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The long term project:

Understanding the behaviour of powders under low
stress conditions:

Rheology, flow, aeration, compaction.

The strategy :

1) to develop Model materials with controlled cohesion
2) to design appropriate tools to measure rheology

3) to study simple flow configurations

4) to understand the role of air




marterials with contfrol cohesion

the most studied system: capillary bridges..
=> migration of liquid, complex dynamics...

Scheel et al Nature material 2008, Badetti et al EPJE 2018....
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(collaboration, E. Druckenmuller, N. Sintes, LPM Univ. Lyon)




a set up 1o precisely
measure of adhesive force

. Maxime
an AFM-like approach Lajeunesse
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a set up to precisely
measure of adhesive force
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Rheology of fine particles:
challenges

Rocha Lajeunesse

Rheometer

Micro shear cell

100mm

Pressure
Imposed

challenges:
- Imposing and measuring low
normal stresses (100Pa)
- measuring volume fraction
- prevent leaks between top and
pbofttom parts.



Rheology of fine particles:
(for the moment 200um)
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What conftrols the rheology ¢
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The basic description: \
t=17.+ u(l)P t
/ \ " /
cohesion Inertia
ull,C) = aC + u(l)

\_ /

Amarsid L, Awdi A, Fall A, Roux JN, Chevoir F (2024) J Rheol 68(4):523—- 537
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scaling with Cohesive number u(l,C) ¢
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Information about the quasi-static regime...
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- an original set up to investigate the rheology at low
stress in the inertial regime.

- The rheology of low-stress cohesive materials is more
more complex than originally thought !



aerafion => desaeration

a link with ligueftaction ¢

ﬂquefccﬂon phenomeno\ f With powders in Qir ¢ \

small size
=> coupling with air

help instabllity

cohesion:
=> add strength

attenuate instability

=> |oose state

K help ins’rabili’ry




a simple configuration:

Powder collapse with different initial preparations

S
Flow Rheology?
+ +
compaction/dilatation volume fraction
+ dynamics of
air coupling cohesive materialse

Qon’rrol parameters \
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Montserrat, S., A. Tamburrino, O. Roche, and Y. Niho (2012), J. Geophys. Res., 117, F02034
Roche, O., M. A. Gilbertson, J. C. Phillips, and R. S. J. Sparks (2004), J. Geophys. Res., 109, B10201

Gans, A. et al (2023). Journal of Fluid Mechanics, 959, A41.



a first step: understanding the preparation
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-Role of cohesion

-Role of launching velocity

C = F./pgHd*

Liu et al Pow. Tech 2016



futur work:

rheology:
-change materials, cohesion type,

-try to understand the other control parameters (adhesion
energye)

-find a way to analyse smaller particles (Toward type C)

-understand the link with other rneometers
(rotating drum, FT4,..)

aeration/desaeration :

-collapse experiments with controlled fine material
to disentangle the role of auto-fluidisation and cohesion...



