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WIND- TUNNEL INVESTIGATION OF AN EXTERNALLY BLOWN FLAP 

STOL TRANSPOR~ MODEL INCLUDING AN 

INVESTIGATION OF WALL EFFECTS 

By Gar1 L. Gentry, Jr. 

Langley Research Center 

SUMMARY 

A wind-tunnel investigation was conducted in the Langley V/STOL tunnel and in a 

scaled version of the Ames 40- by 80-foot tunnel test section installed a s  a liner in the 

Langley V/STOL tunnel to determine the effect of test-section size on aerodynamic char- 

acteristics of the model. The model investigated was a swept-wing, jet-powered, exter- 

nally blown flap (EBF) S T ~ L  transport configuration with a leading-edge slat and triple- 

slotted flaps. The model was an 0.1645-scale model of a 11.58-meter (38.0-ft) span 

model designed for tests in the 40- by 80-foot tunnel a t  the Ames Research Center. The 

data presented compare the aerodynamic characteristics of the model with and without 

the tunnel liner installed. 

Datz a r e  presented a s  a function of thrust coefficient over an angle-of-attack range 

of 00 to 250. A thrust-coefficient range up to approximately 4.0 was simulated, most of 

the tests being conducted at a free-stream dynamic pressure of 814 newtons/,rneter2 

(17 lb/ft2). The data a r e  presented with a minimum of analysis. 

INTRODUCTION 

Interest in the development of a jet-powered STOL transport has led to serious 

consideration of an externally blown flap (EBF) configuration a s  a means of producing the 

high lift required for STOL operation. (See refs. 1 to 7.) In this effort, a 11.58-meter 

(38.0-ft) span model was fabricated for tests in the Ames 40- by 80-foo t tunnel. This 

model was originally conceived a s  a generalized EBF STOL transport airplane configura- 

tion powered by four TF-34 turbofan engines. The scale relationship was based on the 

relationship of the sizes of the TF-34 engines and the JT-15D engines simulated in the 



present investigation. The EBF high-lift system for this configuration employed a full- 

span triple-slotted flap with a large-chord leading-edge slat. 

In order to determine tunnel wall effects and Reynolds number effects for a 

11.58-meter (38.0-ft) span model to be tested in the Ames 40- by 80-foot tunnel, a small- 

scale model of this configuration was tested in the Langley V/STOL tunnel with and with- 

out a tunnel liner installed to simulate the Ames tunnel test section. Comparisons 

between data from the 0.1645-scale model of this investigation (liner installed) and data 

from the 11.58-meter (38.0-ft) model in the Ames 40- by 80-foot tunnel will yield scale 

effects directly. 

This investigation was also undertaken to provide small-scale data for a model of 

a jet STOL reskarch airplane with four engines. Longitudinal and lateral-directional 

aerodynaniic and control characteristics were investigated for various power conditions 

in the transition-speed range. These data a r e  presented herein without analysis. 

SYMBOLS 

The measurements of this investigation a r e  presented in the International System 

of Units (SI) and the U.S. Customary Units a re  shown in parentheses. Measurements were 

made in U.S. Customary Units. Details of the use of SI Units, together with physical con- 

stants and conversion factors, a r e  presented in reference 8. 

Longitudinal forces and moments a r e  ref erred to the stability-axis sys tem and 

lateral-directional forces and moments a r e  referred to the body-axis system. (See fig. 1.) 

The origin 'of the axes is a point in the plane of symmetry corresponding to the longitudinal 

location of the 40-percent chord of the mean aerodynamic chord. The vertical location of 

the origin is 6.731 centimeters (2.650 in.) above the fuselage center line. 

b wing span, meters (ft) 

Drag 
drag coefficient, - 

q ,s 

Lift lift coefficient, - 
q 2 



M x  rolling -moment coefficient , - 
q ooSb 

ACz effective-dihedral parameter, - (P = ~t 5') 
AP 

MY pitching -moment coefficient , - 
s,SE 

MZ yawing-moment coefficient, - 
q ,Sb 

ACn directional stability parameter, - (P = *5O) 
AP 

T total engine gross -thrust coefficient , - 
q oos 

F Y side -force coefficient, - 
,s 

side-force parameter, - (8 = k5O) 
AP 

local wing chord, meters (ft) 

wing mean aerodynamic chord, meters (ft) 

flap chord measured in percent wing chord, c 

local chord, horizontal stabilizer, meters (ft) 

axial force, newtons (lb) 

drag force, newtons (lb) 

lift force, newtons (lb) 

normal force, newtons (lb) 

force along X-axis, positive forward, newtons 



F~ side force, positive to right, newtons (lb) 

F~ force along Z-axis, positive downward, newtons (lb) 

it incidence of horizontal tail with respect to fuselage center line, deg 

Mx rolling moment, centimeter -newtons (in-lb) 

pitching moment, centimeter-newtons (in-lb) 

M~ yawing moment, centimeter -newtons (in-lb) 

q00 free-stream dynamic pressure, newtons/metera (lb/ft2) 

S wing area, meters2 (ft2) 

T gross thrust, newtons (lb) 

x,y,z body reference axes 

xs,ys,zs stability reference axes 

x chordwise station measured from airfoil nose in percent chord 

z~ lower surface distance perpendicular to chord in percent chord 

zu upper surface distance perpehdicular to chord in percent chord 

a, angle of attack, deg 

I3 angle of sideslip, deg 

6e elevator deflection, deg 

6f flap deflection, deg 



FN jet o r  thrust deflection angle, a r c  tan - deg 
FA' 

wing leading-edge slat deflection with respect to wing chord, deg 

MODEL AND APPARATUS 

A three-view drawing and photographs of the model a r e  presented in figures 2 and 3, 

respectively. The airfoil section of the wing at the root was NACA 632A214 and at the 

tip NACA 632A211. The ordinates for the wing a r e  presented in table I. The ordinates 

near the trailing edge have been slightly modified to provide a finite trailing-edge 

thickness. The wing had an area of 0.499 meter2 (5.374 f t q ,  a mean aerodynamic 
* 

chord of 0.278 meter (0.9125 ft), and an aspect ratio of 7.269. It was swept 25' at the 
-i 

quarter chord and had a span of 1.905 meters (6.254 ft). 

