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INTRODUCTION

The choke flutter can lead to the failure of fan or compressor blade in turbojet engines. Choke flutter appears when a strong shock-wave chokes the blade to blade channel. In Ultra High Bypass Ratio (UHBR) fan, choke flutter appears at part speed regimes (typically 80 Nn) and at low or negative incidence (high mass flow, low total pressure ratio). The steady flow is subsonic upstream and downstream of the blade row and supersonic in the blade to blade channel. A strong shock-wave chokes the channel from the suction side to the pressure side.

At present time, the scientific community does not agree to one common explanation to understand the physical mechanisms leading to choke flutter [START_REF] Clark | A Modern Course in Aeroelasticity[END_REF] but the shock-wave motion itself, the flow separation induced and the acoustic blockage seem to be determinant. The blade vibrations lead to the oscillation of the shock-wave. This one induces a dynamic loading of the structure which can lead to an aeroelastic instability. The shockwave motion is known to highly contribute to the aeroelastic behaviour of the blade [START_REF] Micklow | Semi-actuator disk theory for compressor choke flutter[END_REF]. If strong enough, the shock-wave can interact with the boundary layer and induce the separation of the flow on the suction side only, on the pressure side only or both side. The relative importance of the flow separation and the shock-wave motion seems to be case dependant. Some publications conclude to a destabilizing effect for the oscillation of the shock-wave and a stabilizing effect of the flow separation (e.g. [START_REF] Isomura | A numerical study of flutter in a transonic fan[END_REF]) and other conclude to the opposite results (e.g. [START_REF] Vahdati | Mechanisms and prediction methods for fan blade stall flutter[END_REF]). The acoustic blockage corresponds to backward travelling pressure waves generated downstream of the shock-wave and propagating upstream. When reaching the shock-wave, the velocity of backward travelling pressure waves decreases which leads to an increasing of their amplitude [START_REF] Atassi | Acoustic blockage effects in unsteady transonic nozzle and cascade flows[END_REF]. For choke flutter, previous studies have shown the important contribution of the acoustic blockage [START_REF] Rendu | Influence of acoustic blockage on flutter instability in a transonic nozzle[END_REF][START_REF] Ferrand | Parametric study of choke flutter with a linear theory[END_REF]. References [START_REF] Vahdati | Mechanisms for wide-chord fan blade flutter[END_REF][START_REF] Vahdati | Aeroelastic instability in transonic Fans[END_REF] suspect the necessity to have an acoustic blockage to induce the choke flutter.

Computational Fluid Dynamics (CFD) is usually the only affordable way to obtain a time and space resolved flow field to investigate choke flutter physical mechanisms. In turbomachinery, the blade stability is generally obtained through the energetic method [START_REF] Marshall | A review of aeroelasticity methods with emphasis on turbomachinery applications[END_REF]. This method relies on the radial decomposition of the 3D blade in a sum of 2D airfoils. The damping coefficient is computed on each 2D airfoil and the overall damping coefficient is obtained by an integral along the radius, from hub to tip. It is widely known, because the velocity and pres-sure fluctuations are the largest, that the region close to the tip gives the main contribution to the global damping coefficient.

To investigate the physical mechanisms leading to this instability, a specific test case of fan is selected and analyzed using a time-linearized Reynolds-Averaged Navier-Stokes equation solver. The mode shape, the interblade phase angle (IBPA) and the reduced frequency have been set to obtain a negative damping coefficient and so a case with a choke flutter instability. All simulations have been performed on a 2D blade to blade extraction at 90% height. Based on methods develop in previous study [START_REF] Rendu | Influence of reduced frequency on choke flutter instability in transonic UHBR fan[END_REF], the contribution to the global damping coefficient induced by the vibration at each surface mesh node can be determined, thanks to the superposition principle. The studied case in this paper is the same of previous study. It corresponds to a representative design of an Ultra High Bypass Ratio (UHBR) fan. This first fan-design, named ECL5v1, is a part of a larger on-going project on the numerical and experimental investigations of aeroelastic and aerodynamic instabilities at École Centrale de Lyon. The final design aims to amplify aeroelastic and aerodynamic problems of the next generation of UHBR fan. The fan will be manufactured in composite materiel at 1/4 scale (versus typical full size UHBR fan) and tested on ECL-test bench. Fan geometry and experimental database are dedicated to open-science investigation and will be accessible to the scientific community.

