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The paper gives an analysis of the results of testing 
the construction and resistance of the pelagic trawl models 
designed for catching pilchard and other species of the 
small pelagic fish in the Adriatic. The tested models are 
made in four variants differing in the constxuctional ele­
ments of the mouth of the gear, while the other parts of 
the tested nets were equal in construction. The tests were 
conducted by trawling the models by means of the mea­
suring bridge on the catamaran and the research ship. 
During these tests the constructional and technical para­
meters of the gear were determined and on this basis also 
the best constructions of the nets for catching pilchard 
were designed. 

1. INTRODUCTION 

1.1. General desoription of the problem 

The Yugoslav sea fishery is based mainly on the catches of pilchard and 
other small pelagic species. For ca.tchi.ing these species the basic fishing gear 
is the purse seine. The fishing vessels in the formation of the Yugoslav 
fishing fleet are meant, primarily, for seining.1) They are rather old vessels 
with small power of their main driving engines. Although seining is very 
frequent in the saltwater fishery, stil!, trawling is predominant. Over 600/o 
of the world catches are achieved by trawls, thanks to their efficiency and 
universality. These fishing gears are used in catching almost all the benthic 
and pelagic fish species and other sea organisms. The growing interest of 

1) Recently new fishing units constructed for fishing with trawls have been 
introduced into the formation of the Yugoslav fishing fleet. 
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the Yugoslav saltwater fishery req;uires the usa,ge of trawls, particularly 
pelagic trawls meant for catching pilchard and other species of small pelagic 
fish. 

To make fishing more efficient, it is necessary to have fishing gears 
adapted to the technical parameters of the frshing units, fishing regions, 
and to s,pecific life and behaviour of the caught fish species and other sea 
animals, which change and move continuously. The fishing vessel and fishing 
gear should be treated as a closely Linked (undivided) fishing complex. 

The basfr requirement for the fishability of the fishing complex2) is its 
precise construction and exploitation of the fishing gear in order to be 
adapted optimally to the technical parameters of the fishing vessel and 
fishing situation. 

The catches of pilchard and other small pelagic species play a decisive 
role in the Y c1goslav sea fishery. The best proof of thei\I' significance in the 
total Yugoslav catch of seafish is thek quant,ity fluctuati,ng between 70-750/o 
for several years. Still, the basic fish species caught in the Yugoslav sea 
fishery is the pilchard. For the last several years its presence in the catch 
has been 520/o on the average. 

Thanks to the catch of the small pelagic fish a strong fish processing 
industry has been developing on the Yugoslav coast. Hs basic raw material 
is pilchard, therefore the whole fish processing industry is mainly directed 
to processing this species of fish . This fact shows how much the Yugoslav 
sea fishery is interested in the small pelagic fish catches, pilchard in parti­
cular, and ·in the promotion of the technique and new efficient fishing gear 
for catching it. 

In 1944 Larsen from Skagen, Denmark, constructed the first four-sided 
pelagic trawl. Most of the later prototyper of the pelagi.c trawls, travled by 
one or t wo trawling boats, are basically similar in construction to La.rsen's 
pelagic trawls. 

The explo.itation of the small pelagic fish in dispersed shoals and with 
stronger r eactions to external impulses requires larger fishing gears, and also 
of better hydrodynamic characteristics. As regards the construction of the 
trawling fishing gear, especially of the pelagic trawls, using one trawling 
vessel, fae above situation requ.ires, first of all, reduced resistance characte­
ristics of be gear in order to speed up trawling. This aim has been realized 
by using lo N resistance net mate,rial (netting with lar,ge meshsize), and by 
constru cting nets with a smaller angle of attach of the netting in its elements. 
As the trawling speed is arn imp01-tant factor in usmg pelagic trawls success­
fully, the trao,vlers with the main driving engines of little power cannot use 
these gears nccessfuly for catching the rapid species of fish and those that 
react strongly to the fishing gear. The trawls d.ragged by such trawlers have 
a small ope:1ing of the mouth, i. e. of penetration, therefore the fishing 
capabiEties of such a gear are insignificant and the fishing productivity3) 

of such trawlers is very low. In this case the size of the gear (mouth) is to 
be enlarged and dragged by means of two vessels and so achieve the needed 
trawling speed indispensable for catching certain species of fish . 

~) The fishing complex consists of the fishing vessel and trawl system. The 
latter consists of the actual fishing gear (trawl) , spreading device and the ele­
ments connecting the ship with the fishing gear. 

~) The fishing productivity is the quantity of the caught fish (size of the catch) 
realized per fishing unit (fishing vessel) in a definite unit of time. 
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A further irnprovement in the development of the pelagic trawl is the 
construction of trawls with ropes. On the trawl with ropes the front of the 
gear, that was formerly rnade of ne-tting wi:th large meshsize, has been 
replaced by a system of ropes that connect the head, lead an:i side ropes 
with the net pa.rt of the belly of the trawl. Nowadays such solutions are used 
successfully when manufacturing trawl fishing gear, the pelagic trawl in 
partioular, using one or two trawling boats. 

As in the past the catches of pilchard and other species of small pelagic 
fish by means of purse seines, under the Yugoslav conditions, was not effi­
cient enough and the results could not satisfy, time has come to replace 
this method of fishing by a finer, more universal and more pro-::iuctive gear, 
namely by pelagic trawls . Under our conditions the pelagic trawl exceeds 
the purse seine because : 

pelagic trawl fish~ng depends less on the weather conditions ; 
it ensures a greater number of fishing days and so also a greater 
productivity of the catch; 
it makes it possible to supply industry and markets more evenly 
with raw material and it eliminates the »peaks« in fishing, which 
was often the case with the earlier method of fishing (purse seining), 
ma111ifested by a single catch of great quanti,ties of fish which the 
processing industry was not capable to process and preserve; 
the fishing technique is more relia,ble and simple and this makes 
catching possible by day and night, even under worsened atmospheric 
conditions; 
cheaper fishing gear is used and a smaller number of the ship's crew 
per vessel is employed. 

Praotical application and selection of suitable construction solutions of 
the pelagic trawls, by using one or two vessels for catching pilchard and 
other species of the small pelagic frish in the Adriatic, should be adapted to 
the characteristics of the fishing units meant for this kind of fishing. The 
earlier fishing vessels exploited in the Yugoslav Adriatic fishing were, in the 
first place, meant for seining, and few of them were employed, either peri­
o::lically or permanently, in fishing with trawl fishing gear applying the 
bottom trawls. 

Tests with pelagic trawls for catching pilchard and other small pelagic 
fish in the Adriatic by means of one or two trawling boats have shown that 
the basic prerequisirt:e for catchlng pilchard is to achieve adequate speed of 
trawling, which has to be over 4 knots (Grub i š i ć 1970, C e ti ni ć 1972, 
1974 and 1976) . This has also been proved by the tests oonducted by Kor o t­
k o v and K uzmi n (1972) for the catches of horse macherel, sardine, herring 
and mackerel. By basing it on direct underwater observa,tions they have 
found that when the trawling speed is below 4.5-4.6 knots these species 
react by swimrning ahead of the month of the trawl, even escaping from the 
cod end. • 

The preliminary tests in • the Adriatic have shown that the mentioned 
rates of speed of trawling cannot be attained with pelagic trawls by using 
one trawling boat of 300 HP engine power. Therefore the vessels with the main 
driving engines of small power cannot practically and efficiently use the 
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pelagic trawl for catchling pilchard with one trawler. Thi:s is possible with 
the pelagic trawl dragged by two trawling boaits (Cetini ć 1972, 1974). U 
should be pointed out that when catching wi,th pelagic trawls with one vessel 
the ship's engine and propeller cause noises which scaire fish away, especially 
when fishing in smaller depths. Howeve,r, when catching with pelagic trawls 
using two vessels such noises can have a positive effeot, because they con­
centrate fish within the space between the two trawlings boats, i . e. within 
the space penetrated by the fishing gear. Tests in the Adriatic with the 
pelagic trawl fo.r catching pilchard using one vessel have shown that the 
noises of the shi,p's engine and pro,peller in shallow fishing regions have a 
negative influence on the results of the catch (Cetini ć, 1974). These are 
the reasons why all the tests should be diirected to the practical application 
of the pelagic trawl for catching pilchard by means of to trawling boats. 
The problem is to design such pelagic trawls chose cons·truction, size, and 
resistance in the first place, will optimally ada,pt then to the trawling capa­
bilities of the fishing units meant for fishing with pelagic trawls, and which 
will ensure the trawling speed of over 4 knots. 

Several are the ways of judging the advantages of the trawling fishing 
gear. One of these ways is based on compa.ring the results of the catch 
attaine-d with the tested gea.r in the same or almos,t the same fishing regions, 
the other is based on long-term testing of one or more fishing units applying 
the tested gear under the conditions of ind.ustrial fishing. Other ways are 
based on the technical test at which the basic linea,r-driving parameters 
characteristic for the technoconstructural characteristics of the tested fishing 
gear are determined . Technical tests can be conducted on the actual gears 
and their mo:iels. 

Actual tests are carried out on the full scale gear using the corresponding 
vessel which the tested gear is meant for. As the control-measurement instru­
ment is being used and the needed vessel withdrawn from regular exploi­
tation such tests are rather expensive. Besides, under actual conditions it is 
hard to follow up the gear and the whole fishing system dkectly, and also 
the comparability of the conditions of testing. Therefore models of the fishing 
gear are increasingly used in tests. In relation to the :Eull size gear the models 
are made in reduced scale. Models are tested in various branches of modern 
technique, for example in aeronautics, shipbuilding, applied hydrolics, etc. 
Models are largely used in testing fishing gears. Oountries with well develo­
ped fishing industry have attained great success in this line: Japan, German 
Federa! RepubUc, German Democratic Republic, France, USSR, UK, Canada, 
Pola.nd, and some other countries. 

Model test in very impor,tant for improving and designing the fishing 
gear, because this makes it possible to check it shorter time engaging fewer 
facilities. At these tests it is possible to observe directly the gear or its 
elements during operation, which makes it possible to learn about the preli­
minary characteristics of the gear under testing. These tests make it possible 
to objectively assess the advantages and disadvantages of the new constru­
ctional solutions, and, in a relatively short time, to check a series of variati'ons 
of the gear under test. 
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The fishing gear can be tested by using the following facilities : 

- tunnels, basins and hydrodynamic canals, 
- wind tunnels, 
- experimental polygons on rivers, lakes and coastal sea-waters, 

reserarch and industrial vessels for conduotiong tests under natural 
conditions in the fishing g.ro.unds. 

The kind and scope of the fishing gear model test depend on the techni­
cal basis and available facilities. The models tested in tunnels and basins are 
made in a smaller scale, while the models tested on the wa,ter trackways and 
polygons are made in a large scale. 

The aim of testing is the analysis of the construction and resistance of 
the pelagic trawl models desig,ned for catching pilchard in the Adriatic. The 
tests involved: 

- measurement of the vertical and horizonta! spread of the mounth o;f 
the pel,agic trawl belly; 
measurement of the shape of the mesh in each individua! element 
of the pelagic t:rawl; 
measuremernt of the resistance of the analysed pelagic trawl models; 
determina,tion of the dependences among the trawling speed, form of 
the mouth of the trawl belly, coefficient of the mesh spread and 
pelagic trawl resistance; 

- underwater observations and photographic documentation of the sha­
ping of indirvidual cons•tiruction elements of the analysed trawls; 

- finding out the most suitable constructional solutions for the pelagic 
trawl designed for catching pilchard in shallower fishing regions . 
1.2. Study of the pro.blems based on the current state in literature 

Many positive characteristics of the model test technique bave resulted 
lately, in the world fishery, in a rapid development of the model fishing gear 
tests, of the pela,gic trawl in particular. 

Teh first tests of the fishing gea,r models were carried out in USSR by 
S ori g i n in the thirties (F r i dm a n, 1964). These tests, whose aim was to 
determine the mechanics of the trawl, were carried out in the experimental 
basin on the large scale and reduced scale rnodels, which were constructed in 
the 1 :4 or 1 :26-1 :35 scale. As all the requirements of rnechanical similitude 
between the model and the original were not met the results of the tests 
of the model did not completely correspond to some results obtained at 
testing the full scale gear nor to the data f.rom fishery practice (F r i d m a n, 
1964). 

F r i dm a n (1957, 1964, 1969 and 1973) conducted tests of the trawl model 
and of a piece of large .scale ne-tting. These tests were oonduoted in the wind 
tunnels and on the models made in 1 :15 scale, which met the requirements of 
the geosim model. The basic pm,pose of this test was to determine the mecha­
nics of the trawl. Respecting exactly the conditions of mechanical similitude 
it was possible to abtain a greate,r concorda.nce between the results obtained 
at testing the model and the full scale gear, so no deviations between the 
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results of the model and the actual gear tests were noticed, as it was the 
case in the tests conduoted by S ori g i n (F r i dm a n, 1964). 

In the USSR A 1 i j e v and B a r a nov (F r i d ma n, 1964) also tested 
the trawl model. 

In the DRG the model tests were also used. The works by S t e n g e 1 and 
F i s ch e r (1964, 1966) have to be particularly mentianed. They tested the 
1 :10 scale trawl model and a piece of netting in the wind tunnel. The basic 
aim of these tests was to determine the coeffiicient of the hydrodynamic 
resistance indispensable for the theoretic design of the trawl. P r e t z s ch 
(1970) also studied these problems. 

