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A transient simulation model of a rolling piston type rotary compressor is developed to predict the
dynamic characteristics of a variable speed compressor. The model is based on the principles of conser-
vation, real gas equations, kinematics of the crankshaft and roller, mass flow loss due to leakage, and heat
transfer. For the computer simulation of the compressor, the experimental data were obtained from
motor performance tests at various operating frequencies.

Using the developed model, re-expansion loss, friction loss, mass flow loss and heat transfer loss is esti-
mated as a function of the crankshaft speed in a variable speed compressor. In addition, the compressor
efficiency and energy losses are predicted at various compressor-operating frequencies. Since the tran-
sient state of the compressor strongly depends on the system, the developed model is combined with
a transient system simulation program to get transient variations of the compression process in the sys-
tem.

Motor efficiency, mechanical efficiency, motor torque and volumetric efficiency are calculated with
respect to variation of the driving frequency in a rotary compressor.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The variable speed compressor is designed to change the motor
speed compared to a constant speed compressor. The efficiency of
a constant speed motor is dependent on the load of the motor.
However, the efficiency of variable speed motor is changed with
not only the load of the motor but also the driving frequency.
Therefore, the efficiency of the compressor with a variable speed
motor in the compression and suction process will be continuously
changed with driving frequency and load.

The rolling piston type rotary compressor shown in Fig. 1 is
widely used for controlling the speed of the compressor due to
the simple mechanism. The compressor consisted with a variable
speed motor, crankshaft, roller, cylinder, and vane. Refrigerant en-
ters through a suction side accumulator and is then forced into the
suction chamber directly, where there is small amount of suction
gas heating. The drawn refrigerant is compressed by the rolling
motion of the roller against the cylinder caused by an eccentricity
between roller and cylinder center. The vane sustains the roller by
spring force and it divides the suction and compression volumes in
inside of the cylinder. The compressed refrigerant, which is dis-
charged from the cylinder, resides for a short time in the compres-
sor shell where it undergoes heat transfer and leaves the
compressor and enters the condenser through the discharge port
of the compressor.
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Research of rotary compressors can be divided into categories of
constant speed compressors and variable speed compressors. In or-
der to study losses in the constant speed rotary compressor, vibra-
tion of the compressor has been studied through analysis of forces
and velocity of moving parts using the kinematics of the roller,
vane, and crankshaft [1]. The study found that the major source
of the vibration is the variation of angular velocity of the crank-
shaft rather than the velocity variation of the roller. Refrigerant
losses through the axial clearance between the outer wall of the
roller and the inner wall of the cylinder, as well as the radial clear-
ance between the roller and cylinder surface have been studied in
series of four papers [2-5].

For variable speed rotary compressors, comparisons of the
performance of rotary and reciprocating compressors were con-
ducted through calorimetric experiments with variation of
operating frequency of the compressors [6]. The results showed
that the volumetric efficiency of the rotary compressor in-
creases with the operating frequency. In contrary, for the recip-
rocation compressor, mechanical, compression and volumetric
efficiency decrease with operating frequency. Another result of
the study shows that the capacity of the rotary compressor is
proportional to the operating frequency. For the reciprocating
compressor, however, capacity of the compressor linearly varies
with operating frequency only in the low frequency range and
there is no fluctuation of the capacity in the high frequency
range. From the above results, it is possible to note that the ro-
tary compressor might be more suitable as a capacity regulation
compressor.
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Nomenclature

a length of vane (m)

A area (m?)

Ac cylinder inside area (m?)

A cylinder head area (m?)

A roller outside area (m?)

Asp suction port area (m?)

