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Foreword

This document (EN 13216-1:2004) has been prepared by Technical Committee CEN/TC 166 "Chimneys", the
secretariat of which is held by UNI.

This European Standard has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by March 2005, and conflicting national standards shall be withdrawn at the latest by
March 2005.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.
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Introduction
CEN/TC 166 intends to publish the test methods for system chimneys as separate parts of a series of standards.
The first part of the series of EN 13216 includes material-independent test methods for system chimneys.

For the purpose of this document, system chimneys are considered as kits in the meaning of Guidance Paper C
(see Bibliography).

Further parts of the multi-part standard include material-specific test methods, each material used for the inner wall
being decisive. The material-specific test methods are based on the general material-independent test methods.
Considering the various characteristics, the material tests can be carried out on deviating specimens or can include
other test procedures which however have correlation to those given in this standard.

It is intended to prepare further parts if further material-specific standards are published.
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1 Scope

This document specifies material-independent general test methods for system chimneys.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

EN 1443:2003, Chimneys — General requirements.
EN 10088-1, Stainless steels — Part 1: List of stainless steels.

EN 13384-1, Chimneys — Thermal and fluid dynamic calculation methods — Part 1: Chimneys serving one
appliance.

EN 60529, Degrees of protection provided by enclosures (IP Code) (IEC 60529:1989).

BS 1042-2.1, Measurement of fluid flow in closed conduits — Velocity area method — Method using Pitot static
tubes.

3 Terms and definitions

For the purpose of this document, the terms and definitions given in EN 1443:2003 and the following apply.

31

test chimney

assembly of representative chimney components necessary to enable the system chimney to be assessed for the
performance criteria

3.2

test assembly

complete assembly of all parts necessary to enable the specific performance criteria (thermal performance and
others) to be assessed, comprising test chimney, test structures, and measuring equipment

3.3

test sample

assembly of chimney components necessary to enable the system chimney to be assessed as defined for specific
performance criteria

3.4

test structure

assembly of the additional materials (non-chimney components) to enable the test sample to be assessed for the
specific performance criteria

3.5
thermal shock test
method to assess the sooftfire resistance characteristics of the system chimney (internal to external)

3.6
thermal test
method to assess the temperature characteristics of the system chimney

3.7
vapour and condensate resistance test
method to assess the system chimney’s resistance to vapour and condensate
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3.8

condensate resistance test

method to assess the components or sub assemblies of system chimney’s resistance to condensate
3.9

thermocouple rake

assembly of thermocouples used to measure the temperature distribution across a flue

3.10

accuracy

ability of the measuring instruments to give response in the specified range from the true value

3.1

uncertainty of measurement

combination of all parameters (i.e. accuracy, human parameter, environmental parameters) to give response in the
specified range from the true result

3.12

tolerance
range in which a parameter has to be met without respects to accuracy an uncertainty of measurement

4 Test environment and measurement parameters

4.1 Location of test chimneys (see Figure 1)

The minimum distance between the test chimneys and building structures (i.e. walls etc.) shall be 1,0 m.

4.2 Test environment

The ambient air temperature in the test room shall not vary during tests by more than 5 °C and shall remain in the
temperature range of 15 °C up to 30 °C.

The test room shall consist of a ventilated space not subject to air movement greater than 0,5 m/s measured at the
ambient thermocouple positions.

4.3 Location for the measurement of ambient air condition (see Figure 1)
The ambient air temperature and velocity shall be measured at a position:

— 1,5m £ 0,1 m above the test rig floor;

— 1,5m £ 0,5 m from any walls of test chimneys;

— atleast 1,0 m from any other structures.

The ambient air temperature shall be measured for a test chimney, corner installation, enclosed, see 5.7.3.1.3 additional
0,3 m £ 0,1 m below the ceiling of zone B.

4.4 Accuracy of measurement
The ambient air temperature shall be measured with an accuracy of + 0,5 °C.

The velocity of the ambient air shall be measured with an accuracy of + 0,1 m/s.
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5 Performance tests for system chimneys, material independent

5.1 General

NOTE Annex A gives a recommended test sequence.
5.2 Abrasion resistance test

5.2.1 Test apparatus

A tight fitting metal sleeve attached to a guide funnel shall be fitted into the top opening of the flue of the test
chimney (see Figure 2). The alternative test sample from components may be tested as shown in Figure 3. A tight
fitting metal sleeve attached to a plate which has an opening matching the area of the opening to the flue shall be
fitted into the bottom opening of this test sample.

A bottom plate supported directly over a collection box is positioned to collect any material which is dislodged
during the test, and which is sufficiently deep to allow the brush to pass through the complete length of the test
sample.

The brush shall be attached either to a rod or to a sweeping equipment as shown in Figure 4.

Use a sweeping brush having flat spring-steel bristles of stainless steel in accordance with EN 10088-1, grade X 10
Cr Ni 18-8, steel number 1.4310, with a cross section of (2,0 £ 0,2) mm x (0,25 + 0,05) mm with the ends cut
square. The bristles shall be arranged so that there are 5 per 10 mm length of the perimeter of the plan area of the
brush. The brush may be a combination of single brushes.

The over-all dimension of the brush shall be (25 £ 5) mm greater than the internal dimension of a round flue or the
corresponding dimension of a flue with square or rectangular cross section (see Figure 4). The brush shall be held
securely between plates having a plan dimension (100 £ 5) mm less than the internal dimension of the flue.

The balance to weigh the deposit shall have an accuracy of 1,0 g.

5.2.2 Test sample

The test sample shall be the test chimney used for the thermal performance tests, see Figure 2 or the alternative test
sample, see Figure 3, thermally conditioned to the test temperature according to the designation given in EN 1443. The
test sample shall be assembled as specified in the product standards.
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5.2.3 Measuring parameters

Measure the weight of material dislodged from the inner surface of the test assembly after 100 cycles with an accuracy
of 1,0 g.

The area for the inner surface of the test sample, exposed to abrasion shall be calculated.

5.2.4 Test procedure

The brush shall be pushed down and up through the total length of the test sample with a maximum speed of 2 m/s and
this represents one cycle.

A test number of 100 cycles shall be completed.

Record the weight of material dislodged and the dimensions of the inner surface.

5.2.5 Test results

The recorded mass of material abraded from the inner surface of the test sample over 100 sweeping cycles shall be
expressed in terms of kilograms per square meter of the total exposed area of the inner surface of the flue.

5.3 Relative movement of the flue liner in multi-wall system chimneys

5.3.1 Test apparatus

A test apparatus which allows the measurement of deviations in the differential movement between the flue liner and the
outer wall of multi-wall-system chimneys.

The accuracy shall be £ 0,001 m.

5.3.2 Test sample
The test sample shall be the test chimney used for the thermal performance tests, thermally conditioned according to the

designation given in EN 1443. The test sample shall be assembled as specified in product standards. When the
manufacturer claims for an opening, it shall be installed in Zone C (see Figure 1).

5.3.3 Measuring parameters

Measure the surface temperature of the test chimney according to 5.7.

Measure the change in position of the flue liner relative to the outer wall at the top of the test sample before and after
the thermal performance tests.

5.3.4 Test procedure

All measurements shall be made before and after the thermal performance test appropriate to the designation.

Record the difference in length between the flue liner and the outer wall when all thermocouples have reached ambient
air temperature within 5 °C.

5.3.5 Test results

The results are expressed by the change in position of the flue liner relative to the outer wall after the test sample has
cooled down to room temperature.

10
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5.4 Gas tightness test

5.4.1 Test apparatus

Provide an air supply capable of delivering air at a rate sufficient to achieve and maintain the required test pressure at
the leakage rate appropriate to the designation.

Seal the flue inlet and the flue outlet of the test chimney with an air tight seal in a typical manner (see Figure 5).
For measurement of pressure use:

— for chimneys designated N a device with the pressure to an accuracy of + 1 Pa;

— for chimneys designated P a device with the pressure to an accuracy of + 5 Pa;

— for chimneys designated H a device with the pressure to an accuracy of + 50 Pa.

For measurement of the gas leakage for negative and for positive pressure chimneys in accordance with EN 1443 use a
device with an accuracy of £ 5 %.

5.4.2 Test sample

The test sample shall be the test chimney used for the thermal performance tests, thermally conditioned according to the
designation given in EN 1443. The test sample shall be assembled as specified in system chimney standards, (i.e. with
an opening where appropriate) (see Figure 5).

Where the products are not required to be thermally conditioned, the test sample (i.e. with an opening where
appropriate) shall consist of at least two chimney sections or fittings with one joint where applicable.

5.4.3 Measuring parameters

Measure and record:
— gas leakage and the pressure maintained during the test in accordance with EN 1443;
— inner dimensions of the test sample.

Calculate the inner surface area.

Record the air flow rate, the pressure and the inner dimensions of the test sample.

5.4.4 Test procedure

Deliver air from the air supply to the flue at a rate necessary to achieve and maintain the required test pressure given in
EN 1443. Measure the gas leakage at ambient temperature.

Subject the test sample to thermal conditions appropriate to the designation or as stated in the product standards.

Measure the gas leakage again at ambient temperature.

