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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.
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Introduction

The terms solar heat gain coefficient (SHGC), 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.

This document is designed to provide solar heat gain coefficient values by standardized measurement
method and to enable a fair comparison of different products. It specifies standardized apparatus and
criteria. The solar heat gain coefficient measuring apparatus applied in this document includes solar
simugaterehmatic-chamberand-metering-box—Selarheatgainecoeffictentvaluesof-windows and doors
with|or without shading devices shall be determined more precisely by means of combinatjon between
calcylation and measurement.
This|document does not deal with the centre of glazing solar heat gain coefficient measurement.

However, the centre of glazing solar heat gain coefficient can be measured by<either this method or
coolgd plate method (see Reference [12]).

© IS0 2017 - All rights reserved v
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Thermal performance of windows and doors —
Determination of solar heat gain coefficient using solar
simulator

1

Scope

This|document specifies a method to measure the solar heat gain coefficient of comple
and dloors.

This|document applies to windows and doors

a)

b)
A

d)
e)

yith various types of glazing (glass or plastic; single or multiple glazing; with or
emissivity coatings, and with spaces filled with air or other gases),

yvith opaque panels,

yith various types of frames (wood, plastic, metallic with/and without thermal ba
¢ombination of materials),

yvith various types of shading devices (blind, screen, film or any attachment with shad

yith various types of active solar fenestration systems [building-integrated PV systen
building-integrated solar thermal collectors (BIST)].

This|document does not include the following:

a)

ghading effects of building elements (e.g-€aves, sleeve wall, etc.);
lheat transfer caused by air leakage-between indoors and outdoors;
yentilation of air spaces in double and coupled windows;

thermal bridge effects at'the rebate or joint between the window or door frame and th
building envelope.

This|document does notapply to the following:

a)
b)

‘)

2

mon-vertical wittdows;

¢urtain walls;

te windows

without low

rrier or any

ng effects),
hs (BIPV) or

e rest of the

ilndustrial, commercial and garage doors.

Normative references

The following documents are referred to in the text in such a way that some or all of their content
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.

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

ISO 9845-1, Solar energy — Reference solar spectral irradiance at the ground at different receiving
conditions — Part 1: Direct normal and hemispherical solar irradiance for air mass 1,5

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

© IS0 2017 - All rights reserved
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IS0 15099:2003, Thermal performance of windows, doors and shading devices — Detailed calculations

ISO 52022-3Y), Energy performance of buildings — Thermal, solar and daylight properties of building
components and elements — Part 3: Detailed calculation method of the solar and daylight characteristics
for solar protection devices combined with glazing

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7345, ISO 8990, ISO 9288,
[SO 9845-1, [SO 12567-1, 1SO 15099 and IEC 60904-9 apply.

[SO and IEC|maintain terminological databases for use in standardization at the following addressgs:

— IEC Eledtropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.or

4 Symbogls and subscripts

Symbol Quantity Unit
A Area m?2
Solar heat gain coefficient (also known as totalsélar energy .
g transmittance, solar factor or g-value)
h Surface coefficient of heat transfer W/(m2-K)
Height m
Irradiance, density of heat flow rate of incident radiation
I (energy per unit area per unit tinte resulting from incident W/m?2
radiation)
Density of heat flow raté (ehergy per unit area per unit time
q resulting from radiative and/or convective and/or conduc- W/m?2
tive heat transfer)
U Thermal transmittance W/(m2-K)
74 Width m
0 Celsius-temperature °C
@ Heatflpw rate (energy per unit time resulting from radia-
. . ; w
tive'and/or convective and/or conductive heat transfer)

Subscripts Significance

B Pla_nes of peripheral wall of the me-
tering box

C Cooling device

ex External

F Internal fan

g Glazing

H Heating device

in Internal

m Measured

N Without irradiance

ne Environmental external

1) To be published.

2 © IS0 2017 - All rights reserved


http://www.electropedia.org/
http://www.iso.org.obp/
https://standardsiso.com/api/?name=0f6f5c10e63018033289bcd435b220b5

D

IS0 19467:2017(E)

Subscripts Significance
ni Environmental internal
P Surround panel
r Reflection
Solar Incident radiation
sp Test specimen
st Standardized

5

5.1

The

desc
solar
the ¢
trans
with

The
test

The 1§
dens
tranf

Since
of he|
calcy

whet

bolar heat gain coefficient can be determined according to the same principle equati

lensity of heat flow rate through the test specimen with irradiance’ (solar heat gai

but irradiance (thermal transmission).

net density of heat flow rate of incident radiation is detesmined by the radiometer in

net density of heat flow rate of the solar heat gain js determined as the difference bety
ity of heat flow rate measured in the first stage and the net density of heat flow rate du

) | ;u\,ip}c
General

ibed as in ISO 15099:2003, Formula (14) and ISO 52022-3. Therefore,the determin
heat gain coefficient of windows and doors involves two stages. The first stage is

mission). The second stage is to measure the density of heat flaw~rate through the t¢
pecimen during the first stage.

mission, which is evaluated using the thermaltransmittance measured in the second

the measured solar heat gain coefficient; gy, of windows and doors is the ratio of thg
nt flow rate of the solar heat gain to theeét density of heat flow rate of incident radiatiq
lated using Formula (1) with or without shading devices:

_ 4in ~— 9in (qSolar = 0)

m
q Solar

ISolar is-the net density of heat flow rate of incident radiation, in W/m?2;

is the net density of heat flow rate through the test specimen with iy
in W/m?2;

fin

is the net density of heat flow rate through the test specimen due to tH
transmission without irradiance when the temperature difference bef

in(gsofar = 0)

bns that are
ation of the
to measure
n + thermal
st specimen

front of the

veen the net

e to thermal

stage.

net density
n, it shall be

e8]

radiance,

ermal
ween inter-

Il 1 1ol O o - xay/ 9
IIdT SIUC 4dITU EXLETIIdI SIUC IS (Une = Unpy), I VV/IIT=.

All of the effects such as changes in the surface coefficient of heat transfer caused by the irradiance

shall

5.2

be included in the solar heat gain coefficient.

Measurement of heat flow rates with irradiance

The heat flow rates with irradiance are shown in Figure 1.
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Key
1 externaljside baffle (optional) Pp heat flow rate through the planes ofppéripheral wall of the mefering
box with irradiance
internal fide baffle (optional) D¢ heat flow rate removed by the)ceoling device with irradiance
heat floy measuring device Pp heat flow rate supplied by the one or more internal fans| with
irradiance (optional)
4  cooling device Py heat flow rate supplied by the heating device with irradiance
(optional)
5 heating device (optional) Dip net heat flow rate through the test specimen with irradiance

one or mpre internal fans (optional)®in(gsolar = 0) net-heat flow rate through the test specimen due to thermal
tranismission without irradiance when the tempeifature
difference between internal side and external sife is
(ene - eni)

7  testspedimen Pp heat flow rate through the surround panel with irradiance
@gaiar’ net heat flow rate of incident radiation

NOTE This figure shows the case of a condition when the environmental external temperature is Higher
than the environmental internal temperature. In the case of a reverse condition, the directions of the heat flow
through the test specimen and thesurround panel due to thermal transmission will be reversed.

Figure 1 — Heat flow rates with irradiance

The net denpity,ofheat flow rate of the incident radiation, gsolar, shall be calculated using Formula|(2):

th : ,b T x A —] x A

_ “Solar _ olar sp r g

dsolar = A - A (2)
Sp sp

where

4 © IS0 2017 - All rights reserved
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®solar  is the net heat flow rate of incident radiation, in watts;

Isolar  is the density of heat flow rate of the incident radiation, in W/m?2;

Asp is the projected area of the test specimen, in m?2;

Iy is the density of heat flow rate of the incident radiation that is transmitted to the exter-
nal side of the metering box after being reflected in the internal side of the metering box,
in W/m?z;

Ag is the glazing area of the test specimen, in m2.

s proved to be negligible (I approximately 0), the net density of heat flow rate of the incident

tion, gsolar, shall be calculated using Formula (3) which results in the second termion t

D

d _ _ Solar _
Solar A Solar

sp
Lher I is negligible or not, it shall be evaluated by means of 7.2 and“Annex C. In the c4

poling lamella has a solar reflectance of 0,05 or lower.

het density of heat flow rate through the test specimen‘with irradiance, gj,, shall b

r Formula (4):
D.

n

Asp

PP~ Pp — Dy~

ASp

P

Pin is the net heat flow rate through-the test specimen with irradiance, in watts;

pc is the heat flow rate remaved by the cooling device with irradiance, in watts;

pp is the heat flow rate/through the planes of peripheral wall of the metering box with
in watts;
pr is the heat flowrate supplied by the one or more internal fans with irradiance (
in watts;

py is the-heat flow rate supplied by the heating device with irradiance (optional), in w

pp isithe heat flow rate through the surround panel with irradiance, in watts.

he right side

(3

se of ripped
e coating of

e calculated

(4)

irradiance,

bptional),

atts;

- = g £l A e £1 €1 IS | PSR | 14 ]
DULUI HIIIIAUUIT O UIT [ITL UTIISILY U1 TICAdU ITOW 1diC UUC LU UICTITIdI U dIISIIIn

sion

The net density of heat flow rate through the test specimen due to thermal transmission without
irradiance, qin(qsolar = 0), shall be calculated using Formula (5):

q)in (qSOIar = 0)

ASp

= UN ><(Qne _Oni)

din (qSolar = 0) =

where

© IS0 2017 - All rights reserved
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@in(qsolar = 0) is the net heat flow rate through the test specimen due to thermal transmission

Un
One
eni

5.4 Meas

The thermg

Formula (6)

in (qSolar = 0)

without irradiance when the temperature difference between internal side and
external side is (Ope — Opi), in watts;

is the thermal transmittance of the test specimen without irradiance, in W/(m2-K);
is the environmental external temperature with irradiance, in °C;

is the environmental internal temperature with irradiance, in °C.

| transmittance of the test specimen without irradiance, Uy, shall be calculated ]lsing

where

q'in(gso]

elne
elni
In the case

The heat flo

; ; (6)
ene - eni

Lr = 0) is the net density of heat flow rate through the test spécimen due to thermal trans-
mission without irradiance when the temperaturedifference between internal|side
and external side is (0'ne - 0'ni), in W/mZ;

is the environmental external temperaturewithout irradiance, in °C;
is the environmental internal temperature without irradiance, in °C.
vhen (0'he — 6'ni) is too small, Uy shall be estimated by means of Annex B.

w rates without irradiance are shown-in Figure 2.

© ISO 2017 - All rights reserved
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My
LI 3/_,‘

D ’:n(ac =0

xternal side baffle (optional)

ihternal side baffle (optional)

eat flow measuring device
ooling device

eating device (optional)

ne or more internal fans (optional)

est specimen

d'y

@'in(qsolar =.0)net heat flow rate through the test specimen d

Dp

This figure shows_ the case of a condition when the environmental external temperat
the environmental internal temperature. In the case of a reverse condition, the directions of
gh the test specimen and the surround panel due to thermal transmission will be reversed.

