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Abstract

This work addresses the ability to manage the distribution of heat transmission for fluid flow
occurs upon a paraboloid thin shaped hot needle by using hybrid nanoparticles containing
Copper Oxide (CuO) and Silver (Ag) with water as pure fluid. The needle is placed horizon-
tally in nanofluid with an application of Hall current and viscous dissipation. The popular
Buongiorno model has employed in the current investigation in order to explore the impact
of Brownian and thermophoretic forces exerted by the fluid. The modeled equations with
boundary conditions are transformed to non-dimensional form by incorporating a suitable
group of similarity variables. This set of ordinary differential equations is then solved by
employing homotopy analysis method (HAM). After detail study of the current work, it has
established that the flow of fluid reduces with growth in magnetic effects and volume frac-
tions of nanoparticles. Thermal characteristics increase with augmentation of Eckert num-
ber, magnetic field, volume fractions of nanoparticles, Brownian motion parameter and
decline with increase in Prandtl number. Moreover, concentration of nanopatrticles reduces
with corresponding growth in Lewis number and thermophoresis, chemical reaction parame-
ters while increases with growth in Brownian motion parameter.

1. Introduction

The modern world is an eye witness of momentous evolution in manufacturing of numerous
devices and components used in engineering applications at industrial level. At industrial
level, some devices are escalating their thermal characteristics that reduce heat bearing capacity
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of such devices with the passage of time. For maintenance of the temperature within the pre-
scribed design limits, a number of liquids such as air, lubricants and water etc. are required.
But these pure fluids are not sufficient to fulfil the industrial requirements. Hence scientists
and researchers have been endeavoring to maintain the heat transfer within the prescribed
design limit by employing different procedures. The suspension of nano-sized particles in a
base fluid is one of such techniques. These small particles are called nanoparticles. Firstly, Choi
[1] has recommended the quantity of nanoparticles in a pure fluid for enhancing the heat
transfer characteristics of such fluid. Afterwards, a number of researchers have diverted their
attention to discuss the heat transmission characteristics for fluid flow by employing the con-
cept of combination of nanoparticles to pure fluids. Hayat et al. [2] have investigated variable
heat flux for nanofluid at stagnation point of thin horizontal needle. In this study the flow was
supported by the stretching surface where the flow and thermal characteristics were strongly
dependent upon the size and shape of the needle. The authors of this work have used carbon/
water nanofluid and have solved numerically the molded problem by shooting technique. It
has established in this work that growth in volume fraction of nanoparticles have resulted in
enhancement of flow characteristics. Waini et al. [3] have studied transfer of heat for mixed
convective hybrid nanofluid over a vertically placed thin needle by using stipulated surface
heat flux. The author of this work have transformed modeled equations into set of nonlinear
ODE:s and then have solved numerically, that set of equations by employing bvp4c in Matlab
software. It has observed in this study that size of needle and volume fraction of copper nano-
particles has a great impact on physical characteristics of needle. Khan et al. [4] have discussed
the heat source and sink with melting phenomenon for an unsteady Falker-Skan flow of nano-
fluid. In this work the analysis for stagnation point flow characteristics have also carried out by
the authors. Waini et al. [5] have discussed transfer of heat over a porous needle by using cop-
per and alumina nanoparticles using Brownian motion and thermophoretic effects upon
hybrid naofluid. In this work the numerical solution has determined by employing bvp4c in
Matlab software after their transformation to dimensionless form. It has also noticed in this
work that the bifurcation of solutions has occurred for negative values of moving parameter
i.e. when the needle has shifted towards the origin. Moreover, it has noticed in this study that
the rate of heat transmission and coefficient of skin friction have also noticed to be augmented
with reduction in size of the needle. Krishna et al. [6] have carried out the boundary layer anal-
ysis for a horizontally moving needle inside Sakiadis and Blasius magnetohydrodynamics
nanofluid flow using thermal radiation. The authors of this investigation have solved the mod-
eled equations numerically by using both Runge-Kutta method and shooting technique. Khan
etal. [7-10] have carried out a wonderful work for thermal flow of nanofluid by taking differ-
ent flow conditions and geometries. Al-Hossainy and Eid [11-13] conducted an incredible
experimental work for the flow and heat transfer by using hybrid nanofluid. Eid et al. [14]
have addressed three dimensional Prandtl nanofluid flow past a convective heated surface by
considering the impact of thermal radiation and chemical reaction upon flow system. Alai-
drous and Eid [15] have investigated thermally radiative three dimensional nanofluid flowing
past a porous surface by employing the effects of Joule heating, viscous dissipation and several
slip conditions. In this work, modeled problem has solved by optimal homotopy analytical
method and has established that the augmenting values of porosity, radiation and sink/source
parameters have declined the Nusselt number. Eid and Nafe [16] have investigated the varia-
tion of thermal conductivity and effects of heat production upon magneto hybrid nanofluid
flowing past a porous surface.

