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» [ ] BaseProperties
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(f) setSmoothState
(f) dynamicViscosity
(f) thermalConductivity
(f) prandtiNumber
(f) pressure
(f) temperature
(f) density
(f) specificEnthalpy
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FluidConstants
ThermodynamicStates
BaseProperties
setState pTX
setState phX
setState psX
setState dTX
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dynamicViscosity
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pressure
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temperature phX
density phX
temperature psX
density psX
specificEnthalpy psX
MassFlowRate
Choices
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1 Types
Modelica.Media.Interfaces.Types

Modelica.Media CIKk D RIEDYIEED type +°
EBNDEZERT record
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AbsolutePressure
Density
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MolarMass

MolarVolume
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SpecificinternalEnergy
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SpecificEntropy
SpecificHeatCapacity
SurfaceTension
Temperature
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. EEDS 1T

Modelica.Media MO BEEED T
Modelica.Slunits A\ import N TL\D,

within Modelica;
package Media
"Library of media property models"extends Modelica.Icons.Package;
import SI = Modelica.SIunits;
import Cv = Modelica.SIunits.Conversions;

Z¥D S T Modelica.Slunits WSS INTUL B,

type SpecificEnthalpy = SI.SpecificEnthalpy (
min=-1.0e10,
max=1.e10,
nominal=1.e6)
"Type for specific enthalpy with medium specific attributes”;

SIunits ZFERALUEVWRIEMIEBRED S 1 7€ H D,

MassFraction, MoleFraction, MolarMass, MolarVolume,
ExtraProperty. IsobaricExpansionCoefficent,
DipoleMoment, -
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Modelica.Media.Interfaces.Types (FZTHD Medium /AW T —IT

WA IN., AL TC—BHEEITND,
A. PartailMedium DEAER53 (extends)

partial package PartialMedium
"Partial medium properties (base package of all media packages)”
extends Modelica.Media.Interfaces.Types; «— T
extends Modelica.Icons.MaterialPropertiesPackage; "

A. PartialMedium CES3Nd359 17

type MassFlowRate = SI.MassFlowRate (
quantity="MassFlowRate." + mediumName,
min=-1.0e5,
max=1.e5) "Type for mass flow rate with medium specific attributes";

SingleGasNasa
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C. SingleGasNasaMDifZ&HEB7> (extends) DIk

partial package SingleGasNasa
"Medium model of an ideal gas based on NASA source" extends

Interf.al\ces.PartialPureSubstance( / FluidConstants L J— RS =

redeclare final record FluidConstants =
Modelica.Media.Interfaces.Types.IdealGas.FluidConstants,
Temperature(min=200, max=6000, start=500, nominal=500), S+ TFDIELE
SpecificEnthalpy(start=
if Functions.referenceChoice==ReferenceEnthalpy.Zer
else if Functions.referenceChoice==ReferenceEntha
Functions.h_offset
else 0, nominal=1.0e5),
Density(start=10, nominal=10),
AbsolutePressure(start=10e5, nominal=10e5));

0K then data.HO
.UserDefined then

SingleGasNasa 11




Il. FluidConstantsL J—K

PartialMedium T{ES
- |UPACERRAICE D < BH]

<<Lrecord>>

Media.Interfaces.Types.Basic.FluidConstants

- CASEZRES

- s

%&%T

« BET
. EIEE

{<Lrecord>>

Media.Interfaces.Types.ldealGas.FluidConstants

SingleGasNasa TS
T RERDEHET

HHIST—FLEZET

Media.ldealGases.Common.FluidData.CH4 CIIERERD D HFHNEBEIN. MBI
J# ) HMEEHEAT B, SingleGasNasa CIIITARTHOIBIRIIMHEE L TULILL,

Modelica.Media.Interfaces.Types.Basic.FluidConstants

EHE B 7 # )V i

iupacName String IUPACRBEICE DI MER
casRegistryNumber String CASERES
chemicalFormula String (A==

structureFormula String BE

molarMass MolarMass TILEE

SingleGasNasa
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Modelica.Media.Interfaces.Types.ldealGas.FluidConstants

E#A it TIAILME

criticalTemperature Temperature Critical temperature (ER5RE)
criticalPressure AbsolutePressure Critical pressure (ERSREN)
criticalMolarVolume MolarVolume Critical molar volume (ERFAFHE)
acentricFactor Real Pitzer acentric factor ({RIDEF)
meltingPoint Temperature Melting Point at 101325 Pa (Fls)
normalBoilingPoint Temperature Normal boiling point (at 101325 Pa) ()
dipoleMoment DipoeMoment Dipole moment (MUBEBFE—AXV )
hasldealGasHeatCapacity Boolean false n

hasCriticalData Boolean false

hasDipoleMoment Boolean false

hasFundamentalEquation Boolean false

hasLiquidHeatCapacity Boolean false —n

hasSolidHeatCapacity Boolean false 7: j g @ﬁ,ﬂ%% ?Ej ]
hasAccurateViscosityData Boolean false INZ X o 5 ]
hasAccurateConductivityData | Boolean false

hasVapourPressureCurve Boolean false

hasAcentricFactor Boolean false —

HCRITO SpecificEnthalpy | 0.0 Critical specific enthalpy

SCRITO SpecificEntropy 0.0 Critical specific entropy

deltah SpecificEnthalpy | 0.0

deltas SpecificEntropy 0.0

SingleGasNasa
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FluidConstants B85 —5 Ol
Modelica.Media.ldealGases.Common.FluidData.CH4

constant Modelica.Media.Interfaces.Types.IdealGas.FluidConstants CH4(
chemicalFormula = "CH4",
iupacName = "unknown",
structurefFormula = "unknown",
casRegistryNumber = "74-82-8",
meltingPoint = 90.69,
normalBoilingPoint = 111.66,
criticalTemperature = 190.56,
criticalPressure = 45.99e5,
criticalMolarVolume = 98.60e-6,
acentricFactor = 0.011,
dipoleMoment = 0.0,
molarMass = SingleGasesData.CH4.MM,
hasDipoleMoment = true,
hasIdealGasHeatCapacity=true, i
hasCriticalData = true, (b Examples
hasAcentricFactor = true); g S

Modelica.Media.ldealGases.Common.FluidData VEE veskseso

» || SingleGasNasa

(C1Z 37 [EDOEAED FluidConstants BYEMHAS Roicas
FNTUB, \

» [] MixtureGasNasa
FluidData
SingleGasesData

SingleGasNasa




2. B

. EBDHARETA

A. PartialMedium DE

« MERERNZHREISE
« BROYIEORR
« BUIEL EAMAPYIEORBIR

reference state

e default state

EE#

B

T I 7 IVME

mediumName

String

"unusablePartialMedium”

Y=k

ThermoStates IndependentVariables T, pT, ph, phX, pTX, dTXD WL FNH
singleState Boolean true’dk SYIMEEMNE 1 (CHE L 70
substanceNames[:] String {mediumName} B93> DEEF
reducedX Boolean true true’ld SEENXOM MM
fixedX Boolean false trueld 5 X=reference_X
nS Integer size(substanceNames, 1) BEYIDE
nX Integer nS BEENERDERM
nXi Integer if fixedX then O HYSEENRDERHN
else if reducedX nS -1 else nS
extraPropertiesNames[:] | String fill("",0) SIS & (U VIE)
nC Integer size(extraPropertiesNames, 1) {IINREE DR 73
C_nominal[nC] Real 1.0e-6*ones(nC) NINNYIE DEE
reference_p AbsolutePressure 101325 [Pa] ENNERIE (B%E)
reference T Temperature 298.15 [K] BEDESRE (HE(E)
reference_X[nX] MassFraction fill(1/nX, nX) BENXRNDERIE
p_defalut AbsolutePressure 101325 [Pa] EADFTT =)L ME
T_default Temperature Conversions.from_degC(20) SBEDT T 7 )L ~E
h_default SpecificEnthalpy specifixEnthalpy_pTX(p_default, | Lk TS ILEDT T # )L ~ME
T _default, X_default)
X_default[nX] MassFraction reference_X BENXEDODT I A4 ILE




B. PartailPureSubstance M#EAEER> (extends)

Partial package PartialPureSubstance "Base class for pure substances of one chemical
substance" extends PartialMedium(final reducedX=true, final fixedX=true);

\ -
end PartialPureSubstande; nXi =0 &I B,

C. SingleGasNasa Mfkz&FB7? (extends) + %1 L LV EEX

partial package SingleGasNasa

"Medium model of an ideal gas based on NASA source" extends
Interfaces.PartialPureSubstance(

ThermoStates=Modelica.Media.Interfaces.Choices.IndependentVariables.pT,

mediumName=data.name, substanceNamesDEEHN1 LD T
substanceNames={data.name}, <«———

singleState=false, nS =nX =1, reference_X[1]="1

)

constant IdealGases.Common.DataRecord data "Data record of ideal gas substance";
constant FluidConstants[nS] fluidConstants "Constant data for the fluid";

end SingleGasNasa; LU record FEDE A

SingleGasNasa
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D. Modelica.Media.ldealGases.SingleGases.CH4

package CH4 "Ideal gas ¥"CH4¥" from NASA Glenn coefficients”
extends Common.SingleGasNasa(
mediumName="Methane",
data=Common.SingleGasesData.CH4,
fluidConstants={Common.FluidData.CH4});
annotation ( ...);
end CH4;

SingleGasNasa & X—X &9 B package DL (&
mediumName, data, fluidConstants = E& 9 3T TERTE 3,

SingleGasNasa
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Modelica.Media.ldealGases.SingleGases.CH4NEH(F &)

EHE il HEE

mediumName String “CH4" =g

ThermoStates IndependentVariables

singleState Boolean

substanceNames[ :] String “CH4" BB DESS

reducedX Boolean true trueld SEE DR OFNM
fixedX Boolean true true’d 5 X=reference_X
nsS Integer

nXx Integer

nXi Integer 0 MY SEENRODERE
extraPropertiesNames[:] | String fill("”,0) (SINRYIE = (U \VWI8)
nC Integer size(extraPropertiesNames, 1) (OIS DB
C_nominal[nC] Real 1.0e-6*ones(nC) MIIHNYIEDEE
reference_p AbsolutePressure 101325 [Pa] ENnERE (B%(E)
reference T Temperature 298.15 [K] BEDESRE (BE(E)
reference_X[nX] MassFraction

p_defalut AbsolutePressure 101325 [Pa] EADOFTT #ILE
T_default Temperature Conversions.from_degC(20) BEDT T 7 )L ME
h_default SpecificEnthalpy specifixEnthalpy_pTX(p_default.| 7 5) 0557 B