In reference [START_REF] Rendu | Influence of reduced frequency on choke flutter instability in transonic UHBR fan[END_REF], the same 2D-airfoil and the same modeshape of the present study is analyzed for different excitation frequencies and different IBPAs. The work exchange between the flow and the blade is also analysed based on the resolution of time-linearisation of Reynolds-Averaged Navier-Stokes (RANS) equations. As presented in fig. 1, the case presents a choke flutter instability for an IBPA at 90 • and the reduced frequency at 0.15. Next, the blade vibration is decomposed into two parts, the upstream zone and the downstream zone. The upstream region extends form the leading edge to the shockwave / boundary layer interaction region in suction and pressure side while the downstream region corresponds to the remaining part of the blade. The largest contribution to stability is negative and has been associated to the unsteady shock-wave / separated boundary layer interaction on the suction side induce by the vibration of the downstream region. This contribution is associated to the phenomenon of acoustic blockage (only phenomenon present in this region). The vibration of the upstream region has a stabilizing effect with the largest contribution achieved where the boundary layer is separated. Contrary to the upstream stabilizing contribution, the destabilizing contribution of the downstream is larger and induces the negative damping coefficient. In this paper we propose to extend this analysis with a blade decomposition in 424 subsections.

Figure 1: Extracted work along blade chord for σ = 0 ånd σ = 90 ˚(leading edge at X/C=0, pressure side: X/C<0, suction side: X/C>0) -k = 0.15 from [START_REF] Rendu | Influence of reduced frequency on choke flutter instability in transonic UHBR fan[END_REF]. ζ is the damping coefficient (eq. 3). ζ < 0 and W < 0 correspond to a destabilizing behaviour.

In the first parts, the numerical methods and the studied configuration are presented including the UHBR test case and the mode shape. Next, each local sources of the instabilities are distinguished and compared in terms of the stabilized or destabilized behavior.

NUMERICAL METHODS

Steady RANS solver

The compressible RANS solver Turb'Flow is used in this work to compute the 2D steady flow in a 90% height blade to blade channel. This solver relies on vertex centred finite volume method on multi-block structured grids [START_REF] Smati | Comparison of numerical schemes to investigate blade flutter[END_REF].

Convective fluxes are obtained through upwind scheme of Roe [START_REF] Roe | Approximate Riemann solvers, parameter vectors, and difference schemes[END_REF] with Monotonic Upstream-centred Scheme for Conservative Laws (MUSCL) interpolation of third order [START_REF] Van Leer | Towards the ultimate conservative difference scheme. V. A second-order sequel to Godunov's method[END_REF]. The interpolation order is reduced in strong gradient zones according to Harmonic Cubic Upwind Interpolation (H-CUI) limiter. Diffusive fluxes are obtained through central interpolation of conservative variables. The pseudo time discretisation relies on backward Euler with CFL=20 and local time step to speed up the convergence. The linear problem arising from the implicit method is solved through GMRES iterative method [START_REF] Saad | GMRES: A generalized minimal residual algorithm for solving nonsymmetric linear systems[END_REF].

The flow is considered fully turbulent and the k-ω turbulence model of Wilcox [START_REF] Wilcox | Reassessment of the scaledetermining equation for advanced turbulence models[END_REF] has been used. At the wall ω value is extrapolated to be assumed infinite.

Time-linearized URANS solver

The Linearised RANS (LRANS) solver Turb'Lin is used to compute the harmonic flow around the steady state. This solver has been previously validated on transonic separated flows [START_REF] Philit | Derivated turbulence model to predict harmonic loads in transonic separated flows over a bump[END_REF][START_REF] Rendu | Timelinearized and harmonic balance Navier-Stokes computations of a transonic flow over an oscillating bump[END_REF]. The solution is obtained in the frequency domain by solving the linear system. Spatial discretisation relies on Jameson et al. [START_REF] Jameson | Numerical solution of the Euler equations by finite volume methods using Runge Kutta time stepping schemes[END_REF] centred scheme with linearised pressure sensor. The turbulence model has also been linearised because of the separated flows [START_REF] Philit | Derivated turbulence model to predict harmonic loads in transonic separated flows over a bump[END_REF][START_REF] Rendu | Timelinearized and harmonic balance Navier-Stokes computations of a transonic flow over an oscillating bump[END_REF].

