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Abstract. Cod-ends are cylindrical netting structures, which are made of nettings of different material and mesh
rotation, it can be a traditional TO or rotated by 90° — T90. Cod-ends consist of a jacket, the mesh pitch of which is set
by fisheries regulations or conventions of a particular fishing area, and the cod-end itself. The cod-end made of ropes
is surrounded by a frame for strength. In some cases, in coastal fisheries and inland waters, only the bag without the
jacket and frame is used, while the bag itself performs several functions: catching hydrobionts in accordance with
fishing regulations and holding the catch. Such cod-ends are used for scientific purposes in the trawl fishery for ruffed
grouse (Coregonus albula) in lake Vishtynetskoe, Kaliningrad region. Retention qualities of cod-ends are connected
with their selectivity, it means retention of those hydrobionts, which can be removed from the water body without
damaging aquatic organisms and without undermining biomass of coastal waters, lakes and reservoirs. As a rule, mesh
TO has less selective properties in comparison with T90, as in netting T90 there are no sharp angles of contact between
the ropes of one mesh, which ensures that hydrobionts are not clamped in it, in addition, such netting is better from the
point of view of catchability to hold hydrobionts with an oval body. Also cod-ends with netting T90 have less
hydrodynamic resistance compared to netting TO, which positively affects the hydrodynamic resistance of the trawl
system itself and cod-ends made of netting T90 contribute to the preservation of the cylindrical shape of the cod-end
in the process of trawling and catch retention, this is due to the shape of the mesh and physical and mechanical
properties of the ropes from which the netting of the cod-end is made. In the course of the research, empirical
dependencies of the coefficient of hydrodynamic resistance of cod-ends made of netting TO and T90, material
polyamide were obtained. The least coresistance was shown by kapron cod-ends made of netting T90. The resistance
of such bags is 11% less than traditional cod-ends.

Keywords: cod-end, mesh, TO, T90, hydrodynamic resistance, empirical dependencies

For citation: Nedostup A. A., Konovalova K. V. Empirical dependences of the hydrodynamic drag coefticient of cod-
ends made of TO and T90 netting. Vestnik of Astrakhan State Technical University. Series: Fishing industry.
2024;3:79-85. (In Russ.). https://doi.org/10.24143/2073-5529-2024-3-79-85. EDN OKIFFO.

© Nedostup A. A., Konovalova K. V., 2024

79



Becmuuk Acmpaxanckozo zocyoapcmeennozo mexnuueckozo ynugepcumema. Cepusa: Poionoe xosaiicmeo. 2024. Ne 3
ISSN 2073-5529 (Pring), ISSN 2309-978X (Online)
Texnonoeuueckue npoyeccol, MAUWUHbl U ANNapamovl 015l nepepadbomKu B0OHbIX OUOPecypcos

