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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 preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sugly patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Commniittee ISO/TC 205, Building environment defign.

Any feedback or questions on this documentshould be directed to the user’s national standprds body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

This document results from the recognition that the heating appliances falling into the field of
application hereinafter stated are traded on the basis of their thermal output.

To evaluate and compare different appliances it is therefore necessary to refer to a single stipulated
value, hereinafter called the standard rated thermal output.

In addition, for low temperature systems, a standard low temperature thermal output is given.

The standard thermal outputs (standard rated thermal output and standard low temperature thermal

output) are
The pre-req
— tobere

— tobere
measur

— to be r{
identic3
taking i

h defined value taken from the characteristic equation.

ng techniques;

Lisites of the standard thermal outputs, as defined by this document, are the folowing:

presentative of the actual output of the appliance in different operating conditions;

producible within the tolerances defined by this document, taking into’a¢count the stqte of

bpresentative of the thermal outputs, obtainable under the same test conditions, of any
Isample taken out of the current production (within the tolerances defined by this document,
nto account the state of measuring techniques and methods'of manufacture).

Vi
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Radiators and convectors — Methods and rating for
determining the heat output

1 Scope

This document defines procedures for determining the standard thermal outputs and other

char
with

This
toler
curr

This

CTETTStTS Of Tadiators ard CONVETtoTs IS tatied T a PerTarTeTTt TaTeT (T COnStructio
water or steam at temperatures below 120 °C, supplied by a remote energy source:

document specifies the laboratory arrangements and testing methods to be adopted, th
nces, the criteria for selecting the samples to be tested and for verifying;the confo
ent production with the samples tested at the initial test.

document also defines the additional common data that the manufacturer shall prov|

product in order to ensure the correct application of the products.

This
or to

1 works, fed

e admissible
rmity of the

ide with the

document does not apply to fan-assisted radiators, fan-assisted-convectors and trench convectors

independent heating appliances.

2 Normative references

heir content
applies. For
hts) applies.

)

Iresses:

The following documents are referred to in the text\in such a way that some or all of t
constitutes requirements of this document. For _dated references, only the edition cited
unddted references, the latest edition of the referehced document (including any amendme
ISO/IEC 17025, General requirements for the‘competence of testing and calibration laboratori
3 Terms, definitions, symbols'and units

3.1 | Terms and definitions

For the purposes of this-decument, the following terms and definitions apply.

[SO dnd IEC maintain términology databases for use in standardization at the following add
— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1.1

heatimgappliance

device having the purpose of transferring heat in order to provide specific temperature conditions
inside buildings

3.1.2

independent heating appliance
self-contained heating appliance (3.1.1) which does not need to be connected to a remote energy source
(e.g. a boiler) as it contains its own energy source (e.g. gas fired appliances, electric appliances, air to air

heat

©ISO

pump appliances)
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3.1.3
radiator

:2022(E)

heating appliance (3.1.1) produced with different materials (e.g. steel, aluminium, cast-iron) and with
different designs (e.g. plate type, column type, tube type, finned tube type), which emits heat by free
convection and radiation

3.1.4

sectional heating appliances
heating appliance (3.1.1) manufactured in sections of identical design and traded in this form, which
can be joined together into modular assemblies so that the desired output can be obtained

Note 1 to ent

3.1.5
convector
heating app]

Note 1 to ern
convective ch

3.1.6
skirting co
special conyj

3.1.7
dry heating

secondary heating surface

portion of t}
surface)

3.1.8
family of h
group of hed
of primary f
of the primg

3.1.9
model
heating app]

3.1.10
range of he
difference b

3.111
module

Moisal Liod t b LS £2. 1. 22
Yy VidIly applicu tu ruuivutvurs (J.L.J .

iance (3.1.1) which emits heat almost entirely by free convection

try: A convector comprising at least a heat emitter and a casing which pryovides an unh
imney of defined height.

nvector
ector (3.1.5) of limited height running along the base of an iiiterior wall

F surface

e heat emitting surface which is in contact with\air only (e.g. fins projecting from th¢

bating appliances

ting appliances (3.1.1) of similar desigirand construction and of identical material, posi
luid connections and other related-variables that particularly affect the conditions of]
ry fluid within the heating appliance (3.1.1)

iance (3.1.1) of definéd)height, length and depth within a type

ights
etween thegmaximum and minimum height of the models (3.1.9) in a type

<heating appliance>

pated

e wet

kions

flow

reference length of the useful portion of a heating appliance (3.1.1)

Note 1 to entry: The module coincides with:

the secti

alength

a finned

3.1.12
sample

on, in the case of sectional heating appliances (3.1.4);

of 1 m, in the case of non-sectional heating appliances (3.1.1);

length of 1 m, in the case of finned tube convectors (3.1.5).

representative heating appliance (3.1.1) used for the determination of one or more of the performance
characteristics

© IS0 2022 - All rights reserved
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3.1.13
inlet water temperature
bulk temperature of the water entering the heating appliance (3.1.1)

3.1.14
outlet water temperature
bulk temperature of the water leaving the heating appliance (3.1.1)

3.1.15
temperature drop
difference between inlet (3.1.13) and outlet water temperature (3.1.14)

3.1.16
meah water temperature
arithmetical mean of inlet (3.1.13) and outlet water temperature (3.1.14)

3.1.17
reference air temperature
air t¢gmperature measured on the vertical line at the centre of the test pooth, 0,75 m abdve the floor
level

3.1.18
excess temperature
diffefence between mean water temperature (3.1.16) and reference air temperature (3.1.17)

3.1.19
standard excess temperature
exceqs temperature (3.1.18) of 50 K as determined in ‘the standard conditions

Note [L to entry: Inlet water temperature (3.1.13) of 75°C, outlet water temperature (3.1.14) of 65 °C pnd reference
air temperature (3.1.17) of 20 °C.

3.1.20
air pressure
meagured value at the test site

3.1.21
water flow rate
amoynt of water flowing thyough the heating appliance (3.1.1) per unit of time

3.1.22
stanfdard water flow rate
watey flow rate (3£1.21) relating to standard test conditions

3.1.23
standard rated thermal output
therllnal output of a heating appliance (3.1.1) defined at 50 K excess temperature (3.1.18)

3.1.24
standard low temperature thermal output
thermal output of a heating appliance (3.1.1) defined at 30 K excess temperature (3.1.18)

3.1.25

characteristic equation

power function with a specific characteristic exponent that gives the thermal output as a function of
the excess temperature (3.1.18) at constant water flow rate (3.1.21)

3.1.26

standard characteristic equation

characteristic equation (3.1.25) which is valid for standard water flow rate (3.1.22) and from which the
standard thermal output can be found for the standard excess temperature (3.1.19) of 50 K

©1S0 2022 - All rights reserved 3
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test installation
combination of:

— test booth and other related parts, and

— measuring instruments and related equipment

3.1.28

test system
combination of:

test inst]

master

3.1.29
pressure djJ
difference o

3.1.30

supplemen
test for the j
radiators (3]

3.1.31
radiated he
Sk

assumed ra
which is onl

3.1.32
exponent n
exponent fo

3.1.33
emissivity
3

ratio of ene

temperatur¢

3.1.34
master rad
sample (3.1.]

Note 1 to ent
installations (

allation (3.1.27), and
radiators (3.1.34)

Fop
f pressure between water inlet and water outlet of the heating appliance|(3.1.1)

Lary test
purpose of establishing the effect of minor technical modificdtions on the thermal outy
1.3) that have already been tested

at output factor

y valid for air pressure (3.1.20) correction purposes

- the air pressure (3.1.20) correction-of the measured heat output of the radiator (3.1.3

rgy radiated by a paxticular material to energy radiated by a black body at the

h

jator
[ 2) useddorithe calibration of test installations (3.1.27)

'y: Master radiators are used to determine repeatability and reproducibility of the results of th
34.29) (see 5.2.3).

