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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he SO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific

exp

World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
URL: www.iso.org/iso/foreword.html.

[SO|10077-2 was prepared by the European Conumittee for Standardization (CEN) Technical

essions related to conformity assessment, as well.as information about ISO’s adherg

bnance are
ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
nce to the
e following

Committee

CEN/TC 89, Thermal performance of buildings and building components, in collaboration with ISO

Technical Committee ISO/TC 163, Thermial performance and energy use in the built er
Subicommittee SC 2, Calculation methods;-in accordance with the agreement on technical c
betveen ISO and CEN (Vienna Agreement).

Thi

technically revised to comply with the requirements for the EPB set of standards. It also in

the

In addition, Clause 6 has)been technically revised by

third edition cancels and\reéplaces the second edition (ISO 10077-2:2012), which

Technical Corrigendum(ISO 10077-2:2012/Cor 1:2012.

adding a new<approach for the treatment of cavities,
separatingconduction/convection and radiation, and

intraduicing the radiosity method.

vironment,
poperation

has been
corporates

Anft

exX’H and Annex G were also added.

Alist of all parts in the ISO 10077 series can be found on the ISO website.

©IS

02017 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=33f15775bd65f4f4a107a7ef6a552cb0

ISO 10077-2:2017(E)

Introduction

This document is part of a series aimed at the international harmonization of the methodology for
assessing the energy performance of buildings. Throughout, this series is referred to as a “set of EPB

standards”

All EPB standards follow specific rules to ensure overall consistency, unambiguity and transparency.

All EPB standards provide a certain flexibility with regard to the methods, the required input data and
references to other EPB standards, by the introduction of a normative template in Annex A and Annex B
with inforijiative default choices.

For the con
Informativj

The main t

Use by or
requireme
application
national/r¢
as national

dq

NOTE 1

the reg

the ind
the cho

Topics add|
topics can

e default choices are provided in Annex B.
arget groups for this document are architects, engineers and regulators.

for regulators: In case ISO 52000-1 is used in the context of national or regional 1
nts, mandatory choices may be given at national or regional feyel for such spe
s. These choices (either the informative default choices from AnnéxB or choices adapte
bogional needs, but in any case following the template of this Anfiex'A) can be made avail
annex or as separate (e.g. legal) document (national data sheet):

o in this case:
ulators will specify the choices;

vidual user will apply the document to assess the energy performance of a building, and thereby
ices made by the regulators

ressed in this document can be subject to\public regulation. Public regulation on the s
pverride the default values in Annex B of this document. Public regulation on the same to

can even, for certain applications, override theluse of this document. Legal requirements and cho

are in gene
and difficu
choices ha
possible, fa

It is expecf
followed d

nation
values
contai

or, by
annex
nation

ral not published in standards butin legal documents. In order to avoid double publicat
[t updating of double documentsya'national annex may refer to the legal texts where nati
e been made by public autherities. Different national annexes or national data sheets
r different applications.

ed, if the default values, choices and references to other EPB standards in Annex B are
e to national regulations, policy or traditions, that:

b1 or regional duthorities prepare data sheets containing the choices and national or regi
according te{the model in Annex A. In this case a national annex (e.g. NA) is recommen
hing a referénce to these data sheets;;

efaultthe national standards body will consider the possibility to add or include a nati

rect use of this document, a normative template is given in Annex A to specify thesée choices.

boal
rific
d to
hble

use

hme
pics
ices
ons
nal
are

not
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rive

imagreement with the template of Annex A, in accordance to the legal documents that

Further target groups are parties wanting to motivate their assumptions by classifying the building
energy performance for a dedicated building stock.

More information is provided in the Technical Report (ISO/TR 52022-2) accompanying this document.

The framework for overall EPB includes:

a)
b)

c)

Vi

common terms, definitions and symbols;
building and assessment boundaries;

building partitioning into space categories;
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d) methodology for calculating the EPB (formulae on energy used, delivered, produced and/or
exported at the building site and nearby);

e) a set of overall formulae and input-output relations, linking the various elements relevant for the
assessment of the overall EPB;

f) general requirements for EPB dealing with partial calculations;
g) rules for the combination of different spaces into zones;

h) performance indicators;

i) |methodology for measured energy performance assessment.

ISO|10077 consists of two parts. This document is intended to provide calculated valtes’of the thermal
chafacteristics of frame profiles, suitable for use as input data in the calculation méthod of the thermal
trapsmittance of windows, doors and shutters given in ISO 10077-1. It is an altérnative to the hot box
testf method specified in EN 12412-2. In some cases, the hot box method can be preferred, gspecially if
phyisical and geometrical data are not available or if the profile is of complicated geometrical shape.

Although the method in this document basically applies to vertical frame profiles, it is an|acceptable
approximation for horizontal frame profiles (e.g. sill and head sections)and for products used in sloped
posftions (e.g. roof windows). For calculations made with the glazing units in place, thq heat flow
patfern and the temperature field within the frame are usefulby=products of this calculatios.

The ISO 10077 series does not cover building facades-and curtain walling, which are fcovered in
1SO|12631.

Table 1 shows the relative position of this document.within the set of EPB standards in thg context of
themodular structure as set out in ISO 52000-1.

NOTE2 InISO/TR 52000-2, the same table can-be found, with, for each module, the numbers of the relevant
EPB|standards and accompanying technical reperts that are published or in preparation.

NOTE3  The modules represent EPB standards, although one EPB standard could cover more thanfone module
andjone module could be covered by more'than one EPB standard, for instance, a simplified and a detafiled method
respectively.

© 1S0 2017 - All rights reserved vii
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Table 1 — Position of this document (in casu M2-5), within the modular structure of the set of

EPB standards
Overarching Building Technical building systems
(as such)
Buil
Hu De Do ding
Sub . i i Ven | mi | hu |mes| |auto| py
Descrip Descrip Descrip Hea | Coo . e mi tic | Ligh | ma .
mo . A . . . tila difi e . . wind,
dul tions tions tions ting | ling . difi | hot | ting | tion
ule tion | ca
. ca wat and
tion tion er cont
rol
sub1 M1 M2 M3 M4 | M5 M6 M7 | M8 | M9 | M10 | M11
1 [eneral General General
ommon
t¢rms and
2 ddfinitions, Building Needs a
qymbols, energy needs
units and
s@bscripts
(Free) Indoor .
3 Applications conditions D{[(?:cirzrl:;n
without ower
systems P
Vays to Ways to Ways to
4 bxpress express express
energy energy energy
pefformance performance performance
Building
cqtegories Heat transfer IS0 EMission
5 and by transmis- | 4477 54 3nd control
uilding sion
bqundaries
Buildin Heat trarsfer
5 by infiltra- o
6 og¢cupancy N Distribution
operating . and control
o and-ventila-
c¢nditions .
tion
Aglsregation
of
7 erfergy ser- Internal Storage
Vices heat gains and control
arrderrer By
carriers
8 Building Solar Generation
zoning heat gains and control
s Load
Calculated dBullcln.lg dispatching
ynamics
9 energy (thermal and
performance operating
mass) o
conditions
a  The shaded modules are not applicable.

viii
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Table 1 (continued)
Overarching Building Technical building systems
(as such)
Buil
Hu De Do ding
Sub Ven | mi | Bu | mes auto | py
Descrip Descrip Descrip Hea | Coo . ) mi tic | Ligh | ma .
mo i A . . . tila | difi i g . . wind,
d tions tions tions ting | ling | .. difi | hot | ting | tion
ule tion ca
. ca | wat and
tion | .
tion | er cont
rol
[
sdhl M1 M2 M3 | M4 | M5 M6 | M7 | M8 | M9 ||M10 | M11
Measured Measured Measured
10 energy energy energy
performance performance performance
11 Inspection Inspection Inspection
Ways to 6()
N
12 ~ express BMS N
indoor com- 5\
fort e O
O
External Q
13 environment :\\
conditions $\\,P
(7.2
Economic %s\
14 .
calculation $
a | The shaded modules are not applicable.
ix
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Thermal performance of windows, doors and shutters —
Calculation of thermal transmittance —

Part 2:
Numerical method for frames

1
Thi

Scope

5 document specifies a method and gives reference input data for the calculation of t

trapsmittance of frame profiles and of the linear thermal transmittance of théir junction w

org

The
cha

Thi

Thi
dim

paque panels.

method can also be used to evaluate the thermal resistance of shutter profiles and t
Facteristics of roller shutter boxes and similar components (e.g. blinds).

5 document also gives criteria for the validation of numericalmethods used for the calcu

5 document does not include effects of solar radiation, heat\transfer caused by air leakag
ensional heat transfer such as pinpoint metallic connéctions. Thermal bridge effects b

frame and the building structure are not included.

NOT
star]

2

Thd
con
und

ISO

ISO
cald

ISO
glaz

ISO
and

E Table 1 in the Introduction shows the relative position of this document within the
dards in the context of the modular structure as set out in ISO 52000-1.

