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Abstract. Rotary compressors are widely applied on air conditioning devices due to the high efficiency and pressure
rates. In the other hand, a great problem of these compressors is the irradiated noise. The main noise sources of rotary
compressors are internal turbulence, valve impacts, bearings, electric motor and roller-vane friction. Many of these
sources can excite the compressor housing that is one of the largest sound radiation surface areas in rotary
compressors. The purpose of this paper is to propose a methodology to identify the sources position and evaluate the
treatment effects of noise on the generated power levels. Structural forces were estimated to be used as input
parameters for a sensitivity analysis, dynamic displacements were measured on some points of compressor and applied
on a finite elements model FEM to calculate the sound field resulted.
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1. INTRODUCTION

Nowadays compressors market requires products laithnoise and vibration levels, since these sounzse

discomfort to users (Jeti006).

Rotary vane compressors are widely applied on @iditioning devices due to the high efficiency gmmdssure
rates (Crocker, 2007). The main noise sources egettcompressors are internal turbulence, valve dtephearings,
electric motor and roller-vane friction. The suatiaccumulator that is connected to the housing cesspr can be
another secondary source (Zhu, 2008). So, the mmal sources are: a) the pressure variatiowdsst suction tube
and discharge collector. This pressure fluctuagincite the compressor housing, and any other stmictttached to it,
which can vibrate and irradiate noise (Crocker,700) the transmitted impact by kinetic energyttaf valves closing
(Leyderman, 1993); c) the electromagnetic forceshenmotor stator; d) the gas pulsation into corsgiosn chamber,
which excites mechanical parts of the structuradiating noise to external environment (Kim, 1998)

The sound spectrum of a rotary vane compressoerg eomplex. In a general approach, in 60 revohgiper
second, the generated sound in the frequency @g@0 to 900 Hz can be explained by the gas flod/its pulsation;
in the frequency range of 2 to 2.5 KHz by valve auys; and above 3.5 KHz mainly due to the frictfonces
(ASHRAE, 2008).

In accordance to Crocker (2007), high vibratiorelevin different frequencies are observed in regjiabove and
below of motor stator, on accumulator support, elede to soldering line of suction. In his workegbrmethods were
applied to reduce noise and vibration:

1. Vibration dampers around the bottom of compressosimg, close to regions of high vibration magnétud
resulting in a reduction of 2.5 dB(A) in overallegprum;

2. Changes in the geometry of suction channel, regpiti 2 dB(A) of reduction due to a smooth flow,

3. Re-design of the rotor e roller manufactured wittypmide material, resulting in reduction of 2 dB(A

The mechanisms and transmission paths of noideesetcompressors are very complex, but all gertkratise is
from transmitted vibration to compressor housirlpvang the use of source identification technigeesh as sound
intensity probes and beam forming (Egea et all02@t particle velocity sensors (Honschoten, 20fd)example. The
main problem of these techniques is that, besidesigh cost, they only indicate the sound intgnaitd position of
noise sources, without any quantitative informa@dsout the amplitudes of the efforts that have geted the acoustic
field.

The objective of this work is to propose a methodglto identify the sources position and evaluateamplitudes
of the inputs responsible by the generated powede
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The technique is based on the measurement of dgndisplacements on some points of compressor amd th
application of them on a finite elements model FEMged to calculate the sound field resulted by ithposed
displacements.

In this approach, the FEM model is used to intexfmlthe measured displacements, although the yjualit
interpolation will be proportional to the abilityf the FEM to represent high order modes. The gadatintage of the
proposed methodology is that it allows the estiomaibf structural forces, which generate the acousid. These
forces can be used as input parameters for satsiivalysis and structural optimization, for exdenpn this work, a
sensitivity analysis was performed by means ofatibn levels reduction in some interest regionshef compressor
and Sound Power Levels (SWL) was analyzed.

This paper is organized as follows: section 2 dises the paper methodology, in section 3 the expetal
procedure is presented, section 4 describes thencahand experimental results and finally in Egtb the necessary
conclusions will be presented.

2. METHODOLOGY

Figure 1 shows a typical sound power levels (SWigcsrum of studied compressor, in 1/3 of octavedbdrom
frequency 100 Hz to 10000 Hz. In accordance toréigihere is a predominance of high frequenciehén3WL of
generated noise. For this reason, in this papepithposed methodology was applied in the 1/3 cd\aetands from
630 Hz to 2.5 kHz.

