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Supercritical Pressure
- 1st stage booster engines
- rated operation
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LOX/GH2 supercritical pressure (10 MPa)

S ubcrit/ca/ Pressure

- upper stage engines

- Off-design operation
(deep throttling)

Spray combustion, W|th atomization

LOX/GH2 subcritical pressure (1.5 MPa)
Mayer and Tamura 1996
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Experimental Apparatus \
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Present Numrical Conditions

We=0.26, Re=35

Longmire,E.K.,et al. (2001)
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Inoue,C.,et al., AIAA-2007-5461
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Experiment by E.K.Longmire et al.
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Inoue,C.,et al., AIAA-2009-5041

valve flow meter

X

iy

||_@D liquid sheet
E \ liquid
camera reservoir pump

Experimental Apparatus We=,01D/o >1000
(,0 :liquid density, D:nozzle dia.(1mm), o :surface tension cef.)

PO 1 B R O SR A qay/

-amplitude of sheet

~1.5

prWe’sf

-max. growing ratio; G(r)max =

fopoV
3 - Adzo

-with injection perturbation (same amplitude in each case)
InoueC.etal., AIAA-2009-5041
We 3077 5470 8546

CFD
theory o a o

=3077(Ve=15m/s)

™

We=8546(Ve=25m/s) /D

This document is provided by JAXA.



WEKY ¥y bV VETFVVYIIRT M) — JAXAMSHIEERE) v VRV YA 259

Liguid Reynolds Number

Atomization at Coax. Injector
at large We
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Simulation of Atomization Process Simulation of Spray
Fixed Grid System | Moving Grid System LHF Model SF Model
captureandtrack motions |gridsmovefollowingmotionsof| Averaged equations of two Trackparticledynamics
of liquid/gasinterface liquidigasinterface phaseflowaresolved

as
interface  |jquid | interface liquid

O breakup of liquid
column, droplet

O large transformation
of interface

A computational time
X analysis of spray

O liquid and gas phase
can be described by
different equation

X large transformation
ofinterface

X analysis of spray

O mist flow with lots of

droplets

X analysis of atomization

process

O spray behavior

A analysis of
atomization process
with breakup model

X dependence on
model

Distance Function
Osher,S.(1988)

Distance function ¢ is generated
from moving interface

Owing to distribution of ¢

Normal Vector
V¢
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Curvature
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are computed exactly

VOF is interpolated with a
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Distance function Heaviside function
~—_~ ambient fluid
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Distribution of heaviside function
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Kunugi, T.(2000)

This document is provided by JAXA.



262 FHIZE TR SRR R JAXA-SP-10-010

SRELERRE (CIP-LSM) © f@&Oyba 7 AnR iR EN

f Ref. AIAA 2005-3931 (Himeno)

FHEEERICDLT
KBS HOMEMEZRE
‘REMTREEHETTH

CIP-LSMD ¥

N1 : EREIGMETHEERSDOONRAERHNIETSH .

N2 : REEVry—7ICHMYBRLVIREOELE 1 EIMUIALETS
EN3 : BEOLEARAEREITELELFAAFOTEMONEEIE>TIVD

24

This document is provided by JAXA.



WHKE Oy b TUDVETFYVYIIART M) — (JAXAMSHIERE) VRO YA 263

SEEEF-SBHENT T v FigE

_D
o K o 2 ° a @ ‘)Q -
: .u \}OO :’:";0932 =
Y . o l® @ %
G 1. -
: .Aﬁouo .00

* BF YA XULDRK - FEEIFEF 15 —8)
* BFY A XUTORF->REEENZ I 5T 11)

REBH-EMENAITUY FETIL

KRR —IILOEE- ZREHEEEHNFCE T OMMERETICRITT

= L e L

e —
CIP-LSM CIP-LSM/DDM/\ATJ1)wk

AFADUYEZFEZIEILHEEIEZ LN, TREADEERRK
DIEE EERT—IILEEE LA TEORSEEEFE, by B B%ﬁﬁ(MZ)

This document is provided by JAXA.



264 FHIZE TR SRR R JAXA-SP-10-010

HELLETIL
O BEIEMEN —
O KREBE=HLIEMIEM L 373 376 377 370 SB1 383

SUERERETIV
BRELI-TILAEEREATE ER>1- 60mm
TILDEEZFLREFEEIZTIT. 300 Point

ZFNIZEOTEROE=IRILF—FBEELT
—DDEILAICKIBEERIES

DD —— iz ATA

14mm
] 70 Point SIARERETIL

BLE LI E

B

FOMTY b A=

INPUT WRLoEE  RiEeRI OUTPUT
 HRRE -

sae |t | amess || 2EENSE
- EsERR | e e | - TRvE—me || ES RIS
F 7 e W | B - BERE

- RERFHAD B WA LBERDOEEE —RTTE 7T IVOWMEAEICRB(CFD~»<T /1)
« AL - &3 - BERKDRBFEICEZ HREZRE(T 7 0->CFD)

- IRGHARERET - MABiRREREHEH 2 TS

* LOX/LH2, LOX/LCH4. F#hEUnEssas, EIRBIIRGHERICENRIRE

This document is provided by JAXA.



WHKE OZ 9 b ZUYDVEFYVIIART P — (JAXAMSHIEENRE) VRV YA 265

Fed &

sxstBRBEMOBELICEIFTCRYEHDPT, SBBICILAY
ZRE19 B R 5. HEROWMAILICEAL T, RERICE D BRRSR
BgE, YIalb—¥ 3 /EilRLONSZ#ERICREL TS,

PORBRBICE T2 BEEREEROMBCRK 2RBWI IR, K
EICHLL<., ShHSORMRICHFITIEZHHKEL,

QM TZIREBEDLLRICED VT, HERTRTTZBENICRRS
BE3IET, HHMLCERRRERESRAICEHNEETH S,

QT ROMEREITEDAMEL, HRAHISBREFIT—HLEAHEETN
DB/EEV >, ITENICABEMRAANERETIEHNBETH S,
ARENEILXAMEFHICETIMRAOESRSEVVSHOZRIEA T,
IVOUORARANDRMEZEBIRIMETHS, SkEdH. £R. JAXA,
KENSOIRNEEMNTIRBTHS.

This document is provided by JAXA.





