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Synopsis

From an analytical and experimental investigation of the flow field induced by an air-
bubble screen, the resulting surface current can be predicted as a function of water
depth and air discharge, both in a standing water body and in a cross current. This
information about the flow field leads to a design procedure for pneumatic oil barriers.
It is found that pneumatic installations designed properly for safe and economic per-
formance offer functional and operational advantages over mechanical oil barriers.

R€sum&

A la suite dune &tude analytique et expérimentale de I“&coulement produit par un
ecran de bulles d”air, il est devenu possible de déterminer la vitesse supertielle de
I”eau en fonction du deébit d’air lache & differentes profondeurs, tant dans I”eau
calme que dans |“eau courante. Dés qu”on connait le champs des vitesses on peut
trouver un proctdé pour projeter des barrages d“air comprimé contre la propagation de
I-huile, qui sont fonctionelment plus avantageux que les barrages mécaniques.
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l. INTRODUCTION

The conservation of an acceptable water quality calls for ever increasing efforts
in pollution control. In particular, the transport of mineral oil poses a continuous
potential threat to the ecological balance of navigable waters. Therefore, efficient
means for both combatting major oil spills at sea and containing spilled oil in harbours
and waterways have to be developed. For the latter type of problem, air bubble
screens can be used as a hydraulic method to close off endangered areas like oil har-
bours from the main water body in case of an accident. An air-bubble screen - gene-
rated by the release of compressed air at the bottom of a body of water = produces a
surface current, which can be used to contain a surface layer of oil and prevent it
from spreading any further. These so-called "pneumatic oil barriers”" offer substantial
advantages over conventional barrier types and have been used successfully in recent
years.

2, THE FLOW FIELD OF AN AIR-BUBBLE SCREEN

The flow field induced by a rising swarm of air bubbles in a standing body of
water is sketched in Fig. ]],The resulting vertical flow of air-water mixture has been
analysed by several investigators [1; 4 to 7; 10] and the author has conducted nume-
rous laboratory experiments at various water depths (up to 2 meters) for the entire
range of practically feasible air discharges [10] . The vertical flow of air and water
can be analysed in onalogy to a turbulent buoyant plume, taking proper account of
the bubble slip velocity and of the compressibility of the air. Introducing similarity
profiles, making an entrainment hypothesis and assuming the Boussinesq approximation
(small density differences between air-water mixture and water) to be valid, the re-
sulting system of equations can either be solved numerically [ 7],0r an approximate
closed solution can be derived [10] . In either case, the solutions contain empirical
coefficients (entrainment coefficient, turbulent Schmadt number, bubble slip velocity)
which are obtained from the authors laboratory data [6 10] . For details, the reader
is referred to the original papers.

At the free surface, the vertical plume is deflected and produces a horizontal
surface current, The maximum horizontal velocity at the free surface can - as proposed
by G.l. Taylor [ 1] and checked experimentally - be taken as being approximately
equal to the hypothetical velocity on the plume axis that would be attained at the
elevation of the free surface if the latter were not present. With this assumption, the
plume analysis data can be used to predict resulting surface velocities. A comparison
of such predictions from various empirical formulas and the authors analysis with all
available field data is given in Fig. 2. The agreement between analysis and cbserved
data is satisfactory over the entire range of conditions. Thus a tool is available for
predicting surface velocities for given air discharges and water depths in standing bo-
dies of water. ’

3. EFFECT OF A CROSS FLOW

A crucial question for the application of air-bubble screens as an oil barrier (or

for any type of oil barrier for that matter) is how well it performs under moderate
cross flow conditions. Therefore, the effect of a cross flow upon the air-bubble flow

field has been studied experimentally, with particular emphasis upon the "barrier
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velocity" at the free surface.

In a cross flow, the bubble plume is deflected in the downstream direction (Fig. 3).
The flow towards the barrier in the lower layers is ocugmented, and the suface current
in the downstreom direction increases, whereas the region of return flow on the up-
stream side (which determines the barrier action) decreases both in size and intensity,
until, for very strong cross currents, it finally dissappears, so that no more barrier ac-
tion is possible. From experiments over a wide range of depths, air discharges and
cross current velocities (Fig. 4), an empirical relation of the form
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This relation gives an estimate of the influence of a cross flow upon the surface velocity
and can be used for design purposes until an analytical solution for this complicated How
configuration becomes available.

