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ABSTRACT
Increasing emphasis has been placed on the concern of buildings’ effects on the wind, making it an
essential aspect in considering the surrounding environment. It has a profound influence on aspects
such as pedestrian’s comfort, safety, natural ventilation, and reducing building energy consumption.
Outdoor wind environment is related to natural and artificial geographical features, and the wind
direction, which all play an important role in the user comfort in and around a building. The prediction
from the simulation of the wind environment can guide the layout of the buildings to enhance the wind
environment effectively. The research looks at a block of land in the new district of Yuexi County. By
using the wind environment simulation software Fluent, the research explores the prediction of wind
environment for the building, as well as possible methods of analysis, designing process and the
influence brought by the large-scale project. It supplies reference to enhance the wind environment of
buildings in the designing process for both planners and architects to create a more enjoyable and
safe building environment.
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INTRODUCTION

Traditionally, in the schematic design phase, the considera-
tion and design for wind environment is based solely on the
theoretical experience of architects without quantitative or
qualitative judgments and standards. Currently in China,
most of the wind environment problems are discovered af-
ter the completion of the building construction. Therefore,
it is relatively impossible to improve the wind environment
through modifying the building. Hence, consideration for
the wind environment must play an active role towards the
end of the design stage (Raymond 2006). Compared to
assessing the wind environment in a former stage, the
practicability and effectiveness is relatively lower. These
rational judgments in the schematic design phase can help
architects to more directly choose the design corresponding
strategy and make the design more convincing.

The building wind environment design in the schematic
design phase consists of two stages:

Planning stage: The design at this stage focuses on the
outdoor environment of the building, including the study
of land and the relationship with the surrounding elements
and clustered layouts. This stage creates the basis of the
wind environment design for a single building. The natural
ventilation can be assured and the adverse impacts on the
wind environment can be reduced to avoid dangerous and
strong winds on pedestrians. This is done through
optimizing the relationships between buildings and

prevailing wind direction, buildings and the surroundings,
as well as buildings and their geographical locations. It is
also important to consider the combination of surrounding
elements such as bodies of water, courtyards, atriums, open
spaces and miscellaneous structures. These can include
plants and windproof walls that can increase the wind
environment’s negative impacts. Considering these features
can help to create an overall agreeable and safe wind
environment to establish the basis for optimal design of a
building that produces a comfortable wind environment.

Single building designing stage: The design at this stage is
to choose a building in Yuexi that is conducive to the wind
environment, has the proper enclosed structure and utilizes
suitable material use. Controlling the overall wind environ-
ment and enhancing the partial wind environment can cre-
ate a comfortable indoor wind and thermal environment to
improve the air quality, increase the thermal comfort and
save the energy (Yang 2014).

The planning area lies in the west district of the city in
Yuexi County, surrounded by Tong’an Road, Longmian Xi
Road, Changping Road and Tongkang Road. The total land
area is 123.6 hectares. The area along the road belongs to
the government, and has a length of 1350 m. This area is the
government’s centre and is supposed to be the official gov-
ernment affairs square, enclosed by new government dis-
trict, along Wen’er Road and Wensan Road (Figs. 1-2). The
research will analyse the wind environment of this area by
adopting CFD technology.
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THE ANALYSING METHODS FOR WIND
ENVIRONMENT

There are three ways to study the characteristics of wind
environment for the building’s surroundings. They are field
observation, wind tunnel test and computer simulation
method. The wind tunnel test method is the predominant
method to assess the wind environment at present (Fig. 3).
The wind tunnel test is conducted by making scale models
of real buildings that are placed in a wind tunnel, which
simulates the atmospheric boundary layer. The airflow field
can be established similar to the real buildings’ surround-
ings. The simulation is able to test wind against objects
placed both on the surface and on the side of the models to
record corresponding data such as wind velocity, wind pres-
sure and response of the structure (Bueno 2007). This method
has been in use for almost 50 years, and has matured in both
theory and technology. In recent years, researchers acquire
the knowledge of the basic rules of surrounding wind envi-
ronment on buildings using this simulation. For example,
the airflow law on the windward and leeward side of a single
building and the airflow along regular-shaped buildings
arranged in a planar order can be understood by this test.
Similarly, for the relatively complicated high-rise and long-
span structure, there is no specific calculation for wind load
in accordance with domestic regulations. The expensive
wind tunnel test is required to be carried out (Wannaphahoon
2011). The disadvantages of the test include the lengthy
time requirement, the necessary energy consuming models
that must be made, the relatively long test cycle and the
inability to test different designs at the same time. The scale
models can help identify many problems such as wind ve-
locity, time, Reynolds number and Stowe Lacha parameters.
These problems can be simultaneously assessed in a wind
tunnel test. However, the resulting errors have not been sys-
tematically studied lacking sufficient measured data. There
are still problems to be solved, for example the test point
arrangements and the simultaneous pressure measurement.
When evaluating the wind environment in a residential dis-
trict, it is hard to study by the wind tunnel test because of
the variety of the building layouts in the area and the com-
plexity of building shapes.

