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Fig. 1. Schematic diagram of the experiment system.
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Fig. 2. Photograph of rotating detonation combustor and

turbine guide vane.
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Fig. 3. Locations of sensors.
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Fig. 4. Experimental time sequence.
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Table 1.  Test conditions.

TH A /gs T A /gs T YR TAERC

1 3.8 438 0.30 PRI
2 5.2 437 0.41 PRI
3 5.7 438 0.45  PUHER
4 6.3 437 0.50 PR
5 7.6 438 0.60 MEREMEE
6 8.2 439 0.65 AREtdE
7 9.0 436 0.72 AEREMEE
8 9.5 438 0.75 AREE
9 10.4 439 0.82  FREMEE
10 11.1 438 0.88 FaEhE
11 12.9 436 1.03  FREHSE
12 14.2 438 113 REE
13 15.4 439 .22  RREHSE
14 16.5 437 1.31  FEsE

3.1 TRERFBRREBRIESN

DAL 11 R %A e p s =X T 1 A
PREHAT AT B 5 e AT AR
LRI, 1 ¢ B 2L R GG R IT
AR AR AR N 7 T 5 O AR S R Py
IRFIA, H U AUE A 2s UERAUE IR 53 3]
M 4.9 F1 6.3 bar (1 bar = 10° Pa). T ILIHA K
fil & S K55, RDC A TR IR, e i
TR pe = R & i ie T 28 e HE . 76 & B 20 i
RS HKAES, RDC BIkE, B be= NIE e
FEIRERE, ARERIEMAS SERIE RS2k 5%
TR R R T b, SRR A AR
SR 143 ) ETEE 6.9 Al 7.4 bar. 78ty BFZ], 56
PSS BRG], PR32 SO BR G IR AL T 1
RZS, RDC 15 1k AR, S8 BE ) e ) U AR,
T2 2 30K RDC VR HIUSTE ¢ KM= S8 B g
W], 25 RAS YR L

Pl 6 Ry R = P e A g it 4 B0 388 4 B
I, 75 RDC T /E 1 [a] 15 % ¢ 5 W {8 K 1

16.3 bar, I K TE 5 FrR &M KEIENT
JEJ7, AR TR 5ty Bty BRI ES R
ERWEES BTG, N Tk — e s
W ARG EEME, X PCB6 F1 PCBT 4 i #i s 115
ST ST, AT LA HAE 150.0-—150.8 ms B
[N, 335 TR A RS & N A BRI B A 4G T 4 4
W1, Jr1a )N PCB6 5] PCB7, MR EBWLI Sy 35 isf
BT 5 m].

10

e o
1 1

ta it .
| Lty
1 1

Pressure/bar

—92 L L L L L L L
—2000 —1000 0 1000 2000
t/ms

B 5 T8 11 EREE ST

Fig. 5. Pressure trace of propellant manifolds in test 11.
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Fig. 6. High-frequency pressure: (a) Global graph; (b) mag-
nified results.
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Fig. 7. Velocity-time distribution.
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Fig. 8. Frequency domain analysis: (a) FFT results; (b) STFT

results.
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Fig. 9. High-frequency pressure of PCB1-PCB3.
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Fig. 10. Pressure trace of propellant manifolds in test 5.
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Fig. 11. Result analysis in test 5: (a) High-frequency pres-
sure; (b) FFT results.
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Fig. 12. Pressure trace of propellant manifolds in test 2.
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Fig. 13. Result analysis in test 2: (a) High-frequency pres-
sure; (b) FFT results.
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Fig. 15. Analysis of upstream and downstream results of turbine

(b) FFT results.
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Abstract

Detonation is a supersonic combustion in which a shock wave propagates driven by an energy release in a
reaction zone. Compared with deflagration, detonation has high thermodynamic efficiency and fast heat release
rate. The traditional propulsion system based on the isostatic combustion is relatively mature, and its
performance is very difficult to further improve. Therefore, detonation is expected to improve the performance
of the propulsion system. Replacing the isobaric combustion chamber of turbojet engine with rotating
detonation combustor can not only improve the combustion chamber efficiency, but also reduce the number of
compressor stages, reduce the weight of engine and simplify the structure of engine. In order to study the
operation characteristics of rotating detonation combustor with a turbine guide vane, a series of experiments is
conducted, with hydrogen used as fuel and air as oxidant at different equivalence ratios. Based on the signals of
high frequency pressure sensor and static pressure sensor, the operation mode of rotating detonation combustor
and the effect of a turbine guide vane on the inhomogeneous and unstable detonation products are analyzed in
detail. The experimental results show that when the equivalent ratio is less than 0.5, the rotating detonation
combustor operates in a rapid deflagration mode and the pressure of combustion wave is about 0.6 bar (1 bar =
10° Pa). The rotating detonation combustor begins to operate in an unstable rotating detonation mode when
the equivalence ratio increases to 0.6, and the pressure of detonation wave is about 6 bar. The rotating
detonation combustor operates in a stable rotating detonation mode when the equivalence ratio reaches 0.82,
and the pressure of detonation wave is about 16.3 bar. In addition, the propagation velocity gradually increases
and the stability improves with the increase of the equivalence ratio. The oblique shock wave interacts with the
turbine guide vane, and part of the oblique shock wave is reflected back to combustor, which causes some small
pressure fluctuations in combustor. The turbine guide vane can obviously suppress the amplitude of pressure
oscillation, but has little effect on the frequency of pressure oscillation. The upstream and downstream static
pressure of the turbine guide vane increase simultaneously with equivalence ratio increasing. Furthermore, the

static pressure of detonation products decreases obviously after passing through the turbine guide vane.

Keywords: rotating detonation combustor, turbine guide vane, operation characteristics, oscillation pressure
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