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data a r e  presented without analysis or  discussion. 
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LONGITUDINAL AERODYNAMIC CHARACTERISTICS O F  A LOW-WI[NG 

LIFT-FAN TRANSPORT INCLUDING HOVER CHARACTERISTICS 

INANDOUTOFGROUNDEFFECT 

Danny R. ~ o a d *  and G m l  L. Gentry, Jr. 
Langley Research Center 

SUMMARY 

A wind-tunnel investigation has been conducted on the effects of ground proxiniity on 

the longitudinal forces  and moments of a tip-driven (remote) lift-fan VTOL ti-ansport, 

Longitudinal aerodynamic data were obtained at various fan-exit deflection angles simu- 
lating aircraf t  configurations through transition. The large midspan lift-fan pods and 

lift-cruise fans were removed to determine their influence on the stability anid control 

of the configuration. Data were also obtained at zero  wind speed for a range of model 
height above ground. The data a r e  presented without analysis o r  discussion. 

INTRODUCTION 

A viable VTOL transport using tip-driven lift fans providing vertical thrust is of 

considerable interest for  future application. The design of VTOL aircraf t  requires  a 
detailed knowledge of the propulsion-induced effects, in and out of ground effect, lira hover 

and in transition flight. General research  has been expended to date on basic VTOL eon- 
cepts (ref s. 1 to 4). Configuration-oriented investigations have been conducted with small-  
scale wind-tunnel models (including free-flight model tests) a t  the NASA Langley Research 

Center (refs. 5 to 8) and with large-scale wind-tunnel models a t  the NASA Ames Research 

Center (refs. 9 to 13). Flight tes t s  have also been conducted on VTOL transport config- 
urations (refs, 14 and 15). 

Preliminary design work has been undertaken by several  organizations for a lift-fan 

VTOL transport. Hawker Siddeley has conducted a preliminary design study on a 16-fan 

VTOL transport (ref. 16); McDonnell Douglas Corporation, on a 6-fan VTOL transport 

(ref. 17); and Dornier GMBH, on a 12 -fan VTOL transport (ref. 18). The NASA Ames 
Research Center has sponsored a s e r i e s  of conceptual design studies (refs. 17, 19, and 
20). For the present investigation, NASA Langley Research Center chose a prel imi~lary 
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version of one of the configurations in reference 20 to provide basic longitudinal aero- 
dynamic e haracteristics of a representative configuration. 

The configuration is a low-wing tip-driven lift-fan VTOL transport. Two lift fans 
were enclosed in each pod located approximately midspan on each wing and two lift-cruise 
fans were located on the aft portion of the fuselage. A turbojet engine is used to drive 
each tip-turbine fan. 

The investigation was conducted in the Langley V/STOL tunnel. Three configura- 
tions of 8,6--percent scale model were tested a t  zero wind speed a t  various heights above 
the ground board. They were also tested through a range of angle of attack at speeds 
from hover through transition at two power conditions. The data from the investigation 
have been corrected for wall effects (ref. 21). 

SYMBOLS 

The aerodynamic data in this report a r e  referred to the stability-axis system. 
(See fig. 4.) All of the moment data a r e  referred to a moment center located on the 
fuselage reference line at the 32.17-percent point of the mean geometric chord, the 
center of thrust in the hover condition. (See fig. 2.) 

fan-exit a rea  (0.078 m2 total for six fans) 

D drag coefficient, - 
qms 

lift coeff icient, 
.. 

