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1. INTRODUCTION:

The marine fishe1'ies of Taiwan yielded catch of 410,000 metric tOns in

the amount of pl'oduction by bawling exceeded to 216,0 ∞metric tons which COl'resp-

onded to 53.8 per-cent of ovel'all catoh. ThiS(l) issillustl'ated in the following table.

1967 and

Pel' Total Catch
in percentage

53.85

It has only been in the Past few years that the performance of baditional tl'awls and

otber fishing techniques have begun to understood in engineering or mathematicaltte ﹒

rms. In Taiwan Republic of China, the emPhasis has been placed ontrawling reseal'ch

because of relative mPol'tance of the tl'awling techniques in thiscounti'Y.

So fal', by use of a considerable amount of experimental wOl'k involving the measu-
rements of tensions and gea1' geometries under full scall fishing conditions as well

:as the use of small scale models, an empil'ical understanding of the enginee1'ing

behaviour of fishing gea1' has been possible. Theoretical studies that have been done

in several count1'ies, especial in JaPan. have tended to be concentrated on hydrodYn-

amic propel'ties of Parts of rnets, 叩開 , and other individual comPonents of fishing

23.62
8,65

5.18

4.66
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3.50

Catch in
Metric TonsGeal' Type

216,000
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gear,s. In some cases these have been followed up by extensive us� of controlled

tanks test in order to determine certain char'acteristics like drag', developing force,

buoYancy etc. Thes� Party digested and interpreted such as geometry and drag'.

It ffiUSt be emPhasised that practical aims of this work is efficient catching of fish,

誨 , by utilitYing the least cost in ships, manpower, equipment 缸ld its replacement,

etc, for a particular yield of fish. Exactly how many fish should be caught must,

of course, rest with the lows of demand, best use .of fish stocks, and many other

important issues. T

gears should, at the earliest possibie time, be communicated and applied to comme-

rcial fleets.

In the following sections the 目fore, the theory and principles involved in initial Pattern

are explained, and later, those fOl'existiog experiments for geal' designing suitable

to the boats and possible increased Productivity.

In the present study, the writer treats the hydrodynamic behavior of trawling gear

with a 's�ries of model and full scale testings, This paper is divided into four ChaP-

te 悶 , First, in Chapter 2is Pres�nted the hydrodynamic characteristics of trawling

gear. The experimentally ,by using the model andactual trawling are in Chapter 3.
ChaPter 4 contains the effect of uPright board and the shape of net under operation

with various kinds of pulling speed and resistance of trawling gear. The auth9r

wishes to eXPress his deepest apPreciation to Frofessor T. Kawakami, Department

of Fisheries,Kyoto University, for his guidanc� and placing his original data with

respect to ChaPter 2. Sincere thanks are also due to Dr. � 、�omura, Fishing Gear

Departme 肘 , Tokai Regional Fisheries Res�arch laboratorY,' for a serier of experim-

ents has been carried out oy his technical services.

rle

2_HYDRODYNAMIC CHARAGTERISTIC OF TRAWLING GEAR

The 'efficiency of a trawling gear is closely related to the shape under oPeration

in various kInds of pulling speed, Recently, the mechanical behaviour of the gear

in action'cbuld be assessed aPProximately by judging the tension and tilt angle of

tow warPs�' or oy actual fishing results obtained with the gear. However, to design

a trawling gear efficiently Or oporate it effectively, an accurate knowledge is requ-

ired of the mechanical properties of each Part. In the following reviews, discussions

will be developed on the hydrodynamic force acting on the towing warPs, otter boards,

and drag nets.