5.4.5 Test results

The results are expressed by the leakage rate related to the inner surface area of the test sample.

11



EN 13216-1:2004 (E)

5.5 Condensate resistance test

5.5.1 Test apparatus

A test apparatus which allows to spray (coloured) water into the flue, in accordance with Figure 6. The test apparatus
shall consist of a tank, a water heater, a gate valve, an air supply where required for the apparatus, a peristaltic pump
and a spray equipment capable of giving even distribution of the spray.

The balance to weigh components of the test sample shall have an accuracy of + 1 g up to 10 kg and = 2 g for more
than 10 kg. The balance shall be capable of weighing at least two flue liners or two chimney sections.

5.5.2 Test sample

The test sample shall consist of minimum two sections or fittings with at least one joint. If the test chimney of the thermal
performance test is to be used as a test sample, take only the two top sections for weighing.

5.5.3 Measuring parameters
Measure:
— spray temperature and the spray volume;
— appearance of water on the outside the test sample of fittings or chimney sections of the test chimney;

— change in weight of the test sample.

12
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5.5.4 Test procedure

Dry and weigh the test sample used before spraying water.

Spray (coloured) water on the inner surface at the outlet of the flue liner:

— with a temperature of 50 °C =+ 5 °C;

— with a pressure of a maximum of 3 bar;

— with a water volume related to the diameter (at 0,040-m>h™"-m™+ 0,008 m3-h'1-m'1)
during 4 h or until water appears on the outside of the test sample.

Dry and weigh the test samples. When components of the test chimney are weighed, they have to be dried and
then re-weighed.

Record:
— spray temperature and the spray volume;
— detection of (coloured) water outside of fittings or chimney sections;

— change in weight of the test sample after spraying water in comparison to the dried sample.

5.5.5 Test results
Record:
— location of any appearance of water on the outside of any fitting or chimney section of the test samples, and

— any change in weight of the test sample or components.
5.6 Vapour and condensate resistance test

5.6.1 Test apparatus

A test apparatus which allows to deliver water vapour saturated air at a temperature of 52 °C + 2 °C and a velocity of
1 m/s £ 0,2 m/s, consisting of a fan, a heater, a vapour steam vessel, and a flow rectifier (see Figure 7).

Use a measurement equipment:
— for flue gas temperature with an accuracy of + 1,5 °C,
— for layer temperature with an accuracy of + 0,5 °C and

— for humidity with an accuracy of + 2 % in the range of 0 % to 80 % and of + 3 % in the range of
80 % to 100 %.

The balance to weigh components of the test sample shall have an accuracy of + 1 g up to 10 kg and + 2 g for more
than 10 kg. The balance shall be capable of weighing at least two flue liners or two chimney sections.

For measurement of chimney draught use a device with an accuracy of + 1 Pa.

For measurement of flue gas velocity use a device with an accuracy of £ 0,1 m/s.

13
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5.6.2 Test sample

The test sample shall be the test chimney used for the thermal performance tests, thermally conditioned according to the
test temperature given in EN 1443. The sample shall be assembled as specified in Figure 7. When the manufacturer
claims for an opening it has to be installed in Zone C (see Figure 7).

Zone B shall have no enclosure.
5.6.3 Measuring parameters

5.6.3.1 General

Measure and record the temperatures and relative humidity of:
— flue gas;

— specified layers of the test sample; and

— ambient air.

Measure and record any change in weight.

5.6.3.2 Ambient air temperature and humidity

Ambient air temperature, see 4.3. Ambient humidity shall be measured at the same position.

5.6.3.3 Flue gas temperature and humidity
Measure the flue gas temperature with an accuracy of + 1,5 K at a position (50 £ 2) mm before the inlet to the test

chimney and at a position 500 mm below the exit at the top of the test sample. Measure the flue gas humidity at the
same positions.

5.6.3.4 Layer temperatures

Where a change in weight in components of the test sample is the assessment criteria specified in the specific product
standard, measure the specified outer surface temperatures (see 5.7.4.5).

Where a change in humidity in components of the test sample is the assessment criteria specified in the specific product
standard, measure:

- specified temperatures in the insulation layer and the outer surface temperature at the heights given in 5.6.3.6, (see
Figure 8);

- temperatures of the ventilating air at the inlet and outlet of the test chimney, where appropriate.

Measure the temperatures to an accuracy of + 0,3 K.

5.6.3.5 Layer humidity

Where a change in humidity in components of the test sample is the assessment criteria specified in the specific
product standard, measure the relative humidity at the same relevant positions as the temperatures to an accuracy of
12 % RH in the range 0 % to 80 % RH and + 3 % RH in the range 80 % to 100 % RH (see Figure 8).

5.6.3.6 Change in weight

Where a change in weight in components of the test sample is the assessment criteria specified in the specific product
standard, measure the increase in weight before and after exposing to the water vapour saturated air.
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5.6.3.7 Location for surface temperature and humidity / temperature measurements

Locations for surface temperatures and humidity / temperature measurements, at heights of 1 m, 2 m and 3 m are given
in Figure 9.

5.6.3.8 Chimney draught measurement

Measure and record the chimney draught for a negative pressure chimney to an accuracy of + 1 Pa.

5.6.3.9 Flue gas velocity

Measure the flue gas velocity to an accuracy of + 0,1 m/s at a distance of (150 = 10) mm from the entry to the inlet and
downstream of a flow rectifier.

5.6.3.10 Test environment, test room

The ambient temperature within the test building shall be maintained between 20 °C and 25 °C, measured at the
designated ambient air point (see Figure 1).

5.6.4 Test procedure

Install the test chimney into the test structure without enclosure of zone B, corner installation, in accordance with the
manufacturer’s installation instructions (see Figure 9).

Subject the test chimney to a drying phase at its designated temperature until all thermocouples register steady state
conditions. Steady state conditions are reached when the outer wall temperature of the test sample after a drying phase
of at least 2 h changes not more than 1 Kin 1 h.

Record all relevant temperatures and humidities.

Generate water vapour saturated air at a temperature of (52+2) °C and a rate necessary to give a velocity of
(1 £0,2) m/s in the test chimney. Maintain these conditions until:

— condensate appears on the external wall of the test sample; or

— steady state conditions in the boundary layers between insulation and outer wall are reached. In any case,
terminate the test after no longer than 3 weeks (see Figure 10).

For chimneys designated as N, monitor the chimney draught. Terminate the test when the chimney does not
remain under negative pressure.

Record all the test parameters during the heating period and at steady state conditions. Steady state conditions are

reached when the humidity in the boundary layer of the test sample after a test phase of at least 2 days changes not
more than 2 % relative humidity in 4 h.

5.6.5 Test results

Record any change in humidity and temperature within the boundary layer between insulation and outer wall.
Record the location of any appearance of water on the outside of any fitting or chimney section of the test chimney.
Calculate the temperatures and humidity in the walls of multi-wall chimneys for ambient conditions specified for the

region where the chimney is to be installed. For this specified ambient conditions, no condensation shall occur
within the walls (see Annex B).
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5.7 Thermal performance test

5.7.1 General

The test chimney outlet shall be positioned within the test room. The chimney draught generated in the chimney by
extract provisions shall not be more than 1 Pa. The velocity of flue gas through the chimney shall not be influenced
by combustion air supply provisions by more then 0,2 m/s. Methods for determining the effects of extract and air
supply provisions are given in Annex C.

5.7.2 Test apparatus and test structure for thermal and thermal shock tests

5.7.21 General

The test assembly shall comprise a test structure (see 5.7.2.2), a hot gas connecting pipe (see 5.7.2.3), a hot gas
generator (see 5.7.2.4) and a test chimney (see 5.7.2.2).

5.7.2.2 Test structure

5.7.2.21 General
Construct the test assembly consisting of the test chimney, the test structure and the measuring equipment.

NOTE Figure 9 illustrates arrangements for testing chimney sections away from the test structure, at the test structure in a
corner with and without enclosure.

5.7.2.2.2 General requirements for test structures

Construct a test structure consisting of two walls at right angles and two floors through which the test chimney
passes (see Figure 11). The construction shall have thermal characteristics as described in 5.7.2.2.3 and 5.7.2.2.4,
with the area below the first floor designated as zone A, the area between the first floor and second floor as zone
B, and the area above the second floor as zone C, as shown in Figure 1. The wall/floor interface shall be fitted with
nominal 20 mm x 100 mm skirting board. The vertical distance between the floor and ceiling in zone B shall be
(2 400 £ 25) mm. The height of the chimney protruding into zone C shall not be less than 500 mm. Timbers shall
have a dimensional tolerance of £ 1 mm.

5.7.2.2.3 Walls

Construct walls consisting of nominal dimension 38 mm x 89 mm thick timbers in a framework (see Figure 12) faced
on each side with one layer of nominally 12 mm thick plywood to give a total thickness of 114 mm + 1,0 mm insulated
in the voids with mineral wool insulation having a thermal conductivity of 0,035 W/mK £ 0,002 W/mK at 20 °C, with a
minimum density of 70 kg/m3. The walls shall extend 1 200 mm £ 12 mm.

