Chap 10. Techniques of Irregular Wave Analysis

10.1 Statistical Quantities of Wave Data
10.1.1 Analysis of Analogue Data

Read text for Tucker’s method to calculate 7, .
10.1.2 Analysis of Digital Data

(A) Data length and time interval of data sampling
Data length

Field measurement: 20~30 min

Laboratory: 200 waves or more

Sampling interval: 1/10 ~ 1/20 of T,

(B) Correction of mean water level

L, near cham 3 e Pamlo-@“c cham 7€

MWM after correct on

(C) Analysis of zero-upcrossing points, maxima, and minima

)




(D) Calculation of correlation coefficient between wave height and period
Important for distribution of wave periods and wave grouping analysis

(E) Calculation of spectral parameters

(F) Frequency distribution of surface elevations, wave heights and periods
10.2 Frequency Spectrum of Irregular Waves

10.2.1 Theory of Spectral Analysis

Time series 7(t) : n(At), n(2At), ---, n(NAt)

J
lharmonic analysis|
J
n(t.) = Niltﬁy cos—ﬂkL +B smz—t*j Az Ccos 7t.
k=1 N 2
where

t.=t/At, t.=12,--- N

N

A = Z t*At)cos%t*, 0<k<N/2
N
Z (LAt)sm%t* 1<k <N/2-1
t=1

\
Calculate periodogram|
\
N(A>+B), 1<k<N/2-1
I, =+ NAZ, k=0
NAZ, K=N/2
\
Calculate spectral density]
\

E1)=28(F) — S()=21E(1)
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(A’

S.D.(1,) = JVar(l,) = E(l,)

Var(l,) = $*(f,)

But 1, varies greatly, or S(f,) fluctuates greatly. Use autocorrelation method
(Blackman and Turkey, 1958) or smoothed periodogram method (FFT method) to
suppress the fluctuation, which uses smoothing over a certain frequency band, as in Eq.

(10.32).
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(d)M =64

(e) M = 256

Ensemble averaging is also used (see Fig. 10.3):
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10.2.2 Spectral Estimate with Smoothed Periodograms

(A) Record length and data sampling interval

T T
as long as possible (1/10~1/20)T,

(B) Correction for mean water level
(C) Data window

Fourier analysis assumes periodicity of wave record, but in general 7(1) #7n(N +1) —
discontinuity — tapering is used to round off the discontinuity.
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Correction is made to recover the energy loss at both ends.

(D) Computation of Fourier coefficients
FFT (fast Fourier transform) is used with N =2".

(E) Calculation of periodogram

(F) Smoothing of periodogram
Different smoothing functions are available

(G) Final adjustment of energy level

S(f)=5(f)x@
m

0



10.3 Directional Spectra of Random Sea Waves

Directional spectra need simultaneous recording of several wave components at several
locations, while frequency spectrum needs a single point measurement. There are direct

methods and remote sensing methods for directional spectrum.

10.3.1 Relation between Directional Spectrum and Covariance Function
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10.3.2 Estimate of Directional Spectra with a Wave Gauge Array
(A) Direct Fourier transform method

NtX, YtY, t)
Y
NX Y. )

Y1) = [ X X Xy + Yt

P(r]X,Y) & @,(f|X,Y)=C,—iQ, —oo<f<oo

1 R * —i(uUX +Vv
S(RY fﬁ:wf_wf_wq’o(x’” f,)e ' dxdy

where u=kcosd, v=ksing,and f; isfixed.



For a finite number of wave gauges, N,
§k (u,v| fo) :% iq);(xannl fo)e—i(uxnwvn)
’ (27)° v

where M =N(N -1)/2 = number of pairs of wave gauges, e.g., if N =4, then
M=6.
Y, /-2
/-3
/- & 8 pairs

2 T
3-¢

In terms of real variables,

~ 1 M
Sy, (V] ) = on) {CO(O,OI fo) + 2 [Co(X,.Y, | fo)cos(uX, +VY,)
n=1

+Qy(X,,Y, | fo)sin(uX, +VY,)1}
S(fo’e) = S(fo)G('gl fo)
(Y
(10.75) (10.76)

(B) Maximum likelihood method
G(@| f,) is given by Eq. (10.79). Better directional resolution, see Fig. 10.4, but

splitting of the peak in directional spreading function for relatively broad peaks.