Special attention deserve the tests carried out by D i c k s o n (1959) on 
the 65,5 feet trawl model for herring catches. These tests were conducted on 
the waterway track. In this test it was essential to find out the most optimal 
scale for making a model relative to the full scale gear, and to evaluate the 
constn1ctional parameters of the tested gear . The tested model was made 
in 1 :8 scale, and the twine diameter and size of the mesh in 1 :4 scale. 

S ch a r f e (1966) tested the models of the bottom and pelagic trawls, 
and the combined bottom-pelagic trawls made in a lacr:-ger scale. The aim of 
these tests was to check the construction and rigging of the full scale gear, 
and also the whole fishing complex and the basic technical parameters. The 
models were made in 1 :4 scale, and the tests were conducted on the sea 
polygons. The tests included direct underwater observations and underwater 
photographing made by divers. 

French scientists in Boulogne also tested the fishing gear models in small 
scales fixed in the basin with running water (Ne d e 1 e c, Po rt i e r, Li­
b e rt, 1973). Tests were conduoted with the bo.ttom and above-bottom trawl 
models constructed in 1 :20 scale, and with the pelagic trawl models con­
structed in 1 :15 scale. The models were used for checking the correctness of 
the fishing complex construction of the actual gear in e:xcploitation. 

In J apan the fishi:ng gea,r models are • frequently tested. In the thirties 
of this century Ta u ti (Ka w a kami, 1959, 1964) were engaged in tbe 
principles of modelling. Ka w a k a mi (1964) was also engaged in tbe tbeory 
of tbe model test. According to bim tbe scale of tbe models sbould not go over 
1 :20. In Japan tbe first tests of tbe fishing gear model were conducted under 
laboratory conditions in a basin wi-tb circulating water (Ta k a y a ma & 
Ko y a ma, 1959). Taka y a ma and Ko y a ma tested tbe influence of 
tbe kite on tbe spread of tbe trawl. Tbe trawl models were made of cotton 
twine in 1 :30 scale. 

Tests of tbe fisbing gear models were also conducted in Poland. Recently 
tbe test tecbnique bas been developing more intensively, so tbat for tbis 
purpose on tbe Faoulty of the Sea Fisbery .and Technology of Nutrition in 
Szczecin the Station for Model Test bas been instituted and equipped with 
special facilities adapted for tbese tests. Z i e cik & Kw i d z inski (1966) 
tested the bottom and pelagic trawl models in 1 :4 and 1 :8 scales. Tests were 
carried out on tbe waterway track in tbe lake. Tbe aim of tbese tests was 
to find out regular and tbe most useful methods for modelling tbe basic 
technical parameters and tbe interdependence between tbe models and tbe full 
scale gear. In tbe Institute of Aquicul-ture and Fisbing Technique of tbe 
Faculty of tbe Sea Fisbery ang Technology of Nutri'tion in Szczecin in 1975 
and 1976 tests were conducted on a set of pelagic trawl models used by tbe 
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vessels of industrial fishery . These tests were conducted to measure resistance 
and to determine the basic constructional parameters of the gear, and also to 
conduct direct underwater observations and photographing. R i ch e rt (1971, 
1972) and B u c ki (1971) also tested the fishing gear models on the polygons 
under sea conditions. R i c h e rt conducted • structural tests of the pelagic 
trawls to obtairn data for optimalizing their constrution, while B u c ki con­
ducted tests with the bottom trawl models to evaluate thei,r technical and 
catching characteristics. Z i e mb o (1976) conducted analyses of the water 
flow velocity through the bottom trawls by basing it on the model test. 
Tests were conducted with the models constructed in 1 :4 scale, and with the 
full scale trawls. C za j ka (1976, 1977) also conducted series of tests with 
the bottom trawl models . 

2. TEST MATERIAL AND METHOD • 

2.1. Theoretical bases for model tests 

The principle of modelling the fishing gear, similar to the modelling of 
other technical constructions, is based on the theory of mechanical similitude. 
On this basis it is possible to carry out calculations of the results obtained by 
testing the model on the analogous phenomena (manifestations) in the full 
scale gear. Two physical phenomena (one full scale, the other a model) 
subjected to the same mechanical effect are physically similar if the values 
obtained by model test and multiplied by the constant coefficients, called the 
model scales or similitude coefficien ts, give the same values as are those 
obtained by test-ing the full scale gear. In this sense conditions that ensure 
similitude of both phenomena, namely the m odel and the full scale gear, are 
to be fulfi lled. In model test the following condihons are to be ensured: 

geometrical similitudes 

kinematic similitudes 

dynamic similitudes. 

The basic principle is to ensure the conditions of the geometrical simili­
tude that means the fulfillment of these linear dimensions: 

a'= a 

l = tihe cha1riaate,rjstic 1'ill1ea1r d:iimeimsion of the geatr (m) , 

C1 = -the aoeffuoi<ent (soale) of the l:iineair sfumiilii1tude, 

a = the angle between the oor:res:pond:ilng rqpes 

The syimhoJ.s wi<tih ithe a)poobrO!P'he rrefer rto tihe model. 

(1) 
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Ania10lg'OIUS /to these vailiues ,the iraitio of lthe Slllll"fia,ce ,a,m:l 'V1dllume of lffue 
model and vhe flllll soalle g,eair is: 

A ' 1'2 

-- = -- = C12 
A 12 

V' 1'3 

--=--=C13 

V 13 

A = .the lSUlrface O'f !the geair (m2) 

V = •the volUIIlle of the gea.r (m3). 

(2) 

Ln 1fue fishi1JTg ltechrnique man:y rpr'Qh].1arrus may he exa:mined usilrrg tihe 
staitic silffiilliitude wh:ioh rnqiuiires ltlhe frulflillrrnem of ithe force, ibe!Siides ithe l!ilneair 
dimem;ron. 'Dhi\s meainls tihe fiUilfi[moot of tlhese eqrwalj/ties : 

1' 
-- = C1; 

1 
a'= a; 

R = aoti;ye furce affedtlilng 1lhe gea.ir ~G), 

CR = coefficienit (soaile) of the foroe sitrnilliim.i/de. 

(3) 

Klilnema11JiiC 1slilmi:l~trude meairus 11Jhe fu[.fil:men\t of two oondtiJtfuons, 111Jamely the 
linea,r dimensio,n iand tu.me, amd jls e:x,prassed fu ithe d~endenc.'ies: 

t' 
-=Ct 
it 

,t = tlilme cha:radberlitzeld by :t!he !IIlKJiV,emenit; of lthe ~:ing geair (isec.), 

Ct = ooeffidieint (sorule) of ,1iilme siim:illiJ1JuHe. 

(4) 

Dynamfuc simiJJirtrude mearnls the fu:Lfilllmenit od: iblwee ccmJd:irt;ilQIIlS: ilen,gitih, time, 
force. Th:iis siimillii<tulde lils flllllfiil1ed when itihe dOI11'e'.9plO!nllilng fur-cels ,air.e iiJn the 
same rn~altions. Iit uls exipressed by: 

t' 
-= Ct; 
t 

(5) 

The aibove Teqrutliremenrt:\s o:;efer also ,to 1the fighirng geair. Drue Jbo lthei!r ~e­
cific qualities expressed first of all in the elasticity of their construction, these 
:r eqUJiir,errne111Jts shouJd be atl!aiptetl ito rbhe ~ecilfic ohiairadter!iaticls of ithe fishing 
gea,r . 

F r i dm a n · (1969), having in mind the previously presented theoretic 
requiilremffillts and ruso <tihe Te'su:ltl.s of ihlils oWiil iresea:rCihes, ihias romiiu,lalted t,he 
fo!Jowiing ,requiirements ,tio enlS'Ulre the siilmill:i/bukie of the fishlilng g,eair: 
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a' a 
or 

l' 1 

d' d 
or 

1' 1 

d ,a d 

a 
- = iiidem, 
1 

d 
-=liidem. 
1 

As - : - = -, ibhe ocmdt1liiQ!l1 orf S:i.lmiLitude follows: 
1 1 a 

d' d 

a' a 

k ik' 

d d' 

11.11 = ru.'1 

ru.2 = ru'2 

B = c' 

OII' 

or 

OII' 

or 

or 

d 
- = lide:rn, 
a 

k 
- = :idem, 
d 

u1 = liidern, 

1U2 = idem, 

B = idem. 

lv l'v' lv 
Rc = -- = -- or -- = li.dem, 

y y' 

whioh denotes Reynolds numbeir of simiiliiltrude. 

v2 v•2 v2 
Fr = -- = -- or -- = ~dem, 

gl g'l' gl 

whti!ch dienotes Ftroud's lnlUJffi!beir o'f silmil!i.itulde. 

R R' R 
N =--= e or = idem, 

ewl 2v2 e'wl'2v'2 ew12v2 

which denotes Newton number of similitude. 

vt v't' vt 
S 11 = -- = -- = -- = idem, 

1 1' 1 

which denotes Struhal number of similitude. 

at a't' at 
We = --- = ---- or --- = idem, 

ewlv2 ' e'wl'v'2 ewlv2 

which denotes Weber number of similitude. 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 
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V V' V 

Ma = -- = -- or -- = idem, (12) 
Vd v'd Vd 

which denotes Mah's number of similitude. 

Where: 

a = is the value of one side of the netting mesh (mm), 

d = diameter of the twine of the netting (mm), 

k = relative roughness of the surface of the twine, 

u1, u2 = coefficient of the hanging netting, 

e = coefficient of relative deformation, 

R0 = Reynolds umber of similitude, 

V = coefficient of kinematic viscosity (m2/s), which represents the 
viscosity and specific thickness of the environment, 

v = movement speed (trawling) of the fishing gear, 

Fr = Froude's number of similitude, 

g = dropping acceleration (m/s2), 

N0 = Newton's number of similitude, 

(}w = specific density of water (kGs2/m4), 

Sh = Struhal's number of similitude, 

W0 = Weber's number of similitude, 

at = ooefficient of surface tensi10n (kG/m2), 

Ma = Mah's number of similitude, 

Vd = sound velocity (m/s). 

It is technically difficult and practically impossible to fulfil ali the condi­
tions of similitude far the fishing gear. Far this reason when testing the 
fishing gear models we use approximate similitude resulting from the specific 
qualities of the fishing gear constructions. However, the results obtained by 
testing the fishing gear models are relevant to practical purposes to characte­
rize the phenomena in the full scale gear. 

The pelagic trawl will serve as the specimen for considering in detail 
tl-,e fulfilment of the individua! conditions of similitude. 

d 
The condition - = idem is hard enough to fulfil because the linear 

a 

dimensions (e. g. length) of the pelagic trawl are several times bigger than 
the meshsize. This oondition is bard to fulfil when the reduced scale models 
are constructed, especially the pelagic trawls for catching pilchard and other 
species of the small pelagic fish, because in the Adriatic one side of the mesh 
must be 8-10 mm in the cad end of the full scale gear. 
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d 
When testing the fishing gear model the condition - = idem can be 

a 
fulfilled in the following way: 

- by selecting for the model the twine of suitable diameter and the 
sizes of one side of the m eshes that result from the scale of the model 
in relation t'D the full scale gear. For technical reasons, however, it is 
not always possible to fulfil this condition; 

- by using the same net material for both the model and the full scale 
gear. 

If there is a great difference of the twine thickness between the full 
scale gear and its model, then also differences in the value of Reynolds 
number can appear. In this connection, according to F r i d m a n (B u c ki, 

d 
1971, S w ini a r s ki, K rep a, 1975), to realize the condition - it is neces­

a 

sary tJo oonstruct both the model and the full scale gear using the same net 

d 
material (d = d') and preserve the condition - = idem. In this case also the 

a 

k 
condition - = idem will be fulfilled . 

a 

The fulfilment of the condition u1 = idem and u2 = idem does not present 
any problem and is completely feasible because it refers to the coefficients 
of the hanging netting which are the same in the model and the full scale 
gcar. 

Reynolds number, which represents the inertial force and viscosity rela­
tionship, is dimension less and it deniotes the characteristics of the flow. It is 
hard to realize the fulfilment of the condition Re = idem at modelling the 
fishing gear. If the characteristic linear dimension - 1 in Reynolds number 

lv 
Rf. = -- = idem is substituted by the characteristic thickness - d, then the 

')I 

condition Re = idem gets this content: 
dv d'v' 

Re = -- = -- = idem (13) 
')I y' 

Considering that d = d' (model and full scale gear are made of the same 
net material), at Y = y' (tests were conducted in similar environments), to 
ensure the same Reynolds number v should be equal to v', which means that 
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the model must be trawled at the same speed as the full scale gear is. Howe­
ver, in practice this is bard to. realize. It follows that in practice it is not 
possible to fulfil the similarity condition· according to Reynolds rule. 

Ne d e 1 e c and Porti e r (1973) took the value of the kinematic visco­
sity coefficient y = 1.31 X 10-6 m 2/s. when testing the bottom and pelagic 
1.rawl models. For practical purposes they took the identical value of that 
coeficient for both fresh annd salt water. 

According to S t e n g e l' s test (1964) conducted in the wind tunnel, the 
resistance of the flat netting does not depend on Reynolds number when its 
value is within the 103 to 101i range. 

F r i dm a n (1967) also alleges that the resistance ooefficient of the 
P.etting depends to a small degree on Raynolds number when its value is 
within the 3 X 102 to 7 X 103 range. It fo.Uows that in case of trawl modelling, 
Rc- = idem has no decisive influence. 

