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Dynamic simulation of tuna purse seine gear verified by field experiments

Seyed Abbas Hosseini

Department of Fisheries Physics, The graduate School,

Pukyong National University

Abstract

The purse seine gear consists mainly of flexible components; nettings, ropes and purse line,
which are considered a flexible structure. To describe the dynamic behaviour by the numerical
method, mass-spring model, as the mechanics of flexible twine, was applied to the system
including three main components: netting, purse line and purse seiner. The equations of motion
of the mass points were adapted and integrated by the fourth-order Runge-Kutta method to
qualify the displacements of the mass points for the net shape in 3-D under the flow condition.
The present study removes ithe inadequacies of the last paper on mackerel purse seine by
refining the calculation model to consider drag coefficient as a function of attack angle and
Reynolds number applicable to the setting operation of the purse seine gear. An estimate of the
validity of the numerical simulation is made by comparing the measured and calculated values
for the sinking depth of the net. Discussions are made on the some adequacies of the modeling
method along with suggestions for any improvement. The numerical simulation was used to
examine the sinking performance of the different designs in which large meshed-panels and
netting materials are used together in the main body section of the netting. The results indicate

that the nets with larger mesh panels take more sinking depth with much more pronounced
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operational depth at corresponding times of the fishing operation when heavier netting material
is used as compared to the prototype net. Moreover, with the new designs, lower tensile forces
were exerted on both ends of the pure wire during pursing. A preliminary analysis was made
on the swimming behavior of skipjack school in responses to the purse seine operation. The
new constructions of the nets with regard to the operational depth represent alternatives that

may reduce the potential problem of frequent failed setting of the tuna purse seine gear.
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Chapter 1
General Introduction
I. Principle and layout of the purse seine gear

Purse seine gear catches the pelagic fish, i.e., fish living in the upper water layers far from
shores, in the high seas, often in great depths, with a special fishing method of powerful
filtering performance. A method of fishing consists of circling the fish school with a high
vertical net and of barring their escape from below by the use of a purse line at the bottom is
the principle of purse seine.

An ordinary purse seine gear is built-up-by a large fine-meshed wall of the horizontal
netting strips being laced together. The netting mesh sizes and twine diameters are different
and are calculated to prevent gilling of the fish.and to provide free access of the fish along the
net into the bunt. The float line and lead line as ' main lines are usually different in length. With
longer lead line the seine sinks more freely after shooting. The lead line of Japanese purse
seine is 5-15% longer than the float line (litaka, 1964). As the net is hung, the hanging
coefficient gradually increases towards the wing ends; this“makes the wings to taper outward
and less depth achieved at the-ends rather than the middle section. The reduction in the height
of the two ends is provided by using a denser hanging ratio on the side lines or by bevelling the
outermost sections of the seine. Fig.1 depicts a general configuration of a purse seine gear with
some information on the accessories.

The hanging of purse seine changes during the fishing process and the depth of the seine
becomes asymmetric at the end of setting operation (Fig. 2). When the seine is pursed and the

purse line is bunched up, the depth is increased by bending the lower part of the seine.
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Fig. 1.Schematic diagram of a purse seine gear with accessories.
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Fig. 3 shows position of the center of the lead line of the purse seine with seiner movement at

different instances of pursing. Note that the seine sank to a depth of 30m before pursing begins.
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Fig. 2. Shape of the purse seine at the instant that setting is terminated. Front view (a) lateral
view (b).
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Fig. 3. Position of the center of the lead line of the purse seine and the seiner movement during

pursing process.



I1. Characteristics of some main components of purse seine gear
1. Introduction

The design of the net is influenced by the configuration of the seine shape and fish
behaviour during fishing process. The main points for the successful catch is the sinking speed
of the seine, the shape of the net wall during the operation course, the size of the fish school,
the distance at which the fish can detect the purse sine wall under the fishing condition. The
following issues only deals with the length, hanging ratio and depth features of the purse seine
gear because of their great importance to the consequent shape of the gear which in turn affects

the success of the fishing operation.

2. Length of the purse seine

The longer and deeper the seine the more probable is seining of a school of a given size.
Two basic requirements must be fulfilled when designing of the purse seine: First, the school
must be encircled by the seine in a time when the fish encounter with the closed net at the ends.
Second, the school must be prevented by escaping under the-net.

The efficiency of a purse-seine is. proportional to-the water volume encircled by the net,

which is calculated as

V=(LJL 1.1
dr

From this it can be seen that for a given area of the seine F, the seine volume V is
proportional to the length of the seine L. Consequently, it is serviceable to increase the length

of the seine in comparison to its depth.



The purse seine length here is estimated based on the theory of purse seining strategy for
fast-swimming fish school (Fridman, 1973) as shown in Fig. 4. The pattern is based on the
assumption that the net is thrown upon a circle and the school when encountering the seine
wall keeps moving parallel to the wall as the seine is being shot and attempts to escape under
the lead line. The seine is shot at the point C on a circular course at a minimum distance x from
the head of the school in order to intercept the direction of movement of the school at point D
with one quarter of the seine is paid out. At the same time the fish school moves from point A
to point B.

The distance must be such that the school is not alarmed by its normal swimming behaviour
and is not scared away by the seiner and the descending seine when the seiner approaches it.

Therefore, the ratio of the speeds of the seiner and fish is

CD TR

=t = 1.2
AB 22(R-x-7)
where R is the radius of the set net and r the radius of the school.
Thus, the setting radius is given as
R= & ()C + l") 1.3
T

22

While the length of the seine based on the perimeter taken by the circle is



L:—EE%—Uw¢):Mx+ﬂ 1.4

e T
22

Coefficient b depends on the ratio of the vessel and fish speeds ¢ during setting. As the ratio
increases the coefficient decreases and the minimum seine length is also reduced.

To prevent escaping of the fish school under the lead line, x must be sufficient that the school
must encounter a wall deeper than the maximum diving depth, h, when the fish reach the seine.

In this case x must be at least

X S, 1.5

where 7, is the time the fish dive to depth h and v, is the horizontal swimming speed of the

fish school. And the length of the seine is formularized simply as

L=b(vt;+r) 1.6
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Fig. 4. Fishing pattern of purse seine for fast-swimming fish (after Fridman, 1973).

3. Hanging of the purse seine and the net depth
The proper distribution of tension, the fishing depth, and the shape of the seine in operation
are all involved in the value of the hanging coefficient:

The stretched depth of a purse seine H is-described in terms of the netting hung on it

1.7

where E; and E; are, respectively, the primary (horizontal) and secondary (vertical) hanging
ratios of the netting and Hy is the extended depth of the netting. The pressure from the external
forces applied to the vertical netting will be increased by a hanging coefficient of 0.5/0.87 (E/

E,), causing submersion of the wall considerably (Baranov, 1976).



The depth of a seine is selected by taking into account both the biological features of the target
species and the design features of the gear.

The features of fish species can be considered as the depth to which the fish are capable of
descending, their maximum swimming depth and their speed at that time. Accordingly, the
seine depth can be selected as 20% to 30% deeper than the dominant swimming depth of the
fish school (Fridman, 1986). When thermophilic fish species such as tuna are sought, the
thermocline depth is the bases on which the seine depth is determined because the fish usually
do not dive below it.

To ensure normal operation of the purse seine process and to preserve a desired shape of
the net during pursing, its depth-to-length (H/L) must be designed properly. The average and

normal ratio of the length of a purse seine to its depth is L =10 H (Baranov, 1976). According

to this, the radius of the setting circle is

L
2r

R = ~15H 1.8

The height of the purse seine at the wing ends can be reduced by 30% to 50% of the depth of
the central part and even less than 2 meter at the running end which is set last (Fridman, 1973).

The depth of seine during pursing H; will be (Baranov, 1976)

E -F
H =H, — 1.9
arc sin E/ —arc sin E

where the angle arc sin is in degree and should be converted as radians.



After pursing, when hanging along the lead line E| is equal zero, the depth of the seine is

H=H————— 1.10
arcsin k|

The increment in the depth during pursing is

B 1_E12j 1.11

AH=H -H=H,| ————
arcsin E,

Depth increment as AH AH
H

and o based on E, is indicated in Fig. 5. According to this
. H

0

figure, depth increment during pursingis proportional to primarily hanging ratio E;.
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Fig. 5. Dependence of the depth increment of the purse seine during pursing versus hanging

coefficient (after Fridman, 1973).

In some cases fish descend to the full depth of the seine and can escape underneath the lead
line during pursing process, and it is profitable to use a seine of larger hanging ratio because of
attaining more increment in operating depth during pursing.

From the relation F, = L. H, for the area of the netting after pursing, the nominal area (Fpom) of

the seine would be (Fridman, 1973)

arcsin E,
nom E 2 se

1

1.12

10



The value of E; for which F,om will be minimal is

1 .

E12 - 2E1 arcsin El Fve

anom m
= 4 N 0 1 13

dE, £, |

E .

1 = 2 arcsin E,
1-E}

The relation is true for E; = 0.92. As a practical consequence, when the hanging coefficient lies
within the range of 0.707 < E; < 0.92 the seine will cove the maximum water volume at the end
of pursing and the net is used in the most efficient way.

The vertical force o, (Fig. 6) as an internal stress applied to the netting of the seine during

pursing is governed by the condition

1-E?
o, =PR -
El

=z (E)PR 1.14

where the p is the external preéssure and R the radius of the seine.

As o, is determined by the functionz(E|), with increasing £, therefore, the vertical forces

(current and pressure of fish) attempting to submerge the float line during the pursing operation
is decreased (Fig. 7). However, E; should not exceed the range 0.87-0.90, owing to the fact that
any further increase in the hanging coefficient ensures an unfavourable shape of seine and a
slight elongation of the main lines would stretch the net edges which leads the net to be torn.

As a practical application, hanging ratios of E; = 0.7 to 0.8 can be used on the float line,
provided that there are no special requirement of the seine. In the case of the lead line, the

ratios increase to 0.8 to 0.9 (Iitaka, 1971). The higher coefficient on the bottom gives the net an
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advantage of not being entangled frequently during pursing due to reduction in the excessive

netting.
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Fig. 6. Net loaded with a system of vertical forces uniformly distributed along the main line.
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Fig. 7. Dependence on function z (E;) on the hanging coefficient (after Fridman, 1973).
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I1I. Literature review

The mostly studies to date conducted with purse sine involve experimental and model tests.
litaka (1964) made research on the mechanical behaviours of the purse seine in action along
with some model experiments to introduce the theoretical analysis of sinking movement of the
lead line. To verify the results of the 1/250 and 1/10 model experiments in terms of sinking
depth a test with the actual fishing gear of a two-boat type sardine and pilchard purse seine was
conducted. The results of the sinking speed proved that a 1/10 full-scale model was close to
that of actual fishing gear, indicating an appropriate scale for model experiments.

Beltestad (1981) conducted experiments at sea to examine the performance of two types of
purse seines made of H-net (Hexagonal meshes) and F-net (thombic meshes). The H-net was
characterized by the dimensions of 643x165m, a type of netting of 17% lighter with the same
thickness in all bars, mesh opening of 60mm, a hanging-in ratio (slack or looseness) of 25%
and a total sinking weight of 1242 kg. The comparable F-net was constructed as 865% 170m,
the same mesh opening as H-net, a hanging -in ratio of 45% and a total of 3000 kg lead. The
results were shown some superior achievements for H-net as.follows:

e The average sinking speed of H-net was the same as that of F-net.

Giving time to sink, the H-net achieved maximum stretched depth whereas the F-net
only reached about 80-85% of stretched depth.
e Tension in the purse line during pursing for the H-net was about 30% lower than for

the seine with F-net.

The H-net was not pulled down by the fish, even when great catches were taken.

