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F1E Electrolyte DIBHE =

MUFFIN @7 Electrolyte” ¥ S 2 L — ¥ ZEMREFZDL I 2L — a VIR L T3, HE227HO MR RIC
BOLWTEMERICOLWTHE TN o NTVE2, I TREMREY 2L —yTHes HEREZ X 6 I1CE
LLEHT 5,

1.1 Electrolyte DEZXRGER

1.1.1 IXFGA—FYDESLEHESR

BRES S 2L — 5 OREBHHZFT 2T 572DI0, A5 A —F DR LEROLBOEHRETH
5 A—5 o | Ek |

e BT OHNL (= —1.602 x 107 C(oulomb))
€o HAEDFHER (=8.854 x 10712 C2N~1m—2?)
€r FXRFEEHR (e, = 78.2
N KDKEEE (=0.89 x 1072 Pa - sec =0.89 x 102 Poise )
N, A F v DRI
Zy o fliA F > DfEL (Valency)
kgT M2V ¥— (1kpT =412 x 10721 J at T = 298K (25°C) )
D, o FiA A v DIRHUREL .
BN B
Cq(7) o A F v DRI
v(r) TRIEY
p(r) 155
O(r) BT vy v L
pe(T) PR
K,(r) A F =27 ATTRADY — 25

WNFD a3 F v OffHZR L, N WA A VHOMBORZETLEEZ 006 N, -1 DETOHZINS

1.1.2 EREARRZERTIHER

N BT DA K v 926 70 2BREERZE A D, ZOBERTD o DA F v DIRIE C, DIRRHIFERTTFEA X

}\@J:V) -= j’%o
aC,

ot
Ths, Lo (1.1) To, J, BA A VIREEETRDO L) ICERIND

V- (0Cy) = V- T (1.1)

Jo = Co(va —v) (1.2)

I T, 34 AY aDIETH B,



2 % 1E Electrolyte DIERE =

B L BRALFNETF V> v VORIEERIRET S &
—£o(Vo — ) = Vi, =0, (1.3)
to = kpTlogCy + €Z,?, (1.4)

ZITE BATY a LIREOMDBEEFRETH S, ZHhoTo L) xnfEons,

Jo = _%Vﬂa = LaKou
K, = —-C,Vu,

= —(kpTVCq + €ZyCoVP), (1.5)
ZIZT Ly =1/&, 13T vV A —DEERETH 5, MEGINT 2 HERAIRD K 5 1cE»N S,
—Vp+n,Vv+ K =0, (1.6)

Z 2T K % Stokes HFERXDY —RIHT, A & VK EBRHDBEE I 6T 268N & LGGHEI NS,

N.—1 N.—1 N.—1
K = Y Cula(va-v)==> CoVpa= Y K,
a=0 a=0 a=0
N.—1
= = > [kpTVCa +eZaCo V. (1.7)
a=0
N.—1
E=-Y [kBTVCa FeZoCaVd | (1.8)
a=0
R 7 v ¥ v L Z Poisson FEFUZHE D,
X p— > eZ,C. (1.9)

€ofr

1.1.3 FFREEA & ZEMERL

DUFCld AR & LT MKSA B2 2 v 5, RIDOHALL L TE 2L YR (Bjerrum length) £ 2 MW
TERINHGEI [ ZHWSZEET 3,

1 e?
€o€r kT’
FEE O YA I1Z, BIRAERIC L BN 2 BN A F v DKPTOIIER D k> TIRETHZ LT
%, ZORENLIBHMEROMEELTD*=1.0x105% ecm?2 2\ 3, ZOWBMERZFE > A A v BEZ 17
FIAET 2D 2% 7 &5 &

| =dntp = (1.10)

T =1?/D*. (1.11)

L%, COWEEEEONIE LTI 5, SEGER DY % b oM A BRI EER OWRE T = 208K
(25°C) CDZERHAT & IR % B S 5 &

[ =8.96 nm (1.12)
7 =0.803 x 1077 sec = 0.08 pusec (1.13)

E %, LEL2 DDA SEpN 2 MANZBEDORE S IATDL I 1245,

l
v=—=1.116 x 10~ "m/sec. (1.14)
T



1.1. Electrolyte DEXAER 3

1.1.4 AERROERTLEERTILEINTINGA—F

DB TR I NI b DI F ALY 222 L L T2, EERIDHMLE LTI E 7%
WHIEETD, ZOME, B, X3 =2/l (1=1,2,3) DX, KEEIZ t=t/7 DX KA — L&
NDWEY O, FIRE C* =102 €L /Y v L = 6.023 x 10%ions/m3 ZHifi L L TR — L, BEY v
VIR HAOL 7 & 22 L TIES ML ¥ (= 1/7) ZHULE L TR — L E3 N5, IRECEBIIKER P TO
A F v OYRIN R INER DA D*, Z T Dy = Do /D* DEHICAT—LENS, £oT, aDA A
DL ORIFEE I KD X 9 icExoufk s,

%%::—@-wégy-@-jw (1.15)

FERoFERCBOT T, FXRDO LI ICEREINS,

jaE—ba[@ay+RZJ%@é}. (1.16)

ZIT WICERIL A X —F R BEAINT VS, TOMRI ST A —F R IE
ed,
kpT’

R= (1.17)

TERINIET, BEIANY LA R LT —DERL TS, BERT VI Y LIIRT I 72720
FHRERERIC X ) icmEoufbang. )
. M -
Ad = —— Z.C... 1.18
> (1.18)

ZIZT. MIEM=C*B (BV) THY, H2B4F Y DIED C* DGAICHAERE Prhicgihns A4 v
EABERL T D, HESICNT 2 X0k S R

—Vp+As+MD K =0. (1.19)
THY, I TERNLE N EREN K 13
o~ NC_l ~ o~ ~ ~ ~ o~
K=-— [V@+RQQN¢. (1.20)
a=0
¥7-. DI .
5 _ O /p* w_ _ ksT
D=D"/D and D G (1/67) (1.21)
TEHRINTV 2,
BEBOMRITEFEDDLEDTDEHIICHRS.
p=p/(Nw/T) v=v/(/T) ¢ =¢/1 mV C. = Cy/(1mmol/liter) (1.22)

St AEAE BR T T3 %0 ICRHCRIED 2 WIR D R TU L I N2 BB T T0 3 F L7 2 HUD B <
ZEIZT 5, gk I N AR RD X H Ik B,



4 % 1E Electrolyte DIERE =

— BEROUAL S L7 SRR EAWR O F5

0 _ g (e -V, (1.23)
at
Jo=-Da [voa +R zacaw] (1.24)
Ap—-M Y z.c (1.25)
- R ~ aba- .

—-Vp+Av+MD K =0 (1.26)
No—1

K=-) [ VCo +R ZoCaVO |. (1.27)
a=0

FEIDHER (1.23)-(1.27) KBbN 285 A — 5 1%
Da, Za, R, M and D. (1.28)

THb,

M T= 298K ICEWT, RIDOHNIZ] =896 x107"m =889nm &% %, ZDIDfEEZHVS L M IE
M = C*I3 =4.33 x 107! (ions) TH D, Dy =5.17x 1070 cm?/sec £% %, ZORMD D TREHERT > ¥
WVOHNLE LT O, =1mV 2z, 20620 TRENIZRD X ) BIERITULD T D D5 X — 5 Off
2135,

R =3.89 x 1072, M=433x10"" and D =0.517. (1.29)

1.2 Poisson-Boltzmann A & Debye &
RRAEIC & 2 BMAE R TIXERILY R 7 v o v VI ZEBIIC—HRICR>Tw 3,

Vi = VI]kpTlogCy +eZ,P]

VC,
kT c

«

+eZ VP = 0. (1.30)

BiIREN Olpeee = 0B X COulrane =C°, DB ETIDOHBERIEIUTDO L) I2k 2,

Co(r) = O exp (_eziT(T)) . (1.31)
CoAZK (1.9) ITfRAT 2 &, LT D X 9 %4 Poisson-Boltzmann SFEAMEF S5 5:
Vi = —Eoler za:ezacgo exp <_QZ§T(”> . (1.32)
Debye-Hiickel difl eZ,®/kpT < 1 Z#H T 2 LT OAMGF S 1 5!
1 S (ez,)202
Vi = e 2@: €Z, O + f’eﬁwqm (1.33)



1.3. RFORE COEFREH 5

AADFE—THZEMOTEDEFEIC L DX L s, —RIGDRIH L TEIUTD L) LMo 5:

(1.34)

(1.35)

RIDORITL2ZH D87 X =% 1/k 1& "Debye K EMHEN25DTHS, ZOEMUTEELRT v vlid
(x) = Ppexp(—kx) DT D THUIEMIC L 2 EEDSFFZ DA 4 1T X > T Debye KR DT
DE, SNTWBE I EERLTWAS,

1.1.4 THEL L 2R S 7 HBRARITHE D & Debye BIZDIT O X 9 ICFHHE I N5,
W+ RZ,CoVE =0
— C,= C’;O exp (—F\;Zo;i))

~ V0= —% z@: 7.0 exp (—R~Za<i>) ~ (M Z@: ziégC) &.

I & DRIl I 117z Debye RIZLT D X 9127 5,

(1.36)

=)

#ATA—FDIZM = 433x 107, CF = 1.0,Z, = +1 &0, No=2EF5E, L =1075x1 LK%,

1.3 NFORETOREFFEH
HFRETOBEZRT V2 vILOEREMG
RINEMEE o 2R ORTORMTOE LR T v v )V & OFIRSAIZDUT O Neumann BEIRGEAET£ S
ns,
(n-V®)|s =—0/ere, (1.37)
2T ITIHT |g I3, Obstacle R TOMEZERT 5, 7. n 1 Obstacle £l ICHE LAY b
Thb, RSO LFERT V¥ v LVOHNL &, % F\w T, BRSNS (1.37) 13XD X ) icxonfhan s,

(n-Ve)|s = —% (1.38)

R,
ol?

¢=— (1.39)

22T, q \3ERATORMIER (12) TicE EN2 M5 Z = 1 OREHEO B ZEL Tw» 25,

RFRETOEES. ENS. RESOREFEHE

WRIEYE . 18 LIRS I T 5 Obstacle 201 T ORI

v[s =0 (1.40)
(n-VP)|s =(n-Av)|s (1.41)
(n-Ja)ls =0 (1.42)

‘(“% E)o



6 % 1E Electrolyte DIERE =

1.3.1 AHNKBEREINGA—Y EERTTILINGA—TDEEH
[BEEISA—Y (B EDEBOIHE))

B

Ne | B

Co | FHIDHABRIEE (a=0,---M — 1)
D. | %5 Rk HUER

Zo | HERS DT

T | g

ZER B & BERTB1s1)

|k s | #R

AL | 1| 1= dnép = i 1E

R Epr | 7 T =1%/D*

(B3 E DRED/NT X —F D SERTIL/INT A —F ANDE)

| EsotfR s X =% | Ek [ AT R AR [ MUFFIN AJ/S5 X —5 4
R HEIFLY—L R =e®y/kT R
Bz ¥—ol
D X (1.1.4) 2 D
M A (1.1.4) 2 M
D, O L 7 IR HOE B D= D,/D* DIFFUSION_COEFFICIENT
G MR FRIDOEMEL | ¢ =0l?/e SURFACE_CHARGE_ON_OBSTACLE




1.4. BERENE%ZAWVWE FDM Electrolyte_ FDM 7

1.4 BERESEZAVWEFDM Electrolyte FDM

Electrolyte FDM (& MUFFIN Sf#H> S 2 L — ¥ 2 HREEICIDFEL b DTH 3,

BIRTTHELIS
BRI 85 | @ \
A X VRS Cq
A & Vi (R ERR IR E £ R 0) | I, . oA A R A Yy
MBS Vi (i==yorz)
IE/15 P
AT —RT Vv P

JATa=0,---N.—1Dfliz £ 5 (N A A HEEH).,

1.4.1 BREBRHBICEI NI Obstacle REITDIEFREM

FDM Bf#E > 2 2 L — % TIEEME AR TICRINEN 2 b o 72 ZRFEEY) (Obstacle) ZEE L. Z DD
DA F v DA, R ZEET 2 EBNTES, ZD Obstacle R TOZGOBERSEAM %2 2 2 TlIEHAT 5.

BERTY v ILICHT ZIRREY

RINBHELE o % b 57z Obstacle RIMTOFHER T > > v VOBERGMIIRD /7 A < VERGMATHM S
n5.
(n-VO)|s = —0/ere, (1.43)
Z I CIRF | 1&. Obstacle R TOEZEWRT 5, £7. n IF Obstacle K ICEE LR FLTH 5.
REOHAL ] EEERT V¥ v VOHAL &, 2 H T, SRS (1.43) 3R &9 icmrofbans.

(n~V¢Hs=—%, (1.44)
_ol?

= (1.45)

22T, q BRHTORMTIN (12) FICEEN T Z = 1 OMBHEO A EZEREL TV 2.
Obstacle RECTDEER, EHIZ. RESZDRERFHE
HEEY . Y ERES IS % Obstacle 1A T OB FSEMEI1E

v[s =0 (1.46)

(n-VP)|s =(n-Av)|s (1.47)

(n Jo)ls =0 (1.48)

T»H %, Electrolyte FDM Tl&, Obstacle B7FEIEL 72 5, HENNIC Z DEEREMEDRESI NS,



8 % 1E Electrolyte DIERE =

1.4.2 BBIWITZEEmTOERFME

PhaseSeparation FDM D3RS D & 2 A THHISB R X ) ICHERZESENR=Y a VOEMEY T 2L —
Zix, RVEHEOTICH 2L LTS, Xo TEHIH L THEASMAEEZ 5 275 TEA S R WHIZRD 6 D
TH2 (M2, 2D 6 DO ETHRAEFZHLICH L TEARITIUIE S v,

RES C, ICNT BERRME
BREEGICN L CEREHIRE R BRI 0l ) Th 5,

o AEEREM
x SN ARG 2 3R L 7256, XA I s,

Ca(xvyv Z) = Coz(x + Lmayvz)

y JTMIR z 1A b RIS EA 2 TSI I AR S Ao LTSN S, a ldlioz R A
VT IR,

e Biased Periodic E5R5&4
2,y,z DITENIX LT vy 72 R 7 AEREEDRENRETH 5, W2, o iz, ZOERE
e AURE Tay
CQ(ZE, Y, Z) = Oa(I + L., y, Z) + A,

E%%, SITA, BaiADX vy 7lTH S,

o BMEIFRRM
6 DDA, ZNZ UK U CTHS 2 B8 & BE L TRD & ) RS2 RET 2 2 LT H
%, BEM ECIHORESHAE L v X H i, BEHICEEFMO4REZXe s L, DToXcRksdns.

n- VC’a(CC’Z/, Z)‘wall =0
Z 2 CHE |wan 3B ETOMEE EKT 5,

o NILVEREM
6 DDERMEICK LT 7 ERE2 T 2 LTI 5, 2L 7R L 1E, 28R L Tk
HHMHSVIE: —E) 1o TR LT 2L THER ETOlz54%, ATRTERDLI Ik D,

Ca (2177 Y, Z) |Bounda'ry = Constanta

RS J, KT BERRE
RGN U CERE AT R BRI Z UL T ol ) Th 5,

o AHAERSEM
x NS ARG 2 3R L 72560 RoABR I 2,

Jaw($7ya Z) = Joza:(aj + La:a Y, Z)

y JITER 2 JIENC b BT Aot 2 B 5 s R AR s el LTt E e 5,



1.4. BERENE%ZAWVWE FDM Electrolyte_ FDM 9

o EEMEIESFREM
W OED R Fc¥ae s 5, RTHETL

J(l(x7y7 Z)|wall = 0
ZZTidE ‘wall 6;%@LT@{@%%%?50

o NILYIBREMN
TR OB Lo r 6 QDRI LT, NV 7EREEZHT I ENTE S, NIV
REME L X, ZOBRME DR THRBEDRITD 2MH (SV7H: —E) k> T05ET5H5DT, il
LoBRmICEEL HRNOAERSEe & T2, flz1F, BREFZATRTERD LI ITR D,

(n : V)JQ(JE, Y, Z)|Boundary =0

EES v I BIRFRME
ARG L CREATRE AR SRS R A T @D Th 5,

o BEARSARM
x TSRS 2R L G aROARI NS,

y AT 2 JTENS S B SREe At 2 B a3 e a5 it L Cid e s,

o BRETEEBDMEZRE
HLFEHRMTHEDEZ 52 2 6 DOER, ZHZiuxl U THELD S 238 v, TEIC & T 2855
fre@fy 2 enTtE, UTolTtEbInsg,

'U(xv Y, Z)|wall = Vo
2T oy 3R ETOMEEZEKT 5, £V, LnTHS,

o BRLTENEEZRELILIES
Z DS CHEEES O ALY v 2 3T

(n-V)v(z,y, 2)|war = 0

EAHIE P lcxdd BIEFREH
FEFTGIR L CRETRE R RSHFIILIT 0@ ) Th 5,

o FAHARFRRM
x ARG 23R L G aROABH_EI N5,

P(‘IayVZ) :P(x+LJC7y?Z)
y JIER 2 TN I SR ot 2 B A i Ak A X3 e xl L Cilta i,

e Biased Periodic E5R5&M4
z,y,z DN L TUTD X ) %X vy 72 Fo 7 SRS DSREWRETH 5, BIZAIR, o A,
C DR 2L 15 E
P(z,y,z) = P(x + L,,y,2) + A

kb, SZTB, e HFRADX vy 7fETH 3,



10 % 1E Electrolyte DIERE =

o BRLTEEBZOEZRELLIES
FEH A BLASE v
n- VP(LE, Y, Z)|B(mndary =0

o BRI TEHEESRT
HAEBHRETTEHOM P, #2RET 5,

P(x;y»z)‘Boundary - Po

o RR LTIREI SENEEZRTE
& B TIRE) T 2 ENEZ 52 5,

P(l‘, Y, Z)|Boundary = Po + 6P - sin(wt)

