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Prevention and mitigation measures for dust explosion are based on the knowledge of the thermo-
kinetic parameters which characterise flammability such as Minimum Explosible Concentration, MEC, 
and explosion behaviour such as maximum explosion pressure, PMAX, and deflagration index, KSt. 
Measurements of these parameters are performed in spherical vessels (20 L sphere or 1 m3 sphere). 
The main issues in performing such measurements are related to the dust dispersion and to the 
turbulence level reached inside the sphere. 
Also, the dispersion and then concentration of the dust/air mixture in the vessel significantly affects the 
flame propagation, if stratification and sedimentation occurs.  
In this work we use a previously validated CFD 3D model to simulate the dust dispersion inside the 
sphere at different dust diameters. Results show that on increasing the dust diameter the dust is mainly 
concentrated at the vessel walls and the dust paths are different from those of the fluid flow. 

1. Introduction 
In chemical processes (food, pharmaceutical and wood industries, chemical manufacturing), a high 
number of accidents are imputable to explosions of flammable dusts causing failure to equipment, 
injuries and damages to people and surrounding environment. 
Prevention and mitigation measures are based on the knowledge of the thermo-kinetic parameters 
which characterize the flammability (Minimum Ignition Energy, MIE; Minimum Ignition Temperature, 
MIT; Minimum Explosible Concentration, MEC; Limiting Oxygen Concentration, LOC) and explosion 
(Maximum Explosion Pressure, PMAX; Deflagration Index, KSt) of dust/air and/or dust-gas/air mixtures.  
The evaluation of these parameters may be performed both experimentally (Eckhoff, 2003) and 
theoretically by modelling the dust explosion as explosion of the pyrolysis products (Di Benedetto and 
Russo, 2007) also taking into account the effect of the dust size (Di Benedetto et al., 2010). Recently, 
Dufud et al. (2012) confirmed the relevant role of the pyrolysis step in the modelling of explosion of 
organic dusts.  
Experimental tests are performed according to well established standard procedures (Eckhoff, 2006).  
In the case of the evaluation of PMAX, KSt and MEC tests are performed in a spherical vessel (20 L 
sphere and/or 1 m3 sphere).  
The procedure is based on injecting the dust in the sphere, initially pre-evacuated at 0.4 bar, through a 
valve connecting a container loaded with dust and pressurized with 21 bar of compressed air. At the 
bottom side of the bomb, in the 20 L sphere a rebound nozzle is placed to allow dispersion of the 
dust/air mixture inside the vessel. The most relevant issue of this procedure is the dust dispersion 
inside the bomb which should ensure a uniform dust concentration. 
In a previous paper (Di Sarli et al., 2012), we developed a three-dimensional CFD model to describe 
the turbulent flow field induced by dust feeding and dispersion within the 20 L bomb and the associated 
effects on the distribution of dust concentration.  
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The developed CFD model has been successfully validated against measurements of time histories of 
pressure and root mean square velocity available in the literature. The model results show the 
presence of multiple turbulent vortex structures which generate dead volumes for the dust, pushed 
toward the walls of the sphere. The dust concentration was found as not uniform in the sphere, being 
higher close to the vessel walls and much lower than the nominal value. In this work we extend our 
model to simulate the effect of dust size on the dust dispersion. 

2. Model description 
Model details are given elsewhere (Di Sarli et al., 2012). Briefly, it consists on the time-averaged 
Navier-Stokes equations (Eulerian approach) written in polar coordinates. The numerical simulation of 
the turbulence was performed by using the standard k-ε model (Launder and Spalding, 1972).  
The flow of the solid phase was solved with the Lagrangian approach using the Discrete Phase Model 
(DPM).  
The interaction between the fluid phase and the solid particles was assumed as two-way since 
according to the classification of Elghobashi (1994), the operating conditions (particle volume fraction, 
particle density and particle concentration) suggest that the fluid flow affects the particle motion and 
vice versa, while the particle-particle collisions (which are accounted for in the four-way coupling) may 
be neglected.  
The fluid flow equations were discretized using a finite-volume formulation on the three-dimensional 
non-uniform unstructured grid (total cell number 1016951). The spatial discretization of the model 
equations used first order schemes for convective terms and second order schemes for diffusion terms. 
First-order time integration was used to discretize temporal derivatives with a time step of 1•10-4 s.  
Parallel calculations were performed by means of the segregated pressure-based solver of the code 
ANSYS Fluent (release 14).  
The Discrete Phase Model was described by ordinary differential equations (on the contrary, the 
continuous flow was described by partial differential equations). Therefore, the DPM used its own 
numerical mechanisms and discretization schemes. For particle tracking, we used an automated 
scheme which provides a mechanism to switch in an automated fashion between numerically stable 
lower order schemes and higher order schemes, which are stable only in a limited range. In situations 
where the particle is far from hydrodynamic equilibrium, an accurate solution can be achieved very 
quickly with a higher order scheme. When the particle reaches hydrodynamic equilibrium, the higher 
order schemes become inefficient and the mechanism switches to a stable lower order scheme. We 
choose the Euler integration as lower order scheme and the semi-implicit trapezoidal integration as 
higher order scheme. The particle tracking integration time step was taken equal to the fluid flow time 
step (1·10-4 s). 
The simulation conditions are summarised in Table 1. 