Froud number , which represents the relationship between the inertion 
and gravity fo rces, is also dimensionless and it serves for determining the 
speed of trawling the model. Froud number of similitude can be written in 
thc following form (B u c ki , P i e t ki e w i c z, 1973) : 

µv2 µ'v '2 
Fr=--=-- (14) 

y1l y\1' 

on the assumption that the model and the full scale gear work in the same 
enviroment and that the model and the full scale gear are made of the same 
material (the same synthetic fibre), i.e. 

µ = µ' - the same environmental viscosity, 
Yl = y't - the same specific weight of the net material. 

By altering the quoted form of Froud number the formula for the speed 
of trawling the model is obtained: 

I ' V
-

v' = v 1 for Fr = idem. (15) 

Nowton number, which represents the dimensionless coefficient of the 
lift force, should be the same for the model and the full scale gear. Newton 
number of similitude can be expressed by: 

R R' 
Ne= --- = ---- (16) 

µ12v2 µ'1'2v' 2 

Considering that µ = µ' even after the alteration of the quoted formula, 
the formula that determines the resistance of the model (force) is obtained: 

R' = R ---- for Ne = idem. (17) 
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Keeping the similitudes by Struhal, Weber and Mah, at modelling the 
fish.ing gear, has no particular significance. 

The condition Sh = idem should be kept at modelling the unstable 
processes. As the pelagic trawls in determined periods of time are trawled 
at c:mstant speed the condition Sh = idem has no greater significance and 
it can be neglected. 

Mah condition of similitude, according to P r a ud t I (S ch a r p i n g, 
1973), has no significance if Ma < 0.5. At the trawling speed 2.5 m/s, Ma ~ 0.5. 
As trawling of the fishing gear is đone at a speed lower than 2.5 m/s, Mah 
number ,of similitude has no essential significance. 

Weber condition of similitude should be present when the object is 
rr,oved on the water 's surface. As the pelagic trawl is not on the water's 
surface during trawling this condition of similitude does not influence the 
work of the trawl. 

2.2. Principles of model construction 

A very important problem at testing the model is to determine the scale, 
namely to determine the size of the C1 relation. Experts'opinions differ in this 
case. Ka w a kami (1964) thinks that the models should not be constructed 
in the scale larger than 1 : 20, while Di c ks on (1959), on the basis of his 
own tests of the trawling fishing gear model, thinks that the scale 1 : 4 is the 
most optimal because a larger one does not give enough precise results. 

B u c ki and P i e t ki e w i c z (1973) consider that the models should 
not be constructed in a too small scale. According to these authors the models 
should be made in the scale from 1 : 3 to 1 : 6. Such a scale makes the con­
structiJOn of the model easier and it ensures exact measurement of individua! 
parameters of the model. 

1 1 
The scale C1 = - to - is most frequently applied for testing the trawl 

2 25 

models (S w ini ar s ki, K rep a, 1975). According to these authors, the 
models should be constructed of the same material as the full scale gear is. 
AJso, the model and the full scale gear must have identical knots and similar 
elasticity, which will make it possible to ensure high hydrodynamic simili­
tudes. 

The tested pelagic trawl rruodels, as presented in this work, were made 
in the 1 : 2 scale. This means that all the linear dimensilons, or length and 
breadth of each individua! net element, dimnesions of the boundary ropes 
(hrnd rope, foot rope, side ropes, wing ropes, etc.), meshsize, twine and boun­
dary ropes diameters are reducec;l twice. The number of the meshes in the 
model is the same as in the full scale gear, but the meshsize is reduced twice. 
The cycles of cutting the netting of individual parts of the model are the 
s:.,me as in the analiogous elements of the full scale gear. The coeffieients 
oI the hanging netting on the ropes are also the same as in the full scale 
gear. The linear elements of the trawling complex rigging of the pelagic 
trawl model and their thickness are also made in 1 : 2 scale. 
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In accordance with the presented principles, the scale of geometric simi­
litude of the tested models in this paper are: 

1 d a 
C1 = - ; - = idem; .......:.. = idem; 

2 a 1 

u1 = idem; u2 = idem; 

where: 

1 

2 

1 

2 

d1 = rope diameter (mm) 
bc11 = breadth (thickness) of the elements of the fishing gear rigging 

(mm), as the otter boards, kites, main weights, etc. 

The speed rate of trawling the model, when the speed of trawling the 
full scale gear is krnown, and vice versa, is calculated from Froud number 
of similitude on the basis of the following formula : 

I' V
-

V'= V -
1
-

1 
The trawling speed of the models constructed in - scale is presented as: 

2 

V' = 0.70701 V 

Knowing the trawling speed of the model constructed in 1 : 2 scale, the 
trawling speed of the full scale gear is determined in the following way: 

v' 
v=----

0.70701 

2.3. Subject matter of the research work 

The subject of this research is the pelagic trawl 32/37 X 17 /22, designed 
for catching pilchard and other small pelagic fish species in the Adriatic. 
The researches were oonducted on the models of this net constructed in 1 : 2 
scale. The models of the tested pelagic trawls were constructed in four 
vnriants that differed in the construction of the elements of the mouth of 
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thE gear. The construction of the tested variants of the models was the same 
from the second segment of the belly towards the cod end, and ali the altera­
tions were made on the wings and the first segment of the belly. All the 
nwdels were constructed from polyamide netting, differing in the oonstruc­
tion of the cod end which was made of knrotless and, the 10ther parts of the 
gear, of knotted netting. 

Fig. 1. is the scheme of the variant 1 model. From the viewpoint of 
construction it is identical with the full scale gear and it serves as the origi­
nal oonstruction for all the other models to be tested. Therefore the figures 
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2 & 3 sho,w the detailed schematic presentation of the construction of the 
mouth parts of that model and also the top, lower and side wings, wedges 
and their lengthenings, the wing parts and the bos,om of the gear. The outer 

F\i.g. 2 Constiruction aink:l outtLng of w,i1ng,s of the upper and lower pa;nels of the 
pelagirc ·traw1 model 32/37 X 17 /22 - variant 1. 

E 
E 
g 

15 mcshes o 300 mm 

11. meshes o 150mm }meSfics o 150mm 

Ftlg. 3 Construction and cu1Jti:ng of the side panel wdng of the pelagic trawl 
32/37 X 17 /22 - vai!1Lant 1. 
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selvage of the wedge Iengthening, has a slant cutting, and the wing wedges 
have a combined cutting. The coefficient of hanging on the boundary ropes 
w;:is 1.00 and on the bosom 0.50. The. boundary ropes were made of the steel 
n,pe wrapped in the polyamid twine. 

The variant 2 model, shown in Fig. 4, differs from the variant 1 model 
by the oonstruction of the t op and lower wings. The wings on the side panel 
of that model from the point of view of construction are the same as in the 
variant 1 model. In this variant the wedges of the top and lower wings havc 
been removed making the wings Iionger far 6 meshes at the expense of the 
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first segment of the belly. The top and bwer wings of that model bave a 
slant cutting all akmg the outer selvage, while the coefficient of hanging 
cn the boundary ropes of these wings was 0.98 and on the bosom 0.50. The 
boundary ropes were also wrapped in polyamid twine. 

In the variant 3 model, shown in Fig. 5, in relation to the model 2, the 
wedges and their lengthenings of the side panel wings were removed and in 
thi ~: way they were lengthened by 6 meshes at the expense pf the fin;~ 
segment of the belly. The wings of the side panels of that model had a slant 
cutting along the outer selvage, while the coefficient of the hanging on the 
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boundary ropes of these wings was 0.98 and on the breast 0.50. The boundary 
ropes were also wrapped in polyamid twine. 

The variant 4 model, . shiown in Fig. 6, is . the oonstruction IO•f the pelagic 
tn,wl with ropes. Oompared with the original construction of the pelagic 
trawls (model variant 1), in this variant the depth of the first segment of 
the belly was shortened by 12 meshes and in this way this part of the belly 
was c Jmpleted by a new segment with small wings to the tops of which 
a rope's end was fastened. The other ends of the rope were fastened to the 
ropes of the head rope, foot rope, and the side panels of the net . The con­
s t.ruction of the small wings of the upper, lower and side panels of the 
variant 4 model is shown in Figs 7 and 8. 
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'i'i:E CU'i' OP S:t.A t,!. ',1IJ'.G 

l :-;och 

Fig. 7 Construction of the smalJ wJ,ng of the upper and lower pa,nels of the pelagic 
tr.awl w i,th ,ropes model - veu·ianrt 4. 

TllE CilT Oi!' S>:A J.t 'iit:G 

1, .6 B 1 t 

1 2 LlCObc::; r, l'iO mm 

Fdg. 8 Construcbion of the smalil wilng of the side panel of uhe pelagic trawl wilth 
ro pes model - varfan1t 4. 

2.4. Location and time of testing 

Tests were conducted in 1974 and 1975 on the lake of Insk in the Station 
fc,r Model Test of the Institute of Aquiculture and Fishing Technique of the 
Fr,c-ulty of Sea Fishery and Nutrition Techoology of the Agricultural Aca-
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demy in Szczecin, Poland. The tested models were trawled by means of a 
:rwssuring bridge of the catamaran type. In 1976 tests were conducted also 
in the Adriatic by the research ship ►►Predvodnik« of the Institute od Ocean , ­
graphy and Fisheries, Split. 

2.5: Measuring values and measuring instruments 

During the tests the foUowing values were measured : 

a) trawling speed (v), 
b) warps tension (T), 
c) angles of inclination of the warps (a) , 

d) warps-spacing (r) , 
e) head line (gn) and foot line (g1,) hauling depth , 
f) length of released warps (lt) , 
g) ooefficient of the transversal (horizonta!) opening of the netting 

mesh (ux), 
h) photographic documentation of the trawl body shaping under water, 

and underwater observations. 

Ad a) The range of the measuring speeds of model t rawling was 0.55 -
1.70 m/sec. , which, according to the formula No. 15 following from 
Froude's criterion, corresponds to the approximate speed of trawling 
the actual gear 1.5 - 4.7 knots. 

The trawling speed (v) was determined by the speedometers with 
electric indicator of speed. The speedometer in Photo 1 was used on the 
catamaran and in Photo 2 on the vessel. 

Ad b) The tension of the warps was determined in kG with various dyna­
mometers : 

- electric (Photo 3), for measuring the tension of the warps on the 
catamaran at trawling the pelagic trawl models by one trawling 
boat (with otter-boards), 

- load indication bridles (Photo 4) , for measuring the resistance of 
the body of the pelagic trawl model which was spread on the 
poles of the measuring bridge of the catamaran, 

- spring, for measuring the resistance of the body of the pelagic 
trawl model spread on the poles of the measuring bridge of the 
catamaran, 
hydrolic, for measuring the resistance of the fishing system of the 
models tested on the vessel (Photo 5). 

Ad c) Angles of inclination of the right {aP) and left {aL warp were deter-• 
mined in degrees and measured with a spirit-level protractor. 

Ad d) Warps spacing (r) was determined by measuring their spacing in cm 
at one metre's distance from the blocks hanging from the gallows 
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(davit) of the trawler. The total spacing of the released warps is 
obtained by multiplying the length of the released warps with its 
spacing. 

Ad e) The hauling depth of the head line (gn) and the lead (foot) line (gp) 
was measured on the bosom of the net. This parameter was deter­
mined by depthographs one of which was fastened to the bosom of 
the head line and the other on the lead (foot) line. Photo 6 shows 
the depthograph fastened on the head line of the model. 

Ad f) Length of the released warps (l t) was determined by marking the 
warps. 

Ad g) The coefficient of the transversal opening of the netting (ux) was 
determined analogously to the coefficient of the hanging netting. It 
represents the ratio of the length of the horizonta! diagonal of the 
mesh (x) and the double length of the side of the mesh (2a - length 
of the stretched mesh) and it is calculated witk these formulae: 

X ep 
horizonta! (ux) = - = sin - (18) 

2a 2 

y ep 
vertical (uy) = - = cos - (19) 

2a 2 

where: 

ep = the angle between the two sides of the mesh. 

As Uy = v ·1-u2x- and ux = V l -u2; {this follows from the geome­
trical dependence of the shape of the square mesh of the netting), knowing 
one coefficient the other can be calculated. 

At testing the coefficient of the transversal slit of the mesh (u,) was 
determined in individua! elements of the pelagic trawl model. 

2.5.1. Characteristics of the catamaran and the vessel 

The pelagic trawl models were trawled by means of the measuring 
bridge constructed as a catamaran and the research ship. The catamaran, 
shown in Photo 7, is 11.68 m long, 8.32 m wide, 3.70 m deep, 2 X 4.25 tons 
displacement, the main engine 2 X 105 HP and 5 m/sec speed. The space 
between the hulls is oovered by mounted plates that make the deck of the 
catamaran. On the catamaran are two stern blocks through which the warps 
pass, and in the central part are two electric winches with drums for winding 
ihe warps. In the central part of the catamaran there is also the erection 
with rooms for the steering station (steerhouse) and with measuring instru­
ments. The forebody of the catamaran has facilities for trawling the body 
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of the trawl spread on special poles, which can be shifted both into vertical 
and horizonta! positions. The scheme of the catamaran and the location of 
the trawl on it are shown in Fig. 9. 

Fig. 9 Scheme of the oobamarn,n 
trawl model. 

1. Vertical pole 
2. Horizontal pole 
3. Tack!le 
4. Speedometer 
5. Floats on the head li.ne 

wi,t:h t he spread body of the pelagiic 

6. Pelagic trawl model 
7. Measurung bridge 
8. Dyinamometers 
9. Lea'd line biur den 

The vessel used in these tests was 18.90 m long, 4.85 m wide, the main 
engine had 225 HP. It was equipped with a seine winch with two drums 
on which the warps were wound. Oh the stern of the vessel there was a 
cylinder (roller) used far submerging and hauling the net. The distribution 
of the fishing equipment on the vessel is such that the vessel is adapted also 
far trawling. 

