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TECHNIQUES FOR CONTROLLING

NOISE FROM RESIDENTIAL HEAT PUMPS

by Dennis G. Ossenkop
Noise Control Specialist

This report has been approved for general avail-
ability. The contents of this report reflect the
views of the author, who is responsible for the
facts and the accuracy of the data presented herein,
and do not necessarily reflect the official views
or policy of EPA. This report does not constitute
a standard, specification, or regulation.
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Preface

At the request of the Washington State [Department of Ecology Noise
Section, the Environmental Protection Agency Region X Noise Program
initiated a study to determine methods of reducing the noise impact
of residential heat pumps. Two operating four-ton residential heat
pumps were located by Mr. Fred Hallum of the General Electric Cor-
poration, Seattle Central Air Conditioning Division office. Permis-
sion to construct and measure the acoustic effectiveness of a free
standing heat pump enclosure was secured from Mr, Willjam Sullivan
of Seattle, Washington. The design and installation of the enclosure
was accomplished through the cooperation of Earth Metrics, Inc.,
Palo Alte, California (under contract to EPA) and EPA Region X Noise
Program personnel, Acoustic materials for the free standing enclo-
sure were acquired through Mr. Harvey Britton of E.J. Bartells Com-
pany, Renton, Washington. The acoustic effectiveness of a second
enclosure was measured at the residence of Mr. Robert Thornton of
Gig Harbor, Washingten.
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I. Introduction

Pacific Northwest homeowners, like homeowners nationwide, are at-
tempting to reduce their consumption of petroleum and natural gas
fuels by installing electric home heating and cooling equipment,

One such device is the residential heat pump. Although this device
is very miserly with its consumption of electricity, it is generally
noisy, in fact, noisy enough to violate state and city noise regula-
tions.

Increasing numbers of these units are being instailed, and fncreasing
numbers of noise complaints from neighbors and owners of heat pumps
are being voiced. It rapidly became apparent thai 1ittle information
was available about effective noise abatement methods or their cost.
With the cooperation of homeowners and the manufacturers of selected
units, a study was conducted to determine methods of reducing the
noise impact of residential heat pumps.

It is the purpose of this report to present some noise abatement
methods that may be used to minimize property line noise levels
resulting from operation of residential heat pumps. These methods
may be of value in the absence of source nojse control measures.
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II. Heat Pump Operation and Noise Sources

A heat pump works l1ike a refrigerator or air conditioner, It trans-
fers the heat present in air from one place at a relatijvely low tem-
perature to another place at a higher temperature.

The heat pump can be used for heating and cooling., When a heat pump
is used for heating (Figure 1), cool air outside the building is
blown aver an even colder outdoor ceil. Heat is transferred from
the outdoor air to this coil. This heat evaporates the liguid re-
frigerant in the coil, which s raised ahove room temperature by
compression and then condensed in the indoor coil. By condensing,
heat is released and transferred to the indoor air. A fan blows the
warm air through ducts to the rooms to be heated,

When a beat pump is used for cooling (Figure 2), the functions of

the indoor and outdoor coils are reversed. In this case, heat is
absorbed in the indoor coil (thereby cooling and dehumidifying the
indoor air) to evaporate the liguid refrigerant which is then circu-
lated through the outdoor coil after having its temperature raised
above the outdoor temperature by compression. The refrigerant vapor
is then condensed by giving up its heat to the outdoor air circulated
over the coil. This is the typical air conditiening process.
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As can be seen in Figures 1 and 2, there are two major sources of
noise, the compressor and the fan. The compressor sounds origipate
inside the sealed self-contained housing which contains hoth the
electrical motor and the actual fluid pump. Fan related sounds,
emitted from the external unit, are generated by the fan blade pass-
ing through the air and air flow deflection and turbulence between
evaporator coil and deflection grids, Fan sound tevels will vary
with the number of fan hlades, fan RPM, fan diameter, clearance
betwean the fan blades and fan housing, and the rate at which air is
being discharged.

Although not a source in jtself, case paneling often picks up tones
generated by motors, compressor, and fans, particularly when these
components are not sufficiently isolated to prevent vibration trans-
mission. The majority of heat pumps currently manufactured are
braced and stiffened to mitigate resonance phenomena; however, poor
installation and mounting procedures occasionally result in vibration
transmission,
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ITI. Procedures to Minimize Heat Pump Noise at the Property Line

A, Placement of Heat Pump on Owner's Property

The fact that the heat pumps produce a constant sound while operating

will generally result in the owner placing the unit as far as possi- .
ble from his or her bedroom or recreational area. This can, and

often does, place the unit near the neighbor's bedrooms or recrea-

tional areas, thus causing the neighbor to complain about the noise, .

