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0. Package Contents

0.1  Zip file for 32-bit MATLAB®

The following zip file is delivered for your computer running a 32-bit version of MATLAB®.

"CD_FluidLAB_LibldGasMix.zip"
Including the following files:

FluidLAB_LibldGasMix_Setup.exe - Installation program for the FluidLAB Add-On
for use in MATLAB®
LibldGasMix.dll - Dynamic Link Library for ideal mixtures of

real fluids for use in MATLAB®
FluidLAB_LibldGasMix_Docu_Eng.pdf - User’s Guide

0.2  Zip file for 64-bit MATLAB®

The following zip file is delivered for your computer running a 64-bit version of MATLAB®.

"CD_FluidLAB_LibldGasMix_x64.zip"
Including the following files and folders:

Files:

Setup.exe - Self-extracting and self-installing program
for FluidLAB

FluidLAB_LibldGasMix_64.msi - Installation program for the FluidLAB Add-On
for use in MATLAB®

LibldGasMix.dll - Dynamic Link Library for ideal mixtures of

real fluids for use in MATLAB®
FluidLAB_LibldGasMix_Docu_Eng.pdf - User’s Guide

Folders:

vcredist x64 - Folder containing the "Microsoft Visual C++
2010 x64 Redistributable Pack"

Windowsinstaller3_1 - Folder containing the "Microsoft Windows

Installer"
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1. Property Functions

1.1 Property Functions for Ideal Gas Mixtures (igmix-Functions)

17

Property Function Name Call from Property or Unit of the value | Details
function Fortran function calculated
a = f(p,t,type, &1... &30 or ) |a_pt_igmix A_PT_IGMIX(P.T, TYPE,COMP(0:30)) Thermal diffusivity m?/s 3/1
T YPE:o1--230 OF ¥---¥30 = C_A_PT_IGMIX (A_P,T,TYPE,COMP(0:30)) of the mixture
Isobaric heat
o CP_PT_IGMIX(P,T,TYPE,COMP(0:30)) ,
¢, = f(p,t,type,&1...830 or yA... cp_pt_igm capacity of the kd/(kg K 3/2
p = f(P.Ltype,c1...cs0 OF y1...y30) | cp_PpLigmix C_CP_PT_IGMIX (CP_P,T,TYPE,COMP(0:30)) e (kg K)
Isochoric heat
. CV_PT_IGMIX(P,T,TYPE,COMP(0:30)) ,
cy = f(p,t.type,&1...E830 or yAa... cv_pt_igm -~ capacity of the kd/(kg K 3/3
v = f(p.tiype.ci...c30 O y1...ys0) | Cv_pLigmix C_CV_PT_IGMIX(CV_P.T.TYPE,COMP(0:30)) oo (kg K)
ETA_T_'GM|X(P,T,TYPE,COMP(O30)) Dynamic Viscosity
= f(p,t,type,&q...830 or ... eta_pt_igmix . Pas=kg/(ms 3/4
7= Ap.LIYPe.&1-- S50 07 y1.--y30) | eta PLIg C_ETA_T_IGMIX(ETA,P,T,TYPE,COMP(0:30)) of the mixture g/ms)
H_PT_IGMIX(P,T, TYPE,COMP(0:30)) Enthalpy of the
h =f(p,t,type,&q...E30 or vA... h_pt_igmix . kJ/k 3/5
(P Ltype.ci-.c30 or y1--y30) | h_PLig C_H_PT_IGMIX(P,T, TYPE,COMP(0:30)) mixture g
(oLype.cr.. e o KAPPA_PT_IGMIX(P,T,TYPE,COMP(0:30)) 'Se”t“’p‘f " e
x=f(p,t,type,&1...830 OF yA ... appa igmix exponent of the
PLIYPE,e1-.-230 OF Y- V30 ppa_pLig C_KAPPA_PT_IGMIX(KAPPAP,T,TYPE,COMP(0:30)) | irre
o LAMBDA_T_IGMIX(P,T,TYPE,COMP(0:30)) Thermal
A =f(p,ttype,&r...830 O yA...w30) lambda_pt_igmix conductivity of the W/(m K) 3/7
C_ LAMBDA_T_IGMIX(LAMBDA,P,T,TYPE,COMP(0:30)) | mivi e
M_IGMIX(TYPE,COMP(0:30)) Molar mass of the
M = f(type,&1...E30 or yA... M_igmix . kg/kmol 3/8
(type,&i...50 O ... ¥30) 9 C_ M_IGMIX(M, TYPE,COMP(0:30)) mixture g
NY_PT_IGMIX(P,T,TYPE,COMP(0:30 i ic viscosi
v=f(p,ttype,&1...830 or yA...w30) ny_pt_igmix - ( ( ) Kinematic viscosity m/s 3/9

C_NY_PT_IGMIX(NY,P, T, TYPE,COMP(0:30))

of the mixture
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Property Function Name Call from Property or Unit of the value | Details
function Fortran function calculated
Backward function:
L P_TS_IGMIX(T,S,TYPE,COMP(0:30)) Mixture pressure
= f(p,t,type,&1...&30 or v ... ts_igm bar 3/10
P =f(p.tiype.&r...c30 OF yi...ys0) | P_ts_igmix C_P_TS_IGMIX(P.T,S, TYPE,COMP(0:30)) from temperature
and entropy
Backward function:
v type.b1.. & ) v am P_TV_IGMIX(T,V,TYPE,COMP(0:30)) ][\"'Xtutre Pressture o 311
p = f(t,v,type,&1...E30 OF w1...y30) | P_tv_igmix _ rom temperature ar
C_ P_TV_IGMIX(P,T,V,TYPE,COMP(0:30)) and specific
volume
- PR_PT_IGMIX(P,T,TYPE,COMP(0:30)) Prandtl number of
= Pr_pt_igmix . 3/12
Pr=f(p.ttype,cr...c30 O y1...y30) | Pr_PLIG C_PR_PT_IGMIX(PR,P,T,TYPE,COMP(0:30)) the mixture
PSI_IGAS_XSI_IGMIX(IGAS,XSI(0:30)) Mole fraction of
. . S _ _AS_ , : the gas igas from
= f(igas, &... si_igas_xsi_igmix . kmol/kmol 3/13
vi = fligas,cs...c30) psl_lgas_xsiig C_ PSI_IGAS_XSI_IGMIX(PSI,IGAS,XSI(0:30)) the mass fractions
of all components
- R i R_IGMIX(TYPE,COMP(0:30)) Spect'f'ctgﬁh kg K) 314
= igmix constant of the
(type,&i...530 Of y1... v30) -9 C_R_IGMIX(R,TYPE,COMP(0:30)) o ture g
o RHO_PT_IGMIX(P,T,COMP(0:30)) Density of the 3
= rho_pt_igmix ; kg/m 3/15
p = Hp.Ltype,c1...&30 OF y1...¥30) P C_ RHO_PT_IGMIX(RHO,P,T,COMP(0:30)) mixture )
= s_pt_igmix . kd/(kg K 3/16
S =f(p.Llype,cr.-c30 0N y1--ys0) | S_PLIG C_S_PT_IGMIX(S,P,T,TYPE,COMP(0:30)) mixture (910
G ( COMP(0:30)) Backward function:
o T_PH_IGMIX(P,H, TYPE,COMP(0: Temperature from
= t_ph_igmix ; °C 317
t = f(p.n.type,&1...c30 Or 1..ys0) | LPNIQ C_ T_PH_IGMIX(T,P,H,TYPE,COMP(0:30)) mixture pressure
and enthalpy
s G S co Backward function:
T _PS_IGMIX(P,S, TYPE,COMP(0:30
t = f(p,s.type,&1...£30 OF p1...y30) | LPS_igmix e ( (0:30) Temperature from °C 3/18

C_T_PS_IGMIX(T,P,S,TYPE,COMP(0:30))

mixture pressure
and entropy
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Property Function Name Call from Property or Unit of the value | Details
function Fortran function calculated
Backward function:
o T_PV_IGMIX(P,V, IGAS) Temperature from .
t =f(p,v,type,&1...&30 or w1...w30) | t_pv_igmix C_T PV IGMIX(T.P.V, IGAS) ;nr:éti:)eegirﬁecssure C 3/19
volume
o= ppe.5r. 0o pr.s0o) | u_pLigm & U PT IOMXUS T, 1089 nermeeol | kg | ano
v =flptitype,ci...c30 Or wi..-ys0) | V_PLigMix \c/::Fi/T__FI’?YIIg(l\(AFl);(T(;/T,;,PTI?’Tc\;(gg,F;(g;?()o:30)) f'h‘éeﬂaf'x(iuvri'“me o m°/kg 3/21
o W_PT_IGMIX(P,T,TYPE,COMP(0:30)) Isentropic speed of
w = f(p,t,type,&1...E30 or yA...w30) | W_pt_igmix C_W_PT_IGMIX(W.P.T.TYPE,COMP(0:30)) Srﬁ;&dr:f the m/s 3/22
Mass fraction of
& = f(igas, ... ya0) xsi_igas_psi_igmix XSLIGAS_PSLIGMIX(IGAS,PSI(0:30)) the gas igas from kg/kg 3/23

C_ XSI_IGAS_PSI_IGMIX(XSI,IGAS,PSI(0:30))

the mole fractions
of all components
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Units
Symbol Name Unit
T Temperature °C
p Total pressure bar
&y .- &30 Mass fractions of the mixture gases ka/kg
WYi... Wag Mole fractions/volume fractions of the mixture gases kmol/kmol
type Input parameter:

type = 1 for the composition as mass fractions &, ... &30

type = 0 for the composition as mole fractions vy, ... ¥30
comp(0:30) for type =1 | Composition as mass fractions &, ... &30 ka/kg
comp(0:30) for type =0 | Composition as mole fractions v, ... w30 kmol/kmol

Reference states:

Types of variables for the function call from the

LibldGasMix DLL:

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker

Property Gases (except steam) Steam All functions Real*8
Pressure 1.01325 bar 0.006112127 bar Variable p, T, v, h,s |Real*8
Temperature [0 °C 0°C Variable comp(1..30) [Real*8
Enthalpy 0 kd/kg 2500.9342 kJ/kg Variable type, i Integer*4
Entropy 0 kJ/(kg K) 9.15591 kJ/(kg K)
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1.2 Property Functions for Single Ideal Gases (igas-Functions)

1/5

Property Function Name Call from Property or Unit of the Details
function Fortran function value
calculated
) ] A _PT_IGAS(P,T,IGAS) o ) 2
a = f(p,t,igas) a_pt _igas Thermal diffusivity of the gas igas m°/s 4/1
C_A_PT_IGAS(AP,T, IGAS)
CP_PT_IGAS(P,T, IGAS)
cp = f(p,tigas) cp_pt_igas C_CP_PT IGAS(CP.P.T, IGAS) Isobaric heat capacity of the gas igas kJ/(kg K) 4/2
CV_PT_IGAS(P,T, IGAS)
cy = f(p,t,igas) cv_pt_igas C_CV_PT IGAS(CV,P.T, IGAS) Isochoric heat capacity of the gas igas kJ/(kg K) 4/3
f(p,t,igas) ta_pt i ETA_T_IGAS(P.T, IGAS) D ic viscosity of th i P kg/(ms) | 4/4
= f(p,t,igas eta igas namic viscosity of the gas igas as= ms
7= 1PLS P19 C_ETA_T_IGAS(ETA,P,T,IGAS) y Y 9as19 g
h = f(p,tigas) h_pt i A_PT_IGAS(P.T, IGAS) Enthalpy of th i kJ/k 4/5
= f(p,t,igas igas nthalpy of the gas igas
P:H1d -9 C_H_PT_IGAS(P,T, IGAS) i g9as 19 g
_ _ KAPPA_PT_IGAS(P,T IGAS) . )
x = f(p,tigas) kappa_pt_igas Isentropic exponent of the gas igas 4/6
C_KAPPA_PT_IGAS(KAPPA,P, T IGAS)
_ ) LAMBDA_T_IGAS(P,T, IGAS) . )
A = f(p,tigas) lambda_pt_igas Thermal conductivity of the gas igas W/(m K) 4/7
C_ LAMBDA_T_IGAS(LAMBDA,P,T, IGAS)
. ) M_IGAS(IGAS) )
M = f(igas) M_igas Molar mass of the gas igas kg/kmol 4/8
C_ M_IGAS(M,IGAS)
NY_PT_IGAS(P,T, IGAS) . o . . 2
v = f(p,t,igas) ny pt_igas Kinematic viscosity of the gas igas m*/s 4/9
C_NY_PT_IGAS(NY,P,T, IGAS)
P TS_IGAS(T.S, IGAS) Backward function:
p = f(t,s,igas) p_ts_igas Pressure from temperature and entropy bar 4/10

C_P_TS_IGAS(P,T,S, IGAS)

of the gas igas
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Property Function Name Call from Property or Unit of the Details
function Fortran function value
calculated
. . P_TV_IGAS(T.V, IGAS) Backward function: -
p = f(t,v,igas) p_tv_igas Pressure from temperature and specific bar 4/11
C_P_TV_IGAS(P,T.V, IGAS) volume of the gas igas
, . PR_PT_IGAS(P,T, IGAS) .
Pr = f(p,t,igas) Pr_pt_igas Prandtl number of the gas igas 4/12
C_PR_PT_IGAS(PR,P,T, IGAS)
R = f(igas) R i R_IGAS(IGAS) Specifi tant of th [ kJ/(kg K) 4/13
= f(igas igas ecific gas constant of the gas igas
9 -9 C_R_IGAS(R,IGAS) peciiic 9 gas g g
ot ho Dt i RHO_PT_IGAS(P,T, IGAS) Densitv of th . Ka/m® 414
= rho igas ensity of the gas igas m
p=Hptigas) -9 C_RHO_PT_IGAS(RHO,P,T IGAS) yorihegasig g
f(p,tigas) t i S_PT_IGAS(P.T, IGAS) Ent f th [ kJ/(kg K) 4/15
s =f(p,tigas s igas ntropy of the gas igas
P-L19 P19 C_S_PT_IGAS(S,P,T, IGAS) py ol The gasig g
. . T_PH_IGAS(P,H, IGAS) Backward function:
t = f(p,h,igas) t_ph_igas Temperature from pressure and °C 4/16
C_T_PH_IGAS(T,P,H IGAS) enthalpy of the gas igas
. . T_PS_|GAS(P,S, |GAS) Backward function:
t =f(p,s,igas) t ps_igas Temperature from pressure and °C 4/17
C_ T_PS_'GAS(T,P,S, |GAS) entropy of the gas igas
T PV IGAS(P.V. IGAS Backward function:
t = f(p,v,igas) t pv_igas _FV_ PV, ) Tempgrature from pressure and °C 4/18
C_T_PV_IGAS(T,P,V, IGAS) specific volume
of the gas igas
f(p,t,igas) t i U_PT_IGAS(P.T, IGAS) Specific int I f th i kJ/k 4/19
u = f(p,t,igas u igas ecific internal energy of the gas igas
P.119 P9 C_U_PT_IGAS(U,P,T, IGAS) P gyetihegasig 9
. . V_PT_IGAS(P,T, IGAS) . . 3
v = f(p,t,igas) v_pt_igas Specific volume of the gas igas m°/kg 4/20
C_V_PT_IGAS(V,P,T, IGAS)
W_PT_IGAS_SI(P,T IGAS '
W = f(p.tigas) W pt igas _PT_ _SI( ) Isentropic speed of sound of the gas /s 4/21

C_W_PT_IGAS(W,P,T, IGAS)

igas

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics,
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Units:

Symbol Name Unit
t Temperature °C
p Mixture pressure | bar
igas Number of the gas

Reference states:

Types of variables for the function call from the

LibldGasMix DLL:

Property

Gases (except steam)

Steam

Pressure

1.01325 bar

0.006112127 bar

Temperature [0 °C

0°C

All functions Real*8
Variable p,t, v, h, s Real*8
Variable igas Integer*4

Enthalpy

0 kJ/kg

2500.9342 kJ/kg

Entropy

0 kJ/(kg K)

9.15591 kJ/(kg K)

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker
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1.3 Range of Validity

Table 1 contains a list of gases which can be calculated in the LibldGasMix property library either
as a component of a gas mixture or as a single gas. The calculation of thermodynamic properties
is carried out by the algorithms stated in Table 1. The algorithms for the transport properties are
listed in Table 2.

