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- waves w1th the surface slope were ﬁrst undertaken by Snydet et al., 1981 These 1nd1cated that

" "Such measurements are more direct and ‘have - consistently y1elded hlgher growth rates than

~In this report, we present the results of recent laboratory experiments that prov1de altern ti Vi

' surface wave field.

- These show that the reported levels of d1351patlon obtained by the technique of measuremen

Estlmates of wave d15$1patlon due to an opposmg wind based on correlatmg pressures above the

Honda, 1982 to estlmate the growth rates of laboratory paddle waves due fo a*concurrent. wmd

pressure correlatlon techmques in the air (Bole and Hsu, 1969)
Recent theoretlcal esnmates (Mastenbroek, 1996 and Cokien, 1997) usmg second-orde

turbulence closure models anticipate that dissipation rates should be substantlally hlgher th
indicated by prev10us studies.

estlmates of wave d1551pat10n due to ‘an opposmg wind obtamed from measurements of

the air are far too low.- Furthermore -they show that theoretical estlrnates also underestlmate th
d1531pat10n rates by a factor of at least 3. ’

Further work is required to improve the accuracy of the measurements and to extend the range""_of :
‘wind speeds and wave frequencies investigated. '
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1. ] INTRODUCTION

Theoretrcal and ﬁeld studres of wmd-wave generatron have focussed,pnmanly onb the growth
phase, that is, w1th ‘waves travelling in a drrectron predommantly aligne | with the: generatin

wind. A recent revrew of au-ﬂow over waves and wmd-wave generatlon 1s 'presented in Belcher
andHunt, 1998 ' TR SR

‘In coastalf regrons ‘offshore winds (opposmg the mcommg ‘wives) can signific:
coastal wave regrme Also, wmds changing du'ectlon, asinan offshore gust fro
wind ﬁeld and moving core of a troplcal cyclone, can create an opposmg wmd situation thereby
modlfymg the local wave generatron regrme ’ : S

Estrmates of wave dlssrpatlon based on correlatmg pressures above the waves with'the surface
slope were first undertaken by Snyder et al., 1981 and indicated that decay rates du :
opposing wmd were roughly_an order of magmtude smaller than wmd-generated wave growth
rates. Other field measurements (Hasselman and Bosenberg, 1991) and laboratory meas

(Young and Sobey, 1985) usmg this techmque have also mdlcated that dissipation rates ar very_
small : . o :

, However, wave drssrpatlon rates can also ; _denved ﬁom measurements of the declme in surface
variance with fetch. The measurement of surface variarice has been used by"‘ Mi ""uyas nd -
Honda, 1982 to estimate the growt_h rat of laboratory paddle waves due to a concurrent wind.”
Such’ measurementsmare more " diréct” and ‘have consistently yrelded h1gher growth "ra' 1
pressure correlanon techmques in the air (Bole and Hsu, 1969) , :

Recent theoretrcal estrmates (Mastenbroek, 1996 and Cohen, 1997) usmg second-order
turbulence closure models ant1c1pate that dlssrpanon rates should be substanﬁally hrgher than
1nd1cated by prevrous studies. v

In thlS report, we present the results of recent laboratory expenments that prov1de alternanve’- L
estimates of wave d1551patron due to an opposing wind obtalned from measurements of the*
surface wave “field: Its pnmary obJectlve is to cntxcally review the ﬁndlngs of Young and Sob,_
(1985) by directly measuring the change in wave energy along a wmd-wave tank as undertaken‘-
by Bol "’and Hsu (1967) and Mltsuyasu and Honda (1982) ‘
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2 METHOD

2. 1 Theory

The local energy densrty of waves propagatmg past a pornt can be evaluated ast

dependent wave growth rateas:

: i-;where cg is, the speed. assoclated ‘with the wave group (and the speed at wh1
’ propagated by awave tram' ‘For deepwater waves, ¢, ‘=cl2, where ¢ is'the wave speed;

_Estlmatmg wave growth and d1551patlon from spatral changes in wave energy are valid provr
that the waves do not break. Once breaking occurs, there is an energy flux from the wave.field to

subsurface currents and turbulence

o opposmon to the propagatmg waves.

tank ‘to derrve local wave energy and therefore the increase of wave energy with drstan e-' If
wave does not change its phase speed rapidly with time, we can evaluate the locaI trme

non—drmensronal quantlty 7/ f where f = wave frequency

2 2 Wave Faclllty and Measurement Techmques

| i shown in Flgure 1.
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Waves are generated by a controlled random generator at one end of the tank. . During’thése
1nvest1gat10ns only | monochromatlc waves were 1nvest1gated At the far end a drssrpatmg beach
(Q% reﬂectron) has been mstalled % *

cavrty depth of 0 45 m. - Wind’ speeds in the air cav1ty w_. ‘ ‘
anemometer mounted ﬁom the roof at mrd-hexght wrthm the arr( cavrty

