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INTERNATIONAL STANDARD © ISO

ISO 10291:1994(E)

Glass in building — Determination of steady-state U
values (thermal transmittance) of multiple glazing —

Guarded hot plate method

1 Scope

This Intgrnational Standard specifies a measuring
method ysed to determine the coefficient of thermal
transmittgnce, the U-value, of muitiple glazing with
flat and parallel surfaces, including cast and figured
rolled glasgs.

It applies|to multiple glazing with outer panes which
are not tfansparent to far-infrared radiation, which is
the case [for normal window glass. However internal
elements| may be far-infrared transparent.

2 Normative references

The follgwing standards contain.provisions which,
through feference in this text;-Constitute provisions
of this Infternational Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subjdct to revision, and parties to agreements
based onl this Interhational Standard are encouraged
to investigate the-possibility of applying the most re-
cent edition§ Yof the standards indicated below.
Memberg ©f)IEC and ISO maintain registers of cur-

ISO 10292:1994, Glass in building —
steady-state U values (thermal transmit
tiple glazing.

3 General

This International Standard makes poss

(Calculation of
tance) of mul-

ble the deter-

mination of the coefficient of thermal {ransmittance,

the U-value, in the central area of the m
Edge effects, due to the thermal bridg
spacer of a sealed glazing unit or throy
are not included. Neither is energy tr
solar radiation taken into account.

The determination of the coefficien
transmittance is performed for conditig
correspond to the average situation 1
practice. In this way a fair comparison
ferent products becomes possible.

4 Basic equations and units

The coefficient of thermal transmittancs
of glazing characterizes the heat transfg
central part of the glazing, i.e. without

Lltiple glazing.
e through the
gh the frame
nsfer due to

of thermal
ns which will
or glazing in
between dif-

, the U-value,
r through the
edge effects,

rently valid International Standards.

ISO 8302:1991, Thermal insulation — Determination
of steady-state thermal resistance and related prop-
erties — Guarded hot plate apparatus.

and defines the steady-state density of

heat transfer

per unit of time, per surface area unit and per tem-
perature difference between the ambient tempera-
tures on each side. The U-value is given in watts per
square metre kelvin [W/(mz-K)].
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The U-value depends on the thermal resistance of the
multiple glazing and the external and internal surface
heat transfer coefficients according to the following

relation:

© |SO

measures 500 mm x 500 mm. The cooling units
have surface dimensions at least as large as those of
the heating unit, including the guard heater.

The specimens shall be of such a size as to cover the
heating unit surface completely. Additional edge in-
sulation and/or auxiliary guard sections are required
as stated in ISO 8302.

7 Specimen dimensions

1 1 1

— =R+ —4+ — o

Ut T M

where
R is the thermal resistance of the multiple
lazing, in square metres kelvin per watt

?m‘-K/W);

hg is fhe external surface heat transfer coef-
ficient, in watts per square metre kelvin
W (mz-K)];

h, is fhe internal surface heat transfer coef-

ficient, in watts per square metre kelvin

[W

In accordance

(mz-K)J.

with this International Standard, the

thermal resistance of multiple glazing is measured
using the guafded hot plate method. The U-value is

then derived f

om equation (1).

5 Brief outline of measuring method

The thermal r¢sistance of the multiple glazing is de-

termined by n
laid down in

ommendations.

eans of the guarded hot plate method
ISO 8302, respecting its detailed rec-

Within this coptext further requirements are necess-

ary. The sizes
formance of th
special requirg
(see clauses 6

6 Test apy

The measuren
paratus. Figurg
atus including
measurement

of the test specimens ang-the per-
e measurements are laid,down to meet
ments for measuring multiple glazings
to 9).

paratus

nent equipment is a two-specimen ap-
1 gives.a general outline of this appar-
some requirements specific to the
ofnultiple glazings.

The specimens shall be square and pretdrably be
800 mm x 800 mm. The maximum range| is from
750 mm x 750 mm to 850 mm x 85@>mnj.

The two specimens needed for(measurement shall
be as nearly identical as possikle. The diffgrence in
thickness between the two specimens, megsured at
the edges, shall not be mere than 2 %.