Figure 2 — Heat flow rates without irradiance

net density of heat flow rate through the test specimen due to thermal transmisg

A =] g
L \L“t/'

P =

heat flow rate through the planes of peripheral wall of th
without irradiance

heat flow rate removed by.the cooling device without irrad

heat flow rate supplied by the one or more internal fans wit}
(optional)

heat flow ratestipplied by the heating device withoutirradi

transmission without irradiance when the
difference between internal side and external sid

heat flow rate through the surround panel without irradia

b metering box

iance

houtirradiance
hince (optional)

ue to thermal
temperature
P is (glne - Grni)

ice

ure is higher
the heat flow

ion without

irradiance, q’in(gsolar = 0), shall be calculated using Formula (7):
, _o _d’in(qSolar:0)_@c_qj3_qu_(pH_(pP
din (qSolar - ) - A - A
Sp Sp
where
© IS0 2017 - All rights reserved
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6

6.1

6.1.1 Construction of the test apparatus

The measur
overall cons

Key

N O U W

@'in(qsolar = 0) is the 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 (0'ne — 0'ni), in watts;

d'c is the heat flow rate removed by the cooling device without irradiance, in watts;

@' is the heat flow rate through the planes of peripheral wall of the metering box with-

outirradiance, in watts;

®'p is the heat flow rate supplied by the one or more internal fans without irradiance

(optional), in watts;

@'y is the heat flow rate supplied by the heating device without irradiance (option
in watts;
®'p is the heat flow rate through the surround panel without irradiance,(in watts.

Test apparatus and specimens

Construction and summary of the test apparatus

ing apparatus consists of a solar simulator, a climati¢ chamber, and a metering box
truction of the measuring apparatus is shown in Eigure 3.

hl),

The

2 3 14
/
/ J
13
/ k L
A 5L
6/F°
7
solar simulator 8 testspecimen
climatic chamber 9 internal side baffle (optional)
metering box 10 one or more internal fans (optional)
transparent aperture 11 heating device (optional)
external side baffle (optional) 12 heat flow measuring device
external airflow generator 13 cooling device
14 peripheral wall of the metering box

surround panel

Figure 3 — Construction of the test apparatus

© ISO 2017 - All rights reserved
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Summary of the test apparatus

The measuring apparatus can be summarized as follows.

a)

b)

f)

g)

h)

6.2

A ste

a)

Light emitted by the solar simulator passes through the transparent aperture and is then
directed towards the test specimen. The light passing through the test specimen is absorbed by

the cooling device.

The transparent aperture is installed in the climatic chamber in order to allow the light from the

solar simulator to pass through to the test specimen.

The external airflow generator and the external side baffle with transparency may

be installed

in the climatic chamber in order to adjust the external surface coefficient of heat {
¢nvironmental external temperature.

.

1

[he cooling device is installed opposite the test specimen in the metering box in ordg
he solar heat gain and the thermal transmission that has entered the metering box.

.

[he heating device and the internal side baffle with transparency may be installed in 4

femperature.

Dne or more internal fans may be installed in the metering$ox'in order to stir the in
obtain a uniform temperature distribution and/or to adjust the internal surface coeffi
iransfer.

measuring device in order to determine the net héat flow rate through the test specimg

All the walls and the floor shall be covered.with the coating of solar reflectance of 0,01
order to avoid stray light.

Solar simulator
ady-state solar simulator shall.be“used, which meets with the following requirements.

$pectral match of the irradiance: The spectral match of the irradiance on the test play
by the deviation from the global reference solar spectral irradiance for air mass 1,5 in
vith ISO 9845-1. For nine wavelength ranges, the percentage of total irradiance is

\
accordance withEC 60904-9 and shall be within 0,55 to 1,45. Examples of spectral m
gimulator are'shown in Table D.1.

ransfer and

r to remove

he metering

Ibox in order to adjust the internal surface coefficient of heat transfer.and environmental internal

ternal air to
cient of heat

All of the heat flow rates passing through the metering box are measured by the heat flow

P1.

or lower in

le is defined
accordance
specified in

[able 1. The spectrd) match to all wavelength ranges specified in Table 1 shall be measured in

htch of solar

Table 1+~ Global reference solar spectral irradiance distribution given in ISO 9845-1

Percentage of total irradiance in the
wavelength range 300 nm to 2 500 nm

Wavelength range
nm

z
e

300 to 400 4,6 %

400 to 500 14,1 %

500 to 600 15,4 %

600 to 700 14,0 %

700 to 800 11,3 %

800 to 900 9,4 %

900 to 1100 12,2 %

1100to 1700 14,1 %

OO0 |UT|[D|W|[N|-=

1700 to 2500 4,8 %

© IS0 2017 - All rights reserved
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b)

6.3 Climatic chamber

Non-uniformity of the irradiance: The non-uniformity of the irradiance on the test plane shall be
measured in accordance with IEC 60904-9 and shall be within 5 %. However, the designated test
area shall be divided into at least 16 points, alternatively.

Temporal instability of the irradiance: Temporal instability of the irradiance on the test plane shall
be measured by the procedure for long term instability (LTI) in accordance with IEC 60904-9 and
shall be within 5 %.

Maximum angle of irradiance: The maximum angle of irradiance to the test specimen shall be
within 10°.

Area of effective irradiance: The width and hpighf of the area of effective irradiance shallbhe 100 %
or greafer than each dimension of the test specimen width, Wsp, and height, Hp.

The climatit chamber is constructed of the following: a transparent aperture, anyexternal airflow
generator, gn external side baffle (optional), and the surround panel aperture. It maintaing the

environmenjtal external conditions (see Figure 3).

a)

b)

6.4 Metering box

Transpdrent aperture: The transparent aperture is installed in order to allow the light [from
the solgr simulator to pass through the climatic chamber to the test'specimen. The transparent
aperturf shall be made from high-transmittance glass specified as follows:

1) thelsolar transmittance of each glass pane according to ISO:9050 shall be 88,0 % or higher;

2) theldifference between the maximum and minimurvalue of the spectrum transmittance
accprding to ISO 9050:2003, Table 2 within a range 0380 nm to 2 100 nm shall be 0,050 or lpwer.

Externdl airflow generator: The external airflow generator is installed in order to maintaip the
externall surface coefficient of heat transfer on the test specimen. The airflow shall be parallel to
the test|specimen and the surround panel. The-appropriate air speed shall be set to maintaip the
external surface coefficient of heat transfert

Externdl side baffle (optional): The external side baffle with transparency may be installed in
order td form and maintain the envitonmental external conditions between the test specimen and
the surround panel. The external side baffle is very useful to set up the environmental external
conditigns. More details are presented in ISO 12567-1. In this case, the environmental temperature
may be| considered as the-air temperature. The external side baffle shall be made from high-
transmittance glass.

The metering box is-eonstructed from the following: a cooling device, an internal side baffle (optignal),
one or mor¢ internal fans (optional), and a heating device (optional). It maintains the environmgntal

internal conditions (see Figure 3).

The appropriate heat flow measuring devices such as heat flow meter and so forth shall be used in
order to measure all of the heat flow rates passing through the metering box.

a)

10

Cooling device: The cooling device is installed opposite to the test specimen in order to remove all
the heat entering the metering box. The surface of the cooling device shall have a solar absorptance
of 0,90 or greater and have a matte finished to maximize heat absorption. The heat flow meters or
the calorimeter may be used as the heat flow measuring device. The refrigerant set a temperature
lower than environmental internal temperature, is circulated over the rear surface of the cooling
device. Environmental internal temperature is controlled by either the heating device, the inlet
temperature of the refrigerant or the volumetric flow rate of the refrigerant or by a combination of
these three.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=0f6f5c10e63018033289bcd435b220b5

b)

6.5
The

climatic chamber side from the metering box side.
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Internal side baffle (optional): The internal side baffle with transparency may be installed in
order to form and maintain the environmental internal conditions between the test specimen and
the surround panel. The internal side baffle is very useful to set up the environmental internal
conditions. More details are presented in ISO 12567-1. In this case, the environmental temperature
may be considered as the air temperature. The internal side baffle shall be made from high-
transmittance glass.

Heating device (optional): The heating device may be installed in the metering box to control
environmental internal temperature. The electrical power used for heating shall be measured.

One or more internal fans: The one or more internal fans may be installed in the metering box
ifrorder-to—stir-theinternatair-toobtain—a rHorm-temperature-distribution—and Oadjustthe
ower used for stirring.thg air shall be

measured.

Surround panels

surround panels shall be used to hold the test specimen in the correct position and to separate the

heat flow rate through the surround panels shall be determined; for example, by meastyiring it with

heat flow measuring devices that are attached to the surface of the surround panel on the metering box

side

surfdce of the surround panel on the metering box side and climatic chamber side.

NOTH An example of the design of the surround panel is-shown in Annex D.

6.6
The

meaguring conditions of the surface coefficiernts of heat transfer.

The

6.7

Metering location of temperatures and irradiance shall be as follows.

a)

b)

d)

hnd /or climatic chamber side or by calculating it based on the temperature difference petween the

Calibration panels

calibration panels shall be of a size similar to the test specimen. They are used t¢ set up the

falibration panel conforms to ISQ-12567-1.

Metering location of temperatures and irradiance

The surface temperatures of the calibration panels shall be measured on the climatic chamber side
dnd the metering box side. Temperatures shall be measured by appropriate methods at|appropriate
locations.

.

[he air.temperatures and the baffle surface temperatures of the metering box sjde shall be
easured using the same layout of the surface temperatures grid on the calibration pangl. Examples
f the temperature measurement are shown in Annex E.

The distance between the air temperature sensors and the surfaces of the surround panel of both
the climatic chamber and metering box sides shall be approximately 100 mm.

The net density of heat flow rate of the incident radiation, gselar, shall be measured by a radiometer
installed on the climatic chamber side directly facing the light source. The position of the
radiometer shall be near the centre of the test specimen and not cast a shadow on the temperature
sensor. The distance between the radiometer and the surface of the surround panel shall be
approximately 50 mm.

The temperature sensors shall have the mechanism to eliminate the effects due to irradiance as
much as possible.

© IS0 2017 - All rights reserved 11
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6.8 Test specimens
The test specimen shall fill the surround panel aperture, in accordance with the actual construction.

The clearance between the surround panel and the test specimen frame shall be 5 mm or less, and the
perimeter joints between the surround panel and the specimen shall be sealed with tape, caulking or
mastic material.

7 Measurement procedure

7.1 Measurement

Measurements shall be performed in each case with and without irradiance. Recommended
environmental conditions are shown in Table 2.

The environmental conditions may be decided according to local standards, natienal standardls or
regulations]Alternate environmental conditions shall be reported in 8.1 d).

Table 2 — Recommended environmental conditions

Conditions according | Conditions according
Element to ISO 15099 to IS0 52022-3]
Summer: Winter Summer | Reference
Internal temjperature, Oin °C 25 20 25 20
External ten{perature, Oex °C 30 0 25 5
Internal surface coefficient of heat transfera, hs; W/(m2-K) 8 8 8
External surfface coefficient of heat transfera, hse W/(m2-K) 14 24 14 23
Density of heat flow rate of incident radiationb, gsolar W/m2 500 300 500 300

NOTE 1 The performance requirements of windows and'doors are the solar shading in summer and the solar heat ghin in
winter. Therefore, this document specifies each of the ehyironmental conditions.

