2021 4 4 A o B AR Apr. 2021

Fa2E a4 JOURNAL OF PROPULSION TECHNOLOGY Vol.42 No.4

== L4 = oy *
IRE RN RHIRE
IR, BRSO MR, RS, KRLT, OB A
(1. RS MURATZ 2B, LAt 100084;

2. JEEEE T R FisBe, Jbat 100081;
3. bR ISR R AR A e R A s L R S SEe =, dbat 100074)

W E: RERAFZAERREG—FERREZ, FETREARGRBEN G, K TIREMEZNHR
HEFR LA BFOEAMBEY, AFLHEIMNTMRDABRAERLE, ALEREZRBER L
Folk BB AR K 0 A AT S P B R e Rk b S — TN BT LR AR E A S AL IR A i 5y ik
AR i aE X Am ik e Xk 4k MR E R S LI AL 5 AT S 7 g BF it e, STIR4E T #HEE R Shpueg Mgt 5
MAn XA LR, RGATHAIRABR BB EL MR RFRGREE,

KW AERE; FDRE; HsAT; BEAIIM; &k

FESES: V231 XERARIREG . A MEHS: 1001-4055 (2021) 04-0721-17

DOI: 10.13675/j.cnki. tjjs. 210109

Research Progress of Detonation Engines
WANG Bing', XIE Qiao—feng', WEN Hao—cheng', TENG Hong-hui*, ZHANG Yi-ning’, ZHOU Lin*?

(1. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China;
2. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
3. Science and Technology on Scramjet Laboratory, Beijing Power Machinery Institute, Beijing 100074, China)

Abstract: Detonation is an important way to achieve pressurized combustion. Benefiting from the thermal
efficiency gain of detonation cycle, the propulsion device based on detonation has significant theoretical perfor-
mance advantages, which is expected to promote the leaping development of aerospace power technology. On the
basis of summarizing the development of classical detonation theory and basic scientific issues related to detona-
tion propulsion, this paper further introduces the research progress of low—order model establishing method of ro-
tating detonation engine, as well as the performance analysis of turbo and ramjet rotating detonation engine , and
summarizes the performance analysis and key problem research progress of oblique detonation engine. Finally,
some research prospects on detonation engines are discussed based on the current research progresses.

Key words: Rotating Detonation; Oblique detonation; Performance analysis; Detonation engine; Review

] %EF?E?&EI“,Efllifﬂﬁﬂ%ﬁﬁ%ﬂiﬂkﬁﬁ’ﬂ%fﬁ%ﬂ

A R B TR AL S, Ay SR R A R R A P

AT AF AR R HE HE IEAE LB BRI M O R AR AL T R A (B R M R B R R
KAz SRR BT 09 K L o X BB SEE AR ORI AR A MR AR A R T R A AR 2

B B o B A RY RC(E 05 B DA B i 5 R [ A AN B A RO TR R A R M R 4R 3 1 25

T

* WA 2021-03-01; fEITEHE: 2021-03-16,
EEREN: T £, W5, FEOFRR, B ushnisE SRS . E-mail: wbing@mail.tsinghua.edu.cn
BIREE: kT, L, PR, OGO E KRN JHR . E-mail: yining pde@nuaa.edu.cn
IR T &, dg, v, . BRSNS IERL) ], R, 2021, 42(4):721-737.  (WANG Bing, XIE
Qiao—feng, WEN Hao—cheng, et al. Research Progress of Detonation Engines [J]. Journal of Propulsion Technology,
2021, 42(4):721-737.)



722 e it

EL VN 2021 4

MR SCHR AN 22 AR VD I TR 2% Wolanski 7E SR B2 2%
AR U S S TR e Wy N S (e a2 X
25 2E i) (B SCRR ) 06 1 i 2 e e Jo iR b o ik Je 7
X [E ATAA S MR B H R 2 25 2H 4L, T 2017 4R AE
{Journal of Propulsion and Power) i B T “ 384 JE #K 5~
L. 2019 A IEHE R £ 5% ICDERS KR2x#3 , U
2 I i i 8 2 4 T A 49 ¢ O S e B R R 1 A
IR RS TN Bt S W I LR B IR L
“HESERERERR T O F MR S WE . R EEK
2 AT bt KA FAEF 2L R &8 T (ATAA Journal)
) L E R R S N R R IR R E T 4
WCEE, F 20204 12 A HAR . 2020454 F 2k >
B2 Bt %1 7 { Transactions on Aerospace Research ) 3%
B YL R SCFD L AR LR A T DU 2R R T A A
20T W e 3w e O R G R AR R Bl BRI R
S SALE BE 43 BT R G 0] R A T e T T 5 a0

AR SCHE T H O YA BRI AIF 5T 4 T R B K
— e A L £ R0 S0, A HERR B O HE A T 40 Y
W RHAATE 5 0 < A, IR R B 4R 58 8 B 0 1
FH o AR SCT S 1m0 T 0 5 A 9% 5 20 B R 1) 8 e 3
WA R JE T s ARG TS T i B2 i 8 R & S ALK
B B R 1) 53 A7 7 1%, B SR A R T M R AR R e
955 T B 0 R T8 G T B 0 R i s N R R R B AL
{14V R 2 BT R S i ) R0 17 fF 5 3 e

2 BEBRIBERLEAR

TR B ok AT T ol AR I L R D R R . K1
St A TSR SR TR A A R R R AR AR e R Y —
SERLAR SR, 1955 T MR AR PO IR 0 IR I 5,
TR AR A A R LA S R B P RE L B T AR
AR R R G K 52 045 E I B T

PR SIS IR T 19 40 60 4E X, Abel ® |

/ .3 _,/ ""‘t & : '/
74 g N &4 B

21

(a) Detonation cell structure shown by the soot foil!'%

Table 1 Comparison of the basic parameters of

deflagration and detonation

Parameter Deflagration Detonation
Mach number Ma 0.0001~0.0300 4~5
Pressure ratio p,/p, 0.980~0.976 13~55
Temperature ratio T'/T, 4~16 8~21
Density ratio p,/p, 0.06~0.25 1.4~2.6
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Fig. 1 Detonation cell structure shown by the soot foil and schematic of cell structure
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Fig.3 Schematic of structure and flow field of rotating
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Fig. 4 Structural diagram of oblique detonation engine®
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Fig. 9 Schematic structure of DRDATE with the multi-annular rotating detonation combustor™!
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(a) Location of pressure monitoring points at the isolator
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