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Abstract 

Most existing cities were not designed to exploit wind and 

air displacement phenomena to ensure pollutant dilution 

and enhance the effectiveness of natural ventilation of the 

built environment. Although this problem is well known 

in the literature, the majority of previous studies focused 

on real case studies or on parametric layouts often char-

acterized by high-rise buildings, which are not typical for 

most Italian and European cities. In this framework, the 

goal of this research was to perform a preliminary CFD 

parametric study on street canyons with low- and me-

dium-rise buildings, focusing on the different parameters 

impacting outdoor air displacement in an urban layout. 

Seven different configurations of street canyon were sim-

ulated with ANSYS Fluent, focusing on the air displace-

ment around a low-, medium- or high-rise target build-

ing, located at the beginning, at the end, or in the middle 

of the street canyon, respectively. The velocity and pres-

sure contour plots were analysed to understand the be-

havior of airflow around the buildings in the different 

configurations, discussing in such a way the natural ven-

tilation potential. 

1. Introduction

Advances in technology and facilities available in 

urban cities have caused rapid urbanization, lead-

ing to the transfer of the population from rural to 

urban areas in search of new opportunities. The 

United Nations estimates that, by the year 2030, 

60 % of the population will live in urban areas with 

at least half a million inhabitants (United Nations, 

2018). Compared to the current situation, this phe-

nomenon will generate demand for the construc-

tion of new homes and buildings. As a result, con-

cerns about urban environmental and human 

health issues, such as air quality, natural outdoor 

ventilation, and dilution of pollutants in the built 

environment will grow (Li et al., 2020). If not 

properly managed, these urbanization trends will 

bring increased urban density, with limited spaces 

among buildings (e.g., parks, parking lots, trees, 

etc.). This will further reduce air flows coming from 

surrounding areas, affecting air quality and pollu-

tant dilution (Li et al., 2020; Song et al., 2018). 

For this reason, there are many studies that have 

been conducted on the phenomena of urban venti-

lation and effectiveness of natural ventilation in cit-

ies. In particular, several studies focused on the im-

pact of different urban parameters on natural ven-

tilation, working on generic layouts, real city lay-

outs, or both. Guo et al. (2015) selected a typical ur-

ban area in Dalian, China, to perform a comparative 

and simulative analysis about air displacement due 

to wind using CFD tools. King et al. (2017) pre-

sented a relationship between incident angle and 

ventilation rate, using an isolated cube and an array 

of irregular cubes representing generic buildings. 

Peng et al. (2017) ran CFD simulations of ten iden-

tical buildings forming a street canyon to investi-

gate wind-driven natural ventilation and pollutant 

diffusion at pedestrian level. 

When working with building layouts, there are 

some aspects to consider, such as the space between 

buildings, the size of buildings, doors and win-

dows, and the width of the streets adjacent to them. 

These parameters are useful for understanding the 

relationship between buildings, cities, and natural 

ventilation potential. Some of the important param-

eters are, for instance, building height, building 

density BD (Ding & Lam, 2019), floor area ratio 

FAR, building site coverage BSC, and street aspect 

ratio ARstreet (Yang et al., 2020). Park et al. (2020) and 

Cheng et al. (2009) investigated the flow character-

istics around step-up street canyons and ventilation 

performance with different aspect ratios using 
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CFD. Peng et al. (2019) used the floor area ratio and 

the building site coverage to find the correlation be-

tween urban morphological parameters and venti-

lation performance. By keeping the floor area ratio 

constant and changing the building site coverage, 

they established nine idealized building configura-

tions to find the correlation between these urban 

morphological parameters and ventilation perfor-

mance. Street canyons and their size can also influ-

ence natural ventilation performance. For example, 

Yang et al. (2020) and Chatzimichailidis et al. (2019) 

underlined the importance of the street canyon as-

pect ratio characterizing indoor and outdoor venti-

lation and flow patterns. 

