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teristics of two—phase rotating detonation wave, experiments were carried out by varying gap width and equiva-
lence ratio. The outer diameter, inner diameter and length of rotating detonation engine annular combustor are
204mm, 166mm and 155mm, respectively. Gasoline and high temperature air are injected into the combustor
through a nozzle—gap impinging model constructed of high pressure atomizing nozzles and annular gap to improve
the mixing effect and chemical activity of propellant. A pre—detonator tube is used as ignition device. Based on
high frequency dynamic pressure signals measured in combustor, the propagation stability, pressure characteris-
tics and frequency characteristics of two—phase rotating detonation wave were analyzed in detail. Experimental re-
sults show that two—phase rotating detonation of high temperature and gasoline is realized with different gap
widths. When the gap widths are 3mm and 4mm, average peak pressure and propagation frequency of rotating det-
onation wave increase with the increase of equivalence ratio. Increasing the gap width to 6mm, propagation stabil-
ity of detonation wave become worse, and the average peak pressure and propagation frequency increase first and
then decrease with the increase of equivalence ratio. The highest average peak pressure, the lowest pressure fluc-
tuation intensity and the best propagation stability of detonation wave is obtained with the annular gap width of
4mm. Under a certain range of operating conditions, increasing equivalence ratio can effectively reduce the peak
pressure fluctuation intensity of detonation wave. In addition, with the increase of air gap width, propagation fre-
quency of detonation wave decreases in the entirety. At the gap width of 3mm and equivalence ratio of 1.19, sin-

gle detonation wave propagates continuously in the annular combustor. The average propagation speed is around

2022 4

1176.6m/s, and there is a heavy velocity deficit existing during the propagation of detonation wave.

Key words: Annular gap width; Two—phase rotating detonation wave; Equivalence ratio; Pressure char-

acteristics; Frequency characteristics
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Fig. 1 Schematic diagram of the experimental system
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Table 1 Experiment condition

Case 8/mm @ T/K m . /(gls) m g/ (g/s) fi/Hz p,/MPa Mode
1 3 0.61 713 1110.0 44.2 — — Deflagration
2 3 0.70 713 1110.0 50.8 1718.1 0.29 Intermittent detonation
3 3 0.83 713 1110.0 60.2 1830.7 0.40 Hybrid mode
4 3 0.97 713 1110.0 70.3 1945.8 0.52 Hybrid mode
5 3 1.19 713 1110.0 85.7 2047.7 0.60 Single wave
6 4 0.61 713 1110.0 442 1452.0 0.18 Sporadic detonation
7 4 0.66 713 1110.0 479 1521.7 0.21 Intermittent detonation
8 4 0.84 713 1110.0 62.4 1818.2 0.61 Hybrid mode
9 4 0.97 713 1110.0 70.3 1827.3 0.64 Hybrid mode
10 4 1.19 713 1110.0 85.7 1900.9 0.73 Single wave
11 6 0.66 713 1110.0 47.8 — — Deflagration
12 6 0.83 713 1110.0 60.2 1404.5 0.30 Local detonation
13 6 0.94 713 1110.0 68.0 1455.2 0.38 Intermittent detonation
14 6 1.04 713 1110.0 75.0 1536.7 0.43 Intermittent detonation
15 6 1.19 713 1110.0 85.7 1437.7 0.37 Local detonation

Hybrid mode: coexistence of double wave collision and single wave.
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Fig. 9 Experimental results with different equivalence ratio and gap width
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and gap width

SRy itk — 20 W 50 e B 8 25 0 R T R R R AR
P W B R 7 Bk B e P AT 50 o 1] 12 02 Case 5 551
& B AL T AE o R v g S U 0 R i B R ) A
P, Fh AT R0, 08 25 5 {7 28 4k R 0.19~0.98 M Pa,
W (. g Wk sl i R, P S R 1 2492 0.6MPa
% T 00 R 32 I CT E F1 o 1.252MPa, 6 K F 52 46 U
I FIE R HE TR R (DB A TEE RN, &
T 23 A T R R, S O 2 B R AL, HF
M 5% ) ) Y5 25 B IR AR o (2) AR % il il 1 AR S
WEETH A Z K, 28 A A, S 8Ok b = 3k 3
TEAE 3 RARBE 7= W 100 3 X, R B350 9o &8 TR A
PIR AT RAE o B, S0 T A5 A e S5 Uik Ve (B TR T A7
FEBUR RS TS CIBE IR T . PRI R
TR IR AR AL AR L R, R B
J2 W 55 U8k V(L TR g 1 Ik st R L SE R I AR R Dk B
B e {8 e ) R 28 45 - 35 . 00 B F ksl &l 13 TR .
H T e N ) 2 v A R e (R 25 S A
W {E R Sy BEALME AR L, R AT RE R FF e Xt R . W T
DAl € e % 22 U W A R 0 1) Bk sh R L B T ik
Bl BE 1, 58 SCOA M S U U {E TR ) b v 2% 5 P X (B
TR HAE  Bee kil ok

x 100% (1)

