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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 wit
Commissio
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ISO 12567
Determinati

Part 1:

Part 2:

Annexes A

SO, als0 1ake part I the Work. 1S5S0 collaborates closely WIth the mternatonal Elecirqg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

htional Standards adopted by the technical committees are circulated to the member bodies f
as an International Standard requires approval by at least 75 % of the memben bodies casting

drawn to the possibility that some of the elements of this International-Standard may be the §
5. ISO shall not be held responsible for identifying any or all such patent-rights.

| Standard ISO 12567-1 was prepared by Technical Committee ISO/TC 163, Thermal i
ee SC 1, Test and measurement methods.

consists of the following parts, under the general title Thermal performance of windows and
pn of thermal transmittance by hot box method:

Complete windows and doors
Roof windows and other projecting windows

and B are a normative part of this International Standard. Annexes C, D and E are for informati

technical

Dr voting.
h vote.
ubject of

nsulation,

doors —

on only.
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uction

The method specified in this part of ISO 12567 is based on 1SO 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 dete|
situation

minaton of the aggregate thermat ransmitance 1S performed for conditons whicih are simifar
of the window and door in practice.

o the actual
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INTERNATIONAL STANDARD ISO 12567
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Thermal performance of windows and doors — Determination of
thermal transmittance by hot box method —

Part 1:
Complete windows and doors

1 Scdg

This part
includes

It does n
— edgq
— ener
— effeq

— roof

NOTE
should be

Annex A

2 Nor

The follo
this part
do not a
possibilit

referencgs, the latest edition of the normative document referred to applies. Members of ISO and IH

registers

ISO 7344

pe

of ISO 12567 specifies a method to measure the thermal transmittance of a.door or window s
pll effects of frames, sashes, shutters, door leaves and fittings.

bt include:

effects occurring outside the perimeter of the specimen,;
gy transfer due to solar radiation on the specimen,;

ts of air leakage through the specimen;

windows and projecting products, where the glass layer projects beyond the cold side roof surf

For roof windows and projecting units, the proeedure given in ISO 12567-2 (under preparation, see Bib|
used.

gives methods for the calculation of-environmental temperatures.

mative references

ving normative documents contain provisions which, through reference in this text, constitute p
Df ISO 12567. Fer'dated references, subsequent amendments to, or revisions of, any of these
bply. However,.parties to agreements based on this part of ISO 12567 are encouraged to inv|

of applying-"the most recent editions of the normative documents indicated below. R

of currently valid International Standards.

ystem. This

ace.

iography [4])

rovisions of
publications
pstigate the
or undated
FC maintain

, Thermal insulation — Physical quantities and 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 8990:1994, 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.
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IEC 60584-1, Thermocouples — Part 1: Reference tables.

EN 12898, Glass in building — Determination of the emissivity.

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this part of ISO 12567 the terms and definitions given in ISO 7345, ISO 8990 and ISO 9288

apply.
3.2 Sympols
For the punposes of this part of ISO 12567 the quantities given in ISO 7345 and ISO 9288\apply, toggther with
those given|in Tables 1 and 2.
Table 1 — Symbols and units
Symbol Physical quantity Unit
A area m2
d thickness (depth) m
F fraction —
f view factor —
h surface coefficient of heattransfer W/(m?2-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/(m?2-K)
w width m
a radiant factor —
AT~AO temperature difference K
£ total hemispherical emissivity —
1] Celsius temperature °C
A thermal conductivity W/(m-K)
o Stefan-Boltzmann constant W/(m2.K4)
heat flow rate w
¥ linear thermal transmittance W/(m-K)
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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

sp specimen

st standardized
sur surround panel

t total

4  Principle
The thermal transmittance, U, of the specimen is measured by means of the calibrated or guarded hot

in accordance with ISO 8990.

The deteymination of the thermal transmittance involves two stages. First, measurements are made on
calibration panels with accurately known, thermal properties, from which the surface coefficient of the h
(radiativg and convective components).'on both sides of the calibration panel and the thermal resist
surround| panel are determined. Secondly, measurements are made with the window or door specii
aperture |and the hot box apparatus is used with the same fan settings on the cold side as during the

The surrpund panel is_used to keep the specimen in a given position. It is constructed with outer dif
appropriate size for thelapparatus, having an aperture to accommodate the specimen (see Figures 1 an

box method

WO Or more
eat transfer
ance of the
nens in the
b calibration

hensions of
d 2).

The pringipal heat.flows through the surround panel and the calibration panel (or test specimen) afje shown in

Figure 3| The\boundary edge heat flow due to the location of the calibration panel in the surrou

nd panel is

determinpd_separately by a linear thermal transmittance, ¥.

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

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.

Measurement results are corrected to standardized surface heat transfer coefficients by an interpolation or

analytical iteration procedure, derived from the calibration measurements.

Measures 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 2000 — Al rights reserved
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200

Al

Dimensions in millimetres

The total ggp-width between the top and bottom of the specimen and the surround panel aperture shall ngt exceed
5 mm. It shiall-be sealed with non-metallic tape or mastic material, The total gap width on both sides betiveen the

specimen and the surround panel aperture shall not exceed 5 mm.

Key

Border of metering area

Surround panel, A < 0,04 W/(m-K)
Glazing

Cold side

Warm side

Flush sill

o U W N P

Recommended to be centrally located.

Use fill material with same thermal properties as surround
panel core.

Figure 1 — Window system in surround panel
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Dimensions in millimetres

200

Al

The totallgap width between the top and bottom of the specimen and the surround panel aperture shallfnot exceed
5 mm. It|shall*be sealed with non-metallic tape or mastic material. The total gap width on both sides hetween the

specimen-ard-the-surrounrd-panel-apertdre-shall-rot-exceed-5+nm-

Key

Border of metering area

Infill (glass, panel)
Cold side

Warm side

Door leaf

Flush frame/threshold

~N o o~ W N R

© 1SO 2000 — Al rights reserved

Surround panel, A < 0,04 W/(m-K)

&  Recommended to be centrally located.

b Use fill material with same thermal properties as surround

panel core.

