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1l RDE JEAT S5, 4545 e 40 ) 4% S AR o 552 2 RloWLi 5B, 2Bt 17 ] 1) (B . WL TR A BT
) A AR AR AL XHE AL AR AR AR N AL AR FR I IR A5

FUHT, 2807 8 7E S vh A J 45 IR T RO i ST L T | MR8 % K B B 45 S5 DF 2 % RDE
TAEAEIE A2 R, T 4P 7R I T AR S A e 2 B AR T B AU BIE TS A b o R, AR SO RO TR R
SR, REHLT AR AR AL, AT AN 2 R IR S U 15T B TR MR R R A

1 KBRS

R S8 R G0 B BB RS ARy, WA 1 PR, ERAFEER RS IRE. SRS K
BB, I SR E RS

FE ARG i A TP R I 2 i e S Control Ignition Acquisition
T R 3 A o A K AE TR ZS A system device system

BEACRSE: AU R B, (R ol L N
AR Y R R R B ] Ty T i
ViU B T DA A B S, AT B S RDE
e A A ey I B
W SRHT 2 AN BB R GE h K S LA Antioxidant
‘J;% %% ﬁ:t L:L i supply system

SRR T — B K BUR A M SRR
KAEZER S ICRL . TR R LA kL, & Fig. 1 Schematic of the experiment system

SONEALH, B HLRAE R NVIE b o s KSR AE B R 5 A5 5 05, (K AL ZEAE B v FE A 7 R ik
HL, PR AR AR, KR SRR B R, SR I AR 45 1 D B W N U W00 R 8, AR AR I E AR Bh AL, SRR
KIERREA.

RANHUETL: 1] 2(a) & ShHL A4 a7 B, B bRy TR0 ) S 1 “Bxit” B0, JFUlB T
BEBArAER A AL E . A E I R A B 180 A ELAR A 0.8 mm /N L Wl 1] W 1, 25 <08 5 T
S WIS K IR EEVR AR i, R 3 FORRIRGST A 6: 10 1.5 A1 2 mm. #RBE %R H — i 3 A — i
(BRI L5 M, A2 d, [ R 196 mm, PI42 d, 354 3 FORIEI S 184, 176 Fl 166 mm, X 37 B4k B8 % 36
HEGEE w oA 6, 10 115 mm. BREEZ A B L=80 mm. [&] 2(b) J& i sl B2 U & s L T 4A 4k
IR, A S 1~4 X T E 2(a) P ges 1~4, 5 25 P, fl T FE 8 | RSN E, 6 525 P, Al
LAEJE ) EEAALE, Hp, 4 Fl S fElR— B2 B, 6 Ml 77EE—EHAA b, HX 2 KA EAMERE, K 2(a)

(@ (b)
o I, P, g1 2
Z

H, HEITD N A
1 —» — | Exit 4
e 3 1 1. Outer body of combustion chamber;

g L > B 2. Annular gap of combustion chamber;

wo| Air b= 3. Inner body of combustion chamber;

S 4. Pre-detonator installation location;

5. High pressure measurement point P,

S = ¥ < and ion signal measurement point 7, with
P, ﬂ 1, radial position;

6. High pressure measurement point P,

H, and ion signal measurement point /, with
radial position;
Air I 7. Static pressure measurement point P,.
—»

EXit v

S I

2 RDE %ify
Fig.2 Structure of RDE
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FUTE 2(b) Hr i 6 [T E T 4 RN S MR 0 ) AR AR 2, AL 2(a) AT 2(b) AT B A H A& shbL4s
BB 25 B A I E G R

D 5 R AR R G5 SR B A IR I i AU . B AR = N, 2 4~ PCB(HS
1% 113B24) 43 5l 5 R 58 25 BRI T 7, 2 S B 3R o0 I R 08 =5 N KA R 5, XL R 5 3 h
NI RAERRAE, RAEMIREE R 1000 000 s teh, R AL H Rl A ) & 42 (CCD) 1
R SHLH DAL IO, RAEDIECE B R 25 000 fps, BRG] B 39 ps.

