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ABSTRACT

R290 is one of the most alternative refrigerants for the air-conditionings for its negligible
environmental impact and high efficiency. This experimental study investigated the cold
startup characteristics of the rotary compressor in a R290 air-conditioning system under
cooling condition. The characteristics include the pressures and temperatures in the system
and the rotary compressor respectively, the mixture of oil and refrigerant viscosity and oil
level of the oil sump. The measurements showed that the startup time for the pressures
and the temperatures were much longer than that of R410A and R22 systems. A slight liquid
slugging happened in the cylinder at the initial time of startup for the pressure during the
later exhaust process increasing rapidly to 2.21 MPa in 1.3 seconds. After startup of the system,
both the mixture of oil and refrigerant viscosity and oil level of the oil sump in the com-
pressor were within a proper range to guarantee a steady startup of the air-conditioning
system.

© 2015 Elsevier Ltd and IIR. All rights reserved.

Etude expérimentale des caractéristiques de démarrage a
froid d’'un compresseur rotatif dans le systéeme de
conditionnement d’air au R290 sous condition de

refroidissement

Mots clés : R290 ; Caractéristiques de démarrage ; Compresseur rotatif ; Etude expérimentale ; Systéme de conditionnement d’air

* Corresponding author. School of Energy and Power Engineering, Xi’an Jiaotong University, No. 28, Xian-ning West Rd., Xi'an, Shaanxi
710049, China. Tel.: +82 029 8266 3786; Fax: +82 13689206050.
E-mail address: jhwuxjtu@hotmail.com (J. Wu).

http://dx.doi.org/10.1016/j.ijrefrig.2015.11.009

0140-7007/© 2015 Elsevier Ltd and IIR. All rights reserved.


mailto:jhwuxjtu@hotmail.com
http://www.sciencedirect.com/science/journal/01407007
http://www.elsevier.com/locate/ijrefrig
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijrefrig.2015.11.009&domain=pdf

210 INTERNATIONAL JOURNAL OF REFRIGERATION 65 (2016) 209-217

1. Introduction

With the increasing attention to environmental problems such
as global warming, ozone depletion and atmospheric pollu-
tion, a large number of studies related to the selection of
environmentally friendly refrigerants as working fluids were
conducted in the air-conditioning industry in recent years. Most
of CFCs and HCFCs as short-term alternative refrigerants, more
or less, do harm to the environment or have thermophysical
properties. For example, the alternative refrigerant R410A and
R32 have high global warming potential. Current research and
industry trends show that HCFCs and HFCs will gradually be
replaced by natural refrigerants such as CO,, R290, NH; and so
on. R290 as the working fluid used in small heat pumps, room
air-conditionings and other commercial refrigeration equip-
ment is considered as one of excellent long-term alternative
refrigerants owing to its negligible environmental impact and
excellent thermosphysical properties; what is more, it can help
to reduce the electric energy consumption of the system (Joudi
and Al-Amir, 2014; Palm, 2008; Zhou and Zhang, 2010).
Owing to the flammability of R290, it is necessary to control
the refrigerant charge amount in the air-conditioning system
(Padalkar et al., 2014). A number of studies have been con-
ducted on the R290 charge amount in room air-conditionings
in recent years. Fernando et al. (2004) designed a system to mini-
mize the charge of R290 mainly by use of mini-channel
aluminum heat exchangers. And the results showed that the
system could be run with 200 g of propane at typical Swedish
operating conditions without reduction of the COP compared
to a traditional design. Hrnjak and Hoehne (2004) found that
it is possible to create a system that can use less than 150 g
of charge and produce between 1 kW and 2 kW of cooling ca-
pacity by using microchannel heat exchanger technology. Li
et al. (2015) experimentally investigated the R290 mass distri-
butions in a split type air condition by the liquid nitrogen
method (LNM). Much research on the performances of R290
systems has also been carried out. Devotta et al. (2005) ex-
perimentally studied an original R22 window air-conditioning
with R290 as refrigerant, and they found that the COP of the
R290 system was 7.9% higher under the lower operating con-
ditions and 2.8% higher under the higher operating conditions.
Wu et al. (2012) experimentally study the performance of a small
wall room air-conditioning retrofitted with R290. The results
showed that, with the decrease of the outdoor temperature,
alternative systems have higher increase rate and greater in-
crement in both cooling capacity and EER than the original R22
system. Tian et al. (2015) theoretically and experimentally in-
vestigated the performance of the air conditioners working with
both R32/R290 and R410A. Experimental results show that the
refrigerant charge amount of R32/R290 is reduced by 30.0% to
35.0%; the cooling and heating capacities are increased by 14.0%
to 23.7%. Cai et al. (2015) explored the leakage characteristics
of R290 in rolling piston type rotary compressor. And the results
showed that, to obtain relatively high efficiency, smaller radial
clearance was required for R290 compressor comparing to that
of R22 and R410A compressors under the same condition.
As well known, to keep the temperature in the rooms un-
changed, a great many of air-conditionings have to turn on and
off frequently, which will lead the air-conditionings working

