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Preface

At the request of the Nashlngton State Department of Ecology Noise
Section,the Environmenta]ProtectionAgencyRegionX NoiseProgram
initiateda study to determinemethodsof reducingthe noise impact
of residentialheat pumps. Two operatingfour-tonresidentialmeat
pumpswere locatedby Mr. FredHallumof the GeneralElectricCor-
poration,SeattleCentralAir CondiCioningDivisionoffice. Permis-
sion to constructand measurethe acousticeffectivenessof a free
standingheat pumpenclosurewas securedfromMr. WilliamSullivan
of Seattle,Washington. The designand installationof the enclosure
was accomplishedthrough thecooperationof EarthMetrics,Inc.,
Pale Alto, California (under contract to EPA) and EPA Region X Noise
Program personnel. Acoustic materials for the free standing enclo-
surewere acquiredthroughMr. HarveyBrittonof E.J. BartellsCom-
pany,Renton,Washington. The acousticeffectivenessof a second
enclosurewas measuredat theresidenceof Mr. RobertThorntonof
Gig Harbor,Washington.
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I. Introduction

PacificNorthwesthomeowners,likehomeownersnationwide,are at-
temptingto reducetheir consumptionof petroleumand naturalgas
fuels by installingelectrichome heatingand coolingequipment.
One suchdeviceis the residentialheatpump. Althoughthis device
is very miserly with its consumption of electricity, it is generally
noisy,in fact,noisy enoughto violatestate and city noiseregula-
tions.

Increasingnumbersof theseunits are being installed,and increasing
numbersof noisecomplaintsfrom neighborsand ownersof heat pumps
are being voiced. It rapidlybecameapparentthat littleinformation
was availableabout effectivenoise abatementmethodsor theircost.
With the cooperationof homeownersand the manufacturersof selected
units,a studywas conductedto determinemethodsof reducingthe
noise impactof residentialheatpumps.

It is the purposeof this reportto presentsomenoise abatement
methodsthatmay be used to minimizepropertylinenoise levels
resultingfromoperationof residentialheatpumps. Thesemethods
may be of valuein the absenceof sourcenoise controlmeasures.
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II. Heat Pump Operation and Noise Sources

A heat pump works like a refrigerator or air conditioner. It trans-
fers the heat present in air from one place at a relatively 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 l), cool air outside the building is
blown ever an even colder outdoor coil. Heat is transferred from

the outdoor air to this coil. This heat evaporates the liguid re-
frigerant in the coil, which is raised above 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 heat 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 liquid 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 conditioning process.
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As can be seen in Figures I and 2, there are two major sources of
noise, the compressor and the fen. The compressor sounds originate
inside the sealed self-contalned housing which contains both 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 def_ectien and turbulence between
evaporator coil end deflection grids. Fan sound levels will vary
with the number of fan blades, fan RPM, fan diameter, clearance
between the fan blades and fan housing, and the rate at which air is
being discharged.

Although net a source in iteelf, 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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Ill. Proceduresto MinimizeHeatPump Noiseat the PropertyLine

A. Placementof Heat Pumpon Owner'sProperty

The fact that the heat pumps produce a constant sound while operating
will generallyresultin the owner placingthe unit as far as possi-
ble from his or her bedroomor recreatienalarea. This can, and
often does, place the unit near the neighbor's bedrooms or recrea-
tional areas, thus causing the neighber 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
installationlocationswhich shouldbe avoideddue to their ability
(by providing large reflective surfaces) to increase the noise prob-
lem. Describedbriefly,they are (a)withinten feetof a wall,
(b) within ten feet of two adjacent walls (such as a corner) and
(c) within fifteen feet of two opposite walls (such as between two
houses).

The majorityof noiseproblemsresultingFrom presentlyinstalled
residentialheatpumpswould not exist if the installerand homeowner
had analyzedthe owner'spropertyto determinethe locationwhich
produced the ]east noise impact at adjoining properties.

To assist persons in determining the potential noise level at nearby

property lines, the Air-Conditioning and Refrigeration Institute
(ARI) has developed a Sound Rating Program. This program is a
manual/graphicalprocedurewhich providesa means of determiningthe
property line noise level of a heat pump before it is installed.
The procedure requires the Sound Rating N_(available from ARI)
of the proposed heat pump and the distances from the proposed site
of the heatpump to the noise sensitivepropertylines. AppendixA
presents elements of the Program plus several example calculations.
In Washington State and Portland, Oregon, the maximum permissible
nighttimenoiselevelat a residentialpropertyline is 45 dBA.

