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AERODYNAMIC CHARACTERISTICS OF A 1/6-SCALE MODEL 

OF THE ROTOR SYSTEMS RESEARCH AIRCRAFT 

WITH THE ROTORS REMOVED 

Raymond E. Mineck,* Carl  E. Freeman,* 
and James  L. Hassell, Jr. 
Langley Research Center 

SUMMARY 

A wind-tunnel investigation w a s  conducted to refine the aerodynamic character is t ics  
of the rotor systems research  aircraf t  (RSRA). For  the investigation, a 1/6-scale model 
without a main rotor o r  a tail rotor w a s  used. The model provided the capability for test
ing different engine nacelle sizes,  engine pylon fairings,  and tail configurations. The 
engine thrust effects were modeled by small  engine simulators (fans). Data were obtained 
primarily over an angle-of-attack range from - 1 3 O  to 1 3 O  a t  several  values of sideslip. 
Stability characterist ics and control effectiveness w e r e  inve stigated. 

The model with the scaled engine nacelles and the combination T-tail and lower 
horizontal tail displayed longitudinal and lateral-directional stability. Reducing the 
horizontal- o r  vertical-tail span reduced the longitudinal stability. Reducing the engine 
nacelle size increased the static stability of the model. Effective dihedral w a s  essen
tially zero at 0' angle of attack and Oo wing incidence. 

INTRODUCTION 

The role of helicopters is rapidly expanding in the world today, ranging from execu
tive transports to air ambulances and rescue vehicles. Recognizing this fact, NASA and 
the U.S. Army have developed a unique rotorcraft  to investigate advanced rotor concepts. 
This rotorcraft  is designated the rotor systems research  aircraft (RSRA). The RSRA 
w a s  designed to be a flying test platform for evaluating various rotor concepts and 
control systems. To evaluate rotor  performance and advanced control systems, the 
RSRA is equipped with a variable-incidence wing, auxiliary thrust  engines, drag brakes, 
and fly-by-wire controls. The RSRA can be flown as a single-rotor helicopter, a com
pound helicopter, or a fixed-wing aircraft .  The variable-incidence wing can provide 
upward or  downward lift so that advanced rotor sys tems can be tested on the RSRA over 
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a large range of rotor lift. Also, the auxiliary thrust  engines and the drag brakes can be 
used to change the drag of the RSRA so that rotorcraf t  with a larger  o r  smaller flat-plate 
drag can be simulated. Further  details of the RSRA and its capabilities may be found in 
reference 1. 

A wind-tunnel model of the RSRA without a main rotor o r  tail rotor has been tested 
in three phases to determine the aerodynamic character is t ics  of the RSRA with the ro to r s  
removed. 

Phase I wind-tunnel test resu l t s  indicated potential lateral- and longitudinal-
stability problems. (See ref. 2.) P a r t  of the problem w a s  caused by a n  increased r a t e  . 
of downwash from the auxiliary thrust  engines. 

The Phase 11resul t s  showed a significant improvement in the stability levels with 
a refined tail configuration. (See ref. 2.) The thrust  effects still were not correctly 
simulated, so  smaller scaled simulators of the auxiliary thrust  engines were adapted 
to the model for Phase 111testing. 

Phase 111wind-tunnel tes ts  were conducted to refine further the tail configuration 
and the fairings which supported the auxiliary thrust  engines. This report  presents the 
resul ts  obtained in the Phase 111tests  of the model of the RSRA in the Langley V/STOL 
tunnel. The compound configuration with the ro tors  removed was  the primary configu
ration tested and the subject of this report, although the pure helicopter and winged 
helicopter were also tested. Force and moment data were obtained at several  thrust  
coefficients over ranges of angle of attack a t  several  positive angles of sideslip. 

SYMBOLS 

The units used for  the physical quantities defined in this paper a r e  given in the 
International System of Units (SI) and parenthetically in the U.S. Customary Units. Mea
surements and calculations were made in U.S. Customary Units. Conversion factors  
relating the two systems are presented in reference 3. 

The longitudinal data are resolved in the stability-axis system and the la teral  data 
in the body-axis system. (See fig. 1.) The moment reference center w a s  located 
3.81 cm (1.5 in.) behind the center of the rotor hub. (See fig. 2.) All dimensions are 
given in the model scale. 

b wing span, 229 cm (90.0 in.) 

-
C mean aerodynamic chord 
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CnB,dyn 

C 
6a 

C
“6,
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CT 

CY 

cyP 

drag coefficient, D/qS 

lift coefficient, L/qS 

change in lift coefficient with wing incidence, dCL/ di, 

lift-curve slope, dCL/da 

rolling-moment coefficient, M,/qSb 

effective dihedral parameter,  dCz/dP 

aileron effectiveness, dCl/dGa 

pitching-moment coefficient, My/qSC 

horizontal -tail effectiveness, dCm/dit 

static longitudinal-stability derivative, dCm/d, 

elevator effectiveness, dCm/dG, 

yawing-moment coefficient, M,/qSb 

static directional-stability parameter,  dCn/dP 

dynamic directional-stability parameter,  Cnp cos  Q - Cz sin Q -I Z  
P IX 

yaw due to aileron deflection, dCn/dGa 

rudder effectiveness, dCn/dGr 

thrust  coefficient, T/qS 

side-force coefficient, Fy/qS 

side-for ce der  ivat ive, dCy/dP 
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D 

FY 


it 

i W  

P 

r 

total aerodynamic force on airframe in drag  direction, N (lbf) 

side force,  N (lbf) 

ra t io  of moment of inertia about Z-axis to moment of inertia about 
X-axis, 4.542 

lower horizontal-tail incidence, deg (see fig. l(b)) 

wing incidence, deg (see fig. l(b)) 

lift, N (lbf) 

distance from moment reference center to center of pressure on 
horizontal tail, positive forward, m (in.) 

rolling moment, N-cm (lbf-in.) 

pitching moment, N-cm (lbf-in.) 

yawing moment, N-cm (lbf -in.) 

f ree-s t ream dynamic pressure,  Pa (lbf/ft2) 

dynamic pressure  a t  tail, Pa (lbf/ft2) 

wing area, 0.955 m2 (10.28 f t2 )  

lower horizontal-tail area, m2 (ft2) (see fig. 2(e)) 

thrust, N (lbf) 

f ree-s t ream velocity, m/sec (ft/sec) 

angle of attack, deg (see fig. l(a))  

angle of sideslip, deg (see fig. l(a)) 

geometric dihedral angle, deg 
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6a aileron deflection, deg 


6a, L left ai leron deflection, deg (see fig. l(b)) 


6e elevator deflection, deg (see fig. l(b)) 


6f flap deflection, deg (see fig. l(b)) 


6, rudder deflection, deg (see fig. l(b)) 


Subscripts : 


max maximum 


m in minimum 

MODELANDAPPARATUS 

The model used in the wind-tunnel investigation w a s  the 1/6-scale model of the 
(Also see  table I.) This model did not have a main rotorRSRA shown in figure 2(a). 

o r  tail rotor.  It w a s  equipped with a removable, variable-incidence wing. The wing, 
which pivoted about the 3/4-chord location, could be se t  at incidence angles of -go, 
-4.5O, Oo, 7.5O, and 15O. It  had partial-span, single-slotted flaps inboard and plain 
ailerons outboard. Two s izes  of auxiliary thrust  engine simulators could be mounted 
on the model: the 20.32-cm (8.0-in.) diameter fans used in all three phases of the tun
nel tests,  and the smaller  13.97-cm (5.5-in.) diameter fans used only in the Phase IJJ 
tests.  (See fig. 2(b).) The fan-nacelle combination wi l l  be re fer red  to as the large-
diameter fans or the small-diameter fans. 