[io between the radiation heat output and the overall heat output of the radiator (3.

ut of

1.3),

baime

e test

3.2 Symbols and units of measurement

Table 1 — Symbols, quanties and units of measurement

Quantity Symbol

Unit

Thermal output

Standard thermal output

Modular thermal output

Reference value of a master radiator

Reference value of a primary set of master radiators for interlaboratory comparisons

Electrical method heat losses

g2\

© IS0 2022 - All rights res
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Table 1 (continued)

Quantity Symbol Unit
Electric power P, w
Thermodynamic temperature T K
Temperature T °C
Inlet water temperature T, °C
Outlet water temperature T, °C
Temperature drop T,-T, K
Meap-water-temperature = °C
Reference room air temperature T. °C
Excefs temperature aT K
Specific heat capacity Cp J/kgK
Specific enthalpy h ]/kg
Inletjwater enthalpy hy ]/ kg
Outlet water enthalpy h, ]/kg
Watgr flow rate qm kg/s
Stanflard water flow rate Qs kg/s
Prespure p kPa
Maximum operating pressure/resistance to pressure Pmax kPa
Prespure drop Ap kPa
Repdatability tolerance So -
Reprjoducibility tolerance Sm -
Overjall height of the heating appliance H m
Range of heights H, m
Overjall length of the heating appliance L m
Length of a section Lg m
Numpber of sections Ng -
Thermal resistance R m2-K/W
Timg interval T S
Radipted heat output factet Sk -
Emigsivity £ -

4 $election of heating appliances to be tested

4.1 | Classification

4.1.1 Heating appliances shall be grouped into families and types according to the definition in this
document. A family can include different types.

4.1.2 For the purposes of determining catalogue outputs, a family shall be divided into a number
of separate types (in a family of radiators there can, for example, be single or double panels, with or
without convector surfaces, using the same basic components).

4.1.3 The output of each model shall not be greater than 3 500 W and the minimum thermal output of
the selected model shall be not less than 200 W at standard excess temperature.

On request of the manufacturer, lower thermal output can be tested and the deviation from the previous
requirements shall be registered in the test report.

© IS0 2022 - All rights reserved 5
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4.2 Selection of models to be tested for determining the thermal outputs of a type

4.2.1 Selection of models to be tested when the variable characteristic dimension is the overall
height and the cross-section of the variable part is constant

4.2.1.1 When a type includes only models of height 300 mm and greater, the models to be tested
within that type shall be selected in accordance with 4.2.1.2,4.2.1.3,4.2.1.4 and 4.2.1.5.

If the type also includes heights below 300 mm, the minimum height below 300 mm shall be tested in

he above models.

For a type it which all heights are below 300 mm, only the minimum and the maximum height shj

addition to t
tested.
4.2.1.2 Th

heights as sl

4.2.1.3 Th
For skirting]
radiators, h
0,8 m. For s¢

For towel ra|

4214 In
height of thg

where H .

4215 In
maximum h
respectively

nown in Table 2.

e minimum number of models to be tested within a type is determined by-the ran

Table 2 — Minimum number of models to be tested

Range of heights (m) Number of models
to be tested
Hr = Hmax - Hmin
<1lm 3
>1m

e minimum length of finned coil of the models td\be tested shall be 1 m or the closest td
convectors only, the finned coil length shall:be the closest to 3 m. In the case of sect]
hving height H < 1 m, the minimum numbeiof sections shall be 10 or the minimum l¢g
bctional radiator having height greater than 1 m, the minimum length shall be 0,45 m.

diators see 4.2.2.

the case of H. < 1 m, the models to be tested shall be three; the minimum and maxi
range and an intermediate hieight so that H;, is equal to or the closest value greater t

ax ~ % X Hr
is the maximumheight of the type.

the caseof 1 m < H,. < 2,5 m, the models to be tested shall be four; the minimum
pight of-the range and two intermediate heights so that H;; and H;,, are the closest v.
to;

1l be

ge of

1m.
ional
ngth

mum
lan:

and
hlues

Hipeg =

and

Hine2 =Hmax '%XHr

© IS0 2022 - All rights reserved
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Selection of models to be tested when the variable characteristic dimension fo

is other than the overall height

4.2.2.1 General principle

r the type

The minimum number of models to be tested is three, having the same overall height and respectively,
the minimum, intermediate and maximum value of the relevant characteristic dimension (see 4.2.1.4).

The measured values shall be used to determine the characteristic equation of the type.

For the equation to be valid, all the measured thermal outputs shall fall within +2 % of the prediction of

the

If any
of th

4.2.2

This
Figul
If a

outp
the {
using
lengf
note

4.2.2

For
thet
Ifiti
strai
mod

If thd

Uatiorn:

 value falls outside this range, the type shall be divided and new equations derived for
e results.

.2 Selection of models to be tested when a type includes horizontal\parallel floy

procedure applies to tubular radiators classified as “towel or bathroom radiators”, :
re G.3.

'ype includes horizontal parallel flow models, with different-heights and lengths,
its of models having L ;, and L., respectively shall be tested. If there are more than th
hermal output for all heating appliances having L, .and L., respectively shall be
b the respective characteristic equation. For each height, the thermal output for mg
h included between L . and L, .. shall be linearly, interpolated. The adopted proced
] in the test report.

min max

.3 Straight or curved towel or bathroonytadiator

towels and bathroom radiators” having'similar external size (height, length, external
ibes) and different shape of horizontal tube (straight or curved):

5 proved by at least two tests that'the difference between the thermal outputs of the nj
cht tubes and the model having curved tubes, is within +4,0 %, then the catalogue
bls having curved tubes cdn)be assumed equal to the equivalent models having straigh|

difference exceeds £4)0 % the models are classified as a different type and tested for

geomnpetry.

4.2.2

For °
diam
tests

4 Towel dand’bathroom radiator water circulation

towel and bathroom radiators” having the same external size (height, length, depth §
eter of'the tube), but different internal circulation of the hot water, if it is proved by
thatthe difference between the thermal outputs of the models having different interna

is wi

Lhin +4.0 %, then the catalogue data of all the models can be assumed to be equal. If th

each subset

v models

iccording to

the thermal
iree heights,
established
dels having
ure shall be

diameter of

1odel having
data of the
[t tubes.

any specific

nd external
at least two
| circulation
e difference

exceeds +4,0 % the models are classified as different type and so tested for any specific internal water
circulation.

4.2.2.5 Different surface treatments (chromed, polished)

Models having the same external size (height, length, depth and external diameter of the tube), but
different surface treatment (i.e. painted, chromed or mechanically polished), shall be tested as follows:

a) Models painted and chromed shall be tested according to 4.2;

© IS0 2022 - All rights reserved
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b) For models having other surface treatments (e.g. satinated or polished) the minimum number of

to be tested shall be defined as follows:

for each other type, two models, having the minimum and the maximum heat output as

measured on painted model, shall be tested only to determine the less favourable reduction
coefficient;

determined according to 1).

samples

1)

2)
4.2.2.6 In

fluence of water flow rate on thermal output

On request (Lf manufacturers, the influence of water flow rate on thermal output shall be verifjed.,

In this case,
4.3 Testil

4.3.1 Oni
family, heat

Product dra

4.3.2 The

show al
welds o

state th
thickne

be ident

4.3.3 Befg
against the

dimens

— material thickness toleraces of convective surfaces, shown on the product drawings.