T _default, X_default)

X_default[nX]

MassFraction

Common.SingleGasesData.CH4

IERUABE T — 5

{Common.FluidData.CH4}

ZDMOYIBERRET —5

SingleGasNasa

A. PartialMedium, B. PartialPureSubstance,

D. CH4
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1. @%ET—Q VIR Neskoasee
Modelica.Media.ldealGases.Common.DataRecord [ e
DataRecord @ Document &V : 35:3?::3::;
EER S S FR 45
C,(T) =R Z a; T3 200K <T <6000K -
i=1
tbkT5ILE 7 .
a, log T =3 p, h(T), sq(T)ZE+
h(T) =RT| — = +a, +Zai, + =
T? T , i—2 T on
Ltk RO =3 _ oy _
a1 az Tl_3 aT » p
so(T) =R —ﬁ—?+a310gT+ZLa,;i_3+b2 <65> C,
= S — 2
s(T,p) = so(T) — R lnﬂ T p I
% Po a=EDL T
FREx B5N3.
_alowli] T < Tymie
ai = ahigh[i] T = Timit https://www.grc.nasa.gov/WWW/CEAWeb/TP-
— 2002-211556.pdf
B TE McBride B.J., Zehe M.J., and Gordon S. (2002):

bl ) T <T NASA Glenn Coefficients for Calculating
;= { ow|i] < limit Thermodynamic Properties of Individual Species.

bhighli] T = Tymit | NASA report TP-2002-211556

SingleGasNasa 19



https://www.grc.nasa.gov/WWW/CEAWeb/TP-2002-211556.pdf

Modelica.Media.ldealGases.Common.DataRecord

B B

name String ME#

MM MolarMass EIVEE [kg/mol]

Hf SpecificEnthalpy EEERISILE [J/kg]

HO SpecificEnthalpy OKZERELLZIHBED 25 °C DT VI ILE [J/kg]

Tlimit Temperature alow, ahigh L EZTIDE X 3R IEE [K]

alow, blow, ahigh, bhigh Real[] RE BN TS

R SpecificHeatCapacity HXEH [J/kg.K]

Modelica.Media.ldealGases.Common.SingleGasesData.CH4 | s oo

constant IdealGases.Common.DataRecord CH4( R

name="CH4" 7 1 241 EO} > | SingleGasNasa
MM=0.01604246, =__ 4 ;‘Ii’ft:[’)efas'“asa
Hf=-4650159.63885838, DT —5 ~.
H0=624355.7409524474, v oil SingleGases

Tlimit=1000,

alow={-176685.0998,2786.18102,-12.0257785,0.0391761929,-3.61905443e-005,
2.026853043e-008,-4.976705489999999¢e-012},

blow={-23313.1436,89.0432275},

ahigh={3730042.76,-13835.01485,20.49107091,-0.001961974759,4.72731304e-007,
-3.72881469e-011,1.623737207e-015},

bhigh={75320.6691,-121.9124889},

R=518.2791167938085);

SingleGasNasa 20




5. ThermodynamicState MU HZHIREEY
MEDEIZHREZ RET DD ICREBLEHNDIEZEZKRT record

ME DRI FHIRRE(L .

2 DDEANZFHREZEBE D MEDEENRTRETE B

o ENp. BET. BEd. kI V5 ILEh . REBIXRILF—uDDS52D
- BEMEONDOEEDHEAND LIUX[nX]

C. Media.ldealGases.Common.SingleGasNasa.ThermodynamicState

record extends ThermodynamicState
"Thermodynamic state variables for ideal gases”
AbsolutePressure p "Absolute pressure of medium";
Temperature T "Temperature of medium”;

end ThermodynamicState;

SingleGasNasa ClEIBI S E I FRIE
ELTp&T&ZERT D,
(FMELOTEEDREREIUVSIEV )

SingleGasNasa 21




4. BaseProperties

MNZHIREEH. HIAEH. EILEELE DEFEZERT model
A. PartialMedium.BaseProperties

{<Lreplaceable partial model>> Egi
PartialMedium.BaseProperties
p:E7I[Pa]

<{<connector>> p: Inpu solutePressure =
rory 7 pe et Absolutel hiE T 5 JLE[J/kg]

{<connector>> h: InpktSpecificn thalpy

<<connector>> Xi[nXi]: InputMassFraction X|[nX|]§ETLH’ﬁﬁ®§%ﬁ$
{<variable>> d: Density d’?&'fg[kg/mS] Fi&ﬁt“(ét P t“%j
{<Lvariable>> T: Temperature T\;EE[K]

<{<variable>> X[nX]: MassFraction <

| v X[nX]: D DEENZ
<{<variable>> u: Bpecificn ternalEnergy uWEBI*}b:ﬁ_[J/kg]

<<Lvariabkt>> R: Specificea tCapacity S — o
{<Lvariable>> MM: MolarMass Rjj ZA—E;z&[J/kgK]

' gl —1
{<variable>> state: ThermodynamicState MM:E“J%E[kg/mOl]

<<variable>> T_degC = to_degC(T) B state: ThermodynamicState
<{<variable>> p_bar = to_bar(p)

{<parameter>> preferredMediumStates: Boolean }_ [?5)(—9

{<parameter>> standardOrderComponents: Boolean | preferredMediumStates - false
standardOrderComponents = false

connector inputAbsolutePressure

connector inputMassFraction

connector inputSpecificn thalpy XtXlG)jj_*EDEﬁ \{gaﬁéﬂtb\éo

equation (X,Xi) <—

22



]. State Selection (ARREZE#EIR)
WA BB ENDRE RN

Modelica DEFJU

BRMSHER
F(t,y,y') =0
‘ W—IJblc KD translation

FERNHPAAAEL

t: BSFRS
p:I\SX—5
c: B

x: INREZ

z. O E

HHIE DEMIHIEN

x’z‘ f txz

{ x'=f(txz) WHHEEIN -

0=gtrz) REHED GINELE)

V—Jb

W— JLIRNE DA SRBEL ¥ (state variables) Y —JILICK S simulation

ELTHRHENZBRIT SN EEIRIT D

« Static State Selection (ERIREEZTHLHEIR)
W — UM translation ORAICIRREZHERTET D
- Dynamic State Selection (BIFAREZEHHEIR)
W — )L simulation DEICIAREZ = RET D

SingleGasNasa
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State Selection DIEHDINSA—5
preferredMediumStates

REFAZE B ITHBEERDET L (valance volume) 7% E T
medium €)LD State Selection &'V —IJLICEER T D/IISX—5
Modelica.Fluid.Interfaces.PartialLumpedVolume THEREZEH D E ...

partial model PartiallLumpedVolume

Medium.BaseProperties medium(
preferredMediumStates=true,
p(start=p_start),
h(start=h_start),
T(start=T_start),
Xi(start=X_start[1:Medium.nXi]));

preferredMediumStates MEXEEZE X D & . BaseProperties €7
DEE p, T D stateSelect /I A= BREIDOEND,

C. SingleGasNasa.BasePropertiesMD#t#&EE 5>

model extends BaseProperties(
T(stateSelect=if preferredMediumStates then StateSelect.prefer else StateSelect.default),
p(stateSelect=if preferredMediumStates then StateSelect.prefer else StateSelect.default))
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stateSelect I\ X—5 &(4...

stateSelect (. Modelica SEEN{IERE U THE TN TLI\SDReal ZHI(C
REAREILISS A —ITH B,

Predefined Type Real tig=
https://www.modelica.org/documents/ModelicaSpec34.pdf 4.8.1 Real Type, p.52

type Real // Note: Defined with Modelica syntax although predefined
RealType value;
parameter StringType quantity
parameter StringType unit
parameter StringType displayUnit = "" "Default display unit";
parameter RealType min=-Inf, max=+Inf; // Inf denotes a large value
parameter RealType start = 0; // Initial value
parameter BooleanType fixed = true, // default for parameter/constant;
false; // default for other variables
parameter RealType nominal; // Nominal value

parameter BooleanType unbounded=false; // For error control
parameter StateSelect stateSelect = StateSelect.default;
equation

assert(value >= min and value <= max, "Variable value out of limit");
end Real;
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https://www.modelica.org/documents/ModelicaSpec34.pdf

stateSelect (CERERIGE/KMEIL...

https://www.modelica.org/documents/ModelicaSpec34.pdf 4.8.8.1, p.56

type StateSelect = enumeration(

never "Do not use as state at all.",

avoid "Use as state, if it cannot be avoided (but only if variable appears
differentiated and no other potential state with attribute default,
prefer, or always can be selected).",

default "Use as state if appropriate, but only if variable appears

differentiated.”,
prefer "Prefer it as state over those having the default value

(also variables can be selected, which do not appear differentiated). "

always "Do use it as a state.");

(FCHTDModelica7OT>=>T, [FKE, TechShare, 2017, p.34

never: Y/ ZEE L THEA LML)

avoid: MY/ ZHE U CTHERHI S EETSTBDIEITEITD

default: EUIEHIBISNNEIHRIZEERHE UTHERT D
(lelzUnENTULDEEDH)

prefer: MY ZHE U CTEBICIHERTS

always: MIFHUZHE LU THEAHT S
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https://www.modelica.org/documents/ModelicaSpec34.pdf

Modelica.Media.UserGuide.MediumDefinition.StaticStateSelection &P

RERIDB D I DIFBEESR (valance volume) T medium =g |
RRDESICEBINTUNBBEEEZ B, "0 et
package Medium = Modelica.Media.Interfaces.PartialMedium; A,
Medium.BaseProperties medium; ~_ , . © BasicDefiniton
equation Basepropertles :ET)IJ 0 MultipleSubstances
// mass balance SpeificE...sFuntion
der(M) = port_a.m_flow + port_b.m_flow;
der(MX) = port_a_mX_flow + port_b_mX_ﬂow;\ ReloaseNotes
M = V*medium.d; N = E
MX = M*medium.X: AEREARNDE=RZH
// Energy balance M YIEDEERZFE!
U = M*medium.u; .
der(U) = port_a.H_flow+port b.H flow; L=XJLF+—{R7ZE|