Both sets of fans  had a rotor  and a stator. A ring with turbine blades w a s  attached 
to the rotor.  Dry, high-pressure air directed onto the turbine blades drove the fans to 
produce thrust. The small  fans had one static-pressure orifice and three total-pressure 
probes mounted in the fan exit of each engine. The three total-pressure probes w e r e  
connected to a manifold. A pressure  transducer w a s  used to measure the difference 
between the total p ressure  and the static pressure  to obtain an  average reference 
dynamic pressure  at the exit. This  exit reference dynamic pressure  w a s  used to cali
brate the engine thrust. 

The nacelles used with the small-diameter fans w e r e  1/6-scale models of the TF34 
engine nacelles to be used on the RSRA. The nacelles used with the large-diameter fans  
were larger  in diameter and shorter  in length than those used with the small-diameter 
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fans. Three c r i te r ia  were used in positioning the large-diameter fans  to simulate the 
jet exhaust and i t s  effects. The edge of the fan exit w a s  positioned at the proper longi
tudinal station, the proper distance from the fuselage, and the proper distance from the 
wing. 

Several engine pylon fairings and engine positions were tested. The three types 
of pylon fairings were called the minimum fairing, the full fairing, and the gull fairing. 
(See fig. 2(c).) The minimum fairing w a s  the box beam from the fuselage to the engine 
mounts with a rounded leading edge and a boattail trailing edge. This represented the 
minimum structure with minimal streamlining for mounting the engines. The full fair
ing had the leading edge faired into the fan cowl and the trailing edge extended far ther  
aft than the minimum fairing. It w a s  more streamlined than the minimum fairing 
although it had a greater  wetted area. The gull fairing represented a modified box 
beam to reduce the interference between the engine and i t s  support. 

The full fairing w a s  modified by cutting back the trailing edge of the fairing leaving 
90 percent o r  80 percent of the original fairing length. This reduced the wetted area of 
the full  fairing. The modified full fairings were called the 90-percent full fairing and 
the 80-percent full fairing. 

The minimum fairing w a s  modified by filling in the area between the nacelle and 
support fairing and by building up the lower surface to provide a better flow field a t  
the fan  exits. (See fig. 2(d).) These were called the modified minimum fairings. 

The entire engine-nacelle and pylon-fairing combination w a s  moved forward 
2.54 cm (1.00 in.) to change from the aft position to the forward position. The large-
diameter fans were tested only with the full fairing a t  the aft fuselage station. The 
small-diameter fans  were tested with three types of engine support fairings a t  both the 
forward and aft stations. 

The horizontal and vertical  tails were removable to permit testing the different 
tails shown in f igures  2(e) and 2(f). Three different lower horizontal tails were tested: 
Tails A, B, and C. Tail A was  used as the lower tail a t  the beginning of the Phase II 
wind-tunnel tests,  and tail B w a s  the lower tail developed during the Phase 11tests. 
Tail B was  formed from a smaller tail by placing sheet metal fairings bent into an air
foil  shape over the outboard region of the tail. Tail  C had the same area and span as 
tail B but had an  NACA 0015 airfoil section and a constant chord. Tail  C w a s  modified 
by removing two 4.24-cm (1.67-in.) segments f rom the span; the resulting tails had a 
span of 118 cm (46.67 in.) o r  110 cm (43.33 in.). 

Tail C was  equipped with a 30-percent-chord elevator. Each lower horizontal 
tail could be set at any incidence between -80 and 8O. The vertical  tail a lso had provi
sions fo r  mounting two different T-tails: a 43.6-cm (17.2-in.) span tail for compound 
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operations (tail E) and a 67.3-cm (26.5-in.) span tail for  helicopter operations (tail D). 
Tai l  E w a s  formed from a piece of aluminum plate with the leading edge rounded and the 
trailing edge blunted. The T-tails were restr ic ted to Oo incidence. 

The lower horizontal tails were designed with a small  clearance between the root 
and the fuselage. This tail gap, which varied slightly along the root, was about 0.31 cm 
(0.12 in.) wide. Several combinations of the different components were tested. The 
designations used for the more extensively tested combinations are listed in table 11. 

A photograph of the model in the Langley V/STOL tunnel is shown in figure 3. The 
model w a s  mounted on a strain-gage balance with a s t ru t  support in the forward par t  of 
the test section. The model could be set at various pitch angles relative to the s t rut  to 
obtain different angle-of-attack ranges. The strut, which could be pitched slid yawed, 
had an  airfoil fairing which yawed with the s t rut  and model. 

High-pressure air w a s  supplied to a plenum on top of the strut. Two S-shaped 
pipes carr ied the air ac ross  the balance to a plenum chamber within the model. The 
plenum chamber fed air through separate lines to each engine simulator. Each line 
had a valve to shut off one engine fo r  engine-out testing o r  to balance the thrust between 
the two engines. 

In the Phase I and Phase I1 wind-tunnel tests,  s t r ips  of transition grit  were not 
used. Therefore, to obtain the best  comparison of resul ts ,  no transition s t r ips  w e r e  
used on the model with the large-diameter fans. For  all other tests,  transition s t r ips  
were used on the wing, vertical  tail, and horizontal tail. 

TESTS AND CORRECTIONS 

The tests were conducted in the Langley V/STOL tunnel, which has a test section 
measuring 4.42 m (14.50 ft) by 6.63 m (21.75 ft). All testing w a s  done out of ground 
effect with the model close to the center line of the tes t  section. A t  the highest veloc
ity used in the tests,  the f ree-s t ream dynamic pressure  w a s  2633 Pa (55 lbf/ft2); the 
Mach number w a s  0.195; and the Reynolds number, based on the mean aerodynamic 
chord, w a s  1.85 x 106. 

Each engine-nacelle and pylon-fairing combination w a s  calibrated when i t  w a s  
installed on the model. For the large-diameter fans, the thrust  w a s  calibrated against 
the fan speed. For the small-diameter fans, the resultant force from the thrust of each 
fan w a s  calibrated against the difference between-the dynamic pressure  measured in the 
fan exit and the free-s t ream dynamic pressure.  After calibration, the engine thrusts 
were balanced for  zero yawing moment at static conditions. 
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The model was tested with windmill thrust, ze ro  thrust, t r im  thrust, and some
t imes at thrusts  above or below t r im  thrust. At windmill thrust, the fans were turned by 
the free s t ream, so that they produced drag instead of thrust. At zero thrust  (CT = 0), 
the dynamic pressure  at the fan exit was  set equal to the free-s t ream dynamic pressure  
for  all angles of attack. At t r im  thrust, the thrust  level w a s  set for  zero model drag 
(CD = 0) at Oo model angle of attack. This t r i m  thrust  varied with configuration changes. 
The fan speed for  this thrust  level w a s  maintained throughout the angle-of-attack range. 
At thrust  levels above o r  below t r im thrust, the thrust  level w a s  set for negative or posi
tive drag at Oo angle of attack, and the fan speed for  this  thrust  level w a s  maintained 
throughout the angle-of -attack range. Although the 'fan speed remained relatively con
stant, the thrust  coefficient varied slightly throughout the angle-of -attack range. 

Whenever possible, tests were conducted at a dynamic pressure  of 2633 Pa 
(55 lbf/ft2). The engine thrust  w a s  varied to achieve the desired thrust  coefficient. 
When the maximum engine thrust  w a s  insufficient to achieve the desired thrust  coeffi
cients, the engines were operated a t  their  maximum thrust  level and the free-s t ream 
dynamic pressure  w a s  reduced. 

