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SPARE PARTS Update

Trane HVAC Parts & Supplies [dAaass
JuthdksuindovUsuonnia Aidodiold
Tuntunwnisritou Tagiududidnign
ncvds:nea ldna nusud SAUERMANN
NNWSLIAE laziusud ASPEN J1nadvnquy
Bvillkidonauuunaligy IWoAUIKUA:EU
donmsidvau Juunan:znasa nazaunsn
aadvldagnvvigany

BRAND SAUERMANN ASPEN
SI33 SI82 MINIBLANC | MAXI ORANGE HI FLOW
Model <A — - s
].u_ Vi = i m ‘”:I it
| U = ' '
P/N 70-CONS0001 026-20437-22 690413740001 690406510001 | 690412210001
Water flow rate 30 I/h. 500 I/h. 12 I/h. 35 1/h. 550 I/h.
Max. head 13 m 5m. 10 m. 15 m. 5m.
Max. unit output
(BTU/h) 36,000 600,000 36,000 60,000 600,000
Max. Condensate _ . 65°C, 80°C 40°C 40°C 40°C
Temperature in short peak
Sound level <36 dB A <45 dB A <21 dBA <35dB A <44 dB A
Power supply 230 VAC, 50 Hz, 230 VAC, 50 Hz, 230 VAC, 50 Hz, 230 VAC, 50 Hz, 230 VAC, 50 Hz,
21 W 0.75 A, 70 W 0.11 A 19 W 0.1A% 0.8 A*
IP protection IP20 P20 P21 IPX1 P24
Thermal v i N y N
Protection (90°C, auto-reset) | ( 105°C, auto-reset)
Weight (kg.) 0.41 25 0.46 0.45 1.65

Dimension (mm.)

L112 x W91 x H91

L279 x W130 x H171

L182 x W55 x H155

L122 x W44 x H66

L285 x W144 x H134

U
« QALY
+ Ustkgawavviu

« |[Foudoluu
Toasosn
« QLYY

- Youusvldvie

avo

* Wall type « Concealed type - Wall type « Wall type « Concealed type
Application * Convertible type [ - Air handling unit * Convertible type [ * Air handling unit
* Concealed type * Concealed type
Origin Made in China Made in China Made in UK Made in UK Made in UK
(Under France license) (Under France license)
- inAlulaginisoon | + Us:@nsmwgv - yunan:iasa -Usiansmwms | + 1P 24 JevrAunn
nuuanguiuufky |+ 1dvisv nunmu - noadw tank Id | rvudigew nanda
e - ssAuIdgvNS - nuatuKkNgvla |+ 1ASoLIVIUIBYU | - vaInasUs:ansMw| « Plug and Play dio

aunsaddsigviu
lanun
+ 1ASOLAVIUIDYU
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nsaeyidendiuduluriobaovogv dvl KA K 91nauns 2 1dsuuninuAtfuaunish 3
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Athlkalurioaso daumsn 2
2. mMsgnyidesov (Minor loss) Ao nsgnyideurus _ : Kd
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« Equivalent length method Re Ao Asdluaduuiuos

« K-method (resistance coefficient method) D A9 1dunufugnaivyovno (m)

+ 2K-method - . e .

. 3K-method A1SvANAYNYDYIS 3K a: Equivalent length

method

EQUIVALENT
LENGTH RATIO
K [ 3 K. LD

Boludutiisto:iniauslsmudumanugide S S
sovlaw3sn 1 na: 380 3 dol S A

2K CONSTANT 3K CONSTANT

Equivalent length method
38UI0udsABlasmIlUiws:a:adndonisAudU

auNsaldAIAINEDIAYUININDASHIINANSIV d20810  MSANUDTUADIUAUGNYIE Folunodvuns:uu
A1uav ndxnuAlaviuaunis UalasUsgazdeadvd
aunisn 1 yunQno 12" (Dn 300)
L L, v? uunarionglu  0.30318 m.
[, =f =< D 7s das1nslka 1820 GPM.
ADUEIDND 74 m.
hlm Ao NMsary1dusov (minor loss) (M) ADIUISO 1.59 m/s

Jovo 8 x 90° long radius (welded type)
A2WKUNIUUZaYUY 1000 kg/m?

Isgluaduuiuas EEVALY/
ANADUS:NdUIISVIFEQNIU 0.015642
AdWISVItiovNIsLIdudIvuavian 9.81 m/s?

