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Development of Quench Phenomenon Prediction Model for Ultrafast Cooling of High
Temperature Surfaces
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When cooling a high temperature sample, film boiling occurs during the
initial stage of cooling, in which the higeh temperature sample is covered by a vapor film. The
vapor film causes the deterioration of heat transfer. The transition from film boiling to nucleate
boiling is called the quench phenomenon. The early onset of this quench phenomenon has been a major
issue for rapid cooling. In this study, cooling experiments were conducted using liquid nitrogen as
the coolant. The rapid cooling of a high-temperature sample was performed using a porous material
fabricated by electrodeposition on the surface of a copper block. The cooling time with the porous
material block was reduced to one-tenth of that without. The mechanism of rapid cooling by the

porous material was also clarified.
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[1] Umehara, Yutaro, and Tomio Okawa. "Phenomenological modeling of quenching during
falling liquid film cooling of high-temperature wall." Applied Thermal Engineering 225

(2023): 120210.



Stainless screw

=
Liquid
Copper nitrogen
Block

n/ Dewar bottle

»

cpp

w3

30 mm

mm
50 ——— 0.3 ———m——————————
i Bare Bare
i —— Copper Plate 1.5mm ] Copper plate 1.5mm )
_ OH Copper Porous Plate (6A3min)| Copper porous plate (6A 3min)
) 3 Copper Porous Plate (6A7min)- Copper porous plate (6A 7min)
PR ' E o2 .
: ey
£ 50+ - =
5| =
g "
5] i =
§-100— - g
& I 3 0.1
= =
7]
-150 g
200- 1 1 "L 1 |
- : . . i e ol . |
0 500 1000 1500 2000 0 50 100 150 200
Time [s]

Wall superheat [K]



YUTARO UMEHARA

Liquid nitrogen quenching of copper surface with porous structure

The 11th International Conference on Multiphase Flow

2023

2024