' Both engine positions and all pylon-fairing configurations were tested with various 
wing and flap combinations over angle-of-attack ranges at Oo sideslip. Once the final 
engine position and pylon fairing had been determined, elevator deflection and horizontal-
tail incidence were varied. To obtain directional data, the model was  pitched through a n  
angle-of-attack range a t  different angles of sideslip with the s t ru t  alined with the free 
stream. This procedure was followed to determine the effects of sideslip, rudder deflec
tion, and aileron deflection. 

The six-component strain-gage balance w a s  calibrated with the two S-shaped air 
lines. These air lines supported par t  of the load, so that the balance output for a given 
load was  smaller  when the air line was  attached. The largest  decrease in balance sen
sitivity w a s  about 4.3 percent in rolling moment. The air line also caused an  interac
tion between the different balance components. The largest  interaction correction was 

0.512 N of axial force 0.013 lbf of axial force 
1.000 N-m of rolling moment 1.000 lbf-in. of rolling moment 

). The sensitivity decrease 

and the interaction correction have been applied to the data obtained from the balance with 
the air line. 

The model support system used for the tes t s  w a s  limited to a n  angle-of-attack 
range f rom -130 to 130. To extend this range, the model w a s  pitched on top of the strut .  
The three new angle-of-attack ranges used for  some configurations were from -ZOO to 60, 
- loo to 16O, and 0' to 26O. The data obtained in the overlapping part  of the ranges are 
not in exact agreement. The lack of agreement may be caused by the changing s t rut  tare, 
by problems associated with the air line, or  by small  changes in the thrust  settings. 
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All data have been corrected for jet-boundary effects by the methods in reference 4 
and for  blockage effects by the method in reference 5. 

PRESENTATION OF RESULTS 

The resu l t s  of the wind-tunnel investigation have been presented in coefficient form 
with the moments referenced to the station 3.81 c m  (1.5 in.) behind the center of the rotor  
hub. This station represented the proposed aftermost center -of -gravity position of the 
aircraft .  The longitudinal data are presented in the stability-axis system and the lateral 
data in the body-axis system. The resul ts  are presented as follows: 

Figure 
Longitudinal aerodynamic characteris t ics: 

Background : 
Effect of iw for original Phase I1 configuration . . . . . . . . . . . . . . .  4 

Effect of iw for final Phase I1 configuration . . . . . . . . . . . . . . . . .  5 

Comparison of resu l t s  for  final Phase I1 configuration from 


Langley V/STOL tunnel and from reference 2 . . . . . . . . . . . . . . .  6 

Effect of iw for final Phase I1 configuration with empennage 


refinement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Effect of fan size for  final Phase 11 configuration with empennage 

refinement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

Configuration variables: 


Effect of lower horizontal-tail incidence for configuration with fuselage, 
vertical  tail, and lower horizontal tail C; rotor pylon removed . . . . . .  9 


Effect of T-tail  D for  configuration with fuselage and reduced 

vertical  ta i l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 


Effect of wing incidence for  configuration with fuselage, wing, and 

vertical  tai l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 


Effect of wing incidence for  configuration with fuselage, wing, vertical  

tail, and horizontal tails C and E . . . . . . . . . . . . . . . . . . . . . .  12 


Effect of wing incidence fo r  configuration with fuselage, wing, vertical  

tail, and engines; horizontail tails off . . . . . . . . . . . . . . . . . . . .  13 


Effect of pylon fairing type . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

Effect of engine and fairing position . . . . . . . . . . . . . . . . . . . . . .  15, 16 


.. Effect of CT variations . . . . . . . . . . . . . . . . . . . . . . . . . . .  17, 18 

Phase 111baseline configuration: 

Effectof i, and bf . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

Effect of it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Horizontal-tail effectiveness . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
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Figure 

Effect of sealing gap in horizontal-tail-fuselage junction . . . . . . . . .  22 
Effectof 6 , .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
Elevator effectiveness  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
Effect of horizontal-tail span . . . . . . . . . . . . . . . . . . . . . . . .  25, 26 
Effect of vertical-tail span . . . . . . . . . . . . . . . . . . . . . . . . .  27 to 29 
Effect of it with reduced-span lower tail C . . . . . . . . . . . . . . . .  30 
Effect of 6, with reduced-span lower tail C . . . . . . . . . . . . . . .  31 

Lateral-directional stability characterist ics of Phase I11 baseline 
configuration: 
Effect of P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
Effect of CT on lateral-directional stability derivatives . . . . . . . . . .  33, 34 
Effect of 6 ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Rudder effectiveness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
Effect of 6 ,  with left engine windmilling. . . . . . . . . . . . . . . . . . .  37 
Rudder effectiveness with left engine windmilling . . . . . . . . . . . . . . .  38 
Effect of 6a,L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 
Aileron effectiveness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
Effect of differential aileron deflection . . . . . . . . . . . . . . . . . . . .  41 

DISCUSSION OF RESULTS 

Background 

The Phase 111wind-tunnel tests of the RSRA model were conducted to investigate 
configuration refinements to improve the level of stability and control as determined 
f rom the Phase I1 tests reported in reference 2. The Phase I tests were conducted with 
the large-diameter fans and full fairings. These tests revealed stability and control 
problems arising from a complex flow field in the region of the empennage. Analysis 
of the Phase I test resul ts ,  however, led to several  configuration changes and empennage 
options which were evaluated in the subsequent Phase 11tests. 

For  the Phase I1 tests, the wing w a s  shifted aft 3.81 c m  (1.5 in.) and downward 
3.81 cm (1.5 in.) to reduce the destabilizing trend caused by the wing aerodynamic cen
ter being too far forward relative to the assumed center-of-gravity location. The chord 
of the nacelle fairing was  shortened to decrease the destabilizing increments caused by 9 

the fairing acting as a lifting surface forward of the assumed center of gravity and to 
decrease the rate of downwash in the region of the horizontal tail. Wing fences were 
installed on the upper surface beneath the engine fan cowl exit to delay flow separation 
with flaps deflected. The span of the vertical  tail and rudder was  increased 16.94 cm 
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(6.67 in.) to overcome static directional instability. This is refer red  to as the full-span 
(58.6 c m  (23.1 in.)) vertical  tail. Provisions were also made for installation of modified 
lower horizontal tails either alone o r  in combination with a T-tail. 

Substantiation of Phase I1 Longitudinal Aerodynamics 

Original Phase 11configuration.- The original configuration for the Phase I1 tests--____-I 

incorporated (1)large-diameter fans  mounted with the full pylon fairings in  the rear 
position, (2) aft and downward shift of wing, (3) wing fences, (4) extended vertical-
stabilizer and rudder span, and (5) lower tail A alone. This configuration w a s  re tes ted 
in the present investigation to establish baseline longitudinal aerodynamic data, and the 
resu l t s  are presented for t r im thrust  in figure 4 for several  values of wing incidence and 
for 15O wing incidence with flaps deflected. These data are substantially in agreement 
with Phase 11test resu l t s  (ref. 2, fig. 12) and confirm the static longitudinal instability 
over most of the middle angle-of-attack range. This instability is attributed to the com
bined effects of a strong downwash from the nacelle fairings acting on the inboard area 
of the horizontal tail and the destabilizing effect of the large-diameter fan nacelles. Flow 
surveys in the region of the horizontal tail were conducted during the Phase I1 tes ts  and 
confirmed the existence of the strong downwash a t  the tail caused by vortex shedding f rom 
the nacelle fairing (ref. 2, pp. 30-33). 

Final ~ Phase I1 configuration.- Although testing during Phase I1 showed that the s ize  
of the nacelle-pylon fairing had significant effects on longitudinal stability, no practical  
modification w a s  possible because of constraints imposed by the engine support s t ru ts  on 
the model. Consequently, the selected final Phase I1 configuration had the same large-
diameter fans with the full fairings as the original Phase I1 configuration. The only dif
ferences between the original and final Phase I1 configurations were the vertical- and 
horizontal-tail arrangements. The final configuration used a n  arrangement that w a s  a 
combination of lower tail B and T-tail E. 

