N

N

Pole vaulting of long fibres in a turbulent wall-bounded
flow
Christophe Brouzet, J Bec, Christophe Henry

» To cite this version:

Christophe Brouzet, J Bec, Christophe Henry. Pole vaulting of long fibres in a turbulent wall-bounded
flow. Complex Days, Rudy Valette; Claire Michel, Feb 2024, NICE, France. hal-04806528

HAL Id: hal-04806528
https://hal.science/hal-04806528v1

Submitted on 27 Nov 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-04806528v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

UN\\/ERS\TE

Pole-vaulting of long fibres
in a turbulent wall-bounded flow

C. Brouzet

in collaboration with |. Bec & C. Henry

Complex Days 2024 6" February 2024



® Fibres in turbulent flows:

- environmental applications:

Sampled microplastic fibers from on-site measurement

* PIaStiC PO”UtiOn \"/ NN transport ?
200 pm 200 pm 200 pm depOSition ?
= \ . ’/ fragmentation ?

* natural fibre balls aggregation !

Verhille et al. (2017) |
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® Fibres in turbulent flows:

- industrial applications:

* paper making &
material fabrication

et L

* water intakes

Credits: EDF
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Water flowing in a structured fiber network =

UMD

Lundell et al. (2011)

Redlinger-Pohn et al. (2020)

orientation ?
aggregation !

deposition ?
clogging ?



® Fibres in turbulent flows:

- homogeneous & isotropic turbulence: “idealised case”

* rigid fibres (mainly)

* flexible fibres



® Fibres in turbulent flows:

- homogeneous & isotropic turbulence: “idealised case”

* rigid fibres (mainly)

* flexible fibres

- wall-bounded turbulent flows: inhomogeneous & anisotropic

* rigid & short fibres (only)

long flexible fibres in wall-bounded turbulence

=> experiments & simulations



e Fluid flow: performed by Jeremie Bec

- open-source spectral solver Channelflow 2.0
* Ly X Ly, x L, =4mh X 2h x 47h/3
* periodic boundary conditions in x and z
* constant bulk velocity imposed
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e Fluid flow: performed by Jeremie Bec

- open-source spectral solver Channelflow 2.0
* Ly X Ly x L, =4mwh x 2h x 47h/3
* periodic boundary conditions in x and z
* constant bulk velocity imposed
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® Fluid flow:

- open-source spectral solver Channelflow 2.0
* Ly X Ly x L, =4mwh x 2h x 47h/3

* periodic boundary conditions in x and z
* constant bulk velocity imposed

- mean velocity profile:

* wall shear stress: 7,

* wall units rescaling: Re, = 180

Pope (2000)
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® Fluid flow:

- open-source spectral solver Channelflow 2.0
* Ly X Ly x L, =4mwh x 2h x 47h/3

* periodic boundary conditions in x and z
* constant bulk velocity imposed

- mean velocity profile:

* wall shear stress: 7,

* wall units rescaling: Re, = 180 10°

* the law of the wall

Pope (2000)

performed by |eremie Bec
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® Fibres: performed by Jeremie Bec

= inextensible and inertialess

- onhe-way coupling
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- onhe-way coupling
- over-damped slender-body theory: Cosserat equation for X(s,?)

9, X = u(X,t) + —[1+ 0, X0,X [0,(T.X) — EI*X]

71
with |0, X|* =1

Allende et al. (2018, 2020) 5
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® Fibres: performed by Jeremie Bec

= inextensible and inertialess

- onhe-way coupling
- over-damped slender-body theory: Cosserat equation for X(s,?)

9, X = u(X,t) + —[1+ 0, X0,X [0,(T.X) — EI*X]

71
with |0, X|* =1

- elastic length: (5 = (cEIT,/(8mn))Y/* ~ 7.16,

- wall contact: soft boundary approach

Allende et al. (2018, 2020) 5



® Fibres: performed by Jeremie Bec

- parameter space:

* fixed elastic length: (7 ~ 7.1
* 6 different lengths: ¢/h € [0.08 — 1.5], ¢™ € [15 — 270] + rods




® Fibre orientation:
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0.7

in the centre: relatively isotropic

close to the wall: aligned with
the flow direction

small variations with length



® Fibre tumbling rate:
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* mainly independent of length
* consistent with HIT

close to the wall:
* strong variations with length
* the longer, the higher the rate



