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LET’'S GO BEYOND™
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New Generation VRF System
(25.2kW-246.0kW)

With excellent heat dissipation, GEN Reacool offers reliable and
efficient cooling performance at high ambient temperature.
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SPARE PARTS Update

““aAIUANIASDVUSUDINABTA Digital Network Thermostat 13oulevIdniu
Network (Modbus RTU) TU§LJ||UU Modulating Style (Proportional) K59
On/Off awsasavsulia:AdUALNSHIVIUIGKANEWOABU IKUu:dKSUNSIE
VIUADYENE laznaedunlus:uu HVAC WSaUKUNDDIEAVNAIUKND
(Temperature) la:A2WBUFUWNS (Humidity) [dagnonbug”

R=E

Completed Set —
of CONTROLLER b 3 e = | e

100 mem 187 mm - .
DISPLAY MAIN CONTROL UNIT CABLE
(P/N : 690408710001) (P/N : 690417370001) (P/N : 690408720001)

FEATURES

- KUnvanaavwalluu LCD wsaulw Backlight
- 1I3QVAUKNDIA:ANUBUTUWNS

. USus:duaruknilddvnd 15°C - 30°C

- ADWISDAU 3 s:QU: LOW / MEDIUM / HIGH

. dtytyniu 6 Digital Outputs : 3 Fans Speed/

Drain Pump/ Compressors K50 Dry Contact Alarm

Output / Swing Output (81KSU Cassette Type)
« Communication : MODBUS RTU Protocol RS-485
- 1@avarukndldavid 0°C - 50°C + 0.5 °C

13:A2WBUSUWNS 0-80% RH + 3% RH
« S:UU Alarm Hi-Temperature KSo Hi-Humidity
- IdgavwandvidauiiaifianURAUNEIUWOATUCTID
» Power supply : 19-30 VAC
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- AvaruknOld 16-30 C°

- Fan Speed 4 s:AU dv Nav a1 lia:
oaluga

+ Sleep Mode USUatuKNTTRIKUN:aUUeU:
usuKau

- Dry Mode aaAUBU Boulksdnaue
uINTU

- Aupanita-Uaingovsaluda aivkin
24 371U

» Eco 328Us:KIaWavouduiu
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VVariTrane™ Duct Designer

msaan||uuriaa'\)au|§u7us:uuU§ummnToa
NHIU aauisnoaniuuld 3 38

1. Velocity Reduction Method

2. Equal Friction Method

3. Static Regain Method

~
—

nsoanIuUNY 3 3800304 - JoideRiandiviu
lagasnduulduniaa Ao Equal Friction Method
U\)?uUoouuUuaV\IuasnKamhawmmm&ﬂums
ooniuurioau Jutistidisowinsuniglunmsean
VU BVEI8IWLEQINIR:ILUENNEVTU UUAD
1Usiinsu VariTrane™ Duct Designer

g rSunisooniuula:Audulae(s

sowinSooninuulusinsu VariTrane™
Duct Designer

_1-..—|.l a-m: JBi LT

..............

sUR 1 : n@avlUsinsu VariTrane™ Duct Designer

douf 1 : Duct Configurator Ao N1SAKUQ
ﬂagafu Design Method,Design Parameters
lla: Optimize Design

doun2: Fitting Loss Calculator Ao NNSK1AN

Fmuounamma?uuaonaomduadnsm Entry,
Exit, Elbow, Transition, Junction, Obstruction,
Fan Connection, Equipment KSo Damper 1a4

douf 3 : Ductulator Ao NMSKIANAUAUR
gryideluvovriodnasy

dDogvNIsAUdUIWDDDNIUURDEYaUISU
lagf3lUsinsu VariTrane™ Duct Designer
[AphIRIVE
IsvisuKoktvdavmsauifiu vidunawaos
Taonindovrindngou (Heat Pump) U1s1In
Rovingovawn (Lift Room) lagdoyainsov
Heat Pump Qv

* Model : HPAT-020
« Air flow : 1.41 m3/sec KSo 2988 CFM
* ESP : @0.25 in.wg
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LSAD. 30"x30"

