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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeeded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on the ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 163, Thermal performancq and energy
use ifp the built environment, Subcommittee SE,3, Thermal insultation products, components pgnd systems,
in collaboration with the European Committee for Standardization (CEN) Technical Comiittee CEN/
TC 8D, Thermal performance of buildings.and building components, in accordance with the Agreement on
techmnical cooperation between ISO ahd CEN (Vienna Agreement).

Any feedback or questions on this\document should be directed to the user’s national standprds body. A
complete listing of these bodies.can be found at www.iso.org/members.html.
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Introduction

Reflective (low emissivity at the appropriate wavelength) surfaces are utilized in a number of wa

ys to

enhance the thermal performance of insulating products. Their role is to reduce the heat transfer by

thermal radiation in some parts of the system. This is achieved because low emissivity surfaces re

duce

the radiant heat transferred through a product that is wholly or partially transparent to infra-red
radiation (e.g. very low-density fibrous insulation). They also reduce the radiant heat transfer across
any air gap or gaps that are present in the system. In some cases, air gaps can be an intrinsic part of the
structure and in other cases the insulation can be installed in such a way as to deliberately create an air

gap between the reflective surfaces and the structure.

When correftly installed in buildings, the thermal performance of reflective insulation product$§’o
influenced quite significantly by such air gaps, hence the value of thermal performance reported
any of the t¢st procedures should also be accompanied by a statement indicating the presence of
sizes of, any|adjacent air spaces. For maximum versatility and reduced confusion, the measured v
from any test should be given as the combination of the thermal resistance of the “core” of the prqd
together with the measured value of the emissivity of the surfaces. This does not preclude the prov
of values indicating the total thermal resistance of a product and one or two airspaces (where rele
as additiongl information, provided full details of the product and the air,spaces are included. |
reflective injsulation products have poorly defined thickness due to the nature of the materials an
manufacturg. Care is thus needed to define either the nominal thicknesS-or the test thickness, or

When installed in buildings, the final thickness depends upon the degree of handling and fixing, v
is not addrepsed in this document. The purpose of this document is to provide harmonized procec
to give reprjpducible measured thermal performance values that gan be readily compared with

thermal ins
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erial, the ageing of the low emissivity surface is assessed by use of an accelerated a

ermal properties of insulation materials that utilize reflective surfaces are detern|
the form in which they are sold and how they are intended to be used. This docu
number of different apptroaches which can be utilized and specifies which approa
different types of product. Where a product is already subject to a product specific

Fesistance of the-core insulation material, the following guidance should only be us
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Thermal insulation for buildings — Reflective insulation
products — Determination of thermal performance

1 Scope

This document describes a set of procedures for using existing standardized CEN or ISO test and

cal
doc

This

c .

1;|;Eent supports and does not replace existing CEN or ISO test methods.

document applies to any thermal insulation product that derives a propgrtien of]

thermal properties from the presence of one or more reflective or low emissivity surfa

with
the t
whel
emis
but

2

The
cons
unda

1S0/
meas

EN ]
asses
plate

EN 1
asses
meth

EN 1]
asses

ISO 4
Calct

any associated airspace(s). It does not replace the existing procedures-for the deter
hermal performance of products already covered by an existing harmonized produ

pducts. This

its claimed
Fes together
mination of
ct standard

e the declared value of these products does not specifically include(any claims attribytable to the

sivity of the facing. It does not, and cannot, give an in-use or desigiivalue of thermal p
rovides standardized information from which these can be determined.

Normative references

following documents are referred to in the text in"stich a way that some or all of t
fitutes requirements of this document. For dated“references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

EC Guide 98-3, Uncertainty of measuremént — Part 3: Guide to the expression of uf
urement (GUM:1995)

946-2, Thermal performance of building products and components — Specific crit
sment of laboratories measuring _heat transfer properties — Part 2: Measurements by
method

946-3, Thermal performance of building products and components — Specific crit
sment of laboratories measuring heat transfer properties — Part 3: Measurements by heg
od

946-4, Thermal performance of building products and components — Specific crit
sment of labdratories measuring heat transfer properties — Part 4: Measurements by hot

946, Building components and building elements — Thermal resistance and thermal tran
lation,methods

erformance,

heir content
applies. For
hts) applies.

certainty in

eria for the
guarded hot

eria for the
t flow meter

eria for the
box methods

smittance —

ISO 7

345, Thermal performance of buildings and building components — Physical quantities an

d definitions

ISO 8301, Thermal insulation — Determination of steady-state thermal resistance and related properties
— Heat flow meter apparatus

ISO 8302, Thermal insulation — Determination of steady-state thermal resistance and related properties
— Guarded hot plate apparatus

ISO 8990, Thermal insulation — Determination of steady-state thermal transmission properties —

Calib

rated and guarded hot box

[SO 9229, Thermal insulation — Vocabulary

ISO 9288, Thermal insulation — Heat transfer by radiation — Vocabulary
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ISO 10456:2007, Building materials and products — Hygrothermal properties — Tabulated design values
and procedures for determining declared and design thermal values

EN 12664, Thermal performance of building materials and products — Determination of thermal resistance
by means of guarded hot plate and heat flow meter methods — Dry and moist products of medium and low
thermal resistance

EN 12667, Thermal performance of building materials and products — Determination of thermal resistance
by means of guarded hot plate and heat flow meter methods — Products of high and medium thermal
resistance

ISO 29466:2022 Thermal inculnt‘ing pr‘nr]lmfcfnr hm'lding npplirnl‘innc — Determination nft‘hirl(npc

3 Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 7345, ISO 9288)IS0 9229 and
the followinlg apply.

ISO and [EC|maintain terminology databases for use in standardization at the following addresses

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

— IEC Eleqtropedia: available at https://www.electropedia.org/

3.1 Terms and definitions

3.1.1

indentatio
concave de(;rression in the surface of the facing (foil), suchithat shallow air pockets are created whep the
surface is in|contact with a smooth flat plate

3.1.2
core thermapl resistance
thermal resistance of the product from face to’face at the tested thickness, excluding the contribution of
any low emifsivity (3.1.3) outer surfacerany air space(s) adjacent to the product

3.1.3

emissivity
ratio of the|energy radiated by a surface relative to the energy radiated by a blackbody at the same
temperature

Note 1 to entfy: It is a measure of a material's ability to radiate heat.

