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Background

During the Consultation Forum on the revision of the 'EU Fan Regulation’ 327/2011 in Brussels on 30
April, Eurovent had reinforced its call for an exemption of evaporative cooling equipment from the
future Regulation, which was supported by several Member State Representatives. Subsequently
within the meeting, the Commission has asked VHK to further elaborate on this issue and on how an
exemption can be implemented without creating loopholes.

To date, Eurovent and its members have published the following Position Papers that provide in-depth
arguments on why we call for an exemption. They also provide for a proposal of a clear exemption
phrase that would cover solely evaporative cooling equipment:

- PP -2014-11-18 - Eurovent call for an exemption of cooling towers from the revised EU Fan

Regulation
- PP -2014-12-11 - Extended Eurovent Position on cooling towers and the EU Fan Requlation

- PP -2015-02-13 - Proposed Eurovent amendment concerning cooling towers and the EU Fan

Regulation
- PP -2015-04-14 - Input for the Consultation Forum on the fan review from evaporative cooling

equipment manufacturers
- PP -2015-04-21 - Additional input concerning Eurovent Position Paper on evaporative cooling

equipment from 2015-04-14

With the following Clarifying Summary, we further elaborate on our requests based on results of the
Consultation Forum. We aim to resolve all doubts concerning the possible opening of a loophole.

Clarifying summary
Specific properties and facts of centrifugal fans used in cooling towers

- Centrifugal fans installed with the outlet opening above the centreline of the fan-wheel require
an outlet extension (rain hood] inside the outlet plenum that is a constructive part of the fan.
This extension is sloped downward towards the water basin and constructed to serve as a
protection against migration of cooling tower water into the fan-housing. The extension is
necessary as it imposes additional resistance and, as such, is counterproductive with regards
to fan efficiency.

- Centrifugal fans installed with the outlet opening above the centreline of the fan-wheel require
drain holes to allow condensed cooling tower water but also induced rain water to drain out
from the inside of the fan housing. This drain is an undesired aerodynamic leak that
compromises fan efficiency but it is also a constructive necessity for cooling towers.’

" http://www.wittfan.de/files/Know-how-Center/Ventilatorgrundlagen/4_Blowers_for_Humid_Air.pdf
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- Centrifugal fans installed with the outlet opening under the centreline of the fan-wheel (see
picture below] are typically designed to allow water inside the fan housing. This is not
beneficial regarding fan efficiency, but beneficial for matching building layout restrictions
while maintaining optimised thermal performance - the primal goal of cooling towers.

- Centrifugal fans installed in a cooling tower serve as a
supporting structure for the heat exchanger installed on
top of the fan structure (see picture on the right]. The heat
exchanger, when charged with the cooling tower water or
refrigerant, represents the heaviest section of the cooling
tower. The stator must be custom-designed in size and
construction to support the weight in a structurally safe
manner. This principle can neither be compromised nor
replaced by an off-the-shelve product, which, as such, is
not available on the market. The centrifugal fan is an
integrated part of the cooling tower construction.

- Centrifugal fans installed in a cooling tower must be designed for heavy duty application with
increased vibration levels. The effect of condensation of the circulating cooling tower water in
the inside of the fan is undesired but inevitable during low cooling load operation. Ice
formation as a result of cooling water condensation is a critical consideration for the correct
design of the cooling tower fan system and imposes specific design parameters related to
strength and stability of the entire construction.

Specific properties and facts of axial fans used in cooling towers

- The hot, moisture saturated environment at the axial fan is corrosive to most fan materials.
This can be complicated by the chemicals used for water treatment necessary for hygienic
operation and mandatory disinfection of the cooling system. Only a limited variety of axial fan
types can be used in what is commonly considered to be severe service for fans on cooling
towers and many are specifically designed for this purpose by a limited number of
manufacturers. Some specific cooling tower applications use water in close proximity to the
fan with a ph value that can reach 3 or 9,5.? These values commonly result from customer
water analysis, as is shown in the attached example of a customer request.?

- The constant operation in a saturated environment leads to water build-up in the hollow
blades which are typical for the fan designs used in cooling towers. Supplemental drain holes
in the fan tip are necessary. This is counterproductive with regard to fan efficiency.

- The larger fans on outdoor cooling tower equipment are subject to issues with non-uniform
solar heating of the fan housing. Thermal expansion will make them no longer round under
those conditions. High wind speeds typical for roof installation will also cause deformation in
fan housing shapes that make them no longer round. Both of these situations have led to the
need for, and typical use of larger than ideal tip clearance between fans wheels and housings
to prevent structural damage to either the fans or the housings. These limits the peak fan

2 This could relate to Art. 1/3.g of the Draft Regulation
3 See PP - 2015-05-23 Attachment - Example of a Technical Specification sheet
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efficiency design. Typical tip clearance of ventilation fans is about 4mm for a fan diameter of
914 mm. The attached document offers an example of the described tip clearance
requirements.4

- The large axial fans of cooling towers are typically indirectly driven with a transmission ratio
optimised for the correct electrical power and lowest tip speed for noise control. The
transmission and the heavy duty support structure clearly obstructs the airstream and thus
significantly reduces the fan efficiency. However, this structure is necessary to carry the
transmission located directly under the fan in the suction airstream. Using direct-driven fans
would make the support structure heavier due to the location of the heavier motor directly
under the fan, further reducing the overall fan efficiency. Transmissions using gear boxes
typically penetrate the fan cowl and position the motor on top of the fan deck. Both of these
structural elements are necessary but counterproductive for the fan efficiency.

They also cause the impossibility to reconstruct the configuration for lab testing without
building an entire fan section in full size.

General considerations

- The basic physical principle of evaporative cooling is latent heat rejection. Latent heat
rejection guarantees a top efficient heat transfer from the process to the atmosphere. This is
the primal goal of all evaporative cooling equipment. A focus on fan efficiency increase will be
counterproductive to the main goal of general energy efficiency as described in many of our
previously published Position Papers mentioned above and attached to this document.

- During the Ecodesign Consultation Forum on 30 April, Witt&Sohn has indicated that small
industrial manufacturers are underrepresented in the entire process and see their business
being compromised by general legislation that was initially not intended for their market. The
European cooling tower manufacturers consider themselves as one of these small industrial
manufacturers with a limited quantity of fans put on the market.

- The Eurovent Position Paper from 14 April 2015 states:

As we would like to prevent any loophole resulting from an exemption, Eurovent proposes to add the
following definition of evaporative cooling equipment to Art. 1, paragraph 3:

‘This regulation shall not apply to fans which are specified to exclusively transport gases consisting of

a mixture of liquid water and air having a relative humidity consistently larger than 90%.’

Loopholes are avoided by using
o The 'mixture of liquid water and air’ = adiabatic saturated air handling equipment is
not exempted, neither are humidifiers
o ‘consistently larger than 90% = weather influences for outdoor equipment are not
exempted

We hope that with the paper, we are able to further clarify our positions. Our Team remains at your
disposal for any further questions.

4 See PP - 2015-05-23 Attachment - Hudson tip clearance example - page 15 - figure 6 for a concrete
example
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About Eurovent

Eurovent, the European Committee of HVAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
1000 companies, the majority small and medium-sized. In 2013, these accounted for a combined
annual turnover of around 25bn euros and employed more than 120.000 people - making Eurovent
one of the largest industry committees of its kind.

Eurovent's roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent possesses two subunits. With Eurovent Certita Certification (ECC), it majority owns an
independent certification company, which holds the ISO 45011 (17065) accreditation - fulfilling highest
independency, reliability and integrity standards. Open to any company, it is known for its globally-
recognised brand ‘Eurovent Certified Performance’. Activities are complemented by Eurovent Market
Intelligence (EMI], the association’s second independent unit. Its Europe-wide data sets are frequently
being used to support the development of EU regulation.

Members of Eurovent

Europe’s major, national HVAC&R associations and their more than 1000 manufacturers
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Corresponding Members

Manufacturers in European countries with no national HYAC&R association representing them
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Independent Subunits

Organisations with own structures that guarantee a full independency from the Eurovent association
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Files linked within this documents can be found within the "Attachment’ section of Adobe Acrobat.
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Eurovent call for an exemption of cooling towers from the revised ‘EU
Fan Regulation’ 327/2011

Background

Commission Regulation (EU) No 327/2011 sets Ecodesign requirements for fans driven by motors with
an electric input power between 125 W and 500 kW (hereinafter referred to as 'EU Fan Regulation'].
The requirements apply to both standalone fans, but also fans incorporated into products such as air
conditioners, fan coil units or cooling towers. Reaching the fourth year after its 2011 implementation,
the Regulation has recently entered the legally demanded revision process, with VHK, a Netherlands-
based consultancy firm, currently drafting the study. This revision process allows for improving the
Regulation both in terms of efficiencies, but also by adapting it to industrial realities based on the
experiences made in its first years after coming into force.

During the ‘first stakeholder meeting” on the revision of the 'EU Fan Regulation” at the European
Commission on 1 October 2014, the Eurovent Product Group ‘Cooling Towers’ had indicated to
elaborate on the difficulties cooling tower manufacturers face concerning the current Regulation
327/2011. The results are being outlined below following a working definition.

Working definition

Within this position paper, the term “cooling towers’ refers to both closed and open-circuit cooling
towers as well as evaporative condensers and evaporative fluid coolers. Yet, the term "cooling towers’
does not include dry coolers, which usually make use of ready-made fan packages, whose efficiencies
can be tested in a comparatively simple manner.

Key position

While Eurovent appreciates the overall nature of the Regulation and favours a reduction of loopholes
and increase of fan-efficiency levels whenever feasible, we strongly encourage the European
Commission and VHK to exempt cooling towers from the revised regulation. Following an in-depth
consultation process among our members across Europe and the large majority of the European
cooling tower industry represented through the respective Eurovent Product Group, this call is based
on the following reasoning.

There are dimensional problems when measuring fan efficiencies

The majority of cooling towers contain axial fans with very large dimensions
(e.g. large impeller diameters range from 3.96 meter to over 10 meter
diameter]. No test facilities in Europe are capable to measure fan efficiencies
for such diameters. AMCA International, for instance, has a test facility for
fans up to 2.4 meter diameters. Yet, this facility is located in the USA, making
. cost-efficient tests unfeasible.

Setting up a test facility for all cooling towers requires a significant investment by the cooling tower
market, and this still does not mean that all cooling towers would be testable - which implies, for
example, field erected cooling towers that can only be tested on site.
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Further elaboration through a practical example

Measuring air flow, static pressure and motor input power on the cooling tower itself requires a built
up with a 20 ton lifting crane and full entanglement of all connections to an external pump station. All
the motors need to be wired to the mains and require large electrical cabinets. The setup of and
execution of a test are very labour intensive. Making the measurements on the unit demands
additional scaffolding. This eventually increases the cost of the test facility, not least because of the
above-mentioned large dimensions.

The required measurements to retrieve the fan efficiency are impossible to measure in a
representative and reproducible method. The air flow can only be derived from air speed
measurement at the outlet of the cooling tower with a high fault margin due to high air speeds and
turbulent airstream at the outlet (this is the reason why wind tunnels are being used). Measuring the
static pressure within the cooling tower with turbulent air around is not feasible. All measurements
are executed outside, where ambient conditions influence the results due to different air densities.

The fan system cannot feasibly be separated to make fan efficiency measurements

Critical parts of the fan system tested to define the fan efficiencies
according to the 'EU Fan Regulation” are always incorporated into the
physical structure of the cooling tower (see picture on the left] and it is
impossible to separate the fan system from the cooling tower to make
fan efficiency measurements. This includes fan cowls, drive systems,
and mechanical equipment. The specific structure of the product does
not allow for an effective, independent testing of fan efficiencies. A test
facility needs to be adjusted for each specific cooling tower product,
because of the different design setups. As already stated, such an
adaptive test facility demands huge investments.

This is different from other markets such as air conditioners, in
which case an entire fan package is usually purchased from a
catalogue, and is incorporated into the product, which allows for a
separate testing of the fan. The limited dimensions of these fans
make setting up a test rig feasible.

Other entire centrifugal fan systems (see picture on the right]
cannot be separated from the cooling tower to make fan efficiency
measurements, because they also constitute the supporting
structure. These centrifugal fans are, for example, used on forced
draft cooling towers, which can handle higher pressures due to

different accessories requested by the customer to reduce the
sound level or to prevent a freeze up or plume formation.
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Cooling towers are not off-the-shelve, standardised products

Each cooling tower is being designed for very specific customer
needs suiting, for example, dedicated design requirements. It is
not an off-the-shelve, standardised product. A majority of
cooling towers have uniquely designed fan systems (based on a
motor and pitch), which makes it extremely costly to measure
each fan system. The usual product ranges of manufacturers
are so diverse that many models are rarely sold over the
lifespan of a product line, which further prevents cooling tower

manufacturers from effectively testing each fan system.

Additionally, the heat exchanger is often a part of the fan housing and can have many possible
arrangements - leading to a wide variation of fan entrance and exit conditions. A structural blockage
may be necessary to make the product function properly and comply with other standards (e.g.
regarding wind and seismic resistance). This product class is also frequently limited in configuration
by shipping width. Fan diameters tend to maximise at allowable shipping width increments. Thus, the
fan design and selection is often incompatible with a pure efficiency focus.

An exemption is not going to lead to lower energy efficiencies of cooling towers

The market of cooling towers is significantly driven by energy efficiency and sustainability. Achieving
the best cooling efficiency and the highest heat rejection for lowest power consumption is a primary

goal of cooling tower manufacturers. Air movement is a means for our primary goal, evaporative heat
transfer, which manufacturers” R&D centres constantly aim to improve. Thus, efficient heat rejection

technologies, motors and fans are continuously being developed and implemented.

For most applications, the energy required to run the cooling tower fan is substantially less than the
energy required for the system which they serve. The change to less efficient heat rejection
technologies will result in higher system energy consumption, which is not desirable.

Placing on the market of cooling towers

Cooling tower manufacturers as integrators of fans/impellers place a different product on market
than a fan. While the primary purpose of a fan is to provide an airflow on a certain pressure, the
primary purpose of a Cooling Tower is to cool a process. Manufacturers are only allowed to use
conform impellers and fans for integration into their products if the final product is aimed to be placed
on the EU Common Market. The same applies to installed electrical motors and pumps - which also
need to comply with their respective Ecodesign directives.

Speed and noise requirements

Cooling towers are being selected for design summer day duty, resulting in the equipment being
oversized for ambient temperatures. Subsequently, fans are typically operated at reduced speed for
much of the year in most climates, significantly reducing the energy used by the fans while further
reducing the need for specific fan efficiencies. Low noise applications are also common, requiring the
use of low sound axial fan designs with higher fan solidity (i.e. more and/or wider chord fan blades] to
move the same amount of air through the unit with a slower fan speed. By design, these fans have
lower fan efficiency, but are often required to meet local sound codes.
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Proposal

Based on the low volume of energy savings, the applicability of
other more relevant metrics, the potential for unintended
increases in fan energy use, and the design challenges detailed
above, Eurovent and its members recommend that fans used in
cooling towers to be exempted from the ‘EU Fan Regulation’.

It remains to be mentioned that in the US, a similar request was
made by AHRI, the American Air Conditioning, Heating and
Refrigeration Institute. American manufacturers face similar
issues with regard to the Rulemaking on Commercial and
Industrial Fans and Blowers (US Department of Energy, DOE].

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
companies, the majority small and medium-sized. In 2013, these accounted for a combined annual
turnover of around 21 billion euros and employed more than 120.000 people - making Eurovent one of
the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.
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Extended Eurovent Position justifying the exemption of cooling towers
from the revised 'EU Fan Regulation’ 327/2011

Background

In a position paper published on 18 November 2014, Eurovent and its members were calling for an
exemption of Cooling Towers from the revised Commission Regulation (EU] No 327/2011, which sets
Ecodesign requirements for fans driven by motors with an electric input power between 125 W and 500
kW (hereinafter referred to as 'EU Fan Regulation’). In a nutshell, this call was based on the following
arguments that were described in-depth:

- There are dimensional problems when measuring fan efficiencies.

- The fan system cannot feasibly be separated to make fan efficiency measurements.

- The usual product ranges of manufacturers are so diverse that many models are rarely sold
over the lifespan of a product line, which prevents cooling tower manufacturers from
effectively testing each fan system.

- The market of cooling towers is significantly driven by energy efficiency and sustainability.
Achieving the best cooling efficiency and the highest heat rejection for lowest power
consumption is a primary goal of cooling tower manufacturers.

- Cooling tower manufacturers as integrators of fans/impellers place a different product on
market than a fan.

- Fans in cooling towers are typically operated at reduced speed for much of the year in most
climates, significantly reducing the energy used by the fans while further reducing the need
for specific fan efficiencies.

In the following, Eurovent would like to further elaborate on its key arguments. That said, further to
the opinion that manufacturers could use test laboratory reports and guidelines from VDI and AMCA
for scaling models and testing the models, we would like to provide additional clarifications on the
difficulties cooling tower manufacturers would face in case of no exemption from the Regulation.

Primary arguments

A ‘fan”is commonly regarded as a configuration of
impeller, stator, electric motor, transmission or direct
drive and possibly a variable speed drive. In the case of
cooling towers, the ‘stator’ is part of the tower design,
which not only includes the fan cowl or fan housing,
but also the air movement entering and leaving the
fan. For example, velocity recovery stacks placed on
the fan discharge (as illustrated on the left) have
significant influence on the performance curve of the
fan, the operating point and, subsequently, the

efficiency.
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The way the air enters the fan (as illustrated on the image below] is also of great importance when it
comes to fan efficiency. Smooth air entry with little turbulence is desirable, but this is greatly
influenced by the integration of the fan in the cooling tower, the type of water distribution, drift
eliminators and even the rain density.

.é]

|\I/I '

Figure 1: Open cooling tower working principle

Accordingly, there are many factors that influence the performance of a fan in a cooling tower, which
are specific for a certain designs, and unique for each model of a product line - even within a series of
cooling towers. Arrangements can vary infinitely.

For example, the components involved that have an impact on the fan are, inter alia:

- The water flow,

- The type and quantity of packing,

- The type of water distribution,

- The presence and definition of the sound attenuators at the inlets, at the outlets. the types of
drift eliminators,

- The use of plume abatement coils.

Fan curves for rotors used by cooling tower manufacturers generated in a lab do not describe the
behavior of the same rotor in the actual cooling tower model. For this reason, it is not only the
availability or absence of a lab that is the base for the request for exempting cooling towers from the
‘EU Fan Regulation’, but the fact that cooling tower ‘stators’ are very complex. Furthermore, in many
cases, cooling towers are so unique that beyond the ‘stator’ design, there are several other design and
operating factors influencing the performance and efficiency of these products.
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Figure 2: Example of an axial fan and test setup from the referred AMCA publication 802

The experience of AMCA, the American Air Movement and Control Association, refers to fans that are
put on the market as such. AMCA's expertise is less focused on cooling tower products with fans
incorporated. This is being visualized in many AMCA guidelines (e.g. AMCA Publication 802-02 (R2008]:
Industrial Process/Power Generation Fans — Establishing Performance Using Laboratory Models],
their test facilities, the AMCA members and the presentation of the different fan types, which this
organisation is certifying. None of these fan types are used in a cooling tower.

Fan Types

Figure 3: Extract from an AMCA presentation for the Cooling Tower Institute (CTI, USA)
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The cooling tower fan rotors constitute a niche market of the total fan market. Cooling tower fan rotor
manufacturers can only test and certify the rotor performance in a test rig according to a standard, but
not in a cooling tower itself. The test equipment is already huge for testing just their rotors - of which
they sell multiple. This is different to the cooling towers itself.

Figure 4: Example test rigs of a cooling tower fan rotor supplier

Verification of fan efficiency would therefore need to be done ‘in situ” on virtually each and every
cooling tower model. The costs for such an undertaking [if it was practically possible to test every
model on site) would be prohibitive, and with an estimated annual sale of cooling towers of less than
10.000, the benefit of energy efficiency improvement (if any) is very limited and does not stand in any
relation with the cost.

The use of fans for cooling towers can range from 0.5 to above 12m diameters. It has been regularly
noticed that the actual performance of the fan can only be demonstrated accurately on a full scale. In
the same way, for example, the thermic performance of cooling towers is only certified based on full-
scale products. Hence, lots of models cannot be tested in laboratories due to their size and absence of
facilities.

Figure 5: Large-scale rotors used for cooling towers

Secondary arguments

The main purpose of a cooling tower is to cool water, not to move air. The requested cold water
temperature is highly important for the proper efficiency of a process to be cooled, but as the outside
temperature is continuously changing, the fan speed is less than 2% of the year at the nominal speed
(and optimal fan performance), because the saving on the absorbed power linked to outside
temperature is more than 80 times more important than the one on the fan efficiency itself.
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Accordingly, it would be counterproductive in terms of energy saving to operate the tower focusing on
fan efficiency first. Focusing on the efficiency of the cooling tower is then a key point, compared with
the focus on the fan only.

If it is required to increase the fan efficiency to a nominal high level within the cooling tower system,
then the design of the cooling tower would have to change to one that is more ideal for the fan. This
would require a taller air plenum space below the fan. Package cooling towers are limited by shipping
constraints to certain shipping volumes. Because of this limitation, increasing the plenum space
would sacrifice space for air inlets or heat transfer [fill) volume. The effect, in turn, would be to
actually reduce the total heat transfer capacity, even though the fan efficiency was improved.

This would be counterproductive to the primary objective, which is to maximise the cooling efficiency in
terms of tons of cooling per fan power used. Thus, mandating for improved fan efficiency would have
the unintended consequence of requiring higher fan power to produce the same cooling in a certain
box size [volume). Eurovent and its members hold that this is certainly not the intention of the 'EU Fan
Regulation” and the European Commission.

Conclusion

Each of the single above items demonstrates how complex and difficult it is to demonstrate fan
efficiency in partially repeated cooling towers. This confirms our first call for an exemption of cooling
towers from the revised ‘EU Fan Regulation’.

FYI: Currently, similar issues are being raised in the US, where the DOE is working on fan ruling. The
US cooling tower industry is encountering the same issues.

