- "3-0;.._

L9

Directional Wave Measurements and Modelling

N.M. ANAND, B.U, NAYAK, §.5. BHAT AND V. SANIL KUMAR
Ocean Engineering Division,
National Institute of Oceanography, Goa-403 004, India

ABSTRACT

Some of the resuits obtained from analysis of the monsoon directional wave
data measured over 4 years in shallow waters off the west coast of India are
presented. The directional spectrum computed from the time series data seems
to indicate the predominant direction of waves as from SW to W as also the
presence of sea and swell states. Measured one-dimensional spectra seem {0
show a possible narrowing tendency with increase in Ue/Cp. Two-dimensional
spectra modelled as a product of measured one-dimensional spectra and
sechz(BB) spreading function seem to provide a better estimate of the directional
energy distribution for the monsoon conditions. While non-linear wave-wave
interaction seems to be the major governing factor in the directional spread of
energy at and around the peak, direct wind input seems to influence the higher
frequency part of the spectrum beyond the peak frequency.

INTRODUCTION

A one-dimensional or ali-directional spectrum is a representation of surface wave
energy density function, S(f), against various wave frequencies, f. On the other
hand, a directional wave spectrum, S(f.6}, is one in which the above representation
is classified into various directions of wave propagation, 6. As the directional
spectrum gives more complete and detailed information on wave behaviour, it is
becoming an essential input in various ocean engineering studies like analysis and
design of offshore structures, wave prediction, wave propagation problems, coas-
tal process, etc. [2, 5, 6,9, 11-13].

Although need for directional representation of ocean wave environment to
provide the above information was felt two decades ago, only recently instruments
have been designed to measure such information. Primarily, two types of measur-
ing methods can be cited apart from remote sensing method, namely, array type
and point measurement type. In the array type, simultaneously measured heave
values are recorded, whereas in point type, a set of heaves and two perpendicular
slopes are collected using a wave surface following buoy. Since maintaining and
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operating a point type measuring system is simpler in high seas, it has commer-
cially become popular and theories related to time series analysis of data so
collected have been much reviewed and improved. This theory is aimed at
obtaining frequency dependent directional information on wave activity leading
to two- dimensional spectra. However, a strong wave frequency dependent nature
of directional behaviour of observed sea depicted in terms of spreading function
has not been maodelled adequately and has often been over-simplified for design
application.

This paper presents some of the important results obtained from the analysis of
directional wave data measured at 16 m water depth off the west coast of India
(Fig. 1). The directional spectrum computed from the time series data on the
heave, pitch- roll buoy clearly indicates the presence of the sea and the swell
environment. :

Based on the wind data for almost one year duration, one-dimensional energy
spectral characteristics at the measurement location have been discussed. In the
past, attempts have been made to parameterize the spreading function in various
ways. Some workers [6,9,11,14] have proposed spreading functions to estimate
the direction spread of wave energy. An attempt has been made to model the
directional energy distribution based on the measured directional wave data and
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using some of the important directional spread models. To evaluate the spectral
shape, it would be beneficial to study the influence of non-linear wave-wave
interaction (f/fp) and the direct wind input (Uc/Cp) in the energy-contained region
of the spectra. The concept of half-height width proposed by Donelan et al. [6] has
been adopted in the present study to evaluate the above.

DIRECTIONAL WAVE SPECTRUM
Theory

Sea surface elevation can be best represented by visualising the energy con-
tribution to the spectrum from waves having different frequencies and directions.
Pitch-roll buoy measures heave and two horizontally perpendicular slope si gnals,
allowing estimation of S(f), A1, Biand A2, Bz only through cross-spectral calcula-
tions. The directional information is contained in these harmonic coefficients.
These are first converted into harmonic amplitude 11, and then mean direction
8o(f). the spread Go(f) to compute ‘s’ parameter. The standard method of analysis
is described by Longuet-Higgins et al. {9] and Cartwright [3]. It requires the 2-D
spectrum S(f, 0) to be expressed as the product of its non-directional frequency
spectrum S(f), and its angular distribution D(f, 8), at each frequency f.

S(f, 8) = s(H*D(f. 6) (1)

L -{2)
where | D (£,8) = |

-
The distribution is considered as the sum of normalised angular harmonics at each
frequency. |

D (£,8)=1/n(1/2) + £ [An (f) cos (n8) + By (f) sin (n6)] , -(3)
mt=AL + Bt (4
80 () = arc tan (B1/A1) (8
o () = [2(1-m1)] ..(6)
st =mi/(1-my) AT

Theoretical spreading functions

Basically, two techniques of analyses are available. The first method involves
reconstruction of the energy distribution and the second one involves identifica-
tion of distribution characteristics at each frequency. Though the first method
involves direct computation of harmonic components (Eq. 1) from the buoy
signals, convolution of the distribution suggested by Longuet-Higgins er al. [9]
arbitrarily broadens the estimations. The second method involves parametric
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models which are based on a priori assumed shape of the directional energy
distribution. Here, the number of independent shape parameters chosen should be
less than 4, since only 4 Fourier coefficients are available {13]. Quite a few
directional spreading functions are available for practical application. In the
present study, the commonly used PNJ distribution and the sech® (B9) type
distribution proposed by Donelan ef al. [6] have been considered.

