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Acoustic Assessment of BLI Effects on Airbus Nautilius Engine Integration Concept -Part I: Noise Generation

This paper presents an acoustic evaluation, based on computational fluid dynamics (CFD) simulations, of the Airbus Nautilius engine integration concept applied to the Onera NOVA airplane. This innovative concept is characterized by the integration of two ultra high bypass ratio (UHBR) engines into the fuselage rear end so as to maximize the boundary layer ingestion (BLI). This concept is evaluated against a reference configuration with conventional podded engines. The study is made at take-off conditions representative of the sideline acoustic certification point and is limited to fan tonal noise which is expected to be the most affected contribution to aircraft noise by the BLI. The numerical methodology is based on two steps. First, steady simulations of the whole aircraft with body force modeling for the fan are performed in order to provide the flow characteristics at the inlet and outlet of the engine ducts. Then, unsteady simulations of the engines restricted to the in-duct domain are conducted using the preceding flow characteristics. All numerical simulations are performed with Onera's CFD solver elsA. Steady and unsteady aerodynamic results are evaluated with a focus on the main noise generation mechnisms. Acoustic power estimates are also provided by applying Goldtsein's analogy with the unsteady loadings on fan blades and stator vanes as source terms.

I. Introduction

In order to limit as much as possible the aviation's impact on the environment, the Advisory Council for Aviation Research and Innovation in Europe (ACARE) has set challenging goals in terms of pollutant emissions and noise reduction. In particular, reductions of 75% of CO 2 emissions, 90% of NO x emissions and 65% of noise are to be reached by 2050 [START_REF] Acare | Strategic Research and Innovation Agenda -Executive summary[END_REF]. To reach these ambitious objectives, it seems inevitable to switch from the classic tube-and-wing design that has been optimized over the last decades.

A propulsion system based on boundary layer ingestion (BLI) is one of the disruptive solutions that could help to fulfill the goals related to pollutant emissions. The principle consists in embedding the nacelle within the airframe and thus ingesting the fuselage boundary layer. This results in lower engine inlet and outlet velocities and improves the propulsive efficiency. To be the most efficient, the maximum part of fuselage boundary layer must be ingested while keeping the most uniform inflow in the engines (otherwise, the gains could be counterbalanced by a less efficient engine) [START_REF] Wiart | Exploration of the Airbus 'Nautilius' engine integration concept[END_REF].

Several BLI concepts exist and exhibit different power savings. For example, the MIT D8 concept is a large fuselage aircraft with two engines installed on the flat rear end surface that ingest the upper part of the fuselage boundary layer. The power saving is estimated to 9% when compared to a similar aircraft configuration with podded engines [START_REF] Pandya | Computational Assessment of the Boundary Layer Ingesting Nacelle Design of the D8 Aircraft[END_REF][START_REF] Menegozzo | Boundary Layer Ingestion Propulsion: A Review on Numerical Modeling[END_REF]. The Onera NOVA airplane is of similar size but the BLI is exploited by partially burying the two engines onto the fuselage sides. Comparison with the Onera NOVA airplane equipped with podded engines shows a power saving of 5% [START_REF] Wiart | Exploration of the Airbus 'Nautilius' engine integration concept[END_REF][START_REF] Menegozzo | Boundary Layer Ingestion Propulsion: A Review on Numerical Modeling[END_REF][START_REF] Godard | Fan Design Investigation on the Airbus Nautilius Engine Integration Concept[END_REF]. Both concepts permit only a part of the fuselage boundary layer to be ingested (around 30 to 40%) and makes the fan to operate in a highly distorted flow (because of the important asymetry of the integration).

This paper focuses on the innovative Airbus Nautilius engine integration concept illustrated in Fig. 1(b), with the two engines embedded at the rear end of the fuselage where the tail has been split into two parts that also act as engine hubs [START_REF] Rogero | Ensemble pour aéronef comprenant des moteurs à propulsion par ingestion de la couche limite[END_REF][START_REF] Negulescu | Assembly for aircraft comprising engines with boundary layer propulsion by injection[END_REF]. The idea of this propulsion system is to maximize the portion of ingested fuselage boundary layer while limiting the azimuthal flow distortion at fan face. Recent studies of this concept applied on Onera NOVA aircaft have shown a promising power saving estimate higher than 10% [START_REF] Wiart | Exploration of the Airbus 'Nautilius' engine integration concept[END_REF][START_REF] Godard | Fan Design Investigation on the Airbus Nautilius Engine Integration Concept[END_REF]. The objective of the present study is to provide first acoustic assessment of this configuration, by comparison with a reference one with podded engines. As the BLI is expected to mainly affect the fan tonal noise through the flow distortion, the study is limited to this contribution. The focus is put in this paper on noise generation mechanisms and noise source evaluation as the noise propagation is dealt with in a follow-up paper [START_REF] Lorteau | Acoustic Assessment of BLI Effects on Airbus Nautilius Engine Integration Concept -Part II: Noise Radiation[END_REF].

