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F£1E MEMFluid DIEGRESS

1.1 MEMFluid & & ?

Micro Electro Mechanical Fluid Dynamics Simulator, MEMFluid (%, X' ~= 27 afi{ld 27 —)L (1um ~
Imm) TOERMBERAE D EIIEZ ) WBORE 2" ) > 2L —FTHY, A 70 INA T4 T4Fv 7
72 EDOMIBENE CORBIZEE Ot 2 ¥ —7y FELTWwW3

BIFE S 2 2L —% Electrolyte £ DREZEVIE, NRET LA =)L ThH %, Electrolyte lZE I NV E
(Bjerrum length) (~ 10nm) D A7 — 2R E L CTE ) EREORELFETOER 2 BEDOVR., B LU,
RARBMOALN 2 E2RRET M 702y — VDY 2 2L —4TH 255, MEMFluid (&, Fido
kv&xf~77u&x&—wumn~mmwf@ﬁ@%&%&ﬁo:@xk—wfu\ﬂw7®%%@éﬁ

FERTEEEDE IR LTED, $4, BX2EE R EORMTORERELRBSIIBIREMEE LT
1.1 ns,
T fRTESREZ DL N I2Z8 1 %
. BRI OBLGHINSL S EIINC X 2 958 & i),

HL., BHHNMTOELRRBICOWVTIRIBERTOMEL 2ERELN L TH5A 5%, BRTOHEES O
Byt LT, UTFD 2 2% MAAA TS

e Helmholtz-Smoluchowski D=
Helmholtz-Smoluchowski DX THIE & 2 2R TOX — B M OFEICOWVTIZ, UTD2o%
FHAIAA TV S
— NI —RX =y CTHBLR EDMEMEE 52 %,
— FMEM%Z 5 2. 1 XIG Poisson-Boltzmann RO &M L b EHHET 5,
o HMFENUAL T 2L —% Electrolyte ¥ 2 2L —% ZflAiAlr, (X—I V7))
FIERRIEI D508, BRETH S,
2. 1~ 100um DY A X DOME DA & RO,
VA 7R =)V TORMIE, LA 2 VAEDVNE K e 2 7 dERIEER I T, EiRE BT %, Muffin
3. LA VRAD/PNZ ik A b —27 ZERITHRATED, ZDEI) B~ A 70 A — )L TOHH
RO I a2l —SavIlELTVRS
3. JET A T O E IR & B D ks,
LSO E LTiE, IR D 2380 ZHlAAA TV

o o AW, GIHEMRTIREAET ED) IBIC L D B IcZft, : A— B
o 4 A LIS B BSKIGL T, oy C 4%, : A+B—C

4. WHBIOER T V2 v L DEWIT X %%)ﬂi%@ﬁ%ﬁ - Bl
BRATWED x 87 A =7 ZHHZF VX —IZEAL T, Mo - il z#k->Tw2

Do 2 Tnic, 3EAE, IEFREDEA LA 707 NVA T4 T4 Fy TRBANR LT 5 2 L2SAJHET
H 3,



2 %1% MEMFluid DERER

1.2 MEMPFluid QEBIEG
1.2.1 NFA—=HY DB ELETHESE
PIal—YOREMGEHHTAT AL

AR 7@uﬂﬁ&ﬁﬁ®uﬂﬁ®ﬁ%% —‘3)

89 A=5 Dl || Ek

e FEM (= 1.602 x 1071 C(oulomb))

€o HEDHEER (=8.854 x 10712 C2N~1m—2)

€r FIKDHEEER (e, = 78.2)

N KDOKEE (= 0.89 x 1072 Pa - sec = 0.89 x 10~2 Poise )

wo K5y F DIERE

N. A & v DG

Z, a A A ¥ DI (Valency)

D, a A A v DILHURE

We o A F v O

Xao/ X737 X =% (Xaa =0)

kT B ¥ — (1kpT =4.12x 10721 J at T = 298K(25°C) )
RT BT 2 V¥ — (1RT = 1kgNgT = 2477.7J/mol at T = 298K (25°C) )
BT [ ZHo %k |
Col(z) a TliA v DWE BEFE)

v(x) HE S

p(x) HJ1%5

O (x) BT vy v L

E, SEBEINEE

pe(T) P L

p(x) HREE

Jo(T) a fliA A v DILEITRHS

K(x) A+ =7 ZATTERD Y — Y

e(x) ik & o s R

WTFD 344 v OMfHEZE L, N, DA TV HOMBEOREZERT EZ 006 N, -1 DETOMEEZIS

1.2.2 MEMFlid Zii# 9 5 HER

MEMFluid % Gl § % 5faid, FEAMWICERENES 2 2L —% Electrolyte DR LU TH %23,
o A F VIR C, DWRIFER RN IGOEHDE 15 11
o RIBEBMDFEECHZY S 2L —2avT5700 -7 XA =Y DHENEEND R
o LY TORFT R BRSPS Y eZyCo = 0 Z ANUTERLT % 51

DIRTHEED,
NI DA K v 9670 2 BIEBRZE A S,
}\O)i') “—E(o

CDBERTD a DA A v DB C, DREIFE AR %

9C,
ot

Z 2T, ANA% 1 I, B

~V - (0Ca) =V jo+ > RlagCs+ Y  R243,C5C,
B By

L ATHIZR L

(1.1)

2 HISHRHOH, 5 3 H



1.2. MEMFluid OERESR 3

o I : DA A VHRIBICED afiDA A v icZf, : 8—a
o FHAMW : BHDAF VL YDA A VDBIGL T, a DA FVDER, : B+ — «

DI T,
FEOBER (1.1) TO. A 4> OUBORREE j 12X0 & 5 1% ns

o=—La

(VD — E@} (1.2)

2T, Ly BA VYA —Dlikgicdh s, !
HPEGCNT 2 R AIE K D Navier-Stokes HFEI (Stokes dTf) 12 & D FHh 5,

-
—

pait’ = —Vp+ V({Vv+ (Vo)'}) + K (1.3)

WH, MEPTDICREVRL, 94787 WA T4 T4 F v 7TDEIRIIuRr— LRk, L4 /)L
Jfﬁ(&L)ﬁﬁﬁ?u¢§bhﬁfiiH%ﬁ%”%ﬂ%ﬁ&ﬁﬁL?%aff\u@ﬁ@“wbﬁiL?%Eﬁﬁxb“ﬁbib
bRV A 7 — L Oi# & §HENR LT 254810, OB HEZ SIS wE LT, T oM#)
BXzHWw2

~Vp+ V(1 {Vv+ (Vv)'})+ K =0 (1.4)

MEMFluid (%, WiZ OB R 2IEEHESEE Y v =0 FTHEL VY AAZHEIZ TS, T, R HHE K
BT XS iIcET 3,

K = *zj (VO — Eqg) (1.5)
- - (in bulk.) (1.6)
BERT vy id= 7 A7 2 VRIS,
M::1;Zd&1 (1.7)
= 0 ---(in bulk.) (1.8)

X (1.5) BEY (1.7) 0 2 Ko v 7 o ROV TR, RFTERN S Y, eZ,00 =0 2 H
Wz,

1.2.3 FAEXOERTILEERTTILENTINGA—S
DN CIEA% E LT MKSA 7% %2 Hw 5

MRS, B, AR Loar = Lalaar ELFRT Y2V po Ty Jo = —Laa Vit = —LaVipa EEPND, Lo DA
F VB AR I Omf I, 22T, HRETIEBIREUC T 2 X912, Lo = LowaCo £ LTERLL TV, koT, (1.2)
DI VI — DEERE Lo 134 F Vo O—HIREETOIEBERTH %,



4 %1% MEMFluid DERER

ERTTILDHDER—E

| pER | mIOuboN | ks £
FEHES « l AT LAY AR (ex. =1.0um =1.0x 1075m )
EBUERL D, D* (ex. = 1.0 x 107%em? /sec = 1.0 x 1079m?/sec)
IRef] ¢ T 7=12/D* (ex. = 1.0 x 107 3sec )
W v v* v* =1/7 (ex. = 1.0 x 103um/sec = 1.0 x 10~3m/sec )
A 7 v DIERE w, wo 1.0mmol T 1.0¢ DMz KO DR wo = 1.0ml/mol
A F VIRIE C, c* C* = wyt = 1.0mmol /¢
LA OB R1 R1* R1* = 77! (ex. = 1.0 x 103/sec)
L2 BOGHRE R2 R2* R2* = 771C* 71 (ex. = 1.0 x 103¢/mmol/sec)
A VAK: dy (ex. = 1.0mV)
#HoY E E* E* = &4/l (ex. = 1.0 x 10°V/m)
=S p p* p* = nw/7 (ex. = 0.89Pa)
HE%E p p* (ex. IKOBEREE p=1.0g/cm® = 1.0 x 103kg/m3)

EBRTTILINGA—5—E

| feoefs s X =5 | Enk | AdiZEg R
R HEIRILX - LB XLX—DH | R=e®P/kpT (ex. =3.89 x 1072)
D D =DW/D* DW = kpT /61, (1/67) (ex. = 4.63 x 10~8em?/sec)
(ex. D =4.63x107%)
M HRARDA D 1o E N DR 5K M = C*I3Ng (ex. = 6.02 x 10°)
Re LAV AREL Re = p*lv* [y (ex. = 1.12x1073)
L SATLYAREEANVEDH L =1/l =¢*/(kpTeoe.l) (ex. = 8.89 x 1073)