Normative references

following documents are referred to in text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

7345, Thermal insulation s— Physical quantities and definitions

10211, Thermal bridges in building construction — Heat flows and surface temperatures
ulations

10292, Glassiin building — Calculation of steady-state U values (thermal transmittance)
ing

10456:2007, Building materials and products — Hygrothermal properties — Tabulated de
pracedures for determining declared and design thermal values

he thermal
ith glazing

he thermal
ation.
e or three-

btween the

set of EPB

pir content
pplies. For
[s) applies.

— Detailed

of multiple

sign values

IS0 12567-2:2005, Thermal performance of windows and doors — Determination of thermal transmittance
by hot box method — Part 2: Roof windows and other projecting windows

ISO

17025, General requirements for the competence of testing and calibration laboratories

ISO 52000-1, Energy performance of buildings — Overarching EPB assessment —- Part 1: General
framework and procedures

EN 673, Glass in building — Calculation of thermal transmittance (U-value) — Calculation Method

EN 12519, Windows and pedestrian doors — Terminology
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https://standardsiso.com/api/?name=33f15775bd65f4f4a107a7ef6a552cb0

ISO 10077-2:2017(E)

NOTE Default references to EPB standards other than ISO 52000-1 are identified by the EPB module code
number and given in Annex A (normative template in Table A.1) and Annex B (informative default choice in

Table B.1).

EXAMPLE EPB module code number: M5-5, or M5-5.1 (if module M5-5 is subdivided), or M5-5/1 (if

reference to a specific clause of the standard covering M5-5).

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7345, EN 12519, ISO 52000-1

and the fol r\uling QY\Y\]‘Y

rr-sJ

ISO and [EC maintain terminological databases for use in standardization at the following addresse

— IEC Elgctropedia: available at http://www.electropedia.org/

— ISO Onlline browsing platform: available at http://www.iso.org/obp

31
EPB standard

standard fhat complies with the requirements given in ISO 52000-1, ~CEN/TS 16628[10]
CEN/TS 16629111

Note 1 to enfry: These three basic EPB documents were developed under a mandate given to CEN by the Euroy
Commission} and the European Free Trade Association (Mandate M/480),;and support essential requiremen
2010/31/EU on the energy performance of buildings (EPBD). Several EPB standards and rel
documents pre developed or revised under the same mandate.

[SOURCE: ISO 52000-1:2017, definition 3.5.14]

4 Symbols and subscripts

122}

and

ean
s of
hted

4.1 Symbols
For the puitposes of this document, the symbols given in ISO 52000-1 and the following apply.
Symbol Name of quantity Unit
A area m?2
b width;i.e. perpendicular to the direction of heat flow m
d depth, i.e. parallel to the direction of heat flow m
C constant in formula for Nusselt number W/(m2-K4/3)
£ intersurface emittance —
F view factor —
h heat transfer coefficient W/(m2-K)
L2D two-dimensional thermal conductance or thermal W/(m-K)
coupling coefficient
l length m
Nu Nusselt number —
q density of heat flow rate W/m?2
R thermal resistance m2-K/W
r distance m
T thermodynamic temperature K
U thermal transmittance W/(m2-K)
o Stefan-Boltzmann constant W/(m2-K4)

2 © IS0 2017 - All rights reserved
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Symbol Name of quantity Unit
£ emissivity —
A thermal conductivity W/(m-K)
y linear thermal transmittance W/(m-K)
o temperature °C
Subscripts

For the purposes of this document, the subscripts given in ISO 52000-1 and the following ap

5.1
The

Subscript |Description

c convective (surface to surface)
e external (outdoor)

g glazing
eq equivalent

f frame

fr frame adjacent to roller shutter box
i internal (indoor)
rb radiation black body

m mean

p panel

r radiative

S space (air or gas.space)
sb shutter box

se external surface

si internal surface

Calculation method

Output of the method
possible outputs ofthis document are the following:
thermal trapsmittance of a frame profile, U;
thermalktransmittance of a shutter box, Ugp;

lineapthermal transmittance of a junction of a frame profile with a glazing, ¥ or opaqu

e panel, ¥,

5.2

General principle

The calculation is carried out using a two-dimensional numerical method conforming to ISO 10211.
The elements shall be divided such that any further division does not change the calculated result
significantly. ISO 10211 gives criteria for judging whether sufficient sub-divisions have been used.

Two different approaches for the calculation of the heat transfer through cavities are given:

a)
b)

radiosity method;

single equivalent thermal conductivity method.

© IS0 2017 - All rights reserved
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The radiosity method considers that the heat transfer through an air cavity occurs simultaneously
through conduction/convection and through radiation. The two phenomena are happening in parallel
so that the calculation of each contribution is done separately.

When using the single equivalent thermal conductivity method the heat flow rate in cavities is
represented by a single equivalent thermal conductivity, Aeq. This equivalent thermal conductivity
includes the heat flow by conduction, by convection and by radiation, and depends on the geometry of
the cavity and on the adjacent materials.

NOTE The single equivalent thermal conductivity method is equal to the calculation method given in
[SO 10077-2:2012.

Vertical orfientation of frame sections and air cavities is assumed for calculations by this docunlent
for the purposes of assigning equivalent thermal conductivity values (see 6.4.2.3.2 and 6.4.3.4.2). This
applies irr¢spective of the intended orientation of the actual window, including roof windows:

Throughoyt this document, where indicated in the text, Table C.1 shall be used to idéntify alternafive
regional references in line with ISO Global Relevance Policy.

5.3 Valigation of the calculation programs

To ensure [the suitability of the calculation program used, calculations shall be carried out on|the
examples ¢lescribed in Annexes G and H (using the radiosity method) or Annex I (using the sinpgle
equivalent|thermal conductivity).

The requirgments for all validation cases in Annexes G and H or.Annex I shall be fulfilled.

The calculgted two-dimensional thermal conductance L2D foxthe cases in Annex H or Annex I shallfnot
differ from/the corresponding values given in Tables H.3 and’'H.4 or Tables [.3 and 1.4 by more than +3 %.
This will 1dad to an accuracy of the thermal transmittdance, U, and the linear thermal transmittanc¢, ¥,
of about 5 6.

6 Calculation of thermal transmittance

6.1 Output data

The outputs of this document are transmission heat transfer coefficients as shown in Table 2.

Table 2 — Output data

Description Symbol Unit Del;t(:gi::eon Xﬁg% Varying
Thermal transmittance of frame profile Us W/(m2 K) M2-5 >0... 20 No
Thermal transmittance of shutter box Usp W/(m2 K) M2-5 >0... 20 No
Linear thermaltransmittance ¥ W/(m K) M2-5 -20... 20 No

6.2 Calculation time intervals

The calculations described in this document are steady-state and do not have time intervals.
6.3 Inputdata

6.3.1 Geometrical characteristics

Table 3 shows the necessary geometrical characteristics.

4 © IS0 2017 - All rights reserved
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Table 3 — Identifiers for geometric characteristics

Description Symbol Unit Range Origin Varying
Geometrical data
Cross section of the frame profile Manufacturer No
Cross section of the shutter box Manufacturer No
Cros_s section of-the junction frame Manufacturer No
profile and glazing
Cro?_s] sect{:on of fhe junction frame Manufacturer No
pr He an ‘nnnp
For|frames with special extensions overlapping the wall or other building elements, such as Z-shaped
profiles, the extensions shall be disregarded as illustrated in Figure 1. This applies to all prjofiles with
spefial extensions (e.g. H-shape) where the extensions overlap the wall or othet |building elements.
Othler boundaries shall be treated as defined in Figure 4.
— | C3 |
% I —
Figure 1 — Treatment of profileswith extensions (Z-shape)
NOTE1 This approximation is for assessment(of thermal transmittance. It is not appropriate for the
assgssment of condensation risk.

NO'I
the

6.3

For
acc

E2 The extension of the frame profile is disregarded in the calculation of the thermal trans
ivindow; see ISO 10077-1.

2 Thermal conductivity.values

the purpose of this document, thermal conductivity values used for solid materials shall I
rding to one of the following:

Table D.1;
tabulated yalues given in ISO 10456;
productstandards;

technical approvals by a recognized national body;

mittance of

e obtained

measurements according to an appropriate International Standard.

Measurements shall be used only if there is no tabulated data or data according to relevant product
standards or a technical approval. Measurements shall be performed at a mean temperature of 10 °C
using the appropriate method by an institute accredited (as specified in ISO 17025) to carry out
those measurements, on samples that have been conditioned at 23 °C and 50 % RH to constant mass
(change in mass not more than 0,1 % over 24 h). To ensure that the thermal conductivity values are
representative of the material (that is, that the value incorporates likely variability of the material and
the measurement uncertainty), one of the following methods shall be used for obtaining the thermal

con

ductivity value from measured data used in the calculations:

— the thermal conductivity is the declared value obtained from the measured data (at least three
different samples from different lots representing the usual product variation, with ageing taken

©IS
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into consideration) according to a statistical evaluation as defined in ISO 10456:2007, Annex C, 90 %
fractile;

— ifless than three samples, use the mean value multiplied by a factor of 1,25.

