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Motivation

Delegates Session 1 Chair: Alejandro Crespo 09:35-10:16 | KEYNOTE: Industrial use of DualSPHysics: past, present and future Georgios Fourtakas
10:35-10:50 | Latest outcomes of DualSPHysics’ use in renewable energy simulations: good and bad news Bonaventura Tagliafierro 10:16-10:56 | Coffee break
10:50-11:05 | Sensitivity analysis of snap loads on floating bodies using DualSPHysics with MoodyCore and MoorDyn+ Gael Verao Fernandez Delegates Session 4 Chair: Annelie Baines
11:05-11:20 | Numerical modelling of novel offshore and nearshore structures using DualSPHysics Annelie Baines 10:55-11:10 | Measuring flap gates wastewater flow Tanguy Pouzol
11:20-11:35 || Capturing WECs' extreme respense: experimental validation of DualSPHysics and STAR-CCM+ Oronzo DellEdera 11:10-11:25 | Implementation of Mohr-Coulomb criterion in the non-newtonian fluid model Chiaki Tsurudome
Delegates Session 2 Chair: Corrado Altomare 11:25-11:40 | KRAKEN: easy DualSPHysics GUI to study urban hydrology Priscille Béguin
11:40-11:55 | 3-D modelling of riverine flood and floating debris at arch bridges Benedict Rogers 11:40-11:55 § A numerical method for studying interaction problems between soil, racks and structures with SPH and DDA | Guanggi Chen
11:55-12:10 || 3-D simulations of turbulent flow past a cylindrical bridge pier Gorazd Novak Delegates Session 5 Chair: Bonaventura Tagliafierro
12:10-12:25 || Fluid-debris-structure interaction in extreme hydrodynamic events using DualSPHysics and CHRONO Gioele Ruffini 12:00-12:15 § Modelling of arbitrary sheared currents and focused waves using DualSPHysics for offshore applications Aaron English
12:25-12:40 || Simulation of tsunami-borne debris interaction with structures in DualSPHysics coupled with CHRONO Kenshiro Ishiki 12:15-12:30 | SPH numerical modelling of a U-OWC wave energy converter Beatrice Mina
12:40-14:40 | Lunch (location here) 12:30-12:45 | SPH numerical investigation of attenuating waves by an array of submerged resonators Lucas Calvo
Developers Talks GC#‘I : Cﬂ'n"l"erge nCE, co nEiStency and stablhty [ 12:45-13:00 | Performance assessment of a point-absorber WEC in waves & currents environments using DualSPHysics Giacomo Viccione
14451510 | Novelties andnew appl | gacders: J.J. Monaghan, D. Vicleau and R. Vignjevic -
15:10-15:35 | Updates on multi-pha.
15:35-16:00 | Updates on modified L) .. o . .
ot | oo | O N2 Boundary condlitions — DualSPHysics users (and SPH users in general ) are
o sevions | LE2C73 A1 Seutorlglesias wanting to simulate more and more complex problems
16:40-1655 | Preliminary analysis of . . . . . . .
om0 [ GC#3: Adaptivity with either difficult fluid structure interactions or complex
17101725 | SPHFSI modelotiner | eaders: B.D. Rogers and R. Vacondio Shaped geometrles
17:25-17-40 | Simulating flexible vege
17-40-17-55 | Modeling flexible vegeti

GC#4: Coupling to other models

Leaders: 5. Marrone, C. Altomare and D. Le Touzé

GC#5: Applicability to industry
Leaders: J-C. Marongiu and M. De Leffe

Aim: to deliver a free engineering tool with boundary
conditions that are as good and easy to use as possible
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Boundary Conditions in DualSPHysics

DualSPHysics currently contains two options for the boundary condition:

Option #1: Dynamic Boundary Condition (DBC)

<parameter key="Boundary" value="1" comment="Boundary method 1:DBC, 2:mDBC (default=1l)" />

- Quick and easy to set up
- Has some drawbacks including the “gap”

