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DCHC

Horizontal Concealed
Chilled Water Fan Coil

— with DCBL Motor Airflow

'~ Mick Schwedler, 2021-22

ASHRAE President

Powerful Inverter
Ceiling
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Can be above # %0 for DCBL motor efficiency

More than 4% of power consumption reduction at high
and medium speed

Upto &% of power consumption reduction at low speed

. Coil is designed with
- multi-row diameter copper tubes,
together with high efficiency
louver fin with hydrophilic coating.

Capable of true stepless fan speed control. » TM smart thermostat uses
Energy consumption could be reduced by Pl temperature control

5 : methedology.
more than 40% compared with AC motors. e e

at beginning
« Precise temperature control,

- With large diameter wheel and wheel hub with within +0.5°C
« Casing is Trane patented

rubber isolation design. design with aesthetic

« Unit casing structure is well engineered to ensure appearance.
smooth airflow and low sound level.




Mick Schwedler, 2021-22

ASHRAE President

Mick Schwedler, P.E., Fellow ASHRAE, LEED AP is ASHRAE's
Society President for the 2021-22 term. Schwedler previously
served on the ASHRAE Board of Directors as president-elect,
treasurer, vice president and director-at-large.

For his time and devotion to ASHRAE and the HVAC&R
industry, Schwedler is a recipient of the Fellow Award,
Exceptional Service Award, Standards Achievement Award,
and the Distinguished Service Award. Schwedler’s “Low-Load
Chillers and System Efficiency” was published in the ASHRAE
Journal in February 2017 and was his seventh published in
the ASHRAE Journal. His work has also been featured in
publications, such as HPAC Engineering, Trane Engineers
Newsletters and Trane Applications Engineering Manuals.

Mick's theme for the 2021-22 ASHRAE Society Year is
“Personal Growth. Global Impact. Feed the Roots.”

“We each are involved in ASHRAE for different reasons and
volunteer in our chosen ways. We do it because we grow -
professionally and personally — and help others do the same.
We do it because that global impact serves the world’s, as well
as our personal, future generations. All this occurs because
we our true to our deep, widespread and strong technical roots,
grassroots and personal roots.”

In addition to his time served on the Board of Directors,
Schwedler served as chair of the ASHRAE Technology Council,
chair of ASHRAE Standing Standard Project Committee 90.1-
2010, chair of the Advanced Energy Design Guide Steering
Committee, and as an ASHRAE Distinguished Lecturer. He is
Past President of the La Crosse Area ASHRAE Chapter and has
held ASHRAE Society-level roles on many standing committees,
technical committees, and presidential ad hoc committees.

Mick Schwedler, PE, Fellow ASHRAE, LEED AP US:E'}L!
aunAu ASHRAE Tudns:UA.A. 2021-2022 Tagnourun
Schwedler d1svdIKULTUATUINSSUNISUSKISUDD
ASHRAE Tugnu:Us:shunldsuidon ikSeytgn sovus:su
nazeudeNsiKey

Schwedler TarnjuininaworitviulkAu ASHRAE na:
90aKknssu HVAC&R duldsusivia Fellow Award, S10
Ja Exceptional Service, sS19Ja Standards Achievement
lla:s1vla Distinguished Service
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Mick Schwedler, P.E., Fellow ASHRAE, LEED AP,
2021-22 ASHRAE President

WaviudIuvIuNIsIdeu “Low-Load Chillers
and System” [asunisinenwsfu ASHRAE
Journal fuidioununWusU 2560 la:INeIWS
JubunsvAdaluoisans ASHRAE Journal
waviuvaviwgolasunisawuwlugowuw
13U HPAC Engineering, Trane Engineers
Newsletters and Trane Applications
Engineering Manuals.

