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1.0   SUMMARY 

This report presents the results of wind tunnel tests of a l/6 
scale powered model of the U. S. Army XV-5A Lift Fan Research Air- 
craft.   The tests were conducted in the 16 s 20 foot test section of the 
General Dynamics/Convair Low Speed Wind Tunnel facility. 

Data were obtained to define the static characteristics in and out 
of ground effect; aerodynamic characteristics in forward flight for 
the transition,  conversion, and low speed conventional flight modes; and 
flight characteristics at low translational speeds near hovering in verti- 
cal, lateral,  and rearward directions.   In addition, wing surface static 
pressures and wing fan inlet closure door hinge moments were measured. 

The data indicate an adverse ground effect on static lift at heights 
less than 2 wing fan diameters with a reduction of approximately 6% at 
1. 0 diameter.   A corresponding reduction in fan power at constant fan 
RPM compensates for the lift reduction if operation at constant power 
is considered. 

The effects of wing fan and nose fan operation are destabilizing 
with respect to angle of attack.   Nose fan operation is slightly destabiliz- 
ing in yaw, but the data indicate positive lateral-directional stability for 
the entire range of thrust coefficient in fan-powered flight. 

A favorable ground eilect on lift is obtained with increasing for- 
ward speed as would occur during short take-off operation, with an in- 
crease of approximately 22% above the out-of-ground effect lift at a 
thrust coefficient of .885.   The data obtained in ground effect were un- 
corrected for wall effects but this correction is believed to be small 
compared with the lift increase shown. 

Opening the exit louvers with power off and with the wing fan in- 
lets closed results in a decrease in maximum lift coefficient, A CT  , of 

approximately . 12.   The associated longitudinal trim changes due to 
opening the exit louvers and the nose fan duct are small. 



A decrease in lift coefficient of approximately 5% from the static 
value at low forward speeds is believed to be largely caused by negative 
static pressures on the wing lower surface.   This lift loss was regained 
by utilizing large span trailing edge flaps, which extend outboard of the 
fan,  or by drooping the ailerons to effectively obtain full span flaps. 

The control effectiveness of the conventional flight control sur- 
faces in fan-powered flight is essentially unaffected by fan operating 
conditions and exit louver position. 

Tests conducted to represent low translational speeds near hover- 
ing indicate a rolling moment variation with lateral translation indicative 
of a high level of speed stability similar to that obtained in symmetrical 
flight. 



2.0 INTRODUCTION 

This report presents a summary of the results obtained from 

wind tunnel tests of a l/6-scale powered model of the U.S. Army XV-5A 

Lift-Fan Flight Research Aircraft. The l/6-scale powered model was 

used to determine fan-powered aerodynamic characteristics in the 

hovering transition, and conversion flight modes. 

The l/6-scale model incorporated electrically powered, gear 

driven, counter-rotating lift fans in the wing and a pitch control fan 

in the fuselage nose section. The nose fan to wing fan static thrust 

ratio was approximately .2k  compared with the full scale value of the 

order of .15. Therefore, the nose fan was operated to determine inter- 

ference and stability effects rather than to obtain full-scale nose fan 

performance and control effectiveness. 

The wing fans were equipped with butterfly type closure doors 

and exit louvers. The nose fan installation included fixed inlet 

louvers and adjustable thrust modulator doors. The model was fitted 

with movable trailing edge flaps, ailerons, horizontal stabilizer and 

rudder. 

The model was tested in the General Dynamics/Convair 16 x 20 

foot low-speed wind tunnel facility, which is especially suited for test- 

ing models of this type. The tests were conducted in two phases from 

June 29 through July 12, I962, and from August 27 through October 16, 

1962, This report presents the principal findings of the test program 

arranged under headings of particular interest. References 1 and 2, 

which were prepared by the testing facility, contain in either graph or 

tabular form all of the test data obtained during the two test periods. 

The model was instrumented to measure 6-component model force 

and moment data, 5-component data on the right-hand wing fan unit, static 

pressures on the wing and fuselage surfaces, static and total pressures 

at the wing and nose fan exits, and hinge moments of the right- 

•3 



hand wing fan inlet doors.   Fan balance data are not included in this re- 
port, but plots of selected runs are included in References 1 and 2. 

The l/6-scale test data have been used as a basis for stability 
and control, performance, and loads analyses of the XV-5A in fan- 
powered flight, together with unpublished full-scale data obtained at the 
NASA Ames Research Center 40 x 80 wind tunnel.   The methods of 
utilization of this data to derive XV-5A characteristics will be covered 
in subsequent aircraft reports. 

Photos of the model installed in the wind tunnel are shown in 
Figures 2.1 and 2. 2.   A 3-view sketch of the model is shown in Figure 
2.3 and the model geometric characteristics are given in Table 6.1. 

Figure 2.1   XV-5A 1/6 Scale Model in Fan- 
Powered Flight Configuration 

cq 
en 
o 
ro 

Figure 2.2   XV-5A 1/6 Scale Model in Conventional 
Flight Configuration 
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3.0   MODEL DESCRIPTION AND TEST PROCEDURES 

3. 1        MODEL AND INSTALLATION 

The basic model structure consisted of a steel beam which sup- 
ported the wing and nose fan drive assemblies, wing, and tail surfaces. 
The fuselage shell was of Fiberglas construction and housed the wing fan 
and nose fan drive motors,  exit louver actuators and pressure measuring 
system.   Sections of the fuselage were removable for inspection and 
servicing of the model.    The wing and tail surfaces were of aluminum 
alloy construction; the wing incorporated ailerons outboard and single 
slotted trailing edge flaps inboard. 

In order to accommodate the lift fan units within the wing contour 
during model construction;it was necessary to modify the wing airfoil 
section.   This was accomplished by increasing the airfoil ordinates 
normal to the wing chord plane by 20% and resulted in a wing thickness 
(at the fan axis) to fan diameter ratio of . 28 compared with the full-scale 
value of . 234.   Due to the wing expansion it was necessary to adjust the 
model flap hinge line to maintain the same gap to chord ratio (at öe = 45°) 
of the aircraft.   Some minor local fairing was also done at the wing- 
fuselage intersection to house the fans and gear boxes. 

Each of the two wing lift fan units consisted of a 36-blade 10. 4 
inch diameter rotor,  a 55-blade exit stator,  a bellmouth inlet, and gear 
box driven by an external shaft from the motor gear box within the 
fuselage.   The wing fans were driven with 32 horsepower electric motors. 
The overall motor to fan gear ratio was 1. 46:1.0.   An exit louver assem- 
bly with 13 louvers was attached to the lower frame of the fan units,  and 
butterfly-type closure doors hinged from a chordwise strut were attached 
to the wing upper surface at the fan centerlines. 

The nose fan unit consisted of a 10-blade 6 inch diameter rotor, 
a 9-blade stator, and a 0.74:1.0 ratio gear box driven by a 15 horse- 
power nose fan drive motor.   The nose fan inlet consisted of 7 fixed- 
position louvers and a hub fairing mounted on the bellmouth inlet which 
were replaceable by a flat faired cover for the closed configuration. 



