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Modelica.Media ()EAHER: S STAERS record.

<<package>> Interfaces.Types W ’I. Types mOdel, partial function, o

Medium (JEIE&ME/ v T—2)
DIBREZR

<<replaceable>>
| <<record>> FluidConstants
| <<redord>> ThermoDynamicState

<<type>> AbsolutePressure = - r
<<type>> Density = -
<<type>> DynamicViscosity = -

- | <<partial model>> BaseProperties i 1
ﬁ;’ﬂ*g( | <<partial function>> setState_pTX ! LTVDGS CF@’]E{IEIGDE:’Y\D
LTHOYED i - |FEL - ROE
/\‘— ZI c{ W ’J- — :J“ : <<partial function>> dynamicViscosity |,
e 2. B
<<partial package>> Interfaces.PartialMedium MBS . 3L, =BBIAEE
<<constant>> ThermoStates — CBEIL VS A~ d ¥
<<constant>> mediumName 2 |—'—|5|é& T 77 |\)|j(,.§< & z /__|_\§_IIE§&
<<constant>> singleState ' KE;I 3 ThermodvnamicState
ANFHRREERIT L I—R

JAN

4. BaseProperties

<<redeclare>> =
(ZERRE) W ;hengynamii:’c—fj--- 10D SXHX—45 HARYIYEES )V
s:igt;zze;T;(e--- 24 2] 5. setStateXXX
B AT NN -
{El<2 DYED dynamicViscosity> F~~f NES (ThermodynamicState)

Nvor—3 &R IR
<<package>> XXX

<<constant>> ThermoStates=-: 6. *IJ_'_I"Eg\ %&11_3-55%738
<<constant>> mediumName=--- 2 ®EE§ @¢@'|E{|EE§§&

<<constant>> singleState=::: tﬁ’]u
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1. Type & 2. B WIEI A L BT OB
. RMOBEEBA b

. ih WU NIES E NS DB
A. PartialMedium OEM reference state
E B E it T J# )L B
mediumName String "unusablePartialMedium” ==
ThermoStates IndependentVariables T, pT, ph, phX, pTX, dTX®DL\FNH
singleState Boolean true’d SYIMEEMNE I (CKTF L 7K
substanceNames(:] String {mediumName} B3 B DEEF
reducedX Boolean true true’ld 5BEENZXRDOAH
fixedX Boolean false true’d 5 X=reference X
nS Integer size(substanceNames, 1) EEYIDR I
nX Integer nS BENERODERM
nXi Integer if fixedX then O MY LEENRDERN

else if reducedX nS -1 else nS
extraPropertiesNames[:] |String fill("”,0) TINRYIE & (B IE)
nC Integer size(extraPropertiesNames, 1)  |{TIIMIYIEE D538
C_nominal[nC] Real 1.0e-6*ones(nC) NINMYIEDEE
reference_p AbsolutePressure 101325 [Pa] EDOEEE (BE(E)
reference T Temperature 298.15 [K] BEDZRE (BE%(E)
reference_X[nX] MassFraction fill(1/nX, nX) BEDXRNDER(BE
p_defalut AbsolutePressure 101325 [Pa] EADT T = ILE
T_default Temperature Conversions.from_degC(20) BEDT I A4 IVHE
h_default SpecificEnthalpy specifixEnthalpy_pTX(p_default, [LbtT S ILEDT T # )L ~ME
T default, X_default)

X_default[nX] MassFraction reference X BENDXDOTIAILNE
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B. PartialMixtureMediumCGEAINIEH

partial package PartialMixtureMedium

"Base class for pure substances of several chemical substances”
extends PartialMedium(redeclare replaceable record FluidConstants =
Modelica.Media.Interfaces.Types.IdealGas.FluidConstants);

[

constant FluidConstants[nS] fluidConstants \ffnstant data for the fluid";

\

SingleGasNasa & [RIERD FluidConstants L d— R &{FRAY 3,
MBERAEE DIFERCHERDOEHBICHEL T —FLE

https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf 1.1l &8
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C. MixtureGasNasa DIEHEIET (extentds) CERES NI EREI T TDEIE

partial package MixtureGasNasa
"Medium model of a mixture of ideal gases based on NASA source”
import Modelica.Math;
import Modelica.Media.Interfaces.Choices.ReferenceEnthalpy; 3
extends Modelica.Media.Interfaces.PartialMixtureMedium( EEX
ThermoStates=Modelica.Media.Interfaces.Choices.IndependentVariables.pTX,
substanceNames=datal : |.name,

reducedX = false, -
singleState=false,

reference X=fil11(1/nX,nX), -
SpecificEnthalpy( YIBES -+ TOAEIE

start=1f referenceChoice==ReferenceEnthalpy.ZeroAt0K then 3e5 else
1f referenceChoice==ReferenceEnthalpy.UserDefined then h_offset else 0,
nominal=1.0e5), =
Density(start=10, nominal=10),
AbsolutePressure(start=10e5, nominal=10e5),

Temperature(min=200, max=6000, start=500, nominal=500)); _
? \
E# referenceChoice (CKD>TEHEI VA ILEDA Ttzw ~
RENDIZHNIG U CTHIEMETIZIET D,

NASA Glenn coefficients [CK D
LEBAESTILODREDERASEEZEREL TL D,
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C. MixtureGasNasa CEATNIEH

constant Modelica.Media.IdealGases.Common.DataRecord[:] data 1)
"Data records of ideal gas substances";
// ={Common.SingleGasesData.N2,Common.SingleGasesData.02} —
constant Boolean excludeEnthalpyOfFormation=true
"If true, enthalpy of formation Hf is not included in specific enthalpy h";

constant ReferenceEnthalpy referenceChoice=Referencebnthalpy./ZeroAtOK
"Choice of reference enthalpy";

constant SpecificEnthalpy h_offset=0.0 —
"User defined offset for reference enthalpy, if referenceChoice = UserDefined";

— (2)

constant MolarMass[nX] MMX=data[:].MM "Molar masses of components"; (3)
constant Integer methodForThermalConductivity(min=1,max=2)=1; (4)

(1) data:B9¥IE DNasa Glenn coefficients 7L E QBT — S5

(2) excludeEnthalpyOfFormation, referenceChoice, h_offset:tbk T S ILED A Tt v SERERTEH
(3) MMX[:]: B IEDEILEE [kg/mol]

(4) methodForThermalConductivity: BB DEUCERDETE T EERDH D EH

EDOEIKRS
https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf
211, 4.111, 6.111 288
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D. CombustionAir (MABEZER) DO~OZEZREI N, ESYBEEIMEET IV
IERN I D ENTE D,
package CombustionAir "Air as mixture of N2 and 02"
extends Common.MixtureGasNasa(
mediumName="CombustionAirN202", @D MPE

data={Common.SingleGasesData.N2,  Common.SingleGasesData.02},

fluidConstants={Common.FluidData.N2, Common.FluidData.02},

substanceNames = {"Nitrogen", "Oxygen"},

@ DataRecord[ ]
@ FluidConstant[]

reference X={0.768,0.232}); @ B34l
annotation (Documentation(info="<html></htm1>")); G B2 §§3;[]
end CombustionAir;
D. FlueGasLambdaOnePlus (& /i X)
package FlueGasLambdaOnePlus
“Simple flue gas for overOstochiometric 02-fuel ratios”
extends Common.MixtureGasNasa(
mediumName="FlueGasLambdalplus"”, @ Y)EBE

data={Common.SingleGasesData.N2, Common.SingleGasesData.02,

Common.SingleGasesData.H20, Common.SingleGasesData.C02},

fluidConstants={Common.FluidData.N2, Common.FluidData.02,

Common.FluidData.H20, Common.FluidData.C02},
substanceNames = { “Nitrogen","

reference X={0.768,0.232,0.0,0.0});
annotation (Documentation(info="<html></htm1>"));
end FlueGasLambdaOnePlus;

0xygen" "Water", "Carbondioxide"},

®@ DataRecord[]
|

® FluidConstant[]

@ Bal]
® BENE(]
|
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A. PartialMedium, B. PartialMixtureMedium,
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, D. CombustionAir

EBH it X RE(E

mediumName String @ =g

ThermoStates IndependentVariables

singleState Boolean

substanceNames[:] String @ B2 DB

reducedX Boolean

fixedX Boolean false true’d 5 X=reference X

nS Integer size(substanceNames, 1) EEYIDR D

nX Integer nS BENRNDERM

nXi Integer nS MY LEENERDERN
MolarMass[nX] data[:].MM RaIEDEILES

extraPropertiesNames[:] String fill("”,0) (OIS & (FVIE)

nC Integer size(extraPropertiesNames, 1) |[(STHIFYIE (FU\IE) D537

C_nominal[nC] Real 1.0e-6*ones(nC) NINMNYIE (BUIIE) DEE

reference_p AbsolutePressure 101325 [Pa] ENOZERE (E%(E)

reference T Temperature 298.15 [K] REOERE (E4(E)

reference_X[nX] MassFraction ® BENXRDO=RI(E

p_defalut AbsolutePressure 101325 [Pa] EADFT T =)L B

T default Temperature Conversions.from_degC(20) BEDTIAILNE

h_default SpecificEnthalpy specifixEnthalpy_pTX(p_default{tk TS ILEDT T # U MME

, T_default, X_default)

X_default[nX]

MassFraction

reference X

BENRDT I #ILHE

fluidConstants

FluidConstants[nS]

®

ROYMEDETT—5

@

2EABRDOT—5

Boolean

ReferenceEnthalpy

SpecificEnthalpy

Integer
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5. ThermodynamicState TSR Z RO L I— R

B DEVJIFZHNARE(L .