SAD. 26'26" SAD. 26'x26"
5m
Lift Room Pump Room
\\_\ &
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waonnsAudaulaeldlusinsu VariTrane™
Duct Designer d:1dQvyunquovnioauy, AU
152, ANADIWAUNGYIFe YaH

suUR 2 : i@avsUuuyavroaufnsoaniiuy

Ductulator®

VariTrane™ Duct Designer

Cole-
Friction Circular Pressure Saction Altshu Brook
Airflow Length Wisth Heght Diamewr Velocwy Rate Equivaient Drop Araa Parmeter Aspea Reynolks Fricton Friction Densay

Duct D cim L in in mn, fom in.wg00 1 in n.wy L3 in Ratio Number  Facir Facwr Ibicu ft
o001 2588 30 280 280 83850 0.015 pri-1. 1 00008 483 1040 1.00 162,851 n 02 0.077
ooo2 2568 10 260 260 63650 o018 285 D003 483 1040 100 162 881 2 02 ooTr
0003 2588 70 260 260 63650 0019 285 0.0013 469 1040 100 162881 a2 02 0077
0004 5576 160 300 00 956.16 0033 zs 00083 625 1200 100 282328 e 02 0077
0005 5576 160 300 300 356.16 0033 328 0.0053 625 1200 100 282328 g7 02 0017
0006 5576 230 00 300 956.16 0033 2s 0.0077 25 1200 100 282328 o2 02 0077

Number of Duct Sections Specified : &

Fitting Loss Calculator

VariTrane™ Duct Designer

Tota
£ e Wah  Heght  Diame Ay ki e
Far it L gh m g e Dia r L / y Pr o L
M..LD'E' -;;l‘ Eri_:_m&r ff;.r n. n n? n. cim Y ‘?cﬁ " T:“ ™ Cu?-gm I'I;a::l
D001 Eibow 31 MO0 radns WhOUt vanes =000 Triet o Fi:] TS %13 J-fg
Outiet % 26 2588 636 00259 21 Do5e
Branch 1
Branch 2
000Z Emlow CR3-1 smooth radus whout vanes 5000 Inie: o % 2,968 638 00258
Outhet 26 6 2568 636 00253 21 D054
Branch 1
Branch 2
0003 Junchon ERS-3 conv. e, 45 dep. entry branch it 3 30 2,988 478 D046 223 0326
Outiet RN 30 5976 956 0565
Eranch 1 2% 26 2,368 636 00259 6 00187
Branch 2
0004 Elbow CR3-1 smooth radius without vanes 5000 It 30 30 5576 356 0.0585
Ohuathat k] 30 5578 258 0.0585 b 0123
Eranch 1 5
Branch 2
0005 Elbow CR3-1 smooth radius without vanes 2000 Iniet 30 30 556
Outiat 30 30 250
Branch 1
Branch 2

Number Of Fittings Specified For Thes System - 3

nwamsAudtulaslslusinsy wuswaau
YoV Heat pump a@1w1sndvauidusgidnkow
Lift Room [dn1sAUdruTIdudDgvKTLIU
n1sooniiuus:uunoaw lagldlusinsy
VariTrane™ Duct Designer Boidudnkdvn1v
idondrsSuoaniuus:uunoaulRoegLIU
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Water-Cooled

- Chiller

3
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.

Tube Testing

As part of our quality system, each tube
undergoes the following tests either before
or after insertion in the chiller.

as expected with a specified amount of fouling. Fouling
impedes heat transfer and makes the compressor work harder
to deliver the same amount of cooling capacity with reduced
efficiency. Over time, proper tube maintenance will keep the

chiller operating at or near its design predicted performance.
By the Tube Vendor g & enp g

The tube vendor performs a pneumatic (air)
pressure test at 250 psig for 5 seconds and
an outside diameter eddy current test.

