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Foreword

This document (EM 13384-1:2015) has been prepared by Technical Committee CENTC 166 "Chimneys”, the
secrefanat of which is held by Al

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text or by endorsement, at the latest by October 2015, and conflicting national standards shall be withdrawn at
thie latest by October 2015.

Antention is drawn 10 the possibility that some of the elements of this document may be the subject of patent
nghts. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 13384-1:2002+A2:2008.

According to EN 13384-1:2002+A2: 2008 the following fundamental changes are given:

= editorial mistakes have been comected;

— mistakes in formulas have been corrected;

— for wood the rise of the dew point to take into account the acid condensation has been deleted,

— table for material characteristics in Table B.S has been adapted to EM 152871 and supplemented by
radiation coefficients;

— in Calculation of thermal resistance according to Annex A are linked to the method of EN 13287-1 for
taking into account the temperature dependence has been added,

— for non-concentric ducts the calculation of the mean temperature of the air supply has been amended;
— for chimney fans a calculation procedure has been added;

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

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

— Part 1: Chimneys serving ona heating appliance

—  Part 2: Chimneys serving more than one heafing appliance

— Part 3; Methods for the development of diagrams and tables for chimneys serving one healing appliance
According to the CEM-CEMNELEC Internal Regulations, the natonal standards organisations of the following
countries are bound ta implemeant this Eurapean Standard. Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,

Hungary, lceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Morway, Poland, Portugal,
Romania, Skovakia, Sklovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.
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1 Scope

This Eurcpean Standard specifies methods for the calculation of the thermal and fluid dynamic characteristics
of chimneys serving one heating appliance,

The methods in this part of this European Standard are applicable to negative or positive pressure chimneys
with wet or dry operating conditions. It is valid for chimneys with heating appliances for fuels subject 1o the
knowledge of the flue gas charactenstics which are needed for the calculation.

The methods in this part of this Eurcpean Standard are applicable to chimneys with one inlet connected with
one appliance. The methods in Part 2 of this European Standard are applicable fo chimneys with multiple

inlets and one inlet with multiple appliances. Part 3 describes methods for the development of diagrams and
tables for chimneys serving one heating appliance,

2 Normative references

The following documents, in whole or in part, are normmatively referenced in this document and are
indispensable for its application. For dated referances, anly the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments} applies.

EM 1443, Chimneys - General requirements

EM 18538-1, Chimneys - Requirements for mefal chimneys - Part 1. System chimney products

EM 1859, Chimneys — Matal chimneys — Test methods

EN 13502, Chimnays - Reguiremenis and fest methods for clay/caramic flug terminals

EN 15287-1:2007+A1:2010, Chimneys - Design, installation and commissioning of chimnreys - Part 1.
Chimneys for non-roomsealed healing appliances

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

CEMNTR 1749, European scheme for the classification of gas appliances according to the method of
evacuation of the combustion products [fypes)

3 Terms and definitions
For the purposes of this document, the terms and definitions given in EN 1443 and the following apply.

31
heat output

amount of heat produced by a heating appliance per unit of time

3141
nominal heat output

O
continuous heat outpul specified by the manufacturer of the heating appliance related to specifiad fuels
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312

heat output range

range of oulput below the nominal heat output specified by the manufacturer over which the appliance can be
used

3.2
heat input

amount of heat in unit time which s supplied to the heating appliance by the fuel based on its net calorc value
Hu

3.3
efficiency of the heating appliance

Mwe
ratio of the heat output ({?) from the applhance to the heat input [QF}

34

flue gas mass flow

m

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

3.5

effective height of the chimney

H

difference in height between the axis of the flue gas inlet into the chimney and the outlet of the chimney

3.6

effective height of the connecting flue pipe

Hy

difference in height between the axis of the flue gas chimney outlet of the heating appliance and the axis of
the flue gas inlet into the chimney

Mote 1 to entry In the case of open fire chimneys, Ff, is the difference in height between the height of the upper frame
af the furnace and the axis of the flua gas inlet inlo the chimney.

3.7
draught
posifive value of the negative pressure in the flue

38
theoretical draught available due to chimney effect

Py
pressure difference caused by the difference in weight between the column of air equal to the effective height

outside a chimney and the column of flue gas equal to the effective height inside the chimney

a9
pressure resistance of the chimney
Pr

pressure which is necessary to overcome the resistance of the flue gas mass flow which exists when carrying
the flue gases through the chimney

3.10
wind velocity pressure

P

pressure generated on the chimney due to wind
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an

minimum draught at the flue gas inlet into the chimney

Py

difference between the minimum theoretical draught and the sum of the maximum pressure resistance of the
chimney and the wind velocity pressure

O
maximum draught at the flue gas inlet into the chimney

Pﬂﬂ.l!
difference between the maximum theoretical draught and the minimum prassure resistance in the chimnay

313

minimum draught for the heating appliance

Py

difference between the static air pressure of the room of installation of the heating appliance and the static
pressure of the flue gas at the chimney autlet of the appliance which is necessary 1o maintain the correct
operation of the heating appliance

314

maximum draught for the heating appliance

P

difference between the static air pressure of the room of installation of the heating appliance and the static
pressure of the flue gas at the outlet of the appliance which is the maximum allowed to maintain the correct
operation of the heating appliance

315

effective pressure resistance of the connecting flue pipe

Pry

static pressure difference between the axis of the inlet of the connecting flue pipe and the axis of the chimney
outlet due to the theoretical draught and pressure resistance

3.16
effective pressure resistance of the air supply

Py
difference between the static pressure in the open air and the static air pressure in the room of installation of
the heating appliance at the same height

9

minimum draught required at the flue gas inlet into the chimney

Pze

sum of the minimum draught required for the heating appliance and the draught reguired to overcome the
effective pressure resistance of the connecting flue pipe and the effective pressure resistance of the air supply

3.18
maximum allowed draught at the flue gas inlet into the chimney

Premay
sum of the maximum dracght allowed for the heating appliance and the draught required to overcome the
effective pressure resistance of the connecting flue pipe and the effective pressure resistance of the air supply

319

maximum positive pressure at the flue gas inlet into the chimney

Pan

difference of the maximum pressure resistance and the minimum theoretical dracght of the chimney added by
the wind velocity pressure

10



BES EM 13384-1:2015
EN 13384-1:2015 (E)

3.20
minimum positive pressure at the flue gas inlet into the chimney
PIDmIn

difference of the minimum pressure resistance and the maximum theoretical dracght of the chimney

i

maximum differential pressure of the heating appliance

Pora

maximum differance belween the static prassure of the flue gas at the chimney outlet of the appliance and the
static pressure of the air at the inlet to the heating appliance specified for its correct operation

322

minimum differential pressure of the heating appliance

Flﬂ'ﬂﬂln

minimum difference between the static pressure of the flue gas at the outlet of the appliance and the static
pressure of the air at the inlet to the heating appliance specified for its carrect operation. This can be a
negative value.

3.23

maximum differential pressure at the flue gas inlet into the chimney

Proe

difference between the maximum differential pressure of the heating applisnce and the sum of the effective
pressure resistance of the connecting flue pipe and the effective pressure resistance of the air supply

3.24
secondary air
ambient air added to the flue gas in addition to the nominal flue gas mass flow

335

minimum differential pressure at the flue gas inlet into the chimney

FZD-nIrl

difference between the minimum differential pressure of the healing appliance and the sum of the effective
pressura resistance of the connecting flue pipe and the effective prassure resislance of the air supply

3.26
secondary air device
draught regulator or a draught diverier

.27

draught regulator

compenent which automatically supplies ambient air to the chimney, the connecting flue pipe or the heating
appliance

izs

draught diverter

device, placed in the combustion products passage of the heating appliance, that is intended to maintain tha
guality of combustion within cenain limits and to keep the combustion stable under certain conditions of up
draught and down draught

3.29

temperature limit of the inner wall

Ty

allowed minimum temperature of the inner wall of the chimney outlet

3.30

air-supply duct

companent ar components parallel to the chimney (separate or concentric) thal conveys cambustion air fram
the outside atmosphere to the inlet of the connecting air supply pipe

11
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33

balanced flue chimney

chimney whare the point of air entry 1o the air supply duct is adjacent to the point af discharge of combustion
products from the flue, the inlet and outlet baing so positioned that wind effects are substantially balanced

3.32
chimney segment
calculation part of a chimney

3.33

condensate mass flow

A,

mass of water vapour of the flue gas condensed in the heating appliance, connecting flue pipe or the chimney
per time unit

134

connecting air supply pipe

component or components connecting the air supply duct cutlet with the room-sealed heating appliance
combustion air inlet

3.35
condensation factor

T

proportion of the theoretical maximum condensation mass flow wsable in the calculation

3.36

chimney fan
exhaust fan or inline fan

3.36.1

exhaust fan
fan positioned on the outlet of the chimney

3.36.2

inline fan
fan positioned as a section of the connecting flue

4 Symbols and abbreviations

The symbals given in this clause can be completed by one or more indices to indicate location or matenals if
Necessary,

12
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Table 1 — Symbols, terminology and units

ISymhuI Terminology Unit

A cross section area m

c specific heat capacity JIikg - K}
£r specific heat capacity of flue gas Jitkn - K)

o thickness of the sechon m

I diameter m

o, hydraulic diameter m

E heat flux ratio -

z acceleration due to gravity mis’

H -el'femi-.ra height of the chimney i

k coefficient for heat fransmission Wilm® - K)
'y coefficient of cocling -

L .Iengm m

Iz proportion of condensation surface -

pr flue gas mass flow kofs

Ty, flue gas mass flow of heating appliance reduced by condensed water kals
i, condensate mass flow kgi's
My Musselt number -

Niay number of segments -

v static pressure Fa
P external ar pressure Pa
g effective pressure resistance of the air supply Pa
Pp .prassure resistance due to friction and form resistance of the chimney Pa
Pry effective pressure resistance of the connecting flue pipe Fa
P difference in pressure caused by change of velocity of flue gas in the Pa
chimney
P theoretical dravght available due o chimnay affect Pa
Py tr'_lenretical draught available due to chimney effect of the connecting flue Fa
pipe
Ie] wind velocity pressure Pa
P draught required for secondary air devices Pa
Fr pressure resistance of the chimnay Fa
Py .pressure resistance of the connecting flue pipe Fa
Py minimurm draught for the heating appliance Pa
Pvmax maximum draught for the heating appliance Fa
P -maximum differential prassure of the heating appliance Pa

13



BS EM 13384-1:2015
EN 13384-1:2015 (E)

Pyomin  |minimum differential pressure of the heating appliance Pa
Pz minimum draught at the flue gas inlet into the chimney Fa
P maximum draught at the flue gas inlet into the chimney Fa
Pan minimum draught required at the flue gas inlet info the chimney Fa
Praman maximum allowed draught at the flue gas inlet into the chimney Fa
P maximum positive pressure at the flue gas inlet into the chimney Pa
Promn  |Minimum positive pressure at the flue gas inlet into the chimney Fa
Pa0s maximum differential pressure at the flue gas inlet into the chimney Fa
Paoamin  [minimum differential pressure at the flug gas inlet into the chimney Fa
Prawass  Maximum allowed pressure from the designation of the chimney Fa
| 1 — maximum allowed pressure from the designation of the connecting flue Pa
pipe
Fr Prandtl number -
ge heat transfer from the flue to the outer surface W
K condensation heat W
d heat output KW
(= heat input KW
{IM nominal heat output WA
¥ mean value for roughness of the inner wall m
R gas constant of the flue gas Jilkg - K)
R’y gas constant of the air Jifkg - K)
e Reynolds number -
5 Ccross section I
S [flow safety coefficient -
Sy cormection factor for temperature instability -
Sae  fcomection factor for radiation -
i emperature ‘C
|tem perature, absolute K
T |temperature limit K
T |ir1ner wall temperature at chimnay outlet K
T inner wall temperature at the chimney outlet at temperature eguilibrium K
Tin fue gas temperature immediately before the additional insulation K
il lexternal air temperature K
Tin mean temperature of the flue gas K
T water dew point K
Tee condensing temperature K
T ambient air temperature K
Te [arnbiant air temperature of the bailer room K

14
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Tun -ar'nbient air temperature for heated areas K
Tu ambient air temperature for areas exiernal to the building K
Tue .ambiem air temperature at the chimney outlet K
Tur is the ambient air temperature immediately before the additional insulation K
Tuu ambient air temperature for unheated areas inside the house K
Ty .ﬂue gas temperature of the appliance K
Tn flue gas temperature of the appliance at nominal heat oufput K
Titvenin flue gas temperature of the appliance at the lowest possible heat output K
i internal chimney segment parameter m
W mean velocity within a cross section m/s
W mean velocity over a defined length mi's
» farm valua _
r height above sea level m
a coefficient of heat transfer W.f-[m‘? - K}
[ ratio of the combustion air mass flow o the flue gas mass Tow -
¥ angle between flow directons :
& wall thickness m
I3 proportion of black body radiation emitted by a surface -
Iy coefficient of flow resistance due fo a directional andfor -
cross sectional andfor mass flow change in the flue
n dynamic viscosity N - 5|"rn;
Mw efficiency of the heating appliance -
Mhvh .talﬁn:iancy of the heating appliance at nominal heat output -
A coefficient of thermal conductivity Wilm - K)
g density lcq."rn3
o Hdensity of the external air kgim®
e mean density of flue gas averaged over a defined length and over the kg.l'rn“
cross section
o (CO,)  wolume-concentration of CO, Yo
a (Hz0) .wlurna-oonv:anu'atiun of HzO {vapour) U
PRas black body radiation number Wiim® - K"
coefficient of flow resistance due to friction of the flue -
1 thermal resistance m® - KW
%)
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Table 2 — Additional subscripts

Subscript | Terminclogy Unit

outside =
flue gas L

equilibrium temperature condition -

combustion air =

waler vapour -

entrance L

open fire place =

G mae |0 @| T | o

change in velocily -

inside o

condensation =

apen air (outside) -

mean value -

mixture =

counting index L

Z|l2 = |3 =

nominal value —

=
=

secondary air =

=]

chimney outlet -

positive pressure —

fot  fotalized over all sections {segments) =

u ambient air =

Vo connecting flue pipe -

W _h&ating appliance =
5 Calculation method for non-balanced flue chimneys

5.1 General principles

The calculation of inside dimensions (cross section) of negative pressure chimneys is based on the following
four criteria:

— the minimurn draught at the flue gas inlet into the chimney shall be equal 1o or greater than the minimum
draught required at the flue gas inlet into the chimneay;

— the minimum draught at the flue gas inlet to the chimney shall be equal to or greater than the effective
pressure resistance of the air supply;

— the maximum draught &t the flue gas inlet into the chimney shall be equal to or less than the maximum
allowed draught at the flue gas inlet into the chimney;

— the lemperature of the inner wall at the outlet of the chimney shall be equal to or greater than the
temperature limit.
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The calculation of inside dimensions {cross section) of positive pressure is based on the following four criteria:

the maximum positive pressure at the flue gas inlet into the chimney shall be egual or less than the
maximum differential pressure at the flue gas inlet into the chimney;

the maximum positive pressure in the connecting flue pipe and in the chimney shall not be higher than the
excess pressure for which both are designated;

the minimum positive pressure at the flue gas inlet into the chimney shall be equal or greater than the
minimum differential pressure at the flue gas inlet into the chimney;

the temperature of the inner wall at the chimney outlet of the chimney shall be equal to greater than the
temperature limit.

NOTE The pressure requirements for maximum draught or minimum posilive pressure are only required If there is a
limit for the maxmum draught for the negative pressure heating appliance or a minimum differential pressure of the
pasitive pressure heating appliance.

In arder to verify the crtena two sets of external conditions are used;

the calculation of the minimum draught and maximum positive pressure 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 dravght 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.

5.2 Pressure requirements

52.1 MNegative pressure chimneys

The following relationships shall be verified:

Pe=Py-Pr—P 2Py+Pry+Pg="s. inPa {1}

Pz z Pg,in Pa 2}

and if appropriate

Pzmax = PH ~ PR = Pyymax * PFv + PR = PZg max. in Pa (2a)
where
Iy iz the effective pressure resistance of air supply (see 5.11.3), in Pa;
Pry is the effective pressure resistance of the connecting flue pipe, in Pa;
Py is the theoretical draught available due to chimney effect, in Pa;
P is the wind velocity prassure, in Pa;
Pr iz the pressure resistance of the chimney, in Pa;
Py iz the minimum draught for the heating appliance, in Pa;
Ppivoc is the maximum draught for the heating appliance, in Pa;
Pz is the minimum draught at the flue gas inlet into the chimney (see 5.10), in Pa;
Pomax is the maximum draught at the flue gas inlet into the chimney (see 5.11), in Pa;
P, is the minimum draught required at the flue gas inlet into the chimney, in Pa;
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Prasas the maximum allowed draught at the flue gas inlet into the chimney, in Pa.
NOTE The valuas of Py and Pe in Formulas (1) and (2a) are normally different because the conditions are different.
5.2.2 Positive pressure chimneys

The following relationships shall be verified;

Poa = Pg=Py* PLS Py = Pp= Pry = Paoa  inPa (3}
liI-'rZ'l.'I 5 -'nZ-umuue- [ in Pa :4]'
Py * Pry S Pry ayeess . in Pa i5)

and if appropiate

Promin = Pr = Py & Pyiamin = P = Pry = Preemin , In Pa (3a}
where
Py is the effective pressure resistance of air supply, in Pa,
Pry is the effective pressure resistance of the connecting flue pipe, in Pa;
Py is the theoretical draught available due to chimney effect, in Pa;
e is the wind velocity pressure, in Pa;
Py is the pressure resistance of the chimney, in Pa;
Fan i5 the maximum differential pressure of the heating appliance, in Pa,
Prycenin is the minimum differential pressure of the heating appliance, in Pa;
Pz is the maximum positive pressure at the flue gas inlet into the chimney, in Pa;
Promin is the minimum positive pressure at the flue gas inlet into the chimnay, in Pa;
Prog i5 the maximum differental pressure at the flue gas inlet into the chimney, in Pa;
Proamin is the minimum differential pressure at the flue gas inlet into the chimney, in Pa;
Jp— is the maximum allowed pressure fram the designation of the chimney, in Pa;
Poravass is the maximum allowed pressure from the designation of the connecting flue pipe, in Pa.

NOTE The valuas of Py and P in Formulas (3) and (5a) are nomally different because the conditions are different

5.3 Temperature requirement
The following relationship shall be venfied:

r

iol

=T ,inK (8)
where

T is the inner wall tempearature at the chimney outlet at temperature equilibrium, in K;

Te  isthe temperature limit, in K.

If the chimney above the roof has additional insulation the following relationship shall also be verified:
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T

wls

=T ,inK {n

gt
where

T‘,“ is the inner wall temperature immediately before the additional insulation, in K.

The temperature limit T, of chimneys with dry operating conditions shall be taken as the condensing
temperature T, of the flue gas (see 5.7.6).

The temperature limits ¥; of chimneys with wet operating conditions shall be taken as 273,15 K which
prevents the formation of ice at the chimney outlet.

NOTE The comparison of the inner wall lemperature befare the additional insulation T with the admissible lmit
temperature of the flue gas T, is not necessary, if the valug of the thermal resistance of the additional insulation is not

mare than 0,1 {m® - K¥W. For chimneys operaling under wel conditions the comparlson 15 nol necessary, if the valse of
thie ambiant air tamperature immeadiataly before the additional insulation is = 0 °C.

5.4 Calculation procedure

For the calculation of the pressure and temperature values for the relationships of Formulas (1), (2), (2a), (3],
(4], (5), (5a) and (B) the values of the flue gas data characterising according to 5.5 shall be obtained for the
appliance. The dala specified in 5.6 shall be obtlained for the chimney and its connecting flue pipe. For new
built chimneys, a pre-estimated value for the flue size should be used.

5.7 to 5.11 provide calculations needed to finalise the chimney thermal and fluid dynamic calculations. In 5.7
the formulas provide the calculation of the besic date which are needed for further calculation,

In 5.5.3 and 5.8 the formulas for the calculations of the relevant temperatures are compiled. The formulas for
the density of the flue gas and its velocity are compiled in 5.9,

The procedure in 5.10 and 5.11 shall be used to validate the pressure requirement, The procedurs in 5,12
shall be used to validate the temperature reguirement.

The validation for pressure and temperature requirement shall be conducted:
— eilher for the naminal heat output declared by the manufacturer of the heating appliance;

— or for the nominal heal oulput and for the lowest value of the heat output range declared by the
manufacturer of the healing appliance

If the pressure requirement for maximum draught {2a) or the temperature requirements (6) and {7) of negative
pressure chimneys are not fulfiled the validation of the pressure condition or temperature condition can
occasionally be achieved by taking additional secondary air to the flue gas into account according to Clause B.

MNOTE The temperature requiremant need not be met for the following conditions provided that it is accepted that in
cage the requirement for temperature |2 not fulfilled no guarantes can be ghvan that no molslure appears.

The conditons are;

— where the heating appliance is replaced by an appliance that has an output of < 30 kW, and

— that the flue gas loss of the heating appliance is at l2ast B %, and

— that the heating appliance has a draught diverter which provides adequate ventilation in the chimney

during standby periods or perods of low oufput. This may be achieved by over-sizing the healing
appliance output.