Aeroelasticity

The complex amplitude of displacement δ x and velocity V is imposed at each node of the blade mesh to model the blades oscillation. The steady position of the blade is chosen as the phase origin. This yields

ℜ( δ x) = 0 ; ℑ( V) = 0 (1)
The interblade phase angle (IBPA) σ is modelled through quasi-periodic boundary conditions in azimuthal direction

q(x b + g) = q(x b )e jσ ( 2 
)
where q is the complex amplitude of conservative variable fluctuations, x b the domain boundary and g the interblade pitch.

The work W extracted by the flow to the structure is written according to the convention of Verdon [START_REF] Verdon | Linearized unsteady aerodynamic theory[END_REF]. The damping coefficient is then obtained by the integral of the extracted work along the blade surface

ζ = 1 4π Ω W dΩ U ( 3 
)
where Ω is the fluid-structure contact interface and U the maximal vibrating kinetic energy. The work can be written as

W = T 0 -Ps(x,t) * S(x,t) t • V(x,t)dt ( 4 
)
where Ps is the instantaneous static pressure, S the vector associated to the instantaneous surface, oriented towards the structure, and V the instantaneous velocity vector associated to the blade displacement. In frequency domain, neglecting second order terms, the only contribution to the unsteady work is, for a rigid body motion,

ℜ( 1 Ps) S • ℜ( 1 V) (5) 
where 1 Ps and 1 V are the complex amplitude of first harmonic of static pressure and velocity vector, respectively. Thus only the real part of fluctuating static pressure contributes to the stability of the fluid-structure interaction.

In next section, the geometry is presented as well as the steady flow and the modeshape chosen for the aeroelastic study.

STUDIED CONFIGURATION

UHBR fan

The chosen test case is the Ultra High Bypass Ratio (UHBR) fan ECL5v1. The ECL5 design goals are to generate selected aeroelastic and aerodynamic instabilities, including the choke flutter at part-speed regime, and remains representative of future transonic UHBR fan. The operating range of the ECL5v1 fan, issues from numerical simulations, is plotted in fig. 2 for three different rotational speeds (nominal speed Nn=10 450 rpm). The maximum isentropic efficiency, not shown here, varies between 90% and 95% depending on the rotational speed.

As already stated, the energetic method allows to decompose 3D blade in a sum of 2D airfoils. Most of the extracted work is generated close to the tip due to high levels of both blade velocity and pressure fluctuations. Therefore a 2D blade to blade channel mesh has thus been extracted at 90% of ECL5v1 height to run the aeroelastic study. At this height the blade surface shows thin, highly staggered blades with low camber, which is typical of transonic fan tip airfoils.

Choke flutter is associated with negative incidence and strong shock-wave choking the interblade channel. It appears for part-speed regime, typically around 80% of the nominal rotational speed. For the aeroelastic study, the operating point showing the highest massflow on 80 Nn speed characteristic line is thus chosen (in blue in fig. 2). 

Steady flow

The mesh used for both steady and unsteady computations has been obtained through a convergence study. It consists in 106 007 points with y + < 1 for the first layer of cells close to the blade surface. Total pressure, total temperature and azimuthal velocity are imposed at the upstream boundary and the static pressure at downstream boundary. The boundary conditions of the 2Dsteady flow calculation are set to preserve the shock-wave position from the 3D calculation. The steady relative Mach number associated with the choked flow is plotted in fig. 3. Looking at the leading edge zone, negative incidence can be seen as well as a supersonic region choking the interblade channel and terminated by a strong shock-wave. On the pressure side, the maximal Mach number is 1.23 and the boundary layer is attached to the blade downstream of the shock-wave. On the suction side, the Mach number reaches 1.32 which leads to the separation of the boundary layer downstream of the shock-wave. The separation is closed and the reattachment point is located 8.3% of chord downstream of the separation point.

Modeshape

In this study, the chosen mode shape consists in a rotation of the airfoil around its leading edge without the deformation of the blade surface (i.e. a rigid body motion). This mode shape is representative of the first 3D bending mode of the blade where the transonic flutter is observed. Motion of adjacent blades can present a phase shift called interblade phase angle or IBPA (frequency and mode shape remain identical between blades). The IBPA is convention positive when the wave propagates in the same direction as the rotor speed and negative otherwise. The reduced frequency, for turbomachinery aeroelastic study, represents the ratio between the time of flight of a fluid particle along the chord and the time of a vibration period. In this work based on previous study, The IBPA is set at 90 • and the reduced frequency is low at 0.15. The damping coefficient is negative, in our convention the work exchange is from the fluid to the blade, this case presents a choke flutter instability.