The H-net kept its original round shape throughout the operation without the float line

curling in any way.
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The differences in their performance were explained by the lesser water resistance for the

H-net as the netting stretches vertically. Also, the H-net can be produced with less material

bars, at least saving 25-30% in net materials

Examples of model tests done by the authors include Kim (2000) for the 3-D geometry
shape of the net during pursing and hauling operations. In the test, an offshore mackerel purse
seine of 1/77 scale model with 12.62 m float line was used. The geometry of the model in time
and space during hauling represented as a ratio of shooting diameter or maximum net depth
and a ratio of hauling operation time. After shooting, the horizontal shape of the float line
changed from a circle to an ellipse during the pursing process. The lateral shape of the purse
lines was described as a shape of water drop and the enclosed volume in time described to be
changed as a function of sine or polynomial curves.
Kim (2004) made model tests to analysis the sinking resistance for the purse seine with
different netting materials and sinkers. In the flume tank under the static water condition, three
groups of models of 420cm for the float line and 85 cm for the depth, constructed from the
knotless netting materials of polyester (PES), polyamide (PA) and polypropylene (PP), and
rigged 25, 45 and 60g, respectively, with the same weight in water, were examined. The results
showed a faster sinking speed as 12.2 cm/sec for the PES case, followed by the PA and PP
seines.
Kim et al. (1995) described the sinking behaviour of the three model purse seines with the
same netting characteristics as above. The netting bundle of the PP seine was shown to be on
the surface of water, spreading out as the net sinks vertically. Netting bundle of the PES seine

lay out in the middle of float line and lead line.
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Konagaya (1071a) during model test found that the resistance of leas line had little effect on
the sinking speed of the bottom margin of the seine. The seine configuration affected by the
sinker weight so that lager sinkers lessened the concavity of the scooping net wall during
pursing.

Mechanical properties of a rectangular purse seine in special and ideal conditions were
studied in static water condition by a geometric method and their relevant equations (Machii
and Nose 1990a, 1992). The shape of purse seine during pursing and hauling stages was
mentioned under the equilibrium condition by the factors such as tension and drag as forces
(kgw), pursing velocity (m/s) and pursing distance (s).

In contrast to above work, simulating the purse seine process requires the solution of a large
time dependent. Because of the complicity of the purse seine system and its laborious work
required, little attempts made on the numerical simulation. Despite this, some attention has
been paid to the numerical simulation of purse seine to describe the dynamic behaviour of the
fishing net shape. To our knowledge, Delmer and Stephens (1981) were the first investigators
who developed a constructive numerical formulation for simulation of purse seining process,
but no visual results represented due to the lack of availability of capable computer. In their
theory, the net behaviour was described by a large macromesh at which the equation of
motions integrated by the numerical formulation using the method of lines. And also, the purse
line, as a cable, and the seiner, as a rigid body, were considered as the two other components to
describe the behaviour of the system.

Kim et al. (2007) described the dynamic behavior of the typical mackerel purse seine by mass-

spring model. In their study, drag coefficient was treated as a function of the attack angle.

15



Kim and Park (2009) used some empirical formula to show 3-D geometry of skipjack purse
seine during the fishing operation from shooting to the end of pursing. In the model used, the
current profile by depth was applied to the fishing gear system from surface to the middle
depth at right angle to the flow direction. They used finite element methods, as resultant force
vector from current drag, buoyancy and sinking force, and tension of pursing exerted on the
webbing wall along with the drift of purse seiner into the circled area for the model.

Many researches have been conducted using mathematical models to describe the dynamic
behaviour of the fishing gears, as flexible systems, in three-dimensions. The mathematical
description depends on the formulation skills, numerical calculation methods, and the
capabilities of the computer programming systems. Hue et al. (1995) explained mathematically
the trawl system by applying lumped mass method and solved the problem by using Lagrange
equation. Niedzwiedz and Hopp (1998) indicated mathematically the trawl system by applying
numerous meshes to the system and dynamically simulated it. Bessonneau and Marichal (1998)
modeled mass points for important elements such as trawl doors, floats and sinkers and the
meshes of the net for the purpese of dynamic simulation.

The numerical bars used to.describe dynamically the behaviour of the fishing gear, in which
a large numbers of the numerical bars exerted by external forces including drag from current
and the weight and buoyancy of the twine (Lader et al., 2003; Lee ef al., 2005a; Vincent, 1999).
She (1994) calculated tension and configuration of the gill net on the assumption that the net
can be considered as a completely flexible thin membrane.

Different numerical methods have been applied to calculate the mathematical models of the

fishing gear with the purpose of preserving the accuracy, stability and time efficiency.
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Takagi et al. (2004), Yun-pong and Yu-cheng (2007) and Lee et al. (2008) used the higher
orders of Runge-Kutta method to solve the non-linear of the equations of motion to determine
the configuration of the fishing gears under studied.

Wan et al. (2004) adopted the Newton-Raphson method on the numerical model to find the
solution of the problem for gillnet configuration.

Lee et al. (2005a, 2005b) and Tsukrov et al. (2003) applied the solution technique of
Newmark,s 3 method, as an implicit method, to solve the mathematical model of the fishing

gear.
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Chapter 2

Modelling and numerical method of the fishing gear system
I. Introduction
This chapter deals with describing qualitatively the mechanical behaviour of purse seine
gear and adapting quantitatively a simplified model applied to the numerical simulation.
A model is a numerical representation of the mathematics describing the behaviour of an
idealized physical system. Simulation based on a computer-aided method can only work with

numerical model. The key points related to the modelling and numerical method are

Modeling procedure

Accuracy of the model

Selection of numerical method

Potential problems

Commercial fishing gear. differs considerably from.the majority of the engineering
equipment due to its special purpose-and operating conditions. Fishing gear is a system that
possesses unique technical and design parameters. The substantial difference between the
fishing gear and rigid engineering structures lies in the requirement for fishing gear to interact
with living objects that show self-dependent behaviour. This requirement necessitates special
design features of the structure in terms of material, shape, size, and mobility, and these design
features depend on the target species. Another considerable difference of fishing gear arises
from its mechanical properties, which is flexible, permeable and anisotropic- the same element

can acquire various shapes and occupy a different area, depending on the hanging coefficients.

18



Under the action of even small external loads it suffers a substantial deformability which is
different from that of most of the rigid engineering structures.

The change in shape and position of the fishing gear is frequently important for the success
of the catch, depending on the ability to acquire the suitable shape allowing for the behaviour
of the fish to be caught. Under the action of external forces, the fishing gear, as an ideal elastic
shell, changes the shape as the loads on the individual elements are redistributed and
concentrated on the frame elements of the gear, as elastic twines. Such a characteristic makes it
complex for the beneficial application of the material from which the net is constructed.

The net is subjected to unsteady motion whose magnitude is controlled by the equilibrium
of the external static and dynamic forces in terms of velocity and direction during fishing
course, so as the solution becomes complicated quantitatively as the complexity in the
relationship between the loads and the shape of fishing gear.

Analytical study on the behaviour of a dynamic problem such as purse seine is one of the
most difficult problems. The nonuniform motion of the gear, in which all forces are time-

dependent, is expressed by the reasons of

e Hanging and subsequently mesh opening change during the fishing process
e Nonuniform distribution of the external loads over the depth

e The attack angle of net against the water differs during the fishing course

The method of simulation is particularly valuable, because it enables such problems to be

solved without complicated mathematical calculations as long as the outcome of the simulation

performance can be verified by the experimental data.
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The calculation of the shape and the magnitude of the forces by simulation on and in the gear,
like other engineering structures, are based on deductions of geometry and mechanics.

On the other hand, mechanics function with the forces act along geometric lines without mass
and applied to geometric points possess mass.

An essential prerequisite for successful simulation involves in observing the seining
process, breaking the circumstances into separate time and equipment components, applying a
simple and easily realized modeling to the various pieces of equipment and recombining the
pieces in the proper time series. However, the simulation requires a unique modeling as the

purse seining process is itself unique. The general simulation procedure is summarized as

e Definition of the fishing process in details

e Physical definition and mathematical formulation. of the solution (modeling)
e Choice of numerical method of solution

e Numerical formulation of the mathematical problem

e Development of computer cod and interfacing the general process

e Numerical integration of the equations

The purse seining process is a series of different components. A package routine prepared here

explains roughly from setting to pursing, as an applied configuration in the numerical method.

The phases of the process considered as separate problems and the qualitative features are as
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Phase/Transition Features

Transition to setting Skiff boat keeps the bunt end and the net in position

Setting Net is set upon the circle at a specified rate

Transition to pursing The purse line at two ends retrieved and connected to the seiner
Pursing Purse line length lessened orders of magnitude in sequential time

II. Numerical modeling

The purse seine gear consists mainly of flexible components: nettings, ropes and lead line,
which are considered a flexible structure. The net itself comprising the main elements of the
mechanical system in which the calculation of the shape of the gear and that of the loads
subjected to it is based on the mechanics of flexible twine.
For the sake of simplicity in the modeling procedure, three distinct components can be

distinguished in the system:.In order of importance they include

e Netting

e Purse line

e Seiner

21



1. Netting

In order to apply mathematical description for calculating the forces acting on the structural

materials of the net, we simplified its physical properties, i.e., a mass—spring model was
adopted. The model describes a physical system is composed of a finite number of mass points
which are interconnected by springs without mass and which offers no resistance to bending.
In applying the mathematical model to the purse seine net to describe the dynamic behaviour of
the system, we modeled the net by considering the mesh bars as springs and the knots of the
mesh as mass points. Here, the float line is divided into finite elements and the floats tighten on
it, as rigid bodies, are considered as mass points.

When all the knots at the mesh and at the bar are considered as mass points, there would be
several million mass points for the purse seine net, which requires too long a calculation time
for practical simulations. In order to reduce the computational effort for such a flexible
structure consists of numerous numbers of mass points, a mesh grouping method is used;
approximately 5000 actual meshes are bundled up as a virtual mathematical mesh having the
same physical properties such.as mass, specific gravity, weight, projected area, hydrodynamic
coefficients (Lee et al., 2005a). In fact, the scaling required by the net is unique so that the
numerous numbers of the knots and the bars in a net is modeled and scaled in the same manner
rather than modeling every bar as can be done in some structures. One additional mass point is
also placed between two adjacent knots to represent the bending characteristic of the bar (Fig.

8a).
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Fig. 8. Arrangement of the virtual mathematical mesh using mesh grouping method (a) and

vector notation of the mesh bar (b).

All the external forces applied on the elements are just concentrated on the mass points. The
springs are not subjected to'the external forces, but offer-internal forces resulted from their
elasticity properties.

The equation governing the motion of each mass point can be described as follows:

(m+Am)q =F,

int

+F,, 2.1

where m is mass, Am is the added mass, ¢ is the acceleration vector, Fiy is the internal force

acting on the mass point and Fey is the external force applied to the mass point. The added

mass of the mass points is given by
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n m

where Pv is the density of seawater, V, is the volume of the mass points, and Cy, is the added
mass coefficient, which is set to be constant at 1.5 because the mass points at knots are

assumed to be spheres. For mass points at bars and ropes, C, is calculated is given by

C,=1+sna 23

where ¢ is the angle of attack.

1.1 Internal force

The internal force describes the force exerted on the springs connecting mass points. The
force is generally a function of'the fractional extension of the material extending along the line
of the spring for each element of the bars and ropes, that is, along the vector extending from the
knot under consideration to the-next knot. In fact, these forces reacted by tension in the netting
and are transmitted from the adjacent parts of the net.-For this, the knot positions must be
known to describe it. The internal force for each mass point due to tension is given as

e =—kn(r|—1°) 2.4

where k is the stiffness of the spring for the structural material, n is the unit vector along the

line of the spring; |r| is the magnitude of the position vector between the neighbouring mass

points, and /° is the initial length of the spring.

24



The stiffness for each material is calculated using the following formula

K =— 2.5

where E is the Young modulus and A is the effective area of the material. The effective area of
the mesh bar, rope and purse line is considered to be 60% of the apparent cross-sectional area,
and also the effective modulus of the structures is assumed to be 60% of the original modulus

of the materials (Lee et al., 2008).

