www.iconCFD.com

ICONCFD - I
A MODULAR APPROACH e i

TO SUPPORTING
BUSINESS WITH CFD

J. Papper, D. Martineau, P. Nayyar,
B. Leroy, R. Devaradja, L. Gagliardi

Contact Us

ICON HQG, Berkshire House, Windsor SL41QN, Windsor, UK
P. +44 {0)1753 751400 / contact@iconCFD.com

© 2013 ICON Technology & Process Consulting Ltd.




Introduction

iconCFD Process
iconCFD Wrap
iconCFD Mesh
iconCFD Cold
iconCFD Thermal
iconCFD Optimize
iconCFD VOF

Conclusion

WWW. .com

\)

&

Contact Us
ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
P. +44 (0)1753 751400 / contact@iconCFD.com

© 2013 ICON Technology & Process Consulting Ltd.




i CO n C F D www.iconCFD.com
INTRODUCTION

" rcons ] )Y

Modularized @ Industrialized @ Customized

2| Wrapping 3| Meshing 4| Solving

iconCFD Process iconCFD Wrap  iconCFD Mesh iconCFD Cold
iconCFD Thermal
iconCFD Optimize

iconCFD VOF

ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
P. +44 (0)1753 751400 / contact@iconCFD.com

© 2013 ICON Technology & Process Consulting Ltd.




Introduction

iconCFD Process

iconCFD Wrap
iconCFD Mesh
iconCFD Cold
iconCFD Thermal
iconCFD Optimize
iconCFD VOF

Conclusion

WWW. .com

\)

&

Contact Us
ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
P. +44 (0)1753 751400 / contact@iconCFD.com

© 2013 ICON Technology & Process Consulting Ltd.




iconCFD PROCESS ==

Graphical Interface

q@;i%%ﬁﬁlﬁolu@@@@tﬂ@@@@ @C]@D]HIEJ
| Ern| :'.uhw KOI_REF_SCRRTCHI®

Bla Edi_ Yiew Guarm

g e Graphical User Interface
* Support for all iconCFD Modules
¢ MultiCase mode
. Templates
. Python interface
» Parts replacing & renaming
e Case template support
e Import mesh capability
e XML based customization
. Material library
. Boundary conditions
. Choice of defaults
» Default & advanced modes
* Run script output

Level 3 (3.75e-01m) Flexible licensing (RLM)
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Customization

GRWS0720_camaro_rearWheels P10

Instance Tree 8 X
| Models ] Global ] Geometry | Functions [ Utilities \ {
4 Parts 3 .
GEOM0720_camaro_aliBodyAero type zeroGradient; - Graphical User Interface
g~ | } « Support for all iconCFD Modules
P2 ¢ MultiCase mode
- GRWS0720_camaro rearWheels P6 . Templates
> GRWS0720_camaro_rearWheels { o Python interface
L type newPressureBC; « Parts replacing & renaming
Cell Zones optionFloatl 0.123; « Case template support
TopoSet Sources - = o
Lagrangian Particle Sources oth..onIntZ 5' ns ® Import mesh Capablllty
Objects optionBool3 yes; « XML based customization
options editor 8 x } . Material Iibrary
. Boundary conditions
Option Setting GRWS0720_camaro_rearWheels P7 *  Choice of defaults
Meshing _______| { + Default & advanced modes
4 Boundary Conditions )
Type Wall type zeroGradient; * Run Scrlpt Output
BC Type Custom . . o
4p } » Flexible licensing (RLM)
BC New Pressure BC . .
Booi Option1 [ zlelw ll’rfszure BC » Embedded residual plotting tool
FloatOption2 0123 SRS
bbOptiond 5 et Cradiant GRWS0720_camaro_ rearWheels P8
U Fixed Value {
nut .
k type zeroGradient;
epsilon
Display }
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iconCFD PROCESS ==
MultiCase

User A  Graphical User Interface
e Support for all iconCFD Modules
User B L ] :
* MultiCase mode
. Templates
User C e Python interface

» Parts replacing & renaming
e Case template support
e Import mesh capability
e XML based customization
. Material library
. Boundary conditions

] - Template 1 - Geometry 1
- Template 2 - Geometry 2 *  Choice of defaults

S - » Default & advanced modes
* Run script output

Domain Templates Geometry Library

Cases Queue Post-
Creation Submission Processing
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| = | camaro_rearwnesss st (C)v e Graphical User Interface

| sposerst vl o + Support for all iconCFD Modules
— ’ ﬁ polyMesh .

