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ABSTRACT

Introduction: Coupling the indoor and outdoor airflow of roadside buildings 
in a street canyon, the impact of flat and triangular roofs on indoor air pollutant 
concentration and ventilation rates of naturally ventilated buildings is studied 
using numerical simulation methods.
Materials and methods: The flow and pollutant diffusion control equations 
are solved by using ANSYS Fluent. In simulation, RNG k-ε turbulence model 
is adopted. The numerical model is validated using the three-dimensional 
street canyon test data from the wind tunnel experiment at University of 
Karlsruhe.
Results: The flow and pollutant concentration distributions under different 
roof shapes are obtained. The ventilation rates with different air flow 
resistances and pollution level indoors are provided.
Conclusion: Ventilation direction through windows of roadside buildings 
determines the level of indoor air polluted by vehicle emissions in street 
canyon. When the building main height equals to the width of the street, flat 
roofs make the indoor concentration basically consistent with that near the 
external walls of the canyon. The higher the triangular roofs, the higher the 
ventilation rate and the lower the indoor concentration. The ventilation rate 
is influenced not only by roofs, but also by the floor location and indoor 
ventilation resistance.
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Introduction 

Due to zero carbon emission, simplicity and 
comfort, natural ventilation has always been 
people’s first choice to improve indoor air quality 
when the outdoor air temperature is suitable 
[1-2]. With the rapid urbanization, however, 
this traditional ventilation method encounters a 

challenge. Firstly, the air outdoors is inevitably 
polluted by vehicle emissions, which is now one 
of the key pollution sources in urban areas [3-4]. 
the total emission of gaseous (CO, HC, and NOx) 
and Particulate Pollutants (PM2.5) generated by 
motor vehicles was more than 40×106 t/yr from 
2012 to 2018 in China [5]. These pollutants can 
be transmitted and diffused into the building 
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through natural ventilation [6-9]. In some 
unfavorable situations, natural ventilation instead 
leads to a deterioration of air quality indoors [10, 
11]. Secondly, in order to accommodate more 
than half of the global population who lives in 
cities [12], urban buildings has to be taller and 
denser, resulting in the air flow around buildings 
more complex and also affecting the natural 
ventilation of buildings [4]. Hence in densely 
arranged complex, the accurate evaluation of 
natural ventilation indoors requires coupling 
the air flow inside and outside of buildings. In 
addition, it is necessary to simultaneously study 
the transmission patterns of air pollutants from 
outdoor to indoor environment in order to propose 
effective measures for better indoor air quality. 
The research methods used in building ventilation 
mainly includes wind tunnel experiment, field 
measurement and numerical simulation. In 
wind tunnel experiments, building scale models 
are chosen and the studies usually focus on 
the principle and mechanism of ventilation by 
measuring the flow near openings [13-15]. By 
measuring the wind speed and concentration 
inside and outside of the building model in the 
wind tunnel, it was found that the presence of other 
buildings around would cause the air velocity at 
the opening to be 70% lower than that without the 
buildings around [13]. For better understanding 
and evaluating the natural ventilation in real 
conditions, the impact of fluctuating wind 
direction on cross-ventilation was investigated 
using wind tunnel experiment [15]. Due to the 
fact that the cross-sectional dimensions of wind 
tunnels are mostly 1-2 m and there is at least one 
order of magnitude difference between the scales 
of the building and ventilation openings, it is 
difficult to perform natural ventilation experiment 
of building complex in wind tunnels.

Field measurements could provide the most 
reliable results in real environment without the 
requirement of similarity criteria in wind tunnel 
experiment. The disadvantages of the method are 

time-consuming and difficult to analyze data for 
the uncontrollable incoming flow including the 
wind speed, direction and frequency. Moreover, 
the conclusions obtained from certain studies 
are not universal due to the diversity of on-site 
conditions [16]. Under unsteady natural wind 
conditions, a study took a year to obtain the wind 
pressure and speed of the full-scale building 
model [17]. A 9-month research was conducted 
on the impact of the array on the relationship 
between local and reference wind speeds and 
cross ventilation rate [18]. The paper emphasizes 
the importance of addressing the effects of 
surrounding buildings on ventilation rate.  

