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Abstract Green building has been the trend of social development at present. The quality of wind environment acts as an
important aspect of green building. Based on the theory of computation fluid dynamics (CFD) and using the method of
program compiling and numerical solutions, the paper achieve to perform simulation of indoor and outdoor wind
environment of buildings, provide technical support for indoor air duct design, buildings’ distribution and optimization,
and the reasonable planning of urban function zones. Moreover, wind environment simulation technology can supply
surface wind pressure data, which is superior to filed measurement and wind tunnel test in saving human resources and
materials.
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Introduction

In terms of building environment, the quality of the wind environment, is a significant aspect to assess the green
building. Good building ventilation environment can offer a more comfortable living environment, can be more
conducive for energy conservation and emission reduction, and can promote the development of smart city. Therefore,
the study of wind environment is a crucial source to be considered in urban planning.

The research methods of wind environment and wind load mainly include wind tunnel tests, field measurement and
numerical simulation of computational fluid dynamics (CFD) 2. Through making the scale model of an actual building,
wind tunnel test can simulate actual wind environment and building structure. Besides, experimental instrument, which
is arranged in the model surfaces and surrounding, is used to determine the actual structural wind effects. However, the
price of wind tunnel test is rather expensive and model making requests high requirements. Field measurement method
is the most direct means of wind environment research. However, field test has also been restricted by plenty of
conditions. For instance, the field measurement cannot be carried out before the building construction; it can simply be
applied to wind loads and structural response measurements in existing building surface; it still needs a large number of
human resources, materials and time.

With the rapid development of the level of science and technology, in addition to the traditional study method like
the wind tunnel experiments as well as field research methods, the researchers gradually utilize computational fluid
dynamics (CFD) technology based on the principles of aerodynamics. This technology calls numerical simulation
technique as well. CFD has been developed especially for the simulation of the flow behavior, and has proven its use in
the investigation and optimization of many processes. The objective of CFD-Simulation is to identify complex flow
problems in the construction as well as in existing systems and to help optimizing the processes B, Significant
development and improvement has taken place in computational fluid dynamics (CFD) and its application in
engineering, science and environment in the last 3040 years®. And as a result, due to the development of computers,
researchers began to employ computational fluid dynamics (CFD) to study various of areas in a building including the
redistribution of snow Pl, the indoor climate ) and building ventilation. At present, the numerical simulation method has
become a new effective way to predict the wind load and wind environment of buildings. It not only can effectively
save human resources and materials, but also can be convenient to achieve the simulation of the wind environment of
buildings.

1 Computational numerical simulation method

Numerical simulation of wind environment mainly includes node method, mathematical model method and
computational fluid dynamics method ). The computational fluid dynamics (CFD) method has been widely used in
engineering problems because of its advantages of high-speed, convenience, accuracy, effectivity, low cost and others.
Gradually, this method has become the effective means to deal with engineering problems and has been widely
recognized.

1.1 Integrated modeling and grid division

Computational fluid dynamics method plays an extremely important role in building wind environment evaluation,
the found of building geometry model, the division of calculation regional grid and other aspects. The geometric shape
of the building would affect the quality of the local grid. In order to avoid the quality degradation of the local mesh in
several individual buildings caused by the irregular geometry, it is necessary to be simplified for the building geometry.
In addition, the choice of calculation area is also quite crucial. Owing to the large domain of wind field’s action, the
calculation area should be large to some extent. However an excessive increase of the computational domain would
greatly increase the computational cost. Hence, choosing a reasonable calculation area would reduce the amount of
computation.
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1.2 Boundary conditions and governing equation

When utilizing CFD technology to simulate the indoor wind environment, it is an important link to determine the
reasonable boundary conditions in order to guarantee the accurate simulation computation outcome.

For the flow boundary conditions, the wind velocity in the flow direction is uniformly distributed. And the flow
velocity increases along the height of the building according to the gradient. The wind velocity is set up at different
heights, according to the theory of the atmospheric boundary layer. The calculation formula of the height and wind
velocity is as follows B;

h n
V=Y (o) (1-1)
The full development of turbulence needs to be considered when air flows on the flow surface of the building. The
flow boundary conditions are set up according to the free exits.

Based on the mass conservation, momentum conservation and energy conservation law of fluid flow, the CFD
method establishes mathematical governing equations. The general form of the turbulence model is as follows P:

% + div(pﬁ@) = div(F¢grad¢) +S (1-2)
in this type can be velocity, turbulent kinetic energy, turbulent dissipation rate and temperature etc..

1.3 Convergence criteria

According to the continuity equation and the momentum equation, the residual of the termination criteria in CFD
numerical simulation algebraic equation is below 1.0E-4. While according to the energy equation, the residual is
below1.0E-7!"%. The convergence curve and the value of the observation point are shown in the following figure.