2.6. Method of testing 

2.6.1. Method of testing on the measuring bridge 

The measuring bridge on the catamaran makes it possible ta trawl the 
model in two ways: 

a) trawling the trawl system of the models (trawl, otter-boards, bridles, 
warps) in the same way as trawling is đone on industrial fishing vessels. 
The models ere trawled with two arps_ and their shooting and hauling as 
done by two electric winches. 

b) trawling the body of the trawl model spread on the bow poles of the 
measuring bridge of the catamaran, slrown schematically in Fig. 9. During 
tr awling the model lies below the measuring bridge which makes it possible 
to observe it from the deck after the deck plates have been removed. The 
poles on which the ends of the wings of the tested model are spread can be 
shifted into the horizontal and vertical positions. In this way it is possible 
to regula te the horizontal spread of the model within the range of 0-7.6 m , 
and the vertical one of 0-6.5 m . 

The resistance of the body of the trawl model spread on the poles is 
n1E::asured by faur dynamometers, as shown i11 Photo 4, while the resistance 
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of the model that is trawled by the warps is measured by two dynamometers 
fastened to them. 

The bodies of the pelagic trawl models tested on the poles of the measu­
ring bridge or with warps were rigged in the same way. Some measurings 
of the resistance of the bodies of the trawl models were done on short poles 
of the measuring bridge. The short poles of the measuring bridge make it 
possible to regulate the vertical spread of the model to 3 m. During the 
tests on the short poles the model was not rigged. 

2.6.2. Method of testing on the vessel 

In the Adriatic the tests were conducted with the research vessel »Pred­
vodnik«. The models were trawled with normally rigged trawling system. 
The tests on the vessel involved the measuring of the basic techno-oontruc­
h<mal and exploitational parameters of each variant of the model. The tests 
were conducted on calm sea so that on the fixed course of the ship, during 
trawling, the length of the released warps was measured, and after each 
such change the individual parameters were measured at the trawling speeds 
fixed inn advance. The same measurings were repeated also on the return 
course of the ship. 

The rigging of the body of the model and whole trawling system tested 
on the ship, was the same as at trawling the model on the measuring bridge 
of the catamaran by means of the warps. 

2.6.3. Method of conducting underwater observations and photographing 

The aim of the underwater observations and taking of photographs was 
to evaluate the regularity of the construction of the bodies of the tested 
pelagic trawl models, the shaping of the individual elements and to deter­
rnine the degree of the mesh slit in the analysed parts of the nnet. 

The underwater observations and photographic documentation were 
conducted by the divers of the Institute of the Fishing Techniiiue of the 
Faculty of Sea Fishery and Technology of Nutrition, Szczecin, who are also 
experts in the construction of the fishing gear. 

The following equipment was used for underwater observations and 
photographing: 

a) diving equipment consisting of bottles and SCUBA and personal 
outfit; 

b) phot>ographic accessories consisting of the underwater camera with 
a wide-angle objective, and electronic underwater flashlight; 

c) equipment for towing the diver consisting of an aquaplane with the 
rope for towing and signalling, light system for signalling and an electric 
winch which was on the stern of the catamaran. Fig. 10 shows the places 
nn the tested model of which photos were taken. 
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Upper part , Side :part 

F.ig. 10 Places on the model of which 
photos were taken 

2.7 . Calculated magnitudes 

lGl 

In addition to the parameters obtained by indirect measuring the follow­
ing magnitudes were also calculated: 

a) The vertical spread of the mouth of the belly of the trawl (h), which 
was determined by trawling the m odel on the warps from the difference 
between the hauling depth of the top and lower bosom, and by trawling the 
model stretched on the poles of the measuring bridge of the catamaran, by 
means of the spread and the hauling depth oJ the poles. 

b) The indicators of the horizonta! spread of the trawl which were 
measured : 

between the points that connect the head line and the main rope on 
the side panel of the trawl (b0), 

- on the ends of the side selvages (bp), 
- on the mouth of the belly (b), 

- on the head line (bn) and lead line (bd). 

The indicators of the horizonta! span of the trawl model were determined 
on the basis of similitude of triangles from the following formulae (K r e p a, 
1974): 

(20) 
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lp 
bp=---b0 

lp+ lwn 

lp- ls 

lp- ls 

b 0 n + 0.224 lwt 

ln + 1.668 lwt 

bod + 0.224 lw2 
bd = ld 

ld + 1.668 lw2 

(21) 

(22) 

(23) 

(24) 

The horirontal spread of the models that were trawled on the poles of 
the measuring bridge of the catamaran was regulated by the distance of the 
poles. In the analysed trawl models that were trawled on the warps 
b00 = b0 d = bo, because all the tested models had the same length of the 
tested models had the same length of the main ropes on the upper and lower 
parts of the net, bridles and loose ends of the head and lead lines and of the 
legs. 

c) The distance between the otter-boards • (br) was calculated with this 
formula: 

ltr 
br=--+p 

100 
(25) 

d) The geometrical function of the trawling system (G,) is the indicator 
of the surface of the mouth of the belly of the trawl (Sw), which, for the 
models trawled by warps (the mouth of the belly is oval in form similar to 
an ellipse), is determined by the formula: 

(26) 

For the models that are trawled on the poles of the measuring bridge 
of the catamaran (the mouth of the belly is similar to a rectangle), Siv is 
determined by the formula: 

(27) 

The geometrical function of the trawling system (G,) is determined by 
the formula: 

G, = - ----- ---- br h (m2) (28) 
4 
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e) The geometrical motional function of the trawling system of the trawl 
(Gzv), which is the indicator of the size of penetration and reflects the quan­
tity of the collected and filtered water in a time unit, is determined by the 
formula: 

Gzv = Gz V (m3/h) (29) 

f) The coefficients of the spread of the head line (J0 ) and lead line (Jd) 
are determined by the relationships of the lengths of the main ropes, and 
are calculated by the formula: 

(30) 

(31) 

The coefficient of the spread of the trawling system (Jz) is equal to the 
coefficient of the spread of the side panel selvages of the trawl (Jp) and is 
determined by the formula (K r e p a, 197 4) : 

bP 
Az = JP = --

21P 
(32) 

The coefficients of the transversal spread of the mesh (u), which deter­
mines the shape of the netting and the degree of its exploitation in indivi­
dual elements of the fishing gear, are calculated by the formula (K rep a 
and S w ini a r s ki, 1975): 

ll (b + h) 
u=----

(33) 

g) The tow-rope resistance (Rz) is_ determined by the formula (K r ep a, 
1974): 

R, "'TP cosaP cosy + TL cosaL cosy (kG) (34) 

h) The tow-rope power (N1i) is determined by the formula (K r ep a, 
1974): 

Rzv 
N1i = -- (HP) 

75 
(35) 

At calculating the tow-rope power, the trawling speed is expressed in 
knots (miles per hour). 
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The symbols in the formulae are: 

lwn = length of the loose ends and the bridles of the head line (m), 
lp = length of the trawl from the top of the wing part to the end of 

the belly, namely, the beginning of the cod end (m), 
lw1 = length of the upper leg (m), 
lw2 = length of the lower leg (m) , 

18 = length of the wings along the selvage (m) , 
l w = length of the leg with loose ends (m), 
lp1 = length of the upper wings (m), 
ln = length of the head line (m), 
ld = length of the lead line (m), 

b0 n = hlQ.rizontal spread of the upper (head line) part of the net (m), 
b 0 d = horizonta! spread of the lower (lead line) part of the net (m), 

p = distance between the winches hanging from the trawler gallows 
on the vessels with a stern system of trawling (m), 

k1 = constant relative to the capacity of leg oontraction, the value of 
which for the pelagic trawls is 0.1 (K rep a, 1974), 

k2 = constant relative to the capacity of wing oontraction, the value 
of which for he pelagic rawls is 0.5 (K rep a, 1974), 

y = angle of warp spacing which at the existing spreads between the 
otter-boards and to 400 m of released warps are from 2-7° 
(cosy "' 1), 

S2 = width of the belly on the mouth of the trawl at the stretched 
netting (m). 

3. REZULTS AND ANALYSIS OF THE TESTS 

3.1. Analysis of the constructionnal characteristics of the pelagic trawls 

3.1.1. General constructional requirements of the pelagic trawls 

The basic prereiluisite for realizing efficient results .of the catch is to 
dispose with such fishing gears that are adapted to the technical parameters 
of the fishing vessel, fishing regions, and the specific life and behaviour of 
the caught fish species. 

During the works on the designing and rigging the constructional chara­
cteristics of the tested trawls were adapted to pilchard catches in the fishing 
grounds of the Northern Adriatic, in which, to our present knno-wledge, real 
possibilities and oonditions exist for applying this fishing gear. The pilchard 
shoals in these fishing grounds are in relatively small concentrations with 
great speed of movement and strong reaction to outside impulses. During day 
and night these shoals keep horizontal and vertical migrations. At night 
they generally gather in larger concentrations in the upper and surface 
layers of the sea, while by day they are dispersed in the bottom layers. 
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At designing the analysed fishing gear these characteristics of the fish species 
were taken into account. 

The basic sizes that characterize the construction of the pelagic trawls 
are, first of all, the elements of the contracting parts that affect the shape 
and size of the whole body of the gear, the mouth of the belly in particular. 
The shaping of these parameters influences greatly the catchability of the 
fishing gear.4) 

Tests conducted by a number of authors (F r i dm a n, 1969, S w ini a r­
s ki, 1974, S w ini a r s ki, K rep a, 1975, Z i e b o, 1976) show that the 
catchability of the trawls depends, in addition to other things, on the surface 
of the m outh, trawling speed, and distance from which fish react to the 
fishing gear. The fishing practice, however, shio,ws that the catchability of 
trawls depends, above all, on the penetration the net ensures during fishing. 
The indicator which marks the extent of penetration on the bottom surface 
and the volume of the water column ensured by the corresponding trawling 
system depends on : 

- the size of the mouth of the trawl, 
- distance between the otter-boards, 
- length of the leg or the bridles, 
- length of the wings and the square of the trawl, 
- inclination of the cone of the netting of the trawl in relation 

to the direction of its movement, 
- trawling speed. 

The ecologic zones of fishing, the character of the shoal formed by indi­
vidua! species of the caught fish during day and night, the linear features 
of the gear and its shaping during trawling, especially the shape of the 
mouth of the trawl, have a significant influence on its catchability. 

3.1.2. Analysis of the horizontal and vertical spread and shape of the 
mouth of the trawl 

The size of the vertical and horizontal spread of the trawl depends, 
first of all, on the dimension of its belly, size of the elements of rigging, 
length of the released warps, and the trawling speed. The vertical and hori­
zontal spreads of the tested pelagic trawl models at various lengths of the 
released warps and the changing speed of trawling are shown in Tables 1, 
2 and 3. From these tables it follows that the vertical and horizontal spreads 
depend mainly on the construction of the contracting elements (mouth ele­
men ts) of the analysed trawls. In all the analysed cases, by increasing the 
trawling speed and length of the released warps, the vertical spread of the 

4) The ca,tchabhl1ty of .the fisMng gear deteTmines dlts capabiility of catching and 
effilciency, namely tihe. prope1,ty of tihe geru- or the degree of its adaptability to 
caitchiim.g fish and other water organisms. Caitchabiliity is defined as the relation­
shd,p between the q,uanJtity of the fish ca,ughrt with a certain fishLng gear and the 
quantdty of the fish which appears withdn ·the range of operation of this fishing 
geair a!Ild cam be caught. 