3.14
reflective surface

low emissiyity,surface
surface, whithritas atow emissivity at the appropriz AVelengtiT withi the temperature rar ound
in building elements

3.1.5

reflective insulation

insulation product, which has one or both external face(s) comprising a reflective (low emissivity)
surface

3.2 Symbols and units

For the purposes of this document, the following symbols and units apply.

2 © IS0 2023 - All rights reserved
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Quantity Unit

perimeter

thermal resistance m? K/W

sensor signal

emissivity

thermal conductivity W/(m K)

heat flow rate

linear thermal transmittance W/(m K)

temperature difference

Quantity

low

high

edge

sur surround

90 9% fractile with a confidence level of 90 %

90/90

4 1

4.1

Claug
defin
not rf
and

In 4.
achie
and 1
the s
less 1

Description of product types

Product classification

be 4 describes the various generic product\types to which this document refers. Pro
ed solely for the purpose of selecting the-most appropriate test method (product type 1
efer to a generic species of product). Together with 4.2, 4.3 and 4.4, the flow charts in 4
[ shall be followed in assigning a givien product to a product type.

D, 4.3 and 4.4, the product type is determined by reference to its compressibility or ¢
ve flat parallel surfaces. Thissimplies the removal of measurable air gaps between tl
he hot and cold plates of.the test apparatus whilst not unduly reducing the overall

pecimen to be tested. The thickness shall be determined using the procedures in 5.2
han the nominal thiekness, be the thickness subsequently used for the measuremen

therinal resistance and\given in the test report. Otherwise, the nominal thickness shall be {

4.2

A pr

ProductType 1

duct shall'be classified as Type 1 when:

duct type is
umber does
\nnexes A, B

therwise to
e specimen
thickness of
and shall, if
t of the core
ised.

— 1|t has'a regular geometry with parallel faces; or

it is compressible so that the product can be contained between, and in full contact with, the hot

and cold plates of the apparatus. Such Type 1 products can be so constrained without significantly
compressing the product below its nominal thickness or the thickness measured using the procedure
in Clause 5, whichever is the lesser. This is usually achieved when its surfaces are predominantly
smooth and flat with no discernible depth of pattern or indentation.

EXAMPLE

Including (but not limited to) multi-foil insulation product which is stitched or se

amed only at

the edges and substantially flat with parallel faces (see also the limitation in Clause 1) and some other insulation
materials with aluminium foil facing on each side (see Figure 1).
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insulation core

sivity surface or surfaces

FJgure 1 — Example of insulation material with reflective facing on each side

Key
1
2 low emis
4.3 Prod

ict Type 2

A product shall be classified as Type 2 when:

ithasa

it is con
plates W
measur
may not
shall be
method
indenta

If the indent

EXAMPLE
Figure 2).

Key
1
2

air filled
reflectivg

Fegular geometry with parallel faces; or

hpressible so that the product can be contained between the test apparatus hot and|
Fithout significantly compressing the product below its neiminal thickness or the thick
ed using the procedure in Clause 5, whichever is the lesser:dn addition, the surface or sur

cold
(ness
faces

be flat and smooth and can have indentations of less;than 5 mm depth. The indent
measured using the pin and plate described in ISO 29466:2022, Clause B.1, or an alter

afions
nEtive
with at least the same level of accuracy. The pinshall be placed in the lowest point off any

fion but shall not pierce the surface.
ations are 5 mm or greater, it shall be classified as product Type 3.

Including, but not limited to, some types of bubble foil insulation with reflective surface

plasticbubbles
b surface(s)

(see

Figure 2 — Example of bubble foil insulation with reflective surfaces

4.4 Product Type 3

A product shall be classified as Type 3 when:

— ithasirregular thickness geometry and does not have flat parallel faces; or

— itcannotbeinstalled between the hotand cold plates of the apparatus using the lesser of the nominal
thickness or the thickness measured using the procedure in Clause 5 to produce flat and parallel

faces, fr

ee of air spaces.
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A small degree of compression may be permitted to eliminate air gaps, but not exceeding 10 % of the

thickness, or 5 mm, whichever is the greater in mm.

NOTE1 Its surfaces might or might not have indentations, the depth of which is not limited to any specific

value.

NOTE 2 It can include stitching or seams. A typical example would be the stitched multi-foil reflective
insulation products or sealed “pockets” or “pillows” made from reflective foil sheets, as shown in Figure 3.

Key
1  gir filled plastic bubbles
2 1eflective surface(s)

4.5 | Product Type 4

Product Type 4 is a thin film or sheet, less than 2 mm thickness, using single or in multiple |
makes use of a low emissivity surface to increase the thermal resistance of adjacent or

Figure 3 — Example of stitched multi-foil insulation

space(s), but which has no significant thermal resistance of its own (see Figure 4).

T

//////////}

a) 2-layer foil system

SE

hyers, which
enclosed air

S S S S

b) 3-layer foil system

|
|
|
A

Key
1,2,3 foil layers

Figure 4 — Example of multiple layers of product Type 4 under flooring
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5 Methods of assessment

5.1 General

In addition to the general requirements for testing thermal performance in accordance with EN 12664,
EN 12667 and ISO 8990, the specific requirements for mounting of specimens given in 5.4 to 5.8 shall
also be followed. The measurement of thermal performance of reflective insulation products Type 1,

Type 2 and Type 3 shall require the measurement of the thickness of the specimens.

Thickness measurement shall be in accordance with 5.2.

The test c

ISO 10456:2007, Table 1, and the relevant conditions for testing for determination

declared vallue shall be stipulated in the relevant product technical specification. Unless)'stipu

elsewhere, {
document u

5.2 Thic}

With the ex
in excess of
procedures
products or
in accordan
substantiall

EXAMPLE
The method

The thicknd
measured.

