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Effects of Specimen Geometry on Characteristic Temperature during
Quenching of Heated Metals in Subcooled Water

Michiharu NARAZAKI, Sadakatsu FUCHIZAWA and Masaaki UsuBaA

Synopsis :

The characteristic temperature during quenching of cylindrical and spherical silver specimens in stiee
subcooled water has been investigated to clarify the cause of the scattering and discrepancy of the data
which have been reported by many investigators. The following results were obtained,

1) The local premature collapse of vapor blanket at the sharp corner of ends of cylindrical specimen or
at the support tube significantly affects the values of characteristic temperature and it’s dependence on
liquid subcooling.

2) If the hemispherical geometry of both ends of cylinders or spherical geometry were selected to eli-
minate the local collapse of vapor blanket and if the premature collapse at support tube was prevented, the
values of characteristic temperature did not exceed the maximum temperature predicted by the thermodyna-
mic model by Lienuarp and agreed well with the value predicted by the hydrodynamic model by BErENsoN re-
gardless of liquid subcooling and specimen geometry.

3) It can therefore be presumed that the scattering and discrepancy of the reported values of character-
istic temperature might have arisen from the local premature collapse of the vapor blanket at the corner of
the ends of cylindrical specimens or at the support tube.

Key words : cooling; heat treatment; quenching; characteristic temperature; boiling; heat transfer;

subcooling ; specimen geometry.
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@ : Specimen, @ : Support tube, @ : Sheathed thermocouple,
@ : Amplifier and linearizer, ® :Pen recorder, ® :A/D
converter, (D : Personal computer, : Water pool, @ : Dis-
tilled water, @0 : Heater, @ : Furnace, @ : Controller, @ :
Pneumatic hand, @ : Shaft, @ : Sliding unit, (@9 : Pneumatic
clamp, @ : Pnuematic cylinder, @ :Link, @ :Wire, @:
Photoelectoric switch, @) : Stroboscope, @) : Streak camera,
@ : Controller, @ : Photosensor

Fig. 2. Schematic diagram of experimental appa-
ratus.
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Fig. 3. Typical shapes of cooling curves on char-
acteristic temperature.
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Fig. 4. Effect of immersion depth of specimen on
cooling curves in water quenching.
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Fig. 5. Center cooling curves of cylindrical silver
specimen with both flat ends (cylinder A, Rc=0
mm) quenched in still distilled water.
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Fig. 6. Center cooling curves of cylindrical silver
specimen with both hemispherical ends (cylinder B,
R = 5 mm) quenched in still distilled water.
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Ds: Specimen diameter, Lg: Specimen length, T, : Critical
temperature(374.1°C), Ty : Limiting superheat of water under
atomospheric pressure by LIENHARDY,  Tpin : Minimum temper-
ature of water by BERENSON?®, MITSUTSUKA & Fukupa?:
Vertical silver cylinder (Dg= 10mm, Lg= 30 mm, R¢c = Omm),
Nisuio & UEMURAY : Horizontal silver specimen ( Dg= 6mm, Lg
= 50 mm, R¢c = 0 mm) '

Fig. 7. Effect of corner radius R¢ of both ends of
cylindrical specimens on characteristic tempera-
ture.
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Photo. 1. Boiling be-
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ching of cylindrical
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flat ends (cylinder A,
Rc= 0mm).
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FARAHAT et al? : Stainless steel sphere (diam. 25.4 mm), DHIR
& PuroHITY : Silver sphere and copper sphere (diam. 19 mm)
stainless steel sphere (diam. 19mm and 25.4mm), WITTE &
HENNINGSON® : Silver sphere (diam. 9mm), NisHIO & UEMURA®
: Platinum sphere (diam. 10 mm) :

Fig. 8. Characteristic temperature in water quen-
ching of silver sphere and cylinder B.
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