210251-8



BAa3E B8l B T JIENT VO A T % 5 U 5 A R R S e S T BF Y 2022 4
1.5 T T T T T T T T
80 I e /=3mm
v 0=4mm
% 2% X g=6mm
60 | X <
X x
e *x X X X
= 40
L]
v L]
20 S ¢
054 1 1 1 | 0 L 1 1 1
36 38 4.0 42 44 0.6 0.8 & 1.0 12

Fig. 12 Peak pressure distribution in Case 5

/\v/\v/\UAWAv/\va“W

02

p/MPa

00

4.190 4.195 4.200 4205 4210
t/s

Fig. 13 Local peak pressure fluctuation in Case 5

B 1402 5 Bk shom B TE i ah 1. e s
TAEREAS g R 55 AL nl ] DT A 25 L R ) 5 o 25 1
H 5 D WM R ) R B BN A R AR MR 22, N TR
HE F Bk shom B o fr AT, 24 4 1E 5 Y 8 L ah
0.83~1.19 B, it [b Bk 55 , iy Jik 2 o B A I, B
RV AE R S Bk sl o PR 4% TE B dmm R SR I 14
1B 7 1 Wk 2y i B R AR AR T PR 5% 95 B 3mm | Y R )
ik 2 i B, 3 32 B POl PR AE B8 N 3mm B 25 SR
By R R VRO R O R AR, R B s RR
AW IR 2% s WAL R 58 % Ui 38 T AL 3mm R
FEHMZ LR TS 4mm FREWMAZ L, SR MEE
PR, BT R BE S 8] X AE A B R REE S B0 i
TR ) B TR R, B R ) R v O I s 2 S e
Ry % 5% Uk A AL PR T (s Bk Bh o XY s AR I A A B
R dmm, HEDEF 25 5 H R 119 B B SR I 04 R
WK SR EE 128 16.3% , Jie i $ 35 W AL 46 1501 B M A e -
33 BREEENESFESN

RT3 BT T i e 2 U I A B AR AR M L X Case 5
SAETT py A0 3 00 7 15 55 1A 7 00038 5 Bt B 40T
43 ) 2R P B A HE AR e (FFT) A Ao e B i 25 36
(STFT) #EA7 402 . & 15 238 i FFT 15 2 () D 2R 3% 2%
JE£ AT 6 (1 43 AT TR 2 S B E B O S kA A O R

Fig. 14 Pressure fluctuation intensity with different

equivalence ratio and gap width

5 ¥ 90 Bl R 1997.7~2080.8Hz, ) 243 %5 BF ¢ K Y
W{H A 2047.7Hz, STFT 45 5/ W T B s 1115 5 7E
AN T Bk 22 A AR IR % v, I 16 iR o Fh RIS
£ 3562.73ms B Z 104 be = N Y B i 22 e 5% 1% 75 1 2
22U TVE I R 3R I A% 4 O R A K sh WL T AR R R
il 58 26 V- B0 e i35 , % 5 i LR 1911.6~2076.7Hz,
S GHE N K 22k 2014.2Hz, 5 FFT 15 5] il 45 5 3 A
— B, 7E 4573.9ms 5 21, $E S5 U AL R R W R B
i 25 3% T AR O B R U R R B PR K IR IR
PE VIR EMS TAET 1011.17ms, B K T 5205 3% &
A 1s.

1.0 T T T T
1997.7~2080.8Hz

Power density
<
[e)}

N
~

o <
(=) o
O [

1600 3200 4800 6400 8000
J/Hz

Fig. 15 FFT results in Case 5
6000
4800 £

3600 F

f/Hz

2400 L 1911.6~2076.7Hz

1200 F

Fig. 16 STFT results in Case 5

210251-9



Fa43% Hisl i

#HoR

2022 4F

BEF p, AR 9 25 0B 25 R A5 5, 3 4 B L 3%
JEL 300 P9 4 2R R 0 A W A B 2 TR A B I A A
22 U % A% 49 S B B B R) A o AL AN R 17 s . H
AT B, e R 2R UR % RE MR R EfE 1117.5~
1241.6m/s N % 3l , 7 349 1% 3 3 B 29 8 1176.6m/s, X
INE B 34 4% % %l 2024.5Hz, 5 FFT LA & STFT 4%
MR A B, Z T T CIEEEEN
1815.9m/s, fH T 52 B 8 5 B T T 238 3500 TR 78 &
55450 UL B ) 1) 6 Bk A5 52 e R S U A% R A A
PR T

