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ITAINNOVA at a glance:
01. OpenFOAM group

Contributions to Industrial Manufacturing:

02. Rubber Injection Molding
03. Microfluidic Chip Control
04. Ongoing/Future projects
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 01/ITAINNOVA at a glance: OpenFOAM Group

= TAINNOVA — Instituto Tecnologico de Aragon

Research and Technology Centre
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Ownership: Aragon Regional Government

Entity: Public company - Non profit

Locations: >25.000m? in Zaragoza and Huesca
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 01/ITAINNOVA at a glance: OpenFOAM Group

= TAINNOVA — Instituto Tecnologico de Aragon
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Exploitation Budget

M Private contracts with industry
i Competitive Public Funding
wl Non Competitive Public Funding

Distribution Private
Contracts (Industry)

i R&D and Technical Consultancy

il Technical Support

Distribution Private
Contracts (Industry)

M Automotive

M Machinery and Mech. Equip.
M Electronics & Home Appliance
M High Power Electronics

M Elevators

M Paper and pachaging

i Automatization

ikl Logistics

W Multimedia
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 01/ITAINNOVA at a glance: OpenFOAM Group

= TAINNOVA — Instituto Tecnologico de Aragon
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 01/ITAINNOVA at a glance: OpenFOAM Group

»OpenFOAM group

@ Instituto Tecnoldgico de Aragon
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PhD Fluid Mechanics PhD Fluid Mechanics | Ph D_stuc _e'ht | PhD_Stud_ent
MSc Chemical Engineering MSc Chemical Engineering MSc Chemical Engineering  MSc Mechanical Engineering

...Why OpenFOAM?

Open-source gives us flexibility to move CFD closer to industry
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 01/ITAINNOVA at a glance: OpenFOAM Group

»OpenFOAM group

ITAINNOVA

MATERIALS
& COMPONENTS

Instituto Tecnoldgico de Aragon

ROM

Reduced
Integrated Order

Tools Models

How...?

Adding value to CFD simulations, for
by means of multidisciplinar integrated tools. Industrial —

Partners

User Svst
Interface ye el
dynamics

Web /A
ITAINNOVA
ITAINNOVA W INDUSTRIAL
MULTIMEDIA \ SYSTEMS
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A
!IA!M(L}IOQMGON g_ OpenFOAM 2nd Iberian Meeting | 28 & 29 May 2018 | Santiago de Compostela - Spain n



OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 01/ITAINNOVA at a glance: OpenFOAM Group

»OpenFOAM group

| o ) CFD
Instituto Tecnologico de Aragon Tool red OpenFOAM

Reduced
Integrated Order
Tools Models
Adding value to CFD simulations, for
by means of multidisciplinar integrated tools. el
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User
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 02/ Rubber Injection Molding

" Optimal rubber injection moulds through cloud-based />
simulation Cloudflow

* Funding: CloudFlow (Exp.17. 3th Wave) - 7th Framework Programme of the European Commission

e |[nvolved entities:

=HUEES « SME @\\(‘\“: ’ ‘ ‘;

» Goal: Lean Cloud App aiming at zero-defect manufacturing (i.e. scotch, flash, weld lines, air-trapped)
S < ITAINNOVA ITAINNOVA 58°

while minimising injection time.
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Cloud
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 02/ Rubber Injection Molding

= Optimal rubber injection moulds through cloud-based &
simulation Cloudflow

Lean Cloud App: for Moulds Design aiming at Zero Defect Manufacturing

Pre- 1 Cloud
processing Computing

Post-
processing

)

(T B
& Web
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 02/ Rubber Injection Molding

= Optimal rubber injection moulds through cloud-based

simulation
Lean Cloud App: Workflow

Login:

rubber

|‘ isv134]

Forgot Password

ITAINNOVA - Rubber experiment

Date: 26-09-2016 15:42:54

Session token: f77b55bdd7184a2b879
Service ID: aBcadbatbb9f3e34bf11e3
Folder: swift://isv134/Darmstadt

Files: [canal_1_inlet.obj, canal_1_outlet

Input data - 1. RUBBER CHARA(

1.1 Density

Property Value
rho 1080
1.2 Heat capacity.

Property Value
cp 2000
1.3 Viscosity.

