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Overview

Rocky-DEM introduction(Discrete element modeling)
Physical Models

How does Rocky fit into Ansys Portfolio?

Success Story
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What is Ansys Rocky?

* Ansys Rocky is a high-fidelity particle simulation software, that quickly and accurately simulates the
particle flow behavior

Wood chips (biomass handling) Tablets (pharmaceutical tablet coating)

Rocks (truck dump) Wet and sticky ore (chute transfer in mining)



What is DEM (Discrete Element Method)?

Typical forces

*  Gravity
* Fluid forces

* Electrostatic/Magnetic fields

+ Contact force

* Adhesion/Cohesion force (ex: liquid bridging)

F=mg

DEM Fundamentals

Particle falling under gravity:
Time:t =t Z Faet = ZF’“““' =mg

Time:t =t + At Z Fpo = Zp,,,,,,v\ =mg

Time: t =t + 2At z Fai= ZF“””" £ Z Finposa=med Fonn

Time: t = t + 3At Z Fpee = ZF’“"" =mg

Stagnant zone
present during
material discharge

Rotary Valve with hopper
Time=(0)0s

Example: Solid Particle loading and discharge — Rotary

Valve
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DEM Calculation Loop

Start

Contact Detections

Determine Forces & Moments*

dv
anet = ZFbody +ZFsurface = mE

Integrate States

t+At

t+AtZ F
net
View = Voia T f m dt Xnew = Xo1a T j Viewdt
t t
No Yes
StOp * The Euler equations of motion are not

shown in the diagram for simplicity.
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Continuum vs. Discrete methods

— Computational Fluid Dynamics (CFD) and
Finite Element Analysis (FEA)

* Granular material is treated as a continuous substance,
individual particles are ignored

* Knudsen number Kn « 1 (length scale > particle
diameter)

e Constitutive law needed (relationship between applied
stress to strain and history dependence)

* Meshing of the flow domain is required and conservation
laws (mass, momentum, energy) are applied at each cell

* Resulting equations are solved either using a finite
difference, finite volume or finite element method




Rocky Enables Capturing Particle Physics

* Contact

 Collision

* Friction

« Adhesion

* Electric charge

* Wear

* Breakup

« Contact heat transfer

Example: Tumbling of dry(left) and cohesive particles (right)
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ACCURATE, with realistic physical representation

P” Default particle shapes in Rocky:

Spherical Faceted Rounded Rounded Rounded Briquette
Cylinder Polygon Polyhedron

P” Rocky shape examples

’f“‘ O
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ACCURATE, with realistic physical representation

R -

-&’w
— -

L=

Absolute Translational Velocity
(m/s)
0.00 200 400 600 800 10.00




ACCURATE, with realistic physical representation

P” Scan any shape and import it into Rocky:

| f—
1. Areal-world particle is 2. The scanned particle 3. The .stl file is imported into 4. A Rocky simulation is
scanned on a 3D is saved as a 3D model Rocky as a custom particle conducted using the new
scanner (.stl file) shape custom particle shape

@‘iﬁfl&e’s;lution
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Real Physical Representation

m _7 Concave and Convex Solid

V Elexible V Elexible V Elexible

@ Breakage @ Breakage v Breakage
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Flexible fiber: accurate stress-strain response

o
|

o
o

o
N

Compression Force/max_force []
o o
w w

o
(V)

0.1

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1
disp/max_disp[]

= Rocky Run 02 - Compression 01 ——Run 02 - Compression 02




GPU x Multi-GPU

Relative speed-up of GPU/CPU simulations
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M SYSTEM REQUIREMENTS

1. Which GPU cards are recommended for use with Rocky?

Rocky has been tested and verified with all of the following NVIDIA GPU cards:

Gaming: RTX 2080, RTX 2080 Ti, Titan RTX, RTX 3080, and RTX 3090 PROS: Fast when using only

"ilfll’, I[ articles, ine) Xpensiv '4:.|i «‘.IEY",!‘- H ‘:‘.J.; workKstations ha /ideo 1;3;1-,

