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SUMMARY

Data center inner and outer noise is mostly geedrhy fans. A simplified modeling of data
center noise radiation demonstrates that the niaping factor to noise reduction is the low
frequency produced by medium to large fans opeagadinlow speeds (mostly air conditioner
units in server rooms and dry coolers on rooftopufding). A wide range of typical passive
means of noise reduction and some tricky situatssasnentioned.

As a digest of its experience, CETIM put forwardtap-by-step state of noise issues in data
center industry, and presents its “sustainableenmianagement” approach of data center design.

INTRODUCTION

In order to meet demand of ever-growing internetvd, particularly with the upcoming cloud
technology, data center industry is growing rapidigm 2005 to 2010, total electricity used by
these installations increased by +56%, reachingyBall electricity used in 2010 in the world [1].

While energy efficiency is one of the most criticlglsign parameter for data center companies and
is also a care for some internet users, noise bfingustry remains quite unknown.

Indeed, such gatherings of computers absolutelyn fordustrial facilities. They can host up to
several dozens of megawatts, mainly for the neédemtilation (servers, air cooling and handling
systems). These equipments generate noise levaisatk comparable to those of mechanical
industry.

Given the demanding regulatory framework (2002/48d a2003/10 European Directives
respectively for environmental and occupationalsapiplus country-specific regulations), data
center industry copes with the issue of integratiogy equipments in urban and rural soundscapes.

After showing how data center noise issue comesndowan noise, this paper draws up a list of
noise reduction solutions to be examined. Thengthad built up for controlling noise during the
whole data center design and development procegwesented and confronted to the tight
requirements of this emerging industry.
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DATA CENTER NOISE SOURCES

Definition of “data center”

According to wikipedia.org, a data center“s facility used to house computer systems and
associated components, such as telecommunicatiodssebrage systems. It generally includes
redundant or backup power supplies, redundant d¢at@munications connections, environmental
controls (e.g., air conditioning, fire suppressi@nd security devices.”

Though being brief, this definition lists all thategories of noise sources that will be discussed.

Operation of a data center — main noise sources

Servers are placed in 2 meters high racks, with tieg air output always on the same side of the
rack. These racks are usually arranged in rowsnifay alternately hot and cold aisles. CRAC
(Computer Room Air Conditioning) units are in cheug cooling hot air pulled from the top of the

room. This cooled air is pushed in the raised actiesr, and reaches the cold aisles of serversrack
via perforated tiles. Cold aisles can be covenesijring that the whole cold air flow supplies every
server.

CRAC are made of fans pulling hot air through exdg®as that are fed by a cold water network.
The refrigeration of this network is produced byikary equipment, often located away from
client rooms (on rooftops and/or in technical ropniisconsists in the association of 2 machines
that are sometimes combined in a single one: chillpumps and compressors) and dry coolers
(heat exchangers and fans, using outdoor air).

Description of noise sources

The following table shows a synthetic view of these sources encountered in a data center. They
are sorted in categories, showing that most pambife comes from fans.

Table 1: Description of data center noise sources

; : Operation . .
Category Noise sources Noisy subsystems % of day typical location
Racks Servers, routers, storage... Fans (medium/high frequencies) 100 Server rooms
Cooling system |air conditionner units (CRAC) Fans (low frequency) 100 Server rooms
chillers Pumps, Compressors 100 Technical rooms
(medium frequency) If soundproofed :
Rooftops
dry coolers (condenser) Fans (low frequency) 100 Rooftops
Security Air Handling Units Fans (low frequency) 100 Rooftops or technical
rooms
Smoke Ejection System Fans (low frequency) 1
Power supply Transformers Electromagnetic noise 100 Technical rooms
UPS (Rectifiers) 100
Fans (medium frequency)
Batteries Electromagnetic noise 100
Diesel (electricity generator) Engine + dry coolers on rooftop 1

