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1. Context, aim and scope of Virtual Special Issue
1.1.Context

Outdoor air pollution is one of the major enviromtad problems today. It is associated with a broad
spectrum of acute and chronic health effects [bE pollutants that are brought into the atmosphgrearious
sources are dispersed (advected and diffused)eowinte range of horizontal length scales (L). Conicey
outdoor pollutant dispersion, a distinction camiede between global or macro-scale dispersion@sG0 km),
meso-scale dispersion (10 km < L < 6500 km) andorscale dispersion (L < 10 km). In the built eoviment,
both the outdoor exposure of pedestrians and th@oinexposure of building inhabitants are of concéiso
building components and building materials playraportant role, and finally the pollutants can bsgonsible
for human morbidity and mortality. Pollutant disgien in the built environment is therefore introadly a
multi-scale and multi-disciplinary problem. Theaehnt spatial scales, ranging from global scale to
material/human scale, are schematically depictédgare 1.

Figure 1: Schematic representation of relevant gpaicales in pollutant dispersion.

Outdoor and indoor air pollution are a main conagrhuilding and air-conditioning engineers thaside
the ventilation inlets and outlets on building fdea or roofs [2-5]. Indoor air pollution by outdar pollutants
can be caused by the re-ingestion of the contasdnexhaust air by the same building [6] or by titake of
exhaust from other sources such as nearby buildstig=t traffic, vehicle parking lots and loadaarks,
emergency generators and cooling towers (Figufé-21].

The precise prediction of pollutant concentratigstributions on and near buildings is important foilding
design and evaluation. The prediction of such cotragons however is a difficult task, especiaiiytie built
environment. It does not only require the knowledgair pollution meteorology and dispersion, g@lequires
knowledge of building aerodynamics because windtarldlings can strongly affect plume behaviour. émpnt
parameters for dispersion around buildings aredinglgeometry and environment topography, wind dpee
wind direction, turbulence, atmospheric stabiligmperature, humidity and solar radiation.
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Figure 2: Schematic representation of re-ingestdrexhaust air by the same building and of contatidom of
neighbouring building and street (modified from L1




Micro-scale pollutant dispersion in the built emriment can be assessed by field measurements, wind-
tunnel testing and numerical simulation with Congioinal Fluid Dynamics (CFD). Field measurementsrof
the advantage that the real situation is studieltlaa full complexity of the problem is taken irtocount.
However, field measurements are usually only peréf in a limited number of points in space. In &ddj
there is no or only limited control over the bourydeonditions. Reduced-scale wind-tunnel testirgved a
strong degree of control over the boundary conadtitidiowever at the expense of — sometimes incobipati
similarity requirements. Furthermore, wind-tunnelasurements are usually also only performed imied
number of points in space. CFD on the other handiges whole-flow field data, i.e. data on the velet
parameters in all points of the computational doméilike wind-tunnel testing, CFD does not suffem
potentially incompatible similarity requirementschese simulations can be conducted at full scaladdition,
CFD simulations easily allow parametric studiesvaluate alternative design configurations, esjigcidnen
the different configurations are all a priori embed within the same computational domain and ¢tawvever,
the accuracy and reliability of CFD are of concemmgl solution verification and validation studies a
imperative. Validation studies in turn require exxpental data that have to satisfy important qyaliiteria.
These can be field data or wind tunnel data. TleeofiCFD for pollutant dispersion studies has nezeistrong
support from initiatives focused on the establishiwé best practice guidelines. Such documentsigeov
guidance on the large number of choices to be raadections to be performed by the user of a CRi2.co
These are either comprehensive guidelines thatrcosey aspects of a CFD simulation [12-16] or nepecific
guidelines addressing only one or a few aspeadietail (e.g. [17-22]).

Micro-scale pollutant dispersion in actual urbasaaris very complex. Due to this complexity, maagib
studies of micro-scale pollutant dispersion arobuidings in wind tunnels and with CFD have focusedwo
generic and idealised configurations: the isoldeittling and the isolated street canyon (Figuré/&ile both
configurations are strong simplifications of reglithe flow and dispersion processes involved arg eomplex
and contain most of the salient features that Be@esent in the complex urban environment. Ogeaeric
configurations that have been considered consiatraf/s of buildings or building blocks.

Figure 3: Schematic representation of (a) isolabeiding and (b) isolated street canyon.

1.2. Aim and scope

A Virtual Special Issue (VSI) is a Special Issuattbonsists of previously published papers in @giv
journal. The aim of a VSl is to identify and groagoherent set of such papers and to provide soste p
publication perspectives. The present VS| is stiatad by the increasing environmental concerns atnataioor
air quality in the built environment and by therieasing use of CFD for pollutant dispersion modglliThe aim
of this VSI is therefore to identify and group amer of papers reporting CFD simulations of miccals
pollutant dispersion in the built environment psh&d in Building & Environment.

The intention of the VSI is neither to be completer, to provide an overview of such studies ovesider
range of journals. In the recent past, severakrewion micro-scale pollutant dispersion were predidMeroney
[23] compiled a very comprehensive review of windriel and CFD studies of micro-scale pollutant elispn
in the larger framework of hybrid wind tunnel — CRiddelling, and Canepa [24] reviewed a large nurolber
models for stack and building wake downwash.

The VSl is focused on micro-scale pollutant disjpersWhile micro-scale dispersion is strongly cocted
to processes acting at the global scale and theardbgical meso-scale, these are not the subjebegresent
VSI. Micro-scale pollutant dispersion is also stglynconnected to building ventilation. Building \éation is
also not included in this VSI. Comprehensive rew@m building ventilation research have been prxvioy
Awbi [25], Etheridge and Sandberg [26] and Chen.[R&views on natural ventilation can be foundeirg. [28-
30].



While the VSI focuses on CFD, also field measuresand wind-tunnel testing are included when they
serve CFD validation. Given the complexity of miswale dispersion, many studies have focused on two
generic configurations: the isolated building anel isolated street canyon (Figure 3). Howeveru&ealso
includes studies on other generic configuratiommhsas arrays of block-type buildings and on applied
configurations such as parts of actual cities.

2. Contents of Virtual Special Issue

This VSI consists of 16 papers, all of which haweirt focus on CFD simulation of micro-scale polhita
dispersion. Section 2.1 summarizes these papears averview table along with the main charactersstf
their CFD simulations. Section 2.2 briefly highltghthe main contribution by each of these 16 papapers
focusing on the wider topic of urban microclimateyhich pollutant dispersion is only one of manggesses,
are not included.

2.1. Overview table

Table 1 provides an overview of the 16 papersgdish chronological order. The table entries are:
- the author last names and year of publication;

the reference number (as cited in the referentefithis editorial)
the type of study / geometrical configuration: gémer applied. While generic studies can provide
more general information that can more easily beapolated to practical situations, applied studies
offer the advantage that they generally considarger degree of geometrical complexity.
the configuration: 2D or 3D, street canyon, isafab@ilding, array of buildings or part of a reatyci
the turbulence modelling approach: Reynolds-Aveddgavier-Stokes (RANS) or Large Eddy
Simulation (LES). While RANS generally refers t@tholution of the steady RANS equations, LES
provides time-dependent information and informationpeak values, which can be of prime
importance.
whether or not a validation study was performed i&iso, based on what type of data (wind tunnel
or full scale).
whether or not a sensitivity study was performed & so, for which parameters.

AIthough this table is not complete, it does prevalfirst overview of some main characteristicshef CFD

simulations reported in these papers. Based ortdhls, the following general observations can laelen

- Each one of the 16 papers reports a sensitivitlyaisaof some or a few computational parameters.

This could be expected, given the large numbeoaiputational parameters that have to be chosen
by the user of a CFD code.
14 out of the 16 papers focus on pollutant dispers the outdoor environment around buildings,
without connection to dispersion in the indoor eamiment. Two exceptions to this are the papers by
Gao et al. (Article d in Table 1) and van Hooff éBldcken (Article p in Table 1), where both
outdoor and indoor dispersion are modelled in gteiapproach, i.e. within the same
computational domain.
14 out of the 16 papers report simulations thatoased on the RANS equations. The two exceptions
are the papers by Gu et al. (Article m in Tabladl Gallagher et al. (Article n in Table 1) thatyon
report LES results. 4 out of the 16 papers rep&$ kesults. 2 papers report both RANS and LES
results: that by Tominaga and Stathopoulos (Articie Table 1) and that by Salim et al. (Artidlan
Tablel). Out of the 16 RANS papers, 13 useegbulence model for closure, 8 of which use the
standard k-e turbulence model.
13 out of the 16 papers have been published ipélse5 years. The three exceptions are the papers
by Qin & Kot in 1990 (Article a in Table 1) and th&o papers by Xie et al. in 2005 and 2006
(Articles b and c in Table 1).
13 out of the 16 papers focus on generic buildingteet canyon configurations. The three
exceptions are the paper by Qin & Kot (Article alable 1)that focuses on a two-building
configuration in Shenzhen, China, the paper by th&teal. (Article j in Table 1) that focuses on a
two-building configuration in downtown Montreal atfie paper by van Hooff and Blocken (Article
p in Table 1) that includes a group of buildingsismall part of Amsterdam.
13 out of the 16 papers report 3D simulations. ffinee exceptions are the papers by Xie al. (Arsicle
b and c in Table 1) and Huang et al. (Article Tiable 1) that all consider a 2D street canyon.
12 out of the 16 papers include a validation stgdyomparison of the CFD results with either field
data or wind-tunnel data, or both.



Note that the first paper on CFD simulation of maiscale pollutant dispersion published in Build&g
Environment is the paper by Kot [32] in 1989. Hoer\this paper is not included in the VSI as ityides a
valuable discussion of different CFD modelling aggimhes but no actual application of one or motthese
approaches.

2.2. Paper contributions

The main contribution by each paper is briefly Higfted in chronological order of publication.

In 1990, Qin and Kot (Article a in Table 1) provitlene of the first publications on CFD simulatidn o
pollutant dispersion around buildings includingaanparison with on-site measurements. They analysed
flow and dispersion of NOfrom vehicle emissions in a street between a twitding configuration in the city
of Shenzhen. The main part of the study was focasethe north wind direction with the tower buildi(90
m) directly upstream of the lower building (30 murbulent momentum and mass diffusivities were teke
constants or based on the mixing-length hypothesisthis assumption was subjected to a sensitivity
analysis. The paper reports a close agreement betthe CFD simulations and field measurements of NO
concentration, with a maximum error of only 25% farth wind, in spite of the simple expressions for
momentum and mass diffusivities. This wind direstis reported to yield an extreme case of vehicular
exhaust pollutant accumulation, due to the wakeotfdf the tower building.

Xie et al. (Article b in Table 1) investigated timepact of solar radiation and street layout on yalht
dispersion in a generic 2D street canyon. The aimlyas focused on the vortical structures anddhalting
pollutant concentrations in the canyon. For isatie@rconditions, a step-up notch was found to deserea
pollutant levels, while a step-down notch was fotméhcrease them. For the wind speed and temperatu
differences considered, adding solar radiationhewtindward side of the step-up notch was founih¢oease
pollution levels in the canyon. A step-down notdithvsolar radiation on the windward side of theldinig
and ground would decrease pollution levels, whillisradiation on the leeward side would increésan.

Later, Xie et al. (Article c in Table 1) extendéxtisothermal part of their earlier study by invgsting
the vortical structures and pollutant concentraterels in generic 2D street canyons for a wideyeaof
aspect ratios (i.e. building height divided by strevidth). They identified different flow regimesdthe most
favourable configurations in terms of pollutantpiission.

Gao et al. (Article d in Table 1) analysed the sraission of tracer gas between flats in high-rise
residential buildings in the framework of airbortin@nsmission of infection. Their coupled outdoodédor
simulations highlighted that the transmission bemvsingle-sided ventilated flats at different flsshould be
taken into account in infection control.

Bady et al. (Article e in Table 1) suggested the ofthree indoor ventilation efficiency indices to
evaluate the air quality of urban areas: the pgdiiow rate (PFR: the effective airflow rate readrto purge
pollutants from the domain), the visitation freqogVF: the number of times a pollutant entersdbenain
and passes through it) and the residence timet{ileg®ime a pollutant takes from once entering andpe
generated in the domain until its leaving). Thesoadpplied these indices for two examples, hereby
demonstrating that these indices are able to desthie pollutant behaviour within the domain, whiglery
important for achieving a complete assessmentefimd ventilation performance within urban domains

Bu et al. (Article f in Table 1) developed two neviteria for the assessment of local wind environtra
pedestrian level based on exceedance probabiléthysis. These criteria are based on the localte@nge rate
and the local kinetic energy, respectively. Thecpicability and effectiveness of these criteria was
demonstrated for a street canyon model exposetktd dkyo wind conditions.

Hefny and Ooka (Article g in Table 1) analysed dffilect of grid typology — and more specificallylice
geometry — on the related numerical error for galht dispersion around buildings. The effect wasfbto
be large: the hexahedral-based mesh was obsernye/éoGrid Convergence Index (GCI) values [17] that
were an order of magnitude below the tetrahedrattianesh values for all resolutions considered @ve
the very fine tetrahedral-based mesh. In additioe,GCI value remained high compared to conventiona
hexahedral meshes.

Hang et al. (Article h in Table 1) evaluated thigealised city models in terms of the local meaa afair
and the air exchange efficiency. The city modetsuided a round city model, a square city model ahohg
rectangular city with one main street paralleltie approaching wind or with two crossing streets.

Huang et al. (Article i in Table 1)extended theds&s by Xie et al. (Articles b and c in Table 1)by
investigating the effect of wedge-shaped roofstheiathan only flat roofs — on velocity vector goallutant
concentration fields. The effects of these georoatmodifications are significant, and as in (Algid in
Table 1), the pollutant concentrations are muclnéign the “step-down” canyons compared to theéléer
“step-up” canyons.

Lateb et al. (Article j in Table 1) performed CFDnslations of a two-building configuration in Moetl,
with the tall building (45 m; excluding rooftop sttures) upstream of the low-rise BE building (185



excluding rooftop structures). As in the study by @nd Kot (Article a in Table 1), this combinatioh
configuration and wind direction was also here idered as most problematic in terms of pollutant
dispersion. Note however that the exhaust in thidysis not at street level, but from a stack gqm @6 the BE
building. The results from the CFD simulations weoenpared with results from both detailed wind-teinn
tests and elaborate field experiments, allowingmgrehensive analysis of the errors and unceresinti
involved in RANS modelling with the realisablegkmodel.

Tominaga and Stathopoulos (Article k in Table I9yided a detailed comparison of LES, RANS and
wind-tunnel data of both wind velocity and pollutaoncentration for the case of an isolated bugdifihe
RANS simulations were performed with the Renornaltn Group (RNG) ke model for closure. Although
the differences in velocity between LES and RANSewneot large, LES clearly outperformed RANS for
pollutant concentration, because the horizontdudidbn was well reproduced by LES and not by RANBis
study therefore confirmed the accuracy of LES irdelbing for plume dispersion near and around afatsd
building model and identified the reason for thecdépancies obtained by RANS modelling.

Salim et al. (Articld in Table 1) numerically reproduced the wind-tunegberiments of traffic pollutant
dispersion in a street canyon with and withoutgrgem the CODASC database [31] with RANS (standard
e and Reynolds Stress Model) and LES. For the st@®yon without trees, the LES simulations shoveiy v
close agreement with the wind tunnel (WT) datatlfier concentrations at the leeward and windward @any
walls. For the street canyons with trees however agreement between LES and WT remains very ftose
the leeward wall, while it deteriorates substahtitdr the windward wall. In fact, for the windwawsall and
with trees present, the agreement between RANSMRds much better than between LES and WT.
Although not mentioned by the authors, this suggesime discrepancies in modelling the aerodynaffecte
of the trees in LES.

Gu et al. (Article m in Table 1) extended the wbgkXie et al. (Articles b and c in Table 1)and Hgaat
al. (Article i in Table 1)by focusing on non-unifarstreet canyons, where higher and lower buildargs
positioned in a 3D staggered arrangement. Fomtloie complicated geometry, LES was applied. The
simulations indicated that at the pedestrian lethel,concentrations of simulated pollutants (etge,mean and
maximum concentrations) in the non-uniform stregtyons are lower than those in the uniform onegssiing
that uneven building layouts are capable of imprgithe dispersion of pollutants in urban area.

Gallagher et al. (Article n in Table 1) analysed #ifect of passive controls in the form of a losuhdary
wall (LBW) on pedestrian-level pollution in ideais asymmetric street canyons. The LBWs were foond t
yield a local increase or decrease of concentratiepending on the side and geometrical conditions.

Hang et al. (Article o in Table 1) extended thedgtby Gu et al. (Article m in Table 1)by analysiting
influence of building height variability on pollutadispersion and pedestrian ventilation in idesliarrays of
high-rise buildings. Larger standard deviation®woilding heights were found to induce better periast
ventilation.

Van Hooff and Blocken (Article p in Table 1) inviggtted the dispersion of indoor G®om a semi-
enclosed stadium due to wind and buoyancy. Unst&&lS simulations with the realisablegkmodel were
found capable of reproducing the wind velocityhie main ventilation openings and the gfncentration
decay in the geometrically complex stadium.

3. Some trends and directions for future research angublications

Based on the information provided in section 2, sgnon-exhaustive) trends and directions for futesearch
and publications can be outlined:
Increased application of the ventilation indicesRR@F and TP, potentially in an exceedance
probability framework.
Increased use of LES, especially for more compibain configurations and when peak concentration
values are required.
Increased and improved integration of additionakpsses in the CFD simulations of pollutant
dispersion, such as chemical reactions and thelgeamic effect of trees and other vegetative femtur
Increased combination of coupled outdoor and indiigpersion studies.
In the past 5 years, the number of publication€BB® simulation of micro-scale dispersion in Builgli&
Environment have increased substantially. Giverirttportance of this topic and the advances in cdatmnal
modelling and computational resources, this trenekpected to continue in the future.
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Table 1. Overview of CFD studies on micro-scaldytaht dispersion in the built environment publidheeviously in Building & Environment

Authors (year) Ref. | Study Configuration Turbulerce Assessment | Validation Sensitivity analysis
modelling method
Qin & Kot (1990) a Applied 3D/2-buildind( | RANS (ML) AD/Dt, = Y (FS-c) 0 O
cons.
Xie et al. (2005) b Generic 2D/Street canypn RARSRK) NP Y (WT-v) Canygeom./Solrad./Wsp.
Xie et al. (2006) c Generic  2D/Street canypn RARSRK) AD/Sg = NP Y (WT-c) Canygeom./Gridres.
Gao et al. (2008) d Generic  3D/lIsolated RANS (RNG) | NP Y(WT-v) Wsp.
Bady et al. (2008) e Generic  3D/2-buildifjg(| RANS (SKE) AD/S¢= N Canygeom./Buildgeom./
3D/Arrays() cons.{) wdir. ()
Bu et al. (2009) f Generic  3D/Street canypn RANRKHEYp AD/Sg = NP N Canygeom./Orientation
Hefny & Ooka (2009) g Generic  3D/Isolated RANS (QKE NP Y (WT-v) Gridtyp./Gridres.
Hang et al. (2009) h Generic3D/3 idealized RANS (SKE, RNG)| AD/Sc= N City geom./Wdir.
city modelsf) NP()
Huang et al. (2009) i Generic  2D/Street canyon RASKE) AD/S¢=0.7 Y (WT-c) Canygeom.
Lateb et al. (2010) i Applied 3D/ City pdit( | RANS (RLZ) AD/S¢=0.7 Y (WT-c,FS-c) | Geom.scale/Momratio/Stack
height()
Tominaga & k Generic| 3D/lIsolated RANS (RNG), LES AD{Sc0.7/ | Y (WT-v,c) Turb.mod.
Stathopoulos (2010) SGsc: = 0.5
Salim et al. (2011) I Generic  3D/Street canypn RABRE,RSM), | AD/Sc.=0.7/ | Y (WT-c) Turb. mod./Tree§(
LES SQ,SGS =0.7
Gu et al. (2011) m Generic  3D/Street canyon LES =1 | Y (WT-v) Canygeom.
Gallagher et al. (2012) n Genernic  3D/Street canydrES NP N Canygeom./Gridres./PaSs. (
Hang et al. (2012) 0 Generic  3D/Arrays RANS (SRRIG) | AD/Sg = Y (WT-v)() Array geom.{)/Sg
0.4/0.7
van Hooff & Blocken p Applied | 3D/City part)) RANS (RLZ) AD/S¢=0.7 Y (FS-c) Gridres.
(2013)

Table legend RANS = Reynolds-averaged Navier-Stokes; ML = Mgdength turbulence model; SKE = Standard ieodel; CKE = non-linear Cubic é&-
model; RNG = Renormalization Groupekmodel; RLZ = Realizable k-model; RSM = Reynolds stress model; LES = Largdyesimulation; AD =
advection-diffusion equation; NP = not provided; B turbulent diffusivity in i-direction; S& turbulent Schmidt number; Sgs= subgrid-scale turbulent
Schmidt number; cons. = constant value; Y = yes; No; FS-c = full-scale concentration data; WT-wind-tunnel velocity data; WT-c = wind-tunnel
concentration data; Canygeom. = street canyon gepniuildgeom. = building geometry; Momratio = mentum ratio; Gridtyp. = grid typology; Gridres.
= grid resolution; Turb.mod. = Turbulence model;pMs wind speed; Wdir. = wind direction; Solradselar radiation; Isolated 2-building configuration;
(°) Detailed results of sensitivity study not provid€) Isolated 2-building configuration with variableeet width and building height®)(Both aligned and
staggered;® Constant value is used but actual value not plex¥;i {) For 2-building configuration, only wind directigrerpendicular to canyon; for building
arrays both 0° and 45°9)(Round, square and long rectangular city modek ®min street parallel to the approaching windwar trossing streets")(2-
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building model as part of an actual urban geomietiMontreal; {) Simulations are made at FS and at WT scale ():200m.ratio varies between 2.3 and 4.9
for FS and between 2.2 and 5.0 for WT scale. Skeigght is 1 or 3 m at both FS and WT scaleW(ith and without trees and with varying tree crow
porosity; {) Passive air pollution control measure in the farfha low boundary wall®’ Both mean wind speed and turbulent kinetic enargyvalidated;™)

Arrays have regular horizontal spacing but diffenf each other in street width and building heightSmall part of Amsterdam.
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