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SULILALYY

Alr conditioning pojse ey hiave adverse effects on
the humen comfort, Longs time cxposure to such o noise ey
cause headaches and fatipue and hence moey bapoair Lhe

Pleiency of the Mz hain:,

I'he locul uir condibioncr "Loldair" Lhan o high noise leval,

o roipered with the olandard  specilicatbiong, due Lo ilg present

depigne Ville the wucduum allownble noise level is about 55 dBA

e the livinge roowms oo alficen according to the standard
srecilicaction:,  bhie ale conditioner "Koldair " noise lovol
e coe s 0O do v oat hish Yo spead b oa distance of 1om {rom

oo .

Ao fhee prezent o w

P enmuring vitrsbions and noloo o dilrerent oporatin

ot an oxpevimenta) ntudy was coeried oug

cor i liona or oeach conponenlt o L nly aonditioner i G LS orent

voroebions Lo detorveine the maln conreces o tThe viloenlion end

e ln bhe Sdr o cuncilioner,

Diocon Tound ovt toedl Uee wedn cocreon o vibrotiong oo

]'(:,,'I_Jl:C'tiVel‘Y:

1. The comprecsor in verthicerl-ond horvisental dircelion: Jduc
the rotating and rociprocat ne oul ol baluance ags vell an
to pas pulsations in the syotom,

2. Unbalance of ithe axionl-and centrifusal flow fTand.

3. Vibrations due to the fuan notor.

On the other haud the wain sources ol noiuve in the air

conditioner were found to be due tog

to

due

1, The axial flow fan, due to alr pulsation caused by the Llacde

movements an well as due to proosure-and velocily gradientse,

A The compreusor due to ils moving pnrls and due Lo the
clectronngnetic huwi-and sug pulsations,

e
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he centriffugel £low fun due to alr pulgation similar to the

axial tlow ran but Lo a much legs extent,

The: 1o molerr due Lo electromapnetic hum,

Phe turbulent flow in the air duect (anerodynumnic noise due to

shavp cornera),

Desipn improverenty were cnrried outl to modily the compressor-

artl the nn wolor wounting s, und to provide acoustic insulation to

reduce

Ll

1.

(e

Lhe vibratlon-and neise transmission.

Phe new deglipn of the wir conditioner components incorporates

Followitg: wmodillcecationg:

Replucoment of the original rubber mounting of the compressor
by coll springs and rubber washers to reduce the vibration
transmission to the drip pan.

Uste of flexible multi loop cupper tubes inctewd ol the
vriginel rigid input-and divchargse lincs,

Uge ol exlernal multfler on the dischurge line to absorp

sud plusationg,

Lountin ol the Tan motor on g rubber pad lor hetler

vibration igolation,

Lininy the air ducts with felt, and providing them with curved

bendy instead ol gharp corners,

Yroviding; complete enclosure around compresgor and the fan

wotor uaing Tiberplass for the isolation of noise.

Due to these modificutions the overull noige level of the air

conditioner attained %3 dBA at high fan speed instead of GO dBA

(originanl condition with the unit erected 1n the wall). At low fan

speed the noise level was about 50 dBa, uslead ol

LG dita,

LY
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The ciponges ol the overall modifications amount to about

3% Llhe proce of the ulyr conditioner.

Murtherrecomuendations ares

1. Replacement of the original axianl-and centrifugal flow fang
by others having larger dimuwetery wnd larpge blade areas,
which pive ot the lower fan speed the game discharge rate
delivered originally at the higher fan speed, The fang
are to be made of plastic materials instead of aluminiua and

gtecl, to reduce the ocul of bulance,

2 Fabricution of the drip pan by forming instead of welding to

attain hipher rigidity and hence lower vibration lovel,

3. Ugine o rotury=instead of a reciprocating type compreggor

which resulis in lower vibrutlon-and noise levelsa.

ta lemoval ol the nuits of the compregsor mounting be* e the

erection of the alr conditioner in the wall,.
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Nomenclature
Sywmbol Units Definitions
c - Spring Index yatio
D - Deonping ratio
D, mm Outer diamter of apring
d mm Wirec diameter of apring
I N orce
g HZ Ixolting frequency
£ HZ Natural frequency
G N/mm2 lfodulus of rigidity
i - Fumber of turns of cpring
k N/m stifiness
Lp d3A sound pressure lovel
Ipt dBA Totel gound prescure level
Lpl dB4 Background gound prescure leovel
Lyl dB sound power lcvel (Backgyround)
Lirg dB Yotul sound power level
1 leg Iz
T N/m2 Soumd progsura
» - Frequency ratio = L

fn

“ﬂ kp/mm2 Shear stress
N - Trenmsmiooibility
Wi watt Overall gound power
& mm Static deflection.
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INTRODUCTION

Ady conditioning wnits are used Lfor providing a comtfortable
cuvironment for human heings throughout the year in the presence
ol genaible heat guaing in summer and sengible heat losses in winter,
Ihey are widely used in living roomg, officeg, hotels, hospitols...
etC.

