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Abstract

The Collaborative Research Center 880 is investigating different technologies and configurative variants for the purpose of
short take-off and landing (STOL) capabilities, ranging from high-lift systems with Coanda flaps to unusual but potentially
more efficient engine arrangements. The present study focuses on the reference configuration 3 (REF3). This configuration
is characterized by an UHBR over-the-wing nacelle (OWN) located above the wing trailing edge. Starting from the wing/
body configuration the installation effects of the OWN were investigated. A fully automatized surrogate based optimization
was used to evaluate the impact of an engine position variation in vertical and horizontal direction to observe fundamental
aerodynamic interactions between wing and OWN in cruise flight conditions. Due to the presence of OWN and pylon, a
distinct disturbance on the wing upper surface could be observed leading to significant interference effects. Nevertheless,
the overall cruise drag of REF3 could be improved by 37 drag counts or nearly 11% due to the position optimization.

Keywords UHBR - CFD - OWN - Optimization - Cruise

List of symbols 1 Introduction

AoA Angle of attack
c Mean aerodynamic chord A number of ambitious goals of the European aeronauti-
Cy Friction coefficient cal industry and research organizations were defined by the
Cp Pressure coefficient Flightpath 2050 vision [1] in 2011. The stated challenges
C. Lift coefficient range from significant fuel burn reductions over further
Cp Drag coefficient improvements in air safety to strengthening of the Euro-
dcts. Drag counts (1 dct.=0.0001) pean aeronautical industry and research. To address some
h/c Rel. vertical distance of the future challenges, a collaboration between the Tech-
lcts. Lift counts (1 1ct.=0.01) nical University of Braunschweig, the Leibnitz University
M Mach number of Hannover and the German Aerospace Center (DLR) has
OWN  Over-the-wing nacelle been established to form the Collaborative Research Center
POT Powerful Optimization Tool (CRC) 880. It focuses on multi-disciplinary investigations
Re Reynolds number of innovative technologies by involving different disciplines
S Wing span from aerodynamics over composites to materials including
WB Wing-body configuration an overall aircraft level assessment.
WBEP Wing-body-engine-pylon configuration The investigations focus on aircraft configurations with a
x/c Rel. horizontal distance capacity of 100 passengers, which feature short take-off and
landing (STOL) capabilities including low fuel consumption
plus low noise emission. The following study is based on
the so-called reference configuration 3 (REF3), illustrated
in Fig. 1. This configuration is characterized by a combina-
54 F.Lange tion of a low wing and an over-the-wing mounted ultra-high
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bypass ratio (UHBR) engine with a bypass ratio (BPR) of
17. The aircraft should operate at Mach number M =0.78
over a mission range of 1100 nautical miles. According to
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Fig.1 CRC 880 REF3 configuration [2]

the design cruise condition, the leading edge sweep was set
to 26° to achieve an efficient transonic design. The wing
shape is based on the DLR-F15 airfoil [3]. The three-dimen-
sional wing was build based on a preliminary design defined
by the PrADO (Preliminary Aircraft Design and Optimiza-
tion) tool [4]. Furthermore, the STOL performance should
comply with an airfield requirement of 900 m. The rationale
of this limitation is the connection of small airports located
close to residential areas with the existing large airport infra-
structure. Therefore, noise emissions need to be reduced sig-
nificantly. The topics addressed in the CRC 880 range from
the investigation of porous materials for noise reduction, for
example along the wing’s trailing edge [5], to full aircraft
design studies considering the potential benefits of an engine
installation above the wing. Accordingly, an acoustic shield-
ing of the engines noise emission by the wing can be taken
into account [6]. Moreover, a beneficial aerodynamic effect
due to the interference between wing suction side and engine
inlet can be expected. This was observed by Hooker et al.
[7] during an extensive study of different engine positions on
commercial aircraft tube and wing configurations.

This article deals with the aerodynamic assessment of
the REF3 configuration with the aid of computational fluid
dynamics. Therefore, the basic aerodynamic characteristic
of the wing-body (WB) configuration will be discussed fol-
lowed by an evaluation of the interference effects due to
nacelle and pylon mounting. Finally, a surrogate-based opti-
mization with the objective of improving the overall drag
coefficient by adapting the engine position will be presented.

