Utilisation de 'environnement EDStaR
pour la conception des optiques de
concentration et des récepteurs

Mouna El Hafi, Jean-Jacques Bezian

Laboratoire Rapsodee, UMR 5302
Ecole des Mines d’Albi

Collaboration avec LAPLLACE, PROMES

o

mardi 12 juin 2012



Plan

1. Introduction
2. Monte Carlo et formulation intégrale
3. Environnement EDStaR
3.1 Récepteur de type lit fluidisé
3.2 Miroirs de Fresnel

4. Conclusion & Perspectives

mardi 12 juin 2012



Systeme concentration solaire

Récépteur soumis a une haute

Y
' densité de flux

Lit fluidisé

Photobioréacteur

Pyro-Gazeification
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Systeme concentration solaire
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Objectif :Augmenter l'efficacité énergétique
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Contexte

Interaction entre le rayonnement et matiere

- Géomeétries complexes
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Contexte

Interaction entre le rayonnement et matiere

- Géomeétries complexes

- Milieux participants (gaz, particules..)

y ° °
Caractérisation
(Formes, indices optiques, hétérogénéité, densité,
distribution de taille)

Exemple de spectre : 2,0 = 04, 24; = 0.6, T' = 2550K, P = latm
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Contexte

Interaction entre le rayonnement et matiere

- Géomeétries complexes

- Milieux participants (gaz, particules..)

y ° °
Caractérisation
(Formes, indices optiques, hétérogénéité, densité,
distribution de taille)

Exemple de spectre : 2,0 = 04, 24; = 0.6, T' = 2550K, P = latm

- Modéliser des phénomenes complexes (diffusion multiple,

reflexions multiples)
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Monte Carlo et formulation intégrale]
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Monte Carlo et formulation intégrale
collaboration avec le LAPLACE (Toulouse)

Algorithme de Monte Carlo

Transport corpusculaire

Simulation suivi de photons

L

T —

Formulation intégrale

Evaluation des flux radiatifs

des Puissances Nettes Echangges...|
T —
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Monte Carlo et formulation intégrale
collaboration avec le LAPLACE (Toulouse)

Algorithme de Monte Carlo Formulation intégrale
Simulation suivi de photons| <> Evaluation des flux radiatifs
Transport corpusculaire | des Puissances Nettes Echangges...|

T ——

A : an N sampled events
are N independant events of a random variable W
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Exemple :calcul du facteur de forme

[ 1= fraction of the radiation emitted by S that impacts S
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Exemple :calcul du facteur de forme

[ 1= fraction of the radiation emitted by S that impacts S

an = 0;
foreach event i do
Uniform sampling of xg;

Lambert sampling of wp at xp;
if y1 € S; then

U'! - l:
else

'U'! — D:

end

d:\r = (.1'.‘\r 2 7 U-'(;
end

aN = FaN;

mardi 12 juin 2012



Exemple :calcul du facteur de forme

[ 1= fraction of the radiation emitted by S that impacts S

ay = 0;
foreach event i do
Uniform sampling of xg;

Lambert sampling of wp at xp;
if y1 € S; then

wy = 1;
else

'U'! - ():
end

d:\r = a’.‘\' + !17(;
end

aN = FaN;

Foy =/ PX, (xo0)dxo P, (wo|xo )dwotd(xo, wo)
So ho(xp)
with

F R 1
PXolX0) = So

wp.ngl(xg)

Po(wolxo) =
m

w(xg.wo) = H (y1 € 1)
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Calcul du facteur de forme

[ 1= fraction of the radiation emitted by S that impacts S

Fo =/ Pxo(ﬂXO}dm/ Px, (x1)dxy 1(xp,x1)
So S

with
(xp) = :
PX, '\ X0) SD
1

Px,(x1) = 55

S |wo(xp,x1).np(x0)|[—wo(xp,x1).1m1(x1)]
m(x1 — xp)2

w(xp,Xx1) = H(y1 = x1)
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Calcul du facteur de forme

