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ABSI'EAC'C;

Using the wave mu--, "rnent induced difference U" 'between
.the logarithmic and real wind velocity profile the
energy flux is calculated. The flux sign ch.uiges when
shifting from generation -to a-t-tenua-tion cases. Its
magnitude agrees with -that oompu-ted from oonsecu-tive
wave energy Bpecira and de^'en<'s, together with other
profile parajne-ters, on U" and C^r.

The energy exchanged in the air-sea system is mainly
kinetic. The parametric description of the energy flux under
natural conditions requires a knowledge of the kinetic state of
both system component s, including also the effect of wave movement
on the coefficients describing the energy transfer: the roughness

parameter z^ and the friction velocity v .
The usual approach is to assume a logari-bhmic wind

velocity profile and make some hypotheses aboat the way the two
fields-wind and waves-iiifluence each other. The hypotheses are
subaeqaenfcly -tested on experimental data sets of high reliability.

The logarithmic wind velocity profile is of the form:

U(z) = Aln a +B

where z is the upward coordinate.
( 1 )
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Aside from the parameter st

( 2 ), and

( 5 )

withAna0.4. -Karman's oonatant. fche aerodynamic drag coefficients

z a exp(-B/A)

V sXk

°10B <VI/U10?>'>2 ( 4 )

is also defined and used in the description of the surface stress
over the air-wateer boundary (2, 5, 4, 5).

Assuming a neutral stability, the wind profile can be
expressed as:

U(z) = (v^W)ln(z/ZQ) ( 5 ).
Over a rigid surface, the profile would be:

U"(z) = (v^/J^)ln(zv^/a-tf ) ( 6 )

where a = 0. 11, and ^ is air viscosity.
Assuming the upper anemometer hQight-z^^^-large enough

for the two profiles not to differ from each other, the theore-

tical friction velocity v can be obtained from;

u<2nax) = <W^ln<z=iaxvHO/a^ < 7 >.
The perturbation velocitsy, due to wave movement, is

defined ass

Uw(z) s U(z) - ITt(z) ( 8 )

This quantity is an expression of the influence of the
kinetic state of the sea surface on the adjacent atmospheric
layer (D. The thickness H of the atmospheric layer affected by
the sea sfcate can be obtained from the condition of zeroing U :

(v^/^)ln(H/z^) = (v^/^-)ln(Hv^/a^)( 9 ).
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The equality of U ajid Ut above fehe limit H allows
calculation of the perturbation energy flux as»

>E
0's IJ(U2- (Ut)2)dz ( 10 ).

Using ( 5 ) and ( 6 ), this Tsecomes af-ber integration»

0. = -f?2 (d- 5L-)i" H^ + C^-)2-!) ( 11"E 3Ct 'so ~aT kv..^'

with (z,/H)«l, (a^»/Hv^)«l.
«0- H

Wi-bJi the same approximation, i?he momentum flux 0]y=S$Uwdz
can be similarly evaluated, o

Three series of 70,80 and ?0 wind velocity profiles,
measured at 0. 5 nmiCthe first two) and 10 nmiC-blie . bhird) offshore,
with anemometers placed between 5 and I? m above sea surface,

have been analysed..

The mean velocity profiles have been coaput-er-processed
in order to obtain the values of

uhe valuss of

, ut, u.w

u
0y and

,t fflT,W
^

10' UTL' UIo« '10for each profile, as well as

for -the standard, anemometer height (lo m).

The analysis of 0g aad others parameter's behaviour has
been carried out using the values averaged over 0. 5 and 1 m/s

intervals for U^g and U^( discarding abou-b 10 gross srror-affected
values out of the bulk of data).

The dependence of C^^ on wind speed, a-b the standard

lieight(Fig»l)is in a quite good agreement with the data presen-faed

in the litterature (g, 5) for U^^>7 ms~1 and within this range
can be fitted by the regression equation (obtained, by -the least
squares method.)!

°lo s 6. 68. U^2?
TT^<7 ins-1, '10

.10-5 ( 12 )

is generally higher.The plottedFor

points saggest the dependence shown by the dashed line, rather

than an increase of 0^ with decreasing U^g, as in Wu* s
forraulae (2). Owing to the large scatter witb. in and T3etween
intervals, no attempt to fit a curve was made. The jump in the

behaviour of C^ at V^Q!st 7 ms is not predicted by fche model;it
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might, las aceepteaa tiaa^ . te®E@ is a©A@,si.. 'Aly . Msfa. .fs'ietiiaa

the attaa. aatiiaieaae (tf!r>0)^ tih® fjrieSiaa ws^&Mairi; tecseasei..
when sfaiftiag to tba wave gene.cstAwa seglne (t3ia ^w
"resonant" »Udi Vw Baaerating irijttd field).
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Pig. 1 - Variation of tla drag o&effieient 0, _ aa a
function of the »iBul-ep»wl ^

