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CLARIFICATION OF REFRIGERANT BOILING BEHAVIOR IN AN EVAPORATOR
UTILIZING NEUTRON IMAGING
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Abstract

For downsizing of an evaporator used for a car air conditioning, comprehension of refrigerant boiling behavior is
required. Because the evaporator is generally made from metal material (e.g. aluminum), now there is no way to
visualize refrigerant boiling state directly. Although numerical simulation and thermoviewer analysis allow estimation
of the boiling state, but not enough. We are trying to visualize refrigerant boiling state directly by utilizing neutron
imaging, from the following viewpoints: Constituent metal material of the evaporator and gas refrigerant are transparent
for neutron beam, on the other hand, liquid refrigerant can intercept the neutron. In this paper, our case study of neutron
imaging for refrigerant boiling in an evaporator is disclosed.
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Figure 1: Unit configuration for a car air conditioning.
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Figure 2: External appearance and detail sectional

drawing of evaporator.
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Figure 3: Schematic drawing of flow channel and heat
transfer model.
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Figure 4: Relationship between boiling heat transfer
coefficient and state of gas-liquid two phase flow.
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Figure 5: Numerical simulation of void fraction in single
channel.
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Figure 6: Thermoviewer image of evaporator surface.
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Figure 7: Conceptual drawing of direct visualization of
refrigerant boiling state by utilizing neutron.
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Figure 8: Overview of neutron beam irradiation facility
(Beam Line 22 “RADEN” at JPARC/MLF).
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Figure 9: Setup of bench system which simulates a
refrigeration cycle.
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Figure 10: Neutron image of evaporator inside.
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