BROYIE (WMY8) D55
« preferredMediumStates = true
« JREEZH p, T,d, u, hM>DS5 2D stateSelect = StateSelect.prefer
« BODIDDEHMN. CD2 DDIREZHOBEBOETIEIRIND
DEE
« Static State Selection (ERHIIRREEHIEIR) AREBILIEFEEAEID

o 2 DDREBEHOWR KX BIFEAEINR DR LUETEMN
(\:7'8:50 5&(75%50
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FleLT MFDLIICRESNTUVDIHZEZE XD,

p(stateSelect = StateSelect.prefer)
T(stateSelect = StateSelect.prefer)

d = fd(plT)

u = fu(p,T)

h = fh(p,T)

index reduction MIER. medium DD HFEEARIIXDKLSICIHED

der(M) = V*der(d) der(x,y)

der(U) = der(M)*u + M*der(u) X & y TR T 5,
der(d) = der(fd,p)*der(p) + der(fd,T)*der(T) Modelica (3F3RHIIC
der(u) = der(fu,p)*der(p) + der(fu,T)*der(T) BATNZSS L)

« REZH p, TFV—ILOBERBEINSEZSND,

« fd(p,T), der(fd,p) FXEMDEEESL. p, T DEEE L TEFIIND,

« der(M), der(U), der(d), der(u) FEZHE L2 AERRIZE der(p)
Eder(T)DIREAEINREL D,
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DX UL WVIZEE DA (Counter Example)

p(stateSelect = StateSelect.prefer)
T(stateSelect = StateSelect.prefer)
h = h(T)
u=h- R*T
p = d*R*T d M p, T OEBDFEICIL D TULVXL)

EUp & THRIREBRHLS., dEZEHTETEITNETLSEL,

d=p/(R*T) EEHTE MR I E T AEOMLS division by zero

([CHEDTULE DS W—ILE R T AEOICHENEIWC EZFH ST,

ZDGH. Y=IUldp & TR BIREBEHE ([FENEVNC EERE
LK I NIETESTE0N,

L7eM> T W—Ibld ENRRRBEEGEIR & 1T > WM OERHIIAREZEET

ZBRI CEIlED,

MOBENIREBZADIER#HE L TAdREZXS5NSD, (pldd ETOREKK

CTRICEMNTESD, )

d ZEINARBEHIC T BEHICE. RTFUI v ILEHEE L THE DO
(der(d) =...) THx5MN3hH\ selectState MY

SelectState.prefer H\ SelectState.always T/EITNIE L STL0N,

) 5. BREEHRIRICED

SingleGasNasa
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State Selection W5+ X+
fE837L valance volume EFI)VE{ERR T B,

model Room
replaceable package Medium = Modelica.Media.Air.DryAirNasa;
parameter SI.Volume V = 22.0; < 4 BEI50\DOKES
Modelica.Fluid.Interfaces.FluidPort_b port_a(redeclare package Medium = Medium)
annotation( ...);

Modelica.Fluid. Interfaces FluidPort_b port_b(redeclare package Medium = Medium)
annotation( ...);

Medium.BaseProperties medium; « BaseProperties €5 JU
SI.Mass M;
°L.tnergy U HEREF

equation .

qM = medium.d * V: I*)qu_{%ﬁﬁu

U = medium.u * M;

der(M) = port_a.m_flow + port_b.m_flow;

der(U) = actualStream(port_a.h_outflow) * port_a.m_flow +
actualStream(port_b.h_outflow) * port_b.m_flow; °

port_a.p = medium.p; Joname

port_b.p = medium.p;

port_a.h_outflow = medium.h;

port_b. h_outflow = medium.h;

initial equation
medium.T = 293.15; } LGN
medium.p = 101325; 20 °C, 1 atom
annotation( ...);

end Room;
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2257 LEFTILD RoomTest_prefer

=Jur=

room1 @ medium @ preferredMediumStatus & true (CEXRE

model RoomTest_prefer
replaceable package Medium = Modelica.Media.Air.DryAirNasa(
AbsolutePressure(nominal = 100000.0));
Room room1(redeclare package Medium = Medium,
medium(preferrediMediumStates = true)) annotation( ...);
Modelica.Fluid.Sources.MassFlowSource_T boundary1(
redeclare package Medium = Medium, T = 323.15, m_flow = 0.05,
nPorts = 1) annotation( ...);
Modelica.Fluid.Sources.MassFlowSource_T boundary2(
redeclare package Medium = Medium, m_flow = -0.045, nPorts = 1)
annotation( ...g;
equation
connect(boundary2.ports[1], rooml.port_b) annotation( ...);
connect(boundary1.ports[1], rooml.port_a) annotation( ...);
annotation( ...);
end RoomTest prefer

boundary1 room1 boundary2

{_BENEEN L)
> <

50 °C, 0.05 kg/s -0.045 kg/s

SingleGasNasa
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) X5 LEFIL@ RoomTest_default

room1 M medium @ preferredMediumStatus %Z false (CE%RE

model RoomTest default
replaceable package Medium = Modelica.Media.Air.DryAirNasa(
AbsolutePressure(nominal = 100000.0));
Room room1(redeclare package Medium = Medium,
medium(preferrediMediumStates = false)) annotation( ...);
Modelica.Fluid.Sources.MassFlowSource_T boundary1(
redeclare package Medium = Medium, T = 323.15, m_flow = 0.05,
nPorts = 1§ annotation( ...);
Modelica.Fluid.Sources.MassFlowSource_T boundary2(
redeclare package Medium = Medium, m_flow = -0.045, nPorts = 1)
annotation( ...?;
equation
connect(boundary2.ports[1], room1.port_b) annotation( ...);
connect(boundary1.ports[1], rooml.port_a) annotation( ...);
annotation( ...);
end RoomTest default

boundary1 room1 boundary2

{_BENEEN )
> <

50 °C, 0.05 kg/s -0.045 kg/s

SingleGasNasa 32




Simulation > Simulation Setup @

[ XSX ) oA, OMEdit - Si ion Setup - RoomTest_prefer

Simulation Setup - IdealGasTest.StateSelectTest. RoomTest_prefer

Output

Simulation T

Simulation Flags Archived Simulations

Stant Time: o

Stop Time: W

© Number of Intervals:

Interval: [10

Interactive Simulation

Simulate with steps

Simulation server port: (4841
Integration
Method:  dassl

Toleranca: [1e-06

Jacabian:
DASSL/IDA Options
Root Finding
Restart After Event
Initial Step Size: [

Maximum Step Size: [

Maximum Integration Order: 5

C/C++ Complier Flags (Optional):

Number of Processors: 8
Build Only
Launch Transformational Debugger
Leunch Algorithmic Debugger

= Use 1 processor if you encounter ploblems during compilation.

Save expariment annotation inside model

Simulate

Save _ OpenModelica_simulationFlags annotation inside model I

General
Start Time = O [secs]

End Time = 5000 [secs]

FIwvlD

RE

L oK ) oA OMEit - Si ion Setup -

RoomTest_prefer

Simulation Setup - IdealGasTest.StateSelectTest. RoomTest_prefer

General Output

Archived Simulations

Model Setup File (Optional):

Inltialization Method (Optional):

[Equation System Initialization File (Optional):

Equation System Initilization Time (Optional):
Clock (Optional):

Linear Solver (Optional):

Non Linear Solver (Optional):

Linearization Time (Optional):

Output Variables (Optional):
Profiling (enable performance measurements)  none

GPU Time
Enable All Wamings
Lagging (Optionel)

stdout assart
LOG_DASSL_STATES LOG_DEBUG
LOG_DSS_JAC LOG_DT
LOG_EVENTS LOG_EVENTS_V
LOG_IPOPT LOG_IPOPT_FULL

HESSE LOG_IPOPT_ERROR

LOG LS vV

LOG_NLS _HOMOTOPY
LOG_NLS_JAC_TEST LOG_NLS_RES
LOG_RES_INIT LOG_RT
LOG_SOLVER
LOG_sOTI
LOG_SUCCESS

LOG_DASSL
LOG_DSS
LOG_DT_CONS
LOG_INIT
LOG_IPOPT_JAC

LOG_NLS_EXTRAPOLATE
LOG_SIMULATION
LOG_SOLVER_CONTEXT
LOG_STATS_V

LOG ZEROCAOSSINGS

Addtional Simulation Fiags (Optional):

Save experiment annotation Inside model
Save __OpenModelica_simulaticnFlags annotation inside model
Simulate

-

Simulation Flags OF T w D

+ LOG_LS
« LOG_NLS

LOG_STATS

« Save __OpenModelica_SimulationFlags annotation inside model

« Simulate

SingleGasNasa
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TROLA0OY

® RoomTest_prefer @ RoomTest_default

OMEdit - IdealGasTest.StateSelectTest.RoomTest_default Simulation Output
[ N ) OMEdit - IdealGasTest.StateSelectTest.RoomTest_prefer Simulation Output Simulation of IdealGasTest.StateSelectTest.RoomTest_default is finished.

Simulation of IdealGasTest.StateSelectTest. RoomTest_prefer is finished.
Cancel Simulation
Cancel Simulation
Output Compilation
s Compilation s HHHHHHHHHE Sove nonlinear system 47 at ime 4820 FHHHHHHHIFIHH
Start solving Linear System 70 (size 1) at time 4910 with Lapack Solver Solve nonli system 47 at time 4830 ############
Debug more > Solve i system 47 at time 4840 ############
Start solving Linear System 70 (size 1) at time 4920 with Lapack Solver > Solve r system 47 at time 4850 ############
> Solve system 47 at time 4860 ############
Debugmore ) ) ) > Solve nonlinear system 47 at time 4870 ############
Start solving Linear System 70 (size 1) at time 4930 with Lapack Solver > Solve nonli system 47 at time 4880 ###########H
Debug more Solve nonli system 47 at time 4890 ####i########
Start solving Linear System 70 (size 1) at time 4940 with Lapack Solver »###HHH S #### Solve nonlinear system 47 at time 4900 ############
Debug more Solve i system 47 at time 5276.92 ############
Ao " 2 R Solve nonli system 47 at time 4910 ############
Start solving Linear System 70 (size 1) at time 4950 with Lapack Solver Solve nonli system 47 at time 4920 H##H##IH##Y
Debug more » #Ht##H Solve i system 47 at time 4930 ############
Start solving Linear System 70 (size 1) at time 4960 with Lapack Solver > Solve system 47 at time 4940 ############
» Solve system 47 at time 4950 ############
Debug more
Start solving Linear System 70 (size 1) at time 4970 with Lapack Solver »> Solve system 47 at time 4960 ############
> Solve i system 47 at time 4970 ############
Debugmore ) Solve nonlinear system 47 at time 4980 ############
Start solving Linear System 70 (size 1) at time 4980 with Lapack Solver > Solve i system 47 at time 4990 ############
Debug more > Solve i system 47 at time 5000 ############
Start solving Linear System 70 (size 1) at time 4990 with Lapack Solver H#H## Solve i system 47 at time 5000 ############
wvinitial variable values:
Debug more (1] roomi.mediumT =  358.8551  ‘hom= 500
Start solving Linear System 70 (size 1) at time 5000 with Lapack Solver vSolution status: SOLVED
Debug more number of iterations 11429
Start solving Linear System 70 (size 1) at time 5000 with Lapack Solver number of function evaluations : 3485
Debug more number of jacobian evaluations : 1429
»### STATISTICS ### solution values:
The simulation finished successfully. [1 room1.medium.T = 358.8551
free mixed system solvers »#it# STATISTICS ###
free non-linear system solvers The finished
free mixed system solvers
free non-linear system solvers

RERENRZEVNTUVS IFREAENRERNTUDS
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n

I
M
o
:

2 aviER

—— room.madum.T {degC) « - - + room1.medium.T (degC)

qqqqq

SingleGasNasa

—— ro0m1 medium.d (icm3) - - - - raom1.medium. (giema)

EREIEDSIEN!!

