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Abstract
Sloshing phenomena of satellite fuel has become thee last few years a significant disturbance eigfig for
manoeuvring spacecraft with tight performance neguents to ensure. As sloshing can be observedionlg
domain where capillary forces start dominating ithextial effect, satellite design is mainly basedmore or less
complex models. Because of the unavailability acioessibility of experimental data, these modetsadien not
thoroughly validated.
FLUIDICS (FLUId DynamlICs in Space) was a part o¢ tRROXIMA project development during the flight of
Thomas Pesquet. The development has been donesie @boperation and funding of Airbus and CNES. iiaén
goal of the experiment is to enable model validatlorough correlation with measurements. FLUIDI@paxatus is
built as a slow rate centrifuge that can estaldjsércific controlled micro-gravity conditions or deated excitations
on a sample tank. Two cameras offer video recordapability and a dedicated sensor monitors theefogenerated
by the fluid motion.
For the sloshing part, experimental motion profilegplements several acceleration and speed repedsenof
typical satellite slew manoeuvres and tranquilagphases. Two tanks will be used to study the atnpéthe filling
ratio, representative of the depletion during thteldite lifetime.
Another objective of the FLUIDICS experiment cotsig the study of turbulent regimes of surface @gin
absence of gravity. Pure capillary waves are edc#tethe air-water interface in a dedicated tank.applying
sinusoidal or random oscillations. Interface positis locally measured using two incorporated ligigivel probes.
Capillary wave turbulence regimes have been obdeaad analysed through the frequency power speafurave
elevation.
Fluidics experiment is still on-board of Columbesdy to be used in the next few months. Innovaimespectives
are also foreseen to study new tanks design miitigjaihe sloshing impact that can be used on thedaIDICS
setup.

Keywords: fluid dynamics attitude control sloshing wave tudmces

fluid motion in spacecraft tank. However for thespa

Acronyms/Abbreviations twenty years, with the larger amount of fluid thats to
International Space Station (ISS). be carried aboard spacecraft for an increasertitetr
Computational Fluid Dynamic (CFD) more recently to deal with new regulations takirgec
Attitude and Orbit Control System (AOCS) of satellites end of life disposal, sloshing hasdmee an

important design driver at satellite level to emsur

1. Introduction compliance with the high accuracy pointing

The sloshing phenomena impacting the spacecrafterformances that satellites may need to deliver.
dynamic is not a new subject and has triggered aflo Although the propellant tanks are the main impacted
fundamental research in the early 1960 and sineplifi subsystems to limit the sloshing impact, the AOGS i
theoretical model were developed to characterize thalso concerned and it is of great importance tcckhe
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that sloshing impact on satellite dynamic doesafifaict and will then present the FLUIDICS experimentalpet
pointing performances. Otherwise the AOCS designith a special focus on the capability it offersstody
would need to be adapted to mitigate the sloshinfuid motion in Og domain. Then the capillary wave
impact to meet the performance requirements. turbulence phenomena will be also addressed and
Several models and solvers exist to evaluate fluidiscussed.
motion in microgravity. Coupled fluid motion and
spacecraft dynamics are simulated using simplified
model of the fluid (Abramson theory) tuned for one2, Sloshing phenomena and impact on mission
particular working point. This simplified model is performance
validated for the considered working point by a CFDIn this section sloshing characteristics that havde
simulation that is the most accurate method aviailedh  considered for satellite performance synthesis are
simulate fluid motion. Nevertheless experimentalada defined and concrete example of sloshing effects ar
to validate CFD code under Og domain are missing ggiven to illustrate the interest of this matter.
are unavailable because of property rights isslie [2

