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General motivation

Mechanical contacts and constrains are ubiquitousin natural and industrial processes, ranging
from simple linear mechanismsto intricate highly non-linear problems.

CasePump ?ﬁ —

DualSPHysics offers a solid-solid
distributed contact discrete element
method (DCDEM) model, but:

= Not unconditionally stable contact
description

= Difficult to model intricate mechanisms

= Complex friction models hurt
performance unacceptably for HPC code

particles: 1,009,607
physical time: 6 s 3 .
runtime (GTX 1080 Ti): 4.8 h NG Time: 4.26 s
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Rigid bodies in DualSPHysics

Conservingtherelative positions of a group of particles, these can be made to describe a solid body.

Q vi =V, +Q, x(rr — Ry)
OO

The inertia tensor is computed on the fly for the system of material points, makingno assumptions
on shape,i.e. it is exact for the discretized system.
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Project Chrono

Project Chrono is a physics-based modelingand simulationlibrary based on a platform-independent,
open-source design - much like DualSPHsysics

* Wide set of joints (spherical, revolute joint, prismatic,

SR S
S PROJECT . ccvumonmass resesicin
2, CHRONO >

mn

* Springs and dampers, even with non-linear features

* Recent support forlinearand nonlinear Finite Element
Analysis - Euler-Bernoullibeams, bars, shells, cables.

http://projectchrono.org
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Implementation on DualSPHysics

Difficulties along the (unfinished) way

* Project Chronoisalibrary, notan * Project Chronoisvery large. Thousands
application of API calls are available

* Typical workflow is writing C++ code * Documentation is, unsurprisingly, limited
with your model, usingthe library API, (much betterthan most projects)

compileandrun ,
* Several key concepts are different such

* Like DualSPHysics, the codeis in active as coordinate systems, |/0, ...
development

Limited functionalityis available in v4.3 — no periodicconditions; no imposed motion
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Implementation on DualSPHysics

/ / DualSPHysics /

Neighbour list

v T\
dr "~ dr T SPH

1+ Atgpy Particle interaction 0 Cm”“ig . '°“ 7/ Chrono /

'

Apply force and moment
according to mechanical constraints

AL
— V; Q; R. Chrono
Update system floating bodies = A’SPH
k C hr(mo/
DualSPHysics
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Validations - |
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B. Chandra and M. Asai, Verification and validation of the fluid-rigid body interaction simulation by the smoothed
particle hydrodynamics method, in Proceedings of Computational Engineering Conference JSCES, vol. 21, 2016.
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M. Arnold, M. Kretschmer, J. Koch, P.W. Cheng, F. Biskup et al., A validation method for f/uid—structure-interaction
simulations based on submerged free decay experiments, in The Twenty-fifth International Ocean and Polar Engineering
Conference. International Society of Offshore and Polar Engineers, 2015.
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Validations - Il
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Applications?

If it moves with and by a fluid-solid system we want to model it
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How to use it?

<?xml wversion="1.0" encoding="UTF-8" 2>
<case app="GenCase4 v4.0.033 (14-11-2016)" date="11-07-2018 18:38:46">

<casedef>
<execution>
<special>
<chrono>
<schemescale value="1" comment="Scale used to create the initial scheme of Chrong objects (default=1)" />
<bodyfixed id="Domain" mkbound="0" modelfile="AutoActual" />
<bodyfloating id="Jumper" mkbound="1" modelfile="AutoActual" />
<link linearspring idbodyl="Domain" idbody2="Jumper">
<point_fbl x="0.95" y="0.5" z="10" comment="Point in body 1" />
<point_fb2 x="0.95" y="0.5" z="9.5" comment="Point in body 2" />
<stiffness value="1000" comment="stiffness" />
<damping value="100" comment="damping" />
<rest_length value="3" comment="spring equilibrium length" />
</link linearspring>
</chrono>
</special>
<parameters>

