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Abstract

In this study, a computational investigation that analyze the behavior of Magnetohydrodynamic (MHD) micropolar Casson fluid flowing via a
linearly stretchy wall, considering the effects of heat source in a permeable medium. To achieve this, a similarity transformation is adopted,
to convert the fundamental partial differential equations into nonlinear ordinary differential equations which are then solved numerically using
collocating weighted residual scheme that adopts Hermite polynomials as the basis functions and Gauss-Lobatto points for spatial discretization.
To affirm the accuracy of the simulation, the outputs are validated using 4th order Runge-Kutta method via shooting technique serving as the
control method with the aid of Mathematical software (Maple 18.0). This approach enables the numerical solutions for the velocity f’; temperature
6, and microstructure g of the fluid. The results are then presented in tabular and graphical forms, allowing for a detailed assessment of the impact
of various parameters on the fluid’s behavior. It is deduced that, increased porosity enhances thermal dispersion, reduces thermal resistance, and
promotes heat transfer. Also, as magnetic field (M) increases, the temperature profile exhibits significant enhancement, primarily as a result of
viscous heating, resulting in improved temperature at the wall. As the viscous dissipation activity enhances, the heat profile also improves as a
result of steady growth in the heat boundary layer. Through the comprehensive analysis of the graphical results, the relationship between these
parameters and the fluid’s behavior were properly observed, shedding light on the underlying physical mechanisms. This study establishes the
influence of fluid mobility and Eckert number on thermal profiles, providing critical implications for industrial heat transfer optimization and fluid
flow management and contributing to a depth understanding of the complex dynamics of MHD Casson fluid flow in porous media with potential
applications in different fields of engineering and physics.
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1. Introduction rates, paints, apple sauce, sugar solutions, and muds, has
sparked intense scientific interest in recent years. These flu-
ids are characterized by their departure from Newtonian flow
behavior, and examples of these fluids can be found naturally.
In response, the academic community has developed and ana-
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Diverse applications of non-Newtonian fluid properties includ-
ing everyday substances like shampoos, blood at low shear
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the behavior of these complex fluids, with many more mod-
els currently in development. Casson fluids, a subclass of non-
Newtonian fluids have garnered significant attention and inter-
est of researchers due to their unique rheological features and
wide applications in fields like biomedical engineering, chem-
ical processing, and petroleum industries. Marked by their re-
markable shear thickening behavior and yield stress, Casson
fluids exhibit intricate dynamics that continue to intrigue sci-
entist. Despite substantial efforts, the flow behavior of Casson
fluids remains enigma with numerous unanswered questions
and challenges. Benazir et al. [1] conducted an experiment
on Casson fluid flow between a vertical cone and flat plate with
a non-uniform heat sink/source, finding that the flow became
non-uniform as time progressed. Shaw et al. [2] investigated
the effect of nonlinear heat convection on Casson fluid flow
over a flat plate, revealing that the a higher Casson parame-
ter resulted in a narrower momentum boundary layer. In his
research, Sobomowo [3] analyzed the natural convection and
heat transmission of Casson fluid flow through a vertical plate,
with a particular emphasis on the influence of thermal radia-
tion when nanoparticles are added. the study shows that the
nanofluid’s velocity and temperature increase as the radiation
parameter grows. Hayat ef al. [4] explored the consequences
of a chemically reactive Casson fluid model on heat convection
at a stretching surface, considering the effects of non-material
flow. In their study, Haldar ef al. [5] designed a dual-solution
framework for understanding the mixed convection of casson
fluid flow. Mustafa and Khan [6] examined the flow of Cas-
son nanofluids using a general power law velocity distribution.
Similarly, Sarkar and Endalew [7] considered the progression
of Casson nanofluids in relation to wedge angle aggregation and
melting processes. The flow of Casson nanofluids through sin-
gle and multiple walled carbon nanutubes, incorporating chem-
ical reactions was investigated by Ibrar et al. [8]. Furthermore,
several researchers have recently developed dynamic models
that incorporate diverse flow features to better understand the
complexities of Casson fluids. (see Refs. ([9-15]).

