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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-govern
Internationg

Internationg
The main t
adopted by

Internationg

Attention is
rights. ISO

ISO 12567

mental, in_fiaison with 150, also take part in the Work. 1SO colfaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting, -Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 163, Thermal performance and energy use in

built enviropment, Subcommittee SC 1, Test and measurement methods

This secon
revised.

ISO 12567
doors — Dd

Part 1:

Part 2:

j edition cancels and replaces the first edition (1ISO42567-1:2000), which has been techni

consists of the following parts, under the géneral title Thermal performance of windows
termination of thermal transmittance by the hot-box method:

Complete windows and doors

Roof windows and other projecting windows")

the

ards

an

tent

the

cally

and

1)
of Part 1.

It is intended that, upon revision, the main element of the title of Part 2 will be aligned with the main element of the title
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Introduction

The method specified in this part of ISO 12567 is based on ISO 8990. It is designed to provide both
standardized tests, which enable a fair comparison of different products to be made, and specific tests on
products for practical application purposes. The former specifies standardized specimen sizes and applied
test criteria.

The| determination of the aggregate thermal transmittance is performed for conditions which are-s|milar to the
actyal situation of the window and door in practice.

© 1SO 2010 — All rights reserved Vv
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Scope

part of ISO 12567 specifies a method to measure the thermal transmittance“of a door or wing
applicable to all effects of frames, sashes, shutters, blinds, screens, panels, door leaves and fi

not applicable to
edge effects occurring outside the perimeter of the specimen,
energy transfer due to solar radiation on the specimen,

effects of air leakage through the specimen, and

ow system.
tings.

roof windows and projecting products, where the‘external face projects beyond the cold side r¢of surface.

E For roof windows and projecting units, see the procedure given in ISO 12567-2.

ex A gives methods for the calculation-of environmental temperatures.

Normative references

following referenced~documents are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any*amendments) applies.

7345, Thermal-insulation — Physical quantities and definitions

8301, Thermal insulation — Determination of steady-state thermal resistance and related p
t flowsmeter apparatus

ISO

For dated
referenced

roperties —

8302, Thermal insulation — Determination of steady-state thermal resistance and related p

roperties —

Guarded hot plate apparatus

ISO 8990:1994, Thermal insulation — Determination of steady-state thermal transmission properties —
Calibrated and guarded hot box

ISO

9288, Thermal insulation — Heat transfer by radiation — Physical quantities and definitions

ISO 10211, Thermal bridges in building construction — Heat flows and surface temperatures — Detailed
calculations

EN
IEC

12898, Glass in building — Determination of the emissivity

60584-1, Thermocouples — Part 1: Reference tables

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=e99346ab03ff2e8a176c9f1eb9151eeb

ISO 12567-1:2010(E)

3 Terms, definitions and symbols
3.1 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 7345, ISO 8990 and ISO 9288 apply.

3.2 Symbols

For the purposes of this document, the physical quantities given in ISO 7345 and ISO 9288 apply, together
with those given in Tables 1 and 2.

Table 1 — Symbols and units

Symbol Physical quantity Unit
A Area m?
d Thickness (depth) m
F Fraction —
f View factor —
h Surface coefficient of heat transfer W/(mZ2-K)
H Height m
L Perimeter length m
q Density of heat flow rate W/m?2
R Thermal resistance m2.K/W
T Thermodynamic temperature K
U Thermal transmittance W/(m2.K)
v Air speed m/s
w Width m
o Radiant factor —

AT, AO Temperature difference K
£ Total*hemispherical emissivity —
0 Temperature °C
A Thermal conductivity W/(m-K)
o Stefan-Boltzmann constant W/(m2.K*)
D Heat flow rate w
U2 Linear thermal transmittance W/(m-K)

2 © 1SO 2010 — All rights reserved
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Table 2 — Subscripts

Subscript Significance
b Baffle
c Convection (air)
cal Calibration
e External, usually cold side
i Internal, usually warm side
in Input
m Measured
me Mean
n Environmental (ambient)
ne Environmental (ambient) external
ni Environmental (ambient) internal
p Reveal of surround panel
r Radiation (mean)
s Surface
se Exterior surface, usually cold side
si Interior surface, usually warm side
sp Specimen
st Standardized
sur Surround panel
t Total
w Window
WS Window with-closed shutter or blind
D Door

Table 3 — Symbols-for uncertainty analysis for hot boxes

Agy Test specimen projected area m2
Agyr Surround panel projected area m?
HSp Test specimen height m
Hy, Surround panel height m
Asur Surround panel thermal conductivity Wim-K
dsp Test specimen thickness (depth) m
dgy Surround panel thickness (depth) m
£ Confidence level %
DPeyTR Extraneous heat transfer in the metering chamber w
P sp Test specimen flanking heat transfer W
Dy Total power input to the metering chamber W
Py, Heat transfer through the test specimen w
D Heat transfer through the surround panel W
R Dependent variable
sy Sample standard deviation of measured values of variable y
o, Hot-box ambient air temperature °C
o, Cold side (climatic chamber) external air temperature °C
é Warm side (metering room) internal air temperature °C
lyp t value of v's degree of freedom and P's confidence level
Ucts Calibration transfer standard (CTS) thermal transmittance W/m?.K

© 1SO 2010 — All rights reserved 3
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Table 3 (continued)

The

Usp Test specimen thermal transmittance W/m2.K
Ug Standardized test specimen thermal transmittance W/m2.K
14 Metering chamber wall thermopile voltage mV
Wep Test specimen width m
Weur Surround panel width m
x; Independent variable,i=1,2, ..., N
Ve Calculated value of dependent variable y
lndependent-variable
OanB External ambient temperature °C
Ome.sur Surround panel mean temperature °C
c Stefan-Boltzmann constant, 5.669 x 10-8 W/m2iK4
A Uncertainty, difference
1Y Temperature, difference °C
36, Air temperature difference between warm and cold side chambers °C
d Partial derivative
v Degree of freedom
3G, Surround panel surface temperature difference °C
incertainty analysis for hot boxes is given in Annex F.

4 Princ

The therms
method in 4

The determ
or more cal
heat transfi
emissivities|
surround p4
aperture ar

calibration procedure.

The surroupd panel is usedto‘keep the specimen in a given position. It is constructed with outer dimens

of approprig

The princip
Figure 5. T
determined

ple

| transmittance, U, of the specimen is measured by means of the calibrated or guarded hot
ccordance with ISO 8990.

ination of the thermal transmittance involves two stages. Firstly, measurements are made on
bration panels with accurately known thermal properties, from which the surface coefficient of
br (radiative and convective components) on both sides of the calibration panel with sur
on average similar to those-of the specimen to be tested and the thermal resistance of
nel are determined. Secondly, measurements are made with the window or door specimens in
d the hot-box apparatus-is used with the same fan settings on the cold side as during

te size for the apparatus, having an aperture to accommodate the specimen (see Figures 1 to

bl heat flows through the surround panel and the calibration panel (or test specimen) are show
ne boundary edge heat flow due to the location of the calibration panel in the surround pan
separately by a linear thermal transmittance, ¥

box

two
the
face
the
the
the

ons
4).

nin
Bl is

The procedure in this part of ISO 12567 includes a correction for the boundary edge heat flow, such that

standardize

d and reproducible thermal transmittance properties are obtained.

The magnitude of the boundary edge heat flow as a function of geometry, calibration panel thickness and
thermal conductivity is determined by tabulated values given in Annex B or is calculated in accordance with

ISO 10211.

Measurement results are corrected to standardized surface heat transfer coefficients by an interpolation or
analytical iteration procedure, derived from the calibration measurements.

Measurements are taken (e.g. pressure equalization between the warm and cold side or sealing of the joints
on the inside) to ensure that the air permeability of the test specimen does not influence the measurements.

© 1SO 2010 — All rights reserved
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Dimensions in millimetres

2200

T~
\\

200> d > 0 )
y
2
-
/1
>100

The|totakgap width between the top and bottom of the specimen and the surround panel aperture shall not exceed 5 mm.
It shall-be sealed with non-metallic tape or mastic material. The total gap width on both sides between the specimen and
the sUTround paner aperture shall not exceed 5 mm.
Key
1 border of metering area @  Metering area, centrally located in the surround panel, is
2 surround panel, A < 0,04 W/(m-K) recommended.
3 glazing b Use fill material with same thermal properties as surround panel
) core.
4  cold side
5 warm side
6 flush sill

© 1SO 2010 — All rights reserved

Figure 1 — Window system in surround panel


https://standardsiso.com/api/?name=e99346ab03ff2e8a176c9f1eb9151eeb

ISO 12567-1:2010(E)

Dimensions in millimetres

2200

SN//

_
L
\

N

7
200 > d > 0
b
2
1
/
2100

The total gap width between the top and bottom of the specimen and the surround panel aperture shall not exceed 5mm.
It shall be sdgaled-with non-metallic tape or mastic material. The total gap width on both sides between the specimen| and
the surround|panet aperture shall not exceed 5 mm.

