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0 Package Contents

CD "FluidLAB including LibHuFlueGas for MATLAB®"

Property Functions of Humid Combustion Gas Mixtures
Calculated as Ideal Mixture of Real Fluids in the "LibHuFlueGas Library"

Including the following files:

LibHuFlueGas.dll

Docu_FIluidLAB_LibHuFlueGas_Eng.pdf

There are according MATLAB®-extensions for every calculable function as well, which

you can find below:

a_pTcomp_HuFlueGas.mexw32
cp_hscomp_ HuFlueGas.mexw32
cp_phcomp_HuFlueGas.mexw32
cp_pscomp_HuFlueGas.mexw32
cp_pTcomp_HuFlueGas.mexw32
cp_Tscomp_HuFlueGas.mexw32
cv_pTcomp_HuFlueGas.mexw32
eta_pTcomp_HuFlueGas.mexw32
h_pscomp_HuFlueGas.mexw32
h_pTcomp_HuFlueGas.mexw32
h_Tscomp_HuFlueGas.mexw32
kappa_pscomp_HuFlueGas.mexw32
kappa_pTcomp_HuFlueGas.mexw32
lambda_pTcomp_HuFlueGas.mexw32
M_comp_HuFlueGas.mexw32
nue_pTcomp_ HuFlueGas.mexw32
p_hscomp_HuFlueGas.mexw32
p_Tscomp_HuFlueGas.mexw32
pdsat_pT_HuFlueGas.mexw32
phi_pTcomp_HuFlueGas.mexw32
Pr_pTcomp_HuFlueGas.mexw32
psiwl_pTcomp_HuFlueGas.mexw32

psiwsat_pTcomp_HuFlueGas.mexw32

Dynamic Link Library for Humid

Combustion Gas Mixtures calculated as

Ideal Mixture of Real Fluids for use in
MATLAB®

User’'s Guide

R_comp_HuFlueGas.mexw32
Region_hscomp_HuFlueGas.mexw32
Region_phcomp_HuFlueGas.mexw32
Region_pscomp_HuFlueGas.mexw32
Region_pTcomp_HuFlueGas.mexw32
Region_Tscomp_HuFlueGas.mexw32
rho_pTcomp_HuFlueGas.mexw32
s_phcomp_HuFlueGas.mexw32
s_pTcomp_HuFlueGas.mexw32
sigmaw_T_HuFlueGas.mexw32
T_hscomp_HuFlueGas.mexw32
T_phcomp_HuFlueGas.mexw32

T _pscomp_HuFlueGas.mexw32
Twdew_pcomp_HuFlueGas.mexw32
u_pTcomp_HuFlueGas.mexw32
v_hscomp_HuFlueGas.mexw32
v_phcomp_HuFlueGas.mexw32
v_pscomp_HuFlueGas.mexw32
v_pTcomp_HuFlueGas.mexw32
v_Tscomp_HuFlueGas.mexw32
w_pTcomp_HuFlueGas.mexw32

Xw_comp_HuFlueGas.mexw32

User’s Guide as printed copy in case of shipment
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1 Calculation Programs

Functional Unit of
Function Name in FluidLAB | Property orFunction calculated
Dependence
value
Set_comp_mass Input of the composition as |-
mass fractions
Set_comp_mol Input of the composition as |-
mole fractions
Get_comp_mass Output of the current -
composition as mass
Get_comp_mol Output of the current -
composition as mole
a="f(pT) a_pTcomp_HuFlueGas Temperature diffusivity m2/s
cp =f(h,s) cp_hscomp_HuFlueGas Backward function: isobaric | kJ/(kg-K)
heat capacity from enthalpy
and entropy
cp =f(p,h) cp_phcomp_HuFlueGas Backward function: isobaric | kJ/(kg-K)
heat capacity from pressure
and enthalpy
cp =f(p.s) cp_pscomp_HuFlueGas Backward function: isobaric | kJ/(kg-K)
heat capacity from pressure
and entropy
cp =f(p.T) cp_pTcomp_HuFlueGas Isobaric heat capacity kJ/(kg-K)
cp =f(T,s) cp_Tscomp_HuFlueGas Backward function: isobaric | kJ/(kg-K)
heat capacity from
temperature and entropy
c, =f(p.T) cv_pTcomp_HuFlueGas Isochoric heat capacity kJ/(kg-K)
n="1(p,T) eta_pTcomp_HuFlueGas Dynamic viscosity Pa-s
h =f(p,s) h_pscomp_HuFlueGas Backward function: enthalpy | kJ/kg
from pressure and entropy
h=1(p,T) h_pTcomp_HuFlueGas Enthalpy kJ/kg
h=1(T,s) h_Tscomp_HuFlueGas Backward function: enthalpy | kJ/kg
from temperature and
entropy
x =f(p,s) kappa_pscomp_HuFlueGas | Backward function: -
isentropic exponent from
pressure and entropy
x=1(p,T) kappa_pTcomp_HuFlueGas | Isentropic exponent -
A=1(p,T) lambda_pTcomp_HuFlueGas | Thermal conductivity W/(m -K)
M M_comp_HuFlueGas Molar mass kg/mol
v=1(p,T) nue_pTcomp_HuFlueGas Kinematic viscosity m2/s
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p =f(h,s) p_hscomp_HuFlueGas Backward function: pressure | bar
from enthalpy and entropy
p=f(T,s) p_Tscomp_HuFlueGas Backward function: pressure | bar
from temperature and
entropy
Pasat = f(P,T) pdsat_pTcomp_HuFlueGas | Saturation pressure of water | bar
in mixture
o=1(p,T) phi_pTcomp_HuFlueGas Relative humidity %
Pr =f(p,T) Pr_pTcomp_HuFlueGas Prandtl number -
v =f(p,T) psiwl_pTcomp_HuFlueGas Mole fraction of water kmol/kmol
(liquid)
Vwsat =1(P,T) psiwsat_pTcomp_HuFlueGas | Mole fraction of water of the | kmol/kmol
saturated gas
R R_comp_HuFlueGas Gas constant kJ/(kg-K)
Region = f(h,s) Region_hscomp_HuFlueGas | Region from given enthalpy |-
and entropy
Region = f(p,h) Region_phcomp_HuFlueGas | Region from given pressure |-
and enthalpy
Region = f(p,s) Region_pscomp_HuFlueGas | Region from given pressure |-
and entropy
Region = f(p,T) Region_pTcomp_HuFlueGas | Region from given pressure |-
and temperature
Region = f(T,s) Region_Tscomp_HuFlueGas | Region from given -
temperature and entropy
p=1(pT) rho_pTcomp_HuFlueGas Density kg/m?3
s =f(p,h) s_phcomp_HuFlueGas Backward function: entropy | kJ/(kg-K)
from pressure and enthalpy
s=f(p,T) s_pTcomp_HuFlueGas Entropy kJ/(kg-K)
oy =f(T) sigmaw_T_HuFlueGas Surface tension of water N/m
T =f(h,s) T_hscomp_HuFlueGas Backward function: °C
temperature from enthalpy
and entropy
T =f(p,h) T_phcomp_HuFlueGas Backward function: °C
temperature from pressure
and enthalpy
T =1f(p,s) T_pscomp_HuFlueGas Backward function: °C

temperature from pressure
and entropy
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Tw.dew = f(P) Twdew_pcomp_HuFlueGas Dew point temperature of °C
water
u="F(p,T) u_pTcomp_HuFlueGas Internal energy kJ/kg
v =f(h,s) v_hscomp_HuFlueGas Backward function: specific m3/kg
volume from enthalpy and
entropy
v =f(p,h) v_phcomp_HuFlueGas Backward function: specific m3/kg
volume from pressure and
enthalpy
v =f(p,s) v_pscomp_HuFlueGas Backward function: specific | m3/kg
volume from pressure and
entropy
v =f(p,T) v_pTcomp_HuFlueGas Specific volume m3/kg
v =f(T,s) v_Tscomp_HuFlueGas Backward function: specific m3/kg
volume from temperature
and entropy
w =f(p,T) w_pTcomp_HuFlueGas Isentropic speed of sound m/s
X xw_comp_HuFlueGas Absolute humidity ka/kggas
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Units: p - Pressure p of mixture in bar
T - Temperature T in °C
type - Type of composition:
type = 0 for composition as mole fractions  in mol/mol

type = 1 for composition as mass fractions ¢ in g/g
comp(1:8) - Mole or mass fractions of components

Parameter for using Fortran Functions of LibHuFlueGas

P - Pressure p of mixture in bar
T - Temperature T in °C

For input of composition in mass fractions use the function
SET_COMP_MASS HUFLUEGAS.

For input of composition in mole fractions use the function
SET_COMP_MOL_ HUFLUEGAS.

This composition will be stored in a Common Block and will be used for all calculations
after that. This will continue to occur unless the composition is changed by calling
SET_COMP_MOL_HUFLUEGAS or SET_COMP_MASS_HUFLUEGAS again.

In order to know which composition is stored it can be called by
using GET_COMP_MASS_HUFLUEGAS or GET_COMP_MOL_HUFLUEGAS.

Range of Validity:

Humid gas mixture
Temperature: T =-70°C ... 3000.00°C
Pressure of mixture:p = 0.01bar ... 165bar

Dry gas mixture (y,, < 1-108)

Temperature: T =-70°C ... 3000.00°C
Pressure of mixture:p = 0.01bar ... 1000bar

Mixture Components

Nr. Symbol | Name of mixture component
1 Ar Argon

2 Ne Neon

3 N, Nitrogen

4 0O, Oxygen

5 Cco Carbon Monoxide

6 Co, Carbon Dioxide

7 H,O Water

8 SO, Sulfur dioxide
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Values of the Region Functions

Region | Meaning

0 Out of range of validity

Dry gas mixture

Unsaturated humid gas mixture

Liquid fog

Liquid-ice fog at 0,01°C K exactly

1
2
3
4 Ice fog
5
6

Pure water

Reference States of LibHuFlueGas

Fluid To [K] po [MPa] ho [kJ/kg] | so[kJ/(kg K)] | uo[kd/kg]
Argon 273.15 0.101325 0 0 -56.79766
Neon 273.15 0.101325 0 0 -112.5436

Nitrogen 273.15 0.101325 0 0 -81.03459
Oxygen 273.15 0.101325 0 0 -70.90573
Carbon monoxide|  273.15 0.101325 0 0 -81.08139
Carbon dioxide 273.15 0.101325 0 0 -51.25686
Water 273.16 611.657-10° | 0.611872:10° 0 0
Sulfur dioxide 273.15 0.101325 0 0 -35.45001

Conversion to the Reference States of the publications

Zpyplication = ZLibHuGas T AZ Where z =h,s,u

Fluid To [K] po[MPa] | Ah[kJ/kg] | As[kd(kgK)] | Aul[kd/kg] [Reference
Argon 298.15 | 0.101325 | -13.23564 | -4.6203961.10° | -13.23564 [27]
Neon 273.15 | 0.101325 0 0 0 -
Nitrogen 298.15 | 0.101325 | 283.2331 6.744095 283.2331 [28]
Oxygen 298.15 | 0.100000 | -23.20175 | -8.448914-10° | -23.20175 [29]
Carbon monoxide | 273.15 | 0.101325 0 0 0 -
Carbon dioxide | 298.15 | 0.101325 | -21.90979 | -7.564382-10% | -21.90979 [30]
Water 273.16 (611.657-10° 0 0 0 [31]
Sulfur dioxide 273.15 0.101325 0 0 0 -

General hint!