2 DDA NZEHNIREEHE NI YEDEENRCTHRECET Do

- EAp. BET. BEdJd. LI V5ILEh, ABIXILF—uDSE2D
« BEMIBE O DEENERAND ~IUX[NX]

B. PartialMixtureMedium.ThermodynamicState

redeclare replaceable record extends ThermodynamicState
"Thermodynamic state variables”
AbsolutePressure p "Absolute pressure of medium";
Temperature T "Temperature of medium";
MassFraction[nX] X(start=reference X)
"Mass fractions (= (component mass)/total mass m_i/m)";
end ThermodynamicState;

C. MixtureGasNasa.ThermodynamicState

record extends ThermodynamicState "Thermodynamic state variables”
end ThermodynamicState;

MixtureGasNasa Cld. UL NZRREZHNE LT, T, X Zi#EIRT B,
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4. BaseProperties

AN ZRPREL . T XTEHN. BIVEELE DERZFR T model
ISS A= PZEH(I. PartialMedium D BaseProperties EFILCES I N,
AERE. REODETILTEMTIND,

BaseProperties €7 ILDEE /IS KX—5

. Static State Selection (BRHAREZ HUHEIR) & 7L SR

|. BaseProperties D ARET

ILEET VB ILEDETEGE

|




MixtureGasNasa

4. BaseProperties

BEHEINSA—=H

BaseProperties €7 ILODEHEINSKA—5

A.

PartialMedium.BaseProperties

<<replaceable partial model>>
PartialMedium.BaseProperties

28

<<connector>> p: InputAbsolutePressure
<<connector>> h: InputSpecificEnthalpy
<<connector>> Xi[nXi] InputMassFraction
<<variable>> d: Density

<<variable>> T: Temperature

<<variable>> X[nX]: MassFraction
<<variable>> u: SpecificinternalEnergy
<<variable>> R: SpecificHeatCapacity
<<variable>> MM: MolarMass
<<variable>> state: ThermodynamicState
<<variable>> T_degC = to_degC(T)
<<variable>> p_bar = to_bar(P)
<<parameter>> preferredMediumState: Boolean
<<parameter>> standardOrderComponents: Boolean

p:[£/3[Pal
h:tb T > 5 JLE[J/kg]
Xi[nXi B IR DOE S0

d:ZE[kg/m3]— N TIF P TR

X[nX]: BB DEEDXR
u:RBE L RJLF—[J/kg]

R: T XEH[J/kg.K]
MM:EJLE&E[kg/mol]

state: ThermodynamicState

connector InputAbsolutePressure
connector InputSpecificEnthalpy
connector InputMassFraction

IRSKX—=5
preferredMediumStates = false
standardOrderComponents = false

equation (X, Xi) <

XEXIOABEREINNEDR SN TUL S,
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|.Static State Selection (FRRNIRREZHLEIR) 1L FRME

Modelica.Media.UserGuide.MediumDefinition.StaticStateSelection & D

Z R IEIR{A(multiple substance media) & valance volume ((RZFRIDK DI DAB2E) T
FRY 315A.

o JYULESE Xi M\ stateSelect = StateSelect.prefer

o BNZEHPRREZH p, T,d, u, h MDDBE 2 DM stateSelect = StateSelect.prefer

« BODMIDOBNZERN M. D2 DOEMOEMDEICILESD

DE ST DI, static state selection (FRHIRREZFGEIR)NAIBEE LD,

UFDOLSICERELZHBEEEE XD, state selection OPE (L.,

p, T, Xi O stateSelect = StateSelect.prefer | | T, Yoy Siiccomioss 20151007 pot 4.1 8F
d = fd(p, T, X)

u = fu(p, T, X)

h =fh(p, T, X)

valance volume MIRZFRIHER(Z.
M = V*medium.d
MXi = M*medium.Xi
DD TERIN, REZH p, T, X EZDWRHSEESAETE D,
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MixtureGasNasa.BaseProperties DI

model extends BaseProperties(
T(stateSelect=if preferredMediumStates then StateSelect.prefer else StateSelect.default),
p(stateSelect=1f preferredMediumStates then StateSelect.prefer else StateSelect.default),
Xi(each stateSelect=1if preferredMediumStates then StateSelect.prefer else StateSelect.default),
final standardOrderComponents=true)
"Base properties (p, d, T, h, u, R, MM, X, \and Xi of NASA mixture gas"

\

preferredMediumStates = true

ZERET D Ctlck > TRHRINEEZRIRNAIGEE LS,
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Il. BaseProperties NEER

A. PartialMedium.BaseProperties MO AET
« reducedX, fixedX MERESE (1) T I # U ~EE

« X &XilCEAT3HER

reducedX = false, fixedX = false
X1 = X[1:nXi] = X[1:nS]

cuation (2) RO DEEANEEEE LRSS 7
Xi = X[1:nXi]; = / X = reference_X
if fixedX then
X = reference_X; 4 (3) BEoXR0NM=8gEIC1(CLIzVWEga
<?:cld 1;: X and not fixed) th reducedX=true, fixedX = false
if reducedX and not fixe en . : e )\
K[nX] = 1 - sun(Xi): < nk1 = ns> - 1 — WIS EENED
end if; X1 = X[1:nX1] . B
for 1 in 1:nX loop X[nX] = 1 - sum(X1)
assert(X[i] >= -1.e-5 and X[i] <= 1 + 1.e-5, "Mass fraction X[" +
String(i) + "] = " + String(X[1]) + "of substance " +
ﬁubstanceNames[i] + "\nof Tedium " + mediumName +
end foprr i the range B..10); 0—1075 < Xi[i] < 14+ 107° THIFNFTS—

end if:

) n”

assert(p >= 0.0, "Pressure (= " + String(p) + " Pa) of medium \ +
mediumName + "\" is negative\n(Temperature = " + String(T) + " K)");

end Ba:sleProperties; N ENDNEL S5 TS —
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21

C. MixutureGasaNasa.BaseProperties O AET

TI pl XI h' ul dl MMI R (:Fﬁjéﬁ*gﬂ

equation

assert(T >= 200 and T <= 6000, "Temperature T (=" + String(T) + " K = 200 K) is
not in the allowed range200 K <= T <= 6000 Krequired from medium model \"" +
mediumName + "\".");

MM = molarMass(state): BB DRELR [J/kg.K]
h = h TX(T, X); WX
- *V
R 2 data XX R=R-X=Y daali].R - X[i
d = p/(R*T); i=1
// connect state BaseProperta .
state.T = T; P th\/g)bE@KE%
state.p = p; h=u+pv=u+RT
state.X = 1f fixedX then reference
end BaseProperties; AR S AADREE TS IE R
\ 3 1 3 p
Py T RT

ERIVIRBEZ IR (static state selection) &R EE\IZ T,
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. kT3 IWEDEEE L

BAYMOLT S ILE
h—XlrJMXh X.: i BEOBRPDEENE [kg/kg]
- X. —; M i BEORA DI VS ILE [J/kg]

h. = h_T(data[i], T, exclEnthForm, refChoice, h_off)

BAYIEDLET >S5 ILE https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf 3.1l

algorithm
h :=(1f fixedX then reference X else X)*
{Modelica.Media.IdealGases.Common.Functions.h T(
data[i], T, exclEnthForm, refChoice, h off) for 1 in 1:nX};
annotation(Inline=false, smoothOrder=2);

end h_TX;
173 VDT T4 IV ME ( DEHESRT 3) |
« fixedX = false O[K] "¢ h=0[J/kg]

* exclEnthForm = excludeEnthalpyOfFormation = true ///
* refChoice = referenceChoice = ReferenceEnthalpy.ZeroAt0K
* h_off = h_offset =0


https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf
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5. setState XXX
l. setState XXX B3

setState_pTX(p, T, X) 7LV X Lr

algorithm
state := if size(X,1) == 0 then reducedX = true .
ThermodynamicState(p=p,T=T,X=reference_X) Xi[nXil, nXi = nS-1
else if size(X,1) == nX then ShT [ — 5.0 —
ThermodynamicState(p=p,T=T, X=X) EEI;&Z(;}'%%D(L
else X[nNX]ZEt8E L TL\ S,

