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OUTLINE: WHY IS ROCKY UNIQUE? €% 4
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WHY REAL SHAPE MODEL?
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WHY REAL SHAPE MODEL?
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PARTICLE SHAPES IN ROCKY 4.1

» Lot S/ BXAE ol Y 7ts

FIBER SHELL SOLID
¢ Flexible ¢/ Flexible ¢ Flexible
@ Breakage @ Breakage v Breakage
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FLEXIBLE FIBER: ACCURATE STRESS-STIQIN RESPONSE
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FLEXIBLE FIBERS WITH CFD COUPLING'§ 4
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UNIQUE FEATURES OF ROCKY: PARTICKE SHAPES '
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UNIQUE FEATURES OF ROCKY: PARTICHE SH

» AFEXE Ol 3XHA Y XH(Solid)
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UNIQUE FEATURES OF ROCKY: PARTICEE SH. S
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PARTICLE CUSTOM SHAPES
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COMBINING FIBERS, SHEELS AND SOLI

» 1XI8l(Fiber), 2Kt (Shell), 3Xt{ (Solid) Y A=




COMBINING FLEXIBLE & RIGID

» 3 X (Flexible) & Atelt ZA(Rigid) YAIE =2t off A
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ACCURATE, WITH REAL PHYSICAL REPR@SENTATION

» AKXt It (Particle Breakage)

PX ROCKY
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TAVARES BREAKAGE MODEL Q N 4
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The Tavares model in Rocky DEM allows more-realistic simulations of systems in which particle
breakage occurs, by consistently describing size-dependent breakage probability, fragment
distribution, and weakening by damage accumulation. In particular, the model is very useful in
describing ore degradation during handling as well as size reduction in different types of crushers,

providing greater confidence in predicting both the proportion of broken particles and product

size.”

Professor Luis Marcelo Tavares
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TAVARES BREAKAGE MODEL 4=
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ACCURATE, WITH REAL PHYSICAL REP
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ACCURATE, WITH REAL PHYSICAL REP
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ACCURATE, WITH REAL PHYSICAL REPRESENZATION
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FAST, HAVING AND UNPRECEDENTED HERFQRMANCE

» GPU 3l CPUE Z &2 HE A

Relative speed-up of GPU/CPU simulations
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» 109 7 O|&el 24
» 4712 NVIDIAP100 GPU &

2.3 M particles
' dp=6.6mm
4\ 440 faces per particle
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IMPROVED PROCESS PERFORMANCE

[l GPU

4.1 Release

~10x

Faster

~10x

Less
memory
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TAILORED FOR EQUIPMENT DESIGNERSE & 4

Ballasted Layer Deformation

Powder Compaction

SNE

Building in Landslide

Absolute Transiational Velocity
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TAILORED FOR EQUIPMENT DESIGNER

X

Absolute Translational Velocity, 4 Absolute fransiational velocityg

StreSS Shear Stress

150.0
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TAILORED FOR EQUIPMENT DESIGNER£ S 4
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TAILORED FOR EQUIPMENT DESIGNERSE S 44
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Demo of Multiple Moving Frames

Geometry:
Ring Pan Mixer

Diameter: 2.4 m

Arm rotation speed:
16.4 rpm

Crbital 1 rotation speed:
132 rpm

Orbital 2 rotation speed:
184.8 rpm

Material
Wet cement:
Shape: Spherical
Diameter: 10 mm

with Cohesion
Particle count: 1T million
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TAILORED FOR EQUIPMENT DESIGNERS Y
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Playback speed
‘ 50% of real time

Particle Size
fmm)

25.6‘DI

17.50

J'G.Oﬂl
2.50|



TAILORED FOR EQUIPMENT DESIGNERS&_
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20 sec mixing at 90 rom

Sand - 60kg

Addifives (Sand mass %)
WJ4500 - 0.95%
TC4500 - 0.8%

Non rolling spheres

Playback speed 30% of real time

Simulation Time = 0.0000 s

— TSNE

Particle Name
(<ind>)

2- TCASOOI
!- WJ4500I

0 - Sand



X X

quﬁcie Name Sum of M_sand (Custom)
(<ind>) (9)
28.60
2 - TC4500 I
22.34
1 - WJ4500 16.08
9.83
0 - Sand
3.57
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EXAMPLE: =28t M5 ®H7}

» AlZt Hoto| & & ZF 22 (Mass fraction) 7}
Xl 2

» = OAIO M= sand2| 2 £ & Bds S bladel| 28 58 E7t
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—— Base Blade
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c c
(o] o
g -
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E 0, E o,
“— 1.0% A . 1.0% 1 WA L g MG SR I,
7)) ' 7))
% Desired value % |
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00% T T T T T 1 0.0%
0 5 10 15 20 25 30 0 5 10 15 20 25 30