The calculation programs are valid in a temperature range
fromt=-73.15 °C to 3026.85 °C.

Exceptions are:
Fluorine  from -73.15 °C to 976.85 °C.

The pressure range is limited to the region where the mixture gases or single gases can be
considered as ideal gases and, thus, ranges

from above 0.01 bar to 10 (30) bar, maximum 50 bar.

For temperatures above 1000 °C and mole fractions of oxygen of more than 10 % (yo >0.1) the
dissociation based on the VDI 4670 for the gases nitrogen, oxygen, carbon dioxide, éteam, and
sulfur dioxide are considered. The dissociation of other gases is not considered. For
programming reasons, the calculation of the correction for the dissociation is already carried out
from 500 °C.

Note:
A calculated value of -9999 indicates that the input values have been entered outside the range
of validity and/or the sum of the values &, ... &3q0r v, ... 3 entered does not result in 1.

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker



Table 1. Gases and algorithms for the calculation of thermodynamic properties.
Gas no. Gas / component Algomhrg]fye?(lezltl:zgraphlc
1 Ar Argon VDI 4670 [21]
2 Ne Neon VDI 4670 [21]
3 N> Nitrogen VDI 4670 [21]
4 0> Oxygen VDI 4670 [21]
5 co m%ir;’)gge VDI 4670 [21]
6 CO» Carbon dioxide VDI 4670 [21]
7 H>0 Steam VDI 4670 [21]
8 SOy Sulfur dioxide VDI 4670 [21]
9 AIR Air (dry) Mixture, VDI 4670 ) [21]
10 AIR-N> Air nitrogen Mixture, VDI 4670 2 [21]
11 NO Nitrogen oxide NASA [40]
12 HoS Sulfur hydrogen Span, Lemmon [41]
13 OH Hydroxyl NASA [40]
14 CH30H Methanol IUPAC [26]
15 CHa Methane IUPAC [27]
16 CoHa Ethylene IUPAC [35]
17 CoHg Ethane Buecker [29]
18 C3Hg Propylene Overhoff [42]
19 C3Hg Propane Lemmon [43]
20 n-C4H10 n-Butane Buecker [29]
21 Iso-C4H1g Iso-Butane Buecker [29]
22 CeHsg Benzene Polt [44]
23 Ho Hydrogen Leachman [45]
24 He Helium GERG [46]
25 NH3 Ammonia Tillner-Roth [38]/ NASA [40] ¥
26 free ¥
27 free ¥
28 free
29 free ¥
30 Fy Fluorine IUPAC [28]

" Composition of dry air

Mole fractions

78.1109 % No

20.9548 % Oy  0.9343 % Ar

Mass fractions

75.5577 % No

23.1535 % Oy  1.2888 % Ar

2)

Composition of air nitrogen

Mole fractions

98.8180 % Ny

1.1820 % Ar

Mass fractions

98.3229 % N,

1.6771 % Ar

1/9

3) Thermodynamic properties of ammonia are calculated on the algorithms corresponding to Tillner-Roth

[38] to a temperature of 1273.15 °C. Equations of NASA [40] are applied when calculating with
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temperatures which are higher than 1273.15 °C. Data are smoothed between temperatures ranging

from 1273.15 °C to 2273.15 °C.

4)

5 . . . . . .
) Due to its chemical properties, fluorine can not be calculated as a mixture gas but as a single gas.

The gas numbers 26 to 29 are currently not defined.

Table 2. Gases and algorithms for the calculation of transport properties.

Algorithm, bibliographic

Gas no. Mixture gas reference
1 Ar Argon Brandt [15]
2 Ne Neon Brandt [15]
3 No Nitrogen Brandt [15]
4 (o)) Oxygen Brandt [15]
5 CcOo Carbon monoxide Brandt [15]
6 CO2 Carbon dioxide Brandt [15]
7 HoO Steam Brandt [15]
8 SOy Sulfur dioxide Brandt [15]
9 AIR Air (dry) Brandt [15]
10 AIR-N2 Air nitrogen Brandt [15]
11 NO Nitrogen oxide Brandt [15]
12 HoS Sulfur hydrogen Brandt [15]
13 OH Hydroxyl -6
14 CH30OH Methanol VB [33]
15 CHg4 Methane Brandt [15]
16 CoHg Ethylene VB [33]
17 CoHg Ethane Brandt [15]
18 CsHg Propylene VB [33]
19 C3Hg Propane Brandt [15]
20 C4H10 n-Butane VB [33]
21 C4H10 Iso-Butane VB [33]
22 CeHs Benzene VB [33]
23 Ho Hydrogen Brandt [15]
24 He Helium Brandt [15]
25 NH3 Ammonia Brandt [15]

26 to 29 free
30 Fo Fluorine VB [33]

1/10

®) Regarding hydroxyl OH, there are no algorithms for the transport properties. The following details are
valid for mixtures with the gas hydroxyl:

Mass fraction up to 10% OH

— when calculating transport properties the
fraction of OH is not considered

Mass fraction from 10% up to 100%

—  Error message -130666
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Additional Information

For further information, please see Table 3 which provides data of critical points (c) and triple
states (t) of the gas i which is determined as follows:

1:t,i > 1:min
and/or
1:c,i > tmin.

This means the triple state and/or the critical point of the gas i is located in the LibldGasMix
range of validity. In the LibldGasMix program, corresponding to Figure 1, for every gas i = igas is
examined whether it is actually existent in the gaseous state at the given temperature t and its
present partial pressure p;.

If the given temperature t is lower than the triple temperature t;; of the gas i, p; < pg,;(t) has to
be fulfilled with psyp i(t) as the sublimation pressure of the gas number i; see Figure 1. If not, the
result is - xx999, for which xx is the number of the gas corresponding to Table 1. This test is
carried out for HoO and CO».

If the given temperature t has a value between the triple temperature and the critical temperature
the relation p; <pgi(t) has to be valid for the partial pressure pj where pg(t) is the saturation
pressure of the gas i; see Figure 1. If not, the result will again be - xx999. The gases to be tested
are listed in Table 3. This table also contains values of the critical and tripel states.

The calculation is carried out in any case at temperatures above the critical temperature.

P A
P max = 50 bar
Critical
Pe,i point (c)
Ps,i(t)
Triple
point (t)
Pti —
Psub,i(t)
Range of validity
P min = 0.01 bar » T
tmin=-73.15°C tt,i tei tmax=3026.85 °C
— A N J
. <y 2 e
t <t ti St <tc >t
J = tc,l
Test: p <P sub,it) Test: p i <ps,i(t) no Test

Figure 1. p-t diagram with the range of validity of a gas i = igas of the
LibldGasMix property library.
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Table 3. Data of triple states (t) and critical points (c).

112

Critical point Triple state
Gas No. i Mixture gas peiin bar[Source] | tci in °C[Source] | ps(t) barFSt(i)Iunrce] [ttS'OL”rceC] Psub(h[Source]
1 Ar Argon
2 Ne Neon
3 N, Nitrogen
4 O, Oxygen
5 CO Carbon monoxide
6 CO, Carbon dioxide 73.773 [36] 30.9782 [36] [36] 5.1795 [36] - 56.558 [36] [36]
7 H.O Steam 220.69 [39] 373.946 [39] [39] 0.00611657 [39] 0.01 [39] [39]
8 SO, Sulfur dioxide 78.8  [20] 15745 [20] [20]
9 AIR Air (dry)
10 AIR-N, Air nitrogen
11 NO Nitrogen oxide
12 H,S Sulfur hydrogen 99.95 [41] [41]
13 OH Hydroxyl
14 CH;OH Methanol 81.035 [26] 239.45 [26] [26]
15 CH, Methane
16 C,H,4 Ethylene 50.418 [35] 9.2 [35] [35]
17 C,Hs Ethane 48.722 [26] 32.172 [26] [29]
18 C3Hs Propylene 46.646 [42] 92.42 [42] [42]
19 CsHs Propane 42.4766 [43] 96.675 [43] [43]
20 n-C4H1g n-Butane 37.96  [26] 151.975 [26] [26]
21 Iso-C4H1o Iso-Butane 36.29 [26] 134.66 [26] [26]
22 CsHs Benzene 48.9794 [44] 289.01 [44] [44]
23 H, Hydrogen
24 He Helium
25 NH; Ammonia 113.3926 [38],[40] | 132.36 [38],[40] | [38],[40]
26 to 29 free - - - -
30 F, | Fluorine”
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2 Application of FluidLAB in MATLAB®

The FluidLAB Add-In has been developed to calculate thermodynamic properties in MATLAB®.
Within FluidLAB, it enables the direct call of functions relating to ideal mixtures of real fluids from
the LibldGasMix property library.

2.1 Installing FIuidLAB

Installing FluidLAB including LibldGasMix for 32-bit MATLAB®

This section describes the installation of FIluidLAB LibldGasMix for a 32-bit version of MATLAB®.
Before you begin, it is best to close any Windows® applications, since Windows® may need to be
rebooted during the installation process.

After you have downloaded and extracted the zip-file "CD_FIluidLAB_LibldGasMix.zip", you will see
the folder

CD_FIluidLAB_LibldGasMix
in your Windows Explorer®, Norton Commander® or another similar program you are using.

Open this folder by double-clicking on it.

In this folder you will see the following files:

FluidLAB_LibldGasMix_Docu_Eng.pdf
FluidLAB_LibldGasMix_Setup.exe
LibldGasMix.dlI.

In order to run the installation of FluidLAB including, the LibldGasMix property library, double-click
on the file

FluidLAB_LibldGasMix_Setup.exe.

Installation may start with a window noting that all Windows® programs should be closed. When
this is the case, the installation can be continued. Click the "Next >" button.

In the following dialog box, "Destination Location", the default path offered automatically for the
installation of FIuidLAB is

C:\Program Files\FluidLAB\LibldGasMix  (for English version of Windows)
C:\Programme\FIuidLAB\LibldGasMix (for German version of Windows).

By clicking the "Browse..." button, you can change the installation directory before installation (see
Figure 2.1).
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¥2 FluidL AB LibIdGasMix

X
Destination Location A
(45

Setup will nstall FluidLAB LibldGazkis in the following folder.
Toingtall into a different folder, chick Browse, and select another folder.

*'ou can chooge not to install FluidLAR LibldG asiix by chcking Cancel to exit Setup.

" Destination Folder

C:\Pragram Files\FluidLAE \LibldG ashi

Wize Installation ‘Wizard®

Figure 2.1: "Destination Location"

If you wish to change directories, click the "Browse..." button and select your desired directory. The
instructions in this documentation refer to the stated default directory. Leave this window by clicking
the "Next >" button.

The dialog window "Start Installation” pops up. Click the "Next >" button to continue installation.
The FluidLAB files are now being copied into the created directory on your hard drive. Click the
"Finish >" button in the following window to complete installation.

The installation program has copied the following files for LibldGasMix into the directory

"C:\Program Files\FluidLAB\LibldGasMix" (for English version of Windows):
"C:\Programme\FluidLAB\LibldGasMix" (for German version of Windows):

advapi32.dll LC.dll
Dformd.dll msvcp60.dll
Dforrt.dll msvcrt.dll
INSTALL.LOG Unwise.exe
LibldGasMix.dll Unwise.ini

Now, you have to overwrite the file "LibldGasMix.dll" in your FluidLAB directory with the file of the
same name provided in your CD folder with FluidLAB.

To do this, open the CD folder in "My Computer" and click on the file "LibldGasMix.dll" in order to
highlight it.
Then click on the "Edit" menu in your Explorer and select "Copy".
Now, open your FluidLAB directory (the standard being
C:\Program Files\FluidLAB\LibldGasMix  (for English version of Windows)
C:\Programme\FluidLAB\LibldGasMix (for German version of Windows))

and insert the file "LibldGasMix.dll" by clicking the "Edit" menu in your Explorer and then select
"Paste". Answer the question whether you want to replace the file by clicking the "Yes" button.
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Now, you have overwritten the file "LibldGasMix.dll" successfully and the property functions are
available in MATLAB®.,

Installing FluidLAB including LibldGasMix for 64-bit MATLAB®

This section describes the installation of FIuidLAB LibldGasMix.

Before you begin, it is best to close any Windows® applications, since Windows® may need to be
rebooted during the installation process.

After you have downloaded and extracted the zip-file "CD_FluidLAB_LibldGasMix_x64.zip", you will
see the folder

CD_FluidLAB_LibldGasMix
in your Windows Explorer®, Norton Commander® or other similar program you are using.

Open this folder by double-clicking on it.

In this folder you will see the following files
FluidLAB_LibldGasMix_Docu_Eng.pdf
FluidLAB_LibldGasMix_64_Setup.msi
LibldGasMix.dll
Setup.exe.

and folders
/vcredist_x64
/Windowslnstaller3_1.

In order to run the installation of FluidLAB including, the LibldGasMix property library, double-click
on the file

Setup.exe.
Installation of FluidLAB LibldGasMix starts with a window noting that the installer will guide you
through the installation process. Click the "Next >" button to continue.

In the following dialog box, "Destination Location", the default path offered automatically for the
installation of FIuidLAB is

C:\Program Files\FluidLAB\LibldGasMix  (for English version of Windows)
C:\Programme\FluidLAB\LibldGasMix (for German version of Windows)

By clicking the "Browse..." button, you can change the installation directory before installation (see
Figure 2.2).
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O

Select Installation Folder

The installer will inztall FluidLAB LibldGashdix B4 to the following folder.

To inztall in thiz folder, click "Mext". To install to a different folder, enter it below or click "Browse".

Folder:
C:MProgram Files\FluidLABALIBI DG azhdist | Browse. . |

| DiskCost. |

Install Fluid LAE LibldGas Mix 64 for yourself, or for anyone who uses this computer:

@ Everyone

Just me

Figure 2.2: "Select Installation Folder"

Finally, click on "Next >" to continue installation; click "Next >" again in the "Confirm Installation"
window which follows in order to start the installation of FluidLAB.

After FluidLAB has been installed, you will see the sentence "FIuidLAB LibldGasMix 64 has been

successfully installed." Confirm this by clicking the "Close" button.