If the input values are located outside the range of validity, the result for the calculated function
will always be wrong. Please find more exact details on every function and its corresponding
range of validity in the enclosed program documentation in chapter 3.
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2 Application of FluidLAB in MATLAB

The Add-In FluidLAB has been prepared for the convenient calculation of thermodynamic
properties for humid gas mixtures in MATLAB®. FluidLAB allows the user to call functions
from the property library LibHuFlueGas for Humid Combustion Gas Mixtures calculated as
Ideal Mixture of Real Fluids.

2.1 Installing FluidLAB

FluidLAB will be installed by means of a self-extracting setup file. In order to start installation
click "Start" in the lower task bar of Windows®, then click "Settings" and within the menu
"Settings" click "Control Panel". Double-click "Add or Remove Programs" in the window
which pops up.

After a short waiting time click "Add New Programs" on the left-hand side of the pop-up
window. Click the button "Floppy Disk or CD-ROM" in the dialog box and then click "Next". If
the CD-ROM is inserted, click "Open" and the following path will appear:

D:\ FluidLAB_LibHuFlueGas_Setup.exe,
whereas "D" is the drive letter of the CD-ROM drive.

If the file is located on your hard disk drive, then the window which pops-up after you have
clicked "Open:" is empty. In this case you have to click "Browse" and search the directory in
which the file "FIuidLAB_LibHuFlueGas_Setup.exe" is located. Then click the Setup file. After
you clicked "Open" the following window pops up:

Run Installation Program x|

|f thiz iz the corect installation program, click Finizh. To

start the automatic search again, click Back. To manually
zearch for the installation program, click Browse.

Open:

LABFINdLAB_LibHUFlueGas_Setup.exe Browse... |

< Back I Finizh I Cancel

Installation begins by clicking the "Finish" button. By clicking the "Next>" button, installation
continues.
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The pop-up window "Destination Location" offers "C:\Program Files\FluidLAB\LibHuFlueGas"
to be the default installation directory. (see the following image).

& FluidLAB LibHuFlueGas ==

Destination Location

Setup will install FluidLAB LibHuFlueG as in the following folder.
Toinstall into a different folder, click Browse, and select another folder.

Y'ou can chooge not to install FluidLAB LibHuFlueG as by clicking Cancel to exit Setup.

Desztination Falder

C:Program Files4FluidLaBSLibHuFlueG az Browsze. ..

Wize Inztallation Wizard®

¢ Back Cancel

If you wish to change directory, 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 dialogue window "Start Installation" pops up. Click the "Next>" button to continue
installation. The FluidLAB files are now being copied onto your hard disk drive into the
created directory. Click the "Finish>" button in the following window to finish installation.
Close the "Add or Remove Programs" window and afterwards the "Control Panel" menu.
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The installation program has copied the following files into the directory

"C:\Program Files\FluidLAB\LibHuFlueGas":

- Dynamic Link Library "LibHuFlueGas.dIlI" and other necessary system DLL files.

- MATLAB®-Interface-Programme for calculable functions

a_pTcomp_HuFlueGas.mexw32
cp_hscomp_HuFlueGas.mexw32
cp_phcomp_HuFlueGas.mexw32
cp_pscomp_HuFlueGas.mexw32
cp_pTcomp_HuFlueGas.mexw32
cp_Tscomp_HuFlueGas.mexw32
cv_pTcomp_HuFlueGas.mexw32
eta_pTcomp_HuFlueGas.mexw32
h_pscomp_HuFlueGas.mexw32
h_pTcomp_HuFlueGas.mexw32
h_Tscomp_HuFlueGas.mexw32
kappa_pscomp_HuFlueGas.mexw32

kappa_pTcomp_HuFlueGas.mexw32

lambda_pTcomp_HuFlueGas.mexw32
M_comp_HuFlueGas.mexw32
nue_pTcomp_HuFlueGas.mexw32
p_hscomp_HuFlueGas.mexw32
p_Tscomp_HuFlueGas.mexw32
pdsat_pT_ HuFlueGas.mexw32
phi_pTcomp_HuFlueGas.mexw32
Pr_pTcomp_HuFlueGas.mexw32
psiwl_pTcomp_HuFlueGas.mexw32

psiwsat_pTcomp_HuFlueGas.mexw32
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R_comp_HuFlueGas.mexw32
Region_hscomp_HuFlueGas.mexw32
Region_phcomp_HuFlueGas.mexw32
Region_pscomp_HuFlueGas.mexw32
Region_pTcomp_HuFlueGas.mexw32
Region_Tscomp_HuFlueGas.mexw32
Rho_pTcomp_HuFlueGas.mexw32
s_phcomp_HuFlueGas.mexw32
s_pTcomp_HuFlueGas.mexw32
sigmaw_T_HuFlueGas.mexw32

T _hscomp_HuFlueGas.mexw32

T_phcomp_HuFlueGas.mexw32

T_pscomp_HuFlueGas.mexw32
Twdew_pcomp_HuFlueGas.mexw32
u_pTcomp_HuFlueGas.mexw32
v_hscomp_HuFlueGas.mexw32
v_phcomp_HuFlueGas.mexw32
v_pscomp_HuFlueGas.mexw32
v_pTcomp_ HuFlueGas.mexw32
v_Tscomp_HuFlueGas.mexw32
w_pTcomp_HuFlueGas.mexw32

xw_comp_HuFlueGas.mexw32
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2.2 Example: Calculation of the enthalpy
h =f(p,t,vn ... wg) of mixture of gas

The enthalpy h should be calculated from the given mixture pressure p, temperature t and a
given composition vector v ... yg for ideal gas.

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
"\LibHuFlueGas"; in the standard case: "C:\Program Files\FluidLAB"

Create the folder "\LibHuFlueGas_Example". Click "File", then click "New" in the pop-up
menu and afterwards select "Folder”. Name the new folder "\LibHuFlueGas_Example".

You will see the following window:

(= E=

@le . % Local Disk (C:) » Program Files » FluidLAE » v|‘f| | Search pl

‘ Organize ~  :== Views =

=

Mame Type
J LibHuFlueias File Folder
EE, Documents ) )
. , LibHuFlueGas_Example File Folder
EE Pictures
F[_J Music
More »
Folders v
B Desktop -
| Adrministrator
, Public

M Computer 1
=4 Floppy Disk Drive (Al
‘:_3‘ Local Disk ()

. Perflogs
. Program Files
. FluidLAB -

- Switch into the directory "\LibHuFlueGas" within "\FIuidLAB", in the
standard case: "C:\Program Files\FluidLAB\LibHuFlueGas".

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



2/5

- You will see the following window:

= EEs
@uv| , v Computer » Local Disk (C) » Program Files » FluidlAB » LibHuFlueGas v|"¢| Search pl
‘ Organize ~
-
Favorite Links MName Type Size
!.E Documents %UN\-‘.‘ISE || kappa_pscomp_HuFlueGas.mexon32 | rhe_pTcomp_HuFlueGas.mexw32
! h B (% LibHuFlueGas.dll || kappa_pTcomp_HuFlueGas.mexw32 |_|s_phcomp_HuFlueGas.mexw32
FE Pictures (| libifcoremdd.dll | |lambda_pTcomp_HuFlueGas.mexw32 | |s_pTecemp_HuFlueGas.mexw32
FB\ Music (| libmmd.dll || M_comp_HuFlueGas.mexw32 || sigmaw_T_HuFlueGas.mexw32
ORI B (| libmmdd.dll || nue_pTecomp_HuFlueGas.mexw32 || T_hscemp_HuFlueGas.mexw32
(| msver7ld.dil || p_hscemp_HuFlueGas.mexw32 || T_phcomp_HuFlueGas.mesw32
Folders V| | UNWISE || p_Tscemp_HuFlueGas.mexw32 || T_pscemp_HuFlueGas.mexw32
B Deskiop » | LJa_pTecomp_HuFlueGas.mexw32 || pdsat_pT_HuFlueGas.mexw32 || Twdew_pcomp_HuFlueGas.mexw32
TEI! Administrator || | cp_hscemp_HuFlueGas.mexw32 | phi_pTcomp_HuFlueGas.mexw32 | |u_pTecomp_HuFlueGas.mexow32
| Public | ep_phcomp_HuFlueGas.mexw32 | Pr_pTecomp_HuFlueGas.mexw32 | |v_hscomp_HuFlueGas.mexw32
8 Computer =|| Ll cp_pscomp_HuFlueGas.mexw32 | psiwl_pTcomp_HuFlueGas.mexw32 v_phcomp_HuFlueGas.mexw32
o = P ) o | ep_pTcomp_HuFlueGas.mexw32 || psiwsat_pTcomp_HuFlueGas.mexw32 | |v_pscomp_HuFlueGas.mexw32
i Floppy Disk Drive (A || ep_Tscomp_HuFlueGas.mexw32 || R_comp_HuFlueGas.mexow32 | v_pTcomp_HuFlueGas.mexw32
& Local Disk (T} — | L ev_pTcomp_HuFlueGas.mexw32 || Region_hscomp_HuFlueGas.mexw32 || v_Tscomp_HuFlueGas.mexw32
. Program Files || eta_pTcomp_HuFlueGas.mexw32 || Region_phcomp_HuFlueGas.mexw32 | |w_pTcomp_HuFlueGas.mexw32
J FluidLAB || h_pscemp_HuFlueGas.mexw32 || Regien_pscomp_HuFlueGas.mexw32 | |xw_comp_HuFlueGas.mexw32
| LikHuFlueGas | h_pTecomp_HuFlueGas.mexw32 || Region_pTcomp_HuFlueGas.mexw32 | IMSTALL
| LibHuFlueGas | h_Tscomp_HuFlueGas.mexw32 || Region_Tscomp_HuFlueGas.mexw32
Win s Coltan ™ | 4 L | E

You will now have to copy the following necessary files into the directory
"C:\Program Files\FluidLAB\LibHuFlueGas_Example" in order to calculate the function

h=f(p,t,y1 ... ys).

- The following files are necessary:
*"h_pTcomp_HuFlueGas.mexw32"

"LibHuFlueGas.dll"

"libifcoremdd.dll"

"libmmd.dII"

“libmmdd.dIl"

"msvcr71d.dil”

- Click the file "h_pTcomp_HuFlueGas.mexw32", then click "Edit" in the upper menu bar
and select "Copy".

- Switch into the directory "C:\Program Files\FluidLAB\LibHuFlueGas_Example", click "Edit"
and select "Paste".

- Repeat these steps in order to copy the other files listed above.
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You will see the following window:

(=@ EE
m-| ) « Local Disk (C:) » Program Files » FluidLAB » LibHuFlueGas_Example ~ [ 43 || search 2|
‘ Organize =
Favorite Links MName Type Size
L |h_pTecomp_HuFlueGas.. MEXW32 File 6 KB
E| Documents = - .
) (%] LibHuFlueGas.dll Application Extensicn 1,068 KB
B pictures ] libifcoremadd.dil Application Extension 540 KB
B Music %/ libramd.dll Application Extension 2,241 KB
Mare » (%] libramdd.dll Application Extensicn 2,797 KB
Folders v | B msvorTld.dll Application Extension 532 KB
Desktop il
m Administrator
J Public

m

4 Computer
= Floppy Disk Drive (A
&, Local Disk (C)
4 || Program Files
4 | FluidLAB
. LibHuFlueGas
.. LibHuFlueGas_Example i

Start MATLAB (in case you did not start it before).