2 KBRS

SR L FE R, R 1B ECSOR 2 73 SO0 RDE BERIER,, S0 I H 1AL K F1 2928 2.45 MPa, Jf
RN 111 g/fs, 2 28 ST I H 1AL R 1 EBTE 2 3 MPa, B2 SUBUR T R 200 410.4 g/s, SRR
FAL I BT R AN 421.5 gfs, B AR 0.927, JB 1k B IR AR Z P2 M1 PCB 1 ™ 5 (19 5 43,
¥ RDE TAER HIBRHIFEL 0.2 s F3CH py« py 00 3oR Py Py s @R A5 5, 1, 1, 53 3R 1.
L S 55, p. R P, SIIESE S, p(H,). p(air) 4> B FERRESESE . S KESIBENES,
D o SN 1) IO S A f R AR A N R T T A 2 P AR L e A A 3 Y AR

1 JE 9 MARFSEE THRZE R . 4 w=6 mm B}, B4 6 H1 1 mm 2546 2 mm, F5E Ik B0 A
Wk (a3 . AT, FET 45 5t s XU AR 45 b (10 8 7 e = 01 e v, SHLL OO R DU gl b 48, i 20 A1) 2 41 e
%, BRBEE N RS TR /N AR L I — 3. 24 w=10 mm I, B2 i A6 H& i A i 2%, AR &)L
FIARFRLA . £ TOL 4T, 2L SO S AL 37, IR AEE XM S . 00 5 F T80 6 i 45 A
ML, TR < BRI 58 B AN HE 7 TR A AL RS, 48 1) S 0 HB 7 DB A% 4% 2ok 2 v A B 0t ROBLIRE 114 28 5 HH 3, )
AT A LT T00 4 XHEBL S . FFT 455 Won T00 4~6 B9 s S5 580 2 A~ F50, # K 6 191,
PRI B RS (HARER K. 5 T80 2 45 2 AR, £ A5 He, T00 4~6 FRLE 4545 B AR,
AIX — G 1 AT e DN 22 07 T Y, FEr 0 B w (BRI K, o (EAR R 8/)S, S S50 2 5 A T U
555 WeAb, 238 S N R T 0928 At 25 30 AU TR AR Ak, 7R R RIS i 2 4 T A5 B A 25 R AS
JEAAE . 24 w=15 mm B, 3 Fpos SPE S IRAE 58 BT, 4072 Ik #0 LARR 2 A 0 O X B A5 1, L R 45K/
AT BEAh, DU XA, Bl T 1, To 7. T00 8, T 9, iX 4 Fh T 0 M= i B 22 % A
K, HI7E 4 518~4 699 Hz Ju BN AEfL . N HAFAL: 76 w — BT, B 0 Z Wi K, p(H,) 34
ARAZ 1 plair) EIGEET T RS, 7T, 6 8RS, 8 AR B K, 580 KW AR 1 kA
NS AR, TR, WA B 2% R A AR Ak, 3K T R e s s S8 AN [ S 56 B0 42 )38 40 T AL

Fedg 6 —30, w AR 0T, BR5EE P R 1 K/, R: B w 3K, BRBE = IR p, #R 2%

x1 TRSERER

Table 1 Experimental parameters and results

M S/mm w/mm &/(g's"-mm™) p(H,)/MPa p(air)/MPa FRBIRA f/Hz pJ/MPa
1 1.0 6 0.118 1.010 0.498 LA 2SS 4699 0.056
2 1.5 6 0.118 1.010 0.234 [i] ) L 5057 0.058
3 2.0 6 0.118 1.010 0.111 i 2989 0.047
4 1.0 10 0.072 1.010 0.368 [ [ RSB %o il 4.829/3 671 0.027
5 1.5 10 0.072 1.034 0.185 B LI AE X 3427/4 477 0.036
6 2.0 10 0.072 1.010 0.094 LSV &= I0EL 3319/4 373 0.033
7 1.0 15 0.049 1.010 0.366 LY 20k 14 4658 0.020
8 1.5 15 0.049 1.010 0.156 DU X4 4518 0.016
9 2.0 15 0.049 1.010 0.073 DU X4 4580 0.024
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W/ N o BTN SR TR 6 —ERYZRAFT, p(air) BE w B9 T R, A s AU TR HURE KR
RAARY, BB iR~ K w i {E, SR ) 5T il e B 2 R, 3R] R X — G iR 43 IR AL

