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Abstract: This study presents a novel rotating detonation combustor configuration with continuously
adjustable inlet areas to improve the operational flexibility of turbine-based rotating detonation engines. The
modal evolution in the combustor, the inlet blockage characteristics, and the combustor’s performance during the
continuous inlet area adjustment have been systematically examined by experiments. By varying the inlet area
and equivalence ratio, three typical operational modes are identified: rotating detonation, axial pulse detonation,
and deflagration. Notably, the combustor maintains its initial operation mode when the inlet area is continuously
adjusted follwing the initiation. The inlet air blockage ratio increases with a decreasing nozzle-to-inlet area ratio
and an increasing equivalence ratio. The enhanced inlet blockage reduces the inlet air pressure ratio, thereby
strengthening the coupling between the gas plenum and the combustor. Under stable operation states, the
continuous adjustable condition and the fixed-area condition yield the same inlet blockage ratio. However, due to
the pressure response delay in the combustor and the gas plenum to the inlet area adjustment, the continuously

adjustable condition eventually leads to a higher inlet blockage ratio. When the nozzle-to-inlet area ratio
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decreases due to the pressure response delay, the combustion efficiency temporarily exceeds that of the fixed-

area condition during the adjustment process, eventually recovering to the fixed-condition value after the

adjustment process. Meanwhile, the total pressure recovery coefficient gradually increases, but remains

comparable to that under fixed-working conditions throughout the adjustment process. These experimental

findings establish a fundamental basis for developing adaptive control methodologies for rotating detonation

combustors under variable operating conditions, significantly enhancing their engineering viability for turbine

engine applications.

Keywords: rotating detonation; inlet area continuously adjustable; inlet blockage ratios; combustion

efficiencys; total pressure recovery coefficient.

0 5| B

X e IR EE AR S8 I IE SRAE SN 13 e 77 3 o M %
BRIz 07T, e e K S HL(RDED L
T — AR 2 A R A A A U 5 i 1
AR E R B AR 5 A R WU A R G B, B
P BT LASE L 25%-30% [ #2508 R A s 42 TP,
JVE % 1 72 R B ML A o A LIRS 1) R R R B AE A
T AT A T A 4 LEARORD I T) RURE P 7 A A o 1
S T 0 VA AR o X A AR Ak T LA B LI B
BEN AR DL S A ST, AR R G R AT
SEVE DT BB R BACT A e MR e % (RDC)
JS2 P T e e s AL, 2H RS e 2 e e R R B L, A
SEAE B i I 8 R S LA E P B 00 R I S R HHE T B
BF 7 IR S R A B e R D8I A, A7
Sy — I R R ) % B R R BT AR Oy =,

WA Joe 5 v ) R o 9 A R AR A A S i R B L T AR
R MM O AR, B SRk BAR R E T IR N
(IR 0 IR R0 3 A DIV e o IR AL RS 1 2
ESUPSIIEET Rib A WY 2 - E N A AL e AN
2 ot AR AR T DL b1 fk ok R AR AR U A
A E PN B TARIRE, BLI AR
DR 2 8 P WA e = A 17 A% i, T R A 1) I g 9
Ao SRTAESKBR TOLH, SZHRRHE &Rk L R AL
JSL AN IE 2 A 235 SR R B AT AT 2B BON R
FRIOBEASRGAE o X D 25T S S0 30 F RO L T AR
TR A S T X ke A o O A R A S B A R R A 1)
S, FEAN R SR A S B8 FE R, DD SE B T e %
H 7 W AR E AR 4, JF UL 22 B AR E AR A PR IR
FUAEJE PR 5 3 B . T R 2O DUk Ay
SR 40% 1Y s AU A D BABHRT AL AR, BRT T
198 25 B JRE X 1 R A% FR AL AS B RE M, SR P L 2 3
DU ot MR 58 A 25, 20 ) 9 AR L ME R E IR RS
LR o 5 285 AN R o e e MR R RS, 0 EEAS TR A e =2

i FE N 5 R AR RS R I KRR e = 96 FE 0
R B T R ) e B A R B IR AR E AR A
BRpE = HE SR AH BLAE L, JF 5 K Wik T R e 0 T R
EUrE R T, B R T 2R
R E I FE LB AT B Ak, IRTE T AR b = L AR
SR R A T R ZE LU B AR AR, R T
TR R 5 A R T DL KR e = M e S B R
Wi . Deng 2P0 $5 Hy 7 W9 Rhdt 3% 28 L g 4 7 9,
KA PIF IS T A F R R E A T
(R RE S EE FE LU, 500 BT 17 1 R B A 478 1ol R X b A8
FE LA (1) 5200, BIF 50 R I, T b 7 9k ) gk S8 2 LL 4B
TR S5 B A R m— Bk, 300 ZE Lo e A 1% R B
A 608 B 1 I T 46 K . Noda 28121 76 3k < T F—
PIRTHE T, BEFT T IRkt FL &R B ) A Joe = ik U ZE L
] PR 5 W), A 90 R 30 RRORH S FL B R G — £ 5, H
TR S AL T TR G RO 1 o, 3k e 2E LU g 1
T 9 1.7 1% . Nakajima %2 F K [7] B B2 528 <4 5
LR R BIESE T 3E ST K A R kB 2E LA
SUME, J T 6 AT AL T BUR 7T TR = Rl S
HEA 3% 28 LI 9 55 2 o Paxson 251 ST HE B T
BUREFT 1 kA 2E LU 5 R e 3 e R B 2R R OC R, W
FEE R T, AIMEAE P AR IGO0 T, AR a ik < b
FE NP RA R = S e A AR UK I 2

