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Abstract—This paper is based on the research of the wind 
environment in a residential area. Comprehensive analysis of the 
residential building group’s outdoor wind environment with two 
different layouts was made by using the establishment of the 
physical and mathematical models of the outdoor wind 
environments, and the application of professional CFD software 
Fluent Airpak for scientific research. Studies have shown that 
using a numerical simulation method to evaluate the wind 
environment of residential area has a significant role in assisting 
with effective design. It also has an important impact on the 
improvement of buildings’ layouts to better the outdoor wind 
environment. 
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I. INTRODUCTION 

With the increase of the continuous construction of the 
urban high-rise construction, the wind environment problems 
effecting residents have become increasingly prominent, and 
the focus of communities concern and attention. Building wind 
environment is the flow condition of the air on the buildings 
inside and outside space, as well as its impact on building [1]. 
In recent years, wind environment has gradually become an 
important part of the design for a building. The pros and cons 
of wind environment directly affect the health and safety of 
residents. If not addressed properly, it will cause adverse 
consequences. Through scientifically reached layouts of 
residential building groups, the rational organization of the 
natural ventilation makes the greatest impact of integration on 
the buildings and natural environment. It also allows 
residential buildings to obtain as much lighting and ventilation 
as possible, while preventing unnecessary energy loss for a 
better quality of life for the residents. In the planning of the 
building groups, the determinant most widely used from 
complex building arrangement is a layout with strip-unit 
dwellings, or townhouse apartments, arranged in low 
orientation with reasonable spacing. This arrangement can 
allow for each house to receive good sunshine and ventilation, 
as well as facilitate the arrangement of roads, pipe networks, 
and industrialized construction [2]. 

With consideration of the outdoor airflow and the 
residential building’s plan and design, it becomes important to 
research methods for residential building energy efficiency and 
sustainability. Using residential group’s numerical simulation 
details the outdoor field velocity, temperature and the pollutant 
distribution can be acquired. It has far-reaching significance to 

improve the living environment [3]. This paper takes a 
property’s wind environment as an example and uses 
comprehensive analysis of the two kinds of row layouts' 
outdoor wind environment conditions to analyze. Through the 
establishment of the outdoor wind environment’s physical and 
mathematical models, the application of professional CFD 
software, Fluent and Airpak can facilitate the scientific research. 
Research has shown that the method of using numerical wind 
tunnel simulation to evaluate the residential estate's wind 
environment has had a significant and important role for 
improving outdoor wind environment. 

II. NUMERICAL SIMULATIONS 

Numerical simulation of fluid flow signifies airflow 
governed by the fluid dynamics equations discretized and 
solved by the computer. The computer graphics are used to 
express the results visually. This kind of numerical simulation 
technique is called computational fluid dynamics CFD 
Technology [4]. In the past, this technology has been widely 
used in the manufacturing industry. In recent years, CFD 
technology is being used more in the building environment's 
simulation research. Although it has not yet been a universal 
application, it has made great development.  

This paper analyses CFD with the Fluent software. Fluent 
Airpak software is a professional, artificial, environment system 
analysis software for engineers, architects, and designers. It can 
accurately simulate the physical phenomena of airflow, heat 
transfer and pollution in the research object, and according to 
the ISO 7730 standard it offers the technical indicators of 
measuring indoor air quality (IAQ), such as the comfort level, 
PMV, PPD, and so forth. 

A. Equations for Calculating and the Selection of 
Mathematical Models 

The turbulence model is a major component of CFD 
software simulation. The wind flow within the residential area 
is generally incompressible and low-speed turbulence, but its 
wind environment simulation is the numerical simulation of 
bluff body spoilers flow field [5]. The standard K-ε model is a 
common mathematical model. The limit flow is formed with 
airflow and building contraction. The standard K-ε model better 
effects the simulation of the limit flow, which is the wall 
constraint, with low computational cost, small waves and high 
precision in the numerical calculation. It is widely use in low-
speed turbulence and easy for network adaptation [6]. The basic 
control equations including quality and momentum 
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conservation equations are used in this paper. If only 
considering steady-state effect, it is an introduction to the 
standard RNG K-ε turbulence model for numerical simulation.  