MY pitching-moment coefficient, - 
qwSC 

'I' fan-thrust coefficient, - 
qms 

c local wing chord, m 

- 
c mean geometric chord (M.G. C.), m 

@h local chord, horizontal stabilizer, m 

cv local chord, vertical stabilizer, m 

D drag, N 



effective fan-exit diameter (0.314 m), p 
height, orthogonally, f rom ground plane to moment reference center of 

model, m 

horizontal-tail incidence angle (positive direction, trailing edge down), deg 

lift, N 

rolling moment, m-N 

pitching moment, m-N 

yawing moment, m-N 

free-stream Mach number 

ambient pressure,  Pa 

exit local total pressure,  P a  

free-stream dynamic pressure,  P a  

wing area, m2 

static thrust, N 

effective velocity ratio, 

fan-exit velocity, m/sec 

free-stream velocity, m/sec 

fan-primary mass  flow, kg/sec 

fan-inlet mass  flow, kg/sec 

axes and forces  along axes, N 



x ehordwise station measured from airfoil nose, m 

Z Q lower-surface distance perpendicular to chord of airfoil, m 

upper-surface distance perpendicular to chord of airfoil, m 

a angle of attack, deg 

6 angle of sideslip, deg 

6e elevator deflection angle (positive direction, trailing edge down), deg 

6% wing trailing-edge flap deflection angle (positive direction, trailing edge 

down), deg 

6~ lift -fan louver deflection angle (positive direction, rearward), deg 

6 
L, J 

lift-fan exit-flow deflection angle (positive direction, rearward), deg 

6~ c lift-cruise fan-exit deflection angle (positive direction, down), deg 

'LC,J lift-cruise fan-exit-flow deflection angle (positive direction, down), deg 

P j  fluid density, fan-exit flow, kg/m3 

Po0 fluid density, f ree-s tream flow, kg/m3 

@ angle of roll, deg 

B,L, buttock line, distance along Y-axis, m 

Rs. Ref. fuselage reference line, W.L. 0.2 184 m 

H-tail horizontal tail  

W-tail viertical ta i l  



Sta. station 

W.L. water line, distance along Z-axis, m 

MODEL AND APPARATUS 

The model used in this  investigation was a 8.6-percent-scale model of the tip- 
driven (remote) lift-fan VTOL transport described in reference 20. A three-view draw- 
ing of the base model used for  model geometric references is presented in figure 2, and a 
three-view drawing of the VTOL transport model, in figure 3. The ordinates for the wing 
a r e  given in table I a t  four spanwise locations. Figure 4 is a photograph of the model 
installed in the Langley V/STOL tunnel. 

The 30-percent-chord translating wing flaps were single slotted. The flap slot was 
1-percent local wing chord when deflected at 40' f rom the wing reference chord. Cross-. 
sectional views of the flap and wing a r e  presented in figure 5. The 30-percent-chord, 
simple-hinged ailerons (fig. 2) had a deflection range of +25O in 5' increments. 

The geometric characteristics of the horizontal tail a r e  presented in figure 6. (See 
table I1 for  ordinates.) It was pivoted about the 60.5-percent root chord with an1 incidence 
range of *180° in 2.5' increments. The 25-percent-chord, simple-hinged elevator had a 
deflection range of + 15' in 5' increments. Ordinates for  the vertical ta i l  ar 'e given in 
table 111. The 28-percent-chord, simple-hinged rudder had a deflection range of k25' in 
5' increments. 

Six tip-turbine fan engine simulators, s imilar  to the one shown in figure 7 ,  were 
used to represent the four lift fans mounted in pods on the wing and the two lift-cruise 
fans mounted on the fuselage. Each fan simulator was instrumented with: (1) a magnetic 
fan-speed indicator; (2) bearing temperature measurement devices; (3) 20 toital p ressure  
probes in the exit; and (4) tip and hub static pressure  taps in the exit. Each fan required 
an oil mist system for  bearing lubrication. 

