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1.1 

1.2 

1. Introduction and Objectives 

Background to the study 

A considerable body of knowledge exists on the natural ventilation 
and air infiltration of domestic buildings, and of domestic size 
rooms in other buildings. Experimental measurements have been 
carried out for many years by a number of workers, and several experi­
mental techniques are well established. Review papers have been 
published by Hitchen and Wilson (l),,Hunt (2), and Sherman et. al (3). 
There is no similar body of knowledge on natural ventilation in 
large single cell buildings such as factories. This may be partly 
due to lack of attention by research workers to this type of building, 
but there is also some doubt as to whether or not the measurement 
techniques used in domestic dwellings can be used in much larger 
buildings. There have been a number of model studies of air flow 
patterns in factory buildings, for example, by Baturin (4), and there 
are some published results on measured temperature distributions. 
However, there is hardly auy published work on measured ventilation 
rates and air movement patterns in any large single cell buildings. 

The initial impetus for this study came from a desire to model the 
energy consumption of factory buildings. The natural ventilation 
rate is an essential parameter in such a model, and typica3 values 3 were needed for typical buildings in the size range 1000 m to 10,000 m 
It was realised that air movement patterns within such a building may 
be just as important as ventilation rate, and indeed that there may be 
considerable variations in the ventilation rate throughout the space. 
In order to fill the gap in knowledge, and to provide essential infor­
mation for the modelling of energy consumption of factories, it was 
decided to institute an experimental programme to measure ventilation 
and air movement in factory buildings. The programme was concetyed 
as being in two stages, firstly a pilot study to assess the experimental 
problems and to identify the most important parameters, and secondly 
a more substantial study to obtain data on a number of buildings. The 
pilot study, which was funded by SERC research grant GR/B/64604, is · 
the subject of this report. 

Objectives 

The overall objective was to study the problems associated with the 
measurement of ventilation rates and air movement patterns in large 
single cell buildings. In order to contain the study within the 
resources and time scale of a pilot study, it was limited in two ways: 

(i). it was restricted to unoccupied, unheated buildings; 
(ii) it was restricted to tracer gas methods. 

The restriction on occupancy and heating provided a considerable 
simplification, because difficulties of measurement and interpretation 
of results due to, for example, the random opening and closing of doors 
or windows, or due to the nature and location of heat emitters, were 
eliminated. 
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The restriction to tracer gas methods was made because it was 
considered necessary to explore in the first instance the validity 
and usefulness of the technique which has found widest acceptance 
for ventilation measurement in other types of building. Should 
tracer gas methods prove to be satisfactory, then the investigation 
of factory ventilation could commence immediately, using the know­
ledge and expertise which already exists for such methods. On the 
other hand, should they be shown to be unsatisfactory, the investi­
gation of factory ventilation itself would have to be preceded by 
a programme of research on instrumentation and methodology. 

The specific question to be answered is, therefore, "can a tracer 
gas method be used to measure air change rates· in large single cell 
buildings?". Particular aspects of this question which the project 
is intended to explore are: 

(i) 
(ii) 
(iii) 

·. 
the difficulty of adequate mixing of the tracer gas; 
variability of ventilation rate throughout the space; 
variation of ventilation rate with time. 

·2. Equipment and Experimental Technique 

Two independent tracer gaa systems were employed, one based on 
nitrous oxide and the other on sulphur hexafluoride. These were 
chosen because they have suitable properties and appear to be the most 
popular of the tracer gases in current use • 

. 1 Nitrous Oxide System 

The detection system consisted of a model 120 Infra Red Gas Analyser 
(IRGA) and a six point sampling unit, purchased complete from 
GP Instrumentation. The IRGA was fitted with a Luft detector, and 
was designed to measure nitrous oxide in air over a range of concen­
trations from 0 to 100 x10-6 , with an accuracy of about 
+ -6 - 2 xlO • · The range was checked using a calibrated gas mixture of 

-6 44 xlO nitrous oxide in air. Although the instrument gives a 
continuous record of nitrous oxide concentration with time, its response 

is not insta~taneous. For ex~ple, for a step change in nitrous oxide 
-6 concentration of about 50 xlO , the instrument exhibited a time con-

stant of about 15 secs. The six point sample unit has a single pump 
which draws air through each channel in turn, with a dwell time of 
1 minute per channel. In normal use, this allows adequate time for 
the instrument to settle at the correct reading before switching to the 
next channel. However, in actual use, the IRGA and sample unit were 
often some distance from the points within a building at which it was 

· desired to measure the tracer concentration. Consequently, there was 
about 20 m of small diameter tubing between the input part of the 
sample unit and each measurement point, as well as a filter head to 
remove dust particles. Thus, a significant proportion of the 1 minute 
dwell time was required before a stable reading was obtained. To over­
come this problem without increasing the dwell time per channel, an 
additional pump was used to draw air continuously through the sample 
lines. · 
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2.2 

At first, the output of the IRGA was taken to a chart recorder via 
a logarithmic amplifier, the idea being that a change in ventilation 
rate would show up immediately as a change in the slope of the trace 
on the recorder. However, this did not prove to be of any great 
value, and the logarithmic amplifier was dispensed with. 

Air was drawn through each sample line at a rate of about 1.4 litres 
per minute, and the flow rate through the IRGA was normally set to 
about 0.8 litres/minute. 

Sulphur Hexafluoride System 

This was based upon an Al Instruments model 505 gas chromatograph 
detector. This is a small portable gas chromatograph designed for 
leak detection using sulphur hexafluoride gas. The detector itself 
is an electron capture cell, and the column is 380 mm long stainless 
steel tubing filled with 100-120 mesh alumina. For leak detection, 
the instrument is operated in continuous mode, with a constan~ flow 
of air thr~ugh the detector. However, used in this way, the output 
is insufficiently stable to be quantitative. For quantitative measure­
ments, the instrument is operated in sample mode. The internal pump 
draws air continuously through a sample loop; on operating a valve on 
the front panel, the contents of the loop are injected into the column 
and detector. The output produced on the chart recorder is a typical 
gas chromatogram, with a large peak due to atmospheric oxygen showing 
first, followed approximately six seconds later by a lower peak due to 
sulphur hexafluoride. Using a calibrated gas mixture of 35 x 10-9 
sulphur hexafluoride in air, the range and sensitivity of the instrument 
were checked. It was found that on the least sensitive (x50) range, 

-9 
full scale deflection corresponded t~ a concentration of 350 xlO , 
whereas on the most sensitive (xl) range, the concentration at full 

scale was abopt 7.4 xlo-9 

instability were sometimes 
In practice, because signal noise and 

apparent on the x 1 range, the lowest range 
-9 which was used was the x 5 range, for which f.s.d. was 36.8 xlO . 

In its original form, this instrument was found to be unsatisfactory, 
due mainly to interaction between the internal air circuits for the 
two different modes of operation. The problem was solved by dismantling 
the instrument and rebuilding it for operation in sample mode only, 
and in this form the instrument proved to be stable and consistent in 
its readings. 

In its revised form, the instrument appeared to recover sufficiently 
rapidly after each chromatogram for successive readings to be taken 
at 1 minute intervals. It could therefore be operated in conjunction 
with the six point sample unit, through in practice it was found easier 
to operate the six point sample unit manually at intervals slightly 
longer than one minute. 

The flow rate of air through the instrument was normally set at 
0.6 litres/minute. 
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Injection of the Tracer Gas 

Several methods of injecting the tracer gas were used, ranging from 
the crude and simple, to the complex. Details of the evaluation of 
these methods is given in Chapter 3. It was found that relatively 
simple methods were sufficiently effective, the preferred ones being 
as follows: 

(i) Nitrous Oxide. Gas was taken directly from the gas cylinder 
through a flow meter. The flow was adjusted to a rate that 
would give an overall concentration of between 50xl0~6 and 

' -6 100 xlO throughout the building within a maximum period of 
30 minutes. 

(ii) Sulphur Hexafluoride. An inverted burette was used to 
collect a measured volum·e of gas from the cylinder by dis­
placement of water. The measured volume w~3 chosen to give 
an overall concentration of about 350 x 10 . The burett~ 
was usually filled outside the building being tested, and 
was then carried to the point of release. 

As experimental work progressed, it became clear that there were two 
starting conditionsof particular interest, one with the tracer gas 
distributed approximately uniformly, and the other with a "plug" of 
unmixed tracer at a selected point in the building. The first was 
achieved by injecting the gas into the blades of a small fan, and 
the other by bleeding it into a small piece of foam or fibrous material 
(in order to rand~mise the exit velocity direction). 

Experimental Difficulties 

The majority of the experimental difficulties which were encountered • 
arose from the practical problems of using sensitive laboratory type 
equipment on site in industrial surroundings. Nevertheless such diffi­
culties are important, and must be overcome if good quality measure­
ments are to be made. In addition some difficulties of a more funda­
mental nature were found. The main problems were as follows: 

i) Leakage 

In order to ensure sufficient speed of response, it was 
necessary to draw air through all sample lines 
continuously and simultaneously, by means of a single 
vacuum pump. The multipoint sampling unit, equipped with 
its own pump, switched sequentially between the sample lines, 
diverting a proportion of the sample line flow into the 
detector. It has proved very difficult to maintain the 
integrity of all seals, joints, junctions and valves in the 
system so as to prevent ingress of air other than at the . 
entry to the sample line, and to prevent cross-leakage between 
sample lines. Alterations and checking of the equipment to 
eliminate leakage has accounted for a large part of the 
project time. The new system which is proposed later has 
been designed to be inherently less prone to this problem . 
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(11) 

. (iii) 

(iv) 

Robustness 

Although the infra red gas analyser was a good laboratory 
instrument, it was frequently troublesome and unreliable when 
used for field measurements. The act of transporting it to 
and from factory sites often disturbed its mechanical 
adjustments, and when on site it required a very long warm­
up period. It required frequent repair and readjustmentt and 
it was difficult to ensure that it performed up to specifi­
cation in the field. 

The sulphur hexafluoride gas chromatograph, on the other 
hand, has been found to be highly robust, and in its final 
modified form, was also very reliable. It required only a 
short warm up time before giving consistent and repeatable 
readings . 

Speed of response 

In the early stages of the tracer decay, not only are tracer 
concentrations changing rapidly, but there may be large 
differences in concentration between adjacent channels. In 
these circumstances, the one minute dwell time per channel 
was barely sufficient to allow the IRGA to come to a recogni­
sa·bly stable reading. Increasing the dwell time would have 
widened the interval between successive readings on each 
channel, giving less information during the period of most 
rapidly varying tracer concentration. 

The sulphur hexafluoride detector, because of its different 
operating principle, did not suffer in the same way. The 
transit time of air through the sample loop is of the order 
of 1 second, so that the instrument is effectively taking 
1 second samples of air, and analysing that sample for average 
sulphur hexafluoride content. Even when tracer gas concen­
trations were varying rapidly, the gas chromatograms were 
clean and undistorted, and the recovery time between successive 
readings could be reduced to as little as one minute. A 
reduction below one minute did not see feasible. 

Accuracy and stability 

In clean, thermally stable laboratory conditions, and using 
calibrated gas mixtures as reference sources, both instru­
ments could be shown to be stable and accurate to better 
that ! 23 full scale deflection over periods of several hours. 

However, in the more rigorous environment of field measurements, 
both instruments exhibited some instabillty . 

In the case of the IRGA, the instability appeared in the form 
of a slow, random zero drift, which in severe cases could be 

-6 equivalent to as much as 20 x 10 parts of nitrous oxide in 
air over a period of about 3 hours. To monitor this drift, 
it was found necessary to connect one of the six sample lines 
to an uncontaminated source of air, usually external air. In 
the case of the gas chromatograph, the instability was in the 
form of a slow drift in sensitivity, which showed itself as 
a change in the oxygen peak on the chromatogram. Fortunately, 
calibration tests showed that the sensitivity to sulphur 
hexafluoride was in proportion to the magnitude of the oxygen 
peak. 
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Therefore, by measuring the oxygen peak as well as the 
sulphur hexafluoride peak on each chromatogram, a correc­
tion for sensitivity drift could be applied to each reading. · 

(v) Interference from other gases 

Both instruments are susceptible to interference from 
atmospheric gases other than the gas for which they are 
designed. The InGA is particularly sensitive to inter­
ference from carbon dioxide and water vapour, both of which 
have infra-red absorption bands close to those of nitrous 
oxide. To combat thi~, the I~GA is fitted with an optical 
carbon dioxide filter in the sample beam, and drying agents 
in the input gas line. However, since the output of the 
instrument is merely the deflection of a meter, it is 
impossible to know whether or not any interference due to 
changes in the atmospheric content of carbon dioxide or 
water vapour has occurred. 

The gas chromatograph will detect any electron capture gas 
in the atmosphere, but in this case different gases will 
usually have different retention times in the column, and 
so should be separated in the resulting chromatogram. The 
usual procedure is to run a series of null tests before 
injecting sulphur hexafluoride into the atmosphere to see 
if any interfering gases are present. I~ all tests conducted 
so far, no interfering gases have been detected. 

3. Preliminary Investigations 

Some preliminary investigations were carried out to investigate dif- , 
ferent methods for mixing the tracer gas in the air, and to investigate 
possible variation of ventilation rate throughout a space. 

3.1 Mixing of tracer gas 

When measuring the ventilation rate of small rooms, it is usual to 
mix the tracer gas with the air with a small fan. The fan is switched 
off before the measurements are commenced, and it is then assumed that 
the tracer gas concentration is uniform throughout the space at all 
times. This assumption greatly simplifies both the experimental technique 
and the theoretical analysis. In large spaces, not only may it be more 
difficult to achieve an initial uniform distribution of tracer gas, but 
the assumption of uniform concentration at all times may no longer hold. 