[ 1= fraction of the radiation emitted by S that impacts S

For = | pxo(xo)dxo [ px(xa)dxs (x0, 1)
Sa Sy
with

Faiceh 1
PXO(XOJ e

So
e A 1
px;(_xl) = S_l
~ Si|wo(xo,x1).np(x0)|[—wo(x0,x1).n1(xq1)] .,
w(xp,X1) = = T H(y1 =x1)

ay = 0;
foreach event i do
Uniform sampling of xp;

Uniform sampling of xy;

wy = H(y1 = x1)

[wo(Xo0.X1).np(Xo)][—wo(Xo,X1).n1(X1)]
T(Xy—Xg)*

ay = ay + wy;

end

. Jisz s
aN = {an;
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A quoi sert la formulation intégrale?

Accélération de la convergence des algorithmes
Echantillonnage préférentiel ;
Re-formulation intégrale;

Zéro-variance(*)

( *) Assaraf and al. Zero-variance principle for Monte Carlo algorithms. Physical Review Letters, 1000

Hoogenboom and al.. Zero-variance Monte Carlo schemes revisited. Nuclear Science and Engineering,z008
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A quoi sert la formulation intégrale?

Accélération de la convergence des algorithmes
Echantillonnage préférentiel ;
Re-formulation intégrale;

Zéro-variance(*)

Calcul des sensibilités moindre cotit CPU

( *) Assaraf and al. Zero-variance principle for Monte Carlo algorithms. Physical Review Letters, 1000

Hoogenboom and al.. Zero-variance Monte Carlo schemes revisited. Nuclear Science and Engineering,z008
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Quelques exemples de mise en oeuvre|
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MCM3D

EDStaR «Environnement de Développement Statistique radiative» = transport de

particules...

http://wiki-energetique.laplace.univ-tlse.fr/wiki/index.php/Edstar

Rendu géométrie centrale a tour EDStaR
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http://wiki-energetique.laplace.univ-tlse.fr/wiki/index.php/Edstar
http://wiki-energetique.laplace.univ-tlse.fr/wiki/index.php/Edstar

MCM3D

EDStaR «Environnement de Développement Statistique radiative» = transport de

particules...

http://wiki-energetique.laplace.univ-tlse.fr/wiki/index.php/Edstar

MCMS3D : extrait de PBRT (¥), C++

Objet «mcm»
+ Générateur aléatoire indépendant
+ Calculs statistiques (moyenne, écart
type) et leurs sensibilités associées

4  MPI pour le calcul paralléle

Rendu géométrie centrale a tour EDStaR

(*) Pharr M., Humphreys G., 2004. Physically based rendering : from theory to implementation, Elvesier.
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http://wiki-energetique.laplace.univ-tlse.fr/wiki/index.php/Edstar
http://wiki-energetique.laplace.univ-tlse.fr/wiki/index.php/Edstar

The Fluidized bed receiver

in the beam down system
G. Baud Phd thesis

mmP> Heated air

L tJ SiC particles

Cold air

Thermodynamic cycle : electricity production
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The heat transfer in the receiver

Energie solaire incidente

A ohaufic ensotie |~ 11XCIdent radiation by solar energy

- Radiative heat loss by particles through the window

Convection des particules

_ _ - Radiative exchanges inside the fluidized bed
Echanges particules / air

Transferts radiatifs particules . _ Convection due to air movement

- Convection due to particle movement
R Gaz froid en entrée

- Convective flux between air and particles
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Exemple de calcul de sensibilite

< — 20

®

n(Xa@ — 770655]?( )

Z — 20

n(x,p) = noexp(— ; )
x = (z,y, 2)
_____________ =
D
o
e
©
n ps
o O / N
S dérivée par rapport a p
.'%3
T
Concentration of particules
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Fraction of radiative heat loss
Sensitivity to «p» and validation