The laborat
values shall

The models

wings shall be submitted by the manufacturer.

additional characteristics shall be tested, setting half and double standard mass flow.
ng samples submission and identification

nitial application for the testing of a family of heating appliances; or of a type wit
ng appliance samples and product drawings shall be submitted o the testing laborato

product drawings shall:

| dimensions and features having an influence on-the heat emission, including the det
I other assembly methods used;

e type of material and the nominal materidal thicknesses of wet or dry surfaces, wit
5s tolerances, and type of paint;

ified by the drawing number and the date of revision.

re proceeding with the thermal output testing, the laboratory shall identify the appl
Hrawing and shall note conformity of the sample with the drawing in respect of:

onal tolerances given-in;Table 3;

pry shall alse)meéasure the mass and the water content of the sample models. The relq
be reportedin the test report.

for test:shall be selected as specified in 4.2.

4.3.4 Samiples of heating appliances already in production shall he taken from the production il

manufactur

er's stock by the laboratory or its authorized representative.

Samples of prototype appliances shall be submitted by the manufacturer.
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Supplementary test

Upon manufacturer's request, minor technical modifications can be investigated.

The testing laboratory investigates the effect of the change on heat output.

If the supplementary test reveals a deviation within +4,0 % of the measured standard rated thermal
output, the manufacturer can declare the old value of the standard thermal output.

If the difference exceeds 4,0 % the models are classified as a different type in accordance with 4.2.

The findings of the supplementary test shall be demonstrated as follows:

— lln the case of an assessment based on a visual check: by a written confirmation with it

1

o the new drawing submitted by the manufacturer;

— in the case of measurements: by a complete test report.

5 1

5.1

The
stan

5.2

5.2.1
Fort
a) 4
b) 3
Fort

5.2.2

5.2.2
The 1

a) 4
1

Laboratory equipment and test methods

Principle

him of the test is to determine the standard thermal outputs of the heating appliar
lard characteristic equation, which shall be obtained accérding to 5.4.5.

Apparatus

Test system
he purposes of this document, a test system shall consist of:
| test installation;
| set of three master radiators built according to 5.2.3.

he purposes of this document, test installations are classified as reference and approv
Reference testinstallation

.1 General
eference’test installation shall contain the following equipment:

| closed unventilated booth, comprising the test space within which the heating appl
estshall be installed, equipped with water cooled surfaces to maintain specific therm4

he reference

ce using its

iance under
| conditions

1

| 1 PRI R | 4 1 1. 41 il 1. PRSRE e Wil Wi
IIUCTPTITUCTIIU U UIT TXLTT AT dHIVITIIL, DUt daLLOTUIITZ LU J.4.4.4,

b) apparatus for cooling the water circulating in the walls of the closed booth;

c) aprimary heating circuit feeding the appliance under test, built in accordance with 5.4;

d) measuring and checking instruments in accordance with the requirements of 5.2.5 and 5.2.6.

©ISO

2022 - All rights reserved
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5.2.2.2 Reference test booth

5.2.2.2.1 Testbooth dimensions

The test booth shall have the following internal dimensions:

— length: (4 £ 0,02) m;

— width: (4 £ 0,02) m;

— height: (3 £ 0,02) m.

5.2.2.2.2

The test boq

Fest booth construction

th shall be constructed with sandwich panels cooled by water (see Figure 1). The int

brnal

surface of the booth shall be smooth and made from flat sheets of steel. The sandwieh’ panels (see

Figure 1 and Figure 2) are made up of:

— asteel panel, water cooled;

— insulatipg foam injected between the steel panel and an external steel sheet, to form a single self-
supportling body;

— an external steel sheet, 0,6 mm nominal thickness.

The steel water cooled panels (see Figure 3) are made up of twosheets welded together:

— one flatjhaving 2 mm thickness;

— the other of 1 mm thickness having undulating shape to form waterways with a cross-sertion
approximately 150 mm?2,

The thickneps of the insulating foam layer shall be 80 mm. The minimum overall thermal resistarjce of

each wall, floor and ceiling shall be 2,5 m? K/W The wall behind the appliance under test is madle by

the same sa
The inside s
0,9. The pan
bridges (see
pipe circuit
of the testb

5.2.2.2.3

The test bod

5.2.2.2.4

hdwich panels but it is disconneeted from the cooling system (the steel panels are enj
urfaces of the test booth shall be covered with a dull paint having an emissivity of at
els are assembled so that the'structure of the test booth is self-supporting, without the
Figure 4). The connections of the cooling panels to the circuit are made following a t}

both are provided.with devices for air tightness.

lightness of the test booth

th construction shall be sufficiently tight to prevent uncontrolled air infiltration.

Cooling system

pty).
least
rmal
hree-

scheme (see Figure 5):)The holes allowing water and electric connections with the ouftside

The water-cooling system shall be designed in such a manner that at the highest admissible output of
the testing appliance, the temperature difference occurring on the cooled internal surfaces of the test
booth will not be more than +0,5 K compared with the average temperature of all cooled surfaces. In
order to ensure this, each panel shall be supplied with a flow rate of at least 80 kg/h per m?2 of internal
surface. This condition is a pre-requisite for operating the test booth.

During the tests the average temperature of the cooled internal surface shall be regulated so that the
reference air temperature will be (20 = 0,5) °C and will conform to steady-state conditions.

The surface average temperature is the mean of the inlet and outlet water temperatures of the relevant
surface.

12 © IS0 2022 - All rights reserved
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5.2.2.3 Measurements in the booth

5.2.2.3.1 Temperature measurements in the booth
Temperature measurements shall be made in the booth:
— to determine the reference room temperature;

— to monitor the thermal state of the test installation.

5.2.2.3.2 Air temperature measuring points

On tllle central vertical axis of the booth:

a) qtthe reference air temperature point 0,75 m from the floor,
b) 43t the following additional points:

1) 0,05 m from the floor,

2) 1,50 m from the floor,

3) 0,05 m from the ceiling.

Dimensions jn millimetres

13,5 378 97 378 13,5
L2
!

4 000
3 990

< [ Hﬁ"/}

— P — — — —

]
I
|
|
|
|
|
|
L
I
|
|
|

_—— ——— ——— —— ————-—-
e e —

(——=
(=

(=

(=
(==
(=

(=

(=

(=

(=

/,\_/:,\
B e
v U U U U U U U U U U

[

~

{

1000 T
[Fg]

Figure 1 — Sandwich panel cooled by water
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5.2.2.3.3 Temperatures of the internal surfaces

On the back beside wall apart from the central point, a point on the centre axis at 0,5 m from the floor.

The surface temperatures (excluding those of the wall behind the heating appliance) shall be maintained
within a 0,3 K spread.

5.2.2.3.4 Other measurements

Air pressure.

5.2.3 Mas

5.2.3.1 G
The purpos

a) to verif
this dod

b) to verify
docums

c) toestab
in each

ter radiators

tneral
s of the master radiators are the following:

y that the reproducibility of test values among test installations is within the limits s
ument;

 that reference and approved test installations give test results-within the limits set by
nt;

lish a common basis for all test installations in verifying that the repeatability of test v
aboratory is within the limits set by this document.

