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Combustion experiment of a rocket-ramjet combined-cycle engine model
Under scramjet-mode operation at hypersonic regime

T. Komuro, S. Takagi, M. Takahashi, S. Tomioka, K. Sato and K. Itoh (JAXA-KSPC)

Abstract
The purpose of this study is to accomplish combustion in RBCC engine operating in hypersonic flow at
Mach 11 flight condition. Auxiliary injection for combustion enhancement in RBCC engine was tested
experimental at JAXA-Kakuda Space Center using high enthalpy shock tunnel (HIEST). By injecting a
portion of fuel besides in residual fuel in the rocket exhaust, combustion of residual hydrogen in the

rocket exhaust was attained.

1. IIT®IC

BAYA 7Py L1325 R O IAB R T
VUVOWEIIa Sy b U BRI AR, K
R TIEZER E W AT O HE S &, KA E S
TIEHEOe Yy Mok THitE N 2 G =
YThH. Zoukry MEAGYA I LU
(Rocket Based Combined Cycle engine) ik
RFHEE Y AT L BHT D200 F ) 7eH
HEREA & LCHIRES TV D, JAXA (o
TODAIT T ALY =2y NV OEEZS5FE 2,
AT ATV zy bV URENIZE Sy b
VUVEROMT ey =T AV 2y M
BYA I N DU BRE L.

DTV ATRIT v IS U T, D
oy NV ET AT Y U OAE
R EY VX T, Ikl e eSS 2 L2 8
HEL TN, 1 IZ RBCC — > ¥ D fFEhE—
R Zord. i (BEfe~BEE) Clioy =/
—Vxy ME—RTEEHL, vbry b v
EMEHSE L L TELEZY 27 X —%)
BRICE ST, MAENR =R EREIZRE S®
MR E ST 5. ek (B~ i)
THHZ7L2V =y bE—FTESHL, A LZEE
W OE R I L > TH S EE CHOE S
Toth, M L72REEIRA L, Mg EEEd 5 2
ECEPAEAE U TEN ERHEZRFRL, #E) 245
5. ZOW, W EBESTEDIZe sy oY
YOI EL L, skEE LTEBISES.
EEE (B E ) CTlEA 7 94¥ 2y hE—
RTEEN L, =0 ¥V U NIZB W TIRRAZZRIL IS
B IR T, A KIS SRk &R
A LBEEREET D, 252 FHT 5 2 & Tt
NhEBX->5o, nary b=V rofizRE<
L, IERICHBEReHEN 255, RIiT~ v Bk 12
PLETIIRITEENESHE L 720, AZER B IED
T A NE—RNIEFEIZRE < ZERFHOF] SN
bbb, arlry homr PR EFi S8

THREIMEZITO v > hE— R CTEEIT 5.

IOV OMBERKTORY 7 5T x
v b — NEBR 2 m R A S HIEST[2] 1280
THEDTWA. 2 2 T HIEST 133 B & i il e ]
NERHCThD L, ek y b Y
OBRBERBRICHIS L TWARNWZ &b, a4y b
PER AT D207 bxr—va VB2 AW,
RBEH A % ) )L & FHIF RIS 4 % ik TR
AR L. #HEVA 7Pl & o Tl
BEERRITHRMEICBITARATZ T AT =y M E—
RYEBIRFIE, 225 & ORBEIZH W28 (BLT,
T LB Aa sy ) AANSIERT 52T
e om EAK S, Lo LEiE], HIEST Ok
KU (RIT~ v B 11 &) TARF @R
(0/F=5.3) ®wu/r vy MEF 2T 2 R
BNDOESREZIT-T208, WS- BREEIC
XBAEN EHITR N 572 [3].

AlEl, T N (BB E BT D) o
ZRBESRNICE M L TR EIRA BB A
TV, Bh vy MEKIZE 5 RIRKFEOBREE
RO ESY B HIIZ HIEST TREEER 21T - /-
DTHETS.

2nd fuel injector

1) Ejectorjet mode (Flight Mach number 0~3)  rocier

Air flow —
Sub//Supersonic — (4} |

* Air Chacking paint—

2] Ramjet mode (Flight Mach number 3~7) Rocket

/2nd fuel injector

_Air flow

Supersonic e ]

Chacking paint—

Air - Shock wave

3) Scramjet mode (Flight Mach number 7~11) 5 ...

