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1 Introduction UNIVERSIDADE DA CORUNA

* Fish as a food resource:

Demersal (Bottom) Trawl

Fisheries and Aquaculture.

* Fisheries: Capturing wild fish using different
techniques.

Over 53% of catch is from two type of fisheries
Demersal trawling and purse seine fishing.

Understanding fisheries for:

— Improving the selectivity.

mﬁ
- Codend
v — Ground Gear
Otter Boards V

Source :afma.gov.au

— Reducing fuel consumption.
— Reducing seabed impact.
— Auditing fishing gears.
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1 Introduction UNIVERSIDADE DA CORUNA

* Aquaculture: Cultivating fish in net cages.

180

— Has been practised since very old times i
around the world (Mainly inland). L

AQUACULTURE

120

— Increased demand for fish: Offshore cages

100

MILLION TONNES

80

— Challenges and concerns:

60

* Health of the fish in a cage depends on .

the Oxygen the water carries. -
| ————————————————————

1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018

CAPTURE

* Biofouling of nets and their effect on the
fish.

M Capture fisheries — inland waters Capture fisheries — marine waters [l Aquaculture — inland waters Aquaculture — marine waters
* Flow through bigger farms containing
Ma ny Cd ge S. NOTE: Excludes aquatic mammals, crocodiles, alligators and caimans, seaweeds and other aquatic plants.
SOURCE: FAO.
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1 Introduction UNIVERSIDADE DA CORUNA

* Investigations on fishing nets in order to improve both industries.

— Experimental and physical investigations.
* Sea trails, Towing tank, Flume tank experiments.
* Expensive and time consuming for even small improvements in the fishing gears.
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Source : fiskerforum.com Towing tank : UDC
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Goals of this thesis:

Computationally simulate fishing nets in a fluid domain.

* Investigate on the ways to find porous resistance coefficients.

* Validate the methods developed.

 Demonstrate the advantages and importance of the developed method.

* Apply in problems related with fisheries to understand influence of fishing nets and related parameters.
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2 Computational simulation of fishing nets NVERSI A o cORUiA

* Using computational simulations to understand and tackle problems found in
Fisheries and Aquaculture.

* Fishing nets are flexible elements which deforms and moves with the fluid flow: A
Fluid Structure Interaction problem.

e Structural solvers: Finite element models, Lumped mass models, etc.

* Difficulties in fluid simulation: Large nets with very small diameter resulting
computationally expensive simulations.

* A porous media method as solution to simulate fluid part of the problem.
Introduced by Patursson et al 2010, Zhao et al 2013.
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Navier Stokes equations defining the flow:

Continuity equation Vu=0

Momentum equation V.(uQu) — V.R = -Vp + S;

The source term is modelled using porous media models and is Zero outside the porous media.

Darcy-Forchheimer porous media model:  §; = —(D;;uu + > Ciiplulu)

Where Djj is the material matrix with viscous resistance coefficients and C;; with inertial
resistance coefficients.
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D, 0 0 c;, 0 0

Dij = 0 DZ 0 Cl] = 0 CZ 0 2
0 0 Ds 0 0 C,
/73

D, 0 0 C, 0 O
Dij — 0 Dt 0 Cij — 0 Ct 0
0 0 D, 0 0 C

Porous resistance coefficients are inversely proportional to thickness of porous media for a given pressure drop:
resulting easy modelling of porous media in fluid domain.
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Previous research modelled net as thin solids. (patursson et al 2010, Chen and Christensen 2018)

* Treating net as a Surface.

Surface Net

Solid Net

appropriate porous resistance.