AR MR e = 1) E T AR BE S HOA 2 0 R R
W AR R R T AR RS, X A e = 1 R R 2 7 AR R
Wi . Kaemming 2521 g 7 %% RDE ¥ g 5 1% 4 4
AR AT HR, X3 R M RE AT B AT, R I T AR
BE R R A BB, o 3 30O R R R AR R
Ko FFXF R R AR BB AT E AT, K HE A
X 1 25 0 5 R K . U K 2 1Y Walters 25126
e 3k S0 A [i] M A T AR LG 2% A T R R AR R - R B
e R E = AT O AT, Kt O T AR B R | O T AR B I
R — SR DT AR B, RIS R g 1 T T
LG, RIBEE Ay/ds, BN, SRR E A&



94 SR M) NN - S SO 3

543 %5

B, LI 1 55K 25 08 N -42% . 35 B i 2T
PRIU T 0 26 7L e e M R R S T I A e & 4 I
PERE, BT 70 A DL, AH L T 55 FLIAUE . 7 46 i 38 1 Wi e
RONAE SR e R e = L I AR T g T B R 9 1
AL 1) A5 T 4 4 A RE 9 B S 08 e 7 0 114 R 1 i i
TR A5 JHL e Dy Y 10 i e 3k £ 2

NS 75 1 s O e P R R R B ML RE W08 AR I AR T
DLARAF N R AR, 75 ZE0 WA be =t i AR 4T M
T, DU R SR AR 2 TARIRES TR JoRi 2
Ao AT X e % R AR A e A 1R AR D% T A 22 T 17 [
SE NG BT Ji s X T 3 W] AR B PR TR D, ANAFAE
o ¥ A T AR I A B R S R, S i R
B Jie e R = R S AL R 96 Y L AR, R TREAL N 2P
K BRI RIS AT AR LT KA R T I, PRI
T T 45 T 1 S o A R R 1k DL R W e AR Ry
PE IR o

1 LWEFRFGE

AR S T g S 06 ) T 9 xS T BN O 4 ] AR
Jig e B IR R AR R AT BT . SR RGN
SR R S8 15 G IE R GE I ) R G L
Tl R R = o M g A g R B B
il 1 45 X AP SR TR S R AT RS, SR A IR AT
RGE MR RS EI R =, AN IE 1 PR,
Hocpr B VE 22 5 B LI R BRI, U
LI A IR AR 5 S 5 QAR AN 20 ) FE SRS
JiE LA R R BB SR A S SR A B P ALt

LR RIRNE B G #E), B (0 28 R R OR [ 5 30 4, 38 I 4%
HIAE 20 45 44 i 1) B 3, FALIE ATE 208 3 mm/s, A8
TSN TE A P A AR A T U P e ) B R, S RS
T AR (A5 ) B SR, AT 70808 T AL (A R FFAS
A%, DR RAE R AR Ag/ds ) RALE IR . R
ARG = H e A I # # ARSI 6 e
NG, LLIE B & 1.5 ke/ss i@ 550 K. SR/ &2
25% IR ACAE o K Ik L 38 R U, H S R IE A
BETHT /N LISV, 8 o5 B I B SRR AN R 2 & L
(0.65. 0.75) [ LB 21« 1T Ag/As, 2 ALl P (2.00
2 1.06) 1% £ PY AN [ 52 1 A2 EE (2,004 1.54 1.25. 1.06)
HEAT [ E T SESe . S SEIR Wi N, SRS
PR W R G, BT BRAR Ag/As > W FE 45 10 H4%
FRERRE Ja, VIWT I eh o B 2H S a8 f K FR T ()
N 8s, FEAE IR SEHG e #EAT B ER, AT A T R SE 5
U HE %

Wik PLC R4 B sh AT SL e I 7, B4 i At
S5 KRR R DA B T A 0 Bl 1 A Bl . AR RS L
PE KA T DewesoftX &R G K45, = BAL B IS & A7
BAREWE AR, ol E P A KA (Maxwell,
MPM480 H4 ) I W £ i S WA ke = 9 B2 s 0 3 A, IF
TERRBE = VAL B I ) A B = 2 5, BT IR e = 4
PRI . I Bl e 5 R 2 A ) PCB(113B24) BA K
A5 5 1 JE A% (F2H-SF-CB3) W I 5 7 0l i Sk

7 L8 BRI =N I RE B, SR PR 17 e ey 4
HEAT O, ORI R, A A I v e
Fe e M S5 HE I o DR AR 4R S5 05 IR s (%, SR FH MCSP

Hot jet
Pl Fuel P2 P3 P Ps P6 P7 P8 P9 P10
ue
PCBI1 I @ I IPCB2 IPCB3 ﬂl I PCB4 m I I\

R;,=110 mm R=81.86 mm

r3,=70 mm rg=70 mm

50 mm
04]]

A;,=900.53 mm?

A;,=1699.11 mm?

