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Abstract 
This paper investigates the regulation of the interior turbulent flow of adjacent buildings in residential groups 
that influence of suspended particulate matter distribution. Residential space plan design’ model using three-
dimensional numerical simulation method based on Autodesk Simulation CFD software. From the 
perspective of urban design, a comparable index, the height ratio of adjacent buildings in residential group, 
was put forward in the present research. The model of the turbulent flow field between the adjacent buildings 
of residential group in Xi’an, China as an example was established to study the turbulent flow regulation of 
the Characteristics of suspended particulate matter diffusion. Field text and CFD simulation were performed 
to obtain a reasonable numerical model, thus the simulation research of different height ratios of adjacent 
buildings could be realized. The numerical investigation was carried out in residential group with different 
height ratio of adjacent buildings, i.e., 1:3, 2:3, 1:1, 4:3, 5:3 and 2:1. Considering the turbulent flow 
characteristics in vertical direction and the pollutant concentration distribution under micro climate, the 
distribution rules of the concentration of PM2.5, the absolute velocity and the velocity path lines in the 
turbulent flow field were studied. The results show that regulation of adjacent buildings have various 
different action mechanism and different degree of influence on the concentration of PM2.5, absolute 
velocity distribution and velocity path lines, which could provide a theoretical guide for the quantitative 
design of urban planning. 
Keywords: numerical simulation, residential group, CFD, particulate matter, turbulent model, height ratio 
of adjacent buildings 
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INTRODUCTION 
In recent years, haze phenomenon, which is caused 

by atmospheric suspended particles, has become a major 
air pollution making horrible impact on the health and 
normal life of resident, with the rapid development of 
urbanization process and industrial engineering. City 
residential group is the most important activities places 
and outdoor space in the city built environment, and as 
the main body and essence of Chinese traditional 
residential group, it is one of the most common layout 
pattern of residential space planning (K-D and Liu et al. 
2008, 2009) However, the research of suspended 
particles distribution in the atmosphere of residential 
group is still in the blank, so, to solve this problem. The 
paper chose residential group as the research object and 
micro climate factors as the grafting bridge to study the 
problem of suspended particles distribution between 
single building and urban mesoscale residential groups 
(Liu et al. 2011) As the fact of energy shortage and 
environment deteriorating nowadays, re-understanding 

and locating residential space, surveying residential 
groups of adjacent buildings with modern science and 
technology, and studying the particle distribution 
quantitatively have a positive effect on improving the 
quality of the environment and the living conditions in 
residential groups, and have a guiding role for the 
quantitative study on the city planning and design. This 
paper established a numerical model for the distribution 
of residential group coupled thermal pollution through 
the measured data, and made a simulation study on the 
height ratio of adjacent buildings space function layout 
in residential group of Xi’an city to analyze the 
improving effect of index on suspended particles 
concentration distribution. In view of the complexity of 
the city, the wind environment, one of the microclimate 
conditions factors, which had great influence on the 
suspended particles, was applied to stimulate and study 
the concentration distribution of suspended particles. 
The reasonable threshold and the quantified result were 
got from the simulation results finally. This design of 
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residential group spatial form can be easily used in 
engineering construction (Wang et al. 2015). 

Therefore, this research aims at studying the 
influence of the height ratio of adjacent buildings on 
suspended particulate matter diffusion of the internal 
flow field in building space form. Additionally, this 
paper studies the turbulent flow regulation of 
characteristics in vertical direction and the pollutant 
concentration distribution based on micro climate. 

With Standard RNG k - e turbulent model and 
SIMPLEC algorithm, three-dimensional numerical 
simulation was performed for the Regulation of 
Adjacent Buildings of the interior turbulent flow in 
space design’ model by Autodesk Simulation CFD 
software. In this paper, the flow field concentration of 
PM2.5, the velocity path lines and the absolute velocity 
under six different kinds of the height ratio of adjacent 
buildings. By comparing the different numerical 
simulation schemes crossly, it is found that the results 
can be used to guide the optimal design for the 
quantitative design of urban planning. At the same time, 
numerical simulations of the flow field are performed 
to verify that the effectiveness of the building space 
form in the turbulent flow field analysis is able to 
provide correct indications on Regulate the 
concentration of suspended particulate matter. 