Key

1 border of metering area a8 Metering area, centrally located in the surround panel, is

2 surround panel, A < 0,04 W/(m-K) recommended.

3 infill (glass, panel) b Use fill material with same thermal properties as surround panel
. core.

4  cold side

5 warm side

6 door leaf

7  flush frame/threshold

Figure 2 — Door system in surround panel — Insert mounting

6 © 1SO 2010 — All rights reserved
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Dimensions in millimetres

2200

200 \d
b
//
Cc
1/
| — 2
o
| 1
2100
Key
1 porder©of metering area @  Metering area, centrally located in the surround panel{ is
2 plrfound panel, A < 0,04 W/(m-K) ~ recommended.
4  cold side Y Material with same thermal properties as surround panel core,
5  warm side minimum size equal to the frame width.

Supporting structure for taking the load of the door.

Figure 3 — Door system in surround panel — Warm surface mounting

© 1SO 2010 — All rights reserved
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Key

N O g WON -

Dimensions in millimetres

2200

5//

!
[

)\

200 > d >0

———

b—ﬁ

| —2
-—
- 1
2100
border of metering area a8  Metering area, centrally located in the surround panel, is
surround panel, A < 0,04 W/(m-K) . recommended.
infill (glass, panel) ¥ Use fill material with same thermal properties as surround panel
cold side core.
warm side
door leaf
flush frame/threshold

Figure 4 — Door system in surround panel — Inside mounting
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Dimensions in millimetres

surround panel

A

N2
Pl 4

200 > d> 0

40

2100

otdary-effect
cold side

warm side
calibration panel

Figure 5 — Mounting of calibration panel in aperture
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5 Requirements for test specimens and apparatus

5.1

General

The construction and operation of the apparatus shall comply with the requirements specified in 1ISO 8990,
except where modified by this part of ISO 12567. To make heat transfer measurements on the specimen, the
specimen shall be mounted in a suitable surround panel and the heat flow shall be deduced through it by
subtracting that through the surround panel from the total heat input. Also, the test element and the surround
panel are usually of different thickness, such that there is disturbance of heat flow paths and temperatures in
the region of the boundary between the two. The test shall be carried out such that edge corrections can be

applied.

5.2 Surrpund panels

The surround panel acts as an idealized wall with high thermal resistance and holds the windew’or door in
correct posftion and separates the warm box from the cold box. The surround panel shall be)large enoug
cover the open face of the guard box in the case of a guarded hot-box apparatus or the"open face of the

box in the

The surround panel shall be not less than 100 mm thick or the maximum ‘thickness of the specin
whichever |s the greater, and it shall be constructed with core material of stable thermal conductivity|

greater tha
test specini

se of a calibrated hot-box apparatus.

0,04 W/(m-K). An appropriate aperture shall be provided to accommodate the calibration pan
en (see Figures 1, 2, 3 and 4). Sealed plywood facing or ‘plastic sheet on either side of

the
h to
hot

hen,
not
el or
the

surround panel to provide rigidity is permitted. No material of thermal conductivity higher than 0,04 W/(in-K)

(other than
plates shall

5.3 Test

For genera
measuremsg

The window
of the surro
or warm sid

The door s
face (see F

It is recomr
inside surfg
perimeter o

For standa
conform to

non-metallic thin tape) shall bridge the aperture. The @surfaces of the surround panel and b
have a high emissivity (> 0,8).

specimens

applications, specimen sizes may be typical of those found in practice. To ensure consistend
nt, the specimen should be located as-follows.

system shall fill the surround paneljaperture. The internal frame face shall be as close to the
und panel as possible, but no part shall project beyond the surround panel faces on either the
les, except for handles, rails,-fins or fittings which normally project (see Figure 1).

stem may be mounted-on”either inside the surround panel (see Figures 2 and 4) or on the W
gure 3), according te-the instructions and specifications given by the manufacturer.

nended that the aperture be placed centrally in the surround panel and at least 200 mm from
ces of the cold-and hot boxes, in order to avoid or limit edge heat flow corrections related to
f the surround panel (see Figure 6).

dized test applications, the overall sizes recommended are indicated in Table 4, or they s
he_size required by national standards or other regulations.

affle

y of

face
cold

the
the

hall

In any case, the area of aperture shall be not less than 0,8 m2, for reasons of accuracy. The perimeter joints
between the surround panel and the specimen shall be sealed on both sides with tape, caulking or mastic

material.

10
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Dimensions in millimetres

<
o
o
Al
2200
2200
1
\ -
w
(=)
o
N
Al
Key,|
1 purroundpanel
2 fest specimen
Figure 6 — Surround panel with test specimen
Table 4 — Recommended specimen sizes
Component Height Width
mm mm
Window 1 480 (with a relative tolerance of — 25%) 1 230 (with a relative tolerance of £ 25%)
Window 2 180 (with a relative tolerance of £ 25%) 1 480 (with a relative tolerance of + 25%)

Door (leaf or doorset)

Door (leaf or doorset)

2180

2 180 (with a relative tolerance of + 25%)

with a relative tolerance of £ 25%)

(
(
(
(

1 230 (with a relative tolerance of £ 25%)

2 000 (with a relative tolerance of + 25%)

© 1SO 2010 — All rights reserved
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5.4 Calibration panels

Calibration panels shall be of a size similar to the test specimen (within £ 40 % in height and width of the test
specimen). They are required to set up specified test conditions, to determine the surface coefficients of heat
transfer and to establish the thermal resistance of the surround panel.

At least two calibration panels shall be built, which fulfil the following requirements.

a) The core material of the calibration panel shall be made of homogeneous material with known thermal
conductivity or thermal resistance. The material used shall not be prone to ageing effects.

b) The n3 —The
emissiyity of the surface shall be known (e.g. normal roat glass) or shall be measured in accordance with

c) The cafi e of

1) tofal thickness approximately 20 mm,;
2) tofpl thickness approximately 60 mm.
More detail$ and guidance on how to build up the calibration panels are given inYAnnex C.

The thermg] resistance of the insulating material used in the panels shallkbe’measured for mean temperatures
in the range 0 °C to 15 °C, using a guarded hot plate or heat flow meter apparatus in accordance with
ISO 8301 gr ISO 8302, respectively. Alternatively, calibration pangls*may be used with certified propefties
from an adcredited source. In any case, the calibration panels, shall be mounted in the surround panel
aperture 40lmm from the warm face as shown in Figure 3.

5.5 Temperature measurements and baffle positions

For calibratjon measurements, the warm and cold.side surface temperatures shall be measured or calculgted.
(For calibration panel design and sensor mounting,' see Annex C.) A minimum of nine positions at the cgntre
of a rectangular grid of equal areas shall be used on the calibration panel and eight positions on the surrqund
panel (Figure 5). No temperature sensors,_shall be closer than 100 mm to the edge of the calibration pgnel.
Temperature sensors and recording systems shall be accurately calibrated. The recommended temperature
sensor to be used for surface temperature measurement is the type T thermocouple (copper/constantan) in
accordance with IEC 60584-1 madefrom wire with diameter not greater than 0,3 mm. They shall be fixed to
the surface| using adhesive or adhesive tape with an outer surface of high emissivity (> 0,8). If alternative
sensors arg used, they shall bé.at least as accurate as the above-mentioned, not subject to drift or hystergsis,
and shall be as small as poessible to avoid disturbance of the temperature field near the point of coniact.
Suitability gan be investigated with an infrared camera under heat flow conditions similar to the required
operating specifications/~“The uncertainty in the surface temperature measurements shall be experimentally
determined

It is recommended that the same layout of the surface temperature grid on the calibration panel be Used
(a minimum of.nine) for air temperature and baffle plate measurements.

For natural convection on the warm side, the distance between the baffle and the plane of the warm face of
the surround panel shall be not less than 150 mm and on the cold face not less than 100 mm for appropriate
air speed (not less than 1,5 m/s during the first calibration test, see 5.6 and 6.2.2.1). Air temperatures shall be
measured on each side outside the boundary layer (see Figure 7).

5.6 Air flow measurement

The cold side air speed shall be measured at a position that represents the free stream condition. For either
vertical or horizontal flow patterns, it is essential that the sensor not be in the test specimen surface boundary
layers or in the wake of any projecting fitting. If a small fan is used on the warm side, an air speed sensor (see
Figure 7) shall be used to verify that the air speed representing natural convection prevails (less than 0,3 m/s).