Total ess measurements are avallable ﬁom the mvestrgatrons of C leng uy:

‘who undertook experiments in a similar wave tank with an ldentlcal air cavi 'depth Their
measurements showed only minor dependence of the wind stress on the presen
drrectlon of ‘underlying swell. " The ‘stress values are consrstent with value assembled : by
Amorocho and Devries, 1980. The wind speeds investigated by Cheng arid Mits uyasu;’|
1dent1cal to those used dunng this mvestrgatron and have been adopted for this study :

Dunng thls mvestlgatmn water surface elevatlon was momtored usmg capacrtance wave gauges
fitted with fine (~200 um diameter) wire filaments. Each gauge had a range of appr
200mm - They were carefully calibrated at the beginning and end of each day of  testing by
varymg the water. level in the tank SlX probes were used, ﬁve located at dlstances

40Hz per channel by a computer w1th an analogue to drgltal converter, _These 'dataw
for subsequent processmg S

2.3 = Data Processmg

Fast Founer Transforms (FFTs) were used to process 1024 data pomts from each record ,
(approximately 80s) to determine the local wave energy. Energy from wind waves gen
within the tank was filtered from these records by filtering the wave spectra and only. mtegratm‘
energy w1th1n a small frequency’ band in the vrcrmty of the frequency of the paddle waves (f

A representatlve spectrum obtamed from the wave probe nearest the wave paddle is. shown i
Figure 2. The vertical scales are shown in both logarithmic and lmear forms The loganthmlc
ordmate is shown to emphasrse the detarls of the lower energy scales. o

The lin ordlnate emphasrses the'hlgherenergy components of the spectrum Four ;p ak
clearly defmed and have been annotated '

unportant of these .1s at f,. This value is the linear -wave energy at this frequency.-
smaller peaks can, be observed at the second harmonic (annotated) and higher
** Harmonics’ This is non-hnear wave energy at ]} and reflects the fact that steep waves are. slrghtl’

CbRarT
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A peak associated with very low frequency motions can be observed at f=0.047~0Hz. This is
primarily associated with seiching in the wind wave tank.

The other major peak is associated with wind-wave generation. At X=0, wind waves generated
along the tank achieve a frequency in the vicinity of /=2Hz at wind speeds of 5 and 7 ms™".
These waves continue to propagate along the tank and reflect from the paddle and return down
the tank. This wind-wave energy is most evident at X=0 because it has the greatest fetch and

wave energy reflected from the paddle decreases with distance because of dissipation by the
opposing wind.

It is difficult to distinguish the wind-wave energy from the second and higher harmonics of the
paddle waves. Consequently, it has been assumed that all paddle wave energy is restricted to
between 0.5Hz and 1.5Hz. This may lead to a slight underestimation of the dissipation rates as
the harmonic components are more energetic closer to the paddle.

To quantify y from point measurements of wave energy along the tank, a model of wave
dissipation must be fitted to the data. Consistent with previous investigators, we assume
exponential dissipation:

E=Ej ™™ 3)

In each case, A was determined from the measured data by a least-squares fit of this equation to

the measured energy as a function of fetch. Non-dimensional dissipation rates were determined
from:

a2 @
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" “and these measurements are: sufﬁcrent fora prehmmary assessment of wind dlss1pat10n .To do
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RESULTS -

( ) 6 o v.,'»"»"‘* Rl )
" 50 .7.85 :.50.7 - 0.160 . 0003_-‘-..;0,907 0.
. ?-9907231r 70 785 450~ 0142 0.003.:0.008  0.06
,9907221(/1 50. 739 627 0175 0004 0.000 0.
990722 70 739 566 | 0.158 1 0.004  0.000 0.066 0.045 “0.056"
- | 990722¢/r 50 628 77 0155 0003 0000 00220012 0017
'990722y/z- 70 628 746' t,0150 ";0003 “"oooo 0.

