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Summary 
A 1/24-scale wide-body high-wing transport 

model was tested in the Langley 16-Foot Transonic 
Tunnel at free-stream Mach numbers of 0.7 and 0.8 
and angles of attack from -3" to 4" to determine 
the installation effects of a series of pylons that had 
differing cross-sectional shapes. Pylon toe angle was 
varied from 5" inboard to 5" outboard. A new con- 
cept in pylon cross-sectional shape, that is, a "com- 
pression" pylon, was developed and tested. This 
pylon was designed to reduce wing-pylon junction ve- 
locities and therefore reduce installed drag. Model 
aerodynamic forces and moments and wing static 
pressures were measured for the complete model 
configuration. 

Results of the wind tunnel investigation show that 
the installed drag was lowest for the compression py- 
lon design and the flow under the wing in the pylon- 
wing junction was kept comparable to clean wing ve- 
locities. The predicted trends in pylon side force 
and airplane drag with pylon toe angle compared 
marginally with the experimental data. 

Introduction 
For the United States aircraft industry to main- 

tain its competitive position, future transport 
airplanes must perform substantially better than to- 
day's airplanes. The task of improving their perfor- 
mance is very demanding and will require the de- 
velopment and application of many new and inno- 
vative technologies. Among the technologies that 
must be improved are the methods used to install the 
engine on the airframe. The objective of airframe- 
propulsion integration research is to minimize the 
drag penalties (which can be as much as 3 to 5 per- 
cent of the aircraft drag) associated with integration 
of the engine and to develop possible methods of cre- 
ating and taking advantage of favorable interference 
effects that may reduce the aircraft drag. The combi- 
nation of advanced transport wings with thick super- 
critical airfoils and the larger high-bypass-ratio tur- 
bofans make the task of engine integration increas- 
ingly difficult, particularly because higher velocities 
occur in the leading edge region. This work will 
require an extensive integration program involving 
experimental studies and guidance from theoretical 
predict ion met hods. 

The NASA Langley Research Center has initiated 
a program to study the effects of turbofan nacelle and 
pylon geometries on the interference drag associated 
with engine installation on transport configurations. 
Reference 1 presents data that illustrate how signifi- 
cantly the nacelle-pylon-wing geometry can affect in- 
terference drag. Alternate nacelle arrangements have 

been studied for eliminating the unfavorable interfer- 
ence associated with engine installation. (See refs. 2 
through 6.) A number of problems occur for the con- 
ventional pylon-mounted nacelle arrangement, which 
does not seem to lend itself to any obvious optimiza- 
tion procedure. Strong inboard and moderate out- 
board shocks and shock-induced flow separation on 
the pylon and wing are typically associated with this 
conventional arrangement. Pylon leading edge flow 
interacting with the wing upwash and sidewash, the 
adverse gradients in the wing stagnation region, and 
the channel flow with subsequent possible flow sepa- 
ration all contribute to the interference drag. 

A previous investigation (unpublished) of a typi- 
cal wing-pylon-nacelle installation, shown in figure 1, 
showed that much of the interference drag remained 
after removal of the nacelle. In addition, questions 
remained as to the side loading of the pylon and its 
relation to the total aircraft drag. Reference 1 pre- 
sented the concept of allowing a properly contoured 
pylon to generate a lift force with a component in the 
thrust direction of the aircraft, as shown in figure 2. 
This concept could possibly reduce aircraft drag. As 
a result of these questions a series of wing-pylon con- 
figurations were developed and examined numerically 
using a current panel method in an attempt to corre- 
late pylon toe angle with total airplane drag. In ad- 
dition, a new concept in pylon cross-sectional shape, 
that is, "compression" pylon, was developed.' The 
design philosophy was twofold. First, in an attempt 
to reduce the local flow velocities in the wing-pylon 
junction, the pylon sides were made flat and contin- 
uously diverging for most of the pylon surface un- 
der the wing. Second, the pylon closure occurred aft 
of the wing trailing edge. The closure was actually 
enforced by the first design condition but further re- 
moved t he pylon's adverse pressure gradient recovery 
region from the wing's trailing edge recompression re- 
gion. This could have the added benefit of reducing 
the likelihood of flow separation in this region. 

This paper presents the results of a wind tunnel 
experiment investigating the effects of pylon cross- 
sectional shape and pylon toe angle on airplane drag. 
Model aerodynamic forces and static pressures on the 
wing in the vicinity of the pylon were measured. The 
investigation was conducted in the Langley 16-Foot 
Transonic Tunnel at free-stream Mach numbers of 0.7 
and 0.8 and angles of attack from -3" to 4'. 

Symbols and Abbreviations 
b wing span, 63.121 in. 

' The authors would like to acknowledge J. Claude 
Patterson, Jr., for his initiating concepts in the development of 
the compression pylon design. 
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Subscripts: 

B 

exP 
P 

drag coefficient, Drag/q,S 

installation drag, Cow - Cow 

lift coefficient, Lift / qm S 

pressure coefficient, ( p  - p , ) / q ,  

critical pressure coefficient (local 
Mach number of 1.0) 

side force coefficient, 
Side force/q,S 

side force coefficient on pylon 

local chord measured in wing 
reference plane, in. 

mean aerodynamic chord, 

3 ( C r  + ct - cvCec,), 9.107 in. 

average wing chord, *, 
8.390 in. 

reference root chord at model 
centerline, 12.639 in. 

reference tip chord, 4.142 in. 

drag force, lb 

normal force, lb 

lift force, lb 

free-stream Mach number 

local static pressure, lb/in2 

free-stream static pressure, lb/in2 

free-stream dynamic pressure, 
lb/in2 

wing reference area, 529.59 in2 

thrust force, lb 

local axial dimension, in. 

local lateral dimension, in. 

free-stream velocity, ft/sec 

angle of attack, deg 

semispan location, 2y/b 

aircraft body 

experiment a1 

Pylon 

theory calculated with VSAERO 

W wing 

Abbreviations: 

BL butt line of model (lateral dimen- 
sion), in. 