ZIT. P, ld EAoFEfET, P IIRIA, w (JIRENE. ¢ ZRETCH B,

BERT Yy IVSICHT DIRARY
AR T ¥ 2 v UG L CRRGE FIRE AR SRS IR U T i ) Th %,

o FHAERSH
x TSRS 2R L 7256, XOoABHI N2,

o(z,y,2) = ¢(x + Ly, 2)
y R 2 AN b IS 2 35 a3 AR 2 A8 G aic L Titls s,

e Biased Periodic 5254
2y, 2 DFFNCR LT T DX I %X vy 72 o - AR REESHRETETH 5, HlZIE, A,
COBRE B 7256
(2, y,2) = ¢(x + Ly, y, 2) + As

b, ZITA, Bz iMOX vy 7lHTH 5,

o IBERLELTREAEBHNEE 0 25X % (Neumann HEFREH)
(HEAICEE M OFRER T V> Y VOARL) 28 ET 5 Lo3apg, NTRT L,

n- V¢(I, Y, Z)|Boundary = *O'/ETGO

b5, WERITUULT B L
n- V¢>($, Yy, Z)‘Boundary = _Q/R
ThD, WEDOEFIIR (1.44), (1.45) LHLTH 5.

o IERLTEMZHRTE (Direchlet RHREMH)
IR COBEMZHET 5 2 LDVAHE,

¢(SC, Y, Z)‘Boundary = ¢o (: Constant)
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1.4. BERENE%ZAWVWE FDM Electrolyte_ FDM
o WRETIRET I BMUZERTE
o WO AN EBE R ER N O AERIM OB 2 IRE S 2 2 EXTARETH 5,
¢(l‘, Y, Z)|Bounda7’y = ¢o + 6¢ . Sin(wt)

Z 2Ty ¢ B EM. 6o IXENOIRIE w IR, ¢ 3RRITH D,

EE
Tutwﬁﬁﬁﬁﬁﬂi?%%ﬂﬁitﬁ%#&ﬁméhtﬂix—9®ﬁﬁﬂﬂz@Eiafﬁiéh%o




12 2% 1E Electrolyte DEHER

1.5 BEREREFZAVCERE> I 1L —% Electrolyte FEM

The Electrolyte FEM & & 2 L —% {3 MUFFIN &REH> S 2 L — Y 2 HREREFEICL D FEEL D TH
DULFD &) ik o T 3,

o FMRTE L L T=KIU Euler #ifRDAIREFREZ A%, PURIA - RGHRER 2 TS 5,

o RN E L CGEWRNZNRET S, BEZEHNT 2 EM2T\», I 5IEEEZ LEHEL
Stokes it & L Tt 258 T 5,

o LDRIZHT AER4EM & LT Dirichret 45fF. Neumann &% X OB RSN (B2 HIR 0SS
DH) ZIETHIENTE S,

ZRIGAEREZEEZ S Z LI X W ERZSERZ WY 2 2L —% Electrolyte FDM & b L CTHIRFE
BloHHEDHE L, ifhﬁ FDWASDEZ I 5 LIRS H 5, ZOMIE, ARAESES 21 —%
&M U C— I I EE RN, DA GURA RIS R L ICHERT AL ENH 5,

BEIRTEEI5

List of selectable fields

| Ao A TRE 2 [ btz |
A F VIREY; C, (ax=0,1,---,N.—1)
AT Y pe(r)

R e(r)

A F UUHY; (R IERIRIEE £ 50 | T,

LS, \%

H715% p

BEGADT—RT v Y ®

ZZ al3A A VHEARIA VT Y 7 ATa=0,---N.— 1 Dfiz &£ % (N.: A4 VR,

1.5.1 EEEFI

Electrolyte. FEM D &EME DIEARE 7V & L T Electrolyte FDM & [AfkD b DZH T W3, - ARE
FIEIT K 2B 13 PhaseSeparation FEM & [FERTH 2 (??6Hiz 2,

1.5.2 AEREZDEUR LY

Electrolyte FEM ¥ % 2 L —# — T EHRAEREERIC RIS 2 MBELZWMOKH) B TE S, 20
I LBEAICRRBEERT Vv UBRMTO X IcEkBIE NS,

¢(r)=¢'(r)—Eq-r (1.49)

T E) 3R E LB TH D, VX(Ey-r) =0 2D TINEES Ey 2 &0HEL S FEMIZEC 2V, 2
DDA DE I ¢/ (r) WEMBEBENTICHIET 24 7 oWk LoBRiOMREE2 &L 2 Lick 5,
Electrolyte FEM TOFEFH E L TI3 Ey 3MAEGEDUENIEIC K +p.Eqg DL HIZIMZ 545 D5,
ZNUETRY K Field O Ffe &2 %
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(“GRADIENT_ELECTRO_CHEMICAL _POTENTIAL_ WITH_EXTERNAL_FIELD”), % L CEERT v
TIUZDWTE ¢ (r) ZINBEZ DL VRD ¢(r) EFRICLGGHET 2 2 L1243,

ZD&) nTFEEAGEEEBO 2L LT Electrolyte FEM & S 2L —¥23FDM ¥ S 2 L — % TIZA[RET
H o7 “biased periodic” ZHHE—F L TRV ENH S, L, &b EELRMEBIINHES IZEIEMETS
WIZ—FRIZD D> T2 b DTH D, WEOHHRICIIFEINLZVIETDOLDTHL L) L THS, ZD
720, LEOIIICERAT YL v A2 2ODICHIRT 5 L ICIFEBELYIINEERAH S LIk D,

1.5.3 COEREREH

BIRFEDL I 2L —YavilBVLTIE, 23EFN ETOBROBOMENRE RIS E W) EKER2KET S
TEDPRICED T DD B, Tk ZIE THEEN OFEOEA (1] 2 OFEMEIERICEETH 5,
ﬁﬁd\)ﬁﬂﬁbfcﬁ—ﬁ‘f@%{m IPTDOEHILEIT S,

3= ZaCoVa = Zo(wCo+Ja), (1.50)
T Ty BATY a DVFEMRETH D, J, BAFVDORHKTUTD X ) ICHIT 5,
Jo = —Dy [VCy — R ZoCo V. (1.51)

Yo B EREEN & L TET2I/MTESICL DAL INDDDOT, 2N EERETCOES E) = (Vo)s
ELTERT S EE, YunERFEHEIUTOII RS,

/de-n = Z/dSZaCav~n
fZ/dSDaZoﬂpVCa,
-3 / dSDLRZ2C, [—Ey - n)

= 0. (1.52)

ZORDPSEIICE T BEHET VY v VONRAEUTO L) ISHHT 2 2 E27TE 5,
Z/dSZaCav-n— Z/dSDaZan-VCa
> / dSD.RZC,

n-Vo|s=—Ey-n= (1.53)

TR LD 7 DITERT Y [dSDaZan - VC, =0 E LTV 5
CDFEMIFEL AR T ¥ ¥ VD Neumann §:fF & LGl I 115 ( “N_ZERO_ELECTRIC_.CURRENT” ),
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1.5.4 Electrolyte FEM TODZICX T 2IEFREM

Electrolyte FEM THIZE Y Z & AT & 2R (MR HEEEM) IEMTO X ) b Db 5,

o ARG -
AR 222 EDTE % UNSTRUCTURED RECT # 4 7D XA v 2 THOAARE, FEM Y 3 a
L — % T A EER 2 o Tw b 720, BRERCIEITXToOYHEICRN L-CHBINICEH
BERSAEDSEH I N5 DT, AJ UDF IZBWCHIRINICIEE T 2 05 1320,

e Dirichlet &4:
o EI I LT —E Dl & 3R T4,

e Neumann 5&fF:
YIFRE O AELR 7 N VORISR RS 2 52 5, 77 CE L 72 X 9 [C BRI T B4y 3¥ a
TH AEAITIZIRINIC UDF WTRET 208\, il h S E S N RIS 2\W»W L THE)
PINZ Z DM EHEIND Z Ik 2805 5,

ZEFDM Y S 2L =% DWW DD TH R — F T % Biased Periodic B2 5FE L O Lees Edwards
BSR4 13 BAE D PhaseSeparation FEM TlE¥ R — T LT,

1AVRES C, IKNT BEREMH
A T VIRFESITR U CRRE W RE A SRS II DL T ol ) TH 2,

o FIRREREME
Xy algiky £ 7753 UNSTRUCTURED_RECT D& D AEHAIRETH 5, X AT JEHIEE R EA:
ZMLEGE. ROAXDBEING,

Ca($7ya Z) - Ca($ + anya Z)

Y SR Z 5 S IR 2 T A AR RSB TEICR LTINS, o l3foz2RTA
Y7y 7 A, FEM ¥ & 2 L —4 TN AN AR Z ko Twa o, FEATIETXTOYHE
TSR L T HBIIC R RS S s DT, A UDF ICB W THIRNICIRE T 2 583 72\,

o BEEIEHREM (Neumann 55fF)
B ECIBORR A L vk I i, BERICEESOAREZEr L L, MToXTRIENS.

n- vca(maya Z)‘wall =0

C I TET |wou 3EEM R COfEZEKT 2, AR CRWGERICMOBERSA D IE I TR0
BICFHENIC COEErHI N2 itk 5,

o INILYERSM (Dirichlet 5fF)
EREOBERIEICN LT, NV BERENZMTIENTEL, NV 7EEREMEIE, Z08RE L )k
TREH LM (VI —E) IKE->Tw3ET2b0T, BAETOHEEZG 2%, RTETLERD L)
2% %,

Ca (.%‘, Y, z)'BOunda'ry = Constant,,

Th 5,
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WRIB/BBNE K, ICHT 2IEREH
PRSI XS UCRE W RE RS U T 0@ ) Tdh 5,

o BRIRSRSRM
xVy;Wﬁ&47ﬁUNMmUUmmmammT@%é@&ﬁﬁﬂ%fﬁéoXﬁﬁm%%ﬁﬁ%ﬁ
ZRL7GG, ROADBHRI NS,

Kaz(ma Y, Z) = Kaz(x + Lxu y,Z)

Y HIES Z NS S MR REA %2 BTG 1 2 EE A BB A I L T#lEns, FEMY I al —
& TIRRMANCFHER 2 B> T w2720, FERTIETXToYREEIC LT HBINIC RIHER
ZAEPEH I N B DT, AN UDFICEWTHRNICIEE T 208 X700,

o BEEIRFREM (Dirichlet 5:1F)
MR O Ec¥ vt §25, XTI L

Koz(xvya Z)|wall =0

2 2 TR |wau 1ZBEA ECOMEZEIRT 5, FMIESR TR GBI OBREA IRE S Tnkh v
B HBIIC CDEMADPRE NI Z LITh B,

EES v KX BIRFRME
TAIG IR U TR FIRE 2 B IZ DL R il ) TdH 2,

o AHAESRFM
Ay afBiky 4 723 UNSTRUCTURED RECT D& D AEMARETH %, x HIh R MRSt %
LB AROABH NS,
v(z,y,z) =v(x+ Ly, vy, 2)
y JT% 7z J NS & B RG2S A i E AR 2 A S e it L Ciitd s, FEM ¥ S 2L —
& TR AN RS R 2 > T 2 20, FIIER TR TXTOYHEE IS L THBI SR
DTN E NS DT, AN UDF 2B WTHRIICIEE T 2 5681375\,

o IBR ETHREZDEZRTE
HHERMTHEEDZ X, Y. ZH5rZ LI2h 2 ZBERID D 2 WL v, TEIC & T 25MFMA2HT
ENTE, DT TEbans,

’0(1‘7 y7 Z)|wall = Vo

22 TEHE |y HBEH L TOME KT 3, £V, LnTH2,

FEHE P e T BIRF&HE
FEFI 0 U T M RE 2 BRI A F Dl ) TH %,

o EHAESREM
Ay afiRy £ 753 UNSTRUCTURED_RECT DADAEHTIEETH %, x HIahSHEREN%
MLIGERDADHEINS,
P(z,y,z) = P(x+ L,,y, 2)
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y AR 7 SIS & B RS %2 TG A I AR 2 X &5 mIc oy L Citan s, FEM S S 2L —
ZTIFRMAIC RS 2 > Tw b o, FBER TR ITXToYE RIS L CHBINIC FEER
SAEDFEH I N Z DT, A UDF ICBWTHIRINICIEE T 2 08 IZ 720,

o 5 ETENEZRE
H BEFUA TN DOE P, Z30ET 5.

P(LL', yvz)‘Boundary - Po

BEINT YO v LBICNT DIRRERNE

HE AT v 2 v VGICN U CRRERE 2 BRI DL T O ) Th 5,

o [AHAIRSRSEM
Ay alRy 4 753 UNSTRUCTURED_RECT D40 AEHARETSH 2, x Jrs W REt:%
LGS, Rof#ans,
d(2,y,2) = ¢(x + Lz, y, 2)
y JTIAR° 2 JF AN & BRSBTS a i ik R 2 XS e L Cild s, FEM & S 2L —
8 TIFB AN IR 2 > Tw 2 720 FBIER TR T XCTOYEE I LT HBI &R
SMEDSHEH SN D DT, AJUDF ICEWTHHRINICHIEET 2 6513 2\,

o BRETRABHTEE 0 252 % (Neumann HEFREH)
(ERNCRE ST DOFELR T v > v VOLRL) Zi%ET 5 LA3HHE, NTRT L,

L V¢(a:7 Y, Z)|Boundary = _0'/67-60

b5, o §5 &
n- Vqﬁ(:u Y, Z)‘Boundary = _q/R

Thbh, AEDOERIIR (1.38), (1.39) LALTH 3,

o HREFTEMERE (Direchlet EFREMH)
BRECOEMZRET 5 2 & HAEE,

(b(l’, Y, Z)‘Boundary == ¢o (: Constant)

o BRETOEATRSEMS (Neumann condition)
BiAM L COBEBRDOBEAES LR TH L L VIFMZML, CZOFEEIGEIHEINIEL R T v v
2t % Neumann £&ff & UCHEH T %, #5613 1.5.3 fiz 2,

.
HiE

UEDRARGERET DRICDEERDIERTIESNIINTA—TOBIER??EHD TAEIDERTT
b1 THRENTERITLICRES,
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|_ Obstacle
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T
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F 28 Electrolyte DILHIRIE

2.1 BARESEERERNAEY S 1 L—% Electrolyte_ FDM Db FIRIE

C DI TIFERAEDEIC X 2EMES 2 2L —% Electrolyte FDM OIGHAHIZ R, 4o DILHBNRIGT
5 AN UDF 7 74 v, 17 74 VA351E MUFFIN3 ORARD 74 L7 ') MUFFIN3/sample/ELECTROLYTE_FDM
DUNIC#R D74 L 7 b ) MUFFIN3/sample/ELECTROLYTE_FDM/EX01, EX02, ... %L LTHI® STV,

2.1.1 [GFAfl1: SEROEHRE

7 i 2 OB ED L, Z DRNIHHEY 2 Mo A 4 VIR L2 1 XothiE e LGHR
T3,

1. Ay 2DfERL : FDM @7z & parameter.mesh_parameter.type 13”SIMPLERECTANGULAR” & 7§ 3%,
parameter.mesh_parameter.axes|] lZLAT D X ) IZAST %,

’ axes|] ‘ values]] ‘ ANT T4

0] 0] 0.0

0] ] 0.0

0] 2 0.0

1] 0] 0.0

1] 1] 0.0

o 2] 0.0

2] 0] 0.0

2] 1] 32.0

2] 2] 64.0

2. VYNN=RFGRXA=FDAST : ITDRI A= % ANT 5,

VUN—T R — 5 4, | AJ17 5 |
MAX_ITERATION_FOR_E-POTENTIAL_SOLVER 1.0¢6
MONITORING INTERVAL_OF _E-POTENTIAL SOLVER 100
CONVERGENCE_CRITERION FOR_E-POTENTIAL 1.0e-4
ACCELERATION_VALUE_FOR_E-POTENTIAL 1.8

3. HEWHER D AT 1 DT=1.0e-2, FINAL_STEP=20001, INTERVAL_OF_MONITORING=100, IN-
TERVAL_OF_UDF_OUTPUT=2000 % Z W ZN AN T 5,

4. YIFEEBO AT NI 2 HEERE AT 5,
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SIA=S % | AN 21 |
LEES_EDWARDS_BC 0
Number_of_Components 2
Average_Of_Concentration 0.1, 0.1
Diffusion_Coefficient 1.0, 1.0
7 1, -1
R 3.89¢-2
M 4.33e-1
D 0.517
Electric_Potential_at_XY _plane_ZM -1.0
Electric_Potential_at_XY _plane_ZP 1.0
POSITION_Y_OF_CUTTING_ZX_Plane 1

5. region_condition|]:

BT O X9 ICERSEM 2 8ET %,

ElectricPotential IZ%f4 % “XY_BOUNDARY_PLANE_ZM_AND_ZP” CEMHOENZZIEET 5,

|

name_of_region

name_of_target ‘

name_of_condition ‘

YZ BOUNDARY_PLANE_XM_AND_XP | Concentration PERIODIC
ZX BOUNDARY_PLANE_YM_AND_YP | Concentration PERIODIC
XY_BOUNDARY _PLANE_ZM_AND_ZP Concentration ZM_WALL_7ZP_WALL
YZ_BOUNDARY_PLANE XM_AND_XP | ElectricPotential PERIODIC
ZX_BOUNDARY_PLANE_YM_AND_YP | ElectricPotential PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP | ElectricPotential ZM_DIRICHLET __
7P _DIRICHLET
YZ_BOUNDARY_PLANE_XM_AND_XP K_Field PERIODIC
ZX_ BOUNDARY_PLANE_YM_AND_YP K_Field PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP K_Field ZM_WALL_7ZP_WALL
6. ZOGE LT D L) ICGZ2ERT 5,
’ registered _field ‘ type ‘ name_of_region ‘ num_of_component ‘ io_flag ‘
Concentration Scalar | ALL_VERTEX | $(Number_of Components) | 1
ElectricPotential | Scalar | ALL_VERTEX | 1 1
Pressure Scalar | ALL_.VERTEX | 1 1
Velocity Vector ALL_EDGE 3 0
K_Field Vector | ALL_EDGE $(Number_of_Components) | 0
$(*)8(3)
Obstacle Scalar | ALL_.VERTEX | 1 1

7. procedures_table_for_initiallization][]:
¥ Concentration (ZXf U C#IZEM: “UNIFORM” Z#H$ %,

8. procedured_table_for_evolution|]:
ElectricPotential \Z ELECTRIC_POTENTIAL_SOLVER % .
Concentration & SOLVE_DIFFUSION_EQUATION _WITHOUT_FLOW %,

K_Field IZ GRADIENT_ELECTRO_-CHEMICAL_POTENTIAL Z Zn Z##EH § %,
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9. FHAEAT

2.1.2 [GAGI2: FEEMICEHEHRSERILEE DK

Z DFMRETIEEM 21 O 7V (-2 55 AREDOEME b DA A& VIRE 2 EHE T 5, 47 B EA
PESAEDIK ) S0 7SV 7 FBIC e o T2 b D LT 2 (IEA A v EAA F Y OREDFE IR > Tw5), &
fif 24 N7 PR < OISR T v 2 ¥ Vi Debye DA — & — CHREBIBINICIHIE T 5,

1. X v 2 DIEK:
parameter.mesh_parameter.type (&”SIMPLERECTANGULAR” & § %,
parameter.mesh_parameter.axes|] lZLAT D X ) IZATT %,

’ axes|| ‘ values]] ‘ input ‘

(0] (0] 0.0
(0] 1] 0.0
[0] 2] 0.0
1] [0] 0.0
1] 1] 0.0
1] 2] 0.0
2] (0] 0.0
2] 1] 32.0
2] 2] 64.0

2. Solver parameter: R T V¥ Y LY NN —DIZDIZLLTDRI XA =32 AT 5,

IINR=RT A= F % | A3 5|
MAX_ITERATION_FOR_E-POTENTIAL_SOLVER 1.0e6
CONVERGENCE_CRITERION_FOR_E-POTENTIAL 1.0e-4
ACCELERATION_VALUE_FOR_E-POTENTIAL 1.8
MONITORING_INTERVAL_OF_E-POTENTIAL_SOLVER 100
LEES_EDWARDS_BC 0

3. HEYHEER D AT
DT=5.0e-2. FINAL_STEP=10001. INTERVAL_OF_MONITORING=100 # #IFNANT %,
INTERVAL_OF_UDF_OUTPUT (4 2000 & § %25, A7y 71 £TIE1Ic, AT v 7 2 DF&EIE 2000 (1<
AT a—=Y v T x2ThoTw5,

4. MPERD ANTT LRI T 2 WEER 2 AT 5,
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Parameter ‘ input ‘
Number_of_Components 2
Average_Of_Concentration 0.1,0.1
Diffusion_Coefficient 1.0, 1.0
7 1,-1
R 3.89¢-2
M 4.33e-1
D 0.517
GRADIENT_OF_E-POTENTIAL_AT_XY_PLANE_ZM -1.0
Electric_Potential_at_XY _plane_ZP 0
POSITION_Y_OF _CUTTING_.ZX_Plane 1

5. region_condition]]:
FHHEICLUT D X 5 IR 2RET %, FBICEET % “* PLANE_.ZM_AND_ZP” 232 D& HE

‘f“%%o

|

name_of_region

name_of_target

name_of_condition

YZ_BOUNDARY _PLANE XM_AND_XP Concentration PERIODIC
ZX BOUNDARY_PLANE_YM_AND_YP Concentration PERIODIC
XY _BOUNDARY_PLANE_ZM_AND_ZP Concentration | ZM_WALL_ZP BULK
YZ_BOUNDARY _PLANE XM_AND_XP | ElectricPotential PERIODIC
ZX_BOUNDARY_PLANE_YM_AND_YP | ElectricPotential PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP | ElectricPotential ZM_NEUMANN__

ZP _DIRICHLET
YZ_BOUNDARY PLANE XM_AND_XP K_Field PERIODIC
ZX_BOUNDARY_PLANE_YM_AND_YP K_Field PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP K_Field ZM_WALL_ZP_BULK

6. Field[):

DTo &) icgzEind s,

’ registered_field ‘ type ‘ name_of_region ‘ num_of_component ‘ io_flag ‘
Concentration Scalar | ALL_.VERTEX | $(Number_of_Components) | 1
ElectricPotential | Scalar | ALL_.VERTEX | 1 1
Pressure Scalar | ALL_.VERTEX | 1 1
Velocity Vector ALL_EDGE 3 1
K_Field Vector |  ALL_EDGE $(Number_of_Components) | 0

3(*)8(3)

7. procedures_table_for_initialization|]:
%5 Concentration 2% U CHIHIZSM: “UNIFORM” 2§ %,

8. procedures_table_for_evolution]]:
ElectricPotential {2 “ELECTRIC_POTENTIAL_SOLVER” %,
Concentration {2 “SOLVE_DIFFUSION_EQUATION_WITHOUT _FLOW” %

K_Field IC “GRADIENT_ELECTRO_-CHEMICAL_POTENTIAL” % Z#1Z @ § %,
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2.1.3 AR 3: EREREDOEZTVAL DHEN (1)

B 2R o BRI E N7 BRI X v ¥ 2(32x32x32) IS BT 2 EMEIRA DOV I H 2 FEEY) (Obstacle)
LDy Ial—vay,

1. X v 2DfER : FDM @7 & parameter.mesh_parameter.type (& SIMPLERECTANGULAR & 9 %,
parameter.mesh_parameter.axes[] I3 32 PE D =KILTH 5720, U TDXIITANT 5%,

’ axes|] ‘ values|] ‘ ANNT 7% ‘

[0] [0] 0.0

[0] [1] 31.0

[0] [2] 31.0

[1] [0] 0.0

[1] [1] 31.0

1] 2] 31.0

2] [0] 0.0

2] [1] 31.0

2] 2] 31.0

2. YIWN=RIGRX=F DA LT DRI A=F % AT 5,

IIN—RT A= % | AJ19 5 |
MAX_ITERATION_FOR_E-POTENTIAL_SOLVER 1.0e6
CONVERGENCE_CRITERION_FOR_E-POTENTIAL 1.0e-4
ACCELERATION_VALUE_FOR_E-POTENTIAL 1.5
MONITORING_INTERVAL_OF_E-POTENTIAL_SOLVER 100
Max _Iteration_For_Pressure_Solver 1.0e6
Convergence_Criterion_For_Pressure_Solver 1.0e-4
ACCELERATION_VALUE_FOR_PRESSURE_SOLVER 1.5
MONITORING_INTERVAL_OF _PRESSURE_SOLVER 100
Max _Iteration_For_Velocity_Solver 1.0e6
Convergence_Criterion_For_Velocity_Solver 1.0e-4
ACCELERATION_VALUE_FOR_VELOCITY_SOLVER 1.5
MONITORING_INTERVAL_OF _VELOCITY_SOLVER 100
SKIP_INTERVAL_VELOCITY_CALCULATION 1
LEES_EDWARDS_BC 0

3. HEYBERD AT : DT=1.0e-2, FINAL_STEP=1000, INTERVAL_OF_MONITORING=1, INTER-
VAL_OF_UDF_OUTPUT=100 % ZLZNANT 2,

4. MIPERD NTT LRI T 2 WEER e AT 5,
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KIR=5%, AT B |
Number_of_Components 2
Average_Of_Concentration 0.1, 0.1
Diffusion_Coefficient 1.0, 1.0
Z 1,-1
R 3.89¢-2
M 4.33e-1
D 0.517
Seed_of_Random_Number 1966715
Deviation_From_Average_Concentration 0.01
Electric_Potential_at_XY _plane_ZM 0
Electric_Potential_at_XY _plane_ZP 0
Pressure_Gradient -0.01
SURFACE_CHARGE_ON_OBSTACLE 1.0
Position_Y _of_Cutting_ZX _plane 1
OBSTACLE_DATA _FILE Obstacle.input

5. region_condition]]:

BT O & ) ICEIRRAF 2 RET 2,

’ name_of_region name_of_target name_of_condition
YZ_BOUNDARY_PLANE_XM_AND_XP | Concentration PERIODIC
ZX_ BOUNDARY_PLANE_YM_AND_YP | Concentration PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP Concentration | ZM_WALL__ZP_WALL
YZ_BOUNDARY_PLANE_XM_AND_XP | ElectricPotential PERIODIC
ZX_BOUNDARY_PLANE_YM_AND_YP | ElectricPotential PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP | ElectricPotential ZM_DIRICHLET __

ZP_DIRICHLET
YZ_BOUNDARY_PLANE_XM_AND_XP K_Field PERIODIC
ZX_BOUNDARY_PLANE_YM_AND_YP K_Field PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP K_Field ZM_WALL_ZP_WALL
YZ_BOUNDARY_PLANE_XM_AND_XP Pressure BIASED_PERIODIC
ZX_BOUNDARY_PLANE_YM_AND_YP Pressure PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP Pressure ZM_WALL_ZP_WALL
YZ_BOUNDARY_PLANE_XM_AND_XP Velocity PERIODIC
ZX_BOUNDARY_PLANE_YM_AND_YP Velocity PERIODIC
XY_BOUNDARY_PLANE_ZM_AND_ZP Velocity ZM_WALL_ZP_WALL

6. BOBEE LT DEIICT7 44—V F2ERT S,
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registered_field ‘ type ‘ name_of_region ‘ num-of_component ‘ io_flag ‘
Concentration Scalar | ALL_VERTEX | $(Number_of_Components) | 1
ElectricPotential | Scalar | ALL_.VERTEX | 1 1
Pressure Scalar | ALL_.VERTEX | 1 1
Velocity Vector ALL_EDGE 3 1
K_Field Vector | ALL_EDGE | $(Number_of_ Components) | 0
$(*)3(3)
Obstacle Scalar | ALL_.VERTEX | 1 1

7. procedures_table_for_initiallization][]:
Obstacle 125 L T READ_OBSTACLE_DATA % . Concentration {Z%f L C UNIFORM_WITH_NOISE
& SET_BOUNDARY_CONDITION %179 X 912§ %,

8. procedured_table_for_evolution[|:
ElectricPotential (Z ELECTRIC_POTENTIAL_SOLVER:OBSTACLE %, K_Field IZ
GRADIENT_ELECTRO_CHEMICAL _POTENTIAL:OBSTACLE % . Velocity IZ
SOLVE_STOKES_EQUATION_AND_PRESSURE:OBSTACLE %, Concentration 2
SOLVE_DIFFUSION_EQUATION_WITHOUT_FLOW % Z#Z 1 # b 24T 5,

2.1.4 bFBl 4. ERBEREOEEYAED DTN (2)

A 2 O FREYICH S Rzl TN ERE DY 2 2 L —a v, fitud X oAk
FoTHE N5,

1. A v ¥ 2 DIERL : parameter.mesh_parameter.type 1 SIMPLERECTANGULAR & § %,
parameter.mesh_parameter.axes|] (¥ 64x8x32 FH D =XKIGTHH, U TD X HITANTT 5,

’ axes|] ‘ values|] ‘ ANNT T4 ‘

[0] [0] 0.0
[0] 1] 63.0
[0] [2] 63.0
1] (0] 0.0
] 1] 7.0
] 2] 7.0
2] [0] 0.0
2] 1] 31.0
2] 2] 31.0

2. VYNN=RIFGRA=F DA : BHERT vy )V ERELOHED DI TDNRI A= %2 AT 5,
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YINR=RFR=F | A1 %l |
MAX ITERATION_FOR_E-POTENTIAL_SOLVER 1.0e6
CONVERGENCE_CRITERION_FOR_E-POTENTIAL 1.0e-4
ACCELERATION_VALUE_FOR_E-POTENTIAL 1.5
MONITORING_INTERVAL_OF _E-POTENTIAL_SOLVER 100
Max _Iteration_For_Pressure_Solver 1.0e6
Convergence_Criterion_For_Pressure_Solver 1.0e-4
ACCELERATION_VALUE_FOR_PRESSURE_SOLVER 1.5
MONITORING_INTERVAL_OF _PRESSURE_SOLVER 100
Max Iteration_For_Velocity_Solver 1.0e6
Convergence_Criterion_For_Velocity _Solver 1.0e-4
ACCELERATION_VALUE_FOR_VELOCITY_SOLVER 1.5
MONITORING_INTERVAL_OF_VELOCITY_SOLVER 100
SKIP_INTERVAL_VELOCITY_CALCULATION 1

3. HSEYIER D ASI: DT=1.0e-2, FINAL_STEP=10000, INTERVAL_OF_MONITORING=10, INTER-

VAL_OF_UDF_OUTPUT=1000 2 Z1Z N AT %,

4. MIPERDANTT - BUR g T 2 MEER e AT 5,

’N?X—&% Aﬂ?é@\
LEES_EDWARDS_BC 0
N_Write_DATA 10
Number_of_Components 2
Average_Of_Concentration 0.1,0.1
Diffusion_Coefficient 1.0, 1.0
Z 1,-1
R 3.89¢e-2
M 4.33e-1
D 0.517
Seed_of_Random_Number 1966715
Deviation_From_Average_Concentration 0.01
Electric_Potential_at_XY _plane_ZM 0
Electric_Potential_at_XY _plane ZP 1
Pressure_Gradient -0.01
SURFACE_CHARGE_ON_OBSTACLE 1.0

Position_Y _of_Cutting_ZX_plane

1

OBSTACLE_DATA FILE

Obstacle.input

5. region_condition[]: FIHHITLL T D & ) ICHEREMAZIEET 5,
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name_of_region

name_of_target

name_of_condition

YZ_BOUNDARY_PLANE_XM_AND_XP Concentration PERIODIC
ZX_BOUNDARY_PLANE_YM_AND_YP Concentration PERIODIC
XY _BOUNDARY_PLANE_ZM_AND_ZP Concentration ZM_WALL_ZP_WALL

YZ_BOUNDARY _PLANE_XM_AND_XP | ElectricPotential PERIODIC

ZX_BOUNDARY_PLANE_YM_AND_YP | ElectricPotential PERIODIC

XY_BOUNDARY _PLANE ZM_AND_ZP | ElectricPotential ZM DIRICHLET__

7P DIRICHLET

YZ_BOUNDARY _PLANE_XM_AND_XP K_Field PERIODIC

ZX_BOUNDARY_PLANE_YM_AND_YP K_Field PERIODIC

XY _BOUNDARY_PLANE_ZM_AND_ZP K_Field ZM_WALL_ZP_WALL

YZ BOUNDARY PLANE XM_AND_XP Pressure BIASED_PERIODIC

ZX BOUNDARY _PLANE_.YM_AND_YP Pressure PERIODIC

XY_BOUNDARY_PLANE_ZM_AND_ZP Pressure ZM_WALL__ZP_WALL

YZ_BOUNDARY_PLANE_XM_AND_XP Velocity PERIODIC

ZX_BOUNDARY_PLANE_YM_AND_YP Velocity PERIODIC

XY_BOUNDARY_PLANE_ZM_AND_ZP Velocity ZM_WALL_ZP_WALL

6. ZOEER LT DX )G 2T 5,

’ registered_field ‘ type ‘ name_of_region ‘ num_of_component ‘ io_flag ‘
Concentration Scalar | ALL_VERTEX | $(Number_of_Components) | 1
ElectricPotential | Scalar | ALL_VERTEX | 1 1
Pressure Scalar | ALL_VERTEX | 1 1
Velocity Vector ALL_EDGE 3 1
K_Field Vector | ALL_EDGE | $(Number_of_ Components) | 0

$(*)8(3)
Obstacle Scalar | ALL_VERTEX | 1 1

7. procedures_table_for_initiallization[]: Obstacle (2% L T READ_OBSTACLE_DATA % . Concentration
12X L C UNIFORM_WITH_NOISE &
SET_BOUNDARY_CONDITION % #JHA5fF & LCH#AT 5,

8. procedured_table_for_evolution[]: ElectricPotential iZ ELECTRIC_POTENTIAL_SOLVER:OBSTACLE
%z, K_Field IZ
GRADIENT_ELECTRO_CHEMICAL_POTENTIAL:OBSTACLE %. Velocity (T
SOLVE_STOKES_EQUATION_AND_PRESSURE:OBSTACLE % Z 1L Z 1@ 4 %,
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2.2 FREREEREREY S 2 L—4% Electrolyte_FEM DI FIEE

