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FOREWORD 

Thit report pretonU the result« of whirUUnd and wind tunnel teeta of a 

one-alxth scale model of the Rotor/Wing high-speed VTOL aircraft.    The 

main body of the report presented as Volume I. discusses highlights of 

the test results, includes a discussion of the application of the test results 

to full-scale, and describes the characteristics of such an aircraft. 

Volume II, which includes Appendixes A through F, conUins detailed 

analyses and test data from the model research program.   Volume III. 

which includes Appendixes C and H. contains a collection of the detailed 

drawings of the model and the stress analysis used in the design. 
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APPENDIX A 

NATURAL FREQUENCY ANALYSIS 

A major consideration in the investigation of the Rotor/Wing concept is 

the measurement of airloads on the rotor during conversion.    This par- 

ticular model is extremely rigid compared with a normal rotary wing 

model, and it is possible to measure rotor rolling and pitching moments 

by means of strain gages on the rotor shaft — a scheme that would not 

work ordinarily because of resonances,  phase shifts,  and so forth, that 

would completely obscure the airload data.    The Rotor/Wing model 

operates at rotor speeds enough lower thin the three-per-rev resonance 

frequency of the rotor that the moments may be read directly. 

Preliminary analyses showed that the model mounted on the tandem struts 

in the wind tunael would have a natural frequency much too low for signifi- 

cant testing.    A three-legged pyramidal brace system from the tip of the 

main support strut to the wind tunnel balance frame,  as shown in Figure 

A- 1,  will stiffen the system sufficiently to obtain meaningful data. 

Figure A-2 is a schematic drawing of the support strut-fuselage-Rotor/Wing 

system used in the analyses.   Figure A-3 is a frequency diagram showing 

the calculated characteristics of the Rotor/Wing model on its support in 

the wind tunnel. 
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APPENDIX B 

FLUTTER ANA LYSIS 

A flutter analysis program that was originally programmed for the IBM 7094 

computer for conventional helicopter rotors was revised to account for the 

rigid blade» and nontilting hub of the Rotor/Wing.    The mass and stiffness 

characteristics of the blades and control system used in this program are 

given in Figure B-1 and Table B-l. 

The model was checked for flutter for maximum airspeed at maximum 

rotational speed and maximum airspeed at one-half rotational speed; these 

are two of the cases investigated in the conversion analysis of Appendix C. 

The computer program used numerical integration and three degrees of 

freedom.    The degrees of freedom are:   first mode bending and first and 

second mode twisting.    The higher bending modes were neglected, because 

the frequencies of these modes are very high; also,  since the blades are 

cantilevered and very stiff in the flapping direction,  there would be little 

deflection in these higher modes.    The control system is quite soft com- 

pared with the twisting stiffness of the blades (90 percent of the twisting is 

in the control system).    This results in blade twist angles of+0. 4 degree 

in the first mode and +0. 1 degree in the second mode for both of the cases 

investigated.    The computer program includes negative damping at angles 

of attack of from II to 21 degrees.    This negative damping was deduced 

from NASA wind tunnel tests of an oscillating airfoil.    The exact angles for 

negative damping of the circular arc airfoil used on the Rotor/Wing model 

are not known, so the values for a standard airfoil are assumed applicable. 

IM 8 



The fuU-rpm caie i» unstable at 270-degree blade azimuth because of the 

negative damping during stall.    The half-rpm case   is unstable at both 0- 

degree and 180-degree azimuth,  again because of negative damping during 

stall,  while the 270-degree azimuth is stable because the angle of attack 

is above the negative damping region.    In both cases,  there is a large 

enough stable region on the rotor to damp out the effect of the small unstable 

regions,  and the rotor as a whole is stable. 

For the fuU-rpm case,  the blade root bending moment is predicted to be 

8 MO in.-lb,  and the root torque due to twisting is prediced to be 26 +22 

in.-lb.    The moment and torque predicted  for the half-rpm cases are lower, 

and are 2 +7 in.-lb and 6 +20 in.-lb,  respectively. 

A flutter analysis was performed on the nonrotating rotor blade.    Because 

these blades are of constant section from root to tip,  a two-dimensional 

analysis could be used.    The method used for this analysis is that presented 

in Reference 7 using the CL and Cj^ curves for the circular arc airfoil.    In 

this case, a second twisting mode was added. 

The speed for torsional divergence was calculated to be approximately 

1400 feet per second.    The highest tunnel speed contemplated corresponds 

to a dynamic pressure of 30 pounds per square foot,  or a velocity of 

approximately 160 feet per second,  so torsional divergence should not occur. 

A quasistatic flutter analysis indicated the flutter speed to be about 400 fps. 

Since this is more than twice a« high as the tunnel speed, it was felt that a 

complete flutter analysis using oscillatory aerodynamic coefficients was 

unnecessary. 