N=|
pinips=4

RoomTest_prefer
RoomTest default

FE7]
RoomTest_prefer
RoomTest_default

B
RoomTest_prefer
RoomTest default
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Il. BaseProperties OAER

A. PartialMedium.BaseProperties MAETR (1)

equation
if standardOrderComponents then

Xi = X[1:nXi];

if fixedX then
X = reference X;

end if;

if reducedX and not fixedX then
X[nX] = 1 - sum(Xi);

end if;

end if;

end BaseProperties;

X & Xi [CE393AED

stardardOrderComponents = true

nXi = nS
Xi = X[1:nXi]

B. PartialPureSubstance.BaseProperties M#tZAERD

end BaseProperties;

partial model extends BaseProperties(
final standardOrderComponents=true)

SingleGasNasa
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C. SingleGasNasa.BaseProperties M AELL
p,d, T, h,u, R, MM ([CEBT B A2

equation
assert(T >= 200 and T <= 6000, "Temperature T (= " + String(T) + " K) is not

in the allowed range 200 K <= T <= 6000 K required from medium model ¥"" +
mediumName + "¥".");

MM = data.MM: BEMNSET VI IILEEKRGD DEH
R = data.R; / FIAFILNME
h = Modelica.Media.IdealGases.Common.Functions.h T(

data, T, true zeroAtOK 0.0

Modelica.Media.IdealGases.Common.Functions.excludeEnthatpyOfFormation,
Modelica.Media.IdealGases.Common.Functions.referenceChoice
Modelica.Media.IdealGases.Common.Functions.h_offset);
u=nh - R*T;
// Has to be writte

the form d=f(p,T) in order that static

// state selection for p a 1s possible ITV5)LE
d = p/(RT); PIERT RIL % — h=u+pv
// connect state BaseProperties u=h—RT — u+ RT
state.T = T; }_ -
state.p = p; ™~ Iii:i\m{zt
end BaseProperties; <y ta|, J— R i - 1_»p REHEL
& DBERDIV v RT pv = RT
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. KT VS IIVEDEHEL EEEENRRE
Media.ldealGases.Common.Functions.h_T
BENSHT VI ILEZERS SEH

- DataRecord B! : 2 q;,b; Z2T V20— RO

h_T(data, T, exclEnthForm, refChoice, h, ff) —

P —a; +T((by+a, nT)+Taz+T(ay/2+T(as/3+T(ag/4+a;/5T)))))
B T

+hy + h; DataRecord @

b < Document O

3
+— |+ hy +hy

T
i —2 T

l

7
aq log T
= RT —ﬁ‘l'az T +Z:;ai
1=

_(alow[i] T <Tyme ={blOW[l] T < Tiimit
YT Nahighli] T =Tyme — \bhighll] T = Ty

0, refChoice = ZeroAt25C
h, =< ho, refChoice = ZeroAtOK

" {—hf, exclEnthForm = true
1 —_—
horr, refChoice = UserDefined

0, exclEnthForm = false

FIOAILE
« exclEnthForm = Functions.excludeEnthalpyOfFormation = true
« refChoice = Functions.referenceChoice = ZeroAtOK

e h_off = Functions.h_offset = 0.0 .



CHAMDEXEIREE (25°C) DLEI VA ILE (h_T ORE)

(1) ERI VI IIEEFRLEVES.
BEREODIVIIVENMREERN I VI ILE LS

exclEnthForm = false, refChoice = ZeroAt25C FRIVIILER
~ BFNTLS

a, logT T3
h.T(T) = RT| — = + a +2al

SHEESE h T(298.14) = —4.65016 x 10° [J/kg]
h_T(298.15) = —4.65014 x 10° [J/kg]

EHEERT VA ILE[J/kg]
data.Hf=-4650159.63885838

Q) ERIVAIILEEHIRUIRS.
EHEIREED T V5 JLEHO0 [J/kg] 1B

exclEnthForm = true, refChoice = ZeroAt25C

7 .
a, log T T3 by
T(T) =RT| - E - — | -
h_T(T) < T2+ 277 +_ a——+t— |~ Iy

SHEER  hT(298.14) = —0.994223 [J/kg] | Fl=em D)

h.T(298.15) = 212536 [J/kg] | 298147298, 15\°C0>F'E\5'ﬂ(:
0 [J/kg] (LB REND D
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CHAMDEXEIREE (25°C) DLEI VA ILE (h_T ORE)

B) ERIVIIVEZHFRL T, ZeroAtOK Z#EIRLU IZIZE
BEEREBODI VS ILEMN HO [J/kg] £1LB,

F 4 )U BT

exclEnthForm = true, refChoice = ZeroAtOK

a lo T Ti—3
h_T(T) = RT ——1 5 +Zal +—>—hf+h0

SIRER A (298.14) _ 624355 [J/kg]
h_T(298.15) = 624377 [J/kg] data.H0=624355.7409524474

(4) ERI VA IVEEHERLU CT. UserDefined Z:8BIRUIZIBS
EEEEREED T V5 JLE h_off [J/kg] EH5,

exclEnthForm = true, refChoice = UserDefined

a, logT T'=3 b,
mﬂﬂ=m’f—+z +§}u_23:—w+mﬁ

STEIER  hypr = 20000 [J/kg] c‘: Liziza
h_T(298.14) = 19999
h_T(298.15) = 20021.3
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CH4 DT VB IVEDINSA—FERREIC K BEL

(1)

h >

temperature T hmol [>
@

duration=1000 hmol [>

(4)
Check _h_T Test

SingleGasNasa

LT V5 ILE h[i/kel

&
1

:
Il

e CheCK_h_T1.h vs check_h_T1.T == check_h_T2.h vs check_h_T2.T —— check_h_T3.h vs check_h_T3.T —— check_h_T4.h vs check_h_T4.T

1 (3) EEEEIREE T data.HO [J/kg] (ZeroAtOK]

[ #)UE]

(4) BEEIREET h, s = 200000 [J/kg]

| (2) BEERREC 0 [J/kg] (ZeroAt25C)

(1) ERRI VI ILEEHEBR L0
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Check_h_T

model Check h T
replaceable package Medium = Modelica.Media.IdealGases.SingleGases.(C02;
parameter Boolean exclEnthForm=false;
parameter ReferenceEnthalpy refChoice=ReferenceEnthalpy.ZeroAt25C;
parameter Modelica.SIunits.SpecificEnthalpy h_off=0.0;
Modelica.Blocks.Interfaces.Reallnput T annotation( ...);
Modelica.Blocks.Interfaces.RealOutput h annotation( ...);

Modelica.Blocks.Interfaces.RealOutput hmol annotation( ...);
equation
h = Modelica.Media.IdealGases.Common.Functions.h T(
Medium.data, T, exclEnthForm, refChoice, h_off); > T
hmol = h*Medium.data.MM;
annotation( ...);
end Check h_ T;

hmol

SingleGasNasa
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Check_h_T_ Test

model Check h_T Test
replaceable package Medium = Modelica.Media.IdealGases.SingleGases.CH4;

Check_h_T check_h_T1(redeclare package Medium = Medium, (1)
exclEnthForm = false, refChoice = ReferenceEnthalpy.ZeroAt25C) annotation( ...);
Check_h_T check_h_T2(redeclare package Medium = Medium, (2)
exclEnthForm = true, refChoice = ReferenceEnthalpy.ZeroAt25C) annotation( ...);
Check_h_T check_h_T3(redeclare package Medium = Medium,
exclEnthForm = true, refChoice = ReferenceEnthalpy.ZeroAt0K) annotation( ...); (3)
Check_h_T check_h_T4(redeclare package Medium = Medium,
exclEnthForm = true, h_off = 200000, refChoice = ReferenceEnthalpy.UserDefined) (Zl)
annotation( ...);

Modelica.Blocks.Sources.Ramp temperature(
duration = 1000, height = 800, offset = 200, startTime = 0) annotation( ...);

equation
connect(temperature.y, check_h_T4.T) annotation( ...);
connect(temperature.y, check_h_T3.T) annotation( ...);

connect(temperature.y, check_h_T2.T) annotation( ...);

connect(temperature.y, check_h_T1.T) annotation( ...);
annotation( ...