6.3.3

Emissivity of surfaces

The surfaces bounding an air cavity shall have an emissivity of 0,9. Values less than 0,9 may be used
only if taken from Table D.3 or measured in accordance with an appropriate standard by an institute
accredited (as specified in ISO 17025) to carry out those measurements. Where based on measured

values, the

reshallbe atleastthree cnmplpc and the resnlts shall be evaluated ar(‘nrding to the statistical

treatment

NOTE )
lower emiss

6.3.4 Ge

The extery
to the ext
conditions
resistance
this docunj

Surface condensation shall be assessed on the basis of the lowest internal surface temperat

calculated

The cuttin

n ISO 10456.

ivity. Typical values of the emissivity for metallic surfaces are given in Table D.3.

neral boundaries

al and internal surface resistances depend on the convective and/radiative heat tran|
brnal and internal environments. If an external surface is not @€xposed to normal W
the convective part may be reduced in edges or junctions between'two surfaces. The sur
for horizontal heat flow are given in Annex E. These values_shall be used for calculation
ent irrespective of the intended orientation of the actuakwindow, including roof windg

using the surface resistances in Annex E.

b plane of the infill and the cutting plane to neighbéuring material shall be taken as adiab

(see Figurd

The refere

6.3.5 Bojundaries for roller shutter boxes

Calculatior
boundary

the tof

at the
of 60 1y

surfac

surfac

The cavity

4 and Annex H).

ice temperature conditions shall be 20 °C internal and 0 °C external.

of the thermal transmittance. of a roller shutter box shall be done with the follow
onditions:

of the roller shutter box:‘adiabatic;

bottom of the roller-shutter box where it adjoins the window frame: adiabatic for a distd
m;

bs adjacent tgthe internal environment: surface resistance of 0,13 m2-K/W;
bs adjacenbto the external environment: surface resistance of 0,04 m2-K/W.

within the roller shutter box shall be treated as (see Figure 2):

fetallic surfaces such as aluminium alloy frame, steel reinforcement and other metals/alloys have

sfer
ind
face
5 by
WS.
ure

atic

fing

nce

ifer +

s} aloro Jd. 21 H 1 2] 1 A | e cad £ alor o H H
C3 = « I UIlVUIILIIAdilTy, LIIT CblbllVCllCllL LIICT I1Idadl LUlluubLlVlLy Ul dIl UI1Ivuoliitiiditu dil Cavl

calculated according to 6.4.2.3;

NOTE

y is

Additional hardware like brushes, gaskets, etc. can be taken into account for the determination
of e1 and e3.

air temperature but with a surface resistance of 0,30 m2-K/W;

air temperature but with a surface resistance of 0,13 m2-K/W.

if erot < 35 mm: slightly ventilated; taking the air temperature within the cavity equal to the external

if etot > 35 mm: well-ventilated; taking the air temperature within the cavity equal to the external

The relevant height of the roller shutter box, bsp, used for the calculation is the projected distance
between the upper and lower adiabatic boundary (see Figure 2).
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The assessment may be done with insulation on either or both of the boundaries B and C indicated in
Figure 2. If that is the case the thickness and thermal conductivity of the insulation shall be stated in

the calculation report.

Dimensions in millimetres

RS % X
0‘0 0‘

el e e3

60

€tot

Key

Bouhdaries (see Annex E):

A adiabatic boundary

B external surface resistance

C internal surface resistance

bsp

€1, €3

€2

€rot

I

N
5
bode)

R
0%
0%

R
0%,
<

<

3
oo,
K

bsb

- C

€tot 60 ler

[

height of the roller shutter box

widths of air gaps on either side of the shutter were
the shutter box

thickness of the shutter
e1 +eyxt+es
position of the frame

it exits from

NOTE The window frame (boundary A) is 60 mm wide but located with respect to the roller shutter b¢x according

to thhe actual situation.

6.4 Caleulation procedures

Figure 2 — Schematic example for the treatment of the boundaries for roller shutte

r boxes

6.4.1 petermination or tnermal transmitidnce

The thermal transmittance of a frame section shall be determined with the glazing replaced by an
insulating panel according to Annex F, with the external and internal surface resistances taken from
Annex E. The linear thermal transmittance of the interaction of frame and glazing shall be determined
from calculations with the glazing in place and with the glazing replaced by an insulated panel.

NOTE1 The interaction of the frame and the building structure is considered separately for the building as a
whole. It is not part of the thermal transmittance of the frame section.

NOTE 2 In the case of an overlap between the frame section and part of the wall, the linear thermal

transmittance could be negative.
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6.4.2 Treatment of cavities using the radiosity method

6.4.2.1 General

The heat transfer through an air cavity occurs simultaneously through convection and through
radiation. The two phenomena are happening in parallel so that the calculation of each contribution can
be done separately.

The calculation of the convective heat transfer is carried out using an equivalent thermal conductivity
and following the rules of 6.4.2.3.2. Given that the formula for the equivalent thermal conductivity

applies to
non-recta
of the cavi
regards to

The calcul
after apply

gular cavities or rectangular cavities with the convective heat flow not parallel to the’dg
y must be first transformed into equivalent rectangular cavities, correctly oriented v
the direction of the convective heat flow.

htion of the radiative heat transfer is carried out for the real geometry of the cavities
ing the subdivision rule for interconnected cavities, see 6.4.2.3.1) using a(view factor-bg

radiosity mpethod, as explained in 6.4.2.3.3.

Both conveg
calculation

Figure 3 sh

NOTE1 1
effect of the

NOTE2
by both con

ctive and radiative heat transfer calculations depend on the temperature itself (nonliy
s). Therefore, an iterative calculation procedure of the heat flowishall be adopted.

ows the flowchart of the general methodology.

In contrast to other standards and to 6.4.3, the equivalent thermal conductivity here includes only
convective heat transfer (radiative heat transfer is taken ifite account separately).

'he terms “convective heat transfer” and “convectivecheat flow” are used to represent heat tran
Huction and convection.

nly,
pth
vith

but
sed

ear

the

sfer
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/ Input data /

A 4

Identification of unventilated,
slightly ventilated and
well-ventilated air cavities

v

Imposition of
boundary conditions

v

Subdivision of
unventilated cavities

v
Determination of the direction
of the convective heat flow
in each cavity

2

Determination of
equivalent

rectangular cavities - '." - h 4
¢ Calculation of radiative heat transfer Calculation of condlictive

in unventilated cavities heat transfer

Calculation of (Radiosity method) in solid materialls
equivalent

thermal conductivities

A A

Calculation of convective heat
transfer in unventilated cavities

Calculation of heat flow
and temperature field
in the profile

Y

NO /;nvergence?

Output

Figure 3 — Flowchart of the calculation method
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6.4.2.2 Cavities in glazing

The equivalent thermal conductivity of an unventilated space between glass panes in glazing shall be
determined according to ISO 10292 (or see Subject 1 in Table C.1). The resulting equivalent conductivity
shall be used in the whole cavity, up to the edge.

6.4.2.3 Unventilated air cavities in frames and roller shutter boxes

6.4.2.3.1 Definition

Air cavitiegareunventitatedif they are comptetety closedorcommected eitter totheexterioror toj the
interior by|a slit with a width not exceeding 2 mm (see Figures 4 and 5); this applies irrespective offthe
orientatior] of the cavity with respect to heat flow direction. Otherwise the cavity shall be treatedl as
ventilated pr slightly ventilated (see 6.4.2.4).

Dimensions in millimdtres

L
p—

-C

Key
Boundaries | see Annéx E):
A adiabaqic boundary

glazing (see 6.4.2.2)
unventilated cavity (see 6.4.2.3)
STightly ventilated cavity or groove (see 6.4.2.4.1)

externdl surface resistance

T o] Mo

B
C internalsurfaceTesistance
D

increased surface resistance well-ventilated cavity or groove (see 6.4.2.4.2)

Figure 4 — Schematic example for the treatment of boundaries and cavities and grooves of a
frame section

NOTE Figure 4 illustrates a window. The same principles are applicable to roof windows, but the adiabatic
part of the boundary is different: An example of a roof window is shown in Figure H.6.