EXPERIMENTAL 

CFD Numerical Model 
According to the residential group space in the 

research, Autodesk Simulation CFD was chosen to 
study the outdoor microclimate. The characteristics of 
Autodesk Simulation CFD are the high degree of 
intelligence, strong automatic grid technology, 
powerful analysis, high humanization of post 
processing, and the possible for comparative analysis. 
The main function contains the simulated analysis of 
fluid flow, heat transfer and motion (Rahman et al. 
2015). The most commonly used and mature 
turbulence model and the powerful automatic mesh 
partitioning technique of Autodesk Simulation CFD 
was used to precisely simulate the distribution of 
suspended particles and flow field in residential group 
space of different building height. 

In the study of city outdoor environment, the 
highest frequency of use is the standard k − ε 
turbulence model, and the main content of this model 
is the study of the dissipation rate and the function of 
turbulence. If the flow is turbulent in and out the field, 
neglecting the intermolecular viscidity, the standard k −

ε model is valid (Rahman et al. 2015, Wang et al. 2015). 
Taking the model as the research model, so the model 
is used as a half-empirical formula and the equation is 
as follows: 
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In which k means turbulence energy; 

ε means turbulent energy dissipation rate; 

σk/σε/C1/C2 mean empirical constant; 

G means turbulence generation, whose expression 
is: 
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In this paper, Finite Volulne Method (FVM) was 
adopted. This method divides the whole computational 
domain into several control volumes. Secondly, 
discretization is used to discretize the differential 
equations. Finally, the unknown parameters of each 
point in the space are solved by the boundary conditions 
and the initial conditions, and the satisfactory results are 
obtained after repeated iterations. The computational 
efficiency of the finite volume method is relatively high, 
and it can show a more accurate integral conservation in 
the case of less accurate grid, which is the advantage of 
the finite volume method. 

In the process of numerical simulation, the mesh 
generation of the model was an important part of the 
numerical simulation. In order to reduce the influence 
of the mesh boundary on its central region, and to 
reduce the excessive loss caused by the overall size of 
the grid, the mesh generation fineness of the model was 
adjusted to about 0.3. Uniform Mesh was used to divide 
the grid in the larger range of blocks and Non-Uniform 
Mesh was used to divide the grid in the smaller range of 
blocks, which provided the possibility for more 
sophisticated field. 

Setting of Boundary Condition 
This paper chose Xi’an city as the research sample, 

and selected the Great Cold day which was the coldest 
day throughout the year for site measure. That day was 
the most obvious test time for haze weather throughout 
the year. According to the Xi’an meteorological data 
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throughout the year and the day of test, the research got 
that the dominant wind direction is northeast wind, and 
wind speed was taken as 1.7m/s for boundary conditions 
in winter according to the annual average wind speed 
and the day of test (Chen et al. 2009, Rahman et al. 2015, 
Wang et al. 2015). Through actual experience, the time 
of highest suspended particles concentration in winter 
was about 14:00, and besides, the maximum 
temperature all day long usually appeared in 
14:00~15:00. Hence, the temperature was taken as 5°C, 
and the pressure in the standard state was taken as 
101325Pa. Under this condition, the saturated vapor 
pressure was 87260Pa, and the relative humidity was 
52%. 

