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SPACE-TIME SCALE DEPENDENCE OF THE HORIZONTAL EXCHANGECOEFFICIENTS

Piaconu Vasile

Romanisn Marine Research Institute-Constanta

ABSTRACT:

Osing sea current tive series recorded ever the Homani-~
an Black Sea shelf, the increass ef the horisental ex~
change ceefficients from nearshere to offshere waters,
as well as the differences iz their valwes above amd
below the seaszsmzl thermosline were shexn. Their depen—
dence en the 2/3 power of the averaging peried was pre-
ved valid fer period up to 12 hours,

" The Reynolds stresses in the momentum egquation for the
turbulent motion can be expressed In terms of the mean veloclty
gradient using the turbulent exchange coefficlents (2). Introduc-
tlon of the "mlxing length" concept (1) allows the coefficlents
to be computed from the measured sea current. veloclty fluctuations
using the method proposed. by ERTEL (4).

%With a view of quantitatively evaluating the turbulent
exchange coefficients for the Romanian Black Sea shelf waters,fl-
ve sea current time series recorded in the summer perlod were uaed
(Tabg 1)- -
. During the recording period, there was a sharp seasonal
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Table 1
Locatlon and characteristics of sea current records

p——— e e T

Offshore Water Currentmeter Sampling Record

No. distance depth depth interval length
(nmi) (m) (m) (min) (hours)
1 30 52 lo lo %0
2 30 52 lo S 56
3 30 52 30 5 50
4 1 lo 1 15 160
5 L lo 9 15 160

thermocline at the depth of about 20 m in the offshore sites.There
were no temperature profile date avallable for. the nearshore si-~
tes. All currentmeters were of the ALEXAEV type, attached to sub-
surface buoy moorings.

4 computier program for processing the data in order o
obtaln the turbulent exchange coefficlients was written for the Fe~
lix C~-256 system. The program calculates the velocity components,
their average values over a selected period of time, the deviati-
ons of the actual veloclty components and, eventually,the exchange
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Figel -~ Time evolution of the turbulent exchange
coefficients for the series no.l.
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Fig.2 - Tilme evolution of the turbulent exchange
coefficlents for the serles no.2 (a) and

3 (b)e

coefficlents. by the ERTEL's algorithm.

The results obtained using a 6 hours period for avera-
glng showed.a high time variability for all .the records used in.
computations (Fig.1l-3), the values of the maximom exchange coef~
ficient A being confined within 2.9 x 10 - 3446 X 10 cm /s in
the offshore sites, and within l.o x Lot - 30.5 X 10* en /s in
the nearshore.ones. It can.also be seen that for the sinultaneous
records no.2 and no.3 (Fig.2) the coefficlents below the thermo-
cline are -4 times smaller than those in the upper layer, where
the kinetic energy turbulent transfer from the atmosphere takes
place.

For all the series, the computed coefficients Lncreased
with the increase of the.averaging period and of the. sampling in-
terval (Fig.4-6). According to GEZENTZVEL (1) there is g w2/3 po-
wer" relationship between coefficients and the averaglng perlod:

A =cr/3 (L)

where A 1s the horizontal turbulent exchange coefficlent, T is

the averaging period and C is a constant. Furthermore, assumning
25



that C depends on the molecular viscosity }l. and on the energy
dissipation rate &, it results from dimensional considerations
that (1) must have the form:

4=ug? 9@)24’3 (2)
where m is a constant. This relationship is similar to the well
known "4/3 power law" RICHARDSON-OBUKHOV :

A =cg¥? L¥3 (3)

where L is the characteristic space scale of the phenomenon. From
thls simllarity 1t follows that (uT)%/3 hes the role of a lengtn
scale for the exchange processes,
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Flg.3 -~ Tlme evolution of the turbulent exchange
coefficients for the series no.4 (a) and
5 (b),
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Fig.4 - Exchange coefficlents varlatlon as a
function of the averaging period and
sampling Interval-series no.l.
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Fig.5 - Exchange coefficlents variation as a
function of the averaging period and
sampling interval-series no.2 (a)
and 3 (b).
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But, for all the five analysed series the increase of
the horlzontal exchange coefficlents is limited to averaging peri-
ods of about 12-18 hours. Thils "saturation effect". was observed
before (2; 6) and explalned by the fact that beyond a specified
length scale there are no greafer eddles to contrlbute to the ex-
change processes. In fact, one must take -into account that the
"4/3 power law" (4) and, oconsequently the "2/3 power dependence"
(3), is valld only in the "“inertial range" of the space scales,
where there 1s no energy input from external sources.

Or, Iin our cases, the periods at which the saturation
appears correspond fio the ineftlal.perfod (17 hours) and to the
semidiurnal tide period (12 hours), when the ™4/3 power law® . is
no longer valld.Owing to this fact, the analysis of the varistion
of the computed exchange coefficients was limited to the 1-12 ho-
urs range, for which (2) and two other types of relationships
were fitted by the least squares method:

A = ar® )
A=b 1% (5)
where ¢ 1s the sampling interval.
The results showed little change in m between the se-

ries, but its values were still close to 0.67. The values for the

n exponent were within o.7-0.8 for the offshore serlies and within
- 28



Oe4~0e5 for the nearshore records, for sampling intervals of the
order of 5-30 minutes. The analysis of the scattering of the com-
puted values of the coefflcients on both sides of the fitted
curves showed that using a particular m#0.67 for each serles did
not sensibly improve the fit quallty. Thus, it¥ can be stated that
the "2/3 power" relationshlp expressed by (2) is well suited for
describing the horizontal exchange coefficients dependence on the
averaging period, if the latter does no exceed 12 hours (Fige?).
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Fige7 - Turbulent exéhange coefficlentis depen~-
dence on the averaglng period-serlies
1—5 (a-_e)o

The observed scattering can be further reduced by using
a digital fillter for smoothing the original recard (2; 2; 8) but
in this case the coefficlents are smaller by 1l-2 ord;rs-of_magnlw
tude due to the fact that the contribution of the small eddles fo
the veloclty. component fluctuations is "filtered dut".

Lhe results obtained in the Romanlan shelf waters show
that the coefficients computed by ERTEL method can properly des—
cribe the turbulent energy transfer if the averaging period does
not exceed 12 hours. The sampling interval must be of 5-15 minu-
tes If one wishes to investigate small scale phenomena (5). Also,
there 15 a further need of more data in order to asses the influ-
ence of the hydrological conditions such as wind effect, water
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mass stratification, sea state and shore and bottonm limiting ef-
fect on the horizontal exchange coefficients,
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