Hayunas crates

IMNMpHUYeCKUe 3aBUCUMOCTH KO3I(PPHUIHMEHTA THAPOIMHAMUYECKOI0
CONPOTHBJICHUS] TPAJTOBBIX MEIIKOB, M3rOoTOBJIEHHBIX U3 aeau T0 u T90
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AnHoTanus. TpajoBble MEIIKU NPECTABITIOT COO0H CeTHBIE MIINHAPUIECKIE KOHCTPYKIIMHI, KOTOPBIE H3TOTOBJICHBI U3
JIeNN Pa3IMgHOTO MaTepHaa U II0BOPOTA sYeH, 3TO MOXKeT ObITh TpaxuionHas TO wm nenms, noBepHyTast Ha 90° — T90.
TpanoBble MEIIKH COCTOSIT U3 PyOAILIKH, LIar sUer KOTOPOH YCTaHABIMBAETCS MPaBUIIAMH PhIOOIOBCTBA MITH KOHBEHIIHS-
MM TOTO WJIM MHOTO paifoHa MPOMBICIIA, CAMOTO TPAJIOBOro MeIlka. TpaoBblif MEIIOK s TPOYHOCTH OKPYKaeT KapKac,
KOTOPBIH H3rOTaBIMBAETCS U3 KAHATOB. B HEKOTOPBIX CIydasx B MPHOPEKHOM PHIOOTIOBCTBE M BO BHYTPEHHHUX BOJAX HC-
MOJB3YIOT TOJIBKO MEILOK, 0e3 pyOaIliky 1 KapKaca, IIpy 3TOM CaM MELIOK BBINOIHAET HECKOIbKO (DYHKUMA: 007I0B THAPO-
OMOHTOB B COOTBETCTBHM C IIPaBHJIAMH PHIOOJIOBCTBA ¥ YIEpXKaHUE YIOBA. Takue TPalOBbIE MEUIKU IPUMEHSIOTCS
B HAayYHBIX HEJLIX 1pu 006s10Be psymku (Coregonus albula) B 03. Bumrsienkoe Kaminaunrpanckoit obnactu. Y nepxu-
BAIOIIME KauecTBa TPAIOBBIX MEIIKOB COMNPSDKEHBI C UX CEIEKTUBHOCTHIO, 3TO O3HAYAET yAepKaHWEe TeX I'MAPOOHOHTOB,
KOTOPBIX BO3MOKHO M3bIMaTh M3 BOAOEMA, IPHYEM He ITOBPEK/Iasi CaMUX BOJHBIX OPIaHU3MOB M HE HOJpHIBask Gmomaccy
NpHOPEXHBIX BOA, 03€p U BomoxpaHunmil. Kak mpasuno, neib ¢ sdyeeit TO uMeeT MEHbIINE CENEKTUBHBIE CBOMCTBA IO
cpaBHeHuto ¢ enbio T90, 1. k. B ienmu T90 HEeT OCTPBIX YIVIOB CONMPUKOCHOBEHHS BEPEBOK OIHOM SUeH, YTO MpedoTBpalia-
eT 3@KMMaHUe B Hell THAPOOUOHTOB, K TOMY e TaKOH JeNbio JTydIle, ¢ TOYKU 3PEHHMs] YIOBUCTOCTH, YAEPKUBATh THIPO-
OUOHTHI C OBAILHBIM TEJOM. TaKke TPaNoBble MEMIKH C Jenbio TY90 NUMEIOT MeHbllee THAPOIMHAMUYECKOE COMPOTHBIIE-
HHE 10 CPaBHEHUIO C Jenbio T0, 94To O3UTUBHO BIMSET Ha THAPOAMHAMHYECKOE COIPOTHBIICHIE CAMOH TPaJIOBOH CHCTe-
MBI, ¥ TPAJIOBBIC MEIIKH, H3rOTOBJICHHBIE U3 emd 190, ciocoOCTBYIOT COXPAaHSHHIO IMIHHIPHIECKOH (JOPMBI TPaIoBOTO
MeIIKa B IPONEcce TPAICHHUS 1 yAep KaHHs yJIoBa, 9TO CBI3aHO ¢ (OPMOH sSTUeH U (HU3NKO-MEXaHNICCKIMH CBOHCTBAMHU
BEPEBOK, M3 KOTOPBIX M3rOTOBJIEHA JIEb TPAJIOBOTO MeIIKa. B Xxoze mpoBeneHus ccieioBaHui HOIydeHb! IMINPHIECKUE
3aBUCHMOCTH KO3(dHIMEHTa THAPOAUHAMUYECKOTO CONPOTHBIICHUS TPAJOBBIX MEILIKOB, W3rOTOBJICHHBIX u3 aemu TO
u T90, marepuan nomiamMu. MeHbllee CONPOTHBIECHUE TIOKA3aId KallpOHOBBIE TPAIOBBIE MEILIKH, H3TOTOBJICHHBIE U3 Je-
1 T90. ConpoTHBieHHe TaKHX MELIKOB Ha 11 % MeHbIIIe TPaAUIIMOHHBIX TPAJIOBBIX MEIIKOB.
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Introduction
Preserving the diversity of hydrobionts of the

mesh rotation, it can be traditional TO and with 90°
T90 rotation. Cod-ends consist of a jacket, the mesh

Henoctyn A. A., Konosanosa K. B. DMnupuueckie 3aBUCUMOCTH KO dHUIHEHTa THAPOJMHAMHYECKOTO COIPOTUBIICHHS TPAIOBBIX MELIKOB, H3rOTOBJICHHBIX U3 Aenu TO u T90

World Ocean, and catching the necessary mass of
them is a priority task of pro-industrial fishery. The
connection of the two tasks is reduced to the reasona-
ble design and application of cod-ends of different
depth and bottom trawls to retain hydrobionts in the
cod-end [1]. Cod-ends are netting cilindrical structures
which are made of netting of different material and

pitch of which is set by fishing regulations or conven-
tions of a particular fishing area, the cod-end itself, the
mesh of which is larger than the mesh pitch of the
jacket and by a factor of two, three or four, with a mul-
tiple, as a rule, a netting with a larger diameter is cho-
sen and may consist of two ropes (Fig. 1).

