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In this study, we evaluated the safety of a highly flammable refrigerant leaking from air-conditioner and showcase to a
room using CFD. First, experiments were conducted assuming refrigerant leakage from these equipment models installed
in a room. The experiments were conducted using R744 (CO,) with similar physical properties of R290 (propane) as a
refrigerant. Compared to the experiments, the validity of the numerical simulation model was demonstrated. A space-time
product of combustible gas was evaluated based on the numerical simulation, which is important for risk assessment of
flammable refrigerants with low-global warming potential. We investigated the effects of the leakage in the room area as
well as the refrigerant charge and door-to-floor clearance on the space-time product of combustible gas. We also
investigated the effect of refrigerant flammability on the maximum refrigerant charge.
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Table 1 Physical and flammability properties of refrigerants® 4

R32 R290 R744

M [kg/mol] 52.02 44.1 44,01

p [kg/m?] 2.191 1.865 1.839
GWP [-] 675 <3 1
LFL [vol. %] 13.3 1.8 —
UFL [vol. %] 29.3 9.5 —
BV [cm/s] 6.7 38.7 —
MIE [mJ]] 15 0.246 —

293.15K, 0.1013 MPa
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Fig. 3 Schematic of experimental setup
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Fig. 4 Concentration measurement points of air-conditioner

S50mm
prozrzrzrrn

No.5
No.8

No.4

I No.3- (wOOmni:

Il g -
> J()mm’? ) 1€pmm

S0mma
5
i ? S0mmig

Front view

Fig. 5 Concentration measurement points of showcase
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Fig. 6 Results of time change of concentration
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Fig. 10 Flammable volume variation (R290, A=21.29 m?)
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