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Research of Flight Demonstrations

IFEFHEERPE L 2 — (Future Space Transportation Research Center)
754 FERETF— L (Fiight Demonstrations Team)
BRSEERE]. BHFRER. JIFERE. RS, mEL. BUER. BAEN. BT, PHEE.
EHFE. EEEH
Kenji Fujii, Shujiro Sawal, Hiroshi Kawato, Kozo Nishiwaki, Yoshinori Minami, Shigeya Watanabe,

Keisuke Fujii, Tomonari Hirotani, Toshiya Nakamura, Mitsuru Kurita and Tetsuya Sato

Abstract
This research is continued from "Research on Planning of Flight Demonstrations for Reusable Space
Transportation System" in the FY 2002, and is being carried out with the aim of drawing up a flight demonstration
project to prove important key technologies necessary for the reusable space transportation system by flight tests
in the next medium term. The following research activities were conducted in FY 2003.
(1) Feasibility Confirmation of the Next Candidate Flight Demonstration System
It was studied that what kinds of flight demonstrators are effective in the development of the reusable space
transportation system and feasibilities studies of those demonstrators were progressed. And to strengthen the flight
demonstrations plan, each plan was compared and discussed.
(2) The element technology necessary for the next flight experiment system
Important key technologies to realize the flight demonstration plan were selected, and their development
researches were conducted.
The flight experiment of parafoil guidance technology was carried out under the joint research with

Mitsubishi Heavy Industries, Ltd.
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Research on System Analysis

VTR T« 7005 ADBRREFRTEEDRY B RUTE IR T DS
Develooment of Concept Study Program, Investigation on Design Criteria and Research

on Aerodynamic Technologies

ISEFHEEERIAR T IS — VAT LABHRTF—I
Future Space Transporiation Research Center
System Evaluation and Analysis Team

BARL—., 85—, B Shc. PESE. HEESN, \FRGABR, BER, FEE. 2E=Sg
Hirokazu SUZUKI, Kouichi TAKASAKI, Yoshinori MINAMI, Takashi KA Tetsuya SATO,
Hiroaki KOBAYASHI, Kazuhisa FUJITA, Takeshi ITG, Takuji KUROCTAKI

Abstract

In this research, optimal design, evaluation, and aerodynamic problems for future
space transportation systems are conducted.  An optimal design program is developed
in the research of optimal design and evaluation. The design criteria are also
investigated and several types of the concept for the future space transportation
systems are designed optically and are evaluated. In the last physical year, a
developmental plan of prototype of the design program was established and a part of the
prototype was developed. The catalysis and the real gas effect are dealt as
aerodynamic problems for the future space transportation systems.  In the last physical

year, precious data were obtained by the high enthalpy wind tunnel.

1. EL®HIC

AHARISER 15 FEXDBHBESNIE, RFARTIE, FRFBEERDEET - /e 5 VT8
ISRBICWI DR ZETIE D,

ISR EMMEDERET - SHEICRS T DR TIL. FETER IV T FORERITER L. 2O
BEROEBHERDCEEBRET D, CNIEFHTERI VT FORERET - SHHRMOEIIE.
RAREOEHITEGTRDCLILCI>TERT D, COLHFHEETER IV 2T FORSTTOTS
LZEBFEL. BNETRHEECDNTIRIITDCE T, BHOFHTER IV T HORELELL
BRI E1TE D,

R BT EROZENRSREICT T DR T AEEIZ DN TE S NIZRER EBIARERETIC SRR
FTBCE, BRURESAIROESDNDEEERPL. MAZDRIICSSIDICCEERCT
Do ZENBEROHESRBRIS. MBEEICKDETROREELELCTUED, MEEORRBE, 2270100
RICBELUTESNZEEADRETHD, AARTIE., BROMBARICDONTEI VA ILE RIS

This document is provided by JAXA.



~ 6 FHMEDERAEE AL E JAXA-RM-04-009

BICHBNWTHRBRESE - =L, 7 —YFBHRKIU CFD [CRIMBEFEETED. =5l CFD
IC L DEEMREEED D). SREZREAR. P—INRMERRSEIUES TS XVIRERICK
BIMHERT — I DBREETR D, REJKEIRIC DN TIE EENERTHRFEDMRARELL TH D,
ZOEHEREERBICLDIERRROIEE. SRADEIL. T -YDERZEDD,

2. MEROBE

Tk 15 FERMTOEBLCDOWTHRZTE IS,
[DVETRIF+ TOTS ADBRE B EEDRE]

(1) DYETRRIF+ TOT S LDOSHERF

FEHESKIYET ORBRIETRDTOTSAZRRT DIEHICIL BRI NEROWE
LTNBHICE. REMSNTNRNREEHZS<FEITDEEAOND. TOEH, 2F2B1IC
D TOISLERERE L. RRNICBIBINETOISLADEBELET D CEREBHRORECL
1z, ik 15 FER. BRRTOHIBEESE L. UERSERERMOUNILDNS Y AZRDICIC
MOODTEREL., SRTOTSAOBESTHERELEZ, &5IC. YTYZFALNILOTOTS
LBRICEF UL, FEIVIVME - BERNOSBEILICET IMRET o

(22 DEMTICRET D3]

(1) 8IVIIERRBICLDT —YEUS 5D

SIVAIIERBICLDT—IWMBEBNE LT, HEST ICLDMBEHBRSIURESENR
AR E=RE LIS,

(2) CFD BEMTETILOREE
CFD MM ET VORI ZEB0NE U TESRETORERZTE /S,

3. HROBZ
(DY T HRIF« TOTS LAORFECRETEEDRE]
(1) DVETRRIF« TOTS LOBEIRE
VBT AT« TOTS5 LOREE Figure. 1 DBBEICTRI ERVERE UL, EE/NyF Y
THDO—EBHLUCARNDA V5 - T —ABADOBRICEF UL, TYIY VMR - BERNTOS
BELTIE UTO 3 ROBRRMEENE.

BTSN ES —IRT Y Y VOBR TS AZRIE L. REBREDUERZETIEDIEDHDHEE

EIo2 - TEA VT —UDBERNEER L. BENICHIITIBEEDT —INR-2EER UL

(Figure. 2 B8R) - & VT —UOiMERBERERAFGERBRCEE L, T-IX-2D
IRz Ry

[z RIS T D]

(1) BILVIIWERBICKDT —HEVES 5D
HIEST ICKRDHRBRERND. BRERDEDNRERNDZEERELLC, BRERFOEREBPTOE

This document is provided by JAXA.