Modelling nets as triangulated surfaces and selecting the cells near to them for giving

10
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3 Surface based porous media model NVERSI A o cORUiA

MESHING NEAR THE SURFACES

SELECTING CELLS NEAR THE SURFACES

DEALING WITH MULTIPLE SURFACES

GROUPING TRIANGLE WITH SIMILAR
ORIENTATION

GENERATING POROUS ZONES
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3 Surface based porous media model : Meshing near the surfaces NVERSIADE A CORURA
MULTIPLE GROUPING
MESHING m— SE[ECTING CELLS |mumm—p SURFACES — TRIANGLES = POROUS ZONES

A refined mesh next to the surface for achieving a good final porous media.
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3 Surface based porous media model: Selecting cells near the surfaces UNIVERSIDADE DA CORUIIA

MESHING WSS SE|ECTING CELLS |y QTJLJRE;EEE — ?S&EZ‘FE(; mm— POROUS ZONES

A cell C; with distance to the Surface S;, d;is
included in the group if:

di < dmax q |dmax
. d
d__. = Thickness/2 E’ | A
In Out Out
C C2 gls C
Cells outside the external edge of the Surface are 5 =

not included. Eg. C,

m S.Karumathil| PhD Thesis 13
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3 Surface based porous media model: Selecting cells near the surfaces UNIVERSIDADE DA CORUIIA

MESHING B SE[ECTING CELLS 2{%&'2; R— ?:&EZ‘[\'E(; m—  POROUS ZONES
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MESHING WSSy SE|ECTING CELLS [mummmy 2{'};&2; E— ?S&E';'E‘E(; mm— POROUS ZONES

A fishing gear can have many different net
panels.

3 Surface based porous media model: Dealing with multiple surfaces

Each net panel is treated as an
independent triangulated surface.

C, & C,are in the body of influence of
both surfaces, yet could be included in
only one group.

C; is not included in any of the groups. Cs

S.Karumathil| PhD Thesis
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3 Surface based porous media model: Grouping triangles VRS oR U

MESHING mmm—— SE|ECTING CELLS [y QTJURSA'EEE —> ?S&EZ’FE(; mmm— POROUS ZONES

: . . i |
e Grouping cells according to the triangles. Surfaces can have many triangles!

* For curved net panels, a porous zone for each
triangle with resistance matrices rotated
according to orientation of the triangle.

e Surface triangles with similar orientation are
grouped to create porous zones.

* A heuristic algorithm to group triangles
according to a user-defined threshold angle

Angle : 25°
23 triangle groups

Angle : 10°
95 triangle groups
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3 Surface based porous media model: Generating porous zones VRS oR U

MESHING WSSy SE|ECTING CELLS [y ngURfA'EEE — ?E&EZ[\E POROUS ZONES

Each triangle group represent a porous zone.

Each cell C, in the surface S, the closest triangle is found and cell is assigned to its triangle
group.

The average angle of orientation and average thickness of the final porous media.
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3.1 Example 1: Flat net UNIVERSIDADE DA CORUNA

A square net panel towed at different angles and Boundary conditions

velocities

Inlet Walls Outlet
Parameters iR BiTgmaen P e
Velocity : (0.25, 0.5, 0.75 m/s) gl
Angle of attack :0,15,30,45,60,75,90°
Solidity of the Net :0.184
Porous resistance coefficient(*) :

Dn =51730, Dt = 26379
Cn=5.098 Ct =1.6984

Z rame

o l& U: No-slip
P : Zero gradient

* Given by Patursson et al. 2010

.
|
18
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3.1 Example 1: Flat net

Thickness of the porous med

a) Iuu I 1l ‘ L P b)

=Y

1t

Thickness 20 mm
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Thickness 60 mm

CD, CL

0,18

0,16

0,14

0,12

0,1

0,08

0,06

0,04

UNIVERSIDADE DA CORUNA

~— ————o ° o——o——9¢
—o—Cd —e—Cl
~— —o— —0 o o——n—9
0,02 0,025 0,03 0,035 0,04 0,045 0,05 0,055 0,06

Thickness of porous media (m)
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3.1 Example 1: Flat net UNIVERSIDADE DA CORUNA