5.7.2.2.4 Floors

Construct flooring framework of nominal dimension 50 mm x 200 mm timbers at the first floor level and nominal
dimension 50 mm x 100 mm timbers at the second floor level forming an opening that enables the test chimney to be
erected so that all parts of the test structure are at the manufacturer’'s specified clearance x mm from the chimney
components (see Figure 12e) covered with one thickness of nominal dimension 20 mm boarding for the floors and
one thickness of nominal dimension 12 mm plywood for the ceilings, except for the second floor ceiling (exposed top),
and the spaces between the timbers filled with nominal 100 mm thick mineral wool insulation with a thermal
conductivity of 0,035 W/mK + 0,002 W/mK at 20 °C, with a minimum density of 70 kg/ms.
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5.7.2.3 Hot gas connecting pipe

Construct a purpose-made insulated straight flue pipe having an nominal diameter equal to that of the flue of the
test chimney of a length of approximately seven diameters measured from the centre line of the flue gas generator
to the entry to the test chimney, insulated to provide a thermal resistance value of not less than that equivalent to

50 mm thickness of material having a thermal conductivity of (0,125 + 0,005) W/mK at 750 °C + 5 °C (see Figure
1).

5.7.2.4 Hot gas generator
The test apparatus shall consist of a hot gas generator, producing the hot gas as given in Table 1 at the rate and
temperature according to the designation and flue diameter. The overall temperature distribution factor (OTDF), see

Annex D, shall not be greater than 1,05 at the measuring point at the entry of the chimney, see Annex D.

When the hot gas is generated by the combustion of fuel, no flame shall enter the test sample. This is fulfilled when
the hot gas has a CO/CO, ratio not greater than 0,01.

Alternatively, a test apparatus consisting of a fan and an electric heater, producing the hot gas as given in Table 1 at

the rate and temperature according to the designation and flue diameter may be used up to a designated temperature
of 250 °C.

5.7.3 Test sample
5.7.3.1 Test chimney for thermal test and for thermal shock test

5.7.31.1 General
The test sample is the test chimney which shall be installed according to the manufacturer’s instructions.
The size of the test chimney shall be the largest size produced up to 200 mm flue diameter.

The test chimney shall have a minimum of 4,50 m height, from the heat gas input up to the gas exit. The size shall
be the nearest to 200 mm flue diameter for a production range starting with diameters more than 200 mm.

The height of the test sample above the second floor shall be not less than 0,5 m. This part shall not be enclosed
(see Figure 1).

When cleaning doors, terminals or inspection openings are installed in the test sample, they shall be located in the
part over the second floor.

When a device for condensate removal is installed in the test sample, it shall be located in the lowest part, under
the T-piece.

The maximum distance between measuring points of the hot gas temperature and the inlet of the test sample shall
be not more than 50 mm.

Where the manufacturer provides measurement points access and inspection openings, they shall be tested for
positive pressure chimneys in the horizontal part while the horizontal part shall be as short as possible.

5.7.3.1.2 Free standing test chimney (see Figure 9)
When the test chimney shall be tested in a free standing arrangement, it may be fixed to the test structure or other

walls. The distance between the test sample outer surfaces to the walls of the test structure shall be not less than
1,1 m.
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5.7.3.1.3 Test chimney, corner installation (see Figures 9 and 13)

When the test chimney shall be tested, positioned in the corner formed by the insulated walls of the test structure,
the distance between the test sample outer surface to the walls of the test structure shall be as declared by the
manufacturer. Where no declaration is made, it shall be installed touching the walls. Unless otherwise specified the
space where the chimney passes through the floor shall be closed according to the manufacturer's instructions,
(see Figure 13). The space between the test chimney and the test structure shall be closed in Zone B with a 12 mm
thick sealed panel of non combustible material and of a thermal conductivity class of
0,035 W/mK £ 0,002 W/mK at 20 °C unless otherwise specified by the manufacturer.

When an enclosure is necessary to achieve outer surface temperature and to give safety distances to
combustibles, the chimney and the enclosure shall be considered as the test sample.

5.7.3.1.4 Test chimney, corner installation, enclosed (see Figures 9, 12 and 14)

When the test chimney shall be tested fully enclosed, the test sample shall be encased by the addition of 2 further
walls, defined in the relevant product standards. The distance between the test sample outer surfaces shall be as
declared by the manufacturer. Where no declaration is made, the test sample shall be installed touching the walls.

Unless otherwise specified, the space in the floor shall be closed according to the manufacturer’s instructions, or

completely closed with an insulation material of a thermal conductivity class of 0,035 W/mK = 0,002 W/mK
at 20 °C.

5.7.3.1.5 Thermal conditioning of the test sample

Incorporate a drying conditioning phase into the thermal test if required by the manufacturers instructions.

NOTE Information on conditioning may be contained in relevant product standards.

5.7.3.2 Hot gas adapter for thermal shock test

Where the chimney manufacturer requires it, an adapter may be used to guide the flue gas into the vertical part of

the chimney. This adapter shall not reduce the flow area by more than 5 % and shall not protrude into the vertical
chimney by more than 25 mm.

5.7.4 Measuring parameters

5.7.41 Test environment - Test room

The test room shall consist of a ventilated space not subject to air movement greater than 0,5 m/s measured at the
ambient thermocouple positions (see 4.2 and 4.3).

Ambient air shall be able to circulate freely between all parts of the test room.

5.7.4.2 Hot gas temperature

For measuring the hot gas temperature use a device with an accuracy of + 2 °C for hot gas temperatures less than
or equal to 250 °C, of +5 °C for hot gas temperatures less than or equal to 600 °C and + 0,75 % for hot gas
temperatures greater than 600 °C at a position (50 = 2) mm before the inlet to the test chimney and at a point in the
cross section coincident with the highest temperature position.

The method is described in Annex D.

NOTE In order to prove the integrity of measurements the hot gas temperature may be measured by one thermocouple
located in the centre of the flue, at each level. The temperature of flue gases within the sample may be measured at each level
by means of a thermocouple rake inserted vertically into the centre of the flue.

5.7.4.3 Hot gas velocity

Determine the hot gas velocity to an accuracy of - 5 % to + 10 %.
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Determine the hot gas velocity by the use of a Pitot tube in accordance with BS 1042-2.1 or by calculation from
measured values for fuel flow and CO level.

5.7.4.4 Test structure, surface temperatures

For measuring the surface temperature at the test structure use a device with an accuracy of + 1 °C.

The thermocouples shall be located on the test structure as follows, see Figure 11:

a) Wood joists on surfaces adjacent to the chimney:
First floor and second floor: one row of five thermocouples at least sufficient to go beyond the centre line
located on both walls spaced at a regular distance of 50 mm = 2,0 mm beginning 100 mm % 2,0 mm from the
corner.

b) Wall panels between floors:

300 mm below the ceiling of the second floor located on both walls one row of five thermocouples spaced at a
regular distance of 50 mm % 2,0 mm beginning 100 mm £ 2,0 mm from the corner.

5.7.4.5 Test chimneys, surface temperatures
5.7.4.51 General

For measuring the surface temperature at the test chimney where appropriate use a device with an accuracy
of £ 1 °C.

The measuring point for accidental human contact is the outer surface temperature in Zone A, see Figures 9 and
13, in a height of 0,5 m £ 0,1 m.

5.7.45.2 Test chimney, freestanding

The thermocouples on external surfaces shall be located at levels of 0,5m + 10 mm, 1,5m = 10 mm and
2,5 m + 10 mm above the gas inlet, see Figure 9.

The temperature of flue gases within the sample may be measured at each level by means of a rake inserted
vertically into the centre of the flue.

5.7.4.5.3 Test chimney, corner installation

The thermocouples on external surfaces shall be located as follows:
500 mm above the flue gas inlet of the test sample opposite to the walls of the test rig.

The temperature of flue gases within the sample may be measured at each level by means of a rake inserted
vertically into the centre of the flue.

5.7.4.5.4 Test chimney, corner installation, enclosed

The thermocouples on external surfaces shall be located as follows:
300 mm below the ceiling of the second floor on the additional walls of the enclosure.

The temperature of flue gases within the sample may be measured at each level by means of a rake inserted
vertically into the centre of the flue.

NOTE The measuring points of the thermal resistance test fulfil this requirement.

Measure the ambient air temperature with an accuracy of £ 0,5 K, additionally in Zone B (see Figure 1) at a position
(300 + 5) mm below the ceiling of the second floor with a distance to the test structure according 4.3, using the
following method:
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Shield a calibrated thermocouple by placing it centrally within a length of aluminium painted metal tube, (150 = 2) mm
long and 50 mm nominal diameter, open at each end. Two tubes shall be located (600 = 5) mm away from the test
chimney surface on diametrically opposite sides of the test assembly. The shielded thermocouple shall be placed
vertically to avoid direct radiation to the thermocouple.

5.7.5 Test procedure

5.7.5.1 General

Erect the test sample according to the manufacturer's instructions.

Condition the test sample according to the manufacturer's (commissioning) instructions. In the absence of
manufacturer's instructions, the test shall be carried out without conditioning.

