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Abstract: This paper reports the impact of cross-diffusion on persistently moving a thin needle in a
radiative hydromagnetic nanofluid flow. To validate the deviation in a border layer, we measured the
flow features of two fluids such as methanol-magnetite and methanol. The converted ODEs are
explicated by R-K centered shooting scheme. The consequences of extreme parameters on the existing
profiles are depicted via graphs and numerical outcomes of tables. The study experiences that the
velocity and temperature functions decrease with enhancing the needle size. The hypothesis of Soret
and Dufour subjective to improve the thermal field, but it reduces the concentration. Further, it is noticed
that the flow deterioration and strengthening of the thermal field have been perceived by the powers of
Lorentz properties. The methanol-magnetite based nanofluid has higher thermal conductivity associated
with methanol.
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1. Introduction

The boundary layer study over constantly moving objects has widespread features in
fluid dynamics. In general, the flow characteristic depends on the object's fluid, speed, and
shape characteristics. The present study initiates the boundary layer nature, the transmission of
heat and mass over a constantly floating thin needle dipped in a nanofluid. There are various
modifications and advances on the part of boundary layer nature. Many advanced techniques
are utilized to augment flow properties by scientists and researchers. Lee [1] first recognized
the nature of the boundary layer flow on the upper portion of a thin needle and subsequently
studied the radial fluid motion solutions. Later, mixed convection flow on the thin needle
surface is considered by Narain and Uberoi [2]. The characteristic of boundary layer flows
carried around by the eventual surface of convection transport in free stream direction. This
kind of flow largely occurs in the existence of moving cylindrical geometry reported by some
investigators [3-5]. Heat transfer on an external surface of a thin needle under shrinking and
stretching case by utilizing the Keller-box method was notified by Ahmed et al. [6]. An external
flow of an incessantly wavering thin needle assumed parallel to axial flow was studied by Ishak
et al. [7]. Abegurian et al. [8] discovered Casson's conduction possessions and Williamson
liquid above a parallel plate. Chen and Kubler [9] considered a non-Newtonian liquid and heat
transfer along floating tinny needles.The researchers [10-15] studied the heat transfer over the
thin floating needle with various parameters and convective boundaries.
https://biointerfaceresearch.com/ 11499
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The problem of low conductivity reduces the performance of an industrial process. It is
due to the use of low conductive fluids such as water, oil, methanol, etc. However, these sources
are available in a large amount and are not negligible. Adding the conductive nano-sized solid
particles in low conductive fluids enhance the thermal properties and known as nanofluids.
Eastman et al. [16] justify that adding some conductive solid particles (0.5 Vol %) in water,
methanol, and oil will highly enrich their thermal conductivity. Many authors acknowledged
nanofluid properties that enrich and diminish the convection heat transfer. The present study
reports the flow and heat transfer characteristics of Methanol-FezO4 nanoparticles. Siti et al.
[17] analyzed the flow features of continually floating a needle deep in a nanoliquid. They
noticed the influence of needle size and volume fraction to increase the heat flow rate. The heat
flow behavior of nanoliquid over spherical tube was scrutinized by Sarkar et al. [18]. Sulochana
et al. [19] examined the nanofluid and its conduction over an elongating sheet in the presence
of radiation. Reddy et al. [20] reviewed the electromagnetic radiative nanoliquid above the
parallel plate. They found that the magnetic field's influence decreases the flow velocity, but
the thermal radiation increases the velocity. The nanoliquid behavior of thin-film and the non-
Darcy medium were examined by Kumar et al. [21] and Sheikholeslami et al. [22].

