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Document history

This joint Eurovent and AMCA Industry Recommendation / Code of Good Practice supersedes all of its
previous editions, which automatically become obsolete with the publication of this document.

Modifications
This publication was modified as against previous editions in the following manner:

Modifications as against Key changes
15t edition Present document
Preface

In a nutshell

The purpose of this document is to:
- Explain the problem of testing large axial fans according to the standards
- Provide lecture analysis about the subject

- Provide a solution suggestion for the problem as a code of good practice

Authors

This document was published by Eurovent and European AMCA. It was prepared in a joint effort by
participants of the Product Group 'Fan Technology' (PG-FANS] and European AMCA members, which
together represent a vast majority of all manufacturers of these products active on the EMEA market.

Copyright
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Unless otherwise stated hereafter, this publication may be reproduced in whole or in part, provided
acknowledgement of the source is made. For any use or reproduction of photos or other material that
is not owned by Eurovent, permission must be sought directly from the copyright holders.

Suggested citation
Eurovent AISBL / IVZW / INPA. (2025]). Eurovent 1/14 - 2025 - Performance tests of very large axial fans
in the context of Ecodesign requirements. Brussels: Eurovent.

Important remarks

Eurovent does not grant any certification based on this document. All certification-related issues
are managed by the Eurovent’s subunit Eurovent Certification. For more information, visit
www.eurovent-certification.com.

Eurovent AISBL / IVZW / INPA 80 Bd A. Reyers Ln www.eurovent.eu Fortis Bank
European Industry Association 1030 Brussels +32 (0)466 90 04 01 IBAN: BE 31 210043999555
EU Trans. Reg.: 89424237848-89 BELGIUM secretariat@eurovent.eu BIC: GEBABEBB


http://www.eurovent.eu/
mailto:secretariat@eurovent.eu
http://www.eurovent-certification.com/

2 EUROVENT

V EUROPEAN INDUSTRY ASSOCIATION

Eurovent 1/14 - 2025

Contents
Eurovent 1/14 - 2025

ameca

INTERNATIONAL

L]

EUROPE

Page 30f 8

Document history

Modifications

Preface

In a nutshell

Authors

Copyright

Suggested citation

N

Important remarks

List of abbreviations and symbols

1. Introduction

2. European Union regulation overview

Fan test standards and limitations

Problem discussion

Literature analysis

Proposed solution - Code of good practice

Conclusion

© N o T b~ow

Literature

About Eurovent

Mission

Vision

About AMCA

c© O O o0 g o o u o &~ &~ &~ w

List of abbreviations and symbols

p air density (kg/m?3)

v velocity over the airfoil section (m/s)
c blade section chord (m)

n dynamic viscosity of the air (kg/(m.s)))

rpm fan rotation speed in revolutions per minute
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1. Introduction

Several fields in the industry require the application of very large axial fans. For example, wet cooling
towers for petrochemical applications and air cooler condensers (ACCs) applied in power plants
usually require fans up to 12.8 m (42 ft]. Large heat exchangers for HVAC, industrial processes, data

centres and power generation also require very large axial fans with diameters greater than 4.0 m (13
ft).

It is a challenge for the fan manufacturers and integrators to determine the fan performance curves
for these fans using standardised airways in full compliance with the standards. Therefore, each
player in the market has its testing methodology.

Considering the requirements of energy efficiency and market surveillance in the fan field, it is
necessary to discuss a new criterion for testing very large axial fans that can be used for the whole
industry in a feasible and standardised approach.

2. European Union regulation overview

The Commission Regulation (EU) no 327/2011 (1) was created to implement Directive 2009/125/EC of the
European Parliament and of the Council with regard to Ecodesign requirements for fans driven by
motors with an electric input power between 125 W and 500 kW. Regarding fan testing, EU 327 requires
‘recognised state-of-the-art measurement methods’, but no standard is mentioned. To solve this,
FprEN 17166:2019 (2) was written. This standard has not been launched yet, but it provides procedures
and methods to determine fan efficiency based on standards that will be better described below.

3. Fan test standards and limitations

The document (2) defines the standards that should be used to test fans in a standardised manner.
There are two approaches, one for laboratory conditions (ISO 5801) and the other for in situ conditions
(ISO 5802).

Although IS0 5802 (3] does not require a standardised airway, there are some constraints regarding
the system upstream and downstream of the fans. These restrictions do not allow the test for large
axial cooling fans.

