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completeness of any information, apparatus, product or process 
disclosed, or represent that the use of the disclosed information 
would not infringe upon privately owned rights. Any reference in 
this report to any specific commercial product, process or 
service by tradename, trademark, manufacturer or otherwise does 
not necessarily constitute or imply its endorsement by Forintek 
Canada Corp. or any of its members.



SUMMARY

This report describes the design, construction and calibration of 
a large chamber to be used for measuring the leakage of air 
through test walls. The chamber has been designed to test walls 
that are 2.4 m high by 3.05 m wide (8 by 10 feet overall).

The clamping mechanism for holding a test wall to the face of the 
chamber is adjustable to allow any practical wall thickness to be 
included in a test program. The calibration study assessed the 
influence of pressure variations surrounding the chamber, 
precautions necessary for measuring the pressure and flow 
transducer signals reliably, and the calculations necessary to 
account for the influence of relative humidity and atmospheric 
pressure changes on the assumed measured air flows.
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1.0 OBJECTIVES

The global objectives of the project are:

To conduct research on factors that are believed to be 
responsible for the majority of moisture problems in walls, to 
develop information that will allow economical study of wall 
performance by computer simulation, and to demonstrate to 
builders how they can prevent problems by the way they build 
houses while continuing to use wood based products.

The specific objective to which this report is addressed is the 
design, construction and evaluation of the test chamber which 
will be used for studying the air tightness of wall systems.

2.0 INTRODUCTION

This report describes the design, construction and calibration of 
a chamber built for testing the air tightness of full-sized wall 
sections. The purpose of the report is to document this 
information with sufficient detail so it forms the basis for 
statements on accuracy of measurement. Corrections required to 
quote leakage data consistent with standard temperature and 
atmospheric conditions are also documented. All experiments 
which will use this chamber and its instrumentation depend on 
information presented here.

The air leakage characteristics of various materials and 
constructions are required to calculate the potential for 
moisture condensation within exterior wall systems under 
different climatic conditions. Some construction materials are 
quite permeable to air. Other materials are relatively 
impermeable and leakage of air is confined to joints. In either 
case, the manner in which materials are incorporated into a wall 
affects the resulting air leakage. Relatively large wall sections 
must be tested to obtain realistic permeability and air leakage 
data for various building materials used in walls.

3.0 BACKGROUND

Several studies are being carried out in Canada to investigate 
the manner in which walls dry out in different climates. The“ 
motivation for this effort is documented studies of failures of 
wall systems as a result of moisture being trapped within them. 
Whether the moisture originated from the interior as a result of 
condensation, or whether it entered from outside as a result of 
rain penetration is not being addressed in these studies. Of 
immediate concern to the investigators is how the walls dry out 
once wet.
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A very important element in the studies underway concerns the 
development of a computer program to model the drying out of a 
construction, given initial moisture conditions in some of its 
elements. The model being developed for Canada Mortgage and 
Housing Corporation (CMHC) by Morrison Hershfield Limited [1987] 
and Scanada Consultants Limited [1986] will enable various 
parametric studies to be carried out. Included, will be studies 
to assess the condensation potential of wall constructions 
possessing different basic permeability and air leakage 
characteristics, which will require information about the air 
leakage characteristics of various construction materials and how 
they change under different conditions. The chamber documented 
in this report, was built purposely to obtain information 
essential for computer simulation of wall performance. The need 
for this work was identified in a problem analysis on the 
thermal/moisture behaviour of walls, Onysko [1985].
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5.0 DESIGN AND CONSTRUCTION OF THE CHAMBER

5.1 DESIGN

The exterior envelopes of houses are subject to average maximum 
pressures of 10 to 50 Pa. The maximum test pressure used for 
depressurization tests of whole house envelopes is 50 Pa. This 
pressure is low enough that damage to some elements within walls 
does not occur during a test of an existing house. Air leakage 
information from this test is used in the calculation of energy 
lost by leakage of air from the exterior envelope. However, when 
wall systems are tested in the laboratory and from a structural
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point of view, the ability of such structures to maintain air 
tightness at much higher pressures must be assessed. Houses are 
usually exposed to nuch higher air pressures for relatively short 
periods of time. While some materials have significant 
structural rigidity and have no difficulty resisting higher wind 
pressures, others are flexible and may be sensitive to stretching 
and possible tearing under these conditions.