12 © 1SO 2010 — All rights reserved
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Dimensions in millimetres

A
A-A il
1 2 T
} X X I ><A/ >1< \x
| - | - |
| | | | 3
X X X X X X | —]
7 N | . , =1 7
7B |
| N | |
xj%)\i\l\%) x/ X X %}\ >/
7] ] LT,
| N | |
| || | |
N A A |
Z N |
f | 2100 |
,z2 15 m/s X | X >|< X
7z W
2100 2150 | ——

Key
1 [old-side baffle

2 |warm-side baffle

3 femperature sensors

a8 |t is recommended.that air-speed sensors be aligned in the centre for parallel flow.

b Il surround panel'thermocouples should be located centrally.

Figure 7 — Location of temperature and air speed sensors

6 Test procedure

6.1 General
The general operating procedure for the hot-box measurements shall follow that specified in 1SO 8990,

especially the initial performance check given in ISO 8990:1994, 2.9. In addition, the following requirements
shall be complied with.

© 1SO 2010 — All rights reserved 13
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6.2 Calibration measurements

This subclause describes the additional calibration tests which are required for the testing of windows and

doors.

6.2.1

General

These tests are required to ensure that suitable test conditions are set up and that the surround panel heat
flow and surface heat transfer coefficients can be fully accounted for.

The calibra

ion measurements shall be carried out at a minimum of six densities of heat flow rates which ¢

over

the requireq
It is reconi

constant co
the warm s
as a functioj

NOTE
conditions o

range of specimen testing.

mended to make the calibration measurements at a minimum of three different)mean
temperatures 6; e [0 me =

= (6, + 6 ¢)/2] in steps of £ 5 K by varying the cold side air temperature, retai
nditlons of air movement on the cold side and constant air temperature and natural convectio
de. Using this procedure, surface resistances and coefficients of heat transferiean be determ
h of the total density of heat flow rate through the calibration panel.

air
ning
non
ned

is considered that for non-homogeneous test specimens, such as windows ordoers, the mean heat trapsfer

er the measured area are comparable to those of the given calibration panel.

6.2.2 Total surface resistance

6.2.2.1

The first ¢
approximat
and cold g
determinati

The air vel
adjustment
(0,17 £ 0,01
throttling dg
used for theg

6.2.2.2 (

NMeasurement

plibration test shall be made with the thin paneh{d., =20 mm) at a mean temperaturs
ely 10 °C or appropriate to national standards and“a temperature difference, A, between w

ides, of (20 +2) K or appropriate to national;standards (see Annex A and ISO 8990 for
bn of the environmental temperatures).

pcity on the cold side shall be adjusted_for the first calibration test by throttling or by fan s

to give a total surface thermal resistafce (warm and cold side) Rg = (R 1) st + 0,01) m2-K/W,
) m2.K/W or as appropriate to rational standards. Thereafter, the fan speed settings and
vices shall remain constant for all subsequent calibration measurements. The air velocity s
calibration procedure shall,bg:used for all tests with specimens of windows or doors.

Lalculation

Calculate the total surface thesmal resistance of the warm and cold side, Ry, expressed in m2-K/W, u

Equation (1)):

R

stot T

A‘9n,cal N\ A‘9s,ca|

Ycal

where

. of
arm
the

eed

e.g.
the
tup

s5ing

(1)

Ag,

n,cal

AG,

s,cal

dcal

14

is the difference between environmental temperatures on each side of the calibration panel, in

kelvin, calculated according to Annex A;

is the surface temperature difference of the calibration panel, in kelvin;

is the density of heat flow rate of the calibration panel determined from the known thermal
resistance, R.,, of the calibration panel (at the mean temperature, 6.,) and the surface

temperature difference, A6

s.cal Calculated using Equation (2):

Algs,cal
Rcal

dcal =

()
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where R, is the thermal resistance of the calibration panel at the mean temperature of the panel,
calculated using Equation (3):

Reat = Zj—f 3)

where

d. is the thickness of layer j, in metres;

~

/11- is the thermal conductivity of layer j, in W/(m-K).

The] total surface resistance, R, shall be plotted as a function of the density of heat flow rate,| g4, of the
calibration panel. These characteristics shall be used to determine the total surface ‘resistgnces of all
subgequent measurements of test specimens (windows and doors).

6.2.83 Surface resistances and surface coefficients of heat transfer

6.2.5.1 General

Surface coefficients of heat transfer (convective and radiative parts) are required in order to determine the
envlronmental temperatures (in accordance with the procedures.given in Annex A and ISO 8990). Surface
temperature measurements on the calibration panel at diffetent densities of heat flow rat¢ allow the
detgrmination of the surface coefficients of heat transfer. The 'surface resistances shall be calcylated using
Equations (4) and (5):

Rg = eni,cal _Hsi,cal (4)
9cal
ese,cal - Hne,cal
Rge = T (®)
whegre
9cal is the density of heat flow rate through the calibration panel, in W/m?2;
bhical s the envirenmental temperature of the warm side, in degrees Celsius;
Osical is the.warm side surface temperature of the calibration panel, in degrees Celsius;
bse can 1S the cold side surface temperature of the calibration panel, in degrees Celsius;

L4 —+—is the environmental temperature of the cold side in degrees Celsius

6.2.3.2 Convective fraction
Evaluate the radiative and convective parts of the surface coefficients of heat transfer from the calibration data

for the warm and cold side in accordance with the procedure given in Annex A and determine the convective
fraction, F,, using Equation (6):

Fy = (6)
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where
he is the convective coefficient of heat transfer, in W/(m2-K);
h. s the radiative coefficient of heat transfer, in W/(mZ2K).

The variation of the convective fraction, F,, shall be plotted for both sides as a function of ¢ (density of heat
flow rate of the calibration panel). It is intended to be used by interpolation for the determination of the
environmental temperatures of all subsequent measurements of test specimens using Equation (7):

6, = Fig, +(1-F5) &, @)

Annex E giyes an analytical calibration procedure as an alternative. From detailed heat balance equatipns,
analytical fynctions are established for the convective and radiative parts of the density of heat flow rate, 4.
These functions should be used for all subsequent measurements of test specimens (windows'and doors)

6.2.4 Surround panel and edge corrections

From the data set of the thicker calibration panel (d., = 60 mm), calculate and plotthe thermal resistance, |Rg,,
of the surrqund panel as a function of its mean temperature. Equations (8), (9)%and (10) are derived from the
heat flows ghown in Figure 5:

R _ ASUI’AHS,SUI’ 8
sur — ¢ _¢ _¢ ( )
in cal edge
where
Agyr is the projected area of the surround panel;in‘square metres;

Ab; or| s the difference between the average surface temperatures of the surround panel, in kelvin;

D, is the heat input to the metering box appropriately corrected for heat flow through the metgring
box walls and the flanking lasses, in watts (see ISO 8990:1994, 2.9.3.3);

al is the heat flow rate threugh the calibration panel, in watts, given by Equation (9):
Deql = Acald al 9)

Deqgge | is the heat flow rate through the edge zone between the calibration panel and the surrqund
panel, in watts, given by Equation (10):

d)edge = LedgeyjedgeAac (10)

where

Lgqge Is the perimeter length between surround panel and specimen, in metres;

edge is the linear thermal transmittance of the edge zone between surround panel and specimen, in
W/(m-K); values for lPedge are given in Annex B, Table B.1;
Ag, is the difference between the warm and the cold side air temperatures, in kelvin.

This calibration procedure allows the results from a given size of calibration panel to be applied to a different
size of test specimen without repeating the whole calibration measurement process.
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6.3 Measurement procedure for test specimens

The measurement of the test specimens shall be made under the same conditions as for the corresponding
calibrations as described in 6.2.2, at a mean air temperature of approximately 10 °C and an air temperature
difference of Ag, = (20 = 2) K, or according to national standards. Areas of condensation or ice formation on
the specimen can affect the measured thermal transmittance. Therefore, the relative humidity in the metering
chamber shall be kept at low enough levels to avoid that situation.

The density of heat flow rate, dsp» expressed in watts per square metre, through the test specimen during the
measurement shall be calculated using Equation (11):

_ PDin — Py _@edge

dep = " (11)
where

Agp is the projected area of the test specimen, in square metres;

Diy is the heat input to the metering box appropriately corrected for-heat flow through the metering

box walls and the flanking losses, in watts (see ISO 8990:1994,-2:9.3.3);

@Peqge  Is the edge zone heat flow rate according to Equation (10),"in watts; the actual valde for ¥qe
shall be taken from Table B.2 or shall be calculated in-accordance with ISO 10211,

@D, s the heat flow rate through the surround panel in.watts, given by Equation (12):
Py = % (12)
sur
where
Agyr is the projected area of the surround panel, in square meters;
Ab; o s the difference betweenthe average surface temperatures of the surround panel, in kelvin;
Ry, is the thermal resistance of the surround panel, in m2K/W, determined by califjration (see

example given in Figure D.1).

