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1.2

da 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 (1), 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 distributiomns.
However, there is hardly any 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 bulldings. The natural ventilation

rate is an essential parameter in such a model, and typica§ 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 £i1l1l 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 conceived

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:

(1) 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.



The restriction to tracer gas methods was made because 1t 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, them 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:

(1) the difficulty of adequate mixing of the tracer gas;

(i1) variability of ventilation rate throughout the space;
(ii1) variation of ventilation rate with time.

‘2. Equipment and Experimental Technique

Two independent tracer gas 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.

Nitrous Oxide System

The detection system consisted of a model 120 Infra Red Gas Analyser
(IRGA) and & 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 O to 100 xlo's, with an accuracy of about

z 2 xlo-s. * The range was checked using a calibrated gas mixture of

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

is not instantaneous. For example, for a step change in nitrous oxide

concentration of about 50 xlo-e, 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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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 AI Instruments model 505 gas chromatograph
detector. This i1s 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 constant, flow

of air through 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~°
sulphur hexafluoride in air, the range and sensitivity of the instrument
were checked. It was found that on the least sensitive (x50) range,

full scale deflection corresponded to a concentration of 350 xlo-g,

whereas on the most sensitive (xl1) range, the concentration at full

scale was about 7.4 xlO_g. In practice, because signal noise and
instability were sometimes apparent on the x 1 range, the lowest range

which was used was the x 5 range, for which f.s.d. was 36.8 xlO-g.

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 comnsistent 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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2.4

Injection of the Tracer Gas

Several methods of injecting the tracer gas were used, ranging from
the crude and simple, to the complex. Detalls 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:

(1) 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 50 x10"~ and

100 xl(.’l“6 throughout the building within a maximum period of
30 minutes.

(ii) Sulphur Hexafluoride. An inverted burette was used to
collect a measured volume of gas from the cylinder by dis-
placement of water. The measured volume wag chosen to give
an overall concentration of about 350 x 10°°. The burette
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 pliece of foam or fibrous material
(in order to randomise the exit velocity directionm).

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 alr other thamn 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.




(ii)

-(1ii)

(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 readjustment, 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. 1In
these circumstances, the one minute dwell time per channel
was barely sufficient to allow the IRGA to come to a recogni-
sably 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

1l 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 + 2% full scale deflection over periods of several hours.

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

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

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.

- 5 -
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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 IKGA 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 thig, the IRGA 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

80 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. In 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. -

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_tech-
niques. The Coventry Polytechnic reverberation chamber (200 m ) has
been used for this part of the project, because i1t can be sealed to

glve 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 directly 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 thrqyghout 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, go that it entered the
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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 building of about 3000 ms
internal volume, again using nitrous oxide. In figure 4, nitrous
oxide was introduced at a rate sufficient to reach a uniform concen-

tration of 50 ::10—6 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. Tigure 5 shows
a similar test at twice the injection rate, and it can be seen that
the distribution is less uniform. Lkowever, 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 distribut%on 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.

This was investigated in a room measuring approximately

4,4 mx 4.8 mx 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 value. 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 as 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 of 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 gas 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

a i



degree in large spaces such as factories. Therefore, considerable
care was taken to ensure that the construction, calibration, and
operation of the apparatus was sufficlently 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
measurement.

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-uniform distribution suggests that
internal circulation is itself non-uniform, or that exchange from each
part of the space to the outside is dominant. In 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 intermal 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. All 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

programme, 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

is assumed that the contaminant is at all times uniformly distributed
throughout the space, so that its concentration in everywhere defined by
& 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 contaminant into space (assumed constant)
xl = concentration of contaminant in space

= = concentration of contaminant in the incoming fresh air

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

dxl
(F xo +q) - (F + g) xl =V T

N

b )

-’
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If the internal contaminant concentration at time t = 0 is xl(O),
the solution of this equation is:

F +
xo q

F t F
xl = (—I'-,—;—(—l"')(l - exp (" (_+v'g2_'))+ xl(O) exp(‘ (_'vtqzi)

A tracer decay measurement corresponds to the case q = 0, and

xl(O) # xo, which yields:

Ft
xl = xo + (xl(O) - xo) exp (- V_)

This is a simple exponential decay with a time constant, tc' given
by:

t =
[+

H|<

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_ 1
I=¥™%
Cc

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.

Anglysis 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:

R = \/ Regression Sum of Squares
Total Sum of Squares

-2
or R = 5 (Yi _?) 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-
clent 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 SSs Residual sum of squares

Total Sss 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 BO3R07 in table 1, for channel 1, -

V =1.888 with R = 0,966, and for channel 6, V = 2.544 with R = 0.993.
Secondly, inpearly all cases, the correlation coefficient for the com-
plete set of data for a run (the final column in table 1) is leas than
the correlation coefficients for the individual channels. This is

most obvious in runs BO1lRO1l and BO1R02, 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 was uniform at a particular point in
time, it could not remain so because the decay rate varies throughout
the 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:

a IIll ‘II[ ‘II[ llli ‘Ilt |II{ Illi 1II[ |Il[ lll[ IIII jll[ lll' }II' flll 1IIIl IIIl III' ll!l II[



volume of cell i

-
]

i
Fij = flow rate from cell i1 to cell j. Note that Fii = 0, and
in general Fij # Fji
qi = flow rate of contaminant in cell i
xi = concentration of contaminant in cell i
n = number of cells

Taking a balance on the contaminant concentration in cell j;
+ IF..x -IF, x =Vx
Y+ Fag® ™ "N
Taking a balance on the total flow into and out of cell jJ
Gt P "™

For tracer decay, q, = 0, and the equation becomes

J

Vx =3IF x, -x.8
i%3 T Fag® T %55
or
Vx=F x
where V = Vl 0 0 - - - F = -S1 F21 F31 -
0 Vz 0 - - -~ F12 -SZ F32 -
°o o0 - - - Vv P, = -

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

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

x(t) = (xl(t) ’xz(t) e xn(t))

A simple solution is of the form

- - At
x(t) = x(0) e

which, on substitution into the original equation, gives

AWWx=F x

g




The eigen values, Ao' 11, ...... ln for which this has a non-zero
solution, and the corresponding eigen vectors ;0,';1, SR ;n

may be found. Further solutions, corresponding to arbitrary initial
conditions may be found by linear combination

_ n-1 _k At
x (t) = L ak x e
k=0
whera'ak are constants determined from the initial conditions, i.e.
the concentrations x, at time t = 0.

i

As an example, the multi-cell theorg has been applied to a rectangular
building of 1n§erna1 volume 12,000m™, split into 6 equal cells each of
volume 2,000 m~. An overall fresh air ventilation rate of 2 a.c.h. was

-1
assumed (corresponding to 7 ms 8 ). 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 i
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, 1f 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 ailr 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 from other parts of the building.

The reverse problem, the evaluation of the Fi from the measured decay
curves, 1s more difficult. It requires the sﬂapau 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.

m

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:-

m

11111

1) Summary of conditions prevailing at the time of the
run, plus a diagram showing the position of the sample
peints 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) A statistical analysis table.

4) Graphs of the natural logarithm of tracer gas concentration
versus time for each channel.

5) A graph of the tracer gas concentration versus time for
all channels. ;

JEeRR88



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 building, 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.

= 18 /=
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TABLE 1 SUMMARY OF RESULTS

V = Ventilation Rate, a.c.h. M = No. of points R = Correlation coefficient

Channel Number

iun Tracer g 2 3 4 5 6 Average
Number
v 0.100 0.091 0.069 -0,108 ~0.043 0.008 0.015
BO1RO1 N20 N 5 5 5 5 5 5 ° 30
R 0.480 0.987 0.839 ~0.990 0.557 0.406 0.065
P v 0.087 0.038 0.047 0,103 0.065 0.043 0.055
301R02 N20 N 5 5 5 4 5 5 29
R 0.972 0.811 0.948 0.820 0.920 0.967 0.436
X v 1.25 1.57 1.42 1.54 1,87 L 1.42
~ BO2RO1 N20 N 12 12 13 13 12 62
; R 0.942 0.995 0.977 0.563 0.944 0.933
( v 0.884 0.879 0.836 0.846 0.814 * 0.850
1 302R02 N20 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 * 0.864
BO2RO3 N20 N 20 21 20 20 20 : 101
R 0.988 0.9883 0.981 0.9¢1 0.988 ‘ 0.961
A 0.522 * % y 0.522
302R04 SFG N 29 - 29
R 0.928 0.928
' 0.739 *ok 0.739
. BO2RO5 N 18 18
R 0.985 0.985
v 1.076 0.806 0.839 0.965 1.038 * 0.947
J02R06 N20 N 22 21 21 21 21 106
R 0.983 0,987 0.932 0.984 0.976 0.957

-—-—-I—_-

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

! Only one channel was available for these runs
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TABLE 1 SUMMARY OF RESULTS (Continued)

] = Ventilation Rate, a.c.h. N = No. of points R = Correlation coefficient
iun Tracer Channel Number Average
Number 1 2 3 4 5 6
v 0.589 0.542 0.679 0.624 0.596 0.634 0.613
~ BO3RO1 SF6 N 19 19 19 19 19 19 114
( R 0.978 0.954 0.651 0,941 0.957 0.957 0.949
£ v 4,145 4,581 4,572 4.514 4.456 4,299 4,423
i 303R0O2 SF6 N 7 7 7 7 7 7 42
' R 0.996 0.996 0.988 0.995 0.998 0.998 0.990
I'7
v 4,203 4,210 4,441 4,436 4.580 4,397 4,387
BO3RO3 SF6 N 7 7 7 7 " 7 42
' R 0.999 0.999 0.999 0.996 1.000 0.999 0.990
- A 2.837 2,695 2,917 2,752 2.887 2.09 2.817
303R04 SF6 N 8 8 8 8 8 8 48
R 0.996 0.977 0.989 0.993 0.995 0.997 0.978
\'s 1.446 1.665 1.596 1.733 1.597 1.624 1.613
BO3ROS SF6 N 11 11 11 h & | 11 11 66
R 0.968 0.993 0.9293 0.595 0.9096 0.9%0 0.986
v 1.384 1.386 1,240 1.104 1.200 1.254 1.266
303R0O6 SF6 N 11 11 11 11 11 11 66
R 0.991 0.092 0.990 0.9¢2 0.992 0.991 0.984
A 1.8498 1.03€ 1.927 2.092 2.158 2.544 2.127
¢ BO3RO7 SF6 N 12 11 11 11 11 11 67
( R 0.956 0.9278 0.960 0.980 0.973 0.9293 0.946
» \') 1.548 1.462 1.877 2,002 1.934 1.783 1.793
JO3RO8 SF6 N 11 11 11 11 11 11 66
R 0.925 0.95% 0.945 0.973 0.987 0.987 0.946

- 16 -



Eigen values and

TABLE 2_

eigen vectors for the multi-cell

example illustrated in figure 11.

Eigen values

Eigen vectors

-0.0179

-0.2746

0.6067

~-0.4387

0.1865

-0.4518

0.3538

-0.0006

0.4277

0.4449

0.4544

0.3444

0.3741

0.3926

-0.0044

0.6074

0.0654

-0.4221

0.4130

-0.1487

-0.5059

- 17 =

-0.0116

-0.1211

0.49294

-0.5267

-0.3130

-0.5803

-0.1544

-0.0115

-0.0700

0.4718

-0.5611

-0.3427

0.5730

~0.1092

-0.0069

0.5254

0.4335

0.3528

-0.3020

-0.4467

-0.3476
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Fig. 12 MULTI-CELL VENTILATION CURVES
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Fig. 14 MULTI-CELL VYENTILARATION CURVES
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Fig. 16 MUIL.TI—CElLL YENTILILATLON CLURVES
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BO1 ROl
Date: 16th December, 1981
Time: 1100 hours to 1200 hours

Tracer Gas: Nitrous Oxide

External Conditions:

Time Windspeed (m/s)

1100 hrs Zero
1200 hrs zZero

Internal Conditions:

Temperature (OC)

-6.4
-4.8

air velocity: very low, not measured

temperature: -1 C to + 3%

Gas Release:

Gas relessed 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 small 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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SOAAAERSEREENENNARARREERERNRARARASRS
ANALYSIS OF PACTORY VENTILATION RATES

thedaddddhdddddddddddotdadaddddRRRadd

Experimental run number: BOIRO1
Location: Unit9, Mase¥ield Road Ind. Estate,COVENTRY

Date: 16/12/81
Tracer gas: N20

TABLE OF RESULTS
taand Ad dRdddde

T=Time in minutes.
C=Concentration (arbitrary units)
Inc=Natural log of concentration.

D::? Channel 1 Channel 2 Channel 3 Channel 4
ARdd  ARARSAARAGAAMAARARE RARRASAARARARAGRARE AAMAARARARARAAARARE AddAdenddddddddRAds
T C InC 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 4.0 235 5.460
2 7.0 245 5.501 8.0 265 5.580 9.0 261 5.565 10.0 240 5.481
3 13,0 246 5.505 14.0 264 5.576 15.0 257 5.549 16.0 242 5.489
4 19.0 251 5.525 20.0 261 5.565 21,0 259 5.557 22,0 244 5.497
5 25.0 250 5,521 26.0 259 5.557 27.0 257 5.549 28.0 246 5.505

Channel 5
thtdddtataRAdGReARd
T c nC
5.0 253 5.533
11.0 259 5.557
17.0 260 5.561
23.0 256 5.545
29.0 260 5.561

Channel 6

AAAREAAAARAARARARES

T

6.0
12.0
18.0
24.0

30.0

C
261
263
261
261
261

LnC
5.565
5.572
5.565
5.565
5.565



MSALYELS POR Chscemml 1
o

INTESCEFT 3. 549009794

=L, E00esR—0)

Ventilstion rate is 100 alr changes par bewr

SR ]

Ll
o] 18
g 2
_ of 38
m ¥t ~ne

TP 3. 59057388130

001526267575

Vemuilstien cone L8 001 alr caeges v b

q!

il
n’

Ventilstion rats i 068 alr chamges por bewr

§ e

I

DETICEFTS 5. 43732440089

Geaisers L, 000)55TIASE-0)

atilscion rate is -.008 air chewges gy MR

} | Baldabd

n i

ERCET. 3, ABAET110)
—ilakies rote is .04) alr chenges pax b

aacmme .

SEETIFICN. SRS FOR OPSEEE ¢

- “Ae

il

IEECEPTe 3, 8803372197

=1. TT207 G005 3M0=04

e lienien tabe Lo .00 Alr ehesges por Bees

.._ A

o] 88
__._ 833
i

o -
"

_-t“‘u
=1 S 3079 ] St
Vemtilatian rete is .013 alr chemges por ey



Run—-881R81
Location=UNIT 8, MASEFIELD RO. TNO. ESTATE, COVENTRY.
Gae-N20
LDate~i16/12/1881
Chanrnel No. 1

Ventilation rote ie .l10F a.c.h.

L = — 1 " o - 1 " 1 i 1

22 a2 E@ 8@ 122 122
Timed(Minutes )

LAiE

Run=881RE81
Location—UNIT 8. MASEFIELD RO. IND. ESTATE, COVENTRY.
Goe-NE0
Dote-16712715987
Charrel Neo. 2

Vemtilation rote is .09] a.c.h.

