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Abstract: In order to study the propagation characteristics of liquid—fuel rotating detonation wave, series of
experimental studies were carried out on the rotating detonation engine with gasoline as fuel and oxygen-rich air
as oxidant. The atomization fields under different injection pressure were measured by Malvern particle size analy-
ser. The results show that the droplet diameter at each plane from the nozzle outlet meets the normal distribution.
With the increase of injection pressure, the droplet atomization characteristics improves apparently, and the sec-
ondary atomization is basically completed at 60mm plane away from the nozzle. When the mass flow rate of gaso-
line is 96g/s and the equivalence ratio is 1.3, the rotating detonation wave propagates in a single-wave mode,
whose propagation frequency is 2494Hz and the average propagation speed is 1198m/s. The liquid fuel injection
pressure has a great influence on the propagation of the rotating detonation wave. When the injection pressure is
0.6MPa, the rotating detonation wave can not be formed due to the large droplet diameter. With the increase of in-
jection pressure, the atomization fineness of droplets is improved. The rotating detonation wave can be successful-
ly initiated and propagated in a stable and self—sustaining way. The propagation speed and average pressure in-

crease gradually and the propagation stability is also improved.

WA 2020-03-31; EITHHE: 2020-05-09.
BEEUH: HEXARRARESE (11802137; 11702143); TR EHHEARINL AT S LI % £ 3B (30919011259).
YEEE N A A W, PP, SRRSO RS R . E-mail: q.zheng@njust.edu.cn
BIHESE: &L, W, 202, MRGECHBERENTAR, E-mail: wenges@126.com
1AM A BUTHL, SR, A WERIRBNBE T ) X e S O i SE IR A () ] AR, 2020, 41(12):
2790-2797. (ZHENG Quan, WEI Wan-li, WENG Chun—sheng, et al. Experimental Study for Effects of Liquid—Fuel
Injection Pressure on Rotating Detonation Wave[ ] ]. Journal of Propulsion Technology, 2020, 41(12):2790-2797.)



Ha1E: H

TS TRRRIE T T 3 08 T 2 48 S5 4 3 Wil 1) 52 S8 BT 5 2791

Key words: Rotating detonation wave; Liquid fuel; Atomization; Injection pressure; Propagation char-

acteristics

1 35

Jie % k& 2% & 21 Hl (Rotating detonation engine,
RDE ) J& — 1] I 8 S5 #R J58 O =X, 1 938 52 e 7 3R TR 4R
e A5 TN I S e B A vl o T O S ) R B e
AR L A ) B — MO BU R s L. BRI T
SRS AL SN TR B KO ARG R R s BT
K AERD DA IHH R S T M R AT B O 2 v HE R R
GLHITERE . RDE B AT MVHCR il P 3 R 25 4
i oL e AR A T A R A [ N A A G TE L R
A RSB ST B R . B AT, BT X RDE B9 BIF 5
K24 A R JOR B R U S AR E
DA B e PERE T AF D5 I . T IS OB B R A
(B8 TAA i 22 dr S50 8, 8 T RDE Ay TRk
S, #H 5% HF 5 22 M SRS MR R A B A A
RDE.

5 BOR RDE A LE WS #4BE RDE 78 T AR I
RSN E R B 28 Rk A i B, SO A B B
WAL, TR AR RDE AR 5 Roe A s
0 52 BME E G & T R A A KL RDE. Bykovskii
OR[GO Ok 2 RORORE AT T
SEH R T B N BE VRN AR S S IR B W
NARAG T e e #2320 Sl 4 2 5
1EH AR 9 503mm WY FME MR BE = AR AG TR A X
P AR A5 W) 1) 3 22 i e 9 25 o Klindracki ™" X SR 4%
ENNPESTHE oty b7 bri il 5 E =R AN W 1 P B
A U HEE R AT SE R B IT AR 2 R O 1.1 AR
Tt 5 B0 8 5% D, AR 4 38U Ty 1500m /s 5 X5 A [ £k
i 8 7 3B W5 R B, SR FH AR S A8 AR O kT X
AR R ) R A K TR KA ZE R s T H I,
R e R R R R R R R B K RE Y
T 2% A O W ZS AR RDE B9 s R 48 T
Zhong 551 LUBEI A BREL , SR TR b 2L I P58 T
i@ B 4 S e 1 e SR T g A B AR [ I 5 T Y
TR A S B LR TR A R AR A o g A
T AR AR R KD 8 P i S I R S A% R i R AT 5
BT TE, I 5T PDA AR XS 55 40 U 5 it A7 I i, 75 3
A [ 52 5 Kb SR S R S RE N B AR Y STt oA . FBAL
SELCTIRE PRI AR, A A A AR R T A 4
B R PLIEAT L E T ARAT T R O A Y4
2% WA B R R R SR U Y 1R B T 1022.2~

