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Why do we want to do simulations and
why the use of LES?

« EXxperiments - limitations in number of measurement positions
« Simulations - collect data “everywhere”

* Need to have a correct description of the flow field
— Dense gas changes the flow field

* Urban flow field
— Kinematic blocking
— Non-local pressure effects

LES resolves the inherent unsteadiness of large scale turbulence irrespectively
of the averaged flow field
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Dispersion of neutral and dense gas in two
different urban-like geometries

z 8h

Array of four cubes Paris

Emission Source Reference Boundary Friction
rate diameter velocity layer height velocity

50 dm3/min 0.1m 1 m/s 1m 0.055 m/s
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Large Eddy Simulations using different dense
gas formulations

Variable density Boussinesq approach

l l

» Take effects of density variation on  + Limited to small density variations
the flow field into account » Effect of density difference only
affects vertical velocity
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Visualization of neutral and dense gas release
over an array of four cubes




Mean concentration close to the source
— upstream spread

C*Uret/Q -— . .
1250 - .
0.151 1000 .
750
500 ’ )
01 | 250 i
_ . Neutral gas
0.05¢
C*Uref/Q
1250 ' - .
0.15{ = 1000 —
750 e
500 i I
01 | 250 . B
== Densegas
0.051

FFI Forsvarets
forskningsinstitutt



Mean concentration close to the ground
— difference in lateral spread
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Vertical profiles of mean velocity ‘ :
components for neutral and dense gas in ‘:‘
front of the cubes -
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Vertical variation of Reynolds stresses for ‘.:.
neutral and dense gas in front of the cubes _ ~
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Vertical variation of Reynolds stresses for
neutral and dense gas in front of the cubes
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Vertical variation of Reynolds stresses for ‘.:.
dense and neutral gas in front of the cubes _ «
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Reduction in wall normal Reynolds stress component!
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Vertical variation of Reynolds stresses for ‘.:.
neutral and dense gas in front of the cubes _ =
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Vertical and lateral variation of concentration

for neutral and dense gas in front of the -
cubes
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Vertical and lateral variation of concentration
for neutral and dense gas behind the cubes
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Vertical variation of mean- and fluctuating \I.\:.

concentration for neutral and dense gas in
front of the cubes
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Visualization of neutral and dense gas release
along Champs-Elysées in Paris




Concentration of neutral gas close to the
ground from two different sources in Paris




Concentration of dense gas close to the
ground from two different sources in Paris




Conclusions and future work

« Very good agreement between simulations and experiments!

« Dense gas changes the wind field
— Resemblance of solid walls
— Reduction of turbulence kinetic energy

* No significant difference between variable density and Boussinesq
approach for a real urban area

« Care need to be taken to the inflow conditions!!!

* In the future:
— Detailed flow and concentration field analysis
— Look at denser gas release
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