If, afterthe abovenoiseanalysishas been completed,the unit
wouldbe in violationof localnoiseregulations,both the installer
and homeownershouldconsiderplacingthe unit withina sound reduc-
ing enclosure.

1 Air-Conditioning and Refrigeration Institute, 1815 North
Fort Myer Drive, Arlington, Virginia 22209
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B Enclosure Design and Noise Reduction Effectiveness

Performing a property line noise evaluation using the ARI Sound
Rating Program will provide the heat pumpinstaller and homeowner
with a very close approximation of the predicted noise level If
after locating a site which yields the least noise impact the prop
erty line sound level is still 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 vortical discharge

Although both study enclosures were placed around vertical discharge
heat pumps the concepts acoustical results and construction ma
terials can be applied to other heat pumpconfigurations

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 Duct Liner
I/4 inch Acoustic FoamGasket Material
Assorted 2 inch x 4 inch and 2 inch x 2 inch Fir Frame Stock
Assorted Screws and Fasteners
Silicone Sealant

GradeA/C 3/4-inchplywoodwas selectedto provideadequatemass for
low frequencysoundattenuationand to providean exteriorsurface
suchthat theownercouldpaint or otherwisefinishthe exteriorof
the enclosure,

Acousticfiberglassduct linerwas chosenfor its acousticproper-
ties,availability,and itsacousticallytransparentface sheet.
The open fiberside of tileduct linerblanketis placedagainstthe
interior side of the enclosure with the firm black face sheet facing
the heat pumpand air flow. Attachmentto the plywoodwalls is
providedby usingmechanicalfastenerswhich generallycan be pur-
chasedfromthe fiberglasssupplier. Otherbrandsof acoustic
fiberglassduct llnerwill work equallywell; however,commonhouse
wallor ceilinginsulationshouldnot be used as its acousticpro-
pertiesare generallynot known. Containmentof fiberglasshouse
insulationis very difficultas it doesnot utilizean acoustically
transparentfacesheet.
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Foam gasket material is required to provide an acoustically tight
sealbetweenadjacentpanelsof the enclosure. A]l enclosuredesigns
must provide access to the heat pump for service, therefore some of
the enclosurepanelscan not be permanentlysealedwith silicone
sealant. The gasket material is glued in place where panels and
frames come together.

Severalconstruction-assemblydetailsshouldbe rememberedwhen
designing and building an enclosure:

I. 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".

2. Panelsshouldbe "floating"on a foamgasketmaterialsuch that
panels do not make physical contact with each other or the frames
(except through mounting screws).

3. Fasten the fiberglass 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.)

4. The enclosuremust not touchthe heatpump; otherwiseheatpump
case noise will be transmitted to the enclosure, then into the
air.

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

6. The enclosure should include a roof of some type to eliminate
water penetration (from rain) into the fiberglass.
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Enclosure A - FREE STANDING

General Description

A freestandingenclosurewas constructedfrom3/4-inchexterior
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
foursidesat the base of the enclosure. Thisbasicenclosure
yieldedan averagesound levelreductionof approximately5 dBA. An
additional2 dBA reductionwas achievedby liningthe insideof the
enclosurewith 2-inchthickacousticfiberglassduct liner. The
cost of materla]s was approximately $16B.O0. Construction time is
approximately 20 hours. Building details are shown in Figures 4
through 12.

AcousticResults

Acoustic data were gathered at four locations near the unit for each
of the three configurations:(a) Baseline(operatingheatpump with
no enclosure),(b)3/4-inchthickplywoodenclosure,and (c) 3/4-inch
thick plywood enclosure with an inner liner of 2-inch fiberglass duct
liner. Figure3 illustratesthe generallayoutof the test site and
the location of the sound measurement points. Table I presents a
tabulation of the measured data and attenuation values between suc-
cessiveconfigurations.Permanentobjects,such as trees,walls or
stairs located within lO-]S feet of the test heat pump were typical
of most residential heat pump installations; therefore, one should
expectsimilarresultsfrom enclosuresconstructedat othersites.

Enc]osureg - ATTACHEDTO HOUSEWALL

General Description

Acoustic measurements were taken at the home of a heat pump owner
who hadconstructedhis own enclosure. Thisdesignwas developedby
a California based consultant and consists of a house-like structure

which is closedon threes_des and completelyopen on the fourth.
The roof is slopedat a 45v angleaway fromthe noise sensitive
propertyline. Figure13 presentsa generaldiagramof thisenclo-
sure. A doublewall of 3/4-inchplywoodwas built arounda 2" x 2"
studframe. The roofwas alsoof 3/4-inchplywood. The heat pump
is positionedwithinthe enclosureto allowinletair to enter from
the opensideof the enclosureand circulatearoundthe base of the
heat pump. Discharge air is blown out the top of the unit and de-
flected(by the 45u roof)away fromthe noisesensitiveproperty
line. This enclosure is also lined with acoustic fiberglass duct
liner.
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Acoustic Results

Acousticdatawere gatheredat six locationson three sidesof the
test enclosure. A general layout of the measurement points and
acoustic results are shown in Figure 14. Variation in the attenua-
tion values at points C, D, 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 thatthe noise attenuationresultingfromthisenclosure
is very directional. When considering this type of enclosure, care
must be exercised to prevent degradation of the property 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
_heat pump installer.

