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Columnar structuresoccurwhenspheres aredensely packed inside cylinders. Fromsimulationand theorywe
predict densepackings createdwithvarious assemblymethodsandcompare themwithexperiments.

Simulated examples of columnar packings

Increasing diameter ratio D/dachiral chiral

We present simulation of soft (overlapping) spheres packed inside
tubes. Special structures are so-called line-slip structures, which we
also observed in experiments using soap bubbles.

Packing soft spheres into cylinders
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• Soft spheres: Energy ∝ overlap δ2ij
• Generate structure at const pressure p

Enthalpy H = U(δij)︸ ︷︷ ︸
internal energy

+ pV︸︷︷︸
pressure x

volume term

Enthalpy minimisation

What is a line-slip structure?

line-slip packing
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Experimental line slip in a foam

Experiment:
• add liquid to soap
bubbles in glass tube

⇒ gaps occure

Comparison with
simulation
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A novel assembly method [Lee et al.] involves rapid rotations of
spheres surrounded by a liquid of higher density. We present a phase
diagram for soft spheres derived from analytic energy calculations.

Columnar structures by rapid rotations
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Rotating fluidwith higher
density than spheres

~Fc

• The centripetal force ~Fc pushes the spheres towards the central axis

Experiments with hard spheres [Lee et al.]

interface

homogeneous structure:
→ fills up the whole tube

binary mixture:
→ two structures
Lee et al. Adv. Mater. 29, 1704274 (2017)

Theory for soft spheres

0.2 0.3 0.4 0.5 0.6

inverse number density (ρd)−1

0.0

0.2

0.4

0.6

ro
ta

ti
on

al
sp

ee
d
ω

peritectoid
points

peritectoid
points

achiral structuresachiral structures
hard sphere

limit

new binary
mixture

homo-
geneous
structure

b
in
ar
y

m
ix
tu
re

b
in
ary

m
ixtu

re

• coloured area: homogeneous structures
• white area: binary mixtures

Prediction:
Achiral structures vanish together
with their adjacent binary mixtures
in peritectoid points!

Winkelmann et al. Phys Rev E 99,
020602(R) (2019)
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