1 AL 1 i 1 " 1 i 1 " 1

zZe 42 BE@ (== 182 122
Time(Minutes)




Run-88iR81
Location=UNIT 8, MASEFIELD RO. INO. ESTATE, COVENTRY.
Goe=N20

@ Date-16/12/1981
Charnrnael Ne. 3
6.5
&
| PR
5.5 & s
s
4.5
Venttlation rote is .069 a.c.h.
a 1 - M 1 L | " 1 " 1 M 1
2 <42 (=4 ~] 82 122 122
Timel(Minutes)
Run-B81R37
Location=UNIT 8 MASEFTELD RO IND. ESTATE., COVENTRY.
Gas-N20
o Dote-16/12/1981
Charnrnel Ne. 4

LnC

Vemtilotion rote ie = 108 a. c. k.

1 " | i | A | L 1 i 1 =

2@ @ 6@ 8@ 122 122
Timel(Minutes) B




Run=-E81R87
Location=UNIT G, MASEFITELD RO. INDO. ESTATE, COVENTRY.
Gae=N20

f 4 Dote-16/12/1981
|
{ Charnrnel MNo. 5
3 6.5 [
|
{
|
.' &
' i i
I _— :
| 5.% P

5 b=
|
| 4.5 |
“ Verntilation rote ie —-. 743 a.c. h.
|

4 M ] M 1 L 1 " [ " 1 " [

@ 2@ 42 s@ s@ 122 122
Timed(Minutes )
|
.‘
'; Rum=E81KR81
| Location=UNIT G MASEFITELD RO INOD. ESTATE, COVENTRY.
| Gae-N2O
' 2 Dote-16/12/1951
| | Chornel No. &
]
’ | 8.5 |
!
{
| €
I
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| R
|
l
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i Ventilaotion rote ie .HF68 . c.h.
4 " 1 3 B i L ] i 1 " | [
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Run-B81RE817
Location—lnits Masefield Road [nd. Estate., COVENTRY
Gas-N20
Dote—-16-12-87
208
- .a 1 '- ,o.-. ag“‘ o ©
C
0
- zee |
+
m
O
P I
C
0
0
C 122 F
0
)
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2 12 =4 ] ae 423
Timel(Minutes)
Rurn-B81R31
Location—lnitd Mosefield Road [lnd. Estate, COVENTRY
Gas=-N20
Dote-16/12/81
a -
7.5
2 |=
L
0 5.5
¥ g k
1]
L 5.5 -'-F---, T i gl o Sammaa 4
P
G s |
0
0 4.5
E
0 7 1=
0
3.5
C
. a b
- Av. vemtilotiomn rote IiIs .15 a. c. A
2 2 IIB El BIB qla

Time(Minutes)




BOl1 RO2
. Date: 16th December,

1981

Time: 1300 hours to 1400 hours

Tracer Gas: Nitrous Oxide

External Conditions:

Time Windspeed (m/s)

Temperature (OC)

1300 hrs Zero
1400 hrs zZero

Internal Conditions:

-304
-2,9

air velocity: vagy low, not measured
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 and small window on s.w. face of building

and door on n.e. face of building open.
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Bxperimental run number: BO1R02
Location: Unit 9,Masefield Road Ind. Estate,COVENTRY

Data

Pt. Channel 1

(131 At ddRARAREARRRORS

T C
1 1.0 253
2 7.0 250
3 13.0 248
4 19.0 244
5 25.0 243
6 31.0 243

LnC
5.533
5.521
5.513
5.497
5.493
5.493

Date: 16/12/81
Tracer gas: N20

Channel 2
addddsddddddRddhENd
T C InC
2,0 257 5.549

8.0 259 5.551'
14.0 257 5.549
20.0 256 5.545
26.0 253 S5.533
32,0 254 5,537

gthdhddAdddddtddddRddtdRdoRAAd AR A R A

ANALYSIS OF PACTORY VENTILATION RATES

thkddddddddddtddntdddARAdARRARRGARARS

TABLE OF RESULTS

ddkkddh A% Ahddddd

Channel 3

ShRhdddhbaAARRANRED
T C InC
3.0 256 5.545
9.0 256 5.545
15.0 255 5.541
21.0 253 5.533
27.0 251 5,525
33.0 251 5.525

Channel 4

thbddRpeddeddRRAARS
T C LnC
4.0 250 5.521
10.0 245 5,501
16.0 245 5.501
22,0 237 5.468
34.0 238 5.472

T=Time in minutes.
C=Concentration (arbitrary units)
Inc=Natural log of concentration.

InC
5.541'
5.525
5.513-
5.513
5.509

Channel 5
thkAddtddddakdatdd
T C
5.0 255
11.0 251
17.0 248
23.0 248
29.0 247
35.0 246

5.505

InC
5.549
5.545
5.541
5.537
5.529

Channel 6
ARRARARARARAARANRAS
T C
6.0 257
12.0 256
18.0 255
24.0 254
30.0 252
36.0 252

5.529
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=

Bource o 28 Ll
evawe - it ceran
[Eagresslan 1 +001 001
Beeidual 4 «000 +000
Total L] »001

INTERCEPT= 5.53974304193
GRADI = -1.08501835397R~03

Wentilation rate is 065 air chenges pear howur

Bourca be L) -
Ladas sl - e oo
Pegression 1 «000 000
Befidasl 4 <000 000
Total ] 000

INTERCEPT= 5. 35335918644
GADIENT= =T, 114730J17468~04

Ventilation rate is .04 air changes per houc

STATISTICAL AMALYELS = ALL CHAMMELS
e

Bource of 88 b
L] - L] awas
Pegresaion 1 -003 «003
P idual n <014 «000
Total kL) ©L017

INTERCEFT™ 5, 54070645144
@eOIme= -5, 166908016088-04

Ventilacion rats is .035 air chenges per hour

5.842

47.019

10.028

115,008

I



Run—-B81R02
Locotion=UNIT 8, MASEFIELD RD. INOUSTRIAL ESTATE, COVENTRY
Goe-N20
Oote~16/12/1981
Charnel No. 1

B
L C
5.5 ey >
-]
4.5
Ventslotion rote ie .057 a. = P
4 1 " i 2 L i L i 1 i 1
22 42 E2 =1~ 122 122
Timel(Minutes)
Run=-881R22
Locotion=UNIT 8, MASEFITELD RO. INOUSTRIAL ESTATE, COVENTRY
Gae-N20
L4 Dote=16/12/1981
Chornnel No. 2
B.5
B
L C
5.5 e e S
5
4.5

Vemtilotion rote ie .038 a.c.h.

i 1 i 1 A I i 1 A 1 i 1

z2e 42 E@ =1=] 122 122
Time(Minutes)




L C

Run=-B8IROS
Location=UNIT 8, MASEFJELD RO. INOUSTRIAL ESTATE,
Goe=-N20
Dote-18/12/1981
Charnrnel No. 3

Ventsilation rote ie .047 c. c.h.

COVENTRY

2e a2 s@ se 122
Time(Minutes )

12@

Run=B8I1RES ;
Location=UNIT G MASEFTELD RO. INOUSTRIAL ESTATE, COVENTRY
Gae-N2O
Date-16/12/1981

Chanrel No. £

Ventilation rote ie .I107 a. c.h.

| M 1 A 1 A 1 T i

ze 43 s@ ea 122
Timel(Minutes)

1z2@




Run-581R82
Location=UNIT G MASEFITELD RO. INOUSTRIAL ESTATE. COVENTRY

Gos-N20
T Dote-16/12/1981
Chornnel No. 5
6.5
s -
L C
s.s —
s -
4.5 [
Ventilation raote ie .065 a. c.h.
4 " [ A 1 (i1 e 1 M [ L 1
e 2e 4@ =1~] 82 129 12@
Time(Minutes )
Rumn—-B81RE2
Location—UNIT &G, MASEFITELD RO. INOUSTRIAL ESTATE, COVENTRY
Gaoe-N20
T Dote-16/12/19861
Charnnel No. &
8.5
E -
| 1
O B e .
s |
4.5 |
Ventilotion rote ise .043 a.c.h.
< i 1 i 1 3 _- " L D [ L 1 ks iy
=) z2e 4@ s@ 8o 122 1ze@

Time(Minutes )




[

Run-5881RE2
Location—-Unit 8, MasefField Road [rmd. Estate. COVENTRY

Gas~-N20
Date—-16-12787
I
Te®T g ‘.°°*“l°=.“°°¢“ @, T e
C
0
- 2ee
P
m
L
¥
C
()]
0
C 122
0
)
a 1 3 1 s 1 L J
12 22 a2 142
Timel(Minmnutes)
Rumn=E81RE2
Locotion=lnit G, Moserfield Rood [nd. Estate, COVENTRY
Gos-N20
Dote~16-12-87
8
7.5
?
C
0 1
i 5
11
L 5.5 = Py DR S—— SR S ———y s PR
P
C s
(1]
0 4.5
%
0 4
0
3.5
5
- 3
& Av. vemntilotiorn rote is . 55 a. c. A.
a e ' 1) ; 1= ' e

Time(Minutes )
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[

-

BO2 RO1

Date: 16th March, 1982
Time: 1500 hours to 1600 hours
Tracer Gas: Nitrous Oxide

External Conditions:

Time Windspeed (m/s) Temperature (OC)
1500 hrs 7.2 7.5
1600 hrs 7.2 7.5

Wind Direction: west south west

Internal Conditions:

" air velocity: 0.02 to 0.%0 mn/s
temperature: 8.1 to 9.5°C

Gas Release:

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

Sample Positions:

As shown on plan.

pif s

PLAN



Ly

ANALYSIS OF FACTORY VENTILATION RATES
REAARRAAARAAORAARRARRARRARARARASRARAR

Experimental run numbers BO2RO1
Location: Stag Industrial Estate, COVENTRY
Date: 16/3/82 T=Time in minutes.
Tracer gas: N20 C=Concentration (arbitrary units)
Inc=Natural log of concentration.
TABLE OF RESULTS

dhakd Ad AdAdARA

Data
Pt. Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
ankd Adbhdddddddhdsdddddd SddddddddAddRddAdAR CSAadAdARdRANAddARddASs ddddddddddddddddAaRt ARG dRRRARRARGAERAS
T C LnC T C LnC T C LnC T C InC T C InC
1 3.0 507 6.229 5.0 859 6.756 0.0 912 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 7.0 682 6,525 8.0 565 6.337
3 15.0 452 6.114 17.0 638 6.458 12,0 582 6.366 13,0 612 6.417 14,0 531 6,275
4 21,0 322 5.775 23.0 513 6,240 18.0 525 6.263 19.0 513 6,240 20.0 442 6.091
5 27.0 245 5.501 29.0 501 6.217 24.0 440 6.087 25.0 488 6,190 26.0 376 5.930
6 33.0 295 5,687 35.0 398 5.986 30.0 331 5,802 31,0 347 5.849 32,0 309 5.733
7 39.0 214 5.366 41.0 355 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 44.0 376 5.930
9 51.0 197 5.283 53.0 245 5.501 48,0 316 5.756 49.0 275 5.617 S0.0 204 5.318
10 57.0 211 5.352 59.0 243 5.493 54.0 248 5,513 55,0 295 5.687 S56.0 229 5.434
11 63.0 180 5.193 65.0 174 5.159 60.0 229 5.434 61.0 224 5.412 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 73.0 104 4.644



Source DE s "
il 1] - Lol L) L L]
Pegression 1 2.226 .26
Pesidual 10 «279 +028
Toral 1n 2.306

INTERCEPT= 6.30310708605
GRADIENT= =2.079587251948-02

Ventilation rate is 1.248 alr changes per hour

STATISTICAL ANALYSIS “m.m 2

Source -4 28 -
Lt L] - Lol ]
Regression 1 3.535 3.525
Besidual 10 037 004
Total u 1.561

INTERCEPT= 6.50342812331
@RADIENT= ~-.026165708451

Ventilation rats is 1.570 air changes per hour

Source Df 58 L]
Lol i - rirdid ey
Pagreasion 1 3,680 3.660
Fesidual u 178 -016
Total 12 1.838

INTERCEPT= 6, 68629450528
GRADIENT= -1.361558925678-02

Ventilation rate is 1.418 air chenges par hour

mmgm 4

Source Df Bs il
L L] - L L]
Pegression 1 4.286 4.286
Mesidual 1 «337 031
Total 13 4.623

INTERCEPT= 6.78549716053
GRADIENT= -2,557738313198~02

Ventilation rate is 1.535 air chenges per hour

Source D 88 Ld
L] (L] Lol etes
Fegresaion 1 . 2.654 2,654
Besidual 10 =332 -033
Total u 3.028

INTERCEFT= 6.57029854844
GRADIENT= -.022876597566

Ventilation cate is 1.373 air changes per howr

STATISTICAL ANALYSIS - ALL CHAMMELS
L]

Bource of 88 Ld
Lol - L] Ll 1]
Fegression 1 16.072 16.072
Pesidual 60 2.393 «040
Total 61 18.465

INTERCEFT= 6.64824587844
GRADIENT= -2.370122942072~02

Ventilacion rate is 1.422 aic changes per hour

r
bl L]

78.733

960,312

226,314

140.078

81.208

403,036



Run=B02R21
Locotion=Stag Induetrial Letote, COVENTRY
Gas-NE0O
Dote-16/3/82
Charnnel Ne. 7

Verntilation rote ie I. 248 o. c. A.

- 1 i 1 " 1 . 1 . L i 1
22 LX) E3 22 iea 128
Time(Minutes
Run=-802R87
Location=Stag Industrial Letate. COVENTRY
Goe-N20
L4 Oote-16/3/62
Charnrnel No.Z2
6.5
B
LnC
8.5
]
4.5
Verntilation rate ie Il. 577 a. c. h.
‘ " 1 " L L L L | - a L o 1
22 42 B2 B2 122 128

Time(Minutes )




Run-B82RE81
Location=Stog Industrial EFetote, COVENTRY
Goe-N20
Date—16/3/82
Chonrnel No. 3

Vemntilation rote ie [. 418 . c. A.