TRk 15 R A BIRTHCART FE BRI A R R EE  [HR] 7

BEICLSHMBEMNDEGEDEREFR UL, TEEEIMENRERDER, TS/ S AIRY
%@I/@)bt@%mfp#b@ED&UFE%;&@EDD%E@% L/f:.o %/}lbﬁ}t‘@@&%%?@fﬁj IZW—C@
BESICIDEDEHEAT D,

(2) CFD fEHEES )L DIEET
SR T Langmuir-Hinshelwood (L-H) BfE&XRHTHDC MR THD TRENTE,
FZ CFD RUP—DRBGEEREICKD. BESIADEDENCHES MEMEDR/DEES U,

4, FED

(DYETRRIFT+ TOTSLADRERCHREEDRE]

TRISETBERDES L. IR TEBHTEERENENESNTUD, K 16 FEEHALTOS
DLADHEAEZR T L. BHOFETER D YT FOFEST ETE

(2205 IC RS T ST
SLYYIERERTEONLET —YEZORBRICEDERL. BHTEETRETH D, Tl

16 EEd., NcDIREZRT DFETHD,

CFD BIEETIVIC K DEM. BLUHBEDL
AR IEETDENER T — Y DEBR K UTETILDIEETE
- SREZERD | PREFERCKD/INS A ~U v D5
— DO DIFRENR - EAREEVAIC X DR IER
- BETSAVNAER | KEHERBRIC K DT iHETMmRESR
SREHERRICKDEERENROZNNDEZE D
- St (J8AK) [CXRDDFHRABIUEDEFHAEIERIC L DRESAZR D5

This document is provided by JAXA.



U ZE A RO R AT e R JAXA-RM-04-009

\ehicle spec

Vehicle
spec
Engine mass
Data base
Optimizer A
Tmax. mdot, Mach number, Altitude
A CL. CD , Angle of attack Y Structure mass
Y Y Y 4 Mass .
o <clehicke | roller Vehicle .| structure
i —— > Flight machanics eSS fass
[ Tw Max. Dyna.f’u'\c Prassure
TPS mass, Y
Qutput controller —Per formanoel-(— Cost [ Vehicle dry mass

Figure. 1 Concept of Design Program for Reusable Space Vehicle
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Figure. 2 Database for intake mass
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Synthetic Studies on Reusable Propu nision System
(1) fEEMERFFEORE
(2) FEEAEERREFHE
P #EE R F— 2 (Reusable Propulsion System Team)
AR ME, BA Fz, EEF RE BRI 2, FAZE
Naoshi Kuratani, Hideyuki Taguchi, Takehiro Himeno, Takuya Hasegawa, Hiroshi Aoki

B HHEER O et

Abstract

Synthetic studies on the reusable and future propulsion systems are presented in this paper.
Especially, we focused on the high reliability design methodology for the liquid rocket engine at
conceptual phase, the flight demonstration project “SubLEQ” that is propelled by the existing
propulsion system, the propellant management of the liquid propellant behavior in the fuselage tank
for the reusable vehicle testing and existing rocket under the accelerated environment and the health
monitoring sensor system for the hydrogen leakage from the fuselage tank and so on, that is, from
the fundamental topics to the application ones for the propuision systems in FY2003.
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BREEMAT 21TV, BEERALT.

2. 2. PREESRAHIMERE & = o L MEREREfE B =L

%i@% IS AN o U AT AMENTY — L L BRBER B HIRAT Y — L % RE bR
BXEY —/ (-SIGHT) X ->THAE L, MEBMEENTY — & LT OMBEMR % 5 L
7o, F¥iz, FlEE L TRESEHEEETHES L 237 A—F T L L EOREEERM &
T D M RE RO SRS OV TRl L e RS R A R S

BERERERR L LT, wHNETE BE X, 1B, &) OEAEEZ ERSAD 3o g &K
ELTEZEELOEDOEEIISNT 10,000 BIOFET ARV I 2 b—a X FEfTL,
PRBEEE DB RARE DPCC & ABE=IRE L AR DTCC O &3l L7=. HEME TOK
MBS T LTI, HEORBRENEWVWZ LALLM RoT-. £, AV 74 AZEEL
72V (Standard ﬁ@ifﬁ) Tk, fEIGABREEE (AT #PH) 209 2 aaetEn % 1.8% %
HZ EMNFig23 DX riamahic. £, I///{’E@]).’—'T%E’/ FARIZN) I T30
b%ﬁ)74zﬁ§%Lt%”Gmmﬁﬁ) ZiE, WRFEMHEEN OB OEE TIE S o0
TWAZEDRHALMNTRD, #Aénf*%%%?ﬁ/—w@%%ﬁbﬁé FIERE T
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o, VUV RT AMERE L RBEEMAINERE R, MRBESEFM N, =T MEEE sp, T
YU EEWeng ie 8L BERHEITHREILERZ A —FIC L L EOREEHML
T D EREROE R DUV TR L7z H BB T T V& Fig2-4 (T~ T. ZORR LD,
BOEER X, BREESRDEINERE, MERFEMT LTI L LTS LW I BT A—¥
OBFFEETMMETAEI LN TERE. ZOLIRETAZ VAT LAEEKIIEBLT, 5
DERFTERETHMMCHAWDR ZENTEDEEZ TS,

E

QT range

AT range

EEiEiid

2
]

|- About 1.8 %

30 [P 4- [- Out of AT Range
»

.

B
8

FV1: Vacuum Thrust (STD output Profile)

4

s W 8 £ 5 51 52 53 54
MRE1: Engine Mixture Ratio (STD output Profile)

Fig.2-3 AT Range Evaluation due to the
Cooling Channels Tolerances

‘ Impeller Dia., DprL
1

Fig.2-5 Simplified Turbopump Design Tool

Model for some components

| Max. Launch Capability |

Max. Launch Capability J
/d : Chamber Cooling Limitation

Limited by Constrained Condition
- ===

4
\ Current Launch Capability
& Combustion Life

....... » ~_Nf:Combustor Life

Driver (Variables) is
AL: Variation of Chamber Parallel Part Length

(=]

AWL: Launch Mass Increment

Life Reg|

Fig.2-4 Objective Function for Combustion
Chamber

Design Point moves,

Margin of Safety at

N-order critical speed

Dp = D impeller [em]

N-Order Gritical Speed
Integral Surface

Fig.2-6 Estimation the Margin of Safety
against Critical Speed by Integral Surface

Critical Speed
at (Dp, Dt) Design Point

2. 2. 2. H—RR IR IS T T

Z—RR 7 OMERMK EHEE— FOSEERROGICEEORBRELZEL T,
HENEE— FICpEINAF—E T ¢ AV EE LiEE 2 MiITdRETLE L.
VUV E T VL X — RN TRERITET VR Y 7 4, (BB loA ¥

7 = — AEBOSHPLEIIH T D F— AR T HEREE

EEMIZFHEL, #—FREK7

DRBRIFED 1 7oA LTRITLELDTHS.

BEREENMOXMBLE L TBRLEZY—E T 4 AZBEEX, SEFACHEEN, &
HNANC b LWEMLICEY T 5. BHERBERE L TWE - T 4 A7 2 EET VL
LT, TOMERBOFMEITo72. BEREET— FEHRLMILT, ZOLIRETLE
Z— KRR TOBEREMIET 5 LBSHBAETHS.

