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I. SUMMARY

Two series of tests were made to determine performance, stability
and control, and rotor wake interaction on the airframe, using a
one-tenth scale powered force model of a tilt rotor aircraft
(Figure 1). Testing covered hover (IGE/OGE), helicopter, con-
version, and airplane flight configurations. These tests took
place in the NASA-Langley V/STOL wind tunnel. The first test
was in September 1972 and was terminated because of insufficient
collective pitch actuator capability of the model to complete
the high power and high speed airplane flight conditions. Modi-
fications were made to the collective pitch actuator and testing
was completed during the second tunnel entry in October 1973.
Wind tunnel testing was performed under NASA Contract NAS1-11582.

Forces and moments were recorded for the model from predetermined
trim attitudes. Control positions were adjusted to trim flight
(one-g lift, pitching moment and drag zerog within the uncorrected
test data balance accuracy. Pitch and yaw sweeps were made about
the trim attitudes with the controls held at the trimmed settings
to determine the static stability characteristics., Tail on, tail
off, rotors on, and rotors off configurations were tested to
determine the rotor wake effects on the empennage.

Data obtained during this testing will be presented in a

NASA TM.! Information presented in this report will cover the
analysis of the test data. This analysis covers only informa-
tion useful for tilt rotor aircraft (rotor wake effects) and
does not include any analysis of the aerodynamic characteristics
for the tilt rotor model tested. Results from this test will bs
used to supplement information obtained from other model tests.
Docgmgngation of this analysis is covered under NASA Contract
NAS"O‘"O

The principal results from this analysis are as follows:

(1) Rotor Interference on the Wing

Hover tests in-ground-effect showed wing download to

be in agreement with previous model tests. Correla-
tion was established when wing download is presented

in terms of blade twist, thrust, blockage, and flap
deflection. Reynolds number corrections are required
to determine the full-scale aircraft wing download.
Wing download does not appear to decrease significantly
for full span flap deflections greater than %0 degrees.
Flaperon deflection is more effective than flap deflec-
tion in reducing download.

Rotor interference on the wing was found to be negli-
gible above 40 knots for all conversion angles tested.

301-099-004 + Iel
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(2) Rotor Wake on the Empennage

The interaction of the rotor wake with the herizontal
stabilizer is to produce an upload during low speed
helicopter flight and changes to downwash during air-
plane flight. The downwash measured for rotors on in
airplane flight is that due to the wing wake and is
the same as measured for rotors off, -
Rotor-induced velocity at the empennage was founa to
correlate with previous model test data. The rotor
wake effect was also shown to become insignificant as
the nacelles are tilted forward and as speed increases
above 120 knots.

(3) Rotor Flapping

Lateral flapping in helicopter mode was higher than
estimated using low disc loading and low twist rotor
induced velocity correction factor. Flapping angles
were in agreement with previous model test results
and estimates using the modified induced velocity
correction factor for high disc loading and high
twist rotor.

(4) Roll Stability (IGE)

The roll instability during hover IGE measured during
this testing was found to be in agreement with pre-
vious test results for tilt rotor aircraft. The roll
instability can be controlled with a small lateral stick
inputdwith the control power available for the models
tested. '

301-099-004 I-2



Figure I-1. Powered Model on Rotary Stinz Mount,
Langlev V/STOL Tunnel
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II. INTRODUCTION

This report presents the analysis of a wind tunnel test of a
one-tenth scale powered force model of a tilt rotor aircraft.
Testing was accomplished to determine the performance, stability
and control, and rotor wake interaction on the airframes during
hover. helicopter, conversion, and airplane flight. The Bell
Model Cl100-F1B is a powered aergdynamic scale model ot the Bell
Model D270 tiit rotor aircraft. A three-component rotor balance
was installed in each nacelle to allow separation of rotor forces
and moments from those measured from the tunnel balance for the
overall model. Tnis capability allowed analysis for rotor air-
frame interaction to be made in addition to that obtained from
previous model tests. Rotor wake effects obtained from this
analysis are applicable to tilt rotor aircraft configurations.

The principal objectives of this report are to analyze the test
data and compare it with other model test data and analytical
methods. Results are summarized for application to the design
of existing and future tilt rotor aircraft. The documentation
was accomplished under NASA Contract NAS2-8084.

A. Previous Testing

Most of the tilt rotor model testing by Bell Helicopter
Company has been with a one-fifth scale model of the Bell
Model 300 as reported in Reference 2. These tests were
directed at determining the performance, stability and
control, and aeroelastic characteristics for the XV-15 Tilt
Rotor Research Aircraft. Rotor wake interaction obtained
with that model was linited in scope due to tunnel capability
(inadequate for high speed airplane flight) and model capa-
bility (no rotor balance). Therefore, results obtained from
the test presented in this report will be used to supplement
the information obtained from the fifth-scale model tests.

B. Technical Background

Tilt rotor model testing was initiated to address problem
areas encountered during the XV-3 flight test program. These
problem areas were primarily noted during hover and low speed
helicopter flight and were related to the rotor wake inter-
action on the airframe. A detailed discussion as to the
approach to correct these problems is presented in Reference
2. This test investigated these problem areas.

301-099-004 IT-1
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Tunnel Description

The wind tunnel test was accomplished in the NASA-Langley
V/STOL wind tunnel. The V/STOL tunnel has a 4.38-meter
(16-foot) test section and can operate through a speed range
of 6.1 to 76.2 meters per second (20 to 250 feet per second),
with the walls down. With the tunnel walls raised, the test
section is opened to eliminate wall effects and can be oper-
ated through a speed range of 0 to 18.3 meters (60 feet per
second). The model was mounted on a rotary sting support
with a six-component internal balance. Adjustments could be
made for pitch, roll, and yaw at the desired h/D (height above
ground to rotor diameter) to obtain ground effect information.
This capability allowed the model to be tested at all config-
urations from helicopter to airplane flight.

Objectives of This Analysis

This analysis h-s the following specific objectives:

1. Determine the rotor wake eifect on the wing. This
includes evaluating the effects of various design para-
meters on wing download during hover and changes in
wing download during forward flight.

2. Determine the rotor wake effects on the empennage in
sufficient detail to supplement existing data rfor use
in the mathematjcal model for flight simulation of tilt
rotor aircraft.* Rotor wake characteristics for two
types of empennage configurations will be shown.

3. Compare measured rotor performance with estimated.

4. Evaluate roll static stability during hover in-ground-
eifect.

5. Evaluate rotor flapping characteristics.

These objectives were accomplished and the results are dis-
cussed in the following sections.

301-099-004 II-2
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ITI. DESCRIPTION OF THE MODEL

The model tested, designated the Bell Model C100-F1B, is a or:-
tenth length scaled aerodynamically similar model of the Bell
Model D-270 tilt rotor aircraft. The model was developed under
Phase I of Air Force Contract F33615-69-C-1578. The model has
two five-foot diameter rotors that are mechanically intercon-
nected. They are driven by two fuselage-mounted TASK variable
frequency motors having a continuous operating rating of 25,353
watts (34 horsepower) each. The span of the model between rotcr
centers is 1.95 meters (6.4 feet); with the rotors turning, the
span is 3.47 meters (11.4 feet). Overall model length is 2.47
meters (8.1 feet). The model was supported during the test on
a fuselage-mounted six component balance rotary sting support.
A list of scale factors, full-scale and model-scale parameters
for *he rotor, wing, fuselage, and empennage are given in Table
I1I-1. These are the parameters used during data reduction and
analysis.

A. Construction and Design Parameters

A description of the model components are as follows:

1. Fuselage

The basic fuselage backbone, from the wing aft to the
empennage. was a square steel tube with aluminum plate
bulkheads to support removable fiberglass fairing shells.
Forward ot the wing bulkhead, four aluminum longerons
extend forward to support the motors, center gearbox
mounting bulkheads, and the nose secticn. The cylin-
drical fuselage section ahead of the wing is formed by
two removable shells of curved aluminum plate.

