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A fluid-structure coupled model to simulate trawl net deployment

7~ | Motivation
Wale . general the hydrodynamic behavior of water around trawl net still
NN C S misunderstood with a few researches on that domain.

. Approximately the half of the total drag of the fishing vessel is due to the
net trawl so a good estimation of the net drag will permit an efficient
optimization of the vessel and so to reduce the energy consumption.

. The IFREMER code use a constant velocity water which reduce the
accuracy of computations

. The deformation of the net shape due to water current will favorites the
capture of the non target fish species . -

—”*‘—if remel
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A fluid-structure coupled model to simulate trawl net deployment

B ale Aims
Create a 3D CFD fluid dynamic code based on C++, to predict the water flow
velocity field and couple it with the IFREMER structure code to ameliorate the

trawl net deployment prediction.

Solutions

Direct solution : Represent the structure by connections of cylinders and
spheres and introduce it into the fluid code by an obstacle, but due to the
large number of net meshes it is currently not possible to make a direct
discretization of the flow around every mesh structure and their boundary
layers.

Approximate solution : Introduce the hydrodynamic forces calculated by the
structure code on the assembly of the net, into the Navier Stokes code as
source terms. This will reduce notably the computation time with
preserving a good accuracy.

m mel
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A fluid-structure coupled model to simulate trawl net deployment

Modeling and Simulations

Nl ¢ S In order to work with an explicit time advancement, we choose the

pseudo compressible method for the Navier Stokes equations.

Mass: aa'f +div(pu)=0

X —momentum:

y —momentum:

Z —momentum:

Internal energy:

d(pu) + div(puu) = _@ +div(u grad u) + S
ot OX

8(8,(:V) +div(pvu) = —ZS +div(u grad v) +5,,

o) +div(pwu) = P +div(u grad w) +5,,
ot 0z

o(pl)

e +div(piu)=—pdivu+div(k grad T) + ® + S,
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A fluid-structure coupled model to simulate trawl net deployment
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rale Modeling and Simulations

RGN C S Forces acting on control volume of fluid. (Pressures and shear stress)

(z, + % L sy
az-yx 1 oz, 2 afyx 1
(Tyx+ ay 2§y)5X5Z _(Tyx_ ay 263’)5)(52
op 1
(p- ox 2 xoya | ) . ~(p+ 2 Z500y52
or.. 1 — or.. 1
_ _ Y = : T+ —%.—X)oyozL
Z
y\l —(r, - % L sy
X o7 2

DEMAT 11 - SPLIT 26/10/2011 7



A fluid-structure coupled model to simulate trawl net deployment

Nl 6 S

Modeling and Simulations

Conservative presentation of the inviscid Navier Stokes equation.

oU +8F(U)+8G(U)+8H(U)

=0
ot x| oy | e
(o) o N (pv ) P
o pu’+ P Puv puw
yo Vi F =| puv G=| pv?+P H=| pvw
OW OUW OVW oW + P
= (U(E +P) ) \,u(E+P)) wW(E + P)
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A fluid-structure coupled model to simulate trawl net deployment

/ Modeling and Simulations

RGN ¢ s Finite volume method : We present the application of finite volume method to
the compressible Navier-Stokes equations. The integration of the previous
equation over a rectangular cell gives:

Gi,j+1/2,k

1
i{%tJJrz[{(@F@(XU)JF aGﬁ(yU)]:gJ JEVIY _’T_’ Rz ik

Gi,j—l/Z,k

At [F N2 /2 ]

n+1 n
UI .k T U K + 1+1/2, ],k 1-1/2, .,k

fremet

At [G N2 02 ] At [H |nj+1k/+21/2 H|n1+1k/21/2]

I, J+1/2,k 1,]-1/2.k
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A fluid-structure coupled model to simulate trawl net deployment
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Modeling and Simulations

es MUSCL-Hancock reconstruction: The MUSCL( Monotone Upstream Centered
Schemes for Conservation Laws) introduced by Van leer with PLM reconstruction.

Replace the constant piecewise value of the cell variable by a linear slope to
define a newer left and right states for each cell in order to compute the inter cell
fluxes with more accuracy.