The installation program has copied the following files for LibldGasMix into the directory
"C:\Program Files\FluidLAB\LibldGasMix"  (for English version of Windows)

"C:\Programme\FluidLAB\LibldGasMix" (for German version of Windows):
capt_ico_big.ico libifcoremd.dll
LC.dll libiomp5md.dll
LibldGasMix.dll libmmd.dll

The installation programs for both the 32-bit and the 64-bit Windows version have copied the
following function files for LibldGasMix into the directory

"C:\Program Files\FluidLAB\LibldGasMix" (for English version of Windows)
"C:\Programme\FluidLAB\LibldGasMix" (for German version of Windows):

- MATLAB®-Interface-Program for calculable functions

a_pt_igas Pr_pt_igas
a_pt_igmix Pr_pt_igmix
cp_pt_igas psi_igas_xsi_igmix
cp_pt_igmix R_igas

cv_pt_igas R_igmix
cv_pt_igmix rho_pt_igas
eta_pt_igas rho_pt_igmix
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eta_pt_igmix s_pt_igas
h_pt_igas S_pt_igmix
h_pt_igmix t ph_igas
kappa_pt_igas t_ph_igmix
kappa_pt_igmix t ps_igas
lambda_pt_igas t_ps_igmix
lambda_pt_igmix t pv_igas
M_igas t_pv_igmix
M_igmix u_pt_igas
ny_pt_igas u_pt_igmix
ny_pt_igmix v_pt_igas
p_ts_igas V_pt_igmix
p_ts_igmix w_pt_igas
p_tv_igas w_pt_igmix
p_tv_igmix Xsi_igas_psi_igmix

Please note that there is a difference in the file extension of the function files.

The 32-bit installation program has copied function files with the file extension
.mexw32

and the 64-bit installation program has copied function files with the file extension
.mexw64

into your LibldGasMix directory (the standard being

C:\Program Files\FluidLAB\LibldGasMix (for English version of Windows)
C:\Programme\FluidLAB\LibldGasMix (for German version of Windows).

Now, you have to overwrite the file "LibldGasMix.dll" in your FluidLAB directory with the file of the
same name provided in your CD folder with FluidLAB.
To do this, open the CD folder in "My Computer" and click on the file "LibldGasMix.dll" in order to
highlight it.
Then click on the "Edit" menu in your Explorer and select "Copy".
Now, open your FluidLAB directory (the standard being
C:\Program Files\FluidLAB\LibldGasMix  (for English version of Windows)
C:\Programme\FluidLAB\LibldGasMix (for German version of Windows))
and insert the file "LibldGasMix.dll" by clicking the "Edit" menu in your Explorer and then select
"Paste". Answer the question whether you want to replace the file by clicking the "Yes" button.
Now, you have overwritten the file "LibldGasMix.dll" successfully and the property functions are
available in MATLAB.
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2.2 Licensing the LibldGasMix Property Library

The licensing procedure has to be carried out when a prompt message appears. In this case, you
will see the "License Information" window for LibldGasMix (see figure below).

-License Information

LibldG ashdix

X
Pleaze type in your license keyl ? |

Cancel

Figure 2.3: "License Information" window

Here you will have to type in the license key which you have obtained from the Zittau/Goerlitz
University of Applied Sciences. You can find contact information on the "Content" page of this
User’s Guide or by clicking the yellow question mark in the "License Information" window. Then the
following window will appear:

5I

[u] | order to obtain a license for thiz product
% E pleaze contact us,

Product:  LibldGaskdix

Contact:  ZittaudGoerlitz University of Applied Sciences
Facultly of Mechanical Engineernng
Departrient af Technical Thermodynanics
Prof. Hanz-Joachim Kretzechmar, Dr. Ines Stoecker
Theodor-F.oemer-tllies 16
02763 Zittau, Germany

Phare: +43-3583-61-1346

Fau: +49-3583-61-1846
E mail: hj.kretzechmar(@hz-zigr.de
TAAIAY wisna thermodynamics-zitkaw, de

Figure 2.4: "Help" window

If you do not enter a valid license it is still possible to use MATLAB® by clicking "Cancel" twice. In
this case, the LibldGasMix property library will display the result "-11111111" for every calculation.

The "License Information" window will appear every time you use FluidLAB LibldGasMix until you

enter a license code to complete registration. If you decide not to use FluidLAB LibldGasMix, you
can uninstall the program following the instructions given in section 2.5 of this User's Guide.
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2.3

Now we will calculate, step by step, the specific enthalpy h as a function of pressure of p = 1.45 bar
and a temperature of t = 100 °C for a given mixture composed of the following mass fractions using

Example: Calculation of the Enthalpy h =f(p,t,& ... &)
of the Gas Mixture in an M-File

FluidLAB.

Please carry out the following instructions:

- Start Windows—Eprorer®, Total Commander®, My Computer or another file manager program.
The following description refers to Windows-Explorer

- Your Windows-Explorer should be set to Details for a better view. Click the "Views" button and

select "Details".

- Switch into the program directory of FluidLAB in which you will find the folder "\LibldGasMix"; in

the standard case:

- Create the folder "\LibldGasMix_Example". Click "File", then click "New" in the menu that

"C:\Program Files\FluidLAB" (for English version of Windows)

"C:\Programme\FluidLAB"

(for German version of Windows)

appears and afterwards select "Folder". Name the new folder "\LibldGasMix_Example".

- You will see the following window:

File

Edit iew Fawvorites Tools  Help

=101

| &

OBack - \_) E ?

P Search

[1__ Folders ‘ .:L'» j x n ‘ EI,

Address I“j CHProgram FilesiFluidLag

EE

Folders

® || Mame =

Size | Type

|o

1

@' Deskkap
G Iy Docurents
= j Iy Computer
E = Local Disk ()

| 1a3d0b4SeF4e337906ced0
|5) Daten
| DELL
|2 Dokumente und Einstellungen
|) CRIVERS
| EES
| EES3z
| Iasa
| installs
|2 My Documents
= [ Program Files
| EES3z
= 1 FluidLAB
| Libldasix
|2 LibldGaskix_Example

» | | ELibIdGasMix

-
» .

File Folder
File Folder

1
1

|1 objects selected

| d My Computer

[

Figure 2.5: Folders "LibldGasMix" and "LibldGasMix_Example"

- Switch into the directory "\LibldGasMix" within "\FluidLAB", in the standard being:

"C:\Program Files\FluidLAB\LibldGasMix"
"C:\Programme\FluidLAB\LibldGasMix"

(for English version of Windows)
(for German version of Windows).
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- You will see the following window:

=
File Edit Yiew Faworites Tools  Help | ﬂ'
0 Back - \_/J - ¥ pe T [{_ Folders ‘ = U] x n ‘ El.
Address |r;'| :\Program Files|FluidL AB\LibIdG asMix =] o
Folders x aJ:t_igas.mexWSZ M_igas.mexw32 t_ph_igmix. mexw3z
(B} Desktop N a_pk_igrmix, mexw3z M_igmmix, mexn32 t_ps_igas.mexm3z
(2} M Documents %] advapizz.di %] mswepe0.di b_ps_igiz. mexm 3z
B j My Computer cppt_igas.mexw32 é]msvcrt.dll E_pv_igas.mexwiz
[ e Local Disk (C:) (=) cp_pt _igmix mexw3z [ vy _pt_igas. meswaz £_p_igrmis, rnexin32
) 1a3d0h456F4e53379h60ed0 cv_pt_igas.mexwiz rry_pt_igmie.mesw32 u_pt_igas.mexw32
I5) Daten ov_pk_igmiz, mexw3Z p_ts_igas.mexw3z u_pk_igmix, mexws2
3 DELL %] ofarmd.di p_ts_igmix.mesw32 S unnse ExE
|=) Dokumente und Einstellungen (¥ oforrt.di p_fv_igas. mexw32 B UMWISE. INI
IC2) DRIVERS cha_pt_igas.mesin3z p_tw_igmmix, memw3z v_pt_igas.mexna2
I3 EES b etaJJt_igmiX-mexw32 Pr _pt_igas.mexw3z2 w_pk_igmix, mesan32
I EES32 h_pt_igas.mexw3z Pr_pt_igrmix. mexw32 w_pk_igas.mexmw3iz
=) 1386 hjt_igmix.mewaZ psi_igas_xsi_igmix.mexw32 w_pk_igmizx. mexw32
15 installs 2] usTALL.LOG R_igas.mexw32 xsi_igas_psi_igmix, mexw Sz
15 My Documents kappa_pt_igas.mexw32 R _igrniz s 32
El [23) Program Files E=l| kappa_pt_igmix, mexw32 rhojt_igas.mexw32
I5) EES32 Iambdajt_igas.mexw32 rhojt_igmix.mexw32
=I5 FluidLaE Iambdajt_igmix.mewaZ SJJt_igaS.mewaZ
) LibldGasMix [l S_pt_igmi.fesau32
[C3) LibIdGasMix_Example - (2 LibTdGashix.dI t_ph_igas mexw3Z
‘| | ol
|54 objects (Disk Free space: 2,19 GE) 3.96 MB | J My Computer 2

Figure 2.6: Contents of the folder "LibldGasMix"

You will now have to copy the necessary files following into the directory

"C:\Program Files\FluidLAB\LibldGasMix_Example" (for English version of Windows)
"C:\Programme\FluidLAB\LibldGasMix_Example" (for German version of Windows)

in order to calculate the function h = f(p, t, ya ... wao).
- The following files are necessary:

* "advapi32.dll"

"h_pt_igmix.mexw32"
"LibldGasMix.dll"
"Dformd.dll"
"Dforrt.dll"

"LC.dII"

"msvcp60.dll"

"msvcert.dll"

- Click the file "h_pt_igmix.mexw32", then click "Edit" in the upper menu bar and select "Copy".
- Switch into the directory

"C:\Program Files\FluidLAB\LibldGasMix_Example" (for English version of Windows)
"C:\Programme\FluidLAB\LibldGasMix_Example" (for German version of Windows),
click "Edit" and then "Paste".
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- Repeat these steps in order to copy the other files listed above. You may also select all the
above-named files and then copy them as a group (press the Control button to enable multiple
markings).

- You will see the following window:

[ LibIdGasMix_Example 1Ol x|
Fle Edit ‘Wew Favorites Tools Help | :;'
- W . -~ \I I Ty Ty, .
G Back </ 1]" P Search H_ Folders = E x n ‘ E
Address I_} C:\Program Files\FluidL AB\LibId=asMix_Example j Gn
Folders X || Mame ~ | Size | Type | 1
@' Dieskkop - adwvapi3z.dll 663 KB Application Extension
B My Dacuments — . DFormd.dll 445 KB Application Extension 1
= j My Computer . Dfarrt.dll 440 KE  Application Extension 1
[= = Local Disk (C:) . h_pt_igmix Z0KE MEXW3Z File
[ 1a3d0b456f423379bscedD 132 KB Application Extensian
| Daten 617 KE Application Extension !
@ DELL 404 KE  Application Extension

|5 Dakurente und Einstellungen 335KE  Application Extension

|C2) ORIVERS
[ EES
|) EES32
I 1386
|2 installs
|2 My Documents
= ) Progean Files

|5 EES32

=1 [2) FluidLAB

| LibIdzasMix

I LibIdGasMix_Example _ILI
<] | » <] |

|8 objects selected |2.98 MB | J Iy Compuker

a =

Figure 2.7: Contents of the folder "LibldGasMix_Example"

If you have installed the 64-bit version of LibldGasMix you will now have to copy the following files
into the directory

"C:\Program Files\FluidLAB\LibldGasMix_Example"  (for English version of Windows)
"C:\Programme\FluidLAB\LibldGasMix_Example" (for German version of Windows)

in order to calculate the function h = f(p,t,& ... &o).
- The following six files are needed:

* "h_pt_igmix.mexw64"
«"LC.dII"
"LibldGasMix.dll"
“libifcoremd.dll"
"libiomp5.dlIl"

* "libmmd.dIl."

- Click the file "h_pt_igmix.mexw64", then click "Edit" in the upper menu bar and select "Copy."

- Switch into the directory

"C:\Program Files\FluidLAB\LibldGasMix_Example" (for English version of Windows)
"C:\Programme\FluidLAB\LibldGasMix_Example" (for German version of Windows),

click "Edit" and then "Paste."
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Repeat these steps in order to copy the other files listed above. You may also select all the

above-named files and then copy them as a group (press the Control button to enable multiple
markings).

Start MATLAB® (if you have not started it before).

Click the button marked in the next figure in order to open the folder "\LibldGasMix_Example" in
the "Current Directory" window.

«)JMATLAB 7.3.0 (R2006b) _ o] x|
File Edit Debug Desktop Window Help
O = | 3 B v oo |ﬂ ﬁ B | @ |Current Directorz:lD:'l,Program Files\MATLABR 20060 work, \ LI _I )

Shortcuts [#] How bo Add  [#] What's Mew

Current Directory - ... Files'\MATLABR2006b'\work 2 X Command Window
ot il | B -

Al Files 2 |FiIeType Size |L To get started, sSelect MATLAE Help or Demos from the Help menu.

s |

Figure 2.8: Selection of the working directory

- Find and select the directory

"C:\Program Files\FluidLAB\LibldGasMix_Example" (for English version of Windows)
"C:\Programme\FluidLAB\LibldGasMix_Example" (for German version of Windows)

in the menu that appears (see the following figure).

Select a new direckory

I installs -
[ My Documents
[ ) Program Files
) EES32
= 55 FluidLAB J
[ LibIdGasMix
| ibIdi5asMix_Example
=) Help_Compiler
[ Mathcad

[ MathsSafk -
4 | 3

Falder: I LibIdGasMix_Example

Make Mew Folder | (] 4 I Zancel |

4

Figure 2.9: Choosing the "LibldGasMix_Example" folder

Confirm your selection by clicking the "OK" button.

First of all you need to create an M—File in MATLAB®. Within MATLAB® click "Desktop”, then
select "Editor". Now click on the "New Script" button in the Editor Window.

If the "Editor" window appears as a separate window, you can embed it into MATLAB® by
clicking the insertion arrow (see next figure) in order to obtain a better view.
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‘B Editor - Untitled

File Edit Text Go Cel Tools Debug Deskiop Window Help

(T

D | BB o |G| d a7,

22 @al B I ]

G| 'BBB| -0+ | +Fi x|&#[0

1 |
Figure 2.10: Embedding the "Editor" window
- In the following figure you will see the "Editor — Untitled" window.
+):MATLAE 7.3.0 (R2006b) o =] 53
File Edit Text Go Cell Tools Debug Deskbop Window Help
0O = | & B v o | |~ ﬁ 2] | ? |Current Directorx:lC:'l,Program Files\FluidLAB\LibIdaasMix_Example LI _I
Shortcuts [#] How to Add  [2] What's Mew
Current Directory - ...Mix_Example 2 X ‘B Editor - Untitled ?
BctE B- N H| 2B o« |S(desr BRG]0 x
all Files + IFiIeTyp = | B2 g | - I1,u + | + |1,1 ® | o ot | (1]
2] advapia2. di DLL Fi | I o
L’{ﬂ Dformd. dil DOLL Fi
%] Dfart.dll DLL Fi
il h_pt_igmix. mesxwm32 MEX-fi
L’{ﬂ LC.dll DOLL Fi
L’{ﬂ LibldGashiz.dil DLL Fi
%] mevepED. dil DLL Fi
%) mavert dil DLL Fi
KT — 0
Current Directory | Workspace | Cammandindox 2 X
>>
Command History A X
E""%_—— 11/26/10 12:01 PM —-%
“~h=h_pt_igmix(1.45,100,1,[
K1 I— 2
ﬂgtartl script ln 1 col 1 [CvR 7

Figure 2.11: Embedded "Editor" window

- Now type the following lines in the "Editor - Untitled" window:

Text to be written:

Explanation:

% h ptigmix.m

file name as comment

o\
o

paragraph separation

p=10; % pressure in bar

t=100; % temperature in °C

type=1; % input values in mass fractions

Xsi= [0 0.12 0 0 0 0 0.09 0 0.21 0 0O OO OO
0.3900 0 0.14 0 0 0.050 00000 0]; %

declaration of the
variables pressure,
temperature, art and
composition of mixture

o
o

paragraph separation

h=h pt igmix(p,t,type,Xsi) function call
29 paragraph separation
- Remarks:

+ The program interprets the first line, starting with "%," to be a data description in

"Current Directory."
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» Paragraph separations which are mandatory are marked with "%%". This also serves
to separate the declaration of variables and calculation instructions.