Investigations of this. aspect of the problem were first carried out 
by injecting tracer gas into a sealed room and noting the time taken for 
uniform concentration to be achieved using a variety of mixing

3
tech­

niquea; The Coventry Polytechnic reverberation chamber (200 m ) has 
been used for this part of the project, because it can be sealed to 
give effectively zero infiltration. The nitrous oxide system was used 
for these tests, and typical results are shown in figures 1, 2 and 3. 
In each case, the graphs show at all six sample positions the time taken 
to reach uniform tracer concentration, and the period immediately 
before uniformity during which the concentration was within 5% of its 
final value. Figure 1 shows the results of bleeding in the nitrous 
oxide di~ectly from the gas cylinder with no artificially induced air 
movement. In figure 2, the nitrous oxide was injected close to the 
blades of a small fan, which continued to operate thr<wghout the test. 
In figure 3, air was forced into an 80 m length of 150 ' mm diameter 
polyethylene tubing, perforated along its length. The nitrous oxide 
was bled into the tubing at the fan position, 80 that tt entered the 
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3.3 

room via the perforations. These results show that even with no 
artificially induced air movement, uniform mixing is reached in less 
than an hour, and that the simplest method of mixing, as in figure 2, 
achieves uniformity most quickly. 

Further tests were carried out in a factory 
internal volume, again using nitrous oxide. 
oxide was introduced at a rate sufficient to 

3 building of about 3000 m 
In figure 4, nitrous 
reach a uniform concen-

. . -6 
tration of 50 xlO in about 1 hour. Mixing was by means of a small 
fan. It can be seen that the distribution of nitrous oxide through­
out the space was approximately uniform at all times. Figure 5 shows 
a similar test at twice the injection rate, and it can be seen that 
the distribution is less uniform. Rowever, uniformity was reached 
by continuation of stirring for another 15 minutes. It can be con­
cluded, therefore, that there is little difficulty in achieving a 
reasonably uniform distribut3on of tracer gas throughout spaces of 
volume up to at least 3000 m . This conclusion has been confirmed 
by the experience gained in other measurements in this study. 

Variation of ventilation rate throughout a space. 

Th.is was investigated in a room measuring approximately 
4.4 m x 4.8 m x 2.7 m high. The room was on the corner of a building 
with two glazed external walls. The six sample points were arranged 
on a grid on a horizontal plane, and measurements were repeated with 
the grid at different heights, thus enabling tracer decay rate contours 
to be constructed. It was assumed that these decay rates could be 
converted directly into air change rates, and typical results for three 
different conditions are shown in figures 6, 7 and 8. These.results 
indicate that the ventilation rate (that is, the rate of exchange between 
room air and external air) can vary with position by as much as + 20% 
of its mean va1ue. Two conclusions may be drawn from this result. The 
first is that although the initial distribution of tracer gas was 
uniform, a ventilation rate derived from measurements of tracer decay at 
only one point in the room could be misleading. The second is that the 
decay rate may no longer represent the ventilation rate in a simple 
fashion. The reason for the second of these conclusions is that although 
the tracer gas distribution was initially uniform, it gradually becomes 
non-uniform as the decay procedes, because the decay rates throughout 
the room vary. Thus with a non-uniform tracer gas distribution, the 
decay rate at any point may be influenced by air exchange to other 
internal points aB well as by air exchange to the outside. 

Implications of the preliminary investigations 

At the start of the project, the problem of achieving an initial uniform 
distribution of tracer gas was seen as a possible major obstacle to 
the viability or tracer decay methods. The results of the preliminary 
investigation show that this is not the case, and that simple methods of 
injecting and stirring the tracer !as will achieve acceptable uniformity 
in buildings up to at least 4000 m in volume. In any case, a uniform 
distribution cannot be sustained after stirring has ceased if there is 
a spatial variation in decay rate. 

The variation in decay rate throughout the space has implications 
for both the experimental technique and for the analysis and inter­
pretation of results. Clearly it was first necessary to establish 
whether or not the variations in decay rate observed in the small room 
used for this preliminary study were present to a greater or lesser 
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degree in large spaces such as factories. Therefore, considerable 
care was 'taken to ensure that the construction. calibration, and 
operation of the apparatus was sufficiently good to record such 
differences . For example, it was found that differences in the 
lengths of the sample lines could cause differential time lags between 
channels, and hence cause uncertainty in the timing of each individual 
measura.ent. 

The method of analysing the results must take account of both findings 
of the preliminary investigation. On the one hand, there appears to 
be no difficulty in generating sufficient internal circulation to 
generate an initial uniform concentration. On the other, once stirring 
has ceased, the tendency to a non-uni~orm distribution suggests that 
internal circulation is itself non-uniform, or that exchange from each 
part of the space to the outside is dominant. ln order to create 
additional experimental evidence on this problem, several tests were 
carried out with the tracer gas initially unmixed, that is with the · 
gas concentrated in one small part of the building rather than distri­
buted uniformly throughout. It was thought that this technique would 
be particularly useful in demonstrating the pattern of internal air 
movements. 

4. Theoretical Considerations 

As the main purpose of the pilot study is an examination of experimental 
technique, no attempt has been made to develop a new approach to the 
analysis of the results. Ail the results have been analysed using the 
usual single cell ventilation model, even though this model may be • 
inadequate for describing large spaces. However, in preparation for the 
development of a more realistic model for the next stage of the overall 
pro1ramme, some preliminary work has been done using a multi-cell model. 

Single Cell Ventilation Model 

Figure 9 represents on enclosed space which is being ventilated by a 
supply of fresh air as well as being injected with a contaminant. It 
i• assWDed that the contaminant is at all times uniformly distributed 
throughout the space, so that its concentration in everywhere defined by 
a single value. The following symbols may be defined: 

V = volume of the space 
F = flow rate of fresh air into space (assumed constant) 
q = flow rate of contamiqant into space (assumed constant) 
x

1 
= concentration of contaminant in space 

x = concentration of contaminant in the incoming fresh air 
0 

Assuming that pressure and temperature differences throughout the system 
are negligible, a volumetric balance may be taken on the contaminant 
concentration: 

(F x + q) 
0 

(F + q) xl 

dx
1 

= v dt 

- 8 -

• 1 
• . 1 

•~J 

•i .] 
• •• • ...._.. 



(I 

: I 

. I 
r:· 

I [ 

f ·;· 
i 
[r~-

1 

r; 
!.[ 

ff J 
I 

! 

( 
!I 
'I l1 

I 

rr 
~ . 

I 

[
!' 

;: 

!1 
I· 

li 

,. . 

J 

I 
~ 

-~vlo 

-e 
- r l 

.e "' 

.{__ 

t 

4.2 

If the i'nternal contaminant concentration at time t = 0 is x 1 (0), 

the solution of this equation is: 

"'1 = c:°+ + q q ) ( l - exp ( - (F + V q) t ))+ xl (0) exp(- (F;i)t) 

A tracer decay measurement corresponds to the case q = O, and 

x
1

(0) ~ x
0

, which yields: 

x = x + (x (0) - x ) exp (-Ft) 
l 0 l 0 v 

This is a simple exponential decay with a time constant, t , given . c 
by: 

t c 
v = -F 

It is conventional to express ventilation rates as the flow rate of 
fresh air per unit volume, with units of reciprocal time. The 
ventilation rate, N, is thus: 

F - .!..._ 
N = - - t v . c 

Clearly, a plot of the natural logarithm of the concentration versus 
time should yield a straight line, the gradient of which is the 
negative of the ventilation rate. 

Analysis of Results 

In practice, for each ventilation rate measurement, both the nitrous 
oxide system and the sulphur hexafluoride system yielded a set of 
pairs of values of time and tracer gas concentration. By first con­
verting the values of concentration to their natural logarithm, a 
straight line could be fitted to each set of results using the method 
of least squares. The gradient of the best fit line was taken as the 
ventilation rate. As an indication of the reliability of each 
ventilation rate result, the goodness of fit of the data was investi­
gated statistically. A correlation coefficient, R, was evaluated, where 
R is defined by: 

or 

R = Regression Sum of Squares 
Total Sum of Squares 

/{ r. (Ye -Y) 2 J 
R = ,J\r. (Yi-Y)2 / 

where Y is the mean of the Y values (Y is the natural logarithm of the 
concentration), Ye is the estimated value, Yi is the measured value, 

and the summations are taken over all points in the data set. 
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Table 1 is a summary of the results of the measurements, and shows the 
ventilation rate, the number of experimental points and the correlation 
coefficient for each data set. In most cases, the correlation coeffi­
cient is close to unity, showing that a simple exponential decay is 
a good description of the results. Further statistical information is 
given in the detailed analysis of each run, by means of a statistical 
analysis table. The definition of the terms in this table are: 

Regression Df Regression degrees of freedom (always unity) 

Residual Df Residual degrees of freedom (N-2) 

Total Df Total degrees of freedom (N-1) 

Regression SS Regression of sum of squares 

Residual SS Residual su,m of squares 

Total SS Total sum of squares 

Regression MS Regression mean squares 

Residual MS Residual mean squares 

F The F statistic (Regression MS/Residual MS) 

Multi-cell ventilation model 

Despite the high correlation coefficients obtained by the application 
of simple single cell theory to the results, there are two reasons for 
suspecting that a more sophisticated theory is necessary. Firstly, the 
difference in the ventilation rates between channels in the same run is 
large enough ·to be significant at the levels of correlation obtained. 
For example, referring to run B03R07 in table 1, for channel 1, • 
V = 1.898 with R = 0.966, and for channel 6, V = 2.544 with R = 0.993. 
Secondly, innearly all cases, the correlation coefficient for the com­
plete set of data for a run (the final column in table 1) is · less than 
the correlation coefficients· for the individual channels. This is 
most obvious in runs BOlROl and B01R02, though the small number of data 
points for these runs may have exaggerated this phenomenon. Both of · 
these reasons suggest that there are genuine differences in the venti­
lation properties of different parts of the same space. Thus, the 
central assumption of single cell theory, viz. that the tracer gas is 
fully mixed and uniformly distributed, is at best an approximation. · 
Further, even if the distribution waa uniform at a particular point in 
time, it could not remain so because the decay rate varies throughout 
th.e space. 

An improvement on single cell theory can be achieved by treating the 
space as an assembly of small cells, or zones. Within each zone, the 
tracer gas may be assumed.to be uniformly mixed, and each zone 
exchanges air, or ventilates, to its adjacent zones. Clearly, the 
greater the number of zones, the more closely will this arrangement 
approximate to the continuum which exists in practice. The resulting 
system of zones can be analysed using the multi-cell theory developed 
by Sinden (5). Figure 10 is a schematic diagram of a multi-cell system. 
The symbols are defined as: 

- XI -

~ 

•: 

• • • I . I 
• .1 
•i 
• 

• 



,.~ 

r·--: 

: 1 ·~ 

cl 

,T~ 
I 

' - . 

i I -

: r-

:[ -

r:-' 

u· 
I 

r­
; r 
ii 

!f 

rr 

:1 

i-­
(! 

r -
11 
;1 
ll 

r 
1[ 

r 
1\ 

ii 

L 

L 
L 
c.'.! 

vi = volume of cell i 

F ij =flow rate from cell i to cell j. Note that Fii = O, and 

in general Fij r Fji 

qi 

x 
i 

n 

= flow rate of contaminant in cell i 

= concentration of contaminant in cell i 

= number of cells 

Taking a balance on the contaminant concentration in cell j; 

qj + fFijxi - ~ Fjkxj = vjij 

Taking a balance on the total flow into and out of cell j 

qi + fFij = iFjk = Sj 

For tracer decay, qj = O, and the equation becomes 

vjxj = fFijxi - xjsj 

or 

Vx= F x 

where V = v1 

0 

0 

0 0 

v
2 

o 

0 v 
n 

F = -s1 

Fl2 

-, 

Fln 

F21 

-s 
2 

F31 

F32 

If the Fij are known, the equation may be solved to give the time 

evolution of the tracer gas concentration in each cell, i.e. 

x(t) = (x
1 
(t) , x

2 
(t) ...... xn (t)) 

A simple solution is of the form 

A.t 
x(t) = x(O) e 

which, on substitution into the original equation, gives 

A.V x = F x 

- 11 -
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The eigenvalues, A , A1 , ...... A for which this has a non-zero o n 
-0 -1 -n solution, and the corresponding eigenvector~ x, x , ....... x 

may be -found. Further solutions, 
conditions may be found by linear 

corresponding to arbitrary initial 
combination 

_ n-1 _k Akt 
x (t) = E ak x e 

k=O 

where· ak are constants determined from the initial conditions, i.e. 

the concentrations xi at time t = 0. 

As an example, the multi-cell theor~ has been applied to a rectangular 
building of in~ernal volume 12,00Qm , split into 6 equal cells each of 
volume 2,000 m . An overall fresh air ventilation rate of 2 a.c.h. was 

3 -1 
assumed (corresponding to 7 m s ). Figure 11 shows the building, and 
also gives the assumed values of the flow rates between cells, i.e. the 
values of Fij" The equations were solved to give the time evolution of 

the tracer concentration in each cell for several different sets of initial 
conditions. The results are shown in table 2 and in figures 12 to 17. 
In each case it can be seen that after about 20 minutes, the decay curves 
for all cells are similar. Thus, if these curves were analysed by means 
of single cell theory, they would yield similar, but slightly different 
ventilation rates. However, it is clear from figure 11 that this would 
not be a true interpretation of the air movement regime in the building; 
in particular, cells 1, 2 and 3 are receiving no fresh air at all, the 
flow into them coming entirely ~rom other parts of the building. 

The reverse problem, the evaluation of the Fij from the measured decay 
curve•, is more difficult. It requires the snapes of the decay curves 
to be accurately known during the early part of the decay, which was 
not possible with the apparatus in its current form. In any case, this 
was outside the scope of the objectives for this project. 

Results and Conclusions 

The complete set of results is presented in the Results Section. There 
are three sections, one for each building, with a drawing of the building 
at the head of each section. Within each section, the individual runs 
are listed in sequence, the information in each run being presented in 
the following format:-

1) Summary of conditions prevailing at the time of the 
run, plus a diagram showing the position of the sample 
points and where relevant, the position of gas release. 