The dynamic pressure for torsional divergence, nonrotating, is given by 

equation 6-11,  References: 
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qD ^m 
Where Kfl   z   twining spring constant 

S      =   airfoil area 

e      =   distance aerodynamic center to shear center 

and /     dCL    \ 
I      TTj 1   = lift curve slope. 

From page 393 of Reference 8,  sweep raises the flutter speed by approxi- 

1 qD 
mately therefore,  q   = 0      for this case. 

Vco» cos 30" 

The quasistatic flutter analysis equations for the bending and twisting 

mode in the nonrotating case are given by the following equations: 

mh   +   Kh h t Sö Ö    = I    da      ) flt»S 

XH 0 4   Ke 

where Kh is the bending stiffness and Sfl represents the offset of the eg and 

shear center in the case of Sß   =   0.    Using the above equations, the velocity 

at flutter is the forward speed at which the two natural frequencies coalesce. 

m~A v -        coalescence       .     *   ^     „ 
flutter          due to the effect of sweep. 

Kcos 30° 
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TABLE B-l 

ROTOR/WING STIFFNESS AND INERTIA CHARACTERISTICS 

Blade Spar 

Flexural stiffness per unit length,  EX 366, 000 lb.-in. 2 

Torsional stiffness per unit length,  GJ 292, 800 lb.-in. 2 

Torsional moment of inertia,   J o. 02445 in. * 

Weight,   W 2  77 lb 

Blade Airfoil 

Torsional moment of inertia,   J 9. 40 in. 4 

Weight.   W !   36lb 

Complete Blade 

Flapping moment of inertia about (^ rotor,  1]       0. 612 slug-feet2 

Control System 

Spring constant (at pitch arm),   K 54, 300 Ib.-in./rad 

Inertia (rotating system),  I 0.001793 slug-ft2 

Inertia (nonrotating system),   I 0. 002078 slug-ft2 
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APPENDIX C 

CONVERSION ANALYSIS 

During conversion from the running-rotor mode to the stopped-rotor mode 

of the Rotor/Wing,  or vice versa,  a number of conditions must be satisfied 

concurrently:   the Rotor/Wing must provide enough lift to support the air- 

craft, a decelerating or accelerating torque must be developed to stop or 

start the rotor,   steady-state rolling and pitching moments must be zero, 

and the oscillating rolling and pitching moments should be minimal.    An 

analytical procedure has been programmed for the IBM 7094 computer for 

solving this problem.    A conventional swaahplate assembly is used to control 

the pitch angles of the individual blades; a more sophisticated two- or three- 

per-rev type of swashplate is not considered. 

For these calculations, the rotor is considered to be in a steady state for 

one revolution,and the combination of first harmonic cyclic stick positions 

necessary to remove the first harmonic rolling moments on the shaft is 

computed.    In this calculation, the steady pitching moment is not cancelled 

by the cyclic control, the feeling being that the horieontal tail can perform 

this function.    After the stick positions are determined, the lift, torque, 

drag, and side force on the blades are determined.    When these are added 

to the hub lift and drag, the total forces on the model are determined.    The 

inputs to this computer program are rpm,  hub angle of attack, and collec- 

tive pitch.    To determine the correct flight condition, the following procedure 

must be used. 
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For each rpm,  a value of collective pitch i» selected,   and then the hub angle 

of attack is varied until the desired total lift is determined; the torque (accel- 

erating  or decelerating) is nottd at this condition.    This process is carried 

out for various values of collective pitch until conditions for both maximum 

accelerating and decelerating torques are determined.    Then a schedule of 

cyclic and collective stick positions and   hub angle can be made as a function 

of rpm for accelerating or decelerating the rotor.    In addition,  (A   rpm/ d  t) 

can be determined from the rotor inertia and the torque. 

The aerodynamic forces on the blade are computed by numerically integrating 

the lift and drag along the blade. Figure C-1 is a plot of airfoil section aero- 

dynamic characteristics for the circular arc blade used on the Rotor/Wing. 

The moment about the centerline of the hub provided by the blade is computed 

using the following equations*: 

\ hub   =   MT   *  MW (1) 

R 

M      =    \   mgrdr   =   weight moment of blade W        J 

and M      =   thrust moment o 

C.sin#)dx 
d 

2   4     \        2 
f blade   =    1/2 p C  ß   R      J      u x«^  cos« 

x 
c 

Because the rotor system is rigid, the flapping angle, fi , is zero. 

«See Table C-l for a definition of the symbol* used in these equations. 
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The thrust moment is computed as foil ows: 

C 
t    --   aar=   a( ^ - Ajcos^- Bl8in^ + ^   ) (2) 

where    «     = tan ' 
r 

T^    ^   x   +  /i sin ^ 

and     P     =    x r 

The contribution of the hub is given by: 

C^    cos |t and C.   sin ^ 
h h 

Where Cm      =   hub Pitching moment 
h 

and Cf ^    ^ hub rolling moment.    These are given in Figure C-2. 