__OpenModelica_simulationFlags(lv = "LOG_STATS", outputFormat = "mat", s = "dassl"));

end Check_h_T Test;
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IV. (kT VS5 IILE%E Modelica BA#IC 9 3EH

Modelica.Media.UsersGuide.MediumDefinition.SpecificEnthalpyAsFunction &P

£ U medium OFRIZZEMN(p, ) THEUWEE. kT VY ILE. DML
ZHDModelica BAEE L/'Cn‘f%:@'/\%fa%%o
BaseProperties EFJLOHF DT

| o« logT S i3 b, IREZH p, T
h = T2+ 2 T +Zall_2+? +h1+h2 O)EaEEE_C

i=3
—
h=hT(T) RAEZEH p, T E318E T 3 Modelica BI%
function h_T,;
input Temperature T; EROY —XJ—KI(&
EOo>&ENEZEFELTEI,

output specificEnthalpy h;

algorithm ; _
a, logT T3 by
h:= RT T2+ 2 T + aii—2+? +h1+h2;
endh T

=3
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FluidPort RN K DICERINTULDIEEZE XD

connector FluidPort
replaceable package Medium = Modelica.Media.Interfaces.PartialMedium;
Medium.AbsolutePressure p;
flow Medium.MassFlowRate m_flow;
Medium.SpecificEnthalpy h;
flow Medium.EnthalpyFlowRate H_flow;
Medium.MassFraction Xi[Medium.nXi];
flow Medium.MassFlowRate mX_ flow[Medium.nXi];
end FluidPort

FuidPort M7EIETL | pl=p2
(HMEDIZE) hl=h2

0=m_flowl+ m_flow2
O0=H_flowl+H flow2

medium1 \ medium?2
pl, T1 [ 9 p2, T2
h=h(p1, 1) | |PLND P2N2) S 02 1)

BaseProperties DT BaseProperties M
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(p1, THREZSNiEEZIC(p2, T2) ERHBIBEEEZZ 3.
N2 v )VEBICET S AER

hl=h(pl, T1)
h2 = h(p2, T2)
pl =p2
hl=h2

N

h(p, T) WARENELT

Ex5Nn31558
h1:= h(p1, T1)
p2 :=pl
h2 :=hl
0:=h2—h(p2, T2) »
N
IR TDFIuidPort T
JEREAENZB &

[CRDTT2ZERDBDC &ICTED,

SingleGasNasa

h(p, T) 7 Modelica B@#& LT
BExo5n3d158

hl:=h(pl, T1)
h1:=h(pl, T2)

Modelica DSV XL —9 M
EAEE1BIBMN—ITDDT
FE25|IHME—HIDEHERIT D,

12:=T1

FERELENZ B IE(ITL 0!
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IRIRDFluidPort ¢G(d...

Modelica.Fluid.Interfaces.FluidPort

connector FluidPort
"Interface for quasi one-dimensional fluid flow in a piping network (incompressible or
compressible, one or more phases, one or more substances)"

replaceable package Medium = Modelica.Media.Interfaces.PartialMedium
"Medium model" annotation (choicesAllMatching=true);

flow Medium.MassFlowRate m_flow
"Mass flow rate from the connection point into the component”;
Medium.AbsolutePressure p "Thermodynamic pressure in the connection point";
stream Medium.SpecificEnthalpy h_outflow
"Specific thermodynamic enthalpy close to the connection point if m_flow < 0";
stream Medium.MassFraction Xi_outflow[Medium.nXi]
"Independent mixture mass fractions m_i/m close to the connection point if m_flow < 0";
stream Medium.ExtraProperty C_outflow[Medium.n(]
"Properties c_i/m close to the connection point if m_flow < 0";
end FluidPort;

FluidPort DL T VS ILE (S stream BE U TERINTL\D,

AN medium1 M5 medium 2 ([CAMNDIHFEE. AEIVIEUTOXLSICED,
h_outflowl = h(p1,T1)
inStream(h_outflow2) = h(p2,72) - h_outflowl = h(p1,T1)

pl=p2 h_outflowl = h(p2,T2)
h_outflowl = inStream(h_outflow2)
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5. setState XXX

setState XXX BA¥

HILDANZHREZEHDHSSDTE NS ThermodynamicState
% IR 9 BEEN

A. PartialMedium C(d partial function (algorithm MRKES

- setState pTX(p, T, X) p: E7]

- setState phX(p, h, X) T: B8

- setState psX(p, s, X) h: kT3 ILE

o setState dTX(d, T, X) s: (b OB
d: ZE

X[nX]: EEDX

B. PartialPureSubstances
BENXR XIEUTCHRNZINAEZ RIEHNEAINTL D,

setState_pT(p, T) = setState pTX(p,T,1ill(0,0))
setState_ph(p, h) = setState _phX(p,h,1ill(0,0))
setState_ps(p, s) = setState _psX(p,s,fill(0,0))

setState dT(d, T) = setState dTX(d.T,7il/(0,0))

SingleGasNasa

partial B %=
FO>TCEELTEM
partial B9
T(E7E LM
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B. PartiaPureSubstances @) setState XX O 77JLJdJ X L

setState dT(d,T)D77)LdJ X L

setState_ph(p,h) ®77ILTV X L

algorithm
state := setState dTX(
d,
T,
fill(o, 0));
end setState dT;

algorithm
state := setState_phX(

P,
h

fill(e, 0));

end setState_ph;

setState_ps(p,s) D77V X L

setState dT(d,T) ®7JILTU X L

algorithm
state := setState_psX(
P,
Sy
fil11(0, 0));
end setState_ps;

algorithm
state := setState dTX(
d,
T,
fill(o, 0));
end setState_dT;

SingleGasNasa
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C. SingleGasNASA @ setState_ XXX
setState_pTX(p, T, X) ®77JLTYU X L

algorithm
state := ThermodynamicState(p=p,T=T);
annotation(Inline=true, smoothOrder=2);
end setState_pTX;

setState dTX(d, T, X) ®7JLTY X L

algorithm ‘/,///”///’

state := ThermodynamicState(p=d*data.R*T,T=T);
annotation(Inline=true,smoothOrder=2);
end setState dTX;

_—

ERMADIKESEN
1
= pRT ==RT
p=p -

setState_phX(p, h, X) ®7JLdYU X Ls

ITVIILENS

algorithm —
state := ThermodynamicState(p=p,T=T_h(h));
annotation(Inline=true, smoothOrder=2);

— REZER DR
(FERRAZSTETN)

end setState_phX;

setState_psX(p, s, X) ®77ILTYU X L

ERDEIvROEMNS

algorithm
state := ThermodynamicState(p=p,T=T_ps(p,s));
annotation(Inline=true, smoothOrder=2);

end setState_psX;

mE & R S
(FERRESTETN)
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I.LbI VAL, IV RO SBEEE RS SR

Modelica.Media.ldealGases.Common.SingleGasNasa.T_h

function T_h "Compute temperature from specific enthalpy”
extends Modelica.Icons.Function;
input SpecificEnthalpy h "Specific enthalpy";
output Temperature T "Temperature";

Protected
package Internal <:>
"Solve h(data,T) for T with given h (use only indirectly via temperature_phX)”

extends Modelica.Media.Common.OneNonlLinearEquation;

redeclare record extends f_nonlinear_Data (:) ~ =
"Data to be passed to non-linear function” Ijgjblfb\?’mﬁ
extends Modelica.Media.IdealGases.Common.DataRecord; @;RM%;E:%%H?H*EEE
end f_nonlinear _Data;
redeclare function extends f_nonlinear (:) ‘//////// y h;]"(x)
algorithm -
y := Modelica.Media.IdealGases.Common.Functions.h T( X ¢ ml=
f_nonlinear_data,x); y: TV5ILE

end f_nonlinear;

// Dummy definition has to be added for current Dymola
redeclare function extends solve (:>
end solve;

end Internal;

algorithm
T := Internal.solve(h, 200, 6000, 1.0e5, {1}, data);

end T_h;




Modelica.Media.ldealGases.Common.SingleGasNasa.T_ps

function T_ps "Compute temperature from pressure and specific entropy”
extends Modelica.Icons.Function;
input AbsolutePressure p "Pressure";
input SpecificEntropy s "Specific entropy";
output Temperature T "Temperature";
Protected
package Internal <:>
"Solve h(data,T) for T with given h (use only indirectly via temperature_phX)”

extends Modelica.Media.Common.OneNonLinearEquation; .
ERNEIVROENSEE

& KB IFREHIET

redeclare record extends f_nonlinear_Data (:)
"Data to be passed to non-linear function”

extends Modelica.Media.IdealGases.Common.DataRecord; p
end f_nonlinear_Data; y =s(x,p) =s,_T(x) —R lnp—
0
redeclare function extends f_nonlinear (2) po = reference_p
algorithm
y := Modelica.Media.IdealGases.Common.Functions.s@ T(
f_nonlinear_data,x)- data.R*Modelica.Math.log(p/reference_p);
end f_nonlinear;
N=
// Dummy definition has to be added for current Dymola X ”n[?z
redeclare function extends solve @ y. LY ~OE
end solve;
end Internal
algorithm
T := Internal.solve(s, 200, 6000, p, {1}, data);
end T_ps;
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Media.ldealGases.Common.Functions.sO_T

BT Y kOO R o YmRIA-EOR
1 aq a, 1 1 1
s0_T(T) = R(b, ST +a; logT + T(a, + T(— as + T(— ae +Z a; T))))
a ’ : DataRecord )
=R —ﬁ——+a3 108T+Z “~ Document®=

o alow[i] T < Tiimit b — blow[2] T < Tiimit
“ T \ahighli] T = Ty * 7 |bhigh[2] T = Ty

EETYROCEDWE [J/molK] - 7
sO _T(298.15) (b= EE S 101325 [Pa]

CH4  186.37 186.38 - -

C2H6 229.22 229.60 Vi

CO2  213.786 213.74 i 1001325 [Pa]

H2 130.68 130.68 NV ST, p) = so.T(T) ~ RIn>

H20  188.828 188.83 2 Po

T T T T T T T T 1
0 0 00 50 800 700 0o 00 1000

(b EE (FIEEFE % 0.1 MPa = 100000 Pa BE T [K]
ANEF IV pO=refrerence_p = 101325 Pa & I BcHEVNE D AIREES D,
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BI¥ T_h(h) & T_ps(p,s) DB

@ BAAIEHEE AR EE < EEEZ BN T B2 6.
OneNonLinearEquationZ#k&9 3 O—NJL/Sw T — Internal ZEE 9 B,

<{<function>> T_h <{<function>> T_ps
<<input variable>> h <<input variable>> p : AbsolutePressure
<{<Loutput variable>> T <<input variable>> s :Bpecificn tropy

<<output variable>> T : Temperature

package Internal package Internal
algorithm T = Internal.solve(h,200,6000,1.0e5, { 1},data) algorithm T = Internal.solve(s,200,6000,p,{ 1},data)

1EMDOIERERAENY L/ i (<replaceable>>

|
| |

= : , artial record f_nonlinear_Dat
Yo = fnontinear (X, 0, X, fnonllnear_data) P r_Data |
|
|
|

Ipartial function f_nonlinear
|

OneNonLinearEquat_ic:n___ - IJEBIEAERANEST—IH
(Ld—K)

- FERELEDN
- REIRIEH

<<Lredeclare>> T_ps.Internalf_nonlinear_Data

{<redeclare>> T_h.Internal.f_nonlinear_Data _
<<redeclare>> T_h.Internal.f_nonliner (<redeclare>> T_ps.Internal.f_nonliner
<<redeclare>> T_h.Internal.solve {<redeclare>> T_ps.Internal.solve

{<package>> .T_h.Internal {<package>> T_ps.Internal
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BI¥ T_h(h) & T_ps(p,s) DB
@ B8 f_nonlinear M algorithmX (CIEREZ AR EES T D,
FERRZHIETV Y = fnontinear (6 0, X, fnoniinear data)

{<Lreplaceable partial function>>

OneNonLinearEquation.f_nonlinear
<<Linput>> x : Real
<<Linput>> p = 0.0 : Real
<<Linput>> X[] : Real
<<Linput>> f_nonlinear_data: f_nonlinear_Data
<<Loutput>> vy : Real
WMEETTILI) XLEEETH

T

<<redeclare function>> {<redeclare function>>
T h.Internal.f_nonlinear T_sp.Internal.f_nonlinear
aIgoritP‘Lm algoritbm
= s(x,p) = so(x) —Rlnﬁ
y = h(x) y = yP) = So Do

po = reference_p

SingleGasNasa
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BI¥ T_h(h) & T_ps(p,s) DB

® L Od—F f_nonlinear_Data (C IEHFEAEANMERIT S —INE%E

E=9 3,

frontinear EEBDICHBLT—F DR (LI—R)

{<replaceable partial record>>

OneNonLinearEquation.f_nonlinear_Data

MEALETEHZEEERT D

<{<Lrecord>>

Modelica.Media.ldeal Gases.

