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The OpenFOAM® Computational Library

ÅOpen sourceField Operation And M anipulation

ÅC++ Computational Library, Finite Volume Method, Unstructured 

meshes (and mesh generators)

ÅMultiphysics and Multiphase systems

(FSI, Eulerian-Eulerian, Eulerian -Lagrangian)

ÅParallelized

ÅSeveral pre -compiled solvers available

óBasicô CFD codes 
Incompressible flow 
Compressible flow 
Multiphase flow 
Large eddy simulation (LES) 
Combustion 
Particle -tracking flows 
Heat transfer
Buoyancy -driven flows 
Molecular dynamics methods 
Direct simulation Monte Carlo methods 
Electromagnetics 
Solid Mechanics
Viscoelastic
Finance 
é



High -Performance Computational Rheology at CRheoLab: Ten Years of OpenFOAM®-Driven Research and Industrial Impact J. Miguel Nóbrega et al. 12

The OpenFOAM® Computational Library

A (very) brief historyé

1989ςFOAMv1 ςImperial College
Henry Weller and Hrvoje Jasak

2000ςNablaLtd.Foundation
FOAMreleased as commercial CFD Toolbox

2004ςNablaLtd.Closure 
OpenFOAMv1.0 released as open-source by OpenCFD

2006ςTrademarksOpenFOAMand OpenCFDregistration
(to avoid misusage)

2011ςAcquisition of OpenCFDby SGIand creation of 
OpenFOAM Foundation (to assure the open-source nature)

2012ςAcquisition of OpenCFDby ESI

1990

2000

2010

2006ς1st OpenFOAM 
Workshop(Zagreb)

2016ς11th OpenFOAM Workshop(Guimarães)
4th OpenFOAM Conference (Cologne)

2013ς1st OpenFOAM 
Conference(Frankfurt)

2018ςOpenFOAM Governance

1998ςWeller, Tabor, Jasak, Fureby, 
Computers in Physics

2020

?

2010ςFoam-Extend v1.6

2016ς5ƛǎŎǳǎǎƛƻƴǎ ŀōƻǳǘ άOne OpenFOAMέ
Creation of OpenFOAM Wiki

1996ςHrvoje Jasak PhD Thesis, Imperial 
College

Steering Committee

Technical committees

Turbulence

Optimization

Numerics

Multiphase

Meshing

Marine 

Applications

Documentation

Nuclear 

Applications

HPC

é

2021ςThe OpenFOAM Journal
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The OpenFOAM® Computational Library

Downloads 2019 -2025 in SourceForge
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The OpenFOAM® Computational Library

Downloads 2019 -2025 in SourceForge
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The OpenFOAM® Computational Library

å 8.8 M

USA ï1M

Canada - 154k

China - 309k

Japan - 488kUK - 301k

India - 553k

Portugal - 60k

Brazil - 286k
Australia - 83k

Spain - 169k

Italy- 212k
France ï1.9M

The Netherlands - 163k

Singapore - 70k

South Africa - 109k

Downloads during 2025

Germany - 529k

Belgium - 177k
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The OpenFOAM® Computational Library

1998 2014 2015 2016 2017 2018 2019 2021

Join UMinho

CAE of Profile 

Extrusion 

Dies

Founded FOAM@PT

Portuguese Users Group

+

1st FOAM@PT Meeting

Started 

Working with

Founded

FOAM@Iberia

Portuguese 

and Spanish 

Users Group

16th OpenFOAM 

Workshop in Guimarães

OFW16 Book

Documentation 

Technical 

Committee

+

OpenFOAM Wiki

26th OpenFOAM 

Workshop in 

Guimarães
OpenFOAM 

Journal

20262023

Hosted 

FOAM@Iberia 2023

4k views/month

ofw21.foam.pt

Computational Rheology Lab @ UMinho
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The OpenFOAM® Computational Library

Fluidized Bed
(Eulerian+Lagrangian )

Fluid Dynamics

Necking of a bar

From Philip Cardiffôs Youtube channel - https://tinyurl.com/pcardiff

Solid Mechanics

https://tinyurl.com/pcardiff
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The OpenFOAM® Computational Library

