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Th.e BeyiioUs sfcreases In tihe momentuia equafetoh for the
turbulent motion can be expressed In terms of the mean veLoclty
gradient using the turbulent; exohaxige coefficients (3). Inferoduc-
tlon of the -mtelng length" concept (J) allows the coefficients
to be computed from the measured sea current velocity flucliuattons
uatng tlie BBthod proposed .by SUSSL (^)*

With a view of quantitatively evaluafelns the turbulent
exchange coefficients for tb» Ronanlan Black Sea shelf waters. fi-
ve ssa current tine saples recorded In the summer period were uaed
(Tab. 1).

During ttia record liig perlofl, there was a sharp seasonal
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Location and characteristics of sea curreal; records
=============;============;====:;=====;====== ====a=;===s

Water Gurreiitmeter Samp I tng Eecord

Table I

No. distance depth
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depth.
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5
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l.engtli
(hours)

9o
5o
5o

l6o
l6o

thermocllne at the depth of about 2o m In the offshore sites. There
were no temperature profile data available for toe nearshore sl-
tes. AIL currenfcmefcers were of the ALEXAEV- type, attached to sub-
surface buoy moorings.

A computer program for processing the dafca In order fro
obtain the turbulent exchange coefficients was written for the Fe-
Llx C-256 system. The program calculates toe velocity componenfcs,
their average values over a seLectied period of time, the devlafci-
ons of the actual velocity components and, eventually, the exoliaiige
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;. 2 - Tims evolutilon of the tucbuLent exchange
coefficients for the series no. 2 (a) and
5 (b).

coefflctents by Ibs EBa'EL's algori.thci. .
The results obtained ustog a 6 Jiours period for avera-

glng showed, a high frime varlablllfcy for all 1;he records used In
compufeatloiia (Fts. l-5), ^e values of the maximum exchange ooef-
flcleat A being coxiftned within 2*9 x Lo4 -. 54. 6 x lo cm /s In
the offshore sites, and wltlitn l. o x lo4 - 5o. 5 x lo cm'-/s In
the nearshore-^iies. It can, a Iso be seen that; for fche simultaneous
records no. 2 and no. 5 (Ftg. 2) fche coefficients below the thermo-
cLine are 5-4 times smaller than fchose In the upper layer, .where
tlie kinetic energy turbulent transfer from. the atmosphere takes
place.

For all the series, the computed coeff1c tents Increased
mlth the Increase of the. averaging period aDd of the sampling ta-
feerval (Fig. 4-6). According to GEZENTZVEI (p. tliere Is ^ W2/5 po-
wer" relatloixshlp between coefficients Emd the averaging period;

A = GT2/5 (D
where A Is -the horizontal turbulent exchange coefficient, 'S Is
fche averaging period ana 0 Is a constant. Furtliermore, assuming
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.
tha!. J..depends   toe molecular ̂ iscoslfcy^ and on the energy
dissipation rate. 8, It results from dlnenslonaL coasl.deratl^6
tliat (L) must have the'forn;

A = m £l/5 (^1)2/5 ^^
where I13 a constant*Tllls relatlollshlp is similar to the well

"4/5 power law" EICHABDSON-QBUEHOV.-

A .C&VJ^ ("
^e.L..ls» e_charac?erls1:lc SPace.,s?^e of the pheno.enon. Proo.
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But, for all the five analysed series fche Increase of

toe horizontal exchange coeffl. ci.ents I.s Llaf. feed fco averaging perl-
ods of about L2-L8 hours. This "saturation effect" was observed
before (^; 6) and explained by the fact that beyond a spec If led
length scale there are no greater eddies to contribute to the ex-
chaiige processes. In fact, one must; fcake Into account that the
"4/5 power Law" (4) aiid, consequently  e "2/5 power dependence"
(3), Is valid onLy In the "Laertlal x-ange" of the space scales,
where there Is no energy Input from external sources.

Or, In our cases, the periods at which the saturation
appears correspond to the Inert La I. period (17 hours) and to the
semidiurnal tide period (12 liours), when the "4/5 power law*' Is
no longer valid. Owing fco this fact, the analysis of toe variation
of the computed exchange coefficients was Ltmltied to the 1-12 ho-
urs range, for whlcA (2) and two otlier types of relationships
were fitted by the Least squares mefcliod;

altnt;11
,a

A =

A = b TE

(4)-

(5)
where t Is the sampling Interval.

The results showed little change In m between the se-
rles, but Its values were. stllL close fco o. 67. The values for tlie
n exponent were wlfchln 0. 7-0. 8 for fche off shore series and within
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0, 4-0. 5 for the nearshore records, for sampllD® Intervals of the
order of 5-5o mtautes. The analysts of tlie scattering of the oon-
puted values of the coefficients on both sides of the fitted
curves showed tshat using a particular aa/o. 67 for each series did
not seiislbLy Iniprove the flfc quallfcy. Thus, It can. be stated that
the "2/5 power" relationship expressed by (2) Is well suited for
describing the horizontal exchange eoefflclenfts dependence on the
averaging period. If the latfcer cloes no exceed 12 hours (Flg. 7).
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FlK, 7 - Turbu Lea 1; exchange C08fflcle^<;s ^fP®31"
deuce on. tlie averaging pertod-sertes
1-5 (a-e).

The observed scattering can. be further reduced by using
a digital filter for smoothing fche original recced (§5 2< §) but
tn fehls case fche coefficients are smaller by L-2 orders of magnl-
tude due to the facfc that the contrlbufclon of the scaall eddies fco
.the velocity component fl-uctuatlons Is "flLtered 6ufe".

The results obtained In fehe Ronianlan shelf wafcera show

that the coefficients coinputed by ERTEL metliod can properly <3es-
crlbe the turbulent energy transfer If the averagliig period does
not exceed 12 .hours. Tlie sampling Interval musl; be of 5-1-5 mlxiu-
fces If one wishes to Investigate small scale phenomena (§). Also,
there Is a further need of more data In order to asses the Influ-

ence of the hydroLoglcal coiiditlons such as wind effect, water
29



mass sfrratlflcatloa, sea state and shore and bottom Itmlfctng ef-
fecfc on the horizontal exchange coeffl. cl eats.
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