As observed in the literature, CFD simulations have 

been used to compare and discuss in more detail 

the results obtained from experiments. For in-

stance, Padilla-Marcos et al. (2017) performed their 

simulation with Ansys Fluent for a generic building 

layout, with the aim of studying ways to increase 

natural ventilation potential in buildings. How-

ever, the majority of these studies, and, in particu-

lar, those which evaluate natural ventilation in 

street canyons, primarily focus on high-density or 

populated cities. As an example, Yuan and Ng 

(2012) examined the pedestrian-level natural venti-

lation performance in the context of a regular street 

grid in the high urban density of Mong Kok in 

Hong Kong. 

Despite the variety of research, most of this has 

paid particular attention only to high-rise build-

ings, with limited investigation into low-density 

cities and low or medium-rise buildings, which are 

more representative and typical of several coun-

tries in the European Union, such as Italy. There-

fore, the aim of this study was to perform a prelim-

inary CFD parametric analysis for low or medium-

rise buildings, focusing on the different parameters 

impacting outdoor air displacement in this kind of 

urban layout, and to discuss if there is a potential 

for natural ventilation of buildings, considering rel-

ative height and position in a street canyon. 

2. Methodology 

2.1 Generic Urban Buildings Layout 

In this work, a generic street canyon layout was 

chosen. The shape of each building considered is 

cuboidal with a cross-section equal to 20 m x 20 m. 

Each floor of the building has a gross height of 4 m, 

assuming the internal room height of 2.8 m. The 

height of the high, medium, and low-rise target 

buildings are 36 m, 24 m, and 12 m, respectively. 10 

buildings are positioned in a 5 x 2 rectangular array, 

where the target building, i.e., the object of the in-

vestigation, can be in the front corner, in the middle 

of the side, or in the rear corner. Different to other 

studies in the literature (Ding & Lam, 2019; Ram-

poni et al., 2015), the distances between adjacent 

buildings along the street canyon are modeled as 

significantly less than the street’s width, i.e., 5 m 

distance against 20 m of street width. Figs. 1 to 4 

show the different configurations of the building 

arrangements. 

 

 

Fig. 1 – High-rise and low-rise building at corner (windward) 

 

Fig. 2 – High-rise and low-rise building at side 

 

Fig. 3 – High-rise and low-rise building at corner (leeward) 

  

Fig. 4 – Buildings with same height 
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2.2 CFD Simulation 

2.2.1 Computational Domain 

The Ansys Fluent 19.0 simulation tool was used to 

simulate the cases mentioned in Section 2.1. The 

building geometries were drawn at full scale in So-

lidworks 2018 and then exported to Ansys Fluent. 

The computational domain size was based on pre-

vious examples from the literature, such as (Ding & 

Lam, 2019) and (Park et al., 2020). Following the ex-

amples of (Ding and Lam, 2019), the computational 

domain was set with a downstream length of eight 

times the building height (H) 8H, an upstream 

length of 4H, a lateral length of 4H on both sides of 

the buildings, and a height of 4H. As a whole, the 

CFD domain size was set to 1560 m x 1020 m x 300 

m (respectively, length, width, and height). The dis-

tance between the windward surface of the domain 

and the first building walls was equal to 450 m; 

both lateral distances between the surface of the do-

main and the walls of the building were 480 m; and 

the distance between the leeward surface of the do-

main and the wall surface of the rear building was 

equal to 930 m. 

2.2.2 Meshing 

Before setting up and running the CFD simulation, 

it was necessary to create a mesh. Following the lit-

erature (King et al., 2017), it was decided to use the 

hexahedral mesh for the entire domain in order to 

keep the resolution scheme simple. Fine meshing 

was applied on the buildings’ walls in order to ac-

curately capture the flow around them. The number 

of elements for the generic building layout cases 

ranged from 3 to 5.2 million. 

