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ABSTRACT

CONTENTS

A method is proposed to measure and declare noise from
radiator valves used in heating/cooling systems. The test
valve is mounted rigidly to the inlet of a defined reference
radiator. The valve and radiator are suspended elastically
close to a wall in a reverberation room and connected by
flexible pipes to a small and quiet water circulation system.
The circulation system is adjusted to a specified reference
operating condition (with a static pressure 130 kPa, pressure
reduction 30 kPa and temperature 25 “C). The sound power
levels (LWA) is determined according to IS0 3741 or 3743 at
each setting of the test valve. From LWA, the sound pressure
level (LpA) may be determined in any room with a specified
absorption. Optionally, determinations of the sound power
level may be done with reference to this method also with the
use of custom radiators or other operating conditions if this is
necessary with respect to the intended use of the valve. The
repeatability is sufficient to enable reliable measurements of
noise during a design process as well as comparison
between different makes of valves. The method has been
tested in a Round Robin involving 3 laboratories, documented
in the SP REPORT 1996:31. Both repeatability and reproducibility have been found to be satisfying. The method
can be used to rank different valves with respect to noise
emission using the reference radiator.
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INTRODUCTION

Noise caused by water heating or cooling systems may lead
to annoyance in rooms, for example in dwellings, hospitals,
offices and hotels. The sound is caused by vibrating radiators
(hereafter referred to as “radiators”), which vibrate because
e.g. a rigidly coupled valve is excited by turbulence in the
water flow. Vibrations of the radiator and the connected pipes
may also be caused by other sources of vibration, e.g.
circulation pumps, heaters, valves and other appliances.
This Nordtest method describes a method to measure noise
of radiator valves. The measurements can be performed in
any laboratory with an appropriate reverberation room and low
levels of background noise.
The consistency of the method and the reproducibility of
results from 3 laboratories have been examined in a Nordtest
“Round Robin” test using a type of radiator valve common to
the Nordic Countries and a specified “installation noise
standard” intended as a reference valve to check the
equipment and measurement procedure.

1

SCOPE AND FIELD OF APPLICATION

This Nordtest Method specifies a method of measuring in the
laboratory, the noise emission (sound power level) from a
radiator valve coupled to a specified reference radiator when
a flow of water is forced through the valve at specified reference operating conditions. The method can be used to rank
valves of different makes with respect to their noise emission
with reference to the same operating conditions. The sound
pressure level in a room with a specified room absorption may
be calculated from the sound power level of a tested valveand-radiator assembly (see e.g. IS0 3741:88,
Clause 8.2.2).
It is permitted to use a custom radiator in place of the
reference radiator, and to measure at other operating conditions. In this case however, it is required for the reference
to this method, to measure and declare the results using the
reference radiator and the reference operating conditions as
well unless they are unfeasible with respect to the intended
use of the valve. The purpose of this requirement is to
facilitate comparisons between different makes of valve. A
noise emission of a valve connected to a specified radiator is
valid for this radiator-and-valve assembly only.

2

EN-IS0 3822:1995
- Laboratory tests on noise emission from
appliances and equipment used in water supply installations.
Part I: Method of measurement.

3

DEFINITIONS

3.1

Sound power level, L w in decibels: Ten times
the logarithm to the base 10 of the ratio of a given sound
power to the reference sound power. The width of a restricted
frequency band shall be indicated; for example, octave band
power level, one-third octave band power level, etc. The
frequency weighted sound power level measured with the Aweighting specified in IEC Publication 179 is denoted LWA.
The reference sound power is 1 pW (lo-l2 W).
3.2

Sound pressure level, 1, in decibels: Ten
times the logarithm to the base 10 of the ratio of the meansquare sound pressure of a sound to the square of the
reference sound pressure. The width of a restricted frequency
band shall be indicated; for example, octave band power
level, third octave band power level, etc. The frequency
weighted sound power level measured with the A-weighting
specified in IEC 651 is denoted LpA. The reference sound
pressure is 20 µPa (2 x 1O-5 Pa).
Octave band and third octave band sound
3.3
pressure levels: The frequency unweighted sound pressure level in the frequency band of one octave or one third
octave. The levels are expressed in decibels. For the requirements of filters, see IEC 1260.

