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ABSTRACT 

This study utilizes the two-chamber 
model to simulate naturally ventilated air
flow through a window opening in a com
mon-type bedroom in Taiwan. Standard k
epsilon turbulence model is implemented to 
account for such a natural convection flow 
pattern. The driving force in this space is 
mainly the heat flux generated by occu
pant's skin. The result shows that under 
normal operation indoor, carbon dioxide 

( indicator air contaminant for IAQ ) is less 
than 1000 ppm, ASHRAE Standard recom
mended. 

KEYWORDS 
CFD, Natural Ventilation, Two-

chamber model 

INTRODUCTION 
RECENTLY, further efforts on the 

natural ventilation system have been made 
due

_ 
to the environmental benefit and energ; 

savmg aspect of the building for residence 

( 1-4 ) . It is important to perform the 
ventilation of the space efficiently in 
consideration of health and thermal comfort. 
Natural ventilation may be defined as 
ventilation strategies, which are driven by 
the natural forces of external wind and 
indoor/outdoor temperature difference. 
These force induce pressure difference 
betw�en inside and outside of the building 
opemngs resulting air movement and 
thermal exchanges, according to principles 
of the conservation of mass, momentum and 
energy. The pressure difference between 
indoor and outdoor environments which 
define the rate of ventilation are dependent 
on several parameters ( 5-7 ), e.g. The wind 
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e.g. The wind speed and orientation relative 
to the building, the external tempera
ture ... etc. There are three types of natural 
ventilation strategies whose performances 
are directly influenced by variations in the 
above parameters. These are ( 8 ) : 

V entilation through windows; 
ii Ventilation through trickle vents; 
iii Passive stack ventilation systems. 

From the above, only the first strategy is the 
focus of this content. 

However it is very difficult to simulate 
naturally ventilated airflow phenomena 
through the opened area, because of its 
complexity and uncertainties. In order to 
present such a natural phenomenon under 
some reasonable assumption, we construct 
the two-chamber model to achieve it. As il
lustrated in figure I, this model consisted of 
two chambers : an climate chamber, simu
lating the typical domestic climate in Tai
wan and an indoor chamber, representing 
the common-type bedroom layout where all 
the field-variable estimating ( temperature, 

velocities ... ) were carried out . According 
to the statistical survey of climate data, 
parameters concerned with air in climate 
chamber are then specified. It represents the 
usual still-air properties in warm climate in 
Taiwan. The air in the indoor chamber move 

through the opening window ( in and out ) 
as a result of buoyancy force, generated by 
the body lay down on the bed and the con
servation of mass, momentum and energy . 

A number of studies have been under
taken for natural convection heat transfer 
within a enclosure ( 9-12 ). The citations 
listed in these representative studies provide 



further references for this problem. It has 
been established that natural convection heat 
transfer from inner heating elements is sig
nificantly affected by the plume-rise effect. 
However it appears that most of this litera
ture dealt with fundamental physics. In 
practice, a lack of knowledge remains on the 
phenomena of natural ventilation through 
window openings in a residential bedroom. 

T he objective of the president study was 
to provide physical insight into the nature �f 
buoyancy-driven air flow and natural venti
lation phenomena pertinent to the common
type bedroom layout in Taiwan considered 
for which little or no information is avail
able .In doing so, T he standard k-epsilon 
turbulence model is employed to simulate 
turbulent natural ventilation in the bedroom. 
Of particular emphasis in this study was in
fluence of the opened window location on 
the flow phenomena. It's expected to identi
fy a suitable location of opening toward the 
outdoor environment that makes ventilation 
strategy effective and assure achievement of 
comfort level. 

...... � .. · 

Partition wall 

Figurel Schematic Diagram of the physical 
configuration investigated. 
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METHODS 

• Physical Problem and Mathematical 

Formulation 

Figurel illustrate schematically the 
physical problem of air undergoing natural 
ventilation process through window opening 
in a residential bedroom. Initially air is at its 
domestic temperature T; in Taiwan. Sud
denly the heat flux generated by occupant's 
skin (face and breast) raise temperature of 
air adjacent to these regions. T he buoyancy
driven airflow resulting from temperature 
difference between occupant's skin and am
bient air is assumed to be three-dimensional 
and turbulent. 