Compressor Sound Reduction

As statedinSectionIf, thereare two primarysoundsourceswithin
a heat pump: the compressor and the fan.

A method has been tested, on a four-ton unit, which yielded an 8.5
dBA reduction in the compressor sound level. The compressor 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
liner, 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 l-inch thick sheet of
rigid styrofoam, thereby eliminating vibration of the case bottom
which supports the compressor.

Thesetwo soundtreatmentsshouldnot reducethe unit'sefficiency
as the compressor is cooled by the passage of refrigerant. These
compressor treatments have, in many cases, reduced the compressor
sound to a level where complaints have ceased.

Fan Sound Reduction

Experimentation with various fan blade configurations and motor

I speeds,on a four-tonunit,hasyieldedfannoiselevelreductions
I of upto 6 dBA at thepropertyline. Table2 indicatesthe limited

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
evaluatedon an operatingfour-tenheat pump. The originalfan and
motorwereremovedand replacedwith a housingcontaininga 15-inch
diameter- 15-inchwlde drum fanwhich rotatedat 458 rpm. The data
shown in Tables3 and4 indicatebetweena 2 dBA and 14 dBA fan
sound reductiondependingon the directionof dischargeflow. Sound
reductionsfor the totalunitoperatingwiththe centrifugalfan
rangebetween2 dBA and 9 dBA, again,dependingon the directionof
dischargeflow. Thecost of the centrifugalfan assemblycouldrange
from$250 to $400, dependingon unitsize and manufacturer.
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IV. Summarx

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 location and b) selection
of noise abatement technique. The techniques presented provide the
following approximate amounts of total unit sound reduction.

i. Free Standing Enclosure 7 dBA

2. Enclosure Attached to Wall 3 dBA- 16.5 dBA

3. CompressorTreatment Only 3 dBA

4. Fan Change Only (No. of Blades, rpm) I dBA - 2 dBA

5. No.3 and4 Combined 7.5 dBA

6. Centrifugal Fan 2 dBA- 9 dBA

7, No. 3 and 6 Combined : 4 dBA- II dBA

i Page I0
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HEAT PUMP ENCLOSURE TEST SITE
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The jetage tookoff with a roar In the ate.1950's,
The U.S.today hasmore than 450major aireorts
serving an Americanfleet of some 2.200 large
jetsand thousandsof smaller aircraft.
Ironically,the verysuccessof the air :" "'
transportation industry hascome to cloud Its

The unwantedsoundof airport and alrcraf
operations is'seri0usIydepressingthe quality of "

: ,;life 0f millions of Arne_icans.,Theproblem is'onel ' ""
:'_of teo'hnol6gy fligb'tscheduling and lend use; ,, ,?
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Figure 8 Pront panel on Frame Figure 9 Design Measures to preventRecycle of Exhaust Air.



Figaro lO Glass Fiber Acoustic Material
Fastened tc Plywood panel.
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Figure ii Completed Heat pump Enclosure, Figure 12 Completed Heat pump Enclosure,
Minus Two Side panels Minus Single Side panel



TOP VIEW
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TESTSITE GENERAL LAYOUT

TOP VIEW

HOUSE

® 1o, ® 5. I _FLo_. lO', L_[HEAT PUNP (_) "(_)

