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Numerical Study of Rocket Engine Injector Flow
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Kazuya Shimizu, Taro Shimizu
Space Systems Evaluation Engineering Group

Institute of Space Technology and Aeronautics

Abstract

Numerical study on the jet flow in a high pressure fluid has been conducted in order to simulate
atomization, mixing and combustion in a liquid rocket engine combustion chamber. The simulation
results successfully show the break-up process of liquid oxygen jet in the high pressure hydrogen
environment, while there is a little disagreement between the simulation results and theoretical
estimations. Numerical results on the nitrogen jet flow agree well with the experimental results for
the pressure higher than the critical point. It is suggested from the numerical results compared with
experimental results that surface tension should be considered under the condition below the

critical point.

1 MU AT

Lo Vo LoV
G rze Jr N sie L £ 2 - = EE 77 — 5
/+\44/I7L§c§~, 2Ty p /h’ Htaw Ijk:@zj%%iik/% ~— @T% Z\)IEJ/X’ii*hﬂEﬁr%ﬁ;\/\/ v %'I%Iﬁﬁih

PN >
THET, BB SIERE - mERIE Fh & Lo

—FTEELTNWDLLOTH S,
=
Rk 16 TC%%ﬂfwt%%%Kﬁ?é&%@,/7»“@%%7Eﬁﬁﬁ,u&ﬁﬁﬁﬁ
J AN T a7 TN STETHEN T AEMRTIVENTHORR 0 /7 LA ThoaTn, TNET, A4

3. A E
AAEFEIZ B SN BRI R SR L 910, RN OEERENEL ZET 2T Th 5,

3.1) EERNLIREEZE L KR AT

mr oy by U URBEBRN O FAVIIE N E L, ERAEBEASETH D T EBEN, Liho
TS EREL0 O FNERNT TRRE - BREBIORABBEA EH T 2 2 L 2B 27256, IREHEA - YiEE
ERBICEB L EERERERZ D L, BLOEERNZZE LZRIR R AR A D 2 &N E

This document is provided by JAXA.



4 FH ML FEBR AR R E AL JAXA-SP-05-010

G, ARFFETIE, WEHBEARDFENETICER TS 2 2 B LT RS o - Ra
[ZBA%E LE DRRREZAT - 72,
ARFGE TV ZECFRERUE, EMEE Navier —Stokes HFREI(D~3), KUREHEEZHRT L7200
ID B3k g IR+ AR ENW), BLUMRREFEXENLH S,

i,onw?-Vp:pV'ﬁ (0
ot

1 -
iﬁ+ﬁ-Vﬁ:—;Vp+V~‘€+iF‘_, 2)
ot P P
P 1 /a N\ i
T 4i-VT = i+ o + V-(K‘VT) (3)
at pe,\oT pe, pec,
0
G i V=0 (4)
6r¢ ¢
Ap= W ( W ®)

0,0 ), \o7T )

TIT, p BE, G EESRY L, p BE, TR, ot WIS IT Vv, o EREHE, © 0
FUF BRI, « BEERETNENET, FIEREENERL CSF 74 (2L - TRHld

{74( A

EJT

%, K@= X — 7R, REFERG)B L OIS FERR 58N, i TH

DIRFEET—TEZEN Ty, LRS- T, :ﬂ%@ﬁ&iﬁﬁb@é%ﬁmm:ﬂuf@%ﬂ%f&
1N %aﬂz@aji%’cimi, BphiE, lcE, SEIEIC 3 BN, BREIC CIP kBl EEIH|IC
CUP iEM 2 vy, BRI DWW TR E IS,

3.1.1) H—UREIRENC X 5 MEE

ST RSB A SN M A RREE T A 720, X UDICHIE, WIEDZEKTITIHT B KD E i
OIRENBET B fEMT 2 " IRSTH R CfT o 7o, ZERUSERAARMA L LTy, KROMRREGRE, bk
R, PRSI ERERRIERE 705 kn . Fig. 1 10T X 9 72 ez Wi CE 7% O e & W14

Fig.1: The time evolution of a single water drop (black : water, white * air). The time sequence is left to right and

the plotted time is 0.0sec, 0.1sec, 0.2sec and 0.3sec.
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Fig.2: The time evolution of the length of

a single water drop.
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Fig.3: Calculation region of numerical analysis

for oxygen liguid jet instability.

Fig.4: Break-up process of liquid oxygen jet (black : oxygen, white

hydrogen). The plotted time is Omsec, 20msec, 40msec, 60msec,

80msec and 100msec from top to bottom.
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Numerical Analysis of Propellant Feed Systems in Liguid-Propellant Rocket Engines

Space Systems Evaluation Engineering Group
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Abstract

Numerical simulator for

propellant feed systems in liquid-propellant rocket engines based on CFD is under

development for supporting H-ITA rocket and next generation rocket development. This simulator consists of
turbo pump system simulator and tank system simulator. In this paper, the tank system simulator based on
CIP-LSM, which computes free surface behavior, temperature and pressure in rocket propellant tank, is presented.
Also, the computed results of 2D sloshing and broken dam problems are presented to assess the accuracy of the
solver for problems with strong deformation of the fluid. The results were in good agreement with other published
data and experiments. As a result, it was clear that CIP-LSM is an effective method for predicting strong

deformation of free surface flows.
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High Speed Flight Demonstration Team, Future Space Transportation Research Center

Absiract

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). Th

(H-II Orbiting Plane, Experimental) winged re-entry vehicle configuration. Phase II was a drop test from a
stratospheric balloon to clarify the transonic aerodynamic characteristics of the HOPE-X configuration and to

YWilivii U u FOIg LI ALY U PR AW

oftwo phases which use sub-scale demonstrators based on the HOPE-X

[¢]
"CS
CD

obtain data to validate wind tunnel tests and computational fluid dynamics (CFD) predictions. The first Phase
I1 flight was conducted 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.
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Flight Experiment
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Fig. 2. JAXA-CNES Collaborative Research

This document is provided by JAXA.



18 T TR Y B B AR D JAXA-SP-05-010

3. WEME

3.1 7x—XNRITERERT— 2@

ik 16 G, Pk 15 EE I RS hiz 7 =
— XN RITERIZBWTIREShET — 7D
ST ATV, FEREBEFICELD T 58, 22
T, ZOMTiEROREFERT.

3.1. 1 BAT— 2

Fig.3 (2, % 1[F#AT HBRIC LV HEE Sh 7 FE5T
BHE =20 IRt ern . RITT —ZEENET
ETAEE (N z—al) OFFRN TRV —
& R TCWAR, ByF 7T —AL MEIEHHE
FiFFmicA 7y LTS, $2, {THRO
L A_—ZEMN, BT VTHRESHZN AMEA
(2L T 1deg~1.5deg 1EMI (#55& FiF M) Iz~
RLTVW% (Fig.4)9.

Fig.5a) & Iz iZbr P — A RO A%
s~ [Elevator Angle |IX/AE A LR HEA,
'Rudder Angle i34 T74 —fEfADZ N
PIETHD. F7=, [Flight Test | 1A T35
i, TWind Tunnel Test | IZIRITT —Z DAL 12
KT BRI R ChD. v 0.8 DI
EHETNHEZHHEBRETZ VR B UE
—AUMERIZRIL T 0.05000, 75 —bEL P —2
YMIXLT0.06223 THHN, T NERITT —
ZLOETHEREOHBHNTHS. =LA ey
VE—ANDRATT —FBET MIZH L TIEED
FWE (%R T E)ICA 7 By LTSRS, Th
ERICHEAITH LT, B LR AER TS
b VE— A RO ERE T A ENE NS
W (ZhERNEZN) ZEERL TS, ZhidEyF o
7%_%/b®%k%A'§_51 u%f%@ Bgsh ey

E—AUMDER, BT ADZLR—FiEshE
S, HEEIDRKEDSTZLICLD T EERDS.
Fig.5c) ik, AL =L R DL PE— AR Th
LM, TFlight Test Data i, (@D A4 LR
VE e — A DY, [Wind Tunnel
Prediction(with Flight Test &e) |12, (a)[X @7

117 — L= ATt 5 BB T — 4,

[Che_trim(Wind Tunnel Prediction) 1%, Fig.4
D [Be_trim(Wind Tunnel Prediction) | i< 355
THEIARERT —%, bbb R FIZ BT 58
DEWREBETOEL PE— AN THS. ZHITHR
T7 — IRV MEZR AL TEY, AR EEOR

IZEWT, B0V EKoTRiE :t =NSe
H&ﬂtﬁﬂi;ﬁ-iﬁé#, LU — A MIIFITEL
WILEEWTA, ZOZlnb, 1:“"):}“/7{“—)4
CROFER, FERIE OIS TREM IV RENS.