2. Empennage

The vertical stabilizer has a steel spar and was attached
to the aft portion of the fuselage backbone. The drive
motor and potentiometer for remote control and position
indicator of the elevator vas housed at the base of the
vertical stabilizer in the spar. A rudder was not re-
quired for this test. The horizontal stabilizer was
mounted midway up the vertical stabilizer. The elevator
could be remotely varied 20 degrees. Horizontal sta=-
bilizer incidence could be manually varied *5 degrees

by changing fillet blocks which attached the horizontal
stabilizer to the vertical stabilizer. The aerodynamic
shape for the horizontal and vertical stabilizers was
formed from wood panels.
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3. Wing

The basic wing structure was a hogged-out aluminum chan-
nel section which was closed to form a torque box by
means of a bolted on, lower suriace aluminum cover
plate. At the root end of each wing box, a fork-

shaped sieel root titting was attached to the upper

part of the center gearbox. The rotor interconnect
power shaft was through the wing box and attached the
center gearbox to the wing tip mounted rotors. Brackets
were available to adjust the flaps (6f) to 50 degrees
down, and flaperons (65) to 20 degrees down. Taping of
the flaperons was required to permit full span flap
testing to 62.5 degrees to evaluate the effect of flap
position on wing download during hover. The aerodynamic
contours for the wing, flaps, and flaperons were shaped
from wood panels attached to the metal spars.

4, Nacelles

The nacelles were mounted orn the wing tips and housed
the rotor controls, balance, and transmission. Non-
structural fiberglass fairings were attached to alumi-
num plate bulkheads which supported the transmission.
Conversion struts were available for manual adjustment
of the nacelle from 90 degrees (helicopter) to 0 degrees
(airplane) in fifteen-degree increments.

5. Rotors and Controls

The five~foot diameter rotors were provided with re-
motely controlled collective pitch and longitudinal
monocyclic pitch control for each rotor. The rotors
have three blades per rotor. Each blade was mounted to
a gimbal hub to permit rotor flapping. Flapping was
restrained by hub springs located in the rotating sys-
tem and was recorded using a strain gaged flexure ref-
erenced to the rotor shaft. The rotor blades were dy-
namically scaled in stiffness and mass distribution based
on a model tip speed of 0.6 times full scale tip speed.
The model rotors were operated up to 18824 rpm which was
representative of a full-scale hover tip speed of 251
meters per second (822 feet per second). The blades
were provided with strain gages for monitoring beam,
chord, and torsion loads.

Cyclic pitch range was +12 degrees. The collective pitch

range was from -11 to +33 degrees (measured at tip of
blade). Cyclic and collective control positions were
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5. (Continued)

instrumented for both rotors. The collective pitch
could be changed simultanecusly f{or both rotors, or to
the right rotor independently for trim capability.

Loads generated by the model collective and cyclic con-
trol system did not cross the rotor balances, but were
monitored from an instrumented pitch link for each rotor.

6. Rotor Drive System

The rotor drive system consisted of two TASK motors
mounted in the fuselage driving aft through flexitle
couplings into a coupling gearbox whici. reduced the
motor speed by a factor of three. The : tputs of the
gearbox are coupled to the interconnect shafts with
universal joints. Wing tip gearboxes are provided for
a further reduction of shaft speed by a ratio of two to
one. The wing tip gearboxes are nodified Bell Model

47 helicopter, 90 degree, tail rotor gearboxes. Each
rotor shaft was strain gaged to sense rotor torque.

The rotor shafts were extended to carry an instrumented
slip ring to measure rotor blade loads, flapping, =tc.,
and a tachometer/azimuth wheel for driving a magnetic
pulse pickup.

7. Rotor Balance

A three-component rotor balance was installed in each
nacelle. The primary measurement was rotor axial force
for use in evaluating the rotor/airframe lift distribu-
tion data. Longitudinal and lateral moments were measured
and included in the balance equations to improve the
accuracy of the axial force measurement in addition to
providing supplemental rotor data. Dual thrust and torque
bridges were incorporated in each balance to permit the
tunnel test to continue if the signal from one bridge

was lost.

8. Instrumentation

The model was instrumented to measure the parameters as
listed in Table III-2. This data was presented on
oscillograph recorders and on the V/STOL tunnel data
reccrder system for monitoring during the test. Model
motor temperatures were monitored using a Brown tempera-
ture recorder.
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TABLE III-1.

FULL SCALE/MODEL SCALE PARAMETERS

Scale Factors

Model/Full Scale

0.10

Lergth
Velccity 0.60
Force 0.C036
Power U.00216
Design Parameters Fuil Scale Model Scale
Aircraft:
C.G. Location (Mid)
F.S. @ iy = 90° 529 52.9
W.L. 199 19.9
F.S. @ iy = 0° 510 51.0
W.L. 171 17.1
Design Gross Weight, N (1bf) 293,568 (66,000) 1059 (238)
Rotors:
Blades Per Rotor 3 3
Diameter. m (ft) 15.24 (50) 1.524 (5.0)
Blade Chord, cm (in) 101.6 (40) 10.16 (4.0)
Blade Twist, deg 25 25
RPM
Helicopter 314 1884
Conversion 268 1604
Air 7 mnea 228 1372
Mast 2th, m (ft) 3.106 (1C.19) .3106 (1.019)
Hub ! _.ag, m=N/cdeg (ft-1bf/deg) 1242 (916) 447 (.33)
63, ucg =25 =25
Conversion Axis
F.S. 526 52.6
W.L. 195.4 19.54
B.L. 385.5 38.55
Wing:
Span (Rptor %enterline), m (ft) 19.58 (64.25) 1.958 é6.425)
Area, mé (ft4) 65.59 (79¢) 6559 (7.06)
Aspect Ratio 5.85 5.85
MAC, m (ft) 3.38 (11.1) 3.8 (1.11)
Location of 1/4 MAC
F.S. 514 51.4
W.L. 195.4 19.54
B.L. 180.6 18.06
Leading Edge Sweep, deg -6 -6
Dihedral, deg 2 2
301-099-004 II1-4
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TABLE III-1. FULL SCALE/MODEL SCALE PARAMETERS (Continued)
Full Scale Model Scale
Fl rons:
Span Per Side, cm (in) 335 (132) 33.5 (13.2)
Chord/Wing Chord .275 .275
Flaps:
Span Per Side, cm (in) 381 (150) 38.1 (15.0)
Chord/Wing Chord .275 .275
Fuselage:
Length, cm.(ln, 2261 (890) 226.1 (89.0;
Diameter, cm (in) 304.8 (120) 30.48 (12.0
Horizontal Stabilizer:
pan, cm (1n2 1016 (QOO; 101.6 gQ0.0)
Area m? (ft9) 23.23 (250 .2323 (2.50)
Aspect Ratio 4.45 4.45
Sweep of 1{4 Chord, deg 15 15
MAC, m (ft 2.30 (7.56) 230 (.756)
Locatlon of 1/4 MAC
F.S. 1004.5 100.45
W.L. 291.1 29.11
Elevator:
Area, m? (ft2) 4.764 (51) .0474 (.51)
Chord/Stabilizer Chord .265 .265
Vertical Stabilizer:
Spen, cg (in) 548.6 (216) 54.86 (21.6)
Area, (ft ) 19.04 (205) .1904 (2.05)
Aspect Ratlo 1.6 1.6
Sweep of 1{4 Chord, deg 32 32
MAC, m (ft 3.53 (11.58) .353 (1.158)
Location of 1/4 MAC
F.S. 955 95.5
w.L. 2°1.1 29.11
Rudder:
Area, ol (ftz) 4.08 (43.9) None
301-099-004 I111-5
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TABLE III-2. MODEL INSTKUMENTATION*

Blade
Blade
Blade
Blade
Pitck
Rotor
Rotor
Rotor
Rotor
Rotor

Motor
Motor

Collective pitch position

Cyclic pitch position

Elevator position

Wing tip gearbox temperatures

Interconnect drive shaft bearing temperatures
Center gearbox temperatures

beamwise loads (27.3% R)
chordwise '2ads (27.3% R)
torsion loads (27.3% R)
flapping

link loads

torque

speed and azimuth

axial force

pitching moment

yawing moment

temperatures
frequency control and amperage

*Rotor, blade, and motor parameters were
recorded for both left and right rotors.

