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Critical Heat Flux in Subcooled Pool Boiling on a Horizontal Wire

——Effect of Subcooling on Critical Heat Flux—

Toshiaki INOUE, Nobuji KAWAE and Masanori MONDE

Abstract

Critical heat flux (CHF) is measured during pool boiling of water and R113 on a heated horizontal wire
submerged in a subcooled liquid. Experiments are conducted over a pressure range from 0.1 to 3.0 MPa and a
subcooling level up to 220 K. CHF data reveal that the CHF increases in a linear fashion with an increase in the
subcooling, A Teuw, and that the increment in CHF with increasing subcooling becomes large at high pressures. The
CHF data at high pressures deviate from the values predicted by existing correlations, while the CHF data rises
in a linear fashion with A Tsws. A new correlation is derived by taking into account the effect of both density ratio,
pu/ pv, and Peclet number, Pe, on CHF and it succeeds in predicting the CHF data up to higher pressure as well
as higher subcolling better than the applicable ranges of existing correlations.
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Table 1 Existing Correlations for CHF during Subcooled pool boiling

Ranges confirmed

Researchers Correlations - — Test liquid Ref.
e AR
Ivey and Morris —g—;?::—’-=1+0.102(—%)—”4]a (2) f ;sgblg%Pz' Iso-octane [2]
Zuber et al. Leme 4532 8-S i Sia e Water, Ethanol  [3]
Elkossabgiand Liechard* {3 =1+4.28 - 4 L Subcooling _Methanal Aceton (4

*The correlation only for low subcooling is listed here, since the boundaries by which characteristics of CHF
can be categorized into three groups are not clear.
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Table 2 Experimental range

Test Substances Water R113
Pressure (MPa) 0.1-3.0 0.3—3.0
ol pv 564—1603 3.0—67.7
Degree of Subcool (K) 0—220 0—200
Jakob Number 0—240 0—32
Diameter of Wire (mm)  0.5,1,1.5,2 0.1,0.3,1,2

Material of Wire Stainless Stainless, Platinum
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Fig. 4  Influence of subcooling on CHF (Water)
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Table 3 Accuracy of the critical heat flux

predicted
Equation E, E. E,
Eq. (8) —0.0137 0.1472 0.1777
Eq. (3) 0.0366 0.1514 0.1918
Eq. (4) —0.0718 0.1540 0.1887
Eq. (1) —0.1416 0.1984 0.2514
Eq. (2) —0.0622 0.1688 0.2182
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