Fig. 5 – Mesh representation of generic building layout 

2.2.3 Boundary Conditions 

and Numerical Setup 

Choosing an appropriate boundary condition is an 

important step in CFD simulations. The windward 

surface of the domain was considered as the veloc-

ity inlet, and the lateral surfaces, the top surface, 

and the leeward surface of the domain as the pres-

sure outlet. The velocity profile (u(z)) of inlet, the 

turbulent kinetic energy profile (k) and turbulent 

dissipation rate profile (ε) were calculated in agree-

ment with the following equations (King et al., 

2017):

u(z)= 
u*

κ
ln (

z+z0

z0
) (1) 

k= 
u*

√Cμ
(2)

and 

ε= 
u*3

κ(z+z0)
(3) 

where u*, z, z0 are friction velocity (m/s), height co-

ordinate (m), and roughness length (m), respec-

tively. κ (=0.41) and Cμ (=0.09) are von Karman con-

stant and a model constant, respectively. Referring 

to the meteorological data of Bolzano (typical year 

according to the Comitato Termotecnico Italiano), 

an average wind velocity of 1 m/s was chosen. 

Reynolds-averaged Navier-Stokes (RANS) and 

Large Eddy Simulation (LES) are the most common-

ly used turbulence models for urban ventilation as-

sessment. The accuracy of the LES turbulence model 

is higher than the RANS turbulence models, but it is 

also more expensive compared with the computa-

tional cost of the RANS turbulence models (Peng et 

al., 2019). RANS turbulence models are appropriate 

because of their simplicity, reasonable ventilation as-

sessment results and less expensive computing 

power (Padilla-Marcos et al., 2017; Peng et al., 2019). 

The standard k-ε turbulence model was used. The 

standard k-ε model is a semi-empirical model 

based on model transport equations for the turbu-

lence kinetic energy (k) and its dissipation rate (ε). 

The governing equations that were solved during 

the simulation in case standard k-ε turbulence 

model are the following: 

∂

∂t
(ρk)+

∂

∂xi

(ρkui)=
∂

∂xj
[(μ+

μt

σk
)

∂k

∂xj
] +Gk-ρϵ-YM (4) 

∂

∂t
(ρϵ)+

∂

∂xi

(ρϵui)=
∂

∂xj
[(μ+

μt

σϵ
)

∂ϵ

∂xj
]+C1ϵ

ϵ

k
Gk-C2ϵρ

ϵ2

k

(5) 

μ
t
=ρCμ

k
2

ϵ
(6) 
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In these equations, Gk represents the generation of 

turbulence kinetic energy due to the mean velocity 

gradients. YM represents the contribution of the 

fluctuating dilatation in compressible turbulence to 

the overall dissipation rate. C1ε (=1.44), C2ε (=1.92) 

and μt (=0.09) are constants. σk (=1.0) and σε (=1.3) 

are the turbulent Prandtl numbers for k and ε, re-

spectively. 

The pressure-velocity coupling used was SIMPLE, 

with final second order spatial discretization meth-

ods for pressure, momentum, turbulent kinetic en-

ergy (k), and turbulent dissipation rate (ε). The con-

vergence criteria were  set to 1 x 10-6 for all the re-

siduals. 

The simulation was initialized with the first order 

spatial discretization parameters and default un-

der-relaxation factors (URFs) until the residuals’ 

stabilization. Once the residual stability was 

achieved, the spatial discretization parameters 

were changed to second order upwind and the 

URFs to 0.15 for pressure and 0.4 for density, body 

forces, momentum, turbulent kinetic energy (k), 

turbulent dissipation rate (ε) and turbulent viscos-

ity (μt). 

3. Results and Discussions

The simulation results are presented as a function 

of geometry and position of the buildings, distin-

guishing cases with the same height, low and high-

rise building cases (at side, corner windward, and 

corner leeward). 

