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Model Experiments on Double Rigged
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Physical Characteristics of Balloon Net
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Abstract

This study was carried out for the purpose of determining some physical charact-
eristics of scale model of the balloon type double rigged shrimp trawl gear in the
experimental tank. The net model was constructed in accordance with Dr. Tauti’s
similarity-law of fishing gear.

The measurements were carried out both on the shapes and on the resistances in
seven stages of towing velocity (V). For the convenience of discussions, the exper-
imental values were converted into full scale values.

Results were obtained as in the following:

1) Under the consideration of the physical characteristics of the gear efficiency,
we have some parameters obtained as net mouth height (H), net mouth area (4),
and wing tip distance (W).:

The above parameters are represented as in the following:

H=2.7 V-o.e0
A=0, 016 V-o.52
W=2V+10.6

In the discussions of shrimp trawl gear efficiency, it is better for us to use the
sweep area parameter of the gear (S,), than to use the filtering volume (Fy).
The sweep area is represented as in the following:

S,=14.5V-1.4

2) Concerning with the hydraulic resistance of the gear, the results were obtained

as in the following:
R;=360 V.74
Ry=312 V1.1
Rop=44 V2.0

Introduction

The double rig shrimp trawl gear is made of trawl net and two flat otter bo-
ards connected directly by head rope and ground rope ends at the wing tip.
Based on the construction of the net panels, there are three kinds of shrimp
trawl net, flat net, balloon net, and semiballoon net.
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This experimental model was tested in a balloon type of shrimp trawl gear in
an experimental circular tank.

In making a reduced scale model we adopted simple construction as the orig-
inal model. Based on Tauti’s comparative methods this trawl was tested as a
scale model.

The model net was made in accordance with Tauti’s similarity law, however
as it was not possible to get the same net materials used in the full scale, as
far as the net materials are concerned, we did not comply with Tauti’'s law.
(See Fig. 1, and Fig. 2)

In the deduction of our scale model the following parameters were consider-
ed:

the scale ratio: A’/4"’=1/20

4 14
the ratio of mesh and diameter of twine: —gﬁ= é,,=K=O. 190
Where:
A =scale
D=diameter of twine / =scale model
L=mesh size ’” =full model

K=constant

The netting material used in the full model was polyethylene while, in the
construction of the scale model as material nylon was used, in case of the otter
boards, which were plastic.

SHRIMP TRAWL NET SHRIMP TRAWL NET
(Balloon Type ) full scale ( Balloon Type ) model scale
HR. 256m(84') GR.288m(95)
37 HR. vinylon CPR.14mm R vinylon CRR.16mm
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! GR total weightn water. 8994 kg
72x45mm) 3801120:75mm[100 HR total bucyancy. §9.92 Kg ms.
" oo e Otter Board B3l 102mm
Hat type 125x250m
Fig. 1. Plan of the original net, Fig. 2. Plan of the experimental net.

H. R.: head rope m. s.: mesh size
C. P. R.: compound rope @: measuring point
G. R.: ground rope
m: meter d: denier

Methods

This experiment was made to determine the two items; the first to determ-
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ine the total resistance and net shapes of the fishing gear, and the second to
determine the net resistance at the respective towing velocity. The equipments
used in the measurements in the first part of this experiment are shown in
Fig. 3, and those in the second part are shown in Fig. 4.

Fig. 3. Schematic drawing on experime- Fig. 4. Schematic drawing on experime-
ntal equipment in circular tank, at ntal equipment in circular tank, at
the primary experiment. the secondary experiment.

1 : spring balance 1 : spring balances

2 : underwater camera 2 : current meter

3 : current meter 3 : camera (plane view)
4 : trawl gear model 4 : trawl net

5 : cameras (side view)

6 : camera (plane view)

In this experiment, seven towing velocities were examined, every one of
which was, calculated in accordance with the Tauti’s similarity law, on 0.5, 1.0,
1.5, 2.0, 2.5, 3.0, and 3.5 knot. The measurement of the flow speed in the ex-
perimental circular tank was transformed by electrical pulsation, using Toho
Dentan CM 10S current meter. Each flow velocity was adjusted by an electrical
motor, driving paddle wheels in the circular tank. By reading each measuring
point on the XYZ coordinate system, different net shapes were ascertained at
each flow velocity in the tank. This net was also checked in the three different
views (front, side, and plane) by photography.

