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SYNOPSIS 

The 'Simplified Technique' is a method by which it is possible to determine approximately the 
infiltration and ventilation rates of large and complex buildings. The aim is to provide a reliable 
and easy-to-use procedure for non-specialists. 

This paper describes a working protocol for using this technique. Results from computer model 
studies are given to provide guidance on use of the technique and its potential accuracy. The paper 
concludes with a description of field measurements in two naturally ventilated office buildings 
using simple, robust and inexpensive hardware designed for this purpose. 

I .  INTRODUCTION 

Adequate ventilation is essential for the health, safety and comfort of the occupants of buildings 
but excessive ventilation leads to waste and in some cases to discomfort. Guidance has to be 
provided on means of ensuring that these requirements are met while avoiding the waste of resources 
inherent in excessive ventilation. Data are therefore required on ventilation rates in existing 
buildings for assessing the effects of remedial measures and for improving methods for predicting 
ventilation rates. 

Air enters a naturally ventilated building either through purpose-built openings like windows or by 
uncontrolled leakage (infiltration) through cracks etc. Despite the fact that the majority of 
buildings, whether for commercial, public or domestic use, are naturally ventilated, there is a 
dearth of experimental data on con~plex buildings like offices. This is because large, nlulticelled 
and naturally ventilated buildings pose many inherent difficulties when conventional tracer gas 
techniques are used to measure ventilation rates. Techniques employing multiple tracer gases can be 
used [I ,2,3] but these are labour intensive and require both specialist equipment and staff. To 
overcome these difficulties, a 'simplified technique' was originally proposed in a previous paper 
141 and evaluated through computer modelling [5] and field work 15.61. 

This technique is a method for determining approximately the overall airchange rate (i.e. total 
volumetric air inflow rate divided by the building's volume) of large and complex buildings using a 
single tracer gas. The aim is to provide a reliable and easily implemented procedure which can be 
used by non-specialist personnel. Analysis can be done off-line at a central laboratory which 
allows this method to be used in buildings at remote sites. 

In practice, this involves dispersing a tracer gas (such as sulphur hexafluoride, SF6) within a 
building. No particular attention is paid to how cotnpletely or uniformly the tracer gas is 
dispersed either initially or during the period of the test. This feature is significantly 
different from the conventional single tracer ventilation measurement methods. No artificial mixing 
of tracer with the internal air is required. 

Once the gas has been injected, a suitable period of time is allowed to elapse after which two 
averaged air sanlples are taken at one or more representative locations. Satnple concentrations, 
usually in the parts per billion (ppb) range, are then analysed off-line in  the laboratory to 
determine the infiltration or ventilation rates. 

This paper extends previous studies [4,5,6] in the following ways: 
- A working protocol for inlplementing this technique is described. 
- Results from new computer lnodel studies are given to provide guidance for the required 

delay period, td, between seeding and sampling. Results are also used to give an 
indication as to the closeness of the decay rate obtained with the true whole-building 
airchange rate. 



- Hardware. which could be used with this technique, is described. This includes automated 
and portable sampling units which have been designed for ease of use. 

- Exploratory field. measurements in two naturally ventilated office buildings are described 
to illustrate the use of this technique in practice. Predicted delay periods are conlpared 
with those obtained during the field measurements. 

2. THEORETICAL DESCRIPTION 

The theory and assumptions governing the simplified technique are described fully in an earlier 
paper [4] but the essential features and assumptions are given here for sake of completeness. In a 
multicelled building with n-cells, the concentration, c(t), of tracer gas in any one cell will vary 
with time t according to, 

where XI, A2, .., An are constants (eigenvalues) which can be computed numerically [4,5] along with 
the coefficients, a l ,  a2, ..., an. 

In single-celled buildings where the tracer gas can be well-mixed with the internal air, the 
building's airchange rate is determined by measuring the slope of the logarithm of the tracer 
concentration as it decays with time. In multicelled buildings, andlor in conditions of poor 
mixing, this approach is not valid since the concentration profiles will not only be influenced by 
the air exchanges with the outside but also by those between individual spaces. 

