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Effects of inlet pressure perturbations on hydrogen-fueled rotating
detonation characteristics
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(1. School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China,
2. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, Shaanxi, China)

Abstract: To investigate the effects of inlet pressure perturbations on the propagation characteristics of rotating detonation
waves (RDWs), numerical simulations were conducted using the OpenFOAM platform and the two-dimensional Euler
equations coupled with detailed chemical kinetics. A two-dimensional unfolded rotating detonation combustor model was
established to represent the annular chamber. Periodic boundary conditions were applied in the circumferential direction, and
non-reflecting boundary conditions were imposed at the outlet. Discretized premixed injection units were specified at the inlet
to simulate the reactant supply process. High-frequency, small-amplitude pressure perturbations with a frequency of 5 kHz and
an amplitude of 0.1 MPa were superimposed on the inlet total pressure with a mean value of 1 MPa, while the inlet total
temperature was fixed at 300 K. Hydrogen—air mixtures with equivalence ratios ranging from 0.6 to 1.6 were considered to
examine the influence of reactant composition on RDW behavior under perturbed inlet conditions. The governing equations
were solved using a density-based compressible reacting-flow solver with a finite-volume discretization scheme. Convective
fluxes were calculated using the KNP central-upwind scheme with a van Leer limiter, and time integration was performed
using a second-order Crank-Nicolson method. A detailed hydrogen—air chemical reaction mechanism consisting of 27

elementary reactions was employed to capture detonation dynamics. The results indicate that the RDW wavenumber and
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propagation mode exhibit significant responses to inlet pressure perturbations at different equivalence ratios, which are mainly
governed by the dual-wave collision process and the reactant replenishment characteristics ahead of the detonation front. The
combustor adaptively balances the energy release and stable RDW propagation, allowing the system to stabilize at different
wavenumbers through a nonlinear dynamic equilibrium. Under inlet pressure perturbations, flow parameters and RDW
characteristics exhibit periodic responses at the perturbation frequency, with the RDW structure being more sensitive to the
perturbations. The equivalence ratio and RDW propagation mode jointly determine the combustion heat release level and the
outlet thrust, whereas the specific impulse is primarily controlled by the equivalence ratio and shows a weak correlation with
the RDW wavenumber. High-frequency, small-amplitude inlet pressure perturbations mainly affect the wave structure and
propagation mode of RDWs, while the mean performance parameters are only weakly influenced.

Keywords: equivalence ratio; rotating detonation wave; high frequency small-amplitude disturbance; heat release rate;
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Fig. 2 Temperature contours under different grid sizes
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Fig. 5 Pressure gradient and temperature contours at different times in case 2

092101-7



=1

S

% 46 %

T, A BEORA S S SRR R A B R R

5 9 1]

S, X IO R i AR I B AN 1] 7 TR

X R A I =W, K 8 45 T T 3
AN TR B 220 F VA — b e 3 B B = R (8] 8(a)) 5
B B (K 8(b)) o 24 =120 ps I, 754 H 3L
338 RDW, 2 5 E 8(b) sy $ 7 %R, H
RDW1 F1 RDW2 [i] 47 f& 4, RDW3 [i] /& % 4% .
24 =130 ps B, RDW2 5 RDW3 7B N &4
Rl 12, 2 3 e 40 5% I AH B AR S il 2 dE i
SE ST 5 S2, MEBTR R AU B 1 B e
PR, I 8(a) ion . Bl AR AR S, 7 S
S1 5 S2 73 B AH S 5 A4 . Horhr, ST m) 264l
e AT R P X3, % XS AN FEAE AT

H/mm

18

16 1

141

12

10

1500 2000 2500

t/us
Fl6 T4L2h RDW & EE (s
Fig. 6 Evolution of the RDW height in case 2

gL .
500 1000 3000

PAl 2 S 0 RE 0T TR U, ST TEAL H i AR R 3R S R B I . 9 AR, 1) A P 4 152 S
e S2 7 A7 A FE AL BT TR AT AR A, SO T 4 4 P A e B AR T 5 T ) 3 T, D B

0 0.2 0.4

=400 ps

300
7K B |

=350 ps

=360 pus

=370 pus

. 0.6
Pressure gradient IS B |

0.8 1.0

=410 ps

1000 1500 2000 2500 3000

=380 us

=400 ps

=420 ps

P 7 B 6 FARIR] 20 64 T b6 B SR 2 4]

Fig. 7 Pressure gradient and temperature contours at different times in case 6
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Fig. 8 Pressure gradient and temperature contours at different times in case 3
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Fig. 12 Evolution of pressure signals at monitoring points and change of RDW propagation frequency

R3 FAHENIE RDW &3
Table 3 RDW propagation characteristics of all cases

T ER F/kHz Vea/(ms™) vo/(mes™) Vper %
1 0.6 8.08 1615.97 1718.72 5.97
2 0.8 17.32 1731.98 187133 7.45
3 1.0 27.49 1832.42 1981.29 7.51
4 12 28.37 1891.48 2036.59 7.13
5 1.4 28.24 1882.47 2063.52 8.77
6 1.6 19.79 1978.94 2100.21 5.77
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