Draft for Public Comment

bsi.

BS| Group Headquarters Date: 18 March 2024
389 Chiswick High Road London W4 4AL Origin: International

Tel: +44 (0)20 8996 9000
Fax: +44 (0)20 8996 7400
www.bsigroup.com

Form 36

DPC: 24/30479027 DC

Latest date for receipt of comments: 11 May 2024 Project No. 2023/01950
Responsible committee: MCE/17 Fans

Interested committees:

Title: Draft BS 1SO 13348 Fans - Tolerances, methods of conversion and technical data presentation.

Please notify admin.start@bsigroup.com if you are aware of any keywords that might assist in clarifying or identifying the
standard or of the content of this standard:

i) has any issues related to 3rd party IPR, patent or copyright

ii)  affects other national standard(s)

iii)  requires additional national guidance or information

WARNING: THISISA DRAFT AND MUST NOT BE REGARDED ORUSED ASA BRITISH STANDARD. THISDRAFT
ISNOT CURRENT BEYOND 11 May 2024

This draft is issued to allow comments from interested parties; all comments will be given consideration prior to publication. No
acknowledgement will normally be sent. See overleaf for information on the submission of comments.

No copying is allowed, in any form, without prior written permission from BS| except as permitted under the Copyright, Designs
and Patent Act 1988 or for circulation within a nominating organization for briefing purposes. Electronic circulation is limited to
dissemination by e-mail within such an organization by committee members.

Further copies of this draft may be purchased from BSI Shop http://shop.bsigroup.com or from BS| Customer Services, Tel:
+44(0) 20 8996 9001 or email cservices@bsigroup.com. British, International and foreign standards are also available from BSI
Customer Services.

Information on the co-operating organizations represented on the committees referenced above may be obtained from https://
standardsdevel opment.bsigroup.cony.

Docurmernts

Document Sharing Hub

E-mail: admin.start@bsigroup.com

Full document details: 24/30479027 DC


http://www.avadocuments.com/doc/24-30479027-dc
http://www.avadocuments.com/doc/24-30479027-dc

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.

Full document details: 24/30479027 DC

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/24-30479027-dc
http://www.avadocuments.com/doc/24-30479027-dc

DRAFT
International
Standard

ISO/DIS 13348

Fans — Tolerances, methods of ISO/TC 117

conversion and technical data Secretariat: BSI

presentation Voting begins on:
2024-03-18

ICS: 23120 Voting terminates on:

2024-06-10

THIS DOCUMENT IS A DRAFT CIRCULATED
FOR COMMENTS AND APPROVAL. IT

IS THEREFORE SUBJECT TO CHANGE

AND MAY NOT BE REFERRED TO AS AN
INTERNATIONAL STANDARD UNTIL
PUBLISHED AS SUCH.

IN ADDITION TO THEIR EVALUATION AS
BEING ACCEPTABLE FOR INDUSTRIAL,
TECHNOLOGICAL, COMMERCIAL AND
USER PURPOSES, DRAFT INTERNATIONAL
STANDARDS MAY ON OCCASION HAVE TO
This document is circulated as received from the committee secretariat. BE CONSIDERED IN THE LIGHT OF THEIR
POTENTIAL TO BECOME STANDARDS TO
WHICH REFERENCE MAY BE MADE IN
NATIONAL REGULATIONS.

RECIPIENTS OF THIS DRAFT ARE INVITED

TO SUBMIT, WITH THEIR COMMENTS,
NOTIFICATION OF ANY RELEVANT PATENT
RIGHTS OF WHICH THEY ARE AWARE AND TO
PROVIDE SUPPORTING DOCUMENTATION.

ocuments

Document Sharing Hub

Reference number
ISO/DIS 13348:2024(en) © IS0 2024

Full document details: 24/30479027 DC


http://www.avadocuments.com/doc/24-30479027-dc
http://www.avadocuments.com/doc/24-30479027-dc

ISO/DIS 13348:2024(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

Documents

© IS0 2024 - All rights reserved .
Document Sharing Hub

ii
Full document details: 24/30479027 DC


https://www.iso.org
http://www.avadocuments.com/doc/24-30479027-dc
http://www.avadocuments.com/doc/24-30479027-dc

ISO/DIS 13348:2024(en)

