
LI hltttttkl
le'ttt t t tl It'fl I 4
H.ttttt:tl M~m a

AND

FUEL CONSUMPTiON

Dr. J. David Bankston

Specialist, Marine Resources & Engineering
Louisiana Cooperative Extension Service

9p wsAQPf
DB780OZ

LOUISIANA
COOIttERATIVE
EXTENSION SERVICE

LOUISIANA STATE III4IV ERSITT AORICULTURAL CENTER

OTTER DOORS

LSU~-88~5 C2

Y
QllvI IoN

E~ng L ttutttttttt't En ~L~ IIetw ttd



OTTER DOORS

AND
FUEL CONSUMPTION

By

Dr. J. David Bankston

Specialist, Marine Resources & Engineering
Louisiana Cooperative Extension Service



A considerable part of the total drag of fishing gear

is due to the trawl doors. Travl 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 vays of doing

this are to eliminate doors, use the doors more efficiently or use more

efficient doors.

0 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 them. Because the boats are spreading the net, there is no

need for trawl doors. This method requires close cooperation betveen

the tvo 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 tvo

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 example, 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 is 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 t' he respective door is



used. The cable comes off a rigid pole which dr<..;is down from the

outrigger. Thi'- pe mits shorter 'srps while still permitting the door to

have bottom contact. By rigging the trawl in thi . ~nanner 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 is summarized in

the publication Shrim Trawls: Performance and Efficienc available

through your marine advisory agents

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 lift. Most often, doors are characterized not

by the absolute value of the drag and spreading or lift forces, but by

coefficients of lift 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 many doors of different sizes but of the same type are

covered and their coefficients are nearly independent of speed. For

example, Figure l, shows the coefficient of lift and coefficient of drag

and the ratio of the lift 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 lift. As the

angle of attack increases up to about 20 or 25 degrees the coefficient

of lift 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 lift

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 increase 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 lift 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 is 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 !ust 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 Technolo Manual by Duncan Amos. This is 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 lift 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 35X of the total drag of the trawl gear

and thus 30 to 35X 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 414,

1979, entitled' .A Stud of Bottom Trawlin Gear On Both Sand and

Hard Ground.

Table 2 reproduces Robert Sadat's �! list of door characteristics.



TABLE 1

Polyvalent
Steel

Rectangular
Flat Wooden

Size,
length
breadth 5'7" X 3'5" 5'8" X 2'll"5'8 I 3'3" 51 1PTI X 3 I4N

Projected
Area 19 sq. ft.16.5 sq. ft.19 sq. ft.17.8 sq. ft.

Weight in
air  lbs! 344347476225

Weight
Sea Water

 lbs! 156158356115

67.9 57.165.957.4

49.558.449.555.1

13.411.4 12.112.3

11. 79.4 10. 8

14301419 17381663

Average
Board

Spread
on Sand

 feet!

Average
Board

Spread
on Rough
Ground

 feet!

Spreading
Force per
Sq. Foot
on Smooth

Sand  lbs.
Sq. Foot!

Spreading
Force per
Sq ~ Foot
on Rough
Ground

 lbs per
Sq. Foot!

Mean

Towing
Tension

on Smooth

Sand at 3

knots  ibs
force!

Cambered Rectangular
Rectangular Steel Vee Steel



TABLE 2

gtgg AR1 OF ICAICI O'ITKA AOAR0$ CAAAACFERISFICS

Correspond tag ydrodynaalc
cho Tac to TioCICO Flehiog suitability Canetrvcttan cenefdorotlo«

Otter board type
gopariaoco recordCaefftcioate of CoaC ~Overall

efficiency
gsaauver-
ability

Oe the sea
hed

Ksteat ef specie! ekitle
aad coals needed

Is atd«ter~ beor drag
CL CD PurCbaeo tta is tenants

40I. ConVoatioael
rocC ~ nguler Flat CIO]I prOvoa; estaeairaly

used f ar do«roof f taking
0.81 0.72 1. 14 Average

to pear
A,g goad
C poar

Poor AverageAverageAverage

402. Aaccangular flat
vtda-keeled

0.81 0,72 1. 14 Areregn
ta peat

Poor than overage

3, Rectangular
Very flatted ca«ercio1
noe to ~ ta

0.81 I . 55 AverageA,g good
C poor

RighAbove average  bending
~ cilittee seeded!

354, Oval flat, alottad 0 86 0.63 1. 36 Poor to
average

Average A,K,C goodAVOTage
Co golnt 0tgh AvotageAbave overage

355. Oral cenbeted ~ ~ Ioc-
ted  palyralrat type! Retest devoiopueat:

iscreoeisg
0.93 0.14 A,A,C good1.25 Avotaga

to good
Average
to good

Average
to gaod titgh Average

406. Aectaagular Vao type 0.80 0.65 A,g ~ C good1. 23 Foot'Average
to poor AverageAverage

40 0,81 0,12 1. 14 AvoToge
to poor

A, 4 gaud
C average

A'rerege Very
high

15 1.52 0. 25 Very good LovTory good A,g good
C unauitablr

4,08 Above average  bending
Eecilittoo eroded!

Average
ta high

15 Goad1.30 A,g good
C snrvitable

Very goad Arel'ogoAbave average  banding
facllttiee needed

Ararage
to high

IFor guoifty af eeabedl
4 ~ good ground, evan, abeonce of boulder ~, etc.
4 v aedlua ground, etanao, ao sudden «jor depth changes
C - bad ground, large bauldoro, uneven, suddea and aojor depth vartttlana.

Aaccoaguler Elec
~ pacial d«lgn  di-
verting depressor!

8. Rectangular caabered
high aspect ratio
Ear aldveter trovlin
 goberkrub type!

9. Rectanguiot caabared
htgh aspect cotta,
for bottau travllng
Ja nose t ~

~n
angle

of
~ tCaCE

Lift
drag
rates
CL CD

Average
 difficult
to right if
fallen orat!

Ittdrotcr
goad  bottoa
average Ca
poor

Average
 riel ta
tall tlat!

A good
4 poor
C unsuitable

Abave average  bondiag
facilttiae noododi

Dail proven; octeneiroly
for e«ll veeeel ~

~ ud for ehrtaP trsvllsg

0 Ll prawn; vidoly
uaed particelorly by
largo truvloro

IIO I I Frarc'e I ostensive
ueo. Portirvlarly for
travlera up ta 600 hp

Recast develops
iialtod ca«ercfat
uoo eo fer

VOII praroa aateaetVOIF
eood for oidvatof trovi
ing by trevlere of »1
Otcee

Kttenotve uce brt
I tsltcd eo far to
Japanese travlere



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 20K 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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