The numerical simulation uses Computational 
Fluid Dynamics (CFD) to achieve the full and 
detailed flow fields, thus obtaining the ventilation 
evaluation. The method has gained an increasing 
popularity for its low cost, saving time, and the 
ability to simulate flow problems at multiple 
scales only if computing resources permit [6-8, 
19-21]. These simulation studies include single-
sided [6, 20] and cross ventilation [7, 8, 19, 21]. 
As for the driving force, most studies consider 
the wind-induced ventilation [7, 8, 19-21]. Some 
investigation considers both wind and buoyancy 
effects [6]. The isolated building is chosen if the 
study focuses on ventilation mechanism [6, 19, 
20], while street canyons or building complex 
should be more consistent with actual ventilation 
conditions when surrounding buildings included 
[7, 8, 21]. In simulations, using Reynolds-
averaged Navier-Stokes (RANS) equations is 
a common practice. The standard k-ε and RNG 
k-ε turbulence models showed good performance 
in predicting the flow fields [7, 8, 21], though 
the baseline k-ω turbulence models [6] and 
large-eddy simulation (LES) are also adopted 
in some studies [19, 20]. It should be noted that 
numerical simulation needs to be verified against 
experimental data.

Street canyon is the basic unit of urban building 
arrangement. Numerous studies of flow and 
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pollutant distribution in canyons have been 
carried out extensively and thoroughly. These 
studies include but are not limited to the impacts 
of canyon’s aspect ratio of leeward building height 
and the street width (AR) [22], roof shape [23], 
computational settings [24], source positions [25], 
building wall heating [26] and various treatment 
of turbulent flow [27]. AR plays a significant role 
in determining the canyon’s flow pattern. Three 
distinct flow regimes exist in canyons namely 
isolated roughness flow regime (AR<0.3), wake 
interference flow regime (0.3<AR<0.7) and 
skimming flow regime (AR>0.7) [28]. However 
the above conclusion is valid for flat roof 
buildings. 

When roof shape changes to triangle, arch, 
trapezoid or others [23, 29, 30], the flow becomes 
quite complex. Unlike the discussion of AR 
impact, it seems difficult to summarize flow 
pattern influenced by roof shape. For canyons 
with the same roof shape on both sides, the single 
vortex appears in the canyon with downward 
wedged roofs, while upward wedged roofs 
lead to double vortices [30].  When the roof is 
slanted, the roof slope of 18° is found to be the 
switching point between a one- and a two-vortex 
regime in the canyon under the certain settings 
[23]. However for canyons with different roof 
shapes on two sides, these conclusions are not 
valid. Roof shape indeed alters the canyon’s 
flow dramatically, and systematic and thorough 
research is few so far. 

Currently there are rare reports on the coupling 
of air flow in and out of the roadside buildings 
of street canyon [7, 8]. The influence of the 
window-opening-percentage (1%, 3%, 5%, 10%) 
and building arrangement (regular and staggered) 
was evaluated for the canyons with flat roofs [7, 
8]. The impact of roof shape on flow structures is 
already complex for canyons composed of solid 
buildings. Then its effects on the coupling flows 
in and out of buildings should be more difficult 

and have not been considered up to now. 
As mentioned above, roof shape influences the 
number and distribution of vortices within street 
canyons. This should be attributed to the air 
pressure change caused by roof shape. It is then 
possible that the ventilation through windows 
on building walls could also be influenced. 
Additionally, opening windows makes the 
building no longer a solid structure, thus the 
flow patterns in the canyon are possible to be 
affected by the airflow through windows. For 
better indoor air quality, it is worth investigating 
whether the roof shape can be used to control the 
window ventilation. Therefore, the paper aims to 
study the impact of roof shape on flow structures 
and pollutant diffusion in and around buildings 
within street canyons using CFD technique. 