IUINIVASHIVILYDY Schwedler Tuos:U
2021-2022 T Ao “nsiGuladiuynna wa
ns:nus:dulan duiwisngau”

“isTmda:Audasusoulu ASHRAE dogikana
AnandivAula:onarfunuuiisudon 1sri
iwsnzisiaulanvludiuandwiazdoudd nas
goelRdurguIdediu 1Isriws1:wans:nu
s:qulanuuiluds:lesundlan douana lazAu
sudoq Tuaunna Nbkualtifiadu IWs:Is1BD
asvdadiudniudoist stnguNvINATAR K
NS:EIANTVINSY SOUALVWUIWIA:SINGIU
doudouavist”

UDNIINIDANAISVAIIKUYNSSUNISUSENIED
Schwedler 80d1sv dAnkuvUs:suaniIinAlu
lag ASHRAE Us:s1uAtuznssunis ASHRAE
Standing Standard Project Committee 90.1-
2010 Us:shuAtu:nssunis Advanced Energy
Design Guide Steering Ila:Tug1 Uz0191s8
WIFik ASHRAE
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Schwedler’s theme focuses the impact of connections uanondgvitiuadaus:siu La Crosse Area Chapter
to foster personal and professional growth and how yov ASHRAE na:dnsvucnkuv ASHRAE Society-level
ASHRAE's historical and present-day structure continues fuAruznssunIsUs:91 AtuzNssUNIsAIUINATA NIa:
to lead to the development of future industry professionals AfU:NSSUNISIaWI:DyovUssIuauInuU

that impact the world.
Schwedler Joiduiwanmsidoulgviwodviasunisiau

“How did you get here today and become part of this ladouunna na:luandwnisviu na:nisritfRlasvasiv

expansive root system? Who helped you grow, Tuadia na:Jo9Uuyav ASHRAE ﬂuwaTquin:nun'::mm

encou rﬂgEd you - that 15, who ‘fed your roots?’ CD"ECTIVE'Y, na: ﬂ*‘swmu'] uﬂazj-‘mq']uqqa'lﬁnssu?uauﬂlnmn

our personal growth and united efforts have produced 2:astous:lgsulRinlan

global impacts ... to serve humanity...the first three words

of ASHRAE's mission.” He also stresses the importance “AeU uAd fudud na:nareiudourtivuovsingiun

and respunsibility each of has as he ESkE, “Whose roots ﬂ:]—luu:}jumnamg]'s? Tﬂsﬁjﬂ?ﬁﬂmlmu]-n Tﬂs?ﬁn*-lau

will you feed in the next three months?” T-DF]t-u uunaiﬂn UUIW1~ uﬂlﬁusﬂlﬂaﬂluuagﬂm‘)’ TGE.F
soulias misiauladsuuanalia:AUWEIEIUSIUAU

In addition to his contributions to ASHRAE, Schwedler is Ua\msqg_-c'igwaﬂs-nu?us_d'uraﬂ Jﬁﬂé"{jﬁi‘uu Erakimlal

an Applications Engineer at Trane, located in La Crosse, _TAanasfiouan ASHRAE”

Wis. and has been active in the development, training,

and support of energy efficient systems since 1982. AgvIduiivAdwdAtyIa:AUSURQEDUYDLIIGa:
AuRdog AUAIINIUFN “Bn 3 1GoUTIVKUN ALUD:

At Trane, Schwedler aids customers in system duiwisingnugovins?”

optimization (in which he holds patents) and chilled
water system design. He has given technical seminars
throughout North America, as well as in the Far East

and South America. He has also presented such
information as well as other sustainable education to
over 30,000 people as presenter and host of Engineers
Newsletter Live broadcasts and ASHRAE satellite events.
Mick was intimately involved with energy modeling as
author of significant portions of the TRACE™ (Trane Air
Conditioning Economics) program'’s equipment section.

uaNINNSaAAAUTRAU ASHRAE 182 Schwedler &0
mmuTumnriu\J Applications Engineer A Trane tu
IJovalnsoda SﬂﬁaF‘IEJUZiUUOUEIHS’GDIUEFI'I 1wADAY
ns:@ogosuluniswauun ﬂnausu lasauuayuanu
s:uUUS:KIOWaLLILAaDaUA dvidlA.A. 1982

nsritvud Insu’ du Schwedler uauannﬂumsmu
UshangmwThnushuu (umu*lﬁaanSuns) lla:N1soon
nuus: UUU"IIEILI (Chilled Water System) iwnlddaduuun
SsnsmpIuSNIKTD s:munu?umauaan'[na ||a~a|u5m
Tc:l m'\smemiauauaua maaaaumsﬁnmnanuuauq
|waw AUN31 30,000 AufuznuwsiIdulaasia: HU“]Tu
nIstinenoada Engineers Newsletter lia: fioNssuWIU
Q121N UU2Y ASHRAE