2500

2000 f

1500 @ -

Velocity/(m/s)

1000 B+ HTL 0

500

0

3.6 38 4.0 42 4.4 4.6
t/s

Fig. 17 Propagation velocity in Case 5

P 18 J2 AN [l 2 UM T B 4 8 B8 T e B 5 Dl A%
R B Y A A As R B iy TR RT R, 2 3R SE 5
JE 9 3mm FI 4mm I, 558 55 P AL 4 00 6 A 25 5 L
DR 4 O 5 24 R 4% 5 B2 Ol omm I, 8 55 2 A% 4 313 Al
DRAE Y BUAE 2 B LG 1.04 BFIT o Bl 28 OBR 48 9 B2 1Y
B 8 % A A R S B AR PR AR A B, X
Ji [N S B0 G 2 /N I s O L 2 LA A
25 U R R b T T8 S e A T T AR A AR
Iz 47 3 i A 3 ) PR SRS A 8 A5 I T B B )
AR S B LBRBCEA & . B TAESR

—=—§=3mm
| —e—d=4mm

—&— j=6mm

2000

1800

o

f/Hz

1600

0 | //\ |

0.60 0.75 0.90 1.05 1.20
D

Fig. 18 Propagation frequency with different equivalence

ratio and gap width

Ml S X B G /T RS TR R X A2
JO7 o SRR B R R AR A I 25 PR 4 B L O 3mm
IR 4R 5 DAL B AR ARy . S IR EE SR
6mm I, 25 SO B R AR, B 4% Il R IX e Ak
T SRS R W Sl A AR 45 Al
SR 00 i 2 17 ) )2 v E R A, S U e AR R AR
T i) 182 10 14 BE 7 0ok 553 , 8 U A R AR M L 1R

RS U
4 &5

S T RIS A A B R T A T G k2
JE 7 5 050 32 R M Y R ) FE — o 2 LY RN T R
TR R S T AR A IR I F

(DFE =S SWERERE P T E R
Tk 28 05 VR R PR R e R o Y PR AR 9E R 3mm
5 dmm I, 85 252 POT S W AE R T 5 AR B R Y Bl A
45 B PP a4 5 B0 PR AE B & omm , 1 5% I AL 1%
o MR 25 22 T S W TR T 5 A% 9 % B Y
L e RS )N

(2) YR 4% 5 B N 4mm ], 3145 (0 58 55 4 25 0% OF
PIWEAA 77 v, e 00 Wk 8 B SR AR 08 22 D AR R R
FE VE B0 5 XY PR AE TE B O 6mm IR MR35 I OF B i (E R
TR AR e i 25 . 7 — & TOLIE N, 39 Jn
ik b AT A A0 I e 22 D VR ) Ik Bl

(3) Bl 5 25 SR GE 58 T 1 1 0, 0% 22 D A% 46 A R
EIAEARFEACA . Y IRAE TE N 3mm, Y i L
R 119 B R 5 U DB A AE AR R be & N i 4
TREH5 AL 1% - YL 456 R 290 1176.6m/s , 15 52 I A5 #%
A AR T

(4) 529G 55 R W, 256 75 18I i M 55 I 0 %
J1 A Y X R R ) Bk ol R DA R AR B R
TEAMNE 5 N2 43 514 204mm F1 166mm (1 #4552 %8 45 1)
T, R A S AW A E O dmm . R A UG8 T
TR A 4 TR 22 LU T 19 R JE A A 55 0 A % R 1 11 5
i) R R A5 o
¥ Og R ERAARFEES PEE LR EES
] B B R SR AR A R

S 0k

[ 1] Kindracki J. Experimental Studies of Kerosene Injection
into a Model of a Detonation Chamber [J]. Journal of
Power Technologies, 2012, 92(2) ; 80-89.

[ 2 ] Kindracki J. Study of Detonation Initiation in Kerosene—
Oxidizer Mixtures in Short Tubes [J]. Shock Waves,

210251-10



a3k sl

B W R 0T T A @ e S 0 T Oy 5 AR A P B ) S B T Y

2022 4F

[7]

[8]

[9]

[10]

[11]

2014, 24(6): 603-618.
Kindracki J. Experimental Research on Rotating Detona-

tion in Liquid Fuel-Gaseous Air Mixtures[J]. Aerospace
Science and Technology, 2015, 43: 445-453.