Variable position nose fan thrust modulator doors were hinged below the 
fan unit and, in the closed position, the doors contoured and sealed the 
lower fuselage nose opening. 

The wing fan and nose fan drive motors were water cooled by an 
external water circulating system.   The wing fan motor gear boxes and 
the fan hub gear boxes were cooled by a pressurized feed and scavenging 
oil system.   All water, oil,  and electrical lines entered the model through 
the lower aft portion of fuselage along the model support sting.   The lines 
were flexibly mounted across the model main and wing fan balances.   A 
photograph showing the internal arrangement of the model instrumenta- 
tion is shown in Figure 3.1. 

Variable control positions were provided for the nose fan thrust 
reverser doors, ailerons, trailing edge flaps, horizontal stabilizer, and 
rudder.   Wing fan exit louver stagger angle was set manually by means 
of various size Units and wing fan exit louver vector angle was remotely 
controlled.   The wing fan closure door angular position could be manually 
set in 5° increments from fully open to fully closed.   It should be noted 
that the horizontal tail was constructed with a sweep angle of the quarter 
chord line of 8.44° compared with a sweep of 13.7° for the aircraft. 

3.2        INSTRUMENTATION 

The instrumentation arrangement is shown in Figure 3.1.   The 
model foi ces and moments were recorded by an internal six-component 
strain gage balance and digital readout system.   The balance center of 
moments was transferred to a moment reference center corresponding 
to a full-scale e.g. position at Station 246, Waterline 112. 

The right hand wing fan unit was isolated from the surrounding 
structure and mounted on a 5-component strain gage balance to measure 
the normal force, axial force, pitching moment,  rolling and yawing 
moments experienced by the fan unit.   The moment center of the fan 
balance was referenced to the fan axis in the plane of the rotor. 

The odd-numbered wing fan exit louvers were driven by screw- 
jack actuators with position potentiometers for remote actuation of the 
exit louvers.   The even-numbered louvers were slaved to the driven 
louvers by means of various sized links calibrated for variable stagger. 
A predetermined calibration of louver position for each stagger setting 
was used for setting the desired vector ai.gie. 



Eleclrical input power to the wing fan drive motors was recorded 
for each data point and motor rotational spoed was recorded for each fan. 

Pressure instrumentation consisted of surface static pressure 
taps located on the fuselage surface and left hand wing surface,  and total 
and static pressure taps at the nose fan and wing fan exits.    Pressures 
were recorded with five 2, 5 psi Scanivalve units located within the fuse- 
lage.   The locations of the pressure taps are shown in Figures 6.1 
through 6.3.    In addition to the above,  temporary pressure instrumenta- 
tion was also available for measurement of left hand wing fan inlet static 
pressures and fan strut surface pressures using manometry.   A 16 probe, 
4 element rake was used for inlet pressure measurements.    Four orifices 
were added later in the program for measurement of wing fan longitudinal 
strut pressures. 

The right hand wing fan closure doors were equipped with strain 
gage balances for recording the hinge moments of each door panel. These 
data were taken during the second test phase. 

3.3        TEST PROCEDURES 

The model was tested in the 16 x 20 foot test section located in 
the diffuser of the Convair low speed wind tunnel.   The dynamic pressure 
in the test section is a calibrated function of the, main 8 x 12 foot test 
section  q, with special screens installed in the diffuser required for 
dynamic pressure values at the model of 9. 3 and 1. 5 lbs/ft .   A few runs 
were made at a q of . 50 lbs/ft , which was not calibrated, but was be- 
lieved to be reasonably accurate.   The corresponding test Reynolds 
Numbers based on the wing mac for standard atmospheric conditions 
were .885,  . 356 and . 206 million.    Figure 3. 2 shows the range of test 
thrust coefficients available for the RPM range of the wing fan motors 
for each value of test dynamic pressure. 

Calibration checks of the main and wing fan balances were made 
P'-ior to and after assembly of the model before installation of the model 
in the wind tunnel.   These measurements indicated that interference tares 
were in all cases less than 2 per cent of limit calibration values.   A 
similar procedure was used for calibration of the wing fan closure bal- 
ances.   Subsequent calibration checks were made following installation 
of the model in the test section. 

Angle of attack runs were conducted by bringing the wind tunnel 
and model fan speeds up to the desired level and then rotating the model 



in pitch.    Physical limits of the support sting restricted the model angle 
of attack range from -4° to 24° .   Yaw data were obtained by yawing the 
entire model support system in its curved track to predetermined locked 
positions and then varying model angle of attack. 

For runs conducted in ground effect, the wind tunnel facility main 
ground board was locked in the   raised position and a portable ground 
board mounted on the main ground board.   The model support sting could 
be remotely raised and lowered to locate the model at desired heights 
above the ground board. 

For tail-off runs^the vertical and horizontal tails were usually 
removed as a unit. 

3.4   DATA REDUCTION PROCEDURES 

A data reduction technique has been utilized which expresses the 
power-on data in the form of slipstream coefficients — a variation of 
the method developed by NASA for wind tunnel tests of V/STOL aircraft 
models.    The method used to normalize the data for the l/6-scale XV-5A 
model tests makes use of the total model static lift measured v/ith zero 
exit louver vector and stagger angle.   This method has the advantage of 
requiring only one thrust calibration curve and yields a lift coefficient 
of unity for the static condition, which is equal to the thrust coefficient. 
Moreover,  data in this form can be more conveniently compared with 
full-scale lift fan data wherein the actual fan thrust is not separated 
from the over-all system lift. 

All of the wind-on main balance force data (except static runs, 
runs made with the ground board,  and runs made at ±900ö ,   -90° ip , 
and 180° i//)have been corrected for wind tunnel wall effects by a method 
developed by Convair from NASA procedures.    Deflection corrections 
to angle of attack and yaw angle were determined prior to the tests by 
statically loading the model.    No corrections were applied for tunnel 
flow inclination or for model support interference. 

The main balance longitudinal force and moment slipstream 
coefficients are based on wing fan area and diameter, whereas the 
lateral-directional coefficients are based on wing area and span.   Wing 
geometry is a more appropriate base for coefficients when studying the 
effects of aileron deflection and yaw angle but fan geometry is perhaps 
a better choice for low speed tests near the hovering condition, where 
the fan forces are predominant. 
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All of the main balance data,  except for the hoveling Lransla- 
tional tests,  are referenced to a stability axes system with origin at 
Model Station 41.000,  W. L.  18.667.    The hovering translational data 
are referenced to a system of body itxes with the same origin. 

The slipstream coefficients were reduced to sea level standard 
conditions by correcting the slipstream dynamic pressure to the tunnel 
operating conditions of temperature and static pressure for each run. 

Power-off coefficients were computed on the basis of both fan 
and wing geometries,  but usually presented in the latter form. 

Pressure coefficients were nondimensionalized by the slipstream 
dynamic pressure for the purpose of data reduction to avoid infinities at 
zero wind tunnel speed. 