T

1171.8m/s , [F) i 36 9 P A e e 8 55 10 A% 36 e 8 A
LR R RS T WA AR RDE B9 HE I VEREBEAT T
o Hre

YR TP AH i B i 5 i L UM e B % S U0 T e
PAE B, ok At S 52 % o 1 A 7 A e 4
BAFTENE 2 ME i, AU 275 18 WS ORI B R RS
240 %5 A AR 28 R ik B 8 B2 8 R RE KR 8 R
A IRRE 5 R I AR A TR0 AT ] B 2 TR R Y AR 22
MAE A (R . H AT AT XSO RDE £ 48 4 14 9 1A
WL A TR, T R A 7 A1 A B0 X S0 A e e
A 2 F) RS R R R AR R O R A B
PRI, A SCF S8 WF 52 08 1 e ) X VR S R R 55 R
(52, SR Je LV S R AR s RO AR A
AR R 1 IFJE T — RS ASHORE RDE 52 56 fF
FE o SR JH A 0 A S A A B - SR A 3 ) X s g A
JIEAE T BEAT W I, AR Al B T R B KRG A 5 R A
FE 345 5, 20 B 00 I R e % % i D ) 7B B B 1
e 3 e, 9F 9 T A RO I 3 T T 0T A A i A
HB 2 A% B R R B R T, O W AS RORE RDE B BF 52 K
TR P 2%

2 KWRHESWILFTE

2.1 BENENXRS

Xt T A AR RDE, V8 B %5 4k 3k % 2 i 7
W L R R AR e —. R T
TR T i WA R RE 55 A RS M, BT I Sl 57 1 T R
M R e, R 5T T W7 R ) X6 VA R R 55k 4 1
B 5 TR, VT R AR I R A T 1 TR o WA AR
JBCTE fit 1 FE P L SR FH R R R VA SR R I 3R B
Fy, 38 A U R o) YA R A W R A 3 ek
i S 0L T V0 A AR Ak W 3 B ) 4 4 o . S0 R FH R
SO SIS 9 A R 55 AR T B N AS TR AL A 1
TR o A o Ty R SORLEE {SCR OB AT S AR | B
SIS P b ) R S 5 VR 25 AL RS, B BE B 55 il
PR R, TG B TS G AU
22 AP RDE LIS RS

WAHER RDE I RGN E 2(a) fin , FEAL
FEHEHERI B RS W R G 5T RE RGO
AR KL RDE. A A K RDE 3K JE #R be = b 42 0
153mm, 24 120mm, #A 58 % H 1 B 58 KRR
WEMiE., BASRBTEIBTEARBIREE,



2792 e R 2020 4

HEATAERZS, TAEMS ] A¢J5 , G ] RDE BA %% 28 15
L 25 A B P T I 20 5 1) R 0 P I T A O R B
T B B 2 R S L e Rk

Reducing
valve -
Injector

TR
1 1 o g A1 } Pre-detonation
Malvern particle tube
size analyser g2 1N _Lx
Pao ellants ]
elive i 5
systergly C{'ﬁﬁg RDE
O-O iai g v :
'——a[J'PCB Ton probe
’_A‘ Control|
system
Fig. 1 Droplet particle size test system H, o,| |air Signal
system
TR 18 5 R A0 55 Al W T TR OE AR BE L AR AR