Common.DataRecord

AN AN

==

T_h.Internal.f_nonlinear_Data

T_ps.Internal.f_nonlinear_Data

B EFICICESR I BDANDDIC
DataRecordZftz& L CTL\D

SingleGasNasa
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BI¥ T_h(h) & T_ps(p,s) DB

@ fiR%= IR IEEH solve Zif A LU THES I B,
(IRIRD Dymola TIISF=Z—DBEEHNNE)

Xo = solve (}’0» Xmin» Xmax) P> X: fnonlinear_data: xtol)

<{<replaceable function>>

OneNonlLinearEquation.solve

<input>> y_zero : Real

<<input>> x_min : Real

<<input>> x_max : Real

<<input>> p= 0.0 : Real

<<input>> X[] : Real

<<input>> f_nonlinear_data: f_nonlinear_Data

<<Linput>> x_tol = 100*Modelica.Constants.eps

{Loutput>> x_zero

{<protected constant>> x_tol = 100*Modelica.Constant.eps
{<protected constant>> x_eps = 1e-10

algorithm
<{<redeclare function>> <<redeclare function>>
T_h.Internal.solve T_sp.Internal.f_solve
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Modelica.Media.Common.OneNonLinearEquation.solve @77 JLdY X L&
Brent R.P.:Algorithms for Minimization without derivatives. Prentice Hall, 1973, pp. 58-59.

FERELER f(x) = fnonlinear(x) — Y =0,

fa = f(a), fo = f(b), fc = f(c)

(a,fy), (b, f3),(c, ) D\D (x0,0) ZHEEIT D TOTXZEEDIRT,
IHAIARE o = Xmin2 = Xmin — X¢

b = Xmax2 = Xmax T Xe

c=a
Fet ) FO] @) = @f
(xo» 0) _ (x,,0)
0 x CEBUII<IlITES Xo,
X 0 >
a=bb=cc=a X
fa=fwh=ff=/
(c.f) = (@ f) o (b, f)
IR DIRAE o
a,b,c DANBZEITOT. ROLSICHB (a, fa)
KDICT B, (x0,0) (b, fp)
+ B xold b Ec DEICH B 0 .
1ol < £l X
e ald. bEcOHNICHDNa=c &EED @ £)
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INRFIE
c—>b

m =

, tol = 2¢|b| + x¢0;

Im| < tol FT2IS f, = 0 TESUNER ——> x5 =b

IRUTHEWES. UTOLIETTIET (a,f), (b, fi), (¢, f) DBEZED
RU T, INRT S THROEBHEHZIROD TULI<,

@ |e| <tol TR If| < |f, | DIBE

lel

f@] 25380 ~ -

) | /1/ :
: \ x
//7Z;>
| (Cr fc) - (Cl, fa)

@a=cDBEE
f(x)s

wedmm: | T
(b, fp

Ba+chDiBEe
y 2R EHERAER o

\\Vh@L/’

—— 0

. vy i \ x’
/ /I:,;)
(c, 1) (¢, fo) = (a, fa)



AR NRE

GEZ m=t"0 1l
2 fa

p=2ms

q=1-s

m = S = 1i%1
2 ) fal
_Ja T
(:Cl’,t;l (Z - _/i;’ r = ]g(:

FOI (£

// Determine if a bisection is needed
if abs(e) < tol or abs(fa) <= abs(fb) then

e :=m;
d:=e;
else
s := fb/fa;

if a == c then
// linear interpolation

p i= 2*m*s;
q:=1-s5s;
else
// inverse quadratic interpolation
q := fa/fc;
r := fb/fc;

p = s*(2*m*q*(q - r) - (b - a)*(r - 1));
q:=(q - D*(r - D*(s - 1);

end if;

if p > 0 then
q = -q;

else
p = -ps

end if;

s = e;

e :=4d;

if 2*p < 3*m*q - abs(tol*q) and p < abs(0.5*s*q) then
// interpolation successful
d := p/q;

else
// use bi-section
e :=m;
d:=e;

end if;

end if;

p=s(2mq(qg—7)— (b —a)(r — 1))
¢ =@-Dr-D(-1

p _ (a—b)fpfe (c = b)fafp
Q" o= 1) (Fe=fo)(fe = fo)
SOSVI1OEMERAT =0 ELRBEE—BITD
(fe = fo) (i = 1) (fe — f (s = 1)
(fa — fo)(fa — 1) Up = f) U — f0)

(fx - fa)(fx - fb)

d=x—b=(a—b) (ﬁ—fa)(ﬁ—éigb)

SingleGasNasa
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setState_ph(p,h) D7 X ~
TYUBILEHLSEEERDSD

model T_ph_Check

replaceable package Medium = Modelica.Media.IdealGases.SingleGases.CH4;

Medium.ThermodynamicState state;

Modelica.Blocks.Interfaces.Reallnput p annotation( ...);

Modelica.Blocks.Interfaces.Reallnput h annotation( ...); F)
Modelica.Blocks.Interfaces.RealOutput T annotation( ...);

equation T
state = Medium.setState_ph(p, h);
T = state.T;

annotation( ...);
end T_h_Check;

BENS TV ILEEXRDS

model H_pT_Check

replaceable package Medium = Modelica.Media.IdealGases.SingleGases.CH4;

Medium.ThermodynamicState state;

Modelica.Blocks.Interfaces.Reallnput p annotation( ...);

Modelica.Blocks.Interfaces.Reallnput T annotation( ...)E F)
Modelica.Blocks.Interfaces.RealOutput h annotation( ...); h
equation T

state = Medium.setState_pT(p, T);

h = Medium. spec1f1cEntha1py(state),
annotation( ...);
end H T _Check;

SingleGasNasa
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setState_ps(p,s) DX+
FEHEBEANASTIYROEEEXNDS

model S_pT_Check
replaceable package Medium = Modelica.Media.IdealGases.SingleGases.CH4;
Medium.ThermodynamicState state;
Modelica.Blocks.Interfaces.Reallnput p annotation( ...)

Modelica.Blocks.Interfaces.Reallnput T annotation( ..:); P
Modelica.Blocks.Interfaces.RealOutput s annotation( ...); S
equation T

state = Medium.setState_pT(p, T);
s = Medium.specificEntropy(state);

annotation( ...);
end S_pT_Check;

ERNEIYROENSEEZXKDS

model T_ps_Check
replaceable package Medium = Modelica.Media.IdealGases.SingleGases.CH4;
Medium.ThermodynamicState state;

Modelica.Blocks.Interfaces.Reallnput p annotation( ...);

Modelica.Blocks.Interfaces.Reallnput s annotation( ...);

Modelica.Blocks.Interfaces.RealOutput T annotation( ...); P
equation T

state = Medium.setState_ps(p, s); S

T = state.T;

annotation( ...);
end T_ps_Check;

SingleGasNasa
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> A SR TYUBILEHSRE EAETY ROCHSEE

T_ph_check T_ps_check
pressure
pressure \
P T p
p h T -3
h P s
k=101325 T 101325 T S
temperature

\ temperature

BEMASTIVAIILE . .
duration=1000 |f|]1 ?T check daiosioe  ENERENSTI Y AOE
- S_pT_check
200~1000 °C
FEHEREASTIY LOE

= BEMNSTIVAILE
- H_pT_check

"1 S_pT_check

N

ET V5 ILE [J/kg]

LT Y O [J/kg.K]

= TUBILENSEE ] FEHhETVROENSEE
- T_ph_check T_ps_check
B [K] mE [K]
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6. WAME(ERIEN
|. PN ZRIRNEE M= iR I B

A. PartialMedium

« pressure(state)

« temperature(state)
« Jdensity(state)

« specificEnthalpy(state) 5 CEES9JS
« specificlnternalenergy(state) partial function

« specificEntropy(state)

« specificGibbsEnergy(state)

« specificHelmholtzEnergy(state) |
« 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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B. PartialPureSubStance

temperature_ph(p,h) = temperature_phX(p,h,fill(0,0))
temperarure_ps(p,s) = temperature_psX(p,s, fill(0,0))

presure_dT(d,T) = pressure(setState dTX(a,T,fill(0,0))

density_pT(p,T) = density(setState pTX(p, T,1ill(0,0))

density_ph(p,h) = density _phX(p,h,fill(0,0))

density_ps(p,s) = density_psX(p,s, fill(0,0))

specificEnthalpy_dT(d,T) = specificEnthalpy(setState dTX(a,T,fill(0,0))
specificEnthalpy_ps(p,s) = specificEnthalpy _psX(p,s, fill(0,0))
specificEnthalpy_pT(p,T) = specificEnthalpy pTX(p, T,1ill(0,0))
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S

BEEMEAEN) RWBIILFE—

C. SingleGasNasa NDIXOH 5 1 p w=h—pv=h —RT
pressure(state) = statep © v RT

T ~OE
s(T,p) = 5o(T) — Rln—
p, = reference p P0

temperature(state) = state.T
density(state) = state.p/(data.R*state.T
specificEnthalpy(state) =
Modelica.Media.ldealGases.Common.Functigns.h _T(data, state.T)
specificlnternalenergy(state) =
Modelica.Media.ldealGases.Common.Fu
data.R*state.T
specificEntropy(state) =
Modelica.Media.ldealGases.Common.Functions.sO_T(data, state.T)
— data.R*Modelica.Math.log(state.p/reference_p)
specificGibbsEnergy(state) =
Modelica.Media.ldealGases.Common.Functions.h_T(data, state.T) -
state.T*specificEntropy(state)

specificHelmholtzEnergy(state) =
Modelica.Media.ldealGases.Common\Functions.h_t(data, state.T) -
data.R*state.T — state.T*specificEntropy(state)