Note: Noise sources of occasional use such asrigliggtgenerators (engines and associated condex)sesmoke
ejection fans (features huge air flow) are outade of this study, as their operation is not tgpif the operation of a
Data Center. Indeed, they are used less than 18#mef



FAN 2012 3
Senlis (France), 18 — 20 April 2012

Noise regulations concerning data center industry
Occupational noise:

In Europe, occupational noise is regulated by t0@32L0/EC directive. It specifies an exposure
limit value of Lex,8h = 87 dB(A) (taking into acaaiupossible ear plugs attenuation) which can be
quite easily met. Besides, two exposure actionegliiower: Lex,8h = 80 dB(A); upper: Lex,8h:

85 dB(A)) are specified, regardless of any heapngtection. Though these two values may be
exceeded as long as the exposure limit value i€mased, a scope of action has to be undertaken
in accordance with the directive. This notably utl#ds exposure assessment and setting up a noise
reduction policy.

Environmental noise:

European countries generally impose noise levet lmalues at property line of industrial facilities
A few countries, as France, also use an « emerggiteeon » which assesses noise impact of the
installation over existing noise (without this iakstion).

Besides, 2002/49 European directive also weighsenrironmental noise concern. Though
specifying no noise limits, it leads local authprib assess environmental noise levels and to
identify noisy areas to be improved, with the hafimoise maps.

CASE STUDY — SIMPLIFIED MODELING OF DATA CENTER NGE

Introduction

Let us consider a data center defined as followihg: building is 30 m long by 30 m wide,
consisting of 3 floors plus a technical rooftop tivag chillers and dry coolers. Total building hetigh
is 15 m. Sound pressure level is assessed at @eepeint located on ground at 30 m in front of
one of the facades, at property line.

Note: This simplified modeling is only a demonstratAbsolute noise levels shall not be
interpreted ; only balance between low, medium higth frequencies and order of magnitude of
acoustic treatments performance matter for the aeddhis demonstration.

2 cases are studied and compared:

- case study #1: standard design, without any 8pemise reduction device : glass facade
and standard rooftop installation (simple surrongdbarrier). Rooms have no acoustic absorbent
material

- case study #2: improved acoustic design (thoumlpashed to its end) : a concrete facade
(featuring much better insulating properties thdasg) and a heavily soundproofed rooftop
installation ; even though it is an efficient sobat, for the needs of representativeness, rooms
remain deliberately free from sound absorptiontineat, as it is often neglected in data centers

Case study #1 — With glass facade, and standard rbop installation

Both following tables 2 and 3 show, step by stepgefach of the case studies, a simplified reasoning
for modeling the noise of a data center. It assuthas only one facade, and the whole rooftop
equipment radiate to the receiver point.

Sound pressure levels, sound power level, attesuatlues are derived from field measurements
in data centers. They are given in the form of difilep spectra, allowing clearer demonstration.
Spectrum range from 63 to 16000 Hz has been divid8d-anges of 3 octave bands each:
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- 63 to 250 Hz unweighted bands are summed as ltequency (LF) level
- 500 to 2000 Hz unweighted as Medium Frequency)(level
- 4000 to 16000 Hz unweighted as High Frequency) (ENel

Overall sound pressure and power levels are A-vietgh

Each table is built up as following:

- Room SPL: according to typical noise levels meagun data center rooms, server and
CRAC noise are assessed and summed, with theadditroom amplification

- Facade noise: Only one of the four building fasais considered (the one facing the
receiver). Room reverberated total SPL is attembaiethe facade wall, which sound insulation
properties (given in the form of attenuation vajuesry highly with frequency. The output SPL is
then multiplied by the radiating area, which giamsassessment of its sound power level

- Rooftop noise: cooling and air handling systemes@nsidered as a whole, in terms of a
overall sound power level. Sound attenuation diegitsound barrier or enclosure (according the
case) in taken in account

- Finally, facade and rooftop sound pressure legeteceiver point are individually derived
from their respective sound power levels, with tireédy slow sound propagation: due to an urban-
type reverberant environment, it is supposed tdebs around 4 dB for each distance doubling.
Final total SPL at receiver point is obtained bynsung both SPL contributions of facade and
rooftop.

