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An engineer’s guide to
international fan test standards
Andrew Rossi, B.Eng. (Mech & Aero)

ABSTRACT
This paper aims to update the knowledge of the mechanical design engineer and mechanical contractor
with regards to the current internationally standardised testing methods for fan performance and acoustics.
In particular:
1. ISO 5801: Industrial fans – Performance testing using standardized airways;
2. ISO 13347: Industrial fans – Determination of fan sound power levels under standardized laboratory conditions;
3. ISO 5136: Acoustics – Determination of sound power radiated into a duct by fans and other air-moving devices – In-duct method.
Having knowledge and contextual awareness of these test standards may allow the mechanical design engineer
and mechanical contractor to avoid potentially costly post-installation problems caused by underperforming or noisy fans.

When selecting or approving a fan for use in any engineering
project the most scrutinised details are achieving the design
airflow, and meeting the acoustic requirements for the project.
A fan’s performance curve, which graphs fan characteristics at
varying airflow, allows the designer to ascertain the fan’s ability
to achieve the design airflow at a particular system resistance
pressure (McQuiston, Parker and Spitler, 2005). A fan’s sound
spectrum, which shows the sound power level of the fan at
discrete frequencies, allows the designer to ascertain the fan’s
ability to meet the calculated acoustic requirements of the
project (Sharland, 2005). These properties should be measured
and documented by the use of internationally recognised testing
standards.

2. PERFORMANCE TESTING
Typical performance curves for fans plot the pressure,
efficiency, or power against the airflow. This may be combined
with the system pressure curve in order to match a system with
a fan that can achieve the required performance (McQuiston,
Parker and Spitler, 2005).
The internationally standardised test methods that should
be used to produce fan performance curves are covered by
ISO 5801: “Industrial fans — Performance testing using
standardized airways”. ISO 5801 describes the methods
to measure airflows and pressures developed by fans in
standardised testing environments to result in four mutually
exclusive performance characteristics, corresponding to four
installation categories:
A – free inlet, free outlet;
B – free inlet, ducted outlet;
C – ducted inlet, free outlet;
D – ducted inlet, ducted outlet (ISO, 2007).
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Figure 1: Centrifugal fan curve with overlayed
example system curve (Fantech, 2017).

The minimum requirements of the various instruments
that are able to be used to measure pressure, temperature,
rotational speed, power input and output, sizes, air properties,
and flow rate are all included within ISO 5801 for completeness.
A number of test installations are described within the standard,
and are able to be selected for usage, giving flexibility of both
instrumentation and installation to those testers who have
constructed test installations to superseded test standards.
There is, however, a list of preferred test arrangements due to
the goal of reducing the number of test arrangements in future
revisions of the standard (ISO, 2007).
Providing the testing is performed correctly, ISO 5801 results
require a 95% confidence level, and produce results concerning

FORUM

3. ACOUSTIC TESTING
While the performance of a fan can be verified to within
design limits on site using in-situ measurement techniques
(ISO, 2001), it is difficult to use similar techniques to verify
the manufacturer’s acoustic data. This is due to the many
installation factors, which may affect the end result, and may
be difficult to account for (Sharland, 2005).

Figure 2: Example Category D Test Installation (ISO, 2007).

the power, pressure, airflow, efficiency, and the fan’s working
range (ISO, 2007). The system curve may then be overlayed to
determine the suitability of a particular fan’s performance level
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ISO 13347 is made up of four parts covering a general overview,
the reverberant room method, enveloping surface method, and
sound intensity methods (ISO, 2004a).
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3.1.1 Reverberant Room Method
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3.1 ISO 13347:
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It has been recognised in the fan performance testing standard,
ISO 5801, that the installation category has an effect on the fan’s
performance and needs to be taken into account in order to produce
accurate results (ISO, 2007). This relation between installation
type and fan performance is also recognised within the current
international noise- testing standards. The difference between
sound powers radiated from the fan inlet or outlet into either
free space or into a duct is taken into account by having a separate
testing standard, ISO 5136, for in-duct noise levels. Testing of the
noise levels radiated into free space should be determined by use
of methods as described in ISO 13347 (ISO, 2003 and ISO, 2004a).
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The expected final result of the system’s acoustic levels
can be calculated by techniques that have been developed
in the fields of room acoustics and building acoustics
(Norsonic, 2017), as well as duct acoustics (Sharland, 2005).
All of these calculations depend on the acoustic data of the sound
source, which is obtained from the equipment manufacturer.

Figure 3: Example set of complete, constant-speed,
fan characteristic curves (ISO, 2007).