* The words which are printed in green, start with "%" and come after the variables are
comments. They are not in fact absolutely necessary, but they are very helpful for
your overview and to make the process more easily understood.

* Omit the semicolons after the numerical values if you wish to see the result for h and
the input parameters.

The values of the function parameters in their corresponding units stand for:

- First operand: Value for p = 1.45 bar

(Range of validity: p = 0.01 mbar up to 50 bar)
- Second operand: Value for t = 100 °C
(Range of validity: =-73.15°C ... 3026.85 °C)

- Third operand: Value forx = 1
The specification for the third value "Type" depends on whether the entry is made in mass
fractions or mole fractions, i.e., volume fractions.

Type = 1 for the entry of mass fractions &; ... &3,
Type = 0O for the entry of mole fractions, i.e., volume fractions y; ... ya.

- Third operand: Vector for
Xsi=[00.1200000.0900.210000000.390000.14000.050000000]

The values stand for the appropriate gases:

&, forargon Ar =e.g..Enter0
&, for neon Ne = e.g..Enter0.12
&3 for nitrogen N, =e.g..Enter0
&, for oxygen O, =e.g..Enter0

&g for carbon monoxide CO = e.g.: Enter O
&g for carbon dioxide  CO, = e.g.: Enter 0O
&7 for steam H,O = e.g.: Enter 0.09
&g for sulfur dioxide SO, =e.g..Enter0
&y for air - dry = e.g.: Enter 0.21
&1 for atmospheric nitrogen = e.g.: Enter O
&1, for nitrogen oxide NO =e.g.:Enter0
&1, for hydrogen sulfide H,S = e.g.: Enter 0

&13 for hydroxyl OH = e.g.:Enter0
&14 for methanol CH3OH = e.g.: Enter 0
&15 for methane CH; = e.g..Enter0
&1 for ethylene C,H; = e.g.: Enter 0.39
&17 for ethane C,Hs = e.g.: Enter O
&, for propylene CsHs = e.g.: Enter O
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&19 for propane Cz:Hg = e.g.: Enter O

&og for n-butane C4Hip= e.g.: Enter 0.14
&oq for iso-butane C4Hip= e.g.: Enter O
&oo for benzene CsHs = €.g.: Enter O
&o3 for hydrogen H, = e.g.: Enter0.05
&oy for helium He =e.g.:Enter0
&5 for ammonia NH; = e.g.: Enter 0
&og free = e.g.: Enter O
&oq free = e.g.: Enter O
&og free = e.g.. Enter 0
&og free = e.g.: Enter 0
&3g for fluorine F, =we.g.. Enter0

- Save the "M-File" by clicking the "File" button and then click "Save As...."

- The menu "Save file as:" appears; In this menu, the folder name "LibldGasMix_Example" must
be displayed in the "Save in:" field.

- Next to "File name" you have to type "Example_h_pt_igmix.m" and afterwards click the "Save"
button.

Note.

The name of the example file has to be different in comparison to the name of the used function.
For example, the file could not be named "h_pt_igmix.m" in this case. Otherwise an error message
will appear during the calculation.

- You will now see the following window:

+JMATLAB 7.3.0 (R2006b) ~=1ol x|

File Edit Wew Debug Deskiop Window Help

== | é{: ﬁ K3 | T ﬁ @ | @ |Current Directorz:lC:'l,Program Files\FluidLAB\LibIdGasMix_Example LI _I

Shorkcuts [2] How to Add  [2] What's Mew

Current Directory - ...dGasMix_Example 2 X Editor—E:\Program Files',FluidLAB" LibIdGasMix_E le'F le_h_pt_igmix.m.m E 4
BEckE B - D H|iB2Bo o S deass | BR[(B0RE -] 20 x
([#nFies - | Fie Type G (BB IB| -Jio |+ | = Jir | x [o#% |0,
%) advapi32.dil DLL File — F]
. 1 % h pt igmix.m
%] Dform. di DLL File | B _PE_iam
%] Dforrt.dll DLL File = —1.45: - _—
fal h_pt_igmix. mexw32 MEs-file p=i.%55 % pressure in bar
é]LC.dll DLL File 4 — t£=100; % temperature in °C
é]LibIdGasMix dil DLL File 5 — type=1; % input values in mass fractions
%] maveps0. di OLL Fila 6§ - ¥si=[0 0.12 00000.0900.210000000.350000.14 00 0.050
it DILL File 7 %
E:-.:::arru;:uleh;:utig:]rrui:-.:: 8 — h=h pt_igmix(p,t,type,X=si)
9 &%
4 »
| | o i | i
[ Current Directary | Workspace |
C d Wind 2 X
Command History A X
>
E|""%_—— 11/26/10 1Z2:01 PM --%
“~h=h_pt_igmix(1.45,100,1,[0 O.
KT — i
4\ start |

A

Figure 2.12: "Example_h_pt_igmix.m" M-file
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- Within the "Current Directory” window, the file "Example_h_pt_igmix.m" appears.

- Right-click on this file and select "Run” in the menu which appears (see next figure).

MATLAB 7.3.0 (R2006b)

File Edit Wiew Debug Desktop Window Help
0= | 3: E\ KJ | = ﬁ @ | @ |Current Directory:lC:'l,Program Files\FluidLAB\LibIdG asMix_Esxample
Shorkcuts [#] How bo Add  [#] What's New

Current Directory - ...B\LibIdGasMix_Example # X Editor - C:\Program Files'\FluidLAB'LibIdGasMix_Exam
BEck k| B~ D H| iR |3 h e
Al Files £ File Tvpe |Si" = | 5 LE B | - |1,g + | = |1,1 X |

<) advapia2.di DLL File
2] advap

% h pt_digmix.m
%

— p=1.45; % pressure in bar

%] Dformd.dll DLL File
2] Dorrt.di DLL File

kA fila

. = . s . a
EE’_‘,!]h_pt_igmix.mewaE Open t=100; % temperature in “C

i

2] LibldGasMix.dl Yigw Help

type=1; % input wvalues in mass frag
¥si=[0 0.12 00 0O 0 O0.09 0 0.21 00

T W T o b W b e
[ |

L’*ﬂ msvcpB0. dil Open as Text e
%] mevert. dil Open Outside MATLAB = boh pt igmix(p,t,type, Asi)
Impork Data... e
Mew ]
Rename
Delete

Compate Selected Files
Compare &gainst... L3
Source Conttal »

ulls Chrl+3
Copy Chrl+C
Paste Chrl+y
Current Direckory I Worksp —
= FileFiker
Command History Add to Path »
E%-- 11/26/10 1] Refresh
“~h=h_pt_ igmix (1.45,100,1,[0 0.1z C

4

Fommand Window

-

=

Figure 2.13: Running the "Example_h_pt_igmix.m" M-file

- You will see the following window:

«J:MATLAB 7.3.0 (R2006b) =10
File Edit Debug Desktop Window Help
- é{, g 1 o | @ Current Direckory! | CtiProgram FilesiFluidL ABLibIdGasMix_Example | ..
O & ¥ g _Examp
Shorteuts [#] How ko Add  [#] What's Mew
Current Directory - ..Mix_Example # X Editor—E:\ProgramFiles\FluidLﬂ.B\LthdGasMiH_EHample\EHampIe_h_pI:_igmix.m.m E 4
Bcki B - DS H|t R o |G de@s 5 | BRG] 20 x
AllFiles - [Fie Type || 2 [*BeBiB| - o+ | i x [ @,
%] advapia2 dil DOLL Fil A |
= . 1 % h pt igmix.m
3] Dformd.dll DLLFilf(f =0
%) Dforet.dll OLL Fil o —1.45: s in b
B8 Example_h_pt_igmix.m ta-file p_ i '0‘ prESSUre m_ af
ﬂ:‘,!]h pt_igmis. mexw32 WE-A| 4 — t=100; % temperature in °C
GHLE dﬂ DLL Fil 5 — type=1; % input wvalues in mass fractions
@LideaSMi){.d” OLL Fil 6 — ¥gi=[0 0.1Z2 0 000 O0.09 0 0.21 0000000.32 000O0.14 0O°C
2] mevepB0. dil DLLFil | [|7 %
%] rsvert.dl DLLFil||[8 = h=h _pt_igmix(p,t,cy¥pe,Xsi)
] %

A 3
T 2] ! 2]
Current Director I Workspacel

mmand Window x
Command History A X "
E|'"3s_—— 11/26/10 12:01 PM —-% h =

“~h=h_pt_igmix (1.45,100,1, [(
435.528552957419

| | eSS -

4\ §tart| oR|
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Figure 2.14: MATLAB® with calculated result

The result for h appears in the "Command Window".

= The result in our sample calculation here is: "h = 435.528552957419". The corresponding unit is
kJ/kg (see table of the property functions in Chapter 1).

To be able to calculate other values, you have to copy the associated mexw32 files as well
because MATLAB® can only access functions that are located in the "Current Directory” window.
The example calculated can be found in the directory

C:\Program Files\FluidLAB\LibldGasMix_Example" (for English version of Windows)
C:\Programme\FluidLAB\LibldGasMix_Example" (for German version of Windows),

and you may use it as a basis for further calculations using FluidLAB.

2.4  Example: Calculation of the Enthalpy h =f(p,t,&; ... &30) of the
Gas Mixture in the Command Window

- Start MATLAB® (if you have not started it already).

- Click the button marked in the following image in order to open the folder
"\LibldGasMix_Example" in the window "Current Directory.”

<) MATLAB 7.3.0 (R2006b) ]
File Edit Debug Desktop Window Help
== | é{: g K3 | T ﬁ @ | @ |Current D\rectorz:lD:'l,Program FilesiMATLAB\R2006b wark \ LI _I /

Shortcuts [#] How to Add  [2] What's New

Current Directory - ... Files\MATLAB \RZ006b work 2 X | [GninERLRRG LY

BEckl| B-

Al Files 2 |FiIeType |Size |L To get started, select MATLAE Help or Demos from the Help menu.

>>|

Figure 2.15: Selection of the working directory

- Find and select the directory "C:\Program Files\FluidLAB\LibldGasMix_Example"
in the pop-up menu (see the following image).

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker



Select a new directory

I3 installs ﬂ
[ My Documents
El IZ5) Program Files
I3 EES32
El I FluidLAB J
[C0) LibId=asmMix

% _Exarnple
IC3) Help_Compiler
I3 Mathead

[C5) Mathsoft -
4| | >

Folder: I LibIdGasMix_Exampls

[ake Mew Folder | I I Cancel |

A

Figure 2.16: Choosing the "LibldGasMix_Example" folder

- Confirm your selection by clicking the "OK" button.

- You will see the following window:

+):MATLAB 7.3.0 (R2006b) -10lx|
File Edit Debug Deskiop Window Help
0 = | 5 B v« o | T ﬁ E | @ |Current Direckory: | C:iProgram Files)Fluidl B LibIdGasMix_Example d _I

Shorbcuts [#] How ko add  [2] wrhat's Mew

Current Directory - ..ibIldGasMix_Example 2 X | [ ELGRGLELTT

ok W) | B -

all Files + |Fi|e Type To get started, select MATLAE Help or Demos fromw the Help
%] adhvapiz2.d DLL File

%] Dfarmd. dIl DLL File e
%) Dfarrt. dll DLL Fils

Bl b_pt_igrnix. mesxw32 ME3-file

2] Lc.dn DLL File

] LibldGashix.dl DLL File

%) mevepB0. dil DLL File

) mavert.dil DLL Fils

KT [ i

Current Directary | Workspace |

Command History 4

...... $—— 11/26/10 12:01 PM —-%

{If_ntartl VR | ¢
Figure 2.17: MATLAB® with necessary files

Corresponding to the table of the property functions in Chapter 1 you have to call up the function
"h_pt_igmix" as follows for calculating h = f(p,t,igas).
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Write "h=h_pt_igmix(1.45,100,1)" within the "Command Window"
The values of the function parameters in their corresponding units stand for:

- First operand: Value for p = 1.45 bar

(Range of validity: p = 0.01 mbar up to 50 bar)
- Second operand: Value for t = 100 °C
(Range of validity: =-73.15°C ... 3026.85 °C)

- Third operand: Value for x = 1
The specification for the third value "Type" depends on whether the entry is made in mass
fractions or mole fractions, i.e., volume fractions.

Type = 1 for the entry of mass fractions &; ... &3g.

Type = 0 for the entry of mole fractions, i.e., volume fractions y; ... ya.

- Fourth operand: Vector for
Xsi=[00.1200000.0900.210000000.390000.14000.050000000]

The values stand for the appropriate gases:

&, forargon Ar = e.g..Enter0
&, for neon Ne = e.g..Enter0.12
&y for nitrogen N, = e.g..Enter0
&, for oxygen O, =e.qg. Enter0

& for carbon monoxide CO = e.g.: Enter O
& for carbon dioxide  CO, = e.g.: Enter 0O
&, for steam H,O = e.g.: Enter 0.09
&g for sulfur dioxide SO, = e.g.: Enter 0
& forair - dry = e.g.: Enter 0.21
&y for atmospheric nitrogen = e.g.: Enter O
&q4 for nitrogen oxide NO = e.g..Enter0
&y, for hydrogen sulfide H,S = e.g.: Enter O

&13 for hydroxyl OH =-e.g..Enter0
&14 for methanol CH3;0H = e.g.: Enter O
515 for methane CH; = e.g.:Enter0
&1 for ethylene C,H; = e.g.: Enter 0.39
&17 for ethane C;Hs = e.g.. Enter O
&1 for propylene CsHg = e.g.: Enter O
&19 for propane C3Hg = e.g.: Enter O
&og for n-butane CsHi o= e.g.: Enter 0.14
&5y for iso-butane Cs;Hio= e.g.: Enter O
&oo for benzene CsHs = €.g.: Enter O
&o3 for hydrogen H, = e.g.: Enter 0.05
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&oy for helium He —e.g.. Enter0

&o5 for ammonia NH; = e.g.: Enter 0
&og free = e.g.: Enter 0
&7 free = e.g.: Enter 0
&og free = e.g.: Enter O
&og free = e.g.. Enter 0
&3 for fluorine F, =eg..Enter0

- The "Command Window" should now look like shown in Figure 2.18:

- Confirm your entry by pressing the "ENTER" button.

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker



<k MATLAB 7.3.0 (R2006b) == x|

File Edit Debug Desktop Window Help

0O = | cXJ ﬁ ) Cu | =] ﬁ @ | @ |Current Directorz:lC:'l,Program FilesiFluidLAB LibldGasiix_Example d _I

Shaortcuts [#] How to Add  [2] What's Mew

Current Direct... # X | (Wi ERGRAHL LY 7 X
cf )| @~

Al Files + To get started, select MATLAE Help or Demos from the Help menu.

%) advapiaz.dil

.:é]DformddII »» h=h pt icmix(1l.45,100,1,[0 0.12 0000 0.0900.21 0000000.320000.14000.050000000])
%) Dfarrt.dll

[Fa] h_pt_igraixe.mexw3z || B =

[FLe.di

%) LibldGashix.dll 435.528552957419)

%] msvepB0.dil

(%) mavert dil >

Figure 2.18: MATLAB® with calculated result

= In the "Command Window" you will see the result "h = 435.528552957419". The corresponding
unit is kJ/kg (see table of the property functions in Chapter 1).

