BS EN 13384-2:2015+A1:2019

Incorporating corrigendum August 2019

Chimneys - Thermal and fluid
dynamic calculation methods

Part 2: Chimneys serving more than one combustion appliance

°
bSl. Documents

Document Sharing Hub

Full document details: BS EN 13384-2:2015+A1:2019


https://doi.org/10.3403/BSEN13384
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019

IBS EN 13384-2:201S+A1:2019 BRITISH STANDARD

National foreword

This British Standard is the UK implementation of
EN 13384-2:2015+A1:2019. It supersedes BS EN 13384-2:2015, which
is withdrawn.

The start and finish of text introduced or altered by amendment is
indicated in the text by tags. Tags indicating changes to CEN text carry
the number of the CEN amendment. For example, text altered by CEN
amendment A1 is indicated by ;.

The UK participation in its preparation was entrusted to Technical
Committee B/506, Chimneys.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions
of a contract. Users are responsible for its correct application.

© The British Standards Institution 2019
Published by BSI Standards Limited 2019

1CS 91.060.40

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 30 April 2015.

Amendments/corrigenda issued since publication

Date Text affected

31 July 2019 Implementation of CEN amendment A1:2019

31 August 2019 Implementation of CEN correction notice 17 July
2019: title of document and references to Part 1
corrected

Documents

Document Sharing Hub

Full document details: BS EN 13384-2:2015+A1:2019


https://doi.org/10.3403/BSEN13384
https://doi.org/10.3403/BSEN13384
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019

BS EN 13384-2:2015+A1:2019

EUROPEAN STANDARD EN 13384-2:2015+A1
NORME EUROPEENNE
EUROPAISCHE NORM July 2019

1CS91.060.40 Supersedes EN 13384-2:2015

English Version

Chimneys - Thermal and fluid dynamic calculation
methods - Part 2: Chimneys serving more than one
combustion appliance

Conduits de fumée - Méthodes de calcul thermo- Abgasanlagen - Warme- und strémungstechnische
aéraulique - Partie 2: Conduits de fumée desservant Berechnungsverfahren - Teil 2: Abgasanlagen mit
plus d'un appareil de chauffage mehreren Feuerstitten

This European Standard was approved by CEN on 24 January 2015 and includes Amendment 1 approved by CEN on 27 April
2019.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management
Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and
United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2019 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 13384-2:2015+A1:2019 E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: BS EN 13384-2:2015+A1:2019


https://doi.org/10.3403/BSEN13384
https://doi.org/10.3403/30272409
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019

EN 13384-2:2015+A1:2019 (E)

Contents Page
EUTOPEAN fOT@WOTI.....ceieieicssiiisisssmsssssasssss s ssss st sssssmsssssas s e e E R s AR SRR R R AR AR AR AR RA R AR AR R R R R R AR R AR AR R AR RS 5
0000010 L1 0 7
1 Y. 1 8
2 L0 0 00 B T Q=) ) (=) 1 L 8
3 Terms and defiNitioNs ... ——————————————————————————— 9
4 General symbols and abbreviations.......c— s ————————— 10
5 Calculation Method....... s ——————————————————— 10
51 GENETal PriNCIPLES..iiissrccr RS e e 10
5.2 Pressure equilibrium CONAItioN ... 12
5.2.1 Negative pressure ChilMNEYS ... ————————— 12
5.2.2 Positive pressure Chilmneys......cissssssssssss s s 13
53 MasS flOW FeQUITEIMENT ... e e 14
54 PreSSUre FeqUITEIMEIILS ......coeimimsmiscsmssssssssmsssssssnssssssssassssss s s s s s s sms e AR R n AR e R AR e R AR e R AR RS 14
5.4.1 Negative Pressure ChilMNEYS .....c————————————— 14
5.4.2 Positive pressure Chilmneys....... s 15
5.5 Temperature reQUITEIMENT ... msm s s s s e e e R R R R s R s AR AR AR AR AR e 16
5.6 (071 Lot b1 B T 100 4 1800 @0 o 0 0 o 17
6 Flue gas data characterising the |*7) combustion ApPpliance.... s ——— 19
7 Data for chimney and connecting flue pipes ... —————— 21
8 Basic data for the calculation ... ——————————————— 21
8.1 0T 1 1) o | 21
8.2 W W0 ol 2] 44101 00D 0, 21
8.2.1 External air teMPErature [T1). o mmmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssssnes 21
8.2.2 Ambient air temMPerature (Ty) ... ssssssssaes 21
8.3 EXternal @ir PreSSUIE (PL) immmsmmmsisisismsmssssssssssssssssssssssssssssssssssssssssssssssssssssasassssssssssssssssssssssnsasasasas 21
8.4 L T o) 4 K] - 1 L, 21
8.4.1 Gas conStant Of the AU (RL) .o ss s s sssssmsasasases 21
8.4.2 Gas constant of flUe A (R)....ccurrursmsmmmsmsmsmsssssmsssssssssssssssssssssssss s sssssssss s asassaes 21
8.5 1D 2C 1T L 0] - U ol 21
8.6 Specific heat capacity of the flue gas (Cp) . —————— 21
8.7 Water vapour content (¢(H20),) and condensing temperature (Tsp) ..esesessssssssssssesssesens 22
8.8 Correction factor for temperature instability (Su)...mmmmmmmmmm——— 22
8.9 Flow safety COEffiCIENt (SE) . crmmmmmmmmmsmssinissssssmsssssssssssssssssssssssssssssss s ssssssssss s s sssssasasases 22
8.10 External coefficient of heat transfer......c s —————— 22
9 Determination of teEMPeEratures...... i ———————_—————————— 22
10 1\ 00 00 (Teor: Y Lot LT 0 o 24
B L0200 S 7 1 1) 1 24
10.2  Flue gas mass flOW (777 ) s s 24
10.3 Flue gas temperature at the inlet of the chimney segment (Tej)....c.conesenemmmmsmsmsssesssssessssssasasenss 24
10.4 CO:-content of the flue gas in the chimney segment (0(C02) ;) currsmsmmmsesmsessssssssssssssssssssssssassssas 24
10.5 H20-content of the flue gas (0(H20)j) uummmmmmmmnismsmsmmsmssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssssaes 25
Documents
2 Document Sharing Hub