Ve AR 2 N EAT AR PR RS A E o 181 2(b) (a) Liquid fuel RDE experimental system
SR RDE WEE S5 F 18] o S8 AL 70 18 o E AU R S 10 il
(] W% 3, 16 /> PR JE [ 51 F9 W 08 94 A foa) 8, A8 Jo) W
R R R 5 il T M 3 ) 44 R0 AT LR AT B FE 4
AR R o T RS R A X SRR AR A B I
ME, R T B e KR AR S SR D) 18] 42 2 4 HL/0, /
AR B T KRR . 1IN TE B E BRI BB N \drr
i A R 2 DAY U T R S 2R AR 4 y
Zs A FE MR e 2 S iR BEAT W E %5 6 o Air, O, FI1 H,
F o R OB A, ARl e v T A B ik 2 el 1
TR AR B N o QT S AR e Y T AR Fig. 2 Liquid fuel RDE experimental system and injection
fE B SCHR 17 ], 78 B A P35 A structure diagram

AR S AE S S HLAI BE T 3L 2% 3 A4S PCB g At TR
I IS, PCB & W T ) A% A B R R 25 <19%,3 1

N oy
v

N 60‘;\ Gasoline

(b) Injection structure

PCB 1 Spark plug
~_H

BT 4 0 FH SR A R [ 67 B A 9 TE A 55 A K ree3

Wt PCB AT 7 2 5 R JHF S 22 07 2, g b PCB2 2

TR P TP R . 3 A MR B ocpree mmT

5 R T AR R AT i ) B S 4 T 5

Je ORI AR . B ERER H B A R, Fig. 3 Locations of PCB sensors and ion probe

TF M2 F B T M 57030 s 2 50 15 6k e 5 A W A 3

LUy 8V U ML, S AR e R PO sienal diivary |

Bt RN GRS TRAREINEE oy h 4 &

A NIEUHE R4 R G0 3¢, A SEH0 R BE M0 R Sk 500k Hz, Eose f ¥ ¥ Yo
L . — Igniton RDE RDE  Signal

igﬁ@ﬁ‘ﬁ#’?ﬁﬂ Kl 4 Jr 7w o i%ﬁﬁf‘ﬁﬁﬂhkﬁiﬁiﬂé% gasoline oxidant  system

R G5, RIFATIF H,, 0, T L 2 5 6 ey 6 1R, ) U1 Fig.4 Experimental time sequence

S BT H, 0, [R] B 1) JE % 4% 32 08 be 5 A I T

PN & 02 1o — B i) ¢ M Bk 2545 H, A O, N
WHERE R AE PRI, 3 g g

R0 A B PG R, R AT O R S5 A s KOG o

KR TR 2 N B HL RO, R . BUBRERAE WIE A 3.1 BEEGEZ RGN

A S I S R R R A R A R S AR RDE THF 5 VR 25 OB 5 A i P s LA i i S e L S5 YR



Ha1E: H

TS TRRRIE T T 3 08 T 2 48 S5 4 3 Wil 1) 52 S8 BT 5 2793

PR BE B VE I R KR Y B 42 (Sauter mean diameter,
SMD)VE ] Wi B A2 i VF AR o . MR a e,
U W TS Y R 0 R R e R PR, A 48 e
W& ) I (1) e 5 e X Wt WG 55 Ak 80 SR 1Y R e B R, R
TR 43 B ] P X W5 W ) 5% i 241 A 0N R b AR S ik
10 78 18 5510 5 50 R X6 Vi A& A &L RDE W M5 55 16
Yy kA7 8 VERE ST, 90 20 IR R WS R R RDE W % 25 1k
W, e S8 BN M oS /R S ml . il TR 3¢
KL BE AR ) 55 A0 W 1 55 1 U b AT o a0
W 58 WA BERRHFE AN TR 5 33 16 00 F 19 55 Ak e v, DA
A i DA T A RS R 2 T4 I 3 0 TR AR G 40 A
% 0, 08 25 5 b W L Bl 43 BT S T A E R b S
W B A5 R o 0 SR T 00 A 55 AR 3 R T AT
SR S 25 T W R ) R 1.2MPa B B W
H 20mm, 60mm , 100mm V-1 _F #9 SMD 53 4i 1% &, H:
H1 Volume frequency 24 ¥ ii% R ~F 1A B 43 %1, Cumula-
tive volume 2 RFBUA T3 4. =P Iy SMD ¥
W IE 2 4> A6, SMD 4y ) A 82.12um, 70.79wm,
69.53pum. Xf b = AP A I & A5 R, AT DL R B

