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CFD = Computational Fluid Dyna
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Pollutant dispersion processes are governed by wind speed and turbulence conditions

ADMSUrban/Roads approximates wind speed and turbulence variations within the urban
environment e.g. through the use of parameterised boundary layer profiles, surface roughness

lengths, urban canopy flows, street canyon parameterisateins

These approximations work well for the
majority of applications but in cases Urban morphology
where:

A Complex urban morphologies and /or | peteorological

Local emission:

A Fine scale AQ concentrations are conditions )
required i
. Z B 2 ) . W 5 A ﬁ[ ‘_7 I s

the use of CFD outputs to drive AQ Longrange TP e " RN
modelsmay help to: pollutant transport & LI AR Chemistry [y

A ldentify pollution hotspots and ~ (particularly
important for PM

A Inform urban development to reduce and Q)
such hotspots
CERC ADMSUrban & Al Ajr pollutant concentrations
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Conceptual challenges (1 of 4)

Atmospheric stabilities over a full year, AQ models allow for full

gy OfHEAATFASR |00 2NBeR ¥ 3 "groe @ gtt?“f’Sphe”C I_Exc?mple
: —) conditions o wind rose
> 4000 CFD modelasuallyonly
< eutral represent:
3 3000 A | heri
o convective 1 neutral atmospheric
* 2000 - PR conditions

A for a limited number of
wind directions

<-20 -20to -15to -10to -5to--0.3tol1lto2 2to 4
-15 -10 -5 0.3 1

0 3 6 10 16 (knots)

[T TN Wind speed

0 1.53.15.182 (m/s)

AQ limit values relate to annual statistic®@CFD
2dziLJdzia ySSR (2 060S WaolftSRQ (2 NB
range of atmospheric conditions in a full year
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Conceptual challenges (2 of 4)

200 -
| Input wind profile for the The turbulence
150 | Wind CED model is not pararr(ljetlerlsatlonst IS AQ
consistent with the MOdEIS may not be
< 100 Speed U YI22NRAG& 2F qmsjét%w\ﬁmhose
£ conditions in the AQ model within CFD models
e ~ ADMS (upwind)
0 ~~ADMS (dispersion Site) Modelled concentrations are inversely
° Wind spzed /) —ADMS (average UC”} proportional to the wind speed and directly
200 & —CFD (platform) affected by the turbulence values, so it is difficult
—CEFD (inlet) 02 LISNF2NYXY WEA1S F2NJIf
150 | single neutral wind speed cases
oo | Turbulent
: Kinetic Ener
T . gy Vehicles influence tstreet flow and
TKE turbulence, particularly for low wind
0 conditionsg not accounted for in CFD

* —
0 1 2 3 UC = Urban Canopy ADMSUrban & ADM$Roads User Group Meeting 2022
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Conceptual challenges (3 of 4)
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If the resolution of the emissions is not
WYAONRAOIfSQ o60SdIc
variation of traffic speeds and driver
behaviour at junctions), are modelled
O2YyOSYUN A2Ya Y
high-resolution flows?

2018 final network
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Conceptual challenges (4 of 4
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directional winds, but Gaussian
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Practical challenges (1 of 2)
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source segment. How sensitive are modelled
concentrations to the density of streamlines /
segments?

lllustrative CFD flow vector output
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Practical challenges (2 of 2)

How do we scale CFD flows to represent £
different atmospheric conditions (in order « 3 A
G2 O fOdA I 6§ Wl yy 2 £ Q WEFf dz§a (2 O02YLI NB (2
v fAYAGAOK 2KEG I NB &§ Wi2aaAy3Q oce 2yie
scaling with wind speed? = E 2 1
o 3
S &
3000 = £ 17
b0
k=
2500 - o =
® Upwind wind speed (5]
m D I I I | | | I | |
> 2000 In-canopy wind speed Low Wind speed High
c
93’_1500 :
2 . How do we scale CFD flows to
w 1000 - Wind speed for full year, : : !
. . represent different wind speeds?
upwind and incanopy : -
500 Is a linear approach sufficient?
0 — .|_ |
Low Wind speed (m/s) High ADMSUrban & ADMS&Roads User Group Meeting 2022



Hot topicg other people are looking at this

A subgroup within . . .
FA|R,\%ODE* s looking Analysis of data (all methodologies vs observations)
at microscale

modelling_ ADMS has Step 2.2. Maximum monthly concentration areas
been used in an inter

Lagrangian model

VITO-OPENFOAM - STEP 2.2 ENEA-STEP 2.2
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Ay 3

A Turbulent velocities,(, , v » w) Or Turbulent Kinetic Energy (TKE)

BAKYSLJd®)l 80SBNJ F f 2

Flow field and turbulence data input on a regular 3D grid (NX x NY x NZ
points)

A Flow field components (U, V, W)

Data file specified via thaai/ .uai* file

ADWVS {1ef 3

* Option currently available in
ADMS5, and implemented as a beta

version in ADM®Jrban & ADMS

Roads
Option requiresComplex Terrato be used, with a dummy terrain file
8 LIS OA TerRiRterQ S ®F ¢8O | i} adzoRANBOG2NEU
[ Additional Input file editer - (new file) — O et .
File formats:
File  Help
. L./Z] Calm condiions A - NX NY N2z
|:| i) Chemistry options User-input 3D flow field XY 2 UV W TKE
& _]DJ LE':E‘l ”'gpl;'t't'”"e chemistry Input flow field file turbulence datatype | TKE — NX NY N7
..... ngetailedtempnral variation {dry) Full path to file containing 30 flow field data: XY Z UV W SigU SigV SigW
----- =] Plume depletion E-\projects'\FM1278\Example_CFDflow*02B_Day52 cav =IE
----- =] Spatial and temporal variation

----- =] Wet deposition ffalling drop methe
=7 Flow field options

----- =] Specified minimum turbulence

----- =] Urban canopy flow

~[=]] Userinput 3D flow field

CERC

User-input 3D flow field

Input flow field file turbulence data type

Full path to file containing 30 flow field dz
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Guidance

- Aconsistent ADMS3netfile containing the meteorological conditions upstream of the domain

covered by the 3D flowireld must be specified e.g. generated through ppsicessing of Urban
Canopy flow field module outputs

- Higher vertical resolutioat release height(s) wilmprove modellingesults

Consistency

- To ensure consistency between the turbulence magnitude between ADMS and CFD models, C
TKE / turbulent flow parameters are scaled within ADMS:

Uapms(z) TKEapws(z)

TKE.. 1.4(xy,2)= — i
scaled (%,Y.7) Ucpp(z)  TKEcgp(z)

TKEcpp (X,y,2)
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Restrictions

- Userinput 3D flow field data can only be used for shtatm runs with one line of meteorological
data.

- Currently (in ADMS 5) there are limitations on the number of points specified in the 3D file, but
IS likely to be relaxed in future releases

- The model assumes that the flow field data are deflnediam)mpleterectangulargrldc so flow
GAUKAY o0dzAft RAy3da ySSRa (2 0S WSaldAYFOSRQ

- The geographical extent covered by the flow field data must be larger than the modelling regior
where the modelling region comprises of all of the sources, buildings, specified output points al

the outputgrid:
A the flow field data must cover a region at least 10% larger than the modedgign &

A the region covered by the flow field data must be at least BOarger than the modelling region
In eachdirection
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Case study: Background

- Central Activities Zone
- London Plan 2015 boundary

Tottenham Court
Road Opportunity =
Area ;

ol

.. ’.-io'

Bermondsey
Action Area

Victoria

Opportun
Area

]
and Castl;l
P‘ LS -

Aylesbury
Action Area

™ Camberwell
Action Area

Peckham and
Nunhead
Action Area

Old Kent Road Opportunity Area
within central / south east London

© Crown copyright and database rights 2015 Ordnance Survey (0) 100019252

W h KeRt Road Opportunity NB | Q
(www.oldkentroad.orq.uk

3 New Tube Stations
On Bakerloo Line

W

20,000 A New

Mew Homes Town Centre

s 3

2 New 10,000

Primary Schools
Mew Jobs

WhY&Yy il w2l R hLLIRZ2NIdzyAde
London Borough dbouthwark

A High resolution AQ modelling to identify pollution
hotspots

A Assessment of baseline and future year AQ,
accounting for planned developments
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http://www.oldkentroad.org.uk/

Case study: Background

Task 1: Strategic air quality modelling ExampleVU. C'Wgeometfy

A Baseline & future year AQ modelling for the Old Kent Ro.

A Street canyon modelling using ity data

- Task 2: Detailed 3D dispersion modelling (followin¢ -
slides)

. Contributors:

A London Borough of Southwark: funding, traffic and other
data

A Wirth Researchwww.wirthresearch.cont CFD data
A VU-City fvww.vu.city): detailed 3D buildings

: Ay aim
C E RC ADMSUrban & ADM$Roads User Group Meeting 2022


http://www.wirthresearch.com/
http://www.vu.city/

Case studysteps required for ADM8rban to use CFD data

Task 2: Detailed 3D dispersiomodelling:

A Modify ADMSUrban to allow input of 3D flow (N“mbe””g Co”eSpO”dS to Urban Canopy celk

fleld data

CFD domain: 5 km diameter circle

A Derive upwind conditions for use in CFD
modelling:

- Wind speed & turbulence calculated hourly for full |

2 e b the East
e —— Shaguei
¢
al\Tower L
< :

(((((

year at selected 2ZGsector Urban Canopy (UC)
cells upwind of the domain

Wi LWAYRQ LINRFAE Sa& OFf Odzt |

hours where the wind direction is within the
sector

ALRSEFff@&X WdzalJAYRQ LINEFA

used as input to the CFD modelling, but Wirth

e UCcells

\ | —— Wind sectors

concluded they were sufficiently similar to

their default profiles, so they were not

Wirth domain
OKROA

Implemented

CERC

UC grid
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Case study: Steps required for ADM®an to use CFata

- Task 2: Detailed 3D dispersiomdelling:
A A postCFD, preADMS flow field processing utility was written:

In-fill flow in buildings
using scaled UC profils
In-fill flow outside the data (reduce flow,
CFD domain using U( direct wind vectors to
profile data outside building and
set turbulence to layer
average)

Scale the CFD flow an
turbulence to fit with
the UC upwind profile

and input
meteorological
condition

A Inspect scatter plot of hourly ADM3%*banbaseline modelle& observed time
series to identify6 worse case meteorologicatonditions
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Casestudy: Baseline and CFEADMSUrbancomparedg NO,, 215t February08:00

- 9milar high concentration magnitudes

Overall
comparison:

road concentrations, CFD flows generate irregular impacts

- Canyon parameterisation in ADMSban leads to continuous high along

- Wider impact of road emissions, with generally lower concentrations for
CFD flow field compared to ADNUgban flow field (see later)

ADMSUrban
flow field

U=1.5m/s

NG, concentrations
ng/ms

CFD flow field

ser Group Meeting 2022



Case study: Baseline and CFD Alvtiain compared, NO,, 215t February 08:00

Zooming in to a hotspot location shows similar high concentration magnitudes, but exter

of high concentrations reduced when CFD flows modelled
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ADMSUrban flow field
S5,

b 4 -~ WA A, o

======: ADMS Road Source
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Case study: Baseline and CFD Alvtiain compared, NO,, 215t February 08:00

Comparing canyon extents and flow vectors helps to explain modelled concentratir
CFD predicts relatively high magnitude akéhgg y € 2y @GAY Ra 06 WOK4 ST A
Urban models predominantly acresanyon recirculating flow 0.18-0.26
0.26-0.35
-0.44

: U= 15m/sat10

-0.54
-0.68
-0.85

zzm=a=

-1.28

_ ======: ADMS Road Source
| | ADMSUrban & ADM3Roads User Group Meeting 2022




Case study: Baseline and CFD Alvtiain compared, NO,, 215t February 08:00

Comparing canyon extents and flow vectors helps to explain modelled concentrati
CFD predicts relatively high magnitude aléhy y € 2y Ay Ra 0 WOK+ yy ST & A
Urban models predominantly acresanyon recirculating flow

0.18 -0.26

U=15m/s at 10

0.26-0.35

0.35-0.44
0.44-0.54
-0.68

ADMSUrban flow field %&N ! CFD flow field

Canyon footprint 0 005 0.1 0.2 Kilometers ====== ADMS Road Source
CERC | ———————+— | ADMSUrban & ADMSRoads User Group Meeting 2022




Case study: Baseline and CFD Alvtiain compared, NO,, 215t February 08:00

Other locations show the spreading out of concentrations between buildings when the CFD flow
field is used

(Slightly) higher concentrations in ~&Q00 m from road centreline for CFD flow modellin¢ U = 1.5 m/s‘

CFD flow field

======: ADMS Road Source
ADMSUrban & ADM3Roads User Group Meeting 2022
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AY @AY R
concentrations

U=1.5m/s at 10rrﬁ

ADMSUrban flow field CFD flow field

ADMS Road Source
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Case study: Baseline and CFD Alvtiain compared, NO,, 215t February 08:00
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