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Influence of the trawling gear on the drag force
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Abstract 8 This paper describes the work which has been with the twin trawl although a larger coverage was achieved
initiated during the EC funded DEGREE project in which the  with the single trawl at higher speed. Despite some positive
penetration and drag forces, encountered during the towing remarks riated to the twin trawl, the area swept disturbed by
processof different trawl gear components were examinedThe  this trawl whichcontains a heavy clump as well as otter doors
influence of the different variables associated with the towing may have a harmful effect on the sediment habitat.

process, such as the velocity at which the gear element is towed Bottom trawling and its impact on benthic commigsihas
and the type of seabed has been associated with fuel efficiemey  paan of concern in recent years. It was reported that otter
the analysis presented in this paper The influence of two gear trawling has the least significant impact on fauna when
components, otter door and roller clump on the drag force is compared with other gears, however it was also highlighted
examined. These two componentswith notably different  n4; the otter doors, responsible for opening the wings of the
geometries are examined with respect to the drag forces obtained ot have thegreatest impact on the habifa}. A similar effect
from both the fluid and friction (sea bed contactcomponens. was believed to be produced by the roller clump, used in twin
The influence of the attitude of the door as well as the speed at .51 gearsThe DEGREE project, funded by the Edxamined
which the components are towed are examined. the level of penetrationf gear components tm the sea beih
order toestmate the degree of disturbance that the trawling
gear elements make on the seabed. Thigrirdtion canthen
be used by biologists taleterminethe species that may be
1 INTRODUCTION displaced, harmed or gompletely des_troyed. In the DEGREE
] . ) i project a number of different modeling approaches were
It is a common understandirtbat the harvesting of fish nqertaken, finite element (FE) analysis, fluid analysis and
from the sea requires a_lar.ge gmount of energy, and 'Fhe 'evélperimental approach. A finite element modls used to
currently consumed by fishing industry has been questioned |fyestigate the physical changes of the seabed caused by towed
recent years. A number of factors govern the level of fuel use‘ﬂshing gear components including the disadb shape
It has been reported that as much % @0 fuel is used by the enetration depth and drag forces. The fluid analysis
net itself [1]. The remaining percentage is believed to .b%imed at obtaining the values for hydrodynamic drag
produced by the other parts of the trawling gear, a higRoefficients of different gear componentShe estimates
percentage from the otter door and roller clump in case of twigptainedwere similar to those found in the literatufer otter
trawl and smaller percentages from the bridlespwand foot  j,ors but without the bottom drag effectShe laboratory
ropes. experiments were used initially to validate the model but then
A study in which single and twin trawls were compared inused fora parametric studin which alteration of the weight of
terms of both the influence on fuel consumption and the catdtiifferent components and the speed at which they were towed
p
was reported in [2]. A reduction in gross earnings per day usingere examined
a single trawl when compared with a twin trawl wagoreed. In this paper, le influence of the different variables
However, when the fuel consumptions were compared, thgssociated with the towing process of a trawl gear element,
single trawl showed better scores. The swept area was larggfch as the velocity at which tgearelements towed and the
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type of seabeds associated with fuel efficiencydrag forces trench of 100150mm depth. The

the seabed during the towing, otter door and roller clump aréalidations are reported [#4] and[6].

examined here. There are two sources of drag related to these
gear components; one due to the seabed contact and the other

. DOOR

results between the
generated by two @& components, both in direct contact with numerical models and the sea trials compare.wdlhese

due to the fluid. These araddressed with introduction of  Otter doors are used for opening the net for fish harvesting.

models generated in ABUS and FLOWorks, respectively. A Morgere 23nT WS otter door of théype used in this study

is shown in Figure 1. The shoe of the otter door (shown in the

A. Finite element modelling

The Abaqus finite element software packag@&s used to
investigate the contact between the seabed and ge‘gllrI
components.An estimate of the petation was initially
observed in the DEGREE project which is then followed by th
drag force. The model has been validated against sea trials for
the roller clump in soft soil. A comprehensive description and
details of the model are reported in [4,5].eTattitude of the
otter door, weight, speed and the type of sediment were varied
in order to gauge the influence of any changes in the typical
specification of the gear component on the drag force.

