ipemSimpleFoam.C (1)

34 #include "fvCFD.H"

35 #include "basicThermo.H"

36 #include "hCombustionThermo.H"

37 #include "chemistryModel.H"

38 #include "chemistrySolver.H"

39 #include "multivariateScheme.H"

40 //#include "compressible/turbulenceModel/turbulenceModel.H"
41 #include "fixedGradientFvPatchFields.H"

43 // #include "CurrentDensity.H"
44 #include ", /PEM.H"
45 #include "./Specie.H"

47I/*************************************//

49 int main(int argc, char xargv[])

52 #include "setRootCase.H"
53 #include "createTime.H"
#include "createMesh.H"
#include "createFields.H"

4
5
6 #include "INITCONtINUITYErrs.H"
7
8
9

#include "readEnvironmentalProperties.H"
//#include "readChemistryProperties.H"

60 #include "readPEMProperties.H"

62 [/ %, %k % k k *k ok k *k ok k k ok k >k ok k >k ok k *k >k k *k ok k k k k k *k k k *k *k * *x //

64 Info<< "\nStarting time loop\n" << endl;

ipemSimpleFoam.C (2)

64 Info<< "\nStarting time loop\n" << endl;

65

66 label inletPatchi® = mesh.boundaryMesh().findPatchID("inlet@");
67 label outletPatchi® = mesh.boundaryMesh().findPatchID("outlet®");

68 // label bottom = mesh.boundaryMesh().findPatchID("bottom");
69

70

71 for (runTime++; !runTime.end(); runTime++)
72

73 Info<< "Time = " << runTime.timeName() << nl << endl;
74

75 # include "readSIMPLEControls.H"

76

77 p.storePreviter();

78 rho.storePrevIter();

79

80 // Pressure-velocity SIMPLE corrector
81 {

82

83 # include "UEqn.H"

84 # include "YEqn.H"

85

86 # include "calcPEM.H"

87 VolocalarField S5cH2 = mdotH2;

88

89 # include "pEqn.H"

90 }

91

92 thermo->correct();

93

94 # include "calcMole.H"

95

creatFields.

®00

1 I////////////////////////////////////////////////////////////
2 Info<< "Reading thermophysical properties\n" <<

3 /////////////////////////////////////////////////////////////
4

5

& —3F)b — vim — 11559

autoPtr<hCombustionThermo> thermo
6 hCombustionThermo: :New(mesh)
H
8 combustionMixture& composition = thermo->composition();
9

9 PtrList<volScalarField>& Y = composition.Y();
10 word inertSpecie(thermo->lookup("inertSpecie"));

11

00 =53 — vim — 115x59

54 volScalarField H2mol

55 (C——— . —

56 Ioobject OF TOILFEDALNBER, HEDRE,

57 =. = o3 Y. =N
- PEFCOEETIXEIDETOMENERLVDT, &l
59 runTime.timeName(),

60 mesh,

61 IOobJ:ect: :NO_READ, .

ﬁf I0object:: AUTO_WRITE 92 SIIIIIIT117117711177111171111111711111111
§? l)m'esh 93 Info<< "Setting field U\n" << endl;
64 ’ 94

65 dimensionedScalar("zero", dimensionSet(0,0,0,0,0,0,0), 0.0) of R
§§ )i 96 Info<< "Reading field U\n" << endl;
67 X L 97 volVectorField U

68 //Heat diffusivity lambda/(rhoxcp) 98 (

69 //const volScalarField& alpha = thermo->alpha(); 99 I0object

70 volScalarField alpha 100

jl ( . 101 "y,

7 I0object 102 runTime.timeName(),

73 ( . . 103 mesh,

j? alpha", 104 I0object: :MUST_READ,

75 runTime.timeName(), 105 I0object: :AUTO_WRITE

76 mesh 106 ),

77 ), 107

78 thermo->alpha() 108 ); mesh

79 ); !