ISO 5801 (4) provides standardised airways to test fans in several inlet/outlet configurations. All the
geometries are diameter-dependent. The larger the diameter, the larger the test station dimension.
For fans with a diameter greater than 4.0 m (13 ft}, the dimensions of the test stations would require
frame lengths that are simply not feasible.

On the other hand, IS0 13348 (5] minimises the problems referenced above by providing the
opportunity to test the fans using a scaled-down model with some restrictions. The most important
restriction is the Reynolds number. This standard recommends that the Reynolds number of the
reduced-scale model must be at least 70% of the original value.
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4. Problem discussion

The Reynolds number is a parameter used for similarity studies, especially related to viscosity. It
defines a dimensionless relation between inertia and viscous forces. Considering an axial fan blade,
the Reynolds number can be defined as:
p.v.C
u

Re =

Where:
p is the air density (kg/m3)
v is the velocity over the airfoil section (m/s)
c is the blade section chord (m)

wis the dynamic viscosity of the air (kg/(m.s))

Assuming air density and viscosity as constants, it is necessary to find a balance between the blade
chord (or fan diameter) and air velocity (rotation speed) to meet the Reynolds number requirement
when testing scaled-down fan models. If we halve the blade chord (or fan diameter], it is necessary to
double the velocity (rotation speed) to maintain the same Reynolds number.

For this reason, the Reynolds equivalence, even if limited to 70%, results in other problems with
difficult solutions. The rotation speed required to meet 70% of Reynolds equivalence for very large fans
would result in higher Mach numbers and centrifugal loads, making it impossible to build/test scaled-
down models.

5. Literature analysis
The problem above was studied by several authors, according to the next paragraphs.

The reference (6] presented a methodology to test fans in scaled conditions, concluding that “7he
presented scaling method works much better than the method proposed by the 150 13348:2007 and at
the same time never overpredicts the efficiency.” They found a very good correlation in the
performance measurements comparing both models, even with large diameters and Reynolds
differences.

The reference (7) also studied the problem applied in large axial fans with a different approach. It
studied the Reynolds number variation over the fan by changing the inlet turbulence. It concluded that
At the scale tested in the 150 5801 fan test facility, using the fan scaling laws on the M-fan to obtain
performance characteristic data representing that of a larger scale M-fan will yield accurate results.”

The reference (8) concluded that “Global performance measurements obtained for three rotor-only
tube-axial fans, featuring equal hub-to-tip ratio but different blade load distribution, size and surface
roughness, showed that both the pressure coefficient and aeraulic efficiency curves shift towards
higher values of flow rates coefficient when the Reynolds number (based on tip speed and midspan
chord length] increases.”

The reference (9] studied the performance similarity of a radial fan with a scaled-down model with a
factor of 2,41 and a Reynolds factor of 12,4. It was concluded that “Thus, the presented calculation
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procedure and modelling methods might be applied for the described centrifugal fans with radial
blades, with sufficient correspondence with the expected real performance of the machine.”

In addition, the normative reference IS0 5801 (4) says: “When the peripheral Reynolds number
increases, the friction loss coefficients decrease. Therefore, efficiency and possibly performance may
increase, compared to what is predicted according to the conversion rules provided in 15.3.”

The reference (10) AMCA 210, which is also a normative document, says: “There /s some evidence that
efficiency improves with an increase in Reynolds number. [...] There is also some evidence that
performance drops off with a significant decrease in Reynolds number.”

6. Proposed solution - Code of good practice

The proposed solution takes into consideration the conclusions from the references above and
overcomes the limitations of the standards regarding very large axial fans. It also brings the task of
testing large fans to a feasible solution with minor adjustments from the normative references
recommended by the EU.

Solution roadmap:

- Axial fans greater than 4.0 m (13 ft) shall be tested as scaled-down models per IS0 13348, with
the following additional requirements.

- The minimum Reynolds number requirement for these fans shall be decreased from 70% to
30%. The tested Reynolds number will be lower than the full-scale application and will,
therefore, yield conservative fan efficiency results.

- Toavoid compressibility problems, the Mach number shall be lower than 0,30, keeping the
airflow under low subsonic conditions.

- Other large axial fans in the range of 2.5 and 4.0 m can also be tested with scaled-down
models following the requirements of 1IS05801 + 15013348.

7. Conclusion

- A minor adjustment is proposed to the IS013348 requirements, reducing the Reynolds relation
from 70% to 30% when using small-scale fans to test fans with diameters greater than 4.0 m
(13 ft).

- Alimitation on the Mach number to 0,30 is also proposed to avoid compressibility effects
during the tests.

- All other best practices in fan performance measurements can be applied in this solution,
following the recommended guidelines.

