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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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European foreword

This document (prEN 17166:2024) has been prepared by Technical Committee CEN/TC 156 “Ventilation
for buildings”, the secretariat of which is held by BSI.

This document is currently submitted to the CEN Enquiry.
This document has been prepared under a standardization request addressed to CEN by the European
Commission. The Standing Committee of the EFTA States subsequently approves these requests for its

Member States.

For the relationship with EU Legislation, see informative Annex ZA, which is an integral part of this
document.
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1 Scope

This document provides procedures and methods for measuring and/or calculating the energy efficiency
and associated characteristics of fans when driven by electric motors. This document deals with the
following fan types;

— axial fan;

— centrifugal forward curved fan, centrifugal radial bladed fan;

— centrifugal backward curved fan without housing, including centrifugal backward aerofoil fans;
— centrifugal backward curved fan with housing, including centrifugal backward aerofoil fans;

— mixed flow fan;

— cross flow fan;

— jetfan.

It provides procedures and methods to evaluate the compliance of the fan efficiency against minimum
efficiency requirements.

This document includes stand-alone fans and fans that are integrated in other products. It gives guidance
to manufacturers in providing information to surveillance authorities to describe the full extent of the fan
by describing boundaries, significant elements and additional parts.

Some units previously identified as fans are now defined as Uni-Directional Ventilation Units. This
document explains and shows by way of examples the difference between fans and Uni-Directional
Ventilation Units.

This standard does not include:

— Uni-Directional Ventilation Units;

— fans that are designed specifically to operate in toxic, highly corrosive or flammable environments
or in environments with abrasive substances, see Annex C.

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

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

EN 60034-2-1:2014, Rotating electrical machines — Part 2-1: Standard methods for determining losses and
efficiency from tests (excluding machines for traction vehicles) (IEC 60034-2-1:2014)

EN ISO 5801:2017, Fans — Performance testing using standardized airways (ISO 5801:2017)
EN ISO 5802:2008, Industrial fans — Performance testing in situ (ISO 5802:2001)

EN ISO 12759-4:2019, Fans — Efficiency classification for fans — Part 4: Driven fans at maximum
operating speed (1SO 12759-4:2019)

EN ISO 13349-1:2022, Fans — Vocabulary and definitions of categories — Part 1: Vocabulary (1SO 13349-
1:2022)
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EN ISO 13350:2015, Fans — Performance testing of jet fans (1SO 13350:2015)
ISO 13348:2007, Industrial fans — Tolerances, methods of conversion and technical data presentation
3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1

fan

rotary-bladed machine that receives mechanical energy and utilizes it by means of one or more impellers
fitted with blades to maintain a continuous flow of air or other gas passing through it and whose work
per unit mass does not normally exceed 25 k] /kg

[SOURCE: EN ISO 13349-1:2022, definition 3.1.1]

Note 1 toentry: A fan in this standard is a configuration of significant elements, see 5.3.1. These significant
elements are required for continuous conversion of electrical power into air volume flow rate and pressure.

Note 2 to entry: A fan as defined in Regulation 327/2011 means a configuration of at least an impeller, stator and
motor. These items are considered significant elements.

Note 3 to entry: A fan is a version of a Motor Driven Unit (MDU) and consists of at least a configuration of an
impeller, stator and motor.

Note 4 to entry: A fan in this standard is an Extended Product that consist of Driven Equipment and Motor
System, see Figure 1.

3.1.1

integrated fan

fan that is integrated into another product with the fan being a configuration of at least an impeller, stator
and motor

Note 1 to entry:  Based on Article 1 (1) of Regulation 327/2011.

Note 2 to entry:  An additional casing around the fan is not part of the fan, but part of another energy related
product. Please refer to 5.3 for further information.

Note 3 to entry:  Integrated also means a fan embedded within another energy related product.
Note 4 to entry:  Annex A provides further information.

3.1.2
stand-alone fan
fan that is installed as a unique entity and not integrated into any other product

Note 1 to entry: It may or may not have ducting connected to its inlet and outlet.
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3.2
fan driven by motor
fan driven by an electrical motor (included all transmissions and drives)

Note 1 to entry:  One or more impellers fitted to or connected to a motor, with or without a drive mechanism, or
a housing or a means of variable speed drive.

Note 2 to entry:  See Figure 12.

