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Stiffness/strength Strength/toughness

WHY COMPOSITES?
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5-10 µm

Carbon fiber

Human hair

WHY COMPOSITES?
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Natural fibers

• animal: silkworm silk, spider silk, wool

• plants: cotton, yute, wood

• cellulose
Synthetic

• basalt, quartz, glass

• aramid

• carbon

• nylon, polyester, polyethylene

•PBO

glass

basalt
carbon

sisal

alpaca

WHY COMPOSITES?



Copyright ® 2007 - 2024 IMDEA Materials Institute. All rights reserved

sports

aircraft

space

energy

automotive

defense



Copyright ® 2007 - 2024 IMDEA Materials Institute. All rights reserved

MISSIONS OF THE STRUCTURAL COMPOSITES GROUP

•To push up the current performance limits of composites
•To integrate innovative functionality of composites
•To develop material concepts and their manufacturing routes

A real industrial example: 
the lighting impact problem

High strength structural composites with improved electrical conductivity
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Simulation

Performance

Processing

Structure
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Processing

Processing of High Perfomance 
Nano Composites

Extruder
Microcompounding

Calendering

Injection Molding

RTM&Infusion

Vacuum Bag & Autoclave

Structural Integration

Processing of High 
Performance Composites

Processing of Advanced
Carbon Fillers

Nano Carbons reactors
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Performance

New frontiers of Structural 
Performance

Structural Composites for Impact Applications
Open Rotor Programme

Ice Impact

UERF Small Fragment

Blade Release

Development of lightweight shield configurations
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CNT FIBRES FOR LAMINATE INTERLEAVES

CNT FIBRES AS REINFORCEMENT
Fibre properties UD composite properties Winding velocity

Performance
CNT Fiber
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Surface flow (video camera)

Sensor prediction

FOUR POINT BENDING

EMBEDDED CNT FIBER

CNT EMBEDDED FIBER AS SENSOR

CNT FIBER

Performance
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EVALUATION OF FAILURE MECHANISMS 
IN-SITU SEM TESTING
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Damage triggered at the microscale

Fiber debonding + matrix crackingPlastic shear banding and failure

Structure

Micro, Meso and Structural 
mechanics of composites
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MATRIX CHARACTERIZATION POLYMER 
MATRIX COMPOSITES

Structure Micro, Meso and Structural 
mechanics of composites
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INTERFACE CHARACTERIZATION 
POLYMER MATRIX COMPOSITES
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plate 
bending

elastic fiber
push-in

fiber
push-out

glass/epoxy glass/epoxy
BackFront

carbon/epoxy carbon/epoxy

Structure Micro, Meso and Structural 
mechanics of composites
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3D microstructure of 
biomass

Analysis of impact 
damage

In-situ infiltration –
microflow investigation

Optimization of OoA
processing of composites

Damage assessment4D tomographyProcessing

Void evacuation in Out-
of-Autoclave Prepregs

Structure Micro, Meso and Structural 
mechanics of composites
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In-situ visualization of void transport in Out-
of-Autoclave Prepregs (OoA)

MINI VACUUM BAG [+45/0/-45/90]s

INTERFACE 45/0
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Simulation

Virtual Processing 
of Composites

Virtual Testing of 
Composites
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MESOMECHANICSMICROMECHANICS
Bridging the gap between length scales

TOWARDS A PHYSICALLY BASED 
MULTISCALE VIRTUAL TESTS

Simulation

Virtual Testing of 
Composites
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Circular fibers4-lobe fibers“Peanuts” fibers

4-lobe fibers
circular

peanut

SimulationMicromechanics & Material 
Optimization

Amit Naskar et al. 2004

OPTIMIZING 
MICROSTRUCTURES
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In-Plane Shear Test

Matrix Cracking

Delamination

Simulation:

Matrix Cracking Delamination

Low-Velocity Impact Test

SimulationMesomechanics & Laminate behaviour
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SIMULATION FOR SHIELDING DESIGN

UERF small fragment

UERF 1/3 Disc

Bird impact

Simulation

Structural Test
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Manufacturing 
Process

Sensor
Information?

Inspection
Reject?

Process 
Disturbances

Expert
System

• Diagnosis
• Corrective actions

Smart Manufacturing

• High cost of processing disturbances (waste materials, inspection, repairing) 
• Use sensor information for diagnosis and/or corrective actions.

Virtual Processing 
of Composites
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RESIN TRANSFER MOULDING

inlet outlet

dry fabric

outlet

outletoutlet

inlet

sensor

sensor sensor

sensor

• Low cost as compared with autoclave
• Sensible to void formation
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• RTM (Resin Transfer Moulding) is a complex multi-physics problem:

• Impregnation phase -> porosity & dry spots
• Curing phase -> lack or excess of cure
• Residual stresses -> spring-back effects



Copyright ® 2007 - 2024 IMDEA Materials Institute. All rights reserved

<latexit sha1_base64="+LYryaiz6J/iWhKJ8pb36LJiP8c=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmiFGXJG5covKXwIR0yh1o6EwnbceETHgDXRl15xP5Ar6NBWeh4Fl9vec0uecGieDauO6XU1hb39jcKm6Xdnb39g/Kh0dtLVPFsMWkkKobUI2Cx9gy3AjsJgppFAjsBJObud95RKW5jJtmmqAf0VHMQ86osaOH+6Y3KFfcqrsQWQUvhwrkagzKn/2hZGmEsWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWYxphNrPFqvOyFkoFTFjJIv372xGI62nUWAzETVjvezNh/95vdSE137G4yQ1GDMbsV6YCmIkmTcmQ66QGTG1QJnidkvCxlRRZuxdSra+t1x2Fdq1qndZde8uKvVafoginMApnIMHV1CHW2hACxiM4Bne4N0JnSfnxXn9iRac/M8x/JHz8Q2wlor5</latexit>

RT1
<latexit sha1_base64="osAlJjOhi8hGQNJYfwXdRElJECE=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmiFGXJG5covKXwIR0yh1oaGcmbceETHgDXRl15xP5Ar6NBWeh4Fl9vec0uecGieDauO6XU1hb39jcKm6Xdnb39g/Kh0dtHaeKYYvFIlbdgGoUPMKW4UZgN1FIZSCwE0xu5n7nEZXmcdQ00wR9SUcRDzmjxo4e7pu1QbniVt2FyCp4OVQgV2NQ/uwPY5ZKjAwTVOue5ybGz6gynAmclfqpxoSyCR1hz2JEJWo/W6w6I2dhrIgZI1m8f2czKrWeysBmJDVjvezNh/95vdSE137GoyQ1GDEbsV6YCmJiMm9MhlwhM2JqgTLF7ZaEjamizNi7lGx9b7nsKrRrVe+y6t5dVOq1/BBFOIFTOAcPrqAOt9CAFjAYwTO8wbsTOk/Oi/P6Ey04+Z9j+CPn4xuyFIr6</latexit>

