
Rotationaldynamicsof sedimentinganisotropicparticles
Samuel Bera, Mickael Bourgoin, Nicolas Plihon

samuel.bera@ens-lyon.fr, mickael.bourgoin@ens-lyon.fr, nicolas.plihon@ens-lyon.fr

Why sedimentation of anisotropic particles ?

• For Climate :
– physics of anisotropic ice crystals in clouds [3]
– dynamics of micro-plastics and phytoplankton in Oceans [5]

• For engineering and industries:
– catalysis (Fluidized Bed Reactor)

Experimental setup
• Magnetized cylinders settling in quiescent fluid

• Glycerol diluted solution (ν ≈ 2, 5.10−4 Pa.s−1)

• Constant magnetic field: B = Bez
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Particles tracking PTV
Calibration: biplane sight Detection: center + line

3D Tracking:

• For each camera : center + line ⇒ plane

• 2 cameras ⇒ plane intersection ⇒ 3D position

⇒ Access to settling velocity & orientation

Examples of trajectories for different B:
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Inertial torque measurement, ΓI
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⇒ ΓI verify eq. (6)

Our idea: using magnetic particles
Apply B field on magnetic cylinders (M)

(5) → Jθ̈ = −CS θ̇ + ΓI +MB cos θ (1)

• Overdamped regime + steady flow:

0 = ΓI +MB cos θ (2)

⇒ Use B to probe ΓI , hence CI(Re, β)

Exploring parameter space (β, Re):

• Aspect ratios, β= {5, 10, 15}
• Magnet size, Re ∈ [3, 45]

Magnetic cylinders

• Handmade magnetization : heating + remagnetization

• Magnetization measurement: oscillation method [1]

I
d2α

dt2
= Cα+MB sinα ⇒ 2π

T
=

√
C +MB

I
(3)
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The governing equation for cylinders

Translational (4) and rotational (5) equations:

w⃗ =
dx⃗

dt
; mp

dw⃗

dt
= mpg⃗ + f⃗S + f⃗I (4)

Jθ̈ = −CS θ̇︸ ︷︷ ︸
Stokes drag

+ ΓI︸︷︷︸
Inertial torque

(5)

Reynolds number Re = |w⃗|l
ν

; Aspect ratio β = l
a

Rotational dynamic of anistropic particles is an open
question: what model for ΓI?

• Dimensional analysis + symmetries consideration [2] [6]

ΓI = CI(Re, β)|w⃗|2 sin (2ϕ) (6)

• Asymptotic model [4] (Re → 0, β → ∞)

CI =
5πρf l

3

3(log β)2
(7)

Shape factor, CI(β,Re)
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⇒ CI agrees with scaling of eq. (7) but with a
prefactor

Conclusion
• New setup and method to measure ΓI and CI

• Shape of ΓI verify eq. (6)
• Qualitative agreement with asymptotic prediction eq. (7): CI independent of Re and scales as [log β]−2,

but 5π
3 prefactor not verified
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