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Introduction

The larger size of modern aircraft engines with high bypass ratio leads to increasing difficulties regarding engine integration under the wing. On the aerodynamic side the features of the transonic flow on the whole wing are modified by the propulsion system, causing drag penalties, and on the structure side the large forces to sustain lead to heavy mechanical parts [START_REF] Bècle | Powerplant Integration for Transport Aircraft at Cruise Conditions, French experience, International Forum on Turbine Powered Simulations[END_REF] [START_REF] Garcia | Intégration des systèmes propulsifs, choix et compromis, colloque AAAF Aéropropulsion 1990[END_REF]. Without a careful design, these drag penalties arising from aerodynamic interference may increase prohibitively. From experience, the consequences of drag and mass penalties on the aircraft operating costs are of the same order of magnitude. An efficient design must therefore take both of them into account and sometimes compromise between them.

This paper presents an application of a hierarchical optimisation approach for engine pylon design. The work presented was carried out within the European project VIVACE. The first part describes the surrogate-based strategy followed; the two next parts respectively presents structure and aerodynamic design work leading to the surrogate models and finally, the last section details the multidisciplinary optimisation performed, based on these surrogate models.

Objective & strategy

The objective pursued in this work is to minimize the aircraft operating costs. Compared to a baseline configuration, the cost increase J is a function of the mass increment of the primary structure of one pylon J struct and the drag increment J aero at cruise conditions. A first order approximation of this dependency leads to the formulation J=J aero +4.J struct /k where J is expressed in terms of drag units. k is an exchange rate between mass and drag (mass unit per drag unit) and the factor 4 is the number of engines and hence of pylons. k depends upon the mission of the aircraft and is determined at an earlier stage of the design. However, as will be seen in the following, the effect of varying this coefficient can be readily observed at the end of the optimisation process. Finally the problem can be formulated as: minimize J, by varying the powerplant installation.

The design of an aircraft component usually involves numerous loops between several levels of details. The higher level of design describes the general arrangement of the aircraft with a limited number of parameters, whereas the lower levels deals with increasingly detailed parameters, down to the design of each single part. The detailed design are performed on request of the higher levels and feed them back with assessment of achievable performance. This way to proceed offers the advantage that, apart from outer loops, specialised people and tools dealing with only one discipline and one component can be efficiently involved in the design.

The principle of the multi-disciplinary optimisation performed in this paper formalises this procedure. It mainly relies on the identification of parameters having a coupling role between disciplines. Those are addressed at the higher 42 ème colloque d'Aérodynamique Appliquée AAAF 19-21 mars 2007, Sophia-Antipolis level. Other parameters are specific to each discipline and are addressed at the lower level. This lower level is then made up of uncoupled optimisation problems.

In this paper, a two-level, two-discipline problem is reported. The higher level comprises three parameters which are known to have a large impact both on weight and drag. (see Figure 1): • X is the variation of longitudinal position of the engine;

• Z is the variation of vertical position of the engine;

• W it the variation of pylon width. Variation means difference with respect to a baseline shape, and in the following, these parameters are presented adimentioned by the wing local chord C.

Figure 1: General arrangement of powerplant and high-level design variables

The lower level deals on the one hand with detailed sizing of the pylon structure, and on the other hand with the shape of the aerodynamic fairings. The detailed sizing of the pylon structure does not modify the external shape of the pylon and therefore has no influence on the aerodynamic performance. Reciprocally, the shape of the fairings around the pylon does not modify its primary structure, provided enough inner room is preserved. 
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Configuration 1 During the design process at higher level, one cannot afford to call for a detailed aerodynamic and structure design for each new pylon configuration. Therefore, the performance assessment at the lower levels of design is replaced by surrogate models. The surrogate models for structure and aerodynamic are built thanks to the procedure described in Figure 2. A set of n individuals (each of it called a configuration in the following) is sampled in the high-level design space. The baseline (corresponding to X=0, Z=0, W=0) is called configuration 0. Each of these configurations is examined at the lower level, that is to say an optimisation is performed on the low-level objective by varying low-level parameters. Therefore, the best performance of each configuration sampled is derived. A Kriging method [START_REF] Jones | Efficient Global Optimisation of Expensive Black-Box Functions[END_REF] is then used to interpolate the data in the whole high-level design space. The sample dataset fills the domain with more than three points per dimension to ensure a good balancing between interpolator precision and computational effort. This procedure was applied independently for structure and for aerodynamics, with independent samples.
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Structure optimisations & response surface