5,

3,

ACOUSTIC RESULTS

SOUND LEVEL-dBA SOUND LEVEL-d8A
:J POSTITION NO ENCLOSURE WITHENCLOSURE ATTENUATION-dBA

!: A 65 65 0

.,., B 62 59 3

C 65 53 12

D 61 47.5 13.5

E 65 50 15

F 62 45.5 16.5

i
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CROSS SECTION OF COMPRESSOR SOUND
CONTROL TREATMENT

FURNACE TAPE__ LB/SQ. FT. LEAD

\

COMPRESSOR HOUSING

1" FIBER ; / '_.ILB/SO, FT. LEAD
2" FIBERGLASS* COMPRESSOR SOUND SHROUD

" ACOUSTIC FIfEKGLASSDUCT LINER
FIGURE 15



Table I

Tabulation of Enclosure Sound Attenuation

Configuration

Baseline Plywood
SoundMeasure_lentSound _ Plywood A EnclosureTotal

Level dBA Enclosure dBA with 2" A from

i FiberglassBaseline
LocationDistance dBA _ p dBA ¢ P dBA

i 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 - 7.5

3 15'Front 51.5 -3.5 48 - 1.8 46.2 -5.3

4 ]5'Left 53.5 -4.0 49.5 - 2.5 47 -6.5

Average
Attenuation -4.7 -1.9 -6.6



Table 22_

Fan Sound Component Reductio_
on A GeneralElectric4 ton Heat-Pump

Sound Level
{Mllberof Fan Fan Motor At Property
U1ades Diameter Pitch RPM Line(29FT)

Inches Degrees dBA

3* 22 34 1075 56

4 22 25 1075 54

4 22 35 825 53

3 22 35 825 50

* S:ockfanon a GeneralElectric4 ton lleatPump
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TABLE 3

H._EATPUMP FAN COMPONENT AND TOTAL UNIT SOUND REDUCTION._.SS
Wn'H CENTRIFUGAL FAN FLOW PERPENDICULAF{ TOHOUSE WAII

[_H_AT PUMP
K J I B C D

FLOW
E

F

G

H

LOCATION DISTANCE STOCK FAN* ! CENTRIFUGAL** FAN SOUND TOTAL UNIT TOTAL UNIT TOTAL UNIT
FT. dBA FANdBA REDUCTION (STOCKFAN) (CENT.FAN REDUCTION

dBA dBA dBA dBA

A .5 71.5 61. 103 72. 67.5 4.5
B 10 66.5 57. 93 67. 58. 9.
C 15 63.5 5zt,5 9. 64. 57. 7.
D 20 61.5 .52. 9.5 62.5 55. 7.5
E 5 71. 68. 3. 71.5 68.5 3.
F I0 65. 63, 2. 65,5 62. 3.5
G IS 61. 59. 2. 62.5 59. 3.5
H 20 60. 57. 3. 61.5 57.5 4.
I 5 71. 60. 9. 72. 65. 7,
J I0 65.5 57. 8.5 67. 58. 9.
K 15 62. 53. 9. 63. 55. 8.

* 3Blade, 35°Pitch, 1075rpm
** 15inch die, IS inchwide, 458 rpm



"['ABLE 4

HEAT PUMP FAN COMPONENT AND TOTAL UNIT SOUND REDUCTIONS

WITH CENTRIFUGAL FAN FLOW PARALLEL TO HOUSE WALL

i_, _HEAT PUMP -KJ  F,27c'2
FLOW

E

F

G

H

LOCATION DISTANCE STOCK FAN* CENTRIFUGAL** FAN SOUND TOTAL UNIT TOTAL UNIT TOTAL UNIT
FT. dBA FANdBA REDUCTION (STOCKFAN) (CENT.FAN REDUCTION

dBA dBA dBA dBA
i.

A 5 71.5 66. 5.5 72. 66. 6.
B 10 66,5 64. 2.5 67. 64. 3.
C 15 63.5 61. 2.5 64. 62. 2.
D 20 61.5 58.5 3. 62.5 60. 2.5
E 5 71. 60. 9. 71.5 64. 7.5
F 10 65. 55.5 9.5 65,5 58.5 7.
G 15 61. 53.5 7.5 62,5 56. 6.5
H 20 60. 52. 8. 61.S 55.5 6.
I 5 7h 57. 14. 72. 67. 5.
J I0 65.5 53. 12.5 67, 60. 7.
K 15 62. 50. 12. 63, 56.5 6.5

* 3 Blade, 35° Pitch, 1075 rpm
** 15 inch dZa., 15 inch wide, 458 rpm
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APPENDIX A

APPLICATIONOF THE ARI SOUND RATINGPROGRAM

Reprinted with permission from ARt and BDP Co.