The total moment about the centerline of the hub is then given by: 

R 

C     -  -c. 
M 2,Fv        ^ 0       .r  -d,-h 

I 

x 
dx £ 

7R-      J       u  x(   flo   + «r) (a cos *   +   CJ/<,U sin*) 

c 

J       mgrdr 

3 r     - C       cos ^ - C      ,i„ ^   . A   /   C c°'f   \ 

c c 

where a j   =   a cos #   + Cd/o    sin * 
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The equation for C     i« computed in terms of the unknowns,   A, and B  ,   for 
M 11 

constant increments of ^ .    Summing the roll component (C. . sin 4) and pitch 
M 

component (C     cos ^ ) and setting these equations ci|ual to zero gives two 

equations in two unknowns that are solved for A and B.. 

In order to account for stall,   an iteration must be performed on the above 

computation.     The first time through,  a constant value of lift curve slope 

is assumed.    After that, as A    and B. have converged,  they are used to 

compute the aerodynamic forces on the blade.    For that computation the 

following equations are used: 

i 

_   =       I     1 /2 » u (C .    sin ♦  + C.  cos * )   dx 

1 

C„ = I     1/2 » \i~iC_,    cos • -   C.  sin # )   dx "'O =        i     "£ ' u  (^J    
c08 * "  ^i  "in ♦ 

x o 
c 

1 

C    =       J     1/2 #u (C|   (-sin • sin + l+C.    (cos « sin  ^ ))  dx 

c 

1 

C    =        1     1/2 »u (C.   (sin  «   cos f)+C.   (-cos # cos ^ ))  dx 
y JT O 

c 

The value of C.. is again computed from Equation 3.    Using numerical 

integration,  the above computation is mad« for each value of f, and the 

average value is determined.    A Fourier analysis is made of the above 

terms.    This is especially important for the moment coefficient, as this 

determines the higher harmonic moments expected on the mode.    In making 

these computations, nine spanwise blade stations and asimuth intervals of 

30 degrees are used. 
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It should  bo notrd that the harmonic analyses of the moments,   drag,   and sidv 

force are in the rotating field.     Thus,   they represent harmonic moments on 

the rotating shaft - moments that will be measured by strain gages on the 

»haft of the wind tunnel model. 

Figure C-3 is a plot of the control positions calculated for stopping and 

starting the rotor,   and Table C-2 lists the accompanying moments and 

forces. 

The data given in the Table C-2 represents the model using aerodynamic 

torque only for accelerating or decelerating the rotor.    These probably 

represent the worst condition with respect to oscillating rolling and 

pitching moments that may be expected,   for two main reasons:    first, 

the blade lift curve for this low Reynolds   number range has a C of 
max 

only 0.8,  which results in early stall and consequent rough operation;    and, 

second,  only aerodynamic torque of the blades was used to accelerate or 

decelerate the  rotor. 

Full-scale blades will have high enough Reynolds   numbers that C 
max 

will be on the order of thirty percent higher,  with an attendant decrease in 

stall and roughness of operation.    A major source of the higher harmonic 

rolling and pitching moments can be traced to the torque requirement 

superimposed on the lift and zero first harmonic moment requirements. 

A braking device (reversed tip-jets,  spoilers,  or mechanical brake) may 

be used on a full-scale Rotor/Wing to relieve the blades of the necessity 

of providing all the braking torque,  and the use of rotor power for accelerat- 

ing the rotor will again relieve the blades of this function.    During the wind 

tunnel tests, this effect of providing other than aerodynamic torque can be 

demonstrated by using the hydraulic motor as a drive or brake system 

during conversion. 
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The conver.ion control programming device that accompH.he. the re.ult, 

calculated here i. a .ervo unit that .enses rotor rpm and positions a set of 

potentiometer, a. a function of that rotor speed.    The potentiometer, act 

a. shaped function generator, that are connected to the rotor pitch control 

actuator, and control po.ition feedback potentiometers to make the rotor 

control, move in the manner prescribed to automatically start or stop the 

rotor while maintaining constant lift and rero rolling moment.    Figure C-4 

i- a photograph of the device,  and Figures C-5 and C-6 are wiring diagrams 
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TABLE C-l 

SYMBOLS 

Al lateral cyclic pitch,   deg 
a lift curve slope, per deg 
Bl longitudinal cyclic pitch,  deg 

Cd blade section drag coefficient 
o 

CH drag force coefficient 

C^ blade section lift coefficient 

C/ hub rolling moment coefficient, positive right roll 
h 

Cm moment of blade about centerline 
CM hub P^ching moment coefficient, positive nose-up 