C O CIFARERERIC X 22k 2 2L —% Electrolyte_ FEM DIGHBIZ R T, 246 OIGHBNIIGT
5 AJJUDF 7 74 v, 1717 74 VA& MUFFIN3 ORARRD 7 4 L 2 V) MUFFIN3/sample/ELECTROLYTE_FEM
DUNIcRI@ER D74 L 7 b Y MUFFIN3/sample/ELECTROLYTE_FEM/EX01, EX02, ... %L L THOH LN TS,

2.2.1 [bFAfl1: SEROEHRE

Z WS 2 MO BMOSED L, Z DENHHET 2 BT O A 4 VIRE A L 82 1 ROt & LTEHE
T %, alB5tF1% Electrolyte FDM DA 1 L FERTH %,

[AZIUDF 7 7AJ]

MUFFIN3/sample/ELECTROLYTE_FEM/EX01/EX01_in.udf

[AF1 UDF f#5}]

e parameter.mesh_parameter:

IR % 4 713 “UNSTRUCTURED_RECT”, 2x2x64 47,

e parameter.physical_parameter|] :
NI RAXA=F “R"M” BLO “D” OMEITHGRMH CORBDOEY TH 5, RNFTRAXA—%
“DIELECTRIC_.CONSTANT” (% DielectricConstant ¥ DEDEE I I 415 (5 0 57 DIED Al
), 2—=¥EE T XA =% “Clinfinity” ZFHREOFREIHEHL TV 3,

e region.condition]]

Z J 1R D ElectricPotential 5 DEZHERSEFE L T L ICREL TWw 3,

e dynamics_manager.registered field]|

¥ Concentration, K _Field, ChargeDensity, DielectricConst ¥ & U} ElectricPotenatial fields % &% L C
W2, 8 Velocity, Pressure I3 Z OFITIZESRT 2 481X 72\,

e dynamics_manager.procedures_table_for_initialization][]

DielectricConstant #5(% “DIELECTRIC_CONSTANT_SETTING” THIHI{L X 112 23,
parameter.physical_parameter[] TEE I 172,37 X —% “DIELECTRIC_CONSTANT” Zffifl 4 %,
Concentration ¥ 1 “UNIFORM_CONCENTRATION” T#IHH{L I 8o X —%
“AVERAGED_ION_CONCENTRATION” Z{#H % 3%,

e dynamics_manager.procedures_table_for_evolution]]

ChargeDensityField 1

“CHARGE_DENSITY_DEPENDING_ON_ION_CONCENTRATION” IZ X - T Concentration ¥ & /<
TRA=% L D oEE E %, ElectricPotential (¥ ChargeDensity 2> 53R X415,

K_Field ¥ “GRADIENT_ELECTRO_CHEMICAL_POTENTIAL” Til& &#1%, Concentration %3
“SOLVE_ELECTROLYTE_WITHOUT_FLOW?” IZ X W IRfBRICEIHE S N %,
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2.2.2 HAG2: FEEMRICEHBSERILEEDK

Z OFFRCIZEM 24 O 7P (-2 558 MHEOEMRE DA 4 VIBESAEFIE T 5, +Z HRUIERN
SHEDIR D ST T NIV FHRIC o TR b D ET S (IEA A4 v EBA A v OREDF—I12 5T\ 3), Bzt
O FENE K DESG R T ¥ ¥ Lid Debye B A — ¥ — TIREBIBINIHE T 2, 315512 Electrolyte_ FDM
DGR 2 L EETH 5,

A1 UDF 7 71 JU]

MUFFIN3/sample/ELECTROLYTE_FEM/EX02/EX02_in.udf

[AF1 UDF f#5#]

e parameter.mesh_parameter:

Bk 4 713 “UNSTRUCTURED _RECT”, 2x2x64 77,

e parameter.physical_parameter|] :
NI RA—=F “R"M” BLO “D” OfEIZHGwRFEH CORBDOEY TH 5, T X —%
“DIELECTRIC_.CONSTANT?” |& DielectricConstant ¥ DfEDFE A S 12 (55 0 T DD A fifi
H)e T—HE&NT X —% “Clinfinity” Z FIREDOFEIHEHL T, 95D EDDI—HFELN
7 A —% “e_dPhin” I Concentration ¥ & ElectricPotenatial 3 DBEHRSGAFICHEHA I NS,

e region.condition]]
Concentration %50 Z JF TGS “ZMAX” OEIZEA A VRN L TEBHEICRE S L5,

ElectricPotential %50 “ZMIN” B 1x Neumann &% #H L (/87 X —% “e.dPhin” Z{#H L &
BiRT vy VARZ-1I1CT %) “ZMAX” B Cl3fEZ 0 £ %, ElectricPotential %30 “ZMIN” 4
Dftilx (B2 52 5,

e dynamics_manager.registered_field[]

% Concentration, K_Field, ChargeDensity, DielectricConst ¥ & O} ElectricPotenatial fields % &% L T
W3, % Velocity, Pressure 13 Z OHTI BT 2 46283 720,

e dynamics_manager.procedures_table_for_initialization]]

DielectricConstant #3513 “DIELECTRIC_CONSTANT _SETTING” THIHL X 413 A3,
parameter.physical _parameter[] TEF I 172,37 X —% “DIELECTRIC_CONSTANT” Z i d 5,
Concentration ¥ 13 “UNIFORM_CONCENTRATION” Tt S 185 X —%
“AVERAGED_ION_CONCENTRATION” Z {9 %,

e dynamics_manager.procedures_table_for_evolution]]

ChargeDensityField

“CHARGE_DENSITY_DEPENDING_ON_ION_CONCENTRATION” IZ & - T Concentration & & /%
T A= L P OEFIHEEN S, ElectricPotential 1% ChargeDensity 2> 651 H 3415,

K_Field & “GRADIENT_ELECTRO_CHEMICAL_POTENTIAL” TiIMRE X 41%, Concentration %%
“SOLVE_ELECTROLYTE_WITHOUT _FLOW” IZ X D lf& IS I 15,
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2.2.3 [AA3: FEHEMICHT ZERKE (BERSRE) R

FPICHB 2 DFFRE EFRIC Z HMOA F VIRESAZEE L, RIC X7 —EDRI OES % H
JRZ ko TERET NG 2 RESIE S, ZOHRIIERKSOLY I 2L —2aryTHY, UTFD
Smoluchowsky DX TEI N5, [1]:

up = “;CEO (2.1)

(
(R
A
IS

o

P
g
P
QA/
S
=
F?’f
[

&

pa
&

R ClX B, IRIERET, By BELOREI S TH S,

[A51 UDF 7 7 U]

MUFFIN3/sample/ELECTROLYTE_FEM/EX03/EX03_in.udf

[AF1 UDF f#5]

e parameter.mesh_parameter:

AR Y 4 713 “UNSTRUCTURED _RECT” T 3x2x64 43#l, X @ili/7 M {HITH 5,

e parameter.solver_parameter:

NI X =% “DTFOR.V’, “MAXITERATION_FOR_VELOCITY_SOLVER”.
£ LU “CONVERGENCE_CRITERION_FOR_VELOCITY_SOLVER” % Stokes Jfial 5O 72 & ITFE
ER-E

e parameter.common_physical_parameter:

DT=5.0e-2, FINAL_STEP=40000, and INTERVAL_OF _MONITORING=1 Z AJ]¥ %,
INTERVAL_OF _UDF_OUTPUT (& 4000 IZ3ET 505, ZDMEIZAT v 71 $TIE 1, A7y 72056
500, A7 v 7°2000 225 (% 10, AT v 772050 22513 4000 DX H AT 2=V v 73 NT»5

e parameter.physical_parameter|] :

K5 A—5% (KEY) | |
NUMBER_OF_COMPONENTS 2

Z 1,-1

R 3.89¢-2

M 4.33e-1

D 0.517
AVERAGED_ION_CONCENTRATION | 0.1, 0.1
EXTERNAL_ELECTRIC_FIELD 100.0,0.0,0.0

e region.condition|]
Concentration %50 Z JFTAGESH “ZMAX” OAEIZSA F ¥ BTN U TEBREICRE I L 5,
ElectricPotential 350 “ZMIN” 85213 Neumann S&fE 28 L (/87 X —% “e.dPhin” 2/ L T&E
BRT vy v VARLZ-1123 %) “ZMAX” BiRLClEfEz 0 £ T 5,

Velocity %1% “ZMIN” BEFLTX 0 1@ ET 5, Velocity 55D Y- B XN Z- D “ZMAX” IR DE b
BwE§oh, X idaid Lt:w)f\ LD X-FLoT D “IMAX” OEDEKIKEREZ 52 % 2 &
2%,
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e dynamics_manager.registered_field[]

DY IaL—F THHTESZITXRTOEZERL T3 (Concentration, K_Field, ChargeDensity,

DielectricConst, ElectricPotenatial, Velocity and Pressure),

e dynamics_manager.procedures_table_for_initialization]]

DielectricConstant %313 “DIELECTRIC_CONSTANT_SETTING” T#I{L X 115 23,
parameter.physical_parameter|[] TE#& I 117:/37 X —% “DIELECTRIC_CONSTANT” ZffifH7 %,
Concentration ¥ 1& “UNIFORM_CONCENTRATION” Tt Z 485 A =%
“AVERAGED_ION_CONCENTRATION” Zffifi$ %,

e dynamics_manager.procedures_table_for_evolution[].command_list[]

2 ODWEFERE 71— v “Solver A” & “Solver B” &8k L T\ 3%, 70y — ¥ “Solver A” 1D 7%
WIREETODA A4 Vi # L, 7as — % “Solver B” 13789 X —% “EXTERNAL_ELECTRIC_FIELD”
ThHZ o3 —ENBE LD D L TORBMEDWNEZEIHT 5, “Solver B” TlE, K Field Icav¥ F
“GRADIENT_ELECTRO_CHEMICAL_POTENTIAL_WITH_EXTERNAL_FIELD”

Z M L Velocity %513 Stokes it & L Tl I 1L 5, FHRIZ “Solver A” 225 FAGI 1. A7 v 772000 2>
5 “Solver B” &7 5,

2.2.4 [GRAfl4: BEEZF>YEOEID OEREDTTN (1)

B2 b o7 DRiA~) (Obstacle) 25, [ENARTH S SNERHOHNGHICEIrNT w5, €0l
Mot ZEERSEME L LTS 2 2 i X iR imEi B 35k T %,

D=0/
" e 6@
@
@<>®
0@0
00O
®

P=Po

©
PO

P=Po +AP Oleed
@
©

2.1: Electrolyte_ FEM: T E D1 O dE ks

[AJ1 UDF 771 JU]

MUFFIN3/sample/ELECTROLYTE_FEM/EX04/EX04_in.udf

[A71 UDF f#5#]

e parameter.mesh_parameter:

JEAR % 4 713 “UNSTRUCTURED _RECT” T 32x32x2 77,

e parameter.solver_parameter:
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N7 X =% “DTFORV", “MAXITERATION_FOR_VELOCITY_SOLVER”,
LU “CONVERGENCE_CRITERION_FOR_VELOCITY_SOLVER” % Stokes Wizl 5O 72 & ICEE

ER-E

e parameter.common_physical_parameter][]:

DT=0.1e-1, FINAL_STEP=600, INTERVAL_OF _MONITORING=1,
£ L O INTERVAL_OF_UDF_OUTPUT=100 Z A1 %,

e parameter.physical_parameter|] :

X5 R—% 4 (KEY)

NUMBER_OF_COMPONENTS

Z

R

M

D

DIELECTRIC_.CONSTANT
DIFFUSION_COEFFICIENT
AVERAGED_ION_CONCENTRATION
PARTICLE1_CHARGE

D_PRESSURE

1.0
3.0

— DIELECTRIC_CONSTANT D% 0 iR Z RIS T A —F R & M P 6RDTWE, Thbbilk

KA L 7SR 7 v v VO

M
AD = = za:zaca

73 Electrolyte FEM O ES K7 > > ¥ LD

1
AdD = —~Pe

€

BT 5 LI ICHFEERE2RDL LIRS,
DIELECTRIC_.CONSTANT D% 0 %471 DielectricConst 35D = gii{ba <> F
CONSTANT_DIELECTRIC_.CONSTANT TiX&ET % & ZIfliHI NS, H1RTDME1LIZZD

BAEfIHES NI Ltk 3,

— D_PRESSURE & X 0" PARTICLE1_CHARGE BHJHEZBEZE T A—FTHH., ZFh
region.condition[] TOENGHFEM ., R OBEMOfEETHHI NS,

e mesh.partial region]]

Z 2T 2 D DESIHEIE (partial region) " particle_1” ¥ X U\ particle_1_cells” 2SAJ17—% & L THRIY
IZ5-Z2 6T 2%, "particle 1” IZEMEER I BN K T OGS 2 HIREHRET (vertex)
D ID THE L., “particle_1_cells” (% (cell) D ID THE L T 5,

e region.condition]]

B, (Velocity) ICBI 9 2 5450F13 & 2 T3 S 41T 553 PhaseSeparation FDM DI 2 O Poiseuille

MOYE LAKTH %,
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name partial region field condition name ‘ value ‘
particle_.1_vx | particle_1 Velocity D_VX 0
particle_1_vy | particle_1 Velocity D.VY 0
particle_1_vz | particle_1 Velocity D.vZ 0
XMIN_P BOUNDARY Pressure D 3.0

_VERTEX_XMIN
XMAX_P BOUNDARY Pressure D 0
_VERTEX_XMAX
particle_1 particle_1 ChargeDensity D 0.1
_rho_e
C_infinity 0 | BOUNDARY Concentration D_CONSTANT_VALUE | 0,0.1
_VERTEX_YMIN _FOR_A_COMPONENT
C_infinity_1 BOUNDARY Concentration D_CONSTANT_VALUE 1,0.1
_VERTEX_YMIN _FOR_A_COMPONENT
C_infinity 0 | BOUNDARY Concentration D_CONSTANT_VALUE | 0,0.1
_VERTEX_YMAX _FOR_A_COMPONENT
C_infinity_1 BOUNDARY Concentration D_CONSTANT_VALUE 1,0.1
_VERTEX_YMAX _FOR_A_COMPONENT
C_infinity 0 | BOUNDARY Concentration D_CONSTANT_VALUE | 0,0.1
_VERTEX_XMIN _FOR_A_COMPONENT
C_infinity_.1 | BOUNDARY Concentration D_CONSTANT_VALUE | 1,0.1
_VERTEX_XMIN _FOR_A_COMPONENT
XMIN _phi BOUNDARY ElectricPotential | D 0
_VERTEX_XMIN
XMAX _phi BOUNDARY ElectricPotential | N.ZERO_ELECTRIC 0
_FACE_XMAX _CURRENT
Particle_attr | particle_1_cells Obstacle D_CONSTANT 1
_VALUE_FOR
_AN_INDEX

— particle_1_vx, particle_1_vy, particle_1_vz [Z&53 8 particle.1 THE SN2 i (vertex) LT
DHEIEZ X 0 IZRE S 5 Dirichlet T8, & TH2, TDLHITT S I LITL>TRIUK LT
M) BEWE L RN TF2HRETHILTE S,

— particle_1_tho_e 1& #/r5EIK particle 1 THE I 1L 5 i (vertex) RICEMZE T EZ2HFEL T
L p) % o

— Particle_attr (ZFEFEYIE Obstacle DAz HRITHHIE particle_1_cells THIE I 115 %3 (cell) L TX 1
TRWHELICRET 5, JIUTEREHORENET 2> FT 5 K Field 8 X U 85 VolumeFraction
(Z2TIEA A ViBESZ2ER T 2) ORET 2 < > BT Obstacle B DfHEAE 1 TR WEEDLL
BzfibwuXI)IlhoTws 2 LITHIET 5,

— Concentration 5 X 8 XY HIAEROMIE “XMAX” ZBRWVTTRTEHICIND (N7
B, B “XMAX” Tl&. ElectricPotential #512%f L THIA S
“N_ZERO_ELECTRIC_CURRENT” 2@H$ 2% Z & ¢ Wi#hdEN ) 12 & 28EH%2 5% L T Neumann
ST L T 5,

e dynamics_manager.registered_field[]



34 5 2E Electrolyte DILFAIEIE

DY IaL—FTHHTESTXRTOEZEHRL T (Concentration, K_Field, ChargeDensity,

DielectricConst, ElectricPotenatial, Velocity and Pressure),

e dynamics_manager.procedures_table_for_initialization[].command_list[]

% KR |
Pressure SET_ZERO
Velocity SET_ZERO

ChargeDensity | INITTALIZE_BY _PARTIAL_REGION_CONDITION
DielectricConst | CONSTANT _DIELECTRIC_CONSTANT
Concentration UNIFORM_CONCENTRATION

Obstacle SET_ZERO

Obstacle APPLY _PARTIAL_REGION_CONDITION

— ChargeDensity (&I EBEARGMTOIHLL T3, 21U X > TH 8K particle_1 123557 s
ff particle_1_rho_e 23 H I N TEMMPEZ 515,

— Obstacle 5l¥ 2>~ F SET_ZERO TwozAl¥uicwiiifbsnidbtawr F
APPLY _PARTIAL_REGION_CONDITION (2 & b #53 #Hi e Particle_attr 258 /H X 11 CHBo
THIH particle_1_cells Z5® 2 TREEY, & LTREINS,

e dynamics_manager.procedures_table_for_evolution[].command_list|]

’% ‘37VF

ChargeDensity CHARGE_DENSITY _DEPENDING_ON_ION_CONCENTRATION
ChargeDensity APPLY _PARTIAL_REGION_CONDITION