Property Value
n 0.17362
tauStar |84846
B 0.173739
Tb 5332.9
c1 11
c2 [}
Alpha_g 0.1
Mu_max 50000
Mu_min il

Un-
| (kg/m3]

un|
| (kg K

un|
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Input data - 2. OPERATING CONDITIONS

2.1 Filling time

Min Value
[0.05

Max Value
o.1 i)

Property
End Time

2.2 Temperatures

Property Value Units
Rubber
injection
temperature
(T @ inlet)

Mould inttial
temperature

3315 g

|473.15 Il

Heating
upper-plate
temperature
Heating
loweer-plate
temperature

|473.15 i

|473.15 g8

Heating plates |

distance 0z |[n'|]

Mould thermal

conductivity |&

(| vy

Input data - 3. RUBBER DISTRIBUTION CH

canal_1

O Closed
O Adjustable
® Open

canal_2

O Closed
O Adjustable
® Open

Humber of virtual machines:

Email:|

| Submit Parameters

Units

ITAINNOVA - Rubber Injection

Session token: f/7b55bddT184a2b879dd62d7d 1dfc9a:isv134
Service ID: a8cadbabbb9f63e34bf11e3e31316bf52

Number of variable parameters: 2

Number of experiments: 10

Email address: mmgarcia@itainnova.es

Number of Virtual Machines: 10

Estimated time: 10 minutes. (An email will be sent to you when mesh is finished).

\l

‘

Generate HEshJ

Q
”
— N

ou
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 02/ Rubber Injection Molding

" Optimal rubber injection moulds through cloud-based ~ />
simulation Cloudflow

Lean Cloud App: Workflow

processing:

M I I I I N G De Rubber Injection <rubberinjection@itainnova.es» 17 4y Responder =+ Reenviar @ Archivar g Mo deseado o Eliminar =~ Mas -

Asunto [CLOUDFLOW:Rubber Injection]. Pre Processing ended (1/3). ADIET AN AR5

A Maria Garcia Camprubi MESthg l‘EpﬂI't
Dear user, Experiment folder path:  swift:/ /isv134/Darmstadt/20160923_122114
The mesh has been generated succesfully. In attachment, you w 1 Topology check

To continue with the experiment, the Gridworker environment i * Boundary definition: OK

+ Cell to face addressing: OK

swift:/fisvl34/Darmstadt/20160923_122114 « Point usage: OK

Regards ¢ Upper triangular ordering: OK

o Face vertices: OK

Rubber Injection Team
+ Single region: OK

@1 adjunto: informeSHM.pdf 240 KE
2 Mesh values
\

> ® Points: 45 M

¢ Faces: 1.18 M
o Cells: 36 M

+ Cell type:
Polyhedral: 7.80 %
Hexahedral: 90.72 %
Prisms: 1.45 %

3 Boundary conditions check

Al
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= Optimal rubber injection moulds through cloud-based

simulation
Lean Cloud App: Workflow

OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 02/ Rubber Injection Molding

Cloud

Computing

processing

D Rubberlnjection<rubberinjection@itainnwa.ab-'1:1" #3 Responder  =¢ Reenviar 83 Archivar  { No deseado G Eliminar  Mas =

Asunto [CLOUDFLOW:Rubber Injection]. Post Processing ended (3/3). 16:43

A Maria Garcia Camprubi

3.1 Reduced Order Model

Results report
Experiment folder path:  swift://isv134 /Darmstadt/20160926_181217
1. Rubber characterization
Physical properties Value Uni:
Rubber density 1080 [kg/m
Heat capacity at constant pressure 2000 [1/kg
Rubber termal conductivity 0.3836 [W/(m
Viscosity model parameters :
n 0.17362 []
Tau* 84846 [Pa
B 0.173733 [Pa-s|
Cl 1 []
c2 0 [-]
Alphag [-]
Max Viscosity 0.173739 [Pa-s|
Min Viscosity 0.002554497 [Pa-s)
Cure kinetics parameters :
m 0.7914 []
n cure kinetics 2.1873 [-]
Al 0 []
El 3.09E+07 []
AZ 3.09E+07 []
E2 0.1 []
Bl 0.002554497 []
B2 3889.8 []

ITAINNOVA 585
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Resldual Alr [%]:
(a) Response surface:

(b) 1D ROM functions

IT-1 D=2
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Dear user,

The Post Processing has finished. In attachment, you will find a report with the main results of the experiment.
The results have been also uploaded to the cloud storage:

swift://isvl34/Darmstadt/20160926_100133/

Regards

Rubber Injection Team .