> e MultiCase mode
triSurtace
== = Terminal ] © Templates

LESProperties

opa ./virtualWT.py '/home/pedro/Storage/tmp/t
14 cunstomScripts/virtualWT' 0 0 0.83 1.45 2.32 1.37.

e e Python interface
. e Parts replacing & renaming
| porouszanes e Case template support
| Sransportfroperties e Import mesh capability
TN I e XML based customization

. Material library

. Boundary conditions

system

C | comromict ;
Custom “press button” setups T p—— A oicechdeizuts

. . . . o  Default & advanced modes
This sample script only requires : — P . Run script output
 Frontal area L — « Flexible licensing (RLM)
* Reference point (C | masreamot « Embedded residual plotting tool
« Wheel base —

Wheel track
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iIconCFD WRAP S

Obijectives :
e Internal wrap support
« Water-tight domains from huge assemblies * Exteral wrap support
. * Multiple volumes wrapping
* No loss of accuracy (no de-featuring!) + Multiple keep spheres
. e Multiple orphan spheres
« Remove isolated parts + Front merging

» Front collapsing
» Feature line capturing

. » Parallelized algorithm (MPI)
TeChnOIOgy ) » Sag-based curv. refinement

° Advancing front « Handling of very large surface
e Coarse to fine

e MPI
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iIconCFD WRAP S

e Internal wrap support

e External wrap support

e Multiple volumes wrapping
e Multiple keep spheres

* Multiple orphan spheres

» Front merging

e Front collapsing

» Feature line capturing

» Parallelized algorithm (MPI)
e Sag-based curv. refinement
» Handling of very large surface
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iconCFD WRAP e

_ | e Internal wrap support
' ; e External wrap support
| * Multiple volumes wrapping
|+ Multiple keep spheres
* Multiple orphan spheres
» Front merging
» Front collapsing
{ A / AN » Feature line capturing
! ~« Parallelized algorithm (MPI)
e Sag-based curv. refinement
» Handling of very large surface

External Wrap Example

%ol <
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iIconCFD WRAP

distToGeom
P.O]

0.0075
£0.005
{0.0025

0

Internal Wrap Example

" 1con)
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External wrap support
Multiple volumes wrapping
Multiple keep spheres
Multiple orphan spheres
Front merging

Front collapsing

Feature line capturing
Parallelized algorithm (MPI)
Sag-based curv. refinement
Handling of very large surface
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iconCFD MESH R
OVERVIEW

* Fully automatic
* Hexahedral-dominant
I » Parallelized & scalable (MPI)

. Automatic surface distribution
. Automatic mesh re-partitioning

e Volumetric refinement

| Refinement ] [ SnappinLl [ Layers

. Distance based refinement
. Surf. proximity based
refinement
r—f"ﬁ-«.-—r‘%/‘m_l/—fﬂ-..-—f&,-’-ﬂﬁ/ ~— c Volume shell refinement
\r » Surface based refinement
F l __}\ . Curvature based refinement
[ T T T I I I L ™ — . Feature line refinement offset
o e o e o e i —\L 3 } T ’h - . Fegture line proximity
I T I IH —;:iz S== -] Y T_‘j\ refinement
’—Jp SnnaEaEELN } SSPEENaNS BuA T » Feature line snapping
1 F - 1 . Automatic detection of
L u 7 | features
} | ___{ «  Feature line filtering
{_ H - . Automatic surface intersection
f L 1 B f » Boundary layer cells