ElectricPotential | ELECTRIC_POTENTIAL_SOLVER

K_Field GRADIENT_ELECTRO_CHEMICAL_POTENTIAL

Velocity SOLVE_STOKES_EQUATION_AND_PRESSURE

Concentration SOLVE_ELECTROLYTE_WITH_FLOW

— %7 ChargeDensity %3034 4 VIRES D SR S, RICTE A 5EESEM: “particle_1 _tho_e” 3]
I NERST AN, “particle_1” DEMID—EMEICR 4L B,

2.2.5 A5 BERZE>PEOED DEREDTHN (2)

A2 b o 7 ERIRORLF (RN 2 £ > 7 BRIE O ZETEIR) 23, [EAARCHl S 2 S - ERE
DG PITEP TV S,

[A71 UDF 7 74 U]

MUFFIN3/sample/ELECTROLYTE_FEM/EX05/EX05_in.udf

[A#1 UDF f#i]

e parameter.mesh_parameter:

eIk % A4 71 “UNSTRUCTURED_INPUT” TH 3%, Ay aDT—FIZA v 28Ky —v MILK3
TN bDTH S (MILK D A7 —4 meshg inp.udf (ZFILC T4 L7 FVICH D)
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e parameter.solver_parameter:

N7 XA =% “DTFOR.V", “MAX_ITERATION_FOR_VELOCITY_SOLVER”.
£ XU “CONVERGENCE_CRITERION _FOR_VELOCITY _SOLVER” % Stokes #fiiaf & D 7z & IZ 3 E
ER-E

e parameter.common_physical_parameter][]:

DT=0.4e-2, FINAL_STEP=4000, INTERVAL_OF_MONITORING=1,
£ L O INTERVAL_OF_UDF_OUTPUT=500 Z AJ1§ %,

e parameter.physical_parameter]] :

X5 A —5 % (KEY) | it |
NUMBER_OF_COMPONENTS 2

Z 1,-1

R 3.89e-2
M 4.33e-1
D 0.517
DIFFUSION_COEFFICIENT 1.0, 1.0
AVERAGED_ION_CONCENTRATION | 0.1, 0.1
PARTICLE1_CHARGE 1.0
PRESSURE_DIFFERENCE 5.0

e mesh_coordinate, mesh_element,partial_region|]:

MILK3 THERI N/ A v aT—%,

e region.condition]]

LY (Velocity) I2BIT 2 4613 & 2 T34 S 41TV > % 23 PhaseSeparation_ FDM D) 2 @ Poiseuille
HoOBE L FAKETSH 5,

’ name ‘ partial region ‘ field condition name ‘ value ‘

particle_1_vx | BOUNDARY_VERTEX Velocity D_.VX 0
INTERNAL_SPHERE_0

particle_1 vy | BOUNDARY_VERTEX Velocity D.VY 0
INTERNAL_SPHERE_0

particle_1 vz | BOUNDARY_VERTEX Velocity D.vVZ 0
INTERNAL_SPHERE_0

XMIN_P BOUNDARY Pressure D 5.0
_VERTEX_XMIN

XMAX_P BOUNDARY Pressure D 0
_VERTEX_XMAX

XMIN _phi BOUNDARY ElectricPotential | D 0
_VERTEX_XMIN

XMAX phi BOUNDARY ElectricPotential | D 0
_VERTEX_XMAX

particle_1 BOUNDARY _FACE ElectricPotential | N 1.0

_rho_s INTERNAL_SPHERE_0
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— “particle_l_vx”, “particle_1_vy”, “particle_1_vz” IZZZHDOBRIRGEIR & DR S ECOMEEE ¥
DISRET 5,

—  “particle_1_rho_s” 13 ZEFADERRFIR DO RAE OB 2 RET 5,

Result of calculation

X 2.2.5 I UDF ICHE I E N7z wf& A 7 v 7@ ChargeDensity 505 EEZ R T, 2 DXIiZ GOURMET @
Viewer 7 4 >~ F7 1IZ Python A 27 YV 7 b MeshfieldShow.py % i/ L CTHili 11T\ 5%,

[ 2.2: Electrolyte FEM: BRIR D # Kz 1-[7] O o MBI 4L D 55 L 53 AR
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3.1 AREDEE
RENRFTA—=H

3.1.1 Electrolyte FDM DA A—5—§

37

B> S 2 L—4% Electrolyte FDM D350V YV

2T A —F DEHI

INT A= DR & MR T DR

NUMBER_OF_COMPONENTS

A 7V IRITE

AVERAGE_OF_CONCENTRATION

T DHIHIREE DI Coo

DEVIATION_FROM
_AVERAGE_CONCENTRATION

WIAMEIC G- 2% 7 £ ADOKEEZ (C,)

SEED_OF_RANDOM_NUMBER

IHEIC 523 ) 4 RAD 1O DELEDIE

CONCENTRATION_GRADIENT_ALONG_X

BEY C, D X 1718 Biased Periodic Condition
THAY 5 A0

CONCENTRATION_GRADIENT_ALONG_.Y

BEY C, DY 1A Biased Periodic Condition
THEHT 5 aN

CONCENTRATION_GRADIENT_ALONG_Z

BIEY: C,, @ Z J51H) Biased Periodic Condition
THH T 54

AVS_DATA FILE_NAME

AVS TEA T — % D> & IR EE S W10 %2
ANTBEEDT 74 NV4

BULK_CONCENTRATION

WRILS Co D23V 7 SIS T DB S 5 HE

POSITION_Y_OF _CUTTING_ZX_PLANE

D fEi% gnuplot MG T7 7 4 V1§ 21K

XZ Wil Y BEEL 7y 7 A

DIFFUSION_COEFFICIENT

F R DILHUREL D,

ACCELERATION_VALUE
_FOR_E-POTENTIAL

BHRT V¥ v VEHE D 72 DK

MAX_ITERATION_FOR
_E-POTENTIAL_SOLVER

BHRT Vo v VRO 7 O DR KD K L

CONVERGENCE_CRITERION
_FOR_E-POTENTIAL

BEH R T v > v VEMR O IHCHE fE

MONITORING_INTERVAL_OF
_E-POTENTIAL_SOLVER

BHRT v > v L ONHURIE = & — [k

ELECTRIC_POTENTIAL_GRADIENT

BERT v v VA ORI il

ELECTRIC_POTENTIAL
AT YZ_PLANE_XM

BGAT vy vy VEBSYE (YZ O —X #l)

ELECTRIC_POTENTIAL
AT YZ PLANE_XP

BHAT vy v VESYE (YZ D +X )

ELECTRIC_POTENTIAL

AT vy 2 VEBISUE (ZX o -y )
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AT ZX PLANE_YM

ELECTRIC_POTENTIAL
AT ZX PLANE_YP

BHAT v v VBRI (ZX 1O +Y )

ELECTRIC_POTENTIAL
AT XY _PLANE_ZM

BHAT v > v VB (XY O —Z )

ELECTRIC_POTENTIAL
_AT XY _PLANE_ZP

YR T vy v VEIRE (XY 1D +2Z fil)

CONSTANT_TERM_OF
_ELECTRIC_POTENTIAL
_OSCILLATION_AT_YZ_PLANE_XP

S IRE AT AT
d)(m? Y, Z)|Boundary = ¢o + 5QJ) . Sin(wt)
TD ¢ (YZED +X )

AMPLITUDE_OF_ELECTRIC_POTENTIAL
_OSCILLATION_AT_YZ_PLANE_XP

BEFIRBIFEN D do(Y Z 1D +X i)

FREQUENCY_OF_ELECTRIC_POTENTIAL
_OSCILLATION_AT_YZ_PLANE_XP

BiIFIRBEN MO w(Y Z D +X )

GRADIENT_OF _E-Potential
_AT_YZ_PLANE_XM

BHAT vy v VAROBIFUE (YZ T —X )

GRADIENT_OF_E-Potential
_AT YZ_PLANE_XP

BEET > > v VAROBIRA (Y Z D +X H)

GRADIENT _OF _E-Potential
_AT ZX_PLANE_YM

BHRT Vv VAROERE (ZX D —Y )

GRADIENT _OF _E-Potential
_AT ZX_PLANE_YP

BHAT v v VARLOBFYE (ZX HD +Y )

GRADIENT_OF _E-Potential
_AT XY _PLANE_ZM

BEET v v VAR OEEFRE (XY D —Z )

GRADIENT_OF _E-Potential
_AT XY _PLANE_ZP

YR T V> v VAROBIRE (XY T +2 il

SURFACE_CHARGE_ON_OBSTACLE

B (KL 1) DKM

Z

HA A VBRI DEMEL Z,,

R FEIAVF— LIV X DI R=e®g/kpT
M M (X (1.18))

D D (3% (1.21))

OBSTACLE_DATA _FILE FEEY) (K1) MLEERZ AT 27 74 V4
NUMBER_OF_COMPONENTS BRITEL

MONITORING_INTERVAL_OF
_PRESSURE_SOLVER

NG R O PHUR DT = & — kg

ACCELERATION_VALUE_FOR
_PRESSURE_SOLVER

35 5D fk A

MAX_ITERATION_FOR
_PRESSURE_SOLVER

NG DR D IR L

CONVERGENCE_CRITERION
_FOR_PRESSURE_SOLVER

FE 155515 o0 IR A il

PRESSURE_GRADIENT

J£ /13512 Biased Periodic Condition Z#H T % &£ &D

BRI o=

PRESSURE_AT_YZ_PLANE_XM

ENBO5ETRE (Y Z Hio —X 1)
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PRESSURE_AT_YZ PLANE XP

JEASO55HE (Y Z 1D +X

PRESSURE_AT ZX PLANE_YM

FEAS D55 HE (ZX D —Y

PRESSURE_AT_ZX PLANE_YP

PRESSURE_AT_XY_PLANE_ZM

EHGOBERE (XY o —Z

PRESSURE_AT_XY_PLANE_ZP

( )
( )
JENS D55 HE (ZX D +Y )
( )
( )

EHGOBERE (XY o +Z

CONSTANT_VALUE_OF_P
_OSCILLATION_AT
YZ_PLANE_XP

S SUIREN I S
P(Iv Y, Z)|Boundary = Po + OP - Sin(wt)
TO P (YZHD +X )

AMPLITUDE_OF_P
_OSCILLATION_AT_YZ_PLANE_XP

SEYURBIE S0 P(Y Z O +X )

FREQUENCY_OF_P
_OSCILLATION_AT_YZ_PLANE_XP

BiFURENE 155D w(Y Z D +X i)

VELOCITY_RAW_DATA _FILE

HWEE 7 7 A VAT T 5 EED
AB7 74 0%

SKIP_INTERVAL
_VELOCITY_CALCULATION

HEEGEE AL Z ORI A 7 v 793247 )

VX_AT_YZ_PLANE_XM

WL X oy OBE (Y Z 1D —X i)

VY_AT_YZ_PLANE_XM

WEY B OBEFE (YZ D —X

VZ_AT_YZ_PLANE_XM

)
WL Z Ry D¥ESYE (Y Z D —X )

VX_AT_YZ_PLANE_XP

ML X 5T DY (Y Z D +X )

VY_AT_YZ_PLANE_XP

HEEY Wy DESYE (Y Z D +X

VZ_AT_YZ_PLANE_XP

)
MWL Z oy DEEFUE (Y Z 11D +X i)

VX_AT ZX_PLANE_.YM

W X KT DEFUE (ZX D —Y {ll)

VY_AT_ZX_PLANE_YM

WY AT OB E (ZX o —Y )

VZ_AT_ZX_ PLANE_-YM

S Z RSy DEIRE (ZX TD —Y )

VX_AT ZX PLANE_YP

WL X BT DSESHE (ZX D +Y i)

VY_AT ZX PLANE_YP

HUE Y A OBIE (ZX 9 +Y )

VZ_AT ZX_ PLANE_YP

WL Z Ry DBESHE (ZX 0D +Y i)

VX_AT XY _PLANE_ZM

WL X KT DEESYE (XY 1D —Z i)

VY_AT XY _PLANE_ZM

WY Wy DESYE (XY 1D —Z fll

VZ_AT _XY_PLANE_ZM

)
A Z 1% 5 OB (XY 0 —Z fl)

VX_AT XY _PLANE_ZP

WL X 5T DBESYE (XY 11D +Z )

VY_AT XY _PLANE_ZP

VZ_AT_XY_PLANE_ZP

HEEY BT DESUE (XY 11D +2Z )
WL Z 1oy DBESHIE (XY 1D +Z i)

MONITORING_INTERVAL_OF
_VELOCITY_SOLVER

MR SO PRI € = & — [k

ACCELERATION_VALUE_FOR LR E O ME KR T
_VELOCITY_SOLVER
CONVERGENCE_CRITERION_FOR TGRS i

_VELOCITY_SOLVER

MAX_ITERATION_FOR
_VELOCITY_SOLVER

LGRS D BRORHE D IR L
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3.1.2 Electrolyte FDM DOFIATERIZD—E

| o4 [ ok & BT oL
Concentration BEYS C,
ElectricPotential | EHRT v ¥ ¥ IV &
K _Field A T o
Pressure H71% P
Velocity RS, v
Obstacle RE Y

3.1.3 Electrolyte FDM QNI Y Y R—&

Concentration : =EiH AV RK—&

’ Concentration ‘ 0y

WL "READ_AVS_DATA”

wIHIL ” ADD_NOISE”

wIHIL "UNIFORM”

#IHHL "UNIFORM_WITH_NOISE”

#IHHL "LINEAR_ALONG _X _Direction”

wIHIL "LINEAR_ALONG._Y _Direction”

Wk "LINEAR_ALONG_Z_Direction”

(AR ”SOLVE_DIFFUSION_EQUATION_WITH_FLOW”
IR I ”SOLVE_DIFFUSION_EQUATION_WITHOUT_FLOW?”
figeti "OUTPUT_SNAPSHOT_IN_AVS_FORMAT”

figeti "OUTPUT_SNAPSHOT_IN_.GNP_FORMAT”

AFEA BE 25 "RETURN_TRUE_FUNC”

AT EE % "TRUE_AT_A_CONSTANT_INTERVAL_TIME”

1. Concentration #JHA{t ¥

4R "READ_AVS_DATA”

FERE AVS AT — % 2 5 RIS 0IAfEZ AT %,
WEF/ 85 A —% | AVS_DATA _FILE_NAME

B4 » ADD_NOISE”

A BRSNS VLI ) A REMA B,

- L T\ 53 | Obstacle
W85 X —% | DEVIATION_FROM_AVERAGE_CONCENTRATION
W78 9 X —% | SEED_OF_RANDOM_NUMBER

4R »UNIFORM?”
BEhE BIRGY DIERE % 22 —F OE I I T %,
Wt N7 X —% | AVERAGE_OF_CONCENTRATION




3.1.

BRESEEBEREY S 21 L—4% Electrolyte FDM DFEDIAY Y REINTA—F

41

g4y

»UNIFORM_WITH_NOISE”

i

FR o7 DI % 22 IS —E DI L Th o/ A Xz A %,

TEL T2

Obstacle

#WetF 85 A —4% | DEVIATION_FROM_AVERAGE_CONCENTRATION
WAt 89 A —4 | SEED_.OF_ RANDOM_NUMBER

#7837 A —% | AVERAGE_OF_CONCENTRATION

E20n "LINEAR_ALONG _X _Direction”

FRe X AN —E0ait %z b O mIc it %,
W N7 A —% | CONCENTRATION_GRADIENT_ALONG_X
HWetF N7 A —% | AVERAGE_OF_CONCENTRATION

AN "LINEAR_ALONG._Y _Direction”

PEne Y $l5c —~E DAL E b oA Ik 5,
WefF8 9 A —4 | CONCENTRATION_GRADIENT_ALONG.Y
#t7/$9 A —% | AVERAGE_OF_CONCENTRATION

F2yn »LINEAR_ALONG _Z_Direction”

FRe Z W1 —E D AR % b OF I T %,
#t7/8 9 A —% | CONCENTRATION_GRADIENT_ALONG_Y
#t7,89 A —% | AVERAGE_.OF_CONCENTRATION

2. Concentration FFEFEEBIVYV K il

ik

”SOLVE_DIFFUSION_EQUATION_WITH_FLOW?”

hE

A 7 VIREES DOFLIR % & GIREOT 2 7 <

B ==V (vCa) =V - Jq

fE L T 55 | Velocity

HFEL T3 | K Field

WFe5 A —% | DT

#t7/8 9 A —% | CONCENTRATION_GRADIENT_ALONG_X

Wt N7 A —% | CONCENTRATION_GRADIENT_ALONG.Y

Wi 87 A —% | CONCENTRATION_GRADIENT_ALONG_Z

#t7/$ 7 A —4% | BULK_.CONCENTRATION

F2YN »SOLVE_DIFFUSION_EQUATION_WITHOUT_FLOW?”