The geometry of the three-segment leading-edge slat and the triple-slotted flaps is 

shown in figure 2(b), and the ordinates a r e  presented in tables 11 and 111, respectively. 

The outboard leading-edge .slat segment had a St. Cyr 178 airfoil section, modified to 

have a thickness of 0.0065~ at the trailing edge and a chord that was 25 percent of the 

local wing chord. Its span extended from the outboard engine pylon to the wing tip. In 

the deployed position, the slat gap was 0.015~. The chord of the other slat segments was 

15 percent of the local wing chord. The inboard segment extended from the fuselage to 

the inboard engine and the middle segment extended between the inboard and outboard 

engines. With this slat configuration, there was a gap between the slats and the engine 

pylons and fuselage. For the extended leading-edge slat configuration in thq deployed 

position, no gaps existed between the slats and either of the engine pylons o r  the fuselage. 

The full-span flap had chords of 15 -, 20-, and 22.5 -percent local wing chord for 

the first, second, and third elements, respectively. The first  flap element was geomet- 

rically similar to the leading-edge slat. The second flap element had a St. Cyr 178 air- 

foil section modified slightly to allow flap nesting in the undeflected configuration and to 

provide a finite trailing-edge thickness. The third flap element had a NACA 4412 section 

modified to a finite thickness a t  the trailing edge. All flap-slot gaps were 0.015 wing 

local chord. 



The geometry of the horizontal tail is shown in figure 2(c) and its ordinates a r e  

presented in table N. It had a NACA 64-012 airfoil section, an area  of 0.18 meter2 

(1.94 ftz), a mean aerodynamic chord of 0.221 meter (0.724 ft), and an aspect ratio of 

3.995. It was swept 250 a t  the quarter chord and had a span of 0.847 meter (2.78 ft). 

The horizontal tail pivoted about the 55.5-percent root chord and had an incidence range 

from -5O to 15O. It had a 15-percent-chord inverted leading-edge slat which was 

deflected to -40° and a full-span elevator which was adjustable to three settings - 0°, 

-250, and -50°. 

The vertical tail had a leading-edge sweep of 40.6O, an aspect ratio of 1.328, a 

NACA 0012 airfoil section (see table IV for ordinates), a span of 0.493 meter (1.617 ft), 

an area of 0.183-meter2 (1.968 ft2), and a mean aerodynamic chord of 0.374 meter 

(1.228 ft). ,* 

Four a i r  ejector engine simulators were used to simulate the JT-15D fan-jet 

engines which have a bypass ratio of approximately 3.2. The bypass ratio is defined a s  

the ratio of total fan-exit mass flow to total gas generator exit mass flow. Each engine 

simulator was a two-part ejector with individual air-supply lines and control valves to 

provide the efflux of the fan and gas generator. Their center lines were parallel with 

wing reference chord and with the fuselage center line. 

The liner for the V/STOL tunnel was fabricated to represent the test section of the 

Ames 40- by 80-foot tunnel in a proper scale relationship for a 1.905-meter (6.25-ft) 

span model. Figure 4 shows a comparison of test sections between the V/STOL tunnel 

and the Ames tuniiel liner. The model was an 0.1645-scale version of an 11.58-meter 

(38-ft) span'inodel to be tested a t  Ames. Tests in the Ames 40- by 80-foot tunnel a r e  

conducted with the model supported by vertical support struts instead of a sting support 

a s  in the present tests in the V/STOL tunnel. The strut configuration used in the Ames 

40- by 80-foot tunnel tests was simulated in the present investigation (fig. 3(c)) in order 

to determine whether there were any appreciable strut interference effects on the model 

data. 

TEST PROCEDURES AND CORRECTIONS 

The model was tested for three basic airplane configurations - cruise, take-off, and 

landing. (See fig. 5.) The cruise configuration was defined as the model with O0 flaps, no 

wing leading-edge slats,  no horizontal-tail leading-edge slats, and with the elevator set  at 

6 



oO. The take-off configuration was defined as the model with the three elements of the flap 

system set  a t  0°, 200, and 40°; wing leading-edge slat deployed a t  50'; horizontal-tail 

leading-edge slat deployed a t  -40°; and elevator set a t  -25O. The landing configuration 

was defined a s  the model with the three elements of the flap system set  a t  15O, 35O, and 

550; wing leading-edge slat deployed a t  50°; horizontal-tail leading-edge slat deployed 

at -40°; and elevator set  a t  -25O. The wing cross sections for these configuration a r e  

presented in figure 2(b). 

