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Foreword

This document (EN 13384-2:2015) has been prepared by Technical Committee CENTC 166 “"Chimneys”, the
secretanat of which is held by AZl.

This Eurcpean Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by October 2015, and conflicting national standards shall be withdrawn at
the latest by October 2015.

Altention is drawn 1o the possibility that some of the elements of this document may be the subject of patent
nights. CEM [andfor CEMELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 13384-2:2003+A1:2009,

According to EN 13384-2:2003+41:2009 the following fundamental changes are given:
— editorial mistakes have been comrected;

— mistakes in formulas have been corrected;

— characteristic valuas for heating appliances for salid 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 amendead,;

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

— for chimney fans a calculation procedure has been added,

This standard is one of a series of standards prepared by CEN/TC 166 comprising product standards and
exacution standards for chimnays,

Mational installation rules are not regarded in the standard.

This document has been prepared under a mandate given fo CEN by the Eurcpean Commission and the
European Free Trade Associalion.

This European Standard “Chimneys — Thermal and fluid dynamic calculation methods™ consists of three
Parts:

— Part 1: Chimneys serving one heating appliance

— Part 2: Chimneys serving more than one healing appliance

— Part 3: Methods for the development of diagrams and lables 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 Yugoslay Republic of Macedonia, France, Germany, Greece,

Hungary, lceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Morway, 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 & 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
heating appliance,

The execution standard idenfifies limitations and safety considerations associated with the design, installation,
commissioning and maintenance of a chimney serving more than one heating appliance (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 heating applisnce,

This part of EN 13384 covers both the cases, sither

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 flug 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 heating 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.q. open fire chimnays or chimney inlets which are normally intended 1o
operate open to the room;

— chimneys which serve different kinds of heating 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 mare than 5 storeys. (This does not apply to balanced flue chimney. ),

— chimneys serving healing appliances with open air supply thraugh vantilation 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 heating appliance which is out of action can be
positively isolated to prevent flue gas back flow.

2 MNormative 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.

EMN 1443:2003, Chimneys - General reguiremenis

EM 13384-1:2015, Chimneys - Thermal and flwd dynamic calcuwiation 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 apphiances
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EM 15287-2:2008, Chimneys - Design, installation and commissioning of chimneys - Part 2: Chimneys for
roomsealed applianceas

prEN 168475-2, Chimneys - Accessones - Part 2 Chimney fans - Reguirements and test methods

3 Terms and definitions

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

31

chimney segment

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

3.2

collector segment

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

33

flue gas mass flow

m

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

Mote 1 to antry: In casa of a chimnay serving moare than one heating appliance, the air baing transparted through an
appliance which is out of action is alkko given the term flue gas mass flow

331
declared flue gas mass flow

n'raw_j
flue gas mass flow given by the manufacturer of the heating appliance | with respect to the heat oulput used in
the calculation

3.3.2
calculated flue gas mass flow

"""‘wL.J
flue gas mass flow calculated with respect to calculated draught and the working conditions of the heating
appliance |

3.4

calculated flue gas temperature

L

flug gas temperature al the outlet of the heating appliance | depending on the caloulated flue gas mass flow
15

calculated draught of the flue gas of the heating appliance

Pye,j

draught at the flue gas outlet of the heating sppliance | depending on the calculated flue gas mass flow

3.6

flue damper

device to close or partially close the flue

10
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3.7

balanced flue chimney

chimney where the point of air entry 1o 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

38

cascade arrangement

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

39
multi inlet arrangement
arrangement where two or more appliances are connected fo the chimney by individual connecting flue pipes

3.10

air duct

independent duct in a building or a struciural part of a flue lerminal conveying combushion air o a room-sealed
appliance

31
pressure equalizing opening
opening or duct that directly connects the air duct with the flue at its base

4 General symbols and abbreviations

Symbals, terminalogy and units are given o make the text of this standard understandable. A list of general
symbols and abbreviations is given in EN 13384-1 Indices added to symbols for purposes of the calculation
method for chimneys serving more than one heating appliance relate to one chimney segment andlor
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 @ single cascade scheme, Symbols assigned to a specific section will be indicated by the
number of the section after the comma (e. g. i, is the effective height of a section of a chimney segment
betwsen the outlet of the connecting flue pipe of the heating appliance in the lowest position and the outlet of
the connecting flue pipe of the next heating 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 distibution 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:

a) the mass flow requirement (Fomrmulas (4) and (5))

b} the pressure reguirement for minimuem drawsght or maximum positve pressure (Formulas (8) or (Bb) and

(Bc))

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

11
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d) the temperature reguirement (Formula (7))

NOTE 1 Tha calculation is affacted by the specific installation design. For recommandations for the installation of
appliance and connection flue pipes s=e Annex A

MOTE 2 The pressure requiremants for maximum draught or minimum positive pressure are only requirgd if thers is a
limit far tha maximum draught for the (negative prassure) heating appliance or a minimum differential pressure of the
(positive pressure) heating appliance.

In order o verily the criteria two sets of external conditions are usad:

— the caleulation 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 13384-1.

— Al heating appliances are simultaneously operating at nominal heat oulput.
— Al heating appliances are simultansously operating at minimum heat output

— A single heating appliance operating &t nominal heat output and all other appliances out of action [all
possible cases)

— A gingle heating appliance operating at minimum heat output and all other appliances out of action [all
possible cases)

For positive pressure chimneys a single heating appliance operating at minimum nominal heat cutput and all
ather appliances operating at maximum nomingl beat output (all possible cases) If the control of the
installation guarantees that not all appliances will be in operation simultanegusly, 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 requiremant for warking conditions with heating
appliances at minimum heat ocufput is not required in the following cases:

— the heating appliances do not have any heat output range

— the heating 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 haat output on the label.

— heating 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 heating appliances have a flue gas mass flow at minimum heat output higher than or egual to the flue
gas mass flow at nominal heat ocutput.

The temperaiure requirement shall be validated for the following relevant working condition, using the ambient
and external air temperatures as specified in EN 13384-1;

— heating apphiances for solid fuels without fan and heating apphances with regulated air supply are in
operation at nominal heat output,

12
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— heating appliances with a draught diverter which provide domestic hot water only are out of action. These
heahng appliances operate with & considerable secondary air (These operate only & short ime and
therefore it can be assumed thal condensation will not cause damage or a lack in safety);

— heating appliances with a fixed output range are in aperation at this (nominal) heat output,

— all other heating 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 reguirement is necessary only for the top of the chimney.

The validation of the temperalure reguirement is nat necessary when the chimney sarves only domestic gas
fired water heaters with instantanecus producton 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 fellowing formulas shall be fulfiled for each chimney segment j at all relevant working conditions:

|F}J.—F}“_ =0.1.inPa ()
¥
PZ.'=_H_+Z{H-I.t_PR.k}'i“Fa 2)
ey
Prpj=Fuej+ Pyj+ Py inPa ff:.'“!
where
Pz, draught at the flue gas inlet to the chimney segment |, in Pa

Prag theoretical draught due to chimney effect in chimney segment k, in Pa
Prx pressure resistance of the chimney segment k, in Pa

Pyic, calculated draught of the heating appliance, in Pa

Py calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa
Pre; calculated pressure resistance of the air supply for the heating appliance j, in Pa

FPra; required dravght at the flue gas inlet to the chimney segment |, in Pa

P wind velocity pressure, in Pa

N number of hoating appliances

13
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Key

chimney

connacting flue pipe j
heating appliance |
connacting flue pipe 2
heating appliance 2
connecting fue pipe 1
heating appliance 1
chimney segment 1

[C= < Tt B = & | R O R

chimnay segment |

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

5.2.2 Positive pressure chimneys

The following formulas zhall be fulfilled for each chimney segment | at all relevant working conditions:

Fae,, — Pro,|20.1, inPa (3a)
N
'F,P-:I,;' =Hh + Z (Fp—Fyy) . inPa (3b)
k=)
Pooe;=Fooy= iy~ Py in Pa {3c)
where
Pray positive pressure at the flue gas inlet to the chimnay segment |, in Pa

14
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Py theoretical draught due o chimney affact in chimney segment k, in Pa
Pry pressure resistance of he chimney segment k, in Pa
Pyoe,  calculated positive differential pressure of the heating appliance |, in Pa

Py calzulated pressure resistance of the connecting flue pipe of chimney segment |, in Pa
Ppej calculated prassura resistance of the air supply for the heating appliance |, in Pa
Proe, madimum diffarantial prassura at the flua gas inlat to the chimnay segmant |, in Pa

P wind welocity pressure,

N number of heating appliances

5.3 Mass flow requirement
Formulas (4] andfor (5) shall be venfied for all relevant working conditions (see 5.8).
For each heating appliance in operation at nominal or minimum heat cutput:
ity Z iy |, in Kals {4

and for each heating appliance out of action:

Mgy =0.inkg's {5
wherne

Ty, i calzulaled mass flow of the healing appliance, n kgls

""ij declarad mass flow of the heating appliance, in kgis

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

54.1 MNegative pressure chimneys

For negative pressure chimneys it has to be additionally checked that the negative pressure (minimum
draught) in the chimney (Fz)) is more than or equal to the negative pressure in the room where the heating
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 reguirement {see 3.3 and
5.6). The following relations shall be verified:

sz = FIIEI:.j' in Pa 1=}
where

Pz draught at the inlet to the chimney segment |, in Pa

Pge; calculated pressure resistance of the air supply for the heating appliance |, in Pa

If required it has to be additionally checked that the negative pressure (draught) in the chimney (Prm.,, ) is less
than or equal to the maximum allowed draught (Pzape. ) caused by the heating appliance. The Formula (Ga)
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

flug mass flows that fulfil the pressure equilibrium conditions at an external air temperature of T, = 258,15 K (1
==13 °C, see EN 13384-1).
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L
Prwax,j = Z {H-I.H _R?l.k}i Rumaxj + P + Fiej = Pramay, - in Pa (Ba)
t:r
where

Primasj maxirmurm draught at the flug gas inlet into the chimney segment j, in Pa

Pramas,j maximum allowed dracght at the flue gas inlet into the chimney segment j, in Pa

P theorstical draught due to chimney effect in chimney segment k, in Fa

FPay pressure resistance of the chimney segment k, in Pa

Piymaj maximum draughl for the heating appliance j, in Pa

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

Pa.j calculated pressure resistance of the air supply for the heating appliance |, in Pa

NOTE The values of Py, Pay, Pyjand Pee, in Formulas (2) and (6a) are normally different because the conditions
are different.

54.2 Positive pressure chimneys

For ﬁos'rtive pressure chimneys it has to be additionally checked that the maximum positive pressure in the
connecting flue pipe {Fz; + Py} and in the chimney (Pz)) is not higher than the excess pressure for which
both are designated (Pry aweass 800 Pr e ). The check on the pressure requirement shall be done using the
same conditions as specified for the check an the mass flow requirement (see 5.3 and 5.6). The fallowing
relations shall be verified:

P30, % P2 opnss o IN P2 [Bb)
Paoj* Pyj % Py guesss « inPa {6c)
where
FPanj positive pressure at the flue gas inlet to the chimney segment j, in Pa
Pyj calculated pressure resistance of the connecting flue pipe of chimney segment |, in Fa

Proaweass 15 the maximum allowed pressure from the designation of the chimney, in Pa

Pryascess 15 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 (Paowin) is
more than or egual ta the minimum allowed positive pressure (Proame ) caused by the heating 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 extermal air temperature of
TL=25815 K {r, ==15"C, see EN 13384-1).

u
PEDmh.j = E {Pn.k _Hl.k] 2 Pm...iuj - 'pB:.j - Pu.i = 'PBCIumin.j* in Fa (Bd)

ke
where

Paominy  minimum positive pressure at the flue gas inlet into the chimney segment j, in Pa
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Progemiej  minimum differential pressure at the flue gas inlet into the chimnay segment |, in Fa

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

Py pressure resistance of the chimney segment k, in Pa

Priming  minimum differential pressure of the heating appliance |, in Pa

Pae; calculated pressure resistance of the air supply for the heating appliance |, in Pa

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

MNOTE The values of Pus and Py 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 lemperature reguirement 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 7,
{see EN 13384-1)

Tiew = Ty, in K {7}

where

Tew;  temperature of the inner wall of the chimney segment | at the end, in K

T temperature limit for chimney segment j, in K

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

The temperature limit Ty, for chimneys suitable for operating under wet conditions is egual to the freezing
point of water: Ty = 27315 K.

HOTE The following cases can be exemplad from meeting the lemperature requirement provided thal It is accepled
that in case the requirement for temparature should be not fulfiled no guarantea can be given that no moisture appaars. In
thiz cases insulation iz advised,

— heating appliances which are subsfituted to a usual chimney which is already in operation and

—  the heat oulput of the heating appliances which are connected and/or subshiuted does not exceed 30 kKW
for each and

— fthe flue gas losses are not more or egual than 8 % and

— an effective air conditioning of the chimney during standstill periods is given by draught diverters or
dampers and

— sufficient standstill pericds are given (e. g. the minimum steady state heat output of the heating appliance
is not less than 20 % as the required heat).

56 Calculation procedure
For the calculation of the pressure and temperature values in & chimney serving more than one heating

appliance an ilerative procedure is necessary. This calculation procedure is based an the application of mass
and energy conservation formulas under guasi steady state conditions.
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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:

T

3

2 — ﬂ.‘!.,_.._i

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

— The mass flow and the temperature shall be calculated with Formulas (8) and (2).

mpg ity =it in kgls i8)
ty i Ty iy Ty =my e T in dis i9)

where

,-;;.j_1 flue gas mass flow in chimney segment j=1, in kg's

,-;;I.,J flue gas mass flow in connecting flue pipe, in kg's

| flue gas mass flow in chimney sagment |, in ko's

Tt specific heat capacity of flue gas in chimney segment j-1, In M kg - K}

CEv specific heat capacity of flue gas in connecting flue pipe J, in JY kg - K)

Cpi specific heat capacity of flue gas in chimney segment |, in J/{ kg - K)

Tojat temperature of the flue gas at the end of chimney segment -1, in K

Towj temperature of the flue gas at the end of connecting flua pipe |, in K

Tai temperature of the flue gas at the inlet of chimney segment j, in K

—  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
Farmula {2).

If the mass flow of a heating 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 reguirements of EM 13384-1:2015, 5.2.1 or 5.2.2 shall be fulfiled for each
apphance,

A CHP with combustion engine is assumed o fulfil these conditions,
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Far each iteration the following parameters shall be obtained:

— for each node |, the actual pressurg {(Pz.j, Pzj OF Prowjs Pzo; and where required Pramas s Frmaxj OF P2oemin s
Fromn,) @nd temperalure values (T, ., al point 1, Ty, at point 2, T, at point 3},

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

Before the first teration 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

’j’w.j.

