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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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
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).
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Introduction

The radiant heating and cooling system consists of heat emitting/absorbing, heat supply, distribution,
and control systems. Typical applications are low temperature radiant heating and high temperature
radiant cooling. They are classified as embedded radiant heating and cooling systems and prefabricated
radiant heating and cooling panel systems.

While ISO 11855 is for embedded radiant heating and cooling systems without an open air gap,
ISO 18566 is for radiant heating and cooling panel systems with an open air gap. Because the system
specifications for ISO 18566 are different from those of ISO 11855, it was necessary to develop separate
[SOfstandards regarding the design and test methods of the cooling and heating capacity anI control.

1S0|18566-1 specifies the comfort criteria, technical specifications and requirements,whicl should be
conpidered in the manufacturing and installation of radiant heating and cooling systems. [§0 18566-2
proyides the test facility and test method for heating and cooling capacity of ceiling mounted radiant
panfels. ISO 18566-3 specifies the design considerations and design processes of'¢eiling mounfed radiant
panels. ISO 18566-4 addresses the control of ceiling mounted radiant hedting and cooling panels to
enspre the maximum performance which was intended in the design stage when the system is actually
being operated in a building.

ISO[18566 does not cover the panels that are embedded into the ceiling, wall or floor structyre.

Thif document deals with the determination of heating and cdoling capacity of ceiling mounted radiant
panels. In Clause 5, the boundary conditions for the heating‘and cooling capacity test are dgscribed. In
Clayse 6, the test chamber and the output from the test are'defined.

Thif document is partly based on EN 14240, EN 14037%4and ASNI/ASHRAE Standard 138.

© IS0 2017 - All rights reserved v
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Building environment design — Design, test methods and
control of hydronic radiant heating and cooling panel
systems —

Part 2:
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punted radiant panels

Scope

5 document defines technical specifications and requirements of free hanging (suspend:e
dry cooling only surfaces with an air gap between construction,and the emitter (not

wit

Cei

Thi
ord

The
con
und

ISO
hea

For

ISO

h or without an insulation fed with water at temperatures below 120-°C connected with a

healrng and/or cooling supply source intended to be installed in buildings.

5 document also defines the additional common data that the manufacturer provides to t
br to ensure the correct application of the products.

Normative references

following documents are referred to,in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition-ofthe referenced document (including any amendmen

IEC 18566-1, Building envirgnment design — Design, test methods and control of hydrd
ting and cooling panel systenis*— Part 1: Definition, symbols, technical specifications and re

Terms and definitions
the purposes ofthis document, the terms and definitions given in ISO 18566-1 apply.

and IEC maintain terminological databases for use in standardization at the following ad

[SO Qnline browsing platform: available at http://www.iso.org/obp

IE€ Electropedia: available at http://www.electropedia.org/

ing

bd) heating
embedded)
rentralized

ing mounted radiant panels covered by this document arelimited to a width from 0,3 m yip to 1,5 m.

he trade, in

bir content
pplies. For
[s) applies.

nic radiant
quirements

dresses:

4

For

5

5.1

Symbols
the purposes of this document, the symbols in ISO 18566-1 apply.

Test booth

Radiant temperature asymmetry

The booth for testing ceiling mounted radiant panels shall be constructed in a way that all six
surrounding surfaces can be chilled.

© IS0 2017 - All rights reserved
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Walls, ceiling and floor shall have smooth inside surfaces covered with a coat of mat paint, having a
degree of emissivity of minimum 0,9.

The test booth construction shall be sufficiently tight to prevent air infiltration.
Heating case

The cooling system is to be carried out in order that the temperature difference between the six
surrounding inside surfaces of the test booth is not higher than 0,5 K. The temperature difference
between inlet and outlet shall not be higher than 0,5 K. That condition shall be maintained at the tests
for the determination of the characteristic equation.

Cooling ca

For coveri
coolingloa
and B.2).

Differing fi
way that th

shall be de

S€

g the cooling capacity, the test booth will be heated with a number of electrical hez:
H simulators (see Annex B) which are positioned on the floor of the test booth (see Figures

om these definitions, the surfaces, floor and ceiling of the test booth shall-be insulated in|

fermined by preliminary calibration tests of the booth or by calculations.

