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Thermal-acoustic Response Prediction of High-temperature Flat
Plates in Traveling-wave Tubes

TIAN Yan-ni', WANG Jian-min’, QIN Zhao-hong°,
CHENG Hao*, HUA Hong-xing'

(1. Institute of Vibration, Shock and Noise Research, State Key Laboratory of Mechanical System and
Vibration, Shanghai Jiaotong University, Shanghai 200240, China;
2. Science and Technology on Reliability and Environment Engineering Laboratory, Beijing Institute of
Structure and Environment Engineering, Beijing 100076, China )

Abstract : Research on the dynamic and acoustic responses of flat plates in thermal environments is significant to the
optimal design of hypersonic aircrafts. For laboratory tests, the high-temperature traveling-wave tube is usually employed to
simulate the thermal and acoustic environment to investigate the thermal-acoustic responses of high-temperature structures.
In this paper, the thermal-acoustic responses of high-temperature plates in traveling-wave tubes are studied. Based on thin-
plate theory and finite element method, the influences of high temperature on the inherent characteristics of flat plates are
investigated. The dynamic responses of a simply supported heated C/SiC plates under random acoustic excitation are
calculated and analyzed. First of all, the influence of thermal effect on the intrinsic modal characteristics of the flat plate is
analyzed. Then, the acoustic load of a one-dimensional traveling wave is added on the surface of the plate. Finally, the
analytical method is used to solve dynamic response of the plate under the thermal-acoustic combined loading. The results
show that in the heating process, the intrinsic frequency of the plate decreases initially to a minimum value and then
increases gradually. In the stage of intrinsic frequency decreasing, the softening effect due to elastic modulus reduction and
thermal stresses is stronger than the hardening effect due to the thermal deformation. While in the stage of the intrinsic
frequency re-increasing, the hardening effect due to the thermal deformation is dominant. In the range of linear response, the
acceleration response of the plate to the thermal-acoustic combined loading depends on its thermal modes.

Key words : vibration and wave; traveling-wave tube; thermal mode; thermal buckling; a combination of thermal and

acoustic environments
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