Each iteration consists .q. 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 gutlet

— 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 tempearature al the end (see EN 13384-1:2015, 5.8},
average flue gas temperature {see EN 13384-1:2015, 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, 5.8);
average flue gas temperature (see EN 13384-1:2015, 5.8).

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

— drauvght required or differential pressure available at the flue gas inlet into the chimney (Formula (3) or
{3ch)

— draught due to chimney effect at the inlet of the chimney segment (Fomula (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));

The iteration described above (phase 1 and phase 2) at the warking conditions under consideration {i.e.
nominal, minimum load and out of action) shall be continued until the pressure equilibrium condition is fulfiled

(Formula (1)).

When the pressure equilibrium condition is fulfiled, the values calculated at the last ileration 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 fulfiled a new estimate of wy based on the ocbserved difference
between Pz and Pz, OF Pag) and Pro. and a new iteration shall be made.
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6 Flue gas data characterising the heating appliance

For the calculation of the temperature and pressure wvalues the relevant flue gas dafa charactensing the
heating appliance shall be specified, This includes:

—  minirmurn, declared draught or maximum declared differential pressure of the healing appliance (P, or
Paajl

— declared flue gas temperature of the heating appliance (&)

Both values shall ba given in relation 1o the flue gas mass flow al various working conditions of the heating
appliances (in operation, out of action). The calculated draught Py, or differential pressure Pyo., of the
heating appliance shall be given for both working conditions in form of a 4" dagree  paly-nominal
(Farmula (10}).

) ;o 2 ;o ] ;o 4
M. Mo Moy, My |
B,.=b +h ( _““']+h1. - 4) +b,- - 4] +h, - ﬁ] in Pa (10}
b m“'l \ m""'d' \ m""'d \ m""'d
. . \! e \_: e 4
My, My, . g |
Py =t te S +p- 2| g +C, 4 | inPa {10a)
My iy, iy, Ty,
. V2
ey = Yot 17| el inC (1)
L Mg
where

by, by, bz, by, by factors for the poly-nominal in the formula for calculated dravght of heating appliance |

Fin e V2 factors for the exponential in the formula for calculated flue gas temperature of heating
appliance |

"h'-'-*c-.j calculated flue gas mass flow of heating appliance |, in kols

,,'gwd. declared flue gas mass flow of heating appliance j, in kg's

Pl calculated draught of the heating appliance, in Pa

Pe calculated differential pressure of the heating appliance, in Pa

iy calculated flue gas temperature of the heating appliance, in *C

oy 4, 020 03, 04 fBctors for the poly-nominal in the formula for calculated differential pressure of heating
appliance |

For negative pressure chimneys the values for b and i shall be obtained for "in operation” and "out of action”
conditions separately. In case these values are not given, the flue gas data charactensing the apphance are
given in Annex B.

Faor positive pressure chimneys the values for ¢ and v shall be oblained for the “in operation” conditions, fram
the heating appliance manufacture’s data.

NOTE 1 If the data for the “in operation”™ conditions are not available the calculation is not possibla.

For the "out of action” condition g, o4, ©a, 04 @and vy, 1, v2 shall be 0 and ¢ = -1 000 000,
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MOTE 2 For positive pressure applications the validation of the mass flow ralias in the fact that thara is no possibility of
backflow of flue gas through a heating appliance that is out of action,

A CHP with combustion angine 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-(CO;)y; shall be specified, The declared
content of CO. of the flue gases at the two working conditions can also be determined using
EM 13384-1:2015, Table B.1 and Table B.2.

The calculated CO; content of the flue gas of the heating appliance | o(CO0z b shall be determined for the
two working condiions "in operation at nominal heat output® and "in operation at minimum outpul” using the
following formula:

— for heating appliances for liguid and gaseous fuels and heating appliances for zolid fuels with autormnatic
feed

alCO, by, = . in Vol.-% {12)

Y ¢ Y
e | 1| weg | [ S
g )IG{CDz }.-.-.j \ iy Jn
— inather cases

(OO hwe; = alCO0z)y , in Wal=%

whiare

o(COy)y, declared CO, content of the flue gas of heating appliance |, in Vol =%
g(CO;hwe; calculated CO; content of the flue gas of heating appliance j, in Vol.-%
Jta fmz coefficients according to EN 13384-1

Mgge s calculated flue gas mass flow of heating appliance |, in kg's

Ty declared flue gas mass flow of heating appliance |, in kgfs

For the calculation of & negative pressure chimney the value of the maximum draught for the heating
appliance Py, and for the calculation of a positive pressure chimney the value of the minimum differential
pressure of the heating appliance Pyome shall be obtained from the manufacturer of the heating appliance if
appropriate.

7 Data for chimney and connecting flue pipes

!

|
The mean value for roughness of the inner wall (r andlor ny;) and the thermal resistance ["'ﬂ”-i andlor

15)
\A Y} for each connecting flue pipe and each chimney segment shall be identified (see EN 13384-1:2015,
5.6.2).
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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

8.21 External air temperature {T,)

For the calculation of the external air temperature (7)) see EN 13384-1:2015, 5.7.1.2; a single value is
relevant for all chimney segments.

8.2.2 Ambient air temperature (T,)

Far the calculation of the ambient air temperature (T,) see EN 13384-1:2015, 5.7.1.3.

8.2 External air pressure (p.}

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

8.4 Gas constant

B8.4.1 Gas constant of the air (R}

For the calculation of the gas constant of the air (7, ) see EN 13384-1:2015, 2.7.3.1, a single value is relevant
for &ll chimney segments,

842 Gas constant of flue gas (R)

For the calculation of the gas constant of flue gas (R) see EN 13384-1:2015, 5.7 3.2,
For gas miing use Formula (19] in this standard.

8.5 Density of air (g.)

For the calculation of the density of air (o) see EN 13384-1:2015, 3.7.4. A single value is relevant for all
chimney segments,

8.6 Specific heat capacity of the flue gas (v;)

For the calculation of the specific heat capacity of the flue gas () see EN 13384-1:2015, 5.7.5.
For gas mixing use Formulas (20), (21), (22) in this standard.

8.7 Water vapour content (o(H-0}) and condensing temperature (7.}

For the calculation of the water vapour content (oiH:0)) and condensing temperature (7] see
EM 13384-1:2015, 5.7.6.

For gas mixing use Formula (18] in this stendard.
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8.8 Correction factor for temperature instability (54}
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 S, = 0.5 shall be used for each chimney segment; for maximum
draught or minimum positive pressure the correction factor 5y for temperature instability shall be 1,

8.9 Flow safety coefficient (Sg)

For the calculation of minimum draught of negative pressure chimneys the safety coefficient 5z = 1.5 shall be
used, except a value of 1,2 shall be used for sirictly controlled applignce and chimney installations (2.9.
industrial installation with permanent supervision}, and for room sealed appliances with forced draughl
burners.

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

Far 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 Se and Sgp shall
be 1.

B8.10 External coefficient of heat transfer

For the calculation of the external coefficient of heat transfer see EM 13384-1:2015, 5.8.3.3.

9 Determination of temperatures
The following temperature values shall be caloulated according o EN 13384-1:2015, 5.8

— the calculated flue gas temperatures of the healing appliance (T, ) using flue gas data characterising the
appliance (Formula {11));

— the mean flue gas temperatures in the connecting flue pipes (T, )

— the flue gas temperatures at the end of the connecting flue pipes (Tok

— the flue gas temperatures afler gas mixing at the beginning of the chimney segmants (T, Formula (7}};
— the mean flue gas lamperatures in the chimney segment (T,

— the flue gas temperatures at the end of the chimney segments (T.)); and

— the temperatures of the inner wall at the end of the chimney segments (T ).

The relevant formulas for the calculation of the temperatures are listed in Table 2. The mass flow rate and the
C0; content of the flue gas in the connecting flue pipe shall be calculated with the Formulas {14} and (17).
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Table 1 — Calculation of the temperatures

Terminology

Farmula

Unit

mean flue gas
temperature in
connecting flue pipe
Tm-\.lj

Tows = T, 4 Towei =T Ji-expl-x,, )]
. X

flue gas temperature
af the end of the
conneching flue pipe
Tow

Tonrg = Tany F (T — T - exp (= Bog)

cooling value of the
connecting flue pipe
Byj

i Uyikyi- Ly,
Ky = s B

MhejtEp

coefficient of heat
transmission of the
connecting flue pipe
ky; (mass flow and
pressure check)

1 o8 |" 1 ‘l +r Dy W
— 45, || = 1 I
_ﬂ'i'-.-'.i WA L Dwu.j "R ]

coefficient of heal
transmission of the
connacting flue pipe
Ky, (temperature
check)

. ] N ; Do ST
1, [_ o Do
ﬁll'u'_| "“-Jv_j k_DI"I".'aJ 'ﬁ'a'u'_| )

m- -

internal coefficient of
heat transfer of the
connacting flue pipe
iy,

Ay Nity;

0, = max

]

I hvj

MNusselt number My

06T

T pl
Ny, =
i L’

smeath |

f
0,0214-(Re,, * ~100)- Pr, 4| 1+

0,67
']

L By

Prandtl number Pry

e " Cp
Pry, = Sl

Ay j

Reynolds number Re,

Ee\,.'_j - Wi 'Drf'.'.j '."'Jrr"u'.|
M

mean flue gas
temperature Ty,

ﬁ[‘ expl- K, )]

flue gas temperalure
al the and of the
chimney segment T

coaling value of the
chimney segment &,

coefficient of heat
transmission &, (mass
flow and pressure
check)

-
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coefficient of heat P ; T W
Iransmission &, PR L | 1 +| Dy K
g .
{temperature check) 2 WA\ Dy ey
internal cogfficient af (A, Nu W
heat transfer g o = rmnc| — 4] PR
\ |13
Musselt number Vi n.E? ‘. < DLET
N, _{ 4 1 0.0214-(Re 2® - 100 P | 14| 24 -
¥ emaath W | L.j J
Frandtl number Fr; Mo "
Fr, =l Bl —
) i
Reynolds number fe, Fe. = Winj" Dh.i Prmj )
i
Maj

10 Mixing calculations

10.1 General

At the point of the inlet to the chimney segment the flue gas mass flow, the flue gas temperature and the CO,
and H.O-content as well as the gas constant and specific heat capacities shall be calculated.

10.2 Flue gas mass flow ()

The flue gas mass flow in chimney segment | ™ shall be caleulated with Formulas (13) and (14):

n"z]—mlj 11‘"“!._.-_]'. in hg.‘ls :13}

Pty = e i kls (14)

10.3 Flue gas temperature at the inlet of the chimney segment (T,;)

The flue gas temperature T, in chimney segment | shall be calculated with Formula {15}, To simplify the
calculation the heat capacties of the flue gas in the connecting flue pipe | and in the previous chimney
segment -1 are based on the mean flue gas temperalures.,

o el iy Ty

, in K (15)
mj-lci.l.j-'l + J'nv_iﬁ'pvlj

a,j

10.4 CO;-content of the flue gas in the chimney segment (a{CO:);)
The COz-content a{CO,); in chimney segment | shall be calculated with Formula (16);

it Ry I] 00— J{Hz_':' }_j-1J°'r\C02 ] at '*hv.ikv.ilj 00 — 5{H20L_Jlﬂ{mz }v.i
it 4R 100 — & {H,0) _ J+ ity Ry 100 - &(H,0), |

alCO, ), = i Val. % (186)

The COz-content of the flue gas in the connecting flue pipe shall be calculated with Formula (17):
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o(CO, ), = o(CO, hye . in Vol % (17)

10.5 H:O-content of the flue gas (o(H.0) )
The HxC-content a[H-0); in chimney segment | shall be calculated with Formula (18):

’i’.|-1R.|-1‘7{HzO]j.1 ¥ 'W..RVJ‘T{HEDL

4 in ol % (18)
iRy +my Ry

olH 20} =

a{Hz0}; shall be taken from EN 13384-1:2015, Table B.1 for each kind of fuel for heating appliance j.
10.6 Gas constant of the flue gas (R))
The gas constant of the flue gas R®; in chimney segment j shall be calculated with Formula (19):

R - R 4y By

g

_ . in Jifkg - K) (19)
”?'.]-1 i mlulJ

Ry shall be taken from Table B.1 of EM 13384-1:2015 for each kind of fuel for heating appliance .

10.7 Flue gas data

10.7.1 Specific heat capacity (cov), (cpg)

The specific heat capacity of the flue gas in the connecting flue pipe c.y; shall be calculated with Formula {20):

10114 0.05 4, +0.0003 1, 7 + foo + S -ty + fizg - e, F(COL )
L
P 141,,-5(CO, ),

Jindikg - K) (200

The faclors fo ), fo), fez) @0d foa) for determination of e, shall be laken from EN 13384-1:2015, Table EA

The specific heat capacity of the flue gas in the chimney segment «;; shall be calculated with Formula (21):

101140.05-1,,, +0.0003 4, 2 4 (/o + Sos oy + Fia 1 CO,)

Cpj . L in kg - K) (21)
" T4 fﬁ.j'aicoz},,
The factars /s for determination of o,; shall be calculated with the following formula:
M- J"::|.j-1'-7|.r':0211.1 | iy '_.f.':,-wa'l[Cﬂz}._,.J
1+ IO, 1+ /., (CO
fud _ 1 ) .-r:.E.| 7 2}_|-1 .I'Ic:a"-.l'-| \ 2:".!'_] in Jl'l{kg ) K} [22}

J{CUE }I l’i;‘ilj_1 + m"-".i
14 fi26(CO, ), 1# Sz, 51CO; ),

Whan all appliances served by the chimney oparate with the same fuel the coeflicient fo | (), Sy ey 8nd fs))
can be determined according to EMN 13384-1:2015, Table B.1.

