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Propulsion-Integrated Aerodynamic Analysis of the Spaceplane with RBCC
Engine at Hypersonic Speeds

by
Yurika Funasaka, Yasumasa Watanabe and Kojiro Suzuki(The University of Tokyo)

ABSTRACT

To promote the space utilization, reusable space planes have been attracting our attention from a viewpoint of the cost reduction in
transportation. Among various design concepts, in the present study, we consider the space plane with the RBCC (Rocket-Based-
Combined-Cycle) engines because of its wide coverage of the operation velocity at Mach number from 0 to 10 and above. However, the
flow around the vehicle significantly interferes with the flow from the core rocket. To understand the fundamental nature of the
aerodynamic characteristics of the space plane with RBCC engines, the two-dimensional Euler analysis has been conducted. The thrust
performance is evaluated by the effective specific impulse, considering both the thrust and the drag force. The results show that the
effective specific impulse exceeds the specific impulse of the pure rocket engine at the Mach number less than 7. The effects of the cowl
shape, the main body shape and so on are also investigated. Additional analysis has been conducted to clarify the influence of the cowl and
the rocket jet upon the aerodynamic characteristics. As a result of this analysis, it is shown that both the drag and the lift decrease by the
cowl. On the other hand, the drag decreases and the lift increases by the jet of the rocket engine. Consequently, the aerodynamic
characteristics are expected by the jet flow from the rocket engine, if the engine configuration, especially the position of the cowl, is
appropriately designed.
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