The optimisations of the pylon structure were performed at AIRBUS France and are reported here for the sake of coherency but with only few details.

The structure objective function J struct is the increment of mass of the primary structure of one engine pylon. The constraints are the maximum stress values in the panels and spars. 45 load cases are analysed, among them 30 are fatigue cases and 15 are fan blade off cases which drive the limit static loads to sustain. In addition, some manufacturing constraints are imposed.

For each of the 10 high-level configurations sampled, a finite-element model is automatically built. The 27 lowerlevel design variables are thicknesses of the pylon spars and panels in several areas. A gradient algorithm using finite difference gradient was used, starting from arbitrary thicknesses. Mass is determined from simple geometrical computations, and the stresses for each load case are computed by solving the static linear equation.

The results are presented in Table 1 and the response surface derived thanks to Kriging method is presented in Figure 3. Mass increments are adimentioned by the mass of the baseline pylon M 0 . The response surface exhibits monotonic variations with respect to the three high-level parameters. For this reason, a quadratic response surface gives nearly the same surrogate model for this sample.

The tendencies and values observed are in agreement with experience, i.e. the pylon gets heavier when:

• its length is increased (X>0); • its height is increased (Z<0); • its width is decreased (W<0).
The first two points arises from geometrical considerations and from the increased lever arm of the fan-blade-off forces. The last point is related to the reduced moment of inertia of a thinner frame which obliges to thicken its components to sustain the same forces.

Aerodynamic optimisations & response surface

The surrogate model for aerodynamics is built thanks to the optimisation of 9 configurations sampled in the high-level design space. They were chosen in the same parameter range as the one used to build the structure surrogate model i.e. ±0.024.C. This value may be enlightened by looking at the Figure 4 which gives an order of magnitude of the range explored compared to historical data reported in [START_REF] Chen | PAN AIR Applications to Aero-Propulsion Integration[END_REF]. Authors of [START_REF] Garcia | Intégration des systèmes propulsifs, choix et compromis, colloque AAAF Aéropropulsion 1990[END_REF], [START_REF] Godard | Investigation of Interference Effects for Different Engine Position on a Transport Aircraft Configuration[END_REF] and [START_REF] Hackett | Aerodynamic design optimisation applied to civil transports with underwing mounted engines, 21 st ICAS congress[END_REF] also report assessment of several engine positions, along with drag measurements, but for long nacelles which may not be directly applicable to our case. For each configuration, an initial external shape of the pylon is built by the CAD tool. Although this initial shape is not optimal, a first response surface can be built by deriving the drag of these non-optimised configurations at same lift. The shape is then improved thanks to the optimisation process described in this section. The best achievable drag is then known at the sample points and interpolated to build the optimised aerodynamic response surface.

