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A considerable part of the total drag of fishing gear

is due to the trawl doors. Trawl doors typically cause about 30 percent

of the total drag. For a particular boat, propeller and engine combination

the amount of fuel you burn when trawling depends directly on the speed
that you trawl and on the drag of the trawling gear. If you double the
drag of the trawling gear and maintain the same speed you'll burn twice
as much fuel. Since trawl doors typically account for 30 percent of the
total drag they also account for 30 percent of the fuel burned while
trawling. The doors' drag is an undesirable by-product of the doors'
primary function of spreading the net. If you could keep the same
spreading ability while reducing the drag of the doors, you would save
money and reduce your fuel consumption., Three possible ways of doing
this are to eliminate doors, use the doors more efficiently or use more

efficient doors.

® Eliminate Doors

One way of eliminating doors is by the trawling method known as
pair trawling. In this method two boats pull a single net. The boats
pull side by side at a set distance apart spreading the net and dragging
it behind themn. Because the boats are spreading the net, there is no
need for trawl doors. This method requires close cooperation between
the two captains and works best with two boats that are closely matched
in power, In addition the fishing grounds must be suitable for this
type of operation. For example, there should be room enough for the two
boats to trawl side by side and the bottom should be fairly level. By
using this method the two boats can pull a larger net than a single boat

with the same horse power as that of the combined power of the two boats.



It is not necessary to pair trawl to eliminate doors. For example,
twin rigs have eliminated a set of doors for years. That is, two nets
are pulled on each side with only one complete set of doors. Instead of
an inner door on the outer net and outer door on the inner net on each
side a dummy door or sled is used. This reduces the drag that would have
occurred had full sets of doors been used on each net. This same idea
can also be applied to double-rigged boats or to boats pulling a single
net. For exémple, in a rigging referred to as the Easy Rig, the inner
doors of a double rigged vessel are eliminated and replaced by dummy
doors and a cable connecting the two dummy doors. The only doors which
do spreading are the outer doors of each net. As of this writing,
Captain Wallace Styron is conducting a result demonstration with this
rig. By eliminating half of the doors and the drag that goes with them,
Captain Styron 1s able to reduce engine speed by 150 RPM and still
maintain the same trawling speed. He estimates that his fuel saving is
at least 10 percent and probably 15 percent with this rig and he has
seen no difference in the amount of shrimp caught as compared to the
standard rig. Since the doors typically account for 30 percent of the
fuel consumption, Captain Styron's estimate of 15 percent corresponds
well with eliminating half of the drag of the doors or 15 percent of the
total drag and total fuel consumption of the fishing gear.

The Ponchatrain rig or bay sweeper is a method of rigging a single
net to reduce the drag of doors and the fuel consumption. This rig is
applied to single nets operating in shallow water such as Lake
Ponchatrain., In this rig the bridle arrangement in which the two doors
are bridled to the towing line is not used. Instead, a cable running

from an outrigger on each side of the boat to the respective door is



used. The cable comes off a rigid pole which drcps down from the
outrigger. This permits shorter warps while still permitting the door to
have bottom contact. By rigging the trawl in thiz wanner the inward pull
exerted by bridle on the door is eliminated and thus, since the door does
not have to overcome this inward pull, it can be much smaller and still
open the net as wide as doors in the conventional rig. This should
result in a fuel savings with the same size net or for the same fuel
consumption the ability to pull a larger net.

Another way of improving efficiency is to use the trawl door more
efficiently. For example, the National Marine Fisheries Service film,
"Shrimp Trawls Design and Performance" several variations in door
settings, trawl types and door sizes are shown and the corresponding
effect on net shape and performance, This information 1s summarized in

the publication Shrimp Trawls: Performance and Efficiency available

through your marine advisory agent.

The forces produced by a door can be broken down into a drag force
and a force which spreads the net. The drag force is referred to as the
drag while the force that spreads the net is referred to as either a
shear, spreading force or 1ift. Most often, doors are characterized not
by the absolute value of the drag and spreading or 1lift forces, but by
coefficlents of 1ift or shear and drag, The actual forces the door
exerts is obtained by multiplying the area of the door times the
velocity squared times the coefficient., By presenting the information in
this manner wmany doors of different sizes but of the same type are
covered and their coefficients are nearly independent of speed. For
example, Figure 1, shows the coefficient of lift and coefficient of drag
and the ratio of the 1lift to drag coefficient for a flat rectangular

