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Investigation on Fire Plume Simulation Using a Meso-Scale
Atmospheric Model

Project Goal: →
development of a multi-scale modelling framework for
industrial fire accidents, based on numerical
simulations

I estimate of the toxic emissions

I characterization of the source term

I plume-atmosphere interaction
modelling
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Meso-NH Atmospheric Code

http://mesonh.aero.obs-mip.fr/mesonh55

I non-hydrostatic

I broad resolution (synoptic to turbulent scales)

I advanced physical parametrizations for turbulence and cloud
microphysics

Meso-NH coupling with ForeFire:
[2011 Filippi, Bosseur, Pialat, Santoni, Stada, Mari] [2018 Filippi, Bosseur, Mari, Lac]

Solution of the convective motions caused by the interaction
between the atmosphere and the released heat and vapour
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Coupling with ForeFire

FuelMap: φpeak , vpeak , t1, t2, t3, ui , ...

Arrival Time Matrix:
t i0 assigned a priori,
or calculated from a fire propagation model ui

GDR Feux 3



Investigation on Fire Plume Simulation Using a Meso-Scale Atmospheric Model 3rd December 2021

Idealized ForeFire-MesoNH simulation
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Lubrizol Industrial Fire

26th September 2019:
The Lubrizol chemical plant in Rouen takes fire

≈ 9500 t burned products (mineral oils), fire area ≈ 20 000m2
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Lubrizol Industrial Fire: Meso-NH simulation

Simulated Domain:
22500 m × 22500 m × 9750 m

∆x = ∆y = 75m,

∆zbot = 75m ∆ztop = 250m
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Lubrizol Industrial Fire: Meso-NH simulation

Implemented Source Terms:

Total Released Power: 97.5GWh

→ 3 · 107 j
kg
× 107kg = 83.3GWh

Total Released Vapour: 11 500 t

107kg mineral oil → 10%H 106 kg H + 8 · 106 kg O2 = 9 · 106 kg H2O
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Lubrizol Industrial Fire: Meso-NH simulation

evolution of the smoke tracer:
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Lubrizol Industrial Fire: Meso-NH simulation

vertical wind component at 03.00 UTC
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Lubrizol Industrial Fire: Meso-NH simulation

turbolent kinetic energy at 03.00 UTC
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Lubrizol Industrial Fire: Meso-NH simulation

cloud fraction at 03.00 UTC
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Lubrizol Industrial Fire: Meso-NH simulation

cloud fraction at 03.00 UTC
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Alternative Scenario

26th September 2019

I uniform/strong horizontal ground
wind speed

I wind speed increases rapidly with
height and its direction is
constant

10th June 2019

I low ground horizontal wind speed,
convective motions

I wind speed increases slowly with
height and has a jump for
z ≈ 9km
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Alternative Scenario: Meso-NH simulation

evolution of the smoke tracer:
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Alternative Scenario: Meso-NH simulation

vertical wind component at 03.00 UTC
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Alternative Scenario: Meso-NH simulation

vertical wind component and TKE at 03.00 UTC
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Alternative Scenario: Meso-NH simulation

rainfall intensity at 03.00 UTC
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Alternative Scenario: Meso-NH simulation

F no injection: F injection:

rainfall intensity at 03.00 UTC
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Alternative Scenario: Meso-NH simulation

F no injection: F injection:

rainfall intensity at 03.00 UTC
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Alternative Scenario: Meso-NH simulation

3D video available at: https://tinyurl.com/fplume
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Perspectives

I embedded simulation of the Lubrizol accident (up to
≈ 1000 km)

I systematic comparison with existing models

I more realistic source terms
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thank you for your attention!


