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0  Package Contents 
 
 
Zip-file "CD_FluidEES_LibIdGas.zip" includes the following files: 
 

FluidEES_LibIdGas_Setup.exe - Self-extracting and self-installing program 

LibIdGas.dll     - DLL with functions of the LibIdGas library 

FluidEES_LibIdGas_Docu.pdf  - User’s Guide 

LibIDGAS.chm     - Help file for the LibIdGas property library 
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1. Property Functions 

1.1 Range of Validity and Structure of the Program Library 

 

The thermodynamic properties of combustion gas mixtures in the ideal gas state are 

calculated corresponding to the  

VDI Guideline 4670 [21]. 

The transport properties are calculated corresponding to 

Brandt [15] and VDI-Wärmeatlas [19]. 

Important property constants were taken from the compendium from Blanke [20]. 

The mixture can contain the following components: 

Number Component  

1 Argon Ar  

2 Neon Ne 

3 Nitrogen N2 

4 Oxygen O2 

5 Carbon monoxide CO 

6 Carbon dioxide CO2 

7 Steam H2O 

8 Sulfur dioxide SO2 

9 Air (dry)  

10 Air nitrogen  

Range of validity:  

Temperature t:       from  -73.15 °C to 3026.85 °C  

Mixture pressure p:   from  >0 bar to 10 (30), max 50 bar 

The pressure range is limited for gases and mixtures in the ideal gas state. 

For temperatures higher than 700 °C the influence of dissociation is taken into consideration.  
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1.2 Property Functions for Ideal Gas Mixtures 

Functional  

Dependence 

Function Name Call as Fortran Program Property or Function Unit of the 

Result 

Reference Page 

a = f(p,t,ξ1...ξ10 or ψ1...ψ10) a_pt_id a_pt_id(p,t,type,zu(1:10)) Thermal diffusivity  m2/s [15], [18] 3/1 

cp = f(p,t,ξ1...ξ10 or ψ1...ψ10) cp_pt_id cp_pt_id(p,t,type,zu(1:10)) Specific isobaric heat capacity  kJ/(kg . K) [18] 3/2 

cv = f(p,t,ξ1...ξ10 or ψ1...ψ10) cv_pt_id cv_pt_id(p,t,type,zu(1:10)) Specific isochoric heat capacity  kJ/(kg . K) [18] 3/3 

η = f(t,ξ1...ξ10 or ψ1...ψ10) Eta_t_id Eta_t_id(t,type,zu(1:10)) Dynamic viscosity  Pa.s = 

kg/(m.s) 

[15], [18] 3/4 

h = f(p,t,ξ1...ξ10 or ψ1...ψ10) h_pt_id h_pt_id(p,t,type,zu(1:10)) Specific enthalpy  kJ/kg [18] 3/5 

κ = f(p,t,ξ1...ξ10 or ψ1...ψ10) Kappa_pt_id Kappa_pt_id(p,t,type,zu(1:10)) Isentropic exponent   [18] 3/6 

λ = f(t,ξ1...ξ10 or ψ1...ψ10) Lambda_t_id Lambda_t_id(t,type,zu(1:10)) Thermal conductivity  W/(m . K) [15]  3/7 

M = f(ξ1...ξ10 or ψ1...ψ10) M_id M_id(type,zu(1:10)) Molar mass of the mixture kg/kmol [17] 3/8 

ν = f(p,t,ξ1...ξ10 or ψ1...ψ10) Ny_pt_id Ny_pt_id(p,t,type,zu(1:10)) Kinematic Viscosity  m2/s [15], [16] 3/9 

p = f(t,s,ξ1...ξ10 or ψ1...ψ10) p_ts_id p_ts_id(t,s,type,zu(1:10)) Backward Function: Mixture pressure 

from  

temperature and entropy of the mixture 

bar [18] 3/10 

p = f(t,v,ξ1...ξ10 or ψ1...ψ10) p_tv_id p_tv_id(t,v,type,zu(1:10)) Backward Function Mixture pressure 

from  

temperature  and specific volume  

bar Ideal gas 

equation 

3/11 

Pr = f(p,t,ξ1...ξ10 or ψ1...ψ10) Pr_pt_id Pr_pt_id(p,t,type,zu(1:10)) Prandtl-number  

 

 [15], [16] 3/12 

ψi = f(i,ξ1...ξ10) Psi_igas_Xsi_id Psi_igas_Xsi_id(i,Xsi(1:10)) Mole fraction of the mixture gas i from 

the mass fractions of all mixture gases 

kmol/kmol Mixture 

calculation 
3/13 

R = f(ξ1...ξ10 or ψ1...ψ10) R_id R_id(type,zu(1:10)) Specific gas constant  

 

kJ/(kg . K) [17] 3/14 

ρ = f(p,t,ξ1...ξ10 or ψ1...ψ10) Rho_pt_id Rho_pt_id(p,t,type,zu(1:10)) Density  kg/m3 Ideal gas 

equation 

3/15 
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Functional 

Dependence 
Function Name Call as Fortran Program Property or Function Unit of the 

Result 

Reference  Page 

 

s = f(p,t,ξ1...ξ10 or ψ1...ψ10) s_pt_id s_pt_id(p,t,type,zu(1:10)) Specific entropy of the mixture   kJ/(kg . K) [18] 3/16 