. First cell layer height control
. Total layer thickness control
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iconCFD MESH R
PARALLELISATION

* Fully automatic
e Hexahedral-dominant

Aim: « Parallelized & scalable (MPI)
. . . Automatic surface distribution
e Scalable parallelization of the mesh generation process + Automatic mesh re-partitioning
. . * Volumetric refinement
e Generation of large meshes on complex geometries e e e
Surf. proximity based
refinement

Volume shell refinement

ApproaCheS: » Surface based refinement
« Can be categorized based on the degree of coupling | curvature based refinement

Feature line refinement offset
Feature line proximity

. refinement
Decoupled Tightly coupled Feature line snapping
. Automatic detection of

features
v simplicity

Feature line filtering
Automatic surface intersection

» Boundary layer cells
. First cell layer height control
Total layer thickness control
Number of layers control
Growth rate control
Multiple layering algorithms

load-balancing

NN XN %

x
x mesh quality
X layer generation

o8 Contact Us
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iconCFD MESH s o
PARALLELISATION

Problem: * Fully automatic
. . ) . * Hexahedral-dominant
* Dynamic load-balancing vs. interface to geometry . Parallelized & scalable (MPI)

. Automatic surface distribution
. Automatic mesh re-

partitioning
Solution 1 « Volumetric refinement
. Distance based refinement

. Surf. proximity based refinement
. Volume shell refinement

» Surface based refinement
. Curvature based refinement
. Feature line refinement offset
. Feature line proximity refinement

» Feature line snapping
. Automatic detection of features
] Feature line filtering
. Automatic surface intersection

* Boundary layer cells
. First cell layer height control
. Total layer thickness control
. Number of layers control
. Growth rate control
. Multiple layering algorithms

VA4

\ NN NN

v

XX,

XX

NHAIXX

AW

Contact Us
— N ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
@mﬂ 3 P. +44 (0)1753 751400 / contact@iconCFD.com

<
8

© 2013 ICON Technology & Process Consulting Ltd.

To Pr




iconCFD MESH s o
PARALLELISATION

Problem: * Fully automatic
. . ) . * Hexahedral-dominant
* Dynamic load-balancing vs. interface to geometry . Parallelized & scalable (MPI)

. Automatic surface distribution
. Automatic mesh re-

partitioning
Solution 2 « Volumetric refinement
. Distance based refinement

. Surf. proximity based refinement
. Volume shell refinement

e Surface based refinement

§E % . Curvature based refinement
EIEI 5 «  Feature line refinement offset
EIEE ~ . Feature line proximity refinement
s LA « Feature line snapping
E%ilﬂ» s «  Automatic detection of features
N = . Feature line filtering

pd|

20

. Automatic surface intersection

* Boundary layer cells
. First cell layer height control
. Total layer thickness control
. Number of layers control
. Growth rate control
. Multiple layering algorithms

Contact Us
— N ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
@mﬂ 3 P. +44 (0)1753 751400 / contact@iconCFD.com

<
8

© 2013 ICON Technology & Process Consulting Ltd.

Technology @ Process @ Consuing




iconCFD MESH
PARALLELISATION

Non-distributed Geometry
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Fully automatic
Hexahedral-dominant
Parallelized & scalable (MPI)

. Automatic surface distribution
. Automatic mesh re-
partitioning

Volumetric refinement

. Distance based refinement

. Surf. proximity based refinement

o Volume shell refinement
Surface based refinement

. Curvature based refinement

. Feature line refinement offset

. Feature line proximity refinement
Feature line snapping

. Automatic detection of features

] Feature line filtering

. Automatic surface intersection
Boundary layer cells

. First cell layer height control

ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
P. +44 (0)1753 751400 / contact@iconCFD.com
© 2013 ICON Technology & Process Consulting Ltd.