4 1 " L " L " 1 " 1 [ ]
2e a2 Y- a2 122 122
Timed(Minutes )
Run—B82R31
Locotion~Stag Induetrial Eetate, COVENTRY
Goe-N20
¢ Oate-16/3/82
Charnnel No. 4
4.5
Ventilotion rote ie Il. 535 a.c. h.
- - 1 R 1 S 1 " i . 1 1
2 a2 =F -] ea 122 122

Time(Minutes )




Run~B02RE1
Locotion—Stag Indvetrial Lfetate, COVENTRY
Goa-N20
Dote-16/3/82
Charrnel No. 5

4-’ ~
Vemtilotion rote ie 1. 373 a.c.h.
4 " 1 M 1 M 1 A 1 L 1 1
a 2@ 43 [ 1] (] by--1--} 12@

Timed(Minutes )




Run-B82RE81
Location-Stog [ndustrial Estate, COVENTRY
Gos=-N20
Oote-16/3-82
122
s
s22
c 722 .
0 =
- o2 ey :
+ o
o see - s e 2 -
¢ "
+J = -] -
E 422 . - . |
m ‘- -0 * |
0 320 ) " ¥ = 2 |
C . -
0 i e “ee |
O 2ee . S ’ o
122 “ey
' : 1 : "e F gl ; 1 .y ik =]
1@ 2 38 4 se (=f=} 72 =1~
Timed(Minutes )
Rur—-B882R31
lLocation=Stag Industrial EFstote, COVENTRY
Gos-N20
Date=16-3/582
=]
7.5
e
C e
0 5.5
¥ 15
o
- g
"
C s
0
0 4.5
C
0 4
O
3.5
C
= 3
. Av. ventilatiomn rote is 1.422 a. c. h.
2 . 1 1 |

: 1 . 1 g 1 X 1 A i A
12 ==} e 42 sa s2 e =]

Time(Minutes)




- BO2 RO2
Date: 17th March, 1082
Time: 1400 hours to 1600 hours

Tracer Gas: Nitrous Oxide

External Conditions:

Time Windspeed (m/s) Temperature (OC)
1400 hrs 6.2 6.8
1500 hrs 4.6 7.2
1600 hrs 8.8 7.9

Wind direction: west north west

Internal Conditions:

air velocity: 0.01 to 0.0g n/s
temperature: 7.5 to 8.5 C

Gas Releasge:

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 alr as a zero check.
Comment: This run‘pccurrad simultaneously with run BO2 RO4.

18,3

728

PLAN



hbdddddddddadddhdbddddahadddRdbaddadd

ANALYSIS OF FACIORY VENTILATION RATES
AMAS A RAAAARAARARARARARARGNAAAARAR IR

Experimental run number: BO2RO2
Location: Stag Industrial Estate,OOVENTRY
Date: 17/3/82 T=Time in minutes,
Tracer gas: N20 C=Concentration (arbitrary units)
Lnc=Natural log of concentration.

TABLE OF RESULTS
aRadA A4 RAMARRR

Data .

Pt. Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
ahdd thdkbddddtdbdddddANd dAdvaddRdAAdAdANAARE dbddddtdddddddddtdnd dadddedRSASAAORAAdNE SdddAdANSAGASARRAEA
T C LnC T C InC T C InC T C InC T C LnC
1 4.0 980 6.888 0.0 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 16.0 650 0.477 12.0 835 6.727 13.0 770 6.646 14.0 B45 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 28.0 615 6.422 24.0 670 6.507 25.0 595 6,369 26.0 615 6.422 27,0 600 6.397
6 34.0 540 6.292 30.0 620 6.430 31.0 555 6.319 32.0 595 6.369 33.0 480 6.174
7 40.0 460 6.131 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 43.0 280 5.635 44.0 500 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 5.720 54.0 395 5.979 55.0 335 S5.8l4 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 2360 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 8l.0 310 5.737
15 88.0 270 5,598 B84.0 275 5.617 85.0 220 5.394 86.0 315 5.753 B87.0 295 5.687
16 94.0 260 5.561 90.0 260 5.561 91.0 215 5.371 92.0 285 S5.652 93.0 270 5.598
17 100.0 215 5.371 96.0 230 5.438 97.0 185 5.220 98.0 255 5.541 99.0 240 5.481

18 106.0 190 5.247 102.0 220 5.394 103.0 175 5.165 104.0 200 5.298 105.0 210 5.347
19 106.0 215  5.371 109.0 225 5.416 110.0 185 5,220 111.0 190 5.247



STATISTICAL ANALYSIS FOR CHAMNEL 1
L1

ce of 85
Ll iill] L] Ll L] Ll il
Pegression 1 3.786 3.786
Residual 16 «245 -015
Total 17 4.032

INTERCEPT= 6.7723487198
GRADIENT= =1,47337844731E-02

Ventilation rate is .884 air changes psr hour

STATISTICAL ANALYSLS FOR CHAMMEL 2

Bource D 88 s
avdddd -l atrdae L1
Megreasion 1 4.402 4.402
Fasidual 17 «026 «002
Total 18 4.47

INTERCEPT= 6.86765065708
@RADIENT= ~,014645872518

Ventilation rate is .879 air changes per hour

STATISTICAL ANALYSIS FOR CHMMMEL 3
e

Source of -
Ll d L] [T 1] Lad il
Regreasion 1 3.985 3,985
Rasidual 17 664 «03%
Total 18 4.650

INTERCEFT= 6.67977374153
GRADLENT= ~=1.393616574378~02

Ventilation rate is .836 air changes per hour

mmxmmmammm 4

Source of 85 L
eaEea L1 Ll hhed
Megression 1 4,079 4.0719
Renidual 17 «1s «007
‘Total 18 4.194

INTERCEPT= 6.84228971176
GRADIENT= ~1,409980052498-02

Ventilation rate is .846 air changes par hour

STATLISTICAL ANALYSIS POR CHAMBMEL 5
wow

Source DE 85 "
Ll L] -e aanas L]
Megression 1 L.713 .13
Remidual 17 094 006
Total 18 3.867

INTERCEFT= 6.77686199688
GRADIENT= -1.35589701501E~02

Ventilacion rate s .814 air changes per hour

STATISTICAL ANALYSIS = ALL CHAMMELS
.

Source of 88 Ll
L] - Ll LL] LLL L
Regroesion i 19,997 19,997
Pesidual 92 1.506 +016
Total 93 21.503

INTERCEPT= 6.78714653027
GRADIENT= =.014168108356

Ventilation rate is .850 air changes per hour

Ll 1]

2912.021

r
e

101.969

603.975

r
sRpase

676.647

r
wssunee

1221.643



' Run—-B882R22
Locotion=Stag [nduvetrial EFetote, COVENTRY

Gze-N20O
i i Dote-17/3/82
Charnrnel No. l
B.5 |
S —
Lips &
5.5
5 -
4.5 +
Ventilation rote ie .85594 ac.e.h.
|
4 L i 1 i 1 i 1 1 1 !
=] 2e 42 =3=] 82 19 122 |
Time(Minutes)
Run=-E82RI2
Location~Stag Indvetrial Eetote, COVENTRY
Gae=-N20
i Dote-17/3/682
" Channel No. 2
BE.S
B b
e by
5.5 [
5 |-
4.5 |
Ventilotion rate ie .879 a.c.h.
= 1 i 1 e 1 L 1 1 |
=) z2e a2 =3=] =1z 122 122

Time(Minutes )

S




o e

Run—~-BOEROE
Location-Stag Induvetrial Estate, COVENTRY
Gae-N20O
Dote-17/3/82
Charrnel No. 3

Ventilaotion rote ie .836 a c.bh.

1 i 1 1 " 1 i 1

22 a@ = =] 122
Timel(Minutes )

128

| o ] o

Run-B02R02
Locotion=Stag Induetrial Eetote, COVENTRY
Goe-N2O
Dote—17/3/82
- Charnrnel No. 4

Ventilation rote ie .84 a.c.h.

z2e a2 =] s@ 122
Time(Minutes )

122




,..ﬁmﬁ

L C

Run=-B02RO2
Location—Stag Induetrial Estote, COVENTRY
Gae-N20
Date~17/3/62
" Charnrel Ne. 5

Ventilation rote ie .E14 a c. h.

1 i 1 i 1 " 1 A 1 i 1

22 a@ E2 8o 122 122
Timel(Minutes )




Concentration

l11@e

1222

ses

1]

699

422

3ee

20

¥ 1

Ron—~B82R22
Locotion=Stog lndustricl Estate, COVENTRY
Cas-N20
Dote~17-3/82

1 i 1 L 1 N 1 L J

1 —_ 1 " I
4@ S© =] 70 8@ E=] 2@ 112 122
Timed(Minutes )

Concentration

Lrm

Rurm—E82RE22
Locotion=Stag /ndustrial Estate, COVENTRY
Gas-N20
Dote~17/-3/82

verntilaotion rote is . 8520 a. c. A.

[ " 1 . 1 i 1 i A | L
42 se =f =] e B2 se 19282 112 iz@a

Timel(Minutes )




BOZ RO3
* Date: 18th March, 1982
Time: 1040 hours to 1250 hours

Tracer Gas: Nitrous Oxide

External Conditions:

Time Windspeed (m/s) Temperature (OC)
1100 hrs 6.7 6.9
1200 hrs 4.6 6.7
1300 hrs 4.1 7.2

Wind direction: west north west

Internal Conditions:

air velocity:

.Ogl to 0.08 m/s
temperature 5 '

0
7.5C

Gas Release:

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 simultaneocusly with run BO2 ROS.

\

| c.e.zm.-}l "o 13 som
§ :: "e%::f::.. £ + O.5mr
1

0,723

Glomd dood walyw wmt
Thu 17302 Q0 wradon "0 LID NS
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thddddddddddtddddtAddddaRRARNARARASARRd

ANALYSIS OF FACTORY VENTILATION RATES

shdndbdddddddAnddd it eRddddRdAR AR EAR

Experimental run number: BO2R0O3
Location: Stag Industrial Eatate.ODvENTR!
Date: 18/3/82 T=Time in minutes.
Tracer gas: N20 C=Concentration (arbitrary units)
Lnc=Natural log of concentration.

TABLE OF RESULTS
tReAd AE BARARAR

Data

Pt. Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
whah dhkbkdkhkbkddddddddddd ShhdkdhhAdhddddddbdd Addddhddbddd bbb dd kbt krdR AN R Add ARkhtkARRARR AR AR
T C InC T C EnC T C LnC T C InC T C nC
1 4.0 760 6.633 0.0 795 6.678 1.0 865 6.763 2.0 860 6,757 3.0 820 6.709
2 10.0 685 6.529 6.0 805 6.691 7.0 800 6.685 8.0 805 6.691 9.0 740 6.607
k| 16.0 675 6.515 12.0 770 6.646 13.0 760 6.633 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 6.537 26.0 705 6.558 27.0 665 6.500
6 34.0 465 6.142 30.0 610 6.413 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 6.0286 42.0 525 6.263 43.0 490 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 56.0 340 . 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 66.0 430 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 88.0 220 5.394 84.0 275 5.617 85.0 205 5.323 86.0 300 5.704 87.0 300 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



STATISTICAL AMALYSIS FOR CHWAMMEL |
ame

Source ot 55 L]
vewees - —eewe asese
Megroesion 1 5.9 5.9
Rosidual 1 127 -007
Total 19 5. 366

INTERCEPT= 6.70974847244
GRADIENT= =.01479292d84

Ventilaction race 18 .B6d air changes pet hour

STATISTICAL AMAL' 315 FOR OWMBEL 2
-en

Source ot - ne
Ll 1] - L] Tt
Eegreasion 1 5.596 5.596
Residual 19 133 007
Total 20 5.729%

INTERCEPT= 6.83220554107
GRADIENT= =1.42085495361E~02

Ventilation rate is .85) air changes per hour

STATISTICAL ANALYSLS FOR CHAIEL )

Source of bl "
rtade -0 FeRete *eves
Aegreasion 1 6.887 6.087
Meaidual 18 +272 «015
Tocal 1% T.158

INTERCEPT= 6.54808)81491
GRADLENT= =1.69609518459-u2

vantilation cate in 1.0l8 aic cnanges per howur

STATISTICAL ANALYSIS FOR CHAMGEL 4
e

Source bt Sss ]
heaee Ll Lo L] enEe
Megression 1 4.073 4.01
hesidual 18 076 «004
Total 1% 4.150

INTERCEFT= 6.07290211544
GRADLENT= =1, 30442883041E~02

Ventilstion rate is .78 air changas per hour

SINLISTICAL AMALYSLS FOR CHAMNEL 5

ce ot MS
tetden - Ll il] L L]
Megression 1 4.0)9 4.039
Peuidual 16 -095 .
Total 19 4,135

INTERCEPT= 6,81741502747
GMADIENT= ~1.29896136429C-02

ventilacion rate is .779 air changes per nour

STATISTICAL ARALYS1S = ALL CHAMNELS
Lil]

Source ot MS
aanEes - (LT ] Ll ll]
Regression 1 25.622 25.622
Pesidual 99 2.107 «021
Total . 100 27.728

LNTERCEPT= 6.81697615285
GRADLENT= =1.4)986334188E-02

Ventilation rate 18 .d64 air changes per howr

740,417

198,661

455.588

P
snsense

961,683

761.795

F
segusen

1202.926



Run-B02RE83
Location-Stag Induetricl EFatate, COVENTRY
Gae-N20 '
Dote-18/3/62

Charnmnel No. /

4.5 -
Ventilotion rote ie .888 a.c.h.
4 [ A L i 1 i L i 1 1
2 22 42 [=f=] B2 122 122
Time(Minutes )
Run=-B02R23
Locotion=Stag Industrial Lstote, COVENTRY
Gae-N20
T Dote-18/3/82
Charnnel No. 2
6.5
[=3 =
L~ C
5.5 |
5 p—
4.5 F
Ventilotion rote ie .853 a. c.h.
& 1 M 1 oy 1 i 1 1 1

]

2e 42 se2 se
Timel(Minutes )

1ea

122




Run=-882R83
location=Stog Industrial Estate, COVENTRY

Gase-N2O
= Date—186/3/62
Charnnel No. 3
5.5
&
Lo C
.
s
4.5
Ventilation rote ie I1.018 e.c. h.
g L " i i 1 e [} i | . i 1
2 42 =4~ B2 122 122
Time(Minutes )
Run-882RE83
Locotion=Stag Industriol Letote, COVENTRY
Goe-N20
e Dote~18/3/82
Chornel No. £
BE.S
S5
G o P
5.5
S
4.5

Ventilation rote is .783 a.c.h.

1 i I A 1 " 1 L 1 = 1 m—

2e 42 =3~ =]~ 122 122
Timed(Minutes )




i ’ -
[ Rurm=B82R03
|
L lLocotion=Stag Induvetrial Eetate, COVENTRY
_' Goe-N20
| I Oote-18/3/682
l Charnrnel No. 5
i J” 6.5 b
_ |f‘“ < b
. | e
[ 5.5 b
r &
| -
. ‘ 4.5 |
‘ ' Ventilotion rate se .79 a.c.h.
4 1 s 1 M 1 i 1 i [l i L
J -] 2@ 2 s@ 8@ 122 12@
| Timed(Minutes)




Rum=B82RE85
Location=Stag Industrial Estaote, COVENTRY

Gas-N20
Dote-18-3/82
2208 -
sea P° o
- 7oe s . ® -_‘o
0 - &
= 620 TR e T
+ ™ e
o & .
3 see | ee  ®
- o LY w
€ a® "
0 <22 | . o
0 O a 2
C 3ee | . " 5 - 2
U - - - i .
U - - - - - ° *‘e
z2ee | *Vn e e W
- - ‘q‘.
120
@ U | O | | | (T S (I e ([ S e, T e (P S S TN R e
=] 12 22 32 42 5@ =3~ ] rd = se 22 128 11@ 12@ 13@
Time(Minutes )
Rurn-B82RE5
/.ocaticn'ft:ag Ilndustrial Estate. COVENTRY
Gas-N20
Dote—18/3782
a —
7.5
= L
C
0 .5
¥ s
1]
L 5.5
P
C s
0
0 4.5
C
0 4 |
0]
3.9
C
| a3 b
. Av. vemtilaotion rote iIs . 864 a. e. A
2 PORE, (R (NI SRSV | T S, | S I S o (ST, [ | R S, S | S (T S |
A 1@ 22 3a a2 s5@2 =4 =] e B2 S8 128 11@ 128 13@e

Time(Minmnutes )




BO2 RO4
Date: 17th March, 1982
Time: 1430 hours to 1605 hours

Tracer Gas: Sulphur Hexaflouride

External Conditions:

Time Windspeed (m/s) Temperature (OC)
1400 hrs 6.2 6.8
1500 hrs 4.6 7.2
1600 hrs 8.8 7.9

Wind: direction: west north west

Internal conditions:

gir velocity: 0.01 to 0.06 m/s
temperature: 7.5 to 8.5°C

Gas Release:

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

Sample Positions: .