readPEFCProperties.H

800 & —3F)L — vim — 91x42
1
2 Info << "\nx * % % * readPefcProperties * * x x % " << endl;
3
4 Info << " setting index of catalyst region [-] ", s : 1
5 volScalarField catalyst %‘:Z,) %pecxe 02 // Cathod side !!
6 1
M . 119 [y
I0object ! .
5 Qe 120 32.0, // nWeight
9 "catalyst”, 121 1.0, // Cfrac, molar fraction
10 runTime. timeName(), 122
11 mesh, 123 PP,
12 IOobject: :MUST_READ, 124 1T,
13 IOobject::AUTO_WRITE 125 1.0 // humidity
14 ), 126 );
15 mesh 127
16 ); 128 Specie €02
%; 129 (
130 "co2"
19 Info << " H2 consumption rate at PEFC catalyst $131 44_0,' // nWeight
g? volScalarField mdotH2 132 0.7, // Cfrac, molar fraction
, : 133
22 I0object E
23 ( 1:%»1 PP,
24 “mdotH2", 1:%5 1T, L
25 runTime.timeName(), %f;’ ) 1.0 // humidity
26 mesh, 3 H
27 I0object: :MUST_READ, 138 .
28 IOobject::AUTO_WRITE 139 %pecle H20
29 ), 140
3 mesh 141 "H20",
31); 142 18.0, // nWeight
32 . . 143 1.0, // Cfrac, molar fraction
33 Info << " porosity of GDL, epsi [-] " << endl; 144
34 volScalarField epsi
145 PP,

( 146 .




| secen

CXeYe) §—SF)L — vim — 103x48
1 Eifndef Specie_H ,
2 #define Specie H Faraday’s constant

1 #include <cstring> 45 // Constructor No.2
5 #include <iostream> 46 Specie

6 #include <cmath> 47 (

7 48 string c,

8 #include "constants.H" 49 scalar nWeight,

9 50 scalar Cfrac,

10 //typedef double scalar; 51 scalar P,

11 52 scalar T,

12 class Specie 53 scalar Humidity

134 54 )i

14 private: 55

15 //' name of specie 56 //' molar fraction

16 string c_; 57 scalar C();

17 //! molecular weight 58 //! molar weight

18 scalar nWeight_; 59 scalar nWeight();

19 //! molar fraction 60 //! saturated steam pressure

20 scalar C_; 61 scalar Psat();

21 //! molar concentration 62 //! partial pressure of specie

22 scalar Cmol_; scalar P();

23 - scalar P( scalar );

3 1 //"' mole fraction taken into account "steam".
Ef ééélg:essl:re //!ldo m()§ confuse with the molar fraction function C() !!
6 1 - 67 scalar x();

ji :ﬁélgimge:ature 68 //' mole concetration taken into account "steam".
28 //" relative humidity To scalar Cmol(); )

29 scalar Humidity_; 7 . scalar Cmol(scalar);

72
73 #include "Speciel.H"

* 1177711711171111111117
76 #endif
T WII1111111111111111

PEFCHAERTES LOBS-LERISGEFI -

- E_;“ﬁz.ﬁ.%*rgoaﬁazx

* E :Electromotive force * 17,,,.Concentration overvoltage
- Nernst Eq. - Limiting current density

*1, . Activation overvoltage - 5 :Resistance overvoltage
act ohm

- Bulter-Volmer Eq. - Springer’s Eq.
P e_c "
a H, H,
2Ff DH2 f

» C,, ¢ t Hy conc. on the surface between GDL and separator channel
2

0 CHZE : H, conc. on the surface between GDL and catalyst layer

* Inoue G. et. al., J. Power Sources 2006:139(5)

PEFC MODEL: Electromotive force -

O Electromotive force is shown by the following

Nernst eq. ... .
RT In PHza '(Pozc)o

l’lF PH2OC

E=E"+

+ E, : standard electromotive force
F : the Faraday’s constant
* R : the gas constant
HZ” : anode hydrogen partial pressure
* B cathode oxygen partial pressure

2

PEFC MODEL: Anode activation overvolta !

