View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Purdue E-Pubs

Purdue University

Purdue e-Pubs

International Compressor Engineering Conference School of Mechanical Engineering

1990

An Experimental Study on the Dynamic Behavior
of Micron-Size Gap by Cylinder Pressure and
Temperature Under the Rotary Compressor
Operation

N. Matsumura
Mitsubishi Heavy Industries

K. Abe
Mitsubishi Heavy Industries

H. Machida
Mitsubishi Heavy Industries

Follow this and additional works at: https://docs.lib.purdue.edu/icec

Matsumura, N.; Abe, K.; and Machida, H., "An Experimental Study on the Dynamic Behavior of Micron-Size Gap by Cylinder
Pressure and Temperature Under the Rotary Compressor Operation’ (1990). International Compressor Engineering Conference. Paper
779.

https://docslib.purdue.edu/icec/779

This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.

Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html


https://core.ac.uk/display/4956481?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://docs.lib.purdue.edu?utm_source=docs.lib.purdue.edu%2Ficec%2F779&utm_medium=PDF&utm_campaign=PDFCoverPages
https://docs.lib.purdue.edu/icec?utm_source=docs.lib.purdue.edu%2Ficec%2F779&utm_medium=PDF&utm_campaign=PDFCoverPages
https://docs.lib.purdue.edu/me?utm_source=docs.lib.purdue.edu%2Ficec%2F779&utm_medium=PDF&utm_campaign=PDFCoverPages
https://docs.lib.purdue.edu/icec?utm_source=docs.lib.purdue.edu%2Ficec%2F779&utm_medium=PDF&utm_campaign=PDFCoverPages
https://engineering.purdue.edu/Herrick/Events/orderlit.html
https://engineering.purdue.edu/Herrick/Events/orderlit.html

TITLE « A% EXPERIMENTAL STLDY O\ THE DYNAYIC BEHAYVIOR OF “ICRON-SIZE GAP
BY CYLINDER PRESSURE AND TEMPERATURE UNDER THE ROTARY COMPRESSOR
OPERATION

AUTHORS : NORIAKI MATSLMURA =
KIYOSBI ABE =
HIROSHT “aCHIDA =+
# NAGOYA RESEARCH & DEVELOPMENT CENTER
MITSUBISHI HEAVY INDUSTRIES, LTD. NAGOYA, JAPAN
== 1[R-CONDITIONING & REFRIGERATION MACHINERY WORKS
MITSUBISHI HEAVY INDUSTRIES, LTD, AICHI. Jaraw

ABSTRACT

is for recent heat pump air conditioners, compressors are requirad to
pessess higher efficiency and higher reliability.

Since a rotary compressor has several gaps in the order of microns
witich affect its efficiency and reliability, it is necessary to understand
the micron-size gap under the operation.

iowever, since the compressor is small, the installation of a sensor is
difficult. and since the temperature and pressure conditions are severe in the
refrigérant and oil environment, a measurement error is large due to tempera
ture drift, and therefore an advanced sensor is needed for detailed measure
ment of gap,

This paper describes the compact size and low temperature drift eddy
current type gap sensor which we developed, and an experimental study on the
dynamic behavior of micron-size gap caused by cylinder pressure and tempera
ture under the rotary compressor operation.

INTRODUCTION

Recently a rotary compressor for heat pumps is required to possess high
performance.

4 rotary compressor has several gaps in the order of microns which
affect its performance. These gaps consist of various parts such as cylinder
bearingz. rotor, blade, and the like.

These micron-size gaps can change according to the deformation cansed
By assembling and the pressure as well as the temperature under Lhe Lomp-
ressor operation.

The size of gap under the compressor operation can be difleren! from
a xa}ue which 15 assumed by single components. [ the si7e of zap is larg=r
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than the assumed value. it leads to lower performance by compression gas
leah. If the size of gap is smaller than the assumad value, it leads to
lower perfomance by increasing mechanical [oss.
It 15 required to understand the micron-size gap under the compressor oprra-
tion to prevent such disadvantages.

