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Abstract 

 

An accurate correlation for calculating the saturated specific volume of gases is obtained 

by nonlinear regression based on experimental data collected after a thorough survey of 

literatures. This equation can be used to calculate saturated specific volume of gases 

independently, it is also to be of great significance in building the equation of state for 

hydrocarbons in gas region. The average deviation between the results obtained by this 

equation and experimental data is about 6% for 201 data points. For a better 

understanding of the equation, the saturated specific volume curves of observed and 

predicted are compared. 
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 الخلاصة

تم ايجاد علاقة سياضية دقيقة لحساب الحجم الًّعي للغاصات الهشبعة بالاعتهاد على الاساس اللا خطيي الشياضيي للًتيا   

العهلية الهياخّر   نيى الهديادس الهختل.ية ك يهسيى اسيتخذاا َيزٌ الهعادلية لحسياب الحجيم الًيّعي للغياصات بشيس  نسيتق   

ء الهعادلة العانية للُاييذسِكشبّيات فيي الطيّس الغياصظ ك ااُيشت الًتيا   بياو نعيذ  فضلا على كّو َزٌ العلاقة نُهة لبًا

يقطية عهليية ك ِلغيشه فُيم الهعادلية بشيس  افضي    تيم نقاسيية  102% لي  6يسبٍ الخطيا نقاسيية  بالًتيا   العهليية َيي 

 البيايات العهليةك نًحًيات الًتا   الًظشية )الهحسّبة بالاعتهاد على الهعادلة الهقتشحة( نع نًحًيات 

 

Introduction 

 

In physics and thermodynamics, the equation of state is a relation between state variables [1]. 

More specifically, an equation of state is a thermodynamic equation describing the state of 

matter under a given set of physical conditions. It is a constitutive equation which provides a 

mathematical relationship between two or more state functions associated with the matter, 

such as its temperature, pressure, volume, or internal energy. Equations of state are useful in 

describing the properties of fluids, mixtures of fluids [2]. The most prominent use of an 

equation of state is to predict the state of gases and liquids. One of the simplest equations of 

state for this purpose is the ideal gas law, which is roughly accurate for gases at low pressures 

and high temperatures. However, this equation becomes increasingly inaccurate at higher 

pressures and lower temperatures, and fails to predict condensation from a gas to a liquid. 

http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Thermodynamics
http://en.wikipedia.org/wiki/Thermodynamic_variable
http://en.wikipedia.org/wiki/Thermodynamic_equations
http://en.wikipedia.org/wiki/Constitutive_equation
http://en.wikipedia.org/wiki/State_function
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Pressure
http://en.wikipedia.org/wiki/Volume
http://en.wikipedia.org/wiki/Internal_energy
http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Ideal_gas_law


Journal of Engineering and Development, Vol. 16, No.1, March 2012  ISSN 1813- 7822 

 342 

Therefore, a number of much more accurate equations of state have been developed for gases 

and liquids. At present, there is no single equation of state that accurately predicts the 

properties of all substances under all conditions. In addition to predicting the behavior of 

gases and liquids, there are also equations of state for predicting the volume of solids, 

including the transition of solids from one crystalline state to another. There are equations that 

model the interior of stars, including neutron stars. A related concept is the perfect fluid 

equation of state used in cosmology. Boyle's Law was perhaps the first expression of an 

equation of state. In 1662, the noted Irish physicist and chemist Robert Boyle performed a 

series of experiments employing a J-shaped glass tube, which was sealed on one end. Mercury 

was added to the tube, trapping a fixed quantity of air in the short, sealed end of the tube. 

Then the volume of gas was carefully measured as additional mercury was added to the tube. 

The pressure of the gas could be determined by the difference between the mercury level in 

the short end of the tube and that in the long, open end. Through these experiments, Boyle 

noted that the gas volume varied inversely with the pressure. In 1787 the French physicist 

Jacques Charles found that oxygen, nitrogen, hydrogen, carbon dioxide, and air expand to the 

same extent over the same 80 kelvin interval. Later, in 1802, Joseph Louis Gay-Lussac 

published results of similar experiments, indicating a linear relationship between volume and 

temperature. In 1834 Émile Clapeyron combined Boyle's Law and Charles' law into the first 

statement of the ideal gas law. Initially the law was formulated as pVm=R(TC+267) (with 

temperature expressed in degrees Celsius). However, later work revealed that the number 

should actually be closer to 273.2, and then the Celsius scale was defined with 0 °C = 273.15 

K, giving. In 1873, J. D. van der Waals introduced the first equation of state derived by the 

assumption of a finite volume occupied by the constituent molecules. His new formula 

revolutionized the study of equations of state, and was most famously continued via the 

Redlich-Kwong equation of state and the Soave modification of Redlich-Kwong. 