A pod was located on each wing at the 52.8 -percent semispan. In each pod, hvo 

lift fans were mounted with vertical fan axes. (See fig. 8.) These fans were mounted 
forward of the moment reference center to provide a thrust balance in hover with the aft 
lift-cruise fans. The transition from take-off to wingborne flight o r  wingborne flight to 
landing was accomplished by deflecting, f rom the fan axis, a set  of louvers i n  the exit of 
the lift fans on a schedule with deflection of the lift-cruise fan exits a s  shown1 in the 
following sketch: 



Lif t -c ru ise  fan e x i t ,  L O L  deg 

The louver deflections (see fig. 9) tested were -5' for landing, 0' for  hover, 7.5' for 
take-off, 20' for speed in the middle of transition, 40' for the high-speed end of transition, 

and closed (go0) for wingborne flight. 

The lift-cruise fans a r e  located with axis horizontal on the aft portion of the fuse- 

lage, (See fig. 3.) Transition flight was simulated by deflecting the lift-cruise-fan exit, 
f rom the fan axis, in a lobster-tail fashion on a schedule with the lift-fan louvers. The 
deflected lift--cruise-fan exits were 94' for landing (fig. 10(a)), 90' for hover (fig. 10(b)), 
82' for take-off (fig, 10(c)), 70' for  midtransition (fig. 10(d)), and 0' for end of transition 

(fig. PO(e)), 'The 0' deflection of the lift-cruise fans was also used with lift-fan inlets and 
exits closed for  wingborne flight. 

The lift-fan pods and lift-cruise fans were separately removable such that a com- 

ponent breakdown could be  performed to determine their effect on the aerodynamics and 

stability of the configuration. 

The model was mounted in the Langley V/STOL tunnel on a sting-supported six- 

component strain-gage balance for measurement of the total forces  and moments. 

TEST AND CORRECTIONS 

The free-stream dynamic pressure  for the investigation varied from 0 to 2672 P a  
Moo = 0,240. The Reynolds number (based on wing c and free-stream velocity) ranged 

from 0 to 1,376 x lo6, The data presented in this report  have been corrected for  wind- 

hnmel wall effects using reference 21. 

Calibrations were made to determine the individual thrust and the individual pr i -  

mary mass  f1.ow and fan-inlet mass  flow of each fan simulator for each exit deflection 

angle, The data were obtained a t  zero  airspeed and reflect static fan parameters  only. 

Figure 11 presents the thrust a s  a function of fan speed and a s  a function of exit p ressure  
ratio :for a typical lift fan and a typical lift-cruise fan for each exit deflection angle. The 



primary mass  flow and fan-inlet mass  flow for a typical lift fan and a typical. liit-cruise 

fan a t  each deflection angle a r e  presented in figure 12. The fan-exhaust defiection angles 

for a typical lift fan and a typical lift-cruise fan a t  each deflection angle a r e  presented in 

figure 13. The fan-exhaust deflection for the 40' lift-fan louver was approx.irnately 20"; 

therefore, i t  was used to simulate the 20' deflection lift-fan configuration. .As a result, 

the fan-exhaust deflection of 40' required for the end-of-transition configuration was not 
available for  the present investigation. 

Thrust coefficient and effective-velocity ratio in this report  were dete:rmined from 

the static-thrust calibration as a function of rpm (using the total of the individually mea- 

sured thrusts) f rom the following equation: 

V e =  1;;; -- - /g 
The relationship between C p  and V, i s  presented in figure 14. 

Ground-effect data were obtained at zero  wind velocity for two angles of attack and 

two rol l  angles. The wind-tunnel walls were removed for all  hovering tes t s  to reduce 

circulation induced by them. The height of the model above the floor was measured 
orthogonally from the floor to the moment reference center of the model. Three config- 
urations were tested in ground effect a t  zero  wind speed: (1) landing confielration, 

0 GL = -5 , 6~~ = 
94'; (2) take-off configuration, GL = 7. so, GLC = 82'; and (3) hover 

0 configuration, bL = 0', bLC = 90 . The longitudinal aerodynamic characteristics of 

the model were obtained such that the free-stream dynamic pressure  over the model at 
a particular fan-exhaust deflection configuration matched that proposed foir the cor re-  

sponding airplane configuration in reference 20. The effective velocity rat ios  proposed in 
reference 20 were simulated by pa i rs  of velocity rat ios  in the wind tunnel, one s l~ght ly  

lower and one slightly higher than the one given in the reference. Data were obtained 
through a range of angles of attack from approximately -6' to 20'. Data were ~obta-tned 
for a l l  configurations at  various tail incidences and various 'elevator deflections for 

selected configurations. 

