»

New variable resolution in DualSPHysics

FRANCESCO RICCI




Outline

e Variable-Resolution formulation
« What it's available in the beta and limitations

« Test Case examples

* Future Outlook




Numerical formulation




Domain coupling

Computational domain is divided in sub-domains




Domain coupling

<

Each sub-domain has is own smoothing length hi and initial particle
distance dpi




Domain coupling

Buffer

Each sub-domain is extended by a buffer region
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Domain coupling

The buffer region act as Dirichlet boundary condition
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Domain coupling

The buffer region is populated by buffer particles
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Buffer interpolation

», Q Fluid Particle

‘ Buffer Particle

The buffer particles obtain their physical properties interpolating over the coupled
sub-domain




Buffer interpolation

», Q Fluid Particle

‘ Buffer Particle

The buffer particles obtain their physical properties interpolating over the coupled
sub-domain




Mass exchange




Mass exchange

1. Buffer particle to fluid region become fluid particle




Mass exchange

2. Fluid particle to buffer become fluid particle




Mass exchange

3. Buffer particles out of the domain domain is deleted




Mass exchange

Q Fluid Particle
° Buffer Particle
‘ New Buffer Particle

m Mass accumulation
Ubf, point Ubf




Mass exchange

Q Fluid Particle

‘ Buffer Particle

tl ‘ New Buffer Particle t2
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Mass exchange

Q Fluid Particle

‘ Buffer Particle
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What it’s available In the
beta and limitations




DualSPHysics v5.4 BETA

Current limitations:

« 2D only

« GPU only

« Works only with mDBC solid boundary

* The Vres executable is not able to run single resolution
simulation

« Executable only (no source code available)




DualSPHysics v5.4 BETA Tools available
Pre- and Post-Processing tools have been updated for the Vres code

e (GenCase

e PartVtk

PartVik is able to visualize all the different sub-domains in the same
vtk file (see the examples)




DualSPHysics v5.4 BETA

The Vres code iIs updated with the DualSPHysics V5.4

The only difference is the Particle Shifting Technique (Lind
et al., 2012) instead of (Skillen et al., 2013):

5x = —DVC D= AR2  VC = %vaWab.
D b

See the example for the reference values of the A
coefficient (usually 1/50 respect to the Skillen formulation)




Test Case examples




DualSPHysics v5.4 BETA

Examples available in the package:
« 01 DamBreak2D
02 CaseFlowCylinder

03 CaseFlowCylinderTandem

04 FallingWedge2D




Example: CaseFlowCylinder_Re200
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Example: CaseFlowCylinder Re200

full"

saatmkfluid mk-"1" />
el awloes

SR ri11-881185 T0RTil Ly

spoint s-"gxial" y-"-0.1" =ini"
aize x-"frsire" y-"0.2" z-"grsiza"

PEN BOUNDARIES —->

<aetmkfluid mk-"2" />

<clEawbons
<hoxfillrlafes/Toxfills
<point x-"galnl” d
<aize x-"@xalre” y-"0.2"

< fdEawbo>

<aetmkfluid mk-"3" />

sdEawboes
<hoxfillerights /boxfills
<point x-"gxinl" y-"-0.
<aize x-"#xalza" y-"0.2"

< fdEawbo>

<aetmkbound mk-"1" />

sedEanbons
<hoxfillrgslide/boxfills
<point x-"gxini-vevaraira" y-"-0.1"
caize x-"@xalratxcvaraizas2’ y-"0.2"

< fdEawbo>

<aetmkbound mk-"2" />

el

e
<hoxfillrgslide/boxfills

<point x-"gxini-vevaraira" y-"-0.1"
<aiee x-"fralretxevaralras2” y-"0.2"

<satmkbound mk-"0" />

<antfrdrawnede auto-"tzua” /3

"geylradiua-op/2ns
0" z-"geyle" >

SdEaReylinges Ead
<point x-"geyle"

<point x-"geylx" y-"0.1" z-"feyle" /
< faEaweylingees

Erua” fx
"geylradiva-Dpes s

0" -"geyle” fx
S - LU

falsa" />

ni-"-zalza/2"  rem-"Fluld demain” />
Extra siza fer boundary demain” />
" rom-"Cylindar valuas" />

| Bounds fsat ahapamodas

15
1=

S
v

N

z-"grini-zevaraiza" />
a-"gmovariiza” />

Z-"g-rini” /x>
z-"frovariiza" /x

>

>

L

<point
<aine

<dpratie v

<point

<aize ®-"0.75" y

sdpratic v-"2.0" commant-"Refinement ratis." (>

< /DUt farhos

</buffarhoxs

<fcagadals

CVrEsx
<buff=zizeh w="2"
<hbufferkbox>

comment="Buffer =ize according to H

< !—— Refinement level 1 —-»

<point =x="-0.
<gize x="1.5"

30" y="Qg" z="-0.51" />
y="0.0" z="1i" S

<dpratio v="2" comment="Refinement ratio." />

<buffsizeh w="2"

<bufferbox active="troe">»
< 1—— BRefinement lewvel 2 -->
<point ®x="-0.10" y="0" z="-0.250" />

£zize x="

0.75" y="0.0" z="0.5" />

<dpratio v="2.0" comment="Refinement ratio."

