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MOTIVATION

Have many complex geometries been simulated using SPH?

What boundary conditions are used?

INTERNATIONAL JOURNAL FOR NUMERICAL METHODS IN FLUIDS
Int. J. Numer. Meth. Fluids 2013; 72:427-452

Published online 7 Nov 2012 in Wiley Online Library (wileyonlinelibrary.com/journal/amf). DOL: 10.1002/11d.3749
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2013: 2-D dolphin shape using ghost particles technique
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MOTIVATION

Ocean Engineering 115 (2016) 168-181

P . 2016: Offshore platform sing repulsive forces

Ocean Engineering

journal homepage: www.elsevier.com/locate/oceaneng

The influence of mooring system in rogue wave impact on an @cwm,k
offshore platform

Murray Rudman **, Paul W. Cleary”

of and Aerospuce Engineering, Monash University, Victoria 3800, Australia
" (SIRO Digital Productivity Flagship Private, Bag 10, Clayton South 3169, Victoria, Australia

Aerospace Science and Technology 85 (2019) 277-292

P — 2019: Impressive ditching helicopter with DBC

Aerospace Science and Technology

g ! )
ELSEVIER www.elsevier.com/locate/aescte
Simulation of helicopter ditching using smoothed particle
hydrodynamics :
Mark A. Woodgate ?, George N. Barakos **, Nigel Scrase °, Tim Neville ®
2 CFD Laboratory, School of Engineering, James Watt South Building, University of Glasgow, Glasgow, G12 8QQ, United Kingdom

¥ Leonardo Helicopters, Yeovil, BA20 2Y8, United Kingdom

¢ (- - visbornvani ——— 2019 Complex tyre model using ghost particles technique
EI Comput. Methods Appl. Mech. Engrg. 355 (2019) 558-590 w

www.elsevier.com/flocate/cma

A 3D SPH-FE coupling for FSI problems and its application to tire
hydroplaning simulations on rough ground

C. Hermange™’, G. Oger™", Y. Le Chenadec”, D. Le Touzé"

* Ecole Centrale Nantes, LHEEA res. dept. (ECN and CNRS), Nantes, France
® La Manufacture Francaise des MICHELIN, Cl Ferrand, France

Received 13 February 2019; received in revised form 18 June 2019 accepted 20 June 2019
Available online 5 July 2019

=25ms
(@) t=25ms (b) t=50ms

6th DualSPHysics Workshop

26th October 2022




MOTIVATION .

1) Boundary conditions (BCs) are one of the open problems in SPH

- several approaches with advantages and limitations SPHERIC
- No unanimity about best approach SPHERIC Grand Challenges
- it really depends on the problem under study GC#2: Boundary conditions

2) Implementation of BCs is not straightforward
- arduous requirements (mirroring, normal vectors, several layers...)
- how to create a general procedure in an open source code?

3) Users are very demanding people

OUR MAIN CHALLENGE: How to deal with complex geometries in a free engineering tool?

BEST OPTION SO FAR: Dynamic Boundary Conditions (DBC)
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MOTIVATION
DualSPHysics v5.0:

v" Density Diffusion Term

G. Fourtakas, J.M. Dominguez, R. Vacondio, B.D. Rogers. 2019. Local Uniform Stencil
(LUST) boundary condition for arbitrary 3-D boundaries in parallel smoothed
particle hydrodynamics (SPH) models. Computers & Fluids, 190: 346-361.
doi.org/10.1016/j.compfluid.2019.06.009.

s B

COMPUTATIONA A. English, J.M. Dominguez, R. Vacondio, A.J.C. Crespo, P.K. Stansby, S.J. Lind,L.
g Chiapponi, M. Gomez-Gesteira. 2022. Modified dynamic boundary conditions (mDBC)
Of for general purpose smoothed particle hydrodynamics (SPH): application to tank
sloshing, dam break and fish pass problems. Computational Particle Mechanics.

doi:10.1007/s40571-021-00403-3.
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https://doi.org/10.1016/j.compfluid.2019.06.009
https://doi.org/10.1007/s40571-021-00403-3

OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

mDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating)

mDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck)

I ——
6th DualSPHysics Workshop 26th October 2022




OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

mDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating)

mDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck)

I ——
6th DualSPHysics Workshop 26th October 2022




DBC DRAWBACKS

Dynamic Boundary Conditions (DBC)

(» DBC are simple, fast, reliable and very versatile.
@ Allow very complex geometries in 2-D and 3-D simulations.
» Used in a large number of works.