100 10.0

o >
=] =]
> | j=a
o 50 50 2
= 25 8
5 s
“ 0.0

0.1 1 10 100 1000

Particle diameter/um
(a) At the 20mm plane
100

& X
2} =
5 g
=] =
> o
° 50 &
E 5
g z
~ >
&)

0 4 0

0.1 1 10 100 1000

Particle diameter/um
(b) At the 60mm plane

100 / 15.00

2 / 1125 &
[=] o |
5 30 750 8
> =l
Z o
E 375 B
] s
“ 0.00
0.1 1 10 100 1000

Particle diameter/um
(¢) At the 100mm plane
Fig.5 SMD and cumulative volume distribution at different

position under injection pressure 1.2MPa

60mm - i 4k 1Y) SMD H 20mm - i 4k B & s/, X
H T W T A Y A K TR 5 AR R
A58 20 B Y 77 43 T8 B Sk RS0, T I AE
FEHZMER T b s 2, R E B RZL . i
100mm - [ 4k () SMD F1 60mm - T Ak (Y SMD HE A< 41
[] , 158 B & VR 7E 60mm ~F- T Ab E 28 BE A 58 i IR %
o 23 R AS [ Wes 732 16 ) R 9 SMD #5470, 83t
ZERE 6 s . M Z A fb ke #eonT L] i g2 3],
M0 K SN 0.6~2.0MPa I, SMD 43 Afi 1E 50~
110pwm o KT Lh 7R SORE BE AR 2SR 8 55 16 i 3 (1)
D 45 ST 0, = ASSF T B Y SMD Y BE 25 R
A 1 KT D8 /0N, VR 25 Ak A R B A I R TR ) A S R
STk P R M A ST T A Y YR T L AR X it
AR TE A A A, WO 55 1k AN R B G TR R IS s E Y B
BB RS B o AE B B WS 1T 60mm b IR 5E
AR 58 B

1101

—=—20mm
| —e—60mm
100 ——100mm
90
g
s 80
3 L
3
70 |
60 [

50 1 1 1 1 1 1 1 1 ]
04 06 08 10 12 14 16 18 20 22
Injection pressure/MPa

Fig. 6 SMD versus injection pressure at different position

32 WiEREEREEELRES N

AR5 LR T T B4 AR T R T A e 5 U A A ik
FEHEAT A7 o BTN B 4R A BT U i 798¢s,
RAM B R 77 1.3MPa, Y30 BT 1 i 18 96g/s, 1
o 1.3, &\ AR 32%. B/ 7RISR
RDE &8 F2 , B aT DUA T 25 88 W i
i 25 % 7E 25 1040ms B Z) i A RDE B MR 5E % , PCB
FEIMES e TR ESER B HEIFRA E
W0 BUE R . MR G S T LR I, 1 e 5%
8 22 05T B =2 T B4 3 B ) B R B = PN SR IR
I 5 I 1 Bt AS B 1 v R DA (L, Ul B e IR R =
TE BTG T R 8 U0 9K 58 Ul T e R R A 0 A 0 R
oA e E A R AR 0 . IR TE B b = 1l R
RETH] G EE 4 DL R i AR R AE R KA T S
AR A I fi T AR B HIGH SRS 8, Ak 2
J2 I TR AN W R 5, R 7 U8 A SR EE S, T A