T = f(p,h,ξ1...ξ10 or ψ1...ψ10) t_ph_id t_ph_id(p,h,type,zu(1:10)) Backward Function: Temperature from 

pressure and enthalpy of the mixture 

°C [18] 3/17 

t = f(p,s,ξ1...ξ10 or ψ1...ψ10) t_ps_id t_ps_id(p,s,type,zu(1:10)) Backward Function: Temperature from 

pressure and entropy of the mixture 
°C [18] 3/18 

t = f(p,v,ξ1...ξ10 or ψ1...ψ10) t_pv_id t_pv_id(p,v,type,zu(1:10)) Backward Function: Temperature from 
pressure and specific volume of the 
mixture 

°C [18] 3/19 

u = f(p,t,ξ1...ξ10 or ψ1...ψ10) u_pt_id u_pt_id(p,t,type,zu(1:10)) Specific internal energy kJ/kg  3/20 

v = f(p,t,ξ1...ξ10 or ψ1...ψ10) v_pt_id v_pt_id(p,t,type,zu(1:10)) Specific volume  m3/kg Ideal gas 

equation 

3/21 

w = f(p,t,ξ1...ξ10 or ψ1...ψ10) w_pt_id w_pt_id(p,t,type,zu(1:10)) Isentropic speed of sound of the mixture m/s [18] 3/22 

ξi = f(i,ψ1...ψ10) Xsi_igas_Psi_id Xsi_igas_Psi_id(i,Psi(1:10)) Mass fraction of the mixture gas i from 

the mole fractions of all mixture gases  

kg/kg Mixture 

calculation 

3/23 

 

Units: 

Symbol Name Unit 

t Temperature °C 

p Mixture pressure bar 

ξ1 ... ξ10 Mass fractions of the components kg/kg 

ψ1... ψ10 Mole fractions, volume fractions of the components kmol/kmol 

type Input:  

type = 1  for mass fractions ξ1, ... ξ10 

type = 0  for mole fractions ψ1, ... ψ10 

 

comp(1:10) for type =1 Mass fractions ξ1, ... ξ10 kg/kg 

comp(1:10) for type =0 Mole fractions ψ1, ... ψ10 kmol/kmol 
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Mixture Gases: 

Gas  Mixture gas  

1  Argon Ar  

2  Neon Ne 

3  Nitrogen N2 

4 Oxygen O2 

5 Carbon monoxide CO 

6 Carbon dioxide CO2 

7 Steam H2O 

8 Sulfur dioxide SO2 

9 Air (dry) 

from VDI4670 [21] 

Composition in mole fractions:  78.1109 % N2  20.9548 % O2 0.9343 % Ar  

Composition in mass fractions: 75.5577 % N2  23.1535 % O2, 1.2888 % Ar 

10 Air nitrogen 

from Brandt [15] 

Composition in mole fractions:  98.8180 % N2   1.1820 % Ar 

Composition in mass fractions: 98.3229 % N2   1.6771 % Ar  

               
Range of Validity:       Reference States: Variable Types for Function Call: 

Temperature: t = -73.15 °C ... 3026.85 °C  Property Gases (except steam)  Steam  All functions: Double 

Pressure: p = 0.01 mbar ... 50 bar  Pressure 1.01325 bar   0.006112127 bar  Variable  p, t, v, h, s : Double 

   Temperature 0.0 °C 0 °C  Variable  to [1..10] : Array of Double 

   Enthalpy 0 kJ/kg 2500.9342  kJ/kg  Variable  type, i : Integer 

   Entropy 0 kJ/kg K 9.15591 kJ/(kg K)  

   

Note:  

If the input values are located outside the range of validity or if they do not fit together, the chosen function to be calculated results in -1. 
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2. Add-In FluidEES for Engineering Equation Solver® 

The FluidEES Add-In has been developed to conveniently calculate thermodynamic properties in 

the Engineering Equation Solver® (EES). Within EES®, it enables the direct call of functions 

relating to ideal gases and gas mixtures from the LibIDGAS property library. 

2.1  Installing FluidEES including LibIDGAS 

In this section, the installation of FluidEES LibIDGAS is described. 

Before you begin, it is best to close any Windows® applications you may have open, since 

Windows® may need to be rebooted during the installation process. 

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

the folder 

 CD_FluidEES_LibIDGAS  

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

Now, open this folder by double-clicking on it. 

Within this folder you will see the following three files: 

 FluidEES_LibIDGAS_Docu_Eng.pdf 

FluidEES_LibIDGAS_Setup.exe 

LibIDGAS.ctx 

LibIDGAS.dll. 

LibIDGAS.chm 

In order to run the installation of FluidEES including the LibIDGAS property library, first double-click 

the file  

FluidEES_LibIDGAS_Setup.exe. 

Installation may start with a window noting that all Windows® programs should be closed.  

When this is the case, the installation can be continued. Click the "Next >" button. 

In the following dialog box, "Destination Location" (see figure below), the default path where 

Engineering Equation Solver has been installed will be shown (the standard location is: 

C:\Program Files\EES32\Userlib\LibIDGAS (for English version of Windows) 

C:\Programme\EES32\Userlib\LibIDGAS  (for German version of Windows)). 



 

 

 

Figure 2.1: "Destination Location" 

Click on "Next >" in the window "Destination Location." 

Click on the "Next >" button in the "Start Installation" window. 