The investigations for exchange of thermal flow of fluid around various objects have
attracted the investigators due to its important physical applications such as wind engineering
and air flow past an aircraft etc. Lee [17] has examined the boundary layer flow around a

PLOS ONE | https://doi.org/10.1371/journal.pone.0249264  April 15, 2021 2/18


https://doi.org/10.1371/journal.pone.0249264

PLOS ONE

Chemically reactive hydromagnatic nanofluid flow over a thin moving needle using hall current

horizontally placed needle by considering incompressible viscous fluid. In this work, a numeri-
cal solution along with the asymptotic behavior has discussed. Afterwards, this work of Lee has
further modified by Narain and Uberoi [18, 19] by discussing the idea for free and forced con-
vective flow upon a vertically placed thin needle. Upreti and Kumar [20] have discussed the
Magnetohydrodynamics (MHD) nanofluid flow upon a thin needle using Joule heating effects.
Sulochana et al. [21] discussed 2D forced convective MHD ferrofluid flow upon a horizontally
moving needle using non-uniform heat source/sink and viscous dissipation. For checking the
variations in the behavior of boundary layer, the authors of this work have used two different
nanofluids by taking water and methanol with nanoparticles of Ferric-Oxide (Fe;0,). Khan

et al. [22] have discussed numerically the interpretation of autocatalysis chemical reaction for
a nonlinearly radiative three dimensional flow of magneto-fluid using heat source and sink.
Khan et al. [23] have also discussed the production of irreversibility for a cross fluid in the
presence of magnetic field and viscous dissipation. In this work it has established that the
Bejan number and entropy production rate have considerably affected the thermal mass flow
rates. Sulochana et al. [21] have investigated numerically the boundary layer mixed convection
two dimensional flow for a persistent moving needle in the MHD ferrofluid. The authors have
solved the modeled problem by employing Runge-Kutta method and have established that the
augmenting size of needle has reduced the flow and thermal profiles. Khan et al. [24] have also
carried out an investigation for the significance of convective thermal flow of non-Newtonian
nanofluid flow by employing the famous Buongiorno model.

Due to the wide range applications and importance of chemical reaction its study has remark-
ably increased at industrial level. These applications include manufacturing of glass, fog creation
and circulation, chemical and biological processing of different equipments and processing of
food etc. When some external mass is available in the fluid, then the chemical reaction takes
place in the flow system. It can be of two types i.e. homogenous and heterogeneous. The former
occurs consistently in case of single phase of material such as gas, solid or liquid while the latter
takes place when we have two or more than two phases such as liquid and solid or gas and solid
etc. Mabood et al. [25] have examined the impacts of chemical reaction upon MHD flow for
nanopartcles through a permeable medium. It has established in this work that with a growth in
volume fraction of nanoparticles and magnetic field there is a corresponding augmentation in
mass, heat transmission and coefficient of skin friction. Ramzan et al. [26] discussed the flow of
fluid over a permeable surface using the effects of chemical reaction upon flow system. In this
work, it has established that the maximum variation in source/sink has resulted in higher growth
of thermal characteristics. Khan et al. [27] have discussed a comparison for Casson fluid flowing
upon stretched sheet with the effects of chemical reaction. It has noticed that the flow characteris-
tic has reduced with augmentation in Hartman number in this work. Makind and Animasaun
[28] have discussed the MHD bio-convection flow for nanofluid upon horizontal surface using
various flow effects. The authors of this work have used Buongiorno model and has solved mod-
eled equations numerically by employing shooting method. Hamid [29] has studied the MHD
Casson nanofluid flow upon a vertically placed thin needle using chemical reaction and non-lin-
ear thermal radiation. It has shown in this work that, with increase in thickness of the needle the
rate of heat transmission of nanofluid has also augmented. Eid et al. [30] discussed the Carreau
nanofluid flowing upon a convective heated nonlinear stretched surface with chemically reactive
species. In this work, the authors have used the famous Buongiorno model to investigate the
impact of thermophoresis and Brownian motion upon flow system.