1.2.4 MEMFluid DERTTILES N AER

MEMFluid % 2§ 2 R eib I - R Z DU ISR T, §XTOEIZ, FiioMEoofbiamc kb 4
RIALEN-ETH %,
a i DA X v DIRIE C,, DIRREIFETERXIRD X 95 I1EF T 5,
aC,
ot

—V (v0a) =V jo+ Y RlapCs+ Y R20p,CC, (1.9)
B By

EEROHRR (1.9) TO. A A ¥ OUBRAEIE j, BRO L ICERSNS

jo =D, [Vca +3 XapCaVCs + RZoCo(VE — EO)} (1.10)
B

SRS 0 % /7303 K D Navier-Stokes A (Stokes M) 12 X h #2N5,
Rep%;’ =-Vp+Vn{Vv+ (Vv)'})+ MDK (1.11)
I 2T, N ORRZIHRO TR 5 h DT,
~Vp+ V(. {Vv+ (Vv)'})+ MDK =0 (1.12)

2pW i3, WEHFERIC X 2 PR BB OIBEEHETH D, D=DO/D* i3, REDAT—AINEBIFEREL A,
RXDRT—=AB 100D 1125 L, 10 5275,




1.3. MEMFluid DBEREREICLDERIE 5

JEHEMESEE L, Vv = 0, EXOBEIEIIEH K OfRITTIRE MD Offilx, 8L % MD = 6.02x10°x4.63x1073 =
279 x 103 &% %, EXC, BEIE K BT L) IcET 5,

K::—thﬁE}M@vw+m¢uwwﬂﬂ (1.13)
e B
:—QIV@+ka%V%} - (in bulk.) (1.14)
e B
HERT Vv LiEe 2 AT 2 VR XD,
AD = —%%LE:ZQCQ (1.15)
= 0 Elzn bulk.) (1.16)

R (1.13) BE O (1.15) O 2 KoL 7 ToHBERICOWTUE, RFTESRIP RN Y Z,C, =0 ZH]
Wi, EROMRIGHRE ML/R OffilZ, LK% ML/R=1.38x 105 L% %,

1.3 MEMFluid DBREFREICKLDERIL

MEMFluid ¥, AREZFEDE (FEM) 12 & 2 8Lz T, Bdo iR 2#My 220 —9THhH, DL
TOX) BfEEkE > Tw 5,

o IHEFWL L CT=RIT Euler RO BIRELELEZ %, WHIA—XAMZELZZMHEH L. Galerkin-Ritz
Bk 2BEADEERERICL 2HBEFZEZITR>TWS,

o WAL E L TEVIRNZ NRE T 5, BIHZMG T 2180217, S oI BEWEZ HIEGIL 7
Stokes it & L CHiAUG 2 5HH T 2, MG ostE CldiidEEkz HwTn»2, ?

o DRI T BEIHSA L LT Dirichret 5&ff. Neumann eff £ X OISR SEM: (BRI D86
DAH) ZIEET DI ENTE D,

1.4 MEMFluid O&IBZDEFRFHEFDEL
MEMFluid THHITH Y Z & 23T & 2 BIARSEM G ESElE) BT LI B bDondh 5,

o SNBSS
AR 252 L D TE % UNSTRUCTURED RECT # 4 7D X v ¥ 2 THHAHAE, MEMFluid T
AN B R 2 > TV B0, Ay v a2 FMIERET 2 L TRTOYREICH L THE)
N FAEE SRS DS S s DT, A1 UDF I2B W THIRINICIEE T 2 L8 1X 72\,

e Dirichlet &t
RO RIS AT L C—E D % 33 5,

e Neumann &fF:
VI BEDO AR Y b VOB HANER GRS %2 52 5,
AIRIEFRIEIC L 2HBULTIE, n -V = 0 DIEOBIRHESR T K232 2 TH %5 Neumann e (HZA
BERGAE) ZBIRINCE Z 2 033720, 72, S SREMEE SR EREC LT, HEvICZ o
FMEDEH SN D H 2, n-Vf=0DABEENETH 2HORIZOWTIE, RHTOERS
HEARIICEZ S 2 EVBTERWEE L > THLEDTHE,
SHRHB IEE DR, AREFEES R iiAS 2 2 L —% PhaseSeparation.FEM i % 211,




6 %1% MEMFluid OERER

o IR ZFIM T % Dirichlet Z&ff:
BHEAIMTOBER 2 BEOAKIC X 2R B TOBEHORNR., BREENI 2 K IEEL BN OBREM
I AA T 72 12, Helmholtz-Smoluchowski D FIC &k 2 EAIKENC L ATEZERATCOMELE L LT
Dirichlet £&ff T5H- 272 ). 1 XJt Poisson-Boltzmann /TR0 B R NRIc Xk b, ¥— ¥ &AL
ZEtE L, BERTOEMOMRN % WD, BEREN % Dirichlet 5 T4H 2 % 5/,

1.4.1 BEg C, I 2EREHS
PRI 0 U C B E TR A BE RS T 0B ) Th 5,
o [FEHEAESFRRMG

A algik ¥ 4 753 UNSTRUCTURED_RECT D& D A AR TH 5, x ST B RS %
HLBEAE. ROXPHEI NS,

Ca(xvya Z) = Ca(l’ + Lg, yaz)

y JTR 7 JFANC & B RS 2 B A A XS LR E NS, a 3RS 2R TA
VT I A,
o INILYVIBSREM (Dirichlet 5:4F)
EEOBERmMIC LT, NV 7EREFZHET I ENTE S, NUVZEREME LI, Zo8ERmX %
TIEH 2 (NS —E) IK%>Tw3ET55DT, BAETOMEEZG52 %, RTRTERD L)
2% %,
Co(, Y, 2)| Boundary = Constant,,

Th 5, WL TD L 7 BRSO REICIE, 47 T_CONSTANT_VALUE_FOR_A_COMPONENT”
2T, RO DFES L% DRI ANIT 5, FHEZEL TNV 7 BEREEZEET 510E, 5
74" D_CONSTANT_VALUE_FOR_A_COMPONENT” % i\ >, B DOHF 5 & i % i st ic A
h¥ 5,

1.4.2 #H%E j, /BRIE K ICHT BIRFARMN
WSS RIS L O TR R BRI LT 03 ) T 5,

o FIERIESREM
Xy afgik¥ 4 75 UNSTRUCTURED RECT OEEDABEHARETH 5, x FFIAIC B RSM: %
LA, XRoAp#HEIN S,
jam(waya Z) = jam(x + Lm; Y, Z)
y AR z G AN b AR RS 2 BT A ik AR e A& A Ec o L Cills s,
o BEIEFEM (Dirichlet 514)
AR oz iEET 5, NTHT &

ja(x» Y, Z)|wall = jwall
C 2 TET |wan (FEEH L COMEZ ERY 5, BEMSRAI 2 8E T 51213,

54" D_CONSTANT_VALUE_FOR_A_COMPONENT” # I\ T, D& ER7 FILEZIHE
WA T 5, WEZEBL R WEETIX, 02T 5,



1.4. MEMFluid DZEDOEREZHEOERL 7

o NILVEREH
FHROBIHE Lo n, L 7ERSEE LI, Z208RE X DB TREZS 2MH SV 7l —
E)IC-oTw3 LT 5H0T, MKRGOERAICERELRFHOARIEY R & T 5. fl 21X, BREN%
KTRTERD L H TR 3,

n- ja('raya Z)'Boundary =0

JAWIERT R LRI DLW T, MEMFluid TIEBEINIC 2 O Z 4, FiFE O Neumann 54
DIED ATEFH F—F L TR\,

1.4.3 EEH v I BRFEN
SEEBHT R L TR T AR BESR AR A T O ) Th 5.

o AHAESREM
X v afgiky £ 7798 UNSTRUCTURED_RECT DA D AHEHTIRETH 5., x J51A A EIEE R &%
MLIGERDODADHINS,
v(z,y,2) =v(z + La,y, 2)

y AR 2 JTENC S B SR Ee At 2 B A i3 ik A s it L Cid e s,

o BRI TREREBDEZRTE
HAERMTHREDEE X, Y. ZHT T L5 2 2023 5 8)% v, TEIC & T 3RS Z2HT 2
EnTcE, UFoXcEbans,

(2, Y, 2)|lwat = vo
ZZTidE ‘wall Ciﬁ.fﬁj:’(@{ﬁ%%f%?‘%o EP voln Th 35,

WL COER L TORELZET 2121, 4% VX" (X a2 H#E). “IVY” (Y B % HE).
I VZ(ZBGr21EE) & L, fllc, HEZANT 5, 8UE, &FE4AZ7IVEC” & L, HISEED XY, Z 1K
53D 3 ODEEEIITANT 5, GHEZEBL T, B L TOMELZEET 5I1Cd, 4% “D VX" (X
R ZfEE). “DVY" (Y M ZiEE). “D VL (ZHaziEE) L L, flic, #ME2 AT 5, 83,
4 %2”D_VEC” £ L., HISHEED XY, ZRTD 3 ODEZEEIITANT 3,

o EBHMT COEREEIRICLZER LOEESDIEEREZERFZMHICHE
B T CTOBLBRENRICL 2BRACREDESE X, Y. ZHROTEICE5Z 5, BERITOME v, TH
CETABREMZHT I EnTE, UMToTtkbIns,

