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Case Background: 
 
The compressors in any of refrigeration systems are actually performing gas compression 
function no matter what type of refrigerant is used for the refrigeration system. The 
refrigerant can be halocarbons, ammonia or hydrocarbons. In most cases, the refrigerant 
used for refrigeration system only consists of one gas component. For example, R-290 is 
100% of propane, R-1270 is 100% of propylene, etc.  
 
Sometime, for pipe line gas compression or in some case the refrigerant used for process 
refrigeration system is a mixed hydrocarbon, which consists of many gas components 
instead of pure refrigerant.  
 
This case is to demonstrate the method to calculate the properties of the gas mixture.  
 



Related Technical Data and Engineering Information for the Case: 
 
 
 

 
 

Figure 18-1  Physical Constants of Various Hydrocarbons 
 



 
 
 
 
 

 
 
 
Figure 18-2   Values of Various Ideal Gases Mol. Wt. Cp – Btu/Lb-Mole-ºF 



 

 
  
 
Figure 18-3   Values of Various Ideal Gases Mol. Wt. Cp – Btu/Lb-Mole-ºF 
 
 
 
 



Cogitation 
 
 
When making gas compression calculation, the gas physical properties such as molecular 
weight, critical pressure, critical temperature and the Mol. Wt. Cp. of a gas mixture 
required are required. If the gas is a mixture of various hydrocarbons, a calculation shall 
be made to find out the properties of the gas mixture. Each components of the gas 
mixture must be given either by percent of moles or percent of weight. If the percentages 
are given by percents weight, it shall be converted to percents. 
 
The Figure 18-1 is the physical properties table for molecular weight, critical pressure, 
critical temperature for most of the hydrocarbon gases. The Figure 18-2 and 18-2 are the 
Mol. Wt. Cp at various temperatures for the hydrocarbon gases.  
 
Figure 18-1 also shows the formula each of the hydrocarbons. Sometimes, hydrocarbon 
gas is expressed with numerical prefix, such as C1 for Methane, C2 for Ethane, iC4 fir Iso-
Butane and etc, numerical prefix for gases are shown as the following:  
 

  

  
 
The following is the demonstration to show how to calculate the physical properties of a 
gas mixture: 
 
Gas properties calculation for gas mixture when mole% is given: 
 
1.0 Mixture of gases: 
 

For a mixture of gas, the exact value of Mole Percent or Weight Percent must be 
provided for each components of the gas composition; undefined expressions such 
as ‘Others’, ‘Approximately’, Misc. Gases’ and etc are not allowed. Therefore, 
the following undefined gas composition expression is not to be used: 

 
Methane            89%    
Ethane                4%           
Propane              5%           
Others          2%           



 
 The following gas composition expression is acceptable: 
 

Methane            89%          
Ethane                4%           
Propane              5%           
Carbon.Dioxide             2%           

 
2.0 Chemical Formula, Mole Percents and M.F. for the mixture: 
 

Mole%  M.F. 
        ------------       ------------ 

Methane            CH4                 89%         0.89 
Ethane              C2H6                  4%          0.04 
Propane            C3H8                  5%          0.05 
Carb..Dioxide   CO2                  2%          0.02 

                ------------      ------------ 
    Total   100%  1.00 
 
 The total must be exactly equal to 100% mole percent or 1.00 for M.F.   
 
3.0 Physical constants of the each components from Figure 18-1: 

 
Methane, CH4  Molecular Weight = 16.043 

Critical Pressure = 667.8 Psia   
Critical Temp = -116.63°F  

   Or  °R = -116.63 + 460 = 343.37°R  
    MWcp at 80°F =  8.54 
 

Ethane, C2H6    Molecular Weight = 30.07 
Critical Pressure = 707.8 Psia   
Critical Temp =   90.09°F  

