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FLOW-3D¢S r L hm @ookhb

The same solver for all applications!
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Metal Casting Inkjets Environmental
Eengineering
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Coating Marine MEMS

Consumer Products
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FLOW-3D¢ Applications Worldwide

m Casting

® Ink Jets
Coating
Hydraulics

" MEMS
Aerospace

B Manufacturing
® Other
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FLOW -3D®(FAVOR™)vs. F V. m

FDM meshing |

STL geometry (CT scan) I

180,000 cells

L9 > wLceaD
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FLOW -3D® meshing

180,000 cells
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FLOW -3D®(FAVOR™) vs. F (Vi _ m

FLOW-3D : FAVOR

t=0.0 sec

t=0.5sec

t=1.0 sec

-V, =
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VE = OpenVolume
Volumeof Cell

_ OpenArea
~ Cell EdgeArea
Heat Transfer Area

FAVOR™ |

Direct CAD Interface

!
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FLOW-3D®vs.tdM , m _° W

~ = 5

Wrong prediction

.;“

I FDM S/W I !Actual castingl FLOW-3D® |
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FLOW-3D®vs.F (M , m _~ W

~ = 5

— Last-filled area in short shot test

e

Similar to actual result

<+— Already filled

I FDM S/W I |_Actual casting | FLOW-3D® |
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processing

@ Flow Over A Weir - FLOW-2D - [Meshing & Geomet l = | B g
&8 Editing Multi-Block Gravity Filling - FLOW-3D == ® Lkl 2
File Diagnostics Preference  Physics  Utilities  Simulate  Materials  Help
Editing Simulation: Multi-Block Gravity Filling Navigator Model Setup | Simulation | Analyze | Display 1
Simulation Input File: C:Mow3div. 4/examples/Multi-Block_Gravity_Filling/prepin Multi-Block_Gravity_Filling ] General I Physics | Fluids | Meshing & Geometry | Output I Numnerics |
Workspace Name Default Workspace Search for! - Find E Tools Wiew Mesh Subcomponent
4 Geometry osVveo- ST R ALY A
'-’l Search | > Global EEEEESERRE] —
> Compenent 1: weir [ ] D Transparency {i} Light Tii M T:E )—- @ BC
. - . > Solidified Fluid Region e
Check Syntaxl Syntax errors: 0 Unexpected items: 0 © Mesh - Cartesian
- - - > Baffles
|Ihree—block calculation of a filling process ~ Springs and Ropes
&Xput b Initial
remark='overall control parameters', Mass Momentum Sources
twfin=10., delt=0.001, remark='set finish time, inital dc', Valves e
itb=1, iwsh=1, remark="free surface tracking, wall shear', I History Probes
_ Sampling Velumes
gz=-%80., > Render Space
ifin=2,
iedt=2, pltfrc=0.1,
ifwisc=1,
£
&limits I
!
&props
rhof=2.5, mul=0.05,
!
Define mesh and bc for mesh block number 1 |
&bcdata
wt=5, pbot(l, €)=25000., ipbctp(6)=1,
!
&mesh
nxcelt=10,
px(l)=-2., pr(2)=2., |
nycelt=2, Z
BY(1)=0.0, py(2)=1.0, |<x
et [
« i r

o]

Cancel |

Text Mode (Ym =)

P Frv v

'A !l\

‘A

- case StudiA batch mode (oM # A )W IA

- Wt

A

+ 00!
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GUI Mode (N 0 m)
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. Meshing (Multi Block)

