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

The developed tool should provide a substantial gain on the fuel 
consumed of actual fishing devices while maintaining a 
comparable fishing efficiency. The developments made will also be 
extended to study different types of porous structures used for 
fishing and aquaculture devices and to better understand the 
development of selectivity devices. Initial results have been 
achieved: some specific data analysis was carried out from PIV 
measurements around a cod-end, FreeFem ++ has been used to 
simulate the flow around a specific cod-end and the first 
developments of an automatic optimisation tool give good 
numerical results in terms of energy efficiency for both bottom 
and pelagic trawls. 
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I.  INTRODUCTION 

Trawls, being one of the most common fishing gears, are 
subjected to numerous studies devoted to energy efficiency 
improvement. Considering that the drag is a function of the 
towing speed many fishermen reduce this parameter in order to 
lower fuel consumption. Recently, new twine materials have 
been tested in some parts of the trawls with the aim of reducing 

twine diameter and therefore the drag. Ward & al. [1] studied 
trawls involving novel materials, which led to a drag cut down 
of 6% and a mouth opening increased by 10%. Parente & al. 
[2] have improved bottom trawls by using larger meshes and 
by changing the panel cuttings, which generated fuel reductions 
of up to 18% and a potential increase of the net cash flow up to 
27%.  

The efforts (time and money) to carry out such works are 
very important and the need for numerical tools for trawl 
optimisation is of great interest to increase energy efficiency. 
Indeed, the hydrodynamic behaviour of porous structures used 
for bottom or midwater trawls is still poorly understood. The 
complexity of the flow makes numerical simulations difficult 
and today no effective model exists to simulate trawl behaviour  
during fishing operations. 

The goal of the work carried out under the HydroPêche* 
project is to develop a tool for automatic optimisation of trawls 
in order to minimize the drag of the gear. For that purpose, 
different aspects both experimental and numerical are studied 
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 number 
of both economic and environmental constraints) and 
to adapt the numerical code for the routine used by an 
optimiser. 

* Project supported by the European Fisheries Fund and the French 
Ministry of Agriculture and Fisheries 



The developed tool should provide a gain of few 10% on 
the fuel consumed by actual fishing devices while maintaining 
a comparable fishing efficiency. The developments made will 
also be extended to study different types of porous structures 
used for fishing and aquaculture devices (nets, cages, seines) 
and to better understand the development of selectivity devices. 

This project is conducted by Ifremer (French Research 
Institute for Exploitation of  the Sea) in partnership with: Ecole 
Navale, Ecole Centrale de Nantes, University of Paris 6 and 
University of Rennes 1, and to date four PhD students have 
worked on the different tasks. Since the beginning of the 
project in 2009, the initial results have been achieved: some 
specific data analysis were carried out from PIV measurements 
around a cod-end, the numerical tool FreeFem++ [8], [9] has 
been used to simulate the flow around a specific cod-end and 
the first developments of an automatic optimisation tool give 
good numerical results in terms of energy efficiency for both 
bottom and pelagic trawls. 

 In this paper we present a summary of these works in three 
different parts: a/ experimental flow characterisation around 
trawl and net structures, b/ numerical simulations for trawl 
behaviour modelisation and c/ energy optimisation of bottom 
and pelagic trawls.  

II. EXPERIMENTAL FLOW CHARACTERISATION 
This section is devoted to the first aspect of this project, i.e. 

the experimental investigation of the turbulent flow around 
bottom trawls. With a better knowledge of the flow 
characteristics, the improvement of the structural analysis of a 
net structure taking into account the effect of the trawl on the 
inflow condition will be possible. As well known, the flow and 
thus the drag forces on net structure are strongly dependent on 
both the geometry (Solidity ratio) and the Reynolds number 
[3]. If it is evident that for increasing Solidity ratios, flow 
interaction will become increasingly significant, these 
disturbances are not well known and easily characterized. So, 
in order to evaluate these effects and to identify the areas where 
the drag is generated, we have carried out an experimental 
work to characterise the flow characteristics around two kinds 
of  structures: a/ a 1/10 scale bottom trawl and b/ a rigid cod-
end (Figure 1). The bottom trawl is used in order to determine 
the evolution of the boundary layer along the structure while 
the rigid cod-end is used in order to characterise the turbulent 
flow in this specific region.  

The flow is characterised from Particle Image Velocimetry 
(PIV) measurements and the trials carried out in the Ifremer 
wave and current flume tank (Figure 2). Another paper [4] sets 
out precisely both the experimental results and the tools used 
for the post processing (Proper Orthogonal Decomposition - 
POD) and the analysis (spectral analysis) of the experimental 
data. We only give here the principal results. 