The FluidEES files are now being copied into the "\LibIDGAS" folder on your hard drive.  

Click the "Finish >" button in the next window to complete installation.  

The installation program has copied the following files into the directory 

"C:\Program Files\EES32\Userlib\LibIDGAS" (for English version of Windows) 

"C:\Programme\EES32\Userlib\LibIDGAS"  (for German version of Windows): 

advapi32.dll - Dynamic link library for use in Windows® programs 

Dformd.dll - Dynamic link library for use in Windows® programs 

Dforrt.dll - Dynamic link library for use in Windows® programs 

INSTALL.LOG - Log file  

LC.dll - Dynamic link library for use in Windows® programs 

LibIDGAS.ctx - Interface including property functions of LibIDGAS for EES® 

LibIDGAS.dll - Dynamic link library with property functions of LibIDGAS  

LibIDGAS.chm - Help file of the LibIDGAS property library 

msvcp60.dll  - Dynamic link library for use in Windows® programs 

msvcrt.dll - Dynamic link library for use in Windows® programs 

UNWISE.EXE - File to remove the LibIDGAS library 

UNWISE.INI - File to remove the LibIDGAS library 

Now, you have to overwrite the files  

LibIDGAS.ctx 

LibIDGAS.dll. 

LibIDGAS.chm 
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in your Engineering Equation Solver directory with the files of the same name provided in your 

CD folder with FluidEES LibIDGAS. 

To do this, open the CD folder in "My Computer" and hold the Ctrl key and click on the files 

LibIDGAS.ctx 

LibIDGAS.dll. 

LibIDGAS.chm 

in order to highlight them.  

Then click on the "Edit" menu in your Explorer and select "Copy".  

Now, open your EES directory (the standard being 

"C:\Program Files\EES32\Userlib\LibIDGAS" (for English version of Windows) 

"C:\Programme\EES32\Userlib\LibIDGAS" (for German version of Windows): 

and insert the files by clicking the "Edit" menu in your Explorer and then select "Paste". Answer the 

question whether you want to replace the files by clicking the "Yes" button. Now, you have 

successfully overwritten the files  

LibIDGAS.ctx 

LibIDGAS.dll. 

LibIDGAS.chm. 

You can now select the LibIDGAS property functions from within Engineering Equation Solver®. 

2.2 The FluidEES Help System 

As mentioned earlier, FluidEES also provides detailed online help functions.  

Information on individual property functions may be accessed via the following steps: 

- Click "Options" in the EES menu bar and select "Function Info". 

- The "Function Information" window will appear. Select "External routines" and double-click on 
the entry "LIBIDGAS.DLL".  

- A list with calculable functions of the "LibIDGAS" library appears. 

- Find and select the desired function, e.g. "h_pt_ID_EES" and click the  button 

above. 

If the "LibIDGAS.chm" function help cannot be found, confirm the question whether you want to 

look for it yourself with "Yes." Select the "LibIDGAS.chm" file in the installation menu of FluidEES 
in the window which is opened, the standard being 

"C:\Program Files\EES32\Userlib\LibIDGAS" (for English version of Windows) 

"C:\Programme\EES32\Userlib\LibIDGAS" (for German version of Windows) 

and click "Yes" in order to complete the search. 



 

 

Licensing the LibIDGAS Property Library 

The licensing procedure must be carried out when Engineering Equation Solver® starts up and a 

FluidEES prompt message appears. In this case, you will see the "License Information" window for 

LibIDGAS (see figure below). 

 

Figure 2.11: "License Information" window 

Here you are asked to type in the license key which you have obtained from the Zittau/Goerlitz 

University of Applied Sciences. If you do not have this, or have any questions, you will find contact 

information on the "Content" page of this User’s Guide or by clicking the yellow question mark in 

the "License Information" window. Then the following window will appear: 

 

Figure 2.12: "Help" window 

If you do not enter a valid license it is still possible to start EES® by clicking "Cancel". In this case, 

the LibIDGAS property library will display the result "–11111111" for every calculation.  

 

The "License Information" window will appear every time you use FluidEES LibIDGAS until you 

enter a license code to complete registration. If you decide not to use FluidEES LibIDGAS, you can 

uninstall the program following the instructions given in section 2.6 of this User’s Guide.  

 

With this procedure the LibIDGAS property library has been licensed. 
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2.3 Example: Calculation of the Enthalpy h = f(p,t,ξ1 ... ξ10) of a Gas Mixture 

Now we will calculate, step by step, the specific enthalpy h as a function of pressure of p = 1 bar 

and a temperature of t = 100 °C for a given mixture composed of the following mass fractions 

using FluidEES with LibIDGAS in the Engineering Equation Solver®: 

13 % carbon dioxide, 11 % steam, 76 % air nitrogen.  

From the gas classification in the program library (table: mixture gases) in chapter 1.2 follows: 

Gas Number Mass fraction 

Carbon dioxide 6 ξ =6 13%  

Steam 7 ξ =7 11% 

Air nitrogen 10 ξ =10 76%  

How to perform a calculation with FluidEES:  

- Start Engineering Equation Solver® (EES). 

- The LibIDGAS library, if installed, is loaded by the program automatically. 

- We recommend preparing an EES® sheet, as shown in Figure 2.13.  

Note: the units of p, t, type, and comp must correspond to those in Chapter 1. 