Full document details: BS EN 13384-2:2015+A1:2019


https://doi.org/10.3403/BSEN13384
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019

EN 13384-2:2015+A1:2019 (E)

10.6 Gas constant of the flue Bas (Rj) ... ssssssssssssaes 25
I T 3 11T L - 25
10.7.1 Specific heat capacity (Cpv,j), (Cp,j) «resesesmsmsmsmsmssssmsmsssssssmsmsmsssssssssssssssssssssssssssssssss s sassssssssssss 25
10.7.2 Thermal conductivity of the flue gas (Aav;), (A4j) cueesrmrmesesesmsmsnsssssssssssssssssssssssssssssssssassssssssssssssssssssses 26
10.7.3 Dynamic ViSCOSItY (1]av,), (7]A]) rersrsrsrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsassssssssssssssssssssaes 26
10.7.4 Condensing teMPerature (Tsp) ..o mmsmsisissmsmsssssssssssssssssssssssssssssssssssssssssssssssss s ssssssasasssssssssssss 26
11 Density and velocity of the flue gas......c s ————————— 27
12 Determination of the PreSSUIES ... —————————————— 27
12.1 Pressures at each inlet of the chimney SEgMEeNts ... ———— 27
/0 T ) o L1 . 27
12.1.2 POSItIVE PIrESSULE ...couciiieierimsmsssmsssssssssssssssssssssss s sass s s s s s s E AR SRR AR A AR AR AR RS RER AR AR ERRE SRR SRR R AR R R R AR R RS 28
12.1.3 Draught due to chimney effect in the chimney segment (Pj).....ccussesessssssssssmsssssssssssssssssnsssasns 28
12.1.4 Pressure resistance in the chimney segment (PRrj).....ccusmsmsmssssmsmsssssssmsssssssssssssssssssssssssssssssssssssns 28

12.2 Minimum draught required at the flue gas inlet into the chimney and maximum
allowed draught (Pze and Pzemax) and maximum and minimum differential pressure

at the flue gas inlet into the chimney (Pzoe @aNd Pzoemin) «ssssssssssssssesssessssssssssssssssssssssssssssssssssssssssasens 31
12.2.1 Minimum required and maximum allowed draught .........————————— 31
12.2.2 Maximum available and minimum allowed differential pressure ..o 31
12.2.3 Calculated pressure resistance of the connecting flue pipe (Pv;) ..ccssmsmsmsmmsesssssssssasanns 31
12.2.4 Calculated pressure resistance of the air SUPPLY (PBcj) «sesmsmsssssssssmssmsssssssssssssssssssssssssssssssssas 33
13 INNer Wall teMPEIrature ... s ss s s s sssnsmsasasas s s s s snsnsnnanas 34
14 {08 T 022 1 L 1 1] = 1L 0 ) 1 35
14.1 Principle of the calculation Method....... s ———————————— 35
14.2 Pressure equilibrium condition ... —————————————— 35
14.2.1 Negative pressure cascade inStallation ... —————————— 35
14.2.2 Positive pressure cascade inStallation ... ———— 36
14.3 Mass flOW reqUITEIMENT.....ciciiimsmsmsmsmsssmssssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssasassssnssnsnss s s snsnsmsasasanas 37
14.4 PreSSUIe FeQUETEIMEINITS  iuiiimrissssssssssssssssssssssssssssssssssssasssssssnssssssssssssasssssssssesssasssssssssssssssssssssssssssnssssenssans 37
14.4.1 Negative PreSsure CHilNNEYS.. . s ss e ssaes 37
14.4.2 Positive pressure ChilNeys ... 38
14.5 Temperature reqUIireMeENt. ... s sssssssasasasssasssssssssssssssans 39
14.6  CalCUlation PrOCEAUTE.......coiiuccrissssssssmssss s R RS A s e R AR AR 39
14.7 Pressures at the outlet of the connecting flue pipe and pressures at the inlet of the
LT0] 1 LT 0t o0 ) Y=Y o3 14 <) 1 L . 40
14.7.1 Pressure at the flue gas inlet into the collector segment (Pzcji OF P7oc,j1) «esssessssssssssssssssessasasenss 40
14.7.2 Pressures required or available at the outlet of the connecting flue pipe (Pzec,y,
PZOeC,i,l) ............................................................................................................................................................... 43
14.8 Inner wall teMPerature (Tioh,j1) «sesssesesssssessssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssss 45
15 Balanced flue ChiMNEY ... s s s sessssasas 45
15.1 Principle of the calculation Method....... s ———————————— 45
15.2 Pressure equilibrium cONdition ... —————————— 46
15.3 MassS floOW FreqQUITEIMENT ... s s 46
15.4  PreSSUIe FeQUITCIMENTS. ..iiuiuiucursrsssssssssssssssssssssssssssssssss s s s s s s AR AR R RS A AR SRS E R R R AR R AR AR AR R AR AR AR 46
15.4.1 Negative PresSsure ChilNNEYS.. . ssas s ssssssssssaes 46
15.4.2 Positive pressure ChilMNEeYs ... s 47
15.5 Temperature reqUITEIMEINES. ... mmmsmsrsmsssssssssssssssssssssssssssssssssssasasssss s s s s E R R s RS RS s R e R e e e R RS 48
15.6 Calculation procedure for balanced flue chimneys.......cconmsnmnsn s —————— 48
15.7 Mass flow of the ) combustion Rl Qil......ccecesersssrssssssessssssssesssssesssesssessessesssesssssssssssesssssses 50
15.8 Determination of the temperatures in balanced flue chimneys.........cccocunnnsnninisnssssessssssesenns 51
ST T Y 0B i L0 L 51
ST 000 4 L= 1 Lt Coas L0 T 51
Documents