FS fuselage station (axial dimension 
from nose of model), in. 

VSAERO Vortex Separation Aerodynamic 
Program 

WRP wing reference plane 

Experimental Apparatus and Procedures 

Wind Tunnel 
A high-wing transport model was tested in the 

Langley l6-Foot Transonic Tunnel to investigate the 
installation effects associated with pylons having var- 
ious cross-sectional shapes. The tunnel is an atmo- 
spheric transonic single-return type with continuous 
air exchange and is capable of operation at Mach 
numbers from 0.2 to 1.3 with an accuracy of f0.005. 
The average Reynolds number varies from approxi- 
mately 1.46 x lo6 per foot at a free-stream Mach 
number of Or2 to approximately 4.10 x lo6 per foot 
at a free-stream Mach number of 1.3. The test sec- 
tion is octagonal and slotted at the vertices and has 
an equivalent circular diameter of 15.9 ft. A detailed 
description of the tunnel is presented in reference 7. 

Model and Support System 
The 1/24-scale model, shown in figure 3, repre- 

sents a wide-body high-wing transport with a thick 
supercritical airfoil. The model was mounted on 
a sting-supported six-component, strain-gauge bal- 
ance. Details of the fuselage, wing, and wing pressure 
orifice locations can be found in references 2 and 4. A 
series of pylons with different cross-sectional shapes 
were installed on the wing without a nacelle attached. 
A close-up view from below of the pylon installation 
is shown in figure 4. The side force induced by the 
pylon was determined by removing the right-hand 
pylon and measuring the resulting asymmetric load. 
No significant side force was measured with the sym- 
metrically mounted pylons; therefore the asymmetric 
side force measured on the model balance was taken 
to be the pylon-induced side force. The lift and drag 
data were obtained with both pylons installed on the 
wing. 

The pylons were designed to extend 25 percent of 
the local wing chord below the wing at 37 percent 

2 



of the wing span. This was where previous nacelles 
' and pylons have been installed. Each pylon had a 
45" leading edge sweep with the leading and trail- 
ing edges being parallel. The pylon toe angle could 
be varied from +5" (leading edge toed inboard) to 
-5" (leading edge toed outboard). Six pylon cross- 
sectional shapes were tested, with the general de- 
sign parameters shown in table l. The wing plan- 
form and pylon cross-section and planform shapes are 
shown in figure 5, and the pylon airfoil coordinates 
are listed in table 2. The first three pylons were "con- 
ventionally" shaped consisting of an NACA 0012, an 
NACA 4412, and a contoured airfoil consisting of an 
NACA 0012 thickness distribution applied along a 
computed lower surface streamline. The second set 
of three pylons (designated A, B, and C) were of the 
compression pylon shape, with variations in diver- 
gence angle and length. 

Instrumentation and Data Reduction 
The model aerodynamic forces and moments were 

obtained by an internally mounted six-component 
strain-gauge balance. Model surface static pres- 
sures and sting cavity pressures were measured using 
electronically scanned pressure (ESP) sensors. The 
model angle of attack was computed by correcting 
the support strut angle both for sting deflections de- 
termined from balance loads and for tunnel upflow 
determined from inverted model runs in a previous 
tunnel entry. Sting cavity pressures were used to cor- 
rect the longitudinal balance components for pressure 
forces in the sting cavity. 

The accuracy of the angle-of-attack measure- 
ments was f0.02". The accuracies of the force and 
pressure coefficients are presented in the following 
table: 

Pressure coefficient 
Normal force coefficient 
Axial force coefficient 
Side force coefficient 

Coefficient error at- 

M = 0.7 
f0.014 f O . O 1 O  
f.008 f.007 
f.0003 f.0003 
f.002 f.002 

M = 0.8 

Tests 
Data were obtained at free-stream Mach numbers 

of 0.7 and 0.8 and Reynolds numbers of approxi- 
mately 2.5 million and 3.0 million based on the mean 
aerodynamic chord of the wing. The model angle of 
attack was varied from -3" to 4". Boundary-layer 
transition on the model was fixed using grit transition 

strips. A 0.1-in.-wide strip of No. 100 carborundum 
grit was attached 1.0 in. behind the nose of the fuse- 
lage. Strips of No. 90 and No. 80 grit were applied 
to the upper and lower wing surfaces, respectively, in 
rearward locations in order to better model the full- 
scale boundary-layer thickness at the trailing edge of 
the wing (ref. 8). A 0.1-in.-wide strip of No. 100 grit 
was attached 1.0 in. downstream and parallel to the 
pylon leading edge. 

Computational Program and Modeling 
The code used in part of this investigation 

was the Vortex Separation Aerodynamic Program 
(VSAERO) of reference 9. This method has been 
shown to be applicable to the prediction of some sub- 
sonic aerodynamic characteristics of a transport (for 
example, see refs. 10 and 11). VSAERO computes 
a surface singularity solution to the Laplace equa- 
tion using quadrilateral panels to represent arbitrary 
three-dimensional bodies. Source and doublet sin- 
gularities are distributed in a piecewise continuous 
fashion on each panel. Dirichlet boundary conditions 
are applied at the boundary to determine the doublet 
strength. A more detailed discussion of the method 
appears in reference 9. 

This code includes features such as an iterative 
boundary-layer model, wake shape iteration, jet ex- 
haust simulation, on- and off-body streamline calcu- 
lations, and off-body velocity calculations. A major 
limitation in the use of the code is the incompressible 
nature of the basic equation. However, the subcrit- 
ical results were adjusted for compressibility effects 
using a Prandtl-Glauert correction. 

