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The parameters listed above are dependent on both the
design and the operation of the testing facility, which in-
cludes the test chamber, the air supply system and the
monitoring and control systems.

Small environmental test chambers are being considered as
the preferred tool for the qualitative and quantitative charac-
terisation of pollutants emitted from various materials and
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products (2). The advantage of small-scale chambers over
large chambers is that they are cheaper and easier to con-
struct and to operate. One obvious disadvantage is the limi-
tation of the size of the test specimen. Furthermore, some
uncertainty may be attributed to the upscaling of results to
the situation in real buildings, for example due to different
characteristics as regards air movements and sorption of
chemical substances. However, from an inter-laboratory
comparison of measurements in small chambers with vol-
umes ranging from 0.035 to 1475 liters it was concluded that
the chamber volume did not introduce any systematic differ-
ences in the test results (3).

Emission testing includes collection of test materials, trans-
port of materials, preparation of test specimens, preparation
of the test chamber, conditioning of test specimens, and
finally, testing by measurements. The measurements may
be performed as sensory assessments by a panel of judges
exposed to the air exhausted from the test chamber and/or
measurements of air pollution by chemical analysis. The
CLIMPAQ is especially designed for simultaneous use of
these two types of quantification methods. The CLIMPAQ is
in use within the Danish Indoor Climate Labelling system

(4).

2 SCOPE

This Nordtest method specifies the use of CLIMPAQ for
conditioning and emission testing of construction products.
A set of environmental conditions for standardised tests is
presented together with the possible ranges for these con-
ditions for more comprehensive investigations.

3 FIELD OF APPLICATION

The CLIMPAQ is a small-scale test chamber for the ex-
posure of construction products to environments similar to
the conditions during their intended use in buildings. The air
from the chamber may be analysed for sensory and chem-
ical characterisation of the emissions of pollutants from sam-
ples of construction products to the air surrounding the
material. The environmental parameters such as air velocity,
temperature, humidity and concentration of pollutants can
be varied independently within ranges typically found in in-
door environments. The present Nordtest method provides
the framework for a method that may be modified in order to
fit a variety of applications. It gives detailed information
about the operation of the CLIMPAQ, and points out the
activities that are critical in the process of emission testing.
Details of different methods for sensory and chemical
characterisation of emissions are not included.

The objectives of tests carried out using the CLIMPAQ can
be to:

— investigate the influence of environmental parameters on
the emission rate,

— rank different pollution sources with respect to their influ-
ence on indoor air quality, and

— obtain sensory and chemical emission data for the de-
velopment and verification of theoretical models for the

prediction of indoor pollutant concentrations as a func-
tion of age, environmental conditions and other par-
ameters that may vary during production and handling.
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5 DEFINITIONS

Air change rate, n: the ratio of the supply airflow rate to the
free volume of the ventilated space [h™1].

Area specific airflow rate, q: the ratio of the supply airflow
rate to the area of the tested material [m3 Ch~1 Om—2].

Area specific emission rate, E: the release of pollutants
from a unit area of the tested material to the surrounding air
[mg Om=2 h=1].

Chamber concentration, C,: the concentration of a specific
compound or group of compounds measured in the test
chamber. At steady state and when the sink effects are zero,
the emitted amount of the compound is transported from the
chamber by ventilation. Under given test conditions the
chamber concentration depends on the emission rate and
the airflow rate in the chamber. If the supply air concen-
tration is negligible, the relation between the chamber con-
centration, the area specific emission rate and the area
specific airflow rate of the test chamber at steady state can
be expressed as:

Ce=o=E~ @)
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where

C. = concentration in the test chamber [mg Om—3]
E = area specific emission rate [mg Om=2 Ch™1]
q = area specific airflow rate [m3 [Ch~1 02

L = loading factor [m2 Om=3]

n = air change rate [h™]

Throughout this method description, the area specific airflow
rate is systematically designated by the symbol g. As can be
seen in Equation (1), however, the area specific airflow rate,
g, equals the ratio n/L. Neither the air change rate, n, nor the
loading factor, L, is suitable on its own as a parameter for
scaling purposes, when test chambers and model rooms of
different sizes are compared. For a given material tested
under given climatic conditions the concentration of the
emitted pollutant is dependent on the area specific airflow
rate, g = n/L. Thus, it appears suitable to keep the area
specific airflow rate in the test chamber equal to the area
specific airflow rate in the model room.

Loading factor, L: the ratio of the area of the tested mate-
rial in the model room to the volume of the model room
[m2 Om—3].