Tests were conducted a t  a nominal free-stream dynamic pressure of 

814 newtons/metera (17 lb/ft%) for a Reynolds number of 0.70 X 106 based on the wing 

mean aerodynamic chord of 27.81 centimeters (10.95 in.). A 0.2 5-centimeter-wide 

(0.1-in.) transition str ip of No. 40 carborundum was located on the surfaces of the wing, 

nose of the fuselage, nacelles, and vertical and horizontal tails at a point 3.10 centime- 

t e r s  (1.22 in.) aft of the leading edge measured in a streamwise direction along the sur- 

face. The transition str ips were used fo r  all tests. Most of the tests  were made over 

an angle-of-attack range of o0 to 25O and a total gross-thrust coefficient range up to 

about 4.0. The various thrust levels were obtained by setting the primary air-supply 

pressure at the model plenum in accordance with a previously determined relationship 

between model plenum and model thrust. 

A test run consisted of a variation in either angle of attack o r  thrust with all other 

conditions fixed. At each test point during a given run, electrical signals from the six- 

component balance, pitch-angle sensor, pressure transducers, and fixed tunnel instru- 

mentation were recorded. Attachment to the model of the air-supply lines for the engine 

simulators affects the sensitivity of the strain-gage balance used to measure the model 

forces and moments. Variations in air-line pressure also produce forces and moments 

on the balance. Calibrations were made to determine these nonaerodynamic effects on 

the balance measurements and both of these effects were found to be consistently repeat- 

able; the data presented have been corrected for these effects. In addition, corrections 

to the data have been made to account for wind-tunnel wall effects by using the method 

described in reference 9. 

PRESENTATION OF DATA 

The data from this investigation a r e  basically presented in four major groups. 

The f i rs t  group includes the longitudinal aerodynamic characteristics over a range of 



angle of attack and thrust coefficient with the model in the V/STOL tunnel with the liner 
installed to simulate the Ames 40- by 80-foot tunnel. The second group includes typical 

longitudinal aerodynamic data for  the model in the Langley V/STOL tunnel without the 
liner. The third group includes some data from both the first two groups with and with- 
out wall corrections on both se ts  of data. The fourth group includes lateral-directional 
stability derivatives obtained with the model in the V/STOL tunnel without the liner 
installed for  small sideslip angles over a range of angle of attack and thrust coeffi- 
cient. All data in the first, second, and fourth groups have been corrected for  wall 
effects. 

Results of the investigation a r e  presented in the following figures: 

Figure 

Longitudinal aerodynamic characteristics of the model in the V/STOL tunnel 
with the tunnel liner installed: 
Cruise configuration: 

Effect of thrust coefficient with - 
Tailoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Tail on, 6, = 0' (it = - 5O, oO, 5') . . . . . . . . . . . . . . . . . . . . .  7 
Tail on, be = -2 5' (it = - 5O, oO, 5') . . . . . . . . . . . . . . . . . . . .  8 
Tail on, 6, = -50' (it = 0') . . . . . . . . . . . . . . . . . . . . . . . .  9 

Take-off configuration: 
Effect of thrust coefficient with - 

Tailoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
. . . . . . . . . . . . . . . . . . . . .  Tail on, 6e = 0' (it = oO, 5O, 10') 11 

. . . . . . . . . . . . . . . . .  Tail on, 6, = -25O (it = -5O, oO, 5O, lo0) 12 
Landing configuration: 

Effect of thrust coefficient with - 
T a i l o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
Tail on, 6, = 0' (it = oO) . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

. . . . . . . . . . . . . . . . .  Tail on, 6, = -25' (it = -5O, oO, 5O, 10') 15 

. . . . . . . . . . . . . . . . .  Tail on, 6, = - 50' (it = - 5O, oO, 5O, lo0) 16 
Aerodynamic characteristics (engine out): 

Landing configuration, it = 0°, 6, = -2 5O, with - 
All engines operating . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 (a) 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Right inboard engine out 17 (b) 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Right outboard engine out 17(c) 

Effect of dynamic pressure, horizontal tail off: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cruise configuration 18 (a) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Take-off configuration 18 (b) 

Landing configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 (c) 



Figure 

Effect of simulated struts, horizontal tail off: 
Cruise configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 (a) 
Take-off configuration . . . . .  . . . . . . . . . . . . . . . . . . . . . .  19 (b) 
Landing configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 (c) 

. . . . . . . . . . . . . . . . . . . . . . .  Effect of flaps, horizontal tail off 20 
. . . . . . . . . . . . . . . . . . . . .  Effect of elevator deflection, it = 0' 21 

Effect of tail incidence: 
Cruise configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
Take-off configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
Landing configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

Longitudinal aerodynamic characteristics of the model in the V/STOL tunnel 
without the tunnel liner: 
Cruise configuration: 

Effect of thrust coefficient with - 
T a i l o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Tail on, 6e = O0 (it = -5O, oO, 5') . . . . . . . . . . . . . . . . . . . . .  26 

. . . . . . . . . . . . . . . . . . . .  Tail on, 6, = -2 5O (it = - 5O, oO, 5') 27 
Take- off configuration: 

Effect of thrust coefficient with - 
T a i l o f f . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

. . . . . . . . . . . . . . . . . . . . .  Tailon,  6,=0° ( i t=-5°,00,50) 29 
Tailon,  6,=-25O ( i t= -5° ,00 ,50 ) .  . . . . . . . . . . . . . . . . . . .  30 

Landing configuration: 
Effect of thrust coefficient with - 

T a i l o f f . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
Tail on, 6, = 0' (it = - 5O, o', 5') . . . . . . . . . . . . . . . . . . . . .  32 
Tail on, 6, = -2 5' (it = -5O, 0°, 5') . . . . . . . . . . . . . . . . . . . .  33 