1 HERRIR ARG E AR

Fig.1 Geometry of rotating detonation combustor



ECR

ORI b ACTHIAR B 5 AR e B MR R AR R E 95

D3kt SO0, R o W R 5 T S A R O
B2 P10 48D, SRAFHARE & Y L e, AT SRS A e
ORI RS B A TR, AT A
T I R R, AR TR T
IR E MM PR, tF SRR T R T A AR
XL S B R o G T R R T S R
A TR R A = Y R R R R B

2 ITHENERMRERSS S

TR T AR I R T A B R R R R = AR L A
AR L MR L AR U AR i ) I ) AR A 1
DL 2 R, Z4LITIniERAE 6 s JH IR AR, =R
TraG R be S Ak 4a, P IR S B 0 B — 2 R B
BT BN E TAE, IK I RFFRE . 11 s4T
TERE g, B s I BTt £ FR AR E e KAk
FETHL, G FTTAR sk S R R T, fE—
SE [ 5 KB IR I [R5 A 58 2 AR o B DI S 8, AR e
FIETHRTE o R 52 B R SR R, AR Uk
A — BRI T RBE =R 0.5 s Ja LT
SN, B AE SR, dg/ds, BEZ 4/, i &l
RO LR AR R T, RS
BEAR, R be = = Ik 1 sh B o ALIF LRSI 1s
DT R A 25, S5 RS0 .

1.0r Ignition Detonation area 95
| —P1 Motor o
—P5 operation
0.8 = Pyyju Kerosene

Perosene cut )

2.0
g 0.6 -
<
5 <
. d

*~ Hot air
. !

1 1 1 1 1 | l()
6 § 10 12 14 16 18 20
t/s
2 BEMREEETEDRE
Fig.2  Working process of detonation combustor

T E AT 50 b T ELE SR AT R E R, R R
Be s TAER IR, R RS FH (5 5 A I 2 o 1 U 1%
B MR IRIL TR . (S AR RN E N
[ 5RO, LA B PR T iR R D o SR
FH BT e 1 FE (RD)- b 17 ik b 15 & (LPD) LA K
PEIR (Def) X = Fp HLAUEAS, & 3 MR = LR B S
o6fE 5 M5 FFT 45 R .

3 NI R BEAT G S, K2
5 AU 7 AR RS R R RS S R A, B B
RIS A R I N U (N EC R R S e A= 3 D

W5 1 A = e, BB E S A RE S
IS 315 5 F AR PR I T o B P o et 4T
PRI AT L AR S AT 4505 R 11 AR 1 40 1472 He,
A8 FH 28 30 T 5008 72 i Y
v=ndf (1

A d NIRBEEAT, f R R AL F A0, RN be =
JSF ] SR A5 B R PR I N 1016.9 m/s, KT 24 i
H, HARECT C-J 30 R (5 B 5 N 37.2%.

TE 5 4 & LI, BR e = 2 HA Il ) ok oo 90 7R A
A, Hou B S Mg 3(b) fix. JofE SikREH —
SE JE A, H LA AR A B T e i 1R R LS A M R B
S, 38 S PR el fe B A 4 W 45 B = A5 264 Hzo 1l
[ri) K AR RE AR AS TR, R RE U TG 1 A% 3R IR, T AR AE
Wk Joe s S RS A B R R U i I i 1) A 1 2 R e = R R
SER AN, R R R TR S AR N
PRIRELES I, JefE 5 RO H RGP Bsh, AR &
HH X [ 4% 6 = 40

T DA E R e s A 1A A W 43 A O s, R AR AR
E TAEBSM MG RE T WA 4 s, Hda
R SRR [ e T 0L, B 2SR SRR TRk
AT AR SRR Y L, Sk AR AR Ty . SeEe
oh AT AR H = AN A [ R A T R A R T
TR, B Ag/ds 3 5 2,004 1.54. 1.25 75 FEIK A 1.06.

BRI S AR AR 2 B L S B T R R, bt
MEA N 0.5, 78 & 24 & Ll Sk 2 B B0 e ik vk
PRRERAS, IR YR AN 1.3, BRIKH 4yd;, 253K
ALY B LY A o TERRBE SRR, A ik
SR SRR e ERA AR, [BE T iES:
YT LY 5B A R o A A IR R R —
SE MR T RE 7, B A BRI L AT 45 ) I 50, AR AR U
R A% 3 I3 ST R SO 5 S SR T AR AR A, o R
NSRS
3 MBREHSEESMN

BRBE 25 1 28 LU IR R T IR 4 v 1 A8 72 U
TR be s I PHEEAE A, aTH T RIERRE = 545
SR R RS A RS, R R E R
Fb A7 £ 7t SR M Jos 5 L 3 B ) T B L B R o & = ) T
i LR P, T g e MR R AR R I T AR R
PEo T /EMN I BDE SR IO K AR T, SRR 1E €, ke
= AR A I S ZE R I AR A SR A R AR T

Kl 5Ca) 5K 5(b) 45l e T [ Lt 5 e 28
LT TE R S 1 BR b = AR AU SR e R AR AL



96 LI ) BN S EHERE
0.046
LOF Main frequency=1472 Hz
0.044
0.8 F
2 £
S 0.042 o6}
20 5]
- &
= 9
2 0.040 204r
2 o
] [
02
0.038
O e LA —
0.036 1 1 1 1 1 1
14.060 14.065 14.070 0 2000 4000 6000
t/s ) fHz
(a) BEFEIRREAS
0.055
1.0
Main frequency=264 Hz
0.050 08l
: %
s
5 0.045 goor
- &
g Soat
2 g
O 0.040 =
02}
0.035 0 "
13.550 13.555 13.560 13.565 13.570 13.575 13.580 0 2000 4000 6000
tls fIHz
(b) i fk bR
1.0
0.037 |
0.8 F
> g
g £ 06
_go 0.036 |- go.
17} o
3 z
-é % 0.4
o =
0.035
0.2 1
o B i
0034 1 1 1 1 1 L 1 1
11.90 11.92 11.94 11.96 11.98 12.00 0 2000 4000 6000
t/s flHz