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
1000 companies, the majority small and medium-sized. In 2013, these accounted for a combined
annual turnover of around 25bn euros and employed more than 120.000 people - making Eurovent
one of the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent possesses two subunits. With Eurovent Certita Certification (ECCJ, it majority owns an
independent certification company, which holds the 1SO 45011 (17065) accreditation - fulfilling highest
independency, reliability and integrity standards. Open to any company, it is known for its globally-
recognised brand ‘Eurovent Certified Performance’. Activities are complemented by Eurovent Market
Intelligence (EMI), the association’s second independent unit. Its Europe-wide data sets are frequently
being used to support the development of EU regulation.
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Eurovent call for an exemption of cooling towers from the revised ‘EU
Fan Regulation’ 327/2011

Background

Commission Regulation (EU) No 327/2011 sets Ecodesign requirements for fans driven by motors with
an electric input power between 125 W and 500 kW (hereinafter referred to as 'EU Fan Regulation'].
The requirements apply to both standalone fans, but also fans incorporated into products such as air
conditioners, fan coil units or cooling towers. Reaching the fourth year after its 2011 implementation,
the Regulation has recently entered the legally demanded revision process, with VHK, a Netherlands-
based consultancy firm, currently drafting the study. This revision process allows for improving the
Regulation both in terms of efficiencies, but also by adapting it to industrial realities based on the
experiences made in its first years after coming into force.

During the ‘first stakeholder meeting” on the revision of the 'EU Fan Regulation” at the European
Commission on 1 October 2014, the Eurovent Product Group ‘Cooling Towers’ had indicated to
elaborate on the difficulties cooling tower manufacturers face concerning the current Regulation
327/2011. The results are being outlined below following a working definition.

Working definition

Within this position paper, the term “cooling towers’ refers to both closed and open-circuit cooling
towers as well as evaporative condensers and evaporative fluid coolers. Yet, the term "cooling towers’
does not include dry coolers, which usually make use of ready-made fan packages, whose efficiencies
can be tested in a comparatively simple manner.

Key position

While Eurovent appreciates the overall nature of the Regulation and favours a reduction of loopholes
and increase of fan-efficiency levels whenever feasible, we strongly encourage the European
Commission and VHK to exempt cooling towers from the revised regulation. Following an in-depth
consultation process among our members across Europe and the large majority of the European
cooling tower industry represented through the respective Eurovent Product Group, this call is based
on the following reasoning.

There are dimensional problems when measuring fan efficiencies

The majority of cooling towers contain axial fans with very large dimensions
(e.g. large impeller diameters range from 3.96 meter to over 10 meter
diameter]. No test facilities in Europe are capable to measure fan efficiencies
for such diameters. AMCA International, for instance, has a test facility for
fans up to 2.4 meter diameters. Yet, this facility is located in the USA, making
. cost-efficient tests unfeasible.

Setting up a test facility for all cooling towers requires a significant investment by the cooling tower
market, and this still does not mean that all cooling towers would be testable - which implies, for
example, field erected cooling towers that can only be tested on site.
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Further elaboration through a practical example

Measuring air flow, static pressure and motor input power on the cooling tower itself requires a built
up with a 20 ton lifting crane and full entanglement of all connections to an external pump station. All
the motors need to be wired to the mains and require large electrical cabinets. The setup of and
execution of a test are very labour intensive. Making the measurements on the unit demands
additional scaffolding. This eventually increases the cost of the test facility, not least because of the
above-mentioned large dimensions.

The required measurements to retrieve the fan efficiency are impossible to measure in a
representative and reproducible method. The air flow can only be derived from air speed
measurement at the outlet of the cooling tower with a high fault margin due to high air speeds and
turbulent airstream at the outlet (this is the reason why wind tunnels are being used). Measuring the
static pressure within the cooling tower with turbulent air around is not feasible. All measurements
are executed outside, where ambient conditions influence the results due to different air densities.

The fan system cannot feasibly be separated to make fan efficiency measurements

Critical parts of the fan system tested to define the fan efficiencies
according to the 'EU Fan Regulation” are always incorporated into the
physical structure of the cooling tower (see picture on the left] and it is
impossible to separate the fan system from the cooling tower to make
fan efficiency measurements. This includes fan cowls, drive systems,
and mechanical equipment. The specific structure of the product does
not allow for an effective, independent testing of fan efficiencies. A test
facility needs to be adjusted for each specific cooling tower product,
because of the different design setups. As already stated, such an
adaptive test facility demands huge investments.

This is different from other markets such as air conditioners, in
which case an entire fan package is usually purchased from a
catalogue, and is incorporated into the product, which allows for a
separate testing of the fan. The limited dimensions of these fans
make setting up a test rig feasible.

Other entire centrifugal fan systems (see picture on the right]
cannot be separated from the cooling tower to make fan efficiency
measurements, because they also constitute the supporting
structure. These centrifugal fans are, for example, used on forced
draft cooling towers, which can handle higher pressures due to

different accessories requested by the customer to reduce the
sound level or to prevent a freeze up or plume formation.
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Cooling towers are not off-the-shelve, standardised products

Each cooling tower is being designed for very specific customer
needs suiting, for example, dedicated design requirements. It is
not an off-the-shelve, standardised product. A majority of
cooling towers have uniquely designed fan systems (based on a
motor and pitch), which makes it extremely costly to measure
each fan system. The usual product ranges of manufacturers
are so diverse that many models are rarely sold over the
lifespan of a product line, which further prevents cooling tower

manufacturers from effectively testing each fan system.

Additionally, the heat exchanger is often a part of the fan housing and can have many possible
arrangements - leading to a wide variation of fan entrance and exit conditions. A structural blockage
may be necessary to make the product function properly and comply with other standards (e.g.
regarding wind and seismic resistance). This product class is also frequently limited in configuration
by shipping width. Fan diameters tend to maximise at allowable shipping width increments. Thus, the
fan design and selection is often incompatible with a pure efficiency focus.

An exemption is not going to lead to lower energy efficiencies of cooling towers

The market of cooling towers is significantly driven by energy efficiency and sustainability. Achieving
the best cooling efficiency and the highest heat rejection for lowest power consumption is a primary

goal of cooling tower manufacturers. Air movement is a means for our primary goal, evaporative heat
transfer, which manufacturers” R&D centres constantly aim to improve. Thus, efficient heat rejection

technologies, motors and fans are continuously being developed and implemented.

For most applications, the energy required to run the cooling tower fan is substantially less than the
energy required for the system which they serve. The change to less efficient heat rejection
technologies will result in higher system energy consumption, which is not desirable.

Placing on the market of cooling towers

Cooling tower manufacturers as integrators of fans/impellers place a different product on market
than a fan. While the primary purpose of a fan is to provide an airflow on a certain pressure, the
primary purpose of a Cooling Tower is to cool a process. Manufacturers are only allowed to use
conform impellers and fans for integration into their products if the final product is aimed to be placed
on the EU Common Market. The same applies to installed electrical motors and pumps - which also
need to comply with their respective Ecodesign directives.

Speed and noise requirements

Cooling towers are being selected for design summer day duty, resulting in the equipment being
oversized for ambient temperatures. Subsequently, fans are typically operated at reduced speed for
much of the year in most climates, significantly reducing the energy used by the fans while further
reducing the need for specific fan efficiencies. Low noise applications are also common, requiring the
use of low sound axial fan designs with higher fan solidity (i.e. more and/or wider chord fan blades] to
move the same amount of air through the unit with a slower fan speed. By design, these fans have
lower fan efficiency, but are often required to meet local sound codes.
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Proposal

Based on the low volume of energy savings, the applicability of
other more relevant metrics, the potential for unintended
increases in fan energy use, and the design challenges detailed
above, Eurovent and its members recommend that fans used in
cooling towers to be exempted from the ‘EU Fan Regulation’.

It remains to be mentioned that in the US, a similar request was
made by AHRI, the American Air Conditioning, Heating and
Refrigeration Institute. American manufacturers face similar
issues with regard to the Rulemaking on Commercial and
Industrial Fans and Blowers (US Department of Energy, DOE].

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
companies, the majority small and medium-sized. In 2013, these accounted for a combined annual
turnover of around 21 billion euros and employed more than 120.000 people - making Eurovent one of
the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.
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The level of minimum enerqy efficiency
requirements for centrifugal Forward Curved
fans

Forward Curved = FC
Backward Curved = BC

Because the exemption proposal for evaporative cooling towers from the fan regulation is still
in consideration and the cooling tower industry utilizes the centrifugal FC fan technology in a
lot of products, we want to share below arguments against the proposal.

The discussion document defined the proposed minimum efficiency per fan type in table 5 of
page 43. Wherein the current regulation distinction is made between FC and BC centrifugal
fans, this is simplified in the discussion document. Only one minimum efficiency requirement
is set for all centrifugal fans. This minimum efficiency for centrifugal fans is based on the BC
centrifugal fan data although FC centrifugal fan technology cannot meet this minimum
efficiency requirement.

In the Cooling tower industry centrifugal FC fan technology is used because of the specific
characteristics of these fans:

- Best energy efficiency fit for the required high volume and medium pressure working
point

- Low rpm reducing sound power level for applications that would not be met with axial
propeller fan technology.

- Best size fit for the required high volume and medium pressure working point.

- Able to overcome external pressures applied in ducted applications that would not be
met with axial propeller fan technology.

FC centrifugal fans have a different performance curve than BC centrifugal fans. The FC
centrifugal fans are more in line with the needs for the forced draft cooling towers: medium
pressure and high volume flow. For a given size envelope, the Forced draft cooling tower duty
point is usually right of the curve of the BC centrifugal fan. The BC fans usually can't get the
equivalent airflow of a FC centrifugal fan as shown on the figure below without an increase in
size that would be impractical due to shipping size limitations and necessary air plenum space
required to distribute air to the heat exchanger.
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Total pressure
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Via an example a comparison is made between FC and BC centrifugal fans.

Consider a forced draft cooling tower with 2 centrifugal fans, delivering a total volume flow of
27.8 m3/s at a static pressure of 199 Pa. Such a cooling tower is similar to the one shown on

the picture below.

With FC centrifugal fans of 30", the power consumption is only 17.4 kW. Delivering the same
performance with a 30” BC centrifugal fan requires 21.9 kW electrical power. Installing BC





centrifugal fans is not only less efficient, but also a larger motor size is required; from 18.5 kW
to 22 kW.

Total efficiency is 56.6% for the FC centrifugal fan and 45.1% for the BC centrifugal fan. The
FC centrifugal fan is compliant with the minimum efficiency for 2015 (> 44.4%) but not with the
proposed minimum efficiency in 2018, 70%. The BC centrifugal fan is already not compliant
with the (current) minimum efficiency for 2015 (>61.8%). BC centrifugal fans don't offer a
solution with respect to increased efficiency on the forced draft centrifugal cooling towers.

BC centrifugal fans require an increased rotation speed compared with FC centrifugal fans to
achieve the same performance. Considering the example, the FC centrifugal fan rotates at
360 rpm but the BC centrifugal fan requires 1048 rpm. This influences the noise made by the
fan. Because the blade tip speed is the main driver for noise, the sound power level would
increase at least 14 dB(A). This is huge and is not accepted by the market due to local laws
on sound. A lot of the forced draft centrifugal units are already installed with intensive
attenuation to align with sound requirements. Further sound attenuation is not practical given
the necessary air restriction would greatly degrade heat exchanger performance causing more
energy consumption.

The increased rotation speed of BC centrifugal fans influences the cooling tower design
intensively. Bearings, shafts, supporting structure, motors and drive need to be reviewed and
redesigned. As an example the current shaft rotating the centrifugal fans has a critical design
speed of 575 rpm, the BC centrifugal fan rotates at almost double this speed. Bearing size
depends on the rotation speed of the shaft. Increasing the rotation speed will increase the
bearing size. The increased weight of the BC centrifugal fan (355 kg) versus the weight of the
FC centrifugal fan (126 kg) must also be taken into account of a redesign.

In this cooling tower the fan housing (scroll and snout) is fully integrated in the product as a
supporting structure for the heat exchanging section above (see picture above). Secondary
the BC centrifugal fan technology requires a different fan housing resulting in an entire redesign
of the product. Based on the above arguments to redesign the product, the end product will
consume more raw materials which also affect the environment negatively and also cost will
increase.

This example shows that an introduction of BC centrifugal fans into the forced draft centrifugal
cooling towers will not be beneficial for the fan efficiency. The FC centrifugal fans are
necessary to achieve best fan efficiency. The proposed minimum efficiency for centrifugal fans
is too extreme considering the FC centrifugal fan technology.

An introduction of BC centrifugal fans into the forced draft centrifugal cooling towers will also
not be beneficial for noise. Increased sound power levels will not be accepted by local laws.

It will also not be beneficial to the environment with the regards to the increased consumption
of raw materials.

It will also not be beneficial to the industry and market due to increased cost.
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Proposed Eurovent amendment concerning cooling towers and the EU
Fan Regulation

Proposed amendment

Following a further consultation process among Eurovent manufacturers of cooling towers,
evaporative condensers and evaporative fluid coolers, Eurovent would like to propose the following
amendment to the current Regulation 327/2011 to be implemented within its revised version.

According to the current 'EU Fan Regulation” in place, a cooling tower is defined as a fan system as
multiple critical parts of the fan system are the evaporative cooling tower itself.

Therefore we propose to add new point e under paragraph 3 in Article 1 of EC/327/2011:

Article1§3e
3. This Regulation shall not apply to fans which are:

specified to operate exclusively to transport gases and vapours with a relative humidity larger than
90%.

We would also like to draw your attention to the enclosed separate document regarding the level of
minimum energy efficiency requirements for centrifugal Forward Curved fans.

Even at this late stage in the process, Eurovent would very much appreciate that the above proposal is
considered seriously.

If you have any further question or remarks, our Team remains at your disposal.
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About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
1000 companies, the majority small and medium-sized. In 2013, these accounted for a combined
annual turnover of around 25bn euros and employed more than 120.000 people - making Eurovent
one of the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent possesses two subunits. With Eurovent Certita Certification (ECCJ, it majority owns an
independent certification company, which holds the 1SO 45011 (17065) accreditation - fulfilling highest
independency, reliability and integrity standards. Open to any company, it is known for its globally-
recognised brand ‘Eurovent Certified Performance’. Activities are complemented by Eurovent Market
Intelligence (EMI), the association’s second independent unit. Its Europe-wide data sets are frequently
being used to support the development of EU regulation.

Members of Eurovent
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Contact person Phone Email Date
Morten Schmelzer +32 (0)471 7152 61 morten.schmelzer@eurovent-association.eu 2015-04-14

Input for the Ecodesign Consultation Forum on the review of the 'EU Fan
Regulation” from European manufacturers of evaporative cooling
equipment

1. Call for an exemption of evaporative cooling equipment

Eurovent represents more than 90% of European evaporative cooling
equipment manufacturers. Based on well-justified technical arguments,
these manufacturers have repeatedly called for an exemption of their
equipment from the ‘EU Fan Regulation’, which is currently being
revised. In the same breath, they are actively supporting a future
Ecodesign implementing measure for evaporative heat transfer
equipment and have, during a meeting on 20 March 2015 in Paris,

initiated preliminary steps required for its development.

1.1 Background

In the opinion of Eurovent and its national member associations, fan efficiency as defined in the ‘EU
Fan Regulation” does not constitute a good measure to define the energy efficiency of evaporative
heat transfer equipment. Instead, energy efficiency for evaporative heat transfer equipment should
be defined as a cooling efficiency, meaning a ratio between cooling capacity per required electrical
power. Energy targets could be defined similar to the energy targets prescribed in the ASHRAE 90.1
energy standard for commercial building energy codes in the United States. Eurovent recently initiated
the development of a comparable European measure focussing on evaporative cooling equipment.

Achieving the best cooling efficiency and the highest heat rejection for
lowest power consumption is a primary goal of European cooling tower
manufacturers. For a vast majority of applications, the energy required
to run the cooling tower fan is substantially less than the energy
required for the system which they serve. Consequently, a continuous
development of more efficient heat rejection technologies will result in a

lower total system energy consumption.

The requirement to implement improved fan technologies to comply with the ‘EU Fan Regulation’
would prove counterproductive regarding the continuous development of increased efficient heat
rejection technologies. It would negatively impact the total energy consumption, as outlined on the
following pages through examples on forward and backward-curved centrifugal fans.

The contribution by the evaporative cooling industry to improve the power consumption within the EU
through the Ecodesign Directive should remain focused on improving cooling efficiencies.

1.2 Proposal
We hold that, in point 5 of the preamble of the working document ‘draft eco-design regulation’, the
word ‘fan” should be added before ‘efficiency” as shown in the following:
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(5] Many fans are integrated in other products without being separately placed
on the market or put into service in the meaning of Article 3 of Directive
2009/125/EC. To achieve the full cost-efficient energy saving potential, fans
Integrated in other products where the FAN efficiency can be tested separately
should be subject to the provisions of this Regulation.

This is due to the fact that some fans cannot be tested separately from the product they are built in.
An obvious example mark wind turbines due to their size, but also fans within cooling towers as they
cannot be tested separately.

Furthermore, we hold that the current setup explained in the final report ‘Ecodesign Fan Review’ by
VHK neglects the majority of evaporative cooling equipment put on the European market.

84.4.2 (p. 45) & 88 [p. 63) of VHK's ‘final report’ [and in §5.2.2 of the draft standard of CEN/TC156/WG 17
under mandate M500 respectively) sets boundaries for the defined ‘test fan’. In these cases, the motor
is always positioned within the housing (between inlet and outlet].

housng

|
mpeler ———"I |

il s

|
e (d) Tllustrative boundaries of axial fan inside
a cooling tower, with bell and possibly inlet
wvanes, diffuser area.

Figure 1: figure d from the final report of VHK

In the evaporative cooling equipment industry, belt driven fans are used in more than 90% of the
equipment in order to achieve the best possible fan speed. In this case, the motor is located outside
the housing on a support which is part of the entire cooling tower structure. Paragraph 5.2.2 of the
draft standard of CEN/TC156/WG17 states that ‘[a]ll significant elements used during measurements
that affect the conversion of power shall be included within the boundary’. This needs to be taken in
consideration to determine the fan efficiency.

Figure 2: Example cooling tower setup
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Eurovent holds that the motor and belt drive outside the housing cannot be taken into account for a
‘test fan’ in order to evaluate the fan efficiency within a wind tunnel test rig.

In case of the evaporative cooling equipment industry, the ‘test fan” proposed in the working document
‘draft regulation’ only offers a solution for the minority of cooling tower products, i.e. those with direct-
driven fans. It discriminates the majority of equipment with belt driven fans.

Accordingly, we reinforce our call for an exemption of evaporative cooling equipment from the future
‘EU Fan Regulation’. As we would like to prevent any loophole resulting from an exemption, Eurovent
proposes to add the following definition of evaporative cooling equipment to Art. 1, paragraph 3:

‘This regulation shall not apply to fans which are specified to exclusively transport gases consisting
of a mixture of liquid water and air having a relative humidity consistently larger than 90%.’

This definition offers a concrete solution to the proposal stated in Art. 4.4.2 in the final report
‘Ecodesign fan review’ of VHK dealing with ‘fans handling gases/vapours’.

1.3 Frequently asked questions (FAQ)
1.3.1 Why does the evaporative cooling industry call for an exemption?

Fan efficiency is not the appropriate measure to determine the efficiency of
evaporative cooling equipment such as cooling towers. That said, a cooling
tower can have an exceptionally efficient fan, but deliver a poor cooling
performance. Unlike other heat transfer technologies, evaporative cooling
depends on mixing liquid water with air, which is not directly related to fan

efficiency!

The application of minimum fan efficiency levels leads to a misleading interpretation by the market
as it pushes manufacturers to strive for fan- instead of maximum cooling efficiencies when
developing products. Overall, this would lead to an increased energy consumption.

It is not possible to adjust the ‘EU Fan Regulation’ in a way that would solve the problems mentioned
above. For these reasons, we strongly encourage the Member State’s Representatives of the
Ecodesign Consultation Forum to recommend an exemption of evaporative cooling equipment.

Further arguments find itself on top of this Position Paper as well as within previous, more detailed
publications of Eurovent on this topic that can be found attached:

- PP -2014-11-18 - Eurovent call for an exemption of cooling towers from the revised EU Fan

Regulation
- PP -2014-12-11 - Extended Eurovent Position on cooling towers and the EU Fan Regulation

1.3.2 In which manner is evaporative cooling different from air-cooled equipment?

The mixing of air and liquid water is the key driving force of evaporative heat transfer. Air cooled
heat transfer equipment, on the other hand, has a high level of proportionality between the airflow (fan
efficiency) and heat transfer capability - which is not the case for evaporative cooling equipment!
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1.3.3 Where does the proposed exemption text originate from?

The exemption text proposed within this Position Paper derives from a
long-term development process within the Eurovent Product Group
‘Evaporative Cooling Equipment’ and eventually results from a proposal
provided by VHK during the 2" stakeholder meeting” on the fan review in
Brussels on 22 January 2015. Eurovent has continuously developed this
proposal in a way as to include all equipment configurations and to
prevent loopholes for other types of fan equipment.

1.3.4 Does the proposed exemption cause any loopholes or an artificial division of the market?

The definition proposed by Eurovent only excludes fans for evaporative heat transfers. Fans in
evaporative heat transfer equipment transport a mixture of LIQUID water and air. This, for example,
differs from air humidifiers. CONSISTENLY was added in the development process of the proposal to ‘a
relative humidity consistently larger than 90%’. This was done in order to eliminate the erratic
influence of weather conditions.

1.3.5 Is the proposed exemption measureable?

Yes, relative humidity is a quantifiable specification of the gas to be transported and can be
measured.

2. Call for lower efficiency requirements on centrifugal forward curved fans in the
future 'EU Fan Regulation’

2.1 Position

The evaporative cooling equipment industry uses centrifugal forward-curved (FC) fan technology for
forced draft cooling towers in order to overcome pressure for low sound levels.