NOTE 2 WHhether the heat flow rate due to thermal transmission is negligible or not should be decided accordipg to
Annex B.

a  Internal gnd external surface coefficients of heat transfer shall be determined as specified in Annex A.

b Irradianc shall be normal incideneeto the test plane. If the solar simulator cannot meet the density of heat flow rate of
the incident radiation, gsolar, under summer conditions, the value may be 400 W/m?2 or higher and the maximum density of
heat flow ratq.

The tolerande for the air témperature or environmental temperature difference between internal sidg and
external side during measurements shall be +2 °C or +5 °C, respectively, of the set value. The diffefence
between thg environmental temperatures and the reference temperatures shall be less than 5 K.

The metering location of the metering box side shall be used the same layout of the air temperafures
grid in the cpsewhen the surface temperatures of the test specimen and baffle are measured. Examples
of the temperature measurement are shown in Annex E.

The relative humidity in the climatic chamber and metering box shall be kept at low enough levels to
avoid condensation or other factors.

The heat flow rate pass through the test specimen and others are as shown in Clause 5.

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
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transmittance (for measurements without irradiation) or solar heat gain coefficient (for measurements
with irradiation) can be averaged over three disjoint time intervals of minimum 10 min each. The
frequency of the measurement for each quantity (e.g. for the heat flow rate) can be 30 s or less. When
the solar heat gain coefficients or thermal transmittances deviate less than 1 % from the average of the
three values, thermally stable conditions can be assumed. In order to determine the valid final result,
the measurement can then be continued for at least 30 min and the average over that time period shall
be used.

7.2 Expression of results for reference conditions

The solar heat gain coefficient depends on several environmental conditions (e.g. the external airflow
and the spectrum of the irradiance). The goal of the measurements is to determine standardized solar
heat|gain coefficient, gst, for a certain set of reference environmental conditions. These measurement
reference environmental conditions can be national or international reference conditions|for product
comparisons or product ratings or special conditions.

During the measurements, the measuring conditions should be close to the'reference enyironmental
condfitions. However, it is difficult to realize exactly the reference environmental condition$. Therefore,
the measured solar heat gain coefficient, gn, is necessary either to prove-that the differemnce between
both|conditions is negligible or to correct gm to gst. In following cases, it'shall be checked and corrected
according to the methods specified in Annex C.

a) (orrection and sensitivity analysis of the effect of the mon<ideal black absorber: Thip correction
ghall be done in the case when irradiation reflected back to the external side of the metering box, I,
iis not negligible. In the case of negligible level, it shalkbe proved.

ry

b) (orrection and sensitivity analysis for a non-reference spectrum of the solar simulator

c¢) Correction and sensitivity analysis for non-réference external and internal convective heat transfer
¢onditions: This correction may be used in the case to correct to specific surface coefficients of
lheat transfer.

8 Testreport

8.1 | Report contents

The test report shall contain the following information:

a) number and title of this document, i.e. ISO 19467,

b) identification'of the organization performing the measurement;
c) date of'measurement;

d) e¢nvironmental conditions;

e) all details necessary to identify the test specimen:

1) specifications such as the name, type, width, height, thickness, material, colour, and other
elements of the frame, glazing, shading device, opaque panel, or other components;

2) the technical drawing (cross-sections) of the test specimen;
f) results of measurement.

The results of measurement listed in Table 3 shall be indicated. The results of the solar heat gain
coefficient shall be accurate to two decimal places.
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Table 3 — Indicated results of measurement

Element . Wi.th . Witl_lout

irradiance irradiance

Standardized solar heat gain coefficient, gst — 0 —

Measured solar heat gain coefficient, gm — 0 —

Thermal transmittance, Uy W/(m2-K) — v

Projected width of test specimen, Wgy, m 0

Projected height of test specimen, Hgy, m 0

Projected arga of test specimen, As, m?2 0

Ratio of glazjng area, Ag/Asp — 0

Net density ¢f heat flow rate of incident radiation, gsolar W/m?2 v —

Net density ¢f heat flow rate through the test specimen, gi, W/m?2 v —

o s e et | (I <

Mean environmental external temperature, Ope, 8 e °C 0] 0

Mean environmental internal temperature,&yj, 0’y °C (] 0

NOTE Meagured solar heat gain coefficient is obtained from measuring conditions.) Standardized solar heat| gain

coefficient is fhe corrected value for effects of some difference between reference conditions and measuring conditions.

0 Mandatoty.

v' Recommgnded.

8.2 Estin

Estimation
(standard u

a) uncertalinties related to the measuring .apparatus (including uncertainties in verification

charact

b)
therma
coefficig

measur
tempers3
measur

uniforn]

uncertalinties related to the calibration of the measurement method (including uncertainti

uncertaiinty related to the) calibration of the measurement equipment and accuracy of
ance
pwer

uncertalinties related to the irradiate conditions of solar simulator (temporal instability,

jation of uncertainty
fthe uncertainty of measurement should ihclude the following contribution for uncert
hcertainty):

erization of the measuring apparatus);

conductance of the caliliration panels and settings on the internal and external su
ent of heat transfer);

ement equipmefnt) [radiometer, heat flow meter, thermocouple, thermopile, resist
ture detectpr\(RTD), temperature measurements, voltage measurements, electric p
ements, fluidflow rate measurements, etc.];

ity/etc.);

e)

measurement conditions and additional uncertainties due to corrections made).

NOTE 1

The procedure for evaluating uncertainty is described in ISO/IEC Guide 98-3.

hinty

and

les in
rface

the

non-

: - ot d & 4] 4 41 e 4 ] s :
unCEI‘talutlcb ITIALCU LU UIT HITASUTI'TIIITIIU HITUIOU (TITTAd5SUT TITITIIL Pprottuurlc, vdadl IdUiUulls 11l the

When describing uncertainty of measurement, the expanded uncertainty of approximately 95 %

confidence |

NOTE 2

14

evel should be reported along with the results of measurement shown in Table 3.

The example of measurement and uncertainty analysis is shown in Annex G.
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Annex A
(normative)

Determination of surface coefficient of heat transfer

A.1 General

The

the

The

meth
surfd
Anne
spec

It sh
throt
mete

The

envij

one

The

and

This
case

cond(Etions shall be set at £10 %. Thereafter;_the operation of the adjusted external airflo

burface coefficient of heat transfer shall be set under the conditions without irradian
alibration panel described in 6.6.

settings for the value of the surface coefficient of heat transfer shall be evaluated
od of using either environmental temperature or air temperature. The méthod for ey
ce coefficient of heat transfer with environmental temperature shall consist of ISO 11
x A. The method for evaluating the surface coefficient of heat transfer with air ten
fied in this annex.

hll be made sure that the heat balance is consistent. That is, @ summation of the he
igh the calibration panel and all of the heat flow rates{pass through the surroun
ring box.

internal and external surface coefficients of heat transfer shall be adjusted to
onmental conditions using the external airflowcgenerator on the climatic chamber

or more internal fans on the metering box side,

tolerance between the set value for the sutiface coefficient of heat transfer and the en

ne or more internal fans shall remaid-constant for all subsequent measurements.

means that the real surface coefficient of heat transfer may be higher than the refere
of samples with rough or structured surfaces.

fe and using

through the
aluating the
P567-1:2010,
hperature is

at flow rate
1 panel and

match the
bide and the

yironmental
W generator

nce value in

A.2 | Determination of surface coefficient of heat transfer with air temperature
Meagurements withoutrradiance shall be used to determine the surface coefficient of hpat transfer.
The ¢xternal surfaeécoefficient of heat transfer, hge, and the internal surface coefficient of hieat transfer,
hsi, shall be calculated using Formula (A.1) and Formula (A.2):
_ qcal
e 2. -0 -
ex se
_ qcal
Sl mn
where
hse is the external surface coefficient of heat transfer, in W/(m2-K);
hsi is the internal surface coefficient of heat transfer, in W/(m?2-K);
qcal is the density of heat flow rate through the calibration panel, in W/m?Z;
Oex is the external air temperature, in °C;
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Oin isthe internal air temperature, in °C;
Ose is the external surface temperatures of the calibration panel, in °C;
Osi is the internal surface temperatures of the calibration panel, in °C.
The density of heat flow rate through the calibration panel, gca), shall be calculated using Formula (A.3):

ese B Osi (A.3)

eal = R

cal

where

Rca1 is the thermal resistance of the calibration panel, in m2-K/W.

The therma] resistance of the calibration panel, R¢,), shall be calculated using Formulat{A’4):

d

j
A (A-4)
A

R =Y
-

where

dj is tIe thickness of the calibration panel of layer j, in metres;

Aj is the thermal conductivity of the calibration panel of Jayer j, in W/(m-K).

16 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=0f6f5c10e63018033289bcd435b220b5

IS0 19467:2017(E)

Annex B
(normative)

Determination of night time U-value in case of small temperature

difference

B.1

The {
this i
the d

B.2

The
ratio|
heat

B.3

In th
valug
temp
diffe
The {
shall
in Fij

General

hermal transmittance of the test specimen without irradiance, Uy, shall be estimated
innex if the temperature difference, AT’ = (0'pe - 0'hi) is too small. Formula (6)'shall no
etermination of Uy if the temperature difference, AT’ is below +3 K.

Determination of Uy for the case of negligible temperature differeng

het density of heat flow rate due to thermal transmission, gin(gsolar = 0), can be neg
of the net density of heat flow rate due to thermal transmission, gin(gsolar = 0), to the n
flow rate of incident radiation, gsolar, is below 0,5 %.

Determination of Uy for the case of small temperature difference

e case of small temperature difference except for negligible temperature differen
b measurements shall be done. For both meéasurements, the average of the external

erature, O;y, shall be the same as for the.umeasurements with irradiance. The maximu
Fence for the average temperature is #12K. This means that |G;v(gsolar = 0) = Bav(gsola
irst Uy-value measurement shall be{done with AT = (10 * 1) K. The second Un-value m
be done with AT = (15 # 1) K. Theresults shall then be extrapolated linearly to AT = A
bure B.1.

pit D. 1,

Uy

Un(AT?)