10.7.2 Thermal conductivity of the flue gas (A, (As))

The thermal conductivity of the flue gas in the connecting flue pipe Asy, and/or in the chimney segment Ay
shall be calculated with the following formulas:
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A= 0,0223 + 0,000085 fye; ,in WHm® - K) 123)
Ay = 0,0223 + 0,000065 1, in W/(m* - K) {24)
10.7.3 Dynamic viscosity (fa ), (7))
The dynamic viscosity fsy; and s ; shall be calculated with the fallowing formulas:
Magy = 16 - 10° + 47 <10 - 1 - 20 - 10 - 1, in Nsim® {25)
Moy = 15107 +47 - 10™ - 1, - 20 - 107 - 15, % L in Nsim® 126)

Legend for the formulas in Clause 10

Cpj specific heat capacity of flue gas in chimney segment j, in Jf{kg - K}
Cpi specific heat capacity of flue gas in connecting flue pipe j, in Jikg - K)
Jaij factors for determination the specific heat capacity for each heating appliance j
ity flue gas mass flow in chimney segment j-1, in ko's
ity | flue gas mass flow in connecting flue pipe j, in kals
R specific gas constant of flue gas in chimney segment |, in Jikg - K)
R specific gas constant of flue gas in connecting flue pipe |, in JiTkg - K)
fanj average temperature of flue gas in chimney segment j, in "C
Tt | average temperature of flue gas in connecting flue pipe |, in “C
Taj1 temperature of the flue gas at the end of chimney segment -1, in K
T 1 temperature of the flue gas at the end of connecting flue pipe ), in K

a{C0y);  wolume concentration of CO; in chimney segment j, in Val. %

a(C0,).  wvelume concentration of CO; in chimney segment j-1, in Yaol. %
1

o(C0;),,;  volume concentration of CO; in connecting flue gas pipe |, in Vol. %

a(H:0),.  volume concentration of Ha0 in chimney segment j-1, in Vol %
1

o{HO),  volume concentration of HO in connecting flue gas pipe |, in Val. %

10.7.4 Condensing temperature {Tsp)

The condensing temperature shall be calculated according to EN 13384-1:2015, 5.7.6.

If there is & combination of appliances including such for coal andfor residual fuel il the rise in the dew point

shall be calculated for each fuel according to EM 13384-1:2015, 5.7.6 and the highest value shall be taken for
the determination of the condensing temperature.

11 Density and velocity of the flue gas

The average density of the flug gas in the chimney segment gy, shall be calculated with the following formula;

Penj = R_'r_‘; ,in kgim® (27)

T mij
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The average velocity of the flue gas in the chimney segment w.,; shall be calculated with the following farmula:

[T
—  inmis (28)

Winj =
A} Penj

The average density of the flue gas in the connecting flue pipe o, shall be calculated with the following
formula:

Fil | 3
Py = ——=—— ,in ka/m (29)
" Ry Tonw

The average velocity of the flug gas in the connecting flue pipe wyy; shall be calculated with the following
formula:

W
Wiigj = ———— . in kgim’ (30)
Ay P

Key to formulas in Clause 11

A, cross sectional area of the chimney segment |, in m*

Ay cross sectional area of the connecting flue pipe j, in m®

", flue gas mass flow in the chimney seament |, in ka's

ﬁ"r'-j flue gas mass flow in the connecting flue pipe |, in ka's

L external air pressure, in Pa

R; speciflic gas constant of the flue gas in chimney sagment |, in Jikg - K)
Ryj specific gas constant of the flue gas in connecting flue pipe |, in Jikg « K)
Touj average temperature of the flue gas in chimney segment j, in K

T j average temperature of the flue gas in connecting flue pipe |, In K

i, average density of the flue gas in chimnay segment j, in kg/m®

fmy,  average densily of flue gas in connecting flue pipe j, in kg/m®
12 Determination of the pressures

12.1 Pressures at each inlet of the chimney segments

12.1.1 Draught

The minimum and maximum draught at the inlet of the chimney segment j {7z and Pz, ) resulis from the
difference between the sum of draught due to chimney effect and the sum of the pressure resistance of all
chimney segments which are located above the inlet and shall be calculated using Formulas (2) and (Ba).

121.2 Positive pressure

The maximum and minimum positive pressure at the inlet of the chimney segment | (Pzo) and Prom ) results
from the difference between the sum of the pressure resistance and the sum of draught due to chimney effect
of all chimney segments which are located above the inlet and shall be calculated using Formulas (3b) and
(Bd).
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12.1.3 Draught due to chimney effect in the chimney segment (P}

The dravght due to chimney effect Py in chimnay segment j shall be calculated with the following formula:
Pyy=H-g-lo-pm)inPa (31)

where

H,  effective height of chimney segment j, inm

g acceleration due to gravity = 9,81, m/s’

' density of external air, in kg.‘ma

P average density of flue gas in section |, in kg!ma

12.1.4 Pressure resistance in the chimney segment (Pg))

12.1.41 General

The pressure resistance Py in chimney segment | shall be calculated with the following formula:

i I. \I _,l'-.lm
. i . ] 2,0 . .
PR.i = 'SE W_I_ + ELIJ — 'I"I'i.nlj + ‘SEM,JHE-| + -SEG.IFGJ . In Fa :32}
0y, J 2
where
P change of pressure due to change of flue gas velocity from chimney segment | fo section j + 1, in Pa
FPiaj change of pressure due to flue gas mixing in the area of the inlet in chimney segment |+ 1, in Pa
Se flow safety coefficient
3em) flow safety coeflicient for change of pressure caused by change of velocity of the flue gas (Sea) = 5

fUr Fﬁl_ = D,' SFnj = 1.0 fﬂr Pn._ = 0]’

Semy flow safety coefficient for change of pressure caused by flow passing a connection (g, = S for Py,
2 0; Seny = 1,0 for Pz, <0)

W coeflicient of friction of the flue of the chimney segment |

L; length of chimney segment |, in m

L internal hydraulic diameter of chimney segment J, in m

L sum of pressure resistance coefficients of the chimney segment j
#m average density of flue gas in chimney segment |, in kg.n'rna

Win,j average velocity of flue gas in chimney segment j, in m's

12.1.4.2 Coefficient of flow resistance due to friction of the flue ()

Far the calculation of the coefficient of friction of the flue of the chimney segment j {w;) see EN 13384-1:2015,
5.10.3.3, For the determination of the mean values for roughness of the inner wall (chimney segment and
connecting flue pipe) see EN 13384-1:2015, Table B.4.

12.1.4.3 Pressure resistance coefficients

For the calculation of the pressure resistance coaflicients see EN 13384-1:2015, Table B.7.
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12.1.4.4 Pressure change in flue gas due to change of the flue gas velocity

For the calculation of the pressure change in flue gas due o change of the flue gas wvelocity see
EN 13384-1:2015, 5.10.

The change of pressure Pg; from chimney segment j to | + 1 shall be calculated with the following formula:

61" Win J+1 T .inPa (33)

where

fim; average densily of flue gas in chimney segment |, in kg/m"

we;  average velocity of flug gas in chimney segment j, in mfs

Al the last chimney segment (the chimney outlet);
Pan=0
12.1.4.5 Pressure loss due to mixing in the area of the inlet of the chimney segment {Py;)
The pressure loss due to flue gas mixing at the inlet of the chimney segment Py, (see Figure 3) is included in

the pressure resislance of the chimney segment | below this inlet and it shall be calculated wilth the fallowing
formulas:

- P .
Flaj = S 'MT'“’:-j_n in Pa (34}
i - . 2 i i -1%
. i , A A
513_i_1=u,ua-|1—£] —|£ 1+1,52-{ ]msxj—q—ﬂﬁﬂ- 1- ] +
L ) P LA WA )
I ‘o .1 . ¢ . y
5 M e | i M0y j+1
LY "fll.l'.]—1 ri:r.]—1 LY ri:r.]—1
(335)
Formula {35) is only apphcable if there is no change in chimney diameter
i LTS
L 21 0=t eq0; 00cy <00
with e Mo
A
<1
Faor A""J" the individual resistance of the connection point can be determined as sum of the individual
resistances of & cross-section constriction (see EM 13384-1:2015, Table B.B, shape 6 and 8) and a
A
=1
connection point Ay
where
A cross sectional area of the chimney, in m*
Ay cross sectional area of the connecting flue pipe j+1, in m’

30



BS EM 13384-2:2015
EN 13384-2:2015 (E)

Tt angle of the connection between the connecting flue pipe j+1 and the chimney segment j+1, in ©
Saa pressure resistance coefficient of the connection between the connecting flue pipe j[+1 and the
chimney segment j+1

Pmjs1 average densily of the flue gas in chimney segment j+1, in kg/m®
W, j#1 average velocity of the flue gas in chimney segment j+1, in m's
”-"U.iﬂ flue gas mass flow in connecting flue pipe |[+1, in kg's
”—".iﬂ flue gas mass flow in chimney segment j+1, in kg's

L

3

.-‘/..- N

ERETS

i — _ 3 »

m

Figure 3 — Change of pressure due to flue gas mixing in the area of the inlet to chimney segment j+1

The pressure resistance coefficient values used in the calculation method presumes that there is no flow
interference between individual points of connection of appliances.

This may be by adequate separation or by flow directions.

12.2 Minimum draught required at the flue gas inlet into the chimney and maximum allowed
draught ( Pz and Prepax) and maximum and minimum differential pressure at the flue gas inlet
into the chimney (Pzg. and Pzosmn)

12.2.1 Minimum required and maximum allowed draught

The minimum reguired draught Fz,; at the outlet of the connecting flue pipe | is the sum of the calculated
draught Py, of heating appliance | and the calkeulated pressure resistance of the flue gas pipe £, and the
calculated pressure resistance of the air supply Pg.j and it shall be calculated using Formula (3).

The maximum allowed dravght Paama,., at the outlet of the connecting flue pipe j is the sum of the calculated
draught Py, of heating appliance | and the cakulated pressure resistance of the flue gas pipe Py, and the
calculated pressure resistance of the air supply Pe.; and it shall be calculated using Formula (Ga).

MOTE Walues of Pye, Py and Pac; in Formulas (3} and (Ga) may be different because the conditions are diffarant,

12.2.2 Maximum available and minimum allowed differential pressure

The maximum differential pressure (available positive pressure) o, al the outlet of the connecting flue pipe j
is the difference of the calculated positive pressure differential Py of the heating appliance | and the sum of
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the calculated pressure resistance of the flue gas pipe Py, and the calculated pressure resistance of the air
supply P and it shall be caleulated using Formula (3c).

The minimum (allowed) differential pressure Paoame, at the outlet of the connecting flue pipe j is the difference
of the calculated positive pressure differential Py, of the heating appliance | and the sum of the calculated

pressure resistance of the flue gas pipe £, and the calculated pressure resistance of the air supply Pa.; and it
shall be calculated using Formula (6d).

NOTE The values of Pe., Py and Pa in Formulas (3c) and (6d) may be different because the conditions are
different.

12.2.3 Calculated pressure resistance of the connecting flue pipe (Py))
12.2.31 General

The calculated pressure resistance of the connecting flue pipe Py shell be calculated with the following
formula:

Py = Py = Py in Pa {36}
12.2.3.2 Draught due to chimney effect in the connecting flue pipe (Puy;)

For the calulation of the draught due to chimney effect in the connecling flue pipe (Fa) see
EM 13384-1:2015, 5.11.3.2.

12.2.3.3 Pressure resistance of the connecting flue pipe (Pay))
The pressure resistance of the connecting flue pipe Fry; shall be calculated with the following formula:

i

Ly | P, . -
LT D"_J * Z‘!V.i ]TI “’rih'.j + Senpy j Py + Seov oy . In Pa (37}
| v

Ir:fw.| = -54

The pressure difference Ppy; is due to the difference between the velocity of flue gas in the connecting flue
pipe and in the coresponding chimney segment J. It shall be calculated with the following formula:

gy =Lt L0, P (38)
where
Se flow safety coefficient

Seovj flow safety coefficient for change of pressure caused by change of velocity of the flue gas
SFm."i =.5'|_= fur Pﬁ'u’i = D; SF:;\.ri = 11U fﬂf P:“ri <[]
Seuny flow safety coefficient for Pag) (Sewn = S 108 Paay 2 0) Sgwe, = 1,0 for Pz = 0)

LLTH coefficient of friction of the flue gas pipe |

Ly length of the connecting flue gas pipe j, in m

i nternal hydraulic diameter of flue gas pipe, in m

Eluj sum of resistance coefficients of the connecting flue pipe (exclusive of the mixing effects at the inlat
o the chimney)

Dy average density of the connecting flue gas in the flue gas pipe, in l:gl.n'n'l3

Wenle'j average wvelocity of the connecting flue gas in the flue gas pipe, in mfs
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The pressure loss P (see Figure 4) is due to the change of flow direction and mixing of flue gas in the area
of the inlet into chimney segment |. It shall be calculated with the following formulas:

- P, .
P _‘:'21.]'%'“’:1&' in Pa (39}
. . T . F ‘4 - i (4 w2 i {4 1 q
FF) 7 i
4"23.|=-U192-|1—i] —| i] : 1.2-l—msr,,—1‘+0,3- ‘1—|—‘ 1— 1—| —] -— oSy, |+
oMy LM A ; L L g LR L A iy |
i A 1 . i
A [ T,
2-| 2 | Du -[1— i (40)
\ A ) i e
A n"z._r_j
10— =10,07 = » =90
with ’r'u'.j |
A
— 1

For “l""-l the individual resistance of the connection point can be delermined as sum of the individual
resistances of a cross-section constriction (see EMN 13384-1:2015, Table B.8, shape 6 and 8) and a

A
L 9
connection paint Ay
where
) pressure resistance coefficient for change in flue gas direction and mixing at the area of flug gas inlet

in chimney segment |
pmj  average density of the flue gas in chimney segment j, in kg/m®
W, average flue gas velocity in chimney segment j, in m/s

iy | flue gas mass flow in connecting flue gas pipe j, in ka's

”-'Ii flue gas mass flow in chimney segment j, in kg's

Ay cross sectional area of connecting flue pipe . inm’®

A cross sectional area of chimney, in m’

¥i angle of connection between connecting flue pipe and the chimney segment, in *

The pressure resistance coefficient values used in the calculation method presumes that there is no flow
interference between individual points of connection of appliances.

This may be achieved by adequate separation of points of connection or by the use of flow deflectors.
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Figure 4 — Pressure loss Py due to the change of flow direction and mixing of flue gas in the area of
the inlet into chimney segment |

12.2.3.4 Coefficient of flow resistance ()
For the calculation of the coeflicient of flow resistance (() see EN 13384-1:2015, 5.10.3.4.

“Walues for devices which positively isolate the hesting appliance to prevent flue gas back flow shall be
supplied by the device manufacturer.

