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Industrial contexte

IR OVEN

" . . e alendring uni
* Thermoplastic impregnation line (IRT SE) ! :j oo | e 'C -
. . . _' [ Evaporation Melting 1 z -
o Pre-industrial pilot } L L !
o Carbon thermoplastic (PAEK) prepreg (UD, Fabric...) — Impregnatecfiber
Fiber bobbin
o Prepreg width up to 300mm Impregnation bath

o Line speed up to 10 m/min
o Multi impregnation technology (Slurry, dry powder...)

= Project : METEOR

o Competitive thermoplastic prepreg

AIRBUS ARKEMA CHCMARAT
@ HEXCEI;:. HUTCHINSON®

porcherindustries
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Scientific contexte

Modelling of the fusion/impregnation | Ceramic Reflector
step in the fabrication process of - ‘
thermoplastic prepregs

Halogen lamps

|
M OOOOOO&OOOOO N
Glass % Radiation

Infrared oven — Thermoplastic impregnation line (IRT SE)

Preﬁreﬁ Conduction

- CConvecﬁon - 1st step — Modelling of Infrared oven
» Complex thermal environement

« 3 modes of heat exchange

* IR lamps with integrated reflector

OO0O0O0O0O0OO0O0O0OO

Reflectors

tungsténe
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ST Experimental setup

* Characterisation of halogen
lamps radiative emission

Dr. Fisher, 2000W, 400V

* Acrylonitrile butadiene styrene
panel (ABS)

* Infrared Camera:
FLIR SC325 [7.5-13] um

67cm 68cm 1.5mm 1050 kg/m3 0.19 W/(m.K) 1300 J/(kg.K)
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Experimental setup and inverse analysis

e Parameter characterisation

Time=150 s Surface: Temperature (degC) USing inverse anaIySiS

* Heating simulation -
COMSOL Multiphysics®

* Optimisation carried out
using COMSOL
Multiphysics® and Matlab®

Experimental results

I

Infrared heating simulation |—=)>| Objective function
R )
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Clear lamp vs. Integrated Reflector

Clear lamp Lamp with Integrated Reflector
4 o ‘ e Clear lamp
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uartz qua : = 5 . o
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7 \ My : oo 00‘:““
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270 MG - i 90 270 ° MOdel
300° — 60" 3007 60 o Equivalent cylinder
._t_SOO‘ .
.x 330° Et{)-: 30° ez 330° 0° 30 o Filament temperature
halogéne W/m® halogéne W/ o
0.5 m from centre of 1000W lamp Filament de 0.5 m from centre of 1000W lamp O EmlSS|V|ty
tungsténe
Without reflector / WitH reflector /98
600 : :
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Integrated reflector model

Plane of
symmetry Tube en Reflecteur ! 210° 180° 150°
ua céramique = a~
Clear e \ / 240° z'l:"o: ~~\\“\\ 120°
1 270 [T 90°
130‘: Sass
3 300° \“‘ 60°
4 Gaz
halogéne
6 Filament de 0.5 m from centre of 1000W lamp
Reflector ngstene Wihcoefeaion 98
. 0.28
= Constant filament temperature T el
. o e 0.24
= Temperature dependant emissivity ¢ |
= Weighted Radiosity \’;K.
£ 0181
]i — kiEO'T4 016
0.14
= Conservation of emitted power 012
0'11000 15‘00 2@ 2500
24501{ - ZOOOW Temperature (K)
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Plane of
symmetry
Clear
1
3 130
4
6
Reflector

= Constant filament temperature T’
= Temperature dependant emissivity ¢

= Weighted Radiosity
]i = kiEO'T4
= Conservation of emitted power

2450K —» 2000W
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Integrated reflector: model

Y Y
Convection Radiation

Time=55 s Surface: Temperature (K)

