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Abstract 15 

In general, urban canyons are the areas most clearly affected by traffic pollutants since the ability 16 

of the canyon to self-ventilate is inhibited due to blockage of buildings or other urban structures. 17 

However, previous studies have aimed to improve the pedestrian-level wind speed with void deck in 18 

single buildings or short canyons. This study investigated the effects of void deck height and location, 19 

and building height on the airflow field and the traffic pollutant diffusion in a long canyon with 20 

L/H=10, validated by wind-tunnel experiment data. The results show that the void decks have a 21 

significant effect on the airflow and pollutant distribution inside the canyon. Air exchange rates (ACH) 22 

of the canyons with the void deck are much larger than that of regular canyons, and the perturbation 23 

changes of turbulence (ACH') decrease. When the void deck is at both buildings, the ACH is the 24 

highest, followed by the case where the void deck is at the leeward building. Also, for the canyons 25 

with the void deck, traffic pollutants are removed out of the canyon by the strong airflow through the 26 

void deck. Therefore, unlike the regular canyons, as the void deck and the building height increases, 27 

the strength of the airflow through the void deck becomes stronger, and as a result, the mean pollutant 28 

concentration is significantly reduced at both walls and the pedestrian respiration level. The mean 29 

pollutant concentration on the wall of the building with the void deck and on the pedestrian respiration 30 

plane close to it is near zero. These findings can help ease traffic pollution inside the street canyons 31 

composed of high-rise buildings, especially in tropical cities. 32 
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 35 

1. Introduction 36 

Today's urban streets are becoming more and more high-density and high-rise (Zhang et al. 37 

2018d). These compact urban structures form a unique urban climate and affect on the health of 38 

citizens (Chew and Norford 2018b). In particular, for the street canyons, since the wind speed is 39 

relatively low by the blocking effect of urban structures, the influence of vehicle exhaust on 40 

pedestrians and near-road residents is very large (Chen and Norford 2017a; Yim et al. 2010). 41 

Therefore, many studies have been conducted on airflow and pollutant dispersion inside the street 42 

canyons to reduce these adverse effect of traffic pollution emission on people over the past 30 years 43 

(Antoniou et al. 2019a; Baik et al. 2012a; Ricci et al. 2019d). Factors affecting the airflow and 44 

pollutant distribution inside the street canyon include wind direction and speed (Huang et al. 2019c; 45 

Zhang et al. 2018e), street canyon structure (Cui et al. 2021b; Reiminger et al. 2020e) (symmetry, 46 

asymmetry), building structure (roof (Huang et al. 2009b; Huang et al. 2014b; Llaguno-Munitxa et 47 

al. 2017c), balcony (Cui et al. 2020b; Cui et al. 2021b), void deck (Huang et al. 2020c; Huang et al. 48 

2021c)), solar radiation (Lwc et al. 2018a; Mei et al. 2017d), green infrastructure (Huang et al. 2019c; 49 

McMullan et al. 2015b), etc. Among these factors, the street canyon structure has a great influence 50 

on the airflow and pollutant dispersion inside the canyon (Li et al. 2006). Especially, the void deck 51 

can greatly increase the pedestrian-level wind speed inside the canyon (Chen and Mak 2021a; Chew 52 

and Norford 2019b). The increase of wind speed on the pedestrian-level can lead to good results that 53 

can reduce the damage suffered by pedestrians due to the traffic pollutant dispersion. Void deck is 54 

the empty ground floor of public flats, used for social activities and events (such as weddings) by 55 

people in tropical countries such as Malaysia and Singapore. Void deck is generally adopted in 56 

building design for the ventilation of street canyons and economic purpose (Moosavi et al. 2014c; 57 

Muhsin et al. 2017e). However, in the past, void deck received less attention as it was considered 58 

undesirable in temperate climates, especially in winter. However, in tropical climates, the outdoor 59 

temperature is not low, so that the void deck design is welcomed (Roth and Chow 2012c). The 60 

residents living in tropical and subtropical hot and humid regions often experience extreme heat stress 61 

in summer since the global warming and the urban heat island effect. One way to relieve this thermal 62 

stress and improve thermal comfort is to improve the wind speed inside the street canyons. A field 63 

study (Yang et al. 2013b) in Singapore found that the most effective approach to improve thermal 64 



comfort outdoors is to increase wind speed. In Hong Kong, most residents want higher wind speed 65 

inside the canyon (Li et al. 2018c). As such, with the emergence of many cities in the tropics, the 66 

adoption of street canyons with void deck to enhance pedestrian-level wind speed has become 67 

fashionable in recent years (Chen and Mak 2021a; Huang et al. 2020c; Huang et al. 2021c; 68 

Weerasuriya et al. 2020f). 69 

Huang et al. (2021c) conducted the two-dimensional numerical simulation in a symmetric street 70 

canyon with a street aspect ratio of 1 and analyzed the effects of various street categories and void 71 

deck on the pollutant diffusion. The results show that the void deck has a significant effect on the 72 

airflow structure and pollutant diffusion inside the canyon, and especially when the void deck at both 73 

buildings. Chew and Norford (2018b) studied the effect of changes in the void deck and building 74 

height on the pedestrian-level wind environment in a two-dimensional symmetric street canyon. 75 

According to their water channel experiments and numerical simulation results, the change in the 76 

void deck height has a significantly effect on the pedestrian-level wind speed (up to twice), while the 77 

change in the building height has a lesser effect. Also, to enhance the ventilation at the pedestrian 78 

level, height of the void deck 4m is sufficient. Continuingly, they extended their study to the three-79 

dimensional street canyon and revealed that when the void deck height is increased from 2 m to 6 m, 80 

the pedestrian-level wind speed in the canyon increases from 13% to 59%. However, when the 81 

building height increases from 24 m to 48 m, the increase in pedestrian-level wind speed is lower 82 

than 10% (Chew and Norford 2019b). 83 

By the above studies, the advantages of the void deck design on the wind environment at the 84 

pedestrian-level have been proven. However, the effects of the void deck on the traffic pollutant 85 

distribution inside the street canyon have not been clearly identified. Comparisons of the effects of 86 

their location, height, and building height on the distribution of traffic pollutant inside 3D street 87 

canyons with various void decks have not been reported yet. Also, the effect of void deck on the 88 

traffic pollutant distribution at the pedestrians respiration level and both walls is still unknown. 89 

Therefore, further studies are still necessary to clarify the effects of void deck on airflow and pollutant 90 

dispersion inside the street canyon. More seriously, low wind speed inside the canyon provides 91 

favorable conditions for the spread of the influenza, particularly infectious diseases such as the 92 

Coronavirus disease 2019 pandemic (Ahmadi et al. 2020a; Pani et al. 2020d; Xu et al. 2020g). The 93 

void deck structure is a very promising architectural design that can urgently solve various 94 

environmental problems (vehicle exhaust, heat stress, infectious diseases) and provide a comfortable 95 



living environment in the street canyons of the tropical area today. 96 

For the purpose of safeguarding the health of pedestrians and near-road residents, this study 97 

provides an insightful understanding of the effects of void deck on the traffic pollutant diffusion inside 98 

the street canyons. Fourteen street canyon configurations are chosen to investigate the effects of void 99 

deck on airflow and pollutant dispersion under vertical incoming wind. This paper is organized as 100 

follows: Fourteen street canyon configurations with and without void deck are given in Section 2.1. 101 

