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Topics
2 Introduction
2 Viscoelastic ow model
2 General Grid Interface (GGI)
2 Internal combustion engine modelling
2 Block matrix support and neutronics simulations
2 TISC interface

2 Other new features
+ Python bindings: further developments
+ Immersed Boundary Method

2 Dissemination and community activities

2 Summary

Thank you for coming to Montreal, with special thanks to our Ho sts!
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Introduction {4

Fourth OpenFOAM Workshop: Montreal
2 Thank you to our hosts in Canada: building on success of Milan Workshop

2 Workshop format: more interactivity and networking
+ Training seminars: introductory and advanced training, OpenFOAM clinic
+ Special Interest Groups (SIG)
+ Birds-of-a-feather groups

2 This is a place to meet new friends, show off work and share experiences
OpenFOAM Since Last Workshop

2 Substantially extended user base and impact in industry and academia

2 Ansys Inc: OpenFOAM considered a serious commercial threat!

2 Local groups sharing experience and organising local events: Germany, China

2 Two EU-sponsored project using OpenFOAM as a main CFD platform

2 Trademark violation incident now resolved
+ Icon CG, UK: Simon Weston
+ July-December 2008: involving event in Berlin

2 New year brings new stars and new capabilities
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Viscoelastic Flow Model {4

MSc Thesis: Jovani Favero, Universidade Federal de Rio Grande del Sul, Brazil

2 Viscoelastic ow model:
r-u=0

Q)
@t

where ¢s =27 sD is the solvent stress contribution and ¢ is the polymeric part
of the stress , non-Newtonian in nature

+ra(VUU) = jr prreagstridp

2 Depending on the model, ¢ is solved for: saddle-point problem

2 Models introduce “upper”, “lower” or Gordon-Schowalter derivatives, but we shall
consider a general form: standard transport equation in relaxation form

@ p &80 ép
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where % is the relaxation time-scale

2 Problem: ¢p dominates the behaviour and is explicit in the momentum equation
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Viscoelastic Flow Model

Model Implementation Recipe
2 Recognise ¢ as the equilibrium stress value: make it implicit!

3 Ve

r=¢®=r2 -2= ru+(ru)'

NI

2 Calculate implicit viscoelastic viscosity:

3 .
i1

=¢% ru+(ru)

2 Split complete stress into implicit and explicit component

N2ép = r=¢% + rezécor

=rz2(-2r u)+ rz¢écorr
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Viscoelastic Flow Model {4

Implemented Viscoelastic Models

2 Kinetic Theory Models : Maxwell linear; UCM and Oldroyd-B; White-Metzner;
Larson; Cross; Carreau-Yasuda; Giesekus; FENE-P; FENE-CR

2 Network Theory of Concentrated Solutions and Melts Models ;
Phan-Thien-Tanner linear (LPTT); Phan-Thien-Tanner exponential (EPTT);
Feta-PTT

2 Reptation Theory / Tube Models : Pom-Pom model; Double-equation eXtended
Pom-Pom (DXPP); Single-equation eXtended Pom-Pom (SXPP); Double
Convected Pom-Pom (DCPP)

2 Multi-Mode Form : The value of ¢ is obtained by the sum of the K modes

Flow Solvers Implemented by Jovani Favero: Example Simulation
2 Single-phase non-Newtonian solver based on transient SIMPLE
2 Multi-phase free surface VOF solver: viscoelastic in each phase

2 Support for topological changes: syringe ejection
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General Grid Interface {4

General Grid Interface (GGI) and Derived Components

2 General grid interface couples multiple disconnected mesh components without
executing a topological change

2 Special Thank You: polygon cutting, Martin Beaudoin, Hydro Quebec

2 New feature: General Grid Interface (GGI) and its derived forms
+ Cyclic GGI
+ Partial overlap GGl

2 Implementation and parallelisation is complete: currently running validation cases
in collaboration with commercial clients and Turbomachinery Working Group