B. The Set of Computational Domain and Boundary 
Conditions 

Before doing the numerical simulation of wind 
environment, we must establish an effective computational 
domain first. Reasonable determination of computational 
domain has an important impact on the results of numerical 
simulation. Too large computational domain will increase the 
number of grids, the workload and work hours, and will be a 
waste of resources. Too small of a computational domain will 
make the calculation results biased, and impact the accuracy of 
the simulation. After repeated scientific research, the scope 
was determined to be the calculation region is 300m × 200m × 
100m. 

After the determination of computational domain, the 
determination of the reasonable boundary conditions makes the 
simulation comparable to the real situation. Determining the 
wind direction and wind velocity by the analysis of the wind 
velocity and wind direction of the location, in this case, was 
done through the input conditions of the simulation region. In 
the calculation of this paper, the inlet was defined as the 
velocity boundary condition. Assume that the flow of the 
surface has been fully developed and has been restored to the 
normal flow without the blocking of the buildings, namely the 
outlet pressure is the atmospheric pressure. The surfaces of 
buildings and the ground are fixed, so the no-slip wall 
condition is used. Since the selected computational domain is 
larger, the airflow of the surface on the top and on the side is 
not affected by the building, so it is set as the free slip surface 
[7]. 

During the simulation analysis, grid generation quality has 
a great influence on the accuracy and stability of the results. 
The strength of the grid generation capacity is also an 
important factor to measure the performance of CFD general-
purpose software [8]. When using Airpak to do the simulation 
in this research, the unstructured grid technology is used. It 
includes a variety of shapes for meshing, which will maximize 
the presentation of the complicated underlying surface shape 
and improve the model simulation effects. The topological 
structure and boundary shape of the solving domain do not 
limit the unstructured grids. It is very easy to construct and will 
help generate the adaptive grid, which will automatically 
adjust the grid density according to the characteristics of the 
flow field. It is beneficial to improve the calculation accuracy 
of the local domain [9]. 

III. MODELING AND THE SET OF ENVIRONMENTAL 

CONDITIONS 

A. The Residential Group Model 

This paper looks at the simulation of the wind environment 
of two basic residential groups’ layouts. Both of the two 
residential groups are plate structure and determinant layout. 
The sizes of all the buildings are the same and arranged from 
the South to North. The layout of the Group A consists of 9 

buildings that are parallel to each other. All the buildings are 11 
floors that measure 3 meters, totaling 33 meters high. Its layout 
is shown in Figure I. The layout of Group B is the alternating of 
front and back of 9 buildings. Three buildings to the South are 
22 layers, each measuring 3 meters, and totaling 66 meters high. 
Six of the buildings to the North are 17 layers, individually 3 
meters as well, totaling 51 meters high. Its layout is shown in 
Figure II. 

 
FIGURE I. LAYOUT OF GROUP A’S RESIDENTIAL BUILDING 

GROUPS 

 
FIGURE II. LAYOUT OF GROUP B’S RESIDENTIAL BUILDING 

GROUPS 

In order to facilitate the computational simulation and 
improve the calculation velocity, we use the similarity principle 
to idealized the building’s shape as rectangular and simplify the 
actual model. The simulation models of Group A and B are 
built using this principle. For reference, Figure III is the 
simplified simulation model of Group A, and Figure IV is the 
simplified simulation model of Group B. The size of the model 
is proportional to the actual size and the plane simulation result 
used the measurement of 1.5m to the ground. The plane wind 
environment was analyzed considering the pedestrian activity 
on the property. The main analysis of the modeling process is 
the buildings’ inner wind environment. For this analysis, it is 
only necessary to consider the buildings’ inner wind 
environment, so the wind environment around the structures 
will not be considered [10]. 
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FIGURE III. SIMPLIFIED SIMULATION MODEL OF GROUP A 

 
FIGURE IV. SIMPLIFIED SIMULATION MODEL OF GROUP B 

B. The Set of Environmental Conditions 

The dimensions of the model fully correspond to local 
regulatory requirements and meet the daily light and sunlight 
needs. With this reasonable factor, we consider that the only 
perennial dominant wind direction in the area is Southeast 
wind. It has an annual average wind velocity is 3.3m/s, as the 
parameter of environmental climatic conditions in simulation 
analysis [11]. 

