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Abstract

The urban ventilation path can help to alleviate the heat island effect and air pollution. The building
ventilation method is based on building front area density, the building data is divided into grids with
numerical attributes, to detect ventilation path. The urban morphology is including building and street,
while this building method ignores the ventilation path of the urban street. The streets are most closely
connected with people’s lives. The direction of the street is the main evaluation index to extract the street
ventilation path, which is the supplement of the building method. The spatial analysis technology of
Geographic Information System (GIS) was used to calculate the front area density, the street direction,
the street length, and the street aspect ratio. These indicators are related to ventilation potential and
simulated by Computational Fluid dynamics (CFD). Under different wind directions including the
vertical and parallel to the street, it found that the street ventilation potential is different as to the street
aspect ratio, if the wind direction is parallel to the street, the street ventilation is better with the decrease
of street aspect ratio; if the wind direction is perpendicular to the street, the street ventilation is better
with the increase of the street aspect ratio. In the grids of high front area density, there are also some
potential ventilation urban streets.

Keywords: street ventilation assessment, front area density, street morphological index, geographic infor-
mation system, computational fluid dynamics
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Introduction

The Chinese urbanization ratio will exceed 60%.
Large-scale urban construction has brought urban
heat island effects and urban air pollution [1]. The
wind is the most important renewable energy source,
urban development intensity will affect the ventilation
environment [2, 3], good outdoor ventilation can
alleviate the urban heat island effect and air pollution
[4-6], the wind environment in urban areas can be
complicated and dynamic [7].

The urban ventilation path is the connection between
urban heat island and suburban airflow. The ventilation
path is generally low-density buildings and green
vegetation that can alleviate urban heat islands and air
pollution to a certain extent [8-10]. After the natural
wind enters the city, the wind speed decreases sharply
inside the city because of the building environment [11].
Urban ventilation path assessment is to excavate the
urban ventilation path, which is actually to study the
relationship between urban building environment and
ventilation potential [12]. The building environment
elements can be summarized into two parts: buildings
and streets (Fig. 1).

It is a critical technology to scientifically and
accurately detecting and identifying urban ventilation
paths for air path planning, the detecting methods are
including Computational Fluid dynamics (CFD) and
Geographic Information System (GIS) [13-15]. Frontal
area density has a strong negative correlation with
wind speed. By calculating the roughness distribution,
urban ventilation paths can be detected [16, 17]. The
urban environmental-climate map can mark the main
ventilation path and local wind circulation system,
which is convenient for planners and government
decision-makers to plan and implement [18].

The purpose of digging the street wind path is to
improve the city air quality which further improves
livability [19]. Computational fluid dynamics (CFD)
can simulate the wind field of the street and find
the ventilation characteristics of the street shape,
Geographic Information System (GIS) can calculate

the shape index related to the ventilation potential,
thereby quantifying the entire urban area [20, 21].
These index parameters can assist the planners to draw
the local urban climate map, such as average building
height, the standard deviation of building height,
building density, building volume ratio, building aspect
ratio, building surface arca density and street aspect
ratio, population density, pollutant concentration, land
cover type, heat island distribution, and other data
indicators have also been added to the identification of
ventilation path [22].

In terms of wind environment simulation, the
observation data of the meteorological station is
simulated and analyzed, and the wind speed and
direction are obtained to guide the identification and
optimization of the urban ventilation path [23, 24].
However, there are few studies on excavating street
ventilation path through GIS. In a two-dimensional front
area density grid, the ventilation path of the street will be
ignored, the appropriate street form can greatly improve
the ventilation environment. The ventilation paths in the
streets of Wuhan are excavated as a supplement to the
method of excavating building ventilation paths. Based
on the extraction of the building’s frontal area density
ventilation path, this paper summarizes the street shape
indicators and extracts the ventilation path of Wuhan
streets through the integrated use of Computational fluid
dynamics (CFD) numerical simulation and Geographic
Information System (GIS) spatial analysis technology.
The purpose is to excavate the street ventilation path in
areas with higher density. Even in neighborhoods where
the area density is high, the street ventilation path can
still be detected.

