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High spatiotemporal resolution measurements of boiling heat transfer in a
minichannel to investigate dynamic heat transfer mechanisms

NAKAMURA, Hajime
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The fast and complex heat transfer fluctuations of water flow boiling in a
rectangular minichannel were measured using an infrared camera with high spatiotemporal resolution
(2000fps, 0.025mm/pixel). The measurements were carried out under the conditions of a mass flux of
150kg/(m"2 s), wall heat flux of 40 to 120kw/m"2, and the vapor quality corresponding bubble flow
and slug flow. The results revealed that forced convection was dominant under the conditions
investigated here, accounting for approximately 85-95% of the total heat transfer. In addition, the
contribution of the thin liquid film evaporation formed between the vapor plug and the wall surface
had the effect of increasing the total heat transfer. Additionally, it was revealed that the
fundamental processes which were not considered in conventional heat transfer formulae, such as
three-phase contact line, dryout, and rewetting, had significant impacts on local heat transfer.
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Figure 1: Schematic of experimental setup for measuring the heat transfer of a boiling droplet.
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Figure 2: An example of high spatiotemporal resolution measurement of boiling heat transfer of adroplet,
cited from Ref. [1]: Top — visible image (high-speed visible camera from diagonally above); middle —
visible image (high-speed visible camera from below); Bottom — instantaneous wall heat flux.
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Figure 3: Schematic of the experimental setup.
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Figure 4: Schematic of the test section.
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Figure 5: Instantaneous boiling behaviors and corresponding temperature and heat flux distributions, cited
from Ref. [3]: Top — visible image (high-speed visible camera 1, from above); 2nd from top — visible image
(high-speed visible camera 2, from diagonally below); 2nd from bottom — instantaneous wall temperature;
Bottom — instantaneous wall heat flux.
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Figure 6: Instantaneous boiling behavior and temporal fluctuation of heat flow rate, cited from Ref. [3].
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