’l)(l‘, Y, Z)|wall = ’er((I), {Ca})

22 TEE oy FEEH ECOMEEERT 5, $72 00 LnThHD,

WL T, OIS X D BEROMEY 2 ET 5113, &4 %7 IF_VX_ELECTRO_OSMOSIS™ (X
53 %2 H75E), "IF_VY_ELECTRO-OSMOSIS™ (Y 77 % #67&), ”IF_VZ_ELECTRO_-OSMOSIS” (Z 77
Z ). ik, "IF_-VEC_ELECTRO_OSMOSIS” (& %2 HE) L5, tHEZ#EL T, ZOFMFIC L
DIRROMEY % ET 5121k, G4 %7 DF_VX_ELECTRO_OSMOSIS” (X B4 % f&7E),
"DF_VY_ELECTRO_OSMOSIS” (Y &% % $§5€), "DF_VZ_ELECTRO_OSMOSIS” (Z 4 % 5 5&). =
EN

"DF_VEC_ELECTRO_OSMOSIS” (&% % f57E) £ § %,

Voo DaltHIEE LTI, UTZHAAATNS,



£1E MEMFluid DEGRE =

— Helmholtz-Smoluchowski Dz
€o€r

U
ZIT, (IERTOXY—FEN., E BEATOELTH S, WXoufld 5L,

CE (1.17)

Veo =

CE (1.18)

Veo =

L
22T, MERILIREL DR?2/L ~ 788 x 107* TH 3,
ZoAZEH VLI, FUEDEOEIET— 212, “HELMHOLTZ_SMOLUCHOWSKI” % AJ19 %,
Helmholtz-Smoluchowski D THE & 74 2R CHOX — & B ¢ DEFFIZOWTE, LTFD 25
AR TS,
* NT— A=Y TEER EOWEME G2 5,
INEHOTE =Y EMEZFHET 512, £EOfED 2 FBHOT— 212,
“ZETA_POTENTIAL_INPUT_PARAM” %, 3H&HD 7= Ic¥— ¥ BN D% AT 5,
x RMABMEE ¢ 25 2. 1 X0 Poisson-Boltzmann HFEROBEM L D EE T 5, 1 fED
DDTZF Y« AF A VRTIE, WBOMNEE Z, NV 7RE (ET—8) 2 C L35,
B ORERIE, LTFTD L) IcH TS,

_ 2kpT o o2 1/2
C="Z m{BC%QkBTPN+(SC%quT_%0 } (1.19)
R % &, ,
2 o o 1/2
¢= 72" @eramyt seram +Y) (1.20)

22T, ERIURBOMEIX, BXZ, 2/R=51.4, 8/(ML)=150x 1072 TH 3,
e e T -y EMZEHET 2123, ZFEOHED 2H/HDOT =212,
“ZETA_POTENTIAL_POISSON_BOLTZMANN" % AJj ¥ %, /35 A —% RM,L.Z(#i%k), 5
FT DNV 7 JREEY (Concentration) ¥ & CHMHBE R OB E 3 (ChargeDensity) 234%5 &
%5,

« RIMEMEE o 252, iz ary 7y —CHiizE 7 LT %, (1 XL Poisson-Boltzmann
T3 R D B g DRI AU FH 244

g

¢ = (1.21)
€o€rk
ZIT, kIZER2BEOES (BAH e ITINET % 8EEfE) OB TH D,
_ > Z22Cae? 1/2
=TT ) (1.22)

EHIT B, oAz 5 L.

(ML)'/? o

TR0

(1.23)

EET S, 22T, EROUREOMEIE, BXZ, (ML)Y?/R=188x 10° TH 3,
Izt =y EMZFHT 2123, FMOMED 2FEHDT— 512,
“ZETA_POTENTIAL_LINEAR_CONDENSOR” Z AJ§ %, 285 X —% RM,L,Z(fif$k), &
HTD)L 7 JREY (Concentration) 3 & ML O B % 35 (ChargeDensity) 232052 &
%5,

SIS T T B % S, TN ¢ AME > TEMBIEBAE S | EKM<1ﬁﬁﬁém5% TH B, FWET 1-1 MEREDOY

B (Z=1)1Tix, TOFMIE, (<25mV %43,



1.4. MEMFluid DZEDOEREZHEOERL 9

* BEMAY 2 2L —% Electrolyte > 2 2 L —% ZflAiAty, (A—3 7))
FHELIRE I E 2202 2 03, EREETH B,
et — 2B ZIHET 2101, FEOED 2FHDOT— 212,
“ZETA_POTENTIAL_ MUFFIN_ELECTROLYTE” % A% %, /85 A —% RM,L,Z(#i%),
BHLT DNV 7 R IEY; (Concentration) 3 X VMBS O B Aif % 45 (ChargeDensity) 23204
&5 %,
— WAV 2 2L —% Electrolyte ¥ 2 2 L — ¥ ZflAiAt, (A—3v7)

IR0 503, WlEETH 5,

ZoXEMC I, FKEDEDKEET— 512, “MUFFIN. ELECTROLYTE” 2 A1 ¥ %, /87

A—% DRML,Z({i%), HTD/ )L 7iREY (Concentration), #¥5 (ElectricField), & & O,

SR R D B A% LY (ChargeDensity) 2303 & 72 5,

o R ELTENEZRELILIBE
Z DS TS O AL v 2 3

n- ’U(l’,y, Z)|wall =0

HEIMICZ I NS DT, BEDOKHEIZ D,

1.4.4 FENIG plcHd 2R
FES5 et U C B AR A B RS I L T 0B ) Th 5,

o FAHAESRFN
Ay afBiky 4 723 UNSTRUCTURED RECT D& D AEMHRETH %, x Hlah MRSt %
LB AROABHE NS,
p(z,y,2) =p(x+ Lo, y, 2)

y AR z SN S I SRt 2 B 5 6 i3 AR A i L Citd e s,

o BRI TEEBDEZRELLES
EHANEH Y 1

n- vp(xa Y, Z)|Boundary =0

DI A VRGN EENGICE Z 5121, 4 EN L L, FEOEORET -5 Iz D
ARLOAE (0.0 % &) # AS1T 5,

o R ETENEZRE
&b ZEFUH TSI Ol p, ZRET %,

p(l" Y, z)'Boundary = Po
DI TV 7 VERENZTENIGICE Z 512k, &4 %7D” £7213”D_CONSTANT_VALUE” &

L. KEOMEDKH T — Z ICHR COIE G OMEZ ANT %,

1.4.5 BERTVIvIVE Phi lIH92EREE

EE AT 2 v VBICN U CREWBE R BRI T oM ) Th 5,



£1E MEMFluid DEGRE =

o ARSI
Ay alpiky A 75 UNSTRUCTURED_RECT DG D AEHIWRETH 5., x JiFH MBI a2
AL E, ROADHINS,
O(2,y,2) = ®(2 + Lay, 2)

y T z TN b B Al 2 33 58 B AR 2 X3S T ricy LTt n s,

o BERLETRAEBHEE 0 25X % (Neumann EHREH)
(BRI RE S OFRER T V> Y VOARL) 28 ET 5 Lo3apg, NTHRT L,

n- V(I)(‘Ta Y, Z)|Boundary = 70/67«60

b5, WERITULT B &
n- V@('xvyaz)‘Boundary = _O'ML/R

ThHb, RUBMOMHZE, FHPFRTERCETE, ABIIC,
n-: V(I)(Jf, Y, Z)|Boundary =0
Dz S b,

o R ETEMZHRTE (Direchlet RREH)
HREITOEMEZFRET S 2 & 3THE,

(I)(.’L'7 Y, Z)‘Boundary =P, (: Constant)

COBREMERET 121, FEAZD” &L, FMFOMEDIET — & IHE S 2 Q&2 A 17 5,

o BSOS 5 ZROBRLTE— 5 BUEHELBUERE
WHANNC X B BEREAOFMANAS L 7124 L T3 BAIIE, BRAOKER K ) HROTL 2
T (Y- W) 2keo. HR EOBMERET 2 T £ AT,

CI)(x, Y, Z)‘Boundary = (I)el((I)Applied7 {Ca})

ZOWREEEIRET 51 ﬂ#%%quEELHHENHMW&L\%ﬁ@%@? FIZHNERD 5
BEFUCHIINL TV 5 8 u% 2%9@7 Iz Y B DHELEZIEET 5, SV 7 ~OERERE L
T. IHTEIMEN D& ¥ — 7 E u’%élb>t{ﬁﬁ>r')7v 5 zoh s,

BRTOX —YBMOHEICOWTIZ, UTD 422 MAAALTHES,

— NI =X =7 THEEL EDWEMZ G5 R 5,
NzHWTE—%E {.L%nfﬁ?% . F&fFoED 2 FHD 7= 12, “INPUT_PARAMETER”
Z, 3HJWHDOT =2 It —FEMDEZ ATIT 5,

— FMEEM %5 Z. 1 XIT Poisson-Boltzmann RN DEEMR L D EET 5,
BRI o nw T, #ESOBERLEDIEZ S,
InEHOTE =Y BEMNEZGET 5123, oo 2 ZBHD 7 =412, “POISSON_BOLTZMANN”
ZANNT D, 87 A =% RM,LZ(fi#5), R TD L 7R (Concentration) 8 X HIBE R D
BB LSS (ChargeDensity) 2303 & 72 %,
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— KHEEM25 2, Sz ar7Fry—ThliEzEe T wbd 5, (BIZLM)
BRI 72O TE, G OBERSMEDOIHZ 2,
IhzMeTE—sEfzithid 2103, &Moo 2/HHED T —4 12, “LINEAR_.CONDENSOR”
ZANT B, 87X =% RM,LZ({{H), BHHT DL 78, (Concentration) 3 & MBS O
TR JEY; (ChargeDensity) 2303 & 75 5,

