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0.   Package Contents 

 
 
Zip file "CD_FluidPRIME_LibIDGAS.zip" includes the following files: 
 

FluidPRIME_LibIDGAS_Docu.pdf - User’s Guide 

Functions_LibIDGAS.mcdx - Mathcad Prime® worksheet with all functions 

LibIDGAS.msi   - MSI installer 

setup.exe   - Setup installer 

LibIDGAS.dll   - DLL with functions of the LibIDGAS 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 above 1000 °C and mole fractions of oxygen of more than 1 % ( 
2

O 0.01) 

the dissociation based on the VDI 4670 for the gases nitrogen, oxygen, carbon dioxide, steam, 
and sulfur dioxide are considered. For programming reasons, the calculation of the correction 
for the dissociation is already carried out from 500 °C.  
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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,1...10 or 1...10) a_pt_id a_pt_id(p,t,type,zu(1:10)) Thermal diffusivity  m2/s [15], [18] 3/1 

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

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

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

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

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

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

p = f(t,s,1...10 or 1...10) 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,1...10 or 1...10) 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,1...10 or 1...10) Pr_pt_id Pr_pt_id(p,t,type,zu(1:10)) Prandtl-number  

 

 [15], [16] 3/12 

i = f(i,1...10) 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(1...10 or 1...10) R_id R_id(type,zu(1:10)) Specific gas constant  

 

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

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

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

i = f(i,1...10) 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 

1 ... 10 Mass fractions of the components kg/kg 

1... 10 Mole fractions, volume fractions of the components kmol/kmol 

type Input:  

type = 1  for mass fractions 1, ... 10 

type = 0  for mole fractions 1, ... 10 

 

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

comp(1:10) for type =0 Mole fractions 1, ... 10 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  Application of FluidPRIME in Mathcad Prime 

FluidPRIME has been developed to calculate thermodynamic properties in Mathcad Prime 

more conveniently. Within Mathcad Prime, it enables the direct call of functions relating to 

humid air from the LibIdGas property library. 

2.1  Installing FluidPRIME 

In this section, the installation of FluidPRIME LibIdGas is described. 

After you have downloaded and extracted the zip-file "CD_FluidPRIME_LibIdGas.zip", you 

will see the folder 

 CD_FluidPRIME_LibIdGas 

in your Windows Explorer, Norton Commander etc.  

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

Within this folder you will see the following files and a folders: 

 FluidPRIME_LibIdGas_Docu.pdf 

 Functions_LibIdGas.mcdx 

LibIdGas.msi 

setup.exe 

LibIdGas.dll 

In order to run the installation of FluidPRIME double-click the file 

setup.exe. 

Note: If you get an error message during the installation, please try the LibIdGas.msi instead 

of the setup.exe for the installation. The steps trough the install assistent are similiary on 

both the .exe and the .msi file. 

After opening the installer-file you get the start window of the setup wizard (Figure 1.1). 

Please confirm with "Next". 
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Figure 2.1: Setup Wizard 

In Figure 2.2 you can see a note window that will inform you additionally to the next steps. 

 

Figure 2.2: Note Window 

Click on the "Next" button to get the "Select Installation Folder"-window (Figure 2.3). 
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Figure 2.3: Select Installation Folder 

Please click on "Browse…" to get another window where you can select the installation path. 

You will get the standard path: 

 C:\Program Files\PTC\ 

Now select your Mathcad Prime® version folder. For example 

C:\Program Files\PTC\Mathcad Prime 5.0.0.0 (Version 5.0.0.0). 

On the next step you have to choose the "Custom Functions" folder, so that your final 

installation path looks like 

C:\Program Files\PTC\Mathcad Prime 5.0.0.0\Custom Functions\ 

that you can also see in Figure 2.4. 
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Figure 2.4: "Browse for Folder"-window with the full installation path 

Please confirm with "OK" and continue in the further window (Figure 2.5) with "Next". 

 

Figure 2.5: "Select Installation Folder"-window 

To start the installation you have to click again on "Next". 

After a few moments, you gets a message that the installation was successful and you can 

exit the setup with "Close". 

The installation of FluidPRIME with the library LibIdGas is finished. 

Finally, please copy or overwrite the LibIdGas.dll-file in the installation folder that is described 

before, with the file in the zip-file. 
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During the installation process the following files will have been copied into the destination 

folder chosen, the standard being  

"C:\Program Files\PTC\Mathcad Prime 5.0.0.0\Custom Functions\": 

LC.dll   LibIdGas.dll   PRIME_LibIdGas.dll 

libifcoremd.dll  libiomp5.dll   libmmd.dll.  

 

Note:  

The shown default installation path for Mathcad Prime® may be different depending on the 

installation on your machine. In addition, the Mathcad Prime® version can be another than 

5.0.0.0 that is used in this manual. 

The underscore after "Lib" in the figures before, is representative of the library name of the 

library to be installed. 

2.2 Licensing the LibIdGas Property Library 

Within the installation that was shown in chapter 2.1 the licensing key will be registered on 

your computer automatically. 
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2.3  Example: Calculation the Enthalpy h = f(p, t, 1 ... 10)  

of the Gas Mixture 

 

We will now calculate, step by step, the specific enthalpy h of a combustion gas as a function 

of pressure p = 1 bar, temperature t = 100 °C, and a mixture composed of the following mass 

fractions using FluidPRIME: 

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

According to the "Mixture gases" table in Chapter 1.2, carbon dioxide represents in the 

LibIDGAS program library the gas no. 6, steam the gas no. 7 and air nitrogen the gas no. 10. 