Viscous dissipation plays a dynamic role in the fluid flow problem with different geome-
tries. Many investigations have conducted for nanofluid flows under the impact of viscous dis-
sipation. Ghaisi and Saleh [31] have used the Buongiorno model to discuss the numerical
solution for Casson fluid flow using thermal radiation and viscous dissipation and have solved
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the modeled equations analytically and numerically by respective use of HAM and Runge-
Kutta-Fehlberg fourth-fifth order method (RKF45M). It has established in this work that,
growth of thermal layer is affected by viscous dissipation and magnetic field. Raju et al. [32]
have investigated the influence of Darcy-Forchheimer flow for viscoelastic fluid upon a thin
needle. Mishra and Kumar [33] examined numerically the impact of viscous dissipation upon
MHD nanofluid flow over a porous surface using thermal radiation. Farooq et al. [34] studied
the production of entropy for hybrid nanofluid flow upon a needle usinf viscous dissipation.
The authors of this work have also carried out a comparative examination for irreversibility
analysis using separately a hybrid and a pure fluid. Alotaibi et al. [35] discussed numerically
the MHD flow for a Casson nanofluid upon a convective heated nonlinear stretching surface
by taking into account the effects of viscous dissipation and suction injection.

We observed from the above stated and other similar literature that many studies have been
presented for heat transfer regarding nanofluid flow upon a needle, but very few studies are
available for hybrid nanofluid flow over a needle in the presence of different effects of sur-
rounding medium. The current work addresses the ability to manage the distribution of heat
transmission for fluid flow occurs upon a thin shaped hot needle by using hybrid nanoparicles
containing silver and copper oxide with water as base fluid. The needle is placed horizontally
in nanofluid using of Hall current, chemical reaction and viscous dissipation. HAM is used to
establish the solution for modeled problem.

2. Physical description and mathematical formulation of the model

In this subsection we shall introduce our problem in physical as well as in mathematical form.
First the problem will be described physically with the help of schematic diagram. Then follow-
ing the physical description the problem will be modeled mathematically. In this whole phe-
nomenon some pertinent parameters will also be encountered that will be defined
mathematically with physical interpretation by end of this section.

2.1 Physical description of the problem

Consider a horizontal thin heated needle surrounded by an incompressible viscous fluid and
contains the nanoparticles of Silver(Ag) and Copper Oxide(CuO). Let u, v be the components
of velocity along x(axial direction) and r(radial direction) respectively as shown in Fig 1. The
needle is assumed to be moving horizontally with uniform velocity u,, in a similar or opposite
direction of immersed fluid flowing above the needle with a constant velocity u... The radius
of needle is described as R(x) = (vcx/ U)"? where ¢ represents size of needle, v¢depicts kine-
matic viscosity while U = u,, + , is the composite velocity for assumed flow system. The con-
stant wall temperature and fluid concentration at surface of needle are T,,, C,, respectively and
their corresponding values for ambient fluid are T, C, such that T, > T, and C,, > C.. It
is further assumed that the needle’s size is thin so that the pressure gradient is negligible while
transverse curvature has certain influence.