2) A table of results. The tracer gas concentration is 
given in arbitrary units, because the fine sensitivity 
of the recording was usually adjusted.at the start of 
each run to give approximately full scale deflection on 
the recorder. 

3) 

4) 

5) 

A statistical analysis table. 

Graphs of the natural logarithm of tracer gas concentration 
versu• time for each channel. 

A graph of the tracer gas concentration versus ti'e for 
al 1 channels. 
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The main conclusion which can be drawn from these results is that, 
experimentally, there is no particular difficulty in using a tracer 
gas decay method to measure ventilation rates in a large single 
cell building. Relatively simple methods of stirring can achieve 
an initial uniform distribution of tracer gas, if indeed this is 
considered necessary. Satisfactory decay curves have been 
obtained even when there has been no attempt to achieve an initial 
uniform distribution. The variability of ventilation rate through­
out the space appears, in most of the results, to be small but 
significant. This variability, even though it is small, leads 
immediately to a conceptual difficulty in defining ventilation rate, 
because it is clear that, if different parts of the same cell are 
behaving differently, the tracer gas decay constant is not necessarily 
a measure of the fresh air ventilation rate. The .simple calculation 
using the multi-cell model illustrates this quite clearly. 

A secondary conclusion, therefore, is that care is needed in the 
interpretation of the results of tracer decay measurements. The 
overall decay rate for all channels may be a guide to the total amount 
of fresh air entering the bui1ding, but that fresh air may be 
distributed in a highly non-uniform fashion, even if the decay rates 
of individual channels are similar. 

Regarding experimental technique, the experience of this project is 
that the small, portable gas chromatograph fitted with an electron 
capture detector, and using sulphur hexafluoride as a tracer, is 
sufficiently sensitive, robust and reliable for field measurements, 
and is to be preferred to the infra-red gas analyser. 

- 13 -
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r TABLE 1 SUMMARY OF RESULTS 

:· r V =Ventilation Rate, a.c.h. N = No. of points R = Correlation coefficient 

Channel Number r , :tun Tracer 1 2 3 4 5 6 Average 
_'{umber 

I l v 0.100 0.091 0.069 -0.108 -0.043 0.008 0.015 
BOlROl N

2
0 N 5 5 5 5 5 5 30 

I ' 
R 0.480 0.987 0.839 ~0.990 0.557 0.406 0.065 

:i 
r- v 0.087 0.038 0.047 0.103 0.065 0.043 0.055 
~, ,301R02 N

2
0 N 5 5 5 4 5 5 29 

l. 
R 0.972 0.811 0.948 0.890 0.920 0.967 0.436 

r-
!.I v 1.25 1.57 1.42 1. 54 1.37 * 1.42 

B02R01 N
2

0 N 12 12 13 13 12 62 

r~ - R 0.942 0.995 0.977 0.963 0.944 0.933 

,- v 0.884 0.879 0.836 0.846 0.814 * 0.850 
11 302R02 N

2
0 N 18 19 19 19 19 94 

R 0. 969 0.997 0.926 0.986 0.988 0.964 

v 0.888 0.853 1.018 0.783 0. 779 * 0.804 
B02R03 N

2
0 N 20 21 20 20 20 101 

i l R 0.988 0.983 0.981 0.9!H 0.988 0.961 

r1 302R04 
v 0.522 ** 0.522 

SF
6 

N 29 29 
R 0.928 0.928 

[.! v 0.730 ** 0.739 
B02R05 N 18 18 

I · R 0. !)85 0.985 
l 

.. v 1.076 0.806 0.839 0.965 1.038 * 0.947 
! 

I02R06 N
2

0 N 22 21 21 21 21 106 
R 0.983 0.987 0.932 0.984 0.976 0.957 

_Jll 
Channel 6 was used to monitor external air as a zero check 

II .. Only one channel was available for these runs 
lL 

\I > 

~l .. 

t. 
' l 

L~ 
- 15 -



TABLE 1 SUMMARY OF RESULTS (Continued) 

1 ~ =Ventilation Rate, a.c.h. N = No. of points R = Correlation coefficient 

-

iun Tracer Channel Number Average 
. Number 1 2 3 4 5 6 

I v 0.589 0. 5•12 0.670 0.624 0.596 0.634 0.613 
I B03R01 SF

6 
N 19 19 19 19 19 19 114 

~ [ R 0.978 0.954 0.951 0.941 0.957 0 . 957 0.949 

1 r 303R02 
v 4.145 4.581 4,572 4.514 4.456 4.299 4.423 

SF
6 

N 7 7 7 7 7 7 42 
I R 0.996 0.99E.i 0.988 0.995 0.998 0.998 0.990 

r--· 
I 
cf 

v 4.203 4.210 4.441 4.436 4.580 4 . 397 4.387 I 

r-· B03R03 SF
6 

N 7 7 7 7 · 7 7 42 
~· I R 0.999 0.999 0.999 0.996 1.000 0.999 0.990 
l I 

f'~ v 2.837 2 . C95 2.917 2 . 752 2.887 2.D09 2.817 
i.[ 303R04 SF

6 
N 8 8 8 8 8 8 48 
R 0.996 0.977 0.989 0.993 0.995 0.997 0.978 

v 1. t146 1.665 1.596 l. 733 1.597 1.624 1.613 
B03R05 SF

6 
N 11 11 11 11 11 11 66 
R 0.968 0.093 0 . 903 0.995 0.996 0 . 990 0.986 

v 1 . 38'1 1.386 1.240 1.104 1.200 1.254 1 . 266 
l 303R06 SF

6 
N 11 11 11 11 11 11 66 
R 0.991 0.092 0 . 900 0.9£2 0.992 0 . 901 0.984 

v 1.898 1.036 1.927 2.092 2.158 2.544 2.127 
B03R07 SF

6 
N 12 11 11 11 11 11 67 
R 0.956 0.978 0.960 0.980 0.973 0.993 0 . 946 

r - \ I v 1.548 1.462 1.877 2.002 1.934 1.783 l . 793 
(_i 303R08 SF

6 
N 11 11 11 11 11 11 66 
R 0.925 0 . 959 0.945 0.973 0.987 0.987 0.946 

f i 
- I 
Lt 

l 

I 
I 
\ , 

f ' --
I 

L[ ~ 

! I 
' . I 

Ll ~ 

( l 
I 

-l :: -.:. 
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TABLE 2 

Eigen values and eigen vectors for the multi-cell example illustrated in figure 11. 

Eigen values -0.0179 -0.0006 -0.0044 -0.0116 -0.0115 -0.0069 

Eigen vectors -0.2746 0.4277 0.6074 -0.1211 -0.0700 0.5254 

0.6067 0.4449 0.0654 0.4994 0.4718 0.4335 

-0.4387 0.4544 -0.4221 -0.5267 -0.5611 0.3528 

0.1865 0.3444 0.4130 -0.3130 -0.3427 -0.3020 

-0.4513 0.3741 -0.1487 -0.5803 0.5730 -0.4467 

0.3538 0.3926 -0.5059 -0.1544 -0.1092 -0.3476 

- 17 -
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BOl ROl 

- Date: 16th December, 1981 

~: 1100 hours to 1200 hours 

Tracer Gas: Nitrous Oxide 

External Conditions: 

Time 

1100 hrs 

1200 hrs 

Windspeed (m/s) 

zero 

zero 

Internal Conditions: 

0 Te!E,erature ( C) 

-6.4 

-4.8 

air velocity: very low, not :measured 
0 0 temperature: -1 C to + 3 C 

Gas Release: 

Gas released into path of small fan at point shown on plan. 

Sample Positions: 

As shown on plan. 
. 

Comment: Roller shutter door open 300 mm and one sma~l window open, both 
on s.w. face of building. 

N.B. With roller shutter door and window closed there was no detectable 
fall in tracer concentration. 
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ANALISIS or FM:'roltl VENl'llATl<li RATr.s 
••••••••••••••••••••••••••••••••••••• 

Experimental run nmbera BOlROl 
locations lklit9, Ma11elield lbad Ind. Eatate,<DWNJ'RY 

Dates 16/12/81 
Tracer gaas ND 

TABU: OF RESULTS 
••••• •• • •••••• 

Data 

J 
< 

. l ,----, --- ' 

'fWl'iE in •inutea. 

~ 

' ' ~ 

c-concentration (arbitrary Wlita) 
~tural log of c:onc:entration. 

Pt. Olannel l Qlannel 2 Olannel 3 Olannel 4 Olannel 5 

----1 . 
; ---- ;--i 

Olannel 6 

•••• • •••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• 
T c lnC T c lnC T c lnC T c lnC T c lnC T c lnC 

1 1.0 266 5.583 2.0 269 5.595 3.0 265 5.580 c.o 235 5.460 5.0 253 5.5Jl 6.0 261 5.565 

2 7.0 245 S.501 8.0 265 5.580 9.0 261 5.565 10.0 240 5.481 11.0 259 5.557 12.0 263 5.572 

l n.o 246 5.505 14.0 264 5.576 15.0 257 5.549 16.0 242 5.489 17.0 260 5.561 18.0 261 5.565 

4 19.0 251 5.525 20.0 261 5.565 21.0 259 5.557 22.0 244 5.497 23.0 256 5.545 24.0 261 5.565 

5 25.0 250 5.521 26.0 259 5.557 27.0 257 5.549 28.0 246 S.505 29.0 260 5.561 30.0 261 S.565 
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BOl R02 

~ ~: 16th December, 1981 

Time: 1300 hours to 1400 hours 

Tracer Gas: Nitrous Oxide 

External Conditions: 

Time 

1300 hrs 

1400 hrs 

Windspeed (m/s) 

zero 

zero 

Internal Conditions: 

0 Te!E,erature ( C) 

-3.4 

-2.9 

air velocity: very low, not measured 
0 0 

temperature: -1 C to +3 C 

Gas Release: 

Gu released into path of small fan at point shown on plan. 

Sample Positions: 

As shown on plan. 

Comment: roller shutter door and small window on s.w. face of building 
and door on n.e. face of building open. 
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ANALYSIS OF F1CIQlY vtm'llATICB RATES 
••••••••••••••••••••••••••••••••••••• 

Experimental run IUlt>er 1 BO.la02 
location1 D'lit 9,Maaefield R>ad Ind. F.atate,CX>VEltl'RY 

Dates 16/12/81 'fll'l'ille in minute•. 
Tracer 9aa1 NX» C-COncentration (arbitrary lnita) 

lnc-ffatural log of concentratic:n. 
TABLE OF RE&JLTS 
***** •• ******* 

Data 
Pt. Qiannel 1 O'lannel 2 Channel 3 <llamel 4 <llannel 5 <llimnel 6 

**** ******************* ••••••••••••••••••• •****************** ••••••••••••••••••• ******************* • •••••••••••••••••• 
T c lnC T c lnC T c InC T c lnC T c lllC T c lllC 

l l.O 251 5.533 2.0 257 5.549 l.O 256 5.545 4.0 250 5.521 5.0 255 5.541 1 6.0 257 5.549 

2 1.0 250 5.521 a.o 259 5.557 9.0 256 5.545 10.0 245 5.501 11.0 251 5.525 12.0 256 5.545 

3 13.0 2t8 5.513 u.o 257 5.549 15.0 255 5.541 16.0 245 5.501 17.0 248 5.513· 18.0 255 5.541 

4 19.0 244 5.497 20.0 256 5.545 21.0 251 5.533 22.0 217 5.468 23.0 248 5.513 24.0 254 5.537 

5 25.0 243 5.493 26.0 251 S.533 27.0 251 S.525 34.0 238 5.472 29.0 247 5.509 lO.O 252 5.529 

6 n.o 243 5.491 32.0 254 5.537 13.0 251 5.525 35.0 246 5.505 36.0 252 5.529 
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B02 ROl 

Date: 16th March, 1982 

.!!!!!_: 1500 hours to 1600 hours 

Tracer Gas: Nitrous Oxide 

External Conditions: 

Time 

1500 hrs 

1600 hrs 

Windspeed (m/s) 

7.2 

7.2 

Wind Direction: west south west 

Internal Conditions: 

air velocity: 0.02 to 0.10 m/s 
0 temperature: 8.1 to 9.5 C 

Gas Release: 

0 Te.!E,era ture ( C) 

7.5 

7.5 

Gas released into path o~ sma11 ian at point shown on plan. 

Sample Positions: 

As shown on plan • 
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··························~·········· ANALYSIS or FACroRY ViHl'U.ATl<JI MTES ....................................... 

-~ -- ! ., j 

Experimental run runber 1 B02R01 
ll3cation: Stag Industrial Estate, 00\lfJfl'RY 

Date: 16/J/82 ~ime in ainutee. 
Tracer gas1 N20 c-concentration (arbitrary unit•) 

Inc-Natural log of concentration. 
TABl.I! ·or ~TS 
••••• •• • •••••• 

Data 
Pt. Channel 1 Olamel 2 Channel 3 Channel 4 Channel 5 

**** ••••••••••••••••••• ••••••••••••••••••• ••••••••••••••••••• ••••••••••••••••••• ******************* 
T c lllC T c lllC T c lllC T c lllC T c lllC 

l 3.0 507 6.229 5.0 859 6.756 o.o 912 6.816 1.0 861 6.758 2.0 627 6.441 
2 9.0 501 6.217 11.0 741 6.608 6.0 668 6.504 1.0 682 6.525 8.0 565 6 • .337 
3 15.0 t52 6.114 17.0 638 6.t5B 12.0 582 6.366 u.o 612 6.417 1'.0 531 6.275 
4 21.0 322 5.175 23.0 513 6.240 18.0 525 6.263 19.0 513 6.2t0 20.0 442 6.091 
5 27.0 245 5.501 29.0 501 6.217 24.0 HO 6.087 25.0 488 6.190 26.0 376 5.930 
6 3J.(I 295 5.687 35.0 398 5.986 30.0 331 5.802 31.0 347 5.H9 32.0 309 5.733 
7 39.0 214 5.366 u.o 355 5.872 36.0 327 5.790 37.0 351 5.861 38.0 355 5.872 
8 45.0 207 5.333 47.0 282 5.642 42.0 316 5.756 43.0 355 5.872 H.O 376 5.930 
9 51.0 197 5.283 53.0 245 5.501 48.0 316 5.756 49.0 275 5.617 50.0 204 5.318 

1() 57.0 211 5.352 59.0 243 s • .t9l 54.0 248 5.513 55.0 295 S.687 56.0 229 S.434 
11 63.0 180 5.193 65.0 174 5.159 60.0 229 5.434 61.0 224 s.412 62.0 180 5.193 
12 69.0 100 4.605 71.0 145 4.977 66.0 168 5.124 67.0 126 4.836 68.0 108 4.682 
13 72.0 119 4.779 n.o 104 4.644 
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• B02 R02 

Date: 17th March, 1982 

Time: 1400 hours to 1600 hours 

Tracer Gas: Nitrous Oxide 

External Conditions: 

Time 

1400 hrs 

1500 hrs 

1600 hrs 

Windspeed (m/s) 

6.2 

4.6 

a.a 

Wind ·direction: west north west 

Internal Conditions: 

air velocity: 0.01 to 0.06 m/s 
0 temperature: 7.5 to 8.5 C 

Gas Release: 

0 TemE.erature ( C) 

6.8 

7.2 

7.9 

Gas released into path of small fan at point shown on plan. 

