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Mechanism of Film-Boiling Onset in Transient Cooling Process with
Highly Subcooled Water and Unstable Boiling-Cooling Phenomena

Kyouhei Murata and Sigefumi Nisuio

Synopsis : The unstable boiling-cooling phenomena in transient cooling process of hot steel bring about dispersion in steel temperature
during cooling with subcooled water. The dispersion phenomena of cooling curves are resulted from co-existence of film
and transition boiling on the cooling surface of steel in earlier period of cooling. This paper discusses the mechanism of
this phenomena in terms of the cooling-curve shape and the average cooling rate in the film boiling region.

Tt has been made clear that the unstable boiling-cooling phenomena are not random but have a kind of regularity. The
quench point temperature and average cooling rate immediately after the quench point are determined only by the average
cooling rate in film boiling region, which is inversely proportional to the thickness of vapor film.

For the transient cooling process of steels with highly subcooled water, it is suggested that the onset condition of film
boiling depends on the roughness because the cavities on the steel surface have a great influence on the capability in
trapping air in the bottoms of cavities. The onset of film boiling, namely, depends on the combined effect of geometry
and wettability of the cavity wall. The mechanism of unstable boiling cooling can also be understood based on the initiation

of film boiling.

Key words : unstable boiling-cooling ; quench point temperature ; film boiling ; average cooling rate ; transition boiling ; film-boiling
onset : vapor film ; cavity ; surface roughness; wettability.
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Fig. 1. Illustration of unstable boiling cooling phenom-

ena and characteristic values of cooling curve.
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Fig. 2. Schematic diagram of experimental apparatus

for measuring heat transfer.

INBILETHA, REZITESEBRETD 5129, #iE
BHRDOHBEBEG TSRV L THE, i, EBREER
CEREHOHMI XD 2 SBDO 2 L,
2-3 BHEBRRTZE @SEHOBRIRURESRME

EAE25. 0mm XA (3.0£0.015) mmD MHHCRRER S &
L72e Table 1R U 72 o D BAAESIML 2 B, (58RI & 72
AERBERMLE L TOI VR r — & (BRIES ), Ot
EAAC® sy 772 MAEED 3EHEEAIS, @
RO INVAr —REETH Y, BRI MBKEET
HIEFAETE CEBL L T 5 L # 42 G b, Table 20 I2ET
KX RIDOFREM S 2 LTz, HEMS 2R3 3 {13
AR, BRIy MR EERTH 5,
24 @ - SEEH

AREBRCHCIIIE « BHO e — b4 2 v 2RI
Fig. 31T L 72 R DB Fig 21255 L 72 BRI C4T
W, KT HIBAIGIR L 2 850°C A 72 IR B 13 #7900°C
L2 MBSEB AP DO,IRE1X0.019% K U81.09% 0 2 7kite
EL, BMEN, A 2 HIZ0, 4 2 #EIES LIz, Wikt
IKIEIRT, % DIRFEIZ20°C K UF50C L7, R 2 1R
XY B PR REFEREIL0.395m2/sm2 T H B,
25 ALRAE

AURHEEIH L 2 RO BB A % I 9 17 SORDM23K= 4 7 1
AL —X—TWHHMMEREZE L2, BT — 204
7Y 7 TRRBIZ40ms & L, BAERHIAMEL . Omm (120,18
mm) DOFEHRKS —2BEBERSTH 5,

Table 1. Chemical compositions of steel samples. (wt2%)

C Si Mn P S Sol.Al N Cu Ni Cr A\ Ca
0.089 0.685 1.07 0.011 0.0007 0.023 0.0033 0.01 0.01 0.01 0.002 0.02
Table 2. Surface roughness of steel samples. (Unit: xm)

Surface classification Conditions Ra Rz Rmax
A Shot blasted (Rz~28um) 4.57(2.06~8.71) 27.64(12.5~56.2) 40.43(15.0~95.3)
B Shot blasted (Rz~53um) 9.59(4.91~15.83) 53.06(31.2~82.2) 72.22(48.6~113.9)
C As hot rolled and pickled (Rz~13um) 2.14(1.52~2.93) 13.15(9.00~19.2) 15.74(10.0~21.3)
D Covered with mill scale (Rz~8um) 1.33(1.08~1.75) 7.78(6.4~9.4) 9.29(7.1~11.6)

* Upper value is the average.
Values in () are minimum and maximum.
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Fig. 4. Examples of measured cooling curves of steel
samples.
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Fig. 6. Influence of surface roughness, water tempera-

ture and oxidation of surface on average cool-
ing rate in film boiling region.
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ture and average cooling rate in film boiling
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Table 3. Nomenclature.

« : equivalent heat transfer coefficient of film boiling
aw : heat transfer coefficient of water at vapor/liquid interface
Ap : thermal conductivity of vapor
¢ : vapor film thickness
o : Stefan-Boltzmann constant
& : emissivity of heat transfer surface
T, : temperature of heat transfer surface (K)
T'si: boiling temperature of water (K)
Tw: water temperature (K)
mop - mass flow rate of vapor
Ahy : latent heat of evaporation of water
{ (To/T ) : function of T and T, in radiation heat trans-
er
CRs; : average cooling rate of sample between 800°C and 300°C
CR,5 : average cooling rate of sample in film boiling
CR, : average cooling rate of sample immediately after quench point
teg : film boiling duration
T,: quench point temperature of sample
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