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Local Heat Transfer Characteristics in Convective Partial Boiling
by Impingement of Free-Surface/Submerged Circular Water Jets
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ABSTRACT: Single-phase convection and partial nucleate boiling in free-surface and sub-
merged jet impingements of subcooled water ejected through a 2-mm-diameter circular pipe
nozzle were investigated by local measurements. Effects of jet velocity and nozzle-to-imping-
ing surface distance as well as heat flux on distributions of wall temperature and heat trans-
fer coefficients were considered. Incipience of boiling began from far downstream in contrast
with the cases of the planar water jets of high Reynolds numbers. Heat flux increase and
velocity decrease reduced the temperature difference between stagnation and far downstream
regions with the increasing influence of boiling in partial boiling regime. The change in
nozzle-to-impinging surface distance from H/d=1 to 12 had a significant effect on heat
transfer around the stagnation point of the submerged jet, but not for the free-surface jet.
The submerged jet provided the lower cooling performance than the free-surface jet due to
the entrainment of the pool fluid of which temperature increased.

Key words: Impinging jet(#& M E), Nucleate boiling(#¥]%), Free-surface jet{AfEHAE),
Submerged jet(Z Y A E), Local measurement(F424)
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(b) Submerged jet

Fig. 3 Distributions of local surface temperature with various heat flux at 47;=50T, H/d=5
and V,=2nvs: (a) free-surface jet, (b) submerged jet at ATy, =5, 14, 22, and 37C for ¢=

10.0, 28.1, 40.0 and 64.3, respectively.
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(b) Submerged jet

Fig. 4 Distributions of local heat transfer coefficients with various heat flux at 47, =50TC, H/d=
5 and V,=2m/s! (a) free-surface jet, (b) submerged jet at 4T =5, 14, 22, and 37T for

¢=10.0, 28.1, 40.0 and 64.3, respectively.

Fig. 5 Photo of jet impingement with hy-
draulic jump at V,=20, H/d=5.
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Fig. 6 Distributions of local surface temperature with various H/d at 4T ;,=50C, V,=2m/s and

¢=40 W/cm®

(a) free-surface jet, (b) submerged jet at 47T, =227TC.
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Fig. 7 Distributions of local heat transfer coefficients with various H/d at 4T o,=50C, V,=2m/s
and ¢=40 W/em® (a) free-surface jet, (b) submerged jet at AT 4 =227T.
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Fig. 8 Distributions of local surface temperature with various nozzle velocity at 47T ,;=50T, H/d=
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(a) Free-surface jet
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(b) Submerged jet

Fig. 9 Distributions of local heat transfer coefficients and normalized values with various nozzle
velocity at 4T 4,=507C, H/d=5 and ¢=40 W/cm* (a) free-surface jet, (b) submerged jet at
AT =40, 22 and 12°C for V,=10, 2.0 and 3.9m/s, respectively.
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