19



BS EM 13384-1:2015
EN 13384-1:2015 (E)

5.5 Flue gas data characterising the heating appliance

551 General

For the calculation of temperatures and pressure values the relevant flue gas data which characterises the
heating appliance, consisting of flue gas mass flow, flue gas tlemperature and the minimum dravght required
for the heating appliance or the maximum differential pressure of the heating appliance shall be obtained.
Additionally the kind of the fuel supplied the volume concentration of C0; of the flue gas and the geometry of
the connecting flue pipe shall be specified.

Typical data for some fuels are given in Table B.1.

Typical data for some heating appliances are given in Tables B.2 and B.3.

5.5.2 Flue gas mass flow

5521 Flue gas mass flow at nominal heat output of the heating appliance

For the calculation of pressure and temperature values according to relationships of Formulas (1), (2), (2a),
{3), (4), (3), (&) and (6) the flue gas mass flow at nominal heat output conditions for the heating appliance
shall be obtained,

If the data is not available the flue gas mass flow and the volume concentration of CO; can be determined
from the formulas in Tables B.1, B.2 or B.3.

If the chimnay is connectad to a multi-fugl heating appliance the calculation and dimensioning should be
carried out by considening all the fuels suited to the appliance.

In the case of heating appliances with a draught diverter the flue gas mass flow downsiream of the draught
diverter shall be used,

The flue gas mass flow m of an open fire place depends on its opening. For the calculabon use the following
formula:

W= Ae, 0 kals (&)
where

fe i the mass flow factor of an open fire place, in kg/ism®);

Ag s the cross section of the opening of the open fire place, in m';

Far open fire places with an opening height less than or egual its width £, = 0,139 kg/{sm®).

For open fire places with an opening height greater than its width 7, = 0,167 kgfis m’].

The COzcontent of the flue gas for open fire places may be taken as o(C0:) = 1 %.

5522  Flue gas mass flow at the lowest permissible heat output

If the heating appliance s designed to operate under modulating condibons an additional check shall be
conducted for the pressure and temperature requirement of the flue gas mass flow at the lowest possible and

permissible heat output of the heating appliance. If the manufacturer does not provide flue gas data for the
lowest heal oulput use a mass flow af one third of the flue gas mass flow at nominal heat output.
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5523 Flue gas mass flow at the maximum draught or minimum differential pressure of the heating
appliances

For the calculation of maximum draught or minimum positive pressure in a chimney the flue gas mass flow at
maximum draught or minimum differential pressure of the heating appliance shall be oblained from the
manufacturer of the heating appliance if appropriate.

55.24 Flue gas mass flow with secondary air

If secondary air is supplied by a draught regulator or draught diverter the air flow shall be calculated according
to 6.3 depending on the actual difference of the pressure in the room of installaiion of the heating appliance
and the chimney or connecting flue pipe.

5.5.3 Flue gas temperature
5531 Flue gas temperature at nominal heat output { Fay)

The flue gas temperature at nominal heat output Ty shall be obtained from the heating appliance
manufacturer. In the case of heating applances with a draught diverter, the flue gas temperature downsiream
of the draught diverter shall be used,

If the manufacturer provides data showing flug gas temperature downsiream of the draught diverter in relation
to draught, such data shall be used for the calculation.

If the flue gas temperature Twy of open fire places is not known a value of sy, = 80 °C [Ty = 353,13 K) should
be used.

5532 Flue gas temperature at the lowest possible heat output { Ty}

The lowest designated flue gas temperature Ty, shall be obtained from the heating appliance manufacturer,
If this data is not available, use as flue gas temperature 273 of the value of the flue gas temperature in “C at
nominal heat output.

553.3 Flue gas temperature at the maximum draught or minimum differential pressure of the
heating appliances

For the calculation of maximum draught or minimum positive pressure in a chimney the flue gas temperature
al maximum draught aor minimum diffarential pressure of the heating appliance shall be oblained from the
manufacturer of the heating appliance i appropriate.

554 Minimum draught for the heating appliance (Py) for negative pressure chimney

For the calculation of a negative pressure chimney the value of the minimum draught for the heating appliance
Py shall be obtained from the manufacturer of the heating appliance,

If no values are available, the relevant values of the minimum draught for the heating appliance should be
selected from relevant product slandards for heating appliances. If no values for boilers are available see
Table B.Z.

If the available value of the minimum draught is a negative number {implying a positive pressure operation) a
value of £, = 0 shall be used in the calculations.

I no valid data for the draught diverter from the manufacturer is available, for gas fired applisnces designated
. &8 B, according to CEMNITR 1749 use a value of 3 Pa for the minimum draught and use the value of 10 Pa far
all other gas fired appliances equipped with a draught diverter,
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The minimum drawght Py for the operation of fire places should be calculated with the flue gas mass flow and
the cross section of the chimney cutlet of the open fire place. The theoretical draught available due to chimney
effect in the open fire place and the flue gas collector should be neglected. The local resistance in the flue gas
collector (gather) is taken into account by using a flow safety coefficient 5: =1,5.

1

B, = 5, inPa @)

2op, Al
where

W is the flue gas mass flow, in kafs;

5 is the flow safety coefflicient,
P i the density of flue gas in the chimneay outlet of the open fire place, in kg.l'ma:

Ay is the cross section of the chimney outlet of the open fire place, in m-.

555 Maximum draught for the heating appliance (Py....) for negative pressure chimney

For the calculation of a negelive pressure chimney the value of the maximum draught for the heating
appliance Py shall be obtained from the manufacturer of the heating appliance if appropriate.

556 Maximum differential pressure of the heating appliance (Pwg) for positive pressure chimney

For the calculation of a positive pressure chimney the value of the maximum differential pressure for the
heating appliance Pyo shall be obtained from the manufacturer of the heating appliance.

557 Minimum differential pressure of the heating appliance (Pyom.) for positive pressure chimney

For the calculation of a positive pressure chimney the value of the minimum differential pressure of the
heating appliance Pyom, shall be obtained from the manufacturer of the heating appliance if appropriate.

5.6 Characteristic data for the calculation

2.6.1 General

In order to calculate the relevant pressure and temperature values the roughness of the inner wall and the
thermal resistance of the connecting flue pipe and the chimney shall be determined.

5.6.2 Mean value for roughness (r)

The mean valug for roughness of the inner iner shall be obtained from the product manufacturer. The mean
values for roughness of inner lingrs of materials normally usad are listed in Table B.4.

5.6.3 Thermal resistance (1/A)
The thermal resistance 1/ of the system chimney shall be oblained from the product manufacturer.

The thermal resistance 1/4 of the components shall be obtained from the product manufacturer and should
incdlude the effects of thermal bridges (e.g. joints).

Calculations involving thermal resistance for system chimneys andfor components should normally be
undertaken using values obtained at the mean operating temperature. The thermal resistance value obtained
at the designation temperature may be used.
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For multiwall custom built chimneys the thermal resistance shall be determined using the following formula:

I 1 1
(= =Dy | (=), — | L inm’ KW {10)
; N Un:
where
T, is the internal hydraulic diameter, in m;
o is the hydraulic diameter of the inside of each layer, in m;
F
{L} is the thermal resistance of 8 pipa shell, referming to its intermnal surface, inm - KW,
A

Where the specific data for individual components is not known the thermal resistance can be determinged in
accordance with Annex A, The thermal resistance of closed air gaps is given in Table B.6,

5.7 Basic values for the calculation
5.7.1 Air temperatures

5711 General

On chimneys which pass through heated areas, a differentiation shall be made between the external air
temperature and the ambient air temperatures.

5.7.1.2 External air temperature (T, )

The external air temperature T, shall be taken as the maximum ternperature of external air at which the
chimney is intended to be used.

The external air temperature T} for heating systems is nomally calculated using

T, =288,15K (i, =15 "C) for the calculation of minimum draught or maximum positive prassure at the
flue gas inlet into the chimnay;

Tl =25815 K (f =-15"C) for the calculation of maximum draught or minimum positive pressure at the

flue gas inlet into the chimney.
Other values for T, may be used based on national accepted data.
5.7.1.3  Ambient air temperature {T,)

To check that the pressure requirement for the minimum draught or maximum positive prassure has been met
the ambient air temperature T, = T, shall be used. To check thal the pressure requiremeant for the maximum

draught or minimum positive pressure and the lempearature requirement have been mel the following values
for ambient air temperatures T, shall be used:

— for chimneys without ventilated air gaps:

I:.r. =238153 K (¢, ==15°C}) for chimneys operating under wet conditions
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T, =27345K (r_=0°C) forchimneys operating under dry conditions
T, =288,15K (1, = 15°C)
T, =293,15K (£, =20°C)

T:Il = T:l.'\- ['rul = fl.'.r:\-]

273,15K (1, =0°C)

m
for chimneys with ventilated air gaps venhlated in the same direction as the flue gas:

T =25815K {f,=-15°C} for chimneys operating under wet conditions if the height of the

unheated area inside the building and external to the building does exceed 5 m

T

=27315K (1, =0°C) for chimneys operating under dry conditions and for chimneys operating

under wel canditions if the height of the unheated area inside the building and axternal to the building
does not exceed 5 m

T, =28815K (1, =15°C)
T, =293,15K (f, =20°C)

T,=28815K (1, =15°C) il the height of the unheated area inside the building and extemal to the
building does nat excead 5 m

F,o=1. (&, =11 if the height of the unheated area inside the building and external to the

building does exceed 5m

T:m =28815K (f, =15 °C)if the height of the unheated area inside the building and external to the
building does not exceed 5 m

T,.=27315K (1, =0"C) if the height of the unheated area inside the building and extemal 1o the

building does excead 5 m

Cther values for T may be used based on national accepted data.

Parts of the chimney which are in areas with different ambient air temperature should either be calculated in
sections with the same ambient temperature or the ambient air temperature corresponding to the parts of the
outer surface be determined for the calculation using the following farmula;

T = {Tm"{.l-} " ”-:._ "FIuJ.]| J {Eu "‘L...] ' {?:n 'Au}l in K
A, +A.+A, +4,

(11}

is the ambient air temperature at the chimney outlet, in K;

24



BS EM 13384-1:2015
EM 13384-1:2015 (E)

T, is the ambient air temperature for bailer room, in K;

]': 1= the ambient air temperature for heated areas, in K;

]':__I is the ambient air temperature for areas external to the building, in K;

]':T_ i the ambient air temperature for unheated areas inside the building, in K;

A is the outer surface area of the chimney in the boiler room, in m2;

A is the outer surface area of the chimney in heated areas, in m2;

A, is the outer surface area of the chimney external to the building, in m?;

A 15 the outer surface area of the chimney in unheated areas inside the buillding, in me.

MNOTE 1 If parts of the outer surface of chimneys withoul back ventilaton in argas external 1o the building and unbeated
areas do not exceed %4 of the total outer surface of the chimnay, the ambient air temperature T may be taken as 28815

K(f, =15 "C).

NOTE 2 I the height of chimneys with air gaps ventilated in the same direction as the flue gas in arzas external to the
building and unheated areas do not exceed 5 m, the ambient air iemperature T: may be taken as 288,15 K (I =15°C).

NOTE 3 If the helght of chimneys with alr gaps ventilated in the opposite direction as the flue gas in areas axtemnal (o
the building and unheated areas do not exceed 5 m, the ambient air temperature T, may be laken as 2¥318 K {f, =0

*C).

5.7.2 External air pressure (p )

Tha external air pressura p shall be determingd as follows dependent on the height above sea level using the
following formula:

p, = 97000, " FRI in Pa (12)
where
g is the acceleration due to gravity = 9,81 mis’;
) is the gas constant of the air, in J/{kg - K);
T is the external air temperature, in K;
z is the height above sea level, in m;

97000 is the external air pressure al sea level corrected for weather influence, in Pa.
57.3 Gas constant

5.7.3.1  Gas constant of the air (R}

The gas constant of the air & shall be taken as 288 J/{kg - K} {water content o{H»0} as a volume fracticn of
1.1 %4).

5.7.3.2 Gas constant of the flue gas (R)

The gas constant of the flue gas ® shall be determined using the formula in Tables B.1 and B.3.
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5.7.4 Density of the external air ()

The density of the external air ¢ shall be calculated using tha fellowing formula:

| a
= , in kg 13
M R T In kgim (13}

where
P i the external air pressure, in Pa;
R isthe gas constant of the air, in Jilkg - K);

' iz the external air temperature, in K.

57.5 Specific heat capacity of the flue gas ()

The specific heat capacity ¢, of the flue gas shall be calculated using the formula in Table B.1 and Table B.4.

57.6 Condensing temperature (T,.)

For gas, domestic heating oil and chemically untreated wood, the condensing temperature T, of the flue gas
shall be identified by the water dew point T,. In these the cases:

T =T (14)

The water dew point T, of the flue gas for different fuels and concantrations by volume of CO; in the flue gas
shall be calculated using the Formulas (B.5), (B.8) and (B.7).

For coal and residual fuel oil, the condensing temperature of the flug gas is the acid dew point T, In these the
Casgs

Tp=Ty+ &Tey (15)

The rise in the dew point through sulphur trioxide in the flue gas (AT,.) can be calculated using formula in
Table B.1. For the exact determination of the acid dew point, knowledge of the conversion from sulphur
dioxide into sulphur trioxide {conversion factor K3 is reguired. As an approximate value, it can be assumed
that the concentration by volume of sulphur trioxide (50,) is approximately 2 % of that of the sulphur dioxide
(50;).

57.7 Correction factor for temperature instability (Sy)

Far the caleulation of minimum draught or maximum positive pressure the correction factor 5y for tlempearature
instability shall be 0,5.

For the calculation of maximum draught or minimum positive pressure the correction factor 5y for temperature
instahility shall be 1.

57.8 Flow safety coefficient {5g)

For the calculation of minimum draught of negative pressure chimneys the safety coefficient 5g = 1,5 shall be
used, except a value of 1.2 shall be used for sirictly controlled appliance and chimney installations {e.q.
industrial installation with permanent supervision), and for room sealed appliances with forced dracght
burners.

For the calculation of maximum positive pressure of positive pressure chimneys the safety coefficient 5g shall
be a minimum value of 1,2.
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Far the calculation of maximum draught or minimum positive pressure the safety coefiicient Sg shall be 1.
5.8 Determination of the temperatures

58.1 General

Faor the validation of pressure and temperature requirements, the mean flue gas temperature and the flug gas
temperature at the chimney outlet shall be determined.

The mean temperature of the flue gas T, shall be calculated using the following formula;

r.=rnT +

%-{1—3"’],inx {16)

The flue gas temperature at the chimney outlet 7 shall be calculated using the following formula:

T =T

3

+(T -T)e",inK (17)

The mean temperature of the flue gas in the connecting flue pipe T, shall be calculated in accordance using
thie following formula:

T —
rl:".-' = ?I.I t - .
K,

u -{1 et } in K {18)

The flue gas temperature at the chimney inlet T, shall be calculated using the following formula:
I=T +(T,~T)e™ . inK (19)
where

K is the coefficient of cooling (see 5.8.2);

Ky is the coefficient of cooling of the connecting flue pipe (see 5.8.2);
T, s the flue gas temperature at the chimney inlet, in K;

Ty iz the ambient air temperature (see 5.7.1.3), in K;

Tw iz the flue gas temperature of the heating appliance, in K.

58.2 Calculation of the coefficient of cooling (K)

The coefficient of cocling K shall be calculated using the following formula:

k- L
K= {20)
moo,
where
[ is the specific heat capacity of the flue gas (see 5.7.5), in Jkg - K);
& is the coefficient of heat transmission (see 5.8.3), in Wh{m? - K)
L is the length of the chimney, in m;
m iz the flue gas mass flow [see 5.5.2), in kg's;
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i i5 the internal chimney circumference, inm.

For the coefficient of cooling &, of the connecting flue pipe, the corresponding parameters for the connecting
flue pipe shall be used.

5.8.3 Coefficient of heat transmission (k)
5.8.3.1 General

The coefficient of heat transmission of the chimney at temperature equilibrium &, shall be calculated using the
following formula:

LinWim® - K) (21}

|
S

The coefficient of heat transmission of the chimney for no femperature equilibrium & shall be calculated uvsing
the following formula:

k= I i Wiim® - K) (22}

,...-;._Sll I:{%:I +%:|

where

D, is the internal hydraulic diameter, in m;

Dra is the external hydraulic diameter, in m;

L is the correction factar for temperature instability (see 5.7.7);

ity is the external coefficient of heat transfer (see 5.8.3.2, in W/(m® . K,
i is the internal coefficient of haat transfer (see 5.8,3.2), in Wiim® « K);

- Fi
i] is the thermal resistance (see 5.6.3), inm - KW,
LA

58.3.2 Internal coefficient of heat transfer (o)

The coefficient of heat transfer in the chimney o; shall be calculated using the following formula:

AN
o =2 X Wi - K) (23)

where

I, is the internal hydraulic diameter, in m;
N is the Nusselt number;

Aa is the coefficient of thermal conductivity of the flue gas, in W/im - K).

The coefficient of thermal conductivity of the flue gas /. shall be calculated depending on the mean flue gas
temperature using the formula in Table B.1 and B.8.

The mean Nusselt number Nw over the height of the chimney shall be calculated using the following formula;
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A7 D W ILET
Nu —[ . ] -0,0214 - (Re™ - 100y -Pr* - l_(_hJ (24)
L i L
where
I, is the internal hydraulic diameter, in m;
Lacn is the: total length from flue gas inlet into the chimney to the chimney outlet (£, is similarly valid for

the connecting flue pipe: total effective length from flue gas connection of the heating appliance to
the flue gas inlet inta the chimney), in m;

By iz the Prandll numbaer,
e iz the Reynolds number;
W is the coefficient of the flow resistance due to friction for hydraulically rough flow (see 5.10.3.3)
Wopeer, 15 the coefficient of the flow resistance due to friction for hydraulically smooth flow [see 5.10.3.3 for »
= ﬂ]
The formula can be used for 2 300 < Be = 10 000 000, id j <3 and 0B < Pre15.
b w-:mmuh

For mean flue gas velocity w, = 0,5 m/s, take Musselt number appropriate to w, = 0,5 m/s.
For Reynolds numbers below 2 300, take Nusselt number appropriate to Re = 2 300.

The Prandll number Pr shall be calculated using the following formula:
pr=22_"e (25)

The Reynolds number f¢ shall be calculated using the following farmula:

Re =”m‘u—hpm (26)
LI

whera
g is the specific heat capacity of the flue gas, in Ji{kg - K};

M, is the internal hydraulic diameter, in m;

W is the mean flue gas velocily (see 5.9), in mfs;

ma  is the dynamic viscosity of the flue gas, in N - sim’;
g is the coefficient of thermal conductivity of the flue gas, in Wim - K);
. is the mean density of the flue gas (see 5.9), in kg/m”.

The dynamic viscosity 7. shall be calculated dependent on the flue gas temperature using Formula (B.10) in
Table E.1.

The internal coefflicient of heal ransfer o, can also be calculated on wel designated chimneys as indicated, if
the heat of condensation is not taken into account.
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5.8.3.3 External coefficient of heat transfer (o,)

The external coefficient of heat transfer o, shall be 8 1.I1|."J’|:mJ + K)Y for connecting flue pipes and chimneys,
internal to the buillding, for connecting flue pipes and chimneys external to the building using 23 '|.“|H|:rr'|2 - K).

For connecting flue pipes and chimneys which lie partially external to the building, the coefficient of heat
transfer o, shall be interpolated.

Where parts of the chimneys are external to the building but are shielded with an air gap of at least 1 cm but
not more than 5 cm then the external coefficient of heat transfer a, shall be 8 WF{m? K.

For a chimney (including relined chimneys) with a ventilated air gap 8 Wi(m’ - K} shall be used. For non-
venfilated parts of such a chimney if the non-ventilated length external to the building is = 3 Dy then
8W/(m® - K) shall be used, otherwise 23 W/(m® - K) shall be used.

5.9 Determination of the density of the flue gas and the velocity of the flue gas

591 Density of the flue gas (o)

The mean density of the flue gas g, shall be determined using the following formula:

T4 . 3
L in kam 27
T a (27)

1

P =R

where

I is the external air pressure (see 5.7.2), in Pa;
r is the gas constant of the flue gas (see 5.7.3.2), in Ji{kg - K);

T  iathe mean temperature of the flue gas (see 5.8.1), in K.

For the mean density of the flue gas g, in the connecting flue pipe, the coresponding values of the
connecting flue pipe shall be used.

59.2 Velocity of the flue gas (w.)
The mean flue gas velocity w,, shall be calculated using the following formua:
P

W, = ,Inmis (28)
A-p,

where

A iz the internal cross section of the chimney, in m’;

m isthe flue gas mass flow (see 5.5.1), in kg's;

fm Is the mean density of the flue gas, in kg/m®.

For the mean flue gas velocity wey in the connecting flue pipe, the corresponding values of the connecting flue
pipe shall be used.
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5.10 Determination of the pressures

5.10.1 Pressure at the flue gas inlet into the chimney

510.1.1 Draught at the flue gas inlet into the negative pressure chimney (Pz and Pz

The minimum and maximuom draught at the flue gas inlet into the negative pressure chimney P> and Pz, are
primarily dependent on the flue gas mass flow and the flue gas temperature, the effective chimney height, the

cross-section and the characteristic values of design {roughness and thermal resistance) of the chimney.

