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SUMMARY

Tests were conducted in the Langley High-Speed 7- by 10-Foot Tunnel using a
1/10~scale model of an executive jet to examine the effects of nacelles on wing pres-
sures and model longitudinal aerodynamic characteristics. For the present investiga-
tion, each wing panel was modified with a simulated, partial-chord, laminar-flow-
control glove. Horizontal-tail effects were also briefly examined. The tests cov-
ered a range of Mach numbers M from 0.40 to 0.82 and lift coefficients from 0.20
to 0.55. 0il-flow photographs of the wing at selected conditions are included.

The test results indicate that for a constant angle of attack, the addition of
the nacelles caused a reduction in lift coefficient. This reduction varied from
about 0.07 to about 0.17, depending on Mach number and angle of attack. The loss in
lift resulted from a reduction in the induced velocities over the wing; consequently,
for a constant angle of attack, the pressure coefficients were generally more posi-
tive over the forward portion of the glove when the nacelles were present, and wing
shocks were moved forward and weakened. At a constant 1lift coefficient, the pressure
coefficients over the forward portion of the glove were more negative with the
nacelles on the model. These results indicate that the effect of the nacelles should
be considered in any future modifications to the glove design.

At a lift coefficient of approximately 0.40, the nacelles caused a significant
increase in the compressibility drag of the model. This increment in drag coeffi-
cient reached a maximum of about 0.0025 between M = 0.75 and 0.80.

The horizontal tail had a negligible effect on the pressure distributions.

INTRODUCTION

The rapidly rising cost of fuel, as well as its limited supply, has brought
about an increased interest in making aircraft more fuel efficient. One concept that
promises significant fuel savings for future aircraft is laminar flow control (LFC)
as described in reference 1. The technique involves using suction to remove a por-
tion of the boundary layer over various aircraft surfaces (in particular, the wings)
in order to keep the boundary layer over that surface from transitioning to turbulent
flow. Therefore, LFC would reduce the skin-friction coefficient for a particular
surface and as a result the airplane would have less total cruise drag.

This concept has been flight-tested with some success (refs. 2 and 3), but the
cost of developing and operating an effective LFC system for a commmercial transport
has outweighed the benefit of reduced fuel consumption. However, the dramatic
increase in fuel prices in 1973 made LFC economically attractive, so NASA and
industry began to study some of the operational problems associated with maintaining
LFC. The problems included keeping the wing leading edge free from ice and insect
remains (which would cause premature transition of the boundary layer), finding a
wing surface material that would provide for suction and be relatively easy to manu-
facture, and designing a suction system with as little weight and cost penalty as
possible.



In order to evaluate some of the proposed solutions to these problems, NASA has
planned flight tests using an executive jet, modified with a partial~chord LFC glove
on each wing panel. On this jet aircraft, the engines are mounted on the fuselage,
with the forward parts of the engine nacelles overhanging the wing trailing edge near
the root. A mutual aerodynamic interference results when the nacelles are relatively
close to the wing; therefore, this effect should be taken into account when trying to
design a suitable LFC wing glove. This aerodynamic interference is especially iwmpor-
tant in the transonic speed regime, where the tests are to be made, since it could
have an influence on the formation and location of shock waves on the wing.

In an effort to provide some insight into the effect of nacelles on wing pres-
sures in the vicinity of the glove, tests were conducted in the langley High-Speed
7- by 10-Foot Tunnel. A 1/10-scale model of an executive jet, modified with wing
gloves to simulate one of the preliminary designs for the LFC gloves for the flight
tests, was used in this investigation. The partial-chord gloves on the model had no
suction capability; therefore, only the wing contours were simulated.

SYMBOLS

The International System of Units (SI), with the U.S. Customary Units given in
parentheses, is used for the physical quantities in this report (see ref. 4). The
measurements and calculations were made in U.S. Customary Units. Symbols in paren-
theses are used in computer-—generated figures.

b (B) wing span, 162.96 cm (64.16 in.)

c local streamwise chord, cm (in.)