Material and Method
Study Area and Data
Wauhan is in the Center of China, the eastern part of

Hubei Province, the junction of the Yangtze River and
the Han River, and the capital of Hubei Province. The
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Fig. 1. Ventilation path detection diagram.
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Fig. 2. The construction scope map of Wuhan and the distribution map of Front Area Map.

geographical position is 29°58°~31°22° North latitude
and 113°41°~115°05” East longitude. Wuhan is one of the
hottest cities in China in summer, the study case is the
main urban area of Wuhan, including the three towns of
Hankou, Wuchang, and Hanyang (Fig. 2). The data in
this study are from the building census data of the main
urban area of Wuhan in 2010 and the road network
(expressway, main road, and secondary trunk road) data
of Wuhan in April 2014.

Method and Index Description
The Method of Ventilation Assessment

The Ventilation Path Assessment of Urban Street
in Wuhan is a combination of geographic information
system (GIS) and computational fluid dynamics (CFD).
The building data and street data are imported into the
geographic information system (GIS) to calculate the
morphological index related to the ventilation potential,
such as the front area density and street orientation, it
abstracts the complex three-dimensional shape of the
city onto a two-dimensional plane through grid and
line elements. It analyses the attribute data of raster and
line features to mine ventilation paths. The ideal three-
dimensional model has been imported into CFD for
simulation calculation, and find the relationship between
urban street morphology index (such as street aspect
ratio, street length, street orientation) and ventilation
potential as the basis of spatial analysis [25].

The Ventilation Index of Urban Buildings

It is possible to explore a more detailed, accurate,
and wide-ranging wind path classification method
through the analysis and evaluation of a large number
of built environmental data. The evaluation method

of urban building ventilation is mainly to project the
three-dimensional building environment onto the
two-dimensional plane and it was expressed through
the spatial resolution of grids. The air velocity of the
near-surface layer is mainly affected by the front area
density. The spatial analysis technology of GIS was
used to calculate the front area density of Wuhan’s built
environment and the front area density was classified as
depicted in Fig. 2. The ventilation paths were divided
from the front area density map. The formula for
calculating the front area density is as follows:

A
Aroy = A—F =L, Zype
T Q)]

Front area density refers to the projected areca of a
building in a certain direction of wind and flow, and
the average wind speed of the built environment has a
strong correlation with the front area density [26]. A,
represents the area of the building’s windward side, and
the angle of the wind direction is 0; A, represents the
total land area of the building; L, represents the average
width of the windward roughness object; Z,, represents
the average height of the building; p , represents the
building density per unit area.

It uses the 100 m * 100 m grids to quantify the
front area density that affects ventilation (Fig. 2). The
wind tunnel experiment was conducted in 10 regions of
Hong Kong. The wind speed ratio (the ratio of the
near land surface wind speed and the high altitude
initial wind speed) of each region by the several
measured points were calculated, and the analysis is
the linear regression relationship between the average
value and the region of the average front area density
under different computing height (height 1: 0 m to 15
m, height 2: 0 m - 60 m, height 3: 15 m - 60 m). We
found that the relation between the near-ground layer of
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0 m to 15 m and the ventilation potential was the highest
correlation. Wind tunnel experiments have proved that
there is a strong negative correlation between the front
area density and the wind speed ratio in the near-ground
layer (height: 1: 0 m - 15 m). In the Wuhan case study,
the natural breakpoint method was used to calculate the
height of near the ground, and the height of near the
ground was 27m. We need to calculate the front area
that the height of the building is below 27m.

To provide a scientific basis for the detection of
potential and existing urban air paths, we classify the
value of the front area density. When the front area
density is greater than 0.6, the wind speed ratio will be
less than 0.1, indicating a poor urban natural ventilation
environment. When front area density is less than 0.35,
the wind speed ratio will be greater than 0.2, indicating
an ideal urban natural ventilation environment. The
ventilation path has been detected by the building
method.