2.2 Mathematical formulation

Keeping in view all the assumptions described in subsection (2.1) and applying the Buon-
giorno model, the governing equations of assumed flow problem transformed to [36, 37]

O(ru) O(r v)
Ox + or

=0 (1)
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Fig 1. Schematic diagram of the problem.

https://doi.org/10.1371/journal.pone.0249264.9001
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(3)

In Eqs (1-4) the components of axial and radial velocities are respectively given by u, v. T'is
temperature, C is concentration, C, is heat capacity, Ky,,,5 unp Prarare respectively the thermal
conductivity, viscosity and density of hybrid nanofluid. The temperature and concentration at
free stream are T, C.. The rate of dimensionless reaction is given by K* = Ky/x. Moreover,
Dg, Dy are the Brownian and thermophoretic diffusion coefficients.

Subjected boundary conditions are [38]

vix.r)=0, T(x.7)=T,, C(x.7)=C, at r=R(x),

ulx.r)—-U_, Tx.r)—T,, Clx.r)— C,, as r— oo

u(x.r)=U,, .

(5)

To transform the modeled Egs (1-4) we shall introduce the following group of similar vari-

ables [38]
Ur T-T, c-c,
= fof(”l), n= vf_x7 0(n) = ﬁv o(n) = m (6)

The current study is streamlined, so in Eq (6) y is a stream function. Hence the components of
flow characteristics for the assumed stream function are described as follows

_Loy 10y
u_;E’V_ r Ox 7)

In our work, the hybrid nanoprrticles are comprised of copper oxide (CuO) and silver (Ag)
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suspended in water (H,O) which is the pure fluid. For the purpose of achieving hybrid nano-
fluid Ag-CuO/H,0, first of all CuO -nanoparticles with volume fraction represented by ¢, are
suspended in water as a result of which CuO/H,0 nanofluid is obtained. Then Ag -nanoparti-
cles with volume fraction ¢, are spread into CuO/H,Onanofluid as a result of this physical phe-
nomenon Ag — CuO/H,0 hybrid nanofluid is obtained.

After incorporating Eq (6) into Eqs (1-4) we have the following system of ODE:s after sim-
plification

L f - - Pa) ypPalg M,
(1_%)2_5(1_%)2_5(# +f)+{(1 %)((1 ¢1)+¢1pf>+%pf}ff O+ m

-0 (8)

King o0 (PC,)a (pC,). ,
2k_ff(0 + 719 ) + {(1 - (PQ) ((1 - ¢1) + (21 (PQ;)f) + P, (pcp)f }Prf@

+25 Pr (N,0/¢/ + N,(0)*) + Pr Ec( -
' ’ (1-9)"(1-9,)

=
<
+
[\
<
<
\_M/
I
o

2(6' +no) +2%(6/ +n0') + Le¢/ —%Lequ =0 (10)

b

The dimensionless form of subjected BCs is

f@=5e fl© =5, 0 =1, ¢c) =1

) (1)

f(00) = 5 (1 =€), 0(o0) =0, B(o0) 0

It is to be noticed that above &, ps1, (pC,)s15 @1 are respectively the thermal conductivity, den-
sity, heat capacity and volume fraction for CuO -nanoparticles, while kg, s, (0Cp)s2, 92 are
similar notations for Ag -nanoparticles. Moreover, in Eqs (8-11) we have some substantial
parameters which are given in Table 1 along with mathematical description and physical
interpretation.

It is to be noticed that the chemical reaction parameter K < 0 depicts a generation chemical
reaction while K > 0 describes a destructive chemical reaction. Moreover, the parameter £ =
u,,/U represents an important characteristic for flow system which is described as (i) when £ =
1 then fluid is static but needle is moving (ii) when £ = 0 then fluid is moving but needle is
static (iii) when 0 < £ < 1 then needle and fluid are moving in similar direction. The

Table 1. Information of emerging parameters.

