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Abstract: The characteristics of airflow force and blade vibration response at partial admission
were studied to solve the problem that the severe uneven circumferential distribution of airflow
force increases the risk of fatigue failure. According to the existing numerical simulation and
experimental results, the airflow force distribution with Kick effect at partial admission was
established, and the spectral characteristics of the airflow force were obtained by fast Fourier
transform method. The influence of rotational speed and admission on the frequency domain
characteristics of airflow force was studied. The transient vibration response of a partial-
admission turbine disk of a rocket engine was analyzed by using finite element method, and the
spectral characteristics of the vibration response were obtained. The results show that:In partial
admission turbines, the airflow force on the turbine disc blade at high rotational speed can be

regarded as pulse excitation, and multiorder harmonic components are observed. High rotational
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speed or small admission will make the amplitude of the high-order harmonic component of the

airflow force larger, and cause high-frequency resonance or violent forced vibration of the turbine

disc blades, which is different from the full admission turbine disk that only needs to avoid the

possible resonance generated by the first six harmonic components of airflow force. As for partial

admission, the influence of higher harmonic components should be taken into account.

Keywords: turbine disk; partial admission; vibration response; higher-order harmonics; spectral

characteristic
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Fig. 4 Airflow load and spectral at different rotational speeds
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Fig. 6 Temperature distribution of the turbine disk
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