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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.

fferent types of ISO documents should be noted. This document was drafted in accordance

T
dpscribed in the ISO/IEC Directives, Part 1. In particular the different approval criterianeedé
d
eflitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

htent rights. ISO shall not be held responsible for identifying any or all such)patent rights. I

o LT >

h the [SO list of patent declarations received (see www.iso.org/patents).

ny trade name used in this document is information given for the.convenience of users and
pnstitute an endorsement.

o>

:/‘]K;)rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the f
L: www.iso.org/iso/foreword.html.

Yt
Lo

0 52022-2 was prepared by the European Committee for Standardization (CEN) Technical Ca
EN/TC 89, Thermal performance of buildings and building components, in collaboration Y
bchnical Committee ISO/TC 163, Thermal performance and energy use in the built envi
ibcommittee SC 2 Calculation methods;.;in accordance with the Agreement on technical cog
etween ISO and CEN (Vienna Agreement).

> T w430

list of all parts in the ISO 52022"séries can be found on the ISO website.

he procedures used to develop this document and those intended for its further maintenance are

d for the
with the

ttention is drawn to the possibility that some of the elements of this documént'may be the subject of

etails of

hy patent rights identified during the development of the document will be'in the Introduction and/or

does not

Fpr an explanation on the voluntary nature of standards,/the meaning of ISO specific terms and
expressions related to conformity assessment, as welkas information about ISO’s adheren¢e to the

ollowing

mmittee
vith 1SO
ronment,
peration
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Introduction

The set of EPB standards, technical reports and supporting tools

In order to facilitate the necessary overall consistency and coherence, in terminology, approach,
input/output relations and formats, for the whole set of EPB-standards, the following documents and
tools are available:

a) a document with basic principles to be followed in drafting EPB-standards:

CEN Q4,90 . 304 4011
10 10UU4L0.4VU1%1LH,

b) a dpcument with detailed technical rules to be followed in drafting EPB-stamdards;
CENYTS 16629:2014![2].

The detaliled technical rules are the basis for the following tools:

1) h common template for each EPB-standard, including specific drafting instructions for the
Felevant clauses;

2) h common template for each technical report that accompanies an EPB'standard or a cluster pf
FPB standards, including specific drafting instructions for the relevant clauses;

3) h common template for the spreadsheet that accompanies each EPB (calculation) standard, {o
Hemonstrate the correctness of the EPB calculation procedurés.

Each EPB-standards follows the basic principles and the detailed technical rules and relates to the
overarclling EPB-standard, ISO 52000-1 [3].

One of tlhe main purposes of the revision of the EPB-standards is to enable that laws and regulations
directly [refer to the EPB-standards and make complidance with them compulsory. This requires that
the set of EPB-standards consists of a systematic, cléar, comprehensive and unambiguous set of energy
performance procedures. The number of options provided is kept as low as possible, taking into accoupt
nationaljand regional differences in climate, culture and building tradition, policy and legal frameworlks
(subsidigrity principle). For each option, an informative default option is provided (Annex B).

Rationale behind the EPB technical reports

There is|a risk that the purpose and limitations of the EPB standards will be misunderstood, unlegs
the backiground and context to their contents - and the thinking behind them - is explained in some
detail to|readers of the standards. Consequently, various types of informative contents are recordqd
and made available for usersto properly understand, apply and nationally or regionally implement the
EPB standards.

If this ejplanation would have been attempted in the standards themselves, the result is likely to he
confusinlg and cumpersome, especially if the standards are implemented or referenced in national ¢r
regional|buildifig'codes.

ThereforeCéach EPB standard is accompanied by an informative technical report, like this one, where

all informmative comtemnt S Coltected t0 eNSUre a Clear Separation Detweell orative and imformative
contents (see CEN/TS 16629[2]):

— to avoid flooding and confusing the actual normative part with informative content;
— toreduce the page count of the actual standard, and
— to facilitate understanding of the set of EPB standards..

This was also one of the main recommendations from the European CENSE project[5] that that laid the
foundation for the preparation of the set of EPB standards.

vi © ISO 2017 - All rights reserved
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This technical report

This technical report accompanies the suite of EPB standards on thermal transmission properties

windows, doors and curtain wallings and the standards for solar and daylight characteristics

for solar

protection devices combined with glazing. It relates to ISO 10077-1 [6], ISO 10077-2 [7], ISO 12631 [8],

1SO 52022-1 [9] and 1SO 52022-3 [10] which form part of a set of standards related to the eval
the energy performance of buildings (EPB).

The role and the positioning of the accompanied standard(s) in the set of EPB standards is d
the introductions to ISO 10077-1, ISO 10077-2, 1SO 12631, ISO 52022-1 and ISO 52022-3.

uation of

efined in

Alccompanying spreadsheets

Cpncerning ISO 10077-1, ISO 10077-2, ISO 12631, ISO 52022-1 and ISO 52022-3, spreadshe
produced for:

- SO 10077-1;

- 1SO 12631;
- 1S0O 52022-1.

No accompanying calculation spreadsheets were prepared on:

- ISO 10077-2: The calculation method of ISO 10077-2 cannot be implemented in a spreadsh

- 1SO 52022-3: The calculation method of ISO 52022-3.cannot be implemented in a spreadsh

—3

hese spreadsheets are available at www.epb.center,

pts were

pet.

eet.
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Energy performance of buildings — Thermal, solar
and daylight properties of building components and
elements —

Part 2:
Explanation and justification

e

Scope

—

his document contains information to support the correct understanding‘and use of 1SO [10077-1,
§0 10077-2,1S0 12631, 1SO 52022-1 and ISO 52022-3.

p—

This technical report does not contain any normative provision.

Normative references

pnstitutes requirements of this document. For dated.xeferences, only the edition cited applies. For

2
The following documents are referred to in the text in sueh a way that some or all of their content
c
uhdated references, the latest edition of the referenced.document (including any amendments) applies.

[0 6946, Building components and building elemeiits — Thermal resistance and thermal transniittance -
Chlculation methods

Yt

§0 7345, Thermal insulation — Physical quantities and definitions

140 10077-1, Thermal performance\lef windows, doors and shutters — Calculation of| thermal
tfansmittance — Part 1: General

I§0 10077-2, Thermal performance of windows, doors and shutters — Calculation of| thermal
tfansmittance — Part 2: Numerical method for frames

p—

§0 12631:2017, Thermal performance of curtain walling — Calculation of thermal transmittance

[

§0 52022-1, Energy-performance of buildings— Thermal, solar and daylight properties of| building
pmponents andelements Part 1: Simplified calculation method of the solar and daylight charactefistics for
lar protection-devices combined with glazing

)

et

§O 52022-3, Energy performance of buildings— Thermal, solar and daylight properties of| building
bmponents and elements Part 3: Detailed calculation method of the solar and daylight charactefistics for
s@lar protection devices combined with glazing

Q

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6946, ISO 7345, ISO 10077-1,
ISO 10077-2,1S0 12631, I1SO 52022-1 and ISO 52022-3 apply.