Table 1. Measurement results, calculated Linear magnHudes, and tow-1rope :r:e~istance of the ,1Jrawling system of the ...... 
pelagic urawl model - vairian,t 2 

cr:, 
cr:, 

Measured magnitudes Calculated magnitudes 

Trawl 
Length Warp bosom Warp Horizontal spread Vertical Tow-

Mesure of re- Trawling Warp tension angles haul!ng spacing spread rope 
No. leased spced incidence depth resi-

warps head lead stance 
left right total left right line !ine 

1 V TL Tp R aL aP gn gp r br bo b, bn-bd b h R• t. 
m m/s knots kG kG kG. degrees m m m cm m m m m m m kG 

1 30 0.68 1.32 65 68 133 28 28 26 36 7 6,6 3.49 3.42 3.37 2.89 10.0 117.43 '.'d 

2 30 0.96 1.86 78 80 158 24 24 17 25.5 12 8.1 4.29 4.2 4.10 3.56 8.5 144.34 () 
t'1 

3 30 1.10 2.13 101 105 206 18 18 14 2:1 16 9.3 4.92 4.82 4.67 4.08 7.0 195.91 "3 
H 

4 30 1.22 2.37 114 118 232 15 15 10 16 19 10.2 5.40 5.29 5.11 4.48 6.0 224.09 
z 
H n, 

5 30 1.36 2.64 130 138 268 10 10 10 21 10.8 5.72 5.60 5.4 4.74 263.92 > 
6 40 0.70 1.36 72 75 147 29 29 26 35.5 8 7.7 4.08 3.99 3.91 3.38 9.5 128.56 z o 
7 40 0.94 1.82 83 86 169 26 26 2J 28 15 10.5 5.56 5.44 5.25 4.61 8,0 151.89 

~ 
8 40 1.10 2.13 107 110 217 20 20 15 22 18 11.7 6.20 6.07 5.84 5.14 7.0 203.91 

Ul 
9 40 1.22 2.37 120 124 244 17 16 10 ,16 21 12.9 6.83 6.69 6.41 5.66 6.0 233.95 :ii 

H 

10 40 1.32 2.56 140 144 284 12 12 10 25 14.5 7.68 7.52 7.18 6.37 277.79 z 
H 

11 50 0.80 1.55 65 69 134 27 28 27 35 12 10.5 5.56 5.44 5.25 4.61 8.0 118.83 > 
~ 

12 50 0.94 1.82 75 80 155 25 25 21 28 15 12.0 6.36 6.23 5.98 5.27 7.0 140.47 
(/l 

:,: 
H 

13 50 1.15 2.23 107 108 215 19 19 17 23 19 14.0 7.42 7.27 6.94 6.15 6.0 204.23 
14 50 1.40 2.72 153 156 309 13 13 12 17.5 21 15.0 7.95 7.79 7.43 6.59 5.5 301.08 
15 60 0.94 1.82 ,85 89 174 28 28 27 35 12 11.7 6.20 6.07 5.84 5.14 8.0 153.63 
16 60 1.13 2.19 110 113 223 22 22 20 27 14 12.9 6.83 6.69 6.41 5.66 7.0 206.76 

17 60 1.38 2.68 153 156 309 17 17 15 :n 18 15.3 8.10 7.93 7.56 6.72 6.0 295.49 

18 60 1.51 2.93 165 171 336 15 15 11 17 24 18.9 10.01 9.00 9.30 8.3 6.0 324.55 
19 60 1.68 3.26 201 204 405 12 12 12 28 21.3 11.28 11.05 10.45 9.36 396.14 

20 80 0.96 1.86 96 98 194 29 29 32 39.5 14 15.7 8.32 8.15 7.76 6.90 7.5 169.67 
21 80 1.14 2.21 116 120 236 23 23 28 35 17 18.1 9.59 9.39 8.92 7.95 7.0 217.23 

22 80 1.22 2.37 139 140 279 19 19 23 30 20 20.5 10.86 10.64 10.07 9.01 7.0 263.79 



23 80 1.46 2.83 168 170 338 16 16 16 2,2 22 22.1 11.71 11.47 10.85 9.71 6.0 324.90 
24 80 1.69 3.28 208 209 417 14 14 11 16 23 22.9 12.13 11.88 11.23 10.06 5.0 404.61 
25 100 1.12 2.17 120 124 244 24 24 34 40.5 12 16.5 8.74 8.56 8.14 7.25 6.5 222.90 
26 100 1.25 2.42 142 145 287 20 20 28 34 14 18.5 9.8 9.6 9.11 8.13 6.0 269.69 
27 100 1.35 2.62 160 166 326 18 18 22 27 15 19.5 10.33 10.12 9.59 8.57 5.0 310.04 
28 100 1.50 2.91 178 1'83 361 16 16 18 23 17 21.5 11.39 1,1.16 10.55 9.45 5.0 347.01 
29 100 1.70 3.30 213 216 429 14 14 12 16 19 23.5 12.45 12.20 11.52 10.33 4.0 416.25 

Mean v.alliues 2.33 14.92 7.90 7.74 7.38 6.55 6.71 242.38 

Consroructional daita : !P = o; lwt = 22.5 m; lw:2 = 22,5 m; ln = ld = 16,7 m; 1, = 25,32 m; 1. = 7,05 m; h = 3,45 m; lwn = 0,5 m; 
lw = lw1 + 1,.., = 23 m; 1P1 = 7,05 m; S2 = 17,10 m; 
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Table 2. Measwement iresults, ca!!culated H.neac magratudes, and .tow-rope iresisitM!ce of the trawwiing sy&tem of the a, 

O) 

pela~ic tirawl model - varian.t 3 

Measured magnitudes C a 1 c u la t e d m a g n i t u d e s 

Trawl 
Length Warp bosom Warp Hori~ontal spread Vertical Tow-

Mesure of re- Trawling Warp tension angles hauling spacing spread rope 
No. leased speed incidence depth resi-

warps head 1ead stance 
left right total left right line line 

1 V TL Tp R aL aP gn gp r br bo bP bn-bd b h Rz t. 
m m/s knots kG kG kG degrees m m m cm m m m m m m kG 

'.'d 
1 30 0.70 1.36 59 62 121 26 25 24 34.5 8 6.9 3.53 3.50 3.44 3.25 10.5 109.21 (") 

2 30 0.96 1.86 71 74 145 23 23 17 26 12 8.1 4.21 4.12 4.01 3.83 9.0 133.47 t=l 
>i 

3 30 1.13 2.19 96 99 195 16 16 14 21.5 15 9.0 4.68 4.58 3.43 4.25 7.5 187.44 ... z 
4 30 1.22 2.37 109 112 221 13 14 11 17.5 18 9.9 5.14 5.03 4.85 4.67 6.5 214.87 ... 

('} 

5 30 1.35 ·2.62 127 130 257 9 9 12 20 10.5 5.46 5.35 5.14 4.96 253.83 > 6 50 0.94 1.82 65 68 133 22 22 22 31 13 11.0 5.72 5.60 5.38 5.20 9.0 123.31 21 
7 50 1.11 2.15 93 97 190 18 19 15 22.5 15 12.0 6.24 6.11 5.85 5.67 7.5 180.16 tJ 
8 50 1.28 2.48 114 118 232 14 14 12 18.5 20 14.5 7.54 7.38 7.02 6.86 6.5 225.10 '.'< 
9 50 1.32 2.56 121 125 246 13 14 11 17.5 21 15.0 7.80 7.64 7.26 7.09 6.5 239.18 ti) 

10 50 1.42 2.76 138 142 280 11 11 8 14 22 15.5 8.06 7.89 7.49 7.33 6.0 274.85 :i; 
11 80 0.96 1.86 91 95 186 27 28 30 38 14 15.7 8.16 7.99 7.58 7.42 8.0 164.96 

... z 
12 80 1.15 2.23 110 115 225 22 33 18 18.9 9.82 9.62 9.09 8.93 

... 
22 26 7.0 213.26 > 

13 80 1.25 2.42 130 133 263 · 19 19 23 29,5 20 20.5 10.66 10.44 9.85 9.70 6.5 248.67 ~ 
ti) 

14 80 1.46 . 2.83 158 161 319 15 15 15 21 22 22.1 11.49 11.26 10.60 10.45 6.5 308.13 :i: ... 
15 80 1.70 3.30 199 203 402 13 14 10 15.5 23 22.9 11.90 11.66 10.97 10.82 5.5 390.86 
16 100 0.94 1.82 81 79 160 26 26 35 42 11 15.5 8.06 7.89 7.49 7.33 7.0 143.80 
17 100 1.04 2.02 99 104 203 24 25 32 38.5 12 16.5 8.58 •8.4 7.97 7.80 6.5 184.69 
18 100 1.23 2.39 114 118 232 20 20 27 33 14 18.5 9.62 9.42 8.91 8.75 6.0 218.00 
19 100 1.32 2.56 129 134 263 17 18 23 29 15 19.5 10.14 9.93 9.38 ·9.22 6.0 250.80 
20 100 1.51 2.93 170 173 343 15 14 17 22 17 21.5 11.18 10.95 10.32 10.17 5.0 332.06 
21 100 1.68 3.26 205 209 414 12 12 12 16.5 19 23.5 12.22 11.97 11.26 11.12 4.5 404,95 

Meain v.alues 2.37 15.59 8.10 7.93 7.53 7.36 6.87 228.64 

Constructiionail. daita: p = O ; l w1 = 2·2,5 m; l w2 = 22.5 m; 1. = l d = 15.94 m; lp= 24.87 m; 1, = 6.6 m; h = 4.•80 m; lwn = 0.50 m 
lp1 = 6.6 m; S2 = 16.80 m; 



Ta,ble 3. ,Measuirement iresrults, cailou!l.aited Liinea,r magni1iudes, aind tow-;rope resistance. of the 1ma.wliing system of the 
pelagic trawl model wi,th ropes - v.airian,t 4 

Measured magnitudes Calculated magnitudes 

Trawl 
Length Warp bosom Warp Horizontal spread Vertical Tow- n 

Mesure of re- Trawling Warp tension angles hauling spacing spread rope o 
No. leased speed incidence depth resi- z 

Ul warps head Jead stance -i 
left right total left right line !ine ~ 

C: 
1 V Ti, Tp R aL aP gn gJ) r br bo bP bn-bd b h R, () 

t. -i 
m m /s knots kG kG kG degrees m m m cm m m m m m m kG .... 

o z 
1 30 0.65 1.26 46 47 93 26 25 23 32 10 7.5 4.27 4.18 4.06 3.84 9.0 83.94 :,. 
2 30 0.90 1.74 62 65 127 23 22 16 1!2 8.1 4.61 4.51 4.37 4.14 7.5 117.33 z 
3 30 1.15 2.23 88 88 176 15 15 13 20 16 9.3 5.30 5.19 5.00 4,77 7.0 170.00 tJ 

4 30 1.28 2.48 101 103 204 12 12 10 16 18 9.9 5.64 5.52 5.31 5.07 6.0 199.54 ~ 
t:J 

5 30 1.40 ;2_72 120 123 243 9 9 10 21 10.8 6.15 6.02 5.77 5.53 240.00 Ul .... 
6 50 0.95 1.84 60 60 120 21 21 21 28 13 11.0 6.27 6.14 5.88 5.64 8.0 112.02 Ul 

-i 
7 50 1.15 2.23 90 88 178 17 17 17 24 17 13.0 7.41 7.26 6,91 6.66 7.0 170.22 :,. 
8 50 1.30 2.52 110 110 220 13 13 15 21 19 14.0 7.98 7.82 7.42 7.18 6.0 214.36 z 

() 

9 50 1.38 2.68 120 125 245 10 11 11 17 21 15.0 8.55 8.37 7.94 7.69 6.0 240.88 t:J 

10 50 1.45 • 2.81 130 135 265 8 8 11 12 23 16.0 9.12 8.93 8.46 8.20 262.42 o 
11 80 1.00 1.94 81 80 161 26 26 30 37 12 14.1 8.03 7.86 7.47 7.22 7.0 144.70 >,j 

12 80 1.15 2.23 100 100 200 21 21 23 29 15 16.5 9.41 9.21 8.71 8.46 6.0 186.71 '"O 

13 80 1.28 2.48 119 121 240 17 17 20 25.5 17 18.1 10.31 10.10 9.53 9.27 5.5 229.51 
t:J 
r' 

14 80 1.50 •2.91 140 143 283 14 14 16 20 20 20.5 11.68 11.44 10.78 10.51 4.0 274.59 :,. 
G'l 

15 80 1.65 3.20 170 165 335 11 11 11 15 22 22.1 12.59 12.33 11.60 11.33 4.0 328.84 ... 
() 

16 100 1.00 1.94 85 85 170 24 25 35 41 11 15.5 8.83 8.65 8.19 7.94 6.0 154.68 
17 100 1.10 2.13 100 96 196 20 20 30 36 13 17.5 9.97 9.77 9.23 8.97 6.0 184.17 

1-j 

18 100 1.32 2.56 120 121 241 16 16 24 29 15 19.5 11.11 10.88 10.26 9.99 5.0 231.66 ~ 
19 100 1.41 2.73 140 140 281 15 15 20 25 16 20.5 11.68 11.44 10.78 10.51 5.0 271,42 

::;; 
r" 

20 100 1.51 2.93 162 163 325 13 12 15 19 18 22.'5 12.82 12.56 11.81 11 .53 4.0 317.28 Ul 

Mean valrues 2.37 15.07 8.58 8.40 7,97 7.71 6.05 206.71 

Construct-ional da,ta: p = O; Li= 22.5 m; lw2 = 22.5 m; ln = ld = 16.0 m; 1. = 29.72 m; 1, = 7.7 m; h = 5.52 m; Ln = 0.60 m; 
1w = l w1 + Ln = 23.10 m; 1.1 = 7.7 m; S2 = 18.90 m; ..... 

o, 
<.O 
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net is reduced and the horizonta! one enlarged. This is the general reaction 
of all the trawling fishing gears so that in this sense their work should be 
regarded as regular. 

By analysing the mean values, it can be concluded that' the largest mean 
vertical spread of the mouth of the belly (7.71 m) was achieved with the 
model variant 4 and, simultaneously, it got the smallest mean vertical spread 
(6.05 m) . The smallest mean horizonta! spread (6.55 m) was achieved with the 
model variant 2, and the largest vertical mean spread (6.87 m) with the model 
variant 3. A smaller vertical and, at the same time, a larger horirontal spread 
of the variants 3 and 4, the 4 especially so, was caused by a smaller lift 
force of the net elements in these models. Namely, in the models of the 
variant 3 the wedges of the wings and a part of the netting from the first 
segment of the belly were removed. In the model variant 4 the net elements 
of the first segment of the belly and wings, i.e. the net elements of the con­
tracting part of the belly were replaced by ropes. Their actual surface was 
considerably smaller than the surface of the netting in the same part of the 
net in the m c: dels of other variants. Analogously, the lift force, which affects 
considerably the size of the vertical spread, was also considerably smaller in 
the model with ropes (variant 4). It caused a smaller vertical spread of the 
mouth of that traw' and, simultaneously, a larger horizonta! spread. Such 
shaping of the mouth of the belly in the model variant 4 is suitable for 
catching dispersed and smaller day concentrations of pilchards gathering 
aabove the b :Jttom. 

h 
The relationship between the vertical and horizonta! spreads ( - ) of the 

b 

tested models was l .02 for the variant 2, 0.93 for the variant 3, and 0.78 for 
the variant 4. These values for the pelagic trawls should be from 0.6 - 0.8 to 
1.0 (S w ini a r s ki, K rep a, 1975). 