However...
® Gap between boundaries and fluid.

Gap in the advance of a 3-D dam break
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DBC DRAWBACKS

Dynamic Boundary Conditions (DBC)

» DBC are simple, fast, reliable and very versatile.
@ Allow very complex geometries in 2-D and 3-D simulations.
@ Used in a large number of works.

However...
® Gap between boundaries and fluid.
® Non-physical density on the boundaries.

® Pressure measurement is very noisy
close to the boundaries.

Wrong density at the boundaries
generates a noisy density field at the fluid
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DBC ADVANTAGES @ g:lgi?ﬁ:‘{}?\‘TY:OLITECNICA

BARCELONATECH

Interaction between waves and fixed structures to measure RUN-UP using DBC

Experiments performed in the CIEMito wave flume at LIM-UPC (Barcelona)
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DBC ADVANTAGES

Interaction between waves and fixed structures to measure RUN-UP using DBC

Wavemaker
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DBC ADVANTAGES

Interaction between waves and fixed structures to measure RUN-UP using DBC
Case#7: H=0.08 m, T=0.87 s, d=0.25 m
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DBC ADVANTAGES

Zhang F, Crespo AJC, Altomare C, Dominguez JM, Marzeddu A, Shang S, Gomez-
Gesteira M. 2018. DualSPHysics: a numerical tool to simulate real breakwaters. Journal
of Hydrodynamics, 30(1): 99-105. doi:10.1007/s42241-018-0010-0.

Interaction between waves and fixed structures to measure RUN-UP using DBC
Case#7: H=0.08 m, T=0.87 s, d=0.25 m

Time series of the experimental and numerical surface elevation
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https://link.springer.com/article/10.1007/s42241-018-0010-0

Canelas RB, Dominguez JM, Crespo AJC, Gomez-Gesteira M, Ferreira RML.

DBC ADVANTAG ES 2017. Resolved Simulation of a Granular-Fluid Flow with a Coupled SPH-
DCDEM Model. Journal of Hydraulic Engineering, 143 (9), art.
n0.06017012. doi:10.1061/(ASCE)HY.1943-7900.0001331.
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http://ascelibrary.org/doi/full/10.1061/(ASCE)HY.1943-7900.0001331

OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

mDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating)

mDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck)
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MDBC: FLUID PROPERTIES FROM GHOST NODES

Use a mirroring procedure based on the approach
by Marrone et al. (2011) to mirror ghost nodes into
the fluid region.

Each boundary particle has a normal vector to
boundary limit.

Ghost node (X) is projected into the fluid across a
boundary limit.

Fluid properties are then computed at the ghost
nodes according to the surrounding fluid using a
corrected SPH approximation proposed by Liu and
Liu (2006).

' ‘ ‘ ‘ ‘ ‘ ‘ ‘ And finally, fluid properties (density and reversed
velocity) are mirrored back to boundary particles.
0000000 O -
mDBC is a correction applied over DBC when
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ boundary particle has a non-zero normal. Thus it is

possible to combine DBC with mDBC.
Boundary
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English A, Dominguez JM, Vacondio R, Crespo AJC, Stansby PK, Lind SJ, Chiapponi L, Gdmez-Gesteira M. 2022. Modified
DBC VS MDBC dynamic boundary conditions (mDBC) for general purpose smoothed particle hydrodynamics (SPH): application to tank

sloshing, dam break and fish pass problems. Computational Particle Mechanics, 9(5), 911-925. doi:10.1007/s40571-021-00403-3.
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https://doi.org/10.1007/s40571-021-00403-3
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MmDBC: Requirements

Requirements to apply mDBC:

Boundary
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MmDBC: Requirements

Requirements to apply mDBC:

1) Create several layers of boundary particles
layers>=2h

2) Define where is the boundary limit or the
boundary interface (at dp/2)

000000000%
XXXXXXXX

Boundary
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MmDBC: Requirements

Requirements to apply mDBC:

1) Create several layers of boundary particles
layers>=2h

2) Define where is the boundary limit or the
boundary interface (at dp/2)

3) Compute normal vectors for each boundary:

direction towards the fluid
module: distance between particle and boundary limit

Boundary
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OUTLINE New boundary conditions: mDBC
DBC drawbacks
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New options in GenCase

Free drawing mode
Several layers

Numerical variables
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MmDBC: Requirements

XML_GUIDE_MDBC.pdf in doc\guides

XML GUIDE
FOR DUALSPHYSICS

mDBC: MODIFIED DYNAMIC
BOUNDARY CONDITION

DtiaISPHysics
September 2020

DualSPHysics team

http://dual.sphysics.org

Two methods to generate normal vectors for mDBC

There are two main methods to create the normal vectors for mDBC:

tankw =0.5m

......................................................