<parameter key="PosDouble" value="1" comment="Precision in particle interaction 0:Simple, 1:Double, 2:Uses and saves double (default=0)" />
<parameter key="StepAlgorithm" wvalue="2" comment="Step Algorithm 1:Verlet, 2:Symplectic (default=1)" />
<parameter key="VerletSteps" wvalue="40" comment="Verlet only: Number of steps to apply Euler timesiepping (default=40)" />
<parameter key="Kernel" value="2" comment="Interaction Kernel 1:Cubic Spline, 2:Wendland (default=2)" />
<parameter key="ViscoTreatment" wvalue="1" comment="Viscosity formulation 1l:Artificial, 2:Laminar+SPS (default=1)" />
<parameter key="Yisge" value="0.01" comment="Viscosity value" />
<parameter key="ViscoBoundFactor" wvalue="0" comment="Multiply viscosity value with boundary (default=1)" />
<parameter key="DeltaSPH" wvalue="0.1" comment="DeltaSPH value, 0.1 is the typical value, with 0 disabled (default=0)" />
<parameter key="#Shifting" value="0" comment="Shifting mode 0:None, 1l:Ignore bound, 2:Ignore fixed, 3:Full (default=0)" />
<parameter key="#ShiftCoef" wvalue="-2" comment="Coefficient for shifting computation (default=-2)" />
<parameter key="#ShiftTFS" value="1.5" comment="Threshold to detect free surface. Typically 1.5 for 2D and 2.75 for 3D (default=0)" />
<parameter key="RigidAlgorithm" wvalue="3" comment="Rigid Algorithm 1:SPH, 2:DEM, 3:Chrong (default=1)" />
<parameter key="FtPause" value="0.0" comment="Time to freeze the floatings at simulation start (warmup) (default=0)" units_comment="seconds" />
<parameter key="CoefDtMin" value="0.05" comment="Coefficient to calculate minimum time step ditmin=geefdtmin*h/speedsound (default=0.05)" />
<parameter key="#DtIni" value="0.0001" comment="Initial time step (default=h/spesdsound)" units comment="seconds" />
<parameter key="#DtMin" value="0.00001" comment="Minimum time step (default=goefdimin*h/speedsonnd)" units_comment="seconds" />
<parameter key="#DtFixed" value="DtFixed.dat" comment="Df values are loaded from file (default=disabled)" />
<parameter key="DtAllParticles" value="0" comment="Velocity of particles used to calculate DT. 1:All, 0:0nly fluid/floating (default=0)" />
<parameter key="TimeMax" value="10" comment="Time of simulation" units_comment="seconds" />
<parameter key="TimeOut" value="0.01" comment="Time out data" units_comment="seconds" />
<parameter key="IncZ" value="0.5" comment="Increase of Z+" units_comment="decimal" />
<parameter key="PartsOutMax" value="1" comment="%/100 of fluid particles allowed to be excluded from domain (default=1)" units_comment="decimal" />
<parameter key="RhopOutMin" wvalue="700" comment="Minimum rhop valid (default=700)" units_comment="kg/m‘3" />
<parameter key="RhopOutMax" value="1300" comment="Maximum yhep valid (default=1300)" units_comment="kg/m"3" />
<parameter key="DomainFixed" value="-3:-1:0:5:2:10" comment="The domain is fixed with the specified values (XRmin:Ymin:zmin: XMax:Ymax:zmax)" units_comment="peires (m)" />
</parameters>
</execution>
</case>
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to use it?

CaseBungieJump

="UTF-8" 2>
(14-11-2016) " date="11-07-2018 18:38:46">
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t="Scale used to create the initial schem
="0" modelfile="AutoActual" />
="1" m 1file="AutoActual" />

ink linearspring idbodyl="Domain" ="Jumper">
<point_fbl "0.95" y="0.5" z="10" com ="Point in body 1" />
<point_fb2 "0.95" y="0.5" z="9.5" comment="Point in body 2"

"1000" t="stiffness" />
"damping" />

1t="spring equilibrium length" />

"PosDouble" W con ="Precision in particle intera]
"StepAlgorithm" v t="Step Algorithm 1:Verlet,
"VerletSteps" v 40" c ent
"Kernel" wvalue="2" comment="Interaction Kernel 1:Cubic Spli
ent="Viscosity formulation 1

"ViscoTreatment" wval
Visge" va ="p.o1"
"ViscoBoundFactor" comment="Multiply viscosity va
"DeltaSPH" comment="DeltaSPH value, 0.1 is the
"#Shifting" wval comment="Shifting mode 0:None, 1:Igno|
"#ShiftCoef" comment="Coefficient for shifting c
"#ShiftTFS" 1 nt="Threshold to detect free s
"RigidAlgorithm" wva
"FtPause" "0.0" commen
="0.05" comm