Condenser tubes are more likely to experience fouling than
evaporator tubes because they generally operate in higher
temperature open water loops that are more susceptible to
mineral deposits and microbial growth. Proper on-site water
treatment is critical for controlling fouling in the chiller. Chiller
condensers installed in high-fouling situations require frequent
cleaning. Several chiller options such as marine waterboxes
and hinges can make the process of tube cleaning easier and
less disruptive to the chiller plant operating schedule.

By Trane

After tube insertion, there is a 150 percent
design hydro (water) test. For 150 psig
waterside design pressure, the hydro test
pressure would be 225 psig (150 psig X 1.5).

Eddy Current Testing

An additional internal tube eddy current test
can be done either in the factory (baseline)
or later in the field. This test can indicate
sections of the heat exchanger tubes that
are damaged or defective, or tubes that
have changed over time. Corrosion damage
or pitting is easy to detect using eddy
current testing.

Evaporator tubes aren'’t cleaned as frequently because they are

generally part of a closed system that is less likely to introduce
fouling, microbial growth, or scale build-up.

Waterbox Modifications

Marine waterboxes or waterbox hinges allow quick and easy
access to the heat transfer tubes for cleaning. Marine
waterboxes have an end-plate that can be removed without
interfering with the water pipe connections, and provide an
efficient way of accessing the water side of a shell and the
tubes inside by means of unbolting and swinging the waterbox
door open. Both modifications make any cleaning and
maintenance needs easy to address.

Maintaining Heat Exchangers

All chillers will experience some degree of
fouling as water flows through the tubes.
Chiller performance predictions include a
fouling factor so that the chiller will perform
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Water Guidelines for Trane Equipment
Trane is frequently called upon to comment on the
suitability of water for use in our chillers at job sites
around the world. This is a task we approach with
great caution because of the dramatic impact water
chemistry has on unit performance and reliability.
Because water chemistry is such a complex topic,
Trane recommends taking a conservative approach
and erring on the side of caution. Trane assumes no
responsibility for the results of using untreated or
improperly treated water.

Is Water Corrosive or Scale Forming?
The first three issues that determine the corrosion and
scale-forming potential of the water are pH, chloride
content, and sulfate content. Acceptable values are as
follows:

® pH 7.5-9.0

e Chloride 125 mg/L (or ppm) maximum

e Sulfate 35 mg/L (or ppm) maximum

pH Values

If the pH of the water is greater than 9.0, it is likely
that scale can form. Heavy scale reduces heat transfer
and may lead to corrosion if the scale flakes off in
localized regions or certain sections of the internal
tube surface.

If the pH is less than 7.5, the water tends to be
corrosive to copper and copper alloys. Water that is
corrosive with a pH of 7.5 often surprises people
because they understand that a pH of 7.0 is neutral
and they believe water needs to be acidic to be
corrosive. To a large extent, copper tubing resists
aqueous corrosion by forming a thin, tenacious layer
of copper oxide on the water side surface; this copper
oxide film is what actually protects the copper from
aqueous corrosion. For this oxide film to provide good
coverage of the surface, the pH of the water needs to
be above 7.5.

With water less than 7.5 pH, the oxide film can be
dissolved in some areas and precipitate pitting corrosion
that can locally penetrate the tube wall. Pitting can
occur when areas without the oxide film are adjacent

to areas with the oxide film. Galvanic corrosion can be
lessened or prevented with the use of sacrificial anodes.

Engineers Update

Chloride and Sulfate Content

Water with a chloride content greater than 125 mg/L
or with a sulfate content greater than 35 mg/L can

be corrosive to copper and copper alloys. In these
concentrations, the chlorides and sulfates may be
able to penetrate the oxide film and attack the copper.
But there are many areas in the world where waters
exceeding these limits are used successfully in HVAC
applications.

In coastal areas of the southeastern US, for example,
it would be rare to see chloride content less than
300 mg/L; in other areas—Oklahoma, for example—
well water with over 100 mg/L of sulfate is common.
Our “rules of thumb” are simply guidelines that
indicate that owners/operators should consider the
potential for problems and investigate the situation
thoroughly.