Computer numerical simulation is a computed solution
for airflow around a building following the equation of dy-
namics (Fig. 4). It is commonly known as CFD (Computa-
tion Fluid Dynamics), and it provides simulation of the prac-
tical wind environment (Meguro 2003). Because of the con-
siderable rise in computer operational speed and storage
capacity, the large-scale, complicated problems with wind
environment in the residential district can be numerically
simulated in a relatively short time. The simulation results

can also be vividly shown through computer graphics tech-
nology to make the results more intuitively clear and easy
to understand. The computer simulation is not subject to
the actual conditions, therefore, despite what the practical
district layout looks like and whether the building shape is
regular or not in reality, the computer can simulate the sur-
rounding wind environment and acquire detailed informa-
tion (Qian 2015). By using the CFD simulation method, the
wind environment in different natural conditions can be
easily simulated by changing corresponding parameters in
the computer program. Like in the Anhui area, if the wind
environment in a district is to be predicted, the conditions
of the prevailing winds from the north, northwest and south
will usually be considered. Using CFD simulation method,
the different wind directions and velocities must be defined
separately to simulate and research outdoor wind environ-
ment in different conditions. Certainly the flaw of numeri-
cal simulation lies in its dependability, known as the reli-
ability of simulation results, which can be solved by the
detection research to simulate similar flow by applying a
mathematical physical model. Combining the results of the
experiment, the reliability is determined and then the pro-
gram tested can be used to simulate the airflow in a similar
district to assure the relative reliability of the simulation
result (Jooeun 1999). Recently, scholars around the world
simulate and analyse the surrounding building wind envi-
ronment by applying CFD simulation method and compar-
ing it to the results generated in a wind tunnel test (Hult
2004). The CFD simulation method can predict the airflow
condition in the surrounding wind environment accurately
(Fig. 5).

SIMULATION AND ANALYSIS

External conditions: Yuexi County is located in the south-
west-central part of Anhui Province. It is 105 km north of
Hefei city, 75 km south of Anqing city and sits along the
Yangtze River. The geographical coordinates are, longi-
tude 116°40’E-117°06’E and latitude is 30°40’N-31°16’N
(Fig. 6). The territory is in the shape of a traditional Chinese
gold ingot. Yuexi County is surrounded by Lujiang and
Zongyang in the east, Qianshan to the west, Shucheng in
the north and Huaining, along with rural areas of Anqing in
the south. The distance from most eastern to western end is
about 42 km, and from south to north is 64 km. The total
area is 1644 km2.

Yuexi district, is an important traffic hub for the west
and south of Anhui Province, and has obvious geographic
advantages. It is a beneficial part of Anhui Province to im-
plement an opening-up strategy, bridging the east and west.
Hejiu Railway (from Hefei to Jiujiang) and 206 Highway
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Fig. 5: Building wind environment.

 

Fig. 6: The location of Yuexi (116°40’E-117°06’E,
30°40’N-31°16’N).

Fig. 7: Annual temperature and humidity distribution of Yuexi.

Fig. 8: The wind rose of Yuexi.

 

Fig.1: Yuexi government affairs center by satellite and location.

Fig.2: Yuexi government affairs center.

Fig. 3: Wind tunnel simulation experiment.

Fig. 4: Computer simulation.
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run across the city from north to south (Yang 2016). In these
lines, there are several trains for both passengers and goods
moving through Yuexi Station on the Hejiu Railway. The
trains are able to reach cities like Beijing, Shanghai,
Guangzhou, Shenzhen and Fuzhou. Hurong super highway,
from Shanghai to Chengdu, traverses the city and travels
through the gateway to the eastern, rural part of city. The
Hurong super highway that runs through Yuexi City also is
a part of super highway from Beijing to Fuzhou. The Anqing
airport lies in the south of the city, and the Hefei Luogang
Airport is in the north. This enables it to facilitate various
types of planes for both goods and passengers. The water
traffic is convenient for alternative transportation and the
Yangtze River can be reached by ship through Caizi lake.
Using ECOTECT software meteorological database, the
annual meteorological data of Gaotang County was obtained
(Figs. 7-8).