'2-1_The behaviour of warps:

The warPs take UP shapes uncier tow that are in general curved, these curves depend

upon WarP length, water depth, warP diameter, warP weight in water per unit of

length, towing speed, tension in the warP, and lateral distance Or sPread between

the lower ends of the Warps. The warP shape varies with towing sPeed because of

he hydro 其ynamic water force that is tgenerated by moving the warP throUgh the

water and the magnitude of this water force depends upon the extent to whidh the

warP vibrates.
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The Present section deals wi 也 fundamental differential equations, by, which the form

and tension of warP are eXPressed. In 也 is initial theorY has' developed from a view-

point that the warP is in equilibrium under. the tension acting on itself,' assuming

也 at the hydrodynamic force acting on the WarP is negligible small as comPared

with the weight when the speed is reduced to zero, but the tension does not reduce

to zero since it has to hold the WarPs taut, which can theoretically be shown to

require a value equal to(depth of water) x (Weight of' wa 叩 in" water per unit length

);e. g,(2)a 3.25 in circumference warP weighing 8.5 lb per fms requires a tension of

.850 lb in 100 fms of water. The later, theory has eXPressed which neither the weight

of the warP nor the tangential force of the hydrodYnamic action can be neglected.

Tsann-Jan Lee MECHANICAL STUDIES OF TRAWL NET IN TAIWAN

2-1-1. Theoretical consideration of the suspended warp':

We now cOnsider a uniform warP suspended from two points and hanging under

:its own weight (Fig. 1). Taking the y-axis positive upwards and the x-axis positive to

the right, also letting W denote the weight per unit length of the warP and S the

length of arc from the lowest point A to any point P (x, y), T,the tenston in. the

direction of the tangent at the point P, the acute angle which this tangent makes

with the horizontal, and To the horizontal tension at the lowest point A. Then, reso-

:lving vertically and horizontally the forces acting on the portion AP of the warP, we

have

T=T cos\O'+T sinq>

T cosq>=T 0

T sin ψ =WS

Division" gives

tanq> 目WS/To

To(3)=Wa, hence S 自 a tan ψ (2-1-1)

dx a
dS = cosq> = V 京 +S2

differentialorder to solve thisIII

From Fig. 2.

This is the differential equation of the warP,

-equation, write seParate the variables:

γ

To

,汽

Fig. 1. The suspended warP
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dx dS
a 11 a2+SS
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Integrated to give

去串惚 (S+1I as +S3 )+C

V nder the conditions that x == 0, S == 0, we get
yS+1I 王可否T�-�.w	 loge ) ( 各1-2)

a

Using the same method integrating the differential equation of

dy
一日于自 Sln�== / -- �dS --ur

11 a2 +53

(2-1-3)

we have

前Jv

ze

y

盯LUewωmov-AF

x
a )

X

S 間一生 ( a
2 \.e

dx

x

3

Cf
a.

Fig. 2.

Substituting in(3), we get

x x
i:l , a a 、

y= 刁一九 +;,}
) (2-1- 生〉

Which is the standard equation of a Catenary.

2-1..2.The equilibrium configuration and tension of a flexible of a warp in

a uniform flow:

Professor T. Kawakami, (4)has made a analysis of the gear under way, the tensions

the bottom of the warP is less than that at the top by a above quantity together

with the component of force paralled to the warP that is Produced by water flowing

Past it. For the case in which suppose the farm of a warP in a uniform steady slow

of velocity V (See Fig.3 ). Choose rectangular coordinates ( x, y) whose origin is

located at a point on the warP where the warP is normal to or paralled to the current

measured positive up-stream and y-axis be directed vertically up-wards. Let S be

the are length along the warP from the origin 0 to anY pointP(x, y), on the warp.

T and T be the tensions in the warp atthe points P and 0 respectively. The angle
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of inclination of warP against the stream. is,..measured clockwise from the.direction

of the current to the direction of increasing S. Furthermore, let W b� the w�ight

of warP of unit length in water, and put w' 回W JR. These forces may. b= resolved ‘

to and along the warP as shown in Fig. 4. then the equilibrium of 位le warP element

dS :requires

d'It'
(Is. 于

T告=Es)Rsin28+ WeosO

The solution of these differential equations can. be written in. a parametric form:

'R 固旱 , w= 旱 ,
.LO J虹、 A、

一 (c)F+'WsinO' '(2':'1-5)

