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On the Hydrodynamic Resistance and the Gape Height of Pair
and Otter Trawl Nets Estimated by Approximate Equations

By
Takeo TanicucHi

Usually the hydrodynamic resistance and the gape-height at net mouth of a trawl net
are empirically determined on the basis of either model or field experiments. However, it
would be certainly helpful for a net-designer, if a formula is made available for estimating
the resistance or the gape-height of various trawl nets from a construction plan of the net.

By simplifying TAuTl's theory on the plane net in motion through the water, the
hydrodynamic resistance, R, (kg), of a trawl net may be expressed as

Ro=k(D/LYw S*o VEm )
And, with the similar consideration to the avove, the gape-height, H, (m), of a traw! net
is indicated as

H,=h (D/LY, H* V. L (3)
In both avove equations, & and % are the coefficient of proportion, o the density of
sea-water (105 kg sec?/m*) and V the towing speed (m/s), (D/L), signifies the average
ratio of the diameter of net twine to the length of each mesh-bar, which is computed by

S (D/L):- A
(D/L)y = ,,i“_’u..w__., (i==1,2,3, n) e (4)
2 A

=1
in which (D/L), and A, show (D/L) of i-th panel of the net and its stretched area (m?),
respctively, And, S* and H* indicate the projected area (m?) of the net on the direction
of motion and its height (m) in the ideal condition, which are approximately given by the
following each equation

S*=sin g {2L, H*+ Lu(Bu+H*! e (5)
and H* = 1I/2(Bs+2Bups— 2L, sin B), e )

here g is the angle between the wing and the direction of motion, L and B with suffic sign
the length and the breadth of the parts of the net arranged on a construction plan (Fig. 1).
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From model and field experiments of various pair and otter trawl nets and gear
showen in Tables 1 and 2 or in Fig. 2-a and -b, the relation between the resistance, R,, and
the towing speed, V, is as in Fig. 3 and can be approximately expressed as K, oo V%, viz,

m = —0.5, irrespective of type or size.

And coefficient of proportion, k, vary with types

and is computed as about 3.7 for both a fish and a shrimp nets in pair trawl but as 1.3 for
a combined use net, and as about 2.7 for each seam type otter trawl with the exception of

1.9 for two-seam type net (Table 3).

The other hand, the relation between the gape-

height, H,, and the towing speed, V, is as in Fig. 4 and can be approximately expressed as
H, o V%8 and the coefficient of proportion, #, is about 11.0 for all new type nets in pair
trawl but as 5.6 for a old type fish net, and about 16.7 for a usual otter trawl net consisted
of four or six seam except for 7.6 of a specific two-seam type net (Table 4).
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Fig. 1. Schematic representation of the towing rope and the net in trawling.
Abbreviation, L, B and D with suffix sign indicate the length, the breadth
and the distance of parts of the towing rope and the net, respectively. ¢ and
£ are the angle between each towing rope and the direction of motion. And,
S* and H* show the projected area on the direction of motion and its height