Materials and methods

Building geometries and settings

Referring to the wind tunnel experiment of street 
canyon [31], the modified 5-storey building 
model with indoor partitions is showed in Fig.1. 
The geometric model scale is 1:83, as the model 
building height H=180 mm corresponds to a 
typical 5-storey building height Hn=15 m in urban 
areas.  Considering the subsequent numerical 
model validation is conducted on the basis of the 
wind tunnel experiment, scaled model instead 
of full-scale buildings is chosen to ensure more 
credibility of simulation. 

There are a total of 8 elongated building models 
with the same size 180 mm (H) ×180 mm (W) 
×2250 mm (L). The target canyon is formed by 
B1, B2 and the street between them. To realize the 
fully developed turbulence effect, 5 buildings are 
arranged upstream, named U1 to U5 respectively, 
building is set downstream.

Due to the limitation of computation resources, 
only the central parts of B1 and B2 are replaced 
with ventilated buildings (the light gray part 
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(a) Side-view of computational domain

(b) top-view of computational domain

Fig. 1. Settings of computational domain

in Fig.1. The ventilated parts are arranged in 
a mirrored manner along the symmetry plane 
(x=0.9m) of the canyon. On each floor of B1 and 
B2, there are five units. They are all divided into 
three connected rooms by Wall-B and Wall-C (see 
Fig. 2). All walls have a thickness of 4 mm. In the 
paper, unit ventilation is realized by the circular 

windows (d=15 mm) on walls. To investigate the 
effects of different ventilation resistance, five 
types of window arrangements are considered 
in the study, namely type-I, type-C, type-P, type-
SS, and type-LS (see Fig. 2). Obviously type-I 
provides the minimum flow resistance while 
type-LS the maximum. 
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(a) Building model with type-I ventilation of B1

(b) Top view of each floor in the central part of B1

Fig. 2. Settings of the cross-ventilated building model
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Besides the flat roof, the isosceles triangular roofs 
with various height of h (30 mm, 45 mm, 60 mm, 
75 mm and 90 mm) are considered in simulation. 
Triangular roof is common for many multi-story 
buildings in cities. Compared with the flat roof, 
the triangular roof can provide better insulation 
and avoid rainwater leakage for the top floor. 
Hence the paper chooses this roof shape to study 
its impact on the canyon’s flow. 

Table 1 is the summary of the cases in the paper. 
The line source is located in the middle of the 
street (see Fig. 1). The source strength and 
geometry size is set according to the wind tunnel 
experiment [31]. 

Numerical model

For simulation of airflow coupling indoors and 
outdoors, the RANS-based modeling approach 
is more suitable than the large eddy simulation 
model, which requires more computational 
power and resources. The transport of averaged 
flow quantities are governed by the RANS 
equations, and turbulence effects produced by 
certain scale range of eddies are determined by 

selecting appropriate turbulence model. In the 
paper, RNG k-ε turbulence model is employed. 
The model is built with the additional term in ε 
equation and inclusion low-Reynolds number 
and swirl effects. These improvements make the 
RNG k-ε model perform better than the standard 
k-ε model in simulating of rapid strain, swirling 
and other flows. In the previous studies, RNG 
k-ε model has also been proved to have good 
predictive ability in flows around buildings [21, 
24, 32]. The region near wall is treated by the 
standard wall function. This can obviate the need 
to resolve the viscosity-affected region. Hence 
the grid near wall is allowed to be relatively 
coarse. Due to gas pollutant is treated as passive 
scalar, its transmission and distribution is solved 
by species transport equation. Additionally, the 
airflow is incompressible for the influence of 
sunshine on air temperature is not considered. 
The settings of computational domain (see Fig.1) 
conform to the CFD guidelines [33]. In domain 
discretization, three types of meshes, namely the 
coarse, medium and fine meshes, are chosen to 
obtain the grid-independent solution by using 
ANSYS ICEM. The size of the first layer near 