Due to the limitations of grid units, the evaluation
of building ventilation based on front area density
ignores the ventilation function of streets, which are
an important path of urban ventilation. The street
orientation, buildings on both sides of the street, and
street length mainly affect the ventilation potential
of urban streets. When the street is parallel to the
prevailing wind direction and the street length is short,
the ventilation effect on the street is best. When the
direction of the street is perpendicular to the prevailing
wind direction and the length of the street is long, the
ventilation effect of the street is not ideal due to the
shelter of buildings.

The Ventilation Index of Street Orientation
and Length

Computational Fluid Dynamics is a time-saving,
low-cost, and accurate method of wind research [27,
28]. In the evaluation of building ventilation, the index
of the urban building form is quantified and the weight
relationship between each index is determined through
Computational Fluid dynamics (CFD) data analysis
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[29-31]. For the street ventilation potential evaluation,
the index of street morphological can also be extracted
to study the quantitative relationship between the
street morphological index and ventilation potential.
As an important path of urban ventilation, the street
conforming to the prevailing wind direction can better
improve the ventilation environment of the street.

The ventilation potential is an indicator of wind
speed with a height of 1.5 m. In the boundary
conditions, the terrain factor a = 0.14, and the
boundary layer thickness d = 270 m. The block size is
300 m x 340 m, 40 m wide street, gable width of 10 m,
the single building is that the lenght is 60 m, the width
is 20 m and the height is 18 m, the initial wind speed is
5 m/s, the boundary conditions of the dominant wind
direction change each 15°, 0° means that the dominant
wind direction is parallel to the street, 90° means that
the dominant wind direction is perpendicular to the
street (Fig. 3).

After establishing the simulation model and setting
the boundary conditions, the computational room is
divided into grids (the grid size is one-twenticth of the
computational room to guarantee simulation precision
and reduce the computation cost) and the calculation
model of which the turbulence model is the RNG K
- epsilon model which is selected in our research. The
number of iterations is more than 500.

Simulation results show that the ventilation potential
of the street decreases with the increase of wind angle.
When the angle between the street and the prevailing
wind direction is 0°, the wind speed on the street reaches
its maximum and is significantly higher than the angle
of other wind directions. And the wind speed at the
wind path entrance is higher than the wind speed far
from the path. As the length of the street is increased,
the wind speed of the pedestrian height at the centre of
the street is weakening. The wind speed is lowest when
the prevailing wind direction is perpendicular to the
street (Fig. 3).

It can be found that when the prevailing wind
direction is parallel to the urban road, the wind on the
street will suffer the least resistance. Meanwhile, the
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Fig. 3. The schematic diagram for simulation and analysis of street ventilation potential.
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Table 1. Street ventilation parameters with different street aspect ratios.
Wind direction: west (m/s) Wind direction: south (m/s)

Wi Min Max Mean Standard Deviation Min Max Mean Standard Deviation

0.5 0.13 0.95 0.57 0.2456 0.94 6.66 3.74 0.7296

1.0 0.07 1.99 0.76 0.3690 1.27 5.19 3.13 0.6658

2.0 0.34 2.70 1.28 0.5781 0.29 3.69 2.13 0.8471

4.0 0.28 4.39 2.04 1.0984 0.22 4.05 1.96 0.8476

6.0 0.32 3.25 1.63 0.6241 0.38 3.28 1.82 0.8005

8.0 0.31 2.38 1.41 0.4846 0.45 5.57 1.95 0.9811
buildings on both sides of the street will accelerate the R ~ Weneer
air velocity and have the best ventilation effect. When W/1H)~ m 2

the prevailing wind direction is perpendicular to the
city street, the airflow passes above the building or
within the space between the buildings. The airflow on
the street is colliding with the buildings on both sides
of the street and the airflow speed is lowest. When the
prevailing wind direction is at an angle with the urban
road, the street ventilation effect is between the two
situations. Therefore, street orientation is an important
index for evaluating the ventilation potential of streets,
and the angle relationship between street and prevailing
wind direction is calculated in the Geographic
Information System (GIS).