2794 o # R 2020 4F
ESRULES T3 1T 24§ 60ms E’J?I‘HFM’EFH AT AR RE i 2494Hz,
H+F E’Jﬁﬂc’?ﬁé% % . 2 08
Z
S 06}
g
2 04f
s 2
% . S o2l
5 5 i “ﬂ Ll
% = 0.0
£ s 0 2 4 6 8 10
Frequency/kHz

il 0
1020 1040 1060 1080 1100 1120 1140 1160
Time/ms

Fig.7 Curve of PCBI1 and I, during Initiation process

8 Sk Jiré I 4 5% U B E AL HE By B PCB 1 F1 PCB 3
B4 e A3 T it R R RO L. AN IE T DUR Y TiE
BE VR WAL 77 10 9 PCB 3—PCB 1, N & S LI O
L I00 Ay JIGT s 7 I, A U AE AR AR L AR v, R T W
TEAE— B W8 . PCB R J7 W 0 TR 58 4 A7 0L A b
B, AT DL G T A Rk S AN R AR R A R R
50T BE DA R AR A B TR ) B AR AL R . RS
25 SR [ 18 A 73 e J W 0k T 100 e A Bk 5 U A B
BRSEATILHE . 5T PCB 1 MR S i 4, »F
PCB1 & 4 Hs 77 1 4R 0 A7 DRk () L ot 8 46, 235 21 o %]
9 Bt BEAS T AR BN i AR M S e
2494Hz, B I 155 0 35 B M AL BE SR v = mDf =
1198m/s, v o0 e 5% 45 55 I 1% 1% 19 £ 050, D Ry 1k e
FAME o BRBEEE AL R ALCHT VR R ) R B A
% R 0.138MPa 1 284K, i1 8 Hi i CJ H 2%  JE h
1973m/s. 5 BEBHR LU, VRS BRI i o 55 ik 1%
T R 7 K A CT M 61% . X JEH T
A RRL 00 HE 2 MR 2 VRO FE I R 58 & v e )
WRBESE A28 &, B S B0 5 R0 I X0 A 2k e e
HR A TR Y AR AN T I A O DL AR
14 3 B 5 RN XA

201

——PCB 1
—PCB3
1.5}F
£
1.0}
2
2
§ 0.5
[~ ™
0.0
-05 : ' : : ' '
1144 1145 1146 1147 1148 1149 1150
Time/ms

Fig.8 Curve of PCB 1 and PCB 3 during stable

propagation process

Fig.9 FFT result of PCB 1

P10 S WS RDE B3 5E TAE B BE PCB 1 i 4
AR R I S M WIS CE RN §Y NI BINLS
HoRT DU Y 2 e R SR e 2 i R D AR IR AR T T

PRAT I SE, B 455 MO A5 5 R 28 BT, R B
Be % TN JOHE SR S AL FE Y TR I S AE LTt

B N T B N S SR R SR A 2 N
AR LR BB E AR S E S F R, X & T
TIE i H 2% U 0 S g IX A K BE I R T RS IO 1Y JE
JE o X B AT L AE S D B A e 25 R AN 1A 11
FE 7R, % H 9 H PCBT R g % Ik T o e FL i 2
SEUL, T DLEA W R b o 0 — B, ¥ 76 2500H

0.5F

Pressure/MPa
Voltage/V

<o
o

11450 11455 1146.0
Time/ms

11440 11445

Fig. 10 Curve of PCB 1 and I, during stable propagation

process

B 12 B FHAT L, LI LA R B 7 ka5, 3
ot 2R HE DY I 15 5 2 TOUAR 55 A K AE 2E KB BT
FFHH S A ) v
Tl BT AT WA R AR R RS
B B o T LR S R b A Sk e, L I Y
R B B T T, R 5 A BRI R 8 0t )
O ) AR HEAT R A Y B W R R R R
I8 5 Sk TR S U AL W B . TR AT LR B T T R
LR A be 2 S 3, L B {5 5 Wk 3/l 1 e A ) Y
B 75 AT LA R AR B 2 05, T 1, B B IR e S R A, BT



