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Flow boiling heat transfer characteristic of refrigerant R1234ze(E)
in horizontal circular tube
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Abstract: Nowadays, more and more attention has been paid to the new low GWP (global warming potential)
refrigerant R1234ze(E), which is one of the ideal alternatives for R134a. In this work, the flow boiling heat
transfer coefficients of R1234ze(E) and R134a were measured inside an 8 mm ID horizontal tube. The
experimental results were obtained over the saturation temperature of 10°C with heat fluxes ranging from 5.0 to
10.0 kW * m 2 and mass fluxes ranging from 300 to 500 kg * m 2« s, The influences of mass flux, heat flux and
quality on the heat transfer coefficients were discussed. The results showed that the local flow boiling heat transfer
coefficients of R1234ze(E) and R134a increased with increasing mass flux and heat flux. The local heat transfer
coefficient of R1234ze(E) was around 14.68% lower than that of R134a at the mass flux of 300 kg * m”es ', while
the local heat transfer coefficient deviation between R1234ze(E) and R134a reduced to 7.35% when the mass flux
reached 500 kg ° mZes’ Additionally, the experimental data of local heat transfer coefficients were compared
with four well-known correlations available in literatures. The results indicated that Kandlikar correlation
provided the best prediction of the local heat transfer coefficients for both R1234ze(E) and R134a. Approximately
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90% of the experimental points are in an error bandwidth of =25% of the prediction, and the average deviations
are found to be 23.13% and 11.50% for R1234ze(E) and R134a, respectively.
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Table 1 Physical properties of R1234ze(E) and R134al**]

Physical property R134a R1234z¢(E)
boiling point/ K 247.1 2542
molar mass/ g * mol™ 102.03 114.04
critical temperature/ K 37421 382.52
critical pressure/ MPa 4.0593 3.6363
oDP 0 0
GWP 1430 <1
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Schematic diagram of experimental system

Fig.1
1—refrigerant pump; 2—sub-cooler; 3—mass flow meter; 4—preheater;
5—sampling port; 6—test section; 7—electric heater; 8—electricity meter;
9—charging port; 10—condenser; 11—refrigerating unit; 12—stirrer;
13——controller; 14—heater; 15—Iliquid reservoir;

16—sub-cooler recycle pump
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Table 2 Experimental working conditions
Mass flux Heat flux Quality of working Saturation
/kgem?es /KW + m™ fluid temperature/C
300 5.0; 10.0 0.075—0.785 10+0.5
400 5.0; 10.0 0.075—0.785 10+0.5
500 5.0; 10.0 0.075—0.785 10+0.5

thermocouple

trapping tape

~~insulation cotton

—— glass wool

% electronic heating tape
I copper tube

thermocouple

note: @thermocouple MW pressure transducer @ pressure meter [X pressure meter
B2 kB

Fig.2 Schematic diagram of test section
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Table 3 Measurement instruments and their uncertainties

Parameters Instrument Range Uncertainty
fluid temperature PT100 RTD —200—800°C +0.1C
pipe surface temperature T-type —200—350C +0.1°C
thermocouple
pressure TM NS-I1 0—2 MPa +0.05%FS
differential pressure TM NS1151 0—40 kPa +0.075%
mass flow rate Coriolis mass 0.1—5 +1%RS
flow-meter kg * min"'
electric Qingzhi 8967B 5—500 V; +0.4%
0.01—40 A
enthalpy REFP. V9.0 — +0.02%
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Fig.6 Experimental data of heat transfer coefficients compared with correlation of Kandlikar
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