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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex]
expression
the World

WWW.iS0.0

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),
Fg/iso/foreword.html.

This docun
in the built

A list of all

Any feedbs
complete i

hent was prepared by Technical Committee [SO/TC 163, Thermal performance and energy
environment, Subcommittee SC 1, Test and-measurement methods.

parts in the ISO 19467 series can bexfound on the ISO website.

ck or questions on this document should be directed to the user’s national standards bod
sting of these bodies can be found at www.iso.org/members.html.

are
the
the

t of
s of
| /or

not

And
to
see

use

y. A

© IS0 2021 - All rights rese

rved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=d613f430076ba537c074864df6885e3a

ISO 19467-2:2021(E)

Introduction

This document is designed to provide solar heat gain coefficient values of the centre of glazing in
fenestration systems by standardized measurement method. The terms solar heat gain coefficient
(SHGCQ), total solar energy transmittance (TSET), solar factor and g-value are all used to describe the
same quantity. Small differences might be caused by different reference conditions (e.g. differences in
the reference solar spectrum). In this document, solar heat gain coefficient is used.

The solar heat gain coefficient of a complex fenestration system can depend on the direction of the
incident radiation. It also might be influenced by other factors, e.g. window frame. In order to avoid
the[complexity and to enable the measurement of off-normal irradiation, this document focyises on the
cenfre of glazing in fenestration systems.

Thif document specifies standardized apparatus and criteria. The solar heat gain ce¢fficientjmeasuring
apppratus applied in this document includes solar simulator, climatic chamber\and meterfing box. In
sonje cases, solar heat gain coefficient of the centre of glazing can be determinéd most accyrately by a
conpbination of calculations and measurements.

© IS0 2021 - All rights reserved v


https://standardsiso.com/api/?name=d613f430076ba537c074864df6885e3a



https://standardsiso.com/api/?name=d613f430076ba537c074864df6885e3a

INTERNATIONAL STANDARD

ISO 19467-2:2021(E)

Thermal Performance of windows and doors —
Determination of solar heat gain coefficient using solar

simulator —

Part 2:

Centre of glazing

1 [Scope

Thip document specifies a method to measure the solar heat gain coefficient fox'the centre of glazing in

feng¢stration systems (e.g. complete windows, doors or curtain walls withjoriwithout shading devices)

for hormal and off-normal irradiation on the surface.

Thif document applies to the centre of glazing in fenestration systems\which might consist df:

a) |various types of glazing (e.g. glass or plastic; single or_fultiple glazing; with or wjithout low
emissivity coatings, and with spaces filled with air or other/gases; opaque or transparer)t glazing);

b) |various types of shading devices (e.g. blind, screen, film or any attachment with shading effects);

c) |various types of active solar fenestration systems [e.g. building-integrated PV systems (BIPV) or
building-integrated solar thermal collectors (BIST)].

Thif document does not include:

a) |shading effects of building elements (e.g. eaves, sleeve wall, etc.);

b) |shading effects of fenestration dttachments with overhang structures (e.g., awning, etc.) or similar;

c) |shading effects of non-glazing elements in fenestration systems (e.g. window frame, etc.);

d) |heat transfer caused by air leakage between indoors and outdoors;

e) |ventilation of air spaces in double and coupled windows;

f) |thermal bridge effects at the joint between the glazing and the rest of the fenestration parts (e.g.
window frame, etc.).

2 |Normative references

Thefollowing documents are referred to in the text in such a way that some or all of thkir content

J
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 7345, Thermal performance of buildings and building components — Physical quantities and definitions

IS0 9050, Glass in building — Determination of light transmittance, solar direct transmittance, total solar
energy transmittance, ultraviolet transmittance and related glazing factors

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

ISO 12567-1, Thermal performance of windows and doors — Determination of thermal transmittance by
the hot-box method — Part 1: Complete windows and doors

ISO 15099, Thermal performance of windows, doors and shading devices — Detailed calculations

© IS0 2021 - All rights reserved
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IS0 19467:2017, Thermal performance of windows and doors — Determination of solar heat gain coefficient

using solar

simulator

ISO 52016-1, Energy performance of buildings — Energy needs for heating and cooling, internal
temperatures and sensible and latent heat loads — Part 1: Calculation procedures

IEC 60904-9, Photovoltaic devices — Part 9: Solar simulator performance requirements

3 Terms and definitions

For the purposes of-this dULulllCllt, the—terms—anddefinitions givcu 156 7345, 156 9050, 156 9“88,
ISO 1256741, ISO 15099, ISO 19467, 1SO 52016-1 and IEC 60904-9 and the following apply.

[SO and IE€ maintain terminology databases for use in standardization at the following addresses:

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

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

31

centre of glazing

central area of the glazing, undisturbed by edge and frame effects

3.2

off-normal irradiance

irradiation/ with altitude and/or azimuth angle not equal to 0°

3.3

projectedfarea

area of the projection of the surface of the element on to@plane parallel to the transparent or translu¢ent
part of thelelement

Note 1 to enftry: In the case of non-parallel conditionyrefer to Annex D.

3.4

simple ferlestration system

fenestratign products having non-yentilated glazing units made from glass and/or polymers and

homogenegus specular and transpanent properties in optical and thermal.

Noteltoe

3.5

complex f¢
optically a
systems (3.

EXAMPLE

ry: In the case of nofi-pdrallel condition, refer to Annex D.

Pnestration‘system
nd/or thermially complex fenestration products that are not described as simple fenestra
)

optically scattering glazing and/or shading devices and/or ventilated cavities and/or PV

fion

tells

and/or sola

[ collectors.

