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Two-dimensional Plume Induced by the Air
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of Oil Boom)
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Abstract

A curtain of air bubbles ejected from a porous pipe submerged in water produces the
rising flow of the water, which turns to a horizontal direction at the water surface. G. L.
Taylor demonstrated theoretically that the surface flow in the adverse direction against
waves can break them. H. E. Kobus and T. J. McDougall made analytical studies using
experimental constants on the vertical rising flow. However, there may be rather few
investigations on the behavior of the plume in tidal current.

In the paper, the velocity distribution, the momentum and the width of the induced water
jet in still water are investigated experimentally and analytically. While, the analytical
results of the plume trajectory in the tidal current are also compared with the experimental
results.

The profile of horizontal water velocity behind the plume in the current and the
performance of breaking waves by the surface flow are examined. Furthermore, the critical
velocity of current under which the air-bubbles curtain can prevent spilled oil from spread-
ing is investigated in the co-existence of waves.

The analytical model becomes invalid for the high values of current velocity. The
efficiency of breaking waves is 27 % against the wave length of 3m without current and
decreases as both the wave length and the current velocity increase. The upper limit of
current velocity against the surface flow which can prevent spilled oil from spreading is
found to be 0.3 m/sec in the co-existence of waves of 10m in wave length and 0.5m in wave

height.
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Fig. 2 Caluculation model for estimating the critical frequency of breaking waves
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Table 1 Geometric form of nozzle
air pipe |[nozzle [nozzle {no.of no- [total nozzle
type | length| dia. pitch |zzle rows|area ratio
mm | imm [ mm)
A 600 55 | 25 1 S=111
B 600 1.0 25 6 S=1/5
C 600 23 |1 25 Sx1/57
D 600 1100 | 25 S$+3.3
E 600 | 43 | 306 S=1/1
F 22501 23 | 25 1 S=1/5.7

air
from blower

surface flow

Schematic sketch of the method of measuring momentum flux

Fig. 4

Apparatus for producing
air bubble curtain
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Fig.29 Containment by the plume in current
and waves (current velocity =0.4m/sec)
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