Table 1: Simulation conditions 

  
Dust Container vessel volume (L) 0.6 
Sphere Volume (L) 20 
Initial pressure of container (bar) 21 
Initial pressure of sphere (bar) 0.4 
Dust density (kg/m3) 2046 
Dust diameter (μm) 10 
Dust concentration (g/m3) 250 

3. Results 
The velocity vectors in the central section of the sphere coloured by the dimensionless dust 
concentration γ = C/Cnominal as obtained at d = 10 μm (Figure 1), at d = 100 μm (Figure 2) and at 
d = 250 μm (Figure 3) are shown. In Figure 1 it is noting the presence of two main vortices in the 
central plane which generate dead volumes. Coherently, the dust concentration is very low in the 
vortex cores while it increases on the outer zone of the vortices. It is noting that dust particles are 
partially entrained by the fluid flow. 
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t = 60 ms t = 150 ms

t = 20 ms t = 37 ms

 

Figure 1: The velocity vectors in the central section of the sphere coloured by the dimensionless dust 
concentration γ = C/Cnominal as obtained at d = 10 μm C = 250 g/m3 

On increasing the dust diameter (Figure 2 and 3), it becomes more difficult for the fluid flow to entrain 
the dust which then follows a completely different path with respect to the fluid.  

t = 60 ms t = 150 ms

t = 20 ms t = 37 ms

 

Figure 2: Velocity vectors in the central section of the sphere coloured by the dimensionless dust 
concentration γ = C/Cnominal as obtained at d = 100 μm and C = 250 g/m3. 
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In order to better visualise the preferential paths of the dust, we mapped the particle tracks. In Figures 
4-6 the particle tracks at different time instants are shown as coloured by the dimensionless dust 
concentration γ = C/Cnominal as obtained at d = 10 μm (Figure 4), at d = 100 μm (Figure 5) and at 
d = 250 μm (Figure 6).  
It is found that the dust has preferential paths which are determined by the vortices generate in the 
sphere after the dust injection from the container (Di Sarli et al., 2012). After the ignition time 
(tv = 60 ms), the dust is mainly concentrated on the vessel wall. On increasing the dust diameter the 
preferential paths are much more evident suggesting that the dust dispersion is worst and worst. 

t = 60 ms t = 150 ms

t = 20 ms t = 37 ms

 

Figure 3: Velocity vectors in the central section of the sphere coloured by the dimensionless dust 
concentration γ = C/Cnominal as obtained at d = 250 μm and C = 250 g/m3. 

t = 60 ms t = 150 ms

t = 20 ms t = 37 ms
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Figure 4: Particle tracks coloured by the dimensionless dust concentration at dust diameter d = 10 μm 
and C = 250 g/m3. 

t = 60 ms t = 150 ms

t = 20 ms t = 37 ms

 

Figure 5: Particle tracks coloured by the dimensionless dust concentration at dust diameter d = 100 μm 
and C = 250 g/m3. 

 

t = 60 ms t = 150 ms

t = 20 ms t = 37 ms

 

Figure 6: Particle tracks coloured by the dimensionless dust concentration at dust diameter d = 250 μm 
and C = 250 g/m3. 
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The results here obtained suggest that the dust concentration is completely different from the nominal 
value. For practical applications, this deviation may not be relevant when measuring the maximum KSt 
values at varying the nominal dust concentration, but is not allowed when measuring the minimum 
explosive concentration (MEC). As a consequence, different methods for measurement of MEC a 
different method of dust dispersion is needed. 

4. Conclusions 
A three-dimensional CFD model previously validated was used to simulate the dust dispersion inside 
the 20 L bomb at different values of the dust diameter.  
The time sequences of velocity vector maps show that multiple turbulent vortex structures are 
established within the sphere, generating dead volumes for the dust which is pushed toward the walls 
of the sphere.  
At low values of the dust diameter (d = 10 μm), the dust is partially entrained by the fluid filling the outer 
region of the vortex and partially the internal zones.  
On increasing the dust diameter (d = 100 μm and d = 250 μm) the dust and the fluid flows are 
independent and the dust follows flow paths completely different being concentrated mainly at the 
vessel walls. 
The results here obtained suggest that a different dust dispersion method has to be developed mainly 
for the measurement of the minimum explosive concentration, MEC. 
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