The minimuem and maximum dracght at the flue gas inlet into the chimney P; and Pr... shall be calculated
using the following formulas:

Pe=Py-Py- P, inPa [29)
Pomax = Py = Pg, in Pa [29a)
whera
Py is the theoretical draught available due to chimney effect, in Pa;
P is the wind velocity pressure, in Pa,
P iz the pressure resistance of the chimney, in Pa;

Pz iz the minimum draught at the flue gas inlet, in Pa;
Paasx is the maximum draught at the flue gas inlet, in Fa.

NOTE The valuas of Px and Pr in Formulas (29) and (28a) are normally different becausa the conditions are
different.

510.1.2 Positive pressure at the flue gas inlet into the positive pressure chimney (Pzg and Proein)

The maximum and minimum positive pressure at the flue gas inlet into the positive pressure chimney Pzq and
Paomin are primarily dependent on the flue gas mass flow and the flue gas temperature, the effective chimney
height, the cross-zection and the characteristic values of design (roughness and thermal resistance) of the
chimney,

The maximum and minimum posilive pressure at the flue gas inlet info the chimnay Pao and Prome shall be
calculated using the following formulas:

Pao=Pp-FPy+ P inPa (30)
Prowin = Pr - Py, in Pa (30a)
where
Py iz the theoretical draught of the chimney, in Pa;
A iz the wind velocity pressure, in Pa;
Pr is the pressure resistance of the chimney, in Pa;
Pac is the maximum differential pressure at the flue gas inlet, in Pa;

Promin  Is the minimum differential pressure at the flue gas inlet, in Pa.

NOTE The values of Pr and Py in Formulas (30) and (30a) are normally different because the conditions are
different.
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5.10.2 Theoretical draught available due to chimney effect ()

The theoretical draught available due o chimney effect Py shall be calculated using the following formula:
Fa=H g (g - pm), in Pa (31}

where

H is the effective height of the chimnay, in m;

£z listhe acceleration due to gravity = 9,81 m/s’;

m is the density of the external air (see 5.7.4}, in kgn'mR:

fw 18 the mean density of the flue gas (see 5.9.1), in kgﬂma.

5.10.3 Pressure resistance of the chimney (Pg)
5.10.3.1 General
The pressure resistance of the chimney Py shall be calculated using the following formula;

Pa= 58z Pg+ 5:q - Pa,in Pa |:32}

I 5
By =5 [y;.r ) F +Z ‘:--J F;“ . “'-r!n By -, inPa (33)
\ h "

Faor Pez 0 55 = 5

For Pe < 0 S =10

where

I is the internal hydraulic diametar, in m;

L is the length of chimney, in m;

Fr the pressure resistance due to friction and form resistance of the chimney, in Pa;

Pa is the difference in pressure caused by change of velocity of the flue gas in the chimney, in Pa;
S is the flow safety coefficient (see 5.7.8);

S is the flow safetly coefficiant for difference in pressure through velocity change;

Wy is the mean flue gas velocity {see 5.9.2), in m/fs;

P the mean density of the flue gas (see 5.9.1), in kgﬂm‘g;

iy is the coefficient of flow resistance due to the friction of the flue;

Z"‘h" sum of the coefficients of flow resistance due to directional andior cross sectional andfor mass flow
' chanaas in the flue.

L

5.10.3.2 Difference in pressure caused by change of velocity of the flue gas in the chimney (Pg)

The difference in pressure caused by the change of velocity of the flue gas in the chimney FPs shall be
calculated using the following formula:

P = Ps W; —%-u‘z, in Pa {34}
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Wiy iz the flue gas velocity before velocity change, in mis;
wy is the flue gas velocity after velacity change, in m/s;
pr Is the densily of the flue gas before velocity change, in kg/m”;

#2 s the density of the flug gas after velocity change, in kg.fm“.
For wy and w: as well ¢4 and o, the mean values of section before and after the change of the velocity may be
used.

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

The coefficient of flow resistance due to friction of the flue y for different roughness shall be calculated using
the following formula:

3'7- 2o {ﬁ:T) (35)
where

D, is the hydraulic diameter, in m;
¥ is the mean value for roughness of the inner wall, in m;
Re is the Reynalds number (see 5.8.2);

] iz the coefficient of flow resistance due to friction of the flue.

For Rewvnold numbers below 2 300 take the coefficient appropriate to the Reynolds number egual to
2 300,

The values for mean values for roughness shall be given by the manufacturer, In the absence of values from
the manufacturer typical mean roughness values for various materials are given in Table B.4.

5.10.3.4 Coefficients of flow resistance ({) due to a directional and/or cross sectional change andlor
mass flow change in the flue

The values of the flow resistance due to a directional andlor cross section and/or mass flow change in the flue
shall be taken from the manufacturer. In the absence of values from the manufacturer, typical values of flow
resistance are given in Table B.B.

The coefficient of flow resistance for the enlargement of the cross-section at the chimney outlet should not
apply if the pressure change through velocity change is not laken into account at this point,

5.10.4 Wind velocity pressure (P,)

The wind velocity pressure | shall be 25 Pa for inland regions {more than 20 km from the coast) and
40 PFa for coastal regions if the chimney outlet is in an adverse pressure. The chimney outlet is considered to
be in an adverse pressure zone if the chimney outlet position s less than 0,4 m above the ridge and the
distance of a horizontal line from the intersection with the roof, or the projection of the ridge above the roof, to
the chimney outlet is less than 2,3 m, and the chimney outlet is situated:

— on a roof with a slope of more than 40° or
— on a roof with a slope of more than 25" if the opening for combustion air and the top of the chimney are

on different sides of the ridge and horizontal distance from the lop 1o the ridge is more than
1,0 m.
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MOTE A chimney may also be considared to be adversely affected by the proximity of adjacent obstructions e.g.
buildings, trees, mountains. A chimney outlet within 15 m from adjacent structures which extends over a horizontal angle
of 30" and their upper boundary ralzes more than 10° above the harzon as seen from the lerminal oullel may be affectad
by wind turbulence (see Annex C), This may be overcoma by an asrodynamic terminal,

The valug M shall be amended if the chimney has a terminal with specified aerodynamic performance. In all
other cases Py shall be 0 Pa.

511 Minimum draught required at the flue gas inlet into the chimney and maximum allowed
draught (Pz, and Pzens) and maximum and minimum differential pressure at the flue gas inlet
into the chimney (Pzgs and Pzosmin)

5.11.1 General

The minimum draught required at the flue gas inlet into the negative pressure chimney Pz, and the maximum
allowed draught Pz, shall be calculated with the following formulas:

Pza= Pyt Pey + Pg, In Pa [38)
P zamax = Paymax + Prw + Fa. In Pa {36a)

where

Paa i5 the minimum dravght required at the flue gas inlet into the chimney, in Pa;

FPromax  maximum allowed draught at the flue gas inlet into the chimney, in Pa;

Py is the minimum draught for the heating appliance, in Pa;

Pamax  maximum draught for the heating appliance, in Pa;

Fry iz the effective pressure resistance of the connecting flue pipe, in Pa;

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

MNOTE The valuas of Pry and Pg in Formulas (36) and (36a) may ba diffarent becausa the conditions ara diffarant.

The maximum and minimum differential pressure at the flue gas inlet into the positive pressure chimney Feo.
and Proumn shall be calculated with the following formulas:

P04 = Pag - Pa - Pry. in Pa 37
Proamin = Pwcein - P - Pry, in Pa {37a)
where
Prog is the maximum differential pressure at the flue gas inlet into the chimney, in Pa;

Progmn - minimom differential pressure at the flue gas inlet into the chimney, in Pa;

Paa i5 the maximum differential pressure at the outlet of the heating appliance, in Pa;
Poomie  minimuem differential pressure at the outlet of the heating appliance, in Pa;

Pry is the effective pressure resistance of the connecting flue pipe. in Pa;

g 15 the effective pressure resistance of the air supply, in Fa.

NOTE The values of Pry and Pg in Formulas (37) and {37a) may be different because the conditions are different,
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5.11.2 Minimum and maximum draught for the heating appliance {Py and Py, and maximum and
minimum differential pressure of the heating appliance (Pyn and Pygmin)

The minimum and maximum draught for the heating appliance [Py and Pyee) of the maximem and minimum

differential pressure of the heating appliance (Pye and Pyowges) shall be obtained in accordance with 5.5.4,
555, 5.560r55.7,

5.11.3 Effective pressure resistance of the connecting flue pipe (Pay}
511.31 General

The effeclive pressure resistance of the connecting flue pipe P shall be calculated using the following
formula:

.Pn.-: Pw- -Plﬂl': in Pa I{Sﬂj
where

P is the theoretical draught available of the cannecting flue pipe, in Pa;

Py is the pressure resistance of the connecting flue pipe, in Pa.

If the connecting flue pipe consists of several different sections of different design, the calculation shall be
carmed out for each section. The pressure resistance and the theoretical draught of the individual sections
shall be totalled.

5.11.3.2 Theoretical draught available due to the chimney effect of the connecting flue pipe (Py)

The thegretical draught available due to the chimney effect of the connecting flue pipe Py, shall be calculated
using the following formula:

PHI.I=HI.I 'g' I:pL-I[h-nu':ll in Pa :’39:'
where

E is the acceleration due to gravity = 9,81 mfs®;
Hy is the effective height of the connecting flue pipe, in m;
L is the density of the external air (see 5.7.4), in kg/m”;

P is the mean density of the flue gas in the connecting flue pipe, in kg.fm“.

If the flue gas inlet into the chimney is lower than the flue gas connection of the heating appliance, Puy
becomes negative.

511.3.3 Pressure resistance of the connecting flue pipe (Pgy)

The pressure resistance of the connecting flue pipe Pgy shall be calculated from:

Py = 5p - Ppy *+ 5pg - Py, inPa (40}
o L, - Ll 2 )
B =8 | wy - D +E':-v.. T T W W - fyy.inPa (41)
Y hv n =

For Pay = 0 Seay = 5
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Fur Pﬁ\r <[] SFH‘«' =1 ,U

where

Dy is the imtermal hydraulic diameter of the connecting flue pipe. in m;

Lar Is the length of the connecting flue pipe, in m;

Pey i5 the pressure resistance due to friction and form resistance in the connecting flue pipe in Pa;

Py is the difference in pressure caused by change of velocity of the flue gas in the connecting flue
pipe, in Pa,

Se is the flow safety coefficient;

Seov is the flow safety coefficient for differences in pressure through velocity change in the connecting
flue pipe;

Weniyr is the mean velocity of the flue gas in the connecting flue pipe, in m/s;

Pt is the mean density of the flue gas in the connecting flue pipe, in kafm®;

is the coefficient of friction of the flue of the connecting flue pipe (see 5.10.3.3);

LY
E‘; is the sum of the coefficient of flow resistance of directional and cross sectional changes of the
= Ve connecting flue pipe, in m.

The mean velocity wey of the flue gas in the connecting flue pipe shall be calculated using Formula {28) with
the corresponding values for the connecting flue pipe.

The coeflicient of flow resistance due to friction of the flue for the connecting flue pipe shall be calculated
using Formula {33) with the corresponding values for the connecting flue pipe.

NOTE The sum of the individual coefficients of resistance Er:v: for the connecting flue pipe is dependent an the

crass-sectional and directional changes betwean the flug gas connection of the heating appliance and chimney £ values
are quoted in Table B.& for the typical cross-zectional and directional changes

The difference in pressure caused by the change of velocity of the flue gas in the connecting flue pipe Poy
shall be calculated using Formula (34) with the corresponding values for the connecting flue pipe.

5.11.4 Pressure resistance of the air supply {Pg)

The pressure resistance of the air supply P shall be determined according to the nature of the installation
area (size, type and number of windows and doors, equipment with ventilation systems and additional heating
gppliances, etc.).

Far areas without ventilaion openings Py shall be 4 Pa.

If the air for combustion is conveyed to the installation room through ventilation openings or combustion air
pipes with constant cross-section over the length, Py shall be derived using the following formula:

L
B, =58, [wﬁ i % W ,inPa [42)
hB H =
where
M is the intemal hydraulic dismeter of the ventilation openings or combustion air pipe, in m;
Ly is the length of the ventilation openings or combustion air pipe, inm;
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Ser is the flow safety coefficient for air supply (Seg usually is 1,2);

Wg is the velocity in the ventilabon openings or combustion air pipe, in mfs;

i is the density of the combustion air, in h:g.frn:‘;

W is the coeflicient of the flow resistance due to friction of the ventilation openings or combustion air

pipe;

Z & iz the sum of the coefficients of flow resistance due to a directional andfor cross sectional andlor
- Ba mass flow change in the ventilation openings or combustion air pipe.

NOTE In arder o simplify calculation depending on local regulations Ps may be assumed to have a constant value of

3 Pa.

The coefficient of flow resistance due to faction of the ventilation openings or combustion air pipe g shall be
calculated by using Formula (35).

The sum of the coeflicients of flow resistance due to a directional andfor cross sectional andlor mass flow
changes in the ventilation openings or combustion air pipes Zr,",,." for the inlet, the outlet and directional

changes in the pipe shall be totalled over the entire length of ventilation opening or of the pipe.
In the absence of manufactures data the values may be taken from Table B.8,

The velocity in the combuston air pipg we shall be derived using the following formula:

g -m

Wy, = ——,inmfs 143)
Ay - oy

whera

As  i5 the cross-section of the combustion air pipe, in m®,
iy isthe flue gas mass flow, in ka's,
i 1z the ratio of the combustion air mass fliow o the flue gas mass flow;

PR is the density of the combustion air, in h;g!ma’.

NOTE As an approximation & = 0,9 can be assumed.

The density of the combustion air shall be determined using Formula (13) with the corresponding valuas for air
temperaiure and pressure.

5.12 Calculation of the inner wall temperature at the chimney outlet (Ti..)

The inner wall temperature at the chimney ocutlet at temperature equilibrium T, shall be determined using the
fallowing formula:

k

T S (T,-T.) ,inK (44)
Hi

T ab g

whera

ke 13 the coefficient of heat transmission at the chimney cutlet at temperature equilibnem, in W."{rnz-li];

Taw  i5 the flue gas temperafure at the chimney outlet at temperature equilibrium, in K;

37



BS EMN 13384-1:2015
EN 13384-1:2015 (E)

T 15 the ambient air temperature at the chimney outlet, in K;

i) is the intemal coefficient of heat transfer, in Wiim® - K.

The cosfliciant of heat Iransmission at the chimney outlel iy at temperature equilibrium shall be determined
from the following formula;

1

k, = L Wim® - K) [45)
1 1 1 lijll
= (+) 4 {T] i
Dh.... s
where
I, is the intemal hydraulic diameter, in m;
Mg is the external hydraulic dismeter at the chimney outlet, in m;
i is the intemal coefficient of heat transfer at the chimney outlet, in Wiim® - K);
an is the external coefficient of heat transfer at the chimney outlet, in 'l.l"v.l'l"{m"r K

[' | ) is the thermal resistance, in mz - K,
A
h,

1 is the thermal resistance of any additional ln5ulaticr£| for the chimney part above the roof related fo
[_ the intermal hydraulic diameter to the chimney, inm - KA,

AJ,

For nan-insulated termination parts of a chimney if the non-insulated length external to the building is = 3 oy,
a separated calculation of the inner wall temperature with the reduced thermal resistance is not necessary.

If the chimney part above the roaf has additional insulation, the inner wall temperature shall be caloulated for
the part immediately before the additional insulation. The inner wall femperature T, immediately before the
additional insulation shall be determined using the following formula:

T, = T.h—%{?"..x—miinﬁ (46)

where

T isthe flue gas temperature immediately before the additional insulation at temperature eqguilibrium, in K;
ky 15 the coefficient of heat transmigsion of the chimney at temperature equilibrium, in Wifm?® - K,

T, iz the ambient air ternperature immediately before the additional insulation, in K;

Additional thermal resistance at the chimney outlet (1/A); shall be calculated as specified in 5.6.3 for
additional layers of insulation applied on all sides. Layers of air of a thickness of less than 1 cm shall not be
deemed o provide geddiional thermal resistence (1/A),. In the case of ventilated cladding
{1ih) =0 (m® - K)W shall apply generally o all layers on the outside of the ventilated gap.

WOTE A value of (1/A) = 0.1 |fm2 - KW may be used without any furthar procf if the chimnay section above the roof
is ancasad by masonry (coafficiant of thermal conductivity A £ 0,85 Wim - K} ) of a minimum thickness of 11,5 cm or has a
minimum af 3 cm additional insulation an all sides (coefficient of thermal conductivity & 0,1 Wim - K)).
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6 Secondary air for negative pressure chimneys

6.1 General

If the temperature requirement in 5.3 is not satisfied when the inner wall temperature is calculated acoording
1o Formula (44) or (46) withaut the introduction of secondary air into the chimnay, it can ba possible to meet
the reguirement by the intreduction of secondary air. In this the case further calculation shall be undertaken to
establish whether the lemperature requirement can be sahsfied when secondary air is infroduced into the
chimney.

If the pressure reguirement of 5.2 for maximum draught (2a) is not satisfied when pressures are calculated
according to Formula (29a) and (36a) without the introduction of secondary air into the chimney, it may be
possible 1o maeat the requirement by the introduction of a secandary air. In this case further caleulation shall ba
undertaken to establish whether the pressure reguirement for maximum draught can be satisfied when
secondary air is introduced into the chimney.

It 5 @ condition that the pressure requirements of 5.2 for minimum draught {1 and 2) are satisfied when
calculated without secondary air.

6.2 Calculation method

The calculation shall be carried out in sections fram the flue gas connection of the appliance 1o the place of
installation of the secondary air device and from there, with changed values for the flue gas mass flow, the
flue gas temperature and the flue gas composition, 1o the chimney outlat.

For consideration of the secondary air, & secondary air mass flow shall be added lo the flue gas mass flow.
The mixed temperature and the composition of the secondary airfflue gas mixture behind the secondary air
inlet shall be calculated from the temperature and composibon of the flue gas and of the secondary air, For
the additional calculation, the physical properties (c,, &, ga Tp 4a) dependent on the composition of the flue
gas-secondary air mixiure shall be calculated.

The calculation, assuming a chosen secondary air flow, shall be carried out repeatedly until the operational
reguirements are fulfilled or until the surplus draught is exhausted (Pz = Pa, OF Proae = Pramas)-

In the cese of ges fire heating appliances with a dravght diverter, only the secondary air in addition to the
scheduled flue gas mass flow shall be considered.

6.3 Basic values for the calculation of secondary air

6.3.1 General

The temperature of the secondary air Ty shall be taken as the ambient temperature of the air of the space
from which the air is taken,

For the check of the temperature requirements the external air temperature shall be calculated using Ty = T
{see 5.7.1.3). In order to calculate the secondary air mass flow the ambient temperature values of 5.7.1.3 for
validating the temperature requirement shall be used.

6.3.2 Mixing calculations
The mass flow after admixture of secondary air m,, shall be derived from the following formula:
iy, =ty inkals {47

The flua gas temperature after admixture of secondary air Ty, shall be derived from the following formula:
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IR P R (T R
?-;‘1 - p.‘ml A - pHL MoK (48)
o r_'F_,'+ My~ Cag

The concentration by valume of CO; and H,O after admixiure of sacondary air shall be derived from the
following formula:

m-R-[100-o(H,0) | -o(co,)
- R-[100-a(H,0)| + i, -R | 100-a(H,0) |

a(co,), = Lin % {43)
e R-a(H,0) + sy - R, -o(H,0)

- - i % (50)
- R+ R

o(H,0),, =

The water vapour content of the secondary air may be taken as 1.1 %. This value corresponds to 60 %
relative humidity at 15 *C.

where

A i5 the specific heat capacity of the flue gas before admixture of secondary air, in Ji{kg - K);

CpHL is the specific heat capacity of the secondary air, in J/ikg - K);

1 i5 the flue gas mass flow before admixture of secondary air, in ka's;

mu is the flue gas mass flow after admixture of secondary air, in kg/s;

"’"‘.w is the secondary air mass flow, in kg's;

R is the gas constant of the flue gas before admixture of secondary air, in J/(kg - K},

R’ is the gas constant of the air, in Jikg - K);

Ta iz the termperature of the flue gas before admixture of secondary air, in K;

T is the temperature of the flue gas after admixture of secondary air, in K;

Tha is the temperature of the secondary air, in K;

a(C03) is the concentration by valume of CO; of the flue gas before admixiure of secondary air, in %;

al GOz is the concentration by volume of CO; of the flue gas after admixture of secondary air, in %;

alH0) is the concentration by volume of HO [water vapour) of the flue gas before admixiure of
sacandary air, in %,

il HxO g is the concentration by wvolume of H.O (water vapour) of the flue gas after admixture of
secondary air, in %;

a(HOl is the concentration by valume of H;O (water vapour) of secondary air, in %.