K3 HE(a) . (b) . (o) Bl B s (SW) . XU (DW) | DU ik X A4 3 125 (FWO) YR 3
L, PR AG H T IR o I I s A

Bl 42 T80 3(SW) T.OL T, p(Hy). p(air). p, & p, WHZE . FFIRET, & SIPLE I, p(H,). p(air) K
P FBAL TP RROR A il AR E IS, fill & s K55, G “Ignition” F7R, Zad— Bl [H A9 & &, p,
PR AR S35l & shWLIT IR TAE, B, p(H,). p(air) & p, 1655 IR I AR 00 R #0G BT EJF, B, &
S ARRE TAEB B, X =I5 S 4R RO R IR . DIl R SRS 5, B AUEE 1 R
B INFR AR R, p, BRI R 0o B TAERI FERRLE B R] Az 2978 0.121 s,

0.25

020}

0.15}F

0.10F

0.05}F

R L EEL E ]

—0.05L lgnition

Manifold and static pressure/MPa

—-0.10
Time/s
B3 B WU TR s R 2 A [§l 4 RDE TAFFEE {55 Mk
Fig. 3 The diagram of single wave (SW), double wave (DW) Fig. 4 Curves of pressure signal during RDE
and four wave collision (FWC) working process

2.1 BRERBIRS

K] 5 BAP LR (T 3) TR, 2 945.24~2 947.24 ms Z [8] p, Fl p, (M1, Hua th 2k AR 41004
{8 22 1) (4 ) 1) 1) B A, 0 Aty 2B A, WS8R A, FEXTBRIE] 2(b) F T 5 P, FIL P, B E, AT LA
P I US4 7 16 eSS 16 4% . FFT 90 £,=2 989 Hz, #ABe % H 4t d =(d +d)/2=190 mm, HRIEMREE % h 2
V52 U I B RE U v =nd f;=1 784 m/s,

El 6 FIt /s A p, 404 B B iF 28 3 (short-time Fourier transform, STFT) J&5 45 S o 8 52 P 4 R
1£ 2 930 Hz M B 4E b, 55 FFT AR #4521 () T A0AH 3T, 76 8230 & S WL TAE R i), AR S g i~ B
FEE N

5000
4000
< N
s Z 3000
> g
2 2
8 g 2000
~ =
1 000
— L L L L 0 =
2.9455 2.946 0 2.946 5 2.9470 1.085 1.120 1.155 1.190
Time/s Time/s
5 MR G S AR 2 P 6 I fof L A 2
Fig. 5 Histories of High frequency pressure signals Fig. 6 Short-time Fourier transform result
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B 7 B 2 945.24~2 94724 ms Z[8) 1, M1 L, (2. 1. L 906 B S EF Rl B Az, K F Az, &+
T BRI AG b T ORI T AR T, AR B A I A T A 12 4 R DR AR R A R
A RES & B F05 5 ) FET £ 8 2 989 Hz, 5 & S5 5 B4 3R —2 . I ARiciy 4 #1 B 751k
I WA I Tk s50F0 1, (RUEAE 35, A FN B Z (BRI (A s [R] 22 Az, =0.067 ms. BEAN, 76 K MG RTEE G — AR Y,
B 5 I R A PR 0, A2 R IR 0 g 2 A D U, L B — A DR 0GR T A T T P R A
FUALAE SO, 77 R R B I T, SRR R W B Rk B B T, TR S B 22 0 T g
2 R TR U AR BRI N R, RO BRSO R A ke, B TR PR T
Kl 8 iz k& sh L e TAE N9 1, thk, BUist, 7, iR g (a i KREA 5129 7 V.
[ 9 JT 73S Shy 8 R U A B — 1 J 400 P 3 82 1 v R L, BETRD A3 A7 29 24 2 945.564~2 945.924 ms, X
BT 7 A g B — B 2R 1A AN I AR S . BT DL DA S, SR AN A 1
SRR, HAGHRE 7 1) R ET 4, 5 LS KB 7 h AR S5 18— 2. AHAB 2 5K 1B R h i K A R e Y
FARE 0.,~42°, 1 MR RE DR B LG R v =n-0.19-0,,-25 000/360=1 741 m/s, 5 | iRIHEAFHNAY v, 41
EAK,