Cavities with one dimension not exceeding 2,0 mm or cavities with an interconnection not exceeding
2,0 mm shall be considered as separate, see Figure 5.
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Dimensions in millimetres

Key
cavities connected by a section less than or equal to 2 mm
cavities in 1 treated as separated cavities

small cavity with a width less than or equal to 2,0:mim
cavity in 3 treated as separated cavities

Ul s W N

solid material
Figure 5 — Division of cavity

6.4)2.3.2 Convective heat transfer in unventilated air cavities

In order to calculate the.cenvective heat transfer in a cavity, an equivalent thermal conductiyity is used.
Its yalue is given by&Formula (1):

Aeq = Aair * NU (1)

wheére

Azit-_is the thermal conductivity of air = 0,025 W/(m-K);

Nu is the Nusselt number.
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The Nusselt number is calculated as follows:

ifb<5mm: Nu=1

otherwise
1/3
Nu = max 17% (2)
)'air

where

b i the width of the equivalent rectangular cavity perpendicular to the direction of heat flolvv,

in m (see also Figure 6);
d  i9the depth of the equivalent rectangular cavity in the direction of heat flow, in m
gee also Figure 6);
C ifaconstant equal to 0,73 W/(m2-K4/3);

AT i the maximum surface temperature difference in the real cavity, inK:

As AT is infitially unknown, the calculation of the convective heat transfép is iterative. A temperature
difference pf 10 K can be considered for the first iteration.

In order to|calculate the convective heat transfer in non-rectangular cavities or in rectangular cavIlies
with the cdnvective heat flow not parallel to the depth of the cawity, these cavities are first transforined
into equivdlent rectangular cavities.

Air cavitiep are transformed into equivalent rectangularair cavities with the same area (A = 4’) and
aspectratip (d/b =d’/b’), see Figure 6.

The transfprmation is given by Formulae (3) and (43

—_— ’ b,

b= \/; = (3)
—_— ’ d,

d= & " (4)

The calculation of the dimensions of the equivalent rectangular cavity requires the determinatioh of
the convective heat flowdirection.

The convegtive heaf flow direction in the cavity is a direction in the cross-sectional plane of the frame
section correspofiding to the main direction of the convective heat flow in the cavity.
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Key]
A area of the equivalent rectangular air cavity
d, b| depth and width of the equivalent air cavity
A area of the true cavity

d, b| depth and width of the circumscribing rectangle with.@’ parallel to the convective heat flow diredtion
Figure 6 — Transformation of air cavities

From a known temperature distributign-in the cavity as shown in Figure 7 the convectiv¢ heat flow
dirgction equals the direction of the-vector c?m calculated as Formula (5):

B jadA j —lquradeA
= AA _Ja

q ” (5)
whére

am is the‘mean heat flow density, in W/m?2;

q i5 the local heat flow density, in W/m?;

A is the cross-sectional area of the cavity, in m2;

Aeq is the equivalent thermal conductivity of the cavity, in W/(m-K);

gradT is the temperature gradient of the gas within the cavity, in K/m.
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O

N

As the tem

the calculation of the convective heat transfer is iterative.

6.4.2.3.3

The radiat
the grid us
method ag
irradiance
within the

NOTE 1

The radiaf]
resistance

NOTE 2
surfaces wi

Definitions of the terms radiosity, irradiance, opaque, diffuse and grey are given in ISO 9288.

)

2

Figure 7 — Cavity conductive heat flow direction

berature field, and therefore, the direction of the convective heat flow areinitially unkng

Radiative heat exchange

ve heat exchange between the elementary surfaces aroitnd the air cavity (resulting f
ed by the numerical method) shall be calculated using the radiosity method. The radio
sumes isothermal elementary surfaces to be characterized by a uniform radiosity
The surfaces are assumed to have opaque, diffuse and grey surface behaviour. The
cavity is taken to be non-participating (i.e. the gas'does not absorb radiation).

ive heat exchange according to the radiosity method can be represented by a ther
network as shown, for example, in Figure 8.

nly four elementary surfaces occur in the network shown. In real cavities, multiple elemen
l occur.

wn,

fom
Sity
and

air

mal

fary

14

Figure 8 — Example of radiation thermal resistance network
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The network is specified as follows:

in the surface node i, the temperature Tg; is applied;

— the node adjacent to the surface node i (so-called black surface node i) has temperature Tgp;;

— the radiative heat flow between two black surface nodes i and j is defined in Formulae (6), (7)

and (8):
A ( T, —T.. )
i\ " sbi sbj
Q;= 5 (6)
i
1
= (7)
Uj
Fy P i
_ 2 2
hrb7ij =0 (sti + stj ) (sti + stj) (8)
whére
A; isarea of elementary surface i, in m2;
Fjj  is the view factor from surface i to surface j;
hyb,ij is the black radiation heat transfer coefficient between surface node i and surface pode j,
in W/(m2-K);
o is the Stefan-Boltzmann constant equal t@ 5,67 x 10-8 W/(m?2-K4);
Tspi is absolute temperature of black surface node i, in K;
Tspj is absolute temperature of black-surface node j, in K;
— |Theradiative heat flow betweenablack surface node i and a surface node i is defined in Fojrmulae (9),
(10) and (11):
A, (T T )
bi Si
Q.= _tA sbt sty 9
; R 9
1-¢.
R, = ! (10)
€; My
2 2
hrbi ivea (sti + Tsi ) (sti + Tsi ) (11)
where

A; isthe area of the elementary surface i, in m2;

& isthe total hemispherical emissivity of surface i;

hrpi is the black radiation heat transfer coefficient between surface node i and black surface node

I
in W/(m2-K);

© IS0 2017 - All rights reserved
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o isthe Stefan-Boltzmann constant equal to 5,67 x 10-8 W/(m2-K4);
Tsi is the absolute temperature of surface node i, in K;
Tspi is the absolute temperature of black surface node i, in K.
The view factor between two infinitesimal surfaces d41 and dA3 is defined in Formula (12):
P cos ¢, cos ¢, dA,

dA1—dA2 = 5 (12)
nr

where

@1 isthe angle between the line connecting the two infinitesimal surfaces and the normal of the
sufface dAz;

@2 isthe angle between the line connecting the two infinitesimal surfaces and-the normal of the
sufface dAy;

r isthe distance between the two infinitesimal surfaces.

@1, @2 and | are shown in Figure 9.

Figure 9 — Definition of the view factor between two infinitesimal surfaces

The view factor betweendheelementary surfaces A; and 4 is obtained by integration; see Formula ({L3):

COSPICoSQ .
g —1—Jj4dA.dA. 13)
i~ 4 2 i 70

The calculatian of the view factors shall take into account the effects of shading or blocking by
intervening surfaces.

As the network resistances depend on the node temperatures, the radiation exchange calculation is
iterative.

Small openings can occur in the cavity surface (due to slits or interconnections with a width not
exceeding 2 mm, see 6.4.2.3.1). These small openings can be treated as a surface with zero emissivity.

Where a cavity has an adiabatic boundary, this boundary can be treated as a surface with zero
emissivity.
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2.4 Ventilated air cavities and grooves

2.4.1 Slightly ventilated cavities and grooves with small cross section

Grooves with small cross sections (see Figure 10) at the external or internal surfaces of profiles and
cavities connected to the external or internal air by a slit greater than 2 mm but not exceeding 10 mm
shall be considered as slightly ventilated air cavities. In this case, it is assumed that the whole surface is
exposed to the environment and a surface resistance Rs = 0,30 m2-K/W shall be used at the developed
surface, see Figure 10. Additional hardware like brushes, gaskets, etc. can be taken into account for the
determination of b.

Key]

6.4

In d
con
tot
dev]
acc

Int
the

Dimensions'in

b <10
b<10

equivalent thermal conductivity

Figure 10 — Examples for slightly ventilated cavities and grooves with small cross

2.4.2 Well-ventilated cavities and grooves with large cross section

ases not covered by 6.4.2.3 and 6.4.2.4.1, in particular when the width b of a groove
hecting a cavity to the envifonment exceeds 10 mm, it is assumed that the whole surface
he environment. Therefore/the surface resistance Rgj or Rse according to 6.3.4 shall be
eloped surface, see Eigure 11. Additional hardware like brushes, gaskets, etc. can be
unt for the determination of b.

he case of a large-cavity connected by a single slit and a developed surface exceeding t
slit by a factor-of 10, the surface resistance with reduced radiation shall be used (see An

Dimensions in

millimetres

section

or of a slit
is exposed
1sed at the
taken into

e width of
ex E).

millimetres

7 /.
———— [————————-
| R. = | =
e TSy | Rs A
| a L/// a
L R —
| |
| |
| |
L _ 4

Figure 11 — Examples for well-ventilated cavities and grooves
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6.4.3 Treatment of cavities using the single equivalent thermal conductivity method

6.4.3.1 General

The heat flow rate in cavities shall be represented by a single equivalent thermal conductivity, Aeq. This
equivalent thermal conductivity includes the heat flow by conduction, by convection and by radiation,
and depends on the geometry of the cavity and on the adjacent materials.

6.4.3.2 Cavities in glazing

The equiva
determine
shall be us

6.4.3.3 U

6.4.3.3.1

Air cavitie
interior by
the orientg
as ventilat

l according to ISO 10292 (or see Subject 1 in Table C.1). The resulting equivalent conducti
bd in the whole cavity, up to the edge.