The ARI Sound Rating Programprovides a method for drier. Distance F;_cter. Tile f_urlh lacier Io be considered is lhe
m_ningthepredlctednols_levellorunilaryalrcondhloning d_leeldlslancefiomthe_quiprnenltothepo_ntofevatuat_on.
,_ndheatpumpequipment. ItIsused,alongwiththe SLN, to predlctthedBA inthe

Th0AR Isoundratingsymem Fsbasedon a_o_ndratingnum. homograph_TableI,p_ge1I).

her- f_ferredto,san SBN. Soundrat_ngnumbersaredeler* The balanceof tld_rnanuafcontalnsa_erlesofs_mplep_o_
;n_nedby testingeachunit_na specialacousticalsoundchain, toms_nd worhsheets- designedto acqualnlyou wlthmost
bar.The SRN scalanormallyrangesfrom15-2a,.The lower typesofsoundappf_cations.
thenumber,thequietertheunit,

ThesenumbersarebeingIisledina soparalesectionof theARI The worksheetsareeasyto foifowwhh step.by.Happrec.-
Directory,SpecData5heatswig includetheSRN'swhen units duresthatguideyou totheans_verquickIvandaccurately.

arecertified. Alwayskeep inm_nd,when workingwithsoundreduction,
Thisintroductorymanual providesa step.by-stepprocedure thaldoublingthed_slancefrom thenoisesourcetothepo_nt
forpredictingoutdoorsoundlevels- producedby aircondl, ofevaluation_educesthesoundle_,eJbVB decibels.
lionlngequipment,TopicscoveredInclude:equipmentIoca.
tlon,barriershield,soundpathand distancefactors- plus As an example,ifthesoundlevelis64 dBA,al8feet,thenat
sampteprobrumsand tabres, 16 feetthesoundlevel_sreducedto5g dBA.However,ifthe

noisesourceisreducedonehalf,thesoundlev_lisreducedby
onfy3decibels.

DEFINITION OF TERMS From thls example, it can be seenthat it is mornadvantageous
to place the unit as far from the property line or point of

SoundRating Number - SRN. That numberassignedto out. evalual_onaspossible.
deer unitary equipment rated in accordancewith ARI Stand-
ard 270.67 at standard rallng conditions. (BO°F db/67=F wb Narrow. or smaBslde yard tocation installationsarenot recom.
indoors-- 95°F db outdoors, with ratedair flow.) mended.

SoundLevel Nulnb_r - BLN. The result c_f_pplySn9 the th;e_ Shrubbe/y and ot_.lerfight scre0nl;andfencesareof tittle v._lue
bastefactorsto the SRN. Theso facto$sBrc- local{on, barrier in reducingrad_aledsound. However, equipmentwhich is not
sh{__ndsoundpath. visiblemay be psychologlcaIIymoreacceptable*-eventhough

sound levels _re no different. This is an important consideta.
Dedb=l -- dO. The bas_cunit of measurementused in argus, tlon and can be usedasan advantage,if properly applied.

tlc_.Technically it is ten times the Iogarhhmof the ratio of a Here are some typical questions and answersfrequently asked
measuredsound to a reference _ound - i.e. about soundatld its measurements.

dR = 10 log) e ReferenceSound" Q. When an outdoor sourceproducesa sound levelof 60 dBA
"A" Scaleor dBA. The decibel love. a_ measuredon the "A" at a distance of 15 feet. what wltl be the _evetat la) 30
scaleof a _ound level meter. Thisscaleclosely approximates feet; |b)7_ f_et?
the responsecharacteristics of the human ear. "B" & "C" A, Ja) 54 dBA {b) 6g dBA. Doubling thedistancereducesthe

,_ scaleshavea higher frequency rangereception, soundlevel by e dBA.

Ambient Nois_. Surrounding or backgroundnoise of a g_ven Q, What is a generallyacceptable soundlever _no bedroom?
environment. A. 40 dBA.

S0utld Level Meter. An Instrument used for dlrect measure. O. What sound level does a typical outdoor alr conditioning
rnentof soundpressurelevels. Scalesusually IncludedeA, dBB unlt produce at a distanceof f 5 feet from unit7
& deC. Measurementsshould be takenno clo_erthan 3 feel to A. 5g dBA, plus or minus 5 dBA.

any r=fJectlvesurfac_ including groundlevel. O. Whal difference _n sound level must be registeredbefore
Equlpml=ntLocation Factor. This factor considersthe effect the averagepersonthinksthechangeis twlc_as loud?
of walls and reflective surfacesother than surface on which A. 10 deA.
unit IsImtMled. It isthe only factor that isadded to the sound
ratlngnumber. Q. What change In sound level has to be mad_ before the

" ' human earcan delect it?
BarderShieldingFactor. Barriers. when effectively used.con.
tribute co_slderably to the reduction of rtoi_ level. Such a A. From 3-5 dBA. On the average.II takesa 3 dBA changefor persons to notice a difference. A 5 dBA changewillharriet may be the corner of a building, parapetor a wall.
Oeterminethe shielding factor by usingdistancesaround or alte¢ timereaction for people to say that it Is definitely
overthebarrier.It is deducted from theSRN. better or wors_.

