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NOTATION

b wing span, m (ft)

[ wing chord parallel to plane of symmetry, m (ft)
2 (o
¥ mean aerodynamic chord § ¢! dy, m (ft)
°

¢s flap chord

Cl rolling-momant coefficient sbout stability axis, ;éi

. L
C lift coefficient, S

Cp Pitching-moment coefficient about stability axis at 0.25¢, Egi

C, Yyaving-moment coeificient about stability axis, ;gs
c preasure coefficient

Cy side-force coefficient about stability axis, g%
D drag, N (1b)

i horizontal-tail incidence angle, deg

] rolling moment, N-m (ft-1b)

L total lift on model, N (1b)

m pitching moment, N-m (ft-1b)

M Mach number

n yawing moment, N-m (ft-1b)

P, Standird absolute pressure, 101352.9 N/m? (14.7 psi)

p, freestream static pressure, N/m’ (psf)

q freestream dynamic pressure, N/m’ (psf)
S  wing area, m’ (ft?)

y side force, N (1b)

a angle of attack, deg

g angle of sideslip, deg

i1



8¢

trailing-edge flap deflection, deg

Subscripts:

4
s

t

flap
static conditions
tail

uncorrected data

iv



UNPOWERED AERODYNAMIC CHARACTERISTICS OF A 13-PERCENT-SCALE MODEL
OF A TWIN-ENGINE COMMUTER AIRCRAFT
Daniel G. Morgan, Thomas L. Galloway, and Bruno J. Gambucci®

Aises Ressarch Center
SUMMARY

An experimental investigation was conducted in the Ames 12-Foot Pressure

jnd Tunnel to determine the unpowered aerodynamic characteristics of a
S~percent-scale model of a twin-engine commuter aircraft. Model longitudinal
aevodynamic characteristics were examined at discrete flap deflections frr
various angle-of-attack and wind-tunnel-velocity ranges with the empenr iz on
and off. Lateral-directional data were obtained for a range of sideslip
angles at model angles of attack of 0°, 4°, and 8°. The Re¥noldu nunber was
varied from 0.518x10%/m (1.7x10%/ft) to 2.134x10%/m (7.0x10°/ft). Lateval
directional characteristics were examined at a Reynolds number of 1.646x10%/m
(5.4x10%/£¢).

Data are presented for the basic wodel configuration consisting of the
fuselage, wing, basic wing leading edge, double slotted flaps, midengine
nacelles, and empennage. Other configurations tested include a partial-span
drooped leading edge (drooped outboard of the engine nacelles), a full-span
drooped leading edge, iow- and high-mounted engine nacelles, and a single-
s)otted flap. Some data were also obtained of flow visualization, fixed
boundary~-layer transition on the wing leading edge, and the wing pressure
distribution.

An evaluation was made of the model mounting system by comparing data
obtained with the model mounted conventionally on the wind-tunnel model-
support struts and the model inverted.

INTRODUCTION

In the past, the aerodynamic technclogy utilized on commuter-type aircraft
reflected mainly past research and development efforts of the large-transaport
aircraft manuvfacturers. However, since the large-transport aircraft manufac-
turers have ceveloped larger jet transports, the technology is gemerally no
longer suitable for application to small, short-haul transport aircraft. The
nature of the compromise between performance and cost for these small, short-
haul aircraft differs from that for large, long-range, high-speed, jet-
transport aircraft.

*Senior Associate, Kendan Assoclates, Palo Alto, California 94303.



TABLE 1.- MODEL DIMENSIONAL DATA

Complete model
Volume, m® (ft ) e e e e e e e e e e e e e e e e . 0012997 (4.59)
Area, m® (ft?) . . . e e e 4 e e e e e e e e s e e . 416537 (1.78)
Overall length, m (ft) e e e e s e e n e s e s e e e s 2.7137 (8.90)

Wing
Volume, m® (ft®) . . . . . . . . ¢ v 4 4 4 4 4 ¢ ... .01359 (0.48)
Area, m2 (Ft2) & v v v i i e e e e e e e e e e e e e . 57971 (6.24)
Span, M (L) .« v ¢ v & v v v e e e e e e e e e e e e e . 2.1143 (6.937)
Aspect ratlo . . . v ¢ L 0 s 0w e e e e e e e e e 7.71
Chord, m (ft)
ROOL v v v v v 4 v e 4 v e e s e e e s e e e s s e 439268 (1.288)
Tip . . . . e e+ e e 4 4 4 e <« « « J1564€ (0.5133)
Mean aerodynamic chord. (, m (ft, e e e e e e e e e e 420134 (0.956)
Airfoil section (NACA), m (ft)

Root . . . . e e e e e e e e e e e e e e e e 65,A215

ip . . . . . e e e e e e 64,A415
Distance from centerl*.e to c, m (ft) e e e e e e e . J43409 (1.424)
Taper ratio . . . e e e e e e e e e s .398
Sweep at leading edge, deg e e e e e s e e e e e e 4.5
Sweep at 25% chord, deg e e e e e e s e e e e e .9
Sweep-flap leading edge, deg . . . . . . . . . . . . .. -6.0
Sweep at trailing edge, deg . . . . . . . . . . . .. -9.0
Root incidence, deg e e e e e e e e e e e e e e e ' 1.0
Tip incidence, deg . . . . . . . . « v ¢ ¢ o e 0. -1.0
Dihederal, deg . . . . + « + ¢« v « + v o v 4 v 0w e e 5.0

Flap span, m (ft) . . .« + + ¢ v « 4+ ¢ « ¢ + 4 o « + « « 54864 (1.80)
Aileron span, m \ft) . . . . . 4 4 4 4 4 e s s e« 4+ . 35966 (1.18)

Fuselage
Volume, m® (£t¥) . . . . . & . v v v v s e v e e v . .. .10166 (3.59)
Volume nose cone, m> (ft¥) . . . . . . . . . + .+ . . . . .01586 (0.56)
Volume tail cone, m® (ft®) . . . . . . . . . .. . .. . .01303 (0.46)
Volume cylinder, m® (ft?) . . . . . . .. ... .. .. .0733 (2.59)
Diameter, m (££) & » + & v & o o + + o 4 4+ 4 o« « . 25146 (0.825)
Length, m (££) « « + + & v v v v v 4 v o & « « v « « . . 2.62738 (8.62)

Horizontal tail
Volume, m*> (ft%) . . . . . . ¢« . v . v e v v v v ... .00198 (0.07)
Area, m° (£t%) . . . . i v i e e e e e e e e e e e e .. L15143 (1.63)
Span, m (ft) . + ¢« v . . 4 4 v e e e e e e e e e . e« . 73660 (2.417)
Aspect ratfo . . . . . . . . 0 o 0 0 h e e e h e e e e 3.58
Chord, m (ft)
ROOE & v i v vt e i e e e e e e e e e e e e e . 430480 (1.00)
Tip . . . . e e e e e e e e . e o 14122 (0.463)
Mean aerodynamic chord, c, m (ft) e e e e e e e e e e . J24257 (0.796)
Airfoil section (NACA), m (ft)

Root . . . e e e e e e e e e e e e e e e 66A009

Tip . . . . e e e e e 634009
Distance from centerline to c, m (ft) e e e e 4« e+ . 14300 (0.469)
Taper ratio . . . . v . v e 0 0 e e e e e e e e e e e 0.463




TABLE 1.~ CONCLUDED

Horizontal tail (concluded)

Sweep at leading edge, deg . . . . . . . . . o . .. 39.0
Sweep at 257 chord, deg . . . . . .« + .« . 0 00 0. 34.5
Sweep at trailing edge, deg . . . . . . . . . .« ¢ o o 15.5
Vertical tail

Volume, m® (ft®) . . . . « v v v v v v v s e v v v . . . 0.00255 (0.09)
Area, m® (f£%) v &« v v v v e e e v e ete e e e e . . . .08826 (0.95)
Span, m (ft) . . . . . v 4+ . .t 4 e e e e e e e v o« J43180 (1.417)
Chord, m (ft)

ROOE v v v ¢ v v v ¢ o o s « s 4 e s e e e e . . 431750 (1.042)

TID « + v o e e e e e e e e e e e e e e e e e . .14122 (0.463)
Mean aerodynamic chord, ¢, m (ft) . . . . . . . . . . . .24638 (0.808)
Airfoil section (NACA), m (ft)

ROOt & v v v v v et e e e e e e e e e e e e e 66A009

TIP + v v e v e e e e e e e e e e e e e e e e e 63A009
Distance from centerline to ¢, m (ft) . . . . . . . . . .23876 (0.783)
Sweep at leading edge, deg . . . . . . . . . . . .. 39.0
Sweep at 25% chord, deg e e e e e e e e e e e e 34.5
Sweep at rudder leading edge, deg . . . . . . . . . . . 20.0
Sweep at trailing edge, deg . . . . . + + ¢ . . o o . 15.5

Miscellaneous

Nacelle volume, m®> (ft3) . . . . . . . . . . . .. .. . .0l048 (0.37)
Thrust incidence, deg . . . . « . . + « « + « « v o . . 0.0

Wing

The aspect ratio of the wing was 7.71, the taper ratio 0.398, and the
sweep along the quarter-chord line 0.9°. The leading-edge and trailing-edge
sweeps of the wing were 4.5° and -9.0°, respectively. The wing section at the
root was the NACA 65,A215 section and at the tip, the NACA 64,A415 section.
The incidence was 1.0° at the wing root and -1.0° at the tip. Wing airfoil
coordinates are presented ir table 2. The leading and trailing edges were
removable so that an alternate drooped-leading-edge configuration or single-
slotted-flap trailing-edge configuration could be installed. Two drooped-
leading-edge configurations were used; one had a drooped leading edge extending
outboard of the engine nacelles (partial-span drooped-leading-edge configura-
tion) and the other was drooped the full spanwise extent of the wing leading
edge. A typical cross section and ordinates for the drooped-wing leading edge
are presented in figure 6(a).