ThermodynamicState(p=p, T=T, X=cat(1,X,{1-sum(X)}));

setState dTX(d, T, X) ®7JLTVU X L

algorithm
state := if size(X,1) == 0 then
ThermodynamicState(p=d*(data.R*reference_X)*T,T=T,X=reference_X)
else if size(X,1) == nX then
ThermodynamicState(p=d*(data.R*X)*T, T=T, X=X)
else »
ThermodynamicState(p=d*(data.R*cat{l, X, {1-sum(X)}))*T, T=T,

X=cat(1,X,{1-sum(X)}));

HBESADIREE AN CEANZ XM SD \ p = pRT
R=R-X R =data.R
BEESYIDSUETE
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setState_phX(p, h, X) ®7ILIVU X Ls

algorithm
state := if size(X,1) == 0 then
ThermodynamicState(p=p, T=T_hX(h,reference_X), X=reference_X)
else if size(X,1) == nX then
ThermodynamicState(p=p, T=T_hX(h,X),X=X)
else
ThermodynamicState(p=p, T=T_hX(h,X), X=cat(1,X,{T-sum(X)}));

setState_psX(p, s, X) D7ILITV X L

algorithm
state := i1f size(X,1) == 0 then
ThermodynamicState(p=p, T=T_psX(p,s,reference_X),X=reference_X)
else 1f size(X,1) == nX then
ThermodynamicState(p=p, T=T_psX(p,s,X), X=X)
else
ThermodynamicState(p=p, T=T_psX(p,s,X), X=cat(1,X,{1-sum(X)}));

NS BREEZNTNROIFRELENEHEBHICL O TEHET B,

MixtureGasNasa.T hX(h,X)
MixtureGasNasa.T_psX(p,s,X)
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. SREZ K& SEEX

. (kT VB IILERHI Y OIS BE &= 3K6) S

MixtureGasNasa.T_hX LT VS ILEEBEERXRNSBEEZ K DEH
BECLI VI IV OBERERIIEREARAEHOTL T VI ILEHSEEERD D,

T_hX OIEHFEHIERN

MixtureGasNasa.T _hX.Internal.f nonlinear 77 )L X L

redeclare function extends f nonlinear

algorithm
y 1= h_TX(x,X);
end f _nonlinear;

X. \;ﬂ%rg [K]
v: (kT 5)LE [J/kg]

T_hX ODAHRNEH

<<function>> T_hX

<<input>> h: SpecificEnthalpy

<<input>> X: MassFraction[nX]
<<input>> exclEnthForm : Boolean
<<input>> refChoice : ReferenceEnthalpy
<<input>> h_off : SpecificEnthalpy
<<output>> T : Temperature
<<protected>> Xfull : MassFraction[nX]

package Internal
algorithm T = Internal.solve(h,200,6000,1.0e5, Xfull,data[1])

CHDIVHIVE—DF T 3 Vs #IF.

_Internal.f_nonlinear [CEE NIL L\ 2 OH{E

FAENIL0,

MixtureGasNasa DE L
» excludeEnthalpyOfFormation

« referenceChoice
« h_offset
e =R I

JEFE AR EOBE(L. https://www.amane.to/wp-content/uploads/2018/10/

Introduction_SingleGasNasa_20181007.pdf 5.1 &
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MixtureGasNasa.T_psX £7. LI v OB, EENFEHSEEEKRHDEH
BECHTI Y FOEOBRERIFFEAEINERS CECL>THI Y FOENSEEZX

DS S /sisti(T)—Rilog& ROy O
T_pSX w;Eﬁﬁfﬁ*Eﬂ S = {Sl Sy, ey S X} Po
y=X-8 / R. =Modelica.Constants.R/MMX[i] B7 DRUEEEL
X x p,i=Yp B5 OHE
— ZXi s0,(x) — ZXi(RiY,(pi)) / Po= reference_p = 101325 [Pa]
=1 =1 T log —- X >
g—> i < €
- Y(p)=13  Po
s TX(x,Xfull) v, X <e

REMKGEHS  ENDEEFESD

€ = Modelica.Constants.eps = 1e-15

XL 5Er§ [K] X — {XI,X29 9XX} — XfU” g%ﬁ%
y I OF [J/kg.K "
LJ/7kg.K] Y = {y1, ¥ s Yux)

= massToMolFractions(Xfull,data.MM) EJL533R
MixtureGasNasa.T_psX.Internal.f_nonlinear M77JLI) X Ly

algorithm
y = s_TX(x,Xfull) - sum(Xfull[i]*Modelica.Constants.R/MMX[1i]*
(1f Xfull[i]<Modelica.Constants.eps then Y[i] else
Modelica.Math.log(Y[1]*p/reference_p)) for 1 in T1:nX);

JERE AR EDOHEE(L. https:/www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf 5.1 S8
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MixtureGasNasa.s_TX(T, X) BE&&AOHTI Y <O CEEKEZD)

size(X,1)
STX(TXD) = ), sO(D)X,
i=1

7L X L

algorithm
s := sum(Modelica.Media.IdealGases.Common.Functions.s0@ T(
data[1i], T)*X[1i] for 1 in T1:size(X,1)):
annotation(Inline=true, smoothOrder=2);
end s_TX;
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6. VIE(EREIZX

. BV FHIIARE R 7% iR 9 BN
| 51452 (1) Method of Wike (1950)
IL.AGEZE(2) Chung, et al. rules (1984, 1988)
DGR D LHER
IV.EYLE =
V. BEILAER, EBE0X, EILEE. [UEEH
VI.ZE DR
VILEFIY ~OEBEODIVIIILE
VIILZ DMEDYIEE
(M I ILEDHS (derivative of specific enthalpy)
(2)EELLER (specific heat Cp)
(3)EELLEN (specific heat Cv)
(4)EFETI VO —1EH (isentropic exponent)
(5)E& (velocity of sound)
(6) FEARFRE (isobaric expansion coefficient)
(7)FERBEHEZXR (isothermal compressibility)
IX.setSmoothState
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| B FHNAREER 2N & R I BIET

A. PartialMedium

« pressure(state) B
* temperature(state)
* density(state)

* specificEnthalpy(state) MixtureGasNasa CBEE3IND

—

« specificlnternalenergy(state) partial function
« specificEntropy(state)

« specificGibbsEnergy(state)

» specificHelmholtzEnergy(state) B
* temperature_phX(p,h,X) = temperature(setSate_phX(p,h,X))

« temperarure_psX(p,s,X) = temperature(setState_psX(p,s,X))

* density_pTX(p,T,X) = density(setState_pTX(p,T,X))

* density_phX(p,h,X) = density(setState_phx(p,h,X))

* density_psX(p,s,X) = density(setState_psX(p,s, X))

« specificEnthalpy_pTX(p,T,X) = specificEnthalpy(setState_pTX(p,T,X))
* specificEnthalpy_psX(p,s,X) = specificEnthalpy(setState_psX(p,s,X))
* specificEntropy_pTX(p,t,X) = specificEnthalpy(setState_pTX(p,t, X))
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C. MixutureGasNasa N CESIN3IBEHMDEIER

* pressure(state) = state.p 1;;5;5;5; ’:E:;
* temperature(state) = state.T ) ' b A
- density(state) p=—= 23y
= state.p/(state.X*data.R)*state.T) v (X-R)T
- specificEnthalpy(state) h=h_TX(T,X) LIV5bE

=h TX(state.T, state.X) )

- specificlnternalenergy(state) u=h-pv=h—RT PEBIRILF—
=h_TX(state.T, state.X) — gasConstant(state)*state.T

- specificGibbsEnergy(state) g=h-Ts FOXEHIXRILF—
= h_TX(state.T, state.X) — state.T*specificEntropy(state)

- specificHelmholtzEnergy(state) f=u—"Ts ANVLTIVYEBIRILF—
= h_TX(state.T, state.X) —h—RT —Ts
- gasconstant(state)*state.T — state.T*specificEntropy(state)
- specificEntropy(state) S LIvkOr

gasConstant(state) R S[UEEH
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MixtureGasNasa.specificEntropy(state) JREE&KEFOHI Y ~OY
s=X-S§

/Ri = Modelica.Constants.R/MMX[i] A5OSR EE
nX nX
— ZXZ SOZ(T) — Z X,(R,Y/(P,))

i=1

Pi
/ a0 Y(p,) = g 4iZE BEEOBEO
’ S WM ORSE S (TS
s_TX(T,X) Y;, X; <e
SBEAKTZ IS EIMRTZER S p;=Y.p B OHE T

Po = reference_p = 101325 [Pa]

X = X,X,...,X g P AN
X5, X nx) EENE € = Modelica.Constants.eps = 1e-15

Y = (¥ Y Yux) EILDE

function extends specificEntropy "Return specific entropy”
protected
Real[nX] Y(unit="mol/mol")=massToMoleFractions(state.X, data.MM)
"Molar fractions";
algorithm
s := s_TX(state.T, state.X) - sum(state.X[1]*Modelica.Constants.R/MMX[1]*
(1f state.X[1]<Modelica.Constants.eps then Y[1] else
Modelica.Math.log(Y[1]*state.p/reference_p)) for 1 in 1:nX);
annotation(Inline=true, smoothOrder=2):
end specificEntropy;
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1. $51%22(1) Method of Wike (1950)