Project Diagnostics Prefarence Ulillies Tab Help
Model Setup

Global

Search |

| emees | P

Simulate

Meshing & Geometry |

EomETy
Gidhal

<-— Mold

Insert

- Block 1

W

In
3

-Block 2
-BI0Ck 3
Render Space

4 Gomponent 1
< Component 2
#-Bubcomponent & SERB500 ValveDisc 8TL| Solid -

Subcomponent 10
Type of Moving Object

pe of Motian
~Fixad AMs/Point X coord [7.0
Fixed AxisfPoint ¥ coord [0.0
Fixed Axis/Point Z coord [10.25
“Minimum Rotation Angle [-4.1
~Maximum Rotation Angle [55

ass Properties
Total Mass

~Initial Mass Centar
Initial Mass Center Y
~Initial Mass Center 2
Moment of Inertia About Fixed Axls
Moment of Inertia Tens of
~Donsity

itial Veloc ies

[Soli =]
[Coupied et =]

Fixad V-Auis R~

[Define Unfar =]

Lo

]

]
0.0
Ta

[

ontral Forces and Torquss [ Spacs B7sh =]

ZForee [0
X Torque [0.0
= Torque [0.0
ZTomuelio

Solld Propeies

Surface Properlies
Initial Conditions
Mish - Cantesian

=18 x
| Analyze | Display |
boundades | wel | oubst | Numews | Fname |
Light Tools View Mesh Cuting Plane Subcomponent Window
SO0 AADHD OOV O &l Tansmparency

MoUSE Morle: Work Space ROTATE  Active Scréen; NONE

[Foute ~[Forersems

3

[d
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[ rotor_c1250_m500.
File Diagnostics Preference Physics Utilities Simulate Materials  Help
[ Mavigator | Model Setup | Sirmulation | Analyze | Display ]

[ Warnings & Errors | [ Fiestart imes | H [ Staws | [ Restartdata | [ History data | H H Resume

| Stability limit & dt
Time-step size

Epsi & max. residual
Pressure iteration count
Conv. valume error (3% lost)
Volume of fluid 1

Fluid 1 surface area

Mean kinetic energy 3.6e-07
Fluid thermal energy
Minimum fluid temperature
Maximum fluid temperature
Minimum wall temperature P
Maximum wall temperature

solid fraction 3e-07
Avg. turbulent energy

Stability limit & Time-step size

4e-07

2.5e-07

Preprocessor: |G % =W i e e — S . e

T — T T — T " 1
Solver: g 6% 0.662 0.6623 0.6624 0.6625 0.6626 0.6627

e
Simulating — Stability limit — Time-step size
Y PUCGEEeE SUWe i § R USeoTuT

processing restart data
restarting from restart source file: flsgrf.rotor cl1250 m500_i300_v2
restart time: 6.620S1E-01

finished processing restarc data

-

restart and spatial data available at t= §.62051E-01
-

t cycle iter/htc dtstbl/code delt vl epsi
6.6205E-01 0 0 0 1.00E+35/na 2.96E-07 2.37E-03 -1.0E+00 6.
6.6215E-01 308 1 2 3.23E-07/vs 3.23E-07 2.37E-03 2.7E+02 1.6E+04 10:38:37
£ s = s o0s.no 2 20p.a7 o svmons o gmano 2 gwana 11osenig 1

X Mentor Tip: FLOW -3D¥ pW# rp & DA 3 o t J n& DAY 0A

X Numerical option (time step, algorism, & ) m€prp A ~ de g vu{ * p A

X Solver{ s v w 1§ [ 3 B AW, o€/ta> hp, time-step,® rPS Y ¥ OJ E
X Avww N1s$s_pd A, LD _owr a° N, restart | WA 1°

4
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@ Flow Over A Weir: flsgrf.Flow_Over_A_Weir - Mesh block 1 - FLOW-3D - [Display] - E‘@
File Diagnostics Preference Physics Utilities Simulate Materials  Help
[ Navigator | Model Setup | imulati | Analyze | Display i
Color Variable .::TMIS e bieshy —
[pressure ¥ [ \;i?&w"g' h\;\\ :*u._i’z O 2
Available Time Frames R L ) = sp= —
T { Light * t+x t+y l+z =E 1= 5 Active display ¢ 1
e [ ransparency - * J o Ll L. L L )-. @ i ] L Active display
Time Frame: 0.27650
pressure
13958.00000
11516.72168
9075.44238
6634.16260
4192.88379
1751.60486
-689.67419
I Previous ] Next
Remove frame
Cancel animation
Object List
Fluid Surface
| Fd
XJ\Y
Width: 746 Height: 563
X 2D, 3D W 1 ¢
~ \
X D De, ur 1t
n <
X Textp A X
. -~ <
X Post Processing 1 P |