Besides, the governing equations for flow and pollutant dispersion, the computational domain, and 102 

boundary conditions which is used for CFD simulation are defined in Section 2.2. In addition, the 103 

validation study between the numerical results and the WT experimental dataset reported by Kastner-104 

Klein (1999) is performed in Section 2.3 and Section 2.4. The validated CFD models are used to 105 

simulate the airflow and traffic pollutant distribution inside the street canyons with and without void 106 

deck under the vertical incoming wind. In Section 3, numerical results and discussions are presented. 107 

The simulation results are used to evaluate the airflow field and pollutant distribution inside the 108 

canyons with the void deck, and to quantitatively assess the effects of the void deck on pedestrians 109 

and near-road residents. Especially, to quantify the ventilation capacity of fourteen canyons with the 110 

void deck, an evaluation parameter of air exchange rate per hour (ACH) is adopted. Finally, Section 111 

4 draws several conclusions, Section 5 presents limitation and feature work of this paper. 112 

 113 

2. Methodology 114 

In this work, based on an 1:150-scaled isolated street canyon model used in WT experiment 115 

conducted at University of Karlsruhe University, Germany (Kastner-Klein 1999), 3D street canyons 116 

with and without void deck are constructed and validated. 117 

 118 

2.1 Street canyon configurations 119 

Fig. 1 shows a sketch of the three-dimensional regular street canyon configuration adopted in 120 

this work. As shown in Fig. 1, the regular street canyon is composed of four-lane roads located at the 121 

floor of the space between two identical buildings arranged in parallel with each other and two 122 

sidewalks on both sides of the canyon. The dimension of each building is set as 1H (height)×1H 123 

(width)×10H (length) (where H=0.12 m at the full scale). The length, height and width of the street 124 

canyon are the same as that of the building. That is, a wide and long street canyon with H/W=1, 125 

L/H=10 is employed as the regular canyon. In Fig. 1a, x, y, and z represent the incoming wind 126 



direction, canyon direction, and sky direction, respectively, in a three-dimensional Cartesian 127 

coordinate system with the origin (x=0, y=0, z=0) at the center of the canyon floor. Also, as shown 128 

in Fig. 1b, four line sources have the same dimensions are arranged in parallel, and continuously emit 129 

sulfur hexafluoride (SF6) to mimic the exhaust gas emitted by the four-lane roads. To account vehicle 130 

exhaust emissions from transverse intersections, four line sources are extended beyond the canyon 131 

end by 0.92H on both sides (i.e. the length of each line source is 11.84H, see Fig. 1a) (Salim et al. 132 

2011b). In addition, to clearly clarify the pedestrian exposure risk to pollutants inside the street 133 

canyons, the pedestrian respiration height in each case is set to H/12 (1.5 m at the full scale) as in 134 

Huang et al. (2019c) (see Fig. 1b). The wind approaches vertically to the 3D street canyon. 135 

With considering the change of the building height (Hb), the height (Hv) and location of void 136 

decks, fourteen CFD simulation cases (two cases for regular canyons and twelve cases for the canyons 137 

with various void decks) are included in this research. Here, the void deck height is set to H/6 and 138 

H/4 (3 m and 4.5 m at the full scale) referring to Chew and Norford (2018b). Based on the regular 139 

street canyon configuration, six canyons with various void decks (Hv/W=1/6) are shown in Fig. 2: 140 

canyon with void deck at the leeward building (Hb/W=1, Fig. 2a), canyon with void deck at the 141 

windward building (Hb/W=1, Fig. 2b), canyon with void deck at both buildings (Hb/W=1, Fig. 2c), 142 

canyon with void deck at the leeward building (Hb/W=2, Fig.2d), canyon with void deck at the 143 

windward building (Hb/W=2, Fig. 2e), canyon with the void deck at both buildings (Hb/W=2, Fig. 2f). 144 

Herein, a building with void deck is modeled as an ideal block with an empty space below (Chew and 145 

Norford 2019b). 146 

 147 

2.2 CFD model 148 

2.2.1. Governing equations for flow and pollutant dispersion 149 

The airflow inside the street canyon can be considered as incompressible and steady-state 150 

turbulent flow. Solar radiation and traffic turbulence are not considered here. Among the common 151 

turbulence models, Large Eddy Simulation (LES) often performs better than Reynolds-Meand 152 

Navier-Stokes (RANS) model in predicting airflow and pollutant dispersion (Blocken 2015a; 153 

Gousseau et al. 2011a; Tominaga and Stathopoulos 2011d). However, LES will require more 154 

computational resources and present greater challenges in developing advanced sub-grid scale models 155 

and specifying an appropriate time-dependent inlet and wall boundary conditions. Moreover, the 156 

steady RANS has unavoidable drawbacks in predicting turbulence, e.g., it does not predict the flow 157 



reattachment length behind building and underestimate the velocity in the wake region. Despite these 158 

limitations, RANS models (Allegrini et al. 2014a; Chen 2009a; Cui et al. 2016; He et al. 2017b; 159 

Sanchez et al. 2017f) including RSM (Reynolds Stress Model) model (Gromke et al. 2008; Vranckx 160 

et al. 2015c) have been well validated and widely used to predict airflow and pollutant dispersion 161 

within 2D and 3D urban models. 162 

To assess the dispersion of gaseous pollutants inside the street canyon, the steady-state species 163 

transport equation is employed. The equation is following (Huang et al. 2019c): 164 

t t t
m m m p

t t t

C C C C C C
u D D D S
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    165 

(1) 166 

In this study, for the simulation on the long street canyon, the isothermal RANS equations with 167 

the standard k-ɛ model are adopted (Yim et al. 2010). 168 

 169 

2.2.2. Computational domain and grid generation 170 

The computational fluid dynamics (CFD) models are built and meshed with Gambit 2.4.6. The 171 

dimension of the CFD domain follow the recommendations in Tominaga et al. (2011d): the inlet is 172 

8H upstream of the leeward building, while the outlet surface is 19H downstream from the windward 173 

building, and the top surface is 8H from the ground, and the both lateral surfaces are placed at 7H 174 

from the building side walls, resulting in the domain dimensions of 30H (length) × 24H (width) × 8H 175 

(height). Fig. 3 illustrates the CFD domain of the regular canyon without the void deck. The 176 

computational domain was meshed using hexahedral grids and all grid cells are perfectly orthogonal 177 

without skewness. The total number of grid cells is approximately 4.6 million for each simulation 178 

case. The mesh is coarsened above the canyons, upstream of the leeward building, and downstream 179 

of the windward building.  180 

The maximum grid increase ratio is limited to 1.08. Inside the canyon and void deck, the grid 181 

cells with δx = H/72, δy = H/12 and δz = H/72 are created by using the finer mesh size. Detailed 182 

information on the grid sensitivity analysis will be provided in Section 2.3. 183 

 184 

2.2.3. Boundary conditions and numerical scheme 185 

All CFD simulations are performed by using the commercial CFD code ANSYS-Fluent 14.5. 186 

