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1. Introduction

HE challenge to the aerospace community today is to design

and build environmentally friendly aircraft that are both safer

and more affordable to own and operate. This paper addresses one of
the key components required to produce an environmentally friendly
aircraft by reducing drag (and hence fuel consumption) through
improved aerodynamic integration of the wing, pylon, and nacelle.
Installation of the pylon and nacelle on a transonic aircraft wing
has significant effect on chordwise and spanwise load distributions,
shock position, and the viscous layer on the surface, and, therefore,
performance. For example, the complexities involved in airframe
powerplant integration in relation to the Boeing 777 have been
highlighted by Berry [1]. A number of experimental transonic studies
related to airframe/propulsion integration have been conducted at
NASA on high wing [2] and low wing [3] mounted nacelles. Those
investigations have demonstrated that installation of the pylon and
nacelle can lead to increases in viscous, interference, and form drag
and a loss of total lift. In general the aerodynamic interactions are
sensitive to nacelle shape, the bypass ratio, location of the pylon
nacelle in relation to the wing, and the nature of the boundary layer on
the nacelle, that is, laminar or turbulent [4]. It was recognized that
most of the unfavorable effects are caused by the pylon, with little
contribution from the nacelle/pylon combination. Exploring the
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design space, systematic investigations have been performed on the
effects of nacelle and pylon location in relation to the wing [5]. One
of the main conclusions was that installation drag was most sensitive
to the horizontal position of the nacelle, but not very sensitive to its
vertical position. The minimum drag was found with the nacelle
farthest upstream from the wing as this position minimizes the
variation of the cross-sectional area with flow direction, that is, it
follows the area rule.

The influence of pylon geometry can be gleaned from the
experiments performed at NASA Langley Research Center [6—8] on
propulsion integration. The investigations demonstrated the need for
acareful contouring of the pylon/wing interface to reduce the adverse
installation effects, such as lift loss due to the acceleration of airflow
and subsequent shock caused by the presence of the pylon. Carlson
and Lamb [9] investigated a compression pylon design on the
premise of potentially lower installation drag. This design was
subjected to several wind-tunnel tests at NASA Langley Research
Center in the late 1980s and compared to several different pylon
designs. However, those experiments were conducted without a
nacelle attached, and therefore the present work explores the
performance of the combination of a nacelle with a compression

pylon.

II. Numerical Simulations, Schemes, and Grid

Although there is still an issue with the ability of computational
fluid dynamics (CFD) to predict accurately the complex flows
associated with the wing-pylon-nacelle interaction, Reynolds
averaged Navier—Stokes calculations have demonstrated reasonable
accuracy in this regard [10]. The present investigation used a
commercial CFD code, FLUENT TM, to model compressible flows
around whole body aircraft configurations (excluding fin and
tailplane). The numerical model was based on the system of time-
dependent Navier—Stokes equations, expressed in conservation
form. The solution method used a fully implicit finite volume scheme
of second-order accuracy. The solver was run in coupled implicit
mode using a Spalart—Allmaras [11] turbulence model, with the
Fluent 6 standard model coefficients. This was chosen due to its
satisfactory performance in the Second AIAA Drag Prediction
Workshop [12]. Flow-through nacelles, without jet simulation, were
used in the present investigations as it has been demonstrated that the
effects of engine exhaust jet flow on wing-nacelle interactions are
negligible [13].

In previous work [14,15], with a medium sized grid (6-11 x 100
points), the accuracies in predicting the drag coefficient of a wing-
body configuration due to the grid, the code, the turbulence model,
and fixing transition were 5, 5, 7, and 10 drag counts
(6Cp =0.0001), respectively. The corresponding figures for a
wing-body-pylon-nacelle (WBPN) configuration were 11, 10, 15,
and 11 drag counts, respectively. The results of the analysis
presented here must be viewed in light of these accuracies in
prediction.

In the present study, ICEMCFD ™ unstructured meshes were used
due to the relative automation of mesh generation, compared with
structured meshing methods. To meet the mesh requirements for an
accurate model using unstructured meshes, a hybrid mesh strategy
was put in place. For the initial set of calculations, in which the
baseline configuration was studied with and without the pylon
nacelle, 30 prismatic layers were grown from the surface mesh at a
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growth rate of 1.2, with a first cell height set to Y+ of approximately
1. The computational domain measured 142 x 142 x 71 mean
aerodynamic chord lengths. The hybrid mesh consisted of
approximately 10 x 10 nodes: this can be classified as medium to
fine; similar meshes have demonstrated the potential for accurate
predictions [12,16].

The second set of calculations compared the performance of the
conventional WBPN with that of a WBPN employing a compression
pylon. The choice of flow solver, turbulence model, and meshing
technique used for the compression pylon were the same as in the
conventional geometry case. However, to obtain a converged
solution for the new configuration, it was necessary to create a new
mesh with 23 prismatic layers. For comparison purposes the baseline
WBPN case was also remeshed with 23 prismatic layers. This meant
both meshes had approximately 8 x 10° elements.

III. Configurations

Two configurations were tested in this work. The DLR F6
configuration was tested to validate the CFD techniques. The nacelle
is axisymmetric with lines derived from the CFM56-5 nacelle in a
long duct version and the original pylon is of symmetrical shape.
Extensive wind-tunnel tests of the F6 configuration were conducted
in the ONERA S2MA 1.77 x 1.75 m transonic wind tunnel during
the period 1990-1998 [17]. In comparison with similar works at
NASA [3], this configuration exhibits a much larger interference
effect as there is only a narrow gap between the wing and the nacelle
(less than 10% of the local chord).