Table 1. Case Naming and description 

No. Name Triangle roof height (mm) 

1 FF 0 

2 TT-30 30 

3 TT-45 45 

4 TT-60 60 

5 TT-75 75 

6 TT-90 90 
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Fig. 3.    0 of windows under three types of mesh in FF 

(b)    0 of type-LS windows on wall-A in B2

(a)    0 of type-I windows on wall-A in B1  

the wall is taken as about 8 mm, 6 mm and 
5 mm indoors while 12 mm, 10 mm, 8 mm 
outdoors respectively. In the zone of windows, 
the grid size is refined to about 3 mm, 2 mm and                        
1.5 mm respectively. Grid sensitivity analysis is 
conducted for case FF with these three types of 
mesh. To compare the simulation difference, the 
dimensionless ventilation rate, Q0, is used. The 
detailed definition of Q0 is given in the following 

section of Results and Discussion. Fig.3 depicts a 
comparison of Q0 for type-I and type-LS windows. 
There are no observable differences between the 
simulation results among the three grids. The 
difference in quantity is approximately within 
5%. Therefore the resolution of the medium mesh 
is considered sufficient and the following results 
are all given based this type of mesh, whose total 
number is about 1×107~1.5×107 for all cases.

Q 

Q 

Q 
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The boundary conditions are set as follows. On 
building walls and floors, no-slip conditions are 
used. As the study is carried out based on the wind 
tunnel experiment [31], the lateral sides of the 
computational domain are also set as walls. The 
top is specified as symmetric condition as normal 
gradients of all variables are assumed zero. At the 
inflow, a power law velocity profile is employed 
with the formula as u=Ur×(z/H)0.25, where 
Ur=3.5m/s. The turbulence intensity is set as 
2.5%. The inflow conditions are given according 
to the velocity profile of the wind tunnel of the 
University of Shanghai for Sci. &Tech, and the 
present simulations are expected to be verified 
in the tunnel. Moreover, the Reynolds number 
(UrH/v) exceeds the value of 3400, which ensures 
the flow patterns in the canyons are independent 
of the viscous effects [34]. For the outlet of the 
computational domain, the outflow condition is 
applied.

In solving the governing equations with ANSYS 
Fluent (version 13.0), the SIMPLE algorithm is 
selected. Convection terms are discretized using 
the second-order upwind scheme to avoid false 
diffusion caused by low order formats. Generally 
the requirement of scaled residuals is less than 
10-3. To ensure the convergence, the criterion in 
the present study is set as being less than 10-5. At 
the same time, the monitored representative flow 
and pollutant variables should remain unchanged 
when the iteration continues.

Numerical model validation

To ensure the reliability of CFD results, the 
numerical model needs to be validated by 
measurements. Simulating building ventilation 
requires consideration of three-dimensional 

flow. Therefore, the pollutant concentration 
measurement of 3D isolated street canyon 
performed in the wind tunnel of University of 
Karlsruhe [31] is adopted to verify the numerical 
model in the paper. In the experiment, the canyon 
of H0×W0×L0 (W0: street width; H0: building 
height; L0: building length) 120 mm×120 
mm×600 mm was constructed by the two same 
rectangular buildings BⅠ and BⅡ with the spacing 
of 120 mm (see Fig. 4). Thus the aspect ratio of 
the canyon equals one. On the windward and 
leeward of the canyon, the measuring points are 
distributed on 6 vertical line segments, which are 
evenly arranged with the distance of 1.25H0. In 
Fig. 4, the three canyon sections of y=1.25H0, 
y=2.5H0, and y=3.75H0 are named as S1, S2, 
and S3 respectively. Hence the positions of the 
line segments can be named as S1-lee, S1-win 
and so on. The incoming flow direction was 
perpendicular to the axis of the canyon.