< /bufferbox>
</bufferbox>
</vres>

comment="Bunffer =ize according to H (H*v)

{(H*v) (defanlt v=2)" />

(defaolt w=2)"

=2

i




Example: CaseFlowCylinder Re200

A new section in added in the <casedef></casedef> section of the xml file
The <vres></vres> section is structured to reflect the hierarchical structures of nested region.
The definition of a variable resolution zone is done in <bufferbox></bufferbox> section.

In order to define a refinement region nested inside another region, a <bufferbox></bufferbox>

section must be inserted inside the previously defined <bufferbox></bufferbox> section.

<WVIes>

<buffsizeh v="2" comment="Buffer size according to H (H*v) (default v=2)" />
<bufferbox> ——
<!—-— ERefinement level 1 --»
<point x="-0.30" y="0" z="-0.51" />
<zize ®x="1.85" y="0.0" z="1" />
<dpratio v="2" comment="Refinement ratio." />
<buffsizeh v="2" comment="Buffer =ize according to H (H*v) (defanlt wv=2)" /> Deﬁnition zone 2
<bufferbox active="troe"> F D/dx=50
<!—— Befinement level 2 —--> L. X=
<point x="-0.10" y="0" z="-0,250" /> Definition zone 3
<size x="0.75" y="0.0" z="0.5" /> D/dx=100
<dpratio v="2.0" comment="Refinement ratio." />
</bufferbox>
</bufferbox> —
</vres»
4’7 -
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Example: Vres parameters

point starting point of a variable resolution zone.

size define the extension of the variable resolution zone. It also possible to use endpoint to define the
ending point of the Vres domain.

dpratio refinement ratio between parent and child domain. A value 0.5<v<2.0 is recommended
buffsizeh Buffer size according to smoothing length h. The default value is v=2

overlappingh Extension of the overlapping region according to length h. Only applied when
overlappingh is explicitly declared in the Vres domain definition. Recommended when interface

between Vres regions crosses solid boundaries and/or in presence of free-surface flows.

tracking If enabled, the Vres domain moves according the translational motion of the moving or floating
body specified by the mkbound value.

i Y

47
cpu TU




Example: DamBreak2D

Geometry definition '
<definition dp="0.01" units_comment="metres (m)"> : g

<pointref x="#Dp/2" y="0" z="#Dp/2" />
<pointmin x="-0.1" y="0" z="-0.4" /> W 11 »vall
<pointmax x="4.2" y="0" z="3.5" /> a
</definition> B &
<commands>
<list name="GeometryForNormals">
<setactive drawpoints="0" drawshapes="1" />
<zetshapemoderactnal | bound</setshapemode>
<szetnormalinvert inverc="true" />
<!-- Tank -->
<setmkbound mk="0" />

<drawbox> —
<hoxfill>bottom | left | right</boxfill> 2 x - . m

<point x="0" y="-1" z="0" />
<size x="#sizex" y="2" z="§sizez" />
</dravbox>
<shapeout fils="hdp" />
<resstdraw />
</list>
<mainlist>
<!-— Actual geometry at dp/2 -->
<runlist name="GeometryForNormals" />
<!-- Particles —-»
<setdrawmode mode="full" />
<!--— Fluid -->
<gsetmkfluid mk="1" />

<drawbox>
Ia:bzzfill>solid</boxfi_u> AZE = 0.005m

<point x="0" y="-1" z="Q0" />
<zize x="1" y="2" z="2v S
</drawbox>
<!-- Tank -->

i<

<setmkbound mk="0" />

<drawbox> Wall

<boxfill>bottom | left | right</boxfill>
<point x="0" y="-1" z="0" />

<size x="#sizex" y="2" z="§sizez" />
<layers vdp="0.5,1.5,2.5,3.5" />
</drawbox>
</mainlisty»
</commands

When is present a solid boundary that is crossed by an variable-resolution interface, is suggested to set:
<pointref x="#Dp/2" y="0" z="#Dp/2" [>
This allow the correct definition of solid boundaries with different resolutions.

DualSPHysic



Example: DamBreak2D

<vres active="troe">
<huffeizen v="2" comment="Buffer =ize according to H (H*v) (defanlt wv=2)" />
<bufferbox>
<point ®="2_.5" y=nQn oz=v-_g.20" S
<endpoint =x="4.1" y="0" =z="0.60" />
<dpratio v="2" comment="Refinement ratio." />
<hbuffsizeh v="2" comment="Buffer =ize according to H (H*v) (defaumlt v=2)" />
<overlappingh v="2" comment="0Overlapping size according to H (H*v) (defamlt v=0)" />
</bufferbox»
<fvress

overlappingh Extension of the overlapping region according to length h.