Material sample: A sample collected to represent a specific
material.

Model room: a full-scale room used for determination of the
area specific airflow rate to be used in the test chamber. In
Nordtest, NT Build 358, (5), a model room was defined as
having the dimensions 3.2 [2.2 [2.4 m (length, width and
height respectively). Model rooms with other dimensions
can be used.

Supply airflow rate, Q: airflow rate expressed as the
volume-flow of air entering a room or a test chamber
[mi3chtor 1.

Test specimen: A piece of the material sample prepared for
use in the test chamber.

6 COLLECTION, TRANSPORT AND STORING
OF MATERIAL SAMPLES

Each material sample shall be selected, collected, trans-
ported and stored in a manner that allows the emission
characteristics of the test specimen to be representative of
the emission characteristics of the material.

During the time between the collection of a material sample
and the start of conditioning or testing, an undesirable
change may occur in the emission characteristics of the
material. The material may, for example, be afffected with
respect to:

— a decrease in the residue of emittable matter

— a change in concentration gradient within the material

— contamination of the material surface by adsorption

— chemical reactions on the material surface and/or within
the material.

The history of the material and the sample must be docu-
mented in the test report together with information about the
circumstances under which the sample was collected. If
pollutants are emitted from the material, the total residue of
emittable matter in the material will be reduced, and the

concentration gradient within the material may change. The
material near the surface of the specimen will have a lower
concentration of emittable compounds than that farther
away from the surface. Thus, if compounds are emitted from
the material sample during transport there is a risk that it will
not be possible to restore the concentration gradient before
emission testing.

If the emission is minimised by sealing the material surfaces,
the total residue of emittable matter may stay practically
unchanged, and the concentration gradient will be equalised
within the material. However, by conditioning the material
before the start of the emission test, it is, at least theoreti-
cally, possible to restore a concentration gradient similar to
the original one, but at a slightly lower level.

For these reasons, during the time between the collection of
a material sample and the start of conditioning or testing, the
emission from the material should be minimised and the
surfaces of the material sample should be protected from
chemical contamination by sealing the surfaces. Each ma-
terial sample should be stored and transported separately,
without contact between the surface of the sample and the
ambient air. For solid materials this could be achieved by
wrapping each sample in clean aluminum foil. Newly applied
paint should be allowed to dry before wrapping the sample
in foil. Liquid and paste products should be placed in sealed
containers.

During storage and transport the temperature and the
humidity should be maintained at approximately the same
level as that during testing. The material samples should
arrive at the testing laboratory as soon as possible after
collection and packaging.

7 METHOD OF TEST
7.1  Principle

The principle of the test method is to assess the emission of
pollutants from a test specimen, prepared from a sample of
a building material, by sensory assessments and concentra-
tion measurements of the air in a test chamber. The surface
of the test specimen is exposed to the chamber air which is
maintained at a temperature, humidity and velocity similar to
that which can be expected in the indoor environment in
which the material will be used. In addition to these con-
ditions the chamber concentration depends on the supply
airflow rate in the chamber and the area of the test speci-
men. The test is performed with an area specific airflow rate
similar to that which can be expected during the normal use
of the material.

7.2 Apparatus

The CLIMPAQ is made of glass and stainless steel, and has
an internal volume of 50.9 liters. The dimensions and the
principal parts of the chamber are shown in Figure 1.

The CLIMPAQ can be supplied with air in two different ways.
It can be placed in a room with sufficiently clean and con-
ditioned air. In this case it may be used as a stand alone
unit, drawing supply air by itself directly from the room where
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Figure 1. Sketch of the CLIMPAQ and its dimensions. The
total air volume of an empty CLIMPAQ is 50.9 liters.

it is placed. Alternatively, the CLIMPAQ may be supplied
with air from an external supply air system connected to the
air inlet of the CLIMPAQ. The area specific airflow rate, g
[m3 [h~1 O], can be adjusted by adjustment of the supply
air flow rate and by changing the material loading in the
CLIMPAQ. Furthermore, the air velocity in the test chamber
can be adjusted independently of the supply airflow rate by
controlling the air recirculation in the test chamber. The main
performance data of the CLIMPAQ are given in Table 1.

Table 1. Main performance data of the CLIMPAQ [1].

Parameter Minimum  Maximum Remark

Supply

airflow

rate 0.0003*** 2.0 1381 Obtained with
internal fan only

Air change

rate 0.02 140 ht Volume of empty
chamber = 50.9
liters

Mean air

velocity * 0 0.3 mE-1  Depends on
material loading
and recirculation

Material

loading ** 0 3.8 m2 Max 12 double
sided plates of
0.8 00.2 m?