Document Sharim_:BHub

Full document details: BS EN 13384-2:2015+A1:2019


https://doi.org/10.3403/BSEN13384
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019

EN 13384-2:2015+A1:2019 (E)

15.8.3 Concentric CONNECION PIPES ... s s 59
15.9 Pressures of the air SUPPLY dUCES ... 65
15.9.1 Draught due to chimney effect of the air supply duct of chimney segment j.........cceeerrereurnses 65
15.9.2 Draught due to chimney effect of the air supply duct of connection pipes.........cuumrereresens 65
15.9.3 Pressure resistance of the air supply duct of the chimney segment j (Prgj) ...ccvesessmsessesnesnnse 66
15.9.4 Pressure resistance of the air supply duct of the connection pipe j (Prpy,) «susessssmsssssssnsnnns 67
15.10 Density and velocity of the [2)) combustion Gl air ... 69
15.10.1 Density and velocity of the |A) combustion air in the air supply duct

averaged over the length of the chimney segment ... ——————— 69
15.10.2 Density and velocity of the |*7) combustion air averaged over the length of

the CONNECHION PIPES ..ot e sE e R R s e nn 70
16 Consideration of Chimney fans...... i ————————————— 70
B L S 7 1 1) 1 70
16.2  INHNE fANS corociiiiiinsciissnss s AR AR RnE 71
IS TN 25 4 1 b= 1 ) (1 72
Annex A (informative) ReCOMMENAAtiONS. ... ssssssssssaes 74
Al LT 5 1<) | 74
A2 Recommendations for the chimney and |*7) combustion appliances......oovnnnrsnssinns 74
A3 Recommendations for connecting flue pipes...... s ————— 74
Annex B (informative) Characteristics for the JA1) combustion appliance ......cececicissnsssssnsnnnnnas 75

Documents

4 Document Sharing Hub

Full document details: BS EN 13384-2:2015+A1:2019


https://doi.org/10.3403/BSEN13384
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019

EN 13384-2:2015+A1:2019 (E)

European foreword

This document (EN 13384-2:2015+A1:2019) has been prepared by Technical Committee CEN/TC 166
“Chimneys”, the secretariat of which is held by ASI.

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 January 2020, and conflicting national standards shall
be withdrawn at the latest by January 2020.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes [A) EN 13384-2:2015 1.

This document includes Amendment 1 approved by CEN on 26 June 2019.

According to EN 13384-2:2003+A1:2009 and EN 13384-2:2015+A1:2019 the following fundamental
changes are given:

— editorial mistakes have been corrected;
— mistakes in formulas have been corrected;

— characteristic values for JA1) combustion {41l appliances for solid fuel and for liquid fuels in Annex B
have been adapted to actual data;

— for the mixture of fuels a clarification about the rise of the dew point has been added;

— for non-concentric ducts the calculation of the mean temperature of the air supply has been
amended;

— the process for iteration for appliances with low impact of the pressure to the flue gas mass flow
(e.g. CHP with combustion engine) has been simplified;

— for chimney fans a calculation procedure has been added;

— “heating appliance” replaced by “combustion appliance”;

— “Supply air” replaced by “combustion air”;

— New table for specification for gas-fired heating boilers Type C(10).

This standard is one of a series of standards prepared by CEN/TC 166 comprising product standards
and execution standards for chimneys.

National installation rules are not regarded in the standard.

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

The start and finish of text introduced or altered by amendment is indicated in the text by tags ¢
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This European Standard “Chimneys — Thermal and fluid dynamic calculation methods” consists of
three Parts:

— Part 1: Chimneys serving one combustion appliance
— Part 2: Chimneys serving more than one combustion appliance

— Part 3: Methods for the development of diagrams and tables for chimneys serving one heating
appliance

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.
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Introduction

The calculation described in this standard is complex and is intended to be solved by using a computer
programme. The general principles of this calculation method of [EN 13384-1| also apply to this
standard.

This standard is in support of the execution standards for a chimney installation serving more than one
combustion ¢ilappliance.

The execution standard identifies limitations and safety considerations associated with the design,
installation, commissioning and maintenance of a chimney serving more than one
combustion ¢ilappliance (not dealt within the calculation method).
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1 Scope

This part of EN 13384 specifies methods for calculation of the thermal and fluid dynamic characteristics
of chimneys serving more than one A1) combustion appliance.

This part of EN 13384 covers both the cases, either
a) where the chimney is connected with more than one connecting flue pipe from individual or several

appliances in a multi-inlet arrangement; or

b) where the chimney is connected with an individual connecting flue pipe connecting more than one
appliance in a cascade arrangement.

The case of multiple inlet cascade arrangement is covered by the case a).

This part of EN 13384 deals with chimneys operating under negative pressure conditions (there can be
positive pressure condition in the connecting flue pipe) and with chimneys operating under positive
pressure conditions and is valid for chimneys serving [A7) combustion appliances for liquid, gaseous
and solid fuels.

This part of EN 13384 does not apply to:
— chimneys with different thermal resistance or different cross-section in the various chimney

segments. This part does not apply to calculate energy gain;

— chimneys with open fire places, e.g. open fire chimneys or chimney inlets which are normally
intended to operate open to the room;

— chimneys which serve different kinds of A1) combustion appliances regarding natural draught,
fan assisted, forced draught or combustion engine. Fan assisted appliances with draught diverter
between the fan and the chimney are considered as natural draught appliances;

— chimneys with multiple inlets from more than 5 storeys. (This does not apply to balanced flue
chimney.);

— chimneys serving A1) combustion appliances with open air supply through ventilation openings
or air ducts, which are not installed in the same air supply pressure region (e.g. same side of
building).