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

MATLAB 7.3.0 (R2006b)
File Edit Debug Desktop Window Help
O = ‘ I EBRRv o |G ﬁ B | @ |Current Directory: | C:\Programme|MATLAE|\R2006b wark
Shorkcuts [2] How to Add  [#] What's New
Current Directory - ...6bwork 2 x| KT RUGHT
) B-

All Fles «

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

-
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- Search and click the directory "C:\Program Files\FluidLAB\LibHuFlueGas_Example"
in the pop-up menu (see the following image).

Select a new directory

[GrowseForfFolder =]

B Desktop
[ Administrator

i . Public
PELl Computer
4 &, Local Disk (C))

4 | FluidLAB

4 | Program Files

I =3 Floppy Disk Drive (4:)

| LibHuFlueGas
. LibHuFlueGas_Example -

3

Folder: LibHuFlueGas_Example

[ [Make Mew Falder ]

I

OK

) o)

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

- You will see the following window:

=% MATLAB 7.3.0 (R2006b)

File Edit Wew Debug Deskiop Window Help

[ D”'| 4 BB v o |ﬂ ﬁ = | ? ‘Current Ditectory: | C:\Program Files\FluidLAB|LibHUFlue Gas_Example V|@

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

A =] Editor LI

Current Directory - C:\Program Files\FluidLAB\LibHuF lueGas_Example
o @ -

All Files File Type | Size Last Modified
falh_pTocomp HuFlueGas.mexw32  MEXile 6 KB 18.07.2008 15:46:17
%] LibHuFlueGas. di DLL File 1068 KB 18.07.2008 15:43:14
%) libifeorermdd.dil DLL File 640 KB 11.03.2006 16:02:45
2] librarnd. di DLL File 2241 KB 22.12.2005 08:14:06
2] librarndd. dil DLL File 2797 KB 07.04.2006 19:02:14
%] maver71d.dil DLL File 532 KB 11.07.2006 18:06:32

<] I

s

lc d Histo ry

------ $-— 21.07.08 10:55 ——%

Dw | (BB BA = ] BDBE 0O

Command Window 2 X

4 start

|

According to the table of property functions in chapter 1 you have to call the function
"h_pTcomp_HuFlueGas" as follows for calculating h = f(p, t, (1 ... (8))
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Enter the composition vector as follows:

Press "Space" between the single values. Decimal places are entered with dot.

- Type "Psi =[0.0088 0 0.7480 0.1352 0 0.0330 0.0750 0]" and press the "ENTER" button.

In the following table you can see the single values, which the vector for the composition Psi

consists of:
vy for Argon Ar
v, for Neon Ne
w3 for Nitrogen N2
4 for Oxygen 02

w5 for Carbon monoxide CO
w6 for Carbon dioxide CO2
v, for Water H20
g for Sulphur dioxide SO2

= The value 0.0088
= The value 0

= The value 0.7480
= The value 0.1352
= The value 0

= The value 0.0330
= The value 0.0750

= The value 0

- Type "h=h_pTcomp_HuFlueGas(10,500,0,Psi)" within the "Command Window".

The values of the function parameters in their corresponding units stand for:
- First operand: Value for p = 10 bar

(Range of validity:

p =0.01 bar ... 1000 bar)

- Second operand: Value for t = 500 °C

(Range of validity:

t=-70°C ... 3000.00°C)

- Third operand: Value for art =0

(Chose between:

art = 1 for input in mass fractions &... &
art = 0 for input in mole fractions, i.e. volume fractions
Yi ... Ws)

- Fourth operand: Vector for the composition Psi (see above).

- Confirm your entry by pressing the "ENTER" button.
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- You will see the following window:

=/ MATLAB 7.3.0 (R2006h)

Fle Edt Debug Desktop Window Help

D@4 il o | W % | Current Diractory: | C:iPragram FilestFluidl ABILibHUFlUsGas_Example

v [ @

Shortcuts (2] Howto Add (2] What's Mew

Current Directory - C:\Program Files\Fluidl ABAL ibHuFlueGas_Example 2 x
| @
‘ Al Files File Type  Size Last Modified Description

6] h_pTcomp_HuFlueGas mexwd2  MEXfile 6 KB 16.07 2006 15.45:17

L’;\]L\bHuFlueGas dll DLL File 1063 KB 18.07.2008 15:43:14
4] libifcoremdd. dil DLL File B40 KB 11.03.2006 16:02:48
(%] librarnd dil DLL File 2241 KB 22.12.2005 08:14:06
] libramdd.dll DLL File 2797 KB 07.04.2006 13:02:14
&) msver? 1d.dil DLL File 532 KB 11.07.2006 18:06:32

<

Command History

E-3-- 21.07.08 10:55 —-%
©-P2i=[0.0088 0 0.7480 0.1352 0 0.0330 0.0750 0]
“~h=h_pTeomp_ HuFlueGas(10,500,0,P=1)

ommand Window

>»> Psi=[0.0088 O 0.7480 0.1352 0 0.0330 0.0750 0]
Psi =
Columns 1 through 7
0.0088 0 0.7480 0.1352
Column &
o
>> h=h_pTeomp_ HuF lueGas (10,500,0, Psi}
n =

662.8039

>

o

0.0330

0.07s0

4\ Start

2/9

In the "Command Window" you will see the result "h = 662.8039". 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 into the
working directory as well because MATLAB can only call functions if they are located in the

window "Current Directory".
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2.3 Example: Calculation of the enthalpy
h =f(p,t,un ... wg) of mixture of gas in a M-File

- Please follow the instructions from page 2/4 to 2/6.

- Start MATLAB (in case you did not start it before).

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

=) MATLAB 7.3.0 (R2006b)
File Edit Debug Desktop Window Help

= % By E o | @ ﬁ @ @ Currert Directorz:|C:'l,Programme\MATLAB\RZDDSb'l,work
Shorkcuts [2] How to Add  [#] What's New

Current Directory - ...6bwork 2 x| [eTOETTE
ok i @ -

All Files «

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

>>‘

- Search and click the directory "C:\Program Files\FluidLAB\LibHuFlueGas_Example" in the
pop-up menu (see the following image).

Browse For Folder [=E3]

Select a new directory

|3

B Desktop
- B Administrator
. Public

a8 Computer

m

- 4 Floppy Disk Drive (4]
a &, Local Disk (C:)
4 |, Program Files
4 | FluidLAB
J LibHuFlueGas
J LibHuFlueGas_Example -

Folder: LibHuFlueGas_Example

[Make Mew Falder l [ K ] l Cancel ]

- Confirm your selection by clicking the "OK" button.
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First of all you need to create a M—File in MATLAB. Within MATLAB click "File", then
select "New" and afterwards click "M-File".

In case the "Editor" window appears as a separate window, you can embed it into
MATLAB by clicking the arrow (see the following image) in order to obtain a better view.

DeH|ieBoc|Shanss @R ARER E

g 8@ B [0+ +[n x %% 0
an | ‘D

In the following image you will see the window "Editor - Untitled".

<.k MATLAB 7.3.0 (R2006b)
Fie Edt Text Go Cel Tools Debug Deskiop Window Help

D& B o Wrf B %P curent brectory: | CiProgram Files|FuidLABiLbHUFlueGas_Example ~|J
Shortcuts [#] How to Add  [@] What's New
Current Directory - C:Wrogram Files\FluidLAB\LibHuFlueGas_Example [l 3 Editor - Untitlad
Bct e @®- NesH|{2Bva S desf @R AR | "0~ x
All Files - File Type = Siee Last Modified Description 2|88 i8] - “T‘ | |_“7‘ % | 3% 5% | @
E‘(‘!] h_pTcomp_HuFlueGas.mexw32  MEX-ile B KB 18.07.2008 15:46:17 5 ol
3] LibHuFlueGas.dil DLLFile 1088 KB 16.07.2008 15:43:14
2] libifcorerneld. dil DLL File B40 KB 11.03.2006 16:02:48
& librmrnd. dil DLLFile 2241 KB 22.12.2005 08:14:08
3] libmmadd.dl DLLFile 2757 KB 07.04.2006 19:02:14
& mever? 1d.dl DLL File 532 KB 11.07.2008 18:06:32
< >
Command Histary 2 X
%-- 21.07.08 10:55 --%

@ script In 1 Col 1
Now type the following lines in the window "Editor - Untitled":

Text to be written: Explanation:
% h_pTcomp_HuFlueGas.m file name as comment
%% paragraph separation

p=10; % pressure in bar
t=500; % temperature in °C

art=0; % input values in mole fractions

Psi=[0.0088 0 0.7480 0.1352 0 0.0330 0.0750 O]
% composition

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

%% paragraph separation
h=h_pTcomp_HuFlueGas(p,t,art,Psi) function call
%% paragraph separation
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- Remarks:

The program interprets the first line which starts with "%" to be a data description in
"Current Directory"

» Paragraph separations which are mandatory are being realised through "%%". By this,
declaration of variables and calculation instructions are also being separated.

The words which are printed in green, start with "%" and stand behind the variables
are comments. In fact they are not necessary but they are reasonable for your
overview and comprehensibility.

* You have to leave out the semicolons behind the numerical values if you wish to see
the result for h and the input parameters as well.

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

First operand: Value for p = 10 bar

(Range of validity: p = 0.01 bar ... 1000 bar)
- Second operand: Value for t = 500 °C
(Range of validity: t=-70°C ... 3000.00 °C)
- Third operand: Value for art =0
(Chose between: art = 1 for input in mass fractions &;... &
art = 0 for input in mole fractions, i.e. volume fractions
Vi ... Ws)

Fourth operand: Vector for the composition Psi (see above).
- Save the "M-File" by clicking the "File" button and then click "Save As...".

- The menu "Save file as:" pops up; therein the folder name "LibHuFlueGas_Example" must
be displayed next to "Save in:"

- Next to "File name" you have to type in "Example_h_pTcomp_HuFlueGas.m" and
afterwards click the "Save" button.
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You will see the following window:

e Edt Iext G Cell Tooks Debug Desktop Window Help

0 |t BB o | W B P et Directory | C:\Program Fies|FhidLABILbHLFlue Gas_Exampls .,lE]
Shorteuts [#] How to Add 7] What's Mew
Current Directory - C:\Program Files\FluidLAB\L ibHuF lueGas_Example 2 x [ElE “WProgram Files\F luidl ABUbHUF lueGas_Example\Example_h_pTcomp_HUF lieGas.m
Gt i @- DEH| i mlBoc (S desr | 88| BRE BB sk HOE® O~
AllFiles « File Type  Size Last Modified 2 “BE 8| - T T %
i 10 |+ | [ | x |«%e% | O
[e]h_pTcomp_HuFlusGas mexw32  MEXAile B KB 1807 2008 154617 ||~ | = Eh ET I%ll G‘ [or JRlEsE] .
3] LibHuF lue Gas.dl DLLFile 1068 KB 18.07.2006 15:43:14 B PoIOmp RuToMEResm
) libifeoremdd. il DLLFile  B40KB 11.03.2006 180248 || & **
=] libmmd. dil DLLFile  2241KB 2212200508406 || & = P710: % pressure in bar
2] libmmdg,d DLLFile 2797 KB 07.04.2005 19:02:14 || 4 = ©=500: % temperacure in °C
ST 1ol 532 KB 11.07.2006 180632 || 5~ &rt=0; % input values in mole fractions
[ Exarnple_h_pTcomp_HuFlusGas m  M-fils 1KE 2107 2008 11:42:34 [| 6 - P=i=[0.0098 0 0.7450 0.1352 0 0.0330 0.0750 0] % composition
7 %
8 — h=h_pToomp_HuF lueGas (p, t,art,Psi)
£} Y

< I >

Command History A x

we%—— 21.07.08 10:55 —-%

1 ool 1

4 Start [script

Within the window "Current Directory” the file "Example_h_pTcomp_HuFlueGas.m"
appears.