Y =0,1 no = 26.103em =3
P =0,4 d, = 280um

0.06

0.05 - -

0.04 |

0.03 A

0.02 | -

Fraction of energy exiting the receiver

0.01 1

D 1 1 1 1 1 1 1
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045

p
number of realizations 10° few mn on

AMD Opteron Processor 246 with 2Gb ram
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Fraction of radiative heat loss
Sensitivity to «p» and validation

Y =0,1 no = 26.103em =3
P =0,4 d, = 280um

number of realizations 10° few mn on
AMD Opteron Processor 246 with 2Gb ram
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Fraction of radiative heat loss
Sensitivity to «p» and validation

Y =0,1 no = 26.103em =3
P =0,4 d, = 280um

25
PDiert 39 =
= S -
e 151
= *
o
g 1 =
S
2 054 x
e
2 0-
> + Computed sensitivity using the
. . 6 % -0.5 - . Monte Carlo Method
number of realizations 10° fe & - Calculated variation using
- -1 1 finite difference method
AMD Opteron Processor 246 with :
'15 Ll Ll Ll T Ll Ll Ll
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045

p
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Collecteurs a miroirs linéiques de
FRE SNEL (These F. Veynandt)

A _, Sun direction
X
<1DOQ> secondary reflector

v %

glass sheet

potential ... 2
shading ~Xo
@

1000 4= == == o — e F Y = e e e e e e 1.E+06
800 +——-€ : .= : —-—- 0.E+00
Sensibilité a I'erreur optique } >

du réflecteur secondaire
600 = ke e ——— e e 1.E+06
<- Rendement optique
du concentrateur (%o
400 +————~ e M= R e — = = SN~ Y~ f—————= -2.E+06
/7 \
117 O L, 2 e S PECRCDILT o . PR -3.E+06
Sensibilité a I'erreur optique -> 7
des miroirs
0 ' A — . , -4.E+06
5 7 9 11 13 15 17 19

=» Peu d’influence erreur optique miroir

secondaire
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Conclusion

e MCM dans EDSTAR geométries complexes, diffusion
multiple ...
e Techniques de réduction de la variance

e C(Calcul des sensibilitées paramétriques- geométriques
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Conclusion

e MCM dans EDSTAR geométries complexes, diffusion
multiple ...
e Techniques de réduction de la variance

e C(Calcul des sensibilitées paramétriques- geométriques

e Couplage «multi-physique» dans les récepteurs volumiques

CFD, thermique : niveau de précision...
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Perspectives
e Chantiers en cours
e Convergence des sensibilités
e Taille de la matrice jacobienne sensibilités
géometriques

e Modele de sensibilité geéomeétrique
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Perspectives
e Chantiers en cours
e Convergence des sensibilités
e Taille de la matrice jacobienne sensibilités
géometriques

e Modele de sensibilité geometrique

e These en collaboration avec Odeillo (démarrage sept. 2012)
e Interaction biomasse - rayonnement solaire

concentré
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The Monte Carlo algorithm

19




The Monte Carlo algorithm

= The radiative heat loss :

E =

fluidized bed

19
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The Monte Carlo algorithm

= The radiative heat loss :

F= /A DX, (X0)dx0
c

fluidized bed

19
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The Monte Carlo algorithm

= The radiative heat loss :

I

_/ DX (xj)wa / ,)-Ao(ﬁio)a.f-:o-
Jo

X0

fluidized bed
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The Monte Carlo algorithm

= The radiative heat loss :

B = /A DX, (X0 )Xo /3 Do (50 )dEQ ¢
Ly v

.l‘CK)'

fluidized bed

| H{x1 € R) [y, 13, (w1)dws f5° pey (81)dm1 Ty

I\

X0

m attenuation

19
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The Monte Carlo algorithm

= The radiative heat loss :

[ H{x1 €R) /.

- OO ) £, \A " OO e NAwer T
- : r N g } 2y (wl)dw'l f P (hl)dh-l 11
) , d / o w0dEn - 3 . S . ; JO 1A,
.JzéﬁmJMOXqﬁ pdm%fml+ﬂ(l )

J.zr £
?) j;ifr P, (.wl |‘;"’0)d4’~’1 jg’u Dry (Kvl )dﬁl 71 ’

X0

scattering

fluidized bed
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The Monte Carlo algorithm

= The radiative heat loss :

[ H{x1 €R) /.