" Icom )




Introduction
iconCFD Process
iconCFD Wrap
iconCFD Mesh
iconCFD Cold

iconCFD Thermal
iconCFD Optimize
iconCFD VOF

Conclusion

WWW. .com

\)

&

Contact Us
ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
P. +44 (0)1753 751400 / contact@iconCFD.com

© 2013 ICON Technology & Process Consulting Ltd.




i CO n C F D CO L D www.iconCFD.com
ROBUSTNESS

* Incompressible
e Steady-state
¢ Pseudo-transient
e Full transient

« RANS/DES/LES

iconPisoFoam . MRF
40 » Porous zone models
= 30 * Fan models
€ 2 » Passive scalar transport
o H :
&0 - e Species transport
g 0 .L .— » Lagrangian Particle Tracking
o}
w -10
£ s 4
S g0 [
B- Car CD- Car SuUv
100 200 200 200 ‘?';ng 600 700 800 900 100C . Other CFD Code .
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i CO n C F D CO L D www.iconCFD.com
ROBUSTNESS

iconHexMesh — 8MCells

* Incompressible

e Steady-state

e Pseudo-transient
L T R T R R e Full transient

* RANS/DES/LES
« MRF
» Porous zone models
* Fan models
» Passive scalar transport
\ e Species transport

Using OpenFOAM® b « Lagrangian Particle Tracking
“robust” bounded schemes W

simpleFoam
OpenFOAM® 2.2.x

ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK

P. +44 (0)1753 751400 / contact@iconCFD.com
© 2013 ICON Technology & Process Consulting Ltd.



i CO n C F D CO L D www.iconCFD.com
ROBUSTNESS

— Ux
— Uy
Uz
0.01 g 1 Spsilon
Third Party — 500 kCells == S i
o001 e __\ = error .
Full Tet Mesh oo e T  Incompressible
L i | | | _ e Steady-state
le-06 L . : * !
‘ 0 100 20‘}“2“30" 0 =00 » Pseudo-transient
e Full transient
: : * RANS/DES/LES
iconSimpleFoam
e MRF
e Porous zone models
le+30 T LI — | L — 1
; — Uy ¢ Fan models
. let20~ G Uz .
4 i — :*l ) » Passive scalar transport
1 leri0 o _ epsilon .
1 I R = Continuiy| | © OPECIES transport

Using OpenFOAM@ ' 7 « Lagrangian Particle Tracking
“robust” bounded schemes |

le-20 1 | 1 | L | 1 | 1 | Il
““o 5 10 15 20 25 30
Time step

simpleFoam
OpenFOAM® 2.2.x
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RADIATION

* Incompressible / Compressible

» Optional Buoyancy

ion and radiation

—ﬂ Convection, conduct

Humidi
» Conjugat

HeatFluxTemperature

Icon

e Heat Transfer

Radiation

Surface to surface

OuterWallTemperature

Icon

Fast view factors calculation

* Heat exchanger models

BaffleTemperature

Icon

Single stream
Dual stream

ChtCoupledTemperature

Icon
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iIcONnCFD THERMAL

RADIATION

“Surface to surface” method:

nq
<
n, 0,

The view factor F;_,, is the fraction of
radiation leaving 1 and reaching 2. It
Is calculated as:

cos(6,)cos(6,)dS,
1-2 — D2

ICOm )

Summation of view factors :

ZFi_,j =1

i#j

Reciprocity theorem:

dSy Fi, = dS; Fpsq

WWW. .com

* Incompressible / Compressible
» Optional Buoyancy
Humidity
» Conjugate Heat Transfer
e Radiation
e Surface to surface
e Fast view factors calculation
* Heat exchanger models
e Single stream
¢ Dual stream
e Porous solid
» Thermal boundary conditions
e Thermal wall functions
e Thin wall conduction
e Radiation aware boundaries
e Thermal function objects
¢ Heat balance
e Solar radiation
¢ Comfort models

Contact Us
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IcCONCFD THERMAL e
RADIATION

* Incompressible / Compressible
» Optional Buoyancy
e Humidity
» Conjugate Heat Transfer
* Radiation
o Surface to surface
» Fast view factors calculation
* Heat exchanger models
e Single stream