As shown on plan.

Comment: This run occurred simultaneously with run BO2 RO2.

18,083

o boting brich ermn
¥ - Lo m-l
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shdddddndtddnasdadaddbdddadddaddadaddd

ANALYSIS OF FACTORY VENTILATION RATES
stttdddaaRtadedidadddddttdtRadndnads

Experimental run number: BO2RO4
Location: Stag Industrial Estate,COVENTRY
Date: 17/3/82 T=Time in minutes.
Tracer gas: SFé C=Concentration (arbitrary units)
Inc=tatural log of concentration.

TABLE OF RESULTS
RAARE AN SAARANS

Data
Pt. Channel 1
Rk dadddddbadhaNA O REd

T C LnC
1.5 800 6.685
4.4 640 6.46)
7.4 440 6.087
10.0 480 6.174
12.9 530 6.273
16.0 550 6.310
19.3 475 6.163
22.0 450 6.109
25.1 450 6.109
28.1 415 6.028
3l.1 410 6.016
34.0 400 5,991
37.0 395 5.979
40.C 395 5.9719
43.0 390 5.966
46.0 380 5.940
49.0 380 5.940
52.0 355 5.872
55.1 350 5.858
58.1 355 5.672
61.1 335 5.814
64.2 325 5,784
67.1 335 5.814
70.2 310 5.737
73.0 305 S5.720
79.0 295 5.687
82,0 300 5.704
88.0 290 5.670
91.0 265 5.580

SEMNNNNNNEHHFHHHHI—HI-
WOV S WMNEOOYDLOUNaWN=OWEO=U & W RN



STATISTICAL ANALYSIS FOR CHANNEL 1
RARAARARANA RARKANER ARA ANRAARARAN

Source Df SS HS. F
ANARRA A& ARAAR (2321 AANRARAR
Regression 1 1.485 1.485 168. 494
Residual 27 .238 .009

Total 28 1.723

INTERCEPT= 6.15664060434
GRADIENT= -8.69332v35276E-03

Ventilation rate is .522 air changes per hour



Run—-BO2RO4
Location-Stag Induetrial Estote, COVENTRY
Gae—-5F6 :
G Date-17/3/82

Charmel No. I

Ventilation rote ie .522 o.c.h.

L " 1 i 1 i 1

=] 22 Y-} sB2 =]~ 12e
Time(Minutes )




BO2 ROS

" Date: 18th March, 1983.
Time: 1100 hours to 1230 hours
Tracer Gas: Sulphur Hexaflouride

External Conditions:

Time Windspeed (m/s) Temperature (OC)
1100 hrs 6.7 6.9
1200 hrs 4.6 6.7
1300 hrs - 4.11 7.2

Wind direction: west north west

Internal Conditions:

“air velocity 0
temperature 7

Gas Release:

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 BO2 RO3.

l
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RkdhAkddddRARAANAR RSN RRREAAN AR RARER

ANALYSIS OF FACTORY VENTILATION RATES
RAAR ARG AR AN AR AR AR ARARARARARARARAAAR

Experimental run number: BO2R05
Location: Stag Industrial Estate,COVENTRY
Date: 18/3/82 T=Time in minutes.
Tracer gas: SF6 C=Concentration (arbitrary units)
Inc=Natural log of concentration.

TABLE OF RESULTS
ARAAR AR RAAARRS

Data

Pt. Channel 1
11131 T La st it ditdlids]
T C InC
1 2.7 920 6.824
2 6.9 784 6.664
3 10.2 755 6.627
4 13.4 775 6.653
5 16.4 780 6.659
6 19.4 750 6.620
7 24.9 620 6.430
[°) Jl.1 595 6.389
g 37.2 545 6.301
10 43.1 530 &.273
11 49.0 425 6.052
12 55.3 495 6.205
13 6l1.2 400 5.991

14 67.2 405 6.004
15 73.4 385 5.953
16 79.2 355 5.u72
17 85.2 290 5.670
18 91,2 295 5.687 “«



STATISTICAL ANALYSIS FOR CHANNEL 1
RRRAAAARARN RAAAAARE ARA ARAANNAAARAD

Source Df
RAANAR L]
Regression 1
Residual 16
Total 17

INTERCEPT= 6.79018795154
GRADIENT= -1,232407206126-02

Ss

1 11214

2.143

2.210

MS
Yy

2.143
.004

Ventilation rate is .739 air changes per hour

F

hARARAN

512,625

—
|
]
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S,

L.~ C

Run—-BO2RES
Location-Stag Incduetrial Letote, COVENTRY
Goe~S5F6
Date-18/3/82
Charnmel No. 1

Ventilation rote ie .739 @.c.h.

1 A 1 " 1 L i 1

28

a@ sa sa2 122
Timed(Minutes )




BO2 RO6
© Date: 17th March, 1982,
Time: 1110 hours to 1340 hours

Tracer Gas: Nitrous Oxide

External Conditions:

Time Windspeed (m/s) Temperature (OC)
1100 hrs 5.1 7.3
1200 hrs 7.2 7.5
1300 hrs 4.6 6.8
1400 hrs 6.2 6.8

Wind Direction: west

-

Internal Conditions:

air velocity: 0.01 to 0.36 m/s
temperature: 7.5 to 8.5 C

Gas Release:

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. >

18,763

. .
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ARARARESAARRAR AR A AR AR SR RS AR ARANRAARAS
ANALYSIS OF FACTORY VENTILATION RATES

thdkddddbdddddakdanddddhbadddtdddRdOd

Experimental run number: BO2R06
Location: Stag Industrial Estate, COVENTRY
Date: 17/3/82 T=Time in minutes.
Tracer gas: N20 C=Concentration (arbitrary units)
Lnc=Natural log of concentration.

TABLE OF RESULTS
ARAEE BE ARAARER

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

hhhk dkkhdARdkAdARAdAddd dAdddddddddddddddad AdaddddARNARARAARARE GadddddddddAddddddR AdRdddRdAddRRARARRS

T C InC T C InC T C InC T c LnC T C InC
Ly, 0.0 915 6.819 2,0 873 6.772 3.0 602 6.400 4.0 895 6.797 5.0 903 6.806
2 6.0 827 6.718 8.0 708 6.562 9.0 617 6.425 10.0 865 6.763 11,0 698 6.548
3 12.0 612 6.417 14.0 648 6.474 15.0 717 6.575 16.0 795 6.678 17.0 783 6.663
4 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 30.0 623 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 44.0 482 6.178 45.0 438 6.082 46.0 580 6.363 47.0 487 o6.l88
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 64.0 458 6.127 65.0 380 5.940
66,0 343 5,838 68.0 353 5.866 69.0 205 5,323 70.0 423 6.047 71.0 390 5.966
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
76.0 238 5.472 80.0 328 5.793 81.0 250 5.521 82.0 303 5.714 B3.0 280 5.635
4.0 238 5.472 ©86.0 284 5.649 87.0 223 5.407 88.0 273 5.609 89.0 187 5.231
90.0 196 5.278 92.0 278 5.628 93.0 212 5,357 94.0 230 5.438 95.0 203 5.313
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

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
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
114.0 120 4.787 116.0 170 5.136 117.0 140 4.942 118.0 155 5.043 119.0 120 4.787
120,0 110 4.700 122,0 149 - 5.004 123,0 133 4.890 124.0 133 4.890 125.0 127 4.844
126.0 96 4.564

B RS B bt bt s o ot et et ot
N-CODwNOUNaWN



STATISTICAL AMALYS1S FOR Ol

SEETNERSSEE S.AERENE SRS SRSTRERERS

Source ot A5 S
LLd " Ll L Ll hiad sl
Regreasion 1 10,287 10.257
Pesidual 2 - J017
Total a 10.605

INTERCEPT= 6.90568407151
GRADIENT= =1.79377451791E=02

Ventilstion cate is 1.076 air changes per hour

STATISTICAL AMALYSIS FOR CHAMEL 2
T

Source :

swavee L L] tevan L 113
Pegreasion 1 5.001 5.001
Mesidual 19 L4 «007
Total E 5.135

INTERCEPT= 6.76627851211
GRADLENT= =1.343148537198-02

Ventilacion cate is .806 air changes par houx

STATISTICAL AMALYSIS POR CHANMEL
e

Fource of a5 L]
assnee - aae L)
Tegreasion 1 5.415 5.415
Reaidual 19 «B17 +043
Tocal 0 6.232

INTERCEPT= 6.6351164551
GRADLENT= -1.3°T72184%49-02

Ventilation race is .835 air changes pet hour

STATISTICAL AMALYEIS FOR CHAMMNEL 4
Ll

Soures of 55 5
sranes - L ] Ll 1]
Pegresmion 1 T.169 7.169
Mesidual 19 «233 «012
Tocal 0 7.403

INTERCEPT= 7,01002363415
GMADIENT= =1,60821175299€-02

Ventilation race is .95 air changes per hour

STATISTICAL ANALYSLS FOR CHANMEL S
e

Source of &5 L]
il ] L L] rvene eTEe
Begresaion 1 8,303 8.30)
Masidual 19 407 02
Total 20 8.709

INTERCEPT= 7.01148411472
GRADIENT= -1.7306673682652-02

Ventilation cate is 1.038 air changes per hour

STATLSTICAL MNALYSIS = ALL CHAMNELS

of M5
wrnnen " resnn e
Pegraasion | 35.600 35,600
Pesidual
104 WO
3. 306 .032
Total 105 38.906

INTERCEFT= 6.8660917J001
GRADIEMI® -1, 57655746051E=02

Ventilation rete is .547 alr changes per nour

589.697

708.489

125.974

583.843

388,046

r
T

1120.054



Run—-B02RTE
Location-Stag Induetrial Letote, COVENTRY

Goe-N20
7 r Oote-17/3/82
i Charnrnel No. l
5.5 |
E -
S
S.5 |
S -
4.5 |
Vermtilaotion rote te 1. 078 a.c.h.
e ! : 1 i i . 1 i i i !
a2 2 42 B2 sa 122 122
Time(Minutes )
Run—-B82ROE
Location=Stag [nduetrial Lstaote, COVENTRY
Gaoe-N20
e m Oate-17/3/82
* Chanrnel No. 2

i

Verntilation rote is .80 a. c.h.

1 A 1 L 1 A I = 1 e 1

=] 28 42 ==} =1~} 1ee 122

Time(Minutes )




Run—B02RO6
Location=5tag Induetrial Eetate, COVENTRY
Gos-N20O
Oote-17/3/82
Chonrnel No. 3

a.s |
Vemtilation rote ie .839 a.c.h.
& A 1 " 1 i L A 1 i 1 L 1
=] 2@ a2 E@ 8@ 192 12@
Time(Minutes)
Run=-B82RIE
Location=Stag [nduvetrial Estate, COVENTRY
Goe-N20O
& ODate~17/3/82
¥ Chornnel No. 4
BE.5
5 -
L C
5.5
S -
4.5
Ventilation rote is .8955 a.c.h.
4 M [ i [ M L i L " 1 " 1
=] ze 4@ s2 se 129 122

Timed(Minutes)




L. C

Run—-B02R26
Locotion-Stag Induvetrial Letate, COVENTRY
Goe-N20
Dote-17/3/82
Charrmel No. 5

Ventilation rote ie l. 838 a. c. h.

1 A 1 i 1 s 1 " 1 i |

z2e 42 @ B2 122 122
Time(Minutes )




Concentration

1228

raa

See

423

e 1= ]

122

Rurn—-BE82REE
Locetion=Stag [ndustrial Estots,
Gas=N20
Date—-17/3/82

L}

COVENTRY

i i A ORI SO | DN SN AN W [
12 2e e 42 52 =] -2 e@ |8 182

Timel(Minutes )

e

FRE S A N L Pl B L 0 i ot TRASR TR Sl e it i, B [t 0

LLn Concentration

Run-B8zRIE

Location—Stag [lndustrial Estats,
Gas-NZ0
Date-17/3/82

947 a. c. A.

Av. vemtilaotiorn rate is

1 e

COVENTRY

s L R e Sy Tt TR | A 1 A | "
1e 22 32 42 sS@ B2 | =~ |8 122

Time(Minutes )




fa

Building BO3
Abbey School Sports Hall, Kenilworth.

Plywood d \.k n
g#ﬂgc} foné! gr;ggped with 3 layers brtuminised

N LY
Space deck root
' ; ] Filon sheeting
?2{505,000

SECTION THRO' A-A'

> S—
3060x 3,000 Sliding
door
' YEI‘*ICOI Soarding
“ il I 1
33,230
SPORTS HALL )
| W
.f’f.‘gOm timber
YR O BoiR8E P B
Hgh level filon sheeting Skin
2m deep on side walls :
H ! %Eexl%gpksupport'mg

3,060 x 3000 Siiding
jf door

17,490

- [

_‘}_—. -_—



BO3 ROl
Date: 25th October, 1982
Time: 1300 hours to 1500 hours

Tracer Gas: Sulphur Hexaflouride

External Conditions:

Time ' Windspeed (m/s) Temperature (OC)
1300 hrs zero 12.2
1400 hrs 2 m/8s 12.0
1500 hrs zero 12.3

Wind Direction: at 1400 hours: south

Internal Conditions:

air velocity: 0.32 to 0.08 m/s
temperature: 15°C

Gas Release:

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

Sample Positions:

As shown on plan.