< wing mean aerodynamic chord, 32.99 cm (12.99 in.)
Cp drag coefficient, Drag/gS

c 1ift coefficient, TLift/qgS

Cn (Cy) pitching-moment coefficient, Pitching moment/gSc
o pressure coefficient, (p =~ p_)/d,

M Mach number

P static pregsure, Pa (psi)

q dynamic pressure, Pa (psi)

S wing reference area, 5009.34 cm? (776.45 inz)

x/c (X/C) airfoil abscissa divided by local wing chord

y (Y) spanwise distance, cm (in.)

z/¢ (Z/C) airfoil ordinate divided by local wing chord



a model angle of attack, referenced to fuselage .center line, deg

M (2Y/B) wing semigpan station
Subscript:
o free-stream conditions

MODEL DESCRIPTION

The tests were conducted using a 1/10~scale model of an executive jet. The
model was sting-mounted in the tunnel using an internal, six-component, strain-gage
balance to measure forces and moments. (See fig. 1.) Model dimensions are given on
the drawing in figure 2 and are included with other model descriptive data in
table I.

The model consigted of the modified wing, fuselage, vertical tail, horizontal
tail, and fuselage-mounted, twin—engine, flow-through nacelles. The nacelles were
mounted on each side of the fuselage, to the rear of and slightly higher than the
wings. The horizontal tail was set to an incidence of -2° and remained fixed for all
the tail-on runs. The basic wing had a span of 162.96 cm (64.16 in.), an aspect
ratio of 5.30, and an NACA 63A112 airfoil section at the root which changed to a
modified NACA 63A309 at the tip. The wing had a leading-edge sweep of 34° inboard of
the glove, 30° in the glove region, and 35° outboard of the glove.

The model originally had an external fuel tank mounted on each wing panel
between a wing semispan station 1 of 0.42 and 0.54. These tanks were removed to
allow the partial-chord wing gloves to be added. The gloves extended from =7 = 0.38
to n = 0.64, with an inboard fairing to m = 0.33 and an outboard fairing reaching
n = 0.68, The gloves extended from the leading edge back to about x/c = 0.35 on
the upper surface and to about =x/c = 0.12 on the lower surface, and were installed
with a higher angle of incidence than the basic wing. This change in airfoil section
is the reason for the pronounced vertical discontinuity in the leading-edge location
between the glove and outboard wing regions. (See fig. 1.)

The left wing had 50 pressure orifices installed in 3 chordwise rows, which were
located at n = 0.447, 0.515, and 0.579. The orifices located ahead of x/c = (.35
were mounted flush with the surface by using tubes embedded within the wing. Because
of constraints on model modification, a different technique was used for the orifice
installation at or aft of x/c¢ = 0.35. In this region, several 0,5-mm (0.020-in.)
outside~diameter tubes were mounted side by side along the surface at each of the
three semispan stations. A fairing was used to minimize the effect on pressure dis-
tributions of the change in airfoil shape which resulted from the addition of the
tubes. Then, a 0.25-mm (0.010-in.) diameter orifice was drilled in each tube at the
desired location. The pressure orifice installation method resulted in slight off=-
sets of the orifice locations from the given semispan stations. A photograph of the
pressure orifices on the wing is included as figure 3. Measured airfoil coordinates
from the glove region of the wing are given in table II, with the surface-mounted
tubes included in the coordinates for n = 0.515.

The model was loaned to NASA at no charge by the Lockheed-Georgia Company.
Since wing modifications and wind-tunnel testing did not involve Lockheed personnel,
this company was not responsible for the acquisition or analysis of the data pre-
sented in this report.



APPARATUS, TESTS, AND CORRECTIONS

The tests were conducted in the Langley High-Speed 7~ by 10-Foot Tunnel using
the solid-wall test-section configuration. This is a continuous~flow, atmospheric
wind tunnel capable of testing at speeds in the lower transonic regime. A descrip-
tion of the tunnel and its data system is given in reference 5.

The model was mounted on a sting in the tunnel using an internal, six-component,
strain-gage balance. Force, moment, and pregsure data were taken for every condi-
tion, with surface oil-flow photographs also being obtained for selected cases.

Tests were made over a range of Mach numbers from 0.40 to 0.82, with Reynolds number
varying from 2.9 X 10~ to 4.8 x 10°, based on the mean aerodynamic chord of 32.99 cm
(12.99 in.).