*  Measured with a hot-wire anemometer in the test zone of an empty
CLIMPAQ.

**  Dependent on the thickness of the test specimens.

***  Air leakage when recirculating 100 % and operating without external

supply air system.

The fan, F, is used to force the supply air flow and to enable
recirculation of air over the test specimens. The damper, D,
enables control of the recirculation rate. The setting of the
inlet valve, VI and the outlet valve, VO, influence the supply
air flow rate and the air recirculation. The adjustment of the
airflow rate and the air velocity comprises an iterative pro-
cedure involving adjustment of both valves, VI and VO, and
the damper, D. The practical procedure for adjustment of the
airflow rate and the air velocity in the CLIMPAQ is described
in Appendix A.

The ten holes (diameter 10-12 mm) in the lid of the
CLIMPAQ are used for measurement purposes. The holes

M2-M9 should be used for measurement of the air velocity
in the test zone. The holes M1 and M10 can be used for
measurement of the static pressure in the CLIMPAQ. The
hole M10 may be used for injection of a tracer gas and the
hole M1 can be used for sampling on adsorbent tubes.
During emission testing the holes should be covered, for
example by stainless steel or aluminum caps kept in place
by a low-emitting tape. A diffuser can be mounted at the test
chamber outlet, VO, in order to enable sensory assessment
of the quality of the air exhausted from the test chamber
(see Figure G1 in Appendix G). Air pollutants may alterna-
tively be sampled on adsorbent tubes placed in the air
exhausted from the test chamber, for example in the dif-
fuser. Furthermore, the CLIMPAQ can be equipped with a
dilution system which enables sensory assessments of
polluted air at different concentrations (see Figure G3 in
Appendix G).

7.3  Preparation of test specimens

The preparation of test specimens includes production of a
number of specimens with the desired surface area, and
sealing of the edges that should not be in contact with the
chamber air. Test specimens prepared from flat materials
can have a maximum length of 0.8 m and a maximum height
of 0.2 m. Sealants may be applied in aluminum U-profiles
with a maximum length of 0.8 m. The total surface area of
the test specimens shall be determined in view of the
desired area specific airflow rate and the supply airflow rate
to the CLIMPAQ. The selection of these parameters is dis-
cussed in Section 7.5.

Test specimens should be handled in a climate approxi-
mately equal to the planned testing climate. The material
samples used for production of test specimens should be of
the same temperature as the ambient air. The time between
unpacking and the start of conditioning should be as short
as possible, see Section 7.4.

Unless otherwise specified, all edges and the reverse side
of the test specimen shall be sealed with a product that does
not contribute to the air pollution level in the test chamber.
A low-emitting, self-adhesive aluminum tape is suitable for
this purpose. In order to minimise the need for sealing the
reverse sides, an even number of test specimen plates
should be used, and those should be mounted in pairs with
the reverse sides facing each other. In order to prevent
uneven air distribution in the CLIMPAQ, all test specimens
used at the same time should have the same dimensions.

Wet materials shall be applied to a support made of a
material selected with regard to the purpose of the test. If,
for example, the test intends to study the emission from a
paint itself the support should be made of a non-emitting and
non-permeable material (for example a sheet of stainless
steel or glass). When testing paints, one alternative is to test
the support and the paint as a system. If the paint is applied,
for example, on wallpaper or gypsumboard, the results may
be more representative of the real building situation. In other
applications the preparation may include production of test
specimens consisting of several layers of different con-
struction products.
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7.4  Conditioning of test specimens

The time between the unpacking of the material samples
and the start of the test is considered as a conditioning
period. Unless otherwise specified: 1) conditioning should
be carried out in the same climate and with the same
requirements for background concentration as specified for
the test, and 2) the conditioning period should be 28 + 2
days.

7.5 Test conditions

The selection of test conditions includes selection of air
temperature, humidity, air velocity and area specific airflow
rate. Generally, the tested object should be in equilibrium
with the temperature and the humidity of the test chamber
air. The selection of test conditions depends on the objective
of the test and should be agreed upon before the start of the
test. The selected test conditions shall be incorporated in
the Quality Assurance Project Plan.

Unless otherwise specified the test conditions should
comply with the figures given below.