NOTE Information on conditioning may be in the relevant product standards.

5.7.5.2 Test procedure for thermal test

Generate hot gas with a velocity in a test chimney and a test temperature specified in Table 1 appropriate to the hot
gas velocity for negative and positive pressure chimneys, product designation and diameter.

Regulate the rate of rise of the hot gas temperature to achieve the test temperature defined in EN 1443, with an
average increase of 50 K per min.

Table 1 — Hot gas velocity as a function of test temperature T and diameter of the test chimney

Hot gas velocity in m/s at a test temperature T of
D 100 (120 |150 |170 |190 |250 (300 |350 (500 |550 (700 |1 000
mm |°C |°C °C °C °C °C °C °C °C °C °C °C

Negative |100 |1,6 |1,7 (1,9 |21 23 (26 |29 |32 |40 |42 |48 |59
pressure 120 |16 |18 |21 23 125 |29 (32 |35 (43 |45 |51 6,3
chimney (160 (1,8 (2,0 |23 (25 |27 |31 34 (38 |46 (48 |55 |66
200 |19 |21 24 (26 |28 (33 |36 (39 |48 |50 |[57 |69

Positive |100 |22 (24 |26 |28 |30 |33 (36 (39 |47 |50 |56 |67
pressure (120 (2,4 |2,6 2,8 3,0 3,2 3,6 3,9 4,2 5,0 53 59 71
chimney (160 |26 |28 |31 (33 (35 |39 |42 |45 |54 (56 |63 |76
200 |2,8 |30 |32 |34 (36 |41 |44 |47 |56 |[59 |66 |79

High 100 |54 |56 |59 |61 |64 |68 |72 |76 |87 |91 |99 |116
positive | 155 158 (60 |63 |65 |68 |73 |77 |81 |92 |os [106 |123
160 |62 |65 |68 |70 |73 |78 |83 |87 |99 [103 [113 |13
200 |66 |68 |71 |73 |77 |82 |86 |91 [103 |107 |118 136

pressure

chimney

NOTE Normal production sizes are limited to a diameter of 200 mm. Hot gas velocities for other sizes are possible by
calculating according to EN 13384-1 (see Annex E).
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Maintain the hot gas temperature at ;° % of the test temperature, and the flow rate at 310 % of the value but not

less than 0,2 m/s given in Table 1, until equilibrium or 6 h. Equilibrium is deemed to exist when the rate of rise of
the temperature at the hottest point on the test assembly or structure does not exceed 1 K per 30 min up to hot gas
temperatures of 250 °C and 2 K per 30 min for higher hot gas temperatures. During the test phase, the ambient
temperature shall not vary by more than 5 K.

Record the temperatures after firing the test assembly until the temperatures have reached their maximum.

5.7.5.3 Test procedure for thermal shock test
With the test assembly temperatures within 10 °C of the test room ambient conditions, generate hot gas with the
volume flow and test temperature specified in Table 1 appropriate to the diameter. Regulate the rate of rise of the

hot gas temperature to achieve 1 000 °C in (10 £ 1) min. The ambient air temperature may vary during test more
than 5 °C.

Maintain the hot gas temperature at 1 000 °C *_53’00’0 °C for a period of 30 min, then turn off the hot gas generator.

Continue to record the temperatures on the test assembly until the temperatures have reached their maximum.
Measure and record flue regularity and measure gas tightness according to 4.4.

NOTE The relevant product standard may require to run the test with positive pressure chimney and high positive pressure
chimney for soot fire condition.

5.7.6 Test results

Record all temperature values as specified in 5.7.4. Record any instance where the maximum temperature
exceeds the allowed values.

For the purpose of determining temperature rises on chimney accessory parts and on enclosures and structures,
such temperatures shall be related to the ambient air temperature as follows:

— temperatures of joists shall be related to the ambient temperatures of the average of the ambient
temperature above and below the joist area;

— temperatures of floor and roof material shall be related to the ambient temperature in the highest position;

— temperatures of ceiling material shall be related to the ambient temperature in the highest position;

— temperatures of chimney surfaces or accessories shall be related to the nearest ambient temperature.
Continue to record the temperatures on the test assembly until the temperatures have reached their maximum.

Record the hottest touchable external surface temperature in Zone A of Figure 1 of the test chimney.
5.8 Thermal resistance test

5.8.1 Test apparatus (see Figures 15 and 16)

Use a test assembly consisting of two fans, two electric heaters, and interconnecting tubes so that heated air can
pass around the test assembly. Install in each arm of the test assembly approximately 2 m of the already thermally
tested chimney sections including at least two joints (see Figure 15).

Alternatively, connect the chimney sections of 5.7 in zone B to a re-circulating hot gas test assembly (see
Figure 16).
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5.8.2 Test sample

The test sample is a chimney straight section without enclosure installed according to the manufacturers instructions.
When the manufacturer additionally wants to know the thermal resistance in enclosed conditions, this resistance is
determined with its specified enclosure, with or without free ventilation. The test samples shall be thermally
conditioned according to the system designation for temperature.

Install in each arm of the test assembly approximately 2 m of chimney sections including at least two joints. The size
of the test chimney shall be the largest size produced up to 200 mm flue diameter. If the system chimney shall be
tested with an enclosure, the enclosure has to be specified by the manufacturer.

Alternatively, the test sample may be the test chimney used for the thermal performance tests. The test sample shall

be assembled as specified in product standards. When an opening is installed in the test sample, it has to be
removed.

5.8.3 Measuring parameters
For measuring use devices (see Figures 15 and 16):

— for the hot gas temperature at the entry of the test sample with an accuracy of + 2 °C for temperatures
less than or equal 250 °C, with £ 5 °C for temperatures less than or equal 600 °C and % 0,75 % for
temperatures greater than 600 °C,

— for the inner surface temperature with an accuracy of + 1 °C,

— for the outer surface temperature with an accuracy of + 1 °C,

— for the ambient temperature with an accuracy of £ 1 °C,

— for the pressure of the hot gas at the entry of the test sample with an accuracy of + 1 Pa,

— for the velocity of the hot air in the joint pipe with an accuracy of -5 % to + 10 %

— for the total heat input with an accuracy of + 2 %, and

— for the inner dimensions with an accuracy of + 1 mm for length and + 0,5 mm for the diameter of the test
sample.

5.8.4 Test procedure

5.8.4.1 Heat input with the test sample

Circulate hot air around the test assembly. The velocity of the hot air shall be of 4 m/s + 0,2 m/s at the specified flue
gas temperature at the inlet of the test sample. Measure the internal and external surface temperature of the test
samples.

The flue gas temperature shall be that specified in the product standards for the thermal resistance.

Adjust the temperature and heat content of the hot air until equilibrium conditions exist. Equilibrium is deemed to be
reached when the difference between the outer surface temperature of the chimney sections and the ambient
temperature does not change by more than 1 % in 60 min.

Perform the test twice with one temperature rise from a lower temperature level and one temperature drop from a
higher level (see Figure 17).

Check that the equilibrium conditions have again been achieved with the following tolerances on the individually
determined thermal resistance values.
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A difference of less than 4 % of both values is required. If the tolerances are of a greater value, repeat the tests
until a difference of less than 4% is achieved between the two values.

Record all the measuring parameters (see 5.8.3).

5.8.4.2 Heat input without the test sample

Reassemble the test assembly without the test sample or replace them by a calibrated section. Repeat the test as
described before until the flue gas temperature is the same as during the tests with the chimney sections in place,
and until equilibrium. Equilibrium is reached when the difference in the hot air temperature and ambient
temperature does not change by more than 1 % in 3 h (see Figure 17).

Maintain the test environment as specified in 4.2.

Circulate hot gas around the test assembly. The velocity of the hot air shall be not less than 4 m/s and the hot gas
temperature at the ends of the test sections shall not differ by more than 10 K. For negative pressure chimneys
maintain the pressure in the test chimney between 0 Pa and + 5 Pa.

Perform the test twice with one temperature rise from a lower temperature level and one temperature drop from a
higher level (see Figure 17).

Check that the equilibrium conditions have again been achieved with the following tolerances on the individually
determined thermal resistance values.

A difference of less than 4 % of both values is required. If the tolerances are of a greater value, repeat the tests
until a difference of less than 4 % is achieved between the two values.

Record the hot gas temperature, the ambient temperature, the pressure of the hot gas at the entry of the test
sample and the velocity of the hot air in the joint pipe as specified in 5.8.4.1.

5.8.5 Test results
Calculate the thermal resistance (1/4) from:
1/A= 4; x (& - 1)/ (01 - On) (1)
where
0, is the total heat input with the chimney section, in Watts;
0, is the total heat input without the chimney sections, in Watts;

t:

. is the inner surface temperature, in degree Celsius;

ty is the outer surface temperature, in degree Celsius;

A:

; is the total inner surface area of the test chimney, in square metres.