Table 2: Simplified modeling - Case study #1: staddlesign

63, 125, 250 | 500, 1k, 2k 4k, 8k, 16k
frequency range (Hz) — global dI|3(A)
LF (dB) MF (dB) HF (dB) Leve
servers 55 70 65 71
e CRAC 82 70 55 72
S8a& |servers + CRAC 82 73 65 74
o room amplification 10 8 6
total room SPL 92 81 71 83
attenuation of a glass wall 10 25 40
é g resulting wall surface SPL 82 56 31 67
82 size(m2) 450 450 450
total facade SWL 103 77 52 88
5— © chillers/dry-coolers/AHU PWL 110 100 85 101
T2
¢ = | barrier effect 5 15 20
o5 2 facade SPL @30m 75 49 24 60
% g qg’.g rooftop SPL @30m 72 52 32 59
- TOTAL SPL @30m| 77 54 33 62

Final SPL value shows that:

- low frequencies (63 to 250 Hz) tend to be the m@art of this data center noise:
indeed, 500 Hz to 16 kHz noise is 8 dB less théad ®PL

— despite moderate SPL surface levels, once muldiphe huge radiating area, facade
noise is not to be neglected (same weight in Bl than rooftop noise)
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Case study #2 — with concrete facade and heavilywsalproofed rooftop installation

In this case, glass wall, which is identified gsoar sound barrier for room noise, is replacede t
modeling project by a concrete wall, and heavingnsiproofing (full enclosure design) is added to
the acoustic barrier on rooftop.

Table 3: Simplified modeling - Case study #2: invebacoustic design

frequency range (Hz) 63, 125, 250 | 500, 1k, 2k 4k, 8k, 16k global dB(A)
LF (dB) MF (dB) HF (dB) Level
servers 55 70 65 71
£ CRAC 82 70 55 72
8&  servers + CRAC 82 73 65 74
xo room amplification 10 8 6
total room SPL 92 81 71 83
attenuation of a concrete wall 25 50 70
% o resulting wall surface SPL 67 31 1 52
§S  size(m2) 450 450 450
total facade SWL 88 52 22 73
5— ° chillers/dry-coolers/AHU PWL 110 100 85 101
DE’; § barrier effect 25 50 40
T 2 facade SPL @30m 60 24 -6 45
-% a %g rooftop SPL @30m 52 17 12 37
=25 | TOTAL SPL @30m|[ 61 25 | 12 46

The effect on total SPL of this improved acoustsign over standard design (case study #1) is
significant: total noise reduction reaches 16 dB§f)eceiver point.

Despite the concrete facade, room noise still tadithrough it, and remains the main noise source
(45 dB(A), versus 37 dB(A) for rooftop noise).

Further noise reduction of facade noise would mealicing LF noise. Indeed, MF et HF noise
(respectively 24 dB(A) and -6 dB(A)) contributianull on overall level. Note that at this stage, i
addition to possible reinforcement of LF performamnd facade, each dB of reduction achieved in
room noise by means of better choice of machinesustic absorption treatment, etc. (see next
section for more information), would have an imnageliimpact on global SPL noise at property
line.

TYPICAL NOISE REDUCTION IN DATA CENTER

This section presents a non-restrictive scopearfdstrd passive means that can be used to reduce
noise in data centers. Both careful choice and @aimip of solutions can significantly reduce noise
levels, especially at low frequencies.

Room noise

Why reducing room noise ? To comply with occupaliowise regulations, and it helps controlling
environmental noise pollution because facade naisectly depends on ambient room sound
pressure levels.
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— Machines:

— servers and other customer equipments: choice i, urmcks (sound proofed racks
exists), influence of cooling type (ambiant air lbog, hot/cold aisles, liquid cooling)

— CRAC: choice of more silent units, homogeneousrzaaf air flow on units (including
redundant ones), operating oversized machines aérldan speeds than nominal
conditions

— Spatial sound distribution and propagation: racksitg, sound absorbent dividing walls,
sound absorbent ceilings and walls.