Effect of dynamic pressure, horizontal tail off: 
Cruise configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 (a) 
Take-off configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 b) 
Landing configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 (c) 

Aerodynamic characteristics (engine out), Gs = 50' (modified) : 
Cruise configuration: 

T a i l o f f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Tail on, i t =  0' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

Take- off configuration: 

Tailoff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
Tailon, i t =  0' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 



Figure 

Effect of leading-edge slat, horizontal tail off: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cruise configuration 39 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Take-off configuration 40 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Landing configuration 4 1 

Effect of slat gap, horizontal tail off: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Take-off configuration 42 (a) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Landing configuration 42 (b) 

Effect of tail incidence: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cruise configuration 43 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Take-off configuration 44 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Landing configuration 45 

Model effect of wall corrections: 
Model in V/STOL tunnel with tunnel liner: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cruise configuration 46 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Take-off configuration 47 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Landing configuration 48 

Model in V/STOL tunnel without tunnel liner: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cruise configuration 49 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Take-off configuration 50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Landing configuration 51 

Comparison of data corrected for wall effects with and without 
the tunnel liner installed: 
Cruise configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Take-off configuration 53 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Landing configuration 54 

Lateral-directional stability of the model in the V/STOL tunnel 
without the liner: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cruise configuration 55 
Take-off configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Landing configuration 57 

DISCUSSION OF RESULTS 

The data in this report a r e  presented without analysis. Some discussion of the 

longitudinal aerodynamic characteristics of this model, including results obtained from 
four other types of engine-simulator configurations, is presented in reference 7. Some 
discussion of effects of wall corrections to the data for the test in the V/STOL tunnel 



with and without the liner is presented. In addition, the effects of dummy strut mounts 
on the longitudinal aerodynamic characteristics a r e  presented. 

The effect of wall corrections on the measured aerodynamic characteristics of the 
model in the V/STOL tunnel with the liner installed is shown in figures 46 to 48 for  cruise, 
take-off, and landing model configurations. These data show a noticeable increase in angle 
of attack and a slight increase in the magnitude of force and moment coefficients with wall 
correction applied to a given data point. The effect of wall corrections on aerodynamic 
characteristics with the model in the V/STOL tunnel without the liner is shown in fig- 
u r e s  49 to 51 for cruise, take-off, and landing model configurations. These data basi- 
cally show only a small change in angle of attack with wall correction applied to a given 
data point. 

The comparisons of the corrected data for the model with and without the tunnel 
liner installed a r e  shown in figures 52 to 54. The two se ts  of data agree reasonably well 
fo r  all  model configurations. These data show that models of the size relationship of the 
model in the Ames 40- by 80-foot tunnel can be used to obtain reliable aerodynamic data 
for each STOL model when the wall effects a r e  properly accounted for. 

The effect of simulating the Ames tunnel support s truts  on represented configura- 
tions is shown in figure 19. These data indicate that there is little, if any, effect on aero- 
dynamic characteristics of the configurations tested because of the change in the type of 
model support, except at high thrust coefficients on higher lift model configurations. 

CONCLUDING REMARKS 

A wind-tunnel investigation was conducted in the Langley V/STOL tunnel and in a 
liner installed in the tunnel that was a scaled version of the Ames 40- by 80-foot tunnel 
test section. The purpose of the investigation was to determine the effect of test-section 
size on the aerodynamic characteristics of the model which was a swept-wing, jet- 
powered, externally blown flap STOL transport configuration with a leading-edge slat 
and triple-slotted flaps. Data a r e  presented without analysis for  the aerodynamic char- 
acteristics of the model in  the tunnel with and without the liner. Data a r e  presented as 
a function of thrust coefficient over an angle-of -attack range of 0' to 2 5'. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Hampton, Va., April 4, 1974. 
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TABLE I.- WING ALRFOIL ORDINATES 

[Stations and ordinates given in percent of airfoil chord] 

(a) Spanwise location, root; (b) Spanwise location, 24.384 cm (9.600 in.); 

Ieading-edge radius, 0.531 cm (0.209 in.); leading-edge radius, 0.402 cm (0.158 in.); 

c, 37.441 cm (14.741 in.) c, 31.690 cm (12.477 in.) 

(c) Spanwise location, 10.234 cm (4.029 in.); 

leading-edge radius, 0.475 crn (0.187 in.); 

c, 35.028 cm (13.790 in.) 

(d) Spanwise location, 31.804 cm (12.521 in.); 

leading-edge radius, 0.367 cm (0.144 in.); 

c, 29.940 cm (11.788 in.) 



TABLE I.- WING AIRFOIL ORDINATES - Concluded 

(e) Spanwise location, 40.005 cm (15.750 in.); 

leading-edge radius, 0.329 cm (0.Y30 in.); 

c, 28.006 cm (11.026 in.) 

(g) Spanwise location, 48.424 cm (19.065 in.); 

leading-edge radius, 0.293 cm (0.116 in.); 

c, 26.021 cm (10.244 in.); 

(f) Spanwise location, 71.887 cm (28.302 in.); 

leading-edge radius, 0.205 cm (0.081 in.); 

c, 21.986 cm (8.656 in.) 

(h) Spanwise location, 95.250 cm (37.500 in.); 

leading-edge radius, 0.131 cm (0.052 in.); 

c, 14.976 cm (5.896 in.) 