We consider the efficiency levels proposed in the working document ‘Draft Ecodesign Regulation’ for
fans above 5kW as unachievable for the evaporative cooling industry and call for adjusted levels taking
into account reasons outlined in the following justification.

2.2 Justification

In Annex II, the working document ‘Draft Ecodesign
Regulation’ defines the proposed minimum
efficiency per fan type. The example image on the
left shows that, for fans larger than 5kW, the
proposed efficiency requirements cannot be met
and FC centrifugal fans should remain available on
the EU market for multiple reasons. Data on the
fans and calculations can be found attached to this
document.

Total pressure

In the evaporative cooling equipment industry,
centrifugal FC fan technology is used because of
specific characteristics of these fans, which

include:
Volume flow
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- Best energy efficiency and size match, suitable for the required high volume and medium
pressure working point,

- Low fan speed reducing sound power level for applications that would not be met with axial
propeller fan technology,

- Ability to overcome external pressures applied in ducted applications and sound-reducing
accessaries that would not be met with axial propeller fan technology.

FC centrifugal fans have a different performance curve than backward-curved (BC) centrifugal fans.
The FC centrifugal fans are more in line with the needs of forced draft cooling towers, i.e. medium
pressure and high volume flow.

For a given size envelope, the forced draft cooling tower duty point is usually right of the curve of the
BC centrifugal fan. The BC fans usually cannot achieve the equivalent airflow of a FC centrifugal fan as
shown on the figure above without an increase in size that would be impractical due to shipping size
limitations and necessary air plenum space required to distribute air to the heat exchanger.

2.3 Practical example
Consider a forced draft cooling tower with 2 centrifugal fans, delivering a total volume flow of 27.8 m3/s
at a static pressure of 199 Pa. Such a cooling tower is similar to the one shown on the picture below.

With FC centrifugal fans of 30", the power consumption is only 17.4 kW.
Delivering the same performance with a 30" BC centrifugal fan requires
21.9 kW electrical power. Installing BC centrifugal fans is not only less
efficient, but also requires a larger motor size (from 18.5 kW to 22 kW].
The total efficiency is 56.6% for the FC centrifugal fan and 45.1% for the
BC centrifugal fan on this product. BC centrifugal fans do not offer a
solution with respect to increased efficiency on the forced draft
centrifugal cooling towers, but will increase effective energy
consumption instead of reducing it.

BC centrifugal fans require an increased rotation speed compared with FC centrifugal fans to achieve
the same performance. Considering the example, the FC centrifugal fan rotates at 360 rpm, but the BC
centrifugal fan requires 1048 rpm. This influences the noise generated by the fan. Because the blade
tip speed is the main driver for noise, the sound power level would increase by at least 14 dB(A). This
is too high and not accepted by the market due to local noise restrictions. A lot of the forced draft
centrifugal units are already installed with intensive attenuation to align with sound requirements.
Further sound attenuation is not practical as the necessary air restriction would greatly degrade heat
exchanger performance will increase effective energy consumption instead of reducing it.

The increased rotation speed of BC centrifugal fans influences the cooling tower design intensively.
Bearings, shafts, supporting structure, motors and drive need to be reviewed and redesigned. As an
example, the current shaft rotating the centrifugal fans has a critical design speed of 575 rpm, the BC
centrifugal fan rotates at almost double this speed. The bearing size depends on the rotation speed of
the shaft. Increasing the rotation speed will increase the bearing size.

The increased weight of the BC centrifugal fan (355 kg versus the weight of the FC centrifugal fan (126
kg) must also be taken into account of a redesign.
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In our example cooling tower, the fan housing (scroll and snout] is fully integrated in the product as a
supporting structure for the heat exchanging section above (as projected in the picture above). The BC
centrifugal fan technology requires a different fan housing resulting in an entire redesign of the
product. Based on the above arguments to redesign the product, the end product will consume more
raw materials, resulting in a negative environmental impact as well as cost increases.

This example shows that an introduction of BC centrifugal fans into the forced draft centrifugal
cooling towers would neither be beneficial for the fan efficiency nor for noise emissions. FC
centrifugal fans are necessary in order to achieve best fan efficiencies. The proposed minimum
efficiency for centrifugal fans above 5kW is too extreme considering the FC centrifugal fan technology.

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
1000 companies, the majority small and medium-sized. In 2013, these accounted for a combined
annual turnover of around 25bn euros and employed more than 120.000 people - making Eurovent
one of the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent possesses two subunits. With Eurovent Certita Certification (ECCJ, it majority owns an
independent certification company, which holds the 1SO 45011 (17065) accreditation - fulfilling highest
independency, reliability and integrity standards. Open to any company, it is known for its globally-
recognised brand ‘Eurovent Certified Performance’. Activities are complemented by Eurovent Market
Intelligence (EMI), the association’s second independent unit. Its Europe-wide data sets are frequently
being used to support the development of EU regulation.
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Members of Eurovent

Europe’s major, national HVAC&R associations and their more than 1000 manufacturers
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Files linked within this documents can be found within the ‘Attachment’ section of Adobe Acrobat.
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Product Group ‘Cooling Towers’, Position Paper, PP - 2014-11-18

Contact person Phone Email Date
Morten Schmelzer +32 (0)471 7152 61 morten.schmelzer@eurovent-association.eu 2014-11-18

Eurovent call for an exemption of cooling towers from the revised ‘EU
Fan Regulation’ 327/2011

Background

Commission Regulation (EU) No 327/2011 sets Ecodesign requirements for fans driven by motors with
an electric input power between 125 W and 500 kW (hereinafter referred to as 'EU Fan Regulation'].
The requirements apply to both standalone fans, but also fans incorporated into products such as air
conditioners, fan coil units or cooling towers. Reaching the fourth year after its 2011 implementation,
the Regulation has recently entered the legally demanded revision process, with VHK, a Netherlands-
based consultancy firm, currently drafting the study. This revision process allows for improving the
Regulation both in terms of efficiencies, but also by adapting it to industrial realities based on the
experiences made in its first years after coming into force.

During the ‘first stakeholder meeting” on the revision of the 'EU Fan Regulation” at the European
Commission on 1 October 2014, the Eurovent Product Group ‘Cooling Towers’ had indicated to
elaborate on the difficulties cooling tower manufacturers face concerning the current Regulation
327/2011. The results are being outlined below following a working definition.

Working definition

Within this position paper, the term “cooling towers’ refers to both closed and open-circuit cooling
towers as well as evaporative condensers and evaporative fluid coolers. Yet, the term "cooling towers’
does not include dry coolers, which usually make use of ready-made fan packages, whose efficiencies
can be tested in a comparatively simple manner.

Key position

While Eurovent appreciates the overall nature of the Regulation and favours a reduction of loopholes
and increase of fan-efficiency levels whenever feasible, we strongly encourage the European
Commission and VHK to exempt cooling towers from the revised regulation. Following an in-depth
consultation process among our members across Europe and the large majority of the European
cooling tower industry represented through the respective Eurovent Product Group, this call is based
on the following reasoning.

There are dimensional problems when measuring fan efficiencies

The majority of cooling towers contain axial fans with very large dimensions
(e.g. large impeller diameters range from 3.96 meter to over 10 meter
diameter]. No test facilities in Europe are capable to measure fan efficiencies
for such diameters. AMCA International, for instance, has a test facility for
fans up to 2.4 meter diameters. Yet, this facility is located in the USA, making
. cost-efficient tests unfeasible.

Setting up a test facility for all cooling towers requires a significant investment by the cooling tower
market, and this still does not mean that all cooling towers would be testable - which implies, for
example, field erected cooling towers that can only be tested on site.
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Further elaboration through a practical example

Measuring air flow, static pressure and motor input power on the cooling tower itself requires a built
up with a 20 ton lifting crane and full entanglement of all connections to an external pump station. All
the motors need to be wired to the mains and require large electrical cabinets. The setup of and
execution of a test are very labour intensive. Making the measurements on the unit demands
additional scaffolding. This eventually increases the cost of the test facility, not least because of the
above-mentioned large dimensions.

The required measurements to retrieve the fan efficiency are impossible to measure in a
representative and reproducible method. The air flow can only be derived from air speed
measurement at the outlet of the cooling tower with a high fault margin due to high air speeds and
turbulent airstream at the outlet (this is the reason why wind tunnels are being used). Measuring the
static pressure within the cooling tower with turbulent air around is not feasible. All measurements
are executed outside, where ambient conditions influence the results due to different air densities.

The fan system cannot feasibly be separated to make fan efficiency measurements

Critical parts of the fan system tested to define the fan efficiencies
according to the 'EU Fan Regulation” are always incorporated into the
physical structure of the cooling tower (see picture on the left] and it is
impossible to separate the fan system from the cooling tower to make
fan efficiency measurements. This includes fan cowls, drive systems,
and mechanical equipment. The specific structure of the product does
not allow for an effective, independent testing of fan efficiencies. A test
facility needs to be adjusted for each specific cooling tower product,
because of the different design setups. As already stated, such an
adaptive test facility demands huge investments.

This is different from other markets such as air conditioners, in
which case an entire fan package is usually purchased from a
catalogue, and is incorporated into the product, which allows for a
separate testing of the fan. The limited dimensions of these fans
make setting up a test rig feasible.

Other entire centrifugal fan systems (see picture on the right]
cannot be separated from the cooling tower to make fan efficiency
measurements, because they also constitute the supporting
structure. These centrifugal fans are, for example, used on forced
draft cooling towers, which can handle higher pressures due to

different accessories requested by the customer to reduce the
sound level or to prevent a freeze up or plume formation.
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Cooling towers are not off-the-shelve, standardised products

Each cooling tower is being designed for very specific customer
needs suiting, for example, dedicated design requirements. It is
not an off-the-shelve, standardised product. A majority of
cooling towers have uniquely designed fan systems (based on a
motor and pitch), which makes it extremely costly to measure
each fan system. The usual product ranges of manufacturers
are so diverse that many models are rarely sold over the
lifespan of a product line, which further prevents cooling tower

manufacturers from effectively testing each fan system.

Additionally, the heat exchanger is often a part of the fan housing and can have many possible
arrangements - leading to a wide variation of fan entrance and exit conditions. A structural blockage
may be necessary to make the product function properly and comply with other standards (e.g.
regarding wind and seismic resistance). This product class is also frequently limited in configuration
by shipping width. Fan diameters tend to maximise at allowable shipping width increments. Thus, the
fan design and selection is often incompatible with a pure efficiency focus.

An exemption is not going to lead to lower energy efficiencies of cooling towers

The market of cooling towers is significantly driven by energy efficiency and sustainability. Achieving
the best cooling efficiency and the highest heat rejection for lowest power consumption is a primary

goal of cooling tower manufacturers. Air movement is a means for our primary goal, evaporative heat
transfer, which manufacturers” R&D centres constantly aim to improve. Thus, efficient heat rejection

technologies, motors and fans are continuously being developed and implemented.

For most applications, the energy required to run the cooling tower fan is substantially less than the
energy required for the system which they serve. The change to less efficient heat rejection
technologies will result in higher system energy consumption, which is not desirable.

Placing on the market of cooling towers

Cooling tower manufacturers as integrators of fans/impellers place a different product on market
than a fan. While the primary purpose of a fan is to provide an airflow on a certain pressure, the
primary purpose of a Cooling Tower is to cool a process. Manufacturers are only allowed to use
conform impellers and fans for integration into their products if the final product is aimed to be placed
on the EU Common Market. The same applies to installed electrical motors and pumps - which also
need to comply with their respective Ecodesign directives.

Speed and noise requirements

Cooling towers are being selected for design summer day duty, resulting in the equipment being
oversized for ambient temperatures. Subsequently, fans are typically operated at reduced speed for
much of the year in most climates, significantly reducing the energy used by the fans while further
reducing the need for specific fan efficiencies. Low noise applications are also common, requiring the
use of low sound axial fan designs with higher fan solidity (i.e. more and/or wider chord fan blades] to
move the same amount of air through the unit with a slower fan speed. By design, these fans have
lower fan efficiency, but are often required to meet local sound codes.
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Proposal

Based on the low volume of energy savings, the applicability of
other more relevant metrics, the potential for unintended
increases in fan energy use, and the design challenges detailed
above, Eurovent and its members recommend that fans used in
cooling towers to be exempted from the ‘EU Fan Regulation’.

It remains to be mentioned that in the US, a similar request was
made by AHRI, the American Air Conditioning, Heating and
Refrigeration Institute. American manufacturers face similar
issues with regard to the Rulemaking on Commercial and
Industrial Fans and Blowers (US Department of Energy, DOE].

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
companies, the majority small and medium-sized. In 2013, these accounted for a combined annual
turnover of around 21 billion euros and employed more than 120.000 people - making Eurovent one of
the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.
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Product Group ‘Cooling Towers’, Position Paper, PP - 2014-12-11

Contact person Phone Email Date
Morten Schmelzer +32 (0)471 7152 61 morten.schmelzer@eurovent-association.eu 2014-12-1

Extended Eurovent Position justifying the exemption of cooling towers
from the revised 'EU Fan Regulation’ 327/2011

Background

In a position paper published on 18 November 2014, Eurovent and its members were calling for an
exemption of Cooling Towers from the revised Commission Regulation (EU] No 327/2011, which sets
Ecodesign requirements for fans driven by motors with an electric input power between 125 W and 500
kW (hereinafter referred to as 'EU Fan Regulation’). In a nutshell, this call was based on the following
arguments that were described in-depth:

- There are dimensional problems when measuring fan efficiencies.

- The fan system cannot feasibly be separated to make fan efficiency measurements.

- The usual product ranges of manufacturers are so diverse that many models are rarely sold
over the lifespan of a product line, which prevents cooling tower manufacturers from
effectively testing each fan system.

- The market of cooling towers is significantly driven by energy efficiency and sustainability.
Achieving the best cooling efficiency and the highest heat rejection for lowest power
consumption is a primary goal of cooling tower manufacturers.

- Cooling tower manufacturers as integrators of fans/impellers place a different product on
market than a fan.

- Fans in cooling towers are typically operated at reduced speed for much of the year in most
climates, significantly reducing the energy used by the fans while further reducing the need
for specific fan efficiencies.

In the following, Eurovent would like to further elaborate on its key arguments. That said, further to
the opinion that manufacturers could use test laboratory reports and guidelines from VDI and AMCA
for scaling models and testing the models, we would like to provide additional clarifications on the
difficulties cooling tower manufacturers would face in case of no exemption from the Regulation.

Primary arguments

A ‘fan”is commonly regarded as a configuration of
impeller, stator, electric motor, transmission or direct
drive and possibly a variable speed drive. In the case of
cooling towers, the ‘stator’ is part of the tower design,
which not only includes the fan cowl or fan housing,
but also the air movement entering and leaving the
fan. For example, velocity recovery stacks placed on
the fan discharge (as illustrated on the left) have
significant influence on the performance curve of the
fan, the operating point and, subsequently, the

efficiency.
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The way the air enters the fan (as illustrated on the image below] is also of great importance when it
comes to fan efficiency. Smooth air entry with little turbulence is desirable, but this is greatly
influenced by the integration of the fan in the cooling tower, the type of water distribution, drift
eliminators and even the rain density.

.é]

|\I/I '

Figure 1: Open cooling tower working principle

Accordingly, there are many factors that influence the performance of a fan in a cooling tower, which
are specific for a certain designs, and unique for each model of a product line - even within a series of
cooling towers. Arrangements can vary infinitely.

For example, the components involved that have an impact on the fan are, inter alia:

- The water flow,

- The type and quantity of packing,

- The type of water distribution,

- The presence and definition of the sound attenuators at the inlets, at the outlets. the types of
drift eliminators,

- The use of plume abatement coils.

Fan curves for rotors used by cooling tower manufacturers generated in a lab do not describe the
behavior of the same rotor in the actual cooling tower model. For this reason, it is not only the
availability or absence of a lab that is the base for the request for exempting cooling towers from the
‘EU Fan Regulation’, but the fact that cooling tower ‘stators’ are very complex. Furthermore, in many
cases, cooling towers are so unique that beyond the ‘stator’ design, there are several other design and
operating factors influencing the performance and efficiency of these products.
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Figure 2: Example of an axial fan and test setup from the referred AMCA publication 802

The experience of AMCA, the American Air Movement and Control Association, refers to fans that are
put on the market as such. AMCA's expertise is less focused on cooling tower products with fans
incorporated. This is being visualized in many AMCA guidelines (e.g. AMCA Publication 802-02 (R2008]:
Industrial Process/Power Generation Fans — Establishing Performance Using Laboratory Models],
their test facilities, the AMCA members and the presentation of the different fan types, which this
organisation is certifying. None of these fan types are used in a cooling tower.

Fan Types

Figure 3: Extract from an AMCA presentation for the Cooling Tower Institute (CTI, USA)
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The cooling tower fan rotors constitute a niche market of the total fan market. Cooling tower fan rotor
manufacturers can only test and certify the rotor performance in a test rig according to a standard, but
not in a cooling tower itself. The test equipment is already huge for testing just their rotors - of which
they sell multiple. This is different to the cooling towers itself.

Figure 4: Example test rigs of a cooling tower fan rotor supplier

Verification of fan efficiency would therefore need to be done ‘in situ” on virtually each and every
cooling tower model. The costs for such an undertaking [if it was practically possible to test every
model on site) would be prohibitive, and with an estimated annual sale of cooling towers of less than
10.000, the benefit of energy efficiency improvement (if any) is very limited and does not stand in any
relation with the cost.

The use of fans for cooling towers can range from 0.5 to above 12m diameters. It has been regularly
noticed that the actual performance of the fan can only be demonstrated accurately on a full scale. In
the same way, for example, the thermic performance of cooling towers is only certified based on full-
scale products. Hence, lots of models cannot be tested in laboratories due to their size and absence of
facilities.

Figure 5: Large-scale rotors used for cooling towers

Secondary arguments

The main purpose of a cooling tower is to cool water, not to move air. The requested cold water
temperature is highly important for the proper efficiency of a process to be cooled, but as the outside
temperature is continuously changing, the fan speed is less than 2% of the year at the nominal speed
(and optimal fan performance), because the saving on the absorbed power linked to outside
temperature is more than 80 times more important than the one on the fan efficiency itself.
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Accordingly, it would be counterproductive in terms of energy saving to operate the tower focusing on
fan efficiency first. Focusing on the efficiency of the cooling tower is then a key point, compared with
the focus on the fan only.

If it is required to increase the fan efficiency to a nominal high level within the cooling tower system,
then the design of the cooling tower would have to change to one that is more ideal for the fan. This
would require a taller air plenum space below the fan. Package cooling towers are limited by shipping
constraints to certain shipping volumes. Because of this limitation, increasing the plenum space
would sacrifice space for air inlets or heat transfer [fill) volume. The effect, in turn, would be to
actually reduce the total heat transfer capacity, even though the fan efficiency was improved.

This would be counterproductive to the primary objective, which is to maximise the cooling efficiency in
terms of tons of cooling per fan power used. Thus, mandating for improved fan efficiency would have
the unintended consequence of requiring higher fan power to produce the same cooling in a certain
box size [volume). Eurovent and its members hold that this is certainly not the intention of the 'EU Fan
Regulation” and the European Commission.

Conclusion

Each of the single above items demonstrates how complex and difficult it is to demonstrate fan
efficiency in partially repeated cooling towers. This confirms our first call for an exemption of cooling
towers from the revised ‘EU Fan Regulation’.

FYI: Currently, similar issues are being raised in the US, where the DOE is working on fan ruling. The
US cooling tower industry is encountering the same issues.

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
1000 companies, the majority small and medium-sized. In 2013, these accounted for a combined
annual turnover of around 25bn euros and employed more than 120.000 people - making Eurovent
one of the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent possesses two subunits. With Eurovent Certita Certification (ECCJ, it majority owns an
independent certification company, which holds the 1SO 45011 (17065) accreditation - fulfilling highest
independency, reliability and integrity standards. Open to any company, it is known for its globally-
recognised brand ‘Eurovent Certified Performance’. Activities are complemented by Eurovent Market
Intelligence (EMI), the association’s second independent unit. Its Europe-wide data sets are frequently
being used to support the development of EU regulation.
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Members of Eurovent

Europe’s major, national HVAC&R associations and their more than 1000 manufacturers
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Files linked within this documents can be found within the ‘Attachment’ section of Adobe Acrobat.
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Contact person Phone Email Date
Morten Schmelzer +32 (0)471 7152 61 morten.schmelzer@eurovent-association.eu 2014-11-18

Eurovent call for an exemption of cooling towers from the revised ‘EU
Fan Regulation’ 327/2011

Background

Commission Regulation (EU) No 327/2011 sets Ecodesign requirements for fans driven by motors with
an electric input power between 125 W and 500 kW (hereinafter referred to as 'EU Fan Regulation'].
The requirements apply to both standalone fans, but also fans incorporated into products such as air
conditioners, fan coil units or cooling towers. Reaching the fourth year after its 2011 implementation,
the Regulation has recently entered the legally demanded revision process, with VHK, a Netherlands-
based consultancy firm, currently drafting the study. This revision process allows for improving the
Regulation both in terms of efficiencies, but also by adapting it to industrial realities based on the
experiences made in its first years after coming into force.

During the ‘first stakeholder meeting” on the revision of the 'EU Fan Regulation” at the European
Commission on 1 October 2014, the Eurovent Product Group ‘Cooling Towers’ had indicated to
elaborate on the difficulties cooling tower manufacturers face concerning the current Regulation
327/2011. The results are being outlined below following a working definition.

Working definition

Within this position paper, the term “cooling towers’ refers to both closed and open-circuit cooling
towers as well as evaporative condensers and evaporative fluid coolers. Yet, the term "cooling towers’
does not include dry coolers, which usually make use of ready-made fan packages, whose efficiencies
can be tested in a comparatively simple manner.

Key position

While Eurovent appreciates the overall nature of the Regulation and favours a reduction of loopholes
and increase of fan-efficiency levels whenever feasible, we strongly encourage the European
Commission and VHK to exempt cooling towers from the revised regulation. Following an in-depth
consultation process among our members across Europe and the large majority of the European
cooling tower industry represented through the respective Eurovent Product Group, this call is based
on the following reasoning.