CONS: Slow when using shaped particles

Workstation: Titan V, Quadro GP100, and Quadro GV100
PROS: Fa: hen using spherical and/or shaped particles, can be installed on individual workstation:
output

CONS: More expensive

Server: Tesla P100, Tesla V100, Tesla A100, and Tesla A30

PROS: Fast when using spherical and/or shaped particles
CONS: More expensive, must be installed in a server enclosure, no video output

r best results, use only one of the above recommended GPU cards during Rocky processing
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Physical Models
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Particle Breakage

Instant Fragmentation

Reseie e
Shape independent "Meshed” particle model
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Boundary Surface Wear




Boundary Surface Wear

Mean shear Power
(W/m2)

Useful statistics: shear intensity and impact

intensity vs. belt width

500
Shear Intensity X Belt Width (Study 01-Cv-01) @ Impact Intensity X Belt Width (Study 01 - Cv-01)
H H H H H — 5000
400 FO0D oo e b b e e DB e b
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Complex Motions: 6 Degrees of Freedom (DOF)

v. 2.1.0-P
Particle Absolute

Translational Velocity
Current Time; 0.000 sec

Hinged flop gate free to rotate about the Z axis. Wheel with six degrees of freedom motion.
Displacement and wear rate also captured. Wheel mass is m=10 kg, moments of inertia are Ixx=1.0,
lyy=0.1, 1zz=0.1 kg*m?

Y 'ANnSsY'S



Wear Prediction - High Pressure Grinding Roll

A

Displacement X
(mm)

I 50.00

Predict wear on the deflector and find the
particle size distribution of material after
grinding process

37.50

H 25.00

12.50

I 0.00

*  Wear model that enables geometry
deformation

* Breakage models that preserve mass and
volume
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Simulation of wet and sticky material flow

V. 2.2.0-P

CKY

Simulation Title: TT6 - MF-Flow Test-A_200tph_R00.02_NR
Customer Name: 539 -Transco - Ash Grove
Current Time: 0.000 sec

CW152.100

Speed: 1.560 m/s
-4 Belt Width: 0.660 m

Tonnage: 200.000 tph

S Mineat CY155.020
Speed: 1.820 m/s
Belt Width: 0.610 m

Particle Absolute
Translational Velocity

Rsey

CV163.030
Speed: 1.580 m's
Belt Width: 0.762 m

Simulation Title: TT6 - HF-Flow Test-B_200tph_R02.06_NR
Customer Name: 535 -Transco - Ash Grove
Current Time: 0.000 sec

CV152.100

L Speed: 1.560 m/s
Belt Width: 0.660 m
Tonnage: 200.000 tph

Particle Absolute
Translational Velocity

Existing Design

New Design
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Complex Motions
R

Particle Sze
(mmy

75

70

235

00.01-A_LF-110th-NR
662-Cimprogetti
Lime Kiln RD15
Segregation Study

Particles: O



Complete Customization and Extension

Extend Existing

Models
@ C++ Solver APl { cCreate New Models >
] Access Solver-level
\. S
Data

Simulation ' “

. p Python Scripting API |

(Workflow Automation)
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Complete Customization and Extension

Type Name Description Version Links
Adhesion [NEW] Velocity- | Enables you to use a parametric adhesive force model that | 1.0.0 Windows
Model Dependent takes into account the particle's impact velocity. This model Linux

Adhesive Force | is best suited for spherical particles. Application examples
include snow accretion. The Source code is not provided for
this item

Boundary Region Outlet Enables you to define a custom cube region as an outlet for | 1.0.2 Windows
Condition particles; any particles entering this region will be removed Linux,
from the simulation, similarly to what happens when a Source
particle crosses the limits of the simulation domain
Application examples include blast furnaces.

Boundary Outlet | Enables you to define an imported geometry component 1.0.0 Windows
and/or default conveyor as an outlet for particles. This Linux,
module then removes from the simulation any particle that Source
becomes in contact with that geometry. Application
examples include blast furnaces.

Breakage [NEW] Overlap- | This module enables you to use a custom, instantaneous 1.0.1 Windows,
Model Based breakage model and a custom fragments size distribution Linux,

Breakage Model | model to account for the physical effects of compression Source
upon particle breakage, where the contact overlap is used
as a measurement of particle deformation. Application
examples include jaw, gyratory, or roll crushers.