- OO ) £, \A " OO e NAwer T
- : r N g } 2y (wl)dw'l f P (hl)dh-l 11
) , d / o w0dEn - 3 . S . ; JO 1A,
.JzéﬁmJMOXqﬁ pdm%fml+ﬂ(l )

J.zr £
?) j;ifr P, (.wl |‘;"’0)d4’~’1 jg’u Dry (Kvl )dﬁl 71 ’

X0

scattering

fluidized bed
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The Monte Carlo algorithm

= The radiative heat loss :

[ H{x1 €R) /.

- OO ) £, \A " OO e NAwer T
- : r N g } 2y (wl)dw'l f P (hl)dh-l 11
) , d / o w0dEn - 3 . S . ; JO 1A,
.JzéﬁmJMOXqﬁ pdm%fml+ﬂ(l )

J.zr £
?) j;ifr P, (.wl |‘;"’0)d4’~’1 jg’u Dry (Kvl )dﬁl 71 ’

X0

scattering

fluidized bed
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The Monte Carlo algorithm

= The radiative heat loss :

{0 J }I(Xl = R) fqr }.’_(Fz ’(:wl:)a'.wl ’E]x» p,‘,;l(."il)dﬁ.l Il
€ V) f4r 20, (Wilwo)dws [y~ by (k1)d81 Ty

E= Ko (X0)d wolB0)dEY < Ly, ‘
|, Pxo(0)dx0 | peolio)dnc L HG

The recursive term:

T-
“3

X0

fluidized bed
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The Monte Carlo algorithm

= The radiative heat loss :

Y o [ Hx; €R
E= /| d / - (k0)dx | Hi
 PXo(X0)EX0 J - Prol0)880 ) 4 (x, &

lj'

b /s 27 ] o5 (u«'l)dwl fo P»\l(hl )dr1 Iy
V) fur 20, (wilwo)dws f57 0y (51)d61 Ty

The recursive term:
:

T — Hix: s G NIG
I; =HXx;4+1€0) rr. EC’LL -”;+1)a'3+1 l

=
-
(’ -
X _-
f’ .
- }
-
’f
-
-
-
-

-
-
-
-
-
1 -
-
-
-
-
-

fluidized bed
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The Monte Carlo algorithm

= The radiative heat loss :

/ e

E= | pxo(xo)dxo /j Dro (K0)dK0
G A

The recursive term:

T T (v - ~ O
I; =HXj+1€9)

R) for 23, (w1)dwy fo~ pey (K1)drr To |
\"’?)f‘h (W Wﬁ)d"‘*l frl Pra (K1 )dk1 Ly /

Contribution to heat loss*

fluidized bed

X0 SV
T K

S

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

= The radiative heat loss :

Y o | H(x1 €R) [y, 08, (w1)dwr [5° pe, (r1)dr1 Ty
}_‘,‘ :/ DX (X0 g",xO Die ."ioxa'.ﬁ[ { ; ) ~ 4\ T‘Q O OO
G 0( l) ,/0 [J&O( / | I +I'I(_X1 = !f")f‘i‘,rg{{z (w1|wn iy f, r,{,l(rﬂ)_’f'h- 71 ,
The recursive term:
_— - l H ('."(4 > Qg) 'Lzﬁ.,; +1 {
I,; — H Xi41 - (:}t) rl E[) <,, /?V% \(.I.v_g. l y *,_% I_ ot il .
J s+ 0 107541 l '*'_H(""f.-"»f_l u 'Od).!rzﬂ'fq 41 Wit jwiddwssr fo~ Pry H.\ 3+1)a"°3+1 Li+1 j
X0 ,/")’(.w‘ecular reflexion
/””” J+1
X1 .
fluidized bed

S

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

= The radiative heat loss :