Inventilated air cavities in frames and roller shutter boxes

Definition

5 are unventilated if they are completely closed or connected eithérto the exterior or to
a slit with a width not exceeding 2 mm (see Figures 12 and 13}J; this applies irrespectiy
tion of the cavity with respect to heat flow direction. Otherwise, the cavity shall be tres
bd or slightly ventilated (see 6.4.3.6).

be
ity

the
e of
ted
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Dimensions in millimetres

>

/

2

lws)

L

C
Key
Boupdaries (see Annex E):
A |adiabatic boundary E glazing (see 6.4.3.2)
B |external surface resistance F  unventilated cavity (see 6.4.3.3)
C |internal surface resistance G slightly ventilated cavity or groove (see 6.4
D [increased surface resistance H well-ventilated cavity or groove (see 6.4.3.4

Figure 12 — Sché€matic example for the treatment of boundaries and cavities and grq

NOTE

part 6fthe boundary is different. An example of a roof window is shown in Figure H.6.

%
=30

I R
450
‘>/

_I
|

e | EJ 1SS
>10

%

N
%

[ [

frame section

Figure 12 illustrates a window. The same principles are applicable to roof windows, but t

3.4.1)
.2)

oves of a

he adiabatic

Cavities with one dimension not exceeding 2,0 mm or cavities with an interconnection not exceeding
2,0 mm shall be considered as separate; see Figure 13.
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Dimensions in millimetres

Key

1 cavitieg
2 cavitieq
3 smallc
4

5

6.4.3.4 Unventilated rectangular: air cavities

6.4.3.4.1

The equiv
Formula (1

/”teq =

cavity ip 3 treated as separated cavities

solid mpterial

connected by a section less than or equal to 2 mm
in 1 treated as separated cavities
vity with a width less than or equal to 2,0 mm

Figure(13"— Division of cavity

Equivalent thermal conductivity

hlent thermal,'conductivity, Aeq, of the cavity in direction 1 (see Figure 14) is giver
4):
&
RS

where

d isthe dimension of the cavity in the direction of heat flow (see Figure 14);

Rs is the thermal resistance of the cavity, given by Formula (15):

20

by

14)
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R, = (15)

where

h¢e is the convective heat transfer coefficient;

hy isthe radiative heat transfer coefficient.

7"
&
d
€4
=7
/ b
Key
1 heat flow direction
b dimension perpendicular to the direction of heat flow
d dimension of cavity in the directign of heat flow
£1, & emissivities of the surfaces
Figure 14 — Rectangular cavity
6.413.4.2 Conveetive heat transfer coefficient
Thd convectivesheat transfer coefficient, h, is
if bk 5 mm;
C
b=l (16)
d
where
C1 =0,025 W/(m-K);
otherwise
¢y 1/3
h. =max{—;C,AT (17)
C d 2
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C1
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= 0,025 W/(m-K);

C; =0,73 W/(m2-K4/3);

AT is the maximum surface temperature difference in the cavity.

If no other

where

C1
C3

6.4.3.4.3

=4

where

g1and ey a

The values
use &1 =09

If no other

=C

r

1,57 W/(m2-K).

information is available, use AT = 10 K for which

(e, |

ax 17 o j
),025 W/(m-K);

Radiative heat transfer coefficient

3
5T EF

s the Stefan-Boltzmann constant equal to 5,67 x:10-8 W/(m2-K4);

]1
1 2
s the view factor for a rectangular section equal to > [1 +4 /1 + (d/b) - d/b ]

e the emissivities ofithe surfaces indicated in Figure 14.

i+i_1

s the intersurface emittance equal to [
€
1

of the emissivitiesshould be given to two decimal places. If no other information is availa
0 and g2 = 0,90.

information is available, use Ty, = 283 K for which

18)

[19)

ble,

20)

where C4 =

X (1+,/1+(d b)2 - d/b]

2,11 W/(m2-K).

6.4.3.5 Unventilated non-rectangular air cavities

Non-rectangular air cavities (T-shape, L-shape, etc.) are transformed into rectangular air cavities with
the same area (A = A’) and aspect ratio (d/b = d’/b’) (see Figure 15) and then 6.4.3 is applied.

22
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/ /
) ]
1 A’ A
/
o # o
r
/ s
b’ _ b ;]
Key
A area of the equivalent rectangular air cavity

d, b| depth and width of the equivalent air cavity
A area of the true cavity

d’b]| depth and width of the smallest circumscribing rectangle
Figure 15 — Transformation of non-rectangular air cavities

The transformation is given by Formulae (3) and (4).

6.4{3.6 Ventilated air cavities and grooves

6.4{3.6.1 Slightly ventilated cavities and grooves with small cross section

Gropves with small cross sections (se€_Figure 16) at the external or internal surfaces of profiles and
cavities connected to the external dr jhternal air by a slit greater than 2 mm but not exceeding 10 mm
shall be considered as slightly ventilated air cavities. The equivalent conductivity is twicqg that of an
unventilated air cavity of the same size according to 6.4.3.3. Additional hardware like brushgs, gaskets,
etc.{can be taken into accountfor the determination of b.

Dimensions in millimetres

<‘2 (=)
g VI g Vi
Q Q
7 Y /
Aeq N
i &
7
d a>b

Key

Aeq equivalent thermal conductivity

Figure 16 — Examples of slightly ventilated cavities and grooves with small cross-section
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6.4.3.6.2 Well-ventilated cavities and grooves with large cross section

In cases not covered by 6.4.3.3 and6.4.3.6.1, in particular when the width b of a groove or of a slit
connecting a cavity to the environment exceeds 10 mm, it is assumed that the whole surface is exposed
to the environment. Therefore, the surface resistance Rs; or Rse according to 6.3.4 shall be used at the
developed surface; see Figure 17. Additional hardware like brushes, gaskets, etc. can be taken into
account for the determination of b.

In the case of a large cavity connected by a single slit and a developed surface exceeding the width of
the slit by a factor of 10, the surface resistance with reduced radiation shall be used (see Annex E).

Dimensions 1n millimgtres

\
N\

p— ——
S | e
R A A
L S a {‘\R a
- | s e

| |

| |

| |

L1

4

Figure 17 — Examples for well-ventilated cavities and grooves

7 Report

7.1 Contents of report

The calculgtion report shall include the following:

— referefce to this document, i.€. ISO 10077-2;

— identiffication of the organization making the calculation;
— identifiication of the ealctlation programme;

— date of calculation;

— applied caleulation method for cavities: radiosity method (6.4.2) or single equivalent thermal
condugtivity method (6.4.3); date of calculation;

— items listed in 7.2 and 7.3.

7.2 Geometrical data

A technical drawing of the sections (preferably using 1:1 scale) shall be included in the report. The
drawing shall give the dimensions and a description of the materials used. The minimum information
to be given are:

— for metallic frames, the thickness, position, type and number of thermal breaks;
— for plastic frames, the presence and position of metal stiffening (reinforcements);

— the thickness of wooden or plastic frames, preferably indicated on a scale drawing;
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the internal and external projected frame areas, preferably indicated on a scale drawing;
the depth and the thickness of the glazing or panel in the frame;

for a roller shutter box, the dimensions of the roller shutter box, the position of the window frame
and the ventilation of the cavity (see 6.3.5).

Thermal data

1 Thermal conductivity

All
the
stat

7.3

For
whd
0,9

7.3

Thd
and|
resi

a taple.

In t
shu

7.4

The
or i
to
dec

materials of the frame section shall be listed together with the thermal conductivity yalues used for
calculation. The data given in Annex D should be used. If other sources are used, this'shall be clearly
ed and reference made to the sources.

2 Emissivity

cavities, the emissivity of the surrounding surfaces shall be stated with reference t¢ Table D.3
re appropriate, and supporting evidence, including references, shallbe provided if valugs less than
hre used.

3 Boundary conditions

internal and external surface resistances and the adiabatic boundaries, together with the internal
external air temperature, shall be indicated on the.drawing. The internal and exterpal surface
stances, as well as the internal and external air temperatures may alternatively also be ipdicated in

he case of a roller shutter box, the locationi<of any insulation applied to the surfaces of the roller
fter box shall be stated, together with its.thickness and thermal conductivity.

Presentation of results

he roller shutter box and-the linear thermal transmittance according to Annex F shall be given
wo significant figures (i:e-to one decimal place if 21,0, to two decimal places if <1,0 apd to three
mal places if <0,1).

total heat flow rate or the density of heat flow rate, the thermal transmittance of the fr%me section
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A.1 General

Annex A
(normative)

Input and method selection data sheet — Template

The template in Annex A of this document shall be used to specify the choices between methods,
required input data and references to other documents.

NOTE 1

NOTE 2
by national
national/re

choices, in

i
document, i
their legal d

NOTE3

certification of a new building, renovation of an existing building and certification of an existing building)

for differen
values and ¢

I

i
b,c, ...Fore

l(
annex to thd

IInformative default choices are provided in Annex B. Alternative values and cHoices can be imp

national or regional authorities prepare data sheets containing the national or regional values

ollowing this template is not enough to guarantee consistency of data.

regional regulations. If the default values and choices of Annex B are not adopted because of
bional regulations, policies or national traditions, it is expected that:

ne with the template in Annex A; or

y default, the national standards body will add or includé.a hational annex (Annex NA) to
h line with the template in Annex A, giving national or regional values and choices in accordance ¥
ocuments.