More information on some key EPB terms and definitions is given in ISO/TR 52000-2.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

© IS0 2017 - All rights reserved 1
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4 Symbols and subscripts

For the purposes of this document, the symbols and subscripts given in ISO 7345, ISO 6946, S0 10077-1,
[SO 10077-2,1S0 12631, ISO 52022-1 and ISO 52022-3 apply.

5 Brief description of the methods

5.1 Outputs of the method

The maif outputs of these standards are:

— ther

— sola
prot

5.2 Gdneral description of the methods

ISO 10077-1, ISO 10077-2, ISO 12631, ISO 52022-1 and ISO 52022-3 provide the'methodology to obta
by losses due to transmission and the energy gains due to solar radiation for windows, doof

the ener
and curt

The calc

walls acdording to ISO 12631 is calculated as a function of the theftmal transmittance of the component
and theif geometrical characteristics, plus the thermal interactions between the components.

The calc

transmifftance according to ISO 10077-2 is carried out using a two dimensional numerical method.

There arje two separate standards for the calculatioi-of the solar and daylight characteristics for sol:
protecti¢n devices combined with glazing. ISO 52022-1 defines a simplified method based on the therm
transmititance and total solar energy transmittance of the glazing and on the light transmittance arf
reflectarice of the solar protection device tooestimate the total solar energy transmittance of a sol3

protecti
load est
thermal
pocketc

For case
general {
ISO 520

total light transmittafice is calculated as a function of the thermal resistance and spectral “optical

properti
in ISO 52

6 1ISO

mal transmittance of windows, doors, curtain walls, shutter boxes and frames;

- and daylight characteristics (solar energy transmittance, daylight transmittance) ” for sol:
pcting devices combined with glazing.

hin walls.

1lation of the thermal transmittance of windows, doors according to ISO 10077-1 and curta

ulation of the thermal transmittance of frame préfiles, shutter boxes and the linear therm

dn device combined with glazing. The results generally tend to lie on the safe side for coolix
mations. The results are net intended to be used for calculating beneficial solar gains
comfort criteria. The calculations according to ISO 52022-1 can in principle be performed by
hlculator.

s not covered by ISO-52022-3 more exact calculations based on the optical properties (
he spectral data)-ef’glass and solar protection device can be carried out in accordance wit
P2-3. The totdl)solar energy transmittance, the total solar direct transmittance and th

bs (transmittance, reflectance) of the individual layers. To solve the system of equations define
022-3 €he'use of an iterative procedure and therefore in general a software tool is necessary.

L

n

h1

T
hl
d
T

g

n
h
e

d

10077-1 Thermal performance of windows, doors-and shutters
Fs

Calculation of thermal transmittance - Part 1: General

6.1 General

ISO 10077-1 provides a calculation method to obtain the thermal transmittance of windows and
pedestrian doors consisting of glazed and/or or opaque panels fitted in a frame, with and without
shutters.

In general, the thermal transmittance or U-value of the window or door product or assembly is calculated
as a function of the thermal transmittance of the components and their geometrical characteristics,
plus the thermal interactions between the components.

© ISO 2017 - All rights reserved
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An alternative to calculation according to ISO 10077-1 is testing of the complete window or door
according to ISO 12567-1 or, for roof windows, according to ISO 12567-2.

The following subclauses provide information in addition to that given in ISO 10077-1.

6.2 Thermal transmittance of the glazing

If measured or calculated data are not available, the values in Annex A may be used.

Alshutter or blind on the outside of a window introduces an additional thermal resistance™AR, resulting
fjom both the air layer enclosed between the shutter and the window, and the shutter itself. AR|depends
oh the thermal transmission properties of the shutter/blind and on its air permeability.and is gvaluated
agcording to ISO 10077-1.

nnex B of this document gives some typical values of shutter thermal resistafice’and the corresponding
hlues of AR, which can be used in the absence of values of Rsy obtdihed from measurg¢ment or
ilculation.

o< B>

ISO 10077-2 Thermal performance of windows, doors and shutters -
alculation of thermal transmittance - Part 2: Numerical method for frames

(@B |

7Ll1 General

I§0 10077-2 specifies a method and gives reference input data for the calculation of the|thermal
ttansmittance of frame profiles and of the linear thermal transmittance of their junction with glazing or
paque panels. The method can also be used tetevaluate the thermal resistance of shutter prdfiles and
lhe thermal characteristics of roller shutterboxes and similar components (e.g., blinds). ISO| 10077-2
so gives criteria for the validation of numerical methods used for the calculation.

L O

~

12 Calculation principle

The calculation is carried out asing a two-dimensional numerical method conforming to ISO 1(J211. The
ements are divided such that'any further division does not change the calculated result signjificantly.
§0 10211 gives criteria fonjudging whether sufficient sub-divisions have been used.

=

o different approaefies for the calculation of the heat transfer through cavities are given:
the radiosity wiethod and;

T
1
2| the singléequivalent thermal conductivity method.
T

he radiosity method considers that the heat transfer through an air cavity occurs simultpneously

through conduction/convection and through radiation. The two phenomena are happening i1} parallel
Sl Bat t] lculati feacl ibution is.d ]

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.

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

© IS0 2017 - All rights reserved 3
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8 ISO

12631 Thermal performance of curtain walling - Calculation of thermal

transmittance

8.1 General

ISO 12631 provides a calculation method to obtain the thermal transmittance of curtain walls
consisting of glazed and/or or opaque panels fitted in a frame.

In general, the thermal transmittance or U-value of the curtain walling is calculated as a function of

the therw-mﬂmmmmmm

interactipns between the components.

Two methods of calculating the thermal transmittance of curtain wall systems are specified;
— the gingle assessment method; and

— the ¢omponent assessment method.

The singje assessment method is based on detailed computer calculations of thé Keat transfer throug
a compldte construction including mullions, transoms, and filling elements fe,g., glazing unit, opaqu
panel). The heat flow rate (between two adiabatic lines) is calculated by medelling each thermal joil
between| two filling elements (opaque panel and/or glazing unit) usifigtwo-dimensional or thre

dimensi
filling el
walling
screens,

The com
properti

elementg with additional correction terms describing-the thermal interaction between these elemen
(¥-valuefs), the overall fagade U-value can be calculated. This method can be used for curtain walliq

systems

screens and structural glazing are excluded from the component assessment method.

Both me

8.2 Callculation examples

Annex ( gives an example for the calculation of a curtain walling module according to th

compon

Annex [J gives an example for the calculation of a curtain walling module according to the sing

assessm

9 ISO

properties of building components and elements — Part 1: Simplified calculation

nal finite element analysis software. By area weighting the ‘U-values of thermal joints an
ements, the overall facade U-value can be calculated. Thisiméthod can be used for any curta
bystem (i.e. unitised systems, stick systems, patent gldzing, structural sealant glazing, ra
structural glazing).

ponent assessment method divides the representdtive element into areas of different therm
bs, e.g., glazing units, opaque panels and frames. By area weighting the U-values of thes

such as unitised systems, stick systemS)and patent glazing. Structural silicone glazing, ra

thods result in the same value for the thermal transmittance of a curtain wall.

ent method.

ent method.