2 Wing-body configuration

As a first step, the WB configuration in cruise flight con-
ditions will be presented to provide information regarding
the aircraft’s performance and characteristics in the absence
of engine components. The grid generation setup will be
outlined followed by a grid refinement study. Moreover,
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Table 1 Grid characteristics

Initial layer thickness 0.0042 mm
(0.0001%
MAC)
Stretching ratio (Prisms) 1.223
Number of prism layers 44
Number of nodes 12,694,693
Number of prisms 15,588,959
Number of pyramids 56,292
Number of tetrahedrons 24,932,626

Fig.2 Surface grid resolution

the CFD parameters will be defined, which were applied
throughout the investigation and optimization of REF3.

2.1 Grid generation

The grid generation was performed with the aid of the com-
mercial grid generator Centaur by CentaurSoft [8]. This
generator enables the creation of hybrid grids, composed of
triangles or quadrilaterals on the surface and a near-surface
grid based on prisms and hexahedrons. The remaining vol-
ume is filled by tetrahedrons. The resolution of the near-
surface grid can be described by first wall spacing, stretch-
ing ratio in surface-normal direction and number of layers.
Within this study, a local grid refinement was achieved using
geometric sources. The grid parameters and properties are
listed in Table 1.

An impression of the surface grid and a slice through the
volume grid is presented in Figs. 2 and 3.

In addition, a grid convergence study was performed to
evaluate the quality of the chosen resolution. The grid reso-
lution study is based on the method proposed by Crippa et al.
[9].

Three grid refinement levels were investigated. A coarse
and a fine grid have been generated based on the standard
medium grid resolution presented in the previous section.
A detailed comparison of the grid properties is given in
Table 2.

The impact of the grid refinement on the aerodynamic
coefficients is outlined in Fig. 4. With respect to the grid
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Fig. 3 Detailed view on near-surface grid of the wing

Table 2 Properties of the three grid resolution levels

Coarse Mid Fine
Number of points 4,072,834 12,694,693 43,356,890
Initial layer thickness 0.006 mm  0.0042mm  0.0029 mm
Stretching ratio (prisms) 1.53 1.223 1.1
Number of prism layer 22 44 88
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Fig.4 Lift and drag coefficient of grid resolution study for AoA =3°

refinement approach, the lift and drag coefficients are plotted
against the grid point number scaled to the power of (—2/3).
Based on this figure, an assessment of the aerodynamic
behavior for the medium grid can be stated. A coarsening
of the grid points leads to significantly lower coefficients.
However, the refinement of the mid-size grid by a factor
larger than 3 with respect to the total point count results in a
slight increase of the aerodynamic coefficients (AC; =0.74
Iets., ACp=2.2 dcts.). The progression of the curves indi-
cates an asymptotic behavior for an increasing point num-
ber (N2 —0). With respect to the following optimization,

the medium refinement level is considered as sufficient to
resolve the aerodynamic properties of this configuration.

2.2 Numerical setup

The numerical results were generated with the DLR-TAU
Code. This CFD-code is based on an edge-based finite-vol-
ume approach solving the compressible three-dimensional
Reynolds averaged Navier—Stokes (RANS) equations.
The code development started in the mid 1990s within
the German CFD project MEGAFLOW [10] and continu-
ously progressed to the present day, mainly driven by the
Institute of Aerodynamics and Flow Technology of DLR.
The DLR-TAU Code is used in research projects and the
European aerospace industry to investigate complex aero-
dynamic configurations [11]. For the current investigation
the Spalart—Allmaras one-equation eddy viscosity model
[12] enhanced by the negative formulation (SAN) [13] was
applied. Moreover, the spatial discretization was realized by
a central scheme in combination with the implicit LUSGS-
scheme for time stepping. The artificial dissipation is com-
posed of a combination of matrix (60%) and scalar (40%)
dissipation. Finally, a 2 W-multigrid cycle was selected to
achieve convergence acceleration. In the following, all com-
putations were performed at cruise conditions at M =0.78
and Re=21.5x 10° based on a mean aerodynamic chord
¢=3.805 m.

