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Figure 1 (Color online) Circumferential pressure distribution curves
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Figure 3 (Color online) Axial pressure at /=0.1 ms and /=0.16 ms and axial parameter distribution at /=1.6 ms.
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Figure 4 (Color online) Validation calculation model for three-
dimensional non-premixed detonation combustor.
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Table 2 Comparison of detonation wave velocity between 3D numerical calculation and experiment
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Figure 6 (Color online) ARDE numerical calculation model.
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Figure 8 (Color online) FSW velocity variation with incoming flow temperature, Mach number, and pressure ratio.
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Figure 11 (Color online) Pressure pulsation curves of monitoring points in the isolator and combustor.
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Figure 13 (Color online) Combustor pressure and component distribution of ARDE under different equivalence ratios. (a) Casel; (b) Case2.

Casel: 747K, ¢=0.8 Case2: 747K, ¢=0.6
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Figure 14 (Color online) Mach number and fuel component distribution of ARDE under different equivalence ratios.
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Casel: 747K, ¢=0.8 Case2: 747K, ¢=0.6
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Figure 15 (Color online) Mach number and pressure distributions of ARDE under different equivalence ratios.
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Figure 16 (Color online) Pressure pulsation curves at combustor monitoring points for ARDE under different equivalence ratios.
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Figure 17 (Color online) Combustion chamber pressure and component distribution at different air temperatures for ARDE. (a) Case4; (b) Case5.
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Figure 18 (Color online) Mach number and component distributions in ARDE under different air temperatures.

615



PINEMGAE: il (R R 2 A T e MR 72 1 3 AU L S 46 ) S R B d sl e ik

FEMF[A] SERA RMHERHC, HESDIRTE X R 3R TT. 25 FL R ARV AR ALY, 4875 23 Sl FE XA RD WAL 4y

WMER20pR, 2 MNA8T KIF2E909 K, RDW  PRRIRERM. —J7 i g R A K e U2 #m

S RIEREE L 1881 m/sPE 1812 m/s, [ KNG BIRIHE, 71— s =M & SERDWALRR T 1A, £
WEME R A3k, HRDWIREE M E TG Rea R TR — 2 2 5900 — s 3 8 — S A I

Y
X
Cased: 487K, ¢=0.8 Case5: 909K, ¢=0.8
Bl 19 (W48 R ) ARDEAN R 23 Ul B2 T S i S s 70 43 A
Figure 19 (Color online) Mach number and pressure distributions in ARDE under different air temperatures.
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Figure 20 (Color online) Pressure pulsation curves at combustor monitoring points in ARDE under different air temperatures.
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Figure 21 (Color online) Flow channel flow field distribution and isolator pressure pulsation curve for Casel (747 K, ¢=0.8).
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Figure 22 (Color online) Flow channel flow field distribution and isolator pressure pulsation curve for Case2 (747 K, ¢=0.6).
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Figure 23 (Color online) Comparison of circumferential 2D unfolded wave band distributions between Casel and Case2.
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Figure 24 (Color online) Flow channel flow field distribution and isolator pressure pulsation curve for Case4 (487 K, ¢=0.8).
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Figure 25 (Color online) Flow channel flow field distribution and isolator pressure pulsation curve for Case5 (909 K, ¢=0.8).
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Figure 26 (Color online) Comparison of circumferential two-dimensional expanded wavenumber distributions between Case4 (487 K, ¢=0.8) and

Case5S (909 K, ¢=0.8).
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Flow field structure and coupled motion characteristics of forward
shock waves induced by rotating detonation under axial incoming
flow conditions

SUN ZhiPeng, WANG YeChen, HUANG Yue, PENG Han & YOU YanCheng

School of Aeronautics and Astronautics, Xiamen University, Xiamen 361100, China

To reveal the coupled motion characteristics of the forward shock wave and rotating detonation wave in an air-breathing rotating
detonation engine, this study combines theoretical derivation with three-dimensional non-premixed numerical simulation. It
investigates the flow field structure and coupled motion characteristics of the rotating detonation-induced forward shock wave within
the operating ranges of injection equivalence ratio 0.4—0.8 and axial incoming flow temperature 487-909 K, while analyzing the
factors influencing the motion of the forward shock wave and the coupling laws of the wave system. Theoretical analysis shows that
the axial propagation velocity of the forward shock wave is proportional to the incoming flow temperature and the forward shock
wave pressure ratio, and inversely proportional to the incoming flow Mach number; its circumferential velocity is consistent with that
of the rotating detonation wave due to the traction of the rotating detonation wave. Numerical results indicate that the forward shock
wave interacts with the supersonic incoming flow to form a boundary-type trailing shock wave, and a complex coupled wave system
structure of trailing shock wave-forward shock wave-rotating detonation wave exists from the isolator to the combustor. The fill
region inside the combustor exhibits stratified mixing and a segmented shock structure. Under conditions of high equivalence ratio
(9=0.8) or low incoming flow temperature (487 K), the forward shock wave features a high pressure ratio and propagation velocity,
leading to its ejection from the isolator. Under conditions of low equivalence ratio (¢=0.6) or high incoming flow temperature
(909 K), the forward shock wave pressure ratio and velocity decrease, confining the forward shock wave within the isolator;
additionally, high incoming flow temperature enhances mixing, resulting in the suppression of the forward shock wave in the form of
a trailing shock train. Adjustments to air temperature and equivalence ratio affect the propagation characteristics (wave velocity, wave
angle, and core region position) of the rotating detonation wave by altering the stratified structure of the fill region, and ultimately
influence the propagation and suppression of the forward shock wave through changes in the axial velocity of the flow field. The
propagation velocity, angle, and pressure ratio of the forward shock wave decrease significantly with reduced equivalence ratio or
increased incoming flow temperature, and the forward shock wave transitions from being ejected from the isolator to being
suppressed within it. This reveals the key influence mechanism of equivalence ratio and incoming flow temperature on the
propagation of the forward shock wave and the status of the isolator. Furthermore, a simplified two-dimensional wave system model
is established to analyze the formation, motion compression, and suppression laws of the forward shock wave.

air-breathing rotating detonation engine, detonation wave, forward shock wave, terminal shock wave, numerical
simulation
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