Figure 3. 1   XV-5A 1/6 Scale Model Instrumentation Arrangement 
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Figure 3.2   Available Range of Thrust Coefficient for Various 
Values of Tunnel Dynamic Pressure 
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4.0   TEST RESULTS 

4. 1        MODEL FORCE AND MOMENT CHARACTERISTICS 

Results of the model main balance force and moment measure- 
ments are discussed in the following sections.    The nose fan is off unless 
otherwise indicated. 

4.1.1   Static Characteristics 

4.1.1.1 Wing Fan Thrust Calibration 

The variation of static lift,  drag,  and pitching moment with motor 
RPM is shown in Figure 4.1.    The lift curve served as the wing fan static 
thrust calibration for use in reducing the force and moment data to the 
nondimensional slipstream coefficients,  as illustrated by Figure 4. 2. 
The nonlinear variation of the power coefficient with RPM is discussed 
in Section 4.1. 8. 

4.1.1.2 Ground Effect 

Results of testing the model at various heights above the ground 
board are shown in Figure 4.3 with the nose fan on and off. Reductions 
in model lift and wing fan power at constant fan speed occur at about two 
wing fan diameters above the ground board with a lift reduction of approx- 
imately 6% at 1.0 diameter with the wing fans only operating.   This lift 
loss is reduced slightly with the nose fan also operating. 

4.1.1.3 Nose Fan Thrust and Door Calibration 

Static measurements obtained with the nose fan only operating 
are shown in Figure 4. 4 as functions of nose fan RPM and thrust modu- 
lator door position.   Data are shown for door configurations with and 
without trip strips located on the door outer surface at the door hinge 
line.    The relatively large yawing moments developed at the higher fan 
speeds are significant and are evident in data taken with wind on in the 
transition speed range. 
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4.1.1.4 Effect of Wing Fan Exit Louver Deflection 

Exit louver vector and stagger effectiveness are presented in and 
out of ground effect in Figures 4. 5 and 4. 6,  respectively,  for a constant 
motor RPM. 

4.1.1.5 Wing Fan Inlet Configuration 

The effects of separately installing the wing fan closure doors 
and the fixed inlet vanes representative of the full-scale fan inlet config- 
uration,  are shown in Figure 4.7.    No lift change resulted from the door 
installation, but the vanes caused a lift reduction of approximately 7%. 
The sudden variation in the coefficients at the high RPM settings was 
apparently due to some flow separation, but was not prevalent for all 
runs at these motor speeds. 

4.1.1.6 Static Effect of Landing Gear 

The effect of installing the main landing gear in the forward 
(conventional take-off and landing) position on the static characteristics 
is shown in Figure 4.8.   No significant change in the coefficients occurs 
due to the landing gear from these tests. 

1.1.2    Longitudinal Characteristics in the Transition Speed Range 

4.1. 2.1   Effect of Angle of Attack 

Lift, drag, and pitching moment coefficients are shown for con- 
stant-thrust coefficient angle of attack polars in Figure 4. 9 for ß v - 0° 
and in Figures 4.10 and 4.11 for ßv = 50° .   These data represent the 
basic model tail-off longitudinal characteristics for the range of Tc

s 

from near hovering through transition and conversion to the power-off 
condition with wing fan inlet doors open.   These data show the increasing 

dC   8 

lift curve slope, —;     , increasing drag coefficient,  and increasing 
dot 

nose-up pitching moment coefficient,  all with decreasing values of Tc
s . 

Forßw = 50° , the pitching moment reaches a maximum at a   T s   of 
.896 and becomes negative with further decreases in T s   . 
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4 1.2.2   Horizontal Stabilizer Eflectivencss 

Static longitudinal stability characteristics and horizontal stabi- 
lizer effectiveness are shown for various thrust coefficients and stabi- 
lizer incidence settings for ßv = 0° in Figures 4. 12 through 4.15 and 
for/?v = 50° in Figures 4.16 through 4. 19.    The horizontal stabilizer 
effectiveness parameter, dCms/dL is a linear function of T s  and is, 
therefore,  independent of the fan operating conditions.    The data indicate 
a slightly negative static stability with angle of attack in the transition 
speed range of thrust coefficient for the model moment center which 
corresponds to the full-scale airplane aft c. g. location.   Exit louver 
vector angle has no significant effect on the static stability level. 

4.1.2.3   Effect of Nose Fan Operation 

Longitudinal characteristics with the nose fan on are shown in 
Figures 4.20 through 4.23 for nose fan thrust modulator settings of 48° 
and 68° , which provide negative and positive nose fan thrust increments, 
respectively.   Nose fan operation is destabilizing with respect to angle 
of attack for the values of thrust coefficient tested.    Figures 4. 22 and 
4. 23 provide a comparison of the effect of the nose fan with the tail on 
and off at a thrust coefficient of . 956.   The 68° door setting results in 
a somewhat larger destabilizing effect than the 48° setting. 

4.1. 2. 4  Wing Fan Exit Louver Vector and Stagger Effectiveness 

The effects of exit louver vector angle and angle of attack for 
constant values of exit louver stagger angle are shown in Figures 4. 24 
through 4. 28 for a thrust coefficient of . 956.    Figure 4. 29 shows the 
effects of vector angle and angle of attack for zero stagger and a thrust 
coefficient of . 975.    Figure 4, 30 shows the variation in longitudinal 
coefficients with vector and stagger angle for a thrust coefficient of 
.896 at zero angle of attack. 

4.1.2.5   Effect of Flap Deflection 

The incremental lift and moment coefficients for a flap deflection 
of 45° and thrust coefficient of .885 are shown in Figure 4.31.   Improve- 
ment in flap effectiveness is noted with increasing vector angle. 
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4.1.3       Lateral Directional Characteristics in The Transition Speed 
Range '* 

4.1. 3.1   Effect of Yaw Angle 

Lateral-directional coefficients as functions of angle of attack 
and yaw angle, with the nose fan inoperative,  are shown in Figures 4. 32 
through 4.37.    Figure 4.32 shows the influence of exit louver vector 
angle on the lateral-directional characteristics in yaw for a thrust co- 
efficient of . 897.   The data of Figures 4. 33,  4. 36, and 4. 37 were ob- 
tained with the ailerons drooped 15° .   Comparison of Figures 4.32 and 
4. 33 shows little effect of aileron droop on the lateral-directional data. 
Positive lateral-directional stability for the model is indicated for all 
values of thrust coefficient. 

Figure 4. 38 illustrates the coupling effect of pitching moment 
due to yaw angle.   The magnitude of this pitching moment coefficient 
change was found to be independent of fan thrust level and, therefore, 
equivalent to the power-off moment coefficient. 

4.1.3.2 Effect of Nose Fan Operation 

Figures 4.39 through 4. 41 show the effect of the nose fan with a 
thrust modulator door angle of 48° for several values of thrust coefficient, 
The increment in yawing moment coefficient at zero yaw angle is ap- 
parently due to the asymmetric yawing moment measured during the nose 
fan static calibration.   (See Figure 4. 4.)   The major effect of nose fan 
operation on lateral-directional characteristics appears to be a slight 

de s 

reduction in directional stability,        . 
d ip 

4.1.3.3 Aileron and Rudder Control Effectiveness 
(• 
c 

The effect of aileron deflection on rolling moment,  yawing mo - * 
ment,  and sideforce coefficients is presented in Figures 4. 42 through 
4. 47.   Data are shown for both conventional aileron deflections with [ J 
respect to the wing trailing edge,  and for differential aileron deflections 
from the 15° droop position.    Figures 4.46 and 4.47 are for the power- 
off conventional flight configurationG with 0° and 45° flap deflections. 
The relatively small sideforce variations due to aileron deflection are not 
discernible due to excessive sideforce data scatter and these data are 
presented unfaired. 

