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ABSTRACT

Before we develop LVAFoam, a CFD software for launch vehicle analysis, we conducted a
survey on other CFD softwares. We looked at in-house code and commercial CFD software of
other countries that were used as a simulation of launch vehicle’s combustor, turbopump and
external flow. This research included in-house code solvers, developed by NASA, Mississippi
State University, DLR, Bertin Technologies, CNES, CERFACS, and JAXA as well as commercial
CFD software from FLUENT, CFX, Advance/FrontFlow/red, GASP, CRUNCH CFD, CFD-ACE+,
FINETM/ Turbo, STAR-CCM+. The simulation cases of launch vehicle analysis from each

commercial softwares and introduction of the LVAFoam were presented.
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Table 1. List of CFD softwares for launch vehicle analysis.
Developer Soft Target Supported Meshing ~ Numerical Flow Turbulence Combustion|
oftware
or Owner Component ~ Mesh Type Tool Method Handling Model Model
Cartesian
Cart3D  External Flow Cubes Explicit Compressible Inviscid -
Unstructured
OVERFLOW External Flow  Structured =~ OVERGRID Implicit Compressible RANS/LES -
NASA INS3D Turbopump Structured  OVERGRID  Implicit Incompressible RANS -
Unstructured
FUN3D  External Flow (Node-based VGRID Implicit Compressible RANS/LES -
FVM)
LAVA  External Flow Un/Structured OVERGRID Ex/Implicit Compressible RANS/LES -
Mississippi . Combustor . In/ L
. Loci/CHEM Unstructured - Ex/Implicit . RANS/LES Finite rate
Univ. External Flow Compressible
Unstructured In/
TAU External Flow (Edge-based - Implicit . RANS/LES -
DLR Compressible
FVM)
TASCOM3D Combustor  Unstructured - Implicit Compressible RANS/LES Finite rate
Bertin
. Combustor . . Infinitely /
Technologies CPS Unstructured - Ex/Implicit Compressible RANS/LES
External Flow Finite rate
& CNES
Combustor o ) Infinitely /
CERFACS AVBP Unstructured HIP Explicit ~Compressible RANS/LES _
Turbopump Finite rate
Unstructured
LS-FLOW  External Flow (Cell-based LS-GRID  Implicit Compressible RANS -
J FVM)
UPACS-LES External Flow  Structured - Implicit Compressible RANS/LES -
Combustor FLUENT o In/ Infinitely /
FLUENT Unstructured . Ex/Implicit . RANS/LES _ .
External Flow Meshing Compressible Finite rate
ANSYS
» . Infinitely /
CEX Turbopump  Unstructured CFX Mesh  Implicit Incompressible RANS/LES
Finite rate
Advance/Fro Advance / o . o
Advance Soft Combustor ~ Unstructured Implicit Incompressible RANS/LES Finite rate
ntFlow/red REVOCAP
|AeroSoft Inc.  GASP  External Flow Un/Structured - Ex/Implicit Compressible = RANS  Finite rate
Combustor
CRUNCH PRE
CRAFT Tech o Turbopump Un/Structured Implicit Compressible RANS/LES Finite rate
CFD CRUNCH
External Flow
Combustor - o ) Infinitely /
ESI CFD-ACE+ Unstructured . Implicit Incompressible RANS/LES
Turbopump VisCART Finite rate
NUMECA  FINE"/ w In/
. Turbopump Structured  AutoGrid5™  Implicit . RANS -
International ~ Turbo Compressible
built in o . Infinitely /
SIEMENS STAR-CCM+ External Flow Unstructured Implicit Compressible RANS/LES |
polyhedral Finite rate
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Fig. 1 NASA SLS supersonic external flow analysis
with OVERFLOW [5].

Pressure

~0.291

Fig. 2 Pressure distribution of SSME turbo-pump
impeller simulated by INS3D [6].

Fig. 3 Analysis of plume interaction during SLS lift-off
using LAVA [8].