           Or  °R =   90.09 + 460 = 550.1°R 
MWcp at 80°F =  12.6 

 
Propane, C3H8  Molecular Weight = 44.-97 

Critical Pressure = 616.3 Psia   
Critical Temp =  206.01°F  

           Or  °R =  206.01 + 460 = 666.0°R 
MWcp at 80°F =  17.6 

 
Carbon Dioxide Molecular Weight =  44.01 

Critical Pressure = 1071  Psia   
Critical Temp =   87.9°F  

           Or  °R =   87.9  + 460 = 547.9°R 
MWcp at 80°F =  8.89 



 
4.0 To calculate the Molecular Weight for the Gas Mixture: 
 
 The pseudo M.W. of Methane = 16.0 x 0.89 = 14.24. 

Follow the same steps to calculate the partial M.W. for other component 
of the gas. 

 
                   Pseudo 

Component    Formula     M.W.      Mol % M.W.     
---------------  ------------        --------       --------        -------- 
Methane          CH4      16.0         89%  14.24      
Ethane             C2H6     30.1           4%      1.20      
Propane           C3H8     44.1          5%   2.21      
Carb.Dioxide  CO2        44.0          2%   0.88    

                                                                                        --------          --------                                             
Mixture Gas                                           100%            18.53                                                  

 
  Therefore, the Molecular Weight of the gas mixture is 18.53 
 
5.0 To calculate the Critical Pressure (Psia) for the gas mixture: 
 
 The Pseudo Critical Pressure of Methane = 667.8 x 0.89 = 594.34.  

Follow the same steps to calculate the partial critical pressure for 
other component of the gas.  

         Pseudo 
                   Critical    Critical  
Component    Formula    Mol %    Press.     Press.  

   ---------------  ----------   ----------   ---------   ---------   
Methane           CH4        89%           667.8          594.34         
Ethane              C2H6      4%           707.8              28.31           
Propane            C3H8      5%           616.3              30.82           
Carb.Dioxide    CO2       2%       1071              21.42           
                                       ----------                           -------- 
Mixture Gas                   100%                              674.89     
     

  Therefore, the critical pressure of the gas mixture is 674.79 Psia 
 
6.0 To Calculate the Critical Temperature for the Gas Mixture: 
 
 Temperature used for gas compression calculation is Rankin Temperature 

°R instead of  ºF; so change all the ºF to °R to calculate the mixture 
critical temperature. 

 
 The Pseudo Critical Temperature of Methane = 343.37 x 0.89 = 305.60. 

Follow the same steps to calculate the partial critical temperature for other 
component of the gas.  



 
 

                                                                          Pseudo  
Component    Formula    Mol %    Critical  Temperature         Temp. °R    
--------------  ----------  ----------   -------------------------------   -------------    
Methane           CH4        89%      (-116.63 +460) = 343.37      305.60        
Ethane              C2H6      4%        (90.09 + 460)   = 550.09        22.00         
Propane            C3H8      5%        (206.01 + 460) = 666.01        33.30         
Carb.Dioxide    CO2       2%        (87.9 + 460)     = 547.90         10.96  

                                       --------       ------------ 
Mixture Gas                 100%                      371.86       

 
  Therefore, the Critical Temperature of the Gas Mixture is 371.86°R 
 
7.0 To Calculate the Mol. Wt. Cp for the Gas Mixture: 
 

The MWcp is to be used for the calculation of the k factor. It is always 
associated with the temperature at the suction. Assuming the operating 
condition is 80°F, the example is to calculate the MWcp of the gas 
mixture at 80°F at compressor suction. 

 
 The Pseudo MWcp of Methane = 8.54 x 0.89 = 7.60. 

Follow the same steps to calculate the partial MWcp for other component 
of the gas.  