Sample Positions~ 

As shown on plan. Channel 6 positioned outside the .building to monitor 
external air as a zero check. 
Comment: This run'.· occurred simultaneously with run B02 R04. 
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ANALYSIS Of' FAC'lalY vt'Nl'IL\TICJf MTES 
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Experi.ental run n\mt>era B02R02 
locations St~ Industrial Eatate,COWNl'RY 

Datea 17/3/82 'lwrime in alnutea. 
Tracer gas1 N20 c-concentration (arbitrary units) 

Inc-Natural log of concentration. 
TABLE OF NSJLTS 
***** ** ******* 

Data 
Pt. Olamel l Olannel 2 Olannel 3 Chamel 4 Olannel 5 

**** ******************* ******************* ********•********** ••••••••••••••••••• ******************* 
T c lllC T c lllC T c lllC T c lllC T c lnC 

l 4.0 980 6.888 o.o 1000 6.908 1.0 810 6.697 2.0 920 6.824 3.0 900 6.802 
2 10.0 800 6.685 6.0 890 6.791 7.0 785 6.666 8.0 880 6.780 9.0 835 6.727 
3 l&.O 650 6.477 12.0 835 6.727 13.0 770 6.646 14.0 845 6.739 15.0 710 6.565 
4 22.0 645 6.469 18.0 740 6.607 19.0 690 6.537 20.0 710 6.565 21.0 650 6.477 
5 28.0 61S 6.422 24.0 670 6.507 25.0 595 6.389 26.0 615 6.422 27.0 600 6.397 
6 34.0 540 6.292 30.0 620 6.430 31.0 SSS 6.319 32.0 595 6.389 33.0 480 6.174 
1 40.0 460 6.Ul 36.0 565 6.337 37~0 400 5.991 38.0 550 6.310 39.0 550 6.310 
8 46.0 490 6.194 42.0 520 6.254 u.o 280 5.635 H.O 500 6.215 45.0 490 6.194 
9 52.0 335 5.814 48.0 465 6.142 49.0 285 5.652 50.0 430 6.064 51.0 430 6.064 

10 58.0 305 5. 72(.1 54.0 395 5.979 55.0 335 5.814 56.0 355 5.872 57.0 405 6.004 
11 64.0 285 5.652 60.0 385 5.953 61.0 370 5.914 62.0 360 5.886 63.0 370 5.914 
12 70.0 265 5.580 66.0 370 5.914 67.0 435 6.075 68.0 340 5.829 69.0 315 5.753 
13 76.0 270 5.598 72.0 345 5.844 73.0 355 5.872 74.0 350 5.858 75.0 270 5.598 
14 82.0 275 5.617 78.0 295 5.687 79.0 265 5.580 80.0 325 5.784 81.0 310 5.737 
15 88.0 270 5.598 84.0 275 S.617 85.0 220 5.394 86.0 315 5.753 87.0 295 5.687 
16 94.0 260 5.561 190.0 260 5.561 91.0 215 5.371 92.0 285 5.652 93.0 270 5.598 
17 100.0 215 5.371 96.0 230 5.438 97.b 185 5.220 98.0 255 5.541 99.0 240 5.481 
Hs 106.0 190 5.247 102.0 220 5.394 103.0 175 5.165 104.0 200 5.298 105.0 210 5.347 
19 108;,0 215 5.371 109.0 225 5.416 110.0 185 5.220 111.0 190 5.247 
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B02 R03 

• Date: 18th March, 1982 

Time: 1040 hours to 1250 hours 

Tracer Gas: Nitrous Oxide 

External Conditions: 

Time 

1100 hrs 

1200 hrs 

1300 hrs 

Windspeed (m/s) 

6.7 

4.6 

4.1 

Wind direction: west north west 

Internal Conditions: 

air velocity: 0.001 to 0.08 m/s 
0 temperature: 7.5 C 

Gas Release: 

0 
Te~erature ( C) 

6.9 

6.7 

7.2 

Gas released into path of sma11 fan at point shown on plan. · 

Sample Positions: 

As shown on plan. Channel 6 positioned outside the building to monitor 
external air as a zero check. 

Comment: This run occurred simu1taneously with run B02 R05. 
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································~···· ANALYSIS OF FAC'JURY YfNI'ILATJa;t RATES 
••••••••••••••••••••••••••••••••••••• 

Experimental run nuat>er1 B02ROl 
locations Sta\I Industrial Eatate,OOVEtll'RY 

Dates llt/3/82 TW!'i11e in ainutes. 
Tracer gas1 N20 c-concentration (arbitrary units) 

lnc-llatural log of concentration. 
TABLE OF RF.SULTS 
••••• •• • •••••• 

Data 
Pt. Olannel 1 Olannel 2 Cllannel l Olamel 4 Channel 5 

•••• ••••••••••••••••••• ••••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• 
T c lnC T c lnC T c lnC T c lnC T c lnC 

l 4.0 760 6.633 o.o 795 6.678 1.0 865 6.763 2.0 860 6.757 J.O 820 6.709 
2 10.0 685 6.529 6.0 805 6.691 7.0 800 6.685 8.o 805 6.691 9.0 740 6.607 
l 16.0 675 6.515 12.0 770 6.646 13.0 760 6.6Jl 14.0 755 6.627 15.0 ; 720 6.579 
4 22.0 650 6.477 18.0 725 6.586 19.0 715 6.572 20.0 720 6.579 21.0 685 6.529 
5 28.0 610 6.413 24.0 700 6.551 25.0 690 6.Sl7 26.0 705 6.558 27.0 665 6.500 
6 .l4.0 465 6.142 30.0 610 6.41l 31.0 580 6.363 32.0 645 6.469 33.0 600 6.397 
7 40.0 460 6.131 36.0 560 6.328 37.0 560 6.328 38.0 610 6.413 39.0 565 6.337 
8 46.0 415 6.028 42.0 525 6.263 u.o 490 6.194 44.0 585 6.372 45.0 490 6.194 
9 52.0 350 5.858 48.0 470 6.153 49.0 425 6.052 50.0 545 6.301 51.0 505 6.225 

10 58.o 340 . 5.829 54.0 450 6.109 55.0 395 5.979 56.0 520 6.254 57.0 475 6.163 
11 64.0 280 5.635 60.0 440 6.087 61.0 315 5.753 62.0 455 6.120 63.0 425 6.052 
12 70.0 290 5.670 66.0 00 6.064 67.0 240 5.481 68.0 415 6.028 69.0 390 5.966 
13 76.0 280 5.635 72.0 350 5.858 73.0 245 5.501 74.0 385 5.953 75.0 370 5.914 
14 82.0 240 5.481 78.0 295 5.687 79.0 240 5.481 80.0 330 5.799 81.0 335 5.814 
15 86.0 220 5.394 84.0 275 5.617 85.0 205 5.323 86.0 300 5.704 87.0 JOO 5.704 
16 94.0 185 5.220 90.0 250 5.521 91.0 195 5.273 92.0 295 5.687 93.0 310 5.737 
17 100.0 195 5.273 96.0 250 5.521 97.0 170 5.136 98.0 285 5.652 99.0 235 5.460 
18 106.0 195 5.273 102.0 215 5.371 103.0 135 4.905 104.0 240 5.481 105.0 225 5.416 
19 112.0 135 4.905 108.0 160 5.075 109.0 170 5.136 110.0 210 5.347 111.0 205 5.323 
20 118.0 165 5.106 114.0 190 5.247 115.0 180 5.193 116.0 195 5.273 117.0 170 5.136 
21 120.0 165 5.106 
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B02 R04 

- Date: 17th March, 1982 

Time: 1430 hours to 1605 hours 

Tracer Gas: Sulphur Hexaflouride 

External Conditions: 

Time 

1400 hrs 

1500 hrs 

Windspeed (m/s) 

6.2 

Temperature ·c0
c) 

6.8 

4.6 

1600 hrs 8.8 

Wind: direction: ".west north west 

Internal conditions: 

air velocity: 0.01 to 0.06 m/s 
0 temperature: 7.5 to 8.5 C 

Gas Release: 

7.2 

7.9 

Gas released into the path of a small fan at point shown on plan. 

Sample Positions: 

As shown on plan. 

Comment: This run occurre~ simultaneously with run B02 R02. 
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••••••••••••••••••••••••••••••••••••• 
ANALYSIS ~ PACl'ORY VENJ'JLATJCll Mn:& 
••••••••••••••••••••••••••••••••••••• 

Experillental run numbers B02R04 
a:ocatiom Stag Jndu.trial Elltate ,OOVDn'RY 

Dates 17/l/82 
'l'r acer gas 1 SF6 

Data 
Pt. Olannel l 

•••• ******************* 

l 
2 
l 
4 
5 
6 
7 
8 
9 

lO 
11 
12 
13 
H 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

T C 
1.5 800 
4.4 640 
7.4 uo 

10.0 480 
12.9 530 
16.0 550 
19.l 475 
22.0 450 
25.l 450 
28.l 415 
ll.l 410 
34.0 400 
37.0 395 
40.C 395 
u.o 390 
46.0 380 
49.0 380 
52.0 355 
55.l 350 
58.l 355 
61.l 335 
64.2 325 
67.l ll5 
70.2 llO 
73.0 305 
79.0 295 
82.0 JOO 
88.0 290 
91.0 265 

lnC 
6.685 
6.461 
6.087 
6.174 
6.273 
6.310 
6.16) 
6.109 
6.109 
6.028 
6,016 
5.991 
5.979 
5.979 
5.966 
5.940 
5.940 
5.872 
5.858 
5.a72 
5.814 
5.784 
5.814 
5.737 
5.720 
5.687 
5.704 
5.670 
5.580 

TABtB ~ RESULTS 
••••••• ******* 

- · · ,- ----:--"l - --- -··-~. ··- - - ·-- ••. ----, .- .. - ·-. 

--- . l ---· 1--- ' ---. · '--"J '----; '--i 

'1""1'1• in ainute.. 
c-concentration (arbitrary unit•t 
~tural log of concentration. 
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B02 R05 

Date: 18th March, 1983 • 

Time: 1100 hours to 1230 hours 

Tracer Gas: Sulphur Bexaflouride 

External Conditions: 

Time 

1100 hrs 

1200 hrs 

1300' hrs 

Windspeed (m/s) 

6.7 

4.6 

4.11 

Wind direction: west north west 

Internal Conditions: 

air velocity 
temperature 

Gas Release: 

0 
Tem~erature ( C) 

6.9 

6.7 

7.2 

0 to 0.08 m/s 
7.5°C . 

Gas released into the path of a small :fan at point shown on plan. 

Sample Position: 

As shown on plan. 

Comment: This run occurred simultaneously with run B02 R03. 

21,7U 
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••••••••••••••••••••••••••••••••••••• 
ANALYSJS OF FAC'IDRY VDfl'llATICJf M'ft:S 
••••••••••••••••••••••••••••••••••••• 

.... 

Expcdmental run nU!t>era B02ROS 

Data 
Pt. 

•••• 
l 
2 
3 
4 
5 
6 
7 
tj 

9 
10 
11 
12 
13 
14 
15 
16 
17 
lil 

IDcation: Stag Industrial Estate,COVDn'RY 
Dcate: 18/3/82 

'.l'racer 9as: SF6 

TABLE Of RESULTS 
~ ••••• •• • •••••• 

O.annel l 
• •••••••••••••••••• 

T c lnC 
2.1 920 6.824 
6.9 784 6.664 

10.2 755 6.627 
13.4 775 6.653 
16.4 780 6.659 
19.4 750 6.620 
24.9 620 6.430 
31.l 595 6.389 
37.2 545 6.301 
43.l 530 6.273 
49.0 425 6.052 
55.3 495 6.205 
bl.2 400 5.991 
67.2 405 6.004 
73.tt 385 5.953 
79.2 355 S.tt72 
&5.2 290 5.670 
91.2 295 5.687 -... 

Ta'J'iJlle in minutes. 
c-concentration (arbitrary units) 
lnc-Natural log of oonccntr~tion. 
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B02 R06 

' Date: 17th March, 1982. 
~ 

!!!!!_: 1110 hours to 1340 hours 

Tracer Gas: Nitrous Oxide 

External Conditions: 

Time 

1100 hrs 

1200 hrs 

1300 hrs 

1400 hrs 

Windspeed (m/s) 

5.1 

7.2 

4.6 

6.2 

Wind Direction: west 

Internal Conditions: 

air velocity: - 0.01 to 0.06 a/a 
0 temperature: 7.5 to 8.5 C 

Gas Release: 

0 Te!J?_erature ( C) 

7.3 

7.5 

6.8 

6.8 

Gas released into path o~ small ~an at point shown on plan. 