RT2

<latexit sha1_base64="tJIUW34eu+TjJ1DwGBFxpyRY/Hk=">AAAB5HicbZDLTgIxFIZPvSLeUJduGomJKzKDRl2SuHGJyi2BCemUM9DQuaTtmJAJb6Aro+58Il/At7HgLBT8V1/P/zc5//ETKbRxnC+ysrq2vrFZ2Cpu7+zu7ZcODls6ThXHJo9lrDo+0yhFhE0jjMROopCFvsS2P76Z+e1HVFrEUcNMEvRCNoxEIDgzdvRw3zjvl8pOxZmLLoObQxly1fulz94g5mmIkeGSad11ncR4GVNGcInTYi/VmDA+ZkPsWoxYiNrL5qtO6WkQK2pGSOfv39mMhVpPQt9mQmZGetGbDf/zuqkJrr1MRElqMOI2Yr0gldTEdNaYDoRCbuTEAuNK2C0pHzHFuLF3Kdr67mLZZWhVK+5lxbm7KNeq+SEKcAwncAYuXEENbqEOTeAwhGd4g3cSkCfyQl5/oisk/3MEf0Q+vgGzkor7</latexit>

RT3
<latexit sha1_base64="PpcUBXTOmbqrJZWniCKu5Lyvyns=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQtQliRuXqIAk0JDpcAsTptNmZmpCGt5AV0bd+US+gG/jgF0oeFbf3HMmuecGieDauO6XU1hb39jcKm6Xdnb39g/Kh0cdHaeKYZvFIlbdgGoUXGLbcCOwmyikUSDwIZhcz/2HR1Sax7Jlpgn6ER1JHnJGjR3d37Xqg3LFrboLkVXwcqhAruag/NkfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnkVJI9R+tlh1Rs7CWBEzRrJ4/85mNNJ6GgU2E1Ez1svefPif10tNeOVnXCapQclsxHphKoiJybwxGXKFzIipBcoUt1sSNqaKMmPvUrL1veWyq9CpVb2LqntbrzRq+SGKcAKncA4eXEIDbqAJbWAwgmd4g3cndJ6cF+f1J1pw8j/H8EfOxze1EIr8</latexit>

RT4



Copyright ® 2007 - 2024 IMDEA Materials Institute. All rights reserved

• Inhomogeneous flow is 
responsable of dry-spot 
formation (race-tracking)

Hamidi & Altan, Intern. Polymer Processing, 32, 2017

• Regions with low velocity produce 
larger voids (outlet)  

DETECT 
RACE-TRACKING

DETECT 
LOW VELOCITY 

REGIONS



Copyright ® 2007 - 2024 IMDEA Materials Institute. All rights reserved

SIMULATE FAST

FluidAI
<latexit sha1_base64="ZDlj4l5UwFWV5iTeSmIr8yDtRmk=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIuoy4MZlRPOAZAg9nZqkSc+D7hohDPkDXYm684v8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdGniDas2tuwuxv+AVUINCzUH1oz9MRBZhTEJxY3qem5Kfc01SKJxV+pnBlIsJH2HPYswjNH6+WHXGTsJEMxojW7x/ZnMeGTONApuJOI3Nsjcf/uf1Mgqv/FzGaUYYCxuxXpgpRgmbN2ZDqVGQmlrgQku7JRNjrrkge5eKre8tl/0L7bO6d1F3b89rDbc4RBmO4BhOwYNLaMANNKEFAkbwBK/w5oTOo/PsvHxHS07x5xB+yXn/Audxixw=</latexit>

l1

<latexit sha1_base64="YqdG8C+xWwAlXk5p+4kARm6L2dI=">AAAB/nicbVDLTgIxFO34RHyhLtk0EhNYQGaIUTcmJG5cYiKPBJB0ygUa2plJe8eETEj0Z3Rl1J0f4Q/4NxZkoeDZ3HPvOU16jh9JYdB1v5yV1bX1jc3UVnp7Z3dvP3NwWDdhrDnUeChD3fSZASkCqKFACc1IA1O+hIY/uprqjXvQRoTBLY4j6Cg2CERfcIb21M1ko66bx8LldHhFuEuK7QFTilGcFLqZnFtyZ6DLxJuTHJmj2s18tnshjxUEyCUzpuW5EXYSplFwCZN0OzYQMT5iA2hZGjAFppPMQkzoST/UFIdAZ/tvb8KUMWPlW49iODSL2vT4n9aKsX/RSUQQxQgBtxar9WNJMaTTLmhPaOAox5YwroX9JeVDphlH21jaxvcWwy6TernknZXcm9NcpTwvIkWy5JjkiUfOSYVckyqpEU4eyTN5I+/Og/PkvDivP9YVZ/7miPyB8/ENh/GTzQ==</latexit>

p 0
(t
)
=

p 0
(1

�
e�

�
t )

<latexit sha1_base64="je+sENnhfzdmRtFtR44dWjl8nRQ=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkiLosuHFZwbSFNpTJ9KYZOpmEmYlQQl9BV6LufCBfwLdxWrPQ1rP65p4zcM8NM8G1cd0vZ219Y3Nru7JT3d3bPzisHR13dJorhj5LRap6IdUouETfcCOwlymkSSiwG05u5373EZXmqXww0wyDhI4ljzijxo58LgWaYa3uNtyFyCp4JdShVHtY+xyMUpYnKA0TVOu+52YmKKgynAmcVQe5xoyyCR1j36KkCeqgWCw7I+dRqoiJkSzev7MFTbSeJqHNJNTEetmbD//z+rmJboKCyyw3KJmNWC/KBTEpmXcmI66QGTG1QJnidkvCYqooM/YyVVvfWy67Cp1mw7tquPeX9VazPEQFTuEMLsCDa2jBHbTBBwYcnuEN3p3YeXJenNef6JpT/jmBP3I+vgHio4xS</latexit>

in
le
t

<latexit sha1_base64="1DtOQuLon/ffG8ydOOQhNA0Fz1I=">AAAB53icbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8kXjxiIo8ENmR26IWR2Udmek0I4Rv0ZNSb/+MP+DcOuAcF61TdVZ1UdZAqach1v5zC2vrG5lZxu7Szu7d/UD48apkk0wKbIlGJ7gTcoJIxNkmSwk6qkUeBwnYwvpnr7UfURibxPU1S9CM+jGUoBSe7aiWZvaB+ueJW3QXYKvFyUoEcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSupTGP0PjTRdoZOwsTzWiEbDH/9k55ZMwkCqwn4jQyy9p8+Z/WzSi89qcyTjPCWFiL1cJMMUrYvDQbSI2C1MQSLrS0KZkYcc0F2deUbH1vuewqadWq3mXVvbuo1Gv5I4pwAqdwDh5cQR1uoQFNEPAAz/AG7450npwX5/XHWnDym2P4A+fjG8qDjN0=</latexit> ou
tl
et

