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Abstract

The effect of nozzle height on heat transfer of a hot steel plate cooled by an impinging liquid jet
is not well understood. Previous studies have been based on the dimensionless parameter z/d. To test
the validity of this dimensionless parameter and to investigate gravitational effects on the jet,
stagnation velocity of an impinging liquid jet were measured and the cooling experiments of a hot
steel plate were conducted for z/d from 6.7 to 75, and an inverse heat conduction method is applied
for the quantitative comparison. Also, the critical instability point of a liquid jet was examined over a

range of flow rates.

The experimental velocity data for the liquid jet were well correlated with the dimensionless number
1/Fr;” based on distance. It was thought that the z/d parameter was not valid for heat transfer to an

impinging liquid jet under gravitational forces.

In the cooling experiments, heat transfer was

independent of z when 1/Fr? < 0.187(z/d = 6.7). However, it was found that the heat transfer quantity
for 1/Fr,’=0.523(z/d =70) is larger 11% than that in the region for 1/Fr,”=0.187. The discrepancy
between these results and previous research is likely due to the instability of liquid jet.
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Table 1 Thermo-physical properties

T(K) | Cp(J/KgC) | p(kg/m’) | K(W/mK)
293 543.7 8000 17.09
680 697.1 8000 26.90
878 748.5 8000 31.29
973 757.3 8000 33.01
1072 761.0 8000 34.01
1158 781.6 8000 35.91




region 4
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Table 2 Experimental Conditions in this study

z(m) | z/d Fr. Fr? | 1/Frf

0.04 | 6.7 | 4.628 | 21.42 | 0.047

0.07 | 11.7 | 3.498 | 12.24 | 0.082

0.16 | 26.7 | 2.315 5.36 0.186

045 75 1.378 1.9 0.52

(a) Immediately after cooling starts

(b) 5 seconds after cooling starts

(c) 10 seconds after cooling starts

Fig. 7 Photographs of successive cooling stages
(I/Fr? = 0.186 )
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