I 

:: 
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The effect of rudder deflection on the lateral-directional charac- 
terist:cs is shown in Figures 4. 48 and 4. 49 for two values of thrust 
coefficient.    From comparisons made with the l/8-scale model data of 
Reference 3, both aileron and rudder effectiveness appear to be unaffect- 
ed by fan operation. 

4. 1. 4       Ground Effect in Fan-Powered Flight 

A limited amount of testing was conducted with fans operating 
with the model located just above the ground board to simulate powered 
flight in ground effect.   These tests were run to determine if changes 
occur in the aerodynamic characteristics for STOL operation in ground 
proximity which are predictable by powered model tests.   The results of 
these tests are presented in the following sections. 

4.1.4.1 Effect of Angle of Attack 

Basic tail-off longitudinal characteristics at a ground height of 
1.3G wing fan diameters are shown in Figure 4.50 for several values of 
thrust coefficient.    Effect of the ground board on lift at a T s of . 975 

s c 

shows no change but at a Tc   of . 881 the lift is approximately 22% higher 
than that obtaineu out of ground effect.   No wall corrections have been 
applied to these data due to the use of the partial ground board,  but the 
wall effects are believed to be small relative to the change in lift shown. 

4.1.4.2 Horizontal Stabilizer Effectiveness 

Static  longitudinal stability and horizontal tail effectiveness are 
shown in Figures 4. 51 and 4. 52 in ground effect.   Increases in longitu- 
dinal stability level above those obtained out of ground effect are appar- 
ently due to reduced downwash at the horizontal tail. 

4.1.4.3 Effect of Nose Fan Operation 

Figures 4. 53 and 4. 54 show the longitudinal characteristics in 
ground effect with the nose fan on at nose fan thrust modulator door 
settings of 68° and 48°.   The variation of pitching moment coefficient 
due to door position appears unchanged from the out of ground effect 
data, whereas the destabilizing effect of the nose fan is greater, partic- 
ularly at the lower value of thrust coefficient. 
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4.1.4.4 Winp; Fan Exit Louver Vector Effectiveness 

Figure 4. 55 shows the effect of vector angle for two values of 
thrust coefficient in ground effect.   The incremental changes in the lift 
and drag coefficients due to vectoring appear to be slightly reduced from 
the increments measured out of ground effect. 

4.1.4.5 Effect of Tunnel q in Ground Effect 

Figure 4. 56 shows longitudinal data obtained at different values 
of tunnel q and wing fan motor speed selected to give approximately the 
same thrust coefficient.    The flat drag curve and sudden increase in 
drag between angles of attack of 4 and 8 degrees for the 5000 RPM,  1. 5 
q   condition was consistent throughout the tests and appeared to be 
peculiar to this motor speed-tunnel speed combination.    The higher 
RPM-tunnel speed combination shows a smooth variation of drag coeffi- 
cient with a . 

4. 1. 5       Representation of Translational Flight Near Hovering 

A specialized series of tests were conducted by orienting the 
model at several attitudes with respect to the tunnel free stream flow to 
investigate the region of translational flight at very low speeds near 
hovering.    The model was oriented at effective angles of attack of +90° 
and -90 ' to represent vertical ascent and descent; at -90° yaw for 
lateral translation to the right; and at 180° yaw for rearward transla- 
tional flight.    These test results were obtained out of ground effect and 
are briefly discussed in this section.   All data in this section arc re- 
ferenced to a system of body a-xes. 

4. 1. 5. 1   Vertical Ascent 

The effect of velocity in vertical ascent,  obtained by varying 
tunnel q and wing fan RPM is shown in Figure 4. 57 as variations of the P 
longitudinal body axes coefficients with thrust coefficient.    The incre- 9 

ment in lift due to the vertical drag of the model is also shown and was 
determined by measuring the normal force with model fan-power off. 
The fan thrust change,  or damping,  is small compared to the model 
vertical drag.    Figure 4. 58 shows nose fan lift and moment for several 
nose fan door positions measured with the wing fans inoperative at a 
tunnel q of . 50 lb/ft .   The equivalent wing fan thrust coefficients for the 
RPM settings tested are shown in the figure.   The nose fan lift data may 
be used in conjunction with the static data of Figure 4. 4 to determine nose 
fan thrust damping. 

18 



Figure 4. 59 shows the effect of all three fans operating in vertical 
ascent and the effect of variable exit louver stagger is shown in Figure 
4.60. 

4.1.5.2 Vertical Descent 

The effect of velocity in vertical descent is shown in Figure 4. 61 
along with the power-off vertical drag increment measured at +90° angle 
of attack.    The power-on data is unreliable due to extreme vibration of 
the model caused apparently by poor fan inlet recovery.    Noae fan only 
data, presented in Figure 4, 62,  is reasonably smooth,  however. 

4.1.5.3 Lateral Translation 

The effect of speed in lateral translation on the longitudinal and 
lateral-directional coefficients is shown in Figure 4.63.   These data 
were obtained by varying model roll angle at constant values of thrust 
coefficient.   Rolling moment and sideforce variations with thrust coef- 
ficient are similar to pitching moment and drag variations with thrust 
coefficient at low forward speeds,  indicating similar center of pressure 
shifts and momentum drag for the two model attitudes. 

The effect of the nose fan in lateral translation for two values 
of thrust coefficient is shown in Figures 4. 64 and 4. 65 and the relative 
effect of the vertical and horizontal tail is shown in Figure 4. 66. 

4.1.5.4 Rearward Translation 

Longitudinal characteristics in rearward translational flight are 
shown in Figures 4.67 through 4.72 for various thrust coefficients. 
For these tests the model was rotated in pitch from -8° to +10° .    The 
effect of speed is illustrated in Figure 4. 67 and the effect of the tail is 
shown in Figures 4. 68 and 4. 69 for two values of thrust coefficient. The 
thrust coefficients of . 992 rod . 982 correspond to approximate full- 
scale velocities of 20 and 35 knots.   As would be expected,  the model is 
unstable in pitch in rearward flight and the horizontal tail, which acts as 
a canard surface,  is mildly destabilizing. 

Nose fan operation is shown in Figure 4. 70 with two nose fan 
door settings and shows good linearity of control effectiveness. 

The effect of negative vectoring to reduce the longitudinal (drag) 
force coefficient is presented in Figure 4.71.    For the vector angles 
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and thrust coefficients tested, the longitudinal force coefficient remains 
positive, indicating a requirement of a nose-up attitude to rotate the ) 
normal force to achieve trimmed flight to the rear. 

The effect of flap deflection, as shown in Figure 4.72,  shows 
little change in the longitudinal characteristics for 0 and 45 degrees 
flap deflection in rearward flight. 