¢ Dual stream

e Porous solid
» Thermal boundary conditions

e Thermal wall functions

e Thin wall conduction

e Radiation aware boundaries
e Thermal function objects

¢ Heat balance

e Solar radiation

Fully parallelised view factor calculation ~ 15 times faster » Comfort models
Robust Face agglomeration algorithm.
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IcCONCFD THERMAL oo
EXHAUST

Difficult case :

» Incompressible / Compressible

° High speeds  Optional Buoyancy
. o e e Humidity
* ngh CompreSS|b|I|ty » Conjugate Heat Transfer
* Pressure waves » Radiation
. . . . » Surface to surface
« Time varying temperature and velocity inlets + Fast view factors calculation

* Heat exchanger models
e Single stream
Dual stream
Porous solid

» Thermal boundary conditions

e Thermal wall functions

e Thin wall conduction

¢ Radiation aware boundaries
e Thermal function objects

¢ Heat balance

e Solar radiation

¢ Comfort models
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IcCONCFD THERMAL oo
EXHAUST

Temperature Profiles
* Incompressible / Compressible

L iconHexMesh ' gp“‘?;‘_""' Buoyancy
o [
« 100kCells ey

» Conjugate Heat Transfer
o 3layers on boundary . Rradiation

e Surface to surface
e Fast view factors calculation

iconHotRhoPisoFoam e o et ek
g °'°" e 12 cores « Single stream
Velocity Inlet Profiles ® 025 Of SImUIatlon : Eg?(lgz:ia:)nlr:d
- U1 w2 U3 w4 e 55min « Thermal boundary conditions
12 | /\ ° T|me Step 5.06'53 e Thermal wall functions

e Thin wall conduction

¢ Radiation aware boundaries
06 | [— * Thermal function objects

04 | 5 ¢ Heat balance

02 / \ : e Solar radiation

¢ Comfort models

Temperature values

Non-dimensionnalized U values
[=]
[+

0.01 0.015 0.02 0.025 0.03 0.035 0.04

Time

o8 Contact Us
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IcCONCFD THERMAL oo
EXHAUST

- gx * Incompressible / Compressible
— Uy .
Uz » Optional Buoyancy
_— p o T
tho Humidity
— gmega » Conjugate Heat Transfer
| l— k * Radiation
0.0001 7] scalarl « Surface to surface
) — scalar2 . .
i scalar3 » Fast view factors calculation
' - scalard « Heat exchanger models
| 1 | 1 | 1 | 1 | ___ Continuity .
0 0.05 0.1 0.15 0.3 error ¢ Single stream
Time step + Dual stream
20 T T I T I T o Mom » Porous solid
- 1| — CoMax » Thermal boundary conditions
15 - &%‘g‘;ncy « Thermal wall functions
R 4 e Thin wall conduction
10 e Radiation aware boundaries
_ « Convergence reached + Thermal function objects
i I el e Heat balance
i r within each PISO loop. . Solar radiation
| ] | | » Comfort models
0 . .| 4 1 A .
0 0.05 0.1 0.15 02 e CFL varies below 15

Time step
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IcCONCFD THERMAL oo
EXHAUST

=
| — Temperature Profiles « Incompressible / Compressible
900 1.19e+03 m ~T1 -T2 T3 T4 « Optional Buoyancy
/ d _ e Humidity
I ’ ; » Conjugate Heat Transfer
£ » Radiation
e Surface to surface
%‘Q/ * Fast view factors calculation
— N « Heat exchanger models

e Single stream
¢ Dual stream

Velocity Inlet Profiles .
Y e Porous solid

—U1 —u2 —U3 —u4

) A A @ » Thermal boundary conditions
%“ A . \ AT SN « Thermal wall functions
£ ] N . ¢ + Thin wall conduction
Ha / k / k 1 / \ . =gl 5 ﬁgg + Radiation aware boundaries
206 | i R — pr : :
£ Q=" L « Thermal function objects
5o, \/ \/ \ / AN /  Heat balance