5.3 Test¢{

5.3.1 Sizd

The specim
product spq
performanc
batches whé
product ung
should be fo

hermal testing should use a mean temperature of either 10 °C or 23 °C. By, default
ces 10 °C as the reference condition.

fness measurement

Ception of thin single layer films or sheets, the thickness of all types of product whic
a 2 mm nominal declared thickness shall be determined according to ISO 29466 usin
n this document and other relevant product technical specifications. For all other refle
in the absence of a product technical specification, the ‘thickness shall be detern
ce with ISO 29466 using the lowest weight of plateipermitted by the test method
y eliminates any air gaps as per the compressibility criteria in Clause 4.

The minimum weight of plate may be reduced from>50 Pa to 25 Pa.
of assessment for thickness and the valuesused for testing shall be given in the test re

ss of thin films and sheets with a néminal, declared thickness of < 2 mm may n

pecimens

and number of specimens

bn size shall be appropriate to the apparatus being used. In the absence of harmoi
cifications for_@ny product type and to permit statistical calculation of the the
b, a minimum-of three samples shall be tested, taken from at least three different produ
rever possible, but shall be representative of the mean value of weight per unit area d
ler test.WWhere a harmonized product specification exists, the rules from that stan
[lowed:

nditions should be chosen to represent the intended market (temperate or troplical),
according t

of a
lated
this

N are

o the

ctive
1ined
that

port.

bt be

nised
rmal
ction
f the
dard

5.3.2 Conditioning and specimen preparation @@ |

Except for the measurement of emissivity, where special conditioning requirements exist, all test
specimens shall be stored for at least 6 h at (23 + 5) °C. In cases of dispute, they shall be stored at
(23 £ 2) °C and (50 * 5) % relative humidity (RH) for the time specified in any relevant harmonized
product standard, or for a minimum of 6 h.

NOTE 5.7.2 specifies the procedure to be followed to determine the conditioning of specimens to be used in
hot box measurements where the emissivity of the facing can be subject to ageing.

In the case of products supplied in compressed form, the material shall be allowed to recover fully
before conditioning for the test. This shall be for a minimum of 6 h or longer if recommended by the
manufacturer. In cases of dispute, the procedure specified in [SO 29466:2022, Annex A shall be followed.
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Determination of thermal resistance — Qutline

Four different methods (A, B, C and D) are defined in this document. Some methods are more appropriate
than others for different forms of reflective insulation materials, as described in Clause 4. The actual
measured performance using each method gives comparable performance values.

Of the four methods, three, (A, B, C) provide a measurement of thermal resistance as follows:

— Method A

Guarded hot plate apparatus shall meet the requirements of ISO 8302, EN 1946-2, EN 12664 and

N 12667:

— 1

|
|

— 1
I
— 1

The
corrg
Anns

Mlethod B

Heat flow meter apparatus shall meet the requirements of ISO 8301, EN 19463, EN
EN 12667;

Method C
{ot box apparatus shall meet the requirements of ISO 8990 and EN-1946-4
Method D

A\ fourth method provides for measurement of surface)emissivity and calculation
hermal resistance.

method relevant for each product type shall be performed in accordance with 5.5
bct process for each product type shall be identified through the use of the flow chartg
x B and Annex C. The surface of the materialishall be assessed as given in Clause 4 t

the appropriate product type and test method, which shall be specified in the test report.

5.5

5.5.1

The
accol

5.5.2

5.5.2
Use {

— 1

Determination of core thermal resistance of product Type 1

Test thicknesses

test thickness shall be the'nominal thickness of the product, or the thickness 1
rdance with 5.2, whichever is the lesser.

Product thickness greater than 20 mm

.1 Thermalresistance expected to be greater than 0,5 m2-K/W
ither:

Methed A: Measure in a guarded hot plate apparatus; or

12664 and

of airspace

to 5.8. The
in Annex A,
b determine

neasured in

— Method B: Measure in a heat flow meter apparatus.

5.5.2.2 Thermal resistance expected to be 0,5 m2:K/W or less

Use either:

— Method A: Measure in a guarded hot plate apparatus; or

— Method B: Measure in a heat flow meter apparatus.

In each case, thermocouples shall be attached to the specimen surface (using the procedures specified
in EN 12664).

©ISO
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5.5.3 Product thickness less than or equal to 20 mm

5.5.3.1 Thermal resistance expected to be greater than 0,5 m2:-K/W
Use either:

— Method A: Measure in a guarded hot plate apparatus using thermocouples embedded in the hot and
cold plates; or

— Method B: Measure in a heat flow meter apparatus using the “dummy specimen” technique given in
Annex E.

5.5.3.2 Tlllermal resistance expected to be 0,5 m2:K/W or less
Use either:

— Method|A: Measure in a guarded hot plate apparatus using thermocouples attached.to the specimen
surface|(the procedures specified in EN 12664 shall be used); or

— Method|B: Measure in a heat flow meter apparatus using the “dummy specimen” technique givien in
Annex H.

If thermocoliples are to be fixed to aluminium or other metal foil, the bare thermocouple wire shall be
electrically |solated from the foil by a strip of thin adhesive tape.

5.5.4 Forfall thicknesses and nominal thermal resistances

As an alternpative to the options described in 5.5.1 and 5:5.2 above, any Type 1 product may also be
measured uping the procedure described as Method C inz5.7.

5.6 Determination of core thermal resistance of Product Type 2

5.6.1 Ge:]eral

The test thiickness shall be the nominal thickness of the product or the thickness measurg¢d in
accordance with 5.2, whichever is thelesser.

5.6.2 Profuct Type 2 with.surface indentations less than 2 mm in depth

Treat as product Type L.(sée 5.5 to select appropriate methodology depending upon thicknesg and
expected thermal resistance).