2.3 WB evaluation

Based on the medium grid level, the aerodynamic proper-
ties of the WB configuration will be discussed. The evalu-
ation will be carried out at C; =0.469, which corresponds
to the maximum landing weight of about 43.9t. operating at
M=0.78 in an altitude of 37000 ft. The required lift results
in an AoA=2.43° and C,=0.02512. The wing is charac-
terized by a reference area of 99 m? and a wing span of
28.745 m plus a leading edge sweep of 26°. The distribution
of the pressure coefficient ¢, on the upper and lower surface
is plotted in Fig. 5.

Based on this visualization, the shock position (white)
on the rear upper wing can be detected. Moreover, a pre-
ferred parallel alignment of the iso-c, values in between
wing leading and trailing edge was achieved. At the leading
edge at y/s=50%, locally higher pressure coefficients can
be observed, which leads to a bump in the chordwise c,-
distribution, also shown in Fig. 6. Nevertheless, the shock
position is aligned parallel to the trailing edge along the
wing span. On the lower wing surface, the rear loading close
to the trailing edge can be identified (green). Besides the
areal impression of the wing’s pressure distribution, more
details can be gathered from four slices extracted at 20%,
40%, 60% and 80% wingspan, shown in Fig. 6.
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Fig.5 c, distribution on WB from top and bottom view

Lower surface

Based on these four slices, a typical transonic pressure
distribution can be detected. The wing shape is based on
the DLR F-15 airfoil, which was extracted from the FNG
wing [3]. First, the pressure distribution at y/s =60% will
be discussed. Along the suction side, a strong decrease
of ¢, can be detected at the leading edge up to ¢,=—-0.8
resulting in local supersonic flow. The critical pressure
coefficient ¢, ., defining the transition from subsonic to
supersonic flow is defined by ¢, .,;;=0.494 for M=0.78.
In the region 0.1 <x/c <0.6 the gradients of ¢, are small
and the pressure level changes not more than +0.15. This
segment of low pressure ends with a strong gradient, indi-
cating the shock position. The appearance of the pressure
distribution is comparable with a rooftop pressure dis-
tribution. The pressure distribution on the lower wing is
dominated by a rear loading in the aft wing section.

At y/s =40%, the pressure distribution is comparable
with the previous observations. Solely a slight downstream
shift of the shock position can be detected for the section
located further inboard.

The most inboard pressure distribution at y/s =20%
is following this trend. The shock is located at x/c =0.8.
Moreover, a higher pressure value at the leading edge can
be detected, which decreased along the chord till the shock
occurs. This pressure increment along the leading edge
between the pressure distributions at y/s =20 and 40% can
be ascribed to the three-dimensional effects originating
from the wing/fuselage junction.

Another three-dimensional effect can be observed close
to the wing tip at y/s =80%. The shock position is shifted
significantly further upstream due to end effects of the
wing. In addition, the higher ¢ -values along the suction
side are indicating a reduced aerodynamic loading of the
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Fig.6 Pressure distribution at four spanwise positions
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Table 3 Engine setting

Bypass Core
T/T, 1.102 2.552
Prlpoy 2.021 1.470

outboard wing compared with the inboard section, due to
the predefined twist distribution.

In general, the transition from supersonic to subsonic
speed, especially for the inboard wing, is associated with
a shock with a Ac, up to 0.6. This indicates a strong shock
resulting in high drag values.

An analysis of the far-field drag with the aid of the
ONERA tool ffd00 [14] provides further information regard-
ing the drag components. Nearly 40% (~ 100 dcts.) of the
overall drag is generated by friction. About 10 dcts. are
assigned to wave drag, which supports the earlier statement
with respect to the strong shock. The remainder is dominated
by viscous pressure (~43 dcts) and induced drag (~97 dcts).