AUy

Uy(AT1)
A(AT)

by means of
[ be used for

e

lected if the
et density of

ce, two Un-
ind internal
m allowable
L= 0)] <1K.
easurement
T’ as shown

© ISO

Un(AT")

|
AT,

AT, AT

Figure B.1 — Thermal transmittance, Uy, for the case of small temperature difference
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Annex C
(normative)

Correction of measured solar heat gain coefficient to reference

conditions

C.1 Gene€

Measuring
perfect mat
conditions 4
gain coeffig
analysis in f]

a) non-ide
b) non-refj
c) non-refg

If combined
combined ef

Gref = Je
where

Iref

Jexp

Agcasel

Agcase2

Agcase3

ral

onditions and reference conditions should be equal, but practically, it is difficult to re
Ch. [t is therefore essential to be able to evaluate the impact of non-reference measure
nd to correct the measured solar heat gain coefficient, gn, to the standardized solar
ient, gst, if necessary. This annex provides methods for the correction and sensif
pllowing cases:

bl black absorbers (casel);
erence spectrum of the solar simulator (case2);

brence surface coefficients of heat transfer (case3).

corrections are considered, the correction Ag for each case should be determined first.

fect shall be calculated using Formula (C.1):

kp + Agcasel + Agcase2 + AJcase3

is the solar heat gain coefficient'for the reference samples according to Table C.1 undej
reference condition;

is the solar heat gain cogefficient for the reference samples according to Table C.1 unde
measuring conditiorny

is the differencef'the solar heat gain coefficients between the reference condition an
measuring condition in the case of non-ideal black absorbers;

is the difference of the solar heat gain coefficients between the reference condition an
measusing condition in the case of non-reference spectrum of the solar simulator;

isthe difference of the solar heat gain coefficients between the reference condition an

ach a
ment
heat
ivity

The

()

the

the

] the

1 the

1 the

ascuring candition in thao cncn afnan rafarancn cpirfacy coafficigntc Afhaoqt trancfar

e ot I S o O O T e oo T O T o T O e C e e o T o Ce Co T e o e o Or Cat T ot otoTT

In order to evaluate the necessities for the correction, the absolute errors, e, shall be calculated using
Formula (C.2). If e is greater than 0,05, gn, shall be corrected to gst:

e =

where

e

exp ~ Iref

is the absolute error of the solar heat gain coefficient.

(C.2)

The solar heat gain coefficients under both the measuring conditions and the reference conditions
shall be calculated according to procedure of ISO 9050 and calculated by reference samples as shown

18
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in Table C.1 in each correction. Optical characteristic parameters of reference samples are shown in

Table C.2.

Table C.1 — Reference samples to evaluate the necessities for the correction

the second pane, 72(A)

. Reference sample
Correction case
A B C
Non-ideal black absorbers 0 — —
Non-reference spectrum of the solar simulator 0 0 0
Non-reference surface coefficients of heat transfer — 0 —
Table C.2 — Optical characteristic parameters of reference samples
Reference sample
Element
A B C
3 3 6 4 3
7/ 7/ 3 \JDZ &
1 5 1 5 2 1 2
Congtruction Al e | #l tee | A
Key Key Key
1 external 1 external 1 external
2 internal 2 internal 2 internal
3 first pane 3 first pane 3 first pane
4 second pane 4 second pane
5 air 5 air
6 low emissivity coating
Specftral transmittance of Table C.3 Table C.4 Table £.5
the first pane, 71(A) . I T
Spectral reflectance of the
firstipane measured JCehe Table C.3 Table C.4 Table £.5
dire¢tion of incident\radia-
tion,{p1(A)
Spectral reflestance of the
first pane r_neas_ured m the Table C.3 Table C.4 Table .5
oppgsite‘direction of inci-
dentfradijation, p'1(A)
Corrected emissivity of the
first pane in the direction of 0,837 0,837 0,900
incident radiation, &1
Corrected emissivity of the
first pane in the opposite
direction of incident radia- 0,837 0,837 0,900
tion, &1
Thi.ckness of the first pane, 0,004 0,004 0,003
t1, in metres
Width of the gap, tgap, in 0,012 0,016 _
metres
Spectral transmittance of Table C.3 Table C.4 _

© IS0 2017 - All rights reserved
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Table C.2 (continued)

Spectral reflectance of the
second pane measured in

the direction of incident Table €.3 Table L4 o

radiation, p2(A)

Spectral reflectance of the

the opposite direction of Table C.3 Table C4 -

incident radiation, p'2(7)

Corrected emissivity of the

second panerirthe-direction 8,837 8;037

of incident radiation, &2

Corrected erhissivity of the

direction of ncident radin 0837 0837 X

tion, £’

ket second -

Table C.3 — Spectral characteristic parameters of the refetrence sample A

n/}n i) | p1A) | p1A) | 2D | p2(A) | p2(V) n)rtn 1) | A | P | 2D | p2(A) | PV
300 | 0,005 | 0,047 | 0,047 | 0,005 | 0,047 | 0,047 | 680 | 0,873}-0,078 | 0,078 | 0,873 | 0,078 | 0078
305 | 0,01 | 0,047 | 0,047 | 0,017 | 0,047 | 0,047 | 690 | 0,870 | 0,078 | 0,078 | 0,870 | 0,078 | 0078
310 | 0,048 | 0,047 | 0,047 | 0,043 | 0,047 | 0,047 | 700_4\0,867 | 0,077 | 0,077 | 0,867 | 0,077 | 0J077
315 | 0,095 | 0,047 | 0,047 | 0,095 | 0,047 | 0,047 | 720-| 0,863 | 0,077 | 0,077 | 0,863 | 0,077 | 0J077
320 | 0,17B | 0,048 | 0,048 | 0,178 | 0,048 | 0,048,720 | 0,860 | 0,077 | 0,077 | 0,860 | 0,077 | 0J077
325 | 0,292 | 0,051 | 0,051 | 0,292 | 0,051 | 0,05%-| 730 | 0,856 | 0,076 | 0,076 | 0,856 | 0,076 | 0J076
330 | 0,421 | 0,055 | 0,055 | 0,421 | 0,055 [70,055 | 740 | 0,853 | 0,076 | 0,076 | 0,853 | 0,076 | 0/076
335 | 0,545 | 0,061 | 0,061 | 0,545 | 0,061 { 0,061 | 750 | 0,849 | 0,075 | 0,075 | 0,849 | 0,075 | 0J075
340 | 0,651 | 0,067 | 0,067 | 0,651 |(©;067 | 0,067 | 760 | 0,845 | 0,075 | 0,075 | 0,845 | 0,075 | 0075
345 | 0,73 | 0,073 | 0,073 | 0,732\L0,073 | 0,073 | 770 | 0,842 | 0,075 | 0,075 | 0,842 | 0,075 | 0J075
350 | 0,78p | 0,077 | 0,077 | 0;789 | 0,077 | 0,077 | 780 | 0,838 | 0,075 | 0,075 | 0,838 | 0,075 | 0J075
355 | 0,827 | 0,080 | 0,0804-0,827 | 0,080 | 0,080 | 790 | 0,835 | 0,074 | 0,074 | 0,835 | 0,074 | 0/074
360 | 0,851 | 0,082 | 0,082/| 0,851 | 0,082 | 0,082 | 800 | 0,831 | 0,074 | 0,074 | 0,831 | 0,074 | 0J074
365 | 0,866 | 0,083,{0,083 | 0,866 | 0,083 | 0,083 | 850 | 0,816 | 0,072 | 0,072 | 0,816 | 0,072 | 0J072
370 | 0,878 | 0,083%/70,083 | 0,873 | 0,083 | 0,083 | 900 | 0,805 | 0,071 | 0,071 | 0,805 | 0,071 | 0J071
375 | 0,871 |4,083 | 0,083 | 0,871 | 0,083 | 0,083 | 950 | 0,798 | 0,071 | 0,071 | 0,798 | 0,071 | 0J071
380 | 0,868 10,082 | 0,082 | 0,868 | 0,082 | 0,082 |1000| 0,794 | 0,070 | 0,070 | 0,794 | 0,070 | 0/070
385 | 0,876 | 0,083 | 0,083 | 0,876 | 0,083 | 0,083 |1050| 0,793 | 0,070 | 0,070 | 0,793 | 0,070 | 0,070
390 | 0,886 | 0,084 | 0,084 | 0,886 | 0,084 | 0,084 |1100| 0,793 | 0,070 | 0,070 | 0,793 | 0,070 | 0,070
395 | 0,893 | 0,084 | 0,084 | 0,893 | 0,084 | 0,084 |1150| 0,794 | 0,070 | 0,070 | 0,794 | 0,070 | 0,070
400 | 0,896 | 0,084 | 0,084 | 0,896 | 0,084 | 0,084 |1200| 0,796 | 0,070 | 0,070 | 0,796 | 0,070 | 0,070
410 | 0,896 | 0,084 | 0,084 | 0,896 | 0,084 | 0,084 |1250| 0,801 | 0,070 | 0,070 | 0,801 | 0,070 | 0,070
420 | 0,894 | 0,083 | 0,083 | 0,894 | 0,083 | 0,083 |1300| 0,807 | 0,070 | 0,070 | 0,807 | 0,070 | 0,070
430 | 0,894 | 0,083 | 0,083 | 0,894 | 0,083 | 0,083 |1350| 0,815 | 0,071 | 0,071 | 0,815 | 0,071 | 0,071
440 | 0,895 | 0,083 | 0,083 | 0,895 | 0,083 | 0,083 |1400| 0,822 | 0,071 | 0,071 | 0,822 | 0,071 | 0,071
450 | 0,898 | 0,083 | 0,083 | 0,898 | 0,083 | 0,083 |1450| 0,832 | 0,072 | 0,072 | 0,832 | 0,072 | 0,072
460 | 0,900 | 0,083 | 0,083 | 0,900 | 0,083 | 0,083 |1500| 0,841 | 0,072 | 0,072 | 0,841 | 0,072 | 0,072
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A @ | @ | 010 | 2@ | 2@ |20 | | ) | s | 240 | 0 | e | o)
470 | 0,901 | 0,083 | 0,083 | 0,901 | 0,083 | 0,083 | 1550 0,849 | 0,073 | 0,073 | 0,849 | 0,073 | 0,073
480 | 0,903 | 0,083 | 0,083 | 0,903 | 0,083 | 0,083 |1600]| 0,854 | 0,073 | 0,073 | 0,854 | 0,073 | 0,073
490 | 0,904 | 0,083 | 0,083 | 0,904 | 0,083 | 0,083 |1650]| 0,857 | 0,073 | 0,073 | 0,857 | 0,073 | 0,073
500 | 0,905 | 0,083 | 0,083 | 0,905 | 0,083 | 0,083 |1700| 0,858 | 0,073 | 0,073 | 0,858 | 0,073 | 0,073
510 | 0,905 | 0,082 | 0,082 | 0,905 | 0,082 | 0,082 | 1750 0,858 | 0,073 | 0,073 | 0,858 | 0,073 | 0,073
520 | 0,905 | 0,082 | 0,082 | 0,905 | 0,082 | 0,082 {1800/ 0,858 | 0,073 | 0,073 | 0,858 | 0,073 | 0,073
530 | 0,905 | 0,082 | 0,082 | 0,905 | 0,082 | 0,082 | 1850 0,857 | 0,072 | 0,072 | 0,857 .{0,p72 | 0,072
54¢ | 0,905 | 0,082 | 0,082 | 0,905 | 0,082 | 0,082 |1900| 0,856 | 0,072 | 0,072 | 0,856%| 0,072 | 0,072
55(Q | 0,904 | 0,082 | 0,082 | 0,904 | 0,082 | 0,082 | 1950 0,854 | 0,072 | 0,072 |0,854 | 0,072 | 0,072
56( | 0,903 | 0,082 | 0,082 | 0,903 | 0,082 | 0,082 | 2000 0,854 | 0,072 | 0,072%+0,854 | 0,072 | 0,072
574 | 0,902 | 0,081 | 0,081 | 0,902 | 0,081 | 0,081 | 2050 0,855 | 0,072 | 0,072 | 0,855 | 0,p72 | 0,072
58(¢ | 0,900 | 0,081 | 0,081 | 0,900 | 0,081 | 0,081 | 2100 0,855 | 0,072-}.0,072 | 0,855 | 0,072 | 0,072
59(0 | 0,898 | 0,081 | 0,081 | 0,898 | 0,081 | 0,081 | 2150 0,852 | 0,07¢%7| 0,071 | 0,852 | 0,071 | 0,071
60(Q | 0,896 | 0,081 | 0,081 | 0,896 | 0,081 | 0,081 |2 200 0,8394,0;670 | 0,070 | 0,839 | 0,070 | 0,070
614 | 0,893 | 0,080 | 0,080 | 0,893 | 0,080 | 0,080 | 2250 | 0,838)| 0,070 | 0,070 | 0,838 | 0,070 | 0,070
62( | 0,891 | 0,080 | 0,080 | 0,891 | 0,080 | 0,080 |2 300 (6,844 | 0,070 | 0,070 | 0,844 | 0,070 | 0,070
63( | 0,888 | 0,080 | 0,080 | 0,888 | 0,080 | 0,080 |2 350,+0,846 | 0,070 | 0,070 | 0,846 | 0,070 | 0,070
64( | 0,885 | 0,079 | 0,079 | 0,885 | 0,079 | 0,079 |200 | 0,843 | 0,070 | 0,070 | 0,843 | 0,070 | 0,070
65(Q | 0,882 | 0,079 | 0,079 | 0,882 | 0,079 | 0,079p2 450 | 0,834 | 0,069 | 0,069 | 0,834 | 0,069 | 0,069
66( | 0,880 | 0,079 | 0,079 | 0,880 | 0,079 | 0,0%9 |2 500 0,829 | 0,068 | 0,068 | 0,829 | 0,068 | 0,068
67(0 | 0,877 | 0,078 | 0,078 | 0,877 | 0,078+ 0,078 - - — - - — -
Table C.4 — Spectral characteristic parameters of the reference sample B
n/}n 1) | p1A) | p1A) | 7ZZA) | p2(D) | p2(V) n)Itn 1) | p1A) | p1A) | 21 | p2AD) | p2(M)
30Q | 0,005 | 0,047 | 0,047%.0,000 | 0,212 | 0,058 | 680 | 0,873 | 0,078 | 0,078 | 0,424 | 0,13 | 0,190
30% | 0,017 | 0,047 | 9;047 | 0,001 | 0,229 | 0,057 | 690 | 0,870 | 0,078 | 0,078 | 0,369 | 0,279 | 0,244
314 | 0,043 | 0,047 ¢-0;047 | 0,003 | 0,255 | 0,057 | 700 | 0,867 | 0,077 | 0,077 | 0,316 | 0,846 | 0,299
314 | 0,095 | 0,047/ 0,047 | 0,008 | 0,289 | 0,059 | 710 | 0,863 | 0,077 | 0,077 | 0,267 | 0,413 | 0,353
320 | 0,178 4~0,048 | 0,048 | 0,016 | 0,316 | 0,067 | 720 | 0,860 | 0,077 | 0,077 | 0,224 | 0,477 | 0,403
325 | 0,292~("0,051 | 0,051 | 0,029 | 0,338 | 0,084 | 730 | 0,856 | 0,076 | 0,076 | 0,187 | 0,635 | 0,448
33(Q [-0,421 | 0,055 | 0,055 | 0,046 | 0,352 | 0,112 | 740 | 0,853 | 0,076 | 0,076 | 0,155 | 0,687 | 0,487
334 _1-0,545 [ 0,061 | 0,061 [ 0,064 | 0,360 | 0,151 750 10849 | 0,075 [ 0,075 |1 0,129 | 0,b32 | 0,522
340 | 0,651 | 0,067 | 0,067 | 0,084 | 0,363 | 0,193 | 760 | 0,845 | 0,075 | 0,075 | 0,108 | 0,673 | 0,550
345 | 0,732 | 0,073 | 0,073 | 0,104 | 0,364 | 0,234 | 770 | 0,842 | 0,075 | 0,075 | 0,090 | 0,707 | 0,574
350 | 0,789 | 0,077 | 0,077 | 0,124 | 0,364 | 0,267 | 780 | 0,838 | 0,075 | 0,075 | 0,075 | 0,737 | 0,594
355 | 0,827 | 0,080 | 0,080 | 0,148 | 0,365 | 0,292 | 790 | 0,835 | 0,074 | 0,074 | 0,064 | 0,763 | 0,611
360 | 0,851 | 0,082 | 0,082 | 0,176 | 0,364 | 0,310 | 800 | 0,831 | 0,074 | 0,074 | 0,054 | 0,785 | 0,624
365 | 0,866 | 0,083 | 0,083 | 0,205 | 0,362 | 0,319 | 850 | 0,816 | 0,072 | 0,072 | 0,025 | 0,855 | 0,659
370 | 0,873 | 0,083 | 0,083 | 0,234 | 0,358 | 0,322 | 900 | 0,805 | 0,071 | 0,071 | 0,013 | 0,893 | 0,675
375 | 0,871 | 0,083 | 0,083 | 0,259 | 0,350 | 0,316 | 950 | 0,798 | 0,071 | 0,071 | 0,008 | 0,914 | 0,682
380 | 0,868 | 0,082 | 0,082 | 0,285 | 0,338 | 0,307 | 1000 | 0,794 | 0,070 | 0,070 | 0,005 | 0,927 | 0,688
385 | 0,876 | 0,083 | 0,083 | 0,316 | 0,321 | 0,298 | 1050 | 0,793 | 0,070 | 0,070 | 0,004 | 0,935 | 0,694
© IS0 2017 - All rights reserved 21


