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ABSTRACT 

Niels C. Bergs!3e 
Danish Building Research Institute 
P.O. Box 119 
DK-2970 H!3rsholm 
Denmark 

During recent years the interest in the passive tracer gas technique has grown rapidly. 
The method has mainly been used in the field for measurements of air infiltration rates 
in buildings. This paper describes measurements of the contaminant dispersion in a 
ventilated room using a passive tracer gas technique and the results are compared with 
the results from a conventional method. 

Vertical profiles of concentration in the middle of the room have been measured at 
different ventilation air flow rates and different locations of the tracer gas source. The 
results showed good correspondence between the methods within an accuracy of ± 10-
15% in large parts of the room. In regions close to the tracer gas sources the differences 
were larger. The results gave at the same time recommendations for the use of the 
passive tracer gas technique for measurements of the air infiltration rates in buildings. 

KEY WORDS Passive Tracer Gas Technique, Contaminant Dispersion 

INTRODUCTION 

Knowledge of the air distribution and the air flow inside buildings in use is only 
possible by use of measurement techniques. During recent years the interest in the 
passive tracer gas technique has grown rapidly because it is a simple, easy to use and an 
inexpensive method compared with traditional tracer gas methods. Also the possibility 
of simultaneous use of several different tracer gas types and the fact that measurements 
can be performed as long term measurements makes the technique interesting in 
connection with investigations in the field. 

The principles for this technique were developed at the Brookhaven National 
Laboratories (Dietz et al. 1986) in the beginning of the 1980'es. Since then the method 
has been used mainly for measurements of ventilation air infiltration rates in buildings 
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and results have been reported by several investigators, (Bergs0e 1988; H arrje et al. 1988; 
Sateri et al. 1989; and Sateri 1991). 

This paper describes laboratory tests where the passive tracer gas technique has been 
used for measurements of the contaminant dispersion in a ventilated room at different 
air flow rates and different locations of the tracer gas source. The results are compared 
with the results from a conventional method. The comparison shows the ability of the 
passive tracer gas method to register concentration differences in a ventilated room and 
the measurements give at the same time information about the degree of complete 
mixing in the room. 

EXPERIMENTAL SET-UP 

The measurements have taken place under isothermal steady state conditions in a 
full-scale test room located in a laboratory hall. A sketch of the geometry of the room 
is shown in figure 1. The inlet is located in the middle of one of the end walls with the 
top of the diffuser 2.2 m above the floor, se figure 1. The dimensions are (H x W) = (0.17 
m x 0.7 m). The generated flow pattern is very typical of modern air terminal device 
design. The outlet is located below the inlet with the top of the outlet at a distance of 1.6 
m above the floor. The dimensions are (H x W) = (0.2 m x 0.3 m). 

The contamination source consists of a ping pang ball (diameter 30 mm) with 6 
evenly distributed boles with a diameter of 1 mm each. C02 was used as a contaminant. 
It was mixed with the carrier gas He in order to give the contaminant the same density 
as air. The total contaminant flow rate was 0.025 1/s. The measurements of profiles of 
concentration are based on measurements in 10 points. The points were distributed along 
a vertical line placed in the centre plane of the test room 2.2 m from the supply opening. 

b) 

Figur 1. a) Sketch of the geometry of the full-scale test room. b) Close-up of the 
HESCO inlet device. 
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PROFILES OF CONCENTRATION 

The contaminant dispersion in a ventilated room at different air flow rates and 
different locations of the tracer gas source is evaluated in the light of vertical profiles of 
the concentration in the middle of the test room. Both the passive tracer gas technique 
and a conventional technique have been used. The profiles are presented as concentra
tion ratios where the reference concentration is the concentration in the exhaust opening. 

Influence of Air Change Rate 

The profiles for three air change rates are shown in figure 2. The contamination 
source is located in the centre plane of the test room 2.2 m from the supply opening and 
1.2 m above the floor. In the test case with an air change rate of n = 1.5 h-1 the air flow 
rate is approximately the minimum value required to ventilate an office room. The throw 
of the jet is about 4/5 of the room length and the maximum velocity in the occupied zone 
is below 0.1 mjs. The test case with an air change rate of n=3 h-1 represents the basic 
case where the air flow rate is about the usual value in office rooms. The throw of the 
jet is here approximately room length plus room height and the maximum velocity in the 
occupied zone is 0.16 m/s which is the maximum velocity that can be accepted in an 
office. In the test case with an air change rate of n = 6 h-1 the maximum velocity in the 
occupied zone is about 0.33 m/s. The velocity measurements can be seen in Skovgaard 
et al. (1990). 

The results in figure 2 show in the upper part of the room a concentration 
distribution in the wall jet created by entrainment of the contaminated room air into the 
primary air. The distribution is nearly the same for all three air change rates. 