PN] distribution
Pierson [14] proposed a cosine square type spreading function, which is defined
as:
D (f,8) = (2/r) * cos™ (8—Bym) for (6—8pm) < /2
d{f,0)=0 otherwise .{8)

where 8,, is the mean wave direction.

SECH? (B6) distribution

Donelan et al. [6], verifying the appropriateness of the cos™(8) spreading
function, found that it consistently errs by overestimating the wave energy at peak
in the direction of wave propagation. They proposed an alternative function on the
assumption that the distribution of wave energy in the direction transverse to the
main direction is proportional to sech’ (B9). Here, f} determines the energy spread.

D (f, 8) =(B/2) * sech®{P (8-9m)} (9
B =261 (i)' for 0.56 < f/fp < 0.95
=228 (fifp) 2 for 0.95 < f/fp < 1.60
=1.24 otherwise.

MATERIALS AND METHODS

The Datawell WAVEC buoy (Fig. 2) was deployed in the Arabian Sea at a
water depth of approximately 16 m and about 8 km away from the Karwar foast
(Fig. 1). The buoy has a diameter of 2.5 m. A cylindrical can of 0.5 m diameter
and 0.7 m height contains sensors, radio transmitter, other electronics and bat-
teries. [t protrudes through the bottom centre of the buoy to reduce current induced
tilt of the buoy and to protect the main sensor from freezing. To prevent capsizing,
a foam bbdy is placed on the top of the hull. This foam body contains the radar
reflector. The main sensor is a Hippy-120A, which measures the heave, pitch and
roll motions of the buoy in a coordinate system relative to the buoy hull. The heave
is determined by double integration of vertical acceleration of the platform. Pitch
and roll angles are determined by measuring the fluxes of two oscillating magnetic
fields through a pick-up coil on the platform. These fields are generated by two
orthogonal coil systems in a fixed position relative to the buoy hull. A three-
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Fig. 2— WAVEC buoy mooring system

dimensional fluxgate meter is used to measure the orientation of the hull fluxgate
to magnetic north. Figure 2 shows the details of the buoy and the mooring system.

A 27 MH; radio link is used to send the data to a receiver which contains a
microprocessor. This microprocessor performs real time analysis to determine
directional wave characteristics. A desk- top computer is used to carry out on-line
analysis and data storing. On-line analysis of six basic pitch-roll buoy signals is
carried out for each record of 30 min to obtain information on the directional wave
spectrum, S(f, 8), along with mean direction, r.m.s. spread values of wave energy
and ‘s’ parameter of the distribution at each 0.005H; frequency. The time series is
divided into nine blocks of each 200s and FFT analysis is carried out with
sampling interval of 1.28s and cut-off frequency of 0.65Hz [1, 13].

RESULTS AND DISCUSSION

Measured wave data pertaining to the monscon period have been analysed for
directional wave parameters and the results are presented in Table 1. In general,
the value of Hs seems to exceed 2 m for about 60% of the time with directions
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Table 1 — Joint Distribution

Hsvs Tz
Tz(s)
Hs(m) 2-4 4-6 6-8 8-10 10-12 Total
0.0-0.5
0.5-1.0 . 28 18 . . 46
1.0-1.5 . 121 206 2 . 329
1.5-2.0 . 141 642 6 . 789
2.0-2.5 . 24 418 14 . 456
2.5-3.0 1 2 252 14 . 269
3.0-3.5 . . 24 5 . 29
3.5-4.0 . . 3 3 . 6
4.0-4.5 . . i 3 . 4
4.5-5.0 . . . 3 . 3
Total 1 316 1564 50 . 1931
~ Hs vs Dm

Mean direction (deg)
Hs(m) 120-150 150-180 180-210 210-240 240-270 270-300  Total
0.0-0.5

0.5-1.0 . : . 14 32 . 46
1.0-1.5 i . 3 95 230 . 329
1.5-2.0 . . | 42 744 2 789
2.0-2.5 . . . 8 448 . 456
2.5-3.0 : . . 1 268 . 269
3.0-3.5 . . . . . 29

3.5-4.0 N . . 1 5 . 6
40-4.5 . . . . 4 . 4
4550 : : . . 3 . 3

Total 1 . 4 161 1763 2 1931
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between SW and W and periods Tz between 6 to 8 sec. Examples of premonsoon

and monsoon spectra shown in Fig.3 reveal the presence of sea and swell environ-
ment.