The reference temperature during the measurement shall be 32 °C = 0,5 K.in the steady condition f

minimum ¢

the insulat

temperatul

The test bg
the floor of

adjustable
heat outpul

The housir

surface sh
instrumen

£ 30 min. The temperature(s) of inner surfaces of walls, flooratid ceiling of the test booth (ur

‘e difference between these surfaces and the reference temperature of less than 1,0 K.

the test booth. The output of each simulator shallnot exceed 180 W and shall be continuo
e.g. with an adjustable transformer or a thyristor. Each simulator shall have an ident
[ and the same number of bulbs.

g of the simulators consists of painted‘steel sheet. The emissivity of the inside and out
1l be at least 0,9. The active power of the simulators shall be measured with a measu
[ of the accuracy class 1,0 % or better.

5.2 Temperature measuring points

Reference

The refere
means of a

point of th

(diameter

The penetr

air tight. T

Air tempekature

room temperature

ted
[B.1

the

e average heat flow in those surfaces is lower than 0,40 W/m2 duringthe test. This heat flow

DI a
der

on) shall be controlled and be kept on a value, which isdiecessary to guarantee a maxinpum

oth will be heated with six electrical heated coolingload simulators, which are positionegl on

1sly
ical

bide
[ing

hce room temperature is measured at a height of 0,75 m above the floor of the test boot

| 50 mm,eniissivity 0,9) is used. The measuring point is arranged in the centre of the sp

he holfJow sphere is attached to the temperature sensor.

by

globe thermometér. The measuring point is situated on the vertical axis through the cenjtral
e ceiling mounted radiant panel. A temperature sensor with blackened light metal sphere

re.

ation ef‘the temperature sensor through the surface of the sphere runs horizontally and is

The air temperature is measured with sensors protected against radiation. The measuring points are
situated on two vertical axes at three different heights as shown in Figure 1.
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o

2,5
3+ 0,02

0,25

3\

L + 0,02

W

Key
air temperature measuring points

reference room temperature measuring point
ceiling mounted radiant panel

axes of air temperature measuring points

The|dimension of the reference room should’ follow Figure 1, but national requirements should be algo taken into
accqunt.

Figure 1 — Arrangement of) measuring points for the reference room temperature and for air
temperature

Surfface temperature of the inside surfaces

The surface temperatures of the inside walls are calculated as average value of the inlet[and outlet
watler tempefature of each single surface wall.

5.3| Verification of test installation, repeatability and reproducibility

All test installations shall be veritied for:

— constructional conformity: any statement concerning thermal outputs shall be accompanied by a
statement indicating the test conditions in which the stated outputs have been obtained;

— repeatability: the repeatability precision shall be within an allowed tolerance sy when testing a
single master panel in the same test installation at short or long intervals. The testing laboratory
will use its own master panel (secondary set) to determine the repeatability tolerance sg of the
test installation. Using this master panel, heat output tests shall be carried out. The latest test for
repeatability shall not have taken place longer than 6 months before a thermal heat output test.
The repeatability shall be tested every 12 months in minimum. To prove the repeatability precision
of a test laboratory, the results of five consecutive tests at the start of the test installation shall be
within a tolerance range sg = 20 W;

© IS0 2017 - All rights reserved 3
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— reproducibility: the reproducibility shall be proved by using the primary set of master panels. The
test results shall be within the tolerance sy, = £20 W of the @y s value of each master panel.

The test laboratories have to prove the reproducibility in periodical tests.

6 Test

6.1 General

The aim o

f the thermal output test is to establish the standard characteristic equation of a cej

ing

mounted r
temperatu
using the

(calibratiof

6.2 Test

The therm
h1 and h> 4
determine

b =

me

The water

hdiant panel by determining the related values of thermal output and cooling capacity
e difference. Neither of these quantities can be measured directly, but shall be calculd
values of other measurable quantities, either directly or with additional informa
1 test, material properties table), by using mathematical relationships.

method

s shown in Formula (1). These temperatures are used to calculatethe specific enthalpie]
1 by the international steam tables at a reference water pressure of 120 kPa:

Im (hy —hy)

low rate is measured directly by a calibrated flow-méter in a closed water circuit or calculz

using the nmpass of the water m, collected in a measuring vesselfand the relevant time interval 7.

and
ted
fion

hl output @pe is calculated based on the water flow rate qn, and the imeasured temperatyres

S as

M

ited
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panel in the test booth 9  control unit for flow temperature

water circuit for measurement

connection of the calibration device to the
measuring circuit

4 |circulating pump in the measuring circuit
(controlled)

5 [electric heating element in the measuring
circuit for flow temperature control

6 |mass flow measuring instrument
7 |temperature measuring points
8 |control unit for mass flow

12

13

14
15
16

Figure 2 — Basic diagram of test installation with continuous measurement of the n
(weighing method) and with a device for calibrating the measuring instrumentad

container with overflow for calibration d
recording and evaluating instruments

collecting and draining installation for
calibrating measurement

heating device for calibrating measurem

test booth
bypass
water supply for calibration device

evice

ent

ass flow
tion

The bulk temperature of the water at inlet and outlet shall be measured with a device which ensures a

sufficient aceuracy.