In 2014, the average concentration of PM2.5 in Xi’an 
was 76 μg/m3, exceeding the national ambient air 
quality secondary standard 1.17 times. The ninety-fifth 
percentile average concentration in 24 hours was 194 
μg/m3, exceeding the national ambient air quality daily 
average secondary standard 1.59 times. The daily 
average values of monitoring sites were 11-506 mg/m3, 
and the maximum excess multiple was 5.75 times. In 
the urban environment, due to the buildings of high 
density, although the discharge of single suspended 
particle emission source was not so much, it was 
considered as diffusion emission sources of non-point 
source pollution result from a large number of emission 
sources. In this paper, the background concentration of 
PM 2.5 in air was taken into account without 
considering the effects of vehicle exhaust and other 
complex surroundings. In the United States and 
Western Europe, the background concentration is about 
3-5 micrograms per cubic meter, and Australia’s 
background concentration is about 5 micrograms per 

cubic meter. There is no public data in Chinese, but 
according to the announced new “standard of ambient 
air quality” in the March 2012, the limit of daily average 
concentration of 150 micrograms per cubic meter for 
the PM10 was retained, so the limit of daily average 
concentration of PM 2.5 was set as 75 micrograms per 
cubic meter considering PM2.5 accounting for 50% of 
PM10. 

Verification of Measure Data 
The field measured data are mainly aimed at the 

near-earth pollution concentration of PM2.5 in people’s 
daily life in the city, which takes 1.5m as the test height 
of human respiration, which has the most research 
significant for the residents of outdoor activities. (Lin et 
al. 2014) This paper chose two different test spots, rigid 
pavement and green space, of Xi’an city in the Xiaozhai 
District of Chang’an University family area to measure 
PM 2.5 concentration, and analyzed the relevant 
meteorological data at corresponding time which Xi’an 
Environmental Protection Bureau released every day, 
founding that the field measured data shown in Fig. 1 
was basically consistent with the long-term variation of 
meteorological data, but the measured data was larger 
than the meteorological data. The probable reason is 
that the meteorological data were generally measured 
over 10m in the meteorological tower, but the test 
points were generally set in the suburbs of the city. 
Hence, the measured data is valid. 

Validation of Mathematical Models 
The period between the Winter Solstice and Great 

Cold was chose for field measure, which was the period 
in winter heating period and represented the seasonal 
characteristics. The results of the field measurement in 
the family area of Chang’an University in Yanta District 

 
Fig. 1. The field measured data and meteorological data of PM2.5 from January to March 2015 
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of Xi’an were selected in the 25-time periods from 17:00 
on January 14 in 2015 to 17:00 on the next day, and the 
numerical model established by CFD software was 
verified. The following results were obtained: 

Fig. 2 shows the contrast between the measured and 
simulated wind speed, and the change rule is basically 
consistent. The large urban buildings around the 
residential group have become a main topographic 
obstacle factor in the measured area, and the overall 
wind speed change rule is basically consistent. As the 
error rate is within the allowable range, and the values 
are very close, the simulation results are close to the real 
situation. 

It can be seen from Fig. 3 that the measured data is 
higher than the simulation values. The reason is that the 

established factors are single and simple in the 
simulation, while in the field measurement, the 
influence factors are complex and diverse as the 
measured spot is human activity site or somewhere 
filled with complex constructions, so the measured data 
are higher than the simulation value. As the distribution 
and variation trend of PM 2.5 are basically the same, the 
simulation can reflect the real PM 2.5 diffusion 
characteristics. 

This paper established a numerical model for the 
distribution of courtyard-type residential group coupled 
thermal pollution through the CFD simulation 
technology and compared the results with the measured 
data. The simulation results and the measured data are 
in good agreement in the range of allowable error, 

 
Fig. 2. The simulated values and measured values of the wind speed in spot 1 and spot 2 in the family area of 
Chang’an University 

 
Fig. 3. Comparison of simulation values and measured data of particle flow field 
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which confirms the correctness of the numerical model, 
and the further optimization of the index is possible. 

The Refining of Spatial Layout of Adjacent 
Building Height 

First of all, proper and environmental superior 
geographical position should be selected for the 
residential groups, followed by the principle of compact 
and reasonable. For the urban residential groups, we 
should not only consider the relationship with the 
dominant wind direction, but also pay attention to the 
change of the layout in the different adjacent building 
height under the influence of microclimate, and make a 
reasonable response to the distribution of suspended 
particles (Huo et al. 2009, Salamanca et al. 2009, 
Viswanathan et al. 2012). In this paper, the means of 
field investigation were used. 120 residential groups in 
Xi’an were interviewed (Fig. 4), and the method of 
changing the relative height ratio of buildings on the 
north and south sides was finally chosen to study the 
microclimate and the diffusion of particles around the 
buildings in the residential groups. 