Flow computations

The aircraft is examined at cruise conditions, with an upstream Mach number of 0.85 and a Reynolds number of 20 millions based on mean aerodynamic chord. The flow in each engine is simulated thanks to appropriate boundary conditions on the entry and exit planes. Those boundary conditions were recently made compatible with the adjoint solver described in the next section. Complex transonic flow and a large contribution expected from viscous pressure drag advocate for a Reynolds-Averaged Navier-Stokes physical modelling [START_REF] Viala | Recent Achievements on Navier-Stokes Methods for Engine Integration[END_REF]. However, to curb the large computational time implied, the boundary layer is modelled only on the wing and on the outboard pylon. For the same reason, the original mesh was coarsened by one point out of two in all directions. Final mesh size reaches around 1.5 millions nodes in 136 structured blocks (Figure 5). The use of mesh smoothing improved convergence history and computation quality. The mesh remains however very coarse according to the case complexity, due to the constraint on computational time for optimisation purpose. This hinders absolute precision, but is expected to enable relative improvement from one geometry to another [START_REF] Destarac | Applications de l'optimisation numérique à l'aérodynamique des avions de transport[END_REF].

The elsA software [START_REF] Cambier | elsA: An Efficient Object-Oriented Solution to CFD Complexity[END_REF] is used to perform the computations, using a Roe upwind scheme with a Harten entropic correction. It is extended to second order accuracy with MUSCL method using van Albada limiter. Implicit LU-SSOR method and backward Euler scheme are used during the resolution. A two-level mutltigrid method is also used and a converged solution is obtained in 500 cycles, with L 2averaged residuals loosing about 2.5 orders of magnitude and forces coefficients well stabilised.

To build the surrogate model and during the optimisation, the drag is computed according to the so called near-field method i.e. by surface integration over the wetted skin of the aircraft. Alternative far-field method [START_REF] Van Der Vooren | Drag / Thrust Analysis of Jet-Propelled Transonic Transport Aircraft: Definition of Physical Drag Components[END_REF] is used a posteriori to check the results.

Non-optimised aerodynamic response surface

A flow computation is performed on each configuration to derive their initial drag. The angle of attack of each configuration is adjusted to match the lift of configuration 0. In Table 2 the drag of each configuration is compared to the drag of configuration 0. From this first dataset, a nonoptimised response surface can be built and is presented in Figure 6.

The drag mainly tends to be lowered: • with engine longitudinally farther from the wing (X>0); • with wider pylon (W>0); • to a smaller extent, with engine vertically farther from the wing (Z<0). The first point is in agreement with designer's experience and with previous publication [START_REF] Garcia | Intégration des systèmes propulsifs, choix et compromis, colloque AAAF Aéropropulsion 1990[END_REF] [10] [START_REF] Hackett | Aerodynamic design optimisation applied to civil transports with underwing mounted engines, 21 st ICAS congress[END_REF]. The sensitivity with respect to the Z parameter is lower, which is also in agreement with previous work. These tendencies are also in line with Figure 4. On the opposite, the sensitivity with respect to W is an unexplained tendency. One should however note that widening the pylon increases the velocity peak on its inboard part. Even if this may be beneficial from the drag point of view as far as the local Mach number does not greatly exceed one, it poses a potential problem for other Questions arise from this dataset concerning friction drag, which is always greater than configuration 0. This parameter is highly dependent upon local mesh refinement which may slightly differ from one mesh to another in spite of precautions taken. It is also possible to note the differences in spurious drag [START_REF] Van Der Vooren | Drag / Thrust Analysis of Jet-Propelled Transonic Transport Aircraft: Definition of Physical Drag Components[END_REF] from one configuration to another, explaining why near-field and far-field drags differ even though they always show the same tendency.

Objective & constraints

The objective of the shape optimisation is to minimize drag at fixed lift. However, considering the shape alteration performed, only small variations of lift are expected during optimisation, allowing to extrapolate the drag at iso-lift from the drag at iso-AoA. This allows to run a non-constrained optimisation problem.

It is considered that changes in friction drag are insignificant. Predicted change in friction drag should therefore be ignored to avoid unnecessary numerical noise in the optimizer. Lift due to friction is always neglectable and therefore only pressure forces are to consider. The objective function then writes as:
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where α is the vector of design variables. One should note that the first order extrapolation of drag translates into a penalty term in the objective. The penalty coefficient L D dC dC is the local slope of the polar curve, and is assessed thanks to finite difference. Its value is regarded as constant during the optimisation and assessed for α=0. The same value is used for all configurations. No constraint is imposed during the optimisation. Design variables are bounded both to maintain minimum pylon width and to ensure that the quality of the mesh remains sufficient to be computed.

