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ParticleWorks Hf) Domain #/~7E ParticleWorks HJL A4 B FE H Fo AR 1 #5 50) iO 46 56t
IAAR . XA N AFE walll.obj X GAEA; B A2 PO @ A2 AR . 3T LK
T walll.obj 7E477 Hd A2 H S prad i (AR
1. XU H HiE ) Domain.  (Sloshing>scene>Input)
2. 1F Transform F[f] Location FF#IALL T N %o

= Location: 0,0.15,0

3. {F Domain £ Dimensions 4 AL HZ .

- Dimensions: 075, 034‘, 0.22974 0.000 s (000)
Key Frames | Physics |0bjec‘l x | -
&) domain [ Hide
w Transform
parent | (%) None v
Location |0 (m) 0.15 (m] 0
Dimensions| 0.75 (m) 0.34 (m) 0.22974 (m)
w Domain
Upper limit| 0,375 {m) 0.32 (m] 0,11487 (m)
Lower limit| -0.375 {m] -0.02 (m) -0.11487 (m]
Adjust domain
TR T
W78 BA PR H SR P T A Walll P& [ L RE .
qzﬁ/TXIKE:.FiﬁW%BO PW Wizard X | =
1. $$ PW Wizard Niﬁﬂiqjﬂ"] Fill, [E9) Sloshing > [[f]) scene
F41E Projects FEHR FEM HR QbR Fill ()50 Objects Fos
(Sloshing>scene>Input) MO;:IWEHLDM o
=lInflow Rectangle
=I0utflow Circle
=IFill Donut
@‘ﬁll Open...
“IMiscellaneous pr—
Retﬁngle
Circle
QOpen...

Fill:
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WATER SLOSHING (PARTICLEWORKS)

2. XX‘:_E: PI‘OjeCtS ﬁ?&ﬁ*}j‘ﬁp E(J Flllo Key Frames Physics Object X | —

. = fi [ Hide
3. ff Transform | Object XifHHERA LT N % . e
* Location: 0,0.12,0 Location 0 oz mlo
Direction of Particle Creatior yLower i

=  Dirction of Particle Creation: yLower

w Appearance

Alpha 1
Clip
Diffuse [ [170,170,170]

Specular [ [136,138,138]

Ambient 1}
Shininess 10
Culling none i

Double Sided

2. W\ Fll (58 X N BT RZ G, PW Wizard SHGHEH 5 Next, BIAGIHFAN T —H.

@E ibsning -scene X PW Wizard > | -
|8 a8 g5 8, I§:| . @ Sloshing > @] scene
0.000 s (000) Objects Model: ~
~IModel Open...
W@ Walll.obj Inflaw:
=lInflow Rectangle
=ICutflow Circle
=IFill Donut
= fil Open...
=IMiscellaneous
Outflow:
Rectangle
Circle
Open...
Fill:
Fill

Miscellaneous:
Air

Qutput region

Diunlicate

| Mext > | Execute Close
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WATER SLOSHING (PARTICLEWORKS)

BB BRI YRR, EPAT LT8R AE:

1. i Manage physical Properties.../t. PW Wizard *§ i PW Wizard x| -
HEF IV PR . 8 Stoshing > [ scene

Objects Physical property

=IModel

w9 Walll.obi None
=Inflow
EI0utflow

=IFil

3# . Manage physical Properties... X} 15 {E

Manage physical properties. ..

2. Hdi+G)E Fluid.

BRI B IR K P . BRI L i <Ok ]| Net> | Ereen || Gow
3. Hifi+EIEE Polygon.
Polygon H-T- & X walll.obj % S8l 4 i@ Pk
O Physical property manager *
General Interactions
Nane Fud
& Polygon Density 1000 (g /m?)
Kinematic Viscosity le6 (mfs)
Surface Tension Coeffident | 0.072 (M/m)
Specific Heat 4200 (1fkg-K)
Thermal Conductivity 0.6 {(W/im-K)
Mon-Mewtonian Fluid Settings | None -
Stabilization O
+ @ -
Save Cancel

4. #.if Close iEH Physical property manager %{iGAE.
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WATER SLOSHING (PARTICLEWORKS)

PW Wizard X | —
5. {E PW Wizard X} i&HE[] Physical property H M None i\ @ soshing > [ scene
U\——F ]j\j ’/?i’: Objects Physical property
=  Walll.obj: Polygon BM";:'WEHW =
u FIH: Fluld =lnflow
=loutflow
=Fil

Manage physical properties...