<latexit sha1_base64="dzkI+Amd6xvTK3Ldit9SZSaQu58=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmiLoRAm5cRjQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6mfmtR9RGJvEDjVP0Iz6IZSgFJzu6T6/dXqnsVty52DJ4OZQhV71X+uz2E5FFGJNQ3JiO56bkT7gmKRROi93MYMrFiA+wYzHmERp/Ml91yk7DRDMaIpu/f2cnPDJmHAU2E3EamkVvNvzP62QUXvkTGacZYSxsxHphphglbNaY9aVGQWpsgQst7ZZMDLnmguxdira+t1h2GZrVindRce/Oy7VqfogCHMMJnIEHl1CDW6hDAwQM4Bne4N0JnSfnxXn9ia44+Z8j+CPn4xu5r4r/</latexit>

p
=

0

<latexit sha1_base64="6xmTcigo5JpYKoZkLrpX/Ouxrew=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZYtQliRuXGOWRwIT0NDXQoeeR7hoTQvgDXRl15xf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/HN3G8/ojYyiR9okqIf8WEsQyk42dG96tf65YpbdRdiq+DlUIFcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSuxZhHaPzpYtUZOwsTzWiEbPH+nZ3yyJhJFNhMxGlklr358D+vm1F47U9lnGaEsbAR64WZYpSweWM2kBoFqYkFLrS0WzIx4poLsncp2frectlVaNWq3mXVvbuo1N38EEU4gVM4Bw+uoA630IAmCBjCM7zBuxM6T86L8/oTLTj5n2P4I+fjG+jvix0=</latexit>

l2

<latexit sha1_base64="ZDlj4l5UwFWV5iTeSmIr8yDtRmk=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIuoy4MZlRPOAZAg9nZqkSc+D7hohDPkDXYm684v8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdGniDas2tuwuxv+AVUINCzUH1oz9MRBZhTEJxY3qem5Kfc01SKJxV+pnBlIsJH2HPYswjNH6+WHXGTsJEMxojW7x/ZnMeGTONApuJOI3Nsjcf/uf1Mgqv/FzGaUYYCxuxXpgpRgmbN2ZDqVGQmlrgQku7JRNjrrkge5eKre8tl/0L7bO6d1F3b89rDbc4RBmO4BhOwYNLaMANNKEFAkbwBK/w5oTOo/PsvHxHS07x5xB+yXn/Audxixw=</latexit>

l1

<latexit sha1_base64="YqdG8C+xWwAlXk5p+4kARm6L2dI=">AAAB/nicbVDLTgIxFO34RHyhLtk0EhNYQGaIUTcmJG5cYiKPBJB0ygUa2plJe8eETEj0Z3Rl1J0f4Q/4NxZkoeDZ3HPvOU16jh9JYdB1v5yV1bX1jc3UVnp7Z3dvP3NwWDdhrDnUeChD3fSZASkCqKFACc1IA1O+hIY/uprqjXvQRoTBLY4j6Cg2CERfcIb21M1ko66bx8LldHhFuEuK7QFTilGcFLqZnFtyZ6DLxJuTHJmj2s18tnshjxUEyCUzpuW5EXYSplFwCZN0OzYQMT5iA2hZGjAFppPMQkzoST/UFIdAZ/tvb8KUMWPlW49iODSL2vT4n9aKsX/RSUQQxQgBtxar9WNJMaTTLmhPaOAox5YwroX9JeVDphlH21jaxvcWwy6TernknZXcm9NcpTwvIkWy5JjkiUfOSYVckyqpEU4eyTN5I+/Og/PkvDivP9YVZ/7miPyB8/ENh/GTzQ==</latexit>

p 0
(t
)
=

p 0
(1

�
e�

�
t )

<latexit sha1_base64="je+sENnhfzdmRtFtR44dWjl8nRQ=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkiLosuHFZwbSFNpTJ9KYZOpmEmYlQQl9BV6LufCBfwLdxWrPQ1rP65p4zcM8NM8G1cd0vZ219Y3Nru7JT3d3bPzisHR13dJorhj5LRap6IdUouETfcCOwlymkSSiwG05u5373EZXmqXww0wyDhI4ljzijxo58LgWaYa3uNtyFyCp4JdShVHtY+xyMUpYnKA0TVOu+52YmKKgynAmcVQe5xoyyCR1j36KkCeqgWCw7I+dRqoiJkSzev7MFTbSeJqHNJNTEetmbD//z+rmJboKCyyw3KJmNWC/KBTEpmXcmI66QGTG1QJnidkvCYqooM/YyVVvfWy67Cp1mw7tquPeX9VazPEQFTuEMLsCDa2jBHbTBBwYcnuEN3p3YeXJenNef6JpT/jmBP3I+vgHio4xS</latexit>

in
le
t

<latexit sha1_base64="1DtOQuLon/ffG8ydOOQhNA0Fz1I=">AAAB53icbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8kXjxiIo8ENmR26IWR2Udmek0I4Rv0ZNSb/+MP+DcOuAcF61TdVZ1UdZAqach1v5zC2vrG5lZxu7Szu7d/UD48apkk0wKbIlGJ7gTcoJIxNkmSwk6qkUeBwnYwvpnr7UfURibxPU1S9CM+jGUoBSe7aiWZvaB+ueJW3QXYKvFyUoEcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSupTGP0PjTRdoZOwsTzWiEbDH/9k55ZMwkCqwn4jQyy9p8+Z/WzSi89qcyTjPCWFiL1cJMMUrYvDQbSI2C1MQSLrS0KZkYcc0F2deUbH1vuewqadWq3mXVvbuo1Gv5I4pwAqdwDh5cQR1uoQFNEPAAz/AG7450npwX5/XHWnDym2P4A+fjG8qDjN0=</latexit> ou
tl
et

<latexit sha1_base64="dzkI+Amd6xvTK3Ldit9SZSaQu58=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmiLoRAm5cRjQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6mfmtR9RGJvEDjVP0Iz6IZSgFJzu6T6/dXqnsVty52DJ4OZQhV71X+uz2E5FFGJNQ3JiO56bkT7gmKRROi93MYMrFiA+wYzHmERp/Ml91yk7DRDMaIpu/f2cnPDJmHAU2E3EamkVvNvzP62QUXvkTGacZYSxsxHphphglbNaY9aVGQWpsgQst7ZZMDLnmguxdira+t1h2GZrVindRce/Oy7VqfogCHMMJnIEHl1CDW6hDAwQM4Bne4N0JnSfnxXn9ia44+Z8j+CPn4xu5r4r/</latexit>

p
=

0

<latexit sha1_base64="6xmTcigo5JpYKoZkLrpX/Ouxrew=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZYtQliRuXGOWRwIT0NDXQoeeR7hoTQvgDXRl15xf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/HN3G8/ojYyiR9okqIf8WEsQyk42dG96tf65YpbdRdiq+DlUIFcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSuxZhHaPzpYtUZOwsTzWiEbPH+nZ3yyJhJFNhMxGlklr358D+vm1F47U9lnGaEsbAR64WZYpSweWM2kBoFqYkFLrS0WzIx4poLsncp2frectlVaNWq3mXVvbuo1N38EEU4gVM4Bw+uoA630IAmCBjCM7zBuxM6T86L8/oTLTj5n2P4I+fjG+jvix0=</latexit>

l2

<latexit sha1_base64="ZDlj4l5UwFWV5iTeSmIr8yDtRmk=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIuoy4MZlRPOAZAg9nZqkSc+D7hohDPkDXYm684v8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdGniDas2tuwuxv+AVUINCzUH1oz9MRBZhTEJxY3qem5Kfc01SKJxV+pnBlIsJH2HPYswjNH6+WHXGTsJEMxojW7x/ZnMeGTONApuJOI3Nsjcf/uf1Mgqv/FzGaUYYCxuxXpgpRgmbN2ZDqVGQmlrgQku7JRNjrrkge5eKre8tl/0L7bO6d1F3b89rDbc4RBmO4BhOwYNLaMANNKEFAkbwBK/w5oTOo/PsvHxHS07x5xB+yXn/Audxixw=</latexit>

l1

<latexit sha1_base64="YqdG8C+xWwAlXk5p+4kARm6L2dI=">AAAB/nicbVDLTgIxFO34RHyhLtk0EhNYQGaIUTcmJG5cYiKPBJB0ygUa2plJe8eETEj0Z3Rl1J0f4Q/4NxZkoeDZ3HPvOU16jh9JYdB1v5yV1bX1jc3UVnp7Z3dvP3NwWDdhrDnUeChD3fSZASkCqKFACc1IA1O+hIY/uprqjXvQRoTBLY4j6Cg2CERfcIb21M1ko66bx8LldHhFuEuK7QFTilGcFLqZnFtyZ6DLxJuTHJmj2s18tnshjxUEyCUzpuW5EXYSplFwCZN0OzYQMT5iA2hZGjAFppPMQkzoST/UFIdAZ/tvb8KUMWPlW49iODSL2vT4n9aKsX/RSUQQxQgBtxar9WNJMaTTLmhPaOAox5YwroX9JeVDphlH21jaxvcWwy6TernknZXcm9NcpTwvIkWy5JjkiUfOSYVckyqpEU4eyTN5I+/Og/PkvDivP9YVZ/7miPyB8/ENh/GTzQ==</latexit>

p 0
(t
)
=

p 0
(1

�
e�

�
t )