In such situations, two distinct 'decay' regions would be present in the semilogarithniic plots of 
concentration profiles taken within any of the multicelled spaces. The first of these, termed the 
'transition' region, occurs as soon as decay begins. This region is influenced by contributions 
from each eigenvalue. Within this region, the slope of the semilog plot varies with time. 

With increasing time, this variation is reduced and a 'dominant' region is established in which the 
slope is nearly constant and equal to the smallest eigenvalue. It has been shown [4] that this 
eigenvalue, Amin. would, under certain circumstances, approximate to the overall whole building 
airchange rate. 

It was also shown that the eigenvalues depended only on the intercell airflows and were totally 
independent of either the initial tracer gas concentration or its distribution. This is significant 
when implementing the 'simplified' technique since it means that a tracer need not be initially 
dispersed either uniformly or throughout a building because all concentration profiles, obtained at 
any point within the building, would have a dominant region with the same slope. 

The closeness of the minimum eigenvalue, Amin, to the overall airchange rate is primarily dependant 
on the extent of internal mixing that is present within the building. It also depends on whether 
the building is well-connected, i .e. there is unrestricted communication between each zone (a 
collection of cells which behaves similarly) with its immediate neighbours or, if not, individual 
rooms (cells) within a zone of interest are well-connected. 



3. COMPUTER SIMULATION 

A coniputer simulation study was carried out to determine the closeness of Amin to the overall 
building airchange rate in a mathematical nlodel of a multicelled building. The time delay, td, 
required for this rate to be established (within + 10% of the final value), on a tracer gas senlilog 
decay plot, was also studied. The computer program used was designed to study movement of 
contaliiinants in a multicell environlilent and had previously been used in field [2,3] and prediction 
[4,5] studies. 

In the present study, two models of a nominal multicell building were considered. Model I 
concentrated on dispersion within a single storey when there was restricted air movement between 
individual storeys but free movement within each storey. In the second study (Model 11). airflows 
through a common stairwell allowed three individual storeys to communicate with each other. 

It was also recognised that even though eigenvalues depended solely on the internal air movements, 
the time delay td was a function also of the distribution of the tracer within the building. In 
Model I1 siniulations, therefore, various tracer dispersion strategies were considered. 

3.1 . Model I (Single Storey) 

The model consisted of seven cells (Fig I ) ,  representing two sets of three rooms with each set on 
either side of a corridor running along the width of the building. Each room volume was set to 
unity with the corridor volume taken to be twice that value. Figure 1 also shows the two airflow 
configurations, Cases I.A. and I.B., were chosen to give a whole building airchange rate of unity. 
The flows were configured to represent conditions when the external wind was blowing parallel to the 
wide face of the building or normal to it. 

In previous papers [4,6], a 'mixing parameter' f3 was superimposed on internal airflows to simulate 
interzonal mixing. Values for $ were chosen, somewhat arbitrarily, to represent conditions ranging 
from good to bad mixing. For this paper a range of values for f3 were obtained by considering 
airflows obtained from a previous prediction [7] on an existing three-storey office building where 
total inflows into the the major central area of each of these storeys ranged from 470 to 800 m3/hr. 

Lidwell [8] showed that inherent air turbulence within buildings permits a two-way exchange of air 
through open doorways. For a typical open doorway (1.9 m high by 0.8 nl wide) connecting an office 
to a central corridor, calculations [8] indicate a two-way turbulent exchange of 430 m3/hr through 
each half of the doorway, similar to the exchanges [9] brought about by a temperature difference of 
2OC between the room and corridor. Using a previous [4] definition for the mixing parameter, i.e. 
ratio of mixing to total inflow (in this instance into a single storey), f3 will then take values 
lying between 0.5 and 0.9 In the present simulation, these are covered by values of 0.3 and 1.0 for 
$ to maintain consistency with previous work. 

Table 1 lists the eigenvalues obtained for each of the four simulations. In each instance, Amin is 
showti to be considerably smaller than the others. As expected, Amin approxinlates to the 
whole-storey airchange rate and the correspondence between these two parameters increases (from 
within 20% of each other to within 10%) as mixing increases. 