in the ideal condition.
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Fig. 2-a Various types of pair trawl net used in the experiment. (Note, The chain line
in a line drawing show the special man rope.)
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Fig. 2-b Various types of otter trawl net used in the experiment,
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Table 2-a Results of model and field trial on various pair trawl nets.
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Table 2-a Continued.
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.95 200 n l 3000 5760.4 | 289.7 3.20 12.5 19.41 | 10.92 18.7
Lo | 1.0 H 4 ” 3500 6789.2 i 3.77 12.0 i 10.50 i
1.05 Ui ” " 3800 73711 ” 4.09 n " U ”
1.1 " i 73 4300 8341.0 i 4.63 11.6 " 9.56 ”
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Table 2-b Results of model and field trial on various otter trawl nets.
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; ;3; -g) ;% §°§§ 2 g gggﬂ g 8 ‘é (;3 % 3 Q:Fi 858 8.;258 a;«‘:} Reference
ERR I gl57 | srle BIE B B[3°EE &5 B
V()| Luplm) | Lan{m) |him)| & | 2a5 | TUkg) | Ralkg) | S*(m?) Haulwm) | H* ()
A rHEEEERIREEEE
X Bewl £ S| ~ | ~ | — - ¢ n . . n R yrand.
20 | BRI G T S S ] D o | o | 3| ass| u | 9| | peonieontal shreadangle
Ao| 148 |85el 2T | = | = |- — | 2620 | » | 507| 228) » | 872| (pp_9g7e
172 \a g o] B ,'L B - 2800 Vi 542 1 219 n 8.30 - X
194 [2288 § 5~ | - | - | — | 3100 | # | 600| 192 » | 735 |(Model experiment)
2.2]1 RadZ SIS R N - 3490 7 6.76 1.95 /1 7.46
1.39 240 | 148.7 | 84 (203 14 1430 | 2127.00 774 3801 26 5331 7.04 Drag coefficient
B 1.40 ] n n|lon Vi 1460 | 217511 3.88 3 it U 28=22.7" of ouer hoard:
1 1.84 7 i 7 ] " 1600 ¢ 2081.3F 7 371 1.9 4 5.15
1,85 Vi ” N T ) 1840 | 2528.1F » 451 ] 2.0 n 5.46 (From HAVIURO s exp'?)
1.5 180 | 148.0 0 2223314 - - - - 2.1 6.65 | 4.62 28=16.9" Cy=06
C 1.45 i n 691221115 - - - - 1.95 | 638 441 18.1 {(From
o 7 227 i 851217113 - - - e i 6.01 4.73 199 HAMURO's
1.48 205 n 83 235,135, -~ - - - 1.9 6.28 | 4.41 186 exp!?)
2.15 400 | 2437 [ 110157115 5750 1 9614.8| 28781 574 - - - 28=24.7° Cy=02
Do | 225 Y 4 nolnor 6250 11041950 # 6.23 - = - # (From KOYAMA’s
2.3 n » noton |18 7000 | 11734.2 275.7 . 7.32 - - - 29.8 exp!®)
0.68 i B - 1451 1254 213 = - -
0.71 . e - 1821 7 2.66 1 6.0 7.28 15 96
088 | B | R |~ |~ | -] — |50 | » | 359 = | -
1.02 I &K - | - - - — 4.5 7.28 11 97
- o~ > - = | - 35 [ 5.12 - - p o
Eo | 125 n :‘? S el Bl B B e e T R . IR N R
1.53 3 % it B - - — - 2.6 n 6.93 (Model exp.)
1.60 (=] -t e - 5248 125.4 7.70 - - =
2.06 e - - - - 1.9 7.28 | 5.04
2.45 e Bl - 10711 1254 | 1571 1.7 n 4,52
176 150 ] 173.1 1 803161168 3290 | 49482 1083 | 840 56 9.54 | 11.34 28=145°
1.88 i i 7 n 11720 3010 | 4389.8] 1097 1 7361 52 9.43 1 10.71 149 Cp=02
2.01 n Vi i # (1681 3070 | 439611 10831 7461 4.6 9.54 8.35 14.5
2.29 i n 78 130.7|18.8] 3530 | 4994.41 114.7 8.01 4.2 8.99 | 9.03 16.3 (From
1.68 ” i " 7 11561 3350 | 5175.71 1044 9.11 58 9.84 1 11.34 13,5 TANIGUCHI
1.52 2>0 " 76117.4112.6| 3140 5598.8| 120.2 | 857 | 4.2 8.36 1 9.77 18.2 and etc’s exp?)
Fo | 2.04 p/l n #o114.2| 3300 55979 124.3 8.28 3.8 7.62 9.66 20.5
2.09 // n 7 1138 3310 5587.0 1235 | 832 | 35 7801 872 20.0
2.38 300 Vi 851162 11.8| 3880 64903 124.3 | 9.60 - - - 20.5
2.24 7 i n »o|124| 3730 630531 1253 | 9.25 - - 21.6
209 ” n 82 |15.6]13.2| 3580 | 6147.9| 126.0 | 8.97 - - - 23.0