<latexit sha1_base64="je+sENnhfzdmRtFtR44dWjl8nRQ=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkiLosuHFZwbSFNpTJ9KYZOpmEmYlQQl9BV6LufCBfwLdxWrPQ1rP65p4zcM8NM8G1cd0vZ219Y3Nru7JT3d3bPzisHR13dJorhj5LRap6IdUouETfcCOwlymkSSiwG05u5373EZXmqXww0wyDhI4ljzijxo58LgWaYa3uNtyFyCp4JdShVHtY+xyMUpYnKA0TVOu+52YmKKgynAmcVQe5xoyyCR1j36KkCeqgWCw7I+dRqoiJkSzev7MFTbSeJqHNJNTEetmbD//z+rmJboKCyyw3KJmNWC/KBTEpmXcmI66QGTG1QJnidkvCYqooM/YyVVvfWy67Cp1mw7tquPeX9VazPEQFTuEMLsCDa2jBHbTBBwYcnuEN3p3YeXJenNef6JpT/jmBP3I+vgHio4xS</latexit>

in
le
t

<latexit sha1_base64="1DtOQuLon/ffG8ydOOQhNA0Fz1I=">AAAB53icbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8kXjxiIo8ENmR26IWR2Udmek0I4Rv0ZNSb/+MP+DcOuAcF61TdVZ1UdZAqach1v5zC2vrG5lZxu7Szu7d/UD48apkk0wKbIlGJ7gTcoJIxNkmSwk6qkUeBwnYwvpnr7UfURibxPU1S9CM+jGUoBSe7aiWZvaB+ueJW3QXYKvFyUoEcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSupTGP0PjTRdoZOwsTzWiEbDH/9k55ZMwkCqwn4jQyy9p8+Z/WzSi89qcyTjPCWFiL1cJMMUrYvDQbSI2C1MQSLrS0KZkYcc0F2deUbH1vuewqadWq3mXVvbuo1Gv5I4pwAqdwDh5cQR1uoQFNEPAAz/AG7450npwX5/XHWnDym2P4A+fjG8qDjN0=</latexit> ou
tl
et

<latexit sha1_base64="dzkI+Amd6xvTK3Ldit9SZSaQu58=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmiLoRAm5cRjQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6mfmtR9RGJvEDjVP0Iz6IZSgFJzu6T6/dXqnsVty52DJ4OZQhV71X+uz2E5FFGJNQ3JiO56bkT7gmKRROi93MYMrFiA+wYzHmERp/Ml91yk7DRDMaIpu/f2cnPDJmHAU2E3EamkVvNvzP62QUXvkTGacZYSxsxHphphglbNaY9aVGQWpsgQst7ZZMDLnmguxdira+t1h2GZrVindRce/Oy7VqfogCHMMJnIEHl1CDW6hDAwQM4Bne4N0JnSfnxXn9ia44+Z8j+CPn4xu5r4r/</latexit>

p
=

0

<latexit sha1_base64="6xmTcigo5JpYKoZkLrpX/Ouxrew=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZYtQliRuXGOWRwIT0NDXQoeeR7hoTQvgDXRl15xf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/HN3G8/ojYyiR9okqIf8WEsQyk42dG96tf65YpbdRdiq+DlUIFcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSuxZhHaPzpYtUZOwsTzWiEbPH+nZ3yyJhJFNhMxGlklr358D+vm1F47U9lnGaEsbAR64WZYpSweWM2kBoFqYkFLrS0WzIx4poLsncp2frectlVaNWq3mXVvbuo1N38EEU4gVM4Bw+uoA630IAmCBjCM7zBuxM6T86L8/oTLTj5n2P4I+fjG+jvix0=</latexit>

l2

<latexit sha1_base64="ZDlj4l5UwFWV5iTeSmIr8yDtRmk=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIuoy4MZlRPOAZAg9nZqkSc+D7hohDPkDXYm684v8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdGniDas2tuwuxv+AVUINCzUH1oz9MRBZhTEJxY3qem5Kfc01SKJxV+pnBlIsJH2HPYswjNH6+WHXGTsJEMxojW7x/ZnMeGTONApuJOI3Nsjcf/uf1Mgqv/FzGaUYYCxuxXpgpRgmbN2ZDqVGQmlrgQku7JRNjrrkge5eKre8tl/0L7bO6d1F3b89rDbc4RBmO4BhOwYNLaMANNKEFAkbwBK/w5oTOo/PsvHxHS07x5xB+yXn/Audxixw=</latexit>

l1

<latexit sha1_base64="YqdG8C+xWwAlXk5p+4kARm6L2dI=">AAAB/nicbVDLTgIxFO34RHyhLtk0EhNYQGaIUTcmJG5cYiKPBJB0ygUa2plJe8eETEj0Z3Rl1J0f4Q/4NxZkoeDZ3HPvOU16jh9JYdB1v5yV1bX1jc3UVnp7Z3dvP3NwWDdhrDnUeChD3fSZASkCqKFACc1IA1O+hIY/uprqjXvQRoTBLY4j6Cg2CERfcIb21M1ko66bx8LldHhFuEuK7QFTilGcFLqZnFtyZ6DLxJuTHJmj2s18tnshjxUEyCUzpuW5EXYSplFwCZN0OzYQMT5iA2hZGjAFppPMQkzoST/UFIdAZ/tvb8KUMWPlW49iODSL2vT4n9aKsX/RSUQQxQgBtxar9WNJMaTTLmhPaOAox5YwroX9JeVDphlH21jaxvcWwy6TernknZXcm9NcpTwvIkWy5JjkiUfOSYVckyqpEU4eyTN5I+/Og/PkvDivP9YVZ/7miPyB8/ENh/GTzQ==</latexit>

p 0
(t
)
=

p 0
(1

�
e�

�
t )

