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Propagation Characteristics of Hydrogen/Oxygen
Rotating Detonation
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Abstract: The paper presents a rotating detonation experiment powered by hydrogen/oxygen in an annular
combustor to reveal the potential of the hydrogen/oxygen propellant—based rotating detonation rocket engine. Fur-
ther, a three—dimensional non—premixed high—fidelity numerical simulation was conducted based on OpenFOAM
code. The experimental results show more than six co-rotating detonation waves in the combustion chamber, and
the frequency is about 36.6kHz. The numerical results under the same working condition show seven detonation
waves propagating in the same direction, and the waves’ height is about 7mm. The average frequency in the sta-
ble stage is 45.7kHz, and the propagation speed is 87% of the Chapman—Jouguet detonation speed. Moreover, it
finds that the detonation waves maintain the typical structures such as wavefront, contact surface, and slip line.
However, the fresh mixture has deflagrated severely on the contact surface, which may result in a performance
deficit of hydrogen/oxygen rotating detonation engines.
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Fig. 1 Schematic of the rotating detonation combustor (mm)
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Fig.2 Propellant supply conditions upstream of the combustor and chamber pressure distribution along the axial direction
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Fig.3 Computational domain and boundary conditions of

the annular combustor

Table 1 Initial conditions for the simulation

Parameter Value
Pressure/MPa 0.1
Temperature/K 300
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combustor’s temperature contour

AR SO BB AB R BT H,/0, e % 1 7% 22 F i
B RE B, I A R A 8 A R ) 0 G — B R AT
Ul B AR SO B 45 X HL,/0, e 5 5 5% A% 3% R 1k AR
SRR B —E S % L, (B AL /I
B HAFEBR M A o BUE T3R8 1% 7 B B i o
PR Ry 45. 7k Hz, TR 50 45 A0 36.6kHz, 1 i 22 5
1 R 22 7 Y o S e i B Sk e T R
Fofs A5 R . 2 H R R R — Uk IR IR
B Be 0T 15 38 A i >, 0 o B AU B A )
P A PRME Y o R, A S R AR X R R B T T

RS BE WEAT 1 S8k, {HL R ik BT 18 7 D 45 A0 BEOR A
T I A ZEADHA 84T AL, X AE = 4807 BT
HILP R ICIE 20 o MRS JEE R 2 vl fiE 5 EOR 1
Br Bl B R R . A BEIT R B IR R
S BEAE A S0 48 23 1 Al R TR A A TR AR B
S o o5 —J7 T, X v BE T A A% TR R
DUMR TR T R R BUE O AR B —
PR it A, Ao S RS R i 3 A 78 45 K {7 vk s
X A7 B 445 SR 7 A X LA B S

5 & it

ARSI I T HL/0, e 5 48 5% |, I &b X 1 o
TR E S EE DT BT AR S5 R R HL/0, e
R HLAT 22 F RN AN Sk e BE I R A

(1) 55 th H,/0, i 5% 1 52 A be &= N AFAE 6 1> LA
T 1] A R AR U o i AR T A TR A SR 1 R T R
Vo W B EAIC L AT BB 2 B 2 U 1 v B /N T A% B 25 1Y
B N B IR A Sk T R P 3K

()5 BLE5 R WoR B — AR 7 A 1 3 R P 4
TR B B i) b Ji ok AR, VR A 7 A TR T B R
W, U 24 R 87 %w ., ; VR 2L B [B] 7 ms 2%

() BUE 45 R R W, H/0, e 55 1 % HoA 52 %
) 5% 7 U 5 R, FL R A > — I 43 A R A ke 1
DA R B TE ST FE o 3 AT RE R R e 5 0 R & sh L
HIPEfE
BB E R A RBE RSN

S 3Lk

[ 1] Wolanski P. Detonative Propulsion [J]. Proceedings of
the Combustion Institute, 2013, 34(1): 125-158.

(2] £ &, ifgred, B, 5. Ak S MLt 58 ok
(D). 4 #F $2 AR, 2021, 42(4) : 721-737. (WANG
Bing, XIE Qiao—feng, WEN Hao-cheng, et al. Re-
search Progress of Detonation Engines [J]. Journal of
Propulsion Technology, 2021, 42(4): 721-737.)

[3 ] EA7, SRS, BRFAM . %2008 K Sl g oF 5
JELI]. FALEAEEA, 2019(2): 12-25.

[ 4 ] Voitsekhovskii B V. Maintained Detonations[J]. Soviet
Physics Doklady, 1960, 4(1).

[ 5] Frolov S M, Aksenov V S, Ivanov V S, et al. Large—
Scale Hydrogen—Air Continuous Detonation Combustor
[J]. International Journal of Hydrogen Energy, 2015,
40(3): 1616-1623.

[6] LinW, Tong Y, Lin Z, et al. Propagation Mode Analy-
sis on H,—Air Rotating Detonation Waves in a Hollow

Combustor[ J]. AIAA Journal, 2020, 58(12).

