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Abstract. Experiments in a wind wave tunnel by compression at the beach end was avoided by 
have shown that spectra of wind generated waves allowing a thin surface layer of oil and water to 
are modified by monomolecular surface films. Apart slip over the top of the beach behind a barrier. 
from the well known decrease of energy density two Prior to each experiment the water surface was 
additional effects have been observed: a shift of 

the energy peak maximum and a dip in the short 
wavelength region of the gravity wave spectrum. 
Two mechanisms which would cause the shift of the 

peak maximum and one mechanism possibly contri- 
buting to the spectrum dip in the short gravity 
wave range are discussed. 

Introduct ion 

thoroughly cleaned by blowing all the experiment 
disturbing surface active pollutants to the down- 
wind end of the tank, where it was removed by a 
perforated tube connected to a vacuum pump. The 
amplitudes of the waves were measured by a single 
thin wire (40 om diameter tungsten) resistance 
probe (HHhnerfuss et al., 1976) after a fetch of 
about ]6 m. Degrees of freedom used for the spec- 
tral analysis were 66. 

The widespread occurrence of natural and man- 
made surface films ("slicks") has been known for 
many years, but attention has been drawn to sur- 
face film investigations after it could be shown 
that wave-wave interaction and wind-wave inter- 

a•tion processes are modified by slicks. As a 
consequence, care has to be taken when using ra- 

Results and Discussion 

The spectra obtained by spreading consecutively 
9-octadecenoic acid methyl ester, Z-isomer, (tri- 
vial name: methyl oleate (OLME)),hexadecanoic acid 
methyl ester (palmitic acid methyl ester (PME)), 
9-octadecen-l-ol, Z-isomer (oleyl alcohol (OLA)), 

dar backscattering data from the ocean surface for and hexadecan-l-ol (cetyl alcohol (CEA)) on clean 
infering wind speed in the presence of such slicks. water (H?O) areldepicted in Fig. ] for a wind 
On the other hand new possibilities of investigat- speed of-8 ms - . The spectrum of hexadecyl-tri- 
ing some mechanisms of air-sea interaction proces- methyl-ammonium-bromide (CEM3AB) looks similar to 
$es and of detecting pollutants arise from these that of PME and the spectrum of 9,12,15-octadeca- 
effects (for reviews see HHhnerfuss and Garrett, trienoic acid methyl ester (linolenic acid methyl 
1981). Slicks normally occurring on the sea sur- ester (L3ME)) is nearly identical with the OLME 
face are formed by a mixture of different chemical spectrum. Therefore, the CEM3AB and L3ME spectra 
compounds. In order to find a correlation between were not plotted in Fig. 1. In addition to the 
the chemical structure of the film forming sub- wave damping characteristics observed on mechani- 
stances and their influences on the above men- cally generated waves in the presence of surface 
tioned air-sea interaction processes, systematic films (HHhnerfuss et al., 1981a, ]981b), two un- 
experiments have been performed in our wind-wave expected results are obtained in the case of wind 
tunnel. Direct wave damping effects (viscous damp- generated waves: 
ing) have been investigated using mechanically 1) the peak frequencies of the wind wave spectra 
generated waves in the frequency range • - 2.5 Hz, with surface films present are shifted to higher 
and are reported elsewhere (HHhnerfuss, Lange, and frequencies in reference to the peak frequency of 
Walter, ]981a, 1981b). In this paper we present clean water, and -5 
the results of experiments with wind generated 2) the typical form of f frequency dependence 
waves producing indirect wave damping effects (mo- (Phillips, 1977) measured for clean water is in 
dification of wind coupling to the wave field and some cases strongly modified, i.e. the spectrum 
of wave-wave interaction). shows a dip in the frequency range f = 4 - 6 Hz. 