Before permanently installing a heat pump, the heat pump installer
and the owner of the house should select a location which will mini-
mize the noise impact at nearby property lines. There are several
installation locations which should he avoided due to their ability
{by providing large reflective surfaces) to increase the noise prob-
lem. Described briefly, they are (a) within ten feet of a wall,

{b) within ten feet of two adjacent walls (such as a corner) and

(c) wighin fifteen feet of two opposite walls {such as between two
houses).

The majority of noise problems resulting from presently installed
residential heat pumps would not exist if the installer and homeowner
had analyzed the owner's property to determine the location which
produced the least noise impact at adjoining properties.

To assist persons in determining the potential noise Jevel at nearby
propeity 1inas, the Air-Conditioning and Refrigeration Institute
(ART)" has developed a Sound Rating Program. This program is a
manual/graphical procedure which provides a means of determining the
property line noise leve! of a heat pump hefore it is installed.

The procedure requires the Sound Rating Number {available from ARI)
of the proposed heat pump and the distances from the proposed site
of the heat pump to the noise sensitive property lines. Appendix A
presents elements of the Program plus several example calculations.
In Washington State and Portland, Oregon, the maximum permissible
nighttime noise level at a residential property line is 45 dBA,

If, after the above noise analysis has been completed, the unit
would be in violation of local noise regulations, both the installer
and homeowner should consider placing the unit within a sound reduc-
ing enclosure.

L Ajr-Conditioning and Refrigeration Institute, 1815 North

Fort Myer Drive, Arlington, Virginia 22209
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i i bt . g e el 5



b

o e

[ R P - e

B. Enclosure Design and Noise Reduction Effectiveness

Performing a property line noise evaluation using the ARI Sound
Rating Program will provide the heat pump installer and homeowner
with a very close approximatian of the predicted noise Tevel, If,
after locating a site which yields the least poise impact, the prop-
erty line sound level is stil7 above the applicable nighttime stan-
dard, an enclosure should be considered.

Two different types of heat pump enclosures were studied. Both
enclosures are installed around operating four-ton residential units
with air inlets on four sides and a vertical discharge.

Although both study enclosures were placed around vertical discharge
heat pumps, the concepts, acoustical results, and construction ma-
terials can be applied fo other heat pump canfigurations.

Choice of construction materials and attention to assembly detail
are important factors in order to achieve acceptable results. The
materials utilized in the enclosure study consisted of:

3/4-inch Exterior Grade A/C Plywood

2-inch thick Acoustic Fiberglass Ouct [iner

1/4~inch Acoustic Foam Gasket Material

Assorted 2-inch x 4-inch and 2-inch x 2-inch Fir Frame Stock
Assorted Screws and Fasteners

Silicone Sealant

Grade A/C 3/4-inch plywood was selected to provide adequate mass for
low frequency sound attenuation and to provide an exterior surface
such that the owner could paint or otherwise finish the exterior of
the enclosure,

Acoust ic fiberglass duct liner was chosen for its accustic proper-
ties, availability, and its acoustically transparent face sheet.
The open fiber side of the duct liner blanket is placed against the
interior side of the enclosure with the firm black face sheet facing
the heat pump and air flow. Attachment to the piywood walls is
provided by using mechanical fasteners which generally can be pur-
chased from the fiberglass supplier. Other brands of acoustic
fiberglass duct 1ipner will work equally well; however, common house
wall or ceiling insulation should not be used as its acoustic pro-
perties are generally not known. Containment of fiberglass house
insulation is very difficult as it does not utilize an acousticalily
transparent face sheet.

Page 5




Foam gasket material is required te provide an acoustically tight
seal between adjacent panels of the enclosure. All enclosure designs
must provide access to the heat pump for service, therefore some of
the enclosure panels can not be permanently sealed with silicone
sealant. The gasket material is gqlued in place where panels and
frames come together.

Several construction-assembly details should be remembered when
designing and building an enclosure:

1.

Make certain there are no cracks or holes in the enclosure walls
(between panels or at the intersection of panels at corners).
Gasket material or silicone sealant application will prevent
"sound leaks",

Panels should be "floating" on a foam gasket material such that
panels do not make physical contact with each other or the frames
{except through mounting screws}.

Fasten the fiberylass duct liner securely on 12-inch centers
using wood screws through washers or a nail driven through a
2-inch square piece of sheet metal. (See Figure 10.)

The enclosure must not touch the heat pump; otherwise heat pump
case noise wilT Be transmitted to the enclosure, then into the

air.

Provisions must be designed into the enclosure to provide flow
separation between inlet air and discharge air. {See Figure 4)
This provision is usually nacessary to eliminate or reduce air
recirculation which results in lost efficiency.

The enclosure should include a roof of some type to eliminate
water penetration (from rajn) into the fiberglass.