, 2nd fuel injsctor

Air flow

Hypersanic —— L] =
Air Combustion gas

4) Rocket mode (Flight Mach number 11~) Rockat

» 2nd fuel injector

Hypersonic/Space

X 1 RBCC = Vv DfEdi®— K

This document is provided by JAXA



Inlet Combustor

500 150 800 )
_Hzinjector Connect tube .

= 31. 8 Detonation tube Dump tube
= - N
Lh——\\g\ ; r ?; 200 6000 1000
Rocket % ; S k pl

one Sraiiiiiiiiiammll Foo Spark plug
gas jet f . o P I P =z o o - - =]

R = I a 3 i !

-

| =

e || e
e T

[

= S [

l[l 1
Quick operated valve .
. . Diaphragm
Combined cycle engine model

Diaphragm

X2 HRAEETLDUHERLT bx—Ya VEORE

2. RBRERE

HIEST 137V —E X kv ¥ A 7 DOEREIF T,
R & EARE 150MPa, KL EHLT U F L E—
25MJ/kg DRI HAA T Z LN TE 5. AR
RIZERFETITEZ LD Z BT, Al
H A Z MR LT85, Al X AO8 fTREZR Sk %,
BE IO TR SR 2ED 2 & MK, 7o
KIRDOZEN IR 2 NS kD, Lo T
W O O SRS D EAE W E R T 5 Z & n
Hk%.

HIEST HEZE 4 o 7 WIZEkE L - filE & 1
JNE DAL T N x— g VEOREM
BEAX 28T, T hxr—va VETREI % 6m,
BOERANCES In 0F» 7EEZRY ), %
FEH A% 0. IMPa FSEE L 7= & O F A2 IE 200mm
DORHEZRT, T hx—varvEFlulry Mg
OB EIXENBEERB OIS, NE
22. Imm 7> 5 PNEE 27, Tmm, #F4E 31. 8mm D SUS &2
wWE L.

AV A 7 V¥ ARRT HIEST 2 AV
MIZRRE ST, 1> by b, KEEHERE X 0%
BESRIND 0B, 2O ORIE, ThET
JAXA DEEY A 7 Nz PV RBRCTHW LT
SRR MAID 1/2 27— Lz, A 3
WZRT. A > Ly METHIE 100mm X 113mm TR &
500mm, JEAEEOMERAIE 107, FEEEIL 100mm X
26mm £ THD BND. FDO FHICE S 150mm D
Wi O 3 B L OBt DA Y = 7 2 —
W< . FOHADOEE 40mm D% AR & AT
v (Y hR_—RH) ([ZiZn s v NEHERE
RELTHY, k< £ X 800mm DREERSIT
3 DIWKELRH>TND., 5%, urv bz
VUMBRE SN T DA Ty Ml SO Z
HONMALEMESZ LT 5. EERTIE A vVl &
v 47y MAIOBEE ) % kulite #8085 KE
o H— (XCL-100) THIE L7-.

WHERFE DOV OFEMAEX 3189, nly M
HEE~ =R —L R D 2 O0WEBIC ST, Fh

800

SHftERYE 1/27)
37 iR

. B0
il e . RRELE
e L == LN
T T /@ ST Coo ATy hl

Oy MESE +

X3 H#REG= I UBERI DM

Hz Injector (¢1. 5x8)

40 25.|
o
(=)

Rocket L p_ i
gas jet e Wall pressure

1 measurement sensor
From detonation tube

X4 FEHNEEY OFEA

FAT— ML 10mm, H O£ 35mm TPATIC 2 {3
BlE L TWb., £=, ZUfll, vy Milo L
HHOMEG vy b X— 2 B 50mm [ ZFLEE ¢
1.5mmX fL% 8 DIEMEH OERHIZNH Y, T
NERIR L CTHAKEEZES L7,

This document is provided by JAXA



3. RBHELER £ 1 RIT~ v B 1L &FERY D

T hR—va VERETATEAY A 7T EHB L UL E oA
vronlry MEREREEET S0, KEB X ot iy Total temp. 4550 K
UMW A A % A, BED A 2B 2B L, Pt Pt Total pres. 16 MPa
F b Rx—a VENTRA S SREOMERT M%ﬁﬂ? 7ﬂgym
VULBERIZ BT, T bR — g VENODY . ach_number ‘
RibE 15, REETZ 0.5 MPa iIZ9° 52 & T, CnoonzdzlltelOenxiatt §E:EZ ;16“122 16.490kPKa
27y MERERO~ = —/L NEp (34 2.5 Dynamic pres. 62 kPa
MPa CTZERIRITKIT DR T DREF Y &R ¢+ &

