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Sophisticated modeling for quenching of a hot surface with a multi-time scale
transient heat transfer model

Mitsutake, Yuichi
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A technique has been proposed to determine the boundaries of coexisting
multiple heat transfer modes, single-phase forced convection, nucleate boiling, and transition
boiling on a hot surface during subcooled impinging jet quenching. Existing heat transfer
correlations for single-phase forced convection and nucleate boiling are found to apply to
non-uniform and unsteady surface temperature surfaces. From the highspeed visual observation, the
transition boiling is characterized by advancing and receding wetting front in sync with the period
of the disturbance wave. The time-averaged heat transfer rate in transition boiling was evaluated
with the analytical solution of transient heat conduction in solid-liquid contact. Coupling analysis

of axisymmetric unsteady heat conduction of a hot surface with the coexisting heat transfer modes
provides a better understanding of the behavior of the stable wetting during quenching.
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1. Nickel disk, 2. Container, 3. Radiation heater, 4. Block heater controller, 5. PC, 6. Ice box, 7. Isolated DC amplifier,
8. A/D converter, 9. Datalogger, 10. Water storage tank, 11. Electromagnetic valve, 12. Circular nozzle, 13. Air pressure
regulator, 14. Air compressor, 15. Nozzle heater controller, 16. Tank heater controller, 17. High-speed video camera,
18. Laser-photodiode detector, 19. Mirror, 20. Metal halide light
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