C side force coefficient 

C blade chord,  ft 

g acceleration of gravity, ft/sec 

^ mass moment of inertia of blade about hub centerline,  slug-ft2 

M^ hub     total moment o{ blade about hub centerline,  lb-ft 

MT thrust moment of blade about hub centerline,  Ib-ft 

Mw weight moment of blade about hub centerline,  Ib-ft 

m mass of blade per foot of radius,  slugs/ft 

R blade radius,  ft 

r distance measured along blade from axis of rotation to 
blade element,  ft 

u resultant velocity perpendicular to blade span axis at 
blade element, ft 

up component at blade element of resultant velocity perpendicular 
to blade-span axis and uT divided by Up speed 

uT component at blade element of resultant velocity perpendicular 
to blade span axis and to shaft axis divided by tip speed 
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TABLE C-l   (Continued) 

v inflow velocity,  fp» 

V forward speed,  fp» 

x ratio of blade element radius to rotor-blade radius 

"hub angle of attack of hub positive nose-up,  deg 

/■< blade flapping angle,  rad 

collective-pitch angle, deg "o 

(V^) X inflow ratio 

M tip speed ratio 

P mass density of air,  slugs/ft 

• rotor solidity 

9 inflow angle at blade element in-plane perpendicular 
to blade span axis, deg 

t blade azimuth angle measured from downwind position in 
direction of rotation , deg 

ß rotor angular velocity,  rad/sec 

Subscripts 

c radius of root of blade 

r function of r 
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APPENDIX D 

WHIRLSTAND TEST RESULTS 
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APPENDIX D 

WHIRLSTAND TEST RESULTS 

The first purpose of the model tests was to determine the hovering efficiency 

of the rotor with a large centerbody and to find if an optimum centerbody 

planform shape exists.     The second purpose was to investigate the efficiency 

of symmetrical (fore and aft) blade airfoil sections,   since in the stopped- 

rotor flight one blade is in reversed flow (compared with helicopter flight) 

and symmetry of configuration was thought necessary.    The third purpose 

was to investigate the effect of the ratio of centerbody area to rotor disc 

area.    The fourth purpose of the tests was to determine the ground effect 

for hovering near the ground. 

The model was powered by a pneumatic drive,  using compressed air to 

simulate the tip-jet effects on the rotor performance.    Three centerbodies 

of the relative siie and shape shown in Figure D-2 were built for these 

tests.    A rotor diameter of 80 inches was established,   so that the model 

could be used later in a low-speed wind tunnel.    Each hub had the same 

planform area (11. 9 squarr feet); thus all occupied a fixed percentage of 

the rotor disc area.    In the latter period of the tests,  it was desired to 

find the effect of changing the hub area-to-disc area ratio.    This was done 

on the trisector hub by using both its normal blades and the blades intended 

for the circular hub; the rotor diameter increased from 80 to 85. 9 inches, 

and the disc-area-to-hub-area ratio increased from 3. 03 to 3. 38.    A number 

of blade airfoil sections,  all of 15 percent thickness ratio and 6. 66 inch chord. 
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«rrr tcHted with each hub:    NACA 001 S,   circular arc with parabolic leading 

.tntl trailing eclKes.   elliptical,  and elliptical with camber. 

The test facility setup for the hovering Rotor/Wing tests shown in Figure 

I)   1 was out of doors and enclosed in a double chain-link fence.     The model 

was mounted on the top of a pole approximately 10 feet above the ground. 

A work platform could be raised and lowered inside the fence for ground 

«•ffcct tests.    A standard or reference rotor of conventional geometry was 

tested along with the Rotor/Wing configurations so a comparison could be 

made with conventional helicopter performance.     The outline of the reference 

rotor is compared with the Rotor/Wing models in Figure D-2. 

The first comparison made during the tests.  Figure D-3,   related the 

thrust-torque characteristics of the Rotor/Wing with differently shaped 

centerbodies,   all with NACA 0015 blades,  to the reference rotor charac- 

teristics.    At the lower thrust coefficients corresponding to the maximum 

thrust-to-torque ratio,  the trisector hub exhibits »lighly more thrust than 

the circular centerbody.    At the larger thrust coefficients,  which are of 

more interest,   the thrust for a given torque depends on the actual blade 

length.    The circular hub,  with the longest blades,  ha» the most thrust; 

the triangular hub,  with the least amount of blade span,  has the least thrust. 

Note that in this comparison and all that follow,  the thrust and torque coef- 

ficients are based on the total disc area of the rotor.    If based on the annulus 

swept out of the blades,  all the curves would nearly coincide. 

Figure D-4 shows a comparison of the various blade sections on the trisector 

hub: the reference rotor with NACA 0015 blades is shown for comparison. 

The NACA 0015 blades are better than the double-ended sections by 3 or 4 

percent in the high thrust region.    This test is not conclusive as to optimum 

airfoil shape,  but an optimum double-ended airfoil should not be far from the 

circular arc section tested. 
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I'rfliTTiinary analysis indicated the possibility of an adverse ground effect 

i .insed by evacuatinR air from the bottom side of the centerbody,  and per- 

haps a hysteresis with ground plane height- that is,  different augmentation 

effects depending on whether the Rotor/Wing was approaching or leaving the 

«round.    The effect of ground plane height is shown in Figure D-5.    These 

data were reduced to a common torque coefficient,  and plotted as the ratio of 

•hrust in ground effect to thrust out of ground effect.    No hysteresis occurred 

between ground plane moving up and ground plane moving down,  and the 

Rotor/Wing exhibits the usual ground effect experienced by conventional 

helicopter rotors. 