5.6.3 Product Type 2 with surface indentations greater than or equal to 2 mm, but less than
5 mm in depth

Use Method A or Method B using a guarded hot plate apparatus or heat flow meter apparatus using
thermocouples attached to the specimen surface. The procedures specified in EN 12664, ISO 8301 and
ISO 8302 shall be used.

To prepare the specimens, fill any indentations with aqueous gel and cover with a thin layer of low
conductivity film such as polyethylene. Then treat specimen as product Type 1 to measure core thermal
resistance (see 5.5 to select appropriate methodology). Use Method A or Method B using a guarded hot
plate apparatus or heat flow meter apparatus using thermocouples attached to the specimen surface
(using the procedures specified in EN 12664).

5.6.4 Product Type 2 with surface indentations 5 mm in depth or greater

Where the surface indentations are 5 mm in depth or greater, the product shall be treated as if it were
product Type 3 (see 5.7).
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5.6.5 For either all thicknesses or nominal thermal resistances, or both

As an alternative to the options described in 5.6.1 to 5.6.3, any Type 2 product may also be measured
using the procedure described as Method C in 5.7.

5.7 Determination of core thermal resistance of product Type 3 (Method C)

5.7.1 Principle

The thermal resistance of an air cavity insulated with the product mounted in the centre of the air
cavity,shall be determined hy measurement in a hot hax apparatusthat conformsto the requirements of
ISO §990. The thermal resistance of the two air cavities is calculated and deducted fronrtlle measured
total[ thermal resistance to give the core thermal resistance of the product. The test-thickness of the
product shall be the nominal thickness, or the thickness measured in accordance with'5.2, whichever is
the l¢sser.

5.7.1 Determination of the need for specimen conditioning
To d¢termine the need for specimen conditioning, the following procedure shall be followed:

a) Measure the emissivity of the facing "as received" and afte¥’ conditioning (ageing) using the
procedures in Annex D.

b) If the difference between the two measurements is 9;02 or less, then the ageing iy considered
negligible and within uncertain limits for the test; therefore, the test specimen for thelhot box can
he the material as supplied (with no further need for ageing).

c) If the difference between the emissivity of “asireceived” and aged specimens is greatger than 0,02
then the insulation material to be used in th€-hot box shall be tested after undergoing ¢onditioning
jccording to D.5.3, taking care not to damage the test specimen.

5.7.3 Air cavity and specimen installation

Meagure the thermal resistance of an air cavity insulated with a specimen that is represenftative of the
test product including any stitehing or welding in the body of the material.

The joverall depth of the-insulated air cavity shall be the sum of either the lesser of the nominal
thiclness, or, if different,.the manufacturer’s specified installed thickness, or the thicknegs measured
in accordance with 52.and the width of the two air spaces, which shall be specified in th¢ report, but
which shall normally be at least 25 mm on each side of the product test specimen. Expa{lsion of the

product beyond.its test thickness into the adjacent air spaces shall be limited and controlled by the use
of small polystyirene pillars (see below and Figure 5). The depth of the polystyrene pillars shall be equal
to the chosendir space thickness on each side of the test specimen. The number of pillars ysed shall be
the lpwestinumber that prevents over-expansion of the product into the adjacent air space.

The outsidefaces-of-the-testspeeimen-sh aH-befixedat-theiredges-to-narrow-strips-efpolystyrene [or
similar material with a maximum thermal conductivity of 0,035 W/(m-K)] that have a thickness equal
to the test thickness of the specimen, with a tolerance of 0 mm to +5 mm. These strips prevent local
compression of the specimen at its edge. The air spaces either side of the test specimen may also be
secured at the perimeter by additional strips of polystyrene between the face of the test specimen and
the outer wall. The individual layers may be fixed to the surrounding frame using adhesive tape or the
whole assembly may be held together by other means, such as temporary bolts that should be removed
before testing. Any holes in the specimen or in the edge detail shall also be either covered or sealed, or
both, to prevent heat flow. See Figure 5 and Figure 6 for suggested details.

©1S0 2023 - All rights reserved 9
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Dimensions in millimetres

>25
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hot box qurround panel

cavity walls

small ex

panded polystyrene pillars

thermocpuples measuring the inside surface temperature of the cavitywalls

thermocpuples measuring the surface temperature of the specimen

test spedimen

Figure 5

cayity

— Typical test element used to measure the thermal resistance of an insulated dir
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1i
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The
need
folloy

a) 1
I

b)

c) A

urround panel

emovable screw element

igid expanded polystyrene (EPS) perimeter pieces
vood panels

eflective product type 3

LPS pillars

Figure 6 — Suggested edge detail for fixing product Type 3

hrrangement in Figure 5 measures the thermal resistance of the insulated air cavity
to measure the core_thermal resistance of the material, emissivity or cavity geor
ving conditions shallapply:

xternal “walls”.to' form the cavity shall be made from a suitable dry material such as
MDF.

The length and width of the test specimen and associated air cavity shall not be less thg

\ir caVities created at each side of the product shall be at least 25 mm deep at any point.

without the
hetries. The

plywood or

nlmx1m.

d)

Y 1o £ Jdod 1 £ 31l Lall la d ot +lo
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lywood and

the product to ensure the air cavity depths are maintained during the test. Each EPS pillar shall
have a cross section of 20 mm x 20 mm and a thermal conductivity of less than 0,04 W/(m-K).

e) The product being tested shall be taped to the surround panel using low emissivity tape as
recommended by the manufacturer.

f) Overlapped joints shall be avoided wherever possible.

g) Atleast nine thermocouples shall be fixed to the inside of each cavity wall, installed in the centres
of squares of equal area.

NOTE The thermal resistance of these walls is not part of the measured value.

©ISO
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At least five thermocouples shall be fixed to each side of the product (using low emissivity tape).