Ha1E: H

TS TRRRIE T T 3 08 T 2 48 S5 4 3 Wil 1) 52 S8 BT 5 2795

TE AL B AL B A B SRR TR SR W AR A AR
i1 = AN PR N 7 N e ol B ] R

101
2510Hz
208
g
o
= 0.6F
8
& 04f
o
3
o
A~ 02+
0.0
0 2 4 6 8 10
Frequency/kHz
Fig. 11 FFT result of I,
7 —
6F —I,
5 L
£ |
S AT
[
; 3
g 2
=}
1
0 f

=1 )
800 900 1000 1100 1200 1300 1400 1500
Time/ms

Fig. 12 Curve of I, I, and I, during the whole operation

process

33 BUEEAXMERBR R A EFERN RN

TE W T A T T B e S e AR v TS AR
T 55 Ak AN B 45 52 ) SR B RN K A ok R HE T 4 R
R A0 R Lk B U G B W N ) S SR S| I
AR W% T D AR L BRI R B P TR 2 Ak 4
JE A SR A A BN A R R T A R R R S
ARG HE o Al o R HE R Y i Lol 1.3 R
A5 I B D B O A ORI W R ) HE AT TR AR
R RDE #ZS S50, F 5% 8025 8 RH 8 12 e g o) e o ok
RV AEREEEE R R . X4 T 00T A0 & 0 1%
R AL RE B OV ¥R 7 DL S B A X A o 25 1E
80t W 13Ca) fr %, %o A S B 10 e 7 g 3%
P, HAL #5953 N 1800~2600Hz, 14 #% L J& - 900~
1300m/s. >4 ¥ A& A BB TR 1 0.6MPa i), i T
SMD 8K, Wi ;) 5 78 2% Jr 75 s TR 4K, R B 2E R
R AR, BEAIR T Ak 2 S 38R DA S g Dy J 2 Uk
R MR, FBOCIE R . WK
6 SMD B, SA 5 W Z MV A e &5 7
FROE e ok 22 A% 1 TR AR o B VR S R R IS R
J1 3G K SMD ¥ Bl /N | W 56 4 ) B8 78 R BTl i

(R A5 i, B 07 A AR DA ) 980 e B2 O, 5 SR 4
T FRE K, A 2 S ST RE T F) B 2 1 ey, A 8 55 U T
DA L 1 1 4 B 5 AL 1 o5& T PCB 1T e 00 39
8 A0, X A T ST DR A S I A T T e kAT
AR 3, 0E 13 (b) Bz o T LI UL 3] Bt 35 9k
AR T T T B 3O T B g S A - 2 TR A
(7] B 48 R, 7R WA MR TE TR T o 2. 0MPa 19 0L T,
Y A5 B BE 4 5 B IR 10 0.76MPas T AR
R 2 AR 48 i T T B9 [R] e 22
R SRR B0 o AR A TR O K W S
PR ZER YRR T M AT B T B Rk E A
TE ZF B E AR T WA OB e 4% 1 3% A s ALY

N

O IE

A o Failed e
L] Frequfency a 11400
L 25t a Velocity . = " N
T y s © 11200 &
g 20 11000 2
= 1 2
= 1800 2
1.5F
1600
°

10 1 1 1 1 1 L 1 1 1 400
04 06 08 1012 14 16 1.8 20 22 24
Injection pressure/MPa
(a) Frequency and velocity versus injection pressure