Sound PathFactor. Thls factor adiustsfor the path of sound O. What canbe done to reduceti.e noise ;oval from outdoor
) from the unlt to the point of evaluation. It may be to the air conditioners?

outdoort, tO a foam through open or closed windows or A. Proper equipment Iocallon or the useof _olid wallsand
througha wall, It is deducted from the SRN, In most appfica, barriers, Select a lee=lion as far away a_ poss_bfofrom
lion! the factorw_llbezero - or to point ouldoors, areaswherenoise Is "unwanted"°
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SAMPLE EXERCISES

I_Ir #ilr
Walt

Problem Set 1 -- Thereare three individual problems in thisset

(A, B and C). Problem A. however, consistsof Part 1 and Part p_op_f_,/__,z-: _',

2 to dramatize th_ significanceof adding a barrier, usingthe Line '_3' tLsameconditions, p,

Problem A -- Part 1

Determine Sound Rating Number (SRN) from either ARI Di- I _ t'--J Unit
rectory or manufacturer's spec sheets.Enter result on llne 1 I. MJN,[
(we'll assume19 to be SRN). ts' (O)

Find Equipment Location Factor from Relerence Guide (Fig- BARRIER SKETCH
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, Plot SLN (17) and distartcefactor (15) on homograph (Table
1, page 11). Predicted dBA is 52, a reduction o1 t0dBA with

Determine Barrier Shi01dFactor -- No barrier shield in this the addition of a barrier wall.
example. Enter "'0" on line 4 of worksheet. Problems B & C -- Complete on your own to increaseyour

proficiency, (Answersappear in lower left hand corner,)
Sound Path Factor - Seepage10. The evaruationis to a point
outdoon (Path A}. Enter factor "0" on line 5, Total lines4 &
5. In this example it's"0". Problem Set 2

Problem A - Determine Sound Rating Number (SRN) from
Sound Level Number - Subtract line 6 from line 3 (20 -O _ either ARI Directory or manufacturer's specsheets. Enter re-
20) SLN is 20. Find distance from unit to evaluation point, suit on line 1 {We'll assume20 to be SRN).
(From p_otplan or installationsketch,) In this example it is 15
feet, Find Equipment Location Factor from Reference Guide (Fig.

ere 1, page 6), Factor is "1". Enter "1" on line 2 of work.
Now that the ,_LN is known- 20, and the distance factor"is sheet.
known - 15, plot the SLN on left hand side of nomograph
(Table1, page11) asthown. Plot distance factor on right hand Add lines l & 2. Enter "21" on line 3.
side. Connect points usingruler, The point at which line cross. Determine Barrier Shield Factor - No barrier shield in this
escenter scaleis the predicteddBA level, example. Enter "O" on line 4 of worksheet.

Result for thisexample - 62 dBA. In mostcities tbi5 levelwill Sound Path Factor - See page10 (Path A). The evaluation is
be above llmitations. Two choices are availabJe;eitbur the unit to a point outdoors, Enter factor of "O" on line 5. Total lir=es
must be relocated or a barriermust b0added. Continue with 4 & 5. In thls example it's'O'.
part 2 of problem belowto show effect when barrier is added. Sound Level Number -- Subtract I_ne 6 from 3. SLN is "'21".

Find distance from unit to evaluationpoint. (From plot plan
on installation sketch.) In titleexample it i_ 34 feet.

Problem A- Part 2 Plot SLN of "21" and distance factor of 34' on nomograph
(Table 1, page 11), Result for this example is 58 dBA. Con.

Adding a barrier wall changestwo factors in this part of the tinue on your own with problems B and C (answersappear in
prob|em, These two factors are the barrier shield and equip, lower left hand corner),
ment /ocaHon. Keep in mind that adding a barrier wail or unit
relocation should not be done until a worksheet and sketch
has indicated that an acceptable rangeof sound level canbe
achieved. Problem Set 3

Problem A has been completed, Review andwork problems B
Lines 1, 5 & Bremain the same. and C to increaseyour speedand skill,

Line 2 becomes a factorof "2" becauseof the two opposite -"
reflective surfaces. (The barrierwall and the wall next to unit
are lessthan 15 feet apart.) Problem Set 4 - Multiple Ueits

Predicting one noise level for two or more units is done in .
Uno 3- Add Hnes 1 & 2,.. "21"o much the same manner as in previous examples. Complete

lines 1 through9 for each individual unit. Line 10 -- Select the
Line 4- Calculate barrierfactor from barrier sketch,using the two highest numbers from line 9. The two highest in this
formura: example are 53 & 48. Subtract these two vaTues.Refer to

Decibel Addition Chart, page 7. Enter value of 5 in column
X = L= + L= -D headed DIFFERENCE BETWEEN SOUND LEVELS (See dot-
_X• 5 + 13 -15 ted line). Read number to b# added to highestsoundlevel. In
X = 3 this example it is 1,25, Add thisvalue to the highest number

(53 + 1.25 = 54.25), With this value,subtract the next largest i
number (54,25 -35 = 19,25). Enter result in chart -- value is

Enter value of X in table on page9. X(3) equalsa factor of greater then 10; ther#fore, there is no increase in sound/eve/
"4". (54.25 + 0 = 54,25), The total predicted sound level for this
Complete lines 5 through 8. problem is 54.25.

