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1.0 SUMMARY

The XV-5A is a two-engine, two-place V/STOL research aircraft with a
design gross weight of 9200 pounds and an aspect ratio 3.42 wing of

260 square feet. In conventional flight mode the aircraft has a power-off
flaps-down stall speed of 89 knots and a design maximum speed of 450
knots. In fan flight mode the aircraft can sustain flight at any speed from
hovering to speeds in excess of conventional stall speed.

This report represents an estimate of the Ryan Aeronautical Company of
the XV-5A Aerodynamic Characteristics, based on theoretical and
empirical considerations, including the results of 420 hours of wind tun-
nel tests of 1/8 and 1/6 scale models. In developing the fan-powered
flight aerodynamic characteristics, extensive use has also been made of
unpublished data obtained from tests of a full-scale model similar to the
XV-5A aircraft, conducted at the NASA-Ames Research Center's 40 x 80
wind tunnel.

In the fan flight mode, the aircraft is estimated to be statically unstable
in pitch with the most aft cg at low speeds below approximately 70 knots
but with an increasing stahility with speed to the conversion speed where
the stability leve. corresponds to that for conventional flight.

The aircraft possesses positive lateral and directional static stability
with sideslip at all forward speeds in fan-powered flight and the effective-
ness of the conventional flight control system is shown to be unaffected by
fan operation.

The exit louver control system is capable of providing the required
propulsive force for acceleration of the airplane from a minimum of

10 knots rearward to conversion speed and provides a thrust attenuation
of up to 22% for hovering lift control.

Estimated XV-5A conventional flight static stability is satisfactory
throughout the flight envelope. Low speed static longitudinal stability
flaps down, near stall angles becomes marginal, but duc to high damping,
this is considered acceptable. Increased horizontal tail area has been
added to account for losses in longitudinal stability at high speed due to
aeroelastic effects. Satisfactory lateral directional characteristics have

been insured by increasing the wing outboard panel dihedral to +4 degrees.

Control effectiveness and hinge moment data have been evaluated through-
out the speed range.




2,0 INTRODUCTION

This report contains the aerodynamic stability and control characteristics
of the U.S. Army XV-5A Lift Fan Research Aircraft. The XV-5A was
designed and built by the Ryan Aeronautical Company for the flight
evaluation testing of the General Electric X-353~5 lift fan propulsion
system, and is a V/STOL aircraft capable of conventional operations

at high subsonic speed

The XV-5A incorporates two separate flight control systems. A con-
ventional aerodynamic control system is actuated during all modes of
flight; a fan flight control system provides both attitude and altitude con-
trol in hovering and low-speed operation and is phased out with wing fan
exit louver vector angle as flight speed increases and the conventional
controi system gains effectiveness. The conventional system consists of
elevator, ailerons and rudder. The fan system consists of the nose fan
with thrust reverser doors for longitudinal trim and control, and the wing
fan exit louvers for roll, yaw, hovering lift, and forward flight propulsion
control.

The aerodynamic data presented in this report are the result of extensive
analysis of small-scale and full-scale wind tunnel test data conducted to
obtain initial definition of the static aerodynamic characteristics of the
XV-5A aircraft in the conventional flight and lift fan flight modes. The
conventional flight data are separated into three major classifications
according to flight mode, speed range, and type of data. The fan-flight
data are non~dimensionalized in slipstream notation in terms of the static
installed fan thrust. Where it is believed helpful to show supporting
data to aid the understanding of the data analysis methods used, the
supporting data is presented in the Appendix. This is particularly true
of the fan flight characteristics for which much of the referenced data is
unpublished. :

The aerodynamic characteristics of this report provided the basis for
analysis of the stability and control characteristics of the aircraft and
typify the input data for the Ryan Flight Simulator. Additional information
covering dynamic stability and flying qualities characteristics will be
submitted in subsequent aircraft reports.



f

3.0 CONVENTIONAL FLIGHT CHARACTERISTICS

The static aerodynamic characteristics of the XV-5A presented in this
section were derived primarily from a series of low and high speed wind
tunnel tests of a 1/8 scale conventional flight model, and a 1/6 scale

lift fan powered model (Ref. 1, 2, and 3). The data obtained from these
tests dictated several modifications to the original airplane design which
were subsequently evaluated in additional wind tunnel tests or by theo-
retical and/or empirical means. The design changes which were in-
corporated are summarized below and discussed individually in the
appropriate section of this report.

