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Abstract
Rotating detonation engine (RDE) is one of the engines using detonation waves, which are supersonic combustion waves,
and the combustor size is expected to be reduced due to the compression performance by shock waves. In this study,
combustion tests were conducted using RDE with liquid ethanol and gaseous oxygen to obtain the operating characteristics
and propulsive performance. A rotating detonation wave was observed. When the manifold pressure at cold flow was less
than the combustion pressure, the combustion was finished because it took time to recover the pressure. In the combustor
without a contraction-expansion nozzle, a non-ignition mode was confirmed for large combustor diameter. The small
Damkohler number and the small cross-flow Weber number were shown to cause a non-ignition mode. As for the propulsive
performance, it was confirmed that the combustor without a contraction-expansion nozzle should be compared with the
theoretical value of the Rayleigh flow, not with the theoretical value of the isentropic flow used in a conventional rocket
engine. In addition, the combustion tests with small combustor L/d and small mass flux showed smaller characteristic

exhaust velocities compared to the theoretical values.
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BB Tl SV Wesl, /NI WV DaBi T kR IR
Lz, LEBn-T, =¥ /) — VN CHE Lz
HENRENWEBXOND. BREELEN OBRBEZR N
DREHEER AN EEELRIFLTNDLEEZD
, KkE— REEE, BHA»L L —F—— &
AN TEEMICFTNT 5 TFETH D.

3.4. HEAEMERE
B 121 R PO EE e DR R 2 R T R TR L

inj D24%t @485t
d, 18 20 30 28 30 40 @50

Nozzle X X X X X X X X
Deto. (@) (@) @) @) o o
Deflag. A A A A A A
KK O O O O O O
TENK x X X X x x
2000 ——————+————————
- /X)L T 4
I ﬁ L et @ § § i
[ moO &l S
1500 ,/ -7 ]
: e A :
— L / i
£1000 |\ .
x* Lo/ C thisentropic i
(&) L N i
L C th,Rayleigh ]
500 .
O 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.5 1.0 15
@[]
12 FRPEPESGHEE

©copyright 2025 by the author(s). Published by JSASS with

2HERc ke K@), @)L THEHLE., F
7o, EBREIEFR@ LV EB L. Bz
HOWeEH BT, —HMEBEIHIRTE 7D, Wbk
RER A% OE 72 & PRBERFIE] B B A M IE L
7. K 1280, 2 AVERO T2 WREERER T,
JANEROCTBRBERBR LD b BRI L D
HTED. Fl, LA eE L PrE—k
NOHEGRE L TH, LA U —ihoccoin
RESHHRERE MR- TEY, EBRIEITIZIZERE
WD ZEDPMERTE D, LIzBR-T, JANVDR
WIRBESR 2 W3R BR T, ¥ onsry ooy
YTHWB I L BERFREYERGEEE (X(2) TiEAe <,
LA U —iLCOEGRME ((6)) & Dth#sx L)
A=A AY AN

F 72, BREEZRLIAD /N S WERER DD BRI DN/NE W
PRBERBR T, BRRE & bhis L T/ SV R R
ETHY, BREEENN/NE W &R IR & <
RHEEEZOND. EBIT, KAkE—RFTIE, BB
KT OFEEHEEZ T oy N LTWDD, FtEdER
WEN/NEW. U, =R —L RES L REEE
HOEB/PNSNWT=D, HEORERTEY J —
BAE/NFHE LTV D aEEER S 5.

4, fEd

AT, BlEET b xr— a x> (RDE)
T, BRBHIIRIET % 7 — )b, BRLANC RAREESE 2 H
VY, EIKRDEDEYEREFS K OHEENERE D 2 7L & 45
5 AR CRERR 21T o7, 2O, V= X
B L ORI DIRBERRNE, IHEIEK ) AVOFET
BREERER 21TV, AT Oftaw & 372
RIARDEIZIWT, [E#ET b x— 3 V& R
L7z, a—/ R7a—Ko~=5—/L FEHNR
BEIE D L0 B/ S WAL, MED/NS WD
FEIEICRE N 0@ TRALEZ. A V=0 X
-BEMEREE L — & TSN REWE T bR —
a AEB LIZRIAE LT, mhEREs X OV BERT i
DOIMNEBEEZRITL TS EEX DN, 5H%DE
IMBRFERMETH D, £, WHEIEK / Zroan
REBEZS CIXMRBEA R R E VW EREF KT — FH
WRINTZ., NEWF 7T —Hmo/hE N e A
TR—U =N LREKE—RNIZRAHZ L
DR SNTe. HEEMRRICBE LT, IEIER 2 Xvn
RWREEERR T, BEourry b VU THNS
NABEFEEREE (o beE—ih) TiX
72, LA ) =N TOHERMEE Ok E LRTh
TN RN ERRERTE 2., £z, NI WREER
L/d 72 B B i s 23 /s SR BE R T I, BEERAE & kb
LTS WRREHERGERE CTh o 7.