The complete model configuration runs were made by adjusting the model angle of
attack until values for the 1lift coefficient CL of 0.20, 0.25, 0.30, 0.35, and 0.40
were obtained. The angles set for these values at each Mach number were then matched
in the corresponding runs for the horizontal-tail-off and the nacelles-off config-
urations. The angle-of-attack schedule was utilized so that experimental pressures
could be correlated with analytical results already obtained; this resulted in angles
of attack from 2.92° to 5.58° and values of Gy, from 0.20 to 0.55. The nacelles~off
and nacelles-on cases were run with the horizontal tail off to match more closely the
present transonic computer code modeling capability. The horizontal-tail-off and
horizontal-tail—~on cases were run with the nacelles on.

Transition strips were sized and located on the model using the criteria of
reference 6. The strips were 0.16-cm (0.06~in.) wide bands of No. 120 carborundum
grains located 1.68 cm (0.66 in.) hehind the leading edges (on both upper and lower
surfaces) of the wing and of the horizontal and vertical tails. Similar transition
strips were applied to the fuselage and external surfaces of the nacelles.

Jet-boundary corrections were determined by using the methods of reference 7.
These corrections were applied to the force data as follows:

a o + 0.5566CL

corrected

= 2
Cp, corrected = Cp * 0.0097C,

The pitching-moment data were not corrected for jet-boundary effects. The drag was
corrected for base drag by adjusting the model chamber pressure to free-stream static
pressure. Blockage corrections were calculated by using the computer program
described in reference 8, which was modified to take into account compressibility
effects based on references 9 and 10. The method makes use of measured tunnel-wall
pressures to determine the blockage corrections and should increase the accuracy for
larger models. The largest Mach number increment calculated was 0.015.

PRESENTATION OF RESULTS
The wing pressures and longitudinal force and moment data obtained during this

investigation have been converted to coefficient form and are presented, along with
gome wing oil-flow photographs, in the following figures:
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Figure
Effect of nacelles on wing pressure distributions at constant
angles of attack and Mach numbers from 0.40 to 0.82 citsvesreveccsrosscsses 4-9

Effect of nacelles on wing pressure distributions at constant
1ift coefficient (Cp, ~ 0.4) and Mach numbers from 0.40 to 0.82 ..c.esseesse 10-15

Ef fect of horizontal tail on wing pressure distributions at constant
angles of attack and Mach numbers from 0.40 tO 0.82 .seevesecocssasscnscsss 16=21

Effect of nacelles on longitudinal aerodynamic characteristics at Mach
numbers from 0.40 O 0.8B2 tuoeeseerrsssssasssosesssscsssscssssssoscssssssrssce 22=27

Effect of nacelles on incremental drag as a function of Mach number at
CL%0.4 With horizontal tail off 5 6 € 8 0 5 5 00 0 5 LB SO E OO LSS 0NNt 28

Ef fect of horizontal tail on longitudinal aerodynamic characteristics at
Mach numbers from 0.40 O 0.82 teeevscsoosrsrssssesssssssscsosessssssssesses 29-34

Wing oil-flow photographs of effect of nacelles ciietecsacesecssessosssessaes 35,36
DISCUSSION OF RESULTS

Wing Pressure Distributions

For a given Mach number and angle of attack, the local induced velocities over
the front half of the wing were reduced by the addition of the nacelles which
resulted in a significant loss of lift. This loss of 1ift can be observed in the
pregsure distributions by the more positive pressure coefficients over the front half
of the wing. The effect was most noticeable over the glove region (leading edge to
x/c = 0.35) for Mach numbers up to 0.80. As shown in figures 5 through 7, the shock
that formed in this area of the wing moved forward and weakened for the nacelles-on
configuration.

At the glove design Mach number of 0.80, pressures over the first half of the
glove region were similar for both nacelles-off and nacelles-on configurations. (See
fig. 8.) The major difference in pressure distributions occurred between x/c = 0.25
and 0.50. The difference was especially noticeable for un = 0.515, where the
nacelles-off cases had a region of more negative pressure coefficient beginning at
x/c = 0.30 and terminating with a shock between x/c = 0.40 and 0.50. The
nacelles-on cases do not begin to show this peak until an angle of attack of over 4°
is reached. (See fig. 8(e).) Pressure distributions at M = 0.82 had a similar
peak, which was probably caused by several factors. First, the glove design pressure
distribution had a slight peak just aft of x/c = 0.30. Second, the fairing of the
glove to the original wing occurs here and may result in slight discontinuities in
surface slope and curvature. Finally, the pressure orifice installation method
required aft of x/c¢ = 0.30 (surface-mounted tubes) would tend to make these pres-
sure coefficients more negative.