. N < Back I Mext = I Exec... Close
6. 1F PW Wizard XJiHHEH H Nexto
BB R FAIIE:
TEHEE PW Wizard XS AHEH 5 ARSI .
1. 7 Particle Size H%i A\ 0.005.
2. Hi; PW Wizard XHEHEH [ Next 3 2]~ —TT
3. fEE /1Y HiiN-98, 5 RecurDyn [FF. —
4. 1 Pressure NHIALLTPI%¥: N e o
=  Type: Implicit e —
=  Gamma: 0.5  Pressure
5. 1E#¥ Viscosity I Explicit 130 Type | tmplicit v |
6. FAT Next 33| F—Td, Mode | Stabilized »
7. el Thermal BT 1) Next T AHFERER, HEF |
—Ti,
Type|Explcit ~|
w Surface Tension
Type | Mone w
w Turbulence
Type | Mone [
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WATER SLOSHING (PARTICLEWORKS)

w Time
Finish Time | 10 (s)
Initial dt | 0.0005 (=)
LW RV
T AE PW Wizard T 5 5020 M 2 TRORHEAE . ~ Output Settings
1. {£ Time N Initial dt[s]#%i A 0.0005. Format 6 v
R KR A K. 715 RecurDyn i | Pressen it o
(R aG I} 8] 25K A Maximum Time Step EAAHFIRIMEH. | TPe smul...
2. 7E OutputSettings F, 7E File Output Interval Time [s]4g; | Fie OuutintervalTme
}\ 0.01. Load [ Torque Type Samp...

ARG R IR R (B . {85 RecurDyn 1 EndTime/step (A
.

ﬁIJ @*ﬁ% : @ Run.. [Sloshing - scene] X
1. ;T_'Dﬁi'fjj‘ EHEEE ’ $$ Execute. Steps Basic settings (1. from 2)

54 HH Run 1A o g
2. {F Run 2859, 1%EF% Preprocess Hiik % [Snimttnis

5

3. Hif; Execute.
.5 Execute %41 )5, KB4 walll.obj Xt S
R FIRAAR T EAINAZIE TR,
HE O ER—4HE, RIFCOIER

e R AR, KAED H SR (<project A
location>/slowshing/scene) Hf{] df, pre B ]| coce

SR BRI A LA A
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WATER SLOSHING (PARTICLEWORKS)

&5 ReanrDyn BEAHE

RecurDyn 77 % % /{1 ParticleWorks =34 e 5 ParticleWorks BX& 1/ H o X Ee 30 A
H ParticleWorks 37 RecurDyn FI{h 50 H A . BRIk, 75 228 S8 A NI W 2t i Y
fE ParticleWorks HiZ17{i &, {H/A5 RecurDyn —jEBc &1 &

F57F RecurDyn ] ParticleWorks {7 K

1. By Simulation %154 [#) Run.

HI Run XT1HHE.
CPU cores: 4/  (Bcoresavaiable) | License...
7£ Run K5, 1%+% Simulation HLIE1%4H
TNEHELL i FOS AR P (Y CPU_ AR S O cemaeenie
TRAUAR GPU 5814 Run XHHEN] p—
JJ:[:—DTJ:E?I G_PU %‘é%qu‘o ﬁﬂ%%yfﬂaﬁ:qj* | OSi::l:
AN GPU HEATULDT R, TSR ik A
GPU. ‘
4. 7 Nexto
5. H.i Close without running simulation %4 . ZRU""'[S""”"“(E“] srrw— -
6. il Execute. ;S e —

C:\PrometechParticeworks_6.1.2_180126\module\app.solver.double.exe
cuda -g 0 -p . - resultisub.json -n 4

Additional options:

FESHTIE AR, KAETH SCfR (<project ‘
location>/sloshing/scene) 4% 550 F & — S
B S0 B AT AT 2

B, e LUt 17 FIH RecurDyn 1 ParticleWorks HEATECA 1 E .
7. RAFLUH

5 5 =rp TAERT, AFFEIE1T ParticleWorks. {BfE F—& 1, N i%ia{T ParticleWorks K
ST AT R .
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WATER SLOSHING (PARTICLEWORKS)

LT

BRE iR

FEAZE W, RecurDyn F ParticleWorks RiEATIEC ST 3, 2 MIMARIRL 12 [ AT 9.

£55 Hix

T WA /E RecurDyn HHIEATHCA 1 E.