+IZEEI=RILE— ANUVARIVWYERIRIVFE—
g:h—TS f=u—Ts=h—RT—Ts

tions.h_T(data, state.T) -
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I e

A. PartialMedium
« dynamicViscosity(state)

C. SingleGasNasa
« dynamicViscosity(state)

« dynamicViscosityLowPressure(T,Tc,M,Vc,w,mu,k)

SingleGasNasa.dynamicViscosity(state)

function extends dynamicViscosity "Dynamic viscosity”
algorithm
assert(fluidConstants[1].hasCriticalData,
"Failed to compute dynamicViscosity: For the species ¥
+ mediumName + "¥" no critical data is available.");
assert(fluidConstants[1].hasDipoleMoment,
"Failed to compute dynamicViscosity: For the species ¥
+ mediumName + "¥" no critical data is available.");

ny»

nm»

state.T,
fluidConstants[1].criticalTemperature,
fluidConstants[1].molarMass,
fluidConstants[1].criticalMolarVolume,
fluidConstants[1].acentricFactor,
fluidConstants[1].dipoleMoment);
annotation (smoothOrder=2);
end dynamicViscosity;

—_

eta := Modelica.Media.IdealGases.Common.Functions.dynamicViscosityLowPressure(

EHL I—F
— fluidConstants

DF—5
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Chung, et al. (1984, 1988) MY NEHESE
Bruce E. Poling, John E. Prausnitz, John P. O'Connell, "The Properties of Gases and Liquids" 5th

Ed. Mc Graw Hill.
n: MR [uP] 1P=0.1Pas
F.(MT)Y/? B ENOp=
n = 40785 C(Z/B) T: mfi" [K]
vec0, M: EIVEE [g/mol]

T.: BE5UEE (critical temperature) [K]

be=1- 0'/27?6 @+ 0'\\059035 Hr ++ K V.: BRSR{AHRE (critical volume) [cm3/mol]
L D FOFEIRPEE T X DEREDTHE w: BIDEF (acentric factor)

U, = 131.3L k: L= ILPELESVVEEZEED
" (VT2 MEDIEEE
 HOXTTIIBFE— XV ~ ( special correction for highly polar
(dimensionless dipole moment) substances such as alcohols and acid )
p: BFE— A~ (dipole moment)[D]
2, = [A(T*)7B] + Clexp(—DT*)] + E[exp(—FT™)] /
debye

. KLIEEZERE S (viscosity collision integral)
A =1.16145,B = 0.14874,C = 0.52487,D = 0.77320,E = 2.16178,F = 2.43787

.k T k: Boltzmann &}
"= ET o 1'259376 g: pair-potential energy NE=/IME
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S| A DT

n = Const1_SI F,

M: 1[kg/mol] = 103 [g/mol]
V.: 1[m3/mol] = 10° [cm/mol]

VMT (103)05 g2 n: 1 [uP]=10"7[Pa.s]
2/3 1n6N2/3 '
Vc Q'v (106)2/3 \

Constl SI = 40.785 102> 1072> =10725.1077

U, = Const2_SI

Const2_SI =

SingleGasNasa

(VeT) >

U

131.3 V.: 1[m3/mol] = 10° [cm/mol]

1000.0 «—— (1092 = 1000
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Modelica.Media.ldealGases.Common.Functions.dynamicViscosityLowPressure

function dynamicViscositylLowPressure
"Dynamic viscosity of low pressure gases”
extends Modelica.Icons.Function;
input SI.Temp_K T "Gas temperature”;
input SI.Temp_K Tc "Critical temperature of gas";
input SI.MolarMass M "Molar mass of gas";
input SI.MolarVolume Vc "Critical molar volume of gas";
input Real w "Acentric factor of gas";
input Modelica.Media.Interfaces.Types.DipoleMoment mu
"Dipole moment of gas molecule";
input Real k = 0.0 "Special correction for highly polar substances";
output SI.DynamicViscosity eta "Dynamic viscosity of gas";
Protected
parameter Real Const1_SI=40.785*107(-9.5)
"Constant in formula for eta converted to SI units";
parameter Real Const2_SI=131.3/1000.0
"Constant in formula for mur converted to SI units";
Real mur=Const2_SI*mu/sqrt(Vc*Tc)
"Dimensionless dipole moment of gas molecule";
Real Fc=1 - 0.2756*w + 0.059035*mur™4 + k
"Factor to account for molecular shape and polarities of gas";
Real Tstar "Dimensionless temperature defined by equation below";
Real Ov "Viscosity collision integral for the gas";
algorithm Tstar := 1.2593*T/Tc;
Ov := 1.16145*TstarM(-0.14874) + 0.52487*Modelica.Math.exp(-0.7732*Tstar)
+ 2.16178*Modelica.Math.exp(-2.43787*Tstar);
eta := Const1_SI*Fc*sqrt(M*T)/(Vcn(2/3)*0v);
annotation (smoothOrder=2, ...);
end dynam1cV1sc051tyLowPressure,
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MR [uPa.s]

CH4 O}E=R (101325 Pa)

20

- =+&1E (Chung, et al (1984, 1988)MF53%)

18
--NIST Chemistry WebBook
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1. BYREZE

A. PartialMedium
« thermalConductivity(state)

C. SingleGasNasa

« thermalConductivity(state, method)

« thermalConductivityEstimate(Cp,eta,method,data)
EE5%
Modelica.Media.ldealGAses.Common.Functions.thermalConductivityEstimate
E:I_“Jjéo

SingleGasNasa.thermalConductivity(state)

function extends thermalConductivity — B
"Thermal conductivity of gas” method M7 7 # JLME = 1

// input IdealGases.Common.DataRecord data "Ideal gas data:;////
input Integer method=Functions.methodForThermalConductivity

"1: Eucken Method, 2: Modified Eucken Method";
algorithm assert(fluidConstants[1].hasCriticalData,

"Failed to compute thermalConductivity: For the species ¥"" + mediumName +

"¥" no critical data is available.");

lambda := Modelica.Media.IdealGases.Common.Functions.thermalConductivityEstimate(
specificHeatCapacityCp(state),
dynamicViscosity(state), method=method,data=data);

annotation (smoothOrder=2);

end thermalConductivity;
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Modelica.Media.ldealGases.Common.Functions.
thermalConductivityEstimate(Cp, eta, method, data)

method =1 Eucken Method =N =5
9 _ﬁ'_\;E W —g\/
A= (Cp g4l R) SECEGICTHEINS

4 e
=m CHB3
method = 2 Modified Eucken Method %ﬁ%@gg(zﬁﬁéh5

1.77
A=n(C, —R)( 132+ CJR=10

Cp: HEE [J/kg.K], M: ®IVEE [kg/mol], R: RUKREE [J/kg.K]

0.1 —— /7 —_ \
CH4 OEEEZR MSL Ver.3.2.2 Tldmethod = 2 (C/3F & D
0.09
1.77
A=n(Cp, —R)[ 132+ —
0.07 i D ~1.0
2 oo e Runivarsal .
g -
S o ~. -7 Rynivarsai = Modelica. Constants. R
ﬁ - = 8.3144598 [J/(mol.K)]
&0 {E1FE(Z MSL Ver.3.2.3 milestone
0.03 .
——NIST Chemistry WebBook (REFPROP Version 7) ((—H j t 35 g_o
0.02 - method = 1
——method = 2
0.0 method = 2 (MSL Ver.3.2.2 bug)
O200 250 300 350 400 450 500 550 600
. BE K]
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V. ZEDRM2

A. PartialMedium

« density derp_h(state) }
density_derh_p(state) SingleGasNasa CTIFEFIN/LL) !

« density derp_T(state) NKELIEN
« density derT_p(state) 1 p
« density_derX(state) v RT
dp\ 1
. density_derp_T(state) «—  \dp . RT

. density_derT_p(state) (6 >

« density_derX(state) \

RT2

_><
\_/

6
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V.FIVFOEBEMIVIIE

refState MDIREENSE ] p_downstream DIRRE(CET > ~LOEMIIC
ZILUIZESDHTI VI ILEZEETET B,

A. PartialMedium
« jsentropicEnthalpy(o_downstream, refState)

« isentropicEnthalpy(p_downstream, refState)
« isentropicEnthalpyApproximation(p2, state, exclEnthForm,

refChoice, h_off)
SingleGasNasa.isentropicEnthalpy

function extends isentropicEnthalpy "Return isentropic enthalpy”
input Boolean exclEnthForm=Functions.excludeEnthalpyOfFormation
"If true, enthalpy of formation Hf is not included in specific enthalpy h";
input ReferenceEnthalpy refChoice=Functions.referenceChoice
"Choice of reference enthalpy";
input SpecificEnthalpy h_off=Functions.h_offset

"User defined offset for reference enthalpy, if referenceChoice = UserDefined";

algorithm
h is :=

isentropicEnthalpyApproximation(p_downstream,refState,exclEnthForm,refChoice,h_off);

annotation(Inline=true,smoothOrder=2);
end isentropicEnthalpy;




SingleGasNasa.isentropicEnthalpyApproximation @ 77JLdY X Ln

protected
IsentropicExponent gamma = isentropicExponent(state) "Isentropic exponent”;
algorithm
h_is := Modelica.Media.IdealGases.Common.Functions.h_T(
data,state.T,exclEnthForm,refChoice,h_off) +

gamma/(gamma - 1.0)*state.p/density(state)*((p2/state.p)*((gamma - 1)/gamma) - 1.0);

annotation(Inline=true,smoothOrder=2);end isentropicEnthalpyApproximation; f

(p, v)(Bt (pl, vl)b\t_)%l >/ I\D ng(:lg{bjéo

1 17y 1

LAY e =
P G) = v=uny pr "

S-PRRICKBLUEIT VI ILEDEMWSD
dh =Tds +vdp Uy 4

FIVROEBE ds=0 &bD. dh=vdp=p1—p_7d'p

) ) P1
v rp2 1 1/y y—11P2
Ah:—pl p)/dp:pl [ p)’]
p1 Jp, p1 Iy —1
1 -1 -1 -1
"y (y7 VT)_pl v [0\
= by =P JT a5 -1
p1 ¥ —1 p1y — 1\ \p1
hl's:h‘l‘Ah
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VI ZDHENYIE(E

