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Abstract — In this paper, the author researches on the selection of parameters of urban central area Planning and design based on 
CFD environment simulation. The factors of urban thermal environment are analyzed. Effects on environment from urban high-
rise buildings are described systematically. Through field investigation of representative regions, influence and characteristic 
between building space and environment are studied in different kinds of buildings. Measured data is used as the basis for 
numerical simulation. Numerical model for Zhuzhou urban area is established, and distribution and space characteristic of high-
rise buildings in urban area are analyzed. Urban environment in large scale, middle scale, and small scale are simulated by using 
CFD. Urban regional thermal environment is analyzed and studied combined with measured data and methods improving regional 
thermal environment are proposed to avoid worse environment in city construction and to make urban environment comfortable. 
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I. INTRODUCTION 

With the fast development of urbanization and the high-
speed growth of city population, additionally due to the 
improper and unreasonable planning of city structure, 
improper building settlements and arrangements, 
atmospheric thermal environment of cities especially in city 
district has been getting further worse. Therefore the severe 
problem the cities now facing is the worse atmospheric 
thermal environment and the vast amount of energy 
consumption. Restricted by the world situation, elimination 
of these problems is urgent. The most important and original 
work on it is to introduce the CFD technique to simulate, 
predict and evaluate the city or district atmospheric thermal 
environment in the schematic stage of district planning in 
order to improve the scientific and ecological characteristics 
of the planning. Due to the complex of district environment 
and building arrangement, accurate estimation and 
evaluation of district atmospheric thermal environment 
cannot be obtained only by empirical experience and simple 
calculations. Maneuverable evaluation method of district 
atmospheric thermal environment including the dominating 
evaluation index has not yet available. This is the reason that 
the planning work of district atmospheric thermal 
environment has not been widely implemented. Based on 
this situation, based on the CFD simulation and prediction 
and mature theories and experiences worldwide, associated 
with the actual situation of our country, a scientific, 
reasonable and practical evaluation system of district 
atmospheric thermal environment has been established in 
Shang’s paper [1]. 

The concept of district atmospheric thermal environment, 
the idea of introduction of FLUENT software in the 
schematic stage of district planning (with the aid of GIS and 
Sketch Up software) to simulate, predict and evaluate the 
district atmospheric thermal environment have been 

proposed in Jiang’s paper [2]. To make the ecological 
evaluation of the district atmospheric thermal environment, 
bases on the concept of the factor of non-uniformity of air 
distribution and the largest deviation index, practical 
evaluation indexes and a scientific, reasonable and practical 
evaluation system of district atmospheric thermal 
environment has been established in Li’s paper [3]. 
Simulation and prediction of a district atmospheric thermal 
environment employed with FLUENT software, the 
establishment of the evaluation system and its application 
process is introduced. Further explanation of its application 
process is also presented with an actual district planning 
project. The application of the evaluation system in the 
existing district is also introduced with research works used 
as a guidance and reference in the work of district 
environmental planning; widely use of it, scientific and 
ecological characteristics of the district planning can be 
upgraded in Nie’s paper [4]. Kim’s work [5] is a kind of 
research of application basis, although its process is reliable, 
advanced and scientific, the total system should be verified, 
revised and consummated in the future practical work. 

Wind is also the dominant factor that affect the thermal 
environment, Heat, is the most intuitive experience for urban 
climate and environment. Good urban wind environment can 
discharge urban heat to improve the thermal environment; 
the urban planning has a great influence on the operation of 
wind environment. Therefore, analyzing interrelated effects 
among urban wind environment, thermal environment and 
the urban is important direction that explore climate 
adaptation for urban planning program, Good urban space 
and the design of livable conditions play the role of 
improving the urban microclimate, however, good urban 
micro-climate that is the important path of establishing 
sustainable development of eco-city is conducive to 
improving thermal comfort of the urban environment and 



BOHONG ZHENG et al: RESEARCH ON THE PARAMETERS SELECTION OF URBAN CENTRAL AREA . .  

DOI 10.5013/IJSSST.a.17.04.19 19.2 ISSN: 1473-804x online, 1473-8031 print 

contribute to achieve the goal of building and urban energy 
conservation. 