BHE A F VIRELOROIR % & F 2 WILEOT A % i <
o = V- J,

REL T3 | K Field

fF/ 7 A =% | DT

WetF N7 A —% | CONCENTRATION_GRADIENT_ALONG_X

WAfF8 7 A —4 | CONCENTRATION_GRADIENT_ALONG.Y

#A7/89 A —% | CONCENTRATION_GRADIENT_ALONG_Z

#WAtF 87 A —% | BULK_.CONCENTRATION

3. Concentration 55 (BB tEESRY) il
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Ry I

| dug

PERIODIC

JH S SR A

BIASED _PERIODIC

Biased Periodic #54:

XM_WALL_XP_WALL

—X B+ X BiFT &b ICBERIBE A

XM_WALL_XP_BULK

—X BiSUCEERIBI RS, + X BISToNL 7 BERAAE

XM_BULK__XP_WALL

—X BRIV 7 BRSAE, + X B CRE B ST

XM_BULK_XP_BULK

X R X BRI I BEREM

YM_WALL__YP_WALL

—Y BSR4y BiRT L b ICBERIBE R S

YM_WALL_YP_BULK

Y BiStCBEMIBISARAT, +Y B ToL 7 AT

YM_BULK_YP_WALL

=Y BTV 7 SRS, +Y S CRER AT

YM_BULK__YP_BULK

—Y B +Y BT & ISV 7 BERGA

Z_-WALL_ZP_WALL

—7 B + 7 BT & b ICBERIE AT

ZM_WALL_ZP_BULK

— 7 BiFUCREMBESERAE, +2Z BT 7 BSSAE

ZM_BULK_7ZP_WALL

—Z BiFLTo0L 7 BT, +Z BiSCREm AR

ZM BULK_ZP BULK | —Z ER +Z RT3V 7 5ERENt

4. Concentration S~V K 5

Z% | OUTPUT_SNAPSHOT_IN_AVS FORMAT”
B&RE | AVS JE3U (field-data) CTRMEAERZ 7 7 4 VI § %,
4R »OQUTPUT_SNAPSHOT_IN_GNP_FORMAT?”
Fne gnuplot THRRNTE LW THERBIEZ 7 7 A VT 5%,
Wt/ 85 A —% | POSITION_Y_OF_CUTTING_ZX_PLANE
5. Concentration SHfidv > K i
2% | P RETURN_TRUE_FUNC”
g | WICEDEZIRT,
Z DA% —E R RN AT & AT L A I Hw s S,

P4 "TRUE_AT_A_CONSTANT_INTERVAL_TIME”
BEHE —EREA Ty 7L ICEOERIRET
KH N7 A —4% | FINAL_STEP
W78 A —% | DIVISION_.NUM1

ElectricPotential : BIBERTV Y vILE AV R—E

|

ElectricPotential ‘ AN

IR b2 "ELECTRIC_POTENTIAL_SOLVER”

IRF [ 7 F2 "ELECTRIC_POTENTIAL_SOLVER:OBSTACLE”
figett "OUTPUT_SNAPSHOT_IN_AVS_FORMAT”

figte "OUTPUT_SNAPSHOT_IN_AVS_FORMAT:E-FIELD”
figetre "OUTPUT_SNAPSHOT_IN_GNP_FORMAT”
AR "RETURN_TRUE_FUNC”
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1. ElectricPotential BfEIEEIVY > K il

E2YN »ELECTRIC_POTENTIAL_SOLVER”
F&ne HERT VY vl & % Maxwell HRERICH I ERD 2,
R I3 D IR Lk (SOR) Z v %

W87 A —% | ACCELERATION_VALUE_FOR_E-POTENTIAL

Wt N7 A —% | MAXITERATION_FOR_E-POTENTIAL_SOLVER

WeAtF 89 A —4 | CONVERGENCE_CRITERION_FOR_E-POTENTIAL

#t7,87 A —% | MONITORING_INTERVAL_OF_E-POTENTIAL_SOLVER

W87 A —% | ELECTRIC_.POTENTIAL_GRADIENT

#etF 89 A —4% | ELECTRIC_.POTENTIAL_AT_YZ_PLANE_XM

#eAtF 89 A —4 | ELECTRIC_POTENTIAL_AT_YZ PLANE_XP

#f7,$9 A —% | ELECTRIC_.POTENTIAL_AT_ZX_PLANE_-YM

Wt V7 A —% | ELECTRIC_POTENTIAL_AT_ZX PLANE_YP

#etF 89 A —4% | ELECTRIC_.POTENTIAL_AT XY _PLANE_ZM

#t7,89 A —% | ELECTRIC_POTENTIAL_AT_XY_PLANE_ZP

#A7/8 9 A —% | CONSTANT_TERM_OF_ELECTRIC_POTENTIAL_OSCILLATION
_AT_YZ_PLANE_XP

#HA7/85 A —% | AMPLITUDE_OF_ELECTRIC_.POTENTIAL_OSCILLATION
_AT_YZ_PLANE_XP

#A7/89 A —% | FREQUENCY_OF_ELECTRIC_POTENTIAL_OSCILLATION
_AT_YZ_PLANE_XP

WetF 89 A —% | GRADIENT_OF_E-Potential AT_YZ_PLANE_XM

#t7,$7 A —% | GRADIENT_OF_E-Potential AT_YZ_PLANE_XP

Wt N7 A —% | GRADIENT_OF_E-Potential AT_ZX_PLANE_YM

#etF N9 A —% | GRADIENT_OF_E-Potential AT_ZX_PLANE_YP

WeAtF 89 A —4% | GRADIENT_OF_E-Potential AT_XY_PLANE_ZM

HAFIRT A =5

GRADIENT_OF_E-Potential AT_XY_PLANE_ZP
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"ELECTRIC_POTENTIAL_SOLVER:OBSTACLE”

HERT Y vl & 2 Maxwell FERICIHEDI S KD 5,
Obstacle(FEY) B DA€ 1 TR WETIZFIRENR LT, ZORETDE
MEM M2 HARMEE T2 ENTES,

LT 25

Obstacle

HAFRT A =5
AR T R =5
AP T X =%
AP T A =5
HAFRT A =5
AT R =25
AF o7 X =%
HAFRT A =5
AR T X =5
A S 4
AF T X =%
HAFRT A =5

TR =5

HAFNT A =5

AF T X =%
AP T A =5
HAFRT A =4
AR T X =5
AF T X =%
HAFNT A =5
AR T X =5

ACCELERATION_VALUE_FOR_E-POTENTIAL
MAX_ITERATION_FOR_E-POTENTIAL_SOLVER
CONVERGENCE_CRITERION_FOR_E-POTENTIAL
MONITORING_INTERVAL_OF_E-POTENTIAL_SOLVER
ELECTRIC_POTENTIAL_GRADIENT
ELECTRIC_POTENTIAL_AT_YZ_PLANE_XM
ELECTRIC_.POTENTIAL_AT_YZ_PLANE_XP
ELECTRIC_POTENTIAL_AT_ZX_PLANE_YM
ELECTRIC_POTENTIAL_AT_ZX_PLANE_YP
ELECTRIC_POTENTIAL_AT XY _PLANE_ZM
ELECTRIC_.POTENTIAL_AT XY_PLANE_ZP
CONSTANT_TERM_OF_ELECTRIC_POTENTIAL_OSCILLATION
_AT_YZ PLANE XP
AMPLITUDE_OF_ELECTRIC_POTENTIAL_OSCILLATION
_AT YZ_PLANE_XP
FREQUENCY_OF_ELECTRIC_POTENTIAL_OSCILLATION
_AT_YZ PLANE XP
GRADIENT_OF _E-Potential AT_YZ_PLANE_XM
GRADIENT_OF _E-Potential AT_YZ_PLANE_XP
GRADIENT_OF _E-Potential AT_ZX PLANE_YM
GRADIENT_OF _E-Potential AT _ZX PLANE_YP
GRADIENT_OF _E-Potential AT_XY_PLANE_ZM
GRADIENT_OF _E-Potential AT_XY_PLANE_ZP
SURFACE_CHARGE_ON_OBSTACLE

2. ElectricPotential 35 5& M (BB fEISSY) 544
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B | fug
PERIODIC S ABE A SeE

BIASED_PERIODIC

Biased Periodic ¥ H54:

XM_NEUMANN_XP_NEUMANN

—X R 4 X B C L HIZ Neumann &

XM_NEUMANN_XP _DIRICHLET

— X BT Neumann Z&fF, +X 5% C Dirichlet 4

XM_DIRICHLET__XP NEUMANN

— X 5 Dirichlet &4, +X #54T Neumann 5

XM_DIRICHLET__XP_DIRICHLET

—X BH 4+ X BR T L BT Dirichlet £

OSCILLATORY

Pﬁ%ﬂ% jiﬁﬁ‘%ﬁ: (b(lv Y, Z) |Bounda7‘y = (bo + 5(725 : Sin(Wt)

YM_NEUMANN_YP_NEUMANN

—Y B +Y BERT & 12 Neumann &

YM_NEUMANN_YP_DIRICHLET

—Y Bi%C Neumann &£, +Y 55 C Dirichlet 454

YM_DIRICHLET__YP_NEUMANN

—Y Bi%C Dirichlet &, +Y 55 C Neumann Z&ff

YM_DIRICHLET_YP_DIRICHLET | —Y #i5 +Y $55¢C & $IZ Dirichlet 5&ff

ZM_NEUMANN_ZP NEUMANN —Z B+ 7 BT & b IZ Neumann &/

ZM_NEUMANN__ZP _DIRICHLET —7 BT Neumann 5§5fF. +7Z 55 C Dirichlet Z&fF:

ZM_DIRICHLET_ ZP_NEUMANN — 7 ¥i%LC Dirichlet 5&fF. +7Z 8i%C Neumann 5&fF

ZM_DIRICHLET_ZP DIRICHLET | —Z 3 +Z 3T & %1 Dirichlet £

3. ElectricPotential ##tra~v > K 5%

4 »OQUTPUT_SNAPSHOT_IN_AVS_FORMAT?”
A9 AVS JER (field-data) CEIEASREZH T 5,

- L T\ 33 | Obstacle

4% | ?OUTPUT_SNAPSHOT_IN_AVS_FORMAT:E-FIELD”
BRE | BYE X7 PV E = —Vo¢ % AVS B (field-data) THIJIT %,

4R POQUTPUT_SNAPSHOT_IN_GNP_FORMAT?”
F&ne gnuplot THRRNTE WA THEEREZ 7 7 A VHETIT 5,
#AF8 9 A —4 | POSITION_Y_.OF_CUTTING_ZX_PLANE

4. ElectricPotential §Mlid~ >V K il

4% | "RETURN_TRUE_FUNC”

fREE | WicHOEZIRT,

Z DB —E R R AT 2 AT L Wi a It o s,

K _Field : fiKiE AV K—&

] K_Field \ 4
wIHAL "SET_ZERO”
HrFE | ”GRADIENT _ELECTRO_CHEMICAL POTENTIAL”

HrFE | ”GRADIENT ELECTRO_CHEMICAL_POTENTIAL:OBSTACLE”

1. K_Field #1831t ¢4
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Obstacle :

4R | ”SET_ZERO”

HaE | iz oIciET %,

2. K_Field KFEFEEBIVY > K i
Ea N »GRADIENT_ELECTRO_CHEMICAL POTENTIAL”
FERE HEAF v ORKRGEHET S, VO +R 2,0,V

LT\ 5 | ElectricPotential

Wt A—% | R

L "GRADIENT ELECTRO_CHEMICAL POTENTIAL:OBSTACLE”
FRE BA I v OWKY; 2557 %, Obstacle(FEY)) L DAL 0 TR WG

BuREed, 20oXAETn - K,=08%259127 3,

AL T\ 38 | Obstacle
A7 LT\ 5 | ElectricPotential

WEFEN N7 A =% | R

3. K_Field SB5H &M (BB fEIESH) 544

By SIS T

| s

PERIODIC

Ji S5 S 2

XM_WALL__XP_WALL

—X Bt 4+ X BT & b ICEERE ST

XM_WALL_XP_BULK

— X BYUCREBSSAE, + X BT 7 BT

XM_BULK__XP_WALL

—X BTV 7 BERSATE, + X B CRERIBE AT

XM_BULK_XP_BULK

X B X BERT L TN L 2 RS

YM_WALL__YP_WALL

Y B 4y BRT L b ICEEm B LA

YM_WALL_YP_BULK

—Y BESCCBEMBIAEAT, +Y B ToL 7 BSAE

YM_BULK__YP_WALL

—Y STV 7 BIRGAE, +Y BESCREm S SR

YM_BULK_YP_BULK

Y B 4y BRTE LI IR

Z_-WALL_7ZP_WALL

—Z W+ 7 BT L b ICRE B S

ZM_WALL_ZP _BULK

— 7 SESCBEmMBIS AT, +Z BEF T 7 BT

ZM_BULK_ZP_WALL

—Z BEFToNV 7 BG4+ 7 S5 CRE B AT

ZM_BULK__ZP BULK

—ZBR L Z BRT L IV IR

BEEYE AV R—E

’ Obstacle ‘ #F

[ 4t | "READ_OBSTACLE DATA”

1. Obstacle #1831t ¥4

€4 "READ_OBSTACLE_DATA”

Fne Obstacle(FEEY)) LDz 7 7 4 V> S AA A THIFNL T 2,

W77 A —% | OBSTACLE_DATA FILE
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Pressure : [EAE AV RK—E

’ Pressure ‘ AN

WL "SET_ZERO”

K6 | ”SOLVE_PRESSURE”

Fp%E | ?CALCULATE _SOURCE_FIELD”

FfEFEE | ”ONE_ITERATION”

¥ E | ”SOLVE_PRESSURE_WITH_PARTICLES”

fiEAT ?OUTPUT_SNAPSHOT_IN_GNP_FORMAT”

fiEAT »OUTPUT.SNAPSHOT_IN_AVS_FORMAT”

aHifiES%c | "RETURN_TRUE_FUNC”

1. Pressure #]H31t ¥4

%45 | ”SET_ZERO”

HEE | i o IciRET %,

2. Pressure FAFERIY > K il

R »SOLVE_PRESSURE”
R £ 155 % Poisson HRER DR DR L L TEET 5,
Vip=V-[Vn{Vv+ (Vv)'})]+V - K

fiKfE L T 58 | Velocity

REL T\ 54 | K Field

#t7/89 A —% | ACCELERATION_VALUE_FOR_PRESSURE_SOLVER

Wt N7 A —% | MAXITERATION_FOR_PRESSURE_SOLVER

#t7,87 A —% | CONVERGENCE_CRITERION_PRESSURE_SOLVER

#f7,$ 7 A —% | MONITORING_INTERVAL_OF _PRESSURE_SOLVER

fF, 87 A —% | VISCOSITY

#f7,87 A —% | PRESSURE_GRADIENT

#eAfF8 7 A —4% | PRESSURE_AT_YZ_PLANE_XM

#7837 A —% | PRESSURE_AT_YZ_PLANE_XP

W87 A —% | PRESSURE_AT_ZX_PLANE_YM

#etF 87 A —4% | PRESSURE_AT_ZX_PLANE_YP

WAfF8 7 A —4% | PRESSURE_AT_XY_PLANE_ZM

#7837 A —% | PRESSURE_AT_XY_PLANE_ZP

W N7 A —% | CONSTANT_TERM_OF_PRESSURE_OSCILLATION
_AT_YZ_PLANE_XP

#t7,89 A —% | AMPLITUDE_OF _PRESSURE_OSCILLATION
_AT_YZ_PLANE_XP

Wt N7 A —% | FREQUENCY_OF _PRESSURE_OSCILLATION
_AT_YZ_PLANE_XP
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En » CALCULATE_SOURCE _FIELD”

Fng £ 7155 Poisson HEERD Y — RTHDEHA

E L TWwWaBY; | Velocity

KAFEL T2 | K Field

HFE 85 A —% | CA

E2%i »ONE_ITERATION”

HnE 7185 Poisoon JifRl D D iR UL T DR L—\la D,
#t7,87 A —% | ACCELERATION_VALUE_FOR_PRESSURE_SOLVER
#f7$7 A —% | MAXITERATION_FOR_PRESSURE_SOLVER
#t7,87 A —% | CONVERGENCE_CRITERION_FOR_PRESSURE_SOLVER
#t7,8 9 A —% | MONITORING_INTERVAL_OF _PRESSURE_SOLVER
E2%i »SOLVE_PRESSURE_WITH_PARTICLES”

e

J+.7135 Poisson Jif#:\% Obstacle(FEEY)) H03€ 0 THWLETITOWTHL,

WAL T2

Obstacle

HAFNT A =5
AR T X =5
AT R =5
Ao X =%

AR T X =5

AT X =%

AR T X =5
AF T X =%
o X—%
HAFRT A =5
AR T X =5

PRESSURE_GRADIENT
PRESSURE_AT_YZ_PLANE_XM
PRESSURE_AT_YZ PLANE_XP
CONSTANT_TERM_OF_P_OSCILLATION

AT YZ PLANE_XP
AMPLITUDE_OF _P_OSCILLATION

_AT_YZ PLANE _XP
FREQUENCY_OF_P_OSCILLATION

AT YZ PLANE_XP
NUMBER_OF_COMPONENTS
ACCELERATION_VALUE_FOR_PRESSURE_SOLVER
MAX_ITERATION_FOR_PRESSURE_SOLVER
CONVERGENCE_CRITERION_FOR_PRESSURE_SOLVER
MONITORING_INTERVAL_OF _PRESSURE_SOLVER

3. Pressure JRFRFEM (BRSO MEESEM) S5
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o RS

Bz

PERIODIC

SR e

BIASED_PERIODIC

Biased Periodic #4454

XM_WALL__XP_WALL

XM_WALL_XP_PRESSURE_SET
XM_WALL_XP_VELOCITY_SET
XM_PRESSURE_SET_XP_WALL
XM_PRESSURE_SET_XP_PRESSURE_SET
XM_PRESSURE_SET_XP_VELOCITY_SET
XM_VELOCITY_SET__XP_WALL
XM_VELOCITY_SET_XP_PRESSURE_SET
XM_VELOCITY_SET_XP_VELOCITY_SET

— X B+ X BT o GO BERIBE RS 2 7§
kY ICHENEFE (T 2hz TEEmBERS:, &
FLk)