https://standardsiso.com/api/?name=0f6f5c10e63018033289bcd435b220b5

IS0 19467:2017(E)

Table C.4 (continued)
A @ | @ | 010 | 2@ | 2@ [ 220 | | 1) | s | 210 | 0 | e | o2
390 | 0,886 | 0,084 | 0,084 | 0,350 | 0,299 | 0,286 |1100| 0,793 | 0,070 | 0,070 | 0,002 | 0,943 | 0,700
395 | 0,893 | 0,084 | 0,084 | 0,388 | 0,272 | 0,267 |1150| 0,794 | 0,070 | 0,070 | 0,002 | 0,948 | 0,707
400 | 0,896 | 0,084 | 0,084 | 0,427 | 0,241 | 0,244 | 1200 0,796 | 0,070 | 0,070 | 0,002 | 0,953 | 0,715
410 | 0,896 | 0,084 | 0,084 | 0,502 | 0,180 | 0,193 1250 0,801 | 0,070 | 0,070 | 0,002 | 0,956 | 0,724
420 | 0,894 | 0,083 | 0,083 | 0,561 | 0,135 | 0,154 |1300| 0,807 | 0,070 | 0,070 | 0,001 | 0,958 | 0,736
430 | 0,894 ] 0,083 | 0,083 | 0,596 | 0,112 | 0,134 [1350] 0,815 | 0,071 | 0,071 | 0,001 | 0,959 | 0,748
440 | 0,895 | 0,083 | 0,083 | 0,617 | 0,102 | 0,128 |1400]| 0,822 | 0,071 | 0,071 | 0,001 | 0,962 {0759
450 | 0,898 | 0,083 | 0,083 | 0,631 | 0,097 | 0,126 | 1450 0,832 | 0,072 | 0,072 | 0,001 | 0,964)| 0}775
460 | 0,900 | 0,083 | 0,083 | 0,644 | 0,093 | 0,124 |1500| 0,841 | 0,072 | 0,072 | 0,000 |70,965 | 0{792
470 | 0,90t | 0,083 | 0,083 | 0,655 | 0,088 | 0,121 |1550| 0,849 | 0,073 | 0,073 | 0,001.(~0,967 | 0)805
480 | 0,90B | 0,083 | 0,083 | 0,667 | 0,083 | 0,116 |1600| 0,854 | 0,073 | 0,073 | 0,600 | 0,967 | 0/813
490 | 0,90¢ | 0,083 | 0,083 | 0,676 | 0,079 | 0,111 |1650| 0,857 | 0,073 | 0,073 4.0,001 | 0,969 | 0)818
500 | 0,90p | 0,083 | 0,083 | 0,685 | 0,076 | 0,106 |1700| 0,858 | 0,073 | 0,073 | 0,000 | 0,969 | 0/819
510 | 0,90p | 0,082 | 0,082 | 0,690 | 0,075 | 0,103 | 1750 0,858 | 0,073/, 0;073 | 0,001 | 0,971 | 0/818
520 | 0,905 | 0,082 | 0,082 | 0,693 | 0,077 | 0,101 |1800| 0,858 | 0,0%3)| 0,073 | 0,001 | 0,973 | 0)812
530 | 0,90p | 0,082 | 0,082 | 0,693 | 0,079 | 0,100 |1850| 0,857 6,072 | 0,072 | 0,000 | 0,971 | 0,807
540 | 0,90p | 0,082 | 0,082 | 0,693 | 0,082 | 0,099 |1900 | 0,8564/-0,072 | 0,072 | 0,001 | 0,973 | 0/804
550 | 0,904 | 0,082 | 0,082 | 0,690 | 0,084 | 0,098 | 1950 | 04854 | 0,072 | 0,072 | 0,000 | 0,977 | 0/800
560 | 0,90B | 0,082 | 0,082 | 0,687 | 0,085 | 0,096 |2 00040,854 | 0,072 | 0,072 | 0,001 | 0,975 | 0J797
570 | 0,90p | 0,081 | 0,081 | 0,686 | 0,084 | 0,092 |2.050 | 0,855 | 0,072 | 0,072 | 0,000 | 0,974 | 0795
580 | 0,90p | 0,081 | 0,081 | 0,681 | 0,079 | 0,086«f2 100 | 0,855 | 0,072 | 0,072 | 0,001 | 0,979 | 0{796
590 | 0,898 | 0,081 | 0,081 | 0,677 | 0,072 | 0,079"| 2 150 0,852 | 0,071 | 0,071 | 0,000 | 0,974 | 0J790
600 | 0,896 | 0,081 | 0,081 | 0,672 | 0,063 | 0,070 |2200| 0,839 | 0,070 | 0,070 | 0,000 | 0,976 | 0)736
610 | 0,898 | 0,080 | 0,080 | 0,665 | 0,054 { 0,061 |2 250 0,838 | 0,070 | 0,070 | 0,002 | 0,980 | 0739
620 | 0,891 | 0,080 | 0,080 | 0,653 (0,047 | 0,054 [2300| 0,844 | 0,070 | 0,070 | 0,000 | 0,977 | 0752
630 | 0,888 | 0,080 | 0,080 | 0,634%-0,045 | 0,053 | 2350 0,846 | 0,070 | 0,070 | 0,001 | 0,979 | 0f756
640 | 0,885 | 0,079 | 0,079 | 0,608 | 0,053 | 0,059 |2400| 0,843 | 0,070 | 0,070 | 0,000 | 0,976 | 0|747
650 | 0,882 | 0,079 | 0,079%0,573 | 0,074 | 0,075 | 2450 0,834 | 0,069 | 0,069 | 0,001 | 0,978 | 0)724
660 | 0,880 | 0,079 | 0,0797| 0,529 | 0,108 | 0,103 |2 500 0,829 | 0,068 | 0,068 | 0,000 | 0,984 | 0J707
670 | 0,877 | 0,0784~0,078 | 0,479 | 0,155 | 0,142 — — — — — — —
Table C.5 — Spectral characteristic parameters of the reference sample C

n?n 1) | p1) | P1D) | T2(0) | p2(D) | p2D) n/;n 1A | p1() | 1) | 200 | p2(A) | p2(A)
300 | 0,000 0,071 | 0,071 — — — 680 | 0,901 | 0,099 | 0,099 — - —