—t —b
a ﬂ K U \) Schwedler JdousHuagvinadanunisasiviuusi

Schwedler is a 1981 graduate from the University of
Wisconsin Solar Energy Lab with a Master of Mechanical
Engineering, and he earned his Bachelor of Mechanical
Engineering from Northwestern University in 1980.

aovVWaLvLLIU ?Llﬂ"ll.l HIUB UEiDUEi"IFIfUUBDEJUﬂ sadfu

U n a 1 n S Usiinsu TRACE™ (Trane Air Conditioning Economics)

Schwedler diSon1sfAinunt 1981 a1wn Solar Energy
n S\) n m n 1 Lab 91N University of Wisconsin wsauUstytyain
HWU‘TDHDHSSUIHSBUHE laz: IU"IEJDTCISUUSELIfU'ICISEI'IU'I
o.-l n 5ﬁ3ns§u:p§aunamn Northwestern University Tut
1980 anady
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Double

Protection

Double Protection
Heat-Exchanger Q2¢
Blue Fin Copper Coil
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o Copper | -
C' felue Fin | = | Contersr o | Uang
MYIUIBEUBLIU! AUAT - GoarurnOlddond 16-30 °C
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= * Turbo Function IsoA2ugiUlQISINU D
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All DC INVERTER » Dry Mode aonnuBuldagvius:@nsnw
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. . | Usuonmalassdaluda
z Compressor | Parts
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VAV Systems and Open Ceilings

Can You See the Noise?

Open ceilings in new and retrofit
buildings have become very popular.
Exposing the structure and some
mechanical system components
provides a neat, industrial look while
the perceived space height increases,
creating a more open and lofty
atmosphere. However, there are
several unintended consequences
that should be considered. This
Engineers News/etterdiscusses
considerations for open ceiling
systems when using variable air
volume (VAV) systems and expands
upon the 2018 Engineers Newsletter
“Understanding VAV Sound
Standards."!

Eliminating Ceiling Tiles
Considerations

Acoustical ceiling tiles serve several
purposes. First, ceiling tiles can be used to
conceal ceiling plenums and hide
overhead mechanical, electrical, and
plumbing equipment from the building
occupant’s view. Next, tiles provide a
physical separation between the occupied
zone and the ceiling plenum, which often
also serves as part of the return air path.
Finally, ceiling tiles provide several
acoustical benefits—ceiling tiles absorb
sound generated in the plenum and
occupied space. High density acoustical
ceiling tiles can provide significant sound
transmission loss, even in the difficult-to-
attenuate lower octave bands.

Sound generated by equipment typically
located in the plenum, such as variable air
volume (VAV) terminal boxes, can easily
propagate into the occupied space if the
tiles are absent. Compounding this, hard
reflecting surfaces like exposed concrete
decking in the ceiling can reverberate
these and other sounds. This results in
additional HVAC noise in the space. This
will make the overall background noise in
the space louder, which might make it
more difficult for occupants to
communicate and concentrate on tasks.

There are many methods used to
replicate the attenuation provided by
acoustical ceiling tiles. Designers may
choose to use spray-on acoustical
materials to increase sound absorption
and reduce reverberation. Another
popular option is to incorporate
acoustical panels, baffles, or “clouds” to
add some aesthetically pleasing
attenuation. These panels may be
mounted to the wall or suspended from
the ceiling. Finally, designers may select
soft materials, like carpeting, furniture,
and fabric-walled office cubicles to
increase the space sound absorption
and reduce reverberation. While these
choices will help reduce reverberation,
they do not prevent direct radiation of
sound from the mechanical systems,
including the VAV boxes.

VAV Sound Standards

AHRI Standards 880-2017 and
885-2008

There are two common AHRI Standards
that are used with VAV boxes in North
America. Representatives from AHRI-
member companies participate in
standards development, resulting in
industry agreed-upon standards. AHRI
publishes its standards online and are
available to view at no cost. To view
these and other standards, visit
www.ahrinet.org.
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ANSI/AHRI Standard 880-2017.
“Performance Rating of Air Terminals"2
is often used to obtain octave band
sound power for VAV boxes. The scope
includes pressure-dependent and
-independent air valves, fans with on/
off or speed control, heating elements,
and diffusers. The standard does not
apply to air registers or diffusers and
grilles without an air valve.