301-099-004
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IV. DESCRIPTION OF TESTS

Testing was accomplished in the NASA-Langley V/STOL wind tunnel
during two tunnel entries. The first entry, V/STOL test number
31, was from August 22, 1972, through September 13, 1972. The
second entry, V/STOL test number 69, was from October 11, 1973,
through November 9, 1973. Both tests were accomplished to ful-
fill the same test plan; therefore, run numbers were made con-
tinuous for both tests. Total occupancy time was 440 hours.
Rotors-on testing, rotors turning, accounted for 70 hours of this
time resulting in a 18.5% utilization. Rotors-off tasting ac-
counted for only 42 hours. A total of 359 runs were made for a
run average of 0.82 run per hour.

The model was mounted on the V/STOL tunnel rotary sting support
system with an internal, six component strain gage balance to
record aircraft force and moment data. Fuselage pitch attitude
was generally varied from -16 to +20 degrees and yaw angles were
varied from -2 to +16 degrees. Both hover and forward flight
was investigated. Yaw sweeps during the V/STOL test 31

were made with and without the horizontal stabilizer. Dymamic
characteristics of the model were such tha® removal of the em-
pennage mass would cause the model to vibrate. Onlv pitch char-
acteristics with yaw were obtained. During the second tumnel
entry, a simulated empennage mass was inserted in the tail conme
fairing to allow complete empennage off testing.

Initial control positions and trim aircraft attitudes were
determined prior to testing using the Bell Helicopter Company
computer program C8l. Static stability data were obtained dur-
ing pitch and yaw sweeps from the trim conditions. Control
settings were held constant during the sweep. In order to ob-
tain wake effects on the horizontal stabilizer, btoth elevator
sweeps and horizontal stabilizer incidence sweeps were made.
Tests were also accomplished with the empennage and/or the
rotors removed. The model is shown mounted on "ne sting in
Figures IV-1 through IV-4 for the various configurations tested.

The wing download was measured during hover at n/D ratios from
0.525 through 1.825. Various combinations of flap and flaperon
settings were tested at h/D of 1.825 to determine the effect of
flap settings on wing download. Settings test=d were O, 20, 50,
and 62.5 degree, all full span flap settings.

The rotary sting permitted the model to be se: at various roll
angles and h/D ratios. Rolling moment was measured to determine
the influence of the wing/rotor interaction cn roll stability.

Several tunnel wall configurations were tested to determine the
wall interference effects on the model performance. These con-
figurations were with the 1) walls up (open test section), 2) walls
down (closed test section), and 3) walls down/slots open (slots in
walls, floor, and ceiling opened).
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Figure IV-1. Helicopter Configuration, Nacelle
Ircidence 9%, OGE. Walls Up

Figure IV-2. Conversion Configuration, lacelle
Incidence 609, 0CL, Walls Down

ORIGINAL PAGE I3
OF POOR QUALITY
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igure IV=1. Conversion Configuration, Macelle
Incidence 309, OGE. Walls Down

Figure IV-a4, Airplane Configuration, Nacelle
Incidence 09, OGE, Walls Down
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V. DATA REDUCTION

Force and moment data measured on Lh¢ wind tunnel six-component
internal balance and rotor balances were reduced using a NASA-
Langley data reduction program. Corrcclions were included for
tunnel wall effects and interference effects of the sting support.
The tunnel test data was tabulated in a format as listed in

Table V-1. Also included in Table V-1 is a comparison of the
symbols used in the tabulated test data presented in Reference 1
and those used in this report. This is intended to give the

user a means of correlating the data presented in the two reports.
Control positions and test conditions (airspeed, angle of attack,
sideslip, etc.) are also list:d. The force and moment sign
convention used for the rotor and airframe is shown in Figure

V-1. The configuration code used is listed in Table V-2, A

run schedule summary is given in Appendix A.

The data reference center for the internal sting balance was
station line 52.6, water line 11.0, and butt line 0.0, Data
was corrected to a center-of-gravity location equivalent to a
mid-cg as 1isged in Table V-3, Maximum Reynolds number tested
was %.28 X 10° referenced to the wing chord of .338 meters (l.11
feet).

Airspeed presented throuout the text of this report, in the
figures and the Appendix, is given as equivalent full-scale
airspeed (V .S ). For the scale of the model tested, the
equivalent %u;l-scale value in knots is nearly equal to the
model scale test airspeed (Vy g ) in feet per second as shown
below: e

(KTS) 5. ) (FPs)
v KTS) = — = ,99 V. FPS
F.S. M.S. s T‘PS * M.S.

06 (‘FS'—. .) ~ 1.681 (m)
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TABLE V-1, DATA REDUCTION

Tabulated Data
. Computer Symbol As
Information Notation Defined
As In Ref, ! In Report
I. Confguration
A. Tunnel Setting VvV, FS VF S
VTUN VM.S.
MU B
Q q
Qs qg
B. Model Attitude ALC “F
BETA -
PHI )
C. Rotor Controls, THL, THR eTIP
left and right rotor BlL, BIR | Bl
ELEV S
RPM . RPM
11, Airframe Aerodynamics
A. Lift NF NF
CNF ; Cxp
CL CL
CLS S
CLVT § CLV
| M
B. Drag | AF ; AF
CAF 1 Car
CD § CD
CXS - c
s
C. Pitching Moment PM § PM
CEM i CpM
CM J Cy
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TABLE V-1. DATA REDUCTION
(Continued)
Tabulated Data
s Computer
Information Notation Symbol As
Defined
As In Ref. 1 In Report
II. Airframe Aerodynamics
C. Pitching Moment CMS4C Cm
(Continued) Sc/4
D. Rolling Moment RM RM
CRM CrM
CR Cy
CRS i
CRMS i
E. Yawing Moment M YM
cYw Cym
CYM C,
CYMS Cym
s
F. Side Force SF SF
CSF CSF
cY C.
y
CSFS C.
ofg
ITI. Rotor A>rodynamics
A. Thrust TAV, TL, TR T
average, left and
right rotor CTAV, CTL, CTR| Cp
TCT, TCL, TCR c
s
CTAAV, CTAL, T,
CTAR |
B. Torque QAV, QL, QR ! Q
average, left and
right rotor CQAv, cab, Car CP

301-099-044
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TABLE V-1, DATA REDUCTION

301-099-044

(Continued)
Tabulated Data
. Computer Symbol As
Information Notation Defined
As In Ref. 1 In Report
I1I. Rotor Aerodynamics
C, Moments PML, PMR PMR
left and right
rotor CcPML, CPMR CPMR
RML, RMR RMp
CRML, CRMR CRMR
V=4
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TABLE V-2. CONFIGURATION CODE

Airframe/Rotor:
Stabilizer
Code Flaps Horizontal Vertical Rotors
1 50/20 ON ON ON
2 50/20 OFF ON ON
3 50/20 ON ON OFF
4 50/20 OFF ON OFF
5 0/0 ON ON ON
6 0/0 OFF ON ON
7 0/0 ON ON OFF
Horizontal Stahilizer:
Code Jacidence
0 Tail off (Horizontal Only)
1 =50
2 0
3 50
4

Empennage Off

Nacelle Setting:

Code Nacelle Incidence
0 0
2 30
4 60
S 75
6 90 (Helicopter)

Code as shown in the run schedule listed
in Appendix is written:

airframe-empennage-nacelle

301-099-004 V=5
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TABLE V-3. CENTER-OI'~-GRAVITY POSITIONS

Nacelle Incidence (deg) | F.S. W.L.
90 (Helicopter) 52.9 19.9
75 52.6 19.5
60 52.3 19.0
30 51.7 18.0

0 51.0 17.1 ;

301-099-004 V-6
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VI. RESULTS OF TEST

A. Roll Stability - In Ground Effect

Roll stability was measured in and out of ground effect by
rolling the model at h/D ratios of .53, .67, .83, 1.00, and
1.84. Aircraft rolling moment measured is given in Figure
VI-]. .