The Dufour-Soret effects are ignored by many researchers in energy and the diffusion
equation. Here, the bearing of Soret-Dufour constraints on MHD flow is unique for higher
thermal and concentration gradients. It has plenteous usages in chemical engineering, solar
collector, geophysical, environmental, etc. Boundary layer analysis and Soret-Dufour effects
on an electromagnetic flow of nanofluid were studied by Reddy and Chamkha [23]. Free
convection flow filled by nanofluid with Soret effect was investigated by Aly [24]. Babu and
Sandeep [25] analyzed that the cross-diffusion influences the control of the species
concentration and temperature function. Ramazan et al. [26] considered the eminence of
Dufour and Soret properties in a viscoelastic liquid and evaluated by HAM. Zafar and Wiliam
[27] inspected the Soret-Dufour impacts on linear convection transport over a vertical plate.
Pal et al. [28] investigated MHD convection nanoliquid past wavering vertical plate with the
existence of cross-diffusion and radiation properties. Reddy et al. [29] scrutinized the
convective flow past a plate, cone, and wedge geometries under cross-diffusion and magnetic
possessions by utilizing the R-K Fehlberg method. The radiation effect has substantial
applications in industry and science. High-temperature processes, cancer treatments, space
machinery, drilling process are some applications of radiation. Nasreen and Singh [30]
presented the transport of coupled heat and mass due to a tinny needle's natural convection.
They determined the radiation conflicts to magnify the temperature scatterings. Hayat et al.
[31] and Sulochana et al. [32] simulated convective heat flow over the surface of a cylinder
with thermal radiation. Ashraf et al. [33] and Khan et al. [34] studied the Soret/Dufour impacts
and nanofluids' heat transport. Recently, the researchers [35-41] studied the impacts of the
thermal radiation, Soret and Dufour parameters on various geometry and boundary conditions.

This study gives a numerical approach to the exterior flow of a constantly floating tinny
needle saturated in radiative Methanol-FesO4 based nanofluid in the presence of Soret-Dufour
effects. The systems of ODEs are resolved by adopting the R-K shooting technique.
Computational results of heat, mass, and flow rates are tabulated and discussed. Increasing the
needle thickness has the strength to reduce flow velocity. However, conflicting outcomes have
been perceived for heat, mass flow rates of dual fluids. Precisely, the thermal and momentum
aspects of methanol-magnetite nanoliquid decreased considerably as compared with methanol.
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2. Methods

Consider a 2D-magnetohydrodynamic nanoliquid flow in the inactivity area of the
moving thin needle. In Figure 1, let the coordinates of the cylinder be (x,r), and an axial
direction x-axis is normal to r, which is considered to be radial axis, and the needle thickness
is labeled as c¢. We presumed the surface temperature of a cylinder is considerably superior to
the ambient fluid. Correspondingly, U, = u,, + u,, be the combined velocities along with the
x-direction, where the needle velocity and conflicting normal velocity are respectively are u,,

and u,,.

Figure 1. Geometry.

The electromagnetic field Bis enforced on the flow path direction and for infinitesimal
magnitude of Reynolds number we molested the induced magnetic properties. With reference

to the above-considered conditions, the differential expressions are:
(ru), +(rv), =0

pnf (uux +Vur): /unf %(rur)r _O-nf Bozu

1[(160°T" DK, 1
(pCp)nf (UTX +VTr): F|:( 3k* =+ knf ](I’Tr ):|r +TF(rCr)r

D D K. 1
C,+VC, =—(rC,) +—2"T=(¢T
uC, +vC, r(r r)r+ T r(r,)r

The appropriate boundary limits are,
atr=R:C=C_,u=u,,T=T,v=0,
u(o) >u_,C(x) >C_,T(x0) >T_,

where,uand v are velocity components to the radial and axial

1)
()

(3)

(4)

()

(x,r) directions.

kng, g, (0Cp)ngs Png, are the thermal conductivity, viscosity, specific heat capacity, and

density are specified as:
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We adopt the significant transformations as,
w =v xt(n),n=U,r* /v x,(T,-T,)(0()=T-T,,(C,-C,)(e)=C-C,, (7
Here, yis identically resolved the continuity Egn. (1) and the mechanisms well-defined
asu = Y, r 1, v =—,r L Considering n = c, then Eqn. (7) calculates dimension of a needle

r=R(x) = (V{fx)% over the surface. By utilizing Egn. (7) into Eqgns. (2) to (5) produces ODEs,
20—¢)*° (f"+nf )+& frfomIe g '=0, (8)
f O-f
" . " N, Pr .
(ks /%, )+R)(0"7+6")+PrDu(p"n+p )+?((,0Cp)nf /(pCp)f)fH =0, 9)
(p"n+¢")+Sr SC(H"U+9')+%f(o':0, (10)