There are dimensional problems when measuring fan efficiencies

The majority of cooling towers contain axial fans with very large dimensions
(e.g. large impeller diameters range from 3.96 meter to over 10 meter
diameter]. No test facilities in Europe are capable to measure fan efficiencies
for such diameters. AMCA International, for instance, has a test facility for
fans up to 2.4 meter diameters. Yet, this facility is located in the USA, making
. cost-efficient tests unfeasible.

Setting up a test facility for all cooling towers requires a significant investment by the cooling tower
market, and this still does not mean that all cooling towers would be testable - which implies, for
example, field erected cooling towers that can only be tested on site.
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Further elaboration through a practical example

Measuring air flow, static pressure and motor input power on the cooling tower itself requires a built
up with a 20 ton lifting crane and full entanglement of all connections to an external pump station. All
the motors need to be wired to the mains and require large electrical cabinets. The setup of and
execution of a test are very labour intensive. Making the measurements on the unit demands
additional scaffolding. This eventually increases the cost of the test facility, not least because of the
above-mentioned large dimensions.

The required measurements to retrieve the fan efficiency are impossible to measure in a
representative and reproducible method. The air flow can only be derived from air speed
measurement at the outlet of the cooling tower with a high fault margin due to high air speeds and
turbulent airstream at the outlet (this is the reason why wind tunnels are being used). Measuring the
static pressure within the cooling tower with turbulent air around is not feasible. All measurements
are executed outside, where ambient conditions influence the results due to different air densities.

The fan system cannot feasibly be separated to make fan efficiency measurements

Critical parts of the fan system tested to define the fan efficiencies
according to the 'EU Fan Regulation” are always incorporated into the
physical structure of the cooling tower (see picture on the left] and it is
impossible to separate the fan system from the cooling tower to make
fan efficiency measurements. This includes fan cowls, drive systems,
and mechanical equipment. The specific structure of the product does
not allow for an effective, independent testing of fan efficiencies. A test
facility needs to be adjusted for each specific cooling tower product,
because of the different design setups. As already stated, such an
adaptive test facility demands huge investments.

This is different from other markets such as air conditioners, in
which case an entire fan package is usually purchased from a
catalogue, and is incorporated into the product, which allows for a
separate testing of the fan. The limited dimensions of these fans
make setting up a test rig feasible.

Other entire centrifugal fan systems (see picture on the right]
cannot be separated from the cooling tower to make fan efficiency
measurements, because they also constitute the supporting
structure. These centrifugal fans are, for example, used on forced
draft cooling towers, which can handle higher pressures due to

different accessories requested by the customer to reduce the
sound level or to prevent a freeze up or plume formation.
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Cooling towers are not off-the-shelve, standardised products

Each cooling tower is being designed for very specific customer
needs suiting, for example, dedicated design requirements. It is
not an off-the-shelve, standardised product. A majority of
cooling towers have uniquely designed fan systems (based on a
motor and pitch), which makes it extremely costly to measure
each fan system. The usual product ranges of manufacturers
are so diverse that many models are rarely sold over the
lifespan of a product line, which further prevents cooling tower

manufacturers from effectively testing each fan system.

Additionally, the heat exchanger is often a part of the fan housing and can have many possible
arrangements - leading to a wide variation of fan entrance and exit conditions. A structural blockage
may be necessary to make the product function properly and comply with other standards (e.g.
regarding wind and seismic resistance). This product class is also frequently limited in configuration
by shipping width. Fan diameters tend to maximise at allowable shipping width increments. Thus, the
fan design and selection is often incompatible with a pure efficiency focus.

An exemption is not going to lead to lower energy efficiencies of cooling towers

The market of cooling towers is significantly driven by energy efficiency and sustainability. Achieving
the best cooling efficiency and the highest heat rejection for lowest power consumption is a primary

goal of cooling tower manufacturers. Air movement is a means for our primary goal, evaporative heat
transfer, which manufacturers” R&D centres constantly aim to improve. Thus, efficient heat rejection

technologies, motors and fans are continuously being developed and implemented.

For most applications, the energy required to run the cooling tower fan is substantially less than the
energy required for the system which they serve. The change to less efficient heat rejection
technologies will result in higher system energy consumption, which is not desirable.

Placing on the market of cooling towers

Cooling tower manufacturers as integrators of fans/impellers place a different product on market
than a fan. While the primary purpose of a fan is to provide an airflow on a certain pressure, the
primary purpose of a Cooling Tower is to cool a process. Manufacturers are only allowed to use
conform impellers and fans for integration into their products if the final product is aimed to be placed
on the EU Common Market. The same applies to installed electrical motors and pumps - which also
need to comply with their respective Ecodesign directives.

Speed and noise requirements

Cooling towers are being selected for design summer day duty, resulting in the equipment being
oversized for ambient temperatures. Subsequently, fans are typically operated at reduced speed for
much of the year in most climates, significantly reducing the energy used by the fans while further
reducing the need for specific fan efficiencies. Low noise applications are also common, requiring the
use of low sound axial fan designs with higher fan solidity (i.e. more and/or wider chord fan blades] to
move the same amount of air through the unit with a slower fan speed. By design, these fans have
lower fan efficiency, but are often required to meet local sound codes.
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Proposal

Based on the low volume of energy savings, the applicability of
other more relevant metrics, the potential for unintended
increases in fan energy use, and the design challenges detailed
above, Eurovent and its members recommend that fans used in
cooling towers to be exempted from the ‘EU Fan Regulation’.

It remains to be mentioned that in the US, a similar request was
made by AHRI, the American Air Conditioning, Heating and
Refrigeration Institute. American manufacturers face similar
issues with regard to the Rulemaking on Commercial and
Industrial Fans and Blowers (US Department of Energy, DOE].

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
companies, the majority small and medium-sized. In 2013, these accounted for a combined annual
turnover of around 21 billion euros and employed more than 120.000 people - making Eurovent one of
the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.
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Contact person Phone Email Date
Morten Schmelzer +32 (0)471 7152 61 morten.schmelzer(@eurovent-association.eu 2015-04-21

Additional input concerning Eurovent Position Paper on evaporative
cooling equipment from 14 April 2015

On 14 April, Eurovent has published Input for the Consultation Forum on the fan review from
evaporative cooling equipment manufacturers (please find attached).

This document elaborates in further depth on the amendment request stated within that Position
Paper and specifically addresses questions concerning loopholes.

The Eurovent Position Paper from 14 April 2015 states:

Accordingly, we reinforce our call for an exemption of evaporative cooling equipment from the future
‘EU Fan Regulation’. As we would like to prevent any loophole resulting from an exemption, Eurovent
proposes to add the following definition of evaporative cooling equipment to Art. 1, paragraph 3:

‘This regulation shall not apply to fans which are specified to exclusively transport gases consisting of

a mixture of liquid water and air having a relative humidity consistently larger than 90%."

This definition offers a concrete solution to the proposal stated in Art. 4.4.2 in the final report "Ecodesign

fan review’ of VHK dealing with ‘fans handling gases/vapours'.

As also indicated, this definition proposed by Eurovent only excludes fans for evaporative heat transfer
equipment and does not cause any loopholes or an artificial division of the market, which is being
further outlined in the following.

Regarding air humidifiers and adiabatic coolers

Fans in evaporative heat transfer equipment transport a mixture of LIQUID water and air. It is a proven
and tested fact that a minimal amount of LIQUID water droplets get through the drift eliminators
reaching the fan and are blown outside. This differs from air humidifiers and adiabatic coolers.
Humidifiers and adiabatic coolers only transport a vapour with a high relative humidity not containing
any kind of water droplets.

Regarding dry coolers, fan coil units

In our proposed definition, CONSISTENLY was added to ‘a relative humidity consistently larger than
90%" in order to eliminate the erratic influence of weather conditions like rain. Dry coolers and fan coil
units are specified to transport ambient air which does not have CONSISTENTLY a relative humidity
higher than 90%. Evaporative heat transfer equipment transport gases which have CONSISTENTLY a
relative humidity larger than 90%.

These products are not designed nor specified to EXCLUSIVELY transport a mixture of liquid water and
air. They only transport ambient air. Evaporative heat transfer equipment is designed to EXCLUSIVELY
transport the mixture of liquid water and air.

We hope that these explanations further clarify our standpoints and remain at your disposal for any
further questions or remarks.
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About Eurovent

Eurovent, the European Committee of HVAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
1000 companies, the majority small and medium-sized. In 2013, these accounted for a combined
annual turnover of around 25bn euros and employed more than 120.000 people - making Eurovent
one of the largest industry committees of its kind.

Eurovent's roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent possesses two subunits. With Eurovent Certita Certification (ECC), it majority owns an
independent certification company, which holds the ISO 45011 (17065) accreditation - fulfilling highest
independency, reliability and integrity standards. Open to any company, it is known for its globally-
recognised brand ‘Eurovent Certified Performance’. Activities are complemented by Eurovent Market
Intelligence (EMI], the association’s second independent unit. Its Europe-wide data sets are frequently
being used to support the development of EU regulation.

Members of Eurovent

Europe’s major, national HVAC&R associations and their more than 1000 manufacturers
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Corresponding Members

Manufacturers in European countries with no national HYAC&R association representing them
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Files linked within this documents can be found within the "Attachment’ section of Adobe Acrobat.
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Morten Schmelzer +32 (0)471 7152 61 morten.schmelzer@eurovent-association.eu 2015-04-14

Input for the Ecodesign Consultation Forum on the review of the 'EU Fan
Regulation” from European manufacturers of evaporative cooling
equipment

1. Call for an exemption of evaporative cooling equipment

Eurovent represents more than 90% of European evaporative cooling
equipment manufacturers. Based on well-justified technical arguments,
these manufacturers have repeatedly called for an exemption of their
equipment from the ‘EU Fan Regulation’, which is currently being
revised. In the same breath, they are actively supporting a future
Ecodesign implementing measure for evaporative heat transfer
equipment and have, during a meeting on 20 March 2015 in Paris,

initiated preliminary steps required for its development.

1.1 Background

In the opinion of Eurovent and its national member associations, fan efficiency as defined in the ‘EU
Fan Regulation” does not constitute a good measure to define the energy efficiency of evaporative
heat transfer equipment. Instead, energy efficiency for evaporative heat transfer equipment should
be defined as a cooling efficiency, meaning a ratio between cooling capacity per required electrical
power. Energy targets could be defined similar to the energy targets prescribed in the ASHRAE 90.1
energy standard for commercial building energy codes in the United States. Eurovent recently initiated
the development of a comparable European measure focussing on evaporative cooling equipment.

Achieving the best cooling efficiency and the highest heat rejection for
lowest power consumption is a primary goal of European cooling tower
manufacturers. For a vast majority of applications, the energy required
to run the cooling tower fan is substantially less than the energy
required for the system which they serve. Consequently, a continuous
development of more efficient heat rejection technologies will result in a

lower total system energy consumption.

The requirement to implement improved fan technologies to comply with the ‘EU Fan Regulation’
would prove counterproductive regarding the continuous development of increased efficient heat
rejection technologies. It would negatively impact the total energy consumption, as outlined on the
following pages through examples on forward and backward-curved centrifugal fans.

The contribution by the evaporative cooling industry to improve the power consumption within the EU
through the Ecodesign Directive should remain focused on improving cooling efficiencies.

1.2 Proposal
We hold that, in point 5 of the preamble of the working document ‘draft eco-design regulation’, the
word ‘fan” should be added before ‘efficiency” as shown in the following:
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(5] Many fans are integrated in other products without being separately placed
on the market or put into service in the meaning of Article 3 of Directive
2009/125/EC. To achieve the full cost-efficient energy saving potential, fans
Integrated in other products where the FAN efficiency can be tested separately
should be subject to the provisions of this Regulation.

This is due to the fact that some fans cannot be tested separately from the product they are built in.
An obvious example mark wind turbines due to their size, but also fans within cooling towers as they
cannot be tested separately.

Furthermore, we hold that the current setup explained in the final report ‘Ecodesign Fan Review’ by
VHK neglects the majority of evaporative cooling equipment put on the European market.

84.4.2 (p. 45) & 88 [p. 63) of VHK's ‘final report’ [and in §5.2.2 of the draft standard of CEN/TC156/WG 17
under mandate M500 respectively) sets boundaries for the defined ‘test fan’. In these cases, the motor
is always positioned within the housing (between inlet and outlet].

housng

|
mpeler ———"I |

il s

|
e (d) Tllustrative boundaries of axial fan inside
a cooling tower, with bell and possibly inlet
wvanes, diffuser area.

Figure 1: figure d from the final report of VHK

In the evaporative cooling equipment industry, belt driven fans are used in more than 90% of the
equipment in order to achieve the best possible fan speed. In this case, the motor is located outside
the housing on a support which is part of the entire cooling tower structure. Paragraph 5.2.2 of the
draft standard of CEN/TC156/WG17 states that ‘[a]ll significant elements used during measurements
that affect the conversion of power shall be included within the boundary’. This needs to be taken in
consideration to determine the fan efficiency.

Figure 2: Example cooling tower setup
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Eurovent holds that the motor and belt drive outside the housing cannot be taken into account for a
‘test fan’ in order to evaluate the fan efficiency within a wind tunnel test rig.

In case of the evaporative cooling equipment industry, the ‘test fan” proposed in the working document
‘draft regulation’ only offers a solution for the minority of cooling tower products, i.e. those with direct-
driven fans. It discriminates the majority of equipment with belt driven fans.

Accordingly, we reinforce our call for an exemption of evaporative cooling equipment from the future
‘EU Fan Regulation’. As we would like to prevent any loophole resulting from an exemption, Eurovent
proposes to add the following definition of evaporative cooling equipment to Art. 1, paragraph 3:

‘This regulation shall not apply to fans which are specified to exclusively transport gases consisting
of a mixture of liquid water and air having a relative humidity consistently larger than 90%.’

This definition offers a concrete solution to the proposal stated in Art. 4.4.2 in the final report
‘Ecodesign fan review’ of VHK dealing with ‘fans handling gases/vapours’.

1.3 Frequently asked questions (FAQ)
1.3.1 Why does the evaporative cooling industry call for an exemption?

Fan efficiency is not the appropriate measure to determine the efficiency of
evaporative cooling equipment such as cooling towers. That said, a cooling
tower can have an exceptionally efficient fan, but deliver a poor cooling
performance. Unlike other heat transfer technologies, evaporative cooling
depends on mixing liquid water with air, which is not directly related to fan

efficiency!

The application of minimum fan efficiency levels leads to a misleading interpretation by the market
as it pushes manufacturers to strive for fan- instead of maximum cooling efficiencies when
developing products. Overall, this would lead to an increased energy consumption.

It is not possible to adjust the ‘EU Fan Regulation’ in a way that would solve the problems mentioned
above. For these reasons, we strongly encourage the Member State’s Representatives of the
Ecodesign Consultation Forum to recommend an exemption of evaporative cooling equipment.

Further arguments find itself on top of this Position Paper as well as within previous, more detailed
publications of Eurovent on this topic that can be found attached:

- PP -2014-11-18 - Eurovent call for an exemption of cooling towers from the revised EU Fan

Regulation
- PP -2014-12-11 - Extended Eurovent Position on cooling towers and the EU Fan Regulation

1.3.2 In which manner is evaporative cooling different from air-cooled equipment?

The mixing of air and liquid water is the key driving force of evaporative heat transfer. Air cooled
heat transfer equipment, on the other hand, has a high level of proportionality between the airflow (fan
efficiency) and heat transfer capability - which is not the case for evaporative cooling equipment!
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1.3.3 Where does the proposed exemption text originate from?

The exemption text proposed within this Position Paper derives from a
long-term development process within the Eurovent Product Group
‘Evaporative Cooling Equipment’ and eventually results from a proposal
provided by VHK during the 2" stakeholder meeting” on the fan review in
Brussels on 22 January 2015. Eurovent has continuously developed this
proposal in a way as to include all equipment configurations and to
prevent loopholes for other types of fan equipment.

1.3.4 Does the proposed exemption cause any loopholes or an artificial division of the market?

The definition proposed by Eurovent only excludes fans for evaporative heat transfers. Fans in
evaporative heat transfer equipment transport a mixture of LIQUID water and air. This, for example,
differs from air humidifiers. CONSISTENLY was added in the development process of the proposal to ‘a
relative humidity consistently larger than 90%’. This was done in order to eliminate the erratic
influence of weather conditions.

1.3.5 Is the proposed exemption measureable?

Yes, relative humidity is a quantifiable specification of the gas to be transported and can be
measured.

2. Call for lower efficiency requirements on centrifugal forward curved fans in the
future 'EU Fan Regulation’

2.1 Position

The evaporative cooling equipment industry uses centrifugal forward-curved (FC) fan technology for
forced draft cooling towers in order to overcome pressure for low sound levels.

We consider the efficiency levels proposed in the working document ‘Draft Ecodesign Regulation’ for
fans above 5kW as unachievable for the evaporative cooling industry and call for adjusted levels taking
into account reasons outlined in the following justification.

2.2 Justification

In Annex II, the working document ‘Draft Ecodesign
Regulation’ defines the proposed minimum
efficiency per fan type. The example image on the
left shows that, for fans larger than 5kW, the
proposed efficiency requirements cannot be met
and FC centrifugal fans should remain available on
the EU market for multiple reasons. Data on the
fans and calculations can be found attached to this
document.

Total pressure

In the evaporative cooling equipment industry,
centrifugal FC fan technology is used because of
specific characteristics of these fans, which

include:
Volume flow
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- Best energy efficiency and size match, suitable for the required high volume and medium
pressure working point,

- Low fan speed reducing sound power level for applications that would not be met with axial
propeller fan technology,

- Ability to overcome external pressures applied in ducted applications and sound-reducing
accessaries that would not be met with axial propeller fan technology.

FC centrifugal fans have a different performance curve than backward-curved (BC) centrifugal fans.
The FC centrifugal fans are more in line with the needs of forced draft cooling towers, i.e. medium
pressure and high volume flow.

For a given size envelope, the forced draft cooling tower duty point is usually right of the curve of the
BC centrifugal fan. The BC fans usually cannot achieve the equivalent airflow of a FC centrifugal fan as
shown on the figure above without an increase in size that would be impractical due to shipping size
limitations and necessary air plenum space required to distribute air to the heat exchanger.

2.3 Practical example
Consider a forced draft cooling tower with 2 centrifugal fans, delivering a total volume flow of 27.8 m3/s
at a static pressure of 199 Pa. Such a cooling tower is similar to the one shown on the picture below.

With FC centrifugal fans of 30", the power consumption is only 17.4 kW.
Delivering the same performance with a 30" BC centrifugal fan requires
21.9 kW electrical power. Installing BC centrifugal fans is not only less
efficient, but also requires a larger motor size (from 18.5 kW to 22 kW].
The total efficiency is 56.6% for the FC centrifugal fan and 45.1% for the
BC centrifugal fan on this product. BC centrifugal fans do not offer a
solution with respect to increased efficiency on the forced draft
centrifugal cooling towers, but will increase effective energy
consumption instead of reducing it.

BC centrifugal fans require an increased rotation speed compared with FC centrifugal fans to achieve
the same performance. Considering the example, the FC centrifugal fan rotates at 360 rpm, but the BC
centrifugal fan requires 1048 rpm. This influences the noise generated by the fan. Because the blade
tip speed is the main driver for noise, the sound power level would increase by at least 14 dB(A). This
is too high and not accepted by the market due to local noise restrictions. A lot of the forced draft
centrifugal units are already installed with intensive attenuation to align with sound requirements.
Further sound attenuation is not practical as the necessary air restriction would greatly degrade heat
exchanger performance will increase effective energy consumption instead of reducing it.

The increased rotation speed of BC centrifugal fans influences the cooling tower design intensively.
Bearings, shafts, supporting structure, motors and drive need to be reviewed and redesigned. As an
example, the current shaft rotating the centrifugal fans has a critical design speed of 575 rpm, the BC
centrifugal fan rotates at almost double this speed. The bearing size depends on the rotation speed of
the shaft. Increasing the rotation speed will increase the bearing size.

The increased weight of the BC centrifugal fan (355 kg versus the weight of the FC centrifugal fan (126
kg) must also be taken into account of a redesign.
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In our example cooling tower, the fan housing (scroll and snout] is fully integrated in the product as a
supporting structure for the heat exchanging section above (as projected in the picture above). The BC
centrifugal fan technology requires a different fan housing resulting in an entire redesign of the
product. Based on the above arguments to redesign the product, the end product will consume more
raw materials, resulting in a negative environmental impact as well as cost increases.

This example shows that an introduction of BC centrifugal fans into the forced draft centrifugal
cooling towers would neither be beneficial for the fan efficiency nor for noise emissions. FC
centrifugal fans are necessary in order to achieve best fan efficiencies. The proposed minimum
efficiency for centrifugal fans above 5kW is too extreme considering the FC centrifugal fan technology.

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
1000 companies, the majority small and medium-sized. In 2013, these accounted for a combined
annual turnover of around 25bn euros and employed more than 120.000 people - making Eurovent
one of the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent possesses two subunits. With Eurovent Certita Certification (ECCJ, it majority owns an
independent certification company, which holds the 1SO 45011 (17065) accreditation - fulfilling highest
independency, reliability and integrity standards. Open to any company, it is known for its globally-
recognised brand ‘Eurovent Certified Performance’. Activities are complemented by Eurovent Market
Intelligence (EMI), the association’s second independent unit. Its Europe-wide data sets are frequently
being used to support the development of EU regulation.
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Members of Eurovent

Europe’s major, national HVAC&R associations and their more than 1000 manufacturers
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Files linked within this documents can be found within the ‘Attachment’ section of Adobe Acrobat.
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Product Group ‘Cooling Towers’, Position Paper, PP - 2014-11-18

Contact person Phone Email Date
Morten Schmelzer +32 (0)471 7152 61 morten.schmelzer@eurovent-association.eu 2014-11-18

Eurovent call for an exemption of cooling towers from the revised ‘EU
Fan Regulation’ 327/2011

Background

Commission Regulation (EU) No 327/2011 sets Ecodesign requirements for fans driven by motors with
an electric input power between 125 W and 500 kW (hereinafter referred to as 'EU Fan Regulation'].
The requirements apply to both standalone fans, but also fans incorporated into products such as air
conditioners, fan coil units or cooling towers. Reaching the fourth year after its 2011 implementation,
the Regulation has recently entered the legally demanded revision process, with VHK, a Netherlands-
based consultancy firm, currently drafting the study. This revision process allows for improving the
Regulation both in terms of efficiencies, but also by adapting it to industrial realities based on the
experiences made in its first years after coming into force.

