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The performance of six model bottom trawls was

evaluated in the White Fish Authority Flume Tank in

Hull, England. Five of the models incorporated mod-

ifications to the URI 340 trawl design, and the sixth

was constructed to the standard design, The objective

of the study was to assess the effectiveness of the

various modifications in correcting the flattening and

resulting chafing of lower wings reported with the

standard design. The tests demonstrated that hanging

the lower wings more tightly to the sweep resulted in

a highly favorable net configuration. Instead of the

standard 20 percent greater length of hanging line than

sweep, a differential of roughly 6 percent resulted in

uplifting of the lower wings, and elimination of distor-
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The original design of the URI 340 Bottom Trawl was developed in 1972 under

a contract from the National Narine Fisheries service, The objective of

the design was to modify the Yankee 41 net to provide greater headline

height without using a three-bridle rig or other major deviation fzom the

standard equipment.

The changes included deepening the square by 10 meshes and decreasing its

forward end width by 20 meshes. The lower wings were widened to 60 meshes

and cut along straight bars to provide the same width at both ends. The

corresponding wings of the 41 were narrower, tapered, and slightly longer.

The top wings of the 340 were 15 meshes shorter than those of the 41, and

were considerably less tapered, reducing from 75 to 60 meshes along their

length versus 76 to 10 meshes in the 41. Considerable portions of the hung

length of the 340 wings co risted of straight bar jibe which formed V-shaped

wing ends tc enhance vertical separation of the legs.

The full-scale DRI 340 net plan is presented in Figure 1. The plan assumes

a standard mesh size of 6 inches, although other mesh sizes may be used while

retaining the same design dimensions by varying the number of meshes accord-

ingly. 'The various tapers specified in the plan should remain the same

regardless of mesh size chosen.

The plan specified a 2:1 hanging ratio for the lower belly and the square.

The wings are to be hung at a lrl ratio.
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FIGURE 1. UPI �0 BOTTOM TRAWL

to the end of each wing.

et,c.

The URI 340 net is designed to permit slacking the headline l feet on each

end while maintaining sufficient overhang to catch "off bottom fish." Bow-

ever, when used as a combination net, a piece of chain should be fastened

The number of floats is unspecif ied, as requirements will vary according to

the type of bottom, type of sweep, size and power of boat, species sought,

The not was designed to be used wi.th legs between the net and the coors.

minimum length of 10 fathom legs is recommended to allow the nct to open on

the wing ends giving a greater headline height.

Since the net was designed for hard bottom, the footrope length was speci. fied

to exceed the aweeprope length by 20 percent. The resulting slack twine i.n

the bottom of the net mouth was intended to minimize net damage due to stresses

1.2 PerformanCe Of the URI 340 BOttcm Trawl

The URI 340 design was originally evaluated during fish-sampling trials

carried out jointly by the United States and thc USBR off the New England

coast.. Catch rates during these trials showed the 340 net to be considerably

more effective than the corresponding Yankee net, particularly in catching

higher-swimming species. The 340 net also tended bottom well, maintaining

effective catches of fish like flounder.

Despite these performance indications some users of the net reported exces-

sive chafing of the lower wings and signs of overstressed twine in the square.

Model experiments in the University of Florida's hydraulic flume confirmed

these problems and demonstrated that the lower wings tended to the hori-

zontal toward the lower belly end as a result of uneven stress distribution

in the twine.

The objective this study is to investigate design modifications directed

towards the correction of the lower wing chafing problem,

The following section discusses net model testing and its application in

this study.
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2.1 Trawl Modelling

The most <;csi rab! e and conclusive metho<i of trawl p< «foeman<!e und beh«viar

cvuluatian is observation of fu! 1-scale nets in an actual f i;hing cn-

virnnment. This mathad allows svaluat!on of tbc. total trc<wl systex<

response ta its interaction wi th thc seabed. Observation af the ottar-

boards in actian together wiLh thai c effect upon the t awing <cables so<!

<irourr.'.r shies permits a thorough understan<iinq a the resultant sl!up« of

the trawl mouLh.

While this method has b<.en used in various trawl pc'r'formaecu 'Ludies, Lbe

major disudvantage af the te<-hniquc ! s the car!siderable expanse invalvo<l.

1n addition to the boat expenses there. are th< casts for divers, instr'umentu

and full-scale trowels. 'l'hese expenses are often prohibitive, particularly

in studies nf this natura where as many as six madificatior!u of the L<.sic

trawl design are tn be evaluated.