3 Impact of engine installation

In the following section, the impact of the installation of
engine and pylon will be analyzed and compared to the
aerodynamic performance of the WB configuration. As
mentioned before, the engine will be located above the
wing close to the wing trailing edge as defined in the REF3
Data Sheet [15] at a spanwise position of y/s=0.314. The
grid generation was performed based on the setup defined
in Sect. 2.1. Moreover, the comparison between WB and
Wing/Body/Engine/Pylon (WBEP) configuration will be
performed at identical lift coefficients C;. The engine con-
ditions were simulated based on a previous design study
with GasTurb [16]. The pressure and temperature ratios for
the outlet conditions for the UHBR engine jets are listed in
Table 3. The inlet mass-flow is coupled with the exhaust
mass-flow, which is derived from the core and fan jet flow
according to the defined engine settings.

The resulting thrust nearly equals the overall drag of the
WBEP configuration, which results in steady flight condi-
tions. An investigation by Ahuja et al. [17] has shown that
the interaction for an OWN configuration is dominated
by the influence of the wing on the engine, but not vice
versa. Thus, the difference between thrust and drag of about
1% justifies a constant thrust setting for an aerodynamic
evaluation.

The overall drag at target lift C; =0.465 totals 351 drag
counts (dcts.) at AoA =3.924°. Compared to the WB con-
figuration, an increase of 100 drag counts can be ascer-
tained due to the engine installation. To identify the source
of this significant drag rise, a detailed analysis is carried
out to reveal, whether the engine, engine position or the
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Fig.8 Spanwise lift distribution for WB and WBEP

large pylon is responsible for this significant degradation of
the aircraft’s performance. First, an evaluation of the drag
components with ffd00 provides some indication. The dia-
gram in Fig. 7 compares the drag components of the WB
and WBEP configuration. Based on this figure, an increase
in each individual drag component due to the engine integra-
tion can be observed.

However, the largest relative increment can be assigned
to the viscous pressure (CDvp)' and wave drag (CDw) com-
ponent. The friction drag (CDf) increment can be explained
by the increase of the wetted area by about 27% due to the
installation of pylon and nacelle. The increase of induced
drag (CDi) is based on the disturbance of the spanwise lift
distribution due to the engine installation and the associated
higher AoA to reach the target lift coefficient. The impact
of the engine installation on the spanwise lift distribution is
presented in Fig. 8. Thus, the origin of an increased viscous
pressure and wave drag needs to be identified. Therefore, a

! Drag component originating from a shape modification due to an
emerging boundary layer resulting in additional pressure drag.
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comparison of WB and WBEP configuration at identical C,
is presented in Figs. 9 and 10.

The impact of the engine installation at the wing trailing
edge on the wing aerodynamic is substantial. Based on the
surface ¢ -distribution in Fig. 9 and the chordwise pressure
distributions at y/s =40% and 80% in Fig. 10, an alteration of
the shock position and propagation can be observed.

For the WB configuration, the shock is positioned within
the last quarter of the chord length. In contrast, due to the
engine installation, the shock along the inboard wing section
is shifted significantly upstream for identical C; and a dou-
ble shock structure on the outboard wing can be observed.

@ Springer

c,[-]
™ s

04
0
-0.4
-0.8
1.2

Fig. 11 Bottom view on nacelle/pylon/wing junction (airframe is
transparent)

Moreover, a large supersonic area on the fore-body of the
nacelle can be detected. Taking these effects into account,
the increase of wave drag due to the engine installation can
be explained. Furthermore, the reduction of the low pres-
sure area on the inboard wing results in higher AoA =3.92°
for the target Cy. This region of higher ¢, in front of the
engine originates from the engine inlet, which reduces the
flow velocities in the inlet streamtube before entering the
engine. Furthermore, the view from the bottom on the junc-
tion between pylon and nacelle in Fig. 11 reveals a distur-
bance of the low pressure region at the nacelle leading edge.
This low pressure region on the forward facing surface is
beneficial with respect to drag, because it results in a thrust
component. However, due to the intersection of pylon and
nacelle, this effect is reduced. Furthermore, high pressure
coefficients are visible on the pylon, close to the wing trail-
ing edge in Fig. 9. At this junction, an additional pressure
drag component is generated due to the upstream facing
pylon surface.