The hybrid methodology presented in this paper istssf:

1.

Measurement of vibration levels generated by thepressor housing and accumulator at several points.
To ensure the phase between the measurements, poirdference point i was used. So the Frequency
Response Functions FRFji was estimated for othietgpin the frequency band of interest.

Construction of an acoustic model FEM with a mdsdt tneets the requirements of the frequency band
analyzed, at least six nodes per wavelength amitsftontour, or the air impedance of at a distaoftat
least two lengths wave of vibrant surfaces.

Validation of acoustic model.

Application of measured displacements in the FEMdehousing only frequencies of interest and
simulation of acoustic field to calculate the SWihe jth harmonics of real and imaginary displacetsien
are obtained by the product between the ith harcaidisplacement (obtained by fft of vibration
response) and the FRF Hji. The experimental medslisplacements of compressor were applied on their
respective nodes of FEM.

Reduction of vibration amplitude in some parts @fhpressor and recalculation of sound power lewwls f
purpose of sensitivity analysis.

T | i sl ikt ™ = T e i i ke

SWL [dB]
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Central Frequency [kHz]

Figure 1 - Typical sound power levels spectrumotéry compressors.

Figure 2 shows the finite element model (ANSYS ®)tloe studied compressor. The structural part & th
compressor was modeled using element type PLANE#Rtlae acoustic element was FLUID129. The elemizat s
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used for the acoustical fluid ranged from 5 mmgelto compressor structure) to 20 mm (external tayncondition)
as observed in Figure 2. These values were ch@sendure a minimum number of 6 nodes per waveleagthe
maximum analyzed frequency (2.8 kHz).

The boundary condition was modeled with tetrahedtament type FLUID 129 with present structure dmel
impedance of air (MU = 1). The length of acoustifiald, from the boundary condition and the struetglose to
compressor was 1.22 m, which insures at least ZMagths between the structural elements and #maegits of
external acoustic field (boundary) at 562 Hz (lovwerit of 630 Hz band). The command FSI by Ansys@swised for
the fluid structure interface.

Figure 2 - Acoustic finite element model of thearytcompressor.

For sensitivity analysis purposes, the compressaoising was divided into four regions as shown ig. B. The

sensitivity analysis consisted of:
% Simulation of the acoustic field according to tlieration levels measured in 1/3 of octave bands 630

Hz to 2500 Hz;
% In accordance to the vibration profile of compresaareduction of 10 dB in vibration levels of tsteidied
area is imposed;
Simulation of the modified vibration profile;
Subtracting the resulting spectra.
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Figure 3 - Analyzed regions of rotary compressor.
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3. EXPERIMENTAL PROCEDURE

The compressor housing was mapped using 124 meapaoists (Fig. 4), in order to represent severhtation
modes of housing for analyzed frequency bandwititle instrumentation used on experimental set ugwer

3

%

3 accelerometers B&K model 4371 and 1 acceleroni&@8 model 320C33;
4 microphones PCB piezotronics, 377B02;

1 signal conditioner and amplifier B&K NEXUS model;

1 A/D board by National Instruments NI 9233 fouanhels;

1 notebook to record the data.

5

%
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Data acquisition was realized with compressor dpeyaafter some minutes to ensure stable conditiohs
operation and the pressures of suction and disehaege about 3 and 21 bars, respectively. Ten siscoihsignal were
acquired with a sampling rate of 33KHz.

To validate the simulations, sound directivity afmpressor was measured on its horizontal mediumeplgaour
microphones were used to acquire the sound pressluring 10 seconds with a sampling rate of 33KHuarty-five
measurements were realized in a semi-anechoic aramith the microphones spaced 10 degrees from etwr
around the compressor until to reach a full circle.

Measuring
accelerometers

Reference
acceleromete

Figure 4 - Measurement and reference acceleromgdersin the experiment.

4. RESULTS

Due to the analysis of numerical results are coatpa, and for reasons of industrial sensitive iinfation, the
results of pressure or sound power levels werespted without the values.