Page 6
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Enclosure A - FREE STANDING

General Description

A free standing enclosure was constructed from 3/4-inch exterior
grade plywood attached to a frame constructed from fir 2" x 4" studs.
The enclosure was designed to allow incoming air to enter on all

four sides at the base of the enclosure. This basic enclosure
yielded an average sound level reduction of approximately 5 dBA. An
additional 2 dBA reduction was achieved by lining the inside of the
enclosure with Z-inch thick acoustic fiberglass duct liner. The

cost of materifals was approximately $165.00. Construction time is
approximately 20 hours. Building details are shown in Figures 4
through 12,

Acoustic Results

Acoustic data were gathered at four locations near the unit for each
of the three configurations: (a) Baseline (operating heat pump with
no enclosure), (b) 3/4-inch thick plywood enclosure, and (c) 3/4-inch
thick plywood enclosure with an inner liner of 2-inch fiberglass duct
liner. Figure 3 illustrates the general layout of the test site and
the location of the sound measurement points. Table ) presents a
tabutation of the measured data and attenuation values between suc-
cessive configurations. Permanent objects, such as trees, walls or
stairs located within 10-15 feet of the test heat pump were typical
of most residential heat pump installations; therefore, one should
expect similar results from enclosures constructed at other sites.

Enclosure B - ATTACHED TO HOUSE WALL

General Description

Acoustic measurements were taken at the home of a heat pump owner
who had constructed his own enclosure. This design was deveioped by
a California based consultant and consists of a house-Tike structure
which is closed on three sades and completely open on the fourth,
The roof is sloped at a 45~ angle away from the noise sensitive
property line, Figure 13 presents a general diagram of this enclo-
surg, A double wall of 3/4-inch plywood was built around a 2" x 2"
stud frame. The roof was also of 3/4-inch plywood. The heat pump
is posftioned within the enclosure to allow inlet air to enter from
the open side of the enclosure and circulate around the base of the
heat pump, DTschaBge air s blown out the top of the unit and de-
flected (by the 45° roof) away from the noise sensitive property
}jne. This enclosure is also lined with acoustic fiberglass duct
ner.
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Acoustic Results

Acoustic data were gathered at six locations on three sides of the

test enclosure. A general layout of the measurement points and

acoustic results are shown in Figure 14. Variation in the attenuva-

tion values at points C, 0, E, and F are attributed to reflections .
off the large roof overhang above the unit, Differences in house
structure, unit location, and enclosure construction techniques may
result in different levels of noise reduction. From Figure 14, it
can be seen that the noise attenuation resulting from this enclosure
is very directional. When considering this type of enclosure, care
must be exercised to prevent degradation of the preperty line noise
level on the discharge side of the enclosure,

C. Heat Pump Compressor and Fan Sound Reduction Methods

CAUTION: The following procedures, if utilized, should be performed
Dy the heat pump installer.

Compressor Sound Reduction

As stated in Section II, there are two primary sound sources within
a heat pump: the compressor and the fan.

A method has been tested, on a four-ton unit, which yielded an 8.5
dBA raduction in the compressor sound level, The compressaor treat-
ment consisted of wrapping the compressor housing with two inches of
fiberglass acoustic duct liner, followed by the factory compressor
sound shroud, which was covered with one inch of fiberglass duct
Tiner, followed by a layer of one pound per square foot density
lead. Figure 15 indicates the materials utilized and order of ap-
plication. The heat pump on which this method was tested is supported
by four points which are in contact with a concrete mounting slab.
The compressor sound level component was reduced an additional 1.5
dBA by setting the entire heat pump unit on a 1-inch thick sheet of
rigid styrofoam, thereby eliminating vibration of the case bottom
which supports the compressor.

These two sound treatments should not reduce the unit's efficiency
as the compressor is cooled by the passage of refrigerant. These
compressor treatments have, in many cases, reduced the compressor
sound to & level! where complaints have ceased,

Fan Sound Reduction

Experimentation with various fan blade configurations and mator
speeds, on a four-ton unit, has yielded fan noise level reductions
of up to 6 dBA at the property line, Table 2 indicates the 1imited
number of combinations tested and their property line sound levels.
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The sound reduction effectiveness of a centrifugal or drum fan was
evaluated on an operating four-ton heat pump. The original fan and
motor were removed and replaced with & housing containing a 15-inch
diameter - 15-inch wide drum fan which rotated at 458 rpm. The data
shown in Tables 3 and 4 indicate hetween a 2 dBA and 14 dBA fan

sound reduction depending on the direction of discharge flow, Sound
reductions for the total unit operating with the centrifugal fan
range between 2 dBA and 9 dBA, again, depending on the direction of
discharge flow. The cost of the centrifugal fan assembly could range
from $250 to $400, depending on unit size and manufacturer.
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IV, Summary

This investigation into noise generated by residential heat pumps
can be summarized in a two-step procedure for preventing or elimina-
ting property line noise complaints created by heat pumps. The pro-
cedure consists of a) evaluation of unit Tocation and b) selection

of noise abatement technique.

The techniques presented provide the

following approximate amounts of total unit sound reduction.