5.9 Terminal flow resistance

5.9.1 Test apparatus

The test apparatus shall comprise a fan capable of delivering enough flue flow and an appropriate measurement
device.
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5.9.2 Test sample
The test sample is the terminal representing the manufacturer’'s product range. The size shall be the largest size
produced up to 200 mm flue diameter. The size shall be the nearest to 200 mm flue diameter for a production range

starting with diameters more than 200 mm. The test sample shall be thermally conditioned in a test chimney (see 5.7),
or in an oven for 4,0 h £ 10 min, according to the designation for temperature given in the relevant product standard.

5.9.3 Measuring parameters

For measuring parameters use a device with an accuracy of:
— for the pressure difference, £ 0,5 Pa;

— for the air velocity, + 5 %;

— for the ambient air, £ 1,0 °C; and

— for the static ambient pressure, = 5 %.

5.9.4 Test procedure

Connect the flue terminal to a flue duct with the same nominal diameter. The flue duct shall have a straight length of at
least six times the nominal diameter. Place pressure measurement points in the flue duct at a distance of approximately
three times the nominal diameter from the terminal. For this purpose, at least three openings, with a 1 mm diameter,
shall be distributed evenly around the circumference of the duct, in a plane perpendicular to the duct axis. The
openings shall be free of burrs on the inside of the duct. These openings shall be used to determine the average static
pressure within the duct.

Deliver air by means of a fan at three velocities in the flue of 2 m/s £ 10 %, 4 m/s £ 10 % and 6 m/s £ 10 %, and take
the average ¢ - value. Measure the pressure difference between static pressure in the flue duct and the pressure in the
test room. The pressure difference is measured at equilibrium.

2+ A
= [2) )

_p°w
where

Ap pressure difference, in Pascal;

p density of air, in kilograms per cubic metre;
w  velocity, in metres per record,;

¢ coefficient of flow resistance.

5.9.5 Test results

Record the pressure difference between static pressure in the flue duct and the pressure in the test room the
velocity and the calculated value of the coefficient of flow resistance.
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5.10 Aerodynamic behaviour of terminal under wind conditions

5.10.1 Test apparatus

The test apparatus shall comprise:

a) a wind generator capable of delivering a minimum wind front of five times the projected cross section of the
terminal to be tested but not less than 1 m2. The overall wind velocity distribution shall be within 0,25 m/s in the

wind front at velocities up to 10 m/s at the terminal test position.

b) a fan capable of delivering enough flue flow. A suitable means of measurement is by an appropriate orifice
plate arrangement (see EN 483).

The test apparatus shall be capable of rotating the flue terminal in front of the wind system in such a way that wind

pressure angles relative to the flue terminal range from downward wind (to a maximum of + 90°) to an upward wind (to
a maximum of - 45°) in maximum steps of 7,5°.

5.10.2 Test sample
The test sample is the terminal representing the manufacturer’'s product range. The size shall be the largest size
produced up to 200 mm flue diameter. The size shall be the nearest to 200 mm flue diameter for a production range

starting with diameters more than 200 mm. The test sample shall be thermally conditioned in a test chimney, see 5.7,
or in an oven for 4,0 h £ 10 min, according to the test temperature appropriate to the designation given in EN 1443.

5.10.3 Measuring parameters

The static pressure within the duct and the static pressure in the test room shall be measured at equilibrium.

5.10.4 Test procedure

Connect the flue terminal to a flue duct with the same nominal diameter. The flue duct shall have a straight length of at
least six times the nominal diameter. Place pressure measurement points in the flue duct at a distance of approximately
three times the nominal diameter from the terminal. For this purpose, at least three openings, with a 1 mm diameter,
shall be distributed evenly around the circumference of the duct, in a plane perpendicular to the duct axis. The
openings shall be free of burrs on the inside of the duct. These openings shall be used to determine the average static
pressure within the duct.

Deliver air by means of a fan at a nominal velocity in the flue of 2m/s £ 10 %. Measure the pressure difference
between static pressure in the flue duct and the pressure in the test room. The pressure difference is measured at
equilibrium.
Determine the pressure characteristics through wind influences of the flue terminal under the following conditions:

— anominal velocity of 2 m/s in the flue duct;

— wind speeds of 3m/s £ 0,3 m/s, 6 m/s + 0,3 m/s, 9m/s + 0,3 m/s, 12 m/s = 0,3 m/s in combination with

wind direction angles ranging from - 45° + 2° either to 45 ° + 2° or to + 90° + 2° depending on the type of
the terminal.

5.10.5 Test results

Record the pressure characteristics.
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5.11 Flow resistance of the test chimney, of fittings or liners

5.11.1 Test apparatus
The test apparatus shall comprise (see Figure 18):
— afan capable of delivering enough flue flow;

— a measuring duct through which test air is supplied and discharged. These measuring ducts shall have a
straight length of at least 2 000 mm + 10 mm and, except for testing adapters, the same diameter.

Pressure measuring points are placed in the measuring ducts. For this purpose, at least three measurement openings
with a 1 mm diameter are distributed evenly around the circumference of each duct, in a plane in line with the central
line. These openings shall be free of burrs on the inside of the duct. The average static pressure in the duct is
measured via these openings.

For testing adapters, measuring ducts of varying diameter are necessary. These measuring ducts of varying diameter,
reducing or enlarging, shall be made of stainless steel with the smoothest possible finish and have a transition angle o
=10° (2 x5°).

5.11.2 Test sample

For chimney sections the test sample shall be a test chimney which contains only straight elements. For fittings provide
a test sample consisting of chimney sections with a length of minimum 7d, followed by the fitting and a further straight
chimney section with a length of minimum 3d. The test sample shall be assessed as specified in the product standards.

Alternatively, the test sample shall consist of at least a liner, a fitting and another liner. The test chimney for thermal
performance test can be used provided it meets the parameters.

5.11.3 Measuring parameter

For measuring parameters use a device with an accuracy for:

— air velocity, of + 5 %;

— pressure difference in the duct, of + 0,5 Pa;

— inner dimensions, of + 1,0 mm for the length and + 0,5 mm for the diameter;
— ambient air temperature, of £ 1,0 °C;

— static ambient pressure, of £ 5 %.

5.11.4 Test procedure

An intake guide is installed on the top of the test chimney or on the top of the alternative test sample. The measuring
duct shall be installed on the bottom of the test chimney at the inlet.

The length of the measuring ducts, the position of the pressure measuring points in the measuring ducts and the
position of the pressure measuring points relative to the connected pipe or fitting to be tested and the position of the
pressure measuring points relative to the other supply and flue ducts to which the measuring ducts are, in turn,
connected shall be such as to permit an undisturbed flow at all times, over a distance of 5 times the length on each side
of the pressure measuring points.

The velocity through the ducts is set to an accuracy of + 2,5 %. The pressure differential between the supply and the
flue duct is measured to an accuracy of + 0,2 Pa.

All tests shall be carried out at ambient air temperature.
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The air velocity in the components tested shall be set in such a way that the air flow rate equals the nominal flow rate,
with a tolerance of £ 5 % depending on the actual inside diameter of the fittings.

The nominal flow rate is a function of the nominal diameter and the nominal velocity, where:

% 2
Vnom = Z Dnom Whnom 3600 (3)
where
Voom is the nominal air flow rate in square metres per hour;
Dyom is the nominal diameter in metres;
Whom is the nominal velocity in metres per second.

For non-circular cross - sections use the cross — section calculated with the nominal diameter instead of /4 x D .-
The static pressure loss over a certain length is measured.

The friction of a section or fitting is determined as the difference between the static pressures in the two measuring
ducts.

The test shall be carried out at nominal flow rate equivalent to a nominal velocity of 4 m/s + 0,1 m/s, 6 m/s + 0,1 m/s
and 8 m/s = 0,1 m/s in the pipe section or fitting to be tested.

First determine the friction of the measuring duct between the pressure measuring points without the pipe section or
fitting to be tested. There are two possible situations:

— there are two measuring ducts of the same diameter;

— there are two measuring ducts of different diameter because a reducing or enlarging adapter shall be
tested.

In the latter case, a reducing or enlarging measuring duct (see 5.11.3) shall be placed between the two measuring
ducts referred to above.

Mount the section or fitting to be tested in the rig (after removing the reducing or enlarging measuring duct if fitted).
Determine the friction of the measuring ducts between the pressure measuring points again. The friction of the section
or fitting is then given by the difference between the two test results.

NOTE The friction of the reducing or enlarging measuring ducts is thus ignored.

5.11.5 Test results

The friction value is calculated following the equation:

2XxXD, xXAp
== ()
PXW XL
where
v is the coefficient of friction;

Dy, is the hydraulic diameter, in metres;

A, is the pressure loss, in Pascals;
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p is the density of air, in kilograms per cubic metre;
w is the velocity of air, in metres per second;
L is the length of the test chimney in metres.

The mean roughness of the inner wall r may be obtained by using the following equation:

1 :_2log( 2,51 r J -

Jv Re.fy 371D,

where

Dy, is the hydraulic diameter, in metres;

r is the mean value of roughness of the inner wall, in metres;

Re is the Reynolds number;

w is the coefficient of friction of the flue.

