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Stereoimaging Measurement of Size and Velocity
of Nonspherical Particles

Hiroyuki KATO, Koichi NISHINO,
Hiroshi SAEGUSA and Kahoru TORII

A stereoimaging technique was applied to the measurement of size and velocity of nonspherical
fine particles. This technique was previously developed by us and verified by the measurement of
transparent glass beads falling in a pipe. In the present study, several transparent/opague and
spherical/nonspherical particles, each approximately 100 pm in mean diameter, were measured to
demonstrate the applicability of this technique to a wide range of particle shapes and particle
materials. The measured size distributions were in reasonable agreement with those measured
separately by a microscopy. The three-dimensional velocity measurement was also shown to give
reasonably good results. Furthermore, the measured characteristics of the particle shape such as the
maximum length, the width and the aspect ratio were compared with those obtained by the micros-
copy. Some statistical features of the attitude of falling particles were also discussed.

Key Words: Multi-phase Flow, Dispersed Flow, Particle Sizing, Digital Image Processing, Flow

Measurements, Three-Dimensional Measurement
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Heat Transfer of Air-Water Dispersed Flow in a Vertical Pipe

Tetsuya KITAGAWA, Kahoru TORII and Koichi NISHINO

The heat transfer and its enhancement of an air-water dispersed flow in a heated vertical pipe
have been studied. The axial and circumferential wall temperature distributions were measured for
various mist ratios and wall heat fluxes. The measured wall temperature increased sharply at a
particular point in the direction of the stream with a notable variation in the circumferential profile,
This sharp rise was thought to be caused by the breakdown of the water film rather than by its
dryout. A separate experiment in which no heating was used was carried on to estimate the droplet
deposition velocity and the water-film flow rate. Numerical analysis taking into account the heat and
mass transfer from the water film was performed to estimate the mean wall temperature, and good
agreement was obtained with the experimental results in the area where the entire inner surface of
the pipe was covered with the water film. In this area, the rate of heat transfer was approximately
seven times higher than that for a single phase air flow. This enhancement was shown to be mainly
due to the evaporation of the water film. The mechanism of the heat transfer enhancement is
discussed in detail using the numerical analysis results.

Key Words: Heat Transfer Enhancement, Mass Transfer, Multiphase Flow, Air-Water Dispersed

Flow, Water Film, Droplet Deposition Velocity
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Heat Transfer Characteristics in the Rivulet-Like Liquid Film Region
of Air-Water Dispersed Flow

Tetsuya KITAGAWA, Koichi NISHINO and Kahoru TORII

Characteristics of heat transfer in the rivulet-like liquid film region of an air-water dispersed
flow in a heated vertical pipe have been studied. Simultaneous multi-point measurements show that
wall-temperature fluctuations in this region are quite large and of low frequency, being compared with
those reported previously for single-component two-phase flows, and that such fluctuations are caused
by the meandering motion of rivulets. A model for predicting heat transfer mechanism is constructed
by introducing the critical liquid-film thickness and the wetting fraction, with which the breakdown of
annular liquid film and the subsequent appearance of wet and dry surfaces in the rivulet-like liquid
film are handled. It is demonstrated that the numerical analysis based on the present model can predict
well the wall-temperature characteristics observed experimentally. It is also shown that there is a clear
correlation between the critical liquid-film thickness determined in the analysis and the friction veloc-

ity estimated at a liquid-gas interface in the annular liquid film region.

Key Words : Multi-phase Flow, Heat Transfer, Pipe Flow, Air-Water Dispersed Flow, Wall
‘ Temperature Fluctuations, Rivulet-Like Liquid Film
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Heat Transfer of Air-Water Dispersed Flow in a Vertical Pipe

fF% gl B (BREARE)
ZE  BH e REEX)

Tetsuya KITAGAWA, Kahoru TORII
and Koichi NISHINO

ZE BE X (BEEX)

Dept. of Mech. Eng. and Materials Sci., Yokohama National Univ.,
156 Tokiwadai, Hodogaya-ku, Yokohama 240

Heat transfer and its enhancement of air-water dispersed flow in a heated vertical pipe have been studied. Axial and
circumferential wall temperature distributions were measured under various conditions of the mist ratio and the wall
heat flux. A numerical analysis by taking into account heat and mass transfer from the liquid film was performed to
estimate a streamwise variation of the mean wall temperature. A comparison between theoretical calculation and
measurement of droplet deposition velocities was also made and a good agreement was obtained. The present experimental
data indicate that long-amplitude, long-period wall temperature fluctuations are subject to appear in the air-water dispersed

flow.

Key Words : Heat Transfer Enhancement, Dispersed Flow, Droplet Deposition Velocity, Liquid Film
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Stereo Imaging Measurement of Size and Velocity of Particles
in Dispersed Two-Phase Flow V

Koichi Nishino, Hiroyuki Kato, Hiroshi Saegusa and Kahoru Torii

Yokohama National University

A stereo imaging technique based on background lighting is applied to the simultaneous
measurement of size and velocity of fine particles in a dispersed two-phase flow. The use of
stereo imaging permits measurement of the three velocity components and also resolution of the
depth-of-focus ambiguity that has limited the accuracy of previous direct-imaging techniques.
In this study, various kinds of transparent/opaque and spherical/non-spherical particles, each
approximately 100 ¢ m in mean diameter, are measured to demonstrate feasibility. The
results for the size distribution and the properties of particle shape are presented along with

characteristics of the orientation of the particles.
Kato et al., ASME FED 209, 115 .(1995)
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