To verify the reproducibility among test installations builtto the present document, a singl

of master r
reference te|

This single 4

st installations to determine the respective @y'and @) values (see 5.2.4.3.3).

et of master radiators is named “primafty set”. Each laboratory shall equip itself with

of master re:I?iators constructed and verified to this document. This set, named “secondary set”, sh

used to veri
shall be use

y the repeatability of the test installation. The secondary set of one reference test b
1 to verify the reproducibility of'approved test installations.

et by

y this

hlues

e set

hdiators constructed and verified according to“this document will be circulated agong

a set
11l be
poth,

14
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Dimensions in millimetres

mm
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Figure 2 — Sandwich paneleooled by water with hole for external connectigns

Dimensions in millimetres

sl

Zl

Figure 3 — Steel water cooled panel cross-section
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Figure 4 — Panel assembly

Key

1 air tight opening for electric and water connections
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b) Main chilled water circuit (example)
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Key
1 plectric re-heater

R refrigerant circuit connection

A, air separator

S

Figure 5 — Cooling circuits

5.2.3.2 Determination of @, and @, values of master radiators (primary set)

Each reference test installation shall state a single @ reference value for each master radiator. This @,
reference value can be derived from the results of more than one test.

A mean value shall be calculated from the reference values stated by the reference test installations,
having discarded aberrant values. This shall be taken as the reference value @), of each master radiator.

©1S0 2022 - All rights reserved 17
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The @, reference value, submitted by each reference testinstallation shall be within +1 % (S, tolerance),

of the reference value @), for each master radiator.

5.2.3.3 Dimensions

The main dimensions of the three master radiators are given in Figure 6, Figure 7 and Figure 8.

5.2.3.4 Material

The master radiators shall be constructed from X5CrNiMo 17-12-2 stainless steel.

5.2.3.5 Cq

Master rad
document.

5.2.3.6 Di

Master radi
(see Annex 4
for any furt]

5.2.4 Ver

5.2.4.1 G

nstruction

ators shall be constructed according to the relevant specifications contajned in| this

mensional verification

ntors shall be dimensionally verified according to the procedure contained in this document
\) and a complete report as requested by this document shall be prepared and kept avajlable

ner check.

fication of test installation repeatability and reproducibility

tneral principles

This subclafise deals with the verification of test installations built in accordance with this document
est installations). It also describes the procedure for the subsequent approval off test

(reference t
installation]

All test inst]

built according to other designs (appraoved test installations).

h1lations shall be verified for:

— constructional conformity: any statement concerning thermal outputs shall be accompanied| by a

statemsgq

nt concerning the test conditiens in which the stated outputs have been obtained;

— repeatapility: within a tolerancé S accepted when testing one individual sample of the same mpaster

radiato]

— reprody
in diffeq]

in the same test installation at short- or long-time intervals;

cibility: within &toplerance S, accepted when testing one individual set of master radiators

ent test installations.

18
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Dimensions in millimetres
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Figure 6 — Master radiator No. 1
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Dimensions in millimetres
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2
X
Key
X  detail of|pipes welding
1  pipethread ISO7-1/1 Rp 1/4
2 pipe thread’ISO 7-1/1 Rp 3/4
3 38 pipesd
Figure 7 — Master radiator No. 2
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Dimensions in millimetres
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50 +05 1150 +1 50 £0,5 50
A 1 130 04
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b
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15
i 15
d / L b 5
20 0,1 60 0,3
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20
o 20
o
3 N
2
X B0 0,3

Key
detail of pipes-welding
pipe thread’ISO 7/1 Rp 1/4
pipe thread ISO 7/1 Rp 3/4
38pipes

w N R X

Figure 8 — Master radiator No. 3
Only test installations constructed in accordance with 5.2.2 can be nominated as reference test
installations.

Only reference test installations shall be used to determine the reference value @, of master radiators.
Approved test installations can operate provided that their repeatability and reproducibility, as well as
their constructional conformity, has been verified with a reference test installation.

The reference value @), for each master radiator is recorded in Annex H and the list of reference test
installations is indicated in Annex I.
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5.2.4.2 Test installation verifications

5.2.4.2.1 Reference testinstallations

Constructional conformity:

The laboratory shall state the conformity to this document.

Repeatability:

The testing laboratory shall use its own set of master radiators (secondary set) to determine the

repeatabilit
Using these

The results

The reprody
out in accor
radiator.

5.2.4.2.2

y

The laborat
installation
are those in
document.

The statem
verification

— Repeat
The procedt

The laborat

The reprodt
statement s

The test in{
reference vg

Reproducibility:

Reproducibility:

master radiators, heat output tests shall be carried out in accordance with 5.3 and 5:4

pf 10 consecutive tests shall be comprised within a 1 % spread (tolerance S)<

cibility shall be verified using the primary set of master radiators. The test results (ca
lance with 5.3 and 5.4) shall be within #1 % (tolerance S,) of the @), value of each m

Approved test installation

ory shall describe the complete specifications suitable for the identification of thd
and the operating conditions (constructional confgrmity), stating that these specifica
which the repeatability and reproducibility verifications have met the tolerances set i

ent shall be undersigned by the reference laboratory with which the reproduci
5 have been made at the same time as répeatability and reproducibility verification.

hbility:
ire given in 5.2.4.2.1 shall be'followed.

ry shall use its own setrof'master radiators (secondary set).

cibility shall bewerified using the secondary set of a reference test system. The verific
nall be counteksigned by the relevant reference test laboratory.

tallatiomnshall determine a single @, reference value for each master radiator. Th
lue camrbe derived from the results of more than one test.

The @, refe

rried
hster

test
ions
this

hility

htion

s @,

rence value, submitted by the test installation, shall be within +1 % (tolerance S, ) g

f the

repeatability test value for each master radiator (see 5.2.3.2) obtained in the reference test installation
with which the verification has been made.

Test installation, conforming with the repeatability tolerance S, and reproducibility tolerance S, can

operate as a

pproved test installation.

5.2.4.3 Periodic verification of test installations

5.2.4.3.1 General

Verification tests shall be carried out periodically to ensure continuing conformity of test installations.
The periodic verification of test installation shall be carried out according to Annex H.

22
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5.2.4.3.2 Constructional conformity

The test installation shall be periodically checked for constructional conformity.

5.2.4.3.3 Repeatability
Using its own set of master radiators (secondary set), the laboratory shall carry out an output test at

least every three months. The result shall fall within the 1 % spread (S, tolerance) obtained from the
initial 10 consecutive tests.

5.2.4.3.4 Reproducibility

All t¢st installations shall be periodically verified using the primary set of three masterradiators of
the reference test system with which the initial reproducibility verification was made, following the
procedures described in 5.2.4.2.1 and 5.2.4.2.2.

5.2.§ Accuracy of measuring instruments and devices

5.2.3.1 General

In orfer to facilitate easy processing and a safe documentation ofimeasurement data, all mgasurements
can Qe recorded as electric values.

5.2.5.2 Mass

For the weighing method, a weighing machine withzd maximum error of 2 g at 10 kg shall be used to
meagure the water collected in the measuring vesgel.

5.2.3.3 Time

The time taken to collect the water shatlybe measured with a timer connected to a switching system
and fo the swivelled spout between theymeasuring vessel and to the collecting tank (max. effror 0,015 s).
The ¢ollection period shall be notless than 30 s.

5.2.3.4 Temperatures

The water temperatures-shall be directly measured at the water connection points of |the heating
appliance under test.

The sensors can‘be” mounted in a special device which shall be designed to ensure that the bulk
tempgerature js\recorded with sufficient accuracy.

The maximum uncertainty in determining the bulk temperature shall not be larger than 0/05 K and no
morg than 0,1 K for the temperature drop and the excess temperatures.

The air temperature measurement points shall be equipped with a radiation shield.