3.6

solar wavelength range
range of wavelengths for the incident radiation used for solar properties

Note 1 to entry: The range of wavelengths for the incident shall be as specified in ISO 9050.
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4 Symbols
Symbol Quantity Unit
A Area m?
f Ratio of irradiation difference to distance difference -
Solar heat gain coefficient (also known as total solar energy trans- .
9 mittance, solar factor or g-value)
h Surface coefficient of heat transfer W/(m2-K)
H Height m
Density of heat flow rate (energy per unit area per unit time resulting Whm2
a from radiative and/or convective and/or conductive heat transfer) ot
I Irradiance, radiant flux (power) of incident radiation (energy per| _. ) Wim2
unit area per unit time resulting from incident radiation) . ﬂ/
U Thermal transmittance n%\ W/(h?K)
w Width Q" I
X Distance or position 0O N i
6 Celsius temperature i \%v ic
Heat flow rate (energy per unit time resulting fro@*adiative and/
@ : : (U
or convective and/or conductive heat transfe,r'{(
T Transmittance 0\)
\ A
N
(04)
Subscript . \,\Q Meaning
B Planes of peripheral wall of.t&“etering box
C Cooling device AA\V
cog Centre of glazing | \Y
ex External AQ\C)“
F Internal fan _\J~
Heating dﬁQ&e ’
i Number i\l.a(‘lex)
in Interna
INS Idsulation
A X .
N (\ﬂ/lthout irradiance
N4 . .
net Net (Resulting quantity)
ne\o‘( Environmental external
VF Environmental internal
L \Y
O’\\ P Surround panel
— Reftection
ref Reference
scan Scan
si Internal surface
se External surface

©1S0 2021 - All rights reserved 3
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5 Principle

5.1 General

The solar h
according

eat gain coefficient for the centre of glazing in fenestration systems, g,
to the same principle described in ISO 19467. Therefore, it shall

b

Formula (1) with or without shading devices.

_%in " %in (Inet =0)

gcog -

I

Aot

where

I

net

qin

qin(lnet

Main diffey

this m
fenest

irradid

not on

5.2 Measurement of the irradiance

5.2.1 Ge

The deter(T

fenestrati
to take the|
stageis to

5.2.2 De

Since the s
irradiance
is not idea

Hex

is the net radiant flux (power) of incident radiation, in W/m2;

is the net density of heat flow rate through the test specimen in the.¢entre of gla
with irradiance, in W/m?;

0) isthe netdensity of heat flow rate through the test specimen inthe centre of glazing

to thermal transmission without irradiance when the temperature difference betw
internal side and external side is (6,,, - 6,,;), in W/m?.

ences between ISO 19467 and this document are as follows:

ration systems;

nce can be emitted also from off-normal incidence (see 5.2);

y “hot-box method” but also “cooled plate-mtethod” are adopted (see 5.3, 5.4, and 5.5).

neral

ination of the net radiant flux (power) of incident radiation of the centre of glazin
n systems involves three-stages. The first stage is to scan the irradiation. The second stag

Calculate the netradiant flux (power) of the incident radiation in the solar wavelength ra

terminatien‘of the net radiant flux (power) of incident radiation

olar simulator cannot provide ideally parallel incident radiation to the test specimen,
depends on the distance between the solar simulator and each part of the test specimen

easurement deals with not the complete fenestrationysystems but the centre of glazing

, can be determined
e calculated using

M

ring

due
een

b in
e is

irradiation divergenee by distance between test specimen and lamp into account. The third

nge.

the
and
ake

Iy"homogeneous on the surface of the test specimen as shown in Figure 1. In order to t

into accou

tthe imhomogeTeity of the irradiance, et Tadtant flux {power)of incident Tadiation,

1

net’

shall be calculated using Formula (2), which is the area-weighted average irradiance at the external
surface of the test specimen on which sensing position should be equally distributed.

n

I = Zi:l Inet,i 'Acog,i 2
net — A (2)
cog
where
Iet; 1s the corresponding net radiation flux (power) of incident radiation for each measurement

point, i, along a vertical line in the plane of the test specimen, in W/mZ;
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Acog,i 18 the corresponding projected area for each measurement point, i, in the centre of glazing
along a vertical line in the plane of the test specimen, in mZ;

A.og s the projected area of the centre of glazing in the test specimen, in m2,

The projected area of the centre of glazing in the test specimen, 4_ shall be identical to the sum of the

projected area for each measurement point, A4 cog,i @S shown in F ormula (3).

n
Acog = 2 i=1 Acog,i (3)

Senpors shall be in the centre of each divided area. More information is given in Annex B~Th¢ projected
aref of the centre of glazing in the test specimen, 4_,,, for both the cooled plate method ard the hot box
method can be determined according to Annex A ancfAnnex D, respectively.

X [x-axis 3  testspecimen
solar simulator (normal'and off-normal) 4 cooling device or absorber
metering box or insulation box 5 lighting generated by solar simulator

Figure 1 — Influence of beam divergence of the incident irradiation

Solar simulators do not provide ideally parallel radiation, therefore the irradiance depepds on the
distlance.from the solar simulator. The individual layers of the test specimen and the absogber in the
case i i i i i i i shown in

Figure 2.

The irradiance may also be determined in a different plane in front of the test specimen. In this case,
Lot ; shall be calculated using Formula (4). The influence of divergent irradiation on the position of X ..¢
should be taken into account according to Annex C for the cooled plate method.