22
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| € o 01 L :Manual/Help/Tutorial

~lolx| 4_QT Video.mov

LT I i = —
a0 52 TN SA0 OF2(F) BE(E) ST SHF= TS B2 E=S2TH)
SEHC) 42| 4] = =
HEFIHE Ggun How do | model: solidification shrinkage? . Rowvu
[casting Mai iabl PUT SHENK Fle Licht Tools View Mesh CuttingPlane Window
ain variables: : = & e
- PROPS: RHOF RHOFS = ® Cj G O N s 1y o Light
continuous casting . . L
die cyeling e > |[| Perspective
. Search -
T candmelds Volumetric shrinkage accurs when a material solidifies and Sole
solidification i the density of the solidified material is greater than the —
soidfcalion shirkege density of the liquid. The shrinkage model, therefore, - Gecmelly
Cavitation requires the sofidification 5l model to be activated and both i
Hagd : solid and liquid phase densities to be defined, RHOFS >
Popetiss RHCF. Shrinkage can be modeled for one-fluid, free surface 3 sH02 sl
CaWRT problems, NMAT=1 and [TB=1 --Mesh Blocks
cc B R TPy e PRy P Sy MR [ DR P,
CDIST CDIS2 CDIS3 == -
COUM Ee ] x|
P e Paramsters 22 AT [HE 218 S2HALD
CEUT
CEXFI g g
CFDEN o_model_malsture_in_sand_malds_
CFPR o_|_madel_movingsolid_phase_
CGFOB 0 | mars] _
Chage How_do_|_madel solidification_shrinkage
charge How_do_l_mode|_surface ination_during_casting. —
Ehﬂzg\sw How_do_|_model_thermal_die_cycling_
model

parameters
CHLVT

R =0 EES

Clausius Clapeyion

saturation curve ACTYAed DY senmng [sHRNK=2, 1His Moadel s based o
Eis solution of the heat transfer equation only and runs fast
CLHV1 (hence "Rapid"), especially in conjunction with the implicit
Et;};‘ﬁ/ heat transfer model (IMPHTC=1). Internal cavities open

wheraver there is no feeding path to a liquid volume.

P
ChT] CMABN CMAGNY CHAGHZ Feeding in both models iz defined by computing the drag

CMSC coefficient for flaw in mushy regions. The drag function at

Eggrnrn every location in the mesh is computed as a function of the

caions local solid fraction with a constant multiplier TSDRG. The

COLOR reciprocal value of the drag function can be visualized in

En”‘d‘”k fies spatial plots: the variable name for plotting this is 'DRG'

omlnk script % [u.u vi00 2|00

En;gﬁ:;sFLDWGD ‘While partial feeding due to large flow losses in the mushy
region can occur in the FP model, the RSS model can have r — N

Ennr;\‘;e':?h\e o either corhnp\e%ﬁ fe‘edwﬂlg ol[dnfo fetedmg‘at a\\{hThfe \adtter " 00:00:36 C 1 ]
occurs when the local solid fraction along the feeding pat

EEEEL?ZTJS‘HZHETE“ estons = exceeds the critical value defined by FSCR (defaultis 1.0}, o) »)

s || | L i yovwwY =

X Manual : on -line, off -line X €, W Tutorial
x Dw lokdr+ SGnv cn Hx|lnedkbmsE, {7 p-
x §fnen(C ,bp,. €8) x ~E > W consulting

~
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FLOW -3D® User List (Casting)