6.4 Pressures

6.4.1 Pressure resistance for the air supply with secondary air {Pgu.)

For areas without ventilation openings the effective pressure resistance for the air supply Ppa with secondary
air and nominal heat output shall be derived from the following formula:

. L5
P =P.(1.”‘l .in Pa (51)
BHL £} \ f_fm‘)

40



BS EMN 13384-1:2015
EN 13384-1:2015 (E)

where

m\_l is the secondary air mass flow. in ka's;

m iz the flue gas mass flow before admixture of secondary air, in ka's;
Pa is the effective pressure resistance of the air supply without secondary air (see 5.11.4);
B is the ratio of the combustion air mass flow 1o the flue gas mass flow (see 5.11.4).

If the air for combustion i conveyed through ventilation openings or pipes with constant cross-section over
the length, Pey shall be derived from the following formula:

v L'. P z .
P = Sen ( Wipa "+ E Chn | Wi - inPa (52)
\ DI:'-l " 2
wherg
Iha iz the intermal hydraulic diameter of the ventilation openings or combustion air pipe (see 5.11.4),
in m;
Le is the length of the ventilation openings or combustion air pipe (see 5,11.4), inm;
Sen iz the flow safety coefficient for air supply (see 5.11.4);
WEHL is the vaelocity in the ventilation openings or combustion air pipes laking in account the secondary
air, in m's
o8 iz the density of the combustion and the secondary air (see 5.11.4), in kg.'m’;
R iz the coefficient of friction of the pipe of the ventilation openings or combustion air pipe taking in
account the secondary air;
Z & sum of the coeflicients of local resistance of the ventilation openings or combustion air supply
= (see 5.11.4).

5.10.3.3 shall be used for the determination of the coefficient of friction of the pipe of the ventilation openings
or combustion air pipe taking in account the secondary air g .

The velocity in the ventilation openings or combustion air pipe taking in account the secondary air wesy, shall
be derived from the following formula:

S AL,
Wi L o s (53)

AH e

where

Ar is the cross-secton of the ventilation openings or combustion air pipe (see 5.11.4);

i is the flue gas mass flow before admixture of secondary air, in ka's;

mw iz the secondary air mass flow, in kg's;

i) iz the ratio of combustion air mass flow to the flue gas mass flow (see 5.11.4);

o8 iz the density of the combustion and the secondary air (see 5.11.4), in kg.fma_

6.4.2 Draught required for the secondary air devices (Pu.)

The draught required for the draught regulator Py shall be derived from the following formula:
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al
",;' Wl in Pa (54)

P.\'l =dg iy ta, ﬂ‘li] ' 51= [l tg, .1} '

The draught required for the draught diverter P, shall be denved from the following formula;

(g o
Py=P 222 inpa (55)

o om

where

g is the reference input value of the draught regulator, in Pa;

64 is the charactenstic value for secondary air devices (draught regulator) {see Table B.7), in Pa/{kg/'s)

2 is the characteristic value for secondary air devices (draught regulator) {see Table B.7), in Pal(kg's)";

1 is the flue gas mass flow, in kg/s;

ity is the secondary air mass flow, in kg's;

Py is the minimum draught for the heating appliance, in Pa;

S is the flow safety coefficient;

Wiy is the velocity of the flue gas mixture after admixture of secondary air, in m/'s;

Pa is the density of the flue gas mixture after admixture of secondary air, in kg.l'ma,'

- i5 the individual coefficient of resistance for secondary air inlet (see in Table B.B, No, §).

The reference input valua of the secondary air device ap shall be derived fram the sum of the minimum ar
maximum draught for the heating appliance Py or Py, and for the flue gas route to the secondary air device.

For the check of the termperature requirements the following formula is valid:
— for By + Pryy < 104, = 10, in Pa (56}
and
—  for Py # Peyy 2 1005 = Py + Py in Pa (57
For the check of the pressure requirement for maximum draught the following formula is valid:

fa = Piimax + Py, in Pa (57a)

whers

Pro i5 the effective pressure resistance for that part of the connecting flue pipe before the draught
regulator, in Pa;

Py is the minimum dracght for the heating appliance, in Pa;

Pamax 15 the maximum draught for the heating appliance, in Pa.

6.4.3 Pressure resistance for that part of the connecting flue pipe before the secondary air device
(Peva)

The effective pressure resistance for that part of the connecting flue pipe before the draught regulator Peyy
shall be determinad in accordance with 5,11.2,
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If the draught regulator is arranged in the chimney, the chimney section up to the draught regulator can be
treated as a separate par using the dala approprigte to the chimney. Peyy shall be taken as 0 for a draught
diverter.

6.4.4 Pressure requirement with secondary air
For gach secondary air mass flow, the minimum draught required or the maximum allowed draught at the flue
gas inlet into the chimnay Pz, OF Prawe.: shall be determined and compared with the draught at this point Py or
-pZmax-
For the check of the temperature requirements the following formula shall be fulfilled:

Pz = Py-Pg - PLE Py + Py + Pry; = Ppe, in Pa (S8}
Faor the check of the pressure requirement for maximum draught the following formula shall be fulfilled:

Frmen = Py = Pr 8 Py + P + Prya = Pramas, in Pa (S8a)

whera

Pare i15 the draught required for air supply with secondary air, in Pa;

Pry: s the effective pressure resistance for that part of the connecting flue pipe after the draught regulator
or after the dravght divener, in Pa;,

Py is the theoretical draught available due to chimney effect, in Pa;
Ta| is the wind velocity pressure, in Pa;
P is the draught required for the draught regulator or the draught diverier, in Pa;

P is the pressure resistance of the chimney, in Fa.

NOTE The values af Py and Py in Farmulas (58) and (58a) may be different because the conditions may be different.

For a draught regulator which is located in the chimney above the flug gas inlet, the pressune requirement
after the draught regulator shall be proven.

6.5 Temperature requirement with secondary air
The temperature reguirement at the chimney outlet shall be proven in accordance with 5.8 and 3.12 with the

physical properties of the flug gas-secandary air mixiuneg,

7 Calculation method for balanced flue chimneys

7.1 General principles

The calculation of inside dimensions {cross section) of negative pressure chimneys is based on the following
four criteria:

—  the minimum draught at the flue gas inlet into the chimney shall be equal to or greater than the minimum
draught reguired at the flue gas inlet into the chimney;,

— the minimum draught at the flue gas inlet to the chimney shall be equal to or greater than the effective
pressure resistance at the outlet of the air supply duct;

— the maximum draught at the flue gas inlet into the chimney shall be equal to or less than the maximum
allowed draught at the flug gas inlet into the chimney.
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— the temperature of the inner wall at the outlet of the chimney shall be egual to or greater than the
temperature limit.

The calculation of inside dimensions (cross section) of positive pressure is based on the following four criteria:

— the maximum positive pressure at the flue gas inlet into the chimney shall be equal or less than the
maximum differential pressure at the flue gas inlet into the chimney;

— the maximum positive pressure in the connecting flue pipe and in the chimney shall not be higher than the
difference between the excess pressure for which both are designated and the pressure of the
surrgunding supply air;

— the minimum positive pressure at the flue gas inlet into the chimney shall be equal or greater than the
minimum differential pressure at the flue gas inlet inta the chimney;

— the temperature of the inner wall at the outlet of the chimney shall be equal or gregter than the
temperature limit.

NOTE Tha prassura requiramants for maximum draught or minimum positive pressure are only required if thara is a
limit for the maximum draught for the negative pressure heating appliance or a minimum differential pressure of the
posilive pressire heating appliance.

In order to venfy the criteria, two sets of external condifions are used:

= the calculation of the minimum draught and maximum positive pressure 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 chimnay is minimal (i.e. low oulside lemperature).

For the calculation, a balanced flue chimney and its air supply duct shall be divided intoe Nseg chimney
segments of egual lengths each with a maximum length of 0,5 m. When the thermal resistance between the
chirmney (flue duct) and the air supply duct is higher than 0,65 m“KMW then they need not to be divided into
sagments (Nseg = 1),

The connecting flue pipe and the connecting air supply pipe shall be divided into NsegV connecting flue pipe
sagments of equal lengths each with a maximum length of 0,5 m. When the thermal resistance between the
connecting flue pipe and the connecting air supply pipe is higher than 0,65 m® + KW then the configuration
need not to be divided inlo segments (VsegV/' = 1).

7.2  Pressure reguirements

The relationships {1), (2a) and {59), for negative pressure chimneys or (3), {5a), (80) and {81} for positive
prassure chimneys shall be verified for all relevant operating conditions,

 PzP_+P,_.inPa {53}
P € P ~(Fin _Pllﬂ]‘in Pa (60)
P+ By = P = B in Pa (61)

where
Py is the draught at the flue gas inlet into the chimney, in Pa;
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Py is the positive pressure at the flue gas inlet into the chimney, in Pa;

Feg is the pressure resistance of the air supply duct, in Pa;

Fig is the thaoretical draught available due to chimney effect of the air supply duct, in Pa,
Pey is Ihe effective pressure resistance of the connecting flue pipa, in Pa,

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

Povaras: 15 the maximum allowed pressure from the designation of the connecting flue pipe, in Pa.

The pressure resistance for the air supply Pr shall be calculated using the following formula:
By =By + By + By + By . in Pa (B2}
where

Py is the effective pressure resistance of air supply, in Pa;

Prm  I5 the pressure resistance of the air supply duct, In Pa,

Frg s the theoretical draught available due to chimney effect of the air supply duet, in Pa;

Prgy 13 the pressure resistance of the connecting air supply pipe, in Fa;

Prgy  is the theoretical draught available due to chimney effect of the connecting air supply pipe, in Pa.
7.3 Temperature requirements

The relationships (6) and {7) shall be verified.

7.4 Calculation procedure

For the calculation of the pressure and temperature values for the relationships of Formulas (1), (2a), (3), (5a).
[B), (59), (60}, and (61) the values of the flue gas data, characterised according to 5.5, shall be obtained for
the appliance. The data specified in 7.6 shall be obtained for the chimney, the connecting flue pipe, the air
supply duct and the connecting air supply pipe. For new built chimneys a pre-estimated value for the flue size
should be vsed,

7.7 to ¥.11 provide calculabons needed to finalise the chimney thermal and fluid dynamic calculations. In 7.7
the formulas provide the calculation of the basic data which are needed for further calculation.

The formulas for the calculations of the relevant lemperatures ara compiled in 5.5.3 and 7.8. The formulas for
the density of the flue gas and its velocity are compiled in 7.9.

The procedure in 7.10 and 7.11 shall be used to validate the pressure requirement. The procedure in 7.12
shall be used to validate the temperature requirement,

The validation for pressure and lemperature requirement shall be conducted twice:
— for the nominal heat output of the heating appliance and

— for the lowest value of the heat output range which is indicated by the manufacturer of the heating
appliance,

7.5 Flue gas data characterizing the heating appliance

The flue gas data characterizing the heating appliance shall be calculated in aocordance with 5.5.
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7.6 Characteristic data for the calculation
The characteristic data shall be calculated in accordance with 5.8,

The mean value for rovghness of the air supply duct sy and the connecting air supply pipe rgy should be
ablained from Ihe product manufacturer. The mean values for roughness of materials narmally used are listed
in Table B.4.

The thermal resistance of the air supply duct {1/A)s and the connecting air supply pipe (1/A)gy can be
determined as descrbed in 5.6.3 for chimneys. In Formula (10) 1 is the hydraulic diameter of the inside of
the air supply duct Dy or of the connecting air supply pipe Dygy.

7.7 Basic values for the calculation

7.7.1  Airtemperatures
T7.711 General

& differentiation shall be made between the external air temperature and the ambient air temperatures for
chimneys which pass through heated areas.

7.7.1.2  External air temperature (T.)

Ta check that the pressure reguirement has been met the external air temperature T} for heating systems is
normally calculated using:

7, =288,15K (1, =15 °C) for the calculation of minimum draught or maximum positive pressure at
’ the flue gas inlet into the chimney.

T =28815K {1 =-15°C) for the calculation of maximum draught or minimum positive pressure at
- - the flue gas inlet into the chimney.
Other values for T, may be used based on national accepted data.

7.71.3  Ambient air temperature {T,)

To check that the pressure requirement for the minimum draught or maximum positive pressure has been mat
the ambient air temperature T, = T, shall be used. To check that the pressure requirement for the maximum
draught or minimum positive pressure and the temperature requirement have been met the following values
for ambient air temperatures T, shall be used:

r,=1 (1. =1)

T, =288,15 K (i, = 15°C)
T, =29315 K {1, = 20°C)
ry=T1, (f,=1,)
T, =27315K (1,=10"C)

Other values for T, may be used based on national accepted data.
where

T is the ambient air temperature at the chimney outlet, in K;
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T is the ambient air temperature for boiler room, in K;
Tun is the ambient air temperature for heated areas, in K;
T is the ambient air temperature for areas external to the building, in K;

T is the ambient air temparature for unheated areas inside the building, in K.

7.7.2  Other basic values

COther basic values shall be calculated in accordance with 5.7.2 1o 5.7.6 and 5.7.8,
7.8 Determination of the temperatures

7.8.1 Non-concentric (separate) ducts

When the thermal resistance between the flue duct and the air supply duct is equal 1o or higher than 0,65
m’ - KM the determination of the temperatures of the flue gas for separate ducts shall be calculated
according to Clause 5. The temperature of the supply air within the air ducts shall be taken equal to the
external air temperature.

When the thermal resistance between the flue duct and the air supply duct is less than 0,65 m® - KM but
equal to or higher than the thermal resistance of the outer duct walls the determination of the temperaturas of
the flue gas for separate ducts shall be calculated according to Clawse 5. The mean temperature of the supply
airin the air supply duct T, shall be calculated using the fellowing formula:

1
I.,=—=—=.ink 63
mik {]1?+ﬂ,3 n f :l
1

?

1m

where

T, is the external air temperalure, in K

Tw  isthe mean lemperature of the flue gas, in K

Otherwise the determination of the tempearatures shall be undertaken in a similar way as describad in 7.8.2 or
7.8.3.

7.8.2 Concentric ducts — calculation based on a correction factor for heat radiation

T.8.21 General

For concentric ducts, also the values to satisfy the pressure reguirements shall be wsed for calculating for
temperature eguilibrium.

For the calculation of the temperature values in & concentric duct an iterative procedure is necessary, It is
recommended to start the calculation at the first connecting flue pipe segment j = 1 using a pre-estimated
valug for the temperature of the supply air at the outlet of the concentric connecting air supply pipe Tey 1.
Then T.ay 4 shall be searched iteratively using the formulas in 7.8.2 until the following conditions are fulfilled:

T

e Nerg -

T |21, ink {B4)

where
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Tepv s is the temperature of the supply air at the outlet of the connecting air supply pipe segment 1, in K;
Temrsag 15 the temperature of the supply air at the inlet of the chimney segment Neeg, in K;

n is the temperatura of the external air, in K;

T is the ambient air temperature at the chimney outlet, in K;

MNreg is the number of chimney segments used in the caloulation,

7.8.2.2 Temperatures in the connecting flue pipe and connecting air supply pipe segments

Whean the thermal resistance between the connecting flua pipe and the connecling air supply pipe is higher
than 0,65 m* KA then the temperatures in the connecting flue pipe and the connecting air supply pipe shall
be calculated in accordance to Clause 5. Then the temperature of the supply air at the beginning of the
connecting air supply pipe segment § = NsegV Top neagy has to be pre-estimated instead of the temperature at
the end of the connecting air supply pipe segment = 1 Tz, (s2e 7.8.2.1).

Otherwise the determination of the temperatures in the connecting flue pipe and in the connecting air supply
pipe shall be undertaken as follows:

The flue gas temperature at the connecting flue pipe inlet, that means the beginning of the first connecting flue
pipe segment j=1 T, is

T, =T . inK (65)

Wl T Ay
The flue gas temperature at the beginning of the connecting flue pipe segments j > 1 T, is:

=T

wllgn

in kK (66)

T-:.".-',l
where

T is the temperature of the flue gas at the beginning of the connecting flue pipe segment j, in K;

;
T i5 the temperature of the flue gas at the outlet of the apphance, in K;

Tar;, 5 the temperature of the flue gas at the end of the connecting flue pipe segment f, in K,

The temperature of the supply air at the end of the connecting air supply segment j = 1 Tg, has 10 be pre-
estimated (see 7.8.2.1).

MNOTE 1 Im addition to checking the temperature requirement of the chimney, a check of the supply air temperature at
the end of the connecting air supply pipe segment | = 1 g, may also be underaken if there exists & maximum air inlet
temperature for the heating appliance given by the manufachurer,

The temperature of the supply air at the end of connecting air supply pipe segments j = 1 T, is:
T, =Ty o inK (67)
where

Tem is the temperature of the supply air at the end of connecting pipe segment j, in K;

Tty is the temperature of the supply air at the beginning of connecting pipe segment j, in K.

The flue gas temperature at the end of the concentric connecting flue pipe segment j T, shall be calculated
using the following formula:

48



BS EM 13384-1:2015
EN 13384-1:2015 (E)

T {2_ Rv.,]'{:_ K:w._. }Tw. 2 Kl'._,- '[Ev.,. ’ Ev.,- EI?-:IH\".) y K.ﬁ'l'_. 'I.v.,-}
1

pr . JinK (B8)
(24K, J{2-Ky )-2K,,  E
with
e,
E,, =—T (69)
m—.l_ '{\-Fn".'_.l
where
T iz the temperature of the flue gas at the end of connection flue pipe segment j, in K;
Tev 15 the temperature of the flue gas at the beginning of connecting flue pipe segment §, in K;
Taru; is the temperature of the supply air at the end of the connecting air supply pipe segment J, in K;
Ty is the termperature of the ambient air of the connecting flue pipe segment j, in K;
Ky is the coeflicient of cooling of connecting flue pipe segmant
Kpwj iz the coefficient of cooling of the connecting air supply pipe segment j;
] iz the mass flow of the flue gas, in kg/fs;
i iz the specific heat capacity of the flue gas in connecting flue pipe segment §, in J/{kg-K);
Hig is the mass flow of the supply air, in kg's;

Cpa is the specific heat capacity of the supply air in connecting air supply pipe segment j, in J/(kg-K);

Eyj is the heat flux ratic between the flue gas and the combustion air in the connecting flue pipe segment
i

The supply air temperature at the beginning of the concentric connecting air supply pipe segment § Tz, shall
be calculated using following formula:

?:-H'\"._,- TLV,- ’ ;i:-'.'.; Tn.l-‘r i K_[EV-; ?:"-'-f}' in K (70)
Vi
wherg
Ly is the temperature of the supply air at the beginning of connecting air supply pipe segment j, in K;

Tavi is the temperature of the flue gas at the beginning of connecting flue pipe segment §, in K;

Tow is the temperature of the flue gas al the end of the flue of the connecting flue pipe segment j, iIn K;

III
Taru; is the temperature of the supply air at the end of connecting air supply pipe segment J, in K;
Ko is the coeflicient of coaling of the flue of connecting flue pipe segment

NOTE2  The formulas ahove are derved assuming that the heat exchange can be approximately calculated from the
diffarance In mean lemperatungs,

The temperature of the flue gas averaged over the length of the concentnc connecting flue pipe segment |
T, 5hall be calculated using the following farmula:

T, +T.
I.-.-v_. = TN e {71)

a4
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where

Ty I8 the temperature of the flue gas averaged over the length of the connecting flue pipe segment j, in K;
T

Ty

is the temperature of the flue gas at the beginning of the connecting flue pipe segment j, in K;

is the termperature of the flue gas at the end of the connecting flue pipe segment J, in K,

The temperature of the supply air averaged over the length of the concentric connecting air supply pipe
segment j T_p.,j shall be calculated using the following farmula:

_ T:-Is‘-',,
mAvy

oV

+T
5 Lin K (72}

where

Teay; I8 the temperature of the supply air averaged over the length of the connecting air supply pipe
segment j, in K;

Temyy 5 the temperature of the supply air at the beginning of connecting air supply pipe segment j, in K,
Ty, I8 the temperature of the supply air at the end of connecting air supply pipe segment j, in K.

7.8.2.3 Temperatures in the chimney and air supply duct segments

The flue gas temperature gt the chimney inlet, that means the beginning of the first chimney segment =1 T4
i5:

T, = r\v_'."ﬂ;r-' Jn K (73}

The flue gas temperature at the beginning of the chimney segments /> 1 T, is:

r =T

o) o=l 1

in K 74y
where

Tui is the temperature of the flue gas at the beginning of the chimney segment j, in K;
Ty ey 15 the temperature of the flue gas at the end of the connecting flue pipe segment Neegl’, in K;
T is the temperature of the flue gas at the end aof the chimney segmant f, in K.