TABLE II.- LEADING-EDGE SLAT AIRFOIL ORDINATES 

[Station and ordinates given i n  percent of airfoil chord] 

(a) Inboard root; spanwise location, 

10.234 cm (4.029 in.); cs = 15 

(c) Outboard root; spanwise location, 

40.005 cm (15.750 in.); cs = 25 

(b) Inboard tip; spanwise location, 

40.005 cm (15.750 in.); cs = 15 

(d) Outboard tip; spanwise location, 

95.250 cm (37.500 in.); cs = 25  



TABLE m.- FLAP AIRFOIL ORDINATES 

[Station and ordinates given in percent of airfoil chord 

(a) First flap element 

Spanwise location, root; e f  =,I5 Spanwise location, tip; e f  = 15 

(b) Second flap element 

Spanwise location, root; cf = 20 Spanwise location, tip; cf = 20 

(c) Third flap element 

Spanwise location, root; cf = 22.5 Spanwise location, tip; cf = 22.5 



TABLE 1V.- EMPENNAGE AIRFOIL ORDINATES 

[Station and ordinates given in percent of airfoil chord] 

(a) Horizontal tail (b) Horizontal-tail leading-edge slat 

(c) Elevator (d) Vertical tail 



Figure 1.- System of axes; positive directions of forces, moments, and 

angles a r e  indicated by arrows. 



, , 

Winq: 
Airfoil section- root NACA 6&A214 
Airfoil sect ion- t ip NACA 63;?A21I 

Are0,sq.m (sq f t )  499 (5.374) 
Mean oerodynomic chord ,m(ft) 2 7 8  (.913) 

Span, m ( f t )  190905(6250) 

Aspect rotio 

Horizontal to i l :  

Air foi l  section NACA 64 -012  
Areo.sqm (sqft) .I80 (1.940) 

Meon aerodynhmic chord ,m(f l )  ,221 (724) 

Span.m(ft) 8 4 9  (2784) 

Aspect rot io 3.995 

Vertical to i l :  

A i r fo i l  section NACA 0012 

Areo,sqm(sq f t )  .183(1.968) 

Meon chord ,m ( f t )  .374(1.228) 

Span , m(ft). A93(1.617) 

Aspect r o t  io 1.328 
V-toil 

12.651 

(a) Three-view drawing of complete model. 

Figure 2.- Drawings of model used in investigation. All dimensions a r e  in 

centimeters (inches) unless otherwise noted. 









L-72-3001 

(a) Three-quarter side view of landing configuration. 

Figure 3.- Photographs of the model in the simulated Ames 40- by 80-foot tunnel 

test  section installed in the Langley V/STOL tunnel. a! = 25O. 



(b) Front view of landing configuration in the liner simulating the Ames tunnel. 

Figure 3.- Continued. 



L-72-3005 

(c) Front view of landing configuration in the liner with simulated mounting struts  installed. 

Figure 3. - Concluded. 





C T  
(a) Variation of longitudinal characteristics w'ith thrust coefficients. 

Figure 5.- Effect of flap deflections. a, = oO; tail off. 



Figure 5. - Concluded. 



Figure 6.- Effect of thrust coefficient on longitudinal aerodynamic characteristics of 

the cruise configuration. Tail off. Model in the V/STOL tunnel with the tunnel 

liner installed. 



CD 

(a) it = -50. 

Figure 7. - Effect of thrust coefficient on longitudinal aerodynamic characteristics 

the cruise configuration. 6, = 0'; model in the V/STOL tunnel with the tunnel li 

installed. 



@) it = 0'. 

Figure 7 .- Continued. 





(a) it = -5'. 

Figure 8.- Effect of thrust coefficient on longitudinal aerodynamic characteristics of 

the cruise configuration. 6, = -2 5O; model in the V/STOL tunnel with the tunnel 

liner installed. 







FiLYre 9. - Eifect of thrust coefficient on longitudinal a e r o d y ~ m i c  characteristics 
h e  cruse t i  G~ = -50°; model in the V/STOL tunnel with the tunnel 

liner installed. it = 0'. 



Figure 10. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the take-off configuration. Tail off. Model in 

the V/STOL tunnel with the tunnel liner installed. 



a,deg 

(a) i+ = oO. 
Figure 11. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the take-off configuration. 6, = OO. Model in 

the V/STOL tunnel with the tunnel liner installed. 



(b) i t  = 5'. 

Figure 11. - Continued. 



(c) it = lo0. 

Figure 11. - Concluded. 



- 5 0 5 10 15 20 25 30 -3  - 2  - 1  0 I 2 

a,deg C D 

(a) it = -5O. 

Figure 12. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the take-off configuration. 6, = -25'. Model 

in the V/STOL tunnel with the tunnel liner installed. 



(b) i t  = OO. 

Figure 12.- Continued. 
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a,deg c D 

(c )  it = 5'. 

Figure 12.- Continued. 



a,deg 

(d) it = lo0. 

Figure 12. - Concluded. 



Figure 13. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the landing configuration. Tail off. Model in 

the V/STOL tunnel with the tunnel liner installed. 



Figure 14. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the landing configuration. Model in the V/STOL 

tunnel with the tunnel liner installed. 6, = OO; it = 0'. 



a ,deg  

(a) it = -5O. 

Figure 15. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the landing configuration. Ge = -25'. Model 

in the V/STOL tunnel with the tunnel liner installed. 



0 
- 5 0 5 1 0  15 20 25 30 -3  - 2  - 1  0 I 2 

a ,deg  C D 

(b) it = 0'. 