Parameterisation

The parameterisation chosen attempts to take into account available information [START_REF] Chandrasekaran | Computation and Comparison of the Installation Effects of Compression Pylons for a High Wing Transport[END_REF] [8] [START_REF] Hackett | Aerodynamic design optimisation applied to civil transports with underwing mounted engines, 21 st ICAS congress[END_REF] [16] and in-house experience [START_REF] Destarac | Applications de l'optimisation numérique à l'aérodynamique des avions de transport[END_REF] [9] [START_REF] Godard | Investigation of Interference Effects for Different Engine Position on a Transport Aircraft Configuration[END_REF]. Authors of [START_REF] Chandrasekaran | Computation and Comparison of the Installation Effects of Compression Pylons for a High Wing Transport[END_REF], [START_REF] Destarac | Applications de l'optimisation numérique à l'aérodynamique des avions de transport[END_REF], [START_REF] Naik | Experimental Study of Pylon Geometries for Transport Aircraft[END_REF] and [START_REF] Naik | Innovative Pylon Concept for Engine-Airframe Integration for Transonic Transport[END_REF] computed and tested pylons mainly aiming at reducing the shock wave and adverse pressure gradient occurring on the inboard side of the wing-pylon junction. In [START_REF] Naik | Experimental Study of Pylon Geometries for Transport Aircraft[END_REF] they experimentally showed the flow separation taking place on ill-designed pylons and its consequence in terms of drag. In [START_REF] Hackett | Aerodynamic design optimisation applied to civil transports with underwing mounted engines, 21 st ICAS congress[END_REF], a constrained aerodynamic optimisation of the engine integration by means of wing and pylon modifications is presented. It demonstrated that wing and pylon improvements are nearly additive, the effect of wing improvement being about 10 times larger. Other examples of optimisations of engine integration are presented in [START_REF] Destarac | Applications de l'optimisation numérique à l'aérodynamique des avions de transport[END_REF], whose authors concluded that modifications of the pylon side should not be limited to the region close to the wing to be more efficient. The shape of the pylon leading edge and 'béret basque' is addressed by authors of [START_REF] Garcia | Intégration des systèmes propulsifs, choix et compromis, colloque AAAF Aéropropulsion 1990[END_REF] and [START_REF] Hackett | Aerodynamic design optimisation applied to civil transports with underwing mounted engines, 21 st ICAS congress[END_REF] and is shown to have significant effect on drag.

The parameterisation selected comprises 19 parameters controlling 17 bumps spread on the pylon in several areas: lower leading edge, upper leading edge, 'béret basque', wingpylon inboard intersection, pylon inboard side and wingpylon outboard intersection. The shape of the wing remains unchanged. The bumps are applied along surface mesh lines. They are given the shape of Hicks-Henne bumps [START_REF] Hicks | Wing Design by Numerical Optimisation[END_REF] in the direction of the flow, whereas in the transverse direction a cubic spline interpolation is used.

Adjoint computations: convergence and accuracy

The selected method of optimisation requires the knowledge of gradient of the objective function J aero with respect to each design variable. Assessment of this gradient by finite differences method would have implied to run a number of computations proportional to the number of design parameters, which would have been unaffordable. Instead, an alternative method based on the adjoint state and developed in the last decade [START_REF] Jameson | Aerodynamic Design Via Control Theory[END_REF] [20] was used. This method was added to the elsA software [START_REF] Peter | Contribution to Discrete Implicit Gradient and Discrete Adjoint Method for Aerodynamic Shape Optimisation[END_REF] [19] and used with success at ONERA [START_REF] Carrier | Single and Multi-point Aerodynamic Optimizations of a Supersonic Transport Aircraft Wing using Optimization Strategies Involving Adjoint Method and Genetic Algorithm[END_REF] [4] and AIRBUS France [START_REF] Meaux | Viscous Aerodynamic Shape Optimization Based on the Discrete Adjoint State for 3D Industrial Configurations[END_REF] [21] on inviscid and viscous flow cases. However, applications on large 3D RANS computations still require additional validation, with concerns about proper convergence of adjoint iterative computation raised during past months. That is the reason why investigations on the gradient assessment by adjoint method had to be performed beforehand and are presented in this section.