PRESENTATION OF RESULTS 

The data a r e  being presented without analysis or  discussion. The gruund-effect 
data at zero  wind speed a r e  shown in rat ios  of lift and drag to thrust and pitching moment 



and rolling moment to the product of the thrust and effective exit diameter of the operat- 

ing fans, These parameters  a r e  presented at various thrust settings a s  a function of the 

ratio of height above the floor to the effective exit diameter of the operating fans. 

Data for power-on transition configurations and tjLC = 94'; bL = 0' 
and bLC = 30'; bL = 7.5' and bLC = 82'; and and bLC = 700) a r e  given a s  

LIOS of l i f t  and drag to thrust and of pitching moment to the product of thrust and the ra4: - 
eflectl-ie exit diameter of the operating fans. Data for the wingborne flight configuration 

(6L closed and GLC = 0 appear a s  lift, drag, and pitching-moment coefficients. All ") 
bower-off data a r e  presented in the latter format a s  well a s  the power-on data for the 

0 canfig-uration of bL = 40 and bLC = 70'. 

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

Effect of grlound proximity on inducued loads of configurations a t  zero  

wind speed for - 
Hover with bL = 0'; bLCo= 90': 

Ta.iloff; a!=oO; $ = O  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i t = O ;  a = O ;  @ = o O  

Tail off; a! = 10'; @ = 0' . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Tail of$ a! = 0"; @ = 10 

o 0 I t = O ;  a = o ;  + = l o " .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Landing codifiguration with bL = -5'; bLC = 94': 

'Tail off; a! = 0'; $ = 0'. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k = 8 ;  a=oO;  @ = o O  

:it = OO; a! = lo0; @ = o O .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 i ,=o0 ;  a ! = o ;  @ = l o 0 . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 Take-off configuration with bL = 7.5'; bLc = 82 : 
Tail off; a! = -4'; $ = 0' . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 it = 0 ; a! = -4O; @ = o O .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o 

iit = 0 ; a! = 0'; 9 = 0' . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 0 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i t = O ;  a = O ;  @ = I 0  
0 0 

jt = 0 ; a! = - 4 7  @ = 10 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Longih.dina1 aerodynamic characteristics of the VTOL transition 

confierat ion with bL = OO; tjLC = 90' - 
Effect of tail incidence for  q, = 239 Pa; M, = 0.058: 

Bower off .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Power on: 

T;T = a 1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
V,=Oe18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Figure 



Fiwr e 

Effect of elevator deflection for qm = 239 Pa; Mm = 0.058: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Power off 20 
Power on: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ve = 0.12. 2 1 ( 4  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ve = 0.18 2 I(b) 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Effect of effective velocity ratio 22 

Effect of closed lift-fan inlets and exits for qoo = 239 Pa; Moo = 0.058. . . . . .  23 

Longitudinal aerodynamic character istic s of the VTOL transition 

configuration with bL = -5'; dLC = 94' . 
Effect of tail incidence for qm = 168 Pa; M. = 0.048: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Power off 24 
Power on: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ve = 0.12. 25(a) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ve=0.15 25(b) 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Effect of effective velocity ratio 26 

Effect of closed lift-fan inlets and exits for q, = 168 Pa; Ma = 0.048. . . . . .  27 

Longitudinal aerodynamic characteristics of the VTOL transition 

configuration with dL = 7.5'; dLC = 82' . 
Effect of tail  incidence: 