Option #2 : modified Dynamic Boundary Condition (mDBC)

<parameter key="Boundary" value="2" comment="Boundary method 1:DBC, 2:mDBC (default=1)" />
- More difficult to set up

- Removes the gap but still has some issues

Option #3 : Improved mDBC formulation
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<parameter key="Boundary" value="1" comment="Boundary method 1:DBC, 2:mDBC (default=1l)" />
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<parameter key="Boundary" value="1" comment="Boundary method 1:DBC, 2:mDBC (default=1l)" />

ADVANTAGES

high computational efficiency

ability to deal with very complex geometries

can be used for real engineering problems
DISADVANTAGES

unphysical density/pressure values of the boundary

particles
high repulsive force resulting in a separation distance
(GAP)

Time: 1.30s Time: 1.83s
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Crespo AJC, Gémez-Gesteira M, Dalrymple RA (2007) Boundary conditions generated by dynamic
particles in SPH methods. Comput Mater Contin 5:173-184. https://doi.org/10.3970/cmc.2007.005.17
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_ _ _ _ To correct the truncated kernel we use the multi-
First create a ghost node in the fluid domain - gimensional first-order Taylor series approximation of Liu

by mirroring our boundary particle position and Liu (2006) to retrieve first order kernel and particle
across the boundary interface (hdp) into the con3|stency
fluid using the boundary normal o [pg xpy 3,04 Zpg]
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English, A., Dominguez, J.M., Vacondio, R. et al. Modified dynamic boundary conditions (mDBC) for general-purpose smoothed particle
hydrodynamics (SPH): application to tank sloshing, dam break and fish pass problems. Comp. Part. Mech. 9, 1-15 (2022).
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mDB( : <parameter key="Boundary" value="2" comment="Boundary method 1:DBC, 2:mDBC (default=1l)" />
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mDB( : <parameter key="Boundary" value="2" comment="Boundary method 1:DBC, 2:mDBC

(default=1)" />

Time: 0.00 s DBC

M-DBC

1
0.8

0.6

z/IH

04

0.2

0

0.8

0.6

z/H

0.4

0.2

0.2

0.4 0.6
Pressure/p g H

()

0
0

Improved pressure/density in the fluid
and boundary

0.2

0.4 0.6
Pressure/p g H

(b)

1 L)
08 ‘e
06+ ‘.,

I
‘rq -
04 -

021 “e

0

0 0.2 04 0.6 0.8 1
Pressure/p g H
] (d)
\...
08 [ ..‘o.-
06" e,
T %,
...
04 e,
02} ."-.,.
0 e
0 0.2 0.4 0.6 0.8 1

Pressure/p g H




mDB( : <parameter key="Boundary" value="2" comment="Boundary method 1:DBC, 2:mDBC (default=1l)" />

Time: 0.00 s

Pressure (Pa) Pressure (Pa)
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mDB< : <parameter key="Boundary" value="2" comment="Boundary method 1:DBC, 2:mDBC (default=1l)" />

Not Quite

Drawbacks or issues

Only vel = 0 was available as a no-slip option in the DualSPHysics release and no free slip
option available (kept behind exceptions)

mDBC could only run on the predictor step when using the Symplectic time step scheme in
DualSPHysics

No free surface detection included to “turn off” boundary particles when very few fluid
particles

o |ssues with isolated fluid particles
o Particles dancing on beach

Only check if the matrix is invertible

o T
cpu gpu
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MDBC updates — numerical checks

Boundary particles turned on or off Matrix checks
Check if a ghost node is submerged Use the condition number of the matrix to decide
through the divergence of position on the correction method used
ST TN . Is Div(pos)> 0 Bound off
/7 \\ Div(pos)<=0 S
/ y Bound off
— —“ j Boundonoff= Bound on
\ /1 0
/ Is kernel sum < 0.1 @ Use shepherd
7
RN Div(pos)>0
‘\ Bound on Is determinant > 0.001 Use shepherd
\ =
Efoundonoff -
' InteractionForcesFluid Is condition number <50 Use shepherd
if.(-bounde){ g

massp2 = Boundonoff*massbound

}

Invert Matrix




MDBC updates — pressure cloninc

Use the density and the clone particle procedure of Antuono et al 2023.

