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ABSTRACT
Noise and vibration control of hermetic compressors is an important consideration in the compressor design process
to meet noise standard requirements and to improve products’ user satisfaction. Noise can be generated from vibrating
components, which may yield to structural failures, as well as from internal fluid motion of refrigerant gas. The
current work focuses on experiment design to obtain both thermodynamic and vibroacoustic measurements needed
for investigations on flow-induced noise generated by the periodic discharge gas pulsations resulted from the rolling
piston compression’s operation. A pressure chamber with optical access has been manufactured and utilized to
investigate gas-pulsation noise generation mechanism, the behavior of discharge valve as well as the interaction among
the thermodynamic compression process, the valve motion and acoustic field in the discharge cavity. In order to mimic
the valve motion of an actual operating compressor, a hot-gas bypass (HGB) system has been used to generate typical
in-cylinder pressure-temperature profiles to lift the valve installed in the manufactured pressure chamber. A laser
Doppler vibrometer (LDV) was used to measure the vibrating valve motion. Measurement data can be used to validate
gas pulsation noise and vibration simulation models and can help researchers as well as compressor manufacturers to
gain a deeper understanding of the physical mechanisms related to the generation, propagation, and radiation of gaspulsation noise in hermetic compressors.

1. INTRODUCTION
1.1 Background

Due to its advantages of low cost, high efficiency and compact design, rolling piston compressors are usually preferred
among various compressor types in residential HVAC applications. In such applications, NVH characteristics is a
crucial factor in assessing equipment’s environmental impact and product’s customer satisfaction. In general, the
traditional try-and-error compressor design method is unlikely to result in satisfactory NVH performance under the
currently strict noise standard requirements and high consumer expectations. Better understanding of the physical
mechanisms related to noise and vibration generation, and a good simulation model that accurately describes these
mechanisms and their interactions are needed to address the challenging compressor NVH design demands.

Figure 1: Section View of a Rolling Piston Compressor (Wu et al., 2015).
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Noise generation inside a hermetic rolling piston compressor involves multiple physical processes. During compressor
operation, interactions of different structures, such as chatters between piston and cylinder, frictions between shaft
and main bearing, lead to structural vibration and noise. Motor installed inside compressor housing is another source
contribution to the total noise emission. In addition, the refrigerant’s complex flow motion and its interactions with
other compressor components and structures induce fluid-dynamic noise and vibration. The current works focus on
the fluid-induced noise due to discharge gas pulsations process in a hermetic rolling piston compressor. An experiment
platform is proposed in this paper to facilitate the experimental investigation on compressor discharge gas-pulsation
noise.

1.2 Discharge Gas-pulsation noise and the Experimental Studies

In general, fluid-induced noise in a hermitic compressor includes (1) aerodynamic noise induced by turbulent flow
and its interactions with structures as well as (2) gas-pulsation noise due to periodic volumetric change of the
compressor chamber during operation. Gas-pulsation noise is the focus of this study, the generation of which is closely
related to the mechanical compression process, fluid motion of working medium, discharge cavity acoustic response
and compressor shell vibration.
Various of structural elements are related to the generation of gas-pulsation noise, among which the discharge valve
is an essential component, since the interaction between the compression process and the acoustic response in the
discharge cavity is through the valve motion. This interaction is a two-way coupling mechanism between the
compression process and discharge chamber acoustic response. The compressed high-pressure gas lifts discharge
valve, producing a jet flowing into the muffler chamber through a narrow discharge port. The pressure difference
across the valve plate determines the motion of valve reed, which, in turn, determines the gas flow rate into the
discharge chamber. The periodic gas flow at the valve acts as a volumetric acoustic source that excites the sound field
in the discharge chamber, this in-chamber sound field introduces an acoustic pressure load at the valve plate which
then affects the pressure difference across the valve plate. It is seen that the valve’s dynamic motion and the pressure
on the two sides of the valve plates plays an important role in this physical interaction process, this makes the discharge
valve an essential structural component in the investigation of gas-pulsation noise.

Figure 2: Section view of compression chamber
Figure 3: Structure of discharge valve
(Prater and Hnat, 2003).
(Prater and Hnat, 2003).
Theoretical analysis of discharge gas-pulsation noise has been illustrated in detail in the authors’ previous study (He
et al., 2021). A comprehensive model considering the aspects of mechanical operation, thermodynamic compression,
fluid motion as well as acoustics and vibration related to the gas discharge process has been developed for positive
displacement hermetic compressors. With the theoretical analysis and simulation tools prepared, a well-designed
experiment approach is needed to validate the simulation model and to provide additional perspectives to the
investigation.
No experimental investigation or experiment platform design that are particularly dedicated for the study of
compressor discharge gas-pulsation noise and vibration can be found in previous literature. Only relatively simple
experimental approaches were conducted in compressor gas pulsation noise studies, two experimental methods are
commonly used. One is to measure the vibration level on the compressor shell to study the influence of changing a
certain parameter. For example, Tanaka et al. (1980) used accelerometers to measure the total vibration level on the
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compressor shell, investigating the influence of the various design of discharge port. Another method is to measure
the total noise emission level of compressor with microphones. For example, Kawaguchi et al. (1986) designed a noise
control structure on the inner wall of compression cavity to reduce discharge gas pulsation noise. In that work, the
compressor total noise emission was measured in an anechoic chamber to evaluate the effect of the designed structure.

