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Fluid Drag of a Trawl Net and Otter Board Spread
in a Midwater Trawl
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A method of estimating the fluid drag of a fishing gear and otter board spread in a midwater trawl on full scale was described by
implementing a three-dimensional semi-analytic treatment of the towing cable (warp) of a trawl system with the field experiments
obtained with the SCANMAR system. The shape of hand rope, bridle and float(or ground) rope attached behind otter boards in
a horizontal plane was assumed to be of form y,=Ax.". The distance between otter boards (otter board spread) obtained by the
three dimensional analysis of a towing cable must be equal to that obtained by the functional equation of the shape of ropes behind
otter boards. The angle of attack of ropes which can be obtained from the functional equation enables one to estimate the fluid drag
of trawl net (net drag) by subtracting the fluid drag of the hand rope and bridles from the drag component of the tension of hand

rope aftached just behind the otter boards.
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Fig. 1. Three dimensional coordinate system and discretisation.
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Fig. 2. A typical midwater trawl.
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Fig. 3. (a) A coordinate describing the shape of ropes attached behind otterboards £.: half length of a float line.
(b) Equilibrium of three forces (tension of warp, hand rope and sheer force) at the otter boards.
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Fig. 4. An upper view of a midwater trawl indicating the shape of a resultant force (dotted line) of float, ground ropes and
lacing line.

2, A A9 bridled AH43te] BAIE € (wing end) S A ) 24123 PR o] ) FHo] o] FE bridle FHI}
A% (0B)S @ZSPEd, Zol7t 22 Al & AN 48 7 AAZ o€ FAGe I 4 (149 93 Fig. 4914 °] F49)
Ae £2% 224 4299 2 780 e YE2 AT 934 (Zacd)o] FNLE BIIHA gk

Zoz dZso dot WA, 2AEY & FA ZE o] B
Aotz e, o] Ao vAE P& FUF Lol 379 bridle
oA, 43t 2709] bridleel PR € ¥ 7H2H bridled] ¥R wetA, 4459 A2 HAE ol&sd BAEAN



242

bridieo] $H%3 o) FE Z% (p)E T2 ¥ U] o2 I
A3 Ygo) olFE AAd A% YO FoTH T8 & YL
# ge 249 4 (15, (16) 2 A (13)9 23 o435 4
(198 78 4 Uk

y,,'=tan ¢‘ (t‘;_]" X=X1°“k]9] gk%]) ........................ (15)
b—l,ff,/ﬁ v dx
o)} 2 zFo2 4% 7L 9 AAH (OB) FHEY
FRAEH} GAIE BN E9 94E¢ 78 F+ A2, 9 F
e AAE Qolg 7 (2F)HolY Aol2RH FE £ Uk
getA, 2708 929 F3Z (hand rope) FE e AFAAEANA
f&ol 98 FRAEFH bridled] FAAY L WE o7 FAAF
< 7% ¥ o

Zn ¥ 1@

£ 7N 78 o7 #3AFL Matuda et al. (1991)0] 3
AP AN 1072 FAE Z2Ed F58 EBoj7 B
Ao AL 61.lm, HUNEZL 648moltt TEL FHo
2mm¢ golo] 2EolH, bridlee H7A 18mm, Z°| 100m?
solo] 2EE ) A3 g) o] FEE L AP FRAEH A
712 bridle2X £%, 4& 9 SA2E B9 Y24 428
. EE7 $E9 ol EF 282mo) 3, AABL F¥] 167,
£ 271 m, F¥FF0] 935kg L VIS ALY B9
FYL 5445kg, QL2 B 2AY A3YL 548 kgt AR
g 7 248 23 o o7 ARG dol, P, AMHY
o), ¥R&9 A9, YN8 THL 2499 SimradA7}
A #% Scanmar (catch control) A|29-& AHEH 2, TZ9 A
& Aue § €M 224 (load cel)E FA3IR0H, o7]
AME olgt Zo] AtA £ ZAold] il A A8 TN £
Zol7t 300m AF (Table 1ol g ZAZE o] &3to 4
(10& F3HE2A, oA AP uie Zo] EEo)TY 18
e FAAGE 78 de dgF 2o