Fig.6 i%, ~—RHERT 47T 7 IO
TSN E D O L A o R L T ay
FLIebDTHD. EMBBITT —4&, 77570
TLARUHEA 9D MIFERFS R ThD. AT 47
w7 FEEEDERO—EEBE 53, ~—
ATHE ST 7 — 2 03 A R R 5 — Z 1
LT —HRIZ 0.03~0.04 FREATENKEN. 2O
ZORRIIRMN P THIN, AT 477y 7 LH
EDDBEGRBROT — 2 —EL TWHIEMND,
VoI e — A DA 7y ORI B — 2T

a—OEETHS A REMEIH R .

LLE, 1 EIHRATRER T — & D78 Tkt s
RLT. 5%, CFD Lo 8EiToL et
CNES (2 15 a5, CFD figttro 7 —#biiz
TR 2D B LT LY, B ZE ) it

DOFPREEDOM EICE T DD WIFFTES.

+  Flight Test Estimation

Lift Coefficient
CcL

Co

045 [orenncd

0,40 [

0.02

{1 1. 11 J) FOPRER p—"

-0.02

Cm

Pitching Moment Coefficient Drag Coefficient

o 2z 4 6 a 10 12 14
Angle of Attack O (deg)

Fig. 3. Estimated Aerodynamic Characteristics

]
= £ w
o M’M
] 3 :

Angle of Attack @ (deg}
Fig. 4. Elevator Angle of Flight #1

This document is provided by JAXA.



TERE164EE 18 G BATAF AL AR TR FHFHATTEATS & A0 R & — Tl AR AR R — 19

ig o Lo o1, Fig T i BAeTRT, 23al
s b gy L OSSR S R O M I ETRAT
2l 060 :,,im,ns,u s T ROLOTHY, KRET VEERBET VL,
1 e, | 6 R EATCENY > 7 Ic L0l S his 54
i35 00 F gl LT, FIRATEMATS Il —ay
At Suilddeh mol ORICERD HIAHIRTE S O K X725 T, 277
3 Angle of Attack & (deg) 7o, ml_—ZEMIT ldeg FRE D SAT AN
(a) Elevon Rbhazll, HAC FERIZ A7 Oigus (4B
4o 08 ; : : ; % 130 #b& 110 ) TH %, Tl =g 1
12 oo O i G SR W T AR, BEICRTEyF 7B — A MEED %
£ as T HhOThD. TORE, TL~—2 |k
Eég FHEAANCS 7L TNB L 32l —Tar O
Jag o e HANEL | PSP VAR R EL TR HE~
[:“_ﬂ—/ krﬁ Wt 7 = — A DR CIRATT — 2 LT B OTRAT

- C o 12 1 ol (Fig. 1()ERBR) . ZIUTHEY, feif
AngleofAltack o (deg) 3 .
B7x— X AR T Ialb—arD R

(b) Rudder : A
ﬁi ,7?/1-/?// JJf)"J\%£< [—JL/H*TH\\ ?Jéj—é

§ ol WITATT — 4 LOIEBR LB LEN AL, &
=§:4, """""""""""""" Nt HAC HERIS A3 7 OF ORI Chb. =
L DIDIC, By F o i Tm AT N D RER
= = W, BUHER R T T LD R

. = ‘Angle ;Altack :t (de;o o & J:_l ﬁﬁ)%muéﬂﬁ_.
(c) Elevator
Fig. 5. Hinge Moment of Flight #1

Angle of Attack
o (deg)

Base Plane

ight Test
Wind Tunnel Test|"

Pitch Attitude Angle
@ (deg)

Body Flap

Pitch Angular Rate
q (deg/s)

r T T T T 1
0 2 4 6 8 10 12 14 16

Anglre of Attack O (deg) 2
2%
Fig. 6. Pressure Distribution of Flight #1 gi
3 1 2 fnﬁﬁ%‘”ﬁ] 7—:_ ? ﬁﬂ*ﬁ- i i Tlr:::,aﬂer Rele;:: t (s) = -
%X { :57‘11/@@&0)71&’) %ﬁ& %{tk%’l%‘ (a) Longitudinai Data

e % -‘\ ]/_ \J = 1T H\\H H H H i i
BRI e j{ﬂ%ﬁT o Fig. 7. Comparison of Simulation and Flight #1

This document is provided by JAXA.



20 THMI T TP SRR B R JAXA-SP-05-010

L ] 3.2 ONES & DHEWIE
PR T CNES Eo3tRBIFEIE, 2001 /LT— cHiE S
| e TERIETRATERE (£ 02) B IS T
g | %ﬁiiﬁ%(MOU)J IR SEEBSLONDLOT
HY, R 16 FEEICHE JAXA I THRITHE CFD
W figdt, CNES ¢ iJAmxﬂmﬁm%ﬁmbt
13> R, CFD 47 5 O SR st s
§s | ab— BT, ThbORs R
el e AE 17 FEEI M&M@M%Hﬁmv riay
i j | , TR L CHREMAT AT, BERICEEDD
PR e TR SR T e
%%“&' e 4. sbYIz
s “V““i g ¢ RS T ERE T = — X T, [ RAERN R B
i , ' — RO LEORATCRIILCOEHO0, F1ETR
¢ alydi b fTEL TR, ST R B R
§°ﬂf e R ORERS, T ORBAABLN, B
W T AT EHRER ORI R R
) f | % U shis. g7, SBOTHR R IR

L ; ; | | 5 TUALHEZLNDEBECBIL, BALSER
| WICEMESNEAREIR, BIARRERL TS

, LR LR R RERERE (R L i
ot v e

" : ' | | [ &% 3Cik |
"?15 [1] Bando T, et al. “Orbital Re-entry Experiment
£ (OREX) - first step of space return flight
e demonstrations in Japan,” Space Technology, Vol.
8 15 Elsevier, 1995.

[2] Shirouzu M and Yamamoto M. “Overview of the
HYFLEX project,” AIAA 96-4524, Nov. 1996.

[3] Anon. Proceedings of the ALFLEX symposium.
Sydney, 1997, also published as NAL SP-39T,
w 720 4] AFRT LRI s S BT SR
Time aterRelsse o) F—b o EETTIEE, T2
(b) Lateral-Directional Data %*ﬁk IEJZ 15 ’ﬁif” NS & U N S RE
T T [5] *ﬂmﬁ{m = ifvl_é’ﬁﬁ%‘ﬁr@c:ou VT, A
iy e WLZEEHT A, 52 (2004), pp 313-319.

Yaw Angular Rate
r {deg/s)

£ T [6] NAL/NASDA HOPE #fF %8 4t [6 F — A

HE % HOPE-X ' V—7 AT HAEE © EF
e TRATEFET = — R I, T AT 227 42 BH Se 1k
MBEAE B ORI 00T 05T kst 1 T JEBR A S JAXA-RR-04-026, 2005 47
-30 -25 -20 )‘-1‘7““} -10 L 0 -20 y{:(m) 20 3 H

(c) Trajectory Data
Fig. 7. Comparison of Simulation and Flight #1

This document is provided by JAXA.



EREIGAEE A A BT AR F RS FIHB AL SRR RRES —F s R BB — 21

HAOBEERARES AT LERTEH I T OB
Study on Partially Reusable Launch System and Flight Demonstrator Concept
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Future Space Traﬂspoﬁaiion Research Center

Shinji Ishimoto, Kenji Fujii, Takashige Mori, Yoshinori Minami

Abstract
This paper describes a summary of a conceptual study on a two-stage partially reusable launch vehicle
system. The second stage is a conventional expendable vehicle while the first stage is reusable and glides
back to a launch site after a powered turnaround maneuver. To realize such a system, several new
technologies must be developed and demonstrated. The paper also summarizes the results of a design study
on a flight demonstrator for the new technologies. This flight demonstrator is designated as RAFLEX
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Abstract

In past, the Design for Space Systems has conducted accumulating the optimum design results
for each device. “System Reliability Level” was measured as the results of long-time development
tests. Recently, the new design method is required. It is necessary to predict “System Reliability
Level” at Concept Design Phase, to grasp the distribution of “Risks and Margins”, to control “Total
Reliability Level” and to optimize “Risk Distribution” because “Attained Reliability Level depends
on its basic Concept” conseguently.