1.96 n " 81|15.4112.6| 3520 6141.41 1255 9.00 - - - 21.9
1.61 Il 7 82 115.6]13.6( 3230 | 5760.7| 1258 | 8.42 - - - 23.7
1.55 300 | 201.8 1102 119.7116.01 2950 | 4122.6 | 201.4 3.95 - - 23=123.9"
1.80 n » 99 119.1118.01 3900 | 5441.2| 187.9 | 5.53 - - 26.9
2.15 7 n 95119.3117.00 4300 5491.5| 1965 5.39 - - 25.4
2.43 ” 2" 100 # (1501 5200| 6400.6| 204.2 | 6.04 - - - 224
G 1.95 310 | 196.9 | 110 [20.6{17.07 6280 | 9400.7| 178.6 | 10.15 - - - 269 Cq=06
1 205 ” ” 1201122.6112.01 7060 | 10476.1 | 194.9 | 10.37 - - S 18.9 (From
1.90 360 " 126 [20.3110.01 4350 5987.2: 1935 | 598 - S - 18.3 HAMURO's
217 i »” 124 (20,00 » 52001 694711 1935 ] 6.92 - - - 4 exp!)
2.20 ” i 126 120.3111.6( 5900 813141 1959 | 8.00 - - - 21.3
2.27 7 Vi 125120.2] 9.01 6650 | 9405.7 | 188.1 9.64 - - - 16.5
0.75 8 ® e - 3923.0 | 255.9 224 1125 6.16 | 31.19
1.00 o x| e - 6547.8 E 3.74 9.17 ; 22.89
H 1.25 e o = e - 9557.8 7 5.46 7.37 " 18.38 28=31.9°
e {gg O A e B Bl }329% n 7.01 248 »o 1607 | [P
75 3 « e - 3552, 7 7.75 4 " 13.44 R
200 | & | S | - - | =] - |76 » |1019] 517} » | 1292 (Model exp.)
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Table 2-b Continued.
et o <
75|88 | lfE| 5|2 8 |.88|.%s
5| & |E 2|58 = ¢2E %55 o |BER|EE .
S op | SEIS3 5| B re g 50 853 L BR8] B
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S f I8 8|8R5| e ElgE| S 8|2 S|278|¥0 (828|625| =g Reference
% S | E 2§57 S8 8 2|8 52 2| B|852E% Q
S| = |8 |3 RIS |gr|l= &4 B B|8°58 5 B
=y
Vol )| Luplm}| Lantem) |n(m)} af | 2¢5 | T(kg) | Rulhe) | S*(m?) Hn(m)| H*(m)
1.7 815 | 264.4 | 432 |31.8/10 - - - 9.9 6.53 | 23.31 23=31.2°
1.68 860 ” 438130.5] 9.6 -~ - - - 8.9 6.32 | 21.63 31.6
1.8 760 7 424 133.7/106| -~ - - - 10.6 6.72 | 24.15 30.8
2.06 840 n 470133.7(10.8] ~ - - - 8.4 4.72 1 27.30 348 Cy=02
I, | 132 ” i 428130.5] 968 — - - - 8.6 6.70 | 19.74 30.8
0.93 880 ” 430129.1(106) -~ - - - 8.4 4.21 1 30.66 35.8
1.81 790 ) 41813181 83 - - - - 10.4 9.20 | 17.33 25.9
2.03 840 n 432 (308| 9.2, - = - - 8.8 7.37 | 18.38 29.5
1.98 800 ” 400 129.8(10.0f ~— - = - 8.4 6.83 | 18.90 30.6
1.75 400 | 244.6 { 110 (15,7 111.0} 5850 | 10282.2 | 274.8 | 7.38 - - - 20=18.0° Cy=02
1.95 n n Aof oy | 650011130321 » 811, - - - 7
Jo | 2.00 i 7 voyn oo 6750 1 11722.31 » 8.41 - - - 7 (From
2.05 i N Jopon 11300 7000 112099.01 286.6 | 8.32 - - - 213 KOYAMA's
2.15 350 | 238.6 | 76122 » 8500 | 15264.4 | 269.8 | 11.16 - - - 16.1 exp!?)
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235 Vi Y Aot 11601 8250 1140752 254.0 | 1082 | - - - 268  exp!®)
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1.4 735 ” 2881229 801 - - - - 5.3 7.21 112,92 204 Cqy=02
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155 | 656 # |256) # | 78] - - - ~ | 54 | 876 1082 177
1.65 712 i 2861235 6.8; ~ - - - n 9.30 | 11.19 16.7
215 720 n 2771225 12 - - - — i 8.62 | 11.03 17.9
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Fig. 3-a  Relationship between the resistance, #./(D/L)nS*p, and towing speed, V,
for various pair trawl nets showed in Table 1-a.
Symbols, closs and various circles represent model and field experimental values,
respectively. Numerical values in parentheses show the horizontal angle
between both wings (28).
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Fig.3-b Relationship between the resistance, £n/(D/L)n S*p, and towing speed, V|
for various otter trawl nets showed in Table 1-h.