3.3

extended product

EP

driven equipment together with its connected motor system

/ Extended product (fan driven by motor) \
/ Motor System \

Power Drive System (PDS) \
Complete Drive Module (CDM) Driven equipment
Variable Speed Drive (VSD)
Mains " 2 z § 5
2 [} 2 17
and SEIE || ge2] & L 2 Ll cmpeller |1l 2
i ® B = s ES = I\l Motor = impeller > 3
mal_ns 29 % A % é and stator) ]
cabling & 5 £ <
\k »| Motor starter J J

Figure 1 — Illustration of extended product - fan driven by motor

Note 1 to entry:  The extended product in this standard is ‘fan driven by motor’ reference 3.2.
Note 2 to entry: A Complete Drive Module (CDM) is also known as an VSD (see 3.17).

[SOURCE: adapted from EN 61800-9-1:2017, 3.1.3 with additional details for a fan as the driven
equipment]

3.4
impeller
rotating part of the fan that is imparting energy into the gas flow and is also known as the fan wheel

3.5

fan type

fan of specific and typical design primarily distinguished by the geometry of its impeller and the resulting
gas path through the fan
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3.5.1
axial, mixed flow and centrifugal fan
fan types which are identified by the angle «, average value of the angles a1 and a; (see figures)

a= (o +az)/2 (D

where

al is the angle of the tangent at the hub at the intersection of the blade trailing edge with the
hub;

a2 is the angle of the tangent at the shroud or at the outer diameter of the blade at the
intersection of the blade trailing edge with the shroud or with the outer diameter of the blade,
given that, if the hub and/or shroud are not axisymmetric, angles a1 and a2 are the average
values in circumferential direction.

Note 1 to entry:  The fan types are defined as in Table 1.

Table 1 — Fan type defined by the relationship of the blade and the shroud/hub

Fan type Angle a
Centrifugal fan a=°70
Mixed flow fan 20°<a<70°

Axial fan a<20°

Note 2 to entry:  Centrifugal fans contain the types ,centrifugal radial bladed fan“ (including radial tip),
ycentrifugal forward curved fan“ and ,centrifugal backward curved fan“ (including also backward inclined and
backward curved aerofoil bladed fans).

2

=%
/ >
/
1 2,
=Y
¥
1 )
_ i —_——
3 3
Key
1 inflow
2 outflow
3 axis of rotation
Left hand image:  centrifugal fan
Middle image: mixed flow fan
Right hand image: axial fan
Figure 2 — Differentiation by angles
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3.5.2

axial fan

axial-flow fan in which the air enters and leaves the impeller along essentially cylindrical surfaces coaxial
with the fan

Note 1 to entry: ~ Within the scope of this document, a fan is an axial fan when its angle a is within the limits
provided in Table 1.

[SOURCE: EN ISO 13349-1:2022, definition 3.5.2]

Note 2 to entry:  The definition in EU 327/2011 differs from that above and is stated as: Axial fan’ means a fan
that propels gas in the direction axial to the rotational axis of one or more impeller(s) with a swirling tangential
motion created by the rotating impeller(s). The axial fan may or may not be equipped with a cylindrical housing,
inlet or outlet guide vanes or an orifice panel or orifice ring.

3.5.3
mixed-flow fan
fan in which the fluid path through the impeller is intermediate between the centrifugal and axial-flow

types
[SOURCE: EN ISO 13349-1:2022, definition 3.5.9, modified - deleted “See Figures 5 and 11”]

Note 1 to entry: ~ Within the scope of this document, a fan is a mixed-flow fan when its angle a is within the limits
provided in Table 1.

Note 2 to entry:  See to 3.5.1.

3.54

centrifugal fan

fan in which the fluid enters the impeller with an essentially axial direction and leaves it in a direction
perpendicular, or near perpendicular to this axis (see Table 1 and Figure 2)

Note 1 to entry: ~ Within the scope of this document, a fan is a centrifugal fan when its angle « is within the limits
provided in Table 1.

Note 2 to entry:  For further details see 3.5.1.

3.5.5

cross flow fan

tangential fan

fan in which the fluid path through the impeller is in a direction essentially at right angles to its axis both
entering and leaving the impeller at its periphery (see Figure 3)

[SOURCE: EN ISO 13349-1:2022, definition 3.5.11]
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Key
a flow of air

3.5.6
jet fan
impulse fan

Figure 3 — Cross flow fan

fan used for producing a jet of air in a space and unconnected to any ducting (see Figures 4 and 5)

Note 1 to entry: Jet fans performance and efficiency are determined by the thrust measurements only (see

EN ISO 13350:2015).

Note 2 to entry:  The air jet can be used, for example, for adding momentum to the air within a tunnel or other

space (e.g. enclosed car park), or for intensifying the heat transfer in a determined zone.

