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Influence of site selection on natural ventilation
in Chinese traditional folk house
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Abstract: The relationship between the site selection of a hilly  features on natural ventilation was ignored in the past™''".
terrain and the natural ventilation of the Dangdamen building  So, the study on the relationships between the topographic
complex, which is a traditional folk house, is revealed by a  features and the natural ventilation systems of traditional
computational fluid dynamics ( CFD) simulation. The wind press  fo]k houses is worthy of valuable consideration for impro-

and speed distributions around the building in four cases with ving modern residential building design in the countryside.
different weather conditions and topographies are simulated. The

simulation results show that a hill can reduce the absolute values 1 Methodology
of the wind pressure at the windward and leeward sides of the
building. The encouraging effect of the patio on the natural
ventilation in a terrain with a hill is greater than that without a Zhangguying village is located in the northern part of Hu-
hill. The same situation occurs when comparing the patio effects  pan Province, China, under a subtropical climate. As shown
between summer and winter. The wind speed around the building Fig. 1, Zhangguying village lies in a small basin at the
can be reduced by the hill as it is an obstacle and the degrees of ¢ of 4 hill to the north and faces south. The site selection

e o e il n e 1 s o s illags i vl s by g ST
. W ) Y o village is divided into three parts. The first part, referred to

show that this kind of site selection, with the hill to the north, is a 1. .
as the Dangdamen building complex, was constructed in

suitable way to settle the conflict of the natural ventilation .
requirements in summer and in winter under subtropical climate 1.562,' The second and third parts were cons.tructed at t1.1e be-
ginning of the 18th century. The simulation house is the

conditions, especially in houses with patios. . o
Key words: site selection; traditional folk house; natural main part of the Dangdamen building complex, and the

ventilation; computational fluid dynamics simulation plane of the main building is illustrated in Fig. 2.

1.1 Simulation house

uildings originate from the need for human beings to
B protect themselves from adverse impacts of climate. The
site selection of traditional folk houses in China is profoundly
influenced by Feng Shui. Lee!" suggested that Feng Shui is a
traditional Chinese architectural theory for selecting a favour-
able site for dwellings. The natural ventilation and topograph-
ic features are two important considerations in Feng Shui. Be-
cause of various and complicated influential factors and
methodological limitations'”™', the influence of topographic
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Fig.1 Landform of Zhangguying village
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Fig.2 Plane of main building in Dangdamen building complex (unit: mm)
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1.2 Model and simulation cases

Through simplification, a regional 3D model, including
the northern hill and the Dangdamen building complex, are
established by AutoCAD based on the real situation, as
shown in Fig. 3.

Simulation building '

Fig.3 The regional 3D-model

In this study, numerical simulation is carried out in four
cases to investigate the wind environment around the main
building based on the FLUENT software. Cases 1 and 2 are
the ones with a hill in summer and in winter, respectively,
and the size of the computational domain is 1 200 m x 700 m
x 80 m. Cases 3 and 4 are the ones without the hill in sum-

mer and winter, respectively, and the size of the computa-
tional domain is 800 m x 700 m x 80 m. The meshes of the
geometric model in all cases are generated based on the
Gambit software. Tab. 1 shows the detailed conditions of all
cases.

1.3 Outside boundary conditions
1.3.1 Freestream conditions

For the speed distribution, the exponential distribution
function can be calculated by

@

Uh=um(f1—:) (%) (1)

where U, is the wind speed at the height of h, m/s; U, is
the wind speed measured by a portable weather station,
m/s; H_ is the height of the weather station, m; d is the
boundary layer thickness of the location of the weather sta-
tion, m; ,, is the surface roughness of the location of the
weather station; d is the boundary layer thickness under dif-
ferent topographic conditions, m; « is the surface roughness
under different topographic conditions. The values of a and
d can be determined based on the national standard
(GB50009—2001) .

Tab.1 Conditions of all cases

Case Season Topography Type of meshes Number of meshes
1 Summer With the hill Tetrahedron 2 364 952
2 Winter With the hill Tetrahedron 2 364 952
3 Summer Without the hill Hexahedron/Triangular prism 1 845 999
4 Winter Without the hill Hexahedron/Triangular prism 1 845 999

In the turbulence modeling, the turbulent kinetic k, and
the dissipation rating of the turbulent kinetic ¢, can be cal-

culated by
k, :1'5(Uh1h)2 (2)
3
— u, 3)
&= h (

(4)

where « is the Karman constant and is equal to 0. 04; u, is
the rubbing speed, m/s; I, is the intensity of turbulence at
the height of #; C, is the momentum coefficient and equals
0. 09. The intensity of turbulence in this paper is determined
based on the Japanese national standard'".
1.3.2 Boundary conditions of side, top and outflow
surfaces

Because of the large computational domain, the long dis-
tance and the horizontal incoming flow, a hypothesis can be
drawn as follows: the velocity gradient of the top and side
surfaces along the tangential direction is zero and the speed
along the normal direction is zero. The gradient of other
scalars along the normal direction, such as k and &, are ze-
ro. The outflow surface can be regarded as fully developed,
and the gradients of all variables along the normal direction
are zero.