Fiz, IR TR OEREBCHONT, BEERSCARES W NIOEL LS LK
<, TRLOHIBEITIES TV, #iRENI L Te X MEZH A 2ITiE, EHigE
B LR E L2 CELHETHT LB ANTHS. £ T, Fig2-5 (I EERME
SACBATDRRE AT A—F L LT, £ ~F44 :Dp, #—Y . PCD: Dt, EFFEERE
N ZHW\WT, Dp, Dt /57 A —# L4 5 faREE O % Fig2-6 DX S IZETALL,
EASEERE N & 0% (EREERE) 20 LRRE EENICRIRBETRTLNT

X7,
Lo 5. a0

OB Y — N EROWTHBEEZ BTS2 & T, HaREER TR RE 2T
HEDICEITHLHEETL, TV AT ARKOEBLICSNELRBEOME AT
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Te. ZOWREHEBITY —NE2ILICEFITHIZLIZLD, ZJrVbp—FT 4 LV FICEE
SRR TORFNEOEEEHE LN TES.

S, (1) F—RR T PEBERLOBRERFTY —ILOHRELFELETHE - L,
(2) HFERFRBRICL-oTH|EHRZShDIEEOHWEEE— FEMHEL, =744 L,
fRATREOR E2ZXS5 2L, (3) WA D= X LADRFRERIESICIIA =X LEEO L
AREERTHZE, (4) ZhHEBES L THEET— FOICREREZH I Lz
FREOILREITO VERH S,

3. FEAMEERBREEOME - KR

3. 1. FERHEEREREE

AT, TAHA— MEAWEZEOHEMAEAORNSNER 2 EIET 572012, Fx2HR
7737 —CRIVRLERZRXZ (BERERTY 1—H) LEblz, ERBVIALT
Do EEHEINE BT A RITHS 2RI 5 (HINEET A b2y F), HEWITEE
REABH 2 EWNAI vy a2 2 b BEL T, BEHERBELRAZE L. £0H
Bk, BUEBEZBELE LWL Z 505, [SubLEO) #YHEDAFRE L, bo & HL{EH
HOBWEITEMEZRFEL Ty FEBRBEZHBK LI L3580 THS.

3. 1. 1 FEBRHEEROBR

HBEL-EBREEROHNEZ, UTICEETS.
(1-1) FEHEHEOEREH. Blc7R—2v )5 OFEE. (FERAERTY H—H)
(1-2) #&vi UERIC L 28T b EiIF ok, GRITHEM oBkik)
(1-3) FEHFHx TV - BEEE - WiW e L, EIEESoRtt, ENELET A Ry F)
(1-4) EEEER BRBAKEBH, HE o774, (WA v a o wi)

(1-3) OHENE, BRKEE~ v 3L E, (1-4) OBES, FESE 100 km FREE,
EE R 200 PREE S, —RRERLE L7,

3. 1. 2 SubLEO EEh#§H

3. 1. 1EOEBRAMICKS L, BEBRNORMHEZLLTE L.

(2-1) bolbEEMEORVEHBMEZRE L CHEHERZIZET 5.

(2-2) TEEEOREN, " FFEMRZIEEL, sub-obital = v a #RMET 5.

(2-3) [E—fREIOMIE T, RATHEIR (flight-envelope) ZEXBEMIZIERL, F#EET—F
T ALY, BERERH, F-7FR— MERABEEHT 5.

Fiz (2-1) OEEMNEG, TP LT, LESB #ELE. EBRENRAICH
WT, BihECERE (VIVL) /HRigzEAE (VTHL) © 2 JBiE%, Figd-1-1 14, #E
DOFRERIE, BIED 2 BREIZRAN, FEMRICHERE2 Hvini, mEs s, 3
EEEE 100 km FREE /S R EE > M3,/ B Bk R > 200 B AT 7-8 5 RAAARTH 5.

[
|

v B> 100k T
;!,m > M3 2t

VTHL Wi 6.5t0n @ 1.65m

Wry 2.5~3tan

Fig.3-1-1 Flight Demonstrator Concept for Fig.3-1-2 Roadmap toward RLV
“SubLEO” (Reusable Propulsion System)

3. 1. 3 BEH{BITOR—F~y7

0 3R U GE FH ARkt @ ISAS B O BT RCR & Sk - $53E L7/ T, SubLEO f{#F
EBREIT\, SHICZOERKE 7 T AX - IIR{LT 52 LT, MERIEEEIZ/NEALA o
— FZHATE S TSTO (Two Stage To Orbit) HE&ICBITT S Z L Z4EE L7-. SubLEO &
BRIviar b LT, BEHERBIART Y ORI 2 TEBEICIE, &
SDRBITOLERE L 2D, AR TOr— vy 7%, Fig3-12 277
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3. 1. 5 FtH

Lo L LEHMEORWEHMH Z/HELT, ory NERBEERL, (1) FEERESR
S OMESr (2) BATEM O S 5238 (3) EHERETET R by F (4) /&
MHI vy va R lITHETH L 2BFE LT, EREHELBER L.

ARSI, ZHICELS, 2L LROOE S0 BN BN S %% - 25
LEDETHILIE, EETLHY, DOEVWERORREICLAS. 2, BiTEHos
EHEz BRICH X, AT L CHEH AR 2 BA L T L2 28 L. B
EOREL, BT OENKEORELEHZ R8N E, VAT ALMKE LT LOV (Loss of
Vehicle : #{KFEK) Z[ERT HHEMOERK L LR TX 2. HIFREOESCIEN 233 E
L, RHICEIERRRICED S Z L2 L.

3. 2 HEEIKIEE EEAELT

ABEFEE, FHWBIER Y 7 NERCOMREHEER S B ORI 2 B e LT, B
a7y hEBREIEYE () RITE T DEREIC 3T 5 & v 7 NIlEHEE R O By 24E)
ZEETL, HAY 7 & RO AR ER & B S U B B R ERRAT O i
FERMOTHMICTARDL Z L 2RAELOTHS. Ml R r— L CEBREEE L Bl B
FFC—BT DL 2B LD AT, EEAr— 0¥ o NIKEZEE) 2 EE0I1C T8 L
7. IFICHRI R r— L CoOl®mFl, 0L \W—HoETr25R.

UEDLBy, BERRr > hERE (Fig3-2-1) OEMERITHICHEESZ > 7 ONEEC
RET HREEBBSR L L 0 R ICIER T <<, BRZ 7 2 A=t EER (Fig.3-2-2)
XM L7 9 2T, CIP-LSM 2 & % B B EW RO S IR BN % 320 L 1=, 7Dk,
727 DNIBICAREE SN D HEER (Fig3-2-3 & Fig.3-2-4) L 2GR, 82 ik
LIBESELOICHEDTHD EFEliEhi=. L L, BEBRO TFTHF~EAT SR Z
7 PHEEHEND TR D BRI G ETE T, WlIR T 2 ¥ 285 L CilikE8 o34
T AR BMMES .