PageA-2
'-F



iNSTALLATIONSKETCIf

WORKSHEET - P :IOBLEM SET 1

'- EVALUATIONPOINTS
LINE

DESCRIPTION PROBLEMA PROBLEMB PROBLEMC
NO. PART 1 PART 2

ENTERSOUNDRATING NUMBER
1 (FromARI Directoryor SpecSheet) ] 9 1_ 19 ]9

FIND EQUIPMENTLOCATIONFACTOR
2 (SeeApplicationReferenceGuide.pageB) ] 2 1 )

3 ADDLINESl& 2 20 21 20 20

CALCULATEBARRIERSHIELDINGFACTOR
4 (SeeReferenceGuide,page9} 0 4' 0 0

• FIND SOUNDPATH FACTOR
S (SeeReferenceGuide,page10) 0 0 0 3

B ADD LINES4 & 5 0 4 0 3

FIND SOUNDLEVEL NUMBER
7 (SubtractLineSfrom Line3) 20 17 20 17

8 DETERMINEDISTANCEFACTOR |5 15 47 3t

PREDICTEDdBALEVEL
O 62 52 52 44,.5

(Referto TableI, pagef lJ

' "SEE PAOI A-2 FOR THIS CALCULA 1ON
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INSTALLATION SKI_TCH

/

/

/
"_lL" _''_ PropertyLine

WORKSHEET-- PROBLEMSET 2

LINE DESCRIPTION EVALUATION POINTS
NO. PROBLEM A PROBLEM B PROBLEM C

1 ENTER SOUND RATING NUMBER 20 20 20
(From ARI Directory or SpecSheet)

FiND EQUIPMENT LOCATION FACTOR

2 (SeeApplication ReferenceGuide, page8) | | |

3 ADD LINES 1 & 2 2| _| 2]

CALCULATE BARRIER SHIELDING FACTOR

4 (See Reference Guide, page9) 0 2 0

E FIND SOUND PATH FACTOR 0 3 O
(See ReferenceGuide, p_ge I0)

= "" 6 ADD LINES4&5 0 5 0

FIND SOUND LEVEL NUMBER
7 (Subtract Line 6 from Line 3) _'l 16 21

8 DETERMINE DISTANCE FACTOR 34 41 2 ==

PREDICTED dBA LEVEL

9 (Rofer to Table 1, page11) 58 40 60.5

Page A-4



II_JSTALLATION SKETCH

WORKSHEET - PROBLEM SET 3

LINE EVALUATION pOINTSDESCRIPTION
NO. PROBLEM A PROBLEM B PROBLEM C

1 ENTER SOUND RATING NUMBER 18 18 18
(From ARI Directory or SpecSheet)

FIND EQUIPMENT LOCATION FACTOR

2 (SeeApplication Reference Guide, pageE) 2 2 2

3 ADD LINES 1 &2 20 20 20

_ CALCULATE BARRIER SHIELDING FACTOR
4 (SeeReferenceGuide. page9) O 0 0

• FIND SOUND PATH FACTOR
_: 5 0 0 $
;: (SeeReference Guide, page10)

6 ADDLINES4&5 0 0 5

FIND SOUND LEVEL NUMBER

7 (Subtract Line E from Line 3) 20 20 15

8 DETERMINE DISTANCE FACTOR 4 =; 30 38

PREDICTED dBA LEVEL

0 ( Referto Table 1opage 11) 52 56 37
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I INSTALLATION SKETCH

Uriil No, 2 _1_

unuNo.1"_ 70' 60' 50'

A

WORKSHEET - PROBLEM SET 4 (Multiple Units)

EVALUATION POINT$
LINE DESCRIPTION UNiT UNIT UNIT
NO. NO. 1 NO. 2 NO. 3

1 ENTER SOUND RATING NO. (FOR EACH UNIT) 15 19 18
2 FIND EQUIPMENT LOCATION FACTOR-PAGE 8 1 2 1
3 ADD LINES 1 &2 16 21 19
4 CALCULATE BARRIER SHIELDING FACTOR-PAGE 9 0 0 O
5 FIND SOUND PATH FACTOR-PAGE 10 0 O O
B ADDLINES4&5 0 o 0