Method 1: Normal vectors of boundary P P P P T S SIS T
particles are automatically computed starting  ::} i
from the actual geometry (the triangles that
describe the surface of the objects). This
actual geometry can be created by GenCase
as VTK files.

Example: Sloshing tank with obstacle

obstw =02 m
-

Top wall (mkboud=1, mk=11)

Method 2: Normal vectors of boundary
particles are explicitly defined in the
DualSPHysics configuration.

Example: Flow past a circular cylinder

Both methods can be also combined to
define the normal vectors.

Bottom wall (mkboud=2, mk=12)

0.3m
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Example with tank walls

DBC mDBC
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Example with tank walls
DBC
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i

."mr.amlum:-
“womztd e
<Hrmme

1S Pt
DEFiomcililm" v d s "BOBE" oo
DEALLPacticlam” wa los="0" oo

TInitial time stem. Uss O to cafalt ass mmlm.‘m?' oot T aecande ™
O cormmesteBinioon tioe sten. Use 0 bo defolt ose [defaal i b _cormrmee " mmcanda” fe
wa =0T comente"Fized Dt valos. Ues 0 bo dissble (Sefsalt=dissslsd) ™ oot commentsTssconds” Sx
="Ot valoms aos losded From Eile. Uee SOME bo dizsble [defealt=dizssled) ™ o bs commet="oillisecosds fme) ™
="Valosity af particles assd bo calcolsts OT. 1:AL1, O:Only fluoid/flosting (cefsalt=d)= /S
walmwe"1 8" commest="Tios aof simulstion” wilbx_commests"secands” S

Timadat” walese="0.017 comment="Tims oot deta™ wnibs_commest="sscands” S

4100 of Eluid particles allowsd to be sxcloded from donein [defealt=1) " ot commes decimal” S
Manimom chop valid [defaalt=T00) " oo ts_commesterkafmin S

Dmfinms domsin of mimulstion (defsult=lsss pinimon and maximm popiticon of the cmmmratsd pacticlss) e
dafaalt” = defealt” commests"w.g.: x=d S, pedmfealbsl, secdefaaltsl08
"omfwalt” w=rcmfealt ¢ S0t S




Example with tank walls dp 0.1

coefh 1.2
h=coefh*sqrt(2)*dp 0.17
Tank with several layers 2h=2*h 0.339
layers=2h/dp 3.394
DBC » mDBC

<drawbox>
<boxfill>*bottom | left | right </boxfill>
{point w=ugmn Y="—1" z="Q" /S
<9ilFe mp=uign Y="2" g=m"3n S
[<layers wdp="0,1,2,3" />|
</drawbox>

1 layer : e 4 layers

<drawbox>
<boxfill>bottom | left | right </boxfill>
{point X="Qn y=n-1n z=uQn />
<size x="4" y="2n z=w3in />

</drawbox>
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Example with tank walls

Boundary interface at dp/2

<list name="GeometryForNormals">
<setactive drawpolints="0" drawshapes="1" />
<setshapemode>actual | bound</setshapemode>
<l—— Tank -->
<setnormalinvert invert="true" />
<setmkbound mk="0" />
<drawbox>
<boxfill>*bottom | left | right</boxfill:>
{point w=ngn y:"_l" z="0" S
CgliFe w="An Y="2" =130

| _<layers wdp="-0.5" /> | Creates boundary interface at 0.5-dp i i
</drawbox> Dl Case_hdp_Actual.vtk  [::::

| <shapeout file="hdp" /> | . - - g
<resetdraw /> e teen
</list> EE T il
<mainlist> P .
<!—— Actual geometry at dp/2 ——> il I rree
<runlist name="GeometryForNormals" /> el e
<1-- Generation of particles --> e ceee
... i il
(...) e e
</mainlist> fhE e mssseaaasasasassasaasassssamsasassesesaannns
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Example with tank walls

