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Segregation phenomena in a rotating drum

• fill a long tubewith diverse granulate material
• rotatearound rotation axis

�
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Rotations
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Space-time-plot

small beads

large beads

· only stripes of small beads vanish
· dynamics of small beads determines 

the evolution of the stripe pattern
· 10...22 rpm
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� = 10…22.5 rpm

Logarithmic decay of stripe number 

logarithmic decay doesn’ t depend on rotation speed
(Aranson et al. (1999), Fiedor und Ottino (2003) ) 
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Summary part 1

1. Radial segregation:
accumulation of small beads in the center of the drum

2. Axial segregation:
formation of a regular stripe pattern

3. Coarsening:
merging and disappearing of stripes
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tube
profile length diameter inclination fill level

par ticles
variety size ratio mixing ratio

material        density shape size

rotational speed

interstitial medium

Therearea lot of parameters
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Therearea lot of parameters

tube
profile length diameter inclination fill level
circular 66 cm/ 99 cm      36 mm                none 50%

particles
variety size ratio mixing ratio
binary 1:3 1:1

material        density shape size
glass 2,45 g/cm3        spher ical 0,5 mm / 1,5 mm 

rotational speed
5-35 rpm (continuoussur face flow regime)

interstitial medium
water
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� stripe preparation

� investigation of stripedissolution

How to tackle the granular jigsaw puzzle?

Therearea lot of parameters
but insufficient explanations
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Stripe preparation

2, 4, 6, 8, 10, 121:20,75:1146/8

4, 8 ,12, 161:31:2144,67/9,3

4, 6, 8, 121:30,75:1146/8

4, 6, 8, 12,161:30,75:124,510,5/14

prepared stripe 
distances [cm]

bead diameter 
ratio

stripe width 
ratio

total stripe 
width [cm]

stripe width
[cm]

10,5 cm – 8 cm – 14 cm

66 cm
aluminium band
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Stripedissolution velocity
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Inverse stripe dissolution velocities
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Competition between stripes 
Stripe preparation: 10,5 cm / 14 cm
different stripe distances: 4 cm, 8 cm, 12 cm and 16 cm
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Winning of the smaller stripe

stripe distance = 4 cm
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6 cm / 8 cm 
15 rpm 
size ratio = 3
smaller stripe wins
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stripe distance = 4 cm

8 cm / 6 cm
15 rpm
size ratio = 2
broader stripe wins

9.3 cm / 4.67 cm
15 rpm
size ratio = 3
broader stripe wins

0

5

10
0 20 40 60

 

0

5

10
0 20 40 60

 

0

10

20

30
0 20 40 60

nu
m

be
r o

f r
ot

at
io

ns
 [1

03 ]

 
0

1

2

3

4
0 20 40 60

axial coordinate [cm]

 

6 cm / 8 cm 
30 rpm 
size ratio = 3
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Winning of the smaller stripe
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3-dimensional structure analysis

· water distribution is measured with MRI –
measurements (Magnetic Resonance Imaging)

® negative image of 3d-particle distribution

· advantage: no changing of the granulate is necessary

small beads large beads

view on surface

view inside (schematic)
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MRI – measurements
50 mm

distortions due
to magnetic field
heterogenity

sagittal slice

axial slices

drum
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How does a stripe dissolve?

· flow of particles 
influences core structure

· direction of dissolution
is irreversible
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Summary Part 2

· dissolution velocity depends on stripe distance
· as a ruledissolution of smaller stripe occurs
· dissolution process causes unequal core structure

� determination of dissolution direction

more clarifications soon in Physical Review E (2006):

Tilo Finger, Andreas Voigt, Jörg Stadler, Heiko G. Niessen, Lama Naji
and Ralf Stannarius: Coarsening of axial segregation patterns of
granular mixtures in a horizontally rotating drum 
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