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Heat Transfer Enhancement of Water Spray Cooling by the Surface Roughness Effect
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Abstract: Water spray cooling has been widely used in a variety of industrial applications. The present study
concentrated on quantitative measurements of the heat flux and heat transfer coefficient by water spray as it impinges
on the rough surface of a hot steel plate at 900°C. A novel experimental technique was developed for a high-
temperature heat flux gauge with a test block, cartridge heaters, and thermocouples that was used to measure the
surface heat flux information on the hot steel plate for local heat flux measurements. The roles of the surface roughness
on heat transfer are presented in this paper for well-characterized four rough surfaces with average rms roughness
heights of 40-80 um. The results show that the local heat transfer for rough surfaces is higher than that for a smooth
surface. Heat transfer can be significantly increased by the presence of surface roughness elements, which can disrupt
the thin thermal boundary layer. In addition, the heat transfer enhancement mechanism on a rough surface can be
investigated by a different boiling regime.
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Fig. 1 Schematics of experimental apparatus
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Fig. 2 Schematics of heat flux gauge; Assemblies of
cartridge heaters, thermocouples and test block:
(a) test block fabrication, (b) test block assembly
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Fig. 3 Location of installed thermocouples in test block
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Fig. 4 Photo of rough surfaces on test block: (a) S1,
R4=40 um; (b) S2, R@=60 pm; (c) S3, R;=80 um
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Table 2 Average root-mean-square roughness height, Rg,
for the four tested surfaces
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flux determination
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