The first line from top to bottom in Fig. 7 represents the
annual highest temperature distribution curve. The second
line is the distribution curve of the annual lowest tempera-
ture. The bar chart represents the annual rainfall.

As shown in Fig. 8, the highest wind velocity of the area
reaches about 21m/s. The different colours in the figure rep-
resent the annual total length of the wind velocity at vari-
ous levels. The meteorological data of Mudan River can be
acquired through analysis. Yuexi is situated in the north
subtropical, humid, monsoon climate zone. The climate is
cool with adequate insolation. It is characterized by the
synchronization of high temperature and ample precipita-
tion with four distinct seasons. Owing to the complexity of
topography, the climates differ greatly in the region. The
annual average temperature of the city is 14.4°C. The aver-
age temperature in July is 26.3°C and 2°C in January, en-
joying an average frost-free period of 213 days annually
with 1,445.8 mm rainfall and 2,070.5 hours of sunshine.
The research simulates the summer southeast wind, using
Fluent to evaluate the rationality for the layout of Yuexi
new government affairs district from the technical level.

Model simplification: The simulation model of the Yuexi
Government Affairs Building Complex is established by
Gambit. The simulation results are completed at 1.6 m, 15 m
and 20 m heights to evaluate the wind environment where
most of the pedestrian activities take place in the district
(Menchaca Brandan 2007). Fig. 9 is a simplified model for
CFD simulation. It’s main concern is the surrounding wind
environment of the Yuexi Government Affairs Centre. Im-
plied by Fig. 9, the models scale is 1:1 with the foundation
at 0 m and horizontal pane at -1 m.

Choice of mathematical model: Turbulence model is the
most important part of CFD software. Universal CFD software

is equipped with turbulence models of different levels,
including the algebraic model, single and binary equation
model, turbulent stress model and the large eddy simulation
(LES) model. The airflow in a district usually belongs to the
incompressible flow turbulence, which has low swirl and
weak buoyancy. The most frequently used mathematical
model is the standard K- model and the LES model. In
comparison, the standard binary equation model of K- runs
at a lower cost. Used in numerical calculation, it is applied
most commonly in the field of low-speed turbulence with
little fluctuation, high precision and is highly adaptive in
the mesh. The shape of the building complex in the district
is so complicated that an unstructured grid (T grid) is used
to mesh surrounding fluids. Therefore, the research adopts a
standard K- model involving control differential equations
of continuity, momentum, K and  (Raymond 2006). The
equations are presented as follows, considering the
incompressibility of fluids and simplification in a steady
state.

(1)  Turbulent eddy viscosity
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Equations (4) and (5), each demonstrate the convection,
diffusion, production and dissipation term from left to right.
In the equation, µ is the fluid’s dynamic viscosity, whose
subscript is the flow of turbulence. Fluid density is , whose
measure is m3/s. The c

µ
 is an empirical constant, while k is

the turbulence pulsation of kinetic-energy, and  is the dis-
sipation rate. The u

i  
represents the hourly mean velocity,

and 
k
 and  

are each the Prandtl numbers correspondent to
k and . The tensor indexes are i and j, whose values range
from (1, 2, 3). According to the related regulations for the
tensor index, when the indicators are repeatedly exhibited
twice in an equation, they should be calculated ergodically



1153RESEARCH ON THE ECOLOGICAL ENVIRONMENT OF GREEN BUILDING

Nature Environment and Pollution Technology  Vol. 16, No. 4, 2017

Fig. 10: Non-configuration mesh.

Fig. 9: The simplified model made by Gambit.

 

 
Fig.11: 1.5 meters high wind pressure plan Fig. 11: 1.5 meters high wind pressure plan.

in their own value range. Based on the recommended value
of Launder and experimental verifications afterwards, the
constants in the equation are C

1=1.44, C
2=1.92, c

µ
=0.09,


k
=1.0 and c

µ
=1.3.

