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Visualization of Surface Deformatiﬁon
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How to predict liquid behavior ?
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ST i % : MARS + LSM

(Kunugi 1997) (Sussman 1994)

Distance function ¢

From the distribution of 4

Normal Vector

Curvature

v
<=va = V(5]

~

Surface tension is computed hy CSF model

-0.5

Interpolated distribution of liguid fraction
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SEE M : MARS + LSM

(Himeno, 2003)

Distance Function MARS
Distance function & VOF distribution
overset re-constructed with
around moving interface piecewise linear function
From the distribution of 4
Normal Vector
. V9
nS = | V¢ | ) —
Curvature
Vg
€V V'[w)
) |
are precisely computed 0.000000[sec]

Surface tension is computed hy CSF model
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Propellant Management in Liquid Rockets and Space Vehicles

VR

o

HIMENO Takehiro

Abstract

With the progress of human activities in space, the occasion to handle liquids in

non-uniform acceleration or low-gravity is now growing. On the launch vehicles with liquid
propulsion system, the dynamic acceleration during its powered ascent or ballistic flight makes it
very difficult to control the position of propellants in the tanks. For the establishment of the
technology for the management of liquid propellant in space vehicles, a numerical method, called
‘CIP-LSM” (CIP based Level Set & MARS), was developed to simulate three-dimensional
free-surface flows under various gravity conditions, which has been applied to clarify the dynamic
behavior of liquid propellant in the tanks of launch vehicles.

Keywords: Cryogenic, Free-surface Flow, Liquid Rocket, Propellant Management, CFD
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(a) Flight demonstration (RVT-9 in 2003).

‘GPS Antenna

(3.56 m)

Engine Thrust Chamber

(b) Perspective drawing of vehicle.

Fig.2 Reusable rocket Vehicle Test : RVT
(JAXAJISAS)

(b) Computation

Fig.4 Sloshing in the model tank of RVT
without anti-slosh devices®!.

(a) Configuration of vehicle (GC).

One engine fail Shut down opposite engine  Aborting flight
—

)

8 g & =

P time

(b) Initial operation of aborting operation.

Fig.5 Reusable SoundingRocket : RSR
(JAXAJISAS)

(b) Computation

Fig.7 Sloshing in the model tank of RSR
with multiple baffles®®!.
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Fig.9 Schematic drawing of gas penetration
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Fig.10 Dynamic behavior of liquid hydrogen,
visualized during the pressurization
in the extended engineering experiment!®),
Left : Wavy surface and following atomization.
Right: Liquid drop coming up to the top.

Fig.11 Computed deformation of liquid hydrogen!®

-

(a) Experiment (b) Computation

Fig.12 Sloshing with small residual (model scale)™”!

Fig.13 Computed deformation of liquid hydrogen
during coasting flight of H-11A upper stage
induced by small disturbance (flight scale)
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(a) Experiment

(b) Computation

Fig.15 Liquid motion in a cylinder driven by
capillary force. Ethanol and poly-acrylate
resin, 80 mm in diameter(®*4,

(a) Experiment

(b) Computation

Fig.16 Liquid acquisition with vanes

under low Bo number condition!”.



Fig.17 Super-insulated cryostat for sloshing test
Assembly (left), section view (center) and
test vessel made of polycarbonate (right) .
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Fig.18 Dynamic motion of liquid nitrogen in a
cylinder pressurized with gaseous nitrogen or
helium and induced changes in pressure.

BASHIR CHIR ST H v 7 IR [RFEMNE)
FRERAT 5 & MMEREOHRAAE S BRI
EEOFGNH 5 KHE ., ) FHNIE T —h oy
RERBE T DENFIENELL D, F7
EHOEETIZ. v ET—Y a VRIBOIKTIC
EARE L, ¥ —AR U TRGAERROE( AL I L,
HEHERICE > THETH 5,

Z OBk LTS S, Fig.l7 1T
BEWENE (7 Z A4 42 %y NEEYEL, NERIC
R U 7o /NRE B 00 4% PR 2R I SRR IR IR & 5
BEAEEHALT, 2y v PV EBRETo7.
BARIZIX, EZ2W 8 2 B IR FEE L |
TN A2 IR FEEFIEREZ 5.2 5 2 LT,
REEENBRAINIGE 2 BT D8N e a0 5
Tl 2 42 C D KB 5 6 F T, B T o
R ARG N S B E A8 2 3 L7, [H
BFIC, BLZEMrEME OBIZE R 20 U TR O

_ 45 -

o 0 O

o [ +]
0[ms] 5[ms] 10[ms] 15[ms] 20[ms]
25[ms] 30[ms] 35lms]  40[ms] 45[ms]
50[ms] 55(ms] 60lms]  65[ms]

Fig.19 Bubble growth and departure!**.
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Fig.20 Cavitation around NACA0015 airfoil .
Computed by interface capturing method
(CIP-LSM) : Attack angle = 8 deg.
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