Roll stability versus height above the ground is summarized
by Figure VI-2 in terms of the amount of lateral stick re-
quired to maintain trim and rolling moment per degree roll
angle between +2 degrees of roll. The amount of lateral
stick required to maintain trim was determined by dividing
the model data roll control power into the rolling moment
per degree roll measured during the test. As indicated,

the model was found to have positive roll stability mnear
touchdown, h/D <.60. Between h/D = .60 and 1.67, the model
showed negative roll stability. The maximum instability
occurred at approximately h/D = .85. Above h/D = 1.67, or
OGE, the modeg was again stable. Also illustrated is the
small amount of laterezl control required to trim at the maxi-
mum instability height. As an example, for a ten-degree wing
drop in-ground-effect, the lateral stick for trim would be
1.12 cm (.44 inch).

Roll characteristics obtained during this test were found to
be in agreement with those determined during similar tests

on other tilt rotor models for small roll angles. The non~
linear roll effect shown above 5 degrees roll were not appar-
ent during the other model test (Reference 2). A comparison
of the results of these tests are given in Figure VI-3. With
the control power available on current tilt rotor aircraft
and with SCAS, the roll instability is not expected to present
the problem as it did for the XV-3. These levels of insta-
bility have been incorporated into the tilt rotor simulation
erc have received no unfavorable pilot comment concerning

L over handling qualities.

B. Wing Download

Wing download was obtained during hover in and out of ground
effect by making collective sweeps and comparing rotor

thrust required to hover at an equivalent full-scale gross
weight. The collective pitch required to hover OGE was in-
creased by approximately two degrzes from that required to
hover IGE. The wing download in percent rotor thrust at the
height to diameter ratios tested is summarized in Figure VI-4.
For a full-span flap configuration, the download varied from
9.5 percent OGE to -6.5 percent (upload) IGE. Raising the
flaperons to a conversion flap/flaperon setting increased the
download, OGE, by 3 percent for a total of lZ.% percent.

301-099-004 VIi-1



BELL Use or disclosure of data on this page is
HELICOPTER comman: subject 10 the restriction on the title page. 4

B.

(Continued)

The effect of flap deflection on wing download for full-span
flap OGE is shown in Figure VI-5. (The faired curve shown

is based on comparison of results of other model tests as
discussed in Section VII.) Test results indicate very little
improvement in relieviig wing download for flap deflections
above 50 degrees. For comparison purposes the test point for
flaperon setting of 20 degrees was plotted as 20-degree flap
deflection. It is nearly in agreement with the full span flap
results indicating that most of the reduction iu download occurs
from {laperon deflection or, in general, from deflecting a sur-
face which is in the projected plane of the rotor.

Rotor/wing interference was determined for forward flight at var-
jous nacelle incidence angles. The rotor/wing lift sharing with
nacelle incidence is shown in Figure VI-6. Comparison is

shown between rotors on and rotors off to illustrate the rotor
wake effect o1 the wing 1ift. Airframe lift was obtained by
taking the difference between the lift recorded on the main
balance (airframe plus rotor) and subtracting the rotor thrust
measured on the rotor balances. Comparison with the rotors-

off tests indicate that the wing lift is not influenced by

the rotor wake above 40 knots, and the wing download in

hover changes to an upload with forward flight. As shown,

the wing begins to contribute 1lift at an airspeed of 3°

knots, whereas linearized rotcr wake theory would predict

the wing to be immersed in the rotor wake at that low air-
speed.

Flow visualization tests on another modelZ were in agreement
with these test results. As observed during that test, the
rotor induced a strong upwash at the wing leading edge and on
the inboard wing section at speeds as low as 20 kuots. At
30 knots, the rotor wake was nearly completely off the wing.
The nonuniform induced velocity distribution of the tilt
rotor is considered to be the reason for the rotor wake
moving off the wing at these low airspeeds. Because of this
effect, the aircraft 1ift was higher than originally esti-
mated prior to the first tu.umel entry. Further discussion
on differences between estimated and test can be found in
Section VI.C.

Static Stability Characteristics

Stability data are shown in terms of lift, pitching moment,
and yawing moment coefficients. Force and moment data were
obtained for rotors and/or empennage on and off to evaluate
rotor wake effects. Pitch and yaw sweeps were made about
predetermined trim attitudes for level flight. Test condi-
tions are shown in Figures VI=7 through VI-45 for specd
range of 40 to "0 knots and nacelle incidence range ot 90
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C. (Continued)

(helicopter) to 0 degrees. Information shown is for combina-
tions of test data that were used in the analysis or the rotor
wake on the empennage.

Two tvpes of procedures were followed in determining trim
settings and obtaining wake data for the empennage. During
the first tunnel entry, trim attitudes and control positions
were set from precetermined estimates for rotor wake effects
on the wing and empennage. As noted in Section VI.B., it was
found that the rotor wake on the wing was different than
estimated. This was also found to be the case for the empen-
rage (to be shown later). The rotor performance versus
collective pitch setting was alsc found to be different than
estimated. As the result >f all these differences, the air-
craft was not tested in a completely trimmed configuration
during the first tumnel entry. Because of the improved lift
of the wing over that estimated, the model was trimmed for
level flight at one g, although not necessarily at trimmed
angle of attack or cvclic control position. These correc-
tions to the rotor wake characteristics were made in the
theoretical estimates prior to the second tumnel entry. The
procedure followed during the second tunmnel entry was to set
the model at a specified trim attitude and trim both lift
and drag by adjusting the controls to obtain trim thrust and
power. The elevator was coordinated with cyclic position to
trim aircraft pitching moment. Rolling and yawing moments
were monitored to insure lateral-directional trim also.
Rotor torque was found to be a good indicator for control
setting repeatability when repeating a test condition going
from tail on to off, and making incidence sweeps and yaw
sweeps. During the sweeps from trim, the controls were not

changed.

Both elevator sweeps and horizontal stabilizer incidence
sweeps were used to evaluate rot~r wake characteristics on
the horizountal stabilizer. During the first tumnnel entry,
only elevator sweeps were made. Incidence sweeps were made
during the second tunnel entry.

1. Lift Coefricient

A comparison between rotors on and rotors off lift coef-
ficients for the range of airspeed and nacelle incidence
angles tested is shown in Figures VI-7 through VI-Z1.
Lift coefficient is presented versus fuselage angle of
attack and is referenced to wing area and free stream
dynamic pressure. Comparison was also made between the
two tunnel entries for several airspezds. The second
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entry, V/STOL test 69, sometimes had higher lift coef-
ficient rotors on than the first entrv Lecause ot the
different trim procedure as discussed above,

These figures illustratc the amount of litft sharing belween
the rotor and airframe as speed incrzases and the nacelles
are tilted forward. Figure VI-6 summarizes the lift sharing
in terms of percent wing lift to total lift for the condi-
tions tested. As shown, at speeds above 120 knots and
nacelle incidence angles 60 degrces, the rotors do not pro-
vide much additional lift to the aircraft.