Frolov S M, Aksenov V S, Ivanov V S, et al. Continuous
Detonation Combustion of Ternary "Hydrogen—Liquid
Inter-
national Journal of Hydrogen Energy, 2017, 42(26) :
16808-16820.

Bykovskii F A, Mitrofanov V V, Vedernikov E F. Con-

Propane—Air" Mixture in Annular Combustor [J].

tinuous Detonation Combustion of Fuel-Air Mixtures[J].
Combustion Explosion and Shock Waves, 1997, 33(3) :
344-353.

Bykovskii F A, Zhdan S A, Vedernikov E F. Continuous
Spin Detonation of Fuel-Air Mixtures [J]. Combustion
Explosion and Shock Waves, 2006, 42(4): 463-471.
Bykovskii F A, Zhdan S A, Vedernikov E F. Continuous
Spin Detonations [J]. Journal of Propulsion and Power,
2012, 22(6) : 1204-1216.

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.

Bykovskii F A, Zhdan S A, Vedernikov E F. Continuous
Spin Detonation of a Heterogeneous Kerosene—Air Mix-
ture with Addition of Hydrogen [Jl.
sion and Shock Waves, 2016, 52(3): 371-373.
Bykovskii F A, Zhdan S A, Vedernikov E F. Continuous

Combustion Explo-

Detonation of the Liquid Kerosene—Air Mixture with Ad-
dition of Hydrogen or Syngas[J].
and Shock Waves, 2019, 55(5): 589-598.

BOKIE, 3K SCT, W B, L A IR SR 5%
e R LR BRI BT[], koK, 2021, 42
(4): 906-914. (JIA Bing-yue, ZHANG Yi-ning, PAN
Hu, et al.

Combustion Explosion

Experimental Study on Initiation Process of
Jour-
nal of Propulsion Technology, 2021, 42(4): 906-914.)
EMCR, Rz, A, AR ORI Y hE R A X
T e SRR R S R BT S (T ). 4B S ubidi , 2020, 40
(10): 18-28.

Liquid Hydrocarbon Rotary Detonation Engine[]].

[13]

[18]

[19]

[20]

210251-11

B, FEEE, FEA, F BTN T MR
A PRBIE e 3 S s MLy N9 [0 ], = T30,
2017, 38(4): 679-689.

HOR BT HL, SR, S WA R ) X i
R R PO W SRS (1], HEBER R, 2020, 41
(12) : 2790-2797. (ZHENG Quan, WEI Wan-li,
WENG Chun-sheng, et al. Experimental Study for Ef-
fects of Liquid—Fuel Injection Pressure on Rotating Deto-
nation Wave [J].
2020, 41(12): 2790-2797.)

HOR, FEAE, SR, L RPEE R XS
e i H 58 R S LR RESE R S B TS [0 ). HEEROR
2018, 39(12) : 2764-2771. (ZHENG Quan, LI Bao-
xing, WENG Chun-sheng, et al.

Journal of Propulsion Technology,

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.)
EIEA, B SR S e iR R PR R
FRPERREIL ], BEKE S b, 2018, 38(2): 331-338.
EEA, VPRI, BT, S KB A b A0 1R
JRE KT SR T A T M S R PR S L) ). = B o
fiz, 2020, 35(8): 1601-1611.

EER, RN, m%élz G BRBE & TE X U AR
BEE L R R s bl m S R L)), MEE R R
2021, 42(2): 372-381. (LI Bao-xing, XU Gui-yang,
WENG Chun-sheng, et al. Experimental Investigation
for Effects of Chamber Width on Rotating Detonation En-
gine with Liquid Fuel[J]. Journal of Propulsion Technol-
ogy, 2021, 42(2): 372-381.)

EBFAR, 5, £ u, GF L PR E TR e
R SR m ], MR, 2021, 42
(4): 842-850. (WANG Zhi-cheng, YAN Yu, WANG
Ke, et al. Effects of Combustor Width on Propagation
Modes of Rotating Detonation Waves Utilizing Liquid Ker-
osene [J]. Journal of Propulsion Technology, 2021, 42
(4): 842-850.)

BOTHL, A AL, BTV, SF L PO X RS MARE
oG R AL T AR B SR n s ()], S T2,
2021, 42(6): 1185-1194.

(. A ZH)