FIND SOUND LEVEL NUMBER
7 (Subtract Line 6 from Line 3) 16 21 19
8 DETERMINE DISTANCE FACTOR 70 60 50
9 PREDICTED dBA LEVEL (REFER TO TABLE 1 - PAGE 11) 35 53 48

a.) SELECT LARGEST VALUE FROM LINE 9 53
b.) SELECT NEXT LARGEST VALUE FROM LINE 9 4B
c.) SUBTRACT 1O(bJ FROM 1OIa.)-ENTER DIFFERENCE 5

10 ENTER VALUE FROM LINE 10{c.) IN DECIBEL ADDITION CHART ON PAGE 7. FIND
d.) VALUE TO BE ADDED TO LINE 1Ola.) 1.25
e.} ADD LINES 1O(a.)& lO(d.) 54.25

s.) ENTER THIRD LARGEST VALUE FROM LINE 9 35
b.) SUBTRACT 11{a,) FROM 1Die.) 19.25

ENTER VALUE FROM LINE 11(b.) IN DECIBELADDITION CHART ON PAGE 7. FIND O
11 c.} VALUE TO BE ADDED TO LINE 1O(eJ

d.) ADD LINES 101e.)& 11(c.) 54.25
e.) PREDICTED dBA 54.25

pLIEASENOTIE= Tfllc;8_¢ulationl'Jtedl_ormult4plelnStalJatLorlsdllterffomARIEiland=td 275,6g. P_ge A-6



DECIBEL ADDITION CHAHF

10

9

8

• 1

0
O 1 2 3 4

VALUEADDED TOLARGERNUMBER

I
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EQUIPMENT LOCATION FACTOR - REFERENCE GUIDE

III]ll -i
_ -

FACTOR
a} NO REFLECTIVE SURFACE WITHIN 10 FEET O
hi ONE REFLECTIVE SURFACE-10FEET OR LE,_S 1

FIGURE 1

._ ._r_ _ FACTOR

TWO AOJACENT REFLECTIVE SURFACES-IO FEET OR LESS TO BOTH SURFACES 2

FIGURE 2

lharl
...... 15 Feet

FACTOR
TWO OPPOSITE REFLECTIVE SURFACES-15 FEET OR LESS .2

FIGURE 3

] _,i_l.l_ill',l;li!ll!'=!';!,N_"lli!':,_

FACTOR
TWO OPPOSITE REFLECTIVE SURFACES-15 FEET OR LES_ 2

FIGURE4
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BARRIER SIIIEI.DING FACTOR - REFERENCE GUIDE

SELECT APPROPRIATE EXAMPLE THAT MATClIES YOUR REQUIREMENT-THEN CALCULATE
BARRIER FACTOR USING THE FORMULA: X = LI + L2 -D

L I ÷ L 2 ARE OISTANCES AHOUND OR OVER BARItlER
D IS DIRECT DISTANCE FF{OM POINT OF EVALUATION TO UNIT

ENTEI3 VALUE OF "X" IN TABLE. []ELOW - £_ HEAD FACTOR

,CTORoa,, ,-o

LI

Point of Unil
EvJlullion

coiner of Building _l:, B_irrJe_" Wall at Barrier

FIGURE6 FIGURE7
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SOUND PATH FACTOR - REFERENCE GUIDE

SELECTAPPROPRtATE"PATH'APPLfCABLETO]NSTALLATION- THEN READ FACTORFROM
TAREEBELOW,

i

PATH EVALUATION POINT I FACTOR
[

A TO A POINT OUTDOOR 0

B TO ROOM THROUGH OPEN WINDOW OR OPEN DOOR 3 f
C TO ROOM THROUGH CLOSED SINGLE GLASS WINDOW OR DOOR 5

D TO ROOM THROUGH CLOSED DOUBLE GLASSWINDOWOR SOLID WALL 7

PATH /..._

Cord

Unit

FIGURE 8

F
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APPENDIX 8

SUPPLIER BRANDOFMATERIALS

E.J. BartellsCo, FerroCousti-Products
700PowellSW EckelIndustries
Renton,WA 98055 UnitedStatesGypsum ,

• Johns-Manville ;
Pittsburgh Corning
ASARCO
Vyon !

DayneHansen& Associates SoundcoatProducts
15238 28th Avenue S.W.
Seattle, WA 98166

Owens-Corning Owens-CerningFiberglass
6020 6th South
Seattle, WA

Page B-I




