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Elucidation of the Phenomena and the Performance Evaluation of Thermo-Fluid Dynamics
in Multiphase Flow Equipment based on Visualization and Measurement
by Neutron Radiography
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Abstract

In order to design or improve energy equipment, it is required to understand flow behaviors because the performance
strongly depends on the flow characteristics of the working fluid and the flows are often gas-liquid two-phase flows.
However, since actual equipment are made from opaque metal, it is difficult to visualize flow behaviors. Neutron
radiography is effective for flow visualization of gas-liquid two-phase mixtures in a metallic vessel because attenuation
coefficient is low for most metals and is high for hydrogen, which is often a component of working fluids. This report
presents the experimental results on behaviors of liquid-vapor two-phase flows in printed circuit mini-channel heat
exchangers and oscillating heat pipes.
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Figure 1. Schematic Configuration of Diffusion Bonded
Printed Circuit Heat Exchanger.

Channel number 28

1.7 mm

i
€

4

N L

Figure 2. Cross-section of HFC-134a Channel.
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Figure 3. Channel Arrangement for Heating
Experiments with heating medium.
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Figure 4. Test Section Configuration for Heating
Experiments using Ceramic Heaters.
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Figure 6. Void fraction distribution at refrigerants mass flux
of 500 kg/(m?-s) (heating conditions: heat medium mass flux
of 921 kg/(m?'s) in Fig. (a) and heater power of 200 W in
Fig. (b)). Heating rate was almost the same.
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Figure 8. Original
Neutron Radiograph.
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Figure 9. Effective  Thermal (a) Heating Section (Evaporation) (b) Cooling Section (Condensation)
Conductivity Figure 10. Heat Transfer Coefficient.
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Figure 11. Oscillating Characteristics of Liquid Plugs.
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