In summary, the OWN installation results in a significant
drag rise of about 100 drag counts. Especially, wave and
viscous pressure drag are increased disproportional. The
related drag sources were identified. Next, the overall air-
craft performance will be improved by optimizing the engine
position to reduce these interference effects.

4 Engine position optimization

The following section deals with the optimization of the
OWN position. In Sect. 3, the impact of the engine installa-
tion has been discussed and potential drag sources have been
identified. However, the significant drag increase of about
100 drag counts between the WB and WBEP configuration
indicates a substantial margin for improvement. Therefore,
an optimization has been set up to reduce the overall drag
coefficient of the WBEP configuration by optimizing the
engine position. However, the position variation is limited
by two constraints. On the one hand, the overlap between
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Fig. 12 Parameterized geometry
for engine position variation

nacelle leading edge and wing trailing edge should avoid
a significant gap. This would negatively affect the desired
acoustic shielding of the fan noise. Furthermore, the pylon
size, position, and wing intersection is fixed because of
the necessity to house the landing gear. Nevertheless, an
improvement is expected by adapting the vertical and hori-
zontal distance between nacelle leading edge and wing trail-
ing edge.

4.1 Optimization process

The process chain can be subdivided into four elements:
parameterized geometry, grid generation, CFD, and opti-
mization tool.

Figure 12 illustrates the engine position parameterization
of the WBEP configuration in CATIA V5. The reference
points are given by the wing trailing edge at a fixed spanwise
position of y/s=0.314 and the nacelle highlight. Addition-
ally, the retracted landing gear is visible, which defines the
pylon size, shape, and position. Within this study, the hori-
zontal (x/c) and vertical (h/c) distance between engine and
wing normalized by the mean aerodynamic chord c can be
varied. Additionally, all necessary sources for the grid gen-
eration are linked to the geometry within the CATIA model.
Thus, a geometry variation is automatically accompanied by
an adjustment of the grid sources to provide a comparable
grid resolution. As a consequence, the CATIA output con-
tains not only the aircraft’s geometry but also the geometric
sources for the subsequent grid generation with Centaur.
The CATIA output combined with the global settings for the
grid generation, prescribed in Sect. 2.1, includes all required
information. As a next step, the numerical investigation is
performed with the aid of the DLR-TAU Code. The set-
tings for the simulation were already specified in Sect. 2.2.
However, an additional parameter should be highlighted; a

Cauchy convergence control criterion was applied during
the optimization. A maximum deviation of 0.1 drag counts
in 750 iterations leads to a termination of the calculations.
This criterion ensures a high quality as well as comparabil-
ity of each design iteration. The identification of the exact
aerodynamic coefficients is obtained by the drag prediction
tool AeroForce [18]. It is based on the evaluation of surface
data. Additionally, corrections of the engine’s pre-entry and
post-exit drag are taken into account. This is achieved by a
separation of airframe drag and thrust components due to
the localization of the stagnation line along the nacelle inlet.

Ensuing, the aerodynamic coefficients are processed by
the in-house optimization tool ‘“Powerful Optimization Tool
with Surrogate Modelling” (POT). A detailed description of
POT is given in Sect. 4.2. Finally, the next set of parameters
for the subsequent iteration is provided by the optimization
tool.

4.2 Optimization tool POT

The optimization was driven by two objectives. On the
one hand, an optimized engine position should be identi-
fied, which is characterized by minimum drag. On the other
hand the impact of different engine positions for an OWN
configuration should be explored. Therefore, the optimiza-
tion framework POT was chosen, which focuses on surro-
gate based optimizations. It was compiled by Wilke [19] to
obtain a versatile environment to solve various problems
without any bond to a certain CFD solver or grid generator.
Moreover, a wide range of different algorithms and tech-
niques for direct, single or variable-fidelity surrogate based
optimization is implemented. This investigation utilizes a
single fidelity surrogate based optimization. The process can
be subdivided into three components:
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Fig. 13 Optimization history

1. Design of experiments (DoE).
2. Surrogate models.
3. Optimization strategy.

Initially, a design of experiments needs to be performed
to explore the parameter space by a defined number of sam-
ples. POT offers several algorithms for a uniform sample
distribution, which is important for the approximation based
on the first data base, resulting in the initial surrogate model.
For this case, an advanced Latin Hypercube, the Central
Voronoi Tessellation (CVT) was selected.