Th^ reduction and analysis of the test data has led to a method of predicting 

Rotor/Wing hover performance for other combinations of geometry.     This 

method involves adding up the profile torque of the hub (which includes 

interference),  the profile torque of the blades,  and the induced torque of 

tlie blades     The key geometric parameter for this method is the ratio of 

blade root radius to blade tip radius called "A".     The lower left-hand graph 

of Figure D-6 shows that the circular hub exhibits more torque required 

because more of its surface is in the high velocity region.    The lower 

right-hand figure shows that the torque required by the various blade 

sections follows the prediction that the NACA 0015 would have the least 

profile torque and the fuller elliptical section would have the most torque 

required.    The upper left-hand figure depicts the induced torque require- 

ments.    The parameters plotted are no more than integrated lift and drag 

coefficients of the blades,  based on the annulus the blades sweep out and 

corrected to the complete disc area and radiua. 

The hovering efficiency can be summarized by Figure D-7 which shows that 

the optimum Rotor/Wing (trisector hub; circular arc blades) has approximately 
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an !8-percent performance degradation compared with the reference 

rotor — an acceptable price to pay for a VTOL vehicle that has downwash 

velocities on a par with helicopters and high subsonic cruise speeds. 
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Figure D-1. Rotor/Wing Model Whirlstand
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APPENDIX E 

ROTOR/WING ALONE WIND TUNNEL TEST RESULTS 
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APPENDIX E 

ROTOR/WING ALONE WIND TUNNEL TEST RESULTS 

The Series I wind tunnel tests conducted in the 8- by 10-foot subsonic wind 

tunnel at the David Taylor Model Basin Aerodynamics Laboratory for the 

purpose of obtaining early data on the aerodynamic characteristics of the 

Rotor/Wing in its stopped-rotor mode.    These tests were conducted by 

BUWEPS,   using models supplied by Hughes.    The models used were the 

triangular and circular hubs with elliptical blades of constant 15-percent 

thickness and 6. 66-inch chord; NACA 0015 blades were used with the 

triangular hub for a few tests.    Figure E-l shows these components, and 

Figure E-2 shows the models installed in the wind tunnel. 

Hub-alone data for the circular and triangular hubs are given in Figure E-3. 

Data for the hubs, plus elliptical blades,  may be seen in Figure E-4.    Limited 

tests were made to show the roll effectiveness of the two rotor blades used 

as ailerons; Figures E-5 and E-6 indicate the rolling effectiveness.    In all 

these plots,  the coefficients are based on the total Rotor/Wing disc area 

and the blade tip radius; that is: 

Force coefficient 

Moment coefficient 

(force \ 

moment \ 

R3/ 
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Where R,  the rotor blade tip radius,  equals 40 inches,  and q is the tunnel 

dynamic pressure. 

As an interesting aside,  the circular hub curves of Figure E-3 represent a 

major contribution to the store of published data on circular wings. 

The aileron effectiveness shown in Figures E-5 and E-6 is for the configura- 

tion of one blade forward and two swept hack.     The forward blade is kept at 

zero incidence and the other two are deflected.    The    A i    value is numericallv 
A ' 

equivalent to two times the collective pitch setting,    Ö.    The data show that 

the longer blades on the circular hub are more effective than the short blades 

on the triangular hub.     There is little to choose between the elliptical and 

NACA 0015 blades on the triangular hub. 
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Figure E-l.   Rotor/Wing Modal Configurationa 
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APPENDIX F 

COMPLETE MODEL WIND TUNNEL TEST RESULTS 

The primary purpo.e of these tests was to establish the feasibility of start- 

ing and stopping the Rotor/Wing in flight,  for without this capability the 

Rotor/Wing concept would be meaningless.    The second purpose was to 

evaluate the aerodynamic characteristics of the Rotor/Wing in the powered- 

rotor helicopter phase,  autorotating-rotor transition phase,  and the stopped- 

rotor airplane phase.    The third purpose was to establish trends of the 

structural dynamics characteristics.    The dynamics of the model could 

only indicate trends, because no attempt was made to achieve dynamic 

similarity with any full-scale aircraft. 

The model was tested during two test series, designated Series II and 

Series III.  in the 8- by 10-foot subsonic wind tunnel at the David Taylor 

Basin Aerodynamics Laboratory in March and June of 1965.    Figure F-l 

shows the layout of the model, and Figures F-2 through F-5 show the 

model and its associated equipment in the tunnel.    Table F-l is the run 

schedule for both series of tests,  and Tables F-2 and F-3 define,  respec- 

tively the configuration symbols and the coefficients used in these tests. 

The test data are then presented in four groups. 

