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ABSTRACT

With the development and progress within the aerospace industry, propulsion
systems are required to be compact, lightweight, and simple. One solution to respond
to these demands is using nitrous oxide as liquid propellant. Since nitrous oxide has a
high saturated vapor pressure, it can be self-pressurized without an external
pressurizing system and can also be handled as a liquid at normal temperature. Due
to these advantages, it is expected to be used not only to launch rockets, but also to
kick motors for small satellites, attitude control thrusters, planet landing, and return
rockets. On the other hand, there are some problems specific to self- pressurization.
With self-pressurization, it is difficult to predict the pressure loss and flow rate of the
propellant because the gas-liquid two-phase flow is formed by flashing and cavitation
caused by the pressure drop. Estimating the propellant mass flow rate is extremely
important to accurately predict the thrust profile.

In this study, the flow characteristics of gas-liquid two-phase with self-
pressurization were evaluated by conducting various tests using nitrous oxide. The
findings obtained in this study may contribute to improving the prediction accuracy of
flow rate and thrust.

The flow focused on in this study is a strongly unsteady gas-liquid two-phase flow,
and it is not appropriate to evaluate the flow regime only by temperature and pressure.
Therefore, the flow regime was evaluated by high- speed shooting of the gas-liquid two-
phase flow passing through the visualized feed line. This method showed that the
bubble flow velocity on the wall surface was about 5-10 m/s and the bubble diameter
was several hundred pm. In addition, the results of measuring the ratio of gas and
liquid phase with a newly developed void fraction meter suggest that the void fraction
was about 0.3-0.6, and it gradually increased with supply. It was also found that the
injector flow coefficient tended to decrease linearly as the void fraction increases.
Furthermore, when the friction factor was evaluated by the two-phase flow Re number
estimated from the obtained void ratio, it was about twice the theoretical value of the

same Re number in the single-phase flow.



On the other hand, it became clear that the injector flow coefficient tends to increase
as the fluid temperature rises. The thermodynamic effect, which is the volume-
suppressing effect of the bubbles generated, became remarkable as the fluid temperature
increased. When the downstream pressure of the injector was less than half of the
upstream pressure, the two-phase flow was choked at the injector port. The chamber
pressure oscillation was observed due to the coupling of the supply system and
combustion, suggesting that the injector flow coefficient may be larger than the value

obtained in the cold flow tests.
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