This same configuration w a s  retested in the present investigation to establish base
line longitudinal data for  the final Phase I1 configuration. Results a r e  presented in fig
ure  5 for several  values of wing incidence and for 15' wing incidence with flaps deflected 
for  the tr im-thrust  condition. The tail modifications incorporated in the final Phase 11 
configuration provided the required improvement in static longitudinal stability in the 
middle angle-of-attack range. 

The longitudinal aerodynamics of this final Phase I1 configuration obtained in the 
Langley V/STOL tunnel and in the United Aircraft Research Laboratories (UARL) large 
subsonic wind tunnel during Phase I1 (ref. 2) are compared in figure 6. In general, the 
V/STOL tunnel data indicate 2 to 10 percent higher lift-curve slopes and values of maxi
mum lift coefficient. Also, discrepancies are noted in the overall  level of pitching
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moment coefficient which may be attributable to different model support interference 
effects in  the two wind tunnels for the tail-on data. These discrepancies are opposite 
in trend at the extreme values of negative ( - g o )  and positive (15O) wing incidence. Fo r  
the tail-on data, the pitching-moment slopes determined in the V/STOL tunnel are con
sistently more unstable than those determined in the UARL tunnel throughout the range 
of wing incidence. (Values of Cma are 2 to 10 percent higher.) 

Refinement of Final Phase It Configuration 

New baseline ____._empennage.- For  the new baseline empennage, lower tail B was  
replaced with Tail C, a n  untapered tail with the same area (0.253 m2 (2.72 ft2)) and the 
same span (127 cm (50.0 in.)) as tail B. (See fig. 2(e).) The vertical  stabilizer and 
T-tail were not changed. (This empennage is also the Phase I11 baseline empennage.) 
The resu l t s  of tests with this empennage refinement and with otherwise identical com
ponents of the final Phase 11configuration are presented in figure 7. In general, the 
static longitudinal-stability characterist ics were s imilar  to those of the final Phase 11 
configuration (compare figs. 5 and 7) except that the onset of tail stall w a s  delayed to 
slightly higher angles of attack with the new baseline lower tail. The combination lower 
tail C and T-tail E provided the required level of stability. 

Fan-size effects.- After the empennage for the final Phase II configuration w a s-

refined, the small-diameter fans were tested to determine the effects of the fan size. 
The model w a s  configured with the full pylon fairings, the engine nacelles in the aft 
position, lower tail C, and T-tail  E. The resu l t s  are presented in figure 8 for t r im  
thrust  and several  values of wing incidence. Very little difference is discernible in lift-
curve slopes for the two fan s izes  throughout the wing incidence range, but the angle of 
zero lift shifts about -lofor  the smaller fan size. These resu l t s  also show pronounced 
improvement in static longitudinal stability with the smaller  fans. Static margin 
increases  ranged from 13 to 17 percent chord. 

Effects of Configuration Variables 

The model w a s  tested with different combinations of the model components such as 
the wing, tails, engines, and pylon fairings to determine the aerodynamic contribution of 
each component. 

Fuselage, vertical  tail, and horizontal tail C.- The fuselage (without the main rotor- .  -

pylon) w a s  tested with the 118-em (46.67-in.) span lower tail C and the reduced-span 
vertical tail to obtain the basic aerodynamics of the tail with a minimum of interference. 
The resul ts  for several  values of tail incidence are presented in figure 9. The tail lift-
curve slope, based on the tail area, w a s  0.076/deg. The static longitudinal stability Cma 
with the tail on w a s  -0.042/deg. 
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Fuselage, vertical-~- tail, and T-tail D.- The fuselage (with the main rotor  pylon) w a s  
tested with horizontal T-tail D mounted on the reduced-span vertical  tail. The resu l t s  
with T-tail D are compared in figure 10 with resu l t s  for the tails off and for  tail C alone. 
The static longitudinal stability with T-tail w a s  -0.019/deg. 

Fuselage,_ _  wing, and vertical  tail.- The configuration with the fuselage (including the 
main rotor pylon), wing, and vertical  tail w a s  tested with the wing set at incidence angles 
of -go, Oo, 7.5O, and 15' and the flaps retracted.  No horizontal ta i ls  were installed. The 
resu l t s  are presented in figure 11 for the angle-of-attack range. Changing the wing inci
dence did not change the lift-curve slope ( C L ~= O.O73/deg) in the linear region. The 
change in lift coefficient with wing incidence C L ~ ~w a s  0.0661/deg. A s  expected, the 
least drag w a s  experienced when iw w a s  zero. 

Fuselage, wing,-vertical  tail, and horizontal tai ls  C and E.- The 127-cm (50.0-in.)_ - - --_ 
span lower tail C and T-tail E were added to the wing-fuselage configuration just  dis
cussed. Both horizontal tails were set at Oo incidence. The resu l t s  are presented in 
figure 12 for wing incidence angles of -go, Oo,  7.5O, and 15O with the flaps retracted,  and 
15O wing incidence with the flaps deflected 30°. The most striking effect is the lack of 
static stability with the flaps deflected a t  negative angles of attack. The turbulent flow 
from the flaps w a s  probably blanketing the tail. The tail w a s  in an upwash field for 
-go wing incidence for most of the angle-of-attack range. This configuration showed the 
most static longitudinal stability Cm,, of the five wing-flap combinations. 

Fuselage, wing, vertical  tail, and fans.- The model w a s  tested a t  t r im  thrust  with-~- - ~~ ~ 

the small-diameter fans and minimum fairings in the forward position. The full-span 
vertical  tail w a s  installed and the horizontal tails were removed. These horizontal-tail
off data are presented in figure 13. 

Fuselage, wing, vertical  __ _ - -. - _ _ _ ~- -_ - tail, Phase-111baseline empennage, and different pylon-

fairings.- The model with the fuselage, wing, vertical  tail, and horizontal tails C and E 
w a s  tested with six different engine pylon fairings and the small-diameter fans with no 
air lines crossing the balance. (See fig. 2(c).) The fairings were (1)full fairing, 
(2) 90-percent-chord full fairing, (3) 80-percent-chord full fairing, (4) minimum fairing, 
(5) modified minimum fairing, and ( 6 )  gull fairing. The resu l t s  are given in figure 14 
for  wing incidence angles of -4.5O, Oo, and 7.5O; the engines were at windmill thrust  and 
mounted in the forward position. Fo r  -4.5O wing incidence, the configuration with the 
gull fairing displayed the highest minimum drag coefficient ( C D , ~ ~ ~= 0.102). Incorpor
ation of the other five fairings resulted in minimum drag coefficients of about 0.096. 
Differences in pitching-moment slopes w e r e  not discernible. Fo r  7.5' wing incidence, 
the full fairing had the lowest minimum drag (CD,min = 0.10) and the minimum fairing 
had the highest minimum drag (CD,min = 0.110)
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Effect of- - _  - - .- - .  . - .  _ _position of engine-nacelle and pylon-fairing combination. - The effect of 
forward and aft position of the engine-nacelle and pylon-fairing combination on the aero
dynamics of the model is presented in figure 15 for the minimum fairing and in figure 16 
for  the full fairing. The forward position is 2.54 cm (1.00 in.) ahead of the original aft 
position. The model w a s  configured with the Phase I11 baseline empennage. Figure 
par ts  (a) to (c) present data for wing incidence angles of -4.5O, Oo, and 7.5O with the 
small-diameter fans windmilling. Figure par t s  (d) to (k) present data for wing incidence 
angles of -go, -4.5O, Oo, 7.5', and 15' (flaps retracted),  and Oo, 7.5O, and 15O (flaps 
deflected 30°) at t r i m  thrust. For  the minimum fairing, drag (at windmill thrust) was  
slightly higher for the forward position than for the aft position at negative angles of 
attack but w a s  lower for  positive angles of attack. The lift-curve slope was  slightly 
higher for the forward position than for the aft position. For  the full fairing, drag w a s  
higher for the forward position than for  the aft position at -4.5O wing incidence but lower 
a t  Oo and 7.5O wing incidence. A difference in lift-curve slope for the full fairing w a s  
not discernible. Generally, for both fairing types, the configuration w a s  slightly more 
stable longitudinally with the aft position than with the forward position for the wing-flap 
configurations tested. 