Normal vectors

<normalss>
<distanceh value="3.0" comment="Maximum distance (H*distanceh) to compute normals data (default=2)" />
<geocmetryfile file="[CaseName] hdp Actual.vtk" comment="File with boundary geometry (VTK format)" />
<svshapes value="1" comment="Saves VTK with geometry in triangles and quads with its normals for debug (default=0)" />
<svnormaldata value="0" comment="Saves VTK with normal data for debug (default=0)" />
</normals>
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Example with tank walls

Normal vectors

<normals>
<distanceh value="3.0" comment="Maximum distance (H*distanceh) to compute normals data (default=2)" />
<geocmetryfile file="[CaseName] hdp Actual.vtk" comment="File with boundary geometry (VTK format)" />
<svshapes value="1" comment="Saves VTK with geometry in triangles and quads with its normals for debug (default=0)" />
<svnormaldata value="0" comment="Saves VTK with normal data for debug (default=0)" />
</normals>

Fluid particles

Cfglnit_Normals.vtk
(Glyph in Paraview)

. B

Case_hdp_Actual.vtk

W




Example with tank walls

Activates mDBC

<parameters>
|{parameter kev="Boundary" valuse="2" ccmment="Boundary method 1:DBC, 2:mDBC " f>|
<parameter key="DensityDT" wvalue="3" comment="Density Diffusion Term 0:None, 1l:Molteni, 2:Fourtakas, 3:Fourtakas(full)" />
<parameter key="DensityDTvalue" wvalue="0.1" comment="DDT value (default=0.1)" />

</parameters>

DBC (1-layer)
DDT=2

mDBC (4-layers)
DDT=3

i

e

i ;» DBC (4-layers)

DDT=3 S

f,
V‘ii’,

W\
! v N -
S \ Il (s
o R 54 4 a8 \\V\.
3 3 ros FEEEsEEEIRERRIEES e
iHmRHHR i S s L s




OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

MmDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating)

mDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck)

I ——
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Example with wave paddle

DBC

IV
e
- I.I:I.

vt
3

i

P A8

.an’

o - ’{.A,"?A"fl
"f :l- I.#.'l.l
e

mDBC

S
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Example with wave paddle

DBC

mDBC

AV \n ‘1'-".1'»;"""""#‘ \ ¥\
me AR 3
A U DOO0) v L '. vV
T ! ) w A

Free drawing mode
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Example with wave paddile

Tank with several layers Boundary interface at dp/2

<setmkbound mk="0" />

1 <list name="GecometryForNormals">
|<setfrdrawmode auto="true" /> | Free dranng mOde Y

<gsetactive drawpoints="0" drawshapes="1" />
<drawexFrude closed="false'> <setshapemode>actual | bound</setshapemode>
{pe%nt x="-0.5" y=r-1v z="0" /> <setmkbound mk="Q" />
{po%nt x="4n y=v-1n z=wov /> <gsetfrdrawmode autoc="true" />
<point x="10.0" y="-1" z="0.5" /> <drawextrude closed="false">
<extrude x="0" y=n2n z=vQnr />

<point =="-0.5" y="-1" z="0" />
|<laver5 Vd]l]:"ﬂr—lr_gr_B" a'"r:’ | 4 Iayers {point w=nAn an_]_n =" J.-"}
</drawextrude>

ra N Cifalsen J <point =x="10.0" y="-1" =z="0.5" />
<setfirdrawmode autcoc="false > <extrude x="0" y="2n z=nQw />

[ <Iayers vdp="0.5" /> | |Interface at0.5-dp
</drawextrude>
Lgetfrdrawmode auto="false" />

[<shapeout file="hdp" /> | Case_hdp_ACtual.Vtk

<resetdraw />

</list>
Normal vectors
Activates mDBC
<normals>
<distanceh value="3.0" />
<geometryfile file="[CaseName] hdp Actual.wvtk" /> <parameters>

|{parameter kev="Boundary" wvalus="2" I>|
<parameter key="DensityDT" values="3" />
<parameter key="DensityDTvalue" wvalue="0.1" />
</parameters>

6th DualSPHysics Workshop 26th October 2022

<svshapes valus="1" />
Lgvnormaldata value="Q" />
</normals>




Example with wave paddile

L

I ——
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Example with wave paddile

XML _GUIDE_MDBC.pdf in doc\guides

Two methods to generate normal vectors for mDBC

H OW do We CO m pute no rmal S fo r the padd I e') There are two main methods to create the normal vectors for mDBC:

tankw = 0.5 m

.......................................................

