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Abstract—The project presented here and named HydroPéche
aims to develop a tool for an automatic optimisatio of trawl in
order to minimize the drag of the gear. For that pupose, different
aspects are studied in order: a/ to extend the basbf experimental
data on flow characteristics governing the hydrodyamic
behaviour of different porous structures ; b/ to deelop numerical
tools to simulate more realistic flow around porousstructures
taking into account fluid / structure interactions; ¢/ to develop
automatic optimisation tools to design efficient tawls in terms of
energy consumption.

The developed tool should provide a substantial gaion the fuel
consumed of actual fishing devices while maintaingn a
comparable fishing efficiency. The developments madwill also be
extended to study different types of porous structtes used for
fishing and aquaculture devices and to better undetand the
development of selectivity devices. Initial resultshave been
achieved: some specific data analysis was carrieditofrom PIV

measurements around a cod-end, FreeFem ++ has beesed to
simulate the flow around a specific cod-end and thefirst

developments of an automatic optimisation tool givegood
numerical results in terms of energy efficiency forboth bottom
and pelagic trawls.

Keywords — Fluid Mechanic; Experimental trials ; Numizal
Simulation; Bottom Trawl; Optimization; Drag Reduction

I INTRODUCTION

Trawls, being one of the most common fishing gears,
subjected to numerous studies devoted to energgiesity
improvement. Considering that the drag is a fumctd the
towing speed many fishermen reduce this parameterdier to
lower fuel consumption. Recently, new twine materisave
been tested in some parts of the trawls with theddireducing
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twine diameter and therefore the drag. Ward & Hl.sfudied
trawls involving novel materials, which led to aadrcut down
of 6% and a mouth opening increased by 10%. Pa&rak
[2] have improved bottom trawls by using larger hessand
by changing the panel cuttings, which generatebrégrictions
of up to 18% and a potential increase of the ngth dl@w up to
27%.

The efforts (time and money) to carry out such soake
very important and the need for numerical tools fi@wl
optimisation is of great interest to increase epeaxfjiciency.
Indeed, the hydrodynamic behaviour of porous stinest used
for bottom or midwater trawls is still poorly ungdevod. The
complexity of the flow makes numerical simulaticgtifficult
and today no effective model exists to simulate/itteehaviour
during fishing operations.

The goal of the work carried out under the Hydrdfé&c
project is to develop a tool for automatic optirtisa of trawls
in order to minimize the drag of the gear. For thatpose,
different aspects both experimental and numericalstudied
in order:

- to extend the basis of experimental data on flow
characteristics  governing the  hydrodynamic
behaviour of different porous structures (sheets of
net, trawls)

- to develop numerical tools to simulate more a
realistic flow around porous structures taking into
account fluid / structure interactions;

- to develop automatic optimisation tools to design
efficient trawls in terms of energy consumption
(value of the drag of the gear by respecting a reimb
of both economic and environmental constraints) and
to adapt the numerical code for the routine usedrby
optimiser.



The developed tool should provide a gain of few 1886
the fuel consumed by actual fishing devices whikntaining
a comparable fishing efficiency. The developmensslenwill
also be extended to study different types of pomtusctures
used for fishing and aquaculture devices (netsegageines)
and to better understand the development of seiigatievices.

This project is conducted by Ifremer (French Redear
Institute for Exploitation of the Sea) in partri@pswith: Ecole
Navale, Ecole Centrale de Nantes, University ofisP@rand
University of Rennes 1, and to date four PhD sttsléave
worked on the different tasks. Since the beginniigthe
project in 2009, the initial results have been eebd: some
specific data analysis were carried out from P\asuwements
around a cod-end, the numerical tool FreeFem++[@]has
been used to simulate the flow around a specifitera and
the first developments of an automatic optimisatiool give
good numerical results in terms of energy efficiefar both
bottom and pelagic trawls.

In this paper we present a summary of these warksee
different parts: a/ experimental flow charactei@ataround
trawl and net structures, b/ numerical simulatidoss trawl
behaviour modelisation and ¢/ energy optimisatibiattom
and pelagic trawls.

IIl.  EXPERIMENTAL FLOW CHARACTERISATION

This section is devoted to the first aspect of fhggect,i.e.
the experimental investigation of the turbulentwfl@around
bottom trawls. With a better
characteristics, the improvement of the structarallysis of a
net structure taking into account the effect of titaevl on the
inflow condition will be possible. As well knowrhe flow and
thus the drag forces on net structure are strotghendent on
both the geometry (Solidity ratio) and the Reynofdsnber
[3]. If it is evident that for increasing Soliditsatios, flow
interaction will become increasingly significanthese
disturbances are not well known and easily charizet So,
in order to evaluate these effects and to idettidyareas where
the drag is generated, we have carried out an iexpetal
work to characterise the flow characteristics atbtwo kinds
of structures: a/ a 1/10 scale bottom trawl and higid cod-
end (Figure 1). The bottom trawl is used in ordedétermine
the evolution of the boundary layer along the stme while
the rigid cod-end is used in order to charactdtigseturbulent
flow in this specific region.