Method of Wike (1950)
M SEESUEDREMESR (viscosity of the mixture) [Pa.s]

n

Ny = Z Znyini p N+ B ORI (component viscosities) [Pa.s]
i=1 &j=177% Yi 1 B OEILDER (mole fractions) [mol/mol]

M. : B53 i OEIVEE (mole masses) [kg/mol]

( 2
1+ Ol P )|
" : i=lori<j
py=1 |81+ MMl
;’ﬁf i iFjandi>j
L J l

[1] Bruce E. Poling, John M. Prausnitz, John P. O'Connell, THE PROPERTIES OF GASES AND
LIQUIDS, Fifth Edition, McGRAW-HILL

[2] BEHEHA, Bing HAN, /NIIREB, ZHDESXEDOEIIEE, JAERI-M,92-131
https://jopss.jaea.qgo.jp/pdfdata/JAERI-M-92-131.pdf

[3] IO, B X DEWIL(CEE T SHTR-BREXZEYRI LY
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MixtureGasNasa.dynamicViscosity(state) ®77JLdY X L

function extends dynamicViscosity
"Return mixture dynamic viscosity”

protected
DynamicViscosity[nX] etaX "Component dynamic viscosities";
algorithm WENERZ 1] A =
etaX[1] := Modelica.Media.IdealGases.Common.Functions.dynamicViscosityLowPressure(

state.T,
fluidConstants[i].criticalTemperature,
fluidConstants[i].molarMass,
fluidConstants[i].criticalMolarVolume,
fluidConstants[i].acentricFactor,
fluidConstants[i].dipoleMoment);

end for; BE# gasMixtureViscosity T
ta := gasMixtureViscosit A e M. _
) r?lassTgl\?lgltleérggiicl)zg?Sl 3 BEEMEOMYEXR n, ZETRIT D

state.X, fluidConstants[:].molarMass), fluidConstants[:].molarMass, etaX);
annotation (smoothOrder=2);
end dynamicViscosity;

B DRGIESR (K
https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf

ZV\N\
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MixtureGasNasa.gasMixtureViscosity(yi,M,eta) ®77JILIJY X L

protected
Real fi[size(yi,1),size(yi,1)];
algorithm
for 1 in T:size(eta,1) loop
assert(fluidConstants[i].hasDipoleMoment, "Dipole moment for ”
+ fluidConstants[i].chemicalFormula + " not known. Can not compute viscosity.");
assert(fluidConstants[i].hasCriticalData, "Critical data for ”
+ fluidConstants[i].chemicalFormula + " not known. Can not compute viscosity.");
for j in 1:size(eta,1) loop T
if]i==1 then ¢UEE+%§_5
fili,j] := (1 + (eta[il/etalJ1)A(1/2)*(M[FI/MLi1)A(1/4))A2/(8*(1 + MLil/M[1))A(1/2);
elseif j<i then
fi[i,7] := eta[il/eta[jI*M[jI/M[i]*fi[],i];

else
gi[%,j] = (1 + (etalil/etaljDA(T/2)*(M[FI/M[1])A(1/74))72/(8*(T + M[1]/M[]]1))N(1/2);
end if;
d for; _
en(ezlnfor(;)r M 7551'%:3_5

etam := sum(yi[i]*eta[1]/sum(yi[j]*fi[1,j] for j in 1:size(eta,1)) for 1 in 1:size(eta,1));
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I, $512E(2) Chung, et al. rules (1984, 1988)

N}

26.69 F,,(M,T)”  26.69 F, (M,T)

= [ 1P]
m =%y (’|)_>< )3Q —(4)
SBE (temperature) [K]
<<function>> mixtureViscosityChung E E‘%,mleF (Cr|t|Ca| temperature) [K]
<<input>> T: Temperature h Vcrlt EDDE'MZIS = (Cr|t|Ca| Vo|umeS) [m3/mo|]
<<input>> Tc: Temperature[nX] w; {ﬁlb\ - (acentnc factors)
<<input>> Vcrit: MolarVolume[nX] / ,l/ll R — X >/ |\(d|po|e moments)[debyes]
<<input>> w: Real[nX] _ v MoIecuIarWeights EILEE [kg/mol]
<<input>>mu: ReallnX] :E}Iﬁj\g(molar fractions) [mol/mol]
<<input>> MolecularWeights: MolarMass[nX] K- 'EI:I _7r(assooat|on factors)
<<input>> y: MassFraction[nX] L
<<input>> kappa: Real[nX] = zeros[nX] _
<<output>> etaMixture: DynamicViscosity < /. ‘\E'/_\/=1Z|S0)*|Jj'|‘ft|_$ [P ]
<<protected constant>> Vc = Vcrit*1000000 _ AR XU a.>
<<protected constant>> M = MolecularWeight *1000 \
e Vi BT [cm3/mol] = Vcrit[i]*1000000
M; & JLEE [g/mol] = MolecularWeight[i]*1000

[1] THE PROPERTIES OF GASES AND LIQUIDS, Fifth Edition, McGRAW-HILL

Bruce E. Poling, John M. Prausnitz, John P. O'Connell.
[2] Chung, T.-H., M. Ajlan, L. L. Lee, and K. E. Starling: Ind. Eng. Chem. Res., 27: 671 (1988).
[3] Chung, T.-H., L. L. Lee, and K. E. Starling; Ing. Eng. Chem. Fundam., 23: 3 ()1984).
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(1) BEAESKBEORFNODREISTERITE

n n
3 3
o= 20 2 IV
i=1 j=1
0.809V>,  i=j
O.. =
7| &loep!P = ((0.809VP)(0.809VIP)Z, i
f,-j = 1 2B MEEIER/S X —4 (binary interaction parameter)T. BH(E1&£9 3

(2) BESGHOLFHRPEHERTET

F., =1-0.275w, + 0.059035u* +«,
(a) (b) (o)

(a) EASMEDRLEAF (acentric factor)

n n 3 W:; =]

2iny 2y YVj@y0; ’
m 3 ’ 1 J . .
i : L7 ]
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(b) JREREOEXTTIL LU IZEFE— AV I~ (dimensionless dipole moment)
1/4

131.3u,, ylyju, T 3
Ky = ) = | ch _ 3 |
&J 3
T.,=1.2593 ¢ €\ _ Zizl zjzlyiyj 7) o;;
cm =~ . k m’ k i —_— 0-’:731 ’
a gl |
) l :]
€ _ k ‘. TCi
7 = 5 . € 12 , . _ o

Cij =1 2B9HEIER/IS X —45 (binary interaction parameter) G. BE(F1&9 3

(c) 77)L—)LXoBEIL E D L\ IS D AEES

(correlation for highly polar substances such as alcohols and acids)

i=1 j=1

n n i .
K, = Z Z yiyjKlj’ Kij = ( )1/2 . B
)
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(3) ,:m%MSG):EJbEE

12
Zl 12 1yzyj< ) 2M1/2 _ 2M1A4]

N GE i

(4) EzRED

Q = A(T*)™? + Cexp(=DT*) + Eexp(—FT%),
A =1.16145,B = 0.14874,C = 0.52487,D = 0.77320,E = 2.16178,F = 2.43787,

P
" (elk),,
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mixtureViscosityChung O 7JLTY X L®

V..M,

cr’

protected

constant Real[size(y,1)] Vc = Vcrit*1000000 "Critical volumes (cm3/mol)";

constant Real[size(y,1)] M = MolecularWeights*1000 "Molecular weights (g/mol)";
Integer n = size(y,1) "Number of mixed elements” ;

£
M;;, oy, P , Wy, K

algorithm
//combining rules
for 1 in 1:n loop
for j in 1:n loop
Mij[1,3] r= 2*M[1]*M[]1/(M[1]+M[]]);
if 1==j then
sigma[i,]] := 0.809*Vc[1]7(1/3);
edivk[i,j] := Tc[i]/1.2593;
wij[ifj]_:f w[i]; _
kappaijl[i,j] := kappalil;

else
sigma[i,]j] := (0.809*Vc[1]M(1/3)*0.809*Vc[j]N(1/3))M(1/2);
edivk[1i, ]] = (Tc[i]/1.2593*Tc[j1/1.2593)7(1/2);
wijlfi,j] = (wli] + w[j])/2; _
kappaij[i, ]] := (kappal[i]*kappalj])7(1/2);
end if;
end for;

end for;
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mixtureViscosityChung O 7JLTY XL

E
3 _ RS
Gm’ < k > ’ Mm’ a)m’ /’tm’ ch’ Tcm’ Mrm’ Km’ ch’ Tm’ Qv’ nm’ nMixture
m

//mixing rules
sigmam3 := (sum(sum(y[1]*y[j]*sigma[1i,]]"3 for j in 1:n) for 1 in 1:n));
//(epsilon/k)m
edivkm := (sum(sum(y[1]*y[j]*edivk[1,]j]*sigma[1,]]*3 for j in 1:n) for 1 1in 1:n))/sigmam3;
Mm := ((sum(sum(y[i]*y[]j]*edivk[1i,j]*sigmal[1,]] 2*Mij[1,]]7(1/2)
for j in 1:n) for 1 in 1:n))/(edivkm*sigmam3”"(2/3)))"2;
wm = (sum(sum(y[i]*y[j]*wij[1,j]*sigma[i,]]"3 for j in 1:n) for 1 in 1:n))/sigmam3;

mum := (sigmam3*(sum(sum(y[1i]*y[j]*mu[1]72*mu[]j]"2/sigmal1,]]"3
for j in 1:n) for 1 in 1:n)))M(1/4);