Other Factors

Beyond pH, chloride, and sulfate, Trane suggests
examining water conductivity, dissolved and
undissolved solids, and alkalinity. These factors make
it more difficult to apply “rules of thumb” because of
the interaction of these items with each other and

with the pH, chlorides, and sulfates. Water conductivity
makes all water quality issues more complex; hence,
Trane will not publish “acceptable” or “unacceptable”
values for these items.

To assist customers and their water-treatment experts,
Trane can review water sample reports to supplement
the water treatment experts in the assessment of
water suitability for use in Trane chillers or other
Trane equipment.

Can the water be Treated?

The use of untreated or improperly treated water in
chillers may result in scaling, erosion, corrosion,
chemotrophic (metal-eating) bacteria, algae, or slime
buildup. Trane recommends that the services of a
qualified water treatment specialist are engaged to
determine what treatment, if any, is advisable. Trane
assumes no responsibility for the consequences of
using untreated or improperly treated water.
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Sacrificial Anodes

Anodes are made of highly “active” metals, such as magnesium

or zinc, that corrode more readily than the metals they are
protecting. Magnesium is typically used for most standard

applications; zinc is typically used for brackish or saltwater
applications. Two to four sacrificial anodes are installed per

waterbox on opposite ends— anodes are required on both ends
of the heat exchanger. Sacrificial anodes can reduce or eliminate

galvanic corrosion. They are externally accessible so they can
be replaced periodically without removing the waterboxes or

end plates. Trane recommends that you consult with your water

treatment service provider regarding anode requirements.

Belzona 1321 Coated Waterboxes and Tubesheets
Belzona® 1321 (Ceramic S-Metal) is a two-component high
strength coating that can be applied to waterboxes, and
sometimes tubesheets, to protect them from corrosion. Trane
laboratory tests show Belzona to be superior to epoxy coatings.
Sacrificial anodes are highly recommended with coatings to
prevent any concentrated galvanic
corrosion from occurring on any
exposed, damaged, or chipped
surfaces. When Trane provides
waterbox coatings, the boxes

are prepared and stainless steel
baffles are used to ensure longevity.

Clad Tubesheets

The tubes are rolled into the tubesheets to create a seal
between the waterside and refrigerant portions of the
chiller. Cladding the tubesheet with the same metal as the
tubes eliminates the

potential forgalvanic

corrosion between

dissimilar metals.

Cladding can be
performed with
cupronickel,
stainless steel,
SEA-CURE®, or
titanium.

Side view of outer
surface of tubesheet

1/4-in. / ‘\ 3/4-in.

titanium steel
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Clad tubesheets are typically only used in
seawater applications where titanium tubes
are applied. Cladding is performed through
explosion welding, where two dissimilar
metals are fused by explosive force, and
later machined into appropriate tubesheet
design. The outer surface of the tubesheet
is approximately 1/4 in. of titanium metal.

Waterbox Construction

Waterbox construction specifications
depend on the water pressure they are
exposed to. In most applications, 150-psig
waterboxes will suffice. In applications
such as high rise buildings, higher water
pressures might require 300-psig or
sometimes even 450-psig waterboxes.
ASME construction is required for 301-psig
and higher waterboxes.

Gray Iron Cast Water boxes

Cast waterboxes are provided on 150-psig,
2-pass honmarine waterboxes on 032,
050, and 080 evaporator and condenser
shells. The return boxes are also cast. The
032 and 050 cast condenser waterboxes
can be provided with either Victaulic® or
flanged connections; 080 cast condenser
waterboxes are Victaulic-only.

All other shell sizes, waterside pressures,
1- and 3-pass, or marine style waterboxes
are fabricated with Victaulic connections;
optional Victaulic-to-flange adapters or
welded raised face flanges are available.
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Fabricated Waterboxes
Fabricated waterboxes are made from low-carbon plate
steel.

Domed Construction

Domed waterboxes and waterbox covers are not cast.
They are fabricated but have a domed or rounded shape
rather than a flat end. Domed waterboxes and waterbox
covers are lighter than older flat-plate designs.