The Ventilation Index of Street Aspect Ratio

The street aspect ratio is a significant index of
ventilation potential (Fig. 4). However, the different
street aspect ratio will produce a different ventilation
result and mechanism when the wind direction is
vertical or parallel to the long street axis:

(1) If the wind direction is perpendicular to the
street (Fig. 5a), the airflow blows over the street. Due
to the windward buildings, the airflow cannot blow to
the surface ground, it blows to the back of the leeward
building. With the increase of street aspect ratio
and street width, the leeward building obstructs the
airflow and blows to the surface ground, and the street
ventilation potential is increasing;

(2) If the wind direction is parallel to the street
(Fig. 5a), airflow is due to the drive effect on both sides
of the street buildings that the airspeed will increase.
The smaller the street aspect ratio is, the higher the
wind speed is.

The two street wind mechanisms were taken into
the assessment of street ventilation potential. Even if
the aspect ratio is the same, the ventilation capacity
of streets under different direction winds 1is still
significantly different. The ideal street models with
different aspect ratios (W/H) which were 0.5, 1.0, 2.0,
4.0, 6.0, and 8.0 respectively (Fig. 4, Fig. 5a), Table 1),
The formula for calculating the street aspect ratio is as
follows:

R ) 1s the street aspect ratio, W is the width of
the street, Hg  is the building height along the street.
There are two ventilation mechanisms:

(I)  When the wind direction is perpendicular to
the long axis of the street and the aspect ratio (W/H) is
8.0, the ventilation degree of pedestrian height on the
street is the best. When the aspect ratio (W/H) is 0.5,
the ventilation degree of pedestrian height on the street
is the lowest, and with the increasing of the aspect
ratio, the ventilation potential increases gradually. The
vortex airflow phenomenon will occur on the street.
When the aspect ratio (W/H) of the street is less than
2.0, the airflow does not enter the street and flow passes
over the roof of the building. The average wind speed
of the pedestrian height on the street is relatively low.
When the street aspect ratio (W/H) of the street is
equal to 8.0, the wake flow of the buildings in the front
row is blowing to the ground by the shielding of the
buildings in the back row and the average wind speed
of the pedestrian height on the street is relatively higher
(Fig. 5b).

(2) When the wind direction is parallel to the
street, the ventilation potential of pedestrian height
on the street is also affected by the street aspect ratio
but the opposite is true. When the aspect ratio (W/H)
is 0.5, the ventilation degree of pedestrian height on
the street is the best; when the aspect ratio (W/H)
is 8.0, the ventilation degree of pedestrian height on
the street is the lowest. Moreover, with the increasing
of street aspect ratio (W/H), the ventilation potential
gradually weakens. Buildings on each side of the street
create a drive effect on the air to increase its speed.
When the street aspect ratio (W/H) is equal to 0.5, the
drive effect of buildings on both sides of the street is
the strongest, the air pressure at the entrance of the air
path is the highest and the air velocity reaches 6.5 m/s.
When the street aspect ratio (W/H) is equal to 8.0, the
drive effect on both sides of the street is the weakest,
the airflow pressure at the entrance of the air path is
the lowest, and the average wind speed is the lowest
(Fig. 5¢).
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Results and Discussion
GIS Analysis Result and Discussion
The pedestrian wind environment in a street

canyon is affected by the height and geometric shape
of the surrounding buildings, the street width, and the

Table 2. Comprehensive grading table of roads at all levels.

. agree
I almeost agroe
B general agres
o agree

. e
B abrsosi agree
B general agres
I o ageee

wind direction [32], The combination of Geographic
Information System (GIS) and Computational Fluid
dynamics (CFD) can improve the efficiency and
accuracy of urban wind environment simulation [33],
the abbreviation of Geographic Information System
and Computational Fluid dynamics is GIS and CFD
respectively. Based on the Computational Fluid