52022-1 Energy performance of buildings — Thermal, solar and daylight

0]

method of the solar and daylight characteristics for solar protection devices
combined with glazing

9.1 General

[SO 52022-1 defines a simplified method for the calculation of:

— the total solar energy transmittance;

— the total solar direct transmittance;

— the total light transmittance; and

© ISO 2017 - All rights reserved
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— aglazing in combination with an external or internal or integrated solar protection device.

These characteristics are calculated as a function of the “optical” properties of the solar protection device
and the glazing, the thermal transmittance of the glazing and the position of the solar protection device.

The formulae given in ISO 52022-1 are based on a simple physical model and the values of the notional
parameters G are mathematically fitted to a more precise reference calculation, following the principles
of ISO 52022-3.

The results generally tend to lie on the safe side for coolmg load estimations. The results are not
ll LCIIUCU LU UC UDCU lUl LdlLuldLllls UCllClllel bUldl gdlllb uu1 lllg llCdLlllg PCl lULl Ul LllCl llldl ComeI‘t
riteria.

0

.2 Data for typical glazing and solar protection devices

9
Alnnex E gives some typical values for the characteristics of glazing and solar pretection devides which
cqin be used in the absence of values obtained from measurement or calculation),

L3 Solar transmittance of solar protection devices
Flgure 1 shows the principles of solar transmittance of solar protection devices.
lar transmittance and diffuse radiation. The reflectionof the slats is to be considered diffuse. If

ffuse irradiation has to be considered the relevant properties of louvre or Venetians blinds ghould be

9

F

The simplified equations in ISO 52022-1 for venetian blinds open-to 45° to not take into account direct
d

cqlculated in accordance with ISO 52022-3.

. .
AN
, “
N LY
AN AN
. \ \
b
N N o
\, \\ \\
: ™
|V N N
1 [z \
\é L \
a) ) b)

Key
1| Cblinds 45°
a) transmittance, absorptance and reflectance of a solar protection device

b) no direct penetration in the case of louvre or Venetian blinds open to 45°
c) principle of the correction of the transmittance in the case of blinds open to 45°

Figure 1 — Principles of solar transmittance of solar protection devices

9.4 Calculation example

Annex F gives an example of calculation for the three positions of a solar protection device in
combination with a double clear glazing.

© IS0 2017 - All rights reserved 5
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10 ISO 52022-3 Energy performance of buildings — Thermal, solar and daylight
properties of building components and elements — Part 3: Detailed calculation
method of the solar and daylight characteristics for solar protection devices
combined with glazing

10.1 General

[SO 52022-3 defines a procedure for a detailed calculation of the solar and daylight characteristics for
solar protection devices combined with glazing

The progedure is based on the spectral transmission and reflection data of the materials, comprising
the solaf protection devices and the glazing, to determine the total solar energy transmittance and
other relevant solar-optical data of the combination. If spectral data are not available the méthodology
can be adlapted to use integrated data.

In the pHysical model the glass panes and blinds are considered as parallel, solid lay€rs.'In general, the
total solgr energy transmittance, the total solar direct transmittance and the total light transmittange
is calculpted as a function of the thermal resistance and spectral “optical” propérties (transmittanc
reflectarjce) of the individual layers.

o

Two setg of boundary conditions are given for the vertical position of the.glazing and the blind.
Referenfe conditions:

These bqundary conditions are consistent with the general assuthptions of EN 410 and ISO 10292 arld
to be usdd for product comparison and average solar gain calcufations during the heating period.

Summer conditions:

These qundary conditions are representative of more extreme conditions and are used for comfoft
evaluati¢ns and cooling load calculations.

10.2 Equivalent solar and light opticalcharacteristics for louvres or venetian blinds

IS0 52042-3:2017, Annex D defines a method for the determination of equivalent solar and light optical
charactefristics for louvres or venetian blinds. The method is restricted to the assumptions stated |n
1SO 52022-3:2017, Annex D.

Annex Glreport defines an extehded method which may be applied as an alternative method.

10.3 Callculation example

Annex H gives an'\example of calculation for the three positions of a solar protection device |n
combinafion with\a'double clear glazing.

6 © IS0 2017 - All rights reserved
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(informative)
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ISO 10077-1: Thermal transmittance of double and triple glazing

—

able A 1 giveg the thermal transmittance UE, of double and ‘rriplp g]:wing filled with different gases,

cqlculated in accordance with EN 673. The values of the thermal transmittance in Table A.1 dpply to the
emissivities and gas concentration given.
[Fable A.1 — Thermal transmittance of double and triple glazing filled with different ggses for
vertical glazing
Thermal transmittance for different
Glazing typé€s.of gas spacea
Ug
Normal Dimensions .
b
Type Glass emissivity mm Air Argon | Krypton | SFe Xenon
4-6-4 3,3 3,0 2,8 3,0 2,6
Uncoated 4-8-4 31 29 2,7 31 2,6
glass 0,89 4-12-4 2,8 2,7 2,6 3,1 2,6
(normal
glass) 4-16-4 2,7 2,6 2,6 3,1 2,6
4-20-4 2,7 2,6 2,6 3,1 2,6
4-624 2,7 2,3 19 2,3 1,6
4<8-4 2,4 2,1 1,7 2,4 1,6
One pane <0,2 4-12-4 2,0 1,8 1,6 2,4 16
coated glass
4-16-4 1,8 1,6 1,6 2,5 1,6
4-20-4 1,8 1,7 1,6 2,5 1,7
4-6-4 2,6 2,3 1,8 2,2 1,5
4-8-4 2,3 2,0 1,6 2,3 1,4
Double One pane <0,15 4-12-4 1,9 1,6 1,5 2,3 1,5
glazing coated glass
4-16-4 1,7 1,5 1,5 2,4 1,5
4-20-4 1,7 1,5 1,5 2,4 1,5
4-6-4 2,6 2,2 1,7 2,1 1,4
4-8-4 2,2 19 1,4 2,2 1,3
One pane <0,1 4-12-4 1,8 1,5 1,3 2,3 1,3
coated glass
4-16-4 1,6 1,4 1,3 2,3 1,4
4-20-4 1,6 1,4 1,4 2,3 1,4
4-6-4 2,5 2,1 1,5 2,0 1,2
4-8-4 2,1 1,7 1,3 2,1 1,1
One pane <0,05 4-12-4 1,7 1,3 1,1 2,1 1,2
coated glass
4-16-4 1,4 1,2 1,2 2,2 1,2
4-20-4 1,5 1,2 1,2 2,2 1,2

a  Gas concentration = 90 %.

b The use of SFg is prohibited in some jurisdictions.