Effect of CT variations. - Effects of thrust-coefficient CT variations on the _ _ _ _  
longitudinal characterist ics of the complete configuration with the small-diameter fans  
in the aft position and the Phase 111baseline empennage a r e  shown in figure 17. Results 
are given for the range of wing incidence with the flaps deflected and retracted.  For  neg
ative or  zero wing incidence, thrust  effects tended to reduce longitudinal stability. How
ever, an  increase in thrust  increased static longitudinal stability for the positive wing 
incidence angles of the test. Without thrust  the 7.5O and 15O wings with flaps deflected 30° 
were statically unstable o r  marginally stable for negative angles of attack. The addition 
of thrust stabilized these cases. The effect of thrust  coefficient on the model with the 
wing removed is presented in figure 18. Two tail configurations were tested: the 
combination 110-cm (43.33-in.) cutback span lower tail C with T-tail E (fig. 18(a)), and 
T-tail D alone (fig. 18(b)). For  the combination tail (fig. 18(a)), increasing the thrust  

For  T-tail  D, increasing the thrustcoefficient decreased the static longitudinal stability. 
coefficient decreased the static stability at negative angles of attack. At positive angles 
of attack, the effect w a s  small. 

Definition of Phase IT1 Baseline Configuration 

The Phase 111baseline configuration used for subsequent longitudinal and lateral-
directional tests is shown in figure 2(a). This configuration consists of the fuselage, the 
rotor pylon, rotor hubs, small-diameter fans in the forward position, modified minimum 
pylon fairings, a variable-incidence wing, horizontal tails C and E, and the full-span ver 
tical tail. 
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This configuration w a s  chosen for  further analysis because of several  considera
tions: The engines were constrained to the forward position by center-of-gravity res t r ic 
tions. The modified minimum pylon fairings w e r e  chosen because they created less 
interference on the empennage and they satisfied the engine manufacturer's requirements. 

Longitudinal Aerodynamic Character ist ics of 

Phase 111 Baseline Configuration 

Effect of wing incidence and flap deflection.- The effect of ~wing incidence and flap. .  ~ ~ ~~ ~ _ _ _ _ _ 
deflection on the longitudinal aerodynamic characterist ics of the Phase 111baseline con
figuration is shown in figure 19. These data were obtained with the tail incidence set 
at zero and with all controls a t  the neutral position. Results for the model with the flaps 
re t racted (iw= -go, -4.5O, 00, 7.50, and 15O) are presented in figure 19(a) for t r im thrust  
and in figure 19(b) for zero thrust. Results for  the flaps deflected 30° are presented in 
figure 19(c) for t r im  thrust  and in figure 19(d) for zero thrust. In general, the model w a s  
stable throughout the angle-of-attack range investigated from negative to positive stall for 
all values of wing incidence, both with and without flaps deflected. The levels of static 
stability tended to be lowest in the middle angle-of-attack range between -7.5O and 7.50 
except for iw= 150, which w a s  more stable than the lower wing incidence angles. Within 

i, = 0'.this angle-of-attack range, the lowest level of static stability w a s  for 

At a constant angle of attack with the horizontal tail on, positive wing-incidence and 
flap-deflection changes caused positive pitching-moment changes. (See fig. 19.) Without 
the horizontal tails, positive wing-incidence changes caused a negative pitching-moment 
change. The horizontal tail apparently caused a positive increment(See figs. 11 and 13.) 
in pitching moment because of the download on the tail from the wing and flap downwash. 
For  example, a t  Oo angle of attack, the incremental pitching moment of the tail due to wing 
incidence ACm,tail/Aiw w a s  found to be O.O17/deg, and the incremental pitching moment 
of the tail due to flap deflection ACm,tail/Adf w a s  found to be 0.012/deg. These trends 
suggest the feasibility of gearing the horizontal-tail incidence to both wing incidence and 
flap deflection to eliminate t r im changes associated with these variables. 

In the linear lift range, varying wing incidence did not change the lift-curve slope; 
however, the change in lift coefficient due to wing incidence w a s  only about 60 per-CL~, 

cent of the change in lift coefficient due to angle of attack C L ~ .  

andference between C L ~ ~  C L ~is associated with the absence of body lift and the loss  
The reason for this dif

of fuselage carryover lift when only wing incidence is varied (the fuselage remains fixed 
relative to the free stream). 

Maximum lift coefficients achievable at both the positive and negative s ta l ls  are 
also related to wing incidence. In general, the highest values of CL,max were obtained 
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for  zero wing incidence with the flaps deflected and retracted.  (See fig. 15.) The loss 
in  maximum.lift capability w a s  particularly severe for iw= 15O and 6f = 30°, as indi
cated in the following table: 

! I
I 

1.55 2.11 
1.32 1.92 
1.14 1.56 

Effect of horizontal-tail incidence. - The effect of horizontal-tail incidence on the 
longitudinal aerodynamic characterist ics of the Phase III baseline configuration is pre
sented in  figure 20 and covers the entire range of wing incidence for both t r im  and zero 
thrust  with flaps re t racted and deflected. Only the lower horizontal-tail incidence w a s  
varied; T-tail E remained fixed at zero incidence. In general, variation of tail incidence 
between appropriate l imits provided fairly uniform increments of pitching moments 
throughout the usable angle-of -attack range. The only indications of possible tail s ta l l  
problems were for zero thrust  with flaps deflected (figs. 20(m) and 20(n)). Even for  
these cases,  the values of tail incidence were inappropriate for any practical t r im  
condition. 

Changes in thrust  wil l  affect downwash a t  the tail as wel l  as dynamic pressure at 
the tail. The variation of downwash with angle of attack and the dynamic pressure a t  the 
tail affect the static longitudinal stability Cma. The dynamic pressure a t  the tail affects 
the horizontal-tail effectiveness Cmit. 

The horizontal-tail effectiveness, summarized in figure 21, is based on average 
values of ACm/Ait for A i t  = k4O over the angle-of-attack range from - 5 O  to 5O. The 
values of Cmit for zero thrust  with flaps re t racted are considerably less than would be 
expected from evaluation of the following expression: 

St It qt = -0.0665/degCmit = (cL a!) tail s q 

Losses in tail effectiveness are possibly associated with losses  in dynamic pressure a t  
the tail or with losses  in tail lift-curve slope attributable to gaps between the sides of the 
fuselage and the root chord of the lower horizontal stabilizer. The combined losses  are 
about 25 to 28 percent in Cmit. 
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The effects of thrust  on horizontal-tail effectiveness are small  at negative values 
of wing incidence but become very appreciable with positive wing incidence and/or with 
flaps deflected. (See fig. 21.) This resul t  is attributable to an increase in the ratio qt/q 
due to the engine efflux being drawn down to the region of the horizontal tail by the com
bined effects of the wing and flaps. 

