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CFD simulations of combustible dust dispersion
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Motivations and aim of the Work

« In chemical processes, several accidents are imputable to explosions of flammable dusts, dust
mixtures, and hybrid mixtures

« To characterize the sensitivity and the severity of explosion in case of ignition, the explosibility
and flammability parameters have to be assessed in the 20 L and/or in the 1 m3 vessel Visualize the dust dispersion process and

—

——w « Both vessels should provide the same parameters values once callbratlo_n was performed the fluid flow established inside the 20 L
« There are at least two main requirements for repeatable and reliable measurements of

flammability and explosibility parameters of dusts: a uniform dispersion of solid particles
Inside the test vessels and a homogeneous degree of turbulence, same in both vessels
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Experimental procedures

1. Dust loading in the dust container
2. Pressurization of dust container up to 21 bar with compressed air

and the 1 m?3 vessel

20 L vessel 1 m3 vessel
3. The vessel is pre-evacuated at 0.4 bar 3. The vessel is left at 1 bar
4. Dust is injected into the sphere and dispersed through a nozzle 4. Dust is injected into the sphere and dispersed through a nozzle
5. Dust cloud is ignited through an electric discharge or 5. Dust cloud is ignited through an electric discharge or pyrotechnic

Dust container pyrotechnic ignitors after 60 ms

ignitors after 600 ms

ANSYS CFD equations, domains and meshes =
Time-averaged Navier-Stokes equations (Eulerian approach) + standard k- model as turbulent sub-model with standard wall function + SIMPLE method to solve the pressure-velocity coupled equations
+ Discrete Phase Model (DPM) to solve the flow of the solid phase (Lagrangian approach)
=

20 L sphere 1 m’ sphere

Initial pressure of contamer (bar) 21 21

Geometrical detail Value

Geometrical detail Value Initial pressure of sphere and container (bar) 0.4 1
. Contai 1 3 0.0054
Nozzle Container volume (m?) 0.0006 Dust concentration (g/m°) 100 100 ontainer volume (m’)

) 5 Tube diameter (m) 0.02
Tube diameter (m) 0.02 Dust density (kg/m”) 2046 2046

Tube length (m) 0.35

Tube length (m) 0.72 Dust diameter (um) 250 250 _
Sphere volume (m?) 1
3
Sphere volume (m°) 0.02 Time step (s) 110" 401073
Number of time steps 600 15000
20 L vessel i 1 m3 vessel

CFD results
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Conclusions
« The two main requirements for repeatable and reliable measurements of flammability and explosibility parameters of dusts are not satisfied
* Anovel system for dust dispersion has to be developed!
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