Viscosity value" />

nt="Coefficient to calculate
t="Initial time step (default]
t="Minimum time step (defaul

ment="'

="DtFixed
ngn
"10" comm
"0.01" co
e="0.5" comment="Increase of Z+" units_

1 ="%/100 of fluid particles 3

L values are loade|
1t="Velocity of particles u
Time of simulation" 0

"TimeOut" ="Time out data"

"IncZ" ve&

"PartsOutMax" ="i" c
"RhopOutMin" ="700" ="Minimum rhop valid (defauy Tlme 4 '13 S
"RhopOutMax" ="1300" i

/="DomainFixed" e="-3:-1:0:5:2:10"
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Going through the examples —Case 1

<mainlist>
<setshapemode>real | bound</setshapemode>
<setmkbound mk="5" />
<drawbox>
<boxfill>bottom | left | right | front | back</boxfill>
<point x="0.0" y="0.0" z="0.0" />
<size x="10.0" y="10.0" z="7.0" />
</drawbox>
<setdrawmode mode="full" />
<setmkbound mk="0" />
<drawcylinder radius="0.05" mask="1">
<point x="5" y="5" z="5" />
<point x="5" y="g" z="5" />
</drawcylinder>
<setmkbound mk="1" />
<drawcylinder radius="0.05" mask="1">
<point x="5" y="g" z="5" />
<point x="5" y="7" z="5" />
</drawcylinder>
<setmkbound mk="2" />
<drawcylinder radius="0.05" mask="1">
<point x="5" y="7" z="5" />
<point x="5" y="8" z="5" />
</drawcylinder>
<setmkbound mk="3" />
<drawcylinder radius="0.05" mask="1">
<point x="5" y="8" z="5" />
<point x="5" y="9" z="5" />
</drawcylinder>
<shapeout file="" reset="true" />
</mainlist>
</commands>
</geometry>
<floatings>
<floating mkbound="0-3" relativeweight="1.0" property="steel" />
</floatings>
<properties>
<propertyfile file="Floating Materials.yml" path="materials" />
</properties>
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Going through the examples — Case 1

<mainlist>
<setshapemode>real | bound</setshapemode>

o <floatings>
<setmkbound mk="5" /> <floating mkbound="0-3" relativeweight="1.0" property="steel" />
<drawbox> .
</floatings>
<boxfill>bottom | left | right | front | back</boxfil -
<point x="0.0" y="0.0" z="0.0" /> P REOREEEASSS
p_ : y="u. i <propertyfile file="Floating Materials.xml" path="materials" />
<size x="10.0" y="10.0" z="7.0" /> . -
</properties>
</drawbox>
</casedef>
<setdrawmode mode="full" /> <execution>
<setmkbound mk="0" /> <special>
<drawcylinder radius="0.05" mask="1"> p
<chrono>

<p0int x=ll5l| y="5ll z=ll5" />
<point x="5" y="€" z="5" />
</drawcylinder>

<schemescale value="1" comment="Scale used to create the initial scheme of Chrong objects (default=
<bodyfloating id="arm" mkbound="0-3" />
<setmkbound mk="1" /> <link spheric idbodyl="arm0">
<drawcylinder radius="0.05" mask="1"> <rotpoint x="5" y="5" z="5" comment="Point for rotation" />
<point x="§" y=ngn z=ngn /> <gstiffness value="0" comment="Torsional stiffness [N/rad]" />
<point x="§" y=ngn z=ngn /> <damping value="0" comment="Torsional damping [-]" />
</drawcylinder> </link spheric>
<setmkbound mk="2" /> <link spheric idbodyl="arm0" idbody2="arml">
<rotpoint x="5" y="6" z="5" comment="Point for rotation" />
<gtiffness value="0" comment="Torsional stiffness [N/rad]" />