B. Cosmo FLOWorks
The forces measuretlring the sea trialmcludenot only the

component due to the interaction between the component and

the seabed but also the fluid dragh computational fluid

dynamic modelusing COSMOS package, FloWorks 2008/PE e

was usedo address this.Both the otter door and the roller
clump were investigatedThe investigation was carried out
using separatsimulations for each gear elememtdthe fluid
force in all three direction®btained. Due to the more

Figure 1. Photo of the otter door

A. Influenceof attitude

top part of the figure) is modeled in FE analysis only, as, in
normd conditions, it is the only part in contact with the seabed
ring the trawling processin this study steady state
condition ismodeled where no allowance is made for uneven
é;eabed characteristics or vessel motion.

iflexibled nature of the do olhesiudygxaminedidifesentangles pf attack ohthe el r
variables including thattitude of the door (angle of attack and in order to assess the effect of changes in this on drag. The

pitch angle) as well as the velocity were introducgtie — angles were varied fro@40 and from Figure 2, it is apparent
simulations were carried out with and without the effects othat beyond a value of about 1&n almost linear progrs®n is

the boundary layeintroduced by the seabed. The main goalsobtained. The usual angle of attack for the Morgere door in

of the simulationsvereto obtainthe forces and the moments bottom trawling gears varies between4b. If this range of

to whichthe segments of the board are subjected and the floangles is observed onlihe trend between the angle and drag

trajectories of the fluid around them.

II.  VALIDATION

The values for the fluid drag obtained from the CFD model
was compared to values calculated form the data proviged b
Morgere. The lift (spreading force) and drag coefficients for
the door are C= 1.45 and g = 0.95 respectively. Using
these figures and the 2m/s velocity used in the simulations
gives spreading force and drag figures of 6.6kN and 4.37kN
respectively. These are about 50% higher than the values
obtained from the CFD model ,
includes bottom contact, shackles etc., which are not present
in the FloWorks simulation. The ratio between the two
components is very similar for the 3attack angle used.

The FE modek of the roller clump and otter doarere
validated against sdaals which took place in September

2006 off the Moray Coast, Scotland in a relatively smooth, Figure 2. Dragfor

soft, sandy mud. The physical impact observed after the
towing o the roller was described through a formation of a
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The dragforce for the door was also compared, when it is
positioned atlistances of 1cm, 10cm from the seabed and at a
distance at which the door is free completely from boundaries
due to the seabedhis comparison was undertaken with the
same attitude in terms of attack and pitch angles, the results for
the three cases asbown to be similar in general. (Figure 3)
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Figure 3. Drag vs angle of attack relationship obtained from fluids analysis ~ The effect of pitch angle of the door with &ngle of attack
was also monitored by varying this in the range fr@@d to

5000 20 . A similar trend was obtaineggardless of the direction of
as0 | the rotation of the door. After an initial drop in drag, with a
00 | minimum at 5 an increasing trend of dradprce with

increasing of the pitch angle is observed.
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Figure 4. Spreading force vs angle of attack relationship obtained from 30 -2Io _1'0 0 {0 2'0 30
fluids analysis pitch angle [1]

Figure 4 shows the influence of the angle of attack on the rigyre 6. Drag vs pitch angle relationship obtained from fluids analysis
spreading force responsible for the opening of the net. With an
increase in the angle of attack the spreading force increases The angle of attack in the FE analysis was usually defined
until it reaches a peak around 30rhis shows 30 as the as 35, the value estimated as a most commonly used in fishing
optimal angle of attack where the maximum spreading forcgractice. The angle of attack was varied betweér485 and
can be expecte Beyond that point the spreading forcepoth the drag force and the penetration remain of the same
decreases which may be accounted for by a stall condition witfyue. It is antitpated that for the lower angle the forces would

separation of the flow. This was confi(med from examinatioryjter but since the angle lower thar 35 unlikely to be found
of the flow pattern from the CFD which showed that larggp, practice further investigation was not pursued.

ddi f d behind the dabd0.
eddies were formed behind the Theinfluence of pitch angle on the drag force due to seabed

contact was observed using a#dus simulations (Figure 5).
Interestingly, the otter door with a pitch angle ofg&nerates a
lower drag force than with either @r 10, whichis asimilar
finding to thatobserved irthe fluids simulationsThis may be
explained by the reduced surfdnecontact with the seabed due



to the5 pitch angle of the board. This implies that a higher
pressure will be present towards the rear of the door. With a
further increase of the pitch angle the drag force becomes
higher as the heel of the door pene&tsanore and builds up the
sand in front of the door. The heave produced increases the
force (amount of energy) needed for the trawl to be towed.
These results suggest that pitch angles between 0 aact5
sensitive. Either the contact has not been fully established or
the pitch angle is not high enough to produce an amount of soil
in front of the door sufficient to increase the resistance of the
soil and therefore drag force higher than for O degrétel p
angle.