L Aileron droop - Both ailerons deflected trailing edge down in con-
junction with wing flap deflection at the rate of one degree aileron
per three degrees flap.

J Wing dihedral - Outboard wing panel dihedral increased from
-6° to +4°.

J Horizontal Tail span - Increased ten inches {ull-scale.

J Rudder span - Increased cight inches full-scale parallel to the

hinge line.
o Aileron horn balance removed.

Only a limited amount ol data applicable to the low speed conventional
flight mode was obtained {rom the 1/6 scale, lift-fan powerced model,
Correlation of test data from the two models (1/6 scale model, lift-fans
off) was gencrally acceptable; however, irrcegularities in the 1/6 scale
model conventional tlight mode data attributed to test conditions and
model support system led to virtually exclusive use of the 1/y scale
model test data for definition of the conventional flight acrodynamic
characteristics. This does not necessarily reflect on the validity ol
the 1/6 scale model lan powered data which are discussed in another
section of this report. The 1/6 scale model test data which were used
out of necessity to define the conventional thight charactevistices were
taken as incremental cffcets (e. g., cftecet of aileron droop) and applied
to the basic data from the 1/8 scale model.




No scale effect corrections were applied to the model test data to obtain
full scale airplane characteristics with the exception of the drag.

3.1 CONVENTIONAL FLIGHT, LOW SPEED, LONGITUDINAL

The basic longitudinal characteristics (Cy, C,,, € ) of the model minus
tail (M-T), flaps up and down in free air were taken directly from the

1/8 scale model wind tunnel test data (Ref. 1). The aileron droop feature
which was incorporated specifically to improve transition characteristics
in the lift-fan mode was evaluated only on the 1/6 scale fan powered
model. Therefore, an incremental Cy, C,,, and € due to aileron droop
were determined from that data (Ref. 2) and applied to the corresponding
1/8 scale conventional flight model configuration without aileron droop

to arrive at the final M-T characteristics presented in Figures 3.1
through 3. 8.

The data of Figure 3.1 indicates a CLm“ ol 1.56 for the wing body con-
figuration at full flap deflection and a gctntlc stall is indicated by the
gradual reduction and reversal in lift curve slope for all flap deflections
as the angle of attack for maximum lift (at 16 degrees) is approached
and exceeded. The pitching moment data of Iligures 3.2 and 3.3 show a
very stable break in the wing-body moment at stall due to a rapidly re-

treating wing center of pressure when C is reached. This is indi-

[ —
cative of an occurrence of initial wing stzl}l}l]t\n the inboard wing panels
and is a desirable characteristic because ol the retention of lateral
control effectiveness and the lack of lurge lateral-directional upsetting
moments in the region ol the stall normally associated with such charac-
teristics. The elfect has been achiceved by using increused airfoil section
camber and twist (washout) in the outhoard wing panels.

The M-T longitudinal characteristics in ground cffect shown in Ficures
3.5 1o 3.8 were estimated by the empirical method of Ref. 4 which is
based on the known characteristies in free air or out of ground clfect.
A comparison ol the empirical method and a small amount ol ground
effect data obtained from the 1/6 scale wind tunnel model showed at
least qualitative agreement, The following cquations from Rel. 4 were
used to calculate the M-T longitudinal characteristics in ground cffcct
for the case where the 25% wing MAC is 0. 374 semi-spans above the
ground at o - 07.

D B C
L
CL Cl 1 + afr - —-——A
G y /\G

mTA



2 2

b™ .+ (Hy, = H )
GG = € [1_ eff H w ]

b2 2

eff * (HH ¥ Hw)

The terms A "Ag and b,¢y were obtained from Section 1. 4.1 of Ref. 4
and Hy; and H , are respectively the height of the horizontal tail and wing
25% MAC above the ground plane. An additional increment of 0.5° was
added to € in order to reflect the general trend of the limited amount
of wind tunnel data. Since the above equations are strictly applicable
within the linear range of Cy versus o , the maximum lift coefficient
of the M-T in ground effect was estimated from experimental data pre-
sented in Ref. 5 to be:

C = 6 = 00

LmaxG 1.01 CLmax {

C = 0.975 C §g = 30° + 04 - 10°
Fmaxg Lmax t <

C = 0,95 C 6, - 45° + & 15°
LmaxG Y Linax f ’ d ?

