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Abstract

This report documents the work performed for the “Advanced Tomographic Flow Diagnostics for
Opaque Multiphase Fluids” LDRD (Laboratory-Directed Research and Development) project and is
presented as the fulfillment of the LDRD reporting requirement. Dispersed multiphase flows,
particularly gas-liquid flows, are industrially important to the chemical and applied-energy
industries, where bubble-column reactors are employed for chemical synthesis and waste treatment.
Due to the large range of length scales (106-101 m) inherent in real systems, direct numerical
simulation is not possible at present, so computational simulations are forced to use models of
subgrid-scale processes, the accuracy of which strongly impacts simulation fidelity. The development
and validation of such subgrid-scale models requires data sets at representative conditions. The ideal
measurement techniques would provide spatially and temporally resolved full-field measurements of
the distributions of all phases, their velocity fields, and additional associated quantities such as
pressure and temperature. No technique or set of techniques is known that satisfies this requirement.
In this study, efforts are focused on characterizing the spatial distribution of the phases in two-phase
gas-liquid flow and in three-phase gas-liquid-solid flow. Due to its industrial importance, the bubble-
column geometry is selected for diagnostics development and assessment. Two bubble-column
testbeds are utilized: one at laboratory scale and one close to industrial scale. Several techniques for
measuring the phase distributions at conditions of industrial interest are examined: level-rise
measurements, differential-pressure measurements, bulk electrical impedance measurements,
electrical bubble probes, x-ray tomography, gamma-densitometry tomography, and -electrical
impedance tomography. The first four techniques provide either spatially averaged or local
information and are discussed in the context of validation. Although already well developed, the fifth
technique is not suitable for large-scale flow experiments but is useful for validation efforts. The last
two techniques are investigated and discussed in detail, and representative phase-distribution results
are presented for gas-liquid and gas-liquid-solid flows in the two testbeds at conditions of interest.
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