IV. THE ANALYSIS OF SIMULATION RESULTS 

Currently, the building codes of both domestic and 
international do not have a uniform standard of how to 
evaluate the pros and cons of the wind environment. The wind 
environment mainly affects humans. The pros and cons of 
pedestrian level wind environment directly impact the user’s 
experience. Research on the conditions of pedestrian height 
wind environment, as the evaluation criteria of wind 
environment has become the interest of many different 
designers, architects and engineers. This paper analyzed the 
conditions of 1.5m, pedestrian height wind environment. 

A. The Simulation Results and Analysis of Group A 

It can be seen that from Figure V, the maximum value of 
wind velocity is about 3.38m/s, in the direction of East to West, 

and the wind velocity in the building groups generally 
decreases from Southeast to Northwest. As can be seen from 
Figure VI, the building groups' wind direction is roughly from 
East to West. This is because the distance between buildings 
from East to West is small, which blocks the movement of 
airflow. As can be seen from the wind velocity vectogram, the 
leeward side of residential buildings forms an eddy current 
phenomenon. However, the south side of the building forms a 
stronger airflow. This is because the front row of buildings 
blocks the airflow while it passes through the building groups. 

 
FIGURE V. WIND VELOCITY OF 1.5M HEIGHT SIMULATION OF 

GROUP A 

 
FIGURE VI. WIND VELOCITY OF 1.5M HEIGHT SIMULATION 

OF GROUP A 

B. The Simulation Results and Analysis of Group B 

As can be seen from Figure VII, under the same 
environment conditions with Group A, the results of simulation 
are different. First, buildings are in an East to West arrangement, 
but Group B used dislocation of the front and back layout, the 
inlet wind is Southeast wind, the wind velocity in building 
groups change little, and wind velocity decrement situation is 
very weak. As seen in Figure VIII, the building groups' 
Southeast wind inlet is almost the same as Group A. The wind 
velocity changes of Group B are even and very small, and 
without the leeward side vortex phenomenon and south side's 
strong wind phenomenon, as can be seen in Group A. It formed 
the East to West ventilated corridors with flat wind velocity 
[12]. Between the arrangement of the front and back buildings, 
the wind velocity changes unevenly, the wind velocity was 
either strong or weak, but the building groups' air distribution of 
Group B was even . 
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FIGURE VII. SIMULATION OF WIND VELOCITY UNDER 

PERENNIAL DOMINANT WIND WITH 1.5M HEIGHT OF GROUP B 

 
FIGURE VIII. SIMULATION OF WIND VELOCITY UNDER 

PERENNIAL DOMINANT WIND WITH 1.5M HEIGHT OF GROUP B 

V. CONCLUSIONS 

According to the wind environment simulation results of 
the two residential building groups, it can be seen that when 
the buildings are in a parallel arrangement like Group A, the 
wind velocity is increased at the entrance of the residential 
groups but the magnitude is not. Due to the blocking of wind 
by the front row buildings, the airflow around the back row of 
buildings is gradually weakened. This may have adverse 
effects on natural ventilation and stagnate pollutant. When the 
buildings' layout is arranged alternating front and back such as 
Group B, the wind velocity in the complex channel of building 
groups changes to smooth and constant. The amplitude is also 
decreased due to the layout. Wind velocity in each direction, 
due to the blocking, made the Northeast inlet have a smooth 
flow from the East to West, allowed for the normal smooth 
natural ventilation, and was good for the internal pollutants 
dispersion. This will not produce the adverse effects of poor 
ventilation and stagnate pollution. It is conducive to the normal 
activities and security of internal staff, and can guarantee them 
better comfort and health. 

City wind environment has gradually become the key focus 
of city environment problems, and increased concern and 
attention of the community. The city's rapid development and 
urban residential expansion, especially the continuous 
construction of the high-rise complexes, have generated a 
series of environmental problems that cannot be ignored. 
Various professionals in the field have actively called attention 

to researching the environmental problems of the residential 
building groups. This issue is closely linked with urban 
residents' quality of life and the health. This article further states 
this issue and uses the professional, scientific environment 
simulation software to do the numerical simulation of wind 
environment. Based on research, there is an influence on the 
conditions of the building groups’ layout to residential estate’s 
wind environment during the residential estate design. Through 
scientific means to designers are able to determine whether the 
planning and design are reasonable. This article provides a 
reasonable and scientific reference for planning and design, and 
provides some guidance for building a good environment of 
residential estate. 
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