
Chapter Four discusses some of the specialist equipment 
and instrumentatiQn required to make air infiltration and 
ventilation measurtments. Specific topics include: tracer 
gases, tracer gas analysers, and commercial pressurization 
equipment (blower doors). 

Chapter Five examines standards and regulatory documents 
which r.;tlate to air exch"'nge rate and airtightness 
measurement techniques. Summaries of 11 standards are 
presented (four dealing with air change rate measurement 
and seven dealing with airtightness measurement) and 
standards dealing with similar techniques are compared. 

Chapter Six currently contains detailed descriptions of nine 
measurement techniques. Because the guide is presented in 
a loose l411af format upqates of current techniques or 
information about new techniques can be easily added. 
Information about each technique is presented In a standard 
format thus aiding comparison and selection. The 
information in the standard format is presented in the 
following main sections: type of technique, range of 
application, equipment and instrumentati_on, setting up and 
operating details, presentation of results, measurement 
accuracy, and availability of measurement systems. 

The guide currently contains detailed descriptions of the 
following techniques: 

Tracer Gas Decay Rate - Site Analysis 

Tracer Gas Decay Rate - Grab Sampling (Bottles) 

Tracer Gas Decay Rate - Grab Sampli.ng (Detector Tubes) 

Tracer Gas Constant Emission Rate - Passive Sampling 

Tracer Gas Constant Conc;entration 

Multiple Tracer Gas Decay Rate 

DC Pressurization - External Fan 

DC Pressurization- Internal Fan 

AC Pressurization 

Chapter Seven contains descriptions of instruments which 
have been used In making some types of air exchange rate or 
airtightness measurements. The descriptions are presented 
in a standard format and topics such as measurement 
method, precision, response time, in-put requirements and 
possible applications are addressed. 

Appendix One provides a glossary of terms used in the guide 
relating to air exchange and airtightness measurement 
techniques. 

Copies of this guide are currently available (to organisations f 
in participating countries only) free-of-charge, through your 
national Steering Group Representative (see back cover ot 
this newsletter). 

AC Pressurisation Model Tests 

Helen Sutcliffe and J.R. Waters 
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Introduction 

Leakage area measurement by fan pressurisation becomes 
more difficult as the volume of a building is increased. The 
equipment becomes bulky, and measurements of air flow 
through the fan and the resulting pressure differential 
require more care. AC pressurisation offers an attractive 
alternative. However, in the case of large industrial 
buildings, the exterior envelope is often constructed of thin 
flexible sheet material, and also industrial leakage paths may 
have a much larger area than is found in, say, typical 
domestic construction. Thus the inertance effect described 
by Card et al ( 1) and the flexing constant described by 
Sherman (2) may be particularly important. In order to 
explore these problems, tests are being carried out on a 
laboratory model. This note reports the results of the first 
sets of measurements. 

The Model 

The model consists of a simple box, 1.6 x 1.0 x 0.6 m in size, 
constructed in 9 mm thick plywood of surface mass 0.58 kg/ 
m2 • The edges of the plywood panels are reinforced with 
timber battens, and all joints are sealed. This alternating air 
flow is generated by a piston of 25 mm diameter and 
adjustable stroke introduced through a hole in the side of the 
box, and driven by a variable speed electric motor. This 
arrangement ensures that the volume displacement of the 
air in the box is accurately known. The resulting pressure, 
signal is measured by means of 25 mm diameter condenser/ 
microphones, one placed inside the box, and one place<i 
outside to monitor background noise. The usable frequency 
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range is 4 Hz to 25 Hz, which is above the low frequency cut
off of the measuring system, but well below the lowest 
resonant frequencies of the box. The leakage is introduced 
by means of a rectangular opening cut in one of the plywood 
panels. The size of the opening can be varied from 20 x 14 
mm up to 40 x 456 mm. Figure 1 is a photograph of the 
equipment. 