For Mach numbers less than 0.80, pressures over the rear third of the wing
showed little change with the addition of the nacelles to the model. At M = 0.80,
however, the nacelles-off cases began to have more negative pressure coefficients
over the rear third of the wing for the inboard and middle rows of orifices. (See
figs. 8(c) to 8(e).) This indicates that the flow may be starting to separate over
the rear part of the wing as a result of the boundary layer interacting with the
shock located at about midchord. The separated region extends to the outboard row of
orifices for the M = 0.82 cases.

The wing oil-flow photographs shown in figures 35 and 36 illustrate further the
separation that occurs for the nacelles-off cagses at M = 0.80. At an angle of
attack of 2.9°, a shock is apparent just aft of midchord and extending out to the
middle row of orifices; a region of separated flow behind the shock is also observed.
However, the nacelles-on case for the same angle of attack (2.9°) shows no evidence
of a shock or separated flow. At an angle of attack of 3.8°, the shock has moved
forward and extends farther outboard for the nacelles-off case, and there is con-
siderable reverse flow behind the shock. This correlates well with the trends seen
by comparing figures 8(a) and 8(d). A shock is evident for the nacelles-on case at
this angle of attack (3.8°), but it is farther forward and weaker than the one in the
nacelles-off case, and it does not cause the boundary layer to separate. It should
be emphasized again that these comparisons are made at a constant angle of attack; as
a result, there is a significant difference (>0.15) in the lift coefficients for
nacelles-off and nacelles-on cases.

It should be noted that the shock position in the oil-flow photographs is
farther aft than in the pressure plots. This may be because the oil-flow pictures
were taken after the transition strips were removed from the glove (the strips were
removed for some tests involving transition location, the results of which are not
included in this report). From the photographs, it appears that transition (laminar
separation with turbulent attachment) occurs at about x/c¢ = 0.10 to 0.20, whereas
the pressure data were taken with transition fixed at about x/¢ = 0.05. This would
result in a thinner boundary layer and consequently a more aft shock location for the
oil-flow pictures.

As noted previously, the comparisons of data shown thus far have been made for
the nacelles-off and nacelles~on configurations at the same angle of attack. Pres-
sure distributions for the two configurations at about the same 1lift coefficient,

CL ~ 0.4, are shown in figures 10 through 15. At M = 0.40 and 0.60, there was
little difference in the pressures for the two configurations. For M = 0.70 and
0.75, the nacelles-on cases had more negative pressure coefficients over the first 15
to 25 percent of the chord and less negative pressure coefficients from there to

x/c = 0.60., At M = 0.80 and 0.82, the region of more negative pressure coefficients
for the nacelles-on case covered the entire glove (leading edge to x/c = 0.35) with
less negative values from there to x/¢ = 0.60. Pressures over the last third of the
chord were the same at a given Mach number except for M = 0.82, at which separation
is probably present for the nacelles—-off cases.

As mentioned previously, the partial-chord glove shape used in this investiga-
tion was a preliminary design for the gloves for the LFC flight tests. Since pres-
sures over the glove were significantly affected by the presence of the nacelles, it
is clear that any future modifications to this design should take into account the
effect of the nacelles on the flow over the wing.

The effect of the horizontal tail on the pressure distributions was negligible,
as seen in figures 16 through 21.



Longitudinal Aerodynamic¢ Characteristics

The effect of nacelles on the longitudinal aerodynamic characteristics of the
model is presented in figures 22 through 27. For the range of conditions tested,
adding the nacelles to the model always resulted in a loss in 1lift at a given angle
of attack. The reduction, in terms of lift coefficient, varied from about 0.07 to
about 0.17, depending on Mach number and angle of attack. The reason for the loss in
lift is that the flow over the wing is slowed down as it approaches the nacelles,
which results in more positive upper-surface pressures and lower section lift coef-
ficients for the inboard and middle sections of the wing: The nonlinearity of the
lift curve for the nacelles-off cases at M = 0.80 and 0.82 was not present for the
nacelles-on cases, probably because the test range for the latter configuration did
not reach 1lift coefficients at which extensive shock-induced separation was present.