On the basis of the mean values of the vertical (h) and horizonta! (b) 
spreads (Tables 1, 2 and 3) it follows that the mouth of the belly of the 
models 2 and 3 variants is oval and cif the variant 4 elliptical with the longer 
horizontal diagonal. The model variant 4 (h = 6.05 m, b = 7.71 m) has the 
most suitable mean values of the horizonta! and vertical spreads. 

3.1.3. Analysis of the shape of the peLagic trawls based on the constructional 
indicators 

For evaluating the exploitational characteristics of the pelagic trawls, 
besides the shape of the mouth of the trawl, the shaping of the net part 
of the whole gear (body of the trawl) and the trawling system is of greatest 
significance. 

The analysis of the shaping of the body of the trawl and the trawling 
system is based on the constructional indicators: 

- coefficient of the spread of the head line (A.n) and the lead 
line (A.t1), 
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- coefficient of the spread of the trawling system (2.) or the 
side selvages ().p), 
coefficient of the transversal spread of the mesh of the netting 
on the mouth of the belly (u). 

These are, of course, the variable indicators which depend mainly on the 
working regime of the trawling system. 

lndependently of the above analysis the shaping of the trawl body will 
be evaluated on the basis of the underwater photographic documentation in 
he part 3.1.5. 

On the basis of the mean values of the horizonta! and vertical spre~ds 
the variable indicators of the trawling system of the tested models, shown 
in Table 4, were determined. These values for individua! variants of the 
tested models are: 

for the model variant 2: 

An = Ac1 = 0.441 

2, = Av = 0.152 

u= 0.332 

for the model variant 3: 
An = Ađ = 0.472 

2,, = J.v = 0.159 

u= 0.332 

- for the model variant 4: 

211 = 2c1 = 0.498 

}, ,, = Av = 0.141 

u= 0.285 

Table 4. Geometnicail. and geometrkail. motional functrion, tow-,rope power and 
consuruationail indricators of •the rbrawling sy,stem of the ,pelaglic trawl 
mo<lels 

Trawl model Geometrical 
constlructi:on jjunct<i,on.8) 

Viamiant 2 13.47 
Vair.iant 3 12.58 
Variant 4 10.27 

Geometricail 
motional 
function8 

58 X 103 
55 X 103 

45 X 103 

Spread 
Tow...;rope coefJlicient 
power head/ lead 

l<tne 

7.52 0.441 
7.22 0.472 
6.53 0.498 

Tmw11ing 
system 

spread 
coeffucien,t 

0.152 
0.159 
0.141 

8) The fu.mction G, 01I1Jd G„ were c.rocu!lated by ta1k,ing the vailiue ik:1 - 0.1 

Mesh 
spread 

coeff.icient 

0.304 
0.332 
0.285 

aind k2-0.5 

The obtained values of these indicators are within the limits of the values 
obtained by other authors (S w ini a r s ki, K rep a, 1975) . We can assume 
that the agreement of the values obtained by other authors with the values 
of the constructional indicators obtained in the present researches shows the 
correctness of the construtcional solutionst of the analysed pelagic tratwl 
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models. It shouJd be pointed out that these models are the corrected versions 
of the model variant 1. The constructiQnal changes of these models were 
carried out mainly on the basis of direct underwater observations by elimi­
nating the noticed oonstructional imperfactions. 

The constructional indicators of the trawling system of the analysed 
pelagic trawl models, depending on the geometrical motional function are 
shown in Graph 1. It follows from this graph that by increasing the geome­
trical motional function the coefficient of the spread of the head line 
decreases, which reaches the greatest value at the smallest value of the 
geometrical motional functilQn (variant 4) . 

o,s 

0,5 

o,, 

\'6 rim! .3 Warionl 2 

50 55 

Graph 1. Constr'llctional indicators of 
the trawli.Jng system of the 
anaJyse<l peliagiic trawl 
models. 

The analysed pelagic trawls have approximate values of the coefficient 
of the spread of the trawling system, which follows from the fact that also 
the basic dimensions of the analysed trawls do not mutually differ very much. 
The differences shown on Graph 1, however, results from the oonstructilonal 
differences of individual models of the tested pelagic trawls. 

The model variant 4 has the smallest value of the coefficient of the 
trawling system (J.J and also the smallest value of the genmetrical motional 
function at the same time. The model variant 2 has the value J.,. smaller than 
the model variant 3, but somewhat greater than the model variant 4. Such 
a value of the spread coefficient of the trawling system of the model variant 
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4 in relation to the models variants 2 and 3 follows from the greater length 
of the body of the model (lp) of the variant 4, which to a certain degree 
influences the magnitude of the mentioned coefficient. 

Similarly to the spread coefficient of the trawling system behaves alsc, 
the spread coefficient of the mesh of the netting on the mouth of the belly 
(u) in all the tested models depending on the value of the geometrical motio­
nal function Such values of this cJefficient are conditioned by the width 
of the belly on the mouth of the net at stretched netting (S2). The model 
variant 4 has the greatest value of the spresd coefficient of the mesh of the 
netting on the mouth of the belly. 

Except for the spread ooefficient 0f the netting mesh on the mouth of 
the belly, on the basis of the underwater photography analysis, the coefficients 
of the horizontal spread of the mesh (u,J) are also determined in individua! 
parts of the body of the net of the model variant 1. These values, shown 
in Tables 5 and 6, show that the meshes of each segment of the net have 

Taible 5. Coefficient of ,the honizontail S:piread of ithe mesh (u,) •itn rthe UiI)per panel 
of the belly of t he pelagiic ,urowJ model - v•all'ian-t 1 

OcmsitJ.,uctional 
element of the 
tr.awl model 

1st berny segment (B) 

2ng belly segment (C) 
311d be1ly segment (D) 
4th beH.y segmenrt; (E) 
5th belly segment (F) 

P.laces on the tn:awl body of whiich phorooo were .taken 
Lower Central pa1I1t U.pper selvage Area of the 

selvage of of ,the of the side selvages 
element element element of .the elemenrt 

0.49 
0.28 
0.30 
0.25 
0.22 

0.75 
0.45 
0.26 
0.26 
0.24 

0.50 
0.46 
0.31 
0.28 
0.25 

0.30 
0.28 
0.24 
0.20 

Table 6. Coeffiaiffllt .of the horizon:tall. spread .of ,1Jhe mesh (u,) li.rn the &ide ipanel of 
the body of tJhe peilagiic 11rawl model - vair,iant 1 

C on :,nr,u oti,on.al 
element of the 
tcawl model 

WdJng (I) 

ls.t belly segmenrt; (J) 

2nd belly segmenit (K) 
3rd belly segmen,t (L) 
4th belly segment (M) 
5th belly segment (F1) 

Places on ,the trawil body of whiich photos were talken 
Lower Cenura:l pa1I1t Upper selvage Aa:ea of the 

selvage of of :bhe of the side selvages 
element eleme111t element of· the element 

0.38 
0.28 0.38 0.31 
0.25 0.25 0.26 0.22 
0.20 0.22 0.21 0.20 
0.18 0.23 0.22 0.19 
0.21 0.22 0.23 

different ooefficients of the horizonta! spread. Also, on the same segment, 
but at different places, different values of the coefficient of the horizonta! 
spread of the netting mesh are present. 

Such a phenomenon can be, in one hand, explained by the shape of the 
net body itself which is created by trawling it in the water, which, in a 
certain sense, also corresponds to the oonstructional hypothesis of the analysed 
net, and, in the other hand, to its oonstructional imperfections and also to 
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the way the netting is hanging on the boundary ropes, which, in a certain 
way, deforms the netting on individua! parts of the trawl. These deforma­
tions are seen on the underwater photos 8, 9, and 10. Similar values of the 
mesh spread are given also by Kor o tko v and K uzmi n (1972), corro­
borated also by the tests by Kw i d z i n s ki, No w ako w s ki, Se n d 1 a k, 
Dud ko, and S a do w s ka (1976). 

By basing it on the analysis of the underwater photos, presented in 
3.1.5., and on direct observations, it was stated that the deformations of the 
construction occurred on the mouth of the trawl, namely, on the bosom 
and wings, and on the places of the hanging netting. This influenced nega­
ti vely the value of the coefficient of the horizonta! opening of the mesh in 
those parts of the net. This is the reason why the coefficients of the mesh 
opening on the wings and on the beginning of the first segment of the belly 
have orientational values. 

The deformations on the wings and the first segment of the belly 
gradually disappeared towards the cad end, which was confirmed by the 
direct underwater observations and photo documentation. 

By comparing the values in the individua! parts of the same segments of 
the belly, it has been noticed that the coefficients of the horizonta! spread 
of the mesh in the upper patt of the trawl have greater values in relation 
to the segments of the side panel. In addition, the horizonta! opening of the 
mesh decreased in individua! segments towards the cad end. 

3.1.4. Analysis of the geometrical and geometrical motional function 

The value of the geometrical (Gz) and geometrical-motional function 
(Gzv) are shown in Table 4. These values were calculated on the basis of the 
mean horizonta! and vertical spreads, and on the speed of trawling the analy­
sed variants of the pelagic trawl models. From the data shown in Table 4 
it follows that the model variant 2 has the greatest value of the geometrical 
and geometrical-motional function and the variant 4 the smallest. The decline 
of the values of the geometrical and the geometrical-motional function in 
the m odels variants 3 and 4, in relation to the model variant 2, was caused 
by the decrease of the variable characteristics of the gear occurring during· 
its work (bn bp, bn, h), and by the variable magnitudes of the linear chara­
cteristics of individua! variants of the model (lp, lp1). The geometrical and 
geometrical-motional function were calculated by means of the formulae 28 
and 29, which contain the linear elements preceding the trawl in relation 
to the otter-boards, and are more suitable for evaluating the catching capa­
bilities of the tested fishing systcm than are the qualiiies of the trawl body 
construction. The basic work parameter, with which the qualitative evaluation 
of the pelagic trawl can be derived, is the surface of the mouth of the net. 
The shape of the mouth of the net of the models trawled on ropes is oval, 
similar to and ellipse. Its surface is calculated with the formula 26 where, 
instead of the distance between the otter-boards (hr), the horizonta! spread 
between the points that connect the head line and the main rope of the _side 
panel of the trawl (b0 ) is taken. 



CONSTRUCTION AND RESISTANCE OF PELAGIC TRAWLS 175 

The surface of the mouth (Sw), and the geometrical-motional function 
(G.v) of the body of tbe tested mo~els bave tbese values: 

for the model variant 2: 

Sw = 41.63 m 2 

Gzv = 179.6 X 103 m3/h; 

- for the model variant 3: 
Sw = 43.70 m 2 

Gzv = 191.8 X 103 m3/h; 

- for tbe model variant 4: 
Sw = 40.76 m 2 

G,v = 178.9 X 103 m3/h. 

It follows from tbe above data tbat the model variant 3 has tbe greatest 
value for the mouth surface and the geometrical-motional function or the 
quantity of the filtered water in time unit at the approximate trawling 
speeds (v2 = 2.33; v3 = 2.37 ; v,, = 2.37 knots) , wbile the smallest value has 
the m odel witb ropes (variant 4) . Altbough the model variant 4 has the 
smallest values Sw and Gzv it should be pointed out that it bas, in relation 
to other variants, a considerably smaller resistance. Starting from the assump­
tion tbat tbe analysed gears ·are designed for vessels of similar trawling 
capacities in the case of trawling tbe model variant 4 it will be possible to 
increase its size, namely, its trawling speed to realize resistance similar to 
the two previous models, whicb is very important for catcbing fisb of great 
speed of mcivement. 

Because it is possible to atain a smaller hydrodynamic resistance, and at 
the same time also to increase the size of the elements of tbe moutb of the 
gear, in many oountries the trawls with ropes are applied more and more 
in industrial fisbery. Under the Adriatic oonditioris, just for this reason, the 
oonstruction witb a netting of large meshes in tbe banging parts of the trawl 
(elements of tbe moutb of tbe trawl) sbould be used for catching pilcbard with 
pelagic trawls, and a.Iso trawls with ropes sbould be considered. 

3.1.5. Analysis of the constructional-assembling characteristics of the pelagic 
trawls on the basis of o bservations and underwater photos 

The most positive side of observing directly tbe fishing gear is tbe 
possibility of correcting and removing immediately and in the phase of 
testing tbe imperfections in the work of the gear, wbicb are the result of the 
constructional errors and of tbe irregular work of tbe gear. 

Observations and uderwater pbotograpbing were conducted on the model 
variant 1 while trawling it on tbe poles of tbe measuring bridge on the 
catamaran and on tbe warps, also on tbe catamaran. The localities of which 
tbe underwater pbotos were taken are sbown in Fig. 10. 

Wbile trawling tbe model on tbe poles of tbe measuring bridge and on 
the warps it was stated tbat the belly of tbe net bas tbe regular shape of tbe 
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truncated cone which is getting narrower towards the cod end. The mouth 
cf the belly is a flattened oval, and the shape of the end of the belly, on the 
spot where it is joined to the cod end, i~ similar to a circle. The belly of the 
tested gear was working steadily without any jerks and change of the attac­
king angle5) iof the nettinng. A significant characteristic of this oonstruction 
is the deformation of the netting on the bosom of the head line, the lead 
line, and the side rope. This is shown by the presence of loose (unburdened) 
and irregular meshes with almost totally irregular sides. This is illustrated 
by photos 8, 9, and 10. 

