _ _
\ B Pr( s+ (f+cg)fg—1p=0, (28)
¢"10C1 = Scf'(§o — Dp - K =0, (29)
{'12 + Re((2Sc¢; + Pe)(¢, — Dp — Ped;,{'10) = 0. (30)

4 Results and discussion

The results are exposed through Figures (2-4), and Tables
and discussion on the obtained results are categorized as:

4.1 Velocity profile

Figure 2(a)-(d) highlights the presentation of axial f'(n)
and radial velocity g'(n) profile against volume fraction
of silver ¢, and magnesium oxide ¢,, while keeping ¢ =
—0.5 (dishes) and ¢ = 0.5 (solid line), respectively. Both axial
and radial velocities significantly enhance with the effect of
hybrid nanoparticles (Ag—MgO0). The heat absorbing capacity
of water as compared to MgO and Ag nanomaterial is higher,
so, adding more nanopatticles (¢, = ¢, = 0.01-0.04) to
water reduces its average heat capacity. That is why, such
trend has been noticed.

4.2 Energy profile

Figure 3(a)—(d) uncovers the behavior of energy 6(n) pro-
file against the volume fraction of silver ¢b,, magnesium oxide
¢,, Prandtl number, and noddle point, while keeping ¢ =
—-0.5 (dishes) and ¢ = 0.5 (solid line). Figure 3(a) and (b)
manifest that the energy outline boosts with the increment
of nanoparticulate in the base liquid. As we have discoursed
before that the heat absorbing capacity of water as compared
to MgO and Ag nanomaterial is higher, so adding more nano-
particles to water reduces its specific heat capacity. Figure
3(a) demonstrates that the energy distribution diminishes
with the effect of Prandtl number. High effect Prandtl fluid
has always low thermal diffusivity, so as a result of the cur-
rent analysis, the Prandtl effect reduces the energy propaga-
tion rate. The energy transfer rate also improves at the noddle
point as shown in Figure 3(d).

DE GRUYTER

4.3 Mass and motile microorganism profile

Figure 4(a)-(d) emphasizes the performance of mass
transition @(n) and motile microbes h(n) profile against
chemical reaction K, Schmidth number Sc, Lewis number,
and Peclet number, while keeping ¢ = 0.5 (dishes) and ¢ =
0.5 (solid line). Figure 4(a) and (b) show that the upshot of
chemical reaction enhances the mass transition because
the chemical reaction parameter influence exercises the
molecules inside the fluid, which encourages the mass
transfer. On the other hand, the Schmidth number drops
the mass transfer, because the kinetic viscosity of fluid
augments with the action of the Schmidth number as
reported in Figure 4(b). Figure 4(c) and (d) describes
that the motile microorganism outline elevated with the
increment of Lewis and Peclet number.

Table 1 presents the experimental values of Ag, MgO,
and water. Table 2 discovers the comparative valuation of
bvp4c package and PCM with the arithmetical outcomes
of skin friction and the local Nusselt number. The varia-
tion of both Ag and MgO nanoparticles boosts the drag
force and energy transference rate. From Table 2, it can be
noticed that the PCM is fast approaching technique than
bvp4c. Tables 3 and 4 report the comparison of simple
and hybrid nanofluid behavior for skin fraction and
energy transition. As compared to nanofluid, hybrid fluid
has tremendous tendency for energy propagation.

5 Conclusion

We have observed the features of 3D stagnation point flow
of Ag—MgO-based hybrid nanoliquids traveling through a
spherical cylinder of sinusoidal radius. The facts have
been formulated in the form of system of PDEs. After trans-
formation, the computational technique PCM is used to
estimate the nonlinear systems of differential equations.

Furthermore, a graphical assessment of the physical char-

acteristics is accomplished on the velocity, mass, tempera-

ture, and motile microbes’ profiles. The key conclusions
are as follows:

e Both axial and radial velocities significantly augment
with the intensifying effect of hybrid nanoparticulates
(Ag-MgO).

e The energy transmission profile also boosts with the
increment of nanoparticulate in the base liquid.

¢ The energy transfer rate also improves at the noddle
point.

e The upshot of chemical reaction enhances the mass
transition because the chemical reaction parameter



DE GRUYTER

influence exercises the molecules inside the fluid, whose
encourages the mass transfer.

¢ The motile microorganism outlines elevated with the
increment of Lewis and Peclet number.

e As compared to nanoliquid, hybrid nanoliquid is more
convenient for heat and mass transmission.

¢ The skin friction coefficient augments with the rising
numbers of nanoparticulates in the base fluid.

¢ The addition of MgO and Ag nanomaterials to the base
fluid also enhances the Nusselt number.
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