NOTE The values of thermal transmittance in the table were calculated using EN 673. They apply to the emissivities and
gas concentration given.
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Table A.1 (continued)

Thermal transmittance for different

Glazing types of gas spacea
Ug
Normal Dimensions .
b
Type Glass emissivity mm Air Argon | Krypton | SFg Xenon
Uncoated 4-6-4-6-4 2,3 2,1 1,8 19 1,7
(normal) 0,89 4-8-4-8-4 2,1 1,9 1,7 1,9 1,6
glass 1T—12=4-12=% 9 18 16 270 5
4-6-4-6-4 1,8 1,5 1,1 1,3 0,9
Two panes <0,2 4-8-4-8-4 15 13 1,0 13 (10,8
coated
4-12-4-12-4 1,2 1,0 0,8 1,3 0,8
_ 4-6-4-6-4 1,7 1,4 1,1 1,2 0,9
Triplg Two panes <0,15 4-8-4-8-4 1,5 1,2 09 1,2 0,8
glazinig coated
4-12-4-12-4 1,2 1,0 0,7 1,3 0,7
4-6-4-6-4 1,7 1,3 1,0 1,1 0,8
Two panes <01 4-8-4-8-4 14 11 0,8 11| 07
coated
4-12-4-12-4 1,1 0,9 0,6 1,2 0,6
4-6-4-6-4 1,6 1,2 0,9 1,1 0,7
Two panes <0,05 4-8-4-8-4 1,3 1,0 0,7 1,1 0,5
coated
4-12-4-12-4 1,0 0,8 0,5 1,1 0,5
NOTE THhe values of thermal transmittance in the table were calculated using EN 673. They apply to the emissivities and

gas conceptration given.

a  Gas cpncentration = 90 %.

b The yse of SF is prohibited in some jurisdictions.

8 © IS0 2017 - All rights reserved
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(informative)
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ISO 10077-1: Additional thermal resistance for windows with
closed shutters

H.1 Additional thermal resistance

Table B.1 — Additional thermal resistance for windows with closed shutters

Additional thermal resistance

Air permeability of shuttera AR
m2-K/W
Very high 0,08
High 0,25 Rsh, + 0,09
Average 0,55 Rsp + 0,11
Low 0,80 Rsp + 0,14
Tight 0,95 Rgp, + 0,17

a  The definition of the air permeability of shutters is given in B.2.

o 2

Table B.2 ——Additional thermal resistance for windows with closed shutters

\/Ihen the thermal resistance of the shutter itself, Rgp, is known (by calculation ox by measyrement),
the additional thermal resistance, AR, can be obtained using the appropriate eXpréssion in Table B.1,
depending on the air permeability of the shutter (see B.2).

verage air permeability applies typically to solid wing shutters, wooden Venetian shutters with solid
verlapping slats, roller shutters with connecting slats made of wood, plastic or metal.

Thble B.2 gives some typical values of shutter thermal resistance and the corresponding values of AR,
which can be used in the absence of values of Rg,, obtained from measurement or calculation.

Additional thermal resistances

Typical thermal at specific air permeability of the shuttdrsa
sh resistance of shutter AR
uttertype Ra m2-K/W
m?2-K/W High or very high Average Tight of low
air permeability | air permeability | air permg¢ability
HRoller shutters of 0,01 0,09 0,12 0,1b
T
Roller shutters of wood 0,10 0,12 0,16 0,22
and plastic without foam
filling
Roller shutters of plastic 0,15 0,13 0,19 0,26
with foam filling
Shutters of wood, 25 mm 0,20 0,14 0,22 0,30
to 30 mm thickness
a  The definition of the air permeability of shutters is given in B.2.
© IS0 2017 - All rights reserved 9
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B.2 Permeability of shutters

For the different types of shutter, the permeability criterion can be expressed in terms of an effective
total gap, bsp, between the shutter and its surround as given in Formula (B.1):

bSh =b1 +b2 +b3 (Bl)

where

b1, bz

b3 is included for one side only, since gaps at the side influence the permeability less thar
the gaps at the top and bottom.

bs

b,
b,

by
by

Key

1 shjutter
a internal
b external

Figure B.1 — Definition of edge gaps

10 © IS0 2017 - All rights reserved
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Table B.3 — Relationship between permeability and effective total edge gap between

shutter and its surround

Class Air permeability of shutter If‘lsr};l
1 Very high bsh = 35
2 High 15 < bgh <35
3 Average 8< bgrh <15
4 Low bsh = 8
5 Tight bsh < 3 and (b1 + b3 =0 or by + b3 =10)

a roller shutters:

roller shutter box.

b other shutters:

NOTE 1 For permeability classes 2 and above, there should be no openings within the shutter itself:

NOTE 2 For shutters of permeability class 5 the following criteria apply:

The edge gaps at the sides and the bottom are considered equal to 0 if strip gaskets‘are supplied in tl
guide rails and the final lath, respectively. The gap at the top is considered equal to®-ifthe entrance to t}
roller shutter box is fitted with lips or brush-type joints on both sides of the shutter, or if the end of t}
shutter is pressed by a device (spring) against a sealing material at the inner suxface of the outer side of t}

Effective presence of strip gaskets on three sides and the gap at thefourth side less than 3 mm.

he

ne
e

Al alternative method to establish that a shutter is class 5,i5.to verify by measurement that the
through the shutter does not exceed 10 m3/(h-m2) under, apressure drop of 10 Pa.

e air flow

© IS0 2017 - All rights reserved
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Annex C
(informative)

ISO 12631: Component method: Calculation example

C.1 Data for examples
Annex C|gives an example for the calculation of a curtain walling element according to the component
method ¢lescribed in ISO 12631:2017, Clause 8.
Dimensions$in millimetres
7 A-A D-D
g <0
\Q A
- A\l BR
_ I
N
y 1 — \.
o E-E
m|
— DJ An
"N
2~ +
: g
: E\l
3 s
N
F-F
<
=T *
=
| | <
Key

1 window
2 panel
3 fixed glazing unit

Figure C.1 — Element of a curtain wall seen from the exterior
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L
AN

05 0,5

6 16 6
Kley Key
1| low E coating ¢, = 0,05 1 steel
2| glass with A =1,0 W/(m-K) 2 insulation with A = 0,04 W/(m-K)
3| argon 90 % 3.\ glass with A = 1,0 W/(m-K)
4| aluminium with a thickness of 4 spacer with A = 0,4 W/(m-K)

0,5 mm and A = 160 W/(m-K)

5| molecular sieve with A = 0,13 W/{m‘K)
6| polysulfide with A = 0,40 W/(m-K)

Figure C.2 — Detail of glazing unit Figure C.3 — Detail of panel

o
—t
@]
‘.‘"
o~

=3

br the module illustrated in Figures C.1 to C.3, the calculation procedure is in accordance with (.

© IS0 2017 - All rights reserved 13
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C.2 Frames

C.2.1 Definition and evaluation of areas

Ac A A

A 1 °
— —
2
2
Key
A mullion - frame 1  internal
B tranjsom - frame 2 external
Figure C.4 — Definition of areas

Mullion 2x3,3mx 0,025 m =0,165 0 m2
Area Am =0,165 0 m2
Transom 2% (1,20 m -2 x 0,025'm) x 0,025 m =0,057 5m?2
Area 2 x (1,20 m - 2 x05025m) x 0,050 m =0,115 0 m2

At =0,172 5 m2
Frame 2 x (1,20m - 2 x 0,025 m) x 0,080 m =0,184 0 m2
Area 2x(1,0m-2x0,025m-2x0,08m)x0,08m =0,142 4 m2

Ap =0,326 4 m2
Am 50 mm width
At 50 mm width
As 80 mmpwidth
C.2.2 EwvaluationofUrvalues

Ut values can be taken from measurement according to EN 12412-2 or can be calculated according to
ISO 10077-2 (the effect of the screws is considered according to ISO 12631:2017, 8.3.2.2). For further
calculations in this example it is assumed:

mullion Un 2,2 W/(m2K)a
transom Ut 1,9 W/(m2-K)a
frame Ur 2,4 W/(m2-K)

a Measured value according to EN 12412-2.