Simulatian af' t' he trawl system utilizing scale models undec ca<.trolled can�

ditians in a tost inq tank allows extended observation af gear behavior an<i

general design characteristics under a variety af conditions for far less

time <ond money, The vaLue of this simulatian rar hnique depends tn a <<rent

extent upon the authenticity of the scale mndel of the trawl system snd

the degree of ac< uracy ta which its fishing environment nay bn dupl icatad.

Building a ti'uly representative simula inn is an extrcmly difficult, if «af.

impossible, task which zequ ries minute attention ta modelling laws.

The scale factor is defined as the quantity in the full-scale t rawl, d! vided

by the corresponding quent.ity in the madel. Reductions to linear

upon surface area, decrease by the square af the basic scale, while weight

and buOyancy farceS that rely On VOlume far their Value are reduaed by the

cube of the basic scale.

When the flow of water through and around a trawl and its model is considered,

the predominant forces are due to inertia, gravity, and the viscosity of the

water �!, Tf the model is not too small, it may be assumed that the viscous

forces have a relatively minor influence. This assumption applies only when

a scale factor of less than about 12 is adopted. This requirement necess-

itates the use of relatively large models.

!r basic model scale of 10 was employed in this study. Since the standard

mesh size specified in the full-scale trawl is 5", a scale reduction of 10

in the model is achieved with the use of 1" mesh coupled with halving all

mesh counts in the length and breadth of all sections in the standard full-

scaie deeign. The twine diameter must be carefully se1ected so that the

overall hydrodynamic drag forces acting on any section of the full-scale

trawl and the corresponding section of the model are related by the correct

force scale. Calculations based upon the modelling laws indicated a twine

diameter whiCh iS mOSt ClaSely apprOXimated by ¹3 thread.

A more detai1ed treatment af modelling laws and their application to trawl

design is presented in �!.

lt should be emphasized that the major contribution of the tank testing of

model trawls is primarily in the qualitative evaluation of general clesign

and rigging. The value of the more rigorous quantitative analysis of tank

testing results is limited by the difficulties in duplicating seabed inter-

action and in constructing truly representative model trawls.

dimensions are made throughout the model by the amount of the basic scale

factor. Components conceininq drag, resistance, and lift, which arr! dependent



visual. record.

these tests.

2.2 Flume Tank Testin of Bodel Trawls

Since a scale factor of 10 wss used !n this study, the resulting large size

of the models restricted testinq to the few flume tank facilities in the

world offering sufficient working dimensions. The tests wein conducted in

the British White Fish Authority Flume I'ank in Bull, England, which is the

largest facility expressJy constructed for the testing of model nets.

The tank consists of a large reinforced concrete chamber, 31 m. long by

5 m. wide and 5 m. deep. It is divided horizontally into upper and lower

sections which are joined at one end by four 93 Kw pump units and at the

other end by cascade and deflector devices. Net testinq is conducted in

the center portion of the upper tank which gives a working volume 11 m,

long by 5 m. wide and 2.5 m. deep.

The tank provides water flow speeds cf 0 to 1.0 m./sec. which simulates a

velocity range of 0 to 6.14 knots at the model scale of 10 util ized for

Observati,ons of the model" in the tank are made throuqh large windows in

one sids of the tank and from a motorized trolley which runs on rails above

the tank �!. accurate measurements of net dimensions in reaction to

f]ow variation and other adjustments can be made against a matrix of cal�

ibrated lines on the botrom and back of the tank.

Neasurements recorded in this study included the Warp Tension, Dooi Spread,

Wing Spread, and Headline Huight. The latter two measurements were re-

corded as distance ranges, since these teatures tended to oscillate in the

flume tank flow. Of equal importance is observation of the general shape

and configuration of the various modified trawl models. The large tank

windows permitted photographing each model to gain a clear and detailed

The net modelS were Scoured in the flume tank at eaCh end Of the headline

and sweep rope by upper and lower legs of one fathom in length corresponding

to the minimum 10 fathom legs specified for the full-scale trawl.

The legs in turn were secured to V-type doors which were scaled down from

standard full-scale 7' 6" doors. The toving warps extended from rods which

were positioned to maximize door spread within the 15-foot-tank width.

The models were hung and rigged as specified for the full-scale travl. The

one exception is found in Model 66 which exhibits less than the standard

20% greater length of footrope versus sweeprope.