Le  #o axwenaifguiruavnisikalurioaso (m)
f Ao Arddus:nauAcuidsanuvavra
BuausarIdonnsWuovyad (Moody chart)
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1. ﬁwuammwuduqrwéa?uriaosv 9N aunsA 1

74 1.592 L=
=0.015642 =0.491
hlm 0.015642 =5 >0.83) ouu hlm 0.491 m

2. FT’]UD(UHD’\UCTUQIUI?IEJTUZFO\)O 9N aunsA 1

1.592 e
= 0.015642 x 20 —=22 h = 0.04
hlm X 5680 dodu [m m

asunmisaryidenoudulaeds Equivalent length method

hlt = 0.491 + 8 x 0.04 = 0.811 m.

58n1sauonuss 3K-method

1. AMudruAWAdUgyIdslunoasldaunisiGuonunuds Equivalent length method
2. ﬁwuammwuduzjfyléaTuﬁa\)a DN dunisin 2

K=_900 +00911+-4) godu K = 027m
337157 12°
3. UhA1 K AlduninuAtfuaunisi 3 aodu
hj =0.03m
—_—d m
hy =027 =52
L 2(9.81)

asunmisaryidenoudulosds 3|<—met=r18g491 +8x0.03=0731 m.
hj
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Single-Number Descriptors

Given the complex nature of sound, it's

not surprising that considerable work has
been done to develop an effective system
of single-number descriptors. With such

a system, “quality sound” targets can be
established for different building
environments. These targets aid
designers in specifying appropriate
acoustical requirements that can be
substantiated through measurement.
For example, a designer can specify that
“the background sound level in the Acme
theater shall be X,” where X is a single-
number descriptor conveying the desired
quality of sound.

The most frequently used single-number
descriptors are the A-weighting network,
noise criteria (NC) and room criteria (RC).
All three share a common problem: they
unavoidably lose valuable information
about the character or “quality” of
sound. Each of these descriptors is based
on octave band data which, as noted
earlier, already masks tones. The process
of converting from eight octave bands to
a single number overlooks even more
sound data.

Despite this shortcoming, the single-
number descriptors summarized below
are valuable tools for defining sound and
are widely used to specify acoustical
requirements.

Specifying ‘Quality Sound’

“A" Weighting. One simple method
for combining octave band readings into
a single-number descriptor is A-B-C
weighting. Represented by the curves
shown in Figure 2, these weighting
networks compensate for the ear’s

Figure 2
A-B-C Weighting Networks
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varying sensitivity at different
frequencies. “C"” weighting is applied to
high-volume (loud) sound levels where
the ear’s response is relatively flat, while
“B” weighting is applied to medium-
volume sound levels. "A” weighting,
which is used for low-volume (quiet)
sound pressures, best approximates
human hearing levels in the comfort
range where no protection is needed.

The following steps describe how to

calculate an A-weighted (dBA) descriptor.

1 Subtract these decibel values
from the octave band cited: 26 dB
from 63 Hz, 16 dB from 125 Hz, 9 dB
from 250 Hz, and 3 dB from 500 Hz.

A Few Acoustics Terms You Should Know ...

Decibel. Denotes the relative difference
between the intensity of one sound and
the lower intensity of a reference sound;
equals 10 times the common logarithm
of the ratio of the two intensity levels:
dB = 10 log1p (N/Nref). Commonly used
reference values are 10-12 watt (1 pW)
for sound power and 20 micropascals
(20 pPa) for sound pressure.

Frequency. Number of cycles that
occur in one second. (A “cycle” is the
complete sequence of motion
comprising a sound wave.)

Octave Band. A frequency range with
an upper limit that's twice the frequency
of its lower limit.

Sound. Audible emissions resulting
from the displacement/vibration of
molecules in an elastic medium such as
air or, in an HVAC context, the building
structure.

Sound Power. Acoustical energy,
measured in watts, emitted by a sound
source. It's a calculated value unaffected
by environment and distance.

Engineers Update

2 Add 1 dB each to the 2000-Hz and
4000-Hz octave bands.

3 Logarithmically add all eight octave
bands together to arrive at an overall
A-weighted sound level (dBA).

Data about the relative magnitude of
each octave band is lost with the
completion of Step 3. So, even though
the target dBA level is achieved, an
objectionable tonal quality or spectrum
imbalance may exist.