SNE Time [s] Time [s]



LT :
Sh s e

¥ 4

TSNE Base Blade

[e2) ~ [e]
o o o

Count ( Fra_bction) (%)

N
o
I

[y
o
I

0,

m f_WJ (Custom) (Fraction) (Study 01 - Property <01>)
B -f TC (Custom) (Fraction) (Study 01 - Property <01>)

(94
o
I

w
o
I

N a <
o Q !—1 i
~ oo_ ~
e, - = ~ o
=3 = =

f_TC (Custom), f_WJ (Custom) (kg)



— TSNE



. SRS ™. & T
INTERACTION OF SOLVER: ROCKY AND@EUEN’T

FLUENT* N

Fluid phase Particle phase
L= & 21| H|& (Volume fraction)
Y& 2= s & G wet

DEM A| At
GPU &
(Single & Multi)




ROCKY-FLUENT UNIQUE FEATURES

» ROCKY — Fluent ¥ s} A

i
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o
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E
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0|5 AKX} & 71 H A
(Moving Meshes & Interfaces,
Non-Conformal )
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INTERACTION OF SOLVER: ROCKY ANDSFLL

» ANSYS Fluent (CFD)2t2| A48 A CHHEESE (1-way Coupling)

R Schiller & Naumann (1933) R Ganser (1993)
1=(40) 1.00s t=(40) 1.00s

-, =

et o Ry e

i ﬁﬂmdﬁ

Shape effect 0/ 1171 Shape effect 121
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INTERACTION OF SOLVER: ROCKY ANDSFLUENT

0

» ANSYS Fluent (CFD)2t2| A sl M. AHtSE (2-way Coupling)

N A AN AR

WANEY Jiad i ot ‘=\ﬁ-‘."\ LYWL
VATV o vy vure o g ey gy Ty
RV A VUV
1
----- Numerical

—— Average - Numerical
—— Average - Experimental
......... Umf Exp

10°

1000

SN Simulation
Il Experimental
800

600

Ap [Pa]

400

200

Case 1l Case 2 Case 3
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INTERACTION OF SOLVER: ROCKY ANDQFLUENT

P Multiple Domains, Non-Conformal & Moving Meshes Support
(CHE = 0o, AXt 2U%| & 0|5 Z )

Particles VF []
0.756
0.56
0.38
0.19
\ B

60.00

51.25

42.50

KENE

25.00
Air temperature [°C]

—Average —Max
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INTERACTION OF SOLVER: ROCKY ANDSFLUENT

P Multiple Domains, Non-Conformal & Moving Meshes Support
(CtE =0 e, 4Xr 2 2X] & 0|5 A%

Mill Simulation
11 RPM Steel balls

Time =0.00s

Particles Fill: 28%
Ore:|50%

Y« Balls{ 50%

Ball Size; 100 mm

Ore PSD:

100 mm) - 100% Rocky-Fluent 2-Way Coupling

y
Liquid Volume: 0.0% o Liquid Volume: 8.3%




INTERACTION OF SOLVER: ROCKY ANDELUER

» ROCKY-Fluent coupling 54 A| Fluent distributed ... o
run 7| % X—Il—g— B Fluent Two-Way

Drag Law: Huilin and Gidaspow -
» CPUs for CFD solver
Convective Heat

> G P U S fOI’ D E M SO|VeI' Transfer Law: Mane K

Averaging Radius

Virtual Mass Law: None -

Type: Fraction of Maximum Partide Size A
Fraction Value: 3.5 ” - w~
Fluent
I Rocky Phase partides -
I Use Data Initialization [ ]
Fluent Filename: cy &%
Talald =l -
GPU Rocky | xSlaves /W —
A Execution mode: Distributed Parallel N
Hosts
I v X Kb
- Fluent Host name Amount
/l/ “S|aVGS 1 hostl 4
2 host2 12
CPU Fluent I 3 host3 8
I 4 hostd 2
A 4
 Fluent
I S Iaves Additional Args: | |
I \ Open Refresh /

Partide Size Scale |

SNE Network e
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FULLY INTEGRATED WITH ANSYS TOOK§ S

- B b4

oy AT o A= oo
.Gau-netry v —lzﬁmtrv v 4 2 @ EngneerngData v
'3 (5] parameters 3 R Sewp v ‘NS Geomeur v 4
Geometry 4 @ Resits v 4 3@ Model v 4
»5 | [pd Parameters \05 @ seto i |
Rocky 6 @ Soluten v .
7 @ Resuts Vi