As mentioned in the previous section, t r im changes due to wing incidence and flap 
deflection can easily be compensated by properly gearing tail incidence to iw and 6f. 
If a Cmit value of approximately -0.05/deg is assumed to be reasonably appropriate 
for  the entire range of iw and CT, the aforementioned t r im changes due to iw are 
essentially eliminated with a gearing rat io  of 0.32' tail incidence per degree of iw. 
Likewise, the t r im changes due to flap deflection are essentially eliminated with a gear
ing rat io  of 0.24O tail incidence per degree of 6f. 

_. of sealing horizontal-tail-fuselage junction.- There w a s  a slight gap betweenEffect . . .-

the root of the lower horizontal tail and the fuselage. This gap could lessen or eliminate 
the end-plate effect of the fuselage on the tail and thereby cause a reduction in tail lift-
curve slope. To determine whether there  were any significant effects, the tail-fuselage 
junction w a s  sealed. A comparison of the sealed junction and the unsealed junction is 
shown in figure 22. Sealing the gap increased the longitudinal stability Cma. and the 
horizontal-tail effectiveness Cmit by about 15 percent. At least half of the loss  in 
horizontal-tail effectiveness cited in the previous section iS'therefore attributable to the 
gap between the fuselage and the horizontal tail. 

Elevator effectiveness. - The effect of elevator deflection on the longitudinal aero._-.___ 

dynamic characterist ics of the Phase ID baseline configuration w a s  determined for 
iw= 7 . 5 O  with flaps deflected and retracted a t  both zero and t r im thrust. These resu l t s  
a r e  presented in figure 23. For these tests,  T-tail  E w a s  mounted on top of the full-span 
vertical  tail a t  zero incidence and the lower tail C w a s  se t  a t  zero incidence except where 
noted. In general, the variation of pitching moment with elevator deflection w a s  linear at 
values of 6, between -10' and 100, where the elevator effectiveness w a s  greatest. 

In order to evaluate the effects of thrust  and flap deflection on elevator effective
ness,  the data of figure 23 have been cross-plotted in t e rms  of Cm6e 

as a function of a, 
and the resul ts  are presented in figure 24. Only the linear portions of the curves of Cm 
against a at values of 6, between - loo  and loo were used to evaluate Cm6e* With 
the flaps retracted,  thrust  produces an  increase in elevator effectiveness only in the 
negative angle-of -attack range; however, with the flaps deflected, thrust  increases  ele
vator effectiveness throughout the entire angle-of -attack range. This increase in  eleva
tor effectiveness (C ) due to thrust  with flaps deflected averaged about 24 percent. 
These resu l t s  are s imilar  to the effects of thrust  on horizontal-tail effectiveness emi t  
discussed previously, and are caused by the same phenomenon. That is, dynamic 
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pressure  in the region of the horizontal tail increased under conditions of high lift because 
the high dynamic pressure  of the engine efflux w a s  drawn downward by the wing- and flap-
induced flow. 

The elevator effectiveness with -4O horizontal-tail incidence, presented in fig
ure  24(b), was  obtained from c ross  plots of figures 23(e) and 23(f). In the positive angle
of-attack range, elevator effectiveness was  not significantly affected by the change in 
horizontal-tail incidence; however, in the negative angle-of-attack range, elevator effec
tiveness suffered a severe loss  for zero thrust. Under this condition the tail was  prob
ably stalled. Note, however, that with tr im thrust  there  w a s  no loss  in elevator effec
tiveness in the negative angle-of-attack range (at least to CY = -5O), indicating that 
thrust effects tended to delay tail stall. 

Effect of reduced lower horizontal-tail span.- The tail of the aircraf t  should be as 
~ __ - - _ -

light as possible to avoid any center-of-gravity o r  weight problems. The tail weight can 
be lessened by reducing the span of the horizontal tail, provided that the loss in stability 
is small. A small  loss  in stability can be counteracted by sealing the gap between the 
root of the lower horizontal tail and the fuselage. The effect of reducing the span of 
lower tail C is presented in figure 25 for several  values of wing incidence and flap deflec
tion at t r im  thrust. Three tail spans were tested: the original 127-cm (50.0-in.) tail, 
a 118-cm (46.67-in.) tail, and a 110-cm (43.33-in.) tail. The static longitudinal sta
bility CmCY w a s  computed a t  angles of attack between -5O and 5O for the various tails 
and the resu l t s  are presented in figure 26. . The minimum stability level occurs  near 
Oo wing incidence for the flaps deflected and retracted.  With the flaps retracted, the 
reduction of Cm, at Oo wing incidence is about 19 percent for  each 8.46-cm (3.33-in.) 
reduction in tail span. This percentage decreases  as the wing incidence is changed 
f rom Oo. With the flaps deflected, the stability reduction increases  as the wing inci
dence increases. 

Effect of reduced vertical-tail  span.- The weight of the tail can also be decreased-

by reducing the span of the vertical  tail. This reduction affects the longitudinal stability 
because it reduces the horizontal distance between the assumed center of gravity and the 
center of pressure of the T-tail. (See fig. 2(f).) In addition, reducing the span brings 
the T-tail down closer to the region where the downwash is larger.  The model w a s  
tested with the combination reduced-span lower tail C se t  at Oo incidence and T-tail  E 
mounted on the full-span vertical  tail and on the vertical  tail which was  reduced in span 
by 8.46 cm (3.33 in.). (See fig. 2(f).) The resu l t s  a r e  presented for  several  values of 
wing incidence and flap deflection for the 118-cm (46.67-in.) span lower tail C in fig
u re  27 and for the 110-cm (43.33-in.) span lower tail C in figure 28. The static longi
tudinal stability was  computed at angles of attack between - 5 O  and 5O and the resu l t s  are 
presented in figure 29. 
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Reducing the span of the vertical  tail caused a small  reduction in the static longi
tudinal stability. The reduction w a s  larger  for the 110-cm (43.33-in.) span lower tail C 
than for the 118-cm (46.67-in.) span lower tail C. 

-Horizontal-tail effectiveness with reduced-span lower tail. - The effect of lower 
horizontal-tail span on the longitudinal aerodynamic characterist ics at several  values of 
tail incidence with the wing incidence set at Oo and the flaps re t racted is presented in 
figure 30. T-tail E w a s  mounted on the reduced vertical  tail. The resu l t s  for the 
118-cm (46.67-in.) span lower tail C are presented in figure 30(a), and the resu l t s  for 
the 110-cm (43.33-in.) span lower tail  C are presented in figure 30(b). Reducing the 
lower horizontal-tail span from 118 c m  (46.67 in.) to 110 cm (43.33 in.) reduced the 
horizontal-tail effectiveness Cmit from -0.0475/deg to -0.0438/deg. The 127-cm 
(50.0-in.) span tail w a s  not tested with the T-tail  on the shortened vertical  tail. How
ever,  the horizontal-tail effectiveness with the T-tail on top of the full-span vertical  
tail w a s  computed from figure 20 to be -0.0498/deg. Each 6.6-percent reduction in tail 
span caused about a 6-percent reduction in horizontal-tail effectiveness. 

Elevator effectiveness with reduced-span lower tail. - The effect of reduced lower - - .  .- -

tail span on the elevator effectiveness is presented in figure 31 with the wing incidence 
and lower horizontal tai l  incidence se t  a t  00 and the flaps retracted.  T-tail  E w a s  
mounted on the reduced ver t ical  tail. Reducing the lower tail C span from 118 cm 
(46.67 in.) to 110 cm (43.33 in.) reduced the elevator effectiveness from -0.0239/deg 
to -0.0218/deg. The elevator effectiveness for the 127-cm (50.0-in.) lower tail C with 
T-tail E on top of the full-span vertical  tail w a s  computed from figure 23 to be -0.0252/deg. 
This reduction is about the same as w a s  obtained for the horizontal-tail $ffectiveness; that 
is, each 6.6-percent reduction in tail span produced a 6-percent reduction in horizontal-
tail  effectiveness. 