Reference radiator: A steel plate fixed rigidly to a
3.5
water pipe as specified in Clause 5.4, designed to efficiently
radiate sound caused by vibrations in the enclosed water.
INS - Installation noise standard: A pressure
3.6
reduction device designed to give a high noise level at the
same pressure drop as is used for measurements of the test
valves as defined in Clause 6.4. The INS is used for testing
the stability of the measurement equipment and the water
circulation
system.
3.7

BNS - Background noise standard: A pressure
reduction device designed to give a low noise level at the
same pressure drop as is used for measurements of the test
valves as described in an example in Clause 6.3. The BNS
is used for testing the intrinsic noise of the measurement
equipment and the water circulation system.

REFERENCES

IS0 3741-1988 - Determination of sound power levels of
noise sources - Precision methods for broad-band sources in
reverberation
rooms.
SS-EN IS0 3743:1994
- Determination of sound power levels
of noise sources using sound pressure - Engineering
methods for small movable sources in reverberant fields. Part
1: Comparison method in hard-walled test rooms.
SS-IEC 651:1979
SS IEC 804:1985
Meters.

- Sound level meters.
- Integrating Averaging Sound Level

IEC 1260:1995 - Electroacoustics: Octave band and fractional-octave band filters.

4

PRINCIPLE

The radiator valve to be tested is mounted rigidly between two
test pipes attached to a reference radiator1). The radiator is
suspended elastically inside a reverberation room. Water is
circulated by a small and quiet pump outside the reverberation
room.
The sound generated by the radiator valve when water circulates through it is transmitted to a radiator through a specified
test pipe. The airborne sound which is radiated from the
1) It is permitted to use a custom radiator i n p l a c e of the reference
s e e Section 1 and 5.4.

radiator,

NT ACOU 101 3

NORDTEST METHOD

radiator into the test room is measured. By comparison with
a reference sound source or by correction based on the
reverberation time and the volume of the test room, the sound
power level of the radiator-and-valve assembly is determined.

5

TEST ARRANGEMENT

The test arrangement illustrated in Figure 1 may be set up in
any reverberation room that meets the requirements of the
applicable measurement standard used for the determination
of the sound power level, see Clause 5.1.

$-

n

NOTE: The noise that is produced by the water circulation
system during the test on the radiator valve and is transmitted into the test room will be taken into account when the
background sound level is determined with a BNS. The Aweighted background sound pressure level of the laboratory
(with the water system shut down) should preferably be
much lower (preferably below 15 dB or, for testing very quiet
valves, even 10 dB).

Equipment room

5.3
Pressure tank

flexible tubes
between lhe

the background levels are between 3 and 6 dB below the
measured level with the test object. At lower background
levels, the procedure of the sound power measurement
standard applies. If background sound affects the A-weighted
value, this shall be clearly stated in the results.

Reverberabon room

Test pipes connecting the radiator and
valve

The test pipes shall be made of brass with a nominal bore of
DN 15. At the location indicated in Figure 2, there shall be a
branch or hole to connect a pressure gauge for the measurement of pressure drop across the test valve (see Clause 5.5).

G 3/8 -ud30,

Figure 1. Schematic layout of test arrangement.

5.1

Test room

The sound field in the test room shall be sufficiently diffuse in
the frequency range of interest. The standard deviation
between 6 measurement positions shall be smaller than
stated in IS0 3741:88, Annex A, Clause A.5 , and shall not
exceed 0,5 dB for the A-weighted values.
NOTE: The test room should have a volume of at least 40 m3.
A reverberation time between 1 and 2 s is recommended,
preferably with less variations than ± 10 % in the octave
bands with frequencies of 250 Hz through 2000 Hz, (±15 %
in the 4000 and 8000 Hz octave bands). Distributed diffusers
and small low frequency absorbers may be installed in order
to decrease scatter between measurement positions.

5.2

Background noise

The testing procedure for background noise (see Clause 6.3)
is based on a running circulation system with a BNS (background noise standard) in place of the test valve as described
in Figure 4 and Clause 6.3. Corrections for the measured
background levels using a BNS shall be made according to
the standard used for the sound power determination, with the
following exception: For the calculation of the A-weighted
sound power level from measured octave band or third octave
band sound pressure levels, the background sound pressure
levels shall be at least 3 dB below the sound pressure levels
in each frequency band with the test valve operating. The
measured level shall be reduced by 1,3 dB in all cases where

Figure 2. Test pipe to connect the test valve to the system.
The branch (or hole) at 50 mm is used to connect a pressure
gauge. Dimensions are given within ±0, 1 mm/1 º.

