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MoistAir HS2—8&
AME(3. Modelica Standard Library ([C&& N3 MoistAir /3w T —(CD0L)
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2

ENDTY, ETILOREE. TEREDERZEAL. KERE R KOFRZ H#

HBLUET,
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MoistAir DS X—8

Examples

EX.1 BAFIRSREMIR%E < (saturation pressure)

EX.2 [ULEERER% 1 < (enthalpy of vaporization)

EX.3 82D ZEKEFREMI S (volume compression)

EX.4 2D ZEQR%ERNHSD (volume heating)

EX.5 28D ZEJBRINT—5% D<K B (psychrometric data)




MoistAir EAEEE & AR DS X—8 4
3~6.

Modelica.Media NDEAREERL =maeeri record,

1. T FluidConstantsL J1— K model, partial function, -
| yIOIes+ PR Medium (IREMIEETIL)

’ DIBRER

<<package>> Interfaces.Types 1 . Ty_pes (’|E IEI [’EG)EE] n
FluidConstants &L J1— kK

2N

<<replaceable>>

| <<record>> FluidConstants

| <<redord>> ThermoDynamicState
'<<part1a1 model>> BaseProperties

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

2. Constants (FE#)
MER. D%, SRIKE

| <<partial function>> setState_pTX
sTomED L W
n :

N— Zl‘i W — :J“ <<partial function>> dynamicViscosity T 7 # U I\jlxlu\fd: é_’_ 7& /__l_\a_ é&
<<partial packages> Interfaces.Partiailedium [ "7 TTTTTTTOC .
<<constant>> ThermoStates 3 Thermodvnamlcs-tate

<<constant>> mediuniiame p 2 E& ZN 7j %E’J)lk E % :%E@_ L Jd—

<<constant>> singleState

yay 4. BaseProperties
<<redeclare>> ,—,RE EZISCF%IHE:ET“J
47 EJL[EE T ThemoDynami?Sate—»--
(SRR A | 5. setState XXX
‘EQO}%EO} mnamic iscosity—>-- ~ B= /“\b%qulU\ .
)3 w A — ) dynamicliscosity 3~6 MES (ThermodynamicState)
% IR 9 BN

<<package>> XXX

<<constant>> ThermoStates=::-
<<constant>> mediumName=::: 2 mﬁi%

<<constant>> singleState=:- t Ehu

6. Property Functions (Optional)
fhiE R, BYRERL L GDfF’/Z]'IEFE'E%"‘ﬂZ

DS Z2—8



MoistAir & AR & k&SRR https:/www.amane.to/wp-content/uploads/2018/11/ HS5z—8 5
- Introduction MixtureGasNasa20181104.pdf

MoistAir mﬂﬁgﬁﬁ% MiéureGasNasa(IEf"g’f\,{ZlS‘}E's/Eu\%) EHEIT SBLEDERD

/

AN

- - ParitialMixtureMedium CHEE L Jc record
A \ PartialMedium \ -
eFluidConstants
#ﬂ eThermodynamicState

g8

ParitialMixtureMedium TE A T 1ZEI#

emoleToMassFractions

. . . emassToMoleFractions
PartialMixtureMedium
P =]

'----------ﬁ

egasConstant(state)
SURTE L
C PartialCondensingGases PartiallCondensingGases CEA X NS
esaturationPressure(Tsat)
RIBHEOS S5 Lo g lon D)

*enthalpyO0fGas (T, X)
e enthalpyOfCondensingGas(T)
e enthalpyOfNonCondensingGas(T)

D | MoistAir \ BINRSEPEBREZNI VI ILEHE

MOESR



https://www.amane.to/wp-content/uploads/2018/11/Introduction_MixtureGasNasa20181104.pdf
https://www.amane.to/wp-content/uploads/2018/11/Introduction_MixtureGasNasa20181104.pdf

MoistAir 1. Types & FluidConstants Do2RX—8 ©

1. Type & FluidConstants (@ DEY

EHOEHORDE S OEELS)
PartialMixtureMedium D #k&ZR45

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

IBAEKAD FluidConstants L I— R &{HEHT 3,
https:/www.amane.to/wp-content/uploads/2018/10/Introduction SingleGasNasa 20181007.pdf 1.1I, p.12

package MoistAir "Air: Moist air model (190 ... 647 K)"
extends Interfaces.PartialCondensingGases(

mediumName="Moist air",
substanceNames={"water","
final reducedX=true,
final singleState=false,
reference_X={0.01,0.99},
fluidConstants={IdealGases.Common.FluidData.H20, IdealGases.Common.FluidData.N2},

Temperature(min=190, max=647));

air"},

BEABEELEE&HL 190 [K] A\ 647 [KIX TTHh D,
(-83.15 [degC] m5373.85 [degC] ?I"Z“;EZ_%



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

MoistAir

2. Constants

2. FEX (Constants)

© PIERERDNFHRER

« DYIE DB

© BUVIEL ERTIINYIEDIEIR

* reference state
« default state

EE it X E(E

mediumName String Moist air =g

ThermoStates IndependentVariables T, pT, ph, phX, pTX, dTXD UL\ H

singleState Boolean false true’d SYIMEEMETIITHRTE LIL0)

substanceNames|:] String {"water”,”air"} B3 22D ERS

reducedX Boolean true trueld SEE DD

fixedX Boolean false true’d 5 X=reference_ X

nS Integer size(substanceNames, 1) = 2 BEEYIDRD

nX Integer nS =2 BEDRODERH

nXi Integer if fixedX then O Y SEENRDERN
else if reducedX nS -1 else nS =1

extraPropertiesNames[:] String fill("",0) I8 B (W N\IE)

nC Integer size(extraPropertiesNames, 1) {SINHIIEE D RT3 #X

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

reference_p AbsolutePressure 101325 [Pa] ENNERE (BEEFEE)

reference_T Temperature 298.15 [K] BEDZRE (BE#(E)

reference_X[nX] MassFraction fill(1/nX, nX) BESXROERE

p_defalut AbsolutePressure 101325 [Pa] FEDDOFT #IUE

T_default Temperature Conversions.from_degC(20) BENDT I A ILNE

h_default SpecificEnthalpy specifixEnthalpy_pTX(p_default, T_default, LT VB ILEDT T %)L NME
X_default)

X_default[nX] MassFraction reference_X BEDRDT I =)L ~E

fluidConstants[nS]

FluidConstants

{FluidData.H20, FluidData.N2}

BRAMEDIUPACETHR. {EZEHEE

Water Integer 1 KO ES

Air Integer 2 BRI D ES

k_mair Real steam.MM/dryair.MM KE[EZBEIDEIVEEDL
dryair DataRecord SingleGasesData.Air BR[O T—5

steam DataRecord SingleGasesData.H20 KEKOBEWIET—5

MMX MolarMass[2] {steam.MM,dryair.MM}

1. PartialMedium,

2. PartialMixuterMedium,

4. MoistAir
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MoistAir CEASNIZER

EOZESNMIEMRS (components of Moist Air)
substanceNames = {“water”, “air’} mMK92# nS=2

K EEZRZESR (water and dryair)
EJLE=E (molar mass)

MMX = {steam.MM, dryair.MM}

TILH E BE LD E R (translation coefficient)
steam . MM steam . MM [kg/mol]: ZKDEILEE

kmalr = drya”,. MM dryal}/‘ MM [kg/mol] HCIRZTEDEINEE
y Putean _'5@;';,;;"
oo — . mair ~—
KEm[EER[DTELL ;___1_7_4_11_;:___: ____________ \ Bt (mass ratio)

= EJLLL
(molar ratio)
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DoR—8

fluidConstants[1] = idealGases.Common.FluidData.H20

9

constant Modelica.Media.Interfaces.Types.IdealGas.FluidConstants H20(

chemicalFormula = "H20",
iupacName = "oxidane",
structureFormula = "H20",
casRegistryNumber = "7732-18-5",
meltingPoint = 273.15,
normalBoilingPoint = 373.124,
criticalTemperature = 647.096,
criticalPressure = 220.64e5,
criticalMolarVolume = 55.95e-6,
acentricFactor = 0.344,
dipoleMoment = 1.8,
molarMass = SingleGasesData.H20.MM,
hasDipoleMoment = true,
hasIdealGasHeatCapacity=true,
hasCriticalData = true,
hasAcentricFactor = true);

fluidConstants[2] = idealGases.Common.FluidData.N2

constant Modelica.Media.Interfaces.Types.IdealGas.FluidConstants N2(

chemicalFormula = "N2",
iupacName = "unknown",
structureFormula = "unknown",
casRegistryNumber = "7727-37-9",
meltingPoint = 63.15,
normalBoilingPoint = 77.35,
criticalTemperature = 126.20,
criticalPressure = 33.98e5,
criticalMolarVolume = 90.10e-6,
acentricFactor = 0.037,
dipoleMoment = 0.0,
molarMass = SingleGasesData.N2.MM,
hasDipoleMoment = true,
hasIdealGasHeatCapacity=true,
hasCriticalData = true,
hasAcentricFactor = true);

FluidConstants O5F—SRBNDEMIIUTE=SHE

https:/www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_2018100/.pdf 1.1, p.12
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MoistAir 2. Constants HS 22—

dryair = ldealGases.Common.SingleGaseData.Air

constant IdealGases.Common.DataRecord Air(

name="Air",

MM=0.0289651159,

Hf=-4333.833858403446,

H0=298609.6803431054,

T1limit=1000,

alow={10099.5016,-196.827561,5.00915511,-0.00576101373,1.06685993e-005,-7.94029797e-009,
2.18523191e-012},

blow={-176.796731,-3.921504225},

ahigh=1Z41521.445,-1/5/.06/40b,5. 1445500/ ,-0.0002156541/Y,/.4905
6.57780015e-016},

bhigh={6462.26319,-8.147411905},

R=287.0512249529787);

steam = IdeaIGases.Common.SingleGas&Data.HZO

constant IdealGases.Common.DataRecord H20(

name="H20",

MM=0.01801528,

Hf=-13423382.81725291,

H0=549760.6476280135,

Tlimit=1000,

alow={-39479.6083,575.573102,0.931782653,0.00722271286,-7.34255737e-00
4.95504349e-009,-1.336933246e-012},

blow {-33039.7431, 17 24205775},

9. 42646893@0@0@@1e @11 -4.82238053¢- @15}
bhigh={-13842.86509,-7. 97814851}
R:461.523329@850878);

RE/EKZIDHE, TUFILE, TV I\EIB@J%"C“CTLB%E@

DataRecord B85 —5 OARBDFFHHILU T =208
https://www.amane.to/wp-content/uploads/2018/10/Introduction SingleGasNasa 20181007.pdf 2.1l 24145 —75

19 3o
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MoistAir 3. ThermodynamicState DS X—8 11

3. ThermodynamicState L 1—K
BEENE yOMAE nX =2 index Water =1, Air =2
X[Water] XDEE45FE (mass fraction of water)
X[Air] ZIBEKNEEDFE (mass fraction of dry air)
MITIRBESE X ORAE nXi=1
reducedX = true, fixedX = false
X|Water| = Xi|Water]
X|[Air] = 1 — Xi|Water]
MoistAir.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;

WD ZNERIE p, 1, Xi|Water] o3@EDHERLS,

ThermodynamicState L1—RKI(CDULTIE. UT&ESR,
https:/www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa 20181007.pdf 3.
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MoistAir 4. BaseProperties

4. BaseProperties
(1) INS A= & ZEH (parameters & variables)

(2) O ZEIDBERE (conponents) E BFRNARBZEHH3 IR (static state selection)

(3) B SERER (saturation pressure)

(4) [4LE (enthalpy of vaporization)

(5) BAFIZKZESNEE I (water mass fraction at saturation)

(6) BREZNDEE=ZFE (mass fractions)

(7) BRIk BROENHEE (absolute humidity at saturation)

(8) HXEE (relative humidity)

(9) #XEE (mass of total water / mass of dry air)

(10) |AEEH (gas constant)

(11) ZE (density)

(12) £77 (pressure) &RE (temperature)

(13) £JLEEE (molar mass) EX.1 BAfIg[EHREZ#H <
(14) Lk >3 JLE (specific enthalpy) EX.2 SbEVERIR & 35 <

(15) NEBT RJLF¥ — (specific internal energy)

EX.3 BV ZEQREFR

I D

(16) LkIT > O (specific entropy) EX.4 BDEKRERDHS
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0 — preferredMediumStatus=true : JKERZEHLEIR
(1 ) > X - g t 'z\& standardOrderComponent: = true EEE575Z1F#1b

<partial model> PartiaiMedium BaseProperties PartialMedium @ BasePropertiesdDZ&EH
<parameter> preferredMediumStates = false : Boolearn P Ejj
<parameter> standardOrderComponent = true : Boolean T 5& &
p : InputAbsolutePressure —
Xi: InputMassFraction[nXi] X — X[HX] Hﬁﬁg
h: InputSpecificEnthalpy Laps Y,
d: Density JQUJ $Wﬁﬁ§§§&\ h grs 9Jbe
T: Temperature » = p = d 32
X: MassFraction[nX] 73 ZE&‘ :EJIJEE 1 WnBI*}b:ﬁ_
u: SpecificlnternalEnergy HE‘G)FﬁLgE ﬁg— d I -
R: SpecificHeatCapacity © mode Xi = XI[HXI] IR DEEDE
MM: MolarMass
state: Thermodynamic state R ﬁﬁsi;‘i{
<input connector> InputAbsolutePressure M = MM TILEE
<?nput connector> InputSpeciﬁcEntlhaIpy state ThermodvnamicState, Eagﬁ%
<input connector> InputMassFraction
equation(Xi, X) MoistAir @ BaseProperties GBI N3 EH

Zr Xywater = X_Water KES/ZHRESEE
<mode|l> MoistAir.BaseProperties Xeat = X __sat ﬁ*ﬂ%ﬁ%ﬁ%/ﬁﬁﬁ’fﬁﬁ%

X_water: MassFraction .
phi: Real ¢ = phi HBNEE (relative humidity)
<protected> X_liquid: MassFraction )¢ — X 11 d — - . _
<protected> X_steam: MassFraction liguid — “*— qui 7]((}{52 + E)HE/)@ D ggﬁgg
<protected> X_air: MassFraction _ = /3 o =
<protected> X_sat: MassFraction Xsteam _ X—Steam 7R§%EE/'ED:%EE
<protected> x_sat: MassFraction Xair — X_air EZ@E%EE/;‘E H Eﬁg%
<protected> p_steam_sat: AbsolutePressure
equation(X_sat, X_liquid, X_steam, X_air, p_steam_sat) Xsat = X_Sat ﬁﬂ]}%ﬁ,ﬁ%/iﬁ D ’;Eﬁ,EE
equation(x_sat, x_water, phi)
equation(MM, h, R, u, d, p, T, X) psteam_sat — p_Steam_Sat Eﬂﬂ]ﬁﬁ!&
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(2) B ZEXDBAER & FRRIAREE SLRIR