<drawcylinder radius="0.05" mask="1">
<pOint x=ll5l| Y="7ll z=ll5" />

<point x="5" y="8" z="5" /> <damping value="0" comment="Torsional damping [-]" />
</drawcylinder> </link spheric>
<setmkbound mk="3" /> <link spheric idbodyl="arml" idbody2="arm2">
<drawcylinder radius="0.05" mask="1"> <rotpoint x="5" y="7" z="5" comment="Point for rotation" />
<point x="5" y="g" z="5" /> <stiffness value="0" comment="Torsional stiffness [N/rad]" />
<point x="5" y="gn z="5n" /> <damping value="0" comment="Torsional damping [-]" />
</drawcylinder> </link_spheric>
<shapeout file="" reset="true" /> <link spheric idbodyl="arm2" idbody2="arm3">
</mainlist> <rotpoint x="5" y="8" z="5" comment="Point for rotation" />
</commands> <stiffness value="0" comment="Torsional stiffness [N/rad]" />
</geometry> <damping value="0" comment="Torsional damping [-]" />
<floatings> </link_spheric>
<floating mkbound="0-3" relativeweight="1.0" property="steel" /> </chrono>
</floatings> </special>
<properties> <parameters>
<propertyfile file="Floating Materials.yxml" path="materials" /> </execution>
</properties> </case>
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~Going through the examples —Case 1

CasePendulum

s (default=1)" />
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oing through the examples —Case 1.1

"p-3" r ="steel" />
"4" rela 'steel" />
"51-66" «x ativew . o v="soft-wood" />

<floatings>
<floating mkb
<floating mk
<floating mk

</floatings>

<properties>
<propertyfile file="Floating Materials.xml" path="materials" />

<links>
i="10" property="steel" comment="Property for the fixed bound" /> (:EleEI)(EIIl()liSl]GEI

<1link mkbou
</links>

1t="Scale used to create the initial scheme of
="10" modelfile="AuntoActual" mod
="0-3" />

d="4" m 1file="AutoActual" />

1d="51-66" modelfile="AutoActual" />

="arm0">

="5" z="5.2" comment="Point for rotation" />
"0" comment="Torsional stiffness [N/rad]" />

lue="0" comment="Torsional damping [-]" />

domain" wrmal="invert

id="arm"
id="ball" mkk
id="box" mkbo
idbodyl
ngn

oy

<stiffness
<damping v
</link_spheric>
<link spheric idbg
<rotpoint X
<stiffness

yvi="arm0" idbc 2="arml">

z="5.2" comment="Point for rotation"

ent="Torsional stiffness [N/rad]"
<damping val 1t="Torsional damping [-]" />
</link_spheric>

<link_spheric idbodyl="arml" idbody2="arm2">
<rotpoint x="7" y="5" z="5.2"
<stiffness v ="0" comment="Torsional stiffness [N/rad]" />

comment="Point for rotation" />

PR

<damping value="0" comment="Torsional damping [-]" />

</link_spheric>
<link_spheric id
<rotpoint x
<stiffness

="arm3">
z="5.2" comment="Point for rotation" />

comment="Torsional stiffness [N/rad]" />
<damping v C nt="Torsional damping [-]" />

</link_ spheric> Time: 000 S

<link_spheric id 1="arm3" idb 'ball">
<rotpoint x ="5" z="5.2" comment="Point for rotation"
<stiffness "o" c nt="Torsional stiffness [N/rad]"
<damping v "0" comment="Torsional damping [-]" />
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Going through the examples — Case 3

<schemescale value="1" comment="Scale used to create the initial scheme of Chrong objects (default=1)" />
nd="0" />

d="1-5" />

<link hinge idbodyl="hingedl" idbody2="hinged2">

<rotpoint x="0.5" y="0" z="0.2" mment="Point for rotation" />

<bodyfixed id="domain" mkb

<bodyfloating id="hinged" mkbs

<rotvector x="0" y="1" z="0" comment="Vector direction for rotation" />
<stiffness v

lue="750" comment="Torsional stiffness" />

<damping va
</link hinge>
<link hinge idbo

="50" comment="Torsional damping" />

y1="hinged2" idbo

72="hinged3">

<rotpoint x="0.5" y="0" z="0.4" comment="Point for rotation" />

<rotvector x="0" y="1" z="0" comment="Vector direction for rotation" />
<stiffness v

ue="750" comment="Torsional stiffness" />
<damping value="50" comment="Torsional damping" />

</link hinge>

<link hinge idbodyl="hinged3" idbody2="hinged4">
<rotpoint x="0.5" y="0" z="0.6" comment="Point for rotation" />
<rotwvector x="0" y="1" z="0" comment="Vector direction for rotation" />
<stiffness wvalue="750" comment="Torsional stiffness" />
<damping value="50" comment="Torsional damping" />

