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Turbulent bubble dispersions in microgravity. Drop Tower experiments
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Dispersed multiphase flows are relevant to many tech-
nological applications, often involving turbulent regimes.
Examples include particles suspended in liquid or gas
flows, droplets in gas flows or bubbly flows. This type of
problems combines two of the most challenging problems
in fluid mechanics and statistical physics: turbulence and
multiphase flows. In particular, both for technological
and fundamental interests, it is important to character-
ize and understand the interaction between the carrying
phase and the dispersed phase. This includes not only
how the carrying flow affects the transport and spatial
distribution of the dispersed phase (one-way coupling)
but also how the dispersed phase modifies the nature of
the turbulence of the carrying flow (two-way coupling)1.

Figura 1. Snapshot of a monodisperse bubble suspension
of bubbles of diameter close to 1.5 mm in a turbulent flow in
microgravity.

Here we address the problem of turbulent bubbly flows
in the absence of gravity. Efficient control of bubble for-
mation and management of turbulent bubbly flows in mi-
crogravity environments is indeed crucial for multiple ap-
plications in the rocket industry and for life support sys-
tems in space. However both practical procedures and
fundamental aspects of the physics of bubbly flows in
the absence of buoyancy are dramatically different from
those in normal gravity, and largely unknown because
of lack of data. In particular, the controlled formation
and management of a monodisperse bubble suspension
is by itself a practical challenge in the absence of buoy-
ancy forces. Recently, a new method of bubble injection
has been successfully tested that allows the formation of

monodisperse turbulent bubble jets in microgravity2,3.
Here we present results of a new series of Drop Tower
experiments conducted at the ESA facilities at ZARM in
Bremen, that exploit the above bubble injection method
to create a nearly uniform monodisperse bubble suspen-
sion carried by a turbulent duct flow.

The experiment is designed to allow independent con-
trol of bubble size, bubble density and the degree of tur-
bulence of the carrying flow. Typical duct Reynolds num-
bers used are up to 12000. Typical bubble diameter is
1.5 mm, in a duct of 80 cm long and 10x10 cm2 section,
that is, significantly larger than the Kolmogorov turbu-
lent scale, but significantly smaller than the scale of most
energetic eddies. Bubble densities keep mean bubble dis-
tances comparable to the size of most energetic eddies.
This setup is designed to optimize spatial dispersion of
bubbles while minimizing the degree of coalescence. The
Webber number of bubbles is small enough to maintain
the spherical shape, but they cannot be considered as
point-like with respect to their interaction with the flow.
Under these circumstances, a significant degree of two-
way coupling between bubbles and turbulence is expect-
ed.

The experiment has proven succesful in creating near-
ly monodisperse bubble suspensions in turbulent flows in
microgravity, under controlled variations of the relevant
parameters. This is achieved for the first time. Quantita-
tive information is obtained through the appropriate dig-
ital image processing, based on particle tracking methods
that yield trajectories of individual bubbles. As a first
characterization, we have systematically measured the
mean velocity profile of bubbles and the velocity mean
square dispersion for different experimental conditions,
including variation of Reynolds number, bubble size and
bubble density. Preliminary results show that turbulent
kinetic energy tends to be decreased by the presence of
bubbles for increasing Reynolds number. In addition, our
data provide, for the first time, a quantitative character-
ization of the decay of the so-called pseudo-turbulence,
created by the bubbles previously formed with normal
gravity, before the drop release.
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