Approximately 700 panels were used to represent 
one-half of the aircraft model and VSAERO wing- 
wake models were attached to the trailing edges of 
the wing and pylon. The calculations performed 
were inviscid with rigid wakes. Total configuration 
drag and pylon side force were plotted versus py- 
lon toe angle for a constant total configuration lift 
coefficient. Forces and moments were computed by 
VSAERO using pressure-area integration. For this 
investigation, the pylons did not actually intersect 
with the wing, but were butted to the lower surface. 
The calculations were performed with a 1000-panel 
version of VSAERO on a Control Data CYBER 170 
series computer. 

Presentation of Results 
The aerodynamic force data presented are model 

lift, drag, and side force and are shown graphically. 
The pressure data obtained are from instrumentation 
just inboard and just outboard of the pylon. Data 
were obtained for two Mach numbers, 0.7 and 0.8, 
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the latter being the assumed cruise condition, and at 
nominal angles of attack from -3" to 4" (CL = 0 to 
0.80). Though the data at CL < 0.3 are academic in 
nature, in that this would be an unusual condition for 
an airplane at these Mach numbers, these data show 
the sensitivity of the flow to off-design conditions. 

Selected data are discussed and presented in the 
following figures: 

Figure 
Effect of pylon toe angle on airplane 

aerodynamic characteristics for 
conventional pylon shapes . . . . . . . . . 6 

Effect of pylon toe angle on airplane 
aerodynamic characteristics 
for compression pylon shapes . . . . . . . 7 

Effect of pylon toe angle on wing 
chordwise pressure distributions for 
conventional pylon shapes. CL M 0.5 . . . . 8 

chordwise pressure distributions for 
compression pylon shapes. CL "N 0.5 . . . . . 9 

Effect of pylon toe angle on selected 
aerodynamic characteristics at 
constant total airplane lift coefficient . . . 10 

aerodynamic characteristics for pylon 
toe angle of 0" . . . . . . . . . . . . . 11 

Effect of compression pylon shape on 
aerodynamic characteristics for 
pylon toe angle of 0" . . . . . . . . . . 12 

chordwise pressure distributions for 
pylon toe angle of 0". CL M 0.5 . . . . . 13 

chordwise pressure distributions for 
pylon toe angle of 0". C,  M 0.5 . . . . . 14 

Effect of pylon shape on wing chordwise 
pressure distributions. C, M 0.5 . . . . . 15 

Effect of pylon shape on incremental airplane 
drag for pylon toe angle of 0" . . . . . . 16 

Effect of pylon toe angle on wing 

Effect of conventional pylon shape on 

Effect of conventional pylon shape on wing 

Effect of compression pylon shape on wing 

Results and Discussion 

Effect of Pylon Toe Angle 

The effects of pylon toe angle on selected model 
aerodynamic characteristics are shown in figures 6 
and 7. Plots of model lift coefficient versus pylon 
side force are shown for the NACA 0012, NACA 
4412, and compression type A pylons, and plots 
of lift coefficient versus drag coefficient are shown 
for all pylon configurations. Correspondingly, wing 
pressure distributions are shown in figures 8 and 9, 
at M = 0.7 and 0.8 for each pylon configuration. 

Static pressure data were obtained on the wing over 
a range of pylon toe angle, but for greater clarity 
of the pressure distribution plots, only data for the 
clean wing and for 0" and maximum toe angles are 
presented. Data are also cross-plotted in figure 10 at 
a constant lift coefficient to provide pylon side force 
versus pylon toe angle and drag coefficient versus 
pylon toe angle for the NACA 0012, NACA 4412, 
and compression type A pylons. 

Aerodynamic data for conventional pylons. 
The effects on airplane lift and drag due to variation 
of the toe angle of the NACA 0012, the NACA 
4412, and the contoured pylon (fig. 6) were generally 
similar in trend and showed small changes (typically 
less than 5 airplane drag counts) in level at the 
cruise lift coefficients (C, = 0.51 at M = 0.7 
and CL = 0.45 at M = 0.8). Large deviations 
occurred, though, at the lower (i.e., off-design) lift 
coefficients where the polar curves separate widely 
for the NACA 0012 pylon (compare the separation 
of drag coefficient data symbols in figs. 6(a) and 
6(b)). When comparing figures 6(a), 6(c), and 6(e) 
for M = 0.7 and figures 6(b), 6(d), and 6(f) for 
M = 0.8, note that the difference among the drag 
polars (generally for CL < 0.3) lessened when the 
shapes progressed from the NACA 0012 to the NACA 
4412 and then to the contoured pylon. 

The effects of pylon toe angle on side force coeffi- 
cient (figs. 6(a) to 6(d)) were similar, though different 
in level, between the NACA 0012 and NACA 4412 
pylons. The side force coefficient curves at M = 
0.7 were generally regular and displayed consistent 
trends of increasing outward (i.e., in the lateral di- 
rection from wing root to tip) force on the pylons 
as the pylon was set from a leading edge toed in- 
ward to a leading edge toed outward position. The 
slopes of the side force versus lift force did not signif- 
icantly differ between these two pylons, though the 
absolute levels for the NACA 0012 pylon were consis- 
tently higher than those for the NACA 4412 pylon. 
This was not an unexpected result as the NACA 4412 
airfoil camber line should have caused this pylon to 
"lift" more in the outboard direction at a given toe 
angle. 

These trends in pylon side force (i.e., increasing 
outward force with pylon toe changing from inboard 
to outboard) do not change significantly at M = 0.8 
for lift coefficients near cruise (Le., CL M 0.45). 
Though, it is interesting to note that at the lower 
lift coefficients (CL < 0.2) the side force trend with 
pylon toe angle for the NACA 4412 pylon becomes 
somewhat chaotic. A significant change in the span- 
wise flow on the wing could cause this reversal in the 
pylon side force. 
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Aerodynamic data for compression pylons. 
Figure 7 shows the effects on airplane lift and drag 
due to the installation of three compression pylons. 
In general, the trends observed for the compression 
pylons were similar to those for the conventional py- 
lons, with smaller changes due to pylon toe angle. It 
is possible that these pylon shapes were less sensitive 
to the changes in the wing flow occurring at the lower 
lift coefficients (i.e., less divergence between the drag 
polars at the lower lift coefficients) or that changes 
in the flow due to the other pylon shapes did not 
occur with the compression contour. Consequently, 
the problems causing the polar divergences did not 
occur. As expected, the overall level of drag of the 
airplane increased for all three pylons at M = 0.8. 

