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Practical Recognition Algorithm of Turbulence Integral Scale and
Its Numerical Validation

WANG Feng-feng, ZHAO Lin, CAO Shu-yang, GE Yao-jun
(State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Through the comparison of multiple algorithms of turbulence integral scale, the
correctional recognition algorithm based on Taylor assumption was proposed. The harmonic
synthesis method was used to generate several broadband time-series based on Von-Karman
spectrum and several single-frequency time-series. Through the turbulence integral scale
calculation of these signals using the correctional algorithm, the recognition results were
compared with the expected theoretical values and the correctness of the algorithm was validated.
The correction factor obtained for the broadband turbulence was 2/3, and for the narrowband
turbulence was 6. The results show that this method greatly improves the calculation accuracy of
the turbulence integral scale, which has a good value in engineering application.
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Fig.2 Broadband Turbulence Autocorrelation Function
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Tab.1 Comparisons of Results of Broadband Turbulence Integral Scale
sy FH R/ | R AR 22/ ES RV
g
: (me+s™h) (m+s™h) WA /m | RABIESS R/ m | xR/ % BIE R % BIEGR/m | BIEJEHIRZE/ %
1 5.0 1.0 0. 20 0. 34 70.0 0.618 0.21 5.0
2 5.0 5.0 0. 50 0. 20 —60.0 2.650 0.53 6.0
3 10.0 1.0 2.00 2.33 16.5 0.794 1. 85 —7.5
4 10.0 2.0 2.00 9.41 370.5 0.234 2.20 10. 0
5 30.0 3.0 3. 00 38.90 1196.7 0.083 3.23 7.7
6 35.0 3.5 150. 00 5092. 30 3294.9 0.042 214. 40 42.9
2 FHREMERAORERERTEE
Tab.2 Comparisons of Results of Narrowband Monophonic Turbulence Integral Scale
. S 2 R/ B ) EWB o REE
EeHe Wifi/m | BR/Ho —— , \
(me+s™h) B/ m | RAEELE R /m | FAXF B2/ % | BIERLE [BELSR/m [ BERHMRE/
1 5. 0 0.5 1.0 5.00 0.10 —98.0 49.3 4.93 —1.4
2 10.0 1.0 1.0 10. 00 0.82 —91.8 12.0 9. 86 —1.4
3 15.0 2.0 0.5 30. 00 9.73 —67.6 3.0 29.18 —2.7
4 20.0 3.0 2.0 10. 00 7.63 —23.7 1.3 10. 16 1.6
HFEI A BT IEIE . RARGO . GOMR ) SETHk:
B IE 45 3 09 25 4 B0 {5 5 10 25 AR o0 RUBE 5 il References:

BOAE AR 22 B/ A R 2276 300 LA . X S 3
AR5 T[] o 2 9 B0 RO S A 2 A RO
BN R ZERUN Y F R Y RE BRI A5
PSSR S BB A — & 1w 22 - (H 2 AT EE R B IE
a5 RA IR, SR EORE B IER Y
RO I B2 W AT

3 & i&

(DR AR IS ROBE A P 380 19 e 1 35 R
4 1 e AT LA e ik 8l AU s XL 14 5 TR AH S A
BTN AU NG N i e DRI S IR PSS U
H T ER U B O OB 2 5 200 2 () A SR 1k SR BRI =
B0 doe BRUAR R 0 A T 325 2 A s T S B 22 T
o R H TS (] 2 5 I BOME S B, S P R AR AR
ARG 2 M ABE o 2 () 2 e 0 e 1 D R L
A O o8 501 2 [ O R R

(2) LhZ= 8 BE g B A SRR Y T — M IE
M ZR AR RO 5 T7 3k . B R AT B U 53
U A T T LT ER U R A Al BB X I
B X 2 & R KO AT 2 AR ROBE R . 23 5l
X SRR {5 T A A A B S AT IR A R
EIE B IE i i 25 R 5 B0 fEL 19 1% 22 75 o i/ 19 9 [
PN UGB IE B 2RI AR 20 ROBE A 500 5 A0 R 7 A
947 7 Sl A

(1]

[2]

[3]

[4]

[5]

[6]

[8]

SHIOTANI M.
[R]. Tokyo:Nihon University,1971.

FLAY R G J,STEVENSON D C. Integral Length
Scales in Strong Winds Below 20 m[]J]. Journal of

Structure of Gusts in High Winds

Wind Engineering and Industrial Aerodynamics.
1988,28(1/2/3) :21-30.

COUNIHAN J. Adiabatic Atmospheric Boundary
Layers: A Review and Analysis of Data from the Pe-
riod 1880-1972[J . Atmospheric Environment, 1975,
9(10):871-905.

SIMIU E, SCANLAN R H. Wind Effects on Struc-
tures : Fundamentals and Applications to Design[ M.
3rd ed. New York:John Wiley &. Sons,2011.
DUCHENE-MARULLAZ P. Effect of High Rough-
ness on the Characteristics of Turbulence in Cases of
Strong Winds[ C|//CERMAK J E. Proceedings of
the Fifth International Conference on Wind Engineer-
ing. Oxford:Pergamon Press,1979:179-193.
TEUNISSEN H W. Measurement of Planetary
Boundary Layer Wind and Turbulence Characteristics
over a Small Suburban Airport[]]. Journal of Indus-
trial Aerodynamics,1979,4(1):11-20.