Inet,i =Iscan,i (1+f(xscan ~Xref )) (4')
where
Iscan; is the corresponding net radiant flux (power) of incident radiation for each measurement point,

. . - - 2.
I, at the position x,,, in W/m?4;

© IS0 2021 - All rights reserved 5
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f is the variation ratio of the irradiance, in m’1;
Xscan 1S the distance between the solar simulator and the scanning radiometer, in m;
X.of Isthe distance between the solar simulator and reference plane for the irradiance measure-
ment, in m.
NOTE Directions of x.,, and x.,¢are normal to the test specimen.
Q _
%// |
1 I I
| |
I
|
| /
| 2
45 3T
I -
[ &
! |
1 5 I
! !
6 7 X
Key
X  x-axis 4~ cooling device or absorber
1  solar simulator (normal and off-normal) 5 lighting projected by solar simulator
2 meterigg box or insulation box 6  measuring plane of irradiance scan (x,,,)
3  testspdcimen 7  plane of reference irradiance (x..f)
Figure 2 | Determination of reference irradiance when the sensor cannot be put in the plang of
reference irradiance
In order to|take into evaluate’'the variation of the irradiance level from the distance of the absorber|the
criterion fmight be used-according to Formula (5).
[
1 scan,1 <t
[
scaf2
feTaF7— (5)
X
scamz SCaIn T

where

Xscan,1 1S the measuring planel of irradiance scan in m (key 7 in Figure 3);

Xscan,2 1S the measuring plane 2 of irradiance scan in m (key 8 in Figure 3);

I is the irradiance on the measuring plane 1, in W/m? (key 7 in Figure 3);

scan,1

I is the irradiance on the measuring plane2, in W/m? (key 8 in Figure 3).

scan,2

If the irradiance sensor cannot be put in the reference plane and fis greater than 0,07 %/mm, f should
be taken into account to analyse the additional uncertainty of the irradiance level due to divergence

6 © IS0 2021 - All rights reserved
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effects as shown in Figure 3 and the correction of the reference plane as described in Annex C as already
mentioned before Formula (4). This additional systematic (non-statistical) error should be taken into
account in the determination of the uncertainty of the g-value measurement.

w N R X

5.2
Thd

whg
of t

If I,
sha
tob

net,i :Iscan,i _Ir

ecome 0.

re I is the d€nsity of heat flow rate of the incident radiation that is transmitted to the e
e metering’box/plate after being reflected the internal side of the metering box/plate, i W/m?2.

is preved to be negligible (I. approximately 0), the net radiant flux (power) of incident rag
1 becalculated using Formula (7), which results in the second term on the right side of H

5
I I
1 [ I
| T
I I
| |
| | : 2
I { 3—||4
I I
I I .
! | | e}
»
1 5 | |
I I
1 1
| | X
6 7
X-axis 4  ‘cooling device or absorber
solar simulator (normal and off-normal) 5~“lighting generated by solar simulator
metering box or insulation box 6  measuring plane 1 of irradiance scan (xg},, 1)
test specimen 7 measuring plane 2 of irradiance scan (xg},, »)
Figure 3 — Determination of irradiance in different planes in front of the test spefimen
3 Calculation of I, with ‘correction of reflected by the absorber
net density of the heat floWw rate of the incident radiation, Inet’,-, shall be calculated using Fprmula (6).

(6)

ternal side

iation, I} 4,

ormula (6)

net,i — Iscan,i

Whether [, is negligible or not shall be evaluated based on the criteria stated in ISO 19467.

5.3 Measurement of heat flow rates with irradiance

5.3.

1 Hotbox method

The heat flow rates with irradiance for the hot box method are shown in Figure 4.

© IS0 2021 - All rights reserved

(7)


https://standardsiso.com/api/?name=d613f430076ba537c074864df6885e3a

ISO 19467-2:2021(E)

Key
1

This figure

P

B

<

7

Wiy

il ‘Tl il Tl i ¥

externdl side baffle(optional)
internal side baffle (optional)
cooling|device

heat flgw measuring device
internaj fan(optional)

heating device(optional)

test spgcimen

insulation of glazingledge

¢ll’l( net= 0]
> I
|
/ :
2 P
I
— | - d)H
INS A" I |
Pp
@c
ifradiance
P
fans with irradiance (optional)
Py
irradiance (optional)
(Din
irradiance
d)in([net = O)
external side is (0, -
Pp
irradiance
(Dnet
Pins

shows the case of a condition when the environmental external temperature is higher than

heat flow.rate through the planes of peripheral
of themetering box with irradiance

hedt flow rate removed by the cooling device
heat flow rate supplied by the one or more inte
heat flow rate supplied by the heating device
net heat flow rate through the test specimen

net heat flow rate through the test specimen dy
thermal transmission without irradiance when
temperature difference between internal side

eni)
heat flow rate through the surround panel

net radiant flux (power) of incident radiation

heat flow rate through the insulation of the gla
edge with irradiance

wall
vith
rnal
vith
vith

e to
the
and

vith

zing

the

environmental internal temperature. In the case of a reverse condition, the directions of the heat flow through the
test specimen and the surround panel due to thermal transmission will be reversed. If the internal baffle is not
present, the difference between air temperature and radiative temperature should be minimized.

Figure 4 — Heat flow rates with irradiance for the hot box method

© IS0 2021 - All rights reserved
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The net density of heat flow rate through the test specimen with irradiance, g;,,, for the hot box method
shall be calculated using Formula (8). In the formula, @5 should be estimated by the two-dimensional

calculation.
_ PP~ P — Py —Pp —Piys 8
cog
where
ol is the heat flow rate removed by the cooling device with irradiance, in watts;
by is the heat flow rate through the planes of peripheral wall of the metering bexwith irradi-
ance, in watts;
o is the heat flow rate supplied by the one or more internal fans with irradiance (optional), in
watts;
Dy is the heat flow rate supplied by the heating device with irradianee (optional), inf watts;
Pp is the heat flow rate through the surround panel with irradiance, in watts;
@|ns  is the heat flow rate through the insulation of the glazing edge with irradiance, ip watts.
A,  isthe projected area of the centre of glazing in thie'test specimen, in m?2,

5.3]2 Cooled plate method

The heat flow rates with irradiance for the cooled plate method are shown in Figure 5.