The total uncertainty shall be smaller than 0,1 K.

5.2.5.5 Electric output

The accuracy of measuring instruments shall be +0,1 % of the measured value. The voltage shall be
stabilized to +0,1 %.

5.2.5.6 Air pressure

The accuracy in measuring the air pressure shall be 0,2 kPa.
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5.2.6 Calibration of measuring instruments

The calibration of the measuring instruments, for the primary test variables shall be traceable, in
accordance with ISO/IEC 17025.

5.3 Preparation for thermal output test

5.3.1 The heating appliance shall be installed in the following reference conditions:

a) the heating appliance shall be placed parallel to, and symmetrically about the centreline of the rear
wall;

b) the gap|between the rear of the nearest heat emitting surface of the heating appliance and the rear
wall shall be (0,050 * 0,002) m;

c) the gaplbetween the floor and the bottom of the heating appliance shall be (0,110 £'0,005) m;

d) the heating appliance on test shall be connected with the flow connection at the top of one endl and
the retyrn connection at the bottom of the same end.

e) itshall be ensured that no air locks occur in the connecting pipes on the'primary fluid circuit{This
can be 1ealized, for example, using the arrangement described in AnhexB.

5.3.2 If tHe manufacturer's technical literature or standard fittings require installation differing
from any of the above reference conditions, the heating appliance shall be installed according to
the manufafturer's specification using, where relevant, thegcomponents normally supplied by the
manufacturpr.

T
e
‘;_\

5.3.3 In agldition to the thermal output tests in the reference installation conditions defined in b.
other tests ¢an be performed as specified by the manufacturer.

5.3.4 The|laboratory shall state in the test report the installation conditions and the manufacfurer
shall reportfthe same specifications in the technical literature.

5.4 Test methods

5.4.1 Genleral

The quantitiies to be measured for determining the thermal output differ according to the mgthod
chosen. The[thermal output can be determined in two ways:

— Weighing method?by the measuring of the water flow rate (see 3.1.27) through the heating appljance
and by determiining the enthalpy differential between inlet and outlet.

E] t ikl aathaod: hyr oot ogtho anargyz 1t + 0 Aaxaratayx
eC rlC I IIICUITUU, Ll-y IIICcaour llls CIITC CIICT 6] llllJbl\. LU LIIC vvalull

clrort
T L

5.4.2 Weighing method

The thermal output of the heating appliance under test is determined by measuring the water flow rate
(weighing method) through the heating appliance and its enthalpy differential between inlet and outlet.

Using a test set-up such as illustrated in Figure 9, part of the water flows through the circulating pump
(1) to the overflow (5), while the larger part is constantly circulated through the electric boiler (3) and
the mixing device (4). The water used during the test flows down the overflow (5) through the radiator
under test (7) and into the measuring vessel (14).

The water flow rate can be measured by other devices provided that they are verifiable by the weighing
method and that they have at least the same accuracy.
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Electric method

Water is circulated through an electric boiler (1) to the radiator under test (4), as for instance shown in
Figure 10.

The thermal output of the radiator is determined from the electric power supplied to the electric boiler,
after having deducted the heatloss @, of the electric boiler and pipes, and taking into account the power
of the pump (9).

The heat loss within the range of temperature differentials, to be observed, is determined using a short
circuit test (a heat-insulated pipe with a known heat loss is mounted in place of the radiator).

It is
outle

5.4.4

5.4.4

To eq
relat

Fecommended that the temperature measurement points (5) be located directly at)t
t connections of the electric boiler, in order to counter check the heat loss at the electr

Measurements and calculations

.1 General

tablish the standard characteristic equation of a heating appliance/it'is necessary to dg
ed values of thermal output and excess temperatures.

he inlet and
ic boiler.

termine the

Neither of these quantities can be measured directly, but shall be calculated using the values of other

quan
mate

5.4.4

The {
and 1

Thes|

steain tables at a reference water pressure of 120 kPa.

4

The Y
the ]

tities which can be measured, either directly or with“additional information (calil
rial properties table), and using mathematical relationships.

.2 Weighing method

hermal output @, . is calculated using the.Water flow rate g, and the measured tem
2-

e temperatures are used to calculate-the specific enthalpies as determined by the i

me = qm (h17h3)

plevant time interval

"o

bration test,

peratures tl

hternational

vater flow rate is calculated using the mass of the water m collected in the measuring vessel and
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Figure 9 — Weighing method: Test set-up
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Figure 10 — Electric method: Test set-up

5.4.4.3 Electric method

The thermal output @, . is the difference between the electric power P, to the heater, minus the heat
losses @y, of the heater and the pipes:

(Dmezpel'd)v

The power of the pump is taken into consideration.
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The water flow rate is calculated using the thermal output and the difference between the specific

enthalpies.

__ Pme
(hy-hy)

dm

me

5.4.4.4 Correction due to the air pressure

In consideration of atmospheric pressure deviating from p, = 101,325 kPa, the thermal output

calculated b

y the relevant measured values @, shall be corrected as follows:

D=, .

The correct

o

in which p {

2
p

[Sk+(1-SJf1]

on factor f;, shall be calculated with the following formula:

;

s the barometric pressure measured during the test, and the exponent n, as well a

value of S are to be taken from Table 4.

NOTE E3
5.4.5 Det
5.4.5.1 TH
constant wa
AT = (30
AT = (50
AT = (60

During the
more than 1
in 5.4.5.2).

The water f
whole test.

amples are given in Annex G.

ermination of the characteristic equation

ter flow rate and at the following excess temperature:

+2,5)K

+2,5)K

+2,5K

etermination of the.Characteristic equation, the reference air temperature shall not ch
K from one measiifement to the next (in addition to the conditions for steady-state §

low rate,shall not fluctuate or differ more than 1 % from the adjusted value durin

To determi
water flow

s the

e characteristic equation shall be determined“on the basis of at least three points at

ange
riven

> the

dard

T thestandard characteristic equation, the water flow rate shall be adjusted to the stan

ate (qum +5 %)

Energy Calculation parameters:

If the manufacturer decides to use product-specific characteristics for the energy efficiency calculations
in the system standardization (ISO 52031), additional measurements shall be carried out for water-
flow of g , g, = 30 % and at the following excess temperature:

AT = (30

AT = (50

28

+2,5)K

+2,5)K
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T=(60+2,5)K

The results shall be added to the test report.

5.4.5.2 Steady-state conditions

Steady-state conditions shall be maintained throughout the duration of the test, so far as both the
primary fluid circuit and the ambient conditions in the test installation are concerned. Parameters shall
be monitored at regular intervals by an automatic system. Steady-state conditions are deemed to exist
when the standard deviations of all the readings (not less than 12 sets) taken at least in 30 min, are less

than

5.5

5.5.1

5.5.1
obta

whel|

The
Then

e

el

U1
N U1

h 1L il o g1 1
UIIC TI4IT U LIICT T dIIgCS SPTLITITU DTIUVV.

water and air temperature (see 3.1.19, 3.1.20, 3.1.23) 0,1 K;

water flow rate +1 %
Presentation of results
Standard thermal output of a model

.1 For heating appliances classified as radiators, the standard characteristic equatig
ned from the test of a model is:

=K, - AT

K

n 1S the constant of the model;

h is the exponent of the characteristic equation.
roefficient “K, “ of each model is determined by the following relationship K, = @ ¢, /
the heat output at any AT\is equal to:

= @y (AT/50)"

30 = P50 (30/50)"

.2 Forheating appliances classified as radiators and comprised in a type, according t
5, the‘'thermal output is almost linear with length (i.e. exponent is close to unity) (see

n (Annex C)

JORN

b 4.2.1.4 and
Annex D).