Domed waterboxes are provided on 150-psig, 1- and 2-pass
non-marine waterboxes on 142, 210, and 250 evaporators
and condensers. The return boxes and the cover plates of
marine waterboxes for the aforementioned shell sizes are
also domed. Domed waterboxes have Victaulic connections
as standard; optional Victaulic-to-flange adapters or welded
raised face flanges are available.

Flat-plat Construction

Flat-plate construction constitutes the remainder of all
other waterbox sizes and configurations. All 3-pass
waterboxes and 032-080 shell size and 1-pass non-marine
waterboxes are flat-plate. Flat plate construction is also
used on all marine waterboxes, 300-psig waterboxes, and
450-psig waterboxes.

Engineers Update




Proper acoustics, the unobtrusive

sum of all sounds, is essential for a
“comfortable” environment. The sound
level at any particular location is typically
the sum of sounds emanating from many
sources. Office equipment (copiers, fax
machines, telephones, personal
computers), for example, contributes to
the sound in the space, as do voices and
the building’s HVAC system.

It's easy to decide whether or not the
aggregate sound in an existing
environment is acceptable. It's simply a
matter of listening. Designers face a
much greater challenge when asked to
create an environment that meets the
occupants’ acoustical needs. Not only
must designers anticipate and specify the
desired acoustical character of a finished
space; they must also accurately predict

the acoustical effect of the HVAC system.

As this Engineers Newsletter reveals,
there’s more to “quality sound” than low
sound levels. Our objective here is
threefold:

+ To clarify the most commonly used
descriptors of sound, including sound
power, sound pressure, octave bands,
noise criteria (NC), room criteria (RC)
and the A-weighting network (dBA).

« To examine ways to specify desired
acoustical comfort. And ...

« To emphasize the importance of
specifying acoustical performance
based on an analysis that converts
sound power to sound pressure.

Why Specify Sound?

The barking dog that keeps you awake at
night ... the annoying rattle in your car’s
dashboard ... the sound of a
photocopier just outside your office
cubicle. These are just a few examples of
objectionable sound or noise.

Periodic surveys conducted by the
Building Owners and Managers
Association (BOMA) indicate just how
closely people relate sound to comfort.
Year after year, survey respondents
consistently identify poor indoor air
quality (IAQ), uncomfortable
temperatures and noise as the principal
motivators for relocating from one
rented space to another. It's also
apparent that these factors are of
relatively equal importance since their
respective ranks change annually.

“OUR CHAllE

What's considered “acceptable” sound
varies dramatically with the intended use
of the finished space. Obviously, a factory
requires less stringent acoustics than a
church, while an office has a different set
of requirements altogether. But it's not
enough to know the type of application
involved. The designer must identify the
variety of spaces that exist within a

Engineers Update

Specifying ‘Quality Sound’

particular building and determine the
acoustical needs of each.

Background sound, for example,
provides privacy in an open-plan office
by masking the sound of voices and
equipment from adjacent areas. Yet this
same level of background sound would
be unacceptable for conference or board
rooms in that same building.

The American Society of Heating,
Refrigerating and Air-Conditioning
Engineers, Inc., ASHRAE, provides
designers with general guidelines for
HVAC system noise in unoccupied spaces
(see Table 1, page 2). To better
understand the nature and limitations of
these guidelines, let's review some of the
properties of sound.

Sound Power And
Sound Pressure

“Sound power” and “sound pressure”
are two distinct and commonly confused
characteristics of sound. Both share the
same unit of measure, the decibel.(dB),
and the term “sound level” is comionly

substituted fod Qwever, to
understand 14\_. ( && ~all
sound, thefH s sosignen

first unders

emitted by ihesocmd
absolute valu i
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source to the receiver. Sound pressure is
what our ears hear, what sound meters
measure ... and what ultimately
determines whether a design achieves
quality sound.

An llluminating Analogy. The
following comparison of sound and light
may help illustrate the distinction
between these terms. Think of sound
power as the wattage rating of a light
bulb; both measure a fixed amount of
energy.