Sample Positions: 

As shown on plan. Channel 6 positioned outside the building to monitor 
external air as a zero check. 
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************************************* 
ANALYSIS OF FACIORY VENTllATI<:ti RATES 
••••••••••••••••••••••••••••••••••••• 

~perimental run nuat>er1 B02R06 
1Dcation1 Stag Industrial Estate, a>VENJ'RY 

Dates 17/3/82 T-rime in •inutes. 
Tracer gas: N20 c-concentration (arbitrary l.W'lits) 

Inc-Natural log of concentration. 
TABLE Of' .RF.sULTS 
***** ** ******* 

Data 
Pt. Channel l Olannel 2 O\annel l Olamel ' Olannel 5 

•••• ******************* ******************* ••••••••••••••••••• ******************* • •••••••••••••••••• 
T c lllC T c CllC T c lllC T c lllC T c lllC 

l o.o 915 6.819 2.0 873 6.172 3.0 602 6.400 •• o 895 6.797 5.0 901 6.806 
2 6.0 827 6.718 8.o 708 6.562 9.0 617 6.425 10.0 865 6.761 u.o 698 6.548 
] 12.0 612 6.417 14.0 648 6.•74 15.0 717 6.575 16.0 795 6.678 17.0 781 6.663 

• 18.0 597 6.392 20.0 733 6.597 21.0 482 6.178 22.0 710 6.565 23.0 708 6.562 
5 24.0 667 6.503 26.0 627 6.441 27.0 498 6.211 28.0 660 6.492 29.0 672 6.510 
6 JO.O 623 6.435 32.0 590 6.380 33.0 455 6.120 34.0 630 6.446 35.0 650 6.477 
7 36.0 565 6.337 38.0 492 6.198 39.0 413 6.023 40.0 605 6.405 41.0 582 6.366 
8 42.0 573 6.351 4•.o 482 6.178 45.0 438 6.082 46.0 580 6.363 47.0 487 6.188 
9 48.0 468 6.148 50.0 412 6.021 51.0 563 6.333 52.0 560 6.328 53.0 557 6.323 

10 54.0 468 6.148 56.0 432 6.068 57.0 428 6.059 58.0 525 6.263 59.0 537 6.286 
11 60.0 428 6.059 62.0 328 5.793 63.0 535 6.282 6'.0 458 6.127 65.0 380 5.940 
12 66.0 )43 5.838 68.0 353 5.866 69.0 205 5.323 70.0 423 6.047 71.0 390 5.966 
lJ 72.0 278 5.628 74.0 378 5.935 75.0 200 5.298 76.0 378 5.935 77.0 340 5.829 
14 78.0 238 5.472 80.0 328 5.793 81.0 250 5.521 82.0 303 5. 714 83.0 280 5.635 
15 b4.0 238 5.472 86.0 284 5.649 87.0 223 5.407 88.0 273 5.609 89.0 187 5.2Jl 
16 90.0 196 S.278 92.0 278 5.628 93.0 212 5.357 9•.o 230 5.438 95.0 203 5.3ll 
17 96.0 152 5.024 98.0 233 5.451 99.0 187 5.231 100.0 195 5.273 101.0 183 5.209 
18 102.0 152 5.024 104.0 219 5.389 105.0 168 5.124 106.0 188 5.236 107.0 177 5.176 
19 108.0 141 4.949 110.0 194 5.268 111.0 158 5.063 112.0 178 5.182 113.0 142 4.956 
20 1.14.0 120 4.787 116.0 170 5.136 117.0 140 4.942 118.0 155 5.0U 119.0 120 4.787 
21 120.0 110 4.700 122.0 149 5.004 123.0 ll3 4.890 124.0 133 4.890 125.0 127 4.844 
22 126.0 96 4.56' 



T~ 

fr 
r • 
I 
I 

I ( 

if 

fr 

~ 
rr 

'1" 

ff 

:1 

l. 

ii 

lnrlSTlCAI. Mo\LISlS l'Cll ~ l ................................ 
SDuri:e 

-·-·"" ... ld..u 
TDtal 

Cl( 

l 
20 
21 

UftlXEPI'- '· 90*407 lSl 
GIW>IDf!W •l. 7U7H51791£~2 

SS 

10.ll7 
.J4d 

10.605 

115 

lO.ll7 
.017 

,.,,tUaUan rate i• 1.076 air =-par,_ 

ITMISTlCAI. AMUlilS IOI ~ 2 ................................. 
source flt 

... r-1on l 

... .Id.al 1' 
1lltal 311 

IHlllCEPI'- 6. 76627851211 
GMDl- •l.l4ll411Sl71~2 

• ·-· 
s.001 
.lJ4 

s.us 

115 

s.001 
.007 

Yllnti.l.aUcin r•te ia .I06 au -- per Illar 

STATlSTlCAI. ~lS ral CW9C. ..................... 
......... Cl( ...... .. 
... r-1an 1 
IHid-1 1' 
TDl:lll 20 

IHIDCZIT- 6. 6J511H551 
GIWllDrr- -l.J~772l84911tl~2 

Iii _ .. 
5.415 

.817 
6.l.32 

J .. -
5.415 

.04J 

,.,,tilatlon rate i• .iJ9 air -- PH ,_ 

STAnSTlCAI. Allo\l.Y&lS l'CR ~ ................... -... DC 

.......... 1 
-Id.al 19 
TDtal 20 

~ 7.01D02J6J'15 
-11111• •1.608211752ttl~ 

IS 

7.lH 
.2JJ 

7.40J 

4 

.. 
7.lit 

.012 

lllntilat.lmi rate ia .MS air -- par,_ 

STArlSTlCAI. AIW.!Sl.5 POil 0-. 5 ..................................... -... Cl( " .. ··- .. -· -
...... i ... 1 e.JOJ 8.JOJ 

-~ 19 .407 .au 
TD cal 20 •• 709 

Dnlla:f'l'a 7.0U4i41U72 
GIWllDft'a •1. 7J0667llliSE~2 

IMntilation ute ia l.Ol8 air -- pee llaur 

Sl'A?lSTIC\I. ~IS • ~ 0wtCU; ........... -······ ........... 
51>utco Df ...... 
llqr-ion l 
... .ld .... l 
104 Nell 

J.JQ6 
l'otal 105 

~ 6.8660917JllOI 
CiMDllNI'" -l.57i55746Ci51£~2 

liS 

n.600 

.OJ2 
Jl.to6 

115 

J5.600 

Vltnti.Ut.aan r1111ta ia .N1 .ur dWll)n per hDUl' 

51t.H7 
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70l.'8t 

r -
125.974 

r ..-
51.l..843 

r 
••••H• 
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1120.054 
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Hl.H7-Bl12Rl16 

Loootion-Sto9 fnclu•triol E•tot-. COVENTRY 

Ca.-N20 

Oot•-17/3/82 

Chonn.l No. 1 

Ventilation rot• i• J.1176 a. o. h. 

20 40 60 80 100 

Time(Minutes) 

-- ---- -- -------- ----- ---· 
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11 
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Run-Bl12Rl16 

Loootion-Sto9 f nclv.triol Eetote, COVENTRY 

Ca.-N20 

Oote-17/3/82 

Chonn.l No. 2 

Ventilation rot• i• • 81!/6 o. o. h. 

20 40 60 80 100 

TimeCMinutes) 

120 

120 
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Run-81121?116 

Location-Stag Incluetrial E'etate. COVE'NTHY 

Ca.-N20 

Oat.-17/3/82 

Channel Ne. 3 

Ventilation rat• i• • 839 o. c. h. 

20 40 60 a0 

TimeCMinutes) 

Hun-81121?116 

Location-Stag Inclvetrial Eetote. COVE'NTHY 

Ca.-N20 

Oat•-17/3/82 

Channel No.~ 

V•ntilotion rot• i• • 965 a. c. h. 

100 

2121 412l 60 a0 100 

TimeCMinutes) 

120 

12121 
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Loc:ation-Stag Induser.ial £stats, COVENTRY 
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Building B03 
Abbey School Sports Hall, Kenilworth . 

Plywood tje-:.king t.i:ipped with 3 loyor~b·rtum·rnised 
root11ig Fett and U111+>1tig$ 

Spa~ dQC.k root 
Fi lo n sheet~ng 

'TI
0

.• _ _ __ ~ 

33,2:0]1_ 

.:..:!Ai' 

SECTION THRO' 'A'-'A' 

. . . ·-----.-- f I I 
. I i I I I 1 I I I I 1 

I I I I I L I t '---~- -1 ...1. ...J__ - - - r , 1 --r-..l--r--t- I - I I f" 1 I I I 
1 l I 1 j _L --+-J_-~ -~- .... --1--1--_i __ i-l---t-- I- I 1 I 1 1 I I I 

: I I I J I 1 - I , __ I ~- -1-- . 

--1--+-r--t-i--r--; ~ 1
1y 113060.x 3000 S!·id1ng I I I I I I I • 

/ --l--L-~-4--1---r-..,--;-"t-;- - door 
I I I I I 1 I I I I 
I I I I _J.__ .__._ -'--i---1--~-. -r , r , 

I I I I I I 

I I -1.--4-L---'--4---t---r 1 I I 1 
I I 1 I I I 

_l. - -t-·-r--,. -"'i"--
1 I 1 l I 
I L I -r-. --+-

' ' -..l---

SPORTS HALL 

Hiqh le-tel t"1!on ~tirx;i 
2m de?p on s.idQ wall!:> 

17, L, 110 

Ver.1c.ol ~rdi 
lmQ!" skin 

~ 
200mm iimbQf' 
fn:irt"lQ with r.or:i ! pn~a I . 

1 w.e9tn~r bocirdeq externa 
skin 

~ 2ooksuppor~1ng 
Sleifilwor 

3,060 x 3000 Si iding 
door 
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803 ROl 

Date: 25th October, 1982 

Time: 1300 hours to 1500 hours 

Tracer Gas: Sulphur Hexaflouride 

External Conditions: 

Time 

1300 hrs 

1400 hrs 

1500 hrs 

Windspeed (m/s) 

zero 

2 m/s 

zero 

0 
Tem.E._e~a ture ( C) 

12.2 

12.0 

12.3 

Wind Direction: at 1400 hours: south 

Internal Conditions: 

air velocity: 0.02 to 0,08 m/s 
0 temperature: 15 C 

Gas Release: 

Gas released into path of small fan at position shown on plan. 

Sample Positions: 

As shown on plan. 

33,,280 

_ 1 J_ · ~ r: -i f- , i , , . -,. , -r ... -1_....._L-1--L L • , , 
I i . l I I l r-r- .... -.L-J.-
r-r__.__~J--1.-.! ....___I I I I ' 
1 r I i 1 • ,- , :--t-.,.-+-1--
~--r- -I I I I I • I I I I I j 1 . ---,.-~-+ t -4--1..-j. .I. t_ I I ' I -,--~- • ' 
I I 1-..- --+-~.._.. I [ i~'f~ .z."

4
_xllA ~ 3 .iola~" J,000 Slidinq 

-~·_,I... I f I 
I I ' -:-:--:---

-+-~~· I '-!.-.' 
-t-+- I I " 

1 I A 
-:-- f'llJ Je.,FJ.£11.1'£ 

SPO~ HAU 

• • 
CllA~¥rJ. S° UJ,-. ''/IA,,W&°L ,i J. 

Hdl .... hlOl'I VRtirq 
211'1 dllp c:r'I s.id• wah 

• • 

iJ: tW.csupportin9 

3,060 x 3000 Slidin9 
door 1 _11CHAKl!l~46 1.~- (/lrftil/t/£,/. I .l. 

r 

11,,qo 

~LAN 
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Locatio,,-Abhey Sport• Hal 1. KEN.ILJ(ORTH 
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B03 R02 

Date: 26th October, 1982 

Time: 0930 hours to 1040 hours 
~~ . 

Tracer Gas: Sulphur Hexaflouride 

External Conditions: 

Time 

0900 hrs 

1000 hrs 

1100 hrs 

Windspeed (m/s) 

6.7 

7.2 

5.7 

0 
Tem~erature ( C) 

13.4 

13.8 

14.4 

Wind Direction: south south west-

Internal Conditions: 

air velocity: 0.01 to 0.10 m/s 
0 temperature: 14 to 15 C 

Gas Release: 

Gas released into path of small fan at position shown on plan. 

Sample Positions: 

As shown on plan. 

·-- r 
1
1 ! I ! . , , 1 , : : ' , I 

I l t e I I 
·--i-~-.--.--t- ..... -L-r' -+-.__.,._i._.1... 

33.280 

' : I I I I I I I I I 'L 
.....j...-4--"-..-~--L-.. --'--P-~~-~-- -

I i : l_J_J l : : I : I I H--t-r-.,.--r-r----.--+-.,--.. -
11.. 1+1.. I I 1 ! • I 'I .. --1-- - -.,.-.--.-~ - I 3.060.x l,000 Shd1t19 

I I l l __j_ I I t I door 

~t-.f :u;,i-~ I '*""' 1 .t,P. 
-.-r-f-;-r-:-.!-

...i-L I I x ' ' ' I I I 

-·-'!""""T'~ .. -.. --
_J__I f Ill ll.''- £11.fl 1'P1J1-r 

SPOm HALL. 