The test chamber was designed and constructed to respond with 
minimal distortion when full design pressure is applied. The 
design pressure selected was 2500 Pa (approximately 52.2 pounds 
per square foot) which corresponds to the pressure applied by 
wind having a velocity of 223.9 km/h .

5.2 DESCRIPTION OF THE CHAMBER AND ASSOCIATED HARDWARE

The chamber was designed to test walls that are 2.4 ra high by 
3.05 ra wide (8 feet by 10 feet). This is a realistic size for 
laboratory produced specimens. The depth of the chamber is 1.22 
m (4 feet) in order to accommodate circulation fans, baffles and 
other equipment in the future. These are not required at the 
present time for simple air leakage testing.

The chamber is framed with 38 mm by 190 mm Spruce-Pine-Fir 
lumber. The outside skin of the chamber is 19 mm Douglas-fir 
plywood. The inside skin of the chamber is built with two layers 
of 16 mm plywood. The extra thickness of the inside skin was 
provided to minimize strain and changes in chamber volume during 
a test. Both the inner and outer plywood skins were bonded to 
the framing with a panel adhesive for increased rigidity. The 
cavities between the framing members were fully insulated with 
polystyrene foam insulation. The estimated overall thermal 
resistance of the chamber is RSI 5.26.

The chamber was built in two halves. This was done so it could 
be dismantled and used in a different part of the laboratory at 
some future time without having to damage it. The chamber is 
shown in this condition in Figure 1. The two halves were bolted 
together as shown in Figure 2.

The attachment and mounting of walls for testing was designed to 
allow quick removal thereby permiting a large number of tests to 
be done repeatedly with economy. Different wall thicknesses are 
easily accommodated by sliding locking clamps on posts welded to 
the face frame and keyed at appropriate distances by locking' 
pins. The clamping face frame can be seen in Figures 2 and 3. 
The pins can be left in place and the sliding clamps rotated out 
of the way. These clamps are shown in Figure 4.

The test wall is positioned against the face frame using 
adjustable winches from an overhead gantry. The wall is held 
against the face of the chamber by a welded pressure frame made
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from steel channels. This frame encloses a section of fire hose 
which, when pressurized, expands to push the test wall against 
the face frame. The channel frame is itself held in position by 
the restraining locking clamps. This clamping mechanism is 
shown in Figure 4 and in other photographs showing test walls 
in place.

Figure 1. Photo showing two halves of the partly constructed 
chamber prior to connection and installation of the 
face frame.
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Figure 2. The completed chamber showing a test wall clamped to 
the face of the chamber
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Figure 3. A test wall being brought into position, showing 
details of the face frame with the clamping posts
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Figure 4. Closeup of the sliding sleeves and pressure frame for.- 
retaining the test wall against the face of the 
chamber
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Lgure 5. A test wall being raanoeuvered frora the trolley into 
a slot in the storage rack
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Figure 6. A diagramatic representation of the flow control 
section and valve numbering
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The actual air pressure delivered to the chamber is controlled by 
bleed control valves. All valves in the system are one-way 50 mm 
cast bronze ball valves.

Air flow passes from the pump to the flow control section through 
a 100 ram diameter 6 m long flexible expanded metal hose which 
acts as both an accumulator and a heat exchanger. Flow from the 
control section passes to the chamber through a 50 mm diameter 
4.6 m long flexible industrial quality air vacuum hose designed 
for pickup of metal filings and other abrasive materials.

Air passing from the control system through the bleed values 
produced annoying levels of noise. The bleed-off air was ducted 
to a box lined with foamed packing material which acted as a 
satisfactory muffler.

For safety purposes and to assure that excess positive pressure 
is not applied accidentally to the test wall, the air on the 
chamber supply side of the flow control circuit was ducted to a 
pressure relief tank. This was simply a glass vessel with water 
in it into which a hose connected to the pressure supply side of 
the chamber was inserted. The level of water in the vessel was 
maintained so that pressures in excess of 2600 Pa would be 
relieved. No provision was made for relief of excess negative 
pressures as the consequences of exceeding this value do not 
create a hazard for personnel. The chamber itself has more than 
adequate strength capacity to take the full negative pressure 
capable of being applied by the air supply system employed.