The score of street orientation
Wind Direction The direction angle of the road Evaluation Score
90°~180° No agree 0
0°~15° or 75°~90° General agree 1
South East
15°~30°0r 60°~75° Almost agree 2
30°~60° Agree 3
0°~45° or 135°~180° No agree 0
45°~60° or 120°~135° General agree 1
South
60°~75°r 105°~120° Almost agree 2
75°~105° Agree 3
0°~90° no agree 0
South West 90°~105° or 165°~180° general agree 1
105°~120° or 150°~165° almost agree 2
120°~150° agree 3
The attenuation coefficient of street length and front area density
Length (m) FAD Coefficient
Length<100 FAD<0.35 1.0
100<Length<300 0.35<FAD<0.45 0.8
300<Length<1000 0.45<FAD<0.6 0.6
Length>1000 FAD>0.6 0.4
Variation coefficient of street aspect ratio
Aspect ratio (W/H) Coefficient
0.0~0.5 0.80
0.5~1.0 0.60
1.0~2.0 0.40
2.0~4.0 0.20
4.0~6.0 0.10
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dynamics (CFD) numerical simulation analysis, it can be
found that the ventilation potential of streets is mainly
relating to the street orientation, street length, street
aspect ratio, and the front area density of buildings on
both sides of streets: (1) the more the street orientation
conforms to the prevailing wind direction, the higher
the ventilation potential is; (2) the lower the front area
density of buildings on both sides of the street, the
higher the ventilation potential is; (3) the longer the
length of the street is, the lower the ventilation potential
is; (4) when the wind direction is parallel to the street,
the smaller the aspect ratio is, the higher the ventilation
potential is; when the wind direction is perpendicular to
the street, the higher the aspect ratio is, the higher the
ventilation potential is.

The front arca density, street length, street aspect
ratio, and urban street orientation were quantified in
the Geographic Information System (GIS). The angle
between the direction of the streets (expressway, main
road, and secondary main road) and the prevailing
wind direction was calculated in GIS. The length
of the streets was reclassified into some new levels
in the evaluation process of ventilation potential.
The street buffer width is 250 m tthrough the GIS
buffer analysis, it is to reach the average front area
density of each street (the front area density is single
directional).

The further quantification of street orientation is
used by the Spatial Analysis Technology of GIS, the
threshold value of the angle between the street and
prevailing wind direction was defined to distinguish
good ventilation and poor ventilation, and the standard
takes 15° as the variation value. If the angle between
the street and the prevailing wind direction exceeds 45°,
the ventilation potential decreases sharply. If the angle
between the street and the prevailing wind direction is
less than 30°, the ventilation potential of the street is
higher. The ventilation potential of streets is best when
the angle between streets and prevailing wind direction
is less than 15°. In the Geographic Information System
(GIS), the ventilation potential of streets has been
divided into four categories. Based on the boundary
conditions of the dominant wind direction (southeast,
south, and southwest) in Wuhan during the summer, the
criteria of street orientation has been established that
the west direction was 180°, the south direction was 90°
and the east direction was 0° (Fig. 6, Table 2).

Taking the summer southerly prevailing wind
direction for example (Fig. 6b), the urban road system
is divided into four levels which 90° is the south. The
consistency of road orientation and prevailing wind
direction is four situations:

(1) When the angle between road orientation and the
horizontal axis is 75°~105°, the angle between the street
direction and prevailing wind direction is less than 15°
and the ventilation effect is the best;

(2) When the angle between road orientation and
the horizontal axis is 60°~75° or 105°~120°, the angle
between the street direction and prevailing wind

direction is 15° to 30° and the ventilation effect is
better;

(3) When the angle between road orientation and
the horizontal axis is 45°~60° or 120°~135°, the angle
between the street direction and prevailing wind
direction is 30° to 45°, and the ventilation effect is good;

(4) When the angle between road orientation and
the horizontal axis is 0°~45° or 135°~180°, the angle
between the street direction and prevailing wind
direction is 45° to 90°, and the ventilation effect is poor.