1, Free Standing Enclosure

Enclosure Attached to Wall

2
3. Compressor Treatment Only
4

Fan Change Only {No. of Blades, rpm)

5. No. 3 and 4 Combined

6. Centrifugal Fan

7. No. 3 and 6 Combined

7 dBA
3 dBA - 16.5 dBA

3 dBA

1 dBA - 2 dBA

7.5 dBA

2 dBA - 9 dBA

4 dBA - 71 dBA

Page 10
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Tigure 6 Heat Pump Unlt and Enclosure Figure 7
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Flgure 11 Completed Heat Pump Enclesure,
Minus Two Side Panels
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Figure 12 Completed Heat Pump Enclosure,
Minus Single Side Panel
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Table 1

Tabulation of Enclosure Sound Attenuation

Configuration
Baseline P1ywood
Sound Heasurement Sound a P1ywood a Enclesure | Total
Lavel dBA Enclosure dBA with 2" a from
Location | Distance Fiberglass | Baseline
dBA dBA dBA
1 5' Front 59 - 5.5 53.5 - 1,7 51.8 - 7.2
2 5' Left 61.8 - 5.8 56 - 1.7 54.3 - 1.5
3 15' Front 51.5 - 3.5 48 - 1.8 46.2 - 5.3
4 15' Left 53.5 - 4.0 49,5 - 2.5 47 - 6.5
Average
Attenuation - 4.7 - 1.9 - 6.6




Table 2

Fan Sound Component Reduction
on A Genera ectric on Heat Pump

Sound Level
dumber of Fan Fan Motar At Property
Dlades tiameter Fitch RPM Line (29 FT)

Inches Jegrees dBA
3* 22 34 1075 56
4 22 25 1075 54
4 22 35 825 83
3 22 35 825 50

* Stock fan on a General Electric 4 ton lleat Pump

22 9bey




TABLE 3

HEAT PUMP FAN COMPONENT AND TOTAL UNIT SOUND REDUCTIONS
WITH CENTRIFUGAL FAN FLOW PERPENDICULAR TO HOUSE WALL

L wlUxcqg

HEAT PUMP
K J 1 ¢ A BCD
FLOW ¢
F
G
H
LOCATION | DISTANCE[STOCK FAN* | CENTRIFUGAL** | FAN SOUND TOTAL UNIT TOTAL UNIT [ TOTAL UNIT
FT. dBA FAN dBA REDUCTION (STOCK FAN) (CENT. FAN) | REDUCTION
dBA dBA dBA dBA
A 5 71.5 él. 10.5 72, 67.5 4.5
B 10 £6.5 57, 9.5 67. 58. 9,
C 5 63.5 54,5 3. 64, 57. 7.
D 20 61.5 52. 9.5 62.5 55. 7.5
E 5 7. 68, 3, 71.5 €8.5 3.
F 10 65. 63. 2. 65.5 4 3.5
G 5 6l. 59, 2. 62.5 59. 3.5
H 20 £0. 57. 3. 61.5 57.5 .
! 5 71, €0. 9, 72. ¢5. 7.
J 10 65.5 57, 8.5 67. 58, 9.
K 5 62, 53, 9. 63. 55. 8.

*  3Blade, 35%itch, 1075 rpm
** |5 inch dig,, 15 inch wide, 458 rpm
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TABLE 4
HEAT PUMP FAN COMPONENT AND TOTAL UNIT SOUND REDUCTIONS

WITH CENTRIFUGAL FAN FLOW PARALLEL TO HOUSE WALL

I-— HEAT PUMP
K J | A B CD
FLOW

E

F

G

H

LOCATION | DISTANCE|STOCK FAN* | CENTRIFUGAL#** | FAN SOUND TOTAL UNIT TOTAL UNIT | TOTAL UNIT
FT. dBA FAN dBA REDUCTION (STOCK FAN) (CENT. FANH REDUCTION
dBA dBA dBA dBA

A 3 71.5 66, 5.5 72 66, 6.
B 10 66.5 &, 2.5 67. &4 3.
C 5 63.5 &l. 2.5 &4, 62, 2.
D 20 61.5 58.5 3. 62.5 60. 2.5
E 5 71, 60. g. 7.5 &4, 7.5
F i0 65. 35.5 2.5 65.5 58.5 7.
G 15 &l. 53.5 7.5 62,5 56. 6.5
H 20 60, 52, 8. &1.5 55.5 6.
| 5 71, 57. 4. 72, 67, 5.
J 10 65.5 33. 12.5 &7, 60, 7.
K 15 62, 50. 12. 63, 56.5 6.5

* 3 Biade, 3% Pltch, 1075 rpm
* [5 inch dia., 15 inch wide, 458 rpm
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APPENBIX A
APPLICATION OF THE ARI

Reprinted with permission from ARI and BDP Co.

