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Size distribution independent of the localization
Is there a generic mechanism?

Two step mechanisms: embrittlement/fragmentation

Model for fragmentation proposed by Cozar et al: power law

missing plastic?

Cozar et al., PNAS, 2014
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Cozar's model based on

Mechanism very unlikely in the ocean

Our assumption: plastic breaks due to large deformation during storm



Outline

• Particle deformation in turbulence


• Fragmentation: deformation of brittle particles
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Particle deformation



Particle deformation

• When does a particle deform in a turbulent flow?


• How does a particle deform in a turbulent flow?
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Classical fluid-structure approach

8

Pressure force ~ Bending force

Here pressure/viscous force also responsible of particle advection.

Which length scale matters for the velocity?

Turbulent flow

Viscous force ~ Bending force

Laminar flow

Univ. Minnesota
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Various shapes in the ocean
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Plastic bag, bottle, ...

Fishing line, net, ...

plancton colony

(Trichodesmium)

Here simplest shapes:

Fibers (mainly) 


Discs
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The different mode of deformation
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Timescale of the deformation

Bending Stretching Twisting

For fibers

At first order fibers are inextensible and untwistable
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Particle size vs turbulence length scales
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- Particle smaller than Kolmogorov length

- Particle in the inertial regime

- Particle larger than the integral length

Different correlation for the forcing ξ
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12S. Allende et al., Phys. Rev. Lett., 121, 154501, 2018.

Smooth flow (at the scale of the fiber)

F =
8⇡⇢f⌫`4
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Smooth flow (at the scale of the fiber)
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Flexibility parameter

Viscous force ~ Bending force
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Particle larger than the integral length

13
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Particle larger than the integral length

13

Correlation depends on the large scale flow

In homogenenous isotropic turbulence

for and

J. van Noort et al., PNAS, 2004

Deformations are expected to be similar to polymer



• Preferential alignment?


• Several length scales and timescales

Particle in the inertial range

14

Rosti et al., Phys. Rev. Lett., 121(4), 044501, 2018 KS (B. Favier)



• Preferential alignment?


• Several length scales and timescales

Particle in the inertial range
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Rosti et al., Phys. Rev. Lett., 121(4), 044501, 2018 KS (B. Favier)
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Evolution of the end-to-end vector
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Silicone Fiber
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Silicone Fiber

Polymer models
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Evolution of the end-to-end vector
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Silicone Fiber

Polymer models

Wormlike 
chain

Ideal chain

Self avoiding 
random walk

Brouzet et al., Flexible fiber in a turbulent flow: a macroscopic polymer, Phys. Rev. Lett., 112, 074501, 2014

The physics is hidden in 



Evolution of the persistence length
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Silicone Fiber

Brouzet et al., Flexible fiber in a turbulent flow: a macroscopic polymer, Phys. Rev. Lett., 112, 074501, 2014



Evolution of the persistence length
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Silicone Fiber

Nylon 400 µm

Nylon in water+Ucon

Silicone 900 µm

Silicone 600 µm

Fluid dyn. visc. [mPa.s] density Re
water 1 1 105-1.5•106

water+Ucon 100±20 1,045 5•103-1.5•104 

Brouzet et al., Flexible fiber in a turbulent flow: a macroscopic polymer, Phys. Rev. Lett., 112, 074501, 2014
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18Brouzet et al., Phys. Rev. Lett., 112, 074501, 2014

Fibers

In polymer theory: 

Analogy in turbulence

Independent of the viscosity

Out of equilibrium stationary process
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Balance of power



Nylon 400 µm

Nylon in water+Ucon

Silicone 900 µm

Silicone 600 µm

Nylon in water

Nylon in water+Ucon

Silicone 900 µm

Silicone 600 µm

Modeling the persistence length
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Spatial evolution of the local curvature
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Straightening of long fibers in turbulence
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Additional dissipation term

Pv =
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Conclusion on deformation of fibers

• Fiber longer than  can be bent


• Straightening of the longest fibers due to flow 
correlation

ℓe = (EI)1/4/(ρηε)1/8
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From deformation to fragmentation



Simplest approach: brittle object

27

Deformation = strain

Brittle object breaks if 

No ageing (nor chemical nor mechanical)
50 µm

200 mm

time

brittleness

K

(a) (b)

(c)

(e)

(d)

Independent breaking event

Brouzet et al., Phys. Rev. Fluids, 2021
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Deformation = strain

Brittle object breaks if 

No ageing (nor chemical nor mechanical)

Two parameters : maximum curvature       + duration of the experiments

50 µm
200 mm

time

brittleness

K

(a) (b)

(c)

(e)

(d)

Independent breaking event

Brouzet et al., Phys. Rev. Fluids, 2021
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time

fragile fiber

tough fiber

Experiment with glass fibers

2 different fluids: water / water+Ucon (change viscosity)

raw fiber or heated fiber: modification of
Brouzet et al., Phys. Rev. Fluids, 2021
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200 mm

KB

time

K

a

b c

d time

fragile fiber

tough fiber

Experiment with glass fibers

2 different fluids: water / water+Ucon (change viscosity)

raw fiber or heated fiber: modification of
Brouzet et al., Phys. Rev. Fluids, 2021
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Modeling the evolution of the fragment size 
distribution

30

number of fiber of size L at time t

probability of breaking per unit time for a fiber of length

probability that a fiber of length breaks into a fragment of size
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number of fiber of size L at time t
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Depends on the statistics of the local curvature

0 0.2 0.4 0.6 0.8 1
0

0.25

0.5

0.75

10
-1

10
0

10
1

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
-4

10
-2

10
0

10
2

Probability to break locally

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



Modeling the evolution of the fragment size 
distribution

31

number of fiber of size L at time t
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Modeling the evolution of the fragment size 
distribution

32

number of fiber of size L at time t

probability of breaking per unit time for a fiber of length

Depends on the statistics of the local curvature

Probability to break locally

Probability that a fiber breaks
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Fragmentation of small fibers
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Conclusion on the fragmentation of fibers

• No new fragmentation mechanism at small scale are 
necessary to model the pdf


• Maximum of the pdf is given by the elastic length
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On going and future work

• More complex shapes
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Deformability of disc in turbulence
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Modeling the threshold of the transition for discs
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On going and future work

• More complex shapes


• Dynamics of fragmentation
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On going and future work

• More complex shape


• Dynamics of fragmentation


• Influence of deformation on the particle dynamics
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Thank you for your attention