'
i 3060 3,000 Sliding
sy doOr

V7 GAS RELEASE PoN
33220
SPORTS HALL
®
CHaNNEL § 20m  (HawwEl 2 2 e

W el filon sheeting
dawp on side walls

x g&'m‘“mnq

| 2080x 3000 Siiding
’dw

S L




Experimental run nusbers BO3RO1
Locations Abbey Sports Hall, KENILWORTH
Date: 25/10/82

Data
Pt.

w ® -~ [ J w - [ N e

- e e e e e b e e
L (-] - (] w - W ~ L —

Tracer gas: SFé

ftdes A0 SddddAe

TeTime in minutes.
C=Concentration (arbitrary units)
Lncetlatural log of concentration,

Channel 1 Channel 2 Channel 3 Charnel 4 Channel 5 Channel 6

T C inC T C LnC T C LnC T C LnC T C InC T C InC

1.2 809 6.696 2,7 796 6.680 © 4.2 026 6.717 $.6 1100 7.003 2.4 957 6.864 6.0 901 6.804
10.3 902 6.005 11,7 912 6.016 13.6 899 6.801 14.7 862 6.759 15.6 890 6.791 16.7 900 6.802
12,7 09 6.791 18.7 848 6.743 19.7 836 6.729 20.6 741 6.608 21.6 BO0 6.685 22.6 605 6.691
23,7 835 6.727 24.6 835 6.727 25.6 809 6.696 26.6 S78 6.360 27.6 668 6.504 28.6 698 6.548
29.6 7680 6.64¢ 30.6 7248 6.617 31.6 768 .6.6“ 32.6 582 6.366 33.6 546 6.303 34.6 505 6.225
35.6 708 6.562 36.6 590 6.380 37.6 SS5 6.319 38.6 522 6.2580 39.7 S60 6.363 40.6 690 6.537
41.6 626 6.439 42.6 606 6.407 43.6 540 6.292 44.6 600 §6.397 45.6 569 6.344 46.6 633 6.450
47.6 589 6.378 48.6 589 6.370 49.5 554 6.317 S0.7 663 6.497 S51.7 598 6.394 52.7 607 6.409
53.7 584 6.370 54.7 580 6.363 55.6 620 6.430 S56.6 512 6.230 S57.6 495 6.205 S8.7 532 6.277
59.6 578 6.360 60.7 586 6.373 61.6 592 6.384 62.6 583 6.368 63.6 591 ' 6.282 4.6 601 6.399
65.6 564 6.335 66.6 500 6.215 67.6 499 6.213 8.6 531 6.275 69.6 - 492 6.198 0.6 450 6.109
71.6 507 6.229 72.7 490 6.194 73.7 496 6.207 4.6 348 5.852 75.6 400 5.991 76.6 35 5.927
77.6 504 6.223 8.6 555 6.319 79.6 347 S5.849 60.6 388 S5.961 61.6 407 6.009 62.6 360 5.886
83.6 470 6.153 84.6 472 6.157 05.6 320 5.768 86.6 375 S5.927 8.6 352 5.864 88.6 3I6? 5.905
89.6 401 5.99¢ 90.6 342 5.035 91.6 285 5.652 92.6 362 5,892 93.6 342 5.835 94.6 351 5.86)
95,6 358 5.881 96.6 358 5.881 97.6 307 5.727 98.6 347 5.849 99.6 322 5.775 100.6 326 5.787
101.6 335 5.814 102.6 350 5.850 103.6 330 S5.799 104.6 304 S.717 105.7 314 5.749 106.6 342 5.835
107.7 325 S.764 108.7 361 5.889 109.7 321 5.771 110.7 298 5.697 111.7 365 5.900 112.7 296 5.6%0
113.7 32¢ 5.781 114.7 361 5.889 115.7 282 5.642 116.7 300 S5.704 117.7 316 S5.756 118.7 306 5.724



STATISTICAL AMALYSIS FOR Cuweml 1

our ce -3 5 "
reweee Lid R il rves
gt etmLen 1 036 .00
Ll Y 17 NI «005
Totald i 2.138

INTERCEPT= 6. BPALEMLTST
EADIIT =9, 042101401 0-00

Vencilacion rate s 589 air chenpes poc Boax

Source of 55 -
Laaiaad - L] meEe
Pgree.on 1 1.7120 1.T20
Pl ichasal 17 « 168 «0le
Total 1] L0

INTERCEPT= 6. O4bS6 700650
@RADLEMT= ~§.01319541L148~00

vencilation cace is .542 air coeages par bBowr

Soutce of g L]
revee - v e
Regression 1 .67 s
P chan | n 302 L7
Total n .91

INTERCEFT= 4. 90)544 12921
GRADLENT= =, L3L417049478~02

Ventilation rate is 679 alr chenges por D

Boutce of & L
"eeee - e Ll 1]

1 L1855 285
medml 17 .0 a7
Total it} .56

GRADIENT= =, 01019007047

Wencilation cate i8 624 air chespes puc heur

Bsurcs ot - Ll
hadad s d - e reres
Byression 1 054 0%
Beeidusl 17 A0 «GL
Total bt ] Lin

INTERCEPT® §.83718432229

@ADTENT -9.541132539522-0]

Wentilstion cacte is 386 air Chenges puc bowx

Bourca ot L] -
Laaisll - wses L asd
[T 1 a7 317
[ 17 LAl «012
Tocal s 3.

INTERCEPT . M570196)T2
GRADLENT= =1.057444712048~G1

Ventilation rate L8 .6 alr changes per hour

SIATISTICAL MALYSLS ~ ALL CMMOELE
e

Source ot B Lod
Ladaadl - reas Lol g
Beyrass.on 1 11.13% 13,135
U2 mo

.48 «01
Total w 14,57

DFTERCEFT= 6. 87091630337
TADIENT® =i.0216)5401348~032

Ventilation rate is L6L) alf changes PET MO

r
snvwers

176,51

174,946

161.610

13316

1023.155



Run-B83R87
Locotion-Abbey Sporte Hall, KENILWORTH

Gas=5F5
Ll g Dote-25/10/62
Chanrnel No. [
5.5 P
B -
k=i
s.s |
5 -
.5 |
Vermtilaotion rate is .589 a.c.h.
4 1 " 1 A L e - " — I L
2 2 42 ==] B@ 122 122
Timed(Minutes)
Run—-E03R81
Locotion-Abbey Sporte Holl, KENILWORTH
Goe~5F6
L Date-25/18/82
Chornel! No. 2
5.5
B
L C
B3 P
s |-
4.5 -

Ventilotion rote ie .542 a.c.h.

1 i 1 s 1 A 1 L | s 1

=] 2e J 42 =3 =] =3~ 128 122

Time (Minutes )




LnC

Run=B23RE1
Location-Abbey Sports Hall, KENILWORTH
Goe-SFE '
Dote-25/18/62
Charnel Neo. 3

Verntilotion raote ie .679 a.c.h.

1 L 1 A 1 M 1 i L i 1

22 a2 =] =]~ 1292 122
Timed(Minutes)

LermC

Run-883R81
Locotion-Abbey Sporte Holl, KENILWORTH
Gae—SFE
Dote-25/18/62
Charnnel No. 4

Ventilation rote ise .624 c.c.h.

1 M 1 M 1 s ] i i} " 1

2 2 4 =1~} se 1ee 12

Timed(Minutes )




Run=-B23R21
Locotion-Abbey Sporte Hall, KENILWORTH

Goe=5F6
o Oote-25/18/62
! - Charnrnel Ne. S5
i
B.5 [
| = i
| L C
5.5 P
5 -
4.5 P
Vemntilation rote ia .595 ac.c.h.
4 " [ L 1 i 1 i =B " 1 M 1
2 22 4 B2 [=]~=] 122 122
J Timed(Minutes
Rum—-B83R81
Location-Abbey Sports Hall, KENILWORTH
Gaoe~5F6
&y Oote-25/10/82
Charnnel No. &
8.5
s b
Lo S -
5.5 P
5 =
4.5 F
Ventilatien rote is .634 a c. h.
4 1 " L A L M 1 4 [ M 1
2 2 42 s2 == 122 122

Timed(Minutes )




Concentration

1222

11@2e

1228

s|s2e

s2e

7ea

=g = 1~]

sS2e

42

Ige

220

128

Rum=BB83R31
Location-Abbey Sports Hall., KENILWORTH
Gaos—=S5FE
ODate-25/18/82

N Y 1 A 1 A 1 A | T U PR SU i I [
32 4 sSe ==} e ae =N i1ge 11

Time(Minutes )

Ln Concentration

Av.

b

Run-B83Ra871
Location-Abbey Sports Hall, HENILWORTH
Gas~5SF6
Oote~25/18/82

ventilotion rate is . 613 a. e. A

! i R S |

12

2e

! . U 1 A Ll i i .
22 42 s B2 rea 8@ =1~} 128 112

Time(Minutes)




BO3 RO2

Date: 26th October, 1682
Time: 0930 hours to 1040 hours

Tracer Gas: Sulphur Hexaflouride

External Conditions:

Time Windspeed (m/8) Temperature (OC)
0900 hrs 6.7 13.4
1000 hrs 7.2 13.8
1100 hrs 5.7 14.4

Wind Direction: south south west

Internal Conditions:

air velocity: 0.01 to 3.10 m/s
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.

| 3080x 3,000 Sliding
1| door

ga;,g;zéﬁwf PoINT

Vartical Soord
e skm

33280
SPORTS HALL

® @ a—
CHANNEL, 5~ 20w (Hawméd R 20 %h
Y e o e wals”

N 20x 230 supporting

3060 x 3000 Siiding
door

® @
CHANNEL, & 2O0m  CHAWNEL [




Experimental run number: BO3IR02
Location: Abbey Sports Hall, KENILWORTH
Dat=s 26/10/82

Data
RI

addkd

u [ 4 (™ (8] -

o

Tracer gas: SFé

Channel 1
SeAasRRaatdnaRtAnd
T Cc InC

.9 987 6.895
11.3 624 6.436
19.0 386 5.956
27.0 201 5.303
34.7 122 4.804
42.6 62 4.127
50.3 J6 3.584

200000000000 0080000000000000000RR00R0
PACTORY VENTILATION RATES

ttdkdddddddddadbdtdddndddddddadtdddnd

ANALYS1S OF

InC
6.886
6.368
5.855
5.209
4.443

3.892

Channel 2
shddddddddddtataddd

T C

2.4 978
12,7 583
20.3 349
28,3 183
36.0 85
43.9 49
51.4 26

3.258

Channel 3

OF RESULTS
taadt A8 Addeded

shddddRddddRnabAthd

T

4.2
14.0
21.6
29.6
37.4
45.1
5236

C
677
394
289
116

81

27

21

LnC
6.518
5.976
5.666
4.754
4.394
3.296
3.045

TeTime in minutes.
C=Concentration (arbitrary units)
Lnc=Natural log of concentration.

Channel 4

tkbdadptdddbddtddad

T C LnC

5.8 655 6.485
15.2 448 6.105
22,9 266 5.583
30.8 118 4.771
38.6 73 4.290
46.2 37 3.611
53.9 20 2,996

LnC
6.524
5.938
5.517
4.828
4.220

3.584

Channel S
dhnddddddddondatadd
T C
7.3 681
16.5 379
24.3 249
32.1 125
40.0 68
472.5 36
55.1 21

3.045

Channel 6
SREASASINVAANEIRANS
T C InC

9.4 630 6.446
17.7 410 6.016
25.6 218 5.384
33.3 136 4.913
41.3 68 4.220
48.9 38 3.638
56.5 24 3.178



SIPSTIFTICAL MBLMAIS FOR OMSSEL 1

ATt DOSAGND CEY  SROCTROong

Saen e - -
owvTEd - Ll Laaal
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Dpousbemd ] =103 -3
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] -3 = -
EREELy - OB ey
EngTEL 1 2.637 .67
Bt E «0dl 3
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ETLITICA, TN MR OREE, 6

SRR PTGl Il

D e - -

AERIEEA - i Radand
Desgroasioe 1 [ -] B2
oot} ] Jal 28
ol [ [® ]

SRTLRIOL AMRLFEIN - ML CheebmNLE

ESESSCTE Gt R CRETTESS

[ ebed of = -
BEowRS - G oy
Teguemen 1 .19 3.119
Bgbdun) - 1.148 a9
Tatad a 6. 204

Semtiletion e A8 4433 alr chenges par e
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Rurm—B83R82
Locotion-Abbey Sports Hall, KENILWORTH
Gaos-5F6

Pa Date-26/10/82
Charnel! No.
C s.
0
P
o L
t
P -
C
0
0 4 . L
C
0 -
U
= L
C
_I b=
s, i Ventilotion rote is 4. 145 a.c. A.
A 1 M [ " 1 M L A | " ]
2 12 2 32 <43 52 B2
Timel(Minutes )
Rurn-B83R22
Location=Abbey Sports Hall, KENILWORTH
Gas~S5F6
et Date-26/10/82
Chornnel No. 2
C 5.
0
P
s A
L
p -
C
0
0 4.
C
0 -
U
3.
C
_! _
2. I Ventilation rote is 4. 58] a.c. h.

| A 1 1 L L i ]

T . ; 1 .
= 12 2. e 4 se =3~

Time(Minutes )




Run—-B83R02
Location-Abbey Sports Hall, KENILWORTH
Gas~5F6
Dote-26/18/82
Chorrnel No. 3

& 5.
0
P
ﬂ 5.
C
P
C
0
U .
C
0
U
I
C
ol
2. Ventilotion rote is 4.572 o.c. h.
1 " 1 " [ " 1 i 1 ]
12 22 32 42 s2 =§ =]
Timed(Minutes )
Run—-B883R82
Locotion-Abbey Sports Hall, KENILWORTH
Gos—5F6
L Oate-26/10/82 .
Charrel No. 4
£ 5.
0
P
m ='s
L
P
L
0
0 .
c
0
U
3.
C
o
s Ventilotion rote is 4.51/4 a.c. h.
i E i 1 A 1 " L " 1 1
12 22 i ] 42 S2

Time(Minutes )




Run=EB83R82
Location-Abbey Sports Hall, KENILWORTH

Timel(Mimnutes)

Gas—-SFE
s Dote-26/18/62 |I
> Charnnel! No. 5
C 5.5
0
. & L .
P |
o At !
L 1
;. a
0 Z
0 4.5 |
C i
0 a4 | l
) .
3.5 |
C. !
8 3 = |
2. Ventilation rote ie 4. 456 a. c. h. !
2 1 i 1 i 1 " 1 L J ‘|
2 12 2 32 42 Se B2 '
Timel(Minutes
Run—-B83R82
Location-Abbey Sports Hall, KENILWORTH
Goe-5F6
Tud Dote-26/18/82
- Charned No. &
C 6.5 |
0
e E L
P
o — P - b
&8
t st
i}
0 4.5
C
0 < T 1
0]
= o] b
C
| a2 L
2.5 } Ventilation raote is 4.299 a.c. A.
a L " 1 L 1 " [ 1 1
2 12 2 32 492 S5 B@




Run—B83R22
Locotion-Abbey Sperts Hall, KENILWORTH
Gas—5F6
Date-26/18/82

1ee2 -, |
sS2a -
eaga ~
¢ 0@ -
0 i . & i
- seo | ]
P
.
P 5
c 422 e
()] -
0 3age E
C i3 -]
0 o
U Eﬂ ™~ e -
1ee o B :
I T e o
e I g A 1 b g o il R I
2 12 2 I 42 sSe B2
Time(Minutes )
Run—BB3IRGE
Location—-Abbey Sports Hall, KENILWORTH
Gas—-5F6
Date~-26-18/82
a p—
7.5
C
0
£
]
L
P
C
0
0
c
0
U
C
il
i Av. ventilatiorn rate is 4. 4237 a.c.h.
2 = . sl i : 1 , 1
12 2 2 42 =] =} (=4~

Timel(Minutes )




BO3 RO3

Date: 26th October, 1982

Time: 1055 hours to 1200 hours
Tracer Gas: Sulphur Hexaflouride

External Conditions:

Time Windspeed (m/s) Temperature (°C)
1100 hrs 5.7 14.4
1200 hrs 7.7 15.4

Wind Direction: south south west

Internal Conditions:

air velocity: 0.01 to 8.10 m/s
temperature: 14 to 15°C

4

Gas Release:

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

Sample Positions:

As shown on plan.

| 2080x 3000 Siiding
3 2’”' door

L o : !
. 1
T”X
LT GAS ReEwkASE PoNT
Yot

33280
S SPORTS HALL

L @ "
CHANNEL § 2.0m CHANAEL 2 & Ormm limbvar.