The consistency degree between the street direction
and the prevailing wind direction has been scored.
Due to the road being able to meet the ventilation
requirements of multiple dominant wind directions
at the same time, we can plus the potential value of
a single direction score in the ventilation potential
assessment. The assessment considers the attenuation of
street length and the attenuation of front area density to
obtain the comprehensive score of streets (Table 2). The
road widths of an expressway, main road, and secondary
main road are 50 m, 40 m, and 30 m respectively to
calculate the street aspect ratio. The street buffer width
is 250 m which the average building height inside the
buffer zone is counted. The ratio of height to width is
the ratio between street width and average building
height (Table 2).

If the wind direction is parallel to the street, the
lower street aspect ratio will improve the ventilation
speed, while the wind direction is perpendicular to the
street, the lower aspect ratio will weaken the ventilation
speed. When the angle between the street direction and
the prevailing wind direction is 45° the street aspect
ratio attenuation coefficient is reduced by half. If the
street is not parallel or perpendicular to the prevailing
wind direction, the street orientation, the front area
density, and street length mainly affect ventilation.
Therefore, the ventilation evaluation formula is as
follow:

If:ues:?” W:[“es (1+BW/H)FADes+Ils(1-O' SBW/H)FADS-I-

I'lws(1 _ﬁW/H)FADws]IJlength
(©)
Ifl*ls:3' W:[I‘les (1 _0' SBW/H)FADes+I’ls(1+BW/H)FADs+
I'st(]‘_o'SﬁW/H)FADws]IJlength
)
IfI’lws:?)’ W:[I'les(l _BW/H)FADES-'-IJs(l _0' SﬁW/H)FADs-'-
uws(]‘+BW/H)FADwsthenglh
®)
If p,, <3and p, <3andp,,, <3,
W=t FAD + 11, FAD + 1, FAD, (|t ©)

The comprehensive evaluation value W is equal
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Fig. 7. Statistics result of current road ventilation in the main urban area: a) GIS evaluation map of the main urban area; b) Statistics of

current road ventilation degree.

to the sum of the scores under the dominant wind
direction, u is the score under the southeast, southwest,
and south wind, Hygnghe is the attenuation coefficient of
the street length, 8, . is the attenuation coefficient of
aspect ratio. If the comprehensive evaluation value is
greater than 4 and less than 6, it indicates that the street
ventilation degree is the best. If the comprehensive
evaluation value is greater than 2 and less than 4, it
indicates that the street ventilation is better. If the
comprehensive evaluation value is greater than 1 and
less than 2, it indicates that the street ventilation is
good. If the comprehensive evaluation value is less than
1, it indicates poor street ventilation.

The assessment of the street system in the main
urban area can help planners to dig out poorly ventilated
streets and improve them with planning strategies. In
the comprehensive assessment of Wuhan’s current roads
(Fig. 7(a-b)), the secondary main road length of the best
ventilation has the highest proportion, accounting for
2.2%, and 27.3% of the main road length is the better
ventilation. The proportion of expressway length in

good ventilation reaches 69.0%. The proportion of
roads in poor ventilation is the same among all road
types, keeping at about 30%. We found that the main
road network system in Wuhan has the best ventilation
adaptability.

Fig. 8. The distribution of Front Area Density.
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CFD Analysis Result and Discussion

The ventilation effect can be enhanced by
improving the building form along the street [34],
The spatial layout of buildings plays a decisive role
in the performance of ventilation [35]. It uses CFD
simulation technology for further study. The Wuhan
Optics Valley Street has been selected as the simulation
object where its total length is about 1800 m (Fig. 8).
The street location is at the edge of Wuhan city center,
surrounded by Huazhong University of Science and
Technology. The land type on both sides of the street is
mainly residential, commercial, and industrial, and the
direction of the street is east-west, which is inconsistent
with the dominant wind direction (southeast, southwest,
and south direction) in summer. The score by the
southeast dominant wind direction is 1.0 (the angle with
the southeast wind direction is 0°~15° or 75°~90°).

20000
1rsas0
15000
vveon

- 1 om0

s
e
e
vommo0s.

Hia

wind speed and frequency

The simulation calculation generates a wind speed
map at 1.5 m height as the planning and the current
situation (Fig. 9(a-b)). The wind speed node data is for
the comparative analysis between the planning and the
current ventilation (Fig. 9c). Some specific planning
measures are proposed to improve the ventilation.