Combining theory with field investigation, the scale 
factor of building height is determined, and 3-storey, 6-
storey, 9-storey, 12-storey, 15-storey and 18-storey 
buildings are selected and compared. The 3-storey 
building belongs to the low layer buildings, the 6-storey 
and 9-storey are multilayer buildings, the 12-storey is 
the small high-rise building, and the 18-storey is the 
high-rise building. The building height types are 
basically included in these, and they form the 
verification range of the reasonable layout between each 
other. In the numerical simulation, considering the 
simulation data should be comparable, the 
constructions of the south side of the group were 
selected as a fixed factor. Then, keep the coefficient of 
sunshine spacing of the building a constant, and selects 
the standard value 1.2 of Xi’an sunshine spacing 
coefficient as the sunshine coefficient of the physical 
model (Fig. 5). The proportion of building height in the 
north side and building height in the south side of the 
building group is 3-storey (1:3), 6-storey (2:3), 9-storey 
(1:1), 12-storey (4:3), 15-storey (5:3) and 18-storey 
(2:1) respectively. 

 
Fig. 4. The selected spatial distribution of residential groups in Xi ‘an city 
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RESULTS 
In the residential group, on conditions that the 

height of the south side buildings and the distance 
between the buildings are unchanged, adjacent 
buildings with different height greatly affect the size of 
the internal fluid into the group, and directly affect the 
changes of wind environment in the group at the same 
time. The changes also affect the spatial condition of 
temperature and humidity. Therefore, studying the 
variation of height difference between adjacent 
buildings has great meaning for the further research of 

suspended particles diffusion. When the wind is 45° 
northeast, considering the combined effects of 
temperature and humidity, the wind speed, flow field 
and pollutant dispersion in different height difference 
between adjacent buildings are analyzed in detail as 
follows. 

Wind Speed and Wind Direction 
Fig. 6 shows the wind velocity vector diagram at 

1.5m high in the afternoon, when the wind was in the 
northeast. Fig. 7 is a comparison chart of wind speed 
data at 1.5 m high.  

 
Fig. 5. Physical model of different building height ratios in the group space 

 
Fig. 6. Wind velocity vector diagram of the group space of different adjacent buildings height at 1.5m high 
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From Fig. 6 and Fig. 7, comparing examples of 
different adjacent building heights in residential groups, 
we can see the overall wind speed shows no obvious 
regularity, but we can see that the maximum wind speed 
is in 9-storey. Three examples of wind field show the 
wind speed is inversely proportional to the height of 
building through separate comparison. At the same 
time, simultaneous contrast of 6 examples’ storey height 
of adjacent buildings shows that the wind speed of the 
3-storey building is the smallest, that of the 9-storey 
building is the largest, and the wind speed of the 
building group in the upper 12~18 storeys is between 
the 3-storey and the 6-storey. Therefore, the overall 
wind speed of the multi-storey building is greater than 
that of the high-rise building. 

 Features of Turbulent 
Fig. 8 shows the sections of the air outlet at the west 

side of each group. The sections show the influence of 
the group space of different adjacent building height on 
the fluid. With the south side of the building and the 
spacing unchanged, we can see through contrast that 
different heights of the adjacent buildings result in 
different degree of change of internal fluid, especially in 
the building surface. 