If the product has a metallic surface, the thermocouples shall be fixed on top of a layer of thin

e tape to stop them being electrically connected.

thermal conductivity <0,04 W/(m-K).

h)

adhesiv
i)
5.7.4 Hot

box test conditions

The surround panel shall be between 100 mm and 300 mm thick, made from a material with a

The surround panel, with the air cavities, shall be installed between the warm and cold chambers
of the hot box apparatus, which can then be positioned to the appropriate specimen orientation (if

required) a
the specime
selected to §
thermocoup

In some hot]
10 °C. In thi
reported in

Although ve
orientationg
applicationd
subsequent

Cavity orien
5.7.5 Allg
When meas

transfer ard
taken into a

Nd the target temperature ditierence established between the two chambers. NOIT
ns shall be mounted vertically with horizontal heat flow, and the test conditions sha
establish a temperature difference of (20 + 1) K across the air cavity, as measuredwit
les mounted on the internal cavity wall surfaces, and a mean test temperature\of (10 *

boxes, it is impossible to cool the cold side sufficiently to achieve a meah-temperatu
s case, the mean temperature used for test may be increased up to 15 € but this sha
the test report.

rtically mounted specimens shall be measured and reported inleach case, other spec

may be used to obtain information on the performance of products in various bui
. Such results shall be considered advisory and not forim)part of the derivation o
declared value.

tation and heat flow direction shall be specified in thetest report.

wance for heat transfer around the specimen (edge surround)

uring a test element installed in a surround panel, there will be a small additional
und the specimen perimeter through«the surround panel (see Figure 7) which sha
ccount.

hally,
11 be
h the
P) °C.

re of
111 be

imen
lding
[ any

heat
11 be
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Key
tlest element thickness
leveal depth

qurround panel

Figure 7 — Heat transfer around the specimen perimeter

This fadditional heat flow is expressed as the linear thermal transmittance, ¥,, associated yith the test
element and surround panel ang-its value can be obtained from Table 1. The boundary hpat flow, @,
shalllbe calculated using Formula (1).

$,=¥.PAO (1)
where
P isthe perimeter of the air cavity, in m;

AO A_is the air temperature difference between warm and cold chambers, in K;

. IS the linear thermal transmittance obtained according to ISO 10211, Tabulated values of
Table 1 may also be used if the assumptions listed in 5.7.5, NOTE 1 are fulfilled.

The heat flow through the test element shall be corrected for this boundary heat flow when calculating
the thermal resistance of the air cavity from the measured data.

©1S0 2023 - All rights reserved 13
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Table 1 — Linear thermal transmittance for insulated cavity in a surround panel

Overall cavity thick- Hot side reveal v,
ness depth W/(m-K)
(mm) (mm) A =0,030W/ | Ay =0035W/ | A =0,040W/
(m-K) (m-K) (m-K)
124 26 0,0005 0,000 7 0,0008
124 76 0,003 3 0,0039 0,004 4
124 126 0,006 4 0,007 3 0,008 4

Values of ¥ [for intermediate values A . can be obtained by Iinear interpolation.

NOTE1 The linear thermal transmittance values shown in Table 1 have been calculated assuming the
following:

— the reflefctive insulation product is in the centre of the cavity;

— there is & 30 mm air cavity each side of the product under test;

— the emisfsivity of the external surfaces of the product under test is 0,05;

— the effedtive thermal conductivity of the product under test is 0,032 W/(msK);
— the effedtive thickness of the product under test is 30 mm;

— the wall$ of the cavity are made from 17 mm thick plywood;

— the thermal conductivity of the plywood is 0,16 W/(m-K);

— theinsulated cavity is mounted vertically with horizontal heat flow.

NOTE 2 Fgra 2 m x 1 m cavity measured in a surround panel 2,4 m x 2,4 m and 200 mm thick, which jhas a
thermal conductivity of 0,035 W/(m-K), the boundary;loss @, will be about 1,6 % of the total power into the hot
box.

5.7.6 Calgulating the core thermal resistance of the product
The following process should be followed to calculate the core thermal resistance of the product.

a) UsethelproceduresinISO 6946 and the measured temperatures to calculate the thermal resistance
of each|air cavity using-the emissivity determined in accordance with 5.9.2 and Annex D] The
emissivjty of the plywood (or other similar material) walls of the cavity shall be assumed to bg 0,9.

b) Derive fhe thermal\resistance of the complete insulated air cavity from the hot box data.

c) Derive fhe coreithermal resistance of the product by subtracting the thermal resistance of ea¢h air
cavity ffom'the total thermal resistance of the assembly.

5.8 Determination of the thermal performance of product Type 4

The core thermal resistance of product Type 4 is assumed to be negligible. The thermal performance
of the specified system or installed product shall be determined using Method D; the measured value
of the surface emissivity shall be determined in accordance with 5.9.2, and the thermal performance
of the product together with an airspace or airspaces shall be calculated according to ISO 6946 at a
nominal mean temperature of 15 °C, and a temperature difference of 10 K across the sum of the air
cavities.

NOTE Specific designs and installations of product Type 4 materials can be tested using Method C, the hot

box according to ISO 8990, but in view of the range of possible installed variations in this product type, it is not
possible to standardize the large variety of possible designs.
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5.9 Emissivity

5.9.1 General

The emissivity of the reflective surface is a fundamentally important parameter affecting the thermal
resistance of an adjacent airspace, and which, depending upon the type of facing material and the
way in which it is used, may change over time due to ageing (e.g. oxidation; corrosion; exposure to UV
radiation, elevated or low temperature, humidity). Long-term functionality of a low emissivity surface
in its application is primarily linked to the ability of the material to resist this ageing. Generally, the
ageing effect due to corrosion is limited to bright aluminium foil surfaces without any protective

coati

In ce
emis

Agei
any g

NOTH
can ¢
impa
It is,

varia
diffiq
meas

5.9.2

5.9.2

The
at le
meth

5.9.2
The {

5.9.2

Whe
the s

g, but reflective facings which have only minimal surface protection can also be pro

e to ageing.

rtain applications, dust collection on upward facing surfaces can also reduce the bene
Sivity surface, but as this is application specific it is not addressed in this document.

g of the low emissivity surface due to oxidation, corrosion, or exposure to!yV light is
pplication.