The discrete adjoint state equation is solved by an iterative method associating the inversion of a matrix approximating the Jacobian by LU method with relaxation sweeps and a Newton method. It was shown to exhibit a diverging trend on several computations. Developments at ONERA and AIRBUS France lead to the introduction of artificial dissipation controlled by two coefficients k 2 and k 4 and a pseudo-time term controlled through a CFL number [START_REF] Peter | Discrete Adjoint Techniques in elsA (part 1): Method/Theory[END_REF]. Results presented in Table 3 show that these developments were sufficient to deal with the present case. They also demonstrated that, provided a proper value for the CFL number is chosen, introducing even a small amount of artificial dissipation allows to avoid diverging behaviour. As expected, the convergence rate increases with CFL number. However, too large values for artificial dissipation, as well as too high CFL number trigger immediate divergence. The best values of the numerical parameters so as to speed up convergence while keeping it robust were identified as k 2 =0.005 and k 4 =0.001 and CFL=20. Beside the convergence of the adjoint equation, it is also interesting to get insight in the convergence of the gradient itself, assembled at different stage of the convergence history of the adjoint state. Results on this topic are presented in Figure 7. From this figure, it can be seen that the computed gradient converges rapidly. 200 Newton steps deliver a good approximation and 500 are sufficient to reach convergence considering the level of accuracy we seek for, even though L 2 -averaged residuals on adjoint state have lost only one order of magnitude.

To qualify the accuracy of the gradient predicted by adjoint method, it was compared with a gradient obtained with finite difference on six design parameters controlling height of six Hicks-Henne bumps. Second order finite differences were derived with a step of 5 mm on each selected variable. Steps from 0.001 to 50 mm were investigated, which demonstrated it difficult to derive an assessment of the gradient independent from the finite difference step. Results of the comparison for pressure drag are shown in Figure 7. The agreement is moderately accurate for the dominating components, with relative error in the range 5-30%. Smaller components of the gradient exhibit larger relative error.

Considering the uncertainties on finite difference values themselves, this accuracy was considered sufficient for our purpose, and the optimisations relied on gradients computed with adjoint method with the above described settings. 

Optimisation algorithm and results

The gradient algorithm used for aerodynamic optimisations is the BFGS quasi-Newton algorithm. The history and the result of the optimisation of the configuration 0 was analysed in more details and are presented in the following.

The convergence of the optimisation was satisfactory with most of the drag gain achieved within two optimisation iterations, as shown in Figure 8. • the front part of outboard intersection which radius of curvature was increased. The two last points lead to a change of curvature of the front part of the pylon. The surface pressure field was noticeably modified only at local scale. On the pylon inboard side, the velocity peak downstream of the 'béret basque' is higher and followed by a steeper recompression, as shown in Figure 9. As previously mentioned, this may pose a problem regarding buffet onset at other flight conditions. On the outboard side, the velocity field is smoother, close to a constant pressure between 5% and 50% chord. A volume analysis of drag production was performed, allowing to breakdown between several physical and nonphysical contributions, and to identify the area of production [START_REF] Van Der Vooren | Drag / Thrust Analysis of Jet-Propelled Transonic Transport Aircraft: Definition of Physical Drag Components[END_REF]. Wave drag was slightly brought down on 60% of the wing span, including on the inboard part. The effect of the optimisation on viscous pressure drag is limited to the pylon boundary layer. The pylon shape also locally impacts the distribution of transverse kinetic energy in the aircraft wake and therefore the induced drag. The Table 4 presents the differences in aerodynamic coefficients between optimised and baseline configurations.