Q773 S
B3 MeEEdafiBEistES &R FFT 48R

Fig.3 Typical optical signals in the combustor and frequency spectra

500, AR LA X T [ T o0, fERRE = K
RS, BT R PG, SRR R R [A] L
Thy I AE BE I 8] Py ik 2R 5E 78 U WA R} 5 S AL 77
BERL A, R AR K RV IS T B AR E
TOUT, KB AU SR s A 8 I ) = RS S AL 7
62 D7) W7 BRF 221 P £ 1 253 15 0 78 SR R Joe = 1 i )
KR, 1IN Pr_g. MEIESLPTT LT, ¥ike sl

BJa, T LG, SR OR R A R LA
Tt £ LT UG 1E 3 5 I 5 W 3 T AR 6, 4%
Ji S A I B, IF 7 FMLIE IR B R R R R e, [
I A B 220 60 SREIAL A T T B R 2 k< e L

S VHE 1 R AR R U X TR B S B B R
K J1 Duvall £8P pir 4 th 75 i, 3 TSR R AR
W ELL(BR) . HitE T



Hom R KO S R AR A £ T AR i R R TR A B R R T 97
v+l A AR IR 2 W S ROk ST AR, i AR % R
i RT 1\r-1 . -
Aegy = —0(%)’ @) VR E R To A REE S A A Apoa I L
ey TR
BR=1_ 2t 3) K 6Ca) fE 7 1 [l E LT MR Re 5 3k S BH ZE EE
throat B, W AT LU M, BB Ag/dy ) K1/ DA B 2 5 E Y
i B, R 5 M AU LB . R IR
osol —P N JRRIAE T, B8 A W T8 o8 5 B 369 I, B Ag/ds y B,
AU Detonation e » [NEN 5
bas o - WA e % A U R I Py SR I A, X T I8 7 U
' TP AL 8 T AR P RE 1B Wik 98, 3 B0 E ZE H
0.30 N R N N

g 191l it A Wk 3 o FEE ) G N M N . S Uk E I, B R 4 &
0.25 -

g L IR SR8, #8557 5 08 R P 4 B4R G, 40
0207 GRS IR G IO A 25 I 5 R b
o e | Neh i 20K 5 1030 S SR . Bach 450y 9 4
010 S ' S, ke I U He vt T AU S R 1
0.05 bt BT, 0 L 1 P 2 25 MR b 5 15 4 s

( )lﬁltﬁib% o PR B, B R . R AR DR AR E .
a =
K 6(b) JE7R 1 [ 2 TO0 N R e = sk Uk EE, A
e A DL th, $Rb 5 i AU WA i S L AR
0.5 | Motor synchronization signal lild)ctonanol; 15 0.6 . . .
04 Ignition —— Equ%valence rat%0:0.65
4+ 110 —— Equivalence ratio=0.75
™ % 0.5 E

Sost g
< 58
02 Oxygen supply % 04l |

0
01 Kerosene
Hot air supply cut off 0.3r T
0 L L L 1= L L 75
2.5 5.0 7.5 10.0 125 150 175
t/s
(b) FEEE TS 150 02 1.0 15 20
5 BEIASZEZ AT IARBNEESEEHATH AgA;,
Fig.5 Pressure changes in the gas plenum under fixed and (a) HEIEFE LN
continuous adjustable conditions 16
o B e Lo
200F oo ®90 so o e eo o o
14 i
A\ A\ \ -
&
1.54 ° . ° ¢4 o o I 13r 1
B Ry
‘\; Moving ¢ ¢ \ A 1.2} E
< direction
125 o e o || o 11 1
Y y YVY
1.0 1 1 1
1.06F o e o ° ° oo e o 1.0 L5 2.0
i i i i AS/All
0.4 0.6 0.8 1.0 1.2 1.4 (b) L
ER E6 BEEIRTHHSEELGSHSELL
B4 BREEETIERSS Fig. 6 The ratio of inlet air blockage to inlet air pressure under

Fig. 4 Combustor modes distribution

fixed conditions



98 SR M) NN - S SO 3

543 %5

AR 5, Z 45 SRR W, B A Bk 28 LL ) i 4
I, BRGRE S R BAE A SRS B e
ARG R 2 2 R R = AR E AR

N T g3 R R AR T T R b R ZE LRI
SO, F S S Y T U A = AR IR ] B A
RIEZE LG, JF 5 PTG R A [ E 00 A AR AT X B,
HARWE 7 fros . MBI BLE Y, B E T 5%
SR T LT R b 2 LA B R T B AR AL
S AR F R AR S . SRR, RO R, £E
HLARTT RSN N, [ € 00 b 2 410 7 Lol k=
3% 28 LU R 4%, T2 m T T A AR B A, [ 0L it
AU IE LU AR T SR T AL, (B AR AL A Bl
Frf sl — BUR[A) 5, [ 5E T 005 8 47 T oL
HEA B FE A RO 4 o 38 B I B R BRI AE T
AU ZE LU 2 A R S U IR R R R
e % 5 I R E £ -LILAS FEAE BN A58 S 0K B R e R
&Ja, U E=ANREHAEARL, L5 EE T 5
55, DR AR e S ik BIRRAS I, [ € L0 i S
T ELAT A (R AR 2 8 2 LA 5 SR T A A LR SR A B)