(2-1-6)'

9 盟主S,
.L 。

�= τ雲-x,
.LO

戶且 ,
.LO

From (2-:.-7) ,we have:

d� 目一 cosO dO

d 可 =sinO dO

di 一一 (c)f+w sinO

d θ n
τ d; =(s)sin2O+wco 峙。

The diff�rent equations (2-::-10) and th�
(2�1-1l)may be integrated with the

condition that the origin point O,"to give:

log.. = r 。二五C)f. 叫 'SinOdO
J 0

(s)Sin2O + ωCosO

(2-:1-8)
- (2-1-9)

'(2-1-10)

(2-1-11)

(2<-12)

J:- wdO
0

(s)SinJ 0 + ω , CosO 、

(2-::'-13)

Substituting in (2-1-3) and (2-1-:J) We get

�=- r
。τ CosO

I --�.'_:-u",v.� AdO=- J 0
(s 芳:玉帶可否可否θ (2- 二四14)

=J:
γω. .-于九 dO

n (s)Sin2O + ω 'CosO
(2-�.-15)

From (2-19) and (2-1-10) we have

d τ= 一 (c)fdO'+ ω 'd η (2-1-16)

(2-'-'7")

�.

γ
.,s:. 何 ae.nt.

叫
戶

,

><

Fig. 3.
Configuration of a warP underwater

T -+ (;(1

下05

申

�.
RSitj10c{S �

是血血空且正

W仇
T

Fig. 4.

FOrces acting on au warP

to flow of water

subjected

Integrating (2-1.-16) under the condition that

σ眉 o. η誼。 ..=1.

to give

τ =1 一 (c)fO'+ ω句

From (2-1-11) ,under the condition that

θ = constant, we get

(s)Sin2O + ω
,

CosO =0

That is to say the warp under a straight line and dO =0,

Suppose Oc is a root of this equation

we have
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一
+-UT

JV以
一

2
nuc (2-1,-17)

2-2'-1. Otter Board forces and 'moment:

Theoretical t 時 atments ab:>ut th� mechanical action of the ottel' board have been

tried by TAUTI. (5),KOYAMA.(6), and CREWE. 的 , Especially, about the behavioul' of
-- -

AKAMI(8), has presented the theoretical consideI'a,tlon about mechanical action: of the

flatboaro as shown in Fig. 5. Th� lift L, dI'ag D, and mom�nt M, are defined as:

L-CL 罕至
.

'.

尺長
p

(2-2-2)pv'

M 回
,-

"

OUeI' boaro
f�;�;s "��d� Whe 時 the ρ is th� d�nsity of fluid, S the a 記a of the bo
mo:nent aro, c th� length of th� bJal'd, V the' CUI'l'ent velocity,

and CL, CD and Cu' are the lift,drag and moment co�fficients respectively.

In Fig. 6. the mechanical actions of forces and the geometrical ,configuration may

be symmetI'ical about the cel] - ". .'-- --iiWiW" ‘ v.. �i"V n "�'.t', ...'" ‘u 區

tension of, the hand I'ope, α the angle between th� direction ,of towing and 也eb ⋯呵 ,
and (h , ()j the angles of the centel' axis to the l'esp 三ctive

dil' ε ctions of the warp and
the hand'l'ope, the equation of equilibrium fol' the ottel' board can be wntten as:
F 1 sin()1 + F a sin θ且自 L( α ) (2-2- 生〉

F1 cos()I+Fa cOS()a=D( α ) (2-2-5)

Consider the polar coor:dinate about the joint of warp Q( ψ立 , fl)
the hand rope R( ψ且 'fa) we have:

1'1 F1 sine α+ ψ 1 + ()1) 十 raFa sine α十、fra+Oa)=M( α ) (2-2-5)

Next, with regard to the configuI'ation of trawl net the ottel' board

rope in action as illustrated sch�matically in Fig.7.

