Numerical simulation of particle transport
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Abstract: This paper presents the development of the Lagrangian model of the
aerosol particles transport in the urban boundary layer of the atmosphere with a
high spatial resolution. The developed numerical physico-mathematical model is
implemented in a program code, successfully verified on idealized analytical
solutions and applied in a realistic turbulent flow over complex urban geometry. The
influence of atmospheric stratification, particle size and lifetime on the process of
particle transport is estimated.

AHHOTauua: B paHHOM paboTe npeacTaB/leHO pPa3BUTUE NarpaHXeBon Moaenu
NepeHoca a3spo30/ibHbIX YacTUL, B FOPOACKOM MOrpaHUYHOM cnoe atmocdepbl C
BbICOKMM MPOCTPAHCTBEHHbIM paspelleHnem. PaspaboTaHHas yncneHHas ¢U3NKO-
MaTemaTMyeckaa MOAeNb peanmsoBaHa B MNPOrpaMMHOM  Kode, YCheLlHOo
BepudmUMpoBaHa Ha UAEAIM3NPOBAHHBIX aHAIUTUYECKUX peLLlEeHNAX N NPUMEHEHA
B YC/IOBMSIX PEaNUCTUYHOro TypOYyNEeHTHOro NOTOKa Hajd ropOACKOM 3aCTPOMKOW.
OueHeHO BAUAHUE cTpaTUPUKAUMKM aTMmocPepbl, PAa3MEPOB U BPEMEHU HKU3HMU
4acCTUL, Ha NpoLEecC UX NepeHoca.

1. Motivation

Layout of AAPCS on the territory of
Moscow and the Moscow region (2017)

Health effects of particulate
matter pollution

Model type choice
Lagrangian

Urban aerosols monitoring problems:

Negative impact of high aerosol
concentrations and bioaerosols on health
and environment

Irregular distribution of wurban aerosol
emitters

Advanced obstacle geometry and flow field
Insufficient spatial resolution of contact
measurement networks
Impossibility of remote sensing
urban areas
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Objective: Development of a tool for
calculating aerosol dispersion in urban
geometry with high spatial resolution

+: Lagrangian approach is
more informative

2. Particle advection model: physics and work algorithm
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Turbulence
parameterizations

» 2. Discrete random walk model

» 3. Random displacement model
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Calculation of new
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3. Results of simulations

Close to real conditions:

Unstable stratification

series of urban canyons

Stable stratification

Verification on analytical solutions
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1. Boundary layer: K, = u.kz
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2. Couette flow: K, = u*k;sm
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Most particles remain inside the canyon with emitter, being captured by the vortex. With unstable stratification,
particles spread over the entire domain, but in the case of a limited lifetime the concentrations can be very small

The 3D microscale Lagrangi

degree of agreement.
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; 4 Conclusions

an model of particle transport was developed and implemented in the program code.

The procedure for comparing the model with two exact analytical solutions was performed, which showed a high

The influence of stratification and wind speed in the atmospheric boundary layer on the transport of particles
with different size and lifetime under the conditions of a typical urban geometry is investigated.

In the cases of both analytical solutions, there is a high
agreement between the exact and numerical solutions

5. Perspectives -

More accurate turbulence
parameterizations

Integration with large eddy simulation models
More particle properties accounting




