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Fig. 1 Contour of wavelet coefficients for streamwise fluctuating velocity at y~ =18. 57
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Fig. 2 Distribution of the average energy of the 20 different normal flow velocity
scales in the turbulent boundary layer of different position
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Fig.3 Comparison between original fluctuating velocity signal and reconstructed ninth scale signal
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Fig. 4 The detected burst number various with the threshold levels and short time average interval by VITA scheme
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Fig. 6 Ninth scale wavelet coefficients autocorrelation function
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Fig. 7 Ninth scale reconstruction of fluctuating velocity signals and the short time

average variance of ninth scale reconstruction signal
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Fig. 8 The phase-averaged fluctuating velocity waveforms of sweep(left) and eject(right)

X g f e R A 9 RUBE ksl i B2 A5 5 A (5) L O JEAT RN, LRSI 38 fr) J8 bof (1] S 349 5 2 114 J 3 4%
RAEL K53 AR R W8 S5 R 45 v L R R R %EJZEW&T“—E’JMZJJ oA 5 1 BT 6 K B 2 R R B
F14 Ik 20 38 T2 A e W42 SR 57 X8 5 T 00 R A7 28 o - 247, 45 1 W S A0 41 J0 o A v fok sl R A A A8 P 2

T ENHEFE (<107 m/s)



52 1) W PRSI0 BT A8 LA DU AR i A A R B9 VIT A 3% 207

B (K8 i)

N.
DY = 2DV ftt 0. 1€ [— %97, while D.(1) = 1 %)
N; = 272
CFOD D o = %Z ft+1v, t€ [—“7,‘17], while D,(t;) =—1 (8)

M8 TT A H 75 T 4aUid B v o i 80 A DA A DX e 3k 1) T 451 980 Bk PR R AR B P 7 1) 67 L ol R T
TEASE B P I 1) Jk 3 o R DR T T )k B T R K ) e g L SR PR T AR U Bl s AR M e R
AR T L A A BE T (1) 4R 957 158 20 1) 2k FAZR R B BT T O L (R B P A8 L Y U 1) Dk Bl 3 R P T
L Wk 3 R 18 B R AR SR s PR T S 18 U 3 b T A T G R 4 9 ) L R R A AR A A A
RS SRP R e R Z D AP N : D Fte S SN {1 A2 I PO T S T SO S F - = B SRR R (B

3 EEHER

AR 052 A G M0 B i 30 A 45 R 3 A s T RO ) B e R ME DU S AH 5 T 3% ] AR AR VITA 3%
JEL IR 8] JE ) T RTY BRAE KA 5 U0 28 6 08 IBOSE 1 ) A T 4 A 4 RE R 22 . R i R A D) 5 e A T
it P R AF 9 VT A 3 11249 J 400 o DA D 7 4 i e R R JE ik 5l o 52 1 L I [ 1 3% 07 22 19 SRy
TS ARG AL A AR SRy A PR S H o AL BRI A AU AB TE VITA W BB I 530 BT 19 e i B RN 5 VI
TA LSS G T BEWS B Sy 0 UL A b AG: I AH 145 K B0 74 e A

S Uk

[ 1] Blackweldor R I. Kaplan R E. On the wall structure of the turbulent boundary layers[J]. Journal of Fluid
Mechanics, 1976, 76:89—112.

[ 2] Johansson A V., Alfredssou P H. On the structure of turbulent channel flow[]J]. Journal of Fluid Mechanics.,
1982, 122.291—314.

[ 3] Antonia R A. Conditional sampling in turbulence measurement[]J]. Annual Review of Fluid Mechanics, 1981, 13:
131—156.

[ 4] Cantwell BJ. Organized motions in turbulent flows[]J]. Annual Review of Fluid Mechanics, 1981, 13:457—515.

[ 5] Robinson S K. Coherent motions in turbulent boundary layer[J]. Annual Review of Fluid Mechanics., 1991, 23

601—639.

[ 6] Shu W, Tang N. Burst frequency in turbulent boundary layers[J]. Acta Mechanica Siraica, 1988, 4(4):291—
303.

[ 7] Farge M., Kevlahan N, Perrier V. Wavelets and turbulence[ J]. Proceedings of the IEEE, 1996, 84(4):639 —
669.

[ 8] Farge M. Wavelet transforms and their applications to turbulence[J]. Annual Review of Fluid Mechanics, 1992,
24.:395—457.

L91 Z2Ml, FARA, SFHE. BT U000 BE G 7 A 0 1R (9 RE 4 e R MEMI [T . Jy 27244, 1997, 29(4) 406 — 411
(JTIANG Nan, WANG Zhendong, SHU Wei. The maximum energy criterion for identifying burst events in wall
turbulence using wavelet analysis[J]. Chinese Journal of Theoretical and Applied Mechanics, 1997, 29(4) : 406 —
412 (in Chinese))

[10] Zheng Xiaobo, Jiang Nan. Experimental study on spectrum and multi-scale nature of wall pressure and velocity in
turbulent boundary layer[J]. Chinese Physics B, 2015, 24(6) . 064702.

(110 24w, 736, EHRAKR. HRERBRUEM G VITA BRI 712548, 2000, 32(5):548—551 (JTANG
Nan, SHU Wei, WANG Zhendong. Determination of the short time average interval in VITA method by
maximunm energy criterion[ J]. Chinese Journal of Theoretical and Applied Mechanics, 2000, 32(5) ;548 —551
(in Chinese))

(12] §FEG. Zm. fn v b i ag RO 20 Hr [T, 2 8l J1 2441 2000, 18 (3 Fi)): 89 — 95 (SHU Wei. JIANG Nan,
Analysis of eddy scale in turbulent flows [J]. Acta Aerodynamica Sinica, 2000, 18(S):89—95 (in Chinese))



(2017 )58 32 4%

3

208 OB N

On the Modification of VITA Method for Detection of
Turbulence Burst on Wall Surface by Wavelet Analysis

YE Yang', YANG Kai-hong', JIANG Nan"*
(1. Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300354, China;

2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300354, China)

Abstract: A series of methods based on the analysis of wall turbulence pulse velocity signal wavelet are
adopted to modify VITA method used in detecting wall surface turbulence burst events. Among
which, the short time average period T in VITA method is determined by maximum energy criterion;
the local maximum point of short time average variance of the maximum scale fluctuation velocity in
energy wavelet transform is used as the detection function center; threshold value selection for short
period average variance in traditional the dependence of detection subjective experience on threshold
value is avoided; therefore, objectivity and accuracy of VITA method in detecting turbulence burst
events on wall surface are improved.

Keywords: wavelet analysis; coherent structure; burst; varying interval time average method

(VITA); threshold quantity