The boundary conditions are following. At the inlet surface, the atmospheric inlet boundary 187 



conditions (vertical profiles of wind velocity, turbulent kinetic energy and turbulent dissipation rate) 188 

are imposed. The inlet profiles of the horizontal wind velocity (U), turbulent kinetic energy (k), and 189 

its dissipation rate (ɛ) are prescribed to match the corresponding experimental conditions, which are 190 

given in Eqs. (2)–(4) (Kastner-Klein 1999): 191 
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The outlet is given as a zero-gradient boundary condition. The top and both sides of the domain 195 

have a symmetry boundary condition. The ground and all surfaces of building (leeward wall, 196 

windward wall, roof) have a no-slip boundary condition. For the line sources, the volume flow rate 197 

of the mixture of air and SF6 is provided. The SIMPLE pressure-velocity coupling and k-ε turbulence 198 

closure is adopted in numerical study. The k-ε turbulence closure have three most commonly used 199 

schemes: Standard k-ε, Re-Normalization Group (RNG) k-ε, and Realizable k-ε. Chew and Norford 200 

(2018b) and Hang et al. (2012b) reported that the simulation results of the standard k-ε agree better 201 

with their experimental results than the RNG k-ε or realizable k-ε simulation results. Therefore, the 202 

standard k-ε schemes is used in this study. To the spatial discretization of the governing equations, 203 

the second-order upwind scheme is employed. Residuals of simulation are kept at 10-6 for all 204 

parameters. 205 

 206 

2.3 Grid independence analysis 207 

To estimate the mesh independence, three simulation (including the fine, basic and coarse mesh) 208 

cases are performed for the regular canyon shown in Fig. 1. For these three simulations, the mesh 209 

sizes in the dense area (in-canyon) are H/96, H/72, and H/48, respectively (see Table 1). Therefore, 210 

fine, basic and coarse mesh models have 8.2, 4.6 million, and 2.2 million cells, respectively. Fig. 4 211 

plots the demensionless pollutant distribution (K) obtained along three vertical lines (y/H = 0, 1.26, 212 

and 3.79, respectively) near both walls of the canyon for the three simulation cases. Herein, the 213 

standard k-ɛ turbulence model with turbulent Schmidt number (Sct) of 0.3 is used. For each wall, the 214 

vertical lines are 5mm away from that wall. In Fig. 4a, the difference of K between the basic and 215 



coarse grids is large, while the deviation of K becomes very small as increasing the mesh resolution 216 

from “basic” to “fine”. The K profiles in Fig. 4b depict negligible differences between the three mesh 217 

resolutions. Therefore, the basic mesh of 4.6 million cells is determined to be independent grid, and 218 

all subsequent simulations are performed with this basic independent grid number. 219 

 220 

2.4 Model validation 221 

From the fact that there is no experimental set for 3D long street canyon with the void deck, we 222 

carried out a validation study by using the results of a 3D street canyon (model scale 1:150) used for 223 

WT experiments performed at the University of Karlsruhe, Germany. Figs. 1 and 3 show the isolated 224 

regular canyon configuration with the aspect ratio of 1:1 used in the neutral stratified atmospheric 225 

boundary-layer wind tunnel experiment (see the internet database CODASC, 226 

https://www.umweltaerodynamik.de/bilder-originale/CODA/CODASC.html). According to their 227 

wind-tunnel experiment, the incoming wind was perpendicular to the canyon axis, and two parallel 228 

buildings (Hb = Wb = 0.12 m, and L = 1.2 m) were installed on the tunnel floor. A mixture of air and 229 

tracer gas (SF6) with a flow rate of 1000 ppm was continuously emitted from four line sources to 230 

mimic the emission of traffic exhaust gas, and the location of the line sources was about 0.23H, 0.35H, 231 

0.65H and 0.77H away from the windward wall, respectively. SF6 concentrations were measured at 232 

specific points on both walls of the canyon and were expressed in dimensionless as follows (Kastner-233 

Klein 1999): 234 

ref

S

CU HL
K

Q
                                (5) 235 

where, K is the dimensionless pollutant concentration, C is the measured volume fraction of SF6, Uref 236 

(= 4.7 m/s) is the free-stream wind velocity at a reference height zref (= 0.12 m), L (= 1.42 m) is the 237 

length of the line source, and Qs is the source strength. Fig. 5 shows that the CFD simulation results 238 

with grid number of 4.6 million and Sct = 0.3 are in good agreement with the WT experimental data, 239 

so the selected parameters can ensure the accuracy of the CFD model. To evaluate quantitatively the 240 

current CFD model performance, the statistical validation tests were carried out on the dimensionless 241 

pollutant concentrations for the leeward wall, windward wall, and combination of leeward and 242 

windward walls based on the CFD-simulated and WT-measured results. Here, the normalized mean 243 

square error (NMSE), the fractional bias (FB), the fraction of predictions within a factor of two of the 244 

observations (FAC2) and the correlation coefficient (R) are used to evaluate the performance of CFD 245 



models. The model acceptance criteria are as follows (Chang and Hanna 2004; Moonen et al. 2013a): 246 

0.5<FAC2<2, -0.3<FB<0.3, NMSE<1.5, 0.7<MG<1.3, VG<1.6 and R>0.8. From Table 2, it is clear 247 

that all statistical indicators are within the acceptable range of model performance. 248 

As shown above, the CFD results are in good agreement with the WT measured data. Thus, the 249 

CFD model validated in this study is reliable for simulating airflow and pollutant dispersion inside 250 

the street canyons with and without void deck. 251 

 252 

3. Results and discussion 253 

Herein, the characteristics of airflow and pollutant distribution were investigated inside the street 254 

canyons with the void deck based on the model validation conducted above. The boundary conditions 255 

and reference parameters used in each simulation are the identical as that of the model validation. 256 

 257 

3.1 Air exchange rate in the street canyon 258 

In this section, we evaluate self-ventilation capability of canyons with and without void deck. 259 

ACH which indicates the amount of air exchanged between the street canyon and free atmosphere 260 

per unit time, has been widely used as an important indicator to evaluate the ventilation capacity of 261 

the canyon (Li et al. 2005a; Liu et al. 2005b; Salim et al. 2011c). For 3D canyons with the void deck, 262 

air exchange takes place at both sides and top of street canyons, and at the interface of the canyon 263 

and void deck. Therefore, the ACH of the canyon with the void deck can be evaluated as follows by 264 

modifying the ACH of the regular canyon (Huang et al. 2019c). 265 

         Top Side1 Side2 Void deck1 Void deck2ACH +  + ACH +  + ACH + + ACH +ACH  + C + A H   (6) 266 

         Top Side1 Side2 Void deck1 Void deck2ACH  + ACH  + ACH  + ACA H  CH + ACH       (7) 267 

where ACHTop, ACHSide1, ACHSide2, ACHvoid deck1, ACHvoid deck2 are the values of ACH at each plane 268 

where air exchange occurs, respectively. The positive ACH (ACH+) means air exiting from the 269 

canyon, while negative ACH (ACH-) means air entering into the canyon. The ACH at an air exchange 270 

plane consists of the mean ( ACH ) and turbulence (ACH′) components: 271 

ACH ACH ACH                                 (8) 272 

where ACH , ACH′ are induced by exchange by the mean velocity and the velocity fluctuation 273 

respectively. The ACH′ at each air exchange plane can be written as (Li et al. 2005a). 274 
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Where Γ1=L×W, Γ2=H×W, Γ3=H×W, Γ4=Hvd×L, Γ5=Hvd×L are the areas of the corresponding air 280 

exchange planes. Table 3 and 4 tabulate the positive and negative dimensionless air exchange rate 281 