Boundary conditions and mesh generation: After deter-
mining the mathematical model and controlling equations,
the logical boundary conditions should be chosen to nar-

row the differences between the simulation and reality by
analysing the wind velocity and direction in the geographi-
cal location of Yuexi new government affairs district. The
wind rise mentioned above can be used to define the wind
velocity and wind speed as inputs for the simulation area. In
this research, the inlet is defined in the calculation as the
velocity-inlet, using Fluent, with a wind velocity of 3 m/s
from southeast as a typical summer condition; while the
outlet follows the free flow boundary condition, with the
assumption that the flow on the surface has been adequately
developed, and the flow has fallen back to the normal flow
with no obstruction from buildings. This means the relative
stress of outlet is zero (Yang 2016). The surface and ground
for the buildings are fixed for the wall condition of no slip
to be adapted. The wall is a boundary condition used to
confine the areas of both fluid and solid. For viscous fluids,
the adhesion condition should be applied with the consid-
eration that the fluid speed on the surfaces is equal to no
speed on a non-slip surface and the fluid speed on the sur-
face.

Fluent software is equipped with mesh generation as a
preprocessing module and turbulence representation as a
post-processing module. The mesh divides into two groups,
the configuration and non-configuration types. The quality
of mesh generation influences the precision and stability of
calculations to a great extent. The capacity for mesh gen-
eration is also an important factor to measure the perform-
ance of the CFD universal software (Yang et al. 2014). When
simulating with Air-pak in this research, the mesh is gener-
ated by a non-configuration grid technology. The mesh
generation includes many shapes to represent the compli-
cated underlying surface to improve the simulation result
(Fig. 10). The non-configuration grid (Tgrid) is not con-
fined by topology and boundary shape in solving domain.
It can be constructed conveniently and is in favour of a self-
adaptive mesh generation, which can automatically adjust
the grid density by the characteristics of the fluid field, thus
it is beneficial to enhance the accuracy of the overall calcu-
lation (Bruno 2010).

Simulation result and analysis: In Figs. 11-13, the wind
pressure diagrams show the heights of 1.5 m, 15 m and 20 m.
In the summer, the static pressure and the total pressure of
the 1.5 m in the area of the new district are between 6.5 Pa
and 0 Pa. The space between the government office building
and the side of the conference centre will form a positive
pressure zone at 6 Pa because the buildings in the southeast
are in a group. The negative pressure zone will form in the
middle square area as a result of the obstruction of the
southeastern buildings. The government office building in
the southwest and windward side of the culture centre will
form a positive pressure zone with a pressure of 0-2 Pa. The
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natural ventilation among the government office building
and conference centre in the southeast is better than in the
northwest. The comprehensive administrative building in

the northeast is located in the static wind pressure zone with
a relatively low wind pressure, which has an adverse effect
on the natural ventilation and pollutant diffusion. From Figs.
12-13, the wind pressure plans at other heights show that
natural ventilation of buildings in the northwest and
northeast is improved, but because of the height of the
buildings in the southeast direction, the effect is not strong
enough and a combination with artificial ventilation facil-
ity might be required in summer.

From Figs. 14-16, wind pressure plans at the height of
1.5 m, 15 m and 20 m can be seen for the Yuexi government
affairs new district. From the figures, among the sides of
government office building, conference centre, culture cen-
tre and administration building there is a relatively large
area of wind shadow. The wind velocity in the area is 0-0.5
m/s. The wind velocity of the moon-shaped waterscape in
the square is among 0.75 to 1 m/s resulting from water evapo-
ration. It can be concluded that large-scale waterscape has a
certain impact on the wind velocity and is helpful to natural
ventilation, cooling and air quality improvement. The tun-
nel between the buildings in the southeast has the highest
wind velocity of 2-4.75 m/s. This is where the windproof
measurements should be adopted. Figs. 15 and 16 show the
fact that with the increase in the height, the size of the wind
shadow area behind buildings decreases. Figs. 14-16 repre-
sent the wind vector plan of 1.5 m, 15 m and 20 m high. As
shown in these figures, large wind vortexes exist on the side
of the government office building, conference centre, cul-
ture centre and administration building, causing discom-
forts to pedestrian level users.

Figs. 17-19 show the cross section wind velocity, pressure
and vector diagrams. Figs. 20-22 show 3D wind pressure,
temperature and wind vector diagrams to represent the
distribution of wind environment in the district and influence
of buildings and large-scale waterscape on the surrounding
wind environment in a more direct way. The knowledge of
the spatial changing rule in the atmospheric fluid field can be
deducted as following: (1) There is a close relationship
between the wind environment in the building complex and
its layout. A sound layout can form a good wind corridor
guiding the airflow and diffusing pollutants. Buildings can
adopt ecological energy-saving methods, such as natural
ventilation to increase the indoor thermal comfort to improve
the quality of life. By contrast an irrational layout may lead
to a bad microclimate, which will bring discomfort to users.
(2) From Figs. 21-22, it can be easily seen that the large-scale
waterscape has the lowest temperature in its body of water.
Combing the effect of water evaporation, it may bring a
certain impact on the wind environment. Therefore, an
appropriate construction of waterscapes is helpful to the

 
.12: 15 meters high wind pressure plan Fig.12: 15 meters high wind pressure plan.