Vem := sigmam3/(0.809)73 "eq. (4)";

Tem = 1.2593*edivkm "eq. (5)";

murm := 137.3*mum/(Vem*Tcm)”A(1/2) "eq. (8)";

kappam := (sigmam3*(sum(sum(y[1]*y[j]*kappaij[i,j] for j in 1:n) for 1 in 1:n)));
Fcm 1= 1 - 0.275*wm + 0.059035*murm™ + kappam "eq. (7)";

Tmstar := T/edivkm "eq. (3)";

omegav := 1.16145*(Tmstar)"(-0.14874) + 0.52487*Modelica.Math.exp(-0.77320*Tmstar)
+ 2.16178*Modelica.Math.exp(-2.43787*Tmstar) "eq. (2)";

etam := 26.69*Fcm*(Mm*T)A(1/2)/(sigmam3”(2/3)*omegav) "eq. (1)";

etaMixture := etam*1e-7; // conversion from microPoise->Pa.s

annotation (smoothOrder=2, :');
end mixtureViscosityChung;




MixtureGasNasa

Viscosity [Pa.s]

6. Y)HEERE ZEXOMERDO LR

ZROMELE O LEE

4.5e-05

4e-05

3.5e-05

3e-05

2.5e-05

2e-05

1.5e-05

1e-05

viscosty1.etal vs viscosty1.T

viscosty1.eta2 vs viscosty1.state1.T

viscosty1.etaDryAirNasa vs viscosty1.state2.T
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Z
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model Viscosty
replaceable package Medium1 = Modelica.Media.IdealGases.MixtureGases.CombustionAir;
replaceable package Medium2 = Modelica.Media.Air.DryAirNasa;
Medium1.ThermodynamicState statel;
Medium2.ThermodynamicState state2;
Modelica.Blocks.Interfaces.Reallnput T annotation( :--);
Modelica.Blocks.Interfaces.RealOutput etal annotation( ::);
Modelica.Blocks.Interfaces.RealOutput eta2 annotation( ::);
Modelica.Blocks.Interfaces.RealOutput etaDryAirNasa annotation( ::+);
equation
statel = Mediuml.setState_pTX(p = 101325, T = T, X = Mediuml.reference_X);

etal = Mediuml.dynamicViscosity(statel);
eta2 = Mediuml.mixtureViscosityChung(T = T,
Tc = Medium1.fluidConstants.criticalTemperature,

Vcrit = Mediuml.fluidConstants.criticalMolarVolume, ‘~\/i :

w = Mediuml.fluidConstants.acentricFactor, dynamicViscosity g
mu = Mediuml.fluidConstants.dipoleMoment,
MolecularWeights = Mediuml.data.MM,

y = Mediuml.massToMoleFractions(state1.X, Medium1.MMX)); ’ Chung | >
state2 = Medium2.setState_pT(p = 101325, T = T);
etaDryAirNasa = Medium2.dynamicViscosity(state2);
annotation( '*);

end Viscosty;

DryAirNasa %
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V. 8RiE=E Ay EASUADEMGRER
N y; B DEILDE
Wassiljewa (1904) (mole fraction of components)
) ) B DBYEER
mT Ty A (thermal conductivity of components)
i=1 j=1-J""Y

Mason and Saxena Modification (1958)
- 42

2o\ 12 Y 1/4 e =1 1GEVEERIEE (numerical constant near unity)
e|l+ = — : -
(%) <MJ> /1,,,1, Fj exp(0.0464T,;) — exp(—0.2412T,)
Aij = — - — — T — - -
N <1 . Mi> i 1 1exp(0.0464T,) — exp(—0.24127,;)
M; ERDE[(F.
) B Pci[Pa]
Roy and Thodos (1968, 1970) M;[kg/mol]

=RV NthE & D THRBEL U,

1/6
T.M>
.= 210( ;’)4’ ) reduced inverse thermal conductivity [W/m.K]- /

. c T, SN (K],
T, = — reduced temperature P ERSRE7] [bar],
ci M;: EJVE=[g/mol]

[1] THE PROPERTIES OF GASES AND LIQUIDS, Fifth Edition, McGRAW-HILL
Bruce E. Poling, John M. Prausnitz, John P. O'Connell.
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MixtureGasNasa.thermalConductivity(state, method)M77JLJY X L

function extends thermalConductivity

"Return thermal conductivity for low pressure gas mixtures” R SAED

input Integer method=methodForThermalConductivity KEMESR 170 HrEh CpZs SR oD

"Method to compute single component thermal conductivity” + i e LD
protected | AMRER | ESHET S,

ThermalConductivity[nX] lambdaX "Component thermal conductivities |,
DynamicViscosity[nX] eta "Component thermal dynamic viscosities";
SpecificHeatCapacity[nX] cp "Component heat capacity”;
algorithm
for 1 1n T:nX loop
assert(fluidConstants[i].hasCriticalData, "Critical data for "+
fluidConstants[i].chemicalFormula +
" not known. Can not compute thermal conductivity.");
eta[i] :=Modelica.Media.IdealGases.Common.Functions.dynamicViscositylLowPressure( 3
state.T, fluidConstants[i].criticalTemperature,
fluidConstants[i].molarMass, fluidConstants[i].criticalMolarVolume,
fluidConstants[i].acentricFactor, fluidConstants[i].dipoleMoment); —
cp[1] :=Modelica.Media.IdealGases.Common.Functions.cp_T(data[i],state.T);
lambdaX[1] :=Modelica.Media.IdealGases.Common.Functions.thermalConductivityEstimate(
Cp=cpl[i], eta=etal[i], method=method,data=datali]); _
end for;
lambda := lowPressureThermalConductivity(massToMoleFractions(state.X,

fluidConstants[:].molarMass), state.T, k\\\\

fluidConstants[:].criticalTemperature,
fluidConstants[:].criticalPressure,
fluidConstants[:].molarMass, . _
lambdaX); \Eb 5\1{2'&0)““113%$ j“ E__R(ybéo
annotation (smoothOrder=2);
end thermalConductivity;

https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf 6.1l &i&



https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf

MixtureGasNasa 6. YJ4{ERGEN V. }URER

05X
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MixtureGas.Nasa.lowPressureThermalConductivity(y, T, Tc, Pc, M, lambda)

D7V XL

algorithm
for 1 1n T1:size(y,1) loop
gamma[i] := 210*(Tc[i]*M[i]~3/Pc[i]M)N(1/6); Fl-, Tn- 7@‘_:%1-%:@'5
Tr[i] := T/Tc[1i];
end for; A %f '@T
for 1 in 1:size(y,1) loop ¥ =
for j in 1:size(y,1) loop ‘//// / -fE%Z ®
Al1,7] := epsilon*(1 +
(gamma[ j]*(Math.exp(0.0464*Tr[1]) - Math.exp(-0.2412*Tr[1]))/
(%a?m?[i%*ﬁgath.e§§(@.?46?*Tr[j%)]- ?aggje?p(—?.2412*Tr[j]))))“(1/2)
*(MLAI/MLIDOAC1/74))A2/7(8*(1 + ML1]/M[31))7M(1/2); _
end for; / /ImE E'r%:@_%

end for;

lambdam := sum(y[1]*1ambda[1]/(sum(y[]]*A[l j] for j in 1:size(y,1))) for 1 in 1:size(y,1));

annotation (smoothOrder=2, )}
end 1owPressureThermalConduct1v1ty,
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V. EILRX, BEEDE. [BEH. TILEE

(1) BESMEDEILDFE

PartialMixtureMedium.massToMoleFractions(X, MMX) O 77JLdVU X L
1kg [CEENBHT DEILE [mol/kg]

X, /
- M v X y; = moleFraction[i] [mol/mol]
YA M, = MMX[i] : EJLEEE [kg/mol]
I M, N\ y
1kg [CEBEINDEEILEmol/kg] X; : BE29= [kg/kg]

1 NN =
M, = — =1/(X*invMMX) EEYINEIVESE [kg/mol]

4

i M,

algorithm

for 1 in 1:size(X, 1) loop
invMMX[1] := 1/MMX[1];

end for;

Mmix := 1/(X*1nvMMX);

for 1 in T:size(X, 1) loop
moleFractions[1i] := Mmix*X[1]/MMX[1];

end for;
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(2) BRESRMnEEN=E

PartialMixtureMedium.moleToMassFractions(moleFractions, MMX) @D J°

WV L

1 mol [CEBENBET DEE [kg/mol]