U Magnitude
3.5e-01 0.38 04 0.42 0.44 0.46 0.48 0.5 0.52 0.54 5.5e-01

Validation Vs Experimental results(*)

no
U,J

e | | | " e
—=—CD simulation
0,25 -e-CDexperiment  _e-" """

£ —a—CL simulation P
8 0,2 “
o - o -CL experiment
(&)
'€ 0,15
(q0)
c
>
© 0,1
o
2
T | 0,05

0

-10 10 30 50 70 90
Angle of attack
Velocity fields from CFD simulations at 0.5m/s
* Experimental results from Patursson et al. 2010 angles of attack : 0,15,30,45,60,90°
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3.2 Example 2: Complex net geometry -

UNIVERSIDADE DA CORUNA
 Demonstrate the need/advantage of modelling net as surfaces over thin solid.
* Fishing gears can have many different net panels with complex shapes.
C) B
- 0.8m . N
0.8 m J__'__,.f-" = /

1.6m

Red net : Same porous resistance coeffs as in Example 1
Blue net: Half than the red one.

Green net : Double than the red one

S.Karumathil| PhD Thesis
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3.2 Example 2: Complex net geometry VRS oR U

Thin solid method Surface method

* The algorithm handles the cells according to the

* Avoid overlapping of solids. closest surface.
« Dividing curved net to small roughly flat solids * The porous zones are created and managed
(36 solids). using a user given grouping threshold angle.
« Manually introducing the principal directions ) N_O negd to manually provide principal
and porous media resistance coefficients. directions of each porous zones. Only the
« Defining thickness of the porous zones. porous resistance coefficients of each netting

surfaces are needed.
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3.2 Example 2: Complex net geometry

c)

b)
a) b)
d)

2D Section view aty=0

Body of influence of 3 surfaces

Porous zones generated with threshold
angle 15°

Drag Force(N)

~
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N
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D
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w
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Effect of number of porous zones

100 200 300 400
Number of Porous Zones
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3.2 Example 2: Complex net geometry — comparison of velocity field NVERSIADE A CORURA
U Magnitude
2.8e-01 0.35 04 045 05 0.55 0.6 06 7.7e-01
e | ' | D —
N a) Magnitude of velocity

5 07
b)

plotted along the x axis
- 0,8
0,7 ‘
0,6

EO,S
204
)

< 0,3

Thin solid method Surface method

0,2
0,1
0 L

b

X czoordinate (m)
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3.2 Example 2 : Complex net geometry — Comparison of pressure field NVERSIADE A CORURA
-21e-02 0015 -00 -0.005 00|05 olm 00‘15 0?2 00|25 ) 0.035 0 0.045 5.0e-02
L
Pressure ploted along the x axis

6,00E+01

5,00E+01

A4,00E+01

& 3,00+01

% 2,00E+01

& 1,00E+01

. 0,00E+00

-1,00E+01 - 5 7 9
-2,00E+01
x coordinate (m)

Thin solid method Surface method
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* Porous media approach: an efficient way to simulate fishing nets.

 Modelling net as surface: a surface based porous media model
Improves:
— Modelling curved nets.
— Modelling multiple nets with intersections.
— Easier control over thickness of porous zones.
— Easier control over size and number of porous zones.
— Ability to deal with larger deflections.
— A better communication with solid solvers for FSI Coupling.

S.Karumathil| PhD Thesis 26



4 Finding porous media resistance coefficients UNIVERSIDADE DA CORURA

Introduction

* Porous media model requieres coefficients for each type of netting.

* Existing ways to find porous media resistance coefficients include iterative CFD
approaches (Patursson et al, 2010) and simplified analytical models (Chen and Christensen,
2016).

* Finding the differences of using Viscous (Dn, Dt) and Inertial (Cn,Ct) or only Inertial
resistance coefficients.

e Using a 2D CFD model instead of analytical models.
* Comparison of results from existing approaches and finding the goodness of fit.