For a given Mach number, the model drag coefficient at a given 1lift coefficient
increased when the nacelles were added to the model. Analysis of the drag polars
indicated that this increment in drag coefficient did not result from a change in
induced drag but was most likely caused by the drag of the nacelles themselves.

Figure 28 shows the increase in drag coefficient (over the value at M = 0.40
for each configuration) with increasing Mach number for a 1lift coefficient of approx-
imately 0.4. This value of lift coefficient is higher than the design 1lift coeffi-
cient of 0.3, but it was chosen so that no extrapolation of the data would be
required and so that the values of drag coefficient would correspond roughly to the
pressure comparisons in figures 10 through 15. The figure shows that the nacelles
cause a significant increase in compressibility drag; this increment in drag coeffi-
cient reaches a maximum of about 0.0025 between M = 0.75 and 0.80. The increase in
compressibility drag could result from shocks forming on the nacelles themselves or
from an unfavorable interference of the nacelles with the supercritical flow over the
wing and/or fuselage. Also, shocks on the outer portion of the wing are probably
stronger for the nacelles-on cases since a higher angle of attack was required to
achieve the same lift coefficient.

The addition of the nacelles made the model slightly more stable in pitch. At
the higher Mach numbers, the nacelles-on cases had a more positive pitching~moment
coefficient at a given lift coefficient. 1In order for the lift coefficient of the
nacelles-on cases to match the 1lift coefficient of the nacelles-off cases, a higher
angle of attack was required which may have resulted in wing stall in the tip region;
therefore, the model would have a higher pitching moment.

As seen in figures 29 through 34, the addition of the horizontal tail resulted
in a loss in 1lift, an increase in drag, and an increase in model pitch stability.
These results were expected for the =-2° tail incidence at which the tests were run.

SUMMARY OF RESULTS

Tests were conducted in the Langley High~Speed 7- by 10-Foot Tunnel using a
1/10~-scale model of an executive jet to examine the effects of nacelles on wing pres—
sures and model longitudinal aerodynamic characteristics. For the present investiga-
tion, each wing panel was modified with a simulated, partial-chord, laminar-flow-
control glove. Horizontal-tail effects were also briefly examined. The tests cov-
ered a range of Mach numbers M from 0.40 to 0.82 and lift coefficients from 0.20 to
0.55. The following results were obtained from these tests:



1. Por a constant angle of attack, the addition of the nacelles resulted in a
reduction in 1lift coefficient; this reduction varied from about 0.07 to about 0.17,
depending on Mach number and angle of attack.

2. The loss in 1ift associated with the presence of the nacelles was the result
of a reduction in the induced velocities over the wing. Consequently, for a constant
angle of attack, the upper-surface pressure coefficients were generally more positive
over the forward portion of the glove when the nacelles were present, and wing shocks
were moved forward and weakened. For a constant 1lift coefficient, the pressure coef-
ficients over the forward portion of the glove were more negative for the nacelles-on
cases. These results indicate that the effect of the nacelles should be considered
in any future modifications to the glove design.

3. At a lift coefficient of approximately 0.40, the nacelles caused a signifi-
cant increase in the compressibility drag of the model; this increment in drag coef-
ficient reached a waximum of about 0.0025 between M = 0.75 and 0.80.

4. The horizontal tail had a negligible effect on the wing pressure
distributions.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

March 17, 1982
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Body:
Leng-th, cm (in.) 9 5 6 € 6 ¢ 0 8 B O P8P O PO PO 0NN LN NE e e 169057 (66.76)
Maximum diameter om {(iNs) ceecerssscorssscssssanssassssssscnsss 2159 (8.50)

Wing:

Span, cm (in.% se et s essnsesscssssscessassssesesrssssnssessses 162.96 (64.16)
Areda, CM° (iN®) seeeseoeessssssessescssssssssssssssssssnsse H009.34 (776.45)
Mean aerodynamic chord €, cm (iNe) teceescvsssssrsassrerssss 32.99 (12.99)
Spanwise location of C, CM (iNe) seeseessssvoosssssccssssoss 33.66 (13.25)
Moment reference center (0.25c), cm (in.) .ese.es 97.51 (38.39) aft of nose
ASpPeCt TALLiO stetestecesosescatsststsssocsssecsosscossasessssssnsessseses 5430
Taper YAtiO sevetvttoeosesssnsotsoacosassostsossossosssescsssessnsssssesesee 0,33
Dihedral, deQ ccecesesosecsssocssstssstncsesenscsssscntsassssssnsncsssssese 2.89
Alrfoll at YOOt ecucessesocsccsonasssssanssnssssssssessessesseses NACA 63A112
Root airfoil leading edge, om (in.) .cieceeaesess 67.34 (26.51) aft of nose
Incidence at root, deg seeeveevecssesssrssvsrsssrsscrsscsossrsossssacseseses 1.09
Airfoil at tip eeeveesresnenesrasncaascnsasasssseass NACA 632309 (modified)
TWisSt, d@g coeeeecvosvosscosossososssssosssnssessosssssssssssssssssses —=2.16
Leading-edge sweep, deg

INboard Of glOVE ceeveeecoeceostoacssssossssasssessossosssssesnssessasess 34

Glove LI I I O R T I I I A R I I I I N I A I R A N A I B R R A B 30

Outhboard Of glOVEe «eteeescssesessossasosanssarssosssessasssoscsessssess 35

Horizontal tail:

Span, CM (iNe) ceeevecvssoasesssnssnssaososnsesssssssssasssses 74.68 (29.40)
Area, CmM2 (1N2) ttvrerrrenrreneeansansacansssenesenneenses 1384.63 (214.62)
Mean aerodynamic chord, cm (in.) es.eeeseocsvsssvsesssesssnssess 20,13 (7.93)
Streamwise location of 0.25 of mean aerodynamic

chord, cm (ine) cesecesessersssssssssssssssseas 164.58 (64.80) aft of nose
spanwise location of mean aerodynamic chord, cm (in.) ......s. 15.52 (6.11)
ASpeCt YAt1o evveeveeerocossrssoserssessaressorsnssvssssesresssoesescsass 4,03
Taper TAabiO eceeeteetscoetsoossssasessosssssssossssssesnsssassassssenscs 0.33
Incidence, AT seetsvssvssossatsesssssvsosssssssssssssesssosssssnssenss =2.00

Vertical tail:

Span, cm (in.% S eeesessesercertestetr s s ressesesssssssssssssass 37.85 (14.90)
Area, M (IN“) tiieierorsesenenesesensscrsssscesesessasss 1023.80 (158.69)
Mean aerodynamic chord, cm (in.) ceeeceecscsscsossasssesseaass 28.92 (11.39)
Streamwise location of 0.25 of mean aerodynamic

chord, cm (INe) cocecesaessessascnsssssssssses 157.98 (62.20) aft of nose
ASpect YAtlo civeierenreveresstesroscssosscnssossasosssssssssnssscsass 1.40
TApPEY YAtLlO cooveesoccscssscssosssvssossosssssrssscssvssossssssossosssssse 0.37

Nacelles:
Length, cm (in.) ceeeececeescoscsussasereassssnssasencnsssssases 31.50 (12.40)
Internal diameter, cm (iN.) tiseessovessvssscsscssssnsssesssses 4.01 (1.58)
Incidence, Aeg sesvesseossosssessscessoscesonsssssasssssscssssnossnnse =1,22
Spanwise location of nacelle center line, cm (in.)
Inboard NACElle ceseesessocsscscccosssssnssnossosssssssssases 17.02 (6.70)
Outboard Nacelle tveiireisesesrssssossssessssscnsssssassssecess 24.13 (9.50)
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(a)

TABLE II.- MEASURED AIRFOIL COORDINATES

n = 0.381;

[o}

33.7108 cm (13.2720 in.)