— ®WREY T 2L —% Electrolyte DFIHEAERZH 2, (X—3 )
et =y &M 2R 2123, FFOfED 2 %EODT 12, “MUFFIN_ELECTROLYTE”"
ZANT B, 87X =% RM,LZ({{H), BHHT D3V 78, (Concentration) ¥ & MBS O
TR JEY; (ChargeDensity) 2303 & 75 5,

1.4.6 EREEIS p., o ICHTIIEFREG
B ICN L CRE R 2B RAIF LI F M) ©b 3,

o FEIERIESRSEM
Xy /,-Lw:M 753 UNSTRUCTURED_RECT DA DAEHTIEETH %, x HIAI B REN %
LB E. ROADBHINS,

P(x, Y, Z) = P(m + Lmvya Z)
y JTHR° z SN b RS 2 BT A I I E R e A& T i LT s L s,

o EIEER HER (BRSO EIE) &M (Dirichlet 4fF)
ORI F 72135l 12 ﬂt“c —EDEMAEGZ 5TV 7 VERSGMERT I LB TE S, W
L COREEBMIEFDIE I, &4 T £721371 CONSTANT _VALUE” &, ZOfiti% o isset:
WCANT %, GHEZ@EL T I%éﬁ“ﬁﬂ#% BET 512, &4 D” % 713" D_CONSTANT_VALUE”
&, ZDMEE BB ATIT 5,

1.4.7 FHEEE c WU DIEREH
(K & ) BRI LT RE T A B RAH L TOME ) ©h 3.,

o FAHAESFM
Ay afiRy 4 75 UNSTRUCTURED_RECT D54 D AEMATEETH %, x HANS HIABI RS %
LGS, RoXpHaEns,
e(z,y,z) =e(x+ Ly, y, 2)

y HIAR 7z JF RIS b R SR 2 BT 5 IZ MR 2 XS A I L TR s L 5,

o BIRMEMEE BRI EHEM (Dirichlet 5:1F)
RO TERIN LT, ~EDFELRLMT I LM TE S, Jiud, fHEEk 1, fEK2 % E‘f%ﬁ&%biﬁ&
271012, HRTDFERPEL DA EITHV S, IRESHHREE S st 2 B E T 31
#47D” £7213”D_CONSTANT_VALUE” &, %A 4 v D Z OEB TOHERRDMEZ 5D %Eb‘zééﬁﬂ
1T 5,

1.4.8 $EIS ) ITHT DIEFEMN
HEE ST L C R E TR R BRI U T OB ) Tdh 2,
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o [AHAIRSREM
Ay afBiRy 4 753 UNSTRUCTURED_RECT D& D AEATRETH %, x ST RSN %
MLGE, Rof#Eans,
n(w,y,2) =n(x + Lz, y, 2)

y TR z TN b R Al 2 33 58 I B AR A X3S T micd LTt n s,

o BIFHERREIE A MEEKEM (Dirichlet 5f4)
EEOEIHEBICR L T, ~EDOMEZMT I ENTE S, g, FHK 1 TIlEK, 2 TIHERE
Whie & SIS R T 254 B, AR IEE S ms 2 i 5 1TiE. ST DY
F7213"D_CONSTANT_VALUE” & Z DI TOEBED R DM % S s Ec AT %,
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2.1 MEMFluid DY 20V 799 \DIGRIEE

ZOHITIFERERIEICE 2 MEMFluidd D~4 70V 7 7 % Ot 2 R4, s DA HR$
5 AN UDF 7 7 A v, 717 74 V3R Muffin OFAMD 7 4 L 7 kU MUFFIN/sample/MEMFluid B I
MR D5 4 L 2 b ) MUFFIN/sample/MEMFluid/EX01, EX02, .. Z: LTI ON T3,

2.1.1 AR 1: EAMMICEZ 70— I3y IA470Fy 7OREME

IR, K211 IR T AT, R A L B OMIESATRT 5% T, EHAE Ap DA X b KL
A LB EL, AWERIG A+ B — CI2X DS C BVERT 285600 C OEREDRHZLZ
vIial—vavia,

X 2.1: MEMFluid @M : EAANIc k270 —4 v 273> a v LAWK

ABAUDF 771)b:

MUFFIN/sample/MEMFluid/EX01/EX01_in.udf

A1 UDF #&&t

2T, BERRTCEEIL 2, MR Z % lum & LEGEDOIERIU T A=Y DfEEHWT, ¥ T2l —
TavaEit),

e parameter.mesh_parameter:

JEAk ¥ 4 7 UNSTRUCTURED _RECT, 64x32x2 77,

e parameter.pysical_parameter]] :
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Parameter £ (KEY) ‘ fil
NUMBER_OF_COMPONENTS 3

VISCOSITY 1.0, 1.0, 1.0

z 1,1,2

R 3.89e-2

M 6.02¢e2

D 4.63e-3
DIELECTRIC_.CONSTANT 1.0, 1.0, 1.0
DIFFUSION_COEFFICIENT 1.0, 1.0, 1.0
AVERAGED_ION_CONCENTRATION | 0.0, 0.0, 0.0
D_PRESSURE 10.0
REACTION_COEFFICIENT 2.0 0,-1.0, 0,0, 0, 0, 0, 0, 0
REACTION_COEFFICIENT 2.1 0,-1.0, 0, 0, 0,0, 0, 0, 0
REACTION_COEFFICIENT 2.2 0,1.0,0,0,0,0,0,0,0

e partial region]]

2T, MESEWT 1T d 2”BOUNDARY VERTEX XMIN"® 9 &, J&7T A ORI D AITOH
1% %”BOUNDARY_VERTEX_XMIN_YUPPER” & L T. % B D& o AL OfEE %
"BOUNDARY_VERTEX_XMIN_YLOWER” & L C. &R0 ZfEK L T3,

e region.condition]]

UM sl se e 2 7 4,

Bt 5 | &4 | it
BOUNDARY_VERTEX_ZMIN | Velocity D_VZ 0.0
BOUNDARY_VERTEX_ZMAX | Velocity D_VZ 0.0
BOUNDARY_VERTEX _XMIN | Velocity D.VY 0.0
BOUNDARY_VERTEX_XMIN | Velocity D_VZ 0.0
BOUNDARY_VERTEX_XMAX | Velocity D_.VY 0.0
BOUNDARY_VERTEX _XMAX | Velocity D_VZ 0.0
BOUNDARY_VERTEX_YMIN | Velocity D_VEC 0.0, 0.0, 0.0
BOUNDARY_VERTEX_YMAX | Velocity D_VEC 0.0, 0.0, 0.0
BOUNDARY_VERTEX _XMIN | Pressure D $(D_PRESSURE)
BOUNDARY_VERTEX_XMAX | Pressure D 0.0
BOUNDARY_VERTEX_XMIN | Concentration | D.CONSTANT_VALUE 2, 0.0

_FOR_A_COMPONENT
BOUNDARY_VERTEX_XMIN | Concentration | D_.CONSTANT_VALUE 0, 1.0
_YUPPER _FOR_A_COMPONENT
BOUNDARY_VERTEX_XMIN | Concentration | D_.CONSTANT_VALUE 1, 1.0
_YLOWER _FOR_A_COMPONENT

e dynamics_manager.registered field]|

ElectricPotential, ElectricField % F& < . MEMFIluid TfHEATREZR TR TOEEZEE L T3,

e dynamics_manager.procedures_table_for_initialization[].command_ list[]

WL FHi Z "INITIALIZE:REACTOR:UNDER_PRESSURE” ZMTD L HICERL T\ 5,
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. EERs

Pressure INITIALIZE:TO_ZERO

Viscosity UPDATE:TO_CONSTANT

Velocity INITIALIZE:TO_ZERO

Concentration | INITIALIZE:UNIFORM

Obstacle INITIALIZE:TO_ZERO

K_Field SOLVE:WITH_.CHARGE_NEUTRALITY
Velocity SOLVE:STOKES_EQUATION_AND_PRESSURE
Concentration | INITIALIZE:PARTIAL_REGION_CONDITION

IO TR Z DT DO L H Ik > TWw 3,

%5, HEY . A A VIREES % 0.0 ([cwiiifl, RS %2 —E 1l 1.0 ISk,

— R BAITPEESAE TR, (2 2Tk, $RT0.0 &% %, )

— BiFRSEAE T C Stokes ER 2R E | ERIRBOMILS LIEN5 2RO 5,

A Z VRS sEES 2 B L A IR A, B B DNV &R 525,

e dynamics_manager.procedures_table_for_evolution[].command_list[]

FE T FH: % ?SOLVE:REACTOR:UNDER_PRESSURE” ZM T X ) ICEERT 5,

EZ A EERT |
K_Field SOLVE:WITH_.CHARGE_NEUTRALITY
Flux SOLVE:WITH_.CHARGE_NEUTRALITY
Velocity SOLVE:VELOCITY_AND_PRESSURE

Concentration | SOLVE:WITH_FLOW:WITH_REACTION
Concentration | UPDATE:PARTIAL_REGION_CONDITION