During the ‘first stakeholder meeting” on the revision of the 'EU Fan Regulation” at the European
Commission on 1 October 2014, the Eurovent Product Group ‘Cooling Towers’ had indicated to
elaborate on the difficulties cooling tower manufacturers face concerning the current Regulation
327/2011. The results are being outlined below following a working definition.

Working definition

Within this position paper, the term “cooling towers’ refers to both closed and open-circuit cooling
towers as well as evaporative condensers and evaporative fluid coolers. Yet, the term "cooling towers’
does not include dry coolers, which usually make use of ready-made fan packages, whose efficiencies
can be tested in a comparatively simple manner.

Key position

While Eurovent appreciates the overall nature of the Regulation and favours a reduction of loopholes
and increase of fan-efficiency levels whenever feasible, we strongly encourage the European
Commission and VHK to exempt cooling towers from the revised regulation. Following an in-depth
consultation process among our members across Europe and the large majority of the European
cooling tower industry represented through the respective Eurovent Product Group, this call is based
on the following reasoning.

There are dimensional problems when measuring fan efficiencies

The majority of cooling towers contain axial fans with very large dimensions
(e.g. large impeller diameters range from 3.96 meter to over 10 meter
diameter]. No test facilities in Europe are capable to measure fan efficiencies
for such diameters. AMCA International, for instance, has a test facility for
fans up to 2.4 meter diameters. Yet, this facility is located in the USA, making
. cost-efficient tests unfeasible.

Setting up a test facility for all cooling towers requires a significant investment by the cooling tower
market, and this still does not mean that all cooling towers would be testable - which implies, for
example, field erected cooling towers that can only be tested on site.
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Further elaboration through a practical example

Measuring air flow, static pressure and motor input power on the cooling tower itself requires a built
up with a 20 ton lifting crane and full entanglement of all connections to an external pump station. All
the motors need to be wired to the mains and require large electrical cabinets. The setup of and
execution of a test are very labour intensive. Making the measurements on the unit demands
additional scaffolding. This eventually increases the cost of the test facility, not least because of the
above-mentioned large dimensions.

The required measurements to retrieve the fan efficiency are impossible to measure in a
representative and reproducible method. The air flow can only be derived from air speed
measurement at the outlet of the cooling tower with a high fault margin due to high air speeds and
turbulent airstream at the outlet (this is the reason why wind tunnels are being used). Measuring the
static pressure within the cooling tower with turbulent air around is not feasible. All measurements
are executed outside, where ambient conditions influence the results due to different air densities.

The fan system cannot feasibly be separated to make fan efficiency measurements

Critical parts of the fan system tested to define the fan efficiencies
according to the 'EU Fan Regulation” are always incorporated into the
physical structure of the cooling tower (see picture on the left] and it is
impossible to separate the fan system from the cooling tower to make
fan efficiency measurements. This includes fan cowls, drive systems,
and mechanical equipment. The specific structure of the product does
not allow for an effective, independent testing of fan efficiencies. A test
facility needs to be adjusted for each specific cooling tower product,
because of the different design setups. As already stated, such an
adaptive test facility demands huge investments.

This is different from other markets such as air conditioners, in
which case an entire fan package is usually purchased from a
catalogue, and is incorporated into the product, which allows for a
separate testing of the fan. The limited dimensions of these fans
make setting up a test rig feasible.

Other entire centrifugal fan systems (see picture on the right]
cannot be separated from the cooling tower to make fan efficiency
measurements, because they also constitute the supporting
structure. These centrifugal fans are, for example, used on forced
draft cooling towers, which can handle higher pressures due to

different accessories requested by the customer to reduce the
sound level or to prevent a freeze up or plume formation.
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Cooling towers are not off-the-shelve, standardised products

Each cooling tower is being designed for very specific customer
needs suiting, for example, dedicated design requirements. It is
not an off-the-shelve, standardised product. A majority of
cooling towers have uniquely designed fan systems (based on a
motor and pitch), which makes it extremely costly to measure
each fan system. The usual product ranges of manufacturers
are so diverse that many models are rarely sold over the
lifespan of a product line, which further prevents cooling tower

manufacturers from effectively testing each fan system.

Additionally, the heat exchanger is often a part of the fan housing and can have many possible
arrangements - leading to a wide variation of fan entrance and exit conditions. A structural blockage
may be necessary to make the product function properly and comply with other standards (e.g.
regarding wind and seismic resistance). This product class is also frequently limited in configuration
by shipping width. Fan diameters tend to maximise at allowable shipping width increments. Thus, the
fan design and selection is often incompatible with a pure efficiency focus.

An exemption is not going to lead to lower energy efficiencies of cooling towers

The market of cooling towers is significantly driven by energy efficiency and sustainability. Achieving
the best cooling efficiency and the highest heat rejection for lowest power consumption is a primary

goal of cooling tower manufacturers. Air movement is a means for our primary goal, evaporative heat
transfer, which manufacturers” R&D centres constantly aim to improve. Thus, efficient heat rejection

technologies, motors and fans are continuously being developed and implemented.

For most applications, the energy required to run the cooling tower fan is substantially less than the
energy required for the system which they serve. The change to less efficient heat rejection
technologies will result in higher system energy consumption, which is not desirable.

Placing on the market of cooling towers

Cooling tower manufacturers as integrators of fans/impellers place a different product on market
than a fan. While the primary purpose of a fan is to provide an airflow on a certain pressure, the
primary purpose of a Cooling Tower is to cool a process. Manufacturers are only allowed to use
conform impellers and fans for integration into their products if the final product is aimed to be placed
on the EU Common Market. The same applies to installed electrical motors and pumps - which also
need to comply with their respective Ecodesign directives.

Speed and noise requirements

Cooling towers are being selected for design summer day duty, resulting in the equipment being
oversized for ambient temperatures. Subsequently, fans are typically operated at reduced speed for
much of the year in most climates, significantly reducing the energy used by the fans while further
reducing the need for specific fan efficiencies. Low noise applications are also common, requiring the
use of low sound axial fan designs with higher fan solidity (i.e. more and/or wider chord fan blades] to
move the same amount of air through the unit with a slower fan speed. By design, these fans have
lower fan efficiency, but are often required to meet local sound codes.
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Proposal

Based on the low volume of energy savings, the applicability of
other more relevant metrics, the potential for unintended
increases in fan energy use, and the design challenges detailed
above, Eurovent and its members recommend that fans used in
cooling towers to be exempted from the ‘EU Fan Regulation’.

It remains to be mentioned that in the US, a similar request was
made by AHRI, the American Air Conditioning, Heating and
Refrigeration Institute. American manufacturers face similar
issues with regard to the Rulemaking on Commercial and
Industrial Fans and Blowers (US Department of Energy, DOE].

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
companies, the majority small and medium-sized. In 2013, these accounted for a combined annual
turnover of around 21 billion euros and employed more than 120.000 people - making Eurovent one of
the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.
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Product Group ‘Cooling Towers’, Position Paper, PP - 2014-12-11

Contact person Phone Email Date
Morten Schmelzer +32 (0)471 7152 61 morten.schmelzer@eurovent-association.eu 2014-12-1

Extended Eurovent Position justifying the exemption of cooling towers
from the revised 'EU Fan Regulation’ 327/2011

Background

In a position paper published on 18 November 2014, Eurovent and its members were calling for an
exemption of Cooling Towers from the revised Commission Regulation (EU] No 327/2011, which sets
Ecodesign requirements for fans driven by motors with an electric input power between 125 W and 500
kW (hereinafter referred to as 'EU Fan Regulation’). In a nutshell, this call was based on the following
arguments that were described in-depth:

- There are dimensional problems when measuring fan efficiencies.

- The fan system cannot feasibly be separated to make fan efficiency measurements.

- The usual product ranges of manufacturers are so diverse that many models are rarely sold
over the lifespan of a product line, which prevents cooling tower manufacturers from
effectively testing each fan system.

- The market of cooling towers is significantly driven by energy efficiency and sustainability.
Achieving the best cooling efficiency and the highest heat rejection for lowest power
consumption is a primary goal of cooling tower manufacturers.

- Cooling tower manufacturers as integrators of fans/impellers place a different product on
market than a fan.

- Fans in cooling towers are typically operated at reduced speed for much of the year in most
climates, significantly reducing the energy used by the fans while further reducing the need
for specific fan efficiencies.

In the following, Eurovent would like to further elaborate on its key arguments. That said, further to
the opinion that manufacturers could use test laboratory reports and guidelines from VDI and AMCA
for scaling models and testing the models, we would like to provide additional clarifications on the
difficulties cooling tower manufacturers would face in case of no exemption from the Regulation.

Primary arguments

A ‘fan”is commonly regarded as a configuration of
impeller, stator, electric motor, transmission or direct
drive and possibly a variable speed drive. In the case of
cooling towers, the ‘stator’ is part of the tower design,
which not only includes the fan cowl or fan housing,
but also the air movement entering and leaving the
fan. For example, velocity recovery stacks placed on
the fan discharge (as illustrated on the left) have
significant influence on the performance curve of the
fan, the operating point and, subsequently, the

efficiency.
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The way the air enters the fan (as illustrated on the image below] is also of great importance when it
comes to fan efficiency. Smooth air entry with little turbulence is desirable, but this is greatly
influenced by the integration of the fan in the cooling tower, the type of water distribution, drift
eliminators and even the rain density.

.é]

|\I/I '

Figure 1: Open cooling tower working principle

Accordingly, there are many factors that influence the performance of a fan in a cooling tower, which
are specific for a certain designs, and unique for each model of a product line - even within a series of
cooling towers. Arrangements can vary infinitely.

For example, the components involved that have an impact on the fan are, inter alia:

- The water flow,

- The type and quantity of packing,

- The type of water distribution,

- The presence and definition of the sound attenuators at the inlets, at the outlets. the types of
drift eliminators,

- The use of plume abatement coils.

Fan curves for rotors used by cooling tower manufacturers generated in a lab do not describe the
behavior of the same rotor in the actual cooling tower model. For this reason, it is not only the
availability or absence of a lab that is the base for the request for exempting cooling towers from the
‘EU Fan Regulation’, but the fact that cooling tower ‘stators’ are very complex. Furthermore, in many
cases, cooling towers are so unique that beyond the ‘stator’ design, there are several other design and
operating factors influencing the performance and efficiency of these products.
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Figure 2: Example of an axial fan and test setup from the referred AMCA publication 802

The experience of AMCA, the American Air Movement and Control Association, refers to fans that are
put on the market as such. AMCA's expertise is less focused on cooling tower products with fans
incorporated. This is being visualized in many AMCA guidelines (e.g. AMCA Publication 802-02 (R2008]:
Industrial Process/Power Generation Fans — Establishing Performance Using Laboratory Models],
their test facilities, the AMCA members and the presentation of the different fan types, which this
organisation is certifying. None of these fan types are used in a cooling tower.

Fan Types

Figure 3: Extract from an AMCA presentation for the Cooling Tower Institute (CTI, USA)
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The cooling tower fan rotors constitute a niche market of the total fan market. Cooling tower fan rotor
manufacturers can only test and certify the rotor performance in a test rig according to a standard, but
not in a cooling tower itself. The test equipment is already huge for testing just their rotors - of which
they sell multiple. This is different to the cooling towers itself.

Figure 4: Example test rigs of a cooling tower fan rotor supplier

Verification of fan efficiency would therefore need to be done ‘in situ” on virtually each and every
cooling tower model. The costs for such an undertaking [if it was practically possible to test every
model on site) would be prohibitive, and with an estimated annual sale of cooling towers of less than
10.000, the benefit of energy efficiency improvement (if any) is very limited and does not stand in any
relation with the cost.

The use of fans for cooling towers can range from 0.5 to above 12m diameters. It has been regularly
noticed that the actual performance of the fan can only be demonstrated accurately on a full scale. In
the same way, for example, the thermic performance of cooling towers is only certified based on full-
scale products. Hence, lots of models cannot be tested in laboratories due to their size and absence of
facilities.

Figure 5: Large-scale rotors used for cooling towers

Secondary arguments

The main purpose of a cooling tower is to cool water, not to move air. The requested cold water
temperature is highly important for the proper efficiency of a process to be cooled, but as the outside
temperature is continuously changing, the fan speed is less than 2% of the year at the nominal speed
(and optimal fan performance), because the saving on the absorbed power linked to outside
temperature is more than 80 times more important than the one on the fan efficiency itself.
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Accordingly, it would be counterproductive in terms of energy saving to operate the tower focusing on
fan efficiency first. Focusing on the efficiency of the cooling tower is then a key point, compared with
the focus on the fan only.

If it is required to increase the fan efficiency to a nominal high level within the cooling tower system,
then the design of the cooling tower would have to change to one that is more ideal for the fan. This
would require a taller air plenum space below the fan. Package cooling towers are limited by shipping
constraints to certain shipping volumes. Because of this limitation, increasing the plenum space
would sacrifice space for air inlets or heat transfer [fill) volume. The effect, in turn, would be to
actually reduce the total heat transfer capacity, even though the fan efficiency was improved.

This would be counterproductive to the primary objective, which is to maximise the cooling efficiency in
terms of tons of cooling per fan power used. Thus, mandating for improved fan efficiency would have
the unintended consequence of requiring higher fan power to produce the same cooling in a certain
box size [volume). Eurovent and its members hold that this is certainly not the intention of the 'EU Fan
Regulation” and the European Commission.

Conclusion

Each of the single above items demonstrates how complex and difficult it is to demonstrate fan
efficiency in partially repeated cooling towers. This confirms our first call for an exemption of cooling
towers from the revised ‘EU Fan Regulation’.

FYI: Currently, similar issues are being raised in the US, where the DOE is working on fan ruling. The
US cooling tower industry is encountering the same issues.

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
1000 companies, the majority small and medium-sized. In 2013, these accounted for a combined
annual turnover of around 25bn euros and employed more than 120.000 people - making Eurovent
one of the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent possesses two subunits. With Eurovent Certita Certification (ECCJ, it majority owns an
independent certification company, which holds the 1SO 45011 (17065) accreditation - fulfilling highest
independency, reliability and integrity standards. Open to any company, it is known for its globally-
recognised brand ‘Eurovent Certified Performance’. Activities are complemented by Eurovent Market
Intelligence (EMI), the association’s second independent unit. Its Europe-wide data sets are frequently
being used to support the development of EU regulation.
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Eurovent call for an exemption of cooling towers from the revised ‘EU
Fan Regulation’ 327/2011

Background

Commission Regulation (EU) No 327/2011 sets Ecodesign requirements for fans driven by motors with
an electric input power between 125 W and 500 kW (hereinafter referred to as 'EU Fan Regulation'].
The requirements apply to both standalone fans, but also fans incorporated into products such as air
conditioners, fan coil units or cooling towers. Reaching the fourth year after its 2011 implementation,
the Regulation has recently entered the legally demanded revision process, with VHK, a Netherlands-
based consultancy firm, currently drafting the study. This revision process allows for improving the
Regulation both in terms of efficiencies, but also by adapting it to industrial realities based on the
experiences made in its first years after coming into force.

During the ‘first stakeholder meeting” on the revision of the 'EU Fan Regulation” at the European
Commission on 1 October 2014, the Eurovent Product Group ‘Cooling Towers’ had indicated to
elaborate on the difficulties cooling tower manufacturers face concerning the current Regulation
327/2011. The results are being outlined below following a working definition.

Working definition

Within this position paper, the term “cooling towers’ refers to both closed and open-circuit cooling
towers as well as evaporative condensers and evaporative fluid coolers. Yet, the term "cooling towers’
does not include dry coolers, which usually make use of ready-made fan packages, whose efficiencies
can be tested in a comparatively simple manner.

Key position

While Eurovent appreciates the overall nature of the Regulation and favours a reduction of loopholes
and increase of fan-efficiency levels whenever feasible, we strongly encourage the European
Commission and VHK to exempt cooling towers from the revised regulation. Following an in-depth
consultation process among our members across Europe and the large majority of the European
cooling tower industry represented through the respective Eurovent Product Group, this call is based
on the following reasoning.

There are dimensional problems when measuring fan efficiencies

The majority of cooling towers contain axial fans with very large dimensions
(e.g. large impeller diameters range from 3.96 meter to over 10 meter
diameter]. No test facilities in Europe are capable to measure fan efficiencies
for such diameters. AMCA International, for instance, has a test facility for
fans up to 2.4 meter diameters. Yet, this facility is located in the USA, making
. cost-efficient tests unfeasible.

Setting up a test facility for all cooling towers requires a significant investment by the cooling tower
market, and this still does not mean that all cooling towers would be testable - which implies, for
example, field erected cooling towers that can only be tested on site.
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Further elaboration through a practical example

Measuring air flow, static pressure and motor input power on the cooling tower itself requires a built
up with a 20 ton lifting crane and full entanglement of all connections to an external pump station. All
the motors need to be wired to the mains and require large electrical cabinets. The setup of and
execution of a test are very labour intensive. Making the measurements on the unit demands
additional scaffolding. This eventually increases the cost of the test facility, not least because of the
above-mentioned large dimensions.

The required measurements to retrieve the fan efficiency are impossible to measure in a
representative and reproducible method. The air flow can only be derived from air speed
measurement at the outlet of the cooling tower with a high fault margin due to high air speeds and
turbulent airstream at the outlet (this is the reason why wind tunnels are being used). Measuring the
static pressure within the cooling tower with turbulent air around is not feasible. All measurements
are executed outside, where ambient conditions influence the results due to different air densities.

The fan system cannot feasibly be separated to make fan efficiency measurements

Critical parts of the fan system tested to define the fan efficiencies
according to the 'EU Fan Regulation” are always incorporated into the
physical structure of the cooling tower (see picture on the left] and it is
impossible to separate the fan system from the cooling tower to make
fan efficiency measurements. This includes fan cowls, drive systems,
and mechanical equipment. The specific structure of the product does
not allow for an effective, independent testing of fan efficiencies. A test
facility needs to be adjusted for each specific cooling tower product,
because of the different design setups. As already stated, such an
adaptive test facility demands huge investments.

This is different from other markets such as air conditioners, in
which case an entire fan package is usually purchased from a
catalogue, and is incorporated into the product, which allows for a
separate testing of the fan. The limited dimensions of these fans
make setting up a test rig feasible.

Other entire centrifugal fan systems (see picture on the right]
cannot be separated from the cooling tower to make fan efficiency
measurements, because they also constitute the supporting
structure. These centrifugal fans are, for example, used on forced
draft cooling towers, which can handle higher pressures due to

different accessories requested by the customer to reduce the
sound level or to prevent a freeze up or plume formation.
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Cooling towers are not off-the-shelve, standardised products

Each cooling tower is being designed for very specific customer
needs suiting, for example, dedicated design requirements. It is
not an off-the-shelve, standardised product. A majority of
cooling towers have uniquely designed fan systems (based on a
motor and pitch), which makes it extremely costly to measure
each fan system. The usual product ranges of manufacturers
are so diverse that many models are rarely sold over the
lifespan of a product line, which further prevents cooling tower

manufacturers from effectively testing each fan system.

Additionally, the heat exchanger is often a part of the fan housing and can have many possible
arrangements - leading to a wide variation of fan entrance and exit conditions. A structural blockage
may be necessary to make the product function properly and comply with other standards (e.g.
regarding wind and seismic resistance). This product class is also frequently limited in configuration
by shipping width. Fan diameters tend to maximise at allowable shipping width increments. Thus, the
fan design and selection is often incompatible with a pure efficiency focus.

An exemption is not going to lead to lower energy efficiencies of cooling towers

The market of cooling towers is significantly driven by energy efficiency and sustainability. Achieving
the best cooling efficiency and the highest heat rejection for lowest power consumption is a primary

goal of cooling tower manufacturers. Air movement is a means for our primary goal, evaporative heat
transfer, which manufacturers” R&D centres constantly aim to improve. Thus, efficient heat rejection

technologies, motors and fans are continuously being developed and implemented.

For most applications, the energy required to run the cooling tower fan is substantially less than the
energy required for the system which they serve. The change to less efficient heat rejection
technologies will result in higher system energy consumption, which is not desirable.

Placing on the market of cooling towers

Cooling tower manufacturers as integrators of fans/impellers place a different product on market
than a fan. While the primary purpose of a fan is to provide an airflow on a certain pressure, the
primary purpose of a Cooling Tower is to cool a process. Manufacturers are only allowed to use
conform impellers and fans for integration into their products if the final product is aimed to be placed
on the EU Common Market. The same applies to installed electrical motors and pumps - which also
need to comply with their respective Ecodesign directives.

Speed and noise requirements

Cooling towers are being selected for design summer day duty, resulting in the equipment being
oversized for ambient temperatures. Subsequently, fans are typically operated at reduced speed for
much of the year in most climates, significantly reducing the energy used by the fans while further
reducing the need for specific fan efficiencies. Low noise applications are also common, requiring the
use of low sound axial fan designs with higher fan solidity (i.e. more and/or wider chord fan blades] to
move the same amount of air through the unit with a slower fan speed. By design, these fans have
lower fan efficiency, but are often required to meet local sound codes.
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Proposal

Based on the low volume of energy savings, the applicability of
other more relevant metrics, the potential for unintended
increases in fan energy use, and the design challenges detailed
above, Eurovent and its members recommend that fans used in
cooling towers to be exempted from the ‘EU Fan Regulation’.

It remains to be mentioned that in the US, a similar request was
made by AHRI, the American Air Conditioning, Heating and
Refrigeration Institute. American manufacturers face similar
issues with regard to the Rulemaking on Commercial and
Industrial Fans and Blowers (US Department of Energy, DOE].

