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Prediction of Instable Oscillation in Combustion Chamber Using
Thermal-Acoustic Network Coupled with Actuator Disk Model

SHAO Weidong'?, GAO Xianzhi'
(1. AECC Commercial Aircraft Engine Co. , Ltd. . Shanghai 200241, Chinaj;
2. Shanghai Key Laboratory of Aircraft Engine Digital Twin, Shanghai 200241, China)

Abstract: To overcome the uncertain impedance boundary condition at the combustor exit, a
coupling method of thermo-acoustic computation between combustion chamber and turbine is
presented. Firstly, the thermo-acoustic network is used to solve the oscillatory behavior in the
combustion chamber. Secondly, the actuator disk model is used to solve the propagation of
entropy, vorticity and acoustic waves. Finally, inner and outer iterations are conducted to obtain
the solution with the equivalent impedance at the interface between combustion chamber and
turbine. The coupling method reflects the motion of entropy, vorticity and acoustic waves in both
the combustor and turbine. The equivalent acoustic impedance, which is the implicit function of
some geometrical and aerodynamic parameters of both the combustor and turbine, is clearly
illustrated. Through verification with benchmark models and validation with experiment, the

results show that the actuator disk model could accurately measure the equivalent acoustic
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impedance at the inlet of turbine. Moreover, the coupling strategy can judge about the occurrence

of combustion instability, and accurately capture the oscillatory frequency and modes compared

with decoupled strategy. The present result provides the theoretical basis for the extension of

coupling strategy to high-order models.

Keywords: combustion instability; thermal-acoustic network; actuator disk model; coupling
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