X NoT W
GM, Ford, Fiat, Renault, Honda, Toyota, Hitachi, Volvo, VAW Aluminum AG, ALCAN(Aluminum

E
Canada), Alcoa Technical Center, Alumax, Buhler AG, Achen(Institut fur Verfahrens Technik) 8 "E
_ 600 T VM
x _pT M (d)
E N. omev j_+ 1, W wa,JE T 0eXx,Ru 7, A" € "7, LpAMmT,
KIST, POSCO,EwL & ,0E: _ &- ,LG¢m LGy Q. &- ,0_o,dE. T , P&
€Q 6
E A:tW,8004,8, N+ W, _WE 'K, A,. bW, *ER,ASW,” kW, SI,
ns,>- n, an,e{* W,KAIST, _ . &, [Kns
X L PTMQOT)
E N- omeMj _+ T, omeM, N Wa,/l-meM, A" Aw_ | ,0 XA\l ¢
1 E Ly ¥ e_oyida ., 04408 ,NEDEC,KIST, POSCO,dAp ,6
0 E - w- ,0Evm LGvm LGy O. O ," L x &
vr" &, - me 4 1 ,oX. ., W' 1 M-"A, ait " E 8
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High Pressure Die Casting : T/M Case

X T 1A’ J :SurfaceDefectTracking (O ¢ § )
E Ol dEJd t O v+ Exwss: Aq e 1 WIA
E 2 4 d. Ds$1{-& AgAA T TA® AA(SI=C T 7))
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HighPfessure Die Casting : Die Cycling

NADCA, USA

. 343.000

290.000

237.000

184.000

131.000

78.000

25.000

x  DieCycling:+ 1 wd17aA{ &X' _0 1t €y _ LA D YN ¢/

vl T p3,% 3 > 8 wLc&D 27 www.stikorea.co.kr
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X

X

X

X

High Pressure Die Casting : Mg alloy

~T7Q" J :OverflowAA t a8 p O & g,

Mg alloyq & 1 SteeringWheel Core : Overflow! AA t O g
Gate A{ .6 J418g' -~ O_ ¢ U N A a AAA
Overflow{| AA ~Ar Aq t Oy_ L AA

“p3,%3 > a wLcaDd 28
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T

High Pressure Die Casting : Mg alloy

X MRERSsEMgtalloy! "ot Notebookcase Td
NI sa p L ¢y A t .4 g
E o 4Yyr oomms X4 d - -5 8 e fqV ., mr &t w pPT | (MAGMA S )
A d W . px FLOW-3D> Ar-d "~ 3 de_u" Eysr-! | 6 [l
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High Pressure Die Casting : Mg alloy
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High Pressure Die Casting : Defect tracking

y e
%

x & w>AL=E= { ~4> bl9 AW _r D defecq § W,

vl T p3," 3 > a wLcaD 31 www.stikorea.co.kr
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High Pressure Die Casting : Temperature

Temperature Time Frame : 6.0000e+800

6.50e+0082

E.44e+882

6.38Be+0062

el Tp3,% 3 > 8 wLtca&D 32
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T

High Pressure Die Casting : Engine Block

we eV

>A

Time Frame : ©.0000e+000 Time Frame : 0.0008c+000

1.00e-001 1.908e-801

5. 88e-8072
5. 80e-082

8. 00e+000
8. 00=+000

bl -~ 1 20 AW wWNT X AW

"p3,79 >a owtcad 33 www.stikorea.co.kr
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v

Verification : Semi -Solid (Buhler)

_p3n+‘] )a ({Jéc&D 34

Buhler, Germany

www.stikorea.co.kr
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Verification : Bench mark test

' i by Liquid Metal
x Comparison of Benchmarking Results y Liquid Meta

- Simulation on the initial cavity design of USGA plate : Same input conditions for each prog

:“1; '5 ‘ '
Actual casting Actual casting

vl T p3," 3 > a wLcaD 35 www.stikorea.co.kr
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Verification : Experiment (KIST)