Parametric -
w study ( Error m|n|m|zat|onw ( Porous

CFD Model J =LRegression model with experimentaIJ L resistance

data coefficients

S.Karumathil| PhD Thesis 27
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4.1 CFD Model -

UNIVERSIDADE DA CORUNA
* A 2D CFD model with flow through a thin a)
porous media layer. -
* Based on flat net panel experiments. —
* Parametric study over range of angles of attack, U —
porous resistance coefficients, velocities. .
s,=—(D C, 2
i =—(Djjpu+ l-j-EJ[:vlu|u
b) Linige & Ti—
g i e .
D, 0 0 ¢ 00 Cyclic boundary condition
0 0 D 0 0 C ol " Fprag
3 3 o T .E_"},._ 'F:' .a-ﬂ"f. L-:
E L - ;"-H 'I-Fr h §
- Fp: -
2 Z .
D, 0 0 c, 0 0 ] Cyclic boundary condition
D;=| 0 D, 0 |.C;=| 0 C © s I g
0 0 D, 0O 0 C

S.Karumathil| PhD Thesis
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4-1 CFD MOdel UNIVERSIDADE DA CORUNA

Computational domain

Cyclic boundary

Fixed velocity /{E Zero pressure
Velocity: InletOutlet

. Cyclic boundary

* Solver: porousSimplefoam — Incompressible, steady state solver used with implicit porous media
implementation

e A structured mesh with 1660 cells.
* Realizable K-Epsilon turbulence model with initial turbulence intensity 1% and length scale of 0.15m

S.Karumathil| PhD Thesis 29
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4.2 Parametric study and regression analysis -
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* A parametric study to pre-calculate Cy and C, and for a range of physical parameters
of the model.

e Results of the parametric study are interpolated (N-D Gridded spline) to build a
regression model.

Parameters used in the CFD Parametric study

SUb_StUdy 1 Parameter Values
Cp = Cp(a,U, Gy, Ce) U (m/s) 0.25, 1.375, 2.5
C, = C.(a,U,Cp, C,) a (°) 15, 30, 45, 60, 75, 90
C, (m™) 0.30, 15.15, 30.00
C, (m™! 0.10, 5.05, 10.00
Sub-study 2 (m™)
Sub-study 1 Sub-study 2
Cp = Cp(a, U, Cy, Cy, Dy, D) D, (m™2) 0 1.0 % 10%, 5.05 x 103, 1.0 x 10°
¢, = C,(a,U,C,,Cp D,,D,) D, (m™2) 0 2.5 103, 1.2625 % 10°, 2.5 x 10°
Size 162 1458
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4.2 Parametric study and regression analysis — Result Sub-study 1

0.015

C =0.3 Cr=0.1
—f— U=025
—— U=1375
U=25
15 30 45 60 75 90
o [°]
C =03 C=505
L N t
15 30 45 60 75 90

a[’]

C =03 C=10
n t
15 30 45 60 75 90
a[?]

C =15.15 C=0.1
n r

05} Q 1
~ 0.5
0 0
15 30 45 60 75 90
a [7]
C =1515 C=5.05
n t
0.6
.-Q 1
0.4 ~ 0.5
02 0
15 30 45 60 75 90
a [7]
C =15.15 C~=10
n r
0.6
.-Q l
J
0.4 0.5

15 30 45 60 75 90

a[?]