—— Ay/A5 (Variable condition) —— Motor synchronization signal
—— Blockage ratio(Variable condition) ® Blockage ratio(Fixed condition)

Voltage/V
24 T 1 0.6
22+ 4 10
105
2.0
- 1.8+ J
< 8 S 0.4 &
< 1L6F
L4t 103
) actuati 0
1.2 Motor actuation lon

125 13.0 13.5 140 145 150 155 16.0
t/s
(a) M [1=0.65

—— A¢/A45 (Variable condition) —— Motor synchronization signal
—— Blockage ratio(Variable condition) = Blockage ratio(Fixed condition)

Voltage/V
T st 0.6

2.4 .6
22+ sttt I T))
4105
2.0 |~ S
= 1.8+ Motor stop 104 o
3 15
16} =
141 i 1%°
: Motor actuation
0
12 rm loa
1.0 L

12,5 13.0 135 14.0 145 150 155 16.0
t/s
(b) M 11=0.75
E7 BEEIASESETLR#ESEELGIXE
Fig. 7 Comparison of inlet blockage ratios between fixed and
continuous adjustable conditions

I, AR E A AL T AR ST A, BRI ar / #
Wi 7 IS [, A A5 IR e = = T e s T R A A i )i
T TE T O, I A R BUE R ALE S AR
RS T LA B e i RIE ZE L . KT LR Ag/45
N 1.54 A1 1.25 76 P 24 5 B 5% A T 1 22 St Wi 2 N (]
tq KDL, WL A B AL 0.5 s, % 28 IR I 8] 4
Xt TR E A8 AT IR 8] 1) 5 B, LA e i Y L R
IBA be = A T Bh 2 40 W 1R R R AR E RS I
TEFEM o LI I AR R IR E I K EBLR, A
NZIEB I GA 2RI = AR 1 3 U

4 PRGEEERE

TERNEHBEBRBEEHEEN RIS —, &
BRI T Ag/As AN 5 78 I 1) A% B8 R M 52 2 3
20 R b = 1 M e AR M P AR RO, AR R B OGTEH
XoF T BRI SR RCR R R E RS P BE S 50
S o
4.1 BREEILE

AR S BRI R AR 2 N +2.6%. K 8 S EE T 1E
AR BB AR AE T, Ag/As X e e 19 72 A IR 5 IR e A%
R . 0] LUE BB SR B E Ag/As, R AKT
BT K o B Ag/ds, — 7 T 22 5 B0k SOk JE 71
B PR, PR 2 IR, SOCE S S RIS R
M5 IR AR, IR FHRR AR . 7 — T, b=
T PEAG, 32D S L) R 8 3 I 5 IR R 0 =
T L, HE K S A TE R e 5 rp 1 0 B BT (], DT 4 T
Bhle s 2 o [F I A] LG B3 I i) M= 2§ 8
W Joe 3k e BEAR, 7E SEI0 T AT 5 Ag/ds Y0 B Z A
B JE 2, 16 5 WU, 300 18 58 TR 10 e,
BRRLS BN A2, M DAYE R R R B B R AR R T 7R 0 s iR
RS, S EBUR R RCRBK . B 2 & TR T
B, 25 RN RN A 3% 83 %, 84S R R R
JE 3 Ft e, R e T A R SRR, TR S O
RBCRIBE T . MRS T SR L, RS S
ZLR IR BB T 2, 3 BUCTE 75 OSBRI RR
FRRR BT BEAR . BB be % 2 Bl 2 & L SE T s )
BEAR, A7 76 A 1 I 24 2 Lb A3 15 MR e sk e 0k 31 Jje K AH -
Sh G ARSI BE vT A, TR Z M B SR IR S BT
T, A BRI Ak Rk B KAE I 4 & /N T 0.65.

R RN 0.65 B ([ e Tl 5 &gk T
WHEAT B, HgE AN 9 i . iZ SRR T T
VEREFE Ny, 38 1 518 Ag/ds, = 2.00, Fifi )5 i i # i
WHREAT SR, il 1s IR BB B AR Re 5, -
G T Ag/Ay s {8 LB PR 2 1.06 JF 4% 1L, fr



ECR

RTCIAE bSR3 52 28 e e 0k R R o 2 R P AT 99

1.0 T T
—0O— Equivalence ratio=0.65
—— Equivalence ratio=0.75

D/
0.9t / i
= O
—
D /D
/E]

085 o i

2.00 1.54 1.25 1.06

AS/AS.I
8 FEIHBLLFMTERE TR E
Fig. 8 Combustion efficiency of fixed conditions with different
equivalence ratio

1.0 T
—[— The fixed
——— The variable

0.9

0.8 | E

2.00 1.54 1.25 1.06
AR/AB.I

B9 EEIRSESLRET IRMENE
Fig. 9 Combustion efficiency of fixed and variable conditions