</1link hinge>

<link hinge idbodyl="hinged4" idbo
<rotpoint x="0.5" y="0" z="0.8"
<rotwvector x="0" y="1" z="0" comment="Vector direction for rotation" />
<stiffness value="750" comment="Torsional stiffness" />
1

="hinged5">
comment="Point for rotation" />

<damping value="50" comment="Torsional damping" />
</link hinge>
<link hinge idbo
<rotpoint x="0.5" y="0" z="1.0" comment="Point for rotation" />
<rotvector x="0" y="1" z="0" comment="Vector direction for rotation" />
<stiffness value="750" comment="Torsional stiffness" />

y1="hinged5">

<damping value="50" comment="Torsional damping" />

</link hinge>

DUALSPHYSICS WORKSHOP 2018 - LISBON




Going through the examples —Case 4

<schemescale value="1" comment="Scale used to create the initial scheme of Chrongo objects (default=1)" />

<bodyfloating id="arm" mkbound="0-3" />
<link pointline idbodyl="arm0">
<rotpoint x="5.8" y="0" z="1.5" comment="Point for rotation" />
<rotvector x="0" y="0" z="1" comment="Vector direction for rotation" />
<stiffness value="0" comment="Torsional stiffness" />
<damping value="0" comment="Torsional damping" />
</link pointline> ~D A~
<link hinge idbodyl="arm0" idbodyZ2="arml">
<rotpoint x="7.15" y="0" z="1.5" comment="Point for 0.00
<rotwvector x="0" y="1" z="0" comment="Vector directi
<stiffness wvalue="0" comment="Torsional stiffness" /:
<damping value="0" comment="Torsional damping" />
</link hinge>
<link hinge idbodyl
<rotpoint x="8.45" y="0" z="1.5" comment="Point for

="arml" idbodyZ="arm2">

<rotvector x="0" y="1" z="0" comment="Vector directi
<stiffness wvalue="0" comment="Torsional stiffness" /:
<damping value="0" comment="Torsional damping" />
</link hinge>
<link hinge idbodyl="arm2" idbodyZ2="arm3">

<rotpoint x="9.75" y="0" z="1.5" comment="Point for

IRADEEDE

<rotvector x="0" y="1" z="0" comment="Vector directi

<stiffness wvalue="0" comment="Torsional stiffness" /:
<damping value="0" comment="Torsional damping" />
</link hinge>
</chrono>
</special>
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Going through the examples —Case 5

CaseOWSC

Time: 5.00 s
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Going through the examples — Case 6

<savedata value="0.02" comment="Saves CSV with data exchange for each time interval (0=all steps)" />
<bodyfixed id="domain" mkbound="1" modelfile="AutoActual" modelnormal="invert" />
<bodyfloating id="head" mkbound="2" modelfile="AutoActual" />

<bodyfloating id="body" mkbound="3" modelfile="AutoActual" />

<bodyfloating id="arm left" mkbound="4" modelfile="AutoActual" />

<bodyfloating id="arm_right" mkbound="5" modelfile="AutoActual" />

<bodyfloating id="forearm left" mkbound="6" modelfile="AutoActual" />
<bodyfloating id="forearm right" mkbound="7" modelfile="AutoActual" />
<bodyfloating id="leg left" mkbound="8" modelfile="AutoActual" />

<bodyfloating id="leg right" mkbound="9" modelfile="AutoActual" />

<bodyfloating id="calf left" mkbound="10" modelfile="AutoActual" />

<bodyfloating id="calf right" mkbound="11" modelfile="AutoActual" />

<!-- Elbows -->
<link_hinge idbodyl="arm left" idbody2="forearm left">
<rotpoint x="0" y="-.18" z="-,381" comment="Point for rotation" />

<rotvector x="1" y="0" z="0" comment="Vector direction for rotation" />
<stiffness value="0" comment="Torsional stiffness" />
<damping value="0" comment="Torsional damping" />
<friction value="0" comment="Friction coefficient" />

</link_hinge>

<link_hinge idbodyl="arm right" idbody2="forearm right">
<rotpoint x="0" y=".18" z="-.,381" comment="Point for rotation" />
<rotvector x="1" y="0" z="0" comment="Vector direction for rotation" />
<stiffness value="0" comment="Torsional stiffness" />
<damping value="0" comment="Torsional damping" />
<friction value="0" comment="Friction coefficient" />