II. METHODOLOGY 

As the development of cities, the consumption of land 
resource is much bigger today. High-rise buildings have 
become the main choice in urban construction. There are 
more and more high-rise buildings in cities, and different 
layout of high-rise buildings will have different effects on 
the environment. At present domestic and international study 
on city and environment is mainly focused in two ways. The 
first one is the study on geographical environment—study on 
the rules of climate changes within certain region. The 
second one is the local environment of the city. They both 
ignore that the development of the city is the basic factor of 
the changes of the city’s local environment. These studies 
cannot explain the principle of environmental changes 
reasonably. Fields of studies are scattered and circumscribed, 
and the contents and methods about the research are lack of 
innovation. There is no systemic interpretive theory to 
describe rules and effects on environment change from 
interspace of high-rise buildings in the city. Study on layout 
of high-rise buildings and study of correlation between space 
among buildings and environment change are limited. 
Knowledge of city space structure and environment change 
is separate. Research achievement lags the development of 
cities and it cannot be used in the development of cities. 

Effects on thermal environment from high-rise buildings 
layout are studied firstly in provincial capital city from urban 
area to urban center and then to group area. The three study 
levels are systemic, continuous and consistent according to 
Peng’s paper [6]. Urban regional thermal environment are 
systematically studied firstly from two-dimension to three-
dimension. Three-dimensional numerical model of the whole 
city is established, and the study is developed in multi-
dimensions and multi-levels. 

Enclosure level of multi-dimensional space of high-rise 
buildings layout is proposed in Huang’s paper [7], which 
means block enclosure and group buildings enclosure. 
Ventilation corridor of the city structured by roads is 
suggested, and low dimensional ventilation network 
combined with rivers is developed with high dimensional 
ventilation corridor structured by high-rise buildings in Sun’s 
paper [8]. Qualitative and quantitative research methods are 
adopted synthetically in Zheng’s [9] paper. Multi-scale and 
multi-level analysis is developed in the city which has the 
climate of hot summer and cold winter. Effect on thermal 
environment from high-rise buildings is further studied by 
using numerical simulation combined with actual 
measurement synthetically. The most important and original 
work on it is to introduce the CFD technique to simulate, 
predict and evaluate the city or district atmospheric thermal 
environment in the schematic stage of district planning in 
order to improve the scientific and ecological characteristics 
of the planning. Due to the complex of district environment 
and building arrangement, accurate estimation and 
evaluation of district atmospheric thermal environment 
cannot be obtained only by empirical experience and simple 
calculations. 

It provides clear synthetic disciplinary research mentality 
and methods to study urban regional thermal environment 
quantitatively and urban planning and building design 
qualitatively. And research conclusions of the paper can be 
valuable referenced suggestion to development and 
adjustment of urbanization. The simulation program is to 
explore and grasp the understanding of urban elements of the 
relationship between the urban environments. Analysis of the 
central city air, hot climate distribution, it summarized the 
existing downtown urban climate in the distribution of the 
urban environment, looking for contradictions lie. In Urban 
Climate and Urban summarized the elements of the 
interaction mechanism based on the proposed exploration of 
urban planning climate adaptation strategies, formed through 
the application of strategic planning, and use simulation to 
verify. The idea make a new way to planners for 
understanding planning’s programs, which take the 
unrealized planning as model to make simulate and also go 
further in exploring the relationship between urban elements 
and climate to make urban climate healthier, safer and more 
comfortable. 

III. THE INFLUENCE OF CONTROLLABLE FACTORS ON 

WIND ENVIRONMENT IN URBAN DESIGN 

This section has a certain geographical limitations in 
Zhuzhou, but it analyzes the mechanism of the interaction 
between environment and environment, which is mainly due 
to the influence of the environment and environmental 
factors. Therefore, the results of this section are applicable to 
most parts of China. 

Figure 1 shows the flow direction respectively and the 
building is 30 DEG and 60 DEG, 180 DEG when wind speed 
contour height of 1.5 m, in warm colors for speed high value 
and cold colors as low value (below if no special 
instructions, both in order to legend). From the figure can be 
seen when the inflow wind encountered buildings due to the 
barrier caused by changes in wind speed and direction, 
making in both ends of the building appear velocity 
strengthening area, in building the leeward side formed 
serious decline in wind speed area and with barrier surfaces 
with variable width wind shadow, wind shadow area is 
bigger, on the wind environment comfortable effect more. 
When decreases the orientation of the building and flow 
direction angle, equivalent to reduce construction of wind 
barrier width, makes the air flow more smoothly, building 
behind wind shadow area becomes smaller. At the same 
time, the pressure difference between the front and the rear 
of the building will be reduced, which will affect the 
ventilation of the building. Therefore, in order to improve the 
comfort degree of urban wind environment, the wind 
direction of the dominant wind direction in summer is 
reduced and the dominant wind direction is reduced, which 
is beneficial to the summer ventilation. 