0 Time: 0.000000  Solar radiation

0.01 0.015 0.02 0.025 0.03 0.035 0.04

Time e Comfort models
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U Magnitude
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* Incompressible / Compressible
» Optional Buoyancy

e Humidity

» Conjugate Heat Transfer

» Radiation
e Surface to surface
e Fast view factors calculation

* Heat exchanger models
e Single stream
e Dual stream
* Porous solid

» Thermal boundary conditions
e Thermal wall functions
e Thin wall conduction
¢ Radiation aware boundaries

e Thermal function objects
¢ Heat balance
e Solar radiation
¢ Comfort models
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iIcONCFD THERMAL B

el tg L] wﬁ * Incompressible / Compressible
¢ 95000 120000  Optional Buoyancy
¢ - * Humidity
‘ i . + Conjugate Heat Transfer
" o " I - Radiation

* Heat exchanger models
e Single stream
e Dual stream
e Porous solid

[ 4
& =

o " @ X e Surface to surface

® °® % P " : | » Fast view factors calculation
s vpmer d

<« \ ‘ e Thermal boundary conditions
@ p < U '\689””“‘39 + Thermal wall functions
N , ¥ ? + Thin wall conduction
« s s / E'?200 * Radiation aware boundaries
B— 100 e Thermal function objects
‘\L_t__ g E + Heat balance

e Solar radiation
¢ Comfort models
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iIiconCFD THERMAL  weeen
UNDER-HOOD VALIDITY

Case : * Incompressible / Compressible
e Car under-hood » Optional Buoyancy
: * Humidity
* primary & Secondary fans » Conjugate Heat Transfer
« dual stream heat exchanger * Radiation
e Surface to surface
» Fast view factors calculation
. . » Heat exchanger models
Objectlve : e Single stream
. . e Dual stream
e Va“date ICOI’]CFD Thermal + Porous solid
. . » Thermal boundary conditions
« Compare performance and accuracy with leading —.——
com merCIaI tool ¢ Thin wall conduction
¢ Radiation aware boundaries
e Compare with experimental measurements » Thermal function objects

¢ Heat balance
e Solar radiation
¢ Comfort models

Contact Us
ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
P. +44 (0)1753 751400 / contact@iconCFD.com

© 2013 ICON Technology & Process Consulting Ltd.




iCONCFD THERMAL e
UNDER-HOOD VALIDITY

e Solver used : iconHotRhoPisoFoam

* Incompressible / Compressible

 Fan models : Polynomial (baffle) + Optional Buoyancy
. . . * Humidity
 Heat exchanger : liquidCoolerSimple o CERGRE e TEnsE
« Uses interpolation in specifications table * Radiation
e Surface to surface
° Boundary Conditions : « Fast view factors calculation
. o * Heat exchanger models
* Fixed Temperatures on bonnet and transmission - Single stream

¢ Dual stream
e Porous solid

e Thermal boundary conditions
e Thermal wall functions

5000 it / 36 cores iconCFD Code X Experiment »  Thin wall conduction

* Radiation aware boundaries

e Thermal function objects
¢ Heat balance

eat ext
Cells (Million)
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iconCFD OPTIMIZE A

= “iconCFD GUI
) oo = 8 (=

File V'ew Geometry Solver Wm_dovfs Help

3[@”&"0‘:: bash | 8% OGRS @%v@éj(x
[¥ Auto-scale »JH i ﬂ &

» Adjoint optimization solvers
¢ Shape optimization
e Topology optimization
 Adjoint turbulent models
e Spalart-Allmaras
e k-Epsilon
e DES primal support
* Sub-case capability
e Local optimization
» Cost functions
e Lift/ Drag control

e Power dissipation
e Flow uniformi

DOPEmREIBE

Instance Tree
Models | Global | Geometry | FUI‘I’

options editor g X

Command Line

Command-> |

I

QL@@ @ [Blrightcul ‘:;
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iconCFD OPTIMIZE A

n (&) iconCFD GUI (RONT
File Edit View Geometry Solver Windows Help

O00EMEMO0ED:EE BB 0 E0EYArc "I HE{UEHE®E HE0EEE:®E -
Instance Tree o %

Models | Global Geometry | Fur < >

» Adjoint optimization solvers
e Shape optimization
» Topology optimization
 Adjoint turbulent models
e Spalart-Allmaras
e k-Epsilon
* DES primal support