\lr.n:.al _ 
lrnW ~tn 

• • &Nlfl/lllEJ. $" ,/.4• ('NANK.8 ..t .t.d,++~Q_'.""" ~~--
~b 

Hd\ i...i filon ft.tin; 
2rli dllp an wd• wob 

m:msuppo~inq 

_
1 

J,060 x JOOO Sliding 
I dCIG." 

l L=:===~ 4..-, 

• 
CllAlll'/llL" I .2.P• 

• 
t'HMllM"~ I 

1'7.490 

"LAN 
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• •••••••••••••••••••••••••••••••••••• 
ANALYSIS OF FACialY VEHl'llATICll MTl'S 
••••••••••••••••••••••••••••••••••••• 

~ 
~~--- --i .. ,----1-- '--i 

Ellper i.llental run rumer 1 BOJR02 
loc:atioru Abbey Sport• Hall, IDllUDDI 

TWl'im in •inutH. Da~t 26/10/82 
Tracer gas1 SF6 c-oancentratlon (arbitrary Wlit•) 

~tural log of concentration. 
TABLE or RESULTS 
••••• •• • •••••• 

Data 
Pt. Channel 1 Olannel 2 Channel l Channel 4 Channel 5 Channel 6 

•••• ••••••••••••••••••• ••••••••••••••••••• ******************* ••••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• 
T c lnC T c lllC T c ll1C T c ll1C T c 1nC T c 1nC 

1 .9 987 6.895 2.4 978 6.886 4.2 677 6.518 5.8 655 ti.46'5 7.l 681 6.524 9.4 630 6.446 

2 11.l 624 6.436 12.7 583 6.368 14.0 J94 5.976 15.2 448 6.105 16.5 379 5.938 17.7 410 6.016 

J 19.0 .386 5.956 20.l 349 5.855 21.6 289 5.666 22.9 266 5.583 24.l 249 5.517 25.6 218 5.384 

• 27.0 201 5.JOJ 28.3 181 5.209 29.6 116 4.754 30.8 118 4.771 32.l 125 4.828 33.3 136 4.913 

5 34. 7 122 4.804 J6.0 85 4.H3 37.4 81 4.lH 38.6 73 4.290 40.0 68 4.220 41.3 68 t.220 

6 42.6 62 4.127 U.9 49 3.892 45.1· 27 l.296 46.2 37 l.611 47.5 36 J.584 48.9 38 3.638 

7 50.3 36 l.584 51.4 26 3.258 52.6 21 3.045 53.9 20 2.996 55.1 21 3.045 56.5 24 3.178 
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' Locat:ion-Ahh•y Sport• Hal J, KE'NILJYORTH lr Ga.-SF5 
7.!5 r Dat•-25/11!!/82 
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Locatio,.,-Ahb•y Sport.s Hal 1. K£NILJl'ORTH 
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Charm•l No. 3 

v.,.,tilatio,., rat• i• 4. 572 a. c. h. 
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Time(Mil""'lutes) 
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Locatio,.,-Abb•y Sport• Hal 1. K£NILJl'ORTH 

Ca.-SF6 

Oat•-26/11!1/82 . 

l:hann•l No. 4 

v.,.,tilation rate is 4. 514 a. c. h. 

10 20 30 '40 

Ti me (Mi ri u t es ) 
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Location-Ahh•y Sport.s Hall, KEN.lLJtORTH 
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Chann• l No. 5 

V•nt.i lat ion rat:• i• 4. 456 a. c. h. 
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Locae.ion-Abbey Spores Hal 1. K£NIL W'ORTH 
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B03 no3 

• Date: 26th October, 1982 

Time: 1055 hours to 1200 hours 

Tracer Gas: Sulphur &:exaflouride 

External Conditions: 

Time 

1100 hrs 

1200 hrs 

Windspeed (m/s) 

5.7 

7.7 

0 TemE_erature ( C) 

14.4 

15.4 

lfind Direction: south south west 

Internal Conditions: 

. air velocity: 0.01 to 0.10 m/s 
0 temperature: 14 to 15 C 

Gas Release: 

Gas released into path of small fan at position shown on plan . 

Sample Positions: 

As shown on plan. 
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ANALYSIS OF t'AC'latY VDfl'llATlai IWl'ES 

·~··································· 

___ :..._ ·: -----.., 
J 

Eicpec imental run mmt>er a BOJROl 
1Dcation1 Mltley School ~rt.II Hall, IDUliD111. 

Date I 26/10/82 T-Tillle in •inutee. 
Tc acer gau SF6 C~tration (arbitrary &mit.11) 

11\c:mfiatural log of concentration. 
TABLE OF MSUlll'S 
••••• •• • •••••• 

Data 
Pt. <llannel l Cbannel 2 <llannel l Cbannel ' <llamel 5 Cbannel 6 

•••• ................... ••••••••••••••••••• . .................. . .................. • •••••••••••••••••• • •••••••••••••••••• 
T c lnC T c lnC T c InC T c lnC T c lnC T c lnC 

l .1 1296 7.167 2.0 1011 6.919 l.5 730 6.593 5.1 78' 6.66' 6.6 772 6.649 8.0 778 6.657 

2 9.2 759 6.632 10.6 537 6.286 11.8 408 6.011 13.0 434 6.073 14.3 432 6.068 15.5 459 6.129 

l 16.8 442 6.091 18.0 360 5.886 19.l 264 5.576 20.l 306 5.724 21.5 250 5.521 22.8 268 5.591 

4 23.9 255 S.541 25.2 200 5.298 26.4 128 4.852 27.6 182 5.204 28.8 137 4.920 30.0 151 5.017 

5 31.l 151 5.017 32.5 lll 4.727 33.8 82 4.407 35.2 100 4.605 36.6 84 4.431 37.9 88 4.477 

6 39.2 98 4.585 40.4 70 4.248 42.0 46 3.829 43.4 43 l.761 u.8 u 3.714 46.l 54 3.989 

1 47.5 48 3.871 48.9 38 3.638 50.l 23 3.135 51.4 27 3.296 52.6 23 3.135 54.0 25 3.219 
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Locat.ion-Ahh•y School Sport• Hall, KEN IL lf'ORTH. !I Ca.-SF6 

7. !5 ,. 
Oat•-26/18/82 

T~ I 7 r--.... Chann•l No. S 

I c S.!!5 

[ ' 0 .... s , .. -tJ ' 

11-
«I 5 . !!5 
l 
-tJ 

~· c 5 

a> 
u 4.!!5 

f 
c 
0 4 

[ u 

f ~ 
r1 

3.!!5 

c 
J 3 

11 
I 2.s I v.nt.i lat.ion rat• i• 4. 5811 a. c. h. 

I 2 - - - --

i1 

121 1121 2121 3121 40 !!50 6121 

I TimeCMinutes) 

ii _.,. •. ____ ----·-··-- ---

I 

'.I I Rvn-81131?113 

Locat.ion-Ahh•y School Sport• Hal], KEN IL lf'ORTH. 
[ I Ca.-SF6 
11 
ll I . 7.5 

Oat•-26/18/82 l 

7 Chann•l No. 6 

c s. !!5 ~ 0 
s 

-tJ 
«I 

5. !!5 
l 

-tJ 
!!5 c 

a> -,~. u 4.5 

c 
0 4 

u ~ l,. I 3. !5 

c 
_J 3 

2 . 5 l v.nt.ilat.ion rat• .i• 4. 397 a. c. h. 

2 
0 1 0 2121 30 4121 5 0 5121 

TimeCMinutes) 



1-

I 
r 

; r 

j [ 

r 

If 
r-­

·r 

r r 

rr 

rr 

:I 

~I 
1, 

I_[ 

I 
I 

·I 

.[ 

\l 

L 

1 3121121 .... 

12121121 I-

1 1 0121 I-

1 121121121 I-

9121121 I-
c 
0 e 00 [ .... . 
+' 700 

Ill 
l s 0121 I-

+' 
c 500 [ 

8) 

u 4 00 

c 3121121 I-
0 
u 2121121 I-

100 r 
"'0 

e 

7.S 

7 
c 
0 S.5 .... 
+' 6 
Ill 
l 5.!5 
+' 
c s 
Q) 

u 4.5 
c 
0 4 
u 

3. !5 
c 
_J 3 

2. !5 

20 

. 
0 0 

0 
• 0 

I I 

1 0 

Rvn-Bl!3Rl!3 

Location-Abbey School Sport• Holl. KENILW'ORTH. 

Ca.s-SF5 

Oae.-25/Jl!/82 

0 
0 • 

• 0 • 

• 0 • 

. . . 
2121 30___ 40 

T1meCMinutes) 

Rvn-Bl!3Rl!3 

• •• Qi • 

r • o o I 

50 60 

Locaeion-Ahbsy School Sport• Holl. KENILW'ORTH. 

Cas-SF5 

Oae.-25/ll!/82 

0 

Av. ventilation rate is 4. 387 o. c. h. 
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B03 R04 

Date: 26th October 1982 

Time: 1440 hours to 1550 hours 

Tracer Gas: Sulphur Hexaflouride 

External Conditions: 

Time 

1400 hrs 

1500 hrs 

1600 hrs 

Windspeed (m/s) 

5.7 

4.6 

4.1 

Wind Direction: west south west 

.Internal Conditions: 

air velocity: 0.01 to 0.10 m/s 
0 temperature: 14 to 15 C 

Gas Release: 

0 
TemE_er~ture ( C) 

14.3 

13.8 

13.8 

'. , 

Gas bled into room without fan or any other mixing at point shown on 
plan. 

Sample Positions: 

As shown on plan. 

Comment: Gas bled in over a period of about 10 minutes and readings commenced 
approximately 10 minutes after completion of gas injection. 
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NW.YSIS or FAC'IQRI VDft'ILATl<JI M'l'ES 

·········~··························· 

_:--.-. ___::.:.;- ., --=......_ 

Experimental run ruaber1 BOJR04 
IDcatioru #:bey School Sp>ru Hall, ICDUUOQ.'H 

Dates 26/10/82 T-Tille in •inutea. 
Tracer 9aa1 Sf'6 c-concentration (arbitrary w.ita) 

~tural log of concentratian. 
TABIE or MSUl4'S 
••••• •• • •••••• 

Data 
Pt. Channel 1 Channel 2 Channel l Channel • . ChaMel 5 Oiannel 6 

•••• ••••••••••••••••••• ••••••••••••••••••• ••••••••••••••••••• ••••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• 
'l' c lllC T c lllC T c lllC T c lllC T c lllC T c lllC 

l 1.1 1364 7.218 2.8 825 6. 715 t.l 756 6.628 5.6 895 6.797 7.2 1149 1.on 8.7 1100 7.001 

2 10.0 9H 6.850 11.7 972 6.879 lJ.2 765 6.640 H.7 680 6.522 16.1 785 6.666 17.S 817 6.706 

3 18.8 760 6.633 20.3 662 6.495 21.7 311 5.932 23.0 388 5.961 2t.3 t55 6.120 25.7 564 6.335 

• 26.6 491 6.196 28.4 415 6.028 29.9 320 S.768 ll.2 JU S.832 32.5 315 5.753 33.8 349 5.a5s 

5 35.2 300 S.704 36.t 273 5.609 37.8 200 5.298 39.0 220 5.JH 40.3 2n 5.509 u.o 238 S.U2 

6 43.4 202 5.308 H.S 211 5.352 46.2 125 t.828 U.6 165 5.106 48.8 186 5.226 49.9 179 5.187 

7 51.l lU 4.949 52.4 122 4.804 53.S 80 4.382 54.9 100 4.605 56.l 100 •• 605 57.3 103 4.635 

8 59.l 92 4.522 60.5 75 4.317 61.9 55 4.007 63.2 60 4.094 64.4 70 4.248 65.8 75 4.317 

I ___):-~~ 



ftlll .......... l'I Lt19? '' en~ llD'1WT"""' 

ZHtttKlttO"-..uGI.,_ 
DOUHtLZ"t o.WElllllMI 

nrar Lt ~ 
. r mr rLt"T 9t 

'"""'""' t!T•scat 6n•tr 1n·u T .. ,_ .... 
-·-..... ·-.. -.. ' 

Sii SS Jll .. _ ........ ·-................... ~ TN -S'ISl"!VW '1¥.)WUYIS 

l ..,.,, ... ~an ~·r n ~•' uof'\'Tftull\ 

tD--IT?LSM"t-..UOICMID 1· otlttSKTH•L ""-IMI 

.... , ,.._ 
tc111• tCll" 

'""- asrutt rtt•• rtt•• llDI_....., t 
-..... -.. -H ' • • 

Jll .._ ..........._ ......... -........... I 

' 
._ m.I n-'1¥!1TUUYU 

I 

._. J9lf ...._, l'9 t•"t n n•J WIWfTJ.., r. I 
ED-KHO .. rTnt•t-...._ 

]1 
Zltll..:~Hlr"t .-utl 

att•t 

- m· t90• 
~·· m·Ms s0t•• SOt"t _ .... 

--1 
' • II Jll 

--n ..._ ........................... ' 
._ -91-'l'OIUI-

I 

j 

-... -,,. nL "? " .... ""191-
I ro-8'1tltftftt"•t-..ucn-

RDHtrun·t-

11111•; ,.._ 
no· (1111" 

-
ta•t0t Of"<; r1rs .. 199 .... 

----.. .. - ' • • Ill 

-- ................................ t ._ -ST-'1¥!1TUU'IU 

-.... -.. •n UI"? 'l _, ~ 

, __ . ._...._ , __ .,_ 

"'" 
~ 

J l 
tCll• "T" 

- ... .,IZ m., 
"'"' ......... 

---.. - ' • • Ill 

- ................................ 
]1 

r ---~'1¥!1T.&lllMll 

-.... -.... at"? " .... ""'~ 

t-tsttmt1t•t--1-
ltLtntlLTrt ._ 

tJM"S, ~ -J 
no· •u· 

-
Hl"?n ffll°li _., _.._ 

---- ' • • 
Jll 

-- .................................. r ,_ -n.-'1¥!1TMITM8 

-.... -•n Ltl"? 'l no1 lmT'"TT'-

tD-lf'lrlSHLtt•t-~ 
nm1mtr-L.-

Sit"t ~ 
I«'" oo· 

- '""'" '°'"' 
10t•• 

llDI-·-
----.. _ .. - J .. SS Jll 

- ...... ..-............ -........ ' --n-'1¥!lt~ 



I 
~ I 

7.5 

7 

r~ : 
c 6.5 

0 

T~ I .,.... 
6 

+> 
Ill 

!5.5 

T- l 

+> 5 c 
I 

Q) 
If • u '4 • 5 ,. 

c 
0 ... r -

if - u 
3 . 5 

c r· -
_J 3 '[ -

,. .. I 2.5 
! 

