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Validation of CFD Simulation Results for Hydrogen Gas Diffusion Behavior in the Ground

Shikoku Research Institute, Inc., Energy Engineering Department
Kenji Sugimoto
Shikoku Research Institute, Inc., Electronics and Agri-Technology Department

Sachiyo Sugimoto, Yuji Ichikawa, Masakazu Ogita, Ippei Asahi

Abstract
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Hydrogen energy is expected to be put to practical use, and it is very important to understand hydrogen gas

diffusion behavior and ensure safety when hydrogen gas pipelines are damaged. Therefore, assuming hydrogen gas

leakage due to damage to a buried pipeline, hydrogen gas diffusion behavior in the ground and in the atmosphere

near the ground surface was investigated by full-scale experiments and CFD simulations. In this paper, validation

results of the CFD simulations by comparison with the experiments were shown. Reasonable CFD simulation results

were obtained without using any special physical model by setting proper geological parameters such as soil porosity,

gas permeability, and effective gas diffusion coefficient in porous media at constant leakage hydrogen gas flow rates.

The influence of the geological parameters on the hydrogen gas diffusion behavior was investigated by sensitivity

analysis. It was confirmed that fluctuations of the geological parameters had an effect of up to about 20%.
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Research on Deterioration Evaluation of Electrical Digital Distribution Line Protection Relay

Built in Outdoor Cubicle

Shikoku Research Institute, Inc., Electric Power Technology Department
Masashi Nishikawa, Yasutaka Takeda
Shikoku Electric Power Transmission & Distribution Company, Inc., Transmission & Substation Department

Hiroaki Komatsu

Abstract

Some electrical digital distribution line protection relays built in outdoor cubicles installed in distribution
substations have gradually reached the age of 15 years, the recommended time of replacement by manufacturers.
However, at present, there is not enough evidence to extend the replacement time, the 15-year aging recommended
by the manufacturer. We conducted the deterioration evaluation of electrical digital relays to obtain knowledge on
the formulation of future renewal plans for digital relay.

The life of an electrical digital relay is generally greatly affected by the environment such as ambient temperature
and humidity, and is considered to follow the 10°C 2 times law of Arrhenius equation. Using a removed product of
the age of 15 years electrical digital relay, we accelerating deteriorated the product in close to production
environments, and calculated and evaluated the aging by the 10°C 2 times law based on the temperature and
humidity determined according to the environmental survey of the outdoor cubicle. In addition, at the component
level of electrical digital relays, we took out capacitors inside electrical digital relays that had reached the
equivalent of 40 years and conducted a single item survey since we considered that electrolytic capacitors are the
weakest parts where the progress of deterioration over time is the fastest.

As a result, we consider that the electrical digital distribution line protection relay built in the outdoor cubicle can
withstand the use of 40-years since there was no abnormality in all electrical digital relays tested for accelerated

deterioration.
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Research on predicting the remaining life of the catalyst packed in the denitration device

(2nd report; Understanding deterioration characteristics of each layer by catalyst performance evaluation)

Shikoku Research Institute, Inc., Chemical Technology and Biotechnology Department

Shouji Kawada, Tsuyoshi Yamaji

Abstract

In this study, we conducted a denitration performance evaluation test in an actual gas environment of a catalyst
that deteriorated due to use in an actual machine, using an in-house developed denitration catalyst performance
evaluation device. In the performance evaluation of the catalyst, the deterioration of the denitration performance of
each catalyst layer was evaluated using a reaction rate constant (hereinafter, k value) indicating the degree of
catalytic reaction.

As a result, it was found that in the catalyst layer on the downstream side where the molar ratio of ammonia
concentration to NOx concentration is low, the predetermined denitration performance can be maintained even
with a catalyst whose k value is lowered due to aged deterioration.

Furthermore, it was suggested that the transition of the k value of the entire catalyst layer can be estimated
from the transition of the k value of each catalyst layer obtained in the laboratory, and the remaining lifetime of

the catalyst can be predicted over time.
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