Symbols are the same as Fig. 3-a.
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Table 3 The coefficient of proportion of the resistance on various pair
and otter trawl nets,

Pair Trawl Nets Otter Trawl Nets
Coefficient of Coefficient of
Type of Net Proportion Type of net Proportion
k E k k
01?. tﬁmet Ap | (2.85) . Aol 24)
ish nets wo-seam
Bs| 35 35 type nets Bo| 1.9 }1.9
Co| 54 D,| 19
New type Do 3101, . E,| @4.1)
is S 2 . Four-seam
1 ne En| 3.2 type nets Fo,| 31 2.5
Fol| 40 57 Go| 24
Combined use | G» | (4.1) except | Ho| 3.7 07
nets for Hol 1.15 for 1.3%)| Six-seam j 3.1 .
shrimp and G type nets L e
also fish In| 16 1.3* Ko 28
Jo | 12 Eight-seam :
New type K, | 2.85 St%:ype net Mo | 23
shrimp nets | ©* | “ } 3.3
Lo 38

Note : Towing speed index of net resistance: 2+m) = 1.49~1.52 (Mean 1.5)
(Values of the coefficient of proportion, & parenthesized indicate ones
of the model experiment.)

iz, S E kb SRR OBEERER » B & UHLH ZLBERTE LD PPREL 5T s, BholiEh
W h O EHS 78, Table2-a, b »d H./(D/L) wH LINOONEHE, ¥hbbn=s —08 L LIBEOLOT
£V EDBFRE R FNRBANI RS, Fig. 4-a, b 2GR HY, FEHUCEBUISGECENC I O O ¢ £ EHEIC L
L7z (BhoieHid Fig 3-a, b cE L), HTasb0L LTENFAEGLLDTH D0, 08
CITHHTEFER » OfE A B EBRE L SHEET S &, FEORERSEOBHIC I 5V LT O EAEXE
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Fig.4-a Relationship between the gape-height of net mouth, H»/(D/L)» H*, and tow-
ing, speed, V, for various pair trawl nets in the same manner as Fig. 3-a.
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Fig.4-b Relationship between the gape-height of net mouth, H,/(D/L), H*, and tow-
ing speed, V, for various otter trawl nets in the same way as Fig.3-b.

Table 4 The coefficient of proportion of the net-height on various pair
and otter trawl nefs.

Pair Trawl Nets Otter Trawl Nets
Coefficient of Coefficient of
Type of net PFOPOTUO_H Type of Nef Proportion
h h h h
019 type Ayl (97) - Aol (121)
1sh nets wo-seam
By| 56 5.6 type nets Bo| 88 } 75
Cp| 64 Co| 6.2
New type
fish %gts Ep 9.6 | 0.2 Four-seam Eo | (10.5)
Fpl 147 type nets | g, | 168
Combined use | Go| (9.8) Ho| (22.1) 167
nets for Six-seam :
shrimp and Hp| 111 }12.4 1 type nets Io | 32.8% (except .
also fish I, | 137 L, | 166 for 32.8
Jpo | 108
New lype s | Ke| 105 | 106 * Ho viz. I, : special wingless net.
Lp| 104

Note : Towing speed index of net-height:n = —0.5~—1.1(Mean —0.8)
(Values of the coefficient of proportion, %, parenthesized indicate ones
of the model experiment.)
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