0.5 & HHEDHPKT. © o

HIEST ORI, MAT~ v~ 11 SR wl o 148
BFDHAZ T LY =y bE— FTOES2EE ‘ Juo
L, /ANVEEBIEp =16WPa, K EHmEr ¥ . Jos_
JIVEH=M]/kg £ L7z, ZD L&D/ AvHAa~ g” 20k
BT 6.T ThD. K 1IC AVHHICKIT S S % 25 &
ARG ORIEZ R T, €l " 20§

JANKEEBED,, T hR—va SEHAE <l - Ly &
P o> = ]\nfé:%%g:v?:ﬂ:”—/l/ FEDMR) WS*’{’ / P T
”Ei%’\’:ﬂ?“—/l/]“‘}fpm%ct(ﬁ/f‘/l/‘y h BETE ! 1%
py PEMBREZX 4 179, 22 CH/IZ, X (AN 2 m&w 5 s 0
NWNEERED DB ENRY % Omsec & LTW5.

J ZIVOIEENT 0. 5msec T EHMMALT-D A L X4 KREEHORREBE

v MEFEpy 1T p, KVEBBNLTYED ERNDD, JE

NEEZIZER L TH L. 77w N AT 0.0025 F = = injector at Cowl side, Reactive
hr—= ‘/%O)mkﬁﬁx %%%}%%T@ Luﬁé—:% I —_— — fral_]-'s:ctora.t Cowl side, Non-
THEH, v=FK— FEp g lEHAEDP,, L9V 0,002 fo-mmoee oo reactive case

e 1jector at Rocket

THRDHLDOD, pXFE—TEDE Lo 7=, 2, o fx:éierﬁiﬁgk&:fside -
1l BYBREIE 51X -10msec 725 20msec [H1T-7=. 50_0015 [l pestivecese !
B 5 (AT~ v~ 1L SRPECO L, = 5 [ e
oy MUOBEFESAR ORER A R, 7238, IAZE gomﬂé—" _______________________________
RUACKT D HBER DM Bk ¢ i =0.5, WAZE = N\
RITHT o0y NOYEKIT1r=0.5 TH 5. B 4
DEY, TV REROFAERICHT D M i N A N > GV
T 1 ERoTWND. £, Bifliciin s v hX— _ :
AT B WAL A~ BEEE A, it 3 ER K & ® . — — — .
BIED, TR UL LT BEE 2 7R T . hATE Location from Rocket base X[mml
7y MU B HEBE S 21T - 72855 LLF, mor (a) & 7 ARBEE
v MAMEST) A, @1 T AR D AEBhNE S (DL 0005
T, B O NVAARER) 21T 1288 %2 F R L, ' T = imector i Cowlaids Resctiv
F 7 AMIIBOS TR (ZER) COfRE, M | iwestorat Comlside, Non
BSOS R TR (39 COMREZATN e S T apetor at Reckebside Reactive
ﬁ—\‘j— , —_——— ;?:;E?;T;_?;Ckﬂ side, Mon-
BOSARESRME CHIE SN D IE IO Y — 7 1% Ewm"mmﬁm—“—mmmm
R OAFIZ LD bDOTH Y, KIS TS T 2
HITWVIEIZE— 7 NEIREIND . L ENT =a 0.001
MDD, BRBEROSIZHE S 22 AW itk > T, &
RPN BN LFRIICBITT H720T, 202k 00008
% Takahashi HIZLAAZ T ALY =y by
PNZOWVWTOHEIC L VRSN TV (6], fHE ]

WALE OB MR L TY, b o /URIER, v -200 (; 2(;0 4(;0 6(;0 800

v MU O 8B B2 oWT b, S ATRER A0 Location from Rocket base X(mm]
1E 9 DS ATRESAE L 0 S ENIF ERLTH (b) v¥ v MuEEE
X5 EEEST