O Anode activation overvoltage is calculated by

the following Tafel eq. j

RT

N =——1n "
" a,F Al

.« i : current density

« F : the Faraday’s constant

« A : effective surface area per unit projection area
« I, :oxygen exchange current density

* a,” 1 transfer coefficient”

* Parthansarathy A., J. Electrochem. Soc.,1992




PEFC MODEL: Concentration overvoltage

PEFC MODEL: Resistance overvoltage

O Anode and cathode concentration overvoltage is
calculated by the limiting current density ...

@2F g ) ef2F | i,
i ! current density
F : the Faraday’s constant

a

T« : transfer coefficient of anode concentration
overvoltage (correction parameter)

« a :transfer coefficient of cathode concentration
overvoltage (correction parameter)

* iy, :anode limiting current density
* iy, :cathode limiting current density

O Resistance overvoltage is calculated using
Springer’s eq. of ion conductivity ...
tm
nohm =

e
i : current density
« t" i thickness of membrane
. Oem : ionic conductivity of electrolyte membrane

*:Springer,J.Electrochem.Soc.,138,1991

00 F=SFI — vim — 124x55
2 #define PEM_H

//scalar E(scalar Ph2_a, scalar Po2_c);
scalar E(scalar Ch2_a, scalar Co2_c);
scalar E(scalar Ch2_a);

4 #include <cmath>
5 #include <iostream>
#include <cstring>

8 #include "constants.H" //! activation overvoltage

9 scalar activeOV(scalar Ch2_g, scalar Ch2_e, scalar Co2_g);
,{’ //typedef double scalar; scalar activeOV(scalar i);
12 class PEM //! concentration overvoltage
134 scalar concOV(scalar Ch2_g, scalar Ch2_e, scalar Co2_g);
14 private: o . scalar concOV(scalar i, scalar Ch2_g);
15 //! number of electrons participating in a reaction scalar ilh2(scalar Ch2.g);
o :E:t:: ::;:: scalar ilo2(scalar Co2_g);
//! standard electromotive force
scalar EQ_; //! resistance overvoltage
- inline scalar resistOV(scalar Ch2_g, scalar Ch2_e, scalar Co2_g);
scalar T_; inline scalar resistOV(scalar i);
scatar P inline void set_resistOV();
scalar Pa_;
24 scalar Pc_;
25 //! total overvoltage
26 //' depth of GDL inline scalar OV(scalar Ch2_g, scalar Ch2_e, scalar Co2_g);
27 scalar 1_GDL_; . Z inline scalar OV(scalar i, scalar Ch2_g);
28 //! effective surface area per unit amount of platinum;s
29 scalar As_; 2 ! i
30 /7! amount of platinum per unit electrode area 126 (/1 operating cell voltage
31 scalar mpt_; 128
“; gi;lgfp::_?f electrolyte }:}1 i scalar Ch2_g, scalar Ch2_e, scalar Co2_g
3 131 inline scalar V(scalar i, scalar Ch2_g);

/7! molar concentration ... 13
scalar Ch2_g_;

1

scalar Co2_g_; 134 }; // end of class PEM

scalar Ch2le_; 1

/7! molar concentration ... 1

scalar Ch2_a_; 1
2 scalar Cozlc; 138 //111010111171111111111111111
13 139 #includg " 0
) diffusion coefficient 0 L1 ITTITTIITTI11101111
o“ scatr S§§:§ 142 #endif // #ifndef PEM_H

143 |

[CXeYe) H=SF) — vim — 124x55

1 [ #wkek null constructor sokik %/
2 PEM::PEM()
3 4

return tm_/sigma_em_ * i(Ch2_g, Ch2_e);
4 Pa_ = 101.3e3; ) _/sigma_em_ (Ch2_g _e)
5 Pc_ = 101.3e3; in :iresi i
F T- 353.15; tnhne scalar PEM::resistOV(scalar i)

setenv(); set_resistOV();
ki return tm_/sigma_em_ * i;

12 /% sokkkk CONSTrucCtor siokokk */

inline void PEM::set_resistOV()
13 PEM::PEM(scalar T, scalar P) {
14 {

scalar lambda = 0;
if ( theta_a_ <= 1.0 ){

lambda = 0.043 + 17.8xtheta_a_ - 39.8xstd::pow(theta_a_,2) + 36.0xstd::pow(t
} else {

lambda = 14.1 + 1.4 % ( theta_a_ - 1.0 );

setenv();