5.4

Radiator

5.4.1 Reference radiator
The reference radiator shall be made of a steel plate according to Figure 3. The pipe shall be mounted rigidly to the plate
at the 12 indicated positions using steel clamps. The radiator
shall be suspended by elastic strings and safety chains (not
straightened) approximately in the middle of the test room

NORDTEST
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and 0,2 m from one wall, with an angle to the wall of about
20º.
Steel plate t= 1 5 mm

NOTE 1: The pump should be of an appropriate type for small
circulation systems, capable of variable speed or any other
means of varying the pressure without creating intrinsic
noise in the system. By-pass connections are not recommended. As a rule, for radiator valves as used in dwellings,
the capacity should cover:
-a pressure reduction of valve: up to 50 kPa at maximum
flow

7

-a static pressure of system:

up to 300 kPa above atmospheric static pressure

-a flow:

5-500 I/h.

All pans should be manufactured with a smooth inside surface, i.e. without any parts that may cause turbulence in the
flow water. The intrinsic noise of the water supply system
must be insulated from the radiator and the test room, if
necessary with the aid of silencing devices, such as e.g. long
pipes made from elastic materials.
Reference
Figure 3. Description of reference radiator. Note that the air
out/et and water refill pipes to the upper right must be located
at the highest point of the radiator. Dimensions are given
within ±4 mm.

5.4.2 Custom radiator
When a custom radiator is used, it shall be fitted and operated
in the same manner as the reference rad iator, as specified in
Clause 53.1. The size should be as similar as possible to the
reference radiator, the minimum width/length dimension being
at least 0,5 m.

5.5

Connection of test valve and radiator

See Figure 1. One test pipe (see Clause 5.3) shall be attached rigidly to the radiator and to a ball valve. The other test
pipe shall be attached to a ball valve and to a flexible pipe that
connects to the pressure side of the water circulation system.
The test valve shall be mounted rigidly between the two ball
valves in line with the pipe of the radiator (at a small slope that
prevents air from being trapped). The flexible pipes shall be
made of butyl rubber (or any equivalent dense and airtight
material) and they shall be mounted with a loop through a
sound insulating duct between the reverberation room and the
outer equipment room. The test pipes, valves and the radiator
must not be attached rigidly to any other parts of the system
nor to the test room.
If any additional device is connected between the test valve
and the test pipe, this must be stated in the report. The
measurement results are then valid only for the assembly of
test valve and additional device.

5.6

Water supply system - reference
operating conditions

The water supply shall be designed as a closed loop system
in such a way that tests can be carried out over the applicable
range of pressures and flows without some extraneous noise
produced by the system as verified according to Clause 6.3.

l

l

l

operating

conditions:

The reference water temperature is 25 ± 10 ºC.
The reference static pressure is 130 kPa ± 10 kPa
measured before the test valve.
The reference pressure drop across the valve is 30 ± 1
kPa.

NOTE 2: If the test valve is intended for other operating conditions, e.g. lower pressure drops or higher static pressures,
the values closest to the reference conditions within the
range recommended by the manufacturer should be used.

5.7

Equipment for stabilisation of the test
arrangement

A vacuum pump is connected to the highest point of the
radiator to remove air that is trapped in the system each time
the test valve is replaced. The vacuum pump shall be
operated at a pressure drop not less than 70 kPa below the
atmospheric static pressure. Tubes that allow for visual
inspection of the air outlet and water refill shall be provided
(e.g. made by perspex).

6

ACOUSTIC AND HYDRAULIC TEST
EQUIPMENT

6.1

Sound pressure measurement equipment

The requirements of the applicable standard for the determination of the sound power level apply.