1. 2 External forces

The most important external forces, Fex, acting on the fishing gear are hydrodynamic forces
from the reaction of the water. The external forces limit the sinking rate, the pursing rate, and
all other motion of the purse seine gear.
These forces applied to each mass point consists of the drag force (Fp), lift force (Fr), and

buoyancy and sinking force (Fg), as follows (see Fig. 8b):

Fext = FD + FL + FB 26

The total force F may conveniently be expressed as the resultant of two components i.e., Fp
parallel to flow and lift force or sheering force Fy, perpendicular to the flow, as shown in Fig. 9.
The current is assumed to be steady and uniform so as inertial force is neglected. The drag and

lift forces are given in the following formula
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F, =_% DprVznv 2.7

1
F, =ECprSV2nL 28

where Cp is the drag force coefficient, S is the projected area of the mass point, p,, is the
density of sea water, V is the magnitude of the resultant velocity vector, ny is the unit vector of
the resultant velocity vector, Cy is the lift force coefficient, and ny, is the direction of the lift
force and, as a silent factor, is very important in determining the shape of the seine in space as
affects on the spread and height of the net.

Lift force at a right angle to the drag, calculated as follows:

n :(er)xV 2.9
L ‘(er)xVX

where V is the resultant velocity veetor. The resultant velocity vector V is composed of the

motion velocity vector of'the mass point Vy, and the current velocity vector V., as follows:
V=V _-V, 2.10

The attack angle for each bar is estimated as the angle between the bar and the resultant

velocity vector which is obtained as

a =cos'{|v—'r} 2.11

V] Ir
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Fig. 9. Hydrodynamic forces depending on twine orientation. Fp, drag force; Fy, lift force; V,

flow velocity; a, attack angle.

In the numerical modeling, the attack angle is considered as a resultant value for a single small
plane comprising four triangles derived from the attack angle of the individual triangles (Fig.
10). This method of attack angle reflects adequately the real situation of the netting strips
subjected to the water current during the purse seine process. The angle for ropes is treated the
same as the single mesh bar (see Fig. 8b).

The buoyancy and sinking force, Fg; can be written as follows:

Fy =(p,—p, V.8 2.12

where Pi is the density of the material, g is the gravitational acceleration and V, is the volume

of the material
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Fig. 10. Schematic diagram showing a webbing of virtual mathematical meshes of 1x1
positioned in two'angles to the current velocity. Note how the attack angles of individual
triangles to the current produce resultant attack angles for a plane of four triangles, as indicated

by a. Solid circles represent-knot mass points; hollow circles mesh bar mass points.

In the model, the diameter of the mesh knot d, as a sphere, needs to reflect the physical
properties of the net. The effect of knots of the net resistance is small and comparable to the
effect of the points of intersection of the twines in knotless nets (Baranov, 1976). To assess the
effect of the mesh knots on the weight forces acting on the net, we consider the knot as a twine
over which a second twine is wound (Fig. 11). The volume of the knot can be considered equal

to the volume of a sphere with diameter of 3d, three times the diameter of twine, and its
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effective volume is considered to be 9d° (Fridman, 1973). For the cylindrical structure like bars

and ropes the volume is given as

Vy =%7rld2 2.13

where / is the length of the mesh bar and d is the diameter of the structure.
With regard to projected area of a mass point, the area for the bar knot and mesh knot, due to

the various physical structures, can be estimated differently to give the total projected area

(TPA) of the net as

TPA=2/:(4dili)+YZ/:d2 2.14

i=1 i=1

where j is the number of meshes and Y is knot constant. As each knot length is 3d, Y is
considered at 9 for the knotted netting. For'the knotless netting, the area intersected by the

netting is taken as the square of the netting thickness; therefore, the knot constant is considered

1.
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Fig. 11. Schematic diagram of knot and its dimension specification.

As to the setting process, the schematic diagram of the forces acting on a vertical netting strip
is shown in Fig. 12, in which the sinking speed of the lead line is variable. When the seine is
submerged and the area of the unfolding netting gradually increases the sinking speed becomes
progressively smaller because of increasing in resistance force D from the water. Ideally, the
resistance must not exceed the constant sinking forces of the sinkers. When the net is shot, the
netting strip gradually begins to sink-due to the sinking force from the total ballast w and the
weight of the netting wall itself P,. During sinking the net, the friction force T from netting
bundle hinders the opening of the net.

To make a simple mathematical model of these forces, we conveniently apply the external
forces to the each mass point as shown in Fig. 12b. During shooting, the resistance force of the
mass point, D, acts in the opposite direction of the sinking force W and can be resolved into
two components: F, the resistance force in the X-axis direction; Fy the resistance force in the

Y -axis direction.
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Fig. 12. Schematic diagram of forces applied to a vertical netting stripe of purse seine during
setting (a) and modeling of netting (b). W, weighting force; D, water resistance; p,, weight of
netting wall; T, friction force; Fy  the resistance force in the X-axis direction; F | the resistance

force in the Y-axis direction.

2. Purse line

The shape of the seine walls during the pursing process influenced by the movement of the
purse line. Fig. 13 shows a simplified scheme of design of motion of the seine during pursing.
A nonuniform distribution of the external forces over the depth of the net is shown by a strip
AB in 1 m wide which separated from the seine. A cross section of the seine along the purse
line is shown in Fig.14. In the figure, the dashed line AB represents a part of the purse line.

The tensile forces are equilibrated with the resistance forces of the purse seine and the friction
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of the line against the rings. The motion of the purse line is forced to follow the net in the
direction perpendicular to the length of the purse line but free to move in direction parallel to
its length due to presence of rings (Fig. 15a). In other words, the purse line is tied to the net
transversely but free longitudinally. The constraining force between the purse line and ring is
unknown and must be a result of the calculation. There is also free hanging purse line between
the net and a specified point on the purse line, in which the force on the net representing rings
moving on the purse line is zero.

To determine analytically the forces during pursing, we consider a simple scheme of the
design, independent the complicated scheme explained above. The purse line is assumed to be
totally flexible that undergoes fractional extension. Here, the purse line is modeled by the mass
points imposed on it. These mass points are extracted from the physical properties of lead line,
purse rings and bridle. The external forces applied to the mass points are: the sinking force W,
the resistance of the mass point D resulted from the drag force Fp and lift force Fy, the resultant
force R; derived from the D and W forces, and the tension of the winch T (Fig. 15b). The
internal forces exerted on the:mass points are derived from the elasticity characteristics of the
pure line, which are calculated from'the same equation as Eq. 2.4. In the simulation, when the
retrieval speed from the velocity of the winch winding is applied and the length of the purse
line changes orders of magnitude from one time to another time, the space between the mass
points are shortened owing to the displacement of the mass point i in position. The radial

velocity v, of the space is defined as (Fridman, 1973)

V,=-2 2.15

where v, is the hauling speed (at one end) of the purse line.

32



With this modeling, at the beginning of the pursing the length of the purse line interacts with

the net over a length of purse line greater than two thousands meters. At the time when the

pursing is completed, the length of the purse line intersects with the net is around 10 meters.

Buoyancy

Water

resistance —
——

Pull * o]

Weight
b

Fig. 13. Schematic diagram of the motion of purse seine during pursing. A strip AB in wide 1

m separated from the seine by two vertical planes (a) forces applied to the netting wall when

the force is variable over the depth of the purse seine (b).
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Fig. 14. A cross section of the seine along a part of the purse line (AB) and the diagram of the

forces.

\/‘

a b Purse seiner
Purse line

Fig. 15. Schematic diagram of the purse line. Purse line runs through the purse rings during
the operation (a) and modeling of purse line and forces applied to mass points during pursing
(b). W, the sinking force; D, the resistance of the mass point; Rr, the resultant force of the D

and W forces; T, the tension of the winch.
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3. Seiner

Two phases can be distinguished for the seiner motion. First one is high speed when the net
is being set and second is the low speed that follows. In the first phase, the seiner is free to
manoeuvre as long as it closes the path at the skiff boat when the net is pulled off the seiner.
Inversely, in the second phase the seiner is linked to the net and no longer free to manoeuvre.
During the first phase, the net is constrained to move with seiner; its setting speed is that of the
seiner, and the route of the seiner is prescribed because its motion is not significantly
influenced by the net. The route is predetermined by a forward speed and specified angular
velocity, which should be in accordance with the speed and manoeuvrability of the vessel.
During the second phase the motions of the seiner and the net'is closely tied, so as the shape of
the net and the closing time are determined during the phase.
During the second phase the motion of the seiner is governed by the four forces from the
tensions of purse line and float line ends, and also from the drag of seiner as shown
schematically in Fig. 16. The tensions are occurred from the netting resistance which are
propagated to the main lines.

To simplify the formulation of the drag of the seiner during the second phase, as a rigid
body, the drag force is calculated on the assumption that the seiner speed is negligible in
comparison to the current speed and it moves just along its broadside to the cross current

during pursing process. The drag of the seiner equivalent to current force is calculated as

F, —%CDS p,AV? 2.16

Ds —

where C,, is the dag coefficient of the seiner. Because the seiner is considered as a circular

cylinder, the coefficient is taken to be 1.2 with due consideration of the lateral movement. A, is
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the lateral area of the submerged part of the seiner, equals 595 m’ (its length is of 85 m with a

draft of 7 m), and V is the velocity.

o
L

B

Fig. 16. Schematic diagram-of tension forces on the main lines during pursing: Tp; and Tp, for

purse line ends and Ty and T, for the float line ends, Fpsthe drag of seiner.
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ITI. Numerical method

Modeling procedure gives a set of time dependent coupled differential equations. A
numerical method chosen to integrate these equations and the method depends on the
characteristics of the equations. The salient feature of the set of the differential equations
describing the pursing process is that they are stiff. The feature is described by the fact that
certain things, such as a change in the extension of a purse line or the net twine, would relax in
a very short time. However, the motion of the purse line and the net are rather smooth and
continuous and take place over a long time. Another feature of the problem is that the
quantitative unknowns such as the knot positions and velocities do not interact with many other
quantities directly. For example, most knots directly influence-the four surrounding knots only
and influence distant knots indirectly.

The numerical method for solving the equations describing the fishing course keeps record
of how one part of the component acts on another part, that is, the model realizes the effect
moving one part has on another parts. An excellent example of this incidence is that the purse
line acts on a mass point, which acts on the part of the net, which acts on another part of the net,
etc. In general, any part of the-net is coupled directly to any other parts of the net.

The net as described is a well-defined entity with bars of their own properties. The purse line is
considered as a flexible structure attached to the netting with the purse line changing orders of
magnitude in sequential time in the problem.

Substituting the internal and external forces into the Eq. 2.1, we obtain a second-order

nonlinear ordinary differential equation in the time domain as follows:

Mi(1) = F,y (1) + F, (O+F, (0+F, (1 2.17

37



where M is mass point including added mass and (¢) is the acceleration.

We integrated the equations of motion adopted for each mass point, numerically given an
initial net configuration. To solve the equation numerically, we used the fourth-order Runge-
Kutta method (Steven and Raymond, 1998).

Eq. 2.17 can be transferred into first-order differential equations,

q=v, (?) 2.18
v, ()= M7 [F, (t)+ F,(t)+F, ()+F,(t) | 2.19
The position q(¢z +A¢) and velocity v(z +Af) can be given as
q(t+At) = q(¢) + At x v (£+ At) 2.20

V(t+At) = V(1) + Atx M7 [F, (¢ + A)F, (¢ + At)+E, (¢4 At) + F, (t+A1) ] 2.21
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Chapter 3

Field experiments and verification of simulation

I. Introduction

During fishing process, the three dimensional geometry of the purse seine gear can be
presented by some variables. At the hauling process, it can be done by the factors such as the
ratio of shooting diameter of float line or sinking net depth from the lead line to the ratio of the
operation time. Sinking depth of lead line according to the elapsed time of the operation can be
used as a pattern to make confirmation with the numerical simulation, as used in the study. In
the following chapter, the context deals with describing the dynamic behaviour of purse seine

shape through numerical simulation and its consistent with the experimental results.

II. Materials and methods

1. Hydrodynamic coefficients from model tests

The non-dimensional coefficients reveals the influence of the physical properties of the
netting, such as twine size, mesh size, material, hanging ratio, etc., subjected to the magnitude
of the hydrodynamic forces-acting-on the netting. The only prerequisite in using these
coefficients is that the physical condition of design interest must be similar to that of
hydrodynamic coefficients measured. In other words, the resistance coefficients are given as a
function of the shape of the body, orientation of the body with respect to the direction of
motion and the character of the flow past the given body.
Numerous studies have been conducted for hydrodynamic coefficients (Lee et al., 2005a; Kim,
1995; Imai, 1986; Paschen and Winkel, 2002), but no versatile method was adopted for

determining the hydrodynamic coefficient due to the involvement of numerous factors.
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Likewise, because of difficulties in encoding the program, studies rarely allow two decisive
parameters in the drag coefficient when making a simulation. In a more realistic situation, the
values of the dreg coefficient are suitable for calculating the resistance of the netting system
moving in the fluid, provided the Reynolds number is satisfied.