Lateral-Directional Characterist ics of Phase III Baseline Configuration 

The lateral-directional stability characterist ics of the Phase 111baseline configura
tion were also evaluated. The effect of wing incidence and flap deflection on the lateral-
directional coefficients w a s  obtained at fixed positive values of sideslip angle over an 
angle-of-attack range from -13O to 13O. The resu l t s  a r e  presented in figure 32 for 
both t r im  thrust  and zero thrust. These data were used to evaluate the static lateral-
directional stability derivatives CzP, Cnp, and C yP as functions of angle of attack. 
These derivatives are based on coefficient increments between sideslip angles of Oo 
and 5O. The results,  presented in figure 33, indicate that the model w a s  directionally 
stable for  all values of wing incidence and flap deflection throughout the angle-of-attack 
range appropriate for  unstalled flight. The static directional-stability parameter CnP 
diminished in magnitude with increasing angle of attack and w a s  in the marginal stability 
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range at the highest angles of attack for  wing incidence angles of -go,  -4.5O, and Oo. 
Another point indicated by these data is that static directional stability is affected by 
thrust  coefficient. In general, higher values of CnB were measured at CT = 0 than 
at trim-thrust  coefficients; thus, the effects of thrust  are destabilizing. This destabi
lizing effect of thrust  is probably the resul t  of the partial  shielding of the vertical  tail 
f rom the f ree-s t ream flow by the higher velocity components of the engine efflux. In 
other words, thrust  effects produced a sizable sidewash at the tail, which resulted in a 
reduced capability of the tail to provide restoring moments. 

The onset of directional divergence under dynamic flight conditions is not solely 
dependent on the value of CnB becoming negative. An inertia coupling interacts with 
the effective dihedral derivative such that the condition for  directional divergence is 
actually related to a negative (or unstable) value of Cnp d n, where, Y  

In order  to test for possible directional divergence, Cnp and Clp f romfigure  33 and 
the value of the inertia parameter Iz/Ix = 4.542 for the RSRA fixed-wing configuration 
were used in the above expression for 

Cnp,dyn 
for the various wing incidence and flap 

deflection angles. These CnP 
9 Y" 

resu l t s  are presented in figure 34, and indicate that 
no condition of directional divergence is expected throughout the investigated ranges of 
wing incidence, flap deflection, o r  angle of attack. 

The lateral-stability characterist ics of the model in t e r m s  of the effective dihedral 
parameter Czp 'are strongly dependent on wing incidence and flap deflection, in addition 
to the usual dependence on angle of attack. That is, Clp became more negative with 
increasing wing incidence, f lap deflection, and angle of attack. (See fig. 33.) This is 
expected be cause CIB is normally a direct  function of lift coefficient, which varies,  
of course,  with iw, 6f, and cy. An unexpected effective-dihedral characterist ic is 
revealed by these data in that for  iw= Oo and 6f = Oo, the value of CZP is essentially 
zero at a = Oo and throughout much of the positive angle-of-attack range despite the 
rather  large geometric dihedral of the wing (I? = 70). This deficiency in positive effec
tive dihedral (negative CiB)  could cause poor lateral-directional flight behavior in the 
form of sp i ra l  instability. A possible explanation for the absence of effective dihedral 
fo r  iw= 0' is the unusually large and deep fuselage relative to the very low placement 
of the wing. 

The fuselage interference on effective dihedral computed by the method described 
in reference 6 w a s  0.0017/deg; a geometric dihedral of '7' should produce a CIP value 
of about -0.0016/deg (-0.00023 per degree of I?). Thus, the 7 O  geometric dihedral of 
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the wing w a s  barely sufficient to overcome the unstable interference effects of the fuse
lage, and in order  to provide positive effective dihedral, an  increase in the value of 

s 


geometric dihedral appears  to be warranted. 

The values of the side-force derivative C y p  were fairly large and stable through
out the angle-of-attack range and showed no appreciable dependence on wing incidence or  
flap deflection. 

Directional control.- The effect of rudder deflection is presented in figure 35 fo r  
selected values of wing incidence and flap deflection a t  several  values of sideslip angle. 
These data show the variation of the la teral  coefficients with angle of attack for various 
fixed values of rudder deflection. The data have been cross-plotted in figure 36 to show 
the rudder control power. The resu l t s  indicate that the rudder provides highly effective 
directional control (C"6,) throughout the range of angle of attack. Rudder effectiveness 
is not strongly dependent on the angle of sideslip, but i t .does increase with wing incidence 
and flap deflection at a constant angle of attack. The downwash from the wing probably 
d r a w s  the high-velocity free s t ream down over the rudder. The rudder effectiveness 
decreases  with angle of attack. The induced downwash from the wing and flaps is domi
nated by the blockage of the fuselage so as to reduce the rudder effectiveness. 

The model w a s  tested with the left engine windmilling and the right engine operating 
to simulate an engine-out condition. Both t r im thrust  and excess thrust  (high enough for 
a wave-off) were investigated. The resu l t s  are presented in figure 37. Engine-out opera
tion caused no significant rolling-moment problems. The data f rom figure 37 have been 
cross-plotted in figure 38 to determine the rudder deflection and sideslip angle required 
for engine-out operations. At t r im  thrust, about -13O of rudder deflection are needed to 
t r im  out the yawing moment a t  0' sideslip for 0' wing incidence, and about -18' are 
needed for 7.5' wing incidence. With excess  thrust, -21° of rudder deflection are needed. 
This leaves a t  least  go of rudder deflection available for additional control. The engine-
out case should not be a significant problem. 

Roll control.- The effect of aileron deflection over the angle-of-attack range is pre
sented in figure 39 for Oo wing incidence with Oo flap deflection and for 7.5' wing inci
dence with 30° flap deflection. Only the left aileron w a s  deflected. An upward deflection 
of the left ai leron produces a small  but adverse yawing moment. The ailerons provide 
adequate control power for both combinations of wing incidence and flap deflection. Near . 

stall,  the aileron loses i t s  control power. The aileron effectiveness w a s  computed from 
the data in figure 39 at each angle of attack. These resu l t s  are presented in figure 40. 
The effectiveness w a s  nearly constant at 0.0017/deg for 0' wing incidence and about 
0.0019/deg for 7.5O wing incidence. The aileron effectiveness decreases  near stall, so 
that at about 12O angle of attack for 7.5O wing incidence with the flaps deflected, there  is 
no ro l l  control. 
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The problem of adverse yaw due to aileron deflection can be alleviated by adjusting 
the left and right aileron deflections. If the ailerons are deflected with one 2O up and the 
other 10 down, a favorable yaw due to aileron deflection results.  These resul ts  are pre
sented in figure 41. 

SUMMARY OF RESULTS 

The resu l t s  f rom the Phase 111 wind-tunnel tests of a 1/6-scale model of the rotor 
systems research  a i rc raf t  can be summarized as follows: 

1. The combination lower tail and T-tail  provided the required longitudinal stability 
for  the compound configuration. 

2. Reducing the size of the fans increased the static longitudinal stability. Reducing 
the lower horizontal- o r  vertical-tail span or  moving the engine nacelles and pylon fair
ings forward decreased the longitudinal stability. 

3. Sealing the gap between the horizontal-tail root and the fuselage increased both 
the static longitudinal stability and the horizontal-tail effectiveness. 

4. Increasing the thrust  tended to decrease the longitudinal stability a t  negative wing 
incidence angles and to increase the longitudinal stability a t  positive wing incidence angles. 

5. The elevator, rudder, and aileron effectiveness were adequate. The adverse yaw 
due to aileron deflection could be alleviated with the proper differential aileron deflection. 
’ 6. Effective dihedral became more negative with increasing wing incidence, flap 

deflection, and angle of attack. 