= ‘
=

c

W

@ =4, - L and Ior heaters constructed Irom a number or identical vertical sections, L = NS . LS.

The characteristic regression equation becomes:

&, =K HP AT (Cote1H)

where

K;  is the constant for the type;

b isthe exponent of the characteristic dimension.

©ISO
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5.5.1.3 For heating appliances classified as radiators and comprised in a type according to 4.2,
catalogue outputs for not tested models in the type shall be calculated from the characteristic
regression equation of the type.

The exponent n for tested models is the value determined from the measurements.
For not tested models belonging to type:

— exponent “n” is determined by linear interpolation between two nearby values.

— water content and dry mass is determined by linear interpolation between two nearby values.

5.5.2 Determination of the catalogue outputs of a type made at variable water flow rate

The charactpristic equation becomes:

o, =K H? -q,¢ AT CoterH)
where q,, isthe water flow rate.

6 Testreport

The laboratpry shall prepare a test report based on the procedures‘and calculations contained in this
document. The specimen of the test report is given in Annex E.

The following data shall be stated in the test report:

a) the standard characteristic equation of each tested piodel;
b) the starjdard thermal outputs (@3, ,Ps ) of eaclymodel;

c) any non-standard installation conditions which apply;

d) the pressure drop equation (i.e. pressture drop versus water flow rate), if requested by the
manufafturer.

The therma] output of the module shall be indicated with one decimal digit if its value is below 100 and
rounded mathematically, while it i$ rounded mathematically to the whole number in the other cases.

The exponent of the functionirshall be indicated with four decimal digits.

The temperature shall belindicated with one decimal digit.
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Table 4 — Radiated heat output factor “Sk” and exponent “n,”

Radiated heat Exponent n,
Radiator type output factor Height of radiator
Sk H<400mm | H>400 mm
Sectional vertical radiators (see Figure G.1)
Depthb <110 mm 0,30 0,40 0,50
Depth b > 110 mm 0,25 0,45 0,65
Horizontal water flow radiators / towel radiators
(see Figure G.3)
Depth b <30 mm 0,27 0,36 0,40
Depth b > 30 mm 0,25 0,40 0,45
Sectjonal vertical radiators, front closed
0,25 055 0,65
(see Figure G.2)
Multf column radiators (see Figure G.9)
Depth b <110 mm 0,30 0,40 0,50
Depth b > 110 mm 0,25 0,45 0,65
Pleated steel radiator (see Figure G.4) 0,25 0,55 0,70
Pipelgrill radiators (see Figure G.5) 0,20 0,65 0,75
Single panel radiators without convectors 0,50 0,40 0,50
Single panel radiators with 1 convector
Pitch of the fins < 25 mm 0,35 0,60 0,70
Pitch of the fins > 25 mm 0,35 0,55 0,60
Single panel radiators with 2 convectors
Pitch ofthe fins < 25 mm 0,25 0,65 0,75
Pitch of the fins > 25 mm 0,25 0,60 0,65
Doulle panel radiators without convectors 0,35 0,40 0,55
Doulple panel radiators with 1 or{2'convectors
between the panels (see Figure G.6)
Pitch of the fins < 25 mm 0,20 0,60 0,75
Pitch of the fins > 25 mm 0,20 0,55 0,70
Doulple panel radiators with 3 convectors or 2 convectors
behipd each panel
Pitch of the fins < 25 mm 0,15 0,60 0,75
Pitch of the fins > 25 mm 0,15 0,55 0,70
Triplepanel and multi-panel radiators without convectors 0,20 0,40 0,55
Triple panel and multi-panel radiators with 1 convector

NOTE 1 For radiators with chromed and polished final finish S, = 0 and nj, is the same of the corresponding painted
radiators. For other surface treatments the factor Sy is calculated as:

E
£ .5
0,92 kP

where
Sy, p Is the Sk factor for the corresponding painted radiator;
¢ is the emissivity of the surface.

NOTE 2 The exponent n, is almost independent from the excess temperature AT.

NOTE 3 In the above table, the values are based on a AT = 50 K and they can be used for any AT.
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Table 4 (continued)
Radiated heat Exponent n,
Radiator type output factor Height of radiator
Sk H<400mm | H=400 mm
Pitch of the fins < 25 mm 0,15 0,55 0,70
Pitch of the fins > 25 mm 0,15 0,50 0,65
Triple panel and multi-panel radiators with more than
1 convector (see Figure G.7)
PTtch of the 11ns < 25 mm 0,10 0,65 0,90
Pitch of the fins > 25 mm 0,10 0,60 0,80
Convectors without case 2,5 < Pitch of the fins < 4 mm 0,05
Pitch of the fins > 4 mm 0,05 o8
Convectors with case height <400 mm
2,5 < Pitch of the fins < 4 mm 0,00 0,90
Pitch of the fins > 4 mm 0,00 0,75
Convectors with case height 2 400 mm
2,5 < Pitch of the fins £ 4 mm 0,00 0,60
Pitch of the fins > 4 mm 0,00 0,55

NOTE 1 For 1
radiators. For]

8 .
0,92

where

Sy pis the SKf

£ is the emissi
NOTE 2 The e
NOTE 3 In the|

D

ctor for the corresponding painted radiator;

vity of the surface.

kponent ny, is almost independent from'the excess temperature AT.

above table, the values are basedionta AT = 50 K and they can be used for any AT.

adiators with chromed and polished final finish S = 0 and %.is the same of the corresponding pafinted
other surface treatments the factor S, is calculated as:
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Annex A
(normative)

Master radiators dimensional verification

After having been painted, master radiators shall be dimensionally verified using the relevant form of
this annex (see Figure A.1, Figure A.2 and Figure A.3).

The grithmetical mean value of each dimension shall be within the limits indicated in the f¢rm.
The measured weight and water content shall be reported in the form.

The filled-in form shall be made available by the laboratory for any further check:
Dimensions in millimetres

L D
[1

1°[2°] 3°| 4°) 5°| 6°[ 7°| 8°| 9°|10°|11° [12°[13°[14°|15° [16° [17°[18° [19°|20°|21° 22°|23

T‘%ﬂk##################ﬁ?—” Ll

-

L/ ]
117

{
H=
T
=
[i
L/
717

s e i Other data

N ; ; (maximum and minimum accepted
value of the relevant measure)

Length L; (1 149 mm to 1 151 mm)
L, (1130 mmto 1132 mm)

Distance between axes
[ (643 mm to 645 mm)

Junction external diameter
D (29,7 mm to 30,3 mm)

O 0 (N[O || D W|IN|F-
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

Mean |H S e i
val-
ues

Maximum and minimum accepted values of the relévant dimensions

689 12,9 34,9 50,9 179 40,7 50,7
Rp 1/2
691 131 351 5142 18,1 41,3 51,3

Figure A.1 — Master radiator No. 1 dimensional verification — Measurements to be taken

Dimensions in millimetres

Ly D,
L,
~
~
S|
®
| C d
®
< 3
Ry
LS [ P
0,
D External column Other data
N, H diameter
D, D, dA dB
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Length L; (1 249 mm to 1 251 mm)
L, (1149 mmto 1151 mm)

Distance between axes
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Mean

D

values

Maximum and minimum accepted values of the relevant dimensions

H

D

849

49,5

199

49,5
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| 851 | 50,5 20,1 50,5

Figure A.2 — Master radiator No. 2 dimensional verification — Measurements to be taken

Dimensions in millimetres

Ly
L by
b h
F — - -0 |<
N
dx
© ®)
r
x| ®)
g
© ®
& =
~
. RN
= [ [
b,
—- I E:Z
Q.
External column Other data
D g r
N H diameter d
Di| D, |dA|dB|dC |dD,;gA | gX|gB| rA| rX | rB
1 Length L; (1 249 mm to 1 251 mm)
2 L, (1149 mmto 1 151 mm)
3
4 Distance between axes
5 (799 mm to 801 mm)
6
7
8
9
10
11
12
13
14
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99,7
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49,5

29,7

851

A

130,4

20,1

30,3

100,3

60,3

50,5

30,3

)

Figure A.3 — Master radiator No. 3 dimensional verification — Measurements to be taken
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Annex B
(informative)

Determination of pressure drop

B.1 General

Radiators a
Even in cony
less than 2(
losses in hed

Nevertheles
water flow
flow rate in

It is therefo
flow rate, b

quoted in thle catalogue.