It can be observed that the drag gains are not obtained on the pylon itself, which produces actually more drag, but rather on the wing and nacelle contribution. This may be interpreted as wave drag and engine through flow gains. In the same time, induced drag has risen. The overall improvement observed on pressure drag is confirmed by this a posteriori volume analysis. Nevertheless, an unexpected variation of spurious drag strongly hinders the accuracy of the performed optimisation. The coarse mesh used accounts for this phenomenon.

Optimised aerodynamic response surface

The aerodynamic response surface is derived thanks to the optimised data yielding results presented in Figure 10. The main tendencies observed in section 4.2 on the nonoptimised response surface are still valid. This means that modifying the shape of the pylon can alleviate the drawbacks of an ill-positioned engine, but does not cancel them. The sensitivity of drag with respect to the Z variable is decreased and even inverted close to the optimum predicted at X/C=0.011, Z/C=0.024, W/C=0.024. This rather weak sensitivity was already observed in [START_REF] Garcia | Intégration des systèmes propulsifs, choix et compromis, colloque AAAF Aéropropulsion 1990[END_REF] and [START_REF] Godard | Investigation of Interference Effects for Different Engine Position on a Transport Aircraft Configuration[END_REF].

Global response surface and optimum

Gathering information from the structure and aerodynamic surrogate models thanks to the exchange rate k allows to derive the response surface for the multidisciplinary problem displayed in Figure 11. At this stage, it is easy to make k vary and to observe its effect on the final result, for example to derive a Pareto front.

Considering the limited number of high-level parameters and the negligible computation time of the surrogate model, the optimum is easily and rapidly found by any algorithm or even by systematic exploration of the design space, such as used to plot the Figure 11. The multi-disciplinary optimum is predicted at X/C=0.011, Z/C=0.024, W/C=0.024. At this point, a gain on J of -1.37 d.c. compared to the baseline configuration is predicted. In the present case, the problem is mainly driven by aerodynamic. Moreover, both disciplines exhibits negative sensitivities with respect to W and Z, which prevents a compromise to be found in the searched area of the design space and thus causes the optimum to be located on the border. Finally, the Kriging predicted standard error [START_REF] Jones | Efficient Global Optimisation of Expensive Black-Box Functions[END_REF] of J is plotted in Figure 12. As Kriging linearly interpolates sample data, its uncertainty is null at sample locations and grows with distance from samples. It can be noticed that the position of expected optimum exhibits large uncertainties (around 0.2), which is detrimental to the accuracy. Based on this information, it would be desirable to improve the surrogate model by sampling a couple of other configurations in this area and even outside the initial box. 

Conclusions & perspectives

Structure and aerodynamic optimisations were performed to address the multi-disciplinary problem of powerplant integration. Coupling parameters were identified and surrogate models for each discipline were derived with respect to these parameters thanks to the Kriging method.

This strategy does not require exchange of information between each discipline during the lower level optimisations, enabling an autonomous work in each discipline and the independent use of high fidelity tools. However, it is limited to applications where the different disciplines are coupled through a limited number of parameters to enable the construction of consistent surrogate models with an acceptable number of samples. For such cases, a valuable knowledge of the whole design space may be derived, and the trade-off between disciplines can be chosen a posteriori. The final optimisation can be performed very easily from these surrogate models.

The aerodynamic optimisations called upon the adjoint method, demonstrating it is now mature enough to be applied to complex 3D turbulent cases encountered in industrial design. It has required complementary validations of this new technique including careful verifications of adjoint-based gradient accuracy.