:! I 2 

I 
I I 

,, 

7.5 
i 

ii 7 I . 

L 
c s.s 
0 ... 

6 

t1 ·. 1 
+> 
Ill s.s 
l 

+' 5 
r 

I 
c 

:i Q) 
't u .... !5 

c 
! 

I 
0 4 

I 
"l u 

3.5 

c 
_J 3 

2.5 

2 

l. 

0 

k 

I 

I 
0 

Run-81'/3RB-I 

LocotJ·on-Ahh•)' School Spo,..t• Holl. KE'NIL¥0RTH 

Co•-SF6 

Oote-26/18/82 

Channel No. 1 

v_,,ci)ot.ion l'"Ote i• G 837 O. C. h. 

10 20 3121 '40 !50 

TimeCMiriutes) 

Run-8113R84 

Location-Ahh•)' School Sport• Holl- KE'NIL ¥ORTH 

Cae-SF6 

Oate-26/18/82 

Chan,,.} No. 2 

• 

Ven ti lotion l'"OC• i • 2. 695 a. c. h. 

10 2121 30 40 50 60 

TimeCMinutes) 

5121 

70 



[ ~ I 

flJ 
........ 

I 

r 

:r 
' -

'1 ·1 
, , I 
: I . 

I [ 

[ 

c 
0 ... 

+> 

"' !... 

+> 
c 
dl 
0 
c 
0 
u 
c 

_J 

7.5 

7 

6.5 

6 

5.5 

5 

'4. 5 

'4 

3 . 5 

3 

2.S 

2 
0 

Rvn-8113Rl14 

Loootion-Abb.y School Spo,..t• Holl- KENILlt'ORTH 

Ca.-SF6 

Oot•-26/111/82 

Chonn•l No. 3 

v.,.,tilot.ion rot;• i• ..?. 917 0. c. h. 

10 20 30 '40 50 60 

TimeCMinutes) 

- - -- --------------------- ------ ------ --------------

'[ 

-[ 
7.5 

7 

·I c 6.5 

0 

'! 
..... 6 

I +> 

"' 5.5 
L 

+> 
c 5 

Q) 

0 "'. s 
c 
0 '4 

u 
3.5 

c 
_J 3 

:t 2.5 

l 2 
0 

R1.1n-883Rl14 

Loootio,.,-Abb.y School Sport• Hal J, KEN.lLlt'ORTH 

Co.-SF6 

Ooc•-26/Ul/82 

Chort,.,.1 No. 4 

Vent.ilotion rot:• i• 2. 752 o. o. h. 

10 20 30 40 50 60 

TimeCMinutes) 

70 

70 



I '. 

r, 
r--

I I 
I 

c 
r - 1 

0 
.... 
+' 

r- 1 
11' 
!.. 

+' 
c 

:r , Q) 

u 
r- c 
:1 · 

0 
u 

I ( 
! r . _J 
I 

·l I 

.[ 

7.S 

7 

s.s 

6 

5.S 

s 

4.5 

~ 

3.S 

3 

2.s 

2 
0 

Rvn-Bl13Rl14 
Locotion-Ahb.,v School Sport• Holl, KE'N.!Lil'ORTH 

Co.-SF6 

Ooc.-26/111/82 

Chonn•l No. 5 

v.,,tilotion rot• i• 2. 887 o. c. h. 

10 20 30 ~0 50 60 

Time(Miriutes) 

------------ -------------------- - ------------------., 

!1 
I 

I 

\1. I 

1! 
c . 0 

;I I +' 
ltJ 

l - !.. 

'1 I 
+' 
( 

I - Q) 

u 

'I I 
( 

0 
u 

L c 
_J 

L 
LI 

. \ 

7.S 

7 

s.s 

6 

5.5 

s 

4.S 

4 

3.S 

3 

2.5 

2 0 

Rvn-SJJ3Rl14 

Loootion-Ahb.,v School Sport• Holl, KE'N/Lil'ORTH 

c--SF6 

Oot•-26/JJJ/82 

Channel No. 6 

'---~ 

V•nti lotion rot• i• 2. 9119 o. c. h. 

10 20 30 40 52' 60 

TimeCMiriutes) 

70 

I 
70 _J 



1219 as 0£ 

t?B/l!Jl/9t?-";Do 

9.dS-SD!J 

H.ib'OA7J'N.3JI '[[DH s;.Jod5 1001./aS ,,("99V-£Jo.r;Dao7 

?l!Jb'cl!J8-£JnCf 

( s: c. + n u W) QW ..L 
0, 09 es 0• 0£ 

I I 
• I I 

0. + 0 • 
c 0. 

., . • 0 0 

• 0 

C> 

0 

0 

t?B/l!Jl/9c-•;Do 

9.dS-80!J 

H.ib'O"f 7JN.3)1 '[ fDH s~.Jods 1001./as A'•99v-"'o.r;Dao7 

?l!Jb'cBB-"'nb' 

02 
I 

• 0 

0 

01 02 

Si. 2 

e: r 
J Si • e: 

n • 0 
J Si •• 
0 
(D 

s J 
c+ Si • Si , 
Ill 

9 c+ 
Sii. 9 

0 
J 

' 
s; • ' 

e 

·' 

'•I 

,. 

01 
" 0 l· I 

-121121 t I 
. /: 
-1211212 
. 
-121121 e: n j. . 

0 
j. 

-121121 • 
J :..._; 

121121 Si 0 
I 

-I (D r -121121 9 J ~--J 

c+ 
I -121121 ' , . /· 

-0121 e Ill 
c+ •• :.1 

-12106 

. t 0 
-"121121 t J 

0 -121121 1 1 

. J 
0 

-1210 2 1 

-121121 e: 1 

-J 
-121121 • 1 

··-' 

J, 
... :J 

_J, 



' f 
,--
' r 
r 

[ ' 

I' 
: r 

1,· 

f 

I 

" 

B03 R05 

Date: 26th October, 1082 

Time: 1600 hours to 1700 hours 

Tracer Gas: Sulphur Hexaflouride 

External Conditions: 

Time Windspeed (m/s) 

1600 hrs 4.1 

1700 hrs 7.7 

Wind Direction: west south west 

Internal Conditions: 

"air velocity: 0.01 to 0.10 m/s 
0 

temperature: 14 to 15 C 

Gas Release: 

0 
Tem~erature C C) 

13.8 

12.9 

Gas bled into room without fan or any other mixing at point shown on plan. 

Sample Positions: 

A• shown on plan. 

Comment: Gas bled in over a period of about 10 minutes and readings commenced 
approximately 10 minutes after completion of gas injection. 
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************************************* 
ANALYSIS Of' FACroRY VDft'IL\TIClll RATF.S 
************************************* 

---.., 

Experimental run m.lltlera BOJR05 
wcationa ltbey School Sports tbll, l<EJUliQml 

T-Time in •inutea. Dates 26/10/82 
Tracer ga&1 SF6 C-COncentration (arbitrary lnits) 

lnc-Natural log of concentration. 
TMU: Of' RESULTS 
***** ** ******* 

Data 
Pt. Cl'lannel l Channel 2 Qiannel l Qiannel 4 Qiannel 5 Qiannel 6 

**** ******************* ******************* ******************* ******************* ******************* ******************* 

'l' c lllC 'l' c lllC T c lllC T c lllC T c lllC T c lllC 

1 l.J 915 6.819 2.1 1586 7 • .)69 4.4 1283 7.157 6.3 1361 7.216 7.9 1110 7.012 I 9.5 1011 6.919 

2 10.7 1226 . 7.113 12.2 1016 6.924 13.6 963 6.870 15.l 1065 6.971 16.5 980 6.888 17.8 992 6.900 

l 19.l 975 6.682 20.8 1013 6.921 22.5 671 6.509 24.l 754 6.625 25.6 742 6.609 26.9 757 6.629 

4 28.l 795 6.678 29.8 728 6.590 31.4 695 6.544 32.7 560 6.328 34.2 650 6.477 35.6 632 6.449 

s 36.8 628 6.4U 38.2 622 6.433 39.5 576 6.356 40.7 454 6.118 42.l 496 6.207 43.3 571 6.341 

6 44.6 540 6.292 46.0 544 6.299 47.2 43,0 6.064 48.4 383 5.94S 49.9 394 5.976 51.l 441 6.089 

1 52.4 465 6.142 53. 7 396 5.961 55.2 353 5.866 56.5 369 S.911 57.7 346 5.846 59.l 335 5.814 

8 60.2 341 5.832 61.4 328 5.793 62.6 288 5.663 63.8 241 5.485 65.0 286 5.656 66.3 270 5.598 

9 67.5 267 5.sa1 68.9 254 5.537 70.l 214 5.166 71.2 205 5.323 72.4 228 5.429 73.5 211 5.3&0 

10 14.1 205 S.32J 75.8 191 5.252 11.0 115 5.165 78.2 162 5.oee 79.5 176 5.170 80.7 165 5.106 

11 81.9 169 5.lJO bl.l 156 5.050 84.2 148 4.997 85.6 lJO 4.&68 86.8 132 4.883 88.0 lJO 4.868 
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B03 R06 

Date: 27th October, 1982. 

Time: 1533 hours to 1708 hours 

TracerGas: Sulphur Hexaflouride 

External Conditions: 

Time 

1500 hrs 

1600 hrs 

Windspeed (m/s) 

2.6 

2.1 

1700 hrs 2.6 

Wind Direction: south west 

Internal Conditions: 

air velocity: 0.02 to 0.08 m/s 
0 temperature: 14 C 

Gas Release: 

0 TemEerature ( C) 

11.9 

11.2 

s.a 

At position shown on plan without any artificial stirring. 

Sample Positions: 

As shown on plan. 

Comment: These results are decay portion of run B03 R09. Data point 1 
of this run corresponds to-data point 5 of run B03 R09. 
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************************************* 
AMLYSIS C. FAC'K>RY VDft'ILATIC* MTES 
••••••••••••••••••••••••••••••••••••• 

_..:..- .-:_: ---- ..:..,.-~ 

Ellperimental roo nmbers BOJR06 
IDcatioru lbbey School Sports Hall, ICENIU«:lml 

Dates 27/10/82 T-TiE in •inutea. 
·rracer gass SF6 c-concentration (arbitrary wiits) 

ln~tural log of concentration. 
TABLE C. RESULTS 
••••••••••••••• 

Data 
Pt. Olannel 1 Olannel 2 Olannel 3 O'lamel 4 Olannel 5 Olannel 6 

•••• ••••••••••••••••••• ••••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• 
T c lnC 1' c lnC T c lnC T c lnC T c lnC T c lnC 

l 33.j 1518 7.325 35.l 1322 7.187 36.8 1126 7.026 38.3 980 6.888 39.6 1021 6.929 U.2 962 6.869 

2 42.6 958 6.865 44.2 1010 6.918 45.7 1000 6.908 47.l 831 6.723 48.l 820 6.709 49.7 791 6.673 

j 51.0 775 6.653 52.2 877 '· 777 53.6 908 6.811 55.0 778 6.657 56.6 750 6.620 57.9 720 6.579 

4 59.5 715 6.572 60.9 703 6.555 62.6 761 6.635 64.l 649 6.475 65.4 565 6.337 . 67.0 580 6.363 

5 68.8 654 6.41U 70.1 690 6.537 71.8 680 6.522 73.4 648 6.474 74.B 468 6.148 76.2 512 6.238 

6 77.5 471 6.155 78.8 494 6.203 80.l 518 6.250 81.6 478 6.170 82.9 455 6.120 84.1 370 5.914 

7 85.5 363 5.894. 86.8 371 5.916 88.3 407 6.009 89.9 391 S.969 91.2 339 5.826 92.5 290 5.670 

8 9J.8 309 5.733 95.2 290 5.670 9&. 4 317 5.759 97.8 334 5.811 99.l 290 . 5.670 100.4 266 5.583 

9 101.8 260 5.561 lOJ.5 251 5.525 104.9 270 5.598 106.2 285 5.652 107.7 226 5.421 109.l 217 5.380 

10 110.1 215 5.371 111.9 220 5.394 lU.2 260 5.561 114.6 250 5.521 115.7 216 5.375 117.3 194 5.268 

11 118.5 203 5.313 119.8 205 5.323 121.5 229 5.434 122.9 219 S.389 124.l 207 5.333 125.9 190 5.247 

-1 

.--
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B03 R07 

Date: 28th October 1982 

Time: 1030 hours to 1215 hours· 

Tracer Gas: Sulphur hexaflouride 

External Conditions: 

Time Windspeed (m/s) Temperature 

1000 hrs 

1100 hrs 

1200 hrs 

3.6 

3.G 

4.6 

8.0 

9.6 

11.0 

Wind Direction: south 

Internal Conditions: 

air velocity: 0.02 to O.OG m/s 
temperature: 8. 5°c at .. llOelu:s 

0 11.5 C at 1142 hrs 

Gas Release: 

Tracer gas was mixed to an approximately uniform concentration before 
heating co111111enced. 

