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MODELISATION : HYPOTHESIS -@.|Nes
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84 domains

* Hypothesis : remove collectors (ex : positive)
- High mesh cost
- Low influence (at low rate)

64 elements/<>»

» l x 1495
95680 elements

20

// ol
%%\ /j /1\/ 2 )=10,7 A.m? o
: ) Collector :

Ohmic Loss = mV

Comsol Conference 2015 Jérémy Lannelongue 5




INSTITUT NATIONAL
DE LENERGIE SOLAIRE

INesS

#/
T\

N\

positive)

B TSl
e eeees

I E 252
o

S

O
0’0"‘.‘

e

. e
oo oeeess
T e e

) )
LODURLOOCON0
QAN LA 00’0’0‘0. A0

A
==
&

remove collectors (ex

84 domains

~
Eana 00'"'0"” S
asasssaaaaan
A e S an AL mon -
= ottt LY
e e et
/.000!00.'.!&#6&".600«'«'

N
PRI

Low influence (at low rate)

High mesh cost

* Hypothesis

V)
(o
1p
w
X
-
@)
a
>
X

\ﬁ/o

MODELISATION

Lannelongue

erémy

J

Comsol Conference 2015




Id

MODELISATION : PHYSICS ‘;@‘. INeS
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84 domains
* Hypothesis : remove collectors (ex : positive)
* Physics implementing

= Ohm’s law (solid (1)/liquid)
= Porosity

= Material balance
| 20 SPsolid
lsoln — egxmo.T —1=0
= /\0
K\\ //?\/2 de  Sisy 1 Ros
"% ;/J/ 1 ot " on nr (VaSae + VbSne) + 2% (VaSas + Vpsns) =0
L 0
0\6 -
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MODELISATION : PHYSICS
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Model Builder
- =+ TTE E]-

4 @ mdBD_B03_DCH3_C20_cell_sepZ.mph {r *

4 (7)) Global Definitions
“ Interpolation 1 (Ucediexn)
s Interpolation 2 (Uposexp)
“ Interpolation 3 (Unegexp)
s Interpolation 4 (lcellexp)
== Materials

4 W Component1 (compl)

4 = Definitions

;.

Variables Entire model

= Variables Electrolyte

Variables Positive electrode
Variables PAM

2= Variables Separator
a= Variables NAM

L 2 Variables Vioid
“  Averagel (aveopsl)
& Average 2 (oveopsd)
“ Ayverage 4 (aveopvd)
*  Average5 (oveopv5)
W Average b (aveopst)
*  Average T (oveops?)
“ Average§ (oveopp8)

a Electrodes

e AM

a Positive Electrode

& Titab

= PAM

= Separator

& NAM
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2= Variables Megative electrode

Settings  Properties

Labet

Geometric Entity Selection

Geometric entity level: Domain

84 domains

* Hypothesis : remove collectors

* Physics implementing

L Parameters, Variables & Selections

DE LENERGIE SOLAIRE

Selection:

32 .
= ® -
Active I:-I.] 1511
* Variables

" Mame Expression Unit Description

S_electron | -Aa_neg"il_neg"{exp((1-a_neg)"n"F_const"eta/(R_const™T))-exp(-a_neg"n"F_con... A/m’ Electron current source |
S ion -5_electron Afm’ lon current source

eta phil-phi2-U_neg v Owerpotential

U_neg -0.204606[Y]-0.073595[V]*logl0{m(kg/mol])-0.030432[V]*loglO(mlkg/mel]) *2-0... ¥ Megative equilibrium volt...
5_por -(PMV_PB504-PMV_PB)/(2°F_const)*S_ion 1/s Seurce term of the perosi...
e e_neg 0 Initial porosity

€_neg e MNegative electrode poros...
5_NAM 5_Pb*e”0.5 5/m Effective NAM electrenic...
Aa_neg Aa_neg_0"(1-exp(-0.5"(e-0.448)/(e_0-0.448)))/(1-exp(-0.5]) 1/m Effective active area

S tos (1-2*tp)/(2*F_const)*S_ion-c*5_per mel/(m... Seurce term of matenal b...
ﬂ _neg_0* ft@ Afm? Exchange current density

rho_Pb*V_nam"e_Pb/MW_Pb mal Maoles of Ph
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MODELISATION : MESH BINes
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Physics-controlled mesh User-controlled mesh User-controlled mesh
Coarser size Mapped 1 & Distribution 1 Mapped 2 & Distribution 2

57 107 elements 13 860 elements 4 032 elements

1h10min \ 15min /

EFFICIENT MESH = TIME GAIN

¢ User-controlled mesh
* Mapped & Swept
e Distribution
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Discharge + rest : first results

Global Global
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DISCHARGE : PbO, + Pb + 2H,50, —> 2PbSO, + 2H,0
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Discharge + rest : first results

Global Global '
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* Lack of acid (+ & -)
* Inappropriate surface coverage (-)
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* PAM & NAM thicknesses / Porosity

Adjustments * Electrolyte volume
* Coverage factor
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. * PAM & NAM thicknesses / Porosity
Adjustments * Electrolyte volume

* Coverage factor
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Time=0s “olume: Concentration (mal/m?)

Acid concentration
3.4 * Heterogeneous consumption
3.2 * Critical volume
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CONCLUSIONS & PERSPECTIVES

-@.\nes

Conclusions

* Importance of Hypothesis / Mesh / Parameters

* Determine precisely the key parameters :
- AM thicknesses
- Porosity
- Exchange current etc

 Better understanding of the reaction (Acid consumption)

Perspectives |

* Add Physics (heat transfer, nucleation and growth)
* Modelisation of Discharge at high rate
* Move to 2D ?

Comsol Conference 2015 Jérémy Lannelongue

a \ INSTITUT NATIONAL
DE LENERGIE SOLAIRE

15




WoW You [ VOURZELF:

\Jw‘PHDCONICS.COM

73377 Le Bourget-du-Lac
T. +33 (0)4 79 79 20 66

hank you

for your attention

Commissariat a I'’énergie atomique et aux énergies alternatives Direction de la Recherche Technologique
INES RDI | Savoie Technolac — BP332 — 50 avenue du Lac Léman

Département des Technologies Solaires

Email : |eremy.lannelonque@cea.fr Service Stockage et Systémes électriques

Etablissement public a caractére industriel et commercial | RCS Paris B 775 685 019

Laboratoire de Stockage Electrochimique


mailto:jeremy.lannelongue@cea.fr