305 | 0,000 | 0,070 | 0,070 — — — 690 | 0,902 | 0,098 | 0,098 — — —

310 | 0,000 | 0,069 | 0,069 — — — 700 | 0,902 | 0,098 | 0,098 — — —

315 | 0,000 | 0,068 | 0,068 — — — 710 | 0,902 | 0,098 | 0,098 — — —

320 | 0,000 | 0,068 | 0,068 - — - 720 | 0,903 | 0,097 | 0,097 - - -

325 | 0,000 | 0,067 | 0,067 — — — 730 | 0,903 | 0,097 | 0,097 — - —

330 | 0,000 | 0,067 | 0,067 — — — 740 | 0,903 | 0,097 | 0,097 — — —

335 | 0,000 | 0,067 | 0,067 — — — 750 | 0,903 | 0,097 | 0,097 — — —

340 | 0,000 | 0,066 | 0,066 — — — 760 | 0,904 | 0,096 | 0,096 — — —
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Al aw [ a0 | 20 | 0 | W |20 | A m® | @ | @) | 2@ | e | o0
345 |0,000] 00670067 | — | — | — [ 770 [0904]0096|009% | — | — | -
350 |0,000|0067]0067| — | — | — | 780 [0904[0096]0006| — | — | -
355 | 0,000 00670067 — | — | — | 790 [0903]0097]0097| - | — | -
360 |0,000[ 00670067 | — | — | — [800]|0904]009|009% | — | — [ -
365 |0,000| 00680068 — | — | — |85 [0907]0093|0093| - | - | -
370 10,000 [0,069[0069 | — | — | — [ 900 [0904[009][0006 ] — [ — | -
37§ [ 0,000] 00710071 | — | — | — | 950 [0913[0087]0087| — NEF | -
380 |0,000]0072]0072| — | — | — [1000|0912 0088|0088 | O | | —
38§ |0,001[0072]0072| — | — | — [1050] 0916 0084|0084 A" | |- [ -
39¢ | 001400730073 — | — | - [1100]0910 0090|0090} - | | | -
393 0,094 |0075]0075| — | — | — |1150|0838|0087 0087 | - | | | -
400 | 0268|0080 0080 — | — | — 1200|0884 00900001 — | | | -
419 | 0,645]0,094]0094| — | — | — |1250| 0916|0084 0084 — | | | -
429 |o0821[0103|0103| — | — | - [1300]091340087 0087 | - | | | -
43¢ 0858|0106 | 0106 | — | — | — [1350|0862[009 009 | - | | | -
440 | 0869|0106 [ 0106 | — | — | — |1400[0791 [0084|0084| — | | | -
450 [ 0874 ] 0105|0105 | — | — | — [145000856 0089|0089 | — | | | -
460 [ 0876|0105 | 0105 | — | — | — [am00|0883 0092|0092 - | F | —
479 | 0878|0104 | 0104 | — | — | — 1550]0894]0093|0093| - | | | -
480 | 0879|0104 [ 0104 | — | — | =9|1600]0842 0087 0087 — | | | -
490 [0879]0103 0103 | - | — JO- [1650|0318 0057|0057 | — | | [ —
500 |0880]0103]0103| — [ =5 - [1700]o0281]0053|0053| - | | | —
514 | 0879 [ 0102|0102 — [ | — [1750|o0622|0064]0064| — | F | -
520 | 0,878 | 0,102 | 0,102 | - — | - [1800]0692]0075 0075 | - | F | -
530 | 0,876 | 0,101 [ 0,101 [ | — | — [1850|0691[0075]0075| - | F | -
540 | 0,874 ] 0,100 0000 — | — | — [1900]0490 0069|0069 - | | | -
550 [ 0873|0100 @100 | — | — | — [1950|0732]0075 0075 — | F | -
560 | 0,873 00994009 | — | — | — 2000|0709 0075]0075| - | | | -
57 0,872 | 0 009 | - | — | - [2050|0582 0067|0067 - | | | -
580 | 0,8700098 0098 | — | — | — |2100[04530059]0059| - | | | -
599 | 0872400080098 | — | — | — [2150|0044[0044]0044| — | | | -
600 |0876 0098|0008 | — | — | — [2200]0292 0050|0050 — | | | —
6100879 [ 0099 | 0poa | — — 12250]0089 00400049 | — - -
620 0,880 ]0,099[0099| — | — | — [2300|0004[0046]0046| — | — | -
630 |0,880[ 0098|0008 | — | — | — [2350]0017 0046|0046 — | — | —
640 [0,884]0,099 /0099 | — | — | — [2400|0007 0044 |0044| — | — | —
650 |0,890[0099]00909| — | — | — [2450]0001 0045|0045 — | — | —
660 |0,895[0,099]0099 | - | — | — [2500]0023]0047|0047| - | — [ —
670 [ 0899 | 0100 0100 — | — | — | — | — [ = | — | - | — | -
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C.2 Correction of the effect of the non-ideal black absorber

C.2.1 Correction procedure

Jm is not equal to gst if some of the transmitted radiation is reflected back to the external environment
and is therefore not absorbed by the measurement system behind the test specimen. If only the
absorptance of the absorber is not equal to reference conditions, the relationship between gst and gm
can be established using Formula (C.3), Formula (C.4) and Formula (C.5):

G = 7T

t,sp + qi,st,sp

(C.3)

gm = 7:S
am,sp =
where

Tst,sp 1
1

qi,st,sp 1
(

®m,abs 1
am,sp |
Ast,sp
a"st,sp i

Pst,abs 1

’
Pstsp ]

q

is the solar transmittance of the test specimen for incidentadiation coming from the €

iis the secondary heat transfer factor of the test specifien towards the internal side in t

is the solar absorptance of the test specimen for incident radiation coming from the exf
nal side in the case of measuring condition;

mal side in the case of referenee condition;

mal side in the case of'reference condition;

is the solar reflectance of the absorber for incident radiation coming from the external
in the case of.reference condition;

is the solarreflectance of the test specimen for incident radiation coming from the inte

am,abs am.Sp

1 ’ + qi,st,sp X o
- pst,abs x pst,sp stsp

’

X

t,sp

x| 1+ Fstsp X X X !
ast,sp Tst,sp P st,abs

a _ ’
stsp pst,abs X pst,sp

ernal side in the case of reference condition;

ase of reference condition;

is the solar absorptance of the absorber for incident radiation coming from the externall

ide in the case of measuring condition;

s the solar absorptance of the test specimen for incident radiation coming from the ex{

s the solar absorptance of the test specimen for incident radiation coming from the int

ide if;the case of reference condition.

@sp can be detérmined using Formula (C.6):

(C.4)

(C.5)

he

er-

er-

side

rnal

|

asp

where

al'spsld/l

|52

(C.6)

a)sp Isthe spectral absorptance of the test specimen for radiation coming from the external side;

Sa i

24

s the spectral distribution of the solar simulator.
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@),sp can be determined using Formula (C.7):

Tpsp = 1- Prsp " Tasp 1 (C.7)
where

Prsp is the spectral reflectance of the test specimen for incident radiation coming from the exter-
nal side. This value can be measured according to ISO 9050 in the case of uniform samples
(e.g. glass pane) and can be measured according to EN 145001(Z], EN 14501[8] or CIE 130[10]
in the case of complex samples (e.g. venetian blind);

Trsp 1s the spectral transmittance of the test specimen for incident radiation coming irom the
external side. This value can be measured according to ISO 9050 in the cas¢of uniform

samples (e.g. glass pane) and can be measured according to EN 145001(Z}, EN 145(1(8] or

CIE 130[10] in the case of complex samples (e.g. venetian blind);

] is the efficiency of solar energy conversion for the measuring conditions in order| to take
into account that some of the incident radiation is converted intojuseful energy fprms and
extracted from the test specimen. This is only necessary in thé case of active renewable
energy harvesting components, such as building-integrated PV (BIPV) or buildinjg-solar
thermal collectors (BIST), integrated into the test speeimen (see Annex F). This §pecifically
means that 7 should be set to zero when collectors afenot operated (stagnation fondition)
or when a PV system is in the open circuit state.

a’sp ¢an be determined using Formula (C.8) and Formula {€9), analogously whereby it is clgar that p sp
is noft equal to P'A,sp in general. It should also be noted-that, in general, 1) sp is not equal tg T’)LSP in the
case of complex fenestration systems. Only in the case of clear samples it is generally true that 7 sp and
7'y, splare equal because of the reversibility principle for light rays.

, a, .S,dA

g, = J‘A’L (C.8)
[ 542

®rsp = 1- Pasp " Fasp N (C9

wherte

¢',sp is the spectral absorptance of the test specimen for radiation coming from the iIernal side;

Masp is thespectral reflectance of the test specimen for incident radiation coming from the inter-
nalSide. This value can be measured according to ISO 9050 in the case of uniform|samples
(e:g.glass pane) and can be measured according to EN 1450071, EN 14501[8] or QIE 130[10]
in the case of complex samples (e.g. venetian blind);

Tsp IS tiie spectrat tramsmittance of the testspecinmemn forincident radiatiomconmimng from the
internal side. This value can be measured according to ISO 9050: in the case of uniform
samples (e.g. glass pane) and can be measured according to EN 1450071, EN 14501[8]

or CIE 130[10] in the case of complex samples (e.g. venetian blind).

Practical line of action:
a) measure gm;
b) determine the properties needed in Formula (C.4) for the correction of gpy;

c) correctgm togst;
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d) if no measured values are available, the properties should be varied in the maximum physically
meaningful range in order to determine the maximum possible impact on g by varying the
parameters within these ranges.

C.2.2 I measurement

This procedure may be used in order to check whether I can be negligible or not. The metering box
and the radiometer are set as shown in Figure C.1. I should be measured in the state without the
test specimen in order to measure the maximum reflected irradiation, Ir,max. The angle from normal
incidence of the irradiation, 5, should not exceed 10° and the self-shading of the radiometer should be
avoided. If there is any gap between the surround panel and the metering box caused by this inclination,
the gap shoEld be closed by the gap closing device (e.g. thick screen with same optical propesties as

internal surface of the metering box). If the maximum solar reflectance from the metering box/obgx max
that is calcullated by Formula (C.10) is lower than 0,05, I can be negligible:

I
= = (£.10)

box,max Ji

Solar

where

Pbox,may 1S the maximum solar reflectance from the metering box.

