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Investigation of solid-liquid interfacial heat transfer influenced by the
complex mobility of colloidal particles in the vicinity of a solid wall
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Motions of small particles dispersed in liquid were investigated in the
interfacial boundary region between solid and liquid related to heat transferring colloids including
nanofluids. For the measurement of particle velocities, two different optical systems were built
based on evanescent waves penetrating from a solid wall to test colloid. In the experiment, test
colloid with dispersed particles was flown into square-shaped test section and the measurement was
accomplished in the region within about 200 nanometers from the solid wall beyond the diffraction
limit. From the results, the particles seem to flow with the average velocity of the surrounding
fluid exhibiting fluctuating velocities based on Brownian motion. The average velocities exceeded
the prediction based on the linear regression of the fluorescence irradiance of the particles, which
indicates the signals came from the region deeper into the test liquid than it was expected

originally.
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Fig. 1 Schematic of the laser Doppler
measurement using evanescent light field at
the interfacial boundary between solid wall
and colloidal test liquid.
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Fig. 2 Measured Doppler frequency with the induced
electric field strength on the test colloid.
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Fig. 3 Velocity distribution obtained by the particle tracking at the flowrate of 0.125 mL/min, (a) velocity
distribution of the individua particle, (b) slot-averaged velocity distribution with measurement uncertainty
shown as error bars and the least squaresfit of the averaged velocity. The vertical axesindicate the wall-normal
distance. The intensity of the fluorescence particle is normalized by the maximum intensity of the particles
supposed to occur at the wall surface by assuming the mono-dispersity of the fluorescence particles and the
exponential attenuation of the irradiance intensity of the evanescent light field.
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