Compression pylon side force coefficients were 
obtained only for pylon A, shown in figures 7(a) and 
7(b) for M = 0.7 and 0.8, respectively. The side 
force trends with toe angle for pylon A at both Mach 
numbers were very similar to the trends observed for 
the NACA 0012 pylon, that is, an increasing outward 
force on the pylon as the leading edge is toed from 
inward to outward, and the general slope of the side 
force versus model lift force curves were similar. 

Wing pressure data for conventional 
pylons. Upper and lower wing chordwise pressure 
coefficient distributions for the conventional pylons 
are shown in figure 8. Data for wing stations adjacent 
to the pylon (inboard and outboard of the pylon) for 
three pylon toe angles are plotted with data for the 
clean wing configuration at M = 0.7 and 0.8. All the 
data were plotted at the model angle of attack that 
most closely matched a lift coefficient of 0.5. In gen- 
eral, changes in the wing pressure distributions due 
to pylon installation were more substantial inboard 
of the pylon and less significant outboard of the py- 
lon. Several other investigations have also shown this 
result (refs. 1 to 4). Furthermore, the changes in the 
wing pressure distributions, particularly due to vari- 
ation of the pylon toe angle, were typically smaller 
on the wing upper surface than on the wing lower 
surface. Therefore, the following discussion concen- 
trates on the influence of the pylon on the lower wing 
surface flow in the inboard region. 

The installation of the NACA 0012 pylon 
(figs. 8(a) to 8(d)) caused expected acceleration of 
flow along the inboard wing station. Changing toe 
angle from +5" (toed in) to -5" (toed out) consis- 
tently reduced the local velocity peak under the wing 
leading edge with no significant effect on conditions 
downstream of x/c = 0.4. Presumably, as the py- 
lon leading edge is toed outward, less surface curva- 
ture is encountered by the flow turning into the in- 
board wing-pylon junction, thus decreasing the flow 

acceleration problem. The outboard wing lower sur- 
face (fig. 8(b)) would then have higher leading edge 
velocities, though much smaller change in magnitude, 
compared with the clean wing distribution. Some- 
what similar results were observed for this pylon at 
M = 0.8 (figs. 8(c) and 8(d)) with the addition of 
strong wing lower surface shocks and possible separa- 
tion, particularly for 5" toe in, where separation pos- 
sibly occurred near x/c = 0.3 and again at x/c = 0.5. 
The generally flatter nature and poor pressure recov- 
ery trend of the wing lower surface pressure distribu- 
tions at M = 0.8 (fig. 8(c)) from x/c = 0.5 to 1.0 in- 
dicate possible separation of the wing boundary layer 
for all three toe angles. 

Variation of toe angle of the NACA 4412 pylon 
(figs. 8(e) to 8(h)) had similar, though typically 
lesser, effects on the wing pressure distributions, 
compared with the NACA 0012 pylon installation, 
for both M = 0.7 and M = 0.8. For M = 0.7 
the highest lower surface flow acceleration occurred 
with pylon toe angle of 5" in. The velocity peak 
shifted upstream, from x/c = 0.2 for the NACA 
0012 pylon to x/c = 0.1 for the NACA 4412 pylon 
(compare figs. 8(a) and 8(e)) and was smaller in 
magnitude. Though the leading edge velocity peaks 
were nearly equal in magnitude between the two 
pylons at M = 0.8, one notable feature of the 
NACA 4412 pylon installation was the improved 
pressure recovery (closely following the clean wing 
distribution) on the wing lower surface for x/c > 0.4 
(compare figs. 8(g) and 8(c)). This is attributed to 
the NACA 4412 shape having less inboard surface 
curvature in the region of flow recompression (x/c = 
0.5 to l . O ) ,  which improved the recovery trend. 

The wing pressure distributions for the contoured 
pylon, plotted in figures 8(i) to 8(1), show this pylon 
affecting the wing flow least of the conventional 
pylons. Note that the data are only for the range 
of toe angle from -2' to 2". The typical suction 
peaks on the wing lower surface leading edge were 
roughly equal to those for the NACA 4412 pylon 
at M = 0.7 (compare figs. 8(i) and 8(e)), and 
were considerably suppressed at M = 0.8 (compare 
figs. 8(g) and 8(k)). The contoured and NACA 
4412 pylons have very similar leading edge shapes 
so that fairly similar flows would be expected over 
the first 10 percent of the wing. The longer, flatter 
inboard side of the contoured shape tends to reduce 
the velocity perturbations over a larger fraction of 
chord, but the flow velocity levels are higher (fig. 8(i)) 
at x/c = 0.2 to 0.4. Though this mixed result was 
not considered generally beneficial, because of the 
possible lift loss incurred, neither was the trailing 
edge pressure recovery adversely affected at M = 0.7. 
The data at M = 0.8 (fig. 8(k)) and x/c = 0.65 

5 



to 0.9, however, do indicate incipient separation of 
the wing boundary layer (compare clean wing data 
with installed pylon data). Typically, suppression of 
the lower surface flow velocity is desired to reduce the 
likelihood of flow separation near the leading edge 
with pylons installed. The trade-off that occurs is 
the increase in drag that is typical with the loss of 
wing leading edge suction. 