Example:

CaseDambreak2DVres

|

Particles (initial): 30,797
Physical time: 1 second
Runtime (RTX 3080 Ti): 2.08 min

Time: 0.000




Example: CaseFlowCylinderTandem

CaseFlowCylinderTandemVRes

Jwwee s
sedievier. sesiRatie.
aasesesserie s

RIS IIIT sanesse

ooooo seeesser
SPIVESRISRISET IS

Dti;i"s"la;ﬁg\:(";i’cs
Particles (initial): 660,048

Physical time: 10 seconds )
Runtfime (RTX 3080 Ti): 2.45 hours Time: 0.000 s
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Example: CaseFlowCylinderTandem

<vres active="troe":
<buffzizeh v="2" comment="Buffer size according to H (H¥%v) (default wv=2)" />
< !'—— EBRefinement for cylinder 1 —->
<bufferkbox>
<point ¥x="#oylx-S*oylradins" y="0" z="#oylz-d4*oylradins" />
<gize ¥x="#oylradins*10" v="0.0" z="g#oylradins+ g" /=

Zdpratio v="2" comment="Refinement ratio." />

<huffzizen v="2" comment="Bnffer =size according to H (H¥*v) (defanlt v=2)" />

|<tracking mkbound="1" comment="Reference to moving or floating object inside refinement region." />
<bufferkbox>

<point X="#oylx-2.5%cylradins" yv="0" z="#oylz-2.25%cylradius" />
<gize x="#H%voylradins" v="0.0" z="#4,6 S*gylradins" />

=" " =" ent ratio, " /=
<tracking mkbound="1" comment="Reference to moving or floating object inside refinement region." />
</bufferbox>
</bufferbox>
<1—— Refinement for cylinder 2 —->
<bufferkbox>

<point ¥x="#oylxZ-Svoylradins" v="0" z="#oylz-4+oylradins" />
<gize ¥x="#l0%cylradins" v="0.0" z="#8+oylradins" />
<dpratio v="2" comment="Refinement ratio." />
=ngn =" ize aocording to H (Hé¥y) (defgult w=3)" /=

<tracking mkbound="2" comment="Reference to moving or floating object inside refinement region." />
<bufferbox>

<point Xx="#oylxZ-2.5%coylradins" y="0" z="foylz-2.25%cylradius" />

<gize X="#5%oylradius" yv="0.0" z="#4,5%cylradias" />

<dpratio v="2.0" comment="Refinement ratio." />
|{tracking mkbound="2" comment="Reference to moving or floating object inside refinement region." />
</bufferbox>
</bufferbox>

<fvress

DualSPHysic



Example:

Wedge Geometry definition

ade spto="frpe" S
<setmkbound mk="51" />
TawexLIude cloze
<extrude x="0" y="1" z="0" />
<point x="0" y="-0.5" z="1.5" />
<point x="0.25" y="-0.5" z="1.64433" />
<point x="-0.25" y="-0.5" z="1.64433" />
<layers wdp="0,1,2,3" />
</drawextrude>
<setfrdrawmode autc="false" />

Floating object definition

<floatings>
<floating mkbound="51">
tmasshody value="241" />
¢linearvelini x="0" y="0" z="-6.15" />
</floating:
</floatings>

<Vres >
<bufferbox>
<point x="-0.49" y="0" z="1.31" />
<size x="0.98" y="0" z="0.59" />
<dpratio v="2.0" comment="Refinement ratio" />
<overlappingh v="2" comment="Overlapping =ize according to H (H*v) (default wv=0)" />
I <tracking mkbound="51" comment="Reference to moving or fleocating cbject inside refinement region." ,-’)I
<bufferbox>
<point x="-0.39%" y="0" z="1.40" />
<szize x="0.79" y="0" z="0.398" />
<dpratio v="2.0" comment="Refinement ratioc" />
=N conment="Overlapping size according to H _(H*v)

<overlaooingh (defaplt w=0)" />

CaseFlowCylinderTanderr

Open boundary

.
30°
Y dz = 0.002m dz — 0.0005m
; dz = 0.001m
S
' =}
' e}
H =
L g
H =
H =
H jol
: &
H ~
' <
; 2L
bbbt tetebeleielietedetetie ettt ittt ettt ittty >
o
Wall
CaseFallingWedge2DVRes

DualSPHysics

Particles (initial): 1,592,594
Physical time: 0.025 seconds
Runtime (RTX 3080 Ti): 11.78 min

Time: 0.00000 s

<tracking mkbound="51" comment="Reference to moving or flecating cobject inside refinement regicn." ,-")I

</bufferbox>
</bufferbox>
</vres»

The two refinement regions defined are tracking the solid object with <mkbound="51">




Future outlook




Future Outlook

 Validation of the present formulation for 3D application and release of the
source code.

« Update of the post-processing tools (Compute forces, MeasureTool) for
Variable-resolution simulations.

 Integration of the multi-resolution model with other features available In
DualSPHysics.
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