This sitaation s&gseBta analyrtLa GEC tte paraai@tera «"»

clo* vs v®rsuB Perturbatioa Telocity Vw (Pi«s*2, 5,4). Za 1A»
generation ease (1[w< 0) toe sea is foaaaUy . inilar to & siu'faee
with high roaghneBS ig (Fig. 2), tha perlwbeAioa vloajLty beiag
also high (as absolufe* valae). Tlie ahift to tha atteBma'fcion
(Dw>0) causes a seaaible dacrea- of s. ..For IT">2na'"1 th< valtt^e
are practically aero and. the s«& aarfaee i* foa?nally saootliw?
tlian physically possible. Vbis .type oeC "oTBrniootjhaeas" (i) ia
a result of tb» ravera* eaargy transfer, £swa. th« sea t9 the
ataosphei-et the less &ensa air ia easily driren tey tfaa WLTOS*

The behavioar of the drag eoctfis^ab G^g KD& of Vbe
friction velocity v (Pigs. ?,*) reveals tto clo-~-r«lRtionaIiip
.

betwean thesa two <iuaatiti.eB anl, on th» otfaar liaad, rises tht
Stt»B't;ton a'boat the phenomsna re8poxuri.bl® for ths sharp vas'la'bioi
of both paraaotera at Uws«5. 5 as"1.
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^rom data analysis it can be inferred that the duaati-
!ie8ninvolTOdJn the enerey flux 0S are °ontinaoas~"witT ;espew^

and U" and henoe a similar Tariation can be expecfrf or

0E:-which 8houl<i be n9gative iQ the generation" case^he'rt^
Tere. lo8es energ7~ aad ̂ osit^ ^ the attenuation eaBe^e
!!neration process eeaepau7 l>egins at U^> 7ns-1 (Pig:5);~tMa
yalue being also a discontinuity point fo^\^7le'l7. "" f
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Owing to the fact that all the dat^ are near, ^. laea £o^
the given intervals, there are also some dlecre^aci^, '^",r
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flux of -2Jm''2s'~1 (generation) for V^< 5ms""1 or 7. 4Jm'*2s''1 for
U^ >9ms . They amount to abou'fc 15^ of the data. This results
in the necessity of using a further criterion, which can be taken

as the 0^ value. Grouping the 0g values according -bo both U
and. 0^ shows a remarkably good separation of flaxes according
.to -bhe sign (positive or negati-ve) depending on 0^ being below
or above a value of 7«5*10-T« Even though the values are a^d-n
obtained toy averaging within the classes, the num^9r of erratic

values is only 4, all of them within the range 0<UW<1 and
Ci. >7«5*10~Ti it should be noted that this class contains

fluxes below lJm~':"s-x. Except the two classes with C^>1. 5*10'
and. -6<UW<-5, all the classes show a regular distribution of
points in either logarithmic (Fig. 6A) or linear scale (Fig. SB)

for 0g, thus suggesting the possibility for much finer intervals
(or even consideration of the individual data points) if there
were more and better measurements.
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Fig. 6 (A,B) - Average energy flux 0g as a function of
the per-fcurbation velfSci-by Uw and of the
drag coefficient C^

It nay be concluded that the model performs well, but,

at the same time, it must be noted -bhat the S.sta. analysis suggests

the ex?, stence of some processes yet not comprised by the theory.

These results can be used. for energy evaluations, after
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baving preyiousiy checked for the agi^eaaeat be^^ea computed and
real fluxes. This was doae by using three wave records made dur-
ing the experiments. The records have been divided into several
segments long enough to allow obtaining the energy spectra. These
spectra computed by the aid of the Fourier transform, vary from
one segment to another and are used to compute -the average energy
flux exchanged by the wave field (Fig. ?, Table 1)
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Total wave energy variations and energy fluxes
computed from wave spectra and wind profiles

E^(Jm~2) E^CJm"2) At(s) 0^

Table 1

Nr
:==================;=s=a;sss=sB=ss

1
2

5

5?2o
52t46
2o2$

58?o
6682

51o

146
255
95

"Ew ve'

-9.9
+4..9

-16.0

--2.-1
, (Jm-:is--L) 0^ , (Jm-2s-1)"Ew n

-9. 61
1-5.1

"12.0

^ = wave energy at; the beginning of the time interval
3^. = idem, at the end of A t periodE^ =

0,
0,

Bwave

'Ewind

energy flux computed as (E^. - E^)/At
energy flax computed with eq. (~.U )

=-=======:ss========s=====s;s;;ea!ESEsss=aa=ca;==s=sB=s=ssEas)E

The agreement between the fluxes computed from tto wixid
profilss and those inferred from wave energy spectra variations
is fairly good, but one must take into .AC«ount the difference in
the averaging periods for the two paE®a;ete;-gi ?-4 sa-t&iiteg £oi?
the wave spectra, and 2o ainu-bea for the wiTtd p-ofil^s. wMofc
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precludes a preeisa comparison.

For the third data set the seried wind velocity aea-
eurements (loo seconds + 2o minutes + loo seconds) revealed rapid
variations of the energy flux, as well as of the other parameters

^clO'VK'ulO^' Mor® work is needed in thie direction, using short-
time average wind profiles and. simul'baneous wave records, which
cotild. prove more useful for the energy transfer investigations.

Modelling of the kine-bic energy transfer in an in-begra-
fed wave-wind system is to replace the usual approach of separate
analysis of wave field and wind profile over a fixed ("freezed")

wavy surface.

The approach used in this paper is only a first attempt
and the solution of this problem is to be found by modifs^ing the
wave theory and using the equations for the aerodynamic flow over
a wavy moving surface. Experimental researches in this field are

of great necessity.
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