Symbolic notation Mathematical notation Physical meaning
Pr Vi (pCp)ins ! kr Prandtl number
Ny 1D (C,-Coo) / vf Brownian motion parameter
N; D1 (Ty-Too) I ToovVy Thermophoretic parameter
Ec U*/(T,- T..)Cy Eckert number
M 0By’x / 2Uvr Magnetic parameter
Le v/ Dp Lewis number
K K*/U Chemical reaction parameter
£ u, /U Velocity ratio parameter

https://doi.org/10.1371/journal.pone.0249264.t001
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Table 2. Themophoresis properties of hybrid nanofluid [3, 39].

Properties Nanofluid (CuO)
Density Pur=(1-¢1) pr+ $1pa
Heat Capacity (PColur= (1) (pCy)r+ $1(pCyan
. 4
Viscosity oy = W
Thermal Conductivity o = Kat2 g2 gora)

T ka2 ity () S

Hybrid Nanofluid (Ag - CuO)

Density , )
Phng = {(1 - ¢,) ((1 -9)+o /#) + (PQ%; }pf
Heat Capacity (0Cp)s (Cp)s
(0 = { 1= 02 (0= 0 +0,222) + 0,522 Lo,
e _ ur
Viscosity Mg = o P (g™
Thermal Conductivity — K2y 29,0 ~K)

Kinf = gm0y 0y 1) "f

https://doi.org/10.1371/journal.pone.0249264.t1002

thermophysis characteristics for nanofluid and hybrid nanofluid are described in Table 2,
while their numerical expressions are given in Table 3.

2.3 Main quantities of interest

The coefficient of skin friction, local Nusselt and Sherwood numbers for our flow system are
described as

Pong [ Ou XKy oT —x ac
= = Nu,=————m (2= Shy=— " (== 12
pfuw2 <ar> r:R’ ux kf<Tw - Too) (ar r:R, * (Cw - Coo) ar r=R ( )

After incorporating Eq (6)) in Eq (12) we have these physical quantities in dimensionless form

f

as given below

1 .
C/Re '/? = 4c'? £ (c),
! (1 - (P1)2.5(1 - (Pz)%
Nu Re /2 = —2%61/20l(£’)7 (13)

Kt
Sh.Re '/* = —2c2¢/(c)

InEq (13) Re, = %f" depicts local Reynolds number.

3. Solution of problem

In order to determine the solution for dimensionless set of Eqs (8-10) by incorporating the
boundary conditions as given in Eq (11) we shall use the semi analytical technique HAM [40,
41]. To employ this method we need some initial guess for solution of Eqs (8-10), these initial
guesses are stated below

1 - Vo -
= ]_ — e @ = n @ = n 14
fo(n) e', ©,(n) T4y ¢ " o(n) T45.° (14)

The linear operators are defined as follows

L(f)=f" —f Le(®) =0 — 0, L,(®) =¢ — ¢ (15)
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Table 3. Numerical values of nanoparticles and base fluid for thermophysical properties [39].

Thermophysical Properties (Silver -Ag) (Copper Oxide -CuO) (Water-H,0)
Nanoparticles Nanoparticles Base Fluid
plkg/m®) 10500 6320 997.1
C,(Jlkg K) 235 531.8 4179
x (W/ mK) 429 76.5 0.613

https://doi.org/10.1371/journal.pone.0249264.t003

It is to be noticed that the expanded form of operators stated in Eq (15) is defined as follows
Li(a, + a,e" +ae™) =0, Lo(a,e’ +ase™") =0, Ly(age’ +ae™) =0 (16)

In Eq (16) a; fori=1,2,3,.....7 are considered as constants.
By employing the Taylor series expansion we have

o O =fm+>" f, ("
O )=0,m+> " ©,0) (17)
O(n; =0 (M +Y_ P, ()

4. Results and discussion

This work, addresses the capability to administer the distribution of heat transmission for fluid
flow occurs upon a paraboloid thin shaped hot needle by using hybrid nanoparicles containing
Silver and Copper Oxide with water as base/pure fluid. The needle is placed horizontally in
nanofluid using of Hall current and viscous dissipation. HAM is used to determine the solu-
tion for modeled problem. The impact of various emerging parameters will be discussed next.