The notation of the figure are difined as follows:

Fig.5.

tre

and the normal of

and th� hand

仇 : angle b�tween the di 時 ction of Fa and the dir 訐

V
于

11 : length of warp

la : length of hand rop 己 ,

。 1: angle b�tween direction of Fl and di 閃 ction

joint to that of towing

在

ction normal to that towing

Fl : tension of wal'p

Fa: tension acting on wing tip of net
y : half distance between both dan-lenos

F : towing power

The charactel' of net !'elations to Fa

F�

Fig;6.

Mechanical actio.'ls of forces

and the geometrical configu-

ration of the oUel' board

and yare given as functions of the atlgle()a:

Fa=f (OJ)

y=g «()J)

(2-2-7)

(2-2-3)
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By the 間ference of the figu 詞 , we have

y+ Is sinO, =11 sinOl (各-2-9)

Then consider the towing power F, we have

F=2F1 COSOl (2-2-10)

Seven parameters aN� appeared in the equations (2- 品的 (2-2-10)

However, r-esolved the simultaneous equations F, F 1, F, , 仇 , 品 ,F" α and y inay b:=fixed,

V

于

司,

Fig,7. Schematic pattern of otter trawl gear-under operating

2-2-2.Angle of attack:

Consider the half' side of the otter boar-d in action as shown in Fig. 7. Let F 1

the tension of :th� warp, f, the tension of the hand rope, α (angle of attack) the

平時Ie b3tween the direction of towing and the board, and 仇 ,02 the angles of the

center axis to respective directions of the war-p and th� hand rope, The magnitude

of the hydrodynamic force, Po acting upon the otter board is given by

學pv:!S

S is the area of the otter boar-d, CD the drag co�fficient, ρ the density of water and

V the current velocity.

This Po is with respect the magnitude of force Po acting upon :the otter board with

the attitude a to the current direction: as follows:(9)
2sin α

1 + sin2 α

By the reference of the figure the equation of lequilibrium for th� .otter board can

be written as

be

Po 眉 (2-2-U)

PO=Po (2-2-12)

2豆碎了 +F,
.L-i- SIn' “

F 1 sinOl 自 p2.sin α cos α
1 ;:)U1Vl-,L 0

1+ sin' α

Dividing (2-2 四土,4) by (2 -2-13), we get

t叫 (P 。在這是 +F) =Po 呵呵 cosa

W rite separate the var-iables:

-- J'I
T> 2 tan α (1 一 tan α itanOl

)
tanOJ =Po.u�. . u

l+Z tan:! α

Assuming tan α =x, from the equation (2�2-5) can b� written as:

f(x)=x (l-x tan01) ﹒

(2-2-6)
l+2.x:!

Under the condition of 02 be maximum, we have:

x (1- x tan θ 1) 盟。
1 十 Zx:!

Fl (2-2-13)

F, tan02 (2-2-14)

F, tanO:!

F, F, tanOl (2-2 品 )

(Z 串2-7)
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Differential the equation of (2-2-7) ,we get:

x11 tan� 前 tan 01
自可 + ---n 一

y tan2 有了士。 tan 01
That is to say: tan α且一一

-n-- 一『一 -一一-
且 2

2-3-1.Drag of the net:

The hydrodynamic force of relative velocity acting on a unit area of plane net,

we have T AUTI law 帥 ,as follows:

kx= a( 平 ) Ie tan 什些副主〕
、 L I -� T' 2 \ L J

D .十世2月_)2 -.!!! 三
-\ L r--� - UT' 2 \ L I cos� sin ψ

kz = a( 主�)n�---1 一 + 且必 /旦�.) s --.!!£� -\ L faecos 伊 sin�
.