(ACH+) for the fourteen street canyons with and without void deck. According to the analysis of the 282 

air exchange rate of the two regular canyons (Hb/W=1 or 2), the values are 0.16 and 0.11, respectively, 283 

which are the minimum values compared to the canyons with the void deck. This means that the void 284 

deck has a very positive effect on the ventilation of the canyon by enhancing the airflow and the 285 

pollutant diffusion to the outside of the canyon. Also, for the two regular canyons, ACH' values are 286 

77.3% and 75.5%, respectively, which are higher than that of the canyons with the void deck. This 287 

finding proves that the void deck significantly reduces disturbances inside the canyon. The detailed 288 

analyses on the effects of void deck on the ACH of the canyon are as follows. 289 

Firstly, it can find that the void deck greatly improves the ventilation capacity of the canyon. 290 

The street canyons with void deck have higher ACH values than regular canyons without the void 291 

deck. Regardless of the height of the building and the void deck, the ACH of the canyons has the 292 

maximum values when the void deck is at both buildings, followed by the canyons with the void deck 293 

at the leeward building. For the canyons with the void deck at the windward building, the ACH values 294 

are the smallest. This is obviously related to the basic airflow inflowing to the canyon through the 295 

void deck. For example, for the canyon (Hb/W=1) with void deck (Hv/W=1/6), when the void deck is 296 

at both buildings, the pollutants generated from the canyon floor are removed directly out of the 297 

canyon by the strong basic airflow flowing through the void decks located at the bottom of two 298 

buildings, so the ACH value is the largest as 0.29. Also, comparing the ACH values of the street 299 

canyons where the void deck is at the leeward building or the windward building, the air exchange 300 



rate of the canyon where the void deck is at the leeward building (0.27) is higher than for the canyon 301 

(0.18) with the void deck at the windward building since the strength of the basic airflow passing 302 

through the canyon is clearly stronger when the void deck is at the leeward building. Specifically, for 303 

the canyons with the void deck at the leeward building (Hb/W=1), the ACH  values are zero at both 304 

sides of the canyon. This means that for the canyons with the void deck at the leeward building, there 305 

are no airflow components inflowing from both sides of the canyon. The these features of three basic 306 

airflows have the opposite effect on the perturbation change of the turbulence. In other words, the 307 

ACH' value of the canyon with the smallest basic airflow strength(when the void deck is located at 308 

the windward building) is the largest, followed by the canyon where the void deck is located at the 309 

leeward building. Among the twelve canyons with void deck, the canyons (Hb/W=1) with void deck 310 

(Hv/W=1/4) at both buildings have the highest air exchange rate (0.38). When the void deck 311 

(Hv/W=1/6) is at the windward building (Hb/W=2), the ACH value is the smallest (0.12). 312 

Secondly, the increase of the void deck height results in the increase of the ventilation capacity 313 

of the canyon. As the void deck height increases, the velocity of the basic airflow inflowing to the 314 

canyon through the void deck increases, and this strengthened airflow removes more pollutants out 315 

of the canyon, thus increasing the canyon's ACH value. Conversely, the perturbation change of the 316 

turbulence inside the canyon is suppressed that much, and the ACH' value is reduced. 317 

Thirdly, the ventilation capacity of the street canyons with the void deck reduces as the building 318 

height increases. For the regular canyons without the void deck, the ACH value (0.11) of the regular 319 

canyon (Hb/W=2) is lower than that (0.16) of the regular canyon (Hb/W=1). This is because the higher 320 

the building height, the less free-stream through the canyon top can affect the bottom of the canyon 321 

where the pollutants are generated. For the canyons with the void deck, the higher the building height, 322 

the stronger the airflow inflowing to the canyon through the void deck, so more pollutants are 323 

removed out of the canyon. However, as the building height increases, the canyon volume increases, 324 

resulting in a smaller ACH. 325 

From the above analysis, it can find that the air exchange rate of the canyon is large with the 326 

lower building height and higher the void deck height. In particular, the ACH of the canyon with the 327 

void deck at both buildings has the highest value. 328 

 329 

3.2 Airflow and pollutant distributions on the vertical central plane 330 

In this section, the effects of change in the different location (when the void deck is at the leeward 331 



building, windward building or both buildings) and height (Hv/W=1/6 or 1/4) of the void deck on the 332 

airflow and pollutant distributions of the vertical central plane inside the canyons (Hb/W=1 or 2) are 333 

investigated. Fig. 6 depicts the airflow patterns and dimensionless pollutant distributions on the 334 

vertical central plane of the regular canyons without the void deck. For the regular canyon (Hb/W=1) 335 

(see Fig. 6a), a large clockwise vortex is formed inside the canyon. This vortex is generated by free-336 

stream passing above the canyon. The core of this vortex is slightly upward and to the right from the 337 

center of the canyon, and the airflow speed at the core of the vortex is weaker than at the building 338 

walls or the ground. The velocity of the downflow on the windward wall is faster than the level flow 339 

near the ground or the upflow on the leeward wall. Due to this large vortex, many pollutants are 340 

accumulated on the leeward side of the canyon, and the pollutant concentration therein is much higher 341 

than that of the windward side. Also, a small clockwise vortex is obtained above the roof of the 342 

leeward building, and two small counterclockwise vortices are formed at both corners inside the 343 

canyon. The small vortex above the roof of the leeward building is caused by the severe separation 344 

when the free-stream collides at the upleft edge of the leeward building, and is found in all canyons 345 

discussed in this paper (see Figs. 7 and 8). The small vortices on both corners of the in-canyon are 346 

formed by the action between the canyon walls and the large vortex. Contrary to the expectation, for 347 

the regular canyon (Hb/W=2) (see Fig. 6b), there is no large vortex inside the canyon. For this case, 348 

the airflow streams start at a point (about H/5 above the ground) near the leeward wall and spread out 349 

into the canyon, the velocity of the airflow is low near the ground and windward wall, and it is slightly 350 

large at the upper half of the leeward wall. Thus, a small vortex with a core slightly lower than the 351 

building height and slightly biased toward the windward building is formed inside the canyon. Due 352 

to this small vortex, the pollutant concentration near the upper part of the windward wall is low, and 353 

the pollutant concentration at the rest part is very high. In particular, pollutants accumulate more on 354 

the windward wall by the airflow moving towards the windward side near the bottom of the canyon. 355 

Figs. 7 and 8 depict the airflow and dimensionless pollutant distribution patterns on the vertical 356 

central plane inside the street canyons with the void deck. From Figs. 6, 7, and 8, three features are 357 

observed. 358 

First, it can note that the void deck greatly changes the airflow field and pollutant distribution 359 

inside the canyon. As shown in Figs. 7 and 8, airflow and pollutant distribution patterns on the vertical 360 

central plane inside the canyons with void deck are quite different from that of the regular canyons. 361 