All femipéeratures which do not serve for the determination of the thermal output shall bd

with‘afn accuracy of 0,1 K.

measured

The maximum uncertainty in measuring the thermal output shall not exceed +10 W.

The air pressure is measured with a tolerance of +2 hPa.

The natural convection inside the test booth shall not be influenced by additional means.

6.3 Dimension and construction of the test samples

The active length of the ceiling mounted radiant panels without the connection components shall
be within the range of 2,9 m to 3,1 m. The width shall be within the range of 0,3 m to 1,5 m. The
construction length including the connection components shall be a maximum of 3,5 m. No elements
which could increase the heat output shall be added to the linkage between the active length and the

collectors/headers.
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6.4 Selection of the models to be tested for determining the thermal output of a type

For determining the thermal output of a type, the models with the smallest and largest width within the
range are to be tested at least. Interpolation of thermal output and exponent is allowed if the proportion
of width of two tested panels does not exceed 2. Interpolation shall be linear.

6.5 Manufacturer documents for the test samples

The manufacturer shall provide for each test sample a drawing containing all dimensions and other
characteristics which will have an influence on the thermal output. This also includes all details about

thax oo

welding or

The drawil
and dry su

The manu
methods a

In cases w
product id¢

Instead of
abovement

6.6 Arrs

The ceiling
symmetrig
(2,5£0,02

When mesd
completely
and active
When detd
considered
effective a

The upper
as follows:
conductivi
on the upp
component

In ceiling
on top, the
the standa

baod ndina
Ot CT IIICTTo S OT DOTIOTITS

g shall also contain all the details of material used and of the nominal wall thickness of
rfaces, as well as the specification of the surface treatment applied.

facturer shall declare that the sample supplied has been manufactured-‘with the s
nd materials as the models of the standard production.

here the test sample has not been manufactured by the applicant, a~written declaratio
entity, which will be added to the test report of the test laboratory,as’to be submitted.

information concerning the manufacturer and the designationof product, reference to
ioned declaration shall be made in the test report.

iIngement of the sample in the test booth

wet

hme

h of

the

r mounted radiant panel to be tested shall be idstalled horizontally. It shall be instafled

al to the centre axes of the test booth. The loWwest point of the radiating surface shal
m above the floor. It shall be installed with the connection components.

be

isuring the thermal output of the active length, these components shall be provided

insulated. The insulation has to be thick all-over 40 mm. If the distance between the he3
length is below 40 mm, the insulation has to cover the respective part of the active len
rmining the thermal output of thé module, only the free part of the active length wil
. When determining the thermal output of the connecting components, the output of
tive length will be calculatéd with the characteristic equation.

insulation to be proyvided by the laboratory for the test of the standard output is dEf}ﬁ’l

layer of 40 mm mineral wool with vertical fibre, covered with aluminium foil, with
'y of 0,04 W/mKat40 °C and density of 25 kg/m3 at minimum. The insulation shall be pl4
er side of the test’panel without any interruption, aluminium foil at top. Upwards stanc
s like bracesand suspension bars etc. have to be respectively insulated.

jountedradiant panels with a heat-insulating layer in combination with active heating sur
uppérinsulation as described before has to be installed in addition for the measuremer
Fd-thermal output.

der
oth.
| be
the

ed
eat
ced
ling

Face
t of

After installation and connection to the measuring circuit, the test sample and the water circuit shall be
carefully vented. During the test, the measuring circuit shall be free of air inclusions. The procedure of
venting is to be described in the working instructions of the test laboratory.

6.7 Test

procedure

6.7.1 Test

The measuring of the thermal output of a model shall be done with two tests. At both tests, the upper
insulation shall be provided.

Test 1 is made to evaluate the thermal output of the active length. The connection components shall be

insulated.

6
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Test 2 is to evaluate the total thermal output. Therefore, the insulation of the connection components
shall be removed.

6.7.2 Mass flow

The water flow rate shall be regulated so that a Reynolds value Re = 4 500 + 500 results in the pipes
of the ceiling mounted radiant panel at a water temperature of 50 °C. During the test for measuring
the three points of the characteristic equation, the mass flow rate shall be constant at each measuring
point and shall not differ more than 5 % from one point to another.

6.7[3 Testtemperature — Heating case

A r¢ference room temperature of 20 (x0,5) °C in the steady-state conditions has to-bg held for 0,5 h
durjng the measurement.