<latexit sha1_base64="je+sENnhfzdmRtFtR44dWjl8nRQ=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkiLosuHFZwbSFNpTJ9KYZOpmEmYlQQl9BV6LufCBfwLdxWrPQ1rP65p4zcM8NM8G1cd0vZ219Y3Nru7JT3d3bPzisHR13dJorhj5LRap6IdUouETfcCOwlymkSSiwG05u5373EZXmqXww0wyDhI4ljzijxo58LgWaYa3uNtyFyCp4JdShVHtY+xyMUpYnKA0TVOu+52YmKKgynAmcVQe5xoyyCR1j36KkCeqgWCw7I+dRqoiJkSzev7MFTbSeJqHNJNTEetmbD//z+rmJboKCyyw3KJmNWC/KBTEpmXcmI66QGTG1QJnidkvCYqooM/YyVVvfWy67Cp1mw7tquPeX9VazPEQFTuEMLsCDa2jBHbTBBwYcnuEN3p3YeXJenNef6JpT/jmBP3I+vgHio4xS</latexit>

in
le
t

<latexit sha1_base64="1DtOQuLon/ffG8ydOOQhNA0Fz1I=">AAAB53icbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8kXjxiIo8ENmR26IWR2Udmek0I4Rv0ZNSb/+MP+DcOuAcF61TdVZ1UdZAqach1v5zC2vrG5lZxu7Szu7d/UD48apkk0wKbIlGJ7gTcoJIxNkmSwk6qkUeBwnYwvpnr7UfURibxPU1S9CM+jGUoBSe7aiWZvaB+ueJW3QXYKvFyUoEcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSupTGP0PjTRdoZOwsTzWiEbDH/9k55ZMwkCqwn4jQyy9p8+Z/WzSi89qcyTjPCWFiL1cJMMUrYvDQbSI2C1MQSLrS0KZkYcc0F2deUbH1vuewqadWq3mXVvbuo1Gv5I4pwAqdwDh5cQR1uoQFNEPAAz/AG7450npwX5/XHWnDym2P4A+fjG8qDjN0=</latexit> ou
tl
et

<latexit sha1_base64="dzkI+Amd6xvTK3Ldit9SZSaQu58=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmiLoRAm5cRjQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6mfmtR9RGJvEDjVP0Iz6IZSgFJzu6T6/dXqnsVty52DJ4OZQhV71X+uz2E5FFGJNQ3JiO56bkT7gmKRROi93MYMrFiA+wYzHmERp/Ml91yk7DRDMaIpu/f2cnPDJmHAU2E3EamkVvNvzP62QUXvkTGacZYSxsxHphphglbNaY9aVGQWpsgQst7ZZMDLnmguxdira+t1h2GZrVindRce/Oy7VqfogCHMMJnIEHl1CDW6hDAwQM4Bne4N0JnSfnxXn9ia44+Z8j+CPn4xu5r4r/</latexit>

p
=

0
<latexit sha1_base64="6xmTcigo5JpYKoZkLrpX/Ouxrew=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZYtQliRuXGOWRwIT0NDXQoeeR7hoTQvgDXRl15xf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/HN3G8/ojYyiR9okqIf8WEsQyk42dG96tf65YpbdRdiq+DlUIFcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSuxZhHaPzpYtUZOwsTzWiEbPH+nZ3yyJhJFNhMxGlklr358D+vm1F47U9lnGaEsbAR64WZYpSweWM2kBoFqYkFLrS0WzIx4poLsncp2frectlVaNWq3mXVvbuo1N38EEU4gVM4Bw+uoA630IAmCBjCM7zBuxM6T86L8/oTLTj5n2P4I+fjG+jvix0=</latexit>

l2

<latexit sha1_base64="4DJYOiY0NS83mR3wfCwgR8S1W9s=">AAAB43icbZDLSgNBEEVrfMb4irp00xgE3YSZIOoy4MZlFPOAZAg1nZqkSc+D7h4hhHyBrkTd+Uf+gH9jJ85CE+/qdN3bULeCVAptXPfLWVldW9/YLGwVt3d29/ZLB4dNnWSKU4MnMlHtADVJEVPDCCOpnSrCKJDUCkY3M7/1SEqLJH4w45T8CAexCAVHY0f3eN4rld2KOxdbBi+HMuSq90qf3X7Cs4hiwyVq3fHc1PgTVEZwSdNiN9OUIh/hgDoWY4xI+5P5plN2GiaKmSGx+ft3doKR1uMosJkIzVAverPhf14nM+G1PxFxmhmKuY1YL8wkMwmbFWZ9oYgbObaAXAm7JeNDVMiNPUvR1vcWyy5Ds1rxLivu3UW5Vs0PUYBjOIEz8OAKanALdWgAhxCe4Q3eHXKenBfn9Se64uR/juCPnI9vGDmKog==</latexit>

a)
<latexit sha1_base64="SbBf+UffuMvswC4mQTufK8mHzrs=">AAAB43icbZDLSgNBEEVrfMb4irp00xgE3YSZIOoy4MZlFPOAZAg9nZqkSc+D7hohhHyBrkTd+Uf+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP74LxXKrsVdy62DF4OZchV75U+u/1EZBHGJBQ3puO5KfkTrkkKhdNiNzOYcjHiA+xYjHmExp/MN52y0zDRjIbI5u/f2QmPjBlHgc1EnIZm0ZsN//M6GYXX/kTGaUYYCxuxXpgpRgmbFWZ9qVGQGlvgQku7JRNDrrkge5aire8tll2GZrXiXVbcu4tyrZofogDHcAJn4MEV1OAW6tAAASE8wxu8O+g8OS/O6090xcn/HMEfOR/fGbiKow==</latexit>

b)

<latexit sha1_base64="imnenRXc+u+b8t1OJo7dG0g8Lc0=">AAAB43icbZDLSgNBEEVrfMb4irp00xgE3YSZIOoy4MZlFPOAZAg9nZqkSc+D7hohhHyBrkTd+Uf+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqN7cd4rld2KOxdbBi+HMuSq90qf3X4isghjEoob0/HclPwJ1ySFwmmxmxlMuRjxAXYsxjxC40/mm07ZaZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMJrfyLjNCOMhY1YL8wUo4TNCrO+1ChIjS1woaXdkokh11yQPUvR1vcWyy5Ds1rxLivu3UW5Vs0PUYBjOIEz8OAKanALdWiAgBCe4Q3eHXSenBfn9Se64uR/juCPnI9vGzeKpA==</latexit>

c)
<latexit sha1_base64="veGk3SoR+YUVZZlYUuPKHMV3/+0=">AAAB43icbZDLSgNBEEVrfMb4irp00xgE3YSZIOoy4MZlFPOAZAg9nZqkSc+D7hohhHyBrkTd+Uf+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7/nmvVHYr7lxsGbwcypCr3it9dvuJyCKMSShuTMdzU/InXJMUCqfFbmYw5WLEB9ixGPMIjT+Zbzplp2GiGQ2Rzd+/sxMeGTOOApuJOA3Nojcb/ud1Mgqv/YmM04wwFjZivTBTjBI2K8z6UqMgNbbAhZZ2SyaGXHNB9ixFW99bLLsMzWrFu6y4dxflWjU/RAGO4QTOwIMrqMEt1KEBAkJ4hjd4d9B5cl6c15/oipP/OYI/cj6+ARy2iqU=</latexit>

d)

<latexit sha1_base64="+LYryaiz6J/iWhKJ8pb36LJiP8c=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmiFGXJG5covKXwIR0yh1o6EwnbceETHgDXRl15xP5Ar6NBWeh4Fl9vec0uecGieDauO6XU1hb39jcKm6Xdnb39g/Kh0dtLVPFsMWkkKobUI2Cx9gy3AjsJgppFAjsBJObud95RKW5jJtmmqAf0VHMQ86osaOH+6Y3KFfcqrsQWQUvhwrkagzKn/2hZGmEsWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWYxphNrPFqvOyFkoFTFjJIv372xGI62nUWAzETVjvezNh/95vdSE137G4yQ1GDMbsV6YCmIkmTcmQ66QGTG1QJnidkvCxlRRZuxdSra+t1x2Fdq1qndZde8uKvVafoginMApnIMHV1CHW2hACxiM4Bne4N0JnSfnxXn9iRac/M8x/JHz8Q2wlor5</latexit>