Facade noise

Why reducing facade noise ? To comply with enviemtal noise regulations. Indeed, even if noise
levels radiated by walls are usually very low, treeg “acoustically multiplied” by large areas,
which leads to PWL that are comparable to thoseooftop equipments. Moreover, due to its
height, this type of noise source will not be stedlby any acoustic barrier at property line.

— Choice of insulating properties : material, thicksgpossible doubling of existing walls
— Careful vibratory isolation on every machine, irtthg server racks, in order to avoid:

— In case of very low noise level limits : vibratitnansmission through floors and walls to
building facades or roof, that can radiate noisenmironment

— Vibration transmission to possible attached regidehuildings
— Loss of performance on data storage units, medogsgof energy [2]

— possible sound insulating weaknesses of facadeshwihould need acoustic doubling,
acoustic silencers or relocation at “safer” places:

— smoke ejection and air handling intake / exhausinfaers, grilles)
— glass window: compared to a wall, it can be considl@s an “open window” for noise

— doors: simple doors, or doors without any jointsywih ineffective ones

Rooftop noise

Why reducing rooftop noise ? To comply with envinental noise regulations. This is the most
obvious noise source to be treated; as said foadagnoise, it is mandatory to reduce rooftop noise
at its sources. Indeed, possible acoustic barri@rgroperty line will not have any significant
shielding effect on noise sources located at s@ath.

Strong space and height restrictions for rooftopliog devices lead to compact machines, with
high output air velocities, large fans very clos@ach other, extremely low available pressure.

Of course, low noise versions of cooling systenesadfered by manufacturers. As for CRAC units,
their offer oversized machines operating at loveer $peeds than nominal conditions. Such design
features extreme low frequency content and smabdlusrinof available pressure drop.

Still, it happens that even the quietest versiothefrange is unacceptable; when noise reduction on
these already “silent” versions is needed:

— around 10 dB(A) reduction: with an adequate comlahdpllowing solutions, satisfactory
results can be obtained, without any significasslof energy efficiency:
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— tunnel-type silencer (with no baffles, insuring egligible pressure loss) for air
output

— noise barriers + refraction edges
— absorbent carpeting of possible rooftop surroundiatis

CAUTION: due to typical screening effect issuessth types of solutions will efficiently shield
residents if they are located at a similar or lolegel than the machines.

— around 20 dB(A) reduction: in this situation, ondplitter silencer can achieve such
performance; but silencer design often comes tdalh@wving vicious circle:

{need of pressure drop} => {modification of the rharee} => {raise of machine noise level}

which means less noise reduction than expecteds@ébend side effect is that the raise of
machine noise occurs mostly at low frequencies,clwhineans even larger silencers.
Consequently, getting out of this dead-end requardst of space for massive enclosures
(that can double or triple the space required bghimes themselves). It generally implies
that the issue has been identified a stage of gilaties, prior to installation. Weight can be
also be an obstacle, especially on rooftop.

Best performance are obtained with a concrete imgjldith large arrays of silencers at bottom and
top is by far the best solution, but it is neartypossible in case of existing installation, assgmin
that it has been taken into account at the stageitefing design.

Thus, a noticeably wide range of passive mean®igerreduction is offered for data center design.

FAN NOISE CONTROL IN DATA CENTERS

After describing this sector’'s strong issues, testion will show that a specific noise-control
method (during data center design and developmeeceps) is essential to ensure that noise level
targets will be reached.