14 © IS0 2017 - All rights reserved
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C.3 Glazing units

C.3.1 Definition and evaluation of areas

Movable part width 1,20m-2x0,025m-2 x 0,08 m =099 m
height 1,10m-2x0,025m -2 x 0,08 m =0,89m
Ag 0,99 m x 0,89 m =0,881 1 m2
Fixed part width 1,20m -2 x 0,025 m =1,15m
hcight 50 Tm=2=%06;625m =105
Ag 1,15m x 1,05 m =1,207 5.m?
({3.2 Evaluation of Ug values
Fpr further calculations, it is assumed:
Ug = 1,2 W/(mZ2K)
(13.3 Definition of Ig and evaluation of Wg, Wp, f and Wy
Peprimeter
mjovable part lgg 2 %099 m+2 x 0,89 m =3,76 m
fiked part ltg+Img 2x1,15m+2x1,05m =4,40m
Y-values can be taken from ISO 12631:2017, Annex ’or can be calculated according to ISO 100[/7-2 (see
190 12631:2017, Tables D.1, D.3 and D.5).
Heg movable part 0,11 W/(m-K)
Hm,g Prg fixed part 0,17 W/(m-K)
Hin,f Type D2 0,07 W/(m-K)
He £ Type D2 0,07 W/(m-K)
G4 Panels

Cl4.1 Definition’and evaluation of areas

width 1,20m-2x0,025m =1,15m
hpight 1,10m-2x0,025m =1,05m
area, Ay 1,15m x 1,05 m =1,207 5m2

C.4.2 Evaluation of Up values

The U-value of a panel can be evaluated according to ISO 6946. The panel shown in Figure C.2 gives:

Up 0,46 W/(m2-K).

© IS0 2017 - All rights reserved
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C.4.3 Definition of I, and evaluation of the ¥}, values

perimeter Ip 2x1,15m+2x1,05m =440 m

¥, values can be taken from ISO 12631:2017, Table D.5 or can be calculated according to ISO 10077-2. A
panel shown in Figure C.3 gives:

, 0,18 W/(m-K).

C.4.4 (alculation of a complete element

Table C.1 — Presentation of values of calculation example

A U L y AU yl
m?2 W/(m2-K) m W/(m-K) W/K W/K
mullion Am | 0,1650 | Unp 2,2 0,363
transom At 0,172 5 Uy 1,9 0,328
frame Ar | 0,3264 | U 2,4 0,783
mullion 1 frame Imf | 2,1 | Pmf 0,07 0,154
transom|- frame Ly f 2,3 Vet 0,07 0,154
glazing
- movable part Ag | 0,8811 Ug 1,2 lgg | 3,76 |\ 0,11 1,057 0,414
- fixed pprt Ag | 1,2075 | Ug 1,2 Im,g | 4,40y Wq 0,17 1,449 0,748
lyg
panel Ap | 1,2075 | Uy 0,46 Ip <} 4,40 | W) 0,18 0,556 0,792
total Acw 3,96 4,536 2,262
AcwUew =X AU+ Y Vl= 6,80
2 A U+ Z‘P | 1,7
Ucw = =6,80/3,96 = (1,72)
ACW

16 © IS0 2017 - All rights reserved
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Annex D
(informative)

ISO 12631: Single assessment method: Calculation example

lw]

.1 General description of examples

Alnnex D gives an example for the calculation of a curtain walling module according to the single
tsessment method described in ISO 12631:2017, Clause 7. For this example a structural silicong glazing
i used.

o8]

—

he calculations are based on the given panel dimensions.

Dimensions in millimetres

1200 2 300

2 300

2300 1200

Key

A-A  sill/ceiling transom joint
B-B  mullion panel joint

C-C  mullion glass joint

Figure D.1 — Facade module geometry

© IS0 2017 - All rights reserved 17
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Table D.1 — Panel dimensions

Panel Dimensions
mm
Facade module height 3500
Facade module width 1500
Spandrel panel height 1200

D.3 Ce

The one-

D.4 U-

The ther
have beq

The glaz

The ass€

nsional centre U-value calculation has been performed for this glazing unit in accordange
£73. The one-dimensional thermal transmittance of this glazing unitsis found to be:

1,4 W/(m2K)

ntre U-value of the spandrel panel

oY

dimensional panel thermal transmittance is Up 5:0;37 W/(m2-K), in accordance with ISO 694

values of thermal joints

mal joints have been modelled by means of 2-dimensional FEA analysis. Material properti¢s
n taken from ISO 10077-2:2017, Annex D.

ng unit has been modelled with aluminium spacers.

due to tme thermal interaction between the glass, frame and panel. The projected width of the joint

(perpen
two filliy

ssed joint U-value Utj représents the heat flow rate through the frame plus all thermal effecfs

icular to the filling.élement direction) excluding the glazing gaskets is measured between the
g elements. For each/of the models, the area of the joints is stated along with the joint U-valug.

Table D.2 — U-values of thermal joints

Component (equal to sill transom joint Mullion panel joint Mullion glass joint

Ceiling transom joint

in this example)

Uty = 9,97 W/(m2-K) Uty = 9,66 W/(m2-K) Uty = 9,71 W/(m2-K)

Uty
Aty Ary=0,13 m2 Ary=0,11 m2 Ary=0,21 m2
18 © IS0 2017 - All rights reserved
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Area weighting of the U-values of all frames, glass and panels is used to calculate the overall U-value.

U - ZAgUg +2ApUp +X AUy
cw —
ZAg +2Ap +2AT]

Table D.3 — Overall U-value of the curtain wall

Components V\‘/J/(VI:Z“;) nfliz ‘;\J//“K

Ceiling transom joint 9,97 0,13 1,29
Sill transom joint 9,97 0,13 1,29
Mullion glass joint 9,71 0,21 2,05
Mullion panel joint 9,66 0,11 1,07
Spandrel panel centre 0,37 1,56 0,58
Glazing centre 1,40 3,11 4,35
TOTAL 5,25 10,63

Overall U-value curtain wall: Ucy = 2,0 W/(m2-K).