This paper describes the results of study to measure “Design Quality”, unifying
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understand where and how their dispersion

total system robustness.
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Abstract

In this research, optimal design, evaluation, and aerodynamic problems for future
space transportation systems are conducted. A conceptual design tool for space
transportation systems called SEAT (Systems Evaluation and Analysis Tcol is under
developing. The design criteria are also investigated and several types of the concept
for the future space transportation systems are designed optimally and are evaluated.
In the last fiscal year, a prototype of the SEAT was developed.  The catalysis is dealt as
aerodynamic problems for the future space transportation systems. In the last fiscal
year, experimental data of various flow conditions were obtained in new ICP-heated wind

tunnel.
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Figure. 2 Heating test result in ICP-heated wind tunnel

Relationship between Total enthalpy and surface Temperature.
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Effect of the Casing Configurations on the Internal Flow and Unsteady Pressure Fluctuation in Turbopump Inducer

BIE W BA fn - R OET - B B PRE - ST HEE
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Mitsuru SHIMAGAKI, Tomoyuki HASHIMOTO, Mitsuo WATANABE, Satoshi HASEGAWA,
Noriaki NAKAMURA, and Yoshiki YOSHIDA

Kakuda Space Center, Rocket Engine Technology Center, Turbopump System Team

Abstract
The effects of the inlet casing configurations on unsteady cavitation were examined with a 3-bladed inducer.
The inlet flow and cavitation pattern in two different casings were visualized using PIV (Particie image
velocimetry) and high-speed video. It was found that the rotating cavitation would be suppressed when the tip
clearance at the inducer inlet was increased. The vortex cavitation in tip leakage flow and cavitation in back flow is

considered to affect the appearance of the rotating cavitation by the inlet casing configuration.
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Fig.5 Spectrum analyses of pressure fluctuation B
for Q/Q,4=1.10 without step type casing
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Fig.9 PIV comparison at each cavitation coefficients with
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Effects of Configurations of a Mixer in a Rocket Engine upon Its Downstream Flow Field
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Abstract

Effects of liquid hydrogen mixer configurations on its downstream flow field were investigated. Cryogenic
tests with different mixer configurations of eight pa“ems and CFD analysis were conducted. It was found
that mixer configurations have strong effects on low-frequency pressure fluctuation levels at downstream
positions and that these pressure fluctuations are strongly related to acoustic oscillations in the hydrogen tube
end of the mixer.
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Characteristics of Dynamic Loads acting on an Extendible Nozzle
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Abstract

An extendible nozzle is considered to be a feasible device to improve the performance of booster engines because
it has possibilities to provide altitude compensation and to achieve higher specific impulse. The booster engines
with the extendible nozzle have to deploy the extendible nozzle during firing. For the design of the extendible
nozzle and its driving mechanics, it is required to clarify the characteristics of dynamic loads acting on the
extendible nozzle. In order to clarify the characteristics of dynamic loads, firing tests on a high altitude test stand
were conducted with varying the ambient pressure to simulate the altitude change. The thrust and side loads acting
on the extendible nozzle were evaluated quantitatively by use of a supporting system consisted of six rods. Using
the measured load data and the calculated nozzle pressure distribution data, the history of flow separation point
was estimated. It was found that the large inverse thrust induced during the transition between full-flow and fully
separated flow was caused by the pressure balance around the extendible nozzle.
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Figure 2. Test setup of combustor and extendible nozzle (Fully deployed position).
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Figure 5. History of flow separation point and relation to thrust and side load.
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Evaluation of Chromic Oxide Layer for SUS440C Bearing
Institute of Space Technology and Aeronautics
Kakuda Space Center
Rocket Engine Technology Center ;
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Abstract
In order to realize liquid oxygen (LG;) / liquid
hydrogen  (LH,) pump-fed rocket  engines

characterized by high durability, the cryogenic
high-speed bearings used in the turbopumps must
have high wear-resistance. These bearings made of
SUS 440C were
cloth-reinforced PTFE retainer”. In a previous study,
the bearing exhibited excellent durability in at a speed
of 50,000 rpm. XPS analysis indicated the intense
formation of a chromic oxide {Cr,0s) layer (thickness,

about 15 nm) beneath an extremely thin transferred
)

self-lubricated with a glass

lubricant-film”. To reduce the bearing wear, the
pre-formation of a thick CryO5 layer, which restrained
metal-to-metal adhesion, seemed to be effective,
because the untreated bearing had an extremely thin
native Cr,0; layer {(about 2.5 nm) ),

The purpose of this study is to evaluate the CrOs3
layer chemically formed on the SUS 440C ball. These
results showed that a considerably thick Cr,G; layer
on a SUS 440C surface was successfully formed by
heat treatment at a low concentration of oxygen.
Friction and wear of the Cr,O; layer chemically
formed was found to be better than that of the

untreated ball in LN2.

1. FEHIZ
AAROTry b s L, SUS440C
BoOMZAFEREIN TREYENTZEREEZ LT
W5 D2 Lo, &M sEEEr s Y b
YOV OERICIE, 5F TR —RAR T
ZOMMERME R ENYE L 725, SUS440C ©
- FEEN, £k (Fe) X v L EbEmA M2 & A (Cr)
DRI REREEIE (Cra0s) LD ERE ST
WA, LL, BIRZERT TSNS CreOsid
O TRIETH Y, EBENEIZH D Fe X Cr &

EREIETAHAZLITIFEAE L, Cra0s BDE
XK 2.5nm S RO TEWV 3. mEIT{ThN

fa e} =7, i He o A = b S
SUS440C #iZ OiRAER T OMH ERE T,

CreOs BN ER L, k&N mNEEEBS I L
BEXFPXORBE L 7p o -, ZHCKE L CHIRERSE 7,
% 50,000 rpm TOMARER TIE, MO THE
ALTMEREA R LT, RBREEIS O XPS A DR
B OWRERER ORI 7R b 1T LY, SUS440C
FHIZE L7 2 2B 15 nm AR STV
ZEBHEPD BTN D Y. |
F ZOTARMGEL, WA ES R TR S
B RT AR O BT CroOs HEIE & [F145
WA, RBEREF TORLEIZL T
SUS440C FHENITER I TS Z L& BT, 2003
FEEIVERBELTND, Flo, ZOHEKEO T A
R U—E AT U, S O A A D
CEEBEMELTNAS.

2. MEE
T 1 6 EEIZLLTOEBIZOWTHIZEETT
=77,

(1) SUS440C FHEICELY v 2EE AT 5
7= O OBRIREM A BT L, ZOEED
2T

(2) MKIR 4 BB A 1ERL L, Rk LTmig(l s
0 AREED EIR 23 (GNg) & iRIAZE S (LNg)
HEBIT A R A AR O— RO

3. RREREE

3. 1 BEEbY OLBREOESR

Test ball I3, 5/16inch(7.9375mm)® SUS440C
ETHY, WIEALIERFTO Test ball 1, T
ERICHPETEL, BREEHR LTS, 0K
TEALBRRTALE & LT, ~F 2T 15 5
RSP eE 1T o7

Fefb, 7 o DR BEALER 1 B L INEVE 2 OV TTAT
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o7 BRI 2.5 —4h, MEVEFEIL373—573K
LT F£7, FRNOBREEZHIET D=0
FRIEER &~V U AT ADORAERKE (E&%/r
. 1.0%) 2E AL, FFNOE % 200—5000Pa
e L.

Table.1 IZE3AE L7~ Test ball {7 v LHHE
LB, Figl [Z@fb 7 o LB & e L 7=
SUS440C EDEHE %/ . Ball AL, REH&
BXIROH 2186, Ball Bix, £BXROH Dk
B lir o7, FUCH LT Ball C i, &RERIE
2, BBbEE (FeaOs) O GREE) L7po72.

Table.1 Oxidizing surface treatment conditions
Type Ball A Ball B Ball C
Oxygen percentage, % 1.0 i.0 1.0
Pressure in chamber, Pa 200 2600 5000
Temperature, K 373-573 | 373-573 | 373-573
Heating time, h 2.5 2.5 2.5
Equivalent quantity of GO2, ppm 20 200 500

New ball Ball A Ball B Bali C
Fig.1 SUS 440C ball after treatment
3. 2 MIBYEOFHE
Fig.2 I New ball, Fig.31Z Ball A, Fig4 Z
Ball C ® XPS A7 b ZE,RT. AT RILY

— (Binding Energy) 1%, #li7 o AT 574 /eV,
Bl v1 T B76~577 leV, #liEkT 706 /eV,
{bgkT 710 /eV 5.