In the presence of two of the six surface active 
Experimental substances investigated in this paper, PME and 

CEM3AB, this effect is so pronounced that even 
The experiments have been performed in our the smaller spectral peak of the harmonic wave is 

wind-wave tank (see HHhnerfus•let al., 1976) using suppressed. In the presence of OLA the dip in the 
wind speeds between 4 - 14 ms ov• a clean water spectrum is still discernable, but wave attenua- 
surface and a wind speed (U = 8 ms ) in the pre- tion by this surface film is less intensive in 
sence of 6 different surface films. Since the sur- this frequency range and the peak of the harmonic 
face film material is blown to the beach end of wave is not completely eliminated. 
the wind-wave tunnel a 75 mMol solution of the 

substance in ethanol was continuously dropped onto 1) Shift of the Peak Frequency 
the water surface, the dropping frequency was ad- 
justed to the wind speed action of moving the The shift of the peak frequency of the wind 
film. A collapse of the monomolecular surface film wave spectrum could be due to two effects: 

a) monomolecular surface films are known to lower 
Copyright 1981 by the American Geophysical Union. the surface tension, thus an indirect influence 
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Fig. 1. Wind wave spectra (wind speed U = 8 ms , fetc h •bout 16 m, degrees 
of freedom 66) of a clean water surface (solid lines), and in the presence 
of a hexadecanol (CEA), hexadecanoic acid methyl ester (PME), 9-octadecenoic 
acid methyl ester, Z-isomer (OLME), and 9-octadecen-l-Ol, Z-isomer (OLA) 
surface film, 

can be assumed taking into account the results of conõtaut and p the density of the liquid. In the 
Wu et al., (1979). According to their theory the frequency range 5 - 9 HZ, w•ich is relevant for 
energy transfer by nonlinear waVe-wave interaction the •n•rgy transfer by nonlinear wave-wave inter- 
takes place via 5 - 9 Hz waves to longer and actions (Wu et al., 1979), the contribution of the 
shorter waves in wind-tunnel experiments. In this surface tension term varies between about 10 - 40• 
frequency range the surface tension term of the Therefore, substances strongly l•we•ing surface 
Kelvin equation tension are expected to modify v • such that signi- 

ficant modifications of wind moment transfer 
2• , . 2 gl + . (1) occurs which in turn alters the amount of energy 

2• pL 

starts to become significant, where y is the sur- 
face tension, v is the velocity of a wave of 
length L on a deep liquid, g the gravitational 
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Fig. 2. Wind wave spectra (fetch 16 m, degrees of 
freedom 66) of alclean water surface at a wind speed U = 8 ms- (dotted•line), 6.5 ms -1 
(dashed line), and 5 ms-' (solid line). 

transfered to longer waves by nonlinear interac- 
tions. in accordance with these assumptions, spec- 
tra obtained in the presence of CEA (lowering the 
surface tension under the dynamic conditions of A 
wind-generated wave by about 75 %) show a signifi- 
cant frequency shifk, whereas in the presence of 
L3ME (surface tension lowering by about 20 %) only 
a slight frequency shift can be observed. 
b) a second mechanism for explaining the shift of 
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Fig. 3. Ratio of the wave energy of a slick area, 
hexadecyl-trimethyl-ammonium-bromide slick, and 
non-slick area plotted vs. frequency, obtained at 
a wind speed U = 8 ms -1 (fetch about •6 m, deq 
grees of freed øm 66). The scale on the right hand 
side shows the corresponding values for wave at- 
tenuation in per cent. 
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ximum in the presence of a CEA film (f = 2.7 Hz) 

man Science Foundation), through the Sonderfor- 
schungsbereich 94, Meeresforschung, Hamburg. The 
authors wish to thank Henkel KGaA, DHsseldorf, 
which generously provided oleyl alcohol at no 
cost, Frau H. Dannhauer for her help during pre- 
paration of the carboxylic acid derivatives, A. 
Hordan for his technical assistance during the ex- 
periments in our wind-wave tunnel, and G. Buchwald 
for his help during data evaluation. 

References 

corresponds with that obtained at a wind speed of 
U = 5 ms -• over a clean water surface (Fig. 2). As Hasselmann, K., T.P. Barnett, E. Bouws, H. Carl- 
a consequence of this effect, the wind speed re- 
quired to produce a wave spectrum with a given 
peak frequency is lower over clean water than over 
slick-covered water surfaces. 

