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ABSTRACT 

 Compressibility factor (Z-factor) of natural (NG) gas is 

necessary in most gas engineering calculations. When there is no 

available experimental data for the requiredconditions, the 

challenge in modelling is development simulator to obtain an 

accurate determination of Z-factor. The available developed 

models can predict the NG compressibility factor as a function of 

the gas composition, pressure and temperature. Mellitah Oil & Gas 

(MOG) Company is the main company for processing of the NG in 

Libya. Before, processing of the NG including transportation, 

liquefaction, or export the Libyan NG to Europe via pipelines, the 

thermodynamic properties of NG should be evaluated. The major 

thermodynamic properties considered in the present study were 

compressibility factor, molar density, and viscosity. The first phase 

of this research, compressibility factor (z-factor) has been 

                                                 
�- Department of Chemical and Petroleum Engineering,  

     El-Mergib University, Alkhoms, Libya 
*
Corresponding Author: Tel. +218-94-511 8178,  

Email: aaa148@case.edu (A. Ahwaige), and asbshish@elmergib.edu.ly (A. Ebshish) 



òîàÜÇ@ÖbÏe@ @

  مجلة كلية الدراسات العليا بالجامعة األسمرية اإلسالميـة

 

 181

  ا	ولا���د 

�� 2018/أ

thoroughly examined using three empirical correlations. Modelling 

of the PVT properties-based on MATLAB logarithms for various 

mathematical models based on these empirical correlations were 

established. Moreover, comparative studies have been conducted 

between the selected empirical equations and a good source of 

reference data obtained from Standing Kataz chart. The results 

suggested that the Shell Oil Company correlation provides a bitter 

fit to S-K chart than the other studied empirical correlations. In the 

second phase, the prediction of molar volume, density and 

viscosity of NG were evaluated using the Shell Oil Company 

correlation and the results were fit with that obtained using S-K 

chart. The prediction of molar volume is significantly dependent 

on the pressure in range of pseudo reduced pressure of 1-3, which 

means that the studied NG composition follows a compressible gas 

behavior in this pressure range.  

KEYWORDS: Natural gas; empirical correlations; physical 

properties; andthermodynamic properties. 

1. Introduction 

 Nowadays, the world strongly depends on the natural gas 

(NG) as a main source of energy supply. Properties of natural gas 

often depend on its composition of hydrocarbon and non-

hydrocarbon components. These properties are important for 

natural gas engineering calculations, such as petroleum reservoir, 

gas metering, gas compression, design of pipelines and surface 

facilities [1-4]. It is essential to find precise and accurate estimates 

of natural gas properties for utilization and usage. In particular, 
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compressibility factor is the primary thermodynamic property that 

has been suggested to contribute significantly to NG behavior. 

Compressibility factor (i.e. gas deviation factor) is defined as the 

ratio of the real gas volume to the ideal volume, which is a 

measure of the gas deviation from perfect behavior.  

 The common methods to estimate z-factor values are 

experimental measurements, equations of state (EoSs), and 

empirical correlations. Among them, experimental measurements 

are the most reliable way to obtain z-factor. However, the cost and 

time consuming make this method difficult to apply [3-5]. Since 

the laboratory analyses are not available, empirical correlations and 

equation of state are more attractive. Regarding natural gas Z-

factor prediction, empirical correlations are much faster and easier 

than equations of states [6]. Comparing to EoSs, compressibility 

factor correlations have adequate accuracy [7]. Moreover, 

empirical correlations are simpler than equations of state, involving 

small number of parameters, which require less complicated and 

shorter computation [6].  

 In this study, some of available empirical correlationshave 

been selected to evaluate the compressibility factor and other 

thermodynamic properties of natural gas of Milletah field, which 
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belongs to Milletah Oil & Gas (MOG) – Libyan Branch. 

Correlations tested in this work are Beggs & Brill, Shell Oil 

Company, and Dranchuk & Abou-Kassem. To check the validity 

and reliability of these correlations in calculating z-factor of NG, 

the results were compared for their strengths and weaknesses to 

Standing and Katz chart (S-K Chart). This chart has become an 

industry standard for predicting the PVT behavior of natural gases. 

