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Performance analysis of rotating detonative airbreathing

combined cycle engine

JI Zifei' | LI Tiangi® ,ZHANG Huigiang’
(1. Shenyang Engine Research Institute, Aero Engine Corporation of China,Shenyang 110015, China;
2. School of Aerospace Engineering, Tsinghua University, Beijing 100084 , China)

Abstract; An over-under configuration of the rotating detonative airbreathing combined cycle engine
is presented in this study. Two propulsion units are merged to achieve three different operating modes,
which provides a favorable propulsion choice for advanced full range and trans-aerosphere hypersonic ve-
hicles. Based on the steady state characteristics of turbine and ramjet units, a mode transition strategy
with equal thrust and equal mass flowrate is proposed for the combined cycle engine , which further reveals
the mode transition strategy and overall performance of the transition mode. The results indicate that the
rotating detonation ramjet engine shows potential for improving the overall performance in low flight Mach
number regime ,and the rotating detonation turbojet engine shows potential for improving the overall per-
formance in high flight Mach number regime. The higher the initial Mach number of mode transition ,the
lower the specific thrust and the higher the specific impulse during the transition mode.
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Fig. 1 Schematic diagram of typical flow field in rotating detonation combustor
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Fig.2 Comparison of low-order model calculation results with numerical simulation results for
rotating detonation combustor
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Fig. 3 Turbine-based combined cycle engine

based on rotating detonation
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Fig. 4 Operating mode of combined cycle engine

2 #R5itie

2.1 REHBFRRRE IV SMEIERERE

T T S S 09 T8 2 % 7o 49K e 2 1K I A6 28 il
AT LU ST e e kR T e R sh LS B Al B R fE
OIRTRRIR o AT I R MR e e A sh AL L
BRI EE A SLAOPERE LU, LA I e i 1 2 FR
TERGE IR TR e & S L AR P RE T i AL 3 4

A7 11 km B QAT R IEH S E (7, =10, 7T, =
1800 K) AH [ (1 JiE e 4 52 Tom 5 ShBIL A i L it e
LR RE 22 5 Bl AT SHRRE( Ma, ) Y724 RGN
K5 e Al L, B Ma, (R38R, PRIR IR e &
LAY LHE Sy FORNLE e 1, Y B, BAESET 1Y
Ma, ZEALIEIR Y, i b e a6 e sh LR P g 28 H.
AW EH . TEAR R A 48 5B R AT,
TR R AR 3 IS RN, e e M RE WA 6 2 B
PLAY SRR G By, 3 A Bl T 2 v 11 30 PR
FRIEBR a0 A S AL R, B 4 g 1 EE b 24 5570
IRPHCRIEAR DG . BRI, e 1 R R 58 2 1Y 5 T
fit A2 B MR T Fe TR RE 22 S AR A B AL

16900

= F MR
= F R 46600

— 1 B
— 1 A HLIRS

1200

—~ 1050

16300

0
<

16000 ~

900

750

FIN s+ kg

15700
600

5400

0.5 1.0 1.5 2.0 2.5
Ma,

ES5 REERERRRINNSENRLRINVEERELLE
Fig. 5 Performance comparison between rotating detonation

turbine engine and traditional turbine engine
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Fig. 6 Performance comparison between rotating detonation

ramjet engine and traditional ramjet engine
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Fig. 7 Influence of H value on the overall
performance of combined cycle engine
and the inlet flow distribution

under the constant height cruise condition
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