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Design of container for ionization gauge on a sounding rocket to observe the upper
atmosphere
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In a thermospheric atmosphere, the ionized atmosphere can move in a different direction from the neutral atmosphere by
electromagnetic forces. When collisions between the ionized and neutral particles are dominant, momentum is transported,
further complicating the particle motion in this system. Although there are many unique phenomena in the upper atmosphere,
these remain unsolved due to this complexity.

There are various methods for observing the thermospheric atmosphere, but it is possible to estimate the atmospheric den-
sity if the pressure is measured and the temperature is known. We adopted the ionization gauge because of its small size,
simple structure, and reliability as a way of measuring atmospheric pressure in the thermosphere on a sounding rocket, to
estimate the density of the neutral atmosphere in the lower thermosphere. Since information on the neutral atmospheric wind
is also important for studying the mechanism of phenomena, we would like to challenge the possibility of obtaining infor-
mation not only on the atmospheric density but also on the atmospheric wind speed. To enable estimation of atmospheric
wind velocity from the gauge measurements, we discuss a design of a gauge container so that we can find the direction of
atmospheric wind observed on a rocket: a structure of a container that allows the internal pressure to vary depending on the
direction of the incident direction.

For the direction of the expected atmospheric flow on a rocket, we referred to the attitude and orbit data of the S-520-26,
which was launched from USC in 2012. The angle between the axis of the rocket and the velocity vector was calculated
using the data: latitude, longitude, altitude, elevation angle, and azimuth angle of the rocket position at 179-461 seconds after
the launch. The calculated angle showed a sinusoidal change due to the rocket’s corning motion, with a gradually increasing
central value. Since the thermal velocity of atmospheric particles is generally less than that of the rocket, the direction of the
atmospheric flow on the rocket is the opposite direction of the rocket’s velocity vector. Therefore, this calculated angle is the
angle of the incoming wind with respect to the rocket axis during the flight.

Our calculation shows that the inflow direction is 30-45 degrees to the gas inlet at altitudes below 200 km during the as-
cending. Therefore, the gauge should be designed so that the pressure value varies with the angle in the range.

We designed and prepared three different containers in which the pressure value of the ionization gauge changes according
to the influent angle of the gas and conducted experiments using the Space Science Chamber at ISAS to reproduce the lower
thermospheric atmospheric environment. A small chamber was set up inside the space science chamber, and gas was intro-
duced from outside of the Chamber and flowed out through a nozzle to create an artificial gas flow. A gauge was placed in
front of the nozzle, and the pressure was measured with an internal sensor. The rotary table to which a container was fixed
was rotated in a 5-degree step from -70 to 70 degrees, and the pressure was measured.

We compared a gradient of the measured pressure with angle. The container structure with the largest gradient was deter-
mined to be the most suitable container design for the purpose.

When an ionization gauge is directly mounted, it is difficult to accurately measure the background pressure of atmospheric
particles because the translational kinetic energy of the particles generated by the supersonic movement is added to the ther-
mal kinetic energy. A spherical container, called the Paterson probe, is used to make measurements without being affected by
the energy generated by the rocket’s motion. Two types of containers, in which ion gauge was put, were installed on the S-
520-32: this spherical gauge container and the gauge container designed in this study. By comparing the two, the background
pressure and the pressure dependent on the dynamic pressure on the rocket will be measured. In this report, we present the
results of the measurements.
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