:PEM(scalar T, scalar P, scalar Co2_g scalar sigma_m = (0.00514%lambda - 0.00326) * std::exp(1268%((1/303)-(1/T_)));
sigma_em_ = k_sigma_ * sigma_m;

> hi

243 /% skkkkrikk total overvoltage skkkkiik %/

244 inline scalar PEM::0V(scalar Ch2_g, scalar Ch2_e, scalar Co2_g)
setenv(); 245 {

246 return

247 activeOV(Ch2_g, Ch2_e, Co2_g)

248 + concOV(Ch2_g, Ch2_e, Co2_g)

249 + resistOV(Ch2_g, Ch2_e, Co2_g);

};
inline scalar PEM::0V(scalar i, scalar Ch2_g)

32 /% Fakrk PEM setenv function swkrk x/
33 void PEM::setenv()
{

// number of electrons paticipating if~
el return activeOV(i) + concOV(i, Ch2_g) + resistoV(i);
// standard electromotive force
EQ. .23;

/% sokkioroink cell voltage sokkkiokiok %/
2 // Properties of PEM inline scalar PEM::V
4 //! depth of GDL
1_GDL_ = 300e-6;
//' depth of MEA
46 tm_ = 30.0e-6;

a7 117 effective surface area ner unit an’h3 return F(ChD a. Ca2 a) — OV(Ch? a. Ch) e (a2 a):

scalar Ch2_g, scalar Ch2_e, scalar Co2_g

—~—




setFieldsDict

19 class dictionary;

20 object setFieldsDict;

21

23 [/ %k ok Kk k Kk Kk Kk K Kk Kk Kk K K K Kk Kk Kk K K K Kk Kk K ok k //

24
25 defaultFieldValues
26 (

R e SIEMORCERLTIE,
2| pbsclertietdiatue keem 0 Darcy’s drag forcelC CiiEhiginze &8,

t{:oxTDCel\ %Eﬁﬁﬁ&(f%l‘ﬁ*’&
box (0 0 0) (0.05 0.05 0.0001); setFields1—5 1 U1 T5X%,
CTNICHETHEBODA >F Y IR EMNT .

v volScalarFieldValue mdotH2 0.1
volScalarFieldValue catalyst 1
)i

}
boxToCell

45 box (0 © @) (0.05 0.05 0.0003);
46 fieldvalues

volScalarFieldValue epsi_ 0.4
)i

}
boxToCell
1{

box (0 @ @) (0.05 0.05 0.0003);
fieldvalues

volScalarFieldValue Kperm _©.568181ell // inverse of 1.76e-11

60
61 W/ 17

Cell voltage [V]

KAF—HEOLE (F—IJT)ILT7OY )

FueI:H2 10vol.%(exp) h
1.2+ .
1.2 Measurement data /' Fuel: H, 30vol.%(exp)
1oL — Calculated data _ 10}t —®—Fuel:H, 10vol.%(cal)
= —m- Fuel H_30vol.%(cal)
> 08 2
0.8 + s
o
0.6 ~ *_6
>
0.4+ Ko}
O
0.2+ 0.2 |
Hydrogen 100vol.%
0.0 L L L L 0.0 - L L |
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4

Current density [A/cmz] Current density, | [A/cmz]

SIMULATION RESULTS:
H, 30vol.%, 100sccm, C.V. 0.5V

H2 (vol.%)
30.00
22.50

15.00

B0

0.00

H2 (vol.%)
0.0300

I 0.0225

0.0150

. 0.00750

PEFCIEREfFR#ER: H, 30vol.%, 200sccm, C.VJ0.5V.

i(A/cm2)
catalyst 0.600

H2/(vol. %)
ladsu 30.00

0.300

.0. 150 15.00

Bird-eye view of.anode channel . 7.50

H2 (vol%)
30.00

0.00

I22.50

15.00

. 7.50

0.00

X RYNENOREREGRFECRR. Tk, REMRORE(LICEM,
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