[ Hx;eR

~ 00 R (o dege £° - T
n e o NA lo 0 (ujl)a',w‘l f L (.f-{,l)dﬁ.l i
_E/ = % xX dx / DK 1N < . JIT LS . ; JO 13\ ;

/g ' XO( 0) 0 40 IJ&O( O)L‘ ’ I I' H(x‘l

)
V) fun 08, (@1lwo)dws f5° pes (k1)dms Ty
The recursive term:

G A )
> p¥) Wi L

a L 1 r G 3. G 1
I, =HXj+1 €G) fyrpe (rZ )dri., - G Gy G -
y) 7+1 700 FR¥Y V941 1+1 T { s A e . 2 Yelins o oo, : . PR .
7+l ’ l '*'_II( j+1 < p7) ;rgﬂ- P41 (‘ij'-l[o’j)a}wj-f-l Jrl:‘. p-’*’.»}+l(“3+1)ah_j‘+1 I3+1 J
+II(X3‘+1 - R:) $ \

X0

fluidized bed \ ----------------------------------------- /{
--------------------- j+1

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

= The radiative heat loss :

F={ px,(x0)dx / oo (B0 )dEQ .

[ Hx1 R

The recursive term:

/-l'-

+H(x;41 €R) 4

<9 H(’\A+‘ S g)m rq* k” +1)WTT1

Hw; < F)f PRR (?)H)u 31 X

J
1

) for 28, (w1)dw 3 . Pry(R1)dr1 T
1€V )hf’rzl(wﬂwﬂ Ydwi [ Py (K1)des Iy

J H(”:ﬂf P )w+1
l +}I( ~~~~~ +l S 7.)})7\-1"(2 +1(w +1|o,3)aiwj+1 10

"7}1\ J’+1)ah‘j‘+1 I

X0

X1

fluidized bed | T

N

1)

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

= The radiative heat loss :

[ H(x1 €R)

- "0 R
- _ Ny f Y0 (w‘l)dwl ’ p& (."‘1«1 dh]_ J’.l
E={ px,(xp)dx / Dien (K0 ) KO - 27 4 0 1

/u;‘x°( o)X [ Prol VR +H(x

)
V ) dor }Ql .(U1|UJQ ey jO Dry (511}_’?'&- 74 ’

._A

The recursive term:

(S, Vdr ] H(y- l ,;":) 'U:}.j.lf.]_ h
; )H TTI l +H( TSP ,) Jrzwplﬁﬁl(.Wjﬁ—l[wj)d’*’jﬂ fuoo ?H\ Ki+1)88541 Lit J
xq('?.x’.? S F) ,r b‘p? (?)_*_1 l)u +1

[ H(Ry > %)
| J

€ G) rﬂ pa*

j 1

+H(x;41 €R) 4

X0

X1

fludizedbed || T Small weight.
\ -—-—__“-“__"'""“‘---——/ﬁ'l
Extinction, no contribution

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

= The radiative heat loss :

T

L A o | H(x1 €R) fy, 25, (w1)dwr f5° pey (1)dr1 Ty
k= ' d . (k0)d& J : T*Q 0 1
/g iUXo(XO) X0 J/O Dro (K0 )AKD ] +H(x1 = :'){ QI(W1|W0 )der {0 _c-r{l(ﬁl}dh' T |

The recursive term:

I; =H(x;41 € g)JO rﬁi‘ Vﬂ“l) ’Tl l +H€"‘9 < ‘713) r

\ il = mHz 541 (w; +1|°v3)0‘3~0 +1 J.Oo MH\ Kiv1)a8s41 Liy
1 R 1. R .
H(; < €) Jo o, (1R )drRy x .
H > 0%y % 0 ]
+H&x eR)d | HIn z ) > . -
1 +H("?+1 < 0 for 08,01 @Wi1)dWi41 f57 Dy (Rj+1)dK541 Tigr |
X0
X1 reflexion without attenuation
fluidized bed || T Small weight...