_ p—— —— KIST, Korea
| i ]

t=18ms

Model 1 Model 2 Model 3

1

&
x "1 4im, P Ant {Aw_Utq N2 ~,FLOW3DP AW, t J E! X
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Verification : Real Time X -ray

t=0.24 sec t=0.32 sec By Ohio State University

x Real Time Xrayp Angt { Aw_wq4 ., ~ ,FLOW-3Dp A,W, t s E! X
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Verification : Cover (ALCAN)

ALCAN, USA
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Verification : Al Engine Block (Benz)

Werkzeugbau Schaufler GmbH & Co., Germany

" p3,%3 > 8 wLcaD 39 www.stikorea.co.kr
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Runner & Overflow
x Oy ft&] A7 AA t we ~AAI DA By ARMCAN
x z9 Af> 0y 4 d Ay a8 L w1 WA
Gate U N Overflow
......... A

/ Product Overflow A A
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Low Pressure Die Casting

155.0 |

-37.5 |

-230.0 |
I

—340. —=204. -GG, (<)< Z204. 340.

X For the reduction of mold weight and cycle time, the mold diet was tried .

x  Temperature and defect prediction for the mold development
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Liquid Iiorging Wheel

x Alwheel{, DO ¢ Ey - &4 A
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Verification : Sleeve

x e widwa X414 ot
x FE 20 AWA> X &P WD TR,
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Simulation of a HPDC process

Nl

b

Time Frame : 1.702428

. 15000.000

12500.001
10000.000

. 7500.000

5000.000

2500.000

0.000
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Alr Entrai_ﬁment

x ASs with

t he

def ect tracki

i highly localized peaks in concentration.

ime Frame : 3.0042e+00€¢

entrained air

2.5513e-001

2.1261e-001

1.7008e-001
1.2756e-001
8.5042e-002

4.2521e-002

porosity in an aluminum die casting

ng model

defect tracking model
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Gravity Casting

avi _‘ (7

| ‘ | temperature

1400.000
Time Frame : 0.000000

1375.000

1350.000

1325.000

1300.000

L6 Engine Block (Sand Casting)
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Gravity Casting

¥ _p371+J >¢ (péc&D 48


http://www.stikorea.co.kr/

)

v

GravityaCasting

Tp3,79 > a wLcad

Housing Sand Casting

49
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Gravity Casting

temperature
particle diameter

1450.000
Time Frame : 11.999938 5.000

1225.000
3.750

1000.000
2.500
775.000 1.250

0.000

550.000 ix/
Y

<Inclusion>

Engine Block
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Movement of Ladle

A Contents:

E filling process as a result
of ladle movement
(gravity casting)

Simulation ofithefilling! process

Time Frame : 0.000000

avi

velocity magnitude

- 2100.000

1750.000
1400.000
.| 1050.000

700.000

350.000

I 0.000

51
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Tilt Casting

By Gemini Inc.(USA)

L NeTRERas— -ttt 1 TR H_"(p|7|wf|_
x AAT S oy K
Initial posm/\ﬂ
_.-"/\\
Incomplete filling Leak out of vent % .

.

\ Rotation : 60

Area of porosity ‘ —A{
| — m— | / ™Final position
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Tilt Casting

[avi | Javi

temperature surface defec)
Time Frame : 0.000000 690.000 Time Frame : 0.000000 0.600
590.000 0.450
490.000 0.300
390.000 0.150

‘\L‘ 290.000 ‘\L‘ 0.000

Cylinder Head
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Centrlfugal Castlng

velocity magnitude

20.00
15.00
10.00
5.00

0.00
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Verification : Real Time X -ray