The interplay between magnetic fields, electrically conduct-
ing fluids, and temperature gradients has a profound impact on
heat transfer, giving rise to several key effects. Notably, the in-
duced fluid motion and mixing can significantly enhance heat
transfer rates, altering temperature distribution and convective
heat transfer. Furthermore, this complex interaction affects the
formation and growth of thermal boundary layers, influencing
heat transfer. the generated electrical currents can also result to
Joule heating, further impacting temperature fields, this situa-
tion can be leveraged to augment heat transfer in various appli-
cations,like heat exchangers and thermal management systems.
Understanding the influence of this interplay on heat transfer is
crucial for designing and optimizing systems containing elec-
trically conducting fluids, magnetic fields, and heat transfer,
including fusion reactors, electromagnetic pumps, and MHD
generators.

Magnetohydrodynamics(MHD) explores the dynamic inter-
play between magnetic fields and electrically conducting flu-
ids, where the magnetic field can trigger an electric current,
then, produces a Lorentz force that influences the fluid’s flow

behavior. With its far-reaching implications, MHD flow has
numerous practical applications across various fields, such as
power generation, materials processing, and space exploration,
making it a vital area of study [16-21] In certain power plants,
Magnetohydrodynamics(MHD) generators are used to convert
heat energy into electrical power [22]. MHD technology is em-
ployed in materials processing to control and direct the flow
behavior of fluids using pumps and mixers [23]. In space explo-
ration, MHD thrusters are used to maneuver and propel space-
craft with precision [24]. Accurate modeling and understanding
of MHD flow behavior is crucial for enhancing the design and
operational efficiency of processes in these industries. To ad-
dress this, recent study has concentrated on creating innovative
numerical methods and experimental approaches to investigate
the intricate dynamics of MHD systems, ultimately aiming to
improve their performance and applicability. Kumar ez al. [25]
carried out a study on the impact of Hall current on MHD flow
within a channel featuring porous walls, revealing that the Hall
current has a profound influence on the flow dynamics, leading
to notable changes in its behavior. In their study, Bojarevics et
al. [26] established a numerical framework to simulate MHD
flow in liquid metal batteries, emphasizing the significance of
accurate magnetic field representation in reproducing realistic
flow patterns. Katarina ef al. [27] conducted a comprehen-
sive study to investigate the effects of chemical and radiation
reactions on the Magnetohydrodynamics(MHD) flow of Casson
fluid, which was induced by an oscillating vertical plate embed-
ded in a porous medium. Their research aimed to elucidate the
complex relationships between these reactions and the fluid’s
flow behavior in this specific setting. Metan et al. [28] exam-
ined the influence of a first-order chemical reaction on MHD
flow across an infinite vertical plate, considering variable mass
diffusion and exponential thermal radiation effects. Baagi et al.
[29] investigated the impact of chemical reactions, heat gen-
erations/absorption, and induced magnetic fields on the steady
magnetohydrodynamics(MHD) mixed convection flow near a
vertical smooth surface. their study revealed a notable reduction
in heat transfer when a moist solution was subjected to a heat
source and solute bouyancy, highlighting the complex interplay
between these factors. Hussain ef al. [30] examined the impact
of heat transfer on the flow of a Carreau fluid through a stretch-
ing cylinder, considering nonlinear stretching rates and non-
uniform heat generation/absorption. their research revealed that
the combination of heat generation and nonlinear stretching rate
disrupts the thermal profile within the fluid, potentially alter-
ing blood flow through vessels. in addition, numerous studies
have examined the effects of internal non-uniform heat gener-
ation/absorption on MHD fluid flow through various mediums,
further exploring its characteristics and impact.(see Refs. [31—
41]).