(——

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

= The radiative heat loss :

o [ H(x; €R)
EZ[;pXo(XO)dXO /0 Dro (50 )50 { +H(l =

X1 ¢

for ::?%t (wi1)dwy f5 pey (51)dR1 T
) f4x 20, (W1lwo)dwr f3 Dy (81)d61 Ty

The recursive term:
H(?u > 7“) 'U}.{.:,.l

I, =H 1 € d J +1 e o

: (541 € 9) Jo gg,, (Fr0)drsn | +H(rEyy S ) fon B, @i lw))dwins 52 g (R541)d8541 T
H; <€) ﬁ, pr (r}_*_l)a~ +1 X ...

f H(r“1>p‘).x‘) - .

| +H(r%, < 0%) fon ??‘zjﬂ(w;ﬂ)*w;ﬂj.f Prgpr (Bi+1)d8541 Ligr |
+I‘ (’LU,? > ‘c) f’!vaj+1(_ j"f'l)'-’w)'f-l ’U Prss1 (hj-f-l)ah’j-—l L5+1

+H(x41 €R) <

X0

X1 Reflexion, attenuation

fluidized bed | T

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

= The radiative heat loss :

o | H(xi €R) fy, 08, (w1)dwn [£° pe, (51)dr1 Ty
B = / ' d / o (805 J 27 0 1
Q:DXO(XO) X0 X “, o(r‘»o) K0 1 +H(X1 = p) f4“r i)zl(w1|0-’0)dw1 {0 Drcy (M)d‘ﬁh Il

The recursive term:

) . H(r > %) Wi+1
I, =HXj41€89)fp g (%, 1)dr5,5 J W
; (%j+1 € 9) Jo prg, (rir1)dris ] +H(m~+l < g-)mpq o @41 05)00541 J5° Dpyr (Ri1)d8541 Tit

Hb; <€) f pr (r)-f-l +1
. HrE > p ) % 0 1
+H{(x;4+1 € R) ¢ f I+3 . , >
! | +H(r3+1 %) Jam 8,11 Wi1)dw541 f57 Doy (Rj41)d8541 Tigr |
+—E (B; > ¢€) f, DS o ;+1)w%+1 10" Dy (Big1)d8541 Tipy
+H(xj11 € V) f4r 00 +1(¢~3+1|°~9)dwﬁ+1 Joo Prssr(Ki1)drivr i

X0

fluidized bed \ ------------------------------------- /

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

= The radiative heat loss :

o . ’ }I(Xl = R) fq pg ('wl)aiwl fmgjﬁ’_ (K,l)dﬁ.l Il
B= [ p ci/,{_'d’J X1 € ) Jax Py (W1)601 fo Py {
QPXO(XO) X0 . 1% o(hO) A0 1 +H(X1 c ],7) f‘h p};l (w1|wo)dw1 jO Dry (Kl)dﬁl Il

The recursive term:

the weight or its derivative

J H(r 41 > p¥ )w4+1
I? H(X:HJ G g)JO ‘DRQ Uﬂ -H‘)d ?Tl ] +}I(M~+1 < D')JJW}JQ 541 (w"-f-l’wj)du‘)]-i-l JO DK?+1(“J‘+1 dh’?'f'l I

Hb; <€) f pr (r)-f-l +1

. HrE > p ) % 0 1
+H(x;41 €R) ¢ f I+3 . , >
&5 ) ] +H(’“g+1 o) f,.rfté‘z o Wit 1)dwit1 [ Prjpn (Bi+1)d8541 Tiga J
+—E (B; > ¢€) f, DS o ;+1)w%+1 10" Dy (Big1)d8541 Tipy
+H(xj11 € V) f4r 00 +1(¢~3+1|°~9)dwﬁ+1 Joo Prssr(Ki1)drivr i

X0

fluidized bed \ ------------------------------------- /

*Contribution , weight =(attenuation by the medium + and by the wall9)
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The Monte Carlo algorithm

w,.1l
P, (wy) = ==
-
1—92
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