The control of boundary layers or more generally the 
hydrodynamics instabilities of the near wake past the porous 
structure in high Reynolds number flows, is still a matter of 

central interest in our HydroPêche project devoted to the 
reduction of drag of the gear. Indeed, the motivation of current 
study is to achieve drag reduction but also to provide 
additional information about the turbulent flow characteristics 
of the flow around the trawl. 

 

.  
Figure 1.  Ifremer free surface hydrodynamic water tunnel. 

The characterisation of the boundary layer evolution along 
the net has been attempted around a 1/10 scale bottom trawl. 
Unfortunately, the movements of the trawl have made PIV 
measurements non exploitable. Some tests with a lower 
turbulent intensity of the incoming flow for the restriction of 
the movement of the trawl will be attempted. The 
characterization of the evolution of the boundary layer along 
the trawl may be done using these new measurements.  

From these trials, only the analysis of the motion of the 
cod-end, as shown in Figure 2, demonstrates the need to study 
specifically this part of the structure in order to identify how 
this high turbulence flow area can be a source of drag 
generation.  

 
Figure 2.  Instantaneous fields around the bottom trawl cod end. 

In order to achieve this aim, a specific rigid cod-end was 
built to avoid instabilities during flume tank tests [5]. This 
structure is perfectly stable in the flow and its geometrical 
shape is known (Figure 3). With the use of this structure, the 
main characteristics of the flow around this specific part of a 
trawl can be studied. The global characterization of the flow 
including the spatial representation of the mean flow field 



(Figure 4) and the mean kinetic energy (Figure 5) may be quite 
interesting for the numerical computation of the drag 
coefficient of such a porous structure. 

 
Figure 3.  Rigid cod end in the flume tank 

In Figure 4, the vertical patterns of the wake are clearly 
visible. Indeed, the near wake of the porous structure is 
dominated by two large counter-rotating vortices which are 
symmetric along the main axis of the structure. To access the 
turbulence levels of the flow, the mean turbulent kinetic energy 
is shown in Figure 5. As it has been observed in Figure 4, the 
turbulent wake is clearly identified. Indeed, the separated shear 
layer is observed in this figure. 

In this work, to investigate the large scale flow structures of 
the wake of the porous structure, the Proper Orthogonal 
Decomposition (POD) is used. POD was first applied in fluid 
mechanics in 1967 by Lumley [6] in order to extract in an 
objective way the large scale flow structures present in a 
turbulent flow. This procedure is usually based on the 
computation of the eigenfunctions of the two point correlation 
tensor of the velocity field. POD eigenfunctions are arranged 
according to their energy content and the first POD modes are 
associated with the large scale structures of the flow. More 
details about this procedure and its application can be found in 
[7].  

The implementation of the POD procedure performed on 
from the whole set of available PIV instantaneous velocity 
vectors fields has proven its effectiveness in showing the main 
flow organization of such a turbulent flow by the extraction of 
the energetic large scale coherent structures present in the wake 
of the structure. The first mode and the first 44 ones contain 
respectively 25 % and 80 % of the total kinetic energy. An 
illustration of the potential of this methodology is given on 
Figure 6, where the projection onto the 44 POD modes 
corresponding to 80% of the total energy of a raw 
instantaneous velocity vector field is given. Quasi-similar 
results can be obtained for each instantaneous velocity field 
projected onto these first POD modes. So, from these results, it 
is possible to extract the coherent structure embedded in the 
background turbulent flow and thus to dynamically follow 

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

Furthermore a spectral analysis allows the investigation of 
the vortex shedding frequency of this flow. Such analysis 
associated with a porous structure has not yet been fully 
investigated. The particularity of trawl or related fishing nets 
concerns the difficulty in numerically modeling these porous 
structures properly. Nowadays such an investigation can be 
carried out essentially from experimental measurements.  From 
our results, the turbulent wake flow behind the cod-end can be 
related to previous analysis of a turbulent wake flow behind a 
sphere and/or a cylinder [10], [11]. 

Even if these results give some very interesting new 
information about the turbulent flow behind a cod-end, an 
extension of this study has to be performed in order to 
characterise the turbulent flow around the overall structure of 
both bottom and pelagic trawls. Measurements around a 
bottom trawl are under investigation and similar analyses to 
those presented in this paper will be carried out. 

 
Figure 4.  Mean velocity field behind a rigid cod-end. 