Thel measured overall thermal transmittance, U,,, expressed in W/(m2-K), of the test specimen shall be
calqulated using Equationy(13):

qu

—_SP 13
Um A6, (13)

whegre A is the difference between the environmental temperatures on each side of the system uhder test, in

Kelyin.[see Equation (7), where F;, F., are determined by calibration] (see example given in Figure D.3).

6.4 Expression of results for standardized test applications

The total surface resistance, R 4, in m2-K/W, corresponding to the measured thermal transmittance, U,,,, shall
be evaluated from the calibration data as a function of the density of heat flow rate, ¢ (see example given in
Figure D.2), derived by interpolation or by an analytical iteration procedure (see Annex E).

The measured thermal transmittance of the specimen, U,,, shall be corrected for the effect of ¢ on the total
surface resistance, Rg; to obtain the standardized thermal transmittance, Ug, in W/(m2K), using
Equation (14):

1
-1
Uy = [Um Ryt + R(S’tot)’st} (14)
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For windows and doors in Europe, a standardized value R ) st = 0,17 m2-K/W is used.

NOTE For a worked example of a calibration measurement and window test, see Annex D.

7 Testreport

The test report shall contain all information required for a test report specified in ISO 8990:1994, 3.7. In
addition, the following information shall be given.

a) All detgitsTrecessary toidentify theproducttested:

1) theé height, width, and thicknesses, including dishing or bowing of the glazing unit under.labordtory
cohditions and immediately after the test;

2) the details of the glazing unit incorporated in the window or door and details of the(spacer and frame
copstruction and material, as well as cross-section of the specimen;

3) a gketch showing the structure of the specimen [e.g. position and thickness(ofl glass panes, thickness
of |gas space(s), type of gas filling, composition of door leaves, positioh of internal foils, frame
composition and geometry, sashes, fittings and any additional sealings-ef joints];

4) the¢ position relevant to the surround panel.

b) The mgthod of calibration, i.e. summary details of the range of\calibrations appropriate to these tests
(calibrgtion curves or analytical calibration functions).

c) The results of the following measurements:
1) bakic data set of the measurements (see ISO 8990);

2) mean environmental temperature on the warm side, 6, in degrees Celsius;
3) mean environmental temperature on the cold side, g, in degrees Celsius;

4) airlspeed and direction on the'warm (when measured) and the cold side, in metres per second;

5) the¢ measured thermal transmittance, U,,,, as obtained from the tests;

6) fonl standardized,tests, the thermal transmittance, U, expressed in W/(m2K), corrected to|the
standard total‘surface resistance, rounded to two significant figures;

7) fon product.declaration purposes, the following nomenclature is used:

—| “windows: Uy = Usss

— windows with closed shutters or blinds  Uyyg = Ugy;
— doors  Up = Ug.

8) estimation of the approximate error of the measurement (e.g. procedure given in Reference [7]).

18 © 1SO 2010 — All rights reserved
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Annex A
(normative)

Environmental temperatures

ISO 12567-1:2010(E)

In this annex, the notations shown in Figure A.1 are used.

1
d
Qc,e / ac,i
Qb,e \> </ Hb,i
Bse,cal/ I O cal
P
Ope /\1 r/\ 0,
2 — .— 2
Key|
1 calibration panel or test specimen
2 baffle
6sc4  average surface temperature of the calibration panel, in degrees Celsius
& average surfacé-temperature of the reveal of surround panel (top, side, bottom), in degrees Celsius
Oy average surface temperature of the baffle, in degrees Celsius
[N average air temperature, in degrees Celsius

Figure A.1 — Notations used for the environmental temperature

A.2 Environmental temperature

The environmental temperature, 6,, is the weighting of the radiant temperature, g, and the air temperature, 6,.
Calculate the environmental temperature, 6, in degrees Celsius, on both sides, using Equation (A.1):

_ hbc + h6;
he + hy

n

© 1SO 2010 — All rights reserved
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where
h s the surface coefficients of heat transfer, in W/(m2K);
¢ is an index referring to mean air temperature;
r is an index referring to mean radiant temperature.

The convective fraction, F, as explained in 6.2.3.2, shall be calculated from the calibration measurements as
a function of the density of heat flow rate, ¢, (see example given in Figure D.3).

A.3 Mean radiant temperature

The mean [radiant temperature, 4, in degrees Celsius, of the surfaces “seen” by the surface, of the |test
specimen (¢alibration panel or window) shall be calculated using Equations (A.2), (A.3) or (A.4):

a) If the depth of the surround panel reveal d < 50 mm, then Equation (A.2) is used:
6 (=6 (A.2)
b) If | 6, —6p| < 5K, then Equation (A.3) is used:

_ acbeb + acpep

o (A.3)
Ocbt aep
c) Otherwise, Equation (A.4) is used:
+
o= Ocbhcbbp + dcphcplp (.4
Ocbheb t ephcp
The radiant|heat transfer coefficient, #,, in W/(M#2:K), is calculated using Equation (A.5):
h,. = afphepn + acphcp (A-5)

where hy,, ke, are the black body fadiant heat transfer coefficients calculated using Equations (A.6) and (A.7):

heo=9|(Ta+ TH) (TeaFTb) (A-6)

hep=0\(T2 5+ TN Tcal+ Tp) A7)
where

o is the Stefan-Boltzmann constant; o= 5,67 x 107 in W/(m<-K#%);

O, Op  are radiation factors from the baffle to the calibration panel and the surround panel reveals to
the calibration panel, calculated using Equations (A.8) and (A.9).

The values of hy, h., are calculated from the data set of the calibration panel and can be used for all
specimens with the appropriate cold-side temperature.

The radiation factors, «,, Oy, are calculated ignoring second reflections, using Equations (A.8) and (A.9):

Uch = Ecalp [fcb + (1_8p)fcpfpb] (A.8)
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oy = Ecaifp| fop +(1=b) fon fop +(1-2p ) fep.op | (A9)
where
fis the view factor between two surfaces;
¢ is the hemispherical emissivity.
The following subscripts indicate the direction of radiant heat exchange:
cb s the direction from calibration panel to baffle;
cp is the direction from calibration panel to surround panel reveal;
pb is the direction from surround panel reveal to baffle;
bp is the direction from baffle to surround panel reveal;
pp is the direction from surround panel reveal to surround panel reveal.
Viey factors depending on the depth of the surround panel reveal,,d,(for the standardized test gperture are
givgn in Tables A.1 and A.2.
A.4 Convective surface heat transfer coefficient
The convective surface heat transfer coefficient, A, shall be calculated for the warm and cold side using
Equation (A.10):
hC:‘hal_hr |9r_90al| (A.10)
|ec - ecal|
where g, is the density of heat flow rate through the calibration panel, in watts per square metre.
Table A.1 — View factors for a 1 230 mm x 1 480 mm aperture
Reveal depth
View factor d
0 mm 50 mm 100 mm 150 mm 200 mm
Jeo 1,0 0,930 0,867 0,809 0,756
Jop 0,0 0,059 0,703 0,142 0,177
fep =Jop” 0,0 0,070 0,133 0,191 0,244
fpbb 0,5 0,471 0,449 0,429 0,412
@  See Equation (A.11).
b See Equation (A.12).
21
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Table A.2 — View factors for a1 200 mm x 1 200 mm aperture

Reveal depth

View factor d
0 mm 50 mm 100 mm 150 mm 200 mm
Jeo 1,0 0,922 0,853 0,790 0,733
Jop 0,0 0,068 0,117 0,160 0,198
fcp =fbpa 0,0 0,078 0,147 0,210 0,267
fpbb 0,5 0,466 0,442 0,420 0,401
a8  See Equption (A.11).
b See Equption (A.12).
Jep=lop="1-Teb (A.11)
1= fop)
PP
Sob =1 (A12)
2
For other |geometries, a detailed radiation heat exchange calculation procedure shall be used (see
References|[8] or [9]).
22 © 1SO 2010 — All rights reserved
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Linear thermal transmittance of the edge zone

B.1 For thermal transmittance of the edge zone, see Figures B.1 and B.2 and Table B.1.