= Tt SEr ]

120 5%
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Dyn/Kin

v

WATER SLOSHING (PARTICLEWORKS)

BEE
7E RecurDyn HizfTE A E:

1. a3} RecurDyn F4T7F sloshing.rdyn SCfF, ENINIFESS 3 TR &M 13
(X fF#1%: <projectlocation>/sloshing/scene/sloshing.rdyn)
2. M External SPI X7 [¥] ParticleWorks #1, #£# Connect Fl#z.

Connect

Connect

3. M RecurDyn FIJfEX [ Analysis %50 [ Simulation Type ZH1, H.#7 Dyn/Kin.

v

S AL

RecurDyn #1455 ParticleWorks 34T 17
Ho  (HUHm AT CPU 1 GPU Y
Fo )

7£ Parameter &1+, 7E Maximum Time Step i\ 7B H#HiA 1.e-003,

Dynamic/Kinematic Analysis

| General | Parameter |initial Condition |

Maximum Time Step |1.e-003 |pv]

Initial Time Step [1.e-006 [[Pv]

Error Tolerance |5.e-003 |

Integrator Type |AD\-‘HYBRID | hd |

MNumerical Damping |1. |
Constant Stepsize |1.e-005 |

Jacobian Evaluation for TPart |1DD. |

D Match Solving Stepsize with Report Step

Match Simulation End Time with User Input

[ stop Condition

Simulate | | QK | | Cancel

24




WATER SLOSHING (PARTICLEWORKS)

BEMTEE:
f&n] LIS ParticleWorks PP J SR £ A 7E ParticleWorks Hf B LMK 7~ 170 BT it
1. 1+ Outline XFIEHEH ) Walll £l Fill 5 iEAE.
2. 3 Outline X 1HHEH 1) Walll,
3. £ Walll ) Object X ifHEH B 2 LN &I
= Mode: Solid
= Alpha: 0.3
4. KA Player X iEHEH ] Switches loop flag #ZE1 .
Switches loop flag & 10FH T-JoAR 1k KB G .
5. H.ii Player XJ1fHER ) Play foward %4

A DA B 24 i (8] 1 258 B 18] 20 Bzl im o

Q Particleworks 6.1
File Edit View Simulation Animation Tools Window Help

L ED GEFRRPPOEOR DTS
Files | Outiine X |Projects | — | [} Sloshing - scene x| O
& vl Je | 0%, 6, 6, 09, &, | aaffe
[ &% & wallL.obj
[ £ domain 0.420s (042)
O g
O I?gra\;’iw
T wal
ol

[] W0 camera
[ &2 cipping
1 Fés ruter

Color Map | Scene Options X | -

Background: W [0,0,0]
Use gradient W [0,51,51]
Show gizmo

OIT (Imporved transparency)

Key Frames ‘ Physics | Object X | -_

Wwalll : 0 Hid =

U al1 (group: 0) [ e Player X |[[5) Output X

 Appearance ” 200 400 600 800 1000 1200 1400 1600 1800

Mode Isa\id v|

#lpha [03 ]

Z Order 0

Clip

Diffuse @ [170,170,170]

Specular I [136,136,136] i —

st o . W stare: | 0 2|End: | 442 a2 |« 4 » | M g FOoS

/ X Bl
\

7/

Playforward Switches loop flag
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WATER SLOSHING (PARTICLEWORKS)

FEFBhiE

Play ZJjifii:
= 7£ Analysis %37 Animation Control 41+, ¥t Play/Pause.
Wall B3 B4 e AE 77, G wall 7 AERRL 15 Wall A Wall 2 8] R ™ AR 74T
Ho 1E Wall (RSB MEITEL, R R E RS RANE . (ARESEEs], MERHES
JUR, RLriZ 8T 46 AN ) R iz 8 .
Ting 10,20000000 Second
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WATER SLOSHING (PARTICLEWORKS)

BRRLT 2

i ] FF-7E Play Shilii SR ik A 5 & 1 o

1. M External SPI &) Post-Process 21+, i&45hi ¥ = B4
2. % Contour Type 5’4 Translational Velocity Magnitude.

3. fF Min/Max Option #, ¥ Type

N s Contour x
SO User Defined, JF&E | e oot
. Mo | Show Name [
Mln/MaX ,fEO 1 |7 Particlewarks_1 L egier Iil
= Min: 0.1 Max Color Iil
- Bl 1 Text Color

‘ _ ‘ Cowrsoie  [specnm 7]
4. Jﬁﬁ Enable Contour View, ?ﬁféi Location
boton [
o OK.
|Trans|ationa|\-felocityMagnitude |v|
~ Min/Max Option
Type IUserDeﬁned |V|
Calc. Result User Defined
Min | [ o.000000] | || 0.1
Max | | 22.212856| | || 1]
| Calculation |
|| oK || | Cancel | | Apply

BAE, BOERE T mEUM ARG 725 4R RITR R, T E T
No

Sloshing
Time = 14,00000000 Second
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WATER SLOSHING (PARTICLEWORKS)

R
B481E RecurDyn hEZIBRIARENS ERT, (ERTKEREEIREA.