12.2.4 Calculated pressure resistance of the air supply (Pa.)
The pressure resistance of the air supply (Pg;) shall be calculated in accordance to EN 13384-1:2015, 5.11.4,

The calculated (negative) pressure resistance for air supply P is calculated with the following formula:

(g |
Poc;=Par| —=L | inPa (41)

L Py

where

FPrj minimum, projected pressure resistance of air supply for the heating appliance j, in Pa

e calculated flug gas mass flow for heating appliance |, inafs

ity declared flue gas mass flow of heating appliance |, in gfs

" exponent depending on the kind of air supply:

- in case of an opaning (e.g. room for the heating appliance with an opening for air supply): n=2
- in case of slits (e.g. window frame in living rcoms): n = 1.5
In case moara than one heating appliance in a room is connected o the inlet of the chimney segmeant the sum

of the flue gas mass flows shall be used in Formula (41} for "Wei and ™Wi,
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13 Inner wall temperature

The temperature of the inner wall of the chimney T, of a chimney segment j shall be calculated in analogy ta
EM 13384-1:2015, 5.12 using formulas in Table 2.

Table 2 — Formulas for calculation of inner wall temperatures at the end of a chimney segment

Terminology Formula Unit
coefficient of heat 5 -1 W
ransmission &t the end kg = i.,_rl] +|r 1 | _,_LW m2 K
of the chimney segment i WA WA Dhaojrttan
kuh.|
flue gas tempearature at Rob i 1 K
the inner wall T, T = - . — .

- Tiob,j = Tob,j @ chb, i~ Tuoj J
with T, see Table 2
section | = N Oap) = 23 in the case any part of the chimney segment is W
external m2 K
Oy = 8 in the case where the chimney segment is internal to
the building
(1), =0  in the case where the entire chimney segment is not
insulated
saction | = & In the case of ventilated cladding with ventilated gaps of & width of 1 W
em 1o 5 em wu.. = 8 may be used. m2 .K
itapj = 23 In all other cases of a non-insulated top of the chimney or
when an additional heal transfer resistance of an insulated top of a
chimney is included in the calculations
(NN = calculated according to EM 13384-1:2015, A

14 Cascade installations

14.1 Principle of the calculation method

The calculation is based upon determining the mass flow distribution in the collectors (see Figure 5) which
fulfils the pressure equilibium condition (Formula (42)) at each flue gas inlet to each collector segment, After
such a distribution has been found three reqguirements shall be verified:

: a} the mass flow requirement (Formulas (45) and (46))

- b} the pressure requirement for minimum draught or maximum positive pressure [Formulas (47) or (478)

and (47c))

c) the pressure requirement for maximum draught or minimum positive pressure (Formulas (47a) or (47d)})

d) the lemperature requirement (Formula (48))

The inlatfoutlet construction is assumad o be designed in such a way that wind effects are minimized.
Consequently P, =0 and is amitted fram the formulas.
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14.2 Pressure equilibrium condition

14.2.1 MNegative pressure cascade installation

The fallowing formulas shall be fulfilled for each collector segment || at all relevant working conditions:

|Pecis ~ Pracy| <0.1.in Pa (42)
NG
Projy = Pejt ﬂz_;, [PHC.I.n Fﬂc.jn}l i Pa (43}
FEE,:_” _FmJ,I+F1J,jJ+‘r:rE:,jj1in Fa (44)
where
Pasyy draught at the flue gas inlet into the collector segment ||, in Pa

Phcjn  theoretical dravght due to chimney effect in collector segment j,n, in Pa

Projn pressure resistance of the collector segment jn, in Pa

Payej calculated draught of the heating appliance jl. in Pa

Py calculated pressure resistance of the connecting flue pipe of the heating appliance j,l, in Pa
Pac calculated pressure resistance of the air supply for the heating applhance |, in Pa

FPruzy) required draught at the flue gas inlet infa the collector segment |, in Pa

P draught at the flue gas inlet to the chimney segment |, in Pa

N, number of heating appliances of the collector |
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Key
1 chimney
2 collectar sagment j,|
3 heating appliance || = 1
4 heating appliance |,p
5  heating appliance ;2
B heating appliance ,1
T cannecling flue pipa
B collectar segment j,1

Figure 5 — Example of cascade arrangement and numbering of heating appliances and collector
segments

14.2.2 Positive pressure cascade installation

The following formulas shall be fulfilled for each collector segment |, 1 at all relevant working conditions:

Proecji— 'le.'.lC.i.Il <01, inPa (44a)
Ny
Procjy = Froj + z [Fﬁc,in - R-I-.’ljn}l .in Pa (44b)
f=l
Froae i = Fuoey — Fup — fagyi.inPa {44c)
whera

Procy  positive pressure at the flue gas inlet into the collector segment j, |, in Pa

Piz,n theoretical draught due 1o chimney effect in collector segment j, n, in Pa
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Przjs  pressure resistance of the collector segment j, n. in Pa

Pyoeyp  caloulated positive differential pressure of the heating appliancs j, |, in Pa

Py calculated pressure resistance of the connecting flue pipe of the heating appliance |, |, in Pa
P calculated pressure resistance of the air supply for the heating appliance |, I, in Pa

FProacy)  maximum differential pressure at the flue gas inlet into the collector segment j, I, in Pa

FPaaj positive pressure at the inlet of the chimney segment j, in Pa

NC; number of heating appliances of the collector |

14.3 Mass flow requirement
Formulas (45) andfor {46) shall be verified for all relevant working conditions (see 5.6).
For each heating appliance in operation at nominal or minimum heat output:
Wity 1 gy gy 0 kGIlS (45}

and for each heating apphance out of action:

tige s =0, 0 kals (48)
where
e i calculated mass flow of the heating appliance |, in ka's
”"’w.i.l declared mass flow of the heating appliance j,|, in kg's

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

14.4.1 Negative pressure chimneys

For negative pressure cascade installations  has to be additionally checked that the negative pressure
{draught)} in the collector [Pz} s maore than or equal to the negative pressure in the room where the heating
apphance is placed at calculated draught conditions for air supply, The check on the pressure requirement
shall be done using the same conditions as specified for the check on the mass flow requirement {see 14.3
and 14.8). The following relations shall be verified:

FZC.i.I = Fé:“ ,in Pa (47)
where
Pacyi draught at the inlet into the collector segment |, in Pa
P calculated pressure resistance of the air supply for the heating appliance |, (see 12.2.4),in
: Pa

If raqunr.ed it has to be additionally checked that the negstive pressure (draught) in the collector {Pacma,) S
less than or equal to the maximum allowed draught (Precma. ) cavsed by the heating appliance. The relation
{47a) 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 eguilibrivm conditions at an external air temperaiure of
T, =258,15 K (1 =-15°C, see EN 13384-1).

MY

'PZCrrux.jJ = PZ.j + Z {FHC.i.n - Fmi.n]g P'r'l.rn'ux.jl + Pv.jj + Fﬂni.l = PI:Crrux.i.l in Fa (478)
o
where
Promaxj) maximum draught at the flue gas inlet into the collector segment j,I, in Pa
Pz draught at the flug gas inlet to the chimney segment |, in Pa
Pucyn theoretical draught due to chimney effect in collector segment j,n, in Pa
Prijn pressure resistance of the collector segment j,n, in Pa
J— maximum draught of the heating appliance j, |, in Pa
Puj) calculated pressure resistance of the connecting flue pipe of the heating appliance |, |, in Pa
ey calculated pressure resistance of the air supply for the heating appliance || (see 12.2.4), in Pa

Pratmeas ) maximum allowed draught at the flue gas inlet into the collector segment |, |, in Pa

NC number of heating applences of the collecior |
NOTE The values of Pec . and Pre,, I0 Formulas (43) ard (47a) are normally different because the cordiions are
different.

14.4.2 Positive pressure chimneys

For positive pressure cascade installations it has to be addiionally checked that the maximum positive
pressure in the connecting flue pipe and in the collector iz not higher than the excess pressure for which both
are designated, The check on the pressure requirement shall be done using the same conditions as specified
for the check on the mass flow requirement [see 14.3 and 14.8). The following relations shall be verified:

FPracj 5 Pac saces, IN Pa [47D)
Proci * Pujs S Pav aeees. IN Pa {47¢c)
whereg
Paog; positive pressure at the flue gas inlet to the chimney segment |, in Pa
Puj) calculated pressure resistance of the connecting flue pipe of collector segment I, in Pa

Proasesss 15 the maxamum allowed pressure from the designation of the collecior, in Pa

Pryamase 15 the maximum allowed pressure from the designation of the connecling flue pipe, in Pa

If required it has to be additionally checked that the positive pressure in the collector (Procen ) is more than or
equal to the minimum allowed positive pressure (Proce mny) ceused by the heating appliance. The relation
[47d) 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 (4
=-15"C, see EN 13384-1),

39



BS EM 13384-2:2015
ENM 13384-2:2015 (E)

NG

Procwing = Fea + Z (Pﬁﬂ.].n - PH::.J.n} 2 Byowe i — Foe ) — Frp = Procenn - IN Fa (47d}
A=
where
Pracmiey)  minimum positive pressure at the flue gas inlet into the collector segment ||, in Pa

Procemeny  minimum differential pressure at the flue gas inlet into the collector segment |1, in Pa

Pucin theoretical draught due to chimney effect in collector segment jn, in Pa

Projn pressure resistance of the collector segment j,n, in Pa

Piyowing,) minirmum differential pressure of the heating appliance |1, in Pa

Prej) calculated pressure resistance of the air supply for the heating appliance ||, in Pa

Py caloulated pressure resistance of the connecting flue pipe of collectar segment |1, in Pa

EIIﬁTE The values of Pucin and Projq in Formulas (44b) and (47d) are normally different because the conditions are
Branl

14.5 Temperature requirement
The relations 48 shall be verified for all relevant working conditions (see 5.8).
The check of the temperature requirement shall be done with a separate calculation using the newly

calculated flue mass flows that fuffil the pressure equilibrium condifions at an external air temperature of T, =
T

o
Th;jj - T!IJ- tin K (48}
where

Tisnjy  temperature of the inner wall of the collector segment j.| at the end, in K

T temperature limit for collector segment ., in K

The temperature limit T, suitable for operating under dry conditions is equal to the condensing temparature
Tip,) of the flue gas (see B.B): Ty = Ty,

The temperature imit T, suitable for operating under wet conditions is equal o the freezing point of water:
Tg il = 2?3.1 5 K

14.6 Calculation procedure

For the calculation procedure see 5.6.

14.7 Pressures at the outlet of the connecting flue pipe and pressures at the inlet of the
collector segment

14.7.1 Pressure at the flue gas inlet into the collector segment (Pze ) or Proc )

14.7.1.1 Draught

The minimum and maximum draught at the inlet of the collectar segment j1 (P, and Prepa. ) shall be
calculated using Formulas (43) and (47a).
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14.7.1.2 Positive pressure

The maximum and minimum differential pressure at the inlet of the collector segment || {(Proc)) @and Procein,)
shall be calculated using Formulas (44b) and {47d).

14.7.1.3 Draught due to chimney effect in the collector segment (Pac,,)

The draught due to chimney effect Py, in collector segment || shall be calculated with the following formula:

Pucj=sHej-2 A\ ',Hnrl.‘.il}: in Pa (49)
where
fej) effective height of collector segment j,1, im m
£ acceleration due to gravity = 9,81, in mfs®
L density of external air, in kg/im”

fme,  average density of flue gas in section j|, in kg/m®

14.7.1.4 Pressure resistance in the collector segment (Prc ;)
14.7.1.41 General

The pressure resistance Prej in collector segment || shall be calculated with the following formula:

¢

g 3 : " '
FRE-JJ = _%E wﬂ.\jj “:I'ﬂl.'-.l.l + "‘:E\‘C.i.lfﬁ Az, + “"EGC.“ PGE-JJ ¢ 1N Pa =5D}

b

5
Lcy N E‘E'FC.j.I Fmc.i)
Dy i 2

4

where

Faz change of pressure due to change of flue gas velocity from collector segment | to section 41, in Pa
Praey) pressure loss due to mixing of flue gas in the area of the inlet into callector segment | 1+1, in Pa
S flowe safety coefficient
Seooy  flow safety coefficient for change of pressure caused by change of velocity of the flue gas
[Seac,; = 5 for Pagj 2 O Seacy, = 1,0 for Pgg, < 0)
Sewcyy  flow safety coefficient for change of pressure caused by flow passing a connection

tjl:h'C].l = f!t far 'FJ”’U.IJ z |:|I -(’.I:MLM.I = 1,0 for F'lx.l. = D]

ey coefficient of friction of the flue of the collector segment i,l

Le ) length of the collector segment I, in m

Dhj) internal hydraulic diameter of the collector segment |1, in m

ey, sum of pressure resistance coefficients of the collector segment j,|
pmcy  average density of flue gas in collector segment j,), in kg/m®

Winij,| average velocity of flue gas in collector segment I, in mis

Al the last collector segment jMNCj (to the chimney inlel) put Pz instead Pac ug)
where

Pz pressure loss due to the change of flue direction and mixing of the flue gas in the area of the inlet into
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chimney segment |, in Pa
14.7.1.4.2 Coefficient of flow resistance due to friction of the flue ()
For the calculation of the coefficient of friction of the flue of the collector segment | (@) see EN 13384-
1:2015, 5.10.3.3, For the determination of the mean value for roughness of the inner wall (collector segment
and connecting flue pipe) see EN 13384-1:2015, Table B.4.
14.7.1.4.3 Pressure resistance coefficients
Far the calculation of the pressure resistance coefficients see EN 13384-1:2015, Table B.7.

14.7.1.4.4 Pressure change in flue gas due to change of the flue gas velocity (Pacy}

For the calculation of the pressure change in flue gas due to change of the flue gas velocity (Pac ) see
EM 13384-1:2013, 5.10.3.2.