  
Component    Formula    Mol %.    MWcp     MWcp 
--------------   ----------   ----------   ----------   -----------    
Methane           CH4        89%            8.54       7.600 
Ethane              C2H6        4%          12.60       0.504 
Propane            C3H8        5%            17.6       0.880 
Carb.Dioxide    CO2         2%            8.89       0.178 

                                          ----------                    ----------                                            
Mixture Gas                    100%                        9.162 

 
  Therefore, the MWcp of the Gas Mixture at 80°F is 9.162 
 
8.0 Gas Analysis Table: 
 

                        Component    Pseudo 
                                                                  Pseudo  Critical   Critical                  ---------------------------------               
Component    Formula    M.W.    Mol %    M.W.    Press.    Temp.    MWcp    Press.     Temp.    MWcp 
---------------  -----------  ---------- ----------  ---------- --------  --------    ---------   ---------  ---------  ----------- 
Methane        CH4           16.0        89%       14.24     668         343       8.54         595        305        7.600 
Ethane           C2H6         30.1          4%         1.20     708         550      12.60          28          22        0.504 
Propane         C3H8         44.1          5%         2.21     616         666      17.6            31          33        0.880 
Carb.Dioxide CO2          44.0           2%         0.88   1071        548        8.89           21          11       0.178 
                                                    ----------    --------                                            ----------  ---------  ---------- 
Mixture Gas                                 100%        18.53                                                 675        371       9.162 



 
 
Therefore, physical properties of the gas mixture are as the following: 
 
 MW of gas mixture:   18.53 
 Critical Pressure:   675 Psia  
 Critical Temperature:   371°R 
 MWcp at 80°F:   9.162 
 
 
 
 
 
Converting Weight Percents to Mole Percent for gas mixture: 
 
As indicated earlier, the properties calculation for gas mixture are based on Mole%, 
therefore, if only Wt% is given for the gas flow, the Wt% should be converted into Mol% 
in order to calculate the gas properties of the mixture. The steps to convert the Wt% to 
Mol% are as the following: 
 
(1) Components of mixture gas, Wt% given: 
 

Propane C3H8  75.90% by weight 
Methane CH4    8.48% 
Ethane  C2H6    7.95% 
n-Butan n-C4H10   7.67% 

 
(2) Find the molecular weight of each component of the gas:  
 
         Molecular weight 
         --------------------- 

Propane C3H8  44.094 
Methane CH4  16.042 
Ethane  C2H6  30.068 
n-Butan n-C4H10 58.120 

 
(3) Convert the Weight Percent to Mole Percent: 
  
 Calculate the Mol Gas per 100# of Mixture for Propane component: 
 
           Wt%           75.90 
   =   ---------   =  -----------  =  1.7213 
            MW         44.094 
                
 Same step to calculate the value for other gas components and the result is as the 

following: 
 



 
 
 
                       Mol Gas 
    MW                 Wt%       Per 100# Mix.  
                       ------------         ------------   -------------------    
  Propane, C3H8  44.094  75.90  1.7213   

Methane, CH4  16.042    8.48  0.5286  
Ethane , C2H6  30.068      7.95  0.2644    
n-Butan, n-C4H10 58.120      7.67  0.1320   
               ---------        --------------        
              100.00% 2.6463           

 
 Total Lb. Mol per 100 Lbs gas is 2.6463 
 
            1.7213 
 Mol% for Propane gas =  ------------  =  65.05 Mol% 
                                             2.6463 
 
 Follow the same steps to calculate the Mole% for other gas component and the 

result is shown below: 
 
                       Mol Gas 
    MW                 Wt%       Per 100# Mix. Mol %  
                       ------------         ------------   -------------------   ----------- 
  Propane, C3H8  44.094  75.90  1.7213  65.05 

Methane, CH4  16.042    8.48  0.5286  19.98 
Ethane , C2H6  30.068      7.95  0.2644    9.99 
n-Butan, n-C4H10 58.120      7.67  0.1320    4.98 
               ---------        --------------        ----------- 
              100.00% 2.6463           100.0% 

 
(4) Gas mixture in Mole percent: 
 

Propane C3H8  65.05% by Mole 
Methane CH4  19.98% 
Ethane  C2H6    9.99%  
n-Butan n-C4H10   4.98% 

 
 
 
 
 
 
 
 