CFD Parametric Enables you to use a parametric version of the Ranz & 1.0.1 Windows
Coupling Ranz & Marshall Convective Heat Transfer Law included by default Linux,

Marshall Law in Rocky for interactions between spherical particles and Source
fluids when CFD Coupling is enabled. This model is made
parametric by adding two free parameters to the calculation
of the Nusselt number.

[NEW] Dhole, Enables you to use a power-law drag correlation for your 1.0.0 Windows,

Chhabra & CFD Coupling simulations that is specifically designed to Linux,

Eswaran Drag model non-Newtonian fluids that obey the Ostwald—de Source

Law Waele (power-law) relationship. This module is designed to
work with Rocky’s 1-Way Constant, 1-Way Fluent Steady
State, or 2-Way Fluent (unresclved) coupling methods. This
module is a drag factor correction that accounts for the fluid
non-newtonian properties in the drag correlation, it does not
account for the particle shape nor the local volume fraction
Therefore it is suited for espherical particles in dilute flows.

Contact Leeds Contact Enables you to use the Leeds Contact Model for both the 1.0.1 Windows,
Model Model Normal Force and Adhesive Force used in the project. Linux,
Application examples include cohesive frictional powders. Source
Stress-Based Enables you to use the Stress-Based Multi-Contact Model 1.0.0 Windows,
Multi-Contact proposed by K. Giannis et al. for the Normal Forces used in Linux,
Normal Force the project. Source
Nonlinear Enables you to use the Non-Linear Hysteresis Model for the | 1.0.1 Windows,
Hysteretic Normal Forces used in the project. Application examples Linux,
Normal Force include elasto-plastic materials. Source
Data [NEW] Normal | This module re-implements and then splits into its normal 1.01 Windows,
Gathering and Tangential | and tangential components the same Particle Curve Linux,
Energy calculations you get in Rocky when the Energy Dissipation Source
Dissipation option is enabled on the Inter-group Collision Statistics
module; and similar Particle Property calculations you get in
Rocky when the Power option is enabled on the Inter-
particle Collision Statistics module, only instead of power, it
calculates energy.
External Magnetic Force | Enables you to use an imported magnetic field to definean | 1.0.0 Windows.
Force additional body force acting on particles. Application Linux,
example includes magnetic separators. Source
Spring-Dashpot | Applies a spring-dashpot force to particles. The force is 1.0.0 Windows,
Body Force proportional to the distance from a given point and to the Linux,
particle’s translational velocity. Application examples include Source
measuring forces in single-particle validation experiments.
[NEW] 1-Way This module enables you to couple 1-way with Rocky a fluid | 1.0.0 Windows,
CFD Field velocity field that has been imported into Rocky as a Point Linux,
Coupling Cloud. It can be used as an alternative to the 1-Way Fluent Source
Steady State coupling method included with Rocky, as it
enables you make use of the fluid results from various
external CFD solvers. This module also re-implements the
Schiller & Naumann Drag Law that comes by default with
Rocky, and is therefore best suited for spherical particles. It
can be used as an example of API: Sclver usage
Electrostatic Enables you to add attractive or repulsive electrostatic 1.0.1 Windows.
Force forces between each particle-particle and particle-boundary Linux,
interaction that occurs during the simulation. Application Source
examples include powder handling units, electrostatic
separators, and additive manufacturing processes
Magnetic Force | This module adds a magnetic force resulting from the 1.0.2 Windows,
on Ferrous interaction of a ferromagnetic particle and a magnetic Linux,
Material induction vector field, the latter of which is imported as a Source

point cloud. Application example includes a cross-belt
magnetic separator.
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... and the Result is a Custom, Accurate Multiphysics
Engineering Tool




How does Rocky fit into
Ansys Portfolio?
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How does Rocky fit into Ansys Portfolio?

