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Huang Yujie Li Huajie

Abstract Propane (R290) is a potential refrigerant substitute for household air conditioners. However, its flammability limits its
application. In this study, the flammability limits of R290, 2,3, 3, 3-tetrafluoropropene ( R1234yf) , trans-1,3,3, 3-tetrafluoropropene
(R1234ze(E) ), R1234ze(E)/R290, and R1234yf/R290 were determined according to the ASHRAE 34-2022 standard. The effects of
R1234yf and R1234ze(E) on the flammability of R290 were analyzed, and the inhibiting abilities of R1234yf, R1234ze (E), R32,
R1311, and R134a on the flammability of R290 were compared. In addition, the refrigeration cycle performance of R290 mixtures with
different compositions was simulated. The results showed that both R1234yf and R1234ze ( E) exhibited limited flame inhibition
capabilities for R290. When the mass fractions of R1234yf and R1234ze(E) reached 80%, the lower flammability limit of the mixture
increased by approximately 1. 0%. The experimental data were correlated using the Le Chatelier model, which resulted in an average
absolute deviation of 0. 57% between the calculated and experimental results. Compared with R290, the energy efficiency ratio of the two
refrigerants and R290 mixture decreased by less than 1%, and the volumetric cooling capacity increased by less than 0. 4%. The flame
inhibition effect of the refrigerant on R290 decreased in the following order; R1311>R134a>R32>R1234ze( E)/R1234yf.

Keywords refrigerant; flammability limit; propane; 2,3,3,3—tetrafluoropropene; trans—1,3,3,3~tetrafluoropropene
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Fig.1 The experimental system
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Tab.1 Information of sample materials

VA7) HR B 3 afi fig
R290 ke WA EZ =0.995

R1234ze(E) a-1,3,3,3-UEAK EEFH/R =0.998

R1234yf 2,3,3,3-DUH I EEF/R =0.998

XEFRAY, LR AR E E F 2ok ARG YA
gy SR, R E RS, MRS Y H &
B HL T ROF (M4 —FE A 2 XPR5003S) B il , 47
BERN 1 mg, BEIR AT EUH AN 2 B /NT 0.002, )
AT AR B I o R0 101 kPa, B RS BE N
0. 1%, A3 LFL (il 554K 7€ 0. 1% ~0. 3%, UFL
R A KAE 0. 4% ~ 1. 0%, % &L [ IHZE | LFL Ml
UFL [ SE R AN 2 BE 5 51/ TF 0. 3% FI/NF 0. 6%,
1.3 ZEWIE

R T SR A R (AT 7 60 CF 101 325 Pa

X4l R290 il R1234yf \R1234ze (E) 70 &, 5256
Bl gk 2 s,

3 2 R290,R1234yf 1 R1234ze( E) BRI BATR PR SRI8{H
55%E
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Tab.3 The experimental and calculated flammability limits
R1234yf/R290 R1234ze(E)/R290
i K %
LFL,,,/ % LFL,,/% UFL,,,/% UFL /% LFL,,,/ % LFL,,/% UFL,,,/ % UFL,_,/ %

0 2.1 2.1 9.9 9.9 2.1 2.1 9.9 9.9
20 2.1 2.3 10. 1 10.2 2.2 2.3 10. 1 10. 1
40 2.4 2.5 10. 8 10.5 2.4 2.5 10. 8 10. 4
60 2.5 2.8 11.2 11.0 2.7 2.8 11.2 10. 8
80 3.1 3.5 13.3 11.8 3.2 3.6 13.3 11.4
100 5.9 5.9 13.5 13.5 6.5 6.5 12.7 12.7
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Fig.2 Experimental flammability limits
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Tab.4 Calculation conditions of refrigeration cycle
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Fig.4 Variation of refrigeration performance of R290 mixed
with R1234yf and R1234ze(E)
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