Iy, max is the maximum density of heat flow rate of the incidentradiation that is transmitted
to the external side of the metering box after being reflected in the internal side of the
metering box, in W/m2.
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Figure C.1 — Example of-horizontal cross-section of [ measurement

Correction for the non:reference spectrum of the solar simulator

spectrum of the irradiation of a solar simulator depends mainly on the type of the illy
the age of the illuminant: The relationship between gst and g can be established using For
efore, the impactof.a non-reference spectrum can be evaluated or corrected using For]

=7

sim,sp + qi,sim,sp = gst + (Tsim,sp -

o
st,sp
Tst,sp ) + 9, sim,sp x| 1~

sim,sp

Iminant and

mula (C.11).
mula (C.12):

(C.11)

(C.12)

J oo 9., _(Tdm en —Tero
Ay TSP

where
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Tsim,sp 1S the solar transmittance of the test specimen for incident radiation coming from the
external side calculated using the spectrum of the solar simulator (detailed calculation
procedure is described in Annex H);

Qi,sim,sp 1s the secondary heat transfer factor of the test specimen towards the internal side calcu-
lated using the spectrum of the solar simulator;

@sim,sp  is the solar absorptance of the test specimen for incident radiation coming from the
external side calculated using the spectrum of the solar simulator (detailed calculation
procedure is described in Annex H);

Tst,sp 1s the solar transmittance of the test specimen for incident radiation coming from th¢ ex-
ternal side calculated using the reference spectrum as shown in ISO 9050:2003, Tablg 2;

@stsp | 1s the solar absorptance of the test specimen for incident radiation coming frout the ¢x-
ternal side calculated using the reference spectrum as shown in ISO 9050:2003, Tabl

0
N

For the spedtral correction in the case of test specimens with (gm - Tsim,sp)/gm < 0,1, only the spgctral
transmittance, 7, is needed in addition to the solar heat gain coefficient, gy and Eormula (C.12) can be
simplified t¢ Formula (C.13):

st =9 ~ (Tsim,sp - 7'-st,sp) (F.13)

C.4 Correction for non-reference external and internal convective heat transf
conditions

W
o]

Convective dnd radiative heat transfer conditions on thednternal and external sides of the test specimen
affect only the secondary heat transfer factor of the test specimen towards the internal side, g;. Both,
the assessment of the impact of non-reference heattransfer conditions and the correction to refefence
conditions dan be done using the y - formalism (see Reference [13]). First of all, the parameter y €[[0,1]

is determing¢d using Formula (C.14):

o - (Rse,m +7XRsp)XO‘sp
1,m

(C.14)
Rse,m + Rsp + Rsi,m

where

qim i9the measured secondary heat transfer factor of the test specimen towards the internal side;
Rse,m idthe measured external surface thermal resistance, in m2-K/W;

Rsim idthenieasured internal surface thermal resistance, in m2-K/W;

Rsp  isThe thermal resistance of the testspecimen, I m2-K/W;
asp is the solar absorptance of the test specimen.

The term “y x Rsp” can be interpreted as a sliding variable resistor where y determines the location of
the absorptance in the test specimen. The standardized secondary heat transfer factor towards the
internal side, gj st can then be corrected to reference heat transfer conditions Rse and Rs;j are determined

using Formula (C.15):

(Rse,st + 7y X RSp ) Xog,
qi,St = R

se,st

(C.15)

+ Rsp + Rsi,st

where
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qi,st is the standardized secondary heat transfer factor of the test specimen towards the inter-
nal side;

Rse st is the standardized external surface thermal resistance, in m2-K/W;

Rsi st is the standardized internal surface thermal resistance, in m2-K/W.
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Annex D
(informative)

Examples of design of measuring apparatus

D.1 General

The measu
gain coeffic
differences
conditions.

D.2 Design A

D.2.1 Gen

The apparat
on the defin
and ISO 125
boundary c

The conditi
irradiance 3
defined in IS
by irradiand

In the case
to ISO 1509

Figure D.1.

Fing apparatuses described in this annex are designed to determine the solar

not only the design of the measuring apparatus but also the definition of/the”boun

eral

us described in this subclause is designed to determine the.solar heat gain coefficient b
ition of ISO 15099 and on the measurement by the hot box method specified in ISO
H7-1. Therefore, the apparatus is designed so that canbe measured continuously for th¢
nditions: with irradiance and without irradiance (see Reference [14]).

re incorporated in the solar heat gain coefficient and the environmental temperaturs
0 15099 (all of the effects, such as changes'in the surface coefficient of heat transfer cg
e, shall be included in the solar heat gaincoefficient).

of this method, it is recommended to set up the environmental conditions accol
9 shown in Table 4. The overall’construction for the measuring apparatus is shoy

heat

ent by different ways as follows: hot box method and cool box method. There\are any

dary

ased
B990
e two

pn “without irradiance” is used because alkleffects on the thermal resistances dfie to

S, as
used

rding
/n in

Key

1  solar simulator 7  testspecimen

2 climatic chamber 8 surround panel

3 metering box 9  peripheral wall of the metering box
4  transparent aperture 10 internal side baffle

5 external side baffle 11 cooling plate

6  external airflow generator 12 internal fans and heater

30

Figure D.1 — Construction for apparatus in case of hot box method

77

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=0f6f5c10e63018033289bcd435b220b5

IS0 19467:2017(E)

D.2.2 Design of solar simulator

The steady-state solar simulator made of xenon lamp is used in this apparatus. The example of the
cross-section of the lamp house of the solar simulator is shown in Figure D.2. Light irradiated short-arc
xenon lamps (6,5 kW x 4 lamps) in the bottom of the apparatus are reflected by the ellipsoidal reflector
or directly through an air mass filter (AM1,5G), subsequently reflected by the primary mirror and
the secondary mirror. Finally, the light is irradiated to the test specimen through via the integrator
lens. Three lamps are at a constant current control and only one lamp is a feedback current control by
detecting the light quantity after passing through the integrator lens. The integrator lens is critical
optical components in order to form the light with uniform distribution on the irradiated surface.

L / £ 3
J oF 1% T

/[ _J
—/

dhort-arc xenon lamps (6,5 kW x 4 lamps)
gllipsoidal reflector

dir mass filter (AM1,5G)

primary mirror

decondary mirror

N O U1 W

iEtegrator lens

ihcident radiation

Figure D.2 — Example of cross-section of lamp house of solar simulator

Table D.1 — Example of spectral match of solar simulator

Percentage of total irradiance in the
No. Wavelengthrange | yayelength range 300 nm to 2 500 nm Spectral match
o Solar simulator Table 1
1 300 to 400 4,0 % 4,6 % 0,85
2 400 to 500 15,2 % 14,1 % 1,07
3 500 to 600 15,2 % 15,4 % 099
4 600 to 700 13,3% 14,0 % 0,95
5 700 to 800 10,1 % 11,3 % 0,89
6 800 to 900 9,4 % 9,4 % 1,00
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Table D.1 (continued)
7 900to 1100 13,8 % 12,2 % 1,12
8 1100to 1700 14,3 % 14,1 % 1,02
9 1700 to 2 500 4,7 % 4,8 % 0,99
D.2.3 Design and determination of heat flow rate of metering box

The hot box

based on ISO 8990 and ISO 12567-1 is used as the metering box in this apparatus.

The heat flow meters are attached to the internal side surfaces of the metering box in order to measure

the heat floy
0,90 or grea

The inform
Annex B.

Vv rates for the entire metering box. The heat tlow meters should be the solar absorptar
ter and be matte finished.

ition regarding the heat flow meters may be referred to ISO 8301:1991, 2.3,°24, 2.

D.2.4 Desjign and determination of heat flow rate of surround panel

D.2.4.1 Dg

The exampl
case of hot |
alternatives|

The shield p
to avoid the
greater and
layers for d
The shield p
itis necessa

The heat flo
in order to 1

sign of surround panel

e of the cross-sections and internal elevation of the surround panel specified in 6.5 i
pox method are shown in Figure D.3. Other design of sufrotnd panels can also be us

ce of

and

n the
bd as

late is installed on the surface of the surround panel on the climatic chamber side in ¢rder

reflection of irradiated light. The shield plate®should be the solar absorptance of 0,
be matte finished. In addition, the rear surface'of the shield plate should have the ventil
scharging the absorbed heat in order to reduce the heat flow rate into the metering
late should be in the same state of the construction as the normal external wall. Therg
Iy to cover the area of the frame thatis not irradiating the irradiance.

W meters are attached to the entire surface of the surround panel on the metering boy
heasure the passing heat flow rate. The heat flow meters should be the solar absorptar

0,90 or gredter and be matte finished, It-should be made sure that there are no gaps between the

flow meters|

attached on the entire surround panel within the internal dimensions of the metering

However, de
heat flow

pending on the dimensions of the surround panel aperture, it can be difficult to attac
ters without any gaps. In such cases, the heat flow meters are attached to be equal

respect to the area of the surround panel. Since the core of the surround panel using the insul

materials t
and small

es time to stabilize the heat transfer, the materials with relatively high thermal resist
eat capacitysuch as honeycomb core should be selected, in order to stabilize the

D0 or
htion
box.
fore,

side
ce of
heat
box.
h the
with
ating
ance
heat

transfer in 4 short period of time. The wooden trims that are usually constructed on the internal side of
the frame are installed.

32
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D.2.4.3 Determination of heat flow rate of surround panel

If there are gaps between the heat flow meters attached on the surround panel, the heat flow rate
measured by the heat flow meters is the part of heat flow rate of the surround panel. Therefore, the
heat flow rate of the surround panel is corrected by Formula (D.1) and Formula (D.2) on the assumption
that the uniform heat flow is generated through the entire surround panel:

Ap =W, xH  — A (D.1)

_ A X200 .2

P ZAt

where

Alp is the area of the surround panel on the internal dimensions of the metering box, in m?2;

L

lsp is the projected area, in m2;

At is the area of heat flow meters, in m2;

Wpsis the internal width of the metering box, in metres;

Mps is the internal height of the metering box, in metres;

pp is the heat flow rate through the entire surround panel, in watts;

p. is the heat flow rate to be measured by the héat flow meters, in watts.
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heat flow meter

Figure D.3 — Example of cross-sections and internal elevation of surround panel
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Design B

D.3.1 General

The metering box simulates the internal side and can be constructed either as a guarded hot box or as a
calibrated hot box. The construction should comply with the requirements specified in ISO 8990 except
where modified by this document.

To control climatic steady-state conditions in the metering box, the transmitted energy should be
absorbed and removed by a heat removal system. The heat flow &¢ removed by the cooling device can
either be measured with a heat flow meter or with a fluid calorimeter. In both cases, the stationary

clim{
are t
heati

If the
and {
heat
baffl

D.3.

The

on tH
a sol
solar
with
canli
have
be u
Crosf

ite condition of the metering chamber can be maintained by several control param
he inlet temperature of the cooling fluid, the fluid volumetric flow rate and an additiqg

ng.

climatic stationary conditions of the metering side are controlled by the inlet fluid t
he interchange of heat exchanger to the air is adequate, the resultant stuxface temper

ps are optional.