Flaps and Ailerons
For this investigation the ailerons were not deflectedc. The basic flap

configuration was the double-slotted flap. Flap deflections were positioned
by brackets for discrete deflections of 0°, 18°, 36°, and 54°. Also



TABLE 2.- AIRFOIL COORDINATES AT WING STATION 0.1052 m (4.14 in.)

investigated was a single-slotted flap.

flap configurations are shown in figure 6(b).

Nacelles

Typical cross sections of the

(Wing root) (Wing tip)
Upper surface Lower surface Upper surface Lower surface
x/c y/c x/c yic x/c y/c x/c y/c
0.0 0.00622 0.0 0.0 0.0 0.0
.00208 | .u1373 | 0.00206 |-0.00129 .00277 | .01284 | .00723 | -.01060
.00694 | .01992 .00687 | ~.00650 .00501 .01573 | .00999 | -.01256
.02028 | .02887 .01890 | -.01408 .00967 | .02034 | .01533 | -.01552
.02974 .03367 .02852 | -.01784 .02168 | .02908 | .02832 | -.02064
.05454 1 .04282 .05233 | -.02489 .04625 | .04178 | .05375 | -.02735
.07927 .05034 .07601 | -.03076 .07109 | .05157 .07891 | -.03211
.12830 | .06199 [ .12353 { -.03997 .09606 | .05975 | .10394 | -.03590
.17697 : .07046 | 17128 | -.04704 . 14621 .07281 .15390 | -,04158
22536 | .07694 .21944 | -.05260 19655 | .08274 | .20345 | -.04553
.27359 | .08158 | .26720 | -.05689 .24699 | .09022 .25301 | -.04817
.32156 .08486 | .31501 | -.06022 .29750 | .09563 .30250 | -.04969
.37121 .08670 | .36312 | -.06225 .34806 | .09908 | .35194 | -.05012
L41794 | .08688 | .41140 | -.06331 .39865 . 10043 .40135 | -.04928
.46564 .08561 .46029 | -.06302 .44925 | .09941 .45075 | -.04684
.51479 1 .08250 | .50807 | -.06128 .49983 | .09638 | .50017 { -.04318
.56365 | .07764 .55764 | -.05826 .55037 .09169 .54963 | -.03864
.61278 | .07118 | .60668 | -.05405 .60084 | .08559 .59916 | -.03352
.66190 | .06371 .65508 | -.04910 .65125 | .07819 | .64875 | -.02800
.71071 .05502 | .,70388 | -.04371 .70158 | .06962 .69842 | -.02232
.75915 .04541 .70683 | -.04332 .75185 | .06003 | .74815|-.01682
.80776 .03494 .70956 | -.04296 .80222 .04945 .79778 | -.01207
.85609 | .02363 | .75606 | -.03739 .85127 .03754 .84783 | -.00868
.90559 | .01204 .80397 | -.03172 .90152 .02531 .89848 | -.00570
.95321 .00061 .85124 | -.02643 .95078 | .01282 .94922 | -,00301
1.0 -.01065 .89775 | -.02169 1.0 .00032 .99997 | -.00320
.94426 | ~-.01676
.99105 | -.01192
.99367 | -.01169
.99578 | -.01153
1.0 -.01123

two

Engine nacelles with the same geometric details were investigated; they
were mounted in three positions with respect to the wing.
ration was with the nacelle in the midposition.

overwing (high nacelle) and underwing (low nacelle).

RS T e

B

The basic configu-
Alternate positions were
Nacelle details are




shown in figure 6(c). Photographs of the model with the nacelles in the dif-
ferent positions are presented in figure 7.

Empennage

The horizontal tail had an NACA 66A009 airfoil section at the root and an
NACA 63A009 airfoil section at the tip. The aspect and taper ratios of the
tail were 3.58 and 0.463, respectively. The horizontal tail was movable and
could be actuated remotely over an incidence range of -8° to 8°.

The vertical tail also had an NACA 66A009 airfoil section at the root and
an NACA 63A009 airfoil section at the tip; the rudder was not deflected.
Because the model was designed for the empannage to be removable, data were
also obtained with the horizontal and vertical sections removed.

TESTS AND PROCEDURE

Longitudinal force and moment data were obtained at discrete flap deflec-
tiens for model angles of attack through stall and for various wind-tunnel
velocities. Tests were made with the empennage on and off. Lateral-
directional data were obtained for a range of sideslip angles at model angles
of attack of 0°, 4°, and 8°. Tail incidence sweeps were also made at model
angles of attack of 0°, 4°, and 8°. A summary of the principal test variables
is presented in the following tables:

Mcdel parameterq Range, deg
1y -4 to 17
8¢ 0, 18, 36, 54
i¢ -8 to 8
£ =2 to 6

Wind tunnel
Revnolds Tﬁi Stagnation Dynamic
number pressure pressure

—
{ i
C-10%/m | (+10°/ft) | N/m® | (psi) | N/m’ | (psf)
10,518 (1.7) | 101353 | (14.7) | 4309 | (90)
, 1.646 (5.4) 275790 , (40.0) | 19630 | (410)
S L.219 | (4.0) 413685 | (60.0) | 6703 | (140)
1646 (5.4) 413685 | (60.0) | 11730 { (245)
LE]IUB i (6.9) 413685 1(60.0) 22503 | (470)

ARG e o b i i s




In order to evaluate the effects of the model mounting system, data were
also obtained with the model mounted in an inverted position, as shown in
figure 2. With the model inverted, positive pitch was limited to 10° and,
therefore, maximun 1ift could not be defined. Also, the model configurations
vere limited to tail off because of the interference effects of the strut.

For the flow-visualization studies, microtufts were placed on the upper-
right-wing surface of the model. Tufts were also placed on the right-engine
nacelle. Photographs of the tufts were made for the wing-body configuration
with the nacelles removed and with the mid and high nacelles at flap deflec-
tions of 0° and 36°.

In order to determine the effects of transition, carborundum grit was
placed on the model wing, nose. and tail to form transition strips. The
transaition strips, made of number 60 carborundum grit, were placed spanwise on
the upper and lower surfaces of the wing at the 10- and 15-percent wing-chord
stations. The transition strips were 0.64 cm (0.25 in.) wide. Transition
strips also were mounted on the 10~ and 15-percent chord stations on the upper
and lower surfaces of the horizontal tail. Transition on the vertical tail
was located at l0-percent chord on both surfaces. The fusalage transition was
placed 6.35 cm (2.5 in.) from the nose.

Wing pressure distributions were measured by using two pressure straps.
The straps were made of ten 0.0762-cm-diameter (0.030-in.) stainless-steel
tubes soldered together side by side and bent to the contour of the wing. The
tubes were plugged near the leading cdge of the wing so that each tube served
a dual purpose (upper- and lower-surface measurements). Photographs of the
pressure-strap installation are shown ir figure 8. One pressure strap was
mounted outboard of the right nacelle and the other inboard of the ieft
nacelle. The spanwise position and chordwise orifice locations are indicated
in Table 3. Pressure data were obtained with the midnacelles on and off the
wing.

The wing-body fairing on the basic model configuration was referred to
as the long fairing. In order to determine the effects of fairing size, a
much shorter wing-body fairing vas also investigated. Details of the two
fairings are shown in the photog aphs in figure 9.



TABLE 3.~ PRESSURE-STRAP ORIFICE LOCATION

|

Left-wing Right-wing
ifesirre strap, ifessure strap.i
ap Q. x/c 4ap no. X/C

1 0.0 L.E.C Z1 0.0 L.E.C
2 .05 u.s.4 22 .05 U.s.9
3 .10 23 .10
4 .15 24 .15
5 .20 25 .20
6 .30 26 .30
7 | .40 27 .40
8 .50 28 .50
9 .70 29 .70
10 .90 30 .90
11 1.00 T.s.i 31 1.00 T.E.©
12 .05 L.S.. 32 .05 L.s.f
13 .10 33 .10
5 14 .15 34 .15
a 15 .20 35 .20
| 16 .30 36 .30
| 17 .40 37 .40
| 18 .50 38 .50
19 | .70 39 .70
{ 20 l .90 40 .90

9Left-wing pressure strap is located
22.5 cm (J in.) spanwise from fuselage
centerline.

bRight-wing pressure strap is located
45 ¢m (18 in.) spanwise from fuselage
centerline.

“Leading edge.

dUpper surface.

eTrailing edge.

fiower surface.