C =30 C=0.1
n
=3
©
0
15 30 45 60 75 90
¥ [O]
€ =30 =505
0
O -0.05F
15 30 45 60 75 90 -0.1
a[°]
=30 C=10
n t
0
o -0.1
15 30 45 60 75 90 02
[0 [o]

Coefficient of Drag

S.Karumathil| PhD Thesis

15 30 45 60 75
a[’]

C =03 C=10
n t

15 30 45 60 75
a[7]

04
)
0
15 30 45 60 75 90
o [°]
C =15.15 C=5.05
2] t
0.2
0.1
0
15 30 45 60 75 90
o [°]
C =15.15 C~=10
n t
0.15F T
0.1r
0.05¢
0
15 30 45 60 75 90
a [?]
Coefficient of Lift
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C =30 C=0.1
n t

0.6
0
O 0.4
0.2
0
15 30 45 60 75 90
al®]
C =30 C=5.05
n t
0.4
-
&)
0.2
0
15 30 45 60 75 90
a[?]
C =30 C~=10
n t
0.4
]
© 02
0
15 30 45 60 75 90
a[7]
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4.2 Parametric study and regression analysis — Result Sub-study 2

DHZI 0000 DfZESOO

0.6 )y
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U=25
0.2
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a[7]
D =10000 D =126250
0.6 v
L_)Q __\'/
0.4 \/
02
15 30 45 60 75 90
a ]
D =10000 D =250000
06 _>l;’ N
q w
~ 04 /
0.2 N
15 30 45 60 75 90
a[7]

Q
©

Coefficient of Drag

0.5

D —50\000 D =2500

q» [°]

DnZSUSOOU Dr:126250

15 30 45 60
e [El]

75 90

D —SOSOOO D =250000

*ele

__ale

15 30 45 60 75 90
¥ |:C|]

D”:1e+06 DfZZSOO

15 30 45 60 75 90
a[°]

Dn:1e+06 Dr:126250

S
—%

15 30 45 60
a[°]

75 90

D —1e+06 D =250000

%

_
/*‘ O,

15 30 45 60 75 90
a ]

DHZIOOOU Dr:2 500

Sl

—¥— =025
—¥—U=1375
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15 30
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2N
v \
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o []

15 30
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D”=1 e+06 Dr:2500

15 30 45 60 75 90
a 9]

Dn=1e+06 Dr:126250

15 30 45 60 75 90

a 9]

Dn=1e+06 Df=250000
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4.2 Parametric study and regression analysis — As function of resistance coeffs.

(a) Drag coefficient

a=15° a=45°
(b) Lift coefficient
a=15° a=45°
0.3
L 02
O o1 02
0
10 10
5 10 20
€ 0o c

t

Sub-study 1

UNIVERSIDADE DA CORUNA

(a) Drag coefficient

a=45°
a=75°
(b) Lift coefficient
a=735° a=15° a=45° a=75°
0.2 04
0.6
.04
0.3
\J 0.2 i.)ha 0.15 L)q
0 0.1 0.2 5
x 10~
5 20 10
) 10 5 5
” 00 Cf x 10 x 10

Sub-study 2
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4.3 Estimation of resistance coefficients UNIVERSIDA‘DE —

Error functions used :

1 N
LANE = —Z
N

Goodness of fitting

measured
CD - CD

Cp

measured
CL - CL

CL

* Coefficient of determination R? for
measuring goodness of fit

M
=
M

1 N Crn — measured\ 2 1 M C, — measured\ 2 R2 — 1 . SS’T“BS
LSNE = —Z D +—z - SS

N CD M CL tot

1% ) 1y ) Rgzl—(l—RQ)n_l
MAE = Nz(lcl) _ Cgleasuredl) +MZ(|CL _ CLmeasuredl) n—op

Nelder-Mead Simplex algorithm for the
multivariate minimization problem
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. Drag U=0.125 Lift U=0125
Example 1 : On the experimental study by Patursson et al (2010) O e D o1f e
025t Sub-smdy 1: LAME ;/é‘;'—":::_‘- ] = - """"q,,'
- | . VAN

:-;1 B = ) . O Measuremants o 005y @’: }Q\

— — 0.15 _ e l};gnussun.LLS:; 1 \
Method ), Ci D, D, R% R3 o1f g e N
15 30 45 60 75 90 15 30 45 60 75 5—6

Sub-study 1 o a

LSNE 5527 1908 0 0 0948 0.925 L s
LANE 5412 1828 0 0 [0.956 0.924 T A
MAE 5268 1.761 0 0  0.953 0.919 T S .

