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A method for wave-turbulent velocity decomposition based on spectral analysis *
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Abstract: Based on the spectral characteristics of water motion velocity influenced by waves, this paper proposed a method for de-
composing the wave orbital velocity and the turbulent velocity. With one velocimeter measuring flow velocity in high frequency, this
method can decompose the wave and turbulent velocities from the instantaneous velocity and thus turbulent analysis can be made for
water motion influenced by waves. According to the validations, the spectral method can be used in wave-turbulent velocity decom-
position for not only the regular waves produced in the laboratory flume but also the irregular waves in the field. The results of de-
composition were influenced by the frequency-domain settings. When frequency domains were set beyond the wave window, the
wave and turbulent velocities could be well decomposed and the settings had less effect on the decomposition. Besides, the velocity
sampling rate can also impact the decomposition. With a low sampling rate of velocity measurement, the instantaneous velocity can-
not reflect the flow turbulence, leading to the wave and turbulent velocities cannot be decomposed accurately.

Keywords: Velocity spectrum; velocity decomposition; wave velocity; flow turbulence; turbulent kinetic energy

ZRULAE ] W A R BRI v — b i UL R (s B X BRI b S S S AR Bl ). R IR ZE Bh
HKF E AR A KR P I 5 R 5T DL S sl i (RIS A AE R B b, G W B 45 ) 1Y
PSR TR A T KRS S B R AR S T KR ST Gy ik
PEATRAED . WS A T L /KA Sh 3 1] b G0 B8 P BRI R SR (1 b o 22 AT 2. SR 1T, RARR S
T DA B I PR K G A2 B0 IR S, ELXUTR S R R A5 R 0P 2l | e A A i
R T /RSSO PO A, SBlERI b o 2 2 U 8 A K DR 3K B3 BE . /K i 45 3K 3 i
S Wi s AT o 8 AUBERS T T 52 AR B WA K AR B ZE 8l 204, TR AT B TR R SRR MR v Wy I L g

« 2021-05-05 Wk ; 2021-07-12 W& Bk
5 A SRBL 2 3k 4 101 H (41901120) | 111 448 [ SR Bl 2 5L 4 151 H ( ZR2019BD052 ) F1 B 35k 22 61 35 61 b 151 H
(CXCY2021293) BEA ¥R Y.
w  IM{EVEFH ; E-mail; chinayinghao@ 126.com.



644 J. Lake Sci. (#ia#%) ,2022,34(2)

YRS A .

i, A7 K AR TR 38 B 53 B8 1 )i A AR 2. Benilov 257 i HY L 55K U 1 bl 36 1T 38 B A S 19 7K
JRIB BT A PR S DR A EE IS By AR, ARG K BT 52 S 2 2K 8l A HTX — )53, Benilov F1 Fily-
ushkin 38 ioF % 7 AL 38 LA B /K TS B 3404 T [ A0 ik, S0 1 R G Rk 5 2R sl o AR L i
TG BRI e A% TR e IR T X K T (32 A% A 7 [] 20 0 k. Trowbridge 45 [a] IR e P 14 153 3 3 A0 7K A L i
HEAT LI , 360 5 X L4 5 R A )03 A, DA A P 2 TR A A LA A O ) a2 8 DAy 90 TR P T A G
PR (9 I Ry ZE B SR, 5P 1 5 B FH A 3 R S A 7 Rl AD R T A ok T 56 5 A i 1
FAT B — JRI 0 AL U 5 T, F 22 25 3 SR AL F- 349 7 ( phase-averaging method ) X 35 1R — 28 2l i 3 2 47 7>
B A VT o A 1 B 5 P 90 R O R B0 4 S AN T 1 P 9 B, A TR B A — A5
RO, 1AL AR PP 5 B RIS 64 IR I O A 134, 4 B AR (2 2 305 , 2% e 51 B s 338 -5 R L A
V-2 A R 22 (B S 2Bl I SR, AL 39 0T FH T 52 6 = AR v o i 1) B AT — ol S0 g ) e
TR ZE BT 53 B , 10 F1AR A T U IR PR AS ) 30 0 0o A B e K e IR AR MO R RE T T
BFANIRAT T KD IR 2 3l 1 2.

AR SCRRAE A A 3 A R AR T — o B4 T K R IR — 2R 3l T8 o3 B 5 ¥ L i O IR AR T Al
Jie 3 A2 RS sl R X K T A% AT ] A5 0 A, A5 38 e — 5 93 S X A AR Yk A e AN i, 6 ) g oK
PRI U 2 5 2 S W E A T 0 B e e S, 32 7 12 X 59 6 L U 30 TR 2% P LA B BB A/ AN LI 3R A
KRR 2R Sl A > B B A RAFRCR.

