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For natural ventilation of rooms there is a wide range of possibilities with regard to the selection of 
window type, size and location. A bottom hung window mounted near the ceiling is often used as it 
has proved to work well with regard to draught risk and thermal comfort in the room. However, there 
is a need for more detailed information on the performance of this and other types of windows to make 
it possible to use improved design methods for natural ventilation systems. 

This paper describes the results of laboratory measurements of the airflow from a bottom hung 
window mounted near the ceiling of a ventilated room. In the laboratory set-up it was possible to 
control the temperature difference and the airflow rate through the window. The pressure drop through 
the window was measured as well as the velocity distribution in the incoming airflow. Airflow patterns 
and penetration depth of a cold jet were studied with smoke visualisation. 
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INTRODUCTION 

In buildings ventilated by natural or hybrid ventilation the air is often supplied and in some cases 
exhausted through open windows. There is a need for information on the performance of such 
windows to make it possible to use improved design methods for natural ventilation systems. This 
study focuses on the airflow from a bottom hung window which acts as an inlet only, i.e. no air is 
exhausted through the window. The window is tested at different opening sizes, inlet velocities and 
different indoor and outdoor temperatures. Velocity characteristics of the inlet air jet have been studied 
under isothermal conditions and penetration depth of the jet has been studied under non-isothermal 
conditions. 
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LABORATORY SET-UP 

The investigations are performed in a laboratory test room with the size of Length x Width x Height = 

8 m x 6 m x 3 m, a plane view of the room is showed in Figure 1. The room is divided into two 
separate rooms by an insulated wall. The small room can be cooled, while the large room can be kept 
at normal room temperature with a floor heating system. The bottom hung window is mounted in the 
insulated wall 10 cm below the ceiling (Figure 2). Another window is also mounted in the wall for 
other purposes (measurements by Heiselberg et al. 1999, 2000). Three different opening areas have 
been studied. The opening areas were defined as a slot width of 10 mm, 15 mm and 30 mm (see Figure 
3 for details). 

The pressure difference between the two rooms is measured by pressure taps mounted 20 cm below the 
ceiling beside the window. In the non-isothermal experiments the small room is continuously 
ventilated by cold air at a flow rate of 1500 m3/h. The airflow rate through the window is controlled by 
valves in the supply and exhaust ducts. The actual flow rate is determined from previously measured 
pressure characteristics of the window and leakage characteristics of the room (Heiselberg et al. 1999, 
2000). 
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Figure 1: The test room is divided into a cold room simulating outdoor conditions and an experiment 
room with normal room temperature. The window is mounted in the insulated wall between the rooms. 
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Figure 2: The bottom hung window is mounted in the insulated wall l 0 cm below the ceiling. Another 
window is also mounted in the wall for other purposes. 
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Figure 3: Section view with details of the window (left), the slot width is measured at the narrowest 
passage for the flow (in the middle), photo from outside of the window with 30 mm slot opening 
(right). 

RESULTS 

Isotllermal measurements 

Under isothermal conditions the inlet flow from the window will form a three-dimensional wall jet 
along the ceiling. It is assumed that the maximum velocity in the jet follows Eqn. (1): 

where u is the maximum velocity at the distance x from the inlet [mis] 
u0 � (2Apl pf5 is the calculated inlet velocity [mis] 
a0 � qlu0 is the effective opening area of the window [ m2] 
K0 is a constant related to the opening 
x0 is a virtual origin of the jet [m] 
tJp is the pressure difference between the rooms [Pa] 
pis the density of the incoming air [kg/m3] 
q is the airflow rate through the window [m3/h] 

The wall jet thickness is assumed to follow Eqn. (2): 

x-xoy 
Doy C

vao 

(1) 

(2) 

where 0. is the wall jet thickness at the distance x from the inlet. It is defined as the distance from the 
ceiling to the height where the velocity is 50% ofu. With respect to wall jet thickness the virtual origin 
is Xoy and Day is the growth rnte. 
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Velocity profiles of the wall je1\have been measured at eight different distances from the inlet By 
rearranging equation 1 the characteristic constants of the jet can be determined graphically as shown in 
Figure 4. The measurements wen performed for two different slot openings h and two different inlet 
velocities. Table 1 shows the resu:ts. There is some variation in the values of Ka and x0• If x0 is fixed to 
be -2.0 m there is less variation in the calculated values of Ka as shown in the table. 

Exp. no h [mm] 

1 15 

2 15 
3 30 

4 30 
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TABLE 1 
RESULTS OF THE ISOTHERMAL MEASUREMENTS 

.1p [Pa] a0 [m'] 
12 .0236 

6 .0222 
6 .0396 

2.2 .0368 

,______. 

-1e=10m 

-z-x= 15 m 

�x=2.0m: 

-x=2.5m 

-6-X=30m 

-+-K=3.5 m 

Ka Xo [m] 

6.1 -1.6 
7.9 -2.5 
7.5 -1.9 

8.1 -2.3 

K0@x0 = -2.0 

4.5 
4 

3.5 

2.5 

6.6 

7.1 

7.6 

7.6 

Day Xoy 
.077 -.75 

.077 -.92 

.083 -.42 

.073 -.90 

.!!l c 
2.5 

-x=40m 

-x-x=4.Sm 

o Measured data 
- Regression line 
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Figure 4: Isothermal experiment no 3. Velocity profiles in the centreline of the room (left). Ka and x0 
are determined from the regression line (right). 

Non-isothermal measureme11ts 

Under non-isothermal conditions the penetration depth of the cold jet has been studied. 55 experiments 
have been performed at three different slot openings and a number of different inlet velocities as well 
as two different temperature differences. During each experiment the pressure difference between the 
rooms is recorded as well as the air temperature in a number of positions in each room. The 
penetration depth is determined by adding smoke to the air outside the window (Figure 5). Each smoke 
experiment has been videotaped for documentation. 

As described by Nielsen et al. (1987) the penetration depth is expected to follow Eqn. (3}: 

Xs -xo_, 

.;;;: 
(3) 

where Xs is the penetration depth and !'>. T 0 is the temperature difference between inside and outside. 
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Figure 5: The jet penetrates to the distance x, (left). Photo from smoke experiment no 32 shows where 
the jet no longer attaches to the ceiling (right). 

The measured results are plotted in figure 6. It shows that the data fit well with Eqn. (3) within each 
slot opening. However, it is clear that the curves for each opening differ from each other although the 
opening area is included in the equation. A possible explanation is that not only the opening area 
changes when the window is opened more or less, but also the direction of the incoming air is changed. 
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Figure 6: Penetration depth results for slot openings 10 mm, 15 mm and 30 mm. 
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CONCLUSION 

The airflow from a bottom hung window has been analysed under isothermal and non-isothermal 
conditions. 

It was found that the incoming air jet under isothermal conditions could be described well with 
traditional jet theory. 

The penetration depth of a cold jet from the window matched well with an equation based on the 
archimedes number of the jet. 
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