DATA CORRECTIONS

Force and moment data were corrected for wind-tunnel wall constraints in
the following manner:

<]
L

a, + 0.49207 C

L\l

2
C., + 0.00752 (C )
D D, Lu

Ca " Cn - 0.05110 CL (tail off)

u u

(@]
2

(@]
n

o Cmu - 0.05114 CLu (tail on)

It should be noted that corrections have not been applied for the effects of
model support struts or for ram drag.

PRESENTATION OF DATA

Model configurations investigated in the wind-tunnel test are summarizad
in table 4. The basic model configuration was reprosentative of a twin-engine
comnuter-transport aircraft except for the lung wing-body fairing.

A summary of data given in figures 10 through 29 is given in table 5.
Model component drag-buildup characteristics are presented in figure 10. The
effects of flap deflection on the longitudinal aserodynamic characceristics of
the model for two Reynulds numbers are presented in figure 11. Figure 12
presents the effects of Reynolds number on the longitudinal aerodynamic char-
acteristics ol the model for two flap deflections. The effects of Mach number
on the longitudinal aerodynamic characteristics of the basic model configura-
tion are presented in figure 13. The effects of placing transition strips on
the surface of the basic mode! configuration are shown in figure 14. Fig-
ure 15 presents the effects of tall incidence on the longitiv.inal aerodynamic
characteristics of the basic model contiguration. The variation of side-force,
vawing-moment, and rolling-moment coefficients with angle of sideslip for the
basic model configuration ace presented in figure i6.

The effects of tail inclidence on the longitudinal aerodynami: character-
istics for the low~ and high-nacelle configurations are presented in fig-
ures 17 and 18, respectively. The effects of engine-nacelle position on the
longitudinal aerodynamic cheracteristics of the model 2re presented in
figure 19. Figure 20 presents the effects of Reynolds number on the longi-
tudinal aerodynamic characteristics of the model with a partial-span drooped
leading edge. A comparison of the longitudinal characteristics of the basic
and partial-span drooped-leading-edge configurations for three Reynolds num-
ber., is presented in figure 21. Prussure-distribution data for the two

9



TABLE 4.- MODEL CONFIGURATION SUMMARY

A-Basic configuration
1. Production wing leading edge
2. Production flap (double slotted)
3. Production tail
4, Production nacelles (mid-nacelles)
5. Long wing-body fairings

B-Partial-drooped-leading-edge configuration
Wing leading edge drooped outboard of nacelles

C-Drooped-leading-edge configuration
Wing leading edge has a full spanwise droop

D-High-nacelle configuration
High nacelies replace midnacelles in "A"

E-Low-nacelle configuration
Low nacelles replace midnacelles in "A"

F-Single-slotted-flap configuration
Single-slotted flap replaces production flap in "A"

G-Miscellaneous configurations
Wing-body
Wing-body-tail
Wing-body-tail-nacelles-gear
Wing-body-tail-nacelles~short-body fairings

spanwise locations of the wing-body configuration with and without the midwing
nacelles are presented in figures 22 and 23. A comparison of the effects of
tail incidence for the model with the double-slotted flap (basic flap config-
uration) and the model with the single-slotted flap is presented in figure 24.
The basic (long) wing-body fairing is compared in figure 25 with the short
wing-body fairing.

The model is normally mounted on the wind-tunnel support in an upright
position. In order to evaluate flow-field effects arising from the strut
mounting adapter, if any, the model was also tested in an inverted position.

In figures 26 through 28 a comparison is made for several configuratioas. The

effects of flap deflection on the longitudinal aerodynamic characteristics with
full spanwise droop on the leading edge of the wing are presented in figure 29

(model inverted).

10
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TABLE 5.- SUMMARY

OF DATA FIGURES

i |
. Reynolds ! :
‘Run . Mach number Ty TR iy, £, !
no. Flgure no - ; deg , deg | deg deg | Remarks
N/m? psf  ~10°/m | ~10%/f¢t n :
“ 10 0.210 11687.6 244.1  1.631 5.35 I 0 . Drag buildup
11 .210 12334.0 257.6 1.646 5.40 -4 to 141 O — . + wing
13 210 11792.9 246.3 1.640  5.38 -4 to 16 | 0 I+ tati
16 .209 11826.4 247.0 1.631 5.35 -4 to 17 . + nacelles
17 .211 11754.6  245.5 1.649 5.41 ! | + gear
46 11(a) .159  6794.2 141.9 1.216 3.99 -0 ' Longitudinal data
57 .157  6374.0 137.3 1.195 3.92 ' 18 i (basic configuration)
27 .160 6842.1 142.9 1.219 4.00 36
57 .160  6832.5 142.7 1.228 4.03 , 54
—_
39 11(b) .210 12386.6 258.7 1.649 5.41 v 0
52 .210 12108.9 252.9 1.634 5.36 -4 to 16 ' 18
19 2210 11965.3  249.9 1.634 5.36 -4 to 16 36 ;
; =
46 12(a) .159  6794.2 141.9 1.219 4.00 -4 to 17 1 0 . Effect of Reynclds
39 .210 12386.6 258.7 1.649 5.41 -4 to '7 : { number
35 .263 18634.9 389.2 1.984 6.51 -4 to 15 ! i (basic configuration)
32 .249  4227.2  88.3  .500 1.64 -4 to 17 : :
27 12(b) .160  6842.1 142.9  1.219 4.00 -4 to 17| 36
19 210 11965.3 249.9  1.634 5.36 -4 o 16 | i
31 251 . 4294.9 89.9 .518 170 ' to 17 ; |
39 13 2i0 12386.6 258.7 1.649 5.41 -4 to 17! 9 | { Effect of Mach number
.33 .338 19118.6 399.3 1.628 5.34 -4 to 14 l E (basic configuration)
i t
. ' ‘ T : ;
[ 39 14 .210 1 12386.6 258.7 1.649 5.41 -4 to 17 ; Effect of transition
| 20 L2100 12075.4  252.2  1.631 5.35 -4 to 15} 36 (basic configuration)
1144 .210 ' 12065.8 © 252.0 ; 1.631 ' 5.35 ‘-4 to 17| 0 L L
i147 | .210 . 12185.5 . 254.5 ; 1.631 5.35 -4 to 17 | 36
i i i L i
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TABLE 5.- CONTINUED

g % % q | Reynolds { 2 [
{ ‘ ; 7 . K ! !
;Run ' Figure iMach ; number 2y “f ic, ; E, Remarks
ino. j - - ; v deg deg | deg i deg
| f N/m* psf | <10%/m | ~10%/ft | j
J 4 . ;
! Al T ! T !
43 |15(a) +0.211 ' 12343.5 257.8 [1.655  5.43 o 0 {-8 to b0 Effect of tail inci-
44 | . .210:12233.4 § 255.5 1 1.649 5.4l 4 +8 dence
45 i ;o -210 0 12125.3 1253.2 . 1.640 ' 5.38 i 8 | i (basic configuration)
1 + ~ —+ — ; -+ a
53 115(b) .158  6597.9 ! 137.8 ,1.198 3.93 | 0 18 :
54 | .~ .160  6737.7 '140.7 |1.213 . 3.98 . 4 | {
55 | | .160 | 6703.2 140.0 ;1.213 ' 3.98 | 8 | !
4; 4; + + ﬁL 4 T + ! ‘
24 "15(c) | .210  11903.0 |248.6 ;1.625 | 5.33 0 .36 3 g
25 | ~.210 . 11931.8 1 249.2 | 1.625 5.33 1 4 g
' 26 | .210 | 11926.9 [ 249.1 {1.622  5.32 | 8 ; R B | v
& + —+ ' + + + '
. 40 [16(a) | .210 | 12266.9 | 256.2 1.646 & 5.40 | O 0 0 -2 to| Lateral-directional
4l . .210 . 12310.0 251.1 '1.649 5.4l 4 ; +6 | data
|42 | .209 ; 12180.7 | 254.4 [1.643 | 5.39 8 i (basic configuration)
" - —d i < e ‘
i 1 ! ! 3 T T
21 {16(b) | .209  11874.3 1248.0 !1.628  5.34 0 |36 i
22 | .210 | 11926.9 }249.1 {1.628 | 5.34 4 I
23 | . .208 1 11773.8 | 245.9 | 1.618  5.31 8 | L v
{ + + — <4 ‘ +-
;100 517(3) ; .210i 11725.9 | 244.9 11.622 ; 5.32 0 ! 0 -8 to 0 Tail incidence
101 | .209 111673.2 |243.8 |1.615 i 5.30 4 +8 (low nacelle)
1102 ; L .209 lll706.7 244.5 | 1.612 | 5.29 8
4 4 4
1 1 :
116 | 17(b) | .209, 11831.2 | 247.1 | 1.628 ; 5.34 ] 36 |
(117 { .210111950.9 | 249.6 | 1.631 | 5.35 4 !
118 | .210{11941.3 |1249.4 | 1.628 | 5.34 8
4 i
74 {18(a) | .210 | 11864.7 | 247.8 | 1.634 5.36 0 0 Tail incidence
75 | 210 | 11845.6 | 247.4 1 1.631 5.35 4 (high nacelle)
76 | -210 | 11826.4 |247.0 | 1.628 | 5.34 8 v v
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TABLE 5.- CONTINUED
T T ]
! ! : | q Reynolds
!Runl Figurel Mach | number Ay P ip, B, Remarks
‘no. | no. + { deg deg | deg deg
i , % f N/w? psf | ~10%/m | x10%/ft
1 T
; 90 18(b) 0.211 ' 12008.4 | 250.8 31.640 5.38 | 0 36 |-8 to 0 Tail incidence
5 91 . | .210 i 11864.7 !247.8 1 1.628 5.34 4 +8 (high nacelle)
‘ 92 , ¢ .210 1 11869.5 5247.94L}.625 5.33 i 8
A - 1+ ; z
[ 12719 5 .210: 11792.9 ;246.3 i 1.640 5.38 ‘-4 to 16 0 0 Effect of nacelle
‘ 39 .210{ 12386.6 . 258.7 fl 649 5.41 [ -4 to 17 location
;730 .210 | 11888.7  248.3 1 1.637 5.37 ;-4 to 16
{99! | .209 ' 11692.4 [ 244.2 | 1.625 | 5.33 -4 to 16
i i ‘ . I
| T 1 K —+
- 60 20 ¢ .160 { 6.93.7 : 139.8 1 1.219 4.008 -4 to 17 Effect of Reynolds
65 .210 | 11917.4 : 248.9 | 1.663 5.456 ' -4 to 16 number (partial-
64 .298 i 21919.6 | 457.8 ;| 2.105 6.91 i =4 to 15 drooped leading edge)
— | i [
! 1 t :
46 E21 .159} 6794.2 | 141.9 1 1.216 3.99 -4 to 17 L Basic leading edge
60 .160 ' 6693.7 ' 139.8 i 1.219 4.01 configuration, partial-
57 .160! 6832.5! 142.7 | 1.228 4.03 54 spau drooped leading
59 .159 6660.1 ) 139.1 ] 1.219 4.00 | 54 edge, basic leading
! edge, partial-drooped
| leading edge
123 | 22(a) .209 | 11567.9 ; 241.6 | 1.628 5.34 0,4,8,12,; O Wing-body pressures
16 (outboard strap)
|
1231 22(b) .209 11567.9? 241.6 | 1.628 5.34 ) (inboard strap)
126 { 23(a) .208 | 11740.2 | 245.2 | 1.618 5.31 Wing-body mid-
a nacelles (outboard
strap)
126 | 23(b) .208 | 11740.2 | 245.2 | 1.618 5.31 v v  J v (inboard strap)
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TABLE 5.- CONCLUDED