</link_hinge>

<!-- Knees —->
<link_hinge idbodyl="leg left" idbody2="calf left">
<rotpoint x="0" y="-.055" z="-.837" comment="Point for rotation" />

<rotvector x="0" y="1" z="0" comment="Vector direction for rotation" />
<stiffness value="0" comment="Torsional stiffness" />
<damping value="0" comment="Torsional damping" />
<friction value="0" comment="Friction coefficient" />

</link_hinge>

<link_hinge idbodyl="leg right" idbody2="calf right">
<rotpoint x="0" y=".055" z="-.837" comment="Point for rotation" />
<rotvector x="0" y="1" z="0" comment="Vector direction for rotation" />
<stiffness value="0" comment="Torsional stiffness" />
<damping value="0" comment="Torsional damping" />
<friction value="0" comment="Friction coefficient" />

</link_hinge>

<!-- Neck -->
<link_spheric idbodyl="head" idbody2="body">
<rotpoint x="0" y="0" z="-.,125" comment="Point for rotation" />

<stiffness value="0" comment="Torsional stiffness" />
<damping value="0" comment="Torsional damping" />
</link_spheric>
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Going through the examples — Case 6

CaseZipLine
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Going through the examples — Case 7

) objects (default=1)"

"cube" mkb ="51-5 nodelfile="AuntoActual"
mkhbon nodelfil "AutoActual" modeln
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oing through the examples — Case 8

"0.01" comment="Saves CSV with data exchange for each time interval (0O=all steps)" />

CaseWaterMill

bucket3"
bucket4"
1="weel" >
5.5" y="0"
nqn

="Point for rotati
'Vector direction fo
onal stiffness"

nt="Tors

="Torsional damping" />
nt="Friction coefficient"

="weel" idbody2="bucketl">
5" y="0" z="1.1" comment="Point for rotati
o" y="1" z="0" comn t="Vector direction fo

ngn nt="Torsional stiffness"

<rotvector X

<stiffness

<dampi

"Torsional damping"
"Friction coefficient"”

<friction

r2="bucket2">
z="4.8" c
Zz=ngn

"Point for rotati
="Vector direction fo
Torsional stiffness"

"Torsional damping"

"Friction coefficient"”

="bucket3">
n oz=ngz gn
<rotvector x="0" y="1" z="0" cor

<stiffness

1t="Point for rotat
'Vector direction fo
-="Torsional stiffness"

/

="Torsional damping"
Friction coefficient"”

r2="bucketd">

y="0" z="3.0" com 1t="Point for rotat
y="1" z="0" con 'Vector direction fo
<stiffness v comment="Torsional stiffness"

<damping - ="Torsional damping" />

Friction coefficient"”
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Going through the examples —Case 9

CaseTurbine Time: 0.00 s
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Going through the examples — Case 10

CaseBowling DEM (using periodic limits)

Time: 0.00 s

CaseBowling CHRONO

ENT | Al
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Going through the examples — Case 10.1
CaseSolids DEM T

CaseSolids CHRONO
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What is available in 4.3

Contact modelling

* Abletoreplace the DCDEM model availablein
DualSPHysics

* Uses two values: restitution and kinematicfriction A separate projectimplements the classes that

coefficient, usingthe input systemalreadyin place abstractthe Chrono library calls.

for the DEM model
This projectis currently compiled as a .dll shared

library that DualSPHysics uses.

Mechanical restrictions For 4.3, thisdllis a black box, we are not releasing

: : . : . the source code yet.
* Hinge, spherical, pointline (spherical on an axis) Y

and linear springs

* All of these can be defined with a corresponding
stiffness and damping parameters

* No limitsto restrictions
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Conclusions and future work

* DualSPHysics abstracts the Chrono Project for the
user

* DualSPHysics now supports kinematic constraints

* Theimplemented constrains allow you to model
many different and complex cases, since you can
combine them

* Bodies goingthrough periodicplanesare not
supported yet

* Bodies with imposed motion are notusedin the

*The contact algorithms are now much more , _
interaction yet

robust and resolution-independant

* Meshes with high triangle countslead to high
computationtimes (only CPU yet)

* Deformable elements (elastoplaticity)

* Execution of contact problems should be doable ' » e esisises

..........................
000000000000000000000

in GPU | Rt g

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

DualSPHysics
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