The Reynolds number is a dimensionless number that gives a measure of the ratio of the

2

inertial forces to viscous forces /JTI; as follows:
Re= E 3.1
3)

where V is the relative velocity (m/s) between the fluid and the body, L is a characteristic
linear dimension (m) of the body as selected or agreed for the given series of experiments in

which it is considered as diameter d for spheres and cylinders, and v is the kinematic viscosity

M
Jol

of the fluid medium as v == m*/sec, which is given to be 1.01x10°°,

The Reynolds numbers usually arise-when performing analysis of fluid dynamic problems and
as such can be used to determine dynamic similitude between different experimental cases.
They are also used to characterize different flow regimes, such as laminar or turbulent flow.
Laminar flow occurs at low Reynolds numbers in which viscous force are dominant, while
turbulent flow occurs at high Reynolds numbers and is determined by the inertial forces.

In the previous paper on the mackerel purse seine (Kim et al., 2007), the drag coefficient of
the single bars was given only as a function of the attack angle. In present study, experiments

conducted by the model tests at the flume tank in order to analyze and compare the
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hydrodynamic coefficients. To do this, the results from the three kinds of netting planes
composing diameters of 1.45, 4.35 and 7.25mm each with a hanging ratio of 80% were used as
a basis data for the analysis. The model tests carried out in a situation in which they were
subjected to the current velocities of 0.3 to 0.8 m/s at an interval of 0.1 m/s, and also to the
attack angle of 0 to 90 degree at an interval of 10 degree.

Fig. 17 depicts the correlation of attack angle and Reynolds number with the drag
coefficient and the lift force coefficient as a function of attack angle used in the study. For the
drag coefficient, the values fall within the range of approximately 0.6 to 1.1.

As can be seen from the figure, within the Reynolds numbers range of 430 to 4700, at a
specific value of the dimensionless number the drag coefficient Cp increased from the attack
angle of 0 to 90 degree, but the increasing trend was higher for the lower values of Reynolds
numbers, which is in agreement to the basic idea. On the other hand, the figure also shows the
dependence of Cp on the Reynolds number; the coefficient decreases as the Reynolds number
increases and it reaches at slightly states for the highest values of the Reynolds number when
the comparison is made at a given value of the attack angle. For the nets positioned parallel to
the velocity vector, at 0 angle;-the dependency of Cp on the Reynolds number is slight.

With regard to the lift force coefficient, there is an direct relationship between the coefficient
and the attack angle until the angle of 30 degree, but the trend shows a reduction for the angles
over 40 degree.

Because the knot mass point, floats and sinkers modeled as spheres, no lift force is exerted and
the drag coefficient is set at 1.5 (Fredheim and Faltinsen, 2003).

The equations describing the relationships given in Fig .17 for Cp and Cp are
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C, =(-1.3894sina” + 3.2198sin o + 1.0896) 1.7887 Re ***" 3.2

CL=-0.6696 sina’ + 0.1323 sina* + 0.5325 sina + 0.0089 3.3

As it follows from the equation, the drag coefficient is treated as a function of two variants:
Reynolds number, based on the diameter of single bar as the length scale, and the attack angle
i.e., C, = f(Re,a ). For the lift force coefficient, the equation is only described by the attack

angle.
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2. Field experiments

2.1 Description of setting operation

Trial experiments were conducted on board the M/V ELS (Elspeth) with carrying capacity
of 1500G/T during the period 15- 31 January 2009 in the Southwest Pacific Ocean at the
northern part of Solomon Island to determine the timely sinking depth of the typical tuna purse
seine. The vessel is characterized by LOA 85m, draft 7m and maximum speed around 19 kt
belonging to Dongwon Ocean Master Company. The vessel is also occupied by the very
accurate dynamic positioning system and colour scanning sonar (Furuno-FSV24) to record any
data from the track of different setting operations.of the net and also of the fish school
swimming. Totally 20 net settings were carried out at sea. The. sinking depth of the net was
recorded by three underwater self-recording depth sensors attached to the lead line at three
different positions of the purse seine gear (see Fig. 20) from the bunt to the wing length at an
approximately equal distance apart. With this manner of attaching the sensors, sequential data
of sinking depth of the whole net is gained as the net is submerged in an order of shooting.
The self-recording depth sensors (Alec MDSS5 Data Processing, Alec Electronic Co., Japan)
can operate at a maximum water depth of 200m with a resolution of 0.05m and an accuracy of
+1% FS (1% of actual depth error). Its dimensions are 18mm wide, 93 mm length and 40 g
weight in water (Fig. 18).
Before shooting started, the sensors were set to record the data at every second from the time
they were submerged at the shooting operation until complete net retrieval at pursing end.
The recorded data from the sensors for each shooting operation were then transferred to the

computer to retrieve the measurements.
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The duration of the entire process varied with fishing condition; an average of 6 min was
required to set the seine and 22 min to haul in the purse line completely.

Tidal currents in horizontal direction were recorded with Doppler Sonar Current Indicator
(FURUNO CI-68) as speed and direction at three depths of 20, 60 and 120 m for each setting;
these were used as input data for the simulation operation. With regard to direction, the data
was applied to each layer as the dominant difference in the values between the layers, as shown

in Figure 19.
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Fig. 18. Schematic diagram of the Alec MDS5 Data Processing and their dimensions.
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\_/20

120

Fig.19. Current directions for three different layers applied to the simulation as the dominant

difference values between the layer 1 (0-20m), layer 2 (20-60m) and layer 3 (60-120m).

2.2 Characteristics of the practical fishing gear

The gear used in the study is shown in Fig. 20, which is a typical tuna purse seine operated
in Korea with a total length of 1786 m along the floatline and of 2249 m along the leadline.
The full stretched depth measures at 220m. The gear is only made of nylon braided knotted
netting with mesh sizes ranging from 89 to 254mm. The stronger twine number in the bunt,
adjacent panels and salvages, which are typical for the purse seine, is used in the net structure.

The gear specifications and dimensions are tabulated in Table 1.
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A hanging ratio of 71 to 73% is used for the middle part of the net. Bunt and wings are hung
with a ratio of about 90% .Table 2 lists these data in details.

The nettings on the lead line are hung with a higher hanging ratio of 91%. The difference
length between the lead line and the float line is too much and, therefore, the lead line sinks
faster during shooting.

On each meter of the float line, 2 to 3 E.V.A floats of oval-shaped with holes, made by

Wthylene Vinyl Acetate, are fastened. This kind of float has a very high tensile strength which
allows continuous use over long periods of time.
At two ends and some length of the middle part of the float line, however, bigger floats of
SHE-85 type are fastened, each having a buoyancy of 8.5 kg. The weigh in air for the float
amounts to 1.3 kg. Another type of float, SHE-70, with a buoyancy of 7 kg and weight in air of
1 kg each is also deployed by the gear. The floats are strung on a 40 or 44 diameter twisted
polyamide rope (Fig. 21). The ropes are rigged with an average buoyancy of 25 kgm™ to
support a total buoyancy of 44994 kg for the net. The specifications of the floats and their
buoyancy are tabulated in Table 3.

The lead line is heavily weighted with the chain 5/8" or 1/2" type, each meter normally
weighing 4.75 kg and 3.25 kg in water, respectively, by these kinds of chains (Table 4). The
usage of the chain type varies alternately as the lead line position changes (Table 5).

The bridle is constructed by chain 7/16" weighing 2.7kg m™.The arrangement of the bridle is
different depending on the places they are tied. At two ends at the bunt and wing parts, to some
extend towards the middle part of the net, the bridles are arranged with higher length,
amounting to 5.4m, and the length becomes smaller up to 4.5m at the middle of net. The

distance between two rings is 17m (Fig. 22).
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At two ends of the lead line, Samson rope of 2 1/2" diameter and weighing 0.21kgm™ in water
was used for a length of 27 m. A total of 129 galvanized snap rings consisting 5.8 kg sinking
weight in water each, are attached to the purse line with 26mm in diameter. An average sinking
weight of 6.5 kg™ in water was used on the lower edge of the net to support a total sinking

weight of 14723 kg for the net
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Table 1. Specifications and dimensions of the netting panels of the typical tuna purse seine gear

used for experiments and simulation.

Number Mesh size (mm) Hanging ratio Length (m) Vertical mesh number D (mm)
1 89 90 36.6 244 42
2 89 90 36.6 122 4.6
3 89 90 36.6 122 42
4 89 90 36.6 366 3.8
5 89 90 36.6 366 35
6 89 90 36.6 366 32
7 89 90 36.6 488 3
8 89 90 36.6 366 2.6
9 89 77 73.1 244 4.2
10 89 77 73.1 122 4.6
11 89 77 73.1 122 4.2
12 89 77 73.1 366 3.8
13 89 77 73.1 366 35
14 89 77 73.1 366 32
15 89 77 73.1 488 3
16 89 77 73.1 366 2.6
17 108 76 91.4 300 32
18 108 76 91.4 1000 2.8
19 108 76 914 900 2.6

20 108 74 91.4 100 32
21 108 74 914 200 3

22 108 74 914 2100 22
23 108 74 2195 100 32
24 108 74 2195 100 3

25 108 74 2195 1500 2.1
26 203 74 219.5 500 22
27 203 74 219.5 50 2.6
28 203 74 219.5 50 32
29 108 74 109.7 100 32
30 108 74 109.7 100 3

31 203 74 109.7 1300 22
32 203 74 109.7 50 2.6
33 203 74 109.7 50 32
34 108 73} 2194 100 32
35 203 73 219.4 100 3

36 254 73 219.4 1300 22
37 203 73 2194 50 2.6
38 203 73 2194 50 32
39 108 71 658.3 100 32
40 203 71 658.3 50 32
41 254 71 658.3 1040 22
42 203 71 658.3 50 2.6
43 203 71 658.3 50 32
44 108 73 2194 100 32
45 203 73 2194 50 32
46 254 73 2194 1040 22
47 203 73 2194 50 2.6
48 203 73 2194 50 32
49 108 74 2194 100 32
50 203 74 2194 50 32
51 254 74 2194 1040 22
52 203 74 2194 50 2.6
53 203 74 2194 50 32
54 108 75 2194 100 32
55 203 75 2194 50 32
56 254 75 2194 1040 22
57 203 75 2194 50 2.6
58 203 75 2194 50 32
59 108 76 2194 100 32
60 203 76 2194 50 32
61 254 76 2194 880 22
62 203 76 2194 50 2.6
63 203 76 219.4 50 32
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Table 2. Arrangement and dimensions of the float line of the tuna purse seine gear.

Float line (m) 160 (SHE-85") 629 (SHE-70") 312 (SHE-85") | 489 ( SHE-70") 196 ( SHE-85")
Total
Section 1 (Bunt) 2 3 4 5 6 7 8 9 10 11 12 13
Slack 10%  23% | 24% | 26%  26%  26% 27% 29% | 29% 29% | 27%  26%  25% | 24% 8% | 26.1%
Hung (m) 33 57 | 70 | 68 163 81 161 156 156 156 161 163 165 | 167 29 1786
Stretched(m) | 37 73 | 92 | 92 220 110 220 220 | 220 20 | 220 220 220 | 220 33 2417

¥ Type of float

Table 3. Specifications of the floats used in the tuna purse seine gear.

Length Diameter Hole diameter Weight in air Buoyancy Total quantities Total buoyancy
Type
(mm) (mm) (mm) (kg) (kg/ea) (5964) (44994 kg)
SHE-85 265 248 48 1.3 8.5 2162 18375
SHE-70 250 220 42 1 7 3802 26619
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Table 4. Specifications of the materials of the lead line used in the experimental tuna purse

seine.
Type Size Weight in water (kgf/m) Length (mm)  Diameter (mm) Total weight (kg)
5/8" 4.75 80 16 5795
Lead line chain
12" 3.25 65 13 3149
Bridle chain 7/16" 2.7 55 11 5020
Purse ring Model B-1X 5.8 356 76.2 748
Sinker SS. Rope' 2172" 0.21 64 11
Total 14723

'_SS. rope: Samson rope.

