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Abstract

The paper deals with the method of estimatlon of
the friction force, of the turbuleat mlxture fac—
tor, and of the rugosity, and with Influence of the-
se parameters on the configuration of the super-
ficlal layer of marine sedlmnents.

The movement of the mass'es of water at the Immedlate proxi-
mity of the sea floor exeﬁs a c']ouble‘ Influence on the s}uperflcvlal layer of
sedlments, Such Influence is manlfesting Itself through fhe_ apparition of a -
lateral pressure on the particles, directly proportional to the seeond power
of thelr diameter, and to the'second power of the veloclfy near bottom, on
the one hand, and on the other hand through the creatlon of a tangential
tenslon or friction force directly proportlonal to the value of the turbulent
mixture factor and to the. velocity gradlent of the current in the Immediate
proximitx of the solid boundary (sea floor) (MATEESCU, 1963), In the
following, primarily the latter aspect will be dlscussed.

The analysis of the differential equations of the motion shows
the presence of a boundary layer near the bottom of the sea, where the
force of the barie gradient, Corlolis’sg force and the friction force are of

the same order of magnitude, However, nearer to the solid boundary, the
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relation between three forces will change, the friction force becoming
preponderent. Thus in the lower part of the boundary layer, & sublayer
may be delimited, where the friction force will considerably exceed the
force of the barlc gradient and Corlolls’s force. Although the processes
taking place In this lower layer, are connected with the phenomena ta-
king place in the entire houndary layer, and are of sufficient weight to
warrant thelr separate treatment, the establishment of some internal con-
nestions of the movement for the boundary sublayer ig sufficient to enable
the solution of a series of important practical problems (LATHTMAN, 1970).

The thickness of the boundary layer may be estimated with the
ratio between friction force and Coriolig’ s force (ROVENTA and SELARTU,
1965). Through experimental determinations and theoretical analyses, ba-
ged on the theory of similitude, the theory of gimilitude, the thickness of
this sublayer ls estimated as being 3 to 5 m (PRANDTL, 1925).

The fact that in the boundary layer the term comprising the
friction force ls considerably exceeding the ferms comprising Corlolis’s
force and the baric gradlent force, enables the simplification of the diffe-

rential equations of the movement, and equation (1) is thus obtained :

4 dv(z) | _
dz[K(z)' dz]_0 4
where z = distance in cm from the sea bottom ;

k(z) = turbulent mlixture factor, cmz/sec :

v(z). = veloclty of the current, cm/sec.

From the theory of similitude it results that the value of the
turbulent mixture factor - k(z) - 1s directly proportional to the distance
from the solid boundary, and to the square root of the friction force
(KARMAN, 1930). f—f——

K (z) = 0,38 \ ° .z 2)

where Z =

J

By integrating equation (1) we obtain :

it

friction force ;

I

density of water

z =0 3)

or
32



d
K@ S g S0

V G o
dz lz=g = e )

If we consider relation (2), then equarion (4) becomes :

dv_(z) 1 \/ Bo_ . 1 -
dz - 0, 38 ﬁ z ©)

from where through Integration we flnally obtaln :

1 Lo z
v (z) = 0,38 \/ .Sb . In (;:) (6)

where In = tje symbol of the natural logarithm ;

Z,= rugosity parameter, mm,

Relation (6) representing the logarithmic equation of the profile
of the velocity of the current In the boundary sublayer, was checked ex-
perimentally in various marine conditions (MOSBY, 1947, 1949). Rhe above
logarithmic profile depends on two parameters : on the friction force -
and on the rugosity Zo. These parameters may be determined only experi-
mentally through actual measufements of the currents in the Immediate
proximity of the sea floor, '

With the ald of a special installation (LESSR, 1951) several
series of such measurements were carried out at 50, 100, 150, 200 and
250 cm above the sea floor, off the southern part of the Romanian shore,
near the 40 m depths contour llne. The measurements were performed si-
multaneously on all flve levels, at Intervals between 10 and 15 minutes
for each series of measurements (table 1) The respectiva serles were
numbered in the Increasing 'o;'der of the velocities.