 

Figure 2.13: Preparing an EES® sheet for the calculation  

- The function parameters values stand for: 

- First operand:  Total pressure p = 1 bar 

 (Range of validity:  p = 0.01 mbar up to 50 bar) 

- Second operand:  Temperature t = 100°C 

 (Range of validity:  t = - 73.15 °C K 3026.85 °C) 

- Third operand: type = 1 

 type = 1 for mass fractions ξ1 ... ξ10 as input value. 

 type = 0 for mole fractions, i.e., volume fractions ψ1 ... ψ10.as input value 



 

 

- Fourth operand:  Vector for the composition  

Enter: "comp[1..10]=[0, 0, 0, 0, 0, 0.13, 0.11, 0, 0, 0.76]" 

The values stand for the appropriate gases:  

 ξ1  for argon  Ar ⇒ e. g.: Enter the value 0 

 ξ2  for neon Ne ⇒ e. g.: Enter the value 0 

 ξ3  for nitrogen N2 ⇒ e. g.: Enter the value 0 

 ξ4  for oxygen O2 ⇒ e. g.: Enter the value 0 

 ξ5  for carbon monoxide CO ⇒ e. g.: Enter the value 0 

 ξ6  for carbon dioxide  CO2 ⇒ e. g.: Enter the value 0.13 

 ξ7  for steam  H2O ⇒ e. g.: Enter the value 0.11 

 ξ8  for sulfur dioxide  SO2 ⇒ e. g.: Enter the value 0 

 ξ9  for air nitrogen (dry)   ⇒ e. g.: Enter the value 0 

ξ10  for air nitrogen ⇒ e. g.: Enter the value 0.76 

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

Note: 

EES® adapts to the language that is set in the "Regional and Language Options," which can be 

found in the "Control Panel." If you run Engineering Equation Solver® on an English version of 

Windows®, the standard decimal separator will be a dot (as shown in Fig. 2.4.4 and in the following 

sample calculation). If your computer is set to German, for example, the expected decimal 

separator will be a comma. In this case enter a comma in the values above instead of a dot. To 

separate the input values of the different gases in the vector use a semicolon. You can find 

additional information on this issue by clicking on "Help" in the EES® menu bar and then select 

"Help Index". Click on "Search" in the window which appears, type "decimal separator" and press 

the "ENTER" key. 

- For calculating h = f(p,t,comp), call up the function "h_pt_id_EES" of the property library 

LibIDGAS as follows: 

- Click on "Options" in the EES® menu bar and select "Function Info". 

- The "Function Information" window will appear. Select "External routines" and you will see the 

screen shown here in Figure 2.14. 
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Figure 2.14: "Function Information" window offering different libraries (routines) 

- Double-click on the entry "LIBIDGAS.DLL".  

- A list with calculable functions of the "LibIDGAS" library appears. 

- Find and select the desired function, here "h_pt_id_EES" (see Figure 2.15), and click the 

"Paste" button below. 

 

Figure 2.15: Selecting the "h_pt_id_EES" function 

- The selected function will be copied and appears in the "Equations Window" (see Fig. 2.16). 



 

 

 

Figure 2.16: "Equations Window" with the call of the property function 

- Now, you can check the syntax of the instructions in the "Equations Window" by clicking the  

symbol in the upper menu bar of EES®. The program tests whether or not the syntax is correct 

(e.g. dots as decimal separators versus commas). Confirm the "Information" window which 

appears by clicking the "OK" button. 

- Then click the  symbol in the upper menu bar of EES® to start the calculation. 

- Soon you will see the "Calculations Completed" window. Leave this window by clicking the 

"Continue" button. 

- The result for the specific enthalpy h appears in the "Solution" window (see Figure 2.17). 

 

Figure 2.17: "Solution" window showing the result 

The calculation of h = f(p,t,comp) has thus been carried out. 

⇒ The result in our sample calculation here is: "h = 385.4". The corresponding unit is kJ/kg (see 

table of the property functions in Chapter 1). 
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Example: Calculation of the Mole Fraction ψi = f(i,ξ1 ... ξ10) 

of a Gas i in the Mixture 

Resuming the example in part 2.4, we will now calculate the mole fraction of carbon dioxide (CO2). 

The values for the mass fractions ξ1 ... ξ10 have already been typed in the vector. 

The following steps have to be carried out: 

- Rename "comp" to "xsi" in front of the vector. 

- Add a fifth operand with the gas number of the gas which is to be calculated below the four 
other operands in the "Equations Window". 

- Fifth operand: igas = 16 

Your EES "Equations Window" should now look like this example:  

 

Figure 2.18: "Equations Window" including the fifth operand "Gas number" 

- For calculating ψi = f(i,comp), call up the function "Psi_igas_Xsi_id_EES" of the property library 

LibIDGAS as follows: 

- Click on "Options" in the EES® menu bar and select "Function Info". 

- The "Function Information" window will appear. Select "External routines" and you will see the 

screen shown here in Figure 2.19. 



 

 

 

Figure 2.19: "Function Information" window offering different libraries (routines) 

- Double-click on the entry "LIBIDGAS.DLL".  

- A list with calculable functions of the "LibIDGAS" library appears. 

- Find and select the desired function, here "Psi_igas_Xsi_id_EES" (see Figure 2.20), and click 

the "Paste" button below. 