The bosom of the mouth of the net was not burdened evenly and the 
netting in that part of the net twas loose and bulging out, the shape of the 
mesh was irregular. Such deformations of the netting were particularly 
expressed on the first segment of the belly of th upper and lower part of 
the trawl, about 10 meshes from the bosom and about 5 meshes from the 
bosom on the side panel (Photo 11). The deformation of the netting appeared 
also on the wings. As seen on Photo 12, along the wing selvages there is 
a row of thickset and deformed meshes, which continue on the wedges of 
the wings. The sides of the meshes on the wedges of the wings horizontal 
to the direction of the force actions carry on these forces, while the sides 
of the meshes vertical to the direction of the force action are loose and do 
not work. The base of the wedges is curved towards the end of the wing 
(Photo 14). Towards the central part of the wing the meshes are regularly 
arranged and deformations disappear. Great deformations of the meshes of 
the netting appear in the end part of the wing, both in the head line, lead 
line, and the side panel of the net (Photos 12 and 13). Ali the mentioned 
irregularities and deformations affect the size of the hori:oontal spread of 
the mesh and also the shaping of the constructional indicators of the net, and 
the parameters of the mouth. These deformations are caused by the irregu­
lar construction and cutting of the wings and wedges, and by the magnitude 
of the coefficient of the hanging netting. On the basis of the established 
irregularities in the oonstruction of the model variant 1 (original model), in 
the model variant 2 the cutting of the wings and the coefficient of the 
hanging netting were changed, and the wedges in the upper (head line) and 
the lower (lead line) part of the net were removed (the upper and the lower 
wings were elongated by 6 meshes and on the whole outer selvage of the 
wing slanting cutting was was applied instead of the combined one). The 
observations of the model variant 2, hich was trawled on the poles of the 
measuring bridge of the catamaran, showed that these changes impoved the 
construction and that all the irregularities on the parts of the mouth of the 
net disappeared. As the construction of the wing on the side panel of the 
model variant 2 was not changed, but remained the same as in the model 
variant 1, all the irregularities and deformations in that part of the belly 
remained the same as in the model variant 1. This fact corroborated the 
hypothesis that all the deformations were caused by the oonstruction of the 
wings and the magnitude of the coefficient of the hanging netting on the 
bondary ropes . 

5 This •is the aingJe between the s:ide selvage and ,the veritacail centreline of the 
gear. This angle depends on the verticail spr~ of the net mol.llth; :in ipelagic trawl 
it should be 10-12°, a,nd i,n the bottom ~mwls to 25° (Okonsiki, 1968). 
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The deformahons of the netting, present in the first segment of the belly 
of the tested model, gradually disappeared in the next segments towards the 
ood end. The deformations of the netting on the side selvages (seams) of the 
belly were not present either, which is proven by the Photos 15, 16, 17, 18, 
and 19. This is a proof of the correct cutting and assembling these parts of 
the net. 

The angle of attack on the belly along its whole length was about 14° 
to 12°, while on the ood end it was somewhat smaller. 

3.2. Analysis of the resistance characteristics of pelagic trawls 

At testing, the resistance of the body of the model was determined in 
relatiion to the spread coefficient of the head line {Ji.0), side rope (J.b), and 
hauling depth of the pole of the catamaran measuring bridge (zw) at variable 
trawling speeds, and the trawling system at variable trawling speeds and at 
various lengths of the released warps. 

3.2.1. Analysis oj the body resistance of the tested models 

The measurements of the trawl body resistance trawled on the poles of 
the measuring bridge of the catamaran were carried out on the models 
variant 1 and 4. Tables 7 and 8 show the results for the model variant 1 at 
different ooefficients of the spread of the head line, side rope, hauling depth 

Ta,ble 7. Res,i-staince of the pelag-ic rur-awl model - variant 1, not Tligged and spread 
on the shOll't poJ.es of the caitamaran, ait va!I"ia,ble •traw!Jing speeds 

M.easure 
No. 

1 
2 
3 
4 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

T,rawldng speed 
V 

m/.s klll'ots 

0.60 
0.80 
1.05 
1.20 
1.50 
1.65 
1.70 

0.55 
0.60 
0.70 
0.80 
0.90 
1.00 
1.05 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 

1.16 
1.55 
2.04 
2.33 
2.91 
3.20 
3.30 

1.06 
1.16 
1.36 
1.55 
1.74 
1.94 
2.04 
2.13 
2.33 
2.52 
2.72 
2.91 
3.10 
3.30 

J.. = 0.445 Ab = 0.319 Zw = 3.00 m 
LeH pole resista111.ce Right pole iresistance Total 

uppeir lower upper loweir R 
kG kG kG kG kG 

7 7 
12 12 
22 19 
29 30 
42 36 
48 49 
52 52 
l. = 0.351; 
3 3 
5 5 
7 10 
9 12.5 
9.7 16.5 
9 17 

17 18 
13 21 
17.5 25 
22 28.5 
29 33.5 
33 35 
37 39.5 
41 42.5 

9 
13 
20 
30 
40 
49 
50 . 

},b = 0.319; 
3 
5 
7.5 
9 

13.5 
17 
17.5 
17.5 
21 
24.5 
26 
33.5 
35 
39 

10 33 
16 53 
23 84 
33 122 
44 162 
60 206 
58 212 

Zw = 3.00 ffi 

3 12 
5 20 
8 32.5 

12• 42.5 
17 56.7 
21 64 
20 72.5 
23 74.5 
26.5 90 
31.5 106.5 
32.5 121 
37 138.5 
41.5 153 
44.5 167 
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of the poles of the measuring bridge, and the trawling speed, and far the 
model variant 4 this is seen in Table 9, while Graph 2 illustrates their graphic 
presentation. It fallows from Tables 7, 8 and 9, and Graph 2 that the least 

Table 8. Resistance of the pelagic tr.awl model - vairia,nrt 1. !l'ligged and spread 
on the ,Iong poles of the catama,ra,n, at varsiahle trawliing speed 

l. = 0.445 l.b = 0.531 Zw = 5.00m 
Measu:re TrawLing speed Lefit pole resiiJ,tance Right pole ,resistance Total 

No. V upper lower upper .!ower R 
m/s ilmots kG kG kG kG kG 

1 0.70 1.36 15 13.5 15 12 55.5 
2 0.80 1.55 20 17 20 15.5 72.5 
3 0.90 1.74 23 23 25 19,5 90.5 
4 1.00 1.94 27.5 26.5 30 25 109 
5 1.15 2.23 33 34.5 30 30 127.5 
6 1.25 2.42 38.5 37.5 37 38.5 151.5 
7 1.35 2.62 43 46 40 46 175 
8 1.45 2.81 44.5 48.5 46 49.5 188.5 

A.n = 0.445; A.b = 0.425; Zw = 4.00 ll1 

1 0.70 1.36 13.5 12 15 11.5 52 
2 0.80 1.55 19.5 17.5 21 15.5 73.5 
3 0.90 1.74 ·23.5 21 24 18.5 87 
4 1.00 1.94 27.0 30 31 25 113 
5 1.15 2.23 32.0 31.5 33 32 128.5 
6 1.25 2.42 35.0 36 38 34 143 
7 1.35 2.62 43.0 42.5 45 46 176.5 
8 1.45 2.81 49.0 49 48 48 194 

Table 9. ReSli.s:tance of ,the body of 1lhe pelagic ,trawl model with 1ropes - varianrt 4, 
dgged and s.p,read on -the I01I1g pol~ of :the catamaran, art; vatriable trawUng 
speeds 

l. = 0.441 A.b = 0.401 Zw=5.00m 
Measure T,rawling speed Left pole .resistance Right pole 1resistance Total. 

No. V upp& lower upper lower R 
m/s knots kG kG kG kG kG 

1 0.55 1.06 5.1 6.8 8.4 7.5 27.8 
2 0.70 1.36 7.9 11.7 10.4 11.3 41.3 
3 0:90 1.74 13.6 19.6 13.3 14.7 61.2 
4 1.00 1.94 15.2 22.4 18.8 18.8 75.2 
5 1.05 2.04 22.2 24.6 22.8 21.6 91.2 
6 1.10 2.13 20.8 29.9 24.4 26.3 101.4 
7 1.15 2.23 29.9 30.1 26.6 29.1 115.7 
8 1.25 2.42 26.4 35.9 26.5 29.7 118.2 
9 1.35 2.62 30.6 42.3 31.8 37.6 142.3 

10 1.40 2.72 31.2 39.9 32.5 38.5 142.1 
11 1.45 2.81 34.8 45.1 34.8 41.4 156.1 

resistance was realized by the model variant 1, which was trawled at 
An = 0.351, ,1,b = 0.319, Zw = 3.00 m (Curve No. 2) and An = 0.445, lb = 0.319, 
zw = 3.00 m (Curve No. 1), and by the model variant 4 at ln = 0.441, 
,1,b = 0.401, zw = 5.00 m (Curve No. 5). It should be mentioned that the Curves 
Nos 1 and 2 refer to the model variant 1 which was not rigged, therefore 
resistances are • somewhat smaller (far the elements of rigginng) than are the 
ones shown on the Curves Nos 3 and 4. The results shown on the Curves 
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Nos 3 and 4 are also • obtained at a larger spread of the side rope (greater 
hauling depth of the poles). The increased spread of the side rope increased 
the vertical spread of the mouth of the belly at retaining the same horizon­
tal spread. This resulted in the increase of the mouth surface of the trawl 
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Gira.ph 2. Dependence of the reslstan­
ce of t he bodies of the pela- . 
giic trawl models on trawl­
Lng speed. 

body. It should be pointed out that the increased geometrical-motional 
function of the trawr body corresponds to the increased resistance, which 
means a greater quantity of filtered water in a time unit. The body of the 
pelagic trawl model with ropes, trawled with aproximate coefficients of the 
spread of the head line and the side rope and the vertical spread, shows 
a considerably smaller spread than does the modei with the elements of the 
mouth of the belly constructed of netting. The curve ori Graph 2 shows 
clearly that the model with ropes with approximate magnitudes of the mouth 
of the belly has a oonsiderably smaller resistance than has the model whose 
elements of the rruouth are made of netting. 

3.2.2. Analysis of the trawling system resistance of the tested models 

The results of the measurements of the resistance of the trawling system 
of the analysed pelagic trawl models which were trawled by the catamaran 
and the vessel at variable trawling speeds and lengths of thE! released warps 
are shown in Table 10. On the catamaran the model variant 1 was trawled, 
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Table 10. Resistaince of the trawling system of the pelagi c trawl model.s at vamable trawlirng speeds and different 
lengths of released warps 

Lenght Variant 1 Variant 2 Variant 3 Variant 4 

of 
Mesure released Trawling Warp tension Trawling Warp tension Trawling Warp tension Trawling Warp tenslon 

No. warps speed left right total speed left right total speed left right total speed left r!ght total 

1, V TL Tp R V TL Tp R V TL Tp R V TL Tp R 
m m/s knots kG kG kG m /s knots kG kG kG m /s knots kG kG kG m /s knots kG kG kG 

'.ti 
1 30 0.68 1.32 J8 70 138 0.68 1.32 65 68 133 0.70 1.36 59 62 121 0.65 1.26 46 47 93 

("J 

2 30 0.98 1.90 82.5 85.5 168 0.96 1.86 78 80 158 0.96 1.86 71 74 145 0.90 1.74 ' 62 65 127 ['j 
t-3 

3 30 1.13 2.19 106 108 214 1.10 2.13 101 105 206 1.13 /2 .19 96 99 195 1.15 2.23 88 88 176 ... z ... 
4 30 1.22 2.37 119.2 123.8 243 1.22 2.37 114 118 232 1.22 2.37 109 112 221 1.28 2.48 101 103 204 (') 

5 30 1.36 2.64 138.8 150 288.8 1.36 2.64 130 138 268 1.35 2.62 127 130 257 1.40 2.72 120 123 243 ► z 
tJ 

I 40 0.70 1.36 72 75 147 
:-< 

2 40 0.94 1.82 83 86 169 
00 

3 40 1.10 2.13 107 110 217 :::: ... 
4 40 1.22 2.37 120 124 244 z ... 
5 40 1.32 2.56 140 144 284 > 

!:i:I 
00 

1 50 0.73 1.41 75 75 150 0.80 1.55 65 69 134 0.94 1.82 65 68 133 0.95 1.84 60 60 120 ~ ... 
2 50 0.94 1.82 83 84 167 0.94 1.82 75 80 155 1.11 2.15 93 97 190 1.15 2.23 90 88 178 

3 50 1.03 2.00 96 98 194 1.15 2.23 107 108 215 1.28 2.48 114 118 ·232 1.30 2.52 110 110 220 

4 50 1.15 2.23 113 115 1228 1.40 2.72 153 156 309 1.32 2.56 121 125 246 1.38 2.68 120 125 245 

5 50 1.42 2.76 138 142 280 1.45 2.81 130 135 265 

1 60 0.94 1.82 85 89 174 
2 60 1.13 2.19 110 113 223 
3 60 1.38 2.68 153 156 309 
4 60 1.51 2.93 165 171 336 
5 60 1.68 3.26 201 204 405 



1 80 0.96 1.86 96 98 194 0.96 1.86 
2 80 1.14 2.21 116 120 236 1.15 2.23 
3 80 1.22 2.37 139 140 279 1.25 2.42 
4 80 1.46 2.83 168 170 338 1.46 2.83 
5 80 1.69 3.28 208 209 417 1.70 3.30 