087 o pailed

| = Detonation

e
N

&
o

<o
~
T

Average pressure/MPa
(=}
w

o
w

02 —
04 06 08 1012 14 16 1.8 20 22 24
Injection pressure/MPa

(b) Average pressure versus injection pressure

051 ® Failed
= Detonation
04}
.
. 03}
02}
0.1} i

04 06 08 1012 14 16 1.8 20 22 24
Injection pressure/MPa

(¢) Relative standard deviation of velocity versus
injection pressure

Fig. 13 Propagation characteristics versus injection

pressure



2796 ot

#HoR

2020 4

425 1k K45 TR i A A% B e 38 | 4 52 D A Ak 2 SR AR
DA AR, 0 P A B 13 55 D5 1) £ B TR A% i i 2
VA KV 249 T g P 0 O o e T A A 0T 9 S D
F14 A 42 T L, i TS X B R A X o 22 e, AR
B RS Ao 9 i 22 oA DAl ki S5 104 12 B O A S 1

i

2o, J2 A A U P Y R L o R I .
13 () Sy 38 J52 FH 0 s o 22 Bl AR R I8 3 T 0 9 22 A
oo IR AT U i Bl W3 TR T B3 K, WS
B 25 1 40 5 e 3 I R 5 SR AL R B TR AL 1R
TR0 388 A o i 22 32 7 78 /N e e g % A
T 0 T INAR AE <

4 % it

A SCXT WA R BE RDE 47 52 5 AF 5%, R FH PCB
1o P ) A% IR R B T AR A 43 Bk R KA A
PEAT N A5 B R LSBT .

(D) AEVRIMEE R 120 1.3MPa, i B3R 4 96g/s,
MR 1.3 LA, % B DR R S AL 4k 1 75
W3R 2494Hz, F Y AL B U 1198m/s, 5 SR
o8 i M S AR LE TS R R e e M 2 D T
R, AR CIHEM 61%.

(2) T 2 i 565 i 7 4B i O AR 58 38 TN S I AL T )
B, Gt — B[] 0 i U 5 A RS A AL 1) e
MRE . IR R R AT R NG
SRE T KGR S A L TR R R — 2,
W MK M BERA AL . R E S L E
MG T B B R AR A, B IR E S W E 20 T R (H R
R B BN AR I AE S T RS

(3)FE M R 71k 0.6MPa I}, i F 380 19 55 16 kL
BB, To kI B e e 3 25 ik o B 68 3 1 ) 1 3
TR W 55 AR AR R U/ | T A A 5 D W1 LA B ) S A
IF B R R E AL B o e M 2R IR AL BRI R AL B
JEE - 35 TR 7 349 BE 25 SRR S T T g 4 8 K T 12
T 388 A ) B e R 2 U Y R A B A R ORE I I R
JIH R AT 3 el .

AT A B RDE 15 9 45 44 K P38 3 1 B 2%
PE AR SCHE 3 B oA )Y 25 4 S5 56 R X 58 1 25 16 It
Yy kA7 5 VRS, 90 28 R R WS R RE RDE W B% 3 3
FALFEE . R — 8 IF R Z B A 18] A 25 A SE G
X VR A WKL TE B AR 22 % A% R R R 2R AT IR A
W5 o

B BN K A ARRL E  h E A EAR RTAL
% P IMGE BR B

S 0k

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

[2] ZhouR, WubD, Wang J. Progress of Continuously Rotat-
ing Detonation Engines[J]. Chinese Journal of Aeronau-
tics, 2016, 29(1): 15-29.

[ 3] MaZ, Zhang S, Luan M, et al. Experimental Research
on Ignition, Quenching, Reinitiation and the Stabiliza-
tion Process in Rotating Detonation Engine[J]. Interna-
tional Journal of Hydrogen Energy, 2018, 43 (39) :
18521-18529.

[4] 2 &, £ &, & &, F. G k0 A5 iz
K BT A R RS e [T). HfE R 2016, 37
(11) : 2193-2200. (PENG Lei, WANG Dong, LI Fei,
et al. Effects of Ignition Method on Operating Character-
istics of Rotating Detonation Wave Engine[J]. Journal of
Propulsion Technology, 2016, 37(11): 2193-2200.)

[5] XieQ, Wang B, Wen H, et al. Thermoacoustic Instabili-
ties in an Annular Rotating Detonation Combustor under
Off-Design Condition [J]. Journal of Propulsion and
Power, 2019, 35(1): 141-151.