Because of the high location of the tee-type horizontal tail, the tail is
always out of ground effect except for the influence of the altered wing
downwash field.

Application of estimated aeroclastic effects to the high speed wind tunnel,
rigid model test data led to an increase in the horizontal tail span so as
to provide improved longitudinal stability of the elastic airframe at high
speed. Low speed wind tunnel data was subsequently obtained for an
8-inch extension of the horizontal tail semi-span and a 5-inch extension
was ultimately selected for the final aircraft configuration. Inasmuch as
actual test data did not exist for the final horizontal tail size, iis effec-
tiveness was obtained by interpolating between the known characteristics
of the two tails which were tested in the wind tunnel.  The only signifi-
cant parameters involved which affect the stabilizer etfectiveness in this
case are the change in aspect ratio and planform area. A linear

v



interpolation with aspect ratio to obtain C[‘a n as shown in Figure
H

3. 97 was considered sufficiently accurate in view of the small range of
aspect ratios involved. Thus, the low specd linear effectiveness of the
final tail configuration was calculated from the following definitive
equations:

il

CL, CL Sy
i o . 77
H H S

T

H

Cm; = CL,
o

Ll

In order to determine more accurately the variation of complete model
static stability (Cy, vs Cp) with the final tail configuration through wing
stall, where n = Qy/q is not a constant, a direct interpolation at con-
stant wing angle of attack between the two respective wind tunnel curves
for the basic tail and the 8-inch semi-span extension was made. Since
the interpolation was made at constant wing angle of attack, the only
variables involved were the tail lift curve slope and area. The resultant
complete model lift and pitching moment curves arve presented in Figures
3.9 through 3. 13 for a stahilizer setting of zero.

The dynamic pressure ratio (77) at the horizontal tail shown in Figure
3. 14 was estimated from wind tunnel and theoretical data by the follow-
ing equation.

C - C

[ ((,LH CUs € - (,D” sin e)l“ ' (CL“ sin € + C“H cos 6) Zy

L 5

] SH
S

While the wing body configuration displays a very stabilizing stall be-
havior, the pitching moment data for the complete model at high {lap de-
flections (Figures 3.10, 3.11) show a mild instability as stall is approached.
This eftect is duc to the contribution ol the horizontal tail to pitching mo-
ment and at angles of attack below stall can be attributed (as shown in
Figures 3.4 and 3. 14) to an increasing rate of change of downwash angle

and increasing negative rate of change of local horizontal stabilizer dyna-
mic pressure as angle of attack is increased. (Figures 3. 14 and 3. 15.)
Highly non-lincar downwash and dynamic pressure effects are indicated
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for angles of attack at, and above, € by the complete model pitching
‘man

moment data.

Flight simulation investigations have been conducted to determine pitching
moment characteristics in performing flight near stull, It has indicated
that no difficulty is associated with the low level of statice stability at

these conditions due in part to the high pitch damping associated with the
use of the large horizontal stabilizer. Wind tunnel tests of the 1/6 scale
model have shown that the instability indicated for operation out-of-ground
effect vanishes when in proximity to the ground, (Sce Figure 3.11.)

The tail lift coefficient CLH shown in Figure 3.15 for the isclated hori-

zontal tail was estimated theoretically from Ref. 6 and the tail drag term
CDH shown in Figure 3.16 was obtained trom wind tunnel data.