The paper is structured as follows. The configurations are presented in Sec. II and the numerical methodology is detailed in Sec. III. Aerodynamic and acoustic results are then provided in Secs. IV and V respectively. Finally, conclusions are given in Sec. VI.

II. Presentation of the Configuration

The Nautilius concept applied to the Onera NOVA airplane (called NOVA-Nautilius configuration) is evaluated against the reference NOVA airplane configuration with podded engines (called NOVA-SFN for side fuselage nacelle). Both configurations are shown in Fig. 1. Note that tail plane, rudder and high-lift design were not available for the Nautilius concept and thus they could not be included in the present study. The NOVA-Nautilius configuration considered in the present paper is derived from the one used in the studies that demonstrate the relevance of the concept [START_REF] Wiart | Exploration of the Airbus 'Nautilius' engine integration concept[END_REF][START_REF] Godard | Fan Design Investigation on the Airbus Nautilius Engine Integration Concept[END_REF] but slightly differs after several design improvements realized during the ADEC European project. These are mainly:

• the selection of the appropriate highlight section to remove flow separation occurring inside the nacelle,

• the reduction of high vorticity regions at the fan face produced by the shrinking section of the aft fuselage,

• and the modification of the fan nozzle exhaust area to reach a fan pressure ratio (FPR) closer to the one of the reference configuration. With this last design of the NOVA-Nautilius configuration, a promising power saving of about 11% has been reached. The acoustic study presented in this paper is done at take-off conditions representative of the sideline acoustic certification point (Mach number of 0.25 and angle of attack of 8 degrees). The comparison between the two configurations is performed at iso-rotational speed (around 115% of the nominal speed). 

III. Numerical Methodology

A. Generalities

The computational fluid dynamics (CFD) simulations are perfomed using Onera's CFD solver elsA which is based on a cell-centered finite volume approach on a structured multi-block grid [START_REF] Cambier | The Onera elsA CFD software: input from research and feedback from industry[END_REF]. To avoid the prohibitive cost of a unique unsteady simulation, a two-step strategy is adopted:

1) steady simulations of the whole aircraft with body-force modelling of the fan stage are first performed to provide the target engine operating point and the flow field at engine inlet plane, 2) unsteady simulations restricted to the in-duct part of the engine are then performed in order to provide the main acoustic sources. Details on both steps are given below.

B. Airplane Steady Simulations

The airplane simulations are performed by solving the steady Reynolds-averaged Navier-Stokes (RANS) equations using an implicit pseudo-time marching method with backward Euler scheme and a second-order Jameson scheme [START_REF] Jameson | Numerical solution of the Euler equations by finite volume methods using Runge Kutta time stepping schemes[END_REF] in space. The turbulence closure is dealt with the Spalart-Allmaras model [START_REF] Spalart | A one-equation turbulence model for aerodynamic flows[END_REF]. To manage the complexity of the configurations, the different parts of the aircraft (fuselage, wing, nacelle) are assembled together with a Cartesian grid using the chimera technique while the fan stage is modelled through a body-force approach [START_REF] Godard | Fan Design Investigation on the Airbus Nautilius Engine Integration Concept[END_REF][START_REF] Hall | Analysis of civil aircraft propulsors with boundary layer ingestion[END_REF]. Far-field boundary conditions are applied on all external boundaries.

Half-part of the domain is computed given the symmetry with respect to the vertical plane and comprises around 35 millions points. The simulations are run over 84 processors and last approximately ten hours.