© IS0 2021 - All rights reserved
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5
7 4
d Fd /
1 > é
N /
| i
(pin u %
® (I_=0) n%
> /H ?
3 /é
2 %
PN
Key
1  testspgcimen D cog heat flow rate removed by the cooled plate for) the
centre of glazingwith'irradiance, in watts
2 coolingldevice D, net heat flowsxate through the test specimen Wwith
irradiance
3 heat flgw measuring device ®,,(I,et = 0) net heat.flow rate through the test specimen dye to
thermal transmission without irradiance when| the
temperature difference between internal side [and
external side is (8, - 6,;)
4 insulatijon Dot net radiant flux (power) of incident radiation
5 insulation of the glazing edge
Figure 5 — Heat flow rates with irradiance for the cooled plate method
The test specimen is mounted in frontefa cooled flat plate absorber with an air gap between the intefnal
surface of [the test specimen and the cooled plate. The convective-radiative heat transfer coefficjent
between this air gap is set by €hoosing the width of the gap. The evaluation of the measurement is
based on g local energy balafice at the centre of the test specimen, directly resulting in the centrfe of
glazing value. Edge effectstcah be analysed with the heat flows of edge of glazing. Therefore, the[net
density of heat flow rate\through the test specimen with irradiance, g;,, for the cooled plate method
shall be calculated using Formula (9).
D
_ "E, cog
Tcog

where ®¢ . is the heat flow rate removed by the cooled plate for the centre of glazing with irradiance,

in watts.

More information is presented in Annex A.

5.4 Determination of the net density of heat flow rate due to thermal transmission

The net density of heat flow rate through the area of the centre of glazing due to thermal transmission
withoutirradiance, g;,(/,,.=0), shall be calculated using Formula (10) in the case of both hot box method

and cooled

Qin (Inet :O)ZUN (

10

plate method.

0

n

0

ni)

e_

(10)
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where

5.5

Uy  isthe thermal transmittance of the test specimen without irradiance, in W/(m?:K);

0,. isthe environmental external temperature with irradiance, in °C;

0,; isthe environmental internal temperature with irradiance, in °C.

Measurement of heat flow rates without irradiance

5.5

Thd
For|

whg

5.5
Thd

1 Thermal transmittance

thermal transmittance of the test specimen without irradiance, Uy, shall be~gcalcul

mula (11).

_ q;n (Inet =O)
N— : :
(ene _eni)
ke

q'in(I,e:=0) 1is the net density of heat flow rate of the test speeimen due to thermal tr
withoutirradiance when the temperature différence between internal side a
side is (0’ - 6',;), in W/m%;

0' e is the environmental external temperature without irradiance, in °C;
0" is the environmental internal temperature without irradiance, in °C.
2 Hot box method

heat flow rates without irradiance for-hot box method are shown in Figure 6.

ated using

(11)

insmission
hd external
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1 in% net
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%

1 externdl side baffle(optional) D'y heat flow rate through the planes of peripheral w3ll of
the'metering box without irradiance

Key

2 interna| side baffle (optional) P’ heat flow rate removed by the cooling device without
irradiance
3 coolingldevice P’y heat flow rate supplied by the one or more intgrnal

fans without irradiance (optional)

4 heat flow measuring device D'y heat flow rate supplied by the heating device without
irradiance (optional)

5 internal fan (optional) @’ (I, = 0) net heat flow rate through the test specimen due to
thermal transmission without irradiance when| the
temperature difference between internal side |and
external side is (6’ . - 6'},;)

6  heating device (optional) P’y heat flow rate through the surround panel without
irradiance
7  testspdcimen D’|ns heat flow rate through the insulation of the glakzing

edge without irradiance
8 insulatjon/ofthe glazing edge

This figure shows the case of a2 condition when the onviranmental external fnmpnrahlrn 1S hig]ﬂnr thanl the

environmental internal temperature. In the case of a reverse condition, the directions of the heat flow through the
test specimen and the surround panel due to thermal transmission will be reversed. If the internal baffle is not
present, the difference between air temperature and radiative temperature should be minimized.

Figure 6 — Heat flow rates without irradiance for hot box method

The net density of heat flow rate through the test specimen due to thermal transmission without
irradiance, q’;,(1,,.:=0), shall be calculated using Formula (12).

t (1 :0):¢C _®B _¢F _¢H _®P _cDINS
qln net A

cog

(12)
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@’.  isthe heat flow rate removed by the cooling device without irradiance, in watts;

@’y is the heat flow rate through the planes of peripheral wall of the metering box without irra-
diance, in watts;

@' is the heat flow rate supplied by the one or more internal fans without irradiance (optional),
in watts;

@', is the heat flow rate supplied by the heating device without irradiance (optional), in watts;

@', is the heat flow rate through the surround panel without irradiance, in watts.
®'|ys is the heat flow rate through the insulation of the glazing edge without irjadiance} in watts.
5.5/3 Cooled plate method
The heat flow rates without irradiance for cooled plate method are shown, in Figure 7.
5
(o / g
c /
1 /
, 1/
P C, cog \.%
’m( pet 0) /ﬂ é
3 %
g
000007
Key
1 |testspecimen D¢ cog heat flow rate removed by the cooling deyice without
irradiance
2 |cooling device @’ (1er = 0) net heat flow rate through the test spedimen due to
thermal transmission without irradiange when the
temperature difference between interrjal side and
external side is (6, - 6,;)
3 h\.at ﬂU vv IlIcdourl ;lls dLV;\,l(
4  insulation

5 insulation of the glazing edge

Figure 7 — Heat flow rates without irradiance for cooled plate method
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The net density of heat flow rate through the test specimen without irradiance, q’,(1,..=0) for the
cooled plate method shall be calculated using Formula (13).