RFEETOFHE I T O LI Ich>o T3,

— B2 BRI TESE D T O,

— AT Y DHRRT DILBORH 2 f# <,

— K152 T, Navier-Stokes /Tl z2 1 A7 v 7R E | WER & F 1% RHITE R,

A & v DIRHORR S & HEES; 2 H T A A4 VRS2 Bt - 68 - (LEROE & 0 I[EZER,
A F VIRESH IR SIS 2 B L . M AWE T DNV 7 e FERE T b,

SREEBR

A F VY (Concentration) Z GOURMET @ View BRETHERN L 722X 2.1.1 I8, kKX DK
t =10.0,25.0,50.0 TD, XL DT A, 5 B, 53 C DA A VIBES %R LT\ 2%, #RH? Python
A 27V 7" FliZlx MeshfieldShow.py Z i L T\w 3,

T, M O T O” BOUNDARY _VERTEX XMAX?” [fii b0 #5553 V-4 L0k B 5 o Wi 48L&
python 70 77 L X DT L, Fiv> T, SONEREORZLE Plot R L7277 7 2K 2.1.1 1T, fi#hT
H® python 71 77 A1l memfluid/analysis_reactor_pressure.py % H\T, 77 7> — I (GraphSheet]])
2L, 77 7 &R gnuplot A7V 7" M 2%, memfluid/plot_average reaction rate.gp ZfHH L T\ 3,
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X 2.2: MEMFluid SERHF . EHAINICE 270 —4 V¥ 27> 3 v b RIGEBY) O ST h

X 2.3: MEMFluid @/ . LA X 279 —4 v ¥ = 73 3 v TORIBEREOFZL
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2.1.2 BAR2: BKAEICLZ 70— I3 yIA470Fy 7OBEME

TITIE, BHINT, AA YT A AL VRS B OMENERT 22T, BERITOER 2 HEFDOAEK L
EIJTE';?E' £ O BERREFE CHRARERAE I D, Zauc kb, B A LR B 23, {L¥#ERIG A+ B — C
S DERIY C BB T 2L E DIy C DEEEDORMZ(LZ T aL—vav$ 5,

A UDF 771):

MUFFIN/sample/MEMFluid/EX01/EX02_in.udf

A UDF &5t

2Tk, HERR TSIl 72, BITE S R 1um & LA DIERITT NI A =S DEEZWT, ¥ T2l —
arvEiTH,

e parameter.mesh_parameter:

ik ¥ 4 7 UNSTRUCTURED_RECT. 64x32x2 47,

e parameter.pysical_parameter|] :

’ Parameter £ (KEY) ‘ fili
NUMBER_OF_COMPONENTS 3
VISCOSITY 1.0, 1.0, 1.0
z 1,1,2
R 3.89e-2
M 6.02e2
D 4.63e-3
L 8.89e-3
DIELECTRIC_CONSTANT 1.0, 1.0, 1.0
DIFFUSION_COEFFICIENT 1.0, 1.0, 1.0
AVERAGED_ION_CONCENTRATION | 0.0, 0.0, 0.0
EXTERNAL_ELECTRIC_FIELD 10.0, 0.0, 0.0
ZETA_POTENTIAL 100.0
REACTION_COEFFICIENT 2.0 0,-1.0, 0, 0,0,0,0,0,0
REACTION_COEFFICIENT 2.1 0,-1.0,0,0,0,0,0,0,0
REACTION.COEFFICIENT 2.2 0,1.0,0,0,0,0,0,0,0

e partial region|]

2 ZTliE, MEDEWT 1 TH %2 "BOUNDARY _VERTEX XMIN"® 9 b &7 A Ol DA DFH
,%”BOUNDARY _VERTEX_XMIN_YUPPER” & L C. &4 B OME D AL DOFEE %
"BOUNDARY_VERTEX_XMIN_YLOWER” & L C. ¥l ZER L T3

e region.condition]]

DUN s s se b 2 m g,
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Bt . G | f
BOUNDARY_VERTEX_ZMIN Velocity D_VZ 0.0
BOUNDARY_VERTEX_ZMAX | Velocity D_VZ 0.0
BOUNDARY_VERTEX_XMIN | Velocity D.VY 0.0
BOUNDARY_VERTEX _XMIN | Velocity D_VZ 0.0
BOUNDARY_VERTEX_XMAX | Velocity D.VY 0.0
BOUNDARY_VERTEX_XMAX | Velocity D_VZ 0.0
BOUNDARY_VERTEX_YMIN | Velocity DF_VX HELMHOLTZ

_ELECTRO_OSMOSIS _SMOLUCHOWSKI,
ZETA_POTENTIAL
INPUT_PARAM,
$(ZETA_POTENTIAL)
BOUNDARY_VERTEX_YMIN | Velocity D.VY 0.0
BOUNDARY_VERTEX_YMIN | Velocity D_VZ 0.0
BOUNDARY_VERTEX_YMAX | Velocity DF_VX HELMHOLTZ
_ELECTRO_OSMOSIS _SMOLUCHOWSKI,
ZETA_POTENTIAL
INPUT_PARAM,
$(ZETA _POTENTIAL)
BOUNDARY_VERTEX_YMAX | Velocity D.VY 0.0
BOUNDARY_VERTEX_YMAX | Velocity D_VZ 0.0
BOUNDARY_VERTEX_XMIN | Pressure D 0.0
BOUNDARY_VERTEX_XMAX | Pressure D 0.0
BOUNDARY_VERTEX_XMIN | Concentration | D.CONSTANT_VALUE | 2, 0.0
_FOR_A_.COMPONENT
BOUNDARY_VERTEX XMIN | Concentration | D.CONSTANT_VALUE | 0, 1.0
_-YUPPER _FOR_A_COMPONENT
BOUNDARY_VERTEX_XMIN | Concentration | D.CONSTANT_VALUE | 1, 1.0

-YLOWER

_FOR_.A_.COMPONENT

e dynamics_manager.registered_field[]

ElectricPotential % & { . MEMFluid THEHTEE R T R TOEEZHEL T\ 5,

e dynamics_manager.procedures_table_for_initialization[].command_list|]

WIHULFHE E "INITIALIZE:REACTOR:UNDER_ELECTRO_OSMOSIS” ZBA FD X ) ITEFEL T 5,

|

% [ oifea <y ¥

|

Pressure INITIALIZE:TO_ZERO
Viscosity UPDATE:TO_-CONSTANT
Velocity INITIALIZE:TO_ZERO

Concentration
Obstacle
ElectricField
K_Field
Velocity

Concentration

INITTIALIZE:UNIFORM
INITIALIZE:TO_ZERO

SOLVE:BY _ELECTRIC_POTENTIAL:WITH_EXTERNAL_FIELD

SOLVE:WITH_ CHARGE_NEUTRALITY
SOLVE:STOKES_EQUATION_AND_PRESSURE
INITIALIZE:PARTIAL_REGION_CONDITION
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LD TR Z DT DO L H I > TWw 3,

— H, WES A4 VIRESE 0.0 ISk, REEES & —E il 1.0 IS,

— BYEINHAIEY (/37 X —% EXTERNAL_ELECTRIC_FIELD) T#Iiifk,

— R 2 B ESEAET CEME, (22T, TRTO0.0 £ B, )

— FIFRSEMT T Stokes R 2 R E | ERIRBOMILS; L IEN5 2 RD 5,

— A VIREESICER S 2 B L . M AWEICET A, RIT B DNV SR 52 B,

e dynamics_manager.procedures_table_for_evolution[].command_list[]

K E T FH % ”SOLVE:REACTOR:UNDER_ELECTRO_OSMOSIS” 2 TD Xk H ICEET 5,

EZZIRERT |
K_Field SOLVE:WITH_ CHARGE_NEUTRALITY
Flux SOLVE:WITH_ELECTRIC_POTENTIAL:WITH_EXTERNAL_FIELD
Velocity SOLVE:VELOCITY_AND_PRESSURE

Concentration | SOLVE:WITH_FLOW:WITH_REACTION
Concentration | UPDATE:PARTIAL_REGION_CONDITION

RRDETOF R EZIIUTD LI IZHm> T3S,

BRI Y2 AT RSO T TiE <,

— YA T oA & v DOEE OISR % fiF < .