The second configuration was similar to the first, except the pylon
was changed from a conventional design to a compression pylon
design (Fig. 1) to reduce the adverse interference of the pylon.
Relative maximum thickness was kept close to that of the original
pylon to reflect partially some pylon stressing and stiffness
constraints.

IV. Results and Discussions

Results presented here are for a Mach number of 0.75 and a
Reynolds number, based on the mean aerodynamic chord, of
3 x 10°. The transition was fixed on all surfaces by transition strips.
The computations overpredict the lift coefficient, at every design
point (Fig. 2), by 0.02 to 0.03 for the wing-body (WB) configuration
and by 0.03 to 0.04 for the WBNP configuration. These differences
for the lift coefficient are slightly higher than the ones ranging from
0.017 to 0.03 for both configurations, obtained in the DLR study
[16]. The interpolated angle of attack corresponding to C; = 0.5 was
found to be approximately 0.68 deg. This value compares favorably
with the average angle of the simulations of the Second AIAA Drag
Prediction Workshop [12], « = 0.72 deg. The drag coefficients are
also overpredicted by 0.004 (WB) and 0.0036 (WBNP) drag counts
at C; = 0.5 (Fig. 3). In general the drag prediction of the present
study is somewhat worse than that of codes more specialized in
aeronautical applications than the one used here.

The change of drag due to the nacelle and pylon interactions can be
expressed through the notion of installation drag, which includes the
external drag of the nacelles, the drag of the pylons, and the
interference drag, and is defined as follows:

ACp ipg = Cp, wepN — CD, WB (1)

For example, at C; =0.5 the drag coefficient increment was
measured at 0.0043 [12,16] while the predicted value in the present
study was 0.0039.

Plots of the spanwise lift distribution clearly show that the
installation of the nacelle and pylon has a significant effect on the
local lift (Fig. 4) and in turn on the wing loading distribution and, by
implication, on the induced drag of the wing. The kink in the local lift
distribution is traceable to a separation on the inboard side of the
pylon (Ypy0n/S = 0.355), which was also observed in experimental
flow visualizations [8].

Overall, CFD methods have the potential of predicting changes in
lift and drag for different design cases, whereas absolute predictions
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Fig. 1 Compression pylonshape (top) [9] and conventional pylon shape
(DLR F6).
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Fig. 2 Lift coefficient vs angle of attack.
0.8
0.7

e
5]
7
7

0.1
0
0.¢91 0.¢42 0.43 0.04 0.45
-0.1
-0.2
Co
|+WBPN Exp A WBPN CFD WB CFD -4~ WB Exp

Fig. 3 Lift coefficient vs drag coefficient.

of lift and drag are still questionable. Physically, there is a potential
for drag reduction by careful streamlining the nacelle geometry and
the pylon. This is the background of the following study focusing on
the effect of changing the pylon to a compression design.
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Fig. 5 Lift vs drag of baseline case to compression pylon case.

When a change of pylon to compression type is considered, at
three angles of incidence, —1, 0, and 1 deg, the compression pylon
produces slight reductions in drag associated with small variations of
lift (Fig. 5). At zero incidence, the lift and drag coefficients for the
compression pylon were 0.432 and 0.03456, respectively, compared
to the corresponding values for the conventional pylon of 0.426 and
0.03498, respectively. For the same lift coefficient, the compression
pylon produced a drag reduction of approximately 0.0006.

The origin of these changes can be traced in the comparison of
pressure distributions for the baseline case and compression pylon
case (Fig. 6). The pressure distributions on the inboard of the pylon
indicate the presence of a shock wave on the lower surface in both
cases, but the shock wave position in the compression pylon case is
farther downstream than that of the baseline case. As a consequence
the shock strength in the compression pylon case is slightly stronger.
However, farther downstream of the shock the pressure recovery for
the compression pylon produces increased lift from the lower surface
of the wing. Although some changes are noted on the lower surface,
both the upper surface and the outboard of the pylon pressure patterns
are relatively unchanged.

The change of geometry to a compression pylon also reduces
the interference effects on the spanwise lift coefficient distribution
in the outboard region thus indicating the aerodynamic integration
of the wing, pylon, and nacelle needs to focus on the inboard
geometry.
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Fig. 6 Wing pressure coefficient in the inboard neighborhood of the
nacelle.

V. Conclusions

The results of a computational investigation comparing the
aerodynamic performance of a compression pylon design to a DLR
F6 based conventional pylon design are presented in this paper. As
with other computational predictions, the total lift and total drag were
overpredicted. The change in drag between the wing body and the
wing-body nacelle-pylon configurations was underpredicted by 14%
atC; = 0.5. This validated CFD method was then used to investigate
a compression pylon design. The results showed that a compression
pylon produces an increase in lift and a reduction in drag. At zero
degree angle of attack the total drag coefficient was reduced by at
least 0.0006. The effect of the pylon is primarily inboard of the wing.
These results demonstrate the need to consider the inboard geometry
of the wing, pylon, and nacelle when the aerodynamic integration of
a powerplant is being considered. This type of consideration will
especially be of importance when laminar flow nacelles are designed.
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