2. Fitching Moment Coefficient

Pitching moment characteristics for the same range of
airspeeds and nacelle incidence engles are shown in
Figures VI-22 through VI-36. Again, comparisons are
shown between rotors on, rotors off, and for the two
tunnel entries. Rotor-off tests were not made for all
speeds tested for rotors on. Comparative plots were

made for rotors off with airspeed to determine the ef-
fects on pitching moment for the range of Reynolds number
tected. The faired lines shown are for rotors off and are
the result of the comparison. It was found that for the
speed range tested, Reynolds number did not have a large
effect on rotors-off pitching moment. When rctors-off
runs are made at the same conditions as tested for rotors
on, the data analyses is easier and eliminates any
Reynolds rumber effects that may exist. Although some
small differences existed, it is felt that the analysis
of the rotor wake is still valid. As shown, the rotor
wake produces a nose-down pitching moment during low
speed helicopter flight and is effectively reduced to that
of the wing wake above 120 knots. This change is caused
from the wake changing from an upwash during low speeds
to a downwash at high speeds. Trends are similar to
those obtained from the powered aeroelastic medel test?
(see Section VII for a more detailed discussion of rotor
wake effects). The aircraft was stable with empennage on
for the speeds tested for both rotors on and off.

The pitch up at around 8 degrees angle of attack for 75
degrees nacelle incidence at 40 and 80 knots (Figure
VI-26) is similar to that observed on the aeroelastic
model. The pitch angle range tested for nacelle incidence
at 90 degrees was not large enough to determine if the
pitch up occurred at thet nacelle incideace. Comparisons
made between the two model tests indicated the same trends
would occur at 90 degrees. To properly analyze this ef-
fect would require the velocity discribution of the rotor
as the model changes angle of attack.
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Yawing Moment Ccz2fficient

Directional stability for the airspeeds and nacelle in-
cidence angles tested is shown in Figures VI-37 through
VI-45. Yaw sweeps made during this testing were limited
due to a model dynamic prohlem (Section IV) and the time
required to make the sweep. Therefore, a complete set
of rotors-on and rotors-off data combinations were not
obtained for each airspeed as tested for longitudinal
stability. Where rotors-off runs are not available,
runs from other airspeeds are shown for comparison.

During low speed helicopter flight, directional stability
was shown to be improved with rotors on over that for rotors
off. This was apparently due to the stabilizing etfect

of the rotors since with the empennage off, the aiicraft
was directionally stable. As airspeed increased, the
rotor wake effects became less effective. This empennage
configuration has ilower directional stability for side-
slip angles less than & degrees than that above & degrees.
These are the characteristics of the fuselage/empernage
configuration tested and have been shown also during other
model tests. At small sideslip angles the wake from the
wing/fuselage intersection reduces the dynamic pressure

at the base of the fin. At higher sideslip angles, the
fin is in the free stream which provides increased sta-
bility.

Rotor Performance

Rotor performance was measured during hover in and out of
ground effect, helicopter. conversion, and airplane {licht.
Data presented in Figures VI-46 through VI-56 show the
average power ccefficient and thrust coefficient of both
rotors for the airspeeds tested during a collective pitch
sweep.

Figures VI-46 and VI-47 are a comparison of the effect of
tunnel wall interference on rotor performance. With the
tunnel walls up (open test section§ there was a slight
increase in power for the same collective pitch setting.
Thrust increased for 20 knots and decreased at 40 knots
for the same collective pitch setting. Figure VI-49 shows
rotor power coefficient in ground effect compared with the
faired curve out of ground effect from Figure VI-46. Ground
effect was shown not to have an influence on rotor power.
Some ground effect on thrust was evident in Figure VI-50.
Very little change occurred until the model was at a h/D =
.53 or near touchdown.

Rotor performance is summarized at trim attitude for the
airsgeed and nacelle incidence angles tested in Figures
VI-27 and VI-58. The test data are compared with estimated
performance using the digital flight simulation program.
Pretest estimates were made using linearized rotor wake

301-099-004 VI-5
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theory. Post-test estimites are made using rotor wake
effects based on tunncl test results. The primary dif-
ferences between these two mecthods are the trim angle of
attack and wing downloading. Pretest estimates were
used to set the model trim attitude; therefore, compari-
sons made with post-test estimates are not necessarily
at the same angle of attack.

Preliminary analysis made between tunnel entries indi-
cated differences between estimated and test. As a re-
sult. improvements were made to the rotor data tables in
one of the digital simulation programs (C81). The tilt
rotor simulation program used in post-test estimates has
been shown to be in agreement with the full-scale wind
tunnel rotor test. In order to use the tilt rotor dizi-
tal simulation program, a change was required to make fuse-
lage drag and blade twist at the three quarter radius
input parameters. As shown in Figures VI-37 and VI-58,
the post-test estimates for power coefficients are in
closer agreement with test than pretest estimates. Both
estimates for thrust coefficients were in close agreement
with test. B

Reynolds number effects on the airframe and roior vere
not accounted for in the estimates. Thise effects were
accounted for in the analysis of data from Reference 2
and indicated that closer agreement could be obtained
between estimated and test. Because of time, this was
not included in this analysis since these effects were
previously established.

Rotor Flapping

Rotor flapping angles measured at trim attitude are shown
in Figure VI-59 for the airspeed and nacelle incidence
angles tested. Total flapping argle measured was similar
in magnitude to that measured during the aeroelastic
model test. A comparison is shown with post-test esti-
mated fore/aft and lateral flapping angles.

Rotor lateral flapping for low speed helicopter, obtained
during both powered model tests, was higher than originally
estimated. This was found to be the result of the induced
velocity representation being used.2 Pretest prediction
methods used a triangular distribution of induced velocity
which includes a factor to modify th. triangular distribu-
tion for forward flight. The factor was derived for low
disc loading, low twist rotors, and has provided reasonable
correlation with such rotors. This factor was revised to
reflect the higher disc loading and twist for the tilt rotor
resulting in better correlation between estimated and test.
These factors are summarized in Reference 5.

301-099-004 Vi-o



Use 2fF Dacldsure of @313 o0 Ny pa s
Solaedl 10 the restrahor or the Utie pa#ge

L8

8

E)

/

T, RM ~ N
(MCDEL 'SCAL

8

«

0

:

S EERa! SR
ROLL ANGLE ¢ ~ pEa

ROLLING MOMEN

Figure vI-1. Rolling Moment in Hover,

301-099-004 Vi-7



8ELL.
HELICOPTER comsany

IS SN .‘..._é,", s PRURP S

T - o4 2 04 08 NE
LATERAL STICK DISPLACEMENT TO TRIM,Xu/P

i 1 INCHES / DEGREE OF RoLL L
-0 —L > -20 (&) 20 40 &0

ROLLING MOMENT/DEG RO, RM [ @ ~ IN-1.B/DEG

Figure VI-z. Roll Stability Characteristics in
Hover,
301-099-004 Vie8




h BELL Use or Mscipsure of datd page i
HEUCOPTER commany subeet 1o the redtrchion 5 the Llle pdue

reess Tosriieas LSTE IT3Et LETTIORES: STt I T
i33s $ 44 = i H il : :
: oot beids bompe :
b4 : ) 4 4 evad
T ¢ e -
T ! ::
: 3
s . . .
seoshil i >e o : s H
t+ : +
: .
4 4 5854 -4
e T -
- + 4
¥ bete o
$1 siia4: 143 o 2 b 3
I
:
H
bt fpee:
-+ P g cid
I
roey
‘s

4
: H
[ 1 B RN
R S : 1 S
NS S0 BN
— ™ : B SER8% SETeS Fasara * : :
4 HESE : R N :
) i - . : -
’ - i R -3 * et -
- * S e T - -t
i - - - L s ’ - 3 .
} 1 : BERESE H
T T H . b P P T H
B i I8 G- i
: i RSN SN S : T

T il te B

B )l
: ! v lllall

N z FOIN LIl I SIIIRTII PR
. i coanrbinigoe . I I Lol
- IR f- i P . 1S IS TR -
P PN . LLln T, B - : .
- i
.. .. . N ce areaa- . B TRy - L - . »ol .
; RN BT i i i :
. - . .. P Y N P ok <l . . IS . o= 4

,2 '-008 :ud’ o 004 -08 Ola .
LATERAL STICK DISPLACEMENT TO TRIM, X1/ ¢
INCHES /DEGREE OF RotLL

Figure VI-3. Roll Stability Summary in Hover

301-099-004 VI-9



BELL
HELICOPTER coMmfmany

I

R SURS-US S

. N . :
S e . :
s N . 3 N
: : S N N
B . . : :
! . ‘ 1 ‘ i
SRS F— S, . (PP SUUES
. L L : Z N
* 1 T T

L :

-4 o 4 8 12

16

WING DOWNLORD ~PERCENT ROTOR THRUST

Figure VI-4. Wing Download in Hover

301~099-004

VI-10



BELL

[
HELICOPTER comsany

PEodd Sbiad pod 000 POPED St pebdind Sl

: . . H H .
* 1
: 1
. i b UG SRS .
i : :
: o H H
. H :

. v : N : Lo : :. A .
- cevan e PR G S, DUTUQIN S POy SN e
i i . : . . N . .
Ll [y . . : I - - |

Figure VI-5. Wing Download Variation Wizh Flap
Deflection in Hover, OGE.