The trimmed lift and drag characteristics (€, 0) are presented in
Figures 3. 17 through 3.19. A rather extensive analysis of the wind tun-
nel drag data and corrections thereto is presented in Ref, 13, Therefore,
only the final trimmed drag curves are contained i this report. The data
indicate a trimmed Cp, o of 1.0 without flap= and 1.52 with {ull flaps at
an intermediatle cg loc‘éll,lll‘}i}]. A maximum L/D ol approximately 10 is
shown,

Low and high speed wind tunnel data revealed a significant variation of
pitching moment with sideslip angle.  As indicated by Ligures 3. 20 and

3. 21 the predominant contribution is from the horizontal tail and the com-
plete model incremental pitching moment due to sideslip is insensitive to
angle of attack. Longitudinal trim change due to landing gear is small
and is presented in Figure 3. 22,

3.2 CONVENTIONAL FLIGHT, LOW SPEED, LATERAL-
DIRECTIONAL

The low speed lateral-directional characteristices presented in Figures
3.23 to 3.26 were derived {from a combination of the lTow and high speed
wind tunnel test results hecause of an unaccountable disagreement be-
tween the derivatives Cy and C, lor flaps 0" at M 0.285 (low

speed test) and M 0. 40 (high spceed test).  The high speed test data

yielded values for the complete model Cyand € that were

B B



respectively 40% and 1257 greater than those from the low speed test at

a = 0°. In either casc positive static directional stability was indicated
over the full angle of attack range. In the case of the lateral stability
derivative C, , agreement between the two tests was considered
satisfactory.” B

The results of a low speed wind tunnel study of the ctfect of outhoard wing
panel dikedral angle on C[ are presented in Figure 3.98. An increase

in dihedral from -6° to +4° was considered necessary because of an
unexpectedly large effect of wing-body interference on Cl and a positive

complete model Cl at Mach numbers greater ti an about 0. 6,

B
The only final configuration change pertinent to lateral-directional stability
which was not tested on the 1/8 scale model was aileron droop; however,

1/6 scale model test data indicated no discernible elfect of aileron droop
on any of the lateral-directional derivatives.

3.3 CONVENTIONAL FLIGHT, HIGH SPEED, LONGITUDINAL

The high speed, longitudinal characteristics are presented in Figures
3.27 to 3.43. Generally acceptable agreement hetween the low and high
speed wind tunnel tests was obtained for the longitudinal characteristics
of the model. The most notable exception was the slope of the pitching

moment curve of the M-T, C The low speed test data indicated

m
a M-T
the tail-off configuration to be approximately 155 more destabilizing than
did the high speed data which also showed no noticeable variation in longi-
tudinal stability for the Mach nuniber range ol 0.4 to 0.7, The disagree-
ment in Cm was not considered especially significant inasmuch as
M-

the complete model data agreed quite well,

Subsequent to the high speed wind tunnel test, two signilicant modilica-
tions were made to the final aireraft configuration. Namelyv, a S-inch
extension of the horizontal tail semi=-span and an increasce in outhoard
wing panel dihedral [rom -6° to +4 . It wuas assumed throughout the
Mach number range and conlirmed by wind tunnel data at low speed that
the change in dihedral had no effecet on the statie tongitudinal stability
characteristics., The stabilizer effectiveness for the final tail conlipura-
tion was determined at low speed as stated in Section 3.1, The high
speed test data was corrected by using the following relationship to
determine the stabilizer effectiveness throughout the Mach number range.



C

CL ( Li ) C
iy - H/ calc = ( i ) test
(CLiy )
1 / test low speed high speed
Cm; = Ci, £y
H H e
c

The stabilizer effectiveness thus calculated was used to correct the com-~
plete model characteristics to the proper horizontal tail configuration by
the following equations:

oe€

CLa = CLa + CL. CIR= _a—&_)
CM M-T 'H

X3
C =c + C il - 2
m m m

o

%em A M-T i 0

High speed wind tunncl data have shown, at the higher Mach numbers, a
decrease in static longitudinal stability with increase in angle of attack.
Figure 3. 36 shows the definable boundary for zero static longitudinal
stability as a function of Mach number and lift coefficient for the complete
model. Although the available data shows a gradual deterioration of static
stability with angle of attack, extreme caution should be exercised during
initial flight test investigations when the boundaries of Figure 3.36 are
approached.

The wing body neutral point from Figure 3.30 is shown to lic between

13 and 16 percent mean aerodynamic chord up to approximately 0.80 Mach
number. The complete model data of Figure 3.35 shows the aircraft to be
be statically stable with an aft center of gravity up to Mach 0.84. The

horizontal stabilizer control effectiveness, Cp, . shows a deterioration
It

below the low speed value above M -0 0.81 and at M - 0.9, has an effec-
tiveness cqual to 1/3 of that shown for low spceds.