Ek‘ BEIRGNHLE:
1. M RecurDyn FINREX K] Analysis ZETH A Plot 40, Eds Result.

: 2. MIHEEIX ¥ Home JEIF ) View 219, Hiids Show All Windows.
_ 3. M Tool IETN ] Animation 0, ¥ % 1/ _F 75711 Load Animation.
r 4. fE% 04 EJ7 %% Walll ) Fx_Reaction_Force.
All iR RNZW N PR A ES, nTUUEEIEA T walll B X BRI RIER . &
i fEH 1 BB EEMIEARHE, 5% 1 2R120E ILAD

W |k - R E P ST E5DE K

— FX_Reaction_Force-Wall1 - Sloshing (N)

Sloshing

90.00
80.00
70.00
60.00
4D-ED l i
H {
i I t i 1
na¥ X | N 2N
Y 1 T 1
i - O - mm i e
00 O =
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
Time (s)
Page 1 Page 1
BkEL | REPSF QLD E| & BkELs& | REPSFIRLEDE| &
D D
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WATER SLOSHING (PARTICLEWORKS)

LT

ParticleWorks J5 b #

fEARZ Y, A4 ParticleWorks THHIAE /1, FHiBid FIF ParticleWorks H [ f5 A4b L D) RE
BIEFRAAAT NS

#% Bin
TR B A0 A AR AR ] 1) 7 AR AR SE PR AR (K2R 1

= Tt SER IH]

30 435t

29



EFiE

WATER SLOSHING (PARTICLEWORKS)

$& 0] LLYE ParticleWorks H & A& 7M1 45 B 18 H .

Play ijJ]E‘[: .
= 95 Play A A B

13.990 s (1399)

Position [m]

0.000e+00

0.400e+00
F P
|4 3
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I IRES

PR I T A2 ) B AR O T

ZHIETT
1. i Tool i&TiH ] Probe.

Probe X AE H BLLEA I . T o
2. Z_-E Settil‘lgS ‘F){% MOde -&Ej‘j Region o | ;:I == = ~
3. i Region [ Add. — .
4. .7 ID 0 %13, Name 4 Prove_region. p—
Start: 03| End: 1,399+

w Settings

Mame probe

Output region name O

Create file per region O

5. fE Object XT1EHE 1) Transform H AL A% g

= Location: 0.3,0.1,0

6. fE Object X[ifHHE ~ Prove Region i AL T N%

=  Mode: Box
=  BoxSize: 0.15,0.02,0.02

WATER SLOSHING

o J»

(PARTICLEWORKS)

R BN, RSz TR A Pk

Probe X |

msloshmg > |1 scene

* Regions

Include results of whole partices

Duplicate Delete

D

MName

[probe_region | =

Key Frames

|Pnysics [ object x| =

probe_region

w Transform

Parent Q None -

Locaﬁonl 0.3 (m)

Rotation 0
Center |0

Mode  |Box

* Probe region

Box Size| 0.15 ()

0.02 (i) 0.02 (m)

w Appearance

Color | [ [255,255,255]
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e,

REAfE

BTN EIE T IRE

WATER SLOSHING

DL & Wall A1) Wall.

7. Hi.ifi Execute.

R

SR CBIEA csv 3. csv B TE RS
(U847 <projectlocation>/sloshing/scene/prove)

(PARTICLEWORKS)

Probe X | -
Slushmg > SCEHE
w Object

Al | Use scene selection Clear

~

EE 3
w Frame

Al | Selectloop range

Start: 03| End: 1,399%
w Settings
Mame probe
Mode Region ~
Output region name O
Create file per region O

Indude results of whole partides

* Regions
Add Duplicate Delete
] Mame
probe_region |~

| Execute I Close:

R Slon ST ORAT S o

csv i H SO AT BAFRATATE Y 1R 74T FF, - Wl Microsoft Excel, U\§% FFTERFH N2

Excel 4 .