® B EFE(components)

&D:ﬁ.(mmst air) HBREFE(components)
E&E4%(mass fraction)

HZIRZES (dry air)

e X, =1— Xi[Water)
.- . * P — Psteam .
N X

) ) IKFHES (steam) steam .
ol Do Xi[Water]

X, .
SUATEI (gas region) H\5 liquid
Z DM, (fog region) ¥ T BEDIK. 3K (liquid, ice)

@ LN ZRIREZ# (independent state variables)

Xsteam’ Xliquid
DEIGE p, T (CHKEFT D,

p, T, Xi|Water] o 3 @0
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@ EAMNIRREZHLEIR (Static State Selection)D Iz DR

A. preferredMediumStates = true W& & p, T, Xi[Water] 0 stateSelect = prefer
MoistAir.BaseProperties DiEFEIRS

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=if preferredMediumStates then StateSelect.prefer else StateSelect.default),
final standardOrderComponents=true) "Moist air base properties record"

B.h, u,d & p, T, Xi[Water] MEIF TR I . BaseProperties M equation & Dk

h = specificEnthalpy_pTX( HZIRZE [ DB ENXK KEDEEDE
P, N N
T, h (3: Modelica Bﬁiﬂl’é‘?ﬁ@“ o Xdryair Xsteam
Xi); /R — Nair 1_X + Rsteam 1_x
R = dryair.R*(X_air/(1 - X_liquid)) + steam.R*X_steam/(1 - X_liquid); — Miquid - Miquid
// N Vs
u=h- R SHEOEENE
d = p/(R*T);

/* Note, u and d are computed under the assumption that the volume of the liquid

water 1s neqligible with respect to the volume of air and of steam
x/ o i u=h—pv=h—RT
state.p = p pv=RT  RegHER L)
state.T = T; - state ZH & D hzutpy TvmLe P P =y TRT
state.X = X;

EHANARBRZEEHGRIROBKIC DOV TIEIU T =R
https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf 4.1
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MoistAir 4. BaseProperties (3) saturation pressure DS A—8 16

(3) ﬁﬂl%ﬁ%l_lﬂiﬁ (saturation pressure)

OREMFES[ERER (RideuE)
7OV saturationPressureLiquid(T)
liquid water “~ BB & critical point

Per 1o P
Pstean —_ OEIRSELER (244)
IKBERE 5 triple point saturationPressure(T)

>

smpE T saturationPressurequu|d(T)c‘:

mi=

@BaseProperties NENIERSET

Psteam sat = min (saturationPressure(7),0.999p)
RAUENEDZEIOENELDNSKEDRLDICU=ZvI—R"HHh>TL B,

sublimationPressurelce(T)
BN




MoistAir 4. BaseProperties (3) saturation pressure DS RA—8 17

FARAREDIKICBET B[ 1] (i< iAF)

[1] W Wagner, A Pruss: "International equations for the saturation properties of ordinary
water substance. Reviesed According to a International Temperature Scale of 1990.
Addendum to J. Phys. Chem. Ref. Dat 16, 893(1987)", J. Phys. Chem. Ref. Data 22, 783

nw /MISZ
(a) BNIRSE » LEBREN - OBE _ _,_,_T
T &
In L [alr + azrl's + a3r3 + a4r3'5 + a574 + Cl6T7'5], (1)
Pe I
a, = —7.85951783,  a, = 1.84408259, ay = — 11.7866497,
ay, = 22.6807411, as = — 159618719, ae = 1.80122502
(b) BSHIZKEE » L ERSTERE £ DESR
P _ 1 + bR + b,r?3 + b375/3 4 b41.16/3 n b5T43/3 4 b67110/3 (2)
Pe b, = 1.99274064, b, = 1.09965342, b, = — 0.510839303,

by = — 1.75493479,  bs = —45.5170352, by = — 6.74694450 x 10°
m, = 1/3, my =2/3, my = 5/3, my = 16/3, ms = 43/3, mg = 110/3



MoistAir 4. BaseProperties (3) saturation pressure DS A—8 18

(c) BAHIRRZE ' LIRREZE . DA% (Saturation Pressure)

In (P_ ) = ;776 4 70 4 ¢ ¢, 7180 4 3706 4 ¢ LTV (3)
Pc
¢, = — 2.03150240, ¢, = —2.68302940 ¢, = — 5.38626492,
¢, =—— 172991605,  ¢5= —44.7586581,  ¢c = — 63.9201063
(d) BaflZkDLET >V FILE
(Specific enthalpy of the saturated liquid)
gy L AP (6)
=0+ ——
p' dT
(e) BAMIBRESKIDLLI VS ILE
(Specific enthalpy of the saturated vapor)
T d
h' =a+ P (7)

p// dT
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BIRHARE DK (CBET BHA[2][3] (EliF < i)

[2] W Wagner, A Saul, A Pruss: "International equations for the pressure along the melting
and along the sublimation curve of ordinary water substance", equation 3.5

[3] W.Wagner, A.Pru3, The IAPWS Formulation 1995 for the Thermodynamic Properties of
Ordinary Water Substance for General and Scientific Use, J.Phys.Chem.Ref.Data, Vol.31,No.
2,2002. eq.2.21 ( http://www.teos-10.org/pubs/Wagner_and_Pruss_2002.pdf )

(f) RERGDOEN (sublimation pressure)

In P;)”” = —13.928169 (1 — 07') + 34.7078238 (1 — 07! )

T
0=—,T,=273.16
Tl’l


http://www.teos-10.org/pubs/Wagner_and_Pruss_2002.pdf
http://www.teos-10.org/pubs/Wagner_and_Pruss_2002.pdf
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@ BIMIFSERER(RE < KUF)

C

(a) ©p,, =exp| (a7 + a,t™ + a;7™ + a, 7™ + ast™s + agt’™) P,

sat

TSCZI
r=1-0=1-
T

C

ny = 1, Ny, = 15, n3:3, n4:3.5, n5:4, n5:75

MoistAir.satulationPressureLiquid(Tsat)
protected Z# & algorithm DR r1="7T

protected
SI.Temperature Tcritical=647.096 "Critical temperature”;
SI.AbsolutePressure pcritical=22.064e6 "Critical pressu
Real r1=(1 - Tsat/Tcritical) "Common subexpression”;
Real a[:]={-7.85951783,1.84408259,-11.7866497,22.6807411,-15.9618719,

1.80122502} "Coefficients a[:]";

Real n[:]={1.0,1.5,3.0,3.5,4.0,7.5} "Coefficients n[:]";

algorithm
psat := exp(((al1]*r1™n[1] + a[2]*r1An[2] + a[3]*r1™n[3] + a[4]*r17n[4]

+ al5]1*r1™n[5] + a[6]*r1An[6])*Tcritical)/Tsat)*pcritical;

annotation ( ***);

end saturationPressureliquid;
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@' BaMFERSEHR(RIEF < [UF) D:REH D

T
DPsar = ©XP Fy—— Des (1) = a1t + ayt’? + ast’ + a7t + asts + agt''s

sat

T, dr, T, T.
= dp,,, = exp r2T— D, de - — 1 dr,,,
dr

sat sat
d_ZdT = an; T Vdr + an,7""Vdr + azn, " Vdr + ayny e Vde + asnge s Vde + agngrsVdr
T

MoistAir.satulationPressureLiquid_der(Tsat, dTsat)

protected Z# & algorithm DE#%

protected T
SI.Temperature Tcritical=647.096 "Critical temperature”; — =1 sat
SI.AbsolutePressure pcritical=22.064e6 "Critical pressure r1 =7=1-

Real r1=(1 - Tsat/Tcritical) "Common subexpression 1° fI}
Real r1_der=-1/Tcritical*dTsat "Derivative of common subexpre551on 1"; 1 (i
Real a[1]={-7.85951783,1.84408259,-11.7866497,22.6807411,-15.9618719, I er
1.80122502} "Coefficients al : ] ; = — AT
Real n[:]={1.0,1.5,3.0,3.5,4.0,7. 5} "Coefficients n[:]"; — adt = sat
Real r2=(a[1]*r 1An[1] + a[2]* 1An[2] + al[3]*r1™n[3] + a[4]* 1"\n[4] + a[5] fIL
*r1An[5] + a[6]*r1An[6]) "Common subexpression 2";
algorlthm

psat_der := exp((r2*Tcritical)/Tsat)*pcritical*((al[1]*(r1*(n[1] -
*r1 der) + a[2]*(r1M(n[2] - 1)*n[2ﬁ *r1 der) + a[3]*(r1M(n[3] -
r1 der) + a[4]1*(r1A(n[4] - 1)*n[4]*r1 _der) + a[5]*(r1M(n[5] - 1
r1 der) + a[6]*(r1A(n[6] - 1)*n[6]*r1 _der))*Tcritical/Tsat - r2

Tcritical*dTsat/Tsat”2):
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@ FHER(EIF<UF)

(f) © Py = exp (—13.9281690(1 — 0~') + 34.7078238(1 — 0~'*)) P,

S Popl = EXP (al — al@ +a, — a29”2) P

n

TSCZI
0=% T =273.16
T

a; = — 13.9281690, a, = 34.7078238, nl = — 1.5, n, = — 1.25

MoistAir.sublimationPressurelce(Tsat)
protected Z# & algorithm DK%

protected
SI.Temperature Ttriple=273.16 "Triple point temperature”;
SI.AbsolutePressure ptriple=611.657 "Triple point pressure”;
Real r1=Tsat/Ttriple "Common subexpression"”;
Real a[:]={-13.9281690,34.7078238} "Coefficients a[:]";
Real n[:]={-1.5,-1.25} "Coefficients n[:]";

algorithm
psat := exp(al1] - al1]*r1An[1] + a[2] - a[2]*r1”An[2])*ptriple;
annotation ( '');

end sublimationPressurelce;
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Q' HEMR(EIF < if) DiaEHM I

Psubl = EXP (al — alf™ +a, — a29”2) P,

dpg = exp (a; — al®™ + a, — a,0™) P,(—ayn,0"~'dO — a,n,0™'do)

T
0 = sat, Tn = 273.16, dO = deat
Tn Ttriple

MoistAir.sublimationPressurelce der(Tsat, dTsat)
protected Z# & algorithm DK%

protected
SI.Temperature Ttriple=273.16 "Triple point temperature”;
SI.AbsolutePressure ptriple=611.657 "Triple point pressure’;
Real r1=Tsat/Ttriple "Common subexpression 1%
Real r1_der=dTsat/Ttriple "Derivative of common subexpression 1%
Real a[:]={-13.9281690,34.7078238} "Coefficients a[:]";
Real n[:]1={-1.5,-1.25} "Coefficients n[:]";

algorithm
//psat = exp(al1] - a[1]*r1™n[1] + a[2] - a[2]*r1n[2]) * ptriple;
psat_der :=exp(al1] - a[1]*r1™n[1] + a[2] - a[2]*r1 ™ n[2])*ptriple*(-(a[1]

*(r1ANN[1] - D*n[1]1*r1_der)) - @[2]*(r1Nn[2] - 1)*n[2]*r1_der)));
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® BIERIJTHIER (B4) @D,0%273.16+1 K T
MoistAir.saturationPressure(Tsat) BOMMNMCDELS

saturationPressure(7 ) = spliceFunction(pos, neg, x, Ax)

algorithm

— 273.16 Ax =1.0 psat := Utilities.spliceFunction(

saturationPressureliquid(Tsat),
sublimationPressurelce(Tsat),

x=T

sat
pos = saturationPressureLiquid(7. ) @

neg = sublimationPressurelce(7,,,) @ Is;: 273.16,

MoistAir.Utilities.spliceFunction Si<=on#EsEEs
spliceFunction(pos, neg,x, Ax =1) =y pos+ (1 —y) neg (a)
X

ScaledXI = — . 1E JW'J 00s=10, neg=5
AXx T X X
scaledX = arcsin 1 - scaledX1 = AT : \
X : :
0, scaledX1 < — 0.999999999 : +pos=10
1, scaledX1 > 0.999999999 neg=>5 : E
Y=, (b) -\, : |
5 [tanh (tan (scaledX)) + 1|, else ; > ,
S xEAx
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Q' EIFIFE TR (£F) DWPD

MoistAir.saturationPressure _der(Tsat, dTsat)

saturationPressure_der(7,,
algorithm DR

drl.,,)

psat_der := Utilities.spliceFunction_der(

Tsat - 273.16,

1.0,

dTsat,
0);

saturationPressurelLifuid(Tsat),
sublimationPressurelde(Tsat), “--"“f:> Eﬁyiﬂ]iﬁiéii

@ S

saturationPressureliquld_der(Tsat=Tsat, dTsat=dTsat), «
sublimationPressurelce Wer(Tsat=Tsat, dTsat=dTsat),

N
Y BFFERSE(RIE < UE) DH 5D

P

R (B < HF)

\

spliceFlunciotn(pos,neg,x,dx) D53

N
Q' EaflFE<

T (BiF i)

T (B < i) DT

spliceFlunciotn_der(pos,neq,x,dx,dpos,dneq,dx,ddeltax)

Z{ERYI S
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spliceFunction O#43 st (tany) = coilzx
MoistAir.Utilities.spliceFunction_der (tanh x)’ = :
(pos, neg,x,deltax=1,dpos,dneg,dx,ddeltax) cosh™x
splieceFunction .
ledX1 = —
(a) spliceFunction = y pos + (1 — y) neg scaled Ax
(b) 0, scaledX1 < — 0.999999999 scaledX = scaledX1 - arcsin(1)
1,  scaledXl> 0.999999999 _r 7
Yy = i 7 Ax 2
% tanh <tan (scaledX)) + 1], else
i JecaledX 1 (dx — scaledX1dAx)
SCAlcC =
(a) D Ax
d(spliceFunction) = y dpos + (1 — y) dneg + (pos — neg)dy
(b) D5
0, |scaledX1| > 1
dy = < dscaledX1(z/2)
d (% [tanh <tan (scaledX)) + 1 ) = e n(ecaledX) cos(scaled |scaledX1| < 1
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BETSE
spliceFunction_der(pos, neg, AX = 1,dpos, dneg, dx, dAx)

out =y dpos + (1 —y) dneg

if (|scaledX1| < 1) then
dscaledX1(z/2)