For positive pressure chimneys this part only applies if any [A) combustion appliance which is out
of action can be positively isolated to prevent flue gas back flow.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. 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 13384-1:2015+A1:2019, Chimneys - Thermal and fluid dynamic calculation methods - Part 1:
Chimneys serving one appliance

EN 15287-1:2007+A1:2010, Chimneys - Design, installation and commissioning of chimneys - Part 1:
Chimneys for non-roomsealed heating appliances
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EN 15287-2:2008, Chimneys - Design, installation and commissioning of chimneys - Part 2: Chimneys for
roomsealed appliances

prEN 16475-2, Chimneys - Accessories - Part 2: Chimney fans - Requirements and test methods

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 1443:2003, EN 13384-
1:2015+A1:2019, EN 15287-1:2007+A1:2010, EN 15287-2:2008 and the following apply.

3.1

chimney segment

part of a chimney between two consecutive flue gas connections or between the last flue gas connection
and the chimney outlet

3.2

collector segment

part of a connecting flue pipe between two consecutive flue gas connections or between the last flue gas
connection and the chimney inlet

3.3

flue gas mass flow

m

mass of the flue gas leaving the A combustion appliance through the connecting flue pipe per unit
of time

Note 1 to entry: In case of a chimney serving more than one combustion appliance, the air being
transported through an appliance which is out of action is also given the term flue gas mass flow.

3.3.1

declared flue gas mass flow
My
flue gas mass flow given by the manufacturer of the JA1) combustion appliance j with respect to the

heat output used in the calculation

3.3.2

calculated flue gas mass flow

ch,j

flue gas mass flow calculated with respect to calculated draught and the working conditions of the
combustion &1l appliance j

3.4
calculated flue gas temperature

T,

We,j
flue gas temperature at the outlet of the [A17 combustion appliance j depending on the calculated flue
gas mass flow

3.5

calculated draught of the flue gas of the |*7) combustion appliance

Pwc,j

draught at the flue gas outlet of the JA1) combustion appliance j depending on the calculated flue gas
mass flow
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3.6
flue damper
device to close or partially close the flue

3.7

balanced flue chimney

chimney where the point of air entry to the combustion air duct is adjacent to the point of discharge of
combustion products from the flue, the inlet and outlet being so positioned that wind effects are
substantially balanced

3.8

cascade arrangement

arrangement where two or more appliances situated in the same space are connected by a common
connecting flue pipe to the chimney

3.9
multi inlet arrangement
arrangement where two or more appliances are connected to the chimney by individual connecting flue

pipes

3.10

air duct

independent duct in a building or a structural part of a flue terminal conveying combustion air to a
room-sealed appliance

3.11
pressure equalizing opening
opening or duct that directly connects the air duct with the flue at its base

4 General symbols and abbreviations

Symbols, terminology and units are given to make the text of this standard understandable. A list of
general symbols and abbreviations is given in Indices added to symbols for purposes of the
calculation method for chimneys serving more than one combustion appliance relate to one
chimney segment and/or connection flue pipe section. An example of an indices numbering scheme is
given in Figures 1 and 2. Indices numbering shall begin at the lowest, farthest appliance connection. For
more than one cascade system/connection, the indices numbering scheme for the calculation formula
should be adopted in a similar manner to that for a single cascade scheme. Symbols assigned to a
specific section will be indicated by the number of the section after the comma (e. g. H; is the effective
height of a section of a chimney segment between the outlet of the connecting flue pipe of the
combustion appliance in the lowest position and the outlet of the connecting flue pipe of the
next A combustion &1 appliance).

Each symbol and abbreviation is explained at the formula where it is used.

5 Calculation method

5.1 General principles
The calculation is based upon determining the mass flow distribution in the chimney which fulfils the

pressure equilibrium condition (Formula (1)) at each flue gas inlet to the chimney (see Figure 1). After
such a distribution has been found four requirements shall be verified:
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a) the mass flow requirement (Formulas (4) and (5))

b) the pressure requirement for minimum draught or maximum positive pressure (Formulas (6) or
(6b) and (6¢))

c) the pressure requirement for maximum draught or minimum positive pressure (Formulas (6a) or

(6d))
d) the temperature requirement (Formula (7))

NOTE1 The calculation is affected by the specific installation design. For recommendations for the installation
of appliance and connection flue pipes see Annex A.

NOTE 2  The pressure requirements for maximum draught or minimum positive pressure are only required if
there is a limit for the maximum draught for the (negative pressure) combustion appliance or a minimum
differential pressure of the (positive pressure) A combustion appliance.

In order to verify the criteria two sets of external conditions are used:

— the calculation of the minimum draught and maximum positive pressure (draught) is made with
conditions for which the capacity of the chimney is minimal (i.e. high outside temperature); and
also

— the calculation of the maximum draught and minimum positive pressure and of the inner wall
temperature with conditions for which the inside temperature of the chimney is minimal (i.e. low
outside temperature).

The validation of the mass flow requirement and pressure requirement shall be done at following
working conditions, using the external and ambient air temperatures specified in EN 13384-1l.

— All A9 combustion appliances are simultaneously operating at nominal heat output.
— All JA) combustion appliances are simultaneously operating at minimum heat output

— A single combustion appliance operating at nominal heat output and all other appliances
out of action (all possible cases)

— Asingle |A) combustion appliance operating at minimum heat output and all other appliances
out of action (all possible cases)

— For positive pressure chimneys a single combustion appliance operating at minimum
nominal heat output and all other appliances operating at maximum nominal heat output (all
possible cases)

If the control of the installation guarantees that not all appliances will be in operation simultaneously,
the validation of the mass flow requirement and pressure requirement may be done with the maximum
number of appliances which will be in operation under the most adverse condition.