Most sound level meters automatically
calculate and display A-weighted sound
values, providing a simple and objective
means of verifying acoustical
performance.

"A" weighting is often used to define
sound in outdoor environments. For
example, local sound ordinances typically
regulate dBA levels at property lines.
Hearing-related safety standards written
by such bodies as the Occupational
Safety and Health Organization (OSHA)
also commonly refer to A-weighted
sound readings.

Note: As a rule, "A” weighting is applied
to octave-band sound pressure data
and combined into a single number ...
but an exception exists. ARI Standard
270 recommends the use of A-weighted
sound power. To avoid confusion with
A-weighted sound pressure values,

Sound Pressure. An audible
atmospheric disturbance that can be
measured directly; its intensity is
influenced by the surroundings and
distance from the sound source.

Tone. A sound of distinct pitch, quality
or duration with a narrow frequency
range.

For more acoustics basics, consult the
“Sound and Vibration” chapter of the
ASHRAE Fundamentals Handbook or the
Trane Acoustics in Air Conditioning
manual (FND-AM-5).
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A-weighted sound power is expressed as
bels rather than decibels. Ideally, both
“A" weighting of sound pressure while
displaying all eight octave bands and any
A-weighting of sound power (except in
accordance with ARI Standard 270)
should be avoided.

Noise Criteria. “Noise criteria” or NC
curves are probably the most common
single-number descriptor used to define
the sound quality of indoor
environments. Like the equal loudness
contours (Figure 1) on which they're
based, the loudness along each NC chart
curve is about the same. Each NC curve
also slopes downward to reflect the ear’s
increasing sensitivity at higher
frequencies.

Determining the NC value for a given set
of octave band data is easy. Simply plot
the octave band data on the NC chart ...
the highest NC curve crossed by the data
curve determines the NC rating. Of
course, this strategy still doesn’t account
for the tonal nature and relative
magnitude of each octave band even
though it avoids logarithmic addition.

Why is this “lost” information so
critical? The answer is best explained
with an example. Figure 3 shows octave
band data measured in an open-plan
office area and plotted on an NC curve.
Notice that the resulting value, NC 39, is
acceptable for this environment. Also
observe that the NC level is set by the
63-Hz octave band, and that the sound
in the upper bands quickly drops off.

In this particular example, sound
produced by the air handling unit travels
through the ductwork and radiates into
the office area through the duct wall. To
achieve the desired NC level, two layers
of sheet rock were added to the duct
exterior to sufficiently block the low-
frequency sound.

Unfortunately, because high-frequency
sounds are much more easily attenuated
than low ones, the upper octave bands
are now overattenuated. Although an
objective analysis deems the resulting
NC 39 sound level acceptable, most
listeners probably wouldn’t as the

Figure 3
NC Chart With Example Sound Data
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unbalanced spectrum produces an
annoying rumble.

Interestingly enough, quality sound
could be achieved in this example by
adding sound to the space. Placing
speakers in the room (or above the
ceiling tile) to introduce sound in the
upper bands would balance the sound
spectrum. The subjective analysis of the
office occupants would then agree with
the objective acoustical data.

Room Criteria. Sound spectrums can
be unbalanced in other ways that result
in poor acoustical quality. While a lot of
low-frequency sound results in a rumble,
too much high-frequency sound
produces a hiss. Room criteria (RC) curves
provide a means of identifying these
imbalances. Calculating an RC value from
a set of octave band data isn't quite as
easy as determining an NC value. Yet, it's
still a simple process (see the “"How To
Determine The RC Noise Rating” sidebar
on page 7) that yields a single-number
descriptor followed by one or more
letters indicating sound character:

X N identifies a “neutral” or balanced
spectrum.

M R indicates “rumbly.”
X H represents “hissy.”

X RV denotes “perceptible vibration.”

Engineers Update

To aid system designers, ASHRAE
recommends target RC ratings for
various types of spaces (see Table 1 on
page 2) and encourages use of the RC
noise-rating procedure “whenever the
quality of the space dictates the need for
a neutral, unobtrusive background
sound.”