However the human comfort may be disturbed by the nroise cauged
by the air conditioning units which may lead to fatigue and nerval
gtregas to human beings who are exposed for a long time to such a
noisze.

The locally manufactured "Koldgir" air conditioning unit ig
Tound {to produce a high‘noise due to 1ts present design as compared
wilth modern air conditioning units, which may sffect its marketing

and may cause accumulation of the manufactured units in stores.

The aim of the present investigation is therefore to ldentify
the probable sources of vibrations and noise in the Koldair unit
and to introduce the possible modifications to reduce itg nolge
level down to the standard specified limits et the lowest possible

expenseg.

The first stage of the work incorporates experimental measure-
ments and enalysls of +the vibrations cauged by the individual compo-
nents of the Koldair units. The second stage incorporates noise
meagsurements in the space around the unit as mounted in the wall
and as uncovered in bench tests. The third stage includes the intro-
duction of the possible modifications to reduce the vibration-and
noige levels ot the alr conditioning unit. Vibrations and noise
messtrenents were repeated after each modification step., Usmeful
recoumendations are pregented for further development of the

Koldair unit,
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CHAPTER 1
REVIEW OF LITERATURE

Vibration-and noise sources

A ccording to previous publications /1/, .e..., /9/ vibration

and noise of the air conditioners may be produced by several
sources such as compressor, fan motor, unbalance of axial-and
centrifugal flow fans, paths by which compressor noise and

vibrations are transmitted, and aerodynamic noise/1,2,..,9/.
Ingalls /2 /found that the noise causes associated with the

refrigenating system are:

L, Out of balance of the compressor

For the ventilator the out of balance tone of 49 HZ and {ts

Tirat harmonic were a cause of discomfort. In these cases
the energy of the out of balance tone was radiated from
the wall of the ventilator. It was found that the 49 HZ
level could reach up to %7 dB measured 3m directly in
front of the ventilator in the test chamber. Panels
resonance was caused all too readily by partial brideging
the isolation provided by the rubber feet which is caused

in practice by the following factors:

a. Compresgsion of the narrow rubber washer at the top of
the feet because the spacers were too short. This

increaged the effective gstiffneas of the feet.

b, Side forces acting on the compressor from the copper
tube connecting it to the evaporator could be sufficient
to compress the rubber between the apacer and the

compreasor base plate and again modify the atiffneass.
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3.

3
¢c. Contact between the tubes leaving the compressor and

the nearby case work,

Shell resonance of the compresgsor dome

This was gudible as a narrow band noise in the 2000 HZ
octave as with apure tone it was undesiresble because

it was Just audible above the back ground broad band noise.
Ingalls /2 / discussed fhe desipgn factors bagsed on large
hermetic compressors, but pointed out that more research

on the subject is still needed,

I'snn motor nolse

The only source of electrical noise was the induction
hum at twice mains frequency (100 HZ) caused by torsional
ogc¢lllations, the noise level could be reduced by modifying

the winding.

4. Bolling of the refrigerant leaving the caplllary tube

It was found that noise cremted by hoiling was acceptable if:

a, There were no burra on the cut end of the capillary,.
b, That the capillary tube entered centrally into the

evaporator entry,.

Wilson/ 1/ found out that the sound generated by the

compressor may be radiated directly from the steel ocase

(cagse radiation ) or indirectly by exciting other components

of

the system (structure borne noise). The mejor paths by

which compressor noise is transmitied to the system are:

Qe

Phe alr surrounding the compressor (case radiation}.
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b, The refrigerant within the tubing (discharge pressure pulse),

¢. The tubing (discharge and suction lines)

d. The mounting feet (vibration)

The control of compressor nolse in the application is

generally limited to the treatment of these transmission paths,.
Webb / 4 / mentioned that compressor nolse generaully can be

clasasified under:

1. Bearing noises are generally caused by excessgive bearing

to journal clearance poor surfece finish, nicks, gcratches,

burrs or other foreign material and improper lubrication,

2, Induction motor noise: ig a agignificant factor in the

overall noigse., Motors having an enclosed bar rotor may
produce asignificant amount of lower frequency noise, which
La definite "pulsating" or "hunting" sound cccurring at
harmonics of the electric line frequency -l covering the
range Trouw fuadamental line frequency through about

400~500 Hi4,

That nolse due to the eccentryicity of the air gap netween
the rotor and the stator (variable air gap) may cauue
extremely noticeasble pulsating nolses. Hermetic motors using
the open or exposed bar rotor may produce aminimum of the

low frequency noise,

Open bar type rotors are more acceptable than motor. with

closed bar type rotors for use of refrigerators.

3. Gas noise: The refrigerant gas stream iga prolific source

of noise,

Algo the sources of noise auch as:
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l. The movement of impeller blades of the fan at high apeed

Having the sane number of blades results in a high
Trequency noise due to gudder air movement at the

blade tipa,

2, Magnetic hum, all motors producc 100 IIZ hum with minor

harmonic.,.