1.3.3 Boundary conditions in winter

Because the wind direction in winter is not perpendicular
to the boundary surface of the geometric model, the method
of velocity resolution is adopted. The inflow speed is sup-
posed to be U; the angle between the inflow direction and
the X axis of the model is set to . Then, the inflow speed
can be divided into two parts: u = Ucosf and v = Using.
These two components can be regarded as the boundary
conditions of the windward side. Other boundary conditions
are the same as those mentioned above. The simulation is
carried out twice, and the simulation results are superim-
posed by the user-defined function method.

2 Results and Discussion

The wind pressure distributions of the building in four
cases are illustrated in Fig. 4. In cases 1 and 3, the wind-
ward sides are barotropic fields and other sides are negative
pressure regions. In case 1, the minimum negative pressure
is at the right side of the building while it is at the leeside
in case 3. The same situation occurs in cases 2 and 4. Most
of the top surfaces in cases 1 and 3 are in the negative pres-
sure region, but the absolute value in case 1 is greater than
that in case 3. In case 2, the area of the negative pressure
zone in the top surface is almost the same as that of the
barotropic field. Most of the top surface in case 4 is in the
barotropic field. The absolute values in cases 2 and 4 are
much less than those in cases 1 and 3. The simulation re-
sults show that the hill can reduce the absolute values of the
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wind pressure at the windward and leeward sides of the
building. Furthermore, the encouraging effect of the natural
ventilation of the patio with the hill is greater than that of
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the ventilation without the hill. The same situation occurs
when comparing the patio effects between summer and win-
ter.
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Fig.4 Wind pressure distributions of the building. (a) Case 1;(b) Case 2;(c) Case 3;(d) Case 4

The wind speed distributions around the building at the
height of 1.5 m in all cases are illustrated in Fig 5. As
shown in Fig 5, the wind speeds around the building in ca-
ses 1 and 2 are less than those in cases 3 and 4. This phe-
nomenon is obviously in the zone near the hill. The speed
of the building area in case 2, which is less than 0. 25 m/’s,
is less than that in case 1. And the average wind speed in
case 2 is less than that in case 1. The simulation results
show that the wind speed around the building can be re-

Velociy?

(m*s™1):
1.301
1.184
1.068
0.951
0.834
0.718
0.601
0.484
0.368
0.251

,'I. 1

1 c 1 T~ | | e—

v 0.952

\ 0.842

260 ; 0.732
i 0.622

0.513

S 0.403

2401 . 0.293
: | B 0.183

260 280 300 320 340 360
X/m
(e)

duced by the hill. The influence degrees of the hill in sum-
mer and in winter are quite different because of different
wind directions. Without the hill, the natural ventilation can
be increased. But a suitable ventilation design should mini-
mize the ventilation in winter and maximize it in summer.
As shown in the results, this kind of site selection can satis-
fy the requirements mentioned above and is worth being
used in modern building design. Furthermore, the results al-
so prove the scientificity of Feng Shui in a way.
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Fig.5 Wind speed distributions around the building at the height of 1.5 m. (a) Case 1;(b) Case 2; (c) Case 3;(d) Case 4
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3 Conclusions

In this paper, the wind pressure distributions of the build-
ing and the wind speed distributions around the building are
simulated in four cases with different weather conditions
and the topographies. The results show that the site selec-
tion and the topographic features can obviously influence
the natural ventilation. Some valuable conclusions can be
drawn as follows:

1) The hill can reduce the absolute values of the wind
pressures at the windward and the leeward sides of the
building. And it can affect the natural ventilation both in
summer and in winter.

2) The patio with the hill can encourage the natural venti-
lation, and the encouragement effect is greater than that of
the patio without the hill. The same situation occurs compa-
ring the patio effects between summer and winter. There-
fore, with this kind of site selection, the patio is a useful de-
sign to improve the natural ventilation in summer.

3) The wind speed around the building can be reduced by
the hill in both summer and winter. But the effects in winter
are much greater than those in summer.
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