2.  Available Models for Z-factor Estimation 

 For the real gas, compressibility factor can be attained as 

follow [8-9]: 

  

 Where, P is pressure in kPa, V is the volume in L, Z is the 

compressibility factor of gas, n is the number of gas mol, R is 

universal gas constant, T is temperature in K. According to the 

principle of corresponding states, the compressibility factor for any 

pure gas, at the same reduced temperature (Tr) and reduced 

pressure (Pr), is the same. So the Z- factor can be defined as a 

function of reduced temperature and reduced pressure. The reduced 

pressure and temperature are defined as follow: 

 where Pc and Tc are critical pressure and critical temperature 

of the gas, respectively. The only single component gases have 
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individual, single value of critical temperatures and critical 

pressures. For gas mixture, the Pc and Tc can be calculated as 

follow: 

 

 

 

 
 From equations 4 and 5 and by knowing the composition of 

the natural gas, thePc and Tccan be obtained and applied to 

empirical correlations to predict Z-factor of the gas. Some of 

generally used empirical models for calculating the compressibility 

factor are presented as follow: 

 

2.1 Beggs and Brill 

 In 1973, Beggs and Brill proposed an empirical correlation 

generated from Standing and Katz Z-factor chart. This equation is 

a function of pseudo-reduced temperature and pseudo-reduced 

pressure. Their equation is as follow [3]: 

  
Where 
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 This equation is not recommended to be used for reduced 

temperature values less than 0.92. 

2.2 Shell Oil Company 

 Shell Oil Company introduced a mathematical model by 

Kumar (2004) for prediction of Z-factor as [3]: 

 

 
where 

  
 

 

  
  
  
 

 
  

 

2.3 Dranchuk and Abou-Kassem 

 Dranchuk and Abou-Kassem (DA) have proposed an 

empirical correlation in1975. This correlation has 11 constant, as 

shown in equation 19, for predicting the gas compressibility factor 

[3]. 
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 19 

where  is reduced density of gas and is defined as follow: 

 
 

 The constants  to were determined by fitting the 

equation, using non-linear regressionmodels to 1500 points from 

SK-Z-factor chart. The values of coefficients are given in table 1. 

 
Table 1. Dranchuk & Abu-Kassem correlation coefficients values 

   

   

   
This equation is available to calculate Z-factor over the ranges of 

and . 
3. Methodology 

 In this work, the data of Libyan natural gas that used to 

estimate the compressibility factor was collected from renowned 

laboratories of MOG Company (see Table 2). MATLAB logarithm 

was established for computing the compressibility factor for 

reduced pressure and reduced temperatures in ranges of 1–14 and 

1-3, respectively. Firstly, three empirical correlations, namely, 

Beggs and Brill, Shell Oil Company, and Dranchuk were tested in 

calculating Z-factor at different Tr and Pr and their results were 

compared with Standing–Katz chart. The best empirical 
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correlation, the most close to SK-chart, was chosen to calculate the 

gas properties such as molar volume, density and viscosity. 

Table 2: Composition of MOG gas mixture used in this study 

Component Formula Mole Fraction 

Hydrogen Sulphide H2S 0.0127 

Carbon Dioxide CO2 0.1565 

Nitrogen N2 0.0459 

Methane C1 0.7006 

Ethane C2 0.0440 

Propane C3 0.0176 

i-Butane i-C4 0.004 

n-Butane n-C4 0.0067 

i-Pentane i-C5 0.0030 

n-Pentane n-C5 0.0030 

n-Hexane n-C6 0.0029 

n-Heptane n-C7 0.0180 

n-Octane n-C8 0.0008 

n-Nonane n-C9+ 0.0002 

Water  H2O 0.02 

 Secondly, based on the NG composition, critical pressure 

( ) and temperature ( ) for gas mixture were calculated using 

equations (4) and (5), respectively. Then, the reduced pressure ( ) 

and reduced temperature ( ) were calculated as defined in 

Equations (2) and (3), respectively. Then, the gas properties were 

calculated using the following equations:  
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 Where,  is the density of the gas mixture in ,  is 

the viscosity in cp,  is the molecular weight of gas mixture, R is 

the universal gas constant, is the specific gravity for gas, and  

is the parameter used to calculate . 