Zao ancT ako respectlvely. The': rematmng columns indicate correspondmg d1ssrpat10n rates. A
the estimated dissipation'rate due to viscous energy dissipation at the surface and the. walls, of the
tank ‘and based on the work: of: Van Dorn, 1966. A, is the measured d15$1pauon mthe absence
,of the wind.. These results indicate. that the_ measurements are sufficient to resolve dlssrpatro

rates to an accuracy of better than 0 005 : : : : -

The quantltles A,y Ay, are two mdependent measurements of the dlssrpatlon rate m the"
presence of wmd Several observatlons can be made. : :

The drfference between these two values is much greater than the accuracy of measurément of the'.:
“viscous dlssrpatron rate. - This’ suggests ‘that substantial ensembles will be required: to- obtam
robust measurements in the’ ‘presence of wind. Differences are as much as 0.03.If we assumej,
~ that thlS is tw1ce the standard deviation of populatlons consisting of 1024 samples o teduce the
' ":error to less than 0 005 ensernbles of 36 measurements will be required. -

However _the rneasured wmd d1551 tio rates are far greater than the viscous d15$1pat10n rat

this, the average observed dxssrpatlon rate in the presence of wind, Am has been used with the

DRAFTm
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From this graph, it is apparent that the accuracy of the measurement of wave height is
approximately +2mm. This may be a function of probe stability or the ensemble length — means
of improving the accuracy of wave measurement are currently being explored. However, as noted
earlier, the accuracy of the measurement is sufficient to establish the conclusions of this
investigation.
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4 DISCUSSION

data set. “To prov1de a context for the measured d15$1patlon rates, these measuréments’ are
presented as absolute values that can be compared with measured .wave Lgrowth rates.
comparing the two sets, it must be: acknowledged that wave d1sslpat10
wind veloc1ty falls toa value equal to the wave speed rather than a value of uf
fnctxon velocrty, U, is deﬁned by T L

T :
: e , Pair _ _ , .
B where ris the total wind stress and Pair 1S the den51ty of air.

:u.____

_ indicates that it is mappropnate to use these data sets to assess wmd-mduced wave growth ';I’he
- substantial data set of Mitsuyasu-an ‘-Honda, 1982 has been added as have wmd-mduced -growth
" rates denved from the data of Bann 990 and Banner and Pelrson, 1998, . .

These:data are presented in Figure 4 with relevant wave dxssxpatlon studies. The summary of the
measurement results presented by Young and Sobey,: 1985 is shown ‘and lies o the right of' all’
other data. Two theoretical mvestlgatlons of wave d1s51panon have been completed recently.

Hams et aI 1995 completed numerical simulations of airflow over a wave travellmg in“th
. , opp051te dlrectlon to the wind. The details of .the model conﬁguratlon and charactenstx
" turbulence quantities are not descnbed. They simulated the experiment conditions and fon I¢
NN hlgher phase shifts in the surface pressure ( dlstnbunon than had been measured by Young.an
g Sobey Their results are also shown'in Figure 4 and shghtly hlgher wave dlssxpatlon ‘rate§ ar

dlSSlpaHOn results of the miore sophlstlcated model of Mastenbroek, 1996. Cohen coricl Aed"th’
d1551pat10n rates should be much hlgher than suggested by Young and Sobey In Figure 4,

" with the other avaJIable measured data setsl'

17/ 12/99
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The measured dissipation rates are far higher than has been suggested by previous studies. The
closest estimates are those of Cohen, 1997 but the measured values are still a factor of 3 to 10
higher. It is to be noted that a similar disparity exists between measured and numerical estimates
of wind-induced wave growth (Belcher and Hunt, 1998).
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S. CONCLUSIONS AND RECOMMENDATIONS

The first published measurements of the dissipation of wave energy due to an opposing wind
obtained from direct measurement of the surface elevation have been obtained in this study.

These show that the reported levels of dissipation obtained by the technique of measurements in

the air are far too low. Furthermore, they show that theoretical estimates also underestimate the
dissipation rates by a factor of at least 3.

Further work is required to improve the accuracy of the measurements and to extend the range of
wind speeds and wave frequencies investigated.

The methodology developed by Peirson and Belcher, 1999 could also be explored to investigate

whether the dissipation rates conform to a normalisation in terms of wave amplitude Reynolds
number.

Other studies could be undertaken to investigate the causes of these high dissipation rates, these
could include direct measurement of the surface viscous stress at the surface (Peirson. 1997).

DRAFT
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Growth rates from Snyder et al. (1981), open circles; Shemdin and Hsu (1967), open triangles;
Mitsuyasu and Honda, (1982), solid diamonds; Banner (1990), stars; Mastenbroek et al. (1995),
crossed square; and Banner and Peirson (1998), crossed circles. Estimated dissipation rates from
Young and Sobey (1986) ak=0.16, solid line; Harris et al.(1995), dotted line; Cohen (1997), dashed
line. The measured dissipation rates in this study are shown as solid triangles.
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NON-DIMENSIONAL DISSIPATION RATES COMPARED WITH
GROWTH RATES AS A FUNCTION OF INVERSE WAVE AGE.
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