ANSI/AHRI Standard 885-2008.
“Procedure for Estimating Occupied
Space Sound Levels in the Application
of Air Terminals and Air Outlets"3
includes a method to calculate the
noise criteria (NC) level in a space
served by VAV boxes. Appendix E
“Typical Sound Attenuation Values-
Normative" provides “typical sound
attenuation values,” which are also
commonly called transfer functions.
These values are used with VAV box
sound power to estimate octave band
space sound pressure. The NC
procedure is used to compute the
space NC level for a standard room,
which may not reflect the actual
application. For an example, see the
Estimating Space NC Level with AHRI
Standard 885-2008 Appendix E Values
sidebar (p. 3).

The NC values provided through this
process should only be used for VAV

box comparison and not expected in
the actual system installation.

The Published NC Value
versus the As-Applied Value

It is very unlikely that the published NC
value will match the as-applied value.
As an example, a 1,000 cfm cooling-
only VAV box was selected in Trane®
Select Assist™ to serve a 62 foot by 32
foot acoustically sensitive space with
9-foot ceilings with a sound target of
NC 25. Unit sound power was taken in
accordance with AHRI Standard 880-
2017 and the NC values were
determined based upon the procedure
described in Appendix E of AHRI
Standard 885-2008.

These values are reported in Table 1.
The discharge path represents the
sound that leaves the VAV box outlet

1RANZ=

TECHNOLOGIES

Table 1. Trane VCCF 1000 cfm cooling-only VAV box octave band sound power and NC

68 60 Bh

B2 48 44 19

B4 b1 42

33 29 26 19

and passes through the terminal duct
system to enter the space through
diffusers. The radiated sound path
represents the sound that radiates
from the VAV box casing into the
ceiling plenum or occupied space.

The Trane Acoustics Program (TAP™#%)
was used to predict the sound
pressure in the actual occupied space.
The VAV box discharges supply air into
a straight run of unlined rectangular
duct which terminates in a T-shaped
junction. Flexible ducts are used to
convey the supply air to linear slot
diffusers serving the space. Sound
contributions from other equipment,
including rooftop units or air handlers,
was not included in this analysis. Two
scenarios were considered:

Scenario 1—VAV installation with an
acoustical ceiling. In this first scenario,
the VAV box, ductwork, flexible duct,
and diffusers were installed inside of
the ceiling plenum. The ceiling plenum
and occupied space were separated
with acoustical ceiling tiles.

Scenario 2—VAV installation without
an acoustical ceiling. In this second
scenario, the VAV box and ductwork are
exposed to the occupied space and no
acoustical ceiling tiles were used to
create and isolate the ceiling plenum.

Table 2. AHRIStandard 885-2017 Appendix E sound pressure NC levels compared to acoustical model

The results of this analysis are
summarized in Table 2. While the
procedure in Appendix E of AHRI
Standard 885 shows a discharge value
of NC 19, the acoustical model shows
a louder value of NC 25 and NC 27
based upon the actual installation
scenarios. For the radiated path,
Standard 885 shows a prediction of NC
19 while the TAP model predicts NC 17
based upon the modeled application
with ceiling tiles and NC 32 in an open
ceiling installation. Standard 885
automatically assumes attenuation
from a ceiling system and does not
account for an open ceiling.

The NC values provided by the
Appendix E procedure in Standard 885
do not match either scenario. In fact,
the room dimensions, construction
materials, floor coverings, and
presence of acoustical ceiling tiles are
not provided during VAV box selection
and subsequent Standard 885 NC-
value calculations.

In both scenarios, the total space
sound pressure NC value is quiet,
however the difference between NC 25
and NC 32 is significant and cannot be
discounted in a sound-sensitive
application. In an open ceiling
application, designers would need to
implement additional attenuation to
reduce the radiated VAV box sound
contribution to meet the NC 25 goal.

predictions with and without ceiling tiles (Sound target = NC 25)

MNC 19 NC 25 NC 27
MNC 19 NC 17 NC 32
not applicable NC 25 NC 32

Engineers Update
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In this example, the exact same VAV
box with certified acoustical output
data was applied in two different
configurations. The resulting sound
pressure in both configurations does
not match the NC value provided
through the Standard 885 procedure.
Ultimately, the acoustical ceiling

