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Investigation of particle–gas interactions at low ambient pressure

Further insights in collective particle motion

Support Hydrodynamic Simulations
→ Vincent Carpenter & Hubert Klahr
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Motivation



Experimental Setup
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moving gas gravity
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Average solid-to-gas ratio

𝜖 =

𝑁 ⋅𝑚particle

𝑉

𝜌Gas
~

𝑠3⋅𝜌particle

𝑝

Volume Filling factor

Φ =
𝑁⋅𝑉particle

𝑉Gas
~𝑠3

Stokes Number

St = 𝜏 ⋅ 𝑓Rot

Knudsen Number

Kn =
𝜆

𝑠
~

1

𝑝⋅𝑠

Particle Size  𝑠

Particle Density 𝜌particle

Gas pressure 𝑝

Rotation Frequency 𝑓Rot

Stopping Time  𝜏particle =
𝑣rel,0

𝑔

Experimental Parameters
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Data Analysis
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1. Particle Detection & 
Particle Tracking

2. Calculation of the
relative velocities
normalized on 
individual sedimentation
velocity

3. Closeness of particles

Procedure
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Measurement of the
inter-particle distance

d●●

Example Particle

Closeness

Measurement of all 
interparticle distances in 
particle size units

Sum of the inverse of all 
distances

Constructed from distances
and number of particles

𝐶𝑖 = σ𝑗
𝑁 𝑠

𝑑𝑖,𝑗



Particle Motion
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Values are averaged over full
revolutions

Values are increasing in time 
from 3 s (upper curver) to 30 s 
(lower curve)

𝑣𝑟𝑒𝑙 = 𝑣0 + 𝐹𝑆 ⋅ 𝐶

(Schneider et al. 2019)

Velocity – Closeness – Relation



Collectiveness

Particles sedimentation velocity= individual sedimentation velocity

↓

Back-reaction on the gas does not influence other particles

↓

NO COLLECTIVE BEHAVIOUR
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Particles sedimentation velocity> individual sedimentation velocity

↓

Back-reaction on the gas influences other particles

↓

COLLECTIVE BEHAVIOUR
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Collectiveness
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Values are averaged over full
revolutions

Values are increasing in time 
from 3 s (upper curver) to 30 s 
(lower curve)

𝑣𝑟𝑒𝑙 = 𝑣0 + 𝐹𝑆 ⋅ 𝐶

(Schneider et al. 2019)

Velocity – Closeness – Relation
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(Schneider et al. 2019)

Velocity – Closeness – Relation

Sensitivity factor depends on 
the solid-to-gas ratio of the
system

The system is not collective
below an 𝜖-threshold

𝑣rel = 𝑣0 + 𝛼 𝜖 − 𝜖crit ⋅ 𝐶
for 𝜖 > 𝜖crit

𝑣rel = 𝑣0
for 𝜖 < 𝜖crit
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Simulations
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Simulations
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Velocity – Closeness – Relation 
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Further Experiments

𝑣𝑟𝑒𝑙 = 𝜶 ⋅ 𝜖 − 𝝐𝐜𝐫𝐢𝐭 ⋅ 𝐶



𝜖crit increases for
increasing St – Number
particles

Particles with
St < 0.003 always behave

collectively
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Further Experiments
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Small St–number particles
have higher impact on the
gas flow than large St –
number particles for the
same 𝜖

Further Experiments

𝑣rel = 𝑣0 + 𝛼 ⋅ 𝜖 − 𝜖crit ⋅ 𝐶
for 𝜖 > 𝜖crit



• Below a critical solid-to-gas ratio 𝜖crit particles do not show
collective behaviour

• Above this threshold particle velocities depend on closeness and 
on the average solid-to-gas ratio

• 𝜖crit increases with St

• Sensitivity on closeness and solid-to-gas ratio decreases with St
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Conclusions