© IS0 2017 - All rights reserved
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Annex E
(informative)

ISO 52022-1: Data for typical glazing and solar protection devices

Table E.T — Indicative data for typical glazing
Product Thermal Total solar Light Light
transmittance energy transmittance | reflectance
Ug transmittance Ty Pv =Py
W/(m2-K) g
Jingle clear glass 58 0,85 0,90 0,08
Iouble clear glass with 29 0,76 0,82 0,15
qir filling
DDouble clear glass with 1,2 0,59 0,80 0,13
lpw emissivity coating and
Argon filling
Triple clear glass with low 0,8 0,55 0,73 0,16
gmissivity coating and
Argon filling
Table E.2 — Indicative data for typicalsolar protection devices
Transmittance Reflectance
Te,B Pe,B
white pastel dark black
Opaque (e.g., closed 0,0 0,7 0,5 0,3 0,1
roller shutter)
Closed venetian blind with 0,1 0,7 0,5 0,3 0,1
opaque slats
Medium translucent 0,2 0,6 0,4 0,2 0,1
High translucent 0,4 0,4 0,3 0,2 0,1
In case of uncertainty between two categories in Table E.2, the category with the highest transmittange
and lowsgst reflectance should be selected.
These are typical ‘values for transmittance and reflectance of solar protection device materialls.
The absgrptancejgde B, is given by e = 1 — Te,B — pe,B. It is assumed that the transmittance and the
reflectarce for.light are equal to the corresponding values for solar energy.

20 © IS0 2017 - All rights reserved
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Annex F
(informative)

ISO 52022-1: Example of calculation of a solar protection device in
combination with glazing

nnex F gives an example of calculation for the three positions of a medium translucent.pastel solar
Fotection device in combination with a double clear glazing.

he following data are taken from Tables E.1 and E.2. It is assumed, that the solarprotection device is
bt selective and therefore the light transmittance and reflectance values are thé same as for fthe solar
rect transmittance and reflectance.

s 359 T X

glazing: solar protection device:
T = 0,82 Te’B = TV,B = 0,2

g|=0,75 peB=pvp=04

)

= 3,0 W/(m2K) aep=1-0,2-04=04

pl=pv=0,15

a] External solar protection device

1 2
G =11 = LOW/(m* K)
ot
3,0 5 10

1,6

gtot:O,2x0,75+0,4-><::ll'g+0,2x(1-0'75)x : =0,23

0,82x0,2
T, =22 17
Vot $20,15%0,4

b) Internal solar protection device

G = 1 2 7W /(m?.x)
nt 1 1 4 /\ /
R T

3,0 30

Grot =0,75><(1—0,75x0,4-0,4x 215 j: 0,50

0,82x0,2

T, =227 -017
vt T 1 _0,15%0,4

© IS0 2017 - All rights reserved 21
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c) Solar protection device between panes

G

Itot :0'75"0:2+0;75(0.4+(1—0,75)><3;

L5 J= 0,34
0

integr ~ 1 1

! :1,5W/(m2~K)

-+ =

3,0 3

1]

Tv‘tot no 9

implified calculation provided.

22
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Annex G
(informative)

Extended methodology for the determination of equivalent solar
and light optical characteristics for louvres or venetian blinds

(.1 General

i ISO 52022-3. ISO 52022-3 considers mobile protection devices with tilted slats“as a homg
dyer with equivalent energy and light properties denoted 7, Ty, ps and ps, where/(see Figure (

- Tg istransmittance of the side facing the incident radiation;

- Tg is the transmittance of the side facing away from the incident radiation;

- ps isreflectance of the side facing the incident radiation;

- pg is the reflectance of the side facing away from the incident radiation.

Ts

Key

-

ineident radiation

The extended calculation method of solar factors and light transmission is based on-the'method defined

geneous
.1):

N

mobile protection device

Figure G.1 — Equivalent properties according to I1SO 52022-3

© IS0 2017 - All rights reserved
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These equivalent energy and light properties are the following, depending on the profile angle n (as
defined in G.1.2) and the slat pitch angle a of the venetian blind:

TS,e((x,n) = Tdir '(Tdir-dir((x,n) * Te,dir-dif(a,n) )+ Tdif-h .Te,dif-h(a)

TS,v(tx,n) = Tair '(Tdir-dir(a,n) +Tv,dir-dif(06,77) ) + it 'Tv,dif-h(a)

T =T -
S,thff@n)  thdr-h(e)
Ps.efon) = "dir Pe,dir-dif (an) T "dif-h " Pe,dif-h(or)

Psvlan) = Tdir “Pudir-dif () * dif-h " Pydif-h(a)

€s,thl(e) = 1- Tthdif-h(er) ~ Peh,dif-h(e)

I

Uselo) = T’e,dif-h(a)

swle) T,v,dif-h(a)

Us.f(an) = T'th,dif-h(a)

’ [

Ps,d(ar) = P edif-h(ar)

’ [

Ps(e) = P vdif-h(a)

s,tf () 1- T’th,dif-h(a) - p'th,dif-h(a)

Where rjir and rgig.h are the averpage’direct and diffuse part of incident radiation during the considering
period, given in G.1.1.

For the dlirect transmissjen of direct incident radiation, the distinction between the visible spectrum
and the polar spectruniis’not necessary, as the factor 7gjr-gir is solely related to the geometry of the
mobile protection dewvice.

In the rejst of Anniex G, where the subscripts “e” and “v” and “th” are not indicated in the formulae, the
calculatipn is ‘carried out for the entire solar radiation (solar transmittance calculation), for the visible

part of the-spectrum (light transmittance calculation) and for the longwave infrared radiation (for the
diffuse ttanSmission and reflection nnly} needed for the solar transmittance r‘alr‘n]afinn)

Transmittance and reflectance of the side facing away from the incident radiation are given in G.2.

Transmittance and reflectance of the side facing the incident radiation are given in G.3, G.4 and G.5 for
mobile protection devices with horizontal and vertical slats.

G.1.1 Direct and diffuse parts of incident radiation

Strictly speaking, the temperature field varies from one instant to the next depending on the profile
angle, the total intensity of the radiation and also the distribution between the direct, sky-diffuse or
ground-reflected components of the incident flux, specific to the location of the building (climate zone,
ground albedo, etc.).

24 © IS0 2017 - All rights reserved
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However, in the context of product characterization and for the sake of simplification, assumptions

on the average distributions of the type of incident radiation can be used for the calculati
components of solar transmittance.

The conventional distribution considered is as follows:
— for vertical elements:

direct part (rqir): 45 %;

on of all

diffuse nart (ra.c:):- 5F 0/.
r U UIIrtiyy vy

- for other pitched elements:
direct part (rgir): 55 %;

diffuse part (rgi-n): 45 %.

[o»)

.1.2 Profile angles n

jos]

y convention, profile angles are measured in relation to the normal to the plane of th
Fotection device (horizontal plane for a vertical element) in the clockwise direction.

=

[«p)

1.2.1 Calculation of profile angles depending on the type of mobile protection device

Ay incident radiation from a point in the sky or on the ground is expressed in terms of solar z
1lelative to the horizontal plane of the ground) and azimuth .

- =

he orientation of the plane of the mobile protection device is expressed by the azimuth ¥
brmal to this plane and its pitch iy relative to a'vertical plane.

