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INFLUENCE OF TRANSIENT TEMPERATURE AND THERMAL STRESS ON THE
VIBRATION MODE OF ACTIVE COOLING SCRAMJET

JI Kexing **  SONG Hongwei > HUANG Chenguang **
(1 Hypersonic Research Center CAS, No.15 Beisihuanxi Road, Beijing 100190, China)
(2 Key Laboratory of Hydrodynamic and Ocean Engineering, Institute of Mechanics, CAS, No.15 Beisihuanxi Road, Beijing 100190, China)

Abstract 3D transient thermal analysis and structural analysis of active cooling scramjet were carried out to
obtain the temperature field and stress field, and the effects of temperature, stress and their combination to the
vibration mode of the scramjet were investigated. In the mode analysis, the decay of mechanical properties due
to high temperature was considered, and the initial stiffness matrix due to thermal stress and the initial stiffness
matrix due to thermal deflection were also included in the model. The natural vibration behavior of the scramjet
as a function of wall thickness was also investigated. The study shows, the mechanical property decay due to
high temperature affords the main reason for vibration frequency drop, and at 32s heating the frequency of 1st
mode drops about 9%. The thermal unloading history makes stress effect more complex to the vibration
behavior. As the wall thickness increased, the vibration frequency of the scramjet increases linearly.

Key words scramjet, transient temperature, thermal stress, mode analysis, aerodynamic heating



