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ABSTRACT

In this study, an inner-cylinder-replaceable rotating detonation rocket engine is tested in a vacuum environment for various inner-cylinder radii 7
ranging from 31 mm (typical lab scale) to 0 mm (no inner cylinder). As a result, it was clarified that there exists a critical inner-cylinder radius to
sustain adequate thrust performance in the engine. Detonation waves attached to the inner-cylinder wall for i = 23 and 31 mm (supercritical cases),
whereas detachment of detonation waves from the inner-cylinder wall was observed for 71 =0 and 9 mm (subcritical cases), and 15 mm (critical case).
In the cases of i = 0, 9 mm (subcritical), and 15 mm (critical), strong chemical luminescence was observed significantly in the exhaust plume. For 7
=15 mm (critical cases), and 23 and 31 mm (supercritical cases), the measured specific impulses were greater than 80% of theoretical values. However,
for i = 0 and 9 mm (subcritical cases), the measured specific impulses were below 80% of the theoretical values. This is to be attributed to the
imperfect detonation combustion observed significantly in the subcritical cases. From these results, we have concluded that the inner-cylinder radius
is, at 15 mm, close to the critical condition to keep rotating detonation waves in a favorable state in the combustor.
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Fig. 1 Cross-sectional schematic of the test article without inner cylinder.
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Table 1 Experimental Conditions

Item Condition
Fuel Gaseous C2H4
Oxidizer Gaseous Oz
Mass flow rate, m, g/s 140+10
Equivalence ratio, ¢ 1.15+0.21
Outer cylinder radius, 7o, mm 39
Inner cylinder radius, ri, mm 0,9, 15,23, 31
Back pressure, pv, kPa 5
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Fig. 2 Typical axial photograph of self-luminescence in the combustion chamber taken with high-speed camera (C2Ha—
02, ¢=1.15+0.21, m = 140£10 g/s, pb = 5+1 kPa). Black and white are reversed. For i = 0 and 23 mm, the images are

reflected horizontally.

3. HBRBEKLUBE

EEB G % Table 1 1ZRT. RERTIE, BEHIII A A
TF Ly, BICANCII T ABBEHEH L. EBRo0o2 16
F—A&BLT, #EERIEEE 140510 g/s &, HELE
1.1540.21 12, FHAFEAZEZBRWTIND -, F7-, BEEF ¥
VR —TE pu i 5+1 kPa (%L L 7=,

FERL LT, NEEL (i=0mm) OFr—AZ&te4 T
DEBRr— 2B NT, BEENICTHEEET hxr— 3
UN—ERECEFICEET DI DR TE . E
7=, BREEEEHE 2D 9 mm ONE THI - 72 RBEE T pe,
HED F, BXOULHED) Ip 1%, WRERPHEOBEME &I
mri-.

PUFCI, @EED A TREICE SO TREFE SR IO
TN, £z, HEJEHISOTAE N OJE N E S0
THEDMEREZ iR .

3. 1. BMERBEL LURNIG

9, AHOERE LT Fig 1 12T, @ilh A 7RI
X o TH SN THLE A 6B B IRBERE S 35 T OWR
NEOWMEREZIRET D, KREp8 e LT, 7V
— AIZEBWT Mach 7 4 A7 O REGEABl S -2 &,
F72, NEERO/NSWT—Z T, BREEZRENICBWNT
T R AR = 3 VREEREIR & B 2 DAL D ERREOL I SN
IZELRWIRENBHI SN Z ERFET L.
PRBEENTR 2 = 2 2 TR N DBl E I A Z 12X
DT D 2 L TR LI BRSO MURIRY 2R R & Fig.
21RT. 7 U— AL 625 us THDH. ETHOT—RIT
BT, EEOHRIORSEEZERB LT, ARKE, 225
CIZHEB IO o~ O EEIT-7-. 72, FFiZr=0
BIO23 mm D7 —RZBWTIE, ORGSO DIC
REAICLVEON-ABREEAKIESE TS

Fig. 2128\ T, FICHRWERDP RGNS FRHZRRZ
%) FEIEAST bR — g VREEREIR S L ARIR T E B3, fl
ZiXal b el FETHELTADE, n=0FLO9 mm
D —AIZBWT, T b3r— 3 URREEREEITIIA S TN
BWLPERLTRBLT, ABHEoORPEMmLTNS., —FT
=23 BLN3I mmDyryr—RZBWT, F hx—a 8K
BEFRI IR 3 L OSME O L Bl LT\ 2. ri=15mm
DI —2ZBWTIE, T h3—3 a3 VRBEREL & N O/
WD FNICERRASND. 26T F3r—3 g B
TR DPRBERREE & OBALDFFE DB D, AR TIE, n=
23 3 LU 31 mm D — A % supercritical, r=0 329 mm
D/ — A % subcritical, ri = 15 mm /4 — A % critical & FE5
ZEET 5.

F72, NEEEO/NE W R=0,9, 15, BEIOR23 D —=
ICBWTIL, F hRr— 3 VIEOKRERIT 1 ThHo7223,
WEEEOR B RE W 1= 31 mm D7 —AZEWTIE,
SEENT 2 TH Y, EERFEIEE-THo7m. T hxr—v 3
U DREREEL, r=15 BL V3 mm D — R EBEWT
1%, BEF2300m/s THY, ri=15B LT3 mmDr—A
T, 2N L0 H 400~500 m/s BWFER 7 o7=. B,
F hR— a VIEOGIEEE L, SEHED A T ORGSR
IZHSE, BRBEENZ 10 8T 2RO E L LR
FOR, AFREL LT, A vy 2 —F BT AE
(rinj=35mm) %M\ 7=,

PR TN — Db m VDbl & TREIT DS EEHE B A
FIZEVIRET D 2 & TH BT H IO SR B 73258 e
%% Fig. 317, 7L — AR 6.67 us THDH. &2TD
=BT, EBROHBIORGEEZEEBEL T, ARK
iz, 725 NCHEB IO v~ lHOREEZIT-7-.

Fig. 302 bnb XL 912, & THHr—R|ZEBWT Mach 7
S ATREOREGN RSN, £72, REEEN/RKELIRD

This document is provided by JAXA.



94 FHITZEWT T B SRR AR B B JAXA-SP-18-005

subcritical

+6.7

us ¥

Mach disk

soot luminescence

critical supercritical

15 mm 23 mm

d1

outer cylinder inner cylinder

Fig. 3 Typical lateral photograph of self-luminescence of the exhaust plume taken with high-speed camera (C2Hs—Oz2, ¢ =
1.15+0.21, m = 140+10 g/s, pp = 5+1 kPa). Black and white are reversed.
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Fig. 4 Typical time, ta, history of thrust, F (Co:H4—O2, ¢ =

1.15+0.21, 1 = 140£10 g/s, p» = 5+1 kPa). RDE was ignited
atta=0s.
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