WA, Table 1€ W £ 5F0] LEZ Wgoz g17] d&of
S AMBY Aot dAHA RS ¢ F U wedA, 7]
Al Table 1914¢] ¥3Z (hand rope) s} FEEA 5 2% 20
9 gtol 2o BEE & AHESgch 2Ex, BE) £33
Zo vAe FEHL R=(1/2)CypSV? (&, pt #A9 g, s

g - £4F

£9 R4, ve FdAH)2 JEd £ 9len, 29 FYAS
(COE Reynolds 9 H¥H7F SX10°<Re<2X 1021 H$IUIA
Cs=129 3 A48 (Sato and Miyazaki, 1984). (2, Re
=Vd/v. 4714, dE wire ropes] A7, ve FA 2 FAA5).
agx, 5o £330 old £9 A4 FAEH WHIE E
A9 bridled] 4E& HF3t £9 AFE F3ed AHEHAT

19} o] o E40)7} 300me B4 AFSEd] we 7§
ANRE F3 EE)FY FAAYLE 7§ AL Fig 59 Fig.
6o 27k Jel glth Koyama et al. (198D & @713 &
43 38 ¢ FEY Zolg Moz 713 ANHe 213
€ T8 R B =84 A& (AT FH gz 79)
Ao v A EE, §4 304kt F 386kte] AF, JHoz HAG
A% AAR 4L o 574m ¥ 762mY L, Fig S2FH £
=204 18 g3 Hlazsy, F i AAR BE el
% 281m % 108m%UF £ =FA (43 F49 o)
T8 AR 2o o "Wl o1HF Holg olfE BAIE
ZolAxe 3o gL 9oz EF 3E 2 4224 ¥
2 95 g8o2 FAHL, o] Al F& GMLEENA bridleH
A5+, Koyama et al. (1981) WP B2, 229 &
FAG A 27l AAR 3F Aoyt IA Jed Aog B
g (Faz, 24 244989 944 (Matuda et al, 1991) 4]
AAQHQA Mzt BAe2RE, AR F3F FARNE L 5
304kt ¥ 386 kte] ZZte] A 9o Wi, £ =FoA 73 AAE
ZEED 4 34m % 90m o, FHe2 714 (Koyama et
al, 19808 A$EcE 9 315m 2 198m WA, Fig. 590
g3t ¥& AMBY DAL P& Frld u} F43] F
7he ¥ gasiAn, olg FiE w2 F42EE ¢ F Y

£ 474 Q8% FFEETY 2ERY /AAY (R,
kg & (V) He BAE

R.=1204.6 V(m/s)l'” ................................................ (17)
(#=0.8845)

o7 FAATL dFEzrt F7HE wt Agoe MAF
37t Usel aA $71EE ¢ F o 283, FeE
A8 o}PAYHY ol (Table 18 FndH) g (B
T #577F E48 g4 3A dEna go.

RN A & o] 83t oo AT S ANY o,
oS A g 73] dMe 279 HF 2 AVl 5 €4
T 9487} g 71 =% (Matuda et al, 19D A€ FRAF

Table 1. Some recorded values of a ten-panel midwater trawl net test on full scale gear (From Matuda et al.,, 1991)

- Width  Height Depth of ofter Tension of hand Tension of

ih;f:; Rl;}\/[ oneI:lt; of net  of net board (m) rope (kgw) warp (ton) &g
. th th

kt) engine (m) nal:) u?::) starboard  port starboard  port starboard  port (m)
261 179 1932 16.9 21.1 1753 186.2 1497.2 1144.5 259 2.04 300
3.04 180 1813 17.0 212 176.7 184.5 15492 13237 2.60 2.36 300
343 180 1515 193 19.9 139.0 1457 21713 17498 330 278 300
3.86 181 1292 22.8 183 108.8 1149 32489 25483 433 3.60 300
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Fig. 6. The dependence of the net drag on towing speed for
a ten-panel midwater trawl.
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