Equation mimicking

solve

( 

fvm :: ddt ( rho,U ) + fvm :: div ( phi,U ) - fvm :: laplacian ( mu,U) == - fvc :: grad (p) 

); 

( ) 2 p
t

r mr
µ

µ
+ÐÖ - ÐÐ =-UU

U
U
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Industrial Applications
(IA) 
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IA - Design of Profile Extrusion Dies
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IA - Design of Profile Extrusion Dies

OS Carneiro, JM Nóbrega (Editors) , Design of Extrusion Forming Tools, Smithers Rapra Technology, ISBN 9781847355171, 2012.
JM Nóbrega, OS Carneiro, FT Pinho, PJ Oliveira International Polymer Processing, 2004

Die land cross-section Velocity contours Extrusion run

U
n

b
a
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d

B
a
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n

c
e
d

Flow Balance
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IA - Design of Profile Extrusion Dies

A Rajkumar et al., An Open-source framework for the CAD of Complex Profile Extrusion Dies, International Polymer Processing, 33, 2018 

Methodology Employed

tau = nu * (grad U + grad U.T()); 
Solve 
(

fvm : : div (phi , T)
- fvm : : laplacian (DT , T)

== (1 / cp) * (tau  &&  grad U)
)

( )
1

:
p p

k
T T

c cr r

å õ
ÐÖ -ÐÖ Ð Ðæ öæ ö

ç ÷

U = Ut

Energy conservation equation (SteadyState)

OpenFOAM Code

Solve Momentum balance 
equation

Solve Pressure correction 
equation

Correct Pressureand 
Velocityfields

Solve Energy conservation 
equation

Convergence?

yes

End

Start

no
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Parallel Zone

Pre - Parallel Zone

Transition 
Zone

Adapter

IA - Design of Profile Extrusion Dies

A Rajkumar et al., An Open-source framework for the CAD of Complex Profile Extrusion Dies, International Polymer Processing, 33, 2018 
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IA - Design of Profile Extrusion Dies

A Rajkumar et al., An Open-source framework for the CAD of Complex Profile Extrusion Dies, International Polymer Processing, 33, 2018 

PC extrusion grade
(TRIREX 3027U(M1))

Material characterization  
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IA - Design of Profile Extrusion Dies

A Rajkumar et al., An Open-source framework for the CAD of Complex Profile Extrusion Dies, International Polymer Processing, 33, 2018 

Methodology
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IA - Design of Profile Extrusion Dies

A Rajkumar et al., An Open-source framework for the CAD of Complex Profile Extrusion Dies, International Polymer Processing, 33, 2018 

Methodology
ES1

ES2IS1

ES3

ES4IS2
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IA - Design of Profile Extrusion Dies

A Rajkumar et al., An Open-source framework for the CAD of Complex Profile Extrusion Dies, International Polymer Processing, 33, 2018 

Methodology
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ES3
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IA - Design of Profile Extrusion Dies

A Rajkumar et al., An Open-source framework for the CAD of Complex Profile Extrusion Dies, International Polymer Processing, 33, 2018 

Experimental trial
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IA - Design of Profile Extrusion Dies

Optimization in HPC systems

https://www.ff4eurohpc.eu/en/success-

stories/2023100218435592/high_performance_com

puting_for_profile_extrusion
Vidal, J. P. O., et al. (2024). Enhancing extrusion die design efficiency through high-performance computing based optimization. Meccanica, 1-12.

https://www.ff4eurohpc.eu/en/success-stories/2023100218435592/high_performance_computing_for_profile_extrusion
https://www.ff4eurohpc.eu/en/success-stories/2023100218435592/high_performance_computing_for_profile_extrusion
https://www.ff4eurohpc.eu/en/success-stories/2023100218435592/high_performance_computing_for_profile_extrusion
https://www.ff4eurohpc.eu/en/success-stories/2023100218435592/high_performance_computing_for_profile_extrusion
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IA - Design of Profile Extrusion Dies

