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Abstract

Saturated nucleate pool boiling experiments for binary mixtures, which are consisted of refrigerant
R11 and R113, were performed with constant wall temperature condition. Results for binary mixtures
were also compared with pure fluids. A microscale heater array and Wheatstone bridge circuits were
used to maintain the constant temperature of the heating surface and to obtain heat flow rate
measurements with high temporal and spatial resolutions. Bubble growth images were captured using a
high speed CCD camera synchronized with the heat flow rate measurements. The departure time for
binary mixtures was longer than that for pure fluids, and binary mixtures had a higher onset of
nucleate boiling (ONB) temperature than pure fluids. In the asymptotic growth region, the bubble
growth rate was proportional to a value between t'® and t*. The bubble growth behavior was analyzed
to permit comparisons with binary mixtures and pure fluids at the same scale using dimensionless
parameters. There was no discemable difference in the bubble growth behavior between binary mixtures
and pure fluids for a given ONB temperature. And the departure radius and time were well predicted
within a #30% error. The minimum heat transfer coefficient of binary mixtures occurred near the
maximum ¥~ value, and the average required heat flux during bubble growth did not depend on the
mass fraction of R11 as more volatile component in binary mixtures. Finally, the results showed that
for binary mixtures, a higher ONB temperature had the greatest effect on reducing the heat transfer
coefficient.
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Fig. 1 Schematics of the experimental apparatus
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Table 1 Experimental conditions and results

Mass(mole)
. sys Tsa! Twall A Tsup Ja td Rd tw q"average h
fraction of o 5 o 2 2
fam] [T] [TC] [€C] [1] [sec] [mm] [sec] [W/em'] [W/em'K]
R11 [%]

R11 100(100) 1 23.71 350 11.29 13.83 0.0032 0318 0.0232 534 4.73
Mixture 1 81.5(85.7) 1 25.79 409 15.11 18.70 0.0057 0.411 0.0124 63.0 4.17
Mixture 2 53.6(61.2) 1 29.91 43.1 13.19 19.55 0.0044 0.341 0.0163 52.6 3.99
Mixture 3 28.0(34.5) 1 35.63 51.0 1537 1654 0.0040 0.315 0.0164 47.0 3.06
Mixture 4 13.9(18.1) 1 4043 549 1447 18.66 0.0051 0371 0.0160 553 3.82

R113 0(0) 1 4758 61.0 1342 17.77 0.0038 0.352 0.0033 54.5 4.06

37.1 13.39 16.40
R11 100 1 23.71
389 15.19 18.61
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