AE, PR E RS R OHEER T B TE A SIS T 5 =010, BT &
EMTHLOARAMEEZEFCE-LTUETE 2. FIEORYMLIET 5B SR
8,%%fﬁéﬁ%m¢ﬁ<ﬁwﬁ,%k&ﬁﬁﬂ%#ﬂtﬁh%@%%ﬁ,ﬁimﬁ&
MTHBRDZ EEHFL.

™ - > ‘
=
Fig.3-2-1 Reusable Rocket Vehicle Testing Fig.3-2-2 Model Tank Mounted

(RVT), Conducted by JAXA ISAS on the Mechanical Exciter

Fig.3-2-3 Sloshing in the Model Tank Fig.3-2-4 Sloshing in the Model Tank

without Anti-slosh Devices; with Anti-slosh Devices;
Experiment and Computation (t=0.48sec) Experiment and Computation (t=0.48sec)

3. 3 EeNR2WFEE (KFREEH)
3. 3. 1. iEDOEE
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FHEE T AT HMIBWT HEEEM L 2 BRI, BEoFEEE T Tzl
HlEr PRI RE - BEREL CURERICUIEZ A Z LIk, S vyrarEFRHBAWITR
—hMZEBI vy a U BBRORIEFAEELTAVAT AL LTOREELLETHS. *
ITCVAT LEBETAHET, RbERRKET— FE23| R Tt H 5 KFEDOR
A L C, KR - (KERSE CEHFTRERAEE YOI EZ LT L TITo TN 5.

3. 3. 2. IEOHE

AEHIFRTKBERIE L THAEFEDRKELS BT IBILF T AT V2 X T 7
AR_QaTHAREICEAELLZLOT, KFFHEKFICEIDLZEICLV T 71430
DI EE{LEE=F L T\5 (Fig3-3-1).

ISHEEIZBNTIRINE COME%E DS & IZ OTDR (Optical Time Domain Reflectometry : ¥
RFE AR R ETR) B EFRIA Ll 7 7 A ~SkFEE - EERL, KEHRIEE
PEEFHAT- X5, BE - BERERS LOEREICE O THREINAER S OFEE,
FEAEZ ML, MREEEOZD D PYWO; KO S{L « EMiFIC LA WEICEAL TH i
WRET 21T, £, KFERLVE2ory b PO F —RR - FHEERNTRRICE
ML, KEREBRH~OEBEHMMEIT- 7.

3. 3. 3. RREOHE

OTDR i &=FIH L=l 7 7 A NKZBE 2B -FHIi L7z & Z AKFEOHIEIC
LB ROBEEERZXDZLICKEILE (Fig3-3-2). ZhEk7 71 N2ho7=
—RITH M DOKFESA 2R T X TRIAETHHZLE2TERTALOTHY, BERHTS
BT AAEIRBHLEHEPE2AITRHEL Y BOoMAEIEL T ELTHETHA N

.
3 ESESAIS
t;ﬁgﬁt)’ﬁ @ I #100un
7 e
l RUND l (ﬂ:t@{{?tliwom‘mitﬁmu 3
BT AFLINLAEERM -
WO; + -’.rZ)H?“HN_W’OE "
CAVANZEN®
- Distance / m
Fig.3-3-1 Measurement Principle for Hydrogen Leakage Fig.3-3-2 H; Detection
Sensor by Fiber Characteristics by OTDR

BE - BERBEICHOWTIHGESEHICEERH 2 b00RBEENRE LL{BLbh5 -
CiE<, BMESEEAEVWC EEBRLE. —F, Mgt T L V) VERRC &
STHEEBEHEENSENTAZLZHLNILE. oy bV rDZ—RKRFITBITS
KETRERE~OEE AR Tk, MBI AKFBRNDA 2o OEREICKIT
HARERIERIZFI TE 2o 7208, RBREFH P ORE - BE - FEIALOEELZ
i, RERBMZRTZ EBPMERTE-.

3. 3. 4. 5%BOTE

L3 13 PUWO; IR DRI AARBIC L 2 oAl o Vo EHREHEOMFEEEZ1T9 £ £ b,
BBRERIICBIT 2T —#ORE - B E217T5 ZEICL OV KRBRENEDITRAHKEE
YV AT LAEBEL, ILIFEOERICEITEZRTFTEITY. £/, PYWO; BEO I
Wt B OREIZBE L THLERIBMBLETH D,

4. £L9

Telry b O AR ERRGEHFEORE) ZF0ic, BERAEERMTEOM#ESIR
Wam L. 5%, FEAREMEZ BIRICBGHEL 2D & L b, ZOERICETLT,
— [0 lZTERVWHELESS&EHHIn— LW mBEEREL, NUERBE [EERTK
Wi FiE) TEEREIEIERRGE) 7o EIRZO T A — MEREHERIC T TR OILEAFHE L
ThvD.

SEEMRICENT, BUTEMEZETALE LTI LT, = P EYRERIC TR
EWETEE, E-BEZEIEE, KFEEORFMEL LTEMLE. BROBMITII,
BHEALE L BTz,
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High Speed Flight Demonstration Team, Future Space Transportation Research Center

Absitract

The High-Speed Flight Demonstration (HSFD) project is the latest in a series of flight experiments in a
research program into reusable space transportation systems being conducted by Japan Aerospace Exploration
Agency (JAXA). The project consists of two phases which use sub-scale demonstrators based on the HOPE-X
(H-II Orbiting Plane, Experimental) winged re-entry vehicle configuration. Phase I uses a vehicle that operates
from a conventional runway to verify an approach and landing system for the final part of the return phase of a
winged reentry vehicle, while Phase I was a drop test from a stratospheric balloon to clarify the transonic
aerodynamic characteristics of the HOPE-X configuration and to obtain data to validate wind tunnel tests and
ycomputational fluid dynamics (CFD) predictions. The Phase I and Phase II vehicles are built from a common
set of core components to reduce costs. The Phase I flight experiment was completed successfully in 2002. The
first Phase II flight was conducted at the Esrange test site in Sweden in July 2003 in collaboration with Centre
National d'Etudes Spatiales of France (CNES), which developed and operated the balloon system. Although
the experiment had to be discontinued after an anomaly of the recovery system resulted in damage to the
vehicle, flight test data were obtained at Mach 0.8, and fully autonomous flight control technologies for the
transonic speed region were demonstrated. The data obtained from the HSFD project are expected to provide

essential information for development of future reusable space transportation systems.