1 REB55%
WIRPEF T, KRR 53w 7] 360

w=U+u, +u (1)
o, U B w, AP TR UIE T , w S ZR B B XA I 8 S W Bt 9L st [ 5 ) A B 44, BRI
1 T
U= 7fou(t) de (2)

A, T o ).

LTG0 M K A IR — 2R Bl I 23 B8 T i OB 0 Wi ) T ARG I o 30 940 43038 2 A1 R X 3
AT WERAERTT , B3 A RE 3 (power spectral density, PSD) 73 Afi 77 £ B S 438K, 12 168 3ok
W T KPR IEIR AR B, LSl r e A BT XS IO (R 90 3 A TR A5, T L AR 2 e 1K AR 3K 3 15 8. IR
—ERBNE A B, B AE PSD HRuRE S IR AR B R ISR AR A T A B RO BT

1) 6 W B 4 R T8 e B e (0) ) EA T PR B AR 4, A58 F, () (f R . ARSI 5945 5 0
£ A S @ 2R

A = JIR(F) 17+ [I(F)1° (3)
I(F
@ = arctan[R((F")) (4)

KL ROF) 5 ICF,) 30308 F, 5205l 8. aniEl 1a Fos 5 S8R EE A (f) KT f=F/2(F D &5
FOMFR. P, BATTHF RS =0~ F/2 JFE N B BEAT Ab 3], TS HEA T X BRAR B A OB AR 2 vh 22 1)
A(f) (f=0~F/2) i 1] A3 BIBRIATE S PSD JpA5 B (18] 1h) , B PSD i ([&] 1b rh +7 SR ) Sk
TOKPRBRAE S VSR LA (18] 1 vh 5 5 7R ) W B e T /R PR 25 3l S

2)TE f=0~F/2 Ju N, ARE PSD rhilz 0 ity 45T Ay B 5 o R I VR A5 L B A3 Y Pl (TR 1), (7
UEIR AT 10 B NIAE. nTAT 1 Bz, SR 11 B BRI 5 0 A, (R 51 ) . b, e U 3¢
T (L ~f) AR IR AL 5 A PR 11 (8] 1b).

3)TEXOSBAARZ T XX (f ~/) FICS, ~fi) Y AZEFTRIERLS (] 1 Tl @ H TR . 7E(f ~£,)
TN PR LA 1 B RRR N AR SR A, e KRR S5 B, A 2 AL ) e e 17 iR 45 L



BARNF A TSR R—FHARS B F % 645

BAFSET RN N A, =A- A, BIRE O LIRS, KIKZENFSRER N A=A, HIRESRER N
A,=0.

250

(a) | (b)
1
! 100}
200 X

1
1

= ' = 10k

2150 ' =

. 1 . 1

o ! R l

a& ! rE |

£ 1o \ < Ir |

= | = :
! |
1 |

50 ! 0.1 |
| ! i
- A " e i " " 0.01 Il _ L ! ‘» Il 1
0 8 16 24 32 40 48 56 64 001 /L 01 f /1 f, 10
fIHz fIHz

1 IR 0 A BE B 1% 20 ( (2) ERAEARBR 2, (b) RO EAL bR 22 )
Fig.1 Power spectral density (PSD) of instantaneous velocity plotted in

linear coordinate system (a) and logarithmic coordinate system (b)
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Tab.1 Wave parameters for each flume experimental scenario and deviations of u,, 4, and TKE

between calculations using spectral analysis method and phase-averaging method

IR K/ em A1/ s R /em wy s /(em/s) s 25T/ % TKE 2:5:/%
S1 40 2.0 1.3 3.8 0.7 17.6
S2 40 2.0 1.5 4.7 0.8 13.2
S3 40 2.0 2.1 6.6 0.6 11.7
S4 40 2.0 2.4 8.1 0.6 10.2
S5 40 2.0 3.1 9.7 0.5 8.1
S6 40 2.0 3.2 10.5 0.6 5.3
S7 45 1.0 1.7 2.4 0.7 19.2
S8 45 1.0 3.5 4.5 0.5 15.3
A3 40 2.0 2.1 6.7 0.5 8.8
B3 40 2.0 2.3 6.8 0.7 8.8
C3 40 2.0 2.2 6.5 0.6 7.6
D3 40 2.0 1.9 5.7 0.7 8.7
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Fig.2 PSD of instantaneous velocity (u,) at z=24.3 c¢m for case S3 in reference [ 10] (a),
time series of the decomposed wave and turbulent velocities (b) and vertical distributions of the wave velocity
(. gus» (¢)) and turbulent kinetic energy (TKE, (d)) calculated by both the

spectral analysis method and the phase averaging method
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time series after decomposition using different settings
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