% 4 ! Reynolds
Run Figure Mach : number Ay 8¢, ig, 3, Remarks
no. no. deg deg | deg deg
’ | N/m’ psf | «10%/m | x10°/f¢ i
L } 4 .
i l !
[ 251! 24 0.216 | 11931.8 | 249.2 | 1.625 5.33 4 36 | -8 to 0 Tail effectiveness
| i
1138 .208 ' 11831.2 ! 247.1'1.609 | 5.28 4 36 +8 (single- and double-
: i ; | l slotted flap)
- t :
. 39 25(a) .210 ' 12386.6 | 258.7 | 1.649 5.41 -4 to 17] 0 0 Short and long wing-
" 153 i .210 © 12118.5 ©253.1 | 1.646 5.40 body fairing with and
144 i | -210 | 12065.8 | 252.0 1 1,531 5.35 ‘ without transition
151 ' .210 12003.6 250.7 | 1.631 j 5.35 {
32 25(b) 249 4227.8 88.3 .500  1.64 Short and long wing-
154 .249  4237.4 88.5  .521 | 1.71 ; body fairing with and
146 ©.251 4 4275.7  89.3, .512 | 1.68 | without transition
— 152 2491 4218.3 88.1 .518 | 1.70 v
& — 1 J —~ i ,{ + —T
11 26(a) | .210 | 12334.0 1 257.6 l1.6&6 5.40 -4 to 14 ¢ Comparison of model
| 169 .210 1 11979.6  250.2 1.646 5.40 -4 to 10 mounting
134 26(b) .209 { 11821.6 | 246.9 | 1.625 5.33 -4 to 17 | 36
172 .210 1 11998.8 | 250.6 | 1.637 5.37 -4 to 10| 36
: i |
i i
129} 27 .210 | 11826.4 | 247.0 | 1.631 5.35 -4 to 17 Comparison of midwing
132 L2111 12041.9 | 251.5 | 1.640 5.38 -4 to 17 and high nacelle,
176 .210 1 11883.9 1 248.2 | 1.628 5.34 -4 to 10 model upright,
1177 210 {1 11907.8 | 248.7 | 1.634 5.36 -4 to 10 4 model inverted
9128 .298 §21723.2 | 453.7 | 2.131 6.99 -4 te 16 | ~=—= | -—- Comparison of inverted
179 .299 | 22451.1 | 468.9 | 2.131 6.99 -4 to 10 | —-- - and upright (fuselage
only)
163 | 29 .209 | 12017.9 { 251.0 | 1.628 5.34 0 0 Model inverted, full
157 .210 | 11994.0 | 250.5 | 1.634 5.36 18 drooped leading edge
160 .211 { 11864.7 | 247.8 | 1.652 5.42 36
162 .211 1 11998.8 | 250.6 | 1.628 5.34 54




DATA DOCUMENTATION

Only a portion of the data recorded during the test program is presented
in the figures of this report. For :ompleteness, all the wind-tunnel test
data are included in Appendix A.
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APPENDIX A
TABULATED TEST DATA

Since only a portion of the wind-tunnel test data is presented in plotted
form in this report, all the test data are presented on microfiche in the
attached jackets. Coded configuration designations used during the wind-
tunnel test are shown in table lA. A tabulation of the model configuration
tested is presented in table 2A. The aerodynamic coefficients used on the
microfiche records are deriued in table 3A, and a quick reference to the
available data is presented in table 4A.

TABLE 1A.- CODED CONFIGURATION DESIGNATION FOR TEST

Basic configuration Code
Production fuselage . . . . . . . . . . . . . . ., B
Production wing leading edg T
Production flap (double slotted) . . . . . . . . . . . . . Fl
Production tail . . . . . . . . . . ¢ . . v v 0o e . o Tl
Production nacelles (midnacelles) . . . . . . . . . . . . . Nl

Other configurations
Drooped-wing leading edge (outboard of nacelles) . . . .'. 2
High nacelles . . . . . . . « « . ¢« v « v « v o o« ¢« « « o+ N2
Low nacelles . . . . . . . . ¢ v v . + « ¢« ¢« s o« « + s+ . N3
Pressure sStraps . . . « « + + ¢« « « + o o« + « o o « + « « . P8
Single-slotted flap . . . . « + ¢« + « ¢« v v v v v v v o . . F2
Landing g€ar . . . ¢« v v v e v e e e e e e e e e e e e s 6 AJ

16



TABLE 2A.- SUMMARY OF WIND-TUNNEL TEST CONFIGURATIONS

Test
configuration

Produc-
tion-
wing

leading
edge

!

Mid-
nacelles

High

nacel les

Low
nacelles

Drooped-
wing
leading
edge

Drooped-
wing
leading
edge
outboard

Single-
slotted
flap

(1

Basic configuration

Drooped-wing leading
edge

High nacelles

l.ow nacelles

Wing pressure

Wing pressure

Flow visualization

Flow visualization

Flow visualization

Single-slotted flap

With transition

Short-body fairing
with transition

Short-body fairing

Model iaverted

Inverted with gear

Inverted with drooped
leading edge

Inverted, no nacelles

‘Inverted, mid-

i naceiles

Inverted, high
nacelles

Inverted, low
nacelles

4

~ X WNN N NN N NN NN

-
~

~ ~ N N N ~ A T S ~

NSNS RN ~ X~

-

NN X

NS

~




TABLE 3A.- MICROFICHE AERODYNAMIC SYMBOLS

CcL
CD
101,
cYy .
CYM .
CRM .
CA
CN

¢« + o« + « Lift coefficient
Drag coefficient
« + « « « . Pitching-moment coefficient
Side-force coefficient

Yawing-moment coefficient
« « « + « +« Rolling-moment coefficient
e « « « « « . Axial-force coefficient
e + « « o+ + + Normal-force coefficient

18
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TABLE 4A.- TEST RUN
Conversion factors:
fr » 0.3048 = m

SUMMARY

n

psf = 47.880258 = N/m’
psi « 6894.7572 = N/m’
Reynolds . . l -
Run | p, st number, %u> o fe RI - Mach Remarks
ne. psi <10° /ft deg | deg deg 1 deg no.
'
1] ——- - -— -—— —— -—= | -— —— Calibration check, 2.5-in. balance
P2 - -—- -— - —— _— = ~-- | Calibration check, 2.5-in. balance

3| 14.7 89.1] 1.709 -4 to &4 | --- - } 0 0.250 | Configuration B

4160.0 | 138.4 | 4.001 P = .159

5 l 2644.1 | 5.349 TR B .210

6 473.5) 6.981 — 1 -y .299

7,8} -—- ——— - —— - - -— —— Calibration check, 4-in. balance

9{60.0 | 453.7| 6.978 -4 to 16 -—- _— 0 .298 | Configuration B

10 464.4 | 6.998 | -4 to 11| O —— .300 { Configuration B + W14

11 257.6 } 5.400 -4 to 14| — .210 | Configuration B + W19

12 142.2 | 3.988 -4 to 17 -—— i .160 | Configuration B + W1<

13 246.3| 5.378 | -4 to 16 0 .210 | Configuration B + W1 + T1?

