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ABSTRACT

Viaducts are widely used across high-density urban environments. Although their influence on pollutant dispersion has been studied, the majority
of studies use quasi-two-dimensional (quasi-2D) street canyon models, with few directly comparing them to three-dimensional (3D) ones. This
study explores these differences by conducting large-eddy simulations using both quasi-2D and 3D models to assess traffic pollutant dispersion in
street canyons with urban viaduct configurations under perpendicular approaching wind. Four configurations are examined, including ground-level
roads only, viaducts without noise barriers, and viaducts with bilateral noise barriers of 2 or 4m in height. Five important parameters, including
mean wind velocity, pollutant concentration, indoor personal intake fraction (Pjg), vertical mass fluxes, and pollutant exchange velocity, are
employed to evaluate the differences between quasi-2D and 3D models. The findings show that quasi-2D models with various viaduct configura-
tions yield mean indoor Py for buildings away from the road and overall street canyon pollutant concentrations comparable to those from 3D mod-
els. However, quasi-2D models with viaduct configurations tend to overestimate spatially averaged pollutant concentrations at pedestrian-level
zones by up to 1.8 times and overestimate mean indoor Py in near-road buildings by as much as 54.8% compared to the 3D cases with viaduct con-
figurations being investigated. Moreover, 3D models with viaduct configurations exhibit better pollutant removal efficiency, with the dimensionless
pollutant exchange velocity through the roof level up to 33.6% higher than in quasi-2D models.
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I. INTRODUCTION living near the roads.' ” In recent years, urban viaducts have been

Street canyons are narrow urban spaces lined with buildings on ~ Widely introduced in street canyons to improve transportation effi-

both sides and form distinct microclimatic environments that signifi- ciency, particularly in densely populated residential areas. These via-

cantly influence local air quality. Within these canyons, traffic emis- ~ ducts are often accompanied by noise barriers, resulting in a built

sions can accumulate, posing health risks to pedestrians and residents environment that differs from traditional street canyons. The street
Phys. Fluids 37, 125127 (2025); doi: 10.1063/5.0303918 37, 1251271

Published under an exclusive license by AIP Publishing


https://doi.org/10.1063/5.0303918
https://doi.org/10.1063/5.0303918
https://www.pubs.aip.org/action/showCitFormats?type=show&doi=10.1063/5.0303918
http://crossmark.crossref.org/dialog/?doi=10.1063/5.0303918&domain=pdf&date_stamp=2025-12-05
https://orcid.org/0009-0003-6622-8817
https://orcid.org/0000-0002-8058-8873
https://orcid.org/0000-0001-7408-7522
https://orcid.org/0000-0002-6932-3495
https://orcid.org/0009-0000-0490-8727
https://orcid.org/0000-0001-7054-5434
https://orcid.org/0000-0003-4325-6519
https://orcid.org/0000-0003-4893-178X
https://orcid.org/0000-0002-9547-9063
https://orcid.org/0000-0003-3045-9261
https://orcid.org/0000-0003-4424-6689
https://orcid.org/0000-0003-4225-081X
https://orcid.org/0000-0002-4822-2863
https://orcid.org/0000-0001-5180-3602
mailto:x.zheng@cityu.edu.hk
https://doi.org/10.1063/5.0303918
pubs.aip.org/aip/phf

Physics of Fluids

canyons with the viaducts present new environmental challenges (e.g.,
limited ventilation, pollutant accumulation) due to their modified geom-
etry and the altered placement of emission source locations within them.
Specifically, viaducts can alter the pollutant spatial distribution in street
canyons, shifting zones of high concentration from ground level to ele-
vated positions, particularly around the viaduct deck."® Noise barriers
installed on viaducts generally further impede pollutant dispersion in via-
duct regions, increasing the on-road pollutant concentrations.”” The via-
ducts and their noise barriers also affect indoor air quality. Viaducts can
reduce area-averaged indoor pollutant concentrations.” Noise barriers
can also slightly reduce traffic-related indoor pollutant exposure in build-
ings adjacent to roads.” Therefore, understanding the flow and pollut-
ant transport mechanisms in canyons with viaducts and noise barriers is
critical for evaluating residents’” exposure to traffic-related pollutants and
for informing mitigation strategies in near-road neighborhood design.
Over the past decades, computational fluid dynamics (CFD) sim-
ulations have been extensively employed to estimate the pollutant dis-
tribution across various urban environments (e.g,, Refs. 8-11). Likely,
CFD simulations have also been widely used to explore how viaducts
and noise barriers influence the dispersion of traffic-related pollutants

ARTICLE pubs.aip.org/aip/pof

in street canyons, as summarized in Table I. These studies have dem-
onstrated that pollutant dispersion and airflow patterns within street
canyons can be influenced by their geometric parameters. These key
geometric parameters include the street length (L),'>"” street canyon
aspect ratio (H/ W),° viaduct height and width,  noise barrier height, 15
and building height variability."® In addition, the effects of viaduct and
noise barriers on transport of traffic-related pollutants in street can-
yons under different ground heating intensities have also been
explored, e.g, by Hang et al”'” It is worth noting that when the
approaching wind is perpendicular to the long axis of a street canyon,
pollutants tend to accumulate most within the street canyon compared
to other wind directions.'®'” Therefore, all studies in Table I adopted
this perpendicular wind direction scenario to investigate the most
unfavorable pollution dispersion in street canyons.

In CFD simulations, street canyons are typically idealized as
either two-dimensional (2D) or three-dimensional (3D) configura-
tions. The 2D street canyon models assume infinitely long and contin-
uous buildings along the street’s longitudinal axis. There are two types
of 2D street canyon models in previous CFD studies: pure 2D (solves
fluid flow in two dimensions) [see Fig. 1(a)] and quasi-2D (solves fluid

TABLE I. Non-exhaustive overview of CFD studies focusing on the impacts of street canyons with viaduct configurations on pollutant dispersion over the past decade. “P” indi-
cates the approaching flow is perpendicular to the canyon’s long axis. “H;” and “H," represent the leeward building’s height and windward building's height, respectively. When
H; = H,, the common building height is denoted by “H.” “W’ and “L” stand for the street canyon’s width and length, respectively. P;= denotes the personal intake fraction. Coutaoor

and Ciq00r represent outdoor and indoor pollutant concentrations, respectively. The symbol “co” signifies an infinitely long street canyon (L), whereas “..."” marks missing
information.