Figure 15.- Continued. 



a,deg 

(c) it = 5'. 

Figure 15.- Continued. 



" 
- 5 0 5 10 15 2 0  25 3 0  -3  - 2  - 1  0 I 2 

a , d e g  c D 

(d) it = 10'. 

Figure 15.- Concluded. 



a,deg 

(a) it = -5O. 

Figure 16. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the landing configuration. 6, = -50'. Model 

in the V/STOL tunnel with the tunnel liner installed. 



a,deg 

(b) it = OO. 

Figure 16.- Continued. 



a,deg 

(c )  i t  = 5'. 

Figure 16.- Continued. 



Figure 16.- Concluded. 



(a) All engines operating. 

Figure 17. - Effect of thrust coefficient on aerodynamic character- 

istics of the landing configuration. 6, = -25O; it = 0'. Model in 

the V/STOL tunnel with the tunnel liner installed. 





- 5 0 5 10 15 2 0  25 3 0  -3.0 -2.0 -1.0 0 1.0 2.0 

a,deg c D 

(b) Right inboard engine out. 

Figure 17.- Continued. 



(b) Concluded. 

Figure 17.- Continued. 



- 5 0 5 10 15 20 25 30. -3.0 -2.0 -1.0 0 1.0 2.0 

a,deg C D 

(c) Right outboard engine out. 

Figure 17.- Continued. 



a,deg 
(c) Concluded.' 

Figure 17. - Concluded. 



(a) af = OO. 

Figure 18. - Effect of dynamic pressure on longitudinal aerodynamic 

characteristics. Model in the V/STOL tunnel with the tunnel liner 

installed. Tail off. 



(b) = 40'. 

Figure 18. - Continued. 



Figure 18. - Concluded. 





a,deg 

(b) 6f = 400; tail off. 

Figure 19. - Continued. 



a,deg c D 

(c) Gf = 55'; tail off. 

Figure 19.- Concluded. 



a ,deg  L D 

(a) CT = 0. 

Figure 20. - Effect of flaps on longitudinal aerodynamic characteristics. 

Model in the V/STOL tunnel with the tunnel liner installed. Tail off. 



(b) CT = 1. 

Figure 20.- Continued. 



(c) CT = 2. 

Figure 20.- Continued. 



a,deg 

(d) CT = 3. 

Figure 20. - Continued. 



a,deg C D 

(e) CT = 4. 

Figure 20. - Concluded. 



Figure 21. - Effect of elevator deflection on longitudinal aerodynamic 

characteristics of the cruise configuration. Model in the V/STOL 

tunnel with the tunnel liner installed. it = 0'. 



(b) CT = 0.15. 

Figure 21. - Continued. 



(c )  CT = 1. 

Figure 21 .- Continued. 



-. 5 
- 5  0 5 10 15 2 0  25 3 0  -3.0 -2.5 -2.0 -1.5 -1.0 -.5 0 .5 1.0 1.5 

a,deg CD 

(d) CT 2. 

Tol l  o f f  1.99 

Figure 21. - Continued. 



a,deg 

(e) CT = 3. 

Figure 21. - Continued. 



- 4.0 -3.5 -3.0 -2.5 -2.0 -1.5 - 1.0 -.5 0 .5 1.0 1.5 

CD 

(f) CT = 4. 

Figure 21. - Concluded. 



-.5 0 5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 0 5 10 15 20 25 30 

C L  a,deg 

(a) Ge = OO. 

Figure 22.- Effect of tail incidence on longitudinal aerodynamic characteristics 

of the cruise configuration. Model in the V/STOL tunnel with the tunnel 

liner installed. 



C L  

(b) 6, = -25'. 

Figure 22.- Concluded. 



CL 

(a) 6, = 0'. 

Figure 23.- Effect of tail incidence on longitudinal aerodynamic 

characteristics of the take-off configuration. Model in the 

V/STOL tunnel with the tunnel liner installed. 



(b) 6, = -25'. 

Figure 23.- Concluded. 



(a) 6, = -25'. 

Figure 24. - Effect of tail incidence on longitudinal aerodynamic 

characteristics of the landing configuration. Model in the 

V/STOL tunnel with the tunnel l iner installed. 



(b) 6, = -50'. 

Figure 24.- Concluded. 









--5 0 5 10 15 20 25 30 -3.0 -2.5 -2.0 -1.5 - 1.0 -.5 0 .5 1.0 

a .deg c D 

(c) it  = 5O. 

Figure 26. - Concluded. 



-. 5 
-5 0 5 10 15 20 25 30 -3.0 -2.5 -2.0 -1.5 -1.0 -.5 0 .5 1.0 

a .deg c D 

(a) it = - 5O. 

Figure 27. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the cruise configuration. fje = -25'. Model in 

the V/STOL tunnel without the tunnel liner installed. 



Figure 27. - Continued. 





-5 0 5 10 15 20 25 3 0  -3  - 2  - 1  0  I 2 

a ,deg C D 

Figure 28. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the take-off configuration. Tail off. Model in 

the V/STOL tunnel without the tunnel liner installed. 



a .deg 
(a) i t =  -5'. 

Figure 29. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the take-off configuration. 6e = 0'. Model in 

the V/STOL tunnel without the tunnel liner installed. 



0 
-5 0 5 10 15 20 25 30 -3  -2 - 1  0 I 2 

a ,deg C D 

(b) it = 0'. 

Figure 29.- Continued. 