Powered-Rotor 

Autorotating Rotor 

Conversion 

Stopped- Rotor 
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As in thr case of the Rotor/Wing alone (Appendix E), the aerodynamic coef­

ficients are based on the total disc area and blade tip radius:

Force coefficient /force \

L.rV
Moment coefficient =

\ )

where R, the tip radius, equals 42. 95 inches and q is the w\nd tunnel 

dynamic pressure. All moments are measured about a point on the rotor 

shaft 8. 5 percent of the blade tip radius below the plane of the blade spars.

Bending moment data measured in the rotor shaft and at the blade roots are 

made nondimensional by dividing by the Rotor/Wing lift force and the tip 

radius; these nondimensional moments are designated ^M. The significance 

of the _+ is that the moments plotted are equal to one-half the peak-to-peak 

moments: thus:

I'*-“’I

without attempt to harmonically analyze the record, except in a few limited 

cases in which the actual harmonic content is given.
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TABLE F-l 

WIND TUNNEL TEST SCHEDULE 

11 

II 

Run No, C.mf Icuratlon 

1-P FNjHBLC 
2-Y 
3-Y i 
4-P FN.HBLCVS^ 
'>-!' 
b-f 
7-P 
8-P 
9-P 

10-P 
U-P 
12-P 
13-Y 
U-Y 
15-P 
16-P 
17-P 
18-P \ r 
19-P FN:jHBLCVSo 

20-P 
21-P 
22-P 
23-P 1 
24-P * 
25-P FN,HBLC 3i 26-Y 
27-Y FNjHBLCVS,, 
28-P FN2HBL*VS0Z 

FNjHBLCVS0Z 
FN.HBZ 

29-P 
30-P 
31-P 
32-P 
33-P 
3A A-P 
35-P 
35 A-P 1 f 
36-P FN,HBVS0Z 
37-P 
38-P 
39-P 1 > 
40-P FN,1 BZ 
41.P 
42-P 
43-P i < 
44-P FN2HBVS0Z 
4S-P 
46-P FH,1 fflV80Z 

Type 

Tail-off pitch 
Tail-off yaw 
T;iil-off yaw 
Tall effectiveness 1« pitch 

Tail-on yaw 
Tail-on yaw 
Rotor blade roll effectiveness 
Rotor blade roll effectiveness 
Horizontal tall roll effectiveness 
Horizontal tail roll effectiveness 
Tail effectiveness In pitch 

Tail-off pitch 
Tail-off yaw 
Tail-on yaw 
Pitch test, open fairings 
Tare run for stiffening struts 
Dynamic 
Helicopter, Tail-Off, 
Helicopter, Tail-Off, 
Helicopter, Tail-Off, 
Helicopter, Tail-Off, 
Helicopter, Tail-Off, 
Helicopter, Tail-Off, 
Helicopter, Tail-On, 
Helicopter, Tail-On, 
Helicopter, Tail-On, 
Helicopter, Tail-On, 
Helicopter, Tail-Off, 
Converaion 
Autogyro, Tail-Off 
Autogyro, Tail-Off 
Autogyro, Tall•On 
Autogyro, Tall-On 
Autogyro, Tail-On 

U  " .25 
U  " 0 
U  " 

U ' 

U " 

H " 

U ■ •♦.35 
U " •♦.35 
M " -♦.35 
U ■ 

U " 
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TABLE F-2 (Continued) 

Tt-Ht     Slflcti 

II 

11 
Ml 

III 

Run So. C.-nf iKiiration 

47-P FN,H(2B)LCVS0Z 
4S-P FN,H(2li)LC7. 
!.')-? i 
SO-P FNill(2H)t,CVS0Z 
il-P FNjllCVS,^ 
r>2-P FNjtICZ 
'^-P FN.HBLCVS,, 
r)4-P FN^IBLCVS,, 
r.5-P FN^jBLC 
"ib-t i 5 7-Y 
SH-P FN.H.BLCV.S, 
r;9-P 
60-P 
61-P 
62-P 
62  A-P 
63-P 
kU-P 
es-p 
66-P ^ | 
67-Y FN^ljBL^Sj 
68-Y 
59-Y 
70-Y 
71-Y 
72-Y < f 
73-P FNjH^BV.S.Z 
74-P FN^HjBZ 
75-P 
76-P 
77-P 
78-P 
79-P 
80-P \ r 
81-P FNJHJBV.S.Z 