This document is provided by JAXA



D, TAREIOBRBEEZE L TND I ENGND.
a7y MUl DRIBIES 21795 &, ]S C X DE
71 BRSBTS N CBLES S AL, flBME SRR D3
HBELITRIEZAE L TWDL Z NG hDd. ahr
v MAISR— 06 OREZIERIZ KL » THESH X
JVIX T2 DD, G ATRESRE T OREED E L vk
DL L, a4y MUEER CiE X=200 mm £ Y
THTHKIGZEDEN EFITREL RoTND.
ZO—BOES EFITH T VHIEERIZ 1T X=350
mm {3 Tl > TEBY, vr vy MIBEHEIIT < T
HEUTEENEAMEE LR THD. —0F, &
7 AR S D35 A 1355 BT PN C AR 7o BRIGE I K
BIEN EFIFEEINT, B U ABEE X=350 mm
DI CHIO CIRfE/RE N LA NBIRIND. by
AT E S ERZRLTWD Z 20D, 4
B IR D Zr DIRSE LTSk D B o VAR
S CHEBVRE D IRBERR IR IC K E 72BN S 2 D
1%, U ARITCIEME R E T OB RE R <,
i B O FIBEREIR SN S W2 2 kTR 6] & L
TRt Tholl-bEZ2ONS.

XK 6 120E, X—RAHEMITDY 2 — L EREE
AT a)idr oy MURESE, b) Xl U VRINE S o
ERTHD. DUNMIEF OGS, £y b
O OE N L AFBE SR L0 B U E R A
WIIRZELTWD Z PR TE S, —F, u’r
v MAPEF DOEA, 4 > Ly R D OB & Af
BOWEIZ 0 A U7 B A RNLE IC/FIE L, B
o TWND I ENGND. Z DB - T ERE N
FRER-TEIYVRERIENEFAZ L2517
72002, v /ry MARE S D 5 343 BEER N T DA BN
PREFD S KICE T2 E 2 HILS.

4. £&9
By b= TAYxy MEAZ L VO
T U ER AT, DL RO R A5

« R—2H LR COMBESIC Lo T2y T v
W TIAZER & MBS L O & M ER
HREIKFE EOIERBEND. LL, £
DOBRBED N RIT FETZFE T2/ S0,

< B R 2 T AAITTIT Y L b a sy Al
TITH 2 Ec kv, X KREWBREE(RER A
BONTED, ZAVTHIBESALELC K D AR
BOEWNZILDIHEDTHD.

AT~ v 11 BT, BRBERRPITIRAT S
zeilmn sy MEXIZE bITEmED =D, vz
PREBESR N TIZIRA RBEN A+ D £ FdiE LT
LE 9. A, BREMO—H8 % EHRBERR (e 7
L2LI2RY, bFNTIEH 088G - BREERME
S, L LR RIRE - RBEICE - T
BT, 4%, RORBESZ W CRHEld 2 4%
N 5.

Auxiliary

fuel injecton

I pressure hole
a)injector at Rocket side, ¢i=0.5, @r=1.5

Auxiliary

fuel injector

1 pressure hole
b)injector at Cowl side, @i=1.0, @r=1.0

6 =) —LVVEBEERE

(25 K]

[1] Kanda,T. et al.. Conceptual Study of a
Rocket-Ramjet Combined-Cycle Engine for an
Aerospace Plane, Journal of Propulsion and Power,
vol,23, no.2, pp301-309, 2007.

[2] Itoh, K. et al.: Hyper sonic Aerothermodynamic
and Scramjet Research Using High Enthalpy Shock
Tunnel, Shock Waves, Vol.12, pp93-98, 2002.

[3] /N5 fih : ESIRERERICEK T 5846
VY ORI FEIEER, Rk 23 R
VARY U LGRS, ppl01-102, 2012

[4] BHER th: vmry =T L6Y =y MR
TV R OFAE & ) R R RER, 5 8
(6] A R R B R O v R Y AT R SR,
pp.289-294, 2007.

[6] M. Takahashi, T. Sunami, H. Tanno, T. Komuro,
M. Kodera and K. Itoh, ‘Performance Characteristics
of a Scramjet Engine at Mach 10 to 15 Flight
Condition,” AIAA paper 2005-3350, 2005.

[6] P.W. Huber, C. J. Schchexnayder, Jr., and C. R.
McClinton, “Criteria for self-ignition of supersonic
hydrogen-air mixtures, 'NASA TP-1457, 1979.

This document is provided by JAXA





