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Abstract— Critical temperatures (   and pressures (   of hydrocarbon gases are important physical properties used 
for the calculation of Pseudo reduced properties, which are bases for the application of the corresponding states’ theorem, 
useful in z-factors’ determination, which are necessary in several petroleum engineering applications such as composi-
tional modeling studies and phase behavior calculations.  
Two simple models which are functions of specific gravity, and having only integers as regressing parameters are pre-
sented in this study. One model estimates  and the other,  of natural gas systems over a wide range of gas specific 
gravity. The associated parameters were estimated by fitting models to data from over 420 data points obtained from liter-
ature using non-linear regression analysis to minimize the sum of squares error employing a trust-region algorithm of 
BFGS algorithm of a solver add-in program in Microsoft Excel. 
The performance of the models in replicating experimentally measured values is compared with four other correlations 
which have popular industry patronage. The new correlations showed superior accuracy in estimating both the pseudo-
critical temperature and pseudo critical pressure for dry and wet natural gas systems in comparison to the other correla-
tions. Average Absolute errors of 0.0565% and 0.2729% for  and  respectively, and correlation coefficients of 
0.992755 and 0.99845097, respectively for  and  were achieved with the new correlations. 
These correlations are recommended in allowable limits of up to , , or a total impurity (non-hydrocarbon) 
content of . 
 
Index Terms— Pseudo critical pressure, Pseudo critical temperature, Sweet natural gas, Gas Specific gravity, Gaseous pe-
troleum, Reservoir fluid properties, physical constants of natural gas constituents..   

——————————      —————————— 

1 INTRODUCTION                                                                     

Natural gas is gaseous petroleum, consisting essentially of 
hydrocarbons of the paraffin series. Methane is the chief 
component of natural gas occurring in percentages of over 
eighty, most of the times, with other hydrocarbons other 
than methane occurring in smaller fractions. Some non-
hydrocarbon components (known as impurities) occur in 
natural gas, the most common being, carbon dioxide, nitro-
gen, water vapour and hydrogen sulphide. The composition 
of natural gas often determines its properties. 

Gas composition is usually determined in laboratories and 
is reported in mole fractions of the gas components. These 
enable calculation of pseudo critical temperatures and 
pressures of hydrocarbon gases using Kay’s mixing rule, 
given the critical temperatures and pressures of the pure 
constituents. Tabulations of physical constants for typical 
natural gas constituents are often included in some litera-
tures such as is shown in table 1 below. 

For example, if  is the mole fraction of component i, in a gase-

ous mixture consisting of n number of compounds, the pseudo 
critical temperature and pseudo - critical pressure of the gas mix-
ture can be calculated using: 

       

       (1)                 

         

       (2) 

TABLE 1 
PHYSICAL CONSTANTS FOR TYPICAL NATURAL GAS COMPONENTS 

 

(*From Edmister and Lee (1984). 
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Where,  

  is pseudo - critical pressure of the gas mixture,                                                                     

 is pseudo- critical temperature of the gas mixture,                                                                  

 is critical pressure for pure component ,                                                                                  

 is critical temperature for pure component ; and                                                                      

 is the mole fraction of component i, in a gaseous mixture.  

If the gas composition is not known, but gas-specific gravity is 

available or can be calculated, the pseudo-critical pressure and 

pseudo critical temperature can be estimated using various charts 

or correlations developed empirically from various laboratory 

measurements. Most correlations of  are functions of 

the gas specific gravity. Gas specific gravity is defined as the ratio 

of the density of the gas to the density of air at standard condi-

tions  temperature and  average pressure). Since 

at atmospheric pressure and temperature the densities of gases 

are directly proportional to the molecular weight, the specific 

gravity of the gas mixture may be defined as the molecular weight 

of the gas to the molecular weight of air, usually taken as 28.97. 

Gas gravities for natural gases range from 0.6 to 1.1, depending 

on the relative concentration of the heavier hydrocarbons present 

in the gas. (Amyx et al. (1988)). 