The computational domain is set according to 
the wind tunnel dimensions (see Fig. 5). The top 
of the domain is 6H0 above the ground. At the 
inflow, the velocity profile is u=Uref×(zref /H0)

0.23, 
where Uref=7.7m/s, zef=0.667m [31]. The other 
boundary conditions are the same as the settings 
in the section of numerical model.      

As for the ground traffic line source, it is fixed close 
to the leeward of the street canyon (see Fig. 5). A 
mixture of SF6 and air is used to simulate gaseous 
vehicle pollutants. In this paper, the volume 
fraction of  SF6  named as c is dimensionless 
treated according to KSF6=c×Uref×H0×Ls/Qs, 
where Ls is the length of the line source (m) and 
Qs is the source rate (m3/s). The specific settings 
of the source can be referred to the wind tunnel 
experiment [31].
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Fig. 4. Distribution of measuring points in the validation case

Fig. 5. Computational domain for the validation case
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Fig. 6 shows KSF6 comparison between the 
simulated and the wind tunnel measurement 
on leeward and windward walls. It can be seen 
that the simulated KSF6 is fairly matches with 
the measured ones. For  the street canyon with 
AR equaling one, a great number of reports have 
demonstrated that the main vortex transports the 
ground traffic pollutants, causing the higher level 
near the leeward than that near the windward [8, 
9, 23, 24, 27, 31]. The simulated and test results 

both agree with the conclusion. Additionally the 
pollutant concentration difference between S1 
and S3 is negligible. Fig. 6 also shows that KSF6 

on the midstream surface S2 is slightly larger 
than that on S1 and S3 at the same height, which 
indicates that when L equals 5H, the concentration 
distribution has shown the characteristics of 2D 
flows. The concentration on the cross section of 
street canyon basically does not change with the 
street length.

Fig. 6. KSF6 distribution on building walls in street canyon

(b) Windward

      □ Measured KSF6 on S1[31]      □,×  Measured KSF6 on S2[31]   ■ Measured KSF6 on S3[31]

             Simulated KSF6 on S1              Simulated KSF6 on S2            Simulated KSF6 on S3

(a) Leeward                                      
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As shown in Fig. 6, KSF6 on the leeward decreases 
with height, and the maximum occurs near 
the ground. When z>0.03 m, the simulated are 
basically the same as the measured, but near the 
ground the simulated KSF6 are higher than the 
experimental data. On the windward side, KSF6 are 
relatively small and remain basically unchanged 
with height. The KSF6 discrepancy on the leeward 
near the ground could be attributed to two reasons. 
One is experimental errors. The sampling devices 
near the ground inevitably interfere with the 
flow and pollutant diffusion around. However, 
the device effect is not considered in numerical 
simulation. The other reason is computational 
errors caused by the discretization scheme and 
the turbulence model.

A comprehensive validation should cover both 
flow and concentration fields, thus ensuring 
the model’s reliability and accuracy as much as 
possible. Due to the lack of experimental flow 
data, the present study could not directly evaluate 
the accuracy of the simulated mean velocity and 
fluctuations. Considering the gas pollutant is 
treated as passive scalar, the good KSF6 agreement 
indicates that the flow prediction is basically 

Flow field of type-I at y=0.045m                                      KSF6 contour of type-I at y=0.045m

(a) (b)

correct.  

The above analysis proves that the simulation 
method adopted in the paper is fairly good in 
predicting flow and pollutant distribution in 3D 
street canyon.

