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Introduction Validation

Simulation setup

• In the urban environment, gas such as nitrogen dioxide
NO2, and particle matters (PM) impose adverse impacts
on pedestrians’ health.

• The conventional computational fluid dynamics (CFD)
methods that regard pollutant as passive scalar cannot
reproduce the formation of secondary pollutants, such as
NO2 and secondary inorganic and organic aerosols,
leading to uncertain prediction.

• To increase the simulation accuracy of particle dispersion,
we coupled the CFD software OpenFOAM with SSH-
Aerosol, a modular box model to simulate the evolution of
primary and secondary aerosols.

The values are spatially averaged in the street canyon
• Considering gas chemistry gave better predictions for NO2.

• Considering the condensation of inorganic and organic
matters from the gas phase to the particle phase lead to
better predictions for PM10.
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Model description

• Flow pattern: clockwise recirculation in the canyon.

• PM mass and number spatial distribution: largest values
near the source, large values near the leeward wall.

• 112 gas species and 40 particle species are considered.
The particle compounds are dust, black carbon,
inorganics (sodium, sulphate, ammonium, nitrate and
chloride), primary organic aerosol (POA) and secondary
organic aerosol (SOA).

• Unsteady Reynolds-averaged Navier–Stokes equations
(RANS) model is used to solve the governing equations of
the flow field and transport equations of gas and particle
mass fractions.

• SSH-Aerosol is a modular box model that can simulate
gas-phase chemistry and aerosol dynamics (nucleation,
coagulation, condensation/evaporation) .

Location A street in Greater Paris (Boulevard Alsace-Lorraine)

Time 5 a.m. to 5 p.m. on April 30, 2014

Inflow
Obtained from Weather Research and Forecasting 
(WRF) model, log law

Background 
concentration

Obtained from a regional-scale simulation

Emission Estimated from COPERT’s emission factors

Simulation domain

Time variations of friction velocity and temperature

Time variations of PM10 background concentration and emission rates

How particle dynamics influence PM
(a) (b)

• Inorganic matters increase: ammonia (NH3) emitted from traffic
condensed with nitric acid (HNO3) to form ammonium nitrate (NH4NO3).

• Organic matters increase : condensation of anthropogenic compounds
from precursor-gas emissions and background biogenic precursor-gases.

Time variations of  spatially-averaged concentration in the street canyon

Coagulation and condensation influenced the PM size distribution.

(a) Dust (b) Inorganic matters (c) Organic matters