Contents Page
Foreword
Introduction
1
2
3
4 Symbols and abbreviated terms
5 Performance tolerances for purpose-designed fans and series-produced non-certified
FATNS ...
5.1 Information to be provided by the purchaser..
5.1.1  Operational ...
5.1.2 Tolerance grade
5.2  Information to be provided by the supplier..
5.2.1 Essential information............ccconn
5.2.2  OPtIONAL PATAIMETETS ..ot
5.3 0] 125 1= oY
5.3.1 Tolerance grades...........
5.4 Purchasing arrangements
5.5 Contractual LeSTING ...
5.5.1 Tolerance magnitude near optimum efficiency
5.5.2 Operation at other than optimum efficiency.........
5.5.3  Performance acCePtanCe tESTINE ...
6 Performance tolerances for series-produced fans in certified ratings programmes................ 24
6.1 GBIIET AL .
6.2 Fanlaws........
6.3  Check-tests
6.4 Air performance tolerances.............ccco.....
6.4.1 Check-test tolerances
6.4.2  AITTIOW TOIETANICE ......oooovovveieeisssss s
6.4.3  POWET tOlEIANCE ((Thy ) oottt oot
6.4.4  EffiCIENCY COIETANCE ....ooooooe e
6.4.5  Other effiCIENCY MEETICS ..o
6.4.6 Application of tolerances..........
6.5 Sound Tolerances.......ersn
6.5.1 Check-Test tolerances............cc....
6.5.2 Sound tolerances in octave bands..
6.5.3 Sone value tolerance ...
6.5.4 A-weighted SOUNA POWET IEVEL ...
6.6 JEE FATIS o585
7 Methods of conversion

7.1 Conversion of air performance test data

711 General ..o
702 QI T Y e
7.1.3  Conversion rules and the fan JaWS. ...

7.1.4  Conversion rules for series-produced fans..
7.1.5 Conversion rules for extrapolation

7.1.6  Interpolation for fans incorporating one systematic geometrical change..................... 42
7.0.7  Other IdeNTITIES oot
7.2 Conversion of sound power test data
7.2.1  General ...,
7.2.2  Conditions and limits for application of conversion rules to total sound power
LEVIBL . 43
7.2.3  Generalized methods for sound power level prediction ... 44

_ Documents
© IS0 2024 - All rights reserved

Document Sharing Hub

iii

Full document details: 24/30479027 DC


http://www.avadocuments.com/doc/24-30479027-dc
http://www.avadocuments.com/doc/24-30479027-dc

ISO/DIS 13348:2024(en)

8 Technical data PreSENEATION. . ...t 50
8.1 GBIIET AL .t
8.2 Essential information
8.3 Fan performance chart

8.4 AdditioNal INFOTTIATION. oo 52
8.4.1 Sounddata......
8.4.2 Electrical data
8.4.3  MeEChANICAL AAtA .o 53
844 AT POITOTTIIAIICE .ot 53
8.4.5 Same fan used for different inStallations ... 53
Annex A (Normative) DOCUIMENTATION ... 56
Annex B (NOrmative) MATKIIE ... 57
Annex C (informative) System resistance as a function of flowrate............... i, 58

Annex D (informative) Scaling method

Bibliography

Documents

Document Sharing Hub

© IS0 2024 - All rights reserved

iv
Full document details: 24/30479027 DC


http://www.avadocuments.com/doc/24-30479027-dc
http://www.avadocuments.com/doc/24-30479027-dc

ISO/DIS 13348:2024(en)

Foreword

[SO (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 procedures used to develop this document and those intended for 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 accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent
rights identified during the development of the document will be in the Introduction 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 convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following URL:
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 117, Fans, Working Group 14, Tolerances.

This third edition cancels and replaces the second edition (ISO 13348:2007), which has been technically
revised.

The main changes compared to the previous edition are as follows:

— Section 3.28 (p.7): subsction Terms and definitions for Darmstadt scaling equation are added.
— Section 4 Sybols and units (p.8): update.

— Section 6: update

— Section 7.1.5.2 Efficiency and pressure coefficient of other sizes (p. 33): proposal for old section 7.1.5.2
and 7.1.6.

— Section 7.1.6 Outline scaling procedures using interpolation of test data: deleted.

— Annex D Scaling method (p.59): additional information.
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Introduction

This International Standard endeavours to clarify those technical aspects of contracts where fan
performance is concerned, and the accuracy and consistency of performance details published in technical
catalogues.

In this International Standard a distinction is drawn between specially designed fans to suit a specific
purpose, to meet a contract specification, and series-produced fans where the performance data is contained
in a catalogue.