The measurement of the total resistance at each flow velocity was obtained
directly using a spring balance with two kilogram capacities. Net resistance
was also measured in a different way, using two spring balances, with one at-
tached at each wing tip. In case of the later experiment the value was adjus-
ted, as much as possible, to the former values obtained at the wing tip distance
and at the flow speed.

Results and Discussion

It was possible to draw all the net shapes with the knowledge of the coordi-
nate values of X, Y, Z, for each point measured. The plane views were drawn,
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using the plotting points obtained from the values of X, Y. Side views from
the values of ¥, Z, and front views from X, Z.

Now, all empirical values are to be converted into full scale for convenience
of discussions. As showed in Fig. 5 in the relationship between net mouth
height and towing velocity, the points showed empirical value and the curve sho-
wed experimental equation. It was assumed that the relationship showed an
exponential function, and following equation was obtained by exponential regres-
sion.

H=2.7V"% @

Where:
H = height of net mouth (m)
V = towing velocity (m/s)

H=27v060

towing
0 velocity
0 025 051 077 1.02 128 154 180 (m/sec)

05 1.0 15 20 25 30 35 (knot)

Fig. 5. Relationship between net mouth height (H) and
towing velocity (V).

The net mouth height decreased quickly as the towing velocity increased.
When the usual towing velocity was about 2.5 to 3.0 knot, the net mouth hei-
ght was shown 2.3-2.0m. It was assumed that this value for net mouth height
was to be remaining constant, with the further increases in the towing velocity,
because the net mouth height was to be maintained by otter board.

The relationship between both the wing tip distance and the towing velocity
was a linear relation, as shown in Fig. 6. The value of the wing tip distance
increased with the velocity up to 3.0 knot, but tended to decrease at 3.5 knot
which was obtainable maximum flow velocity in the experimental circular tank.
In this experiment, it was not possible for us to observe clearly the character-
istics of the trawl gear at high towing velocities. '

Based on the linear regression, the wing tip distance was determined as given
below:

W=2V+10. 56 2)
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Where:
W = wing tip distance (m)
V = towing velocity (m/s)
Fig. 7 shows the relationship between sweep area in the trawl gear (S.)
and towing velocity. It was possible to obtain the sweep area per unit time by
multiplying the wing tip distance and towing velocity. Thus,

SA = W . V
But in case of Fig. 7 it was assumed that the relationship had a linear function
and the equation was obtained by linear regression.

S,4=14.52V-1.36 ©))

Where:
S. = sweep area of the gear (m?/s)
In the double rig shrimp trawl otter boards, wooden flat lateral type was usu-
ally used, the boards had a lower lift per drag value. This lift-drag ratio dete-
rmined the fluid dynamical efficiency of the otter board.

wing tip dist. sweep area °
wp(m 20 (m2/sec)
13 16
12 12
n W= 2V.10.56 8
* S.A=1452V-1.36
10 4
towi towing
0 velocity 0 velocity
0 025 051 077 102 128 154 180 (ml/sec) 0 025 051 077 102 128 154 180 (m/sec)
05 10 15 20 25 30 35 (knot) 05 10 15 20 25 30 35 (knot)
Fig. 6. Relationship between wing tip Fig. 7. Relationship between sweep area
distance (W) and towing velocity (Sa) per unit time and towing velo-
. city (V).

When we used wider otter boards commonly used on shrimp trawler was expe-
cted greater sweep area. But in this experiment the effect of the otter board
was eliminated in the calculations, because it was impossible to determine
exactly the point of contact between otter board and the floor of the tank.

