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Neutron Radiographic Visualization of Internal Flow in a Novel Heat Pipe
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Abstract

The demand for efficient thermal management has increased with the continued miniaturization and performance
improvement of electronic devices. A meander-shaped low-fill heat pipe (MLFHP) has attracted attention as a passive heat
transfer device that operates without external power. Although the MLFHP demonstrates excellent thermal performance,
its underlying heat transfer mechanisms remain unclear. To investigate its internal flow behavior, we employed neutron
radiography. Experiments were conducted using two types of working fluids, water and ethanol, to evaluate the effect of
fluid properties. The visualization results showed that ethanol initiated liquid slug motion at low heat input, while water
exhibited more stable and widespread motion under higher heat input. These results suggest that the thermal performance
of the MLFHP depends on the combined effects of working fluid properties and heat input conditions.
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Fig. 1. Schematic diagram of experimental setup.
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Fig. 2. Schematic of MLFHP and locations of

thermocouples.
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Table 1. Experimental parameters.

Working Fluid

Water, Ethanol

Fill rate [vol.%]
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Fig. 3. Temperature-time history of the MLFHP.
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Fig. 5. Neutron radiographs of the MLFHP at 1.5 W.
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Fig. 7. Neutron radiographs of the MLFHP at 10 W.
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Fig. 8. Sequential images of liquid slug motion at 10 W.
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