For purpose-designed fans the methods of calculating performance data under contract conditions, from
performance data obtained under test conditions, are described in Clause 5 for both air and sound data.
Four tolerance grades are given, each appropriate to a particular type of fan and/or its application. These
procedures have been found satisfactory; however, the supplier and user could agree to adopt alternative
methods.

For the series-produced non-certified fans, the associated technical data will be contained in a catalogue
(electronic and/or printed form). In this case the recommended method of applying tolerances is as
described in Clause 5.

For the series-produced fans in certified ratings programmes, the associated technical data will be
contained in a catalogue (electronic and/or printed form). In this case the recommended method of applying
tolerances is as described in Clause 6, based on the rules of AMCA (Air Movement and Control Association)
International, Inc. for the certified ratings programme.l111.112L.113] An independent accredited body, under a
certified ratings programme, can be called in to verify this data.

Documents

© IS0 2024 - All rights reserved .
Document Sharing Hub

vi
Full document details: 24/30479027 DC


http://www.avadocuments.com/doc/24-30479027-dc
http://www.avadocuments.com/doc/24-30479027-dc

DRAFT International Standard ISO/DIS 13348:2024(en)

Fans — Tolerances, methods of conversion and technical data
presentation

1 Scope

This International Standard specifies performance tolerances and the technical data presentation of fans
of all types. It does not apply for fans designed solely for low-volume air circulation, such as those used for
household or similar purposes (ceiling and table fans, extractor fans, etc.). For jet fans refer to ISO 13350.

The upper limit of fan work per unit mass is normally 25 k]/kg, corresponding to an increase of fan pressure
of approximately 30 kPa for a mean density in the fan of 1,2 kg/m3. For higher values, agreement is to be
reached between the supplier and the user.

This International Standard embraces the five installation categories defined in ISO 5801:

A  freeinlet, free outlet;

B freeinlet, ducted outlet;

C ducted inlet, free outlet;

D  ducted inlet, ducted outlet;

The performance of a fan can vary considerably with the installation category it is operating within.
Therefore, these categories form an important part of the definition of the fan’s technical data presentation.

NOTE International acceptance of the five installation categories provides the opportunity to base a contract on
the most appropriate fan category for the end user and the system designer. Correspondingly, the likelihood of the fan
providing the agreed performance, without compromise or concession, is enhanced.

The efficiency scaling procedures described in section 7.1.5 apply to centrifugal fans and axial fans within
the specific speed ranges shown in Table 4. So far there is no experimental data to confirm how they should
apply to mixed flow fans, having specific speeds in between.

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.

SO 5801:2017 Fans — Performance testing using standardized airways
[SO 5802, Industrial fans — Performance testing in situ

ISO 13347-1, Industrial fans — Determination of fan sound power levels under standardized laboratory
conditions — Part 1: General overview

[SO 14694, Industrial fans — Specifications for balance quality and vibration levels

ISO 14695, Industrial fans — Method of measurement of fan vibration

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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[SO and [EC maintain terminological databases for use in standardization at the following addresses:

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

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

NOTE In some cases, more complete definitions are to be found in ISO 5801, ISO 5802 and ISO 13349.

31
fan
fan other than that used for household or similar purposes such as air circulation, climatization

Note 1 to entry: For the purpose of this International Standard and other industrial fan standards, a household fan is
defined as having a single-phase motor operating at a maximum of 250 V and 16 A. With a sufficiently soft start, this
equates to an input power of not more than 3 kW.

3.2

series-produced fan or catalogue fan

fan whose detailed performances is widely available in a catalogue (electronic and or printed), and which is
frequently manufactured in significant quantities and available on short delivery

3.3
average stagnation pressure at a section x

psgx
sum of the conventional dynamic pressure, p,,, corrected by the Mach factor coefficient, Fy,, at the section,

and the average absolute pressure, p,

Psgx = Px +PaxFux - (1)

Note 1 to entry: The average stagnation pressure can be calculated by

-1 -2V
pSgX:px(1+yTMax)y . (2)

Note 2 to entry: It is expressed in pascals (Pa).

3.4

average total pressure at a section x p,,

sum of the conventional dynamic pressure, p4,, corrected by the Mach factor coefficient, Fy,, at the section,
and the average gauge pressure, p,,

ptx:pex+pdxFMx:psgx_pa (3)

Note 1 to entry: When the Mach number, Mg, is less than 0,122, the Mach factor, Fy,, can be neglected
Note 2 to entry: See ISO 5801, ISO 5802 and ISO 13349 for definitions.