1s Ji 9 HAR R i 3 B8 B RS Je 45 4 . W] LU BIHE
Ag/As  IBHT AR I AR T, RBERCR A T ST R
FFFPEIR. s e R g i . R R %5 58 2, 0 1 i AR
FEOR, T BUE AR PRAR, TR =k 71 T . IR
a3 R R B ARIE T, ke = S R T
2 P EUR G = T, TR YRR T T SRR
MR T BRI E LT, U S B T
B AU B FEAR 78 ) A AR AR, AT SR 9AL 5 78 Uk
18, FEORPER AR . T 70w SR, B A
BeRAR S Th i, 2R T 06 0 LI, SRR T
MG BB WAL ZFEAES M S B T AEREAD
SR AR, BARE RCR R 28 2 PH ] e T OLIN IR
e R, (H R AE S T T 46 5 45 R, 5 E T
DL R e RO S A A (] o

FEAN TR 24 5 B AR R T, BEAT 3B /=0T AR 3 8 1 77 5K
B, I PR A AR AR AL 26 e os ] 10, 7T BUREIL,
Gk A R BN S (VS A =
B — 2. [N th A2 B e 0L I AN (R 2 L gk

THILEE, B E L 0.65 TR RZ 2 &L 0.75

1.0 T T

—— Equivalence ratio=0.65
—— Equivalence ratio=0.75

2.00 1.54 1.25 1.06
Ag/As,

B 10 AELEFGTEUELFT TRKERE
Fig. 10 Combustion efficiency versus Ag/A; ; with different

equivalence ratio

42 BEMRERY

SRS S5 R DS R Sk = 30
JERILE . B 11 B8 TEANFEEL R T, AgAs,
Xof e i 1R R R e = B R K R B . v] LR B
SRR E REUE A Ag/As 1) B AR 32887 3G K . 1 m]
DL R 156 S22 B Ag/A5 ) WIS AL A SR AR R o B PRI
Ag/As BE T B IR BUR L RIE K e N Y 5 B I 1] £
TR R, R AR E REE R F . AR
BT 24 5 bU7E 70 Bl P9 3 KN, R Joe 28 28 2 18 1%
%, PR E RS 2B IE W B, PRk mT BUE 242
T4 RS 2 e L o 3 BB B R AR, A SE e AT
B Ag/Asy A3 Rz

—0O— Equivalence ratio=0.65
| —O— Equivalence ratio=0.75

[]

— 1

T

0.9

Pty/Pt,

o

foe]
\i\

[J/
0.7q 4

2.00 1.54 1.25 1.06
Ay/d;,

11 FESHEBILLEZFHTEETIRZERE ZE

Fig. 11 Total pressure recovery coefficients of the fixed Ag/A;

with different equivalence ratios

YE P 44 H A 0.65 I 1 I8 i T 5 4 A T
WL AT L, S SR 12 . BB BIEE Agds,



100 ol |

71

n,

S Y

543 %5

BEFERK I R b, SRR E REBOEH T H R
B, X A/, TT R BEARI, MR be % K J1 B B Tt
L PEUSEWE RBOEH BT, B R R ESAT
MG, SIS E Rl TRE. R, £
ST A6 5 45 AN 5 [ 2 T 00 R R R AR R
AHE -

—[O— The fixed
L — The variable

0.9

2.00 1.54 1.25 1.06

AR/A3.I
12 EREIASEZATIRZERERE
Fig. 12 Total pressure recovery coefficients of the fixed and
variable Ag/A;

FEAS R & LA A T, JEAT 23 0T RO 42 9 4 5
5, HR R R BCR Al 4 SR R a0 130 AT AR
W, MR, EREANRT SRS, B ERE R
A AR — B, [R5 AL [ 5 T AN ] 2
AL TR, B &L 0.65 THEEKE R
b M E L 0.75 THLEERKE RECE = .

—— Equivalence ratio=0.65
—— Equivalence ratio=0.75

091

0.7

2.00 1.54 1.25 1.06

Adds,
13 FAEYHEBLEFHTELATIRZERERE

Fig. 13 Total pressure recovery coefficient of the variable Ag/A; ;
with different equivalence ratio

5 & i

AR SCIE I S LA SE BT AR )
FIAR, SCH BT TR B A B e AR A S

1 FEREE DL R R Ge A RE A RE I . BARSS R IR

1) 3 SR AR S R L, PR L T e
e MR 2 Tl i K AR R DA RO = R S Y AR R
Wk o 2 e R I s AT AR S Y 2 SRR S R T
TEREAZ

2) AR AR FE LB R Ag/ds I/ BA K
HE ARSI R, #—2 S BURGE R UK L EE
e, R THEAE SR ENMERRE, T ER
e ik £ 0.5355 t1 T Ik F7 R SE IR W B, 3 0% 2L
TR REAH BT ] e O AT B e 1 R FE LE A, (2
TEIR R 208 B R IR A, R ZE LG ) -

3) TEHC IR J5 AR Ag/As TV J5 R0 25 MR e
RO IR 2w T E T, SRR S R EUICT [ E T
DL, SRR I RE A 232 m L 1R 5 Bk R S H
Ag/As ) B2 3 EURBERCR 5 BRI E R EHETT
WA e 2 R 5 B IR KR AR B 20 ) T IR 96.6%
92.3%

2 £ X W

[1]  MAJ, LUAN M, XIA Z, et al. Recent progress, development trends, and
consideration of continuous detonation engines[J]. AIAA Journal, 2020,
58(12): 4976-5035.
doi: 10.2514/1.J058157