For example, for the canyon (Hb/W=1) with void deck at the leeward building (see Figs. 7a and b), 362 



the strong airflow inflowing through the void deck of the leeward building moves toward the 363 

windward side, and flows upward along the windward wall, and finally merges with the free-stream 364 

above the roof of the windward building. By this strong airflow, pollutants are removed out of the 365 

canyon and only slightly accumulate on the windward wall. Also, the large vortex of the regular 366 

canyon (see Fig. 6a) is completely disrupted inside the canyon, instead two smaller counter-clockwise 367 

vortices are formed and two small vortices are generated at the corner and above the roof of the 368 

windward building. For the canyon with void deck at the windward building (see Figs. 7c and d), the 369 

airflow inflowing through the void deck of the windward building (the velocity of the airflow is lower 370 

than the airflow inflowing through the void deck of the leeward building in Figs. 7a and b.) moves 371 

toward the leeward side, and flows upward along the leeward wall, and finally merges with the free-372 

stream. Therefore, the smaller clockwise and right-biased vortex is formed inside the canyon (see Fig. 373 

6a), and a small vortex is observed at the left corner inside the canyon. The pollutants accumulate 374 

near the leeward wall inside the canyon by this strong airflow, and the degree is smaller than the case 375 

of the regular canyon (Fig. 6a). For the canyon with void deck at both buildings (see Figs. 7e and f), 376 

most of the strong airflow that inflowing through the void deck of the leeward building passes the 377 

bottom of the street canyon and the void deck of the windward building in turn, and a small fraction 378 

flows upward along the windward wall. Therefore, pollutants can not flow upward along the 379 

windward wall, but travel to the void deck of the windward building, where it is eventually removed 380 

out of the canyon. At that time, the pollutant concentration on the vertical central plane is the lowest. 381 

Inside the street canyon (upper the void deck height), two counter-clockwise vortices are formed. The 382 

airflow and pollutant distribution inside the canyons (Hb/W=2) with void deck is similar to that of the 383 

canyons (Hb/W=1) with void deck (see Fig. 8). 384 

Second, as the void deck height increases, the pollutant concentration on the vertical central 385 

plane inside the canyons decreases. For the canyons (Hb/W=1) with the void deck, comparing Figs. 386 

7a and b, Figs. 7c and d, Figs. 7e and f, it can be seen that even if the height of the void deck is 387 

increased from H/6 to H/4, the airflow field and pollutant pattern inside the canyon do not change 388 

significantly. However, the velocity and width of the basic airflow is increased, and the strength of 389 

the main vortex inside the canyon is weakened. Since the pollutants generated at the bottom of the 390 

street canyons are affected by these basic airflow, the pollutant distribution inside the canyon shows 391 

a tendency to slightly decrease as the height of the void deck increases. These features are the same 392 

ones even when the height of the building is 2H (see Figs. 8a and b, Figs. 8c and d, Figs. 8e and f). 393 



The reason is that as the height of the void deck increases, the strength of the airflow flowing into the 394 

canyon through the void deck increases, and as a result, the strength of the basic flow inside the 395 

canyon becomes stronger. For example, comparing Figs. 8a and b, it can be noted that there is a basic 396 

airflow with a width almost equal to the height of the void deck inside the canyon, and the width of 397 

the basic airflow increases as the height of the void deck increases. As the width of the basic airflow 398 

increases, the main vortices are compressed that much, and as a result, the vortex strength becomes 399 

weaker. In particular, for the canyons with void decks at both sides (see Figs. 7e and f, Figs. 8e and 400 

f), the basic airflow strength is the strongest because the airflow passes directly through the canyon. 401 

Therefore, for these cases, a relatively large change of airflow speed is observed according to the 402 

increase the void deck height, and the pollutant distribution is also observed very faintly. 403 

Third, the building height increases have a positive effect on reducing the pollutant concentration 404 

of the vertical central plane. Comparing Figs. 7a and 8a, Figs. 7b and 8b, as the height of the building 405 

increases, among the two vortices existing inside the canyon, the vortex at the lower part is greatly 406 

developed in the direction of the building height, while the vortex at the upper part is greatly 407 

weakened. The reason is that the higher the building, the more the vortex at the lower part expands 408 

in the direction of the building height due to the basic airflow flowing upward along the windward 409 

wall. As this process deepens, the upper vortex becomes smaller by the free-stream passing through 410 

the canyon top and the vortex that develops below it. Also, the intensity of the basic airflow passing 411 

through the void deck and the canyon becomes much stronger. Therefore, as the height of the building 412 

increases, the pollutant distribution of inside the canyon is greatly reduced. The same is true for the 413 

canyon with void deck at the windward building (see Figs. 7c and 8c, Figs. 7d and 8d). For these 414 

cases, the concentration of pollutants inside the canyon is reduced more than other cases. For the 415 

canyons with the void deck at both buildings (see Figs. 7e and 8e, Figs. 7f and 8f), the vortex at the 416 

lower part is enlarged and the vortex at the upper part disappears due to the height of the building 417 

increases. As shown in Fig. 8e, the strength of the vortex inside the canyon is weak because a small 418 

share of the airflow inflowing into the void deck of the leeward building flows upward through the 419 

windward wall, and only a small share of it contributes to the formation of the vortex. Therefore, 420 

unlike Fig. 7e, a small vortex cannot be formed in the space between the free-stream passing through 421 

the canyon top and the vortex inside the canyon. In particular, for these cases, the strength of the basic 422 

airflow is the strongest since there are no obstacles to obstruct the airflow. By these basic airflows, 423 

traffic pollutants emitted from the canyon floor are almost completely removed from the canyon. 424 



In summary, it can note that for the canyons with the void deck, the traffic pollutant diffusion is 425 

suppressed by the basic airflow that inflows from the void deck and passes through the pollutant 426 

generating region, and as a result, the void deck provides the advantageous environment for removing 427 

pollutants inside the canyon. 428 

 429 

3.3 Airflow and pollutant distributions at the pedestrian respiration level 430 

Fig. 9 shows the airflow and pollutant distribution patterns at the pedestrian respiration level 431 

(1.5 m at the full scale) in the regular canyons without the void deck. For the regular canyon (Hb/W=1) 432 