* Sub-case capability
e Local optimization

» Cost functions
e Lift/ Drag control
e Power dissipation
e Flow uniformity
e Mass-flow rate
e Swirl

optiors sdtor o x

QuUpPED| @RIrgtan

¥ o am Y ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
L=l P. +44 (0)1753 751400 / contact@iconCFD.com
© 2013 ICON Technology & Process Consulting Ltd.

Technol




Introduction
iconCFD Process
iconCFD Wrap
iconCFD Mesh
iconCFD Cold
iconCFD Thermal
iconCFD Optimize
iconCFD VOF

Conclusion

WWW. .com

\)

&

Contact Us
ICON HQ, Berkshire House, Windsor SL41QN, Windsor, UK
P. +44 (0)1753 751400 / contact@iconCFD.com

© 2013 ICON Technology & Process Consulting Ltd.




ICONCFD VOF e on o
STATIONARY DROPLET

Focus of developments:

 Allow larger time steps for large scale simulations. |
» Validated multi-phase flow
e Solve the “micro” problems first. SRl =leniies dep s et

e Newtonian fluids

¢ Non-Newtonian fluids

e Sloshing models (time varying)
* MRF

e Parasitic currents reduction

e Automatic interface refinement with
load balancing
e Advanced boundary conditions
e Dynamic contact angle
e Fixed contact angle

100 pm

o (a) (b)
Testcase description :
Modelling two-phase flow in porous media at the pore scale using
the volume-of-fluid method — Journal of Computational Physics 231 (2012) - Ali Q. Raeini [...]
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i CO n C F D VO F WWW.iconCFD.com
STATIONARY DROPLET

Comparison of 3 solvers:

« 1liconinterPisoFoam (iconCFD 3.0) . Validated multi-phase flow

 2interPisoFoam (iconCFD 3.0 without improved - Transient/Pseudo-transient
. . . * Newtonian fluids
Interface numerics & corrections)

* Non-Newtonian fluids

° 3 |nterFOam (OpenFOAM® 2 2 X) » Sloshing models (time varying)

* MRF

pr e — o —— Py e p—

|l

F : * Automatic interface refinement with

load balancing
iconinterPisoFoam | interPisoFoam interFoam

h J‘ ‘I" \ ‘H‘ {* \I\ /" RH Mm » Advanced boundary conditions
0.6 <max(U)<14 max(U) > 50 diverges (10+)

—

e Dynamic contact angle
e Fixed contact angle

fw !
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STATIONARY DROPLET

Time: 0.000000

7 yvd
o Y o Y
iconinterPisoFoam interPisoFoam
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ICONCFD VOF
STATIONARY DROPLET

www.iconCFD.com

Solver Solution deltaT Execution
Time Step [S] Time [S]
[S]

iconinterPisoFoam 0.001000486 5e-7 148.7

interPisoFoam 0.001000006 7.4e-9 7438.09

interFoam 0.001000085 9.1e-8 387.36

" icom)

e Validated multi-phase flow

e Transient / Pseudo-transient

e Newtonian fluids

¢ Non-Newtonian fluids

e Sloshing models (time varying)
* MRF

e Parasitic currents reduction

* Automatic interface refinement with
load balancing

e Advanced boundary conditions

e Dynamic contact angle
e Fixed contact angle
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i COn CF D 3 . X WWw.iconCFD.com
OUTLOOK

* Foundations set for the next 3 years :
e iconCFD Transonic

* iconCFD Waves + iconCFD Transonic
+iconCFD React N

* iconCFD Move - iconCFD Move

e iconCFD ...
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