Figure 4: Measurement in anechoic chamber (Zhang et al., 2018).
It is noted that measurements of total vibration level or total noise emission is not sufficient to perform detailed
experimental investigation on the characteristics of various component or physical mechanisms related to discharge
gas-pulsation noise and vibration. Since multiple components are involved in the gas pulsation noise generation
process, it is beneficial to have in-operation measurement data on physical quantities that directly determine or indicate
the thermodynamic and vibroacoustic behaviors of each gas-pulsation-related component and physical mechanism, so
that component level and mechanism focused analysis results can be used to guide noise control treatment. Also, if
component level and mechanism specific data is available, it can be used to validate and tune numerical models of
different components, models for different mechanisms and multiphysics models describing the interactions among
various components and mechanisms. In the current work, an experimental platform designed to study discharge gaspulsation noise will be proposed in the next section.

2. DESIGN OF EXPERIMENT PLATFORM
The experiment conducted in the current work is designed for the investigation of gas-pulsation noise generation
mechanism at the discharge region of a rolling piston compressor. From the description in the previous section, it is
desirable to obtain direct component level measurement data in the interior region near the discharge valve. Several
difficulties need to be addressed in the experiment design for interior measurement of the discharge cavity: (1) limited
space, which places challenges in sensor deployment; (2) isolation the effects from other components, such as rolling
motion of compressor piston, vibration conveyed from shaft and other connection structures, etc. In the present work,
a pressure chamber was designed and manufactured to address these mentioned difficulties.
Sealing O-ring
Top
Clamp
Side wall
Base panel
Figure 5: Outlook of the pressure chamber.
Figure 6: Chamber side wall with base panel.
Figures 5 and 6 show the design of the pressure chamber. It consists of a cylindrical side wall mounted on a base panel
and is capped by a circular top plate with an optical access window. The optical window allows laser vibrometer
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measurements of the valve motion. The chamber side wall and circular top were tightened together by a clamp with a
rubber O-ring sealing inside. The inlet and outlet of the chamber were located on the bottom panel. A reed valve,
which is a commonly used discharge valve type in rolling piston compressors, was mounted on the base panel on top
of the chamber inlet (fig. 7). This reed valve, together with the inlet port and valve stopper, are of the same assembling
as a discharge valve system in an actual rolling piston compressor.
Chamber outlet

Valve assembling
and chamber inlet

Figure 8: Sensors inserted into the chamber.
Figure 7: Valve assembling on the base panel.
The chamber was designed with openings on the side and top for visual observation and sensor arrangement.
Thermocouple and pressure transducers can access the interior field through these openings (fig. 8). The openings
were sealed with borosilicate glasses. Borosilicate glass was selected for sealing mainly because of its low thermal
expansion coefficient which, thus, minimizes the deformation due to temperature change. For each opening on the
side wall, a rubber O-ring was placed on the joint surface to block the leakage path. By performing leakage checks,
this pressure chamber was guaranteed to be well-sealed. Moreover, with the optical accesses, contactless measurement
of valve motion can be realized by using a laser Doppler vibrometer (LDV). Thus, with such a design of a separate
pressure chamber, valve motion can be isolated from other components and it is convenient to deploy sensors for
interior measurement.
With the valve assembling insulated in the chamber, appropriate in-cylinder temperature-pressure conditions that
would occur in an operating compressor need to be provided to drive the reed valve, and measurements can then be
conducted to capture the valve motion. A hot-gas-bypass system is used to provide this driving condition. The test
stand schematic is shown in fig. 11. The hot-gas-bypass system is equipped with a reciprocating compressor. Highpressure gas generated by the reciprocating compressor is discharged into the separate pressure chamber manufactured
for this experiment through the reed valve at the bottom of the chamber. According to a preliminary stress evaluation,
the chamber is shown to be able to withstand a pressure of 1500kPa, which is beyond the discharge pressure of a
common rolling piston compressor. With this approach, the reed valve can be driven by the discharge gas pulsation
that is delivered by an actual operating compressor, which ensures that the subject pressure chamber is operated under
conditions that resembles those in an actual compressor.

Figure 9: Pictures of test stand.
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Figure 10: Schematic of experiment system.