The surrogate model is generated with the aid of a Krig-
ing model [20]. Kriging is a combination of a trend function
and radial basis function, which enables a sensible approxi-
mation of the goal function dependent on the sampling. To
achieve a robust, efficient and accurate utilization of the
approximation model, several settings, like regression model
or treatment of numerical noise, can be adapted to align the
surrogate model with the actual physical behavior. Then,
the optimization is started from the initial surrogate model.
However, in this case, the optimizer is not only targeting an
optimum, but also improving the surrogate model by the
application of an adaptive sampling strategy. Therefore, a
hybrid optimization approach was used separated into a dif-
ferential evolution (DE) algorithm and a gradient-free Sim-
plex pattern search method. Due to this procedure, global
regions of interest will be identified by the DE, whereas the
pattern search determines the local optimum in these regions
more accurate.

4.3 Evaluation

The optimization was initialized with ten samples for the
DoE, to conform a minimum guide number of five samples
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Fig. 14 Final surrogate model

per parameter. Based on this DoE data points, an initial
surrogate model was created. The subsequent optimiza-
tion required 37 additional iterations to achieve a sufficient
design confidence for the surrogate model. The history of
the optimization process is plotted in Fig. 13.

The graph indicates that within the DoE, one parameter
combination was already close to the optimum. Neverthe-
less, a large number of iterations were necessary to resolve
the behavior of the objective function within the parameter
space. The reason behind this costly sampling becomes clear
when the final surrogate model is examined.

The surrogate model is presented in Fig. 14 The verti-
cal distance h/c between nacelle leading edge and wing
trailing edge is plotted over the horizontal distance x/c.
Positive values for x/c imply an overlap of nacelle and
wing. The contour plot represents the objective function
Cp dependent on the position parameters. Red areas are
detrimental and imply high drag values, blue symbolizes
beneficial areas of low drag. Based on this contour plot,
a steep transition between the beneficial and detrimental
area is obtained for —0.01 < x/c <0 for medium to high
hic values. Because of these high gradients, the optimizer
added several additional points, recognizable by the black
dots, to improve the approximation. The sampling of the
beneficial area displays a uniform distribution. The area
of high drag values is not investigated in more detail by
POT. Generally, an engine position for 4/c > 0.125 and an
overlap of 0 <x/c <0.015 can be considered as favorable
with respect to the overall drag coefficient for REF3.

Next, the reason for the behavior of the objective func-
tion will be investigated in more detail. Therefore, the
drag contribution of each aircraft component was evalu-
ated with the aid of the surface-based drag analysis tool
AeroForce. Due to this evaluation, distinct variations of
the drag coefficient were observed for pylon, wing, and
nacelle. The influence of vertical and horizontal distance
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Fig. 16 Influence of horizontal and vertical distance on nacelle lead-
ing edge

on the component-wise drag coefficient is plotted in
Fig. 15.

These plots are revealing the origin of the non-linear
behavior of the overall drag coefficient. For both, pylon and
nacelle, a steep drag increase can be observed for x/c ~0.
The wing behavior is constantly rising, however the dif-
ference between the lower left and upper right parameter
space is about 40 drag counts. Consequently, Cp, ,, i8 rising
with overlap and increasing vertical distance between wing
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Fig. 17 Influence of horizontal distance x/c on wing upper surface

and nacelle. However, the linear wing behavior is super-
imposed by a strong effect occurring on pylon and nacelle.
For these components, a shift of the nacelle leading edge
behind the wing trailing edge results in a sudden and domi-
nant drag increase. As a consequence, the optimum engine
position can be found at x/c =—0.005 and h/c=0.138 with
Cp=0.0314. Nevertheless, the aerodynamic interference
effects, which are leading to this optimum, should be fur-
ther studied. Therefore, the numerical solution of several
iterations, extracted from the optimization process, will be
investigated and compared in more detail.
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Fig. 18 Influence of the vertical distance //c on nacelle and pylon