 
Figure 5.  Normalized turbulent kinetic energy behind a rigid cod-end. 



 
Figure 6. Top:  Instantaneous PIV velocity field . Bottom same instantaneous 

PIV velocity field projected on the first 44 pod modes. 

The POD method is here employed to extract dominant 
coherent structure from experimental data, but this method can 
also be used in a reconstruction process to obtain flow entry 
conditions for numerical models. 

III. NUMERICAL SIMULATIONS 
The mechanical system made of the elastic net alone in a 

given laminar uniform flow with very simple interaction laws 
has been studied, see for instance [8] and [9]. For the majority 
of them, the influence of the flow is only taken into account by 
the use of Landweber / Richtmeyer laws to calculate the drag 
force exerted on each twine  of the net panel constituting the 
trawl: 

 
with F the normal force to the twine, T the tangential one, ! the 
mass density of water, Cd the normal drag coefficient, f the 
tangential coefficient, D the diameter of the twine, L the length 
of the twine, V the upstream velocity, " the angle between the 
twine and the current. 

These mechanical models do not take into account any 
fluid/structure interaction, i.e. the flow is not disturbed by the 
net structure. First simulations approach of the flow around an 
axisymmetric rigid net has already been carried out in [3] and 
[12] but they can not be extensible to the 3D case of an elastic 
net in interaction with a flow. So, today no numerical 
simulation of the complete system net/flow, with a real 
interaction coupling exists. 
Knowing that the local speed of the flow has a direct impact on 
the trawl shape and then the mesh opening, it is essential to 
develop flow modelling. Due to the complexity of this task, the 
cod-end case is chosen for the development of our numerical 
model. The experimental work presented above shows that the 
flow to simulate is turbulent. Direct Numerical Simulation 
would not be able to treat a problem with such a high Reynolds 
number (here ~105, using as reference length the maximal 
diameter of the catch, i.e. 0.45 m, and the entrance velocity as 
reference velocity that is equal to 0.51 m/s). So, a model based 
on a Reynolds Averaged Navier–Stokes turbulence model 
penalized by a term based on the Brinkman law has been 
initiated by [13], [14]. The extension of the fully 3D case is 
currently under progress. Figure 7 show the 3D numerical 
domain used for these developments. The net is considered as a 
fictitious domain (Figure 8) and the fluid equations are solved 
in the flow domain as well as the net domain. With a right 
choice of the permeability function the model yields numerical 
simulations which fit very well with the experimental data: 
Figure 9 shows the comparison of  the vertical velocity profiles 
obtained numerically and experimentally, while the distribution 
of the turbulent kinetic energy is given in Figure 10. 

 
Figure 7. Description of the 3D numerical domain. 

These first simulations have been carried out using the free 
software FreeFem++ [15]. It allows computations of 2D and 
axisymetric fluid dynamics by the means of the finite elements 
method. This software is currently under progress and the first 
3D simulations to obtain the flow around a rigid cod-end are 
today considered. Once these simulations are validated, a 
coupling between the mechanical model and the fluid one 
should be envisaged in order to simulate the complete 
fluid/structure interaction system. 



 
Figure 8. Description of the numerical domain and LDV profiles for 

experimental validation. 

 

 
Figure 9. Comparisons between numerical and experimental results. 

 
Figure 10. Repartition of the turbulent kinetic energy. 

IV. OPTIMISATION WORK 
Despite the fact that there is no complete fluid structure 

interaction model for the simulation of the behavior of both 
bottom and pelagic trawls, an optimization work was started in 
order to settle the optimization tools and to give the initial 
results in this domain. For that purpose, the Finite Element 
Method (FEM) 3D model of the net based on triangular 
element developed by Priour [8], [16] is used. The triangle was 
chosen to describe the surface elements, so all the netting 

details can be represented by adjusting the triangle size. The 
FEM model takes into account the inner twines tension, the 
drag force on the net due to the current (Landweber law given 
above), the pressure created by the fish in the cod-end, the 
buoyancy and weight of the net, the mesh opening and the 
bending stiffness. The FEM model is able to describe the 
whole net and cables, which means that for a trawl, the cod-
end, the wings, the headline and also the rigging up to the boat 
are taken into account. Triangular elements model the net while 
linear elements model the cables, warps and bridles. The drag 
and shape of both bottom and pelagic trawls can be calculated 
by the use of the FEM net model. 