N\

A

Key
a flow of air

10
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Figure 4 — Axial jet fan
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- e
T/%%

T g

Key
1 inlet
2 discharge

Figure 5 — Centrifugal jet fan

3.6 Detailed specification of centrifugal fan types

3.6.1

centrifugal forward curved fan

centrifugal fan with curved blades, where the outward direction of the blades at the periphery is inclined
forward relative to the direction of rotation (see Figure 6)

Figure 6 — Impeller of a centrifugal forward curved fan

[SOURCE: EN ISO 13349-1:2022, Figure 13]
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3.6.2
centrifugal backward curved fan
centrifugal fan with curved blades, where the outward direction of the blades at the periphery is inclined

backwards relative to the direction of rotation (see Figure 7)

Figure 7 — Impeller of a centrifugal backward curved fan

[SOURCE: EN ISO 13349-1:2022, Figure 13]

3.6.3
centrifugal backward inclined fan
centrifugal fan with flat blades, where the outward direction of the blades at the periphery is inclined

backwards relative to the direction of rotation (see Figure 8)

Figure 8 — Impeller of a centrifugal backward inclined fan

[SOURCE: EN ISO 13349-1:2022, Figure 13]
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3.6.4
centrifugal backward aerofoil fan
centrifugal fan with aerofoil blades (where the thickness of the blade is not constant throughout its

length), and where the outward direction of the blades at the periphery is inclined backwards relative to
the direction of rotation (see Figure 9)

Figure 9 — Impeller of a centrifugal backward aerofoil fan

[SOURCE: EN ISO 13349-1:2022, Figure 13]

3.6.5

centrifugal radial tip fan
centrifugal fan with flat or curved blades, where the outward direction of the blades at the periphery is

radially orientated (see Figure 10)

Figure 10 — Impeller of a centrifugal radial tip fan

[SOURCE: EN ISO 13349-1:2022, Figure 13]
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3.7

significant element

part which is required for continuous conversion of power (electrical or mechanical) into air volume flow
rate and pressure or improve the efficiency of such conversion

Note 1 to entry:  Other parts may be existing, outside of the boundary of the fan, which interfere with the airflow.
They are there for some purpose, which is not related to the function of the fan itself. As a general rule, such parts
shall not be considered significant elements, and they shall not be included in the tested fan.

Note 2 to entry:  Annex E provides further information.

3.8

housing

stationary part which interacts with the air stream passing through the impeller, contributing to improve
the efficiency, and which physically surrounds the impeller

Note 1 to entry: A housing could be a device around the impeller which guides the gas steam towards, through
and from the impeller.

Note 2 to entry: A housing may have additional parts included within the housing or attached to the housing to
affect the performance of the fan. Such as:

— inlet cone, also known as venturi inlet, inlet bell, inlet radius;
— inlet guide vane;

— outlet guide vane;

— diffuser.

Note 3 to entry: A casing is in addition to a fan and interferes with the airflow. In this standard, it is not the same
as a housing.

3.8.1

inlet cone

venturi inlet

inlet bell

inlet radius

device that steers the air into the impeller and reduces the vena contracta and turbulence that would
occur at the entrance of the impeller

3.8.2

inlet guide vanes

vanes positioned before the impeller to guide the gas stream towards the impeller and which may or may
not be adjustable

3.8.3

outlet guide vanes

vanes positioned after the impeller to guide the gas stream from the impeller and which may or may not
be adjustable

3.84
diffuser
device that improves the fan performance thorough static recovery
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3.8.5
orifice ring
ring with an opening in which the fan sits and which allows the fan to be fixed to other structures

3.8.6
orifice panel
panel with an opening in which the fan sits and which allows the fan to be fixed to other structures

3.8.7
fan without housing
fan designed to function without a housing

3.8.8
fan with housing
fan designed to function with a housing

3.9

stator

stationary part of the fan which interacts with the air stream passing through the impeller and, within
the geometrical air-stream envelope between defined fan inlet- and outlet sections, includes any part that
may increase, and excludes any non-fan component that may decrease, the fan efficiency

3.10

casing

stationary part which interacts with the air stream passing through the impeller but does not improve
the fan efficiency

Note 1 to entry:  Itis an element that may be additional to the housing.

Note 2 to entry:  For example, the casing may be all parts of a ventilation unit (VU) in addition to the fan housing.
A casing is referred to in definition 1 of article 2 of Regulation 1253/2014.