2(cosh(tan(scaledX))cos(scaledX))2

out = out + (pos — neg)

spliceFunction_der @ algorithm /

algorithm
scaledX1 := x/deltax;
scaledX := scaledX1*Modelica.Math.asin(1);
dscaledX1 := (dx - scaledX1*ddeltax)/deltax;
if scaledX1 <= -0.99999999999 then

y :=0;
elseif scaledX1 >= 0.9999999999 then

y :=1;
else

y := (Modelica.Math.tanh(Modelica.Math.tan(scaledX)) + 1)/2;
end if;

out := dpos*y + (1 - y)*dneg;
if (abs(scaledX1) < 1) then
out := out + (pos - neg)*dscaledX1*Modelica.Math.asin(1)/2/(
Modelica.Math.cosh(Modelica.Math.tan(scaledX))*Modelica.Math.cos(
scaledX))N2;
end if;
end spliceFunction_der;
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EX.1 faflz[EMERZ i <

Plot saturation pressure!

temperature

Psat | >

P T

duration=455

Psat der| >

model SatPress
replaceable package Medium = Modelica.Media.Air.MoistAir;

Modelica.Blocks.Interfaces.Reallnput T annotation( :-);

Modelica.Blocks.Interfaces.RealOutput saturationPressurel annotation( ::+);

Modelica.Blocks.Interfaces.RealOutput saturationPressurel_der annotation( ::+);
equation

saturationPressurel = Medium.saturationPressure(T + 273.15);

saturationPressurel _der = Medium.saturationPressure der(T + 273.15, 1.0);

annotation( *);
end SatPress;
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J=ab—3aviER

[ Pa] — satPress1.saturationPressure1 vs satPress1.T

Saturation Pressure [Pa]

1e+08

| mESES
—

1e+04 f//”,r

100 !/////,

0.01

satPress1.saturationPressure1

[N

T [degC]

-100 0 100 200 300 400
satPress1.T

satureationPressure(T)

1.E+08
 HNRSEEeR)
1.E+06
1.E+05
1.E+04

—MoistAir.saturationPressure(T)
e Wexler-Hyland

1.E+03 O NIST Chemistry WebBook

1.E+02
0 50 100 150 200 250 300 350 400

Temperaturea [degC]

[ Pa] —— satPress1.saturationPressure1_der vs satPress1.T

1e+06

1e+04

| B3

ST ﬁa")ﬂﬁﬂf—*ﬁ

100

/

-

v

satPress1.saturationPressure1 der

0.01

-100

T [degC]

0 100 200 300 400

satPress1.T

satureationPressure _der(T, 1.0)

Sublimation Pressure [Pa]

1.E+03

FEHFERSE(EeS)

1.E4+02

1.E+01

1.E+00

1.E-01

1.E-02
-90

—MoistAir.saturationPressure(T)

e Wexler-Hyland

-80 -70 -60 -50 -40 -30 -20 -10 0

Temperaute [degC]

Wexler- Hy land ORI SAZEE=REL I, http://www.bohra.jp/psychrometric.html
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(4) SbE (enthalpy of vaporization)

SMEE = EFNFRKOLEI V)L E - ERKOLET V5 ILE
MBER[1]1[2]Z=EH.

o 1 1\idp: (o' = p"exp(r)P(ry+ 1)
(d).,(e) =h"—h =T<—,,—_,>i—:= — -~
pr P/l P’
MoistAir.enthalpyOfVaporization(T) & Dk
algorithm
ro := -(((dp - dpp)*exp(r1)*pcritical*(r2 + ri1xtau))/(dp*dpp*tau))

"Difference of equations (7) and (6)";

(a) & p=exp(r)p,

Ed 5 dr ry + Tr T
:>—p= exXp (rl)Pc 1 = exp(r)P. < 2 7 1>, t=1-60=1—-——
AL T

—_ n n n n n n
7‘2 — Clln1T I 4 aznzT 2 4+ a3n3T 3 4 a4n4T 4 < a5n51' S+ Cl6n6T 6

C
r = 7[6117”1 + a,7"? + a5’ + a7 + ast™s + agr’e]
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MoistAir.enthalpyOfVaporization(T) & Dk

Real tau=1 - T/Tcritical "Temperature expression”;

Real r1=(a[1]*Tcritical*tau™n[1])/T + (a[2]*Tcritical*tau™n[2])/T + (a[3]
*Tecritical*tau™n[3])/T + (a[4]*Tcritical*tau™n[4])/T + (a[5]*
Tcritical*tau™n[5])/T + (al6]*Tcritical*tau™n[6])/T "Expression 1";

Real r2=a[1]*n[1]*tau™n[1] + a[2]*n[2]*taun[2] + a[3]*n[3]*taun[3] + a[
A*n[4]*taun[4] + a[5]*n[5]*taun[5] + a[6]*n[6]*taun[6]

"Expression 2";

m, = 1/3, m, = 2/3, my = 5/3, my = 16/3, ms = 43/3, m, = 110/3

b, = 1.99274064, b, = 1.09965342, by = — 0.510839303,
b, = — 1.75493479, b, = — 455170352, b, = — 6.74694450 x 10°

MoistAir.enthalpyOfVaporization(T) & Dk

Real dp=dcritical*(1 + b[T]*tau™m[1] + b[2]*tau™m[2] + b[3]*taum[3] + b[
4]1*tau™m[4] + b[5]*tau™m[5] + b[6]*taum[6])
"Density of saturated liquid";

Real m[:]={1/3,2/3,5/3,16/3,43/3,110/3} "Powers in equation (2)";
Real b[:]={1.99274064,1.09965342,-0.510839303,-1.75493479,-45.5170352,-6.74694450e5}
"Coefficients in equation (2) of [1]";
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=

= - 2.03150240, ¢, = —2.68302940  ¢; = — 5.38626492,
¢, = —— 172991605, ¢ = —44.7586581, ¢, = — 63.9201063
0, = 2/6, 0, = 416, 05 = 8/6, 0, = 18/6, 05 = 37/6, 0, = 71/6

MoistAir.enthalpyOfVaporization(T) & Dk

32

Real dpp=dcritical*exp(c[1]*tauo[1] + c[2]*tau”o[2] + c[3]*tauo[3] + c[
A1*tauMo[4] + c[5]*tau”o[5] + c[6]*tau”o[6])
"Density of saturated vapor";

Real o[:]={2/6,4/6,8/6,18/6,37/6,71/6} "Powers in equation (3)";
Real c[:]={-2.03150240,-2.68302940,-5.38626492,-17.2991605,-44.7586581,-63%.9201063}
"Coefficients in equation (3) of [1]";
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EX2. RMLEHRZ 15 <

—— hevT1.hevvs hevT1.T

temperature 36406 -
2.5e+06 —f
5 2e+06 —E
T h_eva [::’ E1.Se+06—f
g 1e+06 —f
Se+05S —f
duration=373 o i
0 50 100 150 200 250 300 350 400
hevT1.T
7
model HevT

replaceable package Medium = Modelica.Media.Air.MoistAir;

Modelica.Blocks.Interfaces.Reallnput T annotation( :-);
Modelica.Blocks.Interfaces.RealOutput hev annotation( ::+);

equation
hev = Medium.enthalpyOfVaporization(T+273.15);
annotation( '*);
end HevT;
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3.00E+06

2.50E+06
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1.50E+06

1.00E+06

5.00E+05

Enthalpy of Vaporization [J/kg]

0.00E+00

—MoistAir.enthalpyOfVaporization(T)

® The Engineering ToolBox

100

200 300 400

Temperaturea [degC]

The Engineering ToolBox

https://www.engineeringtoolbox.com/water-properties-d_1573.html
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(5) EHIKFE[NDEED =
EOES 1kg ICAGC ENTEZKBRENEE

@ BaseProperties M\, / BNESEERESOEEL
LD ererereeeeeeeeeeeae /EZI?EW DEENE

psteam sat

X = mal,, (1 — Xi|Water]):

sat
p — Pstream_sat

’ﬁ!UﬂDkHbUU
e BENEXM1ZBXILL)

X,,, = min Bsteam_sat Kk, .1 —Xi[Water]), 1.0
max (1008 P — psteam_sat)

@ MoistAir.Xsaturation(state) DEtE R

Y = kmair

sat state . p

— 1+ k,,
min (saturationPressure(state . T),0.999state . p matr

tsteamMM/ BHARS AR
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@ massFraction_pTphi(p, T, phi)
£ p BE T HNEE ¢ OREME L TKE[DEEDPRE KNS,
=i

¥ B kgp P Psteam
steam D ¢ = Psat
k¢ I w pSClt
Psat P
steam . MM Psteam EILREL steam . MM
dryair . MM p.,, k =

steam . MM Psteam P Psteam dryalr . MM

INZR R %Etb dryair .MM  pgy Psar Psar

protected ”"ﬁﬁit algorithm Mk

protected
constant Real k=0.621964713077499 "Ratio of molar masses";
AbsolutePressure psat=saturationPressure(T) "Saturation pressure";
algorithm
X_steam := phi*k/(k*phi + p/psat - phi);
annotation (smoothOrder=2, Documentation(info= “<html> :+):
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(6) BRERDEEDF

D BaseProperties MEtHET / BHKRIORRIE
Xiiquia = max (Xi| Water] — X,,,0.0) #iEDK. K (liquid, ice)

Xsteam = Xi[Water| — Xliquid IK#FES (steam)
X ;. = 1—Xi|Water] IR

BRES (dry ain) ,
SR B Y X =1 — Xi[Water]
¢ e o * P — Psteam

B '..; ) IK#ES (steam) Xsteam
Toda Psteam Xi| Water]
i Xliquid

BRIk, 3K (liquid, ice)
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(7) BEFIKF DB EE

ZRZER 1kg CENHDICENTETINKBEINDESE
BHRS L BRESOTEILESS I CTIRT S,

@ BasePropefo!?_s___G_?fff_%T _______________________ RIS L ERERDEILL

Psteam_sat / |
=k

mall’ maX (1008 p psteam sat)

= min (saturationPressure(7),0. 999p)

P Ssteam_sat —

®@ MoistAir.xsaturation(State) DEtER

saturationPressure(state . [I')

XSCU — kmdli’l

. max (1008 state .p — saturatlonPresdrure(state T))

saturatlonPressure(T)

'xSle — kmazr

- max (100¢, p — saturationPressure(7'))
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(8) HHNHEE (relative humidity)

KDTFEEKDETIETEDLL (KDEIE L EBFIERTDEILEDLL)
BOZEQIRDKDEILDE

® BaseProperties OBt HILL T e/
P = E Xil Water] p = S)fg‘[lziva%frdryi?”}\lM
psteam_sat XZ[WCZIQV] + kmairXair : pstec;n_sat :\
FHEDH DR ¢ > 1 TRRTE S,
i BENIRDEILDE

@ MoistAir.relativeHumidity(state)
MoistAir.relativeHumidity_pTX(p,T,X) O

relativeHumidity(state)
= relativeHumidity_pTX(state.p, state.T, state.X)

p X|Water]
psteam_sat X [Water ] + kmairXair

@ = max | 0.0, min (1.0,

0<p 1 ICHEBLSCUZYI—RHHD>TULD,
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(9) EEHTHEE (mass of total water/mass of dry air)

™ BaseProperties MEtE

B Xi|Water]
max(X,;,,100¢) .

7K (steam + liquid + ice) DEE

xwater

BZMEZER (dry air) DEE

. %é—f\,ﬁﬂ*ﬂ:—?—ﬁﬁ?‘(i R E (absolute humidity) & IS,
e [IXRMAETIL. JEFRLEL (mixing ratio, humidity ratio) &35
o B{i7(3, [kg/kg(DA)]
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(10) [/MBEH (gas constant)
™D BaseProperties NEIET

X X
R = dryair . R W+ steam . R —=
1 - Xliquid 1 - Xliquid
X X
= dryair.R i - steam . R Seam
Xair + Xsteam Xair + Xsteam

@ MoistAir.gasConstant(state)
Return ideal gas constant as a function from thermodynamic state, only valid for phi<]

AXEEN T REDEE (FEEKDBEWVWEE) OHKILT B,
R = dryair .R - (1 — state . X[Water]) + steam . R - X[ Water]

® MoistAir.gasConstant_X(X)

R = dryair .R - (1 — X[Water]) + steam . R - X[Water]
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(11) ZBE (density)
™ BaseProperties MEtE
_ P
P = RT
™~ . Xair Xsteam
R = dryair.R + steam . R
@ MoistAir.density(state) DEHER
state . p
10 —

gasConstant(state) state. T
™ dryair.R - (1 — state . X[Water]) + steam . R - X[ Water]

gasConstant(state) ZES DT
BHMEENR1 RKBDEST (BHEKDBREVWESE) OHRRILT S,
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(12) 77 (pressure) &RE (temperature)
MoistAir.pressure(state) DETHEI

p = state .p .
. _ mol
MoistAir.temperature(state) MEE dryair. R = dryair . MM
I = state. T steam .R = t Rmo;WM
Steam .
BaseProperties MEN & R[S D5 E
X . X
p =pRT =p| dryair.R W+ steam.R —Z | T
1 - Xliquid 1 — Xliquid
1
= (anl-,, dryair .R T+ pX,,,,,, steam.R T)
1 - Xliquid
peemmmmemeam——- anir _ anir
; | : Pair = : RmolT’ Psteam = RmolT
_ 5(]9 4p ) dryair . MM steam . MM
1 = Xiguia: steam 1m3 ([CEFNBSEOEILBER—Z(CHELRDE
"""" >l . BDEROENGEILHA-IT

SR LIRS EDOFU EICTL S,
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(13) €JLEZ= (molar mass)
™ BaseProperties MEHEI

1
MM = Xi[Water] 1 — Xi[Water]
MMX[Water] MMXJ[Air]
1 E'"")'('i'['Wéiié}?]'""i i'"—"Xi'["Wc'z't'e'}?]'
= =+

MM | i MMX[Water]: | MMX[Air]

EODZESIDEILE  IKOEILE VD EILE

@ molarMass(state) METET specific gas constant[J/kg.K]

Modelica. Media . Air. MoistAir . gasConstant(state)
- Modelica . Constants . R

universal gas constant[J/mol.K]
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(14) EET VB JLE (specific enthalpy)

@ BaseProperties MEtEHT
h = PairtialMedium.specificEnthalpy(p, T, Xi)
= MoistAir.specificEnthalpy(setState_ pTX(p, T, Xi)
= MoistAir.h_pTX(state.p, state.T, state.X)

@ MoistAir.h_pTX(p, T, X) DEHER
h=nh + h + enthalpyOtWater(T') X,

steam Steam air Clll"

(a) (b) (c)
MoistAir.h_pTX® algorithm & DK%

h := {Modelica.Media.IdealGases.Common.Functions.h_Tlow(

data=steam, (a)7k§%a)
T=T,
refChoice=ReferenceEnthalpy.UserDefined, th > 9 L E

h off=46479.819 + 2501014.5),
Modelica.Media.IdealGases.Common.Functions.h Tlow(

data=dryair, (b)&@&cﬁa}

T=T,

refChoice=ReferenceEnthalpy.UserDefined, ka yg JIJ l:°

h off=25104.684)}*{X _steam,X air} — — .