@ C, cog
A

cog

iy (Ier =0)= (13)

where @'¢ ., is the heat flow rate removed by the cooled plate for the centre of glazing without
irradiance, in watts.

6 Testsa pparatus and cpprimpnc

6.1 Construction and summary of the test apparatus

6.1.1 Copstruction of the test apparatus

The overall constructions of the measuring apparatus for hot box method and for; ceoled plate method
are shown|in Figure 8 and Figure 9, respectively.

1b 2

la y

( /z/ ﬂ 13
C o "I

5/ —|
1104

6 11—~

e

Key

la solar sipulator in the case of normal irradiance 8 testspecimen

1b solar simulator in the case of off-normal irradiance

2 climatic chamber 9 internal side baffle (optional)

3 metering box 10 one or more internal fans (optional)
4  transparent aperture 11 heating device (optional)

5 external side baffle (optional) 12 heat flow measuring device

6  external airflow generator 13 cooling device

7  surround panel 14 peripheral wall of the metering box

Figure 8 — Construction of the test apparatus for hot box method
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Key
solar simulator in case of normal irradiance 7> solar simulator in case of off-normal irradiance
climatic chamber 8  air temperature sensors
metering box 9 radiometer for monitoring the stability|of the solar
simulator
test specimen 10 radiometer in front of test specimen 2
5 |[cooling device 11 data acquisition and control system
air conditioner a2 The Radiometer in front of test specimgn should be
removed before the actual measurement,
Figure 9— Construction of the test apparatus for cooled plate method
6.12 Summaty-of the test apparatus
The details:of . measuring apparatus are described in ISO 19467:2017 and the subsequent sedtions.
6.2| cSolar simulator

A steady-state solar simulator whose quality of the irradiance for normal condition meets the
requirement of ISO 19467:2017, 6.2 shall be used. For off-normal condition, it should allow off-normal
irradiation by tilting light source or by rotating test specimen around a vertical axis, i.e., varying the
azimuth. But it should have separate requirements for quality of irradiation. In addition to the list of
requirements for normal condition, the requirement should also include requirements on unpolarization
of incident irradiation. For off-normal irradiance, altitude angle and azimuth angle shall be specified.

© IS0 2021 - All rights reserved 15
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6.3 Climatic chamber

The climatic chamber is basically same as specified in ISO 19467:2017, 6.3 except for following
specifications:

a)

Transparent aperture: The transparent aperture should be devised to transmit off-normal

irradiation from solar simulator as much as possible. Angle of incidence on the transparent aperture
of the climatic chamber shall not exceed 35°;

b)

specimen to the solar simulator can be installed in the climatic chamber.

Rotatable device (optional): Rotatable device that is able to change azimuth angle of the test

6.4 Mets

The meteri
for cooled

6.5 Surnound panel

The surroy

6.6 Calil
The calibr4

6.7 Metq

Metering |
6.7, d).

6.8 Test

The projed
in height t
inhomoger
on the dist
test facilit)
that can bg
condition d

pring box

ng box is same as specified in [SO 19467:2017, 6.4. More information is presentéd in Ann
blate method and I1SO 19467:2017, Annex D for hot box method.

nd panel is same as specified in ISO 19467:2017, 6.5.

bration panels

tion panel is same as specified in ISO 19467:2017, 6.6.

pring location of temperatures

pcation of temperatures is same as specifiedin ISO 19467:2017 except for ISO 19467:2

specimens

ted area of the test specimen shall be equal to or greater than 0,8 m in width and 0,
b minimize the influence of edge effects. Furthermore, the area should be larger than
eities of complex fenestration'systems. The maximum size of the test specimen might dep|
ance between the solar’simulator and the test specimen and should be considered for ¢

e applied to all thetest facilities due to the fact that it depends on many factors and se
f each test facility:

The test s

according to 6.9. The'clearance between the surround panel and the test specimen with the additi
insulation pf glazing'edge shall be 5 mm or less, and the perimeter joints between the surround p
and the ted4t specimen with additional insulation of glazing edge shall be sealed with tape, caulkin,
mastic matflerial.

ecimen shall fill the surround panel aperture using additional insulation of glazing e

>

P17,

B m
the
end
ach

F condition. Therefore) this document does not set the maximum size of the test specifen

[-up

dge
nal
hnel
D or

NOTE I

fapplicable, the position of the coating, can be checked before the measurement.

6.9 Insulation of glazing edge

The additional insulation of glazing edge shall be used on both internal side and external side of the
edge of the test specimen to hold the test specimen and to avoid disturbing heat transfer by shadow and
reflectance by the joint edge between the frame and test specimen. More information is presented in
AnnexD.
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In order to keep the absorption and the additional heat flux through the edge zone low and to reflect
radiation onto the absorber surface, the surfaces of the insulation of glazing edge should be coated with
a highly reflective material.

NOTE When the surfaces of the insulation of glazing edge are coated with a highly reflective material, it
helps to keep the absorption and the additional heat flux through the edge zone low. The inclination and the gloss
level of the surfaces of the edge insulation material determines the fraction of incident radiation that is reflected
onto the absorber surface for a certain direction of the incident radiation.

7 Measurement procedure

7.1] Determination of surface coefficient of heat transfer
The surface coefficient of heat transfer shall be determined as specified in ISO 19467:2017, Annex A.

The settings for the value of the surface coefficient of heat transfer shall becevaluated through the
method of using environmental temperature.

NOTE As described in ISO 19467:2017, Annex A, the real surface coefficient of heat transfer can ppe higher in
casg of samples with rough or structured surfaces.