Bimensionsin millimetres

Key,|
1 purround panel
2 [alibration panel

]

d iy 40

3 cold side
4  warm side

\

wedge

Figure B.1— Glazed calibration panel with thickness d_

1

A sur

Key
1 surround panel
2 test specimen

LL/

w

3 cold side
4  warm side

2

4

Figure B.2 — Test specimen with frame width w

© 1SO 2010 — All rights reserved

23


https://standardsiso.com/api/?name=e99346ab03ff2e8a176c9f1eb9151eeb

ISO 12567-1:2010(E)

24

Table B.1 — Linear thermal transmittance for glazed calibration panel

¥ qqe fOr d 5 = 60 mm '{’edge ford_, =100 mm
! W/(m-K) W/(m-K)
Asur Asur Asur Asur Asur Asur
0,030 0,035 0,040 0,030 0,035 0,040

mm W/(m-K) W/(m-K) W/(m-K) W/(m-K) W/(m-K) W/(m-K)

0 0,004 4 0,005 0 0,0057 0,002 3 0,002 7 0,003 1
20 0,004 1 0,004 8 0,005 4 0,002 4 0,002 8 0,003 2
40 0,005 0 0,005 8 0,006 5 0,003 0 0,003 5 0,004 0
60 0,006 3 0,007 2 0,008 2 0,003 9 0,004 6 0,005 2
80 0,007 7 0,008 8 0,0100 0,0050 0,005 7 0,006
100 0,009 0 0,010 4 0,011 8 0,006 0 0,007 0 0,007 9
120 0,010 4 0,0120 0,013 6 0,007 1 0,008 2 0,009 3
140 0,011 7 0,0135 0,0153 0,008 1 0,0094 0,0107
160 0,0130 0,0150 0,017 0 0,009 1 0,010 6 0,0120
180 0,014 2 0,016 4 0,018 5 0,010 1 0,0117 0,013 3
200 0,0153 0,017 7 0,020 0 0,0114 0,012 8 0,014 5

¥ values for intermediate 4, d_, and d values are obtained by lingar interpolation.
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Table B.2 — Linear thermal transmittance for test specimen

w d ’Pedge w d 'Pedge
W/(m-K) W/(m-K)
Asur Asur Asur mm mm Asur Asur Asur
0,030 0,035 0,040 0,030 0,035 0,040

emeR— WA WA W) V- Wi K)
60 0,0112 | 0,0126 | 0,013 9 40 0,0029 | 0,003 3 _|"0,003 6

80 0,0142 | 0,0160 | 0,017 7 80 0,006 3 | 0,007.1/{ 0,007 9

40 120 0,0189 | 0,0214 | 0,023 8 100 120 0,0093 | 00106 | 0,011 8
160 0,0230 | 0,026 2 | 0,029 2 160 0,012,0v)0,0138 | 0,0155

200 0,026 3 | 0,0299 | 0,0335 200 0,0144 | 0,0166 | 0,0186

50 0,0079 | 0,0088 | 0,0097 40 0,0026 | 0,0029 | 0,003 2

80 0,0119 | 0,0135 | 0,0150 80 0,0057 | 0,0064 | 0,007 2

50 120 0,0163 | 0,0185 | 0,020 6 110 120 0,0085 | 0,0097 | 0,0109
160 0,0201 | 0,0229 | 0,0256 160 0,0111 | 0,0127 | 0,014 3

200 0,0232 | 0,0265 | 0,0297 200 0,0134 | 0,0153 | 0,017 3

40 0,0053 | 0,0059 | 0,006 5 40 0,0023 | 0,0026 | 0,002 8

80 0,0103 | 0,0116 | 0,0129 80 0,0051 | 0,0058 | 0,006 5

60 120 0,0144 | 0,0164 | 0,048 3 120 120 0,0078 | 0,0089 | 0,0100
160 0,017 8 | 0,0204 (+0,022 8 160 0,0102 | 0,0117 | 0,013 2

200 0,0208 | 0,0288 | 0,026 7 200 0,0124 | 0,0143 | 0,016 1

30 0,003 3,(°0,0036 | 0,0039 40 0,0021 | 0,0023 | 0,002 6

60 0,006'8-| 0,007 6 | 0,008 4 80 0,0047 | 0,0053 | 0,006 0

70 120 0,0426 | 0,0144 | 0,016 1 130 120 0,0072 | 0,0082 | 0,009 2
160 0,0160 | 0,0183 | 0,0205 160 0,0095 | 0,0109 | 0,0123

200 0,0188 | 0,0215 | 0,024 1 200 0,0116 | 0,0133 | 0,0150

20 0,001 8 | 0,0020 | 0,002 1 40 0,0019 | 0,0021 | 0,002 3

40 0,003 8 | 0,004 3 | 0,004 7 80 0,004 3 | 0,0049 | 0,0055

80 80 0,0079 | 0,0089 | 0,009 9 140 120 0,006 7 | 0,0076 | 0,008 6
160 0,0113 | 0,0129 [ 0,0185 160 0,0089 | 0,0102 | 0,011 4

200 0,0171 | 0,0196 | 0,0220 200 0,0108 | 0,0125 | 0,014 0

10 0,0008 | 0,0009 | 0,0009 40 0,0017 | 0,0019 | 0,002 1

30 0,0024 | 0,0027 | 0,0029 80 0,0040 | 0,0045 | 0,0050

90 60 0,0052 | 0,0059 | 0,006 5 150 120 0,006 2 | 0,007 1 | 0,007 9
120 0,0102 | 0,0116 | 0,0130 160 0,0083 | 0,0095 | 0,0107

200 0,0157 | 0,0180 | 0,020 2 200 0,0102 | 0,011 7 | 0,0132

¥ values for intermediate values of 4 can be obtained by linear interpolation.
If w> 150 mm, then ¥, is very small and may be neglected (%= 0).
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Annex C
(informative)

Design of calibration transfer standard

C.1 Design of glazed calibration panels

C.1.1 Ger

For the ca
calibration

homogened
conductivity
(see Referg

C.1.2 Materials

c.1.21 Core material, of white expanded polystyrene (EPS) with a density of approximately 28 kg/mJ.
The core of both panels should be made from the same sheets of EPS from which the thermal conduct
specimens Wwere taken.

C.1.2.2 Cover material, of 4 mm-thick toughened float glass with chamfered edges.

c.1.23 Adhesive, temperature stable down to the ¢alibration temperature of the cold side.?)

C.1.3 Cornjstruction details

C.1.3.1 Lpyout of adhesive spots

Glue the glass to the EPS using( a~suitable adhesive compound in a 4 x4 array of glue points
1,20 m x 1,0 m panels, and a 4/x\6 array for 1,48 m x 1,23 m panels. Care should be taken that the
spots do npt coincide with thé-positions of the surface thermocouples that are fixed during the hot

eral

ibration of the surface resistances and for checking the surround panel thermal ‘resistanc
pbanel is used which works like a large heat flux transducer. The calibration panel consists
us, well-characterized core material made from insulation board, which has~a” known the
, and is covered on both sides with material with known emissivity, e.g. ajsheet of normal g
nce [10]).

calibration fneasurements.

C132 M

C.1.3.21
about 35 m
positions w

ethod of applying the adhesive

Fix thesxtoughened glass to the EPS core material using adhesive silicone compound glue pg
M _in, diameter. The glue points should be distributed evenly and care should be taken to a

B, a
of a
mal
ass

ivity

for
hlue
box

ints
void

nere the surface thermocouples are fixed during the calibration measurements.

C.1.3.2.2

then the wa

The following method has been shown to be successful in producing an even adhesive “spot”
about 35 mm in diameter. Metal “washers” with a 28 mm diameter hole and 0,5 mm thick are placed in the
required array on the EPS surface. The holes are filled flush to the top surface with adhesive compound and

shers are removed.

2) Dow Corning 7091 is an example of a suitable product available commercially. This information is given for the

convenience

26

of users of this part of ISO 12567 and does not constitute an endorsement by ISO of this product.
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3.2.3 The glass is put in position, ensuring that the edges are square to the EPS material.

The joint is

put under pressure by placing a piece of 19-mm thick plywood on top of the glass and weighting with buckets
filled with sand. (A weight of 100 kg evenly distributed over the surface has been found to be adequate.)

C.1.

fixin

C.1.

CA,

The
Mos

Det
unc

Med
For
ass

mad

The)

CA
The

spe
unc

CA

The

The

The

The

On

3.2.4 ltis very important that the glass be thoroughly cleaned using a solvent such as acetone, prior to

g adhesive.

3.2.5 Tape the edges of the panels to reduce moisture pick-up and always keep the panels in a dry
environment.

ertainty of £ 0,1 mm in 12 mm is £ 0,8 % in conductivity.

sure the panel thickness in at least 25 places, uniformly spread over the panel surface.
the purpose of calculating the thermal conductivity of the calibratién panel, the thickness of
Iimed to be the average gap between the inner surfaces of the two glass sheets. A correct

e for the air gap if required.

thickness of glass is very uniform and may be assumed t0.be the thickness as measured at th

3.4 Thermal conductivity measurements
thermal conductivity of the EPS should be measured with an apparatus conforming to the

cified in ISO 8301 and ISO 8302. In any -ease, the thermal conductivity should be meag
ertainty of better than £ 3,6 % at the 95 %-«confidence level.