The net mouth area was measured, using a plannimeter in the frontal view
plan for each velocity. The relationship between net mouth area and towing
velocity was shown in Fig. 8. When we calculate exponential regression about
the values obtained with the exception of the value of 0.5 knot, the empirical
equation was represented as in the following:

A=0.016 V%2 @
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Where:
A = area of the net mouth (m?
In the discussion about the efficiency of general trawl gear, it is necessary to
denote that the high efficiency of the net is related to the filtering volume per
unit time. From the equation (4) it is possible for us to denote that:

Fy=A:V=K.V*¢ ®
Where:

F, = filtering volume (m?3/s)

K = constant (in this case 0. 016)

On the other hand, calculation carried out in the same method, about the value
obtained, was represented by:

Fy = 0.016 V°-° (6

As shown in Fig. 9, continuous curve was obtained by equation (6), and the
dotted curve was obtained by equation (5).

mouth area filtering volume
020 (m2) 020 mdfsecy - »
018 016
016 012
ot 008 - Ei=0016v050
; FV.-0016v068
012 A=0.016 v0.52 004
towing Iowln?
0 velocity 0 - velocity
0 .025 051 077 102 128 154 180 (m/sec) [ 025 051 077 102 128 154 180 (m/sec)
05 10 15 20 25 30 35 (knot) 05 1.0 15 20 25 30 35 (knot)
Fig. 8. Relationship between net mouth Fig. 9. Relationship between filtering
area (A) and towing velocity (V). volume (Fy) per unit time and

towing velocity (V). Continuous
curve was obtained by equation
(6), and the dotted curve was ob-
tained by equation (5).

It was assumed that in both the equations index value was to be equal, but we
obtained a little difference in the values. We supposed that the reason was due
to the empirical error of net mouth area measured.

In case of the shrimp trawl, basing the discussion about the efficiency of
catching upon the sweep area, because was considered better, for the sweep
area is more important than filtering volume, as the ecological medium of the
shrimps is apt to be confined on to bottom, accordingly we considered that it
was important to keep between the two wings the distance broader than in case
of the net mouth area wider.

In the first part of this experiment, the relationship between the total trawl
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resistance and towing velocity was determined. In the second part, the objec-
tive was to obtain the trawl resistance of our net, and then to obtain the otter
board resistance, presuming that the resistance of the bridle was negligible.
Therefore,

Roa = Rr _RN

Where:

R; =total gear resistance (kg)

Ry =trawl net resistance (kg)

R, = otter board resistance (kg)
Fig. 10 denotes the relationship between total resistance and towing velocity,
net resistance and (V), otter board resistance and (V). The empirical equa-
tions obtained are as in the following:

Rr = 360 V274 )
Ry =312V ®
Rop =44 V2 . ©))
resistance
1000} (ka) $ Re=360V174
80 Ry=312VM7!
600
400
200  Rog=htv20
_/ A

0
0 025 051 077 102 128 154 180 (m/sec)
05 1.0 1.5 20 25 30 35 (knot)

Fig. 10. Relationship between total resistance (R;) and towing
velocity (V), net resistance (Ry) and (V), otter board
resistance (Rpg) and (V).

The equation of net resistance was obtained by exponential function of towing
velocity, and the index value obtained was 1.71. This value was similar to that
obtained by Higo (1971)” on the model of a stern trawl net, which was composed
of four panels of netting. The index values obtained were 1.66-1.99 in circular
tank experiments, which depended on the wing tip distance, Nomura et al. (1953)?
and Honda (1958)® conducted model experiments on traditional two panel trawls,
and obtained the index value of 1.35-1.40 and 1.30-1. 76 respectively. Then the
shrimp trawl net was assumed to have characteristics of water resistance similar
to those of the four panel general trawl net.

Otter board resistance was denoted by equation (9) and the index value was
obtained similarly by flat plate in the stream. Now, compared with the ratio
between total resistance and otter board resistance in percentage, the value was
obtained between 10. 3-14. 2 %.
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In this experiment we planned to set the attack angle of the otter board at
30°, but the obtained result measured from photographic analysis was shown to
be between 30.1-33.6°. Other experiments conducted at sea by Koyama (1965)*
resulted in the ratio 15.2-29.8 %. In the case of circular tank experiments it was
difficult to obtain frictional resistance of otter board, so this resistance was
neglected. It was easy to understand the value of otter board resistance was to
be increase to Koyama’s result, when it was under towing conditions at sea.

If we adopted hydrofoil otter boards like Siiberkriib’s type® it was possible to
decrease the otter board resistance. Then it was assumed that it was possible
to increase the size of trawl or to increase the towing velocity. Consequently
it was supposed possible to obtain greater sweep area of the gear, though it
was assumed necessary to make further discussions on the operational and equip-

mental problems.
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