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Introduction 

Nowadays, the energy and transportation sector of the world is highly dependent on 

combustion systems. As the energy demand is continuously increasing, to meet the latest 

pollutant emission standards and provide an efficient operation, combustion engineers need 

to cope with several difficulties such as efficient combustion of liquid fuels. In this case, the 

generated droplets via atomization need to be evaporated and mixed with combustion air 

before the flame front to ensure low pollutant emission. In order to determine the proper 

combustion chamber design, the evaporation process, namely the heat and mass transfer 

between the spray and the environment must be analyzed by computational methods [1,2] 

and validated by experiments [3,4]. To solve the relating equations, the following material 

properties should be known: specific heat capacity, thermal conductivity, density, and 

viscosity for liquid and gas phases as well, and boiling and critical parameters [5]. The 

above-mentioned list of properties is mostly available in databases which is often incomplete 

or its range of validity is limited. Therefore, often estimating methods must be used in order 

to determine the desired property, and hence calculate liquid evaporation. There are several 

techniques available in the literature [6] with varying precision for different materials which 

requires validation. In this manner, general recommendations can be made concerning the 

estimation of a material property for different materials that can be useful when 

measurement data is unavailable. 

Materials and methods 

In order to obtain reliable data, material properties from NIST database were used as 

reference values at atmospheric pressure [7]. Homologous series of n-alkanes from methane 

to dodecane, except for undecane, primary alcohols from methanol to decanol, and methyl 

esters from methyl ethanoate to methyl decanoate were investigated, and their estimated 

properties were evaluated versus reference data. 

The applied estimation methods can be divided into two main groups. One is the Law of 

Corresponding States (LCS) and the other is the Group Contribution Method (GCM) [6]. 

According to LCS, the equilibrium properties depending on certain intermolecular forces 

are related to the critical properties. Pressure, volume and temperature can be expressed as 

reduced values dividing by the corresponding critical properties. The function relating these 

reduced properties becomes identical for all fluids. Principally, LCS is appropriate for 

simple molecules. However, improved accuracy can be reached by adding extra parameters 

which characterize the molecular orientation, such as acentric factor for weakly, or dipole 

moment for strongly polar molecules. The law is commonly modified in order to improve 

applicability. Structure and bonds between atoms are of primary importance concerning 

intermolecular forces, therefore, macroscopic properties are related to molecular structure. 

Thus, with the GCM, a macroscopic property can be estimated from group contributions. 

Weighting factors are assigned to atoms, functional groups, and bond types and their 
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contributions are summed. This method usually contributes to an empirical formula as a 

correction factor. 

Reference data was available for critical properties, normal boiling point temperature and 

specific heat capacity for liquid and vapor phase for all three types of fluids. Thermal 

conductivity, density and viscosity for liquid and vapor phase could only be obtained for n-

alkanes. However, the amount of reference data proved to be enough to test and evaluate the 

estimation methods. 

Results and discussion 

The applied estimation methods are detailed in [6]. GCM of Joback and Constantinou 

was tested against reference data for critical properties and normal boiling point temperature, 

shown in Figs. 1 and 2. Method of Constantinou provided poor estimation for methane for 

Tbn, Vc, and pc, therefore the corresponding values were excluded from the figures. 

Generally, the accuracy of both methods increases with increasing the length of carbon 

chain. Overall, method of Joback is suitable for all the investigated fluids, however method 

of Constantinou provided better estimation of pc for methyl esters. 

 

 

Fig. 1. Comparison of critical temperature (a, b) and normal boiling point temperature (d, 

d) with reference data by using the method of Joback (a, c) and Constantinou (b,d). 

Fig. 3. shows the specific heat capacity for vapor and liquid phases. For vapor phase, 

GCM of Joback and Constantinou were compared, excluding methane, which showed 

significant deviation from reference data for both methods. Specific heat capacity of 

methanol vapor could not be estimated properly by either method at low temperatures, 

because the ideal gas approximation is invalid in that range. Method of Constantinou 

significantly overestimates cp,v for methyl esters, therefore, method of Joback is 

recommended. For liquid phase specific heat capacity, a LCS method and a GCM of Ruzicka 

and Domalski were compared. LCS provided highly inaccurate approximation for methane 

and methanol, thus those values were omitted in Fig. 3. Both methods provided an 

appropriate estimation for n-alkanes, however, results of GCM agree better with reference 
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data in the case of 1-alcohols and methyl esters. Consequently, method of Ruzicka and 

Domalski is recommended. 

Other properties were only available for n-alkanes, therefore, the evaluation is confined 

to them. GCM of Elbro estimated liquid density well, except for methane. Vapor density can 

be approximated with ideal gas law, even for long carbon chains at high temperature. LCS 

method of Lucas proved to be accurate for vapor viscosity. LCS method of Chung and the 

modified Eucken method gave excellent estimation for vapor thermal conductivity. For 

liquid thermal conductivity, GCM of Sastri provided acceptable agreement with reference 

data, however, the method is only accurate at moderate temperatures. 

 

Fig. 2. Comparison of critical volume (a, b) and critical pressure (c, d) with reference data 

for method of Joback (a, c) and Constantinou (b, d). 
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Fig. 3. Comparison of vapor (a, b) and liquid (c, d) specific heat capacity with reference 

data for method of Joback (a), Constantinou (b), LCS (c) and method of Ruzicka and 

Domalski (d). 

Conclusions 

Literature provides a number of estimation techniques for calculating material properties 

of various liquids. However, these methods are not universal concerning type of fluids and 

temperature range. The above-mentioned methods were evaluated and tested against 

reference data, thus general recommendations could be made concerning their applicability. 

Overall, GCM of Joback is suitable for estimating critical properties, normal boiling point 

temperature and specific heat capacity for vapor phase. For liquid phase specific heat 

capacity GCM of Ruzicka and Domalski is recommended. Based on reference data for n-

alkanes GCM of Elbro for liquid and ideal gas law for vapor density are suitable for 

application. Furthermore, LCS method of Lucas estimates vapor viscosity properly. 

Considering thermal conductivity, LCS method of Chung and modified Eucken method for 

vapor phase and GCM of Sastri for liquid phase are recommended. 
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