To be able to calculate other values, you will have to copy the respective mexw32 files into the
working directory as well, because MATLAB® can only access functions that are located in the
"Current Directory" window.

2.5 Removing LibldGasMix in FluidLAB

To remove the property library LibldGasMix from your hard disk drive in Windows®, click "Start" in
the Windows® task bar, select "Settings" and click "Control Panel".

Now double-click on "Add or Remove Programs".

In the list box of the "Add or Remove Programs" window that appears select "FluidLAB
LibldGasMix" by clicking on it and click the "Change/Remove" button.

Click "Automatic” In the following dialog box and then click the "Next >" button.
Confirm the following menu "Perform Uninstall" by clicking the "Finish" button.
Finally, close the "Add or Remove Programs" and "Control Panel" windows.

Now, FluidLAB has been removed.

If there is no library other than LibldGasMix installed, the directory "FluidLAB" will be removed as
well.
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3. Software Documentation for Gas Mixtures
(igmix-Functions)

Thermal Diffusivitya= f(p,t,£,...&,, or v, ...yv,)

Function Name: a_pt_igmix
Subprogram with function value: REAL*8 FUNCTION A_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_A_PT_IGMIX(A,P, T, TYPE, COMP)
For call from DLL: REAL*8 A, P, T, COMP(0:30)
INTEGER*4 TYPE
Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions

COMP(0:30) — Composition in mass fractions &...&3q in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases

(see table of Combustion Gases)

Result:
a_pt_igmix — Thermal diffusivity a in m2 /s

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:
Thermal diffusivity ~ a=—2
P Cp
Results for wrong input values:
Error Meaning
-9999 Input values beyond the range of validity and/or sum of the

values entered &;...&3q OF yy..p3g =1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Specific Isobaric Heat Capacity Cp= f(p,t,&,...&, 0r v ...vw,,)

Function Name:

cp_pt_igmix

Subprogram with function value:  REAL*8 FUNCTION CP_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)

INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_CP_PT_IGMIX(CP,P,T,TYPE, COMP)

For call from DLL:

Input values:
P
T
TYPE

COMP(0:30)

Result:

REAL*8 CP, P, T, COMP(0:30)
INTEGER*4 TYPE

- Total pressure p in bar
- Temperature tin °C

- Type of composition:
TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

— Composition in mass fractions &...&3g in kg/kg at TYPE =1

— Composition in mole fractions ... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases

(see table of Combustion Gases)

cp_pt_igmix — Specific isobaric heat capacity c, in kJ/ (kg K)

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar

Temperature t :

Details:

from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C

Model of the ideal mixture with in consideration of the dissociation effect
above 500 °C and 5 >20.1

Results for wrong input values:

Error Meaning
-9999 input values beyond the range of validity and/or sum of the
values entered &...&3g OF yq..y30 #1
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Specific Isochoric Heat Capacity ¢, = f(p,t,&,...&,, or w, ...y, )

Function Name: cv_pt_igmix

Subprogram with function value: REAL*8 FUNCTION CV_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_CV_PT_IGMIX(CV,P,T, TYPE, COMP)
For call from DLL: REAL*8 CV, P, T, COMP(0:30)
INTEGER*4 TYPE
Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
cv_pt_igmix — Specific isochoric heat capacity c, in kJ/ (kg K)

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
cy =Cp—-R

Results for wrong input values:

Error Meaning

-9999 input values beyond the range of validity and/or sum of the
values entered &...&3g OF yq..w30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Dynamic Viscosity n= f(p,t,&...5,, or v....w,,)

Function Name: eta_pt_igmix
Subprogram with function value: REAL*8 FUNCTION ETA_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_ETA_PT_IGMIX(ETA,P,T,
TYPE, COMP)
For call from DLL: REAL*8 ETA, P, T, COMP(0:30)

INTEGER*4 TYPE

Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1

— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0

COMP(0) - dummy

COMP(1)...COMP(30) mass or mole fractions of the mixture gases

(see table of Combustion Gases)

Result:
eta_pt_igmix — Dynamic viscosity 7 in Pa s

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
Calculation according to Brandt [15] and VB [33] — model of the ideal mixture

Results for wrong input values:

Error Meaning

-9999 input values beyond the range of validity and/or sum of the
values entered &...&3q OF yq..y30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Specific Enthalpy h= f(p,t,{,...&,, 0r v, ...y¥,,)

Function Name: h_pt_igmix

Subprogram with function value: REAL*8 FUNCTION H_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_H_PT_IGMIX(H,P,T,TYPE, COMP)
For call from DLL: REAL*8 H, P, T, COMP(0:30)
INTEGER*4 TYPE
Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
h_pt_igmix — Specific enthalpy h in kJ/kg

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
Model of the ideal mixture in consideration of the dissociation effect

above 500 °C and ;5 >0.1

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3q OF Wq..y30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Isentropic Exponent x = f(p,t,&,...5,, 0r v, ...y,,)

Function Name:

kappa_pt_igmix

Subprogram with function value: REAL*8 FUNCTION KAPPA_PT_IGMIX(P,T,TYPE, COMP)

For call from FORTRAN:

REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION

For call from DLL:

Input values:
P
T

TYPE

COMP(0:30)

Result:

C_KAPPA_PT_IGMIX(KAPPA,P,T, TYPE, COMP)
REAL*8 KAPPA, P, T, COMP(0:30)
INTEGER*4 TYPE

- Total pressure p in bar
- Temperature tin °C

- Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions

— Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ... w3 in kmol/kmol at TYPE =0

COMP(0) - dummy

COMP(1)...COMP(30) mass or mole fractions of the mixture gases

(see table of Combustion Gases)

kappa_pt_igmix — Isentropic exponent x

Range of validity:

Total pressure p :

Temperature t :

Details:

Kappa « =

from 0.01 mbar to 50 bar

from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C

cp—R

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3g OF yq..w30 #1
-xx999 XX...gas number; gas no in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker
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Thermal Conductivity A = f(p,t,§,...&,, 0r v, ...v,,)

Function Name: lambda_pt_igmix
Subprogram with function value: REAL*8 FUNCTION LAMBDA_PT_IGMIX(P,T, TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION
C_LAMBDA_PT_IGMIX(LAMBDA,P,T,TYPE, COMP)
For call from DLL: REAL*8 LAMBDA, P, T, COMP(0:30)

INTEGER*4 TYPE

Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ... w3 in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases

(see table of Combustion Gases)

Result:
lambda_pt_igmix — Thermal conductivity 4in W/(m K)

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Calculation according to Brandt [15] and VB [33] — model of the ideal mixture

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the

values entered &...&3q OF yq..y30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker
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Molar Mass M =

f(&,--- &y OF W, y)

Function Name:

M_igmix

Subprogram with function value: REAL*8 FUNCTION M_IGMIX(TYPE, COMP)
For call from FORTRAN: REAL*8 COMP(0:30)

INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_M_IGMIX(M,TYPE, COMP)

For call from DLL:

Input values:

TYPE

COMP(0:30)

Result:

REAL*8 M, COMP(0:30)
INTEGER*4 TYPE

- Type of composition:
TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

— Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

M_igmix - Molar mass M in kg/kmol

Details:

Calculation according to Blanke

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3q OF yy..y3g =1
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker

3/8



3/9

Kinematic Viscosityv = f(p,t,&,...5,  or v, ...w,,)

Function Name: ny_pt_igmix
Subprogram with function value: REAL*8 FUNCTION NY_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_NY_PT_IGMIX(NY,P,T,TYPE, COMP)
For call from DLL: REAL*8 NY, P, T, COMP(0:30)

INTEGER*4 TYPE

Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases

(see table of Combustion Gases)

Result:
ny_pt_igmix — Kinematic viscosity vin m?/s

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C to0 976.8 °C
Details:

Kinematic viscosity

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &;...&3p OF yy..pzg =1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Backward Function : p= f(t,s,{,...5,, 0r y....yv,,)

Function Name: p_ts_igmix
Subprogram with function value: REAL*8 FUNCTION P_TS_IGMIX(T,S, TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_P_TS_IGMIX(P,T,S,TYPE, COMP)
For call from DLL: REAL*8 P, T,S, COMP(0:30)

INTEGER*4 TYPE

input values:
T - Temperature tin °C
S - Specific entropy s in kJ/(kg K)
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases

(see table of Combustion Gases)

Result:
p_ts_igmix - Total pressure p in bar

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from 200 K to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C to 976.8 °C
Details:

- Model of the ideal mixture in consideration of the dissociation effect
above 500 °C

- Iteration of p from s = f(p, t, comp(0:30))

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3q OF yy..p3g #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker
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Backward Function : p= f(t,v,¢{,...5,  0r y....yv,,)

Function Name: p_tv_igmix
Subprogram with function value: REAL*8 FUNCTION P_TV_IGMIX(T,V, TYPE, COMP)
For call from FORTRAN: REAL*8 T, V, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_P_TV_IGMIX(P,T,V,TYPE, COMP)
For call from DLL: REAL*8 P, P, V, COMP(0:30)

INTEGER*4 TYPE

Input values:
T - Temperature tin °C
\% - Specific volume v in m3/kg
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
p_tv_igmix - Total pressure p in bar

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from 200 K to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C to 976.8 °C
Details:
R-T
p=—-
%

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3q OF yq..y30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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PRANDTL - Number Pr = f(p,t,&,...5,, 0r y....y¥,,)

3/12

Function Name: Pr_pt_igmix
Subprogram with function value: REAL*8 FUNCTION PR_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_PR_PT_IGMIX(PR,P,T,TYPE, COMP)
For call from DLL: REAL*8 PR, P, T, COMP(0:30)

INTEGER*4 TYPE

Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
Pr_pt_igmix — PRANDTL number Pr

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
PRANDTL number

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3g OF yq..y30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker
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Mole Fractiony, = f(i,§,...&;,)

Function Name:

Subprogram with function value:
For call from FORTRAN:

Subprogram with parameter:
For call from DLL:

Input values:

psi_igas_xsi_igmix

REAL*8 FUNCTION PSI_IGAS_XSI_IGMIX(IGAS, COMP)
REAL*8 COMP(0:30)
INTEGER*4 IGAS

INTEGER*4 FUNCTION C_PSI_PT_IGMIX(PSI,IGAS, COMP)
REAL*8 PSI, COMP(0:30)
INTEGER*4 IGAS

IGAS - Gas number

COMP(0:30) - Composition in mole fractions ;... y3g in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass fractions of the mixture gases

Result:

(see table of Combustion Gases)

psi_igas_xsi_igmix — Mole fraction y; in kmol/kmol

Range of validity:

gas number IGAS : from 1 to 30; gas numbers 26 to 29 are not occupied
Details:
Mole fraction: y; = ————-&
i Z(ﬁl ] Ri) i
Results for wrong input values:
Error Meaning
-9999 sum of the values entered &...530 = 1
gas numbers beyond the range of validity
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Specific Gas Constant R= f(£,...§,, or y,...yv,,)

Function Name:

R_igmix

Subprogram with function value: REAL*8 FUNCTION R_IGMIX(TYPE, COMP)
For call from FORTRAN: REAL*8 COMP(0:30)

INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_R_IGMIX(R, TYPE, COMP)

For call from DLL:

Input values:

TYPE

COMP(0:30)

Result:

REAL*8 R, COMP(0:30)
INTEGER*4 TYPE

- Type of composition:
TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

— Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

R _igmix — Specific gas constant R in kJ/(kg K)

Details:
Specific gas constant : R = Z(; ‘R) or R = 1
i >
T R
Results for wrong input values:
Error Meaning
-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3g OF yq..w30 #1
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Density p= f(p,t,§,...&,, 01 W, ...w )

Function Name: rho_pt_igmix

Subprogram with function value: REAL*8 FUNCTION RHO_PT_IGMIX(P,T,TYPE, COMP)

For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_RHO_PT_IGMIX_SI(RHO,P,T,TYPE,
COMP)

For call from DLL: REAL*8 RHO, P, T, COMP(0:30)

INTEGER*4 TYPE

Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3 in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases

(see table of Combustion Gases)

Result:
rho_pt_igmix — Density p in kg/m3

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:
Calculation : p= P
R-T

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3g OF yq..w30 #1

-xx999 XX...gas numbers; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Specific Entropy s= f(p,t,&,...5,, OF . ...w )

Function Name: S_pt_igmix

Subprogram with function value: REAL*8 FUNCTION S_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_S_PT_IGMIX(S,P,T, TYPE, COMP)
For call from DLL: REAL*8 S, P, T, COMP(0:30)
INTEGER*4 TYPE
Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
s_pt_igmix — Specific entropy s in kJ/(kg K)

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
Model of the ideal mixture in consideration of the dissociation effect

above 500 °C and ;5 >0.1

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3g OF yq..30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Backward Function : Temperature t= f(p,h,§ ... ,, or v ...y,)

Function Name: t_ph_igmix
Subprogram with function value: REAL*8 FUNCTION T_PH_IGMIX(P,H, TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_T_PH_IGMIX(T,P,H,TYPE, COMP)
For call from DLL: REAL*8 T, P, H, COMP(0:30)

INTEGER*4 TYPE

Input values:
P - Total pressure p in bar
H - Specific enthalpy h in kJ/kg
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
t_ph_igmix — Temperature t in °C

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
Iteration of t from h = f(p,t,comp(0:30))

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3q OF yy..y3g =1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Backward Function : Temperaturet= f(p,s,§,...&,, or v, ...v,,)

Function Name: t_ps_igmix
Subprogram with function value: REAL*8 FUNCTION T_PS_IGMIX(P,S,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_T_PS_IGMIX(T,P,S,TYPE, COMP)
For call from DLL: REAL*8 T, P, S, COMP(0:30)

INTEGER*4 TYPE

Input values:
P - Total pressure p in bar
S - Specific entropy s in kJ/(kg K)
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
t_ps_igmix — Temperature t in °C

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
Iteration of t from h = f(p,t,comp(0:30))

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3q OF yy..y3g =1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Backward Function : Temperature t= f(p,v,§,...&,, 0r v, ...v,,)

Function Name: t_pv_igmix
Subprogram with function value: REAL*8 FUNCTION T_PV_IGMIX(P,V,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE
Subprogram with parameter: INTEGER*4 FUNCTION C_T_PV_IGMIX(T,P,V,TYPE, COMP)
For call from DLL: REAL*8 T, P, V, COMP(0:30)

INTEGER*4 TYPE

Input values:
P - Total pressure p in bar
\% - Specific volume v in m3/kg
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
t_pv_igmix — Temperature t in °C

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
Iteration of t from h = f(p,t,comp(0:30))

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of
values entered &...&3q OF yy..y3g =1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Specific Internal Energy u= f(p,t,&,...5,, 0r v....yv,,)

Function Name: u_pt_igmix

Subprogram with function value: REAL*8 FUNCTION U_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_U_PT_IGMIX(U,P,T,TYPE, COMP)
For call from DLL: REAL*8 U, P, T, COMP(0:30)
INTEGER*4 TYPE
Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
u_pt_igmix — Specific internal energy u in kJ/kg

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:
Specific internal energy u from u = h(p,t,comp(0:30)) - R * T

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3q OF yq..y30 #1

-Xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Specific Volume v = f(p,t,¢,... ,, 01 w ...y,)

Function Name: v_pt_igmix

Subprogram with function value: REAL*8 FUNCTION V_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_V_PT_IGMIX(V,P,T,TYPE, COMP)
For call from DLL: REAL*8 V, P, T, COMP(0:30)
INTEGER*4 TYPE
Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
v_pt_igmix — Specific volume v in m3/kg