— KM% v T, Navier-Stokes TRz 1 A7 v 7R E | WER & E % RHIFE R,

A & v DIRHORR S & HEES; 2 FC A A4 VRS2 Bt - 68 - (LA POE & 0 IR[HEZER,
A F VIRESH IR SIS 2 B L . M AREE T DNV 7 e FERE T S,

STREEBR

A F ViR (Concentration) Z GOURMET @ View BHE TR L 7P 2 X 2.1.2 IT7F, R X D KX
t =10.0,25.0,50.0 TD, X &L DT A, 5 B, 53 C DA A VIBES %R LT3, #RH? Python
A 2 7 Mzl MeshfieldShow.py ZfEH L T3,

T, M O T O BOUNDARY _VERTEX XMAX?” [fii b0 #5553 V-4 BE 0 ik B 5 o R 48L&
python 70775 A X Dbt L. fiiv> T ROSEBEEDRZ(LZ Plot R L7277 7 2K 2.1.2 1SR, @it O
python 7’8 7' A IZi%, memfluid/analysis_reactor_electro_osmosis.py Z T, 77 7> — b} (GraphSheet|])
2 L. 77 7R D gnuplot A 7Y 7" M iZiE, memfluid/plot_average reaction rate.gp ZfHH L T\ 3,
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% 2.4: MEMFluid J#H#1 -

¥ 2.5: MEMFluid J#HH1 -

BRAITIC k70— VP 27> a vk KIBERY OISR

BIGEIM

Wcka7u—A Y7y aryTORIGERZED 2
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F£38E MEMFluidUV77LY2X

3.1 MEMFluid DAHING A —4

3.1.1 MEMFluid DY ILINFIFIISG KA —5—&

89 A =8 DA | /89 A =% O3k & BT O
SEED_OF RANDOM_NUMBER LB (RER)

DT_FOR.V Stokes Jita M T 3 2 IRFEIX 2
MAX_ITERATION_FOR Stokes Jital S DA D I LK

_VELOCITY_SOLVER

CONVERGENCE_CRITERION_FOR, | Stokes a4 o I E fiE

_VELOCITY_SOLVER > 0 : B HE DN 2R (default:1.073)
<0 : HEEHNEDZ(LER (default:1.073)
PENALTY_NUMBER Dirichlet SEREEAFICHHT 2 LT 1 %
MATRIX_SOLVER BE AT V¥ v VEIETCO—R R DRE
_FOR_ELECTRIC_FIELD (“ICCG” (77 AV k) £7137CG”)
MATRIX_SOLVER JESE5 55T DO —R G D ffk:

(“ICCG” (77 4V b) £72137CG)

3.1.2 MEMFluid DYIBISS XA —9—8&

INT R —F DT

28T R — 5 DIEBR & BT DRl

NUMBER_OF_COMPONENTS

J% o4

DEVIATION_FROM_AVERAGED_CONCENTRATION

AF VIRESICGZ 255 EDKRE I

AVERAGED_ION_CONCENTRATION

HA LV OUIHBREOFEME Cay

DIFFUSION_COEFFICIENT

IR DILELGREL D,y

GRAVITY_X W5 2 % —EN 1D X By
GRAVITY.Y W52 2 —EN DY oy

GRAVITY _Z WG C 5 2 2 —EN 1D Z K57
EXTERNAL_ELECTRIC_FIELD SHETINES (X7 b vig) By

VALENCY BA T VIR DB Z,,

Z BA T VT DB Z,

R MEI ALY — LB VX —DL R =e®q/kpT
CHIL.mn oy nym D x-237 A—=% (m <n DHE5Z2)
D XTI T A =% D (R DRE)

L VATAYAREEI N VRED

M ERTCRT A =% M (AR D DR
REYNOLDS LA VAREL
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RE LA 2V RE
DIELECTRIC_CONSTANT (flik & D) HEEER €0 RITHICHIITE R 5
VISCOSITY 153 D RERREL 7).,
REACTION_COEFFICIENT 1.« FISEFRE Rlap

(BIZDWTDY A X Ne DFLSI)
REACTION_COEFFICIENT 2_a BOSEREL R203+

(B,y 12DV TDY A X Nc? DFLS)

3.2 MEMFhuid Q&Y R
3.2.1 MEMFluid OFIAERIERIZD—E

| B4 | B> 3ok & Bt < 0
Flux A A VISR A
Velocity TR LS,

Obstacle NS (FEEY) %

Concentration A 4 ViBEY;
ElectricPotential | &R T v ¥ L

ElectricField H
ChargeDensity AR
Pressure 155
K_Field (ZSiEvak
Viscosity KRS

DielectricConst | (ffiZk & D) HFEHEHRY

3.2.2 MEMFluid DNV R—&
Concentration : 1A VEER AV RK—E

’ Concentration ‘ LN

wIHL "INITIALIZE:PARTIAL_REGION_CONDITION”
wIHL "INITIALIZE:ADD_NOISE”

wIHL ?INITIALIZE:UNIFORM”

IR 7 b "UPDATE:PARTIAL_REGION_CONDITION”

IRFFHI 76 "SOLVE:WITH_.FLOW:WITH_REACTION”

IRFFH 76 "SOLVE:WITHOUT_FLOW:WITH_REACTION”

IRFFH 76 "SOLVE:-WITH_FLOW:WITHOUT_REACTION”

IR 7 "SOLVE:WITHOUT_FLOW:WITHOUT_REACTION”
fiEetit "OUTPUT:AVS”

ATt A% "EVALUATE:TRUE”

1. Concentration : #JHi{t ¥
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2. Concentration :

R »INITIALIZE:PARTIAL_REGION_CONDITION”
Fne o S OISR (“IXXX?) & H\ TR gk
#f7/8 7 A —% | NUMBER_OF_COMPONENTS

22 »INITIALIZE:ADD_NOISE”

Fne BDOWIMISARIC ) A X% 5.2 %

W N7 A —% | NUMBER_OF_.COMPONENTS

#etF 85 A —4% | DEVIATION_FROM_AVERAGED_CONCENTRATION
#t7,$7 A —4% | SEED_.OF_RANDOM_NUMBER

£ ?INITIALIZE:UNIFORM”

Fre BEE S D3¥— 1R E L 72 0IIRAEL T %

7,87 A —% | NUMBER_OF_COMPONENTS

#f7/8 7 A —% | AVERAGED_ION_CONCENTRATION

SRR

SR »UPDATE:PARTIAL_REGION_CONDITION”
HrE A RTEN S AR T A

WHFE/89 X —% | NUMBER_OF_COMPONENTS

4R »SOLVE:WITH_FLOW:WITH_REACTION?”
BEHE B, IE. LFAEOG % AL T <

8o = =V - (v0a) =V - jo + 25 R1agCs + X5, R2ap,CsC,

WL T3 | Flux

FEL T 55 | Velocity

LT\ 58 | Obstacle

fFE 7 XA =% | DT

#t7/8 9 A —% | NUMBER_.OF_COMPONENTS

V7 A —4% | DIFFUSION_COEFFICIENT

E2YN »SOLVE:WITHOUT_FLOW:WITH_REACTION”
BhE PR, AL UG 2 AUTES

% =-V.j,+ ZB Rla3Cp + Zﬂ,'y R203,CC5

HEL T2

Flux

- LT\ 33 | Obstacle

Wt N5 X —% | DT

W17/ X —% | NUMBER_OF_.COMPONENTS

#WHE8 5 X —% | DIFFUSION_COEFFICIENT

Ea N »SOLVE:WITH_FLOW:WITHOUT_REACTION?”

f&ae

B, BEmE AR
o = —V - (vCy) — V - 4,

HaEL T2
HEL T2
EL T2

Flux
Velocity
Obstacle

AP N T A =%
AP R T A =%
HAF/RT A =5

DT
NUMBER_OF_COMPONENTS
DIFFUSION_COEFFICIENT
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B0 »SOLVE:WITHOUT_FLOW:WITHOUT_REACTION”
F&ne JEELD B AR S
% ==V ja
LT3 | Flux
e T\ 38 | Obstacle
tF 87 A =% | DT
#A7/85 A —% | NUMBER_.OF_COMPONENTS
785 A —4 | DIFFUSION_COEFFICIENT

: BRMRI (3R5R) M4 FEH

3. Concentration

| Stk £l |

Bk EFIED R T A= |

I.CONSTANT_VALUE_FOR_A_COMPONENT

Vo % DMLY 3,
FEDfEIC, RTDEFES a & fH Y, Z AN
%)o

D_CONSTANT_VALUE_FOR_A_COMPONENT

Vo Z—EDMEICHEET 5, (7Y 7 L)
SO, RITDET o & fH ¢, Z AT
%,

FRATRA% S

4. Concentration :

”OUTPUT:AVS”

AVSIERTH o T2 1§ %

: FHERSEL S

"EVALUATE: TRUE”

I Ui 2 R R B

Flux : 17 VHiEUREE, K Field : &A% vV K—E
| KField | &5
wIHHL ?INITIALIZE:TO_ZERO”
wIHHL "INITIALIZE:TO_CONSTANT_FORCE”
K% | ”UPDATE: TO_ZERO”
FiEFE | ?”SOLVE:WITH_ELECTRIC_POTENTIAL”
6 | ”SOLVE:WITH_ELECTRIC_POTENTIAL:WITH_EXTERNAL_FIELD”
FiEFE | ”SOLVE:WITH.CHARGE_NEUTRALITY”
W% | ”UPDATE:PARTIAL_REGION_CONDITION”
fiEtr "OUTPUT:AVS”
FHliES%% | "EVALUATE:TRUE”

1. K_Field : #1434t i
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PAN »INITIALIZE:TO_ZERO”

Fae TR TOHIETORDEE 0 ¥ T 3
Wt 89 A —% | NUMBER_OF_.COMPONENTS

E2yN »INITIALIZE:TO_CONSTANT_FORCE”
BhE —EEDOEE LT %

i7 87 A —% | GRAVITY_X

WiF/8 7 A —% | GRAVITY.Y

N7 A—% | GRAVITY_ Z

2. K_Field : BSREFERE 5£M

SR »UPDATE:TO_ZERO”

s TRTOLEDMEEZ 012T 5,

WHFE/89 X —% | NUMBER_OF_COMPONENTS

BN »SOLVE:WITH_ELECTRIC_POTENTIAL”
B BERT Vv L2 ANTHEL DA T v DFHE 2 iR

Ja=VCa+> 5XapCaVCs+ RZ,C, VO

KL T %Y
L T2
KIEL T 58

Concentration
ElectricPotential
Obstacle

Wt N7 A —% | NUMBER_OF_.COMPONENTS

H-$7 X —% | Z (or VALENCY)