Due to the different shapes and sizes of the build-

ings, there was a variation in the magnitudes of the 

different parameters under consideration. There 

was also a change in flow direction at various

points due to buildings, which caused a change in 

magnitude. The variations in the parameters’ mag-

nitudes help in understanding the feasibility of air-

flow and natural ventilation around buildings and 

street canyons. As specified in Section 2.1, the 

height of each floor of the building was 4 m. The 

reference plane for the analysis was set at 1.5 m 

above the ground of each floor. The airflow veloci-

ties and the corresponding static pressures at dif-

ferent locations in the reference planes can be 

viewed in the contour plots. 

3.1 Contour Plot Presentation 

of the Cases 

Fig. 6 shows the static pressure contour developed 

around the buildings due to airflow. The change in 

pressure gradient can be noticed from the first 

buildings (left in the figure) to the last buildings 

(right in the figure). As the first buildings are di-

rectly facing the incoming airflow, there is a maxi-

mum pressure on the walls facing the airflow and 

then it gradually decreases. 

Fig. 6 – Static pressure contour for buildings with same height

Fig. 7 presents the contour plot of velocity around 

the reference plane on the side. The street aspect ra-

tio (ARstreet) for the case of buildings with the same 

height is 1.2 and the aspect ratio (ARbuilding gap), con-

sidering the gap between the buildings, is 4.8, 

which greatly affects the airflow behavior and nat-

ural ventilation around the buildings. 

ARstreet= 
Htarget building

Street width
    (7)

ARbuilding gap= 
Htarget building

Gap between buildings
(8) 

Fig. 7 – Velocity contour for buildings with same height 

As mentioned in the literature, there are three main 

flow regimes: isolated roughness flow regime (IRF, 

AR < 0.1-0.125), wake interference flow regime (WIF, 

0.1 < AR < 0.67) and skimming flow regime with one 

main vortex (SF, 0.67 < AR < 1.67) (Yang, et al., 2020). 
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However, in the configuration with buildings with 

same height, the ARbuilding gap is 4.8, i.e., much higher 

than the skimming flow regime case. Indeed, two 

vortexes with low intensity can be observed in the 

gaps between the buildings (Figure 8). 

Fig. 8 – Velocity path lines for buildings with same height (side 

view) 

The cases of high-rise and low-rise buildings repre-

sent the step-up and step-down canyon cases (Li et 

al., 2020; Park et al., 2020). The ARbuilding gap for high-

rise and low-rise buildings is 7.2 and 2.4, respec-

tively. Depending on the location of the high-rise 

and low-rise buildings, step-up and step-down can-

yons were decided.

The pressure contours for different cases of high-

rise and low-rise buildings indicate that there is a 

similar trend in the pressure distribution for differ-

ent buildings configurations, as mentioned at the 

beginning of this section. This can be seen from Fig-

ures 9 to 14 for the high-rise building cases. 

Figs. 15 to 20 represent velocity contour plots for 

low and high-rise building cases. Great variation in 

the velocity magnitude can be seen near building 

walls and around buildings, as illustrated by the 

velocity contour plots illustrate. In addition, as pre-

viously mentioned, there is an occurrence of vor-

texes in the gap between buildings which assist air-

flow around buildings. Flow has been diverted due 

to buildings being obstacles and there is a recircu-

lation of the airflow at the top of the buildings. This 

also an essential condition to have an airflow 

around buildings and, in turn, suitable for natural 

ventilation around and inside the buildings. 

Fig. 9 – Pressure contour plot for high-rise building at windward 

position 

Fig. 10 – Pressure contour plot for high-rise building at center-side 

position 

Fig. 11 – Pressure contour plot for high-rise building at leeward 

position 

Fig. 12 – Pressure contour plot for low-rise building at windward 

position 

Fig. 13 – Pressure contour plot for low-rise building at center-side 
position 
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Fig. 14 – Pressure contour plot for low-rise building at leeward 
 position 

 

Fig. 15 – Velocity contour plot for high-rise building at windward  
position 

 

Fig. 16 – Velocity contour plot for high-rise building at center-side 
position 

 

Fig. 17 – Velocity contour plot for high-rise building at leeward  
position 

 