4.1 Flow characteristics

In this subsection we are to talk about the effects of magnetic parameter (M), volume fractions
¢, (for CuO-nanoparticles) and ¢,(for Ag-nanoparticles) upon flow characteristics as shown in
Figs 2-4. From Fig 2 we observed that flow of fluid reduces with augmenting values of mag-
netic field. Actually application of magnetic effects to flow system results in generation of
Lorentz force that opposes the velocity of flow system and hence velocity reduces with aug-
mentation in magnetic parameter (M). From this physical phenomenon it is also observed that

0.61 ! ' ' ' ]
0.5} j
04}
oy
<03}
02}
0.1} N .
0.0t -

i
"

A

Fig 2. Velocity profiles for different values of magnetic parameter.

https://doi.org/10.1371/journal.pone.0249264.9002
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.‘_::;—,-}-\.‘_\\ _
HM ]
: 6 3 10

n

Fig 3. Velocity profiles for different values of CuO volume fraction.
https://doi.org/10.1371/journal.pone.0249264.g003

magnetic field plays a vital role in controlling flow characteristics of nanofluid. Figs 3 and 4
depict the impact of volume fractions ¢, and ¢; upon flow of nanofluid. It is to be noticed that
with raise in volume fractions of nanoparticles the viscosity of the liquid also enhances. Due to
the augmentation of viscous forces the flow of fluid reduces as shown in Figs 3 and 4.

4.2 Thermal characteristics

Next we shall highlight the influence of Eckert number (Ec), Magnetic parameter (M), volume
fractions ¢, (for CuO-nanoparticles),¢,(for Ag-nanoparticles), Brownian motion parameter
(Np), thermophoresis parameter (N;) and Prandtl number (Pr) upon temperature of fluid as
shown in Figs 5-11. From Fig 5 it is observed that due to the augmentation in (Ec) there is an
enhancement in the transportation of thermal energy and finally enhances the hotness of
nanofluid. From Fig 6 we see that the growth in (M) enhances the conduction of energy in
nanoparticles of hybrid nanofluid. Due to this physical phenomenon Lorentz force augments
and finally increases the thermal boundary layer. Hence increase in magnetic parameter
enhances the thermal characteristics of nanofluid. Since with increase in volume fractions of
silver and copper oxide nanoparticles, there is a corresponding increase in dense behavior of
nanofluid that will enhance the thermal boundary layer thickness of fluid. Hence augmenta-
tion in volume fractions enhances thermal characteristics of the nanofluid as directed in Figs 7

0.6
0.5}
_04ft
o
03}
0.2}
0.1
0.0f,

Fig 4. Velocity profiles for different values of Ag volume fraction.
https://doi.org/10.1371/journal.pone.0249264.g004
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8(m)

Fig 5. Thermal characteristics for different values of Eckert number.

https://doi.org/10.1371/journal.pone.0249264.g005

and 8. With growth in (N), there is a boost in the random motion of nanoparticles which
leads to the enhancement of collision amongst these nanoparticles. Due to this physical phe-
nomenon, the kinetic energy of the nanoparticles is transmitted to heat energy and grows up
the thermal boundary layer of fluid as depicted in Fig 9. The impact of thermophoresis param-
eter (N,) upon thermal characteristics is shown in Fig 10. Since N; = Dy (T,,—Too)/ TooVp SO
for increase in (N,), there will be an augmentation in temperature gradient of nanofluid.
Hence for larger values of (N;), maximum heat will transfer as presented in Fig 10. Moreover,
with augmentation in Prandtl number there is a reduction in mass as well as thermal diffusiv-
ity of the nanoparticles. So with increase in Prandtl number we have a reduction in thermal
characteristics of the fluid as shown in Fig 11