Fig. 1 convergence curves calculated by CFD
2 Case 1: CFD Numerical simulation of wind environment around buildings

Taking a residential district as an example, indoor and outdoor wind environment is simulated, including summer,
winter, and transitional season outdoor wind speed and wind pressure, to get the indoor wind speed and air age map.
Figure 2.1 and 2.2 are respectively for building model of the residential district and the computational domain mesh
generation.

Fig. 2.1 Building Model Fig. 2.2 Computational Domain Mesh Generation
Figure 2-3 and 2-4 are respectively for the regional model and the indoor computational mesh of the typical floor in
building 1.

Fig. 2.3 Regional Model of Typical Floor Fig. 2.4 Computational Mesh of Indoor Typical Floor
in Building 1 in Building 1
Taking the summer outdoor wind environment of the residential district and the indoor air environment of the
typical floor as an example, the wind speed and wind pressure map of summer indoor and outdoor are obtained by
computer simulation in Figure 2.5 to 2.9 respectively.
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Fig. 2.5 Summer Outdoor Wind Pressure Fig. 2.6 Summer Outdoor Wind Speed
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Fig. 2.7 Summer Indoor Wind Speed of Typical Floor Fig. 2.8 Summer Indoor Wind Pressure of Typical Floor

Fig. 2.9 Summer Indoor Air Age of Typical Floor

From Figure 2-5 and Figure 2-6 shown above, it can be seen that computer simulation technology can simulate the
buildings’ surrounding wind pressure, wind speed and other parameters, thus to provide effective technical support for
rational layout of buildings in the design stage. The wind speed, wind pressure and air age in the building can be
quantitatively seen from the Figure 2.7-2.9. These results can provide an effective numerical reference for the
evaluation of green building.

3 Case 2: CFD Numerical simulation of wind loads on buildings

The basic parameters such as wind load and wind load can be determined by wind tunnel test in the early stage of
long-span structure design. And in recent years, numerical simulation method has been applied gradually, and has
become an effective method of studying building wind environment. It can carry out wind vibration response analysis
on the structure even when in the lack of corresponding experimental data.

In this project, the wind load on the surface of a long-span roof is obtained by numerical simulation. The structure
diagram is shown in Figure 3-1; computational domain and mesh generation are shown in Figure 3.2, 3.3.
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Fig. 3.1 Structure Diagram
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Fig. 3.2 Computational Domain Fig. 3.3 Mesh Generation
3.1 Turbulence model and boundary conditions

The boundary conditions of the simulation and the selection of the turbulence model are shown in the following
table.



ol Frte
Parameter condition Content selection
turbulence model RNGx — & turbulence model
Inlet boundary conditions Uniform flow using 15m/s
Exit boundary conditions Fully developed flow boundary conditions
Ground boundary condition Solid wall, Wall function is used to simulate the near wall
flow.
Both sides and above of the computation Solid wall slip condition
domain boundary conditions
Building surface Solid wall slip condition

3.2 Analysis of wind pressure on the roof surface

Equation of mean wind pressure coefficient !';
C, == 3-1

In the Equation, p-Surface absolute pressure, p-Density of air, p=1.29kg/m?, u,-Inflow wind speed
3.3 Computer simulation of surface wind pressure

CFD numerical simulation method is used to analyze the variation of wind pressure coefficient on the surface of
long-span structure, thus to realize the application of CFD numerical simulation technology in the static wind load of
the actual structure.

Cross-section wind speed and wind pressure scatter diagram at 0°-180° wind direction were given in Figure 3-4. It
can be clearly seen from this figure that the wind speed and wind pressure at each corner of a long-span roof and eaves:

(c) Wind Pressure (Wind Direction 180°) (d) Wind Pressure (Wind Direction 180°)
Fig.3-4 Wind Direction at 0°-180°, Cross-section Wind Speed and Wind Pressure Scatter Diagram

4 Conclusions

In this paper, the wind field simulation technology is used to simulate the wind field environment of buildings. The
evaluation of indoor and outdoor wind environment quality and the optimization of the structural system or the
component can be available based on simulation result, to promote the construction of green building '],

This project uses the innovative computer simulation algorithm to make the program, and the dynamic equations of
the airflow around the building are solved by numerical method. The technique can be implemented to calculate the
physical parameters of the wind field of buildings, which provides a new means and method for the calculation of wind
load, and also serves as a tool for the green building. According to the wind pressure, wind speed and the wind age map
from the building wind field simulation, Indoor ventilation channel shall be reasonably arranged when designing a
single building, architectural complex layout be rationally planned and functional region be rationally divided when
overall arranging the city., so as to improve the indoor outside natural ventilation effect
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