Thus the mass fractions are 

6 13% , 7 11% , 10 76% . 

 

- Start Mathcad Prime. 

- Type "p:" and enter the value for the pressure p in bar. 

   (Range of validity: p = 0.01 bar ... 50 bar) 

 e. g.: Enter "p:1 bar" for the first operand 

- Type "t:" and enter the value for the temperature t  in °C. 

      (Range of validity: t = - 73.15 °C ... 3,026.85 °C) 

e. g.: Enter "t:100 °C" for the second operand 

- Enter the code "type" to identify if the composition of the mixture is entered in mass 

fractions or mole fractions, i. e. volume fractions 

  type = 1  for input of composition in mass fractions 1, ... 10 

  type = 0  for input of composition in mass fractions 1, ... 10 

e. g.: Enter the value 1 for the third operand 

- Situate the cursor on the fourth operand and type "zu:". 

Insert a matrix with ten rows and one column by clicking on the "Matrix/Tables"-toolbar. 

Then click the "Matrix insert" button and choose a 10x1-matrix.  

- Enter the values for the mass fractions 1 ... 10 of the mixture gases into the vector 

 1  for argon  Ar  e. g.: Enter the value 0  into the 1st row 

 2  for neon Ne  e. g.: Enter the value 0  into the 2nd row 

 3  for nitrogen  O2  e. g.: Enter the value 0  into the 3rd row 

 4  for oxygen  N2  e. g.: Enter the value 0  into the 4th row 

 5  for carbon monoxide CO  e. g.: Enter the value 0  into the 5th row 

 6  for carbon dioxide  CO2  e. g.: Enter the value 0.13  into the 6th row 

 7  for steam  H2O  e. g.: Enter the value 0.11  into the 7th row 

 8  for sulfur dioxide  SO2  e. g.: Enter the value 0  into the 8th row 

 9  for air - dry    e. g.: Enter the value 0  into the 9th row 

 10  for air nitrogen   e. g.: Enter the value 0.76  into the 10th row 

- Confirm your entry by pressing the "ENTER" key. 
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- To insert units you can type it directly behind the value or you can use the units menu to 

search for the desired units (see Figure 2.6, marked red). 

 

Figure 2.6: Mathcad Prime® menu bar with the units function 

- Your Mathcad Prime calculation window should look like Figure 2.7: 

 

Figure 2.7: Example Mathcad Prime® sheet after input of the given parameters 

- Now, type open the file Functions_LibIDGAS.mcdx. In this Mathcad Prime®  worksheet 

you can find all the functions of the library (see Figure 2.8) 
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Figure 2.8: Mathcad Prime® worksheet for the LibIF97-Functions 

- Search the function h_pt_id and mark it by drag a selection rectangle around it. 

- Copy the marked function and paste it into your example worksheet 

- Click it the function and type "h:" in front of it. 

- Your Mathcad Prime calculation window should look like Figure 2.9: 
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Figure 2.9: Example Mathcad Prime® sheet i 

- Now click in the first operand in the brackets of the function. . You can now enter the value 

for p either by entering the value directly or by entering the name of the variable where the 

value was saved.  

  e.g.: Enter "p". 

- Situate the cursor on the next placeholder and set all the variables we set above. 

- Close the input formula by pressing the "Enter"-Key. 

- You can now go on working with the variable h which we have just calculated. 

- If you wish to see the result, you have to type the following command on the next line in 

the Mathcad Prime window: 

 "h =". 

 You will now see the result h=1.103•105. m2/s-1. The corresponding unit is kJ/kg (see table 

of the property functions in Chapter 1). In Mathcad Prime® the final unit (given behind the 

function call) changed to base units. To display the result in the unit you have chosen, you 

can change the unit after the result value. 

In the next figure you can the calculated value. 
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Figure 2.10: Example Mathcad Prime® sheet with finished calculation  
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2.4 Removing FluidPRIME 

To remove FluidPRIME with the library LibIDGAS from your hard drive, carry out the 

following steps: 

-  Click "Start" in the lower task bar of your desktop, then "Settings" and then "Control 

Panel".  

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

- In the list box of the "Add or Remove Programs" window that appears select "FluidPRIME 

- LibIDGAS" by clicking on it and click the "Add/Remove…" button.  

-  In the following dialog box click "Yes" and wait until the windows is closing.  

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

Now FluidPRIME with the library LibIDGAS has been removed. 
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3.  Program Documentation 

1 10 1 10Thermal Diffusivity  = f( , , ...  or ... )� � �      

����	
�������     a_pt_id 

�����������
	����������	�������	
���� REAL*8 FUNCTION A_PT_ID(P,T,ART, ZU) 

����	���������	�������	��    ����� ��!"�#"�$%&!'(��()�
� � � *�#�+���,����#�

�����������
	������	���� � INTEGER*4 FUNCTION C_A_PT_ID(A,P,T,ART, ZU)��
����	���������	����	���-��   ����� ���"�!"�#"�./'(��()�
� � *�#�+���,�$0�!#0*-"���#�

Input Values: 
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���
���33����	
��3� 666 �
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Result: 
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Range of Validity: 
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Comments: 
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Results for wrong input values: 

 0�	0
:"��8�1��

References: 
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