With the tracer gas dispersed throughout the whole storey, time delays td, expected in each of the 
seven cells were calculated and given in terms of a system time constant, defined as the reciprocal 
of the overall airchange rate. Results showed that in all cases, td never exceeded a value of 0.6 
tinie constants. As an example, Figure 2 shows how quickly the dominant region is established in a 
windward room, a leeward room and tlie corridor when f3=0.3 for Case I.B. The closeness of the 
dominant slopes of these profiles to the whole-storey airchange rate is shown by coriiparison with tlie 
decay profile obtained when there is perfect mixing (@=a) between cells. 



3.2. Model I1 (Three-storey Building) 

This consisted of three storeys, connected through a common stairwell (Fig 3) .  The volun~es of the 
four zones were each set to unity. Three airflow configurations, considered previously 161, were 
used to represent conditions which were solely temperature (i.e. buoyancy) driven, wind driven or a 
combination of buoyancy and wind induced. Also, three tracer gas dispersion strategies were 
considered, namely; 

- tracer distributed only in stairwell. 
- on all storeys except in stairwell, and 
- tracer dispersed throughout building. 

The mixing parameter for this model was obtained by considering results from pi-evious field 
measurements in two naturally ventilated office buildings. In one building, multiple tracer gas 
measurements [3] showed that 6 was about 0.1 for two-way flows between each storey and a common 
stairwell. 

In the other building, measurements [5] indicated ventilation rates between 3,400 and 3,900 m3/hr. 
Within this building, each storey connected to a common stairwell through a 1.7 m wide by 1.9 m high 
doorway. Two-way exchanges between each storey and tlie stairwell were calculated using the same 
calculation procedure described earlier giving 6 a value between 0.2 and 0.25. Considering values 
of f3 obtained for both these buildings, it was decided that values of 0.1 and 0.3 would be 
appropriate for use in the computer simulations. 

Table 2 lists the eigenvalues obtained for each of the computer simulations. It can be seen that 
Amin is considerably smaller, and hence more dominant, than the other rates and that its value is 
usually within 30% of the true whole-building airchange rate. 

Table 2 also lists delay times, td, obtained in each zone. Although no specific pattern can be 
identified, the following general trends are seen; 

- td can vary between zero (immediate dominant decay) and 6 time constants, 
- time delays are smaller when there is increased internal mixing, and 
- td averaged from all cases lies between 1.6 - + 0.5 time constants at the 95% level of 

confidence. 

3.3. Discussion of computer model studies 

Computer model studies were used to determine how soon a dominant decay region is established when 
using tlie simplified technique and how well the semilogarithmic slope approximated to the overall 
ventilation rate. A variety of airflow configurations, approximating as much as possible to 
real-life situations, were considered. 

Results from representation of tracer dispersion in an isolaied storey of a multi-storey building 
show that a dominant slope, eqirivalent to Amin, is established on a 'decay' plot within at least 0.6 
time constants and that the magnitude of this slope is within 20% of the true ventilation rate of 
that single storey. 

In a multistorey building, where each storey is interconnected, compilter simulations show that 
semilogarithmic concentration decay profiles will give an approximation to the building ventilation 
rate provided sufficient time has elapsed after the tracer gas is dispersed. This study indicates 
that this could be as close as 30% of tlie true rate and is similar in value to that foulld in an 
earlier study [ S ] .  The closeness of this approxiniatio~i will depend on the extent of inter~ial 
mixing. 



Simulations also indicate a variation in the period needed before the decay rate approximates 
towards the overall airchange rate. For these particular cases, results show that a period of two 
time constants would be sufficient in most instances. 

4. HARDWARE FOR FIELD MEASUREMENTS 

The aim of the simplified technique is to provide a simple and robust ventilation measurement 
procedure which could be used by non-specialists. The technique requires the operator to inject a 
tracer gas into a building and, after a suitable period has elapsed, to take samples of air at 
various locations within the building. 

Although the measurements can be carried out at remote sites, subsequent analysis requires the 
samples to be sent to a central laboratory. Suitable gas analysers can then be used to measure the 
sample concentrations. 

The proposed user of this technique would therefore require, in addition to the protocol for 
conducting these measurements, the following hardware; 

- portable tracer gas cylinders, together with an outlet valve preset to a specified delivery 
rate. 

- suitable containers in which to collect and retain air samples while they are sent to a 
central laboratory for analysis. 

