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Two-Phase Flows Investigations in Liquid
Propulsion Systems

Work closely since 2012 with Space Industry and ESA to increase
Europe’s capability in designing and operating various liquid propulsion
systems (storable, cryogenic and hydrocarbon propellants)

Orion spacecraft (NASA)

Prometheus engine
(ArianeGroup)
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Cavitating Flows
propulsion system feedline valve: hydraulic characterization
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Cavitating Flows
orifices: hydraulic characterization

Cavitation (conical orifice)
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Hydraulic curve with examples of flow topology Evolution of M, becomes exponential when cavitation is developed

and small bubbles start appearing in the far-field too
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Cavitating Flows
orifice representative of space valve: thermo-hydraulic characterization

LN2, fundamental & applied research

© Liquid-Liquid s
T, DPvs. Q measurements © Cavitation T &
« 3 pressure sensors method for void fraction detection © Flashing *,@--‘1’ A@ i} B
+  High-speed flow high quality visualizations ~-Linear (Liquid-Liquid) +§ $
*  EcosimPro/ESPSS validations +§$ 6 ¢
%

OUTLET
(to evaporation tank)

Qy (p/puzo} 2 [n

(@l& Flow control
B i valves Flashing regime highly affected by
; - = net-isothermal thermal behavior
! across the restriction

Vacuum
chamber

Fast opening

Test section valve

DPY/2[bar /2]

Vacuum tight

Vacuum tight window

window
£
"M
~
7y INLET
distribution
valve
Mass flow meter
OUTLET
1 jto e‘:ap‘l’(;atb" Upgraded CHIEF facility
an

Orifice hydraulic curve and flow regimes

A= yon KARMAN INSTITUTE

FOR FLUID DYNAMICS CHMT, 4-5 November 2019, University of Twente




Flow Boiling

chilldown in space engine cooling channel

LNZ2, applied research
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Propellant Management in Tanks

space propellant handling and storage in 1g environment:
sloshing, contact angle, pool boiling, natural convection

LN2, HFE and water, applied research

* Non intrusive measurement techniques
* CFD validation and development (OpenFoam)
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3D free surface detection water sloshing

2D Particle Image Velocimetry sloshing test

Preliminary flow visualization in LN2 pool boiling test

2D Particle Image Velocimetry natural convection test
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Propellant Management in Tanks

space propellant handling and storage in 0g environment
sloshing

HFE and water, applied research

* Non intrusive measurement techniques
*  CFD validation and development (OpenFoam)
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New Propellants

densification of liquid propellant: impact on launcher feedline
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Thank you for your attention!
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