The validation for the mass flow requirement and pressure requirement for working conditions with
combustion &l appliances at minimum heat output is not required in the following cases:

— the |A) combustion appliances do not have any heat output range
— the ) combustion appliances have a heat output which is limited to a fixed value as specified

on a label on the appliance. In this case the nominal heat output is the given heat output on the
label.
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— combustion appliances heated with solid fuels without fan and appliances with regulated
air supply.

The validation of the mass flow requirement for working conditions with appliances at nominal heat

output is not required in the following case:

— the JA) combustion appliances have a flue gas mass flow at minimum heat output higher than
or equal to the flue gas mass flow at nominal heat output.

The temperature requirement shall be validated for the following relevant working condition, using the

ambient and external air temperatures as specified in [EN 13384-1i:

— combustion appliances for solid fuels without fan and [ combustion appliances with

regulated air supply are in operation at nominal heat output,

— combustion appliances with a draught diverter which provide domestic hot water only are
out of action. These combustion appliances operate with a considerable secondary air
(These operate only a short time and therefore it can be assumed that condensation will not cause
damage or a lack in safety);

— combustion appliances with a fixed output range are in operation at this (nominal) heat
output;

— all other 1A combustion appliances are in operation at minimum heat output.

When chimneys suitable for operating under wet conditions are located inside a building the check of
the temperature requirement is necessary only for the top of the chimney.

The validation of the temperature requirement is not necessary when the chimney serves only domestic
gas fired water heaters with instantaneous production and domestic gas fired storage water heaters.

If the chimney system includes a draught regulator, the system is handled as a cascade system.

5.2 Pressure equilibrium condition

5.2.1 Negative pressure chimneys

The following formulas shall be fulfilled for each chimney segment j at all relevant working conditions:

|p,,~ P, |<0.1,inPa o
N
PZ,_j:_PL+Z(PH’k_PR’k),inPa (2)
k=j
Pze,j = PWQj + PV,j + PBC’j ,in Pa @)
where
Pz draught at the flue gas inlet to the chimney segment j, in Pa
Pr theoretical draught due to chimney effect in chimney segmentk, in Pa
Pri pressure resistance of the chimney segmentk, in Pa

Pw¢; calculated draught of the |A1) combustion appliance, in Pa

Py calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa
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Pgc; calculated pressure resistance of the air supply for the [A combustion appliance j, in Pa
Pye; required draught at the flue gas inlet to the chimney segment j, in Pa

Py, wind velocity pressure, in Pa

N number of [A&) combustion appliances

A

R

X

Key

chimney

connecting flue pipe j
combustion appliance j
connecting flue pipe 2
combustion @l appliance 2
connecting flue pipe 1
combustion appliance 1
chimney segment 1

O© 0 N O U1 o W N =

chimney segment j

Figure 1 — Example of multiple inlet arrangement and numbering pressure values and
temperature values of a chimney serving more than one |A1) combustion appliance

5.2.2 Positive pressure chimneys

The following formulas shall be fulfilled for each chimney segment j at all relevant working conditions:

PZOe,j _on’j‘ < 0,1, in Pa

N
Py, =B+ (B —P),inPa
k=j

Full document details: BS EN 13384-2:2015+A1:2019

(3a)

(3b)

Documents
Document Sharinﬂ,’Hub


https://doi.org/10.3403/BSEN13384
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019
http://www.avadocuments.com/doc/bs-en-13384-2-2015-a1-2019

EN 13384-2:2015+A1:2019 (E)

Froe;=Pyoej — By — Fa.j» in Pa (3¢c)
where
Pzo positive pressure at the flue gas inlet to the chimney segment j, in Pa
Pk theoretical draught due to chimney effect in chimney segmentk, in Pa
Prx pressure resistance of the chimney segmentk, in Pa
Pwocj  calculated positive differential pressure of the [A1) combustion appliance j, in Pa
Py, calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa
Pgc; calculated pressure resistance of the air supply for the [A1) combustion appliance j, in Pa
Pzoe;  maximum differential pressure at the flue gas inlet to the chimney segment j, in Pa
PL wind velocity pressure,
N number of [A&) combustion appliances

5.3 Mass flow requirement

Formulas (4) and/or (5) shall be verified for all relevant working conditions (see 5.6).
For each [A) combustion appliance in operation at nominal or minimum heat output:

ch,j > mwyj, in kg/s (4)

and for each A combustion &1 appliance out of action:

nye; 20, inkg/s (5)
where

chj calculated mass flow of the [A1) combustion appliance, in kg/s

ij declared mass flow of the JA1) combustion appliance, in kg/s

Where a damper is applied, flow resistance shall be taken as 0 unless additional data are available.

5.4 Pressure requirements

5.4.1 Negative pressure chimneys

For negative pressure chimneys it has to be additionally checked that the negative pressure (minimum
draught) in the chimney (Pz;) is more than or equal to the negative pressure in the room where the
combustion appliance is placed at calculated draught conditions for air supply. The check on this
pressure requirement shall be done using the same conditions as specified for the check on the mass
flow requirement (see 5.3 and 5.6). The following relations shall be verified:

P, >Ry, inPa (6)

where

Pz;  draught at the inlet to the chimney segment j, in Pa

Pgc; calculated pressure resistance of the air supply for the [A) combustion appliance j, in Pa

If required it has to be additionally checked that the negative pressure (draught) in the chimney (Pzmax;)
is less than or equal to the maximum allowed draught (Pzemaxj) caused by the combustion
appliance. The Formula (6a) shall be verified for all relevant working conditions (see 5.6).
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The check of this pressure requirement shall be done with a separate calculation using the newly
calculated flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature
of T, = 258,15 K (t. =-15 °C, see EN 13384-1)).