'
vl filon shweetirg =
2m desp an side walls

i ZDx 290 supporting

3,060 x 3000 Sliding
| door

e ®
CHANNEL & R-0m  CHANNEL /1 2.




Experimental run number: BO3RO3

Data
Pt.

o w L 3 w L] Ld

Location: Abbey School Sports Hall, KENILWORIH.

Date: 26/10/82
Tracer gas: SFé

Channel 1
SEERARAARAARRARANER
T C InC

.7 1296 7.167
9.2 759 6.632
16,8 442 6.091
23.9 255 5.541
31.3 151 5.017
39.2 98 4.585
47.5 48 3.871

ehddddRadddddhdddaddnddddndddadddRddd

ANALYSIS OF FACTORY VENTILATION RATES
SEARASARARAAARRAARARARARARARRARARARRR

Channel 2
RREAARARAARAAAARAAD
T C InC

2.0 1011 6.919
10,6 537 6.286
186.0 360 5.886
25,2 200 5.298
32,5 113 4727
40.4 0 4.2
48.9 38 3.638

TABLE OF RESULTS
Rdkdd A8 dddRddR

Channel 3
ARRREARERRARARR AN NS
T C LnC

3.5 730 6.593
11.86 408 6.011
19.1 264 5.576
26.4 128 4.852
33,8 82 4.407
42.0 46 3.829
50,1 23 3.135

T=Time in minutes.
C=Concentration (arbitrary units)
Inc=Natural log of concentration.

Channel 4
SRAAARSAAARAARERARS
T (o InC

5.1 784 6.664
13,0 434 6.073
20.3 306 5.724
27.6 182 5.204
35.2 100 4.605
43.4 43 3.761
51.4 27 3.296

Channel 5
ShASARRSASAARASAANR
T C LnC

6.6 772 6.649
14.3 432 6.068
21,5 250 5.521
28.8 137 4.920
36.6 B84 4.431
4.8 41 3.74
52.6 23 3,135

Channel 6

ahdddkddbdddhadddAd

T C InC

8.0 778 6.657
15.5 459 6.129
22,8 268 5,591
30.0 151 5.017
37.9 88 4.477
46.1 54 3.989
54.0 25 3.219



-
- & - vosss
reasion 1 8.0 5.00
:5“1 5 <014 «003
Tocal 6 6.102

INTERCEPT= 1.24502493176
GRADLENT= =7.004812048618-02

vencilacion rats is 4.20) sir chenges s hour

STATISTICAL AMALY>ls FUk Cwbibl 1 ’
]

e I.!. 55 L]
g raasLOn 1 [ 19 ] 8120
nELcws | ] L0l2 -002
Total 6 .2

INTERCEFT> 7.06440310093
GADIENT= -7.017030084008~02

vancilacien rate LS 4.210 air chempes PR B

Bomar 9 - 4 - L2
wweves - el sl
ey rm Lem 1 .00 .00
B | 5 «023 +005
WAl 1] .004

LNTERCEPT= 6. B088129123
CMOLIBITe =], 4017261534208~

Vencilacion rets is 4.4l alr chenges par B

s | 4 - L]
T - e el
TR 1 5.1 .M
s b ] a7l «0ld
aal 9. 004

DEERCEFTe 7. 11703671008
=7, ML TR0

Vescilstion rets Ls 4.404 alr coempes par b

ERTISTICAL ASMLESLS FCR CResER

O SO Grn (R

L L] ] = -

R emnaad L] el T
.30 .50

m_ ] 807 A8

Tl & 9.500

ISTENCEPT= 71.15760417206
=7, 6200871500043

wenilstien raae is .00 air ehesges pue bewr

FTISTICAL MRLYELS POR OSREL §

ST PreToTie  OUY e eTTeDY

o] [ 3 - L]
e - et Eaaaad
Bomadalon 1 &85 6.0
D) s 021 <04
ol L3 LE

DEERCErT= 7, 2308682491
GO -7, J29]1 693 TIea-02

Wencilstion rate is 4.097 alr changes par hour

Smas o - -
BSERTD L] g [t
Enprasaion 1 w.u2 u.m2
Gmiidwn] “ 1.817 27
el a .00

DI -7,

mmilation cote Lo 4.307 air chempen por e

1394975
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j

Run—-B83RE83
Location~Abbey School Sporte Hall, KENILWORTH.

Time(Mimnutes)

Gas—-SFE 7
7am f Dote-26/18/82
= Charrnel No. 7
C &.S
0
2, s
P
o 5.3
O
¥ o L
C ™
1] -
U % .5 o
C
0 s T
U
2.5
C
—J 3 -
2.8 | Ventilotion rote ie 4. 283 a.c. .
L [ " 1 i 1 i - 1
% 8 10 zZo 32 Y- Se
Timel(Minutes _
Run-B23RE3
Location-Abbey School Sports Hall, KENILWORTH.
Goe~SFE
e T Oote-26/10/62
7 \ Charnnel No. 2
C s.s
0
- e L
P .\
0 .5
L
T st
m -
0 4.5
C
0 % B
U \
2.5
C
J 2 L
2. Verntilaotion rote ie 4.210 a.c. h.
2 i 1 4 L. 2 i i L !
2 12 2 2 42 L =]




Run—-B83R83

Locotion—Abbey School Sports Holl, KENILWORTH.

Gas—SF6
*=8 Dote-26/10/62
= | Charnel No.
€ 6.5 \\ ‘
0 \ |
+ e |
E 5.5 < !
: . 1
0 "y |
0 4.5 \
&
0 i
U
3.5 \
C -
i &0
2.5 |} Ventiloction rote is 4. 44] a.c. A
2 A 1 " =l =28 i 1 M 1 i J
2 12 =4 =] 3 42 52 B2
Time(Minutes )
Rumn=BE3RES
lLocation-Abbey School Sports Hall, KENILWORTH.
Gos~SFE
TR Oote-26/10/82
- \ Charnnel No. 4
SN
L B.5 \\
0 S
¥ ‘\,_\\
o 5.5 \“\
. b S
"E = - \
[} \‘x,-
0 4.5 .
c T,
0 4 L e
@)
2.5 ..
c s
J i L
2 & | Ventilation rote is 4. 435 a. c. A.
E L T | i L i 1 1 ]
12 2 32 “«2 52 (=4 =]

Timel(Minutes)




Timed(Minutes )

Run-B83R83 )
Location-Abbey School Sports Hall, KENILWORTA.
Gos-5F6
LRSI Oote-26/18/82
> Charnrnel No. 5
C 5.5 |
0
b ol s -
P
« .5 r
<
c st
0
U 4.5 o
C
0 - e
0]
3.3 -
C
J 3 L
2.5 Verntilaotion rote is 4. 580 a. c. A.
2 , L i 1 A 1 oz L § 1 i
2 12 2e 32 43 52 (=4 =]
Timed(Minutes )
Run=-B03RI3
Location-Abbey School Sporte Hall, KENILWORTH.
Gos—S5FE
Al ; Dote-26/10/82
= Charnnel No. &
C 5.5
0
© =]
")
o S.5
C
‘E -
0 S
0 4.5 F
C
0 < = ~
9]
3.5
C
= 2 F
2.5 | Ventilation rote is 4, 397 a.e. h.
a i o 12 i 1 i 1 . L M L ]
2 12 2 32 42 52 B2




Concentration

1322

1z2@0

1122

1eea

g 1]

422

1@e

Run—B83KRE83

Location-Abbey School Sports Hall, HENILWORTHA.

Las—=5F&
Date-26/18-82

=5 : 5 . Fy=

Timed(Minutes )

L.Lm Concentration

Av.

Run=B03RI3

Location-Abbey School Sports Hall, KENILWORTH.

Gos-SFE
Date-26/18-82

verntilation raote is 4.387 a.c.h.

12

1 i ! :
2 2L 42

Timed(Minutes )

sa




BO3 RO4

" Date: 26th October 1982
Time: 1440 hours to 1550 hours

Tracer Gas: Sulphur Hexaflouride

External Conditions:

Time Windspeed (m/s) Temperature (°C)
1400 hrs 8.7 14.3
1500 hrs 4.6 13.8
1600 hrs 4.1 13.8

Wind Direction: west south west

. Internal Conditions:

air velocity: 0.01 to 8.10 n/s
temperature: 14 to 15 C

Gas Release:

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.

s ———

33220
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Experimental run numbers BO3R04

Data
R.

L i i g

@ - o wn - w [ 8] -

Location: Abbey School Sports Hall, KENILWORTH

Date: 26/10/82
Tracer gass SF6

Channel 1
hhdhkbdhA A AR R AN
T C InC
1.1 1364 7.218
10.0 944 6.850
18.8 760 6.633
26.6 491 6.196
35.2 300 5.704
43.4 202 5.308
51.1 141 4.949
59.1 92 4.522

SRR AARAARAARARAARANERA0RRRARARAREAAS
ANALYSIS OF FACTORY VENTILATION RATES

wdkddddddddddddddnddadddddddadadaddid

Channel 2
ttdksdddddAddtRadaR
T C LnC
2.8 825 6.715
11.7 972 6.879
20.3 662 6.495
28.4 415 6.028
36.4 273 5.609
44.5 211 5.352
52.4 122 4.804
60.5 5 4.317

TABLE OF RESULTS
AeRAd AR ReAkdR

InC
6.628
6.640
5.932
5.768
5.298
4.828
4.382

Channel 3

tkdddddastttdddddnn

T C

4.3 756
13.2 765
2.7 M
29.9 320
37.8 200
46.2 125
53.5 80
61.9 55

4.007

TeTime in minutes.
C=Concentration (arbitrary units)
Lnc=Natural log of concentration.

Channel 4

fbtdddddddddddtdddadd

T

5.6
14.7
23.0
31.2
39.0
47.6
54.9
63.2

C
895
680
388
41
220
165
100

60

LnC
6.797
6.522
5.961
5.832
5.394
5.106
4.605
4.094

- Channel 5
SROAMRAEARAERAARARE
T C InC
7.2 1149 72,047
16.1 785 6.666
24.3 455 6.120
32,5 315 5.753
40.3 247 5.509
48.8 186 5.226
56.1 100 4.605
64.4 0 4.248

Channel 6
thdhdhddbdddddaddnd
T c InC

8.7 1100 7.003
17.5 817 6.706
25.7 564 6.335
33.8 349 5.855
42,0 238 5.472
49.9 179 5.187
57.3 103 4.635
65.8 75 4.317



Bourca -3 85 L r

L s il - Laad ol e lad resetes
BT ens Lo 1 b 409 b.409 46, 345
B Lo | & «45 «uDd

ToTal 1 6453

LFTERCEPT= 7. 17230926515
QRADLENT= =4, 727945) 044 M0-01

Venctilation rate is .07 auir chanpes pet hows

STATLSTICAL AMALXSLE FOR OWMBEL 2
el

St o -
Lad ] ey sores essavee
BT o Lo 1 5,085 5.685 120003
saicusl L] L =206 044
Tocal 1 S.0e
DITERCEST= 7. 1791521748
CAOIEMT" ~4.491128165768~02

ventilacion rats is 1455 air cnaeges poc e
FIATLSTICAL AMALYELS FOR CMGMEEL )

—or

Bouen o L] L r
et - it ] e Eaaadasd
PegremiLen i .62 6.6 06004
Bmaidam] L] «ddd <034
Total 7 6767
INTERCEFT> 7.06400073867
CRADLENTS =4, B60455020859~02

Wamtilacion rete is L30T air chespes por BOW
STATISTICAL AMALYSIS FOR CWAMMEL 4
[ ] - L] L] r
asenan -t ey e eoreeTe
fargz pmd1on ] 5,89 .03 0827
Brnidusl L] -7 015
Total S0l
INTERCEFT= 1. L297)415026
GRADIDNT =4, 5470281007628~02

Ventilation roce is 1.731 air cnemges per hewr
FIATIFTICAL AMALYELS FOR OaMdeEI 5
B o - s - r
svwny - e aree Radadd il
Byt emm i on 1 6405 . 405 56434
ameidual ] -l B
Tocal 7 6.470

INTERCEPT> 7. 00890208192
TRADLIMT= =4, B11L08406530-02

Vencilation rats 18 .087 air chenges par max

STATISTICAL MMLYBIS FOR CaMeEL &
e

Seurce - 4 ] L] r
wwasee s eviry . aeaes
Rogreaslon i bi6) 6. 46) 1164639
B idual 1 -an 004

Total 7 G4

INTERCEPT= 7.5112951104
GRADLDNT= =4, 84457

Ventilation rate 18 1.909 air changes pat hous

Souzcs o 85

eeewe -a e waaey rEARERE
egreasion 1 37.63% J7.429 1015.166
Imaidual “ 1.673 »

Towl 47 ».uz

INTERCEPTS 7. 27261974245
GRMADLENT= -, 046954110642

Ventilacion tate is 817 air changes per hour



Run—-B23R04
Locotion—Abbey School Sporte Hall., KENILWORTH

Time(Minutes )

[ Gae—-SF6
Lo I Dote-26/18/82
p B \ Charnel No. 1
[ C e.s "
7Y 0 =
o et
| P
0 5.5
.[ - L
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% ()]
[ 0 4.5 *
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U
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€
J 3 L
2.3 Ventsilation rote ie 2 837 a.c.h.
2 " 1 " 1_ n 1 i 1 2 L 1
e 12 22 3@ Y- se -}
Time(Minutes )
Run—-B03R04
! Location-Abbey School Sporte Holl, KENILWORTH
| Goe—-5F6
5 SR Dote-26/10/82
': = Charnrnel No. 2
c 6.5
0
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P
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i 0 4.5
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a.s Ventilation rote is 2. 595 a.c. h.
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Rurn—B85RG4

Location—Abbey School Sporte Hall, KENILWORTH
Goe=5FE
Dote~26/18/82
Fa 8 Charnrnal No. 3
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i
| C 6.5
0
- =]
P
0 L B
L
‘C’ s
0
0 4,5
C
0 4
U
3.5
C
Al 3
—— Vemtilation rote fe 2. 817 a. c. .
2 1 L " 1 g o e 1 A 1 ]
’ 12 22 e 42 52 [=1=] e
Time(Minutes 3
Run—EB03R04
Locotion=Abbey School Sporte Mall. KENILWORTH
Gos—=5FE
Dote-26/18/62
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-
C 6.5
0
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P
0 BeS
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C
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0 4.5
c -
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= o ¢
C
o 3
" Ventrilation rate is 2. 752 . c. A.
2 e 1 1 A : i ! e N 1 1 I
12 =4 =] Je 42 52 B2 2 :
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l.m Concentration

Run—-BO3R04
Location=Abbey School Sporte Hall, KENILWORTH
Gase—-5F6
Dote-25-18/82
Charnned No.S

Ventilation rote ie 2 887 a.c. h.
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i i A i
20 e 42 sa =1~ kgl -]

Time(Minmnutes )

LLn Concentration

Run—-BO83R04
Location—Abbey School Sporte Holl, KENILWORTH
Gae-5F8
Date-26/18/82
Charnnel No. &

Ventilatien raote is 2 G99 a.c. h.
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Concentration

1420

1322

122\

TLi1ea

1222

S22

a2

ER3

422

ey~ =]

192

LN R TR TR ST SR T

\ N |

Run-B83R84
Location-Abbey School! Sports Hall, KENILWORTH
Gas—5F6
Date—-26/18/82

z8

50 — , S5 e |- g e

Timel(Minutes )

LLm Concentration

Av.