3.5 T T T T 8 T T T T T T
L I,
3.0 _ﬂ, 77777777777 12 At‘sa At'sb T
25k e 6
> 2.0 - B Multiple >
E’J L i peaks % 4
= 2

1 1 1 1 0 1 1 1 1
2.9455 2.946 0 2.946 5 2.9470 2.88 2.90 2.92 2.94 2.96 2.98
Time/s Time/s
B7 1, L a5 i R 2 K8 I 55T TSR
Fig. 7 Histories of signals at /, and /, points Fig. 8 The whole working process of /; signal

¢ (. C 77

2 945.564 ms 2 945.604 ms 2 945.644 ms 2 945.684 ms 2 945.724 ms

2 945.764 ms 2 945.804 ms 2 945334 ms 2 945.884 ms 2 945.924 ms

K9 mEE AR
Fig. 9 High speed photography

2.2 BURIERBIES

10 Fras i T80 2 7, 2916.20~2 918.20 ms Z [B] 1 & 114k p, il p,o FILLE i, p, il p, B E TSI
WA B[] (] By Azg, R Az, FEASHE S, 500 945 R AR o R U 000 £,=5 057 Hz, I L 4G
Vo=nd f5/2 = 1 509 m/s, fIK T BRI RN (R R I P K v, X2 i T ROSE RS T/ERY RDE,
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A2 AR R U [T I A SN A, R —TE T R S IL IR o7 A R i S N ) L e B [ X B
BT T, DRI, by I Bof () A T 406 6, R e ™ A I A A T B, SR B D R B, BT S 5
10 s AR 2 ms AR F7 i<k, (EXF E 2 B R R, Ja P b il £ 00 R 00 80 .2 TR

Bl 11 fi R p, (9 STFT 255, AR AR AE 5 127 Hz M54 0, X —Ji M 5 FFT 45 550
. TERBSIMLTAERILGR B B, SR B M LT A 25 SR B, A3 i T B .

B 12 iRk 2 916.20~2 918.20 ms Z 0] 1, Al 1, £ . mTLLE W, B 715 S0 G 1T 2 by iy s
Ii1] 6] B A, 5 A B BEASAH A o BRI C. D 40502 1, W IR b T aSOR R KA A5, 38 22 1] 4 e [ i)
B Aty =0.051 ms. BF15 5 MLkt 2 o0 s g i w2 gl 0

& 13 Frn o R HLATE TAES 1, iR, semt, 1, A9 0 /N T 8 B B AR, i3kt 2 T 3L
PSSR, W Hop —TE T 7, B S ) e st R A G 40, T BURBe = A 1 B R AR

0.8 T T T T 7 000
0.6 - 6 400
< N
S 04 < 4800
E g
- 2
8 83200
e i
1 600
_02 1 1 1 L 0
29165 29170 29175 29180 1.584 1.632 1.680 1.728 1.776
Time/s Time/s
10 BMUR 15 SRR I £ 1L SRR R L AR R
Fig. 10 Histories of High frequency pressure signals Fig. 11  Short-time Fourier transform result
35 T 8
I
30 I,
At, At D 3
25k sa oy | [
> 20} Multiple >
2 peaks %4t
=15 =
= S
1.0 2+
0.5
0 0
29165 29170 29175 29180 2.90 2.95 3.00 3.05
Time/s Time/s

B 12 I, L SfE SR

F13 L fF5aRT/EdR

Fig. 12 Histories of signals at /, and /, points Fig. 13 The whole working process of /, signal