Wing pressure data for compression 
pylons. Upper and lower wing chordwise pressure 
coefficient distributions for the compression pylon in- 
stallations are shown in figure 9. Data for wing sta- 
tions adjacent to the pylon (inboard and outboard of 
the pylon) for three pylon toe angles are plotted with 
data for the clean wing configuration at M = 0.7 and 
0.8. All the data were plotted at the model angle of 
attack that most closely matched a lift coefficient of 
0.5. Also note that for compression pylons A and C 
data are plotted for toe angles of -5", 0", and 5", 
while for pylon B data are plotted for toe angles of 
-2", 0", and 5". 

The trends of the wing pressure distributions due 
to variation of toe angle for the compression pylons 
were similar to the changes observed previously for 
the conventional pylons, except that the degree of 
change was considerably smaller and these changes 
were fairly consistent from pylon to pylon. The 
mild departures of the installed pressure distribution 
from the clean wing distributions were relatively 
localized, typically occurring on the inboard row 
around x/c = 0.1 on the upper surface and around 
x/c = 0.2 to 0.3 on the lower surface at M = 0.8. 
This could contribute to a lower drag in that section. 
In general, the installation of these pylon types has 
not incurred the typical losses due to wing boundary- 
layer separation and excessive velocities, between 
x/c = 0.1 and 0.4, observed for the conventional 
pylons. 

Aerodynamic data at constant l i p  coefl- 
cient. The effect of pylon toe angle on pylon side 
force and total airplane drag is presented in figure 10. 
The data are plotted for the NACA 0012 pylon, the 
NACA 4412 pylon, and compression pylon A. 

Preliminary investigations on the effects of pylon 
shape and toe angle were performed using VSAERO. 
These calculations indicated that minimum total air- 
plane drag appeared to coincide with either zero py- 
lon side force or minimum pylon side force. There 
was little useful agreement between the VSAERO 
calculations and the experimental data. Neither zero 
side force crossing nor the slopes matched (compare 
dashed lines with symbols) with different resulting 
conclusions. A contributing factor to the discrep- 
ancy between the theory and the data could be that 

even at the lower Mach number of 0.7, some regions 
of supersonic flow did occur, particularly in the lead- 
ing edge areas of the wing, because of the angle of 
attack of the model and some pylon interference. 
Any additional drag effects due to supersonic regions 
of flow would not be accounted for by the method 
used. A more complete and detailed modeling of the 
wing-pylon junction might resolve some differences 
between the calculated and measured pylon loads. 

The experimental datil show a linear trend of py- 
lon side force with toe angle for the three asymmet- 
ric pylons. The experimental data show that for the 
conventionally shaped pylons (figs. lO(a) and 10(b)), 
there is some loading of the pylon when airplane drag 
is a minimum. The minimum appears close to a toe 
angle of 0" for the NACA 0012 pylon at M = 0.7 
and 0.8, though data scatter and axial force accu- 
racy make the minimum difficult to discern. Approx- 
imately 2" of leading edge toe in was required for 
minimum airplane drag with the NACA 4412 pylon 
(fig. 10(b)). At this point, the NACA 4412 pylon was 
loaded roughly twice as much as the NACA 0012 py- 
lon. The toe angle at which minimum drag occurred 
was, again, about the same for both Mach numbers. 

As can be seen in figure lO(c), the variation in 
the measured side force for compression pylon A had 
trends slightly different from those for the conven- 
tional pylons. At M = 0.7, the drag minimum 
coincided with zero pylon side force, that is, approxi- 
mately 2" toe in, rather than the slightly loaded con- 
dition observed previously. The data at M = 0.8 
show the pylon side force crossing occurring closer to 
1" toe in, which coincides with a small shift in the 
minimum of the airplane drag plot. 

Effect of Pylon Shape 
Selected data, previously shown, are replotted to 

more easily show the effect of pylon shape on air- 
plane aerodynamic characteristics and wing pressure 
coefficient distributions. All these figures show data 
for a pylon toe angle of 0". Figures 11 and 12 show 
selected model aerodynamic data and figures 13 and 
14 show wing pressure distributions for model data 
at C, x 0.5. A direct comparison between wing 
pressure distributions for the NACA 0012 pylon and 
compression pylon A, at M = 0.7 and 0.8, is shown in 
figure 15, and the effect of each pylon on incremental 
total airplane drag is plotted in figure 16. 

Aerodynamic data for conventional pylons. 
The data at M = 0.7 show little effect of an installed 
pylon on the lift-curve slope (top part of fig. l l(a))  
and little change, in lift-curve slope, from pylon to 
pylon, though there is some lift loss at all angles of 
attack due to the pylon installation. The NACA 4412 
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pylon (fig. 11) had generally the highest installed 
drag at both M = 0.7 and M = 0.8. The lower 
Mach number data, M = 0.7, showed little difference 
in the lift versus drag characteristics of the NACA 
0012 and the contoured pylons, while the transonic 
data, M = 0.8, showed a crossover of these data 
(fig. l l (b)) .  The contoured pylon installation had 
less total drag at the lower lift coefficients, CL < 0.5, 
as well as the lowest minimum drag, near CL = 0.17, 
of the three conventionally shaped pylons. 

Aerodynamic data for compression pylons. 
No significant differences in the lift curve were ob- 
served among the compression pylons and clean 
wing-body configuration (fig. 12(a)). The lift loss, at 
a fixed angle of attack, incurred with the installation 
of the conventional pylons was not observed for the 
compression pylons. Some lift loss was observed at 
M = 0.8 (upper part of fig. 12(b)), though, as before, 
the effect was smaller than the conventional pylon 
installation effects. The thinnest pylon, B, had the 
least installed drag at both M = 0.7 and M = 0.8, 
and the drag curves for pylons A and C were similar 
in trend and level, but with slightly higher installed 
drag than pylon B, over the lift coefficient range. 