Figure 2 shows the building with the height of the 
building is 60m, depth 30 meters, and the building width 
were 15m, 30m, wind speed 45m cloud. Due to the changes 
of wind environment is mainly due to the barrier change of 
wind direction and wind speed. Therefore, as the building 
width decreases, less resistance to meet current of air, air 
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flow more smoothly, wind speed, wind direction changes 
smaller and smaller. From the figure can be seen as the 
building width decreases, at the rear of the building wind 
shadow zone is small, the windward side of the static wind 
zone are also reduced. 

Therefore, in order to improve the comfort of urban wind 
environment, it is appropriate to reduce the flow direction on 
building wide, in order to summer ventilation. In the winter 
can be made to flow through the building width direction on 
increasing, and is conducive to the winter wind. 

The different distance of the building also has a great 
influence on the wind environment. When the air is small, 
the wind speed will be smaller when the distance between 
the buildings is small. The simulation analysis is carried out 
in the following table: H=60m, L=120m, 60m, 30m, 15m, 
10m, 1.5m,, 3-1, etc., which are 0.5, 2, 4, 6 and 6. The 
relationship between building spacing and crosswind wind 
environment is shown in the following table 1. 

 
Figure 1. The wind speed cloud picture for different building towards 

 
Figure 2. The wind speed cloud picture for different building width 

TABLE 1. THE RELATIONSHIP BETWEEN BUILDING SPACING AND CROSSWIND WIND ENVIRONMENT 

Building 
height 

(m) 

Building 
space 
(m) 

The ratio of 
building height and 

building space  

Height ratio in 
man line 

The spatial 
distribution of 
vertical wind 

Simulation picture 

60 120 0.5 1.14 
Wind speed 

balance 

60 60 1 1.3 
The wind speed 

increase with 
height increasing 

60 30 2 1.41 
little change with 

height 
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60 15 4 1.54 
Uniform 

distribution of air 
flow 

60 10 6 1.38 
Air flow 

acceleration zone 

 

IV. RESULTS AND DISCUSSION OF CASE STUDY IN 

ZHUZHOU 

This research selects the city of the central area of 
Zhuzhou city as an example. Zhuzhou City in the East of 
Hunan Province, the North of Changsha City, West of 
Xiangtan, to the south Hengyang, the east coast of Jiangxi, 
geographic coordinates to 26 degrees north latitude 03 '05 "to 
28 degrees 01' 07", longitude 112 degrees 57 '30 "~ 114o 07' 
15". According to the "Hunan statistical yearbook 2014", the 
urban population of Zhuzhou city is 2,365,400 in the end of 
2013, the center of the city population is 950,500, the 
resident population of 1,205,400, according to the State 
Council issued in November 2014 on the adjustment of 
urban scale division of standards, Zhuzhou is a big city. 

This paper is located in the southwest of Zhuzhou City, 
East Xiangjiang. The planning area is generally flat terrain, 
there are a few low mountain pond, more planning layout, as 
shown in figure 3. 

According to the previous research, this paper analyzes 
the wind environment based on the 1.5m height plane, and 
analyzes the two kinds of working conditions in summer and 
winter. 

Figure 4 is a 1.5 m height of the wind speed cloud 
(upper), wind speed vector (in), wind pressure distribution 
map (below), from the figure can be seen in the scheme of 
the maximum wind speed of 3.5m/s, the wind field around 
the building is 2.7m/s, the wind environment is poor, the 
minimum pressure difference is 0.81Pa, the maximum 
pressure difference before and after the construction of 
4.06Pa. A, e, J region because of construction on the south 
side of the building width is wider, in the windward side 
appeared a certain degree of static wind, wind pressure is 
bigger, which is about 4.06Pa. For B, G, H district because 
of windward building width is wide, in the building behind 
the formation of the larger area of the wind shadow zone. In 
the a zone of maximum wind speed is about 2.5m/s, 
appeared in the South and north of the high-rise building at 
the corner and the velocity vector graph can be found, is due 
to the construction of a broad, wind speed by barrier and 
forcing the air to flow on both sides of the bias, the 
windward building intermediate to produce static wind zone, 
and the building on both sides of the wind speed increases. 
The wind speed is small, and the wind direction is reversed, 