[2] ANAND V, GUTMARK E. Rotating detonation combustors and their
similarities to rocket instabilities[J]. Progress in Energy and Combustion
Science, 2019, 73: 182-234.
doi: 10.1016/j.pecs.2019.04.001

[3] FROLOV S M, AKSENOV V S, IVANOV V S, et al. Large-scale
hydrogen—air continuous detonation combustor[J]. International Journal
of Hydrogen Energy, 2015, 40(3): 1616—1623.
doi: 10.1016/j.ijhydene.2014.11.112

[4] ZHOU R, WU D, WANG J. Progress of continuously rotating detonation
engines[J]. Chinese Journal of Aeronautics, 2016, 29(1): 15-29.
doi: 10.1016/j.¢ja.2015.12.006

(5] PoAHE, BARSC, EWEZR, 25, el AR SRR 2 IR 50 R B LI 7T 4518
[J]. fi s R BhHL, 2023, 49(02): 1-12.

(6] xiwedk, BERE, ZF2, %, EEBRERNIEF KNS BT
2 RBFEAR, 2024(04): 96-106.

(7] BB, R, WA, e B RE RS FO R RIR (1] i Rl
R, 2023, 34(03): 1-9.

[8] SU L, WEN F, WANG S, et al. Analysis of energy saving and thrust
characteristics of rotating detonation turbine engine[J]. Aerospace
Science and Technology, 2022, 124: 107555.
doi: 10.1016/j.ast.2022.107555

[9] SHAO X, YANG H, ZHAO N, et al. Numerical study on the interaction
between rotating detonation wave and turbine stator blades with
multicomponent mixtures[J]. International Journal of Hydrogen Energy,
2024, 49: 1436-1445.
doi: 10.1016/j.ijhydene.2023.10.065

(10] i, SRauk, sk, 5. Wedk R IR AL & A ShHLBETh A vH SR 2L
LI, MAEHIER, 2023, 36(03): 1-9.

[11] RANKIN B A, RICHARDSON D R, CASWELL A W, et al


https://doi.org/10.2514/1.J058157
https://doi.org/10.1016/j.pecs.2019.04.001
https://doi.org/10.1016/j.ijhydene.2014.11.112
https://doi.org/10.1016/j.cja.2015.12.006
https://doi.org/10.1016/j.ast.2022.107555
https://doi.org/10.1016/j.ijhydene.2023.10.065

ECR RRIBEE: B

] A7 e i R R MR R R E 101

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Chemiluminescence imaging of an optically accessible non-premixed
rotating detonation engine[J]. Combustion and Flame, 2017, 176:
12-22.

doi: 10.1016/j.combustflame.2016.09.020

FROLOV S M, AKSENOV V S, IVANOV V §, et al. Large-scale
hydrogen-—air continuous detonation combustor[J]. International Journal
of Hydrogen Energy, 2015, 40(3): 1616-23.

doi: 10.1016/j.ijhydene.2014.11.112

LIN W, ZHOU J, LIU S, et al. Experimental study on propagation mode
of H,/Air continuously rotating detonation wave[J]. International
Journal of Hydrogen Energy, 2015, 40(4): 1980-93.

doi: 10.1016/j.ijhydene.2014.11.119

GE G Y, DENG L, MA H, et al. Effect of blockage ratio on the existence
of multiple waves in rotating detonation engine[J]. Acta Astronautica,
2019, 164: 230-40.

doi: 10.1016/j.actactaas.2019.08.007

XA, AT, TR, S SR PR GE T B R e e 1R A R R IR R
WA RS (1. B2 Bh J1 244k, 2023, 38(08): 1984-1994.

AR, T, T, AR PRE A O R e e MR R B A R RS N R
i (7], HERERR, 2021, 42(04): 842-850

ANAND V, GEORGE A S, DRISCOLL R, et al. Analysis of air inlet and
fuel plenum behavior in a rotating detonation combustor[J].
Experimental Thermal and Fluid Science, 2016, 70: 408—416.

doi: 10.1016/j.expthermflusci.2015.10.007

FOTIA M, HOKE J, SCHAUER F. Propellant plenum dynamics in a
two-dimensional rotating detonation experiment[C]//52nd Aerospace
Sciences Meeting. 2014: 1013.

https://doi.org/10.2514/6.2014-1013

CHACON F, GAMBA M. Development of an optically accessible
continuous wave rotating detonation engine[C]//2018 Joint Propulsion
Conference. 2018: 4779.

https://doi.org/10.2514/6.2018-4779

DENG L, MA H, XU C, et al. Investigation on the propagation process
of rotating detonation wave [J]. Acta Astronautica, 2017, 139: 278-287.
doi: 10.1016/j.actaastro.2017.07.024

NODA T, MATSUOKA K, GOTO K, et al. Impact of mixture mass flux
on hydrodynamic blockage ratio and Mach number of rotating detonation
combustor[J]. Acta Astronautica, 2023, 207: 219-226.

doi: 10.1016/j.actaastro.2023.03.013

NAKAJIMA K, SAWADA T, MATSUOKA K, et al. Visualization and
thrust measurement of rotating detonation engine with various channel
expansion angles[J]. Proceedings of the Combustion Institute, 2024,
40(1-4): 105577.