4.1. 6       Power-Off Characteristics 

Sufficient power-off data were obtained on the fan-powered model 
to enable comparisons to be made with test results of the l/8-scale un- 
powered model reported in Reference 3.   In addition, the incremental 
effects of opening the wing fan and nose fan duct enclosures were deter- 
mined to establish the airplane characteristics in the conversion con- 
figuration of the conventional flight mode.   The power-off data are 
presented in conventional aerodynamic coefficient form, based on wing 
geometry. 

4.1. 6.1   Flap Effectiveness 

The results of deflecting the wing trailing edge flap are given in 
Figures 4.73 and 4.74 for both tail-off and tail-on configurations.   The 
nonlinear variation of pitching moment coefficient with angle of attack for 
the tail-on configuration is due to a nonlinear downwash variation with Ot 
and becomes more pronounced with increasing flap deflection. 

4. 1. 6. 2   Horizontal Stabilizer Effectiveness 

Angle of attack polars with various horizontal tail incidence angles 
tre shown in Figures 4.75 and 4.76 for 0° and 45° flap deflections. 

4.1.6.3   Conversion Configuration 

The effects of opening the wing and nose fan ducts are shown in 
Figure 4.77.    The curves are labeled according to the sequence in which 
the various configurations were tested.   Opening the exit louvers results 
in a loss of lift,   (^CT = -. 12), a positive moment increment,  and 
a reduction in drag at moderate angles of attack due probably to a reduc- 
tion in flap effectiveness.   Opening the nose fan duct produces a small 
lift and drag increase and a negligible change in pitching moment.    The 
configuration with the wing fan inlet doors open is of academic interest 
as it does not represent a true flight condition with fan power off. 
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Figure 4. 78 shows the effect of retracting the flap with the exit 
louvers at 25° vector angle and with the wing fan inlet closure doors 
closed. 

4. 1. 6. 4   Ground Effect 

A series of tests were conducted with the l/6-scale model in the 
"clean" conventional flight configuration with the model positioned over 
the ground board to determine conventional take-off and landing charac- 
teristics in ground effect.    Longitudinal data are presented in Figures 
4. 79 and 4.80 for flap deflections of 30° and 45°.    The most significant 
effects of ground proximity are an increase in lift curve slope, a small 
increase in lift at zero Oi and an increase in longitudinal stability level 
due to reduced downwash at the horizontal tail. 

In order to define the angle of attack for stall, it was necessary 
to increase the model ground height due to an interference limitation 
between the ground board and model support sting at higher angles of 
attack.   Twenty degrees angle of attack were obtainable at a ground 
height of . 975 wing mac.    Figure 4.81 shows the effect of testing at 
various ground heights and indicates the same stall angle of attack either 
in or out of ground effect. 

4.1.7       Mode). Modifications 

Tests of the l/6-scale model have indicated a reduction in lift of 
approximately 5% from the static hovering value,  at moderately low 
forward speeds corresponding to the range of thrust coefficients from 
approximately . 9C to . 99.   See, for example.  Figure 4. 9.   A portion of 
this lift reduction is attributed to regions of negative statio pressure 
measured on the wing lower surface, particularly in the region of the flap 
aft of the fans.   The existence of this negative pressure field is charac- 
teristic of wing-fan combinations and has been observed in tests of other 
models of wing-lift fans. 

Several modifications to the model were tested in an attempt to 
improve the lift characteristics by increasing the wing lower surface 
static pressures and are discussed in this section.    The most promising 
configurations were flap span extensions and aileron droop. 

4.1.7.1   Flap Span Extension 

A few tests were conducted with a revised flap configuration, 
formed by using a portion of the ailerons to effectively increase each 
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flap span by 2.5 inches or 15 inches full scale.  Figure 4.82,  which is a 
comparison of the modified flap effectiveness with that of the original 
flap,  shows a substantial lift increase for the modified flap at a thrust 
coefficient of . 94, but at Tc

s = . 975 the lift increment is not as large as 
that obtained from moderate aileron droop angles. 

The data of Figure 4. 82 were obtained with wax fairings at the 
wing lower surface-fuselage juncture,  installed to reduce the lower sur- 
face wing area between the fuselage and fan exit, as on the full-scale 
aircraft.    No change in the data was noted due to the fairing and it was 
left in place for the remainder of the tests. 

4.1.7.2   Effect of Aileron Droop 

A relatively simple modification,  which effectively provides a 
full-span trailing edge flap, was that of collectively deflecting,  or droop- 
ing,  the ailerons.    Figure 4. 83 shows the effect of various amounts of 
aileron droop on the longitudinal characteristics at a thrust '.'oefficient 
of . 976.   Positive lift increments are obtained for aileron droop angles 
up to 30° but the greatest change in lift per degree of droop occurs be- 
tween droop angles of 10" and 20°.   Small drag increases are noted and 
a favorable nose down pitching moment increment is obtained with the 
ailerons drooped. 

Some relief of the negative pressures on the flap lower surface 
are illustrated in Figure 4. 84 which shows an improvement in flap 
effectiveness with the ailerons drooped. 

Figure 4. 85 shows the effect of exit louver vector angle on flap 
effectiveness with the ailerons drooped 15° .   Improvement in flap lift 
at the higher vector angle arises from directing the high pressure fan 
efflux toward the flap lower surface.   Again, the flap lift increment is 
larger for the zero vector condition with drooped ailerons than for zero 
droop at the same thrust coefficient (see Figure 4.31). 

Effects of aileron droop on the power-off characteristics are 
given in Figures 4.86 through 4.88.    Combined droop and flap deflection 
curves are shown in Figure 4. 87 which could be im irporated on the 
full-scale airplane such that the droop is removed with flap retraction 
for high-speed flight. 

Conversion sequence configuration data with 15° aileron droop 
and with the tail on are shown in Figure 4.89.   The incremental effects 
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of opening the wing and nose fan ducts are similar to those obtained 
earlier in the test without droop and with tail off,  as shown in Figure 
4.77. 

Basic tail-off longitudinal characteristics with 15l   drooped 
ailerons are presented in Figure 4. 90 through 4. 92 for 0° and 50° exit 
louver vector angles and for the range of thrust coefficient through 
transition flight into conversion flight.   As shown in Figure 4. 90 for the 
0° vector setting, the lift coefficient is maintained greater than unity for 
all values of thrust coefficient. 

Static longitudinal stability and horizontal tail effectiveness with 
aileron droop are shown in Figures 4. 93 through 4. 97 for several values 
of thrust coefficient and for 0° and 50° vector angle.    Compared with 
the zero droop data of Figures 4.13 through 4.18,  the drooped aileron 
data indicate a slight increase in downwash at the horizontal tail, but no 
change in de /da as evidenced by the same stability level for the two 
configurations. 

4.1.8      Wing Fan Power Data 

The measured electrical input power to the wing fan drive motors 
was corrected to motor shaft output power by means of motor power 
calibration curves prior to computation of the fan power coefficients for 
data reduction.    However, the power coefficient includes the frictional 
power of the fan drive gear boxes.   As mentioned in Section 4.1.1 and 
indicated in Figure 4. 2 the fan power coefficient varies with RPM due 
to these frictional losses. 

