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(Summary)

In order to utilize near-infrared radiation effectively for actual dry process and thermophotovoltaic
(TPV) generation of electricity, practicable spectral controlling methods in narrow band were
investigated. An alumina plate coated with a glaze-based Er oxide film was suggested as a selective
emitter. In the film, CaEr4(SiO4)30 was formed via the reaction sintering between Er,O3 particles and
melted glaze. The optimum weight ratio of Er,Os3 to the glaze is approximately 2:3 to realize both smooth
film and high emittance (0.75) in the wavelength of 1.55 um, which is the main emissive peak of Er.
Numerical results showed that the emittance approached to 0.95 when the film had no scattering and
was heated uniformly. On the other hand, piled quartz glass plates with a few layer anti-reflection
coatings was suggested as band-pass filter for diffuse irradiation. Once the coating design is optimized,
spectral performance of the filter can be controlled by changing the individual thickness and the number
of the plates. On the basis of ray-tracing simulation, it was found that spectral efficiency in the
wavelength range from 1.4 to 2.2 um could exceed 90% under the condition of 1 mm thick and more
than 30 plates. Spectral hemispherical transmittance of the filter expected from the simulation was
demonstrated.

In addition, a novel TPV generation system using super-adiabatic combustion in stacked porous
guartz glass plates, which was capable of including both the emitter and filter, was developed. Through
numerical analysis, 56 ~63% of the input thermal energy could be converted into radiant energy in the
wavelength range less than 2.2 um using a number of thin porous quartz glass plates. In experiment,
distributions of solid temperature and spectral radiation indicated that both energy recirculation and
spectral control was achieved. Modest electric power was obtained using GaSb cells. If the system is

under one-dimensional configuration, the total conversion efficiency over 10% can be expected.
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