Figure 1: AC pressurisation model test equipment 

Theory 

In the steady state, the flow of air, Q, through a leakage path 
Is usually written in the form 

Q•Kp" (1) 
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where K is the effective leakage area, p is the static pressure 
difference, and the index n Is in the range 0.5 ~ n ~ 1. For the 
alternating case when the flow is sinusoidally driven and pis 
the resulting pressure amplitude, the frequency response 
solution for n = 1 (the so-called linear case) may be written 
(ref. 1 and 2) as 

(2) 

p= 
V,, w 

where w is the angular frequency, Vs is the amplitude of the 
applied volume displacement and C is the capacitance of the 
air volume in the enclosure. In the absence of flexing, C may 
be shown to be 

• 
v 

C=
'YP 

(3) 

where 'Y is the ratio of the specific heats of air, P is 
atmospheric pressure, and V the geometric volume of the 
enclosure. If there is significant flexing of the walls, ref. 2 
shows that a flexing constant, A must be added to the 
capacitance. 

v C= -+"A 
"YP 

The asymptotes of equation 2 are 

p-> Vs asw-> oo 
c 

(4) 

(5) 

(6) 

The asymptotes intersect at the break point frequency, wb, 
which is clearly given by 

K 
c 

(7) 

If the response is linear, therefore, it should be possible to 
find the leakage area by observing the break point frequency. 
For the non-linear case when n < 1, an analytical solution for 
the frequency response is not available. Ref. 1 suggests that 
a good approximation is given by 

(8) 
{W/W;i) 1/n 

K 
where Wz = C"Vs 1-n 
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The high frequency asymptote is unchanged but the low 
frequency asymptote becomes 

(9) 

(
v -w\11n 

p-> -T J as w -> 0 

It follows that the breakpoint frequency is now equal tow2• 

Finally, the acceleration of the air mass in the leakage 
opening gives rise to an inertance effect, L. For the linear case 
only, where there is a single leakage path, ref. 1 shows that 
the response function becomes 

(10) 

where A = 1/K. Equation 10 has the same asymptotes as 
equation 2. In order to include inertance effects in the non
linear case, its is necessary to construct a frequency 
response which combines equations 8 and 10. A possible 
equaJion is 

This has the same asymptotes as equation 8. It also reduces 
to equation 8 when L = 0, and to equation 10 when n = 1. 

Figure 2 illustrates the effect of progressive improvements to 
the theory. Using the values of Vs and V for the model, and K 
= 1000 mm2 , Figure 2 shows (a) linear response with L = 0,A 
= 0, (b) non-linear response with n = 0.5, L = 0, A= 0, (c) non
linear response plus inertance with n = 0.5, L = 30, >.. = 0, and 
(d) non-linear response plus inertance and flexing, with n = 
0.5, L = 30, and;>..= 1.5 x 10-s. 
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Figure 2: The effect of inertance and flexing on the frequency 
response curves 
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Measurements and Results 

For all measurements reported here, the amplitude, Vs of the 
applied volume displacement due to the piston was 9.8 x 
1 O~m3 . For each leakage area, measurements were made at 
seven frequencies spaced at one-third octave intervals from 
4 Hz to 16 Hz. From the measured sound pressure level, the 
amplitude of the alternating pressure was calculated. Results 
are shown in Figure 3, in which the natural logarithm of the 
pressure amplitude, p, is plotted against the natural 
logarithm of the frequency, f. Each point on the graph is the 
average of at least three independent measurements. Also 
shown is the expected high frequency asymptote in the 
absence of flexing effects (i.e with X = 0). 

Comparison of Figures 2 and 3 suggests that the 
experimental results are strongly influenced by both 
inertance and flexing effects. Furthermore the gradient at 
low frequencies indicates that the index n is considerably 
less than 1. lttherefore appears necessary to use equation 11 
to find a suitable fit to the experimental data. 
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Figure 3: Measured frequency response curves for different 
leakage areas 

The capacitance, C, was found from the high frequency 
asymptote. This gave a value of 2.19 x 1 o-s m8/N. Taking "Y as 
1.4, and atmospheric pressure as 108 N/m2

, the capacitance 
due to the volume of the enclosure only was 0.69x10-s m8 /N. 
The difference gives the value of the flexing constant, i.e. X = 
1.50 x 10-s m8 /N. Thus, in this particular enclosure the flexing 
constant was more than double the pure volumetric 
capacitance. 

In the low frequency region, the experimental plots in Figure 
3 have a gradient of about 5, implying that the index n is 
about 0.2. The steepness of the gradient is probably due to 
the experimental points being too close to the peak, so that 
the low frequency asymptote has not been reached. A value 
of n below 0.5 seems unlikely, and therefore it has been 
assumed that n = 0.5 is the most appropriate value here. 