6.2

Hydraulic measuring instruments

The water pressure drop of the ball valve and the radiator
valve shall be determined with an accuracy of plus or minus
1 kPa or better.
NOTE: To be sure that only the static pressure drop is
measured, the branches for connecting the pressure gauge
on the test pipes must be carefully designed. To minimise
errors in flow pressure measurement at high flow rates, the
branches of the test pipe (see Figure 2) are located approximately 5D upstream and 10 D downstream. All seals must
be air-tight with respect to vacuum inside the system.
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6.3

16

Testing of background noise of the
installation arrangement

The intrinsic noise of the installation arrangement (water
supply system, test pipes, radiator, shut-off valves) shall be
measured. For this purpose the test valve shall be replaced
by a background noise standard (BNS). An example of an
appropriate device is shown in Figure 4.
The test shall be carried out at the same pressure difference
across the BNS as in the measurements with the test valve.
The sound pressure level of the intrinsic noise shall be at
least 3 dB less than that of the radiator valve to be tested (see
Clause 5.2).

6.4

Testing of repeatability using an
installation noise standard

The installation arrangement (water supply system, test pipe,
radiator, shut-off valves, connection of test valves) shall be
verified from time to time, particularly when there have been
changes in instrumentation or measurement procedure. For
this purpose the test valve shall be replaced by a installation
noise standard (INS) according to Figure 5. The INS is made
as a scaled version (smaller) or the IS0 3822 INS. The test
shall be carried out at the same pressure difference across
the INS as in the measurements with the test valve.
This measurement serves as a check of the
system, the mounting procedure including the
(see Clause 7.1) and the sound measurement
facilitates later comparison between tests
different
occasions.

t’
11

I

10,

1;j

50.5 --

R1.5

Figure 4. An example of an appropriate silent background
noise standard (BNS) which replaces and gives approximate/y the same pressure drop as the test valve in the
measurement of the background noise. Dimensions are given
within ±0,1 mm and ±1º.

.-=l

water circulation
removal of air
system. It also
performed on

8.2

7

TEST PROCEDURE

7.1

Venting of the pipe system

Since air contained in the test system, even in very small
quantities, will significantly influence the results it is required
to vent the relevant parts of the test system thoroughly before
each test. All air contained in the system must be removed
using the vacuum pump. Figures 1 and 2 show an example
of an arrangement of the venting equipment.
After each change of test valve, the system shall be vacuum
drained, e.g. according to the following procedure. The
vacuum pump runs with the main ball valves closed (which
connects the circulation system to the radiator and the test
valve). The vacuum pump must be allowed to run until no air
escapes through the connected perspex tube. Then water is
poured into the radiator through another perspex tube
connected by a shut off valve. The shut off valves of both
perspex tubes are then closed and the vacuum pump is shut
down. The main valves are then opened and the whole
system is allowed to circulate for 30-60 seconds under full
static pressure from the pump. This procedure must be
repeated until there is no air escape when running the
vacuum pump, nor is it possible to add water. When the
system is filled for the first time, this procedure must be
repeated until no air escapes through the perspex tubes.

r-l
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Figure 5. The defined installation noise standard (INS) with a
high noise level replaces the test valve when the measurement equipment and procedure is verified. It shall be made of
brass, the holes shall be free from burrs. They shall not be
countersunk, The roughness of the surfaces shall be minimal,
but no edges may be polished. Dimensions are given within
±0, 1 mm (except the 1,8 mm holes where 0,05 mm applies).

NOTE: Any leakage will show up in two ways: i) very small air
bubbles escape through the perspex tube connected to the
vacuum pump each time it operates, ii) it is possible to add
small amounts of water after each operation of the vacuum
pump. All air leakages must be prevented, i.e. poor sealings,
leaking measurement devices etc.
The procedure is assumed to be satisfactory if the A-weighted sound pressure level of the INS may be repeated within
1,0 dB measured after two consecutive mountings of the INS.
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7.2

Adjustments of the test valve

Measure at flows of approximately 10, 20, 30, 40, 50, 60, 70,
80, 90 and 100 % of max. flow or at the nearest fixed settings
according to the specification of the manufacturer. The valve
may be operated in three ways:

i)

a preset of a thermostatic test valve is operated to obtain
various flows, according to the specification given by the
manufacturer. The stem (cone) shall then be adjusted to
the opening height that corresponds to ∆t = 2 ºC as
specified by the manufacturer.

ii) if there is no preset of a thermostatic valve or if it is fixed,
adjust the stem to ∆t = 2 ºC as specified by the manufacturer (a fixed flow setting only).
iii) if the valve is designed for manual adjustments, adjust the
stem in steps to regulate the flow throughout the available
range of flows.
The stem of thermostatic valves shall be closed and opened
slowly each time the preset is changed, the operator shall
listen carefully whether clearly audible tones occur and state
any such occurrences in the results.