Table 5. Arrangement and dimensions of the lead line of the tuna purse seine gear (from bunt

to the wing part).

Chain size 2 1/2" (SS .Rope) 172" 5/8" 1/2" 5/8" 12" 5/8" 172" 2 1/2" (SS .Rope) Total

Hung (m) 27 123 425 485 275 489 275 123 27 2249
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Fig.21. Arrangement of floats on the float line of the experimental tuna purse seine gear.
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Fig.22. Arrangement of bridle chain of 7/16” and purse rings on the lead line of the
experimental tuna purse seine gear. The numbers indicate the length in meter. The number of

rings is scaled to around 1:11.
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3. Simulation tools

Simulation procedure is followed by drawing a design of the gear with webbing, rope and
riggings as developed by the design program. Because purse seine is not made up a unified
material of rope or net, construction and arrangement of the complicated structure into the
proper order require a special function. In this program, a mechanized system adopted to
acquire a completed mathematical model of the gear once the drawing plan of the gear is
achieved. The physical properties such as, projected area, mass, volume, weight of the gear
corresponding to each mass point, are automatically derived from a database set in the
program and then saved to file. The equations of motion of the mass points along with the
parameters included in the equations are then formed. When the drawing process comes to an
end, the preparations for simulation are completed by selecting an approximation ratio to
make automatically virtual mathematical meshes as a mesh grouping process. In order to
reflect the physical properties of the fishing gear, the mass points of the purse seine net is
simplified to around 4400 in the simulation. Figs. 23 and 24 give a general view of the design

and simulation tools.
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II1. Results

1. Field measurement at sinking depth of the purse seine

In order to provide a whole picture of sinking behaviour of the net for the three positions,
the measurements taken from the four selected settings out of 20 settings pooled together to
show as an average trend of each section, as shown in Fig. 25. The figure shows the depth
from the time of entry into the water until the time of purse line retrieval. As expected and
apparent from the trajectory of the lead line, the sinking speed is rapid at the beginning and
becomes slower towards its operating depth. Such a decreasing in sinking speed is due to the
fact that the resistance of the webbing wall increases as the straight part spreads to the depth
of water and the area of bundle part decreases.

If these measurements are converted to the corresponding stage of the fishing course, it
can be seen from the figure that during setting process, the seine sinks at average speeds of
0.26, 0.31 and 0.29 m/s, respectively, for the First, F, Middle, M, and end, E, portions. The
sinking speed trends of the lead line are due to the positions in which the depth is recorded.
That is to say that the lowest sinking speed of the first position, F, involves using the
horizontal netting panels of smaller mesh size of 108 mm (see Fig. 20 and Table 1) and, in
opposite, the usage of larger mesh size of 254 mm in the entire middle part, except for the
salvages, makes the section to sink at the higher sinking speed. Maximum operable depth is
measured at 153 m which equals around 80% of the full stretched depth of the net. As shown
in Fig. 25, the whole fishing process takes about 29 min from shooting to pursing end.

The measurements of sinking depth of the net from the four settings at field along with the

average values are shown in Fig. 26 for the three positions. The trajectory of the lead line at
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the middle, M, position shows no great variation among the settings, but a deviation from the
average value recorded for the settings at the first, F, and last, E, positions with more variation
for the former position. It is thought to contribute to either entanglement of the gear at the
sections or some other fishing operation conditions such as skiff boat operations, especially

for the first position.
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Fig. 25. The mean sinking depth of the four settings for the three positions of the lead line of
the tuna purse seine gear obtained from the field measurements. The positions are similar to

those used in Fig. 20.

59



Time after sinking (s)

0 50 100 150 200 250 300 350 400
0 \ \ \ \ \ \ \ )
10 \‘\'_ F
\\~.
20 4 AN
N
30 S A
2 ~ s
E 40 4 \\ N
&S| N I
§ 50 4 \\ N
N )
~o O
60 1 ~
N
70 A ~ D
S - —=—=21-Jmn
B ~ < _—— -
80 ARG 22-Jun
90 ~U e 24-Jun
——26-Jun
100 - Average
Time after sinking (s)
0 50 100 150 200 250 300 350 400
0 \ \ A . \ ) \ )
N \\
N\ M
20 A \ﬂ\
N
40 ™
g N
Z 60 I
RN
a N
2 NS
a TN
80 AN
SN
BN G
100 4 N N ————21-Jan
NN, —--—- 22-Jan
120d A RN AR T N | SRR 24-Jan
—e—— 26-Jan
140 - Average
Time after sinking (s)
0 50 100 150 200 250, 300 350 400
0 \ \ \ A . \ A )
10 A E
O~
20 A D N
~
\~
30 e
—_ \\
E 401 ~.
S N ~
a
o 4 N ~
g 50 NN
60 x ~o
\\ ————21-Jan
70 A AN N~ —--—- 22-Jan
B S ~
80 4 AN I R 24-Jan
—e—— 26-Jan
90 4
Average
100 -

Fig.26. Comparison of the sinking depth performance of the tuna purse seine gear at the three

positions of the lead line, measured from the experimental operations.
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2. Simulation performance and verification

2.1 Visualization of the net shape

The field data required for simulation of each set, used as input, includes shooting and
pursing speeds and current velocities in magnitude and direction for three layers. As in the
actual fishing condition the shooting and pursing speeds vary with the operation course; the
data obtained from knowledge of the filed used as different values in the appropriate time of
the simulation process. When the seine was simulated under the current velocities of 0.11, 0.4
and 0.38 m™ for the three layers, respectively, as mentioned before, and a pursing speed of 1.3
m”, the sequential 3-D visualization of the net shape from shooting to pursing end shown in
Fig. 27. The net is set-uniformly in cirele basedon the assumption inherent in the simulation
and deformed from the circle during the pursing process as the seiner pulled transversely into
the circled space, because the resistance of the seine is much greater than that of the seiner

moving forward to it.

2.2 Sinking depth verification

Judging from a comparison of the average measured sinking depth results with the
simulated results derived from the average operational condition at field (the same as applied
to those in Fig. 27), the coincidence of the observed and calculated values is satisfactory as
discrepancies due to the assumptions made in the numerical method are to be expected (Fig.
28). This deference is more pronounced for the first part, F, of the net where it is first

submerged during setting.
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A more closely comparison between the cases of numerical and measured results is given
in Fig. 29, for which the results were simulated using current velocities of 0.2, 0.1 and 0.15 m’
® for the successive layers and a pursing speed of 1.3 m™. As in Fig. 28, the sinking speed of
the simulated net is greater than that of the experimental one and is generally in accord with

the field results.
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Fig.27. The sequential shape of the simulated purse seine gear from shooting to the end of

pursing under a pursing speed of 1.3m™ and current speed velocities 0f 0.11, 0.40 and 0.38 m™

for the three layers. Note that the seiner pulled into the center of the enclosed net area.
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Fig.28. Comparative sinking depth of the lead line of the purse seine from the field operation

and the numerical result, simulated under the same condition as in Fig. 27.
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Fig.29. Comparison of sinking depth of the lead line of the purse seine at the three sections

from one case of the field operation and the simulation result when simulated with a pursing
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IV. Discussion
The calculated results quantitatively are in agreement with the measured values. Some
potential quantitative differences, however, can be noticed due to deficiencies of the

numerical simulation, which are given in details in the following.

Drag coefficients

The improved numerical model described here, which estimates the drag coefficient as a
function of the Reynolds number and provides a realistic value for the attack angle of the
netting wall, adequately represents the influence of the drag force as a decisive factor in the
net configuration. The advantage of incorporating the Reynolds effect is that the net may
function at low Reynolds number and, therefore, the drag coefficient is not considered to be
constant for the velocity range. The numerical results arrived at by consideration of actual
fishing conditions were verified by the field measurements.

The sinking depth calculations of the fishing gear, especially of the purse sine, based on
the numerical method are not-expected to give' the precise results derived from the actual
measurements, because it is extremely difficult to apply the precise fishing operation
conditions as input data to the fishing gear system to simulate the purse seine process of the
corresponding net. We reduced the difference between the measured and calculated values by
improving in the numerical modeling used to include the effective drag coefficient for the
netting during the setting operation. In the actual setting process, the bundle part of the
webbing placed in the water body, varied in position depending on the netting material (Kim

et al., 1995), spreads out vertically as the net is set due to the sinking force. The current forces
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influence on the straight part of the net according to the criteria mentioned in the present
paper. As for the bundle part, only the outermost section of the netting is completely
influenced by the current forces, and the inside of the wrapped webbing where a large number
of meshes are gathered together, particularly the center, is much less affected by the current.
This was considered in the calculation process by the optimizing the drag coefficient values
ranging from 0.6 to 1.1 for the relevant parts.

Misund et al. (1992) approximated the sinking speed of the purse seine during shooting by
considering the netting as the straight and snake parts separately. The snake part was divided
into sections, each with its own speed. The empirical equations used by Kim and Park (2009)
are only approximate and do not adequately describe the effect of the loads on the purse seine
shape because in these equations, the drag force has no logical relationship to the Reynolds
number. Moreover, in that study, no verified model was applied to the netting system because
the resulting comparative analysis of the numerical values and field data was qualitative rather
than quantitative.

In the current study, some erroneous outcomes of the numerical simulation probably arise
due to the slight inadequacy in the determination of the drag coefficient as the coefficient is
given as a function of Reynolds number for a higher range of 430 to 4700. Usually, the
Reynolds number dependency of Cp for fishing gear, in which the frictional resistance is the
prevailing factor, is in the range of smaller than 2x10° to 6x10* (Fridman, 1973). For the
numbers exceeding this range, the coefficient changes independently of the Reynolds number;

in this case, the resistance of the shape is the predominating factor and the resistance function
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is considered to be nearly quadratic. The data in our new experiment shows a different pattern
from the above case in terms of Reynolds number.

As calculated by Schlichting (1968) and Newman (1977), in the given Reynolds number
ranging 10* to 10*, the drag coefficient for a cylinder Cg ( positioned normal to the current)
covers approximately the range of 1.0 to 1.8, indicating a variation from the present study as
measured 0.6 to 1.1 according to the relevant Reynolds numbers.

Special studies showed that the drag coefficient of the nets depends on how it is hung, and
also the dependence of Cp on the hanging ratios, E; and E,, is not the same for all the nets: it
becomes weaker with increasing mesh size (Fridman, 1973). In the numerical method, the
drag coefficients calculated by the relevant equation is just based on the hanging ratio of 80%,
while variation of mesh opening in purse seine during fishing course is one of the notable
features of the net performance. Such a case can be seen at the setting operation in which the
mesh opening of the webbing gradually increases as the netting wall descends to the water
(Fig. 30a). It is also more evident since pursing starts as the mesh opening further increases,
attaining to its largest value in the normal direction (IN)-of the net as the process comes to an
end (Fig. 30b). Therefore, some additional discrepancies likely arose from the hanging ratio.

The equation for the drag does not consider the shadowing effect of each row of bars behind

the row in the front, where reduction in the water velocity by the term+/d / a appears (Dickson,

1980). According to the study, by the introduction of such a term in the shadow, the laminar
flow was considered by the Reynolds numbers well below 1000 to turbulent flow at the

Reynolds number of 2000 to 5000 to twines on trawls. Misund et al. (1992) applied the
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shadow coefficient, taken as 1, along with the above term to the drag coefficient for meshes at
zero angle of attack to the water when studied on the sinking depth.

Also, the depth profile of the current speed is left out of the consideration; the speed is
assumed to be spatially uniform at each depth range, leading to some difference between the
measured and calculated results.