1. &l

WS Ol R AR T RS R B R O B BN B R A N AT DR 5EE 1T > TRY, B{EETIC
B B2 A 9250 (OREX) ¥, MR A8 T 5268 (HYFLEX) ?, H B Mt T £ (ALFLEX) Y D3TRITER %
FEWLT-. TSI OELT, BB TR THEIE (HSFD © High Speed Flight Demonstration) FHA3 5
SN TS, 72— 1, 72— XA DR SN AAREE T, J?Jaiz 11 EFEICBMEN, T 14 4F 10
Anb 11 Ao T7=—X 1 Tﬁw%ﬂ% 27 =— XN OFATERNRENENFIE RS, AT
V3R 15 ET“@EBZ%EL*71—;< O AATEROFEERIZDONT JFA%S

2. BEERTEEN Iz —AI0EE

BT EIE Y =— X T O HAYNE, RATEFEICLYE B A FHEEERIF Ao 2
BrEZ SRS CHEEL, THASRT —X2 35281210, HHE RICARMEEEO REWEST HEE T

DEIAFER 3L CFD GHE R (A 15 il i EEKALOTHD. £z, ZTOIRARNHEEDKEN
BB TR AR E R R N OERES HBYD—2TH 5.

Fig | 37— XM DOIvvar7aryAA/VThs. EibEILEm BRIV 20~30 km £T EFL,
A3BE, B TSI BRI TN T 5. BiEwy B (M08, 1.05, HLLIE 1.2) ETIRLZFRr
FLCEMO.03 OFAZEE T — EV//@&%{%%LOOJ@{@%E@B@ TSR, FOR, 2REZE IR,
%&@‘S%mﬁﬁ/\f femby Ve — A NEDZE T — R RE 5. *fﬁ’\?“//\’ﬁﬁﬂ?‘iﬁﬁi‘%Tﬁ“é

&, FEFHRIIR KT ERSECT TROEL, &< m&7:~x@iluy[:ﬂzf\m7bsof 1TL, Bl K
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ZECBELIZRF R CTHEINRE N T a—bMAFBISE, BETEICZ T Sy 7 2RBIEL TEMT 5. KBk
EOGBERDOATREMEZEEL, ERTYT7IITEROEIR KA ESN TEY (Fig2 28R), Eirk
IR T ==X AT AT, B DOEEFREFEH N TR ROEIR XA 1 SRBEL, FOHNIH]
2 TE5E9 HAC (Heading Alignment Cylinder) (&% & To L MERE 23 E L, IIEHEITIH - TRITZ
170. DEEPOHEMET, HHlio P —HICLAEEFERITTHY, BAKOEIIa <R (ST 22—
MEED b LIIFEE B~ N (RITH K, BAKIE) LMt L boa< U RIZRELRN. 7o—
A MIXCNES (77 AESLFHMFE 4 —) LORFEM THY, CNESITRERR OB, #EHL, Fir
BB O~a 77— |C LA RN EEA Y 35,

TRATEBRGIIAT =2 —F L OF VT HIERMDO T AL P ERIETHD. Fig2 T AL POMB R
PERRERT. AL VAT 2 — T A (Swedish Space Corporation, SSC) (ZLViEH S,
K[ERBCERIERR, YU T 107 aryMTE LiThisk, f 2 BHHRR SN LIRS sE B Th
D, ZOdbliZiE ZONE B EREINAEE N DY T T 4 alr b AL 237 b2 VT 385, EIFEORIT
TUTIFEARRNZIE ZONE B HELER, IRIICE>TIET~LET 20328 /-. ZONE B o
2, NFva—he T Ry I EBENUSE L/ /A 8 LT, Mz s el iy Tt CREE 3D 7o (KA
[ELFE 3km | H > CHER CE D&M 2 4 Dl X &% 14 DTk EL-.

AT EBR AT LT FEFEHE, i ERRER UV — VAT LB EERREN, Figl 1%, 07 a7 T
5. EABET AT LXK, aANRVRAZOERICNZ, A7 Y a—VEFEOB NS, TOBRERIT
AIREZR IRV EAE DB DR 2 HWVie. [EBHEZ D, /SL— AT AlE CNES DY THS. ik
RAED— B OCEBRIG R DM 2@ E H(ATOL —F IE T AL UV R ORY = — T A BERR O % fE
HT%.

Fig.4 |3 3570 D 3 X, Tablel IXF T THS. BAETERII, REBEAOLFRTHELREETHY,
AFfixf L L TORGFRER, CFD 7 — #7038 S ([ZFET 5 HOPE-X(FH B HTB) ik L,
PAXNE, ERANEZZERTHDICHE o7kl TR0 25%HERELTE. 2P LE M7 —A35E
AEERERFH ThD. ZEIEEITEADTLRY, FH—THY, R7T4—77v7 1% 10° _Lif, HOPE-X A
TIFRAE—R 7L —F L THESRE T AT U v b7 4 —i3 40° BRIREETEEL L. ZNOHOREAIL, RITHE
PO R TREO R AR OB B E L.

¢

Release ( Altitude 20~30km ) . 4

Deployment of Airbags

Fia. 1. Phase I Mission Profile
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S 3. MITREMER

3.1 BE

EETRATHIE 7 =— X 11 OF 1 [EIRITERIT,
B~y " E%E 08 LEXELCER 1647 H 1
HIZSE Sz, SEREHE T B B ] 4R 6 BF 3
TICHEREL 72, Fig.5(a) 2 (DIZ RO 5B
g, SRR I BEFERF O BB A R 520
— A 2 FEOMBREKICERSh, LETEREK
(1 S IS 7= S TRl B R ER DN BfE S
5. AT, BEREEA 1 B 10 53 Twon
0.8 FATICHE/ 3B THHH 21km (2F
EL, a1 7 B 14 DiCRE»L oSN,
Fig.5(c) it LR L= 7 BERF O BEE TH
D.

B O EFEI2A XM Table 212, FERS
T —H#% Fig.6 |2, MATHLES Fig.7 I2F % ~7.
Fig.7(@)iZ~ 3 L9512, EFEBIT= AL T OFF
B[O F, ZONE B & Izsh - s Coffs
=, 20k, 6 HO7—XIZ5BIENEHE
1%, \ZFNERI T 7. bbb, Bk 29 7
b 40 L EICE > T=y 0% 0.8+£0.03 D
#E TSN, AR 147052 Ol 0T —4#
BEGEINIz. Z0%, BIE7 = — XER O #
7 = — ATV T EGEREIE Fig.2 O#5 AR X 5%
BIEL, HAC fLE L EEHLEAFREL, HAC K
AMEOREITIR > THERIL 2D, FULAIZ
A2 TRITLZ. Fig. 7T EFTIC I Ial—
arsiZIWBREL QW a7 r AL BER T,
ZTDIEHHETEFEZ K AT TRL TN,
OO EEMIL, KEDRRE DR R ZE ) fetE
| sl 1L w5 _ RLREHE, xOFFEBESLAHIBE T
L Z MBS T2 Iz —var (£

5 'm_ g TR Ial—ra ) BROGKBRTHD.

oIl i j T RAWMEESTEIVETEIoLLOD, ZO%
] I, R TN T, T EEICAIT

Unit : mm L CWAEEFD3 A,

IR R dak =22 LT e R T, Ha B —
I TFEBEYEINRIEBI 2~ FERE LR,
Table 1. Phase Il Vehicle’s Maior Characteristics I_Elllﬁl %1{‘5:/:_ Rl tonsedy s
Design mass 500 kg AEE I TRAT AR, BEHIRR AR L7, BEHh TR

Latitude (deg)

21.0 | :
Longitude (deg) :

25% Scale of HOPE-X|
Mass : 500 kg
Length :3.81m
WingArea :3.14 m2 |
MAC :15m
Wing Span :242m | |

Fig. 4. Three View Diagram of Phase I Vehicle

Maximum dynamic pressure 15.7 kPa DI DT E% Fig8 [Znd. ZOFRR, 7=
Maximum aerodynamic load +35-10G —XNMOMITEIIT 1 BORITESR THEIN
Maximum descent rate before landing 6.2 m/s Brblicste.