+ enthalpyOfWater(T)*X_liquid; < (C) ;K’Z‘zlsa)ﬂ(\ 7J<0)l:bI “JGJlJl:"

(a),(b), (c) BTN G, @, ® ERHEDINZEE>TLS,
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® MoistAir.enthalpyOfGas MEIHEI

HBEULSVWESOEDZERODLEI VIIILE (EREKESR)

h=h X[Water] + h

steam air
(a) (b)
MoistAir.enthalpyOfGas(T, X)

(1 — X[Water]))

function extends enthalpyOfGas

"Return specific enthalpy of gas (air and steam) as a funciign of temperature T and composition X"

algorithm
h := Modelica.Media.IdealGases.Common.Functions.h_ Tlow(
data=steam,
T=T,
refChoice=ReferenceEnthalpy.UserDefined,
h_off=46479.819 + 2501014.5)*X[Water] +
Modelica.Media.IdealGases.Common.Functions.h_Tlow(
data=dryair,
T=T,
refChoice=ReferenceEnthalpy.UserDefined,
h_off=25104.684)*(1.0 - X[Water]);
annotation ( ...);
end enthalpyOfGas;

(a)KkFERD
LIV ILE

(b)EZRZE D
LLIVBILE
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@ MoistAir.enthalpyOfCondensingGas(T) OFHER

E X (k#FESV) LI VSIILE

algorithm

h := Modelica.Media.IdealGases.Common.Functions.h Tlow(
data=steam,
T=T,
refChoice=ReferenceEnthalpy.UserDefined,
h_off=46479.819 + 2501014.5);

(a)ZK#&ESD
LIV 9IILE

® MoistAir.enthalpyOfNonCondensingGas(T) DRI\

IEREN R (BBRESR) OLTV5IILE

algorithm

h := Modelica.Media.IdealGases.Common.Functions.h Tlow(
data=dryair,
T=T,
refChoice=ReferenceEnthalpy.UserDefined,
h_off=25104.684);

(b)EZRZESD
LIV ILE
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(a) IKEK[E(L)TZRERDLLI VI ILEDEIESE
Modelica.Media.ldealGases.Common.Functions.

h_Tlow(data, T, exclEnthForm, refChoice, h_off)
—a,+T(b; +a,logT+ T(a; + T(%a4 + T(%as + T(%% + %Ta7)))))

h — R T + hl + hz
a; logT & T3 T :
= RT| —— + a, 4+ Z a. + hl + h2 E(a) data=steam, h_off=46479.819 + 2501014.5 .
T2 T 1 l I —2 E(b) data=dryair, h_off=25104.684 :
a; = data . alow[1], b, = data . blow[1] ( 0, refChoice = ZeroAt25C
|—data H T | exclEnthForm = true /» = 3 data.HO, refChoice = ZeroAtOK
hy = 0, exclEnthForm = false \ | h_oft | refChoice = UserDefined,

https://www.amane.to/wp-content/uploads/2018/10/Introduction SingleGasNasa 20181007.pdf 2.1l

h_Tlow @ algorithm MDikFE

algorithm
h := data.R*((-data.alow[1] + T*(data.
blow[1] + data.alow[2]*Math.log(T) + T*(1.*data.alow[3] + T*(0.5*data.
alow[4] + T*(1/3*data.alow[5] + T*(0.25*data.alow[6] + 0.2*data.alow[7]*T))))))
/T) + (if
exclEnthForm then -data.Hf else 0.0) + (if (refChoice
== (Choices.ReferenceEnthalpy.ZeroAt0K) then data.HO else 0.0) + (if
refChoice == Choices.ReferenceEnthalpy.UserDefined then h_off else
0.0);
annotation(Inline=false, smoothOrder=2);
end h_Tlow;



https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa_20181007.pdf
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(c) BefEK(Bid+EF) DT> 5ILE
® MoistAir.enthalpyOfWater(T)

4200(T — 273.15),

h = 4 2050(T — 273.15) — 333000,

interpolation by spliceFunction,

4200 [J/kg.K]: 7K CRIRDELER)
2050[J/kg.K]: 7K (EHRGDLEER)

33300 [J/kgl: 7K DEhfzEEN

T >273.17
T <273.15
27315 < T < 273.17

BIADEERAE EIRDLLEVE 273.16+0.1 [K] TESHICDELC

algorithm DK%

/ spliceFunction(pos, neqg, x, Ax=1)

algorithm

/*simple model assuming constant properties:

heat capacity of liquid water:4200 J/kg
heat capacity of solid water: 2050 J/kg
enthalpy of fusion (liquid=>solid): 33

h := Utilities.spliceFunction(
4200*(T - 273.15),
2050*(T - 273.15) - 333000,
T - 273.16,

0.1);

J/kg*/
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@ MoistAir.enthalpyOfLiquid(T)
KOOI VA IEEKRDHBRDEE, HeatCapacityOfWater(T) &9 Do

1 1
h = Tgege X 10°(4.2166 = =T1,,c(0.0033166 + T, c(0.00010295

—%Tdegc(l.389e —6+ %TdegCTBZZe —9))) h = JCPdeT
algorithm DR

algorithm
h := (T - 273.15)*%1e3*%(4.2166 - @.5%(T - 273.15)*(0.0033166 + 0.333333*%(T

- 273.15)*(0.00010295 - 0.25*%(T - 273.15)*(1.3819e-6 + 0.2*(T - 273.15)
*x7.3221e-9))));

MoistAir.HeatCapacityOfWater(T) cpp = (a_h>
oT
P

3 4 3
cT a3TdegC + a4TdegC) X 10

a, = 4.2166, a; = — 0.0033166, a, = — 0.00010295, a; = 1.3819 X 1075, @, = 7.3221 x 10~°

— 2
cpp = (ag + a1 Tgeec + a1,

The specific heat capacity of water (liquid and solid) is calculated using a polynomial approach
and data from VDI-Waermeatlas 8. Edition (Db1) jﬁ*;ﬁﬁ;—g

algorithm DR

algorithm
cp_fl := 1e3*x(4.2166 - (T - 273.15)*(0.0033166 + (T - 273.15)*(0.00010295

- (T - 273.15)%(1.3819e-6 + (T - 273.15)%7.3221e-9))));
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(15) ARSI RILF—
® BaseProperties O
u=h—RT
®@ MoistAir.specificinternalEnergy(state)
u = specificInternalEnergy_ pTX(state . p, state . T, state . X)

® MoistAir.specificinternalEnergy_pTX(p, T, X)
algorithm DR

p_steam_sat := saturationPressure(T);
X_sat := min(p_steam_sat*k_mair/max(100*Constants.eps, p - p_steam_sat)*(
1 - X[Water]), 1.0);
X_liquid := max(X[Water] - X_sat, 0.0); (C) ;Tﬁ‘zlgd)yj(‘ 5](0)]:51 ygjbe

X_steam := X[Water] - X_liquid;

X_air := 1 - X[Water]; (a),(b),(c) (;

R_gas := dryair.R*X_air/(1 - X_liquid) + steam.R*X_steam/(1 - X_liquid); ]:le “Jg}l/l:q

u := X steam*Modelica.Media.IdealGases.Common.Functions/h Tlow( =
data=steam, (a)gﬁﬂkm & Iﬁl&o
T=T,
refChoice=ReferenceEnthalpy.UserDefined, HSI yg L E
h off=46479.819 + 2501014.5) + X _air* N
Modelica.Media.IdealGases.Common.Functions.h T1dw( o = o
data=dryair, (b)ﬁkﬁzﬁm
T=T, kI>HsILE

refChoice=ReferenceEnthalpy.UserDefine mmm—--- -
h_off=25104.684) + enthalpyOfWater(T)*X_liquids- R_gas*T; L (d) -RT
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(16) Ltk > OE

. . L GLI>r~OFM
I::IO |.st,2 |.r.speC|ﬁcEnt ropy(state) EkEIE
=MoistAir.s_pTX(p,T.X) e peamis 7](0)E§ﬁ$\
v
s = So_miow(dryair, T)(1 — X[Water]) + sy_g,(steam, T)X[Water] + s,
N AN

DESEDOHT Y ~OE D BEKEIE QKDL T v ~OEDREMKEIE
@O LI Y ~OENREMKEFER

Modelica.Media.ldealGases.Common.Functions.sO _Tlow(data, T)

( )
SO(T)=R bz_ﬁ_7+a310gT+T a4+T ?+T ?—l—T? s
\ )J
7 i—3 .
a a T data = drvair
= ——1——2+a3logT+ Zai. + b, @ y
272 T < i —3 @ data = steam

algorithm https://www.amane.to/wp-content/uploads/2018/10/Introduction_SingleGasNasa 20181007.pdf 2.lI

s := data.R*(data.blow[2] - 0.5*data.alow| _ -
11/(T*T) - data.alow[2]/T + data.alow[3]*Math.log(T) + T*( ai —data.alow[l]
data.alow[4] + T*(0.5*data.alow[5] + T*(1/3*data.alow[6] + 0.25*data.alow|
71*T)))); b, =data.blow[2]



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

IKDEILE/ kg IKDEILZE
I ( 4 4 \
X[Water] log max (Y[Water], ) p 0.0.1% 10
\MMX [Water]

s, = — R, ;| smoothMax

P ref

)

( )
eene 1 — X[Wat Y[Air],
: +:smoothMax [Water] log (max( Airl, e) p ),0.0,1 x 1077

MMX|[Air] Pref
\ y\\~ /
ELKNDEILE/ kg ZRNEILIE
DPENNTVWESTREMBSNMC 01D KDCU=Z VI ZEMNMTTULSD,
smoothMax bug? https://github.com/modelica/ModelicaStandardLibrary/issues/2872

+ [CIFBART ] !@ 9 MSL 35.2.3
MoistAir.s_pTX(p,f,X) @ algorithm S

s := Modelica.Media.I ealGases.Common.Functions.s@_Tlow(dqyéir, *(1 - X[
Water]) + Modelic@.Media.IdealGases.Common.Functions.s0 Tlow(steam, T)*
X[Water] - Modelica.Constants.R*(Utilities.smoothMax( S

X[Water]/MMX[Water ]*Modelica.Math.log(max(Y[Water], Modelica.Constants.eps)
*n/referenge_p),

0.0,

Te-9)[EJUtilities.smoothMax( (:) S

(1 - X[Water])/MMX[Air]*Modelica.Math.log(max(Y[Air], Modelica.Constants.ep P

*n/reference_p),
0.0,
1e-9));



https://github.com/modelica/ModelicaStandardLibrary/issues/2872

MoistAir 4. BaseProperties (16) specific entropy

x1 & x 2% +Ax OFEEITHS hrCH53 max BOEX
MoistAir.Utilities.smoothMax(x1,x2,dx)

smoothMax(x;, x,, Ax)

log <exp <(4/ Ax) (xl — max(x,, xz))> + exp <(4/ Ax) (X2 — max(x,, x2)> ))

y = max(x, x,) +

4/Ax

smoothMax () algorithm

algorithm
y := max(x1, x2) + Math.log((exp((4/dx)*(x1 - max(x1, x2)))) + (exp((4/
dx)*(x2 - max(x1, x2))N)/(4/dx);
annotation (smoothOrder=2, Documentation(info=“<html> ..);
end smoothMakx;

= X, DFEE X, LT3
Y=wSH—-UTERHAT S,

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

smoothMax(x;, x,, Ax)

0.05

0.1

0.15

0.2
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smoothMax(x1,x2,dx) O
MoistAir.Utilities.smoothMax_der(x1,x2,dx,dx1,dx2,ddx)
smoothMax _der(x;, x,, Ax, dx;, dx,, dAx)

X1 >x, QT
( (4(dx2—dx1) 4(xy — xp) dAx) exp (4(x2—x1))
1 Ax B x2 Ax 4o —x
dy:dx1+z< - m : Ax+log(1+exp< (2A 1)>>dAx
Xy — X; X
| 1—|—6Xp< Ax )
XISX% DES
(4(dxl_d)€2) 4(X1—)C2) dAx) exp <4(x1_x2)
1 ~ — = T 4(x; — x
4 exp< L2 )+1 Ax

Ax

algorithm DF%

N\

J

N

.