Upper surface

Lower surface

x/c z/c x/c z/c x/c z/c x/c z/c
0.0000 0.,0000 « 1658 «N540 0,0000 0.0000 01733 -s 0458
« 0007 « 0055 «1733 « 0547 «0015 -.0077 «1809 - 0463
20015 «0076 «1808 « 0855 +0023 -,009% .1884 -s0467
.0023 « 0094 .1884 « 0562 «0031 -e0110 «18509 ~e 0472
«0031 «0104 1959 0568 0038 -.0120 «2035 ~e 0476
»0037 .0113 2034 « 0574 «0045 -.0129 «2110 -¢0480
«0045% «0127 «2110 « 0580 « 0053 -,0138 «”186 -, 0485
0052 0132 «2185 « 0586 «0061 -+0146 2260 -+ 048R
«N068 «0152 «2336 « 0597 «0076 -.0189 02411 -e0494
«00R3 «0166 2487 « 0607 0091 -.0171 3014 -+0514
0091 0172 « 2562 .0612 +0069 -.0176 +339) -,0520
. 0097 «0177 «2637 0617 +0106 - =e01R1 03768 -o 0520
0106 «0185% 2713 e 0622 0114 -.0186 w4144 -+0511
«0113 «019] £2788 « 0627 0121 -.0190 4521 ~40493
«0121 + 0196 «2863 « 0631 «0129 -«0195% <4898 -e0470
#0136 0207 «3014 » 0639 «0164 -+020n3 5652 -e0407
«0143 « 0212 «3391 « 0650 «0151 -.0207 6029 -~ 0366
<0150 «0217 3767 00653 . 0226 -.0239 6405 -, 0320
« 0227 . 0260 «4145 « 0650 20307 -. 0264 26782 -s0271
«0302 «026? 4521 «0641 0377 -+ 0784 «7158 ~.0219
.0378 20318 «4898 «N626 20453 -+0302 7535 -«0164
« 0454 « 0341 5275 «N607 0528 -.0316 « 7912 -.0106
. 0529 0361 «5651 «0583 «0603 -¢0330 .8289 ~«0048
« 0603 «N378 »6029 . 0556 «0679 -,0343 «A665 « 0014
SNET9 «0394 «6405 « 0525 «0754 -+0355 09042 $ 0074
« 0754 « 0409 «6782 " 0491 « 0829 ~+0365 9419 « 0135
.0829 0474 « 7159 L0 0456 « 0904 ~e037€ 9796 « 0197
« 0004 « 0437 « 7535 00424 « 0980 -.0386 1,0000 «0240
« 0980 « 0450 e7912 "« 0398 « 1055 -,0395
«1055% «0467 .B2788 «0373 « 1131 - 0404
«1131 0474 « 8665 <0348 «1206 -.0412
01206 .0485 .Q042 00321 .1281 -.0“?_0
-12“1 .0496 09419 .6?97 .1357 -.04’8
013‘;7 .0‘:»06 .0795 00?73 01432 '00434
01432 « 0515 1.0000 + 0259 01507 -e0440
«1507 « 0524 21582 ~e0446
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TABLE II.- Continued

{b) m = 0.515; ¢ = 30.5112 cm (12.0123 in.)