The {- Value may be obtained by the following equation:
(=2Mp/pxw’ (6)

where

Ap is the pressure loss, in Pascals;

p is the density of air, in kilograms per cubic metre;

w is the velocity of air, in metres per second.
5.12 Rainwater resistance for chimney sections

5.12.1 Test apparatus

The test structure shall consist of a rotating free draining plinth. The spray tube shall be perforated to direct jets of
water towards the centre of the circle. Install the sections onto the centre of the plinth of the test structure so that the
centre of the spray arc is approximately at the centre of the flue below or level with the joint (see Figure 19). Seal the
joint where the sections stand on the plinth to prevent ingress of water into open end of sections.

The spray tube shall be constructed and dimensioned to allow the flow conditions of EN 60529 to be achieved and
maintained.

5.12.2 Test sample
The test sample shall be chimney sections with at least one joint and a minimum height of 1,0 m representing the

manufacturer’s product range. The test sample shall be assembled as specified in product standards. The size shall
be the largest size near to 200 mm.

5.12.3 Test procedure

Assemble the sample and than carry out conditioning:
Condition for at least 48 h in the test environment of 4.2 those chimney sections.

Weigh the test section before spraying water.
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Spray water for (60 = 5) min while oscillating spray arc through an angle of 120° + 5° (60° either side of the vertical)
and rotating the plinth. The time for one complete traverse (two traverses of 120°) shall be (6 £ 1) min and the time
for one revolution of the plinth shall be (5 + 1) min. Remove any surface moisture from the surface of the chimney
sections and condition the section for at least 12 h = 10 min, and not more than 24 h £ 10 min, in the test
environment of 4.2. The sections may be separated to facilitate removal of surface moisture. Reweigh the test
section.

5.12.4 Measuring parameters

For measuring parameters use a balance with an accuracy for weight with + 1,0 g.

5.12.5 Test results

Record the increase in weight of the test section.
5.13 Rainwater resistance for terminals

5.13.1 Test apparatus

See 5.12.1 and Figure 20.

5.13.2 Test sample

The test sample is the terminal representing the manufacturer's product range. The size shall be the largest size
produced up to 200 mm flue diameter.

5.13.3 Test procedure

Thermally condition the rainwater terminal to its test temperature either on the thermal test assembly, or in an oven
for minimum 4 h.

Install the rainwater terminal fitted to a chimney section according to the manufacturer’s instructions, onto the centre
of the plinth of the test structure of 5.13.1. Adjust the position so that the spray covers the entire rainwater terminal,
see Figure 20. Collect and weigh any water entering the flue.

Spray water for (60 + 1) min while oscillating spray arc through an angle of 120° + 5° (60° either side of the vertical)

and rotating the plinth. The time for one complete traverse (two traverses of 120°) shall be (6 + 1) min and the time
for one revolution of the plinth shall be (5 + 1) min.

5.13.4 Measuring parameters

For measuring the weight of water collected use a balance with an accuracy of + 1,0 g.

5.13.5 Test results

Record the weight of water collected inside the flue.

5.14 Test report

The test report shall include the following:

a) name of the laboratory, the name of the sponsor, the nature and extent of test, the date and the index number;

b) structure of the chimney (description and drawing) with quality or trade-mark of the materials or units used.
Data determined or checked by the laboratory shall be given separately from the data obtained from other

sources;

c) ability to install the chimney according to the manufacturer's instructions;
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d) conditioning procedure;

e) time necessary to achieve steady state in each phase;

f) indication of accuracy of measurement equipment use during the tests;
g) results;

h) for thermal test description of installation, the measurements characterising the combustion and the heat
supply to the chimney;

i) other phenomena.
The test results may be given using the form "Test report", see Annex F.

The test results shall be based on the mandated requirements. The mandated requirements are given in Annexes
ZA of the system chimney product standards. These Annexes could be referenced. Besides that, all information
important for the CE-marking and any voluntary characteristics claimed by the manufacturer should be included in
the test report.

Besides that, it shall be stipulated that the test laboratory shall maintain all necessary information associated with
accredited status followed by a list giving the former items d, e, f, hand i.
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Dimensions in millimetres
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1 Plywood thickness 12 mm 7 Test chimney X  manufacturers declared
distance to combustibles

2 insulation 8 Opening

3 Plywood thickness 20 mm 9 ZoneC

4 Roof outlet 10 Zone B Measuring points

5 Hot gas generator 11 Zone A °* hot gas temperature

6 Enclosure A ambient air temperature

Figure 1 — Example of a test chimney
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Dimensions in millimetres
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1 Test chimney
2 Catchment funnel
3 Opening

Figure 2 — Abrasion resistance — test chimney
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Dimensions in millimetres
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1 Test chimney section
2 Catchment funnel

3 Collection box

4 Bottom plate

Figure 3 — Abrasion resistance — test chimney section
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Dimensions in millimetres

Key

1 Rope

2 Striking element

3 Brush

4 Steel spring bristles

5 Chain

6 Weight

7 Flue liner cross section
(round)

(square)

(rectangular)

Figure 4 — Abrasion resistance — sweeping test equipment
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Key

1 Test chimney

2 Equipment for closing the outlet (plate or bladder)

3 Sealing element
4 Flowmeter

5 Fan (air supply)
6 Manometer

Figure 5 — Gas tightness — test chimney
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7 Spray equipment
8 Test chimney
9 Water removal

Figure 6 — Condensate resistance — test chimney
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Dimensions in millimetres
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3 Steam injection a Velocity
4 Rectifier b Pressure
5 Insulation ¢ Temperature

6 Test chimney

Figure 7 — Vapour and condensate resistance — test chimney
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Measuring points
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Figure 8 — Vapour and condensate resistance — test chimney, non-enclosed, measuring points in a multi-
wall chimney
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Dimensions in millimetres
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temperatures

flue gas temperature

surface temperature, test chimney
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Figure 9 — Test chimneys — Location of measuring points and placement of the test chimneys
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’L
Key
a Relative humidity 1 Temperature before test
b Temperature 2 Temperature, humidity, gas flow,
T Temperature pressure before heating period
t Time steady state condition
¢ Relative humidity 3 Temperature, humidity, gas flow,

pressure at steady state
conditions test period
4 Temperature after test

Figure 10 — Vapour and condensate resistance — Example of temperature/Time (in °C) and time/humidity
(in % relative humidity) profiles
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Dimensions in millimetres
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Figure 11 — Test structure — Location of surface temperature on the test structure
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Dimensions in millimetres
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Figure 12a - Wall Frame A Side 1 Zone A Figure 12b - Wall Frame B Side 2 Zone A
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Figure 12c - Wall Frame C Side 1 Zone B Figure 12d - Wall Frame D Side 2 Zone B

Material: Kiln dried softwood sawn and planed 89X38 (Tolerance * 1)
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Dimensions in millimetres

400 400

1188

1188

First floor joists 200X50, 12 mm plywood floor. Second floor joist 100X50, 12 mm plywood ceiling

Figure 12e — Frame for floors
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Dimensions in millimetres
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Figure 13 — Thermal performance, test chimney —partial enclosed
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Dimensions in millimetres
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1 Clearance
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3 Fire stop
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5 Enclosure
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to combustibles

Figure 14 — Thermal performance, test chimney —enclosed
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Dimensions in millimetres
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1 Test chimney measuring points temperature, pressure and velocity of
2 Flow rectifier for circulating air
3 Radial ventilator
4 Electric motor ° internal surface temperatures

5 Electric heating unit X external surface temperatures
6 Joint pipe A ambient air temperature
7 Test stand u

pressure and velocity

Figure 15 — Thermal resistance — two arm test rig — chimney section
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1 Steam injector measuring temperature, pressure and velocity of circulating air
2 Electric heater points for
3 Fan
4 Test chimney R internal surface temperatures
Scheme A: heat loss with test

i X external surface temperatures
chimney ' _
Scheme B: heat loss without test a ambient air temperature
chimney [ pressure and velocity

Figure 16 — Thermal resistance test — One arm test rig — Chimney section

47



EN 13216-1:2004 (E)

Key

Measuring points:

1 Before the test

2 During the test

3 During the test at steady state conditions
E Example: designated temperature

Record:

1 Ambient temperature during test

2 Maximum temperature during test

3 Relevant temperature at steady state conditions, velocity, pressure
x Time

y Temperature

Figure 17 — Thermal resistance — Example for time temperature/ Time (T) profiles
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Figure 18 — Flow resistance, test rig — Test chimney
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120°£2°

Key

1 Spray tube

2 Sample

3 Free draining plinth

4 Seal to prevent ingress of water into open end of section

Figure 19 — Rainwater resistance, spray apparatus — test chimney section
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Key

1 Spray tube

2 Sample

3 Free draining plinth

4 Seal to prevent ingress of water into open end of section

Figure 20 — Rainwater resistance, spray apparatus —terminal
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Annex A
(informative)

Recommended test sequence

The following list is a sequence for testing chimneys.