3. SYSTEM CONTROL AND MEASUREMENT RESULTS
Analysis on compressor gas pulsation noise and vibration was conducted based on a Multiphysics simulation model
in the authors’ previous study (He et al., 2021), where vibro-acoustic model coupling the thermodynamic profile of
compressor discharge process was developed, with simulations conducted for verification and analysis. In current
work, experiments were designed to make the gas-pulsation-related system properties in the experiments similar to
those involved in the previous numerical analysis. The hot-gas-bypass system described in the previous section is
driven by a compressor with adjustable operation speed. As shown in the system schematic (fig. 10), three pairs of
flow-control needle valves were installed, acting as throttling valves in the system. Each controller pair consists of
two needle valves with different flow rate control sensitivities and can be adjusted individually. Flow rate, as well as
throttling pressure difference across each corresponding pipe section can be controlled by adjusting the valve
openings. The needle valves’ control panel is shown in fig. 11.
As shown in the system schematic, multiple pressure transducers and thermocouples were placed at different positions
to capture the working medium properties. Four pressure transducers were used to measure the compressor inhale
pressure, compressor discharge pressure, pressure inside the separate chamber as well as the intermediate pressure.
These pressure transducers are labeled in fig. 10 as P14, P22, P32 and P31. Meanwhile, thermocouples were installed
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for measurement of the compressor inhale temperature, compressor discharge temperature, temperature inside the
separate chamber, intermediate temperature, temperature of bypass line after expansion, condensation subcooling
degree, as well as the inlet and outlet temperatures of chilling water (labeled in fig. 10 as T15, T21, T12, T31, T41,
T54, T51 and T52). Thermocouple T13 measured the temperature of working fluid flowing out of the accumulator.
Thermocouple T23 was used as a backup sensor. With these above-mentioned measurements, the thermodynamic
cycle for the compressor system can be determined, by assuming an isobaric condensation, isobaric mixing, and
isenthalpic expansion of condensation branch. In addition, mass flow rate flowing into the chamber is needed to
investigate the motion of reed valve assembled in the separate chamber. For this purpose, a mass flow meter
is installed at the chamber inlet line as shown in fig. 10.

Figure 11: Needle valve control terminal.

Figure 12: Mass flow meter.

Figure 13: Pressure transducer.
Figure 14: Thermocouple.
The valve dynamic motion and flow rate across the valve (one depends on the other through the two-way coupling
between the thermodynamic compression and acoustic field in the discharge chamber) determine the discharge gaspulsation noise and vibration response. This suggests that the valve dynamic motion is an important quantity in the
experimental analysis of gas pulsation noise and in validation of valve dynamic model. As mentioned in the previous
section, a laser Doppler vibrometer (LDV) was used for contactless measurement of the valve’s dynamic motion. The
LDV scanning head was mounted above the pressure chamber. The laser beam from the LDV can reach the interior
of the pressure chamber and is reflected back to the LDV scanning head by the valve plate through the optical access.
By directing the laser beam onto the tip of the reed valve plate, the valve motion can be captured.

Figure 15: LDV scanning head.

Figure 16: Laser dot directed on the valve reed.
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As described above, various physical properties at multiple places in the system were measured. A LabVIEW program
was developed for the data acquisition and for real-time monitoring of the measured properties. The LabVIEW
program interface is shown in fig. 17. System condition and controlled operation are displayed on the LabVIEW
interface with both their instantaneous values and time history curves.
Overall, the operating status of the HGB system can be monitored with pressure transducers and thermocouples. The
valve-model-related properties, such as mass flow rate across the valve, pressure inside the separate chamber, and
valve dynamic motion were able to be obtained through mass flow meter, pressure transducer and laser Doppler
vibrometer. In future work, the measured data will be used to validate the simulation model developed by the authors
previously (He et al., 2021), which will facilitate an in-depth and more comprehensive understanding of discharge
gas-pulsation noise generation mechanisms.

Figure 17: LabVIEW VI interface.
A trial measurement has been conducted to confirm the proper operation of the experiment system. A p-h diagram for
compressor operation is shown in fig. 18. Point 3, locating in the gas region, represents the conditions in the pressure
chamber which showed that the reed valve in the separate pressure chamber was operated under a purely gas-phase
environment, with no condensation occurred. This indicated that the chamber interior environment is similar to a
typical in-cylinder condition of an operating compressor, which satisfies the design objective of the experiment
platform.

Figure 18: Trial measurement, p-h diagram.
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The LDV is equipped with a separate data acquisition system with a higher sampling rate. When compressor is running
under 60Hz, a trial measurement result is shown in fig. 19.

(a) Trial measurement, time domain.

(b) Trial measurement, frequency domain.

Figure 19: Trial measurement result of LDV.

4. SUMMARY AND FUTURE WORK
To experimentally investigate the gas-pulsation noise induced by compressor discharge process, a design of
experiment platform was introduced in this paper. A separate pressure chamber was designed and manufactured to
address difficulties in commonly used experiment approaches in previous studies. With this pressure chamber, the
characteristics of gas pulsation noise and vibration as well as the valve behavior can be isolated from other physical
processes; interior measurement and contactless measurement can be also realized. A hot-gas-bypass system was used
to provide operation conditions of the pressure chamber, and the reed valve that are similar to typical corresponding
conditions in an actual operating compressor.
The measurement results will be used for validation of gas-pulsation-noise related simulation models and guiding
improvements of those models. Analysis based on such experiments can provide a more a comprehensive
understanding of discharge gas-pulsation noise generation mechanisms in rolling piston compressor. The find-outs
can potentially be used to provide design modification guidelines to improve the NVH characteristics of rolling piston
compressors.
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