Each model was fitted with a combination cookie/chain sweep. The number of

floats was also held constant over all models with the exception of several

tank tests of Model 86.

Simulated waterf low speeds of 3 and 3' knots vere selected for testing of

each net, since these speeds represent realistic full-scale commercial con-

ditions.

The fallowing section presents a description of the various net models and

the design modifications they incorporate. Also presented are the measured

results of the tank tests together with the photographic observations of

net configuration when subjected to tank flow conditions.



3. Trawl Modifications and Performance

3.1 Model Net 1

D** ' . h*ll . 1 1 p ld-d pl' t tt

t. d d Rl 344 d 4 h t d'f' ' . Rh* W f h ' I*

depth and breadth of each model net section has been reduced by half re-

lative to the full-scale design in order to achieve a workable size while

One-inch mesh of f3 thread was

used in the construction of all model nets.

This model represents the control or standard condition by which the per�

Performance

Hanging Line 116"

Wing
Spread:

30'/33'

Door
Spread:

112' Al
Bar

9.5'/7.6'Headline
Height:

5B lp3.25Warp
Tension-

5B 1

Headropet 72"Sweep 96"

Observations As illustrated in Plate 1, slack, bagged twine is present in

the lower. wings, particularly at the wide ends. The wings tend to lie flat

adjacent to the Eootrope along most of their length instead of lifting upwards

in a smooth curve to the gore. Strain in the gore is uneven along its length

as indicated by the slackness and distortion in the top belly and aft end of

the square.

Uneven strain is also apparent in the upper wings and 3'ibs where the meshes

along the headrope are stretched considerably more than in adjacent areas.

maintaining dynamic similarity in shape.

formance of the modified nets may be evaluated.

1B 1P
25 1P

LB 1P



3. 2 Model Net 2

Oe ter!ation, The Va. 2 model net is irleiitical Lo thc Mo, 1 standard net

l n all r e ape< t' except t n the size an<lab«pe of the s<3L«re. Tire mo<tr ' i»«Cion

involves »sr<awing thc wide en<i af th<' square «o 92 mc;";hen from tlie 100

I'ht s <.ha»ac rcsu! t., in i m»< l. morc gr«du«l Leper»meshes of the or tat na! .

t.his sectror< o ie ne, asf LI t, the narrow end of. the s<!unre i . only 7 rieshcs

th,itLhan Cite wide cnd. Tlie «ype Lhesis t<«ten i» this modrfi<-ntror. is

r<siuctron in t ic nc c<otl t . s:e,.tion at thu w de end of th< scua re sho 1 t

pull the lower wings up and rn.

Performance

Hanairg Line 116"wing
Spread

31 ',r34 '

! tao r
Spread

107'

ln ll'
2tt 1P7<L 1

Bars
lteadline
Herght<

10.8'JS
3!' 10

sarp
Tension:

3.20

SR 1PSB 1

ttc«<trope: 72"Sweep< 96'

!!herr vat:iona Mo c o. cd '1 lt . 2 x!rrbr ted most of the same def i < ten<. res evident

Aa. 1 . Sot iceable <i if fcrences ir<volve - t enden<.y of Lhe forwarrl

No. 2 lower wing ta lrft off the bottom. Slack twine is nevertheless present

throuqh the l arith af the wing, and t'ie aft ..ec ion lays tlat a<13a<.ent t th<'

LOot< ape. Lan< itud lna i strair. is perhep., rrore uneven t ha»h» rn the. or iri <i«i, as

ter!, MOSt Of tlie Strain appearS ta be

10

Ltu' gore lane rs moi.<' s< verely di.stor

present in the tap panels, w i eh'1 the bottom panels remain slack. Mesh tensroti

in the top wines appears more evenly distributed than rn the No. 1 net,



3. 3 Model 'Met 3

uiilv iii the sire and shape of thc s<!uarc. !n th! .. iiane, the square has na

' a»ei, since Loth Lhe forward an<! aft ends of the s. ation have 85 meshes.

T!3is c13anuc represer t. s a narrowing of the forward eni! of I ne wing by 15

mi" Eius I rom L..ie 10!3 mes!ies of the Nc. ! rieL. While follaw1«g thi same

I ylotnesi., as tested iri 1 !.e Na. 2 net, tl3e ectanuular square of this model

! -o;idc 3 a further rc i«ation in area at tlic cruse .,ei 1 ior. t!irouq!i the

cnd nt the square.