It has been compiled on the basis that failure to meet the specific requirements associated with the test could save
further, possibly costly, tests being undertaken.

a) Check of manufacturer's literature
b) Confirmation of manufacturer‘s information and check of marking, labelling and packaging

c) Strength tests (compressive on sections, T-fittings and supports, tensile, where appropriate), lateral (where
appropriate), and wind load, on appropriate sections

d) Assembly of the test chimney (see 5.7)

e) Gas tightness test (see 5.4)

f)  Thermal test at nominal working temperature (see 5.7)

g) Gas tightness test (see 5.4)

h) Thermal shock test (see 5.7)

i) Relative movement of the flue liner of multi-wall chimneys (see 5.3)

j) Gas tightness (see 5.4)

k) Repetition of thermal test at nominal working temperature (where appropriate)
[) Gas tightness test (see 5.4)

m) Thermal resistance determination (see 5.8)

n) Abrasion resistance (see 5.2)

0) Water vapour diffusion resistance (see 5.6) or condensate resistance test (see 5.5), where appropriate
p) Rainwater resistance (see 5.12), where appropriate on the appropriate sections
q) Flow resistance (see 5.11), where appropriate

r) Terminal flow resistance (see 5.9), where appropriate

s) Aerodynamic behaviour of terminal under wind (see 5.10), where appropriate

t) Rainwater resistance of a chimney section (see 5.12), where appropriate

u) Rainwater resistance of a terminal (see 5.13), where appropriate

v) Freeze-thaw resistance, where appropriate
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Annex B
(normative)

Calculation method to predict condensation in multi-wall chimneys for
different ambient air temperatures others than the test ambient air
temperature

B.1 Dimensions of the chimney structure type

The dimensions of the chimney structure type are given by the manufacturer. It shall be verified that they correspond
with the test chimneys.

NOTE The principles of this calculation methods may be adopted also for single wall chimneys.

B.2 Calculation of the flue gas and inner wall temperatures

B.2.1 Calculation without taking account of condensation heat

The calculation of the flue gas and inner wall temperatures shall be carried out in accordance with EN 13384-1, but
without taking account of condensation heat.

B.2.2 Calculation with taking account of condensation heat

The calculation of the flue gas and inner wall temperatures of chimneys with taking account of condensation heat can
only be carried out iteratively and step-by-step dependent on the height. For the determination of the steps of height,
the cooling of the flue gas over the height of the chimney shall be calculated first without taking account of
condensation heat according to EN 13384-1.

On the basis of the calculated temperature decrease of the flue gas between the entry and the outlet, the chimney is
divided into height elements within which the temperature decrease is no more than 1 K.

The thermal balance shall be satisfied at each of these defined height elements.

In addition, a linear relationship of the height elements is assumed in order to combine the equations. The heat
transmission coefficient from the flue gas to the inner wall is assumed to be a hypothetical value which results from
the value calculated according to EN 13384-1 without taking account of condensation heat and an additional value
that takes account of condensation heat. The hypothetical value results from the heat flow and the temperature
difference between the flue gas and the inner wall.

The mean temperatures of the flue gas and the inner wall of the chimney are determined by adding together the

values of the particular height elements. The quantity of condensate is also determined by adding together the
quantity of precipitated condensate in the different height elements.

B.3 Calculation of layer temperatures
The calculation of the layer temperatures is carried out two-dimensionally following the finite element method. To do

so, the chimney is represented in a plane by elements according to the requirements of the calculation method. The
temperature difference between two elements shall be not more than 10 % of the inner wall temperature.
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The temperature field shall be determined as a function of the height by calculating the two-dimensional temperature
field in one plane for several sections into which the chimney is divided over its whole height. The height of the
individual sections for which a two-dimensional temperature field is calculated in one plane shall be not more than
0,5m.

The heat transport by thermal conduction in the building heights within the chimney axis may be neglected.

The heat content of the flue gas within the chimney and thus the temperatures of flue gas and inner wall shall be
calculated as a function of the height by using the equations given in Clause 1 or Clause 2.

B.4 Thermal resistance, test chimney

The values of thermal resistance, circulation air, inner and outer wall temperatures as well as the heat transmission
coefficients o; and o, shall be determined according to 5.8 and recorded.

The value of thermal resistance determined under the action of moisture shall also be established and recorded. The
calculation method shall be validated on the basis of these results. If the thermal transmittance coefficient of the inner
and outer wall is known the thermal transmittance coefficient of the insulating wall shall be adjusted accordingly.

The thermal resistance of the weathering protection or an additional outer wall of the chimney in non-heated rooms
and for outdoor sites shall not be taken into account.

B.5 Multi-wall chimney, back ventilated

B.5.1 General requirement

It is necessary to limit the height of chimneys with circulated thermal insulation layers in accordance with the
performance of the ventilation air. The appropriate height is reached when the ventilation air can remove just enough
moisture penetrating into the chimney structure without moisture damage occurring.

The heat content of the ventilation air and the resulting ventilation and inner wall temperatures of the ventilation ducts
shall also be calculated as a function of the height. Irrespective of the flow rate, the heat transmission coefficient in
the ventilation ducts shall be taken to be 8 W/m?K.

The flow rate of the ventilation air shall be calculated according to EN 13384-1 on the basis of the values determined
at the test chimney in accordance with the given dimensions and densities of the ventilation air.

B.5.2 Removed moisture flow

The moisture is removed by additional loading of the ventilation. The moisture flow removed by increasing the dew
point of the water vapour in the ventilation air shall be determined.

B.5.3 Penetrating moisture flow

The moisture flow penetrating through the inner wall of the top of the chimney structure shall be specified as a
function of the partial pressure gradient between the inner surface of the inner wall and the environment.

The moisture flow diffusing through the outer wall shall be neglected.

B.5.4 Maximum moisture flow

The dew point of the water vapour in the ventilation air and the resulting maximum moisture flow to be removed is
determined by the inner wall temperature of the ventilation ducts.
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B.5.5 Layer temperatures
The layer temperatures of the test chimney calculated at the boundary conditions of measurement on the basis of the

determined thermal transmittance coefficients of the wall materials shall be compared with the measured
temperatures.

B.5.6 Calculation of the frictional and form resistance of the ventilation ducts, from a test
chimney

The frictional and form resistance of the ventilation ducts shall be determined according to EN 13384-1. It is also
determined from the data ascertained at steady temperature, moisture and flow conditions on the basis of the results
obtained at the test chimney. For this, the room temperature at mean height shall be taken as the outside
temperature and the temperature at the outlet of the ventilation ducts shall be taken as the ventilation temperature.

Generally, the frictional and form resistances calculated according to EN 13384-1 are more unfavourable; if not, the
measured values shall be taken as an increased frictional value.

The calculated values of the flow rate and the ventilation temperatures shall be compared with the measured values
by calculations at the boundary conditions of the measurements at the test chimney.

B.5.7 Moisture flow at test chimney

The moisture flow measured at the test chimney shall be converted into the specified boundary conditions for
section 1 and 2 with and without additional outer thermal insulation.

B.5.8 Expression of results

The largest chimney height at which the conditions are satisfied is considered to be the maximum building height
regarding the performance of the ventilation.

B.6 Multi-wall chimneys without back-ventilation, designated W

B.6.1 General requirement

At the specified boundary conditions no condensation water penetration is permitted at any point of the chimney
structure. The inner surface of the outer wall is generally the most critical point for three-wall chimneys.

The temperatures and moistures are calculated step by step.

B.6.2 Partial pressures

The variations in partial pressure shall be determined from the temperatures in the chimney structure calculated
according to Clause 1. Analogously to the calculation of the temperatures in the chimney structure, the variations in
partial pressure in the chimney structure resulting from the moisture flow shall be determined using the moisture
transport data.

B.6.3 Variations in partial pressure in critical planes

The variations in partial pressure shall be calculated for one plane at the chimney entry, one plane at the chimney
outlet of section 1 and one plane at the outlet of section 2 (= chimney outlet) the calculation being based on the
calculated flue gas and inner wall temperatures.

B.6.4 Penetrating moisture flow

The moisture flow penetrating through the inner wall of the chimney structure shall be determined in accordance with
the value of the partial pressure determined at the test chimney at the inner surface of the inner wall, the inner
surface of the outer wall (= at the outer wall of the insulation wall) and in the ambient air. If the coefficients of vapour
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diffusion resistance of the thermal insulation and the outer wall are known, the coefficient of vapour diffusion
resistance of the inner wall shall be adjusted.

B.6.5 Condensation water penetration

The calculated variations in partial pressure shall be compared with those of the saturated vapour pressure resulting
from the temperatures. At no point shall the partial pressure be higher than the saturated vapour pressure.

B.6.6 Layer temperatures
The layer temperatures of the test chimney calculated at the boundary conditions of measurement on the basis of the

determined thermal transmittance coefficients of the wall materials shall be compared with the measured
temperatures.

B.6.7 Calculation of the variations in partial pressure in the chimney structure, height-dependent

According to B.6.3 the variations in partial pressure shall generally be calculated for the three critical planes stated
above.