In the general case of winds that are variable in speed and direction, a descrip-
tion of the parameters of the spectrum in terms of local conditions would be
valuable. Hence, it is meaningful to relate the spectral parameters to Uc/C values,
where Uc is the component of 10 m wind speed in the direction of the waves and
Cp is the celerity of the waves with peak frequency. In all, 7 ranges of Uc/Cp
values, viz, 0.0-0.1, 0.1-0.2, 0.2-0.3 ...... and 0.6-0.7 were available from the
measured wave and the wind data (Table 2). Figure 4 shows measured one-dimen-
sional spectra pertaining to the above ranges of Uc/Cp values. In general, even
though at all ranges of Uc/Cp, spectra show a well defined peak, low energy
secondary peaks seem to be present at higher frequencies beyond the peak
frequency showing the presence of sea and swell states. These secondary peaks
seem to grow bigger as the Uc/Cp value increases showing the influence of direct
wind input in the growth of higher frequency part of the spectra. It appears that
there is a pronounced narrowing of the spectra at and around the peak with
increasing Uc/Cp values.

Figures 5 and 6 show the 2-D spectra derived as a product of the measured
non-directional spectra pertaining to the 7 ranges of Uc/Cp values and the two
theoretical directional energy spread functions considered. The polar spectra seem
to be predominantly unimodal and tend to be symmetrical about their peaks.
However, the low energy secondary modes at higher frequencies beyond the peak
frequency could also be seen. As the data pertain to the monsoon period, local
wind influence as discussed earlier seems to be the possible cause. While modell-
ing the energy spread, mean wind direction is taken as the mean wave direction.
Another noticeable aspect is the directional broadening of the spectral contours

Hs -T8cm Tz -4.25 sec. Tp=08s. He-215cm Tz- 0.4 sec. T = 103

0.4 4
P 0.3+
E 0.3- Pre monsoon Monsoon
="
E 0.24
i 0.2-
b )
go.l- NHJ

Ll T L L] L L Ll L T T Ll |
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Fig. 3 — Typical premonsoon and monsoon spectra
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Table 2 — Directional Wave Characteristics

Hs Emax Tz T u Udir Uc/Cp
2.83 9.99 7.66 11.70 1.94 197.0 0.0-0.1
2.85 9.53 142 13.30 351 241.0 0.1-0.2
1.81 374 7.32 11.70 2.98 240.0 0.2-0.3
2.51 6.13 6.96 12.50 7.01 223.0 0.3-04
2.55 8.96 7.68 11.10 5.15 214.1 0.4-0.5
3.08 11.80 7.53 12.50 6.34 203.8 0.5-0.6
233 7.46 6.53 10.50 8.32 2105 0.6-0.7
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Sech (B 6)
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Fig. 7 — The 5 parameter calculated from the haif-height of polar distributions

with increasing frequency above the peak. The 2-D spectra modelled, using the
Sech’(P8) spreading function, seem to show more clustering of contours and
smaller angular spread of wave energy around the peak compared to that from the
cos '(9) spreading function. Also, the range of angular spread obtained from
Sech®(B8) spreading function is more or less of similar range compared to that
computed from the measured data. This seems to suggest that sech %(B6) describes
the directional energy distribution better compared to the cos™(0) spreading
function in the present case in the energy contained region of the spectra.

To study the directional spread in the energy containing region of the spectra,
widths at half height, 53, of the polar plot for various ranges of Uc/Cp values have
been evaluated. Figure 7 shows plots of log (S3) vs log (f/fp) for the two-directional
spread functions considered. One common feature is that the spread function at
and near the peak (5% of fp) seems to depend only on f/fp. This seems to suggest
that the spreading of wave energy at and near the peak is more governed by
non-linear wave-wave interaction process than by the direct wind input, which
confirms with the results of Hasselmann et al. {7] and Donelan et al. [6].

CONCLUSION

Based on the analysis of directional wave data pertaining to monsoon season,
the following conclusions have been arrived at:

i) Hs values seem to exceed 2 m for about 60% of the time with directions
between SW to W and period T; between 6 to 8 sec.

ii) Spectra show the presence of sea and swell states.
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iii} Increase in Uc/Cp values seems to influence the wave growth more at

iv)

higher frequencies (rear face) of the spectra than at lower frequencies
(forward face).

The spreading function sech’(f8) proposed by Donelan er al. [6] seems to
model the directional energy distribution better compared to the PNJ
spreading function. Further studies are needed to justify the selection of
mean wind direction as the mean wave direction, as this need not be true
at all locations.
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