B TIRIRAR T R =/ JSASS-2025-2092
BASEMAEFFHBAEY I 2 L —> 3 VHEHTY VRV T A

20254E7TH2H~4H

&7 —h— U (B0

Eirza

AWFZEIX, FhRr—YarFy s E—4—@ilo
7y NLE BN FERE, FRNTATECE N ZEAIE R
FEHEAE, Tl L2 B WIS AR 7t % (2019.6-2022.3)
P MR =Ygy VT A AERAFZE, AR
JERERLT bR — 3 a U HEERS O BN - mIRHA
LB ey MFERAITEIERER, BHEuraE b
& KE OB OHE AP ZE (2019.4-2024.3) (19H05464,
23H05446) (23K20036) DBk #5217 CTHEM L 7=, =
IR L THEE R

2% 3k

[1] Heiser, W. H., Pratt, D. T., “Hypersonic airbreathing
propulsion,” ATAA Education Series, 1994.

[2] Pratt, D. T., Humphrey, J. W., Glenn, D. E.,,
“Morphology of standing oblique detonation waves,”
Journal of Propulsion and Power 7 (1991) 837-845.

[3] Wolanski, P., “Detonative Propulsion,” Proceedings
of the Combustion Institute, Vol. 34, No. 1, 2013, pp.
125-158.

[4] Anand, V., and Gutmark, E., “Rotating Detonation
Combustors and Their Similarities to Rocket
Instabilities,” Progress in Energy and Combustion
Science, Vol. 73, July 2019, pp. 182-234.

[5] Raman, V., Prakash, S., and Gamba, M.,
“Nonidealities in rotating detonation engines,”
Annual Review of Fluid Mechanics, 55, 2023, 639-
674.

[6] Bykovskii, F. A., Zhdan, S. A., and Vedemikov, E. F.,
“Continuous  Spin
Propulsion and Power, Vol. 22, No. 6, 2006, pp.
1204-1216.

[7] Rankin, B. A., Richardson, D. R., Caswell, A. W.,
Naples, A. G., HokeJ. L., and Schauer, F. R,
“Chemiluminescence
Accessible Non-Premixed Rotating Detonation
Engine,” Combustion and Flame, Vol. 176, 2017, pp.
12-22.

[8] Anand, V., George, A. S., Driscoll, R., and Gutmark,
E., “Investigation of Rotating Detonation Combustor
Operation with H2-Air Mixtures,” International
Journal of Hydrogen Energy, Vol. 41, No. 2, 2016, pp.
1281-1292.

[9] Anand, V., George, A. S., Driscoll, R., and Gutmark,
E., “Analysis of Air Inlet and Fuel Plenum Behavior

Detonations,” Journal of

Imaging of an Optically

in a Rotating Detonation Combustor,” Experimental
Thermal and Fluid Science, Vol. 70, 2016, pp. 408—
416.

[10] Athmanathan, V., Braun, J., Ayers, Z. M., Fugger, C.

©copyright 2025 by the author(s). Published by JSASS with

A., Webb, A. M., Slipchenko, M. N., Paniagua, G.,
Roy, S., Meyer, T. R., “On the effects of reactant
stratification and wall curvature in non-premixed

2

rotating detonation combustors,” Combustion and
Flame 240 (2022).

[11] Bach, E., Paschereit, C. O., Stathopoilos, P., and
Bohon, M. D., “An Empirical Model for Stagnation
Pressure Gain in Rotating Detonation Combustors,”
Proceedings of the Combustion Institute, Vol. 38, No.
3, 2021, pp. 3807-3814.

[12] Kawasaki, A., Inakawa, T., Kasahara, J., Goto, K.,
Matsuoka, K., Matsuo, A., and Funaki, 1., “Critical
Condition of Inner Cylinder Radius for Sustaining
Rotating Detonation Waves in Rotating Detonation
Engine Thruster,” Proceedings of the Combustion
Institute, Vol. 37, No. 3, 2019, pp. 3461-3469.

[13] Yokoo, R., Goto, K., Kawasaki, A., Matsuoka, K.,
Kasahara, J., Matsuo, A., and Funaki, I., “Propulsion
Performance of Cylindrical Rotating Detonation
Engine,” AIAA Journal, Vol. 58, No. 12, 2020, pp.
5107-5116.