Method 1: Normal vectors of boundary iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinis
particles are automatically computed starting  ::: B
from the actual geometry (the triangles that
describe the surface of the objects). This
actual geometry can be created by GenCase
as VTK files.

Example: Sloshing tank with obstacle

obstw=02m

0.3m

tankh

Top wall (mkboud=1, mk=11)

Method 2: Normal vectors of boundary
particles are explicitly defined in the
DualSPHysics configuration.

Example: Flow past a circular cylinder

Both methods can be also combined to
define the normal vectors.

Bottem wall (mkboud=2, mk=12) 4
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Example with wave paddile METHOD 1

Tank with several layers Boundary interface at dp/2
<setmkbound mk="10" /> <list name="GeometryForNormals">
<drawbox> . <setactive drawpoints="0" drawshapes="1" />
<boxfill>solid</boxfill> Paddle with 8 columns <setshapemode>actual | bound</setshapemode>
<point x="-0.08" y="-1" z="0" /> <setmkbound mk="0" />
<size x="0.08" y="2" z="0.6" /> <setfrdrawmode auto="true" />
</drawbox> <drawextrude closed="false">
<setmkbound mk="0" /> {pOil’Lt w=u_[ Eu an_lu =m0 f
<setfrdrawmode auto="true" /> <point x="4m y=v-1uw z=ugn />
<drawextrude closed="false"> <point x="10.0" y="-1" z=1Q.5" />
<point x="-0.5" y=r-1w z=vov /> <extrude x="0" y="2" z="0" />
<point x="4v y=r-1v z=wo" /> <layers vdp="0.5" />
<point x="10.0" y=v-1" z="0.5" /> </drawextrude> Boundary
<extrude =="0" y=v2v z=vov /> <setfrdrawmode auto="false" /> .
<layers wvdp="0,-1,-2,-3" /> <setmkbound mk="10" /> |nterface(Ifthe
</drawextrude>
<setfrdrawmode auto="false" /> {drazlljzizill}sclid{fhoxfill} paddle at 0.5-dp

<point x="-0.08" y="-1" z="Q" />

<size x="0.08" y="2" z="0.6" />
Normal vectors [ <lavers vdp="0.5" /> |
</drawbox>
<normals> . — |gshapecut filesvhdp® /> | Case_hdp_Actual vtk
<resetdraw /> - -

<distanceh value="3.0" />
| <geometryfile file="[CaseName] hdp Actual.vtk" />
<svshapes wvalue="1" />
<svnormaldata value="0" />
</normals>

| </list> Includes tank and paddle

6th DualSPHysics Workshop 26th October 2022




Example with wave paddile METHOD 1

_—

Paddle with 8 columns

1
B

il
if

SIHEE Fluid particles

Cfglnit_Normals.vtk e R SR R LR EEEEEE R

(Glyph in Paraview) e s e

-------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------

B e e T T o

- Boundary particles _




Example with wave paddile METHOD 2

_—

Paddle with 8 columns
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Example with wave paddile METHOD 2

Tank with several layers Boundary interface at dp/2

<setmkbound mk="10" /> <list name="GeometryForNormals":>

{drawbox}. _ ) . <setactive drawpoints="0" drawshapes="1" />
<boz::flll}sulld{fhoxflll> Paddle with 4 columns <setshapemode>actual | bound</setshapemode:
<point x="-0.04" y="-1" z="0Q" /> <setmkbound mk="0" />
<size x="0.04" y="2" z="0.6" /> <setfrdrawmode autoc="true" />

</drawbox> <drawextrude closed="false">
{SEtmkbOund mk:"{}" !'F} {p@int x:'IF_.D_E'IF Y:'IF_]_'IF z:'IF.D'IF J,l’:,

<setfrdrawmode auto="true" /> <point x="4n y=n_1nw z=ugQw />
<drawextrude closed="false"> <point x="10.0" y="-1" z="0.5" />
<point x="-0.5" y=v-1v z=v(Q" />
{pOiI'lt w="An an_]_n F=1" J.-’} |
<point x="10.0" y="-1" z=v0.5" />
<extrude x="Q" y=wiv z=ugnw />
<layers vdp="0,-1,-2,-3" />

