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Figure 4
Trappmg efficiency versus dimensionless block height (hi d). Um mean bulk flow
velocity in the uniform flow section; d = water depth.

Results-The observed values of the trapping efficiencies
were plotted against the dimensionless block height hidin
Figure 4. The trapping efficiency increased with height
below a certain value. However, when the block height
exceeded this value the trapping efficiency decreased. This
was unexpected because the length of the downstream
separation bubble increases approximately in proportion
to the height (Pande et al. 1980). The variation of the trap­
ping efficiency against the block height can be explained
by the following two effects. The first positive effect is the
protection of an algal drift which stays behind the block
from the turbulence. For example, the downstream separa­
tion bubble produced by a higher block in the turbulent
boundary layer prevents a larger vortex coming over the
block from carrying away algal drifts caught within it.
Therefore, the block height should be greater than a certain
value in order to protect algal drifts from being removed

algal drifts mentioned above, the first model drifts were
made of boiled Undo.ria pinnatijirkl blades, whose dimensions
were 9 mm x 100 mm. The model drifts were released into
the flow about 180 cm upstream from the block with a tool
that made them start moving on the bottom with a
minimum of turbulence. Most of the released model drifts
soon passed over the block by passing the second phase.
The model drifts passed the block stochastically, staying
for a long time in the third phase, having been trapped
by the downstream separation bubble. The trapping effi­
ciency of the block was defined as the probability that a
drift of particular hydraulic characteristic, should be
trapped permanently behind it. A minimum of three rep­
licates of 15 model drifts each were released at one time.
About five minutes after they reached the block, both the
number of the drifts passing over the block and the num­
ber staying behind it were counted for each experiment.
Fifteen models were thought to be about the maximum
number which could be liberated at one time without
becoming entangled; an observation time of five minutes
was considered sufficient for the drifts to be stabilized.

The trapping efficiency for each experimental condition
was calculated as follows:

Trapping
efficiency

Total number of drifts staying
behind the block

Total number of drifts passing
over the block.

(3)
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downstream. On the other hand, a second negative effect
of height occurs, which destroys the boundary layer and
contracts the flow. The original flow velocity at the level
closer to the bottom is slower in the boundary layer. A
higher block increases the velocity of the flow on the down­
stream separation bubble, which forces the fluid inside it
to recirculate. At the same time, especially in shallow water,
a higher block also increases the velocity by constricting
the cross-section area of the flow. These make the shear
stress between the main stream and separation bubble
greater, and consequently the recirculation flow, which acts
on a drift behind the block forcing it to rise out of the
reversed-flow region, faster.

The reattachment point is, on average, where an object
of the same density as the fluid in which it is transported
from the separation point should settle on the downstream
bottom. Therefore an algal drift past the block should tend
to fall down on the bottom a little upstream of the re­
attachment point because of the action of its underwater
weight. The underwater weight also acts to prevent an algal
drift located closely behind the block from being raised up.
The effects of the underwater weight on the motion of the
algal drift diminishes relative to drag force when the cur­
rent velocity increases. Thus, when the block is much
higher than the boundary layer thickness, the trapping
efficiency is reduced. The interaction of the two positive

and negative effects establish the optimum block height
value to trap algal drifts on the downstream side. The
optimum height might be the minimum one at which the
vortices shed in the area upstream from the block do not
reach the bottom immediately behind the block through
the downstream separation bubble. The value may depend
on the boundary layer thickness or the upstream turbu­
lence, both of which this study does not examine. The
following part of this paper is limited to the range of the
block height greater than the optimum value.

Indicator of Trapping Efficiency

Figure 5 shows the conversion of Figure 4 into the rela­
tionship between the mean bulk velocity of the flow con­
tracted by the block, U, = Umd/(d - h), and trapping
efficiency. The mean bulk velocity, U" explains the trap­
ing efficiency quite well except for the lowest height. This
suggests that the drag force, which governs the motion of
the algal drift, should be represented in a particular situa­
tion. Here the drag exerted on an algal drift flapping in
a steady flow of velocity U" denoted by D" was measured
as the representative value of the drag. The relative magni­
tude of D, and the weight of the drift in water, l1 W, would
indicate the trapping efficiency. This supposition was
experimentally verified.
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Relationship between trapping efficiency and
U, (mean bulk velocity of the flow contracted
by the block) obtained by the rearrangement of
Figure 4.
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Table 4
Scale models of algal drifts and associated hydraulic conditions.