The temperature of the supply air at the end of the air supply duct segment j =1 Tppy 15

T

i, ]

=Ty ey o N K (75)

The temperature of the supply air at the end of air supply duct segments § > 1 Tz is:
T:.rq_- = I:-u_-- Jn K (78}

where

T, is the termperature of the supply air at the end of the air supply duct segmen §, in K;

Tapw ey 15 the temperature of the supply air at the beginning of the connecting air supply pipe segment
Nsegh, in K;
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TeBi is the temperature of the supply air at the beginning of the air supply segment j, in K

The flue gas temperature at the end of the concentric chimney segment § 7., shall be calculated using the
following formula:

- Vi . . . . . -
= {2 'hs } (" Kik' } ?;;1 2 K-; !."E:' E:’ 2 T:'“-x HR By I"'} in K {77}
(9] - - ¥
(2+K,)-(2-K,,)-2:K ,-E,
with
o
E, =—2" (78)
Ty .Epril_l

where
Tas is the temperature of the flue gas at the end of the chimney segment j, in K;
T is Ihe temperature of the flue gas at the beginning of the chimney segment |, in K;
Toiz, is the temperature of the supply air at the end of air supply duct segment §, in K;
Ty is the ambient air temperature of the chimney segment j, in K;
K is the coeflicient of cooling of the flue duct of the chimney segment | ;
K, iz the coefficient of cooling of the air supply duct of the air supply duct segment § ;
] iz the mass flow of the flue gas, in kg's
oy is the specific heat capacity of the flue gas in the chimney segment j, in J(kg - K);
iy, is the mass flow of the supply air, in ka's;

e is the specific heat capacity of the supply air in the air supply duct segment J, in J/(kg - K);

E; is the heat flux ratio between the flue gas and the supply air in the chimney segment §,

The supply air temperature at the beginning of the concentric air supply duct segment j T.s, shall be
calculated using the following formula;

2 :
T =I:.,—]:,—T,;.\,—F{?:_.—Tﬁf},lnk{ (79)
where
Ten, is the temperature of the supply air at the beginning of air supply duct segment j, in K;

Tas 15 the temperature of the flue gas at the beginning of chimney segment j, In K;

T is the temperature of the flue gas at the end of chimney segment j, in K;
Tas, s the temperature of the supply air at the end of air supply duct segment j, in K;

K, is the coefficient of conling of the flue duct of chimneay segment f;

MNOTE The formulas above are derived assuming that the heat exchange can be approximately calculated from the
difference in mean Emperalures,
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The temperature of the flue gas averaged over the length of the concentric chimney segment § T, shall be
calculated using the following formula:

T'I T-:Il
T, =——" inkK (BO)

k| +

where

T is the temperature of the flue gas averaged over the length of the chimney segment j, in K;
Tas is the temperature of the flue gas at the beginning of the chimney segment j, in K;

T is the temperature of the flue gas at the end of chimnay segmaent j, in K.

The temperature of the supply air averaged over the length of the concentric air supply duct segment § Toa,
shall be calculated using the following formula:

T

_ Cehy +T:lr|.J . H
mHy; .
2

(81}
where

Twm, isthe temperature of the supply air averaged over the length of air supply duct segment j. in K;
Ten, 5 the temperature of the supply air at the beginning of air supply duct segment |, in K;
Ty 15 the temperature of the supply air at the end of air supply duct segment |, in K,

- U hab _
=" DHH -]
Dha
_Dri(=0h)
4; Tog [ Tess |- 4
7 3 ] % 3.
i
; | 7 2.
i Tu.l
f// 1 _/.;
f_ 5 o 1--
e 3 - 5
Tay Ty
v . ™ =
San ]
(1ia)g (A
“y i
Key
1 e {with flue gas)
2 flue duct
3 air supply passage (with supply air)
4 air supply duct
5  ambiant air

Figure 1 — Definition of the symbols used for the calculation of concentric balanced flue systems
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7.8.24 Calculation of coefficient of coocling

The coefficient of cooling of the flue duct of the connecting flue pipe segment j £, shall be calculated using
the following formula:

k. ULy )
Coonecy, - Neegh
where
Ky 15 the coefficient of cooling of the connecting flue pipe segment § ;
L is the coefficient of heat fransmission between flue and the air supply passage of connecting flue
pipe segment j, in Wim’-K);
L is the circumference of the flue of the connecting flue pipe j, inm;
Ly is the length of connecting flue pipe, in m;
| is the flue gas mass flow, in ka's,
S iz the specific heat capacity of the flug gas in the connecting flue pipe segment j, in J/{kg - K},

Nsegh s Ihe number of connecting flue pipe segments.
The coefficient of cooling of the air supply duct of the connecting air supply pipe K, shall be calculated using
the following formula:

ST Y S
Klw, . L Ul : (83)
My €y, - Nsegl

whera

Ky, iz the coefficient of cooling of connecting air supply pipe segment j ;

gy iz the coefficient of heat transmiszion betwesn the supply air and the ambient air for the connecting
air supply pipe segment j, in wx[m’-m;

L is the circumference of the inside of the air supply duct of the connecting air supply pipe, in m;

Lo is the length of the connecting air supply pipe, in m;

i, is the mass flow of the supply air, in ka's;

oy is the specific heal capacity of the supply air in the connecling air supply pipe segment j, in
Jikg - K,

Nsegh is the number of connecting flue pipe sagmeants.

The coefficient of cooling of the flue duct segment j K, shall be calculated using the following formula:

k U-L
K,, = (B84)

m-c - Nseg

wheara

K, is the coefficient of cooling of the flue duct of the chimney segment j;

k; iz the coefficient of heat fransmission between flue and the air supply passage of the chimney

segment f, in W.ftm;-l-( |
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i is the circumference of the flue, in m;

L is the length of the chimney seament, in m;

i is the mass flow of the flue gas, in kg's:

Cpa is the specific heat capacity of the flue gas in the chimney segment J, in Jikg - K);
Nseg is the number of chimney segments.

The coeflicient of coaling of the air supply duct segment § Ky, shall be calculated using the following formula:

K = k:k, 'Uﬂ: ’ 'r'TI (85)

| ¥
Wiy -C oy - Nseg

where

g, is the coefficient of cooling of the supply air duct of the chimney segment j;

ke, is the coeflicient of heat transmission between the supply air and the ambient air of tha chimney
segment J, in Wim>K);

Ug is the circumference of the inside of the air supply duct, in m;
Ly is the length of tha air supply duct, in m;

i, is the mass flow of the supply air, in g's;

Cpl iz the specific heat capacity of the supply air in the chimney segment j, in J/(kg - K);
Neerr  is the number of chimney segments.

7.8.2.5 Coefficient of heat transmissions

7.8.2.51 Coefficient of heat transmissions between the flue gas and the supply air of the concentric
connection pipe (k)

The coefficient of heat transmission between the flue gas and the supply air of the connecting pipe segment j
&y, shall be caleulated using the following formula:

]

k., = _ Lin Wt K (86
Yo [ 1 ‘] D, ] )
|- t—
ai'l.rJ . I W D":l'l.’ -QH."-'.I -bl il
where
Ly i5 the coeflicient of heal transmission betwean the flue gas and the supply air of the connecting flue

pipe segment j, in Wim® - KJ;

[' l ) is the thermal resistance of the flue duct of the connecting flue pipe, in trn‘-' - KWW
W

Dy is the hydraulic diameter of the flue of connecting flue pipe, in m;
Dhegy is the hydraulic diameter of the outside of the flue duct of the connecting flue pipe, in m;
iy is the coefficient of heat transfer betwean the flue gas and the inner surface of the flue duct of the
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connecting flue pipe segment §, in 'l.l‘n.l'."{rn2 - Kl

gy, iz the coefficient of heat transfer between the supply air and the outer surface of the flue duct of the
connecting flue pipe segment j, in Wim® - K);

Stant iz the correction factor for the heat transfer by radiation.

Im order to account for the effects of radiation from the outer surface of the flue duct o the inner surface of the
air supply duct of the concentric connection pipes the calculation of &y includes a correction factor for radiation
Seza, for 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.

The coefficient of heat transfer in the connection pipe «,, shall be calculated using the following farmula:

Ay - N
a., —% in Wiim’ « K) (87)

ey
BV

where

Dy is the internal hydraulic diameter of the connecting flue pipe, in m;

Mk is the Nussall numbaer in the connecting flug pipe segment j;

hay, is the coefficient of thermal conductivity of the flue gas in the connecting flue pipe segment j, in
Wim « K.

The coefficient of thermal conductivity of the flue gas /., shall be calculated depending on the mean flue gas

temperature in the connecting flue pipe segment  using in Tables B.1 and B.8,

The mean Musselt number Me,, over the length of the concentric connecting flue pipe segment j shall be
calculated using the following formula:

(L i D » T
s, % |
Niy, =| —L | -0,0214 (R’ —100)- P2 - |1+ [AJ (88)
i of W
\ wﬂn;\-n:h'.".. v
where
e is the internal hydraulic dismeter of the connecting flue pipe, in m;
Looiw is Ihe Iotal length of the connacting flue pipa from the flue gas outlet of the heating appliance to the
flue gas inlet into the chimney, in m;

Pry, i= the Prandtl number;
Rey is the Reynolds number,;
Wy, is the coefficient of the flow resistance due to friction for hydraulically rough flow (see 5.10.3.3);

Wercary;, 15 the is the coeflicient of the flow resistance due lo friction for hydraulically smoath flow
(5.10.3.3 for r = O).

b

LJ <31 and 0 <Pry, <15

The formula can be used for 2 300 < Rey, < 10 000 000

. W et

For mean flue gas velocity w,,, < 0,5 mis, take Nusselt number appropriate to w,, = 0,5 m/s.
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For Reynolds numbers below 2 300, take Nusselt number appropriate to Re,, = 2 300,

The Prandtl number Fr,, shall be calculated using the following formula:

I s
Pr, = ey (89)

i.'\”.r
The Reynolds numbear fe, shall be calculated using the following formula:

W DI:\-' " Py

Re,, =— (90}
’?.'.v,-

where

Ty is the specific heat capacity of the flue gas. in Ji(kg - K);
D is the intemal hydraulic diameter of the connecting flue pipe, in m;

Wity is the mean flue gas valocity (sea 7.9.1), in m/s;

vy is the dynamic viscosity of the flue gas, in N - sim’;
Aavy is the coefficient of thermal conductivity of the, in Wim - KJ;
Do is the mean density of the flue gas (see 7.9.1), in hgﬂm‘g.

The dynamic viscosity ya,, shall be calculated dependent on the flue gas temperature using Formula (B.10) in
Table B.1.

The internal coafficient of heat ransfer ., can also be calculated on wet designated chimneys as indicated, if
the heat of condensation is not taken into acoount.

For o, the following formula shall be used:

Ay, - Nug,

& L, in Wiim® - K) o)
Dhl“’
with
DhH‘\." =¥. in (92)
L':.'.r + L'ﬂw
n = IL16&
'M“N,- = ﬂ:E‘E" : [ﬁ - J"I:r!f-.p‘-'.' [93}
B’
and
w T D e
h'lunx,rg i L -0, [}2]4-{.&;_{35 |[_].|'_]}, Fi',:b;:_; ,[] o hAY ) (94)
smoathBY, ) L ity
R(-'"p.", = H-".-.W J ) DI'-'I"" i Pwﬁ‘l' J [95}

T
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where
hay, is the thermal conductivity of the supply air in the concenfric connecting air supply pipe
segment j, in Wiim® « K);
Nuigy, is the Nusselt number for the outside of the flue duct of the connecting air supply pipe;
Dy is the hydraulic diameter of connecting air supply pipe, in m;
Agy i the cross-sectional area of connecting air supply pipe, in m®;
[y is the hydraulic diameter of the outside of the flue duct of the connecting flue pipe, in m;
Ugy i5 the circumference of the inside of connecting air supply pipe, in m;
U is the circumference of the outside of the flue duct of the conneching flue pipe, In m;
Mgy is the Nusselt number for a connecting air supply pipe segment j;
iy ; is the higher of tha value of the coeflicient of friction of the inside of the air supply duct and

the outside af the flue duct of the connecting flue pipe sagment f,
ameemhine, 15 the coefficient of friction of the connecting air supply pipe segment § for hydraulically

smooath flow;

Regy, iz the Reynolds number of the air supply in connecting air supply pipe segment j;

Prgy is the Prandtl number of the supply air in connecting air supply pipe segment j;

Loy is the total length of the connecting air supply pipe from the supply air outlet of the air supply
duct 1o the supply air inlet into the heating appliance, in m;

WirBy is the mean velocity of the supply air in the connecting air supply pipe segment j (see 7.9.2),

wa, ty poly g pply pipe seg i )

in mfs;

P is the mean density of the supply air in the connecting air supply pipe segment J, in kgim®;

i, is the dynamic viscosity of the supply air in the connecting air supply pipe segment j, Nsim®,

7.8.2.5.2 Coefficient of heat transmissions between the supply air and the ambient air for concentric
connection pipes (kg )

The coefficient of hest transmission between the supply air and the ambient air for concentric connection
pipes kgy, shall be calculated using the following formula:

l

ko = . i Wim® - K) [96)
By 1 Ir 1 ] -
b — fpo—
Bav, Nl Dy 0y,
where
Loy iz the coefficient of heat transmission between the supply air and the ambient air for the
connecting flue pipe segment §f, in WF{mJ-K};
iy, is the coefficient of heat transfer between the supply air and the inner surface of the air supply
duct of the connecting flue pipe segment j, in Wim® - K);
[ 1 } is the thermal resistance of the connecting air supply pipe, in {m® - KW,
A Jo
gy iz the hydraulic diameter of the inside of the connecting air supply pipe, in m;
Dygy is the hydraulic diameter of the outside of the connecting air supply pipe, in m;
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Taay, i5 the coefficient of heat transfer between the outside of the connecting air supply pipe segment
Jand the ambient air, in W/im® - K).

For the calculation of o5, the following formulas shall be used:

N A . Mflm,l

Gy, = —————, inWi{m* - K) (97}
v
with
N L&
Nug, = 1-0,14 |I D""‘r ] - Ny, [28)
b Huiay

Dy according lo Formula (92) and Nug, ; according 1o Formula (94),

where

Agy) is the thermal conductivity of the supply air in the connecting air supply pipe segment j, in 1."I||'J’:mz - K);
Mugy,  is the Nusselt number for a reference pipe flow for connecting air supply pipe segment j;

Ny,  is the Nusselt number of the inside of the connecting air supply pipe segment j;

h i is the hydraulic diameter of the connecting air supply pipe, inm;

Dhigy i the hydraulic diameter of the inside of the connecting air supply pipe, in m;

[y is the hydraulic diameter of the outside of the flue duct of the connecting flue pipe, inm,

7.8.25.3 Coefficient of heat trangmissions between the flue and the air supply passage for
concentric ducts (&)

For the calculation of the coefficient of heat transmission between the flue and the air supply passage for
concentric ducts &, (see Figure 1} the following formula shall be used:

_ in WM - K) (9a}
L_| lJ_ D,
o, 1 D:-.u Lo "Slum
where
k; iz the coefficient of heat transmission between the flue and the air supply passage of the chimney
segment j, in Wim® - K);
i, is the coefficient of heat transfer between the flue gas and the inner surface of the flue duct of the
chimney segment j, in Wiim® - K);
[ 98 is the coefficient of heat transfer between the supply air and the outer surface of the flue duct of the
chimney segment j, in Wftmz K,
I is the hydraulic diameter of the flug, in m;

I, is the hydraulic diameter of the outside of the flue duct, in m;

[ | 7 iz the thermal resistance of the flue duct, in W.ffrn2 - K
)
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S is the comection factor for radiation from the outer surface of the flue duct to the inner surface of the
air supply duct.

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 the calculation of the coefficient of heat transmission & includes a correction factor for radiation
Sraas 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.

The coefficient of heat transfer in the chimney segment «,; shall be calculated using the following formula:

A, M
a =22 i wim® - k) (100)
D,

where

Dy is the internal hydraulic diameter of the flue, inm;
N

1, is the Musselt number of the flue in the chimney segment j;

Aa; s the coefficient of thermal conductivity of the flue gas in the chimney segment j, in W/(m - K).

The coeflicient of thermal conductivity of the flue gas /1, shall be calculated depending on the mean flue gas
temperature uging the formula in Tables B.1 and B.B.

The mean Musselt number Nu, over the height of the chimney shall be calculated using the following formula:

/ W ILAT ) oan
W % D
Nu, =| — J 0,0214-(Re"" ~100)- P+ - 1|L—") (101)
- w\"r-crL",; -l

where
Dy, is the internal hydraulic diameter of the flue, in m;
Laen is Ihe total length frarm flue gas inlet into the chimney 1o the chimney oullet, in m;
Fr, iz the Prandtl number of the flue gas in chimney segment f;
e, is the Reynolds number of the flue gas in chimney segment ;
W is the coefficient of the flow resistance due to friction for hydraulically rough flow of the chimneay

segment [ (see 5.10.3.3),

Ta— is the coeflicient of the flow resistance due to friction for hydraulically smooth flow of the chimney
gegment f (see 5.10.3.3 for » = 0).

W
The formula can be used for 2 300 < Re, < 10 000 000 — |=3and 0B <P, <15
W

L —
For mean flue gas velocity wy, < 0,5 mis, take Nussell number appropriate 10wy, = 0,5 m's
For Reynolds numbers below 2 300, take Nusselt number appropriate to Re, = 2 300,

The Prandtl number Pr, shell be caloulated using the following formula:
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¥ - C

Pr, = 'F"--n' Y {192}

Ay
The Reynolds number e shall be calculated using the following formula:
w, D oo
Re, = P (103)
By,

where
€y is the specific heat capacity of the flue gas in the chimney segment j, in J/(kg - K);
I, is the internal hydraulic diameter of the flue, in m;
Wiy is the mean flue gas velocity in the chimney segment § (see 5.9), in m/s;
o, is the dynamic viscosity of the flue gas in the chimney segment j, in Ns/m®;
a, is the coefficient of thermal conductivity of the flue gas in the chimney segment §, in W/im - K);
P is the mean dansity of the flug gas in the chimney segment j (see 5.9), in kg.l'ma.

The dynamic viscosity 5., shall be calculated dependent on the flue gas temperature using Formula (B.10} in
Table B.1.

The internal coefficient of heat transfer &;; can also be calculated on wet designated chimneys as indicated, if
the heat of condensation is not taken into account,

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 § i, the following formula shall be used:

Ay o N

a, =2 i wim® - K) (104)
Iz}
with
4.4
D.o=——2> inm (105)
U.. ' U.:L
0Ll
Nu =0 36-[ Dy, Nu {108)
iyl 1 By
\ DI
and
LN - LN
¥y 08 . 04 Dy,
Ni, =| —=— 1 -0,0214-(Re, " ~100)- Pr, "*-| 1+ (107)
\ t smoathfy ‘\. al
with
W, D
RE"K_ _ il hh .Inmﬂ.,l {...IDB}
' "F'IF.'
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where
Oa, is the coefficient of heat transfer between the supply air and the outer surface of the flue duct of
the chimney segment j, Wim® - K);
Aa, is the thermal conductivity of the supply air in the chimney segment j, Wim - K);
Nitg, is the Musselt number for the outside of the flue duct of the chimney seament f;
D is the hydraulic dismeter of the air supply passage, in m;
Ag is the cross-sectional area of the air supply duct, in m?;
s is the circumference of the inside of the air supply duct, in m;
Uy is the circumference of the outside of the flue duct, in m;
Dha is the hydraulic diameter of the outside of the flue duct, in m;
Mg ; is the Nusselt number for a reference pipe flow,
[ is the higher of the value of the coafficient of friction of the inside of the air supply duct and the

autside of the flue duct segment j;
Wemecentz, 15 the coefficient of friction of the air supply for hydraulically smooth flow of the air supply duct

segment J;

Reg, is the Reynolds number of the air supply in air supply duct segment j;

Prg, is the Prandll number of the supply air in air supply duct segment j,

L ki is the total length of the air supply duct from the supply air inlet at the outside atmosphere to
the supply air inlet of the connecting air supply pipe, in m;

Wil iz the average velocity of the supply air in air supply duct segment j, in m/s;

Dby is the density of the supply air averaged over the length of the air supply duct segment j, in
kg.’m"‘:

R, is the dynamic viscosity of the supply air in air supply duct segment j, in m” - s,

For mean flue gas velocity wye, < 0,5 mis, take Musselt number appropriate to we.s = 0,5 mis.
For Reynolds numbers below 2 300, take Musselt number appropriate to Reg, = 2 300,

7.8.2.54 Coefficient of heat transmissions between the supply air and the ambient air for concentric
ducts (kg)

The coefficient of heat transmission between the supply air and the ambient air 45, shall ba calculated using
the following formula in case of conceniric ducts:

ky, = L in Wim® - K) (1089)
' ;+[L] D
@p, \Aly Doy,
where
b is the coeflicient of heat lransmission between the supply air and the ambient air of chimney
segment ), in w.ftrng-K],'
i is the coefficient of heat transfer between the supply air and the inner surface of the air supply duct

of chimney segment |, in w.f{m?-K‘::

[ 1 ] is the thermal resistance of the air supply duct, in Wim® - K);
]
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where
0y, is the coefficient of heat transfer between the supply air and the cuter surface of the flue duct of
the chimney segment j, Wim~ - K);
Aa, i5 the thermal conductivity of the supply air in the chimney segment j, Wim - K);
Nity, is the Musselt number for the outside of the flue duct of the chimney segment
g is the hydraulic diameter of the air supply pessage, in m;
Ag is the cross-sectional area of the air supply duct, in rn‘-";
Ls is the circumference of the inside of the air supply duet, in m;
[ is the circumference of the outside of the flue duct, in m;
Do is the hydraulic diameter of the outside of the flue duct, in m;
Nug ; is the Nusselt number for a reference pipe flow,
[ is the higher of the value of the coafficient of friction of the inside of the air supply duct and the

outside of the flue duct segment j;
Viemecen, 15 the coafficient of friction of the air supply for hydraulically smoaoth flow of the air supply duct

segment J;

few is the Reynolds number of the air supply in air supply duct segment j;

Pry, i5 the Prandll number of the supply air in air supply ducl segrment j

L et is the ftotal length of the air supply duct from the supply air inlet at the outside atmosphere to
the supply air inlet of the connecting air supply pipe, in m;

Winh,i is the average velocity of the supply air in air supply duct segment j, in m/s;

Hinki 15 the density of the supply air averaged over the length of the air supply duct segment §, in
kg.’mg:

7Ry is the dynamic viscosity of the supply air in air supply duct segment J, inm® - 5.