Estimating Space NC level with AHRI Standard 885-2008 Appendix E Values

AHRI Standard 885-2017 Appendix E provides values that can be used to compute NC
levels in the occupied space. The computed NC values can be used as a rough
comparison of VAV boxes and should not be used to predict the NC level in the actual
installed application. The following steps can be used to manually determine NC levels
based upon Standard 885-2008 Appendix E:

pruwdedl a significant md'ateid path Step 1: Identify the VAV box discharge and radiated sound power.
attenuation that must be achieved by
other means to meet the same sound For example, consider a 700 cfm single-duct shut-off VAV box:

target if it were installed in an open
ceiling system.

Radiated sound

power

Discharge
sound power

Step 2: Subtract the appropriate “typical sound attenuation values” found in Table E1 of
Standard 885-2008 Appendix E for each octave from the VAV box sound power.

Continuing with the example, the “Type - Mineral Fiber" attenuation values are
subtracted from the radiated sound power:

The discharge sound category includes multiple “typical sound attenuation values”
relating to the physical size and airflow range of the VAV box. For this example, the
“Medium Box (12 in. x 12 in.) 300-700 cfm” option is appropriate.

Step 3: Compute the NC value for the calculated sound pressure. A software tool or plot
can be used to determine the resulting NC value. Each sound path is plotted on an NC
chart showing NC 19 for radiated sound pressure and NC 26 for discharge sound
pressure.

*Negative octave values resulting from subtraction are replaced with zero.
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Best Practices for VAV
Terminal Units

There are a variety of considerations
when selecting and designing a VAV
system for sound. A traditional VAV
installation with acoustical ceiling tiles
is more forgiving than an open ceiling
system. The following considerations
are relevant for all installations,
however they're arguably more
important in open-ceiling systems:

VAV box location. [t's best to locate the
terminal units away from critical spaces.
Instead, locate VAV boxes over
corridors, storage rooms, or other
spaces that are less sensitive to
radiated sound. This helps reduce
radiated sound from entering critical
spaces. Additionally, locating terminal
units farfrom critical zones can help.
This becomes especially important with
fan-powered VAV boxes, which have an
additional sound-producing component
that may cycle on and off or ramp its
speed up and down. Also, depending
upon the fan-powered system type, the
terminal fan may operate constantly
(series fan-powered VAV) or
intermittently (parallel fan-powered
VAV). Fan-powered VAV boxes may use
ECM motors to slowly modulate fan
speed, reducing abrupt changes that
produce noticeable sound changes.

VAV box sizing. It may be tempting to
purposefully oversize a VAV box,
however, an oversized air valve can
adversely affect the box’s ability to
modulate airflow and properly control
zone temperature. In the worst-case
scenario, the air valve might be unable
to modulate airflow and instead operate
like a two-position valve (on/off). When
selecting VAV boxes, ensure minimum
air velocity limits are met—generally, all
manufacturers require a minimum air
velocity of 300 feet per minute for
pressure-independent flow.
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Figure 1. VAV noise criterion
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VAV box operation. Systems which
feature many shutoff VAV boxes run the
risk of creating excess duct system
pressure at low flow when many boxes
simultaneously shut off. This can result
in a condition where the system supply
fan can go into stall, creating a roar or
rumbling noise and accompanying
airflow surge.

Additionally, the use of fan pressure
optimization (also known as critical
zone reset) helps reduce the likelihood
of supply fan stall, while keeping air
valves as wide open as possible. This
control scheme resets the supply duct
static pressure setpoint downward
whenever all VAV box unit controls
report partial closure of their dampers.
This results in reduced supply fan
noise, reduced noise generated by the

air valve restriction in the VAV box, and
supply fan energy savings, all while
maintaining space temperature.

Unit insulation. VAV box manufacturers
offer a variety of insulation types and
options, including matte, foil-faced
fiberglass, double-wall, and closed-cell
foam. Generally, double-wall and
closed-cell foam provide less
attenuation because of the reflective
surface area provided by the inner wall.

Unit attenuation. Factory- and field-
installed attenuation options are
available to address the discharge
sound path for VAV boxes. Many
manufacturers provide a lined duct
section that is installed on the VAV box
discharge. Alternatively, during
installation, the contractor can provide
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acoustical lining in the downstream
discharge duct. This is often easier and
less expensive than the factory options.