Figure 2 — Door system in surround panel
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Key

a b WwN B

¢SUI‘

Surroung papel
Boundary €ffect

200 > d > 0 N

40

= 100

Cold side
Warm side
Calibration panel

Figure 3 — Mounting of calibration panel in aperture

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=3439bf7fa9353c51b16830da7500acde

ISO 12567-

5 Requirements for test specimens and apparatus

5.1 General

1:2000(E)

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, it is necessary to
mount it in a suitable surround panel and deduce the heat flow through it by subtracting that through the surround
panel from the total heat input. Also, the test element and the surround panel will usually be of different thickness,
so that there will be disturbance of heat flow paths and temperatures in the region of the boundary between the

two. The

test shall be carried out so that edge corrections can be applied.

5.2 Surround panels

The surrpund panel acts as an idealized wall with high thermal resistance and holds the window or
correct ppsition and separates the warm box from the cold box. The surround panel shall be large enot
the open|face of the guard box in the case of a guarded hot box apparatus, or the open face of the hd

case of

The surrpund panel shall be not less than 100 mm thick or the maximum thickness of the specimen, V
the greater, and it shall be constructed with core material of stable thermal conductivity not g

0,04 W/(
(see Figd
rigidity is
shall brid

5.3 Te

For gend
measure
aperture,
project b
normally

It is reco
the insidg
the surro

For stan@lardized test applications, the overall sizes recommended are indicated in Table 3, or they sH

with the §

In any ¢
between

calibrated hot box apparatus.

-K). An appropriate aperture shall be provided to accommodate the calibration panel or teg
res 1, 2, 3 and 4). Sealed plywood facing or plastic sheet on either side of the surround pane
permitted. No material of thermal conductivity higher than 0,04 W/(m-K) (other than non-metall
ge the aperture. The surfaces of the surround panel and baffle plates shall have a high emissiy

St specimens

ment, the specimen should be located as follews. The window or door system shall fill the sur
The internal frame face shall be as closeto the face of the surround panel as possible, but 1
byond the surround panel faces on either the cold or warm sides, except for handles, rails or fi
project (see Figures 1 and 2).

mmended that the aperture should be placed centrally into the surround panel and at least 2

b surfaces of the cold and hotiboxes to avoid or limit edge heat flow corrections related to the
LUnd panel.

ize required by national standards or other regulations.

hse the areal.of ‘aperture shall be not less than 0,8 m2, for reasons of accuracy. The peri

door in the
gh to cover
t box in the

vhichever is
reater than
t specimen
| to provide
c thin tape)
ity (> 0,8).

ral applications, specimen sizes may be typical*of those found in practice. To ensure consistency of

ound panel
o part shall
itings which

DO mm from
berimeter of

all conform

neter joints

the surround panel and the specimen shall be sealed on both sides with tape, caulking or mastic material.
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Key

2 Testsp

Dimensions in millimetres

200

Al

1 SurrounEI;

panel
imen

= 200

/

Table 3 — Specimen sizes

: _ : o :

measurements (ISO 140-1 and ISO 140-3).

Component Height Width
mm mm

Window 14802 12302

Door (leaf or doorset) 2000 1000

& Standardized specimen size for sound insulation

© 1SO 2000 — 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). 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 |nature of the surface of the calibration panel shall be similar to that of the test specimen. The\g¢missivity of
the gurface shall be known (e.g. normal float glass) or shall be measured according to EN 12898)

c) The|calibration panels shall cover the likely range of test specimen density of heat flow'rate. The use of two
caliration panels with different total thickness is recommended:

1) fotal thickness approximately 20 mm;
2) [total thickness approximately 60 mm.
More detgils and guidance on how to build up the calibration panels are giveh’in annex C.

The thermal resistance of the insulating material used in the panels{shall be measured for mean temperatures in
the rangg 0 °C to 15 °C by using a guarded hot plate or heat flow meter apparatus in accordance with SO 8302 or
ISO 8301 respectively. Alternatively calibration panels may be*used with certified properties from an accredited
source. Ih any case the calibration panels shall be mounted_iridhe surround panel aperture 40 mm from the warm
face as shown in Figure 3.

5.5 Temperature measurements and baffle pasitions

For calibfation measurements, the warm and cold-side surface temperatures shall be measured or calgqulated. (For
calibration panel design and sensor mounting, see annex C.) A minimum of 9 positions at the fentre of a
rectangujar grid of equal areas shall be tused on the calibration panel and 8 positions on the surjound panel
(Figure 5). No temperature sensors shall be closer than 100 mm to the edge of the calibration panel. Temperature
sensors and recording systems shafl~be accurately calibrated. The recommended temperature sensor| to be used
for surfage temperature measurement is the type T thermocouple (copper/constantan) according to IEC 60584-1
made frgm wire with diameternot greater than 0,5 mm. They shall be fixed to the surface using adhesive or
adhesivel tape with an outer susface of high emissivity (> 0,8). If alternative sensors are used, they shall be at least
as accurate as the above,(not subject to drift or hysteresis, and shall be as small as possible to avoid [disturbance
of the temperature field.near the point of contact. Suitability can be investigated with an infrared camerg under heat
flow conditions similar'to the required operating specifications.

It is recbommended that the same layout of the surface temperature grid on the calibration pafel is used
(a minimpm of 9) for air temperature and baffle plate measurements.

For natufratconvectiomomthewarmside;thedistance betweenmthebaffeandtheptarme—of-the—warmnt face of the
surround panel shall be not less than 150 mm and on the cold face not less than 50 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.

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 is not 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 5) shall
be used to verify that the air speed representing natural convection prevails (less than 0,3 m/s).

© 1SO 2000 — Al rights reserved 9
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Key

T oD X N R

IV

Cold-sid
Warm-si
Temperd

Itis reco]
All surro

X

b baffle
He baffle
ture sensors

A-A

s, o —

Dimensions in millimetres

Figure 5 — Location of temperature and air speed sensors

mmended that air-speed sensors be aligned in the centre for parallel flow.
ind panel thérmocouples should be located centrally.