3.5

characteristic error

flow rate change produced along the actual system characteristic by the maximum fan performance
deviation allowed by the tolerance grade selected

Note 1 to entry: Characteristic error is a function of the tolerance grade, the measurement uncertainty allowed, and
the shape (local slope) of the fan and actual system characteristics

Note 2 to entry: For the actual system characteristics, see ISO 5801.

3.6

fan aerodynamic characteristic curves

fan pressure, power, efficiency, etc., against flow rate under specified ambient conditions and at a constant
speed, or when fitted with a specified motor
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3.7

fan dynamic pressure at outlet p,,

conventional dynamic pressure at the fan outlet calculated from the mass flow rate, the average gas density
at the outlet and the fan outlet area

_ VIZIIZ_ 1 qm ’ (4)
Pa2=P2—, “2p,| 4,

Note 1 to entry: It is expressed in pascals (Pa).

3.8

fan flow coefficient ¢

non-dimensional quantity equal to the mass flow rate divided by the product of the mean density, the
peripheral speed of the impeller and the square of the diameter of the impeller

q
PrmtDy

(p:% ifMa < 0,122 6)
u

r

39
fan outletarea 4,
area inside the fan outlet casing flange

Note 1 to entry: It is expressed in square metres (m2).

3.10
fan pressure pp
difference between the stagnation pressure at the fan outlet and the stagnation pressure at the fan inlet

Pr :png _psgl (7)
PF =Dif =Pt2 —Py1 ifMa < 0,122 8)

Note 1 to entry: When expressing fan pressure, reference should be made to the installation category A, B, C or D.
Note 2 to entry: It is expressed in pascals (Pa).

3.11

fan static pressure p

conventional quantity defined as the difference between the fan pressure and the fan dynamic pressure
corrected by Mach factor Fy;,

Dsk =DPsg2 —Pd2fM2 —Psg1 =P2 —Psg1 ©)
DsF =Pt2 —Pe1 —Pqz ifMa < 0,122 at the fan outlet area (10)

Note 1 to entry: It is expressed in pascals (Pa).

3.12
Mach factor Fy;
correction factor applied to the dynamic pressure at a point

Psg —P
Fy=—2— (11)
Pq
Note 1 to entry: The Mach factor can be calculated by
Documents
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Ma®  (2-y)Ma® (2-7)(2-2y)Ma"

=1+
M 24 192

+... validfork=14 (12)

Note 2 to entry: It is dimensionless.

3.13
Mach number at a point Ma
ratio of the gas velocity at a point to the velocity of sound

Ma=—= (13)

where

c is the velocity of sound, ¢=/xR, O ;

R is the gas constant of humid gas.

w

Note 1 to entry: It is dimensionless.

3.14
Mach number at a section x Ma,
average gas velocity divided by the velocity of sound at the specified airway cross-section

Ma :V¢ 14
X

\Y yRW@X
Note 1 to entry: It is dimensionless.

3.15

optimum efficiency n,

maximum efficiency acﬁieved on the fan air characteristic with all operational parameters, except the air
system resistance, being fixed

AmPF _ QY
e L 15
Tlopt QmPr A, ( )

Note 1 to entry: It is expressed as a percentage.

3.16
peripheral Reynolds number
Reynolds number based on the tip speed, u

D
Re, =2rPL (16)

Hq
Note 1 to entry: It is dimensionless.

3.17
peripheral Mach number
Mach number based on the tip speed, u

Ma, ==Y (17)

Yo JkR,Ty

Note 1 to entry: It is dimensionless.
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3.18
power coefficient A
non-dimensional quantity related to the impeller power using the mean fluid density at inlet

P S (18)

32
Pmt” Dy

3.19
pressure coefficient y

non-dimensional number related to the fan pressure using the mean density of the gas and the tip speed of
the impeller

_Pr

y=— (19)
PmlU
3.20
tip speed u
peripheral speed of the impeller blades at their maximum diameter
u=mnnD (20)

Note 1 to entry: It is expressed in metres per second (m - s71).

3.21

total sound power level L,

unweighted sound power level defined as 10 times the logarithm to the base 10 of the ratio of the sound
power in watts to a reference value of 10712 W (1 picowatt [pW])

Note 1 to entry: It is expressed in decibels (dB).