- sampling units, each pre-programmed to collect air samples into the containers at specified 
times and for specified durations. 

4.1. Tracer injection 

Sulphur hexafluoride, SFg, was the natural choice since it satisfied all the properties that are 
either necessary or desirable in a tracer gas 171. The ability to measure concentrations at levels 
of parts per billion (ppb) volume, using electron-capture gas chromatography, made it additionally 
desirable for the simplified technique. 

Small pressurised cylinders containing liquified SFg, each weighing 3 kg in total when full, were 
used since they were sufficiently light for portability. Each contained a sufficient quantity of 
gas for many tests to be carried out from one cylinder. The exact number depended on factors such 
as initial target concentration, volume seeded and building airchange rate. As an example, one SF6 
cylinder can be used for approximately 100 tests in a 5,000 m3 building if the initial required 
tracer concentration is set at about 300 ppb. 

A constant flow rate of about 75 mllmin was maintained by attaching a needle-valve to the two-stage 
pressure regulator fixed to the cylinder outlet. This was sufficient to seed a 40 m3 room to an 
initial 300 ppb by i~ijecting the gas for about 10 seconds. 

Additional to SF6, two further gases (Freon 13BI and nitrous oxide, N20) were used in parallel 
experiments. While SF6 and Freon 13B1 were analysed using electron-capture detection, N2O 
concentrations were measured using an infrared analyser. 



4.2. Automated bag-sampler units 

Air samples were collected in 3-litre Tedlar (polyvinylfluoride) bags. It has been shown previously 
[6,7] that these bags would retain SF6 over a period of at least a month without any measureable 
tracer loss. 

Pairs of these bags were connected to automated sampler units (Fig 4). The units were designed and 
built to be robust, compact, easy-to-use and inexpensive. Each unit comprised a pump delivering a 
continuous air sample (0.2 Ilm) to either of two sample bags via a solenoid-valve flow diverter. 
The timing and duration of the two samples were controlled by two pre-set mechanical timers. 

These were set-up so that each bag would be filled continuously over about 15 minutes. This period 
was chosen so that averaged samples could be taken, minimising local fluctuations in tracer 
concentrations. An average decay rate over a l Yi hr period was obtained at each measurement location 
by filling the second bag 1 '/z hrs after the start of the first. 

4.3. Gas chromatographic (GC) analysis 

Air samples, with tracer at ppb levels, were analysed using a Perkin-Elmer Model 8310 GC employing a 
nickel-foil electron-capture detector (ECD). A 2m long glass tube (6 mm OD) packed with 80-100 mesh 
Porapak Q (an ethyl vinyl benzene polymer) was used as the separating column. 

The detector was operated at 350 OC and the oven temperature set at 100 OC. Argonlmethane at 15 
mllmin was used as the carrier gas. With these operating conditions, atmospheric oxygen separated 
at 1.2 minutes, while SF6 and Freon 13B1 (bromo-chloro-difluoro methane), used as a second tracer in 
the field measurements, gave sharp and distinct peaks on a chromatograph at 2.4 and 5.2 minutes 
respectively. 

Pre-calibration work showed that the ECD was approximately five times more sensitive to SF6 than to 
Freon 13B1. Analysis was restricted to the linear response regions, 0-100 ppb for SF6 and 0-850 ppb 
for Freon 13B1 and, when necessary, gas samples were pre-diluted with laboratory air using a large 
(100 ml) glass syringe. 

5. FIELD MEASUREMENTS 

Field measurments were carried out simultaneously in two naturally ventilated office buildings. 
Building A, which is rectan ular in plan, comprises two storeys with a volume of 2153 m3. Building li B (with a volume of 4840 n~ ) is T-shaped and consists of a four-storey block (running approximately 
EW) linked to the southern end of a two storey block aligned NS. A stairwell leading from the first 
level foyer provides common access to all four levels while a stairwell at the northern end linked 
the two lower levels. These buildings are described more fully in Reference 5. 

5.1 . Description of tests 

A total of five tracer gas decay-type tests (summarised in Table 3) were performed - two in Building 
A atid three in Building B. Tests within each building were carried out in parallel and were 
designed to provide comple~llentary results. In addition to the use of SF6, one further tracer gas 
(Freon 13B1) was used in Building A and two (Freon 13B1 and N20) in Building B. 