14 142.3 | 4.046 -4 to 17 .161 ‘

15 461.3 1 6.927 -4 to 13 .300

16 247.01 5.354 -4 to 17, # .209 | Configuration B + W1 + Tl + N1I€ 4
17 245.5| 5.408 ‘ : .211 | Configuration B + W1 + T1 + N1 + &
18 249.4 ) 5.372 36 .210 | Configuration B+ W1+ FI+TI+N1+G
19 249.9| 5.363 -4 to 15 .210 | Configuration B+ W1+ F1+ T1+Nl
20 252.2] 5.354 -4 to 16 .210 | Configuration B+ W1+ F1+ Tl1+ N1

! * and strut fairing
21 248.0| 5.335 0o ! -2 to 6 210 | Configuration B+Wl, Fl, Tl, Nl
| (basic configuration)

22 249.1| 5.341 4 & & .210
23 245.9( 5.305 8 .208
24 248.6 | 5.332 o ! -4 to 8 0 210
25 249.2 | 5.331 4 | ‘ .210
26 249.1| 5.322 8 | .210
27| ¢ | 142.9] 4.001 |-4 to 17i v 0 v .160



TABLE 4A.- CONTINUED

[ Reynolds
:g" popsi ; 9psf | number, 3“’ gf’ ;’t’ dB’ M:Ch Remarks
. l <10°/ft ! eg eg eg eg o.
i
28 [60.0 142.9 | 3.99 0 i 36 |-4 to 8 0 0.160 [Configuration B + W1, Fl, Tl, NIl
(basic configuration)

29 1 1.1.7 . 3.987 4 .160

30 i 141.3 | 3.980 8 L v . 160

31 {14.7 89.7 | 1.701 -4 to 17 0 .251

32 {14.7 88.3 | 1.642 -4 to 171 O .249

33 [40.0 |413.1 ! 5.413 -4 to 14 .345

34 160.0 | 465.0 | 6.998 -4 to 15 .301

35 389.2 | 6.506 -4 to 15 .263

36 1386.7 | 6.490 0 -8 to 8 .262

37 . 385.6 | 6.471 4 1 .262

38 379.9  6.411 8 .260

39 . 259.7 | 5.409 -4 to 17 0 v .210

4C | 256.2 | 5.400 o l ~2 to 6! .210

41 | 257.1 | 5.415 4 l .210

42 | 254.4 | 5.389 8 .210

43 257.8 | 5.428 0 -8 to 8 Q .210

44 255.5 | 5.406 4 l .210

45 253.2 | 5.382 8 .210

46 141.9 | 3.994 -4 to 17 o .159

47 140.7 | 3.997 0 -8 to 8 .159 |

48 142.6 | 4.018 4 ‘ .161

49 140.7 ' 3.997 8 ‘ .160

50 372.1 | 6.463 -4 to 16| 18 .200

51 252.9 | 5.355 -4 to 16 I .210

52 137.3 | 3.915 -4 to 17 .157

53 137.8 | 3.934 0 -8 to 8 .158

54 140.7 | 3.982 4 l .160

55| ¢ 140.0 | 3.977 8 .160

56 |14.7 90.7 | 1.740 -4 to 17] ¥ 0 .253

57 '60.0 | 142.7 | 4.026 l 54 ‘ .160

sg 114.7 | 90.2 | 1.737 54 | v .252 v
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TABLE 4A.- CONTINUED

1 |
Reynolds | . f
Run 1py | 9pes anLer. - e be. e o B Mach Remarks
no. psi . 6 ‘ deg . deg deg | deg no.
110°/ft : | |
M i
| 59 160.0 - 139.1 | 3.996 -4 to 17 | s4 0 L0 0.159 |Configuration B + W2, Fl, Tl, Nl
' | | | ! partial-droop leading edge,
| i } ! ‘ outboard nacelles
L 60 1139.8 | 4.008 |-4tol17! 0 0 : .160
3 1 139.0 | 3.995 o | |8 to 8 ! .160
| 62 . 138.1 | 3.982 | 4 ; l ; . 160
63 . 138.3 | 3.982 ! 8 g ; .160
64 | 457.8 1 6.910 | -4 to 17 .0 : .298
| 65 | 248.9 | 5.456 | -4 to 16 0 .210
| 66 | 250.7 | 5.429 o | -R to 212
Y | 247.4 | 5.368 | 4 ; i I .211
| 68 ' 245.8 | 5.334 8 | .210
[ 69 . 370.2 | 6.430 |-4 to 14 | L0 I .260
{70 1373.6 | 6.390 | 0o | . -8 to | .260
71 373,11 6.374 1 4 | l . .260 | ‘
72 373.2 © 6.360 | g8 | f | .260 |
73 | 248.3 ° 5.371 | -4 to 16 | 0 | .210 |Configuraticn B + W1, F1, T1, N2
74 | 247.8 ' 5.356 0 ! , -8 to i | .210
75 | | 247.4 1 5.345 4 ! i { P .210
I 76 | | 247.0 | 5.336 8 ; j L.210
L 77 | 367.0 | 6.405 | 0 | t | .259
| 78 371.5 { 6.403 | 4 : | .260
79 366.9 | 6.337 | 8 | | - .258
80 369.1 | 6.335 |-4 to 14 | -0 ] .259
81 144.0 | 4.001 -4 to 17, .0 : 159 |
82 144.7 | 4.036 0 i -8 to | -161
83 143.2 | 4.025 4 : i i .160
84 141.5 | 4.005 C ‘ ; .159
85 467.6 | 6.979 |-4 to 14 | L0 .300
86 207.2 | 5.331 | -6 to 16| 18 i .209
87 l 368.7 | 6.425 |-2 to 14 l i L ooe
88 161.0 | 3.955 |-4 to 17 | | .160 v
1

1




TABLE 4A.- CONTINUED

A

I
Run | p, qpsf l:lmoelrds %u» | Sfs ' les ] B, Mazh Remarks
no. psi KlO"/f; deg | deg deg deg no.
89 16Q.0 | 248.6| 5.367 -4 to 16| 36 0 0 0.210 {Configuration B + W1, F1, T1, N2
90 250.8] 5.378 0 | |-8 to 8 .211
91 247.7 | 5.340 4 L.210
92 247.9| 5.328 8 .210
93 142.11 4.014 -4 to 17 0 .160
9 141.8) 4.010 0 -8 to 8 .160
95 140.6 | 3.994 4 l .159
96 141.4 | 4.003 8 .160
97 145.1 | 4.076 -4 to 15 54 0 .161 | v
98 140.5 | 4.022 -4 to 15! 54 l .160 |Configuration B + W1, F1, T1, N3
99 2644.2| 5.330 ,-4to 16, O .209
100 244.9 ] 5.319 o -2 1o 8 | .210 i
101 243.8] 5.296 4 * l ; .209
102 244.5] 5.290 8 .209
103 370.7 | 6.427 -4 to 14 0 .260
104 370.6 | 6.385 0 -8 to 8 .259
105 371.6 | 6.373 4 L .259
106 370.5 | 6.347 8 .259
107 137.0| 3.988 -4 to 17| c .160
108 137.5| 3.985 0 -8 to 8 .160
109 137.4 | 3.979 4 .160
110 136.5 | 3.962 8 | .159
111 459.2 | 6.978 |-4 to 14| 0 .300
112 246.9| 5.378 -4 to 16! 18 .210
113 370.4 | 6.469 -4 to 14 .260
114 144.3 | 4.018 -4 to 17 .161
115 249.7| 5.384 |-4 to 13| 36 ! .210
116 247.11 5.338 ) 8to8 |- .209
117 249.6 | 5.350 4 .219
118 249.4 | 5.337 8 .210
119 144 .45 4.046 0 L & .161
120 # 142.2, 4.021 4 . 160 v
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TABLE 4A.- CONTINUED

T T T
I Reynolds | i S 4‘ T
Run<\pu pst ] number, L Tur S b i B Mach Remarks
no. . psi i 6 deg deg deg deg | no.
| - x10%/ft | : ;
! § 1 = i ;
Iy Al I : Y
121 160.0 | 141.6 & 4.009 ! 8 36 -8 to8 0 | 0.160 |[Configuration B + Wi, F1, Tl, N3
122 ! 143.0 | 4.027 '-4to 17 36 | 0O ' .161 |Configuration B + W1, F1, Tl, N3
123 244.0 5 5.336 - 0 .209 Configuration B + W1, Fl, pressure
i i straps
124 139.2 | 4.000 i .159 l
125 [ 14.7 | 90.0} 1.724 | ‘ .251
126 | 60.0 ' 245.2 ' 5.308 1 | .208 [Configuration B + W1, Fi, NI,
! j ' pressure straps
127 | 60.0 i142.9 | 4.033 | I | .161
128 | 14.7 88.6 : 1.715 ? 5 .249
129 | 60.0 | 247.1 | 5355 -6 to 16, L | .210 'Configuration B + W1, Fl, N1, flow
} i 1 ‘ 5 3 . visualization
130 $ 244.7 | 5.325 36 | ' .210 |Configuration B + W1, F1, N1, flcw
i | : visualization
131 ! !24&81 5.360 ! 36 f .210 [Configuration B + W1, Fl, N2, flow
; i ] i visualization
132 | [ 251.5 | 5.378 o ' .211 |Configuration B + W1, F1, N2, flow
: ! . ! | . visualization
133 | ;248.6 ! 5.335 [ o | ! .210 |[Configuration B + W1, Fl, flow
i i ! ' ' ] visualization
134 i246.9 f 5.330 L 36 | ; ! .209 |Configuration B + W1, F1, flow
, | ; : | ! visualization
135 . 137.9 L 3.990 -4 to 17 54 1 i i .159 jConfiguratiomn B + W1, F2, Tl, N1l
136 249.11 5.346 -4 to 17 36 | ¥ | .210
137 2644.9 1 5.277 . o -8 to 8 .208
138 247.1 | 5.283 4 ‘ ; .208
139 246.8 | 5.263 8 i .208
140 143.2 | 3.982 -4 to 17/ o .159
141 144.8 | 3.999 0 ! -8 to 8 | .160
142 145.0 | 3.998 4 ! l ! .160
143 143.9 | 3.978 | 8 . v & . 160 v
164 | ¥ 252.0 § 5.346 [ -4 to 171 0 0 | .210 |Configuration B + W1, F1, Ti, N1,
I j J, i with transition