The high speed trimmed lift and drag coefficients are presented in
Figures 3. 39 to 3.44. As mentioned previously, a complete drag analysis
is presented in Ref. 13; therefore, only the final trimmed drag is pre-
sented herein.



The variation with Mach number of the complete model pitching moment
coefficient due to sideslip angle is presented in Figure 3.45. Note that
C,, varies hyperbolically with B at constant Mach number and the param-

eter Koy represents a family of hyperbolas.

The effect of aeroelasticity on the longitudinal stability derivatives is
presented in Figures 3.89 to 3. 96 in terms of the ratio of the elastic
airframe value to the rigid airframe value. These data are derived and
discussed extensively in Ref. 11; therefore, only the final results are
presented in this report.

3.4 CONVENTIONAL FLIGHT, HIGH SPEED, LATERAL-
DIRECTIONAL

The high speed lateral-directional characteristics are presented in
Figures 3. 46 to 3.52. The excessively large disagreement between the
high speed and low speed test values for the derivatives CY and Cn

B B
discussed in Section 3.2 could not be physically explained as the differ-
ence in Mach number (0. 285 to 0. 40) was too small to justify the dif-
ference in test values on the basis of compressibility eifects.  There-
fore, as reasonable a fairing as possible was made of the derivatives
versus Mach number. In any event the magnitude of Cy _, and the more

important directional stability derivative C, 3" are satisfactory {rom the

stability standpoint throughout the full range of Mach numbers investigated.

The only lateral-directional derivative from the high specd test data
which had to be corrected because of subsequent airereft configuration
changes was C[ . This was due to the increase in outboard wing panel

dihedral from -6° to +4”. As mentioned previously in Scction 3.2, low
speed wind tunnel test data was obtained on the effect of varying the
dihedral angle and this data is shown in Figure 3.98. Since the theoreti=-
cal effect of compressibility presented in Section 5. 1.2 of Ref. 4 indicates

less than a 10% total variation in the ineremental CZ duc to dihedral from

M = 0 to 0.8 and in the abscnce of high speed experimental data the low
speed wind tunnel test values of A C[ duc to dihedral were applied
throughout the Mach range.  Positive dihedral effect is shown for the
complete model at the critical zero angle of attack condition up to M - . 82
(Figure 3. 52).

10



3.5 CONVENTIONAL FLIGHT, LOW SPEED, CONTROL
EFFECTIVENESS

The XV-5A conventional flight mode control system consists of typical
elevator, ailerons and rudder to provide pitch, roll and yaw control
respectively. The rudder and left aileron are equipped with conventional
trim tabs for trimming the control stick force to zero whereas longitudi-
nal stick force trim is accomplished by the all movable horizontal stabi-
lizer. The elevator and rudder are purely manual control systems where-
in the cockpit controls are connected directly to the control surface through
a tension regulated cable system. The lateral control is a full power sys-
tem with pilot force feel provided by a servo tab on each aileron. The
servo tabs also assist in reducing the aileron hinge moment. The lateral
system is powered by two independent hydraulic systems, each of which is
supplied by the hydraulic pump from one engine. Under normal conditions
each system provides one-half of the total hydraulic power so that in the
event of failure of one system, one-half of the normal power available
remains.

The incorporation of aileron droop in conjunction with {lap deflection re-
quired the use of a differential deflection rate between the up-going and
down-going aileron in order to provide sufficient maximum roll power
since the aileron rolling effectiveness deteriorates rather rapidly beyond
20° trailing edge down. In addition, the differential rate reduces the
maximum adverse yawing moment. The rigid system deflection schedules
are shown in Figures 3.52 and 3. 53. Mechanical limitations of the system
result in a small differential rate existing also at flaps 0°.

The low speed aileron effectiveness is presented in Figures 3. 55 to 3. 60,
while the low speed elevator and rudder effectiveness are taken at the
low speed end of the Mach number curves. A low speed correction [actor
for large elevator deflections is presented in Figure 3. 61, These data
were derived from wind unnel test data and corrected as necessary for
subsequent modification of the control surface or aircraft geometry.