Further the thermophysical properties 
of the air are temperature independent, ex
cept for the density, for which the Boussi
nesq approximation is valid. T he other di
mensional parameters specified in this study 
are shown in Table 1. 

Table 1 dimensional parameters specified in 
numerical calculation 

parameter value remarks 
specified 

size of indoor 3 x 2.4 x 3 length-scale of 
common-type bed-

chamber ( m ) room in Taiwnn 

ratio or opening 

0.3 x 1.2 
area to floor area. 

size of window 
0.05 ( min. opening 

opening ( m ) 
value in Building 

Code in Taiwan ) 
size of climate 3x2.4x3 

chamber ( m) 
initia l temperature, 26°C statistically average 

T, temperature in 
wall of the climate 26°C summer in Taiwan 

chamber 
wall of the indoor adiabatic 

chamber 

partition wall be-
tween climate adiabatic 

chamber and indoor 
chamber 

heat flux generared 
from occupant's 58.2 I met. 

skin ( face and ( Wlm') 

. breast) 
carbon dioxide em- Under I met. ac-
ission rate from oc- 0.35 I/min tivities 

cu pant 



• Numerical Method 
Numerical simulation of the physical 

problem under consideration has been per
formed via a finite volume method for 
solving the governing equations and 
boundary conditions mentioned above. This 
study applies the SIMPLE ( Semi-Implicit 
Method for Pressure Linked Equations ) al
gorithm ( 13 ) to solve those equations . The 
"two equation" model of turbulence, the k
epsilon model ( 14) was adopted. To bridge 
the steep dependent variable gradients close 
to the solid surface, the " general wall func
tion " is employed. The iteration calculation 
was continued until a prescribe relative con
vergence of 104 was satisfied for all field 
variables of this problem. 30 x 30 x 30 
grid system were employed for the president 
calculations. 

RES UL TS AND DISCUSSION 

Numerical simulation have been un
dertaken for the naturally-ventilated flow 
through different kinds of window location 

( A, B and C ) in a residential bedroom with 
the relevant dimensional parameters listed in 
Table 1. Window openings A, B and C are 
located on the left hand side, the middle and 
right h.and side of partition wall respectively, 
as shown in figure 1. 

The numerical results will therefore be pre
sented with primary focus on the influence 
of the opened window location on turbulent 
flow structure and carbon dioxide distribu
tion in a common-type bedroom in Taiwan. 

•Natural Ventilation Phenomena 

First of all, flow structure developed 
within a naturally ventilated room under av
erage heat flux ( 58.2w/m2 )are presented by 
means of velocity vector diagram, as illus
trated in figure 2. This plot display vector in 
the cross-section plane through the center of 
the window opening in the middle of parti
tion wall. Convective thermal-plume from 
internal heat source generated from occu
pant's skih cause an upwind air movement. 
The warm air forms a temperature
stratification region under the ceiling which 
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is then exhausted at high part of window 
opening, then the " cooler " air flow through 
lower part of window opening, due to con
servation of air mass. This convective plume 
also entrains air from lower level into the 
higher level and large circulation forms in 
the left region of this bedroom illustrated in 
figure 2. 

Indoor Chamber 

.. . . . " . 

Climate chamber 

Figure2 naturally ventilated airflow through 
the window located at left hand
side of the partition wall. 

• Flow Pattern and Carbon Dioxide Dis

tribution 
It is of significance to reveal relation

ship between the location of window open
ing and heat source and estimate influence 
of variation in those parameters on indoor 
air environment. 

There are three kinds of window loca
tions ( at the left, middle and right portion of 
the partition wall ) connected to the climate 
chamber. Figure 3 shows that the character
istics of flows pattern are similar to each 
other and indoor carbon dioxide concentra
tion is less than l 000 ppm, ASHRAE 62-89 
Standard recommended. It is expected to 
show that the minimum opening area( 5% of 
floor area) in the Building Code in Taiwan 
is reasonable. 

· 
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(a) window opening located on the left-hand side of the partition wall 
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( b) window opening located in the middle of the partition wall 
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( c) window opening located on the right-hand side of the partition wiill 

Figure 3 Velocity vector diagram ( left ) and C02 concentration l?rofile ( right ) 
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