PRELIMINARY STUDIES ON THE
CHARACTERISTICS OF OTTER
TRAWLS—HORIZONTAL OPENING AND
TOWING RESISTANCE

By A. V. V. SATYANARAYANA AND R. S. NAIR
[Central Institute of Fisheries Technology (Craft and Gear Wing), Cochin-5]

INTRODUCTION

PERHAPS the chief characteristics which contribute to the efficiency of otter
trawling gear are the horizontal distance between the doors and the resis-
tance of the gear while towing in the water. The knowledge of these indi-
vidual characteristics and their interrelationships for the different warp
lengths and varying towing speeds is essential for the rational designing
of the gear. Certain efforts were made to study these characteristics and
the results obtained are incorporated in this communication. It is empha-
sised that the study is purely of a preliminary nature and had been conducted
under uncontrolled conditions.

GEAR USED FOR THE EXPERIMENTS

Three different trawl nets consisting of 20’ (6-:09 m.), four seam
overhang cotton trawl, 24" (7-01 m.) four seam non-overhang cotton trawl
and 32’ (9-75 m.) two seam cotton trawl together with flat rectangular otter
boards having sizes of 30”x15", (76-2 X 38-1cm.), 251b. (11-34 kg),
35"x17-5" (88-9x44-5cm.); 401b. (18-14kg.); 40”x20" (101-6x50-8
cm.), 551b. (24-95 kg.) were used in the experiments.

The design details and the dimension of the trawl nets and otter boards

were already described by Satyanarayana et al. (1963) except the first net,
whose design is shown in Fig. 1.

The details of net accessories are detailed in Table I.

EXPERIMENTAL METHOD

The experiments were conducted from the boat Fishtech No. 2 & e
36 B.H.P.) in the Cochin backwaters. The time chosen for the operations
was at the high tide level up to the turning of the tide, when the water is
likely to be stationary. '



INDIAN JOURNAL OF FISHERIES

134

(rwa6.33) 630 Aoueistp
e Je S3ulM Y3 JO YIBA UO ‘SON
0g Pue (‘wdgZ.cI) 0 jo aue
-1SIP ® 3B WNSO( Y3 uo "SON QT
se painquisip i('sqioL) "8y ¢g
WTem 12103 (T £g+0) Peacqf ¥
jJo smayuis pes] pedeys-apuidg

("wo F.0p) 0T 51 s1a3uts yuadelpe
BY} uIamia( sduesip pue adol
3003 313 U0 f[UIoUN PIINC TIISIP
‘(‘soN 83) (8y¢g-9) “qU¥I
WBram jezoy (8 gg-0) youwaql §
jo siydpm  pesp pads=ys-aypuidg

11ede
(‘wac.0g), 130 90ueisp v 1e Sutn
pue qif yma vo g pue wnsoq ayi
uo (4 se painquISIp ("soN $g)
(F4¥5-0) ai gL ST WTPM (@10}
PUE 4ses (‘3 £3-0) 'ql § Bes

_ _
(wiy-0) 5 | |
S1 SIEOP CM} U2IMIIQ DUEISIP [sda] se 24135 01 3j3[ a1 sadol 3007 puw Peay
pue adoi peay ayy uo Kuuog Jo 5715 19yite uo sadol Jo ydus| (fwgg-1) L9 eHXH]
-un pagnquisip ‘("84 61-6) _
sq1 61-0g Souefonq [e303 JO
'SoN o1 (‘wagL.gT) "B g
Jo syeoy sseld padeys [eonsydg

A1d g ut epiuew
elp (woggel} E o
Wduspur ("W LT-F1),5-0F

&1d ¢ ur ado1 T[UERW
ep (wagg.1) L§ 3o |
Waus| ur (‘wgLes) 38 |

_

uede ("w [g-0) € JO SOuURISIP
e 32 Sulm YIes uo sON F pue (5831 se oA135 0} 339 21w sadoi Joof pue peay |
wnsor] 3yl Jo AU Yy} 1e jeopy Joapis 1aya uo sadol jo ydual ("wge-1) ¢ waxg] |
oun su paynqsiy (9 gg-c) _
(*332z-9) “:qre-11 Loueiong Aid ¢ ur adoa ests A1d g u1 adox 1100
[e301 jo 'soN 6 ("IgL-3T) =p ((wogse1) JFoFo | eip (woggel) LFjo
‘elp g jo sieoy  sse[d [eoneyds | wduej ur (fwiyQ.L) 7 | Wl ut (“wro-L) ¥E

sqil
a1l Jo ydea uo § puE Wnsoq
ayy w F <& paynquIsip ("3
LT+€) q1 LG+9 Jo fouefonq
[Blo1 Juwey -sop g tedeys

Tmﬁmuu?ﬂumcaxofﬁamm.ao‘:oc:ucuvnuz _
jo apis s uo sadol joyadusl (‘w gg.[) g enxy] 7
_