Upon reviewing existing literature, a significant knowledge
gap was identified. The impacts of magnetic fields and poros-
ity on the temperature of micropolar Casson fluids have not
been explored. To address this, the present study aim to model
the flow of Casson fluid through a porous linearly stretchy
sheet with heat sink/source, incorporating magnetic and poros-
ity terms into the thermal equations and to develop an approx-
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Figure 1: Schematic depiction of the flow.

imate solution using the Hermite Collocation Method(HCM)
with Gauss-Lobatto points, making it the first to apply this
numerical technique to this specific model. The study will
help scientists and engineers to optimize heat transfer manage-
ment in industries and will lead to more insight into compu-
tational technique for complex dynamics of Magnetohydrody-
namics(MHD) Casson fluid flow in porous channel

2. mathematical formulations

The steady two dimensional flow of a micropolar Casson fluid
through a porous medium with permeability K, over a horizon-
tal linear stretchy sheet was considered. A uniform transverse
magnetic field By is applied, causing the fluid to be electrically
conductive. The external flow velocity is given by U, = bx,
and the stretching sheet moves with velocity U,, = ax, where a
and b are positive constants, and x is the coordinate along the
stretchy sheet. Also, the melting temperature is assumed as 7,
and the free stream temperature T, of the fluid satisfy T,, > T,
The schematic diagram of the flow is depicted in figure 1 below.

The equations governing the model are formulated as fol-
lows [44]:

il =0, 1)

du O 1\é*a o*Biii (k\oOoH
u—u+17—u=v(l+—)—u— 0 +(—)——%ﬁ, 2

dx dy B)*y  py pl dy K
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The boundary conditions for the above eqs. (1), (2), (3), and
(4) as follows:
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i=U,x)=cx, T=T,, H=0, v=Vy aty=0 } 5

i—-Ux)=bx, T > Ty asy = oo’

where a connotes thermal diffusion coeflicient of the fluid, K;
indicates the permeability parameter, 8 denotes Casson fluid pa-
rameter, (i, V) are the velocity components along axes, k repre-
sents the thermal conductivity, o™ represent electrical conduc-
tivity, p is the density of fluid, g, represents the Radiative heat
flux, K, micropolar fluid constant and C, is the specific heat
capacity.

Considering the Rosseland approximation [42], the Radia-
tive heat flux may be written as:

40* OT*
3K* Oy’

G =~ ©)

where o* denotes the Stefan-Boltzman constant, K* represent
the mean absorption coefficient, and 7* as expanded adopting
Taylor’s series as [44].

T* = 4T3T - 3T3.
Below are the similarity transformations used to convert the

partial differential equations (1), (2), (3), and (4) into ordinary
differential equations:

b
77=y\/;, i =bxf'(n), v=—Nbvf(y),

b
sz\/;xé’(’]), 6(n) = m

(1), (2), (3), and (4) gives the

@)

’ﬂl
éﬂl

Putting eq. (7) into egs.

following:
(L+87") 7 + 7 = 7 = @+ M)f + Agg’ =0, ®)
g" +fg - f'g—ABQg + ") =0, ©)
1o +(% +R)é” +AG+ Ec(Q+M)f? =0. (10)

The transformed boundary conditions associated with the
model are stated as follows:

f0) =S, f(0)y=¢ 60)=1, g0)=0at y=0} )
f'(00) =1, g(e0) =0, 6(c0) = :

The obtained dimensionless thermo-physical parameters are:

0 asy > o

k o B2
AO - T = _O’ /11 = l B =
vp ap vp a
U2
a=". p=" A=_2 _ () ,
akK a apC, Cp(Ty — Teo)
_ a 160' T’; _ V()
€= b’ - 3K* > \/5/7
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where Ag, M, A1, B, Q, Pr, A, Ec, €, R, S, and 8 are micro-
coupling parameter, magnetic parameter, spin gradient param-
eter, micro-inertia parameter, permeability parameter, Prandtl
number, heat generation parameter, Eckert number, stretchy pa-
rameter, radiation parameter, suction parameter, and Casson pa-
rameter respectively.