 

Figure 2.20: Selecting the "Psi_igas_Xsi_id_EES" function 

- The selected function will be copied and now appears in the "Equations Window" (see 

Fig. 2.21). 
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Figure 2.21: "Equations Window" with the call of the property function 

- Now, you can check the syntax of the instructions in the "Equations Window" by clicking the  

symbol in the upper menu bar of EES®. The program tests whether or not the syntax is correct 

(e.g. dots as decimal separators versus commas). Confirm the "Information" window which 

appears by clicking the "OK" button. 

- Then click the  symbol in the upper menu bar of EES® to start the calculation. 

- Soon you will see the "Calculations Completed" window. Leave this window by clicking the 

"Continue" button. 

- The result for the mole fraction ψi of carbon dioxide appears in the "Solution" window  

(see Fig. 2.22). 

 

Figure 2.22: "Solution" window showing the result 

The calculation of ψi = f(i,comp) has thus been carried out. 

⇒ The result in our sample calculation here is: "ψi = 0.08193". The corresponding unit is kmol/kmol 

(see table of the property functions in Chapter 1). 

For further property functions calculable in FluidEES see the function table in Chapter 1. 



 

 

2.4 Removing FluidEES including LibIDGAS 

In order to remove the property library LibIDGAS from your hard drive in Windows®, click "Start" in 

the lower task bar, then "Settings" and "Control Panel."  

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

In the list box of the "Add or Remove Programs" menu which appears, select "FluidEES LibIDGAS" 

by clicking on it and click the "Change/Remove" button.  

In the following dialog box select "Automatic" and then click the "Next >" button.  

Then confirm the menu "Perform Uninstall" by clicking the "Finish" button.  

Finally, close the "Add or Remove Programs" and "Control Panel" windows. 

 

"FluidEES LibIDGAS" has now been removed. 
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3  Program Documentation 

1 10 1 10Thermal Diffusivity  = f( , , ...  or ... )a p t ξ ξ ψ ψ  

Function Name:    a_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION A_PT_ID(P,T,ART, ZU) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter:  INTEGER*4 FUNCTION C_A_PT_ID(A,P,T,ART, ZU)  

for the call out of the DLL  REAL*8  A, P, T, ZU(0:10) 

  INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type  1 for composition in mass fractions = ξ  

 
 0 for composition in mole fractions = ψ  

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 2a_pt_id, a  -   Thermal diffusivity a in m /s  

 

Range of Validity: 

 Mixture pressure p: from 0.01 mbar to 50 bar 

Temperature t :  from  - 73.15 °C to 3026.85 °C  

Comments: 

Thermal diffusivity  
λ

ρ
=

⋅ p

a
c

  

Results for wrong input values: 

 a_pt_id, a = -1 

References: 

Unsaturated and saturated humid air:  

[ ]corresponding to  15Brandtλ  

        corresponding to VDI 4670 [18]pc  

for ideal gas mixtureρ  
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3/2

1 10 1 10Specific Isobaric Heat Capacity  = f( , , ...  or ... )pc p t ξ ξ ψ ψ  

Function Name:     cp_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION CP_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_CP_PT_ID(CP,P,T,ART, COMP)  

for the call out of the DLL REAL*8  CP, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

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

Range of Validity: 

Mixture pressure p: from 0.01 mbar to 50 bar 

Temperature t :  from  - 73.15 °C to 3026.85 °C  

Comments: 

 
2H OModel of ideal mixture in consideration of dissociation above 500°C and 0.1ψ ≥  

Results for wrong input values: 

 cp_pt_id, cp = -1 

References: 

        corresponding to VDI 4670 [18]pc  
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1 10 1 10Specific Isochoric Heat Capacity  = f( , , ...  or ... )vc p t ξ ξ ψ ψ  

Function Name:    cv_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION CV_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_CV_PT_ID(CV,P,T,ART, COMP)  

for the call out of the DLL REAL*8  CV, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 cv_pt_id, cv  -  Specific isobaric heat capacity in kJ/(kg K) 

Range of Validity: 

Mixture pressure p: from 0.01 mbar to 50 bar 

Temperature t :  from  - 73.15 °C to 3026.85 °C  

Comments: 

 = −v pc c R  

Results for wrong input values: 

 cv_pt_id, cv = -1 

References: 

Unsaturated and saturated humid air:  

        corresponding to VDI 4670 [18]pc  
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1 10 1 10Dynamic Viscosity  = f( , ...  or ... )tη ξ ξ ψ ψ  

Function Name:    Eta_t_id 

Subprogram with value of the function: REAL*8 FUNCTION ETA_T_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8   T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_ETA_T_ID(ETA,T,ART, COMP)  

for the call out of the DLL REAL*8  ETA, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 Eta_t_id, eta  -  Dynamic viscosity in Pa s 

Range of Validity: 

Temperature t :  from  - 73.15 °C to 3026.85 °C  

Comments: 

 Calculation according to Brandt 

Results for wrong input values: 

 Eta_t_id, Eta = -1 

References: 

Unsaturated and saturated humid air:  

η  corresponding to Brandt [15] 
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1 10 1 10Specific Enthalpy  = f( , , ...  or ... )h p t ξ ξ ψ ψ  

Function Name:     h_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION H_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_H_PT_ID(H,P,T,ART, COMP)  

for the call out of the DLL REAL*8  H, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 h_pt_id, h  -  Specific enthalpy in kJ/kg 

