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Why focusing on industrial sites ?

Accidental pollutant emissions at ‘
industrial sites:

PRGN - leaks (tanks, pipes)
- fires/explosions

& / HL‘/
T Pollutants (chemical compounds, ashes...

— risks (human health, enwronment)

Seveso catastrophe 1976 [1]

Obstacles (buildings, tanks, complex structures ...)
- Perturb the wind field over the site
- Impact plume shape

e Flow channelling

e Increased mixing

Main questions:

— which obstacles effects can be captured by operational
modelling approaches?

— how the simplifications of operational models on the flow
description affects the simulated plume?

Image credits [4]



|dealised industrial site

Main elements:

- buildings of various sizes
- storage tanks

- porous structure

DENSE

SPACED

Density :

* Solid (100%)
* Dense (25%)
» Spaced (10%)

Variation of:

- wind direction
- source position
- site geometry




Database of wind tunnel measurements

Wind tunnel at LMFA [5] (l

Laser Doppler Anemometer (LDA):

- point measurement

-UV/UW

- duration: 200000 detections (approx. 2 min)

Boundary layer studied by Nironi et al., 2015:
e 80cm height

e top velocity 5m/s

* neutral stratification

Passive tracer: ethane

Point sources close to the ground

Flame lonisation Detector (FID):

- 0-5000 ppm

- 300s continuous measurement

— statistical moments up to order 4

Charge Collector

asov L Iol
. Hydrogen

[

Air __ —— «— Sample flow

Principle of FID [7]



Numerical methodologies

PMSS

(Parallelised Micro Swift Spray, Oldrini et al., 2017 )

- Velocity field: SWIFT
meteorological pre-processor.

- concentration: Lagrangian dispersion model (SPRAY)

EmmmedPM$§mmmanT' -

SLAM

- Relies on CFD database (RANS)
varied wind directions and atmospheric stability

semi-empirical parametrisation of recirculation zones interpolation

Common points:

- operational & parallelised

- consider effects of obstacles
- Lagrangian dispersion

Differences:
- flow field computation
(simplifications)
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- concentration: Lagrangian dispersion model (SLAM)

o

(Safety Lagrangian Atmospheric Model, Vendel et al., 2011)
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Numerical modelling of the
wind and concentration fields
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Simulated wind field in the “solid’ configuration

Mean velocity field at z*=0.78
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Simulated concentration field in the "solid’ configuration

PMSS vs wind tunnel

z*=0.16

SLAM vs wind tunnel

z¥=0.16

z*x =047
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Performance metrics

PMSS SLAM Target Satisfactory value
FAC2 0.49 0.58 1 FAC2 >0.3 .§
MG 0.78 0.38 1 0.7<MG< 13 é
VG 28.4 20.5 1 VG<4 @
NMSE | 8.1 5.6 0 NMSE < 6
AFB 1.13 0.85 0 AFB <0.3
R 0.29 0.55 1 R >0.6 experiment

PMSS

Metrics value show a low agreement
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- Local discrepancies kY
- Far field: plume centreline shifted but shape reproduced . I:H:I
- Discrepancies at plume borders

. seoeeeees

Metrics are not sufficient to assess model-data agreement o
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S4 configuration: source in a corridor

Wind tunnel PMSS

‘/“fj—;"z e ™ BB RR AW
e T
1.75 ol W
000
1.50 gg;g %
AR %
2 T %
1.00 I\
-0.75 ® 3
o AR H:\S\
050 R R R R W R W R
-0.25 N W HR BB BBV RB
W% W W WRR wWWwW
—-0.00
C* PMSS vs wind tunnel SLAM vs wind tunnel
z* = 0.16 z* = 0.47
= R} A O.
(o}
(o}

‘000000
000000
000000
000000

(o}
OOOOOOO
(o}

o

100




S5 configuration: source in another corridor

Wind tunnel PMSS
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Conclusion and perspectives

Which obstacles effects on the wind flow are captured by operational models?
How does the flow acuracy impact the simulated pollutant plume ?

PMSS: no consideration of complex interacting wakes
-> strongly alters the results when upwind obstacles perturb the flow
-> accurate description where geometry is less perturbative

SLAM: RANS simulations reproduce channelling effects and complex recirculation zones
-> accurate description of configurations with a porous obstacle
-> strong effect of wall roughness produces discrepancies

General conclusions

— near-source discrepancies propagate up to the far field

— wake dynamics strongly influenced by obstacle porosity

— flow complexity due to few big (highly perturbative) obstacles better captured by RANS

— dispersion within an array of obstacles acurately captured by PMSS (less sensitive to
uncertainty of input parameters than RANS)

Perspectives
— dataset of wind tunnel measurements suitable for model validation
— with concentration fluctuations (concentration peaks, short term exposure...)



Thank you for your attention!
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