Another factor that might result in differences between the measured and calculated values is
the mesh-grouping process; we chose 18-mesh grouping. Finding a balance between the
computational effort and accuracy of simulation is a major problem that needs to be solved. In
a model test conducted in a flume tank, a 4-mesh grouping was reported to be the most
effective, whereas increase in the number led to reduction in the accuracy of the results
(Takagi et al., 2004). The mesh-grouping ratio has also been discussed by Tsukrov et al.
(2003). Based on their calculations, when 2 %2, 3 X 3 and 16 x 16 meshes of the plan net
modeled to a factious equivalent. mesh, similar predicted hydrodynamic forces were
concluded from the given cases. Lee ef al. (2007) mentioned some miner difference between
the various mesh-grouping ratios of the net for the drag and lift coefficients during model

tests in flume tank. They found lower values of the coefficients when the ratio increased.
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Fig. 30. Mesh opening change (elliptical line) during shooting (a) and purse seining process

(b) shown by the numerical simulation.
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In purse seine, floats of oval-shaped are enclosed in the netting nearly in groups (see Fig.
24). The experiments in the wind tunnel indicated that the drag coefficient for a 150-mm
diameter free glass float was Cp= 0.55 in comparison with the case when a number of the
floats enclosed in the netting which was Cp= 0.93 (Fridman, 1973). It was also concluded that
a considerable lift force acted on the netting enclosing floats of close to cylindrical shapes.
The consideration made by the numerical method for the mesh-grouping may cause reduction
in resistance magnitude with a difference between the calculated and measured shape of the
fishing gear.

The current speed as a depth profile is left out of the consideration in the simulation and it
is spatially uniform at each depth range, leading to some difference between the measured and
calculated results in the purse seine gear configuration and sinking speed. In our numerical
simulation, however, we applied a current direction by depth profile at a difference of 67
degree between the upper and lower layers. The available data indicates that current speed by
depth increase from an average of 0.1 m™ at upper layer to 0.4.m™ at the lower layer.

Kim and park (2009) applied a-sigmoid function to consider the flow speed and direction as
depth profile into the numerical simulation of the purse seine for two layers, between the
upper and middle depth of water. By applying this along with the drift of seiner into the center

of the circled area, they described a heart-like float line at the end of pursing.

Shooting

The purse seine net is not always shot in a circle. The shape of the net depends on the way

the fish are moving and how fast. Sometimes we might have to shoot half the length of the net
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in a straight course just to get down past the school. In numerical simulation, the motion of
the seine is simplified as the net is set uniformly in circle. This kind of motion does not
certainly identify the shape of the actual net.

The greater difference in sinking depth between the numerical and measured results for
the first position, F, of the net in our results can be explained by the fact that in the real
fishing operation the beginning of the net, known as the bunt, is pulled back by the skiff boat
to hold it in its own shooting position while the rest of the seine is pulled off the platform of
the seiner. The forces caused by the pulling of the bunt region are distributed to the other parts
in front of the bunt, leading to a lower sinking speed of the lead line. Moreover, a tight setting
of the net, which can occur under actual fishing conditions, can affect the net’s sinking
performance. The incidence of entanglement of the net during setting by gathering of the
webbing around the lead line located on the net space of the seiner can be considered an effect
of reduced sinking speed. In the simulation, a bundle of webbing lies over the surface and the
net sinks under the influence of the resultant force vector during shooting without any
entanglement, resulting in a higher sinking speed than occurs in the actual experimental
results. Additionally, the numerical simulation does not take into consideration of factors,
such as the tension in the purse line during setting that may tend to reduce the sinking depth
of the lead line at the moment and the depth of movement during pursing.

The maximum operable depth of purse seine gear is dependent upon the operating condition;
in normal use, the seine rarely achieves its full stretched depth. This low incidence of
achieving the full stretched depth of the seine can be explained by the combined effects of

vessel maneuvers, tension of the purse line during setting, current velocity and other variable
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factors of the pursing operation including pursing speed and time. In the latter case, the delay
in the starting time of pursing after setting ends is the factor that determines the ratio of
operating depth to the stretched depth of the net. During experiments with coalfish purse
seines, a full operating depth of 150 m recorded when pursing started 14 min after setting was
completed, as opposed to 100 m for 4 min of the holding time (Beltestad, 1981). Moreover,
setting a purse seine in a fishing ground with a stronger underwater current results in a slower
sinking speed of the net. Sinking speed can be reduced by one-third to one-half at a current
velocity of 0.2-0.3 m/sec (Fridman, 1973). Inada et al. (1997) found less sinking speed for the
tuna purse seine where higher current velocities were observed in the mid layer of water,
which influenced on the tuna catch and its failure ratio of the sets.

Variation in sinking depth of the experimental purse seine in different settings, especially
in the first section, F, as shown in Figure 26, is thought to contribute to entanglement of the
gear, although other fishing operation conditions such as skiff boat operation can also

contribute to such variation.

Pursing

By introducing the seiner drag force to the model, the simulation method enables to
perform the mechanism of the transverse movement of the vessel progressively into the
enclosed area of the net during pursing process, and the shape of the float line develops an
elliptical appearance at the end of the process as the actual gear performs in the field (Baranov,
1976). No data from field observation was available to compare with the simulation

performance.
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Despite the drag equation of the seiner proposed here, more accurately consideration can be
made on the motion of vessel in both directions; longitudinally, along the axis of the vessel,
and transversely, perpendicular to the axis as explained by Delmer and Stephens (1981). In
their modeling, two directions of motion resulted from the drag force by the current velocity
and the propulsion which produce third component of force as torque around the vertical line
assumed at the center of gravity of the vessel.

The tensions calculated by the numerical method describe the values without allowing for
the friction between the rings and purse line. It is advisable to calculate the total tension
properly as a reaction of purse line to the resistance of water and the frictional forces
corresponding to the pull of the winch. Baranov (1976) proposed a solution for the total
tension during pursing by considering the purse line as the shape of a regular polygon in the
plane whose apexes lie the purse rings (Fig. 31). The tension at any point of the polygon-
shaped purse line is calculated based on the angular distance between the middle part of the
purse line and that point. Moreover, the pursing speed, as an effective factor in the seine
shape and depth during the proeess, is-not the same as the course goes forward (see Fig. 44 in
chapter 4). On the other hand, almost no measurements are available for the pursing speed by
each step of the process, becoming a problematic parameter as the entry data for the
simulation when the comparison with field observation is intended. Therefore, an inherent
difference between the two results can be expected by the pursing speed problem.

Towing the purse seiner by the skiff boat during pursing can not be considered as a
parameter affecting on the purse seine shape. This force, as an additional drag applied to the

seiner, was not considered in the numerical method.
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1g pursing process.
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Chapter 4

Application of numerical simulation for the gear designing
I. Advantages of numerical simulation

A simplified computer-simulation system for designing and simulation of the fishing gear
is required to reduce the costs, save time, and avoid the labor of the experimental observation
and flume tank tests.

Applying the experimental method for studying the net behaviour has the disadvantage of
highly operation expense. It is also difficult to control and measure ocean parameters and
modification of the gear with-new configuration requires great deal and is time-consuming,
while the results from the experiments are real and undeniable.

Model tests are economical and time-saving and experimental conditions are easy to
control as tests are done indoors as compared to the full-scale tests, but it necessitates building
expensive experimental facilities like flume tank etc. and the models for the tests even if there
are small changes in the design. Model experiment has the problem of rigidity because of its
small size, as the webbing and.other ropes arejassumed to be flexible in the actual gear. For
this reason, tests with small scale models may be inadequate to observe the exact and detailed
mechanical behaviour of the net. On the other hand, the discrepancies can be aroused more
with taking into account the scale effect, as the difference between full-scale and model tests
results for the variables derived from the unsatisfied similarity criteria. Moreover, reliable
information can not be obtained as it is difficult to do measurements under water with desired
accuracy for both field experiments and model tests, for instance, the mesh opening and the

tension distribution of fishing gear in detail.

76



Data from the analytical method, such as numerical simulation, lead to undesirable results
and can be questionable. This disadvantage can be eliminated by comparing the results of the
analysis with some experimental measurements. If the experimental verification is made the
adequacy of the analytical method can be realized by low cost, and control of ocean and net
parameters.

In the following, examples of capabilities and applications of the numerical simulation are

given and the results can be advised for any practical purposes.

I1. Effects of mesh size and netting material on the purse seine gear
1. Introduction

The success of fishing operation in purse seine largely influenced by the proficiency in
surrounding the fish school as well as by the sinking speed of the net. The sinking speed in
turn is dependent upon the weight in water, the type of knot, mesh size, twine thickness,
hanging ratio, mesh geometry, method of setting, and the current profile (Beltestad, 1981).

The available data on tuna-catches by the Korean purse seiners indicates variation in
success according to the vessel size. The bigger purse seiners of about 2000 G/T, which
operate nets of around 2600 m in length and 32 strips in depth, result in higher successful
settings as compared with the smaller and medium-sized vessels carrying nets of 2300-2500
m in length and 29-31 strips in depth (Kim, K'Y, pers. comm., 2010). The great variation in
the positive incidences of the settings can be explained by the larger nets and bigger vessels,
and also probably by the greater sinking loads rigged on the bigger nets as adapted properly to

the size of the purse seiners. This favorable catch compelled the designers of these nets to
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establish their goals of improving tuna purse seines in terms of building costs and
standardization of net construction appropriate for rapidly swimming fish schools.
Specific data from the logbook records of M/V Elspeth during 2008 and 2010 also indicates
the highly failed sets for tuna schools as listed in Table 6. According to 369 days at fishing,
the total sets made on the free-swimming schools of the combined tropical tuna (skipjack and
yellowfin, mainly for skipjack) were recorded to be 268, of which 38% led to unsuccessful
events. This contribution to the log schools was 96% of the total sets. Average catch per set
for the free-swimming schools was 25 tones as compared to around 43 tones for the log
schools. The potential problem of the highly failed sets is thought to be decreased by

modification in the construction of the present purse seine nets.

2. Materials and methods

In order to test the effect of large-meshed panels and netting materials on the sinking
depth of the net, some alternatives of the new designs of the prototype drown by the relevant
program tool. Panels with 381-and 508 mm mesh sizes, each -made of both polyamide (PA)
and polyester (PES) materials were used for the 254 mm mesh size of the prototype net in the
main body section. This modified section does not include the salvages and the bunt part with
some adjacent panels having smaller mesh sizes (Fig. 32). For simplicity, the nets were
named in abbreviated form. For example, PA-381mm denotes a net of 381 mm mesh size at
the main section with netting material of polyamide. In length and depth, the main dimensions
of the new designs were the same as those of the prototype, along with the same buoyancy

and sinking weight. The twine diameters were calculated according to the condition of equal
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total strength (Fridman, 1973), considering that the breaking strength of polyamide is 20%

larger than that of polyester, which is given as

cdzcv\/c"cac’c"' 4.1

where C, is the scaling factor for the twine diameters of the new gear and prototype. For the
other components the scaling factors are-described as C, , the relative velocity, C_, the
breaking stress, C,, the safety margin, C_, the mesh size, C,, the linear dimension of two

gears, and C,, and C,,, the primarily and secondary hanging ratios, respectively. Table 7

indicates the twine parameters of the different drawing plans.
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Table 6. Preliminary data on tuna catch of the Korean purse seiner during 2008 and 2010

from Elspeth vessel.
Day Catch set CPUE/set
School type
Days at Days Successful ~ Failed  Total Succes Total
Free swimming 6685 102 166 268 65.5 249
Log school 3500 79 3 82 443 42.7
Total 416 369 10185 181 169 350 56.3 29.1

Table 7. Twine parameters for net of different designs used in the simulation method.