(Fig. 9a), outside the street canyon, two small vortices are formed on both sides of the leeward 433 

building and at the back of the windward building, respectively. Meanwhile, inside the canyon, the 434 

airflow that entered near the windward wall on both side of the canyon flows toward the center of the 435 

leeward wall. Therefore, the pollutant concentration is low near both sides and near the windward 436 

wall of the canyon, and high in the central part of the canyon and near the leeward wall. For the 437 

regular canyon with the building (Hb/W=2) (Fig. 9b), the small vortices mentioned above (existing 438 

for Fig. 9a case) are further developed larger outside the canyon. Inside the canyon, the airflow 439 

generated at two points near the windward wall on both sides of the canyon moves toward the center 440 

of the canyon and collides with each other, forming two symmetrical small vortices near the 441 

windward wall of the center of the canyon. Due to these airflow features, the pollutant concentration 442 

is low on both sides of the canyon, but a relatively wide high-pollutant region is formed in the center 443 

of the canyon. That is, when the height of the building increases, the pollutant concentration of the 444 

respiration plane near the windward wall becomes much higher. Figs. 10 and 11 show the airflow and 445 

pollutant distribution patterns at the pedestrian respiration height for the canyons (Hb/W=1 or 2) with 446 

void deck (Hv/W=H/6 and H/4). From Figs. 9-11, it can be seen that for the canyons with and without 447 

void deck, the airflow structures and pollutant distribution patterns at the pedestrian respiration height 448 

are symmetrical about the vertical central line of the canyon. In addition, for a quantitative 449 

comparison, the mean pollutant concentration (K) values at the pedestrian respiration planes near both 450 

walls of fourteen canyons are given in Fig. 12. From the comparison analysis of Figs. 9-12, the effects 451 

of building height and the height and location of the void deck on the airflow and pollutant dispersion 452 

at the pedestrian respiration height are analyzed as follows. 453 

First, the void deck has a significantly effect on reducing the pollutant concentration at the 454 

pedestrian respiration planes inside the canyon. Comparing Fig. 9 with Figs. 10 and 11, it is find that 455 



for the canyons with the void deck, the pollutant concentration patterns at the pedestrian respiration 456 

height have completely new shapes, which is different to that in the regular canyons without the void 457 

deck. For example, for the canyon (Hb/W=1) with the void deck (Hv/W=1/6), when the void deck is 458 

at the leeward building (Fig. 10a), the pollutant pattern near the leeward wall is not observed. 459 

However, near the windward wall, the pollutants are distributed parallel with almost the same width 460 

along the windward wall. This is explained by the fact that unlike in the regular canyon (Hb/W=1), 461 

the basic airflow passing through the void deck of the leeward building moves the pollutants 462 

generated from the line sources toward to the windward wall at almost the same speed in parallel. 463 

Therefore, for this case, many pollutants are accumulated on the respiration plane near the windward 464 

wall. In Fig. 12, comparing with the case of the regular canyon (KA=40.4, KB=10.6), the mean K at 465 

the respiration plane near the leeward building is zero (KA=0) and that at the respiration plane near 466 

the windward building is much higher (KB=24.0). When the void deck is at the windward building 467 

(Fig. 10c), the airflow that collided with the windward wall of the leeward building and splits in two 468 

directions is reversed as it passes both sides of the leeward building, resulting in the some of the 469 

airflow enters through the void deck of the windward building, some airflow enters to the canyon 470 

directly through both sides of the canyon. These airflows reach the leeward wall and then creat two 471 

small vortices symmetrical about the vertical central line of the canyon near the leeward wall. As a 472 

result, many pollutants accumulate at the respiration plane (KA=42.3), and tiny at the respiration plane 473 

(KB=2.8). The pollutant distribution near the leeward wall is almost parallel to the leeward wall in the 474 

central part and slightly protrudes where two small vortices exist. Also, the pollutant concentration 475 

in the two small vortex regions is slightly higher than that in the middle region, and is the lowest on 476 

both sides of the canyon. When the void deck is at both buildings (Fig. 10e), due to the bottom of the 477 

canyon is opened by the two void decks, the strong airflow passes through the canyon unaffected by 478 

any obstacle, meanwhile the pollutants are removed out of the canyon by this airflow. Therefore, the 479 

pollutant distribution on the pedestrian respiration planes near the leeward and windward building is 480 

hardly observed or significantly low (KA=0, KB=8.4). 481 

Second, the increase of the void deck height has a distinct effect on the pollutant distribution at 482 

the pedestrian respiration height of the canyon. When the void deck is at the leeward building 483 

(Hb/W=1) (Fig. 10a and b), observing the airflow distribution at the respiration height, the velocity 484 

of the basic airflow passing through the void deck of the leeward building slightly increases as the 485 

void deck height increases. Therefore, when void deck height is H/4, more pollutants are removed 486 



out of the canyon by the stronger basic airflow (Fig. 7b) that inflows through the void deck and passes 487 

the canyon floor and flows upward along the windward wall. As a result, less pollutant distribution 488 

(KA=0, KB=19.5) is observed at the respiration plane than when the void deck height is H/6. When the 489 

void deck is at the windward building (Hb/W=1) (Fig. 10c and d), the increase of the void deck height 490 

leads to the increase of the airflow streamline density inflowing through the void deck of the 491 

windward building (the airflow streamline density indicates the strength of airflow). Due to this 492 

strengthened airflow, when the void deck height is H/4, the mean pollutant concentration (KA=37.7) 493 

of the respiration plane near the leeward wall is slightly decreased compared to that with the void 494 

deck height H/6, and that (KB=3.3) of the respiration plane near the windward wall is slightly increases. 495 

When the void deck is at both buildings (Hb/W=1) (Fig. 10e and f), the velocity of the basic airflow 496 

passing through the canyon floor increases significantly as the void deck height increases, and by this 497 

airflow, pollutants are almost completely removed out of the canyon. Therefore, in Fig. 10e there are 498 

two small and low pollutant concentration distribution patterns at both ends of the leeward building, 499 

and in Fig. 10f no pollutant distribution pattern is observed at all (KA=0, KB=6.6). Also, as shown in 500 

Fig. 11, for the canyons (Hb/W=2) with the void deck, as the void deck height increases, the velocity 501 

of the airflow flowing into the canyon through the void deck slightly increases. Because of this, as in 502 

the case of the canyons (Hb/W=1) with the void deck (Fig. 10), the pollutant concentrations at the 503 

respiration planes are reduced. However, the pollutant pattern change is quite small. To be concrete, 504 

according to the quantitative analysis of the mean K at the pedestrian respiration planes (Fig. 12), 505 

when the void deck is at the leeward building (Figs. 11a and b), the mean pollutant concentration 506 

(KB=13.9) is slightly reduced compared to the case that the void deck height is H/6 (KB=18). When 507 

the void deck is at the windward building (Figs. 11c and d), the mean K at the respiration plane near 508 

the leeward wall decreases from 36.4 to 31.1. When the void deck is at both buildings (Figs. 11e and 509 

f), the mean K at the respiration plane near the windward wall decreases from 7.5 to 6.9. This means 510 

that when the building height is higher, the variation of the void deck height has minor effect on the 511 

mean pollutant concentration. 512 

Third, from the comparison between Figs. 10 and 11, it can be seen that for the canyons with the 513 

void deck, the higher the building height, the lower the pollutant concentration at the respiration level, 514 

unlike in the regular canyon. This is because the velocity of the basic airflow flowing into the canyon 515 

through the void deck increases significantly as the building height increases. For example, when the 516 

void deck (Hv/W=1/4) is at the leeward building, comparing Figs. 10b and 11b, for the canyon with 517 



building height 2H, lower pollutant distribution pattern is observed at the respiration level due to the 518 

velocity of the airflow inflowing through the void deck of the leeward building is much faster than 519 

that for the canyon with building height H. For this case, the mean K of the respiration plane near the 520 

windward wall decreases from 19.5 to 13.9 as the building height increases. When the void deck (Hv521 