The pressur
and is deper

a) thewat
b) the wat
c) the cro

Cross-sq
d) theleng
e) the nunj
f) thewat
If the same

cannot be determined, and the pressure drop equation can be quoted only for the tested modg
pp characteristics are required for a type or family, the effect of length is significant

pressure dr
can only be
should span

e not very influenced by the water flow rate and pressure drops in them are negli
Fectors, the pressure drop is usually less than 1 000 Pa and for some families of\applig
0 Pa. Consequently, the appliance pressure drop is not a major contribut@r té pres
1ting systems.

s, in convectors and other appliances, the thermal output of which is influenced b
"ate, it is necessary to supply each appliance of the heating system with the correct y
order to obtain the rated thermal output.

‘e recommended that such appliances, which will have beenctested at more than one yj
e subjected to pressure drop tests and the coefficients of the pressure drop equatig

e drop through an appliance is related only to the design of the heat emitter (not the ca
ldent on:

br flow rate;
br temperature in so far as it affects thefluid density and viscosity;

bs-sectional area of the waterways_(governed by the number of parallel paths and
ctions);

th of the waterways (that is,.the length of each path);
ber of local losses (such.as bends) in each path;
er distribution betWween the parallel paths.

samples are used for both heat output tests and pressure drop tests, the effect of le

determihed by testing additional samples of other lengths. In this case the models ch
thetrange of lengths of the type.

bible.
nces
sure

7 the
vater

vater
n be

5ing)

their

ngth
Is. If
and
osen

It is prefera

1570 ot | 4 ol o | £ ot +1 4 2| | 4 s 11
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€VEr,

the effect of temperature is generally low/minor and tests must be carried out at 20 °C * 10 °C provided

that thisis s

tated in the catalogue.

If they are taken to be the same as those required for heat output tests, there is the possibility of
carrying out pressure drop tests simultaneously with the heat output tests. At least three water flow
rates should be chosen to be representative of the manufacturer's recommended installation practice.
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B.2 Pressure drop equation of a type

B.2.1 General

The pressure drop equation of a type is of the form:

Ap=KxIBxA*xq, ¢

where A is the cross-sectional area of the waterways. For most existing convector types, the heat
emitters differ only in length, so 4 is not a variable.

Where the types within a type have a simple geometric relationship, one with anotheft, the equation
must be applied to the whole family.

Coefficients of the pressure drop equation shall be determined by multiple regression as {lescribed in
Anngx D.

For the equation to be valid, all the measured pressure drops shall fall withih +10 % of the prediction
of the equation. If any fall outside this range, the type should be divided:and new equation$ derived for
each|subset of the results.

B.2.2 Pressure drop characteristic equation of a model
The pressure drop characteristic equation of a model is:

Ap= qumd

wherfe the index d is usually close to 2.
The pressure drop test shall be made on the.same model taken for the thermal output test.

The pressure drop shall be determinged:at not less than three water flow rates, corresponding to 50 %,
100 % and 200 % of the standard water flow rate.

The ftest data shall be correlated with the regression method to determine the paramgters of the
charjcteristic equation.

B.3 | Test method

B.3.1 Test circuit

An example:of a suitable test set-up for determining the pressure drop is shown in Figure B.1.

the nominal
less than 20

eating appliance shall be installed in a test circuit made up of two lines of tubing with

times its internal diameter Its inner surface shall be clean and smooth.

B.3.2 Pressure tappings

The lines of tubing shall be provided with one measuring head each with several holes or ring opening.
The design of a measuring head with hole distribution is shown in Figure B.3. The distance between the
measuring heads and the heating appliance to be tested shall be as follows:

— 5 times the internal diameter for the measuring head fitted in flow direction before the heating
appliance;
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and

— 10 times the internal diameter for the measuring head fitted in flow direction behind the heating
appliance.

B.4 Test procedure — Setting up

B.4.1 Connect the lines of tubing to heating appliance and supply line and connect the instrument for
measuring the pressure drop to the measuring heads.

B.4.2 Set 3 water flow rate higher than the standard water flow rate and carefully bleed the ‘jlater
system of aifr. Before the tests are made, the measuring heads shall be de-aired. Air locks can'easily be
determined|by using transparent plastic pipes.

B.5 Measurements of differential pressures using an inverted U tube manometer

B.5.1 Techniques of measurement

The values of the differential pressure obtained in these tests are small and’consequently, minor faults
in technique of measurement lead to errors that are disproportionately-large.

Greater confidence in measurement is ensured by eliminating the;common sources of error described
in the following subclauses.

B.5.2 Surface tension effect
The stability of the meniscus is improved by:
— the use pf manometer tubes with internal bore’>"10 mm;

— adding two or three drops of wetting agentto the inverted U tube manometer and the piezometer
ring (seg Figure B.3).

B.5.3 Leakage

Piping should be inspected for. cracks, particularly where there are bends. Care should be taken to
ensure that ftubing is connected-securely to adapter tailpieces or nipples, but at the same time, not|cut.

Leakage cari also occur through an imperfect equalizing valve. If a leak is suspected, the inverted U
tube manonpeter assembly should be tested hydraulically at a static pressure of > 5 kPa.

B.5.4 Air pockets in connecting piping

Errors can He€aused by the lack of homogeneity of the inverted U tube manometer fluid. There is 4 risk
that air will collect at any point in the rim of connecting piping between piezometer ring and inverted U
tube manometer and also within the piezometer ring itself. It is therefore important to run connecting
piping from the bottom of the piezometer ring to the inverted U tube manometer free from kinks by a
continuous upward gradient. Before the tests are made, the piezometer ring should be vented. The use
of transparent/translucent plastic tubing enables air pockets to be detected more easily.

B.5.5 Blocked pressure holes
Pressure holes should be checked before and after a series of tests to ensure that they are not blocked.

The plugs of the piezometer ring provide access through which the blockage may be cleared by means
of a thin probe.
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B.5.6 Level of inlet and outlet connections

The inlet and outlet connections should preferably be on the same horizontal centreline.

B.5.7 Damping (throttling) of excessive movement (oscillation) of inverted U tube
manometer liquid

Damping can be affected by use of plug or pinch cocks, by a capillary (viscous) restriction or by porous
plugs in the connecting piping. Excessive damping causes error and it is essential that damping is equal
on each side of the inverted U tube manometer (see Figure B.2).