Tests 1 and 3. in Buildings A and B respectively, were designed to be straightforward tests of the 
proposed protocol for the simplified technique. Dispersion of SF6 was completed one hour before 
sampling on the assumplion that this delay would be sufficient. To cater for the possibility that 
this would not be so, Freon 13B1 was dispersed in two further tests (Tests 2 and 5) five hours 
before sampling was due to begin. 

Since only two discrete samples (from any one location) were to be taken during the above tests, it 
was considered that a useful check would be provided by dispersing N20 as a third tracer and 
analysing it continuously in real time. This was done as Test 4 in Building B when N20  was 
dispersed at the same time as SF6 (Test 3). An automated sampling and data-logging system was used 
to draw air samples continuously from locations in Building B at the same locations as for the 
discrete samples. Samples were sequentially drawn through nylon tubing from each location and 
directed through a Leybold-Heraeus infrared gas analyser. The output was logged on a digital 
recorder for subsequent processing. 

5.2. Location of tracer sampling points 

Within each of these buildings, samples were taken at various locations (Table 4) which were mostly 
along corridors. Previous work [5] has shown that these corridor locations can be considered as 
good representative points for taking air samples. Of the three in Building A, two were located in 
the long corridors on each of the two levels and the third was placed on the short corridor of the 
second level near to the stairwell connecting the two storeys. 

Four locations were chosen in Building B. Two were on the first level at either end of the 
building; one was placed at the northern end of a central corridor (with office rooms on either 
side) and the other was placed at the southern end in a foyer area. Two others, one at the northern 
end and the other at the southern end, were placed on level 2 and 3 corridors respectively. 

5.3. Test Conditions 

As before, all tests were conducted when the buildings were unoccupied. Even though it was warm, 
the space heating was kept on to enhance any mixing between the tracer gases and the internal air. 
All internal doors were kept propped open but all outside windows and doors were shut. Outside 
weather conditions were monitored at a height of 10 m at a nearby open site. 

Tracer gases were manually injected into each of the buildings. Table 3 lists the durations and 
completion times. Assuming airchanges around 0.5 ach, this target level was set to allow subsequent 
samples to be within the linear calibration range of the GC. Similarly, the release rate of gas 
from a cylinder containing liquified Freon-13B1 was set at 1.4 Ilmin for an initial target 
concentration of about 3.5 ppm. 

For N20,  the initial target concentration was set at about 200 ppm. This relatively high initial 
value was a consequence of the limitation imposed by the range (1 to 150 ppm) measurable on the 
on-line infrared gas analyser. 

Automated bag sampler units were placed at each of the sampling locations. These were set to take 
samples beginning at 1600 and 1730 GMT in Building A and 1525 and 1655 GMT in Building B. Each 
sample was taken over a continuous period lasting either 12 or IS minutes depending on how the clock 
timers in each unit were set. 



During the four hour period when measurements were being made. conditions were as follows; 
- air temperature within Buildings A and B were constant at 23 and 25OC respectively. 
- outside air temperature constant at 1 l°C, 
- wind speed varied around 4 m/s (Fig 5), and 
- the wind was mainly from the north. 

5.4. Results and discussion 

Air samples collected in each of the sampling bags were analysed using the GC. Table 4 tabulates 
the decay rates obtained from the automated units at each of the sampling locations. Rates obtained 
from the N20 decay profiles (Fig 6) in Building B are also tabulated. 

Results for Building A show decay rates of 0.7 hr-I for two locations and 0.5 hr-I for the remaining 
(2nd level corridor) location obtained one-hour after SF6 was dispersed. Rates conlputed from tracer 
gas (Freon 13B1) dispersed five hours before the first sample showed a longer tern1 rate of 0.5 hr-l 
for two locations and 0.2 hr-I for the one on the first level corridor. 

It is difficult to explain this low value. Previous work [5] has, however, shown that these 
discrepancies can occur. With regard to using the simplified technique in the field, such an 
anomalous result suggests that at least three locations should be a~onitored for any given building. 