 

Major Equations of State 

 

     For a given amount of substance contained in a system, the temperature, volume, and 

pressure are not independent quantities; they are connected by a relationship of the general 

form: 

 

  0,, TVPf                                                                               .…. (1) 

 

In the following equations the variables are defined as follows. Any consistent set of units 

may be used, although SI units are preferred. Absolute temperature refers to use of the Kelvin 

(K) or Rankine (°R) temperature scales, with zero being absolute zero. 

The classical ideal gas law may be written as: 

 

nRTPV                                                                                     ..… (2) 

http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Star
http://en.wikipedia.org/wiki/Neutron_star
http://en.wikipedia.org/wiki/Perfect_fluid
http://en.wikipedia.org/wiki/Equation_of_state_(cosmology)
http://en.wikipedia.org/wiki/Robert_Boyle
http://en.wikipedia.org/wiki/Mercury_(element)
http://en.wikipedia.org/wiki/Jacques_Charles
http://en.wikipedia.org/wiki/1802
http://en.wikipedia.org/wiki/Joseph_Louis_Gay-Lussac
http://en.wikipedia.org/wiki/%C3%89mile_Clapeyron
http://en.wikipedia.org/wiki/Celsius
http://en.wikipedia.org/wiki/Van_der_Waals_equation
http://en.wikipedia.org/wiki/International_System_of_Units
http://en.wikipedia.org/wiki/Thermodynamic_temperature
http://en.wikipedia.org/wiki/Ideal_gas_law
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In 1873, J. D. van der Waals [3] introduced the first equation of state derived by the 

assumption of a finite volume occupied by the constituent molecules. His new formula 

revolutionized the study of equations of state, and was most famously continued via the 

Redlich-Kwong equation of state and the Soave modification of Redlich-Kwong. 

The Van der Waals equation of state which was proposed in 1873 may be written as: 

 

    RTbVaVP m  2
                                                                .... (3) 

 

Note that Vm is molar volume, a and b are constants that depend on the specific material. They 

can be calculated from the critical properties Pc, Tc and Vc .The van der Waals equation of 

state was one of the first to perform markedly better than the ideal gas law. In this landmark 

equation a is called the attraction parameter and b the repulsion parameter or the effective 

molecular volume. While the equation is definitely superior to the ideal gas law and does 

predict the formation of a liquid phase, the agreement with experimental data is limited for 

conditions where the liquid forms. While the van der Waals equation is commonly referenced 

in text-books and papers for historical reasons, it is now obsolete. Other modern equations are 

slightly complex but are much more accurate. 

In 1949 the Redlich-Kwong equation of state had a considerable improvement over other 

equations of that time. It is still of interest primarily due to its relatively simple form, but it is 

performs poorly with respect to the liquid phase and thus cannot be used for accurately 

calculating vapor-liquid equilibrium. 

The Redlich-Kwong equation is adequate for calculation of gas phase properties when the 

ratio of the pressure to the critical pressure (reduced pressure) is less than about one-half of 

the ratio of the temperature to the critical temperature (reduced temperature): 

The Peng-Robinson equation was developed in 1976 in order to satisfy the following goals 

[4]:  

Peng-Robinson equation exhibits performance similar to the Soave equation, although it is 

generally superior in predicting the liquid densities of many materials, especially nonpolar 

ones. The departure functions of the Peng-Robinson equation are given on a separate article. 

Values of the various parameters for 15 substances can be found in, K.E. Starling [5].  

For the most part the Peng-Robinson equation exhibits performance similar to the Soave 

equation, although it is generally superior in predicting the liquid densities of many materials, 

especially nonpolar ones. The departure functions of the Peng-Robinson equation are given 

on a separate article. 

