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Profil et compétences recherchées  
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Présentation du projet doctoral, contexte et objectif 
 
Axial compressors are subject to two distinct aerodynamic instabilities, illustrated in figure 1 : (a) rotating stall 
and (b) surge, which can severely limit compressor performance [1]. Rotating stall is characterized by a wave 
traveling azimuthally at a fraction of the rotor speed, while surge by an axisymetric pumping oscillation. Both 
instabilities reduce the pressure rise in the machine, cause rapid heating of the blades, and can induce 
severe mechanical distress and even flameout. 
 

 
Figure 1: (a) Rotating stall and (b) surge in an axial compressor. 

The aim of this thesis is to harness data-driven techniques to predict and control these two phenomena, in 
order to increase the operating range of axial compressors, hence their performance. The key difficulties 
motivating the use of state-of-the-art machine learning techniques is a) the strongly nonlinear character of 
the dynamics, b) the geometrical complexity of real compressors. Nonlinear control techniques have been 
investigated in the past but they rely on a crude approximation of the dynamics [1] and do not fully exploit 
real-time information from the actual system. Leveraging data with appropriate techniques may also help 
identify precursor signals preceding the catastrophic phenomena.  

Several techniques will be investigated for prediction. In chaotic systems, it has been shown that echo state 
networks, based on reservoir computing (see figure 2), may be used to anticipate extreme events well beyond 
the characteristic predictability time [2]. This technique is therefore a good candidate for forecasting 
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subcritical bifurcations in stochastically forced systems too. Another option is to augment linear models based 
on the Koopman operator, by learning an ad hoc nonlinear term, which should activate slightly before 
bifurcation occurs [3,4]. Monitoring the nonlinear term may therefore help anticipating the undesired event. 

Finally, closed-loop control will be investigated in the framework of model predictive control [5]. This powerful 
framework takes full-advantage of the data by constantly re-tuning the control signal using receding-horizon 
optimization. The optimization is based on a model which may be updated on the fly, using the techniques 
described in the last paragraph. 

To make quick progress, the different techniques will be investigated on dynamical models of growing 
complexity. The methodology should be generic to a class of dynamical systems, hence the student may 
start with simple ODE/1D PDE systems representative of the phenomena [1]. Next, quasi-2D URANS 
simulations on a realistic compressor geometry will be carried out [6]. In this phase, the student will strive to 
connect the dynamical system viewpoint with the actual physical phenomena occuring in the compressor (tip 
leakage vortex, spike-type disturbances, tornado-type vortex, etc.). 

 

 

 
 

 

 
 

 

Figure 2: Nonlinear dynamical model using reservoir computing [2]. 
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