Mesh:size Twine diameter
Design type Material Twine size R tex
(mm) (mm)
Prototype Polyamide 203 23x 6x 16 2428 2.2
381 23x 8x 16 3238 2.7
Polyamide
508 23x 12 x 16 4857 3.1
New design
381 28x 10 x 16 4928 3
Polyester
508 28x 15 x 16 7392 35
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Fig.32. Schematic diagram of the new drawings of the tuna purse seine gear with different
large-meshed panels and netting material; the different recording positions for sinking depth
from the simulation are presented. The solid line indicates the range of the strip nettings
changed under the new designs. PA and PES denote polyamide and polyester, respectively;

the numbers attached to the characters indicate the different mesh sizes for four new designs.
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3. Results

Fig. 33 shows the simulated sinking depth of the lead line as the net starts to submerge to
the maximum operating depth for the prototype made from PA, with a mesh size of 254 mm
in the main body section; and new drawings of the gear, with large-meshed panels of 381mm
and 508mm, each consisting netting materials of PA and PES, for the same three successive
positions as in Figs. 20 and 32. The nets were simulated at a pursing speed of 1.3m™ and
current velocities of 0.1, 0.15 and 0.31 m™ for layers 1 to 3 respectively. The recorded depths
for the prototype and the new designs of the gear are given in Table 8. The difference in
sinking depth between the prototype and the new designs is noticeable as the mesh size is
increased. The increase in net depth is much more pronounced when the heavier PES material
is used for netting. For F, for example, the sinking depth of the prototype 6 min after sinking
is recorded as 113 m, as compared to values of 115 m, 117 m, 128 m, and 129 m for designs
of PA-381 mm, PA-508 mm, PES-38 Imm and PES-508 mm, respectively. The difference in
depth between the prototype and new designs is more noticeable when comparing the middle,
M, and end, E, parts of the nets. The maximum operable depth for the prototype is measured
at 148 m 21 min after submerging, as opposed to 150 m, 155 m, 168 m and 171 m for the PA-
381 mm, PA-508 mm, PES-381 mm and PES-508 mm nets respectively.

There is a definite difference in slope of the calculated average sinking speed between the
different cases from surface to maximum depth for the first few minutes; this difference
becomes smaller with elapsed time as the vertical netting strips stretch out at depth (Fig. 34).
A considerable difference is indicated at the M and E positions of the nets. For the M position,

the prototype sinks at a speed of 0.45 m™ two minutes after sinking compared to speeds of
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0.46 m™, 0.49 m™, 0.52 m™ and 0.54 m™ for the improved PA-381 mm, PA-508 mm, PES-381
mm and PES-508 mm nets, respectively. Reduction in sinking speed by depth is shown in Fig.
35. The decrease speed is more obvious in the first, F, position.

The changes in tension at both ends of the purse line of the different purse seine drawing
plans during the pursing process are summarized in Fig. 36, which corresponds to a pursing
speed of 1.3 m™. In all cases, at the beginning of the pursing the tension in the purse line
increases rather sharply until it reaches its maximum value at the instant when the weight of
the lower part of the net and of all the riggings.is transmitted to the purse line as the netting
moves in depth towards the eenter of the circular area. As the pursing process continues and
the lead line moves upward, the tension increases again until it exhibits a reduction at the end
of the course when the seine is pulled to the side of the vessel and all'the rings are closed
together as shown in Fig. 36. Accordingly, the tension of the purse line in/the prototype drops
from around 43000 kgf at the peak to 33000 kgf at the end of pursing, with the corresponding
values of 38000 kgf to 29 000 kgf for the PA-381 mm version, 36000 kgf to 27000 kgf for
PA-508 mm, 42000 kgf to 36000 kgffor PES-381 mm, and 41000 kgf to 35000 kgf for the
PES-508 mm nets. Even when the new drawing plan features gear constructed of PES
material with a density of 1.38 g/cm’, and the thickness of the twines is somewhat increased,
a smaller tension is exerted on the gears as compared to the case for the prototype with
polyamide netting material of density 1.14 g/cm’. The average values in tension difference
between the prototype and the improved nets were greater for the net made of PA-508 mm,
which showed 14% less tension than did the prototype (Fig. 37). For the net of PES-508 mm,

the average tension was recorded as 97% of the prototype.

83



A comparative analysis of the netting material volume of the prototype and that of the new
different designs is represented in Fig. 38. As with tensile force, the net constructed from PA-
381 mm panels was calculated to yield less netting volume, accounting for 70% of that of the
conventional seine with the same operational dimensions. The netting volume is reduced to
80% of the prototype when the main section of the net is made up of PES-508 mm panels, in
which the increased sinking depth yielded the highest values. A comparison of the economics
of net construction is shown in Fig. 39. The trend in cost is proportional to the netting weight;
it would be possible to save at least 84% of the netting construction cost when the purse seine
with PA-381 mm webbings in the main body of the prototype is-used. Inversely, the net with
PES-381 mm panels represents an increase in cost of net building of*110% of the prototype.

While the cost for the design with PES-508 mm panels increases to 115% of the prototype.

Table 8. Comparison of sinking depth of the prototype and the new designs of the purse seine
gear with different mesh sizes in the main body for different measurement positions on the

lead line as represented in Fig.32.

.. . Time (Min)
Position Design type 3 3 9 12 15 18 21
Prototype 75 113 127 136 144 146 140
PA-381 mm 80 115 128 138 145 148 143
F PA-508 mm 83 117 130 140 147 151 147
PES- 381mm 93 128 141 151 159 163 160
PES- 508 mm 95 129 143 153 161 166 162
Prototype 62 105 120 129 136 143 148
M PA-381 mm 70 110 124 134 140 148 150
PA-508 mm 80 114 128 137 143 151 155
PES- 381mm 85 123 137 146 153 161 168
PES- 508 mm 94 127 140 149 156 165 171
Prototype 63 86 97 107 108 99 87
E PA-381 mm 65 91 103 114 112 101 89
PA-508 mm 68 95 106 116 114 105 93
PES- 381mm 74 104 116 126 124 114 108
PES- 508 mm 78 108 121 130 126 117 112
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Fig.33. Comparison of the simulated sinking depth of the lead line for the prototype and the

different new designs of the main body of the prototype at the same three positions (for

detailed explanation, see text).
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Fig.34. Simulation results for mean sinking speeds by time for the lead line of the purse seine

for the prototype and the new designs at the same three positions as in Fig. 33.
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Fig. 36. The trend of tension in the purse line ‘at both ends for the prototype and the new

designs, simulated at a pursing speed of 1.3 m™.
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designs simulated by the same situation as in Fig. 36.
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I11. Effect of sinking weight on the sinking depth

To investigate the effect of sinking weight of the lead line on the sinking depth, the
prototype gear rigged by an increasing ballast of 20000 kg (more than 33% heavier than the
prototype) on the lower part was simulated under the current speeds of 0.1, 0.12 and 0.28 m™
for layers 1 to 3, respectively, and a pursing speed of 1.3 m™. As can be seen from Fig.40 the
sinking depth remarkably increased for the recorded data at three positions. The new design
of the gear 5 minutes after sinking attains a depth of 116, 114 and 93 m as compared to 99, 94
and 70 m for the prototype. Maximum depth - was recoded as 160 m for the new gear m in
contrast of 135 m for prototype. The sinking speed was increased in an average of 14, 21 and

22% in the first, middle and end positions of the new design (Fig. 41).
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Fig.40. The simulated sinking depth of the prototype gear rigged with different sinking
weights of lead line for the same three positions as in Fig. 20 (for simulation conditions, see

text).
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IV. Effect of pursing speed on the purse seine gear performance

Pursing operation is a very complicated process and different changes are involved in the
shape of the seine and its parts. Different points of the seine move at different speeds and in
different directions. A considerable step forward in the study of this gear is made by the aid of
the simulation. As an example of the application of this method, we give the results of an
investigation of the operation of the prototype gear at pursing speeds of 1.3 m™ and 1.7 m™.
The gear was simulated under the current speeds of 0.12, 0.13 and 0.27 m™ for the three layers
of water, respectively. Fig. 42 shows the time after pursing against the depth of the central
part of the lead line and the float line under the different pursing speeds. The solid lines with
filed symbols show the trajectory of the lead lines for the two cases of pursing speeds, while
the dotted lines with empty symbols represent the track of the float lines of the two conditions.
In the case of pursing speed 1.3 m™, the float line moves along the surface as the operation
goes forward, and there is an excess buoyancy force so that the force submerging the float
line does not exceed the buoyancy one. The force applied to the entire seine increases
gradually which equals a maximum value of 43000 kgf acting on the purse line (Fig. 43). As
for pursing speed 1.7 m™, the float line is submerged 15 min after pursing and reaches to a
depth of around 10 m in 7 min. At this time, the tension of purse line is measured at 46000
kgt. The line floats to surface after 1 min when there is enough buoyancy force to hold the
float line at surface. This coincides with a reduction in tension as recorded to 44000 kgf.
Comparison of the average tension between the two cases of pursing speeds indicates an

increase value of 13% when we use the pursing speed of 1.7m™ (Fig. 44).
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V. Discussion

Comparing the sinking depth associated with different net designs, we see that nets with
larger meshed-panels of polyester netting are superior in two ways; higher sinking speed and
less tension resulting from the lower resistance force.
Results from simulation on sinking depth of different new purse seine designs show that the
mesh size and netting material together considerably influence on the operating depth of the
net. Our results show that a purse seine of 381mm-meshed panels composed of polyester
material attains a maximum depth approximately 14% greater than that attained by the
comparable prototype. The comparable value for the design of PES-508 mm net is 16%, say,
no significant difference is observed between the two new designs for sinking depth. Such an
increased depth was recorded at 1% and 5% for the new designs of PA-381 mm and PA-508
mm respectively.
Although higher sinking speed of the larger mesh sizes would be an advantage, such an issue
of escaping the fish through the meshes is another strategy to be considered when selecting
any appropriate mesh size. Such a risk can be more.emphasized during pursing, as the fish
schools are expected to escape away the net when they encounter the netting wall being shot.

It appears that it is also possible to increase lead weights accordingly, if any new design of
the net is operated under the same tensile condition with that of prototype. Using a seine with
a higher sinking speed would lessen the need to wait to begin pursing to ensure that the net
has settled adequately and would reduce the possibility of fish escaping under the lead line
(litaka, 1964). Even so, seines using webbing of low resistance with heavy materials show

fairly good sinking speeds under the current conditions (Kanagaya, 1971b). It is advisable that
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the netting between both the lead lines be positioned under the school as quickly as possible
to close the gap from below, through which the school is more likely to escape under the
vessel. The use of large meshes that act as herding net in the last part near the lead line is
therefore advantageous (Misund, 1992). There is an evidence of bigger catches of tuna purse
seine when the net sinks at higher hanging depth (Inada at al., 1997).

Improvement in sinking depth of the purse seine can also be obtained by a change in mesh
geometry as argued by Beltestad (1981) during experiments with hexagonal meshes (H-net) in
which the H-net had higher sinking speed compared with the conventional net of rhombic
meshes (F-net).

The sudden change in tension in the purse line during the early stage of pursing is
undesirable and leads to entanglement. This disadvantage can be somewhat lessened by using
nets with large-meshed panels. The deceased bulk and weight of the large-meshed sections of
net require less powerful purse winches and smaller power blocks, and the seine maintains a
good operative shape even during high tidal currents (Beltestad, 1981). Under the same
conditions of tension as with the prototype, larger nets can be used to increase the efficiency
of the catches considering the space from the netting volume required on the aft part of the
vessel deck for stacking the net. If we use the seine of PES-381 mm netting, longer net can be
used, considering that this kind of net occupy approximately 90% of the netting space on the
deck in comparison to that of prototype, regardless to the comparative analysis of tensile force.

The proposed designs provide some alternatives to the potential problem of failed sets that
frequently occurs with the present design. A favorable design is involved in the subjective

decision by the designers. It can be chosen by considering the desirable results from the
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sinking depth and from the retaining of the catch properties by the large-meshed panels,
although economic issue as net building cost can be regarded as an optional parameter.

The numerical method outlined here has been shown to be suitable for evaluating changes
purse seine gear and should meet the demands of the designers for prejudgment of newly
designed nets before their use in actual fishing operations. Further improvement of the
numerical method is currently being pursued.

The pattern of changes in net tension is somewhat different from that described by
Fridman (1973) and Machii and Nose (1990b); these authors mention a fairly flat trend in
tension of the purse line for some time after equilibrium is reached between the resistance of
the seine, the tension of the purse line and the weight of the lead line. The translatory motion
occurs before the tension attains its peak and is simultaneous with deformation of the whole
wall of the net and the attainment of a curvilinear shape as the seine moves to the center of the
encircled area. The results of measurements of the pursing speed V and winch power N ( Fig.
45) carried out at five times are described by linear reduction. for pursing speed in the second
phase when the pull S is almost constant and the purse line attains equilibrium. At the end,
when the force in the purse line S strongly increases, pursing velocity continues to decrease

and the winch power remains constant due to a balance between the tension and pursing speed.
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Fig.45. Mean values of tension S in the purse line, speed of its movement V and power winch
N during pursing. Measurements carried out at five times from a typical anchovy purse seine

0400 % 75 m (after Fridman, 1973).