<extrude x="0Q" y=wan z=ugnm />

<layers vdp="0.5" /> | Interface at0.5-dp
</drawextrude>

Lgetfrdrawmode auto="false" />

- <sh t file="hdp" />
</drawextrude> b L A l{iez[e]:;zaw ;.}e dp l C_aSE_hdp_ACtuaI.Vtk
<getfrdrawmode auto="false" /> o o 00 </list> includes Only tank
® & 0 @ IIII'}
e O 0 @
Normal vectors: SPECIAL eeeoe
e e . ® o 00
<initialize> -
[ <boundnormal plane mkbound="10"> | < Interface at 05dp
[ <point autoc="true" fkomment="Point is calculated automatically accoding to normal configuration." />

<normal x="1v y=vQw z=rvgn />
<maxdisth v="0" comment="Maximum distance to boundary limit. It uses H*maxdisth (default=2)" />
</boundnormal plane>

</initialize> Computes normal vectors of particles of the paddle (all with (1,0,0) direction)
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Example with wave paddile METHOD 2

_—

Paddle with 4 columns

i Fluid particles
crginit Normalsvi - EEREERGE R
(Glyphin Paraview) — =siiiiiiiiiiiiniiiinniinniniiniininiinninnin i

=2 Case_hdp. Actualivtk i

e

- Boundary partlcles_







Example with wave paddle

mDBC
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OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

MmDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating)

mDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck)
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Example with ﬂoaﬁng box DualSPHysics v5.2 BETA\examples\mdbc\08 FloatingWaves

CaseFloatingWaves

cpu E
DualSPHysics

Particles: 14,464
Physical time: 20 s
Runtime (RTX 3080 Ti): 177 s DBC

Time: 3.90 s

Particles: 14,464
Physical time: 20 s
Runtime (RTX 3080 Ti): 208 s mDBC
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Examp|e with f|oating box DualSPHysics_v5.2_ BETA\examples\mdbc\08_FloatingWaves

Floating box with several layers Boundary interface at dp/2

<setmkbound mk="50" />

<drawbox> <list name="GeometryForNormals">
<boxfill>solid</boxfill> Solid BOX <setactive drawpoints="0" drawshapes="1"/>
<point x="2.8" y="-1" z="0.44" /> <setshapemode>actual | bound</setshapemode>
<size x="0.5" y="2" z="0.32" /> <setmkbound mk="0" />

</drawbox> <drawextrude closed="false">

<extrude x="Q" y="2" z="Q0" />
<point x="-0.5" y="-1" z="0" />

. floating <point x="4.5" y=r-1" z="Q" />
<float1ngs>.> . . <point sx=1"15" y:"_l" Z=n1mn />
<floating mkbound="50" relativeweight="0.5"> <layers vdp="0.5" />
</f}oat1ng> </drawextrude> - Boundary
</floatings> <setmkbound mk="50" /> interface of the
<drawbox>
<boxfill>solid</boxfill> BOXat0.5-dp

<point x="2.8" y="-1" z="0.44" />

<slize x="0.5" y="2" z="0.32" />
Normal vectors [<Iayers vdp="0.5" /> |
</drawbox>
| <shapeout file="hdp" />|
cnormals> / <resetdraw /> Case_hdp_Actual.vtk
<distanceh value="2.0" /> </list> includes tank and BOX

| <geometryfile file="[CaseName] hdp Actual.vtk" />|

</normals>
THIS IS NOT SUPPORTED IN v5.0, ONLY IN v5.2 BETAU!!I

26th October 2022
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Example with floating box

S -

Case_hdp_Actual.vtk

=
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Example with floating box

S -

Case_hdp_Actual.vtk

Cfglnit_Normals.vtk
(Glyph in Paraview)

N

AN

T2

[

Fluid particles

Boundary
particles




Example with floating box

_____ DualSPHysics_v5.0 online does not include this option!!! o
..... BUT NOW YOU HAVE ACCESS TO v5.2 BETA(ONLY YOU) . . . ..




Example with floating box

p—
YA

mDBC
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Example with floating box

0.16
e=—DBC ==mDBC
0.12
0.08
E 004
o]
. ] ] ] v
Force signal is less noisy using mDBC 5 o
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OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

mDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating)

MmDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck)
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New options in GenCase

Free drawing mode
Several layers
Numerical variables

Improved DrawFile XXX
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New options in GenCase

New advanced DrawFileSTL (DrawFilePLY, DrawFileVTK)

Current DrawFileXX (Prticles & geometry) Improved DrawFileXX (Prticles & geometry) Improved DrawFileXX (Prticles & transparent geometry)
height/dp=100