6.0 INSTRUMENTATION

6.1. MASS FLOW MEASUREMENT

Three air flow transducers and corresponding Datametries Model 
810L mass flow meters were incorporated into the flow control 
section. Each meter represents a different measurement range. 
The sensors used were, Model 1208 with a range of 20-1000 
standard cubic centimetres per minute (SCCM), Model 1205 with a 
1-100 standard litres per minute (SLPM) range and Model 1202 with 
a 10-1000 SLMP range. Although most flow measurements involve 
only the two higher flow ranges, for calibration work and for 
very low leakage tests involved in other related studies, the low 
flow capacity meter was included. Each transducer has its own 
calibrated linearized panel meter, and each has an analog output 
for connection to other instrumentation.

The flow accuracy specification for all meters is 2 percent of 
the reading or 0.5 percent of full scale whichever is the larger. 
Repeatability is 1 percent of the reading or 0.25 percent of full 
scale whichever is the larger. The flow temperature coefficient 
is 0.2 percent of the reading or 0.05 percent of full scale per
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degree Farenheit change. All specifications noted are for 
standard conditions, defined as 21.1 deg C (70 deg F) and 101.3 
kPa (14.7 psia) and for relatively dry air.

The calibration of the meters is only true for dry air. The 
readings from the meters must be corrected when mixtures of gases 
or gasses other than dry air are being measured. The thermal 
conductivity, specific heat, standard density and viscocity of 
the gas affects the rate at which heat is drawn from the sensor 
element. The gas correction constant for water vanour at 
standard conditions (B3=1 .3 4) was provided by the manufacturer. 
The calculation for the correction constant for a mixture of two 
gasses is given by the following expression taken from 
Datametrics [1981].

B
3mix W,

V B32>

where ,

B3raix = the weight averaged B3 for the gas mixture

b31»®32 = the ®3 Sectors for each gas

= the fraction of total flow for each gas by weight

= standard density for each gas.

The density of dry air at 0 deg C and 760 mm Hg pressure is 1.293 
g/litre, while it is 1.200 g/L at standard conditions. The 
density of saturated water vapour (absolute humidity) at 2 1 . 1 deg 
C and standard pressure is 0.018425 g/L, thus the proportion by 
weight of dry air in air at 65 percent RH is 0.9901 while that;, 
for the water vapour is 0.0099. The gas constant for dry air is 
1.00. By substitution of these values into the above expression, 
the gas constant for the air/vapour mixture at standard
conditions and 65 percent relative hunidity was calculated to be 
1.13. Thus, given these specific conditions, all readings from 
the meters must be divided by 1.13 to obtain the correct flow 
rate in SCCM or SLPM.

wi, w2

Pl ’ P2
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The temperature in the laboratory is nominally maintained at 21.1 
deg C (70 deg F), with the relative humidity at 65 percent. 
Over a 3 day period these conditions were found to be 22.7 deg C 
(72.8 deg F) and about 57.8 percent relative humidity using a wet 
and dry bulb hydrometer. Despite slight heating of air passing 
through the flow control section in the pressure supply mode, the 
proportion of water vapour in the air remains constant and the 
calculated gas constant based on current ambient conditions 
holds. To allow for correction to standard conditions and 
calculation of the appropriate gas constant, temperatures and 
relative humidities were measured during each test. The absolute 
humidity at standard conditions in g/liter was calculated using 
the following expression

(T/248.27)
1000

17.1449

where T is in deg. Kelvin. This expression was obtained by 
linear regression of tabulated data over a temperature range of 
16 to 26 deg C found in Siau [1984].

Calculation of the actual volumetric flow rate at other than 
standard conditions is given by,

2 = Qc
ps

K
TS

where,

Qc = the measured flow rate at STP conditions corrected for
gas mixture

Tg, Pg = absolute temperature and pressure respectively at time 
of test

Ts , Ps = standard absolute temperature and pressure 
respectively.

6.2 PRESSURE MEASUREMENT

Differential pressures were measured with a Datametrics type 590 
Barocell having a 1-1000 Pa range. Linearity for positive 
pressures was 0.02 percent of the reading at mid range which 
represents a deviation of 0.1 Pa. For negative pressures, the 
maximum deviation was at full scale and was 0.18 percent, i.e.,
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1.8 Pa. Temperature effects were 30 ppm/deg C at zero pressure 
differential, and 300 ppm/deg C on the slope. This represents a
0.3 Pa change at full scale for a 1 deg C change in temperature 
from the calibration temperature of 24 deg C. The accuracy was 
0.15 percent of the reading or 0.001 percent of full scale. 
Repeatability was 0.01 percent of the reading plus 0.005 percent 
of maximum pressure.