By University of Birmingham

fluid fraction contours

A.244

|II 1.8d

B.58
.88
B.H, ) ) ] ) ) ) ) ) ) )
N B.65 .18 >< A.15 |.2a .25
SLOW-30  t=.3241 % 2.568E- 82 (1x 2 to 79 kZ 2 to B3}
14:39:2108 /24798 kg % d: version . =gi 1997
Simulation to verify f11ter config., 47
x Filter Real Time X-ray
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pressure and vectors (vmax=1.86E+00)

<18 783 1584 2385

3187

-044

022 088 154
X

FLOW3D t=.5099 2-5.000E-03 ix=210 133 =210 100
07,10:54 17282008 dasm ydrid:  version 9.1 sbsoftinx 2006

pressure and vectors (vmni

825 -13 798 1611 2423
A74
101
y
028
-045
-044 022 O:I 154

FLOW.3D 1=8402 725.000E03 ix=210 133 jy=210 100
071054 177262006 dasm  hydr3d:  version .1 absofinx 2008

pressure and vectors (vmax=1.85E+00)

1608

2422

3235 4048

vl T p3, %
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Segregation Parameters

g ( ) By Los Alamos Lab.
X The molecular diffusion coefficientis critical to segregationsimulation in this alloy.

X The initial Nb concentrationwill alsoinfluencethe final results.

X Ramping the Nb concentration may simulate segregationin the crucible and produce the bestresults.

6.50 %

6.25 %

6.0 %

5.75%

5.5 %
Nb% - 6.0 Nb% - 6.0 Nb% - 6.25 ’
diff = 5e-9 kg/m-s diff = 5e-5 kg/m-s diff = 5e-5 kg/m-s
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Head Quenching : Thermal Stress

temperature
S, Max. Principal
80.000 (Average-compute)
+1.291e+02
. +1.170e+02
Time Frame : 0.000000 +1.050e+02
+9.298e+01
e
+6.894e +
76'000 +5.692e+01
+4.490e+01
+3.287e+01
+2.085e+01
+8.828e+00
-3.194e+00
-1.522e+01
72.000
£
68.000 s 2
64.000
60.000
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Thermal Stress (residual stress)

Quenching

30.0-

ABAQUS/ITANDARD Version 6.5-

Thermal Stress Analysis
(ABAQUS)

483

467

451

435

419

l 403

Quenching

Temperature
L e e
LT T

20.0

-20.0

-30.0

59
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Micro -porosity model

M C:/v9.0/examplesimblock)flsgrf.gmres - [Resulis]

Project Diagnostics Preference Utilities Tab Help

Model Setup

Simulate ‘

Custom | Probe |1—D | 2-D IE—D | Streamlines ITE)dOLIlpLI[ | MNeutral File |

Analze I

Display

dynamic viscosity
nfvalues

cell type

drag coefficient
weall ternperature

al.Fraction

Example below courtesy

Contour variabl Vector typ, Particle ty]

pressure jJ ’7| Plain - ’7| 1o Particles |
pressure -

macroscopic energy

ternperature Minirmum Maxmum

1 .27633E+01 [ ]x00
. M

7.1 57394E01 [«»]

==
r =
I

187 ¥ 2.97500E+01 AI bany-ChIC&gO

cell heat flux -
—TImE T —
Min  0.00000E+00 B | Max 1
~Scaling
Data sourc Contour typ ~Vector length
[~ Commaon
& Restart [ Color Shaded =] oalingfactor [T
 Selected Nurnker of contours 5 = .
 Solidification - Contour lirmits
hinimum valug———
@ Auto ¢ Global  User
S
v
Advanced I™ Horizantal Maximurn value
I~ Verlical ’7(3 Auto ¢ Global  User

Open results file

Reload results file

Rendel

P33, > a wxcab

Micro -porosity in a A380 highpressure die casting
diesel engine part.
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Ceramic Foam Filter

Filters in FLOW-3D are described with the porous medium model.
A filter is represented by a porous geometry component.

Each porous component is characterized by several parameters describin
g flow losses and heat transfer.

Filtration of inclusions is not included in the model.

location —|

of filters
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