Wing pressure data for conventional 
pylons. Figure 13 is a comparison of the effect of 
conventional pylon shape, for a toe angle of 0”, on 
wing pressure coefficient distributions. Upper and 
lower surface data are plotted at wing stations just 
inboard and outboard of the pylon, at  M = 0.7 and 
0.8. All three pylon installations resulted in an accel- 
eration of the wing upper surface leading edge flow 
(figs. 13(a) and (b)) at M = 0.7 and z/c < 0.1 to 
roughly the same level and do not appear to have 
had any adverse effects on the upper surface flow. 
As observed before, most of the pylon’s influence at 
M = 0.7 was observed along the wing lower sur- 
face inboard of the pylon. The highest peak velocity, 
around x/c = 0.2, occurred with the NACA 0012 py- 
lon installation because of the greater extent of pylon 
curvature in the leading edge region. Smaller veloc- 
ity peaks typified the NACA 4412 and contoured py- 
lon installations because of less curvature around the 
leading edge and a flatter inboard side. The NACA 
4412 pylon had the least effect on the wing pressures 
downstream of x/c = 0.35 where the recovery in the 
lower surface cusp flow very closely matched that of 
the clean wing. This preserved the aft loaded na- 
ture of the supercritical airfoil more than the other 
two pylons. The favorable pressure distributions ob- 
served here seem to contradict the previous discus- 
sion concerning the aerodynamic data for a toe angle 
of O”, where the NACA 4412 pylon installation had 
the highest installed drag (see fig. l l (a)) .  Though a 

pylon may have beneficial (over other pylons) effects 
on the wing flow, the drag of the pylon itself can nul- 
lify these advantages. The NACA 4412 pylon was 
previously noted to have roughly twice as much side 
loading as the NACA 0012 pylon and a resulting in- 
crease in the induced drag (from the pylon “lifting”) 
might be expected. 

Comparisons of the wing pressure distributions at 
M = 0.8 (figs. 13(c) and (d)) show trends similar to 
those observed at M = 0.7. A relatively large leading 
edge flow velocity and possible lower surface flow 
separation, inboard of the pylon, characterize the 
NACA 0012 pylon installation. The “concave down” 
pressure recovery in the lower surface cusp region, 
x/c = 0.55 to 0.9, indicates a thickening boundary 
layer and incipient separation. The contoured pylon 
suppressed the leading edge flow velocity at x/c = 0.1 
to 0.2, more than the NACA 4412 pylon, though the 
flow did not recover in the trailing edge region quite 
as strongly as for the NACA 4412 pylon. 

Wing pressure data for  compression 
pylons. Figure 14 is a comparison of the effect of 
compression pylon installations on wing pressure dis- 
tributions. Upper and lower surface data are plotted 
at wing stations just inboard and outboard of the 
pylons at M = 0.7 and 0.8. All data are for py- 
lons set at a toe angle of 0” and a lift coefficient of 
approximately 0.5. At M = 0.7 the largest effects 
due to this type of pylon installation (fig. 14(b)) oc- 
curred downstream of x/c = 0.5, on the wing lower 
surface outboard of the pylon. In this instance, a 
mild elevation of the wing flow velocities occurred 
because the compression pylon continued thickening 
toward the wing trailing edge, while in comparison, 
the conventional pylons were becoming thinner. Lit- 
tle change in this effect on the wing pressure distri- 
butions was observed from pylon to pylon. The data 
for M = 0.8 on the wing lower surface inboard of 
the pylon (fig. 14(c)) show a significantly slower and 
smaller region of supersonic flow, at z/c = 0.2 to 0.4, 
due to pylon installation, as compared with the con- 
ventional pylon installation (see fig. 13(c)). As stated 
previously, the flat nature of the compression pylon 
appears to control the wing-pylon junction flow and 
suppress the typical velocity peaks present. Slightly 
elevated flow velocities outboard of the pylon on the 
wing lower surface were, as before, also observed at 
M = 0.8. 

Comparison of conventional and compres- 
sion pylons. Wing pressure coefficient data on the 
wing in the vicinity of the pylon for the NACA 0012 
pylon, compression pylon A, and the clean wing are 
plotted in figure 15 at CL M 0.5. Data at M = 0.7 
are shown in figures 15(a) and 15(b) and at M = 0.8 
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are shown in figures 15(c) and 15(d). Typical of the 
more conventionally shaped pylons, the lower surface 
wing flow velocities increase on the inboard row from 
about x/c = 0.2 to 0.4 at both M = 0.7 and M = 0.8. 
Though, only at M = 0.8 did the flow exceed sonic 
speeds in that region with flow recovery via a mod- 
erate shock and incipient separation in the trailing 
edge region. The upper surface leading edge pres- 
sures were significantly lower at M = 0.8, with a 
shock at x/c = 0.2 and again at some point fur- 
ther downstream (though there were no experimental 
data plotted past x / c  = 0.4, the flow must become 
subsonic at some later point because of the subsonic 
free-stream condition). Also fairly typical for conven- 
tional under-the-wing-mounted pylons was the rela- 
tively small effect on the flow on the outboard wing 
panel. 

The inboard lower surface flow velocities for the 
compression pylon were much lower than those for 
the NACA 0012 pylon (fig. 15(a)). Though the flow 
velocities were still slightly higher than the clean 
wing data for the region from x/c = 0.15 to ap- 
proximately 0.5, the reduced curvature of the pylon 
shape prevented the extreme flow acceleration ob- 
served previously. The character of this flow was es- 
sentially the same as for the clean wing with only 
slight changes in the pressure recovery. The com- 
pression pylon increased the inboard upper surface 
flow velocity substantially for the first 40 percent of 
the wing chord because of the blockage of the span- 
wise flow spilling over the leading edge. This effect 
was still less than the velocity increase due to the 
NACA 0012 pylon. The leading edge of the compres- 
sion pylon was much smaller than the NACA 0012 
pylon and consequently presents less frontal surface 
in the wing leading edge region. No areas of exces- 
sive flow velocities or separation were observed for 
the compression pylon. 