=

Gl1.2.2 Vertical mobile protection devices with horizontal slats
Fpr vertical mobile protection devices\with horizontal slats (see Figure G.2):

- the altitude angle is equal to the'solar altitude: { = y; and

- the azimuth angle is givenby the equation: ¢ = 1) - Pys.
Alccording to EN 14500, the'profile angle 7 is given by:
tann =tany / cos(®).

b mobile

Ititude y

lvs of the

© IS0 2017 - All rights reserved
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Key

= M e S N R

G.1.2.3

For pitch
such tha

Accordin

26

tan (|

play]

inci

e of the mobile protection device
Hent radiation

azi
altit]

solalr altitude

Fig

pror]\ile angle

uth angle
ude angle

ure G.2 — Illustration of profile angle 7 for a vertical mobile protection device with
horizontal slats

Pitched mobile protection devices with horizontal slats

ed mobile protection devices withthorizontal slats, the reference plane is tilted at an angle i\}s
L the plane of the mobile protectien device remains vertical (see Figure G.3).

g to EN 14500, the profile-angle 7 is given by:

h + iws) =tan y / cos [.=Pws)
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1 plane of the mobile protection device

2 incident radiation

n profile angle

iws pitch of the plane of the mobile protection device relativeto.the vertical
D azimuth angle in the horizontal plane

) azimuth angle in the plane normal to the mobile protection device

& altitude angle

y solar altitude

Figure G.3 — Illustration of profile angle 7 for a pitched mobile protection device with
horizontal slats

[*»)

1.2.4 Vertical mobile protection devices with vertical slats

1]

br vertical mobile protection devices with vertical slats, the same configuration as in G.1.2.2 is used,
with a 90° rotation. Theprofile angle is then given directly by the azimuth angle:

n=v-vYws

G.2 Transmission T’s and reflection p’s rates of radiation from the interior

Bly convention, radiation from the interior is considered as diffuse and hemispherically transmitted.

The equivalent transmission and reflection rates of the mobile protection device for radiation from the
interior are therefore equal to:

T's = T'dif-h = Ts,d;
P’s = P'dit-h =pP’s,d

where t’s g and p’s 4 correspond to the diffuse transmission and reflection of diffuse incident radiation
from the interior and are determined according to G.6.
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G.3 Transmission and reflection rates of direct incident radiation Tgjr-dir Tdir-dif
and Pgir-dif

G.3.1 General

For a vertical mobile protection device, profile angles for direct radiation are always positive.

If a mobile protection device is pitched or has vertical slats, profile angles for direct radiation can be
either positive or negative. An example of such a negative profile angle is given in Figure G.7.b).

The critiral profile angle calculation is independent of the pitch of the slats.
G.3.2 (ritical profile angles

G.3.2.1 | General

Critical profile angle calculations are independent of the pitch of the slats.

G.3.2.2 | Positive critical profile angle

For a slaf pitch of the mobile protection device a, measured relative to thehormal to the plane of the
mobile frotection device, a positive critical profile angle 7n.rit is defined as the minimum angle |n
Formula|(G.1) which the radiation can penetrate directly (see Figure'@.4):

%—sin((x)

Nerit[* T((x) G.D

a) Vertical element b) Pitched element

Key
1 mobile protection device with adjustable slats

2 incident radiation

Figure G.4 — Illustration of positive critical profile angle ncrit
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G.3.2.3 Negative critical profile angle for pitched element

For a slat pitch of the mobile protection device a, measured relative to the normal to the plane of the
mobile protection device, a negative critical profile angle -t is defined as the minimum angle in
Formula (G.2) which the radiation can penetrate directly (see Figure G.5):

d
—+sin (Oc)
it =—arctan G.2
nCI‘lt COS(OC) ( )
1
Key
1 mobile protection device with adjustable-slats
2 incident radiation for pitched element
Figure G.5 — Illustration of critical angle p-¢rit (17 crit < 0)
G.3.3 Calculation formulae according to geometry
G{3.3.1 Profileangle n greater than the critical angle (17 > 1¢rit): no direct penetration.
This configuration is illustrated in Figure G.6.
29
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Figure G.6 — Illustration of 1 > fcyit

hlation is performed using:

ir=0
if = TS,D
if = PS,D

ps,p correspond to the diffuseétransmission and reflection of direct incident radiation from the
and are determined according to G.6.

Profile angle N between the slat pitch angle and the critical angle (=& < 7 < 7¢pt) or profile
ss than the slat pitch angle (-1 < a: direct penetration).

figuration isilirstrated in Figure G.7 for cases in which 1 is less than «, with positive n, and |n
8 for cases\in which -7 is less than «, with negative 7.

30
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o
a) Vertical element b) Pitched element
Ky
1 incident radiation
Figure G.7 — Illustration of 1 < n¢rif, withn > 0
/Ws
N
~
~ ~
~~_ <
N
\
~a
Key
1 incident radiation for pitched or vertical slats elements
Figure G.8 — Illustration of -n < «
Thecalculation is performed using:

I sin(oc+1)

Tdir-dir = _d COS(T])

Tdir-dif = (1 - Tdir-dir) *TS,D
pdir-dif = (1 - Tdir-dir) *PS,D

The n¢rit value to be considered is the one set out in G.3.2.2.

Ts,p and ps p correspond to the diffuse transmission and reflection of direct incident radiation from the
exterior and are determined according to G.6.
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G.3.3.3 Profile angle , between the slat pitch angle and the critical reflection angle (¢ <=7 <=1-¢pj¢ ) for
pitched elements or vertical slats: direct penetration.

The incident ray with an angle within this range can partly penetrate the interior directly, the other
part being diffused with a first reflection on the underside of the slats. This configuration is illustrated

in Figure G.9.

Key

1 inciflent radiation for pitched or vertical slats element
Figure G.9 — Illustration of & < -1 < “#fJrcrit

The calcplation is performed using:

I-(sin(x+n
T*dir{dir = 1 + —( ( ))
d-cos(n)
T*dir{dif = (1 - T*qir-dir) "T*s,D

p*dirfdif = (1 - T*dir-dir) *P*s,D

The ncrit/value to be considered is =it as set out in G.3.2.3.

T*sjp andl p*sp correspond to the diffuse transmission and reflection of direct incident radiation from
the extetior after a first refleCtion on the underside of the slats, and are determined according to G.6.

G.3.3.4 | Profile angle i greater than the critical reflection angle (-1 > -n~¢rit) for pitched elements or
vertical dlats: no dire€tpenetration.

The inciglent ray\with an angle greater than the critical reflection angle cannot penetrate the interigr
directly And issentirely diffused with a first reflection on the underside of the slats. This configuratiqn
is illustratediin Figure G.10.

32 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=6297d7e78e6d745a4e76ba2628eddb74

ISO/TR 52022-2:2017(E)

Ky
1 incident radiation for pitched or vertical slats element
Figure G.10 — Illustration of -n > -1 crit
The calculation is performed using:
T[dir-dir = 0
T{dir-dif = T*s,D

Fdir-dif = P*s,D

p
The ncrit value to be considered is n-¢rit as set out in G.3:2.3.

~

‘sip and p*sp correspond to the diffuse transmission and reflection of direct incident radiatiion from
lhe exterior after a first reflection on the underside of the slats, and are determined according|to G.6.

(=

G.3.4 Application by type of mobile protection device

[*»)

3.4.1 Vertical mobile protection.devices with horizontal slats (Venetian blinds, for exagmple)

[op)]

3.3.1 (Figure G.6a) and G.3.3.2 (Figure G.7a) apply.