FE 7 XA =% | R

W87 X —4% | CHLLmn

EA0N »SOLVE:WITH_ELECTRIC_POTENTIAL
:WITH_EXTERNAL_FIELD”

PEnE BHRT vy 2L EARTEIIMES 2 ANTHEL DA 4 v D

TR % fig <
ja =VC, + Zﬁ XagcaVCB + RZ(XCOL(V(I) — EO)

KIEL T 5
TEL T2
AL T2

Concentration
ElectricPotential
Obstacle

W RTA—=% EXTERNAL_ELECTRIC_FIELD
KT A =% NUMBER_OF_COMPONENTS
HAr 87 X —% 7 (or VALENCY)

WEFINT A =% R

WHFINT A =% CHI_mn

E2n »SOLVE:WITH_CHARGE_NEUTRALITY”

haE

BRI TR L2 DA A v DIRE S % fi#
ja =VC, + Zﬁ Xa@CaVCﬁ

EL T2

Concentration

AL T\ 58 | Obstacle
W89 A —% | NUMBER_OF_COMPONENTS
W87 X —4% | CHLLmn
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ey

"UPDATE:PARTIAL_REGION_CONDITION”

et

oIS 2 T %

| #t7,<7 x—% | NUMBER_OF_COMPONENTS |

3. K_Field : EROMARIK (3R57) M4 4

EERZ | Bk DT A= |

D_CONSTANT_VALUE FOR_A_COMPONENT | j, % —EDfEICEHE T 2, (79 7 L&)

%ﬁ:@{ﬁbz\ )ﬁﬁj\@ﬁ%a & {ﬁjamujay?jaz’
zAib,

4. K_Field : BRATEIEL S50

»OUTPUT:AVS”

AVS IEATH D TF—5 1§ %

5. K_Field : FHMEBIE ¥4

4% | ’EVALUATE: TRUE”
PERE | IS ELE & R 9 Al £
Velocity : #EHE AV RF—&
’ Velocity ‘ 4
WAL ?INITIALIZE:TO_ZERO”
WL ?INITIALIZE:DIRICHLET_CONDITION”
WL ?INITIALIZE:PARTIAL_REGION_CONDITION”
K% E | ”SOLVE:VELOCITY_AND_PRESSURE”
RfFE | ”SOLVE:STOKES_EQUATION_AND_PRESSURE”
Rif%E | ”UPDATE:DIRICHLET_CONDITION”
fiEdT ?OUTPUT:AVS”
FHMRE% | "EVALUATE:TRUE”

1. Velocity : #1831t 5£4

?INITIALIZE:TO_ZERO”

TRCOMi R TOLDfEZ 0 WL %
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R »INITIALIZE:DIRICHLET_CONDITION”
Fne St 5 BT 7 L E MW TE R gL
#f7F LT\ 58 | ElectricField

fif7 L T\ %355 | ChargeDensity

#HF- L T\ 54 | Concentration

e N7 A =% | D

F 7 A =% | R

WF T A—=% | L

KiF T A =% | M

Wi X —% | Z or VALENCY

#f7/$7 A —% | NUMBER_OF_COMPONENTS

R »INITIALIZE:PARTIAL_REGION_CONDITION?”
Fne o s S D WIS %2 H o T & AL
#f7F LT\ %5 | ElectricField

fif7 L T\ %355 | ChargeDensity

#HFE L T\ 54 | Concentration

e N7 A =% | D

F 7 A =% | R

T A—=% | L

iF T A =% | M

e X —% | Z or VALENCY

Wt N7 A —% | NUMBER_OF_.COMPONENTS

2. Velocity : FFEIFERE S5

N ”SOLVE:VELOCITY_AND_PRESSURE”

TAE Navier-Stokes Jf2C & W HMES 2 HE15% 1 AT v 7f#<
RepZ¥ = —Vp+ V(n.{Vv+ (Vv)'}) + MDK

#FEL T %Y, | Pressure

KAFE L T 5 | ElectricField

fif7 L T\ %% | ChargeDensity

RE L T\ %3 | Concentration

AL T2 | K Field

KfEL T 555 | Viscosity

A7 7 A—% | DT

W78 X —% | RE or REYNOLDS

fE N7 A—=% | D

W RRFT A =% | R

HAF 8T A =% | L

WEFTA—=% | M

#ArR7 A —% | Z or VALENCY

AR T X =25

NUMBER_OF_COMPONENTS
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B0 »SOLVE:STOKES_EQUATION_AND_PRESSURE”

Fne Stokes FFEEIC & D EHITE F CHEY 2 1145 & IR
~Vp+ V(nu{Vv+ (Vv)'})+ MDK =0

L T 5 | Pressure

AL T 5 | ElectricField

L T\ 58 | ChargeDensity

#HFE L T\ %Y | Concentration

HAEL T2 | K Field

fEL T 5 | Viscosity

fF 87 A =% | DT

787 X —% | DT.FOR.V

W87 X —% | MAXITERATION_FOR_VELOCITY_SOLVER

W89 X —% | CONVERGENCE_CRITERION_FOR_VELOCITY_SOLVER

K RF7 A =% | D

87 A—=% | R

WX F A —% | L

NI XA—=% | M

ftr X7 X —% | VALENCY

T A—=% | Z

By "UPDATE:DIRICHLET_CONDITION?”

Fne RS0 T 7 VA ZEAT 5

L TWw B, | Velocity

#HAFE L T 58 | ElectricField

#fE L T %5 | ChargeDensity

L T\ %4 | Concentration

FE 87 A—=% | D

T A =% | R

NI A—=% | L

WEFRTA—=% | M

87 X =% | Z or VALENCY

3. Velocity : ER998iE (BR) &4

20
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IF_VEC_ELECTRO_OSMOSIS

3.2. MEMFluid OB &aAVYV R
B EE IR

VX WIHALAPEC v, & —EDEICFEHE T 5,

VY WIIHCALPE T v, 2 —EDHICEET 5,

I.VZ VIHHLILEEC v, % —EDMEICFEHET 5,
I.VEC VI LILEE T v 2 —EDEICHEET 5,

D_VX I v, Z—EDMEICHEET 5, (7Y 7 VM)
D.VY W v, Z ~EDMEICHEES 5, (7Y 7 VM)
D_VZ I v, Z—EDME! :Im?‘% (7Y 7 V&)
D_VEC I v 2~ EDMEICEET %, (7Y 7 VEH)
IF_VX_ELECTRO_OSMOSIS VIHHLILERE T v, c:%gﬁ{%_omﬁé%ﬁzé
IF_VY_ELECTRO_OSMOSIS WIHLALERC o, ICESRBIEZ 52 5,
IF_VZ_ELECTRO_OSMOSIS WIHLABEC v, c:%&”ﬁ«%é HE G2 %,

LA C v ICERBRERE L 5 2 5,

DF_VX_ELECTRO_-OSMOSIS
DF_VY_ELECTRO_OSMOSIS
DF_VZ_ELECTRO_OSMOSIS
DF_VEC_ELECTRO_-OSMOSIS

vy k?é?%(ﬁx_ﬁ;; ’5‘2 %,

ELECTRO_OSMOSIS /87 X —%

value[0]

RS NG
HELMHOLTZ_SMOLUCHOWSKI or
FIN_.ELECTROLYTE

MUF-

value[1]

TR

(HELMHOLTZ_SMOLUCHOWSKI DIt )
ZETA POTENTIAL_INPUT_PARAM or
ZETA_POTENTIAL_POISSON_BOLTZMANN or
ZETA_POTENTIAL_LINEAR_CONDENSOR or
ZETA POTENTIAL_ MUFFIN_ELECTROLYTE

value[2]

¥ — & @A D
(ZETA_POTENTIAL INPUT_PARAM Ol0) #)

4. Velocity : B#ITEA%L ¢4

£

"OUTPUT:AVS”

hE

AVSIEA T T -5 7 %

5. Velocity :

Bl g

i

"EVALUATE: TRUE”

hhE

B EE 2R 9 Rl B £

Pressure :

EHiz AV YV R—E
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Pressure ‘ EAD

AL "INITIALIZE: TO_ZERO”
Hi¥E | ”SOLVE:WITH_VELOCITY”
FEAT "OUTPUT:AVS”

SMNiEE% | "EVALUATE: TRUE”

1. Pressure : #]H3{t S£5H

4 | "INITIALIZE:TO_ZERO”
BERE | TR TOHIETOBOEZ 0 Ik 3
2. Pressure : HFHEZEEBEL ¥
B0 »SOLVE:WITH_VELOCITY?”
F&aE RERES 2 W CTEIO R 7Y v iz <
Ap = ﬁv v
LT\ 5, | Pressure
KL T 58 | Velocity
WfF 87 A =% | DT
#7897 X —% | DT_FOR_.V
#A7/85 A —% | PENALTY NUMBER
A7 $ 7 A —% | MATRIX_SOLVER

3. Pressure :

ERARRIR (IR5R) it FH

SR | Bk LG0T A=
D or D.CONSTANT_VALUE | B DOF 1% —@EfEICEE (7Y 7 V&)
N n-Vp=p, (/1< &)