The influence of the junction between nacelle and pylon
is presented in Fig. 16. Based on the pressure coefficient
¢, the flow distortion due to the pylon can be noticed. On
the lower figure, an engine position further downstream and
with reduced vertical distance leads to an increasing ¢, value
along the nacelle leading edge. Thus, the beneficial inter-
ference effect of the over-the-wing mounted nacelle in the
region of high velocities above the wing is reduced. In con-
trast, the upper figure reveals an undisturbed low pressure
region at the nacelle leading edge for an engine position with
maximum overlap and maximum vertical distance. Conse-
quently, an overlap of nacelle leading edge and wing trailing
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edge is beneficial. Larger vertical distances are preferable to
improve the junction between nacelle and pylon. Positions
further downstream result in a decrease of the interference
effects around the pylon intersection. This finding corre-
sponds with Fig. 15.

However, the overlap between nacelle and wing also
affects the complete wing aerodynamics. This is shown
in Fig. 17. Based on the Cp-distribution, the double shock
characteristic due to the OWN installation can be identi-
fied for both configurations. Nevertheless, a larger extent
of the second shock on the outer wing can be noticed
because of an increased overlap for a comparable vertical
distance in the upper plot. As a consequence, higher wave
drag values can be obtained and the supersonic region
above the outer wing interacts with the nacelle shock fol-
lowed by a large shock induced separation. Consequently,
an engine position further downstream is beneficial with
respect to the wing aerodynamics. This finding aligns as
well with the evaluation in Fig. 15.

Finally, the influence of the vertical distance on nacelle
and pylon is presented in Fig. 18. The plot visualizes the
wall shear stress coefficient c; evaluated by surface stream-
lines and in addition areas with ¢, <0 as a contour plot on
the inboard surfaces of nacelle and pylon. On the lower part
of Fig. 18, the engine is positioned close to the maximum
h/c-position. For this iteration, especially a shock induced
flow separation on the nacelle can be noticed by the red
colored region. On the upper figure, the nacelle is located at
a similar x/c-position but nearly at minimal vertical distance.
Due to this close coupling, besides a small flow separation
on the nacelle, a large flow separation occurs at the lower
nacelle and pylon, noticeable by the red color. This can be
explained by the reduced channel between wing upper side
and engine streamtube, which detains high energy flow from
filling up the junction between nacelle and pylon. Thus, the
weak flow is not able to follow the contour and separates
locally from the surface, which leads to a drag increase.
Based on this observation, an engine position at larger verti-
cal distances should be preferred. Otherwise, a drag increase
is to be expected because of large flow separations on pylon
and nacelle.

5 Conclusion

Concluding, the installation of an OWN engine results in
complex aerodynamic interferences. The fixed pylon shape
adds in this particular case a strong design limitation. The
interaction between OWN and wing upper shape results in a
formation of a double shock on the outer wing due to a sig-
nificantly increased angle of attack and a distinct impact on
the inboard wing loading. A beneficial interaction between

the high velocity flow above the wing and nacelle leading
edge could be observed. The variation of vertical and hori-
zontal distance revealed a complex interference between
different effects. A separated evaluation of the aircraft com-
ponents within the investigated parameter space enabled
a detailed identification of the beneficial and detrimental
interference effects. In general, an engine position with a
slight overlap of nacelle highlight and wing trailing edge is
preferable. Due to this positioning, the beneficial interaction
between nacelle leading edge and wing is not disturbed by
the pylon junction and the impact on the outer wing flow is
tolerable. Moreover, the vertical distance between nacelle
and wing should be increased to prevent flow separations
on pylon and lower nacelle but simultaneously allow an
optimal interference to achieve the low pressure area on the
nacelle leading edge. Finally, the engine position optimiza-
tion resulted in an overall improvement of 37 dcts. compared
with the reference configuration. However, the adaptation of
the engine position was the first step to exploit the potential
of an OWN configuration. Subsequently, the wing shape
should be adapted to suppress for instance the high wave
drag component induced by the double shock on the outer
wing.
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