C. Engine Unsteady Simulations

The engine simulations are performed by solving the unsteady RANS equations in the relative frame with classic 2nd order schemes in space (Roe with van Albada limiter [START_REF] Roe | Approximate Riemann solvers, parameter vectors, and difference schemes[END_REF]) and time (Gear), while the turbulence is modelled by the Wilcox k-ω two-equation model [START_REF] Wilcox | Reassessment of the Scale-Determining Equation for Advanced Turbulence Models[END_REF]. The full-annulus domains shown in Fig. 2 that account for the 18 fan blades and the 40 outlet guide vanes (OGVs) are simulated for both configurations and extend from the engine inlet plane to the engine exit plane. Note that for the Nautilius configuration, the inlet duct is made axisymmetric for simplification (while its original shape is not). The fluid fluxes are transferred between the rotating domain and the fixed one using a sliding no-match interface. A pressure condition that satisfies the radial equilibrium is used at the outlet and a valve law adjusts the value of pressure at a specified point during the iterations to be as close as possible to the targeted operating point. The distortion map extracted from the aircraft simulation is specified at the inlet in terms of total pressure, total enthalpy and flow direction. In order to be expressed in the rotating frame, this distortion map is rotated at each iteration in the opposite direction of the fan rotation (after being made axisymmetric for the Nautilius case). The inlet boundary condition is thus updated at each time step using the so-called trigger capacity of the elsA software.

The meshes are resolved at walls and are designed in order to propagate acoustic waves up to the three times the blade passing frequency (BPF). This leads to a mesh of 565 millions points for the SFN case and of 510 millions points for the Nautilius one (the small difference results from the longer duct in the first configuration). Close to the inlet and outlet planes, the cells are stretched to avoid numerical reflections at the boundaries. Finally, the time step is defined such that one blade passage is described by 200 iterations, which leads to a total number of 3600 iterations per rotation. The simulations are launched over 896 processors and one rotation is computed in about 125 hours. To get a convergence of the acoustic sources (unsteady loadings on fan blades and stator vanes), four rotations have been computed for the SFN case and three rotations were needed for the Nautilius one. 

D. Validation of the Chaining Methodology

To ensure the consistency of the proposed methodology, the time-averaged results of the engine uRANS simulations are compared with the ones of the aircraft RANS simulation inside the engine duct. It is especially important to get a reliable distortion map just upstream of the fan as this will be the cause of the penalty noise induced by BLI. In this purpose, the axial velocity results at duct inlet plane are given in Fig. 3 for both configurations. The results have been normalized by the averaged velocity at fan plane of each case. The agreement between both the RANS and uRANS distortion maps is very good for the SFN case. For the Nautilius configuration, minor differences are observed with higher velocities close to the fuselage (right side of the figure) in the uRANS solution, and may be attributed to the axisymmetric assumption. The same comparison made at fan plane for the Nautilius case given in Fig. 4 shows that this higher velocity pocket is attenuated in the duct and does not reach the fan. As a result, the distortion that interacts with the fan is very similar to the one predicted by the aircraft RANS simulation. 

IV. Aerodynamic Results

A. Qualitative Flow Visualization

The main flow patterns are first highlighted by qualitative flow visualization. Contour maps of normalized axial velocity extracted from the aircraft RANS simulations are given in Fig. 5 for both SFN and Nautilius cases in the vicinity of the engines. Along the vertical plane (top), the flow fields inside the engines look relatively similar between both configurations. In the horizontal plane however (bottom), the integration of the engines within the fuselage in the Nautilius concept introduces an important asymmetry about the engine axis close to the inlet. Inside the engine duct and relatively far from the inlet plane where the geometry almost match between the two configurations, the flow fields look again similar.

A visualization of the unsteady flow inside the engines is now provided in Fig. 6 in which instantaneous contour maps of normalized velocity magnitude are extracted from the uRANS simulations on a radial slice corresponding to 75% of fan blade height. Note that, for clarity, the slices are unwrapped with the x-axis corresponding to the circumferential position and the y-axis corresponding to the position along the engine axis (flow is going from bottom to top). The results show the acceleration of the flow past the fan blade and outlet guide vane suction sides. The fan blade wakes (and their interaction with the outlet guide vanes) and the outlet guide vane wakes are also highlighted. The velocity profiles along the fan blades depend on the circumferential position in the Nautilius case, which is an effect of important inflow distortion.

B. Engine Performance

The performances obtained from the uRANS simulations after valve law adjustment and convergence are summed up in Table 1. The mass flow rate of air, fan pressure ratio and isentropic efficiency are very similar for both configurations with differences lower than 1%. This is a result of the design of the current NOVA-Nautilius configuration where the nozzle area has been slightly extended in order to get a lower FPR (which is therefore closer to the one of the NOVA-SFN configuration). These close engine performance results make fair the acoustic comparison between both configurations.