7.2| Measurement

Megsurements shall be performed in each case with ‘and without irradiance. Recpmmended
environmental conditions are shown in Table 1.

Theg environmental conditions are decided according to local standards, national stgndards or
regplations. Alternate environmental conditions_shall be reported in 8.1 d).

Table 1 — Recommended environmental conditions

Conditions based on Conditions|based on
Element I1SO 15099 IS0 52(22-3
Summer Winter Summer | Reference
Int¢rnal temperature, 6;, °C 25 20 25 20
Extlernal temperature, 0., °C 30 0 25 5
Int¢rnal surface coefficientof heat transfer, h; W/(m?-K) 8 8 8
External surface coefficient of heat transfer, h,, W/(m?-K) 14 24 14 23
e e o metent om0 | so0 | s ||

a  |If the solarsimulator cannot meet the density of heat flow rate of the incident radiation, I,,,, under summej conditions,

thevalue may be 400 W/m?2 or higher.

net’

NOTE-A The performance requirements of fenestration systems are the solar shading in summer and the solaj heat gain in
winter.Therefore, this document specifies each of the environmental conditions.

—_

NOTE 2 Whether the heat flow rate due to thermal transmission is negligible is determined according to ISO 19467:2017,
Annex B.

NOTE 3 The relative humidity in the climatic chamber and metering box is kept at low enough levels to avoid condensation.
NOTE 4 Off-normal condition is specified according to national standards.

NOTE 5 There are different International Standards with different reference conditions (e.g. ISO 9050, ISO 15099 and
ISO 52022-3).

The tolerance for the air temperature or environmental temperature difference between internal
side and external side during measurements shall be +2 °C or £5 °C, respectively, of the set value. The
difference between the environmental temperatures and the reference temperatures shall be less than
5K.
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The metering location of the metering box side shall be used the same layout of the air temperatures

grid in the

case when the surface temperatures of the test specimen and baffle are measured.

The measurement set-up shall reach thermally stable conditions before valid measurements with
or without irradiation can be performed. The required time to reach stability for steady-state tests
depends upon such factors as irradiance, thermal resistance and thermal capacity of the specimen,
surface coefficients of heat transfer, presence of mass transfer and/or moisture redistribution within
the specimen, type and performance of automatic controllers of the apparatus. Due to variation of
these factors, it is impossible to give a single criterion for steady-state. An example of a requirement
for steady-state is the following: In order to check the stability of the measurement set-up, the thermal

transmitt

nce (for measurements without irradiation) or solar heat gain coefficient (for measurem

nts

with irrad
frequency
the solar h
three valug
the measul
be used.

8 Test geport

8.1 Rep
The testre
a) numbe
b) identif
c) date of
d) enviro
e) alldet
1) sp

elg

2) th

f) results
The result

gain coeffi

lnmental conditions;

ation) can be averaged over three disjoint time intervals of minimum 10 min each.
pf the measurement for each quantity (e.g. for the heat flow rate) can be 30 s or less.W
bat gain coefficients or thermal transmittances deviate less than 1 % from the avérage of
s, thermally stable conditions can be assumed. In order to determine the valid [final re{
‘ement can then be continued for at least 30 min and the average over that time period s

prt contents

port shall contain the following information:

r and title of this document, i.e. ISO 19467-2:2021;
ication of the organization performing the measurement;

measurement;

hils necessary to identify the test-specimen:

pcifications such as the narhe, type, width, height, thickness, material, colour, and of
ments of the glazing, shading device, opaque panel, or other components;

e technical drawing (cross-sections) of the test specimen;
of measurement(Table 2);

fient shall.be accurate to two decimal places.

Table 2 — Indicated results of measurement

The
hen
the
ult,
hall

her

of measureient listed in Clause 4. Symbols shall be indicated. The results of the solar heat

Element With irradiation "A',ithc:‘itoi;md'ih'
Solar heat gain coefficient, g.,, — 0] -
Thermal transmittance, Uy W/(m2:K) — v
Projected width of test specimen, W, m 0]
Projected height of test specimen, H,, m 0]
Projected area of test specimen, 4., m? 0
Net radiant flux (power) of incident radiation, I, . W/m? v —
Profile angle of incident radiation ° 0 —

0 Mandatory

v Recommended

18

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=d613f430076ba537c074864df6885e3a

ISO 19467-2:2021(E)

Table 2 (continued)

Element With irradiation | Withoutirradia-
tion
Azimuth angle of incident radiation ° 0 —
Netdensity of heat flow rate through the test specimen, g;, ~ W/m? v —
b o tremmal tramsmsion. ay(lers 0. gt 0y : :
Environmental external temperature, 0,,, 6’ °C 0 0
Environmental internal temperature. 0 .. 0’ . °C 0] 0
0 |Mandatory
Recommended

8.2| Estimation of uncertainty

Thd uncertainty of measurement should be estimated as specified in ISO 19467:2017.
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Annex A
(informative)

Cooled plate method for SHGC measuring for the centre of glazing

A.1 General

The overal| construction for the measuring apparatus for the cooled plate method is shown incigute 9.
The modifjcation of the angle of incidence can be realized in two different ways: Either' the lamps
remain in hormal position (0°) with the sample is rotated around a vertical axis or the height angle of
the lamp i changed by moving the lamps. The combination of both movements is necessary to redlize
combined non-zero facade azimuth angle and non-zero height angle.

