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Axial segregation of granulate in a long horizontal rotating
drum — oT1LO FINGER!, ANDREAS VOIGT?, and RALF STANNARIUS!
— tOtto-von-Guericke-University Magdeburg — *Max-Planck-Institute
for Dynamics of Complex Technical Systems Magdeburg

The axial segregation of granular material in a long horizontal rotating
drum is a well known phenomenon. We investigate experimentally the
structures and the long time behaviour of this process. The drum is half
filled with a mixture of glass beads of two different diameters and filled
up with water. After starting a constant rotation, the material shows
a radial segregation on a time scale of few seconds. On a time scale of
few minutes, an additional axial segregation appears and a stripe pattern
along the cylinder axis becomes visible. The initial width of stripes is
more or less regular. When the rotation continues, the number of stripes
decreases. The time scale of coarsening of the pattern is of the order of
several hours up to days. We measure the coarsening at different rota-
tion frequencies and determine the three dimensional distribution of the
grains by magnetic resonance imaging. By preparation of initial stripe
patterns with well defined geometry, we analyse details of the coarsen-
ing process and the relation between the 3D segregation structures and
coarsening dynamics.



Segregation phenomenain arotating drum

« fill along tube with diverse granulate material
e rotate around rotation axis




Segregation phenomena

| In arotating drum
J after afew revolutions:

radial segregation

time lapse motion
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only stripes of small beads vanish
dynamics of small beads determines
the evolution of the stripe pattern
10...22 rpm

large beads

0

small beads

axial coordinate [cm]



L ogarithmic decay of stripe number
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logarithmic decay doesn’t depend on rotation speed
(Aranson et al. (1999), Fiedor und Ottino (2003) )



Summary part 1

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

2. Axial segregation:
formation of aregular stripe pattern

3. Coarsening:
merging and disappearing of stripes



There are alot of parameters

tube

profile length diameter inclination fill level
particles

variety Sizeratio mixing ratio

material density shape Size
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There are alot of parameters

tube

profile length diameter inclination fill level

circular 66cm/99cm 36 mm none 50%
particles

variety Sizeratio mixing ratio

binary 1:3 1:1

material density shape Size

glass 2,45 g/lcm®  spherical 0,5mm/1,5mm

rotational speed

5-35 rpm (continuous sur face flow regime)

Inter stitial medium
water



There are alot of parameters
but Insufficient explanations

How to tackle the granular jigsaw puzzle?

stripe preparation

Investigation of stripe dissolution



Stripe preparation
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1005cm-8cm —-14 cm

stripe width |total stripe | stripe width | bead diameter | prepared stripe
[cm] width [cm] |ratio ratio distances [cm]
10,5/14 24,5 0,75:1 1:3 4,6, 8, 12,16
6/8 14 0,75:1 1:3 4,6, 8,12
4,67/9,3 14 1.2 1:3 4,8,12, 16
6/8 14 0,75:1 1.2 2,4,6,8, 10, 12
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Stripe dissolution velocity
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Inverse stripe dissolution velocities
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Competition between stripes

Stripe preparation: 10,5cm/ 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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15 rpm
Sizeratio =3
smaller stripe wins
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Winning of the smaller stripe
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3-dimensional structure analysis

view on surface
] 1

o ——=mmme————==>—— oy ingide (schematic)

. water distribution 1s measured with MRI —

measurements (Magnetic Resonance |maging)
® negative image of 3d-particle distribution

- advantage: no changing of the granulate is necessary
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MRI — measurements
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How does a stripe dissolve?

concentration of small beads

definition:;

area of small beads

concentration of small beads =

Cross sectional area

- axia dice

1 - flow of particles
: I nfluences core structure

4545 rotations
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] - direction of dissolution
] Isirreversible
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Summary Part 2

- dissolution velocity depends on stripe distance

- asarule dissolution of smaller stripe occurs

- dissolution process causes unegual core structure
determination of dissolution direction

more clarifications soon in Physical Review E (20006):

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