C. Distortion Analysis

The distortion is expected to be the main cause of noise modification for BLI engines. Its interaction with the rotating fan indeed causes unsteady loadings on the blades that can contribute to the total tonal noise. It is therefore important to analyze the distortion in such engines. In this purpose, the time-averaged flow field is extracted from the uRANS solutions just upstream of the fan for both configurations. The results in terms of normalized axial velocity are given in Fig. 7. The distortion is severe for the Nautilius configuration, with a low velocity region towards the fuselage axis (fuselage tail) and a high velocity region in the opposite direction. This distortion is caused by both the incidence of the flow and the geometry itself (non axisymmetric duct and full integration within the fuselage). For the SFN configuration, the distortion mainly comes from the angle of attack of the flow despite some effects of the fuselage caused by its proximity. An angular Fourier transform has been performed from these maps to get the amplitude of the distortion harmonics k dist . The process is done at two selected radial stations corresponding to 50% and 75% of blade height. The results are shown in Fig. 8 and have been normalized by the averaged axial velocity value of the corresponding radial station (to highlight deviations from average). It is clearly observed that the harmonic levels are more intense with a broadened content for the Nautilus case. The most significant harmonic orders are within the range 1 ≤ k dist ≤ 5.

The distortion is further analyzed by evaluating its evolution along the inlet duct. This is done by computing at several axial positions x and radial locations r the circumferential distortion coefficient (CDC) based on axial velocity by:

CDC(x, r) = max(V x (x, r)) -min(V x (x, r)) mean(V x (x, r)) . (1) 
The results are given in Fig. 9 for three radii corresponding to 25%, 50% and 75% of blade height and for both configurations. The axial position is expressed in terms of the length of inlet duct of the SFN configuration L. These results again highlight the significantly higher levels in the Nautilius case at all positions. The distortion is not only higher at the duct inlet, but it is also less attenuated along the duct which is shorter than the SFN one. The shape of distortion is also modified with the Nautilius concept. While the distortion due to the angle of attack (SFN case) increases with the radius, the evolution is reversed in the Nautilius case with higher levels close to the hub. 

D. Fan-Blade Wake Analysis

An analysis of fan-blade wakes is now provided as it is the cause of one of the most important contribution of fan tonal noise when interacting with the OGVs. In this purpose, the time evolution of normalized axial velocity over one blade passage (BP) is shown in Fig. 10 for both configurations. For each configuration, six curves corresponding to six different circumferential positions are given for the three represented radial locations. These circumferential positions are spaced by π/3 which is exactly the space between three fan blades. As a result, in the SFN configuration where the distortion is negligible at this position, the wakes are superimposed for the six different azimuthal positions. On the contrary, for the Nautilius configuration, a difference of both amplitude and phase is observed between these positions. This is to be related to the distortion that modifies the fan-blade wakes through a modification of the flow incidence along the azimuthal direction. 

V. Acoustic Results

A. Methodology

The tone noise assessment presented here is restricted to the interaction noise contributions due to the following mechanisms:

1) inlet distorted flow interacting with the fan blades (fan sources), 2) fan blades interacting with the potential flow induced by the OGVs (fan sources), 3) and fan-blade wakes interacting with the stator vanes (OGV sources). Although shocks are present in this take-off configuration, the shock noise contribution is not considered in the present study which is based on a Ffowcs Williams and Hawkings (FWH) analogy and limited to the loading noise term. Calculations are performed using the in-house code FanNoise that solves the Goldstein's formulation (in-duct formulation of the FWH analogy) [START_REF] Goldstein | Aeroacoustics[END_REF]. The acoustic calculations then assume a fully annular duct and a uniform mean flow. Modal analysis is focused on rotor-locked modes (m = nB with m the azimuthal mode order, B the number of fan blades and n the considered BPF harmonic) which are cut-on or nearly cut-on at take-off regime, and giving rise to dominant fan tone noise (due to steady loadings contribution), as well as generalized interaction modes given by the well-known Tyler and Sofrin rule [START_REF] Tyler | Axial Flow Compressor Noise Studies[END_REF], and extended to distorted flow conditions [START_REF] Daroukh | Effect of Distortion on Turbofan Tonal Noise at Cutback with Hybrid Methods[END_REF][START_REF] Garrec | Tone Noise Predictions of a Full-Scale UHBR Engine at Approach Condition with Inflow Distortion Effects[END_REF] as:

m = nB ± kV ± k dist . (2) 
V is the number of stator vanes and k can be any integer. The standard Tyler and Sofrin modes (without distortion effects) are summed up in Table 2 for the first five BPFs. The bold values are indicating the cut-on modes m = nB, based on the average flow values extracted at fan plane. In the following acoustic analyses, the tone noise predictions will be split into fan and OGV sources, and by considering respectively intake (sources from fan only) and bypass (sources from OGV only) sound propagation. 

