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P Motion of spherical particles in turbulent flow is understood quite well.

B However, vast majority of industrially interesting flows encompass non-spherical
particles which often have large aspect ratios.

P In this work we focus on fibres, modelled as prolate ellipsoids with aspect ratio \.

» When ) is large, the particle’s length reaches the size of the smallest structures in
turbulent flow.

P Thus, we question the validity of governing equations of a Lagrangian approach,
which describes the evolution of position, velocity and acceleration of the particle’s
centre of mass.

B In this presentation, we will present statistics of the error due to the treatment of
elongated particles as pointwise.
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which are assumed to be linearly additive, as:
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» Drag force: ﬁdrag ‘
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B Newton’s law for a particle states the balance of forces,
which are assumed to be linearly additive, as:

d’l_)’ — — — —
mpy— = > F = Fapag + Fg + Fp

» Drag force: ﬁdrag
® Net buoyancy force: F, + Fj,

P Particle position
dé
— =
dt
P Particle orientation and angular velocity
dé L d -
= f(e,w), — =
G N

o
& 13 ODE in total: (3) position, (3) velocity, (3) angular velocity, (4) orientation.
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B \We tracked fibers in Re- = 150 turbulent channel

P St=1,1=3,a"t =0.36.
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Particle size and turbulence
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B the particles are ellipsoids, minor axis a, major axis \a™.
B the length of the particles is thus 2Xa ™.

B The minimal size of turbulent flow structures is defined by the Kolmogorov length

scale nx.
® i
.
< 1 particle is smaller than the smallest turbulent motions
2Xat
— § ~ 1 particle size is comparable to the smallest turbulent motions
NK
> 1 particle is larger than the smallest turbulent motions
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P Using the equations of motion we follow the particle’s centre of mass through the
flow field.

P The equations of motion (Jeffery torques) are derived based on an assumption that
the flow field around the centre of mass of the fibre varies linearly in space.

P In other words, this means that the velocity gradient tensor should be constant in
space in an area that is larger than the fibre.

B Turbulent flow theory suggest that this assumption is violated when the particle size
IS comparable or larger than the smallest turbulent structures, which are defined by
the Kolomogorov length scale.
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» We measured (interpolated from the DNS database) the velocity gradient along the
long axis of the particle
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Flow field expansion

Univerza v Mariboru

P The Jeffrey moments are based on the Taylor
expansion of the flow field around an ellipsoidal
body. Only leading order is considered, i.e.

@l (F 4+ AF) = @(F) + Vi - AF.

B We compare the flow field components, @
obtained from the DNS database with the Taylor
expansion approximation % for several points
along the length of the fibre and express the
difference in terms of the relative RMS norm as:

=J _ =F
137 — @F|| = 2. (@ — 7 )?

> (1)




Jeffery. moments
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B Jeffery moments divided by fibre moment of
inertia were considered

20 pf 1 1_)\2 / ,
(Bo+X2270) g (at)2 |:1_+_)\2 f + (£ - wx/)]
20 Pf 1 >\2_1 / ,
(O‘O+>\2’YO) g (a+)2 |:1_|_>\2 g + (77 — wy/)}
20 Pf 1 ;
(xo+Bo) Pp (a—{—)Q (X (UZ/)

where f7, ¢’, ¢/, 7’ and x’ are the components of
the deformation rate tensor and the spin tensor.

ints for calculation
of the velocity
gradient tensor

P We compare the Jeffery moments calculated
using velocity gradients at the centre of the fibre
with Jeffery moments calculated using the
average velocity gradients along the fibre.

B Difference is expressed in terms of the RMS
norm.
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P e calculate the torque exerted on the cylinder

by the fluid twice.

» First, by using the flow properties at the
center of mass of the cylinder

$ and second, by discretisizing the cylinder into
sections and calculating the contribution of
each section by taking into account the flow
field at the center of mass of each individual
section.

D Let the length of the section be Az; and let the velocity gradient measured at the
centre of mass in each section be G’;. The torque generated by the flow around the

1-th section, M,,;, can be written as

M; :u/ 7P x G, - idl,
1_‘.

(A

B Difference is expressed in terms of the RMS norm; || M — M¢|]|.



Statistics
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We randomly inserted 10° fibres into the flow.
Initially the fibre velocity was equal to the fluid velocity at the position of the fibre.

Before the start of gathering data for statistics, we ran the simulation for t+ = 300,
which is longer than ten fibre characteristic time scales

After this period, statistics were gathered for AtT = 1000.
We chose n = 11 points along the fibre, where the velocity gradients were evaluated.

We varied the fiber size to have % =0.1,...,36.

Furthermore, we changed the fibre density, to set the fibre inertiato St = 1, 5, 25.



Velocity. gradient statistics

Univerza v Mariboru

» RMS of velocity gradient components versus the ratio between fibre length and the
Kolmogorov length scale.
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\Velocity.around the particle
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» RMS difference between the velocity of the DNS database and the velocity obtained
by Taylor expansion around the centre of the particle.
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Jeffery & cylinder moments
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P Left: Jeffery moments calculated from velocity gradients at the centre of the fibre
comapred to the average values along the particle length.

B Right: Torque on a cylinder calculated from velocity gradients at the centre of the
fibre comared to the torque obtained by dividing the cylinder into sections.
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Fibre orientation

Univerza v Mariboru

P /' Jeffery moment for different fibre direction cosines.
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Fibre wall normal distance
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P Jeffery moments for different fibre wall normal distances.
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P We have shown that when the length of elongated particles is longer than the
Kolmogorov length scale of turbulence, the flow along the fibres changes
significantly and can not be approximated by extrapolation from the values at the

centre of the fibres.
» When using equations based on the flow field at the centre of the particle:
» The statistics show an exponential increase of the error with fibre length.
® The error is less than 1% for fibers, which have a length equal to the Kolmogorov
length scale.
P In turbulent channel flow fiber orientation is important only
» for fibres smaller than the Kolmogorov length scale.

» The error is smaller when fibers are oriented into the streamwise direction.

P When comparing fibres at difference distances from the wall, we observed

$» no difference for low inertia fibres.

® High inertia fibers exhibit smaller error when they are located very close to the
wall and when they are close to the centre of the channel.
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