From the results it can be concluded that de- 

pending on the wave damping intensity of the dif- 
ferent surface films a spectrum of an "effective 
wind speed" is obtained which is lower than the 
actual wind speed. 

2) Dip in the Energy Spectrum 

As a second remarkable effect which was ob- 

served is a dip in the energy spectrum in the 
short gravity wave range in the presence of those 

son, D. E. Cartwright, K. Ende, J. A. Ewing, 
H. Gienapp, D. E. Hasselmann, P. Kruseman, A. 
Meerburg, P. MHller, D. J. Olbers, K. Richter, 
W. Sell, and H. Walden, Measurements of wind- 
wave growth and swell decay during the Joint 
North Sea Wave Project (JONSWAP), Dtsch. Hydr. 
Z., Suppl., A8, No. •2. 

-- HHhnerfuss, H., P. A. Lang , J. Teichert, and 
H.-J. Vollmers, A wind Wave tunnel for the in- 
vestigation of artificial sli•k wave damping 
and drift, Meer.-Mar. Tech., 7, 23 - 26, ]976. 

HHhnerfuss, H., W. D. Garrett, Experimental 
sea slicks: their practical applications and 
utilization for basic studies of air-sea inter- 

actions, J. Geophys. Res., 86, 439 - 447, 198]. 
surface films which give rise to strong wave damp- HHhnerfuss, H., P. Lanze, andS. Walter, Wave 
ing as was the case of PME (Fig. •) and CEM3AB. 
This dip corresponds with a maximum in wave damp- 
ing in the short gravity wave range (Fig. 3). 

Since the dip occurs in a frequency range in 

which nonlinear energy transfer is expected]in a 
wind-wave tunnel at a wind speed U = 8 ms (Wu 
et al., •979), it is assumed that the action of 
both wave damping and nonlinear energy detraction 
in this frequency range cannot be balanced by re- 
distribution of energy. This assumption is sup- 
ported by calculations of Valenzuela and Laing 

(1972) wh•conjectured that for light winds U ! 
6 - 7 ms a dip might occur in the wave spec- 
trum in the short gravity wave range as a result 
of the nonlinear wave-wave resonant interactions. 
This would also be consistent with the above 

mentioned hypothesis that an "effective wind 
speed" instead of an actual wind speed has to be 
used, in order to relate wind speed and wave spec- 
tra obtained in the presence of a surface film: 
due to the action of a surface film exhibiting 
strong wave damping, e.g. PME, a "light wind 
wave spectrum" according to Valenzuela and Laing 
(]972) is obtained instead of the wave sp•ctru• 
usually measured at a wind speed of 8 ms? over 
clean water surfaces. 

damping by monomolecular surface films and 
their chemical structure. Part I.: Variation of 

the hydrophobic part of carbox¾1ic acid esters, 
J. Mar. Res., •98•a, in press. 

HHhnerfuss, H., P. Lange, and W. Walter, Wave 
damping by monomolecular surface films and 
their chemical structure. Part II.: Variation 

of the hydrophilic group, in prep., 198•b. 
Phillips, O. M., The dynamics of the upper ocean. 

Cambridge University Press, Cambridge. Second 
edition. 336 pp., •977. 

Valenzuela, G. R., and M. B. Laing, Nonlinear 
energy transfer in •ravity-capillary wave spec- 
tra, with applications, J. Fluid Mech., 54, 
507 - 520, •972. 

Wu, H.-Y., E.-Y. Hsu, and R. L. Street, Experi- 
mental study of nonlinear wave-wave interaction 
and white-cap dissipation of windgenerated 
waves, Dynamics of Atmospheres and Oceans, 3, 
55 - 78, ]979. 

(Received May 26, 1981; 
revised September 18, 1981; 
accepted September 18, 1981.) 

 19448007, 1981, 11, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/G

L
008i011p01184 by M

PI 348 M
eteorology, W

iley O
nline L

ibrary on [09/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