Fig. 4 Temperature contour of Pennsylvania State
Univ. combustor using Loci/CHEM [9].
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FYst A QL3 AZE|ojoltt Falcon 9 FHUNS AL (Fig. 6[11]), AdA thE A7)
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st Ax7] A9 & FAA BHA Ao & CPS& = 2=9] Bertin Technologies®t CNES
28 AFLE AT (National Centre for Space Studies)’} &% 7l
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Fig. 5 Ariane-5 plume analysis using TAU [10].
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Fig. 6 OH mass fraction result of Pennsylvania State
Univ. combustor from TASCOMS3D [11].

) Numerical schlieren in symmetry plane b) Zeschlieren photograph

Fig. 7 Comparison between calculation result using CPS
and experiment of shock vector control [13].
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Fig. 8 Combustion analysis of BKD multi injector
combustor using AVBP [15].
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Fig. 9 Numerical analysis of external flow of Epsilon
and NextGenEpsilon in wind tunnel test
condition using LS-FLOW [16].
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Fig. 10 Temperature contour of Pennsylvania State
Univ. combustor (a, b, f) FLUENT (c, d)
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<l /‘]‘?j A H]«] flame deflector %
[20]°]
NSYsoﬂAi A3t ust=

LZEJS YR 2 A
ELH_JHA AA, BE clZel AHEEATH21].

Advance/FrontFlow/red&= Y£9 Advance
Soft®] CFD AXEgolg Ao}l tjdt Ai
7] A[19] 02 Et 4§ AZEg oot vl A
=& FYsanh

GASP+= 1= AeroSoft Inc.2] CFD AXZEY]
& Fig. 119 Titan IVB ¥¥ 3% 34[22]el
AHEE AT GASPE= =98 WA (GASPex)&
5E OEEESY AREo] Jhestd, w9 WA
S HEy AFeuA 2dd F Fu M|
gAE 29 V)sol 23 YA &k

CRUNCH CFD®% W= CRAFT Tech®] &A=
Edol F FUZ JAXAS A& i A
71[23], LE-X <dxe B RPZ(Fig. 12[24]),
ARES V, SSME £%& 3a14[2526] 5 TAA &
2 tRE9] M AHEEHATE FE AZEY
of Zh&dl A sl T B3l e
AZESOIE & F T

CFD-ACE++% W= CFD Research Corporation
AN ALEJIL ESIONA QlF, o] FQl Az
Edo]Z EU 3¢ ATLLAS Z2AHE d47] &
A[27] 2 SSME B EE X QlIFA sfule|o]d 3

At 2 <X
A1

= z=
=

3]
CFX Ef&
314

RV

100

200

STATION (IN)
=S
o

400

500

Fig. 11 Analysis of Titan IVB aerodynamic loading
using GASP [22].
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(a) Compressible URANS

(b) Incompressible URANS

Fig. 12 Pressure contour of LE-X engine turbopump
impeller using CRUNCH CFD [24].

(28] Tl A=A

NUMECA international®] FINE™/Turbox H]
FE4 75 sl AZESSZE Fig 139 =%
2> Safran Aircraft Engines(7- Snecma Moteurs)
AFA sA[28], SHF HX &4[29] T TAA
BlHFZ M= AREH AT STAR-CCM+=
771 CD-adapcooll A 7HEHE AL EYOZ Ariane
S5ECA 9% fr&si4[30]d AH&EHATE A=
Siemens7} Q18te] Ful Fojth. 4§ LZE
Aolse e Rgd Aa 7)keln 5 8

4 &vlo A% 44 =78 A ATHE 2
4§ 2ZEG AN AdE WvRE,
A

o] AFHoRE ALHAT M} Z AHO
2 99 AeA 34E AFse] bk A7
= Hxd A 2T F Aok Ty AR
of =gt} MEEA Gy Es A ¥
|O7 o]&FHE AZEY0o]7] wiEo] TALA
Mol Fag 7l5s YR Fsrldle &
A7} Utk ol9} 27 NASAS Adoz 7ad
CRUNCH CFD®& 2AbAol tigh xukzel )
Aol 73 2ZESO R duA rt 53
o] Sz} FA AlxglFHo R HET 5 3o
Oxg EQY WRE Ho F11 ot

3. A iAE LVAFoam

P RPN

!

e AZES

il

Fig. 13 Change of cavitation areas at Snecma
Moteurs four-blade turbopump inducer from
FINE™/Turbo [28].
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Fig. 14 LVAFoam—-Aero main window.
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