] 14 Jrs I 12 o1 C R B I 5 — B 205 46 10 3% 22 i RS2 [ R o B ik Ll v BRI I T AL 2 AR
W, S D, F1 D, R o DAIEL 10 T 12 w4 BEAS H R R 5 09 45496 7 el , {EL DA s SR 8 52 (&1 5 T LAV A8
F K 2 TE AR U U IRy ARG, L S O X RR A A o X H B T T AR 2 Sk R
KIETTEE G 2k 0 FA EE 0,=37°, B A R U0k Ik e AL 4% T4UBE v, =m-0.19-6,,-25 000/360=1 534 m/s, 5 ik
TR v, 2R,

23 PR FHERBIRS
15 &0 1T, 2 833.80~2 835.80 ms Z[BI 1Y FE J1 M ZE p, Fl p,o EIHARIEM E. F. G, H Z¥ZH}
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1 ms 2917.271 ms /.3 2 917351 ms 2917.391 ms

\ A

2917.431 ms 2917.471 ms 291751 ms 2 917551 ms 2 917.591 ms

Bl 14 AR R A
Fig. 14 High speed photography

{9 7 i AR AR I S X o X e T 1~3 A9 3 PR RIS R p, B p, AU ME, 2 3. DU % %o fi A 25
TR T AP AR A T A X i T, U AT, WAbe S P9 R I A7 76 4 TE A I, 4 A — 1
PR WAL R LT, T RE BT e SR W, TR — AR R Ut AR DR S AL F A R A L B, S B0 e S ) 1 M
T s T AR o L0 A 2 0 — A 0 o, L X4 (8 2 U0 3 P8 A T 0k

] 16 Jir7s Ay e M I3 45 5 19 STFT 4528, T LR, BRI AE 4 639 Hz M4 4E i, (HHK/NA
Fase, fE—EJEENAESh . [RAE, Bt R ShHL TAE RS, R EZ W IR .

0.8 — : : : 8 000 . a
P \ \
"""""" P, Tk | ' I '
0.6 . 6400 : A '
4639 H
o F N 639 Hz :
S o4t Tasoof o
B Q
5 8
17 =
8 02t 83200 '
-» A ‘u:‘ || N ] La 1
i i ] | L
! I '
op 1 600 [ d O AT
oal , , , T TOMLE VTS 1L T A
2.8340 2.8345 2.8350 2.8355 1.408 1.452 1.496 1.540 1.584
Time/s Time/s
15 BRI SRR 16 i LI 2 e 2R
Fig. 15 Histories of High frequency pressure signals Fig. 16  Short-time Fourier transform result

& 17 r 7k 2 833.80~2 835.80 ms Z[H] A &5 115 5 1 £k 1, A1 1, /NI K1 7 4 P it 6 104 Jed S ik
K, EPARET E.F. G, HiX 4 SR 20 B, 1 78 E 55 F S AN ShAR/N, 1 1 7E G S UG %
W b, WL, N G TR R A S B R] (0.096 ms) 5 M B T R 2 AN A E] (0.107 ms) FE
ARAHEE, X5 M SRS R X, 5 2 PSR, w4 A 1 T st (] 0 d 46 Rt [a]

P18 it s R R Bl TAE N Y 1, th4k, i e 28 Aok, Hor i, S SUEBRS T
(1, AH LG, R 7 P /N e O 3 sk — B2 119 Ji PR ] 2 R SO PR T WeAE /N 43 B, ELGHER 5 1)
R U0 R R ) 55, R BOAb A R BR RE US

&1 19 Il 2 834.483~2 834.643 ms Z [A] (1Y % 2L = Sl K o 2 834.523 ms 5] 15 1 E 5 %)
FHIE, BUHS, R IR A N B T 4 B SR K IE, 0 FoL Fy Fy Fybieih, 58 3(e) fEE—3L
o, PR F, WSS T AL RE, Fy R R, W S G RE . i, FARRE R Py AR R i sh,
B 15 i E SR, BEE BRI AERS, X 4 1B P xTE, B F, fL R, F, L F, X, W02 834.563 ms
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3.5 . . . . 8
;05 : :
30p L o4l
61
2 z
2 S
St
1 I 1 n 1 I 1 " 0 -r 1 1 1 1
2.8340 2.8345 2.8350 2.8355 2.85 2.90 2.95 3.00
Time/s Time/s
B 17 1L S A5 i AR 4R E 18 I, &2 TAEWFE
Fig. 17 Histories of signals at /, and /, points Fig. 18 The whole working process of /, signal

v
F;