TEUNISSEN H W. Structure of Mean Winds and
Turbulence in the Planetary Boundary Layer over
Rural Terrain[ J . Boundary-layer Meteorology, 1980,
19(2):187-221.

DYRBYE C, HANSEN S O. Wind Loads on Struc-



%43

FMuE K F RS R E AR R A LM RIE 73

L9]

(10]

[11]

(12]

[13]

(B TIEZFN2013 F£(EITEEN
A TRSEROBI T 1979 48 B E AR+ A 2 R K JR S 6 A2 E 22 WA+
I AR ERN 9 L 1 7 5K R RSB SE e R I [ AR A TF R AT 5 T B FIB 12 B R U
R 2 A LS 1S B KT 1R S B 5 R LR S R S R R FT R BT R R
BFST RS 5 3R H A 1830450 TR S0 AR 12 S AR THE MBI A R IR % . WGl A [ R A R B
4 T B LA T B0 5T R 1 1 2 1 A TR A 5 0 Bl A 55 2 T 1 R R L IR S T

s,
°F

tures[ M ]. Chichester:John Wiley & Sons,1997.
REED D A,SCANLAN R H. Autoregressive Repre-
sentation of Longitudinal, Lateral, and Vertical Tur-
bulence Spectral J]. Journal of Wind Engineering and
Industrial Aerodynamics,1984,17(2):199-214.

BOX G E P,JENKINS G M. Time Series Analysis:
Forcasting and Control[ M ]. San Francisco: Holden-
Day,1976.

DAVENPORT A G. The Spectrum of Horizontal
Gustness near the Ground in High Wind[ ] ]. Quar-
terly Journal of Royal Meteorological Society, 1961,
87:194-211.

KATO N,OHKUMA T.,KIM J R, et al. Full Scale
Measurement of Wind Velocity in Two Urban Areas
Using an Ultrasonic Anemometer [ J ]. Journal of
Wind Engineering and Industrial Aerodynamics,
1992,41(1/2/3) :67-78.

M P RO A& WU R S RO 5 ksl
W [T ] AR K F 4k, 2006,15(5) :45-53.
XIAO Yi-qing,SUN Jian-chao, LI Qiu-sheng. Turbu-

lence Integral Scale and Function Wind Speed Spec-

X LR 1

APAECHR S AR OB EERRO ) A BT 09 e A T 1 st 42 SCKR 2% 5 958 B¢ TR & 51 ) (Ei Compendex)

G 2 TR A RO B SR 1 P BE R D 22 4 WU A O 200 30 L OF 78 A 328 %0 39 ) v
HVE AL 5 2 P B RHSOE SCEE IR T Crb B RS O 3 T & IF BT 7 B b A 2 R s ok

SFE PR R RGMOR .

(A T TSRO A X G R AR K ) 388 iz i 0 LG 4 L TR b T S Sl b N A+
T S AH B R B BT E B il TN B M B B R K& BRI A

i R LARR2AO R H T K 16 TF B HERR . 192 50, 43 H rhoa] R B3 E 4 25 J0, 22 4F 300 JT.
Cor = AR 40O B B s 7 3% 28t MUY 5 ISSN 1000-4548 , [5 PY 48 — 1% 28 Y i) 5 : CN 32-1124/
TU, & AR &AL :28-62, F A & 17105 : MO0520,

M RS2 TE 4 [ 25 b A Sy 2T 08, 0 A 7 S B0 0T 0 O 3 Sl 2%

M HE:HTERE X 34 F(E LI RFR) B EN

[14]

[15]

[16]

[17]

.
E
Y
5
!
5
E
E
R0 SRR P 01 SO A SR TR e 5 24 TR M P
5
!
E
Y
§
5
L

trum of Typhoon:An Analysis Based on Field Meas-
urements[ J ]. Journal of Natural Disasters, 2006, 15
(5):45-53.

VETR, SR L Bl e KA R R A R Ay RO
B T3 L0 . B R 2e 4l A AR B4 iR, 2002, 30
(5):622-626.

PANG Jia-bin, GE Yao-jun, LU Ye. Methods for
Analysis of Turbulence Integral Length[]]. Journal
of Tongji University; Natural Science, 2002, 30(5):
622-626.

SHINOZUKA M., JAN C M. Digital Simulation of
Random Processes and Its Applications[ ] ]. Journal
of Sound Vibration,1972,25(1):111-128.
DEODATIS G, SHINOZUKA M. Auto-regressive
Model for Non-stationary Stochastic Process [ ] ].
Journal of Engineering Mechanics, 1988, 114 (11)
1995-2012.

LI Q S, XIAO Y Q, WONG C K,et al. Field Meas-
urements of Typhoon Effects on a Super Tall Build-
ing[ J]. Engineering Structures, 2004, 26 (2); 233-
244.

BB 4R :210024
E-mail: ge@nhri. cn

3 > 3 P B P B B P B P P B B B P B PP B P B e 3w



