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Development of ionization gauge for a study of the upper atmosphere
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In the Earth’s atmosphere above 70 km, a part of the neutral atmosphere is ionized by various ionization processes. Since
electromagnetic force acts on the ionized atmosphere, the neutrals and charged particles mostly move in the different direction
then momentum is transferred each other due to collisions between these particles. It is thought that this momentum transpc
plays an important role in phenomena in this region. Thus, it is important to measure the neutral density and wind, which deter
mine the momentum of the neutral particles, to understand such a basic process.

In this study, we try to develop an instrument to measure density of the neutral atmosphere and neutral wind in the lowel
thermosphere, assuming that it is installed on the sounding rocket. In particular, we focus on developing an ionization gaug
which can be used for a pressure up to4®a corresponding to that at 150 km altitude. lonization gad@2F made by
Canon Anelva is considered as a candidate of applicable element.

In terms of measurement on the sounding rocket, the shape of the container in which the ionization gauge is housed is i
portant. In the past measurement of atmospheric density using the ionization gauge, it was housed in spherical or cylindrice
containers, but common understanding of an optimal shape has not been obtained. In this study, we use DSMC (Direct Sir
ulation Monte Carlo) method which can simulate the rarefied gas flow for consideration of the shape of the container. Wher
atmospheric pressure is low (e.g. lower thermosphere) and spatial scale of the gas flow is small, Navier-Stokes equation is n
valid because the flow cannot be treated as continuum. The DSMC method can simulate the rarefied gas flow in such a situatic
through the calculation of motion and collision of sample particles.

First, in order to confirm a validity of the DSMC method to simulate the rarefied gas flow around the ionization gauge and
accuracy of the calculation algorithm, we compare a result form the DSMC method with the experiment which is performed in
the vacuum chamber. In the experiment, we demonstrate the upper atmosphere environment using the vacuum chamber in whi
wind is induced due to pressure difference. The pressure distribution around the wind flow is measured by MG-2F. On the othe
hand, the flow and the pressure around the experimental system are simulated by using the DSMC method. Since both of resu
mostly in a good agreement, validity of the DSMC method was confirmed.

There are two categories of the container for the ionization gaggentype or closedtype. For the former, atmospheric
particles which enter the container flow outward after they pass through the ionization gauge. For the latter, they stay insids
the container. We need to use properly the container type depending on background atmosphere density and measurement el
ronment. In the case aflosedtype, a pressure value measured by the ionization gauge may be different from the background
atmospheric pressure depending on the amount of inflow. Therefore, for accurate measurement, it is important to design the sha
of the ionization gauge so that we can show a relation between the background pressure, the amount of inflow to the containe
and pressure (neutral density) from the ionization gauge.

We are now considering the optimal shape of the container using the DSMC method, assuming that we use MG-2F. In thi:
presentation, we will show the result of our comparison between the DSMC simulation and the measurement in the vacuun
chamber, and will also explain the desirable shape of the container for MG-2F and an idea of measurement on sounding rocket
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