Sample Positions: 

As shown on plan. 
Co111111ent: Position of heater is shown on the plan. These were both 3 KW.fan 
assisted convector. heaters and they were switched. on_ 29 m:ilnutes into the·· ·.r.un. 
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••••••••••••••••••••••••••••••••••••• 
ANAUSIS OF FACIURY VDft'llATIClf MttS 
••••••••••••••••••••••••••••••••••••• 

~perimental run nuat>r:rs BOJR07 
locations lbbey School Spor:u Hlll,R:Nl~ 

Dates 28/10/b2 TSfime in ainutes. 
Tl'eacer gass SF6 C-oortcentr•tion (acbitr:•cy &.Slit•) 

Inc-Natural log of ooncentcation. 
TABLE OF N:SULTS 
•••••••••••••• 

Dat.:a 
Pt. Olannel 1 Cl'ltlMe l -2 Olamel J Olamel 4 Olannel 5 Olannel 6 

•••• ••••••••••••••••••• ••••••••••••••••••• ••••••••••••••••••• ••••••••••••••••••• • •••••••••••••••••• • •••••••••••••••••• 
·r c JnC T c LnC T c LnC T c LnC T c LnC T c lllC 

l .6 629 6.720 2.2 .ll52 7.209 J.6 1307 7.175 5.7 126J 7.Ul 7.5 694 6.542 9.1 999 6.907 

i 10.7 109) 7.000 U.9 1087 6.991 15.J 85l 6.749 16.8 787 6.668 18.l 820 6.709 . 19.6 687 6.532 

J 12.b 1094 6.998 21.2 10J4 6.941 24.4 973 6.1180 25.7 662 6.495 27.0 641 6.4ta3 28.7 583 6.J6ti 

4 21.9 1027 6.934 J2.4 82J 6.71J ll.7 844 6. 7111 J5.2 488 6.190 36.6 474 6.161 37.9 l32 5.805 

5 J0.9 7till b.669 U.l 633 6.450 42. 7 617 6.518 u.1 279 5.631 45.8 353 5.866 47.0 269 5.595 

6 39.6 696 6.545 50.l 425 6.052 51.5 467 6.146 53.0 297 5.694 54.3 283 5.645 55.7 167 5.lU 

7 48.6 474 6.161 Sb.II 3J7 5.&20 60.0 399 5.989 61.4 203 5.31l 62. 7 204 5.3111 63.9 126 4.8.36 

s 57.3 JU 5.1132 66.6 255 5.541 67.8 242 5.489 69.3 149 5.004 10.1 138 4.927 71.9 110 4. 700 

9 65.l 206 5 • .J2ti 75.2 210 5.347 76.5 182 5.204 78.0 89 4.489 79.J 98 4.585 80.8 47 3.850 

lfl r1.4 IH 4.875 87.7 Ul 4. 7.10 b9.0 112 4.118 90.5 101 4.615 !11. 7 41 3.714 93.0 30 3.401 
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Run-BlJ3RfJ7 

Locotion-Abbsy School Sports Holl, KENIL lr'ORTH 

Gas-SF5 

Dats-28/JfJ/82 

Channs l No. 1 

Ventilotion rots is 1. 898 a. c. h. 
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Venti]c;tion rc;te is 1. 935 a. c. h. 
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Run -Bl?J3RfJ7 

Location-Abbey School Sports Hall. KEN.ILJYORTH 

Cas-SF6 

Dats-28/ll?J/82 

~ Channel No. 3 

Ventilation rate is 1. 927 a. c. h. 
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l ocat .ion -Abb• y School Sport$ Hall, KENll JllOR TH 

Gos-SF5 

Date-28/19/82 

Channel No. 5 

v.nt:.ilat.ion rot• is 2. 158 a. c. h. 

10 20 ::3 0 4 0 50 50 70 90 90 

TimeCMinutes) 

R1..1n-893R97 

Locot.ion-Abb•y School Sports Hall. KEN./LIYORTH 

Gas-SF5 

Date-28/19/82 

Chann•l No. 5 

V8nt.ilot.ion rote .is 2. 544 a. c. h. 

10 20 3121 40 50 50 70 9121 90 10121 

TimeCMinutes) 

1121121 

1 l 121 



I 
I I 

1'41210 

1 3121121 

12121121 

1 100.[ 

1 121G!l 0 c 
0 9121121 

+> a 121121 ~. 
td 
L 71210 [ 

+> 60121 
c 
8) s 0121 1 
0 
c '4 1210 

0 
300 t u 
2G!l0 

1 121121 t-

121 ~ I 

B 

7.S 

7 
c 
0 6.S -

+> 6 
td 
L 5.S 
+> 
c s 
8) 

0 '4 • s 
c 
0 4 
u 

3.S 
c 

_J 3 

2.s 

'~ 

20 

• •+ .. 
0 

. 
• 

• 0 -• 
0 

I •0 I I 
~a 

I I 
3121 

Rvn-Bl!!3Rl!!7 

L_ocat .i on-Ahb•y School Sport• Hal 1. KENI L W'OR TH 

Gas-SF6 

Oat•-28/Jl!!/82 

• 

+ • • • 

O J • :.. -• 0 • . . 
•• ? " • 0 

c; •• :ji, 
o , .. .... 

;;- ... 
Oo. •e 

I I I I I I I I I I ' I , 1° I I 
4121 5121 60 70 8121 90 1 00 1 1 121 

TimeCMinutes) 

Rvn-Bl!!3Rl!!7 

Locat.ion-Ahh•y School Sport• Hal 1. 1(£NILW'ORTH 

Ga1-SF6 

Oat.-28/Jl!!/82 

0 

~. 

e 

Av. vent.ilat.ion rat• i• 2. 127 a. c. h. 

10 20 30 40 50 6121 70 80 90 1 1210 1 1 121 

TimeCMinutes) 



r 

I 

.· 

803 ROS 

• Date: 20th October, 1982 

Time: 1220 hours to 1350 hours 

Tracer Gas: Sulphur Eexaflouride 

External Conditions: 

Time 

1200 hrs 

1300 hrs 

1400 hrs 

Windspeed (m/s) 

4.G 

4.6 

4. l: 

Wind Direction: south 

Internal Conditions: 

air velocity: 
temperature: 

Gas Release: 

0.02 to 0.06 m/S 
13°C at 1218 hrs 
14°c at 1245 hrs 
15°c at 1350 hrs 

0 Temperature ( C) 

11.8 

12.9 

13.4 

Tracer gas was mixed to an approximately uniform concentration before 
heating commenced. 

Sample Positions: 

As shown on plan. 

Comment~ Repeat of run 803 R07 except that heaters were switched on at 
commencement of run. 
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Expcr i~ntal run nwrt>ec a 803R08 

• •••••••••••••••••••••••••••••••••••• 
ANALYSIS OF F.AC'IORY VDll'ILATIC!i RATES 

················~···················· 

IDCatioos lbbey school Sports Hall ,l<DUU«Jl'l'H 
Dates 28/10/82 

'lcacer gass SF6 

TABLE Cf' RESULTS 
***** ** ******* 

Data 

T-rime in minutes. 
c-concentration (arbitrary units) 
~atuc3l log of concentration. 

Pt. Oaannel 1 Qaannel 2 Qaannel 3 Oaamel 4 Qaannel S Qaannel 6 

**** ******************* ******************* ••••••••••••••••••• ******************* ••••••••••••••••••• ******************* 

"l' c lllC T c lnC 'f c lllC T c lllC 'l' c lnC T c lnC 

l .4 1644 7.405 1.9 1707 7.442 3.9 1716 7.448 5.S 1643 7.404 6.7 1646 7.406 d.l 1438 7.271 

2 !I. 5 1627 7.394 10.7 166• 7.417 11.9 1691 7.433 13.3 1573 7.361 14. 7 150& 7.319 15.8 1224 7.110 

3 17.2 1582 7.366 18.S 1610 7.384 1!1.9 1540 7.340 21.4 1452 7.281 22.7 1332 7.194 24.0 1008 6.916 

4 25.l 1479 7.299 26.7 1400 7.244 28.l 1395 7.241 29.4 1199 7.089 30.7 1045 6.952 32.2 722 6.5d2 

5 33. 7 1106 7.009 35.l 1303 1.112 36.9 1228 7.113 38.4 919 6.823 39.9 784 6.664 U.5 679 6.521 

6 42.8 1176 7.070 44.4 955 6.862 46.0 946 6.852 47.2 698 6.548 48.3 687 6.532 50.2 605 6.405 

7 51.l 780 6.659 52.4 719 6.578 53. 7 654 6.483 54.8 581 6.365 56.0 ue 6.035 57.2 404 6.001 

8 58.3 636 6.455 59.5 703 6.555 60.8 465 6.142 62.l 353 5.866 63.2 364 5.d97 64.5 314 5. 749 

• 9 65. 7 476 6.165 66.9 451 6.111 68.l 4U 6.089 69.2 279 5.631 70.4 279 5.631 71.S 257 5.549 

10 72.7 370 5.914 74.0 310 5.914 75.l 190 5.247 76.2 155 s.ou 77.3 191 S.252 78.S 170 S.136 

11 79.7 168 S.124 80.8 244 S.497 82.l 149 S.004 83.5 149 5.004 84.9 140 4.942 86.l 140 4.942 

-i 
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Rvn-BC.3RC8 

location-Abb111y School 

Gas-SF6 

Oat•-28/JC/82 

Chann•l No. 1 

·-·1 
I 

I 

Sports Hal 1. KENILJYORTH 

----------.:..__ . 
- ---·---------. . 

-------~--- -------

v.nti lat.ion rat• is 1. 548 a. c. h. 

10 20 :30 40 50 60 70 80 J 

TimeCMinutes) ~ 

Rvn-BIJ.3RC8 

location-Abb•y School 

Gas-SF6 

Oat•-28/19/82 

Chann•l No. 2 

Sports Holl. KENILJYORTH 

·---:___~---:_ 
~----;-.____ 

Ven ti lat.ion rate .is 1. 462 a. c. h. 
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Location-Abbey School Sports Hal J, KEN IL lr'ORTH 

Gas-SF5 

Oats-28/lf!/82 

Channa l No. 3 
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'·---·--.....___ . . 

--------~ 

Vsnt.i lat.ion rats .is ]. 877 a. c. h. 

10 20 3 0 40 5121 60 7'2l 8121 
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Location-Abbey School Sports Hall, KENILlr'ORTH 

Gas-SF5 
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Channel No. 4 
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Locae~·on-Abbey School Sports Hal 1, KENILJYORTH 
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Vent;i loci on rate is 1. 934 a. c. h. 
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Location-Abbey School Sport.s Hall. KEN.l'Llf'ORTH 
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B03 R09 

• ~: 27th October, 1082 

Time: 1500 hours to 1708 hours 

Tracer Gas: Sulphur hexaflouride 

External Conditions: 

~ 

1500 hrs 

1600 hrs 

1700 hrs 

Windspeed (m/s) 

2.6 

2.1 

2.C 

Wind Directions: south west 

Internal Conditions: 

air velocity: 0.02 to 0.08 m/s 
0 temperature: 14 C 

Gas Release: 

0 TemEerature ( C) 

11.9 

11.2 

8.6 

At position shown on plan without any artificial stirring. 

Sample Positions: 

As shown on' plan. 

Comment: This is a complete set of results showing build up of gas during gas 
release phase as well as the subsequent decay. The single cell analysis of 
the results is therefore meaningless. Analysis of the decay portion only 
from data poin~ 5 onwards forms run B03 ROG • 
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NW.YSIS C. FAC'IQtl VDft'IlATiat llM'IS 
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txperiamtal run IUlbera 80.lll09 

Data 

locatioru lbbey School ~ru Ball ,llDIIUDml 
Dates 27/10/&2 

Tracer gaaa Sr6 

TABLE C. JIESULTS 
••••• •• • •••••• 

__ , - ---I .-=.:.""' 

TWl'1- in llinutes. 
C<cncentretion (arbitrary unita) 
""'""-tural log of concentration. 

Pt. Olannel l OWinel 2 O'lannel J O'lamel t O'lannel 5 Cbannel 6 .... -················· ................... ................... ................... ................... . ................. . 
T 

1 .8 

c lllC 

17 2.83) 

T 

2.0 

c lnC T c lnC 

0 -6.908 l.2 0 -6.908 

T c lnC T c lllC T c lnC 

4.l 20 2.9H 5.6 60 4.094 7.2 61 4.111 

2 8.4 29 3.367 9.6 19 2.944 10.8 71 4.263 12.0 121 4.796 ll.4 lJO t.868 14.7 1526 7.J30 

3 16.4 640 6.461 17.8 125 4.828 19.2 ]06 5.724 20.6 719 6.571 22.0 ll2 6.724 21.2 1497 7.lll 

4 24.8 1466 7.290 26.l io11 6.926 21.6 too 6.802 29.2 1J09 1.111 J0.6 1251 7.ll2 l2.o 1414 7.254 

5 l3.l 1518 7.325 35.1 1322 7.187 36.8 1126 7.026 38.3 980 6.888 lt.6 1021 6.929 41.2 962 6.869 

6 42.6 958 6.865 44.2 1010 6.918 45.7 1000 6.908 47.1 831 6.723 48.3 820 6.709 49.7 791 6.67] 

1 51.0 775 6.65] 52.2 877 6.777 53.6 908 6.811 55.0 778 6.657 56.6 750 6.620 57.t 720 6.579 

8 59.5 715 6.572 60.9 70] 6.555 62.6 761 6.635 64.1 649 6.475 65.4 565 6.JJ7 67.0 580 6.l63 

9 68.8 654 6.483 70.1 690 6.537 71.8 680 6.522 7l.4 648 6.474 74.1 468 6.148 76.2 512 6.238 

10 77.5 471 6.155 78.8 494 6.20l 80.l 51& 6.250 81.6 478 6.170 12.9 455 6.120 84.l 370 5.914 

11 85.5 363 5.894 86.8 371 5.916 88.l 407 6.009 89.9 391 5.969 91.2 339 5.826 92.5 290 5.670 

12 93.B l09 5.733 95.2 290 5.670 96.4 317 5.759 97.8 334 5.811 99.l 290 5.670 100~4 266 5.583 

13 101.B 260 5.561 103.5 251 5.525 104.9 270 5.598 106.2 285 5.652 107.7 226 5.4~1 109.l 217 5.380 

14 110.7 . 215 5.l71 111.9 220 5.394 , 113.2 260 5.561 114.6 250 5.521 115.7 216 5.175 117.3 194 5.268 

15 118.5 20] 5.113 119.8 205 5.323 121.5 229 5.434 122.t 2lt 5.38t 12t.l 207 5.ll3 125.t 190 5.247 
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Location-Abb•y School Sport$ Hall. KEN/LW'DRTH 

Cas-SF6 
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Location-Abb•y School Sports Hall. KEN.ILW'DRTH 
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