The appropriate boundary limits are,
£(€) = (4/2)c, f(c) =(4/2),6(c) = o(c) =1
f'(7) >1-2/2,0(n) > (1/2),0(n) —> (4/2) as n >

where, the velocity of needle is proportionate to the composite velocity directed as A = - In
0

this report, A <1 is constrained to all specified boundaries. Therefore the free stream
continuously carriages in a favorable direction. The non-dimension factors
M, Pr,Sr,Sc, Du, R, refers to the magnetic field, Prandtl number, Soret parameter, Schmidt
number, Dufour and the radiation, respectively, constraint individually termed as,

(11)

Sc=v—f,M = B Pr= HCy ,R=16G:T°§ ,
D 20U, Kk, 3k’k, 12
or - 0u=T) DoKi o (C,=C.)(D,K)
(C, —-C.) T,uC, (csuCy)(T, - T,)
The friction factor is,
Rel’C, =(L/ (1-¢)"°)(4V) f (o), (13)
The Nusselt number is,
(Re;")Nu, :—(2JE)(knf /k; +R)0'(c), (14)
The Sherwood number is,
Re,? Sh, =—-2D, \/cg'(c), (15)

where, Re, =(Ux/v, ).
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3. Results and Discussion

The nonlinear Eqgns. (8)-(10) accompanied by boundary precincts (11) are elucidated
by effective R-K based shooting technique. This section discusses the heat and mass properties
of Fes04-CH3OH based nanoliquid with the provision of tabular and graphical depiction for
distinct dimensionless parameters on momentum, thermal and diffusion profiles, wall friction,
transformed Sherwood and Nusselt factors. The non-dimensional quantities are considered as:
c=0.1 ¢=0.0, M=1LPr=6,A=1Du=Sr=0.5.

Table 1 directs the properties of CH3sOH and FesOs4 molecules. The computational
outcomes of physical constraints on the momentum, temperature function, and species fields
have been reported in Tables 2 and 3. It was observed that the deviation of the dimensionless
parameter does not show a substantial impact on the wall friction. As a result, methanol-
magnetite nanofluid has greater conductive properties associated with methanol. The validation
of the numerical approach is depicted in Table 4.

Figures 2 and 3 discuss the eccentricities of momentum and energy fields under extreme
magnetic impacts, respectively. It was identified that increasing the magnetic arena’s vitalities
have shown the diminishing momentum profile and amplifies the thermal field. Indeed, the
Lorentz force is augmented by increasing magnetic field. As a result, the flow deterioration
and strengthening of the thermal field have been perceived by Lorentz properties' powers. The
deviation of curves of the thermal field over the properties of radiation was established in
Figure 4. As seen, larger values of thermal radiation amplify the temperature profile. Radiation
produces external heat energy, which enriches the thermal field.

Figures 5 and 6 predict the Soret parameter's impact on the dimensionless thermal field
and species concentration. It reflects that the benefits of the Soret parameter improve the
thermal and weaken the concentration field. The Soret effect is a mixture of particles in fluids
and depends on the density and concentration of a fluid. The Soret effect separates the mixed
particles near the boundary layer and produces the buoyancy force, which increases the surface
thickness, leads to augment temperature, and reduces the concentration field. Figures 7 and 8
elucidate the temperature and concentration fields for various Dufour parameters. Figure 7
noticed that the rise in Dufour parameter increases temperature field but the converse action,
i.e., decreasing concentration field, is exposed in Figure 8.

The nature of velocity and thermal distribution for distinct needle thickness is exposed
in Figures 9 and 10, respectively. It is renowned that escalating values of needle thickness
denigrate both velocity and thermal field. The Schmidt number's thermal and concentration
profiles for several bearings were elucidated in Figures 11 and 12.

Table 1. Thermo-physical properties.

