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The study of an ionization gauge for observing the upper atmosphere on a sound-
ing rocket
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Various phenomena occur in the lower thermosphere, but many of them are not well understood because of the complexity
of particle motion. To understand these phenomena, it is necessary to accurately measure physical quantities. We use an
ionization gauge, which is small, relatively simple in structure, and reliable, as a means of measuring atmospheric pressure
in the thermosphere on board a sounding rocket. We have installed an ionization gauge onboard the sounding rocket “S-
520-32” to get information on the neutral atmosphere in the lower part of the thermosphere by measuring the atmospheric
pressure during the flight. To obtain information on the atmospheric inflow observed on the sounding rocket from the pressure
measurement by the ionization gauge, an ionization gauge container was developed so that one can detect the direction of the
atmospheric inflow on the rocket. In other words, it is necessary for the container to have a structure that the inside pressure
changes depending on the inflow direction.

The pressure sensor was installed in the fabricated ionization gauge container and was mounted on the S-520-32 sounding
rocket to measure atmospheric pressure during flight. The rate of change decreased when the pressure reached about 10~2 Pa
at about 80 seconds after launch, and continued to gradually decrease until about 460 seconds. This gradual pressure change
is probably related to the outgassing from the inner wall of the container where the ionization gauge sensor was housed. From
about 87 seconds, sinusoidal changes in the measured pressure value with rocket spin were observed. This result shows that
countermeasures against outgassing are necessary to measure atmospheric pressure at high altitudes.

In this presentation, we describe further development of the ionization gauge to be installed on the S-310-46 sounding
rocket, which is scheduled to be launched in the next year, by discussing the installation configuration and necessary im-
provement of this ionization gauge system.

First, the direction of the atmospheric flow during the flight of the S-310 rocket was calculated using the attitude and orbit
data of the S-310-44 sounding rocket, which was launched from USC. In general, the thermal velocity of atmospheric parti-
cles is enough smaller than the velocity of the rocket, so the direction of the atmospheric flow observed on the rocket is in the
opposite direction of the velocity vector of the rocket. The information obtained from our calculation is the incident angle of
the atmospheric inflow to the ionization gauge with respect to the rocket axis during a rocket flight. In general, measurements
of sounding rockets are more important during ascent than during descent, when the rocket is affected by the wake.

Next, using the obtained angle of incidence of atmospheric flows during rocket flight, changes in measured pressure were
analyzed and compared when the angle between the rocket axis and the gas inlet of the ionization gauge was changed. When
the incident angle of atmospheric flows and the angle between the axis and the gas inlet is approximately equal, the measured
pressure was the largest. This is because the measured pressure is maximum when the atmospheric inflow is parallel to the
axis of the ionization gauge container.

The onboard ionization gauge container has a closed structure and is assumed to be affected by dynamic pressure in addi-
tion to the static pressure of the atmosphere. If the gas inlet of the ionization gauge is at an angle of more than 90 degrees
to the direction of rocket velocity leading to rocket spin, the increase in gas velocity due to rocket velocity has no effect
on the pressure measurement. In this case, only the atmospheric static pressure is measured, and this value is the minimum
value in one spin of the rocket. Because of the supersonic speed of the rocket, the dynamic pressure is greater than the static
pressure, and the measured pressure is expected to vary with the spin of the rocket during flight. The maximum pressure is
measured when the dynamic pressure has the largest effect on the measured pressure, i.e., when the axis of the ionization
gauge container coincides with the velocity vector of the rocket. To determine how much the pressure is expected to change
during rocket spin, the relative difference between the minimum and maximum pressure in the change in measured pressure
of rocket spin was calculated. At altitudes of 100-120 km during rocket ascent, the percentages were all greater than 15%. If
the difference between the minimum and maximum pressures is sufficiently large, it is possible to estimate the incident angle
of the atmospheric inflow on the sounding rocket.

Furthermore, we analyze if the ionization gauge system can detect a velocity shear of the neutral wind, which is probably
related to the sporadic E, as a meaningful change in the observed data. Assuming that a horizontal wind of 100 m/s in the
lower thermosphere, the magnitude of the pressure changes was calculated. It was found that a pressure difference of 1-9%
is expected at altitudes of 100-120 km during rocket ascent if the horizontal wind with a velocity of 100 m/s exists.
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