82-P 1 
83-P FN2H2BZ 
84-P FNJHJBVJSJZ 

85-P 
86-P 
87-F 
88-P 
89-P ' ' 
90.P FNJHJZ 

91-P 
92-P FNjH,2 

Type 

Airplane, Tail-On. 2 Blades, lbl « 0° 
Airplane, Tail-Off, 2 Blades, lbl ■ 0° 
Airplane, Tail-Ofl, 2 Blades, ibl - -5° 
Airplane, Tail-On, 2 Blades, i 
Airplane, Tail-On, Blades-Off 
Airplane, Tail-On, Blades-Off 
Repeat Basic Configuration 
Hydraulic Lines Off 
Tail-Off Pitch 
Tail-Off Yaw 
Tail-Off Yaw 
Tail-On Pitch 

bl -5° 

Tall rolling effectiveness 
Tall rolling effectiveness 
Tail-On yaw 

Automatic Conversion, A, " 0° 
Pseudo-Conversion, Powered A2 
Hover performance, A2 " 5" 
Hover control power, A2 ■ 5° 
Hover control power, A2 - 5° 
Helicopter performance, u ■ 
Helicopter control power, u 
Helicopter performance, u 
Automatic Conversion, A2 - 5" 
Automatic Conversion, A2 ■ S° 
Autogyro, Tail-Off 
Autogyro, Tall effectiveness, A2 
Autogyro, Tall effectiveness. A, 
Autogyro, Tail effectiveness, A- 
Helicopter, Tail effectiveness, A2 - S* 
Helicopter, Tail effectiveness, Aj " 5* 
Helicopter, Tail effectiveness, A* ■ S* 
Helicopter, Blades Off, Tail Off, u • .15 
Helicopter, Blades Off, Tail Off, u - .25 
Helicopter, Blades Off, Tall Off, u - .35 

.25, A2 - 5° 
• .25, Aj-S' 
.35, Aj - 5' 

5° 
5° 
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TABLE y-Z (Contimicfl) 

T-'tt   Sort. 

MI 

Run  S o. 

i 
III 

9).P 
'lU-P 
44 A-P 
»S-P 

'»S A-P 
9b-P 
97-P 
98-P 
94-P 

KID-Y 

101 -Y 

102 -P 

103 -Y 

104 •Y 

105-P 
1Ü6-P 
107-P 
108-P 
in9-p 

Conf inur.itton 

PN^HjBXZ 

FNTI.BV s z 
FN^ijBIXY 
FN.H  HLCV  S. 
FNjI^BLC 

FNJHJDLC 

FNjII.BLC 

FNJH^LCVJSJ 

FNJI^ULCVJSJ 

FNjl^BLCV^, 

FN.H.B.LCV.S. 
FNJIIJB^C 
FN1H1B2LC 
FN.H.BjLCV.S, 
FNjlljB^Z 

Typ'' 

Aiitiin.itic Conversion,   A '2 0° 
Psvudo-Convcrsion. PowcroJ. A^'O", Spoi U-rs 
Pseudo-Conversion, PnwcrcJ, AT-O" 
Pseudo-Conversion, Powered, A'-'J.'J

3 

Pseudo-Conversion, Powered, A^'i.'j' 
Automatic Conversion. A» = J.')" 
Stall Fence Test 
Pitch test. Aft Blades, 1 ' -10° 
Pitch Test. Fwd Blade, i = 90°, Aft 

Blades, i - -10- 
Yaw Test. Fwd Blade, i = 90°, Aft 

P.lades. 1 - -10° 
Yaw Test, Fwd Blade, i - 90°, Aft 

Blades, i - -10° 
Pitch Test, Fwd Blade, i '• 90°, Aft 

Blades, i = -10° 
Yaw Test, Fwd Blade, i = 90°, Aft 

Blades, 1 » -10° 
Yaw Test, Fwd Blade, 1 = 90°, Aft 

Blades, i - -10° 
Pitch test, 2.5" Blade Extension 
Pitch test, 2.5" Blade Extension 
Pitch test, 5" Blade Extension 
Pitch test, 5" Blade Extension 
Pseuco-Converslon, Powered, Aj  " 0°, 

Short Spoilers 
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TABLE F-2 

CONFIGURATION SYMBOLS 

F fuselage 

N long nose,   sealed to rotor 

N long nose,  open for rotor clearance 

N short nose 

H trisector rotor hub (Series II) 

ir nwaalinlatA     /t H. trisector hub,   second harmonic swashplate,  A  =3. 5° (Series III) 

H trisector hub,   second harmonic swashplate,  A  =5    (Series III) 

H. trisector hub,  second harmonic swashplate, A_=0   (Series III) 

B circular arc blades 

L rotor locked (all gaps sealed) 

L* rotor locked (all gaps open) 

C turtleback fairing 

V vertical tail (Series II) 

V! vertical tail (Series III) 

V- vertical tail, added span (Series III) 

S horizontal tail (Series II) 

S. horizontal tail (Series III) 

X blade spoilers at 50-% chord,  0. OS C high,  full span 

X blade spoilers at 50-% chord,  0. 05 C high, partial span 

Y stall fences on hub 

Z st rut-stiffening braces 

5 
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TABLE F-2 (Continued) 

MODEL SYMBOLS 

A rotor longitudinal cyclic pitch angle 

B. rotor lateral cyclic pitch angle 

i horizontal stabilizer incidence s 
Ai differential stabilizer incidence a 
N rotor speed 

R 
q tunnel dynamic pressure 

o model angle of attack 

,{ yaw angle 

t) rotor collective pitch angle 

)< rotor advance ratio 

p air density in tunnel 

^ rotor azimuth angle 
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TABLE F-3 

DEFINITION OF COEFFICIENTS 

Lift coefficient C. 

