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Study on the Pool Boiling Heat Transfer Characteristics of Aluminum
Plate with Directional Surface Roughness
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Rolled and extruded aluminum (Al) products have been widely used in heat exchanging systems using the boiling heat
transfer (BHT) mechanism. The BHT coefficient can be increased on a rough surface due to the activation of the
nucleation sites. In this study, the BHT characteristic of an Al plate with directional surface roughness (bare Al plate), which
was generated in rolling or extrusion process, was measured and compared with the polished Al plates with non-directional
surface roughness. The BHT coefficient of polished Al plate was increased with increasing surface roughness, saturated at
~300 nm (Sa). Although the surface roughness of the bare Al plate was 380-430 nm (Sa), the BHT coefficient of bare Al
plates were lower than the polished Al plates with similar surface roughness. To examine the lower BHT coefficient of bare
Al plate, the directional surface roughness was characterized by vertical and horizontal surface roughness values to the
production direction, and we experimentally concluded the lower surface roughness value (horizontal surface roughness)
was the dominant factor for the BHT characteristic of a rolled or extruded Al plate with directional surface roughness.
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1. M2
NOMENCLATURE
) ) H|5-< 2 (Boiling Heat Transfer, BHT)2 EA}, U, Ax=9}
Ray,: Horizontal line roughness (nm) 20 112 7o) ujate] YE5] O ALt EAS 77 gJrt S
Ray): Vertical line roughness (nm) HSEHEY] oje} T2 BEAS dud Ax] W Axr|7] Wzt
Ragy: Mean fine roughness (nm) S| Bolo] B et MEAAY EHE vlol AR
Sa: Area roughness (nm _ = _ _ =
“ ghness (hm) a7 HAE el Sriskd 4 gleol Tkt ATAREe
q" Heat flux (W/cm®) ola) HrE|Qiy.
Ts: Surface temperature of sample (*C) Cooke® 5-& DI-WaterS A5G4 2 3lo] Deep Reactive Ion
ATg: Wall .s%lperheat temperature ( (.3) i Etching (DRIE) 7153t Algla 29| vlSodde S48 Ads%
Nguace: Boiling heat transfer coefficient (W/cm™K) b 7 AT 100 um 7HAQ] oA Mo HlEel g A}
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Fig. 1 3D surface profiles of fabricated Al plates obtained by 3D-
confocal microscope; (a) Bare (1) sample and (b)-(f) polished
samples with various surface roughness
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Table 1 Processing conditions and measured surface roughness for
the fabricated Al plates with different surface roughness
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Table 2 Uncertainty sources and error values in experimental setup
and measured values

Uncertainty source Error
Machining error for measuring position + 0.001 cm
J-type thermocouple reading +0.15K
Thermal conductivity of Cu +2.0%
Thermal conductivity of Al +2.1%
Thermal contact resistance +2.37%
Surface temperature reading + 0.62%
Heat flux + 8.72%
Heat transfer coefficient + 8.74%
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