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Background



Physical Infrastructure

State variables
e (;: concentration of the 7th molecular specie
e V. electric potential
Flux and source term
e molecular flux .J;
e electric flux density D
e current density [
@ source term from reaction

e membrane transaction



Reaction-Diffusion Equations

Molecular flux
J; = —-D;NVC; — z;u; C;VV
e [, diffusion constant
e 2, ionic valence
e 1i; = D;F/(RT) mobility
e [ Faraday's constant
e [? gas constant

e /" absolute temperature

aC;
ot

— _VJZ+SZ(017027 7CN)

Example:

A+B C

Sc = k1lA][B] — k—1|C]



Implicit Finite Volume Scheme

% — volume - (C; — C’?)/At

]{ J; - ndS = Area-
S

[Jx|x+ — J:l:|x— + Jy|y+ T Jy|y——|—
Jz,er — Jz,z—]z’

| inearize the source term:

S; — SY +88. ¢y



Discrete Molecular Flux

Interface between similar elements
Jz|lz+ = —Dj|Ci(z + Ax) — Cy(x)]/Az—
2itti - Cilat - [V(z + Az) — V(z)]/Az

Interface between dissimilar elements (membrane)

Jil?’ﬂ?-l— — f(CbCQa"' 7ON7V)

Simulation boundary

Jil?’ZC—F — Jboundary



Line-by-Line Method (“ADI”)

apCp=apCp+ayyCy +anyCn +agCgq+ b
where coefficients a, b’'s depending on C' and
b= ScAzAy + ahCh

ap:aE+aW+aN+a5+a%—SpAa:Ay



Line-by-Line Method

apCp = apCp + ayyCy + anyCy + agC+b”

x means the value is taken from previous iteration

apCp = apChL + ajyCy + anyCn +acCg + b



Stability and Underrelaxation

lteration:
apCp = ZakOZ + 0
A Sufficient Stability Condition:

D larl < lapl

and the inequality is strict for at least one equation

Relaxation:
a.CF +b
@—@:Zkk — %
ap
replaced by
a.CF +b
%—%Zﬂﬁkk — Cp]

ap



Separation of Fast and Slow Reaction

aC;
ot

m
S; = Z a;ivi(Cy, -+, Cp), «jj intergers
j=1

= D,AC;+ S;, i=1,---,n

Let vq,--- ,v, kK < m be the fast reactions, the
remaining are slow. From time ¢, to ?,,11
Step 1: solve for time At

k
oC)
8tZ = ZO@]‘V]', = 1,~-~ s T
j=1

with initial value Cj(x, ty) to get C;(x)

Step 2: with initial value C(x), solve for time At
0C;
ot

m
= D;AC; + Z QyiVg, 1=1,---,n
J=k+1
to get Cji(z, tp41)



