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Experimental Research on Performance Change of Refrigeration System by

Refrigerant Contamination

Seong-Min Jeong

Department of Refrigeration & Air-Conditioning Engineering,

The Graduate School, Pukyong National University

Abstract

Production and consumption of CFC, HCFC and HFC refrigerants, which have been
found to destroy ozone layer and promote global warming, are regulated. In addition,
used refrigerant must be properly recovered, but recovery rate is at a very low level.
Refrigerant is contaminated by various contaminants during use, and causes
deterioration in device performance such as increased energy consumption.
Contaminated refrigerant after use must be properly recovered and regenerated, and
through this process, it is expected to have a positive effect on air pollution caused
by additional use and emission of the refrigerants. Therefore, in this study, the change
in device performance due to refrigerant contamination was confirmed in the
refrigerant contamination experiment, and performance of the recycled refrigerant was
confirmed in the recycled refrigerant experiment, and finally, the feasibility of using
recyled refrigerant was determined through comparison with the new refrigerant. The
study was conducted with the goal of verifying. In the refrigerant contamination test,
the contaminants were non-condensable gas, moisture, and oil, and after recording the
standard performance data, the contaminant was injected and the data was recorded to

confirm the change. First, in the non-condensable gas experiment, the discharge



pressure and temperature of the compressor increased, the compressor work increased,
and the COP decreased. Next, there was no significant change in the moisture test,
but it is thought that the results will vary depending on the presence or absence of
the receiver. In the oil test, the cooling capacity decreased, the compressor work
decreased, and the COP increased, but the results are expected to vary depending on
the configuration and structure of the device. Finally, in the recycled refrigerant
experiment, the recycled refrigerant did not show a significant difference in
performance from the new refrigerant. Most of the contaminants seem to have been
removed during regeneration, and it is thought that the increase in the recovery rate
of refrigerant and the increase in the rate of recovery and reuse will have a positive

effect on air pollution.
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SYMBOLS

Q AHeat transfer kW
m mass flow kg/s
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C Specific Heat kJ/kg-K
T Temperature K
SUBSCRIPTS

c Condensor

r Refrigerant

com Compressor

0 Exit side

w Water

D Static pressure

i Entrance side

e Evaporator
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Fig. 1.2 Trends in regulation of substances that destroy the ozone layer and

global warming!®!

Table 1.1 Regulatory standards and reduction schedules for Groupl countries a

nd Group2 countries

Category \' A5 kw group 1 ' )Srioun / group 2

All A5 countries including Korea GCC, India, Iran, Iraq, Pakistan

outside Group 2 (137 countries) (10 countries)

20~’22 HFC Average production | ‘24~26 HFC Average production
Quantity | and consumption + HCFC 65% of | and consumption + HCFC 65% of

Target

standard quantity standard quantity
Freeze 24 Freeze 28
10% reduction 29 10% reduction 32
Schedule 30% reduction 35 20% reduction 37
50% reduction ‘40 30% reduction ‘42
80% reduction ‘45 85% reduction ‘47
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Table 1.2 Total refrigerant consumption and recovery by year®

o 94 2

2R R A= o] 2% Q1A o] K-

I
ob
Rl

Ml e 3l de dEldRlaL, Table 13004 S8 vl
3]

]

Manufacturing +
Year recovery [t] recovery rate [%]
Import [t]

2019 34,372 291 0.84

2018 37,439 251 0.68

2017 34,998 267 0.37

Table 1.3 Yearly recovery of major refrigerants'®
Refrigerant Recovery [kg]
Year
CFC-12 HFC-134a HCFC-22 | HCFC-410a Sum

2019 17,421 45,660 18,763 5,347 87,191
2018 19,400 40,638 10,758 5,935 76,731
2017 21,123 37,678 9,265 6,626 74,692
2016 25,604 33,359 7,723 1,685 68,371
Sum 83,548 157,335 46,507 19,593 306,985
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Fig. 2.1 Schematic diagram of single stage refrigeration cycle
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Fig. 3.2 Manufactured experimental equipment
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Fig. 3.4 Compressor suction side

Fig. 3.5 Oil injector
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Table 4.4 Moisture test results

Moisture Compressor Change cop Change
[ppm] work [kW] rate [%o] [-] rate [%o]
0 5.94 - 4.18 -
6.27 5.90 -0.56 4.15 -0.57
12.53 5.94 0.06 4.13 -1.03
18.80 5.93 -0.09 4.19 0.25
25.06 5.99 0.85 4.14 -0.87
31.33 597 0.58 4.14 -0.93
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Oil

Ratio [%]
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Excess [%]
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Amount [L]
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Fig. 4.20 Oil recovery pipe sight glass in case of excess oil
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Fig. 4.21 Cross-section of oil separator
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Table. 4.6 Refrigerant Quality Criteria

. Non-condensable Moisture Oil Acidity
Purity [%o]
gas [%] [ppm] (o] [ppm]
99.50 1.50 10.00 0.01 -

Table. 4.7 Recycled refrigerant component analysis results

. Non-condensable Moisture Oil Acidity
Purity [%]
gas [%o] [ppm] (o] [ppm]
99.80 0.20 9.10 0.01 -
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Fig. 4.22 Compressor discharge pressure and temperature
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Fig. 4.23 Heat transfer rate of condensation and evaporation
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