J

dy := (if x1 > x2 then dx1 else dx2) + 0.25*(((4*(dx1 - (if x1 > x2
then dx1 else dx2))/dx - 4*(x1 - max(x1, x2))*ddx/dx"2)*exp(4*(x1 -
max(x1, x2))/dx) + (4*(dx2 - (if x1 > x2 then dx1 else dx2))/dx - 4*(
x2 - max(x1, x2))*ddx/dx"2)*exp(4*(x2 - max(x1, x2))/dx))*dx/(exp(4*(
x1 - max(x1, x2))/dx) + exp(4*(x2 - max(x1, x2))/dx)) + log(exp(4*(x1
- max(x1, x2))/dx) + exp(4*(x2 - max(x1, x2))/dx))*ddx);

VDL if~ then~else & D, BEDIFTL THRUIE,
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EX.3 I BDZERZEFREMI S (volume compression)

p = 1.01325 [bar] &R
EZIRZE R

(dry air) \\V = 1.0 [m’]
X[Air] = 0.994 .
X[Water] = 0.006 T=%H®gﬂ‘ V=OJU§V1:?§§§
KR
(steam) displacement B
/. o (liquid)

1.0m3 M5 01 m3Fc ¥ ZSEEMEICT B0
HLERHAEKETL<ITD

e
/(dry air)

T
[uo1yisod

Y3

sweptVo Llumel 1=293. 15

%—. 20 degC
/ thermalConductorl

fixedTemperaturel

%
SweptVolume
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J=ab—3aviER

----- sweptVolume1.medium.X[1] (kg/kg) — sweptVolume1.medium.X_steam1 (kg/kg)

- sweptVolume1.medium.X_liquid1 (kg/kg) ----- sweptVolume1.medium.X_sat1 (kg/kg)

0.016

0.014 - >ers

0.012 - e ;(SCZZL

- -~

0.008 X

0.01 - : N“m\": X[Wdtel"] — O 006
| | / steam +tiquid

1 “*steam | |
0.006 ‘ ‘
0.004
0.002
0 F—————T——1
0 20 40
time (s)
—— sweptVolume1.medium.X_air1 (kg/kg)
1.6 —

4 X, =099

0.8
0.6 -
0.4 —
0 20 40 60
time (s)

HENF

1V {5 (volume)

—— sweptVolume1.V (m3)

1T mj

1 | 01 m3 —*
‘:_ — ummed&u)m d((Sl’rlm)’l 9934 g/cms >
| P B (density) |
"1 0.00119974 g/cm3

12_— sweptvolume1.medium.p (bar) o ’l O .’l O’l 2 ba r

1 P FE7I (pressure)

1 1.01325 bar

r'd

T T T T T T T T ! 1
0 20 40 60 80 100

—— sweptVolume1.T_start (degC)
1 T BE (temperature)
: ¢ 20 degC

time (s)
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—— sweptVolume1.medium.p_steam_sat1 (bar) —— sweptVolume1.medium.p_steam1 (bar)
1 p_Steam_sat gaN#ZESIE (saturation pressure)
(DX 1oqm) * Steam . R - T
KEKIPDE (steam pressure)
0 20 40 time (S) 60 80 100
—— sweptVolume1.medium.phi
o
@ HEIHEEE (relative humidity)
5]
* MEXEE 100 %
1 ——e e e e e -
0 I I I T 1
0 20 40 60 80 100
time (s)
— sweptVolume1.medium.x_water (kg/kg) —— sweptVolume1.medium.x_sat1 (kg/kg)
0.016 — - o
oore /)Csat BNRAEE / LETREs
0012 (steam water mass at saturation / dry air mass)
0.01 :
eI Xvater
0.006
0.004 E%%@Niﬁrg
000z 1 (mass of 'total water / mass|of dry air)
0 T T T T T Y T T T T T T T

0

1
20 40 60 100

time (s)

80

—— sweptVolume1.medium.h (J/kg)
4e+04

3.5e+04 —
3e+04
2.5e+04 -

HS—B
h -

i Eb T > JLE (specific enthalpy)

1.5e+04 -
1e+04 -

5000

0 g T g T g T g T g T y T y T y T y T y 1
0 20 40 60 100
time (s)

—— sweptVolume1.medium.R (J/(kg.K))

287.8—; R
wel SUATERY (gas constant)

287.5

287.4

287.3 - -—t ¥
0 20 40 60 100
time (s)

—— sweptVolume1.medium.u (J/kg)
-4.8e+04 —

-5e+04 -]

-5.2e+04 -]

U
REBTXRJLF—

(specific internal energy)

-5.4e+04 ]
-5.6e+04 -]
-5.8e+04 -]

-6e+04 |

-6.2e+04 ¥ T ¥ T ¥ T ¥ T g T g T g T y T y T y 1
0 20 40 60 100
time (s)
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VolumeCompression
model VolumeCompression
replaceable package Medium = MyMoistAir;
Modelica.Fluid.Machines.SweptVolume sweptVolumel(redeclare package Medium = Medium, T_start = 293.15,
X start = {0.006, 0.994}, clearance = 0.1,
energyDynamics = Modelica.Fluid.Types.Dynamics.SteadyStatelnitial,
massDynamics = Modelica.Fluid.Types.Dynamics.FixedInitial,
p_start = 101325, pistonCrossArea = 1,
use HeatTransfer = true,
use T start = true) annotation( '-);
Modelica.Mechanics.Translational.Sources.Position position1(v(fixed = true, start = 0)) annotation( --);
Modelica.Blocks.Sources.Ramp displacement(duration = 100, height = -0.9, offset = 0.9, startTime = 0) annotation( -:+);

Modelica.Thermal.HeatTransfer.Sources.FixedTemperature fixedTemperature1(T = 293.15) annotation( -*-);
inner Modelica.Fluid.System system annotation( :+);
Modelica.Thermal.HeatTransfer.Components.ThermalConductor thermalConductor1(G = 1e8) annotation( ---);
equation
connect(sweptVolumel.heatPort, thermalConductori.port_b) annotation( ---);
connect(thermalConductor1.port_a, fixedTemperaturel.port) annotation( --);
connect(positionl.flange, sweptVolumel.flange) annotation( --+);
connect(displacement.y, positionl.s_ref) annotation( --+);
annotation( *--);
end VolumeCompression;
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MyMoistAir

package MyMoistAir
extends Modelica.Media.Air.MoistAir;

model extends BaseProperties

MassFraction X_liquid1 "Mass fraction of liquid or solid water";

MassFraction X_steam1 "Mass fraction of steam water";

MassFraction X _air1 "Mass fraction of air";

MassFraction X_sat1 "Steam water mass fraction of saturation boundary in kg_water/kg_moistair";
MassFraction x_sat1 "Steam water mass content of saturation boundary in kg_water/kg_dryair";
AbsolutePressure p_steam_sat1 "partial saturation pressure of steam";

AbsolutePressure p_steaml;
AbsolutePressure p_air1;
Real p_diff;

equation
X_liquid1 = X_liquid;
X _steaml = X _steam;
X _air1 = X _air;
X sat1l = X sat;
x_sat1 = x_sat;
p_steam_sat1 = p_steam_sat;
p_steam1l = d * X_steam * steam.R * T;
p_air1 =d * X_air * dryair.R * T;
p_diff = p - (p_air1 + p_steaml);
end BaseProperties;
equation

end MyMoistAir;

MoistAir &=L ITHRITIS
Rvr—IJ&Dd<H,

ML &{E> T,

protected variables AP
(=R U ICV\BEBOER
BEERALT, HNTESLSICT S,
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Modelica.Fluid.Machines.SweptVolume

(1) HraRBIER 'ggdvu:n'a;ra;lh;a.ar;:h HERZH (2) W= / Pambient

«partial model» - - - - —-pF--—-—--—----/ E@JE1%T? El_l

PartialLumpedVolume
| Medium: Td'e; |F|e'a'tfr; nsfer !
«partialmodel» t - - --7 - -cccc e EEMN el . —
PartlaILugoedVessel l.*___‘— VesselFluidPort_b | 000! T ¢ P2k JELL
HeatPort_a n
I Y O e [ R O
«model> «model>» «model> 4'_ V —
Flage_b n c DIUPS5UX
ClosedVolume OpenTank | SweptVolume -1 —
| (RIMFRR)
%name \ N
rEZbE

TERCLSEHERL

%name
level =

(3) TJ-*EZ_IZC s = flange.s
V=V.+s5A VN [ =flange.f

VC = clearance

]

0=f+(P = PumbienVA  FADINZV R

Wb A< dS) +
flow_p At

P = PS; BERAFE & VesselFluidPort D&

A = pistionCrossArea

1t P = medium.p
Pambient = system.p_ambient

CAREE () PS; = vessel_ps_static[i]

X5t

il

&)

HC K DE

N
|
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EX.4 {BDZEKRZRND

(volume heating)

35 degC ﬂ{ﬁ%

N p = 1.01325 [bar]
IR R
(dry ain) 4V =1.0 [m’]
(steam) —1,
K ——
S S
FURE (C X SNEN
BEH2.5%NDKD
0 8o X[Air] = 0.975
| X[Water] = 0.025
= (fog)

>

0
(thermal expansion)
_ HoMRZE
p = 101325 [bar] | (57 s
T = 35 [deg(C]
w
IKEES
(steam)
a
v

speed Hhra

k=0,00@2

svetyhlume klﬁﬁﬂbﬁ:Lszﬂ RSB S
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J=ab—3aviER

----- sweptVolume1.medium.X[1] (kg/kq) — sweptVolume1.medium.X_steam1 (kg/kg)
- sweptVolume1.medium.X_liquid1 (kg/kg) ----- sweptVolume1.medium.X_sat1 (kg/kg)
0.04 : : : ~
0.035—3 ;( [ { [ ater] — 0-025————* """"" RS
0.03 : \ X :
] sat
0.025
0.02 —
0.015 — Steam
001 - g > e
ooosd AN liquid
0 - T U T ' I T T ' 1
0 1000 1500 2000
time (s)
—— sweptVolume1.medium.X_air1 (kg/kg)
1 a—
0.98 — T
0.96 — \X T —] 0.975
] alr
0.94
0.92
0.5 T T T T T T T T T T T T T T 1
0 500 1000 1500 2000

time (s)

1.01400 bar 1.014 —

Do R—

B 63

sweptVolume1.medium.p (bar)

e 1.01329 bar

1.014 —

/ P E7I (pressure)

1.01325 bar”"

1.013 H
1.013 H

1.01300 bar 1.013 -

30 H
20 —

10

o—iK—SldegC

T T T
o 500 1000 1500
time (s)

—— sweptVolume1.medium.T (degC)

1
2000

55 degC/v

T $8F (temperature)

0 500 1000 1500

2000
— sweptVolume1.V (m3)
1.2
1.15
1.1 ! i
1.05 i
1 L L A 1
0 500 1000 1500 2000
time (s)
—— sweptVolume1.medium.d (g/cm3)
0.00135 —
0.0013
<1 '
. Ilé\
p |_|_|,R (dens | tY)
0.00125 ! ; i
0.0012
0.00115 —
0.0011 : — : —_— )
0 500 1000 1500 2000

time (s)
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BRI ST (saturation pressure)

sweptVolume1.medium.p_steam_sat1 (bar)

sweptVolume1.medium.p_steam1 (bar)

“1p_Steam_sat
0.05—§ \
(PX1om) - Steam . R - T
IKERPE (steam pressure)
0 S(I)O ti::é)(zs) 1 SIOO ZOIOO
—— sweptVolume1.medium.phi
10 -

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

04

@ MBXHEE (relative humidity)
TENEE 100 %

i

0 - 5(|)0 - 10|00 - 15|00 - 20100
time (s)
sweptVolume1.medium.x_water (kg/kg) —— sweptVolume1.medium.x_sat1 (kg/kg)
E water
E EEETTEE
3 (mass/of total water /7 mass of dry air)
T k — - Tt - - - . 1 . T T T T * 1
0 \ 500 1000 1500 2000
time (s)

Xoat s Es  HBrses

(steam water mass at saturation / dry air mass)

—— sweptVolume1.medium.h (J/kg)

1e+05
8e+04::
6e+04::
4e+04::
2e+04::
oy LtE T 2B )LE (specific enthalpy)
2e+04°--' 5(,)0----10]00----15100-‘--20100
time (s)
—— sweptVolume1.medium.R (J/(kg.K))
291
290—:
289—:
288—: R
/= | e I 4
{  SAREZE (gas constant)
0 ...5(;0....10,00....15,00. zoloo
time (s)
— sweptVolume1.medium.u (J/kg)
2e+04—_
29+04—E
4e+04—§
6e+04—§ u r Y
1/ AEI=xRILF—
1 (specific internal energy)
e 0 ' l l l S(I)O I ' ' ' 10I00 l ' ' ' 1SI00 ‘ 20]00

time (s)
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VolumeHeating
model VolumeHeating
replaceable package Medium = MyMoistAir;
inner Modelica.Fluid.System system annotation( ---);
Modelica.Fluid.Machines.SweptVolume sweptVolumel(redeclare package Medium = Medium,
T_start = 268.15, X_start = {0.025, 0.975}, clearance = 0.1,
energyDynamics = Modelica.Fluid.Types.Dynamics.FixedInitial,
massDynamics = Modelica.Fluid.Types.Dynamics.FixedInitial,
nPorts = 0, p_start = 101325, pistonCrossArea = 1, use_HeatTransfer = true,
use_T_start = true) annotation( --);
Modelica.Mechanics.Translational.Sensors.ForceSensor forceSensor1 annotation( -:+);
Modelica.Mechanics.Translational.Sources.Speed speed1(s(start = 0.9)) annotation( ---);
Modelica.Blocks.Math.Gain gain1(k = 0.0002) annotation( ::+);
Modelica.Thermal.HeatTransfer.Components.ThermalConductor thermalConductor1(G = 10) annotation( ---);
Modelica.Thermal.HeatTransfer.Sources.FixedTemperature fixedTemperature1(T = 308.15) annotation( --);

equation
connect(gainl.y, speedl.v_ref) annotation( ::+);
connect(forceSensor1.f, gainl.u) annotation( :*-);
connect(sweptVolumel.heatPort, thermalConductorl.port_b) annotation( -:+);
connect(forceSensor1.flange_a, sweptVolumel.flange) annotation( -:+);
connect(thermalConductor1.port_a, fixedTemperaturel.port) annotation( ---);
connect(speed1.flange, forceSensorl1.flange_b) annotation( :*-);
annotation( --+);

end VolumeHeating;
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5. setState XXX B3

MNOZHREEZHMOBEFEDED S ThemodynamicState L 11— K% &2 I B
MoistAir.setState_pTX(p, T, X) MoistAir.setState_dTX(d, T, X)

algorithm MR}

algorithm MR}

algorithm
state := if size(X, 1)

nX then ThermodynamicState(

) else ThermodynamicState(

TTR T n
r-‘H><—\8 —C > 4T

—

~

—_— ~

T~

- sum(X)}));

algorithm
state := if size(X, 1)

nX then ThermodynamicState(

I

) else ThermodynamicState(
*({steam.R,dryair.R}*cat(

I
I

I

at(

~

HEXE
X ORNDHIC X,
ZESCEMTES,

R

I
I

T
X
d
1
X
{1 - sum(X)}))*T,
I
C
1
X
{

1T - sum(X)}));

/

BaENSENE

1
p =—RT = pRT
b

RS

BEEhHdIEE (0> DX R = steam . R X[Water]| + dryair. R X[Air]

R DEIEBEMRLZIDT

BasePropertiesHEHNDE—BIL L)