N
Prax.j :k (PH,k_PR,k)SPWmax,j+PV,j+PBc,j = Premax,j» IN Pa (6a)
=J
where

Pzmax; maximum draught at the flue gas inlet into the chimney segment j, in Pa

Pzemax, maximum allowed draught at the flue gas inlet into the chimney segment j, in Pa

Prx theoretical draught due to chimney effect in chimney segment k, in Pa

Prx pressure resistance of the chimney segmentk, in Pa

Pwimax maximum draught for the JA1) combustion appliance j, in Pa

Py; calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa

Pgj calculated pressure resistance of the air supply for the [A combustion appliance j, in

Pa

NOTE The values of Puk, Prk Pvj and Pscj in Formulas (2) and (6a) are normally different because the
conditions are different.

5.4.2 Positive pressure chimneys

For positive pressure chimneys it has to be additionally checked that the maximum positive pressure in
the connecting flue pipe (Pzo0,; + Pv;) and in the chimney (Pzo;) is not higher than the excess pressure for
which both are designated (Pzv excess and Pzexcess)- The check on the pressure requirement shall be done
using the same conditions as specified for the check on the mass flow requirement (see 5.3 and 5.6).
The following relations shall be verified:

P70 < Pzexcess, in Pa (6b)
P20 + Py;j < Pzy excess, in Pa (60)
where
Pzo; positive pressure at the flue gas inlet to the chimney segment j, in Pa
Py; calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa

Pzexcess  is the maximum allowed pressure from the designation of the chimney, in Pa

Pzvexcess 1S the maximum allowed pressure from the designation of the connecting flue pipe, in Pa

If required it has to be additionally checked that the minimum positive pressure in the chimney (Pzominj)
is more than or equal to the minimum allowed positive pressure (Pzoeminj) caused by the
combustion appliance. The relation (6d) shall be verified for all relevant working conditions
(see 5.6).

The check of this pressure requirement shall be done with a separate calculation using the newly
calculated flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature
of

T.=258,15 K (t. =-15 °C, see EN 13384-1]).
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N
Prominj = Z (PR,k - PH,k) 2 Byominj — fsej = ) = Pzoemin j» IN P (6d)
k=j
where
Pzominj ~ minimum positive pressure at the flue gas inlet into the chimney segment j, in Pa

Pzoeminj  minimum differential pressure at the flue gas inlet into the chimney segment j, in Pa
Prx theoretical draught due to chimney effect in chimney segment k, in Pa
Prx pressure resistance of the chimney segmentk, in Pa

Pwominj minimum differential pressure of the [A) combustion & appliance j, in Pa

Pgj calculated pressure resistance of the air supply for the [A combustion appliance j, in Pa
Py calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa

NOTE The values of Pux and Prx in Formulas (3b) and (6d) are normally different because the conditions are
different.

5.5 Temperature requirement

The relation (7) shall be verified for all relevant working conditions (see 5.6).

The check of the temperature requirement shall be done with a separate calculation using the newly
calculated flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature

of Ty (see EN 13384-1))
Tiobj = Tgj, in K (7)

where

Tiov; temperature of the inner wall of the chimney segment j at the end, in K

Tgj temperature limit for chimney segment j, in K

The temperature limit Tg; for chimneys suitable for operating under dry conditions is equal to the
condensing temperature Tsp; of the flue gas (see 8.6). Ty = Tspj

The temperature limit Tg; for chimneys suitable for operating under wet conditions is equal to the
freezing point of water: Tg; = 273,15 K.

NOTE The following cases can be exempted from meeting the temperature requirement provided that it is
accepted that in case the requirement for temperature should be not fulfilled no guarantee can be given that no
moisture appears. In this cases insulation is advised.

— combustion %l  appliances which are substituted to a usual chimney which is already in
operation and

— the heat output of the JA) combustion appliances which are connected and/or substituted does
not exceed 30 kW for each and

— the flue gas losses are not more or equal than 8 % and

— an effective air conditioning of the chimney during standstill periods is given by draught diverters
or dampers and
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— sufficient standstill periods are given (e. g. the minimum steady state heat output of the
combustion appliance is not less than 20 % as the required heat).

5.6 Calculation procedure

For the calculation of the pressure and temperature values in a chimney serving more than one
combustion appliance an iterative procedure is necessary. This calculation procedure is based
on the application of mass and energy conservation formulas under quasi steady state conditions.

In each point of connection between various ducts (at the end of connecting flue pipes, the beginning
and the end of the chimney segments), all called nodes (see Figure 2), the following procedure shall be
used:

e (W —>_§'

i1
Figure 2 — Designation of flow numbering for each node j (see Formulas (8) and (9))

— The mass flow and the temperature shall be calculated with Formulas (8) and (9).

gy Coga Togu ity Gy Loy =ty Iy, in /s ()
where
n 4 flue gas mass flow in chimney segment j-1, in kg/s
ny | flue gas mass flow in connecting flue pipe, in kg/s
n; flue gas mass flow in chimney segment j, in kg/s
Cpj1 specific heat capacity of flue gas in chimney segment j-1, in ] /( kg - K)
Cpvj specific heat capacity of flue gas in connecting flue pipe j, inJ/( kg - K)
Cp; specific heat capacity of flue gas in chimney segment j, in J/( kg - K)
Toj1 temperature of the flue gas at the end of chimney segment j-1, in K
Tov; temperature of the flue gas at the end of connecting flue pipe j, in K
Tej temperature of the flue gas at the inlet of chimney segment j, in K
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— The draught or positive pressure at the beginning of the chimney segment (at point 3), is derived
from the draught or positive pressure of this chimney segment and all succeeding segments
according to Formula (2).