Right-click this file and click "Run" in the menu which pops up
(see the following image).

0 (R2006b)
Fle Edt View Debug Desktop Window Help

0= & Moo o | W e B | 7| corent Drectory: | CilProgram Files|FluidLAB| ibHUFUSGas_Example

Sharbcuts (] How to Add (2] What's New

2

BODE &0

Current Director: ram Files\FluidLAD

idLAl

e P

B DEH|imBoc & fhess 2R ABED

x
x

B | sk |

AllFiles File Type | Size Last Modified 288 - = % o% | O
i 10 |+ | =11 | x [s%e& | @
9| h_pTeamp_HUFlueGas. mexwa2 MExX-file 6 KB 18.07.2008 15.46:17 [FEeE= e Je i T3] ‘

%) LibHuF lueGas. di DLLFile 1088 KB 18.07.2008 154314 |[ & % B pTcome HuFlusGas.m &
4] lbifeorerncld dil DLLFile 64D KB 11.032005 16:02:48 || 2
= libmmd.dil DLLFile 2241 KB 22122005 081408 || 3 = : % pressure in bar
A librmendd. dll DLL File 2797 KB 07.04.2006 19:02:14 S % temperature in °C
2] mever71d.dll DLLFile 532 KB 11.07.2006 180632 [| § = =art=0; % imput values in mele fractions
b " hifle 1KB 21.07.2008 11:42:34 6 - Psi=[0.0055 0 0.7480 0.1352 0 0.0330 0.0750 0] & composition

Open | 7 B%

| wn | 8 — h=h pTeowp HuF lueGas(p,t,art,Psi)
View Help El %

Open as Text
Open Outside MATLAS

Import Data...

Hew 3

Rename

Delete

< stratx | >

Command History Stic | 2 x
§-- 21.07.08 10:55 —-4%| tra+y |
File Fiter »

Addto Path v
Refresh

4\ Start
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- You will see the following window:

A MATLAH 7.3.0 [(HRAIAL)
[le bk Wew Debug Deshtop Window ek

DE| £ QM < o | o i B | § | cumen twsctons: | Cilprogram |esihsd b il kastas,_Lxampls «| ] &
Shortouks (2] Mow to Add (7] what's New

a3l [ Editar - C:\Program Files\F luidL AR ibHuFluaGas_Cxampla\Cxample_h_pTeomp_Huf lueGas.m %

N | LI s S HeEss OD BRR DA 20 HOEH&DO|»x

Pl Type  Sie Last Modfied g g E - 1 = a0
s miewd? MEX-file B KB 1807 K8 156 4617 e @
DLL Filee 10BH KB 1507 08 15 4314 o - AL
OLLFile 640 KD 11.00.2006 16:0240 || ©
] libmmd dil DLLFile 2241 KB 22.12.200500:1406 || 2 - »=20¢
] litsmmed DLLFile 2797 KB 07.04.2006 19,02;14 || 4 = v=S00:
&) rnsoveed 1l DLL File A3 KB 1107 06 18 06 32 5= are=l; % L Vv @ o mole fiactions
P—ulr plis b pTcomp HuFkieGas m SRS TKE 2107 M08 114234 6= Pa1=[0.0088 O 0.7480 0.1352 0 0.0330 0.0750 0]
o he n_u'l'romp_][ub'lu:Uu_' Ip.t,act, Fsi)
o
Command Window A
Pai =
Luisils ity o 0. 7900 0,1352 o 0.0330 0.0750 o
< >
Command Histary sl (B =
== Z1,07.,00 10:55 —=
BA2 . A039
[ 5tort]

In the "Command Window" you will see the result "h = 662.8039". 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 mexwa32 files as well
because MATLAB can only call functions if they are located in the window
"Current Directory". The example calculated can be found in the directory
"C:\Programme\FluidLAB\LibHuFlueGas_Example" and you may use it as a basis for further
calculations with FluidLAB.

2.4 Uninstalling LibHuFlueGas in FluidLAB

In order to remove the property library LibHuFlueGas from your hard disk drive in Windows®,
click "Start" in the lower task bar, then "Settings" and "Control Panel". Afterwards double-
click "Add or Remove Programs"”. Click "FluidLAB LibHuFlueGas" in the list box (after it has
finished loading) of the menu "Add or Remove Programs" which pops up and afterwards click
the "Change/Remove" button. Mark "Automatic” in the next dialogue window and click the
"Next>" button. Confirm the following menu "Perform Uninstall" by clicking the "Finish"
button. Now close the windows "Add or Remove Programs" and "Control Panel". FluidLAB
has been removed.

If there is installed no other library than LibHuFlueGas then the directory "FluidLAB" will be
removed as well.
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3 Program documentation
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Thermal Diffusivity a = f(p,t,&...& Or ya...ys)

Name in FIuidEXL, FluidMAT and FluidLAB:
a_pTcomp_HuFlueGas

Fortran Programs:

REAL*8 FUNCTION A_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature t in °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

a_pTcomp_HuFlueGas, a - temperature conductivity in m?/s

Range of validity:
Pressure p: from 0.01 bar to 1000 bar
Temperature t: from - 70 °C to 3000.00°C
Mole fraction of water from O kmol/kmol to 0.99 kmol/kmol

Partial pressures of CO, and SO, less than saturation pressures.

Comments:
A

PCp

- Temperature conductivity &= , model of ideal mixture of real fluids
- Valid only for unsaturated humid gas (Yw < Vw,sat)

Results for wrong input values:

a pTcomp_HuFlueGas, a=-1

References:

Gas P, cp - ideal part P, cp - real part A

Ar [26] [27] [33]

Ne [26] - [34],[35],[40],[41]
N2 [26] [28] [42]

02 [26] [29] [37]

(6{0) [26] - [38]
CO2 [26] [30] [43]

H20 [26] [31] [16]

SO2 [26] - [34],[35],[40]
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Specific Isobaric Heat Capacity cp = f(h,s,&...& or yi...y4)

Name in FluidEXL, FluidMAT and FluidLAB:
cp_hscomp_HuFlueGas

Fortran Programs:

REAL*8 FUNCTION CP_HS_HUFLUEGAS (REAL*8 H, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
h - Enthalpy h in kd/kg
s - Entropy s in kJ/(kg K)
art - composition :
art=1 for composition as mass fraction &
art=0 for composition as mole fraction
comp(0:8) - composition as mass fraction &;...&g in kg/kg when art=1
- composition as mole fraction ... g in kmol/kmol when art=0
comp(0) - Dummy
comp(1)...comp(8) mass or mole fraction of mixture components
Result:

cp_hscomp_HuFlueGas, cp - Specific isobaric heat capacity in kJ/(kg K)

Range of validity:
Temperature t : from - 70 °C to 3000.00°C

Pressure p : from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol

Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Iteration of p and t from h(p,t,comp) and s(p,t,comp) and calculation of cp from

cp(p,t,comp)

Calculation:

- Valid only for unsaturated humid gas (Yw < Ywsat)

- consideration of effects of dissociation for temperatures greater than 500 °C
Results for wrong input values:

cp_hscomp_HuFlueGas, cp = -1.10%00

References:

Gas Cp,h,s - ideal part cp,h,s - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

CcoO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Specific Isobaric Heat Capacity cp = f(p,h:61-.-68 OF Y1...y5)

Name in FluidEXL, FluidMAT and FluidLAB:
cp_phcomp_HuFlueGas

Fortran Programs:

REAL*8 FUNCTION CP_PH_HUFLUEGAS (REAL*8 P, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
h - Enthalpy h in kd/kg
art - composition :
art=1 for composition as mass fraction &£
art=0 for composition as mole fraction
comp(0:8) - composition as mass fraction £&;...&g in kg/kg when art=1
- composition as mole fraction y1... wg in kmol/kmol when art=0
comp(0) - Dummy
comp(1)...comp(8) mass or mole fraction of mixture components
Result:

cp_phcomp_HuFlueGas, cp - specific isobaric heat capacity in kJ/(kg K)
Range of validity:

Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:

Iteration of t from h(p,t,comp) and calculation of cp from cp(p,t,comp)
Calculation:

- Valid only for unsaturated humid gas (Yw = Ywsat)

- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:

cp_phcomp_HuFlueGas, cp = -1.10%09

Reference:

Gas cp,h - ideal part cp,h - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

co [26] -
CO2 [26] [30]
H20 [26] [31]
S0O2 [26] -
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Specific Isobaric Heat Capacity cp = f(p,s:61-+-68 OF Yi... ¥&)

Name in FluidEXL, FIuidMAT and FluidLAB:
cp_pscomp_HuFlueGas

Fortran Programs:

REAL*8 FUNCTION CP_PS_HUFLUEGAS (REAL*8 P, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
S - Entropy s in kJ/(kg K)
art - composition :
art=1 for composition as mass fraction &£
art=0 for composition as mole fraction
comp(0:8) - composition as mass fraction £&;...&g in kg/kg when art=1
- composition as mole fraction y1... wg in kmol/kmol when art=0
comp(0) - Dummy
comp(1)...comp(8) mass or mole fraction of mixture components
Result:

cp_pscomp_HuFlueGas, cp - specific isobaric heat capacity in kJ/(kg K)
Range of validity:

Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:

Iteration of t from s(p,t,comp) and calculation of cp from cp(p,t,comp)
Calculation:

- Valid only for unsaturated humid gas (Yw = Yw.sat)
- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:

cp_pscomp_HuFlueGas, cp = -1-10100

Reference:

Gas Cp,S - ideal part Cp,S - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

CO [26] -
CO2 [26] [30]
H20 [26] [31]
S0O2 [26] -
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Specific Isobaric Heat Capacity cp = f(p,t, 51---68 O ¥A...¥&)

Name in FIuidEXL, FluidMat and FluidLAB:
cp_pTcomp_HuFlueGas

Fortran Programs:

REAL*8 FUNCTION CP_PT_HUFLUEGAS (REAL*8 P, REAL*8 T , INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - composition :
art=1 for composition as mass fraction &
art=0 for composition as mole fraction
comp(0:8) - composition as mass fraction ¢&;...&g in kg/kg when art=1
- composition as mole fraction ... wg in kmol/kmol when art=0
comp(0) - Dummy
comp(1)...comp(8) mass or mole fraction of mixture components
Result:

cp_pTcomp_HuFlueGas, cp - specific isobaric heat capacity in kJ/(kg K)
Range of validity:

Temperature t : from - 70 °C to 3000.00°C
Pressure p : from 0.01 bar to 1000 bar

Mole fraction of water ¥w: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:
- Valid only for unsaturated humid gas (Yw = %wsat)

- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:

cp_pTcomp_HuFlueGas, cp = -1.10%

Reference:

Gas Cp - ideal part Cp - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

CoO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Specific Isobaric Heat Capacity cp =f(t,s,& ... &or v ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
cp_Tscomp_HuFlueGas
Fortran Programs:

REAL*8 FUNCTION CP_TS_HUFLUEGAS (REAL*8 T, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
t - Temperature tin °C
S - Entropy s in kJ/(kg K)
art - composition :
art=1 for composition as mass fraction &
art=0 for composition as mole fraction
comp(0:8) - composition as mass fraction &;...&g in kg/kg when art=1
- composition as mole fraction y1... wg in kmol/kmol when art=0
comp(0) - Dummy
comp(1)...comp(8) mass or mole fraction of mixture components
Result:

cp_Tscomp_HuFlueGas, cp - specific isobaric heat capacity in kJ/(kg K)
Range of validity:

Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:

Iteration of p from s(p,t,comp) and calculation of cp from cp(p,t,comp)
Calculation:

- Valid only for unsaturated humid gas (Yw = Ywsat)
- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:

cp_Tscomp_HuFlueGas, cp = -1.10%0°

Reference:
Gas Cp,S - ideal part Cp,S - real part
Ar [26] [27]
Ne [26] -
N2 [26] [28]
02 [26] [29]
Cco [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Specific Isochoric Heat Capacity cy = f(p,t, &...& or wi...ys)

Name in FluidEXL, FIuidMAT and FluidLAB:
cv_pTcomp_HuFlueGas
Fortran Programs:

REAL*8 FUNCTION CV_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature t in °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

cv_pTcomp_HuFlueGas, cv - specific isochoric heat capacity in kJ/(kg K)
Range of validity:

Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Calculation:

- Valid only for unsaturated humid gas (Yw = Yw.sat)
- consideration of effects of dissociation for temperatures greater than 500 °C

Results for wrong input values:

cv_pT_HuFlueGas, cv = -1.10%%°

References:

Gas cv - ideal part cv - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

CO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Dynamic Viscosity n=f(p,t,&1...& Or ya...y5)

Name in FIuidEXL, FluidMAT and FluidLAB:
eta_pTcomp_HuFlueGas

Fortran Programs:

REAL*8 FUNCTION ETA_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input Values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y4... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass or mole fractions of mixture of gases
Result:

eta_pTcomp_HuFlueGas, eta - dynamic viscosity in Pa s
Range of validity:

Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:

- for unsaturated and saturated humid gas (Yw < Vw.sat) as ideal mixture of real fluids
- for liquid fog (Yw > Yw,sat ) as ideal mixture of saturated humid gas and liquid water
- for ice fog (Yw > Yw,sat, t < 0.01 °C) as saturated humid gas mixture

Results for wrong input values:
eta_pTcomp_HuFlueGas, Eta = -1.10"%

References:

Gas n
Ar [33]
Ne [34]
N2 [36]
02 [37]
coO [38]

CO2 [39]

H20 [17]

SO2 [34]
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Specific Enthalpy h =f(p,s,&...& or yi... )

Name in FIuidEXL, FluidMAT and FluidLAB:
h_pscomp_HuFlueGas

Fortran Programs:

REAL*8 FUNCTION H_PS_HUFLUEGAS (REAL*8 P, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input Values:
p - Pressure p in bar
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

h_pscomp_HuFlueGas, h - specific enthalpy in kJ/kg

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Iteration of t from s(p,t,comp) and calculation of h from h(p,t,comp)

Calculation:
- for unsaturated and saturated humid gas (¥w < Ywsat) as ideal mixture of real fluids

- for fog (Yw>Vw,sat) as ideal mixture of saturated humid gas and liquid water or water
ice
- consideration of effects of dissociation for temperatures greater than 500 °C

Results for wrong input values:
h_pscomp_HuFlueGas, h = -1.10%00

References:
Gas h,s - ideal part h,s - real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
Cco [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
SO2 [26] - -
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Specific Enthalpy h = f(p,t,61---58 OF YA... ¥&)

Name in FIuidEXL, FluidMAT and FluidLAB:
h_pTcomp_HuFlueGas

Fortran Programs:
REAL*8 FUNCTION H_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

h_pTcomp_HuFlueGas - specific enthalpy in kJ/kg

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:
- for unsaturated and saturated humid gas (Yw = Vwsat) as ideal mixture of real fluids
- for fog (Yw>%w,sat) as ideal mixture of saturated humid gas and liquid water or water
ice
- consideration of effects of dissociation for temperatures greater than 500 °C
Result for incorrect input values:

h_pTcomp_HuFlueGas = -1.10%0°

Reference:
Gas h - ideal part h - real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
CO [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
S0O2 [26] - -
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Specific Enthalpy h = f(t,s,51---$8 OF Yi...y5)

Name in FIuidEXL, FluidMAT and FluidLAB:
h_Tscomp_HuFlueGas

Fortran Programs:
REAL*8 FUNCTION H_TS HUFLUEGAS (REAL*8 T, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature t in °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

h_Tscomp_HuFlueGas - specific enthalpy in kJ/kg

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:

- for unsaturated and saturated humid gas (Yw = Vwsat) as ideal mixture of real fluids

- for fog (Yw>%w,sat ) as ideal mixture of saturated humid gas and liquid water or water
ice
- consideration of effects of dissociation for temperatures greater than 500 °C
Result for incorrect input values:

h_Tscomp_ HuFlueGas = -1.10%%

Reference:

Gas h,s ideal part h,s real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
Cco [26] - -

CO2 [26] [30] -

H20 [26] [31] [25]

SO2 [26] - -
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Isentropic exponent x=f(p,t,&...& or ya...ws)

Name in FIuidEXL, FluidMAT and FluidLAB:
kappa_pTcomp_HuFlueGas
Fortran Programs:
REAL*8 FUNCTION KAPPA_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4

ART,
REAL*8 COMP)
Input Values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

kappa_pTcomp_HuFlueGas, kappa — Isentropic exponent in -
Range of validity:

Pressure p: from 0.01 bar to 1000 bar
Temperature t: from - 70 °C to 3000.00°C

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:
. v (op Cp
- for unsaturated and saturated humid gas (Yw = Vwsat): K==—"1="1 "<~
p \ov); ¢,

- for liquid fog (¥w > Yw,sat ) as ideal mixture of saturated humid gas and liquid water

- for ice fog (Yw> Vwsat, t <0.01 °C) as saturated humid gas mixture
Results for wrong input values:

kappa_pTcomp_HuFlueGas, kappa = -1.10%0°

References:

Gas V, Cp, Cv - ideal part Vv, Cp, Cv - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

CoO [26] -

CO2 [26] [30]

H20 [26] [31]

SO2 [26] -
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Isentropic exponent x=f(p,s,&...& Or ya...ys)

Name in FIuidEXL, FluidMAT and FluidLAB:
kappa_pscomp_HuFlueGas
Fortran Programs:
REAL*8 FUNCTION KAPPA_PS_HUFLUEGAS (REAL*8 P, REAL*8 S, INTEGER*4

ART,
REAL*8 COMP)
Input Values:
p - Pressure p in bar
s - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

kappa_pscomp_HuFlueGas, kappa — Isentropic exponent in -
Range of validity:

Pressure p: from 0.01 bar to 1000 bar
Temperature t: from - 70 °C to 3000.00°C

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:
. v (op Cp
- for unsaturated and saturated humid gas (Yw = Vwsat): K==—"—=—1 "=
p \ov); ¢,

- for liquid fog (Yw > Yw,sat ) as ideal mixture of saturated humid gas and liquid water

- forice fog (Yw> Vwsat, t <0.01 °C) as saturated humid gas mixture
Results for wrong input values:

kappa_pscomp_HuFlueGas, kappa = -1.10%

References:

Gas Vv, Cp, Cv - ideal part Vv, Cp, Cv - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

Cco [26] -
CO2 [26] [30]

H20 [26] [31]

SO2 [26] -
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Thermal Conductivity 4 =f(p,t,&...& or wi...ws)

Name in FluidEXL, FIuidMAT and FluidLAB:
lambda_pTcomp_HuFlueGas
Fortran Programs:
REAL*8 FUNCTION LAMBDA_PT HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4

ART,
REAL*8 COMP)
Input Values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(l)...comp(8) mass or mole fractions of mixture of gases
Result:

lambda_pTcomp_HuFlueGas, lambda - Thermal conductivity in W/(m K)
Range of validity:

Temperature t: from - 70 °C to 3000.00°C

Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water ¥w: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:
- for unsaturated and saturated humid gas (Yw = Vwsat) as ideal mixture of real fluids
- for liquid fog (Yw > Yw,sat) as ideal mixture of saturated humid gas and liquid water
- forice fog (Yw> Vwsat, t <0.01 °C) as saturated humid gas mixture

Results for wrong input values:
lambda_pTcomp_HuFlueGas, lambda = -1.10%0°

References:
Gas A
Ar [33]
Ne [34],[35],[40],[41]
N2 [42]
02 [37]
coO [38]
CO2 [43]
H20 [16]
SO2 [34],[35],[40]
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Molar Mass M = f(&;...& or ... u5)

Name in FIuidEXL, FIuidMAT and FluidLAB:
M_comp_HuFlueGas
Fortran Programs:
REAL*8 FUNCTION M_HUFLUEGAS (INTEGER*4 ART, REAL*8 COMP)

Input Values:
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass or mole fractions of mixture of gases
Result:

M_comp_HuFlueGas, M - Molar mass in kg/kmol

Results for wrong input values:

M_comp_HuFlueGas, M = -1
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Kinematic Viscosity v=1f(p,t,&...& or ya...ys)

Name in FluidEXL, FIuidMAT and FluidLAB:
nue_pTcomp_ HuFlueGas
Fortran Programs:

REAL*8 FUNCTION NUE_PT _HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input Values:
p - Pressure p in bar
t - Temperature t in °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

nue_pTcomp_HuFlueGas, nue - Kinematic Viscosity in m/s

Range of validity:
Pressure p: from 0.00001 bar to 50 bar
Temperature t: from - 70 °C to 3000.00°C

Mole fraction of water Yw: 0 < ¥w < 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
, o , n
- Kinematic viscosity ¥ = ; =n-Vv

- for unsaturated and saturated humid gas (Yw = Vwsat) as ideal mixture of real fluids
- for liquid fog (Yw > Yw,sat) as ideal mixture of saturated humid gas and liquid water
- forice fog (Yw> Yw,sat, t < 0.01 °C) as saturated humid gas mixture

Results for wrong input values:

nue_pTcomp_HuFlueGas, nue = -1.10%%°

References:
Gas v - ideal part v - real part A
Ar [26] [27] [33]
Ne [26] - [34],[35],[40],[41]
N2 [26] [28] [42]
02 [26] [29] [37]
co [26] - [38]
CO2 [26] [30] [43]
H20 [26] [31] [16]
SO2 [26] - [34],[35],[40]
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Pressure p =f(h,s,& ... &or vy ... wg)