SOUND RATING PROGRAM

The AR| Sound Rating Program provides a method for deter.
mining the prodicted noise Tevel for unitary air conditioning
and heat pump equipment,

The AR sound rating system is based on a sound rating num-
ber —~ referred 10 as an SAN. Seund rating numbers are deter-
minedt by testing cach unil in a spesial pcoustical sound chame
ber, The SAN scale normaity ranges from 15-24, The lower
the number, the quicter the unit,

These numbers are being lsted in a separate section of the ARI
Directory. Spee Data Sheets will include the SAN's when units
arg certified.

This introductory manual provides a step-by-step proceture
for predicting outdoor sound Jevels — produced by air condi-
lienlng equipment. Topics covered include: equipment loca-
tion, barrier shisld, sound path and distance factors — plus
sample problems and tables,

‘DEFINITION OF TERMS

Sound Rating Number — SRN. That number assigned to out-
door unitary equipment rated in accordance with AR/ Stand-
ard 270-67 at standard rating conditions. (BO°F db/67°F wh
indoors — 95°F db outdoors, with rated air flow.)

Sound Level Number — SLN, The result of applying the thsee
basle factors to the SRN. These factoss arg — location, barrier
shiold and sound path,

Detibel — dB. The basic unit of measurement used in acous-
tics, Technically it is ten times the logarithm of the ratioof a
messured sound to a reference sound — i.e. :

= Measured Sound,
o8 = 10 om0 Rorerence Sound”

“A" Scale or dBA. The decibel leval as measured on the “A*
scale of 2 sound level meter, This scale closely approximates
the response characteristics of the human ear, 8" & “C"
scales have 8 higher frequency range reception,

Ambiept Noise. Surrounding or background noise of a given
envlranment.

Sound Level Meter, An instrument used for direct measure-
ment of sound pressure levels. Scales usually include dBA, dBB
& dBC, Measurements should be taken no closer than 3 feet to
any reflective surface including ground fevel,

Equlpment Location Factor. This factor considers the effect
of walls ond reflective surfaces other than surface on which
unit [s installed, It is the only factor that is added to the sound
rating number,

Barrler Shielding Factor, Barriers, when effectively used, con-
trlbute considecably to the reduction of naise level, Such a
barrier may be the corner of a bullding, parapet or a wall,
Oeterralne the shielding factor by using distances around or
aver the barrier, It is deducted from the SAN.

Sound Path Factor. This factor adjusts for the path of sound
from the unit to the point of evaluation. It may be to the
outdoors, to 4 room through open or clpsed windows or
through a wall, It is deducred from the SAN, In most applica:
tions the factor will be zero — or to point outdoars,

Ca L R R W PR N S SR SN EER R e d

Distance Factor, The feurth faglor lo be considered is (he
direct disiance from the equipment te the paint of evaluation,
It {s used, alang with the 5LN, to predict the dBA in the
nemograph {Tahie 1, page 11},

The balance of this manual containg a series of sample prob-
lems and worksheets - designed to acquaint you with most
types of sound applications.

The warksheets are casy to folfow with step-by-step proce-
dures that guide you 1o the answer quickly and accurately,

Always keep in mind, when working with sound reduction,
thay doubling the distance from the noise source to the point
of evaluation reduces the sound level by B decibels,

As an example, if the sound level is 64 dBA, at 8 feet, then at
18 feet the sound level is reduced to 58 dBA. However, if the
noise source is reduced ane-half, the sound level is reduced by
anly 3 decibals,

From this example, it can be seen that it is more advantageous
to place the unit as far from the property line or point of
evaluation as possible,

Marrow, or small side yard location installations are not recom-
mended,

Shrubbery and otfier light screens and fences are of fijlle value
in reducing radiated sound. However, equipment which is not
visible may be psychologically mare acceptable -- even though
sound levels are no different. This is an Important considera.
tion and can be used as an advantage, if properly applied,

Here are some typical questions and answers frequently asked
about sbund and its measurements,

Q. When an outdoor source produces a sound level of 60 dBA
at a distance of 15 feet, what will be the Jevet &t {a) 30
feet; {b) 7% feet?

. la}) B4 dBA {L) 66 dBA, Doubling the distance reduces the
sound level by G dBA,

. What is a generally acceptable sound level in o bedroom?
40 dBA,

. What sound level does o typical outdoor air conditioning
unit produce at a distance of 15 feet from unit?

. B8 dB8A, plus or minus § dBA,

. What dilference in sound level must be registered before
the average person thinks the change is twice as loud?

10 dBA.

. What change In sound level has to be made belore the
human ear can detect it?

. From 3-5 dBA. On the avernge, it takes a 3 dBA change
for persons ta police a difference. A 'S5 dBA change will
alter the reaction for people to say that it Is definitely
better or worse,

>

o >» 0O »O

> D>

What can be done to reduce the noise level from outdoor
air conditioners?
Proper equipment location or the use of solid walls and
barriers, Select a location as far away as possibla from
areas where noise Is "unwanted”,

Page A-1
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SANMPLE EXERCISES

Prohlem Set 1 -~ There are three individual prablems in this set
{A, B and C). Problem A, however, consists of Part 1 and Part
2 to dramatize the significance of adding a harrier, using the
same conditions.