3.5 Method of mounting thermocouples

rmocouples should be made ef\wire with a maximum diameter of 0,3 mm.
insulation should be stripped back a minimum of 15 mm from the hot junction.
thermocouple should-be taped to the surface for a minimum of 100 mm.

tape should be-of paper “masking tape” type.

pach sidejat least nine temperature sensors should be installed, evenly distributed (see Figure

23 D inati f L thick
accurate determination of the EPS sheet thickness and the average overall panel thickpess i$ one of the
t critical stages in the fabrication of the calibration panels.

ermine the EPS sheet thickness and the average glazed panel thickness as precisely as pragticable. An

the core is
on may be

b edges.

procedures
ured to an

C.1).
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Key

1 tempera

NOTE i

C.2 Calik

A large hg
Reference

calibration material made from insulation board“which has a known thermal conductivity, measured by the

methods gi
expanded

ure sensor

[his figure is not to scale.

Figure C.1 — Temperature sensor location on(calibration transfer standard

pration transfer standard design

at flux transducer is used in the ecalibration of the surface heat transfer coefficients
4]). The calibration transfer standard\(CTS) consists of a homogeneous, well-characterized,

en in References [11] or [12]."A recommended CTS core material is 12,7 mm nominal thickr
olystyrene (beadboard), having a density in excess of 20 kg/m3, that has been aged unface

see
core
test
ess
d in

the laboratgry for a minimum of 90'days. [Expanded polystyrene with a nominal density of 50 kg/m3 and a

nominal thq
expanded g

Suitable faqg
a nominal
been used

rmal conductivity of 0,083 W/(m-K) has been used with success. Machining the surfaces of
olystyrene to ensureflatness is also recommended.]

ing materials-are’3 mm- to 6 mm-thick tempered float glass (glass sheets of thickness 4 mm,
hermal conductivity of 1 W/(m-K) and a nominal surface hemispherical emittance of 0,84 H

polycarbo

n
surface eﬁ}l

0,2 W/(m-K) and a nominal surface hemispherical emittance of 0,90 have been used with success.]

with suctess) or 3 mm- to 6 mm-thick clear polycarbonate sheet. [The surface emissivity of
te should be precisely measured and used where appropriate in calculations requiring the C]
issivity. Polycarbonate sheets of thickness 4 mm, with a nominal thermal conductivity

the

with
ave
the
I'S's
of

Prior to assembly of the CTS, measure the thermal conductivity of the material used for the core of the CTS in
a guarded hot plate (see Test Method C 177 in Reference [11]) or a heat flow meter (see Test Method C 518
in Reference [12]) at a minimum of three temperatures over the range of use (-10°C, 0°C, and 10°C are
recommended).

The temperature sensors are installed area-weighted. Table C.1 gives the minimum number of temperature
sensors per side for a wide range of CTS sizes.
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Table C.1 — Temperature sensors

Size of CTS Area of CTS Minimum number of Recommended Recommended
m m2 sensors number of sensors arrays
0,61x1,22 0,74 12 18 3x6
0,91 x 1,52 1,39 18 24 4%x6
1,22 x 1,83 2,23 24 32 4x%x8
1,22 x2,13 2,60 28 42 6x7
83 X 2,03 3,72 20 73 Bx 8

The]
the
cold
tem
(0,3
sidg
sho
sep
20 1
cop

fromp the constantan-shim solder point. The recommended solder is resin core, lead 60/40, 6 n

diar
resi
the
glaz
coa
adh
recq
adh

app

Sing
acc
flux

material.

It ig
tem

average row, column or overall area-weighted temperature becomes the average’temperaturg
mn or total sensors for a side). The temperature sensors should be able to‘measure ac
perature difference across the core material of the CTS. It has been found ‘satisfactory to us
mm) or smaller diameter copper-constantan insulated thermocouple wire.from the same wirg
s of the CTS to obtain an accurate core temperature difference. The-wire pair with a small
ld have the insulation stripped off to expose approximately 10 mm ‘ef’bare wire and then ¢
brately soldered to one side of a thin (0,08 mm nominal thickness) copper shim material ap
hm x 20 mm in size. The constantan wire should be soldered.io the centre of the copper sk
ber thermocouple wire should be separately soldered to the.copper shim approximately 6 mm

heter, and the resulting solder joints should be cleaned with*alcohol to remove excess solder m
Hue. The reverse smooth side of the shim material iscthen adhered with a thin film of two-pan
glazing facing inner surfaces. After the epoxy has.dried and all epoxy removed from the
ing surface, the glazing facing inner surfaces_and the expanded polystyrene core materis
ed with a thin film of a polystyrene4) compatible’ water-based contact adhesive. After allowing
bsive to dry (a minimum of 24 h at room* temperature with a relative humidity less th
mmended; when dry, the contact adhesive does not stick to the touch), the expanded po
bred to the glazing facings by applying an ample uniform pressure to the glazing outer f
ropriate length of time to allow the glazing faces to permanently bond to the expanded polystyr¢

e the thermal conductivity of\the core material is known (previously measured) and it is
Irately measure its thickness) the conductivity of the core material can be calculated. This allo
through the CTS to be'determined from measurement of the temperature difference acro

permissible to-calculate the surface temperature of the glazed CTS from the glass/co
peratures using'the known thermal resistance of the glass.

temperature sensors should be laid out over equal areas to simplify the area-weighting-calculation (that is,

of the row,
curately the
e 30-gauge
lot for both
er diameter
ach wire is
proximately
im and the
in distance
hm nominal
aterial resin
t epoxy3) to
surrounding
| faces are
the contact
an 50 % is
ystyrene is
hces for an
Bne.

possible to

ws the heat
5s the core

re interface

3)

Loctite Minute Bond 312 is an example of a suitable product available commercially. This information is

given for the

convenience of users of this part of ISO 12567 and does not constitute an endorsement by ISO of this product.

4)

HB Fuller XR-1377-24-LT-Blue Contact is an example of a suitable product available commercially. This information is
given for the convenience of users of this part of ISO 12567 and does not constitute an endorsement by ISO of this
product.
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Annex D
(informative)

Example of calibration test and measurement of window specimen

D.1 Calibration test with panel size 1,20 m x 1,20 m

Two calibrg
thickness 2
polystyrene
1,20 m x 1,
100 mm. TH

The basic d
in accordan

a) panel 1
b) panel 2
c)

where 6o

surroumd panel (d =100 mm): Ag,r = 0,031 45 + 0,000 18 6,

tion panels with total thermal resistance approximately 0,4 m2.K/W and 1,5 m2.K/W dnd
D mm and 59 mm, respectively, were used. The panels were built with core material of)expar
and covered on both sides with 4 mm float glass according to Annex C (panehdimensi
PO m). The calibration panel was installed in a surround panel made of polystyréné of thickn
e measured data are summarized in Tables D.1 to D .4.

ata for the polystyrene core and surround panel material were measured-in a hot plate appar

ce with ISO 8302. The measured data are
(d=20 mm): Ry = 0,408 405 - 0,001 487 G,c,
(d=59 mm). R, =1,548 550,004 88 4., and

s the mean panel temperature in degrees Celsius:

otal
ded
bNS:
ess

atus
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Measured value Panel 1 Panel 2

d overall thickness m 0,020 0,059

A area of panel m?2 1,44 1,44

A, area of surround panel m?2 1,56 1,56

A4;  hot-box metering area m?2 3,00 3,00

L perimeter length m?2 4,80 4,80

Tegt number 2z 12 3 5 1 6
Colf temperature

O-e (air) °C 9,86 0,54 -9,95 9,86 0,58 -9,98
Ose b (baffle) °C 9,91 0,70 -9,74 9,84 0,56 -9,93
Ose i (calibration panel) °C 10,98 2,73 -6,77 10,34 1,40 - 8,80
eseya (reveal panel) °C 10,36 1,58 -8,48 10,12 1,02 -9,37
ese,sur (surround panel) °C 10,01 0,95 -935 10,01 0,88 -9,46
Walm temperature

0, (air) °C 19,99 20,93 20,23 19,85 19,89 19,91
Osi (baffle) °C 19,61 20524 19,22 19,66 19,55 19,40
9s.| dal (calibration panel) °C 17,80 16,66 14,02 19,17 18,51 17,80
esi,F (reveal panel) °C 18,78 18,55 16,82 19,27 18,76 18,20
Osidur  (surround panel) °C 19,62 20,18 19,08 19,50 19,09 18,65
D (input power) w 30,43 60,59 87,99 13,84 26,25 39,95
v (air flow warm side, down) m/s. 0,1 0,1 0,1 0,1 0,1 0,1
Ve (air flow cold side, up) m/s 1,6 1,6 1,5 1,6 1,5 1,5
@ | Testno.1 was used to fix the fan settings on the cold side.
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Table D.2 — Linear thermal transmittance and view factors of the calibration panels