- 5 0 5 10 15 20 25 30 -3 - 2  - 1  0 I 2 

a ,deg C D 

(c) it = 5'. 

Figure 29.- Concluded. 



-5 0 5 I0 15 20 25 30 -3 -2 - 1  0 I 2 

a ,deg C 0 

(a) it = -5'. 

Figure 30.- Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the take-off configuration. 6, = -25'. Model 

in the V/STOL tunnel without the tunnel liner installed. 
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" 
-5 0 5 I0 15 20  25 30 -3  - 2  - 1  0 I  2  

a ,deg C D 

(c) it = 5O. 

Figure 30. - Concluded. 



Figure 31.- Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the landing configuration. Tail off. Model in 

the V/STOL tunnel without the tunnel liner installed. 



-5 0 5 10 15 20 25 30  -3 - 2  - 1  0 I 2 

a ,deg C D 

(a) it = -5O. 

Figure 3 2. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the landing configuration. 6, = 0'. Model in 

the V/STOL tunnel without the tunnel liner installed. 





a ,deg 

(c) it = 5O. 

Figure 32. - Concluded. 



- 5 0 5 10 15 20 25 30 - 3  - 2  - 1  0 I 2 

a ,deg C 0 

(a) it = -5O. 

Figure 33. - Effect of thrust coefficient on longitudinal aerodynamic 

characteristics of the landing configuration. 6, = -25'. Model in 

the V/STOL tunnel without the tunnel l iner installed. 







-. 5 
-5 0 5 10 15 20 25 3 0  -3.0 -2.5 -2.0 -1.5 -1.0 -.5 O .5 1.0 

a ,deg c D 

(a) tif = OO. 

Figure 34. - Effect of dynamic pressure  on longitudinal aerodynamic characteristics.  

Model in the V/STOL tunnel without the tunnel l iner installed. Tail  off. 





Q .deg 

(c) 6f = 55'. 

Figure 34. - Concluded. 



c D 

(a) All engines operating. 

Figure 35.- Effect of thrust coefficient on aerodynamic characteristics of the cruise 
configuration. 6s = 50° (modified); tail off. Model in the V/STOL tunnel without 
the tunnel liner installed. 



a,deg 

(a) Concluded. 

Figure 35.- Continued. 



a,deg C D 

(b) Right outboard engine out. 

Figure 35.- Continued. 



5 0 ' 5  I 0  15 20  25 3 0  

a,deg 

(b) Concluded. 

Figure 35.- Concluded. 



-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -.5 0 .5 1.0 

c D 

(a) All engines operating. 

Figure 36.- Effect of thrust coefficient on aerodynamic characteristics of the cruise 
configuration. Gs = 50' (modified); it = oO. Model in the V/STOL tunnel with- 
out the tunnel liner installed. 

112 



a,deg 

(a) Concluded. 

Figure 36.- Continued. 





a , d e g  

(b) Concluded. 

Figure 36.- Concluded. 



(a) All engines operating. 

Figure 37.- Effect of thrust coefficient on aerodynamic characteristics of the take-off 

configuration. 6s = 50° (modified); tail off. Model in the V/STOL tunnel without 
the tunnel liner installed. 





- 5 0 5 10 I5 20  25 30 -3.0 -2.0 -1.0 0 1.0 2.0 

a,deg c D 

(b) Right outboard engine out. 

Figure 37.- Continued. 



5 0 5 10 15 20 25 30 

a,deg 

(b) Concluded. 

Figure 37. - Concluded. 



(a) A l l  engines operating. 

Figure 38.- Effect of thrust coefficient on aerodynamic characteristics of the take-off 
configuration. tis = 50' (modified); it  = 0'. Model in the V/STOL tunnel without 
the tunnel liner installed. 



a,de'J 

(a) Concluded. 

Figure 38.- Continued. 



(b) Right outboard engine out. 

Figure 38. - Continued. 



(b) Concluded. 

Figure 38. - Concluded. 





-. ., 
- 5  0 5 10 15 20 25 30  -3.0 -2.5 -2.0 -1.5 - 1.0 -.5 O .5 1.0 

a ,deg c D 

(b) CT = 0.15. 

Figure 39.- Continued. 





a .deg 

(d) CT = 1.91. 

Figure 39.- Concluded. 



- 5 0 5 10 15 20 25 30 -3.0 -20 -1.0 0 1.0 2.0 

a,deg CD 

(a) CT = 0. 

Figure 40.- Effect of leading-edge slat on longitudinal aerodynamic 

characteristics in the take-off configuration. Tail off. Model in 

the V/STOL tunnel without the tunnel liner installed. 



- 5 0 5 10 15 20 25 30 -3.0 -2.0 -1.0 0 1.0 2.0 

a,deg c D 

(b) CT = 0.96. 

Figure 40.- Continued. 



Figure 40.- Continued. 



a,deg 

(d) CT = 2.91. 

Figure 40.- Continued. 



(e) CT = 3.83. 

Figure 40. - Concluded. 



- 5 0 5 10 15 20 25 30 -3.0 -2.0 -1.0 0 1.0 2.0 

a,deg C D 

(a) CT = 0. 

Figure 41.- Effect of leading-edge slat  on longitudinal aerodynamic 

characteristics in the landing configuration. Tail off. Model in 

the V/STOL tunnel without the tunnel liner installed. 



(b) CT = 0.96. 

Figure 41.- Continued. 



Figure 41.- Continued. 



- 5 0 5 10 15 20 25 30 -3.0 -2.0 -1.0 0 1.0 2.0 

a,deg c D 

(d) CT = 2.87. 