The measurement of such micron-size gap requires a sensor which assures
accuracy of several microns. The gap sensors on the market can pot meet
such accuracy under the compressor operation.

There are various sensors such as a inductive type (eddy current type),
a capasitive type, a ultrasonic type, a optic type to measure & gap in the
order of microns. There are refrigerant and oil in a gap., The characier-
istic of a sensor should not be affected by refrigerant and oil. The sensor
which can meet such requirements is presumably a eddy current type sensor,

This paper describes the eddy current type gap sensor which we developed.
[t is compact, and have low temperature drift and heat proof. The paper alsu
describes the dynamic behavior of micron-size gap under the rotary compressor

uperation.

EDDY CURRENT TYPE GAP SENSOR
‘o commercial gap sensors can satisfy requirements in size, heat proof, and
measuring accuracy. In order to measure the micron-size gap under the compre
ssor operation we need the sensor which is compact (dia.> mm or less), and have
heat proof (200C or more) and lower temperature drift (0.1xm/T or less).

1 prototvpe sensor and measuring gquipment

The prototype sensor is shown in Fig.l, which comprises a bobbin on
which coil wire is wound and adhesive with which the coil wire is fixed
to tlie bobbin. Yaterial of the bobbin and the adhesive is ceramics
because it has heat proof and lower deformation by heat, Coated coppar
wire with higher heat prool was used. The copper wire of 60 um in dia-
meter was wound about 40 turns on the bobbin. Characteristics of sensor
by calculating given by the difference of the coil shape are shown ir
Fig. 2. {reference(l),(2).) As the ratio of _D-d in the coil becomes
larger. the sensitivity will incease. The rati&ugr _D-d was set to about
0.2 in the prototype sensor. [t is required to minimi?% the influence by
chanze in resistance of coil wire to reduce temparature grift, Electrical
equipment is a bridge circuit to minimize temperature drift. There are a
coil for measurement and for temperature compensation on the circuit, The

protolype sensor was designed to mimimize the measuring error caused hy
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drelenness of tempurature of the sensors for the temperature compensalicn
and for measurement. There are « coil for measurement and fur temperature
wompensdtion on the same bobbin as shown in Fig. 1.

The measuring circuit is shown in Fig., 3. which is composed of bridge
vircuit. oscillator, phase detector, filter and amplifier.

The bridge circuil comprising coils for temperature compensation and
measurement is provided to cancel the influence by temperature, but j{ is
very hard to provide a coil with such characteristics as meeting the require
ments thoroughly., Thus further temperature compensation was conducted using
the phase detection circuit for a little amount remained not to be compen-
sated by the sensors for temperature compensation and measurement.

GAPS AT EACH PORTION OF COMPRESSOR

The rolling piston type compressor for heat pumps is shown in Fig. {4,
- compression part is composed of cylinder, rotor, blade, upper bearing
and lower bearing, in which different micron-sjze gaps are formed. Such
micron-size gaps are shown in Table 1.

These gaps are formed in the compression part, and other gaps are also
fvund between a shafi and upper or lower bearings. The influence of these gu,
on performance and reliability of the compressor is significant, For example.
if the gap B is larger, compressed gas will flow into the suction side throuzh
the gap. If it is smaller to the contrary, it causes lower reliability dua
lo abnormal wear as well as lower COP due to increase in loss power.

EXPERIMENTAL METHOD _

Several gap sensors were mounted in rotary compressor with 17ce in
displacement to measure the gaps 4 and B shown in Table 1. The position
where zap sensors were mounted is shown in Fig. 5. The gap A is that bat-
~+&n the blade and the blade guide groove. Two sensors were mounted at
the ¢ylinder to measure the gap from the both sides of the hlade guide
v7oove. The total value given by the sensor 1 and the sensor 2 corresponds
to the gap between the blade and the blade guide groove,

The gap B is that between the rotor and the cylinder. and two sensors
were mounted at the cylinder. 4s the sensor was mounted at the rylinder
the gap B formed during rotation of a turn was not given but only the gap of
ruiaticnal angle at the position of the sensor mounted was measur.d.