2 \ L I cos� sin�

where kx, ky and kz, denote 位le coefficients of x. Y. and z component of 位le force

acting on the net, a is the drag coefficient, b is 位le drag coefficient of the knot, L

is the length of bar, D is the diametel' of twine, 2 ψ is 吐le half angle between two
adjacent bars of the mesh, As shown in Fig. 8- The direction of current to the area

the resistance undel' the condition

( 各.3-1 )

(2 自忌-2)

(� 忌-3)

of plane net, wi 位1 le=cosO, me=O, ne=O, is

kd=kx cosO+kz sinO

Substituting in (2 吋子-1) and (2-3-3) we get

= a( ?,)1
一 COS20 cos2 伊 + � ( P )2 f(x)cos20+f(z)sins 0

\ L(I cos� sin� . 2 \ L I cos� sin�

WhenO= � 丟圳的 we have

d( 主 ) =a ( l ) J. +-b_ ( l )
2 fCz)

2 I �\ L I cos� sin�' 2 \ L I cos� sin�

kd (0) =a( 平 )tan� + � ( � ):3 f(x� 一
\ L I-�"T . 2 \ L I cos 伊 sm�

hence kd ( ; )-kd(O)=a( 毛 )cot�+ 寺 (毛 r
Assuming that the hYdrodynamic force acting on

the knot is negligibly small as comPa.red with the
drag force acting on the bar. we can be �ritten as:

kd( ; )-kdCO)= 斗∞ t�

Then under the condition that fCz) 詳氏的

、
、

J-9

但
一
叫
fE

一
一
ω

'

、
、

J-
、

3

,Z
一~ub-c

>(

k以d CO)=a( 主 ) ∞t� sin3 �

Current
(

.I.e. �T. 化 1r
z

kd-kdCO) 一一口 si 明2 ω

叫于 )-kdCO)

Fig. 8.
The force acting
on the plane net

hence

. There are three kinds to find out the characteristic of the resistance of the bag net
keeping a constant rate of slack to make an angle 2� between adjacent bars of mesh,

as shown in Fig.9. By the reference of the figu 時 , the resistance of the bag net can
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be written as:

, D \ 2VoI
KdlSl VJ +Kdzn V2 =a{ � ) 一一一一一-(1. 一 cos2�. cosJ )SI + (J. 一 cos' 伊 cos:! θ )S2= a\ L )

cos� sin¥,

(1).

。�.
.

Kd = a( � )1. -cos' � cosJ 0SVJ
、 L I cos� sm�

. .
(3).

Kd 自 2a( 一手 )tan� V2(Sl+SJ)+a( 主 )
- --� ←VJSa\ L , ' . ,-.". -. �

.
-;\ L / cos� sin�

where SI is the area of upper
01' :low w�bbing

S3 is the area of side webbing

S3 is the area of the webbing perpen'dicular to the current

。1 and 02 the angles between the direction 'of the CU1'rent and the webbing.

It is seen that the resistance of the bag net woven from twines is 記presented by

the total of the resistanc.e" of a unit plane net involved in the surface of the bag

v
/ 布: 鈔﹒命令心/ 守主

Ij� 心
,
ν -";L - � -一口7、J

'
J

、J

net.

e.

�z
守主立

Fig,9.The :resistance of bag .nets

2-3-2. The resistance of a rectangular strip net under a uniform current:

(2)<1)

Th� mechanical and geometrical :relations of the trawl net w�r-e expressed in

ta1'ms of nineteen equations 帥 ,For the convenience of tr-eatment, the variable design-
ating force involved in these equations wer� divided by F,

Here F is given as follow:

F=h S11 Kn (2-3- 生〉

Whe re h is the half depth of wing at the vicinity of net mouth and Kn is the hydr-

odynamic resistance acting on a unit area of the webbing employed to the gear,

when it is normal to the current of velocity V. let � be 吐le half angle between adj-

ac�nt bars of the mesh, k a constant ProPortional to drag coefficient of the netting

twine, then Kn is given by:

V2 旱 sec� csc�

On the other ha.nd KAWAKAMI 的
uniform current of water as follows:

