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FIG. 1. Time sequence of a typical jetting event following a bubble bursting at a free surface in water. The top
sequence shows the bubble bursting event above the free surface, while the bottom sequence displays the bubble
under the free surface during the collapse giving birth to the vertical upward jet. The bottom sequence takes place
between the two first images of the top one. The times are shown on the snapshots with the same origin. See also
the corresponding Videos S1 and S2.

In order to establish the role played by the relevant parameters in the jet dynamics, we identify the five
variables ruling the value of the jet tip velocity:

Vtip = �(R, ⇢, �, g, µ)

Using dimensional arguments, this equation becomes a relation between three dimensionless numbers fully
describing the jet dynamics:

We = F (Bo,Mo), (1)

where the Weber number We = ⇢V 2
tipR/� compares the e↵ect of inertia and capillarity on the jet dynamics,

the Bond number Bo = ⇢gR2/� compares the e↵ect of gravity and capillarity on the initial bubble and
the Morton number Mo = gµ4/⇢�3 only depends on the fluid properties and is in particular independent
of the bubble radius R. Various scaling relations for the velocity are reported in the literature, ranging
from exponential fits of experimental data19 (see curved dashed line Fig. 2) to algebraic laws Vtip / R�1/2

in numerical simulations disregarding gravity17. This diversity certainly emphasizes the need for further
experimental analysis.

We set out by investigating experimentally in Fig. 2 the dependence of Vtip with R in a log-log plot. Our
experimental data (circles) rest along the line Vtip / R�1, as indicated by the red dashed line fitting the
experimental velocities. Note that bubbles with Bo > 1 (radii greater than 3mm) are out of scope of this
study because they give rise to jets with a di↵erent dynamics and would constitute an other study. On the
same figure various data from the literature have been plotted: the top drop velocity measured experimentally
in fresh water19 or in sea water7, and the maximum tip velocity of the jet computed numerically in fresh
water16. It is noteworthy that our jet velocities match the first drop velocities (fitted by the exponential
dashed line) making our results relevant for aerosol generation. Regardless of some slight di↵erences they
all follow the same trend Vtip / R�1. This specifies the form of the Eq.(1) providing the variation with
Bond number, yielding:

We = Bo�1/2f(Mo). (2)

The R�1 behavior is the footprint of gravity e↵ects: the introduction of a second length scale, the gravity-
capillary length `gc =

p
�/⇢g, allows departures from capillaro-inertial predictions through length scales

ratios20: We = (`gc/R)f(Mo). Though the Bond number remains small in the experiments, the gravity
plays a genuine role in the collapse dynamics that needs to be elucidated. Froude number of the jet at the
mean water level is Fr = Vtip/

p
gR =

p
We/Bo, and can be expressed here as Fr = Bo�3/4f(Mo)1/2. In

water, with the Bond values of Fig.2 one obtains Fr 2 [7 � 160] > 1, indicating that gravity hardly a↵ects
the jet dynamics at least before eruption.
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Dynamique de nappes liquides de suspensions
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FIG.4.(Top)EvolutionoftheminimalneckdiameterWforasuspensionswithd=140µmandφ=40%(gray)forthe
pureinterstitialoilShinEtsu(lighter–cyanonline)andforthepureoilAP1000(darker–purpleonline)matchingtheshear
viscosityofthesuspension.Theoriginofthex-axisisgivenbythetimeofthepinchoffforthesuspension;thegraphs
forthepureoilsShinEtsuandAP1000areshifted"tSE=−30.75msand"tAP1000=−124ms,respectively.(Bottom)
CorrespondingsnapshotsfortheinterstitialoilShinEtsu(Top),thesuspension(Middle),andthepureoilAP1000(Bottom).
Thesnapshotsaretakenatthemomentsofthedetachmentprocessindicatedbythedashedlinesandarediscussedinthetext.

Atacertainneckdiameter,oneobservesthecrossovertotheregimewherethethinningdynamics
areidenticaltotheinterstitialfluid.Andfinally,thesuspensionsdetachmorequicklythanthe
interstitialfluid.

Insummary,weobservethreedifferentdetachmentregimes:I)aregimewherethedynamics
aregovernedbytheshearviscosityofthesuspensionsandthesuspensionsbehaveasaneffective
fluid;II)aregimewherethedynamicsaregivenbytheinterstitialfluid,andIII)afinaldetachment
regimeclosetothefinalpinchoff.

Furbank & Morris, Phys. Fluids (2006)
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