Problem A — Part 1

Determine Sound Rating Number [SRN) from either ARI Di-
rectory or manufacturer's spec sheets. Enter result on Jine 1
{we'll assume 19 to be SRNJ.

Find Equipment Location Factor from Reference Guide (Fig-
ure 1, page B). Unit is installed within 10 feet to reflective
surface of building. Select B from chart on Figure 1, Factor
is 1. Enter 1 on line 2 of worksheet,

Add lines 1 & 2. Enter total — 20 on line 3,

Determine Barrier Shiold Factor — No barrier shield in this
example. Enter “‘0" on line 4 of worksheet,

Sound Path Factor — See page 10, The evaluation is to a point
outdoors {Path A). Enter factor “0" on line 5. Total lines 4 &
5. In this example it's *0".

Sound Level Number — Subtract line & from line 3 (20-0=
20} SLN is 20, Find distance from unit to evaluation point,
tFram plot plan or installation sketeh.) 1n this example itis 15
feet,

Now that the SLN is known — 20, and the distance factor is
known - 15, plot the SLN on left hand side of nomograph
{Table 1, page 11} as shown, Plat distance factor on right hand
side. Connect points wsing ruler, The point at which line cross-
es center scale is the predicted dBA level.

Result for this example — 62 dBA, In most cities this level will
be above limitations. Two choices are available; either theunit
must be relocated or a barrier must be added. Continue with
part 2 of problemn below to show effect when barrier is added,

Problem A — Part 2

Adding a barrier wall changes two factors in this part of the
problem, These two factors are the barrier shield and equip-
ment location. Keep in mind that adding a barrier wall or upit
relocation should not be done wntil o worksheet and sketch
has indicated that on acceptable ronge of sound level can be
achieved,

Lines 1, 5 & 8 remain the same.

Line 2 becomes o factor of *2” because of the two opposite
refiective surfaces. {The barrier wall and the wall next to unit
are less than 15 feet apart.}

Ling 3 —Addlines 1 &2.,."21",

Line 4 — Caleulate barrier factar fram barrier sketch, using the
formula;

Xsi; +L;-D
X=5 +13 -15
X=3

Enter value of X in table on page 8. X(3) equals a factor of

ll“tf.
Cormplete lines 5 through B.

Barrior
Wall

Proporiy
Line

3 4 .f‘
1 =
2w Unit
l-‘wl'\"llN.
15" (D}
BARRIER SKETCH

Plot SLN {17} and distance factor [15) on noemograph {Table
1, page 11}, Predicted dBA is 52, a reduction of 10 dBA with
the addition of a barrier wall,

Problems B & € — Complete on your own to increase your
proficiency, (Answers appear in lower feft hand corner,)

Problem Sat 2

Problem A — Datermine Sound Rating Number (SRN} from
either ARI Directory or manufacturer's spec sheets, Enter re-
sult on line 1 {(We'll assume 20 to be SANJ.

Find Equipment Locatian Factor from Reference Guide (Fig-
ure 1, page 6). Factor is 1", Enter “1" on line 2 of work-
sheet.

Add lines 1 & 2. Enter 21" on line 3.

Determine Barrier Shield Factor — No bareier shield in this
example. Enter 0" on line 4 of worksheet.

Sound Path Factor — Sce page 10 (Path A}, The cvaluation is
to a point outdoors. Enter factor of 0" on line 5. Total lines
4 & 5. In this example it's “0",

Sound Level Number — Subtract line 6 from 3. SLN js 21",
Find distance from unit to evaluation poeint. (From plot plan
on installation sketch.) In this example it is 34 feet.

Plot SLN of “21" and distance factor of 34' on nomograph
(Table 1, page 11}, Result for this example is 58 dBA, Can-
tinue on your own with problems B and C {answers appear in
lower left hand corner).

Problem Set 3
Problem A has been completed. Review and work problems B
and C to increase your speed and skill,

Prohlem Set 4 — Multiple Units

Predicting one noise level for two or more units is done in
much the same manner as in previous examples. Complete
lines 1 through 9 for each individual unit. Lina 10 — Sclect the
two highest numbers from line 9. The two highest in this
example are 53 & 48. Subtract these two values. Refer to
Decibel Addition Chart, page 7. Enter value of 5 in column
headed DIFFERENCE BETWEEN SOUND LEVELS {See dot-
ted line). Read number to be added to highest sound level. In
this example it is 1,25. Add this value to the highest number
{53 + 1.25 = 54.26). With this value, subtract the next largest
number {54.25 -35 = 19.25). Enter result in chart — value is
greater than 10; therefore, there is no increase in sound level
{54.25 + 0 = 54.25), The total predicted sound leve! far this