=S
D20 l |

Zz

" ’—;" "i:— ] = 0.2

03 02 01 o

Heating simulation (COMSOL Multiphysics®). Lamp towards panel.
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Experimental results

047 65

Halo
0.3 037 60
0.2 02T 55
Infrared _SH T 50
Camera £ P il
Temperature g 0 s 45
measurements on ki T ot
back face A 40
02
02 35
037
03 30
ABS Panel 04
04 04 03 02 01 0 01
02 Position y (m)
Position y(m)
Voltage 400V (100%)
Heating time 110 secondes 55 secondes
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Parameter optimisation

Profil perpendiculaire

Erreur2.8%

- — Experimental Temperature| |
— Optimized Temperature

0.3 0.2 0.1 0 0.1 0.2 0.3
Height (m)

B D D O
1/6 1/6 1/6 1/6 1/6 1

Valeur 1/6

1900
Initiale
Valeur 0.63023 0.19598 0.10211 0 0 0.36477 1.29 1899.9
optimisée
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Parameter optimisation

Profil perpendiculaire

- ~

» Power conservation not respected

Erreura.8% Coefficients not physical

m 22.6% error when used in second configuration

- — Experimental Temperature| |
— Optimized Temperature

03 02 0.1 0 0.1 02 03
Height (m)

B D D O
1/6 1/6 1/6 1/6 1/6 1

Valeur 1/6

1900
Initiale
Valeur 0.63023 0.19598 0.10211 0 0 0.36477 1.29 1899.9
optimisée
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Parameter optimisation

= Nouveaux résultats: Cas de chauffage vers la plaque avec utilisation profil
horizontal et vertical

I 0 O O

Valeur
Initiale

Valeur
optimisée
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Parameter optimisation

= Nouveaux résultats: Cas est utilisation profil horizontal et vertical

I 0 O O

Valeur
Initiale

Valeur
optimisée
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Experimental protocol

Ceramic Reflector

Experimental setup

Sens défilement

Panel characteristics

Instrumented panel Width 398mm
= ABS (Acrylonitrile butadiene styrene) Height 298mm
Depth 3mm
= Thermocouple de type K, 80um (x10)
Depth thermocouples 1.5mm

23/10/2018 14
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Experimental results

= Maximum temperature : 60°C = Circular profile similar to in lab

= Zone 1: 4 lamps

experimental results

= \oltage: 5%

Temperature (K)
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Heating conditions

Zone 1: 5% electrical power
Temperature measurement : Thermocouple 7
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Numerical simulation

SAINT EXx<UmarRY

+ Geometry I S

o Ceramic reflectors Prescribed radiosity 4 Lampes — Zone 1 0 BEmEE
*  Filament temperature

O Lamps *  Filament emissivity
o ABS instrumented panel Diffuse surface ABS + Reflectors *  Emissivity
" l—amp mOdel: 6 Z0Nnes Convection ABS *  Ambiant temperature *  Ambiant temperature
*  Flat horizontal plate *  Heat exchange coefficient
correlation h [W/(m?.K)]

Emissivité 0.94 E=f(T) 0.68
Masse volumique p kg /m3 1050 17800 3900
Conductivité thermique k W /(m.K) 0.19 175 27
Z O Lower infrared panel + ABS instrumented sheet Capacite thermique Cp J/(kg.X) L L =it
y\t/x geometry (COMSOL Multiphysics®)
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Cazi.. ICA Comparison

Experimental Simulation: Natural convection
— »
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Caz .. ICA Comparison

Experimental Simulation: Forced convection
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Conclusion and perspectives

= Conclusions

o 6 zone model for the emission of a lamp with integrated reflector
* Inverse analysis to determine weight function
 (Good corespondence between model and experimental data

o Simulation of IR oven block
* Implementation of 6 zone model
« Complex convective environement

= Perspectives

o On line experiments (Impregnation line)
« Unidirectionel carbon fiber — PAEK prepreg characterisation
* Convective measurements
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