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Recovery of filamentous algae

by rising vapor drops

Fabrication of microelectronics 

Water-in-oil drops stabilized by

cellulose fibers

Chang, 2019

Industrial applications

Bui, 2015

Kalashnikova, 2013

Fiber-laden slurries and foamsKoponen, 2018
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Capillary 
effects

Hydrodynamic 
effects

Structural 
effects

Bubbly flows

Micro origami

Fluid structure interaction

Can a single model combine all three effects?
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State of the art

Dotto, 2019
Neukirch, 2013

Bubbly flowsBubble-fiber theory

Transport of deformable fibers

in binary flows
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Fibers-laden flows
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𝐅𝑠 𝑖 = −𝑘s 𝐗𝑖+1 − 𝐗𝑖 − 2𝑟 𝒆𝑥′
𝐅𝑠 𝑖+1 = − 𝐅𝑠 𝑖

𝐓𝑠 𝑖 = −
𝜋𝐸𝑅𝑏

2

4
2𝜃𝑗 + 𝜃𝑖 𝒆𝑧′

𝐓𝑠 𝑖+1 = −
𝜋𝐸𝑅𝑏

2

4
𝜃𝑗 + 2𝜃𝑖 𝒆𝑧′

(A. Andre et al., CMAM, 2012)

Original fibre

Decomposition

𝑚
d𝐕

d𝑡
= 𝐅𝑠 + 𝐅ℎ + 𝐅𝑐 + 𝐅𝑒

𝐈 ⋅
d𝛀

d𝑡
= 𝐓𝑠 + 𝐓ℎ + 𝐓𝑐 + 𝐓𝑒

structrural

hydrodynamic

capillary

Lagrangian fiber model

𝐏 𝐏
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𝜙S 𝐱 =
1

2
1 − 𝐭𝐚𝐧𝐡

rp − |𝒙 − 𝑿𝑝|

𝜉𝑆

if 𝐱 − 𝐗S < rS − 𝜉𝑐 𝜙S 𝐱 = 1

𝜙S 𝐱 = 0

else

if 𝐱 − 𝐗S > rS + 𝜉𝑐

Inside

of 

solid

Outside

of 

solid

Diffuse

interface

Lagrangian to Eulerian fiber description

Smooth Profile Method 𝜙S 𝐱 Particle at interface
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𝜕𝐮

𝜕𝑡
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𝜙 = 0

Fiber

term

Viscous

term

Capillary

term

Fiber (Yasuya Nakayama, PRE, 2005)

Eulerian model

Bubble (Hiroyuki Shinto, APD, 2012)

Momentum (Ryoichi Yamamoto, SM, 2021)
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Validation of the capillary model

𝜃 = cos−1
𝜎𝐴𝑆 − 𝜎𝐵𝑆

𝜎𝐴𝐵
𝜃 = cos−1

ℎ

𝑅

h
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Cd =
𝐅𝑒

𝜌rSΔ 𝐕S
2

Cd =
𝐅e

𝜌
𝜋
2
rS
2 𝐕S

2
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2𝜌|𝐕S|rS

𝜂

Spherical particle subject to a constant external force

Three dimensional 

𝐿

𝐅𝑒

ReS =
2𝜌|𝐕S|rS

𝜂

Two dimensional 

Validation of the hydrodynamic model
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Kabanemi, 2012 

Validation of the hydrodynamic model

𝒖(𝑧)
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Three-dimensional simulations

𝑅𝑒 = 0.01 (over-damped system)

Rigid fibreDeformable fibre

𝐸𝑐 =
𝐿𝑒𝑐
𝑅

2

𝑊𝑒 = 0.1
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𝐸𝑐 =
𝐿𝑒𝑐
𝑅

2

𝑅𝑐
𝑅

Linear fit

Results

Small deformation theory

Τ𝑅 𝐿𝑒𝑐

𝑅𝑐
𝑅

Schulman, 2016

𝑅c
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Microfabrication Simulation

Further three-phase systems

Micro origami (おりがみ)



Mitglied der Helmholtz-GemeinschaftSeite 15

Dr. Gregory Lecrivain | Institut für Fluiddynamik | www.hzdr.de

Further reading: 

▪ Gregory Lecrivain, Uwe Hampel, Ryoichi Yamamoto, Takashi Taniguchi, Eulerian/Lagrangian

formulation for the elasto-capillary deformation of a flexible fibre, Journal of Computational

Physics, 2020

▪ Nozomi Arai, Satoshi Watanabe, Minoru T. Miyahara, Ryoichi Yamamoto, Uwe Hampel,

Gregory Lecrivain, Direct observation of the attachment behavior of hydrophobic colloidal

particles onto a bubble surface, Soft Matter, 2020

▪ Gregory Lecrivain, Yuki Kotani, Ryoichi Yamamoto, Uwe Hampel, Takashi Taniguchi, Diffuse

interface model to simulate the rise of a fluid droplet across a cloud of particles, Physical

Review Fluids, 2018

▪ Gregory Lecrivain, Ryoichi Yamamoto, Uwe Hampel, Takashi Taniguchi, Direct numerical

simulation of an arbitrarily shaped particle at a fluidic interface, Physical Review E, 2017

g.lecrivain@hzdr.de
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Save the
date!

16th International Conference on
Gas–Liquid and Gas–Liquid–Solid
Reactor Engineering (GLS-16)

Dresden, September 2 – 5, 2024
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Hydrodynamic model validation
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Three-dimensional simulations
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