For mean flue gas velocity wye, < 0,5 mis, take Nusselt number appropriate 1o we.s, = 0,5 mfs.
For Reynolds numbers below 2 300, take Nusseit number appropriate to Reg, = 2 300,

T7.8.2.5.4 Coefficient of heat transmissions between the supply air and the ambient air for concentric
ducts (k)

The coefficient of heat transmission between the supply air and the ambient air kg, shall be calculated using
the following formula in case of concenlric duets:

k., = L Wlm® - K) (109}
’ l +[ I ] + Drun
an, \A)y Dyyeg,
whera
kn is the coeflicient of heat transmission between the supply air and the ambient air of chimney
segment |, in W.l'tmz-K],'
i is the coefficient of heal transfer between the supply air and the inner surface of the air supply duct

of chimney segment |, in W.I'{m"'%':;
[ 1 ] is the thermal resistance of the air supply duct, in 'l.l"v.l'."{rn2 - K
]
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Dhag i5 the hydraulic diameter of the outside of the air supply duct, in m;

Mg i5 the hydraulic diameter of the inside of the air supply duct, in m;

i is thaaooalfin::iant of heat transfer between the autside of the air supply duct and the ambient air in
Wim™K).

For the calculation of wy, the following formula shall be used:

A, N,
g, =—t P i Wim® - K) {110)

his

with

A,
Nu. =|1 ﬂ,H-[i] Nity,, (111)

L1a ]
W hil

and g accarding to Formula (1058) and Muyg; according to Formula (107),

where

Mg, is the thermal conductivity of the supply air in of the chimney segment §, in Wiim - KJ;
Nug,  is the Musselt number for the inside of the air supply duct segment j ;

Nig,;  is the Nusselt number for a reference pipe flow,

hy  is the hydraulic diameter of the air supply passagea, in m;

Mg 8 the hydraulic diameter of the inside of the air supply duct, in m;

s is the hydraulic diameter of the outside of the flue duct of the chimney, in m.

7.8.3 Concentric ducts = calculation based on calculated heat radiation
7.8.31 General

The calculation of the heatl transfer based on a standardised correction factor for the radiation betweean the
outer surface of the flue liner and the inner surface of the ar supply duct can only consider the radiation for a
limited lampearature range and alsa for a limited range of flue gas velocities. Especially when the calculation is
to be done not anly for the determination of the cross section of the chimney but also for the determination of
the heat transfer o the supply air or to adjacent rooms, it is necessary to do the calculation with a higher
degree of accuracy. In this case it is necessary to calculate the temperatures in the chimney and in the air
supply duct with a caelculation method which considers the heat tfransfer by radiation in & more precise way,

The following clause gives a method for this calculation. In principle it is possible to solve the system of
formulas, which describe the heal transfer process in the chimney with consideration of the radiation in the
same way as it is given in 7.8.2 with solutions for the flue gas temperature at the end of a chimney segment
T, and at the end of the air supply duct segment T.q . Because the system of formulas in this case is far more
complex than in the case of a calculation based on a standardised correction factor for the radiation, the
results are far more complex than in 7.8.2, It is considered not practicable to give the solution of the system of
formulas in this document, but only to give the system of formulas and to allow the user to solve this system of
formulas with commonly used mathematical methods. Normally the system of formulas will be solved fo get
the temperatures of the flue gas and of the supply air as in 7.8.2. It is also possible to get the solutions for the
different heat transfer processes, especially for the heat transfer from the chimney to the supply air and also
from the air supply duct to the surrounding rooms.
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7.8.32 System of formulas

For the calculation of the flue gas temperatures of the chimney segments and of the segments of the
connecting flue pipe and for the corresponding supply air lemperatures solve the following system of
15 formulas, with the unknown values ge ., §a, disg T So Srada Tms Jeg Tmaq Tmie Jen, (07 Top, dependent on
the kind of iteration}, Tus. £ e, (29T

The heat transfer from the flue to the outer surface of the chimney ¢, shall be calculated using to the
following formula:

L. r )
Ue; = ] | "[T...J -7, ]' in W (112}
— [—) - Nseg
HIJ b I
where
Lr is the internal circumference of the chimney, in m;
L iz the length of the chimney, in m;
T is the mean lemperature of the flue gas in segment /, in K,
Tnay iz the mean temperature at the outer wall of the chimney segment j, in K;

is the internal coefficient of heat transfer of the flue of segment j {see Formula (100)), in 'I.n'l.l'."{rnz - K,

[r e
[ I J is the thermal resistance of the chimney, in m* KAW;
A

Nseg iz the number of chimney segments used in the calculation.
ge, =me, (T, ~T, ) inw (113)
where

is the flue gas mass flow, in ka's;
m
cn;  Isthe specific heat capacity of the flue gas in segment §, in Jilka - K);
Ta, s the flue gas temperature at the inlet of chimney segment j, in K;

T., Isthe flue gas temperature at the outlet of chimney segment J, in K.

The heat transfer from the outer wall of the chimney to the supply air g., shall be caleulated using to the
following formula:

U -La,,

Noeg (T~ T, ) inw (114)

4=

wherg

Ly is the outside circumferance of the chimnay, in m;

L i the length of the chimney, in m;
oy iS5 lh-E.-2 internal coefficient of heat transfer of the supply air of segment § (on the chimney side), in
Wim® - K);
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Twa, I5 the mean temperature of the outer wall of the chimnay in segment J, in K;
Tea,;  is the mean temperalure of the supply airin sagment §, in K;
Nyeg  is the number of chimney segments used in the calculation,

The heat transfer from the supply air to the inner wall of the air supply duct g shall be calculated using fo the
following formula:

Ui 'L'u.'-u
o e Tml _Tmi'- inWwW {115}
i, Nseg { r" k'}

where

Ug is the inner circumferance of the air supply duct, in m,
L is the length of the chimney, in m;

i is the}intemal coefficient of heat transfer of the supply air of segment § {on the air supply duct side), in
WiHm*KL

Twem, I5 the mean temperature of the supply air of segment §, in K;
Twi, 15 the mean temperature of the inner wall of the air supply duct segment j, in K;
Mseg  is the number of chimney segments used in the calculation.

The heat transfer to the supply air in segment j gn; shall be calculated using to the following formula:

fn, = My Cpp, -{T-'ﬂ!.' - -7:.;._.}1 in W {116}
where
ity is the supply air mass flow, in kg's;

cs, 15 Ihe specific heat capacity of the supply air in segment j, in Jkg - K},
Ten; 15 the temparature al the outlet of segment | of the supply air, in K;
Ten; i the temperature al the inlet of segment | of the supply air, in K.

The heat transfer from the inner wall of the air supply duct o the ambient air g, shall be calculated using to
the following formula:

UL _
4, = - (T, — T, ) inwW (117)
1 Do ;
— | +—— | Nseg
! A B Dll-ﬂ! 'a.ﬂs;
where
Ui is the inner circumference of the air supply duct, in m;
L 15 the length of the chimney, in m;
Tewin i5 the mean temperature of the inner wall of the air supply duct segment |, in K;
T is the ambient air temperature at segment j, in K;
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( | ) i the thermal resistance of the air supply duct, in [mz - KON
B

| A

Dy is the hydraulic diameter of the inner wall of the air supply duct, in m,

Dhan iz the hydraulic diameter of the outer wall of the air supply duct, in m;

frey is the outer coefiicient of heat transfer of the air supply duct segment j, in Wim* - K);
Niezg is the number of chimney segments used in the calculation.

The heat transfer based on radiation g,,4 shall be calculated using to the following formula:

v -L.a,,
H1 Hi ] 4 4 a
E.l'll":.m.l_- - ¢ . [Tu'-l.' - I'-Tl“.'] (N W (118}
1D I

— = — =1 | |- Nscg

L.J. lijluEI- IEIILli
where
U, is the outside circumference of the chimmey, in m;
L is the length of the chimney, in m;

Tmay, isthe mean lemperature at the outer wall of the chimney of segment j, in K;
Tmm,; iz the mean temperature of the inner wall of the air supply duct of segment j, in K;

Tres IS the black body radiation nUMbBEF oy = 567107, in Wiim™ K');

Eg iz the proportion of black body radiation emitted by the outer surface of the chimney, values — see
Table B.5;

ey is the proportion of black body radiation emitted by the inner surface of the air supply duct, values -
see Table B.5;

D is the hydraulic diameter of the outer wall of the chimney, inm;
D is he hydraulic diameter of the inner wall of the air supply duct, in m;

Nser  is the number of chimney segments used in the calculation.

The heat balance shall be calculated using to the following formulas:

Heat balance between the flue, the supply air and the ambient air

Yoj =4y i INW (119)
Heat balance at the outer wall of the chimney

Hop = oy i MW [120)
Heat balance at the inner wall of the air supply duct

Gy = Gy + Gy MW (121)

For segments with short length the following relations for the mean temperatures can be used:

+T
== % nK [122)

E
-2
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T. +T
_ Teby bl ir| K {123:'

mHy - N

7.8.3.3 Coefficient of cooling

For the calculation of the coefficient of cooling see 7.8.2.4.

7.8.34 Coefficient of heat transmission

For the calculation of the coeflicient of heat ransmission see 7.8.2.5.
7.84 Mean temperatures for pressure calculation

The mean temperature of the flue gas averaged aver the length of the chimney T, shall be calculated using
the following formula:

r oo Neg ok (124)

m ficg I

The mean lemperature of the flue gas averaged over the length of the connecting flue pipe Ty shall be
calculated using the following formula:

Nzegl”

mV T Nigp¥ 1 J

in K (1235)

= T

g m i

The mean temperature of the supply air averaged over the length of the air supply duct T.s shall be caleulatad
using the following formula:

Nsep

mA W P

in K (126)

=l I

mhby

The mean temperature of the supply air averaged over the length of the connecting air supply pipe Toey shall
be calculated using the following formula:

Nsegl™
Lo = Vv in K {127}
=1 ;r:..lw,-
where
T iz the mean temperature of the flue gas averaged over the length of the chimney, in K;
T is the mean temperature of the flue gas averaged over the length of the chimney segment §, in K;
T 15 the mean temperature of the flue gas averaged over the length of the connecting flue pipe, in K;
Y is the mean temperature of the flue gas averaged over the length of the connecting flue pipe

segment j, in K;
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Tog is the mean temperature of the supply air averaged over the length of the air supply duct, in K;

T is the mean temperature of the supply air averaged over the length of the air supply duct segment J,
in K;

- is the mean temperatuna of the supply air averaged aver the length of the connecting air supply
pipe, in k;

T is the mean temperatura of the supply air averaged over the lenglh of the connecting air supply
pipe segment §, in K;

Neeg iz the number of chimney segments;

Nsegl" i the number of connecting flue pipe segments.

7.9 Determination of densities and velocities

7.9.1 Density and velocity of the flue gas

The density and velocity of the flue gas averaged over the length of the chimney g, and w,, and of the
connecting flue pipe gy and wy, shall be calculated according to 5.9.

7.9.2 Density and velocity of the supply air

The density of the supply air averaged over the length of the connection pipe Onee shall be caloculated with the
following farmula:

—Pinkgim?® (128)

Rr " By

Pany =

where

Omew 15 the density of the supply air averaged over the length of the connecting air supply pipe, In

kgﬂma’;
o is the pressure of the exiernal air, in Pa;
i is the gas constant of the air, in J(kg - K);

Topy 15 the mean temperatura of tha supply air averaged over the langth of the connecting air supply
pipe, in K.
The velocity of the supply eir averaged over the length of the connecting air supply pipe wggy shall be
calculated using the following formula:

Wopy = — i mis (123)
Ay Py

where

Winky is Ihe velocity of the supply air averaged over the length of the connacting air supply pipe, in m's;
iy, is the mass flow of the supply air, in kals;

Apy is the cross-sectional area of the connecting air supply pipe, in m®;

OmEy iz the density of the supply air averaged over the length of the connecting air supply pipe, in kg.frn“.

The density of the supply air averaged over the length of the air supply duct p.g shall be calculated with the
following formula;
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il

L mb

Poun = R 1 in k'g'rma E130]

where

P is the density of the supply air averaged over the length of the air supply duct, in kg."m";
2 is the pressure of the external air, in Pa,
Ry is the gas constant of the air, in J{kg « K],

Trls is the mean temperature of the supply air averaged over the length of the air supply duct, in K.

The velocity of the supply air averaged over the length of the air supply duct wep shall be calculated using the
following formula:

W =L. in m/'s {131)
Ay P

ey I8 the velocity of the supply air averaged over the length of the air supply duct, in m/s;

s, is the mass flow of the supply air, in kg's;

Ay is the cross-sectional area of the air supply duct, in m’;
Pea I8 the density of the supply air averaged over the length of the air supply duct, in kg.me.
7.10 Determination of pressures

7.10.1 Pressure at the flue gas inlet inte the chimney

For the calculation of the prezssure at the flue gas inlet into the chimney see 5.10.1 and 7.2.

7.1C.2 Theoretical draught due to chimney effect in the chimney segment (Py)

For :tha calculation of the theoretical draught due to chimney effect in the chimney segment (Fy) see 5.10.2.
7.10.2 Pressure resistance in the chimney segment [Py}

For the calculation of the pressure registance in the chimney segment {Pg) see 5.10.3.

7.10.4 Wind velocity pressure ()

The inletfoutlet construction is assumed fo be designed such that wind effecis are minimized.
Consequently P = 0.

7.11 Minimum draught required at the flue gas inlet into the chimney and maximum allowed
draught (Pz. and Pz.p.,) and maximum and minimum differential pressure at the flue gas inlet
into the chimney (Pzq. and Pzoemin)

7.11.1 General

For the general purpose see the text in 5,11.1,
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7.11.2 Minimum and maximum draught for the heating appliance (Py and Pyna.) and maximum and
minimum differential pressure of the heating appliance {Pyo and Pygmin)

The minimum and maximum draughl for the heating appliance [Py and Pye.,) or the maximum and minimum

differential pressure of the heating appliance (Pyo and Puosge) shall be obtained in accordance with 5.5.4,
5.5.50r 5.5.6.

7.11.3 Effective pressure resistance of the connection pipe (Pg)

Faor the calculation of the effective pressure resistance of the connection pipe (Fe) see 5.11.3.

7.11.4 Pressure resistance of the air supply
7.11.41 Draught due to chimney effect of the supply air duct (Pus)

The draught due to the chimney effect of the air supply duct shall be calculated using the following formula:
'nllm = HH ‘8 '[_.Inl. P:l'_'-l-] .in Pa [132)
wherg

Pg is the draught due to chimney effect in the air supply duct, in Fa;

Hy iz the height of the air supply duct, in m;

g i the acceleration due to gravity, shall be taken as 9,81, in mis®;

o0 is the density of ambient air, in kglfma;

Omk iz the density of supply air averaged over the length of the air supply duct, in kg.fl'nJ.

MOTE Exparience shows that a limit should be applied to the minimum cross sectional area of the air supply duct of
concentric air flue systems. A factor of 1.5 times the flue cross sectional area s advised,

7.11.4.2 Draught due to chimney effect of the connecting air supply pipe (Puygy)

The draught dug fo chimnay effect of the connecting air supply pipe shall be calculated using the following
farmula:

F;r-u.' - '”mr -8 '{.l‘r-’l - P...m-']' in Pa [133)
where

Figy 15 the draught due to chimney effect in the connecting air supply pipe, in Pa;

Hyy iz the hieight of the connecting air supply pipe, in m;

E is the acceleration due to gravity, shall be taken as 9,81, in rn.f-s?;

o is the density of the ambient air, in ka/m™;

Oere 15 the density of supply air averaged over the length of the connecting air supply pipe, in kgim™.
7.11.43 Pressure resistance of the air supply duct (Pyg)

The pressure resistance of the air supply duct Pyp shall be calculated using the following formula:
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, L
'n:m - 'SFEL'[WH =

I

Z Sn ] Lo "Tr!nli +8s - Fls \inPa 1134)
1
hb =

where

Pry  is the pressure resistance of the air supply duct of the chimney, in Pa;

Pog is the pressure change due to change in velocity of the flow in the air supply duct of the chimney, in

Fa;
g is the coefficient of friction of the air supply duct of the chimneay;
L is the length of the chimney, in m;

fhy  is the hydraulic diameter of the air supply duct of the chimney, in m,

ily iz the sum of coefficients of flow resistance in the air supply duct of the chimney;
Beis is the: density of the supply air averaged over the length of the chimney, in kg.frn“;
War vebocity of the supply air averaged over the length of in the air supply duct, in m/'s;
Reg is the flow safety coefficient for the air supply duct;

Spzn i5 the flow safety coefficient for the pressure resistance due to change of flow velocity in the air supply
duct {Spes = Spp for Pag 2 0 and Spse = 1,0 for Peg < 0).

The coefficient of flow resistance due to friction of the air supply duct gy for different roughness shall be
calculated using the following formula:

| 251 ¢
o (2 ) (129
where

g is the hydraulic diameter of the air supply duct, in m;
g is the mean value for roughness of the inner wall of the air supply duct, in m;
Rew  is the Reynolds number in the air supply duct (see 7.8.2.5.3);

i iz the coefficient of flow resistance due to friction of the air supply duct.

For Reynolds numbers below 2 300 take the coefficient appropriate to the Reynolds number egual to
2300,

The mean values for mughness shall be given by the manufacturer. In the absence of values from the
manufacturer typical mean roughness values for varicus materials are given in Table B.4.

The pressure change due to change of velocity of the flow Psg in the air supply duct shall be calculated with
the following formula:

P, =L

GH 2 s

in Pa {136}

where

Ora i5 the density of the supply air averaged over the length of the air supply duct, in kg.fm"‘;
Pog is the preszure change due to change in velocity of the flow in the air supply duct, in Pa;

waa s the velocity of the supply air averaged over the length of in the air supply duct, in m/s.
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7.11.44 Pressure resistance of the connecting air supply pipe {Pray)

The pressure resistance of the connecting air supply pipe Py, shall be calculated with the following formula:

i I . e ; i )
Py = S [ LT By z Emv ] r:w : “i.m.' + 8y - B« in Pa [137)
b IEjllH‘r' =
where
Pray is the pressure resistance of the connecting air supply pipe, in Pa;

Py is the pressure change due to change in velocity of the flow in the air supply connecting air supply
pipe, in Pa;

Way is the coefficient of friction of the connecting air supply pipe;

Lgy is the length of the connecting air supply pipe, in m;

Dhavy is the hydraulic diameter of the air supply of the connecting air supply pipe, in m;

Elay is the sum of coefficients of flow resistance in the connecting air supply pipe;

farn is the density of the supply air averaged over the length of the connecting air supply pipe, in kg.rrn:‘;

Wiy iz the velocity of the supply air averaged over the length of in the connecting air supply pipe, in m/s;

SeR is the flow safety coefficient for the connecting air supply pipe;

Secay 15 the flow sefety coefficient for the pressure resistance due fo change of flow velocity in the
connecling air supply pipe (Sesev = Sea for Peay 2 0 and Sesay = 1,0 for Pegy < 0).

The coefficient of flow resistance due to friction of the flue wy, for different roughness zhall be calculated using
the following formula:

! 151 o
T ~i- (-"’J'm Y LT EET “m’.‘] (138)

where

Dy s the hydraulic diameter of the connecting air supply pipe, in m;

Fen is the mean value for rosghness of the inner wall of the connecting air supply pipe, in m;
Reg,, 18 The Reynolds number in the connecting air supply pipe (see 7.8.2.5.3);

ey 15 the coeflicient of flow resistance due to friction of the connecting air supply pipe.

For Reynolds numbers below 2 300 take the coefficient appropriate to the Reynolds number equal to
2 300,

The mean wvalues for roughness shall be given by the manufacturer. In the absence of values from the
manufaciurer typical mean ropghness values for vanous matarials are given in Table B.4.

The change of pressure due to change of the flow velocily in the air supply duct of the connecting air supply
pipe Pegy shall be calculated with the following formula:

Ty = P';W : "1'.:1nr+'.f _p:“ ' “':::ﬂ: Jin Pa [139)

where
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FPary 15 the pressure change due to change in velocity of the flow in the connecting air supply pipe, in Fa;
fmay 15 the density of the supply air averaged over the length of the connecting air supply pipe, in kgfm®;
Pen 15 the densily of the supply air averaged over the length of the air supply ducl, in Icg.frna;

ey 15 the velocity of the supply air averaged over the length of in the connecting air supply pipe, in m/s,

Welh is the velocity of the supply air averaged over the length of in the air supply duct, in m/s.