3.22

octave band sound power level L.

sound power level in an octave band with a defined centre frequency, defined as 10 times the logarithm to
the base 10 of the ratio of the sound power in watts to a reference value of 10~12 W (1 picowatt [pW])

Note 1 to entry: It is expressed in decibels (dB).

3.23
A-weighted sound power level L,
total sound power level using A-weighting

Note 1 to entry: See [EC 61672-1| for a definition of A-weighting.
Note 2 to entry: It is expressed in decibels (dB).

3.24

total sound pressure level L

unweighted total sound pressure level at a specified point and under specified conditions, normally in the
octave bands with centre frequencies from 63 Hz to 8 kHz, defined as 10 times the logarithm to the base 10
of the ratio of the square of the sound pressure to the reference value of 20 uPa

Note 1 to entry: It is expressed in decibels (dB).

3.25
A-weighted sound pressure level L,
total sound pressure level using A-weighting

Note 1 to entry: For a definition of A-weighting, see [EC 61672-1].

Note 2 to entry: It is expressed in decibels (dB).
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3.26
tolerance zone
range of values of the specified parameters allowed, according to the applicable tolerance grade

3.27
tolerance grade
designation defining the limit deviations from the agreed or published technical performance parameters

3.28

dimensionless frequency

non-dimensional logarithmic function of the ratio between the centre frequency of an octave or third-octave
band, and the rotational speed of the fan

f

x:lO]g—C (21)
n

3.29
terms and definitions for Darmstadt scaling equation
This section summarizes the terms and definitions necessary for the following calculations with Darmstadt

scaling equation in Table 1. New definitions are underlined. For further information, section 3 describes the
determination of measurement data.

Table 1 — Terms and definitions.

description definition
flow coefficient 4qy4
n'DrZu
pressure coefficient 2pg
-= 2
OmlU
power coefficient A 2P,
— 2
AmY
efficiency Ambr W
’r’ ==
omb A
hub-tip ratio £ D;
= D,
relative roughness R R,
r T
1'51chalr
relative gap g S,
r- Dr
Reynolds number uD
Y Re, := 2o
Hq
Mach number M u u
a ==——
Y kR, T,

4 Symbols and abbreviated terms

For the purposes of this docuemnt the following symbols apply:
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fcenter

fr

fs
G

k

Par
Paz
psF

1
Px
Am

ay
Re
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Term

Fan outlet area

Wetted surface of the section x
Depth of the casing

Inner depth of the impeller

Outer depth of the impeller
Velocity of sound

Correction factor for Carnot losses
Inner diameter of the impeller
Diameter of impeller

Uncertainty of measurement

Mach factor for correction of dynamic pressure at section x

Shape factor of the Carnot loss coefficient
Shape factor of the impeller or rotor
Shape factor of the casing or stator

Carnot coefficient

Octave centre frequency

Friction coefficient of the impeller or rotor
Friction coefficient of the casing or stator
Index of agreed value

Parabolic constant k = y, /¢?

Sound pressure level

A-weighted sound pressure level

Sound power level

A-weighted sound power level

Octave band sound power level

Length of the blade

Index of measured value

Mach number at a point

Mach number at section x

Rotational speed/rotational fequency
Mechanical power supplied to the fan shaft
Shaft power of electric motor

Mechanical power required by the fan impeller
Atmospheric pressure

Mean gauge pressure in space and time at section x
Fan pressure

Fan dynamic pressure

Fan dynamic pressure at outlet

Fan static pressure

Absolute stagnation pressure

Average total pressure

Mean absolute pressure in space and time at a point
Inlet mass flow rate

Inlet volume flow rate

Peripheral Reynolds number

© IS0 2024 - All rights reserved
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Unit

dB (A)
dB
dB (A)
dB

Pa
Pa
Pa
Pa
Pa
Pa
Pa
Pa
Pa
kg-s1
m3s1
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Symbol Term Unit
Re,” Local Reynolds number at the position x ---
R, Gas constant of fluid handled J-.kg1-K1
R, Absolute roughness at the position x m
R, Relative roughness at the position x ---
Sax Absolute gap at the position x m
Srx Relative gap at the position x m
T Fluid absolute temperature K
t Limit deviation specified —
u Tip speed m-s~1
v Fluid velocity m-s!
z Number of blades ---
c