'he template in Annex A is applicable to different ‘applications (e.g., the design of a new build

F types of buildings (e.g., small or simple buildinigs and large or complex buildings). A distinctid
hoices for different applications or buildingtypes could be made:

y adding columns or rows (one for each'application), if the template allows;

y including more than one version‘ef’a table (one for each application), numbered consecutively
kample: Table NA.3a, Table NA.3b;

y developing different natienal/regional data sheets for the same standard. In case of a nati
standard these will be-conSecutively numbered (Annex NA, Annex NB, Annex NC, ...).

NOTE4 1

about the agplicable national/reégional regulations.

NOTE 5

could contajn a referénce to national procedures for assessing the needed input data. For instance, reference
national asgessmeritprotocol comprising decision trees, tables and pre-calculations.

The shaded fields in the tables are part of the template and consequently not open for input.

the section “Introduction” of a national/regional data sheet information can be added, for exar]

or certain input values to be acquired by the user, a data sheet following the template of Anng

the

sed

the

and

this
vith

ing,

and

n in

hs a,

bnal

hple

X A,
toa

A.2 References

The references, identified by the EPB module code number, are given in Table A.1 (template).
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Table A.1 — References

Reference

Reference document

Number

Title

Mx-ya

a

In this document there are no choices in references to other EPB standards. The Table is kept to maintain uniformity
between all EPB standards

A.3Calculation of thermal transmittance

NOTE

othg

Currently in this document, there are no choices between methods and the reguired
foreseen that are to be kept open for completion as explained in A.1. To satisfy the need for‘congrue

input data
nce with all

r EPB standards and to make explicitly clear that in this document there are no choiges kept open, this annex
and|Annex B are kept.
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27


https://standardsiso.com/api/?name=33f15775bd65f4f4a107a7ef6a552cb0

ISO 10077-2:2017(E)

Annex B
(informative)

Input and method selection data sheet — Default choices

B.1 General

The template in Annex A of this document shall be used to specify the choices between methods,
required input data and references to other documents.

NOTE 1

NOTE 2
by national
national/re

choices, in

i
document, i
their legal d

NOTE3

certification of a new building, renovation of an existing building and certification of an existing building)

for differen
values and ¢

I

i
b,c, .. Fore

¢
annex to thg

IInformative default choices are provided in Annex B. Alternative values and cHoices can be imp

national or regional authorities prepare data sheets containing the national or regional values

ollowing this template is not enough to guarantee consistency of data.

regional regulations. If the default values and choices of Annex B are not adopted because of
bional regulations, policies or national traditions, it is expected that:

ne with the template in Annex A; or

y default, the national standards body will add or includé.a hational annex (Annex NA) to
h line with the template in Annex A, giving national or regional values and choices in accordance ¥
ocuments.

'he template in Annex A is applicable to different ‘applications (e.g., the design of a new build

F types of buildings (e.g., small or simple buildinigs and large or complex buildings). A distinctid
hoices for different applications or buildingtypes could be made:

y adding columns or rows (one for each'application), if the template allows;

y including more than one version‘ef’a table (one for each application), numbered consecutively
kample: Table NA.3a, Table NA.3b;

y developing different natienal/regional data sheets for the same standard. In case of a nati
standard these will be-conSecutively numbered (Annex NA, Annex NB, Annex NC, ...).

NOTE4 1

about the agplicable national/reégional regulations.

NOTE 5

could contajn a referénce to national procedures for assessing the needed input data. For instance, reference
national asgessmeritprotocol comprising decision trees, tables and pre-calculations.

The shaded fields in the tables are part of the template and consequently not open for input.

the section “Introduction” of a national/regional data sheet information can be added, for exai]

or certain input values to be acquired by the user, a data sheet following the template of Anng

the

sed

the

and

this
vith

ing,

and

n in

hs a,

bnal

hple

X A,
toa

B.2 References

The references, identified by the EPB module code number, are given in Table B.1.
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Reference

Reference document

Number

Title

Mx-ya

a  In this document there are no choices in references to other EPB standards. The Table is kept to maintain uniformity
between all EPB standards.

B.3Calculation of thermal transmittance

NOTE Currently in this document, there are no choices between methods and the required input data
foreseen that are to be kept open for completion as explained in B.1. To satisfy the need for congrugnce with all
othg¢r EPB standards and to make explicitly clear that in this document there are no choiges kéept open, this annex

and|Annex B are kept.
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Annex C
(normative)

Regional references in line with ISO Global Relevance Policy

This document contains specific parallel routes in referencing other standards, in order to take into

account existine national and /oy ragional ragulatione and /or lagal anvivraniaante yuhila o1t ing

global releyance.

The standd

T CIIT S T CT oo oI Tt O T O ToToT T C 5 Uit trotio oIt OT To Ot ItV It O IrrCIIcy; vy Irrrc it rrrcot i

rds that shall be used as called for in the successive clauses are given in Table C.1¢

Table C.1 — Regional references in line with ISO Global Relevance Policy

of EU Direct

ves transposed into national legal requirements.

Subject Global CEN area?2
1 |equivalent thermal conductivity ISO 10292 EN 673
— |glazing
a  CEN arep = Countries whose national standards body is a member of CEN. Attention is-drawn to the need for observgnce
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Annex D
(normative)

Thermal conductivity and other characteristics of selected

materials

TabJe D.T includes the thermal conductivities of the materials used for the given groups. With a few
exceptions, the values were taken from ISO 10456, which also includes other materials,
Table D.1 — Thermal conductivities of materials
. Density Ttern}a!
Group Materiala ke /in3 confluctivity
W/ (m-K)

Frame Copper 8900 380
Aluminium (Si alloys) 2800 160
Brass 8400 120
Steel 7 800 50
Stainless steelb, austenitic or austenitic- 7900 17
ferritic
Stainless steelb, ferritic or martensitic 7900 30
PVC (polyvinylchloride),rigid 1390 0,17
Hardwoodc¢ 700 0,18
Softwoodd 500 0,13
Softwoodd 450 0,12
Fibreglass((UP-resin)* 1900 0,40

Glaps Soda lime-glass 2500 1,00
PMMA" (polymethylmethacrylate) 1180 0,18
Pelycarbonates 1200 0,20

Th¢rmal break ABS (acrylonitrile butadiene styrene) 1050 0,20
Polyamide (nylon) 1150 0,25
Polyamide 6,6 with 25 % glass fibre 1450 0,30
Polyethylene HD, high density 980 0,50
Polyethylene LD, low density 920 0,33
Polypropylene, solid 910 0,22
Polypropylene with 25 % glass fibre 1200 0,25
PU (polyurethane), rigid 1200 0,25
PVC-U (polyvinylchloride), rigid 1390 0,17

a  Most materials are taken from ISO 10456, except those marked with an asterisk (*).

b EN 10088-1 contains extensive lists of properties of stainless steels which may be used when the precise composition

of the stainless steel is known.

¢ Hardwood refers to wood of trees of the botanical group dicotyledonae; see also Annex .

d  Softwood refers to wood of trees of the botanical group gymnosperms; see also Annex J.
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Table D.1 (continued)
. Density Thern!a!
Group Materiala ke /m3 conductivity
W/(m-K)
Weather stripping PCP (polychloroprene), e.g. polychloroprene 1240 0,23
EPDM (ethylene propylene diene monomer) 1150 0,25
Silicone, pure 1200 0,35
Silicone, filled 1450 0,50
PVC, flexible (PVC-P) 40 % softener 1200 0,14
Pile weather stripping (polyester mohair)* 0,14
Elastomeric foam, flexible 60 to 80 0,05
Sealant and glass PU (polyurethane) 1500 0,40
edge materfial Butyl rubber, solid/hot melt 1200 0,24
Polysulfide 1700 0,40
Silicone, pure 1200 0,35
Silicone, filled* 1.450 0,40
Polyisobutylene 930 0,20
Polyester resin 1400 0,19
Silica gel (desiccant) 720 0,13
Molecular sieve(desiccant)* 650 to 750 0,10
Silicone foam, low density 750 0,12
Silicone foam, medium density* 820 0,17

a  Mostmd

b EN 1004
of the stainl

¢ Hardwo|

d  Softwoq

bss steel is known.

terials are taken from ISO 10456, except those markedwith an asterisk (*).

od refers to wood of trees of the botanical grotp dicotyledonae; see also Annex J.

d refers to wood of trees of the botanicaljgroup gymnosperms; see also Annex J.

8-1 contains extensive lists of properties of staintess steels which may be used when the precise composi

fion

For the apj
depending

Table®D,2 — Thermal conductivity of timber species

plication of this document, the thermal conductivity of timber can be taken from Table
on the timber species.