This investigation focuses on two essential physical quan-
tities, the skin friction coefficient (Cf,) and the local Nusselt
number (Nu,):

Tw
Cfy= s
/ pUZ
Xqw
Nuy = —————, (12)
k(Too_ w)

where T, = ,u(l + ﬁ_l)(%)y—o is denoted as the surface shear

stress, u is the viscous dynamic of fluid, and ¢,, = k( (Z{) ot
y=
is represented as the surface heat flux.
The Skin friction and Nusselt number can be expressed, us-

ing eq. (7) as:

Tw -1 —1\ o7
Cf, = i Re,*Cy = (1+47)f"(0). (13)
And the local Nusselt number is:
Nu L = Re.*Nu, = —(1+R&©0),  (14)
X k(T ) X X 9
U.x

where the local Reynolds number is expressed as Re, =

v

3. Computational techniques

A weighted collocation method is utilized to solve egs. (8)-(10)
numerically. This technique is based on the interpolation theory
of unevenly spaced intervals, where Hermite polynomials are
chosen as basis functions to approximate the differential equa-
tions within the integral range a < x < b. The coefficients of
the basis functions are determined from a set of selected shifted
Gauss-Lobatto points [43]. Specifically, the functions f , 8, and
6 (where £, g, and 0 are functions of i) are employed as basis
functions,

f= HermlteHZak(— - 1) (15)
k=0 Moo

7= HermlteHZbk(— - 1) (16)
k=0 Neo

6 = HermiteH cal— -1 a7
2l )

k=0

where ay, by, ¢, for k = 0,1,2,...,n are the unknown coef-
ficients to be determined and n connotes tolerance parameter,
otherwise called truncation order. To derive the system of alge-
braic equations, the boundary conditions (11) are imposed on
the basis functions (15)-(17). Additional system of equations
are generated through the residual equations fies, gres, and Gres.
The residual (error) is computed by substituting the basis func-
tions (15)-(17) into equations (8)-(10) and evaluating at evenly
spaced intervals —co < n < oco. The goal is to find the coeffi-
cients [ay, by, ¢x : k = 0..n] that minimize the residue across the
integration range. Using Mathematical software, the nonlinear
system of algebraic equations is solved to obtain the numerical
values of the unknown coefficients. These coefficients are then
substituted into the basis solutions (15)-(17) to get the numer-
ical solutions to eqgs. (8)-(10) forg =12, M =1, Q = 0.2,
Al=1,Ec=05A4=051=1,B=05R=1,¢=0.6391,
S =1, and n = 15 is determined as:

_ 27\
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The solution procedures are iterated for incremental varia-
tions in physical parameters. Table 1 validates the accuracy of
the employed Hermite collocation method, and the 4th order
shooting Runge-Kutta technique, demonstrating perfect agree-
ment with the bvp4c reported in [44]. The favorable compari-
son, as shown in Table 1, confirms the reliability of the results
presented in this study, thereby establishing the authenticity of
the method.

Table 1: Validation of results for —f (0)as Ay =R =P, =S =
1,,B=0.5,6 =0.6391, and Ec =0

B M Q Ay A bvpdc[44] Runge-Kuttad HCM
12 1.0 02 05 1.0 0.5697 0.5696 0.5696
14 10 02 05 1.0 0.5948 0.5948 0.5948
1.6 1.0 02 05 10 0.6152 0.6153 0.6153
1.0 1.1 02 05 1.0 0.5501 0.5521 0.5521
1.0 15 02 05 1.0 0.5969 0.5969 0.5969
1.0 19 02 05 10 0.6404 0.6404 0.6404
1.0 1.0 03 05 10 0.5501 0.5521 0.5521
1.0 1.0 05 05 10 0.5740 0.5742 0.5742
1.0 1.0 07 05 10 0.5969 0.5969 0.5969
1.0 1.0 02 07 10 0.5363 0.5363 0.5363
1.0 1.0 02 09 10 0.5355 0.5355 0.5355
1.0 1.0 02 1.1 10 0.5337 0.5327 0.5327
1.0 1.0 02 05 1.1 0.5379 0.5376 0.5376
1.0 1.0 02 05 14 0.5384 0.5383 0.5383
1.0 1.0 02 05 19 0.5388 0.5388 0.5388

4. Discussion of results

This study has achieved numerical solutions for the nonlin-
ear coupled system of eqs. (8)-(9) through the application

5

of weighted residual collocation techniques employing Her-
mite polynomial as basis functions, complemented by 4th-order
shooting Runge-Kutta methods as a control mechanism. The
results underscore the crucial role of physical terms in shap-
ing velocity, micro-rotation, and energy distributions. In the
mathematical simulations, the standard values are prescribed as
1<B<16,1<M<190<Q<071<Pr<l1,
05<Ec<2,1<R<18A=4=8=1,A0=B=0.5,and
€ = 0.6391. The sensitivity of physical parameters is exhibited
in the results summarized in Tables 2-3 [44] and graphically
represented in Figures 2-10.