Ratio of specific heats of air, y = C—p , where c, is the massic heat capacity
’ at constant pressure, and c,, is thevmassic heat capacity at constant

volume
$e Carnot loss coefficient ---
Ce Friction loss coefficient ---
n Fan efficiency —
MNopt Fan optimum efficiency —
(C] Gap loss ---
A Power coefficient —
u Dynamic viscosity Pa-s
Hg Flow coefficient through the gap ---

hub-tip ratio ---
p Density kg:m3
Pm Mean density of gas in fan kg:m3
p1 Density at fan inlet kg:m3
P> Density at fan outlet kg:m3
T Air flow test tolerance %
0] Fan flow coefficient —
X Dimensionless frequency —
14 Pressure coefficient —

5 Performance tolerances for purpose-designed fans and series-produced non-
certified fans

5.1 Information to be provided by the purchaser

5.1.1 Operational
The following information shall be provided.
a) Volume flow rate, gy, rate at the fan inlet or mass flow rate gq,,,.

b) Total pressure increase, p,, between fan inlet and outlet, or static pressure increase, p,, at a specified
discharge area.

¢) Distribution of total pressure losses in the system between inlet and outlet side of fan.
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d) Absolute pressure at fan inlet.
e) Density, p;, of handled fluid at fan inlet.

f) Temperature of the gas handled at the fan inlet for normal operation relevant for the fan performance,
and the maximum and minimum temperatures for which the fan is to be designed.

g) Dust, mist or vapour content of gas at fan inlet for normal operation, the properties of these, and
their maximum content. Information as to whether the dust, mist or vapour is combustible, noxious,
aggressive or sticky.

h) Maximum permissible A-weighted sound power level, in A-weighted decibels, as specified in [SO 13347-1.
i) Maximum permissible levels of mechanical vibration in service, as specified in ISO 14694.
j)  System characteristic, if necessary.

k) Design speed cycles: i.e. the number of speed cycles per 24 h, the range of speed, if variable speed, plus
the total number of start-stops the fan is to be designed for.

1) Other specifications (e.g. preferred rotational speed, type and range of control, orientation of the inlet
and discharge, impeller rotation, as viewed from the driver). See [SO 13349.

5.1.2 Tolerance grade
The tolerance grade shall be stated in accordance with the requirements specified in 5.3.1.

A supplier will only be able to provide a fan for a particular application once the customer has provided
him with all the information necessary to complete the order. This should take place before the tender is
prepared or, at the latest, before a sales agreement has been reached. Such information is to include details on
fan design, arrangement, construction, materials and scope of supply, and should be based on the customer’s
own calculations, measurements and experience in this field.

5.2 Information to be provided by the supplier

5.2.1 Essential information

If the supplier cannot refer to catalogue information, installation, maintenance or operation instructions, he
shall generally provide the following information.

a) Operational parameters at design conditions, especially volume or mass flow, fan pressure, absorbed
power and fan speed. The exact scope of supply, as well as any other accessories that the supplier
considers necessary for installation and connection (e.g. motors, devices to prevent accidental contact,
flexible connectors, control and shut-off devices, inlet boxes).

b) The major dimensions for connection, installation and transport.
c) The total mass of the assembly and the mass of the essential components supplied.

d) Importantdesign features where essential for assembly, e.g. materials of construction. Other information
should be supplied on request, or if necessary.

e) Motor output power.

f)  Other information, e.g. the electric or pneumatic connected load, provision of sealing gas, cooling air
and water.

g) Installation, operation, and maintenance instructions.

NOTE In many installations the electric drive motor is supplied directly by the supplier. As such, it may not be
possible to state the type of drive, its rating and speed, etc.
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5.2.2 Optional parameters
The following information may also be provided.
a) Fan power (see ISO 5801) as a function of the parameters listed in 5.1.

b) Rotational speed of the impeller as a function of the parameters listed in 5.1, and maximum permissible
rotational speed.

c¢) A-weighted sound power level as specified in [SO 13347-1. Sound pressure levels are not recommended
as they can be heavily influenced by the room acoustics and sound propagation from connecting ducts.
In addition, they can be significantly influenced by directional characteristics, especially if the fan is of
the open-inlet or outlet type. Sound pressure levels can only be stated under free-field conditions and
may not be representative of actual room conditions.

d) Fan performance characteristic, if specifically requested by the purchaser. The following additional
parameters may be supplied if specifically requested:

1) fan efficiency (see ISO 5801) as a function of the parameters listed in 5.1;
2) vibration values (see ISO 14695);
3) balance quality (see ISO 14694).

e) The mass moment of inertia of the rotating parts, or if applicable, the starting torque curve.
5.3 Tolerances

5.3.1 Tolerance grades
Measuring uncertainties shall be considered differently from manufacturing tolerances.

At each stage of the fan design and manufacturing cycle, including conversion from prototype performance
data or calculation, fabrication and testing of a purpose-designed fan, finite uncertainties will prevail and
acceptance tolerances shall be applied.