® Fibre tumbling rate:

107 [
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0.3

in the centre:
* mainly independent of length
* consistent with HIT

close to the wall:
* strong variations with length
* the longer, the higher the rate

collisions ?

effects of the wall ?
Baker & Coletti (2022)




® Fibre-wall interactions:

(T = 45
{/h =0.25

- rebound on the wall
* high tumbling rate
*“pole vaulting”
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¢/t =45
{/h = 0.25 —~

- rebound on the wall
* high tumbling rate
*“pole vaulting”

36 yT
4+—)

40 T, 60 7, 80 7, 100 7,

= in the literature:
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® Fibre-wall interactions:

¢/t =45
{/h = 0.25 —~

rebound on the wall
* high tumbling rate
*“pole vaulting”

| Time
7 0 20 Ty 40 Ty 60 Ty 80 Ty 100 Ty
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in the literature:
* laminar case:

Stover & Cohen (1990) / //__..\\\
Moses et al. (2001) ALLULEES UL AR AR UL AR R AR NRNRY

Stover & Cohen (1990)
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* turbulent case:

Capone et al. (2017) +
Alipour et al. (2022)
Baker & Coletti (2022)

18 y

Alipour et al. (2022) 9



® Fibre density distribution:

180 . . . .
(=15 S - inhomogeneous distribution:
160 _ﬁi iy 1 *higher concentration in the center
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® Fibre density distribution:

(T =15
=30
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LT =90
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- inhomogeneous distribution:

* higher concentration in the center
* depleted region close to the wall
* increases with fibre length

high collision probability when
tumbling if Y&, < €7 /2

due to wall collisions ?
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® Fibre net flux:

1.06 +
1.04 + _
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fibres net flux ®:

* velocity X concentration
* compared to fluid flux @
* increases with fibre length

enhancement:

* for fibre length within the log-layer
* log law scaling?

effect on the flux !



® Main results:

- first study on long flexible fibres in turbulent channel flow
* numerical simulations

x (/h € [0.08 — 1.5

- fibre-wall collisions:“pole vaulting”

* high tumbling rates increase with fibre length !

* depleted regions
- effect on the fibre net flux;

* higher fibre concentration in the centre
* enhancement of the flux up to 6%

Bec et al. (2023):arXiv 2304.11139
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® Experiments at INPHYNI:

turbulent channel flow:

* rectangular cross-section

* gravity driven

3D reconstruction:

* orientation / deformation

* 4 high-speed cameras
(20 000 fps at | MPixels)

z (mm)

Gay et al. (2018)
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® Experiments at INPHYNI:

turbulent channel flow:
* rectangular cross-section
* gravity driven

3D reconstruction:
* orientation / deformation

* 4 high-speed cameras
(20 000 fps at | MPixels)

Fundings:

*IDEX (Académie 2)
* CNRS

*INPHYNI

* Région Sud
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® Experiments at INPHYNI:

turbulent channel flow:
* rectangular cross-section
* gravity driven

3D reconstruction:
* orientation / deformation

* 4 high-speed cameras
(20 000 fps at | MPixels)

Design & manufacturing:
* Sandra Bosio

* Cyrille Claudet

* Christophe Pitiot

* Florian Zumbo

* Magali Varlet-Dusaucy
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® Fibres:

= inextensible and inertialess

- one-way coupling

- over-damped slender-body theory:
* discretisation in IV points of length ds™ = 1" /N, ~ 0.9
* Cosserat equation for X(s, t)

C

performed by |eremie Bec

0, X =u(X,t) - 1+ 0,X0,X '1[05(T0sX) — EI0*X]

371
with [0, X|* =1

- elastic length: ¢ = (cEIT,/(87n))* ~ 7.14,

- wall contact: soft boundary approach

Allende et al. (2018, 2020)
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® Fibres:

- wall contact: soft boundary approach

- fibres are:
* allowed to penetrate the wall
* strongly repulsed by an effective force

- fluid velocity outside the domain u = (0, v, 0)

{v = —y(y + h)
bottom
for y < —h

cop { = —(y — h)

for y > h

with v = 0.5/At

performed by |eremie Bec
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