I er I orms..cr.

:!, «aE«q I.inc 116"
w1 nrI
:!pi c;1

Duo r
. II i read

113 1I'
? I! 1!'

Ileadline
I!i 3 c!ht:

9. 2'/7  i'

SR I SB I P

Sweep: '3B" I!eadrape: 72"
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13

:>bservatioi.s, 3Eadcl No. 3 behaved quite siinilarly to Na. 2 wi!'h some

Ii'ting at the forward enc of the lower winos dc .pitc fEsttening in aft sec-

Lia«s !plate 3! . pare linc dis, art!on i s present, a.lthouqh ta a slightly

1esser extent thaii in .'!odel 3!o. ?. Acsh tension in the tap wing' of i!o,

ai pears somewhat less oven tl3a« that af Na. 2, which may be attributablc. to

differences in hanging alone.



3.4 Nodel Het 4

d No. 1 net only1 n. The No. 4 model net differs from the standar~tt '

m 22.5 meshes to 17.5 meshes.the s uaze, which was reduced fzom . mesin the depth of the square, w i
nds to a 10-mesh reductionthe model scale corresponds tO a 1 -mesThis 5-mesh reduction at

e all mesh counts are halved in the former.at full scale, since a m s

dification requires a ec less gradualthe depth of the square in this moReducing the dept o

eduction from the wide to1 net, since the 15-mesh reduct on rtapeer than in the No. 1 net, si c educt on r

urs ove . This modification moves th eurs over a lesser depth. Th s mothe narrow end occurs ove
lift at the wideft thus providing more upifloats and their buoyant fozce a t,

end of the lower wings.

Performance

Hanging Line 116"

Wing
Spread:

3I t tt'34 '

Door
Spread:

112 '

2B lP
1P lB

Al I
Baze9,5t/7.9DH sad li ne

Height;

5B lp3.20 5SWarp
Tension:

Headrope: 72"Sweep: 96"
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lifting aionqModel Mo. 4 also fai e o'1 d t demonstrate uniformObservations.

u h the forwar seu d ection did risethe entire lengt oh f the lower wings althoug

than the previous models.somewhat better t s.

this design is thedifference or improvement evident in t is es'The significant difference or mprc

ion. Mesh tension in theelimination of virtirtually a I oirt y I f the gore line diatortion. Res

dj ent to thefairly even except along the to j b a acPtop panels ai.so appears air y

up an od d wn line which was appa rently too long.



3. 5 Bodel Net 5

del net differs from the standard design in theTh* N . 5 d i

win s Both ends of the lower wings in thislesser width of the lower wings

d to 20 meshes from the 30 meshes of themodification have been reduce o

n d, the proportion of dogoriginal. Alt uq eho h th wing lengths are unchanged.

ears in the wing versus e jithe 'ib increases in this modification.

si. n change involves enhancing lower wingThe principle underlying this design c nge in

lift by reducing the amount of twine e to be lifted.

Performance

Banging Line 126"
Wing
Spread: 33'/35'

1B 1P
2B 1P

Door
Spread . 112 '

511
Baze 18 1P10.2'/8.5'Beadl inc

Be ight:

5B 1PWarp
Tension: 3. 35

Sweep: 96" Beadrope: 72"

level.

is ' ' ' thou h present, was not pronounced forward ofDistortion in the gore line, al ug

the bellies.
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hibited lifting in the forward section of theObservations . Model No. 5 exhibited i ing

nd flattening persisted in the a ft sections. Thelower wings, yet bagging a

f this design was the tendency of sweep tomost notable perforsmnce feature o

lift off the bottom, particularly a the wing ends

laced the gore line at a lowerThe narrowing o f the lower wings necessarily p ace



3.6 Yodel Bet 6

~D'u,Th*H.6dl * t tlt hs ruc e o t e same specifi-

cations as the Ho. 4 net which appeared t h tho ave e best general design

features of the modelsdels tested. The net had a square depth of 17. 5 meshes

versus the 22.5 fo the standard design. The particular modification in No,

6 involves rehanging the lower wings to a sweep 1 f t 1oo onger than that of

the standard model, representing a 10-foot increment at full scale. This

change results in a 6 percent greater length of hanging line versus sweep

instead of this 20-percent slack in the or' ' 1. ie original. Since the wing dimen-

sion is unchanged, the meshes are stretched 1 't d' llongi u ina y to conform to

the greater han in len th.g g g . Ten additional floats were attached to the

headrope of this model to compensate for lowered headline height found in

the initial testing of this madel.