Zero or exclusively positive tolerances can neither be supported in theory or practice and are not
recommended.

Uncertainties are spurious, random or systematic factors which affect design, fabrication and therefore
fan performance. Uncertainties are not absolute and because of this are handled statistically, i.e. a level of
confidence is attributed to the measured quantity lying within the uncertainty boundary of the true value.

Tolerances are the definition of acceptability for uncertainties. They are absolute and can vary according
to the application. They effectively define an absolute limit for uncertainties which would otherwise have
to be expressed statistically. The user is therefore provided with an absolute criteria for fan selection and
acceptance.

This International Standard acknowledges that there are two different sources of uncertainty influencing
performance tests.

Design and manufacturing processes have inherent dimensional uncertainties leading to deviations of
important mechanical dimensions from the target value. This, again, will lead to inevitable deviations in
performance data:

g, limit deviation of volume flow;
. limit deviation of fan pressure;
ttp, limit deviation of fan shaft power;
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—t, limit deviation of fan efficiency;

+t,,,  limit deviation of A-weighted fan sound power level.

The design and manufacturing accuracy obtainable in practice is defined in a number of International
Standards. Design tolerances are treated in Clause 6 of this International Standard. Higher accuracy will,
as a rule, require more expensive production methods. The fan user shall decide which uncertainties in
performance data are permissible, bearing in mind the consequences on cost.

This can be illustrated for an axial fan with a cast impeller. The impeller could be a rough sand casting
or a more accurate die casting. The surface could be improved by polishing or remain untreated. The tip
diameter may be machined or remain as-cast. The aerodynamic effects of electric motors placed in the air
stream may reduce the fan performance. For low uncertainty it is not sufficient to achieve small tolerances
for the tip gap, etc. Larger or smaller deviations from the intended mechanical dimensions, and uncertainties
in the conversion of test data, will affect each performance value differently. For example, a variation of the
width of a radial impeller will have a larger influence on the volume flow-rate than on the fan pressure.
Measurements also have inherent uncertainties.

Limitations in the measuring accuracy of the instruments used, and deviations from the standardized test-
duct arrangements according to ISO 5801, will influence the confidence that can be applied to the uncertainty
of the resulting characteristic values, such as capacity, fan pressure, power consumption, speed and sound
power level. These values, being measured independently by different instruments, will have errors that
are unrelated and, as such, their influence on test results shall be considered independently. The following
tolerances are identified, taking into account potential imperfections of the measuring arrangement:

tAq, tolerance of volume flow measurements;
A, tolerance of fan pressure measurements;
tAp, tolerance of fan shaft power measurements;
AL, tolerance of fan noise power measurements.

These tolerances are notlimited to the errors of the instruments or the test arrangement employed. They also
allow for human error associated with the reading of the instruments and the interpolation of intermediate
values. This is particularly relevant for large fans, where the difficulty in achieving standardized test
arrangements may be the largest source of error.

To provide for the variety of fan types and applications, alist of four tolerance grades, with typical applications,
has been defined in Table 2. As indicated above, these range from accurately machined impellers for special-
purpose fans to sheet-metal fabricated impellers with wide tolerances used for applications where other
criteria are more important than optimum fan performance. It should be noted that the tolerance grades of
classes are only examples for possible applications
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Table 2 — Guide for fan “air and noise” tolerance grades 1 to 4

Tolerance Typical application Material of, Approx. min.
grade and manufacturing processes used for, | shaft power ?
(air and major aerodynamic components
noise) KW

Mining (e.g main fan), process engineering, | Machined in some places, cast (high accuracy)
AN1 power stations (e.g. exhaust fan), wind >500
tunnels, tunnels, etc.