D.2,

€ode for timber speciesa

Thermal conductivity, A

QCXE, ROPS

W/(m-K)
ABAL, PCAB, PCST, BNEN, THPL 0,11
KHXX, LADC, LAER,; LAGM, LAOC, LAXX, PCGL, PHWS, PNSY, PSMN, SHLR, 0,13
SWMC, TM|V, FSHT
ENCY, ENUL_EUXX, HEXM, HEXN, MIXX, OCRB, SHDR, TEGR, TGHC 0.16
AFXX, CLXX, EUGL, EUGR, EUSL, EUUG, EUUP, INXX, PHMG, PMPN, QCXA, 0,18

a  Annex] contains the list of wood species designated by these codes.

For the application of this document, the emissivity of metallic surfaces can be taken from Table D.3,
depending on the treatment of the surface.
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Table D.3 — Typical emissivities of metallic surfaces

Description Normal emissivity
untreated aluminium surfaces 0,1
slightly oxidized aluminium surfaces (up to 5 pm) 0,3
metallic surfaces (general, including galvanized) 0,3
anodized, painted or powder coated surfaces 0,9

NOTE 1 An untreated surface is one that has had no artificial treatment (such as anodizing, galvanizing,
painting).

N - — 1ol P 1.c i 1 T O
INUTL 4 LUW TIIISSIVILY CAITUIITY UC CUIISTUTT TU I SUITTITE L4IT UT TALIUUCTU.
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Annex E
(normative)

Surface resistances

Table E.1 — Surface resistances for profiles (horizontal heat flow)

. External, Rqe Internal, R}
Position m2.K/W m2.K /W
Normal (plane surface) 0,04 0,13
Reduced raldiation/convection 004 020
(in edges or junctions between two surfaces, see Figure E.1) ’ ’

NOTE Thege values correspond to the surface resistance values given in ISO 6946, which also gives further informafion
about the influence of convection and radiation on surface resistances.

Where sinfulation software requires inclined surfaces to be represented dby-orthogonal meshing,|the
surface registance may be corrected by multiplying by the ratio of theactual surface length to|the
length as regpresented in the simulation model.

Dimensions in millimdtres

Key
1 direction of heat flow

2  internal surface

Figure E.1 — Schematic representation of surfaces with an increased surface resistance due to
areduced radiation/convection heat transfer
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In Figure E.1, the shading indicates the distances over which increased surface resistances apply. These
are the distances b and d, where b is equal to the depth d, but not greater than 30 mm.

Example 1 b =dwhen d <30 mm.
Example 2 b =30 mm when d > 30 mm.

Example 3 For application to a sloped surface, b = 30 mm when d > 30 mm.

Table E.2 — Surface resistances for calculation of roller shutter boxes

. . External, Rse Internal, R
Heat flow direction m2-K/W m2-K/W

Hotizontal 0,04 0,13

Verttical 0,04 0,13

NOTE The value for the internal surface resistance for vertical heat flow takes into accoufit the effect of
upward direction and also the effect of reduced radiation/convection.

heat flow in

© IS0 2017 - All rights reserved
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Annex F
(normative)

Determination of the thermal transmittance

F1 The

The therm4l transmittance of the frame section, U, is defined as follows.

— With reference to Figure F.1, in the calculation model, the glazing or opaque panel i§teplaced by
an insplation panel with thermal conductivity A = 0,035 W/(m-K) inserted into the frame, With
clearance b not less than 5 mm. The overlap by is equal to that of the glazing which the insulafion
panel feplaces. The length of the panel shall be at least 190 mm measured from.the most protruding
part of the frame ignoring any protruding gasket(s). For protruding gaskets this means that|the
visible| panel length could be less than 190 mm. The opposite end of the(panel is considered a$ an
adiabaltic boundary. The frame model shall contain all materials used irxmanufacturing the windlow
except|the glazing or opaque panel, which is replaced by the insulation-panel. The thickness d offthe
insulation panel shall be:

— where the frame is designed for a specific thickness, thatof the glazing or opaque panel b¢ing
replaced;

— wlhere the frame can be used with several glazing thicknesses, 24 mm for double glazing or
3 mm for triple glazing.

Dimensions in millimdtres

by b,
b1 > 5
A= 0035 W/imK) 5
VoV VY ©
b b, 2190

Key
be  width df the frame
bp width of the panel
dg thickness of the glazing

Figure F.1 — Schematic of profile section with insulation panel installed

NOTE Figures H.1 to H.8 illustrate some typical window profiles, indicating the boundary conditions for the
numerical calculations.

In the case of a roof window, the adiabatic parts of the boundary are those where the frame of the roof
window is in contact with the roof, when the roof window is installed according to the manufacturer’s
instructions. If the method of installation of the roof window cannot be determined from the
manufacturer’s installation instructions, it shall be modelled as depicted in ISO 12567-2:2005, Figure 2.
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The two-dimensional thermal conductance, L%D, of the section shown in Figure F.1 consisting of frame
and insulation panel is calculated. The value of the thermal transmittance of the frame, Uy, is defined by

Formula (F.1):
2D
L -U_b
U, I S e (F.1)
bf

where

Ur is the thermal transmittance of the frame section, in W/(m?2-K);
L%D is the thermal conductance of the section shown in Figure F.1, in W/(m-K);

Up is the thermal transmittance of the central area of the panel, in W/(m2K);

b isthe projected width of the frame section (without protruding gaskets), in m;
by is the visible width of the panel, in m.

b iq the larger of the projected widths seen from both sides. by is migasured on the same sid¢ as b.

NOTE L2D is calculated from the total heat flow rate per~length through the section divided by the
temperature difference between both adjacent environments; see 1SO 10211.

F.2| Linear thermal transmittance of the junction with the glazing or opaque panel

The thermal transmittance of the glazing, Ug, is’applicable to the central area of the glazinjg and does
notfinclude the effect of the spacer at the edge-of'the glazing. The thermal transmittance of the frame, U,
is applicable in the absence of the glazing. The linear thermal transmittance, ¥, describes thg additional
heaf flow caused by the interaction of theé-frame and the glass edge, including the effect of th spacer.

To dalculate the two-dimensional thermal coupling coefficient of the section consisting of thq frame and

theglazing including the spacer effect, the frame section with a projected frame width, bf, ahd thermal

trapsmittance Uris completedby glazing with thermal transmittance Ug and length bg; see|Figure F.2.

The value of the linear thermal transmittance, ¥, is defined by Formula (F.2):
_ 12D

¥ =Ly —Ufbf—Ugbg (F.2)

whére

Y _isthe linear thermal transmittance, in W/(m-K);

12D is the thermal conductance of the section shown in Figure F.2, in W/(m-K);

L

Us is the thermal transmittance of the frame section, in W/(m2-K);
Ug isthe thermal transmittance of the central area of the glazing, in W/(m2-K);
bs isthe projected width of the frame section, in m;
bg is the visible width of the glazing, in m.
btis the larger of the projected widths as seen from both sides. bg is measured on the same side as b.

The same procedure applies to frame sections for doors with opaque panels instead of glazing.

© IS0 2017 - All rights reserved 37


https://standardsiso.com/api/?name=33f15775bd65f4f4a107a7ef6a552cb0

ISO 1007

7-2:2017(E)

The same procedure, but without frame section, also applies to the linear thermal transmittance due to
the combined effect of a glazing bar and glazing.

Key

by, b,

Dimensions in millimetres

by by =190

bs  width df the frame
by  width df the panel

dg thickne

NOTE A
In other cas|

To calculat

ss of the glazing

es, the length needs to be increased; see ISO 10211,

Figure F.2 — Schematic of profile section with‘glazing installed

\ visible length of the panel or glass of 190 mm is sufficiént for glazing with a thickness up to 60 mm.

e Y-values for the combination of frame ¢gnstructions with insulating glazing units (IGU)

including metallic spacers when there is no detailéd information about the geometry of the mital

spacer, the

The depth
thickness
width of th
the spacer
outer seald

following spacer shall be used.

nt should be polysulfide.of thickness 3 mm.

of the spacer d is the width of thecavity of the IGU reduced by 0,5 mm. This is because [of a
f 0,25 mm of the inner sealant. (butyl rubber) on either size of the spacer. For example ifithe
e cavity in the IGU is 16 mm, the depth d of the spacer is 15,5 mm. The general geometrjy of
and the integration in thé IGU is shown in Figure F.3. If no other information is available|the

38

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=33f15775bd65f4f4a107a7ef6a552cb0

IS0 10077-2:2017(E)

Dimensions in millimetres

Key

Rep
pro

polysulfide
butylene

0,5 0,5
wn
n| N
B/

AT )

B—] {

2| 4

3 9 <l =

Figure F.3 — Representative metal spacer jncorporated in an IGU

resentative Y-values of thermally improved spacers cairbe established on the basis of rep
file sections and representative glass units. A detailed procedure is given in Reference [1]
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Annex G
(normative)

General examples for the validation of calculation programs using

the radiosity method for the treatment of cavities

G.1 ConLentric cylinders

Figure G.1
Table G.1.