4. Result and Discussion 
4.1 Compressibility Factor 
 All empirical correlations, used to compute the 

compressibility factor, mentioned in this work are function of 

reduced temperature and reduced pressure. Figures 1, 2, and 3 

below show the relationship between compressibility factor and 

reduced pressure at reduced temperature of 1.25, 1.5, and 17 

respectively. The compressibility factor was measured by using 

different empirical correlations as well as Standing-Katz chart. The 

Z-factor calculated by Standing and Katz chart, which becomes an 

industry standard for predicting the volumetric behavior of natural 

gas, was used for comparison purpose with that obtained from 

empirical correlations. As clearly seen in these figures, the change 

of compressibility factor with reduced pressure has the same trend 
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for all empirical correlations as well as SK-chart. The Z-factor is 

decrease with increase reduced pressure to a certain point then start 

increasing with increase in reduced pressure. Figure 1 shows that 

the empirical correlations of Beggs & Brill and Shell Oil Company 

are much closer to Standing-Katz and are good enough to be used 

in estimation of compressibility factor. Nevertheless, The 

Dranchuk & Abu-Kassem correlation shows obvious deviation 

from reference SK-chart particularly at high reduced pressure. In 

figure 2, the results were obtained at Tr  of 1.5. In this figure, Beggs 

& Brill and Shell Oill company correlations gave good results in 

predicting Z-factor when they compared with reference SK-Chart. 

For Dranchuk & Abu-Kassem correlation, Figure 2 shows that the 

correlation starts with a good estimation for Z-values at low 

reduced pressure. However, at reduced pressure more than 2, the 

Z-values obtained by Dranchuk divergence from the Standing-Katz 

line and the divergence become bigger as the reduced pressure 

increase. It can be concluded from this figure that the Dranchuk 

correlation will not give a reliable prediction for Z-factor at 

reduced pressure over 2.5.  In figure 3, which shows the relation 

between Z-factor and Pr at reduced temperature of 1.7, a great 

variation from the reference Standing-Katz for Dranchuk 
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correlation was observed. At this reduced temperature, the 

Dranchuk correlation is not applicable to describe the behavior of 

reduced pressure over 2.5. 

 natural gas especially at  

 
 

Figure 1. The relationship between compressibility factor and reduced pressure 

 for different empirical correlations at  =1.25. 
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Figure 2. The relationship between compressibility factor and reduced pressure 

 for different empirical correlations at  =1.5. 

 
 

Figure 3. The relationship between compressibility factor and reduced pressure 

 for different empirical correlations at  =1.7. 
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 In all figures above, the results indicated that Dranchuk & 

Abu-Kassem correlation is not suitable to describe the behavior of 

natural gas at mentioned conditions. The other two correlations, 

Beggs & Brill and Shell Oil Company have shown a successful 

prediction of compressibility factor at different reduced pressure 

and reduced temperature. Since Shell Oil Company correlation is 

slightly better than Beggs & Brill in estimation Z-factor, it was 

chosen for further calculation of thermodynamic properties of 

natural gas of Milletah field. 

4.2 Molar Volume 

 Figure 4 shows the obtained change of molar volume using 

the Shell Oil Company empirical correlation with reduced pressure 

at different values of reduced temperature (  = 1.25, 1.5, and 

1.7). Reference values of molar volume are used to determine the 

best fit based on S-K chart. The comparison of predicted and 

referenced molar volumes using Shell Oil Company equation and 

S-K Chart respectively shows a very good fit for all values of Tr. 

As seen in Figure 4, the molar volume of NG mixture is decreased 

rapidly to more than 50% of its starting value at =1.After that, 

the molar volume decreased gradually until Pr = 3, and then 

incompressible gas behavior is observed.Thetrends of molar 
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volume versus reduced pressure are same at all examined reduced 

temperatures. Moreover, the trend of molar volume follows the 

compression behavior of the gas as indicated in the previous 

figures.  

 
 

Figure 4. Comparison of the molar volume of MOG gas mixture obtained in 

this study with reference S-K Chart. 

 

4.3 Density of Gas Mixture 

 In this work, the density of the gas mixture was calculated 

by Shell Oil Company empirical correlation. Results obtained by 

this correlation were compared with that obtained from S-K chart. 