The types of materials, protective surfaces and their thicknesses used.in reflective insula
pver a wide range of specifications and hence properties. The possible stitface emissivity and
Ct of ageing for any particular specimen can be very difficult to detérmine without direct n
Lherefore, impossible to provide tabulated values, or default values, that would encompass e
kion. Furthermore, identification of the actual facing, the coating)and its resistance to ageing
ult after the product is placed on the market. Hence the use of/défault values cannot be reconj
urement is the only accurate procedure.

Measurement of emissivity

.1 Procedure

bmissivity shall be measured using thé.apparatus defined in Annex D (or other equip
hst the same level of accuracy andcvalidated against the total hemispherical integr
od, which is the fundamental physical reference procedure).

.2 Size and number of specimens

ize and number of specimens shall be done in accordance with the requirements in D.|

.3 Specimen preparation and conditioning

Fever possible,the outer low emissivity facing of composite type products should be re
pecimensprior to testing, provided this does not damage the facing. This makes the m

it of the low

relevant for

tion products
the potential
heasurement.
very possible
is even more
mended, and

ment giving
htive sphere

N

moved from
easurement

of emissivity-easier to carry out. If the facing cannot easily be removed, special precautions should be

takel

Each

1 (see\D.6) to prevent overheating of the specimen during test.
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Annex D. The edges of each specimen shall be protected from moisture ingress as described in D.5.3
using self-adhesive waterproof aluminium foil tape prior to conditioning.
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6 Uncertainty

6.1 General

The following subclauses identify the additional sources of measurement uncertainty that will be
associated with the measurements specified in this document.

NOTE

The measurement standards ISO 8301, ISO 8302, ISO 8990, EN 1946-1, EN 1946-2, EN 1946-3 and EN

1946-4, assist with establishing measurement uncertainties. The general requirements for the competence of
testing and calibration laboratories are given in ISO/IEC 17025 as well as the methods to calculate uncertainties.

6.2 Thic}

If thermal r¢
of the plateg
of these pro
introduce adg

6.3 Useo
measuremn

Surface thej
and this pro

6.4 Useo

Annex E sha
the measur
associated V

(ness measurements

sistance is measured, the thickness is required to define the product and set thé)separ
in a hot plate measurement. The method set out in ISO 29466 shall be used, Manufacti

Iditional errors and shall be assessed by those carrying out the measuyements.

ent

mocouples shall be used when the thermal resistance of the specimen is below 0,5 m?

f dummy insulation specimens

11 be used for the dummy specimen methodand the measurement error associated
bment of the dummy specimens shall be:gembined with the measurement uncert
yith the test method itself using the procedures set out in ISO/IEC Guide 98-3.

f thermocouples on thin samples in a guarded hot plate eriin heat flow met

htion
irers

ducts may agree on the most appropriate procedures to be applied. This m€asurement can

er

K/W

cedure is always associated with additional measurementéerrors which shall be determjined.

with
hinty

6.5 Derivation of the core resistance of-a'Type 3 product from hot box measurements

Each step of| this process will have eitherna measurement or calculation uncertainty, or both, including:

a) the “nogmal” measurement uncertainty associated with the hot-box measurement of the insujated
air cavity;

b) measurpment of the air cavity depths;

c) the emipsivity of thestest material surface 1;

d) the emipsivity of the test material surface 2;

e) the emipsivity of the internal cavity walls (both walls assumed to be the same);

f) the uncertaintyinthetemperature-difference betweenthecoldfaceofthe testelementand the
internal cold face of the cavity;

g) the uncertainty in the temperature difference between the warm face of the test element and the
internal warm face of the cavity;

h) the calculated thermal resistance of the cold side air cavity;

i) the calculated thermal resistance of the warm side air.

Each of these possible sources of uncertainty shall be evaluated and combined in accordance with
ISO/IEC Guide 98-3, and the range of uncertainty included in the report.
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7 Expression of results

7.1 Results derived from hot plate and emissivity measurements (products Type 1 and

2)

The thermal performance determined in accordance with this document shall be established from
a minimum of three test results (although a minimum of 10 is highly desirable to reduce errors and
correction factors) and expressed in accordance with the rules and procedures specified in a relevant
product technical specification. In the absence of guidance in a relevant product specification, the
results shall be calculated and expressed using the 90/90 fractile rules according to ISO 10456 as:

a) jlh
ownwards to the nearest 0,01 m2-K/W, together with;

b) 1

)

‘)
f

NOTH

1

e 90/90 fractile value of the thermal resistance of the core as determined in Clausg

he 90/90 fractile value of the emissivity of the surface or surfaces (if different)as de
D.7, expressed to two decimal places; and

ptionally, depending upon the intended application, and for unventilatedvairspaces on
ractile value of the thermal resistance of the core [see 7.1 a)], togetherwith the therm:

)

Calculate the thermal resistance of a notional air cavity/or air cavities adjacent to
using standardized calculation procedures specified in ISO 6946, and the emis
surfaces from the procedure specified in 5.9.

Use the core thermal resistance determined.ffom the procedures specified in 5.5 9

Use a temperature difference across eachair cavity of 5 K, if this calculation is b
out for the purpose of product comparison. Alternatively, the air cavity thermal res
be calculated using a temperature'difference suitable for the application. The t
difference used shall be stated with the measured thermal resistance.

The result, rounded downwacds to the nearest 0,05 m2- K/W, should include the g
of the notional air space(s).

)

This calculation willmot be able to take account of the effects of overlapping the produc

foil syirface on the cold side js-brought directly through to the warm side).

7.2
3)

The

mini
spec
calcy

Results derived from hot box and emissivity measurements (product Typ

thermal performance determined in accordance with this document shall be establi
mum.ofithree test results using the rules and procedures specified in a relevant prody
fication. In the absence of guidance in a relevant product specification, the resy

b 5, rounded

termined by

y, the 90/90
1] resistance

:I)‘f one or two adjacent notional (vertical, unventilated) airspace(s), which may be provided for
formation using the following procedure:

the product
bivity of the

r 5.6.

ping carried
istance may
emperature

pecification

ts (where the

bs 1, 2 and

shed from a
Ict technical
Its shall be

lated and expressed using the 90/90 fractile rules according to ISO 10456 as:

a)

and

b)

downwards to the nearest 0,01 m2-K/W,

the 90/90 fractile value of the measured emissivity of the surfaces expressed to two decimal places,

the 90/90 fractile value of the thermal resistance of the core as determined in 5.7, rounded

optionally, the 90/90 fractile value of the thermal resistance of the core together with the

thermal resistance of the unventilated vertical air space(s), rounded downwards to the nearest
0,05 m2-K/W, and the specification of the air space(s).
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7.3 Results derived from emissivity measurements only (product Type 4)

The thermal performance determined in accordance with this document shall be established using a
minimum of three test results using the rules and procedures specified in a relevant product technical
specification. In the absence of guidance in a relevant product specification, the results shall be
calculated and expressed using the 90/90 fractile rules according to ISO 10456 as:

a)

b)

8

The report 4

a)

b)

‘)
d)

e)
f)
g)

h)
i
j)
k)
D)

the 90/90 fractile value of the emissivity of the surface (or surfaces), as specified in Annex D,

express

ed to two decimal places, together with;

the calculated thermal resistance of associated (vertical, unventilated) air space(s), rounded

downwards—to—thenearest 005 m2K N tho snacification—of-theair-spacels)—thetemperature
- aS—to—tHhe—hRearest—bbo—naa A ns—e-specicabioh—otheal—SpacetSi—tne—tempery

differen

Repor

descrip
printing

product

ces used and the calculation method used.

L

hall include at least the following details:

F on the surface;

manufacturer or supplier;

the progluct type determined (1, 2, 3 or 4);

the tesf
temper3
directid

the nomn
the thic

the rele

tures (as required by 5.7.4, 2nd paragraph), hotatrd cold face specimen temperature
n of heat flow;

inal thickness of the product;

kness used for the test and the weight of plate used to measure thickness;

and expression of the results;

for hot |
air spad

the med

the mead
type;

for emis

date of {1

e either side of the specimen;

sured mean weightper square metre of the product and of the tested specimen;

sivity tests, the samplings, ageing and expression of results as stated in Annex D.

est;

fion of the product, to include at least the product name, types of facing and degree of any

method used and the conditions of test, including hot and cold test chamber inean

t and

vant product technical specification or the rules or procedures used in the determination of

hox tests, the overall width)of the test cavity containing the specimen and the depth gf the

sured thermalperformance of the product as described in Clause 7 for the relevant prgduct

m) range of uncertainty of the test result.
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Annex A
(normative)

Decision making flow chart for identification of product types

The decision-making process outlined in Figure A.1 shall be followed to identify product types.

START - Procedure
for identifying
product type

Product
< >2 mm thick

ee subclause 5.8

Approximately flat,

\ PRODPCT TYPE 1

smooth with parallel
faces?

Can it be
compressed to

£ 2 mm deep
treat as
Type 1 Product

See subclause 5.7

Figure A.1 — Flow chart for identification of product types

\ - Se¢

Annex B
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ithout changin
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properties?,
Indentations
>5mm

HRODUCT TYPE 4 PRODUCT TYPE 3 PRODYCT TYPE 2

See Annex C
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Annex B
(normative)

Selection of test methodology for product type 1 when using a hot
plate method

The selection

using a hot plate method.

vhen
How thick
>20 mm is the <20 mm
specimen?
What is the What is the
expected expected
R value? R value?
>0,5 (n*K)/W <0,5 (m*K)/W >0,5 () /W <0,5 (m*K)/W
Method A or B Measure the thermal Measure the thermal
Methdd A or B M?isure the ther,rt‘;lal . tesistance using either: resistance using either:
Measure the thermal G resdlsdagci L;51tng €l er‘.[ Method A - Guarded hot plate Method A - Guarded hof]
resistance using either: uardedho %; ¢ apparatus apparatus using thermocou- plate apparatus using
Guarded hot plate apparatus Heat " " ples embedded in the hot & thermocouples attached
R catTlow meter apparatus cold plates the specimen surfaces
In each case use OR
Heat flow méter apparatus h ) héd OR
thermocouples attacf i Method B - Heat flow meter Method B - Heat flow metpr
the specimen surface apparatus using “dummy apparatus using “dumm;
specimen” techniques specimen” techniques
specified in Annex E specified in Annex E
Figure B.]1 — Selection of testmethodology for product type 1 when using a hot plate method
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Annex C
(normative)

Selection of the measurement technique for Product Type 2

The measurement technique for Product Type 2 shall be selected by following the process outlined in
Figure C.1.

Material identified
as Product Type 2

How deep are the
indentations (D)?

P mm =D <5mm D>=p mm

)

Fill the indentations

with aqueous gel

hd cover with thin
plastic film

QO

y
Test as Product Test as|Product
Type 1 Type 3

Figure C.1 — Selection of the measurement technique for Product Type 2
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Annex D
(normative)

Measurement of emissivity using a thermal infra-red apparatus

D.1 Principle of the hemispherical blackbody radiator

The hemispl
principle (T

The hemisp
illumination
to be measy
small openi
lens. The in
and linear 1
temperaturg
The radiato
peak at a w4
from 2,5 pn

Key

1 IRlens

2 thermop|
3  sensor

herical radiator (half sphere) in the form of a blackbody uses the thermal infra-red radi
[R-principle). The temperature of the blackbody is set and controlled at 100 °C.

herical shape of the radiator is necessary in order to achieve a complete and homogé
of the measurement surface allowing the emissivity of rough and stnuetured sur

hg in the hemispherical radiator and is focussed onto an infra-red 'sensor by an infr
ra-red sensor changes the incident thermal radiation into a voltage’signal in a broad
hanner (the voltage signal is proportional to the reflected thesmal energy). At any

e of a blackbody, the spectral distribution of the thermal radiation is given by Planck’y
’s temperature has been chosen to be 100 °C so that the'corresponding spectrum h
velength of circa 8 pm and more than 97 % of the radiant'energy is in the wavelength 1

to 40 um. A schematic of a typical arrangement is given in Figure D.1.
100°C
1
2

ile IR sensox

htion
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red correctly. Part of the energy reflected and emitted by the specimelr'passes throyigh a
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riven
law.
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Schamaticdiacram aoftunicalthermali
o the gttt gia- Oty prear—+enerhha

oot ty

D.2 Description of suitable hemispherical blackbody radiator and specimen

holder

In order to reduce errors related to the hemispherical blackbody radiator (henceforth referred to as
“apparatus”) to a minimum, the half sphere should have a diameter of not less than 70 mm. The distance
of the specimen surface to the apparatus shall be approximately 2 mm. The axis of the infra-red sensor
and infra-red lens assembly shall point at the centre of the specimen and shall be between 70° and 80°
to the specimen surface. An example of this arrangement is shown in Figure D.2.

An adequate electronic method to evaluate the measuring signals should be applied. In order to avoid
heating of the specimen, the measuring time should be limited to a maximum of 3 sec.
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The specimen holder should have a solid flat front surface with a minimum of 140 mm x 140 mm. The
fixing of the specimen onto the specimen holder should be adapted to the type of material being tested.
The specimen shall be flat and wrinkle-free over the whole surface. Thin materials may be wrapped
around the left and the right edges of the specimen holder and then fixed on both sides by magnetic
strips. For metal foils, heat-sink coupling is very important (use heat conductance paste to couple to the
heat sink) and a massive aluminium plate as a heat sink should be used. For thick and stiff materials,
fixing should be adapted on a case-by-case basis (e.g. clamps, hooks). The specimen shall be maintained
parallel to the apparatus during measurement. The distance of 2 mm between specimen and apparatus
shall be predefined by spacers, which should also prevent any rocking of the specimen.

NOTE The TIR apparatus described in D.1 has previously been developed and specified in EN 15976[51,

2
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o
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4pecimen

flest equipment
IR beam

Figure D.2 — Arrangement of thermal infra-red apparatus and specimen

D.3 | Calibration standards

The ppparatus requires calibration against accurately defined low and high emissivity standards.
Typi¢al calibrationstandards for a low emitting surface should have 0,01 < £ < 0,02. For a hjgh emitting
surfdce, the calibration standard should have & > 0,94. The recommended reference standards should
be based on:

— low,emissive standard: polished aluminium surface;

— hiah emiccive ctandard:- hlack licht tran
g eSS v eSSttt oot g hctrap-Sttrat

Calibration standards shall be certified and accompanied by a certificate showing the measured
emissivity. The calibration standards shall be recertified (or replaced by new certified standards) at
least every two years.

D.4 Calculation of the emissivity

The emissivity is determined from comparing the measured result for the specimen with the two
calibration documents. With the sensor signals (U, UH and UL) and the known emissivity of calibration
documents (g, and &), the emissivity, ¢, of the specimen shall be calculated by Formula (D.1):

e=¢€y-(ey-€)*x(UH-U) /(UH-UL) (D.1)
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NOTE The measurement range of the apparatus is limited to values between those of the two calibration
documents used, hence within the emissivity range of 0,02 to 0,94. However, there are practical limits to the
measurement of very low values of emissivity, irrespective of the method used. Errors increase significantly
below emissivity 0,05.

D.5 Sampling and preparation of the test specimens

D.5.1 Sampling

A sample of an undamaged reflective insulation product shall be selected at random from a batch of
production

material or from product placed onthe market

D.5.2 Dinjensions and numbers of specimens

A minimum|of three specimens should be taken from the sample to be representative ofithe length and

width of th{
If the faces
The specim
the specime
shall also b
described b

NOTE Se

D.5.3 Conlditioning of specimens for ageing

D.5.3.1 Ag

One group of specimens shall be exposed to ageing with a fluorescent tube bench, using light in the

range (315}
UVA-351 nnj

The irradiaiice on the surface of the films in*the 315 nm to 400 nm range shall be limited to 30 W

The reflecti
on the natui

If the rd
product

Otherw

D.5.3.2 Ag

Further spe
period of 29

e product to include a representative area of any printing or perforation.where rele
of the product differ then a minimum of three specimens shall be taken from each
en size should be adapted to the size of the specimen holder and to)the fixing systg
n holder (see D.6), but shall be at least 250 mm x 250 mm. A simildr number of speci
taken for testing after conditioning under UV light and after heéat and humidity agei
elow.

e also D.7.5 for alternative consideration of the effect of printed area on emissivity.

eing by UV Radiation.

1m to 400 nm), with either UVA-340 (centred on 340 nm), UVA-368 (centred on 368 ni}
(centred on 351 nm).

e surface shall be positioned\50 mm from the tube. The duration of UV radiation dep
e of the product packaging:

flective product packaging protects the product from UV radiation (UVB 290-320 nm
should be subjectédto UV radiation for 200 h at 45 °C and 90 % RH;

ise, the produ¢t should be subjected to UV radiation for 500 h at 45 °C and 90 % RH.

eing by temperature and humidity

cimferis shall be exposed in a climatic chamber to 90 % RH and 70 °C temperature

vant.
face.
m of
mens
hg as

UVA
m) or

//m?Z,
ends

, the

for a
psive

days. The edges of the specimens shall be adequately protected by securing self-adh

aluminium foil tape around each edge of the specimen from the upper surface to the lower surface, to
prevent ingress of moisture through the cut edge. After the conditioning process, the specimens shall
then be allowed to stabilize for a minimum of 2 h at a temperature of (23 + 2) °C and (50 * 20) % of RH.

D.6 Procedure for measurement of specimens

The apparatus shall be switched on at least 2 h before calibration and before commencing the taking
of measurements. The apparatus shall be installed in a fixed position and shall not be moved during
measurement. Special precautions should be taken to ensure that the calibration standards, the
specimens and the apparatus are brought to equilibrium in the same standard climatic conditions. Air
currents and draughts in the measuring area shall be avoided.
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