Maximum impact acceleration at landing 8G
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(a)Pre-Launch Check (b) Launch (c) Release
Fig. 5. Photos of Flight #1
Table 2. Flight #1 Time Sequence o ., , SOkm
Time after et :
Event Release (s)
Release (Altitude 21.3km ) 0 ~ 882
Constant Mach Phase Start (M0.8) 29 o
Deceleration Phase Start 75 2
Return Phase Start 82 s
HAC Capture 127 = 680
Final Approach 148 o
Recovery Phase Start 256
Touch Down 318 - 3 3
678555 —— —37s
Trim Insertion Deceleration Longitude (deg)
[Acceleration ]|[Constant Mach] Rel [Recovery] a) Launch to Touch Down (2D
: : : Lz (a) | (2D)
Trim Insertion
3" - e
0 8 3 -
2 el 3
10 z & o
-E 08 By
598 0 :
£ 04 B
§ 02 <
0 207
20 = 510 209 208
E 15 & AL | 211 Longitude [deg]
<2 .l i (a) Release to Touch Down (3D)
sl
%U 0 i [Acceleration )
< AR 4
20 5
20|+ ®
§ 8| .
T =60 o= pe
5 w0 28 g
45 [i4
o 3 g
é 9132 Dynamic Pressure Limitation E"
45 1

Al
i ] : : : 13893 === 4 (1568 kPa, 160m/s EAS)
0 50 100 150 200 250 %o 1o 04 08 08 10 1.2 4
Time after Release (s) Recovery Envelope  Mach Number
Fig. 6. Time Histories of Flight #1 (c) Altitude vs Mach

Fig. 7. Trajectory of Flight #1
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Fig.8. Phase I Vehicle after Touch Down
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Fig. 9. Design Requirements for Navigation, Guidance and Control System

20 FUT IS 0 B SR TR R
Mach Number :1.2,1.05, or 0.8 =0.03
Constant Duration : more than10 s
Mach  AoA Sweep Range : wider than 10 deg ~ 2.5 deg
Phase AoASweep Rate :-2deg/s ~ +2 degls
Altitude : higher than 11 km
Recovery Position : within Recovery Cone
Interface  EquivalentAir Speed : less than 103 m/s
Through Dynamic Pressure : less than 15.68 kPa (160 m/s EAS)
the Flight Normal Load Factor : -1.0G ~+3.5G
Prohibited Area : no entry
|-——. Constant Mach Phase ——————————
8E 2 i ; : : 1]
g x 15 ¥ - M Hy
T 10 ——— — -
] 0.83 . i i : 3
£ TT07E <M <083 i
Sl i st s 0, 0 20
§ ol : ,
. 1 e
S RN .
g g B[ 100deg — "N : : Fig
% 8 4l 25deg - 1
s = 0 i ¥
2 : :
i.s o T o et A NI\ ]
I : i -20< 5 <+207 : i
32 U 40 50 80 70 3
Time after Release t (s) 36’
Fig. 10. Constant Mach Phase of Flight #1 =

Trim Insertion Deceleration
[Acceleration ]|[Constant Mach | Retumn]
¥ ¥ y

Coefficient
Co

16
2 ot 15 BB KPE 160 MSEAS) ... -
§ 12 ; e LI i g
& @ 10
r o N,
Eg & §
g 4 $
(=) PR DU R RS N BT R L e R S 8
o i
g ! £
O s s——— $
"E 2 ..... E
Br 4| 2
4 Fig.
20
& 5]
?1 ’g‘, RN TSGR - S -
B2 5 E’?
g2 o 528
w "
B i ; Eeg
=0 150 200

Time after Release t (s)

Fig. 11. Time Histories of Flight #1

8

AH(m)

o TAR 298 NG
-7 Recovery. Lone.i. Ng..

Altitude Error

500 0
Range Error A R(m)

. 12. Recovery Interface Point of Flight #1

_* Flight Test Estimation
= Wind Tunnel! Prediction = Variation}: -

13. Estimated Aerodynamic Characteristics

90 {r P

70} o] s B e e vactciony .
0 2 2 3 8 10 12 14

Angle of Attack @ (deg)
Fig. 14. Elevator Angle of Flight #1

This document is provided by JAXA.



AR 15 FEER G BT A T H R E R R M E  [WkR] 21

WEEHES —RY =y bx P OWFZER 3
Development Study on the Hypersonic Turbojet Engine
TV RBREANBE R Y —, RIS AT ABFRERRE T — A
g, MOFHZ, T4, DRI, R, Sl B AER, AT,
WNEFz, BRI, FAEN, NBAEE, &RE f ABERT, T
High Speed Propulsion System Team, Aeroengine Testing Technology Center
Tetsuya Sato, Hideyuki Taguchi, Kazuo Shimodaira, Hireoaki Kobayashi, Keiichi Okai,

Shiki Iwase, Hisao Futamura, Tetsuya Morimoto, Takayuki Kojima, Kazuhisa Fujita,

Takuya Aoki, Hiroshi Hatta, Ken Goto, Motoyuki Hongo and Issei Iijima

Abstract

Development studies on a hypersonic turbo jet engine have been conducted to be employed
to the reusable space transportation. As this mid—term target, we propose that a subscale
prototype engine will be produced and demonstrated under sea—level-static and supersonic
conditions (Mach 6) for getting fundamental key technologies and valuable experiences. Engine
system optimization analyses for an actual TSTO space plane by the precise components data
on the performance and weight as well as the dynamic characteristics along the accelerating
trajectory is also investigated. In this vear, we got fundamental key results by a trade—off
study to decide the prototype engine cycle, a study of the defrosting system on the precooler
(a cryogenic heat exchanger), wind tunnel tests of air inlets and nozzles and an application

study of the composite materials.
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BTEBOBLI Yy b P &2EM Fig. 1 TSTO (Two-Stage-To-Orbit) Space Plane
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Air-Inlet Precooler Turbo-Machine Variable Nozzle