1 adjunto: index_logDatafllbt 2 bjtes 4 Guardar | -
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 02/ Rubber Injection Molding

* Optimal rubber injection moulds through cloud-based /">

simulation Cloudflow
Lean Cloud App: Tools

B

Post-
processing

processing

Computing

v
L =

* Input data | - ROM

« Operating » Meshing (N cases In » Figures

Conditions parallel) * Report (.pdf)

 Geometry

(STL)

N / \_ / - / \_ _J
\ 4
OpenFOAM:
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 02/ Rubber Injection Molding

= Optimal rubber injection moulds through cloud-based &

simulation Cloudflow
OpenFOAM: rubberFoam

Solver for two compressible, non-isothermal and immiscible fluids using a VOF phase-fraction
based interface capturing approach; where one of the fluids is a non-Newtonian rubber.

» Rubber rheological behaviour: Reactive Viscosity Model

C1+C
o T = HO () ( Wy ){ e
Il""'F‘.' ‘.'.‘T o * 1—
1 —|— .H‘UET]IT " mg — W
THE
» Degree of cure:
% =T * (K| + Kow™) (1 —w)"e

Solver developed by ITAINNOVA
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 03/ Microfluidic Chip Control

« Cloud-based multiphysics simulation for desighing ﬁc

highly dynamic and highly accurate flow controls
for microfluidic applications - FORTISSIMO

* Funding: H2020 — European Comission

» Goal: Digital Twin of a Microfluidic System

e Involved entities:

N
End-User Y= eLVEFLOW
LLLLLLLLLLLLLLLLLLLLL 5 )
u )
R&D » ITAINNOVA ITAINNOVA 8~
— Y
N
HPC - GOMPUTE 8GOMPUTE . |
) Microfluidc system
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 03/ Microfluidic Chip Control

= Microfluidic System: Digital Twin

Digital twin

}" ELVEFLOW  System Microfluidic v0.1 | & Import | & Export

v i System 1

v BB Pressure Controller OB1

~» (O Channel CH1

Pressure range

Control mode

> Limits
» Feedback

w  Profile
Profile

Max
Min
Time
Phaze

Asymmetry

~» (O Channel CH2

Pressure range
Control mode

¥ Limits
» Feedback

0- 200 ¥ mbar

Sensor Regulator

Sine v
-1.5-15 15 plimin
-1.5-15 0 plimin

15 =g
0-360 15
1-10

0-200 ¥ mbar

Sensor Regulator

ITAINNOVA 585
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‘hPlay Il Pause W Stop

Flow Sensors: Flow & Pressure

2 ITAINNOVA 48"
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Chip: Flow Pattern

1, t
K o

}"%1 3
-,
1%
Hy

ttk

3 %

ddbidbibibbdbidbidbdbibidbdbidbbbibbdbdbd b hihh b
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 03/ Microfluidic Chip Control

= Microfluidic System: Digital Twin ﬁ

Digital twin: Core

ITAINNOVA 8=
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~

\

Microfluidic chip:

Multiphase flow pattern

OpenFOAM..

Web

CFD (ROM)

| ' . FORTISSIMO
s

_ )
Real time

Interaction
J

/\

N
BTN Reservoirs, piping,

system valves, control behaviour
J
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OPENFOAM CONTRIBUTIONS TO INDUSTRIAL MANUFACTURING P> 04/ Ongoing/Future Projects

=Future projects

» Towards CFD bots for supporting engineering tasks:

. Smart automatic building of simulation workflows.
. Automatic mesh building.

. Application of real-time simulation models.

. CFD simulations ontologies

» Complex multiphysics solvers:

. Heat-transfer
. Multiphase
. Electrochemistry

... Any idea/ colaboration is welcome!
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Instituto Tecnologico de Aragon

ITAINNOVA HEAD OFFICES:

C/ Maria de Luna, 7-8
50018, Zaragoza (Spain)
T: +34976 010 000
Info@itainnova.es

www.itainnova.es

Twitter: @ITAINNOVA

Facebook: Facebook.com/itainnova.ita
Linkedin: linkedin.com/in/itainnova

Steps into the future