V24

TABLE 4A.- CONTINUED

Reynolds
ﬁgn p°psi dpsf | number, 32’ gg’ ! 3t’ f’ Mach Remarks
. <106 /£t g g , deg eg no.
i
145 1 60.0 468.1 6.937 -4 to 16 0 0 0 0.299 |Configuration B + W1, ¥1, Tl1l, NI,
: with transition
146 | 14.7 89.3 1.676 -4 to 17 0 | ‘ .251
147 160.0 | 254.5 | 5.350 36 {210 1
148 | 14.7 89.7 ' 1.707 | ! .251
149 | 60.0 250.6 | 5.378 ! .210 Configuration B + Wi, Fl, Tl, N1,
' ! ! E | with transition, with short
| ! | ' wing-body fairing
150 | 14.7 89.1 I 1.716 | v | I .250
151 | 60.0 |250.7 | 5.350 0 ; . .210
152 | 14.7 | 88.1 | 1.703 ’ | .249
153 | 60.0 | 253.1 5.398 | ; .210 |Configuration B + W1, Fl, TIi, N1,
| ! | (transition removed) with short
‘ f . wing-body fairing
154 114.7 88.5 1.707 f : .249 |Configuration B + W1, Fl, Ti, N},
L L ‘ i | (transition removed) with short
e : wing-body fairing
155%/60.0 |246.3 | 5.339 | -4 to 10 i8 { .209 |Configuration B + W1, Fl, NI,
model inverted
156 252.1 5.381 .211 |Configuration B + W1, Fl, N1, G
157 250.5 5.363 .210 |Configuration B + W2, Fl, N1, full-
spanwise~drooped leading edge
158 369.4 u.459 .260
159 141.5 | 4.000 v . 160
160 247.8 5.417 36 211
lel 140.8 4.030 36 . 160
162 250.6 5.336 54 .211
163 251.0 5.337 0 .209
164 367.0 6.379 .257
165 143.8 3.986 .160 *
166 | ¥ 250.9 | 5.329 Y Yy v .209 |Configuration B + W2, Fl, full-
spanwise-drooped leading edge




TABLE 4A.- CONCLUDED

Reynolds .
ﬁzn p°psi Apst number, 32’ gg’ ;E’ ;2 Mach Remarks
. x10¢ /£t g g g g no.

167 |1 60.0 371.3 6.388 -4 to 10 0 0 0 0.259 {Configuration B + W2, Fl, full-
spanwise-drooped leading edge

168 141.1 3.931 .159 |Configuration B + W2, Fl, full-
spanwise-drooped leading edge

169 250.1 5.397 .210 |Configuration B + W1, Fl, full~-

170 458.8 1 7.005 .298 spanwise~dropped leading edge

171 146.2 | 4.029 v 161

172 250.6 | 5.368 36 .210 l

173 147.1 1 4.017 .160

174 249.4 | 5.351 .210 |Configuratiom B + W1, Fl, NI,
sting body top of strut

175 248.3 | 5.374 & .210 |Configuration B + W1, Fl, Nl

176 248.1 5.340 0 .210 {Configuration B + W1, Fl, Nl

o4 177 248.6 5.361 .210 [Configuration B + Wi, Fl, N2

178 247.9 | 5.404 l v .211 |Configuration B + Wi, F1, N3

179t ¥ 468.9 | 6.992 v —— | — _— .299 {Configuration B

aWing

bTail

“Nacelle

dLanding gear
®Model mounted inverted Run no. 155 through 179.
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0t

\E

/8
0.143
{0.469)
DIMENSIONS
IN METERS (FEET) 1.24790
{ (4.094)
0.5486  0.35966 |
MOMENT CENTER Jrj[’ (1.800) " I'(1.180) &
‘ \“— —
\\ 2.7137
VIING (8.903)
c/a !
7 .
0.3429
0.43409 '
(1.125) {1.424) i
0.73660
’f'-— {2.417)
| BODY DiA.

0.25146

} i
2.11430 e

MORIZONTAL | VERTICAL
WING TAIL TAIL
AREA m? | os79M 0.15143 0.08826
" w2 | (8.240) {1.630) {0.950)
T
Q:'f,g 7.7 358 2.1
TAPER
RATIO 0.398 0.463 0.445
b m 2.11430 0.73660 0.43180
' ft (6.937) (2.417) (1.417)
c m 0.39268 0.30480 0.31750
ROOT" ¢ (1.288) {1.00) (1.042)
c m 0.15646 0.14122 0.14122
TIP g {0.513) (0.463) (0.463)
c m 0.29134 0.24257 0.24638
‘ f1 (0.956) {0.796) (0.808)
L.E. SWEEP 45° 39° 3
T.E. SWEEP -9.0° 15.5° 15.5°
AIRFOIL
SECTION
ROOT 65,A215 66A009 66A009
TIP 64,0415 63A009 63A009
WING t,‘
C/a 1.33629
p——~—— .
0.077978 (4.384)
(0.256) | ,MOMENT CENTER
L
4

o (6.937) '

Figure 5.- Geometric details of model.




———— DROOPED L.E.
-—— BASICL.E.

MODEL LEADING EDGE DETAIL

UPPER SURFACE LOWER SURFACE
X/C Y/C X/C Y/C
0.000000 -0.009950 0.000000 -0.009950
0.000995 -0.002587 0.000199 -0.013632
0.001990 0.000398 0.000398 -0.015025
0.002985  0.002687 0.000597 -0.016020
0.003980  0.004577 0.000895 -0.017612
0.005970 0.007761 0.001990 -0.020299
0.007960  0.010448 0.002985 -0.022289
0.010945 0.013731 0.003980 -0.023980
0.012935 0.015622 0.009950 -0.030448
0.016323 0.0177M1 0.019900 -0.036816
0.028258 0.026871 0.029851  -0.04089%
0.038109  0.030249 0.039800 -0.043980
0.067861  0.040896 0.069652 -0.049562
0.097612  0.0497561 0.099502 -0.052239
0.162388 0.064179 0.174129 -0.064328
0.242285 0.076219 0.248756 -0.056219

(a) Drooped-wing-leading-edge configuration.

Figure 6.~ Alternate~contiguration geometry.
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N

ALTERNATE CONFIGURATION

BASIC CONFIGURATION

(b) Details of model flap configurations.

Figure 6.- Continued.
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PROFILE VIEW

N\ (1.025) |

BASIC MID-NACELLE POSITION

PROFILE VIEW

HIGH-NACELLEPOSITION gl t ot
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PROFILE VIEW
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METERS (FEET)

(c) Details of nacelle configurations.

Figure 6.- Concluded.
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Figure 10.-

Model drag-buildup characteristics; Reynolds number = 1.640x10%/m (5.38x10%/ft);

q = 11,879.1 N/m? (248.1 psf).
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ts of flap deflection on the longitudinal aerodynamic characteristics of the model;
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Figure 11

basic configuration.
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o) Reynolds number = 1.646-10%/m (5.40-10%/ft); q = 12153.6 N/m® (253.8 psf).

Figure 11.~ Concluded.
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Figure 12.- Effects of Reynclds number on longitudinal aerodynamic characteristics; basic
configuration.
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== Figure 13.- Effects of Mach number on longitudinal aerodynamic characteristics; basic configuration;

¢ = 0°; Reynolds number = 1.646710%/m (5.40x10%/ft).
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Figure 17.- Effects of tail incidence on the longitudinal aerodynamic characteristics, low-nacelle
configuration.

