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Development of pressure profile solver in Knudsen flow

for divertor design in nuclear fusion reactor

Atsushi OKAMOTO
(Nagoya University)

Abstract :

Fast calculation method for gas pressure profile in divertor exhaust duct of nuclear fusion
reactor is developed. The method is essentially linearization of nonlinear equations, which contain
pressure-dependent conductances emerging in Knudsen flow (0.01 < K, = A /D < 0.5, where is K,
Knudsen number, A is the mean free path, and D is a characteristic dimension of pipe) and the
viscous flow (0.01 < K,). Then it is applicable in a wide range of gas pressure from the molecular
flow region to the viscous flow region. With the aid of a linear solver and a personal computer, gas
pressure profile is instantaneously obtained. Actual measurement of gas pressure is performed in a
linear plasma device NUMBER to validate the method. The device consists of a cylindrical vacuum
vessel, the diameter and length of which are 0.2 m and 2 m. Gas pressure at some points in the
vacuum vessel is measured while the injection gas flow rate is varied in Knudsen flow condition.
The calculation result well reproduces the measurement in the range of K, = 0.05. The validated
range is significant for design activity on the divertor exhaust duct of nuclear fusion reactor. The
method will become a powerful tool as a quick solver to select some significant designs from

various designs of the exhaust duct.
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