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:
Specific volume v from v = R T
p
Results for wrong input values:
Error Meaning
-9999 Input values beyond the range of validity and/or sum of the

values entered &...&3g OF yq..w30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Isentropic Speed of Sound w= f(p,t,&...5,  or y....y,,)

Function Name: w_pt_igmix

Subprogram with function value: REAL*8 FUNCTION W_PT_IGMIX(P,T,TYPE, COMP)
For call from FORTRAN: REAL*8 P, T, COMP(0:30)
INTEGER*4 TYPE

Subprogram with parameter: INTEGER*4 FUNCTION C_W_PT_IGMIX(W,P,T,TYPE, COMP)
For call from DLL: REAL*8 W, P, T, COMP(0:30)
INTEGER*4 TYPE
Input values:
P - Total pressure p in bar
T - Temperature tin °C
TYPE - Type of composition:

TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions y

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3q in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)

Result:
w_pt_igmix — Isentropic speed of sound w in m/s

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to 976.8 °C

Details:

i Rm-T-Cp
Isentropic speed of sound w from : W= [——
Cp —Rnm

c, = f(p,t,comp(0:30) )

Results for wrong input values:

Error Meaning

-9999 Input values beyond the range of validity and/or sum of the
values entered &...&3g OF yq..y30 #1

-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
-30777 Fluorine (F2) as a mixture gas
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Mass Fraction & = f(i,y,...w,,)

Function Name: XSi_igas_psi_igmix
Subprogram with function value: REAL*8 FUNCTION XSI_IGAS_PSI_IGMIX(IGAS, COMP)
For call from FORTRAN: REAL*8 COMP(0:30)
INTEGER*4 I1GAS
Subprogram with parameter: INTEGER*4 FUNCTION C_XSI_IGAS_PSI_IGMIX(XSI,IGAS,
COMP)
For call from DLL: REAL*8 XSI, COMP(0:30)

INTEGER*4 IGAS

Input values:
IGAS - Gas number

COMP(0:30) — Composition in mass fractions &...&3g in kg/kg at TYPE =1
— Composition in mole fractions ;... w3 in kmol/kmol at TYPE =0
COMP(0) - dummy
COMP(1)...COMP(30) mass or mole fractions of the mixture gases
(see table of Combustion Gases)
TYPE =1 for the composition in mass fractions &
TYPE =0 for the composition in mole fractions

Result:
xsi_igas_psi_igmix — Mass fraction & in kg/kg
Range of validity:

Gas number IGAS: from 1 to 30; gas numbers 26 to 29 are not occupied
Results for wrong input values:

Error Meaning

-9999 sum of the values entered yy...y39 #1 1

gas number beyond the range of validity

-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied

-30777 Fluorine (F2) as a mixture gas
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4. Program Documentation for Single Gases
(igas-Functions)

Thermal Diffusivity a = f(p, t, igas)

Function Name: a_pt_igas
Subprogram with function value: REAL*8 FUNCTION A_PT_IGAS(P,T,IGAS)
For call from FORTRAN: REAL*8 P, T

INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_A_PT_IGAS(A,P,T,IGAS)
For call from DLL: REAL*8 A, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables1 and 2, input in accordance with part 2.3)
Result:

a_pt_igas - Thermal diffusivity a in m*/s

Range of validity:

Total pressure p : from 0.01 mbar to 5MPa
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C to 976.8 °C
Details:
Thermal diffusivity a= A
p-Cy

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; Gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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| Specific Isobaric Heat Capacity ¢, = f(p, t, igas)

Function Name: cp_pt_igas
Subprogram with function value: REAL*8 FUNCTION CP_PT_IGAS(P,T,IGAS)
For call from FORTRAN: REAL*8 P,T

INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_CP_PT_IGAS(CP,P,T,IGAS)
For call from DLL: REAL*8 CP, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with 2.3)
Result:

cp_pt_igas - Specific isobaric heat capacity c, in kJ/(kg K)

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Model of the ideal mixture in consideration of the dissociation effect
above 500 °C and ;5 20.1

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Specific Isochoric Heat Capacity cy = f(p, t, igas)

Function Name: cv_pt_igas
Subprogram with function value: REAL*8 FUNCTION CV_PT_IGAS(P,T,IGAS)
For call from FORTRAN: REAL*8 P,T

INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_CV_PT_IGAS(CV,P,T,IGAS)
For call from DLL: REAL*8 CV, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

cv_pt_igas - Specific isochoric heat capacity c, in kJ/(kg K)

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C to0 976.8 °C
Details:
¢, =¢, R

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Dynamic Viscosity n=f(p, t, igas)

Function Name: eta_pt_igas

Subprogram with function value: REAL*8 FUNCTION ETA_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_ETA_PT _IGAS(ETA,P,T,IGAS)
For call from DLL: REAL*8 ETA, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input according to part 2.3)
Result:

eta_pt_igas - Dynamic viscosity 77in Pa s

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C to0 976.8 °C
Details:

Calculation according to Brandt[15] and VB [33] — model of the ideal mixture.

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Specific Enthalpy h =f(p, t, igas)

Function Name: h_pt_igas

Subprogram with function value: REAL*8 FUNCTION H_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_H_PT_IGAS(H,P,T,IGAS)
For call from DLL: REAL*8 H, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

h_pt_igas - Specific enthalpy h in kd/kg

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Model of the ideal mixture in consideration of the dissociation effect

above 500 °C and ;5 20.1

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Isentropic Exponent k= f(p, t, igas)

Function Name:

kappa_pt_igas

Subprogram with function value: REAL*8 FUNCTION KAPPA PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T

Subprogram with parameter:

For call from DLL:

Input values:
P
T

IGAS

Result:

kappa_pt_igas -

Range of validity:

Total pressure p :

Temperature t :

INTEGER*4 IGAS

REAL*8 KAPPA, P,T
INTEGER*4 IGAS

- Total pressure p in bar

- Temperature tin °C

- Gas number (cf. tables 1 and 2, input in accordance with part 2.3)

Isentropic exponent x

from 0.01 mbar to 50 bar

from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C

Fluorine from -73.15 °C to0 976.8 °C
Details:
Kappa %=
Results for wrong input values:
Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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INTEGER*4 FUNCTION C_KAPPA_PT_IGAS(KAPPA,P,T,IGAS)
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Thermal Conductivity 4 =f(p, t, igas)

Function Name: lambda_pt_igas

Subprogram with function value: REAL*8 FUNCTION LAMBDA_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P, T
INTEGER*4 IGAS

a/7

Subprogram with parameter: INTEGER*4 FUNCTION C_LAMBDA_PT_IGAS(LAMBDA,P,T,IGAS)

For call from DLL: REAL*8 LAMBDA, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

lambda_pt_igas - Thermal conductivity A4 in W/(m K)

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Calculation according to Brandt[15] and VB [33] — model of the ideal mixture.

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Molar Mass M = f(p, t, igas)

Function Name:

M_igas

Subprogram with function value: REAL*8 FUNCTION M_IGAS(IGAS)

For call from FORTRAN:

INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_M_IGAS(M,IGAS)

For call from DLL:

Input values:

REAL*8 M
INTEGER*4 IGAS

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)

Result:

M_igas - Molar mass M in kg/kmol

Details:
Molar mass.

Results for wrong input values:

Error Meaning
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas humbers 26 to 29 not occupied
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Kinematic Viscosity v=f(p, t, igas)

Function Name: ny pt_igas

Subprogram with function value: REAL*8 FUNCTION NY_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_NY_PT_IGAS(NY,P,T,IGAS)
For call from DLL: REAL*8 NY, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

ny_pt_igas - Kinematic viscosity vin m°/s

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C to0 976.8 °C
Details:

Kinematic viscosity.

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Backward Function: Pressure p =f(t, s, igas)

Function Name: p_ts_igas

Subprogram with function value: REAL*8 FUNCTION P_TS_IGAS_SI(T,S,IGAS)
For the call out of FORTRAN REAL*8 T,S
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_P_TS IGAS(P,T,S,IGAS)
For call from DLL: REAL*8 P, T,S
INTEGER*4 IGAS

Input values:

T - Temperature tin °C

S - Specific entropy s in kJ/(kg K)

IGAS - gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

p_ts_igas - Total pressure p in bar

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

- Model of the ideal mixture in consideration of the dissociation effect
above 500 °C

- Iteration of p from s = f(P,T)

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
S7777 Result beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Backward Function: Pressure p =f(t, v, igas)

Function Name: p_tv_igas
Subprogram with function value: REAL*8 FUNCTION P_TV_IGAS(T,V,IGAS)
For call from FORTRAN: REAL*8 T,V

INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_P_TV_IGAS(P,T,V,IGAS)
For call from DLL: REAL*8 P, P,V
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2. input in accordance with part 2.3)
Result:

p_tv_igas - Total pressure p in bar

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:
R-T
p=—-—
v

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
ST777 Result beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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IPRANDTL Number Pr = f(p, t, igas)

Function Name: Pr_pt_igas

Subprogram with function value: REAL*8 FUNCTION PR_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_PR_PT_IGAS(PR,P,T,IGAS)
For call from DLL: REAL*8 PR, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

Pr_pt_igas - PRANDTL number Pr

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

PRANDTL number

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Specific gas constant R = f(p, t, igas)

Function Name: R _igas

Subprogram with function value: REAL*8 FUNCTION R_IGAS(IGAS)

For call from FORTRAN INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_R_IGAS(R,IGAS)
For call from DLL: REAL*8 R

INTEGER*4 IGAS
Input values:

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)

Result:
R_igas - Specific gas constant R in kJ/(kg K)

Details:

Specific gas constant: R = Z(é ‘R) or R =
I

Results for wrong input values:

Error Meaning
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Density p=1(p, t, igas)

Function Name: rho_pt_igas

Subprogram with function value: REAL*8 FUNCTION RHO_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_RHO_PT_IGAS(RHO,P,T,IGAS)

For call from DLL: REAL*8 RHO, P,T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

rho_pt_igas - Density pin kg/m3

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C to0 976.8 °C
Details:

, __b
Calculation: P RT

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Specific Entropy s = f(p, t, igas)

Function Name: s_pt_igas

Subprogram with function value: REAL*8 FUNCTION S_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_S_PT_IGAS(S,P,T,IGAS)
For call from DLL: REAL*8 S, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

s_pt_igas - Specific entropy s in kJ/(kg K)

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Model of the ideal mixture in consideration of the dissociation effect

above 500 °C and ;6 20.1

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Backward Function: Temperature t = f(p, h, igas)

Function Name: t ph_igas

Subprogram with function value: REAL*8 FUNCTION T_PH_IGAS(P,H,IGAS)
For the call out of FORTRAN REAL*8 P,H
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PH_IGAS(T,P,H,IGAS)
For call from DLL: REAL*8 T,P, H
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

H - Specific enthalpy h in kd/kg

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

t ph_igas - Temperaturetin °C

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Iteration of t from h = f(P,T)

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
S7777 Result beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied

4/16

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker



Backward Function: Temperature t = f(p, s, igas)

Function Name: t ps_igas

Subprogram with function value: REAL*8 FUNCTION T_PS_IGAS(P,S,IGAS)
For the call out of FORTRAN REAL*8 P,S
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PS_IGAS(T,P,S,IGAS)
For call from DLL: REAL*8 T,P, S
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

S - Specific entropy s in kJ/(kg K)

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

t ps_igas - Temperature tin °C

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Iteration of t from h =f (P,T)

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
S7777 Result beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Backward Function: Temperature t = f(p, v, igas)

Function Name: t pv_igas
Subprogram with function value: REAL*8 FUNCTION T_PV_IGAS(P,V,IGAS)
For the call out of FORTRAN REAL*8 P,V

INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PV_IGAS(T,P,V,IGAS)
For call from DLL: REAL*8 T,P,V
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

\% - Specific volume v in m¥kg

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

t pv_igas - Temperature tin °C

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Iteration of t from h =f (P,T)

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
S7777 Result beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Specific Internal Energy u = f(p, t, igas)

Function Name: u_pt_igas

Subprogram with function value: REAL*8 FUNCTION U_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_U_PT_IGAS(U,P,T,IGAS)
For call from DLL: REAL*8 U, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

u_pt_igas - Specific internal energy u in kd/kg

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

Specific internal energy u from: u=h(P,T)-R - T

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Specific Volume v =1f(p, t, igas)

Function Name: v_pt_igas

Subprogram with function value: REAL*8 FUNCTION V_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_V_PT_IGAS(V,P,T,IGAS)
For call from DLL: REAL*8 V, P, T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

v_pt_igas - Specific volume v in m3/kg

Range of validity:

Total pressure p: from 0.01 mbar to 50 bar
Temperature t: from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:

T

e R
Specific volume v from: v = -1
p

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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Isentropic Speed of Sound w = f(p, t, igas)

Function Name: w_pt_igas

Subprogram with function value: REAL*8 FUNCTION W_PT_IGAS(P,T,IGAS)
For the call out of FORTRAN REAL*8 P,T
INTEGER*4 IGAS

Subprogram with parameter: INTEGER*4 FUNCTION C_W_PT_IGAS(V,P,T,IGAS)
For call from DLL: REAL*8 W, P,T
INTEGER*4 IGAS

Input values:

P - Total pressure p in bar

T - Temperature tin °C

IGAS - Gas number (cf. tables 1 and 2, input in accordance with part 2.3)
Result:

w_pt_igas - Isentropic speed of sound w in m/s

Range of validity:

Total pressure p : from 0.01 mbar to 50 bar
Temperature t : from -73.15 °C to 3026.85 °C
Exceptions: Propylene from -73.15 °C to 1500 °C
Fluorine from -73.15 °C t0 976.8 °C
Details:
Ry -T-cp
Isentropic speed of sound w out of: W= =0
cp—-Rp,
c, =f(P,T)

Results for wrong input values:

Error Meaning
-9999 Input values beyond the range of validity
-xx999 XX...gas number; gas not in the gaseous state
-xx0999 XX...gas number; gas; gas numbers 26 to 29 not occupied
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5. Property Libraries for Calculating Heat Cycles, Boilers,

Turbines, and Refrigerators

Water and Steam Hu

mid Combustion Gas Mixtures

Humid Air

Library LibIF97

- Industrial Formulation
IAPWS-IF97
(Revision 2007)

- Supplementary Standards

- IAPWS-IF97-S01
- IAPWS-IF97-S03rev
- IAPWS-IF97-S04
- IAPWS-IF97-S05

- IAPWS Revised Advisory
Note No. 3 on
Thermodynamic
Derivatives (2008)

N

CO; - Span and Wagner
H,O - IAPWS-95
- Span et al.

SO,, CO, Ne (scientific equations of Blicker et al.)

