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In this study, we aimed to investigate characteristics of accidents during a pump down operation of air
conditioners to examine safety issue by reproducing a diesel combustion that may occur during the pump down. As
refrigerants, R1234yf, R32, R410A, R134a, R22, and R125 were tested with different combinations of refrigerants
and lubricating oil including PAG oil and POE oil. At results except R125, gaseous mixture of the air, the refrigerant
and the oil got self-ignited, which represents that the combustion accidents during pump down are caused by the
diesel combustion of the air, refrigerant, and oil mixture even though the refrigerant is categorized as
non-flammable. On the other hand, the air, R125 and the oil mixture did not combusted intensely at any condition. It
was also found that oil has significant effect to the combustion during pump down by changing phenomena such as
flammable range and pressure.
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Table 1 Flammability of refrigerants

Refriger Chemical ODP GWP ASHRAE

ant formula flammability

R1234yf CHz= A2L
CFCFs 0 <!

R32 CHzF2 0 677 A2L
R410A R32+R125 0 2090 Al
R134a CF3CH,F 0 1300 Al

R22 CHF:Cl 0.055 1760 Al
R125 CF;CHF, 0 3170 Al
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Fig. 2 Experimental apparatus
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Table 2 Refrigerants and lubricating oils

Item Type
R1234yf, R32, R410A,
R134a, R22, R125, N2
PAG (VG46), POE(VG6S)

Refrigerant

Lubricating oil

Table 3 Experimental conditions

Number of revolutions, rpm 1500

Mixture flow rate , I/min 18.75

Inlet gas temperature, °C 260
Oil flow ratio , - 0.0,0.7,1.0,1.3,1.6

Injection timing , degree 90 (at crank angle)
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Table 4 Characteristics of lubrication oils

PAG(VG46) POE(VG68)

CHO ratio , 61.7:10.5:26.2 70.1:10.8:19.1
mass %

Flash point 216°C 254°C
Ignition point 350°C 408°C
Theoretical air 9.54kg/kg 10.91kg/kg
fuel ratio

Standard flow 2.295%X10*l/min  3.519%10*1/min
rate
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Fig. 4 Change of pressure inside engine against crank
angle with and without oil
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Fig. 5 Change of pressure inside engine against crank
angle with different refrigerant concentration
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angle with different amount of PAG oil
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Fig. 8 Maximum pressure against different refrigerant
concentration with PAG oil
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Fig. 9 Maximum pressure against different refrigerant
concentration with POE oil
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Fig. 10 Visualization apparatus
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