If we plot the acoustical data for our
example open-plan office on an RC chart
(Figure 4), we find that it results in a
rating of RC 31 (R). This time, our
objective and subjective analyses lead to
the same conclusion: though “quiet”
enough, the background sound in the
space is rumbly. Similarly, a sound
spectrum curve falling into the RC
“neutral” category would be judged as
excellent by most observers. It's this
conformity of analysis results that makes
the RC noise rating method a better tool

Figure 4
RC Chart With Example Sound Data
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Region A: High probability that noise-induced
vibration levels in lightweight wall and ceiling
constructions will be felt; anticipate audible
rattles in light fixtures, doors, windows, etc.

Region B: Noise-induced vibration levels in
lightweight wall and ceiling constructions may
be felt; slight possibility of rattles in light
fixtures, doors, windows, etc.

Region C: Below threshold of hearing for
continuous noise.

Excerpted from Chapter 7, “Sound and
Vibration,” of the 1993 ASHRAE Fundamentals
Handbook.




% TRANE

comparison of the products offered by
various manufacturers.

Omitting this step means that each
bidder must conduct their own analysis
... and each will make their own
assumptions about how the building’s
construction will affect that analysis. ®

By Dave Guckelberger, applications
engineer, and Brenda Bradley,
information designer, The Trane
Company.

If you'd like to comment on this article,
send a note to The Trane Company,
Engineers Newsletter Editor, 3600
Pamme/ Creek Road, La Crosse, W/
54601, or to http://iwww.trane.com.

Figure 5
Typical Sound Paths

How To Determine The RC Noise Rating ...

[This excerpt is paraphrased from
Chapter 42, “Sound and Vibration
Control,” of the 1997 HVAC Applications
ASHRAE Handbook.]

The RC rating of a noise is usually based
on sound pressure level data at center
frequencies of 31.5 to 4000 Hz and
consists of two descriptors. The first
descriptor is a number representing the
spectrum’s speech interference level (SIL),
and is obtained by taking the arithmetic
average of the noise levels in the 500-,
1000- and 2000- Hz octave bands. The
second descriptor is a letter denoting the
sound’s “quality” as it might subjectively
be described by an observer. These steps
describe how to determine an RC rating:

1 Plot the octave-band noise spectrum
on an RC chart.

2 Calculate the SIL by arithmetically
averaging the sound pressure levels at
the 500-, 1000- and 2000-Hz octave
band centers.

3 Draw a line with a slope of =5 dB per
octave in the frequency range from
31.5 to 4000 Hz, and passing
through 1000 Hz at the SIL calculated

in Step 2. This is the reference curve
for evaluating the sound quality of the
spectrum.

4 Draw one line 5 dB above the
reference curve extending from the
31.5 to 500 Hz. Draw a second line
3 dB above the reference curve,
extending from 1000 to 4000 Hz. The
range between these two lines and
the reference curve represents the
noise spectrum’s maximum permitted
deviation above the reference curve to
receive a neutral (N) rating.

5 Judge the sound’s quality by
observing how the spectrum’s shape
deviates from the boundary limits of
the reference curve set in Step 4. Use
the criteria described below to choose
the appropriate letter descriptor.

6 Assign the spectrum an RC rating —
i.e., the numerical part of the rating
corresponds to the level of the
reference curve at the 1000-Hz octave
band center; then append the letter
descriptor determined in Step 5.

Characterize the subjective quality of the
room’s background noise based on the
following criteria.

Return
Airborne

Radiated

Engineers Update

Supply

supply Airborne

Breakout

Neutral (N). The levels in the octave
bands centered at 500 Hz and below
must not exceed the octave-band levels
of the reference spectrum by more than
5 dB at any point in the range; the levels
in the octave bands centered at 1000 Hz
and above must not exceed the octave-
band level of the reference spectrum by
more than 3 dB at any point in the
range.

Rumbly (R). The level in the octave
bands centered at 500 Hz and below
exceeds the octave-band levels of the
reference spectrum by more than 5 dB at
one or more points in the range.

Hissy (H). The level in the octave bands
centered at 1000 Hz and above exceeds
the octave-band level of the reference
spectrum by more than 3 dB at one or
more points in the range.

Acoustically Induced Perceptible
Vibration (RV). The cross-hatched
region in the 16-to-63-Hz octave band
frequencies on an RC chart indicates
sound pressure levels at which walls and
ceiling can vibrate perceptibly — rattling
cabinet doors, pictures, ceiling fixtures
and other furnishings in contact with
them.
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