The 5-inch extension to the horizontal tail semi-span required the
elevator effectiveness as obtained from wind tunnel data be corrected
for the increase in tail reference area and lift curve slope.  The effec-
tiveness of the extended span tail was calculated as shown in Scction 3.1
of this report and the corrected clevator effectiveness was culeulated
from the following equation:

1X



Cmi
C X H / calc

m
b e test Cpy.
1 | test

The low speed test data indicated a significant reduction in elevator

pitching moment effectiveness, C,, ~, at deflections greater than 85
e
although it was not possible to determine this reduction in the lift effec-
tiveness because Cy is rather small in magnitude. An empirical
de
correction factor shown in Figure 3. 61 was determined from test data to
account for the nonlinear nature of pitching moment coeflicient due to

elevatcr deflection. This empirical factor is defined as follows:

Cm

In view of the relative unimportance of lilt due to elevator deflection, no

correction factor was determined for Cy,
e

The span of the rudder parallel to the hinge line was increased 8 inches
full scale over that which was tested on the wind tunnel model. The
effectiveness of the extended span rudder was determined from Ref. 6 by
calculating a theoretical increment in effectiveness due to the span ex-
tension and adding this to the test based value of the smaller span rudder
so that:

CYG 3 CYJ t ACy
r r lest v/ cale

The low speed aileron effectiveness derivatives for flaps 0° were all
taken directly from the 1/8 scale model low speed test data for equal
and opposite aileron deflections. The differential aileron deflection
rate employed in the flaps 45" case with 15" aileron drop required ob-
taining the individual contributions of the up-going and down-going
ailerons, The individual rolling and yawing moment cocfficients were
estimated from the 1/6 scale model test data for one aileron deflected.
The yawing moment data obtained from the 1/6 scale model was quite

12



erratic in the conventional flight mode and, therefore, the data presented
in Figure 3.56 represents a best estimate for the yawing moment coef-
ficient due to one deflected aileron. Nevertheless, a summation of the
yawing moment coefficient from Figure 3. 57 for the two ailerons de-
flected equally and oppositely will yield values in agreement with the

1/8 scale model test data. A summation of the yawing moment from
Figure 3. 59 according to the deflection schedule of Figure 3. 54 for flaps
45° and 15° aileron droop is shown in Figure 3.58. The discontinuity

in Cn versus ( §. ~ &_ ) occurs where the up-going aileron passes

aL QR

through zero deflection.

The 1/6 scale model sideforce coefficient due to one deflected aileron
was, if anything, more erratic than the yawing moment coefficient and as
a result it was not possible to separate the individual effects of each
aileron. In view of the small magnitude and relative unimportance of the

sideforce coefficient due to aileron deflection, CY , it was not considered

a

worthy of extensive analysis. CY6 based on equal and opposite deflec-
a
tion of the two ailerons from 1/8 scale model test data is shown in Figure

3. 55 for flaps 0° and 45°.

3.6 CONVENTIONAL FLIGHT, HIGH SPEED, CONTROL
EFFECTIVENESS

A brief description of the basic contro! system and the necessary cor-
rections to the low speed wind tunnel test values of control effectiveness
were discussed in Section 3.5 of this report.

High speed control effectiveness as a function of Mach number are pre-
sented in Figures 3. 62 through 3.70.

The high speed elevator effectiveness test data was corrected for the
5-inch extension of the horizontal tail semi-span by the following equation
which is the same as ti =t used for the low speed case.

C >
m.
C =({ Cnp X < 1y /cale

6e 6 e/ test Cm.
'H )test

The agreement between the high specd and low speed test values of
elevator effectiveness was considered very good. The elevator control

13



effectiveness, C,, , data of Figures 3. 63 and 3. 64 show a rather rapid

e
deterioration of elevator effectiveness above Mach 0.75 reaching a level

at 0.9 Mach number of approximately 10 percent of the low speed value.