Y. = y'Mi‘ sz
| Z yiM, Mmlx — EBYIDEIVEE [kg/mol]
AN

1 mol [CBEENDSEMNSDDEE [kg/mol]

y; = moleFractions[i] : €JL53Z [mol/mol]
M; = MMX[i] : EJVEE [kg/mol]

fractions of gas mixture";
protected
MolarMass Mmix=moleFractions*MMX "Molar mass of mixture";
algorithm
for 1 in 1:size(moleFractions, 1) loop
X[1] := moleFractions[1]*MMX[1]/Mmix;
end for;
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(3) EEHMDEILEE

> BEY) kg ICEBENBEEILVE [mol/kg]

M; =datal[jl.M: j BEBEHONSZDEILEE[kg/mol]
X . j BEOBRSDEENE [kg/kg]

function extends molarMass "Return molar mass of mixture”
algorithm

MM := 1/sum(state.X[j]/data[j].MM for j in 1:size(state.X, 1));

annotation(Inline=true, smoothOrder=2);
end molarMass;
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(4) EEMORMEEE

MixtureGas.Nasa.gasConstant(state)

PartialMixtureMedium.gasConstant
<<input variable>> state: ThermodynamicState
<<output variable>> R: SpecificHeatCapacity

[

R=R-X R = data.R BB DUREEBDOARD <L
X = state.X BAOMEDNDEEDROANRD KU

function extends gasConstant "Return gasConstant”

algorithm R := data.R*state.X;
annotation(Inline = true, smoothOrder = 3);

end gasConstant;
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VI. Z2E D{RMD

MixtureGasNasa.density_derp_T(state) MO 7JILTY X L IEESUAIARERIZTN
P
dp 1 _
oy _ 1 P=RT
op RT
algorithm

ddpT := 1/(state.T*gasConstant(state));

MixtureGasNasa.density_derT_p(state) ® 7TV X L

P\ ___P
0T) ~—  RT?

algorithm
ddTp := -state.p/(state.T*state.T*gasConstant(state));

MixtureGasNasa.density_derX(state) ®77JLIVU X Ls

0 M
2 __F RR—JBR
0X; RT M,

algorithm

dddX := {-state.p/(state.T*gasConstant(state))*molarMass(state)/datal
1].MM for 1 in 1:nX};
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BEZEENDFETHWIITD
AT DSURTERL
R, R, = 8.314598 [J/mol.K] EJLSIAEM
= M, M, = datal[i]l.MM: B73 | DEIVEE [kg/mol]

l

BE R D UAEE
Rmol Xi
R = ZRiXi — Z M X; = RmolZE

BEUENDEEDR(CK BRI

J0R . Rmol
X; M, EBESEOEILVESE
B E DR Mo
X.
5=t 2
RT a_R Rmol v
ap p OR _ p o D M, p M

oX, TRP0X;, TR R TRp X TRM,
mol 4uj "\
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VI. FI VOB EOIVIILE

SUARD refState MINENSFT Y RO —MICZILL T p_downstream (CIXDTZi5F
BDLT VIILEZEXR®D D,

* exact = true

BE# specificEntalpy_psX Z{#RH L T. £/ p_downstream. LtIT > ~OE—

specificEntropy(refState) MIKREDLL T VI ILEZBEEK® B,
* exact = false

FIVHOE—ZRELUEBEREANSLI VI ILEZKD B,

function extends isentropicEnthalpy "Return isentropic enthalpy”
input Boolean exact = false

"Flag whether exact or approximate version should be used"; algorithm
h 1s := 1f exact then
specificEnthalpy_psX(p_downstream,specificEntropy(refState),refState.X)
else

isentropicEnthalpyApproximation(p_downstream,refState);
annotation(Inline=true, smoothOrder=2);
end isentropicEnthalpy;
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h=h-X h:BoYMEOLITI VI XEEDXR
(y—Dly (r—1)ly
his =h+ b7 <&> —11=h+ RT—J/ <&> —1
P1 y_l D1 J/_l Di
DB,

https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf 6.V =&

algorithm

X := if reducedX then cat(1,state.X,{1-sum(state.X)}) else state.X;

h_component :={Modelica.Media.IdealGases.Common.Functions.h_T(
data[1], state.T, excludeEnthalpyOfFormation,
referenceChoice, h_offset) for 1 in 1:nX};

h :=h_component*X;

h_is := h + gamma/(gamma - 1.0)*(state.T*gasConstant(state))*
((p2/state.p)M((gamma - 1)/gamma) - 1.0);

annotation(smoothOrder=2);

end 1sentropicEnthalpyApproximation;



https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf

MixtureGasNasa 6. ¥JHEREZE VIII. ZDEOYIIE(E DS X—8 51

VIIl. ZDO D M%(E

A. PartialMedium

« heatCapacity_cp(state) = specificHeatCapacityCp(state)
« heatCapacity_cv(state) = specificHeatCapacityCv(state)
* beta(state) = isobaricExpansionCoefficient(state)

* kappa(state) = isothermalCompressibility(state)

plandtINumber(state) -~
\ Prandtl Number (7= > ~JLERD)
N kSR

C
P = ”Tp Cp : EELH
A BYREER

e h TX der(T,X,exclEnthForm, refChoice,h_off,dT,dX)
» specificHeatCapacityCp(state)

* specificHeatCapacityCv(state)

« isentropicExponent(state)

* velocityOfSound(state)

* isobaricExpansionCoefficient(state)

* isothermalCompressibility(state)
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(1) LTV 5L DH4
h=h-X= Zhix,- £

=1

dh nX nX dX nX
e S Sn =T xem G B (n

i=1

fixedX = true 785, = _

algorithm
h der := i1f fixedX then
dT*sum((Modelica.Media.IdealGases.Common.Functions.cp_T(
data[i], T)*reference X[1]) for 1 in 1:nX)
else
dT*sum((Modelica.Media.IdealGases.Common.Functions.cp_T(
data[i], T)*X[1]) for 1 in 1:nX)+
sum((Modellca.Medla IdealGases.Common.Functions.h T(
data[i], T)*dX[i]) for 1 in 1:nX);
annotation (Inline = false, smoothOrder=1);
end h_TX der;
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(2) EFELL#  specificHeatCapacityCp(state) DIV L

Cp — Cp ) Xa Cp — {Cpla Cp23 "'acan}

algorithm

cp := {Modelica.Media.IdealGases.Common.Functions.cp_T(
data[1i], state.T) for 1 in 1:nX}*state.X;

(3) EfEL# specificHeatCapacityCv(state) @ 7LV X L
Cv=Cp-X—-R:-X

algorithm

cv :={Modelica.Media.IdealGases.Common.Functions.cp_T(
datal[1], state.T) for 1 in 1:nX}*state.X -data.R*state.X;

A)EFITO—E#H  isentropicExponent(state) ®7JLIVU X L

algorithm
gamma := specificHeatCapacityCp(state)/specificHeatCapacityCv(state);
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(5) Z&E velocityOfSound(state) 7LV X L

Cp
a=;MT=V%T——
Cv

algorithm BERNE(CESTEVLDICLTULSD,
a := sqrt(max(0,gasConstant(state)*state.T*specificHeatCapacityCp(state)
/specificHeatCapacityCv(state)));

(6) EEERZE  isobaricExpansionCoefficient(state) M 77JLIU X Ls
1/0 R 1
p

D v\oT) ~RTp T

algorithm
beta := 1/state.T;

(7) FREMESR isothermalCompressibility(state) ®77JLTY X Ls

RT 1 ( ov D RT\ 1
vV=—— &h k=——|— = —— ] = —
p v\dp/ . RT \ p? p

algorithm
kappa := 1.0/state.p;
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IX. setSmoothState
x=0 CTAEFLEIZHIREE state a, state b &S HICHRET D,

{statea, x>0y = setSmoothState(x, state,, state,, x,, 1))

- state,, x <0
Ny —| _
Statea X (;/}Ibgit_(gﬁﬂ% 7 ea
State, - state,
XSO x>0 —Xsmall  Xsmall
partialMedium MixtureGasNasa C77JLOY X L& ERET B,

* setSmoothState(x, state a, state b, x_small(min=0))
MixtureGasNasa.setSmoothState @ 77JLdY X Ls

algorithm
state := ThermodynamicState(
p=Media.Common.smoothStep(x, state_a.p, state_b.p, x_small),
T=Media.Common.smoothStep(x, state_a.T, state_b.T, x_small),
X=Media.Common.smoothStep(x, state_a.X, state_b.X, x_small));

smoothStep [CDULTIE
https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf 6.VII 2
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A. PartialMedium WO S5 X B. PartialMixtureMedium® OS5 X

) PartialMixtureMedium

§8 FluidConstants i D Fan d t | N um b er E ThermodynamicState i F | u i d C on St an t S