If the dimensions of the metering box are such that its perimeter contacts lie closer to the aperture edges than
200 mm, then it is inappropriate to measure the warm surface temperatures of the surround panel. In this instance,
it is permissible to use warm side average air temperatures as replacement for surround panel average warm
surface temperature to determine Aédssyr in the calibrations in 6.2.4 [equation (8)]. If this is done, then the same
procedure shall be adopted to correct for the surround panel influences in the subsequent measurements [see 6.3,
equation (12)].

10
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t procedure

6.1 General

1:2000(E)

The general operating procedure for the hot box measurements shall follow that specified in ISO 8990, and in

addition,

the following requirements shall be complied with.

6.2 Calibration measurements

6.2.1 G

eneral

These a
surface h

The calib
required
It

is re

Hc,me [HC,

condition
By this p
density 0

NOTE

e required to ensure that suitable test conditions are set up and that the surround panel_he
eat transfer coefficients can be fully accounted for.

ration measurements shall be carried out at a minimum of six densities of heat flow rates whig
Fange of specimen testing.

commended to make the calibration measurements at three different mean air tg
me = (Oci+ 0ce)l2] in steps of £5K by varying the cold side ait-temperature, retainir
S of air movement on the cold side and constant air temperature and. natural convection on the
rocedure surface resistances and coefficients of heat transfer can be determined as a function
f heat flow rate through the calibration panel.

It is considered that for non-homogeneous test specimens like.windows or doors, the mean heat trans

over the measured area will be comparable to those of the given calibration-panel.

6.22 T

6.2.2.1

The first
10 °C or
(20£2)

mental tq

The air
adjustmse
0,17+ 0
devices
procedur|

6.2.2.2

Calculats

btal surface resistance

Measurement

calibration test shall be made with thexthin panel (deg = 20 mm) at a mean temperature of ap
appropriate to national standards_and’a temperature difference, A9, between warm and cd

mperatures).

yelocity on the cold side shall be adjusted for the first calibration test by throttling or by
nt to give a total surface thermal resistance (warm and cold side) Rst = (R )st+0,01) m
01) m2-K/W or appfepriate to national standards. Thereafter the fan speed settings and/or t

Ghall remain constant for all subsequent calibration measurements. The setup used for the
e shall be usedfarall tests with specimens of windows or doors.

Calculation

thé,_total surface thermal resistance of the warm and cold side, Rs {, expressed in m2-

at flow and

h cover the

mperatures
g constant
warm side.
of the total

er conditions

proximately
Id sides, of

or appropriate to national standards (see 1SO 8990 and annex A for the determination of {he environ-

fan speed
P.K/W, e.g.
he throttling
calibration

/W, using

equation

(1).

Rs,t =

where

Aen,cal - Ags,cal

Uecal

1)

A6, cal is the difference between environmental temperatures on each side of the calibration panel, in kelvin,

calculated according to annex A,

Abs ca is the surface temperature difference of the calibration panel, in kelvin,

© 1SO 2000 — Al rights reserved
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cal

is the density of heat flow rate of the calibration panel determined from the known thermal resistance,
Rca, Of the calibration panel (at the mean temperature, 6.5) and the surface temperature difference,

Abs cq, calculated using equation (2):

A‘95,cal
Rcal

Qcal =

2

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

where

e

4

The total 5
the calibrat
measuremse

6.2.3 Sur

6.2.3.1 (
Surface co
environmen
measurems
surface cog

=Y

Rsi

i

Rse

where
Ocal

Hni,cal

g
4]

I:"v:a|=2

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

urface resistance, Rg:, shall be plotted as a function of the density of heat flow rate
on panel. These characteristics are used to determine the total,surface resistances of all su
nts of test specimens (windows and doors).

ace resistances and surface coefficients of heat trafsfer

beneral
pfficients of heat transfer (convective and.radiative parts) are needed in order to deter

nts on the calibration panel at different_densities of heat flow rate will allow the determinati
fficients of heat transfer. The surface-esistances are calculated using equations (4) and (5):

hi,cal — esi,cal
Ucal

’se,cal - Hne,cal

Ucal

is the density of heat flow rate through the calibration panel, in W/m?2;

is-the ‘environmental temperature of the warm side, in degrees Celsius;

3

Ocals of
bsequent

mine the

tal temperatures (according to the procedures given in annex A and 1SO 8990). Surface temperature

bn of the

(4)

®)

Hsi,cal
Hse,cal
Hne,cal

6.2.3.2

is the warm side surface temperature of the calibration panel, in degrees Celsius;
is the cold side surface temperature of the calibration panel, in degrees Celsius;

is the environmental temperature of the cold side, in degrees Celsius.

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 according to the procedure given in annex A and determine the convective fraction, F,

using the equation (6):

12
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where

h

(o

h

r

ISO 12567-1:2000(E)

is the convective coefficient of heat transfer, in W/(mZ2-K);

is the radiative coefficient of heat transfer, in W/(m2-K).

(6)

The variation of the convective fraction, F., shall be plotted for both sides as a function of g¢5 (density of heat flow

rate of the-calibration pnnnl)_ Itwill bhe used h\]/ |nfnv‘pn|n1‘|r\n for-the-determination—-of-the—-environmental tempera_

tures of 4
6n 3
Annex E

analytical
functiong

6.24 S

From the
the surro
(9) and (

I:QSUI‘
where

ASUT

Il subsequent measurements of test specimens using equation (7):

chc + (1_ Fc) ar

functions are established for the convective and radiative part of the densityof heat flow rate
are used for all subsequent measurements of test specimens (windows and‘doors).

urround panel and edge corrections

| 0) are derived:

AsurAHS,sur
Dip - @cal - czjedge

is the projected area of the surround parel, in square metres;

$ur is the difference between the aterage surface temperatures of the surround panel, in kelvin

walls and the flanking(osses, in watts (see ISO 8990:1994, 2.9.3.3);
is the heat flow rate through the calibration panel, in watts, given by equation (9):

Dcal = AcafOcaf

e Is thehheat flow rate through the edge zone between the calibration panel and the surr
in watts, given by equation (10):

()

gives an analytical calibration procedure as an alternative. From detailed (heat balance| equations,

| Oca- These

data set of the thicker calibration panel (dcy = 60 mm), calculate and plot the thermal resistapce, Ry, of
und panel as a function of its mean temperature. From the heat flows shown in Figure 6, the equations (8),

(8)

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

9)

bund panel,

(10

where

dj a = I P l)l/ &l /\9
eed \=10) €

\=2=10)

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

edg

e Is the linear thermal transmittance of the edge zone between surround panel and
in W/(m-K); values for ‘Pedge are given in annex B, Table B.1;

is the difference between the warm and the cold side air temperatures, in kelvin.