New ball iZ, B8l 7 7 & L ER{LERABERTHIZ L
PER SN TWRNWIZ ERbons . Ball AL, #
{LEEDERITIZE A YEL, By 2 23 FEmd»
5 1.2 m FTAEREIN TV, Ball BIZBL
TiE, Ball A &R CEAZR Lz, 2000
LT Ball C TIE, B8{L7 v AEO LR EN D72
<, BEERRERmIZAR STz,

Fig.5 12 Ball A, B, C D TESIERZ =T
BallA, BT, Cr R RERERNPOIFESNO6um
FTH 25%, Fe lBEMN 6%LLTF TH-o7=. ZhIC
kf U C BB DERFE & D) Ball C @ Crig
FEIZ 10%LA T TH Y, Ball AlTHAT Fe AR
&< 72~ 7=, Table.2 |Z New ball, Ball A, B, C
Oy bbb AREXZ T . New
ball OEE{L 7 v ARG S 11nm (23 LT, #4

TEREAE SRS R JAXA-SP-05-010

LR 7= SUS440C EDfg{r 7 1 LB OAERTE X
%, BallA, BT 1.2ym, BallC TO06um &
ot FEBRLEEOE XL, BallA, B TO.1
umPIT, BalC TO06um&o7z.

ZOOFER, TRFEIEE 20-200ppm 8, 573K LA
TCELEE L 7= SUS440C 13, By v 2RO
JEX1E, New ball ™K 100 L7325 Z & 23bh
ST, EMEEAEINSTEWLE LGS, B
bk DAL MERE 4, CroOs D LRk & 1517
AHZ LN bmnoTn.

(a) Cry03

(b) Fep03

Fig.2 XPS spectrum of New ball (depth:22nm)

CryOn

F%O

(a) CryO3 (b) Fer O3
Fig.3 XPS spectrum of Ball A (depth:1998nm)
Crp03
| Surface FeoO3
/ \ %ﬁ

(a) Cry03 (b) Fe203

Fig4 XPS spectrum of Ball C (depth:1998nm)

Atomic percentage, %

20 00 1.0 20

20 0.0 10
Depth, um

0.0 10

(2)Ball A (b)Rall B (c)Ball C

JiZGis \C,8

Fig.5 XPS depth analyses for treated balls
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Table.2 Depth of Chromic Oxide and Iron Oxide Layers

Equivalent quantity
BALLS Cry04 (um) | Fe,05 (1 m) of GO, (oprm)
New ball 0.011 0.006 -
Ball A 1.2 0.1 20
Ball B 1.2 0.1 200
Ball C 0.1 0.6 500
3. 3 MBIKR 4 BREUER
3. 3. 1 WBEE4EKGEEREE Test balls

Fig.6 [R{KIRFRHEK CTRIL 7 o0 AHEEO RN
DSRIREL 4 BB 2 R 9. AR, L3
Test ball DE T LHHKE IS L 6, B
B ALy CEMEIIEIOMENRAIRETH L. X
v Rba=y hOREERE, AT vV TE—H
MR, BB TR AT THD
o= REMIEIVHEEL, BEMZIE, T —24
ZHLTC R ZHEER2— FEATRIELZ. #
P, MV ZRIET —L R Rra=y
N OB OEPUEERE Uiz, RIREE, TE Test
ball \ZEVEX & Bl X IE LT,

Table.3 |{ZHREIE 4 BRERER OB S5, Table.4
1= Test ball Db 7 v AMLERSAT 2R, 7283,
Ball D JCREHEHHE (QQ-P-35C) 12D\ T
FENREILALEE S 7z SUS440C ETH S

LS LAY

'Cooling line

I i AN
Load cell Load cell
for friction | =
I ] ] 1

Fig.6 Cryogenic four-ball friction tester

Table.3 Conditions of four-ball friction test

Sliding velocity (mm/s) 14.5 +0.1
Normal load (N) 20 +=1

Maximum contact stress (GPa) 2.28+0.05

Average contact pressure (GPa) 1.52+0.04

Test environment

Liquid nitrogen (LN, ) (at 77 K)

Gas nitrogen (GNo)(at room temp.)

Table4  Test balls of four-ball friction test
BALLS Ball D Ball E l Ball F I Ball G

Equivalent quantity of GO, (ppm) - 20

Pressure in chamber (Pa) - 200
Temperature (K) - 433 I 503 | 543
Heating time (hr) - 4

Chemical treatment in acid Nitric acid -

3. 3. 2 HEBER

Fig.7 12 LN2 ¥ TD %% Test ball DEELREEZ R
4. New ball & Ball D%, FHEhEEEE 1.5m (i
M BMIIBBBRERDRARLZE L o7, T,
SUS440C #FHE DMLY o ARER L, @B+
DEENELZZDEEZLND. DFED, XK
EEHHE TERE SN TV D REEL IR g K
EHIBERF CERIN DR v LB, i
BIEHTO TR P—FEOERIEN D
EERLTWA., FRICH L, (RBERRET TEL
AERIZ Ko THERR L7-BE Y o AR (Ball B, F,
G) 1%, New ball ®® Ball D IZR b A8 20K
RBEEAEIRRA LRV ERbD . I, Ball
FIZEAL T, 20m LA EOEEICHEEX < 2 &
8 < BEAREITRE LW, F I BB,
New ball & el L TR 2B/NI2EL R LT,

~

New ball
Ball D c
g
g 0
2
5
Ball E AR &
ful
30
©2
=
Ball F 1 e
0
2
BallG ! ﬁﬁgy&%
‘5' N i
0
0 5 10 15 p3)
Slidng dstance, m
Fig.7  Coefficient of friction in LN,

Fig.8 IZ GNg FH D4 Test balls DEEEREE =
9. New ball & Ball D%, & 1m ¥ X725
RTERE N UBBREDK 1.2 LBl
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“{1}

Ball E X, £ 1.5m¥fBEEITES DV UEBIRE

DB L7Z. FRCxf LT BallF, G i, 5m Bl k
BE g ChERE LRI ol

Fig.9 IR BR % D Test balls FH DIRBEHET E
%73, New ball, Ball D, F OEEFmIL, 7
Ty VTERETR L TCNDDIIK LT, BallE,
F,GI3, B XROSHDEFRIE L 2o7o. 21U,
fafb 7 o AN EREER oS 2 R Lk
mhEEZLND. F2, GNeRERR OEFEEIT
New ball ® 73R b 720 723, LN iR #E DESFE & 1T

Ball B, FOFNRD 7o 7-. Ball G i, #s
WEDREOBMIPNNEL lpolcizd L,@%ﬁ
FENRE L D BEEEN M LD, GNz, LN

BE RE R 1 - - >
HBRELITBERIIREL o B OND.

F 77, LNe T 5.2m {88 X7 New ball DEE
FHEIRH 11lpm I LT, 26m YL EfEE W

72 Ball F OEEFERZ T 6.6 pm &/hE <, Bk
7 v AR LN RO ERRE RN EN TV D
Z &Mool
pa—
SERNVAN A
New ball !
Vel
2
Ball D it Za NI B
Eof@i(
‘EZ
BallE 2, e —
% mﬁ’"“" W""l
2,
Ball ¥ P .
)
Ball G 1
T e ”
00 1 2 3 4 5 6

Sliding distance, m

Fig.8  Coefficient of friction in GN,

4. EED

SUS440C |CERFEIEE 20-200ppm FH Y CTEUIL
BE{TH LT, BbEkoLkEmZ, Bk o
AHEENER SN D 2 ERNbhoTn, T2, Bl
FIC L0 AR SN b v AL, BRIEKIR IR
P CERE AR D — L2 R4+ 2 &N
Do,

KBS, vy y hmr OV HEEZET TR,

SR B D METEHRAE 2R OEH

PEA EICHERTE 5.