AX
t,L,R __ t
U, =U = —
i
At l X
U.t+1/2,L,R:U.S,L,R__ F U-t’R _F U_t,L v X . x, n :
. o (FU)-FUr)) e
v t t At t+1/2,R y yt+1/2,L t+1/2,R y yt+1/2,L
= U =U, __(F(Ui Ui ’)_F( 1Y ))
U AX
=
k:: To preserve the monotonic solution and avoid oscillations We use the Total
Variation Diminishing (TVD) with minmod slope limiter. This algorithm is the

MUSCL Hancock method which achieve a second order extension.
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A fluid-structure coupled model to simulate trawl net deployment

Modeling and Simulations

TVD MUSCL-Hancock reconstruction: development for 2D example

MUSCL 2D Variable reconstruction
1 1

Ui =V =35m0 Ui =Uf+ ol
Uf=Ul—5m8, U3 Ul
Evolution
G U S (U ) x(U ) S (R (ui]) - Py )
G = +%%(Fx(u”x )-Fx(U; ))+%2—§/(Fy(U,j)—Fy(Uij ))
G =01 5 (XU ) Fx(U)) 4 5 A (Fy (U)o (Ui))
¢ uiij+i%(|:x(u;jx)—Fx(uifjx))+%2—;(Fy(uij})—l=y(u;}))
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A fluid-structure coupled model to simulate trawl net deployment

_ / Modeling and Simulations

AL ¢ S TVD MUSCL-Hancock reconstruction: development for 2D example

Intercell limiters

. 1
UiL:Ui _EUAi UiR:Uin+%77Ai

maleO,mm(,BA_ 1,A 1j,mln[A_ 1,,6’A ﬂ A >0

i-= i—-=
2 2 2

nA; =1
A | <0
mm{O,max[,BA A 1],max[A L PBA 1}} 2
|—E i+=

i— I+=
2 2

A =U"-Ul A ,=U’, —U’"

i i1+1
2 |+—

B =1(superbee) B =2(Minmod)
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A fluid-structure coupled model to simulate trawl net deployment

rale Modeling and Simulations

DGR ¢ S TVD MUSCL-Hancock reconstruction: development for 2D example

Riemann Problem solver

U_L — + X U-R — —X

1, ] 1+1, j
L +Y R =/~

i+=, ]
>

RP(USUF) —> Fo ZF(UH1J.(0)
3

J ]

Rp(u.L uJR) —> G :G[Uml (0)

Update solution

At At
n+l g n n+1/2 n+1/2 n+1/2 n+1/2
U',j,k _Ui,j,k +&|:F'+1/2,j,k o i—1/2,j,k:|+A—y|:G',j+1/2,k _G',j—1/2,k:|
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A fluid-structure coupled model to simulate trawl net deployment

. | . Modeling and Simulations
0s Viscous terms : Finite central difference scheme is used to discretize viscous
. terms to compute the viscous fluxes at cell interface.
00 _ ®i+1,j B ®i,j 00 . ®i,j+1 + ®i+1,j+1 o ®i,j—1 o ®i+1,j—1
oy i+%, j AX oy i+%, j 4Ay
Turbulence

LES : Large eddy simulation is used for the turbulent flow, by computing the eddy
viscosity.(Smagorinsky model)

6ui _|_auj _25%
ox; ox, 3 70X,

Jij — (zulam + ,th )*

W =(CAY[S] s -2+%h A=A +Ay*+AZ%, S =[5,

v ij =]
OX;  OX;
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A fluid-structure coupled model to simulate trawl net deployment

ale Modeling and Simulations
Time step : the time step is computed by multiplying the courant number by the
physical number to maintain the wave in the computation cell.

A Ay Az
At=Cg*min, L Sy' S - ‘
L jk 1],k ],k
’ P_n_,x
S’Il,l,J),(k = 4 rll)J(k ‘(u v W)l,JX,k
\[ Pi ik
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A fluid-structure coupled model to simulate trawl net deployment

Modeling and Simulations
Riemann Solver : Two fluids with different initial states Left L and Right R, interact
with each other and produce two kinds of waves, shock wave and rarefaction
wave in a region called star region where pressure and velocity are constant.

W is the primitive physical value
Yo, Density
u X —velocity
W =|v | =| y—velocity
W z —velocity u+a
P Pressure
X
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A fluid-structure coupled model to simulate trawl net deployment

Modeling and Simulations

Two Rarefaction Riemann Solver : We assumes a priori that both non-linear
waves are Rarefactions witch gives a more simple equation for P* to resolve.

/"
./. ‘\
./' \-
(r—1) (r—1) / \
2a P\ 2r 2a P* ) 2 ~ -.
L —1|+ R A |+ul—u, =
(r —1 P (r -1 Px /-'/ \
N \
_ _ 27 7 k
r—1 / t \'.

aL+aR_7/ 1(UR_UL) .~/ "\

P* = 2 / 1
a, ag / I

r=1 r—1 ® 1

P2 P u—a U
- - W * 1 \7\/ s
L /! R U+a
r- )
. 2a P* )27
u*=u, ——X —1 W, / W
?/ - 1 Pk / R

DEMAT 11 - SPLIT 26/10/2011

17



A fluid-structure coupled model to simulate trawl net deployment

| / ale Modeling and Simulations
RGN ¢ s Two Shock Riemann Solver : We assumes a priori that both non-linear waves
are Shocks witch gives a more simple equation for P* to resolve.
Nosl
. (F+Dpo > e (r +D) pr
(P"—P) + (P —PR) +Uu, —u, =0
(+1 . > D It
P* = gL(PO)PL + gR(PO)PR _(UR _UL)\"\.,
9. (R)+9:(R) ™
2
(r+1pK
gk(P):
p+=Dp
(r+1)
.1 1 [(- . X
u :E(UR +UL)+E[(P o PR)gR(PO)_(P T PL)gL(PO)]
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A fluid-structure coupled model to simulate trawl net deployment