B

(&)

Structural
Mechanics

- A - B - c - D "
1 1 1 1
2 Eﬂ Geometry " 4 2 EH Geometry v o, 2 Eﬂ Geometry " 4 2 |@¥F EngineeringData  + 4 Mschanics Mechenies
> 3 [}p_.l Parameters 3 @ Mesh v 3 P setup v 4 3 Bl Geometry v o4 S ﬁ?
Geometry 4 @ setup v 4 |[@ Results v 4 4 @ Model v 4
5 Solution v »5 | [pd Parameters 5 lﬁ' Setup v 4
i @ Results v, Racky i Solution v o4
7 [pd Parameters 7 @ Results v 4

—== 1 Fp:] Parameters

Static Structural

Fluid Flow (Fluent) /

[pd Parameter Set |

. E Full combination of parametric
3 B Response surace | Geometry, Design Optimization, Fluid Flow, Particles

2 [E Design of Experiments  +* P

[ Responsesrfoce and Mechanical Analysis

Response Surface
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Example - Ansys CFD Coupling (Fluent)

Powerful CFD-DEM simulation software for granular-fluid systems (not exhaustive)

Cyclone Separators Fluidized bed

s
e s

rot vetoety

Partic
O Drag law:
chiller & Naumann

Slurry mills Solid suspension Spray coating



Ansys CFD Coupling (Fluent)

Both one-way and two-way analyses are possible.

R rrrrrrrrrrrrrrrrr (1933)
t=(40) 1.00s
Fluidized bed
== 2-way coupling
e v=12m/s
dpo=2.5mm
,,,,, R Ganser (1993)
t=0.00s
i t=(40) 1.00 s
l, - E;visions Tagging(Cube <02>) {i=0 (s), v=1, =4}
movena,
B- &
One-way coupling example: waste separator Two-way coupling example: fluidized bed
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Expanded Fluent Coupling

' ' : Particle-Fluid
Particle + Fluid Integrated Post-Processing S

Interaction Statistics

0.200

0.1751

0.150

Average Drag Force [mN]
o
[
o
o

Integrated Visualization

0.2 0.4 0.6 0.8 1.0 1.2
Time [s]

o
ol

Drag Force, Torque, Lift, Virtual
i Y amy Mass, Buoyance & Heat Transfer

0.00 0.05 0.10 0 0375 075 1125 15 1.23 998.20
EE - | EE - | N T |

Air Water
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Expanded Fluent Coupling

Drying Model

11.0
—— Average Moisture Content [%]
10.5 - 30 confidence interval

210.0
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2

S 95

Q

o

2 9.0

0

— O
< = g5
S ~ = & =
2 pug 0 o 5
5 g0 10.509 S £ 1000 0.04g 5 z 80
£ s 2 750 0030 2
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v 50 9.25 o 3 500 0.02/| @
= 3 > S : . : ‘ .
L] g7 © 250 001 4 705 5 10 15 20 25 30
[} 0 o S w Time [s]
o 800 = i %000 000 o
Fluidized Bed Drying Particle Moisture Content
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2-way CFD Coupling (Fluent)

Strategy 1: Single phase + porous media

P2

Absolute Translational Velocity

o200
1.50

1.00

I N
0.00

Example: Hydraulic transport




2-way CFD Coupling (Fluent)

Strategy 2: Full Eulerian multiphase

drum
DEM+CFD

velocity [m/s]

: 3.00
v . 2.25
1.50
‘ time = 0.010 [s] 0.75
< 0.00

Example: Rotating drum
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2-way CFD Coupling (Fluent)

ing

Semi-resolved coupli

Strategy 3

=0.01[s]

time

Pressure
5000.00 .
\
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1750.00 I
-1500.00 I
[Pa]

3375.00 |
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Ansys Mechanical Coupling

X

P Stresses and vibration analyses of a screen in ANSYS
P Inputs come from Rocky simulation




Ansys Mechanical Coupling

Bucket excavator: Solid induced loads captured accurately
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Structure Analysis of a Transfer Chute

* ANSYS Mechanical Coupling (FEA)
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Electric Particles — Electromagnetic Coupling

Blue Ring Magnetic Field Red Ring Magnetic Field
Point Cloud (1) Point Cloud (2)
C—
500.0000 il"‘l'g 5“:5.‘. L
Volume Rendering of H,