Range of Validity: 

 Mixture pressure p: from 0.01 mbar to 50 bar 

Temperature t :  from  - 73.15 °C to 3026.85 °C  

Comments: 

 
2H OModel of ideal mixture in consideration of dissociation above 500 °C and 0.1ψ ≥  

Results for wrong input values: 

 h_pt_id, h = -1 

References: 

 h corresponding to VDI 4670 [18] 
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1 10 1 10Isentropic Exponent  = f( , , ...  or ... )p tκ ξ ξ ψ ψ  

Function Name: Kappa_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION KAPPA_PT_ID(P,T,ART, COMP) 

for the call out of Fortran      REAL*8  P, T, COMP(0:10) 

      INTEGER*4  ART 

Subprogram with parameter:   INTEGER*4 FUNCTION  

for the call out of the DLL  C_KAPPA_PT_ID(KAPPA,P,T,ART,COMP)  

  REAL*8  KAPPA, P, T, COMP(0:10) 

  INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

Kappa _pt_id, Kappa - Isentropic exponent  

Range of Validity: 

Mixture pressure p: from 0.01 mbar to 50 bar 

Temperature t :  from  - 73.15 °C to 3026.85 °C  

Comments: 

 Kappa κ =
−

    
p

p

c

c R
 

Results for wrong input values: 

 Kappa_pt_id, Kappa = -1 

References: 

Unsaturated and saturated humid air:  

        corresponding to VDI 4670 [18]pc  
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1 10 1 10Thermal Conductivity  = f( , ...  or ... )tλ ξ ξ ψ ψ  

Function Name: Lambda_t_id 

Subprogram with value of the function: REAL*8 FUNCTION LAMBDA_T_ID(T,ART, COMP) 

for the call out of Fortran      REAL*8   T, COMP(0:10) 

      INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_LAMBDA_T_ID(LAMBDA,T,ART,ZU)  

for the call out of the DLL REAL*8  LAMBDA, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

Lambda_t_id, Lambda  -  Thermal conductivity in W/(m K) 

Range of Validity: 

Temperature t :  from  - 73.15 °C to 3026.85 °C  

Comments: 

 Calculation according Brandt 

Results for wrong input values: 

 Lambda_t_id, Lambda = -1 

References: 

Unsaturated  and saturated humid air:  

λ  corresponding to Brandt [15] 
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1 10 1 10Molar Mass  = f( ...  or ... )M ξ ξ ψ ψ  

Function Name:    M_id 

Subprogram with value of the function: REAL*8 FUNCTION M_ID(ART, COMP) 

for the call out of Fortran   REAL*8  COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter:  INTEGER*4 FUNCTION C_M_ID(M,ART, COMP)  

for the call out of the DLL  REAL*8  M, COMP(0:10) 

  INTEGER*4  ART 

Input Values: 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

M_id, M  -  Molar mass in kg/kmol 

Comments: 

 Calculation from Blanke 

Results for wrong input values: 

 M_id, M = -1 

References:  

M  corresponding to Blanke  [17] 
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1 10 1 10Kinematic Viscosity  = f( , , ...  or ... )p tν ξ ξ ψ ψ  

Function Name:    Ny_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION NY_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_NY_PT_ID(CV,P,T,ART, COMP)  

for the call out of the DLL REAL*8  NY, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 2Ny_pt_id, Nue  -  Kinematic viscosity in m /s  

Range of Validity: 

Mixture pressure p: from 0.01 mbar to 50 bar 

Temperature t :  from – 73.15 °C to 3026.85 °C  

Comments: 

 Kinematic viscosity  

Results for wrong input values: 

 Ny_pt_id, Ny = -1 

References: 

Unsaturated and saturated humid air:  

η  corresponding to Brandt [15] 

ρ  for ideal gas mixture 



 

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar 

3/10

1 10 1 10Backward Function: Pressure  = f( , , ...  or ... )p t s ξ ξ ψ ψ  

Function Name:    p_ts_id 

Subprogram with value of the function: REAL*8 FUNCTION P_TS_ID(T,S,ART, COMP) 

for the call out of Fortran   REAL*8 T, S, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_P_TS_ID(P,T,S,ART, COMP)  

for the call out of the DLL REAL*8  P, T, S, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

t - Temperature t in °C 

s - Specific Entropy in kJ/(kg K) 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 p_ts_id, p  -  Mixture pressure in bar 

Range of Validity: 

Temperature t :   from – 73.15 °C to 3026.85 °C  

Entropy s:   from – 2.3771 kJ/(kg K) to 9.7061 kJ/(kg K)  

Comments: 

 - Calculation according to Brandt considering dissociation above 500 °C 

- Iteration of p from s = f(p,t,(1:10)) 

Results for wrong input values: 

 p_ts_id, p = -1 

References: 

s  corresponding to VDI 4670 [18] 
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1 10 1 10Backward Function: Pressure  = f( , , ...  or ... )p t v ξ ξ ψ ψ  

Function Name:    p_tv_id 

Subprogram with value of the function: REAL*8 FUNCTION P_TV_ID(T,V,ART, COMP) 

for the call out of Fortran   REAL*8  T, V, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter:  INTEGER*4 FUNCTION C_P_TV_ID(P,T,V,ART, COMP)  

for the call out of the DLL  REAL*8  P, T, V, COMP(0:10) 