 For the adjacent building of 3-storey, the airflow 
goes into the group from the top of east side and west 
side of the building. In the south side of the building, 
vortex can be seen, which is close to the building’s south 
wall. Under the lee of the group, circular turbulence can 
be seen with a weak wind speed and is close to the 
building surface without scattering. In addition, for the 

 
Fig. 7. Comparison of wind speed at 1.5m height of west side of wind in the group space of different adjacent 
buildings 

 
Fig. 8. The wind velocity vector sections of the fluid outlet at the west side of different adjacent building groups 
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same conditions of the 6-storey, 9-storey, 12-storey, 15-
storey and 18-storey, the vortex and buildings have a 
certain distance, and the uniform laminar flow area of 
fluid in the residential group’s space decreases with the 
increase of building height. Through the ring flow area 
of the leeward building wall in the whole building 
group, the area of multi-storey is larger than the high-
rise, and the wind speed is smaller than the high-rise. 

The Distribution Characteristics of Suspended 
Particles 

Fig. 9 shows that on the northeast wind conditions, 
fine particle concentration distribution of different 
adjacent building height at 1.5m high, and the specific 
concentration is to be compared through the data of fine 
particles concentration at 1.5m high shown in Fig. By 
the comparison for multi-storey buildings, the particle 
concentration is inversely proportional to the adjacent 

building height, while the regularity is not significant in 
moderate high-rise buildings. 

Through the comparative analysis of the 
concentration distribution chart (Fig. 10), the particle 
concentration in urban residential groups and in multi-
storey buildings is inversely proportional to the adjacent 
building height. The trend of concentration is 9-storey 
(1:1) <6-storey (3:2) <3-storey (3:1), and the regularity 
is not significant in moderate high-rise buildings. In 
conclusion, through the two charts of particle 
concentration in adjacent buildings, the trend is: 9-
storey (1:1) <6-storey (3:2) <18-storey (2:1) <12-
storey (3:4) <3-storey (3:1) <15-storey (3:5). 

DISCUSSION 
Based on research on the microclimate 

characteristics of built environment and urban housing 
cluster, this study explored the diffusion mechanism of 

 
Fig. 9. The distribution of fine particles concentration at 1.5m high in different adjacent building heights 

 
Fig. 10. Comparison of plane fine particles data at 1.5m high among different height difference groups 
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pollution sources of suspended particles in the city and 
the corresponding control strategies by using the 
relating characteristic of mutual effect of local 
microclimate and layout feature of urban housing 
cluster. Originally, the pollution of suspended particles 
was mainly drawn attention from the perspective of 
physicochemical process, source apportionment and 
health hazards of suspended particles in the fields of 
chemistry and medicine. In recent years, with the 
intensification of haze, researchers engaged in the study 
of urban environment have begun to look at this issue 
from the perspective of temporal and spatial 
distribution characteristics, geographical and 
meteorological conditions, and diffusion factors and 
started the research from aspects of the basic 
composition of suspended particles, atmospheric 
chemical processes and climate effect, and impact on the 
urban environment and human health. 

The relationship between change of concentration 
for suspended particles and macro-weather system has 
been a focus of interest in urban meteorological 
observation. Huang Likun and Bai Aifei (2011) made a 
large number of studies on the diffusion of pollutants, 
obtaining the changes in the mass distribution of the 
three main atmospheric particulates, namely TSP, 
PM10, and PM2.5. The existing primary pollutants in 
the air of most cities in China are suspended particles. 
Rao Xiaoqin (2014) used hourly observation data and 
particle concentration data from 2410 national 
meteorological stations nationwide to analyze the heavy 
haze days in the mid-east region of China in January 
2013, concluding that near-surface thermal inversion 
layer and near-surface sustained small -wind speed are 
the typical meteorological features during hazy weather. 
Meng Xiaorong (2014) used the observation data of fog 
days and haze days in 43 years obtained from 7 
observation stations in Xi’an to confirm that heat island 
effect aggravated the accumulation of suspended 
particles and severely promoted the formation and 
development of hazy weather in the city. 