7.12 Calculation of the inner wall temperature at the chimney outlet {Ti..)

The inner wall temperature at the chimney outlet at temperature equilibrium T, shall be determined using the
following formula:

k.
T =Ty = (T = To )N K (140)
Ca,. .
where
Tioh 15 the inner wall temperature at the chimney outlet at temperature eguilicnum, in K;

Tovey 5 the temperature of the flue gas at the end of the last chimney segment Nseg, in K;

k ey iz the coefficient of heat transmission between the flue and the air supply passage of the last
chimney segment Myeg, in W![m’ - K;

[+ - is the coefficient of heat transfer between the flue gas and the inner surface of the flue duct of the
last chimney segment Nseg, in Wim® - K);

T iz the ambient air temperature at the chimney outlet, in K.
8 Consideration of the condensation heat of the flue gas water vapour

8.1 General

The preceding clause enables calculation of the parameters for a chimney operating under wet conditions
without taking account of the available heat from the condensing water vapour in the flue gas. This clause
describes the calculation of the available heat from condensing water vapour {latent heat of liquefaction), and
the effect on the temperatures in the chimney. It is recommended to be used when the temperature
requirement, see 5.3, is not fulfilled.

The effect on the pressure requirement is ot dealt with in this clause.

MOTE The gas constant ® considering the condansation may ba determinad using Annex E.

The condensation heat, which can be considered in the calculation, is very complex because the heat and
mass transfer will be mostly 3-dimensional. As an example, the condensate may flow down at the inner wall of
Ihe chimnay and avaporate at an area with higher temparature. The caleulation method given in this docurmeant
only considers the effect of the condensation of water vapour at the inner wall of the chimney, when the inner
wall temperature is lower or equal to the dew point temperature of the flue gas, but allows o reduce the
maximum amount of condensate by a factor f; < 100 % in accordance with practical experience.

For the calculation with condensation a chimney shall be divided into Nsep chimney segments of equal length
each with @ maximum length of 0.5 m, The connecting flue pipe shall glso be divided mio Nsegl connecting
flue pipa segments of agual length each with & maximum length of 0,5 m, if the inner wall temperaiura at the
outlet of the connecting flue pipe is lower than the water dew point of the flue gas.
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8.2 Onset of condensation

Tofind the segment Naegh andfor Neeph 1 where condensalion bagins, calculate the innar wall temperature at
the end of each segment | T, starting with the first segment of the connecting flue pipe or chimney where
condensation can occur in accordance o Clause 5 or Clawse ¥ until the following relationship is fulfilled:

T.,~T. <0,inK {141)
with
kl\ "
?:nl:-._; = Tlll._j - I{?::h.. ?:I._,'} I K |:142}
ﬂi..' .
where

Tew;  is the inner wall temperature at the outlet of segment ; at temperature equilibrium, in K;

Ty 15 the water dew point at the inlet of the first segment. in K;

K| is the coefficient of heat transmission of segment j at temperature equilibrium (see Clause 5 or
Clause 7), in Wim" - K);

ay is the coefficient of heat transfer for convection of segment § (see Clause 5 or Clause 7), in Wiim® - K

Tan,j iz the flue gas temperature at the outlet of segment j at temperature equilibrium (see Clause 5 or
Clause 7). in K;

Tu; is the ambient temperature for the area of segment j, in K.

NOTE It Is necessary to check thal the condition in Formula (141) ks fulfilled, especially if there are changes in the
dimensions of the flue or in the value of the thermal resistance of the connecting flue pipe andfor the chimnay, in particular
al the eniry 1o the chimney.

The water dew point at the inlet of tha first segment of the connecting flua pipe T, depends on the water
vapour content of the flue gas at the outlet of the appliance. For non-condensing boilers T,y = T,. For
condensing boilers the value for the waler vapour content of the flue gas «(Hz0)y should be abtained from the
appliance manufacturer. With this value the water vapour-partial pressure at the heating appliance outlet ppy
and the water dew poinl T, can be determined using Formulas (B.E) and (B.7).

If no value is known the normal return water temperature to the boiler Ty should be taken as water dew point
Toai = Ty The corresponding water vapour partial pressure pry can be determined with Formula (B.13).

If the flue gas mass flow at the outlet of a condensing boiler i, has not taken account the condensation
occurring in the heating appliance the flue gas mass flow can be determined with the following formula:

Wiy, = r—Arb 0 kgls (143)
with
Asit g = m-i-[l *’i]f Py Pow ] in kals (144)
R, Pol PP P Pow
where
ity is the flue gas mass flow at the outlet of the heating appliance taking into account the change

of mass flow by condensation in the appliance, in kg's,
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Adit g, is the condensate mass flow of the heating appliance, in kofs;

i is the flue gas mass flow before condensation, in ka's;

& is the gas constant of the flue gas before condensation, in Jikg - K),

Ry is the gas constant of water vapour and shall be taken as 498, in J/kg - K);
PL is the external air pressure, in Pa;

o is the water vapour partial pressure before condensation, in Pa;

Praw is the water vapour partial pressure at the heating appliance outlet, in Pa.

If Msegh'V =1 the following formulas apply:

W, = My, inkgls {145}
Topry =Ty o inK {148)
kh'n’ 1 s
P =Ty —— '{Tn' —T, }1 in K {147}
Qv
where
5 is the flue gas mass flow at the inlet in the first segment, in kals;
Tewv is the flue gas temperature at the inket in the first segment et temperature equilibrium, in K;
Ticov' o is the inner wall lemperature at tha inlet in the first segment at temperalure eguilibriem, in kK;
T is the flue gas temperature at the outlet of the heating appliance at temperature eguilibrium, in
K
kv q is the coefficient of heat transmission of the first segment at temperature eguilibrium, In
wim® - K);
o 4 is the coefficient of heat transfer of the first segment, in W/iim® - K);
T is the ambient air temperature at the first segment, in K.

The water dew point at the inlet of the first segment of the chimney T,  depends on the water vapour content
of the flue gas &t the outlet of the connecting flue pipe. If no condensation ocours in the connecting flue pipe
Tee1 = Ty 1 can be used. Otherwise the following formula can be used:

2 i
g(H,0y,, , =—2 L 100, in kals (148
(H,0), Hirg! R Anyyy + Mgy, d !
R, it
with
NeepF
A, = Any, . in kals {149)
J=Nregk¥

where
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AHO by gy 15 the water vapour content of the flue gas at the outlet of the connecting flue pipe, in %;

i is the gas constant of the flue gas before condensation, in Jikg - K);

Rn is the gas constant of water vapour and shall be taken as 498, in Jikg - K);

L is the axtarnal air pressure, in Pa;

oo is the water vapour partial pressure before condensation, in Pa;

A, is the condensate mass flow of the heating appliance, in kofs;

M"w is the condensate mass flow of the connecting flue pipe, in kg's;

m iz the flue gas mass flow before condensation, in kols;

Mgl is number of segments of the connecting flue pipe;

Mregh'V is number of the segment of the connecting flue pipe where the condensation begins.

With the value of the water vapour content of the flue gas at the outlet of the connecting flue pipe a(H Oy v
the corresponding waler vapour partial pressurg pg, ... and he waler dew point 7., can be dalermined
using Formulas (B.6) and (B.7).

If Msegh' = 1 the following formulas apply:

m =y, — A, inkals [150)
Fo=T,. inK (151)
_ RI-.I y
?.-m..u _-T:l. _[.?:{ ?:LI]' in K (152)
ﬂl.l
whera
", is the flue gas mass flow al the inlet in the first segment, in ka's,
A, is tha condensate mass flow of the connecting flue pipa, in kg's,
Tang is the flue gas temperalura al the inlat in the first segment at tempearature equilibrium, in K,
Tewn is the inner wall temperature at the inlet in the first segment at lemperature equilibriam, in K,
Tt iz the flue gas temperature at the inlet in the chimney at termperature equilibrium, in k;
ke q is the coefficient of heal transmission of the first segment at temperature equilibrium, in 'u'u'.f[r'nz - K
aj 4 is the coefficient of heat transfer of the first segment, in Wﬂ{m? - Kl
Tui is the ambient air temperature at the first segment, in K.

8.3 Calculation of the flue gas temperature at the outlet of a chimney segment with
condensation (j 2 Nsegh)

The following formulas allow the flue gas temperature at the outlet of a chimney segment j T, o be
calculated in an iterative way.

MWOTE 1 Itis advized o start (he ileration with a value for T caleulated without condensation.

MOTE 2 The formulas for the chimnay segmant alsa apply for the connacting flua pipa wsing the appropriate values.
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For the inner wall temperature at the outlet of the segment j T the following formula applies:

K st .
_%.(IJIJ—TM},mK (153)

kil

L, =T

o

where

Ties, 18 the inner wall temperature at the outlet of segment | at temperature equilibriem, in K;
Teby 15 the flue gas temperature at the outlet of segment § at temperature equilibrium, in K;
T. i5 the ambient temperature for the area of segment j, in K;

koper; 15 The total coefficient of heat transmission at the outlet of segment | al temperature equilibrium, in
Witm® + K);

Oere; 15 the total coefficient of heat transfer for convection and condensation al the outlet of segment j, in
Wiim® - K).

For the total coefficient of heat transfer for convection and condensation of the segment oy and the fotal

coefficient of heat transmission &y, the following formulas apply:

iy = Gy + ey I WM™ - K) (154)
: ] - 2

K s = n 5 InWim® - K) (155)

[ _{ A ] + Dy - i,
whers

[ is the total coefficient of heat transfer for convection and condensation at the outlet of segment j,
in Wim* K},

i is the coefficient of heat transfer for convection of segment j (see Clause 5 or Clause 7,
calculated for Ty, ), in Wiim® - K);

(s N is the coeflicient of heat transfer by condensation at the autlet of segment fin Wim® K

Koot | is the Io;al coefficient of heat ransmission at the outlet of segment § at temperature equilibrium,
inWim® - K);

j is the thermal resistance, in me KA

I i5 the internal hydraulic dismeter, in m;
Do is the external hydraulic diameler, inm;
iy is the external coefficient of heat transfer, in ".."l-’h:rr'lJ K.

For the coefficient of heat transfer by condensation o, the following formula applies:

- Nae
oy | = T £ in Wim? - K) {1586)
;L.;'L?'L'{?:l.. ?;lll..}
with
f.;=1forj= Neeghlor
Nregh=1 and Tiyp € Thas {157)
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and
T‘ul wily 5 -
L = L= forj= Neerk and Nsegh = | (158}
?:-.4-\. -1 Fiky

ar

Neeghk =1 and Tionp > The
where
ije is the heat transfer by condensation from the flue gas to the inner wall of segment . in W/m* - K);
K. is the condensation heat of segment j, in W,
Neseg iz the number of segments;
i is the proportion of condensation surface of segment | ;
o is the internal circumference, in m,
L iz the length of the chimney, in m;
Tt is the water dew point at the inlet of the first segment, in K;

Tty 15 the inner wall temperature at the outlet of segment Nsegh et temperature equilibrivm, in K.
For the condensation heat gy the following formula applies:

(.I'IK._; :'ﬁmﬂ.'rﬂ' II'IW “59.’
where

ik, is the condensation heat for segment §, in W,

Ay, | is the condensate mass flow of segment j, in kg's;

iy is the enthalpy of evaporated water and shall be taken as 2 400 000, in Jfkg.
Far the mass flow of condensate the following formula applies:

. R ) . . :
Mn‘, _m___[]_hJ_[ a1 _ P, ) ,.I'rh in kals (160)
R, PP Poog PL T Prag 100
with
|rz.=.|4.w %
P, =€ = inPa (161)
where
A, is the condensate mass flow of segment fin kgls;
i is the flue gas mass flow before condensation, in kg/s;
4 is the gas constant of the flue gas before condensation, in Ji{kg - K);
Ro is the gas constant of water vapour and shall be taken as 498, in J/(kg - K};
oo is the water vapour-partial pressure before condensation, in Pa;
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Foej is the water vapour-pariial pressure dus to the inner wall temperature at the outlet of
segment j at temperature equilipnum, in Pa;

L is the external air pressure, in Pa;

Ji is the useful part of the condensation, in 5%,

Ticej is the inner wall temperature at the outlet of segment j at temperature equilibrivm, in K.

For fi; see Formulas (162) and (163) and Figure 2, For #; the flue gas temperature at the inlet into the chimney
Ta shall be wsed. If there is already condensation in the connecling flue pipe, for this part of g the flue gas
temperature of the appliance Ty shall be used.

¥
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Figure 2 — Condensation factor f,; based on the flue gas entry temperature i. or iy

Jow =132,7-2,6-1, +0,0133-1, %, in % (162)
and

S =132,7-2,6-0,+0,0133 0" ,in % {163
where

oy is the flue gas temperature of the appliance, in °C;

fa is the flue gas temperature at the chimney inlet, in “C.

The formula can be used for 40 °C £ », = 80 °C and 40 °C = 1, = B0 “C. For py = 40 °C s fi, = 50 % and for 1,
<40 °Cis fi, = 50 %.

For the flue gas mass flow at the outlet of the segment J'J;‘?W the following formula applies:

i, =, A L inW (164)

() o, f
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is the flue gas mass flow at the outlet of segment j, in kg/'s;

is the condensate mass flow of segment j in ko/s.

For the new calculated flue gas temperature at the outlet of the segment ?:'h..' the following formulas apply:

- b g u,f
m.oee 2 Y.
T, E— - — LinK (185)
I Kh :
1+—=
2
with
Uk, .-L
K, =——— {166)
com, e, - Nseg

with

Ky = (171 ) by 1 - Hy» Tor = NsegK, in Wim? - K) (167)
and

L :

Ky, = —— '1 S for j = Neegk, in Wiim® - K) {168)
where

T, is the new calculated flue gas temperature at the outlet of segment §, in K;

mw is the flue gas mass flow at the outlet of segment j, in kgi's;

Oy is the specific heal capacity of the flue gas at the outlet of segment j, in Jikg - K);

Ky iz the coefficient of cooling of segment j at temperature equilibrium;

Tabg is the flue gas temperature at the outlet of segment /-1 at temperature equilibium, in K;

By is Ihe condensation heat of segment §/, in W,

T iz the ambient lemparature for the area of sagment j, in K;

u iz the internal circumference, in m;

g is the coefficient of heat fransmission of segment j at temperature eguilibrium, in Wf{mz - K},

L iz the length, inm;

Neep is the number of segments;

. is the proportion of condensation surface of segment

Ko p iz the coefficient of heat transmission of segment =1 at temperature equilibrium, in W.ffm? K},

[ a— iz the total coefiicient of heat transmission at the outlet of segment j at temperature equilibrium,

[fﬂul..—l I'::'Ipql..—l Kll.. ]. TJ | ql{..,l v EOLT
b -1 . X .
m,

in Wiim’ - K.
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For the exactness of the iteration the following fermulas apply:

|q',u ~q,|£0.2-q,, inW (169)
with

Gay =M€ Ty = e T gy inW {170}

o = Fang UL T Teag 4 Ty oy inW (171)

/ Nseg 2

where

s is the enthalpy difference of the flue gas between the inlet and the outlet of segment j, in W;

4, is the total heat flow from the flue gas to the inner wall of segment J, in W,

i is the flue gas mass flow at the outlet of segment J, in ka's;

T is the specific heat capacity of the flue gas at the cutlet of segment j, in Ji(kg - K};
T, i5 the flue gas temperature at the ouflet of segment § &t temperature equilibrium, in K;
e, is tha condensation heat of segment j, in W,

Tree ;15 the total coefficient of heat transfer for convection and condensation at the outlet of segment §,

inWim® - K);
L iz the internal circumference, in m;
L is the length of the chimney. in m;

Mseg s the number of segments;
Tiew,  i5 the inner wall temperature at the outlet of seament j at temperalune equilibrium, in K.

Far balanced flue chimneys with concentric ducts the Farmulas (141) ta (171) can be used with the following
changes:

— Instead of T, use Thea;
— Instead of Ty use Teay;
— Instead of u, USE a,;

T j o+ Ty @nd iz, can be calculated with the appropriate formulas of Clause 7.

9 Consideration of chimney fans

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

— the fan operation is controlled by safety device which culs off the heating applisnce in case of fan
operation failure or
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— there iz sufficient proof that there is still a zafe operation of the heating appliance in case of fan operation
failure.

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

= | Fru

w1

r.li'-r. = I‘l'(, + I‘:I ' F.Ii'-r. + EE I”ilul + Oy / Fm T 'EI-I ’ I-r-'-'- |_ 4! nFa [1?2}
. oo
Ve, =—— ., inms (173}
H’.m
7,
Pra = Lk . In kogfm® (174}
R- Fun
where
oy is the characteristic value of the chimney fan according to prEN 16475-2, in Pa
£ is the characteristic value of the chimney fan according fo prEN 16475-2, in Fal{m*s)
oz iz the characteristic value of the chimney fan according to prEN 16475-2, in Pai{m*s)’
o3 is the characteristic value of the chimney fan according to prEN 16475-2, in Pal{m¥s)’
o is the characteristic value of the chimney fan according 1o prEN 16475-2, in Palim?s)’
[L is the flue gas volume flow at the chimney fan, in m¥'s;
in
#Fan is the flue gas density at the chimney fan, in kg'm?,
" iz the flue gas mass flow, in kg's;
o] is the external air pressure (see 5.7.2), in Pa;
R is the gas constant of the flue gas (see 5.7.3.2), in Jikg - K);
Tean is the flue gas temperature at the chimnay fan, in K,

The characteristic values of the chimney fan o, to ¢4 have to be given by the fan manufactures or by the
literature,

For a non-permanent used chimney fan the calculation has fo be done without taking into account the
pressure gain created by the chimney fan but its flow resistance.

9.2 Inline fans

Divergent 1o Formula (38) the thearelical draught available due o the chimney effect of the connecting fue
pipe Py, with an inline fan shall be calculated using the following formula:

Prpe = Hy - g o1 - pew) + Pran, In Pa (173)

whiere

I iz the acceleration due to gravity = 9,81 m/s%,
Hy is the effective height of the connecting flue pipe, in m;
L is the density of the external air, in kg/m”,

i is the mean density of the flug gas in the connecting flue pipe, in Itgl"m:".
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Pra 15 the pressure gain created by the inling fan, in Pa;

For negative pressure chimneys the requirements of 5.2.1 and the following relationship shall be verified:
Pz, 2 P, in Pa (178)

where

Pz is the minimum draught required at the flue gas inlet into the chimney, in Pa;
Py s the effective pressure resistance of the air supply, in Pa.

NOTE 1 If necaszary, the capacity of the inline fan needs o be appropriately reducesd.

For positive pressure chimneys the requirements of 5.2.1 and the following relationship shall be verified:

Pace ¥ Pry 3 P7 aueess  i0 Pa {177)
where
Paog is the maximum differential pressure at the flue gas inlet into the chimney, in Pa;
Pry is the pressure resistance of the connecting flue pipe, in Pa;

Pz oucass 18 the maximum allowed pressure from the designation of the chimney, in Fa.

MNOTE 2 If necessary, the capacity of the inline fan needs to be appropriately reduced

For the calculation of the pressure gain created by the inling fan Pe, according Formula (172} nommally the
following formula can be used:

Tran = T, N K {178)
where

Tran 15 the flue gas temperature at the chimney fan, in K;

Ty 15 the flue gas temperature of the appliance, in K.

9.3 Exhaust fans

Divergent to Formula {31) the theoretical draught available due to the chimney effect P, with an exhaust fan
shall be calculated using the following formula:

Py=H-z- (o - gl + Pran. in Pa {179)

where

is the acceleration due to gravity = 9,81 m/s¥
15 the effective height of the chimney, in m;

i5 the density of the external air, in kg.l'm:":

I

pm s the mean density of the flue gas of the chimney, in kgim®;

Pran 15 the pressure gain created by the exhaust fan, in Pa.

For the calculation of the pressure gain created by the exhaust fan Pr,. according Formula (172) normally the
following formula can be used;

Tran = T, in K {180)
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where

Trarn i3 the flue gas temperature at the chimney fan, in K;

Ta is the flue gas temperature at the chimney outlet, in K.
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Annex A
(informative)

Calculation of thermal resistance

"

The thermal resislance of a chimney ri] may be determined with knowledge of the coefficients of tharmal
(LY

conductivity of the materials of construction and should be determined using the following formula;

[ s (oo

L, L hn

where

. i5 the internal hydraulic diameter, in m;

Dy is the hydraulic diameter of the inside of each layer, in m;
il - is the hydraulic diameter of the outside of each layer, in m;
v i5 the coefficient of form

= 1,0 for round and oval cross-sections;

= 1,10 for square and rectangular cross-sections up to a ratio of a side of 1:1.5;

i is the coefficient of thermal conductivity of the matenal of the layer at the operating temperature
{see Table B.3), in W/im-K).