IETPE £OTRS SPODOPUDIM PEOSS S90S FRYES SBULS SIUBE SEVES 9SS B ha ey >4 obdd $4- b
09654 $0004 65404 00990 0408 $480¢ O84S S84 08 $9589 3 54 +ot b ediibt -3 2e84 ot 294
IO99E 22294 2HE9S SDEHE PEVGE SRDEE SQBAS DG4 -‘»{‘¢-» +4 +5b gt t-
LS ES STt LI ET0 L LTRE S00000000e 20005 2002 SPiut b0 pe e & oas
2222 29009 SRORE SOR DS VSO FOTDE S HDE S0 D0 S 8 S8 +4 k& oS ey
(02020504 SATE 94900 1004 SOO0e be o 338384 sads
PESS 43003 $4008 60004 20004 Sod0e b e 94 !
SOOI SSQE SESHE SSHHH GOS0 PPUPH HE B4 viers e
13923 $3322 $2207 524 road 94 ’y
[P S005¢ $99¢ bOoe :
M9 SOSAR IS4 Q00 OGS S9Y POt 24 jos o
PETTT TR RY RN R - Graraprre - ‘I
ISORPLPPES SRORE SHORE SEPAS SORPY [0S ODeE s0nd e Jasee sesod exe:
pode 198 98 Fooee
- - + + + seSgUne
I o 4 e >e
v T + by ye
: 3533 Soud e 84 t 1]
N bt + o
. R R R e 2d + +>
T B ppa b
: bEQSS £99 56 2O0od ¥ I OG SPP a1
: - JO 904 e
: Tovedey +1- jeogse ss e
N joege o4 $b ottt e - bt
N 1994 2SN 40506 SEe
o e 535S Loos be ety
: :0 e Gl +-
: peees 2 s
- vid o be-q
B (8 S9008 9% (@ OB bee
: be 1 :
serobtssstorfofoiotheles
- o b ot + > g -+ -
e 494 o
sepiseiyef pes 1
t ’e e
b9 $4 3 )4 $i4 3098
e A - > - e > ot i
903085 0su0ese o0 o ¥
TS Pt ' g 2S¢ SEUSPHS SIS (HIVE SSEVL VTSE
BEHE S (8 33 I 335500 SETY So0as ShTes eaend sasss stas: e
-, IR FERE TNy &% T3 - - - +] & -4 - -
soisedle el I R e s s St veen o 19 by JONERe 94 3- 4epd
IS SSNDS PHPEw SB0Y
t
e
pos 4y .
s A
BESESeon pues
PESes +ORO HESD0 SSEEE SO0
FIte b
t 1
SOORE 94
(3352 2240
1904 S409S sodae
b (2SS 2gpes
b3S o4
e s
poss SPP0T S0t
ES T2 T
+ (28 Sevpe!
e
- zb »> e e
Jogess jease
b rtrees
piE
bis o
v bt
- poye
- b
Peese 193esss poaas
it t
T b
i e sanse
st b pe
: 17050 soros dues suass sy 99 sunvess:
. R s 2SI D PR r‘
i3 MHSS HOBPe b PR,
. 16800 odiped
. e
M ks S e - .
. Lt St
MPOE SSS0H Spbpe be 14 SUNUE 0l
: 432 10390 S S 200es sante sveat soe
. iy POSe QUi pooe i oy
: o page e oe e
. 3. eIy $at sp redere +
1 1 bl b bee b
P .- PEOSS000e Sueee pigee 14 Sesae +
s + sotrperstbirondresoatope e e
i3 H PE5450504 59098 S04
e +t 1
03 . e be ¥
PP e PpEe 2 9a0y + jose Iy o0 ad b
POR POG0S SHEES S90S YHENE B4 - 13+ St +
po BP0 PGPS P90 + Hfidey 3
-~--x.-0¢ rrus reoRibbbdres RODS A6 L; vod +
T roeet oy 12304 sosresvans st oot Svaseves T 293 o
LR R PR B R e R R O R R e S Rt AT TT DILY PRRY LY S s -+ + - +
- e
o, 2 . . 5/ 6
; qQ = 11701.9 N/m° (244.4 psf); Reynolds number = 1.615x10°/m (5.30x10°/ft). o322 eoe:




06

f,~vv-:~ PREPS PODRE PRpS SPrps ..,.i..-- -
: < il JOUis Sevaat
' . e aaes
-3 . .4
IE2R e ceerteos el et f
I .- 9%
o1 : joe + =%
y gEROSUIRY
o SULTRIITIRRST -
‘ POGRO SOORS 04 Ty
. M poay a0y
BOSS 3

soesy satvesense

Soreades tiyees ]

e W‘ :...“ :

PRESES VRIS DN

v

RN

BT OIOPUORE SSEDPRSEIG SPRNPESSPN

+
=
1
o s : pod
: -4 - v Jreveboceotoreod
I S SRS IR Re Se e atee e
L iy : S
- 4 l‘; gtaseses sesgventes
Y TR Tk B R e e |
- - - et At Tttt et

I e e

[ RO

,
L
4 ISPESINOES $0UE 2oeee nteseeas |
T . 000 SAS84 SHISSSEIS S5 44000 satns wedus|
. : SO $0508 SSESIREE SOSUESEOHE Sqtas eotad
i . oL .- MOGRSSNEEE SHNES AREE SRIGLQRREE SNEE VDR
. iyl
: ISR Tty TS s P e S o e ST TS
! PRSAN . L 5999 $00% $9548 80048 34504 SIP0 DDA SO
: o H po o dion Py
: : i SIS HENGE SOSS SweSe
: H :
. P T jo3 9guas
) . : 5944 4000t sdad SS0ss
' . . e e S e g
. ey
| b R s L T e Y
e 3 o99bad poded
! e s S

v g

M

i

L

.

: IO 0404 Suddutdaghe

: TIIpIIITETITIITIpIIINIIIIpIII LI

.

: o IS SUREY SO DOUPE FUISY SLE I POLPS STV

) . PSRN $5098 29444 ieids sqess s9SatS00es

H POSESSIDET SIE2S 20000 2503 23094 RGO SO

i b SSRGS $Sa4e 44 500 Souid

} : as

1 t POPUTPEDE b s

v ) TIlIiITil ...-z paGdod pood

: . . OSSPSR SOS0E Sba spbta I
: 2 jote siplectede 60ed 19048
'

POSOIEDPN SHDES SEAIS IPPSF SES0S SSUHE SOD
IOSSSENTT SHOPPOCRNE PRISSSNEDE SEARS DApe

PR TR ppepe Y i
B e e Seeae sy
T EEes SoTPe Soree SITRTIReas 5

PRSI

JUPRAYDRYY SREDs 22 50w 21y O
[E0SITRY JUDY SPUSE SOUDE SRRDS SOPPT SR
SOPPPSPPRS SPGNE PDPDG SED SO 94

[ IR snuney Jone soted

PRASPGDINE SOORE SEEUS SPHOLFRGSE PSRPS SSVRE

ceiabaaae
PR
clisiean
et
Prerdrres

: PEPSEVRHNS SNPNEFPNEE FOHIEQURES FROOHE SOSSE
4 [PSPRINS SHOPES PPt SPInd 4 300
i PRSPRIRPL APOUSIGPDE G0y v rbreen
-
N POGOPQRUNPY Supipay poo
Z BSOS SRPHE SR FPPI 04 P
- PSS SQOPP SOPEE SRS 94 .o

PPODRSGVES SO

.‘.é:.:

perret ooty
POSSR SEREN GEGRR SROYS paban

IS SRR

H
*
1
v
'
+

R g

PUSE YOUDPPNINS VDT PYPREE

2 taiadiiie he |4 Sagee
—t-
TR
o jRa0s
PRSP P werobe
livabent P 238 S Sresdey rooo
20924 gonge

q = 11907.8 N/m’ (248.7 psf); Reyrolds number = 1.628%10%/m (5.34x10%/ft). Ez

Figure 17.- Concluded.



