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Abstract 

This paper is focused on the evaluation of the turbulent burning velocity (St) of 

dust in the standard 20 l vessel. St is a function of the turbulent kinetic energy and 

the dust concentration which are established inside the vessel. As shown by results 

of CFD simulations, the spatial distributions of turbulent kinetic energy and dust 

concentration are rather not uniform. This leads to significant variations in St 

values and, in turn, to a stratified flame propagation. 

 

Introduction 

In chemical processes, a high number of accidents are imputable to explosions of 

flammable dusts causing failure to equipment, injuries and damages to people and 

surrounding environment. 

To prevent/mitigate dust explosions, the knowledge of flammability and explosion 

parameters is required. Measurements of such parameters are performed in 

standard equipment according to standard procedure. According to the ASTM 

E1226 standard [1], explosion tests are performed in a spherical vessel (the 20 liter 

Siwek sphere), and the dust/air cloud is obtained by injecting the dust into the 

sphere. At the bottom of the bomb, a rebound nozzle is placed to allow dispersion 

of the dust/air mixture inside the vessel. 

The main issues of this procedure are the pre-ignition turbulence level and the dust 

dispersion, mixing and homogeneity. Recently, we showed, by means of 3D 

transient simulations, that significantly non-uniform spatial distributions of 

turbulent kinetic energy and dust concentration are established before ignition 

[2,3]. Under such conditions, the propagating flame does not encounter well-

established levels of turbulence and dust concentration. In this work, we aimed at 

quantifying the effect of non-uniformity in turbulence and dust concentration on 

the flame propagation. To this end, we used the previously developed CFD model 

[2,3] for evaluating the turbulent kinetic energy and the dust concentration and, 

then, we computed the turbulent burning velocity. 

 

Results 

In Figure 1, the turbulent kinetic energy (left) and the dust concentration (right) are 

shown as computed in the 20 l explosion vessel at the ignition time [2]. 
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Figure 1. Turbulent kinetic energy (left) and particle tracks (right) as computed by 

CFD simulations in the 20 l explosion vessel at the ignition time (60 ms) [2].  

 

Starting from these results, we computed the turbulent burning velocity (St) as a 

function of the turbulent kinetic energy and the dust concentration. In Table 1, the 

formulas used for evaluating St are listed. 
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Table 1. Literature formulas of St for dust and gas mixtures. 

 
Equation  St (m/s) Dust/Gas Reference 

1 Sl + u’ Gas Damkohler 

2 

Sl  

Gas Pocheau et al. [4] 

3 

Sl  

Gas Phylaktou et al. [5] 

4 Sl + 0.45 u’ Dust Tezok et al. [6] 

5 Sl + 0.46 u’ Dust Gieras et al. [7] 

6 

Sl  

Dust Zhen & Leuckel [8] 

 

Sl is the laminar burning velocity and u’ is the root mean square turbulent velocity. 

Sl is a function of the dust concentration. To compute Sl as a function of the dust 

concentration, we used the relation shown in Figure 2 [9].  
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Figure 2. Laminar burning velocity (Sl) as a function of the dust concentration [9]. 
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In Figure 3, the results are shown in terms of maps of St as obtained by using the 

equations given in Table 1.  
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Figure 3. Maps of St as obtained by using the equations given in Table 1. 

 

A significant non-uniformity of the St values is established, suggesting that the 

propagation is that of a stratified flame rather than of a premixed flame. 

This result significantly affects the values of the explosion parameters and, in 

particular, of the deflagration index, which is quite dependent on the burning 

velocity. At the center of the sphere, the maximum value of the burning velocity is 

attained. The burning velocity decreases when approaching the vessel walls.  

It is also worth noting that the values of St are rather affected by the formula used 

and, in particular, Eqs. 2 and 3 give higher predictions for St.  
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