The reverberant room method as described in ISO 13347
part 2 is based on the North American AMCA 300 standard
and the international general acoustics standard ISO 3743.
The testing environment must be qualified in accordance
with the testing standard in order to satisfy the reverberation
requirements. Providing a qualified test environment is available,
this method has the shortest testing period (Guédel, 2003).
The requirement of a specialised test environment makes this
test method practicable only for manufacturers that are prepared
to invest in long-term premises to house such an environment.
The reverberant room method itself compares the sound
pressure levels of a fan running within a qualified reverberant
test room with the combined sound pressure levels of both
the fan running and a known reference sound source.
Knowing the sound power levels of the reference sound source
allows the determination of the fan sound power level through
algebraic substitution as per equation (1) (ISO, 2004b).
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Sound levels are quoted as in-duct values. dB(A) values are average spherical free-field for comparative use only.
Figure 4: Example ISO 5136 tested sound spectrum – Type C/D installation (Fantech, 2017).
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The sound power level in each frequency band shall be calculated
from:

Lw  = Lpc + (Lwr – Lpq ) dB

(1)

Where:

Lw

is the fan sound power level(dB)

Lpc

is the fan sound pressure level(dB)

Lwr

is the reference sound source sound power level(dB)

Lpq

is the reference sound source sound pressure level(dB).

Figure 6: Example enveloping surface method installation (ISO, 2004c).

3.1.3 Sound intensity method

Figure 5: Example reverberant room installations (ISO, 2004b).

3.1.2 Enveloping surface method
The enveloping surface method as described in ISO 13347
part 3 is based on the international general acoustics standard
ISO 3744. In contrast to the reverberant room method, this
method does not require any specific acoustic environment,
and instead relies on an environmental correction factor.
The lack of a specific test environment or specialised
measurement equipment makes this the easiest test method
to implement (Guédel, 2003). For a fan manufacturer wanting
to produce standardised test results without a high upfront
investment this method is the most practicable.

The sound intensity method is based on the ability to
measure the sound intensity distribution on a defined
measurement surface which completely encloses the sources
of interest. The sound intensity distribution of the fan is then
compared to the sound intensity distribution of a known
reference sound source for calibration and converted
to a sound power level using equation (3) (ISO, 2004d).

The enveloping surface method directly measures the radiated
sound pressure level from a fan, and applies an environmental
correction factor in order to determine the fan’s sound power
level using equation (2). The correction factor is determined by
use of a known reference sound source and methods contained
within ISO 3744, and should be less than 2 dB. This standard
does not rely upon a specific test chamber and only requires
the background noise level to be at least 10 dB lower than
the measured sound pressure level of the fan (ISO, 2004c).

The sound power level in each frequency band shall be calculated
from:

Lw  = Lif + Rw + 10log ( SS ) dB
0

Lw

is the fan sound power level(dB)

Lif

is the surface average sound intensity level(dB)
adjustment(dB)

S

is the total measurement surface area(m2)

pc
Lw  = Lp + 10log ( SS ) – K1 – K2 – 10log ( 400
)

S0

= 1m2

(2)

(3)

Rw	is the sound power level reference sound source

The sound power level in each frequency band shall be calculated
from:
0

3.1.4 Limitations

Where:

Lw

is the fan sound power level(dB)

Lp

is the fan surface sound pressure level(dB)

S

is the total measurement surface area(m2)

S0

= 1m2

K1 & K2	are correction factors for background noise
and testing environment(dB)

44

The sound intensity method as described in ISO 13347
part 4 is based on the international general acoustics standard
ISO 9614 as well as the North American AMCA 320 standard.
As with the enveloping surfaces method there is no specific
acoustic environment required for the sound intensity method.
Rather than reading sound pressure levels with a microphone,
this method uses a sound intensity probe, which is calibrated
from readings of a reference sound source. (Guédel, 2003).
The need for specialist equipment as well as more thoroughly
trained test operators makes this test method less practicable
for commercial fan manufacturers.

p

is the density of the

c

is the speed of sound in the air(m ⁄s)
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The distinction between sound power levels radiated into
free space or into duct is made clear in section 7.1 of the general
overview, which states that the sound power level on a side
of a fan that is unducted should be determined using a method
as detailed in ISO 13347, and for the sound power level on a side
of a fan that is ducted should be determined using an in-duct
method as detailed in ISO 5136 (ISO, 2004a).
While the ISO 13347 test standard outlines the conditions
under which the data is most suitable, and refers the tester
to the in-duct test method of ISO 5136 when the sound
power is radiating into ductwork, it also makes allowances
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for manufacturers who may not have access to the equipment
necessary for in-duct testing. In these cases, duct end correction
factors are supplied within the standard for addition to
the critical lower frequencies. It is the responsibility of the
manufacturer to clearly state the use of these correction factors.
The standard notes that these correction factors are theoretical
only (ISO, 2004a) and while this correction is necessary to
provide a closer alternative to the invariably higher in-duct
testing results, comparison tests have produced results in which
the duct end corrections have not been sufficient (Cory, 2010).
This suggests that when ambiguity of installation type arises,
the in-duct method may be used as a noise level that will be
as high as or higher than the actual application.

3.2 ISO 5136:
The ISO 5136 test standard describes the procedure of
measuring the sound pressure levels in the inlet or outlet ducts
of a fan as well as a method to convert these sound pressure
levels to sound power levels radiated by the fan into these ducts.
The test set-up includes the fan to be tested, ducting on the
opposing side to that of the test, the test duct with an anechoic
termination on the side to be tested, and the measurement
instrumentation. The measurements are to be taken while also
measuring fan performance by use of the procedures specified
in ISO 5801. The standard applies to any sound source in which
a fan is connected to a duct on at least one side, including fans,
air-handling units, duct-collection units, air conditioning units,
and furnaces (ISO, 2003). This test method, while required to
produce the most accurate results for in duct noise levels, may
require a large and costly test set-up and considerable investment
for new manufacturers and testers.