[

% £y cuni;mn\/ ' Fl’
1
v
- } % :
. ~

- - -
2 834.483 ms 2 834.523 ms 2 834.563 ms 2 834.603 ms 2 834.643 ms

r
Collision Collision : l
/ E

’

2 834.683 ms 2 834.723 ms 2 834.763 ms 2 834.803 ms 2 834.843 ms
19 =R
Fig. 19 High speed photography

R R BT 7R, “Collision” 7% (X o X8 J5 04 35 B S0 WY 45 1 Dt 94 0 i) 4 62 1) i A% 4% , 2
2 834.603 ms B 5 PR, Fy ARG 2 Py A5 E 15 h F S R 38 . BlJS, F &% P, o5, 3l
G EAE SR, g F, 5 F, 75 2 834.683 ms A Z| A8, XHE 5 0 F, YEREZE P, 5, 5l H /5
ATl . B sh LR T AR, AWiE R L aAXHE LR R, W H T B — =, HAE
I —AJE I, #R e 4 AN T ) A B R AR 0 & AR e, TR v G T B 20 290K 2 834,563,
2 834.683. 2 834.763 ms, FF UK XF 2377 A 2 AN RO X FR B X A5, DRIk, AE— A SR P, S R 8 A
POEE Y=g
24 RERBES

& 20 7Rk T80 6 ', 2 877.30~2 883.50 ms Z Al ST #h 4k p, #l p,o 3X—ISF[A] PN, HERE I DA BA L
Wi 2B BT AL, Ho, SO AT R 2 R 4 274 Hz, B3R 20 2 911 Hz, 1B R IEERK SRS, B
Bt XHEBLG:, WP 21 iR, B p, B2 A EARRY R S0 . Wi 22 Fiow, K3 p, W AR X 7 (%) i (]
V) B 330X LA ) 300 P R R 0 0 S S48 R 24 g 3 285 Haz, v T EA I . W ARME 2 18] . 8] 23 ff s A
p, WY FFT 4558, n] LI W, SR 845 i fE 3 319 Hz [, HiYk, 78 4 373 Hz 2 A WA T, BRILZ 41, i
FEAE BB R RAE, I0: 2 943 Hz 55, ML TOUT, BRI MG RE L PR S 4%, IR A T AU . Bk vt
LM AR
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0.8 . . . 0.8
—D P
o6l P2 SW SwW | 06l P
(2911 Hz) (2911 Hz)
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Annular gaps width effecting on performance of rotating detonation engine

XU Can, DENG Li, MA Hu, YU Ling
(School of Mechanical & Engineering, Nanjing University of Science & Technology, Nanjing 210094, Jiangsu, China)

Abstract: In order to investigate the propagation mode of rotating detonation wave in rotating detonation
engine (RDE) with different annular gap width, the experiment was conducted on non-premixed RDE.
During the experiment, high-frequency pressure transducers, ion probes and high-speed photography were
used simultaneously. Under the condition of the same inlet mass flow rate, the annular gap width of air inlet
and detonation chamber were changed. As a result, the propagation mode including the single wave, double
wave, four wave collision and mixed mode were obtained. By analyzing the experimental results, it was
found that when the detonation chamber width was 6 mm, the detonation wave was changed from four wave
collision to double wave, and finally to the single wave as the air inlet width was increased. When the
detonation chamber width were 10 and 15 mm, the air inlet width had little influence on detonation wave
propagation mode. In addition, under the four wave collision mode, both of the pressure peak and ion signal
peak were lower than that of the single wave and double wave modes.
Keywords: rotating detonation engine; annular gap width of air inlet; annular gap width of detonation
chamber; propagation mode
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