Optimization in HPC systems

ÅReduction of 30-40% on the product time to market

ÅReduction at least in 40% of the raw materials spent in 

experimental trials

ÅEstimated savings of 23 % in tools development 

https://www.ff4eurohpc.eu/en/success-

stories/2023100218435592/high_performance_com

puting_for_profile_extrusion
Vidal, J. P. O., et al. (2024). Enhancing extrusion die design efficiency through high-performance computing based optimization. Meccanica, 1-12.

https://www.ff4eurohpc.eu/en/success-stories/2023100218435592/high_performance_computing_for_profile_extrusion
https://www.ff4eurohpc.eu/en/success-stories/2023100218435592/high_performance_computing_for_profile_extrusion
https://www.ff4eurohpc.eu/en/success-stories/2023100218435592/high_performance_computing_for_profile_extrusion
https://www.ff4eurohpc.eu/en/success-stories/2023100218435592/high_performance_computing_for_profile_extrusion
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IA - Design of Profile Extrusion Dies

Wagner, G., et al. (2025). A Novel Approach to Automatically Balance Flow in Profile Extrusion Dies Through Computational Mod elling, Polymers. Accepted .

1. Create 
Geometry

2. Generate 
Mesh

3. Run Simulation
4. Analyze 

Results

5. Propose 
New 

Parameters 
Combination 

1. Initial geometry is created with
proposed parameters combination
basedon the dataSetprovided in 
ParetoOptimalParameters.txt

2. Uses cartesianMesh utility (cfMesh) 
to generatemesh

3. Run the simulation through Allrun
script

4. Analyze the results of outlet velocity
uniformity and total pressuredrop

5. Proposesa new parameters
combination and createsa new
geometry (BayesianOptimization

scikit -optimize
https://scikit-optimize.github.io/stable/auto_examples/bayesian-optimization.html

https://scikit-optimize.github.io/stable/auto_examples/bayesian-optimization.html
https://scikit-optimize.github.io/stable/auto_examples/bayesian-optimization.html
https://scikit-optimize.github.io/stable/auto_examples/bayesian-optimization.html
https://scikit-optimize.github.io/stable/auto_examples/bayesian-optimization.html
https://scikit-optimize.github.io/stable/auto_examples/bayesian-optimization.html
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IA - Design of Profile Extrusion Dies

Wagner, G., et al. (2025). A Novel Approach to Automatically Balance Flow in Profile Extrusion Dies Through Computational Mod elling, Polymers. Accepted .
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IA - Design of Profile Extrusion Dies

Wagner, G., et al. (2025). A Novel Approach to Automatically Balance Flow in Profile Extrusion Dies Through Computational Mod elling, Polymers. Accepted .
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IA - Design of Profile Extrusion Dies

Wagner, G., et al. (2025). A Novel Approach to Automatically Balance Flow in Profile Extrusion Dies Through Computational Mod elling, Polymers. Accepted .
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IA - Design of Profile Extrusion Dies

Wagner, G., et al. (2025). A Novel Approach to Automatically Balance Flow in Profile Extrusion Dies Through Computational Mod elling, Polymers. Accepted .
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IA - Design of Profile Extrusion Dies

Wagner, G., et al. (2025). A Novel Approach to Automatically Balance Flow in Profile Extrusion Dies Through Computational Mod elling, Polymers. Accepted .

Outlet Velocity Distribution
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IA - Design of Profile Extrusion Dies

Process Data

ÅMateria l: Polycarbonate

ÅAverage linear outlet velocity : 3 m/min

ÅTemperature:

ÅInlet : 245 ºC

ÅAdapter : 228 ºC

ÅDie Land : 220 ºC

How to model 
this system?

Adapter

Die Land

Profile extrusion

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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Profile extrusion

Flow Channel

Boundary Conditions

T=245 ºC

T=228 ºC

T=220 ºC

Insulated?Adapter

Die Land

IA - Design of Profile Extrusion Dies

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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How is the temperature 

controlled?

Themocouple
Die Land

Adapter

Die Land

Themocouple
Die Land

Heater
Die Land

Heater
Die Land

IA - Design of Profile Extrusion Dies

Profile extrusion

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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Themocouple
Die Land

Themocouple
Die Land

Heater
Die Land

Heater
Die Land

Does it make any difference?