0.15 ) o\'\_
Chen  5.32 1.71 0 0 0955 0.924 | T m s e s
Sub—stucl}f 2 Lift U=05
LSNE 4.085 0917 195032 124953 0.975 0.935 o
LANE 4.645 1.088 100121 89213 0.980 0.921 I No
MAE 4470 1.084 121763 91414 [ 0.981 0.926
Patursson T 4'5(1 & 75 %
LSNE  4.842 1.444 75854 35409 [ 0.971 0.928
LAE  5.073 1.130 76486 84741 0.963 0.901 L Eoon
LANE 5.008 1.698 51730 26379 0.964 0.925 | P e

o 02} 1 oost o AN

- 0.15 |~ g 5\\.

] a3 (8]
|
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Drag IU=0.I159 0.06 ILift -IU=O.:I|.59
Example 2: Experimental results from Rudi et al (1988) 2 ot os|
Solidity : 0.13 e
Method €, €, D, D, R, R ol 7
SU_b—StU_d}r 1 T 30 4Isa 60 % o 30 4Isn 60 90
LSNE 3.726 2.121 0 0 0.826 0.864 e Dm0

Lift U=0.316

LANE 3.610 2.099

=
=

i B T e

MAE 3679 1.928 0 0 [(0.834 0.826 ool
SUb_St‘Ud}r Q y 0.1 y Z:Zj:
LSNE 2656 1.822 156123 45927 0.861 0.918 o

LANE 3.263 1.866 46912 27049 0.793 0.875 T 0 5 e o

MAE 3.339 1.629 71009 65443 [0.891 0.802
Patursson [1] - Z:
LANE 3.302 1.993 112250 34352 [0.862 0.802 o oo
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04 . IDrag IU=0.|159 . . ILiﬂ.l-IDf=0.|159
Example 2: Experimental results from Rudi et al (1988) 035 o e |
| o - 0.08
Solidity : 0.243 " -
_2poast =1 006
) 02 © M‘Eﬁ“m'l‘-@fl'-s . 0.04
/ 2 D2 el B
Method Cﬂ Ct Dﬂ ‘Dt RD RL 0.15¢ T emaaine ] 002}
01 ¢ I I I atursson: I_-L\TEI. ] I I I I
S'LI-IJ—StLlCl}' ]. 10 30 45 60 90 ¢ 10 30 45 60 90

lal 4]

LSNE  6.117
LANE 6.128
MAE 6.130

0
o
=
=
=

0.910 0.932
0.916 0.913 a D U=036 e veou
0.916 0.913 o

ol e O
[ By |
e QTN
—_ =
=

Sub-study 2 S 0%
LSNE 5.035 2592 158745 10542 0.923 0.963
LANE 5236 2952 134645 -14120 [0.922 0.971 af 7
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4.4 Results UNIVERSIDADE DA CORUNA

Example 2: Experimental results from Rudi et al (1988) T 'Dmg'U:a'lslé___. 5 e
Solidity : 0.317 | ol

Method C, C, D, D, R} R} e ZEEER ] W

e ——memie | oos|

S]—lb_ﬂtud}r 1 0 IIO 3I0 4I5 6I0 9I0 0 _I s

LSNE 13.585 5.380 0 0 0.736 0.788

LANE 13.322 5.036 0 0 0.714 0.784 L

MAE 13.641 4.875 0 0 0.754 0.759 o)

Sub-study 2 2%

LSNE 9174 6.481 590140 -102079 0.776 0.917 B

LANE 9.175 7.303 630939 -187126 0.813 0.906 Pl

MAE 0.676 T7.378 662756 -208439|0.879 0.853 0 .