The change of pressure P from collector segment .| to j,1+1 shall be calculated with the following formula:

B Fmiz, )
Facin = m;“” : Wi-znc.i.m - mzr - '“’:c.i.l- in Pa (51)

At the last collector segment |,NC| (o the chimney inlet);

Fm, vz .
Faejneg = ;I : ""':"-i _%' “"riﬂ,i.hlq vin Pa (52}

where

Pz average density of flue gas in collector segment ||, in h;g.l'rr'r1
wme,) Bverage velocity of flue gas in collecter segment j, in mis
P average density of flue gas in chimney segment j, in kg/m®
Wn average velocity of flue gas in chimney segment |, in mis

4

14.7.1.4.5 Pressure loss due to mixing of flue gas in the area of the inlet of the collector segment
{Pyacal

The pressure loss due to flue gas mixing at the inlet of the collector segment Py is included in the pressure
resistance of the collectar segment before this inlet and it shall be calculated with the following formulas:

Pmcjilaa 2
EIEE.jJ = Cyag i1 T Wine j o I Pa (53)
. W 2 [ ¢ ¢ \_1_]
My My - )
g‘“"""ﬁn‘m'[‘ — .v.unw e Mm:"ﬁj.ld 1} o1 | Ao | L,
W Megea ) L M ) .kf!._r_j“ ) UTV.j.I-h J

A gy . My e |
L+ = WL i 1 - L |:5-l=-}
| Ay i e+ Mo )
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Fitr §
]. 1 =1 0{£{1|0; UD{TC.i}I—i = ape
with Vil M bt
Ao
Tl g

Far A i the individual resistance of the juncltion shall be determined as the sum of the individual
resistances of a cross-section reduction (see EMN 13384-1:2015, Table B.8, shape & and 8) and a junction
Az i 1
Ay
where
A iea cross sectional area of the collector segment j1+1, in m®
Ayjpar crass sectional area of the connecting flue pipe j,1+1
T e angle of the connection between the connecting flue pipe j,1+1 and the collector segment jI+1, in °

Chac e pressure resistance coefiicient of the connection between the connecting flue pipe |1#1 and the
collector segment j.1+1

Pmc i average density of the flue gas in collector segment |1+, in kg/m®
W1 Bverage velocity of the flue gas in collector segment j1+1, in mfs
flue gas mass flow in connecting flue pipe j.1+1, in ko/s

Pl +4

e ) +4 flue gas mass flow in collector segment j1+1, in kgls

14.7.1.4.6 Pressure loss due to the change of flue direction and mixing of the flue gas in the area of
the inlet to the chimney segment (Pz;)

For the calculation of pressure loss due fo the change of flue direction and mixing of the flue gas in the area of
the inlet to the chimney segment (P, ) see 12.2.3.3.

In Farmula {40} put Az, we instead of Ay and "M NG instead of Vi

where

Agjng cross sectional area of collector segment | NC), in m

1t inici flue gas mass flow in collector segment MG, in kg's

14.7.1.5 Pressure at the inlet of the chimney segment (Pz; and Pz, of Pro; and Prgge, )
14.7.1.5.1 Draught

For the calculation of minimum and maximum draught at the inket of the chimnay segmeant (P7; and Py, ) sE8
12.1.1.

My

In Formula (35) put Az .1 uceq instead of Ay and wy. | instead of

[0
where

Acje mg+ cross sectional area of collector segment j+1,NCj+1, in m*
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i iq i1 flue gas mass flow in collector segment j+1,NCj+1, in ko's

14.7.1.5.2 Positive pressure

For the calculation of the maximum and minimum differential pressure at the inlet of the chimney segment
(P20 and Prome) see 12.1.2.

In Formula {35) put A ¢ jvq puce Instead of Ay, and f';’-';-,.- u .Iinstead af Mvja

C}
where

Az e pojrt cross sectional area of collector segment j+1,NCj+1, in m’

[ flue gas mass flow in collector segment j+1,MCj+1, in kag's.
JEL R

14.7.2 Pressures required or available at the outlet of the connecting flue pipe (Fr.cji. Proec)

14.7.21 Required draught

The required draughl Py, at the outlet of the connecting flue pipe .| is the sum of the caleulated draught
Py of heating appliance jJ and the calculated pressure resistance of the flue gas pipe Py and the
calculated pressure resistance of the air supply M., and it shall be calculated using Formula (44).

14.7.22 Awailable positive pressure

The maximum differential pressure (available positive pressure) Mro.q;, at the outlet of the connecting flue
pipe j| is the differance of the calculated positive pressure differential Py, af the healing appliance || and
the sum of the calculated pressure resistance of the flue gas pipe Py and the calculated pressure resistance
of the air supply Ps., and it shall be calculated using Farmula (44¢).

14.7.2.3 Calculated pressure resistance of the connecting flue pipe (Py;,}

14.7.23.1 General

The calculated pressure resistance of the connecting flue pipe Py, shall be calculated with the following
formula;

Py = Pavjs - Py in Pa (55)
14.7.2.3.2 Draught due to chimney effect in the connecting flue pipe (Puy,)
See EN 13384-1:2015, 5.11.3.2
14.7.2.3.2 Pressure resistance of the connecting flue pipe (Pry;)

The pressure resistance of the connecting flue pipe Pry; shall be calculated with the following formula:

- .
’ Lyj - | Pevp 2 ’ ’ :
’hﬁl.i-l = L‘El Wu'j'IEL + Z‘;"'i'.j.l LEL wl'ﬂ"-l'.j.l + ‘EEW.ﬂFEﬂ-.iJ + “EG'-.I'J,lFG'I.-',j.l .in Pa [Eﬁ}
\ ) J

The pressure difference Pz, is due to the difference between the velocity of flue gas in the connecting flue
pipe and in the corresponding collector segment j. It shall be calculated with the following formula:
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Prcj 3 Prvjl 2

Sl T T Wrntz, i 5 Wy j» iN Pa (57)

flow safety coaflicient

flow safety coefficient for change of pressure caused by change of velocity of the flue gas
Seavy = Se for Poyjp 2 O Seavyy = 1.0 for Pou; <0

flow safetly coefficient for Pac ) (Sgawy = e for Poac) 2 0) Sewey, = 1.0 for Poe = 0)
coefficient of friction of the flue gas pipe ||

length of the connecting flue gas pipe |1, inm

internal hydraulic diameter of flue gas pipe, in m

sum of resistance coefficients of the connecting flue pipe {exclusive of the mixing effects at the inlet
to the chimney)

average density of the connecting flue gas in the flue gas pipe, in kg/m®

average velocity of the connecting flue gas in the flue gas pipe, in mis

The pressure 1055 Poyej) is due to the change of flow direction and mixing of flue gas in the area of the inlet
into collector segment . It shall be calculated with the following formulas:

- P .
anc.p DA _2“'L ' “'fnr.dl .inPa (58]
. i . | » " P 3 I -l !
" " I, I- ., | . .
Cocgom =080 120 | 2 | 2| S o8 1] 2| |-f1] S22 | | S o
Mg, Mg ) " 4‘. - : ! "I". / L "I"'J- s Yl
(A V|t (L sy )
+|2- Az . 'l.-'.j.l_|1_ W | (59)
L A ) Mg W ™Mej
Az My i
with Ay ) o
—LA'C“'" <1
Faor ‘4"'-1'-' the individual resistance of the junction shall be determined as the sum of the individual
resistances of a cross-section reduction (see EN 13384-1:2015, Table B.8, shape & and B) and a junction
Ao -1
Ay iy
where
Caacji pressure resistance coefficient for change in flue gas direction and mixing at the area of flue gas

A

Wini |

inlet into collector segment |1
average density of the flue gas in collector segment |, in kg!m:’

averane flue gas velocity in collector segment |1, in mi's
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Fiy i flue gas mass flow in connecting flue pipe |, in ko's

it i flue gas mass flow in collector segment j |, in ko's

Ay cross sectional area of connecting flue pipe jl, in m’

Agjg cross sechional area of collector segment |, in m’

eyl angle of connection between connecting flue pipe and the collector segment j,l, in ©

14.7.2.3.4 Coefficient of flow resistance )
For the calculation of the coefficient of flow resistance () see EN 13384-1:2015, 5.10.3.4.
14.7.2.4 Pressure resistance of the air supply {Pg )

Far the calculation of the pressure resistance of the air supply (P ) see EN 13384-1:2015, 5.11.4,

14.8 Inner wall temperature ( Ticse ji)

For the calculation of the inner wall temperature [Tec))) 5ee EN 13384-1:2015, 512,

15 Balanced flue chimney

15.1 Principle of the calculation method

The calculation is based upon determining the mass flow distribution of the flue gas in the chimney and the
mass flow distribution of the supply &ir in the air supply duct which fulfils the pressure equilibrium condition at
each flug gas inlet to the chimney (see Figure 8). After such a distribution has been found three requiremeants
shall be verified:

a) the mass flow requirements (Formulas (4) and (5))

b) the pressure requirement for the flue gas for minimum dracght or maximum positive pressure (Formulas
(61) or (B1a) and (81k))

¢} the pressure requirement for maximum draught or minimum positive pressure (Formulas (8a) or (Bd))

d) the temperature reguirement {Formula (7))

15.2 Pressure equilibrium condition

For negative pressure chimneys the Formmulas (1), {2) and {3} shall be fulfiled at all relevant operating
conditions for each chimney segment | and also at the pressure equalizing opening far which | = 0 shall be
used.

For positive pressure chimneys the Formulas (3a), (3b) and {3c) shall be fulfilled at all relevant operating
conditions for each chimney segment ). The pressure resistance for the air supply of the heating appliance |
connected to a balanced flue chimney Fq.; shall be calculated using the following formula:

Faej =E{Pﬁﬂ,k + -PHE.k]"'{PREN.j + H—IE-V,j] .in Pa (80)
ke

where
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Py pressure resistance of the air supply of the heating appliance |, in Pa

L=
Prax pressure resistance of the air supply duct of the chimney segment k, in Pa

Prap draught due 1o chimney effect in the air supply duct of chimney segment k, in Pa
Py pressure resistance of the air supply duct of the conneclion pipe |, in Pa

Pra, draught due to chimney effect in the air supply duct of the connection pipe j, in Pa

N number of appliances connected to the chimney
The inletioutlet construction is assumed lo be designed such that wind effects are minimized, Consequently £

= 0 and is omitted from the formulas.

15.3 Mass flow requirement

The Formulas {4) and (5) shall ke fulfilled.
15.4 Pressure requirements

15.4.1 Negative pressure chimneys

For negative pressure chimneys it has to be additional checked that the negative pressure (minimum draught)
in the chimney (P7,) is more than or equal o the negative pressure in the in air supply duct at the same point.
The check an this pressure reguirement shall be done vsing the same conditions as specified for the check on
the mass flow reguirement (see 5.3 and 5.6). The following relations shall be verified:

At all the entry points in the flue and for all the system operating conditions, the following formula shall be
werified:

ol
B2 (R + Bgy ) inPa (61)

b=y
where

P, Draught at the flue gas inlet to the chimney segment |, in Pa
Prgy  Pressure resistance of the air supply duct of the chimnay segment k, in Pa
Frgy  draught due to chimney effect in the air supply duct of chimney segment k, Pa

If required it has to be additionally checked that the negative pressure (draught) in the chimney (Pzu..,) is less
than or eqgual to the maximum allowed draught {Frum, ) caused by the heating appliance. The relation [Ba)
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 (q
=-15 "C, see EN 13384-1).

15.4.2 Positive pressure chimneys

For positive pressure chimneys it has to be additionally checked that the maximum pressure difference
between the connecting flue pipe andfor in the chimney and the air supply duct is not higher than the excess
pressure for which both are designated. 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 5.8). The following relations
shall be verified:
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&
Fog i+ Z{PRE!.I: + R ) = Proscass  in P2

E=j

N
FPogy+ B+ Z{Pﬂﬂ.k + Bygy, }*‘ Frgvj+ Figv = Pryexcess « IN P8

where

Mo

Py,

P? WEDREE
PZ\I' DRSS
PHH.K
PHH.k
Prpy;
P

N

i

positive pressure at the flue gas inlet to the chimney segment j, in Pa

calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa
the maximum allowed pressure from the designation of the chimney, in Pa

the maximum allowed pressure from the designation of the connecting flue pipe, in Pa
pressure resistance of the air supply duct of the chimney segment k, in Pa

draught due to chimney effect in the air supply duct of chimney segment k, in Pa
pressure resistance of the air supply duct of the connection pipe j, in Pa

draught due to chimney effect in the air supply duct of the connection pipe |, in Pa

number of appliances connected to the chimney

{61a)

(61b)

If required it has to be additionally checked that the positive pressure in the chimney {Pzamia, ) is more than or
equal to the minimum allowed positive pressure | Prowwe) caused by the heating appliance, The relation (Bd)
shall be verified for all relevant working conditions (see 5.8).

The check of this pressure requirement shall be done with & separate calculation using the newly calculated
flue mass flows that fulfil the pressure equilibiium conditions at an external air temperature of T, = 25815 K (1,
=-15 *C, see EN 13384-1),
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T

i

|
I
]
II
{
|
|
i
1
i
|
Key
1 balanced flua chimney B haating appliance 2
2 combustion air duct 9  conmecting flue pipe 2
3 flueduct 10 chimney sagment 1
4 connecling air pipe | 11 connecting air supgly pipe
8 heating appliance | 12 heating appliance 1
6  connecting flua pipa j 13 connecting flua pipa 1
T connecling alr supply plpe 2 14  pressure equalizing opening (only for negative pressure chimneys)

Figure 6 — Example for numbering pressure values and temperature values of balanced flue
installations serving more than one heating appliance

15.5 Temperature requirements

The Formula (7] shall be fulfilled.

15.6 Calculation procedure for balanced flue chimneys

Faor the calculation of the pressure and temperature values in a balanced flug chimney serving more than one
heating appliance an iteralive procedure is necessary using pre-estimated values (see 15.8.2.9). This

calculation procedure is based on the procedure as described in 5.6.

Each iteration consists e.g. of the following two phases:
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Phase 1
Calculate variables starting from the lowest node (see Figure 6) up to the outlet to the atmosphere as follows:
— for negative pressure chimnays al the pressure equalizing opening, if any:

— mass flow of the supply air at the pressure equalizing opening

2. 'r‘;.n 'HLD

Pu ’ {;_II

mlm = v Ay Py I kals (62}

where

Mg, ~Mass flow of the supply air in the chimney segment 0, in kg/s

Ca coefficient of flow resistance through the pressure equalizing opening. A value of 3,0 shall be
usad unless other values are given by the manufacturer,

Pan draught in the chimnay at the pressure equalizing opening (calculated according to EN 13384-
1:2015, 5.11), in Pa

Ay cross-sectional area of the pressure equalizing opening, in m®
pea  density of the supply air in the chimney segment 0, in kg/m®
Pap draught in the air supply duct at the pressure equalizing opening, in Pa

— ineach flue duct and air supply duct of the connection pipes:

— mass flow of the flue gas and supply air flow (they are egual to the mass flows at the outlet and inlet
of the appliance);

— average density of the flue gas (using Farmula (271) and supply air (see Formula (118));
— average velocity of the flue gas (using Formula (28)) and supply air (see Formula (117)) ;

— temperature of the flue gas and supply air at the end of the connection pipes (see EN 13384-1:2015,
5.8, or in case of concentric ducts Formulas (97) and (99)),

— average temperature of the flue gas and supply air (see EN 13384-1.20153, 5.8 or in case of
conceniric ducts Formulas (100} and {101]).