  INTEGER*4  ART 

Input Values: 

v - Specific volume  in m³/kgv  

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 p_tv_id , v  -  Mixture pressure in bar 

Range of Validity: 

Temperature t :   from – 73.15 °C to 3026.85 °C  

3 3Specific volume : from 5.1 m /kg to 2.9 109 m /kg           v  

Comments: 

⋅
=

R T
p

v
 

Results for wrong input values: 

 p_tv_id, p = -1 

 



 

KCE-ThermoFluidProperties, Prof. Dr. Hans-Joachim Kretzschmar 

3/12

1 10 1 10PRANDTL-Number Pr  = f( , , ...  or ... )p t ξ ξ ψ ψ  

Function Name:    Pr_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION PR_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_PR_PT_ID(PR,P,T,ART, COMP)  

for the call out of the DLL REAL*8  PR, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 Pr_pt_id, Pr  -  PRANDTL-Number 

Range of Validity: 

Temperature t:  from – 73.15 °C to 3026.85 °C 

Mixture pressure p: from 0.01 mbar to 50 bar 

Comments: 

 PRANDTL-number   

Results for wrong input values: 

 Pr_pt_id, Pr = -1 

References: 

Unsaturated and saturated humid air:  

λ   corresponding to Brandt [15] 

η  corresponding to Brandt [15] 

        corresponding to VDI 4670 [18]pc  
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1 10Mole Fraction  = f( , ... )i iψ ξ ξ  

Function Name:    Psi_igas_Xsi_id 

Subprogram with value of the function: REAL*8 FUNCTION PSI_IGAS_ID(IGAS, COMP) 

for the call out of Fortran   REAL*8  IGAS, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_PSI_IGAS_ID(PSI,IGAS, COMP)  

for the call out of the DLL REAL*8  PSI, IGAS, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

i 
- Gas number 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

Result: 

 Psi_igas_Xsi_id, Psi  -  Mole fraction in kmol/kmol  

Comments: 

 
i

i i
i i

Calculation :
( )

ψ ξ
ξ

= ⋅
⋅∑

R
 

R
 

Results for wrong input values: 

 Psi_igas_Xsi_id, Psi = -1 
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1 10 1 10Specific Gas Constant  = f( ...  or ... )R ξ ξ ψ ψ  

Function Name:    R_id 

Subprogram with value of the function: REAL*8 FUNCTION R_ID(ART, COMP) 

for the call out of Fortran   REAL*8  COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_R_ID(R,ART, COMP)  

for the call out of the DLL REAL*8  R, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 R_id, R  -  Specific gas constant in kJ/(kg K) 

Comments: 

 i i

i

Calculation : ( )ξ ⋅=∑  R R  

   
i

ii

1

( )

=

∑
R

R

ψ
 

Results for wrong input values: 

 R_id, R = -1 
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1 10 1 10Density  = f( , , ...  or ... )p tρ ξ ξ ψ ψ  

Function Name:   Rho_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION RHO_PT_ID(P,T,ART, COMP) 

for the call out of Fortran      REAL*8  P, T, COMP(0:10) 

      INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_RHO_PT_ID(RHO,P,T,ART,COMP)  

for the call out of the DLL REAL*8  RHO, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 3Rho_pt_id, Rho  -  Density in kg/m  

Range of Validity: 

Mixture pressure p: from 0.01 mbar to 50 bar 

Temperature t :  from  - 73.15 °C to 3026.85 °C 

Comments: 

 Calculation : ρ =
⋅

p
  

R T
 

Results for wrong input values: 

 Rho_pt_id, Rho = -1 
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1 10 1 10Specific Entropy  = f( , , ...  or ... )s p t ξ ξ ψ ψ  

Function Name:    s_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION S_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_S_PT_ID(S,P,T,ART, COMP)  

for the call out of the DLL REAL*8  S, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 s_pt_id, s  -  Specific entropy in kJ/(kg K) 

Range of Validity: 

Mixture pressure p: from 0.01 mbar to 50 bar 

Temperature t :  from  - 73.15 °C to 3026.85 °C 

Comments: 

 
2H OModel of ideal mixture in consideration of dissociation above 500 °C and 0.1ψ ≥  

Results for wrong input values: 

 s_pt_id, s = -1 

References: 

 s corresponding to VDI 4670 [18] 
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1 10 1 10Backward Function: Temperature  = f( , , ...  or ... )t p h ξ ξ ψ ψ  

Function Name:    t_ph_id 

Subprogram with value of the function: REAL*8 FUNCTION T_PH_ID(P,H,ART, COMP) 

for the call out of Fortran   REAL*8  P, H, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PH_ID(T,P,H,ART, COMP)  

for the call out of the DLL REAL*8  T, P, H, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

h - Enthalpy h in kJ/kg 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 t_ph_id, t  -  Temperature in °C 

Range of Validity: 

 Mixture pressure p: from 0.01 mbar to 50 bar  

 Enthalpy h:  from –135.6 kJ/kg to 4100 kJ/kg 

Comments: 

Iteration of t from h = f (p, t, (1:10)) 

Results for wrong input values: 

 t_ph_id, t = -1 

References: 

 h  corresponding to VDI 4670 [18] 
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1 10 1 10Backward Function: Temperature  = f( , , ...  or ... )t p s ξ ξ ψ ψ  

