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A Study of External Condensation Heat Transfer of Flammable Refrigerants
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ABSTRACT: In this study, external condensation heat transfer coefficients (HTCs) of flam-
mable refrigerants of propylene, propane, isobutane, butane, DME, and HFC32 were measured
on a horizontal plain tube, 26 fpi low fin tube, and Turbo-C tube. All data were taken at the
temperature of 39C with a wall subcooling of 3~8T. Test results showed a typical trend
that condensation HTCs of flammable refrigerants decrease with increasing wall subcooling.
HFC32 had the highest HTCs among the tested refrigerants showing 44% higher HTCs than
those of HCFC22 while DME showed 28% higher HTCs than those of HCFC22. HTCs of
propylene and butane were similar to those of HCFC22 while those of propane and isobutane
were similar to those of HFC134a. Based upon the tested data, Nusselt’s equation is modified
to predict the plain tube data within a deviation of 3%. For 26 fpi low fin tube, Beatty and
Katz equation predicted the data within a deviation of 7.3% for all flammable refrigerants
tested. The heat transfer enhancement factors for the 26 fpi low fin and Turbo-C tubes were
46~5.7 and 4.7~6.9 respectively for the refrigerants tested indicating that the performance of
Turbo-C tube is the best among the tubes tested.

Key words: Flammable refrigerants(7+34 ¥ vll), Horizontal plain tube(s3 &), External con-
densation heat transfer coefficients(HTCs, 2% €& dAEA %), Enhanced tubes
(£33 #), Enhancement ratio(@4dg &31))
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Fig. 1 Schematic diagram of the experimental
apparatus.
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Table 1 Specifications of experimental tubes (Units: mm)

Tube | Outside diameter | Fin height Fin thickness Fins/inch | Fins/meter
Tip Base
Smooth 19.05 - - - - -
Low fin 1890 121 0.25 058 % 1024
Turbo-C 1890 0.76 0.25 035 42 1654
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Table 2 Saturation properties of tested refrigerants at 39°C

. Pmt 0 0 Cp h k Ky
Refrigerant | 0 2% | () | (kgmd) (ke K| &g ke™h | (Wm K| (uPas)
HFC32 2418 898 712 2143 2396 0.1234 99.2
Propylene | 1615 479 348 2.861 3054 0.0993 836
Propane 1338 469 295 2.928 3086 0.0863 834

DME 862 633 182 2.462 3769 0.1300 1462
Isobutane 517 533 133 2553 3133 0.0896 130.0
Butane 369 556 92 2534 3463 0.1016 140.0
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Fig. 5 Condensation HTCs as a function wall

subcooling on a 26 fpi low fin tube.
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Fig. 6 Condensation HTCs as a function of
wall subcooling on a Turbo-C tube.
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