Wind Viaduct Viaduct Noise barriers Target
Ref. CFD Quasi-2D/3D H/W L/H direction width (m) height (m) height (m) parameters
4 RANS Quasi-2D 1,3,5 00 P 16 9 4 Py
5 RANS Quasi-2D 1,1.5,2 00 P 16 9 2,4 Indoor daily pollut-
ant exposure, Pjp
6 RANS Quasi-2D 1-6 00 P 16 9 4 Indoor daily pollut-
ant exposure, Prp
7 RANS Quasi-2D 1 00 P 14 7.8 2.3,4.3 Cindoors Coutdoor
RANS Quasi-2D 0.5,0.67,1 00 P 10 8-12 2.5 Coutdoor
15 RANS Quasi-2D 1 00 P 16 8 2-8 Coutdoor
16 RANS Quasi-2D 1/3, o] P 20 10 4 Coutdoor
(H,/H, from 1/1 to 6/5)
17 RANS Quasi-2D 1 00 P 14 7.8 None Cindoors Coutdoor
20 RANS 3D 0.5,1,1.5 1 P 15 7 4 Pir, Coutdoor
21 RANS Quasi-2D 1 00 P 8,10,12, 14 8-20 None Coutdoor
22 RANS Quasi-2D 1.5 00 P 17 8 cee Coutdoor
23 RANS Quasi-2D 2 00 P 16 9 1,2,3 Coutdoor
24 RANS Quasi-2D 1 00 P 8-18 5-15 None Coutdoor» Mean par-
ticle residence time
25 RANS Quasi-2D H,/W=0,H,/W=2 00 P 34 2.4 0.3 Coutdoor
26 RANS Quasi-2D 1 o0 P 10 32-14 None Turbulent kinetic
energy, Cnutdoor
27 RANS Quasi-2D 1 00 P 20, 30, 40 15-60 None Coutdoor
28  RANS and LES 3D 1 10 P 9 9,13.5,18 None Coutdoor
29 LES 3D 1,2,3 P 4,8,12 0,1.1,3 1.1,3 Gust and mean
wind velocity
30 LES 3D 1 3 P 4 8 3 Turbulent momen-

tum ﬂllX, Cuutdour

Phys. Fluids 37, 125127 (2025); doi: 10.1063/5.0303918
Published under an exclusive license by AIP Publishing

37,125127-2

£0:81:9} 920z Auenugad z|


pubs.aip.org/aip/phf

Physics of Fluids

ARTICLE pubs.aip.org/aip/pof

Inlet
Inlet

[he target street canyo
- (infinitely long)
2

Viaduct & Noise barriers

Pollutant source

Outlet

FIG. 1. The typical configurations of com-

putational domains for street canyons in

CFD simulations: (a) the pure 2D model,

Top

The target street canyon
(finitely long)

Inlet

Viaduct & Noise barriers
Pollutant source

Zw/(ﬁnitely long)
X

Outlet

(b) the quasi-2D model, (c) the 3D model.

flow in all three dimensions for a quasi-infinitely long street canyon
using lateral periodic boundary conditions) [see Fig. 1(b)]. The pure
2D model was primarily adopted in early studies to investigate basic
ventilation and pollutant diffusion patterns in isolated street canyons.”'
With improvements in computational techniques, pure 2D models
have not been used in the past decade for studying how viaducts con-
figurations affect pollutant dispersion and have been replaced by
quasi-2D models, as summarized in Table I. CFD studies with quasi-
2D models show that the canyon aspect ratio (H/W) can significantly
affect the wind flow characteristics inside street canyons (e.g., Ref. 32).
Many such studies also indicate that the viaduct can be considered as
an extra horizontal surface, which decreases the canyon’s effective
aspect ratio.” ° These studies further point out that the presence of via-
duct configurations affect flow patterns and pollutant transport in reg-
ular quasi-2D canyons (H/W = 0.5-1) to a greater extent than in deep
canyons (H/W = 5-6).

In contrast, CFD studies with 3D street canyon models typically
represent the urban environment as a series of cuboid blocks with
spacing, capturing more realistic street layouts [see Fig. 1(c)]. A key
advantage of these 3D models is their ability to assess the influence of
another important parameter—street length (L). Michioka et al.”” used
large-eddy simulations (LES) to estimate pollutant removal in canyons
with various L/H ratios (1, 2, 4, 8, and 00). They found that pollutant
concentration increases with L/H, while the proportion of turbulent
mass flux in the mean net flux at roof level decreases when L/H is
changed from 2 to 8. Interestingly, this value approaches unity when
L/H=1 or oc.

Compared to the 3D street canyon models, quasi-2D models
have been more commonly employed to examine how urban viaduct

configurations influence pollutant dispersion within street canyons, as
summarized in Table I. This preference is mainly because quasi-2D
models require far less computational cost than 3D models. However,
it is known that 3D models generally offer a more realistic representa-
tion of complex urban environments and can provide more practical
guidance for urban road design. Meanwhile, several CFD studies have
reported the significant differences in airflow patterns and pollutant
concentrations between quasi-2D and 3D street canyon models (e.g.,
Refs. 20 and 34). For instance, Hang et al.”’ reported significant lateral
pollutant transport occurring at building gaps in 3D canyons with via-
duct configurations. This transport mechanism contrasts with that of
quasi-2D configurations, where pollutant removal is limited to vertical
dispersion across the canyon roof. In addition, their study found that
quasi-2D models of street canyons with viaducts tended to overesti-
mate traffic pollutant exposure for residents, with the personal intake
fraction (P;r) in 3D models being an order of magnitude lower than in
quasi-2D models. This discrepancy may stem from critical 3D model
configurations (such as intersections and building gaps, which define
the effective street length) that are typically neglected in quasi-2D
models. Specifically, in relatively short canyons, corner vortices can
become sufficiently intense to inhibit the development of a dominant
vortex-oriented perpendicular to the street canyon in the central
region. As the street length increases, the influence of the corner vorti-
ces on the dominant vortex diminishes. Mei et al.”* concluded that a
regular 3D street canyon (H/W =1) can be simplified and examined
as a 2D canyon in CFD simulations when the street canyon is suffi-
ciently long (L/W > 20). However, such analyses were performed using
steady Reynolds-averaged Navier-Stokes (RANS) simulations, which
only capture time-averaged pollutant distributions and flow patterns
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and cannot reproduce the transient features of turbulent diffusion
accurately.”” " Additionally, past studies have shown that RANS has a
deficiency in accurately reproducing the secondary vortices generated
by urban or building geometrical details. Therefore, it is essential to
understand the extent to which LES simulations using quasi-2D and
3D street canyon models with viaducts differ in their representation of
pollutant dispersion. To the best of the authors’ knowledge, the differ-
ences in airflow patterns and pollutant dispersion between quasi-2D
and 3D street canyons with viaducts remain unclear. This study aims
to address this knowledge gap by conducting a series of LES-based
CFD simulations to compare quasi-2D and 3D street canyon models
in terms of wind flow fields, traffic pollutant dispersion, and traffic pol-
lutant exposure for residents. The simulations are carried out under
the perpendicular wind condition, using three typical viaduct configu-
rations and one no-viaduct street canyon configuration. The LES-
based CFD simulations enable a high-fidelity assessment of how
viaduct-induced flow separation and transient features influence near-
road pollutant dispersion. Therefore, this study extends previous
RANS-based findings on the differences between quasi-2D and 3D
street canyon models and further encompasses a broader range of can-
yon configurations, including those with viaduct structures.

The structure of the rest of this paper is as follows: Sec. II shows
the numerical setups for LES simulations, pollutant dispersion model-
ing, and target indicators. Section III reports the differences between
quasi-2D and 3D LES results, Sec. IV discusses the findings, highlights
study limitations, and offers suggestions for future studies. Finally,
Sec. V presents the conclusion.

Il. METHODOLOGY

This study employs LES-based CFD simulations to explore traffic
pollutant dispersion in street canyons under various viaduct configura-
tions. The LES approach has been widely acknowledged for its capabil-
ity to accurately capture turbulent pollutant transport processes,” " "’
and its accuracy has been validated through comparison with wind
tunnel experiments, as described in supplementary material S1.*"**
Table II presents the results of validation metrics [mean absolute error
(MAE) and root mean square error (RMSE)] for dimensionless mean
pollutant concentration of LES-based CFD simulations compared to
the wind tunnel experiment. Further methodological details, including
grid independence assessments and model validation, are available in
the previous work.”"”

A. Studied cases

The quasi-2D and 3D street canyon models considering viaducts
used for LES simulations are first introduced in this section. As shown
in Fig. 2(a), the 3D model consists of an 8-row x 16-column array of
buildings with multiple stories. These buildings surround four separate

ARTICLE pubs.aip.org/aip/pof

street canyons. Each building has a height (H) of 18 m, a length of
34m, and a depth of 10 m. The street width (W) and the lateral spac-
ing between buildings are both 20 m, resulting in a H/W of 0.9. The
designated target zone, located in the upstream street canyon, measur-
ing 88 x 64 m’, and contains six buildings labeled B7 to B12. This
zone is selected to enable direct comparison with the quasi-2D model
while avoiding significant disturbances in airflow and pollutant accu-
mulation caused by road intersections. Among these buildings, B7 to
B10 are directly adjacent to the roadside, while B11 and B12 are the
buildings away from the road within the residential area [shown in
Fig. 2(a)]. These two groups of buildings are supposed to be affected
more by traffic pollutant emissions, compared to the other buildings in
the residential area. In the corresponding quasi-2D model, shown in
Fig. 2(b), 16 multi-story buildings are arranged along the streamwise
wind direction with two street canyons located between L4 and L5,
and L12 and L13, respectively. Each building is also 18 m in height and
has a length of 90 m, and a depth of 10 m. The street width remains
20 m, yielding the same H/W as the 3D model. The target zone in the
quasi-2D model, located in the upstream street canyon, measures 90 m
= 5H) in length and 64m in width, and contains three buildings
labeled L4 to L6. These buildings correspond to the 3D model as fol-
lows: 14 corresponds to buildings B7 and B8, L5 to B9 and B10, and
L6 to B11 and B12. Note that the spatial coordinate system in both
quasi-2D and 3D models is defined such that the streamwise direction
is indicated by the x-axis, the spanwise direction by the y axis, and the
vertical direction the z axis.
The quasi-2D and 3D street canyon models employ the same via-
duct and ground-level road configurations. Four representative config-
urations are examined and depicted in Fig. 2(c):

(1) no viaduct—only 16 m wide ground-level roads (case NV);

(2) viaduct with no noise barriers—both the viaduct-level and
ground-level roads are 8 m wide (case Vb0);

(3) viaduct with bilateral noise barriers of 2m in height—both the
viaduct-level and ground-level roads are 8 m wide (case Vb2);

(4) viaduct with bilateral noise barriers of 4 m in height—both the
viaduct-level and ground-level roads are 8 m wide (case Vb4).

The subscripts “2d” and “3d” are added to the case names in the
following text to distinguish whether the case is a quasi-2D or 3D
model. In the no-viaduct scenario, the ground-level road consists of
four lanes (each assumed to be 4 m wide), whereas in scenarios with a
viaduct, both the ground-level and viaduct-level roads comprise two
lanes each. This setup keeps the road area consistent across all configu-
rations. The viaduct features a clearance height (6m) to the deck
underside. Regarding the viaduct configuration elements, only the via-
duct deck (2 m thick) and noise barriers (with no thickness) are mod-
eled in this study. Other structural elements, including supporting

TABLE II. Validation metrics (MAE and RMSE) for dimensionless mean pollutant concentration (C*) over the leeward and windward walls between the LES simulation and the

wind tunnel experiment.

C" along four vertical lines near the leeward wall

C" along four vertical lines near the windward wall

£0:81:9} 920z Auenugad z|

Validation metrics y/H=-492 yH=-375 yH=-125 yH=0 yH=-492 yH=-375 yH=-125 y/H=0

MAE 1.38 3.37 1.50 1.46 1.07 1.01 0.14 0.53

RMSE 1.57 3.44 1.77 1.56 1.12 1.01 0.15 0.67
Phys. Fluids 37, 125127 (2025); doi: 10.1063/5.0303918 37,125127-4
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pillars, are excluded, consistent with the approach adopted in previous
studies."”'*** Although vehicle movement can influence local pollut-
ant distribution near vehicles,* *° previous studies demonstrated that,
under wind-dominated conditions, two-way traffic exerts only a minor
effect on overall roadside pollutant concentrations.'**” Since the pre-
sent analysis assumes a two-lane or four-lane road configuration in a
two-way direction, the effect of moving vehicles is not considered. The
approaching wind is perpendicular to the building’s long side.

B. Computational domain and grids

Figure 3(a) shows the computational domain used in the 3D
street canyon model with viaducts and 2- m-high noise barriers (case
Vb2;4) for LES simulations under a perpendicular wind condition.
The domain extends 5H upstream and 10H downstream from the sim-
ulated area, with a vertical height of 6H."® Figure 3(b) presents the
computational domain used in the quasi-2D street canyon model with
case Vb2,4 for LES simulations. The same upstream and downstream
lengths as the 3D street canyon model are applied. The domain height
is set to 7.5H following the established best practices guidelines for
quasi-2D canyon simulations.*®

The grid resolution and structure are consistent with the grid sen-
sitivity analysis in supplement material S1. The grid arrangement is
identical in both the quasi-2D and 3D models across the entire
domain. A non-conformal grid is employed because it reduces the total
number of grids while maintaining sufficient resolution in the target
zone. The computational domain is subdivided into three nested sub-
domains—D,, D,, and D;—from the innermost to the outermost.
The grids are successively refined with a ratio of 1:2 from D; to D,
and from D, to D; [see Figs. 3(a) and 3(b)]."”” Sub-domain D; is com-
posed of cubic grids with edge lengths of D,= D, = D,= W/40.
Horizontally, it extends 12m from the residential area boundary and
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vertically 4 m above the rooftops. Sub-domain D, also employs cubic
grids, each measuring D, = Dy, = D, = W/20. Sub-domain D; contains
hexahedral grids gradually stretched in all directions with a ratio of
1.05, except along the interface with D,, where no stretching is applied
to maintain consistency with the mesh resolution of D,. In
total, the 3D computational domain contains approximately 17 x 10°
cells, while the quasi-2D computational domain includes around
2.2 x 10° cells.

C. Boundary conditions

Table TIT summarizes the boundary conditions employed in both
quasi-2D and 3D models. A velocity inlet condition is specified at the
inlet boundary. To simulate a neutral atmospheric boundary layer, the
vertical profiles of mean wind velocity (U), turbulent kinetic energy
(k), and turbulence dissipation rate (&) are specified according to the
formulations given in Egs. (1)-(3):"" where the ABL friction velocity,
u* 4pr, is prescribed as 0.475 m/s, with von Karman constant (k) is set
to 0.41. z, is specified as 0.3 m as the aerodynamic roughness length,
with z representing the vertical height. C, is an empirical parameter,
set to 0.09. U, the reference wind velocity measured 10m above
ground, is 4 m/s. Inflow wind velocity fluctuations are modeled using
Sergent’s vortex method,”” with validation reported in prior LES stud-
ies.”””’ N, (representing the number of vortices) employed in this sim-
ulation is calculated using the formula N, = N;,/4. In this expression,
N;, represents the grid number on the inlet plane.” In the 3D model,
N, is set to 2457, whereas in the quasi-2D model, it is assigned a value
of 244. In the 3D models, symmetry conditions are imposed on the
top and side boundaries to maintain a zero normal gradient, whereas
in the quasi-2D models, periodic boundary conditions are applied to
the side boundaries to represent infinitely long street canyons. No-slip
wall conditions are enforced on building facades, viaduct deck, noise
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FIG. 3. Boundary conditions, computa-
tional domain, and details of grids near
buildings in the target zone for case Vb2
under perpendicular wind in (a) the 3D
model and (b) the quasi-2D model.

barrier surfaces, and the ground. Near-wall treatment adopt Werner-
Wengle wall functions.” Zero-gauge pressure condition is applied at
the outlet boundary. Carbon monoxide (CO) is chosen as the tracer
pollutant owing to its inert nature and consistent application in previ-
ous research.”*'*""*" Tts molecular weight is 28.01 g/mol. The pollut-
ant source is modeled as a volumetric release originating from the road
region, which corresponds to the red zone in Fig. 2(c). The volumetric
source extends 2 m vertically above the ground and the viaduct deck,
with its length and width matching the dimensions of the road. Taking
into account typical road emission rates and lane widths,”® the pollut-
ant emission rate is specified as 0.000 416 g/m’s per unit road area.

D. Pollutant dispersion modeling

For the LES simulations of both quasi-2D and 3D street canyon
models, a sub-grid-scale (SGS) model is required to represent the
effects of unresolved turbulent motions. In this study, the wall-
adapting local eddy-viscosity (WALE) model is employed for this pur-
pose, with the constant parameter set to C,,q = 0.325.”” The WALE
SGS model has demonstrated reliability and has been effectively uti-
lized in earlier research investigating pollutant transport in urban
environments.” >’

The instantaneous pollutant concentration is treated as a scalar
quantity. Its evolution is governed by the Eulerian advection-diffusion
equation. The mean (time-averaged) convective mass flux (Q,;) repre-
sents pollutant transport driven by the mean flow and is expressed as

Qei = () (c), 4)

where i denotes the coordinate direction. The overbar represents the
filtering operation, while the angle brackets denote the time averaging
operator. The total mean turbulent mass flux, Q;,, can be expressed as

Qi = <;§?>+<QSGSJ>7 ©)

where 4/ and ¢ denote the fluctuating components of velocity and
pollutant concentration, respectively. gsgs corresponds to the sub-
grid-scale (SGS) mass flux. This term captures the contribution of
small-scale turbulent eddies that cannot be directly resolved on the
larger-scale pollutant transport. A gradient-diffusion approximation is
used to model the instantaneous SGS mass flux. This approach is based
on the resolved concentration field and is formulated as

qsGs,i = Ui€ — U;ic = —Dscsg—;7 (6)
where u; represents the instantaneous velocity components. ¢ denotes
the instantaneous CO concentration. Calculated as the ratio of the SGS
viscosity (vsgs) to the SGS Schmidt number (Scsgs), Dsgs represents
the SGS mass diffusivity [Eq. (7)]. Consistent with established practices
in prior research,”™”” a Schmidt number of 0.7 is applied in the
simulation
sGs

)

Scsgs = .
Dggs
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TABLE lll. Boundary conditions in both quasi-2D and 3D models.
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Boundary Quasi-2D/3D Settings
u 72+2z
v ="n(2)
o2
k(z) = (44p1) )
Quasi-2D and 3D Velocity inlet with vortex method v Cu

Inlet plane

Quasi-2D and 3D

Outlet plane
Top plane Quasi-2D and 3D
Side plane Quasi-2D

3D

Viaduct and noise barrier surfa- Quasi-2D and 3D
ces and building and ground

Pollutant source Quasi-2D and 3D

g(z) = M (3)

Pressure-outlet
(static gage pressure = 0 Pa)

Symmetry
Periodic
Symmetry
No-slip wall (Werner-Wengle wall functions)

Volumetric source (CO) = 0.000 208 g/m3s,

corresponding to the emission rate per unit road area 0.000 416 g/m?s

E. Numerical setups

Prior to data sampling, an initialization phase of 1440s is con-
ducted for the LES simulations of both quasi-2D and 3D street canyon
models. This corresponds to 30000 time steps, with each time step
equal to 0.048s. The initialization period is equivalent to approxi-
mately eight flow-through times (Tj; = Ly/ U, with L, representing the
streamwise domain length). During this period, the fluctuations of
dimensionless velocity (U/U,.) and dimensionless pollutant concen-
tration (C") were observed to diminish significantly after about 30 000
time steps in both quasi-2D and 3D street canyon models, demonstrat-
ing that the flow field had achieved statistical convergence. This initial-
ization phase guarantees that all sampled flow variables develop
independently of the nonphysical initial conditions.”’ Following the
initialization phase, flow and pollutant concentration data are collected
and time-averaged over a period of 4320 (around 24Tj). All these sim-
ulations were conducted using the commercial CFD software ANSYS
Fluent 2019 R3. Other simulation settings in both quasi-2D and 3D
models can be found in Table I'V.

F. Target indicators

The following five target indicators are assessed in both quasi-2D
and 3D models:

¢ Mean wind velocity field:
To allow direct comparison between different cases, the mean
wind velocity is expressed in dimensionless form by taking the

ratio of the local mean wind velocity (U) to the reference wind
velocity (U,y), denoted as U/U,.. The reference velocity is speci-
fied as 4 m/s measured 10 m above the ground.
* Mean pollutant concentration field:
The dimensionless mean pollutant concentration (C") is expressed
as follows:
CUsH

C' = o ®)

TABLE IV. Solver settings.

Item Settings

SIMPLEC
Pressure: second order
Momentum: bounded central
differencing
Concentration: second-order upwind
Energy: second-order upwind
Fraction step
WALE SGS model with constant
Cyale = 0.325 and Scggs = 0.7
Every time step
ANSYS Fluent 2019 R3

Pressure-velocity coupling
Spatial discretization

Transient formulation
Sub-grid-scale model

Data sampling frequency
CFD software
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where H =18 m denotes the height from the ground to the build-
ing roof (i.e., the building height). The tracer gas (CO) emission
rate per unit length, Q/, is specified as 0.01 g-s™'m™".
* Mean mass flux:

To assess pollutant transport across the canyon rooftop (i.e., the
top horizontal surface), this study examines the dimensionless
mean vertical convective mass flux (Q../Qp) as well as the vertical
turbulent mass flux (Q;./Q,) of the tracer gas. The reference
mass flux Q, (g/mzs) is specified as

Q = (Q/)/H. &)

* Mean pollutant exchange velocity:
The dimensionless mean pollutant exchange velocity (Ue/U.p)
serves as a key indicator for evaluating the actual efficiency of
pollutant removal from street canyons. U, (m/s) is composed of
two contributions:"""** a convective component and a turbulent
component, which correspond to the first and second terms in
Eq. (10), respectively:

J Qu.dA J Qu.dA
A A

Ue == Ue,c+Ue,t = A[C] +

(10)

AlCl

where Q.. and Q,, denote the mean vertical convective and tur-
bulent mass fluxes, respectively, across the street canyon’s top
boundary (z/H=1), through the exchange surface A (m?). The
denominator [C] represents the spatially averaged pollutant con-
centration (g/m3 ) inside the control volume. This volume encom-
passes the full extent of the street canyon, ranging from ground
level up to either the rooftop height or pedestrian level.
* Personal intake fraction:

The personal intake fraction (Pjr) is defined as the proportion of
pollutants inhaled by an individual relative to the total quantity
of pollutants emitted. It is widely used in research focusing on
human exposure to air pollutants in residential contexts.” **’ In
the present work, Py is applied to evaluate residents’ exposure to
traffic-related emissions within the target zone. The P is deter-
mined as

Zfl (BT,'XAti X Ce,’)

M )
where the subscript i denotes a specific type of residential envi-
ronment where residents conduct daily activities. N denotes the
overall set of environments under consideration. The term Br
denotes the average individual breathing rate (m?/s). At specifies
the residence time (s). Ce indicates the spatially averaged concen-
tration level (mg/m?) obtained through LES simulations. M rep-
resents the total vehicular emission (kg). The computed P,
expressed in parts per million (ppm), signifies that an individual
inhales 1 mg of pollutants per 1kg emitted.

The indoor Py is calculated using the values of Ce, At, and Br for
time spent at home (N =1). Since the LES simulations only provide
traffic-related pollutant concentrations for outdoor environments,
indoor pollutant concentrations are inferred by assuming that outdoor
air quality influences indoor conditions through natural and/or
mechanical ventilation, which exchanges indoor air with outdoor
air. Previous studies” " have shown that indoor concentrations of

p“:: (11)

ARTICLE pubs.aip.org/aip/pof

pollutants originating from outdoor sources are generally comparable
to those measured adjacent to building fagades. On this basis, the
indoor Ce is approximated from the fagade-averaged mean CO con-
centration at the corresponding height.

This study focuses on the building-level average P for occu-
pants, without addressing intra-building variations in pollutant expo-
sure across different indoor spaces. The indoor Py is evaluated for
three age categories: young, adult, and elderly in this study. The data in
Table V provide the breathing rates (Br;) and time patterns [used to
calculate indoor stay durations (At;)] for different age groups, which
vary according to their specific home activity patterns.

lll. COMPARISON BETWEEN QUASI-2D AND 3D
CONFIGURATION RESULTS

A. Mean wind velocity and mean concentration field

Figure 4 illustrates the flow patterns in a street canyon with a via-
duct and 4-m-high bilateral noise barrier configuration. In the quasi-
2D model [see Fig. 4(a)], two distinct flow features are observed: the
large vertically rotating canyon vortices [recirculating along the can-
yon’s longitudinal axis (y axis)] in the whole canyon, and small verti-
cally rotating vortices between the two noise barriers on the viaduct.
These phenomena are predominantly induced by the shear forces
resulting from the skimming flow above the rooftops. These flow fea-
tures in the quasi-2D model are also observed in the 3D model.
However, the 3D model [as shown in Fig. 4(b)] exhibits more complex
flow structures due to air entering the canyon laterally through build-
ing gaps and from the roof. In this case, 3D helical flows develop in the
canyon, and channeling flows occur along the street aligned with the
inflow wind direction. This flow pattern leads to the pollutant removal
process contrasts with that in quasi-2D street canyons, where pollutant
removal occurs primarily through vertical transport above the rooftop.
In addition, horizontally rotating corner eddies [recirculating along the
vertical axis (z axis)] are also observed in the 3D case [Fig. 4(d)]. These
corner vortices are induced by shear at the street ends, generated by
the channeling flow.

As the viaducts in the studied canyons are perpendicular to the
approaching wind, the streamwise and vertical velocity components
are more significantly affected. Therefore, vector fields at streamwise
slices (i.e., x—z planes in quasi-2D and 3D models) are plotted in Fig. 5,
which provides a clearer view of how flow patterns vary due to viaduct
configurations. In the quasi-2D models [see Fig. 5(a)], the no-viaduct
case (NV,4) shows a main clockwise vortex, with the vortex center
located near the middle of the canyon. When a viaduct is introduced
(Vb0,4), the main clockwise vortex persists, but its center shifts slightly
upward, positioned above the viaduct. When noise barriers are
installed on the viaduct (cases Vb2,4 and Vb4,4), the main clockwise

TABLE V. Daily breathing rates and time patterns for different age groups in home
indoor environments (data from Refs. 57 and 60).
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FIG. 4. Flow patterns in a regular street canyon with a viaduct and 4-m-high noise barriers: 3D streamlines of mean wind velocity in the (a) quasi-2D model and (b) 3D model;
vector field of mean wind velocity at horizontal plane (at zZH = 0.1) in the (c) quasi-2D model and (d) 3D model.
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: FIG. 5. Vector field and dimensionless
z mean wind velocity (U/U) in the street
1o canyon’s streamwise cross sections (x-z
planes): (a) quasi-2D model at the middle
cross section (y = 2.5H); (b) 3D model at
the middle cross section (y =-1.5H) and
at the building-gap cross section (y = OH).

vortex remains, and the vortex center is located similarly to the case
without noise barriers.

In the 3D models [see Fig. 5(b)], the no-viaduct case (NV34) also
exhibits a main clockwise vortex in the middle cross section, but its
center is located near the roof level of the canyon. This upward shift of
the main vortex compared to the quasi-2D case is attributed to lateral
inflow. This finding supports previous studies showing that street
length can significantly affect the flow regime, even with the same
aspect ratio. When a viaduct is introduced (Vb034), the main clockwise
vortex remains in the middle cross section. Its center is slightly elevated
above the viaduct, consistent with the quasi-2D case. However, when
noise barriers are added on the viaduct (cases Vb2;4 and Vb4sy), the
main vortex structure in both the middle (y = -1.5H) and building-gap
cross sections (y =0H) is disrupted. In addition, a smaller clockwise
vortex forms near the windward-side barrier. This result contrasts sig-
nificantly with the quasi-2D cases.

Figure 6 presents the mean pollutant concentration fields at
streamwise slices of street canyons for the four studied cases, obtained
from quasi-2D and 3D models. In the quasi-2D models, case NV,q4

shows pollutant retention along the leeward wall, driven by the domi-
nant clockwise vortex [see Fig. 6(a)]. When a viaduct is introduced
(Vb0,4), the high-concentration region shifts upward toward the via-
duct level. With the addition of noise barriers on the viaduct (cases
Vb2,4 and Vb4,,), this high-concentration region remains around the
viaduct zone. As the barrier height increases, pollutant accumulation
becomes more pronounced, particularly along the leeward-side
barrier.

The pollutant dispersion patterns in the cross section at y
= —1.5H of the 3D models shown in Fig. 6(b) across the four studied
cases closely resemble those in the middle cross section at y = 2.5H of
the quasi-2D models as shown in Fig. 6(a). However, the pollutant
concentrations at corresponding locations are significantly lower in the
3D cases compared to the quasi-2D cases. This is primarily because
pollutant removal in 3D models occurs through both lateral dispersion
via building gaps [as shown in the cross section at y=0H in Fig. 6(b)]
and vertical escape through the roof level. In contrast, in quasi-2D
models, pollutant removal is limited solely to vertical escape through
the roof level. This suggests that quasi-2D models of street canyons

Phys. Fluids 37, 125127 (2025); doi: 10.1063/5.0303918
Published under an exclusive license by AIP Publishing

37,125127-10

£0:81:9} 920z Auenugad z|


pubs.aip.org/aip/phf

Physics of Fluids

¢ I TN | [ .

§V\ﬁnd 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

case Vb0 2d case Vb2 2d

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

case Vb0 34 case Vb2 34

with viaducts tend to overestimate pollutant concentrations compared
to more realistic 3D configurations.

To compare the overall pollution concentrations in the quasi-2D
and 3D street canyons, we evaluate the spatially averaged pollutant
concentration ([C]) in both quasi-2D and 3D models. As shown in
Fig. 7(a), the values of [C] for the entire canyon (zone height: 18 m
from ground level) are more than twice as high in the quasi-2D cases
as those in the 3D cases. However, the variation in [C] across the three
viaduct configurations shows a similar increasing trend in both quasi-
2D and 3D models. For the pedestrian-level zone (zone height: 2m
from ground level), the values of [C] in the quasi-2D cases are higher
than those in the 3D cases, with absolute differences in [C] ranging
from 0.03 to 0.49 mg/m>—up to 1.8 times greater than in the 3D cases
[see Fig. 7(b)]. Additionally, for the 3D models, the values of [C] for
the pedestrian-level zone in the cases NV, Vb0, Vb2, and Vb4 decrease
sequentially. In contrast, the quasi-2D models show minimal variation
in [C] across these cases. This indicates that, while the quasi-2D mod-
els may capture the general trend of pollutant concentration in the
whole canyon, they fail to accurately represent pedestrian-level pollut-
ant concentration variations across different viaduct configurations.

Additionally, we further evaluate the area-averaged pollutant con-
centration (C,y,) along the building facades at every floor level for both
the quasi-2D [see Figs. 8(a)-8(d)] and 3D [see Figs. 8(e)-8(h)] models.
In the quasi-2D models, three buildings are considered, labeled L4 to
L6. These correspond to buildings in the 3D model as follows: L4 to B7
and B8, L5 to B9 and B10, and L6 to B11 and B12. For these studied
buildings in the target zone, each with a fagade height of 18 m, the
height is divided into six levels: 0-3 m for the first level, 3-6 m for the
second, and so on in 3m increments. C,, at each level is calculated

case Vb4 a4 e !
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FIG. 6. Dimensionless mean pollutant
concentration (C™) in the street canyon’s
streamwise cross sections (x-z planes):
(@) quasi-2D model at the middle cross
section (y=2.5H); (b) 3D model at the
middle cross section (y=-1.5H) and at
the building-gap cross section (y = OH).

using data from all fagades of each building, representing indoor air
quality. Note that C,,¢ on four facades in 3D models and C,, on two
facades in quasi-2D models were used to calculate the C,, at each
building level, as illustrated in Fig. 8.

Across all four studied cases in both quasi-2D and 3D models, a
consistent trend is observed: buildings located on the leeward-side street
canyon (L4 in quasi-2D models or B7 and B8 in 3D models) exhibit the
highest C,,,. The buildings away from the road within the residential
area (L6 in quasi-2D models or B11 and B12 in 3D models) show the
lowest C,,.. Meanwhile, the variations of C,,, along the building height
are also different in the quasi-2D and 3D models. In the quasi-2D mod-
els, the values of C,,,, remain nearly constant from level 1 to level 6 for
both L4 and L6, indicating little vertical variation in pollutant concen-
tration. In contrast, the 3D models show a significant decrease in C,
with increasing height, particularly for buildings B7/B8 and B9/B10.

Moreover, in the 3D models, the maximum C,,, values decrease
sequentially from case NV (1.12 mg/m3) to cases Vb0, Vb2, and Vb4,
which are reduced by 0.41, 0.45, and 0.47 mg/ m>, respectively, relative to
case NV. In contrast, the quasi-2D models do not exhibit this trend, with
maximum C,, values for cases NV, Vb0, Vb2, and Vb4 being 0.81, 0.66,
0.67, and 0.68 mg/m’, respectively. This indicates the inadequacy of the
quasi-2D models in accurately capturing the variations in area-averaged
pollutant concentrations across different viaduct configurations.

Vg

B. Mean mass fluxes and mean pollutant exchange
velocity

Figure 9 presents the Q,./Qp and Q;./Qy of inflow and outflow mass
fluxes at the canyon roof level (z/H=1). Positive values correspond
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to outflow mass fluxes, whereas negative values represent inflow mass
fluxes, with the latter shown in absolute form for clarity. Overall, both
inflow and outflow mass fluxes are significantly higher in the quasi-2D
models than in the 3D models across all four studied cases. For the
inflow mass fluxes, the quasi-2D models [see Fig. 9(a)] are dominated
by the convective component (Q,./Q,) across all four studied cases,
with values gradually decreasing from NV to Vb0, Vb2, and Vb4.
In contrast, in the 3D models [see Fig. 9(b)], the inflow mass fluxes are
primarily dominated by the turbulent component (Q;,/Q,) and simi-
larly show a decreasing trend across the same sequence of cases. For the
outflow mass fluxes, the quasi-2D models [see Fig. 9(c)] remain domi-
nated by the convective component (Q../Qp), with its magnitude
decreasing as the cases transition from NV to Vb0, Vb2, and Vb4. In
the 3D models [see Fig. 9(d)], the outflow mass fluxes are also domi-
nated by the convective component (Q,./Qp), with similar values
observed across all four cases.

Figure 10 illustrates the area-averaged U/U,.s for both quasi-2D
and 3D models. The U/U,, is separated into two contributions:
the convective component (U,/U,.) and the turbulent component
(Uet/Usep). In all four cases, the convective component dominates in
both quasi-2D and 3D models. However, the values of U /U, are
generally higher in the 3D models than in the quasi-2D models, with
absolute differences in U, /U, reaching up to 0.013 (corresponding to
increases of 25.5%). In the quasi-2D models, U, /U, exhibits a
decreasing trend from NV (0.075) to Vb0 (0.057), Vb2 (0.051), and
Vb4 (0.050). In contrast, the 3D models display an opposite trend,
where U, /U, in case NV (0.061) is lower than that in cases Vb0

0.9

0.7

quasi-2D [C] (mg/m?)
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FIG. 7. Spatially averaged pollutant con-
centration [C] inside the control volume in
quasi-2D and 3D models: (a) in the entire
canyon (volume height: 18 m from ground
level) and (b) in the pedestrian-level zone
(volume height: 2 m from ground level).
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(0.066), Vb2 (0.064), and Vb4 (0.062). For the values of U/U,.s 3D
models generally show higher values than in the quasi-2D models,
with absolute differences in Uy/U, reaching up to 0.028 (in case
Vb2)—an increase in up to 33.6% compared to the quasi-2D cases.
This highlights the difference in roof-level pollutant removal effective-
ness between the quasi-2D and 3D models.

C. Indoor personal intake fraction

Indoor pollutant exposure is primarily influenced by the duration
of time spent indoors. Meanwhile, the pollutant spatial distribution
is largely controlled by surrounding road configurations. As a result,
the indoor Pj patterns are similar across all three age groups under
a given scenario. For the sake of conciseness, results specific to the
elderly group are presented.

Figure 11 shows the indoor Pjr experienced by the elderly group
across levels 1-6 of the selected buildings in the quasi-2D and 3D
models. A consistent pattern emerges across all four studied cases in
both the quasi-2D and 3D models: buildings situated on the leeward-
side street canyon (L4 in the quasi-2D models or B7 and B8 in the 3D
models) consistently experience the highest levels of indoor Prz The
outermost buildings in the residential area near the road (L6 in the
quasi-2D models or B11 and B12 in the 3D models) exhibit the lowest
indoor Pjp values. Meanwhile, the vertical distribution of P differs
markedly between the quasi-2D and 3D models. In the quasi-2D mod-
els, indoor Py values for both L4 and L6 remain nearly uniform across
levels 1-6, suggesting limited vertical variability in indoor P In
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FIG. 8. Area-averaged pollutant concentration (C,,) on building fagades for each level in the (a)—(d) quasi-2D models and (e)—(h) 3D models.
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contrast, the 3D models reveal a significant decrease in indoor Pj with Moreover, in the 3D models, the maximum indoor Pjz values

increasing height, particularly in buildings B7/B8 and B9/B10. These decrease significantly from the no-viaduct case (NV4) (0.233 ppm)
findings emphasize the inability of quasi-2D models to adequately cap- to the viaduct without noise barriers case (Vb0s34) (0.150 ppm).
ture vertical gradients in indoor pollutant exposure. When noise barriers are introduced [Vb234 (0.137 ppm) and Vb4s4
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FIG. 11. Indoor P of the elderly group from building levels 1-6 for the four cases in (a)-(d) quasi-2D models and (e)-(h) 3D models.

(0.134 ppm)], the maximum indoor Py values further decrease com-
pared to Vb0;4. However, an increase in the noise barrier height from
Vb2;4 to Vb4;4 does not produce a further reduction in the maximum
indoor P In contrast, the quasi-2D models show a decrease in
the maximum indoor Py values from NV,4 (0.167 ppm) to Vb0,q
(0.137 ppm), but the adoption of noise barriers [Vb2,4 (0.138 ppm)
and Vb4,4 (0.141 ppm)] does not lead to any further decrease in the
maximum indoor P values.