The flow is characterised from Particle Image Vetatry
(PIV) measurements and the trials carried out & Ifhemer
wave and current flume tank (Figure 2). Anothergudg] sets
out precisely both the experimental results andtdloés used
for the post processing (Proper Orthogonal Decoitipns-
POD) and the analysis (spectral analysis) of thEeemental
data. We only give here the principal results.

knowledge of the flow

central interest in our HydroPéche project devotedthe

reduction of drag of the gear. Indeed, the motirabf current
study is to achieve drag reduction but also to pi®v
additional information about the turbulent flow cheteristics
of the flow around the trawl.
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Figure 1. Ifremer free surface hydrodynamic waienel.

The characterisation of the boundary layer evotutiong
the net has been attempted around a 1/10 scalenbdtawl.
Unfortunately, the movements of the trawl have m&ié
measurements non exploitable. Some tests with aerlow
turbulent intensity of the incoming flow for thestaction of
the movement of the trawl will be attempted. The
characterization of the evolution of the boundayel along
the trawl may be done using these new measurements.

From these trials, only the analysis of the motanthe
cod-end, as shown in Figure 2, demonstrates tha toestudy
specifically this part of the structure in orderittentify how
this high turbulence flow area can be a source mgd
generation.
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Figure 2. Instantaneous fields around the bottamltcod end.

In order to achieve this aim, a specific rigid cati was
built to avoid instabilities during flume tank tesi5]. This
structure is perfectly stable in the flow and itsometrical
shape is known (Figure 3). With the use of thiscttire, the

The control of boundary layers or more generalle th main characteristics of the flow around this spegifart of a

hydrodynamics instabilities of the near wake phst porous
structure in high Reynolds number flows, is stilmatter of

trawl can be studied. The global characterizatibithe flow
including the spatial representation of the meaw ffield



(Figure 4) and the mean kinetic energy (Figure &Yy ime quite
interesting for the numerical computation of theagir
coefficient of such a porous structure.

Figure 3. Rigid cod end in the flume tank

In Figure 4, the vertical patterns of the wake cearly
visible. Indeed, the near wake of the porous gtrectis
dominated by two large counter-rotating vorticesiclvhare
symmetric along the main axis of the structure.atoess the
turbulence levels of the flow, the mean turbulanekic energy
is shown in Figure 5. As it has been observed guié 4, the
turbulent wake is clearly identified. Indeed, tleparated shear
layer is observed in this figure.

In this work, to investigate the large scale flavustures of
the wake of the porous structure, the Proper Odhaly
Decomposition (POD) is used. POD was first applieduid
mechanics in 1967 by Lumley [6] in order to extrattan
objective way the large scale flow structures pmese a
turbulent flow. This procedure is usually based the
computation of the eigenfunctions of the two paatrelation
tensor of the velocity field. POD eigenfunctiong arranged
according to their energy content and the first P@&tles are
associated with the large scale structures of line. fMore
details about this procedure and its applicatian lwa found in
[7].

The implementation of the POD procedure performad o
from the whole set of available PIV instantaneoefocity
vectors fields has proven its effectiveness in shguhe main
flow organization of such a turbulent flow by theraction of
the energetic large scale coherent structuresmrasthe wake
of the structure. The first mode and the first 4&® contain
respectively 25 % and 80 % of the total kinetic rgge An
illustration of the potential of this methodology given on

Figure 6, where the projection onto the 44 POD mode
energy of a raw

corresponding to 80% of the total
instantaneous velocity vector field is given. Qssiilar
results can be obtained for each instantaneou<ityelfield
projected onto these first POD modes. So, fromethesults, it
is possible to extract the coherent structure eaadn the
background turbulent flow and thus to dynamicalbliciwv

these structures and to estimate their dynamieaiespnd time
evolution (see [4] for more details).

Furthermore a spectral analysis allows the invattg of
the vortex shedding frequency of this flow. Suchalgsis
associated with a porous structure has not yet Hakpn
investigated. The particularity of trawl or relatéshing nets
concerns the difficulty in numerically modeling sleeporous
structures properly. Nowadays such an investigatian be
carried out essentially from experimental measurgsaeFrom
our results, the turbulent wake flow behind the-ead can be
related to previous analysis of a turbulent wakevfbehind a
sphere and/or a cylinder [10], [11].