= {steam.R, dryair

R} *X
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MoistAir.setState_phX(p, h, X) MoistAir.setState_psX(p,s,X)
algorithm (3%#%) algorithm (¥z#%)
algorithm algorithm

state := if size(X, 1) == nX then ThermodynamicState(
pP=p,
T=T_phX( @

)
X=X) else ThermodynamicState(

P=pP,
1=T phx( (1)
P,
h,
X),
X=cat(
1,

Xr
{1 - sum(X)}));

<X 5T —T

state := if size(X, 1) == nX then ThermodynamicState(

Xl
{1 - sum(X)}));

EEDETRIC
@ MoistAir.T_phX(p, h, X)

@ MoistAir.T_psX(p, s, X)
= {FERI 3,
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® T_phX(p, h, X) & @ T_psX(p, s, X)

SRRV I~/ y T —Y

Modelica.Media.Common.OneNonLinearEquation

AL/ T — Internal (AU TRE TZ5189 3,

MoistAir.T_phX.Internal.f_nonlinear(x,p,X, f_nonlinear_data)

redeclare function extends f_nonlinear

algorithm
y = h_pTX(
P,
X,
X);

end f_nonlinear;

FEREHLER
y =h_pTX(p,x, X)
IS ILE h _pTX(p,TX)

MoistAir.T_phX.Internal.f_nonlinear(x,p,X, f_nonlinear_data)

redeclare function extends f_nonlinear

algorithm
y = s_pTX(
P,
X,
X);

end f_nonlinear;

FERRZC B IETNDRRE O

JERRERIEN
y=s_pITX(p,x,X)
I kOB s_pTX(p,T,X)

https://www.amane.to/wp-content/uploads/2018/10/Introduction SingleGasNasa 20181007.pdf 5.11 JEE & K& D EE#
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6. €DIBDONERIZN

(1) B3F1;EE (saturation temperature)

(2) BIELLER (specific heat Cp)

(3) REBIRILE—DWS (derivative of specific internal energy)
(4) kT OB DM (derivative of specific entropy)
(5) "EFELLE (specific heat Cv)

(6) I OEIEH (isentropic exponent)

(7) FEERERIZEN (isobaric expansion coefficient)

(8) &;REHMESR (isothermal compressibility)

(9) & (velocity of sound)

(10) ¥ X I RJLF— (specific Gibbs energy)

(11) NJLLRILY I XRJVFE— (specific Helmholtz energy)
(12) &IV FOEBEDI VHIILE (isentropic enthalpy)
(13) ZE D{EM 5> (partial derivatives of densities)
(14) #5142 (dynamic viscosity)

(15) YBE=E (thermal conductivity)

(16) BVHZHRREDIEBRIEL (smooth state function)
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(1) B3F0;BEE (saturation temperature)

MoistAir.saturationspeTemperature(p, T_min=190, T_max=647)
FERERENVILIN—-IRv T =T
Modelica.Media.Common.OneNonLinearEquation

AL/ Y T — Internal (BAHUTRE T 25189 3,

JHREDER .
y = saturationPressure(x)

nonlinear equation BIFIZRSE MoistAir.satureationPressure(T)

redeclare function extends f _nonlinear
algorithm

y := saturationPressure(x);

// Compute the non-linear equation: y = f(x, Data)
end f_nonlinear;

JERE A ERNDEEDOFHIILITEESRBL T Ed L),
https://www.amane.to/wp-content/uploads/2018/10/Introduction SingleGasNasa 20181007.pdf 5.1 ;EE % K6 DR
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(2) BIELLER (specific heat capacity Cp)

MoistAir.specificHeatCapacityCp(state) MEtHE I
h=h_pTX(p.T.X)

""""""""""""""""""" oh oh oh
dh —'h _pTX_der(p, T,X,dp,dT, dX). = <0 ) dp + <0T> dT + Z < > dXi
............................... X1

() KT OB Ehams Y
= cp(state) = h_ptX_der(state . p, state . T, state . X,dp = 0,dT = 1,dX = 0)

- (3),

algorithm (3R#)

function extends specificHeatCapacityCp
"Return specific heat capacity at constant pressure as a function of the thermodynamic state record"

protected
Real dT(unit="s/K") = 1.0;

algg"fzhﬂ_pm_ der( ¢, = h_pTX_der(state . p, state . T, state . X, dp = 0,dT = 1,dX = 0)

state.p, —
state.T,

state.X,

0.0, (a)
1.0,

zeros(size(state.X, 1)))*dT "Definition of cp: dh/dT @ constant p” ;
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() kI V5 ILEDZWM D
MoistAir.h_pTX_der(p,_ T, X, dp, dT, dX)
e [ m
h = Xsteamhgtea)m + Xairhgir)_l_ Xliquidhlicguid) kBT VA ILE h_pTX(P. T, X)
dh =X

Steamdh + dXs h + Xairdh +d X, hy + Xliquiddhliquid + Xmithiquid

steam team' “steam air air’ tair

(b) (<) d) (e) (F)(g) ()@ () (k) d) (m)
h_pTX_der M algorithm MR

h_der := X_steam*Modelica.Media.ldealGases.Common.Functions.h_Tlow_der(
data=steam,
T=T,
refChoice=ReferenceEnthalpy.UserDefined, (b) (C)
h_off=46479.819 + 2501014.5,
dT=dT) + dX_steam*Modelica.Media.ldealGases.Common.Functions.h_Tlow(
data=steam,

T=T,

refChoice=ReferenceEnthalpy.UserDefined, (d)(e)

h_off=46479.819 + 2501014.5) + X_air*
Modelica.Media.IdealGases.Common.Functions.h_Tlow_der(

data=dryair,

T=T,

refChoice=ReferenceEnthalpy.UserDefined, (f)(g)
h_off=25104.684,

dT=dT) + dX_air*Modelica.Media.ldealGases.Common.Functions.h_Tlow( e
data=dryair, ]
T=T,

refChoice=ReferenceEnthalpy.UserDefined, (h)(l)
h_off=25104.684) + X_liquid*enthalpyOfWater_der(T=T, dT=dT) +

dX_lig*enthalpyOfWater(T); j ( J)(k) (H(M)
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= saturationPressure(7’)

P Ssteam_sat

P Ssteam_sat

x. .=k

M max (100, p = Pean_sa
X,,, = min(x, (1 — X[Water]),1.0)
(J) Xjiguia = smoothMax(X[Water] — X,,,,0.0,0.05)
( ) Xsteam = X|Water] — Xliquid
(f) X, =1-X[Water]
(h) dX, =— dX[Water]
dps = saturationPressure_der(7,,, = T,dT,,, = dT)
d(p steam_sa ) Psteam_sa
dXsat — kmair - e z(dp _ d(psteam_sat))
P — psteam_sat (p _ psteam_sat)
— % d(p steam_sat) (p — P Steam_sat) — P Steam_sat(dp _ d(p steam_saz‘))
i (p _ psteam_sat)2
— L dp § (p o psteam_sat) _psteam_sat(dp _ dp S))

(p — P steam_sat)2
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(1 + X at)dX[Water] — (1 X[Water])d Xar b

()O)

(d) dXepm = dX[Water] dth --------------------------

Steam

h_pTX_der @ algorithm Mik#%2

p_steam_sat := saturationPressure(T);

x_sat := p_steam_sat*k_mair/max(100*Modelica.Constants.eps, p - p_steam_sat);
X _sat := min(x_sat*(1 - X[Water]), 1.0);

X_liquid := Utilities.smoothMax(

X[Water] - X sat, -
0.0, (J)
le-5);
X_steam := X[Water] - X_liquid;
X _air := 1 - X[Water]; (b)
dX_air := -dX[Water]; (f)
dps := saturationPressure_der(Tsat=T, dTsat=dT); (h)
dx_sat := k_mair*(dps*(p - p_steam_sat) - p_steam_sat*(dp - dps))/(p -
p_steam_sat)/(p - p_steam_sat);
dX_liq := Utilities.smoothMax_der(
X[Water] - X _sat, (|)
0.0,
Te- 5

(1 + x_sat)*dX[Water] - (1 - X[Water])*dx sat,

0)
dX_steam := dX[Water] - dX_liq; (d)




MoistAir 6. other property functions (2) specific heat capacity Cp

(c) KBSDLLI VS IWEDREND) dhy
h_pTX_der @ algorithm M#&#%3

Modelica.Media.IldealGases.Common.Functions.h_Tlow_der(
data=steam,
T=T,
refChoice=ReferenceEnthalpy.UserDefined,
h_off=46479.819 + 2501014.5,
dT=dT)

IEXEIRRE (25 degC, 101325 Pa) DT V5 ILE
46479.819 + 2501014.5 J/kg.K

(9) BRESDLLI VS IENDREMS dh,,,
h_pTX_der @ algorithm M{k#4

Modelica.Media.ldealGases.Common.Functions.h_Tlow_der(
data=dryair,
T=T,
refChoice=ReferenceEnthalpy.UserDefined,
h_off=25104.684,
dT=dT)

IEAEIRAE (25 degC, 101325 Pa) DT V5 ILE
25104.684 J/kg.K

ERREOEEK[MEDLET V5 ILE
h_Tlow_der(data, T, exclEnthForm, refChohice, h_off, dt)
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Modelica.Media.ldealGases.Common.Functions.

h_Tlow _der(data, T, exclEnthForm, refChohice, h_off, dt)
BT J’S’)IJB DWW TEDT
BOEHICHEYT D h_off (IEIENSHEZ D,

h_der = dT cp_Tlow(data,T), data = steam,dryair

\l

algorithm DR (c) (9)
h_der := dT*Modelica.Media.IdealGases.Common.Functions.cp_Tlow(
data,T);
annotation(Inline=true, smoothOrder=2);

Modelica.Media.ldealGAses.Common.Functions.cp_Tlow(data, T)
1
cp_Tlow(data, T) = R {E(al + T(a, + T(as + T(a, + T(as + T(ag + a7T))))))}

<t = RZ T, a; = data.a_low[i], i = 1,....7

1=
G)tb@ https:/www.amane.to/wp-content/uploads/2018/10/Introduction SingleGasNasa 20181007.pdf 2.1I

algorithm MR}

cp := data.R*(1/(T*T)*(data.alow[1] + T*(
data.alow[2] + T*(1.*data.alow[3] + T*(data.alow[4] + T*(data.alow[5] + T
*(data.alow[6] + data.alow[7]*T)))))));

annotation (Inline=false, derivative(zeroDerivative=data) = cp_Tlow_der);



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

MoistAir 6. other property functions (2) specific heat capacity Cp

(k) BAEF T SEHFDKDLET > 5 IILE DD

MoistAir.enthalpyOfWater_der(Tsat, dTsat)
algorithm MR

dh := Utilities.spliceFunction_der(
4200*%(T - 273.15),
2050*(T - 273.15) - 333000,
T - 273.16,
0.1,
4200*dT,
2050*dT,
dT,
0);

4200 [J/kg.K]: 7K CGRIRDELER)
2050[J/kg.K]: 7K (EHRDLEER)
333500 [J/kg]:7j<0)%$ﬁ£§ﬂ'

_[4200(T — 273.15), T > 273.17
— 1 2050(T = 273.15) — 333000, T < 273.15
4200 dT
h =
d {2050 dT

[C spliceFunction M3 spliceFunction der % j&

SR
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(3) WEKI *}b:ﬁ—mwﬁ (derivative of specific internal energy)

MoistAir.specificHeatCapacityCp(state) MEtHI\
u=h—RT = {X B + X B +X,iquidhliqmd} _RT 41

Steam’ “steam ailr

(b) (¢ (d) (e) (F)(g) (M@ () (k) (1) (m)
du =X dh + dXs h + Xairdhair + anirhair + Xliquiddhliquid + Xmithiquid

steam steam team’ “steam

e (b)~(m)DEETSER h_pTX_der &S

algorithm DR

u_der := X steam*Modelica.Media.IdealGases.Common.Functions.h Tlow der( —

(b)(c)

refChoice=ReferenceEnthalpy.UserDefined,

h_off=46479.819 + 2501014.5,

dT=dT) + dX_steam*Modelica.Media.IdealGases.Common.Functions.h Tlow’
data=steam,

T=T,

refChoice=ReferenceEnthalpy.UserDefined, (d)(e)

h off=46479.819 + 2501014.5) + X _air*
Modelica.Media.IdealGases.Common.Functions.h_Tlow_der(

data=dryair,

T=T, (f)(9)

refChoice=ReferenceEnthalpy.UserDefined,

h_off=25104.684,

dT=dT) + dX_air*Modelica.Media.IdealGases.Common.Functions.h Tlow(

(h)(i)

refChoice=ReferenceEnthalpy.UserDefined,
h_off=25104.684) + X_liquid*enthalpyOfWater_der(T=T, dT=dT) +

dX_lig*enthalpyOfWater(T) - dR_gas*T - R_gas*dT; j (J)(k) (I)(m) (n)(O)
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X X .
(0) Ry, = steam.R——="— +dryair. R——=

1 — Xliquid 1 - Xliquid
dX dXz X eam dX . Xm Xair
(n) dR,,, = steam . R sleam 4 g o dryair.R v+ iq >
1 - Xliquid (1- Xliquid) 1 - Xliquid (1 - Xliquid)
steam . R {dXsteam(l — Xliguia) + Xminsteam} + dryair. R {de-,,(l — Xiiquia) + dXh-ari,,}
algorithm DIRFE2 (1 = Xiiguia)*
algorithm

p_steam_sat := saturationPressure(T);
x_sat := p_steam_sat*k_mair/max(100*Modelica.Constants.eps, p -
p_steam_sat);

X _sat := min(x_sat*(1 - X[Water]), 1.0); (j) Xliquid

X_liquid := Utilities.spliceFunction(

X[Water] - X sat,
0.0, (b) Xsteam
X[Water] - X sat,
le-6);
X_steam := X[Water] - X_liquid; (f) Xair
X _air := 1 - X[Water];
R_gas := steam.R*X_steam/(1 - X_liquid) + dryair.R*X_air/(1 - X_liquid); (0) Rgas
dX_air := -dX[Water];
dps := saturationPressure_der(Tsat=T, dTsat=dT); (h) anir
dx_sat := k_mair*(dps*(p - p_steam_sat) - p_steam_sat*(dp - dps))/(p -
p_steam_sat)/(p - p_steam_sat); (I) dX
dX_liq := Utilities.spliceFunction_der( lig
X[Water] - X_sat,
0.0,
X[Water] - X sat,
le-6,
(1T + x_sat)*dX[Water] - (1 - X[Water])*dx_sat,
0.0,
(1 + x_sat)*dX[Water] - (1 - X[Water])*dx_sat, ( )
0.0); d dXsteam

dX_steam := dX[Water] - dX_liq;
dR_gas := (steam.R*(dX_steam*(1 - X_liquid) + dX_lig*X_steam) + dryair.R* (n) dR as
(dX_air*(1 - X_liquid) + dX_lig*X_air))/(1 - X_liquid)/(1 - X_liquid); 8
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(4) Lk > OB DMWY (derivative of specific entropy)

T > kOB (specific entropy) s _pTX(p, T .X)
s = So_tiow(dryair, T)(1 — X[Water]) + sy _7,,(steam, T)X[Water] + s,

)
X[Wat Y[Water],
5, = — Ry | smoothMax | —arerl o (maxUAWarerh,e)p ) 1 x 10
\ MMX|[Water] Pref )
(1 X[Water] (Y[Air], €) |
+ smoothMax a.er log s e . 0.0, 1x107°
MMX|[Air] Dref )

\
IV EROBE®DOMS (derivative specific entropy) i
= ds = Sy 710w gedryair,T,dT) (1 — X[Water]) (a)

+50 Tiow derSteam, T,dT) X[Water] (b)
+5o riow(dryair,T) dX[Air] (C)

+5o riow(steam, T) dX[Water] ( (e) (f)
0.0,1¢ — 9.ds /

smoothMax _der(s oo

water?

mol
MMX W, (9) (h)
N smoothMax _der(s,;,,0.0,1e — 9 dsa,‘,,,/
MMX]Air]
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(a), (b) T > FOEDEREKFIROMS?