1 100 1.12 2.17 120 124 244 0.94 1.82 
2 100 1.25 2.42 142 145 287 1.04 2.02 
3 100 1.35 2.62 160 166 326 1.23 2.39 
4 100 1.50 2.91 178 183 361 1.32 2.56 
5 100 1.70 3.30 213 216 429 1.51 2.93 
6 100 1.68 3.26 

91 95 186 1.00 
110 115 225 1.15 
130 133 263 1.28 
158 161 319 1.50 
199 203 402 1.65 

81 79 160 1.00 
99 104 203 1.10 

114 -118 232 1.32 
129 134 263 1.41 
170 173 343 1.51 
205 209 414 

1.94 81 80 
2.23 100 100 
2.48 119 121 
2.91 140 143 
3.20 170 165 

1.94 85 85 
2.13 100 96 
2.56 120 121 
2.73 141 140 
2.93 162 163 
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trawling speed at 30 m of 
released warps. 
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where, for technical reasons, the length of the released warps was limited 
to 50 m. Fr,om the cited Table it follows that the resistance of the model 
variant 4 (model with ropes) is the smallest. This refers also to all the trawl­
ing speeds and lengths of the released warps (30, 50, 80, and 100 m). The 
model variant 1 had the greatest resistance. The curves on the Graphs 3, 4, 
5, and 6 give a better survey of the analysed phenomena. Such values of 
resistance were caused by the construction of the mouth elements of the 
tested models of pelagic trawls. In the m c: del variant 1, due do the imperfec­
tions in the oonstruction of the mouth elements, the netting of this part of 
the net had irregular shapes of the meshes, which did not ensure correspond­
ing filtration of water and caused great resistance in the hydrodynamic 
sense. The models variant 2 and 3, on which considerable constructional 
alterations were carried out on the parts of the mouth, were characterized 
by, as proved by direct observations, a nicer shaping of the netting in the 
hanging parts of the gear and in the whole body of the trawl, and in the 
hydrodynamic sense they created considerably smaller • resistance. 

On the trawl model with ropes (model variant 4) further constructional 
alterations were carried out and instead of the netting ropes were used on 
the parts of the mouth of the net, which reduced th resistance of the model. 

To a certain degree the resistance to 1 m 2 of the trawl mouth surface 
also reflects the analysed phenomenon. These magnitudes are presented in 
this way: 

model variant 2 - 5.82 kG/m2 of mouth surface, 
model variant 3 - 5.23 kG/m2 of mouth surface, 
model variant 4 - 5.07 kG/m2 of mouth surface. 

At analysing the resistance of the trawling system the resistance should 
be oollated with the values of the geometric and geometrical-motional function. 
Graph 7 shows the values of the characteristics, trawling speed, resistance 
and tow-rope power for different • geometrical-motional function of the 
pelagic trawl models variants 2, 3, and 4. The geometrical and geometrical­
-motional function were calculated on the basis of the mean values of the 
horiz,ontal and vertical spreads and the trawling speed, and the trawling 
powers were calculated on the basis of the mean values of resistance and 
trawling speed of the analysed variants of the pelagic trawl models. By 
analysing the variability of individua! magnitudes on Graph 7, it can be 
cancluded that the increase of penetration or of the geometrical-motional 
function cause the increase of resistance (R.) and of the tow-rope power (Nh). 
The increase of the geometrical-motional function requires the increase of 
the towing-power, which means also the power of the main driving engine. 
It should be pointed out that in this case the resistance does not increase 
only with the square value of the trawling speed but also proportionately 
with the thickness and construction of individua! parts of the net, especially 
of the contracting elements, namely the mouth elements, which depends 
particularly on the thickness of the twine and the size of the netting mesh 
of individua! fishing gears. 
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4. CONCLUSION 

4.1. On the basis of direct underwater observations and analysis of the 
undewater photos it was stated that considerable irregularities in the 
construction of the parts of the mouth of the tested pelagic trawl models 
exist. The alterations improved the pelagic trawl models variants 2, 3, 
and 4, which had then a better shape of the netting and better hydro­
dynamic characteristics. The deformations of the netting that appeared 
on the wing parts of the mouth resulted from the combined cycle of 
cutting used mainly at cutting the trawling fishing gear. When the 
combined cycle of cutting was replaced by the slanting one, the defor­
mations on the netting were eliminated. 

4.2. The coefficient of the horizonta! spread of the mesh (ux) has different 
values in each element of the pelagic trawl, which beoome smaller 
towards the cod end. On the basis of these values, we can foresee the 
shaping of the netting in the fishing gear. 

4.3. Among the analysed models, regarding the shaping of the mouth and 
of individua! elements of the body of the pelagic trawls, the model with 
ropes (variant 4) is the most suitable one for catching the bottom and 
dispersed shoals of pilchard, because of its elliptical shape of the mouth. 
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4.4. The increased speed of trawling increases the horizontal spread of the 
mouth, and at the same time, the vertical spread decreases. The model 
with ropes has the largest mean horizontal spread. 

4.5. The model variant 4, whose netting in the parts of the mouth was 
replaced by ropes, has the least resistance of all the analysed pelagic 
trawls. Such a construction of the mouth caused reduced resistance. 

4.6. The increasd geometrical-moti.lonal funnction which corresponds to the 
size of the penetrated water body covered by the tested trawling system 
causes increased resistance and tow-rope power. Resistance and tow-rope 
power increases gradually, which follows from the netting with large 
meshes and the ropes in the mouth elements of the tested mJdels. 

4.7. On the basis of direct underwater observations and by means of 
photo documentatiicm it was possible to oonduct and evaluate precise 
analysis of the shaping and aonstruction of the models of the pelagic 
trawl bodies, and the regularity of their work. The model tests confirm 
~he efficiency of the described technique of trawling by catamaran. By 
trawling the models by catamaran and by conducting direct underwater 
observations it is possible to follio•w the work of the tested gear, and to 
notice quickly the possible oonstructional irregularities which can be 
removed immediately in the phase of testing. This· method is very 
suitable for testing the trawling fishing gear , therefore all the newly 
constructed hottom and pelagic trawls should be verified by the described 
test technique. 
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KRATAK SADRŽAJ 

Autori su izvršili analizu konstrukcija i otpora lebdećih koča, namjenje­
nih ulovu srdele i ostalih vrsta male plave ribe u Jadranu na temlju ispiti­
vanja modela i p::idvodnih promatranja. Ispitivani su modeli lebdeće koče 

32/37 X 17/22, koja je izrađena u skali 1 : 2 u četiri varijante, koje se među 
sobom razlikuju konstrukcijom elemenata djelova usta alata. Ispitivane 
varijante modela su imale od 2 segmenta grla prema vreći istu konstrukci­
ju i sve preinake su vršene na krilima i prvom segmentu grla. Ispitivanja su 
vršena povlačenjem modela pomoću mjernog mosta koji je sagrađen kao 
katamaran i istraživačkog broda. U ispitivanjima je k!orištena ova mjerna 
aparatura: brzinomjeri, dinamometri, kutomjer i dubinografi. 

Tokom i spi ti vanj a vr§ena su mjerenja razli.či tih parametara kao: brzina 
kočarenja (v), sila napetosti (T), kutevi loma (a) i razmicanje (r) povlačne 

užadi, utonuće plutnje (g 11 ) i olovnje (gp) , dužina ispuštene povlačne užadi (lt) 
te dužina stranica (a) i vodoravnih dijagonala oka (x) mrežnog tega. Također 
su vršena podvodna promatranja i fotografska snimanja pona-šanja alata i 
oblikovanja tijela koče pod VJOdom. Osim parametara koji su dobiveni nepo­
srednim mjerenjem, izračunavane su ove veličine: okomiti raspon usta grla 
koče (h) , pokazatelji vodoravnog raspona koče kao rasponi između točaka 

koje povezuju plutnju i glavno uže na bočnoj strani koče (b0 ) , krajeva boč­
nih rubova (b11), usta grla (b), plutnje (bn) i olovnje (b<1), udaljenost između 
širilica (b,.), geometrijska (GJ i geometrijsko-pokretna značajka (Gzv) , koe­
ficijenti raspona plutnje ().11), olovnje (J.d) i povlačnog sustava (J.,) koeficijenti 
poprečnog raspona oka mrežnog tega na ustima grla koče (u) i poprečnog 

otvora oka mrežnog tega u pojedinim djelovima tijela mreže (ux) te otpor 
(R.) i snaga povlačenja (N1J 

Rezultate mjerenih veličina, izračunavane linearne parametre i otpore 
povlačenja ispitivanih modela prikazuju tabele 1, 2 i 3. Vrijednosti geome­
trijske i geometrijsko-pokretne značajke, snage povlačenja i konstrukcijskih 
pokazatelja ispitivanih alata prikazuje tabela 4 i grafikoni 1 i 7. U tabelama 
5 i 6 iznose se koeficijenti vodoravnog raspona oka u pojedinim djelovima 
tijela mreže modela varijante 1, koji su određeni analizom podvodnih foto­
grafija. 

Izravnim podvodnim promatranjima i podvodnim snimanjima koje ilu­
striraju fotografije od 8-19, izvršena je analiza konstrukcijsko-montažnih 
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osobina lebdeećih koča. Rezultate ispitivanja otpora alata ilustriraju tabele 
od 7-10 i grafikoni od 2-6. 

Na osnovi izravnih podvodnih promtranja i analizom podvodnih fotogra­
fija, utvrđeni su znatni nedostaci u konstrukciji dijelova usta ispitivanih 
modela lebdećih koča. Na osnovi izvršenih izmjena, popravljeni modeli lebde­
ćih koča varijanata 2, 3. i 4. odlikovali su se boljim oblikovanjem mrežnog 
tega i boljim hidrodinami,čkim osobinama, Deformacije mrežnog tega koje 
su nastale u krilnim dijelovima usta proizlaze iz primjene lrombiniranog 
ciklusa krojenja. Kada se kombinirani ciklus krojenja zamjenio kosim, defor­
macije na mrežnom tegu su eliminirane: 

Koeficijent vodoravnog raspona oka (ux) ima u svakom elementu lebde­
će koče različite vrijednosti, koje se u pravcu vreće smanjuju. Na osnovi tih 
vrijednosti, može se predvidjeti oblikovanje mrežnog tega u ribolovnom alatu. 

Između analiziranih modela, u pogledu obliklO,vanja usta i pojedinih ele­
menata tijela lebdećih koča, najpodesniji za ulov pridnenih i raspršenih jata 
srdele je model s užadima (varijanta 4), koji se odlikuje eliptičkim oblikom 
usta. Također, i u . pogledu otpora najmanji ima model varijante 4, pri koje­
mu je mrežni teg u dijelovima usta zamijenjen užadima. Takva konstrukcija 
usta uzrokovala je smanjenje otpora. 

Porast brzine kočarenja uzrokuje povećanje vodoravnog raspona usta 
pri istodobnom smanjenju okomitog raspona. Najveći srednji vodoravni ras­
pon ima model s užadima. 

Porast geometrijsko-pokretne značajke koja odgovara veličini penetrira­
nog vodenog prostora obuhvaćenog ispitivanim povlačnim sustavom uzrokuje 
povećanje otpora i snage povlačenja, koje je postepeno, što proizlazi iz pri­
mjene mrežnog tega velikih oka i užadi u elementima usta ispitivanih 
modela. 

Navedena metoda ispitivanja omogućava preciznu analizu oblikovanja 
i konstrukcije modela tijela ispitivanih alata te pravilnosti njihovog rada. 
Povlačenje modela pomoću katamarana i obavljanja izravnih promatranja 
pod vodom omogućava praćenje rada ispitivanog alata,. te brzo uočavanje 
eventualnih konstrukcijskih nepravilnosti, koje se već u samoj fazi ispitiva­
nja mogu ukloniti. 
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Photo 1. Speedometer used on the catama,ran 

PhOito 2. Speedometer used on ,the ves·sel 
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Photo 3. Electric dynamometers 

Photo 4. Load .indi.catioai bi:ii,dles 
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Photo 5. Hidraulic dynamomete!· 

P.hoto 6. Depthograph on the ,urawl head Line 
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Pho,to 7. Measur1ng bl'i'dge oif the catarrna.ran tyipe 

Photo 8. Netlting deforunation on the bosom of the side panel of the trawl 
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Photos 9 and 10. Bosom of the l ead ti.ine with t he •n:ettiJng of J.oose and irregular 
meshes 
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Photo 11. N ettling deformation on the first segment of the upper panel of the 
trawl belly 
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Pho tos 12 and 13. Netting deformati= on the tirawl wings 
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Photo 14. Nett~ng deformatioin on 11he .i'pot whJere w.edge.s are :joLned to wings . 
The base of the wedges d•s b.mt t.ow,airds vhe end of t he W'ing 

Photo 15. 2nd segment oif the bel,ly, Place where rtJhe side and tt;he ,upper panels 
of the t.rawl are joined (C-,K) 
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Photo 16. Joining of 4th aind 5th segment of the belly of -the ti~awl up;p&· panel 
(E-F) 

Photo 17. Seam of lrd amd 4th segment of the be1ly (D-E, L-M) of the upper 
and side ;pa:n~ls of the trawl 
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Plrnto 18. Seam of 4th and 5th segmen!t of ithe 1belly (E--F, M-F1) of the upper 
and s~de ,panels od' 1Jhe trawl 

Photo 19. Jommg th~ beMy wiith the CO!dend 