About Eurovent

Eurovent, the European Committee of HYAC&R Manufacturers, is the representative of Europe’s
major national associations in the industry of heating, ventilation, air conditioning and refrigeration.
Based on objective and verifiable data, its 24 members from 18 European states represent more than
companies, the majority small and medium-sized. In 2013, these accounted for a combined annual
turnover of around 21 billion euros and employed more than 120.000 people - making Eurovent one of
the largest industry committees of its kind.

Eurovent’s roots date back to 1958. Over the years, the Brussels-based umbrella association has
become a well-respected and known stakeholder that builds bridges between companies it
represents, legislators and standardisation bodies on a EU and international level. The association
favours a level-playing field for the entire industry and strongly supports energy-efficient and
environmental-friendly solutions. Eurovent holds in-depth relations with partner associations around
the globe. It is a founding member of the ICARHMA network, supporter of REHVA and contributor to
the EU’s BUILD UP initiative.

Eurovent - The European Diamant Building Phone: +32 (0)2 70 67 962 Fortis Bank
Committee of HVAC&R 80 Bd. A. Reyers LN Fax: +32 (02 70 67 966 IBAN: BE 31 210043999555
Manufacturers 1030 Brussels infoldeurovent-association.eu BIC: GEBABEBB

AISBL / IVZW / INPA BELGIUM Find us on LinkedIn! VAT: not applicable











SO EUROVENT

THE EUROPEAN COMMITTEE OF HVAC&R MANUFACTURERS

Page50f5
Members of Eurovent
N r=N
ﬁ. © @ O .+, @ O
59 | * *
w  AFEC PN
asociacién de fabrical AGO R IA * *
A E FYT de equipos de climati | na future without technology al'lL“(
ASOCLALION m‘ Is:‘::::‘::‘:”:: ACCOLIMALIMA NPEANPHMATHA
" HHAYCTPHMM KAMMATA
4% F=3
- + o S
X5 oK
() Danish Ventilation Finnish. Psslcﬂallé?n of 1‘?0\_\ !\§|§J“D n k '
s Services Inrllulrlﬂ ﬁ:“‘d
BALATLAT
v (W) O &
I P ) // VENTILASJON
000 TIGR Uniclima 7VVDMA VKEzs
i G Svensk Ventilation /
Bransch | samverkan
Corresponding members
In European countries with no national association representing HVAC&R manufacturers
S A,
(* (= - ~
> e V= -
j(FANS %Frapol HAUSER )
L
Independent subunits
Eurovent Certita Certification and Eurovent Market Intelligence (Paris, France)
Eurovent - The European Diamant Building Phone: +32 (0)2 70 67 962 Fortis Bank
Committee of HVAC&R 80 Bd. A. Reyers LN Fax: +32 (0)2 70 67 966 IBAN: BE 31210043999555
Manufacturers 1030 Brussels infoldeurovent-association.eu BIC: GEBABEBB

AISBL / IVZW / INPA BELGIUM Find us on LinkedIn! VAT: not applicable

















































































































HUDSON

Products Corporation

The Basics of
AXIAL FLOW FANS






CONTENTS

Page
FOREWORD ...ttt ettt ettt e e e e e e e e e e e e e e e s e e bbb bbb e eeee e T
FIGURES ...ttt e e e e e e e e e e e e e e e bbbt e e e e e e e e eaaeeas 3.
NOMENCLATURE ...ttt ettt et e e e e e e e e e e e e e e e s e s s nnabebbbbeeees 4
1.0  Definition Of AXIAl FANS ....uuueiiiii i a e 6
2.0  Fan Engineering NOMENCIATUIE ........uuiiiiii e e e 6
2.1 Fan Engineering UNIS .......uuuuuiiiiiiie e e e e e e e e e e e e eeeeeeennannnes 8
2.2 Useful CoNVErsion FACIOIS ..........uuuiuuiiiiiiiiee e e e e e e e e e e eees 9
GO T IR T= ] =T ot o] O 1 (=] 4 - R 10
4.0 Basic Fan Equations - (I-P UNitS ONIY) ........uvuuiiiiiiiiieeeceeeeeeeeeeeere e 11
5.0 Fan Performance CalCulation ............ccooiiiiiiiiiiiiieeeiiics s e e e e e e e 12
6.0  Some BasiC ASSUMPLIONS ....cccceeeiiiiiiiiiiiiiiiiiiis s e e s e e e e e e e e e e e e eeeeeearaaa s s e e e e aeaeaeeeeeeennnens 14
Effect of:
G I T o @1 == 1> o o S 15
6.2 1] =T @0 g o [11T0] o =S 16
6.3  VeloCity RECOVEIY StACKS ......uvviiiiiiiii e e e e eeeaaaeees 16
6.4  SYStEM RESISIANCE ...uuuuiiiiiiiii et e e e e e e e e e a e e e e aaeaes 17
6.5 L (0T 65T o0 T PRSP 18
GG I =T o ] 1 Y/ 19
G A V1o - 1o ] o I 20
6.8 N0 g o1 o =] F= o [P 21
6.9  Blade ShAPE ....ccoieeeeeeee e ———————— 22
B.10  SAIDISC ..ciieeeeeeieiee et a e 23
7.0  Variable Airflow Fans (Auto-Varialble) .............ouveiiiiiiiii e 23
8.0  Variable-Pitch vs. Variable-Speed ...........oooeiiiiiiiiiiiii e 29
9.0  NOISE CONSIAEIALIONS .....cii i e eeeeeeee ettt s e e e e e e e e et e e e e e e e eea e e e e e eaaeeaaaaeeeeeeennnnns 29
9.1 Noise-Related NOMENCIALUIE ...........ooevveeiiiiiiee e 30
9.2  AlloWable Fan NOISE .......uuuuiiiiiiiieeeeeeee et e e e e e e e e e e e e e e e e 31
0.2, 1  ACHE NOISE ....uuttiitiiiiiiiiiitie ettt e e e e e e e e e e e e e e e e e s s s s e s nanaes 31
9.2.2  COO0lING TOWET NOISE ....euvruuiiiiiiieieeeeee e ettt s s e e e e e e e e e e e e e e eeeaeneesann s 31
9.3  Predicting Fan NOISE .......cccooiiiiiieeeeecet e e e e e e e 31
9.4 NOISE TESHNG ..iie i e e e e e e s e e e e e e e e e e e e eeeeeeeeannnnes 33
REFERENGCES ... ..ttt e e e e e e e e e e e e e e e e e e e e s e 34.........
DEDICATION ..ttt ettt et e e e e e e e e e e e s s s s e bbbt e et e e e e e aeee o 34......

Hudson Products Corp. Page 2 of 35 The Basics of Axial Flow Fans





FOREWORD

This manual is designed to familiarize users It should be noted that final fan selection shopld
with applications for axial flow fans, be made by using Hudson’s Tuf-L%teFan
velocity recovery stacks, seal discs, and Selection Program or by contacting Hudson
variable flow fans. Calculations are provided Products Corporation at 713-914-5700 |or
for estimating fan power consumption and 1-800-634-9160.
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NOMENCLATURE

English Letter Symbols

ACHE
ACFM
ACT
ASP
ATP
AVP
BHP
BPF
CS
CFM
DR
Eff
D
FPM
HP
LP
LW
MSL
N
NFA
PWL

PWM

RH
RPM
SCFM
SF
SP
SPL
SR
STD
Eff

Total

Static

TP

VFD
VP
VR

VVI

Hudson Products Corp.

air-cooled heat exchanger
actual cubic feet per minute
actual conditions

actual static pressure
actual total pressure

actual velocity pressure
brake horsepower

beam or blade passing frequency

current source

cubic feet per minute
density ratio
efficiency

fan diameter

feet per minute
horsepower

sound pressure levels (metric units)

sound power levels (metric units)
mean sea level

number of fans

net free fan area

sound power level (I-P units)
inlet bell radius

pulse wide modulation

feet from center of noise source
relative humidity

revolutions per minute
standard cubic feet per minute
speed factor

static pressure

sound pressure level (I-P units)
solidity ratio

standard conditions

total efficiency

static efficiency

total pressure

velocity

variable-frequency driver
velocity pressure

recovered velocity pressure
variable-voltage inverter
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Greek Letter Symbols

Y

Subscripts

ACT (act)
STD (std)
exit (ex)
c

=

out
SL
des

Hudson Products Corp.

density

actual condition

standard condition

velocity recovery stack exit

fan curve condition at standard density

inlet, condition 1
outlet, condition 2
inlet

outlet

sea level

design

effective
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AXIAL FLOW FANS

1.0 Definition of Axial Fans 2.0 Fan Engineering Nomenclature

An axial flow fan moves air or gas parallel
to the axis of rotation. By comparison, a
centrifugal or radial flow fan moves air
perpendicular to the axis of rotation. Axial
flow fans are better suited for low-resistance,
high-flow applications, whereas centrifugal
flow fans apply to high-pressure resistance,
low-flow conditions. Typically, the types of
fans discussed in this manual can handle
“resistances” up to approximately 1 in. of
water. Axial fans can have widely varied
operating characteristics depending on blade
width and shape, number of blades and
tip speed.

The most common type of fan for air-cooled

heat exchanger (ACHE) is less than 14 ft.
diameter and has four blades. The most
common type for wet cooling towers is 28 ft

diameter and has eight blades. A typical
ACHE fan is shown in Fig. 1.

Typical Air-Cooled Heat Exchanger Fan
Fig. 1

Page 6 of 35

ACFM - Actual cubic feet per minute of air
moved by the fan.

Actual Conditions - Resistances related to
actual inlet or outlet temperature and fan
elevation above mean sea level compared to
standard conditions.

Air Density - Air density at the plane of the
fan based on standard or actual conditions.

Beam Passing FrequencyNumber of times
per revolution that one fan blade passes over
a beam or strutl thought of as “how the
structure interacts with the fan blade” ex-
pressed in cycles/sec (Hz).

Blade Natural Frequency- Frequency at
which a blade freely vibrates when it is struck
in cycles/sec (Hz).

Blade Passing Frequency Number of times
per revolution that a fan tip passes a point on
the fan ring expressed in cycles/sec (Hz)
thought of as “how the fan interacts with the
structure”.

Brake Horsepower - (BHP) - Net power
required by the fan at actual conditions to
perform the required design work.

Chord - Straight line distance between the
leading and trailing airfoil edges.

Fan Diameter- Width/distance between op-
posite blade tips.

Fan Laws- Set of laws that predict perfor-
mance changes if one or more parameters are
changed from one fan or operating condition
to another. These laws govern airflow, pres-
sure capability and power required among
many other parameters.

The Basics of Axial Flow Fans





Fan Ring Diameter- Inside diameter of fan Solidity Ratio - Measure of a fan’s

housing at the plane of fan. pressure capability solidity sum of the tip
widths divided by the fan circumference.

First Mode Resonant Frequency -

Frequency at which a blade freely vibrates  Stall Point - Fan operating condition where

when struck (“natural” frequency) in cycles  the boundary layer of air separates from

/sec (Hertz). the airfoil and causes turbulence. This

can be compared to boat propeller or
Forced Draft ACHE - Fan is located below pump cavitation.

the heat transfer surface forcing ambient air

through the bundle. Standard Conditions - Resistances
_ _ related to the standard density of air at 0.075
Harmonic Frequency- Integer multiples of Ibs/f8, at 70F dry bulb temperature and sea

fan RPM and expressed as 1x, 2x and 3x fan |evel (29.92 in. Hg).

speed in cycles/second (Hertz). Harmonic

frequency is checked against resonant Static Efficiency - Fan efficiency based on
frequencies to prevent vibration and fatigue.  static pressure and fan brake horsepower at

_ the same density.
Induced Draft ACHE - Fan is located above

the heat transfer surface drawing ambient air  gatic Pressure- Sum of all the system resis-

through the bundle. The fan is exposed to  tznces against which the fan must work,

the heated exhaust air. expressed in inches of @. This is the
useful work required from the fan. (Velocity

Leading Edge- Thicker portion of the air- pressure excluded).

foil that is the first part of the blade to meet

the air. Tip Clearance - Distance between the tip

blade and the fan ring or housing, sometimes

Net Free Area- Net area at the plane of the expressed as a percent of the fan diameter.

fan through which all air must pass.
Usually based on the nominal fan diameter
minus seal disc area or hub diameter. Note
that blade area is not considered.

Tip Speed- Peripheral speed of the fan tip
expressed in feet per minute.

Total Efficiency - Fan efficiency based on the
total pressure and fan brake horsepower at the
same density for standard or actual conditions.

Pitch Angle - Blade tip angle below the
horizontal required to do the design work and
move air upward. Hudson fans all rotate

clockwise looking into the airflow. Total Pressure- Sum of the static pressure

. and velocity pressures.
Resonant Frequency Safety Margin-

Percent difference between the closest
resonant frequencies of 1st mode resonant
frequency, blade and beam pass frequencies,
and 1x Harmonics.

Trailing Edge - Thinner portion of the air foil.

Velocity Pressure- Parasitic loss caused by
work done to collect all the air into the fan’s
inlet, expressed in in. of . It is based on

SCFM - Airflow rate moved at standard the fan’s net free area at the plane of the fan.

conditions, in standard cubic feet painute.
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Velocity Recovery Stack - Device
frequently used in cooling towers but rarely
in ACHESs. It captures the kinetic energy of
the exit air velocity and converts it to useful
work. It “reduces” air velocity and decreases
the total pressure acting on the fan.

WRZ2- Flywheel effect of fan that relates mass
moment of inertia about the axis of rotation.
inlb - ft2.

2.1 Fan Engineering Units

I-P: inch-pound U.S. system
metric.: metric system
Sl international system of units
* LENGTH

I-P:  feet (ft)

metric: meter (m)

Sl: meter (m)
* VOLUME
I-P: cubic feet per minute (CFM)
metric: cubic meters per seconds)

cubic meters per hour @th)

Sl; cubic liters per second3(k)
* PRESSURE
I-P: inches of water (in. - $O)

metric: mm of water (mm - $O)
SI: Pascals (N//

Page 8 of 35

* DENSITY

I-P: Ibs per cubic ft (Ib/R)
metric: kilograms per cubic meter (kgAn

Sl (kg/md)

Notestandard density

I-P = 0.075 Ib/f8
metric = 1.201 kg/rA
Sl = 1.201 kg/r

* ROTATIONAL SPEED
I-P: revolutions per minute (RPM)

metric: turns/min
Sl: turns/min

* TEMPERATURE
I-P: degrees FarenhefiR)

metric: degrees CelsiugQ)
Sl degrees Celsiu8Qg)

* AREA
I-P: ft2

metric: n?
Sl me

* POWER
I-P: HP (horsepower)

metric: kW (kilowatt)
Sl kW (kilowatt)

The Basics of Axial Flow Fans





* TIP SPEED * PRESSURE

I-P: ft/min 25.40 *in.-HO = mm- BO
metric: m/s
Sl: m/s 249.08 *in.- HO = Pa

9.806 * mm-B0O = Pa
« VIBRATION AMPLITUDE Pascal (Pa) = N/t

I-P: mils (1/1000 inches)
metric: microns (1/1000 mm)
Sl microns (1/1000 mm) * VOLUME

35.314 * n$ = ft3

0.02832 * f = m3
* VIBRATION FREQUENCY

I-P cycles per minute (CPM)
cycles per second (Hz)

metric: cycles per second (Hz)

Sl cycles per second (Hz)

* DENSITY

Standard density = 0.075 IG¥ft
16.018 463 * Ib/f = kg/m3
Standard density = 1.201 kgIm
« SOUND POWER LEVEL

I-P: PWL dB (decibels)

metric: Lw dB (decibels) *LENGTH

Sl: Lw dB (decibels)
25.4 * inch = mm
3.281*m=+1t

* SOUND PRESSURE LEVEL 1000 * mm = micron

0.3048 * foot = m
I-P: SPL dB (decibels)

metric: Lp dB (decibels)

Sl: Lp dB (decibels)
* TEMPERATURE
(OC * 1.8) + 32 =OF
2.2 Useful Conversion Factors o
(OF-32)/1.8=°C
* AIRFLOW
2118.64 * n¥/s = f8/min « POWER

0.000 471 947 * f/min = nB/s
0.746 * HP = kW
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3.0 Fan Selection Criteria Selection is checked for the following:

(&) Confirm that the operating point is not
close to a “stall’ condition. (Explained
in detail later).

Many parameters are important in selecting
a fan to meet the specified operating condi-
tions such as:

Typically, a 2 pitch angle safety
margin is desired before reaching a stall
Hudson blade type: “H”, “HW", “B", point on the curve or overloading the
“Cn wpr UK motor. The American Petroleum
I Institute has specific limitations that
must be met for ACHE applications.

Fan diameter - to suit bay or cell size,

ACFM - Airflow required for design heat

transfer duty, (b) Confirm that the fan brake horsepower

(BHP) is low enough that when
environmental, drive and motor losses
are added, the installed motor HP is
not exceeded.

ASP - Actual static pressure from the sum
of all resistances to airflow,

Air temperature at plane of fan,
(c) Be sure that the “horsepower per blade”

Fan elevation above mean sea level or mechanical limit (for Hudson fans) is not
air density at fan, and exceeded or select a fan with additional
blades.
Fan speed in either tip (FPM) or rotational
speed (RPM). (d) Calculate the blade passing frequency,
and compare it to the first mode
Also, a velocity recovery stack installed? Is resonance frequency for the selected
there a noise limitation? How much allow- blade (for Hudson fans).

able horsepower can the fan use? Will the

fan avoid resonant frequency problems? (e) Repeat step (d) for the beam passing

frequency. (Most structures have four

In the most simple case, design airflow, static main beams.)

pressure, and density are calculated for the )
fan “curve” conditions at 12,000 FPM tip
speed and standard density with no noise
limitations. The operating point is then
plotted on a fan curve of the appropriate  (g) Check resulting noise level against any

Repeat step (d) for 1x harmonic of
fan RPM, and compare to first mode
resonant frequency.

diameter. noise limit specifications. Noise level
iIs most often specified as sound
The fan curve shows the correct pitch angle pressure level (SPL) at a given distance
and horsepower required by the fan at the from the tower or ACHE. Convert the
design point. SPL to a sound power level (PWL) to

evaluate the selected fan. Some adjust-
ments to tip speed and/or the number of
blades may be required.
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(h) Check air temperature at the fan. Does ¢ ACFM = Actual fé/min
it exceed maximum fan operating or
startup temperatures?

. BUP = TP,., *ACFM
If you have any questions, or require a 6356 * Effrora,
copy of the Hudson Tuf-Life Fan
Rating Program or specification Note: 6356 is a constant relating to the
curves please contact the Hudson power required to move one CFM of air
Fan Sales department for assistance at against a static pressure of one ipGHht
1-800-634-9160. standard density using one horsepower.

Brake HP is the net power absorbed by

4.0 Basic Fan Equations - (I-P Units Only) the fan and does not include motor and

drive losses.
For standard conditions (0.075 Ib%/ft
density) Conversely:
TP, *ACFM
« TP=SP + VP « Eff = =L ——
« TP = Total Pressure 6356 * BHP
« SP = Static Pressure
* VP = Velocity Pressure Bt _ SP_. *ACFM
STATIC 6356 * BHP

Normally, pressures are given at actual
conditions (density) so the equation becomes:
Note: Pressures and horsepower
ATP = ASP + AVP also: must be at the same density, either all
standard or actual.
TP = ATP * 1 / Density Ratio

. ) .\ _  ACFM(ft¥min)

Velocity (ft/min) = NEA ()
()
Density Ratio = —2<-
(P) STD where NFA is the “net free area” of the fan
SP=ASP*1/DR * \elocity Pressure —QLEF for std air
(o050

Note: Hudson fan curves are based on Vv Ef o, O

standard conditions and 12,000 FPM tip AVP:D_D E&

speed. If operating conditions are given in thoosH D,

actual conditions, they must be converted
to standard conditions before referring to the

: wher = density at the fan
fan curve to determine performance. € ep2 density at the fa

P, = std air density (0.075 Ib#jt
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Note: Velocity pressure (noted On R o e e e N o T e tele 1o
Hudson’s fan curves) must be

determined based on the fan used and TIP SPEED, 12,000 FPM DENSITY: 0.075 Ib/ft 3

required ACFM. .
g S 10°

. 2 E-""'_-_-_—__@___-_-
* Basic fan laws: o B T

e _____-___‘_-.
(@]
I

CFM = fn(RPM}
Airflow varies in direct proportion to

(] =
RPM > oF

OTE 4
SP or TP = in(RPM) LiE K
Pressure capability varies with the g E
SquaYEOfaChangeln RPM = Tl lalalalalabglobplodplabpbolibililils

Airflow (CFM)
HP = fn(RF’M)3 . . Typical Fan Curve
Power required varies with the cube Fig. 2
of a change in RPM.
« When velocity recovery stacks are Manual fan selection procedure

used: (See Fig. 2, Fan Curve).
VR = (VPig - VPeyi) * Recovery 1. Define operating conditions

efficiency _
e Fan diameter

Recovery efficiency is usually 0.6 - 0.8 ) _
* Blade type: select Tufliteq) designated

Use: by “H” after fan diameter.
VPs4n - Velocity pressure at plane of fan

ACFM (Actual Cubic Feet per Minute)
VPeyit - Velocity pressure at top of stack

ASP (Actual Static Pressure)

When velocity recovery stack is used,
horsepower savings are calculated using:

Air temperature at fan

TPeff act = TPyt~ VR Elevation above MSL or

Note: All pressures should be based Air Density

on the same density.

RPM or tip speed

« Other noise related equations are found
in Section 9 (Fan Noise).

Velocity recovery stack used? If so,
height of the venturi section above the
fan or fan exit diameter is required .