The high speed effectiveness of the extended span rudder was calculated
from the following equation:

\

0 r

¢ X

(
r Cy 61 frest high speed
0 r ) test| low speed
. J LY

Directional control effectiveness, C, , given in Figure 3. 66, indicates
-

a gradual decrease in rudder effectiveness from approximately 0. 6 Mach

number reaching a level of 25 percent of its low speed value at 0.9 Mach

number.

The aileron as tested in the high speed wind tunnel had a shorter span
than that tested in the low speed wind tunnel because the horn balance
was removed by cutting the aileron chordwise inboard of the horn. The
horn balance was removed because of hinge moment characteristics which
are discussed in Section 3.7. Since the aileron on the full scale airplane
extends to the wing tip it was necessary to correct the high speed test data
for this span increment, This correction was made by calculating a
theoretical increment to Cla from Ref. 4 to account for the change in

a

span and adding it to the high speed test value as indicated by the follow-
ing equation:

Cl = C£ + ACz
6 a 6a test 0 a calc
The corrected value thus obtained at M = 0.4 was in excellent agreement
with the low speed test value. The aileron derivatives Cy and C,
0 i)
a a

were not considered significant enough to warrant corrections.

The reduction in aileron rolling effectivencss Clo due to the servo tab
a
was estimated from Ref., 4 to be approximately 8 percent. This loss was

taken to be constant throughout the Mach number range since the calculated
variation with Mach number was negligibly small.

14
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Aileron control effectiveness, Cl , is shown in Figure 3.70. The
0a

data indicates rather large variations with angle of attack change and

full loss of control effectiveness at 0.9 Mach number.

3.7 CONVENTIONAL FLIGHT, LOW SPEED, CONTROL
SURFACE HINGE MOMENTS

The rudder, elevator and ailerons are all equipped with a sealed, internal
pressure balance to reduce the aerodynamic hinge moment and in addition,
the ailerons are equipped with a servo tab. Aerodynamic hinge moment
and balance cavity static pressure data were obtained from low speed
wind tunnel tests of the 1/8 scale conventional flight model. The model
elevator and rudder were not equipped with a secaled pressure balance as
was the aileron, and the aileron had no servo tab installed.

The aileron as tested at low speed had a horn balance which was sub-
sequently removed because the test data indicated the aileron to be
undesirably overbalanced at small deflections (£5”). Although hinge
moment data were obtained on the aileron without a horn balance at

M = 0.4 (high speed test) these data were limited to £5° deflection and
were generally too erratic to inspire much confidence. Consecquently,
the low speed aileron hinge moment derivatives presented in Figures
3.77 to 3.79 were estimated primarily by theoretical and empirical
methods.

The unbalanced aileron hinge moment derivatives Cha and Cha were

o 0,
estimated from the lifting line theory of Ref. 10 with lifting surface theory
corrections from Ref. 7 and 8. The contribution of the internal pressure
balance was estimated from the empirical data of Ref. 3. The non-linear
variation of the hinge moment coefficient with aileron deflection was
estimated from the general trend of the available wind tunnel test data.

The hinge moment derivatives of the aileron servo tab were necessarily
estimated by theoretical and empirical methods since no test data existed
for the tab. The tab derivatives Cht and Cht were estimated from

8, 5,
Ref. 7, 8 and 10 and the derivative Ch, was estimated from Ref. 9.

as g

The tab hinge moment cocfficients were assumed linear with tab deflec-
tion because the tab deflection never exceeds +10° or -127,

15
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3.8 CONVENTIONAL FLIGHT, HIGH SPEED, CONTROL
SURFACE HINGE MOMENTS

The conventional flight control surface aerodynamic balances and the
derivation of the low speed hinge moment parameters were discussed in
the previous section, High speed hinge moment and balance cavity pres-
sure data were obtained in addition to the low speed wind tunnel data, but
only for #5° control surface deflection on all three controls.

The high speed aileron data were viewed with considerable skepticism
because of inconsistencies in the test data. The test data were also
limited to M = 0.7 because the hinge moment fluctuations due to the
model aileron dynamics exceeded the capabilities of the data measuring
system. Thelow speed values of Section 3.7 were considered valid over
most of the subcritical Mach numbher range at least to a Mach number of
about 0.7. High speed control hinge moments are presented as a [unc-
tion of Mach number in Figures 3.80 through 3. 88.
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