7.5.1 Temperature and humidity

The temperature and relative humidity in the chamber shall
comply with ISO standard 554 (6) within the following limits:

Temperature 23 °C +1 °C
Relative humidity 50%RH +5%RH

7.5.2 Air velocity

The air velocity measured in the center of each cross
section between test specimens shall be 0.2 + 0.1 m3-1.

7.5.3 Area specific airflow rate

The area specific airflow rate should be the same in the test
chamber as in the selected model room. In the model room
the different types of materials have different exposed
areas, which means that different types of materials are
ventilated with different area specific airflow rates. The
desired area specific airflow rate in the CLIMPAQ is ad-
justed by adjusting the test specimen area and the supply
airflow rate in the test chamber. The correct material area is
obtained by preparing a number of material plates with the
maximum length of 0.8 m and the maximum height of 0.2 m.
The maximum material loading depends on the thickness of
the test specimen, see Appendix D.

Guidance on how to select the area specific airflow rate is
given below. During the emission test the supply airflow rate
shall not deviate by more than 20 % from the selected value,
and it shall not vary by more than +3 %.

Full-scale scenario defined by the use of a model room

The following example is based on the use of the model
room defined in NT Build 358 (5), which has the dimensions

3.2[@R.2@2.4m (length, width and height respectively).
Table 2 shows the areas and the loading factors for some
surfaces in this specific model room.

Table 2. Loading factors for some of the surfaces in the NT
Build 358 Model Room [5].

Surface Surface area, A Loading factor, L
[m?] [m2/m?3]

Floor/Ceiling 7 0.42

Wall 24 1.41

Door 2 0.12

Window frames 0.2 0.012

Sealants 0.2 0.012

Once the loading factor has been selected, for example
using Table 2, the next step is to select the air change rate,
n, in the model room. The air change rate in normal build-
ings may range from about 0.5 [h~1] in naturally ventilated
buildings, to about 5 [h~1] in mechanically ventilated buildings.

The area specific airflow rate, g, for a material is then cal-
culated as the ratio of the air change rate to the loading
factor in the model room, g = n/L. The area specific airflow
rate should be the same in the test chamber as that cal-
culated for the selected model room. This is achieved by a
proper combination of test specimen area and supply airflow
rate in the CLIMPAQ.

Selection of test specimen area and supply airflow rate
in the CLIMPAQ

Equation (2) shows the relationship between the airflow rate
in the CLIMPAQ and the test specimen area required to
obtain the same area specific airflow rate in the CLIMPAQ
as in a model room, ventilated with n air changes per hour
and with a loading factor of L.

T AeX L @
where
q = area specific airflow rate [m3 [h~1 Om2]

Q = supply airflow rate in the CLIMPAQ [m3 [h™1]
A = area of one test specimen [m2]

X = number of test specimens to be mounted in the
CLIMPAQ

n = air change rate in the model room [h]

L = loading factor in the model room [m2 Cm=3]

The relationship between the supply airflow rate and the test
specimen area should be calculated using Equation (2)
whenever the area specific airflow rate is not explicitly
studied. However, depending on the air quality quantification
methods being used, there may be some limitations regard-
ing the selection of air flow rate in the CLIMPAQ. For
example, sensory assessments using the diffuser shown in
Figure G1 in Appendix G require that the airflow rate through
the diffuser is kept at about 0.9 181 (7). Furthermore, some
methods for chemical quantification may require higher con-
centrations than what is obtained using Equation (2) applied
to a specific model room. In such cases, in order to obtain
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a measurable concentration, it may be necessary to select
airflow rates that deviate from the desired model room
scenario.

Example of a model room scenario

Table 3 shows the area specific airflow rates corresponding
to an air change rate of 2.0 h™1 in the model room defined
in NT Build 358 (5). The table also shows the test specimen
areas that give the corresponding area specific airflow rates
in the CLIMPAQ, when the supply airflow rate in the
CLIMPAQ is kept at 0.9 I/s. The data in Table 3 are obtained
using Equation (2).

Table 3. Area specific airflow rates corresponding to an air
change rate of 2.0 h~1 in the model room defined in NT Build
358 [5], and examples of supply airflow rates and test speci-
men areas that give the corresponding area specific airflow
rates in the CLIMPAQ.

Model room CLIMPAQ
Material Area specific Supply air- Area of test Test specimen
type airflow rate  flow rate ~ specimens

g=n/L Q A=A  Number Dimensions

[Mm3Htm? [I57Y [m?] X IB [mih]
Floor/ceiling 4.76 0.9 0.68 6 0.570.2
Wall 1.42 0.9 2.28 16 0.710.2
Door 16.7 0.9 0.19 2 0.480.2
Sealants 167 0.9 0.019 3 0.630.01

7.5.4 Test chamber airtightness

Unless otherwise specified the air leakage shall not exceed
10 % of the supply airflow rate. Guidance on how to check
the air leakage is given in Appendix E.