£1d ¢ ur adox e[uew
Blp (fudgzeT) LE 3O

A1d ¢ ut ados eiuzw
wp (‘wdg9ge1) Lo
widusp w (‘wgp-n) ,0Z

[Wen wess oM

(wer-g) 58| &
[men Suey

-IDAOD Wess .H._uOm _

(wro-) ¥ 2

[me3 Juey
-I3A0 we3s Inoy

(‘wg0-9)

surs pesp padeys-sqpuids | [2a1eq Jo sjeoy spocounwyl | wdue| ut (‘w [0-L) ,¥Z 02 1
|
_
' Uo uonnquINP “'H Uo uounquisip adoi j000 _ ado1 peayy [Men
pue | pue e _. N jo ON

WM [Bj0)
‘IRguni Ceuayew Sumjulg

fouefonq enxa

‘pquinu f[euajew Funeolq JO SUOISUAUIP UTEJY _

adi1 pue az1g

4023 40f pasn ppaj puv sipoyf ‘sadod fo suonvoifisads
[ 31V ],



Studies on the Characteristics of Other Trawls 135

For one combination of net and door, horizontal opening between the
doors and towing resistances on the warp were measured at different warp
lengths beginning from 10 fathoms (1828 m.) up to 40 fathoms (73-14 m.)
at intervals of 5 fathoms (9-15 m.) and also at varying towing speeds for each
warp length used. The lowest speed at which the experiments started corres-
pond to 500 r.p.m. and highest speed corresponding to 1,100 r.p.m., the speed
interval being 50 r.p.m.  For each of the above tows, the time taken to cover
a fixed known distance was recorded and the towing speed in knots calcu-
lated in each case. The approximate horizontal opening between the otter
doors was observed and calculated by adopting the procedure and formula
suggested by Deshpande (1960). The specifications of the towing warp used
throughout the investigations is manila rope of 3" (1-89cm.) diameter
in 3 ply.

COTTON
20/3/3
(TEX)30NM

J-

COTYTOR
20/6/3
(TEX) 300

=
0 o

Fig. 1. Design details of 20’ (6-:09m.) trawl net.

Towing resistance ofcach of the warps was measured by means of
Salter’s spring balance, attached to each of the warps. Spring balance was
tied to the mast at a convenient height. Two small ropes with hooks were
tied to the warps and this hook was attached to the spring balance so that
all the tension acting on the warp was directly measured from the balance,
Similarly tension on the other warp was also  recorded. The depth of
the place of experiments was noted throughout.
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RESULTS

Four series of experiments with different combinations of nets and doors
were conducted as indicated below:

1. 20" (6-09 m.) trawl net with 30" 15" otter boards (76-2:238+1 cm.).
2. 24" (7-01 m.) trawl net with 30" 15" otter boards (76-2>38+1 cm.).
3. 32°(9:75 m.) trawl net with 35" 17-5" otter boards (88-9>¢44-5 cm.).
4. 32°(9-75 m. trawl net with 40" % 20" otter boards (101:6:50-8 cm.).

The horizontal opening between the otter boards and the towing resis-
tance on the warps for each of the combinations of nets and boards, at
different towing speeds and for different warp lengths aie represented in
Figs. 2 and 3 respectively.

DiscussioN
Relation between Horizontal Opening and Towing Speed

Following empirical methods the possible interrelationships between
the size of the net and the otter board to the engine power of the boat
are indicated by Miyamoto (1958 and 1959) while Koyama (1962) has tried
to cquate the engine power of a trawler with the size of the otter board. The
horizontal spread of a trawl net in action is the one parameter which depends
on the factors like the type of otter board, the angle of attack of the board,
bottom nature, construction of the net, towing speed and the length of warp.
cte. The relation between horizontal spread to the towing speed at
different warp lengths is represented in Fig. 2. It would be clear from
Fig. 2 that the horizontal spread reaches a maximum and thercafter
it decreases even with the increase in speed and this is found to hold good
for any particular warp length. Further, it can be noticed that each net and
door combination will be having its maximum opening depending upon their
size.  During the experiments, the maximum opening was obtained within
the towing speeds of 2-5-3-5 knots (1-3-1-8 m. sec.) and the corresponding
horizontal opening is found to be 757 of the length of the rope between the
otter boards (head rope plus legs on either side) in the first two nets; but in
the case of the third net operated with two different-sized otter boards, it is
found to be 78°; and 84%. which may be due to the difference in the size of
the boards.