Drag coefficient C 

Side force coefficient CY 

Rolling moment coefficient      C-* 

Pitching moment coefficient   C 

Yawing moment coefficient      C 

M 

N 

Thrust coefficient C =    I 5  ) C
L 

Torque coefficient C_ 

Bending moment coefficient    ^ M = r-g- 

L = lift 

D = drag 

Y = •ide force 

£ = rolling moment 

M = pitching moment 

N = yawing moment 

Q r rotor torque 

R s rotor radiua 

q^R 

D 

qffR 

Y 

q?rR 

£ 

q^R 

M 

qTR3 

N 
„3 

qirR 

[        ^ i         2 

.2Q 

ZqirR3 

+ M 

n.Ao 



ROTOR/WtNO 

Diameter 8S 90 In. 
Disc are« 40 30 sq ft 
Soüdity ratio 0  149 
Wing area 1 3. 87 sq ft (hub * 2 blades).   1 
Aspect ratio 2. 98           (hub ♦ 2 blades). 
Collective pitch -10 to *20 deg 
Cyclic pitch 

Lateral ♦ 15 deg 
Longitudinal ♦ 15 deg 

Blade chord ~6. 66 in 
Blade thickne«« ratio 15 percent 
Blade airfoil «ection Modified circular arc 

HORIZONTAL TAI L SERIES II 

39 40 in. 

SERIES III 

Span 54. 00 in. 
Area 3. 61 sq ft 4. 17 sq ft 
Root chord (theoretical) 16. SO In. 12. 00 in. 
Aapect ratio 3. 00 4.50 
Taper ratio 0.60 0.83 
Leading edge aweepback 25 deg 20 deg 
Tail length (to «t rotor) 50. 00 in. 52.41 in. 
Airfoil section 

Root NACA 0015 NACA 0015 
Tip NACA 0012 NACA 0012 

VERTICAL TAIL 

Span 19. 60 in. 2». 00 in. 
Area 2. 10 sq ft 2. 88 sq It 
Root chord 21. 20 In. 21. 20 In. 
Aapect ratio 1.27 1.50 
Taper ratio 0.46 0.57 
Leading edge aweepback 6 deg 5 deg 
Tail length (to $, rotor) 50. 30 in. SO. S7 in. 
Airfoil section 

Root NACA 0019 NACA 0019 
Tip NACA 0009 NACA 0012 

FUSELAGE '■ 

14. 68 sq ft (hub + 3 blades) 
2. 82 (hub ♦ 3 blades) 

1. Tandem cockpit forward of 
blade tip. leading blade 
(aired into fuselage 

2. Tandem cockpit forward of 
bind« Up, fuselage fairings 
op*n for blade clearance 

3. Tawtom cockpit beneath blade, 
leading blade not (aired into 
tutelage 

V 

iü—. 
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\

:

St<i{)p«-fi- Hnt(jr (Configuration, 
Si-rifs II

Stoppt-d- Rotor Ci>nfijuration.
S. rios II

Running-Rotor Configuration, 
Scrii-s II

Stoppod-Rotor Configuration, 
Series 111

Figure F-Z. Rotor/Wing Wind Tunnel Model

I
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3HSip L
'X. 'H

t -mHi X

t;v. r.ill Vi«-vi of Wind lunni l Hydraulic Power Supply Unit

Sill EH!

Model Instrumentation Pressure Survey Rake

Pipure F-3. Rotor/Wing Model Installation
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Modi l Structural Box

t
Cyclic and Collective 

Control System

Rotor Mast and Drive Motor Fuselage Assembly

F.gure F-4. Model Components
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Figure F-5. Model Components
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Research work including wind tunnel and whirl test of the Rotor/Wing is 
described. The Rotor/Wing is a dual-purpose lifting device that is a rotor with 
an unusually large hub. It acts as a tip-jet powered helicopter for low-speed 
flight and stops in flight to become a Upered and sweptback low-aspect ratio wing 
for cruise. Stopping the rotor in flight removes the speed limiutions of the 
helicopter rotor and permits flight speeds up to 500 knots. Research work was 
supported by the U. S. Navy Office of Naval Research and Bureau of Naval 
Weapons. Three series of wind tunnel tests demonstrated that the powered-rotor 
and autorouting-rotor characteristics are similar to those of a high-performance 
helicopter; that the stopped-rotor characteristics are simiUr to a conventional 
low-aspect ratio wing with sweep and Uper. and maximum lift/drag ratios of 12 
or more should be achievable for full-scale aircraft: and that conversion from 
stopped- to running- rotor and vice versa is a simple and straightforward 
procedure.
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