= in each flue duct and air supply duct of the chimney segments:

— mass flow of the flue gas after merging and mass flow of the supply air before splitting using Formula
(8) for flue gas and Formula (B3) for supply air;

— temperature of the flue gas/air after merging (using Formula (2) for flue gas, whilst the temperature of
the supply air shall be egual upstream and downsiream the connection of the air inlet pipe and the
air inlet duct);

— average density of the flue gas {using Formula (28)} and supply air {see Formula (116));

— average velocity of the flue gas {using Formula {29)) and supply air (see Formula (117});

— temperature of the flue gas and supply air at the end of the chimney segments (see Formulas (75)
and (77) or EN 13384-1:2015, 5.8);
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— average temperature of the flue gas and supply air (see EM 13384-1:2015. 5.8 or in case of
concentrc ducts Formulas (V8) and (79)).

Phase 2

For negative pressure chimneys calculate the real draught values in each node tracking the chimney
backwards from the outlet into the atmosphere down to the node that is et the greatest distance from it

— draught due to chimney effect of the chimney segment {using Faormulas (31) and (104));
— pressure resistance in the chimney segment (using Formula (32));
— draught at the inlet of the chimney segment (using Formula (2));

— pressure resistance in the chimney segment at the pressure equalizing opening, if any {using Formula
(32)),

— draught at the inlet of the chimney segment at the pressure equalizing opening, if any, (using Formula

{2

For positive pressure chimneys calculate the real pressure values in each node tracking the chimney
backwards from the outlet into the atmosphere down to the node that is at the greatest distance from it:

— draught due to chimney effect of the chimney segment {using Formulas (31) and (104));
— pressure resistance in the chimney segment (using Formula (32});
— positive pressure at the inlet of the chimney segment (using Formula {3b)).

The iteration described above (phase 1 and phase 2) at the working condiions under consideration shall be
continued vnfil the pressure equilibrium condition is fulfilled (Formula {1)).

15.7 Mass flow of the supply air

In each point of connection between the air supply duct of the chimney segments and the air supply duct of
the connection pipas the following formula shall be used:

Mg j.q = gy j + g ;N kals (B3)
whare

g o -'ﬁav,j "iTEj masg flow of the supply air in the air supply ducts
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Figure 7 — Pressure loss Py due to the change of flow direction and mixing of flue gas in the area of
the inlet into chimney segment |

15.8 Determination of the temperatures in balanced flue chimneys

15.8.1 Separate ducts

When the thermal resistance between the flue duct and the air supply duct is equal to or higher than 0,65
mK
W the determination of the temperatures of the flue gas for separate ducts shall be calculated according to

Clause 9. The temperature of the supply air within the air ducts shall be taeken egual to the external air
lemperature.

When the thermal resistance between the flue duct and the air supply duct is less than 0,65 m* KW but equal
to or higher than the thermal resistance of the outer duct walls the determination of the temperatures of the
flue gas for separate ducts shall be calculated according to Clause 9. The mean temperature of the supply air

in the segment | of the air supply duct T""“-r shall be calculated using the following formula:

1
Tnei =57 03

TL Tm.i

in K (64)

where

n is the external air temperature, in K

ij is the mean temperature of the flug gas in the segment |, in K

Otherwise the determination of the temperatures shall be undertaken in a similar way a5 described in 15.8.2.
15.8.2 Concentric ducts

15.8.21 General

The following calculations are valid for @ segment length up to 3 m.

For segments more than 3 m subdivide the construction into more segments and redo the calculation.
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15.8.2.2 Principle of calculation for the determination of the temperature

In addition to procedure described in 5.6 the calculation of the termperatures in the concenfric ducts depends
on assuming initial values for unknown temperatures, The formulas in 15.8.2 are used iteratively until the
conditions in 15.8.2.10 are fulfilled,

15.8.2.3 Coefficient of heat transmission between the flug and the air supply passage

For the calculation of the coeflicient of heat transmission between the flue and the air supply passage for
concentric ducts {see Figure 8) the following formula shall be used:

1 W

ko= i 65
R ‘SIH A=+ —
Ly A Dy e S |
where
k| coefficient of heat transmission between the flue and the air supply passage of the chimney segment
W
jo in m2K
aOjj coefficient of heat transfer between the flue gas and the inner surface of the flue duct of the chimney
W

segment j, in MK

[+ coefficient of heat transfer between the supply air and the outer surface of the flue duct of the
LN
chimney segment j, in m2K
Dy, hydraulic diameter of the flue, in m

L hydraulic diameter aof the outside of the flue duct, inm

5y correction factor for temperature instability

|FL | W

LA thermal resistance of the flue duct, in m2K

8 comrection factor for radigtion from the outer surface of the flue duct to the inner surface of the air
supply duct

For balanced flue chimneys with concentric ducts the correction factor Sy shall be taken as 1.

In order ta account for the effects of radiation fram the outer surface of the flue duct 1o the inner surface of the
air supply duct the calculation of the coefficient of heat fransmission &) includes a correction factor for radiation
5o Tor which the value 2 shall be taken.

For chimney segments in which the inner wall temperature of the flue duct is always lower than the
condensing temperature of the flue gas the value 5., = 1 should be taken,

For a more detailed evaluation of the heat transfer by radiation see EN 13384-1:2015, 7.8.3.
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|
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(1AJg (1A

g o

flue: (with flua gas)

fluer duct

air supply passage (with supply air)
air supply duct

ambient air

L4 T <

Figure 8 — Definition of the symbols used for the calculation of concentric balanced flue systems

For the calculation of the coefficient of heat transfer between the supply air and the outer surface of the flue
duct of the chimney segment | «,; the following formulas shall be used:

dg i Nug, oW
= ’qﬂ *in — (66)
with
L
_ 1 67
D= gg ™ (67)
0,16
Nual-l=I],&E-[g:] -Nuﬂll- (68)
&
and
067 ek
Nitg = [L} 10,0214 (Rep ** - 100)- Prg -[1 + ﬁ} (69)
W ameatha,j L-l
with
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(70)
M

coefficient of heat fransfer between the supply air and the outer surface of the flue duct of the
W

. L z
chimney segment j, in M ‘K
W

thermal conductivity of the supply air in the chimney segment |, in m-K
Musselt number for the outside of the flug duct of the chimney segment j
hydraulic diameter af the air supply passaga, inm

cross-sechonal area of the air supply passage, in m?

circumference of the inside of the air supply duct, in m

circumference of the outside of the flue duct, in m

hydraulic digmeter of the oulside of the flue duct, inm

Musselt number for a reference pipe flow

the higher of the value of the coefficient of friction of the inside of the air supply duct and the
outside of the flue duct of the chimney segment |

coefficient of fnction of the air supply for hydraulically smooth flow of the chimney segment
Feynolds number of the air supply passage of the chimney segment |

Frandtl number of the supply air in the chimney segment |

length of the chimney segment j, in m

average velocity of the supply air in chimney segment j, mis

average density of the supply air in chimney segment |, ka/m®

dynamic viscosity of the supply air in chimney segment j, Ms/m”
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15.8.2.4 Coefficient of heat transmission between the supply air and the ambient air

The coefficient of heat transmission between the supply air and the ambient air shall be calculated using the
following formula in case of concentric ducts:

1
ke = _ in 1:"“ (71)
' 1 1 m
L[4 |
g j WAe Dhae o
where
kg meﬁiﬂ&m of heat transmission between the supply air and the ambient air of chimney segment |,
in m® K
i coefficient of heat transfer between the supply air and the inner surface of the air supply duct of
W
chimney segment |, in m° -K
(%) R
Alg thermal resistance of the air supply duct, in m” K
L hydraulic diameter of the outside of the air supply duct, in m
Dy hydraulic diameter of the inside of the air supply duct, inm
aR, coefficient of heat fransfer between the outside of the air supply duct and the ambient air, in
W
me K
5 correction factor for temperature instability

For balanced flueg chimneys with concentric ducts the correction factor 5, shall be tlaken as 1.

Far the calculation of wy; the following formula shall be used:

i Nug W
thg,| = ’19-.1’)"3 =L in K (72)
with
p \Iu.s'
Mg o =|1-014- i - Mg . (73)
i8] B.j
L Dy J

and Nug; according to Formula (69} and Ly according to Formula (70).

where

Ag; W
thermal conductivity of the supply air in of the chimney segment |, in m*-K

Niiig, Musselt number for the inside of the air supply duct of the chimney segment |

Nurg| Musselt number for & reference pipe flow
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Dha hydraulic diameter of the air supply passage, inm
Dn hydraulic diameter of the inside of the air supply duct, inm
. hydraulic diameter of the cutside of the flue duct, inm

15.8.2.5 Cooling value of the flue duct
The cooling value of the flue duct shall be calculated using the following formula:

kUL

K, =- (74)
ML
where
K cooling value of the flue duct of the chimney segment |
i coefficient of heat transmission between flue and the air supply passage of the chimney segment j, in
W
m* K
I circurnferance of the flueg, in m
L; length of the chimneay segrment |, in m
i mass flow of the flue gas in the chimney segment |, in kg's
i J

specific heat capacity of the flue gas in the chimney segment |, kg-K

15.8.2.6 Cooling value of the air supply duct

The cooling value of the air supply duct shall be calculated using the following formula:

by U Ly
Koy = 22100 o) )
Me j~pi|
where
K cooling value of the air supply duct of the chimney segment |
dg coeflicient of heat transmission between the supply air and the ambient air of the chimney segment
W
j, im m?-K
. circumference of the inside of the air supply duct, in m
LE‘ length of the chimney segment j, in m
ity | mass flow of the supply air in the chimney segment j, in g's
Epa J

specific heat capacity of the supply air in the chimney segment |, in kg-K
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15.8.2.7 Flue gas temperature at the end of the chimney segment

The flue gas temperature at the end of the flue duct of chimney segment | shall be calculated using
Farmula (78]} when starting the iteration from an initial estimate for each T

{E‘K.jJ'{E"'KH.jJ'T;.j + E'K.j'[E.i 1o i+ 2 Toa; +KE-.i'Tu.jJII

Toy = [2+&,)(2+k5,) + 2. K- E

aj

JinK (76}

ar Formula (77) when starting the iteration from an estimate for T.a

oK) -Ke ) Ty — 2K B T -2 Ty Ky Ty)

T (77}
o, - = r
[2+&,)2-Ky) - 2-K - E,
E =—iBi (78)
":E.j '('DE__i

where
T.;., temperature of the flue gas at the end of the chimney segment j, in K
T temperature of the flue gas at the beginning of the chimney segment j, in K

T.n;  temperature of the supply air at the end of chimney segment j, in K

Tis;  temperature of the supply air at the beginning of the chimney segment |, in K

T ambient air temperature of the chimney segment |, in K

K, cooling value of the flue duct of the chimney segment |

Bj cooling value of the air supply duct of the chimney segment

i, mass flow of the flue gas in the chimney segment |, in ka's

)
specific heat capacity of the flue gas in the chimney segment |, in kg-K

1, mass flow of the supply air in the chimney segment |, in kgls

Cpki L
specific heat capacity of the supply air in the chimney segment |, in kg K

E; heal flux ratio between the flue gas and the supply air in the chimney segment |

The supply air temperature at the end of the chimney segment | for concentric ducts shall be calculated using
Formula {79} when slarting the iteration from an initial estimate for each T

2 .
Tg =T+ 1T —?{Te,i - i':,.j]. in kK (79)
<

ar Farmula (B0) when starting the iteration fram an estimate for T

T,

2 ,
Bj=lujt Tu,j_TDE,'__{T i~ T ] in K (80}

i k-i B o,

where
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Tai temperature of the flue gas at the end of chimney segment |, in K

Ta; temperature of the flue gas et the beginning of chimney segment |, in K
T, temperature of the supply air at the end of chimney segment |, in K

T temperature of the supply air at the baginning of chimney segment |, in K

K; cooling value of the flua duct of chimney segment |

NOTE The farmulas above are derved assuming that the heal exchange can be approximalely calculated fram the
differenca in mean temperatures.

15.8.2.8 Temperature of the flue gas averaged over the length of a chimney segment

The temperature of the flue gas averaged over the length of the chimney segment j for a concentric duct shaill
be calculated using the following formula;

LT

mi > JinK &1

where

Twm; temperature of the flue gas averaged over the length of the chimney segment j, in K
Ty, temperature of the flue gas at the end of the chimney segment |, in K
Ty, temperature of the flue gas at the beginning of chimney segment J, in K

15.8.29 Temperature of the supply air averaged over the length of a chimney segment

The temperature of the supply air averaged over the length of the chimney segment for a concentric duct shall
be calculated using the following formula:

To) s

e == in K (82)

whiera

Tme;  temperature of the supply air averaged over the length of chimney segment j, in K
TQE‘ temperature of the supply air at the end of chimney segment j, in K

T.n, temperature of the supply air at the beginning of chimney segment j, in K

15.8.2.10 Heration

For the calculation of T,; and T.q; it is necessary to know the relevant supply air temperatures Tq, for all-
nodes. For the supply air temperature at the entrance of the topmost chimney segment Msep the following
formula shall be used:

Tapimg = To. N K (B3)

Starting from an initial estimate for T.a; use the Formulas (54) fo (B2) repeatedly, adapting T, for | < Neeg
until the following conditions are fulfilled;

T, T,

1 o
amje1| = - for j = Mseg . in K (84)
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and when calculating the supply air temperatures from the bottom to the top of the concentric balanced flue
chimney use;

Tep = Npja forj=1,in K (85}

Tq 4 hall be searched for iteratively until the following condition is fulfilled:
[pe— =1,inkK (86}
where

Tihtuee  tEmperature of the supply air at the entrance of chimney segment Meg, in K
' temperature of the external air, in K

Tomj temperature of the supply air at the entrance of chimney segment |, in K
Taiv temperature of the supply air at the end of chimney segment j+1, in K

MNreg number of chimney segments used in the caloulation

NOTE Other mathematical methods for salving the Formulas (64) to (83) can be used as long as the conditions (26)
and (88) are fulfiled.

15.8.3 Concentric connection pipes

15.8.3.1 Coefficient of heat transmission between the flue and the air supply passage of concentric
connection pipes

The coefficient of heat transmission between the flue gas and the supply air of concentric connection pipe |
shall be calculated using the following formula.