Hanna and Ramsdell (1897) demonstrated the main 
factors affecting the microclimate were the landforms 
and the underlying surface in the built environment of 
urban residential districts. As you saw in Fig. 1, the 
natural landforms of the city was highly artificial, and 
external space obviously became a composite interface 
created by nature and artificial power. Masatoshi M. 
Yoshino (1987) classified the climate dimension of 
Japan, concluding that the environmental factors of 
climate usually included temperature, solar radiation 
intensity, wind speed, and humidity. Xu Xiangde 

(2003), an academician of the Chinese Academy of 
Engineering, used the observation data during the 
BECAPEX experiment to further analyze the diurnal 
variation cycle of air pollutant concentration of 
atmospheric pollutants in winter and summer. He 
demonstrated that the daily variation of ion 
concentration of PM2.5 and PM10 in winter was of 
unimodal pattern, and the variation of PM10 and 
PM2.5 particle concentrations in summer was of 
bimodal pattern, showing differences in the amplitude 
of concentration in winter and summer. Therefore, a 
conclusion was reached that there was a higher degree 
of correlation with respect of variation of in-phase in 
winter, therefore diffusion and transmission of 
suspended particles in a wide range brought 
synchronous changes in the range and significant spatial 
structure feature. Xu Xiangde and Wang Jizhi (2003) 
analyzed the surface temperature data from automatic 
meteorological stations and conventional 
meteorological stations and found that there were 
correlations between aerosol distribution in urban areas 
and multi-scale characteristics of urban heat islands in 
near-town suburbs. In other words, distribution of 
suspended particles in the city was similar to multi-scale 
characteristics of urban heat islands. Academician Xu 
Xiangde, Ding Guoan, Bian Lingen (2004) used hourly 
PM10 particle concentration in the diurnal variation 
peak phase on days of PM10 heavy air pollution in the 
city of Beijing in February 2003 and filter data in wind 
field from 36 automatic meteorological stations in the 
suburbs of Beijing to describe the relevant vector field 
for the transmission and diffusion paths of atmospheric 
particles at neighborhood scale in order to discuss the 
distribution of pollution sources in urban and 
peripheral areas and the effects of the diffusion of 
middle and small-scale wind fields. Through research, 
Wang Zhen (2008) found that the urban built 
environment included the space inside a building, outer 
space, and urban grey space from the perspective of 
basic composition, while outer space included open 
space and non-open space, forming an uneven, rough 
coverage interface, of which built environment covered 
all types of space in the city. In addition, housing cluster 
space included various types of space such as buildings, 
roads, green spaces, open spaces or squares, so it could 
be considered as a miniature unit of the built 
environment of the city. Zhang Shuai (2015) found that 
housing cluster space also included building space, 
green space, pavement and various types of structures, 
etc., which constituted a composite underlying surface, 
forming a strong micro-climate effect. As external 
environment of housing cluster space was limited 
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mostly in urban areas, which was less affected by natural 
factors such as natural mountains, and rivers, the 
distribution of suspended particles could be regulated 
clearly for this type of space. Many factors at housing 
cluster space in the built environment could influence 
the generation and development of microclimate, as 
described in Table 1. 

As the basic unit of the city, diffusion of pollutants 
in canyon model of housing cluster drew the attention 
of the researchers originally. Afterwards, the further 
study was gradually extended from the traffic canyon to 
all kinds of urban space, founding that spatial form and 
layout of the building community had great influence 
on the diffusion of pollutants. Mfula et al. (2005) used 
a cubic matrix group to represent the city’s underlying 
surface. The location of the pollution source and the 
density of the underlying surface were tested in a wind 
tunnel. The study showed that surface density had a 
threshold, and when the density is less than the 
threshold, the region of influence of pollution sources 
increased rapidly as the surface density increased. Feng 
Xianhui et al. (2011) took the general layout of urban 
buildings as the research object, concluding that the 
circulation of heat islands has a significant impact on the 
overall layout of urban buildings. Therefore, reasonable 
layout of urban buildings could urge the rapid dilution 
and dispersion of pollutants. Jeong (2012), Hoydysh 
(1998), and Rafailidis et al. (2012) used the wind tunnel 
to study the dynamic characteristics of flow field and 
pollutant diffusion characteristics within the traffic 
canyon, drawing a conclusion that building dimension 
on both sides of the canyon, road aspect ratio, structure 
and wind direction of upstream building and canyon 
symmetry were important influence parameters. Kong 
Fanqiu (2012) simulated the diffusion of pollutants in 
the high-level concentrated area commonly used in cold 