Upper surface Lower surface
x/c z/c X/c z/c x/c z/c x/c z/c
0,0000 0.,0000 +1832 «N5009 0.,0000 0.,0000 02498 -e0478
0009 « 0055 01915 00517 «0009 -40055 2914 -.0488
00017 «NN73 «1998 0526 0017 ~e0077 «3330 -+0518
000?5 .M)Pﬁ 02081 00“—)33 30025 "00093 .3749 -.0517
«0034 0100 22165 « 0541 «0033 -«0106 04163 -+0518
0042 « 0109 02248 0548 00042 -.0117 «4579 -~ 0502
«0050 0118 2331 0555 «N050 ~.0126 « 4996 -e 0483
.0058 «0127 2414 e 0562 «0058 ~e0136 5412 ~e 0449
« 0067 « 0138 «2498 0569 « 0067 -s0144 «5828 -e0413
«0084 «0149 e 2865 « 0582 «0084 = 0157 «6661 -.0317
.0092 « 0185 e2748 « 0589 «0092 ~e0166 «T077 =.0260
«0100 0161 2832 + 0595 «0100 -.0172 7493 ~e0207
.0108 «N166 « 7915 «0601 «0109 -e0176 « 7909 -+0152
«0117 «0171 2997 0607 «0117 -.0182 +B326 -s 0094
«0134 . +0181 +«3164 « 0617 «0134 -.0192 «9158 « 0054
20142 «N1R6 «3239 . 0618 e 0142 -.0197 «9574 «0120
«0150 «0190 «3331 «0618 «0150 ~.0201 1.0000 0182
. 0159 + 195 «3748 « 0625 «0159 -« 0205
0167 « 0200 «4162 20623 0167 ~+0209
« 0250 «023% 4579 « 0616 « 0250 -.0241
»0333 0267 +499% « 0603 « 0333 -~ 0265
0417 «028% 5411 «0581 0417 ~+0289
« 0500 «0308 <5828 « 0553 « 0499 -.0307
.0583 0323 6244 « 0520 « 0583 -.0322
00667 « 0340 «6660 « 0486 0666 -.0337
« 0749 « 0356 7077 « 0452 20750 -+0350
+0R33 « 0372 « 7493 «0417 «0833 -«036]
+0999 0400 «R32% + 0361 « 0999 ~.0382
1166 « 0425 9156 « 0292 1166 -~ 0400
01249 « 0437 « 9574 « 0280 «1249 -.0409
1332 « 0449 1.0000 «0201 «1333 -~ 0417
01416 10459 n1415 "u0426
1665 «049] e 1666 ~e0447
¢7.1749 « 0500 «2081 ~e 0461
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TABLE II.- Concluded

(c) m=0.640; c = 27.2945 cm (10.7459 in.)

Upper surface Lower surface
x/c z/c X/¢c z/c x/c z/c x/c z/c
0.,0000 0.0000 « 2048 « 0500 0.0000 0.0000 e2327 - 0457
0010 «0053 «2327 « 0513 20009 ~+ 0054 «2792 -,0473
.0019 .0066 . 2792 <0532 «0019 ~.0070 3258 -y 0486
. 0028 «0080 « 3257 « 0547 +0028 -.,0086 «3723 ~+0493
.0038 « 0004 e 3722 « 0652 .0038 ~+0099 4188 -e0493
« 0047 «0103 « 4188 « 0652 « 0047 -.0108 4654 -e 0486
. 0056 - 0111 4653 » 0546 «0056 ~-,0118 «5119 -,0469
« 0065 «0116 5118 0631 «0065 -.0127 + 5584 -o0437
«0075 « 0125 « 5584 «N506 «0075 -,0135 «6049 - 40395
«00R4 «0131 «6049 « 0473 «0084 -+0143 «6518 -,0351
» 0094 « 0136 « 6514 00435 «0093 -e0150 + 6980 -e0300
<0103 «0141 +6979 » 0393 «0103 ~.0156 o T446 =.,0245
«0122 0152 e 7910 «0320 «0121 -.0168 «8376 . -,0134
.0140 0162 «BR4D «0232 20140 -.0178 9307 -.0011
«0149 + 0167 9306 +N188 « 0149 ~-.0183 o 9772 « 0049
«0159 «0172 «9771 «N136 .0158 -.0187 1,0000 .0088
« 0168 « 0177 1.0000 0107 «0168 -,0192
«0186 « 0184 0186 -.0200
» 0372 « 0243 00373 -.0261
« 0466 « 0263 2 0465 -.0282
« 0559 « 0279 « 0558 -,0301
« 0652 «N287 « 0652 -.0317
« 0745 «N307 « 0745 -+0330
» 0838 « 0320 «0838 -.0343
+ 0931 « 0334 «0931 -+0354
1024 + 0347 1024 -+0365
.1303 « N384 «1304 -¢0392
01396 00397 01397 ‘.0400
01489 .041] 01490 -.0408
.1582 « 0426 «1582 ~.0416
.1675 0444 01676 -e0422
« 1768 « 0464 « 1769 =,04269
01862 e N4&RY 01862 “00434
« 1955 « 0496 <1955 -o 0440
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Figure 19.~ Effect of horizontal tail on wing pressure distributions at M = 0.75.
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Figure 21.- Effect of horizontal tail on wing pressure distributions at M = 0.82.
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Figure 25.- Effect of nacelles on longitudinal aerodynamic characteristics at M = 0.75.
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Figure 36.- Wing oil-flow photographs of effect of nacelles at M = 0.80
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