PHYSICS OF FLUIDS VOLUME 14, NUMBER 9 SEPTEMBER 2002

t=108 ms t=233 ms t=452 ms t=583 ms

FIG. 1. Jet formation upon impact of a steel ball onto loose, very fine sand. A splash is fymeen a jet emergdsc) and(d)]. After reaching its highest
point, clusters are formed through inelastic collisiges A granular eruption concludes the series of evéhts

t=-21 ms t=66 ms t=108 ms t=166 ms t=706 ms t=1383 ms

FIG. 2. The two-dimensional setup reveals the collapse of the void and the formation of the jet: The cylinder creates a void inltheUsmomdclosure an
air bubble is entraine¢c) and two jets are produced: one upward, the other downwdird’he bubble slowly rises through the sa@l and upon reaching
the surface causes the granular eruption.

Granular Eruptions: Void Collapse and Jet sidewalls of the void collide on the axis of the void, a jet
Formation is formed[Figs. Xc) and Xd)]. In all our experiments the
Submitted by jet height exceeded the release height of the ball. When
René Mikkelsen, Michel Versluis, Elmer Koene, it comes down again the jet breaks up due to inelastic

Gert-Wim Bruggert, Devaraj van der Meer, Ko van der collisions of the sand particles, forming granular clusters

Weele, and Detlef Lohse, University of Twente [Fig. El(e)]. _ _ . .
) Eruption: An air bubble is formed in the void and

A steel ball dropped onto loose, very fine sand creates a slowly rises in the sand. When it hits the surface, it

grain size of 4Qum. Air is blown through the sand through a 1(H)].

sintered bottom plate in order to make it loose and homoge-

neous. The air is slowly turned off before the experiments. A A two-dimensional setup reveals the jet-formation pro-

steel ball(25 mm diameteris dropped into the sanFig.  cess. The ball was replaced by a cylinder which was dropped

1(a)] and the dynamics of the sand is recorded with a digitainto a bed of sand between two transparent plates. The jet

high-speed camera at 1000 frames per second. takes the form of a sheet making it less intense. The void
The series of events is as follows: formation [Fig. 2(b)] and collapsgFig. 2(c)] are observed

(1) Splash: The ball vanishes in the sand and a crown-likethrough the sidewalls. As the void closes an air bubble is
entrained and it is sedrrig. 2(d)] that, in fact,two jets are

splash is created. Inhomogeneities develop in the crowr}, d . d and ina d d
presumably due to the inelastic particle—particle interac- O'Med, ONe going upward and one going downward.

tion [Fig. 1(b)].

2 V0|.d c_ollapse. and _jet formation: The ball creates a 1. T. Thoroddsen and A. Q. Shen, Phys. Fiuids4 (2000,
cylindrical void which collapses because (?f the sand2see fdweb.tn.utwente.nligranular/granular_eruptions.mpg for a video
pressure. When the accelerated sand grains from theshowing the series of events.
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