Since the sinking speed of the seine 1s proportional to the square root of the apparent lead line
weight (Iitaka, 1971), it would be appropriate to use higher values of the weight to sink the
seine as quickly as possible to its full depth in-preventing the fish escape. But this advantage
is limited by the gear damage, strain on the hauling equipment and other handling problems.
Accordingly, measurements of the tension by the simulation enable us to decide upon any
magnitude of the sinking weight to be proper to the operational condition.

The results from Fig. 42 make it possible to draw conclusion on the relationship between
the forces exerted on the net:
1. if a change in the type of netting corresponds to a change in the resistance R by # times,

and if the tracks of the float line and lead line during pursing are expected to remain
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invariable, the tension of the purse line as well as the weight applied to the lead line and
the buoyancy of the floats have to be increased » times. Such a change in all the forces in
same ratio is equivalent to a change of the scale factor of the forces and dose not follow
any change in the net configuration.

2. If a change in the pursing speed v; is in concord with a change in the resistance of the
seine by m times (based on the formula R = k4v*,), no changes in the trajectory of the

main lines are introduced, providing that the lead line weight and the buoyancy of the

floats are changed by the same ration of m.

It follows from the above that if there is knowledge of the arrangement of a purse seine
and its satisfactory performance under.given conditions, it can be used as a prototype in the
design of the other purse seines.

The trajectory of the lead line also confirms the conclusion that the depth of the seine can
be fully utilized only:if the seine being pursed slowly and cautiously. It may be useful after
shooting the net to wait some-time so that the seine can sink to its full depth without
entanglement of the webbing to the purse line with consideration to the fact that the seine is
experienced by less tension for the lower pursing speed. In practice, however, the main
intention is to accelerate the progress to prevent the encircled school from escaping. As a
consequence, the seine sweeps a smaller volume of water than that corresponds to its

dimensions.

Chapter 5

A preliminary research on behaviour of tuna fish schools
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to purse seining process
I. Introduction

Purse seine as an active fishing is the most effective fishing gear among the other pelagic
seines so that the swimming behaviour of the schools is reflected by the gear designed to the
particular species. In this respect, the purse seine structure in terms of dimensional, material
and rigging properties required to conform to the salient features of the swimming behaviour
of the fish school; its possible movements in horizontal and vertical routs in relation to the
relative distance to the purse seine.

The purse seine with longer and deeper dimension is designed-properly to catch the faster
swimming schools. When the net setting ends.we must ensure the timely vertical sinking
speed of the net to prevent escape of the school from the encircled area.

The active response of the foraging schools of pelagic fish such as swimming speed and
movement pattern to, various stimulants is one of the main factors to be considered when
conducting purse seining. In: this regard, tuna with fast.<swimming speed is of major
importance. With their swimming speed, they can escape the fencing net under the lead line
or changing their direction.

Information on the swimming behaviour of tuna schools during purse seining process is
rarely found as the lack of the insufficient observation instruments and the difficulties in
recording the required data. Recently, mutli-beam, true motion sonars are deployed on board
purse seiners to display the horizontal movements of the schools as distinct high intensity

spots. The units are identified clearly with definite extent and rather higher densities, when
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the schools exhibit synchronized swimming and they can be distinguished in numbers
(Misund, 1993). When the schools are not uniform in structure, they are scattered on visually.

The purpose of the chapter is to describe the findings from a short research on the
swimming behaviour of skipjack fish schools in reaction to vessel and operating gear as

stimuli.

I1. Field observation

During sinking depth measurements of the experimental purse seine, there has been an
opportunity to record the horizontal positions of the skipjack schools from some possible sets
with the purpose of preliminary report on the reaction of fish schools to the net.
Recording was made from scanning sonar (Furuno-FSV24) on board the vessel. The
movement of the school was tracked in relative to the heading of the vessel in 1 min. To do
this, the horizontal positions of the central schools were measured by the sonar radius circle
on a sheet of transparency film and then they converted from the relative coordinates into the
real horizontal positions.
The school size (visually approximated by the fishing master) per set differed considerably,
ranging from 30 tons to around 100 tons, with majority being approximately 20-30 tons as
shown in Table 9. From the 8 settings, the results revealed that around 4 sets (50%) led to
failed catch owing to the escape of capture under the net during shooting or pursing operation,
but mostly came from shooting. Fig. 46 indicates representatives of the escape under the lead
line for both shooting and pursing operations. The average distance of the school center to the

vessel was 240 + 120 m with mean swimming speed of 1.83 +0.28 m™.
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It is evident in the figure (Fig. 46a), that during shooting the school avoided the vessel
with swimming out under the lead line approximately in opposite direction to the vessel. As
for pursing case (Fig. 46b), the school swims nearly parallel to the vessel heading during
shooting, but when pursing starts the fish performs scaring behaviour and come in contact
with the netting wall. The school escaped the capture as the fish fled under the lead line. Fig.
47 shows capture situation of the skipjack school during pursing. The swimming speed for the

setting was estimated to be 1.5 m™ with a distance of 383 m from the school to the vessel.

Table 9: Characteristics of catch of the skipjack school as observed in capture and escape

status (the catch size visually approximated by the fishing master).
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Shooting

Type course Shooting period Location (Lat & Long)  Catch (ton) Remarks
170° 11:20-11:30 am 01:40N, 141:20 E 100
190° 14:30 — 14:36 pm 00:39N, 146:18 E 30
Captured
335° 10:30 — 10: 34 am 00:46 N, 146:18 E 30
245° 13:20 - 13: 27 pm 01:16 N, 140:39 E 50
210° 16:45 —16: 53 pm 01:07 N, 142:30 E 50 During pursing
50° 15:20 — 15: 27 pm 01:24 N, 140:42 E 30 During shooting under the net
Escape
115° 17:15-17: 21 pm 01:42N, 141:22 E 30 During shooting under the net
130° 11:00 — 11:07 am 01:15N, 140:40 E 100 During shooting avoiding the vessel
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Fig.46. Horizontal movement of skipjack as centers of school in purse seine capture situations.
School of 30 t escape under the lead line (circle and dotted line) in relation to net setting
(circle and solid line) during shooting (a). School of 50 t escape under lead line during

pursing (b). Similar numbers refer to the track of the school and vessel simultaneously.
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Fig.47. Horizontal movement of skipjack as centers of school in purse seine capture situations
when school of 50 t captured (circle and dotted line) in relation to net setting (circle and solid
line) during pursing. Similar numbers refer to the track of the school and vessel

simultaneously.
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I1I. Discussion

Successful purse seining is very dependent on a “friendly” fish behaviour so that the fish
must be calm, not moving at high speed, and must remain in a dense school near the surface.
In that case the seine is set parallel to the direction of the fish movement and fairly far ahead
of the school. Scaring behavior of the fish school during purse seining process may be
involved in both visual and hearing stimuli from the vessel and the seine (Olsen, 1971).
There are frequent examples of temporary scaring of fish school in reaction to the noise from
the seiner in which there is a short time interval between a scared condition and apparent
relaxation in a fish school. The reactive behavior of the fish is-critical in the low frequency
components of vessel as it corresponds closely to the rather narrow hearing range of the
teleost fishes (Olsen, 1971).
Various contributing sources are responsible for the noise pattern from the vessel, depending
on the operation mode, such as changes in engine revolutions, in the pitch of the propeller and
the rudder position. Such a case can be observed frequently in.purse seine operation where the
vessels sudden change in its pitch and speed of propeller when starting to shoot the purse
seine which probably explains the avoidance behaviour of the fish schools during shooting.
By above consideration, many fishermen have improved their net setting strategy by changing
the propeller and to keep the pitch as constant as practical.
The vessel-generated sound seems to be directive while lobes of higher intensity are produced
to the sides with sound of minimum intensity in the front of the vessel (Urick, 1967. In: Ferno
and Olsen, 1994). Such forward-sideways-forward movements of the schools in purse seine

and pelagic trawling are apparently explained by the fact that very low frequencies (< 50 Hz)
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dominated ahead of the vessel and the schools direct themselves into the position with lower
sound stimulation, while distribution of the medium frequencies (50-100 Hz) dominated
athwarthships makes the schools to behave the sideways avoidance (Engés, 1991. In: Ferno
and Olsen, 1994). There is clearly evidence of reaction of fish schools to the circling purse
seiners. In a situation where the schools are surrounded during pursing they are guided in an
inner and get closed to the net due to the quit steep sound from the side of the seiner (Maniwa,
1971).

The noise field around the net may be generated when the leads are run overboard and by
the purse line as it freely runs through the purse rings. The tendency of the school away from
the seine and to descend the water during shooting may be explained by such sudden changes
in field noise (Misund, 1992). Rapid swimming schools like tuna are difficult to encircle and
some times the attempts failed by escaping the schools under the sinking net wall (Olsen,
1971). In situation where the schools are encircled the consequence of the purse sine capture
relied on the swimming behaviour of the schools during pursing process. During the process,
as the netting wall is being closed, the fish may be herded to the lower part of purse seine
(Misund, 1993). Often a school, which has descended below the seine, avoids it and appears
on the surface again. On some occasions, however, the schools may escape under the noisy
vessel as the lead line rises to the surface (Misund, 1993). Escape of capture under the noisy
vessel during pursing seems to be explained strongly by the visual stimulus from the gear than
the vessel-and gear-generated sound stimuli (Wardle, 1983, 1993. In: Fern6 and Olsen, 1994).
Swimming behaviour of the enclosed schools depends on the fishing ground situation. Panic

behaviour of the schools to the surface may happen as early as the pursing operation starts or
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at the end of the operation when they milled around the net. This kind of behaviour may be
due to the presence of predator or the hearing or visual stimuli from the net.

In our study, the avoidance behaviour of the skipjack school during pursing may be due to
the idea of propagation of noise in sideways by the intensive vessel manoeuvring. It follows
from the setting features of the purse seine that the considerable escape from capture that
occurs during the setting and pursing process may result from the fairly low sinking speed of
the commercial seine, which ranged from 0.2 to 0.6 m/s when operated with more than 200 m
in stretched depth. In tagging results, the sinking speed of skipjack schools has been found to
be at least 2.3 m™ during natural diving movements (Schaefer and Fuller, 2007). Success in
catch for skipjack purse seining was recorded to be 50% at daytime (Shimozaki et al., 1975).
Kim (2007) reported the mean swimming speed of 1.7+ 0.7 m™ for caught schools and 2.2+
0.8 m™ for escaped schools of skipjack, but no significantly difference observed between
them. According to this, the mean distance from the edge of the skipjack school to the net was
119 = 76 m for captured schools and 117 + 120 m for escaped schools, but still not varied
significantly. The author argued that the absence of variations between the distance of the
skipjack schools to the net and swimming speed or the swimming direction is because of
complex behaviour of the species. Prevailing condition such as feeding without the risk from
the predators was one of the reasons was expressed. However, the maximum aerobic
swimming speed of skipjack was reported to be 4.6 body lengths (BL/s) while maximum
burst swimming speed is about 20 BL/s (Kim ef al., 2008).

The available evidence clearly suggests that the knowledge about the fish school

behaviour in response to the visual and hearing stimulus from purse seine net and the vessel is
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crucial and many complicated parameter are involved. From this aspect, the characteristics
and usual sources of the stimulus, and also the fish school capacities in detection of the
scaring sources with their reactive behaviour are precisely needed for any simulation attempts
to mimic their response to the impressive parameters and to predict efficiently the capture-
escape ratio for improvement in the fishing efficiency. Detailed field observations of the
swimming behavior of the fish schools can help provide a better understanding of the fish
responses as they encounter the netting wall.

The preliminary analysis presented here provides a motivation for further study on the
reaction of the skipjack school to the purse seining process and its relationship with the

sinking speed of the net.
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