Power off: 
Q = 187 Pa; M. = 0.052 . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  q = 455 Pa; Moo = 0.080 29 
CO 

Power on for qm = 177 Pa; M, = 0.050: 
Ve=0.12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30(a) 

Ve = 0.15. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30(b) 

Power on for q, = 440 Pa; M, = 0.078: 
Ve=0.20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31(a) 

V .0.24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e . 3 I(b1 
Effect of elevator deflection: 

= . . . . . . . . . . . . . . . . . . . .  Power off for qoo = 455 Pa; M, 0.080 32 

Power on for qoo = 440 Pa; M, = 0.078: 

Ve=0.20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33(a) 
Ve=0.24  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33(b) 

Effect of effective velocity ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
Effect of closed lift-fan inlets and exits for qoo = 455 Pa; Moo = 0.080. . . . . .  35 



Figure 
I>h~:egitddinal aerodynamic characteristics of the VTOL transition 

c o n f i ~ r a i i o n  with GL = 40'; GLC = 70' - 
Effee t of tail ~ncidence:: 

Power off: 
qM='K28Pa; M,=0.102..  . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

q = 1245 Pa; M, = 0.134 * . . . . . . . . . . . . . . . a . e . . . . . . . .  37 
CO 

Power on: 
g = 709 Pa; M, = 0.100: 

M 

V, = 0,24 .38(a)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'V', - 0.29 38(b) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

qM = 1230 Pa; Moo = 0.133: 
V, =Cl.31. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39(a) 

Ve = 0.38 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39(b) 

qM = 1230 Pa; M, = 0.133: 

C = % , O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a . . . . 4 0 ( a )  
P 

C, = 2.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .40(b)  

qm = 709 Pa; M, = 0.100: 

C, = :3,4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .41(a) 
C y = f i , l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .41(b) 

Effect of elevator deflection: 
Povver of-k 

gM = '728 Pa; M, = 0.102 42 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
q = 1245 Pa; M, = 0.134 . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
00 

Pocier on: 
qco = 709 Pa; M, = 0.100: 

>: 4, 7 =:0,24. .44(a)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V, =0,29 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .44(b)  

- 12313 Pa; M, = 0.133: "?-I, - 
I v, r =0.31. .45(a)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T 7  v e  = 00,38 .45(b)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

qm = 12313 Pa; Ni, = 0.133: 

C = :!,O .46(a)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P 
C =:!,91 .46(b)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i-I 

q = 709 Pa; M, = 0.100: 
OC 
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Lift-fan pods and lift-cruise fans removed: 
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6f=40° . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 

6 f = O  O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 



CONCLUDING REMARKS 

Presented are  unanalyzed data from a wind-tunnel investigation to determine the 
effect of ground proximity on the longitudinal forces and moments of a low-wing lift-fan 
VTOL transport. 

Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
October 28, 1976 
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TABLE I.- WING AIRFOIL ORDINATES 

Spanwlse location: Root anwise location: 17.26 cni 
c: 43.688 c m  2 38.52 c m  

x/c 2.p 

Spanwise location: 31.67 c m  I Spanwise location: 84.54 c m  
c: 34.20 c m  c: 18.37 c m  

x/c 

x/c 

-. . -- - - 

zu/C l / C  

zu/c I z ( / C  x /c  
- I I 

z u p  



TABLE 11. - HORIZONTAL TAIL AIRFOIL ORDINATES 



TABLE 111. - VERTICAL TAIL AIRFOIL ORDINATES 

Location: W.L. 24.68 cm 
c: 39.97 cm 

Location: W.L. 57.01 em 
c: 26.00 cm 



Wind direction 

Figure 1.- Axis system used in presentation of data. Arrows indicate 
positive direction of forces and moments. 