regions, showing that the process of pollutant diffusion 
in urban space differed from that of street and canyon. 
The spatial form and layout had an important influence 
on the process of pollutant diffusion. Ding Wowo 
(2012) conducted a correlation study between the urban 
form and the microclimate of the outer space, proposing 
conceptual indicators such as the urban texture and 
texture volume unit. Eliasson (2013) analyzed the 
coverage types of urban land in Sweden, concluding 
that 78% of temperature differences could be explained 
by the urban landscape structure. Xie Xiaomin (2013) 
simulated the influence of the top shape of the buildings 
on the diffusion of pollutants in the canyon and found 
that the top shape of the buildings on both sides of the 
canyon could change the vortex form in the traffic 
canyon, thus affecting the diffusion of pollutants in the 
canyon. KUBOTA (2014) conducted wind tunnel 
model test on 22 typical residential communities in 
Japan and studied the relationship between coverage 
density of buildings, the average wind speed at 
pedestrian level and diffusion of pollutants. Ouyang Yan 
(2015) used wind tunnel to study on the atmospheric 
current field and pollutant diffusion in Beijing 
Fangzhuang Community. It was shown that the 
distribution of pollutants in the community was 
affected by the height of buildings, therefore the 
horizontal flow field changed greatly, and the vertical 
flow field basically met requirement of power 
exponential distribution. RAHMAN M A (2015), 
WANG Yafei (2015), and Han Ye et al. (2015) found 
that urban green space could not only regulate urban 
microclimate, but also improve urban environment 
through photosynthesis and dust-detention effect. Xie 
Binze (2015) used the water washing method to 
measure the captured amount of total suspended 
particles and PM2.5 per unit leaf area for 20 plants 
commonly used for urban greening in Beijing. He 

Table 1. Microclimate Impact Factor and Defining Characteristic of Built Environment 
Related factor Defining characteristic Effect on microclimate 

Surface type 
Lithosphere Type, color, thermal conductivity Thermal storage, and delay 

Soil layer Type, structure, color, content of air and water, Thermal conductivity Thermal storage, and delay 

Water body Surface area, depth of water, flow of water Thermal storage, and latent heat 
evaporation 

Vegetation Category, height, density, color, seasonal change Latent heat 
Farmland Open land, crop height, category and color, seasonal change Latent heat 

Building community area Material mechanism, color, thermal conductivity, heat, water, pollutants Latent heat 
Surface feature 

Geometric shape Flat, undulating, incised valley -- 
Delivery of energy Dimensions, altitude, ground cover, planar format, slope, aspect -- 
Shaded condition Terrain masking, buildings, trees cover Direct radiation for warming 

Terrain roughness Region, building distribution, average height, direction and orientation of 
street complexes, density of open land such as park, etc. Scattered radiation for warming 

Reflectivity Surface type of covering material Radiation for warming 
Radiating ability Surface type, maximum temperature, ground radiation capacity Radiation for warming 
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found that the detention storage of tree was greater than 
that of shrub, and plant retention was not only related 
to the retention per unit leaf area, but also relavant to 
the total leaf area of the plant. Huang Rui (2015) used 
geographic information technology (GIS) method to 
discuss the influence of roof ecological space on air 
quality under different landscape patterns on the basis 
of related theories of landscape ecology, environmental 
science, and urban ecology and method of quantitative 
geography. Feng Xianhui (2017) used computer 
simulation method and field site observation method to 
study the heat exchange microclimate environment of 
green space in communities of Guangzhou, confirming 
that the climate effect between the green space and the 
building area was closely related. 

 As ecological construction of China’s western 
region was hardly involved in previous studies, very few 
studies was focused on the mechanism of the spatial 
distribution of suspended particles in urban small-scale 
space. However, although a large number of 
engineering practices and on-site tests had confirmed 
that the height ratio and spacing of buildings in cities 
could alleviate issues such as “heat island effect and dust 
haze”, how to extract indicators and quantify, apply and 
popularize them in the region was still needed to be 
explored.  