The density at a given temperature and pressure is determined 

using Equation (21). In this equation, the z-factor values were 
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obtained from Shell Oil Company and S-K chart. Figure 5 below 

shows the effects of reduced pressure on the density of the gas 

mixture at different reduced temperatures. As shown in this figure, 

results indicated that the density data of gas mixture increases 

notably with increasing reduced pressure. At low temperature (   

= 1.25), results showed that the effect of pressure on the density is 

nonlinear, while the density tends to be a linear with an increase in 

temperature (   = 1.5 and 1.7). These observations are in 

agreement with literature [10]. 

 

 

Figure 5. Comparison plot of density-based on z-factor obtained from 

Shell Oil Company and S-K Chart at different reduced temperatures. 
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 As seen in Figure 5, the results indicated that the obtained 

density of MOG gas mixture using Shell Oil Company empirical 

correlation has an excellent prediction for gas density as compared 

with S-K chart results for the all studied reduced temperatures. It 

can be conclude that the density values that obtained by Shell Oil 

Company correlation were fit to S-K reference density data for all 

ranges of  and , which provides an evidence for the predictive 

capability of the Shell Oil Company with MOG gas mixture. The 

results indicated that the density predictions are more reliable when 

the fit is made to the S-K data collected at the higher temperatures. 

4.4 Viscosity of Gas Mixture 

Viscosity of NG mixture is one of the most important properties 

for NG transportation and processing. Among the physical 

properties, pressure and temperature have large influence on the 

viscosity behavior of NG mixture. Therefore, effects of applied 

pressure and temperature on viscosity of studied gas mixture were 

also investigated. Even though a number of viscosity models have 

been proposed in literature, in this study, the viscosity of gas 

mixture is determined using Equation (22) by applying the z-factor 

values that obtained by Shell Oil Company correlation and 

compared with S-K chart. Figure 6 illustrates the change of 
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viscosity data of the gas mixture with reduced pressure at  

values of 1.25, 1.5 and 1.7. As shown that the viscosity increase 

with pressure for all temperature values and that is appear clearly 

at low temperature (  = 1.25). This behavior is attributed to the 

free volume of gas mixture. As the applied pressure increases, a 

reduction in the free volume leads to an increase in the viscosity. 

The results also indicated that the viscosity of the gas mixture is 

increased with increase temperature up to certain value of reduced 

pressure and then starts decrease with the increase in temperature. 

These results show the effect of the interaction between 

temperature and pressure on the behavior of the gas viscosity. The 

observations of viscosity behavior are in good agreement with 

other results reported elsewhere [11].  
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Figure 6. Viscosity of MOG gas mixture, using Shell Oil Company 

correlation, versus reduced pressure. 

  

 As also seen in Figure 6, it is clear that Shell Oil Company 

correlation gives an excellent viscosity prediction for the gas 

mixture at  ≥ 1.5. However, the results at = 1.25 indicated 

that the predicted values of viscosity show a different behavior. At 

low temperature (  = 1.25), the viscosity prediction showed good 

fit with S-K values for the reduced pressures lower than 3. In 

addition, the results at higher reduced pressures indicated that the 

viscosity values of gas mixture that obtained using Shell Oil 

Company correlation represents very small deviations as compared 

to viscosities that obtained from S-K chart. 
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5. Conclusion 

 Prediction of the thermodynamic properties for NG mixture 

of MOG was investigated using three existing empirical 

correlations in literature. The NG mixture data were manipulated to 

the empirical correlations that provide a means for interpolating the 

compressibility factor over a range of reduced temperatures from 

1.25 to 1.7 and reduced pressures up to 5. The results showed that 

Beggs & Brill and Shell Oil Company provide accurate predictions 

of z-factor when they compared with Standing-Katz chart. Shell 

Oil Company was chosen to calculate other thermodynamic 

properties such as molar volume, density and viscosity of the 

studied NG mixture. At all examined conditions of reduced 

pressure and reduced temperature; the Shell Oil Company 

empirical correlation gives good predictions of thermodynamic 

properties with excellent fit to Standing-Katz chart. However, 

Dranchuk & Abu-Kassem correlation shows obvious deviation 

from SK-chart. In summary, the present study showed that Beggs 

& Brill and Shell Oil Company correlations are good enough to be 

used in predations of thermodynamic properties for NG mixture at 

MOG conditions. In order to confirm this investigation, it should 
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be compared to experimental work performed at the same range of 

studied temperatures and pressures. 
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