The specimen surfacés shall be parallel. This is also
required for specitmens with a textured surface (cast
glass, figured rolled giass).

8 Preparation of specimens

The 'sum of bowing or dishing of the outer panes in
thé central area of the specimens shall not exceed
0;5 mm. The check of bowing or dishing effgcts shall
be carried out after cooling the specimgns until
isothermal equilibrium is reached at 10 °C| and by
measuring immediately before the specinjens are
positioned in the measurement apparatus.

In the case of too high a bowing, a correctign of the
thickness of the specimens in the central grea may
be made by a corresponding pressure reddction. In
the case of too high a dishing, a correctign by in-
sertion of air is only allowed if the needed cprrection
does not exceed 0,5 mm.

9 Measurements

The measurements are usually made with tTe speci-
mens vertical.

Two nearly identical square specimens are placed ei-
ther side of a heating unit. The thermal flux flows
through the specimens to the cooling units.

The heating unit consists of a separate central me-
tering section, where the unidirectional constant heat
flux can be established surrounded by a guard section
separated by a narrow gap. The metering section

To ensure sufficient contact between the specimens
and the adjacent surface plates, pieces of natural
rubber sponge about 3 mm thick are used.

Measurements are performed at a mean temperature
for each specimen of (10 £+ 0,5) °C. The mean tem-
perature difference between the hot and cold speci-
men surfaces is (15 + 1) °C.
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Dimensions in millimetres
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Figure 1 — Measuring equipment outline
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10 Calculation and expression of results

10.1 Thermal resistance of multiple glazing

The thermal res

istance, R, in square metres kelvin per

© |SO

glass). The corrected emissivity is determined as in
ISO 10292.

NOTE 2 Values for ¢ lower than 0,837 (due to low-
emissivity coatings) should only be taken into account if
water condensation on the coated surface can be excluded.

Improvements of the U-value due to external-facing coated
surfaces should not be taken into account.

If other values of h, and h are used to meet special
conditions, these values shall be indicated in the test

watt (mz-K/W>, is calculated with the following
equation:
2A (T1 - T2)

R= """ (2)
where

A is the metering area, in square metres;

T, is the average specimen hot side tem-

perature, in kelvins;
T, is the average specimen cold side tem-

pera

) is th

fure, in kelvins;

e average power supplied to the cen-

tral gection of the heating unit, in watts.

10.2 Coeffic

The coefficient
lated according

ent of thermal transmittance

of thermal transmittance, U, is calcu-
to equation (1).

For normal myltiple glazing, i.e. glazing without a

low-emissivity
lowing values
ficients are use

— internal s
B =8 Wi(m

— external s

hy =23 W/(

NOTE 1 The r¢
two significant d4

1/h, = 0,04 1

For multiple gl3
ing inward, A,

coating on the outer surface, the fol-
for the surface heat transfer coef-
:

irface  heat transfer coefficient:
ZIK)

urface  heat transfer \_coefficient:
’T12-K)

bciprocal values of.#igJand h, expressed to

bcimals, are asAfollows:

h2.K/W ana~1jh = 0,13 m%K/W

zing With a low-emissivity coating fac-
inwatts per square metre kelvin, is

report.

11 Test report

The test report shall indicate_the following elements:

a) identification of specimens:
— length, in millimetres,
— widthainimillimetres,

— thickness measured at the edges, in millime-

tres,
— thickness of the glass panes, in millimgtres,

— thickness of gas space measured |at the

edges, in millimetres,
— type of gas filling,
— position of any IR-reflecting coating(s),
— bowing or dishing, in millimetres;

b) cross-section of the specimen: a figure shall show
the structure of the specimen (position and thick-
ness of glass panes, position and thicknes$ of gas
spaces, type of gas filling, position of interfal foils,

position of IR-reflecting coatings, etc.);

c) _measurement results:

modified accor

fmgtothefottowmgeguatiomn:

h=36+44—L_

0,837

where ¢ is the corrected emissivity of the surface for
room temperature radiation (¢ = 0,837 for window

— mean surface temperature on the hot side of
the specimens, in kelvins,

— mean surface temperature on the cold side of
the specimens, in kelvins,
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