Results for Building B indicate a building which is not too well-connected and where one zone is 
highly ventilated relative to the others. Results from Test 3 show a higher decay rate at the 
northern sampling location in Level I .  This appears to be the result of the wind blowing fro111 the 
north during the tests, thereby inducing a higher infiltration rate at this location compared to the 
more sheltered locations at the southern side of Level I .  

Comparison with rates calculated from Test 4, using the on-line N20 measurements, shows good general 
agreement between the data sets and gives confidence in the discrete samples. The largest variation 
is the difference between 0.3 (from SFg) and 0.4 hr-I (from N20) for the location at the northern 
end of Level 1.  

Results from the long-term decay experiment (Test 5) suggest a reducing decay rate on three of the 
four locations. While the decay rate on the northern side of Level 1 remains at 1.0 hr-l, tlie rate 
at the southern side is reduced. The other two locations settle to rates in tlie region of 0.3 to 
0.4 hr-l. 

5.5. Conclusions 

Field measurements indicate that the simplified technique can identify either a well-connected 
building or one where distinctive ventilation patterns occur. In the former, as in Building A, an 
overall steady decay rate is obtained. Prediction analysis, arrived at earlier show that this value 
is a good measure of the buildings overall airchange rate. 

In Building B, the simplified technique appears to identify portions of the buildings with 
distinctive airchange rates, i.e. those which do not conitnunicate well and which may be either 
greater or less ventilated tlian the building overall. These results indicate that in such 
instances, it would be incorrect to ascribe a unique value to the airchange rate of the building. 



6. PROPOSED PROTOCOL AND OVERALL CONCLUSIONS 

The 'simplified' technique relies on decay rate measurements made during the dominant period as an 
approximation to the overall airchange rate of a multicelled building. Currently, it is difficult 
to experimentally assess how good this approximation is because of the lack of proven and practical 
techniques, especially in naturally ventilated buildings. 

At present, therefore, recourse has to be made to computer modelling. Two models, one representing 
a single storey and the other a multistorey building were tested through various airflow 
configurations for realistic degrees of internal mixing. Results indicated that rates measured 
using the simplified technique would be usually within 30% of the true airchange rate and that this 
approxin~ation would be better with increased internal mixing. Given the ease with which this method 
can be used in the field, it is considered that this approximation is acceptable. Bearing in mind 
the known possible variation (by a factor of four) in the ventilation rate [lo] for housing between 
nominally identical buildings, the simplified method gives results which are much better than 
commonly used estimates. 

Computer modelling also predicted that dominant decay regions would be set-up relatively fast 
(within 0.6 time constants) within any single isolated storey. In an interconnected multistorey 
building, however, this could increase up to six time constants. Two time constants would, however, 
be a more likely figure. 

Using hardware, designed specifically for robustness and ease of use, field measurements were 
carried out in two naturally ventilated office buildings. Parallel measurements, using additional 
tracer gases, were carried out to determine the integrity of the computed rates. 

Measurements indicated that the one hour delay between dispersing and sampling a tracer gas was 
insufficient for the dominant decay to be established and that a longer time interval would have 
been better. Results from the tests in the second building showed, for the particular weather 
configurations for that day, a building where one zone was highly ventilated relative to the others. 

From this and previous studies, a protocol for using the simplified technique in a n~ulticelled 
building would be as follows: 

1 .  Conduct tests during stable weather conditions (e.g. absence of blustery winds). 
2. Open all internal doors and shut all openings to the outside. 
3. Disperse the tracer gas within as much of the building as possible. The injection rate 

should be set according to the intial target concentration which is determined by; 
- time period over which the test is taking place, and 
- concentration range over which it is possible to analyse the samples. 

4. Allow time for the gas to disperse within the building so that a dominant decay region can 
be established. It appears from these limited tests and computer n~odelling that four hours 
would be sufficient in medium-sized office buildings. 

5 .  Take two 'spot' samples at each location of interest with at least three locations being 
nionitored in any one building. Each of these samples should be an average over 15 minutes. 
and the times at which each filling starts should be separated by about 1.5 hrs. This 
would allow sufficient clarity between samples during subsequent GC analysis. 

6. For off-line analysis, samples should be collected in Tedlar bags. Times and locations at 
which these bags were filled should be noted. 