Even if these results give some very interestingv ne
information about the turbulent flow behind a coule an
extension of this study has to be performed in orie
characterise the turbulent flow around the ovestilicture of
both bottom and pelagic trawls. Measurements aroand
bottom trawl are under investigation and similaalgses to
those presented in this paper will be carried out.
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Figure 5. Normalized turbulent kinetic energy Ineha rigid cod-end.
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Figure 6. Top: Instantaneous PIV velocity fieBlottom same instantaneous
PIV velocity field projected on the first 44 pod des.

The POD method is here employed to extract dominant

coherent structure from experimental data, butriréshod can
also be used in a reconstruction process to olfi@ain entry
conditions for numerical models.

. NUMERICAL SIMULATIONS

The mechanical system made of the elastic net dlore
given laminar uniform flow with very simple intetamn laws
has been studied, see for instance [8] and [9] tl®@majority
of them, the influence of the flow is only takemoiraccount by
the use of Landweber / Richtmeyer laws to calcullagedrag
force exerted on each twine of the net panel dotisg the
trawl:

E = :'r ACADL(V sin@)y®

- - - -
T =fLlocdDL(V cose)

with F the normal force to the twin&,the tangential ongy the
mass density of watef;d the normal drag coefficient, the
tangential coefficient) the diameter of the twing, the length
of the twine,V the upstream velocity the angle between the
twine and the current.

These mechanical models do not take into accoumt an
fluid/structure interactioni.e. the flow is not disturbed by the
net structure. First simulations approach of thefaround an
axisymmetric rigid net has already been carriedioy8] and
[12] but they can not be extensible to the 3D adsan elastic
net in interaction with a flow. So, today no nuroati
simulation of the complete system net/flow, with real
interaction coupling exists.

Knowing that the local speed of the flow has adimmpact on
the trawl shape and then the mesh opening, itderngial to
develop flow modelling. Due to the complexity ofsthask, the
cod-end case is chosen for the development of omerical
model. The experimental work presented above shioatsthe
flow to simulate is turbulent. Direct Numerical Sikation
would not be able to treat a problem with suchg iReynolds
number (here ~105, using as reference length thenmaa
diameter of the catch, i.e. 0.45 m, and the entratetocity as
reference velocity that is equal to 0.51 m/s). &model based
on a Reynolds Averaged Navier—Stokes turbulence emod
penalized by a term based on the Brinkman law reenb
initiated by [13], [14]. The extension of the fulBD case is
currently under progress. Figure 7 show the 3D migale
domain used for these developments. The net isdemesl as a
fictitious domain (Figure 8) and the fluid equatoare solved
in the flow domain as well as the net domain. Wathight
choice of the permeability function the model yseltlmerical
simulations which fit very well with the experimahtdata:
Figure 9 shows the comparison of the vertical sigjgorofiles
obtained numerically and experimentally, while digtribution
of the turbulent kinetic energy is given in Figli@

Figure 7. Description of the 3D numerical domain.

These first simulations have been carried out usigfree
software FreeFem++ [15]. It allows computations2&f and
axisymetric fluid dynamics by the means of thetérelements
method. This software is currently under progress the first
3D simulations to obtain the flow around a rigiddeend are
today considered. Once these simulations are vatidaa
coupling between the mechanical model and the fane
should be envisaged in order to simulate the cample
fluid/structure interaction system.
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Figure 8. Description of the numerical domain af/Lprofiles for
experimental validation.

Profiis & Profis 5

0.4r

0.3F 10

Figure 10. Repartition of the turbulent kinetic ege

IV. OPTIMISATION WORK

Despite the fact that there is no complete fluidigtire
interaction model for the simulation of the behavid both
bottom and pelagic trawls, an optimization work sterted in
order to settle the optimization tools and to gthe initial
results in this domain. For that purpose, the Eifilement

Method (FEM) 3D model of the net based on triangula

element developed by Priour [8], [16] is used. Tfangle was
chosen to describe the surface elements, so allinéting

details can be represented by adjusting the teéasgle. The
FEM model takes into account the inner twines tamsthe
drag force on the net due to the current (Landwédvergiven
above), the pressure created by the fish in theeood the
buoyancy and weight of the net, the mesh openird) tae
bending stiffness. The FEM model is able to descithe
whole net and cables, which means that for a tréve,cod-
end, the wings, the headline and also the riggmtptthe boat
are taken into account. Triangular elements mddehet while
linear elements model the cables, warps and bridlles drag
and shape of both bottom and pelagic trawls cacalmilated
by the use of the FEM net model.