Choose rectangular coordinates (x, y), the origin of which is loca.ted at a point of

the edge line of the net, let y axis bi! paralled to thestreamlin�, measuredpositiva

up stream as shown in Fig)D. Let S be thz arc length along the edge line of the

net, measured from tl1e origin to any point P, then neglecting the apparent weight

or buoyancy of the net in water, the equation of equilibrium can be written as

'
、

(2-3 且3)Kn=k

has developed the equilibriu'TI co:afigtlration of a
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T gs =k ,h sinO

Where the angle 0 is measured positive anticlockwise from the direction

current to the directi.on of increasing S,Let To be the tension of the net

origin, The differential equations (2 個弘的 and

(2- 品7) may ce integrated with the condition that:

T .. kh一一自 1 一�uS 目 0, .

J'o
-,

To
,kh, 勻 . ",kh �-一一::'x=o,�" y 國 0; ‘

To�
,

T 。

for-' 0圈子
是
�.�.O


�o

the 、

at the

of

(2-3-6)

(2-3-7)

dT一;:; =k h sin2rp cosO
dS

e'
kh"

(

T: S=
J 主一 (sinO) - (1+ sin 聾的 dO

2

to give,

Y

其

kh l/T'..\-一一一一 , .
To.� sin2rp \ To ../

Fig).o ;

A rectangular strip net

。
kh,_-

- r可=:'y = I π可-dO
�o �

--=--
�o

2

3 - WAY OF EXPERIMENTS

3-1, Models test of trawl net:

le

and the5.2cm

D' L' 0.5 1. DU- LU = 互寸 = 互玄

Corresponding sPeed: 主午 1/ Tl � . i ρ
�

-1) =,/ 一「VU-V D". 石亡 1) -y
4.2

VU=2.0 生V'( ρ '= ρ U=0.92)

Ratio of buoyance Or sinking power:

F' /)..' \� lV'\2�1 A' \2 I D'\:! '11 \2 .1 1 \ 、工

F'!='2/f) 8,VU) =\7) 8'Du) =\20).' 互玄尸百部

T.he eXpdriment was conducted under two different conditions:

Experiment A was' in. such a condition as that the Danlono was

Ratio of mesh s�ze (diameter of cord)
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experiment B 可
一﹒白

,
一 -J. - --- �.�.�.0�

'
‘.、� u 、,� LV r “u 、

'
、‘ ...�. ‘

'
、

'
‘LUL 、n. 、

'
、

'
、

-UL

length before the :wings connected with two meter hand ropes, the beam has wheels,

therefore, We are neCessarY to calculate with net under various speed, the resistance

of model net will obtained by suMract the former value from the later.

lVas

'/

Fig, JJ.. Experimental Net

叫
op

州

fu+

1'1 'i8.t;

+
斗
斗

21 有)Z.f

十
⋯
十
心+ETY

3-2.Methods and material of otter boards in ac 個al trawling:

Several types with different Profiles were designed, importance was given to the

concave on the back side of the boards to allow rapid spreadand retrievingoperat-

ion, the boards are rectangular sections which have badly finished surfaces because

of the frame, reinforcement, nuts, etc. Restance to towing at a determined speed

depends upon the area and angle of attack and is influenced by the finish of the

surface and the density of the media. But, in the majority of cases, those factors

are comPletely ignored. Tl}e dimension weight and angle of attack of the otter boards

varY constderably not only in different locals but also in the same fishing Port.
By applying elementary laws of mechanics it should be possible to construct acces-

SOrY trawling equipment of improved efficiency, and for purPoses of experiment we

built three kinds of uPright boards and one ordinary board which are made of iron

�� 虹lent
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Height x length

Ratio H/L

Area receiving
Weight in air

Center of gravity

Bl'acket of hanging

D εpth of sea

Bottom character
Warp length

length of hand rope

Towing speed

curren 七

meter

p?
“a
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Specifications of the otter board

Upright type

J.. 52 xZ. J.4(m)
O�71

3� 25m2

340 kg
J.7 Cm before center line

27 cm before center line

Ordinal'Y type

2xJ..4(m)

J.4

2.8m2

420 kg

Z2 cm before center line

22 em befo 時 center line

To 制ng conditions

8O-90(m)

soft mud

300m

50m

2-4 knot

80-90(m)

soft mud

300m

50m

2-4 knot

Upright type Ordinary type

W. L.

Sea bo 七七 om

wire 七 ensicn .“

clip n的主er� ι六、判 ,

X

traw 1 winch

Fig. 12.