ﬂ —
2
10 6
. 11 7
/ T 1 i
HN(ES
Bl |4
— 1 A
il
’ HIS
~
[—é Hf A
[l
Bl (i -7
[
)
9 \Oi;/
LY L
. A }(—_:r'
3
\\. .//
13 . X @ |
14
C —
Key
1 air cock 8 inverted U tube manometer
2 air receiver 9 flow regulating valve
3 water container 10 overflow
4 beam type 11 water heating device
5 constant level tank 12 appliance under test
6 thermometer pocket 13 pump
7 insulated constant section pipe 14 sump
A pressure tapping B 20 pipe diameters

Figure B.1 — Pressure drop measuring set-up (open-circuit water system)
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Figure B.2 — Inverted U tube manometer

air vent

pipe plug
1 mm drill (remove burrs)

BPS pipe nipple to the inverter U tube manometer

D;=D + 10 mm + 2 mm x pipe wall thickness

Figure B.3 — Piezometer ring detail
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Annex C
(normative)

Least squares regression for a model

The characteristic equation:

$ =Ky AT"

becomes, in logarithmic coordinates:

Applying the least squares method, the log K, and ,, values are obtained:asfollows:

[e—

whet

PE K\ =

log® =logKpg +n-log AT

3 (log®)-3[dog ATH* |- 3 (log AT -log®)- 3 (log AT)
N-3[ogAT)* ]-(Zlog AT»?
B N-Y[(logAT -log®)]->(logAT)- Y (log®)
N-3[(1ogAT)*]-(3 (logAT))*

e n is the number of measured points.
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Annex D
(normative)

Analysis of test results by the method of least squares multiple

The general

D=K x]

Any invari
expressed i

log® =lo

For simplici

D =K'+

This formul

regression

formulasahich daceribhactha haqat ot of - tygng 1o,
oUW e aesSeRBeSttReeat odtpHtTo+a—+

n.
T 2 Y PO

a ><Hb XAT(C"ﬂlH) ><(qm )C

nt parameters of a series of tests are omitted from the equation. Thefermula ca
logarithmic form as:

b K +alogL+blogH +cy log AT +¢,Hlog AT +clogq,,

'y of notation this can be rewritten as:

L'+ DH '+ cq AT '+ ¢ (HAT '+ cq'

h has six unknowns, so a further five formulae are@equired to permit a solution. Thes

(D.1)

n be

(D.2)

(D.3)

£ are

obtained bymultiplying Formula (D.3) by each of five of the ¥ariables in turn. If the test results comprise
N sets of m¢asurements of the test variables, each equation can be expressed as the summation| of N
identical eqpiations in each of which one set of measurements has been substituted. The six equafions
then become:
NP =K N+aY L+bD H +co DT +c; Y HL%c Y q (D.3)
SO LA S L raX (L) b H LR ST L e, S HT L+ Y (D.4)
SOH LK Y H +ay LH &Y (H )2 teo D TH +c; D HTH +¢ Y qH (D.5)
ST 1k YT +aY LT +bY HT +¢4 3 (T )2 +ey Y HTT +c Y qT (D.6)
N @ HT| =k Y H T +a LHT +bY HHT +cy O T HT +C1Z(HT')2 +cY qHT (D.7)
qu"q‘ =K'Zq' +012L'q' +b2H'q‘ +¢ ZT'q‘ +ey ZHT'q' +02(q' )2 (D.8)

These formulae must be solved simultaneously to give the least squares best fit estimates of the six
unknowns K, a, b, ¢, ¢4, ¢. in most cases, one or more of the parameters will be invariant, and all terms

containing t

hat variable will be omitted.

The formulae can be conveniently written in matrix form:

X

44
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Sour =Y nr S Lur N HHT S rur Z(HT')Z

V@’ﬂ' = Vn' vrl ' vn' ' v'r' ' vnfr" '
1 Z1 211

Sii
Son b
Zq'T' Co
Zq'HT' ¢

N

Lt“q L‘u q Lt‘ Y Y
in which variables must be omitted by leaving out the appropriate rows and columns,

The matrices can be written as:

{ri=[x){a}

This|can be rearranged to give an explicit formula for the regressioncoefficient vector {4}:

{ay=[xT"{r}

The matrix [X] has maximum size 6 x 6, and is easily.inverted by the many standard

available.

For the formula to be valid, all the measured thermal outputs shall fall within *2 % of the j

the formula.

If any fall outside this range, the type shall:be divided and new formulae derived for each s

results.

Lot
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Annex E
(normative)

Specimen of the test report

Fiption of the test booth is attached.

consists of pages and it can be reproduced only,injts integral form

(indicate the identification data, of the drawings on the basis of which the dimensiona
ve been carried out)

IDENTIFICATION SYMBOL OF THE TYPE

ver-

THE TYPE COMPRISES THE FOLLOWING MODELS (in case of a single model indicate the model only):

Model

Drawing no. Tested (Y/N)
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Characteristic equation of the type

Characteristic variable dimension (5€e drawing N ..o ):

1. OVERALL HEIGHT

Characteristic equation

Operator Laboratory manager Institute dire¢tor
DESCRIPTION OF THE TEST INSTALLATION AND PROCEDURE
STANDARD THERMAL OUTPUT OF THE TESTED MODELS

Modgel | Length | Height | Depth / ‘Mass Water | Thermal output Thermal n
content 50K
mm mm mm kg output 30 K
1 W/m W/m
W/section W/section
W/(m finned .
W/(m finned
length) length)

Characteristic regression equation of the type:

@, =K, xH" xq,° x AT

where:

+cq
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Ki =
b =
€O = e
€1 =
c RN (= 0 if radiator)

Characteristic equation of the tested models:

IMODEL ettt bRttt e e
@ =K, xAT"
where:
Ky = b, Difference between tested value and the yalue
calculated by the regression equation of the frype:
N = e

Difference = ....{iv i sresssseeesns 0

1Y/ (0] 2 S D= ST SS
(pso S n ST S L T T T T I T TR
(pgo S n — rressssssssmsssEEsssmmmEEEEEns

Average mepsured values and results (one shéet for each tested model)

Symbol Unit Measuring point
1 2 3

Air pressure p kPa
Air ref. templerature t, °C
Water inlet temperature tq °C
Water outlefitemperature ty °C
Temperature¢ difference ty-t, K
Inlet water gnthalpy hy 1/kg
Outlet water| enthalpy h, 1/kg
Enthalpy difference Ah ]/kg
Mean water temperature tm °C
Excess temperature AT K
Weighing method
Water flow rate m ke/s
Thermal output measured D e w
Electric method

. . Pel w
Electric power input
Circuit heat losses Dy w
Thermal output corrected for barometric pressure @ W
influence
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Annex F
(informative)

Apparatus and method for checking the bulk temperature
measuring devices

vs—the apparaty : st asuring—device—lemperature
Fences of approximately 10 K can be stabilized in the inlet to the measuring device. The temperature
‘ded in the test device is compared with the temperature in a second device (or the'spefial blender)
nted behind the test device. Both measuring devices are extremely well insulated.,/The temperature
‘ded in the test device shall not differ by more than 0,1 K at 10 K temperature-difference from the
erature recorded in the second device. On the assumption that there is\a femperatuile difference
K within the water flow at the inlet of the measuring device during‘the test, an uncertainty in
‘'mining the bulk temperature of 0,01 K can be extrapolated.
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cold
hot

layer device

mea

blender measuring of real bulk temperature (or a second measuring device)

sufihgdevice

Figure F.1 — Apparatus for checking the bulk temperature measuring devices
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Annex G
(informative)

Examples of typical appliances according to Table 4

Figure G.1, Figure G.2, Figure G.3, Figure G.4, Figure G.5, Figure G.6, Figure G.7, Figure G.8 and Figure G.9
are different examples of typical radiator designs indicated in Table 4.
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