If the mass flow of a A1) combustion appliance doesn’t change more than 10 % of its nominal value
in a range between the nominal value and the calculated value for the draught or positive pressure an
iteration is not necessary. In this case the requirements of EN 13384-1:2015+A1:2019, 5.2.1 or 5.2.2
shall be fulfilled for each appliance.

A CHP with combustion engine is assumed to fulfil these conditions.
For each iteration the following parameters shall be obtained:

— for each node j, the actual pressure (Pz,, Pzj or Pzoej, Pzo; and where required Pzemaxj, Pzmaxj OT
Pz0eminj, Pzominj) and temperature values (7,41 at point 1, Tov,; at point 2, Tej at point 3),

— for each segment between two nodes, the average values of the actual temperature, mass flow and
velocity of the flue gas.

Before the first iteration an estimate of the calculated flue gas mass flow at the appliance outlet is
necessary. A possible starting value for the calculated mass flow is the declared flue gas mass flow of the

appliance iy

Each iteration consists e.g. of the following two phases:

Phase 1: Calculate variables starting from the lowest node up to the outlet to the atmosphere as
follows:

— calculated/estimated flue gas mass flow at the appliance outlet

— in each connecting flue pipe
calculated mass flow (Formula (14));
average density of the flue gas (Formula (29));
average velocity of the flue gas (Formula (30));
flue gas temperature at the end (see EN 13384-1:2015+A1:2019, 5.8);
average flue gas temperature (see EN 13384-1:2015+A1:2019, 5.8).

— in each segment of the chimney
calculated mass flow after the confluence of each segment (point 3 in Figure 2) (Formula (13));
temperature of the flue gas after the confluence (Formula (15))
average density of the flue gas (Formula (27));
average velocity of the flue gas (Formula (28));
flue gas temperature at the end (see EN 13384-1:2015+A1:2019, 5.8);
average flue gas temperature (see EN 13384-1:2015+A1:2019, 5.8).

Phase 2: Calculate the draught or positive pressure values in each node tracking the flue duct
backwards from the outlet into the atmosphere down to the node that is at the greatest distance:

— draught required or differential pressure available at the flue gas inlet into the chimney (Formula

(3) or (3c))
— draught due to chimney effect at the inlet of the chimney segment (Formula (31));
— pressure resistance in the chimney segment (using Formula (32));

— draught or positive pressure at the inlet of the chimney segment (using Formula (2) or (3b));
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The iteration described above (phase 1 and phase 2) at the working conditions under consideration (i.e.
nominal, minimum load and out of action) shall be continued until the pressure equilibrium condition is
fulfilled (Formula (1)).

When the pressure equilibrium condition is fulfilled, the values calculated at the last iteration can be
considered, for the purpose of this standard, to be those regarding the operation of the chimney.

If the pressure equilibrium condition is not fulfilled a new estimate of mw based on the observed
difference between Pzj and Pzej or P70 and Pzoe; and a new iteration shall be made.

6 Flue gas data characterising the |1 combustion appliance

For the calculation of the temperature and pressure values the relevant flue gas data characterising the
combustion appliance shall be specified. This includes:

— minimum, declared draught or maximum declared differential pressure of the combustion
appliance (Pw; or Pwo,)

— declared flue gas temperature of the |A1) combustion appliance (tw,)

Both values shall be given in relation to the flue gas mass flow at various working conditions of the
combustion appliances (in operation, out of action). The calculated draught Pw.; or differential
pressure Pwoc, of the [A) combustion appliance shall be given for both working conditions in form of
a 4th degree poly-nominal (Formula (10)).

. . 2 . 3 . 4
Py =b,+b | =L |+b,-| —2L| +b-| —%| +b,-| —| inPa (10)
My ; My ; My ; My |
. . 2 . 3 . 4
ch,j chJ ch,j ch,j .
PWOC’j =c, tc | — +c, 0| — +cy | — +c, 0| — in Pa (10a)
My | My, | My My, |
FE
We,j .
Iwej= Yot V17| — ,in°C (11)
Mty
where

bo, b1, b2, bs, factors for the poly-nominal in the formula for calculated draught of IA combustion

by appliance j

Y0, Y1, V2 factors for the exponential in the formula for calculated flue gas temperature of
combustion ¢l appliance j

My j calculated flue gas mass flow of [A1) combustion appliance j, in kg/s

My declared flue gas mass flow of [A») combustion appliance j, in kg/s

P calculated draught of the IA1) combustion appliance, in Pa

Pwoc, calculated differential pressure of the IA1) combustion appliance, in Pa

twe, calculated flue gas temperature of the A1) combustion appliance, in °C

Co, C1, C2, €3, ¢4 factors for the poly-nominal in the formula for calculated differential pressure of
combustion ®1l appliance j
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For negative pressure chimneys the values for b and y shall be obtained for “in operation” and “out of
action” conditions separately. In case these values are not given, the flue gas data characterising the
appliance are given in Annex B.

For positive pressure chimneys the values for ¢ and y shall be obtained for the “in operation” conditions,
from the [ combustion 1] appliance manufacture’s data.

NOTE 1 Ifthe data for the “in operation” conditions are not available the calculation is not possible.

For the “out of action” condition cy, c1, ¢3, c4 and yq, y1, y2 shall be 0 and ¢z =-1 000 000.

NOTE 2  For positive pressure applications the validation of the mass flow relies in the fact that there is no
possibility of backflow of flue gas through a A7) combustion appliance that is out of action.

A CHP with combustion engine is sufficiently described with the nominal value for the flue gas mass
flow and the nominal draught or differential pressure.

