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Transport and thermophysical properties (heat capacity, enthalpy, viscosity, heat conduction, electrical

conductivity, diffusion coefficients) are important characteristics used for modeling and conceptual design of

the set-up and apparatus for combustion, discharges, chemical technologies. Accessibility of these properties

are key moment for applicability of state-of-art CFD codes.

It is required to calculate thermophysical and transport properties of Air for a wide range of the temperatures

300 – 30000 K in Local Thermodynamic Equilibrium (LTE) approache with high accuracy 1-3 %.

To calculate transport and thermodynamic properties in LTE

approach for Air, we use four modules from FWB library: Mixture

editor to set initial composition, Stream editor to take all necessary

information about species properties from Kintech DB, Equilibrium

thermodynamic properties to calculate chemical equilibrium

composition at given Pressure and Temperature and Transport

model to calculate transport properties.

The list of possible species (mechanism) is generated automatically by query to KintechDB database, which

is tightly integrated with Fluid Workbench and provide reference thermodynamic and collision properties data

for more than 4100 substances. For Air the query to database generates the list of 15 species formed from

elements O, N and e including atoms, molecules and ions. Species are loaded along with their thermodynamic

and collision characteristic from database.

Background

Calculation of transport properties of Air

in wide range of Temperatures

List of available models in Fluid Workbench

Work Flow diagram

Initial mixture composition
Parameters of Equilibrium Model determine the range of the

pressure (P=1 atm) and temperature (from 300 to 30000 K) of

calculations. Parameters of Transport Model set order of

approximation in framework of Chapman-Enskog theory and

approaches to take into account input of reactions and internal

degree of freedom in heat conduction and heat capacity.

Determination of calculation parameters

Data of species collisions for

calculation transport properties.
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Air transport coefficients are calculated in the

second approximation of Chapman-Enskog

theory with taking into account input of

chemical reactions in heat capacity and thermal

conductiviry. Calculations are made for P=1

atm, T=300 - 30000 K.

The results of FWB calculation for air

effective thermal conductivity λeff, viscosity μ

and electrical conductivity are presented in plots

by the blue lines with circles.

For comparison, appropriate calculation

results from literature are presented in plots:

Capitelli et al. [1] (black line with triangles),

Cressault et al. [2] (green pluses), and

Narayanan [3] (magenta squares). The

agreement of FWB results with literature data is

good for [1] and satisfactory for [2, 3]. The

deviation of FWB results from [2, 3] at high

temperatures T> 15000K is due to the correction

by Debye length rD for screened Coulomb

potential: in the works [2, 3] this correction is

not taken into account for ions; in FWB and in

[1] - with account for ions.
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