[14] Kindracki, J., “Experimental research on rotating
detonation in liquid fuel-gaseous air mixtures,”
Aerospace Science and Technology, 43, 2015, 445-
453.

[15] Frolov, S. M., Shamshin, I. O., Aksenov, V. S.,
Gusev, P. A., Zelensky, V. A., Evstratov, E. V., and
Alymov, M. 1., “Rocket Engine with Continuously
Rotating Liquid-Film Detonation,”
Science and Technology, 2018.

[16] Lim, D., Heister, S. D., Humble, J., and Harroun, A.
J., “Experimental Investigation of Wall Heat Flux in

Combustion

a Rotating Detonation Rocket Engine,” Journal of
Spacecraft and Rockets, Vol. 58, No. 5, 2021, pp.
1444-1452.

[17] Ding, C., Wu, Y., Xu, G., Xia, Y., Li, Q., and Weng,
C., “Effects of the oxygen mass fraction on the wave
propagation modes in a kerosene-fueled rotating
detonation combustor,” Acta Astronautica, 195, 2022,
204-214.

[18] Zhao, M., Wang, K., Zhu, Y., Wang, Z., Yan, Y.,
Wang, Y., and Fan, W., “Effects of the exit convergent
ratio on the propagation behavior of rotating
detonations  utilizing  liquid kerosene,”  Acta
Astronautica, 193, 2022, 35-43.

[19] Ishihara, K., Yoneyama, K., Sato, T., Watanabe, H.,
Itouyama, N., Kawasaki, A., Matsuoka, K., Kasahara,
J., Matsuo, A., and Funaki, 1., “Visualization and
Performance Evaluation of Liquid-Ethanol Cylindrical



BT FR AR FAEH  /

WASEMZEFFEHBEY I a L —Y a VEATY VRV D L
2025%E7H2H~4H

27—k —I)UiE (R0

Rotating Detonation Combustor,” Transactions of The
Japan Society for Aeronautical and Space Sciences,
Vol. 66, No. 2, 2023, pp 46-58.

[20] Sato, T., Nakata, K., Ishihara, K., Itouyama, N.,
Matsuoka, K., Kasahara, J., Kawasaki, A., Nakata, D.,
Eguchi, H., Uchiumi, M., Matsuo, A., Funaki, I.,
“Combustion Structure of a Cylindrical Rotating
Detonation Engine with Liquid Ethanol and Nitrous
Oxide,” Combustion and Flame, 264 (2024), 113443.

[21] Sato, T., Ishihara, K., Ito, S., Itouyama, N., Kawasaki,
A., Matsuoka, K., Kasahara, J., Matsuo A., Funaki, 1.,
“Experimental research on internal flow structure of
cylindrical rotating detonation engine using ethanol,”
AIAA SCITECH 2023 Forum.

[22] Kudo, Y., Nagura, Y., Kasahara, J., Sasamoto, Y.,
and Matsuo, A., “Oblique detonation waves stabilized
in rectangular-cross-section bent tubes. Proceedings
of'the Combustion Institute,” 2011, 33(2), 2319-2326.

[23] Nakayama, H., Moriya, T., Kasahara, J., Matsuo, A.,
Sasamoto, Y., and Funaki, I., “Stable detonation wave
propagation in rectangular-cross-section curved
channels,” Combustion and flame, 2012, 159(2), 859-
869.

[24] Nakayama, H., Kasahara, J., Matsuo, A., and Funaki,
1., “Front shock behavior of stable curved detonation
waves in rectangular-cross-section curved channels,”
Proceedings of the Combustion Institute, 2013, 34(2),
1939-1947.

[25] Liu, S. J., Huang, S. Y., Peng, H. Y., and Yuan, X.
Q., “Characteristics of methane-air continuous
rotating detonation wave in hollow chambers with
different diameters,” Acta Astronautica, 2021, 183, 1-
10.

[26] Yan, Y., Wang, Z., Yang, B. E., Hu, H., and Hong,
L., “Experimental research on the detonation behavior
in annular combustors utilizing liquid hypergolic
propellants,” Acta Astronautica, 2023, 211, 865-876.

[27] Sirignano, W. A., “Advances in droplet array
combustion theory and modeling,” Progress in Energy
and Combustion Science, 2014, 42, 54-86.

[28] Westbrook, C. K., and Dryer, F. L., “Chemical
kinetic modeling of hydrocarbon combustion,”
Progress in energy and combustion science, 1984,
10(1), 1-57.

©copyright 2025 by the author(s). Published by JSASS with

permission

JSASS-2025-2092


http://www.tcpdf.org