© 1SO 2000 — Al rights reserved
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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.

Key

Calibrati
Cold sid
Warm si

A W N P

6.3 Meag

The measu
calibrations
difference A

specimen npay affect the measured thermal transmittance. Therefore the relative humidity in the metering

shall be key

The density
measuremsg

q

Surroungl panel

< ‘psur
— 1
‘ \\ (Dedge
N—*
3 L
< ¢:al
N

bn panel
"

Figure 6 — Surround pahel and boundary effects
burement procedure for test speeimens

rement of the test specimens shall be made under the same conditions as for the corre
as described in 6.2.2 at a«Mean air temperature of approximately 10 °C and an air ten
6.~ (20 + 2) K, or in accordance with national standards. Areas of condensation or ice formati
t at low enough levels to avoid that situation.

of heat flow rafe,) gsp, expressed in watts per square metre, through the test specimen d
nt shall be caleulated using equation (11):

Din — @sur V @edge

Osp =

Asp

sponding
\perature
bn on the
chamber

uring the

11)

where &g,

@SUF

where

IS the heat 1low rate through the surround panel in watts, given by:

AsurAes,sur
RSUT

12)

Deqge Is the edge zone heat flow rate according equation (10), in watts; the actual value for Fodge shall be

Asp

14

taken from annex B, Table B.2;

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

© 1SO 2000 — All rights reserved
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is the thermal resistance of the surround panel, in m2.K/W, determined by calibration (see example

given in annex D, Figure D.1).

The measured overall thermal transmittance, Uy, expressed in W/(m2-K), of the test specimen shall be calculated
using equation (13):

Um =

AB,,

(13)

where A4, is the difference between the environmental temperatures on each side of the system under test, in

kelvin [s4

6.4 EX

The total

evaluategl from the calibration data as a function of the density of heat flow rate}’q (see examg

Figure D

The mea
resistang

pression of results for standardized test applications
surface resistance, Rgyt, in m2.K/W, corresponding to the measured thermal transmittance, |
2), derived by interpolation or by an analytical iteration procedure (see annex\E).

sured thermal transmittance of the specimen,U,,, shall be corrected, for-the effect of q on the
e, Rs t, to obtain the standardardized thermal transmittance, Ugt, in W/(mZ2.K), using equation (1

-1 -1
t = |:U m = Rs,t + R(s,t),st:i

bws in Europe, a standardized value R ¢) st = 0,17 m2K/W is used.

A worked example of a calibration measurement aadswindow test is given in annex D.

t report

report shall contain all information-required for a test report specified in 1SO 8990:1994 cla
the following information shall be given.

ptails necessary to identify the product tested: height, width, thicknesses including dishing or b
ng unit under laboratary,conditions and immediately after the test; details of the glazing unit i
b window or door and-details of the spacer and frame construction and material as well as crosg
specimen; a sketch) showing the structure of the specimen [e.g. position and thickness of g
ness of gas space(s), type of gas filling, composition of door leaves; position of internal

P surround panel.

od«of{ calibration: summary details of the range of calibrations appropriate to these tests

e equation (7), where Fg;, Fce are determined by calibration] (see example given in Figure D:3)]

Um, shall be
le given in

ptal surface
4):

(14)

use 3.7. In

bwing of the
hcorporated
s-section of
ass panes,
foils, frame

position and-geometry, sashes, fittings and any additional sealings of joints, etc.] and the positjon relevant

(calibration

US
For wind
NOTE
7 Tes
The test
addition,
a) Alld
glaz
in th
the
thick
com
to th
b) Meth
cury

pS-or analytical calibration functions).

c)

Results of measurements:

basic data set of the measurements (see ISO 8990);

mean environmental temperature on the warm side, 4,;, in degrees Celsius;

mean environmental temperature on the cold side, 6., in degrees Celsius;

air speed and direction on the warm (when measured) and the cold side, in metres per second;

the measured thermal transmittance, Uy,, as obtained from the tests;

© 1SO 2000 — Al rights reserved
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— for standardized tests, the thermal transmittance, Ug;, expressed in W/(m2-K), corrected to the standard
total surface resistance, rounded to two significant figures;

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

16 © 1SO 2000 — All rights reserved
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A.1 General

Annex A
(normative)

Environmental temperatures

ISO 12567-1:2000(E)

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

VT
7/X\\

BC e \
Bh,e —_
Hse,cal —]
Hp,e —]
2 T
Key
1 Cajibration panel or test specinten
2 Baffle

0s,cal is the average surface temperature of the calibration panel, in degrees Celsius;

% is the average surface,temperature of the reveal of surround panel (top, side, bottom), in degrees Celsius;

Op is the average surface temperature of the baffle, in degrees Celsius;

G is the averade air temperature, in degrees Celsius.

Figure A.1 — Notations used for the environmental temperature

© 1SO 2000 — Al rights reserved
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A.2 Environmental temperature

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

On =

where

h.6¢ + h6,

he +h

(A.1)

h is

c is
r is

The conveq
a function g

A.3 Meat

The mean
(calibration
a) If the de

O

0

b) If|6,-

O =
c) Otherw
6 =

The radiant

h =4

he surface coefficients of heat transfer, in W/(m<+-K);
AN index referring to mean air temperature;
hn index referring to mean radiant temperature.

tive fraction, F., as explained in 6.2.3.2, shall be calculated from the calibration measure
f the density of heat flow rate, g.5 (see example given in Figure D.3).