Rurn—E83R84
Location—-Abbey School Sports Hall, HENILWORTH
Gas=-5F6
Date-26/18/82

ventilotion rote is & 817 c.c. h.
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A 1 i - =
32 42 se B2 e

Time(Minutes )




BO3 ROS5

Date: 26th October, 1982
Time: 1600 hours to 1700 hours
Tracer Gas: Sulphur Hexaflouride

External Conditions:

Time Windspeed (m/s) Temperature (°C)
1600 hrs A 4.1 13.8
1700 hrs 7.7 “ 12.9

Wind Direction: west south west

Internal Conditions:

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

Gas Release:

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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Experimental run numbers BOJR05

Data
RI

ahdd

o wn o ("% L8] L

10
11

Location: Abbey School Sports Hall, KENILWORTH

Tracer gas: SFé

Date: 26/10/82

Channel 1

dkkhdddddbtdddbaddd

7

1.3
10.7
19.3
28,3
36.8
44.6
52.4
60.2
67.5
74.7

81.9

C
915
1228
975
795
628
540
465
341
267
205
169

InC
6.819
+7.113
6.882
6.678
6.443
6.292
6.142
5.832
5.587
5.323

5.130

AAARARARARANAARRARARARRARANSRARARARAS
ANALYSIS OF FACTORY VENTILATION RATES

hhdbktddhbddddddddAdRddddaRARddaARARSd

Channel 2

(LI TR PSR T i dtslid]

7

2.7
12.2
20.8
29.8
38.2
46.0
53.7
6l.4
66.9
5.8

bi.1

C
1586
1016
1013

728
622
544
396
328
254
191
156

LnC
7.369
6.924
6.921
6.590
6.433
6.299
5.981
5.793
5.537
5.252
5.050

TABLE OF RESULTS
whdRd AR NhERARR

Channel 3
LiaLi P dd i dddld]]
T Cc InC
4.4 1283 7.157
13.6 963 6.870
22,5 671 6.509
31.4 695 ' 6.544
39.5 576 6.356
47.2 430 6.064
55.2 353 5.866
62.6 2088 5.663
70.1 214 5.366
77.0 175 5.165

84.2

148

4.997

T=Time in minutes.
C=Concentration (arbitrary units)
Lnc=Natural log of concentration.

Channel 4
hkddAdRdAARRARAGE AN
T C LnC
6.3 1361 7.216
15.1 1065 6.971
24,1 754 6,625
32.7 560 6.328
40.7 454 6.118
48.4 383 5.948
56.5 369 5.911
63.8 241 5.485
71.2 205 5.323
78.2 162 5.088
85.6 130 4.668

Channel S5

bk kbdtadtdAtAAdRR

T c LnC

7.9 1110 7.012
16.5 980 6.888
25.6 742 6.609
34.2 650 6.477
42,1 496 6.207
49.9 394  5.976
57.7 346 5.846
65.0 286 5.656
72.4 228 5.429
79.5 176 5.170
86.8 132 4.883

Channel 6

AhAkAAAAAAAAR AN RN

T C

9.5 1011
17.8 992
26.9 757
35.6 632
43.3 571
51.1 441
9.1 335
66.3 270
73.5 217
80.7 165
88.0 130

InC
6.919
6.900
6.629
6.449
6.347
6.089
5.814
5.598
5.360
5.106
4.868
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Rt ot L P
sgreasisn i i “in
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Total w UL

INTEFCEPT= 7. 2306574938
CRAOLEMT= =1 41076038360-02

Ventilation rats is 1,646 air chamges pac howx

o ol a8 L
ey - Eandd e aaad
Bpyresmion 1 Se 24 S.4n
BRe.iche ] 73 Rl
Total 10 S.a

INTERCEPT= 7, 00001565
=L TIITIIL9e-02

ventilation cate is 1.665 air chamgen pec BmE

STATLSTICAL AMALYSLS FOR CegmEL )

PESEETTA ST U FPEETY U CUMNERTRTES

o e of - -
o . e swwoo
B S b 1 4916 [% 1]
o il 9 074 «0o8
Total 0 L

INTRECEST= 1. 27008812409
QDL =, 6554411906400

WVentllation rate 18 1. 5% AiC Chaeges por bour

Bouros o [} "~

Ry . - eeee even

oyression 1 5.8 TSI

foaidual ] 083 0046
w .72

INTRRCEFT= 7.06167257718
@ADLINT= -3, 0891116693 28~02

Vencilacion rats s 1.71) air chespes par b

SOTISTIOWL MLYILS FOR ClMSEL 5
-

fSeurce o L] Ld
evewe - ey vees
By c esmLon 1 (M T LAl
Peaidusl ’ 042 -00s%
Total n .05

INTERCEFT= 7.31450156509
@ALIETS =, 66100461 7048-02

Ventilation rate Ls 1537 air changes pat howr

| ted - 3 - =
e - L] e
g e f.on 1 .08 4.943
macusl L] « 0 «011
Total 10 S.041

LNTERCEFT= 7. Mobbdidad 71

GRADIENT® =1.706475485818+02

Ventilation rate is 1.534 air crarpges per hour

i -3 5 L
Py - evee e
:i_i-! J iﬂ.ll: 30.245

A | B «a13
Yotal 45 3l.082

INTERCEPT= 1.115420%4619
SADITe -1, 7941082050 -02

Wearilscion race s 1.6l aif chasges per b

L33 e

649,911

80,137

976,976

1004,370



Run—-B83RE5 |
Location—Abbey School Sporte Hall, KENILWORTH
' Gas—=5FE
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Run-EE83RES
Location-Abbey School Sporte Hall., HKENILWORTH
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Dote-26/18/82
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0
- a L
P
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0
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C
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Run—-B03ROS
Location-Abbey School Sporte Hall, KENILNORTH

Gas—~SF&
Dote-26/18/82
7.5 Charrel No. I
7 b
F 6.5 \_
s
P . -
5 5.5 P ‘\
¥ LER s
q £ F :
0
0 4.5
C
0 4 r
U
3.8
C
| 2 |
2.5 Ventilotion rate ife I. 5565 a. c. h.
2 A [ i 1 M 1 i 1 " 1 M 1 " L i L L ]
2 12 22 I 42 S (=4 ~=] a2 B2 |2
Time(Minutes )
Run=-B83R05
Location-Abbey School Sporte Hall, KENILWORTH
Gas—-SFE
Date=26/18/82
7.5 \ Charnnel No. 4
4 -
& 6.5
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- & 'k \
P -
o 5.5
<
¢ st
0
0 4.5
C
0 4
0
3.5
C
J a3 -
=.= } Ventilation rate is 1.733 a.e. h.
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Concentration

Run=-EB83R85

Location-Abbey School Sports Holl, KENILWORTH

Gos~-S5F6

Date-26/18/82
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Run-B83RES
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B0O3 RO6
Date: 27th October, 1982,
Time: 1533 hours to 1708 hours

TracerGas: Sulphur Hexaflouride

External Conditions:

Time Windspeed (m/s) Temperature (OC)
1500 hrs 2.6 11.9
1600 hrs 2.1 11.2
1700 hrs 2.6 8.8

Wind Direction: south west

Internal Conditions:

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

Gas Release:

At position shown on plan without any artificial stirring.

Sample Positions:

As shown on plan.

Comment: These results are decay portion of run BO3 R09. Data point 1
of this run corresponds to-data point 5 of run BO3 ROS.
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Experimental run number: BO3R06

Data
“.

10

11

Location: Abbey School Sports Hall, KENILWORTH

Date: 27/10/82
‘fracer gass SFé

Channel 1

akAvAhdadAddAddhERRd

T
3i.3
42.6
51.0
59.5
68.8
77.5
85.5
93.8

101.8
110.7
113.5

C
1518
958
775
715
654
471
363
309
260
215
203

LnC
7.325
6.865
6.653
6.572
6.483

6.155

5.894.

5.733
5.561
5.3711
5.313

anddndddddandddddddddddddddaddaddRadd

ANALYSIS OF FACTORY VENTILATION RATES

eAdhddAddRARAAGRARARARAAASRARARAARRAY

Channel 2

abdddddddtk b Ahdddd

T
35.1
44.2
52.2
60.9
70.1
78.8
86.8
95.2

103.5
111.9
119.8

C

1322
1010

877
703
690
494
3N
290
251
220
205

LnC
7.187
6.918
6.777
6.555
6.537
6.203
5.916
5.670
5.525
5.394

5,323

TABLE OF RESULTS
ARRAA B0 ARARAAR

Channel 3
htbRbkhddd bRk h kAR
T C InC
36.8 1126 7.026
45.7 1000 6.908
53,6 908 6.811
62.6 761 6.635
71.8 680 6.522
80.1 518 6.250
88.3 407 6.009
9.4 317 5.759
104.9 270 5.598
113.2 260 5.561
121.5 229  5.434

T=Time in minutes.
C=Concentration (arbitrary units)
Lnc=Natural log of concentration.

Channel 4

hkkdddtdtadtddAndnd

T
38.3
47.1
55.0
64.1
73.4
81.6
89.9
97.8

106.2
114.6
122.9

C

980

831
778
649
648
478
391
34
285
250
219

LnC
6.808
6.723
6.657
6.475
6.474
6.170
5.969
5.6811
5.652
5.521

5.389

Channel 5
SARARARRRARMARNEAND
T Cc InC
39.6 1021 6.929
48.3 820 6.709
56.6 750 6.620
65.4 565 6.337
74.8 468 6.148
82.9 455 6.120
91.2 339 5.826
99.1 290 - 5.670
107.7 226 5.421
115.7 216 5.375
124.1 207 5.333

Channel 6
AARARARRRARARRARRRS
T C InC
41.2 962 6.869
49.7 791 6.673
57.9 720 6.579
"67.0 580 6.363
76.2 512 6.238
84.1 370 5.914
92.5 290 5.670
100.4 266 5.583
109.1 217 5.380
117.3 194 5.268
125.9 190 5.247



foxce L
Begresaion 1 4240
Essidusl 9 408

DTERCEPTe 7, MISLLILIAL
GRADIDMT= -3, 30870742001E-02

WVemtilation rate is l.J8d air chespes par bouw

out o ot b -
Laaaidd - Eaadal Liaaad

esnion 1 .1 (% -1
- ’ <087 “07
Tocal 10 .24

DITERCIPTe 7. Sbitd 15804
GRADI D= -1, J0F545186848~02

Wentilation rate is L2 air chaspes M hour

mmmuguu- ]

source of - -
La i l] - L] ey
magrassion 1 2.367 1.361
Smaidusl ’ ) +007
Total 10 3.423

INTERCEIT= 7. 8715TE0065]
DI BT -1.06391 729808801

Wentilation cate is L.240 alr champes per hew

Source ot L. L
resave - ewre ere
g ndson i 2 66d E
Empiduel L ] M3 -005
Total 1o 2.0

INTERCEFT= 1.64745360581
GMALIDNT= =1.40uny)989TE-00

Vetilacion rate s 1,104 air chanpes pat hous

[ ot = -
-soeve - Raaaad Ll
BERress Lo 1140 J.140
Bealdual ] <049 +003
Tocal o J.189

INTERCEPT= 7.69034741417
QADIEITS =1,999762255m-02

Ventilatien rate is 1.300 air chewpes per heax

SOILITION AMALYGLES FOR ChMmeEL &
C

Bourow of L] L
L] -e Laassl L ]
By £ amm Lan 1 J.042 J.643
Bemidual § <06l 007
ol i 1.506

INTERCERT= 7, 7314566242
@RADLENT= =1.090681283742~02

Wancilation tate 18 1.254 air chahpes per hour

FTATIOTICAL ANALYSIS = ALL CHMANMILE
e

Source -4 55 L
Laid il - v s
Iegresmion i .54 L4
P Ll L -850 «011
Total %] 2.4

INTEFCEFT= 7.a81981556424
GMADIDIT =1.1092929)1628-03

Wentilation rate is 1,266 aic chanmes per heur

471.103

%1587

$61.062

78,403

0.9

1973.471



Run—=B23RIE
Laogt.l'm;-dbboy School Sporte Hall., KENILWORTH
Goe=5F86
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Reun-883R86
Location-Abbey School Sports Holl, KENILWORTH

re
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B
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Run—-B83RI6
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S
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22 4 B2 82 122 122

T imed(Minutes D)




Reum=B83ROE
Location-Abbey School Sportse Hall, KENILWORTH
Gaoe—-5F6

*r Oote~22/18/82
Charnnei Ne. 5
5.5 P
E —
L C
5.5 P
o
4.5
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Run-883R085
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|
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9 A 1 " L " [ " 1 M 1 1

=] 2e ae Y= 8@ 122
Time(Minutes)
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Concentration

is@e
1522
1422
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12@ee
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=1 =1-]
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7ae
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420
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2ee

192

Run-B03R0E
Locotion—Abbey School Sports Hall, KENILWORTH
Gas=5F6
Date-27/18-82

Time(Minutes )

Concentration

Ln

Av.

Run-B03R865
Location-Abbey School Sports Hall. HENILWORTH
Gos~-5F6
Dote-27-/18/82

verntilotion rote s Il.2655 o.c.h.
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BO3 RO7

Date: 28th October 1982
Time: 1030 hours to 1215 hours

Tracer Gas: Sulphur hexaflouride

External Conditions:

Time Windspeed (m/s) Temperature
1000 hrs 3.6 8.0
1100 hrs 3.6 9.§
1200 hrs 4.6 11.8

Wind Direction: south

Internal Conditions:

air velocity: 0.0g to 0.06 m/s
temperature: 8.5°c at.1104-hrs
11.5°C at 1142 hrs

Gas Release:

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

Sample Positions:

As shown on plan. .
Comment: Position of heater is shown on the plan. These were both 3 EW.fan
assisted convg't_:_to:r heaters and they were switched. on.29 minutes into the:run.
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Experimental run number: BO3R07
Location: Abbey School Sports Hall,KENILWORTH

Dates 28/10/62

Data
Ptl

mn

Tracer gas: SFé

Channel 1

shskddddaddAdARRORS

T

«8
10.7
12.0
21.9
30.9
39.6
48.6
57.3

65.3

C

829
1093
1094
1027
7ol
696
474
41
206
131

InC
6.720
7.000
6.998
6.934
6.669
6.545
6.161
5.832
5.328
4.875

sddnstdnddddantddddddnddsadadddddande

ANALYSIS OF FACTORY VENTILATION RATES

dhtdatdddddddddadedddddaddddddtRanRd

Channel 2
whddddtdndddddddand
T C LnC
2.2 1352 17.209
13.9 1087 6.991
23.2 1034 6.941
J2.4 823 6.713
41.1 633 6.450
50.1 425 6.052
56.8 337 5.820
66.6 255 5.541
7532 210 5,347
87.7 111  4.710

TABLE OF RESULTS
shade A8 Sesdaas

LnC
7.175
6.749
6.880
6.738
6.518
6.146
5.989
5.489

5.204

Channel 3

LT yees

T C

3.6 1307
15.3 853
2¢.4 973
33.7 6844
42.7 677
51.5 467
60.0 399
67.8 242
76.5 182
§9.0 112

4.718

T=Time in minutes.
C=Concentration (arbitrary units)
Lnc=tatural log of concentration.