LHR1T, BERIRE OB L D87 v AR
ARCIREEEFEME L, B v AR BT I v T

MeéD I AR o—HteitiEyds. S50,
Wb 7 o SBRIEALER & i U 7o 8 O i A VERUER
ATV, ERMEE AT

GN,(Sliding distance: 5.2 m) LN,(Sliding distance: 5.2 m)
(a) New ball

GN,(Sliding distance: 10.4 m) LN,(Sliding distance: 5.2 m)
(b)y BallD

GN,(Sliding distance: 5.2 m) LN,(Sliding distance: 5.2 m)
(¢) BallE

\~/

LN,(Sliding distance: 26 m)
(d) BallF

GN,(Sliding distance: 5.2 m) LN,(Sliding distance: 7.8 m)
() BallG
Fig9  Surface features of tested balls
=4
1) M. Nosaka, et al., Trib. Trans.,36(1993),3, 432-442.
2) M. Nosaka, et al., J.STLE(1992),49,9,677-688.
3) M. Nosaka, et al., Trib.Trans.,43(2000),2, 163-174.
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Research on CFD Simulation for Turbopump Internal Flow

Institute of Space Technology and Aeronautics
Kakuda Space Center
Rocket Engine Technology Center
Toshiya Kimura, Keiich Hasegawa, Yoshiki Yoshida

Abstract

ot T ariEAg

Tl rannnt REAGTASTOS O
1118 TePOIt SUMMariZes reeent progresses o
©

0
rocket engine. The results for the cavitating flow in an inducer, the internal flow of a centrifugal pump
for a LNG engine test bed, and the flow in a tandem inducer will be presented, comparing with
experimental results.

tinne fnr Mmirhanitmng af 2
H 107 TUroopumps o1 a

1. ELeIz

H—RR A Fary hm VBN TR OEERREEEGE THY . N7 OMER T
VOV OMREEEAT AL ESTHRME TS, 2hry b oYU Uit —TIE I
FCHIZKBOEBERMEEZHNTA T 2 — R TOWEEIT o> T D,

AT a—PERTORIARMEREERDDIEEERTHLDL, ¥ ET — 3 V0%
&ﬁ5%¢ffﬁﬁénét@ Ty BT —va VLKA TOEER AL THAIT
ERT 2ahiEE A UIE LIREEIC 2 5, BRI 4/ﬁwvfﬂkmﬁ@?~V/ﬁ N 75 %
ﬁszCTMEﬁ*PT%Vﬂ/ﬂwﬁéﬁw:&ﬁﬁE” WD, T WEILRLT
HIFETEHBEORENEDLAZ LN TNS, LPLEDRL, FNLODAT=ZAALIZD
WTCIE L < Ao TV,

— JFe ., L SN L0 s TG A 27 N o B4 OSN3 a = kH
Fo, vy bV UoHNE 2Tl BREA S RO EEL YRR TR E S
5‘: B ,—,HET/\wle}T‘UOW 2 E’L“—V/ el F—‘H‘ (tgﬁdgm EHQHCCZ"\ m/ﬁ};%ﬁ i}o?‘j/)/fb\éo AKX /B‘ﬂw"

YANEA T v a Ty RENTHRICNT VAR NAREE R T AR T, NENRE
RO TR T THD, Fm, 2ERA T 2a—PLWERKDOA T 2 —H 2k~ b 8
Mootk LTV D, ZORRRR Yy 7ORNTERESCHHOWNLE TRITHZ Lk, Ko7
OMRETRICHEHIEE L2 5,

FIT, AR, VS ab—3a COREEEN UEBRNPFIIE EMAICHR LR D,
R T OB EINET L7 DI B OMBEEMES I 2 L—3 g (CFD) #ifr g AT
iy b —RAR Y T OMRETEL, ERF y BT — g U @#E%ﬁ%@%m
EAN=ALERE BEE L CEDTWD, AT, P16 FEICBWTH LRI
ONTEEDELDOTHD,

2. IEOBE

YRk 16 SEEICBWTIE. FIZ (1) #—RR 7 A v F a—H B 5. (2) @K
AB B —RR o TRIZBIT DL, F LT (3) 28 A > 7 2 —TNEICBIT 2O
a1ty ARFEE X —ICBWTEmINT-ERGER L BRILEZ T2, LTFICEFN
FHDOWEZ T,

(1) Z—RRT AT 2 —IBU DR
XY BT =g ARV BWTAKRLEREB IR TWNAA VT 2%
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arvETLNERAWVWTCR Y ET— Vg COBEREEA LIEEHET bIT o7, v
BT —va UBEBLEETE L & ORVIARMERED B E K LIRSS & ik
AELTc, £, AMLBRIZBOWTHER SN TWAERIF Y ET a3 VRV I o
L—g VTHBRENLME 5O T IR

(2) WL A Z & —RR PRI T 5 R
ARV T ANy FHIZBHEEZITo TWDIEREA Z (LNG) H#—RR
T REOIRNMNT 21T o7c, MEE CAD T —Z LN A5, r— 07 R
22— FOFEMARRTET AEBE L, A)IIBBEEL (H) B\ Tithhzi’
Rt & O TR 24TV, WIEERCIE N /HOBFEL 0 217-72, £7-,
MEEE R L EOBRELONERERD AL » R 7ROV TR
BT — & & HBREE A 1T - 721, :

(3) 2 BeA T 2 —HNERIZBIT DAt
KR LB ET> TS 2 B T 2—HEonWT 3 R EEtr21To7-, FD
Bf. RiEEE & % BB OBMIIA OB WSRO NS A%E R~ £, AR
EBBREONOENSLEMOX v v 7OEWNBENSHRHNOEECED LS
B R 5 Z BNV T HAT,

3. lCRDOME
(1) =R TA T a—HIZBIT 5 ifIL @

B 1134 7 2 —EEOESEEIME., BT, ROAS T a—H AR Tr—
VT Bz BB ER LT WA,
BADHS h, An—T7OAKO, BEOERMN |0 T/
LRy Y e VDRlEd (—"RFy 3k
7)) BENENE X CERERREE ST, :

MR EE AT C, RATICH W 2 — R
T IR D EGRAKERNT /7 + STAR-CD(v.3.15) T
B, BTriE, TIVXLET T ONATY
v FEEF TSI 430 FTH D, LT
TNMEB VA JIVAEE A TD keTT L%
A, WEIEAKT, BAZRHE, 1> Fa—
B OEERHE IR LR O FHI & T Fig.1 Grid structure and step geometry
RE LR, B REAEIIN4A305TH B,

X1 THEZEERREREZHREHREISS L TE20%EE ST, oA »F a—% ik
N C 5 RS & W& 52 T DR BT DTl 7z,

K2z, BEonwigse -
(TypeE) LEBZEOERE b KE
2HA (TypeC) 12T,
AT a—% Ll s R,
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Endurance Test for the Injector Elements of reusable LOX/LH, Engine
FEBEIFEAES HARBRE RN 7 v —7 JURTHEI
Tsuyoshi Yagishita, Space Vehicle Development Group, Technology Development Department, ISAS
FEHBEEAL  FHEHEE L PR EEE R
Shinichiro Tokudome, Department of Space Transportation Engineering, ISAS

Abstract : In the Institute of Space and Astronautical Science (ISAS), a flight test campaign for studying
reusable space transportation system has been performed with a small vehicle having a 10 kN class
LOX/LH, propulsion system. As a part of this study, we are evaluating the injector elements of reusable

engine endured various thermal impacts with the small scale test pieces and original test equipment.
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Fig.2 Schematic and exterior view of Injector Endurance Test system
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1 1% L]
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Hing | ! ( ing
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s B4 i (L T
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Measurement of Burning Rate using an X-ray image of Propellant
RN ad, JHE B5E, /NERD
Katsuya HASEGAWA, Tomomi KAWASAKI and Kiyokazu KOBAYASHI
FHEMZEIF TR RS FHRETEARD AR L —
Space Vehicle Development Group/Technology Development Department/ISAS/JAXA
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X-ray to Luminous | Scintillator High Speed Type X-ray | Scintillator
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FHED DMEERR L TOEGT Y Y VA v by MERESREARIIONT
Performance Improvement of the Combined Cycle Engine Inlets from Ground to Hypersonic
Speed

AT 7R A EOHENTE TV — T

o &E—BB, OMH U, IngE A Rk s B B

ISTA Combined Propulsion Research Group

Kouichiro Tani, Takeshi Kanda, Kanenori Kato, Noboru Sakuranaka and Syuichi Watanabe

Abstract

A designing concept for the inlet of the combined cycle engine was explored in the current
study. The models designed by the concept were tested in several wind tunnels, ranging from
subsonic to hypersonic air speed. The experimental results showed the decrease of the pressure
drag in sub / transonic regime. In supersonic condition, the new model proved the high starting
capability. However, in hypersonic range, the inlets lost more mass flow than expected, due to the
skewed shock structure. Further studies will be required to establish optimized geometry of the
inlet.
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Experimental study of combined cycle engine in scramjet-mode
WAHINAT, BEEHENE 7 v—7
MPEEE, Mpst, BRERK. IS, TERER. M EER
Institute of Space Technology and Aeronautics, Combined Propulsion Research Group
Kanenori Kato, Takeshi Kanda, Sadatake Tomicka, Kan Kebayashi, Kenji Kudo, and