. Table 1
Data on currents- In the nelghbourhood of the sea floor

Veloclity of the current [cm/sec.]

s 1 2 3 4 5 6 7
7 [em]
50 7,7 11,4 [ 13,3 | 15,3 | 20,0 | 20,7 | 23,6
100 8,9|12,0(153|17,4| 21,9 | 23,8 | 26,5
150 9,1|12,6|15,9(18,7|23,9 24,7 | 28,3
200 9,3(13,7 17,0 19,1 | 24,3 | 25,5 | 28,5
250 9,8 14,2 (17,3 20,0 24,7 | 27,1 | 29,8
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Figura 1 - Hodofraph (A) and vertical velocity distribution in semlilogarithmic coordinates (B)



By representing the velocitles In a graph with semlilogarithmic

coordinates, a famlly of straight lines (fig. 1) was obtalned, the slope of
B 0

which is equal to » while the polnt of Intersection of these

stralght lines with tl(i;as(ij axls Is equal to the logarithm of the rugosity.
Based on this graph, the two parameters of the profile were determined,
while with the aid relation (2) the value of the turbulent mixture factor k,
was determined at a distance of one metre above the sea floor (table 2),
Table 2
Friction force Zo[dyn/cm?] turbulent mixture factor k, [cmz /sec;l, and

rugoslty z , [mm]

Series 1 2 3 4 5 6 7
% . 0, 238 0,455 0,778 1,092 | 1,241 1,570 2,140
k 49,5 67,4 88, 2 104,21 111,8 125, 8 146, 2
zo 1,4 1,0 1,7 1,9 0,9 1,9 1,2
|

The values obtained for the friction force and for the turbu-
lent mixture factor, as a whole, are lower than those obtalned by other
investigators (BOWDEN and FAIR BAIRN, 1952), This is due to the fact
taht in the zone investigated, the superficlal layer of the sea floor is con-
stituted mainly of sandy slilts, with the mean grain size (My) belng com-
rised betweer 0,07 and 0,03 mm (SELARIU, 1965), Impllcating a low ru-
gosity. The fact that the rugosity is low, creates the possibility for the
existence of relatively higy veloclties (5-10 cm/sec) at only a few centri-
metres above the bottom, which In turn lead to.the apparition of suffictently
higy lateral pressures on certain particles, the size of which is exceeding
the mean rugoslity, Owling to this fact, the larger particles may be digpla-
ced by being rolled-over, until theay reach zones where the rugosity
does” nof ‘any more permit the presence of bottom veloclitlies capable to
perform such mechanical work.

The knowledge of the distribution in space, of the friction for-
ce, of the furbulent mixture factor and particularly, of the rugosity, cor-

alated with other sedimentologic factors, may. give preclous Information
35



on the mosalc-llke aspect of the superficlal layer in the southern zone,
off the Romanian shore,

At the boundary between two facles, a brusque increase of the
value of the turbulent mixture factor takes place as a result of the increa-
se of the frictlon force ; this is a phenomenon which substantlally alters
the rate of settling. Owing to these dynamic phenomena the boundaries of
the varous facles are well contoured from a granulometric pointof view.
The dependence of gedimentation on the turbulent mixture factor, and the
dependence of the latter on the rugosity, causes 2 selection of the parti-
cles settling down, Thus, where the rugosity is high, the possibilities for
small size particles to settle, are minor and vice versa.

Beslides the influence exerted on gedimentation, the role of the
friction force becomes preponderant in the processes of particle displa-
cement in the zones of changing slopes, oT with high slope angles, as I8
the case on the outer edge of the continental shelf (SEL;{RIU, 1971), In
thls case, the impulse ereated by the friction force may coinclde in di~-
rection with the component of the gravity force, and as a result of this
fact, favourable conditlons for the apparition of turbudity currents will

arise.

SUMMARY

The experimental data, though not very aumerous, enabled ne-
vertheless, the logarithmlc profile of the current velocity ln the immedlate
proximlity of the sea floor to be checked for the condltlons prevalling 1n
the Black Sea. ;

Based on this logarithmic profile for each geries of measure-
ments, the friction force, the turbulent mlx‘ture factor and the rugoslty
were determined.

The fact that value of the rugosity is In agreement with the
granulometry of the: superficial iayer in the zone investigated, enabled a
pumber of conclusions to be drawn regaring the Influence of the movement

of the masses of water on the processes of sedimentation, which are of
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significant Importance for the conservatlon of the mosalcshaped pattern of

the superficlal layer.
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