In addition the declared volumetric concentration of CO, of the flue gases at the relevant working
conditions (nominal heat output and minimum heat output for the appliances o-(CO2)w,; shall be
specified. The declared content of CO; of the flue gases at the two working conditions can also be
determined using
EN 13384-1:2015+A1:2019, Table B.1 and Table B.2.

The calculated CO; content of the flue gas of the combustion appliance j 0(CO2)wtatj shall be
determined for the two working conditions "in operation at nominal heat output” and "in operation at
minimum output” using the following formula:

— for [A» combustion appliances for liquid and gaseous fuels and [A) combustion appliances
for solid fuels with automatic feed

1
Wec,j = . .
" (i, 1 Ll | wes | | Sm2
mW,j O'(Coz )W,j mW,j S

— in other cases

,in Vol.-% (12)

(CO,)

G(COz)wc_j = O'(C()z)w_j , in VO].-%
where

0(CO2)w; declared CO; content of the flue gas of A1) combustion appliance j, in Vol.-%
0(CO2)we; calculated CO; content of the flue gas of A1) combustion appliance j, in Vol.-%
fm1, fm2 coefficients according to EN 13384-1

Tty calculated flue gas mass flow of [A) combustion &1l appliance j, in kg/s

ity ; declared flue gas mass flow of JA) combustion appliance j, in kg/s

For the calculation of a negative pressure chimney the value of the maximum draught for the
combustion appliance Pwmax and for the calculation of a positive pressure chimney the value of
the minimum differential pressure of the combustion appliance Pwomin shall be obtained from
the manufacturer of the A1) combustion appliance if appropriate.
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7 Data for chimney and connecting flue pipes

1
The mean value for roughness of the inner wall (r;and/or rv;) and the thermal resistance ((Xj and/or
J

1
(—j ) for each connecting flue pipe and each chimney segment shall be identified (see EN 13384-
Vi

1:2015+A1:2019, 5.6.2).

8 Basic data for the calculation

8.1 General

The basic data for the calculation shall be identified for each chimney segment unless otherwise
specified in this clause.

8.2 Air temperatures

8.2.1 External air temperature (71)

For the calculation of the external air temperature (T1) see EN 13384-1:2015+A1:2019, 5.7.1.2; a single
value is relevant for all chimney segments.

8.2.2 Ambient air temperature (Ty)

For the calculation of the ambient air temperature (T,) see EN 13384-1:2015+A1:2019, 5.7.1.3.

8.3 External air pressure (pL)

For the calculation of the external air pressure (p.) see EN 13384-1:2015+A1:2019, 5.7.2, a single value
is relevant for all chimney segments.

8.4 Gas constant

8.4.1 Gas constant of the air (Ry)

For the calculation of the gas constant of the air (R.) see EN 13384-1:2015+A1:2019, 5.7.3.1, a single
value is relevant for all chimney segments.

8.4.2 Gas constant of flue gas (R)
For the calculation of the gas constant of flue gas (R) see EN 13384-1:2015+A1:2019, 5.7.3.2.
For gas mixing use Formula (19) in this standard.

8.5 Density of air (pL)

For the calculation of the density of air (p.) see EN 13384-1:2015+A1:2019, 5.7.4. A single value is
relevant for all chimney segments.

8.6 Specific heat capacity of the flue gas (cp)

For the calculation of the specific heat capacity of the flue gas (c,) see EN 13384-1:2015+A1:2019, 5.7.5.
For gas mixing use Formulas (20), (21), (22) in this standard.
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8.7 Water vapour content (¢(H20),)) and condensing temperature (Tsp)

For the calculation of the water vapour content (o(H20);) and condensing temperature (Ts,) see
EN 13384-1:2015+A1:2019, 5.7.6.

For gas mixing use Formula (18) in this standard.

8.8 Correction factor for temperature instability (Su)

A single value is relevant for all chimney segments.

For the check of the mass flow requirement and for the check of the pressure requirement for minimum
draught and maximum positive pressure Su = 0,5 shall be used for each chimney segment; for maximum
draught or minimum positive pressure the correction factor Sy for temperature instability shall be 1.

8.9 Flow safety coefficient (Sk)

For the calculation of minimum draught of negative pressure chimneys the safety coefficient Sg = 1,5
shall be used, except a value of 1,2 shall be used for strictly controlled appliance and chimney
installations (e.g. industrial installation with permanent supervision), and for room sealed appliances
with forced draught burners.

For the calculation of maximum positive pressure of positive pressure chimneys the safety coefficient
St = 1,2 shall be used.

For the air supply duct a flow safety coefficient Sgg = 1,2 shall be used.

For the calculation of maximum draught or minimum positive pressure the safety coefficient Sg and Sgs
shall be 1.

8.10 External coefficient of heat transfer

For the calculation of the external coefficient of heat transfer see EN 13384-1:2015+A1:2019, 5.8.3.3.

9 Determination of temperatures

The following temperature values shall be calculated according to EN 13384-1:2015+A1:2019, 5.8

— the calculated flue gas temperatures of the A1) combustion appliance (Tw.;) using flue gas data
characterising the appliance (Formula (11));

— the mean flue gas temperatures in the connecting flue pipes (Tmv;);
— the flue gas temperatures at the end of the connecting flue pipes (Tov;);

— the flue gas temperatures after gas mixing at the beginning of the chimney segments (7., Formula

(M)
— the mean flue gas temperatures in the chimney segment (Tn;);
— the flue gas temperatures at the end of the chimney segments (7,;); and
— the temperatures of the inner wall at the end of the chimney segments (Tiob,)-
The relevant formulas for the calculation of the temperatures are listed in Table 2. The mass flow rate

and the CO; content of the flue gas in the connecting flue pipe shall be calculated with the Formulas (14)
and (17).
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