T T JPPOS EPPPEIOLRS PODES PRPDE SEODS PO SODDE T [2201 S0P PVONE 20004 29094 F2S 2L L 81 e T e
: : S35S SRR EEERE SRR FEH sfenpnhuigiagn sstiinpinteebmnbnntey it
: : g s R0 e See et SR Lees Pesas eses Soees sy :
. - PEREE LRI IOy Y RS . sederesprrseprasstrvrrfassibisnrfoorston »- + - —-
- - P T e e > 'ou
T . RSES LRI SEOs i : P SR It SR S T S I &Y : 1 3 t t
: : [RSES EEERSIEELL S EESEEIEES: TR T IS IR T : :
. - PP PINR R P . [P SPUPPEIEES PRRES 2O 200 cefreropnas e [otes sostdedent
: : e EEISE Rt i S SRR EEE RS SETRS S8 SEE s  $eet) EoTTI I B33 S3SesEses T b 3
N . + . . e Reuas . - - IREDE PPPPR VDS SDIDS SHOSS SPPDS SPPY - rrhees >
: : IEEERY ERSS: T B IR R R B R B iNR A ? T
: : i : RS EESTSSELS S EERE RSt FEETR e st SEEEs SREE] PETs Sheat 13223 2asst (132222228 S23T: 325
: : ESEESY HIES minnnpaan B EEEES SEEet EETRIREts SOt SRty L20s Ste] S280 R2s: Lot Sests S2teSeass tesees: :
: : gritihin SELEILETEL SERLTIELN S EESEECIat SECRIARELE boets LROPt &1 :
- - + - . CEEEY PREEE TR . LR L - *scabrasohrorapons +. -
: : SEEESERSY T o EEL EETER T SH22E332%: £2388 2 : 232 333
ERSIITIRE EESEENITES Diteniinpiiogion 3 EESEEEERT: Hripiipeentiiiigprii
R SSEETTIES RS I I EEEe B SRR SRR T T T : 3
PRORR e iaes PODOS HOGID SRy B - } S SOPPRPRPLS ¢PESSIDIRE PEPS SDPAE 249 ¢
- “v - ey PN P - - PUDDIEN [ PNNITTETY o000 ApONe SODDE Y -
o EEISESEETS IS ERENS EEES EEEE SETEESEEE P SR EEEEEes TR oaes: SEeaIt: 3353
EEESSEES mdiingni oo ISEETIEITEEEE shinnnhiapnpii i e s 33 sy saae:
- -b - -t R il e - - +
BT B FeEat P ERSEEsey SETTTERLS : B S e el Soess sesty eeeseusss sestaser: >
EESEEE ERSEL TSRS SESAETEENS KL : B N S L e Sy T IS et Sre s 3223232 o
SILIEEEE FEEEEES EESRESEETS S : TP FELTYIETE] EORES TERSE SETEs SETEs ERRTSatss IPSRIsy: s
ETIEEERD S ey EETTEIREES REEE EEpEy H e e FE T T EEEs FS T ETE R HIS S SR h Hisss bios: RIBs e 13y Seessess s o3
SESTTINS : 2 1
M- . - . PP R ety + . Y e evnsbomssfmacnmoas IBTES £2TTE SPRPPIOORE PPy -
PRI RITIER T . - - P : - Y - : P R R EEREE T ETS ERPRY Y FRREY I LT FERRT TR Senpas +
PR T TEER LT « - PR P S . etsepavesdosscbrarepeciroproasfocssfosscdrrespirrsfoiirdrossdes s +
FEEEEEIRSE LEEEE FRES RS ST SR EES FEES SIER M e i T e T et % 3501 $
LR EEE S IEEEITEER: EES ERESEEERLL EeLEY) EEES :
ioiiiiipoiiiiy sidaitiiiiongeiind $ieit : e il 2 53
.- PINN PP - . R UMY + - . - Y cdeoompe - 3 o ppee ¢
S SREETES STERLE Gl EEES : L i 185 S8 4 :
SR I T : ahnn E3%F : e eee oS30 RS it 3
Tt T 12 SEPER: oI ISEeeS SERCTIETSETIE Teefeseite
ISSSEEEERS S ST : 1 323 I, Bi5
EEEES ERRES & Immpmiineniinofy : [R3! 5 358 4 &
FEESaELEE S e TR EE) HESEEIIREs SESEIEES” | & : i e B A : o
groozeazacds : B3 SEESS: 3 2 ¢
[ P . b PR - - . e 2 8 *
PO N : 0 . PIEDID . . 3 Pr Ot PUDN 194 P A by
SIS IEaNL ESEEEERI SSLSS! ik EeS! L B3 32 B339 1301 5 I TRSEI 83 101 133 £83;
e SEIEEES BERES SR : S R o +
P . g + - - - . * e - - -y
- 'ER Kl . e . . - - - .. + -
SESEICERLE : EEEEEe N i 37 S2531 3% e 033
P PEE IS - - - - - .- - e . e +
- .- Py e - - - L
P P P - - - . b ooy - + +
- e poe . . . ' + - >
3 : ESEES : ot i i1
: : SR B : 335 4438 s, b3 35¢ 5
e S EES FECTS sEaey TessaEes e s + it
S SEERE SR ST s 333 1538
: fn EESETY EESEE EERRS EER T i 27 (5351 sinigel
SEEEEE SEEET: L EEE PN LR =k gt PTs setes
FEEESL BEEEN [EEEES EURELSERRE FRRELELER! i
ST IEETE S Seett SECEEESTRALE: : 4 i S Sreas setes soree seral
e P TTInITIIT B 35 220 H3s2ss 3533
RIS EEEES S EEEY PR T aE : iy gt it z
i Lo > e B 5 5T $335% SRS TI8ES S TS SPeY £381
Lerdiiiiing : S+ 37 253 £ 321 oy
% ! : Bk 31 I L e e e I32se o 123
I = : 2H B3’ 3 FIETE 2338 ST s vasss $he:
ESEE IS : i ke APrrT o footiinoiii s 2
e avw - - - - -
PODDe - : PED O crehrrnrBaoriborsbfirrsres st .."{‘... POy S0 >
'R . - — B R R R A S s-o-lh -
ERLEIEEEE: : i LSEESS EETSETRITY SRTSTSILet SEETTLsTRL s i
ESEE EEE : B I I INS Bastses R R B
MR PRY B PG SPErDe IRELLYERETS 2RTRTRELEY e SOnee o4 Y +
St : S - B SR SESTTEaTs: Lo eRs Saets S aRl Seres case ot s
e : AL g Spprspnniipnnah i o3y : iy
i : T TSI IRSEE FCITTEsE: SETTEETees SIseeessss Soeey i35
il : : :
113l Siiiiaiiopiiids : i SeSet Ees3s £ 3o
. 190 SIS PRE 34 : : f S S bOSDY Shbe
SSEE : T ) S LT : R : :
RS : P IS SEE LT FESEE S i 8 ST s3504 1330 seeeE
1 PP R Sl - ke 14 B R e 2222 T2 T2 Ty Swee - -
- - P I R g . w SRR LR R RS TR, gy Sl = b - >
- - D O T -p reasflivachbrsevtbrrsarbrovofoctopobrsfoerve w + g
- - .- 4---0.-..1-. .t srluesrtenssdrresbverrBacrsPpan - -
i : RS SETEEELES £F:
: S SETSE s I8 . B eees Soys seeey +
: S ETSEEanI o : B = 3333 233ee 32222 :
: : e R I : e Tertninrorifriiiiice
: : S EEEEE : 4 sl
_ i
sfeaiiiiesadiiiiialis S : : 4 pesssadye crees sozs
B ST SE TS L i : : e e ssiee s 458t
S EEEIRCTEREEEEELSEEs e : : 3% : Les: :
i By :
il e : : 3
pooIiiTiomTIiin PR : M S o pRaee Sobey be jeeouy
ooy e : : BE T S Seae e
i e : : i e : :
i :
. 4 e b - - b DR R R - -
# N M e N il POU SHGHN SHVOVOND
_ SRS a : S I
MW : e
Sppiiniiin = s : B S eTsTers] 3eTesITEs 1 3 +
o : aof : : it = : 33 532
o : Sy : : 2 TSt RIS LIees ton: ~
RS : i : : B IS Eess FRETIshes) siets :
N N N PR O M SNBSSl SHPHS SHERS POPEE SIDE SHO® SRRy g
: : : o T T T e T T T =
: : : RE R EETEEEs PEEES TEEES EEISd SRty SEres Totss ST ELtas Lheas s3ees sens Syes
: : : e R EEEES SETEELoTEs FET T STEEs FEEs) FI0es FssTssees o30) 3
- - cod PO tesabrrevhuane - P o: >
: or : ST ST : ERILS: 33
. N MO PRGSO EE S . rou 4 + > ree ¢
e 3 > )
-
,
5 0°; 11845.6 7 (247.4 ; 14 mb 1.631x10°% 5.35x10%/f
(a) &, = y g = 11 .6 N/m 7.4 psf); Reynolds number = 1.631x1 m «35x% t). 29as

Figure 1B.- Effects of tail incidence on longitudinal aerodynamic characteristics; high-nacelle
coniiguration.
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Reynolds number = 1.631x10%/m (5.35x10%/ft).

11914.2 N/m® (248.8 psf)

jigure 18.- Concluded.



q = 11,941.3 N/m® (249.4 psf); Reynolds number = 1.637x10%/m (5.37x10%/ft).
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: Figure 19.- Effects of engine-nacelle location on longitudinal aerodynamic characteristics;
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(a) Reynolds number = 1.219x10°/m (4.00x10%/ft).

Figure 21.- Comparison of longitudinal characteristics of basic and partial-span drooped-leading-edge
configurations; q = 6,746.3 N/m? (140.9 psf).
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(b) Reynolds number = 1.664-10%/m (5.46x10%/ft);

Figure 21.- Continued.
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(c) Reynolds number = 2.10x10%/m (6.90x10%/ft); 6¢ = 0°.

Figure 21.- Concluded.
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sure strap 22.5 cm (9 in.) from fuselage centerline
Figure 23.- Concluded.
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Figure 24.- Comparison of effects of tail incidence for two flap coniigurations; 8¢ = 36°; ay
q = 11881.5 N/m® (248.2 psf); Reynolds number = 1.618x10%/m (5.31x10%/ft).
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Figure 25.- Comparison of short and long wing-body fairing with and without transiticn; §, = 0°.
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Figure 26.~ Comparison of model mounting for wing-body configuration.
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Figure 27.- Comparison of model mounting (upright and inverted) for
nacelle configuration; S = 0°; g = 11915.0 N/m? (248.9 psf); Reynolds

two nacelle positions; wing-body-
number = 1.634x10°%/m (5.36x10%/ft).




R

Figure 28.- Comparison of fuselage-only configuration mounted upright and inverted; q = 22111.1 N/m?
(461.8 psf); Reynolds number = 2.131-10%/m (6.99<10%/f¢t).
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Reynolds number = 1.634x10%/m (5.36x10%/ft).

Figure 29.- Effects of flap deflection on model longitudinal aerodynamic characteristics; wing-body with
full drooped-lead-edge conf
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