To surnmarise, this paper described a simple technique for determining approximately the ventilation 
or infiltration rates of large, ~nulticelled buildings using a single tracer gas. The expected 
accuracy of the technique was tested in a computer model study. Field measurements, using 
inexpensive and robust hardware, show this technique yields usefi~l information. Further field 
trials are planned and guidance given accordingly. 
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MIDEL -- I .A. -- --- I.B. - 

Mixing R a t i o  0.3 1 .0  0.3 1 .0  

Eigenvalues: 
min 0.96 0.99 1.19 1.08 
2 11.30 33.68 14.41 36.93 
3 2.88 8.48 4.40 9.99 
4 9.27 8.87 4.99 10.59 
5 3.06 8.67 3.81 9.41 
6 3.16 8.76 5.16 9.24 
7 2.97 8.57 3.64 10.76 

TNX33 1 figenvalues for Single-Storey Ccquter -1 

D E L  I1 Buoyancy Wloyancy + Wind Wind 

Mixing ratios 0 .1  0.3 0.1 0.3 0 .1  0.3 

Eignvalues  
min 1.06 1.26 0.75 0.85 0.60 0.81 
2 4.97 8.00 2.58 5.18 2.19 4.89 
3 2.08 2.34 1.86 0.85 1.29 1.85 
4 2.90 3.60 1.01 1.70 1.72 2.44 

With whole building seeded, d e l a y  periods as measured wi th in ;  
F i r s t  s t o r e y  4.9 1.9 0.1 0.1 1 .8  1.4 
Second s t o r e y  1.1 1.2 1.6 0.9 6.1 2.2 
Th i rd  storey 0.5 0.7 3.3 1 .6  5.4 2.2 
Stairwell 0.1 0.2 1 .8  0.1 4.2 0 .1  

With o n l y  t h e  three s t o r e y s  seeded, d e l a y  periods as measured w i t h i n ;  
F i r s t  s t o r e y  4.7 1 .8  2.7 0.7 0.2 0.3 
Second s t o r e y  0 .1  0.1 0.3 0.4 5.8 2.1 
Th i rd  s t o r e y  0.3 0.9 2.4 1.4 4.9 2.1 
S t a i r w e l l  0.5 0.5 1 .8  0.9 0.5 0.3 

With o n l y  t h e  s t a i r w e l l  seeded, d e l a y  p e r i o d s  as measured w i t h i n ;  
F i r s t  s t o r e y  0.5 0.4 1 .8  0.3 0.6 1 .8  
Second s t o r e y  0.3 1 .7  3.1 1.4 1.1 0.7 
T h i r d  s t o r e y  0.5 0.4 0.8 0.5 0.9 0.6 
S t a i r w e l l  4.7 1 . 5  3.0 1.4 5.3 1 .7  

LlBBL13 2 Eigenvalues and Delay Periods for the Three-Storey eanputer -1 



TEST BI6X; TRA(=ERGAS Target Duration of tracer Cclnpleted Delay to 
Concentration injection (min) at GbQ sanpling (hrs) 

1 A 300 ppb 2 5 1500 1 
SF6 

2 A F13B1 5.5 ppm 

3 B SF6 300 ppb 

4 B 
N2° 200 ppm 

5 B F13B1 5.5 ppm 

TABLE 3 Tracer Gas Dispersion Strategy for Field Meamreients 

Decay rates (per hour) using tracer gases; 

sF6 
F13B1 

N2° 

A F i r s t  Leve l  (Cor r ido r )  0.74 0.16 

Second Level  ( S t a i r w e l l )  0.73 0.50 

Second Level  (Cor r ido r )  0.48 0.51 

B F i r s t  Leve l  (North)  1 .03 1.00 0.92 

F i r s t  Level  (South)  0.28 0.12 0.41 

Second Level  0.67 0.37 0.59 

Th i rd  Level  0.83 0.27 0.87 

TABLE 4 Sapling lkcations and Waswed Decay Rates (per how) 



WIND -> 

CASE 1.A 

CASE 1.B 

Figure 1 Airflows in Model I (Single Storey) 



Unear Profiles 
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Figure 2 Ekanple of Concentration Profiles from Cqyter Enbdel I.B. 



Figure 3 Airflows in Model I1 (Three-storey Building) 