7.5.5 Background concentration

The background concentration is the concentration of pol-
lutants measured in an empty chamber operated under the
same conditions as during the emission test. The back-
ground concentration shall be low enough not to interfere
with the emission determinations beyond quality assurance
limits. Unless otherwise specified the background concen-
tration shall not exceed 2 pg/m3 for any VOC of interest
during the emission test. When the emission test includes
sensory assessments the background concentration should
be determined. The concentration of pollutants in the air of
the room where the CLIMPAQ is operated should not
exceed the background concentration in the CLIMPAQ.

7.6  Preparing the test chamber for the
emission test

The chamber is prepared for use by performing the following
steps:

1) The chamber shall be cleaned before the start of each
test. Cleaning is performed by scrubbing the inner sur-
faces with an alkaline detergent in hot tap water, rinsing
with hot tap water and final rinsing with deionised water.

The internal fan is easily removable for these cleaning
procedures. After cleaning the chamber should be
closed and purged with clean air for 24 hours.

2) The supply airflow rate, air velocity, air temperature and
humidity should be adjusted in accordance with the de-
sired test conditions. A detailed description of the adjust-
ment procedure is given in Appendix A-C. In order to
minimise the need for a subsequent correction of the
airflow rate and air velocity (see step 5 below) the adjust-
ment may be carried out with inert substitutes of the test
specimens mounted in the CLIMPAQ.

3) The background concentration should be measured and
if the concentrations of the compounds of interest ex-
ceed the limits stated as part of the Quality Assurance
Project Plan (see Section 7.8) the cleaning procedure
shall be repeated. However, in some cases it may be
acceptable to subtract the background concentration
from the measured concentration.

4) The test specimens should be mounted in the CLIMPAQ
according to the instructions given in Appendix D and the
lid should be closed.

5) Check and adjust the airflow rate and the air velocity.
Ensure that the tightness of the chamber is satisfactory,
according to the instructions given in Appendix E.

7.7  Test procedure

The test is carried out by chemical measurements of the
concentration of the compound(s) of interest, or by sensory
assessments by a panel of air quality judges. The number of
concentration measurements and the time interval between
the measurements depend on the objective of the test. Test-
ing of a material with an unknown emission-time curve may
for example require a larger number of consecutive measure-
ments than testing of a material with a known emission-time
curve. A plan for the concentration measurements should be
agreed upon prior to the start of the test. The results from
previous measurements may, however, be used for revision
of the succeeding part of the measurement plan. The con-
centration measurement should be made either in the hole
M1 in the lid of the CLIMPAQ, or in the exhaust air leaving
the CLIMPAQ through the outlet valve, VO.

The air temperature, humidity, the airflow rate in the CLIMPAQ
and the air velocity over the test specimens should all be
kept constant during the emission testing. These par-
ameters should be measured at least in the beginning and
at the end of the test period. If it has not been verified prior
to the start of the emission test that the parameters can be
automatically kept stable within acceptable limits, they
should be continuously monitored during the test period.

Details of the air velocity measurements are given in Appen-
dix C, and information on temperature and humidity control
is given in Appendix F.

7.8  Quality control

Emission testing should be carried out using a Quality Assur-
ance Project Plan, which should include the following items:
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A project description should specify the objective of the
test, the way the test will be conducted, what materials will
be tested and who is responsible for the different parts of the
project.

The data quality objectives and the acceptance criteria
should be specified as the desired precision and accuracy of
each measured parameter. The expression of results should
state whether the measurements are in compliance with the
data quality objectives.

Quality assurance activities, such as cleaning of the
chamber, proper handling of materials and calibration and
maintenance of equipment should be recorded in log books.

The steady state concentration of a pollutant in the chamber
air may depend on the environmental parameters, such as
temperature and humidity. Furthermore, the concentration is
dependent on the airflow rate in the chamber. It is therefore
important that the temperature, relative humidity and airflow
rate are registered continuously. All instruments have to be
calibrated at sufficient time intervals. In addition to the above
mentioned parameters, extensive quality assurance activi-
ties should be involved in the process of measuring emis-
sions, e.g. sampling organic compounds on adsorbents,
subsequently analysed with gas chromatography, and air
quality measurements by sensory assessments.