4, DESIGN OF A PNEUMATIC OIL BARRIER

The operating principle of a pneumatic oil barrier is that the spreading tendency
of the oil is counteracted by the surface current induced by the bubble stream, A simp-
lified momentum equation (neglecting friction losses etc. and thus being on the "safe"
side) can be formulated for the configuration sketched in Fig. 5 as

P
(D 6)2'_02 (GML"' GMWJ (3)

—W—vg(n-an
2

From this, the barrier velocity Ve required to retain the oil film is given by

1
Pm 2{0,w* 5y ) (4)

This relation is plotted in Fig. 5. Since the influence of surface tension is secondary,
the required barrier velocity is determlned by the |cyer thickness and the density of the

mineral oil.

With this all necessary information for the design of a pneumatic oil barrier is
available. For a given mineral oil of a given layer thickness, equation (4) yields the
required barrier velocity at the surfoce,to which proper additions for safety have to be
made. For a given water depth, the bubble plume analysis now yields the air discharge
required to produce this barrier velocity. All these design components are combined in
the nomogram given in Fig. 6.
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The various design steps are best illustrated by giving a numerical example (see
Fig. 6). Assume an oil harbour, which is to be protected against oil spills by a pneu-
matic barrier across the harbour entrance. The barrier is located at a depth of 8 me-
ters and is supposed tfo retain a layer of gasoline (Pm= 0.73 t/m3) of 8 cm thickness,

(1) By eq. (4), a surface velocity v, of 45 cm/s would be required.

(2) This value has to be augmented (safety factor £ = 1.5 e.g.) in order to safeguard
against possible disturbances like plugged orifices,fluctuations of the barrier flow, etc.,
and provided with an addition for wind effects.

(3) Thus the air installation is to be designed for a maximum surface current of 80 cm/s,
which requires, at a depth of 8 m, an atmospheric air discharge of 0.017 ms/s.m
or 1.05 m3/min.m.

(4) For the compressor data and the orifice rating curves, given in the third diagram,
there results a layout of the air installation of 2 mm oriFicis along the barrier spaced
20 cm apart, operating at a pipe pressure p, of 5.1 kp/cm” absolute.

A more refined calculation would have to account for the pipe losses and variations
along the barrier,of course, as is discussed in detail in [10] .

5. COMPARISON WITH CONVENTIONAL OIL BARRIERS

Whenever an oil spill occurs, it is of primary importance to close off the spill
area as fast as possible, since oil spreads very rapidly on water. The efficiency of an
oil barrier is therefore strongly dependent upon the time required to get the barrier into
operation. In this respect, a pneumatic barrier offers substantial advantages over a
mechanical barrier; as a permanent installation, it is ready for "push button operation™
and works within seconds. In contrast, mechanical barriers have to be towed in place,
which requires both time, equipment and personell. A further advantage of pneumatic
barriers is that = in contrast to mechanical barriers = they can be crossed by boats while
they are in operation. Their peformance is not endangered if the oil is set on fire,
which may cause problems with floatable barriers containing combustible materials.

The main disadvantage of pneumatic barriers is their susceptibility to mechanical
damage by anchors etc., which may cause high repair- and maintenance costs, Further-
more, since the efficiency of pneumatic barriers drops rapidly for very small water
depths, embankment slopes may require supplemental efforts.

All in all, pneumatic oil barriers offer a sufficient number of advantages over con-
ventional barriers which justify their preferential use for fixed installations in harbours,
docks, canals or other zones susceptible to oil spills. Fixed or transportable installations
may also be used to fence off such areas which must be kept free of oil pollution by all
means, such as drinking water supply or recreation areas and the like.

6. CONCLUSIONS

1. The results of an analytical and experimental investigation of the flow field in-
duced by an air-bubble screen yield a sound basis for designing pneumatic oil barriers
and for predicting their performance and evaluating their economics of operation.
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2. The effect of a cross flow upon the flow field has been studied experimentally.
This yields a quantitative basis for assessing the susceptibility of the barrier to a cross

flow.

3. Properly designed pneumatic oil barriers as permanent installations in oil har-
bours, docks etc. offer substantial functional and operational advantages over conven-
tional type barriers.
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