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Visualization of diffusion behavior and measurement of concentration distribution of gas in a pipe

by Raman imaging

Shikoku Research Institute, Inc., Electronics Technology Department

Ippei Asahi, Sachiyo Sugimoto

Abstract

—F
R

Research to clarify the advection and diffusion behavior of gas plays an important role in a wide range of fields

from basic to applications in science and technology. In general, the behavior of fluid is reproduced and clarified by

CFD simulation analysis supported by experimental results. That is, experimental results are extremely important

in guaranteeing the reproducibility of simulation analysis. However, at present, measurement of spatial

concentration distribution by multipoint measurement using a contact type gas sensor is mainstream. In this

method, there are the problems that the installation of the sensor physically affects the flow field, the

measurement results may be delayed in time depending on the responsiveness of the sensor, the spatial resolution

becomes rough, and the like. The interference with the original flow field becomes stronger in the case of a closed

space such as the inside of a structure.

In this paper, we report on our success in constructing a measurement system based on Raman imaging

technology, visualizing the gas behavior and measuring the spatial concentration distribution of gas in a pipe

without any interference with the original flow field.
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Research on measurement method of air permeability coefficient and diffusion coefficient of soil

Shikoku Research Institute, Inc., Electronics Technology Department

Masakazu Ogita, Yuji Ichikawa, Sachiyo Sugimoto, Ippei Asahi

Abstract

Flammable gases such as hydrogen are expected to be next-generation energy sources, yet there is still much to be
considered in regard to safety in the maintenance and detection of buried gas conduits and the like. The behavior of
the gas in the ground is largely different depending on the type and condition of the soil, and it is difficult to
determine uniformly at the actual site. If the behavior of gas leakage and diffusion can be predicted in advance in
the case of recovery operation when there is a minor damage to the conduit, it will be possible to prevent the spread
of damage in advance and greatly contribute to ensuring the safety of workers.

This report aims to contribute to the development of technical standards for gas workpieces. We report on the
development of a measurement method that determines the air permeability coefficient and diffusion coefficient,
which are the basic soil parameters necessary to accurately simulate gas diffusion behavior in the ground under
asphalt pavement within the realization site, as accurately as possible, in addition to the details of the measurement

results.
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Development of a Portable SOs Analyzer Based on Thermal Conversion
Shikoku Research Institute, Inc., Energy Engineering Department
Koji Ichikawa, Takashige Kaine
Shikoku Research Institute, Inc., Electronics Technology Department

Sachiyo Sugimoto, Ippei Asahi

Abstract

We developed a new portable SO3 analyzer based on the thermal conversion technique (SOs to SOs), using an
electric furnace integrated probe, in order to monitor SO3 concentration through a long term in a gas duct of a
coal-fired power plant. The analyzer measures concentration of SOz converted from SO3 by heating in every two
hours.

In general, SOs is the most difficult gas species to sample and analyze in exhaust gases of a boiler, because it is a
very unstable and corrosive substance. A chemical reaction of SO3 and NH3s generates high-adhesive acid ammonium
sulfate, which causes a blocking trouble of the air preheater. Accordingly, the exhaust gas is sampled regularly at an
inlet of the preheater and SOs is measured manually in a chemical laboratory. However, it is time consuming work to
be done by chemical specialists, and a continuous monitoring is not possible with the method.

In this paper, we describe the portable SOs analyzer with the electric furnace and with a laser-type SO2 analyzer
(a commercial product). It was confirmed that the SOs analyzer can realize a stable sampling of the exhaust gas and

can monitor SO3 concentration continuously for nearly one year.
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Development of a Hydrogen Sulfide Analyzer Based on Laser Absorption Spectroscopy

Shikoku Research Institute, Inc., Energy Engineering Department

Takashige Kaine, Koji Ichikawa and Masahiko Tsuchida

Abstract

We are developing a hydrogen sulfide analyzer based on laser absorption spectroscopy which measures hydrogen
sulfide concentration in an exhaust gas of a coal-fired power plant. The basic performance of it is confirmed.

Combusting pulverized coal under a reducing atmosphere is very important to decrease NOx density, but that
produces hydrogen sulfide from sulfur content of the coal. Hydrogen sulfide is a highly corrosive gas and it frets
water wall tubes. Progress of corrosion makes the tubes leak and has possibility to stop operation of the power plant.
We need to measure hydrogen sulfide concentration in a long term to reduce hydrogen sulfide in an exhaust gas.
However, it is very difficult to measure the concentration continuously because of a high temperature and
high-density dust in the boiler.

In this paper, the system configuration of the hydrogen sulfide analyzer and the results of the field tests conducted
to confirm the basic performance of it will be described. Some consideration for performance improvement will also

be presented.
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