The FEM model validation was carried out in the @f3octave band centered in 2.5 kHz. Figure 5 shthes
simulated acoustic field for the frequency of 2485 which is included in the 2.5 kHz band.
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Figure 5 - Sound pressure field around the compress2.5 kHz band.

Figure 6 shows the directivity curve in the horitedrmedium plane of the compressor for the sanguéacy band
of 2.5 kHz and for overall sound pressure leveim@aring the Fig. 5 and Fig. 6 the maximum levelsmfnd pressure
occur at accumulator region. Numerically a diffeedower than 2 dB between the simulated and medsoverall
values at 2.5 kHz band was observed.
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Figure 6 - Measured sound pressure around the emsmrat 2.5 kHz band.

Figure 7 shows the Sound Power Level SWL histogsamulated for the compressor at 1/3 of octave bdimaia
630 Hz to 2.5 kHz.
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Figure 7- Simulated SWL with the original measudésplacements.

Table 1 shows the Insertion Loss in SWL due tordthiction of 10 dB in vibration for the compressegions at
the 1/3 of octave bands from 630 Hz to 2.5 kHz.

Table 1 — Results of the sensitivity analysis tofyehe vibration influence in the estimated SWL.

Regions Insertion Loss [dB]
Roller Region 0.7
Accumulator Region 4.5
Upper Housing Region 5.4
Stator Region. 1.6

The small attenuation observed for roller and stagions can be explained by their high stiffnessthe measured
vibration levels in these regions at the frequemands analyzed are low.

The results of vibration reduction of 10 dB in esllregion are shown in Fig. 8, where a low inserimss in all
analyzed frequency bands is observed.

SPL [dB]

630 800 1000 1250 1600 2000 2500
Frequency Bands [Hz]

Figure 8 - Simulated SWL with the original measudéplacements (blue) and with 10 dB of reductioribration
levels for the Roller Region (red).
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With the reduction of 10 dB in vibration levels afcumulator region a decrease in noise levels 50 Hz, 2000
Hz and 2500 Hz bands was observed, as shown i®Fig.

SPL [DB]

630 800 1000 1250 1600 2000 2500
Frequency Bands [Hz]

Figure 9 - Simulated SWL with the original measudéplacements (blue) and with 10 dB of reductioribration
levels for accumulator Region (red).

For the upper housing region of compressor theadténuation of noise levels at bands from 1250d42500 Hz,
except at bands below 1000 Hz (Fig. 10).

SPL [dB]

630 800 1000 1250 1600 2000 2500
Frequency Bands [Hz]

Figure 10 - Simulated SWL with the original measudésplacements (blue) and with 10 dB of reductiowibration
level for Upper Housing Region (red).

The reduction of 10 dB in vibration levels for stategion resulted in a little reduction of noiseldw 1600 Hz
band, and a significant reduction only at 2000 Had(Fig. 11).
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Figure 11 Simulated SWL with the original measulégplacements (blue) and with 10 dB of reductiowibration
level for Stator Region (red).

A resonance at the 2500 Hz band, which has a pe2435 Hz, was observed. In order to discover¢asan of this
resonance the acoustic field around the structbitheocompressor at 2435 Hz (Fig. 12) and the siratforces that
generate the vibrations on compressor housingisffréquency were simulated by comand Ansys® stirattforces.
The analysis of these figures indicates that theations that generate the sound field at the &aqy of 2435 Hz are
due to the reaction loads on the bearings.

Figure 12 -Sound pressure field around the streatficompressor at 2435 Hz.
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Figure 13 —Forces acting on the compressor streietu435 Hz

5. CONCLUSION
The conclusions of this paper are:

e The purposed methodology can be considered arnegiffitool to identify the main noise source of tarp
compressor.

* In the validation of this methodology the maximumoe observed between the simulated acoustical fiel
and the measured one was about 2 dB.

e Alnsertion loss of 0.7, 4.5, 5.4 and 1.6 dB in 8WL (1/3 of octave bands from 630 Hz to 2.5 kHag d
to the reduction of 10 dB in vibration levels oflRo, Accumulator, Upper housing, and Stator regjon
respectively were observed. The small influencéroller and Stator regions can be explained by their
high stiffness at studied frequency bands.

» The presence of a pick at 2435 Hz in the spectrfuBWL is due to the reaction forces into the begsin
A natural frequency whit this value was observed modal analysis of the shatft.
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