Sound pressure corresponds to the
brightness in a particular part of the
room; both can be measured with a
meter and the immediate surroundings
influence the magnitude of each. In the
case of light, brightness is more than a
matter of bulb wattage. How far is the
bulb from the observer? What color is
the room and how reflective is the wall
surface? Is the bulb covered with a
shade? All of these factors affect how
much light reaches the receiver.

Similarly, sound pressure depends not
only on the sound power emitted by the
source, but also on the characteristics of
the surroundings. Again, how far is the
sound source from the receiver? Is the
room carpeted or tiled ... furnished or
bare? As with light, environmental
factors like these affect how much sound
reaches the receiver.

Relating Power To Pressure.
Equipment sound power ratings are
determined in an acoustics laboratory,
usually by the manufacturer. Specific
standards qualify testing facilities and
methods to promote data uniformity and
objective comparisons of different units
across the industry.

By contrast, sound pressure can be
measured in an existing space with a
sound meter, or predicted for a space not
yet constructed by means of an
acoustical analysis. Since the only
accurate sound data a manufacturer can
provide is expressed as sound power, the
challenge of designing for quality sound
is to examine the effect of environmental
factors (see “Specifying Quality Sound”
on page 6 of this newsletter).

Engineers Update

Table 1
Design Guidelines for HVAC System Noise in Unoccupied Spaces
RC(N) RC(N)
Space Levela.b Space Levela.b
Private residences, apartments, Churches, mosques, synagogues 25-35
condominiums 25-35 with critical music programs c
Schools
Hotels/MoteIs . Classrooms up to 750 sq ft 40 max
Individual rooms or suites 25-35
. Classrooms over 750 sq ft 35 max
Meeting/banquet rooms 25-35 i
. . . Lecture rooms (>50 occ) with
Corridors, lobbies, service areas 35-45 .
unamplified speech 35 max
Office buildings
B Unamplified speech 25-35
Teleconference rooms 25 max Amplified speech
Open plan offices 30-40 P P 30-40
Circulation and public lobbies 40-45
Hospitals, clinics
Private rooms, operating rooms 25-35 Libraries 30-40
Wards, corridors, public areas 30-40
Performing arts spaces Indoor stadiums and gymnasiums
Drama theaters 25 max School/college gyms, natatoriums d
Concert and recital halls c Large seating ngacij[ spaces 40-50
Music teaching studios 25 max (?Nith amgliﬁez . gecrf)w) g
Music practice rooms 35 max P P 45-55
Laboratories with fume hoods
Testing/research, minimal speech  45-55
Research, extensive speech/phone  40-50
Group teaching 35-45

a Thevalues and ranges are based on judgment and experience, not on quantitative evaluations
of human reactions. They represent general limits of acceptability for typical building
occupancies. Higher or lower values may be appropriate and should be based on a careful
analysis of economics, space usage and user needs. They are not intended to serve by
themselves as a basis for a contractual agreement.

o

When the quality of sound in the space is important, specify criteria in terms of RC(N). If the

quality of the sound in the space is of secondary concern, the criteria may be specified in terms

of NC levels.

a

An experienced acoustical consultant should be retained for guidance on acoustically critical

spaces (below RC 30) and for all performing arts spaces.

d Spectrum levels and sound quality are of lesser importance in these spaces than overall sound

levels.

The preceding information is reprinted from Table 2 in Chapter 43, “Sound and Vibration
Control,” of the 1995 ASHRAE Applications Handbook.

Ears And Sound Meters

Unlike a sound meter, which provides a
repeatable, unbiased analysis of sound
pressure, the sensitivity of our ears varies
by frequency.

Our ears are also attached to a highly
arbitrary evaluation device, a.k.a. the

brain. Table 2 identifies a number of
factors that contribute to this subjectivity.
[t's this “wild card” that motivates—and
frustrates!—efforts to devise a method
for quantifying and specifying acoustical
comfort.