The parametric study presented in Table 2 investigates the
influence of 8, M, Q, Pr, Ec, and R on skin friction. The results
indicate that 8, M, and Q exhibit a negative correlation with
skin friction as they are increasing. Also, there is no significant
impact on skin friction for the variation of Pr, Ec, and R. Table
2 summarizes the Nusselt number results for different values
of B, M, Q, Pr, Ec, and R. Parametric analysis reveals that
increments in M, Q, Pr, Ec, and R induce a decrease in heat
transfer rate.

The impact of the Casson parameter (58) on the f’(n) is de-
layed in Figure 2, revealing a monotonic decrease in velocity as
B increases. The increase in Casson parameter enhances stress
and viscosity, hence reduces fluid mobility. Figure 3 illustrates
the response of the f” distribution to an increasing magnetic
field (M). The plot reveals that escalating M values lead to a
decrease in the f’ profile, attributed to the Lorentz force op-
posing the fluid flow. Figure 4 presents the effect of varying
porosity term () on the velocity profile. As Q increases, the
f'(n) profile decreases, primarily due to the increased perme-
ability of the wall surfaces. This permeability induces a repul-
sive force, opposing the fluid flow and resulting in a reduced
velocity boundary layer thickness.

Figure 5 demonstrates the impact of varying micro-coupling
parameter Ay on the microstructure profile. As A increases,
micro-rotation significantly enhances near the lower wall, at-
tributed to the concentration of fragile particle. Conversely, a
reverse behavior emerges towards the middle of the channel,
progressing toward the top wall. The impact of micro-inertia
density B on micro-rotation is shown in Figure 6, exhibiting
enhanced micro-rotation at the lower wall and reduced micro-
rotation at the upper wall. Figure 7 shows the effect of spin-
gradient viscosity 4; on micro-rotation near the lower plate but
enhances it near the top wall, causing fluid particle movement
distortion.

Figure 8 displays the sensitivity of temperature distribution
() to porosity variations, demonstrating that increased porosity
enhances thermal dispersion, reduces thermal resistance, and
promotes heat transfer. Figure 9 presents the influence of mag-
netic field strength (M) on temperature distribution 6. As M
increases, the temperature profile exhibits significant enhance-
ment, primarily as a result of viscous heating, resulting in im-
proved temperature at the wall. Figure 10 displays the thermal
profile for various Ec values, showcasing the impact of viscous
dissipation activity parameter. As Ec increases, the heat profile
intensifies due to a constant growth in the heat boundary layer,
which unexpectedly reduces viscous dissipation activity. This
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Table 2: Analysis of skin friction sensitivity on various param-
etersforAj =1=98 =1,4p =B =0.5, and €=0.6391

B M Q P, Ec R SRK HCMI[-f(0)] Cf.

12 1.0 02 05 1.0 1.0 0.569 0.5696 1.0442
14 10 02 05 1.0 1.0 0.6062 0.6063 1.0394
1.6 1.0 02 05 1.0 1.0 0.6368 0.6368 1.0348
1.0 1.1 02 05 10 1.0 0.5521 0.5523 1.1046
1.0 15 02 05 1.0 1.0 0.6532 0.6532 1.3064
1.0 19 02 05 1.0 1.0 0.7430 0.7430 1.4860
1.0 1.0 03 05 1.0 1.0 0.5521 0.5517 1.1034
1.0 1.0 05 05 1.0 1.0 0.6042 0.6044 1.2088
1.0 1.0 07 05 1.0 1.0 0.6532 0.6532 1.3064
1.0 1.0 02 1.1 1.0 1.0 0.5247 0.5247 1.0494
1.0 1.0 02 14 1.0 1.0 0.5247 0.5247 1.0494
1.0 1.0 02 17 1.0 1.0 0.5247 0.5247 1.0494
1.0 1.0 02 05 07 1.0 05251 0.5250 1.5000
1.0 1.0 02 05 09 1.0 0.5251 0.5251 1.5002
1.0 1.0 02 05 1.1 1.0 0.5251 0.5251 1.5002
1.0 1.0 02 05 1.0 1.1 0.5247 0.5247 1.0494
1.0 1.0 02 05 1.0 14 0.5247 0.5247 1.0494
1.0 1.0 02 05 1.0 1.7 0.5247 0.5247 1.0494