/W=1/4) is at the windward building (Figs. 10d and 11d), as the building height increases, the velocity 522 

of the airflow inflowing through the void deck of the windward building increases, and eventually 523 

the pollutants are more compressed toward to the leeward wall. For this case, the mean K of the 524 

respiration plane near the leeward wall reduces from 37.7 to 31.1, and the mean K of the respiration 525 

plane near the windward wall decreases from 3.3 to almost 0. When the void deck (Hv/W=1/4) is at 526 

both buildings (Figs. 10f and 11f), there are no pollutant patterns in the street canyon due to the 527 

pollutants are removed out of the canyon through the void deck of the windward building by the basic 528 

airflow passing through the void decks on both sides of the canyon. From Fig. 12, when the building 529 

height is H or 2H, the mean K of the respiration planes near the windward wall is very low as 6.6 and 530 

6.9, respectively. 531 

From the above analysis, it can find that increasing the height of the void deck and building can 532 

significantly lower the pollutant concentration at the pedestrian respiration height of the street canyon, 533 

can provide a very good environment for pedestrian health. 534 

 535 

3.4 Pollutant distributions on the canyon walls 536 

The pollutant concentration distribution on both walls of the canyon is closely related to the 537 

health of indoor residents. Therefore, in this section, we evaluate the pollutant concentration levels 538 

on both walls of the canyon with the void deck. Fig. 13 depicts the pollutant distribution on both walls 539 

of the regular canyons (Hb/W=1 or 2) without the void deck. For the regular canyon (Hb/W=1) (Fig. 540 

13a), the pollutant pattern on both walls likes a “saddle” shape, and symmetrical distributions along 541 

the vertical central line, and the pollutant concentration of the central part is higher than that of the 542 

sides. The pollutant concentration of the leeward wall is much higher than that of the windward wall. 543 

This is because fresh airflow inflowing from both sides of the canyon flows toward the leeward wall 544 

by the large vortex (see Fig. 9a and 6a) formed in the center part of the canyon and moves pollutants 545 

to the center of the leeward wall. For the regular canyon (Hb/W=2) (Fig. 13b), pollutant patterns on 546 

both walls have symmetrical distribution in the shape of a “mushroom cap”. The pollutant 547 

concentration in the middle part of the leeward wall is slightly higher than that of the regular canyon 548 



(Hb/W=1). However, many pollutants are accumulated on the windward wall by the airflow (see Fig. 549 

9b and 6b) flowing from the leeward wall to the windward wall inside the canyon, so the high-550 

pollutant region is formed in the middle part of the windward wall. Figs. 14 and 15 show the pollutant 551 

distribution patterns on both walls for the street canyons with the void deck, with building height of 552 

H and 2H, respectively. In Fig. 16, the mean dimensionless K values on both sides of the street 553 

canyons with and without void deck are quantitatively compared. From Figs. 13-16, comparing the 554 

pollutant distribution on both walls of canyons with and without void deck, we can find several 555 

features. 556 

First, mean K on the wall of the buildings with the void deck inside the canyon is very low, 557 

almost equal to zero. At walls with void deck in Figs. 14 and 15, the pollutant distribution patterns 558 

are not observed. The reason is that the pollutants generated from the canyon floor are directly 559 

removed out of the canyon by the basic airflow, as shown in Figs. 7 and 8. However, various pollutant 560 

distribution patterns appear on the walls without the void deck. For example, for the canyons with the 561 

void deck at the leeward building, the pollutant contour lines are distributed almost horizontally along 562 

the canyon (see Figs. 14a and b, Figs. 15a and b). This is because the airflow inflowing through the 563 

void deck of the leeward building moves the pollutants to the windward wall with almost the same 564 

strength (see Figs. 10a and b, Figs. 11a and b). In particular, for these cases, unlike regular canyons 565 

without void deck (Fig. 9), since there is no airflow inflowing from both sides of the canyon (see 566 

Table 4, for the canyons with the void deck at the leeward wall, 1ACHSide  and 2ACHSide  are almost 567 

zero), the pollutants do not collect in the middle of the canyon and are evenly distributed horizontally 568 

on the windward wall. For the canyons with the void deck at the windward building, pollutant patterns 569 

on the leeward wall resemble a “horn” and form a symmetrical distribution (see Figs. 14c and d, Figs. 570 

15c and d). While the basic airflow inflowing through the void deck of the windward building reaches 571 

the leeward wall and then flows toward both sides of the canyon, it loses kinetic energy as a result of 572 

the action with the other airflow inflowing from both sides of the canyon (see Figs. 10c and d, Figs. 573 

11c and d). Therefore, the airflow velocity is reduced in this active region, pollutants are accumulated, 574 

and finally pollutant distribution patterns similar to “horn” are formed on the leeward wall. For the 575 

canyons with the void deck at on both buildings, pollutants are removed out of the canyon by the 576 

strong basic airflow passing through the bottom of the canyon (see Figs. 7e and f, Figs. 8e and f), so 577 

the pollutant distribution is not observed on both walls (Figs. 14e and f, Figs. 15e and f). 578 

Second, increasing the void deck height reduces the pollutant concentration of the canyon walls. 579 



For the canyons with the void deck, from the comparison of Figs. 14 and 15, it can be seen that the 580 

pollutant concentration on the walls without the void deck decreases when the void deck increases 581 

from H/6 to H/4. This is because as the void deck height increases, the velocity of the basic airflow 582 

passing through the void deck the canyon is increased (see Figs. 7 and 8). As a result, more pollutants 583 

are moved out of the canyon by these strong airflow. Especially, for the canyons with the void deck 584 

at both buildings, the pollutant distribution patterns on the canyon walls are not observed (Figs. 14e 585 

and f, Figs. 15e and f). This shows that for the canyons with the void deck at both buildings, void 586 

deck height of H/6 (3 m at a full scale) is sufficient to remove pollutants on both walls. 587 

Third, for the canyons with the void deck, the pollutant concentration on both walls of the canyon 588 

decreases as the building height increases. For the regular canyons, it can be seen that as the building 589 

height increases, the mean K on the leeward wall reduces from 26.0 to 18.3 and the mean K on the 590 

windward wall increases from 6.9 to 22.0 (see Fig. 16). However, for the canyons with the void deck, 591 

the mean K on both walls reduces when the building height increases from H to 2H. From Fig. 14 and 592 

15, for the canyons with void deck of the same height and location, the strength of the basic airflow 593 

passing through the void deck is much stronger for the canyons (Hb/W=2) than for the canyons 594 

(Hb/W=1). The stronger the airflow, the more pollutants are released out of the canyon. 595 

From this, we can find that for the canyons with the void deck, the higher the void deck and the 596 

building height, the lower the pollutant concentration on both walls of the canyon. Especially when 597 

the void deck is at both buildings, the mean concentration on the canyon walls is extremely low , so 598 

it could provide a very good living environment for the near-road residents compared to the regular 599 

canyon. 600 

 601 

4. Conclusions 602 

In this paper, we explored the effects of void deck on the airflow and pollutant diffusion 603 

characteristics inside the street canyon. In 3D street canyon numerical simulation validated by WT 604 

data, different building heights, various locations and heights of the void deck are considered. From 605 

the analysis of the CFD numerical simulation results, the following conclusions are reported. 606 