— X HESLCREISSEME, + X R CEERGE
— X HEFLCREIESSEME, + X SR O R E
— X BiSCCTHEMERGE., +X B CREMmBE S
—X B + X BRI EsE

— X BHCCHMERE + X BT AR

— X BERCHEERE . +X B CREMBE AT
— X BHCCHEEERE + X BRCHEIMERE
—X B + X B M fERE

OSCILLATORY _BIASED_PERIODIC

+ X BRCIRBIE IR RS, - X BERTIEP=0

YM_WALL_YP_WALL

YM_WALL_YP PRESSURE_SET
YM_WALL_YP_VELOCITY_SET
YM_PRESSURE_SET__YP_WALL
YM_PRESSURE_SET__YP_PRESSURE_SET
YM_PRESSURE_SET__YP_VELOCITY_SET
YM_VELOCITY_SET__YP_WALL
YM_VELOCITY_SET__YP_PRESSURE_SET
YM_VELOCITY_SET__YP_VELOCITY_SET

Y BiS +Y B CRERBEAA T

—Y BESUCHBEMBIAAAT, +Y BT ERGE
—Y BESUCHEMBIIAAT, +Y B TR
—Y BSCCIEIMERGE . +Y Bt CRERBI AT
Y BiS +Y BT ERE

—Y BSCIEIMERRE Y BiS O RS
—Y BESCCHEMEROE, +Y BESCREm B AT
—Y R CHEERE +Y BT ERGE
—Y BiSt +Y B MR

ZM_WALL_ZP_WALL

ZM_WALL_ZP PRESSURE_SET
ZM_WALL_ZP_VELOCITY_SET
ZM_PRESSURE_SET__ZP_WALL
ZM_PRESSURE_SET_ZP_PRESSURE_SET
ZM_PRESSURE_SET__ZP_VELOCITY_SET
ZM_VELOCITY_SET__ZP_WALL
ZM_VELOCITY_SET__ZP_PRESSURE_SET
ZM_VELOCITY_SET__ZP_VELOCITY_SET

—Z Bi5t + 7 B CRER B A

— 7 BiFUCCREmBEARAE, + 2 BT R
— 7 BiSCCREMSBESERAT, + 2 B TR
—Z BSCCIEMERGE . +Z Bt C BRI SRR A AT
—Z B35t + 7 BiFCCHE N EEGE

—Z SBiFUCIEMEROE +Z S5 CH BT
—Z BiSCCHIEEROE, +Z B CRERIBE ST
—Z ST EEEROE +Z S CHE RS
—Z Bi5t + 7 BT RO

4. Pressure BTV K 3£

I »OUTPUT_SNAPSHOT_IN_GNP_FORMAT”
Kng gnuplot TERAARELRTEAT7? 74 VHEIT 5,
#ef7,87 A —% | POSITION_.Y_OF_CUTTING_ZX_PLANE

E22i »OUTPUT_SNAPSHOT_IN_AVS_FORMAT”
3514 AVS R (field-data) CRlBASE R A2 T 5,
#7837 A —% | NUMBER_OF_COMPONENTS

5. Pressure FMliOd~Y > K i
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48 | ’RETURN_TRUE_FUNC”
FERE | WICEOMEZIRT, Z OBIBIE—ERHARE CHIT 2 2T L wGaIcHvw s s,
Velocity : #EEH AV F—E
’ Velocity ‘ EAN
WL, "SET_ZERO”
w1k "READ_VELOCITY_RAWDATA”
Wi ¥6E | ”SOLVE_STOKES_EQUATION”
FiEFE | ”SOLVE_STOKES_EQUATION_AND_PRESSURE”
WRifii%E | ”SOLVE_STOKES_EQUATION_AND_PRESSURE:OBSTACLE”
figete "OUTPUT_SNAPSHOT_IN_RAW_FORMAT"”
figete "OUTPUT_SNAPSHOT_IN_AVS_ FORMAT”
figetre "OUTPUT_SNAPSHOT_IN_.GNP_FORMAT”
FEAMRE% | "RETURN_TRUE_FUNC”

1. Velocity #18{t =¥

4% | »"SET_ZERO”

HERE | HERZ P LY RICRET S,

EA0N "READ_VELOCITY_RAWDATA”

Hne HE S oM E 774 L2 65 AT 5 ("OUT-
PUT_SNAPSHOT_IN_RAW_FORMAT” T /1 & 11 2 1K)

#et7,87 A —% | VELOCITY_RAW_DATA FILE

2. Velocity REIERE IV > K il

”SOLVE_STOKES_EQUATION_AND_PRESSURE”

Stokes WD ST —Vp + V(n{Vv + (Vov)!}) + K =0

MY & EJI s L TiE S,

WAL T2

Pressure

AT A =%
WHRT X =%
AR T X =5
AT T A =%
HAF T A =%
AP RT A =%
AF/ST A =5
AR T X =5
AT A =5
AP T A =25
AFIRT A =5
AR T X =%
WS T X =%

SKIP_INTERVAL_VELOCITY_CALCULATION

VX_AT_YZ PLANE_ XM
VY_AT_YZ_PLANE_XM
VZ_AT_YZ_PLANE_XM
VX_AT_YZ PLANE XP
VY_AT_YZ_PLANE_XP
VZ_AT_YZ_PLANE_XP
VX_AT_ZX_PLANE_-YM
VY_AT ZX PLANE_YM
VZ_AT_ZX_PLANE_.YM
VX_AT_ZX_PLANE_YP
VY_AT ZX PLANE_YP
VZ_AT_ ZX_ PLANE_YP
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Het7 87 A =% | VX_AT_XY_PLANE_ZM
HA7/85 A —% | VY_AT_XY_PLANE_ZM
WS F A —% | VZ_AT_XY_PLANE_ZM
#7895 A —% | VX_AT_XY_PLANE_ZP
#et787 A =% | VY_AT_XY_PLANE_ZP
N F7 A —% | VZAT_XY_PLANE_ZP
A7/ A —% | SHEAR_RATE _XZ
#eA7/$F A —% | MONITORING_INTERVAL_OF_VELOCITY_SOLVER
#eA7/$5 A —% | ACCELERATION_VALUE_FOR_VELOCITY_SOLVER
#t7,87 A —% | CONVERGENCE_CRITERION_FOR_VELOCITY_SOLVER
W87 A —% | MAXITERATION_FOR_VELOCITY_SOLVER
EAYin »SOLVE_STOKES_EQUATION”

e

Stokes i & i { 72 DML D SOR i DR L 2 —[Rl73 72 1317 9,

EEL T %Y
L T %Y

Pressure
Obstacle

HAFNF A =%
AP T A =25
T A =5
AR T X =5
HAFNT A =%
HAFRT A =5
T X =5
AP T A =5
AP A =%
T X =5
KAF o X =%
AFNT A =%
AR T X =%
T RX—5
AF T X =%
HAFNT A =%
HAFRT A =5
T X =%
AR T X =5
HAFNT A =%
AP T A =25
T RX—5
AP T A =5

SKIP_INTERVAL_VELOCITY_CALCULATION
VX_AT_ YZ PLANE_ XM

VY_AT_YZ PLANE_XM

VZ_AT_YZ_PLANE_XM

VX_AT_YZ_PLANE_XP

VY_AT_YZ PLANE XP

VZ_AT YZ_PLANE_XP

VX_AT ZX_PLANE_YM

VY_AT ZX_PLANE_YM

VZ_AT_ZX_ PLANE_-YM

VX_AT_ZX_PLANE_YP

VY_AT ZX_ PLANE_YP

VZ_AT ZX PLANE_YP

VX_AT XY_PLANE_ZM

VY_AT XY_PLANE_ZM

VZ_AT_XY_PLANE_ZM

VX_AT XY _PLANE_ZP

VY_AT _XY_PLANE_ZP

VZ_AT XY _PLANE_ZP
ACCELERATION_VALUE_FOR_VELOCITY_SOLVER
CONVERGENCE_CRITERION_FOR_VELOCITY_SOLVER
MAX_ITERATION_FOR_VELOCITY_SOLVER
MONITORING_INTERVAL_OF_VELOCITY_SOLVER
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”SOLVE_STOKES_EQUATION_AND_PRESSURE:OBSTACLE”

Stokes WD Fi AR 2 HIEY; & L1350 LT,
Obstacle(FEEY)) S DOESE 0 THROWETIFFEE S, ZOERMTV =0 &
5,

WEL T\ 53
WEL TV A

Pressure
Obstacle

AR T R =5
AP T X =%
AP T A =5
HAFRT A =5
AT R =25
AF o7 X =%
HAFRT A =5
AR T X =5
A S 4
AF T X =%
HAFRT A =5
AR T X =5
TR =5
AT X =%
HAFNT A =5
AR T R =5
AF T X =%
AP T A =5
HAFRT A =4
AR T X =5
AF T X =%
HAFNT A =5
AR T X =5

SKIP_INTERVAL_VELOCITY_CALCULATION
VX_AT_YZ_PLANE_XM

VY_AT_YZ_PLANE_XM

VZ_AT_YZ_PLANE_XM

VX_AT_YZ_PLANE_XP

VY_AT_YZ_PLANE_XP

VZ_AT_YZ_PLANE_XP

VX_ AT ZX_PLANE_YM

VY_AT ZX PLANE_YM

VZ_AT_ZX_PLANE_-YM

VX_AT ZX_PLANE_YP

VY_AT ZX PLANE_YP

VZ_AT_ZX_PLANE_YP

VX_AT_XY_PLANE_ZM

VY_AT XY _PLANE_ZM

VZ_AT XY _PLANE_ZM

VX_AT_XY_PLANE_ZP

VY_AT XY _PLANE_ZP

VZ_AT XY_PLANE_ZP
ACCELERATION_VALUE_FOR_VELOCITY_SOLVER
CONVERGENCE_CRITERION_FOR_VELOCITY_SOLVER
MAX_ITERATION_FOR_VELOCITY_SOLVER
MONITORING_INTERVAL_OF_VELOCITY_SOLVER

3. Velocity 12505kt (BRI sRIESA) i
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BT | fns |
PERIODIC JE B AL S

XM_WALL__XP_WALL

XM_WALL_XP_PRESSURE_SET
XM_WALL_XP_VELOCITY_SET
XM_PRESSURE_SET_XP_WALL
XM_PRESSURE_SET_XP_PRESSURE_SET
XM_PRESSURE_SET_XP_VELOCITY_SET
XM_VELOCITY_SET__XP_WALL
XM_VELOCITY_SET__XP_PRESSURE_SET
XM_VELOCITY_SET_XP_VELOCITY_SET

— X B 4+ X BT o GO BERIBE RS 2 i 7§
k) ICHENEBE (T 2hz TEEmBERSM, &
L)

— X BESLCRESSEME, + X B CEERE
— X BEFLCREMISRSEME, + X SR O R E
— X BSCHMERGE., +X B CREMBE A
—X B + X BRI E#E

— X BERCHEMERGE +X B MR E

— X BERCHEMERRE . +X B CREM B AAAT
— X BEHCCHEEERE + X BRCHEIMERE
—X B + X B M fERE

YM_WALL_YP_WALL

YM_WALL_YP PRESSURE_SET
YM_WALL_YP_VELOCITY_SET
YM_PRESSURE_SET__YP_WALL
YM_PRESSURE_SET__YP_PRESSURE_SET
YM_PRESSURE_SET__YP_VELOCITY_SET
YM_VELOCITY_SET__YP_WALL
YM_VELOCITY_SET__YP_PRESSURE_SET
YM_VELOCITY_SET__YP_VELOCITY_SET

—Y Bt +Y B CRERIBEAA T

—Y BESUCHBEMBIAAAT, +Y BT EEE
—Y BESUCHEMBINAAT, +Y B TR
Y BERCCIEMERGE, +Y B CREm B SEAT
Y BiS +Y BT R

—Y BiSCIEMERRGE Y BiS O RE
—Y BESCCHEEMERGE . +Y B CRERBI AT
—Y BSCHEERE +Y B T ERGE
—Y BiSt +Y B TR

ZM_WALL_ZP_WALL

ZM_WALL_ZP PRESSURE_SET
ZM_WALL_ZP_VELOCITY_SET
ZM_PRESSURE_SET__ZP_WALL
ZM_PRESSURE_SET__ZP PRESSURE_SET
ZM_PRESSURE_SET_ZP_VELOCITY_SET
ZM_VELOCITY_SET__ZP_WALL
ZM_VELOCITY_SET__ZP_PRESSURE_SET
ZM_VELOCITY_SET__ZP_VELOCITY_SET

—Z Bi5t + 7 B CRERS S

— 7 BiSCCREIMSESRSEAT, +Z BIS TR
— 7 BiSLCREMSESERAT. + 2 B TR
—Z BEFCCHEMEROE . +Z B CREm B SAA T
—Z Bt +Z B IR

—Z SBiFUCIEMEREE +Z St CHEERBOE
—Z BiSCHEMERGE. +Z B CRERBI AT
— 7 ST EEEROE +Z B CHE I EReE
—Z Bt + 7 B Ol

4. Velocity BE#fOVY > R il

% | OUTPUT_SNAPSHOT_IN_RAW_FORMAT”

e | HWELOFHEMEE 7 7 A VI T B,

Z% | OUTPUT_SNAPSHOT_IN_AVS FORMAT”

B | AVS IE (field-data) TRIEASREZ T 5,

4R »OQUTPUT_SNAPSHOT_IN_GNP_FORMAT”
FRE gnuplot TERRARERTERT7 74 Wicii$ 5,
HFE/R5 X —% | POSITION_Y_OF_CUTTING_ZX_PLANE

5. Velocity fHfid~ > K £
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3.2 FRERFEMREBRE> I 2L —% Electrolyte FEM DFD AV Y
REINFTAXA—%5
3.2.1 Electrolyte FEM DA A—5—§&

R A =5 DA | /89 X =2 DTk L Gl T O S

NUMBER_OF_COMPONENTS

o3

VALENCY BA T VR DEME Z,

Z “A VBRI DB Z,

R HELRLX— LT 2 LVEX—DI R =edy/kgT
M M (X (1.18))

D D (3% (1.21))

DIELECTRIC_.CONSTANT

HiFEE 6o BTHICRSIE LTEZ S,

PENALTY_NUMBER

Dirichlet BRI T 2 LT 4

MATRIX_SOLVER
_FOR_ELECTRIC_FIELD

BH R T vy v ViR ORI Ok
(“ICCG” (:7:‘7 + ) b ) F7- 0i”CG”)

MATRIX_SOLVER

FEHEFHETO—XTBRADMEY:
(“ICCG” (F7 4V b)) £7137CG7)

GRAVITY X TkGIc 5 2 5 —@N D X oy
GRAVITY.Y RSG5 2 3 —EN DY o
GRAVITY_Z WARSZ 5.2 2 —EN D Z oy

EXTERNAL ELECTRIC_FIELD

—FRIMBES N7 R v

DT_FOR_V

Stokes Jfitat I $ % %I 4

REYNOLDS

Reynolds %

CA

FryEIY—H

MAXITERATION_FOR
_VELOCITY_SOLVER

Stokes TRzl E DR AR D K L

CONVERGENCE_CRITERION_FOR
_VELOCITY_SOLVER

Stokes it & {5 D UHHE i
> 0 ¢ BPELHERHE DN (default:1.072)
<0 : HPEHERNEDOZLER (default:1.073)

VISCOSITY

JZ T HE D REPELREL o,

SKIP_INTERVAL
_VELOCITY_CALCULATION

WSR2 AT 70 ) IR A 7 v 7 Tk

AVERAGED_ION_CONCENTRATION

HA L v OB EOFEE Cay

NUMBER_OF_DROPLETS

A VIR EE T2 < SR

RADIUS_.OF _DROPLET

A VIRIEWINEGE T 2 B D4

X_COORDINATE_OF_DROPLET

A F VIRIEWIEGE T < 2 B O X R

Y_COORDINATE_OF_DROPLET

A VIREWIERGE T 25D Y PR

Z_COORDINATE_OF _DROPLET

A & VIREWIIERE T 25K D Z PR

DEVIATION_FROM_AVERAGED
ION_CONCENTRATION

A A VIEBEYIEICEZ 5 ) 4 RDOKREX

SEED_OF_RANDOM_NUMBER

A F VIREWIIEIC G2 5 7 A4 ROFEBOM

DIFFUSION_COEFFICIENT

F IR oT DINEAHREL Lo,

UNIFORM_CHARGE_DENSITY

—EDBMELZBOET 5 & E DA
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3.2.2 Electrolyte FEM DOFIARERIZD—E

ERA BRI R
ChargeDensity | BMZ S pe

Concentration

A F VIREY C,

DielectricConst

S A g
R €

ElectricPotential

BGRT UYL @

K_Field

WA Jo(K)

Obstacle FEEYY; (CELL ETE#RIND)
Pressure 1% P
Velocity WY v

REEYG 72 I ERER L (Cell) NICERI NG TH 5, OBE T X THEEHIM (Vertex) L TEFRS
na,

3.2.3 Electrolyte FEM QDY K—&
ChargeDensity : BEZERZ IV K—&

’ ChargeDensity ‘ 4

wIHHL "INITIALIZE_BY _PARTIAL_REGION_CONDITION”

wIHL "UNIFORM_CHARGE_DENSITY”

IRFFH A b "SET_ZERO”

IRfHIFE "CHARGE_DENSITY _DEPENDING_ON_ION_CONCENTRATION”
IRFFE 76 ” APPLY_PARTIAL_REGION_CONDITION”

figehir "OUTPUT_SNAPSHOT_IN_AVS_FORMAT”

AFAT B 2K "RETURN_TRUE_FUNC”

1. ChargeDensity #1831t ¥

E4 i »INITIALIZE BY_PARTIAL_REGION_CONDITION”
BhE T D SEI SR D ) b ISRt & o T R Ik T %
R »UNIFORM_CHARGE DENSITY?”
FERE BUMBEELSEOMEZ TR TOET—EHICRET %
WAt/ 85 A —% | UNIFORM_CHARGE_DENSITY
2. ChargeDensity FEFEEIY> K 54
&% | »SET_ZERO”
e | iz uilcRET S,
E4yin »CHARGE_DENSITY_DEPENDING_ON_ION_CONCENTRATION”
BEHE A VIRES D S EMEEEZET 2 p. =), eZaC,
L T A | Concentration
W5 X —% | NUMBER_OF_COMPONENTS
A7 A —% | VALENCY (%713 Z)
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%% | ”APPLY_PARTIAL REGION_CONDITION”

PEBE | FEMTE LS O A 2 T T 5,

3. ChargeDensity 839 B (RFFM) 4l

| o AT | fns
I_.CONSTANT_VALUE —EDfEI AL

D ¥721% D.CONSTANT_VALUE | #IZ—EDfEIZEE (Dirichlet 5fF)

4. ChargeDensity Y > K 54

i ?OUTPUT_SNAPSHOT_IN_AVS_FORMAT”
FERE AVS 3 (ued data) CEPHEFHIRZH 1T %,

ffE L T 55 | ChargeDensity

5. ChargeDensity §Hfid~ > K il

4% | "RETURN_TRUE_FUNC?”