) radiant temperature

adiant temperature, &, in degrees Celsius, of the surfaces “Seen” by the surface of the test {
panel or window) shall be calculated using one of the following equations.

pth of the surround panel reveal d < 50 mm, then eguation (A.2) is used:

| < 5 K, then equation (A.3) is used:

Xch Hb + Ocp Hp

Qcb T acp
ise equation (A.4) is used:

acbheb Op + Qcp hcp 9p

acbheb + aephep

heat transfer coefficient, h,, in W/(m2-K), is calculated using equation (A.5):

cblep + acphcp

nents as

specimen

(A.2)

(A.3)

(A.4)

(A.5)

where hep, hep are the black body radiant heat transfer coefficients calculated using equations (A.6) and (A.7):

hch
hcp
where

o

18

o (T2,+T2) (Tca+ Tb)

o (T2,+T3) (Tca+ Tp)

is the Stefan-Boltzmann constant; o= 5,67 x 10 =8 in W/(m2-K4);

(A.6)

(A7)

© 1SO 2000 — All rights reserved
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ach,acp 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 hep, hep 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, acp, agp, are calculated ignoring second reflections, using equations (A.8) and (A.9):

Och = gcalgb[fcb +(1_ gp)fcp fpb]

R
o

where

&
The follo
cb
cp
pb
bp
pp

View fac
Tables A

A4 Co

The con
(A.10):

(¢]

where g

(A.8)

= Zeal®p| fop + (L= &b) foo fop + (1= &p ) fep Fop |

is the view factor between two surfaces;

is the hemispherical emissivity.

ving subscripts indicate the direction of radiant heat exchange:
means from calibration panel to baffle;

means from calibration panel to surround panel reveal;

means from surround panel reveal to baffle;

means from baffle to surround panel reveal;

means from surround panel reveal to surround panel reveal.

ors depending on the depth of the surround panel reveal, d, for the standardized test aperture
landA.2.

nvective surface heattransfer coefficient

ective surface heatransfer coefficient, h, shall be calculated for the warm and cold side usi

Ucal — hrlar = '9cal|
|‘9c _Hcal|

Lids.the density of heat flow rate through the calibration panel, in watts per square metre.

(A.9)

are given in

ng equation

(A.10)

© 1SO 2000 — Al rights reserved
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Table A.1 — View factors for a1 230 mm x 1 480 mm aperture

Reveal depth
View factor
0Omm 50 mm 100 mm 150 mm 200 mm
feb 1,0 0,930 0,867 0,809 0,756
fop 0,0 0,059 0,103 0,142 0,177
fep="f bpa 0,0 0,070 0,133 0,191 0,244
fpbb 05 0471 0449 0429 041

a8  Seelequation (A.11).

b see equation (A.12).

Table A.2 — View factors for a1 200 mm x 1 200 mm aperture

Reveal depth
View factor
Omm 50 mm 100 mm 150 mm 200 nm

feb 1,0 0,922 0,853 0,790 0,738
fpp 0,0 0,068 0;117 0,160 0,198
fep="fipp? 0,0 0,078 0,147 0,210 0,26
fpbb 0,5 0,466 0,442 0,420 0,401
a8  Seg equation (A.11).
b See equation (A.12).
fcp = fb ) = 1 - fcb (A.ll)

1-f

pp

fpb = 2—) (A.12)

For other g¢ometries, a detailed radiation heat exchange calculation procedure shall be used (see referenges [9] or
[10] for details).
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Annex B
(normative)

Linear thermal transmittance of the edge zone

See Figures B.1 and B.2 and Table B.1.

DimeTnsions

n millimetres

1
/\SUI‘
'/ N
(//edge 2
/
3 k
d d.a |60
Key
1  Surropnd panel
2 Calibfjation panel
3 Cold side
4 Warn] side
Figure(B:I — Glazed calibration panel with thickness dgg
1
\\ ASUI‘
\ wedge 2
3 L
d w
Key
1 Surround panel 3 Cold side
2 Test specimen 4  Warm side

Figure B.2 — Test specimen with frame width w

© 1SO 2000 — Al rights reserved
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Table B.1 — Linear thermal transmittance for glazed calibration panel

Pedge fOr degr =60 mm

Pedge for deg =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 WIm-K) | WimK) | wimK) | WimK) | WimK) | WimK)
0 00044 | 00050 | 00057 | 00023 | 00027 | 00031
20 0,0041 | 00048 | 00054 | 00024 | 00028 | 0,0032
40 0,0050 | 00058 | 00065 | 00030 | 00035 | 0,0040
60 0,0063 | 00072 | 00082 | 00039 | 00046 | 00052
80 0,0077 | 00088 | 00100 | 00050 | 00057 [.0,0065
100 0,0090 | 00104 | 00118 | 00060 | 000706, [ 00079
120 0,0104 | 00120 | 00136 | 00071 | 00082 | 0,0093
140 00117 | 00135 | 00153 | 00081 | 00094 | 00107
160 0,0130 | 00150 | 00170 | 00091} 00106 | 00120
180 00142 | 00164 | 00185 | 00101 | 00117 | 00133
200 0,0153 | 00177 | 00200 | ©,0111 | 00128 | 00145

Y¥values for intermediate Ag,, de5 and d values are obtained by linear interpolation.

© 1SO 2000 — All rights reserved
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Table B.2 — Linear thermal transmittance for test specimen

w q '{/edge w d lPedge
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 mm | W/(m-K) | W/(m-K) | W/(m-K)| mm mm | W/(m-K) | W/(m-K) | W/(m-K)
60 |0,0112|0,0126(0,0139 40 10,0029 |0,0033|0,0036