4.3 Concentration characteristics

Next we shall discuss the impact of Le, Ny, N;, K upon concentration characteristics with the
help of graphs as shown in Figs 12-15. Since with increase in Lewis number, there is a reduc-
tion in mass as well thermal diffusivities of nanofluid. Hence growth in Lewis number weakens
the concentration boundary layer and hence reduces the concentration profile as shown in Fig
12. The increase in Nj, reduces the rate of mass transmission, hence boundary layer thickness
of nanofluid enhances as shown in Fig 13. On the other hand the augmentation in

350
3.0
2.5
2.0
1.5
1.0
0.5

0.0L, . |
0 2 4 6 8 10

0(n)

Fig 6. Thermal characteristics for different values of magnetic parameter.

https://doi.org/10.1371/journal.pone.0249264.9006
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6(m)
L, R

Fig 7. Thermal characteristics for different values of CuO volume fraction.

https://doi.org/10.1371/journal.pone.0249264.g007

thermophoresis parameter results in increase of thermal conductivity of the nanoparticles that
infiltrates deeper inside the nanofluid and ultimately reduces the thickness of concentration
boundary layer as presented in Fig 14. Finally, with augmentation in chemical reaction param-
eter the thickness of concentration boundary layer reduces. Actually the presence of chemical
reaction declines the concentration boundary layer; hence growing values K reduces the con-
centration characteristics of nanofluid as depicted in Fig 15.

4.4 Table discussion

Next we shall discuss the impact of various substantial parameters numerically upon skin fric-
tion coefficient, Nusselt and Sherwood numbers as presented in Tables 4-6. From these tables
we observe that the size of needle greatly affected the above stated physical quantities. It is also
revealed from these tables that the skin friction reduces whereas Nusselt and Sherwood num-
bers expand for increasing values of emerging parameter (g). Table 4 depicts numerically the
impact of Needle’s size, velocity ratio and magnetic parameters upon skin friction coefficient.
Due to increase in resistive forces for corresponding increase in magnetic parameter the values
of friction also enhances as shown in Table 3. Similarly with increase in Prandtl number the
thermal characteristics reduce and hence Nusselt number drops down, on the other hand with
growth in Eckert number the thermal dissipation enhances that result in augmentation of

Fig 8. Thermal characteristics for different values of Ag volume fraction.

https://doi.org/10.1371/journal.pone.0249264.9008

PLOS ONE | https://doi.org/10.1371/journal.pone.0249264  April 15, 2021 11/18


https://doi.org/10.1371/journal.pone.0249264.g007
https://doi.org/10.1371/journal.pone.0249264.g008
https://doi.org/10.1371/journal.pone.0249264

PLOS ONE Chemically reactive hydromagnatic nanofluid flow over a thin moving needle using hall current
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Fig 9. Thermal characteristics for different values of Brownian motion parameter.

https://doi.org/10.1371/journal.pone.0249264.9009

Nusselt number as presented in Table 5. In Table 6 influence of various emerging parameters
is presented numerically.

5. Conclusions

In this work the heat transmission for fluid flow occurs upon a paraboloid thin shaped hot nee-
dle by using hybrid nanoparicles containing Silver and Copper Oxide with water as base/pure
fluid. The needle is placed horizontally in nanofluid in the presence of some physical condi-
tions. HAM is used for determination of solution for modeled problem. The analytical investi-
gation has carried out for current problem. The impact of various emerging parameters upon
flow, thermal and concentration characteristics has discussed with the help of graphical views.
After detail study of the work the following points are highlighted:-

« The application of magnetic effects to flow system results in generation of Lorentz force that
opposes the velocity of flow system and hence velocity reduces in this physical phenomenon.

« With augmentation in volume fractions of nanoparticles the viscosity of the nanofluid also
enhances that declines the flow of fluid.

« With growth in Eckert number and magnetic parameter there is an enhancement in temper-

ature profile.