301-099-004 Vi-11



BELL R T

)
HELICOPTER commany R I R T Ty T

o

/20

T
~
Q
o

WING LIFT/TOTAL LIFT - PERCEN

1
Llepeiaes
t

0O 20 % ¢ 80  joo
AIRSPEED, Ves ~KNOTS

Figure VI-6. Wing Download in Forward Flight, OGE.

301-099-004 VIiI-12



BELL

Gse Of Bscingnre 20 QM2 0 i piGe By
HELICOPTER comeany

sube(t 12 the restrichon 30 the UHe page

[ Trerfier fioe
Feges Sy
| ¢ o el 35 s
E L :
| 2o + PRS Miptd¢ ¢0004 : 2384 Sy i
15494 : Tae
¥ jeess 11e 33 +
- oy [2g=s + e+ Tese
e tyie P3s2:
” o IEERE sadet 11LTa g
b0 SE0y atengs
23 #3394 [RERLER383 2338 Sges
! 14 peitt et AT 1832 sttss soass

I8

b

I 333

13338

[

S e S SRRt RN el

e
"D il .
=3 *
JOUR SRS S0 RS S, SRS P - H

3 : : : y
i : : . | H
! B i H . ¥
i s . - : : e .
} . . H . H H H .
! R ! 4 : H . R
. H : H . 4 H .
T . e T v » H -2
H H ! : H H :
H : . . : B H

LIFT COEFFICIENT - C,

&

~30 ~ZO =10 o 10 20 30
FUSELAGE ANGLE OF ATTACK,*y ~ DEG

Figure VI-7. Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle Incidence
900, Airspeed 40 Knots.

301-099-004 VI-13



8ELL ’ e & -
HELICOPTER comPany [T . R

errdiies

T iy
e

838
shee
sa
e =
’ge gEeet
a%s
=
oo fo=s $3424
b1 o6 = -
4 gene 24
3 1 i
- ot S40ed
T reee $83
-~
23
- -
-t
ees
s
4 -t
8t 1208
' 4 333 2222
[ S cEnas SuThe G4
+ ot

ThTRelbefast

4]

S SN

..;:.u.iw -

LIFT COEFFICIENT - C,

~10 0 10 20 30
FUSELAGE ANGLE OF ATTACK, & ~DEG
igure VI-&. Lift Coefficient Vcrsus Fuselage

Angle of Attack, Nacelle Incidence
900, Airspeed 60 Knots.

L &3

301-099-004

VIi-14




YA BELL Use or diclosurs of 3t
HELICOPTER comPany subiject 1o the restoctior

iy page o
uothe Ltle pae

T T 1483 258 T fer T I
F 33 Pt prihiing
phad p0008 SPONS $300¢ Sugupatand bl toe P3gs ghoed PESos poiv FReRe
T e ot Histupatee roid $Eoes Suuge Hhpee
3 o33 o} .
pos &b o4 4 Boas Loe shad. v
IS 33 : fae &4 a4 1 498
] 182 85" 32058 $00¢1 poTassogay ton
T pe p § o $- + ARy $E3 11 13 1eE2¢ 2279 S g 143323 Lo oS+ sgiu
+3ritye aad et I T I IRt Rt o e o $irevhiseed jaes soovg somne
4 444 4o + 441 rrfrrirgriterpriiadiesideis wrkeneyd i PORS 24 S04 phbrie ehiverdrirrden e
fet N o
k'::i - Je3ss 1221 e TRITIIRILIIESIISE 34 ARET SARNS SALRIITSS3 SENSI3E0TE BT FRRLI S3020335: ; SYBANITSNS 135S ITIL
s I b N
i b it 14 b3 b2 & 13- 3
3 M 1 433 bt 1 +
eas 3 TRt v vttt tRi g gy rtodo ot rberragets 19 32223 1R223 1220048 IS S LR Fsstes IS 122Ls R EEEE) 153
s bh4 1580 1368s ¢4 18343 4 i i S 3338 H H IR RPERS $544
[‘»- 11 1231 11 -3 21530 13238 3 . it § P 2S00 2 11 3 2 3
? b + - e + + + theed s * 2 e
39 "t - 122 'SELH s 11 228 S2L! L 3827 13 13 -+
5583 vol v e by A 143 5 S99 H ¢33 1S3 841 ¢ 14 LR et
e8¢ 3 Rt 34 193 e : j3st ety 2894 2 $34 H 3
s9es S 27T 1R EREY T roii FETT T IR DY ¥4 T T
eee: + 34 $94 12288 & 23418 132 ¢ &9 19eTS os B i
spme. 2§l [2ees 41 ¢ 133 ey M behyle s +e
s j3 251 Sptees ks 084 4% 3 444 N 3
vesae «pesy b4 [p e e T phes § Sye= EE: bt
~ e + o2 4 ) v N s
bt I b3 53; i 331 ¢ = BT R
s + + ous E2es % 995 :
sess
et
pye IS0 I I
b4 L 3¢ sasessinl
I 4 jases o¢ boors TR i
T T 20354
(R3S 2o aas 54 Free
S0
gy Ll
3 oy sifevis vogrsraifrine
1 LSRRG TET 3 9 $0508 SAFS4 LIRSS $0009 $EEED LEE34
aR3ee 43334 obe 13 19541 PS8 4043 184S
+ 1328 33431 Sily
Tt o3
Shpie
iy
pe30e
il
[33¢
3

Tt

LIFT COEFFICIENT -C,
[

[P IRN .2
e +
ok i

e

.

FUSELAGE ANGLE OF ATTACK, XF~DEG

Figure VI-9., Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle Incidence
900, Airspeed 80 Knots.

301-099-004 VI-15



h BELL
HELICOPTER comrany

sresess o et vonsy rgRRE samEs Te: v
332 1231 i35 getl iiesiiaes iis RH
st to3T Ftee spiye uuld o
~ rieipbogl oiost PF0s shebyiiues o
T £es 3151y 1313
K
1
1248Y
o
ij
y b
: i
it
£ & 3
it
Herprpnignie gt
e .- 354 trd +
44 . IRt g‘p I
vide v Piredieiigid
11 1333 331 31 i
soe JSI31 1EESILESLS 1IR3 EETSS P4 T
2B 058 54 tog IRSEs s22%s B3 N
3 Hupnis i !
o344 sttt sgeds 4t 43H I :
S oeis 1e [225s 25t SAQiretht dhgereedy e
12554 o4 podas (3544 40043 SERSESURNS SR04 M S
43 sipefitiatitaciacafrrrrdriing [
35 t1 il
%
4
H
pevs b3t
i3
res
pod
SPaa ooty
L 4 R T T o
T - 1 LREEE SHARS SRR Cubes ant : T 1 T
01 SO0 IORS1 SRS N R SEERE P L :
eSS : o e ! . L
R : : : ;
3 : R : !
A S ! i . :
P Lot : H ! . .
T ' * ! * T '
; : H . : ;
i i i H H B H N
F I, SUUSS SUURS SUUS SUUUSSUORE SUIE PRS- SUUOE SUUDE FSSSINUN FURS SUDES SRTUSSNUNS SUP I
el ! : ! : : : T H
' § . i ! H
H . J |
; i . 3 .
I ST b 3 v .
IS PR i s . i
R N I + e
Q . I 3 :
R : ! .. :
SR o : : [ : i
et + r—
Y -
. . .- .-
i o
: ! ;

-0 -20 ~/0 o 10 20 30

FUSELAGE ANGILE OF ATTACK,o(r ~ DEG
Figure VI-10. Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle Incidence
900, Airspeed 100 Knots.