As a selective sensory organ, the human
ear is more sensitive to high frequencies
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than low ones. Its sensitivity at a
particular frequency also changes with
loudness. Figure 1 illustrates these traits
using contours; each contour represents
a specific loudness level across the
frequency range shown. Notice that the
contours for “quiet” (< 90 dB) sounds
slant downward as the frequency
increases, indicating that our ears are less
sensitive to low-frequency sounds. The
contours flatten as the decibel level
increases, indicating a more uniform
response to “loud” (> 90 dB) sounds
across the range of frequencies.

Tones, sounds that occur over a narrow
frequency range, evoke a particularly
strong response. Chalk squeaking on a
blackboard, for example, produces a
tone that is extremely irritating.

Octave Bands And Decibels

Sound is considerably more difficult to
measure than temperature or pressure.
Since it occurs over a range of distinct
frequencies, or f, its level must be
measured (or predicted in the case of an
analysis) at each frequency to
understand how it will be perceived in a
particular environment.

Table 2

Figure 1
Loudness Contours
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Frequency, Hz

Our ears can sense sounds at frequencies
ranging from 20 to 16,000 Hertz (Hz),
but designers generally focus on sounds
ranging from 44 to 11,300 Hz for room
acoustics. Despite this limit, measuring a
sound at each frequency would result in
11,256 data points per reading!

To make the amount of data more
manageable, this 44-to-11,300-Hz
spectrum is divided into octave bands.
Each octave band is identified by its
center frequency and is delimited such
that the band'’s highest frequency is
twice its lowest frequency. The “octave
band center frequency” is 205 x fowest.
so the 44-to-11,300-Hz spectrum

Factors That Affect Individual Annoyance To Noise

Primary acoustic factors ...

X Sound level
Frequency
Duration

Secondary acoustic factors ...

Spectral complexity
Fluctuations in sound level
Fluctuations in frequency
Rise-time of the noise
Localization of the noise source

Nonacoustic factors ...

Physiology
Adaptation and past experience

X X X XRRXRXRXR X

How the listener’s activity affects
annoyance

Predictability of when a noise will occur

X X

Is the noise necessary?
¥ Individual differences and personality

Excerpted from “Environmental Systems Technology” by W. David Bevirt, P.E., where it appears
as Table 5-7 on page 5.26. Published by the National Environmental Balancing Bureau (NEBB),

8224 Old Courthouse Road, Vienna, VA 22810.

Engineers Update

contains eight octave bands with center
frequencies of 63, 125, 250, 500, 1000,
2000, 4000 and 8000 Hz.

Sound not only encompasses a wide
spectrum of frequencies, but an
extensive range of volumes as well. The
loudest sound the human ear can hear
(without damage) is 10 million times
greater than the quietest perceptible
sound. Numbers of this magnitude make
using an arithmetic scale cumbersome,
so a logarithmic scale is applied instead.
Converting the arithmetic range of 1 to
10 million using a “base 10" logarithmic
(logyg) scale yields a range of 0 to 7.

The 0-to-7 scale must also be tied to a
reference value, Ny, by which measured
values, N, are subsequently divided. (The
reference value for sound pressure is

20 micropascals; for sound power, it's

1 picowatt.) The unitless result is
described as “bels” or, more commonly,
“decibels” (dB). “Deci-" is simply a prefix
meaning 10-1. The relevant equation is:

dB =10 /Ogm (N/N,—ef)

See the sidebar entitled “A Few Acoustics
Terms You Should Know ..." on page 4.

Measuring sound with a logarithmic
scale means that logarithmic addition
must be used to add and average sound
levels. Sound measured in a particular
octave band is the logarithmic sum of
the sound at each of the band’s
frequencies. The good news is that,
unlike averaging, logarithmic summing
doesn’t mask the magnitude of a tone.
Unfortunately, it doesn’t indicate that the
ear hears a difference between an octave
that contains a tone and one

that doesn’t, even when the overall
magnitude of both octaves is identical.
So the process of logarithmic summing,
though practical, sacrifices valuable
information about sound “quality.”

To be continue...
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