Atsuo Murakami

Abstract

A rocket based combined cycle engine combustor was tested in scramjet-mode. The
combustor model has two rockets in the combustor section. These rockets were used not
only for thrust production, but also for fuel supply. The test facility consisted of an air
supply section, a combustor section, a straight duct section, and a divergent duct section.
Total pressure of the supplied air was 1 MPa, and the total temperature of the air was
2400 K. In the tests, length of the straight duct section was changed to investigate its
effects on the combustor performance. Two combustion patterns were observed for
different lengths of straight duct. Pitot pressure and gas sampling were measured on

the exit plane of the combustor model. Better combustion conditions were attained in

the case of a longer duct.
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Figure 3-1. Combustion conditions for 160mm duct condition
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Figure 3-2. Combustion conditions for 240mm duct condition
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Figure 3-3. Combustion conditions for 320mm duct condition
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Figure 3-4. Combustion conditions for 400mm duct condition
- = =N Vo s
g X7 MR BB TILESONR, BEYERR 7y D THREITRERER L
= mr ek e Ak 92 A3 N = Z, » S
STWAH I &, RFTREER 0.8 005 0.9 EEWEEZ R L TWVD Z b BIAFREEL W

25,

240mm, 320mm, 400mm %7 FOHFE, HOo<w v Eix 1 282 TEY ., Figures2
DEE[ENAR R OVEWTH & 7 MR TOY b—EREROHT AY 7Y T OREREJHET
EZBHL BT ATERRSY 7 MO TFa—2 LT, ZOFROAIELRY 7 b THE
SNBEBIZR>TVWDLEFRD,

Tablel {2, © h—[EHIER N A SHHFERD B DI RED 2 2B 2 BiE 27~
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320 mm | 0.79 1.30 2693[N] 0.68 0.99
400 mm || 0.82 1.30 2693[N] 0.74 0.79
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Research and Development of Ejector Rocket for Combined Cycle Engine
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Combined Propulsion Research Group,
Institute of Space Technology and Aeronautics
Masao Takegoshi*,Sadatake Tomioka** Shuichi Ueda*, Toshihito Saito® Muneo Izumikawa™*
* Structure and Material Subgroup
** Combustion and Control Subgroup

Abstract: A gaseous hydrogen / gaseous oxygen rocket chamber was designed to fit to a
Rocket-Based-Combined-Cycle engine model, and its performances were evaluated experimentally.
The rocket chamber was required to operate at a very wide operation range in terms of chamber pressure
(P.) and mixture ratio (O/F); P. = 0.6 MPa & O/F = 6 for ‘ramjet-mode’ operation, P, = 0.6 MPa & O/F
= 0.5 for a typical ‘scramjet-mode’ operation, and P, = 5 MPa & O/F = 7 for ‘ejector-rocket-mode’
operation. For stable operation, both gaseous hydrogen injectors and gaseous oxygen injectors, which
were aligned co-axially, had choking point and diffuser at downstream portion. The number of the
oxygen injector in use could be selected. The outer hydrogen injector showed lower discharge
coefficient and lower durability against back-pressure than the inner oxygen injector. The hot-firing tests
with a heat-sink type combustion chamber showed stable operation with the C* efficiency of 87% for
the ramjet-mode operation and 83% for the scramjet-mode opela‘cion The hot-firing tests with a
water-co Eed combustion mamoer algo showed stable operation with the C* efficiency of 95% for the
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Research on scramjet engine at hypervelocity condition
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Institute of Space Technology and Aeronautics
Combined Propulsion Research Group (HY16: Space Propulsion Research Center)
Masahiro Takahashi, Katsuhiro Itoh, Tetsuji Sunami, Hideyuki Tanno, Tomoyuki Komuro, Kazuo Sato, and

Masatoshi Kodera

Abstract

To improve scramjet combustor performance at the hypervelocity condition corresponding to flight Mach
number from 10 to 15, optimization possibility of the combustion gas temperature was investigated based on
combustion experiment of a large—scale scramjet engine using a large free—piston driven shock tunnel. A
previous engine model was designed so that the gas temperature at the combustor entrance would become
around 1200K at the hypervelocity condition to prevent excessive loss in the net heat release due to thermal
dissociation of the combustion gas. The results showed that the pressure rise due to combustion was large at the

beginning of the test time but dropped drastically as time progressed. It was considered that the heat release

static temperature and density of the flow at the combustor entrance. As a result of the design modification, the
pressure rise due to combustion increased and the duration of intensive combustion was extended. The
combustor performance became the highest at stagnation enthalpy of 7MJ/kg, which was the design condition of
the M12-02, and it was considered that the remarkable improvement in the combustor performance was achieved
by establishing both adequately low gas temperature in the combustor and fairly stable combustion. Application
of a hyper—mixer (HM) injector to the M12-02 was attempted with an aim of further improvement in the
combustion stability and the combustor performance. The combustion test results showed that the HM injector
was quite effective in establishing steady intensive combustion at the hypervelocity condition. In addition to the
improvement in the mixing rate, capability in ignition and frame~holding at very low gas temperature condition
was improved and high combustor performance was obtained at the low enthalpy condition. However, the
combustor performance with the HM injector dropped as the stagnation enthalpy increased and became almost

the same as that with a simple back—step injector at the enthalpy condition of 7MJ/kg or higher.

1. IZUHIz
ZUT TR ISEE LV ER L TR BT EE S OERICUNBERA RIGATTAY = ME—R

This document is provided by JAXA.



82 ST 2SO AT B S T B JAXA-SP-05-010

I

1 e
Posrastlal .

Fig.1 Schematic of the M12-02 engine
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Fig.2 Hyper—mixer injector for the M12-02 engine
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Fig.3 Time variation of wall pressure distribution of the M12-02 engine ( H;=7M]/kg, P;=30MPa, ¢ =1.5)
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Fig.4 Time variation of wall pressure distribution of the M12-02 HM engine ( Hy=7M]J/kg, P=30MPa, ¢ =1.5)
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Fig.5 Distribution of normalized pressure rise due to combustion (Time average for 2msec, ¢ =1)
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Fig.6 Combustor performance in terms of pressure (¢ =1, average over x=2000~2400mm)

KRR ESAL, BV RBEE By AR DT, Fn, KIR AL E O LI, A KB
BREEIZ LAIE ) LR NI LR BN DI EDLINT2D 0, IREERR N THROAVAIREEE /B 0 T AT
L7,

PRBEIE /B2y O EBRE L HRRE, KON, BB T 520 % Fig.6 IWEH R VeI L TR, &
BRI, JRBESR Y DR RS 400mm KEOVHETHD, — 5. EamfEd, SBEREEL RELIEE L, Y
LLT H,O OB ERSNAHARREEAE LTZ A OMEE R U, WEER{E O ZDNRBET ADBREEZ LD
TEBRFEEGR RIS 55, M12-02 DA REHAITHS TM]/kg G- TRRIEE 5 K O =R D R R
LT, TMI/kg ST R BEIREENEOND FIRFHI THY | BREEY AR O E O EFITEE TN
DEHEREI, F REEL EMED RESUFBSNILB L ELIDRFEREN SO THDZEnD, FEXLTZ
PREEREE AN EHSILTOALDEE X BILD, —J7. M12-02HM Tl JREESEREIT AM]/ke RUF TR K

PREEE 1 EE 45 0O B 72 B SR I A 8 OV E DI R MR T A L, R, TM)/kg BLE

LAl
(g N4 A J ‘//‘ SR /‘/J‘l_‘u‘i/\l_"/ IS v

DETANVE ST B O TIRERMEREDE T AZELL, BS A ROEHE LRED, 0 FTRILDIRETH-
7o HM WSS 282 L7235 4 . SRVIROE AT v bt — ERCBEREEOHEMITID | BREEGR T A
IREE 1T BS M BB IVELANRTNEE ZBND, AIM)/kg FHFEWVMRIRSAFIZI UV THAE K RED
RENTNDIEN D BREESS N O Y RBE N E VI EDRIBEND, ZOZEND, @I Z /A ERFIZEBNT

TBREEN AR EENE AR TE | IERFE AR CBME RN E LB QWA ENEREEN S, e, AR
if&f?éﬁaa T AT S0%FREE SRS RBET AD BRI D IE RSB SRR TR BERS I RE IR T O &
K L7325 TWDIEDN DD, BRBELMEREII B OKMATEL TRY, 5%, REEV AREHREOF 2S00
WD DT BRI ERE O I _E S EIRFS LD,

B0, CNECICEIREERINRRLY B LR VoW T HE I Sy Ot % Fig. 7I2R LTS,
DT, HHE IR EE R A - \L OB A Ol ) FHIMEO A HE T 4 LU TR L TS, AT
8 LLUF CRRBESE A DR EE R RS L A LR EFENTZ E1/B2 =P Tl RTRE A R 2V E DB
IV ELHE S TS B LR T LEDICH L, AT~ v 38 10 DL RO @l S CRRBER A HHRE DS
EOEIRE L2 A LOFREF LI M12-01 00 TR, RIRIE AR = AV E NS D HE I MERRIR T 28 b,
IS B R S T LY oy MERE R T AR AR E R OB 2 OF MR R TRERES 2D, L
L. M12-01 TIEBRBERRN TORER RIZEDEmWHENHEREL 1S5 TE o7z, ZHUIxL, M12-02

This document is provided by JAXA.