3.11

specific ratio

stagnation pressure measured at the fan outlet divided by the stagnation pressure at the fan inlet at the
optimal energy efficiency point of the fan; also known as compression ratio

3.12

measurement category

fan test configuration according to the arrangement of standardised test airways; also known as
installation category according to EN ISO 5801:2017, Clause 11 and EN ISO 13349-1:2022 definition 3.2

3.12.1

measurement category A

test configuration composed of the fan under test without any inlet or outlet duct fitted, optionally tested
with the ancillaries supplied with the fan, i.e. protection grid, inlet bell, etc

Note 1 to entry:  Also known as test configuration category A (see EN ISO 5801:2017, 6.2).
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3.12.2

measurement category B

test configuration composed of the fan under test with an outlet duct fitted, simulating ducted conditions,
optionally tested with the ancillaries supplied with the fan

Note 1 to entry:  Also known as test configuration category B (see EN ISO 5801:2017, 6.3).

3.12.3

measurement category C

test configuration composed of the fan under test with an inlet duct fitted, simulating ducted conditions,
optionally tested with the ancillaries supplied with the fan

Note 1 to entry:  Also known as test configuration category C (see EN ISO 5801:2017, 6.4).

3.12.4

measurement category D

test configuration composed of the fan under test with an inlet and an outlet duct fitted, simulating ducted
conditions, optionally tested with the ancillaries supplied with the fan

Note 1 to entry:  Also known as test configuration category D (see EN ISO 5801:2017, 6.5).

3.12.5
measurement category E
test configuration with free inlet and free outlet without a partition

Note 1 to entry:  Also known as test configuration category E.

[SOURCE: EN ISO 13349-1:2022, definition 3.2.5]
Note 2 to entry:  Itis defined in EN ISO 5801:2017 but is not relevant to this standard.

Note 3 to entry:  In this measurement category a fan cannot produce any static pressure rise.
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3.13 Power
A (Ped)
1 (ned)
B (Pe)
2 (17m)
C(Po)
3 (nr)
D (Pa)
4 (my)
E(Pr)
5 ()
F (Pu)
Key
A ‘ drive/control electrical input power (Ped)
1 [ VSD (7e)
B ‘ motor input power (Pe)
2 ‘ motor (1m)
C ‘ motor output power (Po)
3 ‘ transmission (1)
D ‘ fan shaft power (Pa)
4 ‘ bearings (and other mechanical parts) (1)
E ‘ fan impeller power (Pr)
5 ‘ impeller and stator (nr)
F ‘ fan air power (Pu)

Figure 11 — Power diagram of drive system
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3.13.1

fan gas power

depending on the installation category used to rate the fan, means either the fan air power (installations
B and D) or the fan static air power (installations A and C)

3.13.2
fan air power
Py,

also known as fan total air power; conventional output power which is the product of the mass flow rate
and the fan work per unit mass, or the product of the inlet volume flow rate, the compressibility
coefficient and the fan pressure

q * pex kp (2)
[SOURCE: EN ISO 12759-4:2019, definition 3.16]

3.13.3
fan static air power
Pus

conventional output power which is the product of the mass flow rate and the fan static work per unit
mass, or the product of the inlet volume flow rate, the compressibility coefficient and the fan static
pressure

q x prs x kp (3)
[SOURCE: EN ISO 12759-4:2019, definition 3.17]

3.13.4
impeller power
P

mechanical power supplied to the fan impeller
[SOURCE: EN ISO 12759-4:2019, definition 3.18]
3.13.5

fan shaft power

P,

mechanical power supplied to the fan shaft
[SOURCE: EN ISO 12759-4:2019, definition 3.19]

Note 1 to entry:  Fan shaft power includes bearing losses, while fan impeller power does not.

Note 2 to entry:  When the impeller is directly supported on the motor shaft the fan shaft power and the fan
impeller power are the same.
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3.13.6
nominal motor power
Pn

rated output power of an electric motor

3.13.7
motor output power
P,

shaft power output of the electric motor

3.13.8
motor input power
P

electrical input power supplied at the terminals of an electric motor

3.13.9
drive control electrical input power
Ped

electrical input power measured at the input terminals to the variable speed drive of a motor

3.13.10
Unit input power at best efficiency point
PBEP

Input power at the best operating point at the inherent speed of the fan
Note 1 to entry:  best efficiency point is also known as optimum energy efficiency point.

3.14
efficiency
ratio between air power and a known input power

3.14.1

efficiency category

fan gas output energy form used to determine the fan energy efficiency, either static efficiency or total
efficiency where:

a) 'fan static pressure' (pss) has been used to determine fan gas power in the efficiency formula for fan
static efficiency, and

b) 'fan total pressure' (pr) has been used to determine fan gas power in the efficiency formula for total
efficiency

3.14.1.1
total efficiency

/13
energy efficiency of a fan, based upon measurement of the ‘fan total pressure’ (pr)

Note 1 to entry:  There are several total efficiencies depending on the power selected as an input, all of them using
fan air power as the measure of the output power (see 3.14.2 and Table 2).
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