B. Blade/Vane Loading Analysis

In order to check and highlight the expected source mechanisms mentioned above, blade/vane loadings issued from uRANS solutions are discussed in this section. Wall-pressure harmonics obtained from a discrete Fourier transform of the pressure signal over one revolution are plotted in Fig. 11 for one rotor blade and in Figs. 12 and 13 for two different stator vanes. Note that all results have been normalized by the same arbitrary value to ease the comparison. It has first been checked that the results are identical for each blade, confirming the blade-to-blade periodicity. In Fig. 11, the intense pressure magnitude on low-order harmonics of rotational frequency (RF), mainly located in the leading edge region, are attributed to the dominant distortion harmonics shown in Fig. 8. The blade interaction with the OGV potential flow is revealed by the RF40 frequency, responsible for visible spots (with significant levels but much lower than the ones due to distortion) mostly located in the trailing edge region. In Figs. 12 and 13, the dominant harmonic levels are linked to the BPF harmonics, with decreasing level when increasing order, and are attributed to the fan wakes impingement on the vane, mostly in the leading edge region. Non-negligible deviations between the two selected vanes in the Nautilius configuration are traducing the asymmetry of the OGV sources caused by the distortion effects on blade wakes.

C. Angular Mode Spectra

Angular mode spectrum analysis is very useful to check the interaction mode rule given by Eq. 2, which gives the Tyler & Sofrin modes given in Table 2 when there is no distortion. For the fan sources (Fig. 14), only the rotor-locked modes m = nB generated by the steady loads emerge in the SFN configuration. As for the Nautilius case, the modes around these rotor-locked modes given by m = nB ± k dist are also highly dominant because of the distortion/fan interaction mechanism. The mode levels associated to the BPF1 are lower (about 10 dB below the higher tones) because the rotor-locked mode m = 18 is theoretically cut-off in the intake at BPF1 (see Table 2). One should note that the present cut-on/cut-off mode condition is very sensitive to the value of the tip Mach number and thus to the axial Mach number adopted in FanNoise, under the restrictive assumptions of annular duct and uniform mean flow. A similar analysis is performed for the OGV sources contribution in Fig. 15. Now, all the interaction modes have significant levels so that they are all visible when using the same level dynamic and they should all contribute to the sound radiation.

Only the standard Tyler and Sofrin modes m = nB ± kV are present in the SFN case, which is a consequence of the quasi-uniform flow. However, for the Nautilius configuration, it can be observed that the modes around them given by m = nB ± kV ± k dist also carry a lot of energy and therefore probably contribute to the total acoustic power. In particular at BPF1, the mode m = 17 is almost as energetic as the mode m = 18 (note that the mode m = 18 is cut-on at BPF1 in the bypass duct).

D. Power Level Spectra

Finally, the power level (PWL) spectra provided by FanNoise are plotted in Fig. 16, focusing on the fan contribution in the intake (left) and the OGV contribution in the bypass duct (right). It can be observed that the overall power level (OAPWL) from the rotor is higher than the one from the OGV in the two configurations. This is due to the steady loadings for both cases and to the distortion-rotor interaction mechanism in the Nautilius concept. At BPF1 where the rotor-locked mode is cut-off in the inlet, the acoustic penalty of the Nautilius concept is high due to the contribution of distortion-rotor interaction modes. For higher BPFs, this penalty is not very clear as the rotor-locked modes from fan sources are more pronounced in the SFN configuration (see Fig. 14). It therefore seems that the energy of the distortion-rotor interaction modes is somehow extracted from the rotor-locked modes for the Nautilius concept. As a result, the penalty of the Nautilius integration on the OAPWL when restricted to fan sources is only of 0.2 dB. Regarding OGV sources, the levels are higher in the Nautilius case except at BPF1. When integrating all frequencies, an acoustic penalty of 2.2 dB is obtained when restricting to OGV sources. It should be kept in mind that these penalties result from the application of Goldstein's analogy which assumes an infinite and constant annular duct and a uniform flow. Duct geometry variations and flow three-dimensional effects are therefore discarded in this noise generation analysis. Those aspects could alter the previous conclusions and they are more specifically adressed in a follow-up paper [START_REF] Lorteau | Acoustic Assessment of BLI Effects on Airbus Nautilius Engine Integration Concept -Part II: Noise Radiation[END_REF].