Function Name:    t_ps_id 

Subprogram with value of the function: REAL*8 FUNCTION T_PS_ID(P,S,ART, COMP) 

for the call out of Fortran   REAL*8  P, S, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PS_ID(T,P,S,ART, COMP)  

for the call out of the DLL REAL*8  T, P, S, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

s - Entropy s in kJ/(kg K) 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 t_ps_id, t  -  Temperature in °C 

Range of Validity: 

 Mixture pressure p: from 0.001 bar to 50 bar  

 Enthalpy s:  from –2.377 kJ/(kg K) to 9.706 kJ/(kg K) 

Comments: 

Iteration of t from s = f (p,t,(1:10))  

Results for wrong input values: 

 t_ps_id, t = -1 

References: 

 s  corresponding to VDI 4670 [18] 
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1 10 1 10Backward Function: Temperature  = f( , , ...  or ... )t p v ξ ξ ψ ψ  

Function Name:    t_pv_id 

Subprogram with value of the function: REAL*8 FUNCTION T_PV_ID(P,V,ART, COMP) 

for the call out of Fortran   REAL*8  P, V, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_T_PV_ID(T,P,V,ART, COMP)  

for the call out of the DLL REAL*8  T, P, V, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

v 3- Specific volume  in m /kgv  

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 t_pv_id, t  -  Temperature in °C 

Range of Validity: 

 Mixture pressure p:  from 0.01 mbar to 50 bar  

 3 3Specific volume v: from 5.1 m /kg to 2.9 109 m /kg            

Comments: 

Calculation :
⋅

=
p v

  T
R

 

Results for wrong input values: 

 t_pv_id, t = -1 
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1 10 1 10Specific Internal Energy  = f( , , ...  or ... )u p t ξ ξ ψ ψ  

Function Name:    u_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION U_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_U_PT_ID(U,P,T,ART, COMP)  

for the call out of the DLL REAL*8  U, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 u_pt_id, u  -  Specific internal energy in kJ/kg 

Range of Validity: 

Mixture pressure p: from 0.01 mbar to 50 bar 

 Temperature t : from –73.15 °C to 3026.85 °C 

Comments: 

Calculation:  u = h(p, t, (1:10)) - R ⋅ T  

Results for wrong input values: 

 u_pt_id, u = -1 

References: 

 h  corresponding to VDI 4670 [18] 
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1 10 1 10Specific Volume  = f( , , ...  or ... )v p t ξ ξ ψ ψ  

Function Name:    v_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION V_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_V_PT_ID(V,P,T,ART, COMP)  

for the call out of the DLL REAL*8  V, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 3v_pt_id, v  -  Specific volume in m /kg  

Range of Validity: 

 Mixture pressure p:  from 0.01 mbar to 50 bar  

 Temperature t :  from –73.15 °C to 3026.85 °C 

Comments: 

mCalculation :
⋅

=
R T

  v
p

 

Results for wrong input values: 

 v_pt_id, v = -1 
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1 10 1 10Isentropic Speed of Sound  = f( , , ...  or ... )w p t ξ ξ ψ ψ  

Function Name:    w_pt_id 

Subprogram with value of the function: REAL*8 FUNCTION W_PT_ID(P,T,ART, COMP) 

for the call out of Fortran   REAL*8  P, T, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_W_PT_ID(W,P,T,ART, COMP)  

for the call out of the DLL REAL*8  W, P, T, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

p - Mixture pressure p in bar 

t - Temperature t in °C 

type =1 for composition in mass fractions ξ  

 
=0 for composition in mole fractionsψ 

comp(1:10) 1 10- Composition in mass fractions ...  in kg/kg for type = 1ξ ξ  

 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 w_pt_id , w    -  Isentropic speed of sound in m/s 

Range of Validity: 

 Mixture pressure p: from 0.01 mbar to 50 bar  

 Temperature t : from –73.15 °C to 3026.85 °C 

Comments: 

m

m

Calculation :
⋅ ⋅

=
−

p

p

R T c
  w

c R
 

cp = f(p, t, (1:10) )  

Results for wrong input values: 

 w_pt_id, w = -1 

References: 

         corresponding to VDI 4670 [18]pc  
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i 1 10Mass Fraction  = f( , ... )iξ ψ ψ  

Function Name:    Xsi_igas_Psi_id 

Subprogram with value of the function: REAL*8 FUNCTION XSI_IGAS_ID(IGAS, COMP) 

for the call out of Fortran   REAL*8  IGAS, COMP(0:10) 

   INTEGER*4  ART 

Subprogram with parameter: INTEGER*4 FUNCTION C_XSI_IGAS_ID(XSI,IGAS, COMP)  

for the call out of the DLL REAL*8  XSI, IGAS, COMP(0:10) 

 INTEGER*4  ART 

Input Values: 

i - Gas number 

comp(1:10) 1 10- Composition in mole fractions ...  in kmol/kmol for type = 0  ψ ψ  

Result: 

 Xsi_igas_Psi_id, Xsi  -  Mass fraction in kg/kg 

Comments: 

 
i

i i

i i

Calculation :
( )

ξ ψ
ψ

= ⋅
⋅∑

M
  

M
 

Results for wrong input values: 

 Xsi_igas_Psi_id, Xsi = -1 
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