7.3

Determination of sound power level

Measure in octave bands or third octave bands according to
IS0 3741 or 3743. A minimum of three fixed microphone positions is required. The microphone shall be kept at least 0,5
m from the diffusors and the surfaces of the room. The use
of a continuously rotating microphone is allowed provided that
the background noise can be suppressed enough which must
be checked during the measurements. The background noise
must be under constant supervision (monitored) during all the
measurements. Correct the measured sound pressure values
for background noise according to Clause 5.2. Calculate the
A-weighted sound power level from the measurements in
octave or third octave bands in the range of 250 Hz - 8 kHz
(from 200 Hz - 10 kHz in third octave bands).
NOTE 1: Typically, it is preferred to stop a rotating microphone
and make the measurement at several fixed positions.
NOTE 2: It is strongly reccommended
that the operator listens in
head phones during all the measurements to detect any
background noise or irrelevant noise, e.g. from small water
leakages, impulsive noise from the radiator plates etc. The
measurement must be repeated until undisturbed results are
obtained.
Repeat the measurements with two or more valves, at least
three valves must be tested in all. Calculate the arithmetic
average of the results.

8

MEASUREMENT UNCERTAINTY

The standard deviation of reproducibility of the A-weighted
sound power level using this method can not be stated until
more data has been acquired and compared.

NOTE: The standard deviation of reproducibility has been estimated to 3 dB from an interlaboratory test with 3 participating
laboratories. The standard deviation of repeatability has
been estimated to 1 dB, but may be reduced to 0,5 dB when
a detailed mounting and testing procedure has been established in the laboratory.

9

EXPRESSION OF RESULTS

The noise emissions of the tested radiator valve are expressed by the A-weighted sound power levels LWA as
defined in Clause 3 at the reference operating condition with
each of the stated openings/settings of the valve. Sound
power levels may also be given in all octave bands with midfrequencies from 250 through 8000 Hz (200 Hz - 10 kHz in
third octave bands).
If the valve is specifically intended for other operating conditions, the conditions used during the measurements shall be
stated in the report.
If a custom radiator is used, sound power levels (A) for the
assembly of radiator and valve under test are given with a
clear statement that the results are valid for this assembly
only. The construction and make of radiator shall be stated.
All results and their arithmetic average shall be given. A
statement shall be made whether audible tones occurred
during opening or closing of the valve at each setting.
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TEST REPORT

The test report shall state:

a)
W

Date of test
Name and address of the testing authority, testing officer
and technical manager

Cl

Dimensions and reverberation times of the test room in
octave bands with mid-frequencies 250 through 8000 Hz;
temperature and relative humidity during the measurements

d)

Sufficient identification of the radiator valve which has
been tested, the settings of the valve and any additional
type of connection to the test pipe

e)

Background noise levels of the reverberation room with a
running system and the test valve replaced by a BNS at
the used operating condition

f1

Sound power level (A) or all octave band sound power
levels with mid-frequencies from 250 through 8000 Hz
(200 Hz - 10 kHz in third octave bands) for the INS

9)

Sound power levels (A) or all octave band sound power
levels with mid-frequencies from 250 through 8000 Hz
(200 Hz - 10 kHz in third octave bands) and statements
of whether audible tones occurred during opening of the
valve for each of the stated openings/settings of each
radiator valve under test; the arithmetic average of all
sound power levels

NORDTEST METHOD

h) Sound power levels (A) for an assembly of a custom radiator and valve are given with a clear statement that the
results are valid for this assembly only, the construction
and make of the custom radiator shall be clearly stated
i) The flow at the used operating condition for each setting
of the valve, including fully opened valve (according to the
manufacturer).
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j)

Reference to this NT ACOU method and to the applied
standard for the measurement of the sound power levels.

For diagrams the following rules apply:
-

10 dB = 20 mm

-

10 % = 10 mm with a linear flow scale, % of stated maximum flow, or fixed settings

- 1 octave = 15 mm.