New options in GenCase

New advanced DrawFileSTL (DrawFilePLY, DrawFileVTK)

Current DrawFileXX (Prticles & geometry) Improved DrawFileXX (Prticles & geometry) Improved DrawFileXX (Prticles & transparent geometry)
height/dp=>50




New options in GenCase

New advanced DrawFileSTL (DrawFilePLY, DrawFileVTK)

Current DrawFileXX (Prticles & geometry) Improved DrawFileXX (Prticles & geometry) Improved DrawFileXX (Prticles & transparent geometry)
height/dp=20




New options in GenCase

New advanced DrawFileSTL (DrawFilePLY, DrawFileVTK)

Current DrawFileXX (Prticles & geometry) Improved DrawFileXX (Prticles & geometry) Improved DrawFileXX (Prticles & transparent geometry)
height/dp=10

A




OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

mDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating)

MmDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck)
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Example with simple STL dp=0.01m; nfloat=621
massbody=0.5 kg

volume=0.000621 m?

DBC
GAP !!!

mDBC
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Example with simple STL

Floating STL filled with several layers

Boundary interface at dp/2??

|{drawfilestl file="cylinder.stl" autcfill="true" advanced="true">|
<drawmove xz="0.6" y="0.25" z="0.3" />

<drawrotate angx="0" angy="0" angz="270" /> f”led <list name="GeometryForNormals">
<drawscale x="0.0025" y="0.0025" z="0.0025" /> <setactive drawpoints="0" drawshapes="1" />
|{depth depthmin="#0.001*Dp" ;;l d . <setshapemode>actual | bound</setshapemode>
</drawfilestl> epthmln_0001dp <!-- Tank -->
<shapeout file="" reset="true" /> <setnormalinvert invert="true" />
<setmkbound mk="0" />
<drawbox>
To avoid the creation of particles at the faces <poxfill>bottom | left | right | front | back</boxfill>

{point w=uQn Y:"D" F=numn ,-"r}
<size x="1" y="0.5" z="(0.5" />

<floatings>
<floating mkbound="50"> _ <fdr:iz§i§5 vAp=T=0.5T /> Boundar
=1 mw
<ma§5body value="0.5" /> fh)atnqg <setnormalinvert invert="false" /> . y
</fleating> Clo— at] ——> interface = STL
</floatings>

<gsetmkbound mk="10" />
[<drawfilestl file="cylinder.stl">]
<drawmove x="0.6" y="0.25" z="0.3" />

<drawrotate angx="0" angy="0" angz="270" />
Normal Vectors <drawscale x="0.0025" y="0.0025" =z="0.0025" />
</drawfilestl>
< 1s> | <shapeout file="hdp" /> |
nOrI:ZiEtanceh value="3.0" /> / <resetdraw /> Case_hdp_ACtual'Vtk
| <geometryfile file="[CaseName] hdp Actual.vtk" /> | </list> includes tank and STL

<gvshapes wvalue="1" />

<svnormaldata value="0" /> THIS IS NOT SUPPORTED IN v5.0, ONLY IN v5.2 BETAH!

</normals>
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Example with simple STL

P

.
o X

v
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Example with simple STL

Boundary interface = STL

4

Case_hdp_Actual.vtk
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Example with simple STL

<drawfilestl file="ecylinder.stl" autocfill="true" advanced="true">
<drawmove xz="0.6" y="0.25" z="0.3" />
<drawrotate angx="0" angy="0" angz="270" />
<drawscale x=="0.0025" y="0.0025" =z="0.0025" />
<depth depthmin="#0.001*Dp" />
</drawfilestl>

<shapeout file="" reset="true" /> depthmln:0001dp
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Example with simple STL
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Example with simple STL Volume of STL=0.000785 m?

dp=0.01m dp=0.005m
nfloat=621 nfloat=5795
massbody=0.5 kg massbody=0.5 kg

volume=0.000724 m3

Volume occupied by the particles is important for the bouyant force (force exerted by the fluid)
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Example with simple STL Volume of STL=0.000785 m?

dp=0.01m dp=0.005m
nfloat=621 nfloat=5795
massbody=0.5 kg massbody=0.5 kg

volume=0.000621 m3 volume=0.000724 m3
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Volume occupied by the particles is important for the bouyant force (force exerted by the fluid)
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Example with simple STL Volume of STL=0.000785 m?

dp=0.01m dp=0.005m
volume=0.000621 m? volume=0.000724 m?3
DBC
GAP !!!
mDBC
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OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

mDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating)

MmDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck)
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Example with complex STL DualSPHysics v5.2 BETA\examples\mdbc\09 FloatingDuck

CaSEFloaﬁngDUCk Time: 1.80 s il g

DualSPHysics

Particles: 387,874 Particles: 387,874
Physical time: 3 s Physical time: 3 s
Runtime (RTX 3080 Ti): 594 s DBC Runtime (RTX 3080 Ti): 663 s mDBC

6th DualSPHysics Workshop 26th October 2022



Examp|e with Complex STL DualSPHysics_v5.2 BETA\examples\mdbc\09 FloatingDuck

Floating STL filled with several layers Boundary interface at dp/2??

Filled

<setmkbound mk="10" />
|<drawfilestl file="Duck.stl" autofill="true" advancedZ"true">|

<drawmove x="#stank/2" y="#stank/2" z="#zpos" />

<drawscale x="0.2" y="0.2" z="0.2" />

<drawrotate angx="#xang" angy="0" angz="0" />

| <depth depthmin="#Dp*0.1" /> depthmin=0.1-dp

</drawfilestl>

<list name="GeometryForNormals'">

<setactive drawpoints="0" drawshapes="1" />

<setshapemode>actual | bound</setshapemode>

<setmkbound mk="10" />

| <drawfilestl file="Duck.stl" > |
<drawmove x="#stank/2" y="#stank/2" z="#zpos" />
<drawscale x="0.2" y="0.2" z="0.2" />
<drawrotate angx="#xang" angy="0" angz="0" />

To avoid the creation of particles at the faces

<floatings> </drawfilestl>
<floating mkbound="10" relativeweight="0.5"> [<shapeout file="hdp" /> | d
<translationDOF x="0" y="0" z="1" /> <resetdraw /> Boun ary
</floating> ) </list> interface = STL
</floatings> ﬂOatlng

Case_hdp_Actual.vtk includes STL
Normal vectors

<normals>
<distanceh value="2.0" />
| <geometryfile file="[CaseName] hdp Actual.vtk" [/
</normals>

THIS IS NOT SUPPORTED IN v5.0, ONLY IN v5.2 BETAI!!
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Example with complex STL
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terface = STL
p_Actual.vtk

3

Boundary
Case_hd

th complex STL

Example w
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- <setmkbound mk="10" />
Example Wlth Complex STL <drawfilestl file="Duck.stl" autofill="true" advanced="true">
<drawmove x="#stank/2" y="#stank/2" z="#zpos" />
<drawscale x="0.2" y="0.2" z="0.2" />
<drawrotate angx="#xang" angy="0" angz="0" />
<depth depthmin="#Dp*0.1" /> .
</drawfilestl> depthmin=0.1-dp
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Example with complex STL
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Example with complex STL
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Example with complex STL
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Example with complex STL

L
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OUTLINE New boundary conditions: mDBC
DBC drawbacks
Fluid properties from ghost nodes
DBC vs mDBC
Requirements (layers, boundary interface, normals)

mDBC requirements -> XML file
New options in GenCase (layers, freedrawmode, variables)
Example with tank walls (fixed)
Example with piston wavepaddle (moving)
Example with floating box (floating) examples\mdbc\08_FloatingWaves

mDBC applied to external geometries
New options in GenCase (advanced drawfilestl)
Example with simple STL (Cylinder)
Example with complex STL (Duck) examples\mdbc\09_FloatingDuck
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TAKE-HOME MESSAGES

To apply mDBC we need: i) several layers, ii) boundary interface, iii) normal vectors for boundary particles
There are useful functionalities to create XML files for cases using mDBC.: layers, freedrawmode, advanced STL
Boundary interface defined at dp/2 from boundaries is a general rule (simple geos)

A good practise is to check normal vectors before running the simulation

mDBC for floating objects is now available only in v5.2 BETA

When applying mDBC to floating objects we need to be accurate with the mass of the body and the volume
occupied by the boundary particles that form the object

With v5.2 BETA, mDBC can be applied to “appropiate” STL files

6th DualSPHysics Workshop 26th October 2022




6th DualSPHysics Workshop

25t — 27" October 2022, Campus Nord UPC

-

New on BCs: mDBC for floating objects

ALEJANDRO J.C. CRESPO,
CORRADO ALTOMARE, JOSE M. DOMINGUEZ

6th DualSPHysics Workshop 26th October 2022