Fig. 2 Pre-Cooled Turbojet Engine

Fig. 3 Cross Section of Core Engine Fig. 4 FEM Model for Air Intake

Fig. 5 Density Distribution (Left) and Entropy Distribution (Right) for Multi-Stage Compressor
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47%), (Fig. 6, Table 1)

pueragsd | pressure
Nozzle Type| Year Biamatie Loss by
: lcing, %
um
Paral lel 2001 300 12
Colliding | 2002 100 47
Spray 2003 10 12
Vapor 2003 = 15

Fig. 6 ATREX Engine Test Model Table 1 Decrease of Pressure Loss by Methanol Injecton
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Fig. 7 Rectangular Variable Geometry Intake Model Fig. 8 Multi Row Disk Intake Model

External Flow
M=3.5 Re=1.81X10%
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Fig. 9 Firing Test of Ram Combustor and Nozzle  Fig. 10 Visualization of Nozzle Flow Field
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Fig. 11 CMC Intake Edge

Hydrogen Cooled C.C.
Manifold Hydrogen Passags

Fig. 12 Manufacturing Process of Ram Combustor and Nozzle by 3D-C/C Material
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Fig. 13 Research and Development Plan of Air-Breathing Engines
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Research of Combined Cycle Engines
FHEERH B 42— BERER. EHEEX
Space Propulsion Research Center, Yoshic Wakamatsu, Nobuo Chinzei
BEEHEFRITIL—T =88

Combined Propulsion Research Group, Tohru Mitani

Abstract

Combined cycle engines are under development for spaceplanes in future. Performance of
scramjet engines was evaluated by using CFD codes and compared with engine test data. Variety of
engine components was also investigated. Peformance of scramjet engine under high Mach number

flight condition was evaluated by using the high enthalpy shock tunnel. Flight test of scramjet was

planned and prepared.
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Numerical Analysis to Support the Development of H-T1A Launch Vehicle and LNG Propulsion System

AT ARl 7 e —
TEARTIGR, OHEkME, IREFHIE, JEACKER, (IFE R
Space Systems Evaluation Engineering Group

Kazuya Shimizu, Takashi Ito, Hideyo Negishi, Taro Shimizu and Nobuhiro Yamanishi

Abstract

Numerical simulation has been carried out to support the development of the H-IIA launch vehicle and the
LNG propulsion system. Numerical results reveal the mixed flow field with hot hydrogen and cold hydrogen in a
liquid rocket engine of the H-TIA. The local erosion results from the change of the heat flux to the concavity and
convexity of the fin in the solid rocket booster (SRB-A). In the LNG propulsion system, it is indicated from the
numerical evaluation that the increase of the pressure in the combustion chamber and the decrease in the
chemical non-equilibrium loss are required in order to improve the engine performance. The effect of the film
cooling inside the igniter is shown and the flame temperature was estimated. The consumption of helium gas at

the flight is evaluated by the numerical analysis.
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Cryogenic Mechanical Performance Assessments for LNG Composite Tank Development of the GX Rocket

AT LR =7 e g, FH O FESE, SEE M
Space Systems Evaluation Engineering Group

Jianmei HE, Takayuki SHIMODA, Yuji KOHSETSU

Abstract

Adhesively-bonded structure between CFRP composites and Aluminum metal (Al) plays an important role in the
development of a light-weight Aluminum-lined CFRP cryogenic propellant tank in terms of design safety and
durability. Large thermal stresses and strains produced by the difference of thermal expansion ratios among an
adhesive material, CFRP composite and aluminum liner will lead to the potential of fracture sirength deterioration
for CFRP-Adhesive-Al bond structures at cryogenic temperatures below -150°C. In this study we experimentally
investigated some temperature-dependent mechanical performance of the adhesive film AF163-2K itself and

CFRP-AF163-2K-Al bond structures.
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2. FHEEERIZOWT
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2.1 7 4 /b LA AIAF163-2KEAR D F) 22/ R AT
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RO TN M F R OES — D&M T TR M E L MOBREEZTo, £ 70
7 v 7 AMGHIRBR T, 5 ) TRIEOWRTIC~—27 2200 THBE b —Ic Lo THE
& DF AR UERIE LT,

A : 125.0 mm (5 in). B : 12.7 mm (0.5in), C : ~1.0 mm (~0.04 in)

D : 75.0 mm (3 in) E : 245 mm (1 in) F : 0.5 mm (0.02 in)
G : 25.0 mm (1 in) W : 3mm (0.1 in)

Fig.1 Tensile specimen for thinner adhesive film less than 1.0mm—thick

e 87.0+L !
137.0+L - >
T1: 1.0mm (0.04in) ; T2 : 2.0 mm (0.08 in) ; L : 12.7 mm (0.5 in)

A : Test Glue lines; B : Spacer; C : Areain Test Grips; D : Shear Area
Fig.2 Double-lap specimen for shear performance testing of adhesive film (mm)
2.2 BIIRE— F I Ml AR Tl
CERP #5@#F L T2 T4 FRIOEE#ME (TAI-7 1 L AEEFI-CFRP) % A\ THHF|EE— F
[ AR SFRORE 23T+ 5 2 L IR 7=, FRICHART LT A IEEHEE (TLri-7 40
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Fig.3 Mode-I fracture strength measurement of Aluminum-AF163-2K bond joint (mm)
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‘ 177.3 ,|

150 '

Fig.4 Mode-T fracture energy measurement of CFRP-AF163-2K bond joint (mm)
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Fig.5 Mode-II fracture strength measurement adhesively-bonded joints

Table 1 Specimen sizes for Aluminum—AF163-2K and CFRP-AF163-2K bond joints

ETE T U X AR ENF (13X | CFRP #2453 ENF {5

(kT (mm) {&~+iE  (mm)

L 50. 0 50.0

Lo | 140.0+0.5

A 25.0 20.0

B 16.0 20.0

il 0.2 0.2

H 19.0 3.2

Crack Gauge

Fig.6 ENF testing for Aluminum-AF163-2K and CFRP-AF163-2K bond joints

b O AMTE— F 11 BHENFRREMERERICE LT, Bk 16 FEIITHRBROE/ 21TV, AR
FERORY £ &0 L MIZ TR 16 EEICEMETHEBE TH 5,

3. FHERBRORRIZOWT
3.1 BEME 7 OBIEX o T &M EbE B 7 4 L ABEES| AF163-2K BUE DR B
3.1.1 7 4 v AEEEH| AF163-2K B (A0 8| dEH M SEAT 45 5

B 1o 5 R AR EEZ AT, B E LNG IBEE T 0. 5mn JED 7 1 /L AEEH| AF163-2K B
EO5| IR Z T L 7=, ARBRIZE VGO 0.5mm B 7 L AEHFF|OF|EMMER, K7 Vo
Ho R OV A MTPERRER . & 72 5| RAIGWTIREE (REWTIE 77 LTI E) 2R 2 127R T, Zh o DfEEN L,
TR RBE DT,
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This document is provided by JAXA.