In the occupied zone the concentration distribution is dependent on the air change 
rate and it changes radically when the air change rate is changed from n = 1.5 h-1 to n = 3 
h-1 due to a change in the flow structure in the room. At an air change rate of n = 1.5 h-1 

the supply air jet only reaches the upper part of the occupied zone and the recirculating 
flow takes place here. In the lower part of the room there are small velocities and a slow 
exchange of air and therefore a high relative concentration of about 2. At an air change 
rate of n=3 h-1 the supply air jet reaches the floor in the room and there will be a 
recirculating flow with large velocities at floor level. The contamination source will then 
be almost in the centre of the recirculating flow and the relative concentration therefore 
becomes very high up to 3-4 before the contaminant is entrained and discharged with the 
other air in the room. Model experiments by Oppl (1969) and full-scale experiments by 
Heiselberg et al. (1987) show a similar effect when the source is placed in an area with 
a low velocity. With an increasing air change rate the contaminant distribution is approx
imating the distribution at high turbulent flow conditions in the room. This distribution 
is independent of the air change rate, see Nielsen (1981). The maximum velocity in the 
occupied zone will, however, be above the acceptable comfort level for office rooms. The 
contaminant distribution in a room will in practice therefore depend on the air flow rate. 

The results show good correspondance between the two methods at air change rates 
of n=3 h-1 and n=6 h-1

. In large parts of the room the accuracy is within ± 10-15%, 
except close to the sources because of the differences in the release of tracer. 
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Figure 2. Relative concentration profiles in the middle of the test room for 
three different air change rates measured with A) a passive tracer gas method 
and B) a conventional tracer gas method. 

Influence of Location of Contamination Source 

The profiles for four locations of the contamination source in the room are shown 
in figure 3 at an air change rate of n = 3h-1• Location A) is in the middle of the room. 
Here the velocities are very low. Location B) is in the primary jet. Locations C) and D) 
are in the occupied zone where the maximum velocity in the recirculating flow and a low 
velocity have been measured, respectively. 

The profiles depend on the location of the contamination source. A location in the 
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Figure 3. Relative concentration profiles for four different locations of the 
contamination source found by A) a passive tracer gas method and B) a 
conventional tracer gas method. 

middle of the room gives high relative concentrations there as mentioned above. A 
location in the primary jet results in a very good mixing of the contaminant and the 
supply air and gives a quick removal of the contaminant and a homogeneous contaminant 
distribution in the whole room with a relative concentration close to 1. A location of the 
contamination source at floor level gives a uniform concentration in the upper part of the 
room with a relative concentration of about 1 and only high concentration in the 
immediate vicinity of the floor. Corresponding results are found by Oppl (1969) and 
Nielsen (1981). 
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DISCUSSION 

In a room with incomplete mixing measurements of the air change rate will depend 
on the location of the measurement points. A location too close to the contamination 
source will result in measuring of relatively small air change rates, while a location close 
to the air inlet will result in measuring of relatively large air change rates. The results in 
this paper show that in certain situations the air change rates can be 3-4 times as large 
in some areas of the room than in others. The best estimation of the air change rate will 
be achieved if the measurement points are located in areas of the room where the air is 
leaving the room or by an even distribution of measurement points in the whole room. 

The concentration differences in a room depend among other things on the location 
of the contamination source and of the flow conditions in the room. A homogeneous 
contaminant distribution is achieved if the contamination source is located in an area of 
the room where the velocity is high and the exchange of air is large. The contaminant will · 
then be well mixed with the flowing air and quickly be distributed in the whole room. On 
the other hand if the contamination source is located in an area of the room where the 
velocity is low and the exchange of air is small, then the concentration of the contaminant 
becomes very high before it is entrained and discharged with the air in the room and 
there will be large differences in the concentration of the contaminant betv,reen the 
different parts of the room. 

The results show that the flow conditions in a room are changing when the air change 
rate are changed and that the larger the air change rate is the more homogeneous the 
contaminant distribution will be. Therefore it will not be in the same areas of the room 
that relatively high and relatively low air change rates will be measured when the air 
change rate changes. 

CONCLUSION 

The results reported in this paper show that it is possible to register concentration 
differences in a room with a passive tracer gas method and that the accuracy of the 
method compared with a conventional method is within ± 10-15% in large parts of the 
room. 

In a ventilated room the distribution of contaminants will depend on both the 
ventilation principle, the location of the contamination sources and the supplied air flow 
rate. The experiments reported here have shown that in the laboratory test room a high 
air change rate and a location of the contamination sources in areas of the room wi th a 
high air velocity will only cause small differences in concentration in the room. 

In a room with incomplete mixing measurements of the air change rate will depend 
on the location of the measurement points. The best estimation of the air change rate 
will be achieved if the measurement points are located in areas of the room where the 
air is leaving or by an even distribution of measurement points in the whole room. 
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