Dissociation from VDI 4670 and Poynting effect

Ideal gas mixture calculated from the VDI-

Library LibHuGas

Ideal mixture of the real fluids:

O, - Schmidt and Wagner
Ar - Tegeler et al.

and of the ideal gases:

Consideration of

Library LibIDGAS

Guideline 4670

Library LibHuAir

Ideal mixture of the real fluids:

- Dry air from Lemmon et al.
- Steam and water from IAPWS-IF97

Consideration of

- Dissociation from VDI-Guideline 4670
- Poynting effect

Library LibIdAir

Ideal gas mixture calculated from

VDI-Guideline 4670

Carbon Dioxide

Ideal Gas Mixtures

Seawater

Library LibCO2

Formulation of Span and Wagner
(1994)

Hydrogen
Library LibH2

Formulation of
Leachman et al. (2007)

Helium
Library LibHe

Formulation of McCarty
and Arp (1990)

Methanol
Library LibCH3OH

Formulation of
de Reuck and Craven (1993)

Library LibldGasMix
Ideal mixture of the ideal gases:

Library LibSeaWa

IAPWS Formulation (2008)

and IAPWS-IF97

Refrigerant R134a

Ar SO, Methane
Ne H, Ethane

N> H.S Ethylene
(0]} OH Propylene
CcO He Propane
CO; F Iso-Butane
Air NHs n-Butane
NO Benzene
H,O Methanol

Library LibR134a
Formulation of

Tillner-Roth and Baehr (1994)

Refrigerant NH3

Consideration of
- Dissociation from VDI-Guideline 4670

Library LibNH3

Formulation of Tillner-Roth

(1995)

ORC Working Fluids

Mixtures for Absorption Processes

Refrigerants

Library LibMM
Siloxane CGHlsoSIZ (MM)

Formulation of Colonna et al. (2006)
Library LibD4
Siloxane CgH,40,4Siy, (D4)
Formulation of Colonna et al. (2006)

Library LibD5
Siloxane C4gH3g05Si5 (D5)

Formulation of Colonna et al. (2006)

Library LibMD4M
Siloxane C14H42058|6 (MD4M)

Formulation of Colonna et al. (2006)

Library LibAmWa
Ammonia/Water Mixtures

IAPWS Guideline 2005 of Tillner-Roth
and Friend (1998)

Helmholtz energy formulation for the
mixing term

Library LibWalLi
Water/Lithium Bromide Mixtures

Formulation of Kim and Infante Ferreira
(2004)

Gibbs energy equation for the
mixing term

Library LibPropan

Refrigerant Propane
Formulation of Lemmon
et al. (2008)
Library LibButan_lIso

Refrigerant Iso-Butane
Formulation of Buicker
et al. (2003)
Library LibButan_n

Refrigerant n-Butane

Formulation of Blicker
et al. (2003)
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5/2 Add-In FluidEXL for Excel®

Add-In FIUIdEES for EES®
Using the Add-In FluidEXL a direct call of the property functions

The Add-In FIuidEES allows to call the functions of the property
in Excel®is possible.

libraries within the Engineering Equation Solver EES®.

FluidEXL Graphics Eng

nsert Function Calculate Diagrams =

B Mumber Format 7 - " Math functions " EES library routines
Search for a function: " Fluid properties (+ External routines
Type a brief description of what you want to do and then Go " Solid/liquid properties " |Boiling and Condensation +
dlick Ga _l
? Function Info
Cr select a category: |Water IAPWS-IFQ7 - Adobe PDF
Carban Diwide LbCOZ A o B . DGEN_EOS.DLL
Select a Function: Coamid A Lbbhutir = @ g - g;ﬁ:ﬁiﬁ:ﬂ%ﬂi gﬁDLL N EES Commercial: Cr\Example_SeaWa.EES
id Lias ﬁ - gli:gﬁﬂilalﬁlhw g pu Dle Edit Search Options Calculate Tables Plots Windows Help E
idater TAPWS-IFG7 =
A FILIER DLL
Ammaria LibHH3 [y T £ ‘ B T = I BGEAWA DL ; . =
MH3-HZO LibAmwa ] EICURVEFITID
g?:oxanes_gﬂg)‘%M n E#ﬁgy EEquations Window
iloxanes
Siloxanies_D5 = B0 "Calculating the Specific Enthalpy of Sea \Water"
LD BSHRAE-LibHuBirProp-51 h v
— M ASHRAE-LibHUAirProp-IF — _ u f n
Specific enthalpy bin 15t ater r k‘”kg m3.l'kg B li Fl-1 Pressure pin bar
i i i 3248.23 | 0.1512 )
Function in FluidEX soira] 02285 =100 "Temperature tin °C"
Help an this function s I e 2886.54 | 04404 ®i=012 "Water mass fraction of sea saltin kgfkg"
—— . — — 1] 2589.27 | 1.6298
9| 05 81.32 0.9286 | 7.1290 | 2480.74 | 3.0090 CALL h_pt<i_SeatWater(ntxih)|
10 0.1 45.81 0.8640 | 7.1290 | 225857 | 12.6755

Function in FIUIdEES

Add-In FluidMAT for Mathcad® Add-In FluidLAB for MATLAB®

Using the Add-on FluidMAT, the functions of the The property functions can be called in MATLAB®.

property libraries can be used in Mathcad®. -loix|
Fie Edt Debug Deskiop Window Help
@K‘Atel |Bearbe|ten Angicht  Einfligen Format Extras Symbolk Fenster Hife o ﬁ‘ 4 ® o o “ o 8 ‘ ? ‘IC:\pmgrammE\FlmdLAB\UhHUM'ExamD‘E LI—I &

- F— Shorteuts (2] Howto Add (2] What's News
Dv@EISGRY| R0 | /=80 0]|[wes -] @

Current Directory - C:\Programme ' FluidLAB\LibHuAir_Example 2 % || f&)Editor - C:\Programme'\FluidLAB\LibHuAir_Example'Example_hl.. 2 x

[norma = ][anal ﬂ|1oﬂ\81g\%§%|i£%£\x‘xz‘ EEGIEY DS H| b mBo o |& ] »0ex
# [ [x= [% <2 3 ap 3i| HlE\gene site =] f’G”| Al Flles £ [File Type [ pesarition G HE B -0 +[+f1 | x[2E]|0
] hl_ptew_Hudir mexw32 MEX-Ale T Y ————
Calculation of Specific Enthalpy of Steam from IAPWS-IF97 (8] LibHu#ir. DLL File 2w
) libifcoremdd.dil DLL File A
n ] ibmmd. gl DLL File R 7l ¢ presowes in bar

. . ‘ﬂhhmmdd dil DLL File 4 — t=20; % temperature in °C

p:=10 in bar given pressure %) movc 1 dl DLL Fils 5 - xus10: % absolute humidity in gikg air
Example_hl_pbiwr_Husir m h-fils hi_ptow_HuAir.m @ ad

. . 7 — hl=hl Hud: LT,
t:=300in °C given temperature oy e it

. kg . ) }
Xi=-1 ih = vapor fraction (-1 for single phase region)

kg . sjl  Function in FluidLAB
| Werkspace | Current Directory
bm:= h_ptx_97(p,t,x) call of the function from FluidMAT Command History 2 x
%=-- 20.06.07 10:50 —-%
X kJ . Command Window 2 X
h=305170 in — result for specific enthalpy
kg hl =
. . . 45,5094
Function in FluidMAT

The following thermodynamic and transport properties can be calculated?:
Thermodynamic Properties

« Saturation pressure ps
« Saturation temperature T

Transport Properties

« Dynamic viscosity 7,
« Kinematic viscosity v

« Isobaric heat capacity c,
« Isochoric heat capacity c,

« Density p « Isentropic exponent « Thermal conductivity A

« Specific volume v « Speed of sound w « Prandtl-number Pr

« Enthalpy h « Surface tension o .

« Entropy s Thermodynamic Derivatives «T,v,s (p,h) ep, T (v,h)

«Exergy e « Partial derivatives can be calculated «T,v,h(ps)  «p,T(vu)
ep, T,v (h,s)

For information please contact:

Zittau/Goerlitz University of Applied Sciences
Department of Technical Thermodynamics
Prof. Hans-Joachim Kretzschmar

Dr. Ines Stoecker

Theodor-Koerner-Allee 16
02763 Zittau, Germany

E-mail: hj.kretzschmar@hs-zigr.de

Internet: www.thermodynamics-zittau.de
Phone: +49-3583-61-1846
Fax.: +49-3583-61-1846

1 Not all of these property functions are available in all property libraries listed before.
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7. Satisfied Customers
Date: 10/2011

The following companies and institutions use the property libraries

- FluidEXLS™"s for Excel®

- FluidLAB for MATLAB®

- FluidMAT for Mathcad®

- FIUIdEES for Engineering Equation Solver® EES
- FluidDYM for Dymola® (Modelica)

- FluidVIEW for LabVIEW®:

2011

Lopez, Munguia, Spain 10/2011
University of KwaZulu-Natal, Westville, South Africa 10/2011
Voith, Heidenheim 09/2011
SpgBe Montreal, Canada 09/2011
SPG TECH, Montreuil Cedex, France 09/2011
Voith, Heidenheim-Mergelstetten 09/2011
MTU Aero Engines, Munich 08/2011
MIBRAG, Zeitz 08/2011
RWE, Essen 07/2011
Fels, Elingerode 07/2011
Weihenstephan University of Applied Sciences 07/2011, 09/2011,

10/2011
Forschungszentrum Juelich 07/2011
RWTH Aachen University 07/2011, 08/2011
INNEO Solutions, Ellwangen 06/2011
Caliqua, Basel, Switzerland 06/2011
Technical University of Freiberg 06/2011
Fichtner IT Consulting, Stuttgart 05/2011, 06/2011,

08/2011
Salzgitter Flachstahl, Salzgitter 05/2011
Helbling Beratung & Bauplanung, Zurich, Switzerland 05/2011
INEOS, Cologne 04/2011
Enseleit Consulting Engineers, Siebigerode 04/2011
Witt Consulting Engineers, Stade 03/2011
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Helbling, Zurich, Switzerland 03/2011
MAN Diesel, Copenhagen, Denmark 03/2011
AGO, Kulmbach 03/2011
University of Duisburg 03/2011, 06/2011
CCP, Marburg 03/2011
BASF, Ludwigshafen 02/2011
ALSTOM Power, Baden, Switzerland 02/2011
Universitat der Bundeswehr, Munich 02/2011
Calorifer, Elgg, Switzerland 01/2011
STRABAG, Vienna, Austria 01/2011
TUEV Sued, Munich 01/2011
ILK Dresden 01/2011
Technical University of Dresden 01/2011, 05/2011,

06/2011, 08/2011

2010

Umweltinstitut Neumarkt 12/2010
YIT Austria, Vienna, Austria 12/2010
MCI Innsbruck, Austria 12/2010
University of Stuttgart 12/2010
HS Cooler, Wittenburg 12/2010
Visteon, Novi Jicin, Czech Republic 12/2010
CompuWave, Brunntal 12/2010
Stadtwerke Leipzig 12/2010
MCI Innsbruck, Austria 12/2010
EVONIK Energy Services, Zwingenberg 12/2010
Caliqua, Basel, Switzerland 11/2010
Shanghai New Energy Resources Science & Technology, China 11/2010
Energieversorgung Halle 11/2010
Hochschule fir Technik Stuttgart, University of Applied Sciences 11/2010
Steinmueller, Berlin 11/2010
Amberg-Weiden University of Applied Sciences 11/2010
AREVA NP, Erlangen 10/2010
MAN Diesel, Augsburg 10/2010
KRONES, Neutraubling 10/2010
Vaillant, Remscheid 10/2010
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PC Ware, Leipzig 10/2010
Schubert Consulting Engineers, Weilienberg 10/2010
Fraunhofer Institut UMSICHT, Oberhausen 10/2010
Behringer Consulting Engineers, Tagmersheim 09/2010
Saacke, Bremen 09/2010
WEBASTO, Neubrandenburg 09/2010
Concordia University, Montreal, Canada 09/2010
Compainia Eléctrica de Sochagota, Bogota, Colombia 08/2010
Hannover University of Applied Sciences 08/2010
ERGION, Mannheim 07/2010
Fichtner IT Consulting, Stuttgart 07/2010
TF Design, Matieland, South Africa 07/2010
MCE, Berlin 07/2010, 12/2010
IPM, Zittau/Goerlitz University of Applied Sciences 06/2010
TUEV Sued, Dresden 06/2010
RWE IT, Essen 06/2010
Glen Dimplex, Kulmbach 05/2010, 07/2010

10/2010
Hot Rock, Karlsruhe 05/2010
Darmstadt University of Applied Sciences 05/2010
Voith, Heidenheim 04/2010
CombTec, Zittau 04/2010
University of Glasgow, Great Britain 04/2010
Universitaet der Bundeswehr, Munich 04/2010
Technical University of Hamburg-Harburg 04/2010
Vattenfall Europe, Berlin 04/2010
HUBER Consulting Engineers, Berching 04/2010
VER, Dresden 04/2010
CCP, Marburg 03/2010
Offenburg University of Applied Sciences 03/2010
Technical University of Berlin 03/2010
NIST Boulder CO, USA 03/2010
Technical University of Dresden 02/2010
Siemens Energy, Nuremberg 02/2010
Augsburg University of Applied Sciences 02/2010
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ALSTOM Power, Baden, Switzerland 02/2010, 05/2010
MIT Massachusetts Institute of Technology Cambridge MA, USA 02/2010
Wieland Werke, Ulm 01/2010
Siemens Energy, Goerlitz 01/2010, 12/2010
Technical University of Freiberg 01/2010
ILK, Dresden 01/2010, 12/2010
Fischer-Uhrig Consulting Engineers, Berlin 01/2010
2009

ALSTOM Power, Baden, Schweiz 01/2009, 03/20009,

05/2009
Nordostschweizerische Kraftwerke AG, Doettingen, Switzerland 02/2009
RWE, Neurath 02/2009
Brandenburg University of Technology, Cottbus 02/2009
Hamburg University of Applied Sciences 02/2009
Kehrein, Moers 03/2009
EPP Software, Marburg 03/2009
Bernd Munstermann, Telgte 03/2009
Suedzucker, Zeitz 03/2009
CPP, Marburg 03/2009
Gelsenkirchen University of Applied Sciences 04/2009
Regensburg University of Applied Sciences 05/2009
Gatley & Associates, Atlanta, USA 05/2009
BOSCH, Stuttgart 06/2009, 07/2009
Dr. Nickolay, Consulting Engineers, Gommersheim 06/2009
Ferrostal Power, Saarlouis 06/2009
BHR Bilfinger, Essen 06/2009
Intraserv, Wiesbaden 06/2009
Lausitz University of Applied Sciences, Senftenberg 06/2009
Nuernberg University of Applied Sciences 06/2009
Technical University of Berlin 06/2009
Fraunhofer Institut UMSICHT, Oberhausen 07/2009
Bischoff, Aurich 07/2009
Fichtner IT Consulting, Stuttgart 07/2009
Techsoft, Linz, Austria 08/2009
DLR, Stuttgart 08/2009
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Wienstrom, Vienna, Austria
RWTH Aachen University
Vattenfall, Hamburg

AIC, Chemnitz

Midiplan, Bietigheim-Bissingen
Institute of Air Handling and Refrigeration ILK, Dresden
FZD, Rossendorf

Techgroup, Ratingen

Robert Sack, Heidelberg

EC, Heidelberg

MCI, Innsbruck, Austria
Saacke, Bremen

ENERKO, Aldenhoven

2008
Pink, Langenwang
Fischer-Uhrig, Berlin
University of Karlsruhe
MAAG, Kuesnacht, Switzerland
M&M Turbine Technology, Bielefeld
Lentjes, Ratingen

Siemens Power Generation, Goerlitz

Evonik, Zwingenberg (general EBSILON program license)

WEBASTO, Neubrandenburg
CFC Solutions, Munich

RWE IT, Essen

Rerum Cognitio, Zwickau
ARUP, Berlin

Research Center, Karlsruhe
AWECO, Neukirch

Technical University of Dresden,
Professorship of Building Services

Technical University of Cottbus,
Chair in Power Plant Engineering

Ingersoll-Rand, Unicov, Czech Republic
Technip Benelux BV, Zoetermeer, Netherlands

Fennovoima Oy, Helsinki, Finland

04/2008,

07/2008,
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08/2009
09/2009
10/2009
10/2009
11/2009
11/2009
11/2009
11/2009
11/2009
11/2009
12/2009
12/2009
12/2009