B. Influence of velocity

The drlag forces due to soil interaction Only do n?t ﬂu.Ctuat igure 7. An image from the FE analysis of the shoe of the otter thveed
greatly with changes of speed, as can be seen in Figure 5. along soft sediment
However, the changes in the dragce due to fluid drag only
are substantial according to the scaling lawshefluid drag is
of the form

_ C,rAv?
T2
whereGC; is the drag coefficient; is the fluid densityA is the
projected area of the component ani$ the towing velocity.
For this case, the drag force for the angle of attack ob8&8
no pitch agle for the velocity of 1m/s gives drag force of
648N while for the velocity of 2m/s the drag will increase to
2592N. If the two analyses were combined and the speeds are
high the changes of the drag force of saturated sediment are
postulated to be morergminent due to pore water effect
according to the research undertaken by [8].

F

Figure 8. An image from the FE analysis of the shoe of the otter thveed
along fine dens sediment
C. Influence of the type of soil
Firm and soft seabed sediments were investigated in this A typical result from the FE analysis is presented in Figure
study. The changes in soil properties result primarily i/ and shows both this build up and the penetration into the
changes in penetration. e soil is stiffer the penetration is Sediment behind the door. Figure 8 shows an image where the
within few millimeters while for the softer soil the penetrationSOil is stiffer and therefore the penetration is smaller.
is higher and the soil in front of the door tend to be pushed The forces obtaied from the setrials were compared with
away by the door without making a significant build up of soil. the combined data from the FE and fluids analyses. The result

A typical result from theEE analysis is presented in Figure indicated that the force obtained from the FE and fluid

7 and shows both this build up and the penetration into th%’_mulations compare V\.'e” with theoforce obtairﬁ_&ﬂn_thesea
sediment behind the door. trials and are approximately 10% smalleflhis difference

could be due to measurement uncertainty in terms of velocity
and surface roughness adopted in the fluids analg$is.

IV. ROLLER

The geometry of the roller clump, used in this analysis
replicates the clump used in the dgals undertakenby
Marine Scotland- Science in 2006. To provide a simple
system for modéihg and validation, the clump was dragged
on its own rather than as a part of the whole trawling system.
The roller clump used for the sea trials was manufactured of
steel and had a wght of 1200kg and a weight iwater of



1046kg. The roller was 600mm dia and 500mm widéo
warp angle is taken into accountthis analysis

V. CONCLUSIONS

The fuel efficiency related to fishing industry is currently
very topical and this paper makes a contribution by looking at
Influence of different speed identifying parameters that govern the change imthgnitude
Similar to the otter door the drag force obtained from théf drag force the most. Two components, an otter door and a
fluid simulation with respect to the velocity is governed by the©!ler clump were examined as the components causing the
velocity squared scaling law while the drémyce obtained highest drag forces, after the nets. The drag force generated by

from the FE analysis is not influenced substantially withthe fluids and soil interaction were observed separately. It was
changes in speed. found that the drag force for the door is influenced mainly by

the force coming from the fluids drag while the main force for
B. Influence of soll the roller is due to the soil interaction. Also, the influence of
The force obtained from the fluids analysis is negligibleth® angle of attack and pitch angle were examined. The drag

suggesting that the drag force for the roller is determined by tH@rce due to fluid effects changes follsthe velocity squared
soil mainly. rule while the dragforce due to the sediment interaction

appears to be less sensitive to velocity chargesever,the
type of sediment influences the magnitude of the drag force;
towing in softer sediment results in higher drag foragedo
build up of sediment in front of the gear elemehhis will
result in higher fuel consumptiomhis analysis shosyotential

in determining the main sources of changes in &exge which

can have an effean the fuel consumption and turn enable
better understanding when designing new, more efficient
trawling gears.
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As can be seen from Figueas theroller is towed along Seatrialsrespectively.
the seabed there is a build up of sand in front and this is then
displaced to the sides. This indicates that the drag force
consists of two componentdase friction and passive pressure
from the build up of sediment in front of tgear element. The ; . . :

. . . . . . . fuel efficency in the Portuguese trawl fisher 0

softer sediment examined in this analysis results in the higher g3 5 117124, 2008.
drag force due to the increase of the built up force. Different) p. 3. Ri han, # Cerigand sirglaig rawlind in terms of
coefficients of friction (for the base component) were  relative fishing efficiency, in economic performance and fishing
investigated and no reduction was obtained in the t\ferae isfz f|s|srsl AR f marine captureerfishe
which suggests th_at the build up of soil is the component th?_ét] M.J.Kaiser, J.S Collie,. S.JHall . S. Jennings, and .|Roiner
governs the magnitude of the force. Modifications of marine habitats by trawling activities: prognosis and
solutions. Fish and Fisheries,fh 1147 136, 2002.
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Figure 9. An image from the FE model simulation of the roller clump
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