Modelica.Media.ldealGases.Common.Functions.sO_Tlow_der(data,T,T_der)

7
— i—3
C(T)=R) aT
i=1

7 Ti—3
ST =R —o = 2 4 azlog(T) + Y —— +b
0 2T2 T 3 . 3 2

'\ -

i=4

s cp Ri T~ =R| a\T> +a,T*+a,T7' + 27‘, T
_ = — = a.: = a a da a.:
or p I i=1 | 1 2 ’ i=4 |

- —
2T il

Cp a, a L 73

ds cp_Tlow(data, T)
c.s0_Tlow_der(data, T, T der) = ﬁ T der = T T der

Enthalpy and entropy are obtained by integrating C pO (T) and C pO (T')/ T , respectively, with respect to T
NASA Glenn Coefficients for Calculating Thermodynamic Properties of Individual Species

MSL 3.2.3 TId.
. https://www.grc.nasa.gov/WWW/CEAWeb/TP-2002-211556.pdf p.2
sO_Tlow £EREAURRIC ' - - PELP

o> TWLB? https://github.com/modelica/ModelicaStandardLibrary/issues/2870



https://www.grc.nasa.gov/WWW/CEAWeb/TP-2002-211556.pdf
https://github.com/modelica/ModelicaStandardLibrary/issues/2870

MoistAir 6. other property functions (4) delivertive of specific entropy HS2—8&
max(Y[Water], €)p >

(E) Saer = X[ Water] log (
pref

()t s R00)
ref

dX[Water]

N X[Water] < MMX[Air] MMX[Water] >
Y[Water] \ (X[Air] MMX[Water] + X[Water] MMX|[Air])?

1
+ X[ Water|—dp
P

(g)  Sur=1—X[Water]) log <

max(Y[Air],e) p
pref

(h) Je - 10g<maX(Y[Air],8)p>

P ref

N X[Air] ( MMX|[Water] MMX|Air] )
Y[Air] \ (X[Air] MMX[Water] + X[Water] MMX[Air])?

dX[Air]

1
+X[Air]— dp
p
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Derivative of mol fractions

X[Water]
MMX[Water] X[Water] MMX]|Air]

XWarer] — _ XlAir] " X[WaterlMMX[Air] + (1 — X[Water))MMX[Water]
MMX[Water] = MMX[Air]

Y[Water| =

N X[Air] = 1 — X[Water)
dY[Water] _ MMXIAir] B X[Water] MMX[Air] MMX[Air] — MMX[Water])
dX[Water] B X[WaterlMM X [Air] + (1 — X[Water]) MM X[Water] {X[Water]MMX[Air] +d —X[Water])MMX[Water]}2

_ MMX[Airl{X[WaterlMMX[Air] + (1 — X[WaterDMM X [Water|} — {X[Water] MMX[Air] (MMX[Air] - MMX[Water])}

(X[WaterMMXT[Air] + (1 — X[WaterDMMX[Water]}’
 MMX[Air? X[Water] + MMX[Air]MMX[Water] - MMX[Air] MMX[Water] X[Water] - MMX[Airl> X[Water] + MMX[Air] MMX[Water] X[Water]
(X[WaterMMX[Air] + (1 — X[WaterDMMX[Water]}’

_ MMX[AirlMMX[Water]
B {X[WaterIMMX[Air] + X[Air]MMX[Water] }2

X[Air]
MMX[Air] X[Air] MMX[Water]

XWater)  XIAil_ (1 = X[Air))MMX[Air] + X[Air]MMX[Water]
MMX[Water] MMX[Air] \
X[Water] = 1 — X[Air]

dY[Air] _ MMX([Water] B X[Air] MM X[Water|(—MMX|[Air] + MM X[Water])
dX[Air] (1 = X[Air)MMX[Air] + X[Air]MM X [Water] {(1 — X[Air)MMX[Air] +X[Air]MMX[Water]}2

Y[Air] =

 MMX[Waterl{(1 - X[Air)MMX[Air] + X[AirlMM X[Water]} — {X[Air] MMX[Waterl(-MMX[Air] + MMX[Water])}

{(1 = X[Air)MMX[Air] + X[AirlMMX[Water]}”
_ MMX[Water]MMX[Air] - MM X[WaterlMM X[Air]X[Air] + MM X[Water>X[Air] + MM X[Water]MM X [Air]lX[Airr] — MM X[Water]> X[Air]
{(1 — X[Air])) MM X[Air] +X[Air]MMX[Water]}2

_ MMX[Water|MMX[Air]
B {X[Water] MMX[Air] +X[Air]MMX[Water]}2
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Derivation of (f) from (e)

(e)

( \
Y[Water],
Swater = X[ Water] 1og <max( ML D) p) = X[Water]|log (max(Y[Water], ¢)) + log (L)
pref pref
\ )
= X[Water] log (max(Y[Water], 8)) + X[Water] log (L) for Y[Water] > ¢
pref /

d (log(max(Y[Water], e))) — d (log(Y[Water]))

(f) / L driWater] o

" Y[Water] dX[Water]
= dX[Water] log (maX(Y[Water], 8)) + X[Water] d <log (maX(Y[Water], 8))>

+ dX[Water] log | £= ) + X[Water] d|10g [ £
Pref Pref

( -
X[Water] dY[Water] p Pret
= | log(max(Y[Water], €)) + + lo dX[Water] + X[Water]—
| g(max(Y[ r], €)) Y[Water] dX[Water g( )] [ 1+ X[ 1-

(
= | log (max(Y[Water], £)
\

ds

warter

dp

Pref

""""" dX[Wat
Y[Water] {X[Water)MMX[Air] + X[Air]MMX[Water])? [Water]

p ref

p > . XWater . MMX[Air] MMX[Water]

Pl

1
+ X[Water]:—dp
P
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Derivation of (h) from (g)

max(Y[Air],e) p
pref

(9g) s,.=1 - X[Water]) 10g<

o . . p
= X[Air] log (max(Y[Air], €)) + X[Air] log ( D f> for Y[Air] > ¢

d (log (maX(Y[Air], 8))) - d (log(Y[Air]))

h 1 dY[A
(—) dX[Air] log (max(Y[Air],e)) + X[Air] d(log (max(Y[Air], g))> AT Xt

Y[Alr] dX[Air]
( \
. p : P
+ dX[Air] log + X[Air] d | log
pref \ pref )

( \ ap.

1 (viAir, e)L- ) + ZATT AT a4 xpain 2
og | max ir], e FTAD dX[Air]) ir irl=
Pref

\ P ref

(

= |log | max(Y[Air], ¢) P
\ pref

)  Xiair VNI [Waier|: MMX[Air) ‘

YIAir] {X[Water] MMX[Air] + X[AirlMMX[Water]}* |

g
+ X[Air]:'—:dp
D

Air]

"""""""" dX[Air]
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MoistAir.s_pTX_der(p,T,X,dp,dT,dX) in MSL3.2.3

protected
MoleFraction[2] Y=massToMoleFractions(X, {steam.MM,dryair.MM})

"Molar fraction":;

algorithm
ds := Modelica.Media.IdealGases.Common.Functions.s@ Tlow der( (a)
dryair,
T,
dT)*(1 - X[Water]) + (b)

Modelica.Media.IdealGases.Common.Functions.s0 Tlow _der(

steam, ( )
T A(//// c ‘[C’)’

dT)*X[Water] + Modelica.Media.IdealGases.Common.Functions.s@ Tlow( ‘(/,/’
dryair, T)*dX[Air] + Modelica.Media.IdealGases.Common.Functions.s0_Tlow(
steam, T)*dX[Water] - Modelica.Constants.R*(1/MMX[Water]*
Utilities.smoothMax _der(
X[Water]*Modelica.Math.log(max(Y[Water], Modelica.Constants.eps)*p/ ] (e)
reference_p),
0.0,
le-9,
(Modelica.Math.log(max(Y[Water], Modelica.Constants.eps)*p/
reference_p) + (X[Water]/Y[Water]*(X[Air]*MMX[Water]/(X[Air ]*MMX[ (f)
Water] + X[Water ]*MMX[Air])~2)))*dX[Water] + X[Water]*reference_p/p*
dp,
0,
0) - T/MMX[Air]*Utilities.smoothMax der(
(1 - X[Water])*Modelica.Math.log(max(Y[Air], Modelica.Constants.eps) ] (g)
*n/reference_p),
0.0,
le-9,
(Modelica.Math.log(max(Y[Air], Modelica.Constants.eps)*p/ ] (h)
reference_p) + (X[Air]/Y[Air]*(X[Water ]*MMX[Air]/(X[Air ]*MMX[Water]
+ X[Water]*MMX[Air])A2)))*dX[Air] + X[Air]*reference_p/p*dp,
0,
0));

annotation ( *++);
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bug? https://github.com/modelica/ModelicaStandardLibrary/issues/2874

protected
MoleFraction[2] Y=massToMoleFractions(X, {steam.MM,dryair.MM})
"Molar fraction";

algorithm
ds := Modelica.Media.IdealGases.Common.Functions.s@ Tlow der( (a)
dryair,
T,
dT)*(1 - X[Water]) + (b)

Modelica.Media.IdealGases.Common.Functions.s@ Tlow der(

steam, (C)
T, A(///’
dT)*X[Water] + Modelica.Media.IdealGases.Common.Functions.s0_TTlow( / (d)
dryair, T)*dX[Air] + Modelica.Media.IdealGases.Common.Functions.s0_Tlow(
steam, T)*dX[Water] - Modelica.Constants.R*(1/MMX[Water]*
Utilities.smoothMax _der(
X[Water]*Modelica.Math.log(max(Y[Water], Modelica.Constants.eps)*p/ ] (E)
reference_p),
0.0,

le-9,

(Modelica.
reference
Water] +

0,

0) + T/MMX[Air]*Utilities.smoothMax der(

(1 - X[Water])*Modelica.Math.log(max(Y[Air], Modelica.Constants.eps) ] ( )
*n/reference_p), S;

0.0,

le-9,

(Modelica.Math.log(max(Y[Air], Modelica.Constants.eps)*p/ ] (h)

- >+

th.log(max(Y[Water], Modelica.Constants.eps)*p/ (f)
+ (X[Water]/Y[Water]*(MMX[Air ]*MMX[Water]/(X[Air ]*MMX[
[Water ]*MMX[Air])A2)))*dX[Water] + X[Water]/p*dp,

reference_p) + (X[Air]/Y[Air]*(MMX[Water ]*MMX[Air]/(X[Air ]*MMX[Water]
+ X[Water ]*MMX[Air])A2)))*dX[Air] + X[Air]/p*dp,

0,

0));

annotation ( **+);



https://github.com/modelica/ModelicaStandardLibrary/issues/2874
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(5) EELLE (specific heat Cv) p<1 THRUTS
MoistAir.specificHeatCapacityCv(state) MEtET

c,= cp_Tlow(dryair,state.T) (1 — state . X[ Water])
+cp_Tlow(steam, state . T') state . X[Water]
+ gasConstant(state)

cv := Modelica.Media.IdealGases.Common.Functions.cp_Tlow(dryair, state.T)
*(1 - state.X[Water]) +
Modelica.Media.IdealGases.Common.Functions.cp_Tlow(steam, state.T)=*
state.X[Water] - gasConstant(state);

(6) &I OE—1EH (isentropic exponent)

MoistAir.isentropicExponent(state) MEtEI ¢ <1 THITS
specificHeatCapacity _Cp(state)

B specificHeatCapacity _Cv(state)

algorithm
gamma := specificHeatCapacityCp(state)/specificHeatCapacityCv(state);
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(7) FEEBERIBEN (isobaric expansion coefficient)

MoistAir.isobaricllixpansionCoefﬁcient(state)

temperature(state)

algorithm
beta := 1/temperature(state);

(8) SEREME=E (isothermal compressibility)
MoistAir.isothermalCompressiblility(state)

1
° pressure(state)
algorithm
kappa := 1/pressure(state);
(9) & (velocity of sound) »<1 TRITS

MoistAir.velocityOfSound(state)

a= \/ 1sentropicExponent(state) gasConstant(state) temperature(state)

algorithm
a := sgrt(isentropicExponent(state)*gasConstant(state)*temperature(state));




MoistAir

6. other property functions (10) Gibbs energy (11) Helmholtz energy 25 X—& 90

(10) ¥FT X I XRJILF— (specific Gibbs energy)
MoistAir.specificGibbsEnergy(state) g=2-Ts ¢ <1 TRII3S
g = h_pTX(state . p, state . T, state . X ) — state . T' specificEntropy(state)

algorithm MR}

algorithm
g := h_pTX(
state.p,
state.T,
state.X) - state.T*specificEntropy(state);
annotation (smoothOrder=2, Documentation(info="<html> ..
end specificGibbsEnergy;

)

(11) ANILLRILY TXRIbF— (specific Helmholtz energy)
MoistAir.specificHelmholtzEnergy(state) f=h#—-RT - 1Ts