Mining, power stations, wind tunnels, tun- | Sheet or plastic material, partly machined,

AN2 . : . N :
nels, process engineering, air conditioning | cast (medium accuracy)

>50

Process engineering, air conditioning, in- | Sheet material, cast (medium to low accura-
dustrial fans, tunnels, power station fans|cy), special surface protection (e.g. hot-dip
and industrial fans for harsh (abrasive or|galvanizing, moulded plastics

corrosive) conditions

AN3 >10

Process engineering, ships fans, agri-|Sheet material, special surface protection
culture, small fans, power station fans|(e.g. rubber coating), moulded or extruded
AN4 : ; ; . —
and industrial fans for harsh (abrasive or|plastics

corrosive) conditions

a  For each class, arecommendation has been given only for the lower power limit; an upper limit is not essential. For example,
even if the power is greater than 500 kW, any one of the grades may be assigned.

The information given in Table 2 may be used as a guide only. It shall be considered with which degree
of accuracy the expected performance data has been established, often requiring agreement between
purchaser and supplier when selecting a suitable grade. Uncommon installation conditions — for example,
distorted inlet flow — or a system with components situated in the inflow, such as protective screens or
structural supports, shall be allowed for. Special agreements shall be made for fans whose drive causes
marked fluctuations in rotational speed.

Motors used for direct-driven axial flow fans may be in the airstream without an aerodynamic fairing. This
could produce an additional aerodynamic blockage. In such cases an allowance for motor effect should be
agreed between the supplier and purchaser.

It should be remembered that specifications which require zero and/or exclusively positive tolerances, with
respect to fan pressure and flow, are not recommended. They can neither be supported in theory nor in
practice, and lead to substantial over-design and unnecessarily increased operating cost.

5.4 Purchasing arrangements

Before a contract is signed it shall be agreed whether a performance test shall be included. This is not
normally required, especially if the fan is subject to a certified ratings programme (see Clause 6) or if the
supplier has an accredited laboratory.

5.5 Contractual testing

5.5.1 Tolerance magnitude near optimum efficiency

Four tolerance grades are given in Table 3 for the fan volume flow, pressure, shaft power and sound power
level (see also Figure 1). In the normal case these grades are applicable to all contractual agreements
between the purchaser and his supplier, and if not, a separate agreement should be obtained. The operating
point is assumed to lie where the efficiency, as stated by the supplier, is at least 0,9 times the stated best
efficiency 1. Outside this range, tolerances are applied as detailed in clause 5.5.2
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Table 3 — Manufacturing tolerance grades

Tolerance grade

Parameter (air and noise) Additional information
AN1 AN2 AN3 AN4
Volume flow rate, +1 % +2,5% 5% +10 % AqV :th qy
ay
Fan pressure pg +1% +2,5% 5% +10 % APF =t,r " Pp
Power, P, &b +2 % +3 % +8 % +16 %  |Ap=tp-P,

Negative deviations are permissible. For
small fans, P, shall be the motor input power.

Efficiency, n -1% -2 % -5% -12% A, =t,
i.e. the value of ¢, is identical with the per-

missible tolerance of the efficiency. Positive
deviations are permissible.

A-weightedsound| +2 dB +3 dB +4 dB +6 dB ALa =ty
power level, Ly, ©

Thevalueof t; ~ isapermissible tolerance

of the sound power level. Negative deviations
are permissible.

NOTE Sound pressure levels are dependant on the environment. Tolerances will be higher due to wave length effects, local
resonances, directional factors, room effects, etc. In particular, sound pressure levels measured close to fan casings are heavily
influenced by “near-field” effects and, as such, great care should be taken when using sound pressure measurements. As a guide
the tolerances, given above for sound power may have to be doubled.

a2  The power should be clearly defined: i.e. whether it is impeller power, shaft power (including bearing losses), overall fan
power (including transmission losses, e.g. coupling or vee-belt drive losses), or motor input power (applicable especially to small
fans). See also ISO 5801, ISO 13349 and IEC 60034-2.

b The power measurement of electric motors shall be carried out with a sinusoidal supply on nominal frequency and voltage.
The voltage from frequency converters could give higher power values due to additional losses within the motor.

¢ The measuring uncertainty of octave or one-third octave band sound power levels increases significantly, while universal
scaling rules are not accepted. (see 7.2.3.1). It is therefore recommended that tolerance band levels not be included in contractual
terms.
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NOTE While the uncertainty field is elliptical, a rectangular shape is used for practical reasons.
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Figure 1 — Limit deviations (tolerance ranges) for agreed operational parameters
Pr A

in accordance with Table 2

PE |

-

qv
pitch angles showing four tolerance grades (constant speed)

5

a) Performance chart for an axial flow fan for different impeller blade

10

-

qv
b) Performance chart for a centrifugal flow fan for different flow control
device settings showing three tolerance grades (constant speed)
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