which makes the wind environment comfortable. B and C 
are enclosed type residential area, same height of the front 
and back of the building, the north building are in 
construction on the south side of the shadow, from the wind 
speed contour can be seen building within the group velocity 
is very small, the basic static state wind, and the wind was in 
chaos, the front and back of the building pressure difference 
is small, wind environment comfort is poor, is not conducive 
to building groups of pollutants diffusion and inside the 
building ventilation. Area D is lower semi surrounded style 
buildings, surrounded building within the group velocity is 
small, the same is due to construction on the south side of the 
air flow barrier and the front and back of the building with 
high, making the north of the building in the basic 
construction on the south side of the shadow. F region as the 
center of the image area, building height, building body 
mass, and formed a with three groups of relative around the 
space, from wind vector map can be seen enclosed space and 
building on the leeward side formed obvious vortex area, and 
is in a negative pressure state is presented. E, G area is a 24 
story residential area, the construction of the internal wind 
environment is poor, the basic is in the static state, and the 
wind direction is disordered, which is not conducive to the 
spread of pollutants and the comfort of wind environment. H, 
J region for the 18 layer determinant layout of residential 
areas, I district 24 layer determinant layouts of residential 
areas, due to the height of the building is consistent. The 
building area is wide, making endogenous wind environment 
of the architectural group, appeared larger area of the vortex 
area, wind environment comfortable difference. 

Figure 5 shows the 1.5 meter high wind speed (on), wind 
speed (under), wind pressure distribution map (below), can 
be seen from the chart, the maximum wind speed of 1.5 
meters in winter is about 2.0m/s, the average wind speed is 
3.4m/s, relative to the summer wind field, the winter is warm 
area, and the formation of large area of the vortex area, is not 
conducive to the spread of pollutants in winter. 
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Figure 3. The building plan of aimed distinct 

 

 

 
Figure 4. The 1.5 meter high wind speed (upper), wind speed vector 

(middle), wind pressure distribution map (below) in summer 

 

 

 
Figure 5. The 1.5 meter high wind speed (upper), wind speed vector 

(middle), wind pressure distribution map (below) in winter 

The biggest difference between the front and rear faces of 
the building; the maximum pressure difference is 5Pa, which 
meets the requirements of green building evaluation criteria. 
As the winter wind north northeast, the D district formed a 
corridor with obvious. The maximum wind speed occurs at 
the corner of the high rise building in the F area. When the 
wind speed is large, there may be a high wind speed, which 
may affect the comfort of the wind environment. Because of 
the construction of the building to the south side of the south, 
the construction side of the building is parallel to the main 
direction of the winter in the H zone, thus forming a more 
obvious ventilation corridor. 
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V. CONCLUSION 

In this paper, the author researches on the selection of 
parameters of urban central area Planning and design based 
on CFD environment simulation. The factors of urban 
thermal environment are analyzed. Effects on environment 
from urban high-rise buildings are described systematically. 
Through field investigation of representative regions, 
influence and characteristic between building space and 
environment are studied in different kinds of buildings. 
There are more and more high-rise buildings in cities, and 
different layout of high-rise buildings will have different 
effects on the environment. At present domestic and 
international study on city and environment is mainly 
focused in two ways. The first one is the study on 
geographical environment-study on the rules of climate 
changes within certain region. The second one is the local 
environment of the city. They both ignore that the 
development of the city is the basic factor of the changes of 
the city’s local environment. These studies cannot explain 
the principle of environmental changes reasonably. Fields of 
studies are scattered and circumscribed, and the contents and 
methods about the research are lack of innovation. There is 
no systemic interpretive theory to describe rules and effects 
on environment change from interspace of high-rise 
buildings in the city. Study on layout of high-rise buildings 
and study of correlation between space among buildings and 
environment change are limited. 

Measured data is used as the basis for numerical 
simulation. Numerical model for Zhuzhou urban area is 
established, and distribution and space characteristic of high-
rise buildings in urban area are analyzed. Urban environment 
in large scale, middle scale, and small scale are simulated by 
using CFD. Urban regional thermal environment is analyzed 
and studied combined with measured data and methods 
improving regional thermal environment are proposed to 
avoid worse environment in city construction and to make 
urban environment comfortable. 
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