86 TSR IE B RS AR JAXA-SP-05-010

K OYM12-02HM TIXREEZS N COHEDMEES N, 1400 ' T : ‘i ! ! !
——E1(6=11)
e LT R R BE IR A A SRk T T LT, A BT 1200} | el |
I —— 2-02 B! = i
BT Yk RELS EREIDHE e 2 fooor e Wrozim(eeio) ]
B AN TR, é sor
& 600t
<]
4. FLW or
TAT= 0 B 10 LL BB BB A YT 5w M T
BEf_E 7o . BREELC £ 5 IEMR R SR S DRI Y 2 R R A R

Stagnation enthalpy (MJ/kg)

EIRBEREE DR EALE DR — R A 72 HE SR

IR E R AR OB E D T D, BB T Fig.7 Increment of the specific impulse due to
BEZR A DR DS BB IR B &7 D JOR%EH L7z M12-01  combustion

TV ARG E TR R BRI DN BRI 7R o Te TN D

EABEIRRE DL FE LR A BRI M12-02 A3 L.

ER AR IR R R L CIERM S T — A A IR LT, ALy MEMEE BRI B EBERET DL T &
BEMRFE D e B I S IE B SIVRBE L EPEN L ES 23, M12-02 THELNREE R BT FZ+o s
ZIPWEE L Th ol BREEL EMEDO IS A1 EoT-8  M12-02 12 Hyper—mixer '& 3 23O FH &R A 70 225,
S I TR TE LT SR BEIR BE A A A L3 T & M12-02 ~D i FZ B\ Th HM M2 DR BEZ 1Y
T AE A ZEA RS, M12-02 } TY M12-02HM Tl REET ABEDORED LR AEMZ >D %
ELT S RBEIR RS D N TEZZ LT, B EE Otk VU2 RE LEIDHHE MR R R T 5T
EMTE, ZNOHOFERIT, A RS T LY =y MERE] RIZRT L RBET AR ERIE DE 2 O F 9%
TRTHEDTH -T2, Ll M12-02 TEHLNRBESERE OB IRE IS T 220 BT F RS, ERIERERD
B R TTIRBE SR REIR T O E N Ee > TBIEND, 5% BRIED AR R AN DF 2 2 SHITHED BR
BESSPERE FICHROMA TV, BRI TAEEEIZIE, B 8EL T M12-03 =2 2 DBRBERR A E i35,

AL LAz kY [P B S S |
! d}:ér@ktFﬁ‘kﬁ/?‘%f‘ AT RS WA jaeyii

= R
/XHJJN N N LN NN S

Rty M e N .
;té’%ﬁi%ﬁz@,g%r ﬁ j:)igllﬂ REE 42

(2% k]

(1) Takahashi, M., Sunami, T., Tanno, H., Komuro, T., *’Experimental Study on Scramjet Engine Performance
at Mach 10 to 15 Flight Condition,”” ISABE-2005-1238, 2005.

(2) Takahashi, M., Komuro, T., Sato, K., Sunami T., Tanno, H., Kodera, M., Itoh, K., ‘’Performance
Characteristics of a Scramjet Engine at High Speed Condition over Mach 10,”” Proc. 25" International
Symposium on Shock Waves, 2005.

(3) Sunami, T., Itoh, K., Komuro, T., Sato, K., " Effects of Streamwise Vortices on the Scramjet Combustion at

Mach 8-15 Flight Enthalpies - An Experimental Study in HIEST,”” ISABE-2005-1028, 2005.

This document is provided by JAXA.



TRE 164 AT e AN i fE I FH AP SRR RS E — TSR RN — 87

This document is provided by JAXA.



FE A AT TR AR R E R JAXA-SP-05-010

This document is provided by JAXA.



ERIGEE RA BTSSR E S I FHIRF R AR & MR RS F — TR A — 89

HTVESERINAD TEILOES

Concept Study of HTV Loading Re-entry Capsuie

HERERRTEE A — BFEE
Future Space Transportation Ressarch Center Kenji Fujii

BHREMEZEARE Y — BHHES

Information Technology Center Atsushi Noda

EEHERN TEREX

Program Management and Integration Department Tetsuo Hiraiwa
HV ooz bF—4L WHhED

HTV Project Team Koji Yamanaka

Abstract
Retirement of the space shuttle in 2010 was already decided and there will be some difficulties in
transportation from ISS (the International Space Station) from 2010 until the next generation new transportation
system CEV (Crew Exploration Vehicle) will be operative. JAXA started concept studies of re-entry systems that
will be loaded in HTV (H-II Transfer Vehicle) and will be ejected after its deorbit. A minimum but affordable
capsule with the capability of carrying 50 kg payload was selected from various kinds of concept. System study

was conducted and it showed that the capsule is feasible but has some technical problems to be solved.
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Figure 2 Loading of the Capsule Figure 3 Ejection of the Capsule
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HTV HESE S R T LB RS RRE
The Results of Propulsion System Firing Test for HTV

RERNTEAR GEHERKIIL—7 EBE&R— BRE-
SEEEARVATFLARE HV JOoYzd bF—L SHEE ELXKRKE

Institute of Space Technology and Aeronautics, Spacecraft Propulsion Engineering Group
Taiichi NAGATA, Kenichi KAJIWARA

[

Office of Space Flight and Operations, HTV Project Team
Takane IMADA, Hiroshi SASAKI

Abstract
The system firing test for HTV (H-I Transfer Vehicle) was performed on June thru August ,2004. The result
shows that the system provides approximately 50% thrust during short impulse RCS firings using four forwar

thrusters with GHe saturated propellant.
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Figure 1 Schematics of propulsion system for HTV.
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Tigure 2. Schematics of propulsion system for SFT.
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Study on the Navigation Laser Sensor for Spacecraft Rendezvous Missions
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Spacecraft Guidance, Control and Dynamics Engineering Group
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Mitsushige Oda, Yoshiyuki Ishijima, Komatsu Shigenori, Mitani Shinji, Toru Yamamoto

Abstract

A rendezvous navigation sensor, which measures and estimates relative range and LOS (Line
Of Sight) angle, is a critical component for on-orbit servicing missions and inter-satellite
ranging for formation flying. The medium-range rendezvous laser sensor for a rendezvous
mission in LEO has been investigated in JAXA. The results of the sensor BBM performance
test are reported on this papern
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Figure 1 A Pilot Plan of Rendezvous Laser Sensor Development
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Table 1 Specifications of Rendezvous Laser Sensor, Comparison with ETS-VII

New Rendezvous Laser Sensor * [ETS-7

Scanner Type Galvano Mirror Type Scanner Static Type
Measurement Type Time of Flight Measurement AM Modulation
Laser Type Pulse Laser (Peak Power = 30W, 30kHz) CW Laser
FOV 40[deg] x40[deg]4EHz 6[deg] Conical
Measurement Range |3[m]~730[m] 0.3[m]~600[m]
Accuracy
Range
Bias(0-P)  [0.1[m] 0.1[m]
Random(30) [[0.011[m] (R < 6.1[m]) 0.006[m] (R < 40[m])
LOS
Bias(0-P) 0.1[deg] 0.05[deg]
Random(30) [|0.06[deg] 0.02[deqg]
Wide FOV (Galvano Mirror Scanner) :
Potential for Long Range Measurement Narrow FOV (Static Type)
Description (Pulse Laser) Short Measurement Range
Middle Accuracy (Time of Flight High Accuracy (AM Modulation)
Measurement)

Image

ETS-VII TH%E Lz L —#—k i, AM £z L% CW (Continuous Wave, #fgg) L—H¥—
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Figure 5 LOS Measurement Performance
(left: ref. Marker position, center: Noise, right: Bias)
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Research on Space Infrastructures

HTV 7 07 7#i LR O#HEE(L - R

Research on Advanced Ground Systems for Rendezvous Space Vehicle

VAT LFEHIF V=T RBHLEE, 1ot %, BEREE], AR
HITV a2 FF—2Ah s
Spacecraft Guidance Control and Dynamics Engineering Group
Noriyasu Inaba, Toru Yamamoto, Shinji Mitani and Mitsushige Oda

HTV Project Team
Koji Yamanaka

stract

Autonomy in space systems is a promising way not only to expand performance and functions of systems but
also to achieve cost reduction, particularly in large and complicated systems and constellations. Now a day, a
number of constellation systems are proposed or under development which provide advanced services in
earth observations, tele-communication and satellite based navigations. We newly organized this spacecraft
autonomy research area in 2002, and defined two target missions, constellation for Earth observation and
rendezvous spacecraft such as HTV. We started to study on three themes related with the target missions,
autonomous orbit maneuvering function, intelligent vision and Al based ground support systems for
rendezvous operations from fiscal year 2003. Major results of these studies are reported.
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Fig. 1 Data and command flow of Earth observation satellite system
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Fig. 3 Simulator Usage in Spacecraft Operations

This document is provided by JAXA.