VI. Conclusion

A first analysis of the noise induced by the Nautilius engine integration has been provided in this paper. The study is limited to fan tonal noise because it is expected to be the most affected contribution to the aircraft noise. Take-off conditions representative of the sideline acoustic certification point are considered. The acoustic results are evaluated by comparison with a reference NOVA aircraft with podded engines. The numerical methodology is based on two steps. First, RANS simulations of the whole aircraft are performed using the elsA solver with body force and chimera techniques. Then, uRANS simulations of the engine, limited to the in-duct domain, are realized by imposing a distortion map (extracted from the preceding simulation) as the inlet boundary condition. Finally, a first acoustic evaluation is done using Goldstein's analogy and the sources of the uRANS simulations.

As expected, the distortion present in the Nautilius configuration is significantly more severe than in the SFN case because of important installation effects and a reduced length of fully-closed inlet duct. The distortion is responsible for acoustic sources on fan blades, essentially located close to the leading edge. This interaction is much stronger than the one with the potential effect with the OGVs. An effect of the distortion on the fan-blade wakes has also been highlighted in the Nautilius case. As a result, a vane-to-vane acoustic source deviation is observed.

The noise estimates based on Goldstein's analogy using rotor and stator loadings give an OAPWL emitted from the rotor about 10 dB higher than the one from the OGVs. This is caused by both the rotor-locked modes generated by the steady loads of fan blades and the neighboring modes generated by distortion-rotor interaction (especially in the Nautilius case for the latter mechanism). These modes are indeed cut-on or nearly cut-on at take-off conditions. The acoustic penalties induced by distortion are then strongly related to the energy distribution between these modes. In the present study, a penalty of only 0.2 dB is obtained in the Nautilius case. This is due to weaker rotor-locked modes (steady loading noise) that counterbalance the much stronger distortion-interaction modes. As Goldstein's analogy assumes an infinite and constant annular duct and a uniform flow, it should however be stressed that this estimate only focuses on the generation of acoustic sources. The propagation effects in the varying duct geometry and heterogeneous flow and the installation effects are specifically adressed in a follow-up paper to complete this first acoustic assessment of the Nautilius engine integration concept.
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 7 Fig. 7 Distortion maps of normalized axial velocity at fan plane location (time-averaged uRANS solution).
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 9 Fig. 9 Evolution of the CDC based on axial velocity along the inlet duct.
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 10 Fig. 10 Time evolution of fan-blade wakes extracted just upstream of the OGVs.
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 11 Fig. 11 Normalized wall-pressure amplitude on one rotor blade at (from left to right) RF1, RF2 and RF40: suction side (top) and pressure side (bottom).
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 12 Fig. 12 Normalized wall-pressure amplitude on the stator vane #1 at (from left to right) BPF1, BPF2 and BPF3: suction side (top) and pressure side (bottom).
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 13 Fig. 13 Normalized wall-pressure amplitude on the stator vane #15 at (from left to right) BPF1, BPF2 and BPF3: suction side (top) and pressure side (bottom).
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 14 Fig. 14 Angular mode spectra at the outer wall of the intake due to the fan sources.
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 15 Fig. 15 Angular mode spectra at the outer wall of the bypass duct due to the OGV sources.
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 16 Fig. 16 PWL spectra in the intake (fan contribution) and in the bypass duct (OGV contribution).

Table 1 Engine performance obtained from the uRANS simulations (with respect to the NOVA-SFN configu- ration).

 1 

		SFN Nautilius
	Mass flow rate	-	-0.2 %
	Total pressure ratio	-	+0.6 %
	Isentropic efficiency	-	-0.2 %

Table 2 Expected Tyler and Sofrin modes for NOVA and NAUTILIUS cases at take-off conditions.

 2 

		BPF1 BPF2	BPF3	BPF4	BPF5
	Fan	-	36, -4 54, 14, -26 72, 32, -8, -48 90, 50, 10, -30, -70
	OGV	18	36, -4 54, 14, -26 72, 32, -8, -48 90, 50, 10, -30, -70
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