roblem is 54,25,
: Page A-2
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INSTALLATION SKETCH
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EXLLISE
£ -
._‘;,, -uq..-_..t;y_ o
WORKSHEET - EROBLEM SET 1
UNE EVALUATION POINTS
NO. DESCRIPTION PROBLEM A PROBLEM B PROBLEMC
) : PART 1 PART 2
ENTER SODUND RATING NUMBER
! {From AR| Directory or Spec Sheet) 19 19 19 19
2 FIND EQUIPMENT LOCATION FACTOR 1 )
{See Application Reference Guide, page B) 1 2
3 " ADD LINES1& 2 20 2] 20 20
4 CALCULATE BARRIER SHIELDING FACTOR 0 4 0 0
{Sce Reference Guide, page 9}
5 FIND SOUND PATH FACTOR
{See Reference Guide, page 10) 0 0 0 3
8 ADD LINES 4 & & o 4 o 3
FIND SOUND LEVEL NUMBER
? {Subtract Line 6 from Line 3) 20 17 20 14
8 DETERMINE DISTANCE FACTOR 15 15 47 35
9 PREDICTED dBA LEVEL 62 52 52 445

{Refer to Table 1, page 11}

*SEE PAGE A-2 FOR THIS CALCULATION
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Probtilem
A

Problem B
Open Window

/

Property Line

WORKSHEET — PROBLEM SET 2

o, DESCRIPTION PROBLEM A Emiizgfgmpg =h PROBLEM €
|| gensoun o 20 2 | 2
12| e Applction nelence Guide, page ) r r u

, page
3 ADD LINES 1 &2 2 2] 2]
4 CALCULATE BARRIER SHIELDING FACTOR 0 2 0
{See Reference Guide, page 9)

8 FIND SOUND PAT"H FACTOR 0 1 0

! {Sea Reference Guide, page 10)

i 6 ADD LINES 4 & 5 0 5 0

I

] 7 | (sunwact Lot 7 16 2

'E 8 DETERMINE DISTANCE FACTOR 34 M1 25

j 9 | (Rl ta Tabe 1. poge 11 58 40 605

: Page A-4
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INSTALLATION SKETCH

Problem C
B Closad Window
4
oy 38" C.aul
. JEIL-L;--. 35! ‘{fo"‘ %
A== M| Al /5 o (et
=== T e\
O =y syiandtil B g
e o T
X -;.J.:-l e 1] LT
By
A EeSs a5 — P ey
. ~ B
Plo;lsm Y é"’:-l:—i_t:
WORKSHEET —~ PROBLEM SET 3
LINE EVALUATION POINTS
NO. DESCRIPTION PROBLEM A PROBLEM B PROBLEM C
ENTER SOUND RATING NUMBER
! {From AR Directory or Spec Sheet) 18 18 18
2 FIND EQUIPMENT LLOCATION FACTOR
{See Application Reference Guide, page 8) 2 2 2
3 ADD LINES 182 20 20 20
4 CALCULATE BARRIER SHIELDING FACTOR
[Seg Reference Guide, page 9) o 0 ]
5 FIND SOUND PATH FACTOR 0
{Sea Reference Guide, page 10) 0 5
] ADD LINES 4 & 5 (o] 0 5
FIND SOUND LEVEL NUMBER
7 (Subtract Line 6 from Line 3) 20 20 15
8 DETERMINE DISTANCE FACTOR 45 30 a3
PREDICTED dBA LEVEL
9 {Refer to Table 1, page 11) 32 56 az
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INSTALLATION SKETCH
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AR g SRV .
Unit No, 1 Unit No. 3
0’ 60' 50'
A
WORKSHEET — PROBLEM SET 4 (Multiple Units)
EVALUATION POINTS
ﬂgg DESCRIPTION UNIT NIt UNIT
) NO. 1 NOD. 2 NO.3
1 ENTER SOUND RATING NO. (FOR EACH UNIT) 15 13 18
2 FIND EQUIPMENT LOCATION FACTOR—PAGE 8 1 2 1
3 ADD LINES 1 & 2 16 21 19
3 CALCULATE BARRIER SHIELDING FACTOR—PAGE 9 0 0 0
5 FIND SOUND PATH FACTOR—PAGE 10 0 0 a
G ADD LINES 4 & 5 0 0 0
FIND SOUND LEVEL NUMBER
! {Subtract Line & from Line 3) 16 x 13
8 DETERMINE DISTANCE FACTOR 70 50 50
) PREDICTED dBA LEVEL (REFER 10 TABLE 1~ PAGE 11] 35 53 48
) SELECT LARGEST VALUE FROM LINE 9 53
bl SELECT NEXT LARGEST VALUE FROM LINE 8 48
o < SUBTRACT 10{b] FROM 10(n)~ENTER DIF FERENCE g
o ENTER VALUE FROM LINE 10(c.) IN DECIBEL ADDITION CHART ON PAGE 7. FIND 125
. VALUE TO BE ADDED TO LINE 10(a.) )
Py ADD LINES 10(2) & 10(d.) £4.25
5] ENTER THIRD LARGEST VALUE FROM LINE 9 35
b SUBTRACT 11{2) FROM 10/e.) 19.25
w | ey ENTER VALUE FROM LINE 11{b.] IN DECIBEL ADDITION CHART ON PAGE 7. FIND 0
: VALUE TO BE ADDED TO LINE 10(c.)
a0 ADD LINES 10(e.) & 11ic.) B4.25
) PREDICTED dBA 54.25
PLEASE NOTE: Thacalculations used for multiple installations diifer fiom ARI Standard 27569, Page A_G
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DECIBEL ADDITION CHART
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EQUIPMENT LOCATION FACTOR — REFERENCE GUIDE