Figure 7: Installation category D test arrangement for simultaneous
measurement of performance and noise (ISO, 2003).

The standard takes into account the difference in acoustic
properties of different types of duct, and so the test duct has
been clearly defined to remove ambiguity of results or the need
to make corrections using a reference sound source. The test duct
is circular in cross-section, with an anechoic termination in order
to represent actual application conditions, which when coupled
with the concurrent measurement of fan performance, results
in data that is suitable for acoustical calculations (ISO, 2003).
The test duct for use in the testing is defined to be between
0.15m and 2m in diameter to suit the size of the test fan, but the
standard also includes an informative allowance for duct sizes
outside of that range, from 0.048m to 7.1m. The airflow shielding
used on the microphone is also limited by the maximum flow
velocity produced by the fan, with a maximum velocity of 40m/s
able to be measured using a sampling tube. The measured sound
pressure levels taken while the fan is operating as required are to
be at least 6dB above the background noise levels, and are to be
taken in at least three positions for spatial-averaging as well as
over time periods for time-averaging (ISO, 2003).

Once the measurements have been taken, the sound power of
each frequency band radiated into the duct can be found using the
plane-wave formula, equation (4), which relates the two through
the duct size and general acoustic properties of air (ISO, 2003).
The sound power level in each frequency band shall be calculated
from:

(

Lw  = Lp + 10log

S
S0

– 10log

pc
(pc)0

)

(4)

Where:

Lw

is the fan sound power level(dB)

Lp

i s the spatially and time averaged fan sound
pressure level(dB)

S

is the cross-sectional area of the duct(m2)

S0

= 1m2

p

is the density of the air(kg ⁄m3 )

c

is the speed of sound in the air(m ⁄s)

(pc)0

=400 N∙s/m3

3.3 Comparison:
Consistency of an acoustic test method within a manufacturer’s
range allows a high level of comparability between fans.
Due to the differences in test environment and test equipment
this comparability is likely to decrease between manufacturers,
but within the same order of uncertainty. When comparing
acoustic data of fans tested to different test methodology it’s
important to consider the uncertainty levels of both the test
methods themselves as well as the context in which the results
are relevant. While the uncertainty levels of the varying test
methods may be reduced by careful construction of the test
environment, the standard deviation uncertainty for the most
practicable test methods in octave frequency bands is given
below, as per ISO 13347-1:
Contextually the uncertainty levels between ISO 13347 and
ISO 5136 are not directly comparable due to the application of
theoretical duct end corrections to the ISO 13347 results, which
carry the uncertainty of theoretical results compared to realworld installations. This suggests that while duct end corrections
may be applied for an informative in-duct level, a reliable result
can only be obtained by use of the in-duct testing method.

4. CONCLUSION
This process of international test standardisation allows
designers to scrutinise the performance and acoustic data of
fans with context and in a comparative way between ranges and
manufacturers. The ISO 5801 test standard gives installationspecific data concerning the fan’s power, pressure, airflow,
efficiency, and the fan’s working range. When referring to fan
acoustic data it is important to note the installation type such
that sound power levels of fans radiating into free space should
be tested to a method within ISO 13347, and sound power levels
of fans radiating into ductwork should be tested to the
ISO 5136 in-duct method. The in-duct acoustic data may also
be used when the installation type is unknown to represent the
highest level. While in-duct test methodology is more accurate
for ducted fan installations it may not be practicable for all
AUGUS T 2017
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manufacturers, in which case ISO 13347 makes allowance.
Acoustic data collected by use of a free-field test method
should not prohibit usage on ducted installations, but instead
be considered to have a higher level of variance under those
conditions in contrast to acoustic data collected by use of an induct method. Comparing the context of testing and installation
may be crucial in the avoidance of post-installation problems
caused by underperforming or noisy fans. ❚
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5. NOMENCLATURE
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Industrial fans – Determination of fan sound power levels under
standardized laboratory conditions, Part 3 – Enveloping surface
methods.

Anechoic 	Sound deadening
or free from reverberation.
dB
Decibel – A logarithmic ratio of levels,
in this context a ratio of either pressures
or sound intensities .
Reverberant
A tendency to reflect sound.
Sound intensity 	The energy of sound waves
per unit area W⁄m2 .
Sound power level 	The rate at which acoustic energy
is emitted from the sound source.
Sound pressure level 	The local pressure difference
caused by a soundwave.
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Standard Deviation, dB
Octave Band
Frequencies,
Hz

In-Duct
– ISO 5136

Reverberant Field
With Anechoic
Terminations
– ISO 13347-2

Reverberant Field
Without Anechoic
Terminations
– ISO 13347-2

Enveloping
Surfaces Method
– ISO 13347-3
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Uncertainty in determination of the frequency-band sound power levels (ISO, 2004a)
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