otter door at different angles of attack.
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Look first at the line labeled CL or coefficient of 1ift. As the
angle of attack increases up to about 20 or 25 degrees the coefficient
of 1ift also increases. This means that as you increase the angle of
attack of the board up to about 20 or 25 degrees, you will get more
spreading force. After about 25 degrees the coefficient of 1ift
decreases as the angle of attack is increased. This means as you go to
greater angles of attack past about 25 degrees you actually get less
spreading force. For example, a board at 50 degrees would have slightly
less spreading force than a board at 30 degrees, However, the drag
which that board produces increases continuously as you 1increase the
angle of attack. That is shown by the line labeled CD for coefficient of

drag. Thus, after about 25 or 30 degrees, increasing the angle of attack



gives you no more spreading force but it does increase the drag of a
door. A measure of the efficiency of the door could be obtained from
looking at the ratio of the 1lift to drag coefficient or the spreading to
drag force. This is plotted in the curve of CL/CD. Notice that this
curve peaks at about 20 degrees which is saying that for the same amount
of drag you get the most spreading force at an angle of attack of about
18 or 20 degrees. Past this point for the same amount of drag you get
less spreading force. From the standpoint of efficiency then, the angle
of attack of the board would only be about 20 degrees. If more spreading
force 1is needed, you would go to a larger board. However, this is not
usually done in practice because the smaller angle of attack tends to
decrease the stability of the board. Obviously a compromise is needed
and the usual angle of attack for most otter boards in the shrimp fishery
is around 30 to 35 degrees. The angle of attack of the board is just one
of the parameters that can affect efficiency. For a more complete
discussion of other parameters please refer to Reference 1, Trawl

Fishermen's Gear Technology Manual by Duncan Amos. This dis also the

source for the data presented in Figure 1.

® Use More Efficient Doors
The rectangular flat wooden door has been in use since 1890's. The
basic design has not changed much since that time. It is not a fuel

efficient door since it has a high drag to 1lift ratio rather than high



lift to drag ratio which is desired for good fuel efficiency. They do
have several good features which is probably why they are still in use.
They are easy to stow, they are easy to build and relatively cheap.
They are stable on both smooth and rough ground and can clear boulders
or obstructions reasonably well., The biggest drawback is that they are
not hydro~dynamically efficient and thus exact a penalty in fuel
usage. They can comprise 30 to 35% of the total drag of the trawl gear
and thus 30 to 35Z of the fuel usage.

Many other board designs have been tried since 1890. Several of
the more significant designs are the Cambered rectangular door, Vee
doors and Polyvalent boards. In addition, many doors with slots have
been tried to improve the hydro~dynamic efficiency of the boards.
Table 1 presents data from the Scottish Fisheries Research Report #14,

1979, entitled: A Study of Bottom Trawling Gear On Both Sand and

Hard Ground.

Table 2 reproduces Robert Sadat's (2) list of door characteristics.



Size,
length
breadth

Projected
Area

Weight in
air (1bs)

Weight
Sea Water
(1bs)

Average
Board
Spread
on Sand
(feet)

Average
Board
Spread
on Rough
Ground
(feet)

Spreading
Force per
Sq. Foot

on Smooth
Sand (1bs.
5q. Foot)

Spreading
Force per
5q. Foot
on Rough
Ground
(1bs per
Sq. Foot)

Mean
Towing
Tension
on Smooth
Sand at 3
knots (1lbs
force)

Rectangular
Flat Wooden

5'8 X 3'3"

17.8 sq. ft.

225

115

57.4

55.1

12.3

12

1663

TABLE 1

Polyvalent
Steel

5' 7Il x 3!5"

19 sq. ft.

476

356

65.9

49.5

11.4

9.4

1419

Cambered
Rectangular Steel

5'g" x 2'11"

16.5 sq. ft.

347

158

67.9

58.4

13.4

11.7

1430

Rectangular
Vee Steel

5'10" X 3'4"

19 sq. ft.