(I) In the east end area of the street, there are a
large number of industrial buildings with less than three
floors. The single building has a large volume, occupies
a relatively large area, and has a compact layout. The
planning measures will reduce the area occupied by
individual buildings, reduce the building density, and
transform them into small-volume factory buildings
through form segmentation. Enough space will be left
between the factory buildings to guide the air into the
interior of the plot.

(2) There are many residential and commercial
buildings in the west, building form is point and slab,

a) The current ventilation

b) The planning ventilation

- present

== planning

wind speed(mis)

02 04 06 08 10 12 14 16 18 20 22 24 28 28 30 32 14 I8 38 40 42

¢) Comparison between the
current situation and planned
situation

Fig. 9. Comparison between the current situation and wind speed frequency under 3m in the planned block (South wind): a) the current
ventilation; b) the planning ventilation; ¢) Comparison between the current situation and planned situation.
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the building height is tall. The pointed building is
helpful for ventilation, but the podium of the point
building will block the airflow at the pedestrian level,
so the planning measures are to reduce the length of the
podium and interrupt the surface of a high-rise building
with organization air circulation path.

(3) The street is perpendicular to the prevailing
wind direction and street length is longer, the front area
of buildings along the street has an important effect on
internal blocks ventilation, the planning measures are to
shorten the length of buildings along the street, reduce
the front area density of the buildings along the street,
get through the ventilation path of perpendicular to the
street and increase the air permeability of the street.

Through the microcosmic simulation of the
prevailing south wind direction during summer in the
block, the wind speed frequency of the wind speed node
below 3 m in the block is calculated. The minimum
wind speed of the current block is 0.02 m/s, the
maximum wind speed is 4.07 m/s and the average wind
speed is 1.83 m/s. After the building form of the block
is improved through planning measures, the minimum
wind speed of the planned block is 0.03 m/s, the
maximum wind speed is 3.97 m/s and the average wind
speed is 1.88 m/s. The overall ventilation level of the
planned block is stronger than that of the current block.
Frequency statistics of wind speed nodes are given
(Fig 9¢) and the frequency of wind speed in blocks
between 2.0 m/s and 3.2 m/s is higher than the current
situation, while the frequency of wind speed between
0.0 m/s and 1.8 m/s is lower than the current situation,
therefore the wind speed is enhanced.

The simulation is based on an ideal street model. In
an actual urban environment, the ventilation situation
may be more complicated, and the influencing factors
are dynamic and changeable, which has a limitation,
but the present findings suggest a preliminary method
to build up a correlation between street morphology
parameters and ventilation efficiency to evaluate all the
city for urban planners. It has combined the Geographic
Information System and Computational Fluid dynamics
simulation as a reference for street ventilation
assessment.

In the future, the accuracy of evaluation results
needs to be further enhanced, it can use the weather
research and forecast model (WRF) simulation to
generate urban local wind field data, and the generated
data is to fit the weather station’s wind speed and
direction data, it can find the potential street ventilation
path, and the potential street ventilation path can
contrast to the assessed results, it can be tested and
improved.

Conclusions
The building ventilation method is based on

building front area density, while this method ignores
the ventilation path of urban streets; the study is the

supplement of the street ventilation assessment. The
methods of GIS and CFD numerical simulation are used
interactively. The street form is transforming into street
orientation, the street length, aspect ratio, and front area
density of buildings beside the street.

The direction of the street is the main assessed index
to extract the street ventilation path. Under different
wind directions including the vertical and parallel to the
street, the street ventilation potential is different as to
the street aspect ratio, if the wind direction is parallel
to the street, the street ventilation is better with the
decrease of street aspect ratio; if the wind direction
is perpendicular to the street, the street ventilation is
better with the increase of the street aspect ratio. In
areas with high front area density, a road parallel to the
prevailing wind direction can still guide the air freely.
The optimization of spatial form is proposed through
windward face, street length, width, height, and street
orientation. The optimization of street morphology can
improve air circulation.
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