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Steady Heat Transfer by Convection between an
Impinging Jet of Water and a Disk

Shoji TANIGUCHY, Katsumi SAWADA, Atsushi KIKUCHI, and Teiriki TADAKI

Synopsis :

Studies of fluid flow and heat transfer in the fluid under a steady-state condition were made to discuss
the heat transfer by convection in the system detailed in a previous paper, in which a hot disk is cooled by
an impinging jet of water.

First, the fluid—flow characteristics in each of regions I, II and III which have been defined by several
workers were discussed. Approximate solutions of the fluid flow in regions II and III were presented,
and it was shown that the solutions of the thickness of liquid film were roughly consistent with experimental
values.

Secondly, the heat-transfer characteristics in each of three regions were discussed. Theoretical solu—
tions of the heat—transfer coefficients for region I were shown graphically at Pr (Prandtl number)=0.1-
100. And also it was shown that theoretical solutions were consistent with numerical ones at Pr—0.5-15.
Numerical solutions of the heat—transfer coefficients for regions II and III with the constant heat fux at
the fluid-solid interface were obtained. It was shown that their solutions were roughly consistent with
experimental values. The heat—transfer coefficients for the system shown in the previous paper could be
roughly expressed by the theory in this paper.
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Fig. 1. Flow regions in a liquid film formed on

the solid surface.
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Table 1. Experimental conditions.
This study Previous study
. Steady Unsteady
Fluid flow heat transfer heat transfer
r/10°?2m 18.0 9.5 5.0, 7.5
d/1072 m 0.4, 0.8, 1.3 0.4, 0.8, 1.3 0.4, 0.8 1.3
L/m 0.2 0.2 0.2
H/m 0.1 0.1 0.05, 0.1, 0.15
vy/m.s™!  0.9~6.0 0.8~12.0 2.7~16.0
Pr —_ 8.2~8.6 7.7~8.6
Re (1. 0~4. 0)x10* (0. 86~4.0)x10* (0. 97~5. 8)x10*

(D Nozzle, @ Pressure gauge, @ Brass plate, @ Micrometer,
® Needle, ® Oscilloscope, @, ® Valve, Pump, Tank

Fig. 2. Schematic diagram of experimental appa—
ratus for measuring the thickness of water film.
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Fig. 3. Experimental results on the thickness of
water film.
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Fig. 4. Comparison between experimental and
calculated values on the thickness of water film.
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