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Dynamics of flexible fibers in
turbulent flows
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Small inertialess particles in turbulence
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Experimental setup

Ry € [90; 630]
Nk € [34;434] um

L =5;7;10 mm

Turbulence properties

Water or Water+Ucon mixture

A€ [1.7;9.7] mm
T € [1.2;17.1] ms

Fiber properties

d = 0.93 mm

p=1.04 10° kg.m™?
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Long rigid fibers: Tumbling rate
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Long rigid fibers: Spinning rate

Spinning due to
large scale vorticity

No spinning

Other?

scale separation

no coherent forcing

spinning given by fiber length

Oehmke et al., Phys. Rev. Fluids, 2021



Spinning rate
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What about flexible fibers



Timescale of the deformation

Timescale of the deformation

Bending Stretching Twisting
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At first order fibers are inextensible and untwistable

Marchioli et al., Annu. Rev. Fluid Mech., 2025
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The Euler Bernoulli equation: in practice

Uc‘?tt'r — 33(T33’I°) -+ EI@?T‘ = € , ’88’)”|2 =1
Modeling the forcing term

Slender body theory
Small fibers L <« ng No inertia

High aspect ratio (neglect flow disturbance) AN=L/d>1
£ =n(u— o)
Overdamped or underdamped regime?
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Deformation of flexible fibers
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Deformation of flexible fibers
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Flexible fibers: experimental setup

L = [10;15;20] mm

d = [130; 400; 990] pm

E = [5;70; 2000] kPa

Ry € [300;710]
ni € [30;70] um p~ 1.06-10% kg.m™°
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3D reconstruction
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Norm of the end to end vector

(R.?)/L?
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Dynamics of the end to end vector

Rotational dynamics Deformation dynamics

Evolution of ex, Evolution of R.

Does flexibility impact the rotational dynamics?
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Tumbling rate
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Tumbling rate
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Rotation of flexible fibers
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Rotation of flexible fibers

Tumbling and spinning of long straight fibers are governed by length and diameter
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Relation between mean extension and mean

deformation
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Evolution of the extension

Assumption:
In average constant curvature
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Long fibers => viscous dissipation higher than bending
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Evolution of the extension
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Evolution of the extension
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Evolution of the extension

Boundary conditions: curvature = 0 at extremities

k(s) = kos(1 — s)
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Influence of flexibility on the tumbling rate
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Timescales of deformation and rotation

Validity of previous model: deformation slower than rotation

Definition of the correlation time by

C(t)=0

0 0.5 1 1.5 2
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Timescales of deformation and rotation
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Timescales of deformation and rotation
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Flexible fibers as a proxy of turbulence

Underdamped regime

End to end dynamics gives access
to the structure function
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Flexible fibers as a proxy of turbulence
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Under- vs over-damped regime

001 + nOyr + BOtr — 05(T0sr) = nu

00T + Noyr + B@?r — (0sT)0sr — TOssT = Nu

At the extremities k = 0457 =0 Long (flexible) fibers Bo.r < 9,(TOsr)

g0ur + noyr = (0sT)0sT + nu

Under-damped regime Over-damped regime

aﬁttr =>> 77(9{!“ Jﬁttr > n@tr

Velocity of the extremities gives access to structure function if tension term negligible
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Over-damped regime

8t7°-p:%(88T)887°-p+u-p

Preferential alignment

No reason to neglect tension

34



Conclusion

Curvature is key to model deformation
Deformation slower than rotation

e Rotation rates related to the extent of the fibers
Deformation same timescale than rotation

e (Overdamped regime: flexible fibers are not proxy of
turbulence

e Tension play a key role
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