Incremental drag due to  installing pylons. 
The installed incremental drag coefficient (Le., to- 
tal airplane drag with pylons installed minus total 
airplane drag without pylons installed) is presented 
in figure 16 for M = 0.7 and 0.8 for all six of the 
pylon shapes tested. The shaded area indicates the 
amount of installed drag that may be attributed to 
calculated skin friction. The unshaded area repre- 
sents the combined value of form, wave, and inter- 
ference drag. Overall, the compression pylon series 
had a lower installed drag than the more conven- 
tionally shaped pylons. Compression pylon B was 
the same length as pylon A but with one-half the 
thickness, that is, 6 percent thick based on the lo- 
cal wing chord. Previous pylons tested, for example, 
in reference 6, were only as thin as 8 percent for a 

conventional under-the-wing installation. Favorable 
interference due partially to the thinness and lack of 
curvature of pylon B resulted in this configuration 
having an incremental drag coefficient of less than 
skin friction drag of the pylon. Because the pylon 
was not instrumented, it is hard to be conclusive as 
to the reason for this result. Of the conventional py- 
lons, the NACA 0012 shape had the lowest installed 
drag at M = 0.7 and the contoured pylon had the 
lowest at M = 0.8. Of the compression pylons, there 
was little difference between pylon A and the longer 
pylon C (150 percent of local wing chord in length, 
providing a smaller trailing edge closure angle). 

Conclusions 
An experimental investigation has been con- 

ducted in the Langley l6-Foot Transonic Tunnel at 
free-stream Mach numbers of 0.7 and 0.8 and angles 
of attack from -3" to 4' to determine the installation 
effects of a series of pylons that had differing cross- 
sectional shapes and to determine the effect of pylon 
toe angle on airplane drag. Six pylon shapes were 
studied: three conventional shapes (consisting of an 
NACA 0012, an NACA 4412, and a contoured shape) 
and three compression pylon shapes (with variation 
of divergence angle and length). The results are sum- 
marized as follows: 
1. Conventionally shaped pylons show a large degree 

of adverse interference in the inboard wing-pylon 
junction in the form of moderate to large regions 
of supersonic flow and some evidence of mild flow 
separation due to the large curvature and pylon 
thickness in the leading 'edge region. 

2. The compression pylon shape had the lowest py- 
lon drag at both Mach 0.7 and Mach 0.8. This 
shape was able to suppress the velocities in the 
inboard region of the pylon-wing junction and re- 
duce the extent of supersonic flow and likelihood 
of flow separation through reduction in pylon cur- 
vatures and delay of the maximum thickness of 
the pylon further downstream of the wing lead- 
ing edge region. 

3. Conventional pylons were slightly loaded and 
compression pylons were unloaded when airplane 
drag appeared to be at a minimum at fixed lift co- 
efficients. Data scatter and axial force accuracy 
made the effects of pylon toe angle on model drag 
difficult to discern. 

4. Results predicted by VSAERO (Vortex Separa- 
tion Aerodynamic Program) agreed poorly with 
the experimental side force and drag data. In- 
adequate modeling of the junction region, super- 
critical flow, and viscous effects likely contributed 
to the discrepancies encountered. 
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Table 1. Pylon Configuration Data 

Thickness, 
percent c 

12 

Pylon divergence, closure, 
deg deg type 

NACA 0012 
NACA 4412 
Contoured 
Compression A 
Compression B 
Commession C 

Length, 
percent c 

100 
100 
100 
125 
125 
150 

12 
12 
12 

6 
12 

2.4 
.7 

2.4 

19.5 
10.9 
10.0 
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Table 2. Pylon Airfoil Coordinates 

[c = 9.972 in. (q = 0.37)] 

(a) NACA 0012 pylon 

0 
.0125 
.0250 
.0500 
.0750 
.loo0 
.1500 
.2000 
.2500 
.3000 
.4000 
.5000 
.6000 
.7000 
.BOO0 
.goo0 
.9500 

1.0000 

Y I C  

0 
.01894 
.02615 
.03555 
.04200 
.04683 
.05345 
.05738 
.05941 
.06002 
.05803 
.05294 
.04563 
.03664 
.02623 
.01448 
.00807 

0 

11 



0 
.0125 
.0250 
.0500 
.0750 
.loo0 
.1500 
.2000 
.2500 
.3000 
.4000 
.5000 
.6000 
.7000 
.8000 
.goo0 
.9500 

1 .oooo 

Table 2. Continued 

(b) NACA 4412 pylon 

y/c (inboard) 
0 
-.0143 
-.0195 
-.0249 
-.0274 
-.0286 
-.0288 
-.0274 
-.0250 
- .0226 
-.0180 
-.0140 
-.0100 
- .0065 
-.0039 
-.0022 
-.0016 
0 

y/c (outboard) 
0 

.0244 

.0339 

.0473 

.0576 

.0659 

.0789 

.0880 

.0941 

.0976 

.0980, 

.0919 

.0814 

.0669 

.0489 

.0271 

.0147 
0 

12 
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0 
.0125 
.0250 
.0500 
.0750 
.loo0 
.1500 
.2000 
.2500 
.3000 
.4000 
.5000 
.6000 
.7000 
.8000 
.goo0 
.9500 

1 .oooo 

Table 2. Continued 

(c) Contoured pylon 

y/c (inboard) I y/c (outboard) 
0 
-.01430 
-.01950 
-.02400 
-.02400 
- .02400 
- .02400 
-.02400 
-.02400 
-.02400 
-.02403 
-.02294 
- .02063 
-.01464 
-.00523 

.00952 

.01693 
,02800 

0 
.02440 
.03390 
.04730 
.05760 
.06590 
.07890 
.08800 
.09410 
.09760 
.09203 
.08294 
.07063 
.05864 
.04723 
.03848 
.03307 
.02800 
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Table 2. Continued 