2 Design of solar simulator

bteady-state solar simulator with metal halide lamps can*bé used to create a uniforr
e test specimen. Due to the composition of the illuminant with rare earth metals the
hr spectral distribution which is very close to the global radiation according to Referg
simulator can be constructed with one or more lamps. The configuration of four lam
a connection power of 4 kW of each lamp has beenrproven as suitable. The light path of t
e directed with parabolic reflectors. The surfaee of the reflector can be fine structure

bed to meet the requirement on the speetral distribution and the uniformity. The ex4
-section of the lamp house of the solar simulator is shown in Figure D.4.

bters. These
nal internal

emperature
ature of the

exchanger will be close to the ambient temperature of the metering side. Therefore, internal side

h irradiance
lamps crate
nce [9]. The
ps in square
he radiation

and should

a not selective high reflectance. If it is negéssary, special filter glasses in front of the lamps can

imple of the
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AN

—

—

AN

Key
1  metal halide lamps
2 parabolit reflectors
3 air massfilter

Figure D.4 — Example of cross-section oflamp house of solar simulator

D.3.3 Desjign and determination of heat flowrate of metering box
The metering box with fluid calorimeter is constructed of the following:

a) Interior heat removal system: The lieat exchanging system with a chilled fluid flow is installed
behind |the test specimen in order to remove heat flow due to solar radiation and thegrmal
transmission. The absorber system can be a freestanding air-to-fluid (ripped) heat exchanger which
removes heat by direct conduction from the solar absorption and by an air to fluid heat exchange.
The transmitted solar radiation should be absorbed entirely on the heat exchanging system. ptray
light on|the metering bex’walls should be avoided. The absorption of the heat exchanging syjstem
shoulszte not less than'0,90 in the spectral bandwidth of 300 nm to 2 500 nm.

The heat flow rdte)®c, in watts, can be given by Formula (D.3):
D = pRLIRV X (Tin = Toue ) (D.3)

where

@c isthe heat flow rate removed by the heat exchanger, in watts;
p isthe density of cooling fluid, in kg/m3;

Cp is the specific heat capacity, in J/(kg-K);

V' is the fluid volumetric flow rate, in m3/s;

Tin isthe inlet fluid thermodynamic temperature, in kelvins;

Tout is the outlet fluid thermodynamic temperature, in kelvins.
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b) Temperature difference measuring device: Temperature sensors to measure the temperature
difference of inlet fluid temperature and outlet fluid temperature of the heat exchanger should be
located inside the metering box near tot the chamber wall in the middle of the fluid stream. Suitable

temperature measurement devices are the following:
1) PT 100 high precision resistance thermometer;
2) matched type T thermocouple sensors;

3) type T thermopile sensors.

c) Volumetric fluid flow rate measuring device: The volumetric fluid flow rate should be measured

d) Internal heating system: An internal heating system can be installed in the metering
nable an additional heat flux into the metering box to increase the heat flow rate; @, o
evice. This can be necessary when the transmitted energy is too small to achieve
esolution of the measurement signal. The heat flow rate, @y, suppliedby the heate

easured with a true RMS measurement of the electrical power and current.

e) (Calorimeter wall: Heat flux from the metering box into the gudrded box should be
rom the outside-inside temperature difference and the thermal‘conductivity of wall
y equivalent instrumentation. Therefore, the metering bokwalls can be equipped ¥

junction thermopile system. The junction’s pairs should be.connected in series and e
air should be located directly opposite across the wall thickness. The temperature s¢g
e uniformly distributed with a density of at least orte\pair of junctions per 0,25 mZ2 suj

D.3.4 Design and determination of heat flow’rate of surround panel

D.3.4.1 Design of surround panel

The ¢onstruction should comply with thextequirements specified in ISO 12567-1 except whe

by this document. The surround panel-acts as an idealized wall with high thermal resistan

the Wwindow or door in the correct position and separates the warm box from the cold box. T

panel should be large enough to ¢over the open face of the guard box in the case of a guaf

appajratus or the open face of the*hot box in the case of a calibrated hot-box apparatus.

The

conductivity. The thermalonductivity of the core material should be determined with a
platd
unifd

The

dired

The

clima
sSurr

a)

b)
The

ith an electromagnetic flow meter.

surround panel should be made of homogeneous material of long time stable 1

measurement device and should be not greater than 0,04 W/(m-K). The surround pan
rm and should\have at least the maximum thickness of the test specimen but not less t}
perture ared.should be significantly smaller than the area of the heat exchanging sys
t radiation on the chamber walls of the metering box.

dq

iticyside and metering side and from the thermal conductivity of surround panel. TH

chamber to
fthe cooling
a sufficient
r should be

determined
material, or
wvith a multi
hch junction
nsor should
face.

ere modified
re and holds
he surround
ded hot-box

ow thermal
buarded hot
el should be
1an 100 mm.
fem to avoid

heat flow through the surround should be determined from the temperature differeipce between

erefore, the

uTd parel camr be equipped with thre fottowimng:

Multi junction thermopile system. The junction’s pairs should be connected in series and each
junction pair should be located directly opposite across the wall thickness. The temperature sensor
should be uniformly distributed with a density of at least four temperature sensors on each side of
the wall surface.

As individual thermocouples of at least four temperature sensors on each side of the surround panel.

surface of the surround panel facing the solar simulator should have an opaque thin coating with

an absorbance a < 0,2 and an emissivity € > 0,8. The surface temperature sensors should be embedded
behind the coating.
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D.3.4.2 Determination of heat flow rate of surround panel
The heat flow rate through the surround panel, @p, can be given by Formula (D.4):

_ Agp xbgp

o, - (D.4)

P

where

®p is the heat flow rate through the surround panel for the conditions with irradiance, in watts;

Asp is the projected area of the surround panel, in m?;
Osp is the difference between the average surface temperatures of the surround panel,dinkelvjns;

Rp isthe thermal resistance of the surround panel, in m2-K/W.
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Example of temperature measurement

E.1 General
This|annex describes the examples of temperature measurement in the case of the detefmination of
the splar heat gain coefficient. When the temperature sensors receive the irradiance;.the femperature
sensprs should have the mechanism to eliminate the effects for casting a shadow/of the sehsors on the
specimen and heating up the temperature of the sensors by the solar absorption‘as much as possible.
E.2 | Example of temperature measurement by the thin sensors
Dimensions in millimetres
5 6 1 8
|| B
| |
1 2 o b
X X XX X x | J( | x
| |
| | |
________ ISR ISR IO |
| . |
L
X X _ 0 XX X X X
| |
- | To\ |
L | [y
________ & S T S |
| i |
|
K X XX X
4 )&\ | 1&\ ' \
3 | 3] 3
(50) 'l
(100) (100)
Key
1  external (climatic chamber) side 5 external side baffle or transparent aperture
2 internal (metering box) side 6 internal side baffle or absorber of cooling device
3  temperature sensors 7  testspecimen
4  radiometer 8  surround panel

Figure E.1 — Metering location of temperatures in the case of thin sensors

When the thin thermocouples (e.g. type T or type E, etc) in accordance with IEC 60584-1 made
from wire with diameter not greater than 0,1 mm are used as the temperature sensor, the effect for
casting a shadow of the sensors on the specimen and heating up the temperature of the sensors by
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solar absorption can be extremely small. Therefore, the temperatures can be measured in the directly
irradiated condition without a shield. For this reason, the surface and air temperatures can be measured
at the same position according to ISO 12567-1 with or without irradiance (see Figure E.1). Then, the
position of the radiometer should not cast a shadow on the temperature sensors. In the case of surface
temperature measurement, the temperature sensors should be fixed to the surface using adhesive or
transparent adhesive tape (e.g. transparent polypropylene tape, etc.) with an outer surface of high
emissivity greater than 0,8.

E.3 Example of temperature measurement by the thick sensors

e . . 2112
BirenstonstHrmimetres

5 6 [e— 7 8
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™
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o33l A= QR
| |
. Ll
<] ®) ®
(100) 3 3 |<_3
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TR = X
/&3/?3/&

0oy

3
>
Key
1  external|(climatic chamber) side 5 external side baffle or transparent aperture
2 internal mpfpring hnY) side 6 internal side baffle or absorber of r‘nnling devid
3  temperature sensors 7  test specimen
4  radiometer 8 surround panel

Figure E.2 — Metering location of temperatures in the case of thick sensors

When a temperature sensor made from wire has a diameter thicker than 0,1 mm, the effect of the
absorption of irradiation on the sensor cannot be neglected. In this case, the temperature sensors
should be shaded from direct irradiation. The shading shields should have a high solar reflection (e.g.
white painted) and the dimension should ensure a sufficient shading of the sensor. For the shields, thin
aluminium with half round can be used. An adequate dimension is 50 mm by 80 mm.
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Due to the effect of the shields on the solar heat gain coefficient, the air temperatures cannot be
measured within the area of the test specimen on the external side. The temperature sensors should be
located besides the test specimen (see Figure E.2).

© IS0 2017 - All rights reserved 41


https://standardsiso.com/api/?name=0f6f5c10e63018033289bcd435b220b5

ISO 19467:2017(E)
Annex F
(informative)

Measuring method and example of measurement of active solar
fenestration systems

F.1 Gendral

Active solar|fenestration systems convert solar energy in useful energy forms. They contain|integrated
PV-cells (for] electricity generation) and/or solar collectors for heat generation. The extraction of useful
energy lowdrs the solar heat gain coefficient in most cases and therefore should be-conisidered ip the
measuremepts.

F.2 Guidglines for the measurement of active solar fenestration systems with
solar theymal collectors

The extractlion of heat lowers the temperature of the absorber of’the solar thermal collecto1 and
therefore generally also lowers gin and therefore, the solar heatigain coefficient. It is clear that this
effect does ot occur when the collector is not operated (in stagnation conditions). The key paramgpters
that determlﬁne the effect on the solar heat gain coefficient are‘the inlet-temperature and the flow rate
of the heat tfansfer fluid. The following solar heat gain coefficient measurements are recommendgd.

a) Stagnatjon condition (no fluid flow).
b) Withouf irradiation: No fluid flow in case of.the-dark measurement of Uy.

With irgadiation:

1) inldt temperature 40 °C (if lower\than stagnation temperature);

2) high fluid flow so that the temperature difference between inlet and outlet is <3 K.
c¢) Without irradiation: No fluid,flow in case of the dark measurement of Uy.

With irfadiation:

1) inldt temperature 65 °C (if lower than stagnation temperature);

2) high fluid.flow so that the temperature difference between inlet and outlet is <3 K.

NOTE1 Itfisnotrelevant for the solar heat gain coefficient to determine the amount of extracted heat arld the
efficiency of the collector. The collector efficiency is nevertheless important for a proper characterization of the
performance of such multifunctional facades.

NOTE 2  An example of a measurement setup for a window with a glazing integrated solar thermal collector
with a conventional liquid cooled absorber between the outer and the inner glass pane and a water pipe
connection in the framing system is the following: The window with the glazing integrated collector should be
mounted in the solar heat gain coefficient measurement equipment in the same way as conventional glazing but
with the only speciality, that the water pipe inlet and outlet connection can be accessed from the outside (not
within the measurement chamber) and that it can be connected to a water thermostat. Temperature sensors at
the water inlet and outlet are necessary in order to check the above-mentioned requirements.
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