The blade moevement was also measured on the base of rotatrenal angle.
The temperature control was performed to the signal processing part cnmp

rising the bridge circuit and the phase detector 2tc. on the same temper
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ture at the calibration and higher accuracy was given.

An example of the check results of gap characteristic and temperature
characteristic for the sensor 1 is shown in Fig. 6 and Fig. 7.

The output change of 3mV per 1 uzm in gap is shown, and very low value
of Suzm approx. in temperature drift is given between the room temperature
and 120T. When the behavior was measured, temperature compensation was
conducted by the temperature measured by a thermocouple integrated with the
sensor, Other factors of error are unevenness of electrical characteristics
of the blade and the rotor faces. Since the position of the blade where the
measurement was made by the pap sensor changes during rotation of a turn,
any unevenness of the electrical characteristics at such place cause measuring
error. Fig. 8 shows the output change of the sensor when the blade is caused
to rotate a turn. As the value in Fig. 8 is the total of those by the sensor
1 and the sensor 2, the value should be constant unless any unevenness of the
electrical characteristics, The total output value of the sensor 1 and the
sensor 2 shown in Fig. 8 is bigger about by 2 uxm around the portion at 180
degrees in rotational angle. It seems the cause is due to unevenness of the
electrical characteristics of the measured blade face. The gap measured bet-
ween the blade and blade guide groove was corrected by the value in Fig, 8

The surface of the rotor shall be measured similarly by the sensor when
the gap between the rotor and the cylinder is measured. The change in out-
put occurred when the rotor is caused to rotate a turn is about 2 um.

Since the rotor is turning under the operation., the correction is un-
available and about 2 uw of measuring error may be inevitable as maximum,

THE DYNAMIC BEHAVIOR OF GAP UNDER THE COMPRESSOR OPERATION

Fig. 9 shows the dynamic behavior of gaps at each portion under the
operation, Al is the data measured by the sensor 1, A2 is the data measured
by the sensor 2, and Al4+A2 is the total value of Al and A2 showing the gap
between the blade and the blade guide groove. Bl is the data measured by
the sensor 3, and B2 is the data measured by the sensor 4.

The values of Bl and B2 show the gap between the rotor and the cylinder
at a certain angle,

Gap between blade and blade guide groove
(1) The gap between the blade and the guide groove is about half in value
of that assumed by single components, and the gap fluctuation during
rotation of a turn is clarified. The reason why the gap is about half
of the assumed value is supposed to be deformation caused by assembling.
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(3

cylinder pressure and heat,

The cause for the change in gap during rotation of a turn seems to be
deformation of the blade guide groove by cylinder pressure. The
maximum gap is occured at the rotational angle of 340 degrees approx..
and the gap becomes smaller between 340 to 10 degrees, And then the gzap
is gradually increasing. [t appears the deformation is encouraged by
the pressure within the blade guide groove.

Maximum value of the gap between the blade and the blade guide groove
with the difference of pressure between discharge and suction pressure
is shown in Fig. 10. As the difference of pressure increases, the
mamixmum value of gap becomes larger,

Behavior of gap between rotor and cylinder

n

2

(3

The gap between the rotor and the cylinder under the operation is
about half of that established when the compressor is assembled,

Gap B2 is larger than gap Bl.

The gap between the rotor and the cylinder depends on the difference
of pressure as shown in Fig.10 like the gap between the blade and the
blade guide groove, and is supposed to be subject to the deformation
by the cylinder pressure,

Since the size of clearanace B2 is a little larger than that of clear-
ance Bl when the compressor is operated in the state of air open, the
cause for which is larger clearance B2 than that of Bl is due to the
deformation by assembling not because of the deformation by pressure
and heat under the operation.

SUMMARY
The gap sensor which is compact, heat proof and lower temperature

drift has been developed to understand several gaps in the order of
microns under the compressor operation. The gaps between the blade and
the blade guide groove as well as that between the rotor and the cylinder

were

measured with the gap sensor developed. Respective gaps were found

to be smaller than those pre-estimated, and it was understood that one of
factors was deformation by the cylinder pressure.
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