A. PartialMedium
« specificHeatCapacityCp(state) )
specificHeatCapacityCv(state)
isentropicExponent(state)

velocityOfSound(state) _ CEEJD
isobaricExpansionCoefficient(state) partial function
isothermalCompressibility(state)

molarMass(state)

heatCapacity_cp(state) = spec/ificHeatCapacityCp(state)
heatCapacity_cv(state) = specificHeatCapacityCv(state)
beta(state) = /sobaricExpansionCoefficient(state)
Kappa(state) = /sothermalCompressibility(state)

plandtINumber(state)
\ Prandt! Number (F5 >/ JL#0)
« specificHeatCapacityCp(state) C, n k4R

« specificHeatCapacityCv(state) 12, = n— Cp: EFELLER
« isentropicExponent(state) A BYpExR

« velocityOfSound(state)

» isobaricExpansionCoefficient(state)
« isothermalCompressibility(state)

« molarMass(state)
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specificHeatCapacityCp(state) EELLER

function extends specificHeatCapacityCp
"Return specific heat capacity at constant pressure”

algorithm
cp := Modelica.Media.IdealGases.Common.Functions.cp_T(data, state.T);
annotation(Inline=true, smoothOrder=2);

end specificHeatCapacityCp;

specificHeatCapacityCv(state) ;EFELLEY

function extends specificHeatCapacityCv

"Compute specific heat capacity at constant volume from temperature and gas data”

algorithm
cv := Modelica.Media.IdealGases.Common.Functions.cp_T(
data, state.T) - data.R; 7’(’\7—0)551%3
annotation(Inline=true,smoothOrder=2); Cy = Cp — R

end specificHeatCapacityCv;
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Modelica.Media.ldealGases.Common.Functions.
specificHeatCapacityCp(state)

cp = % (al +T (az +T (a3 +T (a4 + T(as + T(ag + aﬁ))))))

7
=Pz:a-T"‘3 J/kg.K
i=1 l Wik CH4 DOLELER

55
{ alow[i] T < Tyimit -—=1E(E (Nasa Glenn Coefficients)
i = . . .
ahighli T =T 5o . —==NIST Chemistry WebBook
ghli] Limit (REFPROP version 7)

EEER [J/mol.K]

30
200 300 400 500 600

mE [K]
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isentropicExponent(state) I v O —IgH
(BRKUSTIILLEREL)

function extends isentropicExponent "Return isentropic exponent”

algorithm c
gamma := specificHeatCapacityCp(state)/specificHeatCapacityCv(state); % __p
annotation(Inline=true,smoothOrder=2); Cy

end isentropicExponent;

velocityOfSound(state) &

function extends velocityOfSound "Return velocity of sound”
extends Modelica.Icons.Function;

algorithm
a := sqrt(max(0,data.R*state.T*Modelica.Media.IdealGases.Common.Functions.cp_T(
data, state.T)/specificHeatCapacityCv(state)));

annotation(Inline=true, smoothOrder=2);

end velocityOfSound; C
a:JyR = C_pRT
v
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isobaricExpantionCoefficient EERIRIREL

function extends isobaricExpansionCoefficient RT
"Returns overall the isobaric expansion coefficient beta” v =—
algorithm  beta := 1/state.T; p
annotation(Inline=true,smoothOrder=2);
end isobaricExpansionCoefficient;

isothermalCompressibility(state) B EMEE

function extends isothermalCompressibility
"Returns overall the isothermal compressibility factor”
algorithm
kappa := 1.0/state.p; ._.£32i
annotation(Inline=true, smoothOrder=2); v= 17

RT

molarMass EJVEE v\dP/;

end isothermalCompressibility; o RT

function extends molarMass "Return the molar mass of the medium”

algorithm

MM := data.MM;

annotation(Inline=true, smoothOrder=2);
end molarMass;
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VIl setSmoothState

x=0 CAREF/SAZHIIREE state_a, state_b &BSHMHELLIT B,

stateg, x>0 y = setSmoothState(x, state,, statey, Xsmair)
Y= statey, x<0

x (IREFTEENDZE

state, state,
x<0 x>0 _xsnlmll Xsmall
partialMedium SimpleGasNasa T7JIL U X LEEET D,

« setSmoothState(x, state a, state b, x small(min=0))
SingleGasNasa.setSmoothState

function extends setSmoothState
"Return thermodynamic state so that it smoothly approximates: if x > @ then state_a else
state_b”
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));
annotation(Inline=true,smoothOrder=2);
end setSmoothState;
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Modelica.Media.Common.smoothStep
ATy TEHEERBRSH (BN DMMAIEE) (SAIT B,

( Y1 X > Xsmall
Y2, X < —Xsmall
y =< X X 2 Yy —
2= V1 Y1t
-3 + X >x > —x
Xsmall (xsmau> 4 2 small small
\
Xsmall = 0D & % [
1 Y1+
09 —
2

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
Y1 = 0.8, Y2 = 0.2, Xsmau =1
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7. Modelica.Media.Air.DryAirNasa EZI R ZES

within Modelica.Media.Air;
package DryAirNasa "Air: Detailed dry air model as ideal gas (200..6000 K)”
extends Modelica.Icons.MaterialProperty;
extends IdealGases.Common.SingleGasNasa(
mediumName="Air", data=IdealGases.Common.SingleGasesData.Air,
fluidConstants={IdealGases.Common.FluidData.N2});

redeclare function dynamicViscosity E’Z@%’f_\:@*ﬁ’ﬁ$

end dynamicViscosity;

redeclare function thermalConductivity BZIERZE S DR E =R
end thermalConductivity;

annotation (Documentation(info="<html> ...);
end DryAirNasa;

¥R & BUREXRSZ (T SingleGasNasa TESZINZEDOH S
BESTWEIXS5NTL S,
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DryAirNasa.dynamicViscosity ®7JLdY X Ls

5 RZIRTNDERE —

algorithm pii=1,..
eta := le-6*Polynomials_Temp.evaluateWithRange( /// Y Y
{9.7391102886305869E-15,-3.1353724870333906E-11,4.3004876595642225E-08,
-3.8228016291758240E-05,5.0427874367180762E-02,1.7239260139242528E+01},
Cv.to_degC(123.15), YQun

Cv.to_degC(1273.15), Tax
Cv.to_degC(state.T)); T n= ZPJTn Tmin =T < Tinax
annotation (smoothOrder=2, ...);
end dynamicViscosity;
o SBE T,n = 123.15 [K] =-150[°Cl& Ty = 1273.15 [K] =1000 [°C]DRE

G)E’stﬁlnd)*ﬁl"i@’& ®E T [°C] O 5 RZFIENCTEET B,
« FHENIFEINET Do

Source: VDI Waermeatlas, 8th edition
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DryAirNasa.thermalConductivity ®77JLdY X L

5 RZIRTNDRE —

algorithm ,
lambda := Te-3*Polynomials_Temp.evaluateWithRange( x// pit=1..6
{6.5691470817717812E-15,-3.4025961923050509E-11,5.3279284846303157E-08,
-4.5340839289219472E-05,7.6129675309037664E-02,2.4169481088097051E+01},
Cv.to_degC(123.15), T,n

Cv.to_degC(1273.15), Tous ° |
Cv.to_degC(state.T)); A= Z DiT" ), Tin < T < Ty
annotation (smoothOrder=2, ...); =1

end DryAirNasa;

o S8R T, = 123.15 [K] = -150[°C]& Tpar = 1273.15 [K]=1000 [°C]ODRS
NEIRZEIIDBUCERZRE T [°C] O 5 XZBIEINTHBIT B,
o EEHNTIRENET B,

Source: VDI Waermeatlas, 8th edition
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Modelica.Media.Incompressible.TableBased.
Polynomials_Temp.evaluatellithRange

IR INB ENRZIRLL

evaluate(p,u) = pju™’

J=1 <d evaluate(p, u))
Au
u=u

evaluate_der(p,u,Au) = oy

evaluateWithRange

Umin — evaluate_der (P, Umin, Umin — U), U < Umin AN
y =1 Unax + evaluate_der(P, Umax, U — Umax), U > Umax =ia)
evaluate(p,u), Umin < U < Upgy

Polynomials_Temp

Copyright © 2004-2016, Modelica Association and DLR.

This package is free software. It can be redistributed and/or modified under the terms of
the Modelica license, sece the license conditions and the accompanying disclaimer in the
documentation of package Modelica in file "Modelica/package.mo”.
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Polynomials_Temp.evaluate M 77U X L

_(py, j=1 V—XA—REEDEENDIL—T
Vi = pj+yj—1ur j:2,'°',Tl (Cfc{jt(/\éo
evaluate(p,u) = y, RALTEEHDIERDLDICED,

=Pn+ @n-1+ @n-2 + ¢ (3 + (p2 + prww) - Hwwu
= Pn + Pn-1U + Pppu® + -+ p3u" T + pou” Tt + pu

n
j=1

Polynomials_Temp.evaluate_der M 77JLJ) X Ly

dy, = |7 Dpo j=1 Y—20—REEOFERDIL—F
P p Ay J=20m=1 (TS TS,

evaluate_der(p, u, Au) RALTIEEDHDERDEKLSICED,
= dyp-1 - Au

= {pn—l + (an_z + ( ((n —3)ps + ((n—Dp, + (n— Dp, u)u) )u) u} Au
= {Pn-1 *+ 2pppu+ -+ (n—=3)pzu™* + (n — 2)p,u" 3 + (n — Dpu™~*}Au

(d evaluate(p, u)>
= Au
u

B du
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The Engineering ToolBox
https://www.engineeringtoolbox.com/dry-air-properties-d 973.html

THERMOPEDIA
http://thermopedia.com/content/553/
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FEN

SingleGasNasa (3.

« NASA Glenn coefficients (CKDEMEETIL

« Chung, et al. (1984, 1988) (C X B FMERETIU

. (Modified) Eucken method [CKBEUYGEXRET )L

o BRIJIMAELEINEE DR NZRIBEET
ER—XELTEBRIN.

 preferredMediumStates /35 X —75 (C K DIRREZEEIR

« IROBYDYIVIIVENSEBEZKRDDIZODIEHGEHEAZRNYIL/N—
IFEDEEBEE €D,

Licensed by Amane Tanaka under the Modelica License 2

Copyrlght(c) 2018, Amane Tanaka
The purpose of this document is introducing the SingleGasNasa 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/Modelical icense?
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http://www.modelica.org/licenses/ModelicaLicense2

Modelica Standard Library License
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 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.
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