The dynamic motion of a liquid gas-system can be
Lastly, two French academic research institutegharacterized in three domains, depending on the
affiliated with the “Centre National de la Recherch dominating forces applied to the fluid. Specific
Scientifiqgue” (CNRS), “Matiére et Systemes dimensionless numbers allow describing the fluid
Complexes” (MSC) at the university Paris Dideratda regime and defining the boundary of each fluid ot
the laboratoire de Physique Statistique (LPS) & thdomain. The Bond number (Bo) usually known as the
“Ecole Normale Supérieure” (ENS) investigateratio between inertial forces and capillary forcas
turbulent regimes of capillary waves (French acrony defined by (1) is commonly used to determine whethe
“TOC” for “Turbulence d'Ondes Capillaires”) in a capillary forces are dominating over the inertiice or
microgravity experiment. Wave Turbulence consists i vice versa.
the statistical study of random regimes of dispersind

non-linearly intergcting waves. _This pheno_menon gravity forces O/R
occurs at very different scales in great variety of Bo= . = (1)
systems like surface or internal waves in ocearnbgra surface tension forces g

Alfven waves in solar-wind plasma, or spin waves iNyherey is the acceleration levep, the fluid densitys
solid state physics. For weak non-linearity, thea®e s surface tension, h and R are respectively the
Turbulence Theory [3] _predict_s apalytically the BOW hydrostatic and capillary dimensions.

spectra of wave elevation, which is not possibléhat  Fuig motion in satellite tanks is generally chaesized
days for hydrodynamics turbulencg. On Ea}rth, randor‘By low Bond number values, typically between 0 aad
regimes of surface waves at the air water interfar® {hat are representative of the rather low accéterat
be analysed in the framework of this theory. AQ&r gpiained during satellite manoeuvre. Typical sitell
scale the main restoring force |s_the gravity, wehsrat angular speeds are considered less than 3 deg/er Le
small scale it is the surface tension of the imeef(the aym and tank characteristic dimensions are usually
capillarity). Simultaneous presence of two différen 5.5und some tens of centimetres. In this fluid ey
restoring mechanisms complicates the analysis gfe damping factor is quite low and once excited th
capillary waves regimes (typically for wavelengthsgiosh amplitude will remain significant for sevetahs
smaller than about 17mm) and they are stronglycs#e  of seconds. During this tranquilization phase hia tase

by the viscous dissipation. Moreover, the completgys 5 high resolution observation mission, images ma

validation of Weak Turbulence Theory for capillary not e taken to avoid blurriness and sloshing resitice
waves has been performed using direct numerica}yailable mission time.

simulations only for pure capillary waves [4]. The
observation of pure capillary waves becomes passibl
by operating in microgravity. Parabolic flights wer
used to investigate this phenomenon with promising
results but low frequency could not be resolved
accurately because of the short duration of the Og
conditions [5]. Once more ISS appears the only teay
get accurate data at low frequency with a long tibma

in a steady and clean micro gravity environment.

This paper will describe the sloshing phenomenaitsnd
impact on pointing performances from real examples
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Figure 1: Fluid regime characterization dependimg o
the dominating forces

A flexible spacecraft may have a mode cantileve
frequency close to the sloshing and specific amalys
may in this case be required to check no resonant
could be excited during manoeuvres, which could lea
to important mechanical stress on structures.

Validation of tools and models used to design Btsl
and assess their performances has become a keg ph
to further improve and reach higher objectives.

3. Sloshing models

Fluid motion is driven by Navier Stokes equations
that are a set of non-linear differential equatiamsl Figure 2: CFD simulation of fluid sloshing inside a
requires high computational time to resolve a short spherical tank
sequence. Coupling with complete space craft dyosami
to perform closed loop simulation of representative Engineers are confident with CFD codes to describe
manoeuvres has been explored through a study led Imgh Bond number maneuvers. In fact, for thesemegi
CNES and ESA but is still really challenging andof acceleration, the inertial forces are predominan
current tools are not fully adapted for such fudhle compared to capillary effects. Therefore, it isierato
simulation even if current tools are becoming mamd  have access to experimental data on ground anit flig
more powerful. data from launchers for validation. On the contriy