» Noise requirements will affect selection,
and will be discussed later.
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Find density correction factor 1/DR 9. Calculate total efficiency:

. . TP. * ACFM
Find vglocny pressure (STD) from Eff ooa = 6356 * BHR
appropriate fan curve or:

Vv Note: All values must be at the same
VPgiq = UV U density conditions. Tfand BHRqare
40050 at standard density.
Velocity ressure line is shown at the
bottom of the Hudson curves. Another formula for total efficiency is:
*

Calculate standard total pressure: Eff a= gg‘;‘g *Aéc':_:;zt

TPgtg=ASP * (1/DR) + VR4
10. Calculate static efficiency

Calculate speed factor (Sﬁgi(%ﬁ Egm ASP
Eff, = Eff *

STATIC TOTAL  ATD
Calculate SR and SP3 ATP

Note: If fan is operating at 12,000 FPM 11. If a VR Stack is used:
tip speed, SF = 1 when using Hudson

curves. 1. Calculate stack exit area . If not
known, assume°7angle of sides and
Prepare to enter curve: ¢ = curve cond. calculate exit diameter and area. Use
height of venturi section above plane
ACFM = ACFMyesign* SF of fan.

TP, = TPgq* SF2
Calculate SR and SP3
Enter curve:
2. Calculate exit velocity pressure:

Read up from ACFMto TR.. Find pitch

: : ACFM Payi
angle, and interpolate if necessary. Read VPey= @6\ " g* Pex't
up to design pitch angle on HP lines. rea,, * 4005 std

Read left to design BHP (std).
3. Calculate VR assuming 70%
recovery efficiency

Note: To determine the fan operating VR = 0.7 *(VPgn - VPex) in.-H20
point, pitch angle and standard BHP must
be found from curve. 4. Calculate Tgs = (TPgan- VR)

Calculate actual BHP:
BHPgtq
(1/DR) * SF3

*
5. Recalculate BHPEETPeﬁ ACFM 0
356* EffTOTAL E

BHPyc =

Fig. 3 shows the HP saved by using
VR stacks. See Section 6.3 for
example calculations.
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12. Check operating point on curve with
proximity to stall. A stall point is where
the curve changes inflection. (See Fig. 4
below).

Note: The Tuf-Lit&® program avoids all
stall conditions.

Stall Points

o
AT

Stall Points on Fan Curve
Fig. 4

Allow a 2° pitch angle margin of safety
before stall for a conservative fan
operating point.

Hudson Products Corp. Page 14 of 35

13. Calculate blade passing frequency (BPF):

No. Blades * RPM
60

cycles/second

in Hz

BPF =

Hz

Compare with 1st mode resonance for the
blade being used. There should be a 5%
margin of safety on either side of a
resonant condition. If not, change the
speed or number of blades.

14. Check horsepower per blade:
BHP

act

HP/Blade =
No. Blades in fan

Refer to Hudson’s Tuf-Lité Fan
Selection Program for maximum recom-
mended HP/blade chart.

6.0 Some Basic Assumptions

Following are basic assumptions that can be
safely used for fan selection if certain data is
not available.

1. Typically for cooling towers or ACHEs,
tip speed will be 14,000 FPM maximum.
2. Typical blade quantities per fan are:
up to 14 ft dia. 4 blades
16 - 20 ft 6 blades
24 - 30 ft 8 blades
36-40ft 8 blades
3. Horsepower ranges:
6-10 ft dia 7.5-15HP
12 ft 20 - 30 HP
14 ft 30 - 60 HP
16 - 20 ft 50 - 100 HP
24 - 30 ft 100 - 250 HP
36 -40ft 150 - 300 HP
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4. Temperatures at the fan (Farenheit):

Forced draft air coolers 80100
Induced draft air coolers 1%0 200
Cooling towers T0Q00% RH
Fan stacks:

Assume 7 angle per side and 70% (0.7)
recovery efficiency.

Noise levels:

@ 12,000 FPM 102 PWL dB(A)

Typical Hudson fan:
Total efficiency [ 75% minimum

Static efficiency [0 55% minimum

6.1 Effect of Tip Clearance

Tip clearance between the blade and
inside of the fan cylinder or fan ring is
critical to proper axial flow fan perfor-
mance. Hudson fan curves are derived
from tests conducted at Texas A&M
University’s Engineering Laboratory,
based on very close tip clearances with
optimum inlet conditions. If close tip
clearances are not maintained, a loss of
performance will be noted, in pressure
capability and airflow. The primary
reason for close tip clearance is to mini-
mize air loss or leakage around the tip,
known as a tip vortex. (See Fig. 5).
Hudson recommends the use of safety
factors to correct for the environment in
which a fan is placed.

Tip Vortex (Leakage)
Fig. 5

Exit air will be at a higher pressure than
incoming air due to the work expended
by the fan. Note that the blade performs
most of the work in the outer portion of
the airfoil. If aleakage path (or clearance)
exists, the air will seek the path of least
resistance and bypass the tip, causing a
vortex and loss of performance. Tip
clearances can be reduced with Hudson
accessories.

Fig. 6 shows the API recommended tip
clearances for smaller (16ft and less)
diameter fans. Also included in this
figure are the nominal tip clearances for
larger diameter fans.

Fan Diameter Minimum Maximum

3ft through 9ft 1/4 in. 1/2 in.
>9Oft through 11ft  1/4in. 5/8 in.
>11ft through 16ft  1/4in. 3/4in.
18ft through 40ft  1/2 in. 1in.
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Tip Clearance
Fig. 6
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6.2 Effect of Inlet Conditions

Consider the air around the entrance to
the fan. In a re-entrant tube, like a fan
ring, air must be collected from all di-
rections and accelerated to the
velocity at the plane of the fan. Some
of this air is moving at 90° to the fan
axis. If a smooth transition is not
present, the inability of the airflow
vectors to make rapid changes in
direction will create a “Vena
Contracta” at the blade tip, starving the
blade of air in this area. (See Fig. 7)

Hudson Products Corp.

Airflow with No Inlet Bell
Fig. 7

~F
| !

."H .MM.. i,

Airflow with Inlet Bell
Fig. 8

Note: Hudson Products’ Fin-Féhs
Air-Cooled Heat Exchangers all have
inlet bells as standard equipment.

Hudson’s Tuf-Lité& fan rating program
allows several choices of inlet condi-
tions: No inlet bell, elliptical inlet bell,
rounded outlets with r = 0.05D, 0.1D
or 0.15D and conical inlets with
r=0.05D, 0.1D or 0.15D.

6.3 Effect of Velocity Recovery Stacks

Since most of the work is done by the
outer portion of the fan blade, the
result can be a loss of efficiency as high
as 15-20%. An additional adverse
effect can be increased vibration.

To prevent this loss, consider the use
of an inlet bell attached to the bottom

of the fan ring. A properly designed

inlet bell provides a smooth transition

as the air is gathered from all directions
into the plane of the fan as shown in
Fig. 8.
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The VR stack recovers wasted
velocity pressure energy at the top of
the stack and converts it into useful
work at the plane of the fan. Amount
of recovery is based on the venturi
section length and exit diameter.
Hudson’s Tuf-Lit& program assumes

a7° included venturi angle and a 70%
recovery efficiency. Fig. 9 shows a
typical VR stack on a large cooling

tower fan.
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Typical Large Cooling Tower Fan
with VR Stack

Fig. 9

Consider the following fan:

28 ft diameter, 8 blades, Type H
14 ft stack, 9 ft venturi height
1,180,000 ACFM

0.38in. - HO ASP

136 RPM

105’ F, at sea level

Use r = 0.10D inlet contion

With no VR stack, fan performance is:

137.7 BHP

0.835 Total efficiency
0.512 Static efficiency
0.619 Total pressure actual

With the VR stack:

BHP =123.6

0.840 Total efficiency

0.571 Static efficiency

0.559 Total pressure (actual)

In this example the VR stack reduced
required power by (137.7 - 123.6) =
14.1 HP (10.5 kW). Operating 8400
hrs/yr and assuming a power cost of
$0.05/kW-hr, yearly savings are $4410
per fan with the VR stack.
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Most large fans now incorporate
velocity recovery stacks because of
these significant power savings.
Fig. 10 illustrates the approximate
power costs for various motor sizes
assuming 96% of the year in constant
operation.

kw HP

149 2001 !

131 175 yf ! //I

112 150 —_$
.04 .06 .08 .10 vrR

93 125 AW Ara

75 100 =—ff~
56 754
37 504

19 25'§ —

0 FTIYTNETE TeFr LI rTTryrrrpr

0 20 40 60 80 100120 140
Cost (Thousands of $)

Approximate Cost of Power
to Operate 8400 hrs/yr

Fig. 10

6.4 Effect of System Resistance

Fan “system resistance” is defined as
the sum of the static pressure resis-
tances of each element in the system,
as a function of airflow. It is important
to be aware how system resistance
changes when a new fan operating
point is considered. The most common
example is an airflow increase to an
ACHE to increase the equipment’s heat
transfer capability.

Restating the basic fan laws:

1. Airflow is directly proportional to
speed.

2. Static pressure requirements vary in
proportion to (airflow)
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3. Horsepower requirements vary in
proportion to (airflow?)

Therefore, a 10% increase in CFM re-
quires a 33% increase in HP (1.33 x
HP). Likewise, a 10% increase in CFM

results in a 21% increase in SP (1.21 x
ASP). (Note: Actual operating expe-

riences have determined the relation-
ship between SP and ACFM is more
accurately predicted by an exponent of
1.8 rather than 2.0 and is dependent
upon the unit design).

_ [ICFM23}#8
For ACHEs: SB=SP, == "2
! OcEm.O

Consider a 25% increase in airflow
required for a 14H - 4 fan currently
moving 200,000 ACFM at 0.33 ASP
with a 20 HP motor. (Assume 0.075
Ibs/ft® air density and 273 RPM).
Hudson’s Tuf-Lite program shows:

17.1 BHP, 6.1° pitch

A 25% increase in airflow yields
250,000 ACFM. The new ASP
increases to 1.49x0.33 or 0.49 in.20H

Results from the Tuf-Lite program
show a 14H - 4 fan is still a choice, but
33.9 HP is now required to produce the
250,000 ACFM. A 40 HP motor
would be required instead of the
original 20 HP.

Note: American Petroleum Institute
(API) guidelines allow up to 50 HP
for belt-driven ACHEs.
uncommon to increase blade count to
eight blades and increase motor HP
significantly to achieve increased air-
flow. Larger motors, new drive
systems or structural modifications
may be required to accommodate the
required airflow.
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Factors limiting use of the existing fan
could be:

(a) Fan stall
(b) Allowable HP/blade

If further duty increases were required,
consider more blades per fan, a
different (wider) blade type or higher
operating speed. In some cases where
higher noise may not be objectionable,
speeds up to 13,500 FPM have been
used for small fans . Increased noise
and vibration will always accompany
fan speed increase.

Fig. 11 shows the typical system
resistance line for this example at
increased airflows.

//

40

30 /
20

o

0 5 10 15 20 25 30
% Increase ACFM

% Increase in ASP

ASP vs. CFM for ACHE
Fig. 11

W)l 6.5 Effect of Horsepower

Once the required fan horsepower
(BHP) is determined, certain variables
including efficiencies and environ-
mental factors, will determine the rated
or installed driver horsepower .
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1. Hudson’s Tuf-Lite fan selection

program shows fan brake horse-
power required for the selected
operating point. Drive system
inefficiencies will result in
an increased driver horsepower
requirement.

Environmental losses are more
difficult to determine but are a func-
tion of actual fan tip clearance, fan
inlet conditions, number and size of
beams under the fan and structural
geometry. These losses must be
accounted for when determining
driver power requirement.

Example:
For a given fan selection:

Actual Fan Brake Horsepower = 62
BHP (at the fan shaft)

Example:
Electric Motor Efficiency195%

Example:
Drive System Efficiencies:

Gear Boxe$198%
V-Belts [(B5%
Cog Belts[B8%

Example:
Conservative Estimate of

Environmental Loss€s97%

Therefore if:
HPin = Total Horsepower Required

= Fan Horsepower Required
(Eff Motor) (Eff Drive) (Eff Environment)

Using a gear box drive:
HF)m = 62
(0.95) (0.98) (0.97)

=69.6 HP

Accounting for environmental

losses.
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The required electrical power for this
example:

=69.6 *0.746 = 51.9 kW

6.6 Effect of Density

Density, or weight of air per unit
volume, is affected by air temperature
and altitude at the plane of the fan.
These are the inlet air conditions on a
forced draft fan or the exit air condi-
tions for an induced draft fan.

A constant RPM, constant pitch fan is
considered to be a “constant volume
machine”. That is, it will move
a constant volumetric flow (ACFM) of
air regardless of the density.

Consider a change in ambient tempera-
ture for a forced draft fan. If the
temperature decreases, air density (Ib/
ft®) increases. Generally, resistance to
airflow by the cooling tower fill or
exchanger tubes (static pressure)
increases, since the fan is moving the
same volume of heavier air thereby
increasing the required horsepower.

The opposite occurs when ambient
temperature increases: Air density
decreases, along with the static pres-
sure and required horsepower static
pressure decreases, and the required
horsepower decreases. As stated,
Hudson’s fan curves show operation at
standard density of Ib/tat 70F and
sea level.

If a density table is not available, a
density ratio can be calculated as:

P 0
Density Ratio = p/;:; = jgg:;o 3
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Density ratio is the ratio of the
local air density to standard density.

If the fan plane is other than at sea level,
then

R U460+ 70) D§Athre$)m

0
0
460+ T, ) FHAtmMPress)y 5

For example, at 9% air temperature
and Pact = 14.6 psia, then

B30 4.6 _
POPULEEE = 0.949
(555000470

6.7 Effect of Vibration

All objects have a “natural” vibration
frequency when struck sharply. This
includes fan blades, fan rings and the
structure. A component will generally
vibrate in a sinusoidal wave motion.
Vibration frequency is the number of
cycles per second, also called Hertz.
The distance a component moves per
vibration cycle is called the amplitude
and is usually measured in “mils” (1/
1000 of an in.) “peak-to-peak”. Peak-
to-peak means the total amplitude on
both sides of the components still po-
sition (plus and minus directions). This
movement can also be characterized by
the component’s velocity given in
inches per second.

A fan’s environment continually
induces vibration. Each time a blade
passes near an obstruction, such as a
drive shaft or structural support, blade
load fluctuates. Vibration level is a
function of the fan’s speed and number
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of blades. If the vibration is at the fan’s
natural frequency, amplitude and inter-
nal stresses on the blade are greatly
increased and can be destructive.

Blades should be tested by the
manufacturer to determine vibration
characteristics. Hudson checks all
“modes” of vibration from 0 - 50 Hertz
(cycles/sec) for every fan blade type.
A “mode” is the basic shape the blade
assumes during vibration. Thé'1
mode is the most significant with the
blade assuming a “flapping” shape.
The 29 mode causes the blade to
vibration in a “lazy S” shape with a
neutral point in the middle. This neu-
tral point is called a “node”.  There
can be more complex modes that the
blade assumes as the frequencies

increase from '8 through “nth” mode.

It is commonly thought that the most
critical frequency is theblade pass

frequency” which is:

No.Blades* RPM
60

BPF =

We think of this as “how the fan inter-
acts with the structure”. Thefitical
frequency” is the frequency at which
the blade pass frequency coincides with

the blade’s ¥mode natural frequency.

We believe that a more important
frequency is théeam pass frequency.
This is the number of obstructions or
beams one blade passes over per
revolution. For example, if there are
four beams in a fan turning 300 RPM,
the beam pass frequency is:

4 Beams * 300 RPM
60

BPF = = 20Hz
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Think of beam pass as “how the struc-
ture interacts with the fan blade”.

It is also very important to consider
“harmonics” of the fan RPM.
Harmoncs are integer multiples of the

fan speed. Thetharmonic =1 x RPM.

In Hudson’s Tuf-Lité fan rating

program, both blade pass and beam
pass frequencies are calculated and
compared totmode fan resonance, as

well as the 1 harmonic assuming the

number of beams are input. A
“Frequency Safety Margin” is

calculated as the closest margin
between any two of these frequencies.
We recommend 5% as a minimum
safety margin for trouble-free

operation.

Consider not only vibration amplitude
but also frequency. Frequency tells you
where the problem is most likely
located. For instance:

* Fan unbalance occurs at fan speed
(once per revolution).

» Vibration at blade pass frequency
is usually due to aerodynamic
problems such as air moving over
obstructions, beams or blocked
inlets. It could mean a resonance

Blade pass frequency problems can be
expensive, especially when due to
resonance in a fan stack or structure.
In some cases, it is necessary to add
another blade or change motor speed
to move away from the problem
frequency.

Some final comments about vibration
and resonance in fan blades:

Operating at the resonant frequency is
much more dangerous for metal blades
than composite fiberglass blades, like
Tuf-Lite® or Tuf-Lite II®, because of the
lower fatigue strength of aluminum.
Fiberglass blades also have a high
dampening factor that helps to reduce
blade vibration.

Further, Tuf-Lite blade resonant
frequency peaks are typically very
narrow, so a 5% margin on either side
of resonance is adequate.

APl 661 Standard (Air-Cooled Heat

Exchangers for General Refinery

Services) states: 6 mils peak-to-peak
is the maximum allowable vibration on

the motor and primary supporting

structure. The Cooling Tower

Institute also publishes recommended
vibration limits.

in the structure or fan stack trig
gered by the blade pass frequena 6.8 Effect of Number of Blades

* Vibration at motor speed could
mean a misaligned coupling,
sheave, or drive shatft.

Fan unbalance can be corrected in the
field. Field dynamic balancing takes
into account the mass or rigidity of the
mount and the sheave balance.
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The greatest amount of work a fan
performs is done by the outer portion
of the blade. Consequently, the fan
solidity is critical. Solidity ratio is
defined as the ratio of the sum of the
blade widths to the fan’s circumference.
For example, consider a 14 ft 4-bladed
fan with 13in. wide tips. The solidity
ratio is:
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SR = 4[]13

“Tonows - 010

If we increased the number of blades
to 6, the solidity ratio would be 6/4 x
0.1 or 0.15. Likewise, for 8 blades,
SR would be 0.2. So theoretically at
least, 6-blades would do 50% more
work than 4 blades, and 8 blades would
do 100% more work. In reality a 6
blade fan only does about 40% more
work than a 4-bladed fan; however, the
principal is that: the work a fan can
provide is proportional to the number
or width of blades. Likewise, 4 wide
blades can do more work than 4
narrow blades by the ratio of the blade
widths even if the blade shapes are
not similar.

6.9 Effect of Blade Shape

Airflow across the plane of the fan is
not uniform varying from positive at
the tip to negative at the center of the
fan. Blade shape and twist of the air-
foil along the blade affects the shape
of the velocity profile.

Velocity profile of a well-designed
tapered blade with a generous twist
compared to a constant chord blade
with minimal twist is shown in Fig. 12.

Tapered Chord Fan

High Efficiency Velocity Profilea
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& Positive
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Tapered oV
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Velocity Profiles-Tapered vs.
Constant Chord Blade
Fig. 12

Work preformed by a fan blade is basi-
cally a function of three factors at any
point or radius:

¢ Chord width
* Airfoil twist

« Tangential velocity squared

At mid radius (0.25D), tangential
velocity is only 25% of the velocity at
the tip. To compensate for this
decrease in velocity, the chord width
and twist must be increased. This is
the reason for the increased efficiency
and more uniform airflow from a
tapered blade. Note that for a constant
chord width blade, exit velocity
decreases rapidly inboard of the tip and
typically becomes negative outboard
of the seal disc. A typical aluminum
blade’s chord width and twist do not
vary along the blade.

The advantages of a tapered, well-
designed blade with even airflow across
the fan result in higher efficiencies and
lower horsepower to attain design
performance.
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6.10 Effect of Seal Disc

Note that the airflow direction becomes
negative near the center of the fan. This
is the result of the torque applied to the
fan which creates a “swirl”
effect on the air vectors. Air at the tips
is axial or parallel to the fan axis.
Toward the fan’s center, air velocity
decreases by the square of the radius
and the air vectors lean further toward
the horizontal. At or before the center
of the fan, the air is actually moving
opposite to the airflow at the blade tips.
A well-designed fan will have a center
seal disc of about 25% of the fan’s
diameter. Referring to Fig. 12, note that
the air vectors at the center of the fan
actually turn to a negative direction.
Tests have shown that the seal disc pre-
vents this negative airflow and
improves fan efficiency by about
4 -5%. The seal disc can be as large as
14 ft in diameter for 40 ft fans. Fig. 13
shows a typical seal disc.

Typical Seal Disc
Prior to Installation
Fig. 13
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7.0 Variable Airflow Fans (Auto-Variable®)

Variable-pitch or Auto-Variablefans auto-
matically adjust the pitch angle to provide
the precise amount of airflow for controlling
process temperature while saving substantial
amounts of energy. This section discusses
basic operating characteristics, process
temperature control methods, energy savings
and economic comparisons with other axial
fan airflow control systems.

Variable-pitch applications are typically
10 -14 ft (3.04 - 4.3m) in diameter consum-
ing up to 40 horsepower (30 kW). Fig. 14
shows the typical type actuator system found
in ACHEs. Fig. 15 shows the inverted
actuator system popular in Europe for the
ease of access to the actuator.

Typical Auto-Variable® Fan
Fig. 14

‘l|.||||'|

Inverted Actuator-Variable-Pitch Fan
Fig. 15
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Operating and Control Characteristics:

Variable-pitch fan actuators used in ACHEs
can be described in general terms as very
similar to diaphragm-operated, spring-return
valves. Instead of moving a valve stem up
and down, the actuator controls fan blade
pitch. A force diagram is shown in Fig. 16.

Force
f Diaphragm
W Aero Moment
B!

c_:-

-
Force =
Rotation Spring"’-:":"r C

AV Force Diagram
Fig. 16

As the blade moves the air, the aerodynamic
moment acts to turn the blade to a lower pitch.
The hub spring creates an opposing moment
to hold the blade in position. This is a
fail-safe mechanism. If air pressure on the
diaphragm fails, the fan operates as a fixed-
pitch fan providing the maximum design
airflow. Variable-pitch hubs can be config-
ured to fail to the maximum or minimum
pitch setting.

To reduce airflow, or even reverse airflow
direction, air pressure is exerted on the
diaphragm to oppose the hub spring and
decrease the blade pitch.

