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Fig. Sa: 2g, 

no vibration 

Fig.Sc: Og , vibration: 
A=0.3 mm, 50Hz 

Aoi=30m/s2 

14% 

43% 

Fig. Sb: 2g; vibration: 
A=0.9 mm, 50Hz 

Aoi=90m/s2 

Fig.5d: Og, vibration: 
A=0.9 mm, 50Hz 

Aco2=90111/s2 

56% 

78% 

Fig.Se: Og, A==0.006 mm, f= 130Hz, Aoi=4rn/s2 

Fig. 5 Chinese satellite cell in Airbus; gravity direction is 
horizontal (when it is different from 0); vibration 
direction is horizontal. Area fractions for the 4 cells 
are 43%, 56%, 78% and for the large particle in the 
mixture is 14%, as indicated in Fig5.e. 

Sa. Test of Chinese satellite cell 
Conceming the Chinese satellite cell, different 

filling was used in each compartment, which can be 
measured from the cell at rest (Fig. 5a). Sorne 
preliminary conclusion is illustrated in Figure 5. One 
notes from comparing Figs. 5a & 5b that grains are 
agitated by vibration. Also, one sees frorn Fig.Sb, that 
the agitated medium at 2g does not expand so much and 
remains closed to the "bottom wall" (i.e. to the left 
wall); it does not occupy the whole available space and 

�a. large free volume exists on the right part of the 
tompartments. This is not the case for the 3 densest 
• cells at 0g with high vibration intensity as shown in Figs.
Sc & 5d, for which granular medium expends and
occupies unifonnly the "maximum" available space
instead of re�naining in a cluster, as in Fig. 5e, when
either excitation is not large enough to break the
cohesion, or when the gravity is playing a role as in Fig.
Sb. It is to note that in Figs. Sc & 5d with large
excitation in microgravity, one observes some
crystalline order in the bottom right compartrnent, while
the system looks much more random in the top right
and bottom left compmiments, as if particles could
move erratically from one location to the other in these
two last compaiiments, while they were confined in a

cage in the first compartment. 
We confim1 this using spatial Fourier transform; it

was found the persistence of a global crystalline
structure in the densest cell (80% area-filling ratio) in
0g, while this order disappears in 0g in the 60% cd!,
proving the "liquid- or gas-like" structure. 

The top-left compaiiment was dedicated to study
binary compositions with 2 kinds of balls having
different sizes. Do these particles mix easily or
segregate by size? We observed localized zones of large
density with large balls disperse in rather low
concentration of small pmiicles; the position of the
"cluster" of large paiiicles is found to fluctuate with
time, probably sensitive to g-jitter. 

Besides, we obtained the acceleration threshold
needed to generate the ball vibration in preparation for
the satellite experiments. More careful analyses of the
data are still undergoing for further understanding of our
results. 
Sb. Rattle effect due to g-jitter: 

► Study of the effect of g-jitter with the 2d cell of the
French European team (Lw*h=29. 9* 9mnl)

We have tried to study the effect of g-jitter using the
2 d sub-cell of the Maxus 7 rocket cell (cf. Fig.2). It has
been found that the gas cannot be fom1ed if g-jitter is
too large and we see some erratic rattle effect. It means
that the grains move as a whole from one wall to the
other due to a small remaining gravity which changes of
direction erratically.

On the contrary, when vb=Aco is large enough,
where A is the amplitude and f=co/(2n) is the frequency
of vibration, gas fonns and the g-jitter becomes
negligible. 

A way to analyse this effect is to compute the
position R=(X,Z) ôf the centre of mass of the gas as a
fonction of time t and to measure its standard deviation
!J,,Z. If it is of the order �Z=L/2 (L being the cell length),
we see a rattle effect: the mass centre of the balls goes
from one end of the cell to the opposite one. On the
other hand, if !J,,Z is much smaller than L then we get a
"gas", whose internal "pressure" stabilises the mass
centre in the middle of the cell; and the larger tl 1 è

"pressure" the smaller the fluctuations of i6.R
However!J,,Z cannot be smaller than the typicè:l
fluctuations of the centre of mass of a gas containing \
balls, i.e. L/(2N\ (if one excepts cases when sornè
electrostatics takes part). The analysis is cone f orn tb::'
cam video. 

In Fig. 6 we present 3 different curves representin'.c..
the evolution of the Z coordinate of the centre of mas 
as a fonction of tiine during the period of micro-gravit: 
of 3 different parabolas. We see for one of it the rattk
effect; in this case Z goes from one edge to the other. 01,
the other hand, for the two other curves, Z remains il' 
the vicinity of the cell centre, which corresponds to ,,
gas-like behaviour. The difference between these t\,vc
behaviours can be measured using the standard



deviation f:...Z of the Z evolution. So each curve of Fig. 6 
gives a single data point f:...Z. The measurement of the 
relative influence of g-jitter and vibration intensity is 
shown in Fig. 7, where f:...Z is plotted as a fonction of the 
vibration parameter vb 2=(2rcAf) 2, for all parabolas. As 
data fall on a single curve, it means that 2nAf is the 
right parameter. The transition from rattling to granular 
gas is observed; however, it is broadened since the real 
amplitude of g-jitter fluchiates depending on the exact 
condition of parabola. 
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Fig. 6 Z- position of the mass1centre vs. time t in the Maxus� 
2 d cell during an Airbus parabola
(green: 0.95rn.m,125Hz; black: 0.047mm 25Hz ; red
0.28mm 160Hz)
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Fig. 7 liZ/L vs. vb=2rrAf from Maxus 7 3d cell in
A 300 0g airplane.

Fig. 8 Other filling used for the SJ-10 cell during an Airbus, 
and the sub-cell whose centre of mass has been sh1died 
during parabola . 
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Fig. 9 Evolution of the centre of mass position of coordinates 
(Xg, Y g) during a parabola when excitation is small, in 
the case of the bottom right cell of Figure 8 

► Auto matie measurenzent of the centre of mass in one
of the 4 sub-cell of the satellite SJ-8 cell 

It is important to be able to treat such data 
automatically. This is why we have programmed an 
automatic procedure in Java which can be nm inside the 
ImageJ program and which allows getting the position 
of the centre of mass in a cell of which we define its 
boundary. We could apply this procedure/macro in the 
case of the SJ-8 cell filled with a small number of grains. 
The cell for which we studied the content motion is the 
bottom right one in Fig. 8.

The result is repo1ied in Fig. 9, where we have 
plotted the evolution of the centre of mass (given by its 
coordinate (Xg,Y g) during a parabola. Obviously, we 
see also the rattle effect. 

6. Conclusion

Through these examples we have proved that
mechanics of granular matter can be investigated in 
microgravity. This is a puzzling challenge, since 
granular matter is dangerous to handle in space 
environment, because grains or powders are dangerous 
to breathe, and because any lever/buttom can get stuck 
by a grain in bad position. On the other hand their 
manipulation is unavoidable, since they enter in most 
human activities. In particular, why do we need to grow 
plants in weightlessness condition, if we are not able to 
process them, to eut them in pieces or to collect and use 
their seeds ... if. 

We do not know at the moment if we can 
extrapolate the behaviours found on emih. However, we 
lrnow that these earth behaviours are quite sensitive to 
details, due to the strong non linearity of the law of solid 