Value resulting from mounting instructions Remark Panel 1 Panel 2
Total thickness of the calibration panel mm — 20 59
Total thickness of the surround panel mm — 100 100
Surround panel reveal depth — warm side mm — 40 40
Surround panel reveal depth — cold side mm — 40 1
¥ qge for 4=0,033 W/(m-K) W/(m-K) Table B.1 — 0,004 8
Warm side view factars ot Tahle A2 0,938 0,938
Sopi Table A.2 0,054 0,054
Jepi Equation (A.11) 0,062 0,062
Sopi Equation (A.11) 0,062 0,062
Sobi Equation (A.12) 0,473 0,473
radiant factors Oy, Equation (A.8) 0,750 0,750
Oigp Equation (A.9) 0,050 0,050
Cold side view factors Jebe Table A.2 0,938 0,998
Jope Table A.2 0,054 0,001
fepe Equation (Ax11) 0,062 0,002
Tope Equatioh.(A.11) 0,062 0,002
Jobe Equation (A.12) 0,473 0,500
radiant factors e Equation (A.8) 0,750 0,797
Ospe Equation (A.9) 0,050 0,002
NOTE The radiant factors have been calculated with the following emissivities: Ecal = 0,84; £, = 0,92; &= 0,95.
Table D.3 — Calculation of surround panel thermal resistance, Rq,
Data element Remark Panel 2 (59 mm)
Af, K — 9,99 19,31 29,89
Abfo.r K — 9,49 18,21 28,11
Orelsur °C — 14,76 9,98 4,61
N W — 13,84 26,25 39,95
L W Equation (9) 8,61 16,43 25,09
D e w Equation (10) 0,23 0,44 0,69
D [ “Poal = Podge W — 5,00 9,38 14,17
Ry, m2.K/W Equation (8) 2,961 3,029 3,095
Optional check with data of hot plate measurement
Ome.sur °C — 14,76 9,98 4,61
Asur W/(m-K) linear regression 0,034 1 0,0333 0,032 3
Ry, m2.K/W dl Asyr 2,933 3,003 3,096
ARy IRy, % relative difference -1,0 -0,9 -0,0

32
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Table D.4 — Calculation of surface resistances and convective fraction, F,

Data element Remark Panel 1 (20 mm) Panel 2 (59 mm)
O e cal °C — 14,39 9,70 3,63 14,75 9,96 4,50
Ab, K — 6,82 13,93 20,79 8,83 17,11 26,60
R m2Z.K/W Equation (3) 0,387 0,394 0,403 1,477 1,499 1,627
9cal W/m? Equation (2) 17,62 35,36 51,59 5,98 11,41 17,42
i W/(m?2-K) Equation (A.6) 5,64 5,62 5,52 5,68 5,66 5,63
he B WIm2-K) Equation (A.0) 5,17 77 .27 5,15 T57 4,16
hep, W/(m?2-K) Equation (A.7) 5,61 5,58 5,45 5,67 5,63 5,60
ook W/(m?2-K) Equation (A.7) 5,19 4,73 4,25 516 4,68 4,18

h, W/(m2K) Equation (A.5) 4,51 4,50 4,42 4,55 4,53 4,51
hee W/(m2K) Equation (A.5) 4,14 3,77 3,38 411 3,73 3,32
G, °C Equation (A.3) 19,56 20,13 19,07 19,64 19,50 19,32
e °C Equation (A.2) 9,94 0,76 - 9,66 9,84 0,56 -9,93
he, W/(m2K)|  Equation (A.10) 4,42 4,62 472 5,68 5,02 5,00
hee W/(m2K)|  Equation (A.10) 11,88 12,74 13,15 8,17 10,10 11,58
Fe; — Equation (6) 0,495 0,506 0,516 0,555 0,526 0,526
Fo o — Equation (6) 0,741 0,772 0,796 0,665 0,730 0,777
i dal °C Equation (7) 19,77 20,54 19,67 19,75 19,71 19,63
Ore ka °C Equation (7) 988 0,59 -9,89 9,85 0,57 -9,97
AGsa K — 9,89 19,95 29,56 9,90 19,13 29,60
Ry m2.K/W Equation (4) 0,112 0,110 0,110 0,098 0,105 0,105
Ry, m2.K/W Equation(5) 0,062 0,061 0,060 0,081 0,072 0,067
Ry, m2K/W Equation (1) 0,174 0,171 0,170 0,179 0,177 0,172
The| results from the calibration measurements are plotted in Figures D.1, D.2 and D.3. THe following
regression curves have been derived by least-square fits from the data set:

a) [thermal resistance of the surround panel:  Rg, = 3,157 = 0,013 2 ¢ sr

b) [convective'fraction: F;=0,5343-0,000 6 g4,

Fge=0,6962+0,0022 g,

c) total surface resistance: Rg1=0,186 9 ¢, (- 0029
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Figure D.1 — Thermal resistance of the surround panel, Rg}
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Figure D.2 — Total surface resistance, Rg ¢
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NOTE The curves have been derived by least-square fits.

Figure D.3 — Conyvective fraction, F

D.2 Window specimen measurement

Gerjeral data of the tested window are as follows (see Tables D.5 to D.7).
a) |Type: PVC window divided into three parts, with the right-hand side fully fixed glazed, left-hand side
divided into two parts: above,\small top-hung casement with opening to the outside; below, |single side-
hung casement with openihgirestriction (see Figure D.4).

b) |Frame:

— three-chamber PVC frame with steel reinforcement in the mullion only;

— frame_ thickness 68 mm.

c) |Glazifig: 2 IGUs (insulating glass units) (4 mm x 16 mm x 4 mm) with low-e coating on position 3 (type K,
&£=0,16) and air filling.

d) Dimensions:

— window height 1,480 m;
— window width 1,230 m;
— projected window area (1,230 m x 1,480 m) = 1,820 m?;
— glass area [1,368 m x 0,514 m + 0,438 m (0,902 m + 0,222 m)] = 1,195 m?;
— projected frame area 0,625 mZ;
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e)

Key
1
2
3

36

— heat exchange area of the frame

— total heat exchange area of the window

— ratio total heat exchange to projected window area

Seals:

0,726 m2;
1,921 m?;

1,055.

— in the sash: two hollow section seals circulating, turned around in the corners;

hao alaco: an hath oidac oillinana onalant
T

— at

top-hung
side-hun
fully fixe

| glazed section

T g oo O oot T oTa T o oMo oTre—oTtaarit

1

A
—
I
|
B
A

1480

1230

casement with opéning to the side
g casement with) Opening restriction

Figure D.4 — View of window

Dimensjonstin millimgtres
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Dimensions in millimetres

39

10

39

Figure D.5 — Details, vertical section A-A

Table D.5 — Window data

Data element Value
w frame width 0,068
dgr surround panel thickness m 0,100
Agp area of window m?2 1,820
Ag,,  area of surround panel m? 1,180
L perimeter length m 5,42

© 1SO 2010 — All rights reserved
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Table D.6 — Window measurement results

Data element Value
Cold temperature (measured)
Ose (air) °C 0,53
Osep  (Daffle) °C 0,68
Hse’p (reveal) °C 0,74
Osesur  (surround panel) °C 0,82
Warm temperature (measured)
0, (air) °C 21,57
Osip (baffle) °C 20,75
O5.sur  (surround panel) °C 20,66
D, (input power in hot box) w 78,68
v (air flow warm, down) m/s 0,10
Ve (air flow cold, up) m/s 1,90

Table D.7 — Calculation of the thermal transmittance of the window

Data element Value Remarks

Omesur (Mgan temp. of surround panel) °C 10,74 —

Ry, (suiround panel resistance) m2.K/W 3,015 Figure D.1/regression

Asur (coLductivity of surround panel) W/(m-K) 0,033 —

‘f’edge for jv =68 mm/d = 32 mm W/(m-K) 0,003 5 Table B.2

A6, o, (terpp., difference of surround panel) K 19,84 —

A, (air[temp. difference) K 21,04 —

D (indut power in hot box) w 78,68 —

D (sutround panel heat flow) w 7,76 Equation (12)

¢edge (ed@e zone heat flow) w 0,40 Equation (10)

Isp (hegt flow density of specimen) W/m?2 38,75 Equation (11)

Fy (copvective fraction — warm) — 0,511 Figure D.3/regression
ce (colwective fractiony~cold) — 0,781 Figure D.3/regression
st (totpl surface resistance) m2-K/wW 0,171 Figure D.2/regression

6, (radiant temp=~ warm) °C 20,75 Equation (A.2)

e (radianttemp. — cold) °C 0,68 Equation (A.2)

6. (enVdronmental-temp—hot) °C 2447 Egquation {71
he (environmental temp. — cold) °C 0,56 Equation (7)

Ab, (environmental temp. difference) K 20,61 —

Un (measured) W/(m2.K) 1,88 Equation (13)

AU, (uncertainty of the measurement) W/(mZ2-K) +0,08 Annex F

Ris st (m2-K)/W 0,17 European value

Uy (standardized) W/(m2-K) 1,90 Equation (14)

Uy (window U-value) W/(mZ2-K) 1,90

38 © I1SO 2010 — Al rights reserved


https://standardsiso.com/api/?name=e99346ab03ff2e8a176c9f1eb9151eeb

E.1

ISO 12567-1:2010(E)

Annex E
(informative)

Analytical calibration procedure using heat balance equations

General

The)
on 4

heat flow density through the calibration panel may be expressed by the surface heat balanc
ach side of the panel.

e equations

E.2 Warm-side surface
9cal = 4ri,cal T 4cical (E.1)
9rical = Mri (ebi - esi,cal) (E.2)
Fyp =1 1+A°a'[1-1] (E.3)
Ecal  Ap \ &p
For| calibration panels, which are installed flush with 'the surround panel, the approximation given by
Equation (E.4) may be used:
4 4
drical =0 Fp (Tbi _Tsi,cal) (E4)
The| convective heat flux may be determined by the approach given as Equations (E.5) and (E.6):
qcical = hici (gci - gsi,cal) (E.5)
BEA
hei = K(eci _esi,cal) (E.6)
Thel coefficients K.and B are determined from the calibration tests.
The| density of heat flow rate, g.,, may be determined using Equation (E.7):
Abg cal
a1 =—>% (E.7)

Cdl

where R, is the thermal resistance of the calibration panel from laboratory tests as a function of the mean
temperature, in m2-K/W.

