I’ |||| | ||I|
RESEAR D FEOFPAGHYECKHA DAKYABTET
COMPUT]NG CENY% \ 1 MrY emesn M.B. Nomonacosa 2

NUMERICAL SIMULATION OF AEROSOL
TRANSPORT IN THE URBAN BOUNDARY LAYER
AND CANOPY

Victor Stepanenko'?3

ILomonosov Moscow State University, Research Computing Center
’Lomonosov Moscow State University, Faculty of Geography
SMoscow Center of Fundamental and Applied Mathematics

Collaborators:
Andrey Glazunov®, Evgeny Mortikov?, Irina Repina?,
Natalia Chubarova?, Pavel Konstantinov?, Mikhail Varentsov'?, Timofey
Samsonov?, Andrey Debolskiy!, Alexander Gavrikov®, Arseniy
Artamonov®, Alexander Varentsov?!, llya Drozd?, Vasiliy Lykosov®

Kick-off meeting, Laboratory of Urban Environment and Climate (LUEC),
Faculty of Geography, Moscow State University, 25 January 2021



Outline

Objectives, tasks, deliverables

L Background

dResearch questions

dNumerical technigues and facilities

L EC and aerosol monitoring tower in the MSU campus
Collaboration with other Tasks and WPs

25.01.2021 KICK-OFF MEETING, LUEC LAB Slide 2



Objectives, tasks, deliverables

Objective 3. Assessing the links and consequences of spatial and temporal
variability of urban pollution in various spheres (atmosphere,
hydrosphere and pedosphere) and find out proper feedback loops to
quantify formation and urban heat island - air pollution — boundary
layer dynamics interactions and feedbacks, as well as for prediction and
diagnosis of pollution and aerosol dispersion having various origin with
spatial resolution down to the scale of individual streets and buildings

Deliverable 2. Patterns of transportation and accumulation of aerosols of
various origin, in a wide range of sizes from nano- to microparticles in the
urban canopy depending on background meteorological conditions

WP2. Task 2.2 Study of aerosols formation and transport in urban
boundary layer based on hydrodynamic turbulence-resolving models
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Research gquestions

 How the locally measured concentrations of different aerosols of
various origins are related to concentrations over the city regions
under different synoptic conditions?

O What is the vertical distribution of different aerosols of various
origins under different synoptic conditions inside an urban canopy
and above?

1 What is the deposition of different aerosols of various origins on
the soil surface In urban canopy under different synoptic
conditions?

1 What is the role of aerosol particles dynamics in their interactions
In convective and stable boundary layers?

1 Are there indices which may diagnose on a routine basis the
vertical spread of surface-originated aerosols?
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Computations and data-flow framework for
modeling micrometeorological regime and
aerosols on a scale from district to streets

Wind speed distribution in Aerosol concentration in a

GIS DATA Moscow district series of city canyons

(color — the length of urban canyon)
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Small-scale simulation of the urban boundary Iayer

DNS — Direct Numerical Simulation,
LES — Large Eddy simulation,

RANS — Reynolds-averaged Navier—Stokes
¢ |Immersed boundary method

e Unstructured grids (permitiing the local grid refinements)
¢ Parallel realization on CPU and GPU Lomonosov-2
e Original subgrid models for LES z\‘jlg‘j)comp“ter
o Transport of heavy suspended particles and tracers

Applications:
turbulent flows
and pollution
above
different
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Aerosol transport modeling

Largangian approach Eulerian approach

Advection and diffusion of
concentration is computed

Trajectories of individual
particles are tracked

-

L

et T dx du 3(s) sy d _ d(s)
S _ 0 T ! . = —K
: g E,F ot TG T Ky, T
x,, — particle location, (s) — Reynold-averaged particle concentration

— particle velocity
+: explicit solution of particles motion +: low computational cost

Largangian approach contains more information, because
concentrations can be computed from particles trajectories,
but not vice versa

+ _ time (u;) — i-th Euleran velocity component
K — turbulent diffusivity
Q, — sources and sinks

F - external forces
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Aerosol transport modeling using Large Eddy Simulation
(Glazunov and Stepanenko, 2015; Glazunov et al., 2016, 2018)
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Microscale wind modeling for Moscow districts

eow157mis  Pilot experiment on the Leninsky
1.57t03.13 m/s

spwanms  prospect — Miklukho-Maklaya st.

4.70 to 6.26 m/s . .
mm s2swzssms  Smart Urban Climate project

/ Il 78319.39m/s

L I 9.391t0 10.96 m/s

10.96 w 12.52 m/s

12.52 to 14.09 m/s

above 14.09 m/s

0.00-4;*

below 1.44 m/s
1.44 to 2.88 m/s
288 to 4.32 m/s
4.32to 5.76 m/s
P S5.76t0 7.20 m/s
Bl 720t 864m/s
N 8.64 to 10.08 m/s

Trial experiment of Gagarinsky
district, rough OSM (without
topography corrections)

10.08 to 11.51 m/s
11.51 to 12.95 m/s
above 12.95 m/s

3 W X
Sl Min: 0.00 mys
R Max: 14.39 m/s
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Wind Speed and MSU-mOde”ng Digititalzation of MSU-domain
domain Nikolaeva et al., 2020 99
' :3:::},//./-//. s —

