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Fig. 1. Schematic diagram of wave structures of the subson-

ic cavity flow.
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Fig. 2. Schematic diagram of wave structures of the super-

sonic cavity flow.
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Fig. 5. The spectra of the pressure perturbation signals at
the front wall of the cavity for two cases (the gray vertical
line is the predicted frequencies by Eq. (21)): (a) M = 0.9;
(b) M =1.5.
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NTEE RAT AR I fa = fo+ fa = 2528 Hz, fo =
fo+ f3 = 3306 Hz. EIAHR fi J&H Rossiter . Ffi
A5\ SWE7ER, W fol& il Rossiter — [
1Y Rossiter =Bl A= 1. ixX BALS
AN SRR A ) e AR S AL, T R
B B ik — 25 oA s A IR AR .

M BB AT LA 1 X T SR A 1.5, H
Rossiter B ERIS IR 2 2 m T HRIRZH
&, I 5 2 HARRR S, 7 O T A
IS A . X LR AL 40 A1 (bispectral analysis)
e Ml A X T B RO AR S (), H
Xof IO AR R X, BRI A2 :

2t) = 3 Xyt (29)
k=—oc0
Gl
T/2
X, = lim ~ / derta(tydt,  (30)
k— oo 7T/2

Hr ) wy =2nk/T, TRAGS x(t) K. N
= Rtk

B(k,l) = B[ Xk X X[, (31)

Hrf) B[] Fom A, B0 2B AH 5C R 2L bic &
Xy )

bic?(k,1) = Bk, D (32)

Bl X X121 E[| Xk )]

FIH Cauchy-Schwarz A 45 325 55 1iE B 3 4 56
FEOH R0 <bic < 1. FiRE U RRGER C R AL
FATXIFRPE . R, Y wp FURE w AR
RMERS AT, bic — 1 T7 Y80 2% wp, AU w A B
WhSZEE, bic — 0; 24 bic AT 01 Z AN H A
A, B A R /INRAF A wop FIII A wp JE LR
YERIP HEARER wpe g oy SEBRATIEE wpeq IR R LU ). T
S AT DA H] B3 e o R 20 B 28 IR 32 Hh AN TR AR 2
AR ERE B G

% 1.5 4 Hf’ﬁuﬁ{ﬁh AF T RIRGE T R
THRGRE 6 Frn, K 6(a) KRR, K 6(b)
Ry Je R DX KA L, 45 SR O T Rl B R X A
1. B F K Rossiter AR, X B FEIH
AR HELAPEAE RSO IE 6(a) FTLAE H,
5 M fo MO AR AR T AR A T HAR
X353 B 5. FEARAR (f2, f2) 4k, bic = 0.94, B3
B F A OCHEAR 58, H 2™ A A G R 2 f2, 3X
5 Exh g5 —8, Dzl 7EE 5(b) i

AL R AT LA B, iS4 3. E 6(b) k7]
DLE B, TEARKR (f2, f = 1361 Hz) kb SRS AH OC R 4K
BK: bic = 0.85, MWREWKHEMER fo+ f =
2625 Hz [ AT, 2353 UL 5(b) i ARTE.

2.0
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Fig. 6. M = 1.5, bicoherence spectrum of the pressure per-
turbation signals at the front wall of the cavity: (a) Con-
tours of the correlation coefficient; (b) locally zoomed re-

gion of panel (a).
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%/EE’J%M*%%?ZIEJT?*%%?@J@%%, PRIt 7 42
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BRRAE. SR &2 /NEAE #e (continuous wavelet
transform, CWT) KT 1Bk 5%, /AR
AHAE TR I A L AR S S I B D 12, T LA Sl

Bt e AR A shiE T e o8, HitE i fer
BB/, EA TR R E 5 S, HRARAR
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We(a,b) =

i fero (5

- / St (1) dt
R

= (2(t), Yap(t)), (33)
Horp, w o/ N RS AR SCHERR Morlet /N, TN

—t2/24if20t

S

U(t)=e (34)
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2 RS o T MR (T e, S AR S BT s

LA
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A PSR A R Al A, AN RI R Z A AR
AMEAEN, TR GBS AT AR AE A I 18] 78 b3 7
HRTRE 2 R AR VIR, i TR D, X LA
22w, IR 8 T LA H, B2 fu 0 fo R (ELREY
[EIAZAERIZN, XPEHREER AT FET oArdi R anfs 9
7S, L9 ATLUE H, SRy £ 70 f2 BOEAERE
S [) A8 AL A 35 SR A, (B304 3 1 0. F
— ML, SRR B A TR IS £ 70 f2 B
PP [ 36 A 15 S5 A0 MR 30 5 B8 R RSO0 A, 4 R 14T 10
JIr7R. NIEL 10 AT RAFE H 5828 B N 1] 38 1L 1)

LR AL A5 5 IS AL BB, B
SRR I BERLTE.

0 0.5

1.5 2.0

(a) M = 0.9 (H: % EHL M (200, 3700)); (b) M =

Fig. 7. The CWT results of the pressure perturbation signals at the front wall of the cavity for two Mach numbers: (a) M = 0.9
(contour levels between 200 to 3700); (b) M = 1.5 (contour levels between 300 to 6000).
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Fig. 8. M = 0.9, the amplitude of the CWT coefficients of the dominant modes extracted from the CWT result: (a) Coeff-

icient of the first mode; (b) Coefficient of the second mode.
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Fig. 9. The FFT results of the CWT coefficients of the
dominant modes in Fig. 8: (a) FFT of the coefficient of the
first mode; (b) FFT of the coefficient of the second mode.
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Fig. 10. The probability density estimate of the CWT coef-
ficients of the dominant modes in Fig. 8.
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Abstract

The high-speed flow passing through an open cavity will generate complex wave structures. The
propagation and evolution of these waves can lead to the self-sustained oscillation of the cavity flow and cause
strong noise. The cavity noise may contain multiple acoustic modes with discrete frequencies in the spectrum. A
clear understanding of the evolution of the oscillation mode will provide a theoretical basis for the study of the
noise control method. By analyzing the waves scattering process at both ends of the cavity at subsonic speed
and supersonic speed and considering the three-dimensional spanwise flow, the three-dimensional wave model
for subsonic cavity flow and supersonic cavity flow are established respectively. The model involves the
nonlinear interaction between different waves in the cavity, which may produce other components different from
the Rossiter mode. Based on the pressure signal data measured from the experiments on cavity flow for Mach
numbers 0.9 and 1.5, the parameters in the model are linearly estimated. The pressure signals are analyzed by
using FFT, bispectral analysis, and continuous wavelet transform. The results show that there are nonlinear
interactions between the main oscillation modes, thus producing strong harmonics. The mode-switch
phenomenon is observed in both the subsonic case and the supersonic case. The mode-switching exhibits low-

frequency behavior and shows randomness as a whole.
Keywords: cavity flow, wave structures, mode behavior, aeroacoustics, time-frequency analysis
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