301-099-004 Vi-16



et Gagiisgre Tl A N
HELICOPTER cowmPany ST L e et Y BRI R R

g
)

o~
.

LIFT COEFFICIENT -C,

¥ . .
[ : :
I SNCEI-E UL UL SISO I P
H : :
1 - .. .
— -
i 5 1 .
: ! ! }
. SO I B TS 5 1 -4
: H i i
! H i i i
M + .
] i + - i . N
—. > - ke _— -k D ik e e o caeaamd
: : H N
- + . :
. i i ; i i

10 20 30
FUSELAGE ANGLE OF ATTACK o ~ DEA
Figure VI-11. Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle Incidence
909, Airspeed 120 Knots.

3G1-099-004 VI-17



oA
1
S
[
B,
.
B
'
B
>
R
N
&
‘o
..

BELL

RELICOPTER company

)

Geremmann

i
1
S-S,
3 .

:

i

e

SEGUINS SONE—.
! T

[ SREDD S
]

30

V7

/

L 574

2

[\ ) 9
- -

—~ANIZIO/SATOD L A7

-,

G

‘uselage

of Attack, Nacelle Incidence

SUSEMGE ANGLE Ci= ATTACK, g ~ D

e
Figure VI-12.

d 40 Knots.

irspee

A

.

Lift Coefficient Versus
%le

2\

n
75

.

301-09°-004



h BELL
HELICOPTER coMPANY

i
-4

Y
: .
: :
DU P
4

3 -

—h

pEOs sppeed

3 0 T
T AN/ ASBOD LA1T

ANGLE CF ATTACK ;< ~ DEG

FUSEAAGE

Angle of Attack, Nacelle Incidence

Lift Coefficient Versus Fuselage
750, Airspeed 50 Knots.

VI-13.

Figure

Vi-19

301-099-004



8ELL
HEUWCOPTER coMmeas.

~
L

LIFT COEFFICIENT -C,
o

EnPEMAGE [ RuN T7EsE |

NN @ (2 0% 162:047) 3L L
i oFF . 204223 i ]

dev@ ch: 0l 196 3 ) !
A S

-30 -20 -10 e /0 20 30

FUSCLABE ANGLE OF ATTACK ,F ~DEG

Figure VI-14. Lift Coeificient Versus Fuselagze
Angle of Attack. Nacelle Incidence
750, Airspeed 120 Knots.

301-099-004 VI-20



. HEUSCOPTER cowmany R T e

3
A R T SRR FECTIIT IR R CERLEEer STT R IESELTURE PENESESS  SNUETOLT: SHMINNS SEEOEANERE ERNEINENS IR EELOPORUNE ST
t
- s SR
u S , ; :
=~ H : !
N * H 3
I R
3 z et
Lt T
. : ¥
o iy 1.
o |

-30 -20 -/0 0 /0 20 30
FUSELAGE ANGLE OF ATTACK o5~ DEG

Figure VI-15. Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle Incidence
600, Airspeed 120 Knots.

301-099-004 Vi-21



BELL
HELICOPTER comeany

E
l...

.......

!Q
: €

.....

1.6}

vvvvvvvv

LIFT COEFFICIENT -¢,

FUPRURPHRPNY SIS I SN ETRSPS PP S

H
H i
Y T 3
. ! H
. . H H
- : ; H
s : . -
L . H -
: T ; H 1 H i
H . < : . H '
. i i : H H
. 1 i . i s H i
USSR S can . - P - -t
i s 3 H ¥ .
. : : : H N ‘
- i : . i i H M B
- 1 M H M H e ke . S

-10

0

10

20

30

FUSELAGE AMNGLE oF ATTACK & ~ DEG

Figure VI-16.

201-099-004

Lift Coefficient Versus Fuselage
Angls of Attack, Nacelle Incidence
60%, Airspeed 140 Knots.

VI-22



B8ELL e o e
HELICOPTER cowemany .

N
[~

o~
o

LIFT COEFFICIENT-C,

:
H
H H
- 1
. - s
H H i +
g-- o . -
H h : H
H : ' .
H H H H
¥ H b H
i : i : H
H : H H :
A N jrop S
i : { {
H H
: :
T I
: ; H
i . i .
S S VY S SOSN8 S-S0
. +
. : h
T T I
. I . i
N SRUUS SO SN ST | SR
s . I R
i . N {
. - RS
N . :.
} M H
! PR
L R e S SO S JERSN S
s :
S SUUS SOOI SN SO SUUUE S SN SN SUNS SO SO
i : T t :
H H
. il
T *
H H :
H i :
t . . :
‘. SO -4
: T : !
- i . H H ]
i H } { H

20 30
FUSEIAGE ANGLE OF ATTACK o ~ DEG

Figure VI-17. Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle Incidence
309, Airspeed 120 Knots.