H0m |

= 0.0 7
$waw o iom
e oo
™ 770,00
AR o m
oo
[ 2000
Yoo
$60.00-|
- -
ETS |
%oe 130.00
P b 4
10 00
28.00 |
) Hom
142.00 |/ ¥
W 00
"o |
L 70.00-4f

Ty ~ ¥ - : I ¢ "
s 00 I e L.._|

1 V v ¥ ¥ ¥ ' v V 1
095 M.50141 03 100G MU0 OOJ0 (R0 ORAN (8 X 0P 2070 (4G 2010 e 09 ' J !
002 000340 0F L2, M0 COrsS. 0000 D30 (BSL. Ok 23 OQ'UO OO T0 DOMS. 00 10 0%e0 00

8.0
i | Chck and Move Mouse to rotate 30. 7
| Cick + Shift +Mouse Move to move. A
- e
f’ Wind Speed Flow direction
360 00 voi0m
] : | B s 520 s - so0m|
3 1 Bl ::0tw690ms v 900 m
| !
woogy oL - 4 B 540to 9.0 Vs — 12001
B ccoto1250mis ¢ 15000
s ) P 12.00 % 16.00 m/s
2000 ; ] 16,00 t0 19.20 m/s » A
Y »' P 1920 %0 22.90 mj's .
naw w x g Bl 2400 2560 mis
Y | . o — B 25.60 to 28.80 mjs >
» 2 2 Ea - . J . B ebcve 2880 mis

mi——————————————  Konstantinov et al., 2020

KICK-OFF MEETING, LUEC LAB Slide 10




Interaction of modeling techniques

Validation of
P —— RANS by LES LR T
3 I for typical K3 _ e
S : and extreme R
Reynolds-Averaged Navier- synoptic Large Eddy Simulation
Stokes (ENVI-met, RCC MSU) conditions (RCC MSU, INM RAS)
Largangian particles Largangian particles
simulator simulator

Fields of velocity and
turbulence quantities
for simulations of
different aerosol types

Largangian particles
simulator (RCC MSU)

Computing resources are a bottleneck!
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Existing EC tower in MSU campus

 Since the fall of 2019, a 22 m
high eddy covariance tower

0 2m, 11 mand 19 m of METEK
sensors for momentum an heat
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Website of the MSU tower

https://tower.ocean.ru/rtdata?tower=MSU&city=MoSscow

U real-time online monitoring of system state
4 online display of the latest 24 h data
O online screening of the latest data quality
1 downloading of the raw data by registered
users e [ -

atiiim

b

MoscowMSU
mal-time data Last updated at 2027-01-12 16:24:27 UTG (0:20:53 ags).

Praliminary analyss of the raw dats (L1) helps to get the basic picture of the
eguipment stability. Level L1 of the data provides direct maasurements
without sny corrections except the transition to SI units, Here we plot the raw

Acoustic
ANEMOMStar
at 188 m

data and some simple statistics for the last 24 hours (up to naw), Pleass be
aware of the upload lag: normally it takes 45-60 min for date 10 be plotied
nere, The amount of time without update is in the gray bar “Last updated ..
on top of the page, I1 it turns red than something weant very wrong

55
Last 24 hour

The actusl data representation and its running mean (rmean), see the iegend
{or colors and for the window size of the rmean. Additionally we have rough
quality controi: the % of missing values comgputed in the same window as the
running mean.

Nt onmiive rorwd wvw

Tha quality control shows how many Measurements par second happened
during this period, Both plots are the same with differant y-scaling. So the
main frequency on the iaft plot should ba ientical 10 the specification of tha
dovice, The piat on the right side he'ps to see daviations.
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https://tower.ocean.ru/rtdata?tower=MSU&city=Moscow

A prospect for a new tower in MSU campus

(towards FLUXNET and SMEAR standards)

U New tower of ~40 m height (2-times higher
than closest buildings)

U 3 levels of heat and momentum eddy
covariance measurements

d2-3 levels PM10, PM2.5, PM1
concentration

U Optimal choice of aerosol sensors on
tower compliant to that used in MO MSU
aerosol complex

1 Optimal choice of mast construction and
location in order not to disturb ongoing
measurements e oo

QFlux footprint analysis &+
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Possible collaboration
with other Tasks and WPs

0 WP2, Task 1, “Measurement of the physical-chemical properties of urban
aerosols”: the data on measured physical and chemical properties of aerosols,
especially those of interest, will be used to setup numerical experiments;

0 WP3, Task 3.2, “Atmospheric urban aerosols in the city environment with
account of its morphology, and their relationship with solar radiation and
the urban heat island”: numerical experiments allow to obtain fine scale
spatial distribution of different aerosols in complex urban geometry, under
contrasting background meteorological conditions, both typical and extreme in
terms of wind and stratification;

0 WP4, “Creation of concept and methods of calculation of the mega-urban
planetary boundary layer (PBL)”: validating the newly developed theories for
urban PBL development and their implications for aerosol distribution and
transformations;

d WP 6, “Interrelations and chemical (microparticles) transfer between
urban atmosphere, soils and surface water”: simulations of deposition of
different aerosols on the soil and water surface in urban canopy under different
background conditions.
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