Relation between Horizontal Opening and the Length of Warp

De Boer (1959) indicates that the horizontal spread will increase by
lengthening of the warp. From the present  author’s experiments, it
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FiG. 2. Rclation between towing speed and 'horizontal spread between otter boards,
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is found that the horizontal spread gradually increases with the increase of
the length of the warp, and after attaining a maximum opening, it falls,
even when more warp is released, which is evident from Fig. 2. In
the experiments, the maximum opening was obtained when the length
of warp released is 30 fathoms (54-86 m.) for 20 (6-09 m.) and 24’ (7-01 m.)
nets. while the maximum is seen at the warp length of 40-45 fathoms (73-14-
82-29 m.) for 32" (9-75m.) net. Miyamoto (1959) has suggested that the
length  of warp to be released is three times depth  of water
in fathoms plus 25 fathoms (45-72m.). 1In these experiments, since the
average depth on the fishing ground is 3-25 fathoms (5-64 m.), the warp to
be paid according to the above formula is 35 fathoms (640 m.), which more
or less falls within the range of warp released when maximum openings are
obtained. This phenomenon may hold good in the case of small trawls.

Resistance of Trawl and Otter Board when Towed

The total resistance of the net and otter boards composcs of two factors,
namely friction of sea floor against the gear and the water resistance against
the net and the boards.

Relation between Bottom Friction and Warp Length

It it is assumed that the friction of the sea bottom against the gear is
represented by kinetic friction, its value will be little subjected by towing speed
and it will take constant value in spite of changing speed in this condition.
The values of friction obtained from Fig. 3, when the towing resistance is
shown at 0 knots of towing speed are represented in Table 1.

For the first two combinations of Table II, the net and otter boards did
not touch the bottom when the length of warp is short and hence the
frictional values are 0 as is evidenced from Table II.

In Fig. 4, if T represents the towing resistance of warp, 0 the angle
between the warp and the sea floor and 7 the vertical component of 7, then

T, == Tsin 0.

As the length of towing warp increases, the angle ¢ decreases and there-
fore the value of T, decreases. As the force T, decreases the frictional resjs-
tance of gcar against the sea bottom will increase. 1n other words, the fric-
tional resistance F is proportional to the length of the warp.

The relation of the frictional resistance of bottom to the ratio of the warp
depth is shown in Fig. 5 for cach combination of experiments.

In the case of small net and door combination at lesser warp lengths,
the boards did not touch the bottom and were working high up at all towing
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for 24’ (7-01 m.) net with 30" 15" (76-2>238-1 cm.) otter doors.

|
sin #

F - (?.92. ) 110-90 (3)

for 32’ (9-75 m.) net with 35" 17-5" (88-9:244-5 cm.) otter doors.
. L\ o 1o,
Fe= (5-57 - <in e) 4 142-50 )
for 32’ (9:75 m.) net with 40" 20" (101-650-8 cm.) otter doors.

It could be seen that the value of « is almost similar in all the cases while
b increases with the size of the net and door.

Net Resistance and Towing Speed

The total resistance R is the sum of the hydraulic resistance against the
net and the kinetic friction of the gear on the sea floor. Since the hydraulic
resistance is proportional to V" (where V is the towing speed of the gear
and n its index number), R = KV"™ + F, where K. the constant of relation-
ship, is a function of many factors such as material of the twine, thickness
of twine, kind of knot in the mesh, the size of the mesh, the head and foot
ropes. floats and sinkers attached to the gear. the size of the net and otter
boards, Reynolds number. The hydraulic resistance of the gear will then
be R — F = R' = KV™, The frictional resistance at different warp lengths
were indicated earlier. The value of n in the formula R' = R — F = KV
was calculated by means of plotting logarithmically R against V for
each of the warp lengths experimented and these are:

R! = Ky1-& 5)
for 20’ (6:09 m.) trawl nets with 30" > 15" (76-2<38-1 cm.) doors.

R = Ky1 (6)
for 24’ (7-01 m.) trawl with 30" > 15" (76-2<38-1 cm.) doors.

Rl = Ky1# ™
for 32’ (9:75m.) trawl with 35> 17-5" (88:9<44:5 cm.) doors.

R — KV (8)

for 32" (9:75 m.) trawl with 40" 20" (101-6><50-8 cm.) doors.

According to Tauti (1934) the hydraulic resistance of the net is pro-
portional to the projected area of the net and the square of the velocity of
current, Koyama (1962), while formulating approximate equations for
estimating the hydraulic resistance of trawl nets indicated that the index
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number for the towing speed (¥) is 1-45 for two-piece net and 1-77 for a
four-piece net. According to Nomura (1951), the similar index numbers to
velocity for the two series of models tested were 177 and 1-57. In the pre-
sent authors’ experiments also, it was noted that the value of the index num-
bers to the speed is less than 2,

SUMMARY

Certain preliminary experiments to study the characters of otter trawl
nets were undertaken and the characters studied were mainly horizontal open-
ing between the otter doors and pull on the towing warps at different towing
speeds. The various relationships between them were discussed in detail
and the main inferences were that the maximum opening in small-sized
trawls is obtained at 2-5-3-5knots (1-3-1-8 m./sec.) towing speed. The
optmum length of warp at which maximum opening is obtained
is in accordance with the size of the gear and doors. The total resistance
is composed of bottom friction and water resistance against the net and the
door. The bottom friction is governed by the ratio of warp length and water
depth, and the gear resistance against the water is determined by the charac-
ters of gear, doors, water and towing speed.
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