- From the consulted references, including standards, it is possible to conclude that the test of
scaled-down axial fans with reduced Reynolds number provides conservative performance
values. Efficiency values measured on small-scale fans yield conservative results.

- Using this simple and conservative approach, it will be possible to test large axial fans to
enable the implementation of the new energy efficiency guidelines into the market.
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About Eurovent

Eurovent is the voice of the European HVACR industry, representing over 100 companies directly and
more than 1.000 indirectly through our 16 national associations. The majority are small and medium-
sized companies that manufacture indoor climate, process cooling, and cold chain technologies
across more than 350 manufacturing sites in Europe. They generate a combined annual turnover of
more than 30 billion EUR and employ over 150.000 Europeans in good quality tech jobs.

Mission

Eurovent's mission is to bring together HVACR technology providers to collaborate with policymakers
and other stakeholders towards conditions that foster fair competition, innovation, and sustainable
growth for the European HVACR industry.

Vision

Eurovent's vision is an innovative and competitive European HVACR industry that enables sustainable
development in Europe and globally, which works for people, businesses, and the environment.

- Forin-depth information and a list of all our members, visit www.eurovent.eu

About AMCA

AMCA is a not-for-profit association of manufacturers of fans, louvres, dampers, air curtains, airflow-
measurement devices, ducts, acoustic attenuators, and other air-system components. AMCA is a truly
global association with operations in Europe (Brussels), Asia, North America, the Middle

East, and Latin America, and nearly 400 member companies. AMCA provides global services for
verification of compliance, development of standards, and advocacy for model codes,

regulations, and utility incentive programs promoting efficiency and life safety.

- For more information, visit www.amca.org

Eurovent AISBL / IVZW / INPA 80 Bd A. Reyers Ln www.eurovent.eu Fortis Bank
European Industry Association 1030 Brussels +32 (0)466 90 04 01 IBAN: BE 31 210043999555
EU Trans. Reg.: 89424237848-89 BELGIUM secretariat@eurovent.eu BIC: GEBABEBB


http://www.eurovent.eu/
mailto:secretariat@eurovent.eu
http://www.eurovent.eu/
https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Furldefense.com%2Fv3%2F__https%3A%2Fnam04.safelinks.protection.outlook.com%2F%3Furl%3Dhttps*3A*2F*2Furldefense.com*2Fv3*2F__https*3A*2Fnam04.safelinks.protection.outlook.com*2F*3Furl*3Dhttps*3A*2F*2Fwww.amca.org*2F*26data*3D05*7C01*7Chaboujawhar*40amca.org*7C0c1e96c2fb7b4c00f05e08db0de096c6*7C3f8023c39fee49de9ca4136e4a3a9d19*7C0*7C0*7C638119030516473938*7CUnknown*7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0*3D*7C3000*7C*7C*7C*26sdata*3DyjY7*2FWB9UVPz2Lo6Je*2FIQcXIdr1XC1cJmdPrZecL9Kg*3D*26reserved*3D0__*3BJSUlJSUlJSUlJSUlJSUlJSUlJSUlJQ!!Hxo2lg!O-1dP8qMHyx7znML2Q2GXf-hksjx_4kWTpg9Sts9nCsEBSjE19UJzwDmZ2whtUz3i2M8uwaVHSaZyvlIcSQ8OA*24%26data%3D05*7C01*7Chaboujawhar*40amca.org*7C4cf4d72987484417396908db0e462b99*7C3f8023c39fee49de9ca4136e4a3a9d19*7C0*7C0*7C638119466787974245*7CUnknown*7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0*3D*7C3000*7C*7C*7C%26sdata%3DtR3RxIeXLRcu9mxAI7MrF1giRPHezOCS*2BvXXcXXd5bY*3D%26reserved%3D0__%3BJSUlJSUlJSUlJSoqKiolJSoqKioqKioqKioqKioqKiUlKioqJSUlJSUlJSUlJSUlJSUlJSUlJSUl!!Hxo2lg!NZJnNDPYKcb2-8-7bVkslfLCwqFD5PPEsG4vXkrufQYz_mydlt6MIo4pgzY0U4PlTvtRMF_TSfN7KV0fnZYJgw%24&data=05%7C01%7Chaboujawhar%40amca.org%7C816b824c132d4fecd86708db2b7b4b88%7C3f8023c39fee49de9ca4136e4a3a9d19%7C0%7C0%7C638151580768318375%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=UU21KStz9NlZupJUDkw0C23W2SSCEC7qLPiGnEqhEFU%3D&reserved=0