Performance
Banging Line 116"

Wing
Spread:

Door
Spread:

All
Bars

1B 1P
2B 1P

2B 1P
1P IBReadl ine

Beight:

Warp
Tension:

5B 1 5B 1P

Sweep: 108" Beadrope: 72"

Observations . As illustrated in Pl t 6 1a e , near y all deficiencies of the

other models are eliminated by the No. 6 mod'f 'i ications. Stress in the upper

and lower panels is evenly distributed resultinq i t t'n a au goreline that is

well lifted and undistorted.
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The lower wings responded to the improved stress distribution by lifting well

clear of the bottom throughout their length. Th ' nde wing e s retained some

slack, which most probably could be elimin t d b hina e y s ortening the up and down

lines to slightly less than the straight bar length on the jibe.



4. Conclusions and Recommendations

4.1 Summer of Model Test Results

As indicated in the previous section �.6!, rehanging the lower wings to

an extended sweep demonstrated marked improvement in net configuration.

While the standard design specifies a 20-percent greater length of hanging

line than sweep, the No, 6 design utilized only a 7-percent differential..

The apparent result was a significant reduction in slack twine in the lower

wings, as the same number of meshes were hung in a greater length of sweep.

The primary advantage Of Slack twine in the wings is greater strength to

resist stresses imposed by hangs. Recommendations concerning modifications

of full-scale txawls may therefore be based in part on the nature of the sea-

bed typically fished by the user.

4,2 General Nodifications to the URI 340 Trawl

Other modifications may be recommended for all URI 340 trawls regardless of

bottom conditions. One such change is the elimination of the jibe on the

Iawer ~inge. FiSh behaviar reSearCh �! hae indiCated that gxaundfieh may be

effectively herded by the mud cloud above a sweep, ground cable, etc., with-

out the need for long wings consisting of solid twine panels,

Research has also indicated that some fish exhibit an avoidance or escape re-

sponse when confronted with vertical lines in net sections. Removal of the

lower jib will result in an up-and-down line configuxation less vertical than

the standard design.

Jib removal will reduce the twine area subject to tears, hangs, chafe, etc.,

and will also reduce twine drag in the water,

The remaining lower wing section, in the absence of jibe, may be rehung in

a greater length of sweep than originally specified.

The following sections discuss revised hanging ratios based upon the likely

stress placed upon the trawl by seabed conditions.

4.3 Modifications to URI 340 Trawls Used Primaril on Bard Bottom

The model tests demonstrated a favorable net configuration with 7 percent

greater length of hanging line than sweep, Since slack in the hanging line

and the attached lower wings lends strength to the trawl, a slightly greater

slack percentage than used in �odel No. 6 may be advisable for stress areas af

full-scale trawls used an hard bottom. A 10-percent slack may be provided

for the aft half of the lower wings  quarters to mid-length! with no slack

in the forward half af the wings. This modification x'epresents a compromise

in hanging ta maintain an acceptable net configuration while allowing

slack to strengthen the quarters.

These revised hanging specifications translate ta a required hanging line

length of 76 feet, which is to be hung in roughly 73 feet of the total sweep

length of BO feet. Thus, 3.5 feet of sweep extends beyond the wing ends on both

sides. The hanging 1ine should be extended beyond the winq ends and secured

to the sweep ends.

4,4 Modifications to the URI 340 Trawls Used Primaril on Soft Bottom

Since soft bottom conditions offer less potential for hanqs and resulting

stress on the trawl, most of the slack can be removed from the hanging line

and lower wings ta obtain a better general net configuration. Instead of

20 21
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the original 20 percent greater length of hanging Line than sweep, a uni-

form slack of 5 percent is recommended for the lower wings.

The corresponding hanging line length is also 76 feet, hung in 73 feet

of the 80-foot sweep, leaving 3.5 feet of sweep extending beyond both wing ends,

The hanging Line may be Secured tO the SWeep in the same faahion aS Specified

in the previous section.

After some commercial evaluation, the trawl was further modified by

removing 15 meshes from the depth of the square and 15 dogs ears fram the

1ower wing.

This improvement has meant the adoption of the trawl in the New England

ground fishery.

Further testing and modification tc the design is continuing along with

other fishing gear design research, and the results wil1 be the subject of

another publication,
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