In order that the Quality Control activities may be carried out
in a meaningful way it is necessary to make distinct defi-
nitions of a number of parameters and sub-procedures prior
to the start of the project. In this context the following items
should be considered:

» Strategy for the collection of material samples
— selection of representative materials
— packing materials and methods
— maximum time between collection and the start of the
preparation of test specimens

» Preparation of test specimens
— method for cutting out test specimens
— method for application of wet materials
— selection of support materials
— selection of materials and methods for sealing of
edges

» Definition of conditioning climate and test conditions
— area specific airflow rate
— supply airflow rate
— test specimen area
— air temperature
— humidity
— air velocity over the test specimens
» Definition of allowable deviations from the selected con-
ditions
» Criterion for test chamber airtightness
* Required accuracy of all the measured parameters

* Method for chemical measurements
— measurement location
— analytical procedure
— instrumentation
— maximum allowable background concentration

* Sensory assessments
— principle of method
— type of sensory panel
— number of panel members
— administration of sensory panels
— maximum allowable background concentration

¢ Plan for concentration measurements
— Time schedule

e Calibration procedures.

7.9  Expression of results

In addition to the obtained emission data the report should
include information about the environmental parameters, i.e.
temperature, humidity, air velocity as well as the airflow rate
and the total area of the test specimens, together with an
evaluation of the compliance with the data quality objec-
tives.

Chemical measurements

The results should include the measured chamber concen-
trations and the area specific emission rates calculated
using Equation (1).

Sensory measurements

Several sensory methods are described. At present it is not
possible to recommend one particular method. One way to
characterise emission from materials is by exposure-
response relationships between the concentration of pol-
lutants and a quantitative estimate of e.g. acceptability or
intensity based on sensory assessments. Determination of
sensory threshold is another way of characterising emis-
sions from materials. A dilution system may be used for
determination of exposure-response relationships and sen-
sory thresholds. If the results are obtained using a dilution
system together with the CLIMPAQ the rate of dilution shall
be reported. The report should also include the measured
air quality parameters.

7.10 Test report

The test report should include the following information:
a) Name and address of the testing laboratory

b) Identification number of the test report

c) Name or other identification of the tested object

d) Name and address of the organisation or person who
ordered the test

e) Purpose of the test

f) The circumstances and conditions under which the
material samples have been stored and transported

g) Information about the procedure of test specimen
preparation

h) Description of the tested object
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i) The time interval between collection of the material
sample and the test

j) The environmental parameters for the conditioning and
testing atmosphere

k) Date and period of the test

I) Identification of the measurement methods, test equip-
ment and the instruments used

m) ldentification of the person(s) responsible for the measure-
ments

n) Test results

o) Date and signature

for newly produced materials also
p) date of manufacture

q) production number

and for test specimen taken from materials that have been
installed in buildings

r) age of the material

s) surface treatment.
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APPENDIX A

PROCEDURE FOR ADJUSTMENT OF THE AIRFLOW RATE AND THE AIR VELOCITY

A step by step procedure for adjustment of the airflow rate
and the air velocity is given below. The procedure indicates
only the methodology for adjustment while details of the
measurement methods needed are given in subsequent
appendices. Section A.1 can be used for a "stand alone"
CLIMPAQ, i.e. a chamber that is not connected to a supply
air system, but takes the supply air directly from the room
where it is placed. In section A.2 a procedure for adjustment
of a CLIMPAQ with an external supply air system is present-
ed. The symbols VI, VO, D and F are defined in Figure 1 in
the body of the report.

A.1 "STAND ALONE" CLIMPAQ

Preparing the CLIMPAQ for use:

1. Mount the test specimens or inert substitutes of test
specimens in the CLIMPAQ.

2. Mount the lid on the CLIMPAQ.

Adjustment for maximum supply airflow rate and mini-
mum recirculation:

3. Open both valves,VI and VO, completely.
4. Close the damper, D, completely.

5. Turn on the internal fan, F.

Adjustment of the supply airflow rate:

6. Adjust the air outlet valve, VO, until the supply airflow
rate in the CLIMPAQ is correct. Note that when the
CLIMPAQ is operated as a "stand alone" chamber, there
will be a negative static pressure of about 10 Pa in the
test zone (measured in hole M1 in the lid of the
CLIMPAQ). The inlet valve, VI, should be completely
open, in order to minimise the negative pressure in the
chamber.