Preliminary design and advanced studies for théhe low Bond number, the common weakness of all
AOCS are generally based on simplified mass-sping these more or less complex sloshing models in
pendulum model issued from Abramson theorymicrogravity is the lack of experimental data tdidate
documented in [1] and illustrated on Figure 1:.8al/ their representativeness.
working points are identified to be analysed andieto Indeed at lower Bond regimes, capillary forces
parameters are determined using CFD simulations, arecome as important as inertial forces and sloshing
example of which is presented on Figure 2 thabscillations period increases significantly to teac
simulates the fluid motion by resolving the full\Wer  several tens of seconds as depicted on Figure i8: It
Stokes set of equations in 0g domain. Furthermorthus impossible to have access to validation data o
Abramson model validity domain is limited to the ground, and some others validation way (0g-fligihtp
vicinity of the working point so that the fluid ba¥iour  tower) are discarded due to the need for a longtitur
remains linear with small amplitude. However, whentest representative of the sloshing characteristie.
the fluid motion becomes non-linear, with for exdenp The experiment to gather representative test data f
the apparition of waves in the tank, those modedsna  sloshing model validation must therefore be done in
more valid. That is why scientists have to tend fally  space and the ISS is the ideal laboratory for]it [8
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Figure 3: Sloshing period under 1g vs Og
4. Fluidics setup
4.1 Experimental need definition
A typical slosh speed profile is illustrated on tiig 4
and includes five different phases. The first phaises

at settling the fluid so that the fluid motion s$safrom a
well-known state that can be reproduced in simaomati

CFD validation needs experimental data with high
quality and accuracy. It will be provided by anioat
system based on high resolution cameras whosesfluxe
will be recorded in real time and by an effort sens
sensitive to very low loads with a low noise level.

The number of profile is adjusted considering the
maximum duration of the sequence limited to 1h@6é d
to noise regulation in the ISS. The sequence ekmtut
has been entirely automatized.

Finally the FLUIDICS experimental setup has alserbe
designed to fulfil the TOC experimental need that
consists in recording the fluid height from thekavall,
while the tank is shaken at a frequency around 2 Hz
Tank excitation needs to be as isotropic as passbl
that centrifugal acceleration shall be as smafiassible
compared to tangential acceleration. This leads
consequently to a very low amplitude motion.

As a wrap up, FLUIDICS experimental setup is
designed to fulfil the functional needs listed iable 1.

Table 1: functional needs description for FLUIDICS
experimental setup definition

The second phase is the motion ramp up with a aohst

Function Need description

acceleration until the nominal rotation speed &ched
for the third phase that provides a centrifugalstant
(and low) acceleration according to the targeteshdBo
number. This phase can last a long time so thatrakv

Excite the fluid motion Generate targeted speed
and acceleration profiles

Excite turbulence wave Generate oscillation with
targeted amplitude and

slosh periods can be observed, even for long dagmpin frequency

durations. Eventually, the fourth phase correspaods
speed reduction down to steady state so that ififthe
phase the fluid tranquilization can be fully invgated.
The fluid slosh is also greatly influenced by tlaak
filling ratio that has a quite non-linear impact tre

Observe the fluid Record video fluxes
during experimental run

Measure the fluid motior Record the efforts
transmitted from the fluid
on the tank and the height

fluid behaviour. Therefore this parameter influence of fluid from the tank wall

needs to be studied and 2 filling ratios were iiieict of
great interest. First the 50% filling ratio repnetsgive
of the middle of life of the satellite is the masitical in

in real time for TOC
Ease manipulation Minimize the setting and
the supervision time

term of sloshing amplitude and secondly the 75%tdjl
ratio representative of the beginning of life ipeating

to transmit the most important force levels totdnek
Slosh speed profile
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Figure 4 Slosh speed profile shape
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4.2 FLUIDICS overall design presentation

This chapter presents the FLUIDICS hardware designe
to fulfil the expressed need i&rreur! Source du
renvoi introuvable. while being compliant to all ISS
safety rules and to Columbus interface requirements
The design is as much as possible based on conaherci
products to reduce cost, manufacturing and integrat
time, and globally follows a prototype approach.