Physical properties Methanol FesOq
Cp(J/kgK) 2545 670
p(kg/m3) 792 5180
K (w/mK) 0.2035 9.7

o(s/m) 0.5x106 0.74x108

As seen in Figure 11, greater values of the Schmidt number augments the temperature
profile. Simultaneously, the opposite trend has been seen in the concentration field, shown in
Figure 12. Here, the Schmidt number is directly proportional to kinematic viscosity and
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inversely proportional to Brownian diffusivity. Increasing Sc parameter creates an increasing
trend in the thermal field. Also, it contributes to a lessening trend in the concentration field.
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Table 2. Impression of physical parameters on C;,Nu, and th for Ethanol-magnetite nanofluid.

M| R|Sr|Du|C|sSc C, Nu, Sh,
1 -2.758816 0.638455 0.553852
2 -3.404377 0.625623 | 0.553813
3 -3.920416 0.617222 0.553813
1 -2.758816 0.638455 0.553852

3 -2.758816 0.664926 0.548138

5 -2.758816 0.675734 0.545806

0.2 -2.758816 0.754519 | 0.535686

0.4 -2.758816 0.676709 0.544535

0.6 -2.758816 0.600697 0.566340

0.1 -2.758816 0.827939 0.513020

05 -2.758816 0.638455 | 0.553852

0.9 -2.758816 0459044 | 0.592545

0.1 -2.758816 0.638455 0.553852

0.4 -6.438336 1.687436 0.556455

0.7 -9.007709 2.624691 0.558293

04 | -2.758816 0716321 | 0.527883

0.7 | -2.758816 0.600241 | 0570777

1.0 | -2.758816 0.489013 0.636347

Table 3. Variation in C;,Nu, and Sh, for Ethanol.

M |R|Sr [Du |C | Sc C, Nu, Sh,
1 -0.915718 0.266190 0569372
2 -1.064014 0.261149 0569727
3 -1.187920 0.257404 0.570017
1 -0.915718 0.266190 0.569372
3 -0.915718 0.294845 0.555950
5 -0.915718 0.304089 0551619
0.2 -0.915718 0.343258 0.539233
0.4 -0.915718 0.291396 0.554702
06 -0.915718 0.241552 0588439
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M |R|Sr [Du |C | Sc C, Nu, Sh,
0.1 -0.915718 0.394595 0.509344

0.5 -0.915718 0.266190 0.569372

0.9 -0.915718 0.149613 0.623906

0.1 -0.915718 0.266190 0.569372

0.4 -2.159051 0.725399 0.569610

0.7 -3.049286 1.157014 0.568499

04 | -0.915718 0.318484 0.533163

0.7 | -0.915718 0.240874 0592993

1.0 | -0.915718 0.168957 0.683522

Table 4. Validation of the numerical technique for Nu, .

M RKS (Present) RKF RKN
1 0.266190 0.2661904235 0.2661904234
2 0.261149 0.2611497654 0.2611497654
3 0.257404 0.2574043452 0.2574043453
4 0.243210 0.2432103125 0.2432103125

4. Conclusions

The study presents convective flow stability of FesOs-CHsOH based nanoliquid
transport over a constantly floating tinny needle. Nonlinear differential equations are solved
numerically by using the R-K shooting technique. We discussed MHD's influences, thermal
radiation, chemical reaction, Soret and Dufour effects on velocity, thermal and concentration
profile through graphs and friction factor, Nusselt number, and Sherwood number through
tabular representation. The conclusions of the current study are as follows: An augmentation
of thermal radiation R is caused by the Sherwood number's devaluation, but it increases the
heat transfer rate. Also, radiation has the capacity to enlarge the thermal field; The
dimensionless thermal field enriches due to bigger values of the Soret-Dufour parameter. Also,
the concentration field diminishes by enlarging the Soret-Dufour parameter; Increasing the
needle thickness has the strength to denigrate flow velocity, but it multiplies the Nusselt and
Sherwood numbers; The border layer thickness accelerations for the benefits of Schmidt
quantity. It observed the intensifying fields of thermal layer and Sherwood number; Nanofluids
are widely consumed to raise or reduce the heat transfer; Methanol-magnetite-based nanofluid
has higher thermal conductivity associated with methanol.
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