Results and discussion

Considering the focus of the paper is not on the 
detailed indoor flow but the impact of roof shape 
on indoor air quality, the wind and concentration 
fields are given only for type-I and type- LS 
(Fig. 7 to Fig. 12). The two types are chosen for 
they represent the minimum and maximum flow 
resistance respectively. For type-I, the displayed is 
the symmetrical plane (y=0.045 m, see Fig. 1 and 
Fig. 2) of the room, while for type-LS the plane is 
taken through the middle position of the windows 
on Wall-A and Wall-C (y=0.3845m, see Fig. 1 and 
Fig. 2). In all cases, the dimensionless ventilation 
rate Q0 (Q/(uH×0.5H×0.2H) are presented, that is, 
the reference area is computed by the windward 
area of the unit. When the airflow through the 
window is consistent with the incoming wind 
direction, the Q0 is plus, otherwise it is negative.
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 Flow field of type-LS at y=0.3845m                                 KSF6 contour of type-LS at y=0.3845m 

        0 of windows on wall-A in B1                                           0 of windows on wall-A in B2

Flow field of type-I at y=0.045m                                          KSF6 contour of type-I at y=0.045m

Fig. 7. Results of FF 

Q Q 

(c)

(e)

(d)

(f)

(a) (b)



http://japh.tums.ac.ir

Journal of Air Pollution and Health (Summer 2023); 8(3): 339-360 351

Flow field of type-LS at y=0.3845m                                   KSF6 contour of type-LS at y=0.3845m 

    0 of windows on wall-A in B1                                             0 of windows on wall-A in B2

Flow field of type-I at y=0.045m                                           KSF6 contour of type-I at y=0.045m

Fig. 8. Results of TT30

Q Q 

(c)

(e)

(d)

(f)

(a) (b)
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Flow field of type-LS at y=0.3845m                                   KSF6 contour of type-LS at y=0.3845m   

   0 of windows on wall-A in B1                                         0 of windows on wall-A in B2

Fig. 9. Results of TT45

Flow field of type-I at y=0.045 m                                      KSF6 contour of type-I at y=0.045 m  

Q Q 

(a) (b)

(e) (f)

(c) (d)
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Flow field of type-LS at y=0.3845 m                                 KSF6 contour of type-LS at y=0.3845 m 

  0 of windows on wall-A in B1                                                  0 of windows on wall-A in B2

Fig. 10. Results of TT60

Flow field of type-I at y=0.045 m                                       KSF6 contour of type-I at y=0.045 m

Q Q 

(a) (b)

(e) (f)

(c) (d)
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Flow field of type-LS at y=0.3845 m                             KSF6 contour of type-LS at y=0.3845 m 

    0 of windows on wall-A in B1                                     0 of windows on wall-A in B2

Fig. 11. Results of TT75

Flow field of type-I at y=0.045 m                                       KSF6 contour of type-I at y=0.045 m

Q Q 

(a) (b)

(e) (f)

(c) (d)
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Flow field of type-LS at y=0.3845 m                                   KSF6 contour of type-LS at y=0.3845 m 

  0 of windows on wall-A in B1                                       0 of windows on wall-A in B2  

Fig. 12. Results of TT90 

General characteristics of flow and pollutant 
distribution outdoors

According to the vortex characteristics, the 
canyons’ skimming flows simulated in the paper 
can be classified into two types. One type is that 
there is one main vortex, such as the flows in the 
canyons of FF, TT30 and TT45 (Fig.7-Fig. 9). 
The other type is that two adjacent contra-rotating 
vortices exist in the upper and lower parts of the 
canyon, such as the flows in TT75 and TT90 (Fig. 
11-Fig. 12). The upper and larger vortex is located 
between two triangular roofs, while the lower and 

smaller one lies in the canyon within the height 
between the 2nd and 5th floor. As for TT60, it 
seems that the lower vortex does not exist
(Fig. 10). However it also belongs to the second 
type. The reason will be given in the following text.  