The cylind

At the innd
surface ten

Figure G.1 — Vacuum cavity between two concentric cylinders

shows two concentric cylinders with a vacuum between them. The dimensions are give

brs are pérfect conductors (A approximately oo).

r surface of the smaller cylinder (S1) and at the outer surface of the larger cylinder (S4),
hperatures specified in Table G.2 are applied.

n in

the

The heat transfer between the outer surface of the smaller cylinder (S2) and the inner surface of the
larger cylinder (S3) occurs by radiation only. The radiation heat flow is to be calculated by the calculation
program for four variants of the surface emissivities of the surfaces S and S$3 as given in Table G.3.

The difference (in relative terms) between the radiation heat flow from the calculation program to be
validated and the analytically calculated radiation heat flow listed in Table G.4 shall be less than 3 %.
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Table G.1 — Dimensions of cylinders

IS0 10077-2:2017(E)

Key Radius
(Figure G.1) m
ri 0,07
r2 0,08
r3 0,14
4 0,15
Tahla C 2 Known curfaca tamnaraturac
able-G2 Kpowh-striacetemperatires
Surface Temperature
°C
51 20
Sy 0

Table G.3 — Surface emissivities

Variant Emissivity of surface $; Emissivity of surface S3
A 09 0,9
B 0,1 0,9
C 09 0,1
D 0,1 0,1

Table G.4 — Radiation heat flow from surface S, to surface S3

Variant Radiation heat flow
W/m
A 44,12
B 5,15
C 8,29
D 3,42

© IS0 2017 - All rights reserved
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G.2 Vacuum within a square cavity

b

A vacuum ¢avity is surrounded by four walls. Dimensigns are given in Table G.5.

Figure G.2 — vacuum cavity surrounded by four walls

Each wall has two layers. The thicker layer material (with thickness d) has a thermal conductivity of
1 W/(m-K){The thinner layer material (with thickness e) is a perfect conductor (A approximately o). [The
emissivity pf the thinner layer surface is 0,9,-There is no thermal contact between the four thinner layfers.

At the extefnal wall surfaces, known environmental temperatures and surface heat transfer are appjlied

as listed in|Table G.6.

The heat exchange between the/internal wall surfaces (S1;, S2;, S3i, S4;) occurs by radiation only.

The tempdrature distribution”is to be calculated by the calculation program being validated. [The
difference petween the eentral internal surface temperatures and the analytically calculated surface
temperatufes listed in Table G.7 shall be less than 0,2 °C.

Table G.5 — Dimensions

Key Thickness
tFgure62y o
d 0,10
e 0,01
b 1,00
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Table G.6 — External wall surface boundary conditions

Surface Temperature Surface resistance
°C m2-K/W
Ste 0 0,1
S2e 5 0,1
S3e 10 0,1
Sae 20 0,1
Tahla C 7 Intarnal curfaca ftamnaraturac
TFable G~ Internal surface-temperatures
Surface Temperature
°C
S1i 4,67
S2i 7,25
S3i 9,18
Sa; 13,89
G.3 Half square column with specified surface températures
20°C | : : °
B A Analytical solution at grid nodes (°C)
|
+ o+ o+ 1 o7 13,4 14,7 15,1
|
+ = * 1 53 8.6 10,3 10,8
|
1 i } { 3.2 56 70 75
|
0°C o+ .0 20 36 47 50
[
S A Jr 1,3 23 3,0 3,2
|
+ (O ¢ Jlr 0,7 14 18 1,9
5 A Jlr 0,3 0,6 0,8 0,9
G : D
0°C
BC=2xAB

Figure G.3 — Half square column with known surface temperatures: Data

The heat transfer through half a square column with known surface temperatures (Figure G.3) can be
calculated analytically. The analytical solution at 28 points of an equidistant grid is given in the same
figure. The difference between the temperatures calculated by the calculation program being validated
and the temperatures listed shall not exceed 0,1 °C.

© IS0 2017 - All rights reserved 43


https://standardsiso.com/api/?name=33f15775bd65f4f4a107a7ef6a552cb0

ISO 10077-2:2017(E)

G.4 Air cavity

Dimensions in millimetres
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Figure G.4 — Air cavity surrounded by two materials

Ly (c) is surrounded by two materials (a and b), a$ shown in Figure G.4.

al conductivity of material a is 0,3 W/(m¢K). The thermal conductivity of material
1-K). All material surfaces have emissivity-0,9.

b surface AB there is an environment with temperature 20 °C and surface resistd
W.

surface CD there is environment with temperature 0 °C and surface resistance 0,04 m2-K|
are adiabatic boundaries.
ansfer through thematerials and the cavity is by conduction, convection and radiation.

bnce (in relativeferms) between the total heat flow from the calculation program b
nd that listed)in’Table G.8 shall be less than 3 %.

equivalent conduction direction, relative to the direction up the page and positiv
lirection, and the cavity equivalent conductivity are given in Table G.8 for information o1

nce

Ping

h

in
1ly.

Table G.8 — Calculated results

44

Cavity equivalent conduction direction 21,8°
Cavity equivalent conductivity 0,048 W/(m-K)
Total heat flow 0,826 W/K
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(normative)
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Examples of window frames for the validation of calculation
programs using the radiosity method for the treatment of cavities

H.1

Thi
pro
3%

General

5 annex gives criteria for the validation of a calculation program. As stated in5:3yappljcation of a
bram to frame sections in Figures H.1 to H.11 shall lead to results for L2D differing by no/more than
from those given in Tables H.3 and H.4.

H.Z Figures

In Higures H.1 to H.11 the key shown in Tables H.1 and H.2 applies.

Table H.1 — Boundaries

Key Surface resistance, Rg Tempecl:ature, 0
my-K/W- C
A adiabatic infinity —
B external see:Alinex E 0
C internal seé Annex E 20
Table H.2 — Materials
Key Material Therma‘l/vc/(zrrrll(.ig)ctivity, A
a insulation panel 0,035
b soff wood 0,13
c PVC 0,17
d EPDM 0,25
e polyamide 6,6 with 25 % glass fibre 0,3
f glass 1,0
g steel 50
h aluminiuma 160
T piteweatterstripping {potyester motrair) 6,1
k polyamide 0,25
PU (polyurethane), rigid 0,25
m polysulfide 0,40
n silica gel (desiccant) 0,13
0 gas filling 0,034b
p polyisobutylene 0,20
a  All surfaces have emissivity 0,9 except for Figure H.2.
b Equivalent thermal conductivity of the gas filling.

© IS0 2017 - All rights reserved
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Dimensions in millimetres
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NOTE1 The projected frame width, by, is 110 mm,
NOTE 2  Emissivity of all surfaces is equal to'9;9.
Figure H.1 — Aluminium-frame section with thermal break and insulation panel
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Dimensions in millimetres
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NOTE1 The projected frame width, b, is 110 mm.

NOTE 2  Emissivity of specified surfaces is equal to 0,1; others, 0,9.

Figure H.2 ~—~Aluminium frame section with thermal break and insulation panel
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Dimensions in millimetres
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NOTE The projected frame width, b, is 110 mm.
Figure H.3 — Aluminium clad wood frame section and insulation panel
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Dimensions in millimetres
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NOTE The prejected frame width, by, is 110 mm.
Figure H.4 — PVC-frame section with steel reinforcement and insulation panel
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Dimensions in millimetres
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NOTE The projected frame width, by, is 110-mim.
Figure H.5 —Wood frame section and insulation panel
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Dimensions in millimetres
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NOTE The projected frame width, by, is 89 mm.

Figure H.6 — Roof window frame section and insulation panel
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Dimensions in millimetres
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NOTE The projected frame’width, by, is 95 mm.
Figure H.7 — Sliding window frame section and insulation panel
52
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Dimensions in millimetres

31 17
3 3 3
3 2
7 3 3
A C i c
S
m |
) S N o~
© Ll ] I
1 |
- |
ol " - d 2
m !
m ) m
| m
m
A
m — 3 R'f
m
[ee)
|
- A e e
® 4
v
w i N /
mMm
|| ]
" B
3
31 17
NOTE The projected frame width, by, is 48 mm.
Figure H.8 — Fixed frame section and insulation panel
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Dimensions in millimetres
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NOTE The shutter box width;bsp, is 177 mm.
Figure H.9 — Roller shutter box
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Dimensions in millimetres
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NOTE The PVC shutter profile, b, is 57 mm.
Figure H.10 — PVC shutter profile
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Figure H.11 — Example for the determination of a linear thermal transmittance of a wood
frame section and of a glazing with U; = 1,3 W/(m?2:K) with a conventional glass edge system

To achieve a thermal transmittance of the insulating glass unit, Ug, of 1,3 W/(m2-K), the space of
the insulating glass unit is filled with a solid material, marked “o”, with a thermal conductivity of
0,034 W/(m-K).
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