A, vane side wall area (m?)

b ratio of roller radius to cylinder radius (=R;/R;)

d diameter of suction port (m)

e eccentricity (m)

F vector summation of forces acting on roller (N)

Fy gas force acting on root of vane (N)

Fy gas force acting on vane (N)

F; inertia force of vane (N)

Fy spring force acting on vane (N)

F, pressure force (N)

Fon normal component of friction force at vane tip (N)

g gravity (m/s?)

h cylinder height (m) or heat transfer coefficient (W/m? K)

h; height of journal bearing (m)

i enthalpy (k]/kg)

I inertia moment of the crankshaft (N m s2)

k adiabatic coefficient ()

l length of suction port (m)

I length between center of cylinder and exerting point of
total force (m)

lys length of vane inside vane slot (m)

m mass of fluid (kg)

m mass flow rate (kg/s)

Myoss rate of mass flow loss (kg/s)

Meano discharge mass flow rate from compressor (kg/s)

My moment action on crankshaft by roller (N m)

M; moment of journal bearing (N m)

M moment of friction force between crank fin and inside of
roller (N m)

M, moment of friction force between roller and cylinder
head (N m)

M, moment of thrust bearing (N m)

N rotational speed of motor (rpm)

P pressure (Pa)

Py discharge pressure (Pa)

P, discharge pressure (Pa)

P suction pressure (Pa)

P, upstream pressure (Pa)

Qcan heat transfer from compressor case (kJ)
Qcye heat transfer from cylinder (kJ)
Qmot heat transfer from motor (kJ)
Ry, R,  reacting forces on vane (N)

Rc radius of cylinder (m)

R. radius of crank fin (m)

R; radius of journal bearing (m)
R, radius of roller (m)

R radius of shaft (m)

R, radius of vane tip (m)

t time (sec) or vane thickness (m)
T temperature (K)

Teyt cylinder temperature(K)

v specific volume (m?/kg)

1% volume (m?)

w relative humidity

W, relative humidity at room

w compressor power (kW)

X vane displacement (m)

Greek symbols

o offset angle of eccentric center (rad)

B angle of suction port (rad)

o clearance (m)

13 angle from vane axis (rad)

Ninv inverter efficiency

e coefficient of friction at thrust bearing

I coefficient of friction at journal bearing

Hyn coefficient of friction at vane tip

s coefficient of friction at vane side slot

0 rotational angle of crankshaft (rad)

Or angle of total force (rad)

P density(kg/m?)

T, load torque (N m)

Ty motor torque (N m)

10} angular velocity (rad/s)

We relative angular velocity of between crank pin and roller
(rad/s)

wp angular velocity of roller (rad/s)

[OR angular velocity of crankshaft (rad/s)

Aloss analysis on rotary compressors conducted experimentally
with a pressure-volume diagram [7]. The results show that
mechanical losses at low frequency are the most important among
all losses in the compressor even though the absolute value of the
loss is smaller than those seen at high frequency operation. Gener-
ally air conditioners run, for the most part, at low frequency condi-
tions; in order to increase energy saving of air conditioning
systems, the mechanical losses have to be reduced not only at high
frequency operation but also at low frequency operation. Loss anal-
yses of variable speed rotary compressors also can be found in
some literature, including a paper about high-speed compressors
that run at up to 180 Hz frequency [8].

The effect of suction gas heating, mass flow losses, re-expansion
of compressed refrigerant, and over-charging of the refrigerant on
the compressor performance has been studied [9]. This paper sug-
gests that over-charging of the refrigerant increases compressor
capacity with a small degradation of the efficiency. Also, how the
compressor performance is affected by refrigerant leakage is the
most important parameter at low frequency operation; while on
the other hand, the re-expansion of the compressed refrigerant is
important at high frequency operation.

In the past, most compressor dynamic analysis was conducted
with constant motor efficiency or without consideration of motor
performance, even studies on variable speed compressors. The var-
iable speed motor is the heart of the compressor, which drives the
crankshaft and changes the speed of the compressor. In this study,
the motor performance with variation of the driving frequency was
experimentally determined. This study is concerned with develop-
ing a dynamic program to predict friction loss, mass flow loss, re-
expansion loss, and heat transfer loss as a function of the variation
of driving frequency in a variable speed compressor. Several com-
putational models for the compression process are based on the
polytropic process. In this study, the model is developed with con-
servation equations, a real gas equation and kinematics of the
crankshaft and roller.

The present study can be characterized as follows:

(1) The model in this study is a dynamic analysis model based
on the principles of the mass and energy conservation equa-
tions. The variations of temperature and pressure of the
refrigerant can be calculated with the rotation of the
crankshaft.
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