Often, the plenum opening on fan-
powered terminals is the critical sound
path that allows sound to escape into
the return air plenum or open ceiling.
Factory-provided attenuators can be
attached to the plenum inlet to reduce
this noise.

Duct shape. Spiral and flat oval duct is
often more rigid than rectangular duct.
As a result, spiral or flat oval ductwork
can reduce sound breakout. This
reduces the amount of sound generated
upstream or inside the duct from being
transmitted through the duct wall into
the surrounding space.

Consider Acoustical
Modeling

VAV terminal units can pose acoustical
challenges, especially in sound-
sengitive applications or installations
with open ceilings. Addressing
acoustical problems after installation
and commissioning is often more
difficult and expensive compared to
addressing them up front, which
makes identifying the challenges a
critical step in design—more so for
open ceiling systems.

Acoustical modeling can be used to
make a prediction and estimate space
sound pressure levels. The source-
path-receiver method is a systematic
method for acoustical analysis that
identifies sound from its origin to the
location where it is heard by an
occupant. Everything encountered by
sound in between the source and
receiver constitutes the path.

Sound coming from a source will often
follow multiple paths, so the sound
pressure level at the receiver's location
is the logarithmic sum of these various
paths. For a VAV system, sound is
produced by the air handler or rooftop
and VAV boxes. Figure 2 illustrates
with a packaged rooftop unit installed
beside the occupied space with
acoustical ceiling tiles.

12N =

TECHNOLOGIES

Engineers Update

Figure 2. Sound pressure level in relation to the receiver’s location

Sources

*+  Rooftop—the supply fan and
compressors produce sound that
moves into the building through
multiple paths

* VAV box—the VAV box produces sound
in the discharge and radiated sound
paths; fans in fan-powered VAV boxes
produce additional sound

Paths

*  Supply airborne— a combination of
rooftop sound and VAV box discharge
sound

*  Breakout—a combination of sound
breaking out of the ductwork and the
VAV radiated sound in the plenum that
passes through the ceiling tiles into the
occupied space

= Return airborne—sound produced by
the packaged rooftop unit moves
through the return air duct system

»  Return breakout—return airborne
sound can break out of the duct system
into the plenum that passes through the
ceiling tiles and into the occupied
space

+  Walltransmission—sound produced by
the packaged rooftop unit transmits
through the building envelope into the
occupied space

Receiver(s)

*  The person(s) inside the occupied
space

There are a variety of software tools
available to create acoustical models.
In addition, Standard 885 includes a
procedure that can be manually
completed to analyze many common
system configurations. Acoustical
modeling, like energy modeling, allows
designers to evaluate different
attenuation options, placement
options, and make informed decisions
before installation.
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Summary References
Using VAV terminals in open ceiling [1] Sturm, E. “Understanding VAV Sound
systems creates additional Standards®. Engineers Newsletter

: : ADM-APNO68-EN. Trane. 2018.
considerations that should be
addressed before installation and [2] AHRI. Standard 880-2017, 2017 Standard for
commissioning. Performance Rating of Air Terminals.

Arlington: AHRI. 2017.
VAV box sound power is often available

from the manufacturer, taking in [3] AHRI. Standard 885-2008, 2008 Standard for

Frocedure for Estimating Occupied Space

accordance with AHRI Standard 880. Sound Levels in the Application of Air
AHRI Standard 885 is used to produce Terminals and Air Outlets. Arlington: AHRI.
two NC values—one for discharge and 2008.

the other for radiated sound. These i T e A S

values s_hould only be uﬁed. for unit hﬂps:;'fwww.tmne.anmmangmerci:'ai,."nurth-
comparison. The NC value in the actual america/us/en/products-systems/design-and-
application will be different from the analysis-tools/trane-acoustics-program.htmi
NC value provided during selection.

This is especially true for open-ceiling

applications where no acoustical

ceiling tiles are present.

It's important for the designers to
consider the additional acoustical
challenges that come from open
ceiling applications. Acoustical
modeling can help identify these
challenges and allows designers to
model various attenuation solutions
before committing to a specific
solution.

By Eric Sturm, Trane. To subscribe or view

previous issues of the Engineers Newsletter visit
trane.com. Send comments to ENL@trane.com.
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