210605-8



43k 114 Mo R 2022 4E
[ 7] DunnlB, Malik V, Flores W, et al. Experimental and (1):138-144.)
Theoretical Analysis of Carbon Driven Detonation Waves [20] Lin W, Zhou J, Liu S, et al. Experimental Study on
in a Heterogeneously Premixed Rotating Detonation En- Propagation Mode of H,/Air Continuously Rotating Deto-
gine[ J1. Fuel, 2021, 302(2). nation Wavel J . International Journal of Hydrogen Ener-
(8 ] XU M WA BB IE e 5 52 R s ML S B SE (D ] gy, 2015, 40(4): 1980-1993.

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

A L ELT R, 2017.

Wolanski, Piotr. Application of the Continuous Rotating
Detonation to Gas Turbine [J].
Materials, 2015, 782(8): 3-12.

Applied Mechanics and

Kindracki J. Experimental Research on Rotating Detona-
tion in Liquid Fuel-Gaseous Air Mixtures[J]. Aerospace
Science and Technology, 2015, 43(2): 445-453.

Meng H, Zheng Q, Weng C, et al. Propagation Mode
Analysis of Rotating Detonation Waves Fueled by Liquid
Kerosene[J|. Acta Astronautica, 2021, 187(12) : 248—
258.

Zheng Q, Meng H ., Weng C S, et al. Experimental Re-
search on the Instability Propagation Characteristics of
Liquid Kerosene Rotating Detonation Wave [ J]. Defence
Technology, 2020, 16(6): 1106-1115.

Bykovskii F, Zhdan S, Vedernikov E. Continuous Spin
Detonation of a Heterogeneous Kerosene—Air Mixture
with Addition of Hydrogen[J]. Combustion, Explosion,
and Shock Waves, 2016, 52(3): 371-373.

Bykovskii F', Zhdan S, Vedernikov E. Continuous Deto-
nation of the Liquid Kerosene—Air Mixture with Addition
of Hydrogen or Syngas[J]. Combustion, Explosion, and
Shock Waves, 2019, 55(5): 589-598.

Liu S J, Huang S'Y, Peng H Y, et al. Characteristics of
Methane—Air Continuous Rotating Detonation Wave in
Hollow Chambers with Different Diameters[J]. Acta As-
tronautica, 2021, 183(4): 1-10.

Walters 1 V, Gejji R M, Heister S D, et al. Flow and
Performance Analysis of a Natural Gas—Air Rotating Deto-

nation Engine with High-Speed Velocimetry [J]. Com-
bustion and Flame, 2021, 232(5).

Peng HY, Liu WD, LiuSJ, etal. Hydrogen—Air, Eth-
ylene—Air, and Methane—Air Continuous Rotating Deto-
nation in the Hollow Chamber[J]. Energy, 2020, 211
(1).

LiuSJ, LinZ Y, Liu W D, et al. Experimental Realiza-

tion of H,/Air Continuous Rotating Detonation in a Cylin-

drical Combustor[J]. Combustion Science and Technolo-
gy, 2012, 184(9): 1302-1317.

XIMEZS, XU TR, MRl B3, 45 . 3 20 e e 4o o I A% 1%
WRATFECT ) : W E T MR, 2014,
35(1) : 138-144. (LIU Shi-jie, LIU Wei-dong, LIN
Zhi-yong, et al. Research on Continuous Rotating Deto-
nation Wave Propagation Process ( I ) : One Direction

Mode [J]. Journal of Propulsion Technology, 2014, 35

[21]

[22]

[26]

[27]

[28]

[30]

210605-9

XIS, MR BT, XUTZR, 45 3% 2 e e o e Bl A 4%
REARWTFE I ) o WO % 1 A 3 B[], e P AR,
2014, 35(2) : 269-275. (LIU Shi-jie, LIN Zhi-yong,
LIU Wei-dong, et al. Research on Continuous Rotating
Detonation Wave Propagation Process ( Il ) : Two—Wave
Collision Propagation Mode [J]. Journal of Propulsion
Technology, 2014, 35(2): 269-275.)

Xie Q, Wen H, Li W, et al. Analysis of Operating Dia-
gram for H,/Air Rotating Detonation Combustors under
Lean Fuel Condition[J]. Energy, 2018, 151(5): 408-
419.

Burke R, Rezzag T, Dunn I, et al. The Effect of Pre-
mixed Stratification on the Wave Dynamics of a Rotating

Detonation Combustor [ J].

drogen Energy, 2021, 46(54): 27816-27826.

International Journal of Hy-

Anand V, George A, Driscoll R, et al. Investigation of
Rotating Detonation Combustor Operation with H,-Air
Mixtures [ ] ].
2016, 41(2): 1281-1292.

Lin W, Zhou J, Liu S, et al. An Experimental Study on

International Journal of Hydrogen Energy,

CH,/0, Continuously Rotating Detonation Wave in a Hol-
low Combustion Chamber[ ] ].
Fluid Science, 2015, 62(6): 122-130.

MM SRR R R B R L, AR R AR
fEFE P B S [D ] KV BB R R o,
2015.