£ ThermodynamicState R
(f) gasConstant

B i « heatCapacity cp @ meleToMassFractons  ThermodynamicState

S » heatCapacity cv D reiowoereee |1+ gasConstant

@ stsmootsae e beta * moleToMassFractions

(f) dynamicViscosity

. w thermalConductivity L] ka I ' | ’a ° m a S STO M O | e F ra C t i O n S

* density_derp_h }EEEE (EE LWL
® vectecrtapy « density_derh_p

M specificinternalEnergy

g * specificEnthalpy pTX

(f) specificGibbsEnergy

) specificHelmholtzEnergy ® S De C | -': | C E N t ro Dv DTX

(f) specificHeatCapacityCp

./ ) heatCapacity_cp L4 d e n S i t v pT X

() specificHeatCapacityCv

. w heatCapacity_cv ™ t e m p e ra t u re p h X

f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
'i‘ isentropicExponent
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f

(f) isentropicEnthalpy d . t hX
— ®
(f) velocityOfSound e n S I v p

() isobaricExpansionCoefficient

0 ot * temperature psX

(f) isothermalCompressibility

* density psX

(f) density_derp_h

( ‘ density_derh_p ® Spec i f iC E nt ha | py DSX

( ) density_derp_T

® - MassFlowRate

' ‘ specificEnthalpy_pTX d C h O i C e S

( w specificEntropy_pTX

WJ, — FEEOMD U S X (& C. MixtureGasNasa THBES( redeclare)d 3,
ptu”
[j] h:assFlowRat:y—p

D Choices




MixtureGasNasa

C. MistureGasNasa WD S5 X

) MixtureGasNasa
B ThermodynamicState
E‘] BaseProperties
( D setState_pTX
(f) setState_phx
'iD setState_psX
(f) setState_dTX

setSmoothState
pressure
temperature

density

(f) specificEnthalpy

(f) specificinternalEnergy
specificEntropy

(f) specificGibbsEnergy
(D specificHelmholtzEnergy
@ nx

(f) h_TX_der
gasConstant
specificHeatCapacityCp
specificHeatCapacityCv
(f) MixEntropy

@ s
isentropicExponent

() velocityOfSound

q:'l isentropicEnthalpyApproximation

isentropicEnthalpy

(f) gasMixtureViscosity
dynamicViscosity

() mixtureViscosityChung

(f) lowPressureThermalConductivity
thermalConductivity
isobaricExpansionCoefficient
isothermalCompressibility
density_derp_T
density_derT_p

(f) density_derx

molarMass

» () T_hx

> q\j T_psX

ThermodynamicState
BaseProperties
setState pTX
setState phX
setState psX
setState dTX
setSmoothState
pressure

temperature

density
specificEnthalpy
specificlnternalEnergy
specificEntropy
specificGibbsEnergy
specificHelmholtzEnergy

h TX

h_TX der

gasConstant
specificHeatCapacityCp
specificHeatCapacityCv

MixEntropy(ZRfHEH)

s TX

IsentropicExponent
velocityOfSound
IsentropicEnthalpyApproximation
IsentropicEnthalpy
gasMixtureViscosity
dynamicViscosity
mixtureViscosityChung
lowPressureThemalConductivity
thermalConductivitiy
IsobaricExpansionCoefficient
iIsothermalCompressibility
density derp T

density derT _p

density derX

molarMass

T hX

T psX
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8. ThermoPower.Gas.CombustionChamber

MixtureaGasNasa Z{E>/zHIfEE LT ThermoPower S 175U M
CombustionChamber (BIEZ=E) OF X FEFTIVEBITLULE T, COEFTIVIEIXRD LS
FRKREETIMELE T, MBEECTZEEMBRIAIMNEG L. MBI XADOCHAMNSE
ERRBELE T, TUTMASTNIZEFA IR INT T, BUFRKRAEHHE /IS A —F
ELTHEXE T, HH=0& L. ETHHXT excludeEnthalpyOfFormation = off (C

9 B EEEES

ER TS IVEDNS Y ADNSRAEZEAEIDCEMNTETII,

. MixtureGasNasa >/ X +EFIL

. A

l[1.CombustionChamber

V.E1EE

n
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l. MixtureGasNasa &>z X +EFIL

ThermoPower.Test.GasComponents.TestCC

0.5 f(]?) . kg/s s 2.8 kg/s (C—/DZ/J\

Step1
— 300 K
— ' \\l\\ A\Y
startTime=0.5 (2) X%*’Uj Z Constant1
(N2,CO2,CH4)

¥

(1) ZEX, (3) BEAO X k=1
(02, N2, Ar, H20) 1§ (02,Ar,H20,CO2,N2)
Wcompressor U Press r0p1 alveL"ﬂ SinkP1
616.95K Combustion Chamber \ fEF‘E S H—
7in =\J0C 7in EB%%@EE}E%
FHbA T3y

INitOpt=ThermoPower.Choices.Init.Options.steadyState
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1. |iE

(1) 2By ThermoPower.Media.Air

02, H20, AI’, N2

package Air "Air as mixture of 02, N2, Ar a

mediumName="Air",
data={Modelica.Media.IdealGases.Common.
Modelica.Media.IdealGases.Common.
Modelica.Media.IdealGases.Common.
Modelica.Media.IdealGases.Common.
fluidConstants={
Modelica.Media.IdealGases.Common.
Modelica.Media.IdealGases.Common.
Modelica.Media.IdealGases.Common.
Modelica.Media.IdealGases.Common.
substanceNames={"0xygen", "Water", "Argon
reference_X={@.23,0.015,0.0@5,0.75},

end Air;

nd H20”

extends Modelica.Media.IdealGases.Common.MixtureGasNasa(

SingleGasesData.02,
SingleGasesData.H20,
SingleGasesData.Ar,
SingleGasesData.N2},

FluidData.02,
FluidData.H20,
FluidData.Ar,

FluidData.N2},
", "Nitrogen"},

referenceChoice=Modelica.Media.Interfaces.Choices.ReferenceEnthalpy.ZeroAt25C);

—\\

ThermoPower®D 7 7 # )L &
+ excludeEnthalpyOfFormation = tru

e

- referenceChoice = Modelica.Media.Interfaces.Choices.ReferenceEnthalpy.ZeroAt25C
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(2) ¥ X ThermoPower.Media.NaturalGas
N,, CO,, CH,

package NaturalGas "Mixture of N2, C02, and CH4”
extends Modelica.Media.IdealGases.Common.MixtureGasNasa(
mediumName="NaturalGas",
data={Modelica.Media.IdealGases.Common.SingleGasesData.N2,
Modelica.Media.IdealGases.Common.SingleGasesData.C02,
Modelica.Media.IdealGases.Common.SingleGasesData.CH4},
fluidConstants={
Modelica.Media.IdealGases.Common.FluidData.N2,
Modelica.Media.IdealGases.Common.FluidData.C02,
Modelica.Media.IdealGases.Common.FluidData.CH4},
substanceNames={"Nitrogen","Carbondioxide", "Methane"},
reference_X={0.02,0.012,0.968},
referenceChoice=Modelica.Media.Interfaces.Choices.ReferenceEnthalpy.ZeroAt25C);
end NaturalGas;
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(3) HEH X ThermoPower.Media.FlueGas
02, Ar, HzO,COz, N2

package FlueGas "flue gas’
extends Modelica.Media.IdealGases.Common.MixtureGasNasa(
mediumName="FlueGas",
data={Modelica.Media.IdealGases.Common.SingleGasesData.02,
Modelica.Media.IdealGases.Common.SingleGasesData.Ar,
Modelica.Media.IdealGases.Common.SingleGasesData.H20,
Modelica.Media.IdealGases.Common.SingleGasesData.C02,
Modelica.Media.IdealGases.Common.SingleGasesData.N2},
fluidConstants={
Modelica.Media.IdealGases.Common.FluidData.02,
Modelica.Media.IdealGases.Common.FluidData.Ar,
Modelica.Media.IdealGases.Common.FluidData.H20,
Modelica.Media.IdealGases.Common.FluidData.C02,
Modelica.Media.IdealGases.Common.FluidData.N2},
substanceNames={"0xygen", "Argon”, "Water","
reference_X={0.23,0.02,0.01,0.04,0.7},
referenceChoice=Modelica.Media.Interfaces.Choices.ReferenceEnthalpy.ZeroAt25C);
end FlueGas;

Carbondioxide","Nitrogen"},

MixtureGasNasa
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lll. CombustionChamber

A A BER

BRISE TR (R
BEREFE
T XRILF—I1R=E

BB
=)=l e

r-r—-———>"—"~>"—>"—"—"———7——77— |

:Air:PartiaIMedium

|
|
J'FueI:PartiaIMedium :
|
|

<<partial model>> |Exhaust=PartialMedium

CombustionChamberBase

fluegas: Exhaust.BaseProperties

system

63

A
[
I

®——— ThermoPower.System |
M: Mass
MX[Exhaust.nXi]: Mass ina i_l\ge_dTu_m_ ;_A_|r_—:
E: InternalEnergy FIangeA':L ________ -
Tm: Temperaturehia: SpecificEnthalpy inf ' Medium = Fuel :
hib: SpecificEnthalpy FlangeA "1 J
h: SpecificEnthalpy ot :_l\/_le_dTu_rTT — Exhaust
HR: Power e——— FlangeB T
Tr: Time
equation
initial equation
AN