B.6.8 Expression of results

The determined partial and saturated vapour pressures shall be recorded for the maximum possible chimney heights.
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Methods of determining the effects of extract and air supply provisions

Table C.1 — Effects, requirement and method to determine

effects

effects of extract

air supply provision

requirement

- influence by extract effects < 1 Pa
-Ap; <1 Pa

- influence by air supply < 0,2 m/s

-Aw<0,2m/s

method to determine

- Ap; at ambient temperature
without

flow
- Ap; during a test
- Ap,; at the end of a test at ambient

temperature without flow

- Aw during a test
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Annex D
(normative)

Method of measuring the hot gas temperature

Use a calibrated thermocouple. Its position is determined by a temperature traverse during the first thermal cycle as
follows:

58

Set the hot gas thermocouple in the centre of the flue pipe through one of two apertures provided at right
angles to each other at a level (50 £ 2) mm from the entry to the test chimney.

Fire the hot gas generator at the volume flow specified in Table 1 and regulate it to produce the nominated hot
gas temperature.

After firing for not less than 10 min, take ten equally spaced temperature measurements along two traverses at
right angles across the flue pipe cross section.

Determine the location of the highest temperature of these two traverses and position the thermocouple there
for the test.

Seal the redundant aperture.
Re-adjust the hot gas generator to obtain the nominated hot gas temperature.

Alternatively, a thermocouple grid may be used to determine the OTDF (Overall Temperature Distribution
Factor).

LA
D

1% step 2" step

Figure D.1 — Place for the measuring point for the hot gas
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Annex E

EN 13216-1:2004 (E)

Hot gas mass flow, heat capacity of the flue gas, example of air velocity for

natural gas combustion

Table E.1 — Hot gas mass flow as a function of test temperature T and diameter of the flue liner D

Hot gas mass flow in g/s

Tin°C

D 100 |120 |150 |170 |190 |250 |300 |350 |50 |55 |700 | 1000

in mm
Negative | 100 | 103 |110 |[117 |121 [124 |[130 |132 |133 |[132 |131 |127 | 119
pressure | 120 | 161 | 171 | 182 | 188 | 192 |200 |203 |204 |202 |200 |193 |190
chimney | 160|316 |3s5 |356 |366 |374 |387 |392 |303 |3se |32 |368 | 340

200 |524 |555 |588 |603 |615 |636 |644 |643 |630 |622 |599 |553
Posiive | 50 2,7 2,7 2,8 2,8 2,9 2,9 2,9 2,9 2,9 2,9 2,8 2,6
pressure | 100 | 154 | 157 | 160 | 162 | 163 | 163 | 163 | 162 | 156 | 154 | 147 | 135
ohimney | o0 | 238 | 242 |246 |248 |249 |250 |249 |247 |237 |234 |223 | 205

160 | 460 |468 |476 |479 |80 |81 |a78 |472 |452 |4a5 |424 |387

200 |756 |768 |780 |785 |787 |787 |781 |774 |737 |725 |e90 |629
High 50 6,8 6,7 6,6 6,5 6,5 6,3 6,1 59 5,5 5.4 5,1 46
positve | 100 | 372 | 367 |358 |353 |348 |334 |323 |313 |289 |282 |263 | 234
pressure | 120 | 569 | 560 | 547 | 538 |530 |508 |492 |476 |438 |427 |398 | 354
chimney | 160 | 1091 | 1073 | 1047 | 1081 | 1015 | 971 | 938 |90s |833 |s11 | 756 | 671

200 | 1785 | 1755 | 1711 | 1684 | 1687 | 1585 | 1530 | 1481 | 1356 | 1320 | 1229 | 109,0
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Table E.2 — Heat capacity of the flue gas as a function of test temperature T and diameter of the

flue liner D

Heat capacity of the flue gas in kW

Tin°C

D 100 |120 |150 |170 |190 | 250 [300 |350 [s500 |55 |700 | 1000

in

mm
Negatve | 100 | 0,9 1,2 17 2,0 23 3,3 41 48 7,0 76 |95 12,8
pressure | 120 | 1.4 1,9 2,6 3,1 3,6 5,1 6,2 7.4 107 | 11,7 | 144 | 194
chimney | 460 | 28 3,7 5,1 6,0 7,0 9.8 121 | 143 | 204 |225 |275 | 366

200 | 46 6,1 8,4 9,9 115 |161 |198 |233 |333 |363 |448 | 596
Positve | 50 0,2 0,3 0,4 0,4 0,5 0,7 0,9 1,1 15 17 | 21 28
pressure | 100 | 1,3 1,7 2,3 2,7 3,0 41 5,0 59 8,2 9,0 110 | 146
chimney | 154 2.1 27 35 41 46 6,3 77 9.0 125 | 136 | 167 | 221

160 | 4,0 5,1 6.8 7.9 9,0 122 | 145 | 171 | 239 |259 |317 |417

200 |66 8,4 112 [129 |147 |199 |241 |280 |389 |423 |516 |678
High 50 0,6 0,7 0,9 1,1 1,2 16 1,9 2,1 2,9 3,1 3,8 5,0
posive | 100 | 3,3 4,0 5,1 5,8 6.5 8,4 9,9 114 [153 | 164 |197 | 252
pressure | 120 | 5,0 6,2 7.8 8,9 9,9 128 | 152 | 173 |231 | 249 |208 | 382
chimney | 460 | 96 118 |150 |170 |190 |246 |289 |330 |440 |473 |565 |723

200 | 157 |193 |245 |278 |310 |400 |471 |538 |[716 |770 |919 | 1175
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Table E.3 — Example of air velocity for natural gas combustion as a function of test temperature T and
diameter of the flue liner D, ambient air temperature 20 °C, natural gas

Combustion air velocity in m/s
Tin°C

D 100 120 150 170 190 250 300 350 500 550 700 | 1000

in mm
Negative 100 1,1 1,1 1,2 1,2 1,3 1,3 1,4 1,4 1,4 1,4 1,3 1,2
pressure 120 1,2 1,2 1,3 1,4 1,4 1,4 1,5 1,5 1,4 1,4 1,4 1,3
chimney 160 1,3 1,3 1,4 1,5 1,5 1,6 1,6 1,6 1,6 1,5 1,5 1,4

200 1,4 1,4 1,5 1,6 1,6 1,6 1,7 1,7 1,6 1,6 1,6 1,4
Positive 100 1,6 1,6 1,6 1,7 1,7 1,7 1,7 1,7 1,6 1,6 1,5 1,4
Pressure 120 1,7 1,7 1,8 1,8 1,8 1,8 1,8 1,8 1,7 1,7 1,6 1,5
chimney 160 1,9 1,9 1,9 1,9 1,9 2,0 1,9 1,9 1,8 1,8 1,7 1,6

200 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2,0 1,9 1,9 1,8 1,6
High 100 3,8 38 37 3,6 36 34 33 32 3,0 2,9 2,7 2,4
Positive 120 4,1 4,0 3.9 3,9 3.8 3,7 35 3.4 32 3,1 2,9 2,6
pressure 160 4,4 4,3 4,2 4,2 4,1 3.9 3.8 3,7 3.4 33 3,1 2,7
chimney 200 4,6 4,6 4,4 4,4 4,3 4,1 4,0 3.8 35 3.4 3,2 2,8
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Equations
on the basis of EN 13384-1
— connecting flue pipe as required

— test sample = test chimney

— gas as fuel

formula negative positive high positive
pressure pressure pressure
chimney chimney chimney

Pz =Py - P in Pa -1 +10 +100

Pyu=gxHX(pa-p) in Pa

Pe =Sg X pl2wW? X (yHID+2() in Pa

where

Pz draught at the flue gas inlet into the chimney

Py theoretical draught available due to the chimney effect
Pr pressure resistance due to friction and form resistance
Se flow safety coefficient

g gravitation

H effective height of the chimney

pa density of the air outside

p. density of the air inside

w mean velocity within a cross section

w coefficient of flow resistance due to friction of the flue
D diameter

¢ sum of values of existing flow resistances
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Figure E.1 — Pressure and wall temperatures in test chimneys operating with negative, positive and high

positive pressure - sootfire conditions
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Figure E.2 — Pressure and wall temperatures in test chimneys operating with negative, positive and high
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(informative)

Example of a test report

Table F.1 - Test results

EN 13216-1:2004 (E)

No

Specific performance requirements

Requirement

Result

Comment

5.2 Abrasion resistance test

— weight of material loss in kg

5.3 Relative movement of the flue liner in multi-wall system
chimneys

— change in position of the flue liner

5.4 Gas tightness test

— air flow rate in I/(sm?) at pressure in Pa

5.5 Condensate resistance test
— appearance of water

— location of appearance of water

5.6 Vapour and condensate resistance test
— humidity at boundary layer

— appearance of condensate

— thermal resistance in m*K/W

— lowest possible ambient temperature in °C

5.7 Thermal performance tests

— max. outer wall temperature for thermal tests in °C

— max. enclosure temperature for thermal tests in °C

- max. outer wall temperature for thermal shock
testsin °C

- max. enclosure temperature for thermal shock
testsin °C

- max. outer wall temperature for touchable

surfaces in °C

5.8 Thermal resistance test

- thermal resistance in m2K/W

5.9 Terminal flow resistance

5.10 Aerodynamic behaviour of terminal under wind
conditions

10

5.11 Flow resistance of fittings and flue liners

11

5.12 Rainwater resistance for a chimney section

12

5.13 Rainwater resistance for a terminal
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