The Kriging method showed promising results even though full benefit was not taken from this surrogate techinque. For future use of this method, it is recommended to build a first response surface with few samples, and then refine it by adding sample points at locations of low confidence and probable minimum. This requires a flexible and short-time response tool to sample an additional point and would benefit from an automated process.
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 2 Figure 2: Building of surrogate model
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 4 Figure4: Empirical limit for position of engine under wing, after[START_REF] Chen | PAN AIR Applications to Aero-Propulsion Integration[END_REF] 
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 5 Figure 5: Aerodynamic mesh of the configuration with close up view of the pylon to optimise

  42 ème colloque d'Aérodynamique Appliquée AAAF 19-21 mars 2007, Sophia-Antipolis flight points at lower lift and larger Mach number. A strong shock wave may indeed occur in this area, causing the boundary layer to separate and a buffeting phenomenon to take place. This limitation was not addressed during the study.
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 6 Figure 6: Non-optimized aerodynamic response surface displaying iso-surfaces of drag increment with respect to configuration 0 (in d.c.)
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 3 Convergence of adjoint computations -DVI: immediate divergence, DV: delayed divergence, CV: convergence, the figure indicates the rate of decrease of Log(L 2 -residuals) per 1,000 Newton iterations
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 7 Figure 7: Convergence and accuracy of gradient of pressure drag computed by adjoint method
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 8 Figure 8: Convergence of aerodynamic optimisation of configuration 0 After 8 iterations the objective function levels off, with little further evolution during the next 11 iterations. In more details, the first 2 iterations bring 8 design variables to their bounds. During the rest of the optimisation process, 3 more variables reach their bounds, and an optimum is found on the remaining 8 parameters. The pressure drag was decreased by 0.60 d.c., the lift by 0.8 10 -4 yielding a decrease of 0.56 equivalent d.c. for the objective function. Total CPU time dedicated to flow and adjoint computations was equal to 116 hours on one processor of NEC SX-8.For this case, the most influential areas of the pylon are: • the leading edge fairing that was shrunk; • the inboard intersection that was reshaped;
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 9 Figure 9: Pressure distribution along the wing-pylon intersection of configuration 0
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 10 Figure 10: Optimised aerodynamic response surface displaying isosurfaces of drag increment with respect to configuration 0 optimised (in d.c.)
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 11 Figure 11: Multi-disciplinary optimised response surface displaying iso-surface of J (in d.c.)

Figure 12 :

 12 Figure 12: Iso-surface of standard error of optimised response surface (in d.c.)

Table 1 : Structure optimised results -mass increments with respect to configuration 0 Figure

 1 

	X/C	Z/C	W/C	optimised J struct /M 0
	+0.024	0	0	+0.0399
	+0.024	+0.024	0	-0.0133
	0	0	+0.024	-0.0565
	-0.024	0	0	-0.0632
	0	-0.024	0	+0.0155
	0	0	-0.024	+0.0809
	+0.024	-0.024	0	+0.0676
	+0.024	0	-0.024	+0.1485
	0	+0.024	-0.024	+0.0721

3: Optimised structure response surface displaying isosurfaces of mass increments 42 ème colloque d'Aérodynamique Appliquée AAAF 19-21 mars 2007, Sophia-Antipolis

Table 2 :

 2 

Non-optimised aerodynamic results -drag increments with respect to configuration 0 Definition of drag coefficients available in

[START_REF] Van Der Vooren | Drag / Thrust Analysis of Jet-Propelled Transonic Transport Aircraft: Definition of Physical Drag Components[END_REF] 

Table 4 :

 4 Performance variation after optimisation of configuration 0

Table 5 :

 5 Optimised aerodynamic results -drag increments with respect to configuration 0 optimised

	42 ème colloque d'Aérodynamique Appliquée AAAF
	19-21 mars 2007, Sophia-Antipolis

Acknowledgements

The authors would like to thank the European Commission for funding this research work within the VIVACE integrated project. The fruitful collaboration with AIRBUS France is also acknowledged.