Patursson 08— Drag U=0966 . 025 —

LANE 12401 6.574 845370 105900 | 0.736 0.584 | | oy
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(a) Net 5=0.128 (b) Net S=0.215 (c) Net 5=0.223
Example 3 : Experimental results from Zhan et al (2006) I Drg v-0
Solidity : 0.215 - D
- - 02 0:5 Cg/l//.
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U=1 7.090 2.175 0 0 0.781| - e s e w e e w

Sub-study 2 D=l o, DmeUe Dug U=
LSNE  4.504 436981 -236726| 0.934) - | ., | &
LANE  5.922 120184 -42391 0.807 - N C i / Ty A
MAE 5.100 370128 80155 0.906 - s
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4.5 Conclusions UNIVERSIDADE DA CORUNA

* Estimation of porous media resistance coefficients based on regression analysis and
experimental data.

* Regression model based on a 2D CFD model.

 Can be applied to wide range of netting irrespective of the type of knots and twines.
* (Case studies with both inertial and viscous coefficients and only inertial coefficients.
* Similar or better goodness of fitting than the existing methods.

* Choosing error function for experimental dataset : Rely on regression analysis for
better results.
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5 Application: Demersal trawling and sediment transport

UNIVERSIDADE DA CORUNA

* Globally practised fishing technique responsible for
25% of total global wild catch.

* Fishing technique where the gear is towed close to
the seabed to catch species living near the seabed. Understanding seabed impact

* Famous for the large bycatch, environmental impact

Sediment entrainment caused by fishing gears
and huge fuel consumption. y g8

* Need for understanding the impact caused by
R __ individual components.
———— * Fishing net and its dependence
'  Methods to understand the impact of fishing
nets on sediment mobilisation
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5.1 CFD case setup and parameters INVERSIDASE D CORUIA

* Solver: porousSimpleFoam (steady state solver
for incompressible turbulent flow).

* Meshing: Structured and Unstructured mesh.

* Turbulence modelling: K-Omega SST model. * Velocity of trawling.

Length of the netting panel.
Angle made to the seabed.
Distance from the seabed.
Solidity ratio of the fishing nets.

Parameters studied:

Looking for the wall shear stress on the bottom
wall and the hydrodynamic forces experienced due
to netting.
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5.2 Results - Di bove the seabed -
. esults - Distance above the seabe UNIVERSIDADE DA CORURA
. o grain type  Diameter  CSSyi0m  CSSsuspension
A 1m x 1m net panel making 10° towed at 2 m/s (um)  (N/mY)  (N/m)
Fine Silt 20 0.075 0.075
Fine sand 300 0.2 0.3
Wall shear stress for varying distance from the seabed Coarse sand 1000 0.5 1.5
— 0.1m
o oam Hydrodynamic coefficients
0.20 4 o e e N 0.08 0.00
: EEE 007 e————" ——o ~— S °
£ o mmnim
o -0.01
% 0.05
2 0.10-
V)]
N Y O A 3 0.04 G
Q
ﬁ 0.03
= 0.05 - ' -0.02
; 0.02 ¢
0.00 A 0.01
0.00 -0.03
~0.05 - o1 02 03 04 05 06 07 08 09 10
00 25 50 75 100 125 150 175 Distance from the seabed {m)
Distance of the domain —e—Cd cl

— (A
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5.2 Results — Angle of attack made to the seabed VRS oR U

A 1m x 1m net panel towed at 2 m/s for varying angles of attack made to the seabed.

Distance from the seabed: 0.1m

Hydrodynamic coefficients
Wall shear stress for varying angles of attack

0.25 0
— 5
0.25 > /[,
— -0.01
— 20
0.20 7730 e e N oo 0.2

R -0.02

— 90
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é -~ Fine Sand Motion 0.15 -0.03
=2
o 0.101 3 -0.04 G
() Ty A N |1 /4 T e e
= 0.1
("] : .
~ 0.05 - 0.05
©
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-LC"} -0.06
= 000 T 0.05 . .
©
; -0.07

—0.05 A
0 -0.08
0 10 20 30 40 50 60 70 80 90
—0.10 4
Angle of attack
—8—Cd o—Cl

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Distance of the domain
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5.2 Results — Length of the seabed

UNIVERSIDADE DA CORUNA

Two studies:
1: Keeping the same angle of attack, changing the length of the netting panel.
2: Keeping the height of the leading and trailing edge constant.