1
Ky = . in ':"h" (87)
L Y |r'1“| " Phw meK
— Sy | = o
iy vy Dy @ayj S
where
by coefficient of heat transmission between the flue gas and the supply air of the connection pipe |, in
W
m® K
5 correction factor for temperature instability

‘1 W
LA ]v | thermal resistance of the flue duct of the concentric connection pipe j, in m2 K

where

Dhag hydraulic diamater of the flue of concentric connaction pipa j, in m
Do hydraulic diameter of the outside of the flue duct of the concentric connection pipe j, inm

O coefficient of heat transfer between the flue gas and the inner surface of the flue duct of the
W

. . L 2
concentric connection pipe j, in ™M K
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Ty, coefiicient of heat transfer between the supply air and the outer surface of the flue duct of the
W

concenfric connection pipe |, in m* -K
o comechon factor for the heat fransfer by radiation
For concentric connection pipes the comection factor &, shall be taken as 1.

In order to account for the effects of radiation from the outer surface of the flue duct to the inner surface of the
air supply duct of the concentric connection pipes the calculation of &; includes a correction factor for radiation
e, Tor which the value 2 shall be taken.

For concentric connection pipes in which the inner wall temperature of the flue duct is always lower than the
condensing temperature of the flue gas the value 5..; = 1 should be taken.

For @,y ; the following formula shall be used:

_RTJ.j'NuaU.j in w

ﬂn.'-.l'.i ] {SEJ
DhE-‘u'.i m*-K
with
4. .
Dy =Bl inm (89)
L avj T L'iE.'-.«.i
b 4 016
Niyy =086 —24 | N, (90)
h 'Dh'u'.aj Fi
and
0ET ; D, 0,57
Nitgy, = —24 | .0,0214 - (Reg, ** ~100). Pry, ™[ 1+ S (91)
¥ emanthBy j W
way - Dhayj
Reg = ——— {92)
Vaw
where
Arw, W
thermal conductivity of the supply air in the concentric connection pipe |, in m* K
Nz Musselt number for the outside of the flue duct of the connecting air pipes |
D hydraulic diameter of the air supply passage of the concentric connection pipe j, in m
Ay cross-sechonal area of the air supply passage of the conceniric connection pipe |, inm?
D hydraulic dismeter of the oulside of the flue duct of the concentric connection pipe |, inm
Tem circumnference of the inside of the air supply duct of the concentric connection pipe j, in m
L circumference of the outside of the flue duct of the concentric connection pipe |, In m
Niigyy, Mussell number for a reflerence pipe flow for concentric connaction pipe |
W, the higher of the value of the coefficient of friction of the inzide of the air supply duct and the
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outside of the flue duct of the concentric connection pipe |

[ A——— coefficient of friction of the air supply passage of the concentric connection pipe | for
hydraulically smooth flow

Regy, Reynolds number of the air supply passage of the concentric connection pipe |

Pray; Prandtl number of the supply &ir in the concentric connection pipe |

Ly length of the concenfric connection pipe |, in m

15.8.3.2 Coefficient of heat transmission between the supply air and the ambient air for concentric
connection pipes

15.8.2.2.1 General

The coefficient of heat transmission between the supply air and the ambient air for concenfric connection
pipes shall be calculated using the following formula:

1 ) W
kg._.lj = —— ,im (93}
1 LS [ 17 ‘ Dhigy m* K
el | = — new
gy A A gy f—%aau.j "lhapy
where
R, coefficient of heat transmission between the supply air and the ambient air for the concentric
W
connection pipe |, in m* K
Oigy, coefficient of heat transfer between the supply air and the inner surface of the air supply duct of the
W
concentric connection pipe j, in m* K
i I w
l A ]Eﬂ—'.i thiermal resistance of the air supply duct of the concentric connection pipe |, in m* K
iy, hydraulic diameter of the air supply passage of the concentric connection pipe |, in m
Dy am hydraulic diameter of the outside of the air supply duct of the concentric connection pipe j, in m
o correction factor for temperature instability
Uagyy coefficient of heat transfer between the outside of the air supply duct of the concentric connection

W

pipe j and the amhbient air, in m* -K
For concentric connection pipes the cormection factor 5, shall be taken as 1.

For the calculation of s, the following formulas shall be used:

Lor Nite s
fevi Mavj ":'r (94)

Dygy m

Tipyj =
1] I{

with
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¢ 06
Nigy; = 1—D,14-LM] - Nutgy | {95)

Nitgy| according to (91) and Dhgy; according to {92).
where

Ay, W
thermal conductivity of the supply air in the concentric connection pipe |, in m® K
Nty Musselt number for a reference pipe flow for the concentnic connection pipe |
Nirgyy  Musselt number of the inside of the air supply duct of the concentric connection pipe |
Degy hydraulic diameter of the air supply passage of the concentric connection pipe |, inm
Dy, hydraulic diameter of the inside of the air supply duct of the concentric connection pipe |, inm

Dy hydraulic diameter of the cutside of the flue duct of the concentric connection pipe . in m

15.8.3.2.2 Cooling value of the flue duct of concentric connecting pipes

The cooling value of the flue duct of conceniric connecting pipes shall be caloulated using the following
formula:

[T AR
'F"v,j = —”-J_ M TV (96)
My Caij
where
Kyj cooling value of the flue duct of the concentric connection pipe j
by coefiicient of heat transmission between flue and the air supply passage of the concentric
W
connection pipe j, in m* -K
Ly, circumference of the flue of the concenlric connection pipe j, inm
Lv‘ length of the concentric connection pipe j, in m
J'"'ij flue gas mass flow in the concentric connection pipe j, in ko's
o) J

specific heat capacity of the flue gas in the concentric connection pipe |, in kg K

15.8.3.2.3 Cooling value of the air supply duct of concentric connection pipes

The cooling value of the air supply duct of the concentric connection pipe | shall be calculated using the
following formula:

Faw ) Ulawy - Dy

Kgyj = (©7)

'ﬁB‘u‘d “Cpmy |

where
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- cooling value of the air supply duct of the concentric connection pipe |

coefficient of heat transmission between the supply air and the ambient air for the concentric
W

connection pipe j, in M -K

ke

4

Ui, circumference of the inside of the air supply duct of the concentric connection pipe |, in m

Ly length of the concentric connection pipe j, inm
gy mass flow of the supply air in the concentric connection pipe |, in kgls
'"|:|I21'.-'L J

specific heat capacity of the supply air in the concentrc connaction pipe |, in kg-K

15.8.2.3 Flue gas temperature at the end of the flue of concentric connection pipes (Tuy))

The flue gas temperature at the end of the flue of the concentric connaecton pipe | shall be calculated using
the following formula:

2Ky )2+ Ky ) Ty +2-Ky - [Ew T +2-Tgy + Ky 'Tw.i.:l in

Tovi= — . K (98)
with
My * gy,
By =——20 (99)
Maw v |
Taav) =Tag (100}
where
Tenr temperature of the flue gas at the end of the flue of the concentric connection pipe |, in K
Ty termperature of the flue gas at the outlet of the appliance |, in K
Tamv, temperature of the supply air at the beginning of the concentric connection pipe J, in K
T temperature of the ambient air of the concentric connection pipe j, in K
Kyj cooling value of the flue duct of the concentric connection pipe |
Kayj caooling value of the air supply duct of the concentric connection pipe |
iy mass flow of the flug gas in the concentric connection pipe |, in ka's
e J
specific heat capacity of the flug gas in the concentric connection pipe j, in kg-K
ﬂ"@.-j mass flow of the supply air in the concentric connection pipe |, in kg's
Cphv; J
specific heat capacity of the supply air in the concentric connection pipe j, in kg-K
Eyj heal flux ratic between the flue gas and the combustion air in the concenlric connection pipe |
o temperature of the supply air at the end of chimney segment |, in K

MOTE1  The Formulas {98) is derived azsuming that the heat exchange can be approximaiely calculated from the
differance in mean tamparaturas.
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The supply air temperature at the end of the air supply passage of the concentric connection pipe j shall be
calculated using following formula:

2 .
Lo =Twj+ Ty —Teavj—— ( W ‘Tnv.ij in K (101}

Wi

where

Tav, temperature of the flue gas at the end of the flue of the concentric connection pipe j, in K

T, temperature of the flue gas at the outlet of the appliance |, in K

Tomvj temperature of the supply air at the end of the concentric connection pipe |, in K

Temvj temperature of the supply air at the beginning of the concentric connection pipe |, in K

Ky cooling value of the flug of the concenfric connection pipe |

MOTE 2 In addition to the check of the temperatura requirement of the chimney a chack of the supply air temperature
at the end of the air supply of the conceninc connection pipe Towe, can also be underaken if there exists a maximum air
inlet temperatura for the healing appliance given by the manufaciunar.

15.8.3.4 Temperature of the flue gas averaged over the length of the concentric connection pipes

The termperature of the flue gas average over the length of the concentric connection pipe | shall be calculated
using the following formula;

TR Y ;

- > nK {102)

where

Ty, temperature of the flue gas averaged over the length of the concentric connection pipe j, in K
Tay, temperature of the flue gas at the end of the flue of the concentric connection pipe |, in K

Ty, temperature of the flue gas at the outlet of the appliance |, in K

15.8.3.5 Temperature of the supply air averaged over the length of the concentric connection pipes

The temperature of the supply air averaged over the length of the concentric connection pipe | shall be
calculated using the following formula:

T + g0
Trogi] =w1 in K {103)

where

Tmme,  temperalure of the supply air averaged over the length of the concentric connection pipe j, in K
Tasv, temperature of the supply air at the end of the flue of concentric connection pipe j, in K

e te_mp_er_alure af the supply air at the beginning of the air supply passage of the concentric connection
pipe j, in K
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15.9 Pressures of the air supply ducts

15.9.1 Draught due to chimney effect of the air supply duct of chimney segment |

The draught due to the chimney effect in the air supply duct for balanced flue chimney with separate ducts
and for balanced flua chimney with concentric ducts with flue ducts with a thermal resislance higher
W

0,65 ™ -K shall be taken as 0.

The draught due to the chimney effect of the air supply duct of chimney segment | of other balanced flue
chimneys shall be calculated using the following formula:

Pygi=H e (oL - Pra,) in Pa (104)

where

Puyg;  draught due to chimney effect of the air supply duct of chimney segment j, in Pa
| height of chimney segment |, in m

g acceleration due o gravity, shall be taken as 9,81, in mis”

% density of ambient air, in l:g.i’m;L

Pos, density of supply air averaged over the length of chimney segment |, in kg.fm3

MOTE Experence shows that a limit should be applied 1o the minimum cross sectional area of the air supply dueat of
concentric air flue systems. A factor of 1,5 timeas the flue cross sectional area is advised.

15.9.2 Draught due to chimney effect of the air supply duct of connection pipes

The draught due to the chimney effect of the air supply duct of connection pipes of balanced flue chimnays

with separate ducts and of balanced flue chimneys with concentric ducts with flug ducts with a thermal
W

resistance higher 0,65 m*-K shall be taken as 0.

The dracght due to chimney effect of the air supply duct of the connection pipe | shall be calculated using the
following formula:

Piige; = Hyj 2 (0 - Oy ), in Pa (105}
where
Fgv, drauvght due to chimney effect in the air supply duct of the connection pipe |, in Pa
Hy; height of the connection pipe |, in m
o acceleration due to gravity, shall be taken as 9,81, in mis’
=% density of the ambient air, in kg/m*

Pt densiwzuf supply air averaged over the length of the air supply duct of the connection pipe |,
in kgfm

15.9.3 Pressure resistance of the air supply duct of the chimney segment j (Pgg;)

The pressure resistance of the air supply duct of the chimney segment | Pre; shall be calculated using the
following forrmula:
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Fesj=Ses '[WHJ L"‘ ZB’B.J 1_@_“5“&] +Sens - Foar ) + Seos - Fogy - in Pa (108)
Dg ) 2

where

Praj pressure resistance of the air supply duct of the chimnay segment |, in Pa

Paz pressure loss due to the splithing of the air supply in the area of the inlet into the connecting air
supply duct of the chimney segment j+1, in Pa

Prg, pressure change due to change in velocity of the flow in the air supply passage aof chimney
segment |, in Pa

P coefficient of friction of the air supply passage of tha chimney segment |

L length of the chimney segment j, in m

ha; hydraulic diameter of the air supply passage of chimney segment |, in m

g sum of coefficients of flow resistance in the air supply passage of the chimney segment |

O, density of the supply air averaged over the length of the chimney segment |, in kg.'ma

Winf,j f.reln?it:.f af the supply air based on the average densily of the supply air in the chimney segment |,
in mfs

Sew flow safety coefficient for the air supply duct

Seme, flow safety coefficient for the pressure resistance due to splitting of the air supply (Sgue) = Ses for
Pazy 2 0 and Sgyg; = 1,0 for Peg, < 0)

Sees| flow safety coefficient for the pressure resistance due to change of flow velocity in the chimney

segment | (Seas, = Ses for Peg) 2 0 and Sege) = 1,0 for Pog) < 0)

The pressure change due to change of velocity of the flow Pea) in the air supply passege in chimney segment
j shall be calculated with the following formula:

Pep, = p’:'j whg) —% 71 forj <N, in Pa (107)
Foan = 2wl for] =N, in Pa (108)
where

Prnj  density of the supply air averaged over the length of the chimney sagment j, in h:g.l’m3

Pgp; pressure change due to change in velacity of the flow in the air supply passage of chimney
segment j, in Pa

wenj vElocity of the supply air based on the average density of the supply air in the chimney segment j,
in mis

The pressure loss Fusy due to the splitting in the area of the inlet into air supply duct of the connection pipe
1+1 shall be calculated with the following formula:

Feni j-1

Fasej = Cast jor” Wihg . forj<N,inPa {109)

with

67



BS EM 13384-2:2015
EN 13384-2:2015 (E)

¢ -
. 1
oy = 0,35 T2 | forj <N (110)
Mg jur
and
Fyyn=0.,inPa {111}
where
Pras pressure loss due to the splitting of the air supply in the area of the inlet into the air supply duct of
the connection pipa j+1, in Pa
[y density of the supply air averaged over the length of the chimney segment j, in kg;'m3
Sz flow resistance coefficient due o splitting of the air supply in the area of the inlet into the air supply
duct of the connection pipe J+1,
gy | mass flow of supply air in the connection pipe |, kals
g ; mass flow of the supply air in the chimney segment |, ka's
et density of the supply air averaged over the length of the chimney segment |, in I';gp'rn"J

