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Granular avalanches

Heap (or chute) flow
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Discharge flow



Granular flow and fluctuation

* In general, hot (high temperature) matters cannot be
solidified.

“ Although the granular matter is athermal system, it has
“granular temperature.”

“ Does this granular temperature (fluctuation) play an
essential role for maintaining the flow?

+ Heap flow (depth-dependent slow down)
* Discharge flow (clogging)



Granular heap flow

(with Doug Durian)



Motivation for heap flow analysis

* In granular heap flow avalanches, only the shallow part

flows (shear banding formatio

* To create the heap flow and as

fi)k

sociated shear banding,

does fluctuation (granular temperature) play a crucial

role?

measure it and compare it wit

+ To estimate the contribution of fluctuation, we have to

n the effects by other

mechanisms such as shearing

Oy gravity.



Experiments

ontinuous flow >

PTV] (particle tracking velocimetry
- flow velocity v (2

- Grains number density
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DLS] (dynamic light scattering
* flow fluctuation ov(z
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Velocity profile
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Grain number density
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Granular temperature
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consistent with Abate, Katsuragi, & Durian, Phys. Rev. E 2007
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Shear or temperature?
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Summary of chute flow experiment

* Depth-dependent slow down of granular heap flow
velocity is measured and analyzed using PTV and DLS
methods.

# From the obtained data of velocity profile v;(2) and
velocity fluctuation dv(z), shearing degree and
fluctuation degree (granular temperature) are estimated.

* The shearing is much more important than fluctuation
in the gravity-driven heap flow (shear banding).

Katsuragi, Abate & Durian, Soft Matter 2010



Discharge flow

(with Keita Endo)



Motvation for discharge flow analysis

* Clogging of discharge flow frequently occurs when the
bottleneck size is very small.

* In general, by placing an obstacle in front of the
bottleneck, the clogging probability can be reduced.

» Why? How?

* Contribution of fluctuation (granular temperature)?



Experimment
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Circular obstacle
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I'mangular obstacle
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Summary of discharge flow experiment

% TE,Q > «nonential form in
vertical direc (bJ/ K IS ‘= horizontal
KN

direction

« To prevent the clogging, sufficic. Ora o
more crucial than the grain activity (tiuc efa/'/s /
granular temperature). .