1
Cfi=Re;*Cr=—(1+57)f"(0).

Table 3: Analysis of nusselt number sensitivity on various pa-
rameters for Ay =1=5 =1, Ap = B=0.5, and €=0.6391

R .

B M Q P, Ec SRK  HCM[G(0)]  Nu,

1.0 10 02 05 10 10 -0.0556  -0.0556  -0.1112
12 1.0 02 05 10 10 -00574  -0.0573  -0.1146
14 1.0 02 05 1.0 10 -00584  -0.0584  -0.1168
10 1.1 02 05 1.0 1.0 -0.038  -0.0389  -0.0778
10 15 02 05 10 10 00182 0.0182 0.0364
10 19 02 05 1.0 10 00632 0.0632 0.1264
10 1.0 03 05 1.0 1.0 -0.0416  -0.0416  -0.0832
10 1.0 05 05 1.0 1.0 -0.0086  -0.0086  -0.0172
10 10 07 05 1.0 1.0 00182 0.0182 0.0364
10 1.0 02 12 1.0 10 -00816  -0.0816  -0.1795
10 10 02 14 10 1.0 -0.1130  -0.1130  -0.2828
1.0 1.0 02 16 1.0 10 0.0086 0.0086 0.0172
1.0 10 02 05 10 1.0 -0.0300  -0.0300  -0.0600
10 10 02 05 15 1.0 0.0089 0.0089 0.0178
1.0 1.0 02 05 20 10 0.0661 0.0661 0.1082
10 1.0 02 05 1.0 12 -00816  -0.0816  -0.1795
10 10 02 05 10 1.5 -0.1131  -0.1131  -0.2828
1.0 1.0 02 05 1.0 1.8 -0.1380  -0.1380  -0.3864

I
Nu, = Re,* Nu,

=—(1+R)¥¢(0.)

0.9

B=1.0, 1.5,2.0,2.5

Figure 2: Influence of 8 on the velocity distribution.

ol  M=L0,15,18,21 1

Figure 3: Impact of M on the f’(7).
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tribution.

5. Conclusion

This study numerically examines the magnetohydrody-
namic(MHD) flow of micropolar Casson fluid through a porous
linearly stretchy sheet with heat sink/source. The fundamental
partial differential equations were converted into coupled ordi-
nary differential equations using similarity variables. Numeri-
cal solutions were obtained via the collocating weighted resid-
ual method, employing Hermite polynomials as basis functions
and Gauss-Lobatto points for collocation, alongside a 4th or-
der Runge-Kutta shooting method. The results are presented in
tables and plots using Mathematical software. Validation with
the existing literature confirms the accuracy and efficiency of
the proposed method. A comprehensive analysis of the data
reveals several significant findings, including:

o A key discovery from this research is that factors limiting
fluid mobility, such as viscosity and permeability, signif-
icantly contribute to elevated thermal profiles.

o It is revealed that temperature profile exhibits significant
enhancement as the Eckert number parameter increases,
indicating a positive correlation.

This research demonstrates the importance of computa-
tional analysis in understanding complex fluid flows and heat
transfer phenomena, providing valuable insights for experts
to boost machine performance by efficiently managing heat
transfer through optimized fluid mobility and thermal genera-
tion/absorption. The outcomes of this study are particularly rel-
evant to industries where effective heat transfer is critical, such
as aerospace, automotive, and energy sectors. Future research
directions will concentrate on exploring the impact of nanopar-
ticles on fluid flow behavior.
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Data availability

The data will be available on request from the corresponding
author.
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