doi: 10.1016/j.proci.2024.105577

23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

PAXSON D E, MIKI K. Computational Assessment of Inlet Backflow
Effects on Rotating Detonation Engine Performance and Operability [C]//
AIAA SCITECH 2022 Forum. 2022: 1263.
https://doi.org/10.2514/6.2022-1263

KAEMING T A, PAXSON D E. Determining the pressure gain of
pressure gain combustion[C]//2018 Joint Propulsion Conference. 2018: 4567.
https://doi.org/10.2514/6.2018-4567

KAEMING T A, FOTIA M L, HOKE J, et al. Quantification of the loss
mechanisms of a ram rotating detonation engine[C]//AIAA SciTech
2020 Forum. 2020: 0927.

https://doi.org/10.2514/6.2020-0927

WALTERS 1 V, LEMCHERFI A, GEJJII R M, et al. Performance
characterization of a natural gas-air rotating detonation engine[J].
Journal of Propulsion and Power, 2021, 37(2): 292-304.

doi: 10.2514/1.B38087

R, REDEF, B, S WA OO A e R TR b S B S R
FREPERZ AT BAE T TT L], HERERER, 2025, 46(05): 180-188.

PLAEHN E W, WALTERS I V, GEJJI R, et al. Effect of fuel injection
location on operability and performance of a continuously variable
geometry rotating detonation engine[C]//AIAA SCITECH 2022 Forum.
2022: 1262.

https://doi.org/10.2514/6.2022-1262

PLAEHN E W, WALTERS I V, GEJJI R M, et al. Bifurcation in rotating
detonation engine operation with continuously variable fuel injection
location [J]. Journal of Propulsion and Power, 2023, 39(2): 202-216.

doi: 10.2514/1.B38801

ZHOU J P, SONG F L, WU Y, et al. Investigation of pressure gain
characteristics for kerosene-hot air RDE[J]. Combustion and Flame,
2023, 247: 112503.

doi: 10.1016/j.combustflame.2022.112503

PENG HY, LIU S J, LIU W D, et al. The nature of sawtooth wave and
its distinction from continuous rotating detonation wave [J]. Proceedings
of the Combustion Institute, 2023, 39(3): 3083—-3093.

doi: 10.1016/j.proci.2022.08.119

DUVALL J, CHACON F, HARVEY C, et al. Study of the effects of
various injection geometries on the operation of a rotating detonation
engine[C]//2018 AIAA Aerospace sciences meeting. 2018: 0631.
https://doi.org/10.2514/6.2018-0631

BACH E, PASCHEREIT C O, STATHOPOULOS P, et al. RDC
operation and performance with varying air
loss[C]//AIAA Scitech 2020 Forum. 2020: 0199.
https://doi.org/10.2514/6.2020-0199

injector pressure

(AT % : RRAL)


https://doi.org/10.1016/j.combustflame.2016.09.020
https://doi.org/10.1016/j.ijhydene.2014.11.112
https://doi.org/10.1016/j.ijhydene.2014.11.119
https://doi.org/10.1016/j.actactaas.2019.08.007
https://doi.org/10.1016/j.expthermflusci.2015.10.007
https://doi.org/https://doi.org/10.2514/6.2014-1013
https://doi.org/https://doi.org/10.2514/6.2014-1013
https://doi.org/https://doi.org/10.2514/6.2014-1013
https://doi.org/https://doi.org/10.2514/6.2018-4779
https://doi.org/https://doi.org/10.2514/6.2018-4779
https://doi.org/https://doi.org/10.2514/6.2018-4779
https://doi.org/10.1016/j.actaastro.2017.07.024
https://doi.org/10.1016/j.actaastro.2023.03.013
https://doi.org/10.1016/j.proci.2024.105577
https://doi.org/https://doi.org/10.2514/6.2022-1263
https://doi.org/https://doi.org/10.2514/6.2022-1263
https://doi.org/https://doi.org/10.2514/6.2022-1263
https://doi.org/https://doi.org/10.2514/6.2018-4567
https://doi.org/https://doi.org/10.2514/6.2018-4567
https://doi.org/https://doi.org/10.2514/6.2018-4567
https://doi.org/https://doi.org/10.2514/6.2020-0927
https://doi.org/https://doi.org/10.2514/6.2020-0927
https://doi.org/https://doi.org/10.2514/6.2020-0927
https://doi.org/10.2514/1.B38087
https://doi.org/https://doi.org/10.2514/6.2022-1262
https://doi.org/https://doi.org/10.2514/6.2022-1262
https://doi.org/https://doi.org/10.2514/6.2022-1262
https://doi.org/10.2514/1.B38801
https://doi.org/10.1016/j.combustflame.2022.112503
https://doi.org/10.1016/j.proci.2022.08.119
https://doi.org/https://doi.org/10.2514/6.2018-0631
https://doi.org/https://doi.org/10.2514/6.2018-0631
https://doi.org/https://doi.org/10.2514/6.2018-0631
https://doi.org/https://doi.org/10.2514/6.2020-0199
https://doi.org/https://doi.org/10.2514/6.2020-0199
https://doi.org/https://doi.org/10.2514/6.2020-0199

	0 引　言
	1 实验设备及方法
	2 工作过程及燃烧室模态分布
	3 燃烧室进气堵塞特性
	4 燃烧室性能
	4.1 燃烧效率
	4.2 总压恢复系数

	5 结　论
	参考文献