80— 0;0t42 16,616 616;077 80—16;866316;6671 16,067
40 120 0,0189|0,0214 (0,023 8 100 120 0,0093|0,0106 | 0,021 B
160 |0,0230 (0,026 2| 0,029 2 160 ]0,0120|0,0138¢0,015p
200 |0,0263|0,0299 |0,0335 200 |0,0144|0,0166 | 0,018p
50 0,007 9| 0,008 8 | 0,009 7 40 0,002 6 {0,002 9 | 0,003 p
80 ]0,0119(0,0135|0,0150 80 ]0,0057 [ 0,006 4 | 0,007 p
50 120 0,016 30,0185 | 0,020 6 110 120 0,008 5| 0,009 7 | 0,010P
160 0,0201|0,0229 | 0,025 6 160 0,0111|0,0127 (0,014 B
200 |0,0232(0,0265 | 0,029 7 200 ]0,0134(0,0153|0,017B
40 0,005 3 | 0,005 9 | 0,006 5 40 0,002 3| 0,002 6 | 0,002 B
80 ]0,0103(0,0116|0,0129 80 ]0,0051 |0,0058]|0,006p
60 120 |0,0144|0,0164|0,0183], 120 120 10,0078 |0,0089 |0,010p
160 0,017 8 | 0,020 4 | 0,022-8 160 0,0102|0,0117|0,013p
200 |0,0208|0,023 8 | 0,026 7 200 |0,0124(0,0143|0,01610
30 0,003 3 | 0,003.6¢1,0,003 9 40 0,002 1| 0,002 3 | 0,002 b
60 0,006 8 | 0,00Z6 | 0,008 4 80 0,004 7 | 0,005 3 | 0,006 p
70 120 |0,012640,0144|0,0161| 130 120 | 0,007 2 | 0,008 2| 0,009 p
160 0,016 071 0,018 3 | 0,020 5 160 0,0095|0,0109 (0,012
200 |0;0188(0,0215|0,0241 200 |0,0116|0,0133(0,015p
20¢~10,0018 | 0,0020 | 0,002 1 40 10,00190,0021 |0,002B
40 0,003 8 | 0,004 3 | 0,004 7 80 0,004 3| 0,004 9 | 0,005 b
80 80 ]0,0079|0,0089|0,0099| 140 120 0,006 7 | 0,007 6 | 0,008 p
160 0,0113|0,0129 (0,0185 160 0,008910,0102 (0,011 ¢4
200 0,0171|0,0196 | 0,0220 200 0,0108|0,0125|0,014p
10 10,0008 |0,0009 | 0,0009 40 10,0017 0,0019]0,0021
30 0,002 4 | 0,002 7 | 0,002 9 80 0,004 0| 0,004 5 | 0,0050
90 60 |]0,0052|0,0059|0,0065| 150 120 0,006 2 | 0,007 1 | 0,007 9
120 |0,01020,0116|0,0130 160 |0,0083|0,0095|0,0107
200 0,0157|0,0180 | 0,020 2 200 0,0102|0,0117|0,0132

If w> 150 mm, then ¥,qqe is very small and may be neglected (7= 0).

¥values for intermediate values of A, can be obtained by linear interpolation.

© 1SO 2000 — Al rights reserved
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Annex C
(informative)

Design of calibration transfer standard (CTS)

C.1 Design of glazed calibration panels

C.1.1 Ger

For the cali
panel is use

characteriz¢d core material made from insulation board that has a known thermal condugtivity, and is cg

both sides \

C.1.2 Mat

Clz21

The core @
specimens

C.l22

C.1.2.3
C.1.3 Cor

C.131 L
Glue the gl

panels, and
the position

c.132 WM
Cc.1.3.2.1

35mmind
the surface

C.13.22

eral

bration of the surface resistances and for checking the surround panel thermal resistance, a ¢
d which works like a large heat flux transducer. The calibration panel consists of-a‘homogene

vith material with known emissivity, e.g. a sheet of normal glass (see reference/[11]).

erials
Core material, white expanded polystyrene (EPS) with a density of approximately 28 kg/ms3.

f both panels should be made from the same sheets of ‘ EPS from which the thermal co
were taken.

Cover material, 4 mm thick toughened float glasswith chamfered edges.

Adhesive, temperature stable down to the calibration temperature of the cold side.?)
struction details

hyout of adhesive spots
hss to the EPS using a suitaple adhesive compound in a 4 x 4 array of glue points for 1,2 1

a4 x 6 array for 1,48 m X 1,23 m panels. Care should be taken that the glue spots do not coin
5 of the surface thermpcouples that are fixed during the hot box calibration measurements.

ethod of applyingthe adhesive

Fix the toughened glass to the EPS core material using adhesive silicone compound glue poi
ameter. Jhe'glue points should be distributed evenly and care should be taken to avoid positio
thermoeouples are fixed during the calibration measurements.

The following method has been shown to be successful in producing an even adhesive “sp

35mmind

ameter. Metal "washers™ with a 28 mm diameter hole and 0,5 mm thick are placed In the requi

alibration
bus, well-

vered on

hductivity

N x1,2m
cide with

nts about
ns where

ot” about
red array

on the EPS surface. The holes are filled flush to the top surface with adhesive compound and then the washers are

removed.

C.13.23

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.)

1

of users of this International Standard and does not constitute an endorsement by 1SO of this product.

24

Dow Corning 7091 is an example of a suitable product available commercially. This information is given for the convenience
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C.1.3.2.4 ltis very important that the glass is thoroughly cleaned using a solvent such as acetone, p
adhesive.

C.1.3.25 Tape the edges of panels to reduce moisture pick-up and always keep the panel
environment.

C.1.33

Determination of panel thickness

-1:2000(E)

rior to fixing

s in a dry

The accurate determination of the EPS sheet thickness and the average overall panel thickness is one of the most
critical strages in the fabrication of the calibration panels.

Determin
An uncer

Measure
For the

assumed
the air g4

The thicness of glass is very uniform and may be assumed to be the thickness as measured at the edd

C.134

The thermal conductivity of the EPS should be measured with an apparatus conforming to the procedur

in ISO 8
than £ 3,

C.1.35
Thermoc

The insu

The thermocouple should be taped to the*surface for a minimum of 100 mm.

The tape

On each

e the EPS sheet thickness and the average glazed panel thickness as precisely as is possible
tainty of £ 0,1 mm in 12 mm is £ 0,8 % in conductivity.

the panel thickness in at least 25 places, uniformly spread over the panel surface.
purpose of calculating the thermal conductivity of the calibration panel, the“thickness of

to be the average gap between the inner surfaces of the two glass sheets.A €orrection may
p if required.

Thermal conductivity measurements

BO1 and ISO 8302. In any case the thermal conductivity should be measured to an uncertait
b % at the 95 % confidence level.