Measureme.nt for the. te.nsion and towing speed

4 � RESUL TS AND DISCUSSION

4-1.The experimental equation between speed V(m/sec)and resistance R(kg

)in the experiment are as follows:

R=k Vn
log 39 早 log k-n log J.8.2

log 2J.8=log k-n log 62

k =0 � 67

n 且 141

R=O 67 V 141

The index number on V is smaller than 2 which is same result as the previous

reports conducted by another person on model net experiment of trawling, Dickson,

W盼 . point out in his model experiment that tl le reason
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less than 2 is due to the changIng of shapes on model net according to the velocity. .

fhe relation between the pulling speed and the resistance of the net a.re shown in fo

Howing tables and Fig.13.
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11 路3 � ��� �� 的O �
� � � �　 認5 45 7 2.4_0 48
13 75.0 J26 27.6 55.6 23.0 4.6
14 114 J.9J. 366 742 J.90 3.8
15 155 26J. 50.0 103 170 34
16 214 360 579 JJ.6 17.0 34
17 320 557 �4�.�0[˜g��a 151 16.0 3.2
18 位。 705 95.0 193 16.0 3.2

194 台灣省水產試驗研試驗報告 第16 號

Clp, .

! ＼
＼
＼

、＼
＼＼﹒

~ 之-

內uqJV
八

VUG

間

.r:
抖 20
、4
。

�
.s:::

ω
..-1

是
10

泊
,hlu

nuH
A
峙,

刊 30
Q)

c
ω

又

20
』吋
。

.jJ

Z
bO

� 10
2

'
、 Da 、

nleno with 5.2cm
r. -

em sec
100O 10 5020 30 40 60 70 80 90

Velocity

＼
＼＼

C 訂1
Danleno with 12.3

O 10 80
1---1 em see

90 1004020
i

30
i

50 70
L

60

Ve loe lty

14. The I 、elation between the height of net and the velocity
of the speed in model



195

4-2. Fig,J.4. shows 位le relation between the height of net and the velocity of the

speed in the model under operation, and we can learn that the height is remar-

kable decreased according to the increasing of the velocitY0-1J. If we Connect into the

velocity in practical net from result of this experiment we can say that the height

of steady state when the velocity are 2 miles per hour.
吐血-3. If we discuss about the hYdrolic resistance of net we must know the state of

changing of net shape. Suppose the Fig,J.5 explains the simple marks on the net,

the increase of towing sPeed 位le vertical spread of net mouth decr 明se and the part

a appearance tends to out side with the 20 degrees dip to the horizontal but the

Part b appeared a good type and parts c to f made as a line.

Referring to Fig.16. C part of the net is caused by choking up of water which can-

not flow freely through the net. Under such circums tances 位le water flow to the

cod-end is distur.bed and causes gilling in the tapered body of fhe net(l8).
.p
。
s::
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4-4. Comparison of the performance of the boards of the two typesunder

actual trawling:

台灣省水產試驗研試驗報告196

By plotting log D and [log L against log V, respectively, (19) Fig. 17. are �obtained

which suggest that D and L can be expressed appl'oximately by:

D 誼民D S V2

L=KL S V2

in which S is the area of 位le boal'd, KD snd KL are the coefficients of resistance and
developing force of 位le board, respectivelY, values of KD' KL and the ratio KL/KD are

given in fol5'wing tables, that the board of upright type presents far larger force

to develop 位le net with some what less! 的 istance than the orqinary type' 帥 .
Coefficients of resistance KD and developing force KL of the otter board.

Ordinary typeUpright typeCoefficient
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