[*»)

3.4.2 Adjustable mobile protection devices with horizontal slats (Venetian blinds, for
kample)

I

he different caseS4in G.3.3 apply according to the values of @ and 1 calculated based on y, i, Yfs and iy
ccording to G.1.2)3.

D 3

[*»)

3.4.3 .Vertical mobile protection devices with vertical slats (vertical blinds, for example)

—3

he different cases in G.3.3 apply according to the values of a and 1 calculated based on y|and s
r¢opding to G.1.2.4.

QO

G.4 General overview

G.4.1 General

Clause G.4 sets out in a generic manner the general formulae summarizing all the cases applicable to
mobile protection devices with horizontal or vertical adjustable slats, regardless of the position of
the mobile protection device (vertical or pitched). Only profile angle n should be adjusted according
to G.1.2, depending on the case (vertical or pitched mobile protection devices with horizontal slats or
vertical mobile protection devices with vertical adjustable slats).
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G.4.2 General formula for the direct transmission of direct radiation [Formulae (G.3)

and (G.4]]

Isin(o+n)
T dir—dir = —W: ifn>-a (G.3)
. B I sin(o+1n)
e =1 e (G4)

d cos(n)

G.4.3 General formula for the diffuse transmission and reflection of direct radiation
[Formujae (G.5) and (G.6)]

(1=Tdirdir ) Tsp; ifn>-0 -
3 ] , G.]
Tdir-dif (77) { (1—T*dir—dir )'T*S,D else ( ))
(1=Zdir—air ) Psp; ifn>-0t
| ] , G.¢
Pdir-qif (77) { (1_T*dir—dir )'p*S,D else (G.6)

G.5 Transmission and reflection of diffuse (hemispherical) radiation

The eqyivalent transmission and reflection rates of the mebile protection device for diffuge
(hemispherical) radiation from the exterior are therefore equakto:

Tdif-h|= TS,d
Pdif-h[=Ps,d

where 74,4 and ps,q correspond to the diffuse transmission and reflection of diffuse incident radiatidn
from thelexterior and are determined according to G.6.

G.6 De¢termination of Tsp, psb, T*s,p, p*s,p, T's,d, P’s,d

G.6.1 General

The view factors to be used-for the calculations depend on the slat spacing ratio d/I, the slat pitch|a
and the profile angle n~Tabulated values are given in Annex H. In the following formulae, 7, p and p
correspdnd to the transmission, the upper and lower reflection of the slats composing the venetign
blind. Asllongwave radiation is diffuse, only s G.6.4 and G.6.5 are applicable to calculate Tth dif-h, Pth,difjh

T'th,dif-h #nd p’th dih.

<

Z and Z’ parameters are obtained by Formulae (G.7) and (G.8):

[«
7-_234P (G.7)
1-@gy1
@ ]
7= _234P (G.8)
1-@gyt
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G.6.2 Diffuse transmission and reflection of direct radiation from the exterior after a
first reflection on the upper side of the slats

When the first reflection occurs on the upper side of the slats, the diffuse transmission of direct
radiation from the exterior is given by Formula (G.9):

(2@54p'+ P37 ) (P31 + Py1T) + (2P 37 + P54 p ) (P41 p'+ P31 T)

Tsp =P51p+ P T+ : Z (G9)
D3,p(1-22)
Thediffusereflectionof directradiationfromthe exteriorisgiven by o
o J S e
(ZD54p'+ P37 ) (P3P + P yyT) + (2P 3T + Py p ) (P2 p'+ P3,7)
Psp =Ps52p + DT+ 1% (G.10)

D34p(1-22)

(.6.3 Diffuse transmission and reflection of direct radiation from the exterior after a
V]Jrst reflection on the lower side of the slats

)

hen the first reflection occurs on the lower side of the slats, the diffuse transmission pf direct
hdiation from the exterior is given by Formula (G.11):

(Z @547+ D3p') (P31 +PyyT)+(Z P+ PsyT)(Pyg '+ P317)

—

T*S,D =®61p'+¢517+ . ; -Z (Gll)
D3, p'(1-27')
The diffuse reflection of direct radiation from the exteriords given by Formula (G.12):
Z'DcyT+ D3 p') (D3 p+ P poT ) H(Z' D3 p+ P yT ) (D yp p' + D37
P*S,D=‘D62P'+‘D527+( 54 63P") (P32 42?( '63P 547) (Pa2p 32).2. (G.12)
D3, p'(1-22")

o)

.6.4 Diffuse transmission and reflection of diffuse radiation from the exterior

—

he diffuse transmission of diffuse radiation from the exterior is given by Formula (G.13):

(D30 +@yuT) (PG HZ Dy ) +(Ppap'+ P37) (P +ZP31)

Tsa =Ppr + , -Z (G.13)
D3, p(1-22")
The diffuse reflection of diffuse radiation from the exterior is given by Formula (G.14):
o= (P3P + P37 (P3p +Z P g ) +(Poap'+ P37 ) (P gy + ZP3;) 7 (G.14)
Sd = - : .
D3,p(1-272")

[o»)

.6.5 Diffuse transmission and reflection of diffuse radiation from the interior

—3

he diffuse transmission of diffuse radiation from the interior is given by Formula (G.15):

(@120‘*@14'5)(@?7 +2'Dy, )+(¢1AD'+¢1 27)(434') +Z@27) A

Tsd=P2+ - (G.15)
D3up(1-22")
The diffuse reflection of diffuse radiation from the interior is given by Formula (G.16):
e (D130 +@147) (P31 +Z Dy ) +(P14p'+ P37 ) (Pyy +ZP3y ) 7 (6.16)
Sd ~ ’ :
D,p(1-2Z")
NOTE These formulae are identical to those for flux from the exterior to the interior, with the subscripts 1

and 2 reversed.
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G.7 Examples of view factors for the calculation of solar energy transmittance
and light transmittance of mobile protection devices with adjustable slats

G.7.1 General

The view factors @j; between the different zones defined (see Figure G.11) were calculated for a spacing
ratio d/I = 0,87, according to the values considered in EN 14500 (d/I = 72/80 or 43/50 or 22/25 or
14/16). The indices i and j refer to the zones 1 to 6 defined in Figure G.11.

N yJ

Key
1 mobile protection device with adjustable slats
2 inciflent radiation

Figure G.11 -<)View factor zones

Table G.] gives the critical profile angles j¢rit, used to determine the presence or otherwise of direft
penetratiion through the top of the slats for a positive slat pitch (see Annex G), depending on the slat
pitch angle a and for a spacing ratiod/t = 0,87.

Table G.1 — Value of 711t depending on slat pitch

Slat pitch o Critical profile angles ncrit
0° 41°
15° 32°
30° 23°
45° 13°
60° 0°
75° 0°

Table G.2 gives the critical profile angles n-¢rit, used to determine the presence or otherwise of direct
penetration through the bottom of the slats for a positive slat pitch, depending on the slat pitch angle a
and for a spacing ratio d/I = 0,87.
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