01/2008
01/2008
01/2008
02/2008
02/2008
03/2008
04/2008
04/2008
04/2008
04/2008
04/2008
05/2008
05/2008
07/2008
07/2008
07/2008

10/2008

08/2008
08/2008
08/2008

Zittau/Goerlitz University of Applied Sciences, Department of Technical Thermodynamics, Professor H.-J. Kretzschmar, Dr. |. Stoecker



716

Fichtner Consulting & IT, Stuttgart 09/2008
PEU, Espenhain 09/2008
Poyry, Dresden 09/2008
WINGAS, Kassel 09/2008
TUEV Sued, Dresden 10/2008
Technical University of Dresden, 10/2008, 11/2008
Professorship of Thermic Energy Machines and Plants

AWTEC, Zurich, Switzerland 11/2008
Siemens Power Generation, Erlangen 12/2008

2007

Audi, Ingolstadt 02/2007
ANO Abfallbehandlung Nord, Bremen 02/2007
TUEV NORD SysTec, Hamburg 02/2007
VER, Dresden 02/2007
Technical University of Dresden, Chair in Jet Propulsion Systems 02/2007
Redacom, Nidau, Switzerland 02/2007
Universitat der Bundeswehr, Munich 02/2007
Maxxtec, Sinsheim 03/2007
University of Rostock, Chair in Technical Thermodynamics 03/2007
AGO, Kulmbach 03/2007
University of Stuttgart, Chair in Aviation Propulsions 03/2007
Siemens Power Generation, Duisburg 03/2007
ENTHAL Haustechnik, Rees 05/2007
AWECO, Neukirch 05/2007
ALSTOM, Rugby, Great Britain 06/2007
SAAS, Possendorf 06/2007
Grenzebach BSH, Bad Hersfeld 06/2007
Reichel Engineering, Haan 06/2007
Technical University of Cottbus, 06/2007
Chair in Power Plant Engineering

Voith Paper Air Systems, Bayreuth 06/2007
Egger Holzwerkstoffe, Wismar 06/2007
Tissue Europe Technologie, Mannheim 06/2007
Dometic, Siegen 07/2007
RWTH Aachen University, Institute for Electrophysics 09/2007
National Energy Technology Laboratory, Pittsburg, USA 10/2007
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Energieversorgung Halle 10/2007
AL-KO, Jettingen 10/2007
Grenzebach BSH, Bad Hersfeld 10/2007
Wiesbaden University of Applied Sciences, 10/2007
Department of Engineering Sciences
Endress+Hauser Messtechnik, Hannover 11/2007
Munich University of Applied Sciences, 11/2007
Department of Mechanical Engineering
Rerum Cognitio, Zwickau 12/2007
Siemens Power Generation, Erlangen 11/2007
University of Rostock, Chair in Technical Thermodynamics 11/2007, 12/2007
2006
STORA ENSO Sachsen, Eilenburg 01/2006
Technical University of Munich, Chair in Energy Systems 01/2006
NUTEC Engineering, Bisikon, Switzerland 01/2006, 04/2006
Conwel eco, Bochov, Czech Republic 01/2006
Offenburg University of Applied Sciences 01/2006
KOCH Transporttechnik, Wadgassen 01/2006
BEG Bremerhavener Entsorgungsgesellschaft 02/2006
Deggendorf University of Applied Sciences, 02/2006
Department of Mechanical Engineering and Mechatronics
University of Stuttgart, 02/2006
Department of Thermal Fluid Flow Engines
Technical University of Munich, 02/2006
Chair in Apparatus and Plant Engineering
Energietechnik Leipzig (company license), 02/2006
Siemens Power Generation, Erlangen 02/2006, 03/2006
RWE Power, Essen 03/2006
WAETAS, Pobershau 04/2006
Siemens Power Generation, Goerlitz 04/2006
Technical University of Braunschweig, 04/2006
Department of Thermodynamics
EnviCon & Plant Engineering, Nuremberg 04/2006
Brassel Engineering, Dresden 05/2006
University of Halle-Merseburg, 05/2006
Department of USET Merseburg incorporated society
Technical University of Dresden, 05/2006

Professorship of Thermic Energy Machines and Plants
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Fichtner Consulting & IT Stuttgart 05/2006
(company licenses and distribution)
Suedzucker, Ochsenfurt 06/2006
M&M Turbine Technology, Bielefeld 06/2006
Feistel Engineering, Volkach 07/2006
ThyssenKrupp Marine Systems, Kiel 07/2006
Caliqua, Basel, Switzerland (company license) 09/2006
Atlas-Stord, Rodovre, Denmark 09/2006
Konstanz University of Applied Sciences, 10/2006
Course of Studies Construction and Development
Siemens Power Generation, Duisburg 10/2006
Hannover University of Applied Sciences, 10/2006
Department of Mechanical Engineering
Siemens Power Generation, Berlin 11/2006
Zikesch Armaturentechnik, Essen 11/2006
Wismar University of Applied Sciences, Seafaring Department 11/2006
BASF, Schwarzheide 12/2006
Enertech Energie und Technik, Radebeul 12/2006
2005
TUEV Nord, Hannover 01/2005
J.H.K Plant Engineering and Service, Bremerhaven 01/2005
Electrowatt-EKONO, Zurich, Switzerland 01/2005
FCIT, Stuttgart 01/2005
Energietechnik Leipzig (company license) 02/2005, 04/2005,
07/2005
eta Energieberatung, Pfaffenhofen 02/2005
FZR Forschungszentrum, Rossendorf/Dresden 04/2005
University of Saarbruecken 04/2005
Technical University of Dresden 04/2005
Professorship of Thermic Energy Machines and Plants
Grenzebach BSH, Bad Hersfeld 04/2005
TUEV Nord, Hamburg 04/2005
Technical University of Dresden, Waste Management 05/2005
Siemens Power Generation, Goerlitz 05/2005
Duesseldorf University of Applied Sciences, 05/2005

Department of Mechanical Engineering and Process Engineering
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Redacom, Nidau, Switzerland 06/2005
Dumas Verfahrenstechnik, Hofheim 06/2005
Alensys Engineering, Erkner 07/2005
Stadtwerke Leipzig 07/2005
SaarEnergie, Saarbruecken 07/2005
ALSTOM ITC, Rugby, Great Britain 08/2005
Technical University of Cottbus, Chair in Power Plant Engineering 08/2005
Vattenfall Europe, Berlin (group license) 08/2005
Technical University of Berlin 10/2005
Basel University of Applied Sciences, 10/2005
Department of Mechanical Engineering, Switzerland

Midiplan, Bietigheim-Bissingen 11/2005
Technical University of Freiberg, Chair in Hydrogeology 11/2005
STORA ENSO Sachsen, Eilenburg 12/2005
Energieversorgung Halle (company license) 12/2005
KEMA IEV, Dresden 12/2005

2004

Vattenfall Europe (group license) 01/2004
TUEV Nord, Hamburg 01/2004
University of Stuttgart, Institute of Thermodynamics and Heat Engineering 02/2004
MAN B&W Diesel A/S, Copenhagen, Denmark 02/2004
Siemens AG Power Generation, Erlangen 02/2004
Ulm University of Applied Sciences 03/2004
Visteon, Kerpen 03/2004, 10/2004
Technical University of Dresden,

Professorship of Thermic Energy Machines and Plants 04/2004
Rerum Cognitio, Zwickau 04/2004
University of Saarbruecken 04/2004
Grenzebach BSH, Bad Hersfeld 04/2004
SOFBID zZwingenberg (general EBSILON program license) 04/2004
EnBW Energy Solutions, Stuttgart 05/2004
HEW-Kraftwerk, Tiefstack 06/2004
h s energieanlagen, Freising 07/2004
FCIT, Stuttgart 08/2004
Physikalisch Technische Bundesanstalt (PTB), Braunschweig 08/2004
Mainova Frankfurt 08/2004
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Rietschle Energieplaner, Winterthur, Switzerland 08/2004
MAN Turbo Machines, Oberhausen 09/2004
TUEV Sued, Dresden 10/2004
STEAG Kraftwerk, Herne 10/2004, 12/2004
University of Weimar 10/2004
energeticals (e-concept), Munich 11/2004
SorTech, Halle 11/2004
Enertech EUT, Radebeul (company license) 11/2004
Munich University of Applied Sciences 12/2004
STORA ENSO Sachsen, Eilenburg 12/2004
Technical University of Cottbus, Chair in Power Plant Engineering 12/2004
Freudenberg Service, Weinheim 12/2004
2003
Paper Factory, Utzenstorf, Switzerland 01/2003
MAB Plant Engineering, Vienna, Austria 01/2003
Wulff Energy Systems, Husum 01/2003
Technip Benelux BV, Zoetermeer, Netherlands 01/2003
ALSTOM Power, Baden, Switzerland 01/2003, 07/2003
VER, Dresden 02/2003
Rietschle Energieplaner, Winterthur, Switzerland 02/2003
DLR, Leupholdhausen 04/2003
Emden University of Applied Sciences, Department of Technology 05/2003
Petterssson+Ahrends, Ober-Moerlen 05/2003
SOFBID ,Zwingenberg (general EBSILON program license) 05/2003
Ingenieurbuero Ostendorf, Gummersbach 05/2003
TUEV Nord, Hamburg 06/2003
Muenstermann GmbH, Telgte-Westbevern 06/2003
University of Cali, Colombia 07/2003
Atlas-Stord, Rodovre, Denmark 08/2003
ENERKO, Aldenhoven 08/2003
STEAG RKB, Leuna 08/2003
eta Energieberatung, Pfaffenhofen 08/2003
exergie, Dresden 09/2003
AWTEC, Zurich, Switzerland 09/2003
Energie, Timelkam, Austria 09/2003
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Electrowatt-EKONO, Zurich, Switzerland 09/2003
LG, Annaberg-Buchholz 10/2003
FZR Forschungszentrum, Rossendorf/Dresden 10/2003
EnviCon & Plant Engineering, Nuremberg 11/2003
Visteon, Kerpen 11/2003
VEO Vulkan Energiewirtschaft Oderbruecke, Eisenhuettenstadt 11/2003
Stadtwerke Hannover 11/2003
SaarEnergie, Saarbruecken 11/2003
Fraunhofer-Gesellschaft, Munich 12/2003
Erfurt University of Applied Sciences, 12/2003
Department of Supply Engineering
SorTech, Freiburg 12/2003
Mainova, Frankfurt 12/2003
Energieversorgung Halle 12/2003
2002
Hamilton Medical AG, Rhaezuens, Switzerland 01/2002
Bochum University of Applied Sciences,
Department of Thermo- and Fluid Dynamics 01/2002
SAAS, Possendorf/Dresden 02/2002
Siemens, Karlsruhe 02/2002
(general license for the WinlS information system)
FZR Forschungszentrum, Rossendorf/Dresden 03/2002
CompAir, Simmern 03/2002
GKS Gemeinschaftskraftwerk, Schweinfurt 04/2002
ALSTOM Power Baden, Switzerland (group licenses) 05/2002
InfraServ, Gendorf 05/2002
SoftSolutions, Muehlhausen (company license) 05/2002
DREWAG, Dresden (company license) 05/2002
SOFBID, Zwingenberg
(general EBSILON program license) 06/2002
Kleemann Engineering, Dresden 06/2002
Caliqua, Basel, Switzerland (company license) 07/2002
PCK Raffinerie, Schwedt (group license) 07/2002
Fischer-Uhrig Engineering, Berlin 08/2002
Fichtner Consulting & IT, Stuttgart 08/2002
(company licenses and distribution)
Stadtwerke Duisburg 08/2002
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Stadtwerke Hannover 09/2002
Siemens Power Generation, Goerlitz 10/2002
Energieversorgung Halle (company license) 10/2002
Bayer, Leverkusen 11/2002
Dillinger Huette, Dillingen 11/2002
G.U.N.T. Geraetebau, Barsbuettel 12/2002
(general license and training test benches)
VEAG, Berlin (group license) 12/2002
2001
ALSTOM Power, Baden, Switzerland 01/2001, 06/2001, 12/2001
KW2 B. V., Amersfoot, Netherlands 01/2001, 11/2001
Eco Design, Saitamaken, Japan 01/2001
M&M Turbine Technology, Bielefeld 01/2001, 09/2001
MVV Energie, Mannheim 02/2001
Technical University of Dresden, Department of 02/2001
Power Machinery and Plants
PREUSSAG NOELL, Wuerzburg 03/2001
Fichtner Consulting & IT Stuttgart 04/2001
(company licenses and distribution)
Muenstermann GmbH, Telgte-Westbevern 05/2001
SaarEnergie, Saarbruecken 05/2001
Siemens, Karlsruhe 08/2001
(general license for the WinIS information system)
Neusiedler AG, Ulmerfeld, Austria 09/2001
h s energieanlagen, Freising 09/2001
Electrowatt-EKONO, Zurich, Switzerland 09/2001
IPM Zittau/Goerlitz University of Applied Sciences (general license) 10/2001
eta Energieberatung, Pfaffenhofen 11/2001
ALSTOM Power Baden, Switzerland 12/2001
VEAG, Berlin (group license) 12/2001
2000
SOFBID, Zwingenberg 01/2000
(general EBSILON program license)
AG KKK - PGW Turbo, Leipzig 01/2000
PREUSSAG NOELL, Wuerzburg 01/2000
M&M Turbine Technology, Bielefeld 01/2000
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IBR Engineering Reis, Nittendorf-Undorf

GK, Hannover

KRUPP-UHDE, Dortmund (company license)
UMAG W. UDE, Husum

VEAG, Berlin (group license)

Thinius Engineering, Erkrath

SaarEnergie, Saarbruecken 05/2000,
DVO Data Processing Service, Oberhausen
RWTH Aachen University

VAUP Process Automation, Landau
Knuerr-Lommatec, Lommatzsch

AVACON, Helmstedt

Compania Electrica, Bogota, Colombia

G.U.N.T. Geraetebau, Barsbuettel
(general license for training test benches)

Steinhaus Informationssysteme, Datteln

(general license for process data software)
1999

Bayernwerk, Munich

DREWAG, Dresden (company license)

KEMA IEV, Dresden

Regensburg University of Applied Sciences

Fichtner Consulting & IT, Stuttgart
(company licenses and distribution)

Technical University of Cottbus, Chair in Power Plant Engineering
Technical University of Graz, Department of Thermal Engineering, Austria

Ostendorf Engineering, Gummersbach

1998
Technical University of Cottbus, Chair in Power Plant Engineering

Fichtner Consulting & IT (CADIS information systems) Stuttgart
(general KPRO program license)

M&M Turbine Technology Bielefeld

B+H Software Engineering Stuttgart

Alfa Engineering, Switzerland

VEAG Berlin (group license)

NUTEC Engineering, Bisikon, Switzerland
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02/2000
03/2000
03/2000
03/2000
03/2000
04/2000
08/2000
05/2000
06/2000
08/2000
09/2000
10/2000
10/2000
11/2000

12/2000

01/1999
02/1999
03/1999
04/1999
07/1999

07/1999
11/1999
12/1999

05/1998
05/1998

06/1998
08/1998
09/1998
09/1998
10/1998
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SCA Hygiene Products, Munich 10/1998
RWE Energie, Neurath 10/1998
Wilhelmshaven University of Applied Sciences 10/1998
BASF, Ludwigshafen (group license) 11/1998
Energieversorgung, Offenbach 11/1998
1997
Gerb, Dresden 06/1997
Siemens Power Generation, Goerlitz 07/1997
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