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Introduction

The performance and operating range of centrifugal com-
pressors is limited by the occurrence of an aerodynamic
instability called surge. This presentation deals with the
technological barriers for feedback stabilization of full-scale
centrifugal compression systems. A dynamic model for a
single stage compressor test rig is presented and a surge
control strategy is discussed. Then the critical problems of
model accuracy and sensor and actuator limitations are dis-
cussed. These problems are illustrated with simulation re-
sults and experimental data. We conclude by suggesting di-
rections for further work in order to successfully implement
active surge control in full-scale applications.

Surge control

The dynamic model for the compressor test rig under inves-
tigation is based on the well-known Greitzer model. With
the developed model, we designed a so-called positive (one-
sided) surge controller that was proposed in literature. The
controller was implemented on the test rig and closed-loop
experiments were conducted of which some characteristic
results will be presented. The results show that the com-
pression system was not stabilized.
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Figure 1: Illustration of the effect of a wrong controller setpoint.

Technological barriers

After investigation of the experimental data and literature
on previous surge control experiments, we identified sev-
eral possible causes for the failure of the surge controllerto
stabilize the compression system. Two of the possible ex-
planations are the significant effect of non-ideal actuatordy-
namics and a wrong controller setpoint as a result of model
inaccuracies. The multiple equilibria effect of the wrong
controller setpoint is illustrated in Figure 1 and the simula-
tion result in Figure 2 shows the destabilizing effect of non-
ideal valve dynamics. In the presentation we will elaborate
on these limiting factors in active surge control.
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Figure 2: Closed-loop simulation result with effect of valve dy-
namics included.

Conclusions

In our research we identified actuator limitations and model
uncertainties as two possible causes for the failure of our
surge control experiments. Future work requires an integral
approach of modeling, analysis, synthesis and hardware de-
velopment in order to tackle the technological barriers for
active surge control in full-scale compression systems.