Pressure (Pa)

16000. 00
15000. 00
14000. 00
13000. 00
12000. 00
11000. 00
10000. 00
9000. 00
8000. 00
7000. 00
6000, 00
5000. 00
4000. 00
2000. 00
2000. 00
1000. 00
0.00

BRI T ERERL T B A AR T
X: A EE[A]
Y: KL

-1000. 00
0

)
" " " A
4 W \ w-r'\\ \\ Yy -w\ ol }
0 1.00 2.00 oo oo oo . 00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
Time (Sec)

N
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WATER SLOSHING (PARTICLEWORKS)

lie=dial
IERILAE ParticleWorks FellFBRURIAREITN, SEIRARESRI.
tlEERmE, EHITLATRE:

Surface generator X | —_
%ﬁ 1. #.5f Tools I H1 ] Surface Generator. s:z:':g > B scene
Surface Generator Xj‘iﬁ*l:i: ﬁ fﬂEETNU ) All Use scene selection Clear
EL 4
w Frame
\ A N N e, DA" Select loop range
2. £ Surface Generator XfiGHE P NI 2r DA T N _ _
= Start Frame: 1260 start: [ 1,260[3] End: | 1,300 %
* End Frame: 1300 7 B2
* Fineness: 2 ame surface
Format 0B v
Type All w
3. i‘ﬁ;{‘ EXecuteO Output Surface Area [
ST BLEE Output XHFHEFF AR 4 AR 5. =
Sharpness 0.7
Smoothing 1
Partide Scale 1.2
Clip Enabled O
4. SERGERINENE)S, 1E Project X UEAEH X Surface.
(scene > Post) [Bcate | co=

5. 1E Surface Options " 5 1§ Diffuse A1 Specular FJ{E,
R R,

Diffuse: 102,255, 255

Specular: 255,255, 255

Key Frames Physics Object = | -

Dy surface [ Hide

w Appearance

Mode | Solid w
Alpha 1

Clip

Diffuse [ [102,255,255]

Specular [ [255,255,255]

Ambient 0
Shininess 10
Culling none ~

Double Sided
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WATER SLOSHING (PARTICLEWORKS)

Files | Outline X | Projects -
PSS TS I - & v
WEId ParticleWorks [EIJE ] 7 ST FE5# ParticleWorks g gfw.anl'obj
E':‘Ey_[liﬁ Egiﬂ@*ﬁ¥o O Q’@ﬁ"
. %I‘iﬂ Fill Eiﬁ*@7 ﬁjﬁ*% Outline XTJ‘:LE*EEP ET:J surface Eﬁ O F aravity
*E ° ] wall1
O &
[] "0 camera
[] €2 dipping
[ Eg ruler

FHX Play ShEIR, fEH5E BN EPRIEER .

12.850 s (1285)

Velocity [m/s]

1.000e+00

FED R 1260 F2LTR 1300 HAIH), bzl m e Qg 1 R i R B SERR A sl i 25 2R .
AT A FH O e i P R AR AN i, 8 AR TR AR 75 4 o BE 4 A A5 R
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WATER SLOSHING (PARTICLEWORKS)

LT

SRPITSVFE

e aEla
T ARG RecurDyn A1 ParticleWorks 5545475 B 14 7347 285 SR -5 106 45 SRk AT LA i
N

it E
5 7%k
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WATER SLOSHING (PARTICLEWORKS)

45 R %t e i

TR ARG A HRERT S5 A F I G5 RANRIR 45 R BT LU BT, AT MPS 341 5 45 i) 5
.

TAAT LRI LEE T

TSR T AR 0.13 A RSAAT . 1T B, A BUEE R AR AR A% 3h 2147 (i
W,y Wall BE. Z5RURW], ZBOUIHR AT s, ol RS s O B AT AR K
2

0.13sec 0.13sec

Experiment result

(600sec] © T [a3see 0 [6265ec
J

RecurDyn result
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WATER SLOSHING (PARTICLEWORKS)

TS 185 Rxt b o i

TEIERT NI PRERIEIEIINAREIES 6 ERIDHTHIRGHVEEE, ER— 1 -SHIEEXINAIES
B, mMNEDEEEETEELLE 10cm fAEEZEG TUE,
B MRS T, ERiALL 1.3 aERizanELEEr, =& 7RIS TRBIEDE.

= Particleworks — Experiment
12000

10000 -

2000 -

600D -

Fressure (Pa)

4000 -

N NI =N

.00 .00 .00 3.0 10/00 11.00 12.00

Time (Sec)

RS SR ETE !
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