Method of mounting thermocouples
puples should be made of wire with a maximum diameter of 0,5 mm.

ation should be stripped back a minimum of 15 mm from the hot junction.

should be of paper “masking tape” type.

side at least nine temperature sensors should be installed, evenly distributed (see Figure C.1).

in practice.

the core is
be made for

bs specified
ty of better

© 1SO 2000 — Al rights reserved
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Key

X Temperd

NOTE

C.2 Calik

A large heg
The calibra]

made from
with refere

thickness e

in the labo
nominal th

expanded p

Suitable fa

nominal the
with succes

the polyca
calibration

F

11

ture sensors

igure is not to scale.

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

ration transfer standard design

t flux transducer is used in the calibtation of the surface heat transfer coefficients (see refer
tion transfer standard (CTS) consists of a homogeneous, well-characterized, core calibration
insulation board that has a known thermal conductivity, measured by the test methods in ac
nces [12] or [13]. A recommended calibration transfer standard core material is 12,7 mm
kpanded polystyrene (beadboard), having a density in excess of 20 kg/m3, that has been ageq
atory for a minimum(ofl 90 days. [Expanded polystyrene with a nominal density of 50 kg/n
brmal conductivity.~0f/0,033 W/(m-K) has been used with success. Machining the surface
olystyrene to epstire flatness is also recommended.]

ing materials-are 3 mm to 6 mm thick tempered float glass (glass sheets of thickness 4 m
rmal conductivity of 1 W/(m-K) and a nominal surface hemispherical emittance of 0,84 have b
s) or<3.mm to 6 mm thick clear polycarbonate sheet. [It should be noted that the surface em
bonate has to be precisely measured and used where appropriate in calculations requ
ransfer standard's surface emissivity. Polycarbonate sheets of thickness 4 mm, with a noming

ence [9]).
material
cordance
nominal
unfaced
n3 and a
s of the

m, with a

Pen used
ssivity of
iring the
| thermal

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

Prior to assembly of the calibration transfer standard, measure the thermal conductivity of the material used for the
core of the calibration transfer standard in a guarded hot plate (see Test Method C 177 in reference [12]) or a heat
flow meter (see Test Method C 518 in reference [13]) 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.

26
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Table C.1 — Temperature sensors

ISO 12567-1:2000(E)

Size of calibration | Area of calibration | Minimum number Recommended Recommended
transfer standard | transfer standard of sensors number of sensors arrays
m m?2

0,61 x 1,22 0,74 12 18 3%x6

0,91 x 1,52 1,39 18 24 4%x6

1,22 x 1,83 2,23 24 32 4x%x8

12zxZ13 760 78 L 5 X[

1|83 x 2,03 3,72 40 48 6)x B

The temperature sensors should be laid out over equal areas to simplify the area-weightitag ‘calculation

average
or total §
differenc
30-gaugs
both sidg
a smalle

each wine is separately soldered to one side of a thin (0,08 mm<{nominal thickness) copper sh

approxin
and the
distance
diameter
residue.

glazing facing inner surfaces. After the epoxy has driedcand all epoxy been removed from the surroun
he glazing facing inner surfaces and the expanded polystyrene core material faces are coated with a thin

surface,
film of a
minimum
contact g
an ample
permane|

Since thd
measure
calibratio
material.

It is pern
using the

row, column or overall area-weighted temperature becomes the average temperature of the

b across the core material of the calibration transfer standard. It has _been found satisfag
(0,3 mm) or smaller diameter copper-constantan insulated thermocouple wire from the samsg
s of the calibration transfer standard to obtain an accurate core temperature difference. The w
diameter should have the insulation stripped off to expose apgroximately 10 mm of bare wi

ately 20 mm x 20 mm in size. The constantan wire should e soldered to the centre of the ¢
copper thermocouple wire should be separately soldered to the copper shim approximats
from the constantan-shim solder point. The recommended solder is resin core, lead 60/40, 6 1
and the resulting solder joints should be cleaned with alcohol to remove excess solder m
The reverse smooth side of the shim material is_ then adhered with a thin film of two-part ep

polystyrene3) compatible water-based cdntact adhesive. After allowing the contact adhesiy
of 24 h at room temperature with a‘relative humidity less than 50 % is recommended; wh
dhesive will not stick to the touch), therexpanded polystyrene is adhered to the glazing facings
uniform pressure to the glazing outer faces for an appropriate length of time to allow the glaz
htly bond to the expanded polystyrene.

its thickness, the conductivity of the core material can be calculated. This allows the heat flux
n transfer standard o) be determined from measurement of the temperature difference acro

issible to calculate the surface temperature of the glazed CTS from the glass/core interface tg
known thesmal resistance of the glass.

(that is, the
ow, column

bensors for a side). The temperature sensors should be able to measure. accurately the femperature

tory to use
wire lot for
re pair with
re and then
m material
opper shim
ly 6 mm in
nm nominal
aterial resin
bxy2) to the
ling glazing

e to dry (a
en dry, the
by applying
ing faces to

thermal conductivity of the Core material is known (previously measured) and it is possible t¢ accurately

through the
ss the core

mperatures

2)

3)

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

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 International Standard and does not constitute an endorsement by
ISO of these products.
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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 calibration panels with total thermal resistance approximately 0,4 m2-K/W and 1,5 m2.K/W and.total thickness
20 mm and| 59 mm respectively are used. The panels were built with core material of expandedcpolystyrene and
covered on| both sides with 4 mm float glass according to annex C (panel dimensions: 1,20nn-x 1,20l m). The
calibration panel has been installed in a surround panel made of polystyrene of thickness 100, mm. The measured
data are sumnmarized in Tables D.1 to D.4.