Wall shear stress for varying net lengths Wall shear stress for varying net lengths
0'30 7 0.5+ _— 0.5m 0 TTTTTmmmmmmmmmeees
im
— 1.5m
0.25 - o
04 1 —— 3m
---- Fine Silt suspension
---- Fine Sand Motion
~ 0.20 ~ ---- Coarse Sand Motion
£ £
g 2 0.3
% 0.15 0
g o
@ @ 0.2
¢ 0.10 - o
c c
[7y] (7]
G ©
S 0.05- g 01
0.00 H 0.0 A
_005 n . T r : : I T T T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Distance of the domain Distance of the domain
Sub-study 1 Sub-study 2
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5.2 Results — Length of the seabed

UNIVERSIDADE DA CORUNA

Two studies:
1: Keeping the same angle of attack, changing the length of the netting panel.
2: Keeping the height of the leading and trailing edge constant.

0.08 0
0.10 0
0.07 &— —_— —— Co— < O 0.09 -0.005
-0.005
0.06 0.08 -0.01
0.07 -0.015
0.05 0ol
0.06 -0.02
S 0.04 3 0.05 -0.025GC
0.03 0.015 0.04 -0.03
0.03 -0.035
0.02
-0.02 0.02 -0.04
0.01 0.01 -0.045
0 -0.025 0.00 -0.05
1 15 2 2.5 3 3.5 0.5 1 15 2 2.5 3
panel length (m) panel length
—e—cd cl —e—cd cl
Sub-study 1: Hydrodynamic coefficients Sub-study 2: Hydrodynamic coefficients
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5.2 Results — Netting solidity ratio

A way to characterize different type of nets is with solidity ratio

Ratio of the projected area of the netting to the total area
enclosed by the netting panel

Wall shear stress (N/m?)

Wall shear stress for different solidity nets

057

0.4 1

0.3 A

— 0.13
0.243

— 0.314
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--- Fine Sand Motion
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5.2 Results — Velocity of trawli =
.2 Results — Velocity ot trawlin )
y g UNIVERSIDADE DA CORUNA
Wall shear stress for varying velocity
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5.3 Conclusion UNIVERSIDADE DA CORUNA

 Dependence of parameters on shear stress and hydrodynamic forces.

e Shear stress and the critical values to mobilise/initiate movements of
sediments.

e CFD as a tool in order to understand the fisheries.

 Sediment transport while trawling and the effect of difference
parameters.

e Future work: Investigations on turbulence intensities and wall modelling
according to the sediment size.
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6 Conclusions and future works NVERSI A o cORUiA

Conclusions

 Computational simulation of fishing nets for improving fishing gears.

* Porous media model for the fluid part of the simulation.

e Surface based porous media model.

 Computing porous media resistance coefficients using a full CFD model.
 Method applied to real life problems in fisheries : sediment transport caused by

netting while demersal trawling.

Future works

* Coupling to a solid solver for applying the model to flexible nets.

e Carrying out towing tank experiments for validating the coupled software.

* Experiments for finding efficiently the porous resistance coefficients at
smaller angles of attack.
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S.Karumathil and M. Gonzalez, “Simulation of fluid flow across net panels using a surface-based
porous media model”, Under review : Ocean Engineering, Submitted on : 25-11-2022

M.Gonzalez and S.Karumathil, “A new method to estimate the resistance coefficients of net panels
modelled as porous media” Under review: Ocean Engineering, Submitted on : 17-10-2022
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Thanks for listening!
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