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ABSTRACT 

Surge is an unstable operating condition of a compressor. During surge, the four surge phases—

pressurisation, flow breakdown, reversed flow and regeneration—repeat periodically at the 

surge frequency. In particular, during the latter three surge phases, atypical flow conditions 

occur that can lead to flutter and, consequently, to blade damage. 

 

Existing numerical predictions of flutter during compressor surge are predominantly based on 

highly simplified methods. These methods have two fundamental shortcomings: they overlook 

key physical mechanisms, and their applicability is restricted to the evaluation of a few discrete 

time points during the surge event. Due to this limitation, analyses have so far been carried out 

almost exclusively during the reversed-flow phase, based on the assumption that this phase 

represents the most flutter-critical surge phase. The two remaining surge phases with atypical 

flow conditions, namely flow breakdown and regeneration, have not been considered. 

 

Since it is currently unclear which surge phase is most critical for flutter, one objective of this 

study was to predict the aerodynamic damping during all surge phases with high time 

resolution. In addition, the aerodynamic phenomena governing flutter stability in the individual 

surge phases were analysed in greater detail. 

 

For this purpose, a new and improved method was employed. This method accounts for all 

relevant influencing factors and additionally enables a temporally highly resolved prediction 

over the entire surge cycle. To keep the numerical effort low, a simplified configuration 

consisting of an inlet guide vane (IGV), a rotor, and a stator was used. 

 

Due to the simplified configuration, the maximum pressure ratio is limited, resulting in the 

occurrence of classic surge. Under these conditions, flow breakdown is identified as the most 

critical surge phase, as negative aerodynamic damping occurs. The reversed-flow phase, by 

contrast, is less critical, since the aerodynamic damping decreases but remains positive. 

 

The negative aerodynamic damping during flow breakdown is largely governed by a tip vortex 

forming at the blade leading edge. This tip vortex already has a destabilizing effect during the 

pressurisation phase. This effect intensifies as pressurisation progresses, leading to a great 

reduction in aerodynamic damping. Due to inertial effects, flow separation at the end of 

pressurisation does not occur abruptly, causing the destabilizing mechanisms to further 

intensify during the transition to flow breakdown. This additional amplification ultimately 

results in negative aerodynamic damping during the flow breakdown phase. 



 

The reversed-flow phase is uncritical for the configuration considered, as the flow is strongly 

separated and therefore exhibits only a weak aerodynamic response to blade motion. 

 

The results demonstrate that an accurate assessment of flutter stability requires consideration 

of all surge phases. Furthermore, it is shown that the new improved method is necessary to 

enable a highly time resolved prediction of flutter stability. 

 

 

Figure 1: Aerodynamic Damping during Compressor Surge 

 


