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Abstract: The growing problem of global warming in the refrigeration industry requires the replacement
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of existing refrigerants and further enhancement of heat transfer efficiency in heat exchangers. The
boiling heat transfer characteristics of R513A in the horizontal smooth tubes and internally ribbed tubes
with outer diameter 9.52, 12.70 mm were experimentally investigated to analyze the mechanism of
changes in heat transfer coefficients and pressure drops by heat flux, tube diameter, mass flux and
saturation temperature. The results show that the boiling heat transfer coefficient increases and then
decreases with the increase of heat flux. The disturbance of refrigerant in the 9.52 mm smooth tube is
more intense, and the heat transfer coefficient is increased by 13.91%~ 19.77% compared with that of
the 12.70 mm tubes. The pressure drop in the 9.52 mm tubes is 1.4~ 3.8 times that of the 12.70 mm
tubes. Both the increase in saturation temperature and the increase in mass flux contribute to the heat
transfer coefficient. It is easier to reach the local drying point at low mass fluxes, when the boiling heat
transfer coefficient decreases sharply. The Cooper and Liu-Winterton correlations were compared to
predict the heat transfer coefficients. Before the drying out, both of them can predict the flow boiling
heat transfer characteristics of RS13A in the horizontal smooth tube very well. After the drying out, the
Liu-Winterton correlation is more accurate, with mean absolute deviation of 18.53% and 28.36% before

and after the drying out, respectively.
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Fig.1 Schematic diagram of the experimental device
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Tab.1 Main parameters of test tubes

P BRI BRmm EHMEd/mm JREEEymm  WEEEp/mm  WEn, W TMpCC)  BEMAA(CC)  KiEemm  HAY R
ST1 e 2 000 9.52 0.50 0 1.00
RTI  WNIBZUE 2000 9.52 0.31 0.43 65 53 18 0.140 1.40
ST2 LI 2000 12.70 0.70 0 1.00
RT2 WIBZUE 2000 12.70 0.42 0.57 65 50 18 0.228 1.50
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Tab.3 Properties of R513A at different evaporation temperatures

FERIRIE/C R S(mN-m ") BRI (kg'm ) SABE/(kg'm ) BARBEEE/(uPa-s) “UAIBE/(WPas) AFH/(mW-m K ) FAER/ KT kg )

5 9.9422 1224.9 18.515
7 9.6639 1218.3 19.770
10 9.2501 1208.2 21.780

225.04 10.775 80.489 179.22
219.52 10.852 79.716 177.75
211.53 10.967 78.563 175.49
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Fig.8 Effect of tube diameter on pressure drop
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Tab.4 Accuracy analysis of predictive correlations
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