0 2 4 6 8 10
n
Fig 10. Thermal characteristics for different values of thermophoresis parameter.

https://doi.org/10.1371/journal.pone.0249264.9010
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Fig 11. Thermal characteristics for different values of Prandtl number.

https://doi.org/10.1371/journal.pone.0249264.9011

« The augmenting values of magnetic parameter results in Lorentz force that leads to an augmen-

1.0fy

0.5

0.0

()

-0.5

-1.0

8 10

Fig 12. Concentration characteristics for various values of Lewis number.

https://doi.org/10.1371/journal.pone.0249264.9012

tation of thermal boundary layer thickness which augments the temperature of flow system.

1.0Hy
0.8;
0.6¢
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0.2r

0.0r

~0.2L - ‘ : ' :
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Fig 13. Concentration characteristics for various values of Brownian motion parameter.

https://doi.org/10.1371/journal.pone.0249264.g013
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&)

B 8 10

Fig 14. Concentration characteristics for various values of thermophoresis parameter.

https://doi.org/10.1371/journal.pone.0249264.9014

&(17)

Increase in volume fractions of silver and copper oxide nanoparticles enhances the viscous
behavior of nanofluid and results in enhancement of the thermal characteristics of the nanofluid.

With increase in Brownian motion and thermophoresis parameters there is a growth in tem-
perature profile. On the other hand growth in Prandtl number reduces the thickness of ther-
mal boundary layer.

The growth in Lewis number reduces mass and heat diffusivities of nanofluid and ultimately
weakens the concentration boundary layer thickness that results in reduction of concentra-
tion profile.

The enhancement in Brownian motion reduces the mass transmission rate as a result of
which the thickness of concertation boundary layer of nanofluid enhances and hence the
concentration profile of nanoparticles increases.

The growing values of thermophoresis parameter increase the thermal conductivity of nano-
particles that infiltrates deeper in nanofluid and hence concentration profile of nanoparticles
reduces.

Growth in chemical reaction parameter reduces the concentration characteristics of
nanofluid.

1.0}
0.8
0.6
0.4
0.2

0.0
~02},

6 8 10

Fig 15. Concentration characteristics for various values of chemical reaction parameter.

https://doi.org/10.1371/journal.pone.0249264.9015
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Table 4. Impact upon skin friction coefficient f’(c) when Pr =7, ¢, = 0.02 = ¢, m = 0.4.

c £ M () f)
For CuO For CuO + Ag
0.002 0.1 0.2 0.4132580 0.4262724
0.02 0.4241918 0.4324283
0.1 0.4744767 0.4847955
0.2 0.2991480 0.3193390
0.3 0.1168840 0.2141966
0.3 0.3487980 0.3545914
0.4 0.3916890 0.4152412
https://doi.org/10.1371/journal.pone.0249264.t004
Table 5. Impact of different parameters on heat transfer coefficient 6°(c).
c £ ¢1=¢> M Ec Nb Nt 0(c) @(c)
For CuO For CuO + Ag
0.002 0.1 0.01 0.2 2 0.1 0.1 7.78790 8.83699
0.02 7.83978 8.99425
0.1 8.07489 9.84849
0.2 8.79554 8.92995
0.3 8.89984 8.95792
0.02 9.11929 9.33258
0.03 9.63384 9.81129
0.3 9.64384 9.70977
0.4 9.764432 9.81992
5 10.23417 10.57983
7 10.44528 10.69945
0.2 9.653321 9.60981
0.3 9.54321 9.49870
0.2 9.43209 9.38760
0.3 9.32108 9.27650
https://doi.org/10.1371/journal.pone.0249264.t1005
Table 6. Influence of various parameters on coefficient of the Sherwood ¢’(c) when Pr =7.
c £ Nt Nb ¢’(c) ¢’(c)
For CuO For CuO + Ag
0.002 0.1 0.1 0.2 2.36446 2.384200
0.02 2.37760 2.477630
0.2 2.51585 2.515970
0.2 2.71848 2.719510
0.3 2.52108 2.543410
0.2 2.42106 2.352122
0.3 2.31015 2.252610
0.3 2.543410 2.654521
0.4 2.687621 2.876510

https://doi.org/10.1371/journal.pone.0249264.t1006
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