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Abstract Detonation combustion is characterized by the high thermodynamic efficiency and fast heat release.
Benefitting from these potential advantages, an oblique detonation wave (ODW) is introduced into the combustion
chamber and oblique detonation engine (ODE) plays an important role in hypersonic air-breathing propulsion systems.
Previous studies mainly focused on the initiation structures, standing features and wave systems of oblique detonation,
but the global analysis of ODE propulsive performance is still absent at the macro-level. In this paper, the flow and

combustion processes of an ODE are decomposed into four basic modules, named as inlet model, mixing model,
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combustion mode and nozzle model, respectively. We solve these four basic flow processes using theoretical methods
and propose a systematically theoretical approach that can be used to predict the ODE propulsion performance. On the
basis of previous ODW initiation structures and waves systems, four different combustion modes, i.e., over-driven ODW,
Chapman-Jouguet ODW, over-driven normal detonation wave and oblique shock-induced constant-volume combustion,
are chosen to describe the heat release processes of combustible mixture in the ODE combustor. The effects of different
combustion modes on fuel specific impulse of the ODE are also analyzed. In addition, the influence mechanisms of
inflow parameters, combustor parameters and intake-exhaust parameters on the thrust performance of ODE are also
obtained, and the results show that the major factor of fuel specific impulse of an ODE consists mainly of the inflow
Mach number and the expansion ratio of engine nozzle. Finally, combined with precious detonation research results, such
as the standing features and initiation structures of oblique detonation in a confined space, the preliminary design
direction of oblique detonation engine are proposed, which mainly involve some constrained conditions, such as

geometrical constraints, inflow velocity limitations and stability ranges of a detonation wave in ODE combustor.

Key words oblique detonation wave, engine, propulsive performance, combustion mode
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Fig. 1 Schematic diagram of the oblique detonation engine
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Table 1 Physical models and key parameters of four modules
Process Physical model Key parameters
compression multi-wedges 01, 09, %5 0y
mixing parallel jets o, T, py
heat release detonation/constant-volume combustion Ma, 0
exhaust isentropic expansion with a varying specific heat Eex
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BY LR L B = 2% 18 O,, H,, H, O, OH,
H,0, H,0,, HO,, N, JUFlZH 43132

R 2 BASH TR AR EL
Table 2  Fuel specific impulse with the default engine

parameters
Combustion modes Iy/s
OV-ODW 1480.1
CJ-ODW 1927.3
OV-NDW 697.2
SIC-CVC 1865.8

M 2 R EE AT UG H, CI-ODW R 5
I RRE EE vh B e, 3K 3 T 1927.3 5. SIC-CVC, OV-
ODW F1 OV-NDW #ABEA A AR LE AR IR BRI,
KT 9 Bh 1 SR A T IR AL 2R R S M LR R B e
A 697.2 .

AR R T BUR SRR L B R

225, T AL pL, 26 3 45t T ARG
B I R = R AS (B ) p, WS T
U) A B AR LGB RPIR S I SR R R B 0. 48 DA [
(R 3E S 4 RN RH5 TR L, 4 B Be i =X 1 R e
FENOSHI 8, HY 3521.1 m/s, )% 676.3 K,
5 7 19.7 kPa, & s 28.7 MPa, IR AR5 I (1) 7] BR
REYIN CT IR 2 1876.6 m/s. T OV-NDW #k
SR 5, SR B TR R B C R,
UK ) B8 T Ik 3.52. ik O B0 JBE 1 R SR I A 15 0 S5
W) ) B RO FE R B, B R R R B R B i
] 0.003 f%, Lyt e ™ & T F%. %5 T- OV-ODW #l
CJ-ODW JAREE, AHE S B I 5 ok it B A LA
KIIEA, P Ia i o) b B AR &, 5 R4 AR st
N, AR AR L . SIC-CVC R Beiisl B i
R e VR AT R A, H2 UKL LE vl A LG CJ-ODW
IR I R BB A #. SIC-CVC #RBERE 05 Hy
PN RR: — A RHOR I T 4 7 e SRR
FHEG T RHEE R BAAE, T RN (14 A0 s 448 3 v >k 11
BRI, SIC-CVC #R e X A7 8 v 1 6 1k
KR SRR 5 FEUSSE Wi K ) RVl % =
il TE s, ARBR e W) AR BR FEA AR . FH LT CJ-
ODW A5, SIC-CVC BRI 2 [ w5 45 H 117
TR A R IR, BRI T ) e R B AL
AL A BfE.

3 PREIAGRE TR~ 4IRIRTS
Table 3  States of combustion product with different

combustion modes

Combustion modes p/kPa T/K Ul(m-s™) o
OV-ODW 268.9 3103.5 2817.7 0.162
CJ-ODW 129.5 2848.2 3168.1 0.178
OV-NDW 798.9 3768.7 496.8 0.003
SIC-CVC 372.4 3136.7 2970.3 0.278

22 KATRESXHEDRIR N

WL RAT 4 7 EEAE AN R AT = BE HORTRAT Sk
B Ma NREEM TAR, BER) ATIREMmE. K
TR LN S RAT T ) 55 SE B 1) B, A58 5 S kv E
SR s VAT AT TR BIHLIRRL LD I, 2 AT
B H=35km. YATSHE Ma =12 W), ®4T8) 1% g =
57.9 kPa. fE55 8K RAT&AE T, B 5 4t T &3l
(1 I, BE AT M H A4, 5 U e, T4
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Fig. 5 Fuel specific impulse [, and flight Mach number Ma as a
function of flight altitude A with a constant dynamic pressure ¢ = 57.9 kPa
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Fig. 6 Fuel specific impulse Iy, as a function of (a) flight altitude H and
(b) fuel specific impulse /g, as a function of flight Mach number Ma.
(a) Ma=12, (b) H=35 km
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Fig. 7  Fuel specific impulse /y, as a function of (a) wedge angle 6 and

(b) fuel specific impulse I, as a function of equivalence ratio ¢
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Fig. 8 Fuel specific impulse /;, as a function of (a) inlet angle 6, and
(b) fuel specific impulse /g, as a function of expansion ratio gq
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