Adjustment of the air velocity:

7. Adjust the damper, D, until the air velocity in the test
zone of the CLIMPAQ is correct.

Iterations:

8. Check the supply airflow rate. Repeat steps 6—8 until the
airflow rate and the air velocity are equal to the desired
values.

A.2  CLIMPAQ WITH EXTERNAL SUPPLY AIR
SYSTEM

For a CLIMPAQ that is operating with an external supply air
system, i.e. with a supply air fan connected to the CLIMPAQ
via the air inlet valve, VI, the following steps can be used for
adjustment. The procedure can be used for supply airflow
rates above 0.5 1871 and it is suitable to let the supply air
system provide a constant static pressure of about +25 Pa
at the inlet valve of the CLIMPAQ.

Preparing the CLIMPAQ for use

1. Mount the test specimens or inert substitutes of test
specimens in the CLIMPAQ.

Mount the lid on the CLIMPAQ.
Open both valves, VI and VO, completely.
Close the damper, D, completely.

Turn on the internal fan.

o gk~ w0 DN

Adjust the outlet valve, VO, until the airflow rate in the
CLIMPAQ is correct.

7. Adjust the damper, D, until the air velocity in the test
zone of the CLIMPAQ is correct.

8. Check the supply airflow rate. Adjust the valve, VO, until
the airflow rate is correct.

9. Check the static pressure in the chamber using hole M1.
Compensate for 50 % of the difference between the
measured value and the desired pressure, by adjusting
the inlet valve, VI. For example, if the measured press-
ure is +15 Pa and the desired pressure is +5 Pa, the
valve VI should be adjusted until the measured pressure
is +10 Pa.

It may be suitable to operate the chamber at about 5-10
Pa overpressure, in order to prevent polluted air from
entering the chamber by leakage. Note that there will be
a pressure drop between M1 and M10 when test speci-
mens are placed in the chamber.

Iterations:

10. Check the supply airflow rate. Repeat steps 8-10 until
the airflow rate and the static pressure are equal to the
desired values.

11. Check the air velocity in the test zone of the CLIMPAQ.
If necessary, repeat steps 7-11.
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APPENDIX B

AIRFLOW RATE MEASUREMENTS

The ventilation rate in the CLIMPAQ can be measured by
the use of an airflow meter connected to the air inlet or the
air outlet of the chamber. An alternative method, based on
tracer gas measurements, may also be used. Tracer gas
measurements can be conducted either as concentration
decay measurements or as constant concentration
measurements. The tracer gas can be injected into the
CLIMPAQ using hole M10 and the tracer gas concentration
should be measured in the exhaust air at the outlet valve
VO. For identification of the locations of M10 and VO, see
Figure 1 in the body of this report.

The air velocity measured, for example with a hot-wire
anemometer, in a straight tube connected to the air inlet or
the air outlet of the CLIMPAQ, will provide a signal that may
be translated into the air flow rate in the CLIMPAQ. The
relationship between the measured air velocity in the tube
and the airflow rate needs to be established by a calibration

procedure repeated over the range of interest, for example
using simultaneous tracer gas measurements. Note that the
"air velocity tube" needs to be sufficiently long to provide a
well defined velocity profile and thus minimise the in-
accuracy of the measurement. Since the diameter of the
tube is small the geometry of the velocity probe will influence
the measured values. The obtained translation curve is
therefore valid only for the probe used during the calibration.

The quite small time constant (minutes) for the ventilation of
the CLIMPAQ needs special considerations if the concen-
tration decay method is chosen. A tracer gas analyser with
a time constant small enough not to affect the results is
needed. The constant concentration method can be used
only if it is possible to make a sufficiently low and known
tracer gas injection. The tracer gas methods may be rela-
tively complicated and time consuming.
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APPENDIX C

AIR VELOCITY MEASUREMENTS

The velocity of the air over the test specimens can be
measured using, for example, a hot-wire anemometer. The
holes (M2-M9) in the lid of the CLIMPAQ make it possible to
check the air velocity in different parts of the chamber. The
air velocity shall be checked in the center of the cross
section between the test specimens. The anemometer
should be calibrated for the vertical orientation of the probe.
It is important that all the holes in the lid of the CLIMPAQ are
sealed during the air velocity measurements.

Comment: The emission rates may depend on the mass
transfer coefficient and, thus, on the boundary layer con-
ditions. In general, the development of the boundary layer is
dependent on both the air velocity over the surface and the
geometry, e.g. the distance between the test specimens.
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APPENDIX D

MOUNTING OF TEST SPECIMENS

Place the plane test specimens vertically, parallel to the long
side of the CLIMPAQ. The test specimens can be kept in
place using guides at each end of the chamber. Sealants
applied in U-profiles should be placed on the bottom of the
CLIMPAQ, parallel to the long side of the CLIMPAQ.