[6] Meng Q, Zhao N, Zheng H, et al. Numerical Investiga-
tion of the Effect of Inlet Mass Flow Rates on H,/Air Non—

Premixed Rotating Detonation Wave [J]. International

Journal of Hydrogen Energy, 2018, 43(29) : 13618-
13631.

[7 1 #k f, W #E, WGES, 5. Hy/Air i 2258 5 1t R
B HLAE I3 (D) PR RS R e L)L R,
2015, 36 (4) : 495-503. (LIN Wei, ZHOU Jin, LIN
Zhi-yong, et al. Thrust Measurement of H,/Air Continu-
ously Rotating Detonation Engine (I) Thrust under Single
Wave Mode [J]. Journal of Propulsion Technology,
2015, 36(4): 495-503.)

[8 ] #k A, W Bk, MGEYE, 5. Hy/Air 2 285 1 K
S HLAE S L) R BT e )], IR,
2015, 36 (5) : 641-649. (LIN Wei, ZHOU Jin, LIN
Zhi-yong, et al. Thrust Measurement of H,/Air Continu-
ously Rotating Detonation Engine( II ) Thrust under Dual
Wave Mode [J].
2015, 36(5): 641-649.)

9] A M, ZFEE, FHEA, F. BHREETYR
AR B B 2 A S LA K5 (0], S LR,
2017, 38(4): 679-689.

[10] Bykovskii F A, Zhdan S A, Vedernikov E F. Continuous

Journal of Propulsion Technology,

Spin Detonation of a Heterogeneous Kerosene—Air Mix-
ture with Addition of Hydrogen [J]. Combustion Explo-
sion & Shock Waves, 2016, 52(3): 371-373.



Ha1E: H

W AS AT T T T X e e e

S B4 S 9 F 5 2797

[11]

[12]

[13]

[15]

Bykovskii ' A, Zhdan S A, Vedernikov E F. Initiation of

Detonation of Fuel-Air Mixtures in a Flow=Type Annular
Combustor[J]. Combustion, Explosion, and Shock Waves ,
2014, 50(2): 214-222.

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

Kindracki J. Analysis of the Experimental Results of the
Initiation of Detonation in Short Tubes with Kerosene—Ox-
idizer Mixtures[J]. Journal of Loss Prevention in the Pro-
cess Industries, 2013, 26(6): 1515-1523.

Zhong Y, Wu Y, Jin D, et al. Investigation of Rotating
Detonation Fueled by the Pre=Combustion Cracked Kero-
sene | J].
(10).
Fooal, A HE, REREE LI A % 2 e A e R
e TARRR R I s (1], #EdEHOR, 2017, 38(2):
471-480. (WANG Di, ZHOU Jin, LIN Zhi-yong. Ex-

Aerospace Science and Technology, 2019, 95:

perimental Investigation on Operating Characteristics of

[16]

[17]

[18]

Two—Phase Continuous Rotating Detonation Combustor
Fueled by Kerosene[]]. Journal of Propulsion Technolo-
gy, 2017, 38(2): 471-480.)
R FEE, AR . Y5 L AR %
BRHMPUBRZL W LTI, HEPEEAR, 2015, 36
(6) : 947-952. (ZHENG Quan, WENG Chun-sheng,
BAI Qiao—dong. Experimental Study on Effects of Equiv-
alence Ratio on Detonation Characteristics of Liquid-Fu-
eled Rotating Detonation Engine [J]. Journal of Propul-
sion Technology, 2015, 36(6): 947-952.)
B FER, FRA, 5. R E K EXR SR
AR e 5 A Sh UL RE S A SE IR T 9T [0 ). HREEHOR
2018, 39(12) : 2764-2771. (ZHENG Quan, LI Bao—
xing, WENG Chun-sheng, et al. Experimental Investi-
gation for Effects of Combustor Length on Liquid-Fueled
Rotating Detonation Engine Performance[J]. Journal of
Propulsion Technology, 2018, 39(12): 2764-2771.)
XIHEZAS . % B2 % b 7 U 45 b AL BB AN B A R AL
WD) Kb EBRAH AR R, 2012.

(%% 2 )