FRATRA%N S

4. Pressure :

»OUTPUT:AVS”
AVS A TH DT =5 1§ %

: FHEESEL ¥4

"EVALUATE: TRUE”
I LA 2 R R B

ElectricPotential : EBR7T>Y ¥ vl AV RK—E

’ ElectricPotential ‘ R

IRFFHI G I ”SOLVE:POISSON”

IR TG B ”SOLVE:POISSON:WITH_.CHARGE_NEUTRALITY”
figtT "OUTPUT:AVS”

ELAITESE "EVALUATE:TRUE”
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1. ElectricPotential : R EREE 5

E2YN »SOLVE:POISSON”

PEhE BEHA Ty e LE2RT7Y VR K DL
AD=-2LY Z.C,

AL T\ 33 | DielectricConst

fE L T 55 | ChargeDensity

HAEE LT\ 585 | ElectricPotential

AL T\ 54 | Concentration

{787 A —% | PENALTY_NUMBER

RV 7 A —% | MATRIX_.SOLVER_FOR_ELECTRIC_FIELD

#7,87 A —% | MATRIX_SOLVER

T A—=% | R

F I A =% | L

W T A =% | M

7,87 A —% | Z or VALENCY

#t7/87 A —% | NUMBER_.OF_COMPONENTS

22 »SOLVE:POISSON:WITH_CHARGE _NEUTRALITY”

FERe BRMOPUEEFEO T TOB G AT v Y V%2 777 A AL D EL
AD =0

AL T\ 33 | DielectricConst

WAL T\ %45 | ElectricPotential

fif7 L T\ %% | ChargeDensity

WAL T\ 545 | Concentration

WtV 7 A —% | PENALTY_NUMBER

t7,8 7 A —% | MATRIX_SOLVER_FOR_ELECTRIC_FIELD

#f7,8 9 A —% | MATRIX_SOLVER

N7 A =% | R

T A=% | L

WEFNNTA—=% | M

{787 A —% | Z or VALENCY

R N7 A —% | NUMBER_OF_COMPONENTS

2. ElectricPotential : ER539EIEk (3RFR) K4 4
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Rz | Bk R A=
D BROEMNE ~EEICEET 5, (7Y 7 VA
DF_ZETA _POTENTIAL X — Y EMOFIEMER L DR COEMEZEET 5,
ZETA_POTENTIAL /35 X —%
value[0] B DB E AL O
valuel[l] X — & BALEHRE

INPUT_PARAM or
POISSON_BOLTZMANN or
LINEAR_CONDENSOR or
MUFFIN_ELECTROLYTE

value[2] X' — 5 B OfE (INPUT_PARAM DRFD H)

3. ElectricPotential : EZHTEIEL ¥l

2 | OUTPUT:AVS”
BEE | AVSTER T F—s T3

4. ElectricPotential : SHHBI# ¥l

4% | "EVALUATE:TRUE”
BRRE | I B % R R EE £

ElectricField : Bl AVY RK—E&

’ ElectricField ‘ TR

IR 76 "SOLVE:BY_ELECTRIC_POTENTIAL”

IRFFHI 76 2 "SOLVE:BY_ELECTRIC_POTENTIAL:WITH_EXTERNAL _FIELD”
fiEtt "OUTPUT:AVS”

AFAT B 2 "EVALUATE:TRUE”

1. ElectricField : BfRISERE il

B0 ?SOLVE:BY _ELECTRIC_POTENTIAL”

Fne BHERT Vv VOARLKL D B & <

E=-Vo

EE L T\ 585 | ElectricPotential

RN "SOLVE:BY _ELECTRIC_POTENTIAL
WITH_EXTERNAL_FIELD”

FnE ANERENINES EEBGR T v Y VOARL L D 8% fiE <

E—-Vo+E,
WL T\ 5 | ElectricPotential
WFEINTR—% EXTERNAL_ELECTRIC_FIELD

2. ElectricField : BRATRIER S£4M
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%4 | OUTPUT:AVS”

e | AVSIEATH T -5 1§ %

3. ElectricField : SHiBEI%#L ¥4l

4% | "EVALUATE: TRUE”

BERE | HICEAZ R 9 RFHmBI £

ChargeDensity : BAZEERE IV RK—E

’ ChargeDensity ‘ i

wIL "INITIALIZE:PARTIAL_REGION_CONDITION”
wIHAAL "INITIALIZE:UNIFORM”

IRFFHI G I "UPDATE:TO_ZERO”

IRpIFE ”SOLVE:BY_ION_CONCENTRATION”

IRfHIFE 2 "UPDATE:PARTIAL_REGION_CONDITION”

fiE AT "OUTPUT:AVS”

A RS 25 "EVALUATE:TRUE”

1. ChargeDensity : #1H3{t ¥

%45 | PINITIALIZE:PARTIAL_ REGION_CONDITION”

PREE | BRSO LA 2 v T 2 1ML

€4 PINITIALIZE:UNIFORM?”

f&aE EBULIT 38— TR L 72855 2 AR %

| #t7/<5 x—% | UNIFORM_CHARGE DENSITY

2. ChargeDensity : RFEIFEREE S

Z4% | "UPDATE:TO_ZERO”

K | 3 XTOEDE%E 0127 5,

4L »SOLVE:BY_ION_CONCENTRATION”
HaE AT VIRESG X DL pe =, ZaCa

WL T\ %45 | Concentration

WHFE/89 X —% | NUMBER_OF_COMPONENTS
WHF/$F X —% | Z or VALENCY

%% | "UPDATE:PARTIAL REGION_CONDITION?”

BERE | TR REIGEE 2 BT %

3. ChargeDensity : BB Rk (3R5R) &M i

B | Bk ERfED ST A5

I or LCONSTANT _VALUE AL B A 9 i e — B i Ak

D or D_.CONSTANT_VALUE | iR D&% E %2 —EEICEE (7Y 7 V&)
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4. ChargeDensity : FFITEIEY ¥

%45 | 7OUTPUT:AVS”?
BRE | AVSIEATH O T -2 1§ %

5. ChargeDensity : FHliBI%t S5

4% | "EVALUATE:TRUE”
PRAE | I B 2 R AT P 2

DielectricConst : FEXIZ AVVRK—&

’ DielectricConst ‘ 4R

IRFFHI 76 "UPDATE:TO_CONSTANT”

IRFFHI G ”"SOLVE:BY_CONCENTRATION?”

IRFFHI 76 I "UPDATE:PARTIAL_REGION_CONDITION”
fiEtt "OUTPUT:AVS”

ATAT B % "EVALUATE:TRUE”

1. DielectricConst : FFRIFERE Sl

R »UPDATE:TO_CONSTANT”

Fne DIELECTRIC_CONSTANT D45 0 DET—EICT 5,
| #t7,<7 x—% | DIELECTRIC_.CONSTANT

R »SOLVE:BY_CONCENTRATION”

e AFVIREL X VRS e =3 eala

AL T\ 55 | Concentration
HHF/ 85 A —% | NUMBER_OF_COMPONENTS
Wt 9 *—% | DIELECTRIC_CONSTANT

£ | "UPDATE:PARTIAL_ REGION_CONDITION?”
PERE | T HERSEE 2 T B

2. DielectricConst : EBS#EIK (3RFR) &4 54

Rz B |
[ D or D-.CONSTANT_VALUE | %o ¥ % —lIcliE (7 7 L%IF) |

3. DielectricConst : BFIrEIER 3£

%45 | OUTPUT:AVS”?
BRE | AVSIEATH O T -5 1§ %

4. DielectricConst : FFMREI%Y ¥4

2% | "EVALUATE:TRUE”
BEAE | I B 2 R AT R A
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Viscosity : #hE#z AV K—&

Viscosity ‘ B

F%E | PUPDATE:TO_CONSTANT”

F%E | 7UPDATE:PARTIAL_REGION_CONDITION”

fighr "OUTPUT:AVS”

SHMIiEE% | ”EVALUATE:TRUE”

1. Viscosity : KFEIFEREE S

4 »UPDATE:TO_CONSTANT”
BaE VISCOSITY D4y 0 DF—% T—EfEICT 3,

WtF 8o X —% | VISCOSITY

%45 | PUPDATE:PARTIAL_REGION_CONDITION”

PREE | MR RS 2 W %

2. Viscosity : BR4HEIR (B5R) & S5l

| SO 4 B

| D or D.CONSTANT_VALUE | BRI % ~EfIciilE (7)) 2 L&AF)

3. Viscosity : FRTEI% F¢i

%45 | OUTPUT:AVS”

f&ae | AVSIEATH O T -5 T %

4. Viscosity : FHMiEI# ¥4

4% | "EVALUATE: TRUE”

BERE | HICEAZ R 3 R4

Obstacle : NEEE (BEW) % IV RK—&

Obstacle ‘ SR

WAL "INITIALIZE:TO_ZERO”

HrF R | ”UPDATE:PARTIAL_REGION_CONDITION”

2FliBE% | ’EVALUATE:TRUE”

1. Obstacle : #IEA{L ¥

4% | PINITIALIZE:TO_ZERO?”

BERE | TR TOHINTOEDEZ 0 Ik T 3

2. Obstacle : IFEIFERE ¥4

4% | "UPDATE:PARTIAL_ REGION_CONDITION?”

teE | S SR 2 T 2
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3. Obstacle : B4R (B5R) &M M

| ot IR |
[ D or D.CONSTANT_VALUE | &Il (7)) 7 L %H) \