Electric Particles — Electromagnetic Coupling

Magnetic Field

- Magnetic Field Point Cloud:
Magnetic Field force Megnsfic Bsparetor

Magnetic Field (point cloud) Start and Stop

times:

1.5-6.0 s RedRing
7.5-12.0s BlueRing




Electric Particles — Electrostatic Force

Coulomb Law

4142
F =
47rer?

g = particle charge

¢ = absolute permittivity

r = distance between the two charges
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Electric Particles — Electrostatic Force

Adhesive Force Electrostatics Force
l = == FE|ectrostatic Forcer —— Adhesive Force
0.02
E
= 0.015
s
5 0.01
5
h j\\__‘
0
0 1 2 3 4 5 6




Electric Particles — Electrostatic Precipitator




Electric Particles — Tribocharging

Empirical Formulas

g =qoe” " +qs(1—e")

g = final particle charge

Particle Charge
()

0.00e+00

go = initial particle charge
gs = saturation particle charge
n = generation coefficient

t = time




Ansys Motion 2-way Coupling

Complex Nested & Chained Motions




Ansys Motion 2-way Coupling

Actuators Defined Motion

Actuators displacement
Inputs

Boom Actuator Arm Actuator —Bucket Actuator

o
o

o O
w b
\\
//

15 20

© 00000 0 o«
rw Nk ORD

o

-

o

ctuator Displacement [m]

Simulation time [s]
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Rocky DEM + Ansys Motion

Stresses and Flexible Geometry

Stress and Deformation analysis

Closed Chain Linkage

60
50
10
Frame: 2/100
Time: 0.2940022
State: 15/953 by
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Design Optimization with Ansys optiSLang

Seed Treater Design Optimization

Seed freating : Coating of seeds with layer of active ingredients and
excipients to protect seed during early germination.

’ L S Low Shear
: ’/ f ’ Zones
. Lab rotary batch treater
e/ . < >
) e : \
(=
\ - y ‘ Liquid slurry atomizer
'\/4 Y
Mixing fins
Optimization Problem
Product build-up close to mixing fins
observed for certain adhesive coatings. _ 1
N 4 min | Low Shear Zones, — ) tpischarge
Design optimization to reduce build-up. D Lacey Mleng Index
/ Software toolbox /
\nsys ovnarDO Process automation
\nsys Parametric CAD using \n sys EEM solvey. ... - . Sensitivity studies
SpaceClaim scripting. Ost processing using _ Surrogate modeling
Spa(e(:laim Geome‘ryl discretization python scripting OPtISlang Optimization g

ROCKY

B
A
|BAYER
E
R
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Design Optimization with Ansys optiSLang

& Automated Screening of
I 4 \ parametric SpaceClaim

CADs

Before /

/ Selected Design /
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ANSYS and Rocky generate savings for VALE

Challenge
» To improve the efficiency of the equipment

» To reduce the need to clean plant material out of the hoppers’
screens

» To increase productivity

Solution

P ANSYS and Rocky coupling used to simulate the flow of ore
and understand its impact upon existing plant equipment

A more efficient system of rotating disks was developed

\

» Transmission system was redesigned and support structures
were adapted accordingly

Benefits
» Economic returns of over US$ 100 million in 3 months

» Time spent on the development reduced by 70%

» Production increased by 11.4%

RlexibilizacaolUsinar2e}

iguracaojoriginal




BOMAG uses Rocky to improve Asphalt Plant Equipment

BOMAG MARINI

LATIN AMERICA

FAYAT GROUP

Challenge

» To understand the material behavior inside an Asphalt Plant

» To test different designs for equipment modification

» To increase productivity

Solution

» Rocky DEM analyses allowed a better understanding of the
behavior of the particulate material

» Qualitative and quantitative post-processing tools led to a
detailed evaluation of the particulate flux considering different
designs of the equipment

Benefits

» Simulations considering different designs for the fins in the
mixing zone of the Multi Paddle Pug Mill mixer were carried
out

» The results enabled an evaluation of the residence time of the
particles in the equipment, a key parameter for the process
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Codelco Chile
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