The influence of the thermal bridges for metal system chimneys should be taken into account by a factor
described in EN 1859,

MOTE A method for caleulation of the thermal conductivity as a function of the lemparatiufe s descrbed in EN 15287-
1: 2007 +A1:2010, Annax A,
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Annex B
(informative)

Tables

EN 13384-1:2015 (E)

Table B.1 — Values for determination of the flue gas mass flow .u-'s' , the specific gas constant ¥, the specific heat capacity £, the water dew

point {, the rise in the dew point AT, , the coefficient of thermal conductivity .1, and dynamic viscosity 1, of flue gas (¢, 4, and 7, to 400

Dot Slarabeds raston
Prow dhd by 115

]
15 e o w1 DE)- Uncarvovd Ceny
Mo SEErTRACRGH i PREATFKINg i kel et Foish b o IHE

Litwnas=Cruagsing opaal ty ad Slarcerd
oot for Arsae, 2 BT Gecidoad

86

C)
Characlearistic fual data Coefficienls for calculation of flue gas dala
kndorfuel f g |V, Voo | Vo |e(CONa(SO 1, Tz | J2 fo || e | S | S fa P/ I N T
min min max without [with cond,
max cond,

Khikg mifeg or | mkg or | miikg or | % % | g %ikWs)| giikWs) | 1% 10% W% | 1% | kgK | Jikgk™6) | Jikgke)| 1% | % | K| K

KWhim? | mim® | mim? | mtim® %)
ook .08 764 7.68 0,13 20,60 0,08 7,06 0,033 |-0,0036 | -0,0038 |0,0036 -0,004 0 3.4 0,014 |-0,000014 | 00046 1 235|989 7
Istone coal 9,24 8,37 B.55 0,44 18,06 0,10 6,23 0,036 |-0,0028 | -0,0033 b 003 -0,a03 9 56 0,014 |-0,000013 | 0,0057 arofa3| 7
anthracile) '
forawn coal 542 5,08 517 068 1948 0,04 6,61 0,055 -0,0014 | -0,0026 0,003 7| -0,004 0 10,3 0,015 -0,000012 | 00083 149|80| 7
RFO = 4 % 943 2.9 10,48 1,15 16,17 028 &,14 0,052 |-0.0012 | -0,0024 h.003 7| -0,003 9 10,7 0,014 |-0,000012 | 0,0082 14284 7
B \
RFO = 2 % 961 10,08 10,67 1,21 16,16 0,14 6,11 0,052 | -0,001 -0,0023 0,003 7 -0,003 8 1.0 0,014 |-0,000011 | 0,0083 13789 7
s ,
RFC = 1 %] 974 1047 10,79 1.25( 16,09 007 6,07 0,052 |-0,0008 | -0,0022 0003 71 0,003 8 1.2 0,014 0000011 | 00084 134|85| 7
ls ,
omeatic 11,86 10,52 11,26 1,45 16,40 0,00 4,94 0,048 |-0,0002 [ -0,0018 .00z 8 -0,003 7 130 0,014 |-0,000011 | 0,0083 111| O O
heating oil !
jerosene 12,08 .36 1214 167 1500( 000 5,08 0,047 [-0,0002 | -0,0018 0,003 8 -0,003 6 130 0,014 0000011 | G4.0083 111 0] O
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patural  gas| 10,03 8,67 .67 186 1200 000 376 0,063| 0.0032| 0,0002 h.003 9 0,003 2 230 0,015 [-0,000007 | 00142 a7
" K
palural gas{ 903 787 BEB3 1,70 11,80 0,00 3,72 0,064 | 0,00332 0,0003 b.003 o -0,0032 215 0,015 -0,000007 | 0,0144 S8
1 5
iquid gas 26,67 22,46 24,51 410 13,80 000 4,20 0,048 | 0,013 -0,0009 0,003 8 -0,0035 176 0,015 -0,000008 | 00116 T
pwaod (30 % 3,70 344 345 0.80| 20500 000 6,89 0,076| 0,0001| -0,0018 002 -0,004 1 154 0,016 [-0,000011 | 0,0111 a0
micisture) N
fwood (50 %] 312 2,98 2,99 086| 2050 000 T.08 0,080 0001 -0,0013 | \ny of 00042 185 0,016 [-0,000010 | 0,0128 T2
mizisture) '
fwood peliets| 6,27 4,78 4,81 are| 2031 0,00 66 0,060 <0001 0,0024 0,003 7| -0,004 1 116 0,015 (-0,000012 | 00081 127
B Slarebuds Irastution Litsrrass=Crungeingraius of ua ty ard Starckrd 2atoe $000000
+0n i by HE wrele ot wi B LInGario v Cagy Wt 1o Ao, BHETE1 0118 25

HErOUTON O Fetwirking pervTied T Fopvie Son HE
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Key
fwl is the coefficient for calculation of flue gas mass flow, in g-3&iKW - 5);
_.I’:,,: is the coefiicient for calculation of flue gas mass flow, in gi(kW - s);
jk is the coefficient for calculation of gas constant of the flue gas, in 1/%,
f:ﬂ is the coefiicient for calculation of specific heat capacity of the flue gas, in Jifkg - K-%);
jl R is the coefiicient for calculation of specific heal capacily of the flua gas, in Jikg Kz-%]:
_f‘_: . is the coefiicient for calculation of specific heat capacity of the flus gas, in Jfikg - Ka-%];
_.I’,'.-\ is the coefiicient for calculation of specific heat capacity of the flue gas, in 1/%:;

T is the coefiicient for calculalion of gas conslant of the flue gas whera Lthe waler vapaur conlent of the flua gas is known, in 1/%,

frz is the coeflicient fer ealeulation of gas eonstant of the lue gas where the water vapeur content of the flue gas is knawn, in 1/%;
£ is the coeficient for calculation of waler vapour conlent of the flue gas, in %;
f‘l is the coefiicient for calculation of rise in dew paint, in K;
- is the coeflicient for calculation of rise in dew paint, in K
H.. i the energy conlant af the fuel, in KWhikg ar KWh/m3:
V rin is the relation of minimum dry flue gas volume and fuel mass or flue volume under narmal condition (273,15 K, 101325 Pa), in m3.'kg ar m3im®;
VI._mi" is the relation of minimum combustion air volume and fusl mass or flue volume under normal condition {27315 K, 101325 Pa),in rnsfkg ar ms.l'ma';
Vu:u is the relation of water vapour volume in the flue gas and fuel mass or flue volume under nomal condition (273,15 K, 101325 Pa), in I‘rlgfkg ar mym3;
O’fCO‘. Vo 15 the maximum carbon dioxide content af dry flue gas, in %;
(S0 )., is the maximum sulphur dicsida content of dry flue gas, in %

B o . i e e s tn i %

il
HG DT o Pt kg T e Tl ko S HE
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Approximations:

(L ha )
" [!’T(Coz}*—jszQx

Q.L' = @Q
T

R=R, 1+ 1, -a(CO,)]

"7 23,6448 In(p,)

AT = fy+ 1y In(K,)

4, =0,0223 +0,000065-,

1011+0,05-¢, +0,0003-2 +( 7., + £, -1, + /., 12 }- 0(CO,)
¢, =
I+ £ a(C0y)
J(H;O}=L0.+1,1
1oL
a(Ca,)
_a(H,0)
by = 100 P
L
(=TI 536,67

ingls

inJitkg - K}

inJditkg - K)

in %

inPa

in"C

ink

inWiim - K)

B.1)

(B.2)

{B.3)

B.4)

(B.5)

(B.5)

(8.7)

B.7)

B.8)

where
] is the flue gas mass flow, in gls;

a0, ) is the carbon diaxide content of dry flue gas, in
N

_(_}'F is the heat input of heating appliance, in KW;

o is the: heat output of heating appliance, in kW,

M is lhe efficiency of healing appliance, in 9%,

" is the gas constant of tha flue gas, in Jifkg - K);

RJ._ is the gas content of the air = 288 Ji(kg - K);

C, iz the specific heat capacity of the flue gas, in
diikg - KJ;

i, is the mean flue gas temperatura, in °C;

a( 1,00} is the waler vapour content of the flue gas, in %;

P is the walar vapour-partial pressure, in Pa;
P is the external air pressure, in Pa;
i, is the dew point lemperature, in *C;

i

Bk Brareards i rstatien
Pt by HE s s wii D1 < Lingart d Cagy
Ho ETDOATON O FRRATA N PO wTe Soartir Son HE

ot e P, 215

g i oy ty srd Stnsched 2atcn 98625
100 185
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7, = 15007 47007 ¢ = 20-1007 2 inN - am? B0 AT, is the rse in dew pant, in K
. is lhe conversion faclor SO; in S04, in %,
J' _ a(H.0) ] in Jifkg - K) (B.11)
R=R 10996+ f,, -o(H OVt fi, | 1-———|-a(CO,); L, is the coefficient of thermal conductivity
l 1 l of the flue gas, in Wilm - K);
i, is the dynamic viscosity of the flue gas, in
in % (B.12) 5
P M - slm=,
a(H,0)=£2.100
P inPa {B.13)
|z_:.(m ans_ |
| T,
Po=¢
NOTE Itis advised 1o use fr witlhoul condensation” for chimnays operaling under dry condilions. 1L is advised Lo use f with condensalion” far chimneys oparaling undear wel
candilions.

R EFTOLGTON (F PESATAR 1) DT I Te] is Po (HE

ras= Chivagaing | it of e by and Slarelard sater $080000
R

L
Foot 1o P, 15T
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Table B.2 — Values for heating boilers

Fuel Formula for Py, iy and ol CO;)
coke, Py = i 15 - lg O in Pa for 100 kW = On = 100 KW
rmimeral coal, ~TO+ 50 kg On in Pa for Ons 1 Q00 kW
brown coal, 80 Pa for > 1 000 kW
briquattes
] = BREES+435- g in % for LR 2 000 kW
ol C0s) = 9.5 % for 100 KW = On = 100 KW
41+ 27 1g gy in % far us 2 000 kW
woad Py = { 15 - Ig Oy inPafor  10kW =< O < 50 KW
27 413 Ig On inPafor SPecalbalers o 360 kW
fw = 67 + 6 Ig O in % for On s 1 000 kW
oCO:) = 8.0 % fiar 10 kW =< s 10 KW
B,0+ 2,0 g ch in % far On = 1 000 KW
all and gas Py = | 15-1g{u in Pa far [ 100 KW
{with and without =47+ 38,5 - Ig in Pa for = 100 kW
forced draught
burner)
Mt = 85,0+ 1,0 1g ¢ in % for £ 1000 kW
R8.0 % for On = 1 000 kW
ol o0 = er in % far Oy = 100 KW
1=t 12 O, in % for On = 100 kW
Suz
Table B.3 — Values for the determination of o (CO;) according to Table B.2 using oil- and gas burners
Fuel forced draught burner natural draught burner”
J Sz fia i fiz e
ail 11,2 0,078 13.2 = = =
natural gas a6 0,078 10,2 51 0,075 6.0
liquid gas 10,0 0,080 118 5.9 0,079 7.0
* yalues after the draught diverter.
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Table B.4 — Typical mean values for roughness r of some liner materials/constructions

Typical mean values for roughness »

Materials of the liner .
welded stesl 0,001
alass 0,001
plastic 0,001
alurminium 0,001
clay ceramic flue liners 0,0015
bricks 0,005
solderad metal 0,002
concrete 0,003
fiore cement 0,003
MEsonry 0,005
corrugated metal 0,005
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Table B.5 — Coefficient of thermal conductivity A, density p, specific heat capacity ¢ and radiant

coefficient ¢ of some chimney materials

7 in Wi(m « K) for 1 =

Material ﬂﬂlms 2070 1O =00 200 L
alurminium 2 B0a 160 160 160 0,3
Slael T 800 &0 &0 50 50 a8
stainless steals T 800 17 17 17 17 0,1
masonry
bricks  with  full  structure,  vertically
perforated bricks with closed structure, 1200 0,60 0,63 0,66 0,8
bricks for filling purposas 1600 0,82 0,86 0,80
2 (K0 1,15 1,20 1,26
vertically perforated bricks with perforation
degrea A and B B0 0,40 0,44 0,50 0,9
BOO 0,47 0.52 0,59
1 00 0,54 0,58 0,67
calcium silicate units 1000 0,30 0,33 0,36 o7
light weight concrete with closed structure 800 0,47 .51 0,56 0.9
1200 0,74 0,81 0,87
1600 1,20 1,32 1,42
2 00 1,92 2,11 2,26
light weight concrete with open structure 00 0,34 0,37 0,40 0.9
1200 0,55 0,60 0,65
1600 0,490 0.97 1,06
2 000 1,44 1,55 1,70
light weight concrele with open struciure
{natural basis) 600 0,22 0,24 0,27 0.3
] 0,54 0,38 0,42
1200 0,49 0,56 0,61
light weight concrete with open struciure,
only expanded concrete 600 0,23 0,26 0,28 0.9
B0 0,36 0,40 0,45
1200 0,53 0,58 0,66
1 500 0,72 0,80 0,59
clay caramic flue liner | block 2 000 1,00 1,05 1,10 1,15 09
mineral woaol, open 0,043 0,080 0,108 0,150 0.8
mineral woal, venlilated 0,045 0,080 0,109 0170 0.5
mineral woal, platas 0,037 0,053 0,073 0100 09
mineral woal, shell 0,042 0,049 0,070 0,102 0.9
varmiculite 0,062 0,076 0,096 0,126 0.9
glass 2200 1,07 1.20 1,57 03
PYDF {Palywinyliden fleorde) 1 BOO 0,19 019 049
PP {Polypropylane) 800 0,22 0,22 04
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NOTE These default valuas includa a safety factor af 1,2 to take account of manufacturing tolerances.

Table B.6 — Thermal resistance of closed air gaps, dependent on the air gap width 4, and the surface
temperature of the heat emitting wall (concentric annular clearance, vertically arranged)

Surface Themal resistance (1/A), inm® - KW
tempf:rature air gap width o, (m)
c 0,01 0,02 0,03 0,04 0,05
40 0,123 0,147 0,153 0,152 0,150
100 0,087 0,101 0,101 0,100 0,099
150 0,085 0,075 0,075 0,074 0074
200 0,050 0,058 0,055 0,066 0,054

NOTE1  The effective coeflicient of heat conductivity A, of closed alr gaps can be calculated using the following
farmula:

D" o i ID||_|| + &Ill .
A, =yr———-In in Wi - K)
2|I l LY D:'.II
WAL
wherna
¥ is the coefiicient of form (see Annex A);
Dhn is tha extarnal hydraulic diamater of the inner wall bounding the air gap, in m;

I h'
[EJ Is the thermal resistance of the air gap, In m°® - KW,
n

e is tha air gap width, in m.

NOTE 2  For closed aif gaps greater than 50 mm andfor temparatiures higher than 200 °C a value of 0 |3 recommendesd
in the absence of confirmed allzrmative data.
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Table B.7 — Characteristic values for draught regulators

draught regulator group a az
Pa - slkg Pa - (s/kg)2
1 400 120 000
2 200 30000
3 140 11 400
4 a7 5000
5 T4 2 B0
6 48 1 260
MNOTE Data for the characteristic values 5, and 2; are selected by categorizing the draught regulator into one of
3ix groups in accordance with prEN 16475-3
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Table B.8 — Individual coefficients of resistance for some shapes

Geometrc dimensions {-values
angle yin " Lally =30 a0 = Ly, =2
A0 0.1 a0
30 0,2 0,3
45 0,5 0.4
&0 .5 a7
a0 1,2 1,6
a0*-bend :
RID», Ly = 30 30> LD, =22
0.5 1,0 1,2
a.75 0.4 0.5
1.0 0,25 0.3
1,5 0,2 0,2
2.0 0,2 0.2
B0°-bend
Ry, Lol 2 30 30> L2 2
0,5 0,8 1,0
a.75 0,3 a4
1.0 0,2 0.3
1,5 0,2 0,2
2.0 1 a1
a=2:R-tan l: %,.l Hu.?:uul’iégg&:ndents
al 2 x 457 3= 30° | 4= 7257
1.0 04 0,25 o7
1,5 0.3 0,18 RE]
2.0 0.3 0,17 012
3.0 0,35 0,19 013
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Mo Shapes Geomelric dimensions {-values
50 o4 | 0,20 | 0,15
Interpolations between the cited parameters arg admissible.
My angle y= 90"
1 Ay=A,
= rity /it g G-
_‘D__ - 4 =1 ]
Mz_ o Ajldz =10 0,0 B 0
F Doz |03
| 0,2 - 0
oA naa |20
|
- 04 Q 0
I, JAn a5
|
06 0 ¥}
My 53 AT
P 0,8 0 o
0 .1 a6
1.0 1 v}
. /“ 20 62
] o
I,
My
5
condition: Fa
angle y = 45"
i g Gra
STz
Afdz= 16 0,0 - o
092 3
0,2 - o
042 JE
0,4 0 1]
04 AT
0,6 0 ]
27 ;]
05 0 -
35 0,18
1.0 o =
35 0,53
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Formula to calculats the individual coefficients of resistance on compositions®;

p Y Y- 17
£23= 0.92| 1 Ly |rm_2| 12| Lub.r" 1|| DE[ AS | | | 1 Aﬂ] ﬁcus}’
Y J AZ

My ) \ My

|'\
T T I
Je-(2) ] 2 (r-2)

My i e J

Loz

‘u
gy —303(1
i

N 34

[ A ! " ity |
- _3J A B
! Az iy My

A A

P
A.

1-| _?-J

\ kY "‘IE |

2 .
("’ZJ 1+1E.21_Lm; 1J 0.38

s s

"gﬂ
with — =10 <
A,

3

<10 0° < p =80

i3

A
For — =< 1 the individual resistance of the compaosition can be determined as sum of the individual resistance of a
A
2

cross-sactional canstriction (see No. & respectively No. 8} and a composition s Y

z
* acoording to Gardel,
Interpolations between the cited parameters are admissible,
;o Azl
_| i
— - _n" — I:_EI\‘ —_
- | v A 0.4 0,33
Ayl
S 0,6 0,25
& conditian: ¥ 0.8 0,15
an rounded inlet
edge
&0
= £=0
=9
a
s
£ I Al
i
g ; L
— ___Ql —- _:":I\‘ _—
A | | o 1,0
A.
[ 0,2 o7
7 candition: 04 0.4
0.6 0,2
0.8 0,1
1,0 0
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,1'1,I'_.-|2 Ir"= ] =
010 307 | 80 1)
0.25 0,06 |008] 019
" 045 o4 (007 017
condition: W2 1,0 0,05 0.07 | 014
0,0 | 00 | 00
’ Hi, 15
——
i If 0.5 1.0
w | 1,0
E— i
a9 e L
@ T
D,
_— 16
1]
£
10| & |
i
flue ferminal (P =0] according io
EM 1856-1
5.2
(i = 3,2)
_I_ _I_ {Come = 2,0)
» Aerodynamic alr flue terminal for posiiive
prassura chimney and room sealad appliance (FL=0)
according o
EM 1858-1
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¥ = 60"
A 4
Ay
A
2-=D5
'
-1 .
FIT.
12| 8 — =1 05
z L]
A
i —L-05
j ™
1
1,
pondition; ¥z or Fa
.l'q:,g r r."‘la ."1.)_ _|l‘13 'Il"'=ﬁ|:|I=I
mz i 3 m E I'f?3 ﬁ _ 1
Ay
A
305k
Ay
my _ i
13 : 2.6
ity ’
=-05
UL
condition: Wy or W
NOTE Thiz table covers only non-concentric fittings due 1o the available data. Values for gaps in concentric fittings

have to be given by the manufacturas or by the literatura. In the first-order approximation the values for the non-concantric
fittings can be taken also for gaps in concentric fitings
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Annex C
(informative)

Chimney outlet with regard to adjacent buildings

Key
1 chimney
2 bwilding

Figure C.1 — Chimney outlet position (see text)
& chimney outlet is deemed within the influence of an adjacent building when:
— the horizontal distance L between the outlet and the building is less than 15 m; and

— the building as seen from the chimney outlet extends over a horizontal angle o of mare than 30°; and

the upper boundary of the building as seen from the chimney outlet rises more than 10° above the horizon

{angle 3.
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Annex D
(informative)

Determination of the gas constant R considering the condensation

Table B.1 gives in Formula (B.3) a normal method for the caloulation of the gas constant of the flue gas R
using a coefficient f depending on the kind of fual once for a value without condensation and once for a value
with condensation. The method for condensation does not differ between the influences of the intensity of the
condansation and therefore gives a value for jm assuming a relative high amount of condensate. This results in
a low value for the gas constant ® and for the theoretical draught £

Im the following a method calculating the gas constant ® consigering the intensity of condensation is given.
The method follows the calculation given in Clause 8 for the calculation of the condensation heat. For the
determination of the gas constant of the flue gas it is necessary 10 do this calculation using the external air
temperature for the pressure condition. In dewviation to Clause 8 under safety aspects it is necessary to
calculate with a high amount of condensation. Therefore for the part of condensation heat used in calculation
J a value of 100 % is to be used. Because this method gives values for the flue gas temperature that are
higher than in reality this method cannol be used for the determination of the flue gas temperature in the
chimney or in the connecting flue pipe. For this caloulation the method given in Clause 5 arin Clause 8 can be
used.

Lsing Formula (B.11) in Table B.1 for the mean gas constant of the flue gas & the following formula applies;

R, (el R .
—=+ R +—=
2 % il_, 2 I
R= LinJiikg - K) (D.1)
N
g

where
R is the mean gas constant of the flue gas, in J/(kg - K);

Rap is the gas constant of the flue gas at the inlet of the first segment, in J/{kg - K);
R is the gas constant of the flue gas at the outlet of segment §, in Ji{kg - K);

Rosee 15 the gas constant of the flue gas at the outlet of the last segment, in Jfikg - K);
Nseg  is the number of segments.
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