<1 THRITS

f=h_pTX(p, T, X) — gasConstant(state) state.T — state . T specificEntropy(state)

algorithm DR

algorithm
f 1= h_pTX(
state.p,
state.T,

state);

end specificHelmholtzEnergy;

state.X) - gasConstant(state)*state.T - state.T*specificEntropy(
¥

annotation (smoothOrder=2, Documentation(info="<html> ..
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(12) EIvrOEEBENOIVAIILE

JRRE refState H'SHE p_downsteam (CEIT Y LOEMICE{LL
CESDEIT VFILE

@ MoistAir.isentripicEnthalpy(p_downstream, refState)
h. =h_pTX (

P downstream®

T_psX (pdownsn,eam, specificEntropy(refState), refstate . X ), refstate . X )

\ N JARE refState MELIT > ~OE
JRRE refState MSHEH p_downstream (CEHE LY ROENICEILLIEEETDEE

algorithm DR

algorithm
h_is := Modelica.Media.Air.MoistAir.h_pTX(
p_downstream,
Modelica.Media.Air.MoistAir.T_psX(
p_downstream,

Modelica.Media.Air.MoistAir.specificEntropy(refState),

refState.X),
refState.X):
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@MoistAir.isentripicEnthalpyApproximation(ps, state)

(y—Dly
h. =h+—"—RT <@> —1

y—1 p
algorithm DR

protected
SpecificEnthalpy h "Specific enthalpy at upstream location”;

IsentropicExponent gamma=isentropicExponent(state) "Isentropic exponent”;
algorithm ‘\\\\7/
X := state.X;
// X = 1f reducedX then cat(1,state.X,{1-sum(state.X)}) else state.X;
h := {Modelica.Media.IdealGases.Common.Functions.h Tlow(
data=steam,
T=state.T, KESODHEI VIILE
refChoice=ReferenceEnthalpy.UserDefined,
h off=46479.819 + 2501014.5),
Modelica.Media.IdealGases.Common.Functions.h TTlow(
data=dryair, _
T:stateYT, MR ZESDLETI VA IILE
refChoice=ReferenceEnthalpy.UserDefined,
h_off=25104.684)}*X;

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




MoistAir 6. other property functions (13) derivative of density

(13) BZEDORM?

p 1 p | p
p.T)="— =>dp=—dp—-Lar=—ap—Lar
AP RT Y Y RT P T

o\ _ | (iﬂ) __r
op), RT or), T

MoistAir.density_derp_T(state) ® algorithm MDikF%

ddpT := 1/(gasConstant(state)*temperature(state));

MoistAir.density_derT_p(state) @ algorithm MDIE#%

ddTp := -density(state)/temperature(state);




MoistAir 6. other property functions (13) derivative of density

o/, Cp
1 p 1 P
dp = —dp — —dT = —dp — =dT = —dp — —dh
RT RT? RT T RT C,T
v), 7 (), ar
op), RT \oh C,T

MoistAir.density_derp_h(state) @ algorithm MDikFE

ddph := 1/(gasConstant(state)*temperature(state));

MoistAir.density_derh_p(state) @M algotithm DR

ddhp := -density(state)/(specificHeatCapacityCp(state)*temperature(state));
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MoistAir.density_derX(state)

_p R
p dop  p O0R TPy

= — $ — — —
RT ~ oX, R2T 0X;  R°T

p

R = steam . R - X[Water] + dryair .R - (1 — X[Water])
= (steam .R — dryair . R) - X[Water] + dryair.R

dR
— = — pressure(state)(steam . R — dryair . R
p IX[Warer] p (state)( y )
R°T = ((steam .R — dryair . R)X[Water] + dryair. R)2 temperature(state)
OR
P ater —pressure(state)(steam . R — dryair . R
dddX[Water] = ax;w ter] _ p ( ) y : )
R=T ((Steam .R — dryair. R)X[Water] + dryair . R) temperature(state)

R = steam . R(1 — X[Air]) + dryair.R - X[Air]
= steam . R + (dryair . R — steam . R)X[Air]

dR
— = — pressure(state)(drvyair. R — steam . R
p XTI p ( )dry )
R?T = (steam .R + (dryair . R — steam . R) - X[Air])*temperature(state)
OR
P oxan —pressure(state)(dryair . R — steam . R
dddX[Air] = — Xl _ p (state)(dry )

R2T (steam .R + (dryair . R — steam . R) - X[Air])*temperature(state)
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MoistAir.density_derX(state) @ algorithm (MSL 3.2.3)

algorithm
dddX[Water] := pressure(state)x(steam.R - dryair.R)/((steam.R - dryair.R)
*state.X[Water]*xtemperature(state) + dryair.Rxtemperature(state))”2;
dddX[Air] := pressure(state)*(dryair.R - steam.R)/((dryair.R - steam.R)x*
state.X[Air]xtemperature(state) + steam.R*temperature(state))*2;

X [kg/kg] (ZERTTIEMS. j}f; iz p ERACRTELRS,
oy — PR _L_ﬁl = 2
ERDRITIE RTE R 7 EEPTUES,  bug:

https://qgithub.com/modelica/ModelicaStandardLibrary/issues/2868

algorithm
dddX[Water] := - pressure(state)x(steam.R - dryair.R)/((steam.R - dryair.R)
*state.X[Water] + dryair.R)*2/temperature(state)
dddX[Air] := -pressure(state)*(dryair.R - steam.R)/((dryair.R - steam.R)=*

state.X[Air] + steam.R)*2/temperature(state);



https://github.com/modelica/ModelicaStandardLibrary/issues/2868
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(14) ¥1EZ (viscosity) Rdse & BT EE(S
DryAirNasa ERIU.,

MoistAir.dynamicViscosity(state)

algorithm
eta := Te-6*Polynomials_Temp.evaluateWithRange(
{9.7391102886305869E-15,-3.1353724870333906E-11,4.3004876595642225E-08,
-3.8228016291758240E-05,5.0427874367180762E-02,1.7239260139242528E+01},
Cv.to_deg(C(123.15),

Cv.to_deg(C(1273.15), _ Z Tn_J T . <T< T
Cv.to_degC(state.T)) = Pj min —

(15) 8YREZE (thermal conductivity)
MoistAir.thermalConductivity(state)

algorithm
lambda := T1e-3*Polynomials_Temp.evaluateWithRange(
{6.5691470817717812E-15,-3.4025961923050509E-11,5.3279284846303157E-08,
—4.534@839289219472E-@5,7.61296753@9@37664E—@2 2.4169481088097051E+01},
Cv.to_deg(C(123.15), "
]
Cv.to_degC(1273.15), A= ZPJT Lpin =T <1,

Cv.to_degC(state.T));
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(16) BN ZBHAREDMTTRIZEN (smooth state function)

x=0 CAREFH/LETZIIIREE state a, state b &85 HCHEHET D,

{ state_a, x>0 y = setSmoothState(x, state_a, state_b, x,,, ;)
y = B
state_b, x <0 | state a state_a
X (IREFCIENDE
state_b state_b
x<0 x>0 — mall Xsmall

MoistAir.setSmoothState(x, state _a, state b, x_small)

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));
end setSmoothState;
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EX.5 2D ZEGEBEINT—I% D<K D PsychrometricData
Modelica.Media.Examples.PsychrometricData O RF a1 X2V k&D

(1) BOZEKDFv—KkIE. EC2EBEHD. L\t E

LIV HILE

B0 e WHESBUREED
. eSS S ZDETFILTIE
< B¢ X HEEREIICELT S
22 _ r:0—-1
o \ X:Xx, B — X,

-10
0

1 1 1 1 ]
5 10 15 20 25 30 -10 0 1 D 20 30 40 50

XN G cisture™ ey air n klikg, €l Iﬁ E‘JH
X sarheE IV e F—hiET 3

€U I#HE (Mollier Diagram) JEDZESRERE (Psychrometric Chart)
J—0OvNBFETLLLEHRAINS, 7XUDT—HRHICERAINS,

2) Fr—kDF—5 Fr—hCTOY RS 37— S RMMENTNS!!
5T VAILE—E hx_h[i] y_h[i] = hx_h[i] - diagSlope*x

iR RE—RE hx_T[i] y_T[i] = hx_T[i] - diagSlope*x

= ENEE—E hx_phi[i] y_phi[i] = hx_phi[i] - diagSlope*x

diagSlope = enthalpyOfVaporization(273.15) (0°COHSILE)
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—— hx_h[16] (4/kg) —— hx_h[15] (J/kg) hx_h[14] (J/kg) hx_h[13] (J/kg) = — y_h[16] (J/kg) — y_h[15] (J/kg) y_h[14] (J/kg) y_h[13] (J/kg)
hx_h[12] (J/kg) hx_h[11] (J/kg) hx_h[10] (J/kg) hx_h[o] (J/ka) y_h[12] (J/kg) y_h[11] (J/kg) y_h[10] (J/kg) y_h[9] (J/kg)
hx_h[8] (J/kg) hx_h[7] (J/kg) —— hx_h[6] (J/kg) —— hx_h[5] (J/kg) y_h[8] (J/kg) y_h[7](U/kg) —— y_h[6] (J/kg) —— y_h[5] (J/kg)

—— hx_h[4] (J/kg) —— hx_h[3] (J/kg) —— hx_h[2] (J/kg) —— hx_h[1] (J/kg) = — y_h[4] (J/kg) — y_h[3](J/kg) — y_h[2](J/kg) — y_h[1](J/kg)

1.4e+05 1.5e+05

1.2e+05
1e+05 ::
8e+04 ::
6e+04 ::

4e+04 0

2e+04

0

2e+04 T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1
time (s)

time (s)

ETVS5ILEH  hx_hli] /a=1v N r——— \

X mn=0 X_max = 0.03

(3) 135 X—5 (parameters)

p_const =1e5 E/ o o
time=1 TEENETEY, HEHR B

x_min=0.00  t=0 OIEYHEE SE3 e B
X max=0.03  t=1 DIEHEE — HIVHILE  BWERE

Variables - Value Variables - value PR « [value
n_T=11 ‘BEOXM ’ h_[C106r]15t 130000 i ph[i{;]o s 1
T min=253.15 SEOSIVE fol hal 110000 0
T step=10  REEOME a0 % 5 B o g o
[7] 40 [11] 80000 (5] 0.5
n_h=16 =TV ILEEOH 8 o aooo S
h_min=-20e3 I V5 ILEDORIVE S B e 0 er
h_step=1e4 T V5 IILEDMERE b 8 20000
[4] 10000
n_phi=10 %#ﬁﬂfﬂfgﬁmﬁi E} f)10000

phi_min=0.1 HEXEEDE/IVE [1] 20000
h_step=0.1 X EEDMER
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OpenModelica (OMEdit) Z{E> 2 F v — ~D{EE

Variables = Titles Legend | Range

y_h[i]
y_TLi]
y_phi[i]

=EO0vER93S
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Modelica.Media.Air.MoistAir ® 95 X—E(1)

v @ MoistAir
ThermodynamicState
BaseProperties

@ setState_pTX
@ setState_phX
@ setState_dTX
setSmoothState
@ Xsaturation
@ xsaturation
@ xsaturation_pT
@ massFraction_pTphi
@ relativeHumidity_pTX
@ relativeHumidity
gasConstant
@ gasConstant_X
@ saturationPressureLiquid
@ saturationPressureLiquid_der
@ sublimationPressurelce
@ sublimationPressurelce_der
saturationPressure
@ saturationPressure_der
4 @ saturationTemperature

ThermodynamicState

BaseProperties
setState_pTX
setState_phX
setState_dTX
setSmoothState
Xsaturation

xsaturation

xsaturation pT

massFraction pTphi

relativeHumidity pTX

relativeHumidity

gasConstant

gasConstant X

saturationPressurelLiquid

saturetionPressurelLiquid der

[E] enthalpyOFfVvaporization

@ HeatCapacityOfwater
enthalpyOfLiquid
enthalpyOfGas
enthalpyOfCondensingGas
enthalpyOfNonCondensingGas
@ enthalpyOfwater

@ enthalpyOfwater_der
pressure

temperature
T_phX

density
specificEnthalpy
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@ h_pTX_der

isentropicExponent

@ isentropicEnthalpyApproximation
@ specificinternalEnergy

@ specificinternalEnergy_pTX

@ specificinternalEnergy_pTX_der

specificEntropy

(f) specificGibbsEnergy

enthalpyOfVaporization
HeatCapacityOfWater
enthalpyOfLiquid
enthalpyOfCondensingGas
enthalpyOfNonCondensingGas
enthalpyOfWater
enthalpyOfWater_der
pressure

temperature

T_phX

density

specificEnthalpy

h_pTX

h_pTX_der
isentropicExponent

sublimationPressurelce

sublimationPressurelce der

saturationPressure

saturationPressure der

saturationTemperature

isentropicEnthalpyApproximation

specificlnternalEnerqy

specificlnternalEnerqy pTX

specificlnternalEnerqgy pTX der

specificEntropy

specificGibbsEnerqgy
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@ specificHelmholtzEnergy
specificHeatCapacityCp

L

specificHeatCapacityCv
dynamicViscosity
thermalConductivity
velocityOfSound
isobaricExpansionCoefficient
isothermalCompressibility
density_derp_h
density_derh_p

density derp_ T
density_derT_p
density_derX

e |

I~ | molarMass
» @ T_psX
setState_psX
@ s_pTX
@ s_pTX_der
@ isentropicEnthalpy
v [3 utilities
@ spliceFunction
@ spliceFunction_der
@ smoothMax
@ smoothMax_der

specificHelmholtzEnergy
specificHeatCapacityCp
specificHeatCapacityCv

dynamicViscosity

thermalConductivity

velocityOfSound

isobaricExpansionCoefficient
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isothermalCompressibility

density derp h

density derh p

density derp T

density derT p

density derX

molarMass
T_psX
setState_psX

TX
s_pTX_der
isentropicEnthalpy

:

spliceFunction

spliceFunction der

smoothMax

smoothMax der
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Licensed by Amane Tanaka under the Modelica License 2

Copyright(c) 2019, Amane Tanaka
« The purpose of this document Is introducing the MoistAir package which is included
in the Modelica Standard Library (MSL). This document uses libraries, software,
figures, and documents included in MSL, 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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https://github.com/modelica/ModelicaStandardLibrary/blob/master/LICENSE

BSD 3-Clause License

Copyright (c) 1998-2018, ABB, Austrian Institute of Technology, T. Bodrich, DLR, Dassault Systémes AB, ESI ITI,
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.



https://github.com/modelica/ModelicaStandardLibrary/blob/master/LICENSE