PRRE | WICHOMEZIE Y,

DielectricConst : FEXRIFEIAVVRKR—E

’ DielectricConst ‘ 40D

IRffH1 76 J ?CONSTANT _DIELECTRIC_CONSTANT”
IRF [ 7 "DIELECTRIC_CONSTANT_SETTING”

IRF [ 78 ” APPLY _PARTIAL_REGION_CONDITION”
figete "OUTPUT_SNAPSHOT_IN_AVS_FORMAT”
ERNTEIE "RETURN_TRUE_FUNC”

1. DielectricConst RFEAFEBEIV > K

BN PCONSTANT _DIELECTRIC_CONSTANT?”

PEne ZERIIIC—E D HEEERE o (5 0 R DFEER) 2 RET 5,
W1F/$ 7 X —% | DIELECTRIC_CONSTANT

4R »DIELECTRIC_CONSTANT_SETTING”

B TR MR FERERET ;e = M/R

AL T\ %35 | Concentration

W17/ X —% | NUMBER_OF_.COMPONENTS
WIFNN T X =% | M
WIF T XA —% | R

2% | APPLY_PARTIAL REGION_CONDITION”

PRRE | B BERSRE 2 ENT 5,




58 %8 3E Electrolyte Y77L 22

2. DielectricConst EBA RIS (RFRFH) i

TR RS JupE
D ¥ 721 D_.CONSTANT_VALUE | #1c—EDfHIC3E (Dirichlet 54)

3. DielectricConst BEfra~Y > K ¥l

4 | 7OUTPUT_SNAPSHOT _IN_AVS_FORMAT?”
FBeE | AVS TR (ucd data) THOfEEZ 1T 5,

4. DielectricConst fMfid~v > K £

£ | P RETURN_TRUE_FUNC”
BERE | WICEOEZIRT,

ElectricPotential : BIERT v IVIBEOAVY Y R—E

’ ElectricPotential ‘ 4R

el e e "ELECTRIC_POTENTIAL_SOLVER”
figb "OUTPUT_SNAPSHOT_IN_AVS_FORMAT”
EE(iESE e "RETURN_TRUE_FUNC”

1. ElectricPotential BEFEEI~Y> K 5

i »ELECTRIC_POTENTIAL_SOLVER”

HaE YR T ¥ ¥ VD Poisson A V- (eVP) = —p. ZfF<,
AL T\ %5 | DielectricConst

AL T 55 | ChargeDensity

#7897 A —% | CHARGE_DENSITY

#f7/$7 A —% | DIELECTRIC_.CONSTANT

#ti$7 x—% | NUMBER_OF_COMPONENTS

#t7,89 A —% | PENALTY_NUMBER

#7857 X —% | MATRIX_SOLVER_FOR_ELECTRIC_FIELD

#7877 A —% | MATRIX_SOLVER

2. ElectricPotential BB MEIBRM (RFREM) i

B [ |
I.CONSTANT_VALUE —E DAE IR
D —EDAEIZFE (Dirichlet 4£F)
N ne-V® = —n - D (Neumann 5, D: EREEL 5.2 %)

N_ZERO_ELECTRIC_.CURRENT | n-V® %
BERImTOX¥ v EBRSEME» SFHET S
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3. ElectricPotential f#{raV > K il

%45 | ?OUTPUT_SNAPSHOT_IN_AVS FORMAT”

HEE | AVS JER (ucd data) CEIERERZ 1T 5,

4. ElectricPotential fMlid~ > K il

4% | "RETURN_TRUE_FUNC”

fReE | WicHOEZIRT,

K Field : MERBIAVV K—E&

| KField | 45

WL | "SET_ZERO”

apvia "SET_CONSTANT_FORCE”

% E | ”SET_ZERO”

R | "GRADIENT_ELECTRO_CHEMICAL POTENTIAL”

F%E | ”GRADIENT _ELECTRO_CHEMICAL_POTENTIAL
_WITH_EXTERNAL_FIELD”

IRfiZERE | ” APPLY PARTIAL_REGION_CONDITION”

fEAT "OUTPUT_SNAPSHOT_IN_AVS_FORMAT”

FEAfiES% | "RETURN_TRUE_FUNC”

1. K_Field #1831t ¢4

P »SET_ZERO”

FERE iz ¥ ol ET 5,

/85 A —% | NUMBER_OF_COMPONENTS
SR »SET_CONSTANT _FORCE”
FERE —EDNN17% (4T 012) A %,

#t7/$5 A —% | DIMENSION_OF_SPACE
REF N7 A —% | GRAVITY X
i7 87 A —% | GRAVITY.Y
#7897 A —% | GRAVITY_Z

2. K_Field FEERIOVY > R i

BN ?SET_ZERO”

H&aE iz X oIli&RET 5,

ffr 87 A —% | NUMBER-OF_.COMPONENTS
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B0 »GRADIENT_ELECTRO_CHEMICAL_POTENTIAL?”
F&ne ALV ORKGZFET 2, J,=VCy +RZ,C, VP
Obstacle(FEEY)) 503 R THVWHEEDXHTn - J, =014 5%,
#HFE L T\ 545 | Concentration

AL T\ 35 | ElectricPotential

7L T\ 3 | Obstacle

#A7/85 A —% | NUMBER_.OF_COMPONENTS

787 A —% | VALENCY F7:1% Z

W T A= | Z

R A =% | R

R »GRADIENT _ELECTRO_CHEMICAL POTENTIAL
_WITH_EXTERNAL_FIELD”
FEHE B X v DOWKEZ I ESOREZ 2D ANTEHET S, J, = VC, +

R Z,0u(V® — Ey)

Obstacle(F5EY) B3R THWEEDERE Tn-J,=012% 5,
AL T\ 54 | VolumeFraction

A LT\ 58 | ElectricPotential

LT\ 35 | Obstacle

#et7/$7 A —% | NUMBER_.OF_COMPONENTS

#eA7,$7 A —% | EXTERNAL_ELECTRIC_FIELD

#et7,87 A —% | VALENCY %713 Z

N7 A =% | R

0D » APPLY _PARTIAL REGION_CONDITION”
F&ne oSt 2 W T %,

#t7/$7 A —% | NUMBER_.OF_COMPONENTS

3. K_Field BRI RIS (JR5RRM) S5

B | s |
D_CONSTANT_VALUE_FOR_A_COMPONENT | #§%& L 7255 DR Z —EfEIZZE (Dirich-
let &fF)
TS an Jozs Jays Joz BT —F ELT
52 %

4. K_Field f#tra~ > K 55l

4% | OUTPUT_SNAPSHOT_IN_AVS FORMAT”
BEBE | AVS T (ucd data) TRIEMERZ 1T 5,

5. K_Field §Mfia~v > K i

% | "RETURN_TRUE_FUNC”
BERE | WICEOEZIRT,
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Obstacle : EEWYWIFEAVYR—E

’ Obstacle ‘ 4

WL "SET_ZERO”

H%E | ?” APPLY_PARTIAL_REGION_CONDITION”

MRS | "RETURN_TRUE_FUNC”

1. Obstacle #J881t ¥

%45 | ?SET_ZERO”

tRE | fHZ ¥ oIcBET %,

2. Obstacle RFEIFEEIVY > K 5l

45 | ? APPLY PARTIAL_REGION_CONDITION?”

PRRE | MR RIS 2 T %

3. Obstacle BRI EIESM (RF5M) il

BT |
| D %713 D.CONSTANT_VALUE | —~EDffI#E (Dirichlet 5:/F)

4. Obstacle FHfid~¥ > K i

4% | "RETURN_TRUE_FUNC”

e | W E O AR T

Pressure : EABZIAVY K—

Pressure ‘ 4

#IIL "SET_ZERO”

KR | "SOLVE_PRESSURE”

FERT "OUTPUT_SNAPSHOT_IN_AVS_FORMAT”

aHiE% | "RETURN_TRUE_FUNC”

1. Pressure #JH3{t ¥

%% | ”SET_ZERO”

FERE | iz ¥ 0 ICET 5,

2. Pressure REIFEEBRIVV R il
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B ”SOLVE_PRESSURE”
Feae 7135 D Poisson itz Vip = 2V - v*
AL T3 | Pressure
HKAFEL T 5 | Velocity
W9 A —% | DT_FOR_V
{787 *—% | DIMENSION_OF_SPACE
789 X —% | PENALTY_NUMBER
iR A —% | MATRIX_SOLVER
3. Pressure BB RSN (RRERM) i

BT [ s
I.CONSTANT_VALUE | —&DfH I ¥k
D —EDMEIZEEE (Dirichlet 5c)
N n - VP = P, (Neumann 5%f}*)

4. Pressure AV K 55l

"OUTPUT_SNAPSHOT_IN_AVS_FORMAT”

AVS 3 (ued data) CTEFREFRZ 1T 5,

5. Pressure fMfid~v > K £

2% | P RETURN_TRUE_FUNC”
BERE | WIcEOEZIRT,
Velocity : REHZ IV RK—&
’ Velocity ‘ N

alputa "SET_ZERO”

AL "SET_DIRICHLET_CONDITION”

IR 7 "SOLVE_VELOCITY_AND_PRESSURE”

IRFFHI 76 ”"SOLVE_STOKES_EQUATION_AND_PRESSURE”

BERLMRE | SET_DIRICHLET_CONDITION”

FEAT "OUTPUT_SNAPSHOT_IN_AVS_ FORMAT”

St B % "RETURN_TRUE_FUNC”

1. Velocity #JH{t i

4% | ”SET_ZERO”
KR | iz ¥ ulcBET 5,
B »SET_DIRICHLET_CONDITION?”
FRE WS O fER S D 9 & Dirichlet &0 & % H L THIAL,
AL T 58 | Velocity
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2. Velocity REIREEIV > K il

By ”SOLVE_VELOCITY_AND_PRESSURE”

HRE LY D Navier Stokes R (BIiIHZ MWL) 2 1 KRR 7 v 7T 5,
9 = _Vp+Vm{Vv+ (Vo)'}) + C; 'K

REE L TV 55 | Pressure

AL T\ 55 | K Field

EFEL T BE | Viscosity

WAti X7 A =% | DT

W9 A —% | REYNOLDS

#7387 A —% | DIMENSION_OF _SPACE

WetF8 9 X —% | NUMBER_OF_COMPONENTS

ERTA—=F | M

T A—=% | D

B ”SOLVE_STOKES _ EQUATION_AND_PRESSURE”

HRE HIEY; & 13550 Stokes TR ZHL, Vp=V(n{Vv+ (Vv)'})+C 'K

#AEL T\ 54, | Pressure

fifE L T %38 | Velocity

AL T 58 | K Field

HEFEL T BE | Viscosity

T A =% | DT

it 8F A—% | DT_FOR.V

WetF8 9 XA —% | SKIPINTERVAL_VELOCITY_CALCULATION

WetF 89 X —% | MAXITERATION_FOR_VELOCITY_SOLVER

W89 X —% | CONVERGENCE_CRITERION_FOR_VELOCITY_SOLVER

#ti87 A —% | NUMBER_OF_COMPONENTS

A7 X =% | M

HAtr 87 X =% | D

3. Velocity B 54

%% | »SET_DIRICHLET_CONDITION?”

BERE | BSOS D 9 B Dirichlet &FD A 2@ T 5,

4. Velocity ERora8issRM (R EM)

| SRS |
D_VX v, & —EDHIZERIE (Dirichlet 5&fF)
D.VY vy & EDMEIZERE (Dirichlet 5&f1)
D_.VZ v, Z—EDEIZEHE (Dirichlet 5f4)

5. Velocity BTV > K S

#4FF | ?OUTPUT_SNAPSHOT_IN_AVS FORMAT”

HEE | AVS JER (ucd data) CEIERERZ 1T 5,
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6. Velocity fHfia~ > K 5l

e
e

"RETURN_TRUE_FUNC”
HICH DM 2R,

Concentration : MERPRFLBAAVEESRS AV R—E

’ Concentration ‘ 4R

wIL "INITIALIZE_BY _PARTIAL_REGION_CONDITION”
wIHL "UNIFORM_CONCENTRATION”

wIHL ” ADD_NOISE”

wIHL ”"SET_DROPLETS”

IRFFEI 7 J ” APPLY_PARTIAL_REGION_CONDITION”

IRFf A b "SOLVE_ELECTROLYTE_WITH_FLOW”

IR 7 b "SOLVE_ELECTROLYTE_WITHOUT_FLOW?”

fighr "OUTPUT_SNAPSHOT_IN_AVS_FORMAT”

AFEATG S 25 "RETURN_TRUE_FUNC”

1. Concentration #JHA{t ¥

4 »INITIALIZE_BY _PARTIAL_REGION_CONDITION”

Fne o SIS 9 B ISR & > T2 Wik %

#t7/85 A —% | NUMBER.OF_.COMPONENTS

RN »CONSTANT_ION_CONCENTRATION”

A 314 BA VA DR & 2RI —E DMETHIIL Y 5,

#eA7/85 A —% | NUMBER_.OF_COMPONENTS

#t7,89 A —% | AVERAGED_ION_CONCENTRATION

EA0D » ADD_NOISE”

F&ne BTN T T D) A R%2MA D,

#HA7/85 A —% | NUMBER_.OF_COMPONENTS

#t7,85 X —% | DEVIATION_FROM_AVERAGED_ION_CONCENTRATION

#t7/89 A —% | SEED_OF_RANDOM_NUMBER

A »UNIFORM_CONCENTRATION”

B&HE BIREY S 2L — a vy THEA A VD DR %2 22BN —E D icwIii b 9
%,

#t7/ 89 A —% | NUMBER.OF_COMPONENTS

Wt 8 9 A —4 | AVERAGED_ION_CONCENTRATION
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A0 »SET_DROPLETS”

Fne 2R THRE L MEICHEEL RO Fay 7Ly FZ2RET 5,
BEMEORF LYy 7Ly FEBET 5 2 LR,

#t7,$ 7 A —% | NUMBER_.OF_COMPONENTS

#t7,8 9 A —% | NUMBER_OF_DROPLETS

#etF N7 A —% | RADIUS_.OF_DROPLET

Wt 89 A —% | X_.COORDINATE_.OF_DROPLET

#f7/$7 A —% | Y.COORDINATE_OF _DROPLET

W N7 A —% | Z_COORDINATE_OF _DROPLET

2. Concentration BEFEBEIVY>V K M

G2 ” APPLY _PARTIAL_REGION_CONDITION”
e R BISRAAE 2 WA T %,

iff,87 X —% | NUMBER.OF_COMPONENTS

AR ”SOLVE_ELECTROLYTE_WITH_FLOW”

R

A7 VIR OFLNIR % & GIRBOT 2 7 <

0o = —V - (vCy) — V- J4

REFL T3 | K Field

KA7E L T 58 | Velocity

WAL T\ %45 | Obstacle

iF N7 A—% | DT

W N7 A —% | NUMBER_OF_.COMPONENTS

#f7,87 A —4% | DIFFUSION_COEFFICIENT

AN »SOLVE_ELECTROLYTE_WITHOUT_FLOW?”

PEnE 4 F VIRELGOWRNR % & F e WIRE R 2 g <
0o = -V -Ja

HFEL T3 | K Field

WL T\ 545 | Obstacle

iF N7 A—% | DT

#f7/87 A —% | NUMBER_OF_COMPONENTS

#t7,$7 A —% | DIFFUSION_COEFFICIENT

3. Concentration SF4RIKEM (BREM) F5H

TR R IR

|

I.CONSTANT_VALUE_FOR_A_.COMPONENT

1BIE L 72 BRIT D 1), & —EDMEICHINL
BHET oy Yo 2T —FELTHERS

D_CONSTANT_VALUE_FOR_A_.COMPONENT

BELZETD ¢, & —EDHEICHE
(Dirichlet &)
RATET . Yo 2T —FELTHEZ?

4. Concentration f#fraAv> K

B2
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Z% | OUTPUT_SNAPSHOT_IN_AVS FORMAT”
FERE | AVS JE (ucd data) CTRIEFERZ 1T 5,

5. Concentration SHfia~ > K 55

Z% | "RETURN_TRUE_FUNC”
FERE | WICEOEZIRT,




1) W.B.Russel, D. and W.R.Schowalter, :

Colloidal Dispersions, Cambridge University Press (1989).
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