»8 (5] parameters
Static Structural

» ANSYS Workbench 0| A componentZ €43} 7ts

X R FH FLE2| geometry ‘ld X =73 Al ANSYS SpaceClaim &-&

» ANSYS Structural (FEA solver) 5! ANSYS Fluent (CFD solver)2t2| 2tE{t S 2t

» ANSYS Workbench 0| A{ ROCKY 2| Li}2t0|E| & 483t Case study & =X 3} 5 A
+=H 7ts
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FULLY INTEGRATED WITH ANSYS TOObS N 4

P ANSYS Mechanical Coupling (Static)

» ROCKYQ| dlf|A ANtE LS| M SIFS02 &8

Rty

SNE
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FULLY INTEGRATED WITH ANSYS TOOIQ\//

»” ANSYS Mechanical Coupling (Transient)

» ROCKYZ2| 3l ZutE F =0 StS2 2 &8

P

P Particle induced loads captured accurately

SNE



FULLY INTEGRATED WITH ANSYS TOO

»” ANSYS DesignXplorer Coupling

» Input and Output Parameters . ,
» Automated project-level update mechanism

Qutline of Schematic D2; Design of Experiments X
» Pervasive parameter management
1 Enabled
P s » Integrated optimization tools
4 = o Geometry (A1)
5 b P1-RockBoxSize
5 ?p P3 - RockBoxAngle
7 b P15-RockBox1
8 b P16 -RockBox2
] b P17-RockBox3
10 = R Rocky DEM (B1)
11 E‘i) P4 - FeedBeltVelodty
12 b P5-BeltOffset
13 b P& -MassFlow
14 b P7-ReceivingBeltvelocity
15 E Output Parameters
16 E R Rocky DEM (B1)
17 pd P10 - LeftZForces
13 pd P11-RightZForces =
19 2 [ Static Structural (C1) N e SR
20 pd P18 - Equivalent Stress Maximum % :
21 pd P19 - Total Deformation Maximum % |
22 pd P20 - Belt Misalignment Force g
23 Charts
P16 Equialent Sres Maximum (109 Pl




6. SUMMARY
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PX ROCKY
Rocky 4.3

Release Update

May/2019

Reis & Clovis Maliska Jr.

Marcus
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CFD Coupling Physics PrePost Workflow
Enhancements Enhancements Productivity

\V

Single Fluid Phase

Volume Filling

Initialization

(Coarse Grain

Modeling

e

Approach

Discrete Breakage
Lagrangian - Eulerian (fiber, shell & solid)

Mapping
Liquid Bridge Model

Contact Data Visualizati

on & Post-Processing

Turbulence Energy
Support

Ray Casting

Cylindrical Periodic Bo Post-Processing

undary Conditions

— TSNE



CFD Coupling: Single Phase Fluid Approach

1 Fluid + SolidgeNEW 43 Gravel Packing Example
® Single-Flgfid: Single Phadg + ! fme:0.0000s

— TSNE



CFD Coupling: Lagrangian - Eulerian Mapping
4.2 4.3

Rocky 4.2 + Fluent

uper-cel

CounlincxS

o
ry— user
controlled
Rocky 4.3 + Fluent
Cou 5 ot @0~ 00
gﬂ _sz Pe.new = P v, E Pn= Qe
_r = @ n : neighbors
ot g Ve
2*N,
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CFD Coupling: Lagfangian - Eulerian Mapping




r .

CFD Coupling: Turbulence Energy Support

4.2 — Laminar Only

4.3 — Laminar +
Turbulence

SNE
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CFD Coupling: Turbulence Energy Support

, : 15MM Particles
High Flow Speed w/ Small Particles 100 pm, ~100 m/s

Velocity Temperature

SNE



Systems w/ Huge Amount
of Particles (e.g. Powders)

Original system Coarse grain model

b

e S0 Parcel
S % 71 - Approach

6o o Ocom

Billions/Trillions of Particles Ol e SRR

Fig. 3. Coarse grain model. (a) Translation; (b) rotation.

(impossible to model 1:1)

SNE
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Discrete Break“g“" =

Instant Fragmentation (4.2) Discrete Breakage (4.3!)

Shape & Collision Location /ndependent Shape & Collision Location Dependent

» Based on total collision energy * Internal stresses are computed (“mini-FEA")
« Waidatald for mining equipment (natural brittle * Local stress breakage criteria

PX ROCKY

SNE
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K 2

Discrete Brea

Particle type dependent criteria Multiple stress-based breakage

. Fiber. Shell or Solid criteria

« Normal, Bending, Shear and/or
Torsional

SNE
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Dry Particles (Translational Velocity) Wet Particle (Liquid Content)
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%

Cylindrical Periodic Bgundary
Conditions

90 degrees
4x faster

SNE



Volume Filling Initla
(Flood Filling Method) 85%

14 3MM Particles  Inlet Filling Volume Flood Filling
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