344

156

57.1

49.5

12.1

10.8

1738



TEUOTINTARA Yidep 1ofwm pum cappne ‘usasun ‘siapnoq sdawy ‘puncif peq = 3

#y> yidsp 10{ww uwppne ou
"2310 ‘siwprucq Jo wous

H038 ‘punox® unypem « g
‘Usan ‘pumoid poo¥ . ¥
ipaquar J0 L371enb 104

B (vdX3 swsdvdvr)
s1atavi) sssuwdep (3v11 TI%F Buyimeal wolj0q a0)
03 18] o® PRITEIT yiyy o3 PRPIIY FRTIITTIN; ITqQEITNNUN 5 03 Y#11} ‘orjex 3oader ydpy
Ing aen sajFRuIIX] afwiaay alniaay Fuppueq} s¥e2asw anoqy poey pood gy siviaay pood Lisy 092 050 0c'L oST | PRIRQWED 1epnBurioey g
(11317 200d (#d£3 qnixzeqng)
1% 3o mi1aanI3 Aq Buy 0] afeasam UYTARI] JSIPAPTE 10}
-TA®11 I3IRAPYR 107 pasn 4y o2 {prprau #31I77709) 3rqeITneun 3 | woazoq fpood ofav: 1ssdaw y¥py
ATeatouaixs fuaoad Tian ol *TrIaay Suzpuaq) alessar saoqy pook Ling poo¥ gy 1330ApTH pool fas #0°y 520 %1 o51 | Peasques swrniurazay g
1%} o8 wen (zosssadsp Buyiama
[97oIeemod peITEIT yity 1cod 0y ~Tp) uSywap yeyoads
tjumsdoTrasp JuUIdBy no] Axep YN say pool g'y poof Lzay aleiaay ¥t ‘e I8°0 G0 InTy awnBuwisey ¢y
dy 009 oy dn misyaway
10y Lyaeynozazed *asn 100d a3y
aatsuaIxd fusaoxd Ty LLy] a8u33ay aleasny 004 poo% a'gy poon sBeinay (A4 $9'0 [F['A o0% adLy awy epntusjoay "9
furswarouy asn (papasu ¥spIyTIIey pool o3 poo¥ o3 pook a3 (#d£) jvareadiod) pa3
11uamdotaaap jueday afuisay yiry futpusq) ¥Bvasam aacqy sfwiaay peod a'g'y a%nzany afuiaay szl %0 6’0 oSE [ ~I0TH ‘pmiaqued [eag g
sas1anay sRaey
Aq Lyaegn>3iaed paen s¥vzeaw pood 03
Arspya tusacid Tre slvasay 113 47] sfuzsaw mroqy 0] ooy poof 3'q'y alwamay sTuisay 9T £%°'0 92°0 oSt PRIOTE *IwT] TRAQ ‘¢
(I%A0 ueiyvy
I¥ Wt11 oy
iEp 03 WA (papama waTIfl]on c0d 3 TSI LR
[e§azemmod peiTeyy K1ep yim Zuppuaq) slvisav sacgy 0] pool gy aflwisay pong [T} 180 91 0%t awnBuridoy ‘g
Rupyavay dwilys a0z pow [qeyznsun )
syeEses [{vMs 10y peen lood g 1oad o3 PN -apya
ATeatousine fosaord [Tey A0 L] 1004 pood y pooy afravay L2 | Lo H{- )] il ey seniuwioey "7
Supyet; Teesamap 0] pesn I00d 03 w7y anynfurjoag
Apeatsuerxe fusaozd TTIN slvrway sdereay *fe1aay 1004 pooy sfesany LA0e ] o wo ) 1®n0§3uaAu0y ‘7
©/1 (] n
FIOBUSIUT M sEmdang pepeIn 2001 puw £11739 Kausyazyia (151 7] EITTT FELEL]
BTN Tryaade jJo JusINy dsiwaprE UY -IAnau Ny TIvIRAQ Sv1p 3o
p1o3s1 wauspasdxg u80) M Jo ¥IUYITFIeg *18uw 41 pavoq aw33p
:iﬂU
SUOTIRIIPINA0D UOTIINAIEUO) £371Tqvazne Joyyery ITISTINIININYD
oywsudporpdy fuypucdenizoy

FOILSTHILOVEVEL) SOUVOR WILLO NIYHW 30 ANYHWNS

¢ A4V,



Of these doors, the one which has become most popular is the Vee
door. Even though it is the most hydro-dynamically inefficient of all
four doors listed. This is mainly due to its ease of handling and its
ability to fish over rough ground. The Cambered rectangular door has
good hydro-dynamic efficiency but has not become popular. Even though
it has not been generally adopted the design features of this door is
currently being used in some modern door designs which may have good
application in the shrimp fleets in the Gulf of Mexico. One of these
door types is the Bison trawl door which is currently being sold in the
northeast and on the west coast. One of the major drawbacks of the
Bison doors are that they are expensive. However, skippers report from
10 to 207 reduction in fuel costs with their use. Work is currently
under way by Duncan Amos (Georgia Sea Grant) on developing a modified
rectangular door which would employ a vertical slot at a 35 degree angle
to improve the hydro-dynamic efficiency and still retain the desirable
characteristics of the wooden rectangular door. This board offers very

good possibility for the Gulf of Mexico fishery.
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