Name in FluidEXL, FIuidMAT and FluidLAB:
p_hscomp_HuFlueGas
Fortran Programs:

REAL*8 FUNCTION P_HS HUFLUEGAS (REAL*8 H, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
h - Enthalpy h in kJ/kg
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

p_hscomp_HuFlueGas, p - Pressure in bar
Range of validity:
Pressure p: from 0.01 bar to 50 bar
Temperature t: from - 70 °C to 3000.00°C
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:
Iteration of t and p from h(p,t,comp) and s(p,t,comp) and calculation:
- for unsaturated and saturated humid gas (Yw = Vwsat) as ideal mixture of real
gases (dry gas and steam)
- for fog (Yw> Vwsat) as ideal mixture of saturated humid gas and
liquid water or water ice, no calculation for liquid-ice fog at 0.01 °C
- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:

p_hscomp_HuFlueGas, p = -1.10%00

Reference:
Gas h, s - ideal part h, s - real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
CO [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
S0O2 [26] - -
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Pressure p =f(t,s, & ... &or vy ... wg)

Name in FIuidEXL, FIuidMAT and FluidLAB:
p_Tscomp_HuFlueGas
Fortran Programs:

REAL*8 FUNCTION P_TS_HUFLUEGAS (REAL*8 T, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
t - Temperature tin °C
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

p_Tscomp_HuFlueGas, p - Pressure in bar
Range of validity:
Pressure p: from 0.01 bar to 50 bar
Temperature t: from - 70 °C to 3000.00°C
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:
Iteration of p from s(p,t,comp) and calculation:
- for unsaturated and saturated humid gas (Yw = Vwsat) as ideal mixture of real
gases (dry gas and steam)
- for fog (Yw> Vwsat) as ideal mixture of saturated humid gas and
liquid water or water ice, no calculation for liquid-ice fog at 0.01 °C
- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:

p_Tscomp_HuFlueGas, p = -1.10%0°

Reference:
Gas T, s - ideal part T, s - real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
CO [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
S0O2 [26] - -
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Saturation pressure of water pdsat = f(p,t)

Name in FIuidEXL, FluidMAT and FluidLAB:
pdsat_pT_ HuFlueGas

Fortran Programs:
REAL*8 FUNCTION PDSAT_PT_HUFLUEGAS (REAL*8 P, REAL*8 T)

Input values:

p - Pressure p in bar

t - Temperature tin °C
Result:

pdsat_ pT_HuFlueGas, pdsat - Saturation pressure of water in bar

Range of validity:

Temperature t: from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Comments:
pdsat(p,t) for t = 0.01 °C — Vapour pressure of water in gas mixtures

for t<0.01 °C — Sublimation pressure of water in gas mixtures

Result for incorrect input values:

pdsat_pT_HuFlueGas, pdsat = -1.10%0°

Reference:
pdsat(p,t) fort = 0.01 °C from IAPWS-IF97 [1], [2], [3], [4]
pdsat(p,t) fort<0.01°C from IAPWS-92 [24]
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Relative Humidity @ =f(p,t,& ... &or v ... us)

Name in FIuidEXL, FluidMAT and FluidLAB:
phi_pTcomp_HuFlueGas
Name in Fortran:

REAL*8 FUNCTION PHI_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

phi_pTcomp_HuFlueGas, phi - Relative humidity in %

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar = p = 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Relative humidity ¢ = al P 100 %
y &_f_x pdsat(pvt)
Ry W
with Pasat(P:t) for t20.01°C . Vapour pressure of water in gas mixtures

for 1<0.01°C . syplimation pressures of water in gas mixtures

Result for incorrect input values:

phi_pTcomp_HuFlueGas, phi = -1.10'%°

Reference:

pdsat(p,t) for £=0.01°C from |APWS-IF97 [1], [2], [3], [4]
pdsat(p,t) for £ <0.01°C from |IAPWS-92 [24]
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Prandtl Number Pr =f(p,t,& ... &or v ... wg)

Name in FluidEXL, FluidMAT and FluidLAB:
Pr_pTcomp_HuFlueGas

Name in Fortran:

REAL*8 FUNCTION PR_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

Pr_pTcomp_HuFlueGas, Pr — Prandtl Number

Range of validity:
Temperature t: from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:

1% 77'Cp
- _ Pr = —=
Prandtl-number a 2

- for unsaturated and saturated humid gas (Yw < Vw.sat) as ideal mixture of real fluids
- for liquid fog (¥w > Yw,sat ) as ideal mixture of saturated humid gas and liquid water
- forice fog (Yw> Vwsat, t < 0.01 °C) as saturated humid gas mixture
Result for incorrect input values:
Pr_pTcomp_HuFlueGas, Pr = -1.10%0°

Reference:

Gas Cp - ideal part Cp - real part n A

Ar [26] [27] [33] [33]

Ne [26] - [34] [34],[35],[40],[41]
N2 [26] [28] [36] [42]

02 [26] [29] [37] [37]

(6{0)] [26] - [38] [38]
CO2 [26] [30] [39] [43]
H20 [26] [31] [17] [16]
SO2 [26] - [34] [34],[35],[40]
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Gas constant R=1(& ... & or ya ... )

Name in FIuidEXL, FluidMAT and FluidLAB:
R_comp_HuFlueGas

Name in Fortran:
REAL*8 FUNCTION R_HUFLUEGAS (INTEGER*4 ART, REAL*8 COMP)

Input values:
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

R_comp_HuFlueGas, R - Gas constant in kJ/(kg K)

Result for incorrect input values:

R_comp_HuFlueGas, R = -1.10%%

Reference: [32]
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Region =f(h,s,& ... & or va ... )

Name in FluidEXL, FluidMAT and FluidLAB:
Region_hscomp_HuFlueGas
Name in Fortran:
INTEGER*4 FUNCTION REGION_TS HUFLUEGAS (REAL*8 T, REAL*8 S,
INTEGER*4 ART, REAL*8 COMP)

Input values:
h - Enthalpy h in kJd/kg
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:
Region_hscomp_HuFlueGas - Point of state of humid gas mixture

=0 — Out of range of validity
=1 — Dry gas mixture
=2 — Unsaturated Gas mixture
=3 — Liquid fog
=4 — |Ice fog
=5 — Liquid-ice fog at 0.01 °C exactly
Range of validity:
Temperature t : from - 70 °C to 3000.00°C

Pressure p: from 0.01 bar < p = 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:
Iteration of p and t from s(p,t,comp) and h(p,t,comp) and calculation
of Region from Region(p,t,comp)
Result for incorrect input values:
Region_hscomp_HuFlueGas =0

Reference:

Gas h, s - ideal part h, s - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

Cco [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Region =f(p,h,& ... &or vy ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
Region_phcomp_HuFlueGas
Name in Fortran:

INTEGER*4 FUNCTION REGION_PH_HUFLUEGAS (REAL*8 P, REAL*8 H,
INTEGER*4 ART, REAL*8 COMP)

Input values:
p - Pressure p in bar
h - Enthalpy h in kJ/kg
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:
Region_phcomp_HuFlueGas - Point of state of humid gas mixture

=0 — Out of range of validity

=1 — Dry gas mixture

= 2 — Unsaturated Gas mixture

=3 — Liquid fog

=4 — Ice fog

=5 — Liquid-ice fog at 0.01 °C exactly

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol

Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Iteration of t from h(p,t,comp) and calculation of Region from Region(p,t,comp)
Result for incorrect input values:

Region_phcomp_HuFlueGas =0

Reference:

Gas h - ideal part h - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]
CO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Region =f(p,s,& ... & or v ... )

Name in FIuidEXL, FluidMAT and FluidLAB:
Region_pscomp_HuFlueGas
Name in Fortran:

INTEGER*4 FUNCTION REGION_PS_HUFLUEGAS (REAL*8 P, REAL*8 S,
INTEGER*4 ART, REAL*8 COMP)

Input values:
p - Pressure p in bar
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:
Region_pscomp_HuFlueGas - Point of state of humid gas mixture

=0 — Out of range of validity

=1 — Dry gas mixture

= 2 — Unsaturated Gas mixture

=3 — Liquid fog

=4 — Ice fog

=5 — Liquid-ice fog at 0.01 °C exactly

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol

Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Iteration of t from h(p,t,comp) and calculation of Region from Region(p,t,comp)
Result for incorrect input values:

Region_pscomp_HuFlueGas =0

Reference:

Gas h - ideal part h - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]
CO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Region =f(p,t,& ... &or vy ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
Region_pTcomp_HuFlueGas
Name in Fortran:

INTEGER*4 FUNCTION REGION_PT_HUFLUEGAS (REAL*8 P, REAL*8 T,
INTEGER*4 ART, REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:
Region_pTcomp_HuFlueGas - Point of state of humid gas mixture

=0 — Out of range of validity

=1 — Dry gas mixture

= 2 — Unsaturated Gas mixture

=3 — Liquid fog

=4 — Ice fog

=5 — Liquid-ice fog at 0.01 °C exactly

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:

- for unsaturated and saturated humid gas (Yw = Vwsat) as ideal mixture of real fluids

- for fog (Yw> VYwsat) as ideal mixture of saturated humid gas and liquid water or
water ice
Result for incorrect input values:
Region_pTcomp_HuFlueGas =0
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Region =f(t,s,& ... & or wa ... )

Name in FIuidEXL, FluidMAT and FluidLAB:
Region_Tscomp_HuFlueGas
Name in Fortran:

INTEGER*4 FUNCTION REGION_TS_HUFLUEGAS (REAL*8 T, REAL*8 S,
INTEGER*4 ART, REAL*8 COMP)

Input values:
t - Temperature tin °C
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:
Region_Tscomp_HuFlueGas - Point of state of humid gas mixture

=0 — Out of range of validity

=1 — Dry gas mixture

= 2 — Unsaturated Gas mixture

=3 — Liquid fog

=4 — Ice fog

=5 — Liquid-ice fog at 0.01 °C exactly

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol

Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Iteration of t from h(p,t,comp) and calculation of Region from Region(p,t,comp)
Result for incorrect input values:

Region_Tscomp_HuFlueGas =0

Reference:

Gas h - ideal part h - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]
CO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Density P =f(p,t,& ... &or vy ... wg)

Name in FluidEXL, FluidMAT and FluidLAB:
rho_pTcomp_HuFlueGas

Name in Fortran:

REAL*8 FUNCTION RHO_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

rho_pTcomp_HuFlueGas, rho - density in kg/m3
Range of validity:

Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:
- for unsaturated and saturated humid gas (Yw = Vwsat) as ideal mixture of real fluids

- for fog (Yw>%w,sat ) as ideal mixture of saturated humid gas and liquid water or water
ice

Result for incorrect input values:
rho_pTcomp_HuFlueGas, rho = -1.10*%

Reference:
Gas P -ideal part P -real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
co [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
S0O2 [26] - -
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Specific Entropy s =f(p,h,& ... &or va ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB::
s_phcomp_HuFlueGas
Name in Fortran:

REAL*8 FUNCTION S_PH_HUFLUEGAS (REAL*8 P, REAL*8 H, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
h - Enthalpy h in kd/kg
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

s_phcomp_HuFlueGas, s - specific entropy in kJ/(kg K)
Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water ¥w: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Iteration of t from h(p,t,comp) and calculation of s from s(p,t,comp)
Calculation:

- for unsaturated and saturated humid gas (Vw < %w.sat ) as ideal mixture of real fluids

- for fog (Yw>%w,sat) as ideal mixture of saturated humid gas and liquid water or water
ice
- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:

s_phcomp_HuFlueGas,s = -1.10%0°

Reference:
Gas h,s - ideal part h,s - real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
CO [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
SO2 [26] - -
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Specific Entropy s =f(p,t,& ... &or va ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
s_pTcomp_HuFlueGas
Name in Fortran:

REAL*8 FUNCTION S_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

s_pTcomp_HuFlueGas, s - specific entropy in kJ/(kg K)
Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:
Calculation:

- for unsaturated and saturated humid gas (Yw = Vw.sat) as ideal mixture of real fluids

- for fog (Y w>Vw,sat) as ideal mixture of saturated humid gas and liquid water or water
ice
- consideration of effects of dissociation for temperatures greater than 500 °C
Result for incorrect input values:

s_pTcomp_HuFlueGas,s = -1.10%00

Reference:
Gas h,s - ideal part h,s - real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
CO [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
SO2 [26] - -
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Surface tension of water o, = f(t)

Name in FluidEXL, FIuidMAT and FluidLAB:
sigmaw_T_HuFlueGas
Name in Fortran:
REAL*8 FUNCTION SIGMAW_T_HUFLUEGAS (REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:

p - Pressure p in bar

t - Temperature tin °C
Result:

sigma_T_HuFlueGas, sigma - Surface tension of water Sw in N/m
Range of validity:

Temperature t : from 0 °C to 647.096 °C
Comments:

Calculation for pure water from IAPWS-IF97

Result for incorrect input values:

sigma_T_HuFlueGas, Sigma = -1.10%09

References: [8]
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Temperaturet =f(h,s,& ... &or vy ... wg)

Name in FluidEXL, FluidMAT and FluidLAB:
T _hscomp_HuFlueGas
Name in Fortran:
REAL*8 FUNCTION T _HS_HUFLUEGAS (REAL*8 H, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
h - Enthalpy hin kJ/kg
s - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

T _hscomp_HuFlueGas, T - Temperature tin °C

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:
Iteration of p and t from h(p,t,comp) and s(p,t,comp)
Calculation:
- for unsaturated and saturated humid gas (Yw = Vw.sat )as ideal mixture of real fluids

- for fog (Yw>Vw,sat) as ideal mixture of saturated humid gas and liquid water or water
ice
- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:
T _hscomp_HuFlueGas, t = -1.10*%

Reference:

Gas h,s - ideal part h,s - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

Cco [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Temperature t =f(p,h,& ... &or vr ... wg)

Name in FluidEXL, FluidMAT and FluidLAB:
T _phcomp_HuFlueGas
Name in Fortran:
REAL*8 FUNCTION T_PH_HUFLUEGAS (REAL*8 P, REAL*8 H, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
h - Enthalpy h in kJ/kg
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

T _phcomp_HuFlueGas, T - Temperature in °C

Range of validity:
Temperature t: from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol

Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Iteration of t from h(p,t,comp)

Calculation:

- for unsaturated and saturated humid gas (Yw < Vw.sat) as ideal mixture of real fluids

- for fog (Yw>%w,sat) as ideal mixture of saturated humid gas and liquid water or water
ice
- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:
T_phcomp_HuFlueGas, t = -1.10%00

Reference:

Gas h - ideal part h - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]
CcO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Temperature t =f(p,s,& ... &or vy ... wg)

Name in FluidEXL, FluidMAT and FluidLAB:
T _pscomp_HuFlueGas
Name in Fortran:

REAL*8 FUNCTION T_PS_HUFLUEGAS (REAL*8 P, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

T_pscomp_HuFlueGas, T - Temperature tin °C

Range of validity:
Temperature t: from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Iteration of t from s(p,t,comp)
Calculation:

- for unsaturated and saturated humid gas (Yw = Vw.sat) as ideal mixture of real fluids

- for fog (Yw>Vw,sat) as ideal mixture of saturated humid gas and liquid water or water
ice
- consideration of effects of dissociation for temperatures greater than 500 °C
Result for incorrect input values:

T_pscomp_HuFlueGas, t = -1.10%00

Reference:

Gas h,s - ideal part h,s - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

CO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Dew point temperature of water t gew = f(pP,&1 ... & Or w1 ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
Twdew_pcomp_HuFlueGas

Name in Fortran:

REAL*8 FUNCTION T WDEW_P_HUFLUEGAS (REAL*8 P, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

Twdew_pcomp_HuFlueGas, Twdew - Dew point temperature of water tw.dew in °C
Range of validity:

Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:

Dew point temperature of water twdew =ts(P:Pg) for 120.01°C
(ts — Boiling temperature of water in gas mixtures)

. dew = toun (P, Py) for £ <0.01°C
(tsub—Sublimation temperature of water in gas

mixtures)

Result for incorrect input values:

Twdew_pcomp_HuFlueGas, Twdew = -1.10%

Literatur:

ts(P.Pg)  for t20.01°C from IAPWS-IF97 [1], [2], [3], [4]
tsub(P.Pg) for 1<0.01°C  from IAPWS-92 [24]
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Internal Energy u =f(p,t,& ... &or v ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
u_pTcomp_HuFlueGas

Name in Fortran:

REAL*8 FUNCTION U_PT _HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

u_pTcomp_HuFlueGas, u - internal energy in kJ/kg
Range of validity:

Temperature t : from - 70 °C to 3000.00°C

Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol

Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Calculation:

- for unsaturated and saturated humid gas (Yw < Vw.sat) as ideal mixture of real fluids

- for fog (Yw>%w,sat) as ideal mixture of saturated humid gas and liquid water or water

ice
- consideration of effects of dissociation for temperatures greater than 500 °C

Result for incorrect input values:

u_pTcomp_HuFlueGas, u = -1.10%0°

Reference:
Gas u - ideal part u - real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
CO [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
S0O2 [26] - -
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Specific volume v =f(h,s,& ... &or wi ... w)

Name in FIuidEXL, FluidMAT and FluidLAB:
v_hscomp_HuFlueGas

Name in Fortran:

REAL*8 FUNCTION V_HS_HUFLUEGAS (REAL*8 H, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
h - Enthalpy h in kd/kg
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

v_hscomp_HuFlueGas, v - specific volume in m3/kg
Range of validity:

Temperature t: from - 70 °C to 3000.00°C

Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Iteration of p and t from h(p,t,comp) and s(p,t,comp) and calculation of v from
v(p,t,comp)

Calculation:
- for unsaturated and saturated humid gas (Yw = Vw.sat) as ideal mixture of real fluids

- for fog (Yw>V¥w,sat) as ideal mixture of saturated humid gas and liquid water or water
ice

Result for incorrect input values:

v_hscomp_HuFlueGas, v = -1.10%09
Reference:

Gas v,h,s - ideal part v,h,s - real part
Ar [26] [27]
Ne [26] -
N2 [26] [28]
02 [26] [29]
CO [26] -

CO2 [26] [30]

H20 [26] [31]

SO2 [26] -
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Specific volume v =f(p,h,& ... &or vy ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
v_phcomp_HuFlueGas
Name in Fortran:

REAL*8 FUNCTION V_PH_HUFLUEGAS (REAL*8 P, REAL*8 H, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
h - Enthalpy h in kJ/kg
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

v_phcomp_HuFlueGas, v - specific volume in m3/kg

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Iteration of t from h(p,t,comp) and calculation of v from v(p,t,comp)
Calculation:
- for unsaturated and saturated humid gas (Yw < Vw.sat) as ideal mixture of real fluids

- for fog (Yw>%w,sat ) as ideal mixture of saturated humid gas and liquid water or water
ice

Result for incorrect input values:

v_phcomp_HuFlueGas, v = -1.10%0°

Reference:

Gas v,h - ideal part v,h - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

coO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Specific volume v =f(p,s,& ... & or v ... )

Name in FIuidEXL, FluidMAT and FluidLAB:
v_pscomp_HuFlueGas

Name in Fortran:

REAL*8 FUNCTION V_PS_HUFLUEGAS (REAL*8 P, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

v_pscomp_HuFlueGas, v - specific volume in m3/kg

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water ¥w: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Iteration of t from s(p,t,comp) and calculation of v from v(p,t,comp)
Calculation:

- for unsaturated and saturated humid gas (Yw < Vw.sat) as ideal mixture of real fluids

- for fog (Yw>%w,sat ) as ideal mixture of saturated humid gas and liquid water or water
ice

Result for incorrect input values:

v_pscomp_HuFlueGas, v = -1.10%0°

Reference:

Gas v,s - ideal part v,s - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

CO [26] -
CO2 [26] [30]
H20 [26] [31]
SO2 [26] -
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Specific volume v =f(p,t,& ... &or vy ... wg)

Name in FluidEXL, FluidMAT and FluidLAB:
v_pTcomp_HuFlueGas

Name in Fortran:

REAL*8 FUNCTION V_PT _HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions ... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

v_pTcomp_HuFlueGas, v - specific volume in m3/kg

Range of validity:
Temperature t: from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures

Comments:
Calculation:

- for unsaturated and saturated humid gas (Yw < Vw.sat) as ideal mixture of real fluids

- for fog (Yw>%w,sat ) as ideal mixture of saturated humid gas and liquid water or water
ice

Result for incorrect input values:

v_pTcomp_HuFlueGas, v = -1.10%0°

Reference:
Gas v - ideal part v - real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
CO [26] - -
CO2 [26] [30] -
H20 [26] [31] [25]
SO2 [26] - -
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Specific volume v =1(t,s,& ... & or v ... )

Name in FIuidEXL, FluidMAT and FluidLAB:
v_Tscomp_HuFlueGas

Name in Fortran:

REAL*8 FUNCTION V_TS_HUFLUEGAS (REAL*8 T, REAL*8 S, INTEGER*4 ART,
REAL*8 COMP)

Input values:
t - Temperature tin °C
S - Entropy s in kJ/(kg K)
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... yg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

v_Tscomp_HuFlueGas, v - Specific volume in m3/kg

Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:

Iteration of p from s(p,t,comp) and calculation v from v(p,t,comp)
Calculation:

- for unsaturated and saturated humid gas (Vw = ¥wsat) as ideal mixture of real
gases (dry gas and steam)

- for fog (Yw>%w,sat ) as ideal mixture of saturated humid gas and
liquid water or water ice, no calculation for liquid-ice fog at 0.01 °C

Result for incorrect input values:

v_Tscomp_HuFlueGas, v = -1.10*%

Reference:

Gas v,h,s ideal part v,h,s real part ice
Ar [26] [27] -
Ne [26] - -
N2 [26] [28] -
02 [26] [29] -
(6{0) [26] - -

CO2 [26] [30] -

H20 [26] [31] [25]

SO2 [26] - -
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Speed of sound w =f(p,t,& ... & or v ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
w_pTcomp_HuFlueGas
Name in Fortran:

REAL*8 FUNCTION W_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4 ART,
REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

w_pTcomp_HuFlueGas, w - speed of sound in m/s
Range of validity:
Temperature t : from - 70 °C to 3000.00°C
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water ¥w: from 0 kmol/kmol to 0.99 kmol/kmol
Partial pressures of CO2 and SO2 less than saturation pressures
Comments:
Calculation:
- for unsaturated and saturated humid gas (Yw = Vw.sat)

W = _Vz(a_pj C_p
ov )t Cy,

- for liquid fog (Yw > Yw,sat ) as ideal mixture of saturated humid gas and liquid water

- for ice fog (Yw > Yw,sat, t < 0.01 °C) as saturated humid gas mixture
Result for incorrect input values:

w_pTcomp_HuFlueGas, w = -1.10%0°

Reference:

Gas V, Cp, Cv - ideal part Vv, Cp, Cv - real part
Ar [26] [27]

Ne [26] -

N2 [26] [28]

02 [26] [29]

CO [26] -
CO2 [26] [30]

H20 [26] [31]

SO2 [26] -
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Humidity ratio (Absolute humidity) x, =f(& ... &or v ... wg)

Name in FluidEXL, FluidMAT and FluidLAB:
xw_comp_HuFlueGas

Name in Fortran:
REAL*8 FUNCTION XW_HUFLUEGAS (INTEGER*4 ART, REAL*8 COMP)

Input values:
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

Xw_comp_HuFlueGas, xw - Absolute humidity in gwater / kgGas

Range of validity:

Mole fraction of water ¥w: from O kmol/kmol to 0.99 kmol/kmol
Comments:
Absolute humidity of water Xw =4 Vo
R "
Result for incorrect input values:
100

Xw_comp_HuFlueGas, xw =-1-10
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Mole fraction of liquid water Ywi =f(p,t,& ... & or v ... wg)

Name in FIuidEXL, FluidMAT and FluidLAB:
psiwl_pTcomp_HuFlueGas

Name in Fortran:
REAL*8 FUNCTION PSIWL_PT_HUFLUEGAS (REAL*8 P, REAL*8 T, INTEGER*4

ART,
REAL*8 COMP)
Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions y
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

psiwl_pTcomp_HuFlueGas, psiwl - Mole fraction of water in kmol/kmol

Range of validity:

Temperature t : tr (p,comp) = t = ts(p,pd)
(ts — Boiling temperature of water in gas mixtures)
Pressure p: from 0.01 bar to 1000 bar

Mole fraction of water Yw: from 0 kmol/kmol to 0.99 kmol/kmol

Comments:
Mole fraction of liquid water: Yl =¥w ~ Vwsat
Pasat (P )
with ¥Ywsat = Tgsalrh>
Y
with pdsat(p,t) for t 2 0.01 °C — Vapour pressure of water in gas mixtures

for t<0.01 °C — Sublimation pressure of water in gas mixtures

Result for incorrect input values:
psiwl_pTcomp_HuFlueGas, psiwl = -1.10%00
Reference:

pdsat(p,t) for t = 0.01 °C from IAPWS-IF97 [1], [2], [3], [4]
pdsat(p,t) for t<0.01°C from IAPWS-92 [24]
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Mole fraction of water of sat. gas ¥Ywsat = f(p,t& ... & or yr ... wg)

Name in FluidEXL, FIuidMAT and FluidLAB:
psiwsat_pTcomp_HuFlueGas
Name in Fortran:
REAL*8 FUNCTION PSIWSAT_PT_HUFLUEGAS (REAL*8 P, REAL*8 T,
INTEGER*4 ART, REAL*8 COMP)

Input values:
p - Pressure p in bar
t - Temperature tin °C
art - Type of composition:
art=1 for composition in mass fractions &
art=0 for composition in mole fractions
comp(0:8) - Composition in mass fractions &;...&g in kg/kg with art=1
- Composition in mole fractions y1... wg in kmol/kmol with art=0
comp(0) - Dummy
comp(1)...comp(8) mass-or mole fractions of mixture of gases
Result:

psiwsat_pTcomp_ HuFlueGas, psiwsat — Mole fraction of water of saturated gas ¥w,sat

in kmol/ kmol
Range of validity:
Temperature t : -70°C < t < t(P.Py)
(ts — Boiling temperature of water in gas mixtures)
Pressure p: from 0.01 bar to 1000 bar
Mole fraction of water ¥w: from 0 kmol/kmol to 0.99 kmol/kmol
Comments:
Pgsat (P:1)
Mole fraction of liquid water: Ywsat = ds%
with pdsat(p,t) for t 2 0.01 °C — Vapour pressure of water in gas mixtures

for t<0.01 °C — Sublimation pressure of water in gas mixtures

Result for incorrect input values:

psiwsat_pTcomp_HuFlueGas, psiwsat = -1.10%00
Reference:

pdsat(p,t) for t = 0.01 °C from IAPWS-IF97 [1], [2], [3], [4]
pdsat(p,t) for t<0.01°C from IAPWS-92 [24]
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e
4. Property Libraries for Calculating Heat Cycles, Boilers, and Turbines
Water and Steam Humid Combustion Gases Humid Air
Library LibIF97 Library LibldGas Library LibldAir
- Industrial Formulation Ideal gas mixture (VDI-Guideline 4670) Ideal gas mixture
IAPWS-IF97 (VDI-Guideline 4670)
Library LibHuGas Library LibAirWa
- Supplementary Standards ) i ) )
Ideal mixture of the real fluids: Ideal mixture of the real fluids:
- el meEi CO,- Span and Wagner O, - Schmidt and Wagner | - dry air: Lemmon et al.
- IAPWS-IF97-S03rev H,0 - IAPWS-95 Ar - Tegeler et al. - steam and water: IAPWS-95
- IAPWS-IF97-S04 Nz - Span et al.

Consideration of

- Dissociation from VDI-Guideline 4670
- Poynting effect

- IAPWS-IF97-S05 and of the ideal gases:
S0O,, CO, Ne (scientific equations of Biicker et al.)

Consideration of
Dissociation from VDI 4670 and Poynting effect

Carbon Dioxide Ideal Gas Mixture Refrigerants
Library LibCO2 Library LibldGasMix Ammonia
Formulation of Span and Ideal mixture of the ideal gases: Library LibNH3
Wagner .
Ar Air OH Ethylene
R134a
Ne NO He Propylene . i
Hydrogen N, H,O F, Propane Library LibR134a
. . 0, SO; NH3 Iso-Butane Propane
Lty Lislnz (6{0) H, Methane n-Butane . p
Formulation of Younglove co, H,S Ethane Benzene Library LibPropane
Methanol Iso-Butane
Helium Mixtures in Absorption Processes Library LibButane_Iso
Library LibHe Ammonia & Water n-Butane
FEm R el BT Library LibAmWa Library LibButane_n
Water & Lithium Bromide
Library LibWalLi

Add-In FluidEXL 2PN tor Excel®

The Add-In FluidEXLC™@NeS has been developed for calculating thermophysical = —

properties in Excel®. Using the Add-In, a direct call of the functions from the
property libraries is possible. The calculated properties can be shown in
thermodynamic charts.

2 R | R

| @ E R e

el el E AU T S S 0 causs Disrams Mumbes Formets L
L TS =h gt STET.CTET) — :
R e e T e s e S| :
2 Calculation of an Isentropic Expansion Ll 5 "':_"';:"" — Sy g
a1 Diabe s Tere _pta_07 Thermodynamic Charts:
4 p t X s h el Forrt -h-s diagram
E_I [oar C kg beflag B kil mn&mv a_ﬁ-?_'il:l' : I'I'o-":]s pc-j;?gl;‘iz;rgram
B 20 | 400.0 -1 7.1290 | 3248.26 el e _ -log p-log v diagram
7] 10 | 3014 -1 71280 .'{B?,CT,D?[ e e -|0§+Pé'_|' diagram
8 [T 2155 -1 | 71200 2660se | ekl '
i 1 | 996 | 09621 | 7.1290 | 2589.29 W—’H-*::.;';'ﬁ'“w ~T-og v diagram
10 0.5 813 | 09286 | 7.1290 | 2480.75 : Il??oz\s; g:zg::m
11 0.1 458 0.8640 | 7.1280 2258.58 | I |_i - - s-log v diagram
1 EI e corcel_| - hx d\ilagrlam for humid air




Library FluidMAT for Mathcad®

Library FluidLAB for MATLAB®

. . . . [iwmes s algi =
Using the interface FIuidMAT, the functions of S i = :
. . o ® 0o LN R R B BT T e e— =] | &
property libraries can be called in Mathcad™. e e I
Lartel Susly L Frimg s Pl S Lidhate et # 8 | L]idter L P ) il A it e Lagle (i #
BoE B CoE Bl @A ] B
!Il'h Jrm e i e B@ B -7 +|efii =« | EEQ
. T el | g
A ol prwerctd ol x s s
Calculation of the Enthalpy of Steam from the |APWS-IFS7 " D s
" - s
p=10 bear QIVEnN pressune I orgin 4 piem sk 140 it B i e
=300 G - given tempearaturs '
X m =1 kg vapor fraction | -1 for single face region) - sl
kg ] comtimem

h:= h_pt 97(p 1,x) call of the function from FluidMAT

kil

o

= 3051.70 result for anthalpy

Software for Pocket Calculators

Software for calculating thermodynamic and

transport properties for EluidHP

- Water and steam

- Combustion Gases and

- Humid air

has been developed for these pocket

calculators. HP 48 HP 49

Example: Calculation of the Enthalpy of Steam Using FluidTI

- - Eid

FIU|dTI

FluidCasio

CFX-9850 ALGEBRA
FX 2.0

Tisa _ o
TI 89 Tl Voyage 200

baiwl of i drdmalir
—

k - - o -
= f==|Al gebralCalcither Pranl 0 ean Us

Cpacific enthalpy h = Flp, bt x}

“E‘

F [HPa)

t [°C)

® [kaskal &

{ Betrut Y

ho= 3097.38 klska

save as ! | ]
(Erfer=0r__» CESCECHHCELY

LLL]
LN LCECRE - TN [ EAT A

41
LN CLCFE DT R T

Choice of the function h = f(p,t,x)

Input of the parameters p, t and x

Result for enthalpy

The following thermodynamic and transport properties can be calculated:

Thermodynamic Properties

« Saturation pressure psg
« Saturation temperature T

« Isochoric heat capacity c,
« Isentropic exponent x

« Density p « Speed of sound w

« Specific volume v « Surface tension o

« Enthalpy h

« Internal energy u Thermodynamic Derivatives

« Entropy s « All partial derivatives can be
« Exergy e calculated

« Isobaric heat capacity c,

Transport Properties
« Dynamic viscosity 7
« Kinematic viscosity v
« Thermal conductivity 1
« Prandtl-number Pr

Backward Functions

e T,V,s (p,h) o p, T (v,h)
e T, Vv, h(ps) o p, T (V,u)
ep, T,V (h,sS)

For information please contact:

Zittau/Goerlitz University of Applied Sciences
Department of Technical Thermodynamics
Prof. Dr.-Ing. habil. H.-J. Kretzschmar

P.O. Box 1455

D-02754 Zittau, Germany

E-mail: hj.kretzschmar@hs-zigr.de
Internet: http://thermodynamics.hs-zigr.de
Tel. : +49-3583-61-1846

Fax : +49-3583-61-1846
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