Wtng : 
Area, rn2 
Mean geometric chord, m 
Span, rn 
Aspect rat lo  
Incidence at root, wtng reference 

plane-to-fuselage reference plane, 
(pos-leadtng-edge up), deg 

Dthedral at wtng reference plane, 
(pos-wlng-tip up), deg 

Hortzontol Tall: 

Atrfatl sectton 
Area, rn2 
Mean geornetrtc chord, rn 
Span, rn 
Aspect ratio 

Verttcal Tatl: 
A i r fo~l  section-WL 2 4  6 8  
Atrfo~l sectlon-W L 5 7  0 I 
Area, rn2 
Mean geornetrtc chord, rn 
Span, rn 
Aspect ratlo 

NACA 64A009 Mod. 

NACA 64A0105 Mod 
NACA 64A009 Mod 

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

Sta. 116.36 

Sta. 98.73 

W.L. 57.01 

Fus. Ref. W L. 21.84 
3" 

Figure 2. - Dimensional characteristics of the base model. Dimensions are in centimeters unless otherwise noted. 



Wlng: 
Area, m 2 
Mean geometric chord, m 
Span, m 
Aspect ratio 
Incidence at root, wlng reference 

plane-to-fuselage reference plane, 
(pos-leading-edge up), deg 

Dihedral at wing reference plane, 
(pos-wing-tip up), deg 

Horizontal Tail: 

Airfoil sect~on 
Area. m 2  
Mean geometric chord, m 
Span, m 
Aspect ratlo 

Vertical Tail: 
Airfoil section - W  L. 2 4  6 8  
Airfoil section-W L 5 7  01 
Area, m 2  
Mean geornetr~c chord, m 
Span, m 
Aspect ratlo 

NACA 64A009 Mod 
0.1 3 9 2  
0 1 7 5 8  
0 . 8 3 8 8  
5 0 5  

NACA 64AOIO 5 Mod 
NACA 64A009 Mod 

0 1067 
0 3 3 4 9  
0 3 2 3 3  
0 9 8  

Figure 3. - Dimensional characteristics of the low-wing VTOL transport model. 
Dimensions are in centimeters unless otherwise ~oted. 















(a) aL, = 94'. 

Figure 10. Details of lift-cruise deflector assemblies. 
Linear dimensions a r e  in centimeters. 



(b) 6LC = 90'. 

Figure 10. - Continued. 









Thrust. N 

Engine speed, rpm 

(a) Typical lift fan. 

Figure 11. - Thrust calibration a s  a function of engine speed 
and exit pr esmre ratio. 



Thrust, N 

Figure 11. - Continued. 



Thrust, 

Engine speed. rprn 

(b) Typical lift-cruise fan. 

Figure 11. - Continued. 



Thrust, 

Exit pressure ratio, pt,lpa 

(b) Concluded. 

Figure 11. - Concluded. 









Figure 13. - Concluded. 





Figure 15. - Effect of ground proximity on induced loads of hover configuration 

at ze ro  wind speed. (6L = 0'; GLC = 90'; = 40':) 
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0 (b) it = 0 ; 8, = 0'; a = 0'; @ = 0'. 

Figure 15. - Continued. 



h - 
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(c) Tail off; a = 10'; @ = 0'. 

Figure 15. - Continued. 



h - 
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0 (d) Tail off; a = 0'; @ = 10 . 
Figure 15. - Continued. 



h 
De 

(e) it = 0'; Ge = 0'; cy = 0'; C#I = lo0. 

Figure 15. - Concluded. 



h - 
De 

(a) Tail off; a! = oO; @ = 0'. 

Figure 16. - Effect of ground proximity on induced loads of landing cod  
at zero wind speed. (6= = -5': 6LC = 94': 9 = 40°.) 



Figure 16. - Continued. 



h - 
De 

(c) it = 0'; 6, r 0'; a = 10'; @ = 0'. 

Figure 16.- Continued. 



Figure 16. - Concluded. 



h 
"e 

(a) Tail off; a! = -4'; $ = 0'. 