The distance between the chamber wall and the test speci-
men, and the distance between each test specimen should
be equal. The absolute value of the distance depends on the
thickness of the specimens and the number of specimens.
The distance between each test specimen should not be
smaller than 10 mm at any point.
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APPENDIX E
APPENDIX E
AIRTIGHTNESS
In order to minimise the leakage of air between the The tightness can be checked either
CLIMPAQ and the ambient air, the silicone rubber foam — by comparing the exhaust airflow rate to the supply air-
gasket that is used for sealing the lid should be clean and flow rate. or
undamaged. The lid should be tightened and kept in place ’ )
by the accessory rubber straps (o-rings). Furthermore, the — by measurement of the decay of a tracer gas, i.e. the
holes in the lid need to be properly sealed, for example supply airflow rate, with the outlgt \{qlve entirely closed
using caps made of stainless steel or aluminum, kept in and the CLIMPAQ operated at a significant overpressure.

place by a low-emitting tape.
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APPENDIX F

TEMPERATURE AND HUMIDITY CONTROL

The temperature is controlled by controlling the supply air
temperature, the temperature in the room in which the
CLIMPAQ is placed and the internal heat load in the
CLIMPAQ. It should be noted that the internal fan con-
stitutes an internal heat load of about 8 W, which results in
a temperature increase of approximately 1-4 °C, depending
on the airflow rate in the CLIMPAQ. If desired, the tempera-
ture may be increased further by adding a heat load in the
plenum below hole M10 (see Figure 1, Section 7.2).

The humidity in the CLIMPAQ is controlled by the humidity
of the supply air. If the CLIMPAQ is operated as a "stand
alone" chamber this means that the humidity should be
controlled in the space where the CLIMPAQ is located. If the
CLIMPAQ is supplied with air from an external system, the
humidity is controlled by the humidity of the supply air only.

In order to prevent moisture condensing on the interior sur-
faces of the CLIMPAQ, the dew point temperature of the
supply air should not exceed the surface temperature of the
interior walls. If the CLIMPAQ is not thermally insulated this
can be obtained by keeping the dry bulb temperature of the
ambient air well above the dew point temperature of the
supply air to the CLIMPAQ.

The temperature and the humidity should be measured
using any of the holes M1-M9. However, if the material
being tested acts as a heat load or humidity source, the
average temperature and humidity should be measured
using hole M1.
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APPENDIX G

EXAMPLES OF CLIMPAQ INSTALLATIONS

The CLIMPAQ can be operated either with or without supply
air from a separate supply air system. If the CLIMPAQ is
operated without special supply air arrangements it is called
a "stand alone" chamber. This case requires special con-
sideration of the background contamination of the air of the
room in which the CLIMPAQ is located, since the chamber
is supplied with room air. If the CLIMPAQ is operated with
an external supply air system, it is possible to supply the
chamber with conditioned and cleaned air. Furthermore, it is
possible to operate the CLIMPAQ with a slight positive

pressure, in order to prevent contaminated air from entering
the chamber by leakage.

Figure G1 shows an example of a "stand alone" CLIMPAQ,
and Figure G2 shows CLIMPAQs operating with supply air
from an external supply air system. Figure G3 and G4
shows a CLIMPAQ equipped with a dilution system which
enables sensory assessments of the polluted air at different
concentrations. The concentration of pollutants in the
diffusor can be adjusted by diluting the air exhausted from
the test chamber with unpolluted supply air.

Figure G1. A "stand alone" CLIMPAQ supplied with air directly from outside
the chamber. A diffusor [7] for sensory assessment of the air exhausted from
the chamber is mounted at the chamber outlet.

Figure G2. CLIMPAQs supplied with air from an external supply air system.
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Figure G3. Sketch of a CLIMPAQ equipped with a system
for dilution of the polluted air exhausted from the chamber
with unpolluted supply air. The degree of dilution can be
adjusted by changing two orifice plates held by the two
clamp rings shown in the figure.
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Figure G4. Photo of a CLIMPAQ equipped with a system for
dilution of the polluted air exhausted from the chamber with
unpolluted supply air.

Exhaust air

Supply air

Figure G5. Sketch showing the air flow patterns in the
CLIMPAQ. The dashed arrow represents the recirculated air
flow.