 

Fig. 18 – Velocity contour plot for low-rise building at windward 
 position 

 

Fig. 19 – Velocity contour plot for low-rise building at center-side 
position 

 

Fig. 20 – Velocity contour plot for low-rise building at leeward  
position 

3.2 Graphical Representation  

of the Cases 

The graphs in Figs. 21 to 24 illustrate the velocity 

and pressure plots determined at different heights 

at a distance of 1 m from the walls of the building 

facing the street. The vertical distance represented 

in the graphs is a normalized vertical distance, cal-

culated as the ratio of the vertical distance of the 

point measured from the ground (Yposition) to the 

height of the target building (H). Similar criteria are 

set for the normalized velocity, which is the ratio of 

the velocity at the corresponding point (Vmag) to the 

reference velocity (Vref) of 1 m/s. 

It can be observed from Figs. 21 and 22 that the 

graphs for the high-rise buildings (ARstreet,high-rise,1 = 

1.8, ARstreet,high-rise,2 = 1.2) in the center and leeward 

positions have a similar trend, while that is not true 

in case of the building in the windward position, 
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characterized by higher airflow velocities and pres-

sures. This suggests higher potential of exploitation 

of natural solutions for the ventilation of the indoor 

environments of that building. 

Fig. 21 – Velocity plot for high-rise buildings (1m from the wall fac-

ing the street) 

Fig. 22 – Total pressure plot for high-rise buildings (1m from the 

wall facing the street) 

In the case of low-rise buildings (ARstreet,low-rise,1 = 0.6, 

ARstreet,low-rise,2 = 1.2) (Fig. 23 and 24), similar trends 

can be observed, with an increase in velocity and 

pressure magnitudes along the vertical distance of 

the target building. Low-rise windward buildings 

do not follow the same path as the other two low-

rise building cases.

In the windward cases of both high- and low-rise 

buildings, the first buildings experience the de-

crease in velocity and pressure at ground floor 

level. This occurs because these buildings are di-

rectly facing the wind flow, which causes air recir-

culation (as it can be noticed from Figs. 15 to 20), 

resulting in the decreased velocity and pressure. 

Fig. 23 – Velocity plot for low-rise buildings (1m from the wall fac-

ing the street) 

Fig. 24 – Total pressure plot for low-rise buildings (1m from the 

wall facing the street) 

4. Conclusion

This work is a preliminary parametric CFD study 

about the behavior of airflow around the buildings 

in different configurations. The analysis focused on 

the generic building layout of street canyons, con-

sidering same-height buildings and different types 

of target building (high-rise, low-rise). Seven con-

figurations were evaluated, each time focusing on 

the air displacement around a target building, lo-

cated respectively at the beginning, at the end, or in 

the middle of the street canyon, and a case of same 

height building layout. Pressure and velocity vari-

ations were analyzed at different floors of the build-

ing façade, also with the help of CFD contour plots. 
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We observed that, considering the higher aspect ra-

tio of the gaps between buildings in comparison 

with that of the street canyon, vortices can be easily 

generated, inducing a recirculation that could facil-

itate the exploitation of natural ventilation solu-

tions at the different floors of the target building.  

From the contour and graphic results, it can also be 

stated that specific building configurations and 

building positions (e.g., high-rise and low-rise 

building at the center and the leeward position in 

the street canyon) show higher potential for ex-

ploiting natural solutions for the ventilation of the 

indoor environments. On the contrary, the build-

ings in a windward position show a poorer perfor-

mance. 

Further developments of this preliminary research 

will address validation and generalization of the 

findings. First, the obtained results will be verified 

and validated against small-scale experimental 

tests. Then, multiple configurations of street can-

yons will be simulated, with the goal of developing 

a set of rules and simplified correlations useful to 

engineers, architects, and urban planners to discuss 

natural ventilation potential from the early stages 

of new building design or retrofitting of the existing 

ones. 
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