301-099-004 VI-23



H BELL et R ae ey T s

HELICOPTER compPany B L T [ SN

...........

~~~~~~~~

N
[~

X il...,g o

A2 AR
w 7S Y -
- — : ¥ H .
| Z FRR f///. ! ! i [
— - i i 3 i H B ;
Te ¥ s 3 ¥ v I N
u B } : t + ) HEE
1 . i : i i Lo
pm o -~ FEERER I Seeen s [ IR -4 --eed B
L o | ! H H i !
l i : H o i
o B P : : e
IS VI SRS SNE SN SO SS SO S S S-SR SO SN SRS SO
..... i : : h i b i : N H H
: i : : ! H
O g 5 o T
1 * T * 1 T v 1 3
H : N : + H : H :
T O e
-_— P : : : :
3 ;
| t t t T
M H H
i ! :
IR SUUNR H
i : N
i :
[ SO S SRS S
R ! ;
; H ' i
s H 5 H
I H H 1
SrrTTrITeTYT e S
i i i
H ; ;
} 1 + +
i ! :
s . H
H : H
! : { i
T 3 +
} H
H ; ! H
I PO [P . H
: H 1 H
: o i o P
TSR IR ! o | R

0 10 20 30
FUSEAAGE ANGLE OF ATTACK , ol ~ DEG

Figure VI-1S. Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle Incidence
300, Airspeed 160 Knots.

301-099-004 VI-24



8Ly A A S AT

J HELICOPTER cOMmirany it B

ing

1.6

LIFT COEFFICIENT - €,

e SERTY st CUSE Shht A mid
1

i H : M B
i i . 3} H
.. i SRS - R |
H i } ' ! i
s i " . . :
T T 1 H
) i : H
! ! H
e S O SR SO S
: : ¥
i i } 1 H
H H H i i
i i I 3

-10 0 /0 20 30
FUSELAGE ANGLE OF ATTACK ol ~ DEG

Figure VI-19. Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle Incidence
00, Airspeed 120 Knots.

301-099-004

VIi-25



T 1 T T

[ | aas R SO i ,
A ! ) ;
: H |
: ! T : 1
t i e 1 !

m . - o ; b
iiedi - L
- T v
. j . 4
%, . ;
e et i IR & 4
- . H
; e :

= . s e IR PRI P e
: } H ) !
- . i

M -W ..... ]
................. foens 'y

BELL
HELICOPTER comfany

o)

X0

) ) ~N
~ < ~

Ty - ANFIDN4430D 1411

30
DéeG

t Versus Fuselage

o)

LE oF A1TACK,

FUSELAGE ANG

&

icien

3

ft Coeff
Angle of Attack, Nacelle Incidence

00, Airspeed 160 Knots.

T3
s b

Figure VI-20.

301-099-004



'. 8ELL R O N S L R AR L
HELICOPTER coméfany T L TR HE N MU B i

20
<
v
]
T
2 |6
(&)
o
<2
w)
Q
J
-8
—
*
- :
4
,i
- &F ol ] ; : S : :: : ; : : : :
-30 -20  -lo 0 10 20 30

FUSEIAGE ANGLE OF ATTACK, r ~ DEG

Figure Vi-21. Lift Coefficient Versus Fuselage
Angle of Attack, Nacelle incidence
0°, Airspeed 160 Knots.

301-099-004 Vi-27



8L L R A pre Mol E [N
HELICOPTER cOMPANY gt M st ot R P

4t

J
S

'
L))

&
o

ENT COEFFICIENT

s
®

F/ITCHING mMom

SUNNLSPEE Do

SUSUNRE S

-320 -20 -/0 o /0 20 S0
FUSELAGE ANGILE OF ATTACK , & ~ DEG

Figure V1-22. Pitching Moment Versus Fuselage
Angle of Attack, Nacelle Incidence
909, Airspeed 49 Knots.

301-099-004 VI-28



P s
e

Sothe Bt

Py

OF sy iy
spbiect 1o the reteat

Use

8ELL
HELICOPTER company

@

oA

12232131

1332242

T
:
4
ik
TR RS
EEMAST,

M *
333 S53% Hhes i3

> 1 :
ESE3% 15253 soake S22 fEaets : o
nn 331 i IR 34k & ! )
3EES £33 Byt 825 ey S £y RE
m“ PS SPPEe SQENE PB4 »m, : : I !
0004 oy pe 3 . e
iR s3ct 33 itk :
2922 2 eas spans toves 1 ; (@)
ESEIE 3EE: HRSI 13082 soney sanes }

1

e e e eees Haer St

T N Q N
— *

YWe (NDIFS70D UINIWOW 9NIHILIA

Vi-29

OF AmCK)K: "'%6

Pitching Moment Versus Fuselage
Angle of Attack, Nacelle Incidence

900, Airspeed 60 Knots.

FUSELAGE ANGLE

Figure VI-23,

301-099-004



BELL . =

HELICOPTER  ompPany J

:E

FEICIENT-C,,
N

o

.I
0N

e . LT ST

PITCHING MOMENT COE

i . : : ‘ . i :
1 X ¢ H ! ) : H
........ —iolliall e A T [N : .
; (SEE FiG V/-9 'FoR:sm)
R Biians Tk et
: ! oo : : : i
Lo | S DT S e
It : : : . ! ;
N T = + t H T 1
....... ERIEEEENN SUEES SR SRS i L : A IS !
. H : : ¥ : h :
H + I . i . . + *
t H : } i : H i
— - '
H i 4 i ! 1 i i
+ i i i v H 1
- - .. N s i .. i
i i : ? t : H .
: H ' i t ! H i
H . 1 : i
‘-8 b T * + += - T 1
i H i ' H V N H
S : : ! ! : i !
_ : RS SUUNRTRINS SR i : ; H : L
: H H ' H : H H
i { H H : H i : i
! H : | | ; ! t
} o . H . ] e 3 } H . e
T 1 t T v : b H t H 1 ‘ t
: ! 1 ! \ i ; H \ ! ! !
; ! H H i i ! : { 1 : :
Lo P PO i . H BN i Ca R
! : : : i : r i i ! ! i i
H ! t + ! i H i i {
_/0 i ~ 2 H i | } i 1 i ;
.

-30 ‘ - 20 -0 < 10 20 30
FUSCGLAGE ANGLLE oOF ATTACK, Slp ~ Dela
Figure VI-24. Pitching Moment Versus fuselage

Anglie of Attack, Nacellc Incidence
900, Airspeed 20 Knots.

301-099-004 VI=-30



BELL Dae Tt fsoiaut T
HELICOPTER compasy sunpgt T e ettt o

PITCHING MOMENT COEFF/IC/IENT = Om
[}
N

.
;;,
..... i
-4 - - :
T Bt
-8k 2 ;' -
. : - SR i i - 4l
- 7.0k L : U S ST Tt R SO . i_ : L
~-30 20 ~/ O o /0 eo 30

FUSCLAGE AAIGLE OF A TACK o~ DEG

Figure VI-25. Pitching Momen* \2rsus Fuselage
Angle of Attack, Nacelle Incidence
900, Airspeed 100 Knots.

301-099~004 Vi-31



BELL
HELICOPTER compPany

)

s

h

[
no

H

:
H H
i

H
H .
s H
- R e : i N ST . . . . : N
H | -V B St I S 5 -4
T T Ty T TT * M T T : : :
MBS AN i PO H H M I M ! M : H : H . H
M S AR S P : . . : . H . H p H - : H
Il Lo Ts L i M L. Lol . M H : H X i 5 3
e NN e B . - - - - . . + . », 3 4 - . F - B
PSS ONUE SRRSO S : . : . : : R : H : ; M i :
T P SR . Lo : : H . B M . : . H N :
Y DS SR T N LT L . ! M . H . H : 3 ‘ . H
-l - SUURSUI- NN S, <50, =6 SUNP-SPRU S-S0 -SRI O R ) e e -
P g i M b T T T : T * i T O : H H H
M PO : R Lot : ! a : H : H : i : H
: Tl Sl : i : . . : . i ‘ : H ‘ H
: . . : : : . H : . . < N . i
Y + - T * T H
. ' - ! : - : : .

: Mo : H N ! H . N H H

e —— R s IO R T - S S [P -— . -4 o ——
+ : . H
€ H

PITCHING MOMENT COEFFICIENT ~Cp,

S

i 120 | 50/20 | OFF |oWe@ 4,70,
....... L 1 " LOFF on@ dytol | ASf30m 63 |
f L - loFr i oFF T Res Ted |

-30 -c0 -/10 0 /0 20 30
FUSELAGE ANGLE o/~ ATTACK, oy~ ~DEG
Figure VI-26. Pitching Moment Versus Fuselage

Anéle of Attack, Nacelle Incidence
909, Airspeed 12C Knots.

301-099-004 VI-

(V]
ro



44444

$4dddd
e
3

13 n-i4

i ransy

N 3

2
N

!
*

'
L)

PlTCHING /MOMENT COEFF/ICIENT ~C

Py =N
-30

FUSEBLAGE ANGLE OF ATTACK, olf ~ DEG

Figure VI-27. Pitching Moment Versus Fuselage
Angle cf Attack, Nacelle Incidence
759, Airspeed 40 Knots.

301-099-004 VI-33



HEUICOPTER comfany R PRt e ,J

p—

&

&

NS

PITCHING MOMENT COEFFICIENT -,

S S M Y
B i H H
H H .
. H i
. s H
t : H
. H :
H N H
- - H H
. T T v !
H H H
[RESS .v-..mw.w.-..-“b_..”. L3~ - +
i T > i H H
H !
H \ . + +
+ —1
: \ . v H
: : : 4
N - 2 i - 3
T M 3 :
. H ¢
: : : H s
H : H :
i
h 5 H
.- i PN
! : i
. . i
H p !
: § . H
i [ S H
i i
: i
< ~ H
: M : . H
- S i - —— Samaima 2
: . M . i
. i . !
—
ol : H H f
- P - - e e— S POV S - -1 )
| onpa i . . 1 7Y 1
: : i K H
! N 1 i
-.8 - - e - : .
. : . H
. H : : H 1
: H 1 H i
SO - —aw R S :- . - < - 4
T : : T M T H
. i H
. : . : H
M i +
. —
1 T T T
4 : +
BN WG QI + - - — 4
: : !
: