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Abstract 

This paper reviews current modeling techniques in computational 

fluid dynamics (CFD) simulation of near-field pollutant dispersion 

in urban environments and discusses the findings to give insight 

into future applications. The importance of selecting appropriate 

numerical models and boundary conditions by understanding their 

inherent strengths and limitations are highlighted. Examples 

involving application of recent CFD modeling to the assessment 

of urban ventilation and flow, pollutant dispersion in cities, and the 

design stage of buildings and urban areas are demonstrated. 

Further, the importance of model evaluation is emphasized. 

Introduction  

Outdoor air pollution is a major environmental problem. In the 

built environment, both the outdoor exposure of pedestrians and 

the indoor exposure of building inhabitants to airborne pollutants 

are of interest [1]. The dispersion scales for pollutants in these 

cases are rather small, comprising the vicinity of the building 

group within a few hundred meters of the source, as opposed to a 

region of impact over the neighborhood scale. Such dispersion 

processes are called “near-field” pollutant dispersion in distinction 

from far-field dispersion. The properties of near-field dispersion 

are significantly different from those of far-field dispersion, in 

which horizontal motion prevails over vertical motion and the 

influence of individual buildings on the dispersion field is small. 

Near-field pollutant dispersion concerns the local plume behavior 

for scales of individual buildings. Because near-field pollutant 

dispersion involves the interaction of the plume with flow fields 

perturbed by building obstacles and the oncoming atmospheric 

boundary layer, the phenomenon has both meteorological and 

building aerodynamic aspects. Furthermore, surrounding variables, 

such as stack configurations, rooftop structures, trees, and 

topography, have non-negligible effects on pollutant distribution. 

Various modeling methods have been proposed in a wide range of 

areas for near-field pollutant dispersion over the years [2-15]. 

Approaches to the problem are categorized into field 

measurements, laboratory (wind and water tunnel) experiments, 

(semi-) empirical models, and computational fluid dynamics 

(CFD) techniques. Although the advantages and limitations of 

these approaches have been summarized in several review papers, 

e.g. [13-15], in the past three decades, micro-scale CFD simulation 

has been widely used as a developing prediction and analysis 

method for near-field pollutant dispersion around buildings and in 

urban areas. The CFD simulation method involves solving the 

transport (advection and diffusion) equation of concentration 

based on the velocity field obtained from the Navier–Stokes (NS) 

equations. CFD can provide detailed information about the 

relevant flow and concentration variables throughout the 

computational domain. Moreover, the method does not suffer from 

similarity requirements. These are great advantages of the CFD 

method. However, because CFD is very sensitive to the parameters 

and conditions chosen, best practice guidelines are necessary to 

select these constraints appropriately. Furthermore, reliable 

experimental data are also required to validate the accuracy and 

uncertainty of CFD results. 

This paper reviews the current modeling techniques in CFD 

simulation of near-field pollutant dispersion in urban 

environments and discusses the findings to give insights into future 

directions of practical applications. First, key features of near-field 

pollutant dispersion around buildings are identified and their 

relevance in CFD modeling discussed. The importance of the 

proper choice of turbulence models and boundary conditions is 

emphasized. Next, examples of application of recent CFD 

modeling to the assessment of urban ventilation and flow, 

pollutant dispersion in cities, and the design stage of buildings and 

urban areas are demonstrated. Finally, important model evaluation 

methods and best practice guidelines are suggested. 

Typical Features of Near-field Pollutant Dispersion 

As mentioned above, near-field pollutant dispersion in the built 

environment is characterized by a complex interaction of plumes 

with flow fields perturbed by building obstacles and the oncoming 

atmospheric boundary layer. This means that the dispersion field 

is much affected by the complicated flow field formed in nearby 

individual buildings and the surrounding neighborhood. Therefore, 

in order to predict the near-field diffusion field, precise 

understanding of its flow field is critical. 

Tominaga and Stathopoulos [9] identified the key features of near-

field pollutant dispersion around buildings based on the 

knowledge from previous studies; specifically, (i) three-

dimensionality of mean flow, (ii) unsteadiness of large-scale flow 

structure, and (iii) anisotropy of turbulent scalar transport. The first 

feature is that wind flow in the built environment has a three-

dimensional nature due to the interactions between atmospheric 

flow and the flow field around buildings. Figure 1 presents a 

schematic of the wind-flow pattern around an isolated building 

[16-18]. The flow field contains various types of flow patterns, 

including a boundary layer flow, horseshoe vortex, stagnation flow, 

separation flow, and recirculating flow. When there are two or 

more buildings, the mutual interactions accumulate and the flow 

fields become very complicated. The second feature is that wind 

flow in the built environment is very unsteady because of not only 

the oncoming flow unsteadiness but also its interaction with the 

large-scale organized fluctuation caused by the buildings. Figure 1 

shows the average wind-flow pattern; the actual flow pattern 

exhibits pronounced transient features, such as the build-up and 

collapse of the separation/recirculation bubbles and periodic 

vortex shedding in the wake [16]. The third feature is that turbulent 

scalar fluxes do not exhibit isotropic features because of the three-

dimensional and unsteady flow around the buildings. As 

mentioned above, the large-scale fluctuations play an important 

role in transporting contaminants instantaneously in the built 

environment. Therefore, this type of “non-local” mixing is not 

adequately accounted for in the standard-gradient diffusion 



 

 

hypothesis, which has been validated for simple boundary layer 

flows. 

 
Figure 1. Schematic of the flow around an isolated low-rise building ([16]; 

modified from [17, 18]). 

The pollutant concentration distributions produced by such 

complex flow fields can differ significantly from those predicted 

by conventional diffusion formulae, such as the Gaussian-based 

models, e.g. [69]. Such formulae contain the implicit assumptions 

that the flow field has straight and parallel streamlines, modest 

velocity gradients, and distributions of turbulent energy and length 

scales resulting from surface features that remain unchanged over 

long distances [3]. Therefore, it is difficult to apply conventional 

formulae to prediction of the concentration field caused by 

complex flow field around buildings. Modeling requires not only 

basic knowledge of air pollution meteorology and dispersion but 

also an understanding of wind engineering and building 

aerodynamics, because wind and buildings can strongly affect 

plume behavior. The effect of an adjacent building on the behavior 

of a plume emitted from a building roof is clearly illustrated in 

Figure 2 [19]. When the taller building is downwind, the plume 

hits the face of the taller building and blows down to the street 

level because of the strong downwash flow in front of the taller 

building. On the other hand, when the taller building is upwind, 

the plume is lifted up by the wake flow behind the taller building 

and is significantly dispersed. 

 
Figure 2. Visualization of plume impact on taller downwind building [19]. 

Current Status of Numerical Modeling 

Turbulence Modeling 

CFD approaches used in near-field pollutant dispersion modeling 

are normally classified into two main approaches: Reynolds-

Averaged NS equations (RANS) modeling and Large Eddy 

Simulation (LES). RANS solves the ensemble-averaged NS 

equations by turbulence modeling, which aims to model the entire 

spectrum of the turbulent eddies. When the flow is assumed to be 

statistically steady, ensemble averaging is equivalent to time-

averaging (steady-RANS), but for time-dependent flows, the 

ensemble-averaged NS equations can be solved transiently 

(unsteady-RANS; URANS). The most widely used turbulence 

model in RANS is the standard k-ɛ model (SKE) [20]. This model 

is well known for its robustness, economy, and reasonable 

accuracy for a wide range of turbulent flows. However, it has been 

pointed out that SKE has an inherent shortcoming for the flow 

around bluff bodies, e.g. [70, 71]. Several variants have been 

introduced and confirmed to improve the performance of the 

model, e.g. [21, 22]. Figure 3 illustrates the results of mean 

concentration distributions by CFD with two types of k-ɛ models 

(SKE and RNG k-ɛ) and experimental measurements [23] on the 

roof and wall surfaces of a cubic building with a downwind vent 

location [24]. Because most of the contaminant is advected by the 

strong separated flow in the streamwise direction in this case, RNG, 

which successfully reproduces the reverse flow on the roof, 

provides better predictive concentrations than SKE, which fails to 

reproduce the reverse flow. 

 
Figure 3. Contours of dimensionless concentration K on roof surface, 

obtained by experiments [23] and CFD (downwind roof vent release) [24]. 

Comparison between RANS and LES 

Unlike the RANS approach, LES is based on the concept of 

separating turbulent motion into large and small eddies. LES 

solves the large-eddy motion via the filtered NS equations 

governing the three-dimensional time-dependent motion. 

Turbulence modeling is only applied to small eddies by means of 

the so-called sub-grid scale (SGS) model. The Smagorinsky model 

is a well-known method commonly used for the SGS model [25]. 

The superiority of LES for flow around bluff bodies is based on its 

ability to capture the coherent structures derived from the large-

eddy unsteady motion. However, the model disadvantages are that 

it consumes more computer time and storage than RANS. 

According to previous studies that compared steady-RANS and 

LES for near-field dispersion modeling around buildings [26-28, 

34, 35, 108], LES provides more accurate results than steady-

RANS in the mean distribution of concentration, although the 

difference between LES and steady-RANS results for mean 

velocities is not large. This is because the horizontal and vertical 

diffusion of concentrations are reproduced well by LES, because 

of the larger mixing effect of the large-scale velocity fluctuations 

behind the building [29]. Tominaga and Stathopoulos [28] 

compared the capability of steady-RANS (RNG k-ε) and LES to 

model plume dispersion around a cubic building. Figure 4 shows 

the distribution of time-averaged concentration on the centerline 

of the roof and walls for a central roof vent release case. In the 

streamwise direction, the values of normalized concentration K 

given by LES are smaller than those given by RNG. However, in 

the lateral direction, the LES values are much higher than the RNG 

values and are closer to the experimental data. In general, the 

distributions of K obtained by LES exhibit very good agreement. 

These results are caused by larger lateral turbulence diffusion 

obtained by LES in comparison with RNG. Figure 5 depicts the 
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contours of dimensionless concentration K at the perpendicular 

plane to the wind direction in the near-wake region. RNG shows 

too high a concentration and underpredicts the horizontal spread 

of concentration in comparison with the experiment. In contrast, 

LES better predicts the horizontal diffusion of concentration, 

although the vertical diffusion is slightly overpredicted. As seen in 

Figure 3, for cases in which advection effects are more prominent 

than those of diffusion, results obtained by steady-RANS are 

usually acceptable, while an appropriate turbulence model is 

selected. However, in cases where diffusion effects by large-scale 

coherent fluctuations around buildings, such as vortex shedding, 

are dominant, steady-RANS significantly underestimates the 

pollutant diffusion. 

 

Figure 4. Distribution of time-averaged dimensionless concentration hKi 

on centerline of roof, leeward and side wall [29]. 

 

Figure 5. Contours of time-averaged dimensionless concentration K at a 

plane perpendicular to the wind direction in the near-wake region [29]. 

Recently, Tominaga and Stathopoulos [117] examined the 

performance of URANS for simulations of flow and dispersion 

fields around isolated cubical buildings by comparing it with the 

results obtained from steady-RANS computations and 

experiments. They found that the prediction accuracy achieved by 

URANS was substantially improved for the downwind release 

case, for which the URANS simulations yielded larger estimates 

of the momentum and concentration diffusions behind the building 

than steady-RANS did, improving the accuracy of the estimation 

of the mean concentration. 

In addition, when an exhaust gas contains toxic, flammable, or 

odorous components, both the instantaneous and time-averaged 

concentrations are of interest. LES is advantageous in yielding 

important information on the peak behavior of the concentration; 

this cannot be directly obtained by RANS computations or by other 

modeling approaches—including experimental and empirical 

models. Therefore, CFD based on LES, which can overcome the 

limitations of the existing prediction methods, may become a 

powerful tool for predicting and analyzing unsteady pollutant 

behavior. 

Modeling of turbulent scalar fluxes 

In the standard-gradient diffusion hypothesis, the turbulent scalar 

(mass) flux is modeled by the product of the mean scalar gradient 

and the eddy mass diffusivity. In order to compensate for the 

underestimation of the mixing effect in steady-RANS, smaller 

values of the turbulent Schmidt number (Sct) are occasionally 

introduced, as discussed by Tominaga and Stathopoulos [30]. 

Because Sct is defined as the ratio of the eddy viscosity to the eddy 

mass diffusivity, increasing Sct leads to increases in eddy mass 

diffusivity. As demonstrated in many previous studies, e.g. [31-

36], smaller Sct values often provide better results compared with 

measurement values. However, this cancellation of errors cannot 

be generalized and, therefore, is not recommended. The deficiency 

of steady-RANS is partially attributable to the shortcoming of the 

standard-gradient diffusion hypothesis [37, 38], and is partially 

improved by introducing higher-order closures for the turbulent 

scalar fluxes [39-44]. However, the reproduction of unsteady 

large-scale fluctuations, captured only by unsteady computations, 

is more important in predicting near-field pollutant dispersion. 

Although the turbulent Schmidt number for SGS motion is 

necessary to estimate the SGS turbulent mass flux in LES, it is less 

important because the contribution of SGS turbulent flux to total 

turbulent flux is usually small. 

Additional Effects Included in Numerical Modeling 

Effect of Flow Disturbances 

Many obstacles affect near-field dispersion in urban environments. 

In general, because it is difficult to explicitly resolve them all via 

the grids used in CFD, some kind of modeling has to be introduced. 

In order to consider the aerodynamic effects of such unresolved 

obstacles as small structures, trees, and automobiles, canopy 

models have been developed and applied to various problems 

related to urban climate [45-47]. For example, trees are common 

obstacles in urban environment. The influence of trees on pollutant 

diffusion inside street canyons has been investigated both 

experimentally [48, 49], and by numerical models [50, 51, 137, 

138]. 

Furthermore, the modeling of traffic, which is the main pollution 

source in streets, is also important. The effects of moving vehicles 

on dispersion around street canyons have been investigated 

experimentally [52, 53]. As pointed out by Baker and Hargreaves 

[52], there is a large variability between individual concentration 

time series with moving vehicles in wind tunnel, because of a 

normal feature of the turbulent wind and vehicle wake system in 

which the turbulence length scale is greater than the vehicle/wake 

scale. Therefore, ensemble average is required to evaluate the 

concentration. The ensemble-averaged properties in experiments 

can only be compared with RANS CFD results. A 3D Eulerian-

Lagrangian approach to moving vehicles that takes into account 

the traffic induced flow and turbulence was proposed by Jicha et 

al. [54] for pollutants dispersion in a street canyon. Mochida and 

Lun [55] extended the methodology of the canopy model to 

incorporate the aerodynamic effect of the moving vehicles based 

on the k-ε model, in which extra terms were added in the transport 

equations. 

Thermal Effects including Atmospheric Stability 

The space surrounded by buildings is influenced by various 

thermal factors, according to climatic conditions such as solar 

radiation and atmospheric stability. Therefore, these factors can 

have a significant influence on near-field dispersion. In particular, 

the influence of the atmospheric stability, which is a typical 

meteorological parameter of pollutant diffusion in urban areas, has 

been traditionally investigated by observational and experimental 

studies, e.g. [69, 81]. In general, the local effect of the building on 

the flow is dominant in the near-field regions. However, in the far 

field, and in the transition between these regions, the effect of 

atmospheric stability could be important [58]. Wind tunnel 

experiments are recognized as a reliable methodology for 

investigating near-field dispersion around buildings under stable 

or unstable flow conditions, e.g. [56, 57]. As pointed out by Robins 

[59], wind tunnel modeling is a preferred approach, particularly 

for problems that are complex (either geometrically, or because of 

stratification effects). However, such equipment is not always 
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available and is usually expensive and time-consuming to use. 

Furthermore, they sometimes face serious difficulties with regard 

to similarity constraint [72, 73]. Therefore, CFD is expected to be 

an effective tool for investigating these effects, although there are 

some challenges to be overcome in turbulence modeling. Several 

research studies have been conducted on the reproduction of the 

influence of atmospheric stability on near-field dispersion using 

CFD [60-64]. 

Furthermore, some researchers have also indicated that the 

influence of solar radiation on pollutant diffusion inside street 

canyons is significant [65-67]. Figure 6 illustrates the airflows and 

concentration profiles in 2D street canyons with and without wall 

heating predicted by CFD [67]. The wall heating represents high 

temperature due to thermal radiation of the sun shining. When the 

leeward wall is heated, an upward buoyancy flux opposes the 

downward advection flux along this wall, and divides the flow 

structure into two counterrotating cells. As a result, pollutants are 

accumulated at the leeward side of the canyon and its distribution 

is drastically changed from the case without heating. As 

demonstrated in several studies, CFD techniques including 

thermal effects are also very useful for investigating 

countermeasures to urban heat islands from a microscopic 

viewpoint [68]. 

 
Figure 6. Airflows and concentration profiles in 2D street canyons with 

and without wall heating (u0 = 2 m/s; Δθ = 10 °C) [67, partially modified 

by the author]. 

Buoyancy of pollutant 

Most previous studies on dispersion around buildings treated 

tracer gases as a neutrally buoyant (passive) scalar. Even when 

tracer gases that are lighter or heavier than air were used in 

experiments, the buoyancy effect of pollutants in dispersion fields 

was not explicitly examined in many studies. However, negative 

or positive buoyancies in pollutants have a significant influence on 

flow and dispersion fields in the urban environment [74-80]. 

Olvera et al. [74] demonstrated the complex effects of plume 

buoyancy on flow structure and concentration distributions in the 

near-wake region. They found that plume buoyancy could cause 

considerable flow disturbances inside the wake region by 

expanding the velocity defect to greater heights and changing the 

cavity size, shape, and flow direction. The effect of pollutant 

buoyancy on the prediction results of CFD models should 

therefore be investigated further. 

Particle Dispersion 

All of the research studies previously described dealt with gaseous 

pollutants. However, the pollutants in an actual built environment 

contain certain fine particles that have a significant influence on 

human health. Several simple to complex models are currently 

available for the dispersion of particles in urban environments. 

These models are extensively reviewed in Holmes and Morawska 

[7] and a comprehensive overview of the characteristics of 

nanoparticles in urban atmospheres can be found in Kumar et al. 

[82]. When the correlation between the concentrations of gases and 

particles is high, it is possible to apply the methodology based on 

gaseous diffusion to the particulates. However, a number of studies 

indicated that particle dynamics should be included in city scale 

models, where they may affect the total particle number 

concentrations considerably [83-85]. In such cases, the model 

should take into account the particle dynamics, including 

coagulation and deposition. Unfortunately, only a few studies have 

validated proposed high particle number concentration models. 

Future studies should therefore evaluate the performance of such 

models against validation data of near-field dispersion around 

buildings. 

Chemical Reactions 

As already mentioned, most studies conducted of near-field 

pollutant dispersion around buildings considered passive, inert 

pollutants. However, most pollutants in the atmosphere are 

chemically reactive. Baker et al. [86] simulated the dispersion and 

transportation of reactive air pollutants (NO, NO2, and O3) in an 

urban street canyon using LES, which accounted for the reactions 

between these substances or photochemical reactions. Baik et al. 

[87] and Kang et al. [88] developed a three-dimensional, unsteady-

RANS model with a thermodynamic energy equation and 

photochemical processes and examined flow and reactive pollutant 

dispersion in a street canyon. Studies of air quality in urban street 

canyons using CFD-chemistry models considering the 

photochemistry of O3, NOx, and volatile organic compounds 

(VOCs) have been reported [89, 90]. Recently, Kikumoto and 

Ooka [91] applied LES to turbulent dispersion of chemically 

reactive air pollutants in a two-dimensional urban street canyon. 

They found that the correlation between the time fluctuations of 

the reactants’ concentrations strongly affect the reaction rates in 

the region near the free shear layer. 

Recommendations in Use of Numerical Modeling: 
Validation Database and Best Practice Guidelines 

Validation is the process of determining the degree to which a 

model accurately represents the real world regarding the intended 

uses of the model [119]. The fundamental strategy of validation 

relies on the identification and quantification of the error and 

uncertainty in both conceptual and computational models, 

quantification of the numerical error in computational solutions, 

estimation of experimental uncertainty, and comparison of 

computational results to the experimental data [120]. In order to 

perform high-quality validations and uncertainty evaluations of 

CFD simulations, reliable experimental data are indispensable. It 

is particularly important that the required boundary conditions, 

such as inflow conditions, be provided for the computations. 

Several experimental datasets for near-field dispersion based on 

field and boundary layer wind tunnel experiments are available, 

e.g. [121-123]. Moreover, it should be noted that the validation of 

LES results is not as straightforward as that for models based on 

RANS, as addressed by Harms [124]. For LES, validation 

procedures are complicated because comparisons must be based 

not only on mean quantities but also on the frequency distributions 

of statistically representative ensembles of results. 

Several best practice guidelines exist to assist in achieving high-

quality CFD simulations. They provide relevant information on the 

most important credibility issues, especially regarding the most 

common sources of errors and uncertainties in CFD, e.g. [118, 

125]. For urban wind environment applications, best practice 

guidelines have been proposed as verification and validation 

processes for CFD, intended for the prediction of wind field 

around buildings [126-130]. General best practice advice has been 

presented by Blocken and Gualtieri [131] for environmental fluid 

mechanics. Blocken [139] also provides ten tips and tricks for 
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accurate and reliable application of CFD simulations to urban 

physics. Although these guidelines are effective in the near-field 

pollutant dispersion problem, correct prediction of the flow field 

is required as a prior condition.  Furthermore, additional 

recommendations that are specific to the dispersion problem are 

required. These should include the requirements of modeling for 

contaminant transport equations and sensitivities to computational 

parameters, e.g. [30, 32, 132, 133]. While the abovementioned 

guidelines focus mainly on steady-RANS simulations, the 

establishment of appropriate practical guidelines for LES is also 

actively underway. Gousseau et al. [134] performed quality studies 

on external wind flow around an isolated building based on several 

influencing factors. Such studies could be extended to the 

dispersion problem and to more influencing factors. Recently, Ai 

and Mak [135] investigated the factors influencing LES modeling 

of flow and dispersion around isolated buildings. Hertwig et al. 

[136] proposed and applied a novel validation strategy for LES, 

consisting of a multilevel hierarchy of comparative analysis 

methods, in which not only low-order statistical moments but also 

higher-order eddy statistics and structural turbulence information 

are compared. 

Practical Application of Numerical Modeling to Near-
field Pollutant Dispersion in Urban Areas 

Studies of dispersion in actual urban configurations: Use of 
CFD as a practical assessment tool 

As one of the goals of pollutant distribution modeling is to predict 

pollutant dispersion in actual urban environments, evaluation 

studies of dispersion around actual building complexes is critical. 

To date, many CFD studies that resolve individual buildings in 

urban areas predicted the pollutant dispersion using RANS [34, 36, 

102-107] or LES [109-115]. 

The abovementioned advantages of CFD make it possible to 

consider efficient countermeasures and counterproposals to design 

problems for actual complex urban configurations. Recently, 

Blocken et al. [36] performed a preliminary assessment of the 

potential to reduce outdoor PM10 concentrations by local removal 

inside semi-enclosed parking garages using CFD. A case study for 

Eindhoven city center was conducted on a high-resolution grid. 

Figure 7 presents contours of the predicted outdoor PM10 

concentration on a horizontal plane at pedestrian level, for a case 

without removal units (reference case; Figure 7a–d) and a case 

with 594 removal units (7e–h). Comparing the results of the two 

cases, it is clear that the parking garages accumulate PM10 that is 

then exhausted into the outdoor environment through the relatively 

small ventilation openings, yielding high concentrations, 

especially in the vicinity of these openings. The addition of the 

removal units evidently reduces the indoor PM10 concentration 

and the PM10 concentration in the exhaust flow. The results show 

that the removal units enable reductions in local outdoor PM10 by 

up to 50% close to the garages whereas reductions of up to 10% 

are achieved further downstream. It was concluded that local 

removal in semi-enclosed parking garages can be an effective 

strategy to help improve outdoor air quality. 

Although reasonable qualitative outcomes have been obtained 

from these studies for actual urban configurations, only a few 

studies have evaluated their performance quantitatively by 

comparing with observational data, e.g. [105, 109]. One of the 

difficulties in CFD studies applied to such building complexes is 

obtaining reliable and definite observational results for validation. 

Therefore, most studies compared their computational results with 

those obtained via wind tunnel experiments, in which the urban 

configurations and dispersion setup for the field measurement 

campaigns were reproduced as scaled models, e.g. [35, 112, 116, 

121]. 

 
Figure 7. Contours of outdoor PM10 concentration (μg/m3) in horizontal 
plane at a height of 1.75 m: (a-d) Without removal units; (e-h) with 594 

removal units installed in the semi-enclosed parking garages [36]. 

Studies of urban ventilation: Use of CFD as an analysis tool 

As described earlier, CFD can provide detailed information on 

relevant flow variables in the entire calculation domain under well-

controlled conditions and without similarity constraints. Therefore, 

CFD is useful not only for predicting contaminant distribution 

from specific sources, but also for evaluating the ability to clean 

the air within urban areas and the risk of being contaminated by 

unspecified pollutants. For such purposes, several studies have 

been conducted by applying ventilation efficiency concepts 

originally developed for indoor air quality research [92]. Bady et 

al. [93] and Kato and Huang [94] presented a concept and method 

for evaluating ventilation efficiency in urban spaces, as well as in 

ventilated rooms, based on the spatial distribution characteristics 

of contaminants. Hang et al. [95] used various simple idealized city 

models to quantitatively and numerically explore the flow 

mechanism and validation flow rates, which are significantly 

affected by urban morphology, i.e., the city shape, building height, 

street configuration, and upstream wind direction. Furthermore, 

the effect of urban morphology on the local mean age of the air 

and the air exchange efficiency in such idealized city models were 

extensively studied by Hang et al. [96-98]. 

Buccolieri et al. [99] also proposed a conceptual framework for 

city breathability, a term first introduced by Neophytou and Britter 

[100], to interpret pollution concentration levels in urban-like 

geometries using indoor ventilation concepts and CFD numerical 

modeling. Figure 8 shows the computed normalized mean age of 

air at pedestrian level for three types of building arrays, which are 

represented as sparse, compact, and very compact cities. A poorly 

ventilated region occurs at the end of the arrays. This implies a 

large mean age, i.e., air mass takes a long time to reach a given 

region and therefore pollutant removal is slower. Buccolieri et al. 

[101] also showed that the mean flow rate of a street opening does 

not exhibit a clear dependence on the geometry and wind direction 

and therefore it is not suitable for assessing ventilation conditions 

in compact cities. This is in contrast to what is observed in sparse 



 

 

cities. Panagiotou et al. [102] demonstrated that the variation of 

the exchange velocity (as an index of breathability) can be 

interpreted in association with geometrical inhomogeneity via 

RANS simulation. Recently, Hang et al. [103] quantified the 

contribution of mean flows and turbulent diffusion in removing 

pollutants at pedestrian level using three indicators: the net escape 

velocity, the pollutant transport rate across urban canopy layer 

boundaries, and their contribution ratios. 

 
Figure 8. Computed normalized mean age of air at pedestrian level for a 

sparse (planar area index λp = 0.25), compact (λp = 0.56), and very compact 

(λp = 0.69) arrays [99]. 

 

Conclusions 

This paper discussed current models in CFD simulations of near-

field pollutant dispersion in the built environment in order to give 

a perspective on CFD modeling and insights into future directions 

for practical applications. 

The key features of near-field pollutant dispersion around 

buildings from previous studies were identified: three-

dimensionality of mean flow, unsteadiness of large-scale flow 

structure, and anisotropy of turbulent scalar fluxes. Because of 

such complexity, pollutant concentrations around buildings can 

vary by orders of magnitude in time and space. Therefore, the 

model evaluation should be performed carefully, while paying 

attention to their uncertainty. 

Application of CFD to near-field pollutant dispersion around 

buildings has accelerated in recent years, as presented in this 

review. Furthermore, its range has widely expanded to include 

various factors such as plumes with strong negative and positive 

buoyancies, chemical reactions, and fine particle dispersions. 

Clearly, CFD has considerable potential, as demonstrated by 

recent scientific accomplishments in this area. CFD can provide 

data for the entire flow and dispersion fields, and can be performed 

at full scale, thereby avoiding restrictions by similarity 

requirements. However, because CFD is very sensitive to its 

parameters and conditions, best practices guidelines are necessary 

to choose these aspects appropriately. Reliable experimental data 

are also required to validate the accuracy and uncertainty of CFD 

models. That is, in order to use it appropriately, sufficient attention 

to its theoretical model and implementation is required. 
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