For the mean indoor P;r evaluated over the six levels of the stud-
ied building, several observations can be made: (1) For leeward-side
buildings in the canyon (L4 in quasi-2D models or B7/B8 in 3D
models), the mean indoor Pjr is similar between the quasi-2D and 3D
models in cases NV and Vb0. However, in cases Vb2 and Vb4, the
quasi-2D models show higher mean indoor Pj values than those in
3D models by approximately 0.02 and 0.04 ppm, corresponding to
increases of 16.7% and 36.5%, respectively. (2) For windward-side
buildings in the canyon (L5 in quasi-2D models and B9/B10 in 3D
models), the mean indoor Pjris higher in the quasi-2D models than in
the 3D models across all four studied cases, with the maximum differ-
ence reaching up to 0.03ppm (in case Vb4), corresponding to
increases of 54.79%. (3) For outermost buildings in the residential area
near the road (L6 in quasi-2D models or B11/B12 in 3D models), the
mean indoor Py is similar between the quasi-2D and 3D models
across all four studied cases. These observations indicate that quasi-2D
models can reasonably represent the mean indoor pollutant exposure

in buildings away from the road. However, they cannot accurately cap-
ture the mean indoor pollutant exposure in near-road buildings, espe-
cially under viaduct configurations with noise barriers.

IV. DISCUSSION

This study reveals key differences between LES simulations using
quasi-2D and 3D street canyon models. With the current settings,
quasi-2D models fail to capture horizontally rotating corner eddies
caused by lateral flows through building gaps—features that are clearly
present in 3D models. This finding is consistent with previous RANS
studies (e.g., Ref. 34). Moreover, the quasi-2D models are inadequate
to reproduce the disruption of the mean wind flow structure induced
by noise barriers occurs in 3D models, a finding not previously
highlighted in the literature. These flow pattern differences lead to dis-
tinct pollutant dispersion patterns between quasi-2D and 3D models.
In quasi-2D models, wind flow cannot penetrate through side gaps,
whereas in 3D models, lateral flows enhance pollutant transport and
removal. As a result, LES simulations with quasi-2D street canyon
models generally yield higher estimates of both pollutant concentra-
tions and indoor P;r compared to 3D models. More importantly, this
study shows that the inadequacy of quasi-2D models in capturing the
vertical gradient of area-averaged pollutant concentrations on building
fagades and indoor Py, which is clearly captured in 3D models across
all tested cases. To the best of our knowledge, this difference between
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quasi-2D and 3D models has not been explicitly identified in previous
studies.

Several limitations of this study should be acknowledged:

The analysis focused on a typical street canyon configuration,
without considering deeper or height-asymmetrical street canyons, as
well as the effects of urban green infrastructure. Future research could
explore a wider range of aspect ratios, building geometries, viaduct
heights, noise barrier types, and incorporate urban greenery. By exam-
ining a broader set of cases, it may become possible to identify specific
scenarios in which 3D street canyon models can be effectively replaced
by quasi-2D models.

This study was conducted under isothermal conditions. In real
urban environments, however, low ambient wind speeds combined with
heat released from building surfaces can significantly influence pollutant
dispersion. Future work should account for the combined influence of
wind and buoyancy or under stratified boundary layer flows.””

V. CONCLUSION

This study investigated the differences between quasi-2D and 3D
models for LES simulation of traffic pollutant dispersion in street can-
yons with urban viaduct configurations. Four representative cases were
examined within a regular street canyon under perpendicular wind
conditions, including ground-level roads only, viaducts without noise
barriers, and viaducts with bilateral noise barriers of 2 or 4 m in height.
The analysis focused on five key parameters: mean wind velocity,
mean pollutant concentration fields, mean vertical mass fluxes, pollut-
ant exchange velocity, and personal intake fraction (Pjz) to evaluate
pollutant dispersion within the canyon.

The results demonstrate that these models yield fundamentally
different pollutant transport mechanisms, and the differences are exag-
gerated in the viaduct configurations with noise barriers. The major
conclusions are given as follows:

* Regarding the wind flow field, the main difference of wind flow
patterns between the quasi-2D and 3D models is the presence of
horizontally rotating corner eddies, which arise due to lateral
flows through building gaps in the 3D cases. In addition, the
quasi-2D models cannot reproduce the disrupted mean wind
flow structure caused by the installation of noise barriers, which
is clearly observed in the 3D models.

* Regarding the pollutant dispersion field, at the streamwise slices
with buildings, the pollutant dispersion patterns in the quasi-2D
models show a similar trend to those in the 3D models across all
four studied scenarios. However, pollutant concentrations at cor-
responding locations are significantly lower in the 3D cases than
in the quasi-2D cases. The comparison also shows the inadequacy
of quasi-2D models in reproducing the pollutant concentration
variations at the pedestrian-level zones or building facades for
different viaduct configurations.

* Regarding the indoor pollutant exposure, the quasi-2D models pre-
dict similar values for buildings away from the road compared with
3D models. However, they fail to accurately capture exposure levels
in near-road buildings under viaduct configurations, especially those
with noise barriers, as observed in simulations with a 3D model.
Compared to the 3D models, quasi-2D models generally overesti-
mate the mean indoor personal intake fraction (Prz) across the six
building levels. In both quasi-2D and 3D models across all four
cases, the convective component of outflow mean vertical mass

pubs.aip.org/aip/pof

fluxes dominates pollutant removal. The dimensionless convective
pollutant exchange velocity (U, /U, consistently exhibits higher
values in the 3D models, indicating that roof-level pollutant removal
is more efficient in the 3D models than in quasi-2D ones.

Overall, when applying CFD simulation results using quasi-2D
street canyon models in urban design practice, it is essential to consider
the appropriate application scenarios. For evaluating overall air quality
within the entire street canyon or assessing traffic-related pollutant
exposure experienced by occupants of buildings situated away from
the road, quasi-2D models may provide acceptable approximations.
However, for assessing pedestrian-level air quality or evaluating pollut-
ant exposure experienced by occupants of buildings situated close to
the road, quasi-2D street canyon models are not suitable due to their
inability to accurately capture near-road dispersion dynamics and ver-
tical pollutant gradients, especially in the viaduct configurations with
noise barriers.

SUPPLEMENTARY MATERIAL

See the supplementary material for S1: CFD Validation for
Pollutant Dispersion in Street Canyons.
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