Figure 41. - Continued. 



- 
- 5 0 5 10 15 20 25 30 -3.0 -20 -1.0 0 1.0 2.0 

a ,deg  c D 

(e) CT = 3.83. 

Figure 41 .- Concluded. 



Figure 42. - Effect of slat gap on longitudinal aerodynamic characteristics. Tail off. 

Model in the V/STOL tunnel without the tunnel liner installed. 



0 
0 5  10 15 20 25 30  -3  -2  - 1  0  I 2 

a ,deg C D 

(h) = 55'. 

Figure 42.- Concluded. 



C L  

(a) Ge = OO. 

Figure 43.- Effect of tail incidence on longitudinal aerodynamic 

characteristics of the cruise configuration. Model in the 

V/STOL tunnel without the tunnel liner installed. 



C L  

(b) 6, = -25'. 

Figure 43. - Concluded. 



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

CL .deg 

(a) 6, = OO. 

Figure 44.- Effect of tail incidence on Longitudinal aerodynamic 

characteristics of the take-off configuration. Model in the 

V/STOL tunnel without the tunnel liner installed. 



(b) 6, = -25'. 

Figure 44. - Concluded. 



0 1 2 3 4 5 6 7 8 9 10 0 5 10 15 20 25 3 0  

CL .deg 

(a) 6, = OO. 

Figure 45.- Effect of tail incidence on longitudinal aerodynamic characteristics of the 
landing configuration. Model in the V/STOL tunnel without the tunnel liner installed. 



Figure 45.- Concluded. 



(a) Tail off, 

Figure 46.- Effect of wall corrections on the data obtained in the 

cruise configuration with the Ames liner. 



Figure 46. - Concluded. 



a,deg 

(a) Tail off. 

Figure 47.- Effect of wall corrections on the data obtained in 

the take-off configuration with the Ames liner. 



(b) it = 0'. 

Figure 47. - Concluded. 



a,deg 

(a) Tail off. 

Figure 48.- Effect of wall corrections on the data obtained in 

the landing configuration with the Ames liner. 
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- 5 0 5 I 0  15 20 25 30 -3 - 2  - 1  0 I 2 

a,deg c D 

(b) it = 0'. 

Figure 48. - Concluded. 
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a ,deg C D 

(a) Tail off. 

Figure 49.- Effect of wall corrections on V/STOL tunnel data in the 

cruise configuration without the tunnel liner installed. 



Figure 49. - Concluded. 



2 .o 

1.5 

1 .o 

.5 

Cm o 

- .5 

- 1.0 

- 1.5 

10 

9 

8 

7 

6 

5 

4 

CL 3 

2 

I 

0 
-5 0 5 10 15 20 25 30 -3 - 2  - 1  0 I 2 

a .deg C D 
(a) Tail off. 

Figure 50.- Effect of wall corrections on V/STOL tunnel data in the 

take-off configuration without the tunnel liner installed. 



- 5  0 5 10 15 2 0  25 30 -3  - 2  - 1  0 I 2 

a ,deg C D 

(b) i t  = OO. 

Figure 50. - Concluded. 
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- 5 0 5 10 15 20 25 30 -3 -2  - 1  0 I 2 

a ,deg C D 

(a) Tail off. 

Figure 51.- Effect of wall corrections on V/STOL tunnel data in the 

landing configuration without the tunnel liner installed, 



0 Uncorrected 

a .deg 
(b) it = OO. c D 

Figure 51. - Concluded. 



a .deg 

'(a) Tail off. 

Figure 52. - Comparison of V/STOL tunnel data with data 
in the cruise configuration obtained with Ames liner. 



(b) it = OO. 

Figure 52.- Concluded. 



a ,deg 

(a) Tail off. 

Figure 53.- Comparison of V/STOL tunnel data with data 

in the take-off configuration obtained with Ames liner. 



- 5 0 5 10 15 20 25 30 -3.0 -2.0 -1.0 0 1.0 2.0 

a, deg CD 

(b) it = OO. 

Figure 53. - Concluded. 



(a) Tail off. 

Figure 54.- Comparison of V/STOL tunnel data with data 

in the landing configuration obtained with Ames liner. 



a ,deg c D 

(b) it = 0'. 

Figure 54. - Concluded. 



(a) Horizontal and vertical tails removed. 

Figure 55.- Lateral stability characteristics of model in 

cruise configuration. Model in the V/STOL tunnel 

without the tunnel liner installed. 



(b) Vertical tail on. 

Figure 55.- Continued. 



(c) Vertical and horizontal tails on; it = 0'. 

Figure 55. - Concluded. 



(a) Horizontal and vertical tails removed. 

Figure 56.- Lateral stability characteristics of model in 

take-off configuration. Model in the V/STOL tunnel 

without the tunnel liner installed. 



(b) Vertical tail on. 

Figure 56. - Continued. 



- 5 0 5 10 15 20 25 30 
a ,deg 

(c) Vertical and horizontal tails on; it = 0'. 

Figure 56.- Concluded. 



(a) Horizontal and vertical tails removed. 

Figure 57.- Lateral stability characteristics of model in 

landing configuration. Model in the V/STOL tunnel 

without the tunnel liner installed. 



- 5 0 5 10 15 20 25 30 
a ,deg 

(b) Vertical tail on. 

Figure 57.- Continued. 



(c) Vertical and horizontal tails on; it = o0 

Figure 57. - Concluded. 