Vibration and noise trestment

Wilson/ 1/ showed that the conlrol o compressor noise In

practice ia limited to the treatment ui the following

transmission paths:

1, Reduction of mounting vibration

There are three types of vibrations associated with the

compressor,
a. Unbalance (rotational, reciprocating).
b. Torque reaction (load genereted).

¢c. Flexural case vibration (audible frequency range).

The first two forms of vibrations cccur at low frequency
and appear primarily at the first two harmonics, The internal
suspension is usually adequate to reduce the vibration to
acceptable levels, The third type of vibrations occurs at
higher frequencies, It is this vibration that generates
the case radiation. The compressor internal spring
suspensgion is ineffective here as much of this energy is
transferred to the housing through the refrigérant, the
discharge tube, and oil reservoir. Synthetic rubber igsolators

are applied to the compressor mounting feet and are effective
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in reducing the tranamission of high frequency noise to the

unit base., The allowable statlc deflection of a rubber

lsolation was limited to about 10% of its free (unload)

height, Coll springs may be used to achieve a greater

transmission loss at low frequencies.

All comprqessor noise i1s at one or more harmonics of the
punping rate so that frequency alone is not definitive,
However, the noise from various causea does tend to be

limited to certain frequency range as followss

a. Cage radiation 200 to 10000 liZ,

b, Discharge noise 10 to 1000 HZ,
co, Tubing 55 to 1000 HZ,
d. Mounting 55 to 350 HZ,

2. Reduction of line transmlssion

The discharge and suction lines area possible path for
conducting compresgor noige to the system. The tranamission
line in this case is the wall of the tube. The desired
result of the tube design is flexibility so that the

tubing can be lengthened by providing a coll in the

horizontal plane around the compresior.

3j. Reduction of digeharge pulse

The "discharge pulse" isa pressure fluctuation in the

superheated refrigerant leaving the compressor. The
pressure pulse is confined to the refrigerant gas in the

discharge piping and ordinarily does not contribute

directly to the case radiation. Its contribution to noise

in the refrigerantion system normally ocours because

preasure waves in the refrigerant excite the condenser
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tubing causing vibration of the tubing, the attached unit

base and the cabinet pannels., Reduction of the preasure
pulse was accomplished by inserting a muffler in the
digcharge line between the compressor and condenser. The
best location for the muffler is usually as close to the
compres 'or outlet as possible to minimize the excitation of

the dircharge as well as the condenser tubing,

d.Heducing case radiation

The sound waves generated at the surface of the compressor

nouaing are radiated outward and:

a. Reflected aboul within the walls of the compartment and

radianted out through openings in the compartement,

b. Transmit some energy to the compartment panels (cause

vibration of the panels) or

¢. Some lose energy in the form of heat due to absorption,

The compressor case radiation muat be done within the
enclosure hefore the sound is radiated out of the cabinet.
This ls accomplished by absorption . Acoustical absorbing
materials such as fiber glass or an open cell pleatic Yoam is
applied to the compressor side of the enclosure panels,
Baffles may bhe placed between the compressor end cabinet
opening to reflect @ portion of the sound back into the
enclosure, The absorption coefficients fall off rapidly
for frequencies below 1000 HZ, The primary limitation on the
use of absorbing materials is the total area to which the
material can be applied.l¥ 10% or more of the cabinet panel
aree is open for ventilation the reduction in compressor

cage radiation is limited to about 3-5 4B (4).
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A digsadvantage of completely enclosing the compressor is
the loss in the performance that results due to the increase of
the ambient compressor temperature which increases the temperture
of the return refrigerant in the housing, The increased
refrigerant temperature entering the cylinder results in leass
mass flow of refrigerant without an equal decrease in power
consumption., The performance loss may renge from 1% to 5%. An
increage in the condenser surface can be used to reduce the
discharge pressure to recover the performance loss by a change

in the refrigeration system,

Clark /2 /showed that sound absorbing foam was added around
the air passage and also in the fan casing surrounding the fan
blades, (the foam was retained in the latter inatance by a strip
of perforated aluminium). He also showed that noise reduction

was achleved by improving the fan effectiveness as follows.

8. Increasing the solidity of the blading to the extent that
the blades occupied virtually all the fan area as viewed

along the axisg.

b, Increasing the fan diameter.

¢. Tncreasing the depth of the air space behind the heat exchangers,
d., Improve the efficiency of the fan and the flow path so that

the same volume of air could be passaged at a lower fan speed.
e, Engsuring that the compressor was freely supported on its

rubber mounts (remove nuts),

£, Investigating the flow from the capillary tube into the

evaporator entry.

Richardson / 3 /mentioned that the enclosure introduces

additional derreea of rreedom Into the Tan isolation
gystem, that obviously complicates the dynamics of the

complete syitem., It is necessary to ensure that the enclosure did
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