Figure 17. - Effect of ground proximity on induced loads of take-off configuration 
at zero wind speed. kL = 7.5'; bLC = 82'; bf = 400.) 



h - 
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(b) it = 0'; 6e = 0'; 01 = -4'; 0 = 0 . 

Figure 17.- Continued. 



Figure 17. - Continued. 



h - 
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(d) it = 0'; 6e = 0'; a = 0'; @ = lo0. 

Figure 17. - Continued. 



h - 
De 

(e) it = 0'; 6, = oO; 01 = -4O; $ = lo0. 

Figure 17. - Concluded. 



(a) Lift characteristics. 

Figure 18. - Effect of tail incidence on longitudinal aerodynamic characteristics 
of the VTOL transition configuration bL = 0'; kc = go0; Q = 40°; 6e = 00) ( 
with power off. qoo = 239 Pa; M, = 0.058. 





a,deg 

(a) Ve = 0.12. 

Figure 19. - Effect of tail incidence on longitudinal aerodynamic characteristics 
of the VTOL transition configuration 6L = 0'; tiLC ( = go0; + = 40°: a, = 00) 

with power on. qw = 239 Pa; Ma= 0.058. 









a,deg 
(a) V, = 0.12. 

Figure 2 1. - Effect of elevator deflection on longitudinal aerodynamic characteristics 
of the VTOL transition configuration a,, = go0; af = 40°; 4 = lo0) 
with power on. 



a,deg 

(b) V,=O.18. 

Figure 2 1. - Concluded, 



"e 

Figure 22. - Effect of velocity ratio on longitudinal aerodynamic characteristics 
of the VTOL transition configuration = 0'; = 90'; 9 = 40'; 
it = 100; be = 00). 



Figure 23.- Effect of closed lift-fan inlets and exits on longitudinal aerodynamics 
of the VTOL transition configuration = 90'; 9 = 40'; tail off 

with power off. qm s 239 Pa; Mm = 









4,deg 

(a) Ve = 0.12. 

Figure 25. - Effect of tail incidence on longitudinal aerodynamic characteristics 
of the VTOL transition configuration = 94'; $ = 40': 
6, = 00) with power on. q_ = 168 Pa; M, = 0.048. 



a,deg 

(b) V, = 0.15. 

Figure 25. - Concluded. 



Figure 26. - 
of the V 
6e = 00). 















a,deg 

(a) Ve = 0.12. 

Figure 30.- Effect of tail incidence on longitudinal aerodynamic characteristics 
of the VTOL transition configuration = 7.5'; tiLC = 82'; = 40'; 
tie = 00) with power on. qm = 177 Pa; 



a,deg 

(b) V, = 0.15. 

Figure 30. - Concluded, 



Figure 
of tl 
6, = 

Q ,deg 

(a) Ve = 0.20. 

3 1. - Effect of tail incidence on longitudinal aerodynamic character 
~e VTOL transition configuration = 82'; 9 = 40'; 

with power on. q_ = 440 Pa; 



a,deg 

(b) V, = 0.24. 

Figure 3 1. - Concluded. 
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a .deg 

(a) Ve = 0.20. 

Figure 33. - Effect of elevator deflection on longitudinal aerodynamic char 
of the VTOL transition configuration 6~ = '7.5'; 6LC = 82'; 6f = 40'; ( 
with power on. q, = 440 Pa; M, = 0.078. 



a,deg 
(b) V, = 0.24. 

Figure 33. - Concluded. 



Ve 

Figure 34. - Effect of effective velocity ratio on longitudinal aerodynamic characteristics 
of the VTOL transition configuration (sL = 7.5'; GLC = 82'; p = 40'; it = lo0; 
Ge = 00). 





(b) Pitching-moment characteristics. 

Figure 35. - Concluded. 











a,deg 

(a) Ve = 0.24. 

