FLOW-3D

Sloshing & Stability

Improving the world through accur®s F!-OW‘MSC?EHCG



FLOW-3D

pe -. Sloshing & Stability
BEIBE 5681 )13 Fr (non-inertial frame)

AE A ERAT B A 7T A LR 38 1) 28 S 2 5 i
AT RGO 8 11 B DA AR P DR R TR 28 s
e 2B T IR Y PR R S T ) 8 5 0 ox
AR NN TGS R AR AT S

FLOW-3D (151 I 2H BE % 42 2y X0 RS A
USRI 12 ) USSR 56 1 8)) 1 70 #r.

SIMULATION OF LIQUIFIED
NATURAL GAS SLOSHING IN

A TANKER IN ROUGH SEAS

Sloshing animation courtesy of Bureau Veritas.
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Sloshing with GMO (JiEE4)
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General Cryogenic
Tank Schematic

FLOW-3D has all of these required features for
cryogenic CFD.
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Many CFD simulations can be run for
less than the cost of a physical test

CFD-based cryogenic design processes, once valida
to both lower cost & higher performing space hardwe
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Accurate cryogenic modeling tools will aid

NASA’s Ares V Earth
Departure Stage Concept

development of NASA’s space vehicles.
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DC-X Lander

Commercial Aircraft Commercial Satellites X-37
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Example 1: DC-X Liguid Oxygen Slosh (1992)
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Free Surface Results

No testing was perfq
successfully demon
CFD-based design |

Reference: Grayson, G.D. and Cook, L.M., "Performance Characteristics of The DC-XA
Liquid Oxygen Propellant Acquisition System," AIAA|Paper 96-3081, July 1996.
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Consistent, parametric evaluations with validated CFD tools
optimize space hardware designs without testing.
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Example 3: Tran3|ent Flow Networks (2002)
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Water hammer in complex propellant systems is modeled acc
combined EASY5 / FLOW-3D based transient flow network moc

Randler, F. O Grayson, G.D., and Mazurkivichs =The Importance of Detailed Component Simulations in
. > Feeds, gent for a Two- Sla?g' wm h1st AIAAJASME/SAE/ ASEE Joint
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MHTB LN2 Tank Pressurlzatlon In Normal Gravity
Operations Sequence (for Example 4)
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Joint Propulsion Conference, Paper 2007-5524, Cincinnati, Qhio, July 2007
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Example 4: MHTB LN2 Tank Pressurization in Normal
Gravity (2005)
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cycle and within 23% for the second | -
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FLoW N Science
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Example 5: MHTB LN2 Tank Pressurization in Low
Gravity (2005)
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a)t=1280s, Vmax = 0.14 ft/s b) t = 2300 s, Vmax = 0.094 ft/s c) t=3160 s, Vmax = 0.085 ft/s
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The validated modeling techniques are applied to on-o
conditions to estimate cryogenic space tank behavior.

Reference: Grayson, G.D., “Low-Gravity Modelln of Cryogenic Spray Bar Tanks,”
2007 Space Cryogenics Workshop Huntsville, Alabama, July 2007.
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Example 6: S- IVB AS 203 Flight Experiment (2006)
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Confidence is gained in our cryogenic tank modeling tech
experimental validation using Saturn S-1VB flight data.
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Example 7: STUSTD LH2 Tank Pressurization (2006)
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Predicted LH2 tank pressurization and TVS depressuriz
rates agree well with the STUSTD test data.

Reference: Lopez Gy Chandler, gL&detA Cyg ontrol Modeling for Ellipsoidal Spaci
Tal k R duced Gra avity,” 44thAIAA/ASME/SAE/ASEEJ nt Propulsion Con P p 2008 5104, Hartford, CT, July 21-23, 2008
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Boeing’s conclusions

e Considerable work has been done to develop accurate
CFD tools for propellant modeling.

e Quantitative verification of FLOW-3D based models
results has been achieved in many cases over the last 20
years.

* These validated modeling approaches continue to be
used for flight vehicle design today.

%}éWe greatly thank Flow Science for the dedicated support to
make a CFD-based design process possible for cryogenic
fluild systems in aerospace%}é
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Contact Us

LR SR RAF

Website: www.simould.com
Email: sales@simould.com
Phone: 021-31260876

FLOW-3D and TruVOF are registered trademarks of Flow Science in the USA and other countries.
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