FACTOR .
0

o} NO REFLECTIVE SURFACE WITHIN 10 FEET

1

hl ONE REFLECTIVE SURFACE—10 FEET OR LESS
FIGURE 1

'll‘

Lpt VOt o e BT -

_TWO ADJACENT REFLECTIVE SURFACES~10 FEET OR LESS TO BOTH SURFACES
FIGURE 2

FACTQOR
2

T Ty
‘ Less .
f than
’ 15 Feet
1
FACTOR T

2

TWO OPPOSITE REFLECTIVE SURFACES-15 FEET OR LESS
FIGURE 3

- ,_::;_L @ Unit

FACTOR
H

— Areaway
—_— 15 {1, Dr lasy —
TWO OPPOSITE REFLECTIVE SURFACES-15 FEET OR LESS
FIGURE 4
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BARRIER SHIELDING FACTOR — REFERENCE GUIDE

SELECT APPROFPAIATE EXAMPLE THAT MATCHES YOUR REQUIREMENT~THEN CALCULATE

AARRIER FACTOR USING THE FORMULA: X=L, +L, -D

B + Ly ARE DISTANCES ANOUND OR OVER BARRIER

P15 DIRECT DISTANCE FROM POINT OF EVALUATION TO UNIT

ENTER VALUE OF "X'" IN TABLE HELOW — & READ FACTAR

X= 05 [ 1 2 3! 6 12
FACTOR 1 2 3 4 5 6

Parapeat Wal)
o5 Bateior

RN
ikl T
e N

2

Point of
Evatunticn

Parapet Walt or Roof and Wall ps Barriar

Roof ardd Wall

N

a

A

LR

7 ‘A'n.. — - | w EE’n'im of
el e el reen Sy afuaiton
A | . T ___X '?-r?'; /\-r.-‘.,‘_)

s Barrier

N
N\
Y
N
\

FIGURE 5
- Point ?f
Point af Unit Evaluation
Evaluation
Casner of Bullding ax Barrier Wall 55 Bartier
FIGURE 6 FIGURE 7
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SOUND PATH FACTOR - REFERENCE GUIDE

SELECT APPROPRIATE “PATH™ APPLICABLE TO INSTALLATION —~ THEN READ FACTOR FROM

TABLE BELOW.

PATH EVALUATION POINT FACTOR
A TOAPQINT OUTDOOR 0
B TO ACOM THROUGH OPEN WINDOW OR OPEN DOOR K|
c TO ROOM THRQUGH CLOSED SINGLE GLASS WINDOW OR DOQR 5
D TO ROOM THROUGH CLOSED DOUBLE GLASS WINDOWOR SOLID WALL 7

PATH
Cord

e
PtDP“wr_‘::—"' -

FIGURE 8

|

s

Page A-10



T

R

B

26 1
25 +
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-t 5
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T |
75 “+ ;
22 4 1 i
70 —— 10
anr o 65 REFERENCE-
o e —e == —— -} FroblemSet1, g
—_— ———— T Fart 1 {
ZaL————""""7 " F 60 = :
b ° -~ 20 :
u: =] i .
3 B |
8 19 g 55 T Q !
T a :
5 . T ¢
= a 50 1 E ;
b= 1
g1y s T E |
= T i
g ~t- 50 i
5 I |
B 17+ 40 —- 60 |
-l 70 !
35 4 |
16 -+ 4 1!
15 1!
14 « :
) NOTE: Muasured dBA Jevals should ba within -—t+—200
£ 4 db of pradicted levels whop amhient
is at Inast 5 dh below measured values,
13 4
124
TABLE 1
CHART FOR PREDICTED dBA
1T ‘
J
|
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APPENDIX B

SUPPLIER BRAND OF MATERIALS
- E. J. Bartells Co. Ferro Cousti-Products
700 Powell SW Eckel Industries
. Renton, WA 98055 United States Gypsum !
Johns-Manville i
‘ Pittsburgh Corning !
: ASARCO f
; Vyon ;
Dayne Hansen & Associates Soundcoat Products
: 15238 28th Avenue S.U. i
Seattle, WA 98166
Owens~Corning Owens-Corning Fiberglass
{ 6020 6th South :
Seattle, WA
§
1
!
1
E
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1 ;
. !
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