The test sgmple is irradiated with a solar simulator. The external environmentin front of the sample
is temperature-controlled and the external surface of the test sample is &€posed to artificial wind
conditions| The test sample is mounted in front of a cooled flat-plate absorber with an air gap between
the inner gurface of the sample and the cooled plate. The purpose of the absorber is to remove|the
energy that passes through the test sample. The convective-radiative’heat transfer coefficient betwieen
the absorber and the indoor surface of the sample is set by chodsing the width of this air gap. [The
evaluation|of the measurement is based on a local energy balance at the centre of the sample, directly
resulting in the centre of glazing value. For very small samples-there can be an influence of the edges
also at the| centre of the sample. Test samples therefore shall be sufficiently large [e.g. at least With
external dimensions, b is greater than 0,8 m as shown in Figure A.1 a)] when a generally valid centife of
glazing value g is to be determined. The distance fromedge, a, should be greater than 0,19 m as sh¢wn
in Figure A.1 a). The centre of glazing can be analysed with the heat flux sensors No. 5, 6, 9, 10, 11{ 14,
and 15 for Figure A.1 b).
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Figure A.1 — Example of the position of heat flow meters

Configuration on room side to define h;

the case of the cooled plate méthod, the test sample is mounted such that there is ar
hm between the indoor paneand the absorber surface (see also Note in this subclause). TH
Face should have an emissivity of €, = 0,97 +0,03. The convective-radiative heat transfey

ween the absorber and the indoor surface of the sample is then h; = 8 + 1 W/(m?2K)

transfer coefficient'is clearly defined, because the air flow is laminar for the prevailing tempe}
ative heat transfer coefficient could be obtained from the well-known analytical solution for ix
sport between flat, parallel plates.

© IS0 2021 - All rights reserved

a) Centre of glazing on the absorber b) Centre of glazing and edge on the absorber

air gap of
e absorber
coefficient

E In such a narfew gap with a width of 10 mm and a typical height of more than 800 mm, th¢ convective

atures. The
frared heat
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Annex B
(informative)

Example of irradiation measurement

B.1 General

This anne)]:iescribes example of irradiation measurement.

B.2 Determination of I,

The measufrement of irradiation should be satisfied with the following conditions;

a) The s

measurement as shown in Figure B.1.

b) Grid s

c) I, sh
might

Sufficient

In many calses a grid with 100 mm width might be sufficient:

When the

ould be fine enough to capture the in-homogeneity.

ensing area of the radiometers should be positioned on the plahe of the irradignce

buld be re-determined whenever the irradiation conditions are changed. For examplg, it
have different irradiance-levels, angle of incidences orlamp or specimen changes.

ensing position should be used so that the homegéHeity of each test facility can be justified.

tonfiguration of the lamps has been changed, the reference or instant irradiation should be

re-determined. The methodology described in 5.22)should be followed. In addition to that, the sen$ing

area of the

22

radiometers should be at the position.of the reference area as shown in Figure B.1.
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1 |reference radiometer 5 projected area for,each measurement
2 |plane of the irradiance measurement 6  projected area of the centre of glazing in
3 [testspecimen 7  insulatiofvof the glazing edge
4 |surround panel 8 radiometer to monitor instant irradiatio
measurement
NOTE Definition of I, is key 1 and I, is reference irsadiation. Key 8 is not used for the detej

SHQC but is used only for monitoring the stability of the lamps.

Figure B.1 — Example of meteringlocation of irradiance on the test specime

B.3 Monitoring of the stability-of the solar simulator

the test

h during the

mination of

It if impossible to determine thévrradiation at many different positions in front of the sa

ple during

thefactual calorimetric measdrement. The main reason is, that the sensor would shield the saqmple from
thelirradiation and therefore/'would disturb the measurement. On the other hand it should je ensured,
thaf the irradiation during the measurement remains the same as during the reference detgrmination
of ifradiance distributien. It is therefore necessary to place an additional radiometer (sge key 8 in

Fi

re B.1) besides-the test specimen (without causing shades or disturbance of the convecfion etc.) to

monitor instantdrradiation during the measurement. The comparison of the reading of this §ensor with
the|sensor reading during the reference irradiance measurements allows to conclude, that|there is no
obvjious différence in the irradiance conditions of the reference irradiance measurement and the actual
calqrimetric measurement. When the stability of the lamps is in question, it might be necessary to put

motethan one sensor for the monitoring of the irradiance distribution at different locations

In any case, eventual fluctuations of the solar simulator should be taken into account when determining

the measurement uncertainty.

© IS0 2021 - All rights reserved
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Annex C
(informative)

Consideration of effects caused by the divergence of the incident

light

C1 Genleral

The “refer¢nce plane” is the plane parallel to the surface of the sample in which the irradiance-level
has to be determined. None of the solar simulator emits perfectly parallel irradiation/the”diverge
of a solar §imulator can lead to deviations of the experimentally determined g, cempared with
reference value g for parallel lightel:

a) The radiance of a divergent light source is spread over an area that depends. on the distance to
light spurce. As a result, the measured irradiance along the normal to.the light source depe
on thig distance. For the case of thick samples, e.g. composed of several layers, this effect lead
small fleviations of the irradiance on the different sample layersi/The methods that correct

effect for the case of the cooled plate method presented in Clause\C.2 are based on Reference [4].

net
nce

the

the
nds
S to
this

b) Whenp,,, is experimentally determined by means of a solar;simulator for a specified directio|

of

the indidentlight, the light received by the sample is not ingident from this direction alone, but frgm a
range ¢f directions due to the divergence of the solar sithulator. Since the g-value generally depgnds
on thedirection of incidence radiation, this can leadito differences between g, , and the refergnce

value ¢ for parallel light coming from the desired‘direction. Moreover, the differing divergen
the solar simulators from different testing institutes can lead to a significant uncertainty

it comps to specifying the g-value as a product parameter. The methods that correct this ef]
presented in Clause C.3 are based on Reference [6].