TR IO & BRI FEA TS = B U T H R AT SEAES & RO SE A RS & — Tl R AR — 109

3. BUROME

(1) EHEANSFEORE

SRR, TS OB 208 L, SOML OJEARIFEmL— 2k L7z, Fig.4 (2 SOML @52
W — LR E 72D R (Subject) & Zh~D A E, THENTONEOET LVERT.

ERICIERZE S, FHEPOOERET LA MR E ol EHEE &N Z =& akT L
A U (Secondary data) Hi b 2T AOIKEE, 725 NCHEFTENS OB EEEEN AL &7
D, ANEZHE LT, 1TRIOHMRIEL 2D F = v ZEEN EEROR TITHILD. "check”®dN
BREIANELEHRBIUOMREERICL VRBISh, ZORRIZIEN, T7vard LTOHAR
BN, ML EER~DO R v E—TOXEFETHY, BEMICIE =~ FOEESCE 5 EH
DEHE L. FERFROUED T oy 7{b07=H0  Go sub” R E GG 0D 7= 8 O FNE 40k %
#7 Jump”2 TN, WAIEEDOHMEE SO d 1Parallel”EDOHEE D SOML (- #0572 BisR
7D, ANDELET VAN cHGHETVAIITHY, ZhOIIFHEBOT VALY « ow
VREF—AR—RICLOEBINTEY, 7 LA FVAFRCL Y SOML I XA EHDRER E VU >
755, Ak LToawyr FigiE, ANMELRIMETEHEDH 5,35 2 2 6+& O~ RRTELE
T5. BT AZIZONTHE, KBILT [FEENOABE LT, [M"Go_sub”%2FH Lo+
BATVxs POFTHAELAZAZEZITERS] Q22005 BEZLbNS.

Subject:{HTV, Crew, OCS.....}

Telemetry *Procedure

Telecommand
Veiie Check
Group-commnad
s Send Message .
G B Voice
Secondary data Gk

input Jump

Parallel

output | -

Fig. 4 Conceptual Model of Subject for SOML definition

} i s
B
froup! 2 ; il
i R - s
o Pl kel MOCH i
blovk, 3 | Decsile >
mnmum {4 fgmmmzmmsmmmsv o
= siaine: GINC Pavmncier sl i ‘mimfm i | e
mm-mﬁ i Details: > | @
P JEM $1G1 Telematry guthering {
E Wt MAMRT) Mocave 3 B 3401 Deachok b ; (&
i - e 1S5V Uplosd L
i Detaits:/> ; o ._©.w
i 188 8V comsand Generation wiing FEM SIGH Dats F
8 ; = G
N/ N/ E

A
IH SY Upload

Details: > I
155 SV comenend Ceseration using JEM SEG1 Data A

Comnmand
R :
jump: 1.9-A2 i

Ops Flow Diagram (Automatic)

Operational Procedure written in SOML

Fig. 5 Automatic Operational Flow Drawing

This document is provided by JAXA.



110 T ZEFSE B S 2R, JAXA-SP-05-010

Fig.5 (21X SOML Tl FlEOFL®RE &, Zhnd AEidmg LimEH 7 o —Kof %533,

(2) ¥zl —F~OER~OF LR

T LA U ERA U FHEEOBRERMSENO—FiEE LT, EETHRT— 3> (ISS)
ﬁﬁﬁﬁ%ﬁbIﬂV@zﬁzﬁﬁﬁw%%ﬁ%ﬁ%Lt.@%ﬁi PR T A sl
ZaEFML, TS UARDATZAZO—RICHNME T2 ESE, Z 0O HTV Off
E-%%@60:zvx&—@%ﬁégwﬁ%ﬁ%ﬂ?VfbU%—&@W%@%%%V?%:
TR Y, BEOHEMZ LR AT AX ORERIT ) FikEME L, AR % iR
L7z, Fig. 6 IZF AT 27 A7 V&R L7oEBIC & 2 MR o fl 2 73, T 5 iedas
HlZhd U7e 2 FEORREE S ILAIBIRIC S D 28, MERARICIIRE S B 2 — v 2R L, R
AT AL DREPHETND Z EBbins.

" & T feasa s Bncmas] T & Ty (aaradd O1)

e

(a) Nominal Pattern (b) Failuer #4 Thruster Case

Fig. 6 Thruster Failure Detection

4, E®L W

FHI AT LOAEME - BRMEIE, ML RAT ARMADOFEEHR AT L EOEBEOT, HHbH
LEERI v a VEREMICERT D VAT LAEHEETS LT, WEOEINCTH D, SEER
i L7z SOML DREARE 2 VT, 4%k HTV ORENEAZ TR 5 FlbER] 20,
HEIE » FLRA— L DORYMEA TN LI R 21TV, AR EHEEZ HiE4 & & bi2, SOML 25
DA FIEEREWNCEF 2~ N7 7 A L0 HBVA SO MET 2175 . £7/z, SOML 0—ji%
E~OEM b BH LHERBHmE co [FlER) biT2> FETHLS. —F, ¥ ab—2F
FHEITIC oW T, SEEER LEANBIEE B 2R 5 22 BCZ, Y7L —Fic
HR.D B D RS B A OMER I FIEIZ OV, EFUEERER A LSRR REIC o
WO AR, RIS oy N TORBEME BT,

[£% 3Cik]

[1] ff%s, &, WA, JNH, H FEEERC»»DRE - BRRERED L — 7o 24t -
ABMLICBT 5 B4, % 48 BT HB PHAES#EES, TH%E CD-ROM(2F14).

[2] S. Harauchi, T. Kojima, H. Koyama and N. Inaba: A Genaration-Based Framework for
Spacecraft Operation, Proc. 6% International Symposium Reducing the Costs of Spacecraft
Ground Systems and Operations (RCSGSO)

This document is provided by JAXA.



LA N

SERIGE L A B ATRFEAS R T B TR EBF A & RIS & —F IR R — 111

M-V-6 HTRAO0—F RAMS(BEMEEHAEE ORMEFR
Measurement result of M—=V—6 sub—payload

RAMS (Residual Acceleration Measurement System)

RERE MR V—T EHESR
Maki SHIDA, Space Vehicle Development Group
FHESTEWRSR BEE—

Shinichiro TOKUDOME, Department of Space Transportation Engineering

AN

Abstract
RAMS (Residual Acceleration Measurement System) is sub-payload of M-V Rocket NO.6.

This purpose is measurement of residual acceleration of B2 & B3 motor of M-V. This time, we get a

This data is useful for analysis of Spacecraft separation, tracking of M-V. This paper describes the

results of measurement of RAMS.
Keyword : RAMS , M-V, acceleration , sub-payload
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Table.1: electrical performance

Range(Full Scale) -1mG~25mG

Output 8bits Serial Binary code
Sensitivity 102 ¢ G/Bit

Non linearity 20 1 G max

Frequency Response DC ~5Hz(-3dB)

Sampling rate 2.56ms

Power supply voltage | +16V~+22V

sensor QA1500

Fig.4: photo of RAMS
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Fig.5: M25 residual acceleration
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Fig.6: M34 residual acceleration (RAMS & ASTRO-E2 ACM & ASTRO-E ACM)
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Process Improvement for Thermal Insulator on the Fairing of H-ITA Launch Vehicle
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Abstract

H-IIA launch vehicle general review revealed reduction in strength of thermal insulator on the fairing.
Sealant which adhere sheet insulator was found incurable also. Mechanical tests and SEM (Scanning
Electron Microscope) observations suggested that incomplete mixing of the raw materials was the reason of
lower strength due to degraded uniformity of the insulator. By improving mixing process ,well perform,
firm insulator was achieved. Evaluation of cure processes proved that alcohol released during insulator
cure obstructed hardening of sealant resulting in insufficient cure time. ~Adequate cure time assured
reduced alcohol release and mature vulcanization of sealant. The process was improved based on these
findings, and this resulted in more reliable insulator.
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Figure 3 SEM Images of Sample A and B Surface
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Figure 5 Fracture Surfaces of Insulator Cohesion Failure
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Figure 6 Micro-structures of Low-strength Samples
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Figure 7 Schematic diagram of void formation mechanism
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Figure 8 Micro-structures of Insulators
Applied Improvement Process
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