Langley Research Center 

National Aeronautics and Space Administration 

Hampton, Va 23665 

April 27, 1976 
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TABLE 1.- MODEL DATA 

Fuselage: 
Length. m (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.057 (10.03) 
Frontal area. m2 (ft2) . . . . . . . . . . . . . . . . . . . . . . . . . .  0.172 (1.85) 

Wing: 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 632415 
Area. m2 (ft2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.954 (10.272) 
Span. m (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.286 (7.500) 
Mean aerodynamic chord. m (ft) . . . . . . . . . . . . . . . . . . . .  0.427 (1.40) 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.52 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.66 

Sweep of 25-percent chord line. deg . . . . . . . . . . . . . . . . . . . . . . . .  3.0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.0 

Flaps (each): 
Area. m2 (ft2) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.074 (0.80) 

Span. percent of wing semispan . . . . . . . . . . . . . . . . . . . . . . . . .  49.0 
Chord. percent of local wing chord . . . . . . . . . . . . . . . . . . . . . . .  33.0 

Aileron: 
Area. m2 (ft2) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0465 (0.50) 
Span. percent of wing semispan . . . . . . . . . . . . . . . . . . . . . . . . .  34.0 
Chord. percent of locai wing chord . . . . . . . . . . . . . . . . . . . . . . .  34.0 

Vertical stabilizer : 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0015 
Area. m2 (ft2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.294 (3.164) 
Span. m (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.81”.3 (2.67) 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.25 
Root chord. m (ft) . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.476 (1.56) 
Rudder. percent of local chord . . . . . . . . . . . . . . . . . . . . . . . . . .  37.0 
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TABLE 11.- MODEL CONFIGURATION NOMENCLATURE 


FanConfiguration designation size 
Horizontal tails 

DataPylon fairing Engine-nacelle Vertical 
Upper figureposition tail 

Lower (T-tail) 

Original Phase II Large Full Aft Full span A None 4 

Final Phase II Large Full Aft Full span B E 5 

Final Phase I1 with new Large or Full Aft Full span C E a 
baseline empennage small 

-~~ 

Phase 111baseline Small Modified minimum Forward Full span C E 19 

with auxiliary engines) I1 1 span None 1 D , 1 



C L  
t 

(a) System of axes. 

Figure 1.- Axes and sign conventions. Positive directions are 
indicated by arrows. 
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(b) Sign conventions. 

Figure 1.- Concluded. 
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(a) Three-view sketch. 

Figure 2.- Sketch of Phase I11 baseline configuration. All  dimensions shown 
in cm (in.) unless otherwise specified. 
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T 
(26.741 

5.08 STA 

101 145.501 

(a) Three-view sketch. 

Figure 2.- Sketch of Phase I11 baseline configuration. All  dimensions shown 
in cm (in.) unless otherwise specified. 
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(b)Details of small- and large-diameter fans. 

Figure 2. - Continued. 
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(d) Modification to minimum fairings. (Modifications denoted 
by crosshatched areas.) 

Figure 2. - Continued. 
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Figure 2. - Continued. 
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(f) Modifications to vertical tail and T-tail. 

Figure 2. - Concluded. 
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L-74-7 109 
(a) Model with large fans and full fairings. 

Figure 3.- Model in Langley V/STOL tunnel. 
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(b) Model with small fans and minimum fairings. 

Figure 3. - Continued. 



L-74- 8450 
( e )  Model with small fails, niodil'iccl iiiiiiiiriuiii fairings, and with lower  tail C and T-tail E. 

Figure 3.- Continued. 
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(d) Details of small L n s  with modified minimum fairings. 
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Figure 4.- Effect of i, on longitudinal character is t ics  of original 
Phase II configuration, from Langley V/STOL tunnel. Trim 
thrust. 
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Figure 6.- Comparison of resu l t s  f rom Langley V/STOL tunnel and from reference 2 
for final Phase II configuration. 
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45 




I -1111 


I 

, 1~ 

2 

t fan d m  
cm o i Cm In.i 0 	 203 8.0 

14.0 55 

18 

16 

14 

I 2  

10 

I
8 I 

cL  6 ,  

4 

2 I 
I

@/I T- 2 ' 1 1 

- 4  

-6 1 I 
E... . 

-1.01 I 
I 

- 2 0  -15 -10 -5 25 0 1 2 3 4 8 6 
1

-2  -4  - 6  :8 
co 

i, = -90; 6f = 00. 

Figure 8.- Effect of fan s ize  on longitudinal character is t ics  of final 

Phase II configuration with empennage refinement. Trim thrust. 

46 




I 

4 

2 !
i* 	 Cm fan d i m  

C in. I 
- 2  i 

-4 ~ 

18 P 
a 

16 

14 

I 2  

I C  

8 

cL  6 

I 

2 

0

- 2  i
ii 

-4 .  Y P 
0 

CD 

(b) i, = 0'; 6f = oo. 
Figure 8. - Continued. 

47 

/ 



I 


3.... . Ii 
Cm 

fan d i m  .I i Ij 
cm in. 4 I 

0 20.3 8.0

'r- 0 14.0 5.5 I 

3 

...+.. 

I - .  

I1 ... 

I' .-. 
1.; 

I0 

8 

cL  	 6 

4 

2 

D +
I 

-. 2 

- 4  

-6 


1..
r- . *I-.e :I 

j I 

Y,-

I 
-15 

I 
-5 5

I !  
1 

Id, 
6 4 2 0 

' I  
-6 

I 
-.8 

-2( -10 
-. 2 

( c )  i, = 7.5'; 6f = 0'. 

Figure 8. - Continued. 

48 




l i  

1.0 
I 

8 I 

I 
i I6 I 

4 ?-- I 

2 
Cm f a n  diom 

~0 cm I" 

0 20.3 80 
- 2  0 14.0 55 

, 
-4 

18 

16 

I.4 

12 

10 86 
e 

CL E 

.4 

C I H  - -

B 
_.e 

- 1  

- L  


I I 

-I.( 

I

i I
I 

-10 -5 0 5 10 15 20  25 0 I 2 3 4 8 6 4 2 0 - 2 4 - 6 4  

Q, deg CD C, 

(d) i, = 15O; 6f = 0'. 

Figure 8.- Continued. 

49 




- 4  

I 

fon diom. 
L cm in. 

0 20.3 
0 14.0 

'a J 
 I
I 

I 

cL 61 I 


I 


Ii 
- 211 

1 

~ 

I I 

I 


-20 -I 0 -6
/ , I

-.E 

cD 

(e) i, = 1 5 O ;  6f = 30'. 

Figure 8. - Concluded. 

50 




1.0 

8 I I 

~ 

6 

I
I 


4 	 I 

I 

I 


2 

Cm 

0 1, DEG 

! 
-.2 

-4 't 

-.6 

1 

4 


i i 

18 
 I 

16 


I I 

14 


I 2  i
i 

! 


1.0 
 1
8 


c L  6 ;  I 


I 


1 I 

1 


i 


i 

1 


! I

!

-10 -5 

Figure 9. - Effect of lower horizontal-tail incidence on longitudinal
character is t ics  of model with fuselage, vertical  tail, and 118-cm 
(46.67-in.) span tail C. Rotor pylon removed. 

51 




-- 

E-
l.... 

1 0 Horizontal and verticol toils off  

0 Toil D only 

0 Toil C only 


I . 

. .  

cL 6 

4 

2 , 

I 

I 

i
I 

' ( I 
I 1 

8 6 4 2 - 2  -4 - 6  

cD 
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Figure 14.- Effect of pylon fairing type on longitudinal characterist ics of 
configuration with fuselage, wing, vertical  tail, small-diameter fans, 
and horizontal tails C and E. Windmill thrust. 
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