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MHF Point Temperature and Behavior of Vapor Film Collapse under Forced Convection Film Boiling

Due to Quenching of Small Platinum Sphere into Polymer Aqueous Solution

Mitsuyoshi SHIMAOKA, Shigeto NAKAMURA and Nobuhiro IKEDA

It is necessary to improve the repeating characteristics of the immersion quenching experiment in the
rotary-arm-type quenching test system. The vapor film around the Pt sphere at the tip of the rotary-arm
collapses not only due to the temperature, but also due to the surrounding flow conditions. Therefore, the
authors have been examined whether the vapor film can be forcibly collapsed by shaking or rotating the
arm, or whether the repeatability of the immersion quenching experiment can be improved. Using a
polymer with an aqueous solution concentration of 20 vol.% by volume as a coolant, and the rotating arm
was rotated in five swing patterns at a tangential velocity in the range of 30 to 180 mm-s™. In the case of
the tangential velocity is 180 mm-s”, on the arm swing patterns that are the maximum rotation angle of 120°
and the return angle of 60° (type A), and the maximum rotation angle of 100° and the return angle of 20°
(type D), MHF point temperatures were relatively good agreement. In the case of the arm swing pattern A,
the MHF point temperature was increased with the tangential velocity. In addition, the relatively good
agreement of MHF point temperature was confirmed in the tangential velocities of 70 mm-s® and of 180
mm-s’. The collapse of the vapor film around the Pt sphere was often observed at a location other than the
connecting point of the Pt sphere and the arm. In the case of the tangential velocity of 30 mm-s’, as the
collapse type of vapor film, not only the ruptured type but also the turned up type, which is more
interesting, was observed.
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Fig. 1 Schematic illustration of the experimental
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Fig. 2 Swing patterns of the rotary-arm.
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Fig. 3 Cooling curves at V=30 mm-s ' and in the arm
swing type A.
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Fig. 4 Cooling curves at V=30 mm-s ' and in the arm
swing type F.
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Fig. 5 High speed video images of vapor film formation

and its ruptured type collapse pattern at ¥ =30 mm-s .
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Fig. 6 High speed video images of vapor film formation

and its turned up type collapse pattern at ¥V =30 mm-s "
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Fig. 7 Cooling curves at ¥V =70 mm-s * and in the arm
swing type A.
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Fig. 8 High speed video images of vapor film formation

and its ruptured type collapse pattern at V' =70 mm-s .
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Fig. 9 Cooling curves and heat transfer coefficients at 1/
=100 mm-s ' and in the arm swing type A.
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Fig. 10 High speed video images of vapor film formation
and its ruptured type collapse pattern at V =100 mm-s ~*
(1, MHF point temperature is 405C ).
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Fig. 11 High speed video images of vapor film formation

and its ruptured type collapse pattern at V' =100 mm-s ~*

(2, MHF point temperature is 279C ).
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Fig. 12 High speed video images of vapor film formation
and its ruptured type collapse pattern at ¥V =100 mm-s

(3, MHF point temperature is 176 ).
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Fig. 13 Cooling curves and heat transfer coefficients at
V=140 mm-s "' and in the arm swing type A.
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Fig. 16 High speed video images of vapor film formation
and its ruptured type collapse pattern at V' =140 mm-s ~*

(3, MHF point temperature is 280C ).
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Fig. 17 Cooling curves and heat transfer coefficients at
V' =180 mm-s ' and in the arm swing type A.
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Fig. 18 High speed video images of vapor film formation

and its ruptured type collapse pattern at V' = 180 mm-s .
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