 
 Fig. 13: 20 meters high wind pressure plan.

 
Fig. 14: 1.5 meters high wind velocity plan.
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also the building size and layout of complex’s. The back-
ground of the project’s research is the new government af-
fairs district in Yuexi County. From the analysis mentioned
above, it can be found that: (1) The planning of the build-
ing layout in the district depends both on the experience of

  

Fig. 15: 15 meters high wind velocity plan.

     

Fig. 16: 20 meters high wind velocity plan.

 
Fig. 17: Cross section wind velocity plan.

diffusion of air pollutants and temperature comfort.

CONCLUSION

The wind condition around the buildings, affect people’s
life. The condition relates to not only the local climate, but

 

Fig. 18: Cross section wind pressure plan.

 

Fig. 19: Cross section wind vector diagram.

 
Fig.20: 3D wind pressure plan 
Fig. 20: 3D wind pressure plan.
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Fig.21: 3D temperature plan 

 
 

Fig. 21: 3D temperature plan.

Fig. 22: 3D wind vector diagram

environment for buildings should be carried out in the early
stage of the planning to optimize the design and enhance
the wind environment around buildings to create a comfort-
able outdoor activity space. (3) Large-scale waterscapes also
have effects on the wind velocity and might be helpful in
improving wind ventilation, cooling and air quality.

ACKNOWLEDGEMENTS

This work was financially supported by National Science
Foundation of China 51378365 and 51178313/E0801.

REFERENCES
Bueno Unzeta, B. 2007. An urban weather generator coupling a build-

ing simulation program with an urban canopy model. Industrial
Engineer University of Malaga.

Bueno Unzeta, B. 2012. Study and prediction of the energy interac-
tions between buildings and the urban climate. Doctoral disserta-
tion, Massachusetts Institute of Technology.

Cheng Haofan, 2013. Evaluating the performance of natural ventila-
tion in buildings through simulation and on-site monitoring.
Doctoral dissertation, Massachusetts Institute of Technology.

Jooeun, Lee 1999. The role of the aerodynamic modifications of the
Yuexis of tall buildings. B.Eng. School of Architecture and Ar-
chitectural Engineering Inha University, South Korea.

Hult, E. L. 2004. Experimental simulation of wind driven cross-
ventilation in a naturally ventilated building. Doctoral disserta-
tion, Massachusetts Institute of Technology.

Meguro, W. W. K. 2005. Beyond blue and red arrows: optimizing
natural ventilation in large buildings. Doctoral dissertation, Mas-
sachusetts Institute of Technology.

Menchaca Brandan, M. A. 2012. Study of airflow and thermal strati-
fication in naturally ventilated rooms. Doctoral dissertation, Mas-
sachusetts Institute of Technology.

Qian, Feng 2015. Analysis of energy saving design of solar building.
Applied Mechanics and Materials, 737: 139-144.

Raymond, Hoi-Kit Kwok 2006. Comparison of three widely-used
aerodynamic modifications that minimize the impact of wind
loads on tall buildings. Bachelor of Science in Civil and Environ-
mental Engineering, University of Wisconsin-Madison.

Wannaphahoon, T. T. L. 2011. The study of pedestrian level wind at
MacGregor dormitory building. Doctoral dissertation, Massachu-
setts Institute of Technology.

Yang, Li 2014. Green building design: Wind environment of build-
ing. Shanghai: Tongji University Press.

Yang, Li, Ye Miao and He Baojie 2014. The application of solar
technologies in building energy efficiency: BISE design in solar-
powered residential buildings. Technology in Society, 38: 111-
118.

Yang, Li 2016. Green Building Design: Building Energy Efficiency.
Shanghai: Tongji University Press.

architects and the CFD simulation, which will provide in-
sight into rational designing. (2) From the simulation re-
sult, the natural ventilation condition of the government
office building and conference centre area in the southeast
is better than in the northwest. The comprehensive adminis-
trative building in the northeast lies in the wind shadow
static pressure zone. In this zone, the wind pressure is rela-
tively small and prevents proper natural ventilation and
diffusion of pollutants. The reason may be in the arrange-
ment of the government business buildings in the south-
eastern part. Accordingly, analysis of the surrounding wind