A sketch of three adjacent blades position during the vibration cycle is plotted in fig. 4. For each blade, colours correspond to different instants (-T/4,T,T/4). Vibration amplitude and interblade distant are modified for illustra-tion purpose. The effective solidity (spacing/chord ratio) is 1.37. The out of phase blades vibration induces different passage section for adjacent interblade channel (see the same instant for the two channel in fig. 4). This area fluctuation leads to strong velocity fluctuations. 

Blade vibration decomposition

Superposition principle induced by the linearisation of RANS equation leads to the equality between the unsteady flow generated by the vibration of the whole blade and the vibration of each surface mesh node. The blade vibration is modelled by imposing displacement and velocity on each node of the blade surface mesh. The blade vibration can thus be decomposed in an arbitrary number of zones N and the global damping coefficient can be computed by the sum of the damping coefficient associated to each vibration. Formally,

ζ = N ∑ i ζ i ; ζ i = 1 4πU Ω ℜ( 1 Ps i ) S • ℜ( 1 V)dΩ (6)
where Ps i represents the pressure fluctuations generated by the motion of zone i.

To avoid even-odd decoupling, the blade is decomposed into pairs of adjacent mesh nodes. Each computation consists in the vibration of two adjacent nodes: first calculation is computed with the motion of the first and second mesh nodes, next calculation by the motion of the third and fourth nodes, etc. The equality of the global damping coefficient, and its repartition along the chord, for the entire blade vibration and the result of the sum of the motion of each node has been checked. This decomposition strategy has some subtleties: the distance between adjacent nodes is not constant, to compare the contribution of each nodes association the extracted work need to be normalized by the length between the two points. The blade meshing has an odd number of nodes, after some tests, the last segment is composed with the last three nodes instead of two. This choice has no consequence on the final result and the length of the last segment stays small due to the mesh high definition in this zone (the trailing edge). The set of calculations includes 424 L-URANS calculations. All these calculations are based on the same 2D steady state calculation.

In a first step, the analysis is focused on the airfoil profile regions which generate the most stabilizing or destabilizing works (excitation source, section 4), and in a second step, the analysis is focused on the airfoil profile regions where these sources have induce the most works (receptor, section 5).

IDENTIFYING MAIN FLUTTER SOURCE

To determine the main flutter sources, the sum of the work along the chord is performed for the individual motion of each point. The colours in fig. 5 present the work around the airfoil for the motion of one point. Here, the work is normalized by the length of the moving point to determine main flutter sources without the effect of the segment lentgh. Colour-scale has been restricted for presentation purpose due to local high values near the trailing edge. In fig. 5, the supersonic zone is delimited by black lines and the position of the separation point and reattachment point are reported by (S) and (R) respectively. The sub-figure is a trailing edge enlargement. Six particular zones have been selected because of their high contribution on stability (more than 10% of the stabilizing or destabilizing work) in a restricted area. These zones are listed in table 1 and reported in fig. 5 with a reference letter (A,B,C,D,E). As an attentive reader can note, the leading edge vibration is not selected, even so a stabilizing and destabilizing contribution can be observed at respectively the pressure side and the suction side in the fig. 5. In fact the contribution of these zone are low comparatively to other zones, fewer than 5% of the stabilizing or destabilizing work.

The A-zone is located on the pressure side near (but not on) the trailing edge. The vibration of this small zone, less than 0.1% of the total airfoil length, induces more than half of the negative (destabilizing) work. The vibration of the zone just upstream the A-zone on the pressure side (B-zone) induces a large part, 40%, of the positive (stabilizing) work. Even if B-zone is larger than the Azone, it is kept small (4.2% of the total airfoil length). The stabilizing work induced by the motion of the B-zone cannot compensate for the large amount of destabilizing work induced by the motion of the A-zone : the cumulative work of A and B-zones is negative (destabilizing). From these results, the last 5% at the end of the pressure side near the trailing edge seems leading the stability of the overall blade.

On the suction side, most of the contribution on the stability is again induced by the motion of points located near the trailing edge, especially in the shock-wave and flow separation interaction region. The C-zone is just upstream the shock-wave. The negative (destabilizing) work produced by the vibration of this zone represents an important contribution to the global stability (17% of the stabilizing work). The C-zone leads the cumulative stability of the region under the supersonic zone at suction side (the work induced by the motion of the other points from the region under the supersonic zone products a negligible cumulative work). C-zone is limited downstream by the separation point, that coincides with an inversion of the work exchange.