Based on this numerical model, the constrained 
optimization tool developed and presented in [17] and [18] 
starts from a reference geometry. A successive search per 
parameter method is then applied to find the most efficient  
trawl in terms of energy consumption. This automatic 
optimization tool can be used for both pelagic and bottom 
trawls but a specific optimization target should be applied in 
each case, being careful not to decrease the quantity of fish 
caught by year. The fuel consumed per year is directly linked 
to the drag by the towing distance by the swept width for 
bottom trawl and by the mouth surface for pelagic trawls. In 
order to decrease the fuel per catch, the objective functions 
used are then: the drag over swept width ratio for a bottom 
trawl (Figure 11) and the drag over the mouth surface for a 
pelagic trawl. The drag is the total drag on the trawl (Cables, 
netting, floats). The swept width is the mean value of the top 
horizontal opening and bottom horizontal opening. The mouth 
surface is the surface of the trawl projected onto the plane 
normal to the towing speed. 

 
Figure 11.  The objective function is the drag divided by the mean value of 

horizontal openings ((a+b)/2). 



Due to the fact that the net is the main part of the drag, the 
optimization concerns the netting parts. The cables, floats and 
dead weights remain constant during the optimization process. 
So, the two main numerical control parameters of the 
optimisation process are the discretisation and the modification 
size of each net panel. The discretisation size determines the 
size of the triangular elements used to model the net, while the 
modification size determines the number of meshes each panel 
vertex is modified by the process. The influence of these two 
numerical parameters have been analysed in [8]. 

Applied to a bottom trawl used on research vessel 
(presented in [15]), the use of the optimisation tool gives an 
improvement of 17% on the fuel consumption (see shape 
comparison on Figure 12). The swept width of the optimised 
trawl is larger (27 m) than the reference one (22.3 m). That 
means a potential increase of fishing catch. In order to keep the 
same quantity of fish caught during a year, the swept area 
remains constant to the reference value by a decrease in the 
number of fishing trips (from 260 days per year to 215). 

 

 
Figure 12. 3D aspects of the reference bottom trawl (top) and the optimised one 

(bottom). Only 1 twine out of 10 are drawn.. 

Applied to a pelagic trawl used for scientific surveys 
(presented in [19]), the use of the optimisation tool gives an 
improvement of 39% on the fuel consumption (see shape 
comparison on Figure 13). A homothetic transformation was 
used here in order to conserve the same mouth surface of the 
reference trawl (close to 200 m2) in order to maintain the same 
catch a year. 

In the method described above, the fishing gears have been 
optimized in terms of drag per swept width or per mouth 
surface. It is obvious that, in the mouth of the trawl, some 
modifications on the rope length (head-rope and foot-rope) can 

have a big effect on the swept area or the swept width. It may 
be planned to adjust automatically the length of the cables in 
order to optimize the gear. In fact, a lot of scientific works have 
been devoted to optimisation, but not for fishing gears. Such 
works define standard methods that could be applied to trawl 
optimisation. 

 

        
Figure 13. Design of the reference pelagic trawl (top) and the optimized one 

(bottom). The optimization has modified mostly the mouth of the trawl. 



V. CONCLUSION 

This paper presents the HydroPêche project conducted in 
order to develop a tool for an automatic trawl optimisation in 
order to find more efficient trawls in terms of energy 
consumption. For that purpose, different aspects have been 
studied in order: a/ to extend the basis of experimental data on 
flow characteristics governing the hydrodynamic behaviour of 
different porous structures ; b/ to develop numerical tools to 
simulate more a realistic flow around porous structures taking 
into account fluid / structure interactions; c/ to develop 
automatic optimisation tools to design efficient trawls in terms 
of energy consumption. 

Initial results have been achieved and presented: some 
specific data analysis were carried out from PIV measurements 
around a rigid cod-end and a 1/10 scale bottom trawl, 
FreeFemm 3D has been used to simulate the flow around a 
specific cod-end and the first developments of an automatic 
optimisation tool give good numerical results in terms of 
energy efficiency for both bottom and pelagic trawls. The 
automatic optimisation of bottom trawl panel cutting in order to 
decrease the fuel consumption is based on a finite element 
method model adapted to fishing net structures, through a 
constrained optimisation tool that starts from a reference model 
and selects the best result according to the drag over swept 
width ratio. We show in the sequel that this tool offers potential 
saving in fuel consumption since it reduces drag. Moreover it 
leads to a moderate increase of catch volume while decreasing 
the number of fishing trips.  

More accurate results should be obtained once the complete 
fluid/structure model to simulate the behavior of both bottom 
and pelagic trawls is developed. 
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