Figure 38. - Effect of tail incidence on longitudinal aerodynamic characteristics 
of the VTOL transition configuration (g = 40'; GLC = 70'; 9 = 40'; 
Ge = 00) with power on. qw = 709 Pa; M, = 0.100. 



~ , d e 9  

(b) V, = 0.29. 

Figure 38. - Concluded. 



a,deg 
(a) Ve = 0.31. 

Figure 39. - Effect of tail incidence on longitudinal aerodynamic characteristics 

( 0 of the VTOL transition configuration bL = 40'; 6Lc = 70 ; 6f = 40'; 
$ = 00) with power on. q, = 1230 Pa; M, = 0.133. 



a ,deg 

(b) Ve = 0.38. 

Figure 39. - Concluded. 



Figure 40. - Effect of tail incidence on longitudinal aerodynamic characteristics 
of the VTOL transition configuration 6L = 40'; = 70'; 9 = 40'; 
6, = 00) with power on. qw 

( 
= 1230 Pa; Mw = 0.133. 



(b) C p  = 2.9. 

Figure 40. - Concluded. 



a ,deg - 1  o i 2 CD 

(a) C, = 3.4. 

Figure 41. - Effect of tail incidence on longitudinal aerodynamic characteristics 

of the VTOL transition configuration = 40'; GLC = 70'; 9 = 40'; 
Ge = 00) with power on. qm = 709 Pa; M, = 0.100. 
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(b) C, = 5.1. 

Figure 4 1. - Concluded. 











a ,  deg 

(a) Ve = 0.24. 

Figure 44, - Effect of elevator deflection on longitudinal aerodynamic characteristics 
of the VTOL transition configuration tL = 40°; GLC = 70'; Gf = 40'; it = 7.50)~ 
with power on. qW = 709 Pa; Moo = 0.100. 



a,deg 

(b) V, = 0.29. 

Figure 44. - Concluded. 



a,deg 

(a) Ve = 0.31. 

Figure 45. - Effect of elevator deflection on longitudinal aerodynamic characteristics 
of the VTOL transition configuration (&jL = 40°; &jLC = 70'; 6f = 40'; it = 7.50) 
with power on. = 1230 Pa; MW = 0.133. 



a ,deg 

(b) Ve = 0.38. 

Figure 45. - Concluded, 



(a) C,, = 2.0. 

Figure 46. - Effect of elevator deflection on longitudinal aerodynamic characteristics 
of the VTOL transition configuration (6L = 40'; 6LC = 70'; % = 40°; it = 7.50) 
with power on. qm = 1230 Pa; Mm = 0.133. 
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(b) C p  = 2.9. 

Figure 46. - Concluded. 



a , deg 
- 1 0 1 2 

C~ 

(a) Cp = 3.4. 

Figure 47. - Effect of elevator deflection on longitudinal aerodynamic characteristics 
of the VTOL transition configuration (6L = 40'; GLC = 70'; P = 40'; it = 7.5') 
with power on. qw = 709 Pa; Mw = 0.100. 



a , deg 
-1 0 1 2 

CD 

(b) C, = 5.1. 

Figure 47. - Concluded. 



"e 

Figure 48. - Effect of effective velocity ratio on longitudinal aerodynamic 
characteristics of the VTOL transition configuration BL = 404 
6~~ I 70°; Gf = 40°; it = 1.5O; = 00). 

( 



(a) Lift characteristics. 

Figure 49. - Effect of closed lift-fan inlets and exits on longitudinal aerodynamics 
of the VTOL transition. configuration (OL = 40'; kc = 700; Q = 40'; tail off) 
with power off. = 1245 Pa; M, = 0.134. 



(b) Pitching- moment characteristics. 

Figure 49. - Concluded. 

























a, deg 

(b) Pitching-moment characteristics. 

Figure 55. - Concluded. 





































(b) Pitching-moment characteristics. 

Figure 64. - Concluded. 
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