In previous studies for canyon of solid buildings, 
AR is proved to be the critical factor in determining 
the vortex characteristics for the flat-roofed street 
canyon with symmetry structure [35, 36]. The 
threshold value of AR is about 1.538-1.667 when 
flow changes from one to two vortex regimes [35-
37]. There seems to be no reported study on this 

Q Q 

(e) (f)

(c) (d)



H. Xie, et al. Impact of roof shape on ...

http://japh.tums.ac.ir

356

critical value for canyons with triangular roofs. 
In the present study, TT60 is the switching case. 
If the total building height (=240mm) is used to 
calculate AR, the threshold value is about 1.333. 
For the isolated street canyon with the same roof 
shape and AR，the two vortex regimes is also 
found in the wind tunnel experiment [31]. It can 
to some extent prove that the critical value of the 
present study is basically reliable. The decrease 
of the threshold value should be attributed to the 
slopes of triangular roofs. These slopes make 
the upper vortex develop more easily and also 
keep the position of the vortex unchanged (Fig. 
10-Fig. 12). On the contrary, the lower vortex is 
unstable. Its shape and position change with the 
roof height. However the lower vortex is also 
influenced by the air flows through the windows 
adjacent to the canyons. 

The gaseous pollutant distribution is strongly 
dependent on the type of flow regime inside the 
canyon. In the cases of FF, TT30 and TT45 (see 
Fig. 7-Fig. 9), the pollutant is transported by the 
main vortex, resulting in KSF6 near the leeward of 
B1 is much larger than that near windward of B2. 
The distribution is similar to that of the validation 
case. As two vortices occur in the cases of TT75 
and TT90, KSF6 near the windward is much 
larger than that near leeward. It agrees with the 
characteristics of pollutant distribution in the 
studies of deep flat-roofed street canyons [22, 
25]. Fig. 11 and Fig. 12 show that it is the lower 
vortex that carries pollutant to the windward side. 
For TT60, the flow in the lower part is weak. The 
KSF6 level near the windward side is also higher, 
especially for the situation of type-I (see Fig. 10).  

Pollutant level and ventilation indoors under 
one-vortex flow regime 

For case FF, KSF6 decreases with the building 
height in B1. The maximum KSF6 on each floor 
always takes place in rooms close to the wall-A. 
On the fifth floor, KSF6 suddenly changes to nearly 

zero. In B2, the KSF6 varies slightly with the 
height, which is the same as the KSF6 distribution 
near the windward of the canyon. Obviously the 
indoor distribution of KSF6 is not only determined 
by the polluted air outdoors but also by the 
wind direction through windows. According 
to Bernoulli equation for gas flow, the pressure 
difference between wall-A and wall-D determines 
the ventilation direction in each building units. 
The magnitude of Q0 depends on the indoor 
ventilation resistance. Fig. 7 shows that Q0 of the 
rooms in B1 from the first to fourth floor is small 
and negative. This means the polluted air near the 
leeward enters these rooms. However Q0 of the 
fifth floor shifts to plus and the value becomes 
large, thus the flow there prevents the pollutant 
outside from entering the rooms. KSF6 of the fifth 
floor keeps at very low level. The indoor level of 
KSF6 in B2 can be explained in the same way.

Fig. 7 also shows that the difference of KSF6 
in rooms of each floor is associated with the 
magnitude of Q0. When Q0 is close to zero, 
the KSF6 difference shows larger, such as in the 
rooms of the 2nd and 3rd floor (Figs. 7b and d). 
The closer the room is to the street canyon, the 
higher the concentration of the room. Whereas, 
when the magnitude of Q0 is a little greater than 
zero, whether positive or negative, it seems 
no KSF6 difference among the three connected 
rooms. Hence the internal building walls could 
block pollutant from diffusion to some extent 
when there is no air convection in units. However 
the blocking effect disappears even in weak 
convective conditions, which is particularly 
obvious in the rooms of the first floor. Figs. 7e 
and f show that floor location is the main factor 
in determining the ventilation magnitude for FF. 
In TT-30, Q0 of all rooms turns positive due to 
the change of roof shape. All rooms of B1 are 
not contaminated. In rooms of B2, KSF6 decreases 
slightly with the height. It should be noted that 
KSF6 of B2 in TT-30 is generally lower than that in 
FF. Apparently this is caused by the outdoor KSF6 
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reduction near the windward walls. The triangular 
roofs bring about strong ventilation of the first 
floor in B1. It makes the high level of pollutants 
diluted near the ground. Then the pollutants are 
transported upward by the main vortex to the 
canyon top. In Figs. 8b and d, KSF6 in B2 with 
type-I is about 1.6 times of that with type-LS. It 
means the ventilation type has an impact on KSF6 
indoors.  

