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Development of gas analysis technology using cavity-enhanced Raman spectroscopy

Shikoku Research Institute, Inc., Electronics and Agricultural technology Department

Yuji Ichikawa, Kiyohito Yokoi, Nobuhiko Ooi, Ippei Asahi

Abstract

We constructed an external cavity semiconductor laser by combining an AR (Anti-Reflection) coated laser diode
that emits light in the blue-violet (center wavelength: 416 nm) region and a Fabry-Perot external cavity consisting
of a pair of high-reflection mirrors, and demonstrated that it is possible to generate a strong standing wave of
approximately 30 to 50 W inside the cavity when operating with an injection current of 60 mA. The power of this
standing wave inside the cavity has reached a level sufficient to measure minute amounts of gas mixtures on the
order of ppm in real time using Raman spectroscopy, and the gas analysis ability was confirmed through verification
experiments using standard gases. The developed light source has the potential to be put into practical use as a
Raman spectroscopy gas analyzer that is unprecedentedly compact, highly sensitive, and has a fast response. We

plan to continue working towards its practical application.
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Fundamental study on development of ammonia flame visualization technology in furnace
for acceleration of GX
Shikoku Research Institute, Inc., Electronics and Agricultural technology Department
Kiyohito Yokoi, Sachiyo Sugimoto, Yuji Ichikawa
Masakazu Ogita, Nobuhiko Ooi, Ippei Asahi
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Currently, many companies are actively working to convert existing fuel combustion furnaces into ammonia-only or

co-firing furnaces in order to put ammonia, which is attracting attention as one of the carbon-free fuels that can be

used to combat climate change, into practical use in society. In the process, a new issue has arisen: the difficulty of

observing ammonia flames in high-temperature furnaces. To solve this issue, we evaluated the feasibility of

visualizing ammonia flames in furnaces using the principle of passive ultraviolet and infrared spectroscopy based on

the results of basic experiments. As a result, we concluded that ammonia flames can be visualized in high-

temperature furnace environments by selectively capturing the emission of ammonia flames in the range of 240 to

290 nm, assuming that the factors inhibiting visualization are radiation, the emission of the co-firing fuel flame, and

light absorption by combustion products.
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Development of a remote monitoring system for vacuum sewer systems

Shikoku Research Institute, Inc., Electronics and Agri-Technology Department
Yoshikazu Nakanishi, Teruki Hosokawa, Homare Nakata
Shikoku Research Institute, Inc., Corporate Planning Department

Masahiro Kumegawa

Abstract

Vacuum sewer system is a suitable option to areas where traditional gravity sewer systems are difficult to install.

They specifically work well in areas with subsurface difficulties. (For example : high groundwater tables, sandy
and unstable soils or undulating subsurface )

With a vacuum sewer system, vacuum pumps maintain continuous vacuum pressure on the system. In addition,
there are vacuum valves located at each sewage input point that seals the system. When these valves are activated,
differential pressure propels the wastewater through the piping to the vacuum station.

Vacuum valves’ smooth working is essential to keep vacuum sewer systems stable; therefore, we have developed
a sophisticated vacuum valve remote monitoring system utilizing modern IoT technology.

It especially equips sensitive microphones to catch subtle air leakage from vacuum valves that could not be

detected conventional monitoring methods.
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Research on high-precision measurement of reactor piping water level using ultrasonic waves

Shikoku Research Institute, Inc., Industry Application Technology Department
Katsuya Okabe

Abstract

During periodic licensee's inspections of PWR plants, there is a period during which the reactor primary coolant
is operated with the water level lowered to near the center of the reactor piping while the fuel is loaded (mid-loop
operation). Shikoku Research Institute has developed an ultrasonic type "RCS nozzle center ultrasonic water level
gauge" (hereinafter referred to as "ultrasonic water level gauge") to measure the water level in the reactor piping of
Shikoku Electric Power's Ikata Unit 3, contributing to strengthening measures against loss of reactor core cooling
function due to water level lowering during mid-loop operation.

Compared to conventional differential pressure and water column type water level gauges, ultrasonic water level
gauges have advantages such as low influence of external pressure and high accuracy, etc. However, when the water
level is low (Iess than 40 mm from the bottom of the reactor piping), the water level cannot be measured due to the
influence of background noise peculiar to ultrasonic waves or a drop in ultrasonic signals caused by water surface
shaking, etc. In such cases, the water level cannot be measured or an erroneous water level may be detected.

This paper reports on the results of introducing new signal processing and water level evaluation methods to

improve the water level measurement accuracy of ultrasonic water level meters.
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Effect of near infrared light exposure after harvest on appearance in Melon

Shikoku Research Institute, Inc., Chemical Technology and Biotechnology Department
Ayako Hada, Kazumasa Kakibuchi

Abstract

The freshness preservation effect of irradiating and transporting two varieties of melons, "Yuka" and "Takami,"
produced in Aomori Prefecture, after harvest, was verified. The results showed that near-infrared light irradiation
was effective in reducing damage during transportation by maintaining high fruit hardness at the time of arrival
and inhibiting the progression of waterlogging and mold in both varieties, as well as inhibiting aging and yellowing
of the rind during storage. The use of this technology is expected to be effective in the future, as there are concerns

about delays and stagnation in transportation due to the “2024 logistics problem”.
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