When the blade pitch is about minus 1ito
work is done and essentially “zero” flow is
attained. The minimum air velocity obtain-
able is approximately 50-100 fpm (0.37 - 0.51
m/s). If the hub has the pitch stops adjusted
for reverse flow, air is directed downward and
can be as much as 60% of the positive pitch
airflow at the same horsepower.
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A typical variable-pitch hub requiresa 3 - 15
psi (21-103 kPa) control signal and operates
the blades from the maximum design pitch
back down to “zero” airflow. Most hubs are
capable of 45total pitch travel and perform
as shown in Fig. 17.
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-20 T
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Airflow vs. Signal for Variable-Pitch Hub
Fig. 17

Typical Components:

A typical variable-pitch fan hub mechanism
is shown in Fig. 18. The basic components
are:

* Hub spring

» Diaphragm

* Piston

Blade shafts with eccentric actuator
* Rotary air joint
* Valve positioner
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The advantage of the valve positioner is it
provides precise airflow control due to blade
pitch position feedback and the ability to
output high pressure on the diaphragm to
quickly change pitch angle.

Valve Positioner

Rotary Air Joint

If airflow control is not critical, an “open-
loop” system can be used operating on the
3-15 psi (21-103 kPa) signal alone. This
system excludes blade position feedback to
the controller and is useful in non-
critical installations where the fan system will

Hub Spring i r —=fi}
Low Pitch Limit - -
Stop Nuts :

High Pitch
__Limit Stops

o [
__Upper Piston . /200 .
5 o — =
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Typical Auto-Variable® Hub
Fig. 18

The blade shafts or axles hold the fan blade
and have an eccentric bearing on the inboard
end. These eccentric bearings engage a
groove in the piston. As the piston moves up
or down, a twisting motion is imparted to the
blades, changing the pitch. The rotary air
joint is the static/dynamic interface between
the rotating fan and the control air system.

Control Methods:

The valve positioner is a “closed-loop”
feedback device that receives the control sig-
nal, (usually 3 - 15 psi) and supply
pressure up to 100 psi (689 kPa). Valve
positioners are used when airflow is critical,
such as in ACHE condensing application.
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operate on 15 psi (103 kPa) diaphragm
pressure. Operation with only 3-15 psi is
generally limited to small fans.

Process Control:

There are several methods used to control
process temperature in an air-cooled heat
exchanger:

* Fluid bypass

* On-off fan operation
» Two-speed fans

* Louvers

* Variable speed fans
* Variable pitch fans

The oldest control method bypasses a
portion of the process stream around the
air cooler.

“On-off” fan control is simple and often used
if there are a large number of fans in an
identical service. However, this non-
modulating control method can cause
problems in air-cooled condensers such as
“water hammer”, freezing tube-to-header
leakage, or tube buckling due to differential
thermal expansion of bundles in parallel.
Differential tube expansion can cause tube
buckling. Cooling tower fans are a good ex-
ample of incremental “on-off” fan control.
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Two-speed fans are a further refinement
giving 0, 67, or 100% of design airflow rate
with 1800/1200 rpm motors. Naturally,
additional motors increase the degrees of air-
flow control.

Louvers are the first step to modulated
airflow; however, fan horsepower is wasted
as airflow is throttled by the louver. At
complete shut off, the fan stalls and horse-
power actually increases.

Variable-speed fans for fully modulated
airflow are available in two types: hydrau-
lic and electric drive. Either type conserves
energy and offers good airflow control. The
latest development in electrical variable-
speed control for fans is the variable-
frequency drive (VFD). There are three ba-
sic types: VVI (Variable Voltage Inverter),

PWM (Pulse Width Modulation) and CS

(Current Source). These drives utilize a
standard induction motor and automatic
control is obtained by a process control
device to interface the 4 - 20 milliampere
temperature controller output with the VFD.

The older less common hydraulic drive
system consists of a motor/variable volume
pump/reservoir unit connected to a slow-
speed, high-torque, direct-drive motor.
Advantages are variable fan speed and
eliminating a reduction belt or gear drive.
The main disadvantage is inferior system
drive efficiency. Efficiencies are approxi-
mately: motor 0.97, pump 0.92 and
hydraulic motor 0.92. Therefore, the
optimum drive system efficiency is
(0.97)*(0.92)*(0.92) = 0.82, not counting
hydraulic line loses. This must be compared
to a typical motor/belt drive efficiency of
0.95 or 0.97 with a gear or timing belts.

Advantages of VFDs are reduced noise and
vibration during slow-speed operation.
Disadvantages are high cost per horsepower
for control of a small number of fans in the
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same service and total loss of service if a
multiple fan VFD controller fails. Both hy-
draulic and VFD systems can be designed to
operate in reverse airflow to negate the ef-
fects of natural draft.

The variable pitch fan can also provide from
0 - 100% positive or from O - 60% negative
airflow at the same horsepower. Negative
airflow is useful, along with louvers, in
winterized ACHESs to seal off freezing out-
side air and recirculate warm air inside the
plenum chambers. Internal recirculation
systems utilize a positive and negative
airflow pair of fans to recirculate warm air.

Power Consumption and Cost Comparison:

When evaluating power consumed by any
axial fan operating at a fixed pitch, consider
not only the fan performance curve but the
system resistance characteristics as well.

Fan performance curves are obtained in a
wind tunnel with a means of varying the
resistance or static pressure head against
which the fan must work, and measuring
resulting airflow and horsepower.

System losses are more difficult to determine,
and judgement is necessary in many cases
to evaluate the losses due to poor inlet
conditions, excessive tip clearance and
unusual structural conditions. If a cooling
service is critical, it may be wise to model
the unit and establish the system losses in a
wind tunnel. What must be determined is
the sum of the static pressure resistances
versus system airflow. Since the fan’s air de-
livery characteristics have been accurately es-
tablished, the operating point for any
airflow requirement can be predicted. This
operating point is where the fan output in
terms of pressure and flow, exactly meet
system requirements and is referred to as the
equilibrium point of operation.
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Let's examine a typical case of an ACHE with a
fixed-pitch fan and a louver for throttling the
airflow at the design point and several other
reduced airflow operating points.

For example, consider a 14 ft diameter fan op-
erating at a 14design pitch at point 1 (Fig.
19). The system resistance line, shown as the
dashed line, is the locus of points
obtained by summing the static and velocity
pressure losses vs. flow through the bundle. The
pitch angle line for 1%4represents the fan’s
delivery characteristics. Assume density
remains constant and the decreased airflow is a
result of a reduction in required airflow.

If the louver throttles airflow to control the
outlet temperature, the points shown as 1, 2
3'and 4 in Fig. 19 are total pressure output
and horsepower consumed by the fixed-pitch
fan. If we were controlling airflow with a
variable-pitch fan instead of a throttling
device, total pressure output would exactly
match the system resistance line as shown at
points 2, 3 and 4, and the horsepower require-
ments are significantly reduced. In this case,
the variable-pitch fan used 26, 51, and 73%
of the horsepower required by the fixed-pitch
fan at points, 2 3t and 4 respectively.

Fixed-Pitch HP

B

Horsepower
III
A\

4 3t

14°

Y e X

10° System

2 ] | Resistance

“150 175 200 225 250 275 300 LS
Flow (Thousands of CFM)

Total Pressure, IN.-HO
-]
1

Throttled Flow Through Fan
Fig. 19
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Energy Comparison

A typical case study to evaluate cost
differentials between fixed-pitch (single-or

dual-speed) or variable-pitch fans for

air-cooled heat exchangers is conducted
as follows:

Step 1. Thermal studies are needed
to determine total airflow required
as a function of ambient tempera-
ture for the particular application.
Plot flow versus temperature.

Obtain climatological data for the
area where the air cooler will be
located, and derive a table of
“degree-hours” for incremental
temperature ranges. This tabulates
the number of hours per year that
each temperature range occurs.

Step 2.

For a fixed-pitch fan, flow is a
direct function of speed. Create a
plot of fan output versus ambient
temperature for each case to be
studied. This yields HP-hours per
temperature range.

Step 3.

Once the airflow is defined for each range,
fan horsepower for any point can be approxi-
mated by the following relation:

Where:HP, = D(;:Tl%a Dp;% HP,
HP, = Horsepower at cfim
p. = Density at pointlb/ ft 3
cfm, = ft 3min flow at points
HP,. = Design horsepower
Psws = Design density
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Step 4. Using HP-hours for each tempera-
ture range, tabulate the total for the
year. The power required is kW =
HP (0.746). Arrive at an energy
cost per year for each scheme.

This is a very simple approach but a useful tool.
As an example, consider the following:

A20ftx36ft (6 mx 11 m), four-row, forced
draft, air-cooled heat exchanger with two 14

ft (4.3 m) fans each having 40 HP (30 kW)
motors.

The unit is a propane condenser, Item 126C
to be located in West Virginia, close to
Charleston. Power cost is $0.035/kW-hr.

Study power and initial investment costs for
one year for three schemes:

1. Two fixed-pitch fans.
2. Same, but with one 1800/900 RPM maotor.
3. One fixed-, one variable-pitch fan (single-

speed).

Design Conditions (per fan):

Flow 224,613 ACFM (106 #s)
Power 29.0 HP (21.6 kw)
Temperature 4% (7°C)

Elevation 350 ft (107 m)

See Fig. 20 for a plot of air delivery vs. am-
bient temperature.

Propane Desuperheater and Condenser
500

3/ min)

Des. Point 2 Fixed-Pitch On

2 Fixed-Pitch On
(1-1/2 Speed)
e

400[~

Fixed-Pitch 1/2 Speed
1 Fixed-Pitch On

300[ - Both Fixed-
=i  Pitched Off
200 Variable-Pitch

Design Airflo at “Zero” Flow

100+ Required f
Variablé—Pitch
Airflow

0 I
100 90 80 70 60 50 40 30 20

Ambient Temperature °F

Total Airflow Req'd.(Thousands of ft

Air Delivery vs. Temperature
Fig. 20

Fig. 21 gives the power study results which
show that the variable-pitch fan would pay
for itself within two years. In this particular

application, the two-speed motor in Case 2
made only a small difference in energy cost.

Estimated Total Energy First
kW-hr/yr Costlyr Costs
$.035/kW-hr

Case 1 162,67Q $5,693 Base

2 Fixed-Pitch

Case 2 142,080 $4,973 +$1,000

2 Fixed-Pitch

1-1/2 SP (Manual)

Case 3 70,887| $2,481 +$3,715(a)
1 Fixed-Pitch

1 Variable-Pitch
(a) Includes temperature controller, variable-pitch cqst
adder plus estimated $1,500 installation.
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Power Study Results
Fig. 21
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8.0 Variable-pitch vs. Variable-Speed

The choice between a variable-pitch and
variable-speed fan depends on factors such
as: (1) Initial costs and payback period,
(2) availability of suitable fans, and (3) the
number of fans performing the same duty.

Payback period is calculated from power
savings that depend on the “degree days” at
the site, power cost, required airflow vs. am-

There is a slight advantage in controlling flow
by varying speed rather than adjusting blade
pitch angle, since efficiency of a variable-pitch
fan declines with decreasing pitch angle.

In both cases, power consumption drops
dramatically. Power savings of 50%/yr or more
can be realized by replacing a fixed-pitch,
continuously operating fan with one where
blade pitch or speed is varied automatically.

bient temperature and installation cost. T 9.0 Noise Considerations
$/HP cost of a variable-speed drive drops sigtl

nificantly for larger units.

For heat transfer purposes, an even airflow
across a bundle is desirable, so the maximum
number of fans should be operated by a single
large controller. Variable-speed drives can

exceed 1,000 HP.

A study by the U.S. Department of Energy
of a typical cooling tower in Houston, Texas,
operating with 100 million Btu/hr heat load
and a 110-99- cooling water range, revealed
the following relative power consumptions:

No control, full speed 100% of base

Single-speed, automatic on/off 65% of base
Two-speed, automatic on/off  59% of base

Automatic variable-pitch fan  50% of base
The tower was equipped with four fans, each
run by a 25 HP motor. The results typify the
power savings possible in Houston, where
annual dry-bulb temperatures vary froniB0

to more 100F.

If airflow were controlled with a fixed-pitch
fan and a variable-speed drive, rather than
by a variable-pitch fan, results would be
similar. Speed changing saves power because
horsepower consumption is a cubic function
of airflow, i.e., HB = HP; (CFMy+CFM;)3.
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Fan noise can be elusive requiring sophisti-
cated equipment to measure accurately. Fan
noise control must begin at the air-cooled heat
exchanger or cooling tower design stage.
Noise control as an after thought, can result
in a very costly fan and drive component
retrofit , and possible addition of heat
transfer surface or acoustic barriers.

Noise is a function of fan tip speed. In a
classic paper (ASME 72-WA/FE-42)
Hopper and Seebold suggest that “the broad
band noise varies approximately with the 5.6
power of tip speed, and directly with blade
loading. The minimum operating speed that
provides effective airflow is a function of the
fan’s pressure capability.

Since noise (Sound Pressure Level) is a
function of the 5.6 power of tip speed,
slowing fan rotation can reduce noise.

Unfortunately, a fan's pressure capability

decreases with the square of the speed.
Therefore, the fan’s speed pressure
capability must increase to maintain the

required airflow.

To increase the pressure capability of a fan,
the fan’s solidity ratio must be increased,
by adding more blades, or using blades with
a wider chord, such as Hudson’s low-noise
blade design. Unfortunately, increasing the
number of blades can reduce fan efficiency.
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Noise requirements are often more restric-
tive at night. If this is a consideration,
slowing the fan as ambient temperature drops
using a variable-speed drive can be one
solution to reducing noise. As the nighttime
ambient temperature drops, required airflow
is reduced, therefore fan speed may be slowed
to lower noise levels.

9.1 Noise-Related Nomenclature

Decibet A number representing relative
sound intensity expressed with respect to
a reference pressure or power level. The
usual reference for sound pressure level
is of 20 micro newtons per square meter
(20 uN/m?). A decibel is a logarithm
(base 10) of a ratio of the power values
abbreviated “dB”.

Frequency: Sound vibration rate per
second in Hertz (cycles per second).

Low-Noise Fans A fan able to operate

at low speed due to its high-pressure
capability. Fan pressure capability is a
function of its solidity ratio. Therefore,

a low-noise fan will generally have more
or wider blades than would be required
if the fan operated at normal tip speeds.

Octave Bands Noise is categorized by
dividing it into separate frequency bands
of octaves or 1/3 octaves. Generally, we
use 63, 125, 250, 500, 1K, 2K, 4K and
8K center frequencies to define these
bands in Hertz (cycles/sec).

Sound Power Level Acoustical power
(energy) can be expressed logarithmically
in decibels with respect to a reference
power, usually 182watts. The relation-
ship is given as: Sound Power Level

W
PWL = 10 log EHO’lzwattsg :
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Sound power level cannot be measured
directly but must be calculated from
sound pressure levels (SPL) dB. In met-
ric terms, this is known as Lw.

Sound Pressure Level Known as SPL,

or Lp in metric terminology, is the
audible noise given in decibels that
relates to intensity at a point some
distance from the noise source. It can be
related to octave bands or as an overall
weighted level dB(A).

Weighted Sound Levels This relates
the decibel (loudness) to a frequency.
Ears can easily pick up high-frequency
noises (both intensity and direction) but
are relatively insensitive to low-
frequency noise. For a stereo system
high-frequency speakers must be very
carefully located in a room for best
results but low-frequency bass speakers
can be placed anywhere, even out of sight.

There are three basic weighting systems:
A, B and C. The “A” system, dB(A),
most closely relates to our ear, the “B”
system, dB(B), has some specific uses
and the “C” system, dB(C), is considered
unweighted.

'
(&)

Frequency Responses for

Relative Response (Decibels)
N
o

-25 Weighting Characteristics
-30
-35
-40
-45
50 ==l S
PO 00O SS S )
TOSIESSSESS
N N9 '\Q/” (9*

Frequency (Cycles Per Second)

Weighted Sound Levels
Fig. 22
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The dB(A) is the most common weight 922 Cooling Tower Noise
ing system. It expresses sound levels w

a single number instead of having to
specify the noise of each octave band.

Note that the sound range of ACHEs (at
close range) is typically between 80 and
105 dB(A).

9.2 Allowable Fan Noise

To establish noise limitations, decide on
the maximum allowable noise from the
ACHE or cooling tower.

9.21 ACHE Noise

If the concern is for overall plant noise or
the noise exposure of plant workers in the
vicinity of the fans, a different type of
specification must be used.

Overall, noise limitations from an ACHE
are typically a sound power level (PWL)
specification for each bay. This limits the
contribution of each bay (typically two
fans) to the plant noise as a whole. This
is usually needed where noise at the plant
boundary is considered. Contributions of
each part of the plant must be carefully
controlled if overall plant noise is limited.
PWLs can be expressed as weighted level
dB(A) or sometimes even by limitations
on each octave band.

If worker protection is the main concern,
a limitation of sound pressure level at 3ft
or 1m below the bundle will probably be
imposed as “SPL dB(A) at 3 ft". The
OSHA limitation is 90 dB(A) for eight-

hour exposure, but 85 dB(A) down to 80
dB(A) is becoming more common.
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The primary difference between cooling
tower and ACHE noise is falling water
noise in a cooling tower at grade eleva-
tion, which also affects noise levels at the
plant boundary. Motor and gear noise
must also be considered.

Fan designers normally do not include
these factors when establishing fan noise.
Cooling tower manufacturers will com-
bine the contribution from all noise
sources when determining the
overall rating of a tower design.

9.3 Predicting Fan Noise

Each manufacturer has proprietary equa-
tions for predicting fan noise. API Guide-
lines use the general formula:

PWL = 56 + 30 |0%MD

1000 0 + log HP

This calculates PWL as dB(A)

Hudson’s proprietary noise equations

(used in the Tuf-Lite program) are based
on actual tests at various speeds and
operating conditions considering the

following effects:

» Fan diameter

» Fan tip speed

» Blade Type

» Blade pitch angle
* Inlet conditions

» Horsepower
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Note: Logs are common logs (base 10).
For example:

14 ft fan
237 RPM (10, 424 FPM tip speed)
25.1 HP

Find sound power level

PWL = 56 + 30 log 10.4 + 10 log 25.1
= 100.5 dB(A)

Fan Noise Profile

It is valuable to consider the noise pro-
file of typical Hudson fans. Consider the
fan from the previous example with a
PWL of 100.5 dB(A). The profile in
decibels would be constructed as:

From testing the noise of numerous fan
configurations, Hudson knows that fan
noise is predominant in the 63-250 Hz
bands and mechanical noise dominates
from 500 to approximately 2K Hz.
Mechanical noise is generated by the
drive systems, motors, bearings and
induced vibrations.

Some Important Concepts

* When considering multiple noise
sources (fans) use the relation:

PWL,, =PWL + 10 log N

N
The sound power level for 2 adjacent
fans is the PWL of one fan plus 10 log
2 or PWL, = PWL +3.
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A doubling of the noise source adds 3 dB.

* Noise attenuates with distance by
the equation:

SPL (at distance R) = PWL-20Ilog R

Where R is in feet from the center of
the source. Measure R as a “line of
sight” distance.

Consider the noise an observer at grade
hears at 50 ft from an operating ACHE
with the fan on where the line-of-sight
distance from grade to the center of the
fanis actually 62 ft. Remember what the
ear hears is SPL, the noise energy is
PWL. Assume PWL = 100.5 dB(A).

SPL =100.5 - 20 log 62 = 64.7 dB(A)

This also assumes background noise is
at least 10 dB quieter.

Note: If both fans were running, the SPL
would have been 67.7 dB(A).

Noise at 3 ft Beneath the Unit

When considering the noise at 3 ft
beneath the unit, the drive system and
motor noise become dominant at lower
tip speeds.

Factors that influence this noise are:

Motor noise

Belt or gear noise

» Bearing noise

Reflected noise from supports
Background noise

Gear noise is especially significant in a
forced draft unit.

The Basics of Axial Flow Fans





Hudson Products Corp.

9.4 Noise Testing

Frequently, the ACHE must be tested for
confirmation that its noise does not

exceed specifications imposed by the
purchaser. There are two basic types
of tests normally performed before

shipment:

a) Measure SPL dB(A) (Sound Pressure
Level) at “3 ft. below the bundle or
fan guard” - depending on whether
the unit is induced or forced draft.

b) Measure PWL (Sound Power Level)
using “hemispherical power level
test.” PWL is specified as either a
dB(A) weighted value or by octave
bands.

The “SPL at 3 ft” test is by far the most
common and least expensive. Usually,
only one or two measurements are
required. The answer is immediate and
read directly from the noise meter.

The hemispherical test is far more
complicated and expensive. Several
hours, many technicians and a large crane
are required to perform this test. Full
details of the test are given in API
Recommended Practice 631 M, issued in
June, 1981. The test consists of measur-
ing SPL at 9 points on the surface of an
imaginary 10 m radius hemisphere and 4
points on an imaginary 10 m radius
cylinder. The cylinder height is from
ground level to the geometrical center of
the ACHE. Since the unit is typically
mounted on beams 8-10 ft. off the ground,
the geometrical center falls 12-15 ft off
grade. The crane is required to transport
the technicians and noise meter to reach
the top points of the hemisphere. The
test consists of measuring noise at each
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point (described in API 631 M) with the
fan on and off so that background noise
can be determined. After all data is taken,
a standard procedure calculates basic fan
noise energy, which is the PWL (Sound
Power Level). dB(Apmnd each octave
band noise are msared.

This type of test is performed when the
noise contribution from the entire bank
of ACHEs is required for plant noise
calculation.

For cooling towers, noise specifications
are generally concerned with the SPL in
the vicinity of the fan stack or at some
point distant from the tower itself. These
tests can be done if background noise is
less than 3 dB of the specified level. For
SPLs near the stack, water noise is
generally not a concern. For distant tests,
falling water noise is a major concern
beyond the scope of the fan manufacturer.
For cooling tower noise tests, gear and
water noise is not included in the fan
manufacturers fan noise estimate.
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