Based on this numerical model,
optimization tool developed and presented in [1@l 18]
starts from a reference geometry. A successiveclseper
parameter method is then applied to find the mdfatient
trawl in terms of energy consumption. This automati
optimization tool can be used for both pelagic dmmdtom
trawls but a specific optimization target should dgplied in
each case, being careful not to decrease the guartiish
caught by year. The fuel consumed per year is tiijréoked
to the drag by the towing distance by the swepttiwifbr
bottom trawl and by the mouth surface for pelagiovts. In
order to decrease the fuel per catch, the objedtinetions
used are then: the drag over swept width ratioafdyottom
trawl (Figure 11) and the drag over the mouth serffor a
pelagic trawl. The drag is the total drag on ttaavir(Cables,
netting, floats). The swept width is the mean vadfieghe top
horizontal opening and bottom horizontal openinige Thouth
surface is the surface of the trawl projected ahi® plane
normal to the towing speed.

Drag

Figure 11. The objective function is the drag déd by the mean value of
horizontal openings ((a+b)/2).

the constrained



Due to the fact that the net is the main part efdhag, the have a big effect on the swept area or the swegithwit may
optimization concerns the netting parts. The calileats and be planned to adjust automatically the length ef ¢hbles in
dead weights remain constant during the optiminapimcess. order to optimize the gear. In fact, a lot of stfenworks have
So, the two main numerical control parameters o thbeen devoted to optimisation, but not for fishireps. Such
optimisation process are the discretisation andrtbdification  works define standard methods that could be apppdietawl
size of each net panel. The discretisation sizerd#hes the optimisation.
size of the triangular elements used to model gtewhile the
modification size determines the number of meslaes @anel
vertex is modified by the process. The influencehefse two
numerical parameters have been analysed in [8].

Applied to a bottom trawl used on research vesse
(presented in [15]), the use of the optimisatioal tgives an
improvement of 17% on the fuel consumption (seepsha
comparison on Figure 12). The swept width of thénaised
trawl is larger (27 m) than the reference one (28)3 That
means a potential increase of fishing catch. Irotd keep the
same quantity of fish caught during a year, thepsvarea
remains constant to the reference value by a deergathe
number of fishing trips (from 260 days per yeaRi®).

Figure 12. 3D aspects of the reference bottom tfp) and the optimised one
(bottom). Only 1 twine out of 10 are drawn..

Applied to a pelagic trawl used for scientific seys
(presented in [19]), the use of the optimisatioal tgives an
improvement of 39% on the fuel consumption (seepsha
comparison on Figure 13). A homothetic transfororativas
used here in order to conserve the same mouthcsudthe
reference trawl (close to 200°nin order to maintain the same
catch a year.

Figure 13. Design of the reference pelagic traop)tand the optimized one
In the method described above, the fishing gears haen (bottom). The optimization has modified mostly theuth of the trawl.

optimized in terms of drag per swept width or peouth

surface. It is obvious that, in the mouth of thawly some

modifications on the rope length (head-rope and-fope) can



V. CONCLUSION

This paper presents the HydroPéche project conditnte
order to develop a tool for an automatic trawl mEation in
order to find more efficient trawls in terms of ege
consumption. For that purpose, different aspectse Haeen
studied in order: a/ to extend the basis of expentiad data on
flow characteristics governing the hydrodynamic débur of
different porous structures ; b/ to develop nunariools to
simulate more a realistic flow around porous stres taking
into account fluid / structure interactions; c/ tevelop
automatic optimisation tools to design efficieravits in terms
of energy consumption.

Initial results have been achieved and presentethes
specific data analysis were carried out from P\agugements

around a rigid cod-end and a 1/10 scale bottom ltraw

FreeFemm 3D has been used to simulate the flowndrau
specific cod-end and the first developments of atoraatic
optimisation tool give good numerical results inms of
energy efficiency for both bottom and pelagic tawlhe
automatic optimisation of bottom trawl panel cugtin order to
decrease the fuel consumption is based on a feléenent
method model adapted to fishing net structuresoutiin a
constrained optimisation tool that starts fromfanence model
and selects the best result according to the dvag swept
width ratio. We show in the sequel that this toféis potential
saving in fuel consumption since it reduces dragredver it
leads to a moderate increase of catch volume vdeibzeasing
the number of fishing trips.

More accurate results should be obtained oncedimplete
fluid/structure model to simulate the behavior ottbbottom
and pelagic trawls is developed.
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