For this reason, developing on the precondition of 
the spatial-temporal evolution of concentration of 
suspended particles in green space of urban residential 
districts in China’s western region, the paper analyzes 
and studies tests and simulations for diffusion and 
distribution of suspended particles under different 
green space landscape designs and patterns, and 
different plant community characteristics through the 
analysis of meteorological conditions to reveal the 
action mechanism and mode of action of capacity, 
volume and geometry on the distribution of suspended 
particles in housing cluster in China’s western region, 

identify quantitative indicators for regulation, and 
optimize local microclimate to explore strategies and 
ways to reduce urban haze, providing theoretical basis 
and quantitative method for the design and 
construction of ecological urban landscape. 

CONCLUSIONS 
The present work is a contribution to the physical 

modeling and numerical prediction of the height ratio 
of adjacent buildings on suspended particulate matter 
diffusion of the internal flow field in building space 
form. The major conclusions are summarized as 
follows: 

1. The absolute velocity of wind of flow field 
decreases slowly along the multi-story building. 
The maximum value and the negative pressure 
area appear at the numerical example of 9-storey 
building, respectively. 

2. The same conditions of the 6-storey, 9-storey, 
12-storey, 15-storey and 18-storey, the vortex 
and buildings have a certain distance, and the 
uniform laminar flow area of fluid in the 
residential group’s space decreases with the 
increase of building height. Through the ring 
flow area of the leeward building wall in the 
whole building group, the area of multi-storey 
building is larger than the high-rise building, and 
the wind speed is smaller than the high-rise. 

1.  The conclusion of the 1.5m high is that the 
concentrations in multi-storey buildings are 
inversely proportional to the height of north 
buildings, and the regularity is not significant in 
moderate high-rise buildings. Through the 
combination of the high-rise and multi-storey 
buildings conclusions, the concentration of fine 
particulate pollutants is related to the type of 
building height, and related to the height 
difference of buildings. 

Table 2. The relationship between the height ratio of adjacent buildings and three factors 
 Concentration of PM2.5 

(mg/m3) Velocity path lines (Features of turbulent) Absolute velocity (Wind speed) m/s 

Adjacent buildings 
of 3-storey (1:3) 

Maximum: 0.509229 
Minimum: 0.509211 

Height ratio of adjacent buildings<1. The static 
wind area increases. 

Maximum: 1.03809 
Minimum: 0.750013 

Adjacent buildings 
of 6-storey (2:3) 

Maximum: 0.50922 
Minimum: 0.50921 

Maximum: 1.23842 
Minimum: 1.03141 

Adjacent buildings 
of 9-storey (1:1) 

Maximum: 0.509218 
Minimum: 0.509203 

Maximum: 1.31484 
Minimum: 1.15455 

Adjacent buildings 
of 12-storey (4:3) 

Maximum: 0.509223 
Minimum: 0.509211 

1<Height ratio of adjacent buildings<2. The 
static wind area gradually decreases, but it is not 

obvious. 

Maximum: 1.09096 
Minimum: 0.788839 

Adjacent buildings 
of 15-storey (5:3) 

Maximum: 0.509236 
Minimum: 0.509227 

Maximum: 1.21844 
Minimum: 0.888402 

Adjacent buildings 
of 18-storey (2:1) 

Maximum: 0.509222 
Minimum: 0.509205 

Maximum: 1.2245 
Minimum: 0.870573 
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2. Through the comprehensive analysis of the 
optimal scheme of profile turbulence feature and 
the pollutant concentration, the optimal scheme 
of the adjacent building height ratio was got as 
shown in Fig. 11. North buildings of 9 storeys 
(1:1) and 18 storeys (2:1) are the best choice, 6 
storeys (3:2) and 12 storeys (3:4) are optional, but 
3 storeys (3:1), and 15 storeys (3:5) are not the 
recommended options. 
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