Fig. 1. Cod-end
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For strength, a frame is built on top of the bag,
which is made of ropes. In some cases, in coastal fish-
eries and inland waters, only the bag without the jacket
and frame is used, with the bag itself performing sev-
eral functions: trawling for hydrobionts in accordance
with fishing regulations and retaining the catch. Such
cod-ends are used for scientific purposes when fishing
for ruffed grouse (Coregonus albula) in Lake
Vishtynetskoe, Kaliningrad region. Retention qualities
of cod-ends are connected with their selectivity, it
means retention of those hydrobionts, which can be
removed from the water body without damaging
aquatic organisms and without undermining the bio-
mass of coastal waters, lakes and reservoirs. As a rule,
netting with TO mesh has less selective properties in
comparison with netting T90, as in netting T90 there
are no sharp angles of contact of ropes of one mesh,
which provides not clamping in it hydrobionts, besides
such netting is better from the point of view of catch-
ability to hold hydrobionts with an oval body in the
cross-section. Also cod-ends with T90 contribute to
the preservation of the cylindrical shape of the cod-end
in the process of trawling and catch retention, this is
due to the shape of the mesh and physical and mechan-
ical properties of the ropes from which the netting of
the cod-end is made [2-4].

The following factors should be considered in the
design of cod-ends:

— mesh opening;

— shape of the cod-end;

— rope strength;

— knot strength;

— rope material.

The mesh opening is related to the shape of the
cod-end and rope material. The strength of the ropes is
selected from the hydrodynamic resistance of the cod-
end and the weight of the catch attributed to the ropes
in the mesh, taking into account their material and the
rope safety factor specified by the designer. The
strength of the knots for the T90 is an important prob-
lem that can only be solved by selecting knots that can
withstand the required load by experimentation on
experimental units. The material of ropes used to make
cod-ends is diverse, it can be polyamide, polyethylene,
polyester etc. There can be mixed material of rope
fibers, there can be both polyamide and polyethylene
fibers in one rope in percentage ratio. In all cases, the
main physical and mechanical property of ropes is
elasticity, which can be longitudinal, transverse and
torsional. In our case, for the mesh shape, it is useful to
know the bending strength of ropes E, on which the
mesh shape T90 depends.

The hydrodynamic resistance of the cod-end has
the greatest influence on the mesh shape, in addition to
the given mesh parameters [5]. Scientists from many
countries are studying this issue [3, 6, 7].

When justifying the choice of a cod-end for multi-
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depth or bottom trawls with TO or T90 mesh, it is nec-
essary to take into account all factors that influence the
shape of the trawl structure, in particular the cod-end.
In the article the influence of cod-end mesh shape on
hydrodynamic resistance is considered. In this case the
material of ropes polyamide is chosen, this material
has proved itself well at manufacturing of nettings,
and, having high elasticity, which fibers allow ropes to
take the form of a mesh, which is necessary for de-
signers and operators of trawls.

Fig. 2 shows the traditional TO and 90-degree T90
mesh shapes.

Fig. 2. Mesh shape T0 and T90

When investigating the hydrodynamics of cod-
ends, attention should be paid to the shape in plan of
the ropes and the continuity of these structures. Let's
introduce the assumption that the continuity of netting
TO and T90 is determined by the same formula:

d

auu,

F =

o

where d — rope diameter; a — mesh pitch; u, — planting
coefficient for the length of the cod-end; u, — planting
coefficient for the height of the cod-end.

Problem statement

The research problem of the cod-end design problem
of multi-depth and bottom trawls is based mainly on the
search for a solution to the selectivity of cod-ends, in
particular, to catch the necessary mass of commercial
hydrobionts without damaging individuals.

When operating a multi-depth trawl with a TO cod-
end on Lake Vishtynetskoye [8], we encountered the
problem of opening the cod-end. There was a problem
of hydraulic support in the place of connection of the
cod-end to the end part of the trawl (see Fig. 1). This
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problem was solved by turning the cod-end netting
from TO to T90. The experiments were conducted at
the quarry of Gvardeysky settlement.

The effects of netting deployment in the fishery
could not be determined due to lack of advisory equip-
ment (video and fish entry sensors in the cod-end).

In order to make an informed decision on the choice

of TO or T90 netting spread, it was decided to conduct
a series of experiments with TO and T90 cod-ends. In
order to make an informed decision on the choice
of TO or T90 netting spread, it was decided to conduct
a series of experiments with TO and T90 cod-ends
in Fischering Service hydrochannel. The parameters
of the cod-end netting are given in Table 1.

Table 1

Characteristics of netting cod-ends

Mesh shape a, mm d, mm n, mesh m, mesh Material
1};00 8.0 1.0 320 200 Polyamide
A schematic of the cod-end experiments is givenin ~ Fig. 3.
Measuring complex
' Trawl bag

Water flow

Video recorder

Fig. 3. Scheme of experiments with cod-ends

Fig. 3 shows the working section of hydrochannel
“Fischering Service”, a cod-end fixed on a hoop, which
ensures opening of the cod-end with a given fit u,. The
hydrodynamic resistance was measured by the complex.
Video recording of the cod-end with fixation of its
opening, as well as the opening of the mesh was carried
out by a video camera.