To Hetermine the characteristic equation, measurements are carried out at-three diffdrent mean
temperatures of the ceiling mounted radiant panel. These mean temperatures_shall be calcylated from
the[respective inlet and outlet temperatures. They shall be within the following ranges:

— |30°Cto 34 °C;
— |48°Cto 52 °C;
— |68°Cto 72 °C;
— |88°Cto 92 °C.

6.714 Test temperature — Cooling case

Thg measuring shall be carried out at a reference temperature of 32 °C and a temperature dlfference of
15 K £ 0,5 K. It shall be guaranteed that the surface temperature is higher than the dew pointjduring the
megdsurement.

6.7]5 Steady-state conditions

Steqdy-state conditions shall-be*maintained throughout the duration of the test, as far 4s both the
prifary fluid circuit and the;ambient conditions in the test installation are concerned (se¢ Figure 2).
Parpmeters are to be monitored at regular intervals. Steady-state conditions are deemed to [exist when
the|standard deviations-of all the readings (not less than 12 sets in minimum of 6 min) amgunt to less
thap half of the ranges'specified below:

water and-air temperature +0,1 K (heating case)

40,05 K (cooling case)

water flow rate 1,0 %

The measuring results shall only be used if the thermal balance for test sample, simulators and heat
transmission does not differ through the test space enclosures more than 5 % from the total cooling
capacity of the test sample according to Formula (2).

where, in Formula (3),

6
Dy :zAi U; (ew,i —9ref) (3)
i1

© IS0 2017 - All rights reserved 7
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where
Dg

D

me

is the total thermal output of simulators;

is the measured output.

6.7.6 Correction due to the air pressure

To take in account air pressures deviating from ps = 101,325 kPa, the measured output @y shall be

corrected as follows:
0,4
D=, 0,65+0,35(p—5j (heating case) 4)
p
0,4
Deme G Prme | 0,5+ 0,5(’9—5] (cooling case) (5)
p

6.7.7 Repults of measurement — Characteristic equation
Heating case:
Having bedn corrected according to Formulae (4) and (5), the values of the thermal output are plofted
over the measured values of temperature difference and the characteristic equation, as well aq its
mathematifcal function, is determined. The formula for the characteristic of a model reads as showp in
Formulae (6) and (7):

Characleristic equation of the active length @, &K, - AQ"act (6)

Characferistic equation of the total length ()" @,y =K, - A" 00 (7)
The constqnts K, and K;,; and the eXponents n,. and n,, are determined by regression as shgwn
in Formulae (8) and (9):

The chiracteristic equationt.® =K- A 9" (8)

becomé¢s in logarithmiic'coordinates: log® =logK+n-log A6 9)
Applying the least:squares method, the log K and n values are obtained as shown in Formulae {10)
and (11):

A - ~ [ 2] = A |
2 (08 @] ) [(0g 8] [~ ) (g 56 T0g P~ ) (0 5F)
logK= 5 (10)
NZ[(logAQ)z}—<z' logAG)
N logA@Q-log®)|— log A@)- log @
[ -5 30) 3 (0g) -
NZ[(log AO)Z}—(Z. log A6)

where

N

is the number of test points.

The standard output is calculated from the function of the characteristic equation.

8
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The characteristic equation of the connection components is formed by subtraction of the characteristic
equation of the total length and the one of the active length. The subtraction is carried out for 30 K, 50 K
and 70 K. The constant K¢omp and the exponent ncomp are determined in the same way as for the other
formulae.

Cooling case

The standard cooling capacity results from the corrected value of the output according to Formula (5)

as per Formula (12):

asstiming a defined exponent of ncact = 1,1.

The

( AOCS \”Cact
D5 =P(pye LFJ
me

(12)

standard cooling capacity with a temperature difference of 15 K can be\tecalculatgd to other

insyfficient temperatures differing from the standard temperature  difference anglogical to

Formula (12).

Theg nominal cooling capacity is calculated with the nominal temperature difference (8 K) gs shown in

Formula (13).

6.7

Thg mean surface temperature shall be determined by an infrared (IR) system with the

feat

Theg mean surface temperature shall beddetermined with the IR system for each testing poin

Thd
the

n
AOCN Cact
Dy =Ds ( ]

ABbcg

8 Testing of mean surface temperature and the emissivity of the panel

IR system shall be installed with the sensitive probe directed towards the central vert
ceiling mounted radiant panel(see Figure 3).

(13)

e following

ures: automatic mean temperature of the nieasured surface including the emissivity, the distance
and|the ambient temperature.

