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Introduction 

 

Thermal conductivity of liquids is an important property in the chemical engineering 

design, but it is difficult to accurately measure them. Theoretical methods have not also 

yielded sufficiently accurate and simple expressions for calculating the thermal 

conductivity of liquids. So, it is customary to use empirical or semi-empirical correlation 

functions for this purpose. In this work, a new model for the thermal conductivity of light 

liquid alkans has been presented, which may be used in the entire range of liquid phase. 

This correlation is simple and accurate, and may be able to predict the thermal 

conductivity of sample liquids with relative errors smaller than 4%. 

 
 

Mathematical Method 

 

The thermal conductivity, λ(ρ,T ) , of the fluid can be decomposed as a function of the 

density, ρ , and the temperature, T, into the sum of three contributions as, 
 

λ(ρ,T ) = λ0 (T ) + ∆λ(ρ,T ) + ∆ c λ(ρ,T ) (1) 

 

here λ0 

 

is the thermal conductivity in the zero density limit, ∆λ 

 

is the residual thermal 

conductivity, and ∆ c λ is the enhancement of the critical point in the critical region. 

From the results of the kinetic theory of dilute gases, the thermal conductivity in the 

zero density limits is [1], 
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where m is the relative molar mass in kg,σ is the length scaling parameter in nm, 

and λ0 is in unit of Wm-1K-1. For ∆ c λ we use crossover equation proposed by Olchowy 
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and Segners [2] as, 
 

∆ λ = 7.5444e − 7 
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where C p (T , ρ) is obtained from the EoS and is in Jmol  K  , and the viscosity,η(T , ρ ) , 

-1    -1 

in µ Pa s , and the critical enhancement of the thermal conductivity ∆ c λ in Wm K . 

The correlation length ξ is in nm, given by, 

 
 p  ρ   ∂ρ T ∂ρ ν γ 

ξ = 
ξ 

0 
  c     

( )T Γρ 2 ∂p − R ( T ∂p 
 )TR  (4) 

 c   

 

The partial derivative (∂ρ / ∂p)T is evaluated with the EoS at the system temperature T 

and a reference temperature, TR=1.5Tc, where Tc is the critical temperature. The 

exponents ν = 0.63 and γ = 1.239 are universal constants. The amplitudes Γ and ξ0 are 

system dependent and we have chosen the values that are reasonable for this family of 

fluids: Γ = 0.0541 and ξ0 = 0.194 nm [3]. The crossover functions Ω and Ω0 in Eq. (3) are, 
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Ω0 = 1 − exp  
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The parameter qd has been calculated by fitting the thermal conductivity of a point 

near the critical point to experimental data. The obtained magnitudes in such a way for 

the methane, ethane, propane, and iso-butane are equal to 0.040, 0.035, 0.068, and 0.076 

respectively (the required experimental data are taken from Ref. 4). 

The residual thermal conductivity term, ∆λ , has been presented as a polynomial 



r ∑ 
i 

function in terms of the reduced temperature, T ∗  = T 

ρ ∗  = ρ (πσ 3 ) , 

ε , and reduced density, 

 

∆ λ(T ∗  , ρ ∗  ) = ∆λ(T , ρ) λ = 
4 

i=1 
(ai 

+ a′(cT ∗  ))(dρ ∗ i ) (6) 

 

where the ε and σ are the pair potential parameters that are taken from Ref. 5. The 

coefficients c and d are system dependent and for methane both are equal to unit. The 
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amplitudes of these coefficients in addition to ai, and a′ coefficients for samples should be 

determined by fitting the experimental data of methane to the Eq. (6). The results for such 

a calculation are listed in Table 1. It is indicated that c and d are related to the ρ ∗  as, 

 

c = c0 + c ρ ∗  , d = d0 + d ρ ∗  (7) 

 

The results of the calculated c0, c1, d0, and d1 coefficients for the selected samples are 

listed in Table 1. 

 

 
 

Results and Discussion 

 

Table 2 shows the mean and maximum deviations, (λexp − λcal ) ×100 

 
 
λexp , of the 

calculated thermal conductivities for the selected hydrocarbons via Eqs. (6) and (7) in 

comparison with the experimental data at given reduced temperature and density ranges. 

The thermal conductivity correlation represented fits the experimental data within the 0- 

4% relative error, over the high density state investigated. 

Table 1. The coefficients of Eqs. (6) and (7), for the selected fluids. 

 

ai a′ 
i 

sample c0 c1 d0 d1 

0.09208 1.39550 methane 1.0000 0.0000 1.0000 0.0000 

3.72057 -4.79415 ethane 27.9509 -19.3306 0.7928 -0.0756 

-3.55933 4.53022 propane 10.6494 -11.8864 0.7420 -0.0684 

1.23925 -1.34705 iso-butane 7.0109 -9.7656 0.6648 -0.0602 

Table 2: The mean and maximum deviations, (λexp − λcal ) ×100 λexp , from the thermal 

conductivity correlation, Eq. (6), for methane, ethane, propane, and iso-butane at given 
thermodynamic states. 

 

sample Mean deviation Maximum deviation T*- range ρ*- range 

methane 1.09 3.72 0.8-1.8 0.2-2.4 

ethane 1.75 3.71 0.8-1.5 1.8-2.9 

propane 1.29 3.57 0.9-1.6 1.6-3.2 

iso-butane 1.42 3.72 1.3-2.0 1.9-3.6 
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