RT1
<latexit sha1_base64="osAlJjOhi8hGQNJYfwXdRElJECE=">AAAB5HicbZDNTgIxFIXv4B/iH+rSTSMxcUVmiFGXJG5covKXwIR0yh1oaGcmbceETHgDXRl15xP5Ar6NBWeh4Fl9vec0uecGieDauO6XU1hb39jcKm6Xdnb39g/Kh0dtHaeKYYvFIlbdgGoUPMKW4UZgN1FIZSCwE0xu5n7nEZXmcdQ00wR9SUcRDzmjxo4e7pu1QbniVt2FyCp4OVQgV2NQ/uwPY5ZKjAwTVOue5ybGz6gynAmclfqpxoSyCR1hz2JEJWo/W6w6I2dhrIgZI1m8f2czKrWeysBmJDVjvezNh/95vdSE137GoyQ1GDEbsV6YCmJiMm9MhlwhM2JqgTLF7ZaEjamizNi7lGx9b7nsKrRrVe+y6t5dVOq1/BBFOIFTOAcPrqAOt9CAFjAYwTO8wbsTOk/Oi/P6Ey04+Z9j+CPn4xuyFIr6</latexit>

RT2

<latexit sha1_base64="tJIUW34eu+TjJ1DwGBFxpyRY/Hk=">AAAB5HicbZDLTgIxFIZPvSLeUJduGomJKzKDRl2SuHGJyi2BCemUM9DQuaTtmJAJb6Aro+58Il/At7HgLBT8V1/P/zc5//ETKbRxnC+ysrq2vrFZ2Cpu7+zu7ZcODls6ThXHJo9lrDo+0yhFhE0jjMROopCFvsS2P76Z+e1HVFrEUcNMEvRCNoxEIDgzdvRw3zjvl8pOxZmLLoObQxly1fulz94g5mmIkeGSad11ncR4GVNGcInTYi/VmDA+ZkPsWoxYiNrL5qtO6WkQK2pGSOfv39mMhVpPQt9mQmZGetGbDf/zuqkJrr1MRElqMOI2Yr0gldTEdNaYDoRCbuTEAuNK2C0pHzHFuLF3Kdr67mLZZWhVK+5lxbm7KNeq+SEKcAwncAYuXEENbqEOTeAwhGd4g3cSkCfyQl5/oisk/3MEf0Q+vgGzkor7</latexit>

RT3
<latexit sha1_base64="PpcUBXTOmbqrJZWniCKu5Lyvyns=">AAAB5HicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQtQliRuXqIAk0JDpcAsTptNmZmpCGt5AV0bd+US+gG/jgF0oeFbf3HMmuecGieDauO6XU1hb39jcKm6Xdnb39g/Kh0cdHaeKYZvFIlbdgGoUXGLbcCOwmyikUSDwIZhcz/2HR1Sax7Jlpgn6ER1JHnJGjR3d37Xqg3LFrboLkVXwcqhAruag/NkfxiyNUBomqNY9z02Mn1FlOBM4K/VTjQllEzrCnkVJI9R+tlh1Rs7CWBEzRrJ4/85mNNJ6GgU2E1Ez1svefPif10tNeOVnXCapQclsxHphKoiJybwxGXKFzIipBcoUt1sSNqaKMmPvUrL1veWyq9CpVb2LqntbrzRq+SGKcAKncA4eXEIDbqAJbWAwgmd4g3cndJ6cF+f1J1pw8j/H8EfOxze1EIr8</latexit>

RT4

Virtual Processing 
• OpenFoam (CFD)
• Pressure field
• Flow evolution
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SIMULATE FAST

FluidAI

flow direction

c)

0

1

Æ

t̂ =0.02 t̂ =0.20 t̂ =0.40

t̂ =0.60 t̂ =0.80 t̂ =1.00

flow direction

d)

0

1

p̂

t̂ =0.02 t̂ =0.20 t̂ =0.40

t̂ =0.60 t̂ =0.80 t̂ =1.00

<latexit sha1_base64="EBeoUS0o0Zd1cgr2Ihbdh7/oqKM=">AAAB73icbZDLTgJBEEVr8IX4Ql266UhMWJEZY9QliRuXmAiYwEh6mhro0POwu8aEEL5DV0bd+S/+gH9jg7NQ8K5u1z2d1K0gVdKQ6345hZXVtfWN4mZpa3tnd6+8f9AySaYFNkWiEn0XcINKxtgkSQrvUo08ChS2g9HVLG8/ojYyiW9pnKIf8UEsQyk42dG9ZY3JNLJQour3yhW35s7Flo2XmwrkavTKn91+IrIIYxKKG9Px3JT8CdckhcJpqZsZTLkY8QF2rI15hMafzLeespMw0YyGyObv3+yER8aMo8AyEaehWcxmw/+yTkbhpT+RcZoRxsIiNgszxShhs/KsLzUKUmNruNDSbsnEkGsuyJ6oZOt7i2WXTeu05p3X3JuzSr2aH6IIR3AMVfDgAupwDQ1oggANz/AG786D8+S8OK8/aMHJ/xzCHzkf34hwkCM=</latexit>

pressurefield

<latexit sha1_base64="lWg+vdVcs3yWIJ3IImC5z8cuOwY=">AAAB63icbZDNTgIxFIU7/iL+oS7dNBITVmTGGHVJ4sYlJvITYUI65Q40dNpJe0dDCE+hK6PufBtfwLex4CwUPKuv95wm99wolcKi7395K6tr6xubha3i9s7u3n7p4LBpdWY4NLiW2rQjZkEKBQ0UKKGdGmBJJKEVja5nfusBjBVa3eE4hTBhAyViwRm60X0s9SONjVbYK5X9qj8XXYYghzLJVe+VPrt9zbMEFHLJrO0EforhhBkUXMK02M0spIyP2AA6DhVLwIaT+cZTehprQ3EIdP7+nZ2wxNpxErlMwnBoF73Z8D+vk2F8FU6ESjMExV3EeXEmKWo6K077wgBHOXbAuBFuS8qHzDCO7jxFVz9YLLsMzbNqcFH1b8/LtUp+iAI5JiekQgJySWrkhtRJg3CiyDN5I+9e4j15L97rT3TFy/8ckT/yPr4BeZ2OXw==</latexit>

flowfront

<latexit sha1_base64="WtOiFs3hp9OvM3Bi9KxWo2Pgp80=">AAAB73icbZDNSgMxFIUz9a/Wv6pLN8EiuCozRVRwU3DjsoL9gXYsmfROG5qZjMkdoQx9Dl2JuvNdfAHfxrTOQlvP6ss9J3DPDRIpDLrul1NYWV1b3yhulra2d3b3yvsHLaNSzaHJlVS6EzADUsTQRIESOokGFgUS2sH4eua3H0EboeI7nCTgR2wYi1BwhnZ0r1JMUuxdhQLkwPTLFbfqzkWXwcuhQnI1+uXP3kDxNIIYuWTGdD03QT9jGgWXMC31UgMJ42M2hK7FmEVg/Gy+9ZSehEpTHAGdv39nMxYZM4kCm4kYjsyiNxv+53VTDC/9TMS2E8TcRqwXppKiorPydCA0cJQTC4xrYbekfMQ042hPVLL1vcWyy9CqVb3zqnt7VqnX8kMUyRE5JqfEIxekTm5IgzQJJ5o8kzfy7jw4T86L8/oTLTj5n0PyR87HN76kkE8=</latexit>

