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Measuring air change rates RESEARCH 
WORLD The French research centre CoSTIC has developed a technique 

of measuring air change rates using helium as a tracer gas. Alan 
Field reports. 
Helium is released into a space 
at a number of points by means 
of flexible tubes connected to a 
central manifold which is fed 
from a high-pressured helium 
bottle. A rapid rate of injection 
will minimise disturbance to 
the environment and will speed 
up the mixing process . 

The more injection points, 
the more rapid the diffusion of 
the helium: measurements in 
the CoSTIC research centre 
building in Pau gave periods 
from six mintues with one 
point, to two minutes with 
eight points. Fans were ruled 
out as a means of promoting 
more rapid mixing because of 
their likely interference with 
normal air infiltration pattern . 

The technique of sampling 
the helium/air mixture follows 
the same principle as for injec
tion of the tracer. Flexible 
tubes are routed to a common 
manifold connected to a 
vacuum pump which delivers 
the mixture to a kathorometer 
- an instrument which mea
sures the thermal conductivity 
of gas/air mixtures by means of 
a bridge circuit. This gives an 
average for the building. 

Sampling rates are regulated 
to equalise flow and prevent 
any short-circuits. Response 
time within the sampling sys
tem is deliberately kept short 
using high flow rates so that the 

VReducing 
~valve 

Flow 
meter 

Helium bottle 

-

-
Injection 
manifold 

Sampling 
manifold 

effect of transients, like a door 
opening, can be observed. 

Each sampling tube is valved 
so that the decay rate of the 
tracer in other parts of the 
building can be studied separ
ately: this can show where air is 
entering and leaving the build
ing , thus pinpointing areas 
where draught seals may be 
needed. 

Sampling is automatic, and 
the time between successive 
readings can be pre-set from 
eight seconds to 34 minutes . 
The katharometer reading is 
converted into a m V signal 
which is then held in an electro
nic memory , where a computer 
program can convert data into 
tables and graphs. 

Helium was chosen as a 
tracer gas because of its much 
higher thermal conductivity 
compared to air, making it 
easier to detect. Its possible 
disadvantage of lower density 
(0· 14 relative to air) was dis
counted in check tests where 
samples were taken at different 
levels in the laboratory. Tests 
on the possible absorption of 
helium by building materi als 
which could have led to false 
readings- were also negative, 
confirming that the observed 
decay in helium concentration 
was due only to dilution. 

Measurements using helium 
tracer were made in a number 
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Above: Basic test set-up. 
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of industrial buildings . A re
port by P Valton (CoSTIC, 
Morlaas) gives results for two 
typical factory-estate sheeted
construction buildings under 
normal winter working condi
tions . 

The first factory ( 420 m2
) 

was part of a group of buildings 
on a factory estate and had a 
conventional pitched roof with 
side walls protected by neigh
bouring buildings . Both gable 
ends were exposed, each partly 
glazed with doors opening 
directly into the building. 
Heating was by means of two 
gas fired warm air units. 

The second factory (750 m2
), 

also part of an industrial estate 
development and flanked by 
other buildings on two sides, 
had an air-lock style entrance 
(two sets of flexible doors) on 
one fa<rade only. The standard 
of insulation and air tightness 
was better than m the first 
building: an insulated north
light roof with apertures sealed 
by PU foam injection . Space 
heating was provided by four 
unit heaters and there were 
four roof extractor fans which 
were run intermittently. 

Ventilation rates were mea
sured throughout the working 
day and without interruption to 
the normal routines of door 
opening. Tests were also repe
ated with the building unoccu
pied to establish a base-line of 
least air change rate . The re
sults are summarised in the 
accompanying tables . 

Base-line values of air 
change rates are seen to be 
fairly close in both buildings at 
around 1 ac/h. However the 
results for normal occupancy 
show the weakness of the con
ventional doors in the first 
building where the normal reg
ime of door opening and clos
ing raised the air change rate to 
2·5 ac/h. Prolonged door open
ing caused an even higher air 
change rate. 

The better structural fea
tures of the second building, as 
well as the effectiveness of the 
air-lock doors . show in an air 
change rate of 2·5 ac/h . This 
contrasts with 11·3 ac/h in the 
first building. 

This review 1s based on a report by P Vallon 
published in Promochm E. Sept/Oct 1987 
Building Services is grate[ul to CoSTIC for 
the diagrams and tables 

Table I: Measured air change rates, building I. 
Wind Air change 
Speed D1rect1on rate/h 

Test Cond1t1ons Temp 
series difference K 

1·8 3-10 SW- I 00 
SSW 

I Building unheated. 
unoccupied. doors closed 

2 Building heated and 13·0 1·00 E-SE 
occupied: 

frequent door opening 
door I open, 213 mins 
door 2 open. 2· 3 mins 

3 Building heated and 
occupied: 

door 3 open 
door 3 closed. other 
doors frequently 
opened 
door 3 closed, other 
doors intermittently 
opened 

4 Building heated. 
unoccupied. doors 

closed 

13'0 

10·7 

Table 2: Measured air change rates, building 2. 
Test Conditions Temp 

series difference " 

I Building unheated. 14·0 
unoccupied: 

doors closed 
2 Building heated and 

occupied: 
windows open 8· I 
fan on I 0'4 
windows closed. fan off 8·4 

o-90 NW 

1·40 NW 

Wind 

Speed Direction 

I 00 W 

0·80 SE 

2·50 
8·90 

11·30 

HO 

2'20 

1·90 

1-40 

Air change 
rate/h 

I 17 

67 