(C) Layout of wave gauge arrays

See F.tg o, &
A For aptimum arrays.
N & grooe
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10.3.3 Estimate of Directional Wave Spectra with a Directional Buoy and with a Two-
Axis Current Meter

Pitch-roll buoy

Measure 7 (heave), on/ox(pitch), on/oy (roll) at a fixed point.



10.4 Resolution of Incident and Reflected Waves of Irregular Profiles

10.4.1 Measurement of the Reflection Coefficient in a Wave Flume

—p o
r N” [4 a?

N
Incident wave profile: 7, (x,t) = Za{‘ cos(k, x—m,t+ &)
n=1

N
Reflected wave profile: 7, (x,t) = Zag cos(k X + m,t + &)

n=1
For each frequency, @, =24 ,and @’ = gk, tanh(k h)

Measure 7(x,t) =7, (x,t)+n,(x,t) at x=x, and x, =x +Al
Measured time series: 7, (t) = (X, t) = 77, (X, t) + 75 (X, t)
17,(t) = (X, 1) =1, (X,, 1) + 175 (%5, 1)
N
Using FFT, n,(t)= Z(Af cosw,t+ B/'sin a)nt)

n=1

N
17,(t) = Z(A; cosm,t + BJsin a)nt)
n=1
Need to satisfy 7,(t) =7, (x,t)+7n75(x,t) and n,(t)=n,(x,,t)+n,(x,,t) for each
frequency w, forany t.

N N
m(t) =D al cos(k,x, — ot +&') +>_agcos(k,X + ot + &;)

n=1

n=1
N
=Y a{os(k,x, + &) cosa,t +sin(k,x, +&)sinwt
n=1
N
+> ap {cos(knxl + &) cosm,t —sin(k x, +&h)sin a)nt}
n=1

N N
= [a] cosg +ag cosgrlcosw,t + Y [a]sing —agsingylsine,t
n=1 n=1

where ¢ =k x +&', da =K X +én.



Therefore,
A'=a'cosg’' +apcosdy, B =asing —agsingy,

Similarly,

A) =a] cos(g,' +k,Al) + ag cos(gg + k,Al)

B, =a/sin(¢4 + k,Al) —ag sin(gr + k,Al)

We have 4 equations for 4 unknowns, a/, a;, ¢, &z, which are given by Egs.
(10.111) and (10.112).

Note that

(10.111)

a/, ap «

1
sin(k,Al)|
If |sin(k,Al)|= 0, small errors will be amplified. Goda recommends

00528 <A Al Lous, LosL L,
L L L,

max n min

Since k,=27/L,,

k. Al=0.1z <k Al <097 =k Al
for which [sin(k Al)| > 0.309.

Find the effective range of resolution f_ . < f <f__ for given depth h, Al =

min —

distance between two gauges using



() =gk tanh(k . h) with k_ Al =0.1z

min

(2. )? = gk, tanh(k,.h) with k_ Al =0.97

Make sure almost all incident wave energy is in the effective range f < f <f .
(see Fig. 10.6).

Reliability of measurements will increase if we use 3 wave gauges.
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| adyg ‘4!,;"
443

Gages l and 2: (aln)lz’ (alg)lz fOf (fmin)lz < fn < (fmax)lz
Gages 2 and 3: (aln)23' (ag)za for (fmin)zs < fn < (fmax)23

Gages l and 3: (aln)13’ (ag)l?, fOI’ (fmin)13 < fn < (fmax)ls

n

may use average a,, ap
may increase the effective range for f_, <f <f

min —

Overall reflection coefficient K, = Ee _ [(Mo)g _ (Huo)e

B, V(me),  (Hyo)

Goda suggests to use for any wave height H (e.g., H,,;, H, H,)

1 K
H, = (Lt K2)? Hs,  He= 1+ KRg)“2 Hs

where H, = mean value of wave heights at two gages, that is

Ke=—F, HI+H;i=H¢
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