The shape of cod-ends depends on the opening of the

place of their connection with the end part (see Fig. 1), in
order to set the opening of cod-ends, it was decided to
put the upper part of the cod-ends on metal hoops of
different diameter D. The experiments were carried out
with the use of measuring equipment of hydrochannel
“Fischering Service” hydrochannel, cod-ends were fixed
on sliding blades with strain gauges installed on them.
Characteristics of cod-ends are given in Table 2.

Table 2
Characteristics of cod-ends
D, mm u, u, F,
350 0.215 0.977 0.596
540 0.331 0.944 0.4
640 0.393 0.92 0.346
Based on the data in Tables 1 and 2, two cod-ends Methods

were constructed and alternately seated on metal hoops
of different diameters to ensure different seating and
netting continuity.

Cod-end experiments showed a clear dependence
on cohesion and mesh shape. In turn, to determine the
approximating dependencies, it is necessary to select
the approximation coefficients so that the correlation
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of the dependent factors is clear and the hydrodynam-
ics of the process is understood. Fig. 4 shows two cod-
ends, which have the same continuity F, = 0.346, and
are planted on the same metal hoop, the diameter of
which is D = 640 mm.

a

Fig. 4. Photos of cod-ends T90 (@)

b

Fig 4 (ending). Photos of cod-ends TO (b),
D =640 mm, F,= 0.346

During the experiments, the values of hydrodynam-
ic drag coefficient of cod-ends were obtained — ¢, (see
Table 3).

Table 3

Values of structural and force characteristics of cod-ends

Mesh shape F, Re* ¢ 107
750 9.22
0.596 1125 5.85
1563 3.83
750 12
TO 0.4 1125 7.23
1563 4.89
750 13
0.346 1125 8.38
1563 5.81
750 8.27
0.596 1125 5
1563 3.56
750 10
T90 0.4 1125 6.45
1563 4.59
750 13
0.346 1125 7.96
1563 5.66

* Re — Reynolds number.

To approximate the values, which are presented in
Table 3 by the dependence of the following form:

¢, =f(Re, F,, k) (D

where k — is the coefficient depending on the mesh
shape TO or T90, it is necessary to make the following
calculations:

— approximation of the form

¢, =f(Re, F,),

for cod-ends separately TO and T90;
— approximate the form

k= f(T)

2)
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where T — is the shape of the mesh TO or T90.

In order to simplify the approximation dependence
in terms of its form, as well as to minimize the approx-
imation error

4 — min

where 6 — is the approximation error, it was decided to
use an index function of the form:
¢, =kF, Re” 3)
where a — is the approximation coefficient.
Tables 4, 5 show the values of the approximation
coefficients (3) and the values of its error.
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Table 4
Values of approximation coefficients (3) and values of its error for T0
Mesh shape F, k a 0, %
3.8
0.596 12.9 29
34
33
TO 0.4 16.4 -1.1 0.2
29
0.7
0.346 19 0.2
—0.3
Table 5
Values of approximation coefficients (3) and values of its error for T90
Mesh shape F, k a 0, %
1.9
0.596 11.8 -3.8
-1.6
—0.7
T90 0.4 14.9 -1.1 -1.7
0.5
0.7
0.346 18.4 -1.8
0.2
Based on T‘able 4, the gpprommatmg dependence o7 g1l
of the form (2) is presented in the form of ¢ =kro-6af, Re “

¢, =kf (F,)Re™"!

on Fig. 5 shows the data of the coefficient & depen-
ding on F,.
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Fig. 5. Dependencies k on F,,

The approximating dependence of the form (1) is
presented in the following form:

where k=7 for TO; k= 6.4 for T90.

Results and discussion

As a result of approximation of dependence of the
form (1), the relationship between geometric and force
parameters of the netting TO and T90 is obtained, the
approximation error does not exceed 9%.

Based on the obtained dependence (4), the re-
sistance of the cod-end made of T90 netting is 11%
less than the cod-end made of TO netting. Dependen-
ce (4) is valid for cod-ends made of polyamide.

Conclusion

The conducted research has allowed to obtain
a clear dependence of the hydrodynamic drag coeffi-
cient of netting, from which cod-ends are made.

The research was carried out within the framework
of the state assignment on the theme “Development of
physical, mathematical and predictive models of the
processes of bottom and multi-depth trawl complexes
operation”.
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