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Fig.4 TSTO test model geometry and associated pneumatic actuator
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Table 1 Difficulties and challenges and corresponding strategies for dynamic test in shock tunnel
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Test technology of longitudinal stage separation for
two-stage-to-orbit vehicle in shock tunnel

WANG Yue'?, WANG Yunpeng'?*, JIANG Zonglin"*

1. State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China

2. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: The multi-body separation problem in hypersonic flow is a key technical issue in the research and develop -
ment of aerospace multibody vehicles. Due to the complexity of high-speed flow during separation, the wind tunnel
test study is extremely challenging, particularly the shock tunnel separation test. The test flow of the shock tunnel has
the characteristics of high flow speed and high enthalpy, which can simulate the flow characteristics with gas effect at
high temperature and duplicate the reliable aerodynamic and thermal characteristics of hypersonic multibody separa -
tion. However, its effective test time is short in order of milliseconds; therefore it is difficult to conduct dynamic tests of
separation. In this study, a High-speed Pneumatic Ejection to Launch vehicle model System (HPELS) applied to the
shock tunnel is proposed, which enables the model to actively complete the separation within the short test time. The
precise time calibration and timing control methods of HPELS delay time and separation time are introduced in detail.
For the high-performance evaluation of the separation trajectory and aerodynamic parameters during separation, a
non-contact separation motion trajectory capture and aerodynamic parameter measurement technology based on
schlieren images is developed. The safety stage separation of Two Stages to Orbit (TSTO) vehicle is a typical high-
speed separation problem. In view of the longitudinal separation scheme and parallel-staged TSTO vehicle proposed
by the author, the effectiveness of the application of the high-speed dynamic multi-body separation test technology is
verified in the JF-12 duplicated flight conditions shock tunnel. Meanwhile, the principle of the parallel-staged TSTO
safety longitudinal stage separation scheme is verified in the shock tunnel for the first time. Comparison of the experi-
mental results with the numerical results shows good agreement.

Keywords: two stages to orbit (TSTO); multi-body separation; hypersonic; stage separation; trajectory capture;
shock tunnel
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