ou
tpu

t
f
ields

<latexit sha1_base64="OP88ehz6eqf0FweZpWby4SIzn1g=">AAACB3icbVDLSsNAFJ3UV62vqks3wSpUKCURUZcFNy4r2Ac0pdxMJ83QyYOZG7GEfID+jK5E3bn3B/wbp7ELbT2rM+ecgXuOGwuu0LK+jMLS8srqWnG9tLG5tb1T3t1rqyiRlLVoJCLZdUExwUPWQo6CdWPJIHAF67jjq6nfuWNS8Si8xUnM+gGMQu5xCqilQfnI8QFTB0TsQ1ZNHddLc+U+y7JazjA7GZQrVt3KYS4Se0YqZIbmoPzpDCOaBCxEKkCpnm3F2E9BIqeCZSUnUSwGOoYR62kaQsBUP83bZOaxF0kTfWbm79/ZFAKlJoGrMwGgr+a9qfif10vQu+ynPIwTZCHVEe15iTAxMqejmEMuGUUx0QSo5PpKk/oggaKerqTr2/NlF0n7tG6f162bs0qjNhuiSA7IIakSm1yQBrkmTdIilDySZ/JG3o0H48l4MV5/ogVj9mef/IHx8Q1qRJop</latexit>

↵̂(x̂, t̂)

<latexit sha1_base64="/gJkWFga53Lxzh0mHpA5SUFZGbw=">AAACAnicbZDLSsNAFIYn9VbrLerShYNFqFBKIqIuC25cVrAXaEKZTCft0MmFmROxhOz0ZXQl6s5H8AV8G6cxC209q++c/x+Y//diwRVY1pdRWlpeWV0rr1c2Nre2d8zdvY6KEklZm0Yikj2PKCZ4yNrAQbBeLBkJPMG63uRqpnfvmFQ8Cm9hGjM3IKOQ+5wS0KeBeeiMCaRxVksdz0/z5T7LsnpOkJ0MzKrVsPLBi2AXUEXFtAbmpzOMaBKwEKggSvVtKwY3JRI4FSyrOIliMaETMmJ9jSEJmHLTPEiGj/1IYhgznO+/vSkJlJoGnvYEBMZqXpsd/9P6CfiXbsrDOAEWUm3Rmp8IDBGe9YGHXDIKYqqBUMn1LzEdE0ko6NYqOr49H3YROqcN+7xh3ZxVm/WiiDI6QEeohmx0gZroGrVQG1H0iJ7RG3o3Hown48V4/bGWjOLNPvozxsc3h9mYBQ==</latexit>

p̂(x̂, t̂)

SYNTHETIC FIELDS
Pressure, Flow Evolution

<latexit sha1_base64="ZDlj4l5UwFWV5iTeSmIr8yDtRmk=">AAAB5HicbZDLSgNBEEVr4ivGV9Slm8YguAozIuoy4MZlRPOAZAg9nZqkSc+D7hohDPkDXYm684v8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdGniDas2tuwuxv+AVUINCzUH1oz9MRBZhTEJxY3qem5Kfc01SKJxV+pnBlIsJH2HPYswjNH6+WHXGTsJEMxojW7x/ZnMeGTONApuJOI3Nsjcf/uf1Mgqv/FzGaUYYCxuxXpgpRgmbN2ZDqVGQmlrgQku7JRNjrrkge5eKre8tl/0L7bO6d1F3b89rDbc4RBmO4BhOwYNLaMANNKEFAkbwBK/w5oTOo/PsvHxHS07x5xB+yXn/Audxixw=</latexit>

l1

<latexit sha1_base64="YqdG8C+xWwAlXk5p+4kARm6L2dI=">AAAB/nicbVDLTgIxFO34RHyhLtk0EhNYQGaIUTcmJG5cYiKPBJB0ygUa2plJe8eETEj0Z3Rl1J0f4Q/4NxZkoeDZ3HPvOU16jh9JYdB1v5yV1bX1jc3UVnp7Z3dvP3NwWDdhrDnUeChD3fSZASkCqKFACc1IA1O+hIY/uprqjXvQRoTBLY4j6Cg2CERfcIb21M1ko66bx8LldHhFuEuK7QFTilGcFLqZnFtyZ6DLxJuTHJmj2s18tnshjxUEyCUzpuW5EXYSplFwCZN0OzYQMT5iA2hZGjAFppPMQkzoST/UFIdAZ/tvb8KUMWPlW49iODSL2vT4n9aKsX/RSUQQxQgBtxar9WNJMaTTLmhPaOAox5YwroX9JeVDphlH21jaxvcWwy6TernknZXcm9NcpTwvIkWy5JjkiUfOSYVckyqpEU4eyTN5I+/Og/PkvDivP9YVZ/7miPyB8/ENh/GTzQ==</latexit>

p 0
(t
)
=

p 0
(1

�
e�

�
t )

<latexit sha1_base64="je+sENnhfzdmRtFtR44dWjl8nRQ=">AAAB5nicbZDNSsNAFIVv/K31r+rSzWARXJWkiLosuHFZwbSFNpTJ9KYZOpmEmYlQQl9BV6LufCBfwLdxWrPQ1rP65p4zcM8NM8G1cd0vZ219Y3Nru7JT3d3bPzisHR13dJorhj5LRap6IdUouETfcCOwlymkSSiwG05u5373EZXmqXww0wyDhI4ljzijxo58LgWaYa3uNtyFyCp4JdShVHtY+xyMUpYnKA0TVOu+52YmKKgynAmcVQe5xoyyCR1j36KkCeqgWCw7I+dRqoiJkSzev7MFTbSeJqHNJNTEetmbD//z+rmJboKCyyw3KJmNWC/KBTEpmXcmI66QGTG1QJnidkvCYqooM/YyVVvfWy67Cp1mw7tquPeX9VazPEQFTuEMLsCDa2jBHbTBBwYcnuEN3p3YeXJenNef6JpT/jmBP3I+vgHio4xS</latexit>

in
le
t

<latexit sha1_base64="1DtOQuLon/ffG8ydOOQhNA0Fz1I=">AAAB53icbVDLTgJBEOzFF+IL9ehlIjHxRHaJUY8kXjxiIo8ENmR26IWR2Udmek0I4Rv0ZNSb/+MP+DcOuAcF61TdVZ1UdZAqach1v5zC2vrG5lZxu7Szu7d/UD48apkk0wKbIlGJ7gTcoJIxNkmSwk6qkUeBwnYwvpnr7UfURibxPU1S9CM+jGUoBSe7aiWZvaB+ueJW3QXYKvFyUoEcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSupTGP0PjTRdoZOwsTzWiEbDH/9k55ZMwkCqwn4jQyy9p8+Z/WzSi89qcyTjPCWFiL1cJMMUrYvDQbSI2C1MQSLrS0KZkYcc0F2deUbH1vuewqadWq3mXVvbuo1Gv5I4pwAqdwDh5cQR1uoQFNEPAAz/AG7450npwX5/XHWnDym2P4A+fjG8qDjN0=</latexit> ou
tl
et