From these accuracy and linearity specifications it is estimated 
that the absolute error will be less than 0.5 Pa in the 10 to 200 
Pa range where most leakage measurements will be made.

A Viatran Model 504-115 pressure cell was used for higher 
differential pressure measurements. This instrument had a 
pressure range of 0-30 inch WC (water column). Its accuracy and 
linearity specifications were better than 0.25 percent of full 
scale which was quite adequate for the purpose for which it was 
to be used.

A Fisher Scientific Aneroid Barometer Model 02-404 was used for 
monitoring atmospheric pressure variations for correction of air 
density.

7.0 RESULTS

7.1 VARIATION IN MEASUREMENTS

Some pressure fluctuation and flow variations were observed 
during tests. On the flow side, fluctuation was minimized by 
installing an accumulator between the pump and the flow 
measurement section. Also, sufficient length of straight flow 
pipe was used prior to the transducer section to minimize 
turbulence caused by knee and tee joints. Beyond this, no 
additional benefit was seen from, for example, doubling the 
length of the accumulator. Even with the air pump shut off, 
variation in air flow was experienced except when all valves 
connecting the air flow meters to the chamber were also shut off. 
It was concluded that some of the fluctuation within the flow 
measurement section was due to pressure differentials between the 
chamber and the laboratory air. This variation was in turn 
influenced by pressure fluctuations surrounding the whole 
building and possibly augmented by the air handling system.

Pressure variation caused by wind conditions and the air 
conditioning system were assessed by fitting the chamber with a 
stiff airtight calibration wall and closing all valves to the 
chamber. The differential pressure signal was monitored with an 
HP 3456A Digital Voltmeter. With the air conditioning system 
turned off, the differential pressure fluctuated with a maximum 
range of 7.58 Pa and a standard deviation (SD) of 1.97 Pa. From 
5 different determinations, averaging 35 seconds, the individual 
sample pressures ranged from 2.19 Pa to -9.31 Pa. When the air
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conditioning system was on, the individual samples ranged from 
+9.30 Pa to -1.45 Pa over a similar measurement period. 
Individual means ranged from +1.44 Pa to -6.33 Pa with the air 
conditioning off and 7.62 Pa to -1.79 Pa with it on. It was 
concluded that the air conditioning system did not affect the 
variation in pressure measurements.

Of course, the chamber will be open to the laboratory through the 
flow measurement section during testing and differential pressure 
fluctuations will be moderated. With no apparent flow to the 
chamber and with the valves open to the 1-100 SLPM flow meter, 
differential pressures between the chamber and the laboratory 
space were monitored as before. The fluctuations measured were 
very much reduced. The mean zero pressure was -0.83 Pa with the 
air conditioning on and -0.94 with it off. The standard 
deviation was in the order of 0.06 Pa whether the air 
conditioning was on or off. The standard deviation for one 
measurement was higher at 0.28 Pa because some highly excursive 
samples were included during that measurement period. It was 
concluded that simultaneous measurement of flow and pressure was 
required to minimize the effect of variation in conditions.

A Bruel and Kjaer Type 2034 Dual Channel Signal Analyzer was 
subsequently used to monitor flow and pressure simultaneously. 
The probability distribution function for each signal was 
obtained. A sampling rate of 512 Hz was chosen and up to 40 
consecutive frames of 4 seconds each were averaged. The 
amplitude probability density function was displayed for both 
signals and the amplitude at the 50 percent probability level was 
selected using the cursor.

Opening and closing of doors to the laboratory affected pressure 
differentials qreatly. When the input ranges were optimized, 
excursions in one or both signals caused the inputs to overload 
which in turn caused the analyzer to ignore the particular frame 
during which the excursion occurred. Thus the value of the 50'th 
percentile was protected from the effect of large changes in 
pressure or flow caused by door openings.