<<redeclare>>

Air = Media.Air

Fuel = Media.NaturalGas

Exhaust = Media.FlueGas

<<model>>

CombustionChamber

wcomb: MolarFlowRate

lambda: PerUnit

ina_X[Air.nXi]: Air.MassFraction
inf_X[Fuel.nXi]: Fuel.MassFraction

equation
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CombustionChamber MD/\S X—5
—

Volume WRIEZEDEE [m3]
S Area 0.1 ERNOEEEE [m2]
gamma CoefficientOfHeatTransfer 0O EEE D BMTZERE [W/m2.K]
Cm HeatCapacity 0 EEmORAE [J/K]
Tmstart Temperature 300 EEOYEEE [K]
HH SpecificEnthalpy 41.6e6 BN FEE [J/kg]
allowFlowReversal Boolean system.allowFlowReversal = true W DE
pstart Air.AbsolutePressure 11.2e5 BRIGEZE DYIEAE 7]
Tstart Air.Temperaute 300 BRIGEZE DYIHARE
Xstart[Exhaust.nX]  Air.MassFraction Exhaust.reference_X BREZE DYIHHE E R
initOpt Choices.Init.Options steadyState P4 T3y

nolnitialPressure Boolean false FED OO EE
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CombustionChamberBase
. BE—EORBEZENETILR—ITH B,
- TEEIEECMEERA—ET. AT L THERTH S,
. BEEOHRAE Cm TE(FEVEER gamma AP0 S EEMVEE SR NS,
- FLOIRILE—NSYIEEBBZHER. XD 2EOHH B,
a. HH [CBEMRBEBELZTL. S TOSKET

excludeEnthalpyOfFormation = true (C9 %,
b. HH=0& L. ETOKHET }F_EWIVGMB—E@%

excludeEnthalpyOfFormation = false (T %, L TRBBEIET S,

CombustionChamberBase O BEI (RBEES2ADORER])

equation
M = fluegas.d*V "Gas mass"; I = .
F = fluegaS.U*M nGaS energyu; 7J X%*ﬁiﬂ@ggtl*)b:\:
MX = fluegas.Xi*M "Component masses"; BRAMIEDEE (XD L)
HR = inf.m_flow*HH; BRIGE (C K DHENS
der(M) = ina.m_flow + inf.m flow + out.m flow "Gas mass balance"; B 2R 728
der(E) = ina.m_flow*hia + inf.m_flow*hif + out.m_flow*ho .
+ HR - gamma*S*(fluegas.T - Tm) "Gas energy balance"; LRI+ — Rz

if Cm > 0 and gamma > 0 then
Cm*der (Tm) = gamma*S*(fluegas.T - Tm) "Metal wall energy balance";
else S BYREIC & BEERESLOR

Tm = fluegas.T; « o . o - \ S o
end if; N BEEORABCREERACOMS. BEEE BN ZEEARC
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CombustionChamberBase MARER (ARI I L NEHET)

// Set gas properties

out.p = fluegas.p;

out.h_outflow = fluegas.h; SIS LRI D RS
out.Xi_outflow = fluegas.Xi;

// Boundary conditions MATDZER. MBS XOESDE
ina.p = fluegas.p; BEENE R U
ina.h outflow = 0;

ina.Xi _outflow = Air.reférence X[1:Air.nXi];

inf.p = fluegas.p; * .
inf.h_outflow = 0;

inf.Xi_outflow = Fuel.reference X[1:Fuel.nXi];

=

AR DB

=

assert(ina.m_flow >= 0, "The model does not support flow reversal");

hia = inStream(ina.h_outflow); QDT VIILE CGRA)
assert(inf.m_flow >= 0, "The model does not support flow reversal");
hif = inStream(inf.h outflow): AR XD T VS ILEGREA)

assert(out.m_flow <= 0, "The model does not support flow reversal");

Tr = noEvent(M/max(abs(out.m_flow), Modelica.Constants.eps));

ho = fluegas.h; HEHZDEETI VS ILE (MBERERC)




MixtureGasNasa 8. ThermoPower.Gas.CombustionChamber

CombustionChamberBase OHER (#1EI{LHFER)

initial equation // Initial conditions
1f 1nitOpt == Choices.Init.Options.nolnit then
// do nothing
elseif initOpt == Choices.Init.Options.fixedState then
if not nolnitialPressure then
fluegas.p = pstart;
end if;
fluegas.T = Tstart;
fluegas.Xi = Xstart[1:Exhaust.nXi];
elseif initOpt == Choices.Init.Options.steadyState then
if not nolnitialPressure then
der(fluegas.p) = 0;
end 1if;
der(fluegas.T) = 0;
der(fluegas.Xi) = zeros(Exhaust.nX1i);
if (Cm > 0 and gamma > 0) then
der(Tm) = 0;
end 1if;
elseif initOpt == Choices.Init.Options.steadyStateNoP then
der(fluegas.T) = 0;
der(fluegas.Xi) = zeros(Exhaust.nX1i);
if (Cm > 0 and gamma > 0) then
der(Tm) = 0;
end if;
else
assert(false, "Unsupported initialisation option");
end if;
annotation ( ...);
end CombustionChamberBase;

BEANLEUS

@ nolnit
(CIRSYIILEN A 0224 A

@ fixedState
p=pstart
T=Tstart
X=Xstart

3 steadyState
dp/dt =0
dT/dt =0
dXi/dt =0
dTm/dt =0

@ steadyStateNoP
dT/dt =0
dXi/dt =0
dTm/dt =0

ENZPHELIEVE S

nolnitialPressure = true

CT Do
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CombustionChamber
MBI A ICEENS CH, D TEREET 5,
CH,+20, - 2H,0+CO, W CH,— —20,+2H,0+ CO,

model CombustionChamber "Combustion Chamber”
extends Base(Classes.CombustionChamberBase(
redeclare package Air = Media.Air "02, H20, Ar, N2",
redeclare package Fuel = Media.NaturalGas "N2, C02, CH4",
redeclare package Exhaust = Media.FlueGas "02, Ar, H20, C02, N2");
Real wcomb(final quantity="MolarFlowRate", unit="mol/s") "Molar Combustion rate (CH4)":
SI.PerUnit lambda
"Stoichiometric ratio (>1 if air flow is greater than stoichiometric)";
protected
Air.MassFraction ina X[Air.nXi]=inStream(ina.Xi outflow); \
Fuel.MassFraction inf X[Fuel.nXi]=inStream(inf.Xi outflow); CH4 O)%%El’g (mOVS)

equation / (STERAKE)
wcomb = inf.m_flow*inf X[3]/Fuel.datal[3]|.MM "Combustion molar flow rate";
lambda = (ina.m_flow*ina_X[1]/Air.datal[1].MM)/(2*wcomb);
assert(lambda >= 1, "Not enough oxygen flow"); 202+2H20 +C02
der (MX[1]) = ina.m_flow*ina_X[1] + out.m_flow*fluegas.X[1] - 2*wcomb*txhaust.dgtal1].MM "oxygen"”;
der (MX[2]) = ina.m_flow*ina_X[3] + out.m_flow*fluegas.X[2] "argon";
der (MX[3]) = ina.m_flow*ina_X[2] + out.m_flow*fluegas.X[3] + 2*wcomb*txhaust.datal3] .UM "water";
der (MX[4]) = inf.m_flow*inf_X[2] + out.m_flow*fluegas.X[4] + wcomb*txhaust.datal4].MM "carbondioxide";
der (MX[5]) = ina.m_flow*ina_X[4] + out.m_flow*fluegas.X[5] + inf.m_flow*inf_X[1] "nitrogen”;
annotation ( ...);

end CombustionChamber; '\ &ﬁ%"é@"ﬁ%{%ﬁﬁu

.
.
.
.
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Licensed by Amane Tanaka under the Modelica License 2

Copyright(c) 2018, Amane Tanaka

« The purpose of this document is introducing the MixtureGasNasa package which is
included in the Modelica Standard Library (MSL). This document uses libraries,
software, figures, and documents included in MSL and ThermoPower Library, and
those modifications. Licenses and copyrights of those are written in next page.

« This document is free and the use is completely at your own risk; it can be
redistributed and/or modified under the terms of the Modelica license 2, see the
license conditions (including the disclaimer of warranty) at
http://www.modelica.org/licenses/Modelicalicense?
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Modelica Standard Library License
https://github.com/modelica/ModelicaStandardLibrary/blob/master/LICENSE
BSD 5-Clause License

Copyright (c) 1998-2018, ABB, Austrian Institute of Technology, T. Bodrich, DLR, Dassault Systemes AB, ESI
ITl, Fraunhofer, A. Haumer, C. Kral, Modelon, TU Hamburg-Harburg, Politecnico di Milano, and XRG
Simulation

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

* Neither the name of the copyright holder nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,

OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

The ThermoPower package is licensed by Politecnico di Milano under the Modelica License 2.
Copyright © 2002-2014, Politecnico di Milano.
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