C.2 Determination of the reference irradiance I, for the cooled plate method
when divergence effects on the irradiance-level are not negligible

Because of the aforementioned. facts, different irradiation levels are received at the different laj
in the sample when the incoming light is not parallel. For centre of glazing measurements with
cooled platle method, there\is’therefore no unique position of the reference plane for the determina
of I, whigh is valid fapr-all types of test specimens. Nevertheless, it is possible in most cases to
one generdl reference\plane x..;, when the additional measurement uncertainty caused by diverge
effects is included inrthe error bar of the irradiance measurement.

a) Method|for the determination of a general reference plane for the case of divergent irradiat

of
en
fect

rers
the
[ion
use
nce

ion

The following examples are intended to explain the influence of the test specimen on the reference

plane:

— For clear non-scattering and non-absorbing test specimens, g is equal to the solar transmittance
of the test specimen. There is no secondary inward flowing fraction in this case and the reference

plane for the determination of the irradiance is the surface of the absorber (cooling device).

— Ifthe outer pane of a multiple-pane glazing unit consists of an opaque black panel, the surface of the

black panel is the reference plane.

— For a non-absorbing test specimen, for which the outer pane is ideally diffusely and isotopic
scattering, the reference pane is the plane of the outer pane as shown in Figure B.1.

ally
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The conclusion from the above examples is that there are different reference planes, which should be
used for absorbing, scattering or clear samples to correct for divergence effects. Two conclusions can
be drawn from this finding. First, the different planes can be used to determine a best guess for [ ;.
An exact determination of I, is not possible, because in almost all cases neither sufficient information
about the divergent irradiance nor about the optical and thermal effects is available. Second, in order to
obtain a valid measured value for g, the additional measurement uncertainty caused by this estimation

should therefore be determined and taken into account.

For the correction of these effects, the following can be used:

I'r:'* =1, - [1+ f X'r“f]

. q; Te,d-dif Te,d-d
X ref _|: _(qu- “Xscan )+ (xdiff “Xscan )+ (Xabs _Xscan)

g g g
whgre,
- is the corresponding net radiant flux (power) of incident radiation for each mgasurement
point, i, at the position x,,,, in W/m?;
f is the variation ratio of the irradiance, in m7;
Xgcan is the distance between the solar simulator@nd the scanning radiometer, in|m;
Xqi - Xscan IS the distance between the plane of thescanning radiometer and the absofbing plane

in the test sample

Xgiff - Xscan 1S the distance between the planéiof the scanning radiometer and the diffusing plane in
the test sample

Xips - X¢can 1S the distance between the plane of the scanning radiometer and the suifface of the
absorber of the cooling'device

Te,d-d is the solar direct-difect transmittance

T, d-diff is the solar dirgect diffuse transmittance

Dirg¢ction of x,.,, and x,{; should be normal to the test specimen. The determination of the|best guess
for )., is therefore reduced to the determination of the best guess for 7, 44, 7o 4.girand g;.

b) Determinatioh of the additional measurement uncertainty

Thd uncertainty measurement results from the unknown exact position of the reference plape x..;. The
megsurement” uncertainty caused by this can be determined by determining the minimu& possible
valye for\f,.. and the maximum possible value for /.. The irradiance level at a certain disfance from
thelsélar simulator can be determined by using f, determined with Formula (5). The minimupmn value for
the Trradfance 1, 5, COTTESPONUS t0 Te POSTHON X [ 1, WITICIT COTTESPONdS to e greatest possible
distance between reference pane and solar simulator, so this is often the surface of the absorber of the
cooling device. The maximum possible value for the irradiance o 1,y corresponds to the minimum
distance between x,.. and the solar simulator, which is usually given by the outer surface of the test
sample. The additional uncertainty is therefore Al o, = Max[(/;;o¢ max = Inet);( Inet = Inet, min)], Where for I .,

the best guess should be used.

For the determination of I and I o; 1ay the following can be used:

net_min

Inet,min :Inet |:1+f (X’ref - X'ref,min ):I

Inet,max :Inet |:1+f (X'ref _X'ref,max )]
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C.3 Correction of divergence effects caused by the angular dependence of the
g-value

C.3.1 General

This chapter applies to both, hot box and cooled plate method.[¢] This section presents a methodology
to quantify and correct the effect of divergent incident radiation on the experimentally determined
SHGC value. Figure C.1 presents a schematic of the workflow. The different steps are described in detail
in the following subsections.

Quantify the angular divergence Luminance & irradiance N

camera sensors (L
. reasure luminance in field of view m ai (19

determine luminous efficacy LT 9

Luminance Luminan &
pixels [cd/m?] i I
— -

m Y

Evaluate the relevance of each pixel
. cpnvert luminance map into radiance map

. determine “contribution coefficients” b,, for
gach pixel in the image.

TV
QO
N

dluster “contribution coefficients” according to l
symmetry criteria Matrix B
. 4
. reasure g-values 9oy with divergent light for g
different positions k of the solar simulator K
U y
(" N
. splve system of linear equatiens to determine A
the g-values g, for parallellight. ey = Bg,
\ J

Figune C.1 — Overview of the workflow to correct the influence of angular divergence.

Assuming 3 discretization of a hemisphere centred at the test sample, the g-value that is experimentfally
obtained using divergent radiation [giXp) for a specific position of the solar simulator with incident

(desired) diréction k is a combination of g-values g“ for parallel light from different regions i of|the

h i h Saaiachtad ey o oo d alid oo af aach voagios T a1 asaatl qo o4 11
emlSp er_,, wWeTSTItCO— Oy tnC—projettetr SOrtier arrg it o O tat T CgToT— s~ Carr ot Hatneiati€a y

expressed as follows [Formula (C.1)].

I7,
exp _ z ik COS

Ik Zgl ik’ (C1
ZJL] kcos( ) :
where,
Ly is the radiance of the region i, in W/sr/m?;
o f is the incidence angle of the region i, in degree;
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