Shepherd

Matrix inversion
Invert the matrix 4, to find the density -> p,

Use a shepherd sum to find the density -> p,

Py = c§(py — po)

Use and approximation to the momentum
equation

Py =B+ pol(g — ap) - npl[(x, — xp) - mp]
Py
00000000 o = po 3
0

Antuono M., Pilloton C., Colagrossi A., Durante D. Clone particles: A simplified technique to enforce solid boundary
conditions in SPH Comput. Methods Appl. Mech. Engrg., 409 (2023), Article 115973

00 00000




MDBC updates — no-slip
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MDBC updates — extra detalls

The new mDBC now updates the boundary particle density and velocity during both the
predictor and correct steps of the Symplectic time step scheme where the previous

approach only updated during the predictor step

Pressure of boundary particles is now allowed to become negative where the previous
approaches would set the pressure to zero in the event of negative pressure. This is key for
flows past objects where negative pressure keeps the flow attached to the back of the

object

It is essential when using the new mDBC options that the ViscousBoundFactor is given a
value of 1 regardless of viscosity treatment used

(parameter key="ViscoTreatment" value="2" comment="Viscosity formulation l:Artificial, 2:Laminar+SPS, 3:Lamina
{parameter key="Visco" value="0.1" comment="Viscosity wvalue. Typically 0.01 for Artificial and le-6 m*2/s (wat
¢parameter key="ViscoBoundFactor" wvalue="1" comment="Multiply wviscosity wvalue with boundary (default=1)" />

~
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mDBC updates — new xml option

<parameter key="Boundary" value="2" comment="Boundary method 1:DBC, 2:mDBC (default=1)" />
<parameter key="SlipMode" value="2" comment="Boundary slip mode 1:Vel=0, 2:No-Slip (default=1)"/>

There is a new flag included in the xml files to activate all these features, S1ipMode:

oTo run DBC, select options:

Boundary=1: DBC

oTo run the original mDBC, select options:

Boundary=2: mDBC, SlipMode=1l: Vel=0

This is a completely unmodified version of mDBC without any added numerical checks

oTo run the new mDBC, select options: (BETA)
Boundary=2: mDBC, SlipMode=2: No-Slip

The new mDBC with extra numerical checks, no-slip mirrored velocity and pressure cloning

o~ T
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Testcases — Stillwater
Time: 0.00s

SlipMode:1 Vel=0 SlipMode:2 No-Slip
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Testcases — 2D Wave tank

Time: 0.00s
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Testcases — 2D Wave tank

Time: 0.00s
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Testcases — Poiseullle flow

Time: 0.00s
SlipMode:2 No Slip SlipMode:1 Vel=0
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Testcases — Poiseullle flow

mDBC Poiseuille flow convergence rates
1
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Testcases — Sloshing tank

Time: 0.00s

SlipMode:1 Vel=0 SlipMode:2 No-Slip
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Testcases — Flow past cylinder
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Testcases — Flow past cylinder

Drag Coefficient
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Testcases — 3D Dambreak

Time: 0.00s
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Conclusions

oHighlighted a number of issues with the boundary methods previously included in
DualSPHysics

oDeveloped a new mDBC approach that overcomes many of the issues of the old mDBC
method including:

o Extra numerical checks

o More physical pressure and density extrapolation method
o More accurate no-slip condition

o No more particles dancing on the beach

o Negative boundary pressures behind obstacles

oPresented a selection of test cases with simple implementation of the new method
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Future work

JFree slip velocity treatment
Fix any bugs or leaks

Integration with floating objects, Chrono and Flexible structures
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Thanks for your attention — Any questions?
Time: 0.00s
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