TR 15 FERA BT THERERRAREE [WdR] 41

@ INGIEETO0.5mm JE 7 4 LV AEEFI OV AWEMEREE L BEERZEORN 3IFETHD
® LNGIREETO0.5mn B 7 ¢ /L AEEEFI OB RAEWTIS BRI HIEORK R I I 70%8I2x L, 55
W BRI HEIEEROK 4% & o T

Table 2 Tensile performance of 0.b5mm—thick AF163-2K adhesive film

FATE B HiR ‘ LNGIR B
HMER (GPa) 2.87+0.15 8.60+0. 17
w7Vt 0.407+0. 02 0.46+0. 01
A MRS (GPa) 1.02+0. 06 2.95+0. 08
SIIRMEWTIS 71 (MPa) 44.5+1. 3 76.0+12.6
FIARMEII (X 10%) 7.5+2.1 1.0+0.2

3.1.2 7 4 NV AHEER AFI63-2K BIKD X 7T » 78 AW B iR

B 2 1RTETNT y PHEEREE AT, 0. 20m B 7 ¢ LV AHEEA] AF163-2K D8 A MRk TR B & 7
Lz, BB OREL £ L O TRIITTY, F 7Ty FHREEEROBERO (Fv
IOMPBEDTND) &, EEE VY —2BWTHEE LT ¢ VABEEAITE T O O R
HRLTWD, ZHHDFEENDS, LNG IEE T 0. 2mm 7 o /v ABEEFI O BRI E 1L IR O
REVENIEMULIZZ L L, FABBMHOOFTITIELA LR EHHA L,

Table 3 Shear performance of AF163-2K adhesive film in 0. 2mm bond thickness

FHEE B IR NG
WAWTRETRE  (MPa) 25.70+1. 84 27.50=+0. 31
AR AR H O (o) 8.73+0. 12 1.19+0. 11
BE D THEHEO (am) 0.32+0. 01 ~0. 10

3.2 BlIEE— R I AREE )0

3.2.1 TAREEBEDOFET— N I ESMEE

0.2mm BT 4 WV AEEFRIZHAWE T I EEEEDSET— N I IESIMEELFFMT 5720, K3
\Z7R4 DCB BB MR Z W T, BIE L LNG IEE TENTH 5 ADOFEAFRER & 555 L7z, ASTM B
FIZESEEH LT A I EE5BEOMENMELZE 4 10R”T, TNHDOMBENS, ING HETT
I EEBEOFET— F I ESMEEIIEIRE CORBREOR LD o 2 EDV A L,

Table 4 Tensile Mode—I fracture strength of Aluminum—AF163-2K bond joint
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Table 5 Tensile Mode—I rupture energy of CFRP-AF163-2K bond joint
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H-IIA 55 2 Bt & — KR o 7 O T 15 BT
Pre-Cooling analysis of the H-ITA 2nd Stage Turbo-pumps

REEITIFZEAT o AT L3l 27—~
EIL f—, A Bk

Space Systems Evaluation Engineering Group
Institute of Space Technology and Aeronautics
S.Téyama, T Yoshinaka

Abstract
Before the ignition and restart of the 2nd stage engines of H-IIA rocket, the turbo-pumps must be sufficiently
cooled by liquid Oxygen and Hydrogen preliminary. But, the cooling duration were determined by the
experimental and previous flight data. Thermal analyses have been conducted to predict the duration
precisely and estimate the necessary quantities of liquid Oxygen and Hydrogen.
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FEOTY FTUDUOTRERE
Study on Advanced Technologies for Liquid Rocket Engine
Oy PO UHRRAR LA~ TV VRTLF L, BREES - J ALTF—L, B BEF—L
Rocket Engine Research Center, Rocket Engine System Team, Combustor and Nozzie Team, Mechanism and Structure Team
BRIl BE—. Bl R, 8@ CF

Keiichi Hasegawa, Akinaga Kumakawa and Satoshi Takada

Abstract

This paper describes research and development aclivities on advanced technologies for liquid rocket
engine system. These aciivities include following four topics:

(1) LOX/LNG engine test bed for low cost propulsion system

(2) Extendible nozzle for performance improvement of booster engine

(3) High heat load combustor and laser ablation ignition for high performance combustion device

(4) Utltra high speed ceramic bearing and cryogenic CFRP model for lightweight structure
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Research and development to improve reliability of rocket engines
By bV UREREY 2 —
Rocket engine research center

BATRE, HMEE, IR, FHEZE. LB

Takashi Shimura, Hiroshi Tamura, Akinags Kumakawa, Yeshiki Yeshida, Hitoshi Yamada

Abstract

Research and development to increase reliability of rocket engines, such as LE-7A and LE-5B, were conducted in
the present study. Amplitude of turbopump rotor vibration due to rotating cavitation was suppressed by
modification of inducer design and optimization of inducer liner geometry. Cryogenic inducer test facility to
investigate various aspects of inducer performance in cryogenic fluids was newly constructed. Tests of a
cryogenic inducer have been conducted. Excessive lateral thrust of LE-7A engine during start and stop transients
was investigated to find a method to suppress it. Low cycle combustion pressure oscillation encountered in the
LE-5B engine was 2also investigated to suppress the oscillation.
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Research Planning and Study on Subsystem Technologies for Reusable Launch Vehicles
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Future Space Transportation Research Center
Program Planning and Subsystem Technology Team
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Shinji Ishimoto, Toshiharu Tanemura, Takeshi lto, Toshio Ogasawara,
Toshikazu Motoda, Toshiki Morito, Toru Kamita, and Masahiro Ohno

Abstract

This paper describes a research plan for reusable launch vehicles. Drastic improvement in vehicle
reliability and reduction in space flight costs are expected through realizing reusable systems. Although
there are two goals, we take account of commonality between expendable and reusable systems and
give priority to increasing reliability. From this viewpoint, we have selected some key technologies that
we will intensively develop during the current medium term (from fiscal 2003 to 2007). This paper alsc
reports the status of key technology research on composite material main structure, and advanced
avionics and flight control. Anocther key item is rocket propulsion, and this is described in a different paper.
We aim to conduct flight demonstration for the key technologies in the next medium term starting from
fiscal 2008.
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Contribution to expendable launch vehicles

1. Intensive research on key technologies to improve system reliability

— Reusable rocket propulsion
— Composite material structure Flight demonstrator

~ Vehicle health management
d Partially reusable Fully reusable

— Abort flight capability, etc.
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demonstration W is

2. Preceding research to realize high-performance reusable systems

— System design/evaluation tool
— Air-breathing engines

— Advanced thermal protection systems
Flight demonstration

Fig. 1 Scenarié toward Future Reusable Transportation Systems (under Discussion)
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Fig. 2 Stress Analysis Result of
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Fig. 3 Feasibility Test of
Autonomous Decentralized
Avionics System

Fig. 4 Environment Test Model
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