in the unstable state. Therefore, Startup characteristics of air-
conditioning systems are very important and have been
investigated by many researchers. Yanagisawa et al. (1990) de-
velops a mathematical model of a rotary compressor which
can predict its transient behavior and can be easily inte-
grated into a simulation program of a heat pump cycle. For the
transient characteristics during speed up of inverter heat pump,
Hwang and Kim (1998) carried out that the transient cycle mi-
gration of the liquid state refrigerant caused significant dynamic
change in system. Kim and Bullard’s (2001) experiment studied
the dynamic characteristics of a single speed R410A split air-
conditioning system during shut-down and start-up. Kapadia
et al. (2009) studied the transient characteristics of split air-
conditionings that use R22 and R410A as refrigerants by
simulation methods, and measured and published experimen-
tal data were used to validated the program. Andrade and
Negrao (2013) proposed a semi-empirical model applied to do-
mestic refrigeration systems for devising real time predictions
of test results. The results showed that the model can predict
fairly well the results within the calibration period and that
the model accuracy increases with the calibration time.

The liquid slugging consequently threaten the reliability of
the compressor as the cylinder pressure could shoot to very
high value (Singh et al., 1986), which often occurs when liquid
refrigerant enters the compressor or during the cold startup
process. Thus the liquid slugging in the compressors has been
studied by many investigators. Palm (2008) and Tadashi et al.
(1985) experimentally examined liquid compression charac-
teristics at starting in a sliding vane type rotary compressor.
Liu and Soedel (1994) presented a mathematical model to simu-
late the compression processes of two-phase saturated
refrigerant mixture and analyzed the factors leading to slug-
ging. Dutta et al. (2001) and Park et al. (2002) investigated the
performance of a scroll compressor under liquid refrigerant
injection. To identify slugging-induced overpressures in recip-
rocating compressors, Laughman et al. (2008) proposed a
method by analyzing the electrical power flowing into the com-
pressor motor.

Though much research has been devoted to the perfor-
mances of R290 air-conditioning systems and dynamic
characteristics and liquid slugging of the rotary compressor
(Devotta et al., 2005; Kapadia et al., 2009; Kim and Bullard, 2001;
Liu and Soedel, 1994; Tadashi et al., 1985; Tian et al., 2015), little
attention has been paid to the startup characteristics of the
rotary compressor in R290 air-conditioning systems. As the satu-
rated vapor line of R290 was closed to the line of compression
process in the P-h graph, the liquid slugging is likely to happen
during the compression process. Especially, during the cold
startup process, the temperature of the cylinder is so low as
to make the vapor refrigerant in the cylinder into liquid by
transferring heat from refrigerant to cylinder or exhaust valve.
In this study, an experimental investigation was done to char-
acterize the cold startup behaviors of a rotary compressor in
a R290 air-conditioning system. This study aims to present the
variations of temperatures and pressures in the R290 air-
conditioning system and the rotary compressor under standard
cooling conditions to identify the happening of the liquid slug-
ging. Meanwhile, the mixture of oil and refrigerant viscosity
and the oil level of the oil sump during startup of the system
were studied as to confirm if the lubrication of the rotary
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