If the total frictional power is assumed to be a linear function of 
RPM^ and the fan power as a linear function of RPM"^ , the total power 
coefficient may be expressed in the form 

K 
CS =_1    +  K 
P^^.T       N 2 TOTAL 

where K   represents the friction coefficient, K   the fan power coefficient, 

and N is motor speed in revolutions per minute.    Multiplying both sides 
by N, 

CP     N =Kl+K2N- 
TOTAL 
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A plot of the product CpSN versus niolor RPM is a straight line 
over the range of test RPM with intercept K, and slope K2. Evaluating 
these terms, 

K   = 2420 

K   = .553 

The quantity Ki/N represents the frictional power coefficient 
ent fo 

Figure 4. 98. 
increment for correcting the computed values of Cp   and is plotted in 

Typical corrected power coefficient variations with thrust coef- 
ficient and exit louver vector and stagger angles are also shown in 
Figure 4. 98.    Fan power tends to increase with cross flow velocity and 
to decrease with either vector or stagger angle.    Power coefficient re- 
mains essentially constant with angle of attack (and yaw angle) indicating 
no tendency for fan stall within the unstailed range of angle of attack for 
the wing. 

All of the power data presented in this report,  other than that of 
Figure 4. 98,  are uncorrected for the friction increment discussed above. 

4.2        WING PRESSURE DISTRIBUTIONS 

Figures 4. 99 through 4. 107 are isometric representations of 
pressure distributions on the left hand wing panel.   Although there were 
insufficient pressure orifices to precisely determine the distributions, 
general trends are indicated and several interesting features of the com- 
plex flow field around the wing are illustrated.   Among these are the 
favorable pressure gradient on the wing upper surface created by the fan 
inflow,  negative pressures on the wing and flap lower surfaces aft of the 
fan,  and the possible existence of stagnation pressures on the wing upper 
surface aft of the fan.    The wing surface pressure orifice locations are 
given in Figure 6.1. 

Figures 4. 99 and 4.100 provide a comparison of pressure distri- 
butions for power-off and power-on conditions for 0° and 16° angle of 
attack.    The power-off configuration had the fan inlet doors closed and 
the exit louvers closed; the power-on configuration was with zero vector 
and stagger angle and the nose fan was operating.   The corresponding 
lift coefficients determined from the force data are indicated.   Pressure 
peaks induced over the wing leading edge due to fan operation are 
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illustrated and spanvvise stations well outboard of the fan are seen to be 
influenced by the fan.   The flap lower surface pressures and wing lower 
surface pressures aft of the fan arc negative for the power-on condition 
and result in a reduction in flap effectiveness.   The negative pressures 
in this region are believed to be caused by poor pressure recovery of 
the free stream flow due to the blanketing effect of the column of air 
created by the fan efflux. 

Figures 4. 101 through 4. 103 show pressure distributions for 
several values of thrust coefficient in the transition speed range for 0° 
angle of attack.    The exit louver vector angle was set for each thrust 
coefficient to balance out the drag force in order to represent approxi- 
mate trim flight conditions.    Gradual improvement in the flap pressure 
distribution is noted with increasing vector angle, particularly for the 
spanwise stations just inboard and outboard of the fan. 

Pressure data are shown in Figures 4.104 through 4. 106 for 
several values of aileron droop, discussed in Section 4.1.7.    The prin- 
cipal effect of drooping the ailerons is to increase the loading over the 
wing tip region although the force data indicate a slight improvement in 
flap effectiveness with the ailerons drooped. 

Pressure data obtained with the extended flap span are shown in 
Figure 4.107.    Compared with the original flap configuration of Figure 
4.104, for the same test conditions,  the pressure distributions are sim- 
ilar and only a small increase in lift coefficient is indicated for the mod- 
ified flap at this thrust coefficient. 

4.3        WING FAN DOOR HINGE MOMENT COEFFICIENTS 

Curves of wing door hinge moment coefficients were constructed 
from tabulated data of the second series low speed wind tunnel tests 
(Reference 2).   The figures are presented to show the variation of the 
wing-fan door hinge moment coefficients (Cj^s)   with thrust coefficient, 
angle of attack,  flap position, yaw angle,  exit louver vector angle,  and 
door position.   Although complete data for all parameters are not avail- 
able, a sufficient latitude of test conditions is available to establish 
major trends. 

The right hand wing fan doors were instrumented for the tests 
and all hinge moment data presented are with respect to these doors. 
The sign convention established for the hinge moment data is such that 
a moment tending to open the door is positive. 
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The curves of Figure 4. 108 show the trends of the hinge moment 
coefficient with T s , or,  and to some extent with 6 ^ .   As would be ex- 
pected, the hinge-moments for both the inboard and outboard doors tend 
toward a common value at a Tc

s of 1.0.   The diminishing effect of 01 
upon the coefficient, with increasing value of Tc ,  is also apparent from 
the curves. 

Figure 4. 109 shows that varying the angle of yaw produces sig- 
nificant changes in the hinge-moment coefficient.    Although the data are 
limited to the higher values of Tc

s,  the trends established in Figure 
4.108 for this parameter are probably valid.   Only negative angles of 
yaw could be tested. 

The effects of door position are shown in Figures 4.110 and 4. 111. 
The doors in the fully open position are considered at zero degrees. The 
curves of Figure 4.110 are applicable for botn a 0 and a -10 degree yaw 
angle as indicated.    Figure 4. Ill summarizes the data of the previous 
two figures. 

The variation of the hinge-moment coefficient with louver vector 
angle is also shown in Figure 4. 111.    For clarity,  only one curve has 
been drawn through the data points for the inboard door although the slight 
variation with Otis apparent in Figure 4.108. 
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Figure 4.42   Effect of Aileron Deflection, T s = .896 
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Figure 4.46   Effect of Aileron Deflection from 15° Droop 
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Figure 4.99   Effect of Power On Wind Static Pressure Distribution 
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5.0   CONCLUSIONS 

The following conclusions are made based on the wind tunnel test 
results of a l/6-suale powered model of the XV-5A Lift Fan Research 
Aircraft. 

1. An adverse ground effect on static lift occurs at heights less 
than approximately two wing fan diameters at constant fan rota- 
tional speed. However, a corresponding reduction in fan power 
tends to compensate for the lift loss. 

2. The effect of power is destabilizing longitudinally and the 
model exhibits a mild instability with respect to angle of attack 
in the transition speed range of thrust coefficient for a model 
moment center corresponding to the full-scale aft e.g. position 
of Sta. 246. W. L.  112. 

3. Nose fan operation is destabilizing with respect to angle of 
attack at low speeds with the instability decreasing with reverse 
thrust nose fan door settings. 

4. The horizontal tail, although located in a high downwash field 
due to fan operation, maintains an effectiveness which is inde- 
pendent of fan operating conditions. 

5. The model configuration with -6° wing tip dihedral is statical- 
ly stable in yaw for sideslip angles up to 15° for all values of 
thrust coefficient, with an increase in the stability parameters, 
Cn - and C£  . with increasing thrust coefficient. 