Modeling and Simulations

The Godunov solver : In the Godunov method, the fluxes are computed by
solving Riemann problems at the interfaces between the cells. The powerful
character of this approach is that the exchanges between the fluxes can be

computed if the solution is initially discontinuous.

m mel
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A fluid-structure coupled model to simulate trawl net deployment

bale Algorithm

C Initialization of computational domain

Boundary Cond|t|ons ecevccccccccccccscccsscccsccsscccsccccsccs é

Compute time step

TVD MUSCL Reconstruction

Resolution of Riemann problem with Godunov scheme

Compute viscous fluxes

Update Conservatlve Varlables ........................................... P

Visualization
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A fluid-structure coupled model to simulate trawl net deployment

Results
[ 1 D Shock tube : tube separated to two compartments each one is filled with
- gas at different physical properties.

Test | o, | U | P | prl Usg| Ps| XO| T

1 -19.597 1000. 1 -19.597 0.01 0.8 0.012
- Density )
T I]-Zxar::t I I I I I I I I
== Ry
G:zl'l.mov F‘;‘
= » lax Freidrich i
Dexact van leer

wexact S——

— .D:o;: L |
B oeee Dgod l |
= ugod
= Dif
= i

uwl

T
B ) ._,1- -
B S oS ‘
G’ 1 1 1 1 1 1 1
o o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
XPOSs
Hposition
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m mel

Results
2 D Shock tube : tube separated to two compartments each one is filled with
gas at different physical properties.

Density contour

torlt
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A fluid-structure coupled model to simulate trawl net deployment

R o] e Results
0 o o Mach 3 Air tunnel : Development of density contour for a mach 3 air tunnel
- facing a step

Mach 3 Density contours

- AT JaEaE..
5 3 35 4 45

05 1 15 2 2. 5 55 6
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A fluid-structure coupled model to simulate trawl net deployment

- / ale Results for fluid of interest : water
RGN ¢ S Does Water quasi-compressible or incompressible ?
op / op 0
—<0.01=1% PV
ot ot

Equation of state
Tait EOS gives arelation between pressure and density, so in the Navier
Stokes equation there is no need to compute the energy equation.

2 Y
p=Pull 2| _1|4p,
Y Lo

This pseudo compressible formulation permits an explicit treatment of time
advancing method.
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Results

1 D Shock tube : tube separated to two compartments each one is filled with
water at different physical properties.

Test

L

y 24

X0
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30
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A fluid-structure coupled model to simulate trawl net deployment

Results for water flow
Water flow around a square cylinder.

Re =100

Vortex karmann street behind and obstacle with Re=1 50

—**‘—if remel
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A fluid-structure coupled model to simulate trawl net deployment

Results for water flow
Validation for 2D flow

Cd =1.995

(a)‘.I | ‘r' 1 |' ”|l\ I Wll M| [ [[nmﬂlllﬂw
i BN W W ibﬁ i ‘ff‘\wwhm |
]"JLJ]J{MW&L NM iL\Jthlﬁu{{

1 250 300
t sy
1 - . v
0.5
V2 0 o
—0.5 0.5 I
-1
0 50 100

150 200
T

-1
100 250 300
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Results for water flow

150 for 3D
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A fluid-structure coupled model to simulate trawl net deployment
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ale Results for water flow
0s Implantation of source terms in 2D configuration
1 n A | | At i
urt=ur + [F ~Fl s [+=| Gl jn =Gl |
I ] I ] 1+1/2, 1-1/2,] I, j+1/2 l,]-1/2
AX Ay

c

Uiz, Si | S(Ui,j)zpl_f
C Sisyz,j = ( i+1/2, J)EPE(Ui+1/2,j)

Uit = U”+—[s 0 [s ,J_l]
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Results for water flow
Results for coupling IFREMER structure code and the fluid code
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Results for water flow
Results for coupling IFREMER structure code and the fluid code
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A fluid-structure coupled model to simulate trawl net deployment

Conclusions

Main object : ameliorate the trawl net of the IFREMER net structure code by
adding a fluid routine to have more accurate velocity field.

A 3D fluid dynamic code has been developed based on C++ language after being
validated on one-dimensional and bi-dimensional examples.

The phase of coupling the two codes is under investigation.

Outlook

Due to the explicit method an MPI parallelization of the algorithm would be more
easy and helps to reduce time computation and use more efficiently the new

computer architecture

A mesh refinement near source term points would give more precision and reduce
the hole time computation.
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