Hydraulic conditions'

Dimension I1W' Dragb Um d h
No. (mm) Material of scale model (dyne) (dyne) (em/sec) (em) (em)

M1 9 x 100 Boiled blade of Undan·a pinnatifida 6.4 1.21 u l.36 12.2 30 5

M2 10 x 100 Nylon textile 1.6 0.83 u 1.66 12.2 30 5

M3 10 x 100 Nylon textile 2.7 0.83 u 1.66 12.2 30 5

M4 10 x 100 Nylong textile 5.5 0.83 u 1.66 12.2 30 5

M5 10 x 100 Polyester textile 3.7 0.83 u 1.66 12.2 30 5

M6 10 x 100 Polyester textile 5.6 0.83 u 1.66 12.2 30 5

M7 10 x 100 Polyester textile 8.2 0.83 u 1.66 12.2 30 5

M8 10 x 100 Celophane film 8.8 2.85 u 1.38 12.2 30 5

M9 20 x 200 Boiled blade of Undaria pinnatifida 28.7 18.8 uO.9, 17.7 60 10

MlO 18 x 200 Cellulose acetate film 38.2 21.8u1.08 17.7 60 10

'I1W = weight of drift in water.
bu current velocity (em/sec).
'Um = mean bulk velocity over the block; d = water depth; h block height.

Materials and Methods-Ten sorts of model drifts were
made using U. pinnatijida blades and man-made materials
including nylon, polyester, cellophane, and cellulose
acetate. Releasing experiments were conducted as previ­
ously described. Table 4 indicates the physical properties
of the models (M1-M 10) and hydraulic conditions under
which the drag values were determined. Models M8 and
M 10 were adequately ruffled by hand because their original
bodies were so flat that they often remained glued to the
bottom.

Results-Figure 6 shows experimental results. Most of the
plotted values approximated the broken line (estimated by
hand) with the exception of models M1 and M9 which were
both made of boiled U. pinnatijida blades. These models
had lower trapping efficiencies, probably because the vis­
cosity resistances acting on their smooth peripheries to raise
them up from the bottom were greater than on the other
models with rough textures.

I t was indicated, however, that the ratio Dc / Ii. W might
be used to get a rough estimate of the trapping efficiency
in actual fields.

Discussion _

Information is still insufficient to indicate fully the proper
practical design for this type of algal drift trap. However,
it is easy to estimate the effects of the algal drift trap with
existing information. Presented below are some useful sug­
gestions for designing a block-type trap long enough to be

governed by the principles involved in a two-dimensional
vertical flow.

• The "optimum value" is probably the best height unless
the trap is permeable. Algal drifts are likely to be trapped
on the upstream side of a high trap with a high effici­
ency, but in practice, algal drifts transported toward the
trap stop a certain distance upstream of it, where they
are easily moved sideways even by slow transverse cur­
rents. Therefore the trap h.;:ight should be the minimum
value for the retention of the algal drifts behind the trap,
that is, the optimum value, so as to make them jump
over the trap and be caught behind it easily. Moreover,
special attention should be paid to the fact that the
optimal height of a permeable trap such as the type
developed by Kawamata (1988) is greater than that of
an impermeable one.

• The trap should be set up in as uniform a flow as pos­
sible: In turbulent flows, oncoming vortices over the
bottom may raise algal drifts behind the trap. In wave­
induced oscillatory flows, vortices are alternately gen­
erated on both sides of the trap without the creation of
recirculation regions; therefore, algal drifts are unlikely
to stay around the trap. This also indicates that the trap
should be placed on as flat a bottom as possible and that
other structures ought not be located either parallel to
or near it. This is because artificial obstacles, as well as
rugged sea bottom, break the benthic boundary layer
and induces vortices.

(jonsidering these actors, traps are probably less effec­
tive in shallow water near the shore because stronger
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wave action and rugged bottoms made by erosion do not
produce uniform fluid conditions. On the contrary, in
deeper water the oscillatory flow induced by waves weakens
and near-steady flows, such as tidal and ocean currents,
prevail. In addition, the seabed in these regions is gener­
ally flatter owing to sedimentation of sand and absence of
scouring. Thus, from the physical viewpoint, traps will
have a greater effect in deeper water than in shallower
zones.

Moreover, distribution of algal vegetation is in general
different from that of the algivores. Macrophytic algae
dominate on hard substrates close to shore and are less
abundant in deeper water, while algal herbivores, espe­
cially sea urchins, tend to live in deeper water away from
the zone of dense macrophyte forest (Dayton 1985; Kawa­
mata and Hagino 1986). Such an ecological phenomenon
also supports the proposal that traps should be set up in
deep, barren grounds to supply hungry herbivores with
algal drifts.

In conclusion, the trapping efficiency of the block-type
trap is probably estimated by the current velocity and the
friction drag coefficients of algal drifts, as described in
Figure 1, and also by the relationship between the trap­
ping efficiency and DJ f!,. W shown in Figure 6.
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