IA - Design of Profile Extrusion Dies

Profile extrusion

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.



High -Performance Computational Rheology at CRheoLab: Ten Years of OpenFOAM®-Driven Research and Industrial Impact J. Miguel Nóbrega et al. 64

chtMultiRegion
ÅTransient
ÅMultiple
ÅTurbulence
ÅHeat transfer

compressible fluid and solid regions

Foam SolverPimple

in

ÅNew Boundary Condition

IA - Design of Profile Extrusion Dies

The new solver

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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Insulated

Case Studies

T=245 ºC

T=232 ºC

T=220 ºC

Insulated

T=245 ºC

Conventional (CV)

Boundary Conditions
ÅHeater BC
ÅTemperature continuity at 

the fluid /solid interface
ÅExternal walls with 

natural convection

T=230 ºC

CV+CHT

T=228 ºC

IA - Design of Profile Extrusion Dies

Conjugate Heat 

Transfer (CHT)

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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IA - Design of Profile Extrusion Dies
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Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.

CHT
CONV

CONV+CHT

Insulated mandrel

IA - Design of Profile Extrusion Dies
Results and Discussion
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CHTCONV CONV+CHT

IA - Design of Profile Extrusion Dies
Results and Discussion

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.

CHT
CONV

CONV+CHT

14.8 MPa
11.7 MPa 13.2 MPa

IA - Design of Profile Extrusion Dies
Results and Discussion
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CHTCONV CONV+CHT

IA - Design of Profile Extrusion Dies
Results and Discussion

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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Results and Discussion
IA - Design of Profile Extrusion Dies

Vidal, J., Nóbrega, J. M. (2024). An Enhanced Temperature Control Approach to Simulate Profile Extrusion. Polymers, 16(7), 904.
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77IA - Extruded Profile Cooling Systems
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Problems to solve: obtain the distribution of T

F Habla, et al., Development and validation of a model for the temperature distribution in the extrusion calibration stage, Applied Thermal Engineering, 100, 2016

IA - Extruded Profile Cooling Systems
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600 mm

50 mm

50 mm

10 cooling channels (ø 10 mm) 

Case Study I

F Habla, et al., Development and validation of a model for the temperature distribution in the extrusion calibration stage, Applied Thermal Engineering, 100, 2016

IA - Extruded Profile Cooling Systems
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Coupling OpenFOAM with (https://dakota.sandia.gov/)

Study on the effect of the cooling channel location

OS1 OS2

OS3 OS4

Case Study I

F Habla, et al., Development and validation of a model for the temperature distribution in the extrusion calibration stage, Applied Thermal Engineering, 100, 2016

IA - Extruded Profile Cooling Systems
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Natural convection 

( calibrator exterior)

Natural convection

(calibrator and profile exterior)

Contact resistance

Temperature Imposed 

(Cooling channels)

Temperature Imposed 

(inlet)

Adiabatic

(profile interior)

Adiabatic

(outlet)

A Rajkumar et al., Profile extrusion: experimental assessment of a numerical model for heat transfer in the cooling/calibration stage, PES, 2019

Case Study - Experimental Assessment

IA - Extruded Profile Cooling Systems
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Case Study - Experimental Assessment

IA - Extruded Profile Cooling Systems

A Rajkumar et al., Profile extrusion: experimental assessment of a numerical model for heat transfer in the cooling/calibration stage, PES, 2019
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IA - Extrusion Blow Molding

Extrusion Blow Molding Simulator

1) Parison Extrusion2) Clamping 3) Inflation 4) Cooling 5) Trimming 6) Final product 
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IA - Extrusion Blow Molding

MOTIVATION 

Adapted from ñTutorial -Extrusion blow moldingò, by Accuform, 

retrieved from https://www.t -sim.com/Refbsim/Example3.htm

Adapted from ñFluid Flow Blow Molding of a cane using AnysysPolyflowò, by  Sameera

Weeratunga, retrieved from https://youtu.be/ABRukstpIX8

Available software

B-Sim
Can only simulate clamping and inflation

AnsysPolyflow
Simulates extrusion, clamping and inflation

Separate extrusion and mold clamping and inflation steps (Automatic optimization )