15.9.4 Pressure resistance of the air supply duct of the connection pipe j (Ppgy )

The pressure resistance of the air supply duct of the connecting pipes | Prey; shall be calculated with the
following formula:

i )
Fagvj = See 'k"Fu-.rJ-- b::r 4 Eg‘wj | "Urr;u'j . H'ﬁ.g._.lj F Seppy Fiaz )+ Seeay Fony, o, in Pa {112}
| A
where
Frapy, pressure resistance of the air supply duct of the connecting pipes |, Fa
Panz pressura loss due to the splitting of the air supply in the area of the inlet into the connecting air
supply duct of the chimney segment j+1, in Pa
Py pressure change due to change in velocity of the flow in the air supply passage of the connection
pipe |, in Pa
Wen coefficient of friction of the air supply passage of the connection pipe |
Lu length of the connection pipe |, in m
D hydraulic diameter of the air supply passage of the connecfion pipe |, inm
gy, surn of coefficients of flow resistance in the air supply passage of the connection pipe |,
P density of the supply air averaged over the length of the connection pipe |, in kg.fma
Wt | ue{lnu:iry of the supply air based on the average density of the supply air in the connection pipe |, in
mis
See flow safety coefficient for the air supply duct

Semen) flow safety coefficient for the pressure resistance due o spliting of the air supply into the
connection pipe j {Saesy = Ses foF Paaz) 2 0 and Sgygy, = 1,0 for Paaz) < 0)

Feaav, flow safety coefficient for the pressure resistance due o change of flow velocity in the connection
DipEj {.‘.;Lmull = Sgn for f"m\._l z 0and ."!'[L;u,m =1,0for PGB'!'.l =)
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The change of pressure due to change of the flow velocity in the air supply duct of the connection pipe | Papy;
shall be calculated with the following formula;

Py, iy, .
Fegy = TJ'“';E'J.j _%'“';E.j ,in Pa (113)

where

Fapy; pressure change due to change in velocity of the flow in the air supply passage of the connection pipe
JyinPa

Omew,  density of the supply air averaged over the length of the connection pipe J. in kg/m®

gme,  density of the supgply air averaged over the length of the chimney segment j, in kg/m”

wney,  velocity of the supply air based on the average density of the supply air in the connection pipe |, in m/s

wpe;  welocity of the supply air based on the average density of the supply air in the chimney segment j, in
mi's

The pressure l0ss Fgyp; due to the splitting of the air supply in the area of the inlet into the air supply duct of
the connection pipa j shall be caloulated with the following formula:

P j ,
Pﬂﬂz.i=‘:~_ﬂsz.j'%.]'w:-uﬂ.j' in Pa (114)
with
r WOLZT A .11 \ 2
& F & )
Caszj = 1_{]_3.[i [ ’fs“'-] 1 E.E.i.cmr).‘_[ & {115)
oy Mg g Agy Mg Ay )
where
FPrazj pressure loss due to the splitting of the air supply in the area of the inlet into the connecting air

supply duct of the chimney segment j+1, in Pa

Wing,j velocity of the supply air based on the average density of the supply air in the chimney segment |, in
mis

i, density of the supply air averaged over the length of the chimney segment J, in kg-"ma

Ap cross-sectional area of the air supply passage of the chimnay, m’
Amvj cross-sectional area of the air supply passage of the connection pipe |, m’
gy | mass flow of the supply air in the conneclion pipe |, kg's

“‘;"B.| mass flow of the supply air in the chimney segment j, kg's

¥i angle of connection between the air supply duct of the connection pipe | and the air supply duct of
the chimney sagment |

Where a manufacturer supplies the data for his product, these values shall be used.
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15.10 Density and velocity of the supply air

15.10.1 Density and velocity of the supply air in the air supply duct averaged over the length of the
chimney segment

When calculating a balanced flue chimney with a flue duct with a thermal resistance less than or equal to 0,65
Wim’K the lemperature of the supply air varies and conseguently the densilty needs 1o be calculated. The
density of the supply air in the air supply duct averaged over the length of the chimney segment | pue; shall be
calculated with the following formula:

_ A : 3
-y -_,?L_—mai «in kalm (118)

where

Pme,  density of the supply air in the air supply duct averaged over the length of the chimney segment
j, in ka/im®

m pressure of the external air, in Pa

R J
gas constant of the air, in kg-K

Twa| temperature of the supply air in the air supply doect of chimney segment |, in K

The velocity of the supply air in the air supply duct averaged over the length of the chimney segment | wpp
shall be calculated using the following formula:

”:EIJ

L inmis (117)
-‘fa.J “Fme

Hrgj =

where

Wenkt | velocity of the supply air in the air supply duct averaged over the length of chimney segment |, in

_J_

kg-K
g mass flow of the supply air in the air supply duct of chimney segment |, in K
Ay cross-sectional area of the air supply passage of the chimney segment |, in Pa

Pz | denﬁ‘i_jly of the supply air in the air supply duct averaged over the length of the chimney segment |, in
kgfm

15.10.2 Density and velocity of the supply air averaged over the length of the connection pipes
When calculating & balanced flue chimney with a flue duct with & thermal resistance less than or equal to 0,65
WIm'K the temperature of the supply air varies and conseguently the density needs to be calculated. The

density of the supply sir averaged over the length of the connection pipe | peay,; shall be calculated with the
following formula:

A inkgim® 118
Fengv | R Toa, | g {118}

where

70



BS EM 13384-2:2015
EN 13384-2:2015 (E)

By, densit:.r;:tf the supply air in the air supply duct averaged over the length of the connection pipe |.
in kg/m

B pressure of the external air, in Pa
R J
ngas constant of the air, in kg-K

Tmav, temperature of the supply air in the air supply duct of the connection pipe j, in K

The velocity of the supply air averaged over the length of the connection pipe | weey; shall be calculated using
the following formula:

S Mgy -
Wy = —————— ,inmls (118}
Apy i Ay

where

WmBaw, J
valocity of the supply air averaged over the length of the connection pipe |, in kg K

gy mass flow of the supply air in the air supply duct of the connection pipe j, in K

A cross-sectional area of the air supply passage of the connection pipe |, in Pa

Py, density of the supply air averaged over the length of the connection pipe |, in kgn’ma‘
16 Consideration of chimney fans

16.1 General
Chimney fans can be taken into account for calculation of chimneys only if

— the fan operation is controlled by safety dewvice which cuts off all heating applhances in case of fan
operation failure or

— there 15 sufficient proaof that there is still @ safe operation of all heating appliances in case of fan operation
failure.

The pressure gain created by the chimney fan Fr,, can be calculated with the following formula:

Bow = [.;-“ o Vi, +oy F;Iin +o - VE:—; Ty pr]_!:];" +in Pa (120}
2
voo= 2N i mits (121)
Fom
Pray = —E—, in kg/m* (122}
! R’ T,
where
& is the characteristic value of the chimney fan according 1o prEN 16475-2, in Pa
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'y is the characteristic value of the chimney fan according to prEM 16475-2, in Pal{m?/s)
2 is the charactenstic value of the chimney fan according to prEN 18475-2, in Palim®/s)*
3 is the characteristic value of the chimney fan according to prEN 18475-2, in Palim%s)®
ca is the characteristic value of the chimney fan according to prEN 164752, in Pal(m?/s)*
II'F,.-. is the flue gas volume flow at the chimney fan, in m/s;

¥an is the flue gas density at the chimney fan, in kg/m®;

is the flue gas mass flow at the outlet of the chimney, in kafs;

Y iz the external air pressure [see EN 13384-1:2015, 5.7.2), in Pa;
R is the gas constant of the flue gas (see EN 13384-1:2015, 5.7.3.2), in J/{kg - K};
Tran is the flue gas temperature at the chimney fan, in K.

The charactenstic values of the chimney fan oy 10 ¢y have 1o be given by the fan manufactures or by the
literature.

NOTE For a non-permanent used chimney fan the calculation needs to be done without taking into account the
pressure gain created by the chimney fan bul s low resistance.

16.2 Inline fans
Inline fans can be taken into account for caloculation of chimneys serving more than one heating appliance only
if all these heating appliances are connected gver one common, single cascade and the fan is situated in the

last collector segment NC of this cascade.

Divergent to Formula (49) the theoretical draught available due to the chimney effect of the last collector
segment N Py with an inline fan shall be calculated using the following formula:

Pucw=Hen g (e - prc ) * Pre, in Pa {123}
where

E is the acceleration due to gravity = 9,81 m/s",

Hep  is the effective height of the last collector segment M, in m;

o is the density of the external air, in kg.frn“;

Dt H the mean density of the flue gas in the last collector segment M, In I-cgl"rna.

Pra  i5 the pressure gain created by the inline fan, in Pa;

For negative pressure chimneys the reguirements of 14.2.1 and the following relaticnship shall be verified:
Pze 2 P, in Pa {124)

where

Pge s the minimum dravght required at the flue gas inlet into the chimney, in Pa;,

Py is the pressure resistance of the air supply, in Pa.

MOTE 1 If necessary, the capacity of the inline fan needs to be appropriately reduced

For positive pressure chimneys the requirements of 14.2.1 and the following relationship shall be verified:
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FPraa ® Pucw - Pron = Pry asass « I0 Pa [125)
where
Parow, iz the maximum differential pressure at the flue gas inlet into the chimney, in Pa;
Pracm 15 the theoretical draught available due to the chimney effect of the last collector segment N, in Pa;
Prom is the pressure resistance of the last collector segment M, in Pa;

P oz 15 The maximum allowed pressure from the designation of the chimney, in Pa.
MOTE 2 I necessary, the capacity of the inling fan needs to be appropriately reduced.

Far the calculation of the pressure gain created by the inline fan Pr., according Formula (120) normally the
fallowing farmula can be used:

Tran = Tecu, N K (126}
where
Tran  I5 the flue gas temperature at the chimney fan, in K;

Tecp  i5the flue gas temperature at the entrance of the last collector segment N, in K.
16.3 Exhaust fans

Divergent to Formula (31) the theoretical draught available due to the chimney effect of the last chimney
segment N Py, with an exhaust fan shall be calculated using the following formula:

Pup = Hy -2 i - pen) + Fran, inFa (127}
where
£ is the acceleration due to gravity = 9,81 m/s%,
Hp  is the effective height of the last chimney segment M, in m;
I is the density of the external air, in kg/m®;

dmp 15 the mean density of the last chimney segment N, in kgfms;

Fryy  is the pressure gain created by the exhaust fan, in Pa.

For the calculation of the prassure gain created by the exhaust fan Pr., according Formula (120) normally the
following formula can be used:

Tegr = Top, in K {128)

whera

Tren  ig the flue gas temperature at the chimnay fan, in K;
Tan iz the flue gas temperature at the chimney outlet, in K.
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Annex A
{informative)

Recommendations

A1 General

The design of chimneys serving more than one heating appliance needs some experience. Some
recommendations are provided here. These recommendations should be taken into account during the
calculation if they are relevant.

A.2 Recommendations for the chimney and heating appliances

Heating appliances which are oul of action over a longer time period should be closed with shul-off devices or
dampers where this is allowed. These devices should be closed during periods when no combustion takes
place. In any case, however, doors for the combustion chamber and openings for air supply of the heating
appliances should be closed.

A.3 Recommendations for connecting flue pipes

Connecting flue pipes should rise vertically and directly from the appliance outlet towards the chimney. Where
the connecting flue pipe does not rise vertically and directly from the appliance outlet its length should not
exceed 0,5 m.

The vertically rise directly from the appliance outlet should exceed half of the total length. The total length of
the connecting flue pipe should not exceed 2,5 m.

The free cross section of connecting flue pipes should be constant in form and size and have as a minimum
the same hydraulic dismeter as the flue gas outlet of the healing appliance. In case two heating appliances
are connected to a chimney by only one connecting flue pipe, the free cross area of the common pipe section
should be celculated according to the calculation method given in this standard regarding the sum of the
nominal heat outputs of both heating appliances.
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Annex B
(informative)

Characteristics for the heating appliance
In case the factors by, By, By, by By and the factors vy, 14, v used in Formulas (10) and (11) are not specified by

the manufacturer af the heating appliances Table B.1 should be used in case relevant flue gas values are
available; Table B.2 should be used in case no flug gas values are given.

Table B.1 — Specification of flue gas characteristics of heating appliances with available flue gas

values
Healing appliance Working Py, Tigie,)
condition by By by by by Yo Wy Vs

Heating appliances fired for | in operation o 0 0 o P T o 0

solid fuels without fan oul of action 0 0| Py 0 0y 0 0
| Heating appliances fired for | in operation ] 0 Py 0 o] Py 0 0
| liguid fuels without fan out of action 0 0 | Py 0 0 iy 0 0
|Heating  appliances  wilh | in operation 0 0 P 1] U oy« vy -1
| draught

diverters for gaseous fuels out of action ] 0 Py 0 ] fvj 0 ]

Heating appliances without | in operation | -fyg; 1] Py + 1] 0 T 1] 0

draught diverters for Puea

gaseous fuels with fan out of action 0 0 [Pyt 0 0 |y 0 0

F i,

where

Ty ambient air temperature of the boiler room

o flue gas temperature of the appliance |

P minimum draught for the heating appliance |

Pisi guaranteed pressure difference created by the fan at nominal heat output

NCOTE Py, could be the smallest value where the heating appliance still works comectly as declared by the manufacturer. ay,

and "Wishall correspond ta this value.
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Table B.2 — Specification of flue gas characteristics of heating li without ilable flue gas values
Puey fwiej tigg ! Oy (CO:z)wy
Heating appliance Waorking by I ba ba ba o » ¥z
condition inPa | inPa [ inPa | inPa |inPa|in°C | in°C | in°C in in %
gl(s-kW)
Heating appliances fired for | in operation 0 0 0 0 12 250 0 0 1,2 8.1
solid fuels without fan out of action 0 0 135 0 0 [t 0 0 1.2 0
Heating appliances fired for | in operation 0 0 9 0 0 |hwy 0 0 0,85 7.0
liquid fuels without fan out of action 0 0 13,5 0 0 [t 0 0 0,85 0
Heating  appliances  with | in operation 0 0 31 0 0w 130- 0 0,84 54
draught [
diverters for gaseous fuels out of action i} 1] 36 o 1] tuv) 1] i} 0,84 Q
Heating appliances without | in operation -50 0 50 0 0 foi 0 0 - -
draught diverters for
gaseous fuels with fan out of action 0 0 50 0 0 finj 0 0 - -
E;—_‘ﬂ:‘:miu:::?;[umnlwl-u-wnmwccw Hgi fo Fesale, 30157321 01:43:50 " s

o raproduchon of netwaking pemihod siha f ioense from IHS
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