7.2 CORRELATION BETWEEN PRESSURE AND FLOW FLUCTUATIONS

Correlation between the pressure and flow signals was also 
studied. Both signals were assessed simultaneously on the Bruel 
and Kjaer Signal Analyzer when the pressure in the chamber was 
about 30 Pa and the air leakage through a joint in a test wall 
was about 100 SLPM. The signals were analyzed over an averaging 
period of 400 seconds. The autospectrum of the flow signal 
showed predominantly low frequency variation, with the main 
frequency at 2.25 Hz and with another peak at 10.75 Hz but at a 
much lower energy level. The autospectrum of the pressure signal 
showed relatively low broadband noise over the 100 Hz bandwidth 
examined. A cross spectrum of the two signals showed some
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commonality at about the 6 Hz frequency level, however the 
coherence spectrum showed that there was no statistically 
significant common frequency except at 60 cycles which was 
the line frequency. It was concluded that frequency components 
in the flow signal were probably related to turbulence in the 
flow control section and particularly around the hot wire 
anemometer sensor and possibly associated with the air supply. 
The fluctuation in pressure measured in the chamber was broadband 
in nature and was not correlated with that in the flow signal.

Other sprectra were examined to study very low frequency content 
in both signals. Using a frequency resolution of 0.031 Hz and 
sampling over a period of 16 minutes, basically similar
conclusions were reached. The exception was that correlation was 
found at very low frequencies approaching the lowest resolution 
noted above. Very low frequency wind pressure changes on the 
building were probably responsible for this correlation.
Simultaneous sampling of both signals helps overcome the 
influence of these changes because both are affected in the same 
way.

7.3 CALIBRATION OF THE CHAMBER

A positive and negative pressure test of the chamber was 
performed allowing for the gathering of sufficient pairs of 
pressure and flow measurements to provide an even distribution of 
points on a log/log plot over a pressure range of 10-1000 Pa. 
The calibration test wall was built of 38 by 184 mm SPF studs 
spaced at 300 mm. The face of the wall consisted of 15.5 mm 
Douglas Fir plywood glued to the studs with a panel adhesive. 
Additionally, the surface was painted with 2 coats of latex paint 
and the boundary in contact with the seal of the chamber face was 
faced with construction tape.

The plot of results is shown in Figure 7 for a negative pressure 
test as an example. The regression of the log of flow versus
the log of pressure had an R-squared of Ü.9843. The correction 
in flow which this relationship represents is small relative to 
that which will usually be measured for test walls. In any case, 
depending on the experimental design and the nature of the 
materials used, it may be necessary to obtain the calibration 
curve for individual test walls and not rely on the relationship 
shown in Figure 7.
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Figure 7. Leakage versus pressure for the chamber fitted 
with a stiff calibration wall
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8.0 DISCUSSION AND CONCLUSIONS

The relationship shown in Figure 7 was obtained with the 1-100 
SLPM flowmeter. At lower flows, the more sensitive meter was 
used but it was found that there was a discrepency between the 
two meters at a flow of 1 SLPM that exceeded the accuracy 
specifications of the two meters at that flow. The jog at the 
switchover flow showed that the calibration of the flow meters, 
while likely consistent with the specifications, is not exactly 
coincident at this point. Testing of other walls having larger 
flows which required use of the 1-100 SLPM and 20-1000 SLPM flow 
meters also showed a slight jog in the region of the switchover 
pressure. The regressions in both cases suggests that a minor 
rotation of the calibration curve for each meter would result in 
a more appropriate correction. At the present time, series 
connection of the meters for direct comparison has not been done, 
nor have calibration curves been obtained by comparison with a 
more accurate standard. It is believed that the flow measurement 
is adequate when each meter is used in the range for which it 
provides the best accuracy.

Aside from the above noted reservation, the information presented 
in this report, shows that the basic chamber leakage is 
relatively small over the range of pressures likely necessary for 
testing leakage of joints in test walls. The accuracy of the 
flow meters and of the pressure instrumentation enables good 
overall measurement capability. Sampling of the signals to 
obtain the 50'th percentile allows rejection of excursions in 
pressure and flow signals and a more reliable estimate of 
pressure and flow is obtained at any one steady state condition 
than if the mean signals were used.

9.0 RECOMMENDATIONS

The chamber and instrumentation selected provide the apparatus 
needed for measurement of air leakage through test walls. 
Possible additional work that might be considered to improve the 
system are the following.

1. Calibration curves for each meter could be obtained to permit 
correction of measured flow at any reading despite possible 
nonlinearities in output.

2. The addition of a direct reading relative humidity sensor to 
the instrumentation would be desireable for evaluation of the 
gas correction factor because this was found to vary during a 
tes t.
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