E.3 Cold-side surface

dcal = 9re,cal T 9ce,cal

© 1SO 2010 — All rights reserved
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When the baffle and the air temperature are close together (+ 0,5 K), a combined heat transfer coefficient, 4,
may be used:

9cal
hg =———<a (E.9)
(Hse,cal - ece )

Otherwise, the same procedure should apply as for the warm-side heat balance.

E.4 Calibration results

The following information should be given as results of the calibration tests:
a) hg, the|combined surface heat transfer coefficient on the cold side, in W/(mZ2.K);
b) Fyy,, thg overall interchange factor for radiation on the warm side;

c) Kand B, the coefficients for convective heat transfer on the warm side.

The values [from the calibration test should be used for all window test measurements, using the heat balgnce
Equations (E.10) to (E.12):

4 4
qri =0F1b(Tbi _Tsi,sp) (B.10)
B
q6i = N (66— sisp) H11)
4ri t49q = 9m (H.12)
where ¢, i the density of heat flow rate measured by the calorimeter, in watts per square metre.
This set of ¢quations should be solved for the.unknown surface temperature, 6; ¢, by iteration.
The cold-sifle surface temperature, bsejspr MAY be determined using Equation (E.13):
| 9m
Osesp F7— +0ce (§.13)
he

For more d¢tails, see-References [6] and [7].
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Uncertainty analysis for hot boxes

General

The
doo|
test
spe
proq
ests
U-v.
eler

F.2

Ung
the

prin

Dudg
esti
are
[17]
eva
sanf
box

Acc]
the
vari
Mc(
met
spe
vari
unc
unc

accuracy of the thermal transmittance (U-value, U-factor) of a test specimen (wall, roofy ft

blished and reported along with the measured U-values of fenestration préducts. Improve
blue uncertainty can be achieved by reducing the individual uncertainties “associated with
hents of the overall uncertainty for the hot-box test apparatus studied.

Introduction of uncertainty analysis

ertainty analysis, as defined by Kline and McClintockl13l:and Airyl'4], refers to the process o
pffect of uncertainties in individual measurements on the final calculated experimental result. A
er on uncertainty and confidence in measurements.is UKAS M3003[15].

to economic and time constraints, in many &ngineering experiments it is not practical to
nate the overall measurement uncertainty. Experiments in which the uncertainty is not found &
called single-sample experiments. Several engineering experimentation textbooks (e.g. Refe
and [18]) present the basic methods.of uncertainty analysis and discuss their importance

uating and reporting experiments, ‘Moffat[191[20l121] explores many aspects of the technique
ple uncertainty analysis. A general. discussion on uncertainty analysis applied to thermal test f
bs) is given in Yuanl22],

brding to Moffat29] and Kline and McClintock!13], the value of a variable is specified by giving
readings and an uncerftainty interval at a particular confidence level. The uncertainty propa
hbles to result maytbe analysed by the method of the second power equation presented b
lintock[13]. Moffatl20l refers to this technique as the Root-sum-square (RSS) method. Usir

Cific measurement facility and test procedure. Large element uncertainties in any of thg
Ables resdltin large uncertainties of the final calculated result. Therefore, a reduction in a lar
prtainty<is* far more important than the same percent reduction in a smaller element uncert
brtainty analysis is a useful tool in the selection of thermal test facility (hot box) instrumentation

1:2010(E)

r, window,

r, etc.) measured in a building assembly thermal test facility (hot box) depends upon the)tes{ apparatus,
conditions, operating procedure and the specimen properties. By conducting an uncertainty gnalysis of a
cific thermal test facility, the measurement uncertainty can be identified and quantified. Thg estimation
edure for the uncertainty associated with the U-value result for a thermalDtest facility| should be

ents in the
the various

f estimating
An excellent

statistically
y repetition
rences [16],
n planning,
s of single-
hcilities (hot

he mean of
gation from
y Kline and
g the RSS

hod (sometimes called “quadrature addition”), the propagation of uncertainty can be analysed for a

measured
jer element
pinty. Thus,

Uncertainty analysis of thermal tests for fenestration sysiems have been carried out by Klemsl

31, Harrison

and Dubrous!?4], Elmahdy[25], Nussbaumerl26] and Yuan, Russell and Gossl27! who presented methods for
determining the uncertainty of U-value measurements for their specific thermal test facilities. Van Dijk[28]
developed a spread-sheet for determining the uncertainty based on measurements made using 1SO 8990 for
"an idealized situation: the uncertainty when measuring a homogeneous specimen”.

This annex presents detailed analysis procedures for the estimation of the uncertainty of hot-box tests using
ASTM C1363 and ASTM C1199 and this part of ISO 12567 and ISO 12567-2 building assembly thermal
transmittance test methods. The uncertainty analysis procedures presented in this annex apply to all chamber
designs (guarded, calibrated or hybrid). The only difference is in the magnitude of the uncertainty elements
and the instruments utilized to make the fundamental measurements.

© 1SO 2010 — All rights reserved 41


https://standardsiso.com/api/?name=e99346ab03ff2e8a176c9f1eb9151eeb

ISO 12567-1:2010(E)

F.3 Measured U-value uncertainty presentation

The measurement of the thermal transmittance or U-value of a fenestration system in a hot-box test yields a
single numerical value; however, equally as important as the U-value value are the uncertainty and the
confidence level of the measurement. Therefore, the proper way to express the measured U-value is given as

Equation (F.

where

1):

(

F.1)

]

APUg,

NOTE

Taken toge
within the (

level (e.g. 9
called unce

The uncertd
procedure,
out. Doing

1

the best estimate for a test specimen's U-value;

s the uncertainty at a specified level, P (e.g. P =95 %).

he confidence level is P%.

ther, these three quantities indicate that there is a P % probability that the)true U-value value
Usp £A U

9 %) the larger the resulting uncertainty. The method used to guantify APUy
rtainty analysis.

) range. The uncertainty and the confidence level are(clesely related, the larger
b in Equation (F.
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The general uncertainty analysis procedure, however, is similar for all hot-box designs
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In the fenegtration test methods of this part of1SO 12567, 1ISO 12567-2 or ASTM C 1199, the test speci
thermal trapsmittance, Uy, is the fundamental’measured result from the thermal test using the hot box.
order to compare test results with other_Tkvalue results, such as computer calculated thermal transmittz
values, the results should be standardized. In such a procedure, more measured values such as
specimen's|total surface heat transfer,coefficients (ASTM C 1199), or the specimen's total surface the
resistances| (this part of ISO 12567, ISO 12567-2) have to be obtained and used to calculate a standard
U-value, Uf;. At the time of publication of this part of ISO 12567, there is no standardization method
correctly reproduces the actual* thermal performance of the fenestration product. The additional meas
values introduced by the standardization procedure can significantly increase the uncertainty of the Uy, rq
in comparigon with the.uncertainty of the more fundamental U, result. It is important to improve the cu
computer odels to use varlable local heat transfer coefﬂmen?s on the warm and cold side test speci

range of fenestra’uon heat transfer cond|t|ons Therefore this annex focuses on the mvestlgatlon of uncertalnty
elements and their propagation to the basic test results (i.e. the thermal transmittance of the test specimen or
U, value).

p

A detailed investigation of the uncertainty elements associated with the temperature measurement, power
measurement, calibration procedure and material properties are given in this annex. The (RSS) method is
used to determine the propagation of uncertainty elements to the measured U-value results. Particular
attention is given to the techniques and equations used to evaluate the various heat transfer terms in the total
energy balance of the test apparatus.
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