Nair A P, Lee D D, Pineda D I, et al. Methane-Oxygen

Experimental Thermal and

Rotating Detonation Exhaust Thermodynamics with Vari-
able Mixing, Equivalence Ratio, and Mass Flux [J].
Aerospace Science and Technology, 2021, 113(2).

Prakash S, Raman V, Lietz C F, et al. Numerical Simu-
lation of a Methane—Oxygen Rotating Detonation Rocket
Engine [J1.
2021, 38(3): 3777-3786.

Proceedings of the Combustion Institute,

Stechmann D P. Experimental Study of High—Pressure
Rotating Detonation Combustion in Rocket Environments
[D]. West Lafayette: Purdue University, 2017.

Sosa J, Burke R, Ahmed K A, et al. Experimental Evi-
dence of H,/O, Propellants Powered Rotating Detonation
Waves [J]. Combustion and Flame, 2020, 214 (12) :
136-138.

Huang 7Z, Zhao M, Xu Y, et al. Eulerian—Lagrangian
Modelling of Detonative Combustion in Two—Phase Gas—
Droplet Mixtures with OpenFOAM : Validations and Veri-
fications[J]. Fuel, 2021, 286(9).



F4a3% 1Y SR B R AL AR R PE BT 5 2022 4f
[32] Greenshields C, Weller H, Gasparini L, et al. Imple- Non—Premixed Hollow Rotating Detonation Engine [J].

[33]

[34]

[35]

[38]

[39]

[40]

of Semi-Discrete, Non-Staggered Central

Polyhedral ,

mentation
Schemes in a Colocated, Finite Volume
Framework, for High—-Speed Viscous Flows[J]. Interna-
tional Journal for Numerical Methods in Fluids, 2009, 63
(1): 1-21.

Zhang H, Zhao M, Huang Z. Large Eddy Simulation of
Turbulent Supersonic Hydrogen Flames with OpenFOAM
[J]. Fuel, 2020, 282(2).

Conaire M, Curran H J, Simmie J M, et al. A Compre-
hensive Modeling Study of Hydrogen Oxidation[J]. Inter-
national Journal of Chemical Kinetics, 2004, 36(11) :
603-622.

LiuX Y, Luan MY, Chen Y L, et al. Flow=Field Analy-
sis and Pressure Gain Estimation of a Rotating Detonation
Engine with Banded Distribution of Reactants[J]. Inter-
national Journal of Hydrogen Energy, 2020, 45(38) :
19976-19988.

Pal P, Kumar G, Drennan S A, et al. Multidimensional
Numerical Simulations of Reacting Flow in a Non-Pre-
mixed Rotating Detonation Engine [C]. Phoenix: ASME
Turbo Expo, 2019.

Bengoechea S, Reiss J, Lemke M, et al. Adjoint-Based
Optimisation of Detonation Initiation by a Focusing Shock
Wavel J]. Shock Waves, 2021, 31(2).

Zhao M, LiJ M, Teo CJ, et al. Effects of Variable Total
Pressures on Instability and Extinction of Rotating Deto-
nation Combustion [J]. Flow, Turbulence and Combus-
tion, 2020, 104(1): 261-290.

KIS . RS He R MR e 4 iy, RS e | R LB
WD) Kb ERREH AR, 2012.

Sun J, Zhou J, Liu S, et al. Numerical Investigation of a

[42]

[43]

[44]

[45]

[46]

[48]

210605-10

International Journal of Hydrogen Energy, 2019, 44
(31): 17084-17094.

Yao S, Tang X, Luan M, et al. Numerical Study of Hol-
low Rotating Detonation Engine with Different Fuel Injec-
tion Area Ratios[J]. Proceedings of the Combustion Insti-
tute, 2017, 36(2): 2649-2655.

Tang X M, Wang J P, Shao Y T. Three-Dimensional Nu-
merical Investigations of the Rotating Detonation Engine
with a Hollow Combustor [J]. Combustion and Flame,
2015, 162(4): 997-1008.

Zhao M, Cleary M J, Zhang H. Combustion Mode and
Wave Multiplicity in Rotating Detonative Combustion
with Separate Reactant Injection [J]. Combustion and
Flame, 2021, 225(11) : 291-304.

Sun J, Zhou J, Liu S, et al. Effects of Air Injection
Throat Width on a Non—Premixed Rotating Detonation En-
gine[ﬂ. Acta Astronautica, 2019, 159(11): 189-198.
Xia Z, Tang X, Luan M, et al. Numerical Investigation
of Two—Wave Collision and Wave Structure Evolution of
Rotating Detonation Engine with Hollow Combustor [J].
International Journal of Hydrogen Energy, 2018, 43
(46): 21582-21591.

Wang Z, Wang K, Li Q, et al. Effects of the Combustor
Width on Propagation Characteristics of Rotating Detona-
tion Waves [J].
2020, 105(3).
Bykovskii F, Zhdan S, Vedernikov E. Continuous Spin

Aerospace Science and Technology,

Detonations [J]. Journal of Propulsion and Power,
2006, 22(6): 1204-1216.
Lee J] H S.

bridge: Cambridge University Press, 2008.

The Detonation Phenomenon [M]. Cam-