2 Library-level implementation allows re-use of GGI beyond turbomachinery

ERCOFTAC Centrifugal Pump, OpenFOAM-1.5-dev, preliminary results : . Blade passage: cyclic GGl interface

Hydro
CHALMERS 'Québec

Time: 1.269090

Made by Olivier PETIT, Chalmers, Gothenbourg Sweden
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|IC Engine Modelling (¢

Spray, Wall Film and Combustion Simulations in Internal Combustion Engines

2 Complete simulation of turbulent reacting ow, spray inject ion, evaporation, wall
Im and combustion. Mesh motion and topological changes: dynami ¢ mesh class

2 Example: GDI engine with automatic mesh motion , topological changes used in
standard form. Simulation includes intake stroke (moving piston + valves):
reverse tumble

2 Full suite of Diesel spray modelling using Lagrangian modelling framework

2 New: wall Im model and spray- Im interaction, with eljko Tu kovi¢, FSB
2 Mesh sensitivity of spray penetration : solved with adaptive re nement!

2 Authors of engine simulations: Tommaso Lucchini, Gianluca D'Errico, Daniele
Ettore, Politecnico di Milano and Dr. Federico Brusiani, University of Bologna
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Block Matrix Implementation (¢

Block Matrix Implementation in Neutronics Simulations

2 Numerical approach and class layout has been published, in relation with
neutronics simulations:
Clifford, Jasak, H: International Conference on Mathematics, Computational
Methods & Reactor Physics, May/2009

2 Simulations involve following a set of neutron energy levels, which behave like a
coupled multi-species problem

2 Inter-equation coupling is dominant: multi-group diffusion equation
2 Validation against established (2-D, structured mesh code): TINTE

2 Re-implementation on unstructured mesh in 3-D: ¥4 20% slower but unstructured,
ner mesh, (parallelised), with run-time selection of group s ize
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Other New Features {4

Python Bindings: Ivor Clifford, PBMR
2 As a part of above development, extension to bindings shown in Milan 2008

2 New bindings follow the same pattern, but allow top-level equations to be written
out in python: complete contents of solver code is now interpreted

2 Python binding will be included and supported in 1.5-dev development line

Immersed Boundary Method: eljko Tukovi ¢, FSB Zagreb

2 Handling cases where the geometry changes beyond the capabilities of dynamic
mesh motion, or topological changes are too dif cult to set up

2 Background mesh is xed: presence of boundary implicitly acco unted for in
discretisation, with appropriate handling of boundary conditions: direct
manipulation of matrix coef cients
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Dissemination Activities {4

Growing OpenFOAM Community
2 Local interest groups are now established and functioning: German Stammtisch

2 Special Interest Groups (SIG) structure
+ Focused on area of application
+ Taking lead in feature development, making sure the code performs well
+ “Best practice” guidelines and validation examples

2 Working towards a formal automated testing environment beyond basic tests

2 Keynote talks on Conferences: World Chemical Congress, May/2009, CSIRO,
Dec/2009, ASME and AIAA in preparation
2 Mini-conferences and local events
+ TU Delft, The Netherlands, December 2008
+ TU Darmstadt, Germany, April 2009
+ (Visiting professorship): University of Zaragoza, July 2009
2 OpenFOAM Summer School
University of Zagreb, 2-16 September 2009
Focused on project work and one-on-one tuition
Increased number of attendees to 15, with help from other groups

+

+ H+ I+
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Summary €

Summary

2 Good progress since last Workshop: further penetration in academic and industrial
CFD community as a viable numerical simulation tool

2 User Forum relocated on new software, hosted by CFD-Online

2 With SIG activity, customised versions of the code and suf ci ent validation relevant
to application areas are being assembled

2 The code is showing its potential: noticed by commercial CFD vendors
Future Work

2 Extending interactive mode of use: python seems a good choice

2 Native Windows port , project under Windows HPC effort

2 Next challenge: graphical front-end and hosting environments

2 Proposing next OpenFOAM Workshop : Chalmers in 20107

Eye Candy: Junwei Su, Imperial College London and Xi‘an Jiaotong University, China
P1 P2 P3 P4
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