The motion of a point in the region downstream of the shock-wave induces positive (stabilizing) work up to the trailing edge (D-zone and E-zone). This region is separated in two by the reattachment point, zone D between the separation point and the reattachment point and zone E between the reattachment point and the trailing edge. Both zones have a positive contribution to the stability but the D-zone in the flow separation bubble has more intense and more localized effect (see the work exchanged and the segment length in table 1).

STABILIZING/DESTABILIZING AR-EAS INDUCE BY MAIN FLUTTER SOURCE

In previous section, main excitation source are selected, in this section effect of these sources on the entire airfoil Fig. 6 presents the extracted work along the blade chord for the motion of the most destabilizing point from A-zone (in red) and for the motion of the most stabilizing point from B-zone (in green). The two selected points are close together and on the pressure side downstream the shock-wave near the trailing edge (show respective positions on fig. 6). According to previous results, the cumulative destabilizing work induced by the vibration in the A-zone is larger than the stabilizing work induced in the B-zone. In both cases the work exchange is located at or downstream the steady-state shock-waves position. The backward travelling pressure waves are stopped by the shock-wave and their important amplification at the shock-wave is compatible with an acoustic blockage. On the suction side the flow separation bubble seems to interact with the shock-wave motion to increase (versus the pressure side) the work exchange.

Stability induced by downstream pressure side zone vibration

The work exchange repartition downstream the shockwave can also be supported by the pressure fluctuation modulus mapping at the fig. 7. This figure presents the result for the motion of a point of the A-zone (the destabilizing one, in red fig. 6), the same trend can be observed for the motion of the point in B-zone but with a smaller amplitude (not shown here for brevity reason). The pressure fluctuations are generated by the motion of the point near the trailing edge and the pressure waves travel in both directions. Downstream, pressure waves decrease to zero in less than two chords. Upstream, they travel in the blade to blade channel up to the shock-wave where theirs amplitude increased. The pressure fluctuation gradient on the suction side is more intense and pressure fluctuations higher than in the pressure side, that is contra-intuitive with a source on the pressure side, the explanation seems to be the interaction with the flow separation bubble. shock-wave (C-zone red curve in fig. 9), the work exchange is positive (stabilizing) on the suction side and negative (destabilizing) on the pressure side. The work exchange level for both sides is similar, but in the pressure side the pressure fluctuation can work in a larger part of the blade before the blockage by the shock-wave and so the cumulative work is destabilizing. The behaviour for a point downstream the shock-wave is the same but the pressure fluctuation amplitude is smaller and the work exchange direction is opposed (green curve in fig. 9). The work extracted here is associated with the motion of the flow separation bubble. Supported by the pressure fluctuation modulus mapping from fig. 11, the motion of the bubble is different when the moving point is upstream the shock-wave. The motion of the separation bubble generates more pressure fluctuations when the vibration source is upstream of the separation point than when it's inside the bubble. Despite the previous presentation, a strong division between the two effects, motion of the shock-wave and motion of the flow separation bubble, is a conceptual effort but not the reality. In fact, both phenomena interact strongly and are difficult to separate, this idea is supported by the low level of the work induced by moving points upstream/downstream the pressure side shock-wave. In this test-case (steady flow, modeshape, frequency and IBPA), without flow separation bubble the work induces by the shock-wave (i.e. pressure side) is smaller than the contribution of the shock-wave motion alone with flow separation (i.e. only the work which products by the shock-wave at the suction side).

The work exchange in the last zone, from the reattachment point up to the trailing edge (E-zone), decreases due to the reduction of the flow separation bubble motion. The produced work becomes smaller than the local work produced only by the point motion. From the mid- 

CONCLUSION

The choke flutter in an Ultra High Bypass Ratio fan is analyzed using a time-linearized Reynolds-Averaged Navier-Stokes equation solver on a 2D blade to blade extraction at 90% height. The identification of the main sources of the work exchange between the flow and the blade and theirs effects on the stability of the entire blade have been performed using an innovating method based on the superposition principle. The contribution to the global damping coefficient induced by a local source is obtained with a simulation with only the vibration of a surface mesh node.

Results have permitted to identify few zones with a high work exchange values. The destabilizing cumulative work is associated to two main sources. More than half of the destabilizing work is induced by the motion of a point source of excitation in the pressure side, downstream of the shock-wave near the trailing edge. The vibration of this zone induces backward travelling pressure waves, which propagates upstream up to the shock-wave and induces an effect of acoustic blockage. The pressure waves are in phase with the shock-wave motion and increases this one. In opposition, the vibration of a restricted zone just upstream the previous point source has a phase shift of 180 • and induces stabilizing work in the same region.