Channel 4

T

5.7
16.8
25.7
35.2
44.1
53.0
61.4
69.]
78.0
90.5

C
1263
787
662
488
279
297
203
149
89

101

InC
1.lii
6.668
6.495
6.190
5.631
5.694
5.313
5.004
4.489
4.615

Channel 5

thbshdtdddddddddded

T
2.5
18.1
27.0
36.6
45.8
54.3
62.7
70.7
79.3
91.7

C
694
820
641
474
353
283
204
138

98

41

LnC
6.542
6.709
6.463
6.161
5.6866
5.645
5.318
4.927
4.585
3.714

Channel 6

akhdddddbaddddbddnd

T

9.1
19.6
28.7
37.9
47.0
55.7
63.9
7.9
80.8
93.0

C

999
687
583
332
269
167
126
110

47

30

InC
6.907
6.532
6.368
5.805

" 5,595

5.118
4.836
4.700
3.850
3.401



SIRTISTICAL AMALYSLS FOR Qewes |
e

St v - Ll

aweres - Ladadd
RSy roanion 1 .09
s o] w 578
Total u 1. 48

DTERCEPTS 7.407 004736
L N

0.40
0%

wentilation rate 18 1.00 air cnampes pmr hou

=t
o [
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BTN 3
Boaidesl ) 426
Total 10 9.947

IFTERCEPT= 7.39213077074
@MDLENT= ~.0]2262916208

Wentilacion rate is 1.934 air champes pot ho

(] [ ] L
-aasee - Laaall
Peyreaaion 1 5004
S L en) ] .
Total 1 10.192
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Bource of =
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feparen
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Concentration

9 o

Run-B83RE7
Locotion—-Abbey School! Sports Hall, KENILWORTH
Los=5FE6
Dote-28/18.52
Charnel No. I

Ventilotion rote is 1. 898 a. c. A.

[l " 1 i 1 " 1 1 i L i L J

i | A I "
12 z2e 3@ 42 sSe (== 72 8 S 122

Time(Minutes )

Concentration

L.~

Run-Ba3RE7
Location—-Abbey School Sports Hall, KENILWORTH
Gas=5FE
Dote—-28/18/82
Chornnel No. 2

Ventil/ation rote Is [. 936 a. . A.

L L 1 " 1 i L L i 1 " 1
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8

A ! F 1 A
12 2 e <42 = =] s2 e se se
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Concentration

L.

e Charnel No. 3

Run-B83R87
Locotion-Abbey School Sports Hall, KENILWORTH
Gos—SF6
Dote-28/18/82

Ventilation rote is 1. 827 a. c. h.
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Ln Concentration

Run-BO3RE7
Location-Abbey School Sports Hall, KENILWORTH
Gas=5F6
Dote-28/18/82
Charnnel No. 4
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Rumn—-B83RE87
Location~Abbey School Sports Holl, KENILWORTH
Gos~S5F6
Date—-28-18-82

& Charnnel No. 5
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0
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Run-E83R87

Location—Abbey School Sports Hall, KENILWORTH

Timed(Minmnutes )

Gas—-5F6
Date-258/18/82
1422
13082 -
1288
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1022 | ° &
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0 see
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¢ 708 ° ° . .
¥ see " )
C
0 sesf %
0 422 .
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BO3 RO8

Date: 20th October, 1982

Time: 1220 hours to 1350 hours
Tracer Gas: Sulphur Hexaflouride

External Conditions:

Time Windspeed (m/s) Temperature (OC)
1200 hrs 4.6 11.8
1300 hrs 4.6 12.9
1400 hrs 4.1 13.4

Wind Direction: south

Internal Conditions:

air velocity: 0.32 to 0.06 m/s
temperature: 13°C at 1218 hrs
14°C at 1245 hrs
15°C at 1350 hrs

Gas Release:

Tracer gas was mixed to an approximately uniform concentration before

heating commenced.

Sample Positions:

As shown on plan.

Comment: Repeat of run BO3 RO7 except that heaters were switched on at

commencement of run.

4.—. —
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N2 rfwm®
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T2 Aemeorns
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door
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ANALYSIS OF FACTORY VENTILATION RATES

LA LR R LT Pt bbb bl bbbl d ]

Experimental run number: BO3R08
Location: Abbey School Sports Hall,KENILWORTH
Date: 28/10/82
Tracer gas: SF6

TABLE OF RESULTS

Rkdhd &h Adddkdd

Data

T=Time in minutes.
C=Concentration (arbitrary units)
Inc=Natural log of concentration.,

Pt. Channel 1 " Channel 2 Channel 3 Channel 4

wkdd dhdadddndhdhdnddddd dedddddddddddddddad Adddddddddddddddadd AddAddddAdRRdddAREd

T C InC T C InC T C InC T
1 .4 1644 7,405 1.9 1707 7.442 3.9 1716 7.448 5.5
2 . 9.5 1627 7,394 10.7 166s 7.417 11.9 1691 7.433 13.3

3 17.2 1582 7.366 18.5 1610 7.384 19.9 1540 7.340 21.4
4 25.3 1479 7.299 26.7 1400 7,244 28,1 1395 7.241 29.4
5 33.7 1106 7.009 35.1 1303 7.172 36.9 1228 7.113 38.4
6 42.8 1176 7.070 44.4 955 6.862 46.0 946 6.852 47.2
7 51.3 760 6.659 52.4 719 6.578 53.7 654 6.483 54.8
8 58.3 636 6.455 59.5 703 6.555 60.8 465 6.142 62.1
9 65.7 476 6.165 66.9 451 6.111 68.1 441 6.089 69.2
10 72,7 310 5.914 74.0 370 5,914 75.1 190 5.247 76.2
11 ?9.7 168 5.124 80.8B 244 5.497 82.1 149 5.004 83.5

o
1643
1573
1452
1199

919
698
581
353
279
155
149

InC
7.404
7.361
7.281
7.089
6.823
6.548
6.365
5.866
5.631
5.043

5.004

Channel 5

tttdkbahdddddbdhdnd

T

6.7
14.7
22.7
30.7
39.9
48.13
56.0
63.2
70.4
77.3

84.9

C

1646
1508
1332

1045

784
687
418
364
279
191
140

InC
7.406
7,319
7.194
6.952
6.664
6.532
6.035
5.897
5.631
5.252

4.942

Channel 6

AbahddAEhAR AR A Rd R hd

T

8.1
15.8
24.0
32.2
41.5
50.2
57.2
64.5
71.5
78,5
86.1

C
1438
1224
1008

722
679
605
404
34
257
170

140

LnC
7.211
1.110
6.916
6.542
6.521
6.405
6.001
5.749
5.549
5.136

4.942



STATISTICAL AALYS1S E.lm 1
.
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SUATISTICAL AMALYGLS FOR Obeail. 2
e

Bdeur o ot L. L]
areven - "eene awewe

LT 1 4. 146 (ST
wm 9 159 «Bdd
Total 0 4.506

INTERCEPT= 7.7064 2645991
GRADIENT® ~=1.436500477158-03

Vontilation tace A8 L 662 sir chempes per howr

FTATISTICAL MALYSLS FOR Owal )
e
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eenee -e i lal had sl
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B dun | v <04 «0a9
Total 10 7.55%
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STATISTICAL AMALYSLS FOR CHAMMEL 4
wow

Sourcs ot 55 -
Ty - e L2l
Regreasion ] 7.419 1.619
[ I Ty L] 4] <048
Tocal o 4.0%0

INTERCEFT= 7.92147220789
GBADLENT= =35.1374i091258-02

Ventilscion cate 18 L UDI awr cnanges par howu

Source ot B L
s - Laadd ewta
Pegr e ion 1 1.083 7.083

] <187 +021
Tocal i 1.0

INTERCEFT= 7.0558917384)
GRADIENT= =].2225040661

watilacion rate is L.9M air changes par bour

STATISTICAL AMALYSIS FOR OWeEL
e

fsuzes ot &% L
Lt i1l - gy erire
mgression 1 5,99 5.9%
hesicual ’ 162 018
Total 10 6,160

INTERCEFT= 7. £2899070037
CRADLENT® ~1.971504790298~01

Ventilation rats 18 1.78] air champes pat howr

STATISTICAL AMALYSIS = ALL CHAMNELS
e

Source o o

e - erean enaew
Fegress.on 1 371,329 17.229
Beaidual . 3% “0kd
Total 5 4l1,59%

INTERCEFT= 1.81747126770
CRADLENT= =1, M777979207E~02

Wentilacion race 18 1.79) air chenges [t hous

51,427

e sewwa

104, 606

75,508

159.07%

1.0
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Rur-B83RIE
Location—Abbey School Sports Hall, KENIL WORTH
Gas—5F6
Dote-28/18/82
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Run-B83RIE
Location—Abbey School! Sports Hall. KENILWORTH
Gas=5F6
Oate—-28/18-82
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Run-B23REGE
Location—-Abbey School! Sports Hall, KENILWORTH
Gos—5F6
Date-28-18-82
Channel Ne. 5
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Concentration

Rurn-B83788
Location-Abbey School Sports Hall, KENIL WORTH
Gas—-5F6 '
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Ln Concentration

Run—-B883RGE
Location-Abbey School Sports Hall, KENILWORTH
Gos~5FE
Oote—-28-/18/82
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BO3 RO9
Date: 27th October, 1082
Time: 1500 hours to 1708 hours

Tracer Gas: Sulphur Lexaflouride

External Conditions:

Time Windspeed (m/s) Temperature °c)
1500 hrs 2.6 11.9
1600 hrs 2.1 11.2
1700 hrs 2.6 8.8

Wind Directions: south west

Internal Conditions:

alr velocity: O. 02 to 0.08 m/s
temperature: 14 C

Gas Release:

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 results is therefore meaningless. Analysis of the decay portion only

from data point 5 onwards forms run BO3 RO6.
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door
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Experimental run mmbers BOIR0OY
Location: Abbey School Sports Hall,KENILWORTH
Dates 27/10/82

Data
u‘

-] -] ~J -] w - w »~ =

e I B
w e (M L*] [ (=]

Tracer gas: SFé

Channel 1
shatRsettaddddandng
T o InC

.8 17 2.833
8.4 29 3.367
16.4 640 6.461
24.8 1466 7.2%0
33,3 1518 7.325
42,6 958 6.865
51.0 775 6.653
59.5 715 6.572
68.8 654 6.483
77.5 471 6.155
85.5 363 5.894
93.8 309 5,733
101.8 260 5.561
110.7 215 5.3
118.5 203 5.313

dtsdddddddddddddtddddodiddadddeddddag

S OF I VENTILATI
SdatAtdnddedddndddtadaddndtddtintd

Channel 2

T C LnC

2.0 0 -6.908

9.6 19 2.%44
17.8 125 4.828
26.1 1018 6.926
35.1 1322 17.187
44.2 1010 6.918
52.2 817 &M
60.9 703 6.555
70.1 690 6.537
78.8 494 6.203
86.8 371 5.916
95.2 290 5.670
103.5 251 5.525
111.9 220 5.3%4
119.8 205 5.323

TABLE OF RESULTS
adddd d sdsdded

Channel 3
fttododdotdddoddndad
T c e
3.2 0 -6.908
0.8 71 4.263
19.2 306 S.724
2.6 900 6.802
36.8 1126 17.026
45.7 1000 6.908
53.6 908 6.811
62.6 761 6.635
7.8 680 6.522
80.1 516 6.250
88.3 407 6.009
96.4 317 5.759
104.9 270 5.598
3.2 260 5.561
12.5 229 5.4

T=Time in minutes.
C=Concentration (arbitrary units)
of concentration.

Ino=Natural log

Channel 4
RO0A0RSARRN0ARARAS
T Cc LnC

4.3 20 2.9%6
12.0 121 4.796
20.6 719 6.578
29.2 1309 7.1M
38,3 980 6.888
4.1 831 6.723
55.0 778 6.657
64.1 649 6.475
73.4 648 6.474
81.6 478 6.170
89.9 391 5.969
97.8 334 5.811

106.2 285 5.652
114.6 250 5.521
122,9 219 5.389

Channel 5

T Cc LnC
5.6 60 4.094
13.4 130 4.868
22.0 832 6.724
30.6 1251 7.132
39.6 1021 6.929
48.3 020 6.709
56.6 750 6.620
65.4 565 6.337
74.8 468 6.148
82,9 455 6.120
91.2 339 5.826
99.1 290 5.670
107.7 226 5.421
115.7 216 5.375
124.1 207 5.333

Channel 6

tddddddddddddaRdean
T c LnC
7.2 61 4.111
14.7 1526 7.330
23.2 1497 17.311
32.0 1414 7.254
41.2 962 6.869
49.7 791 6.673
57.9 720 6.579
67.0 580 6.363
76.2 512 6.238
84.1 370 5.914
92.5 290 5.670
100.4 266 5.58)
109.1 217 5.380
117.3 194 5.268
125.9 190 5.247



=

STRTISTICAL MWLYSIS FOR CRMmE. 1

Ll
e o - 2]
G - R T
el i 34 «543
Smsadmal L .68 L74a
tal " .18
EERCET- 3.5303213106%
ol 5.171062387280-0)
vtilatien rane 19 -, )10 air ehaspes per heas
FEWISTICAL ASLLERIL FOR CIREERE. 1
B G (R SEOTS RO SRSy
Bemew n = -
C—— -l SR Fe ot
Srgrenatan 1 0.8 16.608
Pl a 138,901 10,480
Tl " 169,23
DU 169342760381
BRI ], 571024 M0 60
wtilecion cate Lo ~2.11) air chemges pux hewr

Gy 3 = 2
e o et sy
] 1 B. B9 a.me
Deidnd 13 laa, o0 10.7%
el " .37

EEERCEE 1. 0I7EEeA400

RO ). 32 T016I8eR-03

Vamniletion cabe is =1, 114 air chesges per bEa

] of = -
Leaaaad Lo Lt i
=g resalon 1 «109 100
Pt ichsal 0 $.709 By
Total 14 .07

SRR RIS TR (RS &

STETEERETI COOTEITY DR Sy

ol o = -
AmtrT - T e
R 1 .40 L, el
Faalinl n .40 g8
el M U837

BETIITICN. ARLELE - ALL QNSNS

E
Bemen ot ] -
AT - L Eaaad
RegEassien 1 17.0m8 17.078
Bviiem] - 5. 412 4400
ol » . B

Vesilavion roan A8 ~. 700 alf changes puv b

ES

-

&0



Run=-B03R09
Location—Abbey School Sports Hall. KENILWORTH
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Concentration

L.

Run—-B83R25
Locotion-Abbey School Sports Moll, KENILWORTH
LDate-27/18-82
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Run—-B3R03
Locotion-Abbey School Sports Hall, KENILWORTH
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