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A Study on Film Boiling-Quenching Process of the
Hot Surface for the Heat Treatment of Metals
(1st Report, Cooling Curves and Transient Boiling Heat

Transfer during the Quenching Process of Carbon Steel)

S.H. Yoon, Y.P. Hong, KK. Kim, Y. M. Kim

Abstract

The quenching of steels by water is one of the important problems in engineering for the
applications of heat treatment or continuous casting process, but the fundamental researches by
the theoretical approaches have not been satisfactorily improved yet. The very rapid cooling
problems by the thermal conduction including the latent heat of phase transformation in steel and
the transient boiling heat transfer of water on the surface of the steel covering from 850°C to 20°C
are the key problems of heat treatment. The present quenching experiments are performed for the
cylindrical speciments of carbon steel, S45C of diameters (12-30). Nonlinear transient heat
conduction and transient boiling heat transfer problem of water on the surface of speciments is
analyzed by the numerical method of inverse heat conduction problem. The conditions for the
calculation are that the initial temperature of specimens is 820°C and the cooling water in bath are
20°C, 40°C, 60°C, 80C, 95C with no agitation.
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1. Electric furnace 7. Electric heater il H\\
2. Temperature controller 8. Transporting apparatus = |
3. Transformer 9. Specimen R — | S | B
4. Argon gas 10. Ice junction =
5. Flowmeter 11. Recorder 1. Siliconit heating element 3. Insulating brick
6. Water bath 2. Combustion tube 4. Furmace shell
Fig 1. Schematic diagram of exp-erimenhtal apparatus Fig 2. Electric furnace
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Table 1. The Heation and Holding Times of the
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30, 25mm 30min, 30min,
$20, 16mm 30min, 25min,
#12mm 30min, 20min, o
)
Table 2. The Positions of Thermocouples I
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$30mm r=0, 5 12mm l
$25mm r=0, 9, 5mm —
20mm r=0, 7mm k—¢20—
$16mm r=0, 5mm . . . . . .
. Fig 3. Dimensions and measuring points of cyli-
¢12mm r=0, 3mm ndrical specimens
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