Using n = 0.5 and C = 2.19 x 10-s throughout, and then 
adjusting the values of K and L, it was possible to obtain a 
reasonably good fit of equation 11 to the data for each 
leakage area. In doing so, it was noted that adjustments to L 
affected the position of the peak more than its height, 
whereas adjustments to K affected the height of the peak 
rather than its position. Table 1 lists the values of K and L 

/ which give the best fit, and Figure 4 plots four of these cases / 
with their experimental points. · 
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Table 1: Experimentally determined effective leakage area 
and inertance 

Geometrical 
leakage area 
A, mm2 

a 0 
b 280 
c 560 
d 1140 
e 2280 
f 4560 
g 9120 
h 18240 
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Effective 
leakage area 
K 

250 
500 
750 

1250 
2000 
3000 
5000 

/ .. 
/ 

/ ,. .. 

* 

2. 0 

Effective 
inertance 
L 

0 
35 
30 
22 
15 
9 
6 

2.5 

Discharge 
coefficient 
K/A 

0.89 
0.89 
0.66 
0.55 
0.44 
0.33 
0.27 
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Figure 4: Comparison of measurements with lines of best fit 

It is interesting to compare the values obtained for Kin Table 
1 with the geometrical leakage areas. Since n = 0.5, equation 
1 is identical to the formula forflowthrough a circular orifice, 
providing K = CdA where A is the geometrical area of the A 
opening, and Cd is the discharge coefficient. Typically, for an V 
orifice plate, Cd is 0.65. The final column in Table 1 shows 
values of KIA, and it may be observed that this ratio, which is 
similar to a discharge coefficient, ranges between 0.27 and 
0.89, with the smaller values corresponding to the larger 
leakage areas. 
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Figure 5: Effect of inertance 
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Figure 6: Effect on leakage area 

Book Reviews 

Residential Building Design 
and Construction Workbook 

.~econd Edition. 

By J.D. Ned Nissan. 
Cutter Information Corp, USA, 1988 
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The workbook grew out of a nationwide series of seminars 
sponsored by Energy Design Update Magazine. Conducted 
by the editor, J.D. Ned Nissan and Canadian builder Oliver 
Drerup, the seminar series and workbook were created to 
provide the practicing field professional with a working 
manual of construction techniques and background 
information that would be of immediate practical use. 

The nine sections of the workbook cover: 

1. Introduction: background and benefits of 
superinsulation. 

2. Energy dynamics: heat loss and airtightness. 

3. Moisture control: moisture diffusion, air/vapour 
barriers. 

4. Walls: framing and insulation techniques. 

5. Roofs and ceilings: trusses and insulation techniques. / 
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Conclusions 

The results show that flexing and inertance effects can have 
a substantial influence on the measured frequency curve. 

Nevertheless, Table 1 shows that an estimate of the effective 
leakage area can still be obtained even though flexing and 
inertance are present. However, the agreement between the 
theoretical and experimental results is more sensitive to the 
choice of the value of inertance, L, than it is to the choice of 
leakage area, K. This is shown in Figures 5 and 6, which show 
the effect of varying L with K held constant, and then the 
effect of varying K with L held constant. Thus, it is likely that 
the effective leakage area determined in this way is subject 
to a large margin of uncertainty. 
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6. Foundations: heat loss, materials, design types, 
insulation. 

7. Windows: r-valves, window frames, glass types, 
shading devices, insulation. 

8. Ventilation and indoor air quality: mechanical 
ventilation systems. 

9. Heating and cooling: comfort, health, energy-efficiency. 

In addition there are four appendices covering: insulation 
materials; glass and window manufacturers; air and vapour 
sealing products; and sources. 

The book explains the theory and provides examples of how 
these theories are actually put to use to design and build 
high-quality, energy-efficient houses. It is written in non
technical language and includes hundreds of photographs, 
charts, graphs, and diagrams to make the information 
accessible and immediately useful to the readers, regardless 
of background or technical training. 

Copies may be obtained from: 

Cutter Information Corp. 
1100 Massachusetts Avenue 
Arlington, MA 02174 
USA 
Telephone: (617) 648-8700 
Telex: 650100 9891 MCI UW 