6. Aileron and rudder control effectiveness are maintained in- 
dependent of fan operating conditions. 

7. A favorable ground effect on lift at a height of 1. 3 wing fan 
diameters occurs at forward speeds, with lift increases as 
much as 22% above the out of ground effect data at thrust coef- 
ficients near STOL lift-off speed. 
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8. Rolling moment and sideforce variations with speed in lateral 
translational flight are similar to pitching moiient and drag 
variations with low forward speeds,  indicating similar fan center 
of lift and momentum drag for the two model attitudes. 

9. Opening the exit louvers with the fan inlet doors closed re- 
sults in a decrease in maximum power-off lift coefficient, A C^, 
of approximately . 12.   No large trim changes occur due to 
opening the exit louvers and nose fan inlet and exit, with power 
off. 

10. A lift coefficient decrease of approximately 5% from the 
static value occurs at low forward speeds and is at least in part 
caused by negative pressures on the wing lower surface in the 
region of the flap aft of the fan. 

11. Extensions to the flap span, to obtain flap area outboard of 
the wing fans, or drooping the ailerons,raise the wing lower 
surface pressures with attendant increases in lift. 

12. Increased flap effectiveness due to larger flap span (or 
droop) results in favorable nose-down pitching moment incre- 
ments which help relieve the large nose-up pitching moment 
inherent in wing-lift fan configurations. 

13. The gear driven wing fans, at constant RPM, show an in- 
crease in power absorption with increasing tunnel speed and a 
decrease in power absorption with either exit louver vector or 
stagger angle. 
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6.0   APPENDIX 

6.1 REFERENCES 

1. Reynolds,  H.A.:   Low Speed Wind Tunnel Tests of a l/6-Scale 
Powered Model of the Ryan Model 143 Airplane to Evaluate the 
Static Performance of the Wing and Nose Fans and the Low Speed 
Aerodynamic Characteristics of the Model (Tested July 5 thru 
July 10,  1962),  Convair Aeronautical Laboratory Report 344, 
April 15,   1963. 

2. Reynolds, H. A.:  Additional Low Speed Wind Tunnel Tests of a 
l/6-Scale Model of the Ryan Model 143 Airplane to Investigate 
Static Performance and Low Speed Aerodynamic Characteristics 
at a Variety of Model Attitudes and Test Conditions (Tested Sept. 
7 thru Oct. 16,  1962),  Convair Aeronautical Laboratory Report 
344-A, July 15,  1963. 

3. Liggett,  H. G.:   Low Speed Wind Tunnel Tests of a l/8-Scale 
Conventional Model of the Ryan Model 143 Airplane to Determine 
Longitudinal and Directional Characteristics, Duct Internal Flow, 
Wing and Fuselage Pressures,  and Control Surface Cavity Pres- 
sures and Hinge Moments (Tested June 6-19,  1962),  Convair 
Aeronautical Laboratory Report 343, April 12,  1963. 

6.2 LIST OF SYMBOLS 

A„ Wing fan area of both fans, —— D„ , ft 
F 2     F 

b Wing span, ft. 

C Drag coefficient, D/qS 

s C Drag coefficient, D/qsA„ 
D F 
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Lift coefficient,   L/qS 

'„S Lift Coefficient,   L/q AF 

^ 

m 
Pitching Moment coefficient, M/qSc 

m 
Pitching Moment coefficient,  M/qsA]?DF 

1 Rolling Moment coefficient,  L/qSb 

I 
Rolling Moment coefficient,  L/qsSb 

N 
Normal force coefficient,  N/qsAp 

Yawing Moment coefficient,  N/qSb 

Yawing Moment coefficient,  N/qsSb 

Side force coefficient,  Y/qS 

Side force coefficient, Y/qSs 

X 

1/2 

Power coefficient. 
ooo 

F 

std 

std 

o 

Longitudinal force coefficient X/qsA 
F 

3/2 
_F 
2 

II 
Wing fan closure door hinge moment 

HM 
co^.iicient,  

1       F/2     F 

Local wing chord with flap retracted, ft. 
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C Wing mean aerodynamic chord, ft. 

D Drag, lb. 

D Wing fan diameter,  ft. 

h Reference height of model above ground board, measured 
to Waterline 16. 667,  inches. 

i Horizontal stabilizer incidence angle, deg. 

L Lift force, lb., or rolling moment, ft. /lb. 

M Pitching moment, ft. /lb. 

N Normal force, lb. or yawing moment, ft. /lb. 

P Wing fan drive motor output power, per motor, ft. lb,/sec. 

p Measured local static pressure. 

p Wind tunnel test section static pressure, 
o 

p    , Standard atmosphere sea level static pressure,  (29. 921 
std 

in. Hg). 

P " Po 
^ p Pressure coefficient,  

T q 

V2 2 
q Wind tunnel free stream dynamic pressure, P—-—,  lb/ft. 

s                 mi                 ,         .                           /   oooW   o   \ /   std 
q Slipstream dynamic pressure,q +( ——ll  I | 

F/Vstd/ \      o 

2 
S Projected wing area, ft . 

T Model static lift force with ß    = 0, ß   = 0, corrected to 
ooo '"v s 

sea level std. day atmospheric conditions, lb. 
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o    \  I    std 
T \   P     J  \T 

m   S ,T7. c        i.u rr-    • 000      >       Std/       ^     0 

T Wing fan thrust coeincienc, 
c SA q A F 

T Wind tunnel test section temperature,    R 
o 

T    . Standard atmosphere sea level temperature (518. 4° R) 
std 

V Wind tunnel free stream velocity, it/sec. 

X Longitudinal force along the body X axis, positive forward, lb. 

x Chordwise distance measured from wing or flap leading edge 

Y Sideforce,  lb. 

y Spanwise distance measured from plane of symmetry 

a 101 Model angle of attack, deg. 
cor 

ß Wing fan exit louver angle in degrees, measured between 
louver chord plane and a plane parallel to fan axis, positive 
trailing edge aft. 

ß Exit louver stagger angle, measured between the chord 
planes of any even numbered louver and the adjacent odd 
numbered louver,  i.e..^ ^ ß^- ßr 

ß y Exit louver vector angle determined from the average angle 
formed by adjacent even and odd numbered louvers, i. e., 

ßv 2 

5 Control surface angular deflection, deg. 

0 Model pitch angle, positive nose up, deg. 

(p Model roll angle, positive right wing down, deg. 

1 

) 
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ip, ft Model yaw angle, positive nose right, deg. 
cor. 

Air mass density in test section,  slug/ft 

Nondimensional spanwise distance, y/b/2 

Subscripts 

a Aileron 

Aileron-droop 

Wing trailing edge flap 

Rudder 

Stagger 

Horizontal stabilizer 

Vector 

L Left-hand 

R Right-hand 

Abbreviations 

cor. Corrected 

e.g. Center of g 

RPM Motor rota Motor rotational speed in revolutions per minute 

mac Mean aerodynamic chord 

6.3 MODEL COMPONENT DESIGNATIONS 

Symbol Description 

B Fuselage with faired (plugged) engine inlet and incorporating 
pitch control fan in nose section. 
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Symbol DescripMon 

B Basic fuselage,  B, with a wax fairing added to the wing lower 
surface-fuselage juncture increasing fuselage width approx. 
1. 6 inches at the wing root 50% chord point and fairing 
smoothly to the fuselage at the wing root leading and trailing 
edge. 