(d) Compression pylon A 

0 
.0013 
.0050 
.0109 
.0188 
.0283 
.0394 
.0500 
.1260 
.2057 
.3719 
.5382 
.7044 
.8707 
.9115 
.9522 
.9930 

1.0338 
1.0745 
1.1153 
1.1561 
1.1839 
1.2117 
1.2394 
1.2500 

0 
.0067 
.0117 
.0152 
.0174 
.0187 
.0195 
.0200 
.0232 
.0266 
.0336 
.0406 
.0476 
.0546 
.0562 
.0577 
.0585 
.0578 
.0541 
.0459 
.0332 
.0234 
.0136 
.0037 

0 
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Table 2. Continued 

(e) Compression pylon B 

0 
.0013 
.0050 
.0109 
.0188 
.0283 
.0394 
.0500 
.2057 
.3719 
.5382 
.7044 
.8707 
.9115 
.9522 
.9930 

1.0338 
1.0745 
1.1153 
1.1561 
1.1839 
1.2117 
1.2394 
1.2500 

0 
.0072 
.0126 
.0161 
.0183 
.0194 
.0198 
.0200 
.0219 
.0239 
.0259 
.0279 
.0299 
.0304 
.0308 
.0311 
.0308 
.0290 
.0248 
.0180 
.0127 
.0073 
.0020 

0 
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Table 2. Concluded 

( f )  Compression pylon C 

X I C  

0 
.0013 
.0050 
.0109 
.0188 
.0283 
.0394 
.0500 
.2057 
.3719 
.5382 
.7044 
3707 
.9353 
.9998 

1.0644 
1.1290 
1.1936 
1.2582 
1.3228 
1.3783 
1.4339 
1.4894 
1.5000 

Y l C  
0 

.0067 

.0117 

.0152 

.0174 

.0187 

.0195 

.0200 

.0266 

.0336 

.0406 

.0476 

.0546 

.0570 

.0580 

.0571 

.0543 

.0494 

.0417 

.0312 

.0215 

.0117 

.0019 
n 
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Figure 1. Installation effects of pylon and of pyloi 
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flow 

Figure 2. Illustration of interaction between local flow and pylon. 
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Figure 3. Model with pylons in Langley l6-Foot Transonic Tunnel. 

L-89-15 

Figure 4. View from below the wing of the pylon installation on the wind tunnel 
model. 
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I 
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Taper rat io ........... 0.328 
Area (trapezoid), in2 . . 529.590 
c, in. ............... 9.107 
Cav, in. ............. 8.390 
Incidence, deg ........ 0 
Dihedral, deg ......... 0 

- 

(a) Wing planform. All dimensions are in inches unless otherwise specified. 

Figure 5. Wing and pylon geometry. 
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----- --------- 

NACA 001 2 12% thick compression type (A) 

Inboard side 
, ----- - r c- --------- 

\ 

NACA 441 2 6% thick compression type (B) 

Inboard side 

f ------- 

Contoured 12% thick compression type (C) 

(b) Pylon cross-sectional shapes. 

WRP /--?-/ 
c14 

45" 45" + + 45" 45" 
.cL k-.l.25c-d 

Conventional pylons Compression pylons A & B 

----- cx WRP 

45" 

Compression pylon C 

(c) Pylon planform shapes. 

Figure 5. Continued. 
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(d) Wing pressure-orifice row locations and pylon placement. 

Figure 5. Concluded. 
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CL 

(a) NACA 0012 pylon; M = 0.7. 

Figure 6. Effect of pylon toe angle on airplane aerodynamic characteristics for 
conventional pylon shapes. 
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(b) NACA 0012 pylon; M = 0.8. 

Figure 6. Continued. 
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,030 
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,020 
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2 
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Both pylons mounted 

-. 1 0 .1 .2 .3 .4 .5 .6 .7 .8 .9 

CL 
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0 

CY 
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(c) NACA 4412 pylon; A4 = 0.7. 

Figure 6. Continued. 
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.OX 

CD 
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Both pylons mounted 

Toe angle, deg 
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CL 

(e) Contoured pylon; M = 0.7. 

Figure 6. Continued. 
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(f) Contoured pylon; M = 0.8. 

Figure 6. Concluded. 
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.02( 
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Both pylons mounted 

Toe angle, deg 
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,004 

0 

-.004 r8 
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\ 

C Y  
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CL 

(a) Compression pylon A; M = 0.7 

Figure 7. Effect of pylon toe angle on airplane aerodynamic characteristics for 1 
compression pylon shapes. 
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(b) Compression pylon A; A4 = 0.8. 

Figure 7. Continued. 
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( c )  Compression pylon B; M = 0.7. 

Figure 7. Continued. 
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(d) Compression pylon B; M = 0.8. 

Figure 7. Continued. 
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(e) Compression pylon C; M = 0.7 

Figure 7. Continued. 
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(d) NACA 0012 pylon; M = 0.8; outboard row. 
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(e) NACA 4412 pylon; M = 0.7; inboard row. 

Figure 8. Continued. 
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( f )  NACA 4412 pylon; M = 0.7; outboard row. 
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Figure 9. Effect of pylon toe angle on wing chordwise pressure distributions for 
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(e) Compression pylon B; M = 0.7; inboard row. 

Figure 9. Continued. 
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(j) Compression pylon C; M = 0.7; outboard row. 

Figure 9. Continued. 
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Figure 13. Effect of conventional pylon shape on wing chordwise pressure distribu- 
tions for pylon toe angle of 0'. CL M 0.5. 
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Figure 13. Continued. 
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(a) M = 0.7; inboard row. 

Figure 14. Effect of compression pylon shape on wing chordwise pressure 
tions for pylon toe angle of 0'. CL x 0.5. 
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