Another zone plays an important contribution to the work exchange: at the suction side in the neighborhood of the interaction between the shock-wave and the flow separation. The excitation sources locate near and upstream the shock-wave induces a shock-wave motion and a destabilizing work exchange between the flow and the blade. The motion of a point in this zone excites the shock-wave itself with an increase of its motion and induces a high work exchange located on the shockwave position. In addition to this local excited zone the zone downstream the shock-wave produces an important amount of works. The shock-wave / boundary layer interaction is associated with this last excited zone. The separation bubble motion seems to be very sensitive to the motion of the shock-wave. The exciting sources locate downstream the shock-wave impact the same zones but with opposite work exchange direction due to the phase shift. Sources locate downstream the shock-wave have a smaller contribution than upstream sources because of the loss of energy of backward travelling pressure waves and because of smaller flow separation bubble motion.

In a near future this work should be completed by the sensibility analyzing of the excitation source locations and extracted work amplitude to turbulence modelling, the nodal diameter and the flutter frequency. The parametric study should contribute to helping the understanding of the different physical phenomenon present in the choke flutter in an UHBR fan.
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 2 Figure 2: Operating range of ECL5v1 -choked operating point in blue.

Figure 3 :

 3 Figure 3: Steady relative Mach number for choked flow.

Figure 4 :

 4 Figure 4: Sketch of the vibration of three adjacent blades at three different instants, airfoil colours show the different instants: -T/4,T,T/4. Vibration amplitude and interblade distant are modified for illustration purpose.

Figure 5 :

 5 Figure 5: Normalized work on the airfoil, sonic line is in black, (S) and (R) are respectively separation and reattachment points, selected zones are referred by A,B,C,D,E. Grey zone corresponds to values near zero

Figure 6 :

 6 Figure 6: Extracted work along blade chord products by the motion of a point (leading edge at X/C=0, pressure side: X/C<0, suction side: X/C>0). Moving point in A and B zone are in red and green respectively. Separation, reattachment, sonic line and shock-wave positions are represented by vertical lines noted S, R, M=1 and SW respectively.

Figure 7 :

 7 Figure 7: Pressure fluctuation modulus induce by the motion of the most destabilizing point in A-zone.

Figure 8 :

 8 Figure 8: Pressure fluctuation phase induces by the motion of a point in A-zone at left and B-zone at right. Grey zone corresponds to zero fluctuation magnitude.

5. 2

 2 Stability induced by downstream suction side zone vibrationOn the suction side, the vibration of the blade upstream of the separation point is destabilizing, whereas it's stabilizing downstream. As presented in fig.9, the work exchange along the chord is made in two main blade regions, the shock-wave itself and downstream of the shock-wave. In this figure only the work exchange induces by the vibration of a point is represented. The point is this one whose motion induces the most destabilizing work (C-zone) or the most stabilizing work (Dzone). For vibration of other points in their respective zones, the work exchange trend is maintained but amplitude decreases with the increase of the distance to the shock-wave (show in fig.5).

Figure 9 :

 9 Figure 9: Extracted work along blade chord products by the motion of a point (leading edge at X/C=0, pressure side: X/C<0, suction side: X/C>0). Moving point in C and D zone are in red and green respectively. Separation, reattachment, sonic line and shock-wave positions are represented by vertical lines noted S, R, M=1 and SW respectively.

Figure 10 :

 10 Figure 10: Pressure fluctuation phase induces by the motion of a point in C-zone at left and D-zone at right. Grey zone corresponds to zero fluctuation magnitude.

Figure 11 :

 11 Figure 11: Pressure fluctuation modulus induces by the motion of a point in C-zone at left and D-zone at right.

Table 1 :

 1 Selected region name, work (-:destabilizing, +:stabilizing), the work contribution induce by the segment motion in the destabilizing part of the work (or stabilizing case dependent) and the region length versus the airfoil length.

	Zone name	W /U	Contribution Length
	A	-6252	56 %	0.1 %
	B	+ 4606	44 %	4.2 %
	C	-1884	17 %	4 %
	D	+ 1646	16 %	2.2 %
	E	+ 1841	18 %	7.6 %
	Airfoil	-844		
	Sum W /U < 0 -11204		
	Sum W /U > 0 + 10360