In TT45, the KSF6 in all rooms is maintained at 
very low level. The type-I ventilation near the 
windows of B1 is so strong that they push the 
main vortex a little far away from B1 (Fig. 9). 
The Q0 difference between the two ventilation 
types seems more obvious. The Q0 in B1 is nearly 
twice or even 10 times that of B2 for the same 
ventilation type and floor. It is worth mentioning 
that Q0 of the first floor are the largest or the second 
largest in all floors for all ventilation types. This 
indicates that the ventilation of the ground floor 
is better than that of the upper floors. In TT-45, 
ventilation types play remarkable impact on Q0 
besides the factor of floor.         

Pollutant level and ventilation indoors under 
two-vortex flow regime 

As the roof height increases to 60 mm-90 mm (see 
Fig. 10-Fig. 12), the flow structure in the canyon 
shifted to two-vortex flow regime. In TT60, The 
strong airflow through the windows of B1 blows 
the weak vortex out of shape. Therefor the shape 
of the lower vortex is not clear. The phenomenon 
is also reported in the flat-roofed canyons [7]. 
In TT75 and TT90, the lower vortex is strong 
enough to maintain its shape. Comparing the KSF6 
distribution of the three cases, it could be found 
that the ventilation types play an undeniable role 
in convective transport of the ground pollutants. 
The above analyses prove that the flow outdoors 
could to some extent be influenced by the flow 
through the openings on building walls.   

The distributions of indoor KSF6 are nearly the same 

for TT60, TT75 and TT90. All rooms are almost 
uncontaminated. It is the result of the ventilation 
magnitude and directions of the windows. 
For the similar solid street canyon model, the 
pollutant level is usually higher near the ground 
and walls [29, 31]. Based on the conclusion, it 
is generally believed that indoor air would also 
be polluted. However, the present study shows 
that the window flows could effectively block the 
outdoor pollution. 

The simulation shows that Q0 increases with the 
roof height. When h is 90mm, the ventilation rate 
of each floor in B1 and B2 reaches its maximum 
in all cases. In TT90, Q0 does not vary with the 
floor significantly, and ventilation type now 
becomes the primary factor. Overall, Q0 in B1 is 
larger than that of B2. The simulation also shows 
Q0 difference caused by ventilation type is more 
distinct in B1.

Conclusion

The paper numerically investigates the impact 
of roof shape on indoor air quality in a street 
canyon using RNG k-ε turbulence model. The 
conventional street canyon model is modified by 
replacing part of the solid building with naturally 
ventilated multi-story building. Based on the 
wind tunnel experimental data，the numerical 
model employed is validated. Compared with flat 
roofs when aspect ratio of street canyon equals 
one, triangular roofs would strengthen indoor 
ventilation as well as change the flow direction 
through windows. Meanwhile the strong air 
currents from buildings could in turn alter the 
fields of flow and pollutant in street canyon to 
some extent, thus dispersing or accumulating 
pollutant near the leeward or windward walls. 
In the paper the ventilation resistance shows 
undeniable impact not only on indoor ventilation 
rate but also on flow near the external walls. The 
study reinforces the importance of coupling of air 
flow in and out of the roadside buildings to obtain 
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an accurate indoor air quality.
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