W Wing incorporating 2 lift fans with exit louver system. 

F Single slotted wing trailing edge flap at deflection Ö in 
deg., positive trailing edge down. 

F Basic trailing edge flap,   F, with 2. 50 inch span extension 
2 

1 

on each flap. 

Ad        x   .     .        A   20/Ä      10 

H Horizontal siabilizer at deflection 6 in degs., positive lead- 

V Vertical tail incorporating adjustable rudder.   Superscript 

left. 

M Nose fan thrust modulator doors which fair into   sides of 
fuselage nose section when in the closed position.   Super- 
script Ö denotes deflection in degs. from the closed position. 

M Nose fan thx^ust modulator doors with 1/16" balsa wood trip 
strips located on door outer surface near hinge line. 

I Nose fan inlet louvers.    Seven louvers and nose fan hub fair- 
n 

I 
I 
I 

x iJO/ 1U "f 
Aileron at delloction o  in deg. A      /A indicates the 

left hand aileron deflected 20°  (positive trailing edge down) 
and the right hand aileron deflected 10°. ] 

i      , 
'V 

it- 
ing edge up 

Vertical tai , „     ,  
Ö denotes rudder deflection in deg., positive trailing edge i 

1 
I 
1 

ing located at the nose fan inlet.    Closed configuration de- I« 
noted by superscript c was simulated by replacing louvers * 
with sheet metal cover. r 

I Wing fan inlet doors including chordwise support strut, 
w 

Doors were adjustable for angular settings between the open ■ 
vertical position and the closed faired position.    Closed Jj 
position denoted by superscript c. 

242 
I 



Symbol Description 

G Main landing gear and gear well doors attached to fuselage, 
representing the conventional take-ol'f landing gear position. 

WING Fixed inlet vanes consisting of a circular vane concentric 
FAN with fan inlet bellmouth and eight spanvvise vanes between 
INLET fan hub and circular vane. 
VANE 

i 
S 
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TABLE 6. 1 

MODEL GEOMETRIC CHARACTERISTICS 

WING 

Projected Area 
Aspect ratio 
Taper ratio 

Inboard panel 
Outboard panel 

Span 
Chord length 

Root (BL 0.00) 
At break of quarter chord line(BL 16.79) 
Tip (BL29.83) 
Mac 

Dihedral 
Inboard panel 
Outboard panel (from BL 17.72) 

Sweep of quarter chord line 
Inboard panel 
Outboard panel 

Geometric twist 
Inboard panel 
Outboard panel (from BL 16.79 to 

BL 23.34) 
Incidence, with respect to fuselage reference 

line, at root chord 
Aileron (basic configuration) 

Projected area (aft of hinge line, 
per side' 

Spanwise location . 563 
Chord ratio 

BL 16.79 

BL 29.83 

7.231 sq.  ft. 
3.42 

.752 

.395 
59.667 in. 

24.17 in. 
18.17 in. 
7.17 in. 

18.82 in. 

0.00 deg. 
-6.00 deg. 

15.00 deg. 
28.34 deg. 

0.00 deg. 

-3.00 deg. 

0.00 deg. 

.282 sq. ft 
to 1.00 b/2 

.188 

392 
'a/c 
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Deflection limits (adjustable in 5 cleg. 
increments, positive deflection 
trailing edge clown) -15.0 to +30.0 deg. 

Type of balance - radius nose,  unsealed 
Flap (basic configuration) 

Projected area (per side) . 347 sq. ft. 
Spanvvise location .138 to .563 b/2 
Chord ratio 

BL4.12 .174 cr/ f/c 
BL1Ö.79 .217 n   , 

/ i/c 
Deflection limits (adjustable in 5 deg. 

increments, positive deflection 
trailing edge down) 0.0 to +60.0 deg. 

Type - single slotted 
Modified Flap (F ) 

id 

Projected area (per side) 
Spanwise location 
Chord ratio 

BL 4.12 

BL 19.29 

Deflection limits (adjustable in 5 deg. 
increments, positive deflection 
trailing edge down) 0.0 to+60.0 deg. 

Type - single slotted over original 
span,  modified plain flap over 
extended span. 

WING FAN 

Rotor area (p^1- wing fan,  including hub) 
Rotor diameter 
Hub diameter 
Fus.  Sta.  of fan ccnterline 
BL of fan center line 
Fan rotation (viewed from above) 

Right hand - clockwise 
Left hand - counterclockwise 

Louver deflection limits 
Simple vector -10.0 to+50.0 deg. 

.416 sq. ft. 
138 to . 647 b/2 

.174 CI/c 

.242 Cf/e 

.59 sq. ft. 
10.40 in. 
5.20 in. 

42.67 
10.22 
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Simple stagger 0.0 to 35.0 deg. 
Motor to fan gear ratio 1. 46-1. 00 

NOSE FAN 

Rotor area (including hub) 
Rotor diameter 
Hub diameter 
Fus. Sta. of fan centerline 
BL of fan centerline 

Nose fan thrust reverser doors positions   28, 48,  68 
(measured from closed position)        ancj gg 

Motor to fan gear ratio 

HORIZONTAL TAIL 

.213 sq. ft. 
6.25 in. 
3.12 in. 
9.83 
0.00 

J8 
deg. 

.74-1.00 

Projected area 1.407 sq. 
Aspect ratio 3.01 
Taper ratio .500 
Span 24.70 in. 
Chord length 

Root (BL 0. 00) 10.94 in. 
Tip (BL 12.35) 5.47 in. 
Mac 8.51 in. 

Airfoil section NACA 64A012 
Dihedral 0.00 deg. 
Sweep of quarter chord line 8.44 deg. 
Incidence settings available with 

respect to fuselage reference -5. -2. 0,   +2,  +4, +6 

line (positive. leading edge up) +8. +10 +15,  and +20 deg. 

Fus. Sta. of horizontal tail pivot point (WL 33. 50) 82. 76 

VERTICAL TAIL 

Projected area (excluding dorsal) 1.416 sq. 
Aspect ratio 1.18 
Taper ratio .520 
Chord length (// to WL 16 .67) 

Root (WL 18.83) 17.32 in. 
Tip (WL 34. 33) 9.00 in. 
Mac 13.60 in. 

Airfoil Section 
WL 18.83 NACA 64A (012)- -016.5 
WL 34.33 NACA 64A012 
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Sweep of quarter chord line 
Rudder 

Projected area (aft of hinge line) 
Span (// to hinge line) 
Spanwise location at hinge line 
Chord ratio . , .v- .,   , 

r/c 
Deflection limits (adjustable in 5 deg. 

increments,  positive deflection 
trailing edge left) ±25.0 deg. 

29.51 deg. 

.155 sq.  ft 
8.99 in. 

139 to .701 b 

.180 c   , 
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