<latexit sha1_base64="dzkI+Amd6xvTK3Ldit9SZSaQu58=">AAAB5HicbZDLSgNBEEVrfMb4irp00xgEV2EmiLoRAm5cRjQPSIbQ06lJmvQ86K4RQsgf6ErUnV/kD/g3duIsNPGuTte9DXUrSJU05Lpfzsrq2vrGZmGruL2zu7dfOjhsmiTTAhsiUYluB9ygkjE2SJLCdqqRR4HCVjC6mfmtR9RGJvEDjVP0Iz6IZSgFJzu6T6/dXqnsVty52DJ4OZQhV71X+uz2E5FFGJNQ3JiO56bkT7gmKRROi93MYMrFiA+wYzHmERp/Ml91yk7DRDMaIpu/f2cnPDJmHAU2E3EamkVvNvzP62QUXvkTGacZYSxsxHphphglbNaY9aVGQWpsgQst7ZZMDLnmguxdira+t1h2GZrVindRce/Oy7VqfogCHMMJnIEHl1CDW6hDAwQM4Bne4N0JnSfnxXn9ia44+Z8j+CPn4xu5r4r/</latexit>

p
=

0
<latexit sha1_base64="6xmTcigo5JpYKoZkLrpX/Ouxrew=">AAAB5HicbZDLTgJBEEVr8IX4Ql266UhMXJEZYtQliRuXGOWRwIT0NDXQoeeR7hoTQvgDXRl15xf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/HN3G8/ojYyiR9okqIf8WEsQyk42dG96tf65YpbdRdiq+DlUIFcjX75szdIRBZhTEJxY7qem5I/5ZqkUDgr9TKDKRdjPsSuxZhHaPzpYtUZOwsTzWiEbPH+nZ3yyJhJFNhMxGlklr358D+vm1F47U9lnGaEsbAR64WZYpSweWM2kBoFqYkFLrS0WzIx4poLsncp2frectlVaNWq3mXVvbuo1N38EEU4gVM4Bw+uoA630IAmCBjCM7zBuxM6T86L8/oTLTj5n2P4I+fjG+jvix0=</latexit>

l2

<latexit sha1_base64="tJIUW34eu+TjJ1DwGBFxpyRY/Hk=">AAAB5HicbZDLTgIxFIZPvSLeUJduGomJKzKDRl2SuHGJyi2BCemUM9DQuaTtmJAJb6Aro+58Il/At7HgLBT8V1/P/zc5//ETKbRxnC+ysrq2vrFZ2Cpu7+zu7ZcODls6ThXHJo9lrDo+0yhFhE0jjMROopCFvsS2P76Z+e1HVFrEUcNMEvRCNoxEIDgzdvRw3zjvl8pOxZmLLoObQxly1fulz94g5mmIkeGSad11ncR4GVNGcInTYi/VmDA+ZkPsWoxYiNrL5qtO6WkQK2pGSOfv39mMhVpPQt9mQmZGetGbDf/zuqkJrr1MRElqMOI2Yr0gldTEdNaYDoRCbuTEAuNK2C0pHzHFuLF3Kdr67mLZZWhVK+5lxbm7KNeq+SEKcAwncAYuXEENbqEOTeAwhGd4g3cSkCfyQl5/oisk/3MEf0Q+vgGzkor7</latexit>

RT3

INPUT DATA
RT length, position, strength

<latexit sha1_base64="YHCM63hDjtvzyB2MH5zXGl2HtWY=">AAAB6HicbZDNSgMxFIXv+FvrX9Wlm2ARXJWMiLosuHFZwf5AO5RMeqeNzUyGJCOUoe+gK1F3Po8v4NuY1llo61l9uecE7rlhKoWxlH55K6tr6xubpa3y9s7u3n7l4LBlVKY5NrmSSndCZlCKBJtWWImdVCOLQ4ntcHwz89uPqI1Qyb2dpBjEbJiISHBm3aiNCVcD1P1KldboXGQZ/AKqUKjRr3z2BopnMSaWS2ZM16epDXKmreASp+VeZjBlfMyG2HWYsBhNkM/XnZLTSGliR0jm79/ZnMXGTOLQZWJmR2bRmw3/87qZja6DXCRpZl0lF3FelEliFZm1JgOhkVs5ccC4Fm5LwkdMM27dbcquvr9Ydhla5zX/skbvLqp1WhyiBMdwAmfgwxXU4RYa0AQOY3iGN3j3Hrwn78V7/YmueMWfI/gj7+MbVMyNKA==</latexit>

encoder
<latexit sha1_base64="GFzV73EDOmN7vqwxcXu2cbGZ1P0=">AAAB6HicbZDNSsNAFIVv6l+tf1WXbgaL4KokItVlwY3LCvYH2lAmk5t27CQTZiZCCX0HXYm683l8Ad/Gac1CW8/qm3vOwD03SAXXxnW/nNLa+sbmVnm7srO7t39QPTzqaJkphm0mhVS9gGoUPMG24UZgL1VI40BgN5jczP3uIyrNZXJvpin6MR0lPOKMGjvqhshkiGpYrbl1dyGyCl4BNSjUGlY/B6FkWYyJYYJq3ffc1Pg5VYYzgbPKINOYUjahI+xbTGiM2s8X687IWSQVMWMki/fvbE5jradxYDMxNWO97M2H/3n9zETXfs6TNDOYMBuxXpQJYiSZtyYhV8iMmFqgTHG7JWFjqigz9jYVW99bLrsKnYu616i7d5e1plscogwncArn4MEVNOEWWtAGBhN4hjd4dx6cJ+fFef2JlpzizzH8kfPxDUWtjR4=</latexit>

decoder

<latexit sha1_base64="KN/7Y5T/Pwr8kA+BMIeVui7NkX8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBByCrsiKngJePEYwTwgWULvpDcZMvtwZlYIIb+hJ1Fvfow/4N84iXvQxDpVd1U3XR2kUmjjul/Oyura+sZmYau4vbO7t186OGzqJFOcGjyRiWoHqEmKmBpGGEntVBFGgaRWMLqZ6a1HUlok8b0Zp+RHOIhFKDga2/IlGopN91qnyKlXKrtVdw62TLyclCFHvVf67PYTnkV2BZeodcdzU+NPUBnBJU2L3UyTXTzCAXUsjTEi7U/mR0/ZaZgoZobE5vVv7wQjrcdRYD0RmqFe1GbN/7ROZsIrfyLiNLOpuLVYLcwkMwmbZWd9oYgbObYEuRL2SsaHqJAb+6Gije8thl0mzbOqd1F1787LtUr+iAIcwwlUwINLqMEt1KEBHB7gGd7g3UmdJ+fFef2xrjj5zBH8gfPxDbMWj6c=</latexit> la
te
n
t
sp
ac
e

DEEP 
LEARNING

A deep encoder-decoder for surrogate modelling of liquid moulding of composites, EAAI, 2023
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SIMULATE FAST

FluidAI

• Enable cloud calculations
• Thousand of simulations without computational cost
• Bridging Virtual Processing close to the end-user
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THE DIGITAL TWIN PYRAMID (Phua  et al., 2022)

ManuAId

ENABLE DIGITAL TWINS
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DIGITAL TWINS
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SmartDT: Reinforcement Learning
Neural Network:
• Record the best injection steps 

to maximize reward

MANUFACTURING SYSTEM

Injection decisions:
• Opening/closing 

gates
• Increasing/decreasing 

pressure

Sensors
Optimize:
• Lower porosity
• Lower injection time

SMART 
AGENT
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