Thus, mathematically, gas specific gravity is,  

                     (3) 

 

2.0 REVIEW OF LITRATURE 

Many correlations which estimate pseudo-critical properties 
have been reported in the literature. The accuracy of these 
correlations varies widely and depends on the nature of the 
compositions of fluid sample (e.g. percentage of different 
hydrocarbon and non-hydrocarbon components, and other 
impurities), and the gas specific gravity. Some correlations 
for estimating gas pseudo critical properties for sweet natu-
ral gas systems containing minor amounts of carbon diox-
ide and nitrogen with no hydrogen sulfide or a total impurity 
(non-hydrocarbon) content of , are as follows: 

2.1 Standing’s Correlation (1981): 

Based on work on light molecular weight California natural 
gases presented two sets of correlations: one for dry hy-
drocarbon gases and one for wet gas mixtures, Standing in 
1981 proposed the following correlations for dry and wet 
gases: 
Dry hydrocarbon gases :  

              (4) 

and             (5) 

Wet gas mixtures : 

               (6) 

and                         (7) 

Standing indicated that his correlation works only when 
there is no non-hydrocarbon gases present in the natural 
gas mixture. 

2.2 Sutton’s (1985) Correlation: 

Sutton, working with PVT reports of high molecular weight, 
mainly sweet gases rich in Heptane-plus fractions, used 
regression analysis on the raw data to obtain the following 
second-order fit for the pseudo critical properties of hydro-
carbon mixtures: 

                (8) 

and                (9) 

Sutton developed his correlation using gases which had 
minor amounts of carbon dioxide and nitrogen with no hy-
drogen sulfide. The range of the gas gravities were 

. Thomas et al. (1970), recommended the 

use of these equations in allowable limits of up to  , 

, or a total impurity (non-hydrocarbon) content of 

, beyond which errors in critical pressures exceed 

6%. 
2.3 Elsharkawy et al.’s (2004) Correlation:  
Elsharkawy with his research team developed a correlation 
for critical properties using a large data bank of retrograde 
gas condensates with minor amounts of hydrogen sulfide. 
The correlation has the form: 

            (10) 

and            (11) 

 
2.4 Menon, El Shashi’s (2015) Correlation: 

            (12) 

            (13  

 
Proposed correlations  
A: Pseudo-Critical Temperature: 

                               (14) 

B: Pseudo-Critical Pressure 
         (15) 

 
RESULTS 
Results for estimation of , by the various correla-

tions are as shown in tables 2 and 3, respectively, and the 
performances of the various correlations in comparison to 
values obtained from the graph of G. G. Brown et al of spe-
cific gravity versus pseudo-critical temperature and pseudo-
critical pressure. The graph was developed on the basis of 
over 480 experimentally derived data points. The compara-
tive performances for the estimated values of  and , 

are shown graphically in figures 1 and 2, respectively.  
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TABLE 2 
PSEUDOCRITICAL PRESSURES OF MODELS COMPARED TO 

MEASURED VALUES 

 

TABLE 3 
PSEUDOCRITICAL TEMPERATURES OF MODELS COMPARED TO 

MEASURED VALUES 

 

. 

 

Figure 1: Comparison of Pseudo critical temperatures 
versus Specific gravity 
.  
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PERFORMANCE COMPARISON OF CORRELATIONS:  

The performance of the new correlations for Pseudo critical pres-

sure and pseudo critical temperature relative to those of Stand-

ing’s (1981), Sutton, R. P.’s, (1984), Menon’s, (2015), and El 

Sharkawy et al.s’ (2004) were compared and the errors of estima-

tion against the measured values read from the graph of specific 

gravity versus pseudo critical temperature and pseudo critical 

pressure developed by G. G. Brown et al. The error analysis crite-

ria used in this study are Average percent Relative Error (ARE), 

Average Absolute percent Relative Error (AARE), Standard De-

viation (SD), and the Correlation coefficient , as contained in  

 

 
 
Results for error analyses for pseudo critical temperature 

calculated from the various correlations are shown as table 
5 and that for pseudo critical pressure are as tabulated in 
table 6  

 
 

 

 

CONCLUSIONS 

The proposed correlation showed the best performance for 
the data analyzed. New correlations have been developed 
for calculating the pseudo critical pressures and pseudo 
critical temperatures of sweet natural gas systems with no 
impurities to a great degree of accuracy. Deviations from 
experimental values of pseudo critical pressures and pseu-
do critical temperatures indicated as average percent rela-
tive errors, average absolute percent relative errors, and 
the standard deviations, were lower for this study than for 
calculated values based on Standings’ El Sharkawy’s, Sut-
ton’s and Menon’s correlations. The correlation coefficients 
of the correlations of this study are closer to one than those 
of other correlations. 
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