The Elliott, Suresh, and Donohue (ESD) equation of state was proposed in 1990 [6]. The 

equation seeks to correct a shortcoming in the Peng-Robinson EOS (Equation of state) in that 

there was an inaccuracy in the van der Waals repulsive term. The EOS accounts for the effect 

of the shape of a non-polar molecule and can be extended to polymers with the addition of an 

extra term. The EOS itself was developed through modeling computer simulations and should 

capture the essential physics of the size, shape, and hydrogen bonding. Perhaps, it is 

http://en.wikipedia.org/wiki/Van_der_Waals_equation
http://en.wikipedia.org/wiki/Van_der_Waals_equation
http://en.wikipedia.org/wiki/Critical_properties
http://en.wikipedia.org/wiki/Vapor-liquid_equilibria
http://en.wikipedia.org/wiki/Critical_properties
http://en.wikipedia.org/wiki/Critical_properties
http://en.wikipedia.org/wiki/Departure_function
http://en.wikipedia.org/wiki/Departure_function
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noteworthy to refer for Bruce E. Poling, et al. work [7] . They present a comprehensive study, 

analysis and discussion, for different EoS and its role in estimation of properties of substance 

that exist in different phases.  

Herein, after what has been mentioned, it is difficult to find a unique equation of state that 

capable to cover the properties calculations at all different phases for any substance, and 

usually more than one equation is required even in one phase if the accuracy of the equation is 

to match that of the experimental results [8]. 

 

Suggested Formula 

 

 An accuracy satisfying equation of saturated specific volume of gases is obtained by 

nonlinear regression based on experimental data collected after a thorough survey of Marks' 

literatures [9]. The collected data include the saturated specific volumes of gases; Hg, NH3, 

CO2, C2H5Cl, C3H8, CCL2F, CCL2F2, CHCL2F within a wide temperatures range (i.e. a wide 

corresponding saturated pressures range). The suggested formula is: 

 

 3221
1

2
54

3
3

2
215

4
1

C
R

C
RRRRRR

R

R
A

R
A

RC PTCPBPBTBTBTBA
P

A
TPTAV 

















  ..(4) 

 

Constants of Eq.4 are available in Table 1. 

 Where VC is the predicted specific saturated volume in ft
3
/Ibm and TR, PR are reduced 

temperature and pressure respectively.  

    The objective of this integration is to ensure that the engineer who works with systems 

containing saturated hydrocarbons gases is not constrained by a lack of data on properties and 

that he has predictive methods to estimate them. Thus, he can save time while preserving full 

reliability of the calculations. 

 

Results and Discussion 

  

 The observed data of these gases are summarized in Fig.1. The average deviation between 

the results by the proposed formula (Eq.4) and experimental data, Marks [9], is about 6% for 

201 data points. For a better understanding of the equation, the saturated specific volumes 

curves of observed and predicted are compared, as shown in Fig.2.   

 

Conclusion 

 
The present work made a collection of specific volume of saturated gases, and obtained an 

accuracy satisfying formula and this noticed from the average relative deviation of calculated 

values from experimental values (6%). This equation is not only used to calculate saturated 
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density of gases independently, but also is to be of great significance in building the equation 

of state for hydrocarbons in gas regions. 

 

 

 

Table 10 Constants of Eq.4 

 

A1 A2 A3 A4 A5 

19.61573 -27.1140 3.232606 2572.686 11806.66 

B1 B2 B3 B4 B5 

-13615.8 14837.56 -674.998 -40310.6 217.946 

C1 C2 C3 
 

0.000263 0.429625 -1.02324 
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Fig.1: Experimental Saturated Specific Volume of Gases 
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Fig.2: Comparisons of Measured and Predicted Saturated Specific Volumes 

 

Nomenclature 

 

Symbol Quantity Unit 

n number of moles of a substance ------- 

P pressure (absolute)  KPa, atm 

Pc pressure at the critical point KPa, atm 

PR  reduced pressure,  P/PC 
 

R ideal gas constant,  (8.314472 J/(mol·K)) J/(mol·K) 

T absolute temperature K, R 

Tc                absolute temperature at the critical point K, R 

TR
  
 reduced temperature,  T/Tc  

V volume m
3
 

V experimental saturated specific volume of gases (Eq.4) ft
3
/Ibm 

VC molar volume at the critical point  m
3
/kg 

VC predicted saturated specific volume of gases (Eq.4) ft
3
/Ibm 
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