Data center noise reduction encounters specifiesand restrictions which can be summarized as
following:

— lack of room (needs anticipation of required spémrenoise reduction), optimization of
profitable area

— continuity service:
— needs to be “right the first time”

— 24/24 operation implies high risks of noise annayar(night periods, public
holidays)

- the latest Tier IV standard insuring the highestilability rate means strong
redundancy and oversized power and cooling capaciti

— energy efficiency requirements (energy consumpigosm major part of data center budgets,
and current European regulatory burden on Energyg/Related Products — EUPS/ERPS) :

— raising temperatures in rooms, as recommended HRXE
— free cooling technology, which requires noisy massiir outputs

— demanding clients: lack of flexibility in room dgsi, commercial interests versus acoustical
requirements
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- dynamism of market, fast answer to clients neaugp)ying that everything is planned in
advance

Such a range of requirements shows the necessityild up specific working methods, to be able
to integrate a noise reduction policy in the precéhe method developed and used by CETIM
closely follows examples used in design processtbér similar industries, and then have been
gradually adapted, experience after experience.

This “sustainable noise management approach’synghesized in the following table 4.

The first main line of this table is about regudas, noise limits, development strategy and plans,
which comes within the competence of the data cemwtaer and its acoustic expert.

The following two lines deal with project detailedsign (noise reduction solution sizing) and
construction, which is often subcontracted to desiffices and their assisting acoustic design

offices. During these steps, close monitoring gogl@vals by contracting owner are required.

Table 4: “Sustainable Noise Management Approach”data centers — Source : CETIM 2011

Action scope

Development process

input data

output data

Company's site
management

Risk assessment

Local planning authority documents

Regulations

Location of residential areas

Company's QHSE management policy

Former acoustic measurements

Identification of risk zones
Guidelines for general implantation of
building and/or equipements

Noise impact study of
the complete site

Company's long term (full capacity)
development plan

Complete site noise impact study

Assignment of project-
specific noise targets

Company's development planning

Project-specific noise targets, for
each identified step of development

Transferring general
requirements into
project requirements

Project launch

Project-specific noise targets (see
previous lines)

Pilot study with first technical data
(machine sizing, numbering and lay
out)

Requirements document:

For each technical items including
individual noise limits (machines,
building) derived from project noise
targets

Project management

Project execution and
monitoring

Complete technical studies (building,
powering and cooling systems)

Validation of design calculation note:
description, sizing, efficiency of
acoustic treatment

Project technical
acceptance and
commissioning

Acceptance measurements

Validation of acceptance document

The most challenging part of this method is to e do achieve its integration in decision
processes and development plans of data centeratoesp ensure its successful transferring to
subcontractors, until satisfactory acceptance measents.
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CONCLUSION - FUTURE OUTLOOK

Conclusion

Data centers, as any industrial facilities, arbléao face noise issues concerning their integmati
in urban areas. Noise reduction can be achieveld svitart choice and combining of solutions
among a large scope of existing means. Neverthedass center acoustic design shall particularly
focus on low frequency sources interacting witHdng performance.

Moreover, these apparently easy-to-make technibalces often counter major stakes of data
center design (profitable of space, energy efficyenshort design study periods). Moreover,
installation modification is almost impossible a®s as they are under operation.

This is the point where an adequate working methecomes essential. The “sustainable noise
management approach” put forward by CETIM answersthis situation; indeed, only an
association of an experienced acoustic expertsla assessment approach, acoustic modeling,
robust acoustic requirements documents and clos@tonog can ensure reaching such quality
approach requirements.

Future outlook

In case of strong noise reduction requirements)yimg the use of splitter silencers, the choice of
machine with oversized fans operating at low speadyg not be always the best solution as it
generates extremely low frequencies, for which ipassoise reduction has obvious limited
performance.

In order to identify possible solution to this was circle, an extensive parametric analysis study
can be considered, using relationship functionsvéeh sound power level spectra and fan design
parameters (air flow, pressure drop, size, etagluding standard noise reduction means
performance models, may identify sets of choice Wauld optimize overall noise levels, energy
efficiency and size of the complete device (inchgdihoise reduction devices).
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