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Abstract

The inherent properties of a High Temperature Gas-cooled Reactor (HTGR) facilitates the design of the HTGR

with high degree of passive safe performances, compared to other type of reactor. However, it is still not clear if the

present HTGR can maintain a passive safe function during a primary-pipe rupture accident, or what would be design criteria

to guarantee the HTGR with the high degree of passive safe performances during the accident. To investigate safe

characteristics of the HTGR, the present study has been performed experimentally and analytically on the air ingress

behavior during the primary-pipe rupture accident.

It was indicated that there are two stages in the primary-pipe rupture accident of the HTGR having a reverse U-

shaped channel. In the first stage of the accident, an air ingress process limits molecular diffusion and natural circulation

of the gas mixture having a very slow velocity. In the second stage of the accident, the air ingress process limits the

ordinary natural circulation of air throughout the reactor.

A numerical calculation code has been developed to analyze thermal-hydraulic behavior during the first stage of the

primary-pipe rupture accident of the HTGR. This code provides a numerical method for analyzing a transport phenomena

in a multi-component gas system by solving one-dimensional basic equations and using a flow network model. It was

possible to predict or analyze the air ingress process regarding the density of the gas mixture, concentration of each gas

species and duration of the first stage of the accident.

It was indicated that the safe characteristics of the HTGR from the present experiment as follows. The safety

cooling rate that the air ingress process terminates during the first stage of the accident exists in the HTGR having the

reverse U-shaped channel. Moreover, the ordinary natural circulation of air can not produce in the second stage of the

accident by injecting helium from the bottom of the pressure vessel corresponding the low-temperature side channel.

Therefore, it was found that the ides of helium injection is one of useful methods for the prevention of air ingress and of

graphite corrosion in the future HTGRs.
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