Firstty FLUIDICS includes three different spherical
tanks with a diameter of 10 centimetres that can be
easily plugged on the FLUIDICS rotating arm and
exchanged once the associated test sequence is over
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One of the tanks is dedicated to the TOC experimenFigure 5: TOC tank (left side) and 50% Slosh tank
filled with 30% of water and equipped with 2 specif (right side)

height sensors to instantaneously measure the fluid

height. The sensors consist in two taut isolatedtetal On one side, the rotating arm supports the tankeund
wires (0.32 mm of diameter). The capacity of eadtew test and the instrumentation to observe and retioed

is proportional to the wetted length, the watemgean  fluid motion. This instrumentation consists in thigh
electrical ground [6]. Embarked electronic cardsresolution monochromatic cameras. High resolution
measure instantaneously these capacities and deliveameras lenses with a fixed focal length of 16 naweh
analogic signals. After calibration, the fluctuatioof been selected to get the full tank diameter covered
the water level are measured with accuracy belten t the video. When looking at a fixed image, the nesoh

10 um. The TOC tank is illustrated dfigure 5 (left is 1 mm.

side). The two other tanks are respectively fillgith  The other side of the rotating arm supports all the
50% and 75% of 3M Novec 2704 fluid which is anelectronics needed to record the video fluxes drd t
electronic card coating with a yellow aspect aswsho sensors data. The core is an Intel NUC computer
on Figure 5. This fluid has been chosen in complianceembedding the FLUIDICS acquisition software that
with ISS safety guidelines to provide a represérgat captures the video flux through a high speed USB 3.
contact angle compare to satellite propellant tcdate  link directly from the cameras.

the major assumption of no solid-gas interfacetexis Height sensor of TOC tank and the force transducer
satellite tank made in the CFD code to simplifyoutput analogic signals are digitized by a 16 kghh
equations solving. Viscosity was checked to betoot speed DAQ card also connected to the NUC by a USB
important so that damping would be long enough tdink.

avoid a fast sloshing attenuation. Fluid densitys wa Signals and video are recorded on the SSD disk.
compatible of maximum angular speed available to
reach the Bond number range. Tanks are made of
polycarbonate half spheres glued together.

Tanks are plugged on the rotating arm through an
interface plate linked to a 6 axis force sensot thi
give an estimation of the loads and momentum
transmitted by the fluid slosh to the tank on &llee
axes. This sensor is optimized to measure forceldenf

1 mN, the expected order of magnitude of sloshing
effort. Because of the great sensitivity of thessem
guiding rail visible onFigure 6 (right side) and-igure
7 helps the astronaut to insert the tanks withordsst
that may cause irreversible damage.

The lever arm between the rotation axis and thé& tan
centre of mass has been set to 180 mm so that th
maximum required acceleration is obtained with f@ sa
and quite low rotation speed while complying witte t

. . . T
dimension constraint.

Figure 6: FLUIDICS rotating arm

The rotating arm is fixed to the motor block desidrio
deliver the expected acceleration, speed and positi
motion of the tank for both slosh and TOC profil€ae
motor is a Kollmorgen COTS controlled by its drigin
electronics from Copley Controls. It can provide a
torque up to 1 Nm that corresponds to a maximum
angular acceleration of the arm of 10 rad/Ehe only
safety critical function of FLUIDICS is a two fail@
tolerant speed protection system guaranteeing titerm
would not generate a kinetic energy greater than 2
joules. The maximum rotation speed in nominal
configuration is 20 rpm. The speed protection syste
consists in three fully independent monitoring cela
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with three inductive sensors to estimate the rati 3 axis have sufficient margin to ensure a correat a
speed and cut-off the power in case of overspeegasy clamping of FLUIDICS.

detection.

The control of the rotating arm via the motor drive
done according to a guidance profile and performed
using a T61P laptop already aboard ISS. From this
laptop, software designed for FLUIDICS allows the
crew to control the motor and run pre-defined test
scenarios.

A Graphical User Interface (GUI) as depictedragure

9 has been developed to ease astronaut’s use and
monitoring. The GUI plots in real time the position
speed and torque based on the data provided by the
motor controller.

= 0040107, N

C e

Figure 7: Motor sub-block assembled with the
rotating arm

The FLUIDICS setup has also to be robust to paénti
crew induced loads during operations when not unde === el
crew supervision. Potential impacts are modelledaby Figyre 9 : FLUIDICS motor sequencer software
punctual force of 556N over a 0.5 inch diameterudar

area. In order to comply with this rule, the bedtiSon  The crew time dedicated to FLUIDICS experiment hal
was to protect all the sensitive parts with a bex ape |imited. Thus, the motor sequencer softwarethed
power on, Intel NUC on/off switch and record s&dp.  sequence is automatically driven and stops at tiie e
The Power Supply and Protection Unit (PSPU) inThis allows executing 90-minutes tests sequences us
yellow onFigure 8 are cooled using fans. a limited crew time.

Volume of recorded data is quite important espBcial
because of two high resolution cameras video fluxes
output in the AVI format with 25 frames per second,
ground tests give 0.8 Go per minute for the video.
Downloading through ISS telemetry should therefore
not be possible for video and the nominal solutmget

the experimental data is the physical re-entry afad
SSD while a backup will remain on-board ISS in cafse
trouble in the recovery of the first one. The voluf
sensor data is far less important and has beematsti

on ground to 60 Mo for 10 minutes with a good
representativeness so that all or part of text détebe
downloaded via standard ISS telemetry.

5. Results

Figure 8 : FLUIDICS protection box

Thomas PESQUET operated FLUIDICS tH& &nd
For the operations, FLUIDICS is clamped to the IS®™ of May 2017 as shown on FigureBreur ! Source
seat tracks using four fixations system designed byu renvoi introuvable.. The setup assembly went as
Allsafe (initially used for A400M cargo fasteningjhis  planned without any difficulty encountered. Thomas
system is specially designed to cope with potentiaPESQUET even liked FLUIDICS and made two extra
misalignment or gaps of the ISS seat tracks. E&theo runs. Text files containing the sensor data havenbe
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downloaded via ISS telemetry and a first level of
analysis demonstrate the good behaviour of FLUIDICS
and the compliance of the provide data. 007 ]
After the recovery of the SSD disk with Thomas
PESQUET return on earth on th& af June 2017 the
data analysis started. 005 -

0.04 -

OOBForce, z-axis : Comparison between CFD and experimental data

—— FLUIDICS Experiment (ISS)
— F3D CFD simulation 1
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Figure 11: FLUIDICS results and CFD
simulation - Force comparison

The sloshing phenomenon is best highlighted by the
torque in the y-direction onFigure 12  Clear
oscillations of the fluid can be seen, whose fregye
corresponds to 0.26 Hz. This frequency can also be
noticed on the videos from FLUIDICS, so this temals
strengthen the result.

Oooa‘Eorque, y-axis : Comparison between CFD and experimental data

: : : — FLUIDICS Experiment (ISS)
0.0025 - [ : : — F3D CFD simulation

0.0020 f---f- i

0.0015 |-~

0.0010 -

rorque [N.m}

PR
Figure 10: Thomas PESQUET operating FLUIDICS
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5.1 Slosh result

~0.0005 oo b

After having post-processed the FLUIDICS data, the -0.0010; e 3w W & o @
most exploitable profiles were selected to be tated Time [s]
with CFD simulations. The aim was to set up nunaric Figure 12: FLUIDICS results and CFD
simulations with the same features as the reaimulation - Torque comparison
FLUIDICS experiment in order to observe how the CFD
code deals with sloshing phenomena in microgravity. This first comparison constitutes the beginning of
A first set of simulations of one profile was cadi this analysis. Further simulations now need todreied
out using FLOW-3D CFD software. Even though thereout in order to study in detail the influence of tolver
is some noise remaining on the sensor data, trés fi options and to make sure that the CFD software
comparison with FLOW-3D gives encouraging resultscomputes well sloshing phenomena in microgravity.
The force in the z-direction is plotted &igure 11 The
step is due to the centrifugal force acting onflinel. 5.2 Wave turbulence results
In the experiments performed with the sphere TOC,
before excitation, the water wets the internal sghke
wall of the sphere in polycarbonate. Without exaita
the water is expected to form a spherical shell®tm
of external diameter and a thickness of 5.6 mm rgive
the filling ratio of 30%. An oscillatory motion dhe
tank excites inertially capillary waves. The
corresponding fluctuations of the air-water inteds
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are recorded by the two capacitive sensors. Th&oseh
measures the water level at a position oppositthéo
axis of rotation. The sensor 1 belongs to a pldrichvis
perpendicular to the axis of rotation and is sejgara
from sensor 2, by an angle of 120°.

Nine different forcing of 450 s each have beeretést

separated by resting times of order 0.4 s (regatar
random). The three sinusoidal runs provide a higher
motion of fluid surface, probably due to a higher
coherence of tank motion and only the corresponding
first three measurements are now described.

After starting the forcing sequence, the liquid

in a sequence of 5400s. The sequence has beefepeanotion is visualized with the cameras and the |zl

identically two times. To minimize centrifugal egfs,
which would induce an effective weight, the ampulgu

is measured in two separated points using the two
capacitive. Images of the camera 1, shows a strong

of angular displacemei®, has been chosen small 2.29°deformation of the air/water interface Figure 13

and is kept constant for all runs. The forcing asiged

However, the significant refraction prevents a

by the tangential acceleration which depends on thguantitative detection of interface position. Moreg

oscillation frequency, at the power two,g&R (211f)?,
with R=175.4 mm the arm length.

Figure 13: Snapshots of the tank TOC with
camera 1, during the second run. Presence of air
bubbles is noted. In the bottom image a strong
transient dewetting is visible on the top right coner
of the spherical tank.

we observe presence of numerous air bubbles trapped
the water. Due to the absence of gravity, bubbteaat
migrate spontaneously to the interface. If the omi
are sufficiently steep to generate bubbles, theiount
would increase in the course of experiments. Then
especially on the side of the tank opposed to ke a&f
rotation, for large scale motions of the fluid, tvater
layer ceases to wet the internal wall of the tartkese
dewetting events last for less than the second.
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Figure 14 Temporal evolution of water height level
for the run 3. Blue sensor 1, Red sensor 2. The sig
of sensor 2 has been translated of 35 mm

Despite the substantial large scale motion of flaid
the tank, the level fluctuations are well captubgdthe
records of the two capacitive sensors. The repatitif
the sequence shows a satisfying reproducibility of
measures. The signals are different for the twesn
The signal of sensor 1, has lower amplitude, seems
more affected by the dewetting and presents more
features of large scale oscillations. The signadesisor
2, is sometimes saturated, which means that theosen
is completely immersed in water. The dynamical

The three first runs correspond to sinusoidaProperties measures are not perturbed by the éminsi
excitations forfy being respectively 1.5, 1.75 and 2 Hz.saturation. An example of temporal evolution of evat

The three following runs are performed with a rando

height is displayed in Figure ¥dr the run 3 =2 Hz).

modulation of the frequency f on a range about 1 HZA thermal drift of electronic component values may

Finally, in the three last runs, the oscillatiorzs/é been
replaced by sharp impulsions of amplitud&, and 6,

IAC-17-A2.6.2

explain, that by using the on Earth calibratione th
computed h(t) is not exactly equal to the distaiocthe
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internal tank wall. Dynamics of the interface
fluctuations are better described by computing the
Fourier power spectrum of h(t). It is defined ag th
modulus square of the frequency Fourier transfdrm.
the Figure 15 Frequency power spectra of waterhteig
fluctuations. Blue : sensor 1, Red : sensor 2. iopl,
f0=1.5 Hz. Bottom run 3, f0=2 Hz. The black dasteli

is the power law f*"top, the spectrum for run 1
(fo=1.5 Hz) is displayed. The signal is dominated gy t
peak at 1.5 Hz and harmonics, displaying a global
oscillation of the fluid. The high frequency peaks25
and 50 Hz are probably not related to the fluidiors,

but more likely to mechanical vibrations of the sans.
The signal can be analysed for frequencies beloWA0
before reaching noise level. In contrast at higher = ,
excitation amplitude for the run 3,2 Hz), in Figure )
15 bottom the peaks from forcing are less strong
compared to signal power between them, especiaily f

the sensor 2. The spectrum is then close to becomes
continuous and approaches a power-law in

f 176 A continuous power-law spectrum is a signature

of a self-similar turbulent signal, whose traces of -
forcing do not appear in the inertial ranges. for .
frequencies larger than the forcing frequency. The °
exponent -17/6= -2.8 is predicted by the Wave 0
Turbulence Theory [3]. This result is in agreemwith

the previous measurements in parabolic flightsaad
measurements on Earth. But for the last ones, the E : .
capillary cascade starts typically for frequencimve ’ " !

15 Hz and has to be initiated by a random excitatio Figure 15 Frequency power spectra of water height
Here, as the viscous dissipation level is smaltar f fluctuations. Blue : sensor 1, Red : sensor 2. Tapn
lower frequencies, the capillary cascade is devslagn 1, f;=1.5 Hz. Bottom run 3, =2 Hz. The black dash
one decade and half. However, the non-linearitgllés  |ine is the power law .

significant. It is usually evaluated by computinget

typical slope of interface deformation, the steeggn®y 5. Discussion

taking the product of the wave numbery, k Next FLUIDICS operations could be handled by the
corresponding to the spectrum maximum multiplied byESA astronaut Paulo NESPOLI to eventually test new
the standard deviation of wave amplitude. Theprofiles.

dispersion relation for pure capillary waves for a  Experimental data will mainly be used to calibrate
sufficiently thick water layer writes (& f)> = o/p k*,  and validate CFD code. Videos of the fluid motion
with o the surface tension coefficient for the interfacenside the tank and forces and momentum transmitted
andp the liquid density (the density of air is neglejte from the fluid on the tank recorded by the 6 axiscé

We found for f=1 Hz, witho=72e-3 J/rhand p=1000 sensor are used. For AOCS activities a specialsfogu
kg/m® k= 81 1/m and for a standard deviation of signapPut on frequency, damping and magnitude of thertsffo

of 6 mm, the steepness is of order 0.49, whictgenerated by the liquid slosh as they directly ast
corresponds to a strongly nonlinear regime. Thdlisturbance torque that the AOCS needs to courtterac

condition of weak non-linearity used in the WeakThe CFD Model parameters will be tuned and the
Turbulence Theory should in principle fails. Thethi physical assumptions made to simplify the equation
steepness explains also the continuous formation @&Plving could be reviewed to match as close asilpess
drops and bubbles by the microbreaking of the fater.  the experimental results.

Finally, we observe at low frequencies, a strowvgllén Videos will give precious information on various
the spectra. Additional non-linear effects may eaustopics that are nowadays not validated. The fightp
emergence of another power law corresponding to Will be the free surface movement correlation wiies
transient energy transfer from injection scalehmlarge tank is rotating at a constant angular speed. Wiils

scales and then a statistical equilibrium of lasgales give information on the centre of mass positiore th
[9]. knowledge of which is of prime importance on some

L
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missions to very precisely locate the satellite.e Th experimental setup will be fully complementary et
contact angle will also be observed because itvsrg  Airbus MICROSLOSH hardware that should come soon
important parameter in the CFD code. Indeed itatliye to focus more specifically on the closed loop aspec
determines whether a triple point characteristic aof Meanwhile FLUIDICS more generally provides an
solid-gas interface can appear. This type of pheamam easy to use and autonomous experimental setup to
strongly modifies sloshing characteristics of cati investigate the behaviour of any system compatilitle
interest for AOCS design and validation such aghe existing interface in a micro gravity envirormmne
frequency and damping. requiring long duration test.
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