The void deck location has a significantly effect on the airflow and pollutant distribution inside 607 

the street canyon. Unlike the regular canyons, for the canyons with the void deck, pollutants are 608 

removed out of the canyon by the strong fresh airflow inflowing to the canyon through the void deck. 609 

Therefore, for the canyons with the void deck, the ACH is significantly increased and ACH′ (the 610 



perturbation change of turbulence) is reduced compared to the regular canyons. When the void deck 611 

is at both buildings, the strong airflow passes directly through the bottom of the canyon, so the ACH 612 

is the highest, followed by the case where the void deck is at the leeward building. When the void 613 

deck is at the windward building, due to the reverse airflow inflows to the canyon through the void 614 

deck of the windward building, the strength of airflow is the weakest and as a result the ACH is the 615 

smallest. 616 

As the void deck height increases, the strength of airflow inflowing to the canyon through the 617 

void deck becomes stronger. This airflow characteristic allows more pollutants to be removed out of 618 

the canyons for the canyons with higher void deck height. Therefore, ACH increases as the void deck 619 

height increases. In particular, the effect of void deck height is the greatest when the void deck is 620 

located at both buildings, and is the smallest when the void deck is located at the windward building. 621 

In addition, the pollutant concentration at both walls of the canyon and at the pedestrian respiration 622 

height also decreases as the void deck height increases. Since pollutants are moved by the strong 623 

airflow flowing into the canyon through the void deck, the mean pollutant concentration on the wall 624 

of the building with the void deck and on the pedestrian respiration plane close to it is near zero. The 625 

mean pollutant concentration on the wall of the building without the void deck and on the pedestrian 626 

respiration plane close to it is lower than that of the regular canyon except for one case (for the canyon 627 

(Hb/W=1) with the void deck at the leeward building). That is, as the void deck height increases, a 628 

very good environment for the health of pedestrians and near-road residents inside the street canyon 629 

can be provided. For the canyon with the void deck at both buildings, void deck height of H/6 (3 m 630 

at a full scale) is sufficient. 631 

For the canyons with the void deck, building height has a significantly influence on the 632 

intensification of pollutant diffusion inside the canyon. For the canyons with the void deck, when the 633 

building height increases, the strength of airflow inflowing to the canyon through the void deck 634 

increases, and more pollutants are removed out of the canyon. However, at this time, the ACH 635 

decreases. This reason is that the canyon volume increases as the building height increases. In addition, 636 

the pollution concentration at both walls of the canyon and at the pedestrian respiration height also 637 

decreases with increasing building height, which has the same tendency as when the void deck height 638 

increases. However, the increase in the building height has a more pronounced effect than the increase 639 

in the void deck height. That is, the void deck is very advantageous in reducing the risks of pollutant 640 

of the pedestrians and residents inside the street canyons composed of high-rise buildings. 641 



From the above conclusions, we can find that the void deck is a very effective architectural 642 

feature for improving traffic pollution in urban canyons in the tropics. In the future, the void deck can 643 

be used very effectively to reduce the damage to pedestrians and residents caused by traffic pollutants 644 

in a street canyon consisting of high-rise buildings. 645 
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Figures

Figure 1

(a) Street canyon con�guration; (b) Pedestrian respiration planes on both sides of the canyon and
location of the four line sources placed on the street �oor

Figure 2

Sketches of the cross-section of the street canyons with void deck; (a) Leeward side & Hb/W=1; (b)
Windward side & Hb/W=1; (c) Both side & Hb/W=1; (d) Leeward side & Hb/W=2; (e) Windward side &
Hb/W=2; (f) Both side & Hb/W=2



Figure 3

Sketches of the computational domain and boundary conditions

Figure 4

Grid independence analysis; (a) Leeward wall; (b) Windward wall

Figure 5

Comparisons of K along three vertical lines on the canyon walls between WT measurement and
numerical results; (a) Leeward wall; (b) Windward wall



Figure 6

Air�ow (streamlines and normalized velocity magnitude contours) and dimensionless K pattern on the
vertical central plane of the regular canyons; (a) Hb/W=1; (b) Hb/W=2

Figure 7

Air�ow and dimensionless pollutant concentration pattern on the vertical central plane of the canyons
(Hb/W=1) with different locations and heights of void deck; (a) Leeward side & Hv/W=1/6; (b) Leeward
side & Hv/W=1/4; (c) Windward side & Hv/W=1/6; (d) Windward side & Hv/W=1/4; (e) Both sides &
Hv/W=1/6; (f) Both sides & Hv/W=1/4



Figure 8

Air�ow and dimensionless pollutant concentration pattern on the vertical central plane of the canyons
(Hb/W=2) with different locations and heights of void deck; (a) Leeward side & Hv/W=1/6; (b) Leeward
side & Hv/W=1/4; (c) Windward side & Hv/W=1/6; (d) Windward side & Hv/W=1/4; (e) Both side &
Hv/W=1/6; (f) Both side & Hv/W=1/4



Figure 9

Air�ow and pollutant concentration distribution at the pedestrian respiration height of the regular
canyons; (a) Hb/W=1; (b) Hb/W=2

Figure 10

Air�ow and pollutant concentration distribution at the pedestrian respiration height of the canyons
(Hb/W=1) with different locations and heights of void deck; (a) Leeward side & Hv/W=1/6; (b) Leeward
side & Hv/W=1/4; (c) Windward side & Hv/W=1/6; (d) Windward side & Hv/W=1/4; (e) Both side &
Hv/W=1/6; (f) Both side & Hv/W=1/4

Figure 11

Air�ow and pollutant concentration distribution at the pedestrian respiration height of the canyons
(Hb/W=2) with different locations and heights of void deck; (a) Leeward side & Hv/W=1/6; (b) Leeward
side & Hv/W=1/4; (c) Windward side & Hv/W=1/6; (d) Windward side & Hv/W=1/4; (e) Both side &
Hv/W=1/6; (f) Both side & Hv/W=1/4



Figure 12

Mean dimensionless pollutant concentrations at the pedestrian respiration planes of the fourteen
different street con�gurations; (a) Leeward side; (b) Windward side

Figure 13



Dimensionless pollutant concentration patterns on the leeward wall (A) and windward wall (B) of the
regular street canyons; (a) Hb/W=1; (b) Hb/W=2

Figure 14

Dimensionless pollutant concentration patterns on the leeward wall (A) and windward wall (B) of the
canyons (Hb/W=1) with different locations and heights of void deck; (a) Leeward side & Hv/W=1/6; (b)
Leeward side & Hv/W=1/4; (c) Windward side & Hv/W=1/6; (d) Windward side & Hv/W=1/4; (e) Both side &
Hv/W=1/6; (f) Both side & Hv/W=1/4

Figure 15

Dimensionless pollutant concentration patterns on the leeward wall (A) and windward wall (B) of the
canyons (Hb/W=2) with different locations and heights of void deck; (a) Leeward side & Hv/W=1/6; (b)
Leeward side & Hv/W=1/4; (c) Windward side & Hv/W=1/6; (d) Windward side & Hv/W=1/4; (e) Both side &
Hv/W=1/6; (f) Both side & Hv/W=1/4

Figure 16

Mean K on the canyon walls of the fourteen different street con�gurations; (a) Leeward wall; (b)
Windward wall
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