.

ical axis of
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Dimensions in millime
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- 'Y | 1
| TNy
i n : :
: \4 v
< = :1: = >
< b > C

Key

1 IR syst¢gm

A topview

B  side vigw over the width of the ceiling panel
C side vigw over the length of the ceiling panel

Figurp 3 — Arrangement of{the IR system and the ceiling panel in the test booth during
determination with only one testing point

The distance between the'sturface of the ceiling mounted radiant panel and the sensor shall be %
The field df view shall‘be not less than 80° over the length and not less than 60° over the widt
the panel. [The tolerance of mean surface temperature shall be not more than 1,0 K. The results of]
determination oftheéradiant output shall be reported.

Practical e

tres

h of
the

ults

understat aliama om ad a a R mounted pnane a a a a¥a ARVUA allatalala aWala

ure

that designers are able to use test data for correct sizing of products, a correction factor is applied to
test data to give rated thermal output @p. The factor of 1,1 shall be introduced in the characteristic
equation. The rated thermal output shall be taken from this curve in correspondence of standard

temperature difference.
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The radiant output of the tested panel can be calculated for each measuring point as shown in

Formula (14):

4 4
Dpoq =G &y '(erp -0y ) : Arp (14)

The referred percentage of radiant output is calculated for each measuring point as shown in

Formula (15):

@
r=—12d 100 (15)

&
act

The determination of the emissivity shall be carried out with samples of the original"shdet covered
with the surface coating used at production. The test shall be done by certified laboratories.

7 |Testreport

The laboratory shall prepare a test report (see Annex A) based on the procedures and falculation
contained in this document.

The laboratory may only prepare a test report with reference to this document if the test fample is a
pretfabricated heat-transmitting device in the form of a heatingler cooling element with width of 0,3 m
up o 1,5 m fitted with connection components and designed-fo,operate on water flow heatipg facilities
and/or in cooling systems.

The following data shall be stated in the test report:

— |name and address of the test institute;

— |location of test (if different from the test institute);

— |name and address of the customer;

— |identification of the test methodused;

— |description of the test booth;

— |identification of the test samples including trademark, model number, dimensions;
— | dates of testing;

— |documents ofthe’'manufacturer (drawing no., report of the pressure test, report of the falctory test),
confirmation of the producer or declaration of product identity;

— |test results:

—"\results of the resistance to pressure test;

— control of the general construction specifications;

— control of the dimensional tolerances; all dimensions of the test sample shall be documented
with the nominal dimension, the measured dimension, nominal tolerance and the measured
differences in a table;

— test data including, for example, water temperatures, air temperatures, globe temperature,
water flow rate, corresponding Reynolds number at 50 °C (heating case);

— standard total output and the characteristic equation of the tested panel;
— standard output and the characteristic equation of the active length of the tested panel;

— standard output and the characteristic equation of connection components of the tested panel;
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— standard modular output and exponents of the tested panel and the interpolated/calculated
panels;

— rated thermal output of the tested panel and the interpolated/calculated panels;

— for characteristic equation with deviations from the standard characteristic equation, an
exact description of the boundary condition: parameters, thermal output values of standard
temperature difference, equation for the characteristic.

The constant K and the exponent n should be represented with three decimal places, the standard
output with one decimal place. Performance appointing temperatures (water, globe) have to be stated

with two dEcimal places and all other temperatures with one decimal ptace. . 1 |

12 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=2a267748dda5ab16676a6db29e27aa5f

Annex A
(informative)

ISO 18566-2:2017(E)

Tables of the test report for heating and cooling

Table A.1 — Standard thermal outputs and exponents n of the models

Model Width | Active | Thermal output of |[Exponentn| Standard modular | Rated modular
m length the active length thermal output thernjal output
m w W/m V/m
Table A.2 — Results of Tests 1 and 2 (for each tested model)
Symbols Unit Measuring point$
1 2 3
Air|pressure p kPa
Reference room temperature Oref B
Inl¢t water temperature 01 °C
Outlet water temperature 0, °C
Water temperature drop 61-62 K
Inlgt water enthalpy hq ]/kg
Outlet water enthalpy hy ]/kg
Entlhalpy difference hy - hy ]/kg
Mean water temperature (o °C
Temperature difference A6 K
Water flow rate qm kg/s
Megsured output Dme \\
Oufput corrected for baremetric pressure o) w

Charracteristic equation of the tested model: @ = K, x Agn

whére

sz ----------------------

n=

Table A.3 — Report of the determination of the characteristic equation from the connecting

components
Unit Calculation points
1 2 3
Temperature difference K 30K 50K 70K
Total output (Test 2) w
Output of the active length (Test 1) w
Output of the connection components w
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