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Visualization of Forced Convective Boiling of Refrigerant HCFC123
in a Mini-Tube

-Formation of Two-phase Flow Pattern near the Onset Point of boiling -

Keiji MURATA, Koichi ARAGA, Takeharu ETOH and Kohsei TAKEHARA

This paper presents visualization of boiling phenomena and formation of the two-phase flow pattern in a mini tube
which has a 0.30mm inner diameter. Test fluid is refrigerant HCFC123. ITO film is formed by vapor deposition over the
outer surface of the glass tube. This film is transparent and electrically conductive. Refrigerant HCFC123 is pumped
into the glass tube in liquid phase; it then is boiled away by electrical heating. Bubble formation and growth near the
onset point of nucleate boiling and the two-phase flow pattern in the low-quality region is recorded via high-speed video
camera (10,000 — 50,000 fps). Appearance of bubble formation and growth in a mini-tube depends on heat flux and
mass flux. For low heat flux, an isolated bubble grows to occupy the whole tube cross section, and flows in a form
resembling a bullet. Liquid film is not observed between this vapor bubble and the inner tube surface, and evaporation is
not so dominant. For high heat flux and low mass flux, bubbles grow to coalesce immediately into a long vapor plug;
and both nucleate boiling and evaporation from liquid film between the vapor plug and the inner tube surface remain

dominant.

Keyword Visualization, Forced convective boiling, Nucleate boiling, Evaporation, Two-phase flow pattern, Mini-tube,
Refrigerant HCFC123, ITO film
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2. Filter

1. Liquid pump
4. Pre-evaporating tube
6. Glass tube

8. Reservoir

3. P.T. measuring union
5. Test tube

7. Condenser

9. Subcooler 10. Pressure difference transmitter
11. Pressure transmitter ~ 12. Constant voltage power supply
13. Liquid tank

15. Thermocouple

14. High speed camera

16. Pressure gauge

Fig.1 Schematic diagram of experimental apparatus
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Fig.2 Growth and departure of a single vapor bubble in a mini-tube (G=300kg/m’s, g=15kW/m> 20kfps)
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Fig.3 Growth and departure of a single vapor bubble in a mini-tube (G=200kg/m?s, g=15kW/m?, 20k{ps)
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Fig.4 Growth, departure and coalescence of vapor bubbles in a mini-tube (G=300kg/m’s, g=30kW/m?, 50kfps)
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Fig.5 Growth, departure and coalescence of vapor bubbles in a mini-tube (G=200kg/m’s, g=30kW/m?, 20kfps)
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Fig.6 Time period of bubble departure
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Fig.7 Two-phase flow pattern in a mini-tube (G=200kg/m’s, g=30kW/m?, z=12mm, x=0.09, 10kfps)
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Fig.8 Two-phase flow pattern in a mini-tube (G=200kg/m’s, g=30kW/m?, z=24mm, x=0.23, 20kfps)
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Fig.9 Two-phase flow pattern in a mini-tube (G=200kg/m’s, g=15kW/m?, z=24mm, x=0.09, 20kfps)
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Fig.10 Two-phase flow pattern in a mini-tube (G=300kg/m’s, g=15kW/m’, z=24mm, x=0.04, 20kfps)
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