The basic flata for the polystyrene core and surround panel material were measured in a hot plate gpparatus
according t¢ 1SO 8302. The measured data are:

panel 1 (d = 20 mm): Rea= 0,408 405 — 0,001 487 G
panel 4 (d =59 mm): Rea= 1,548 55 - 0,004 88 6,,c
surround panel (d = 100 mm):  Ag, = 0,031 45 + 0,000 18 G,

where 6, Is the mean panel temperature in degrees Celsius:
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Table D.1 — Calibration panels

ISO 12567-1:2000(E)

Measured values Panel 1 Panel 2
d overall thickness m 0,020 0,059
A area of panel m?2 1,44 1,44
Ag,r area of surround panel m?2 1,56 1,56
A¢ hot box metering area m2 3,00 3,00
L _ perimeter length m 4,80 4,80
Test number 2 12 3 5 4 6
Cqld temperatures
G (air) °C 9,86 0,54 | —9,95 9,86 0,58 [ —19,98
Ospp  (baffle) °C 991 | 0,70 | -9,74 | 9,84 0,56 | —[9,93
Os¢ cal  (calibration panel) °C 10,98 2,73 | - 6,77 (10,34 1,40 | -[8,80
Os¢p  (reveal panel) °C 10,36 158 | —8,48.¢ 10,12 1,02 | —[9,37
Gs¢ syr  (surround panel) °C 10,01 0,95 [£9,35 | 10,01 0,88 | —9,46
Warm temperatures
O (air) °C 19,99 | 2093 | 20,23 | 19,85 | 19,89 | 19,91
Oslp  (baffle) °C 19,61}~20,24 | 19,22 | 19,66 | 19,55 | 19,40
Gsiical  (calibration panel) °C 1780 | 16,66 | 14,02 | 19,17 | 18,51 | 17,80
Oslp  (reveal panel) °C 18,78 | 18,55 | 16,82 | 19,27 | 18,76 | 18,20
Gsilsur  (surround panel) °C 19,62 | 20,18 | 19,08 | 19,50 19,09 | 18,65
@}, (input power) w 30,43 | 60,59 | 87,99 | 13,84 | 26,25 | 39,95
\ (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 15 1,6 15 1,5

a | Test No.1 was used.td fix the fan settings on the cold side.

© 1SO 2000 — Al rights reserved
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Table D.2 — Linear thermal transmittance and view factors of the calibration panels

Values resulting from mounting instructions Remarks 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
¥ edge for 4 = 0,033 W/(m-K) W/(m-K) Table B.1 — 0,004 8
Wiarm side view factors febi Table A.2 0,938 0,938

fopi Table A.2 0,054 0,0p4
fepi equation (A.11) 0,062 0,062
fopi equation (A.11) 0,062 0,062
fpbi equation (A.12) 0;473 0,473
radiant factors Ofchi equation (A.8) 0,750 0,750
Ocpi equation (AC9) 0,050 0,050
Cold side view factors febe TableA.2 0,938 0,998
fope Table A.2 0,054 0,001
fepe €quation (A.11) 0,062 0,002
fbpe equation (A.11) 0,062 0,002
fope equation (A.12) 0,473 0,500
radiant factors Oche equation (A.8) 0,750 0,797
cpe equation (A.9) 0,050 0,002
NQTE The radiant factors have\been calculated with the following emissivities: &¢5 = 0,84; &p = 0,92
&= 0,95.
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Table D.3 — Calculation of surround panel thermal resistance Ry,

Data element Remarks Panel 2 (59 mm)
Ab, K — 9,99 19,31 29,89
Abs sur K — 9,49 | 18,21 28,11
Ome sur °C — 14,76 9,98 4,61
Din W — 13,84 26,25 39,95
Deal W ettration(9) 86116453 25-69
Dedge w equation (10) 0,23 0,44 ;69
Din— D cal— Pedge W — 5,00 9,38 14,17
Rsur 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

A sur W/(m-K) linear regression 0,0341 0,0333| 0,0323
Rsur m2.K/W d/ Asur 2,933 3,003 3,096
ARsur/Rsur % relative difference -1,0 -0,9 -0,0
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Table D.4 — Calculation of surface resistances, and convective fraction F¢

Data element Remarks Panel 1 (20 mm) Panel 2 (59 mm)
bime.cal °C — 1439 | 9,70 | 3,63 | 1475 | 996 | 450
Abs cal K — 6,82 | 13,93 | 20,79 8,83 | 17,11 | 26,60
Real m2.K/W | equation (3) 0,387 0,394| 0,403| 1,477 1,499| 1,527
Ocal W/m2| equation (2) 17,62 | 35,36 | 51,59 598 | 11,41 | 17,42
hebrt WO —equation-6} 564 5,62 5,52 568 566 563
heple W/(m2-K)| equation (A.6) 5,17 4,71 4,22 5,15 4,67 416
hepli W/(m2-K)| equation (A.7) 5,61 5,58 5,45 5,67 5,63 5,60
eple W/(m2.K)| equation (A.7) 5,19 4,73 4,25 5,16 4.68 4,18
hy i W/(m2.K)| equation (A.5) 4,51 4,50 4,42 4,55 4,53 4,51
hr g W/(m2.K)| equation (A.5) 4,14 3,77 3,38 411 3,73 3,32
6 °C| equation (A.3) 19,56 20,13 19,07 19,64 19,50 19,32
 d °C| equation (A.2) 9,94 0,76 | — 966 9,84 0,56 | —9,93
he,i W/(m2.K)| equation (A.10) 4,42 4,62 4,72 5,68 5,02 5,00
he 4 W/(m2-K)| 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
Fecé — equation (6) 0,741 0,772 0,796 0,665 0,730 0,77y
bhial °C| equation (7) 19,77 | 20,54 | 19,67 | 19,75 | 19,71 | 19,63
bhdl cal °C| equation (7) 988 | 059 | -989 | 985 | 057 | -997
A} cal K — 9,89 | 19,95 | 29,56 9,90 | 19,13 | 29,60
Rsi m2-K/W equation (4) 0,112 0,110 0,110 0,098 0,105 0,10%
Rsd m2.-K/W equation (5) 0,062 0,061 0,060 0,081 0,072 0,06}y
Rs m2-K/W equation (1) 0,174 0,171 0,170 0,179 0,177 0,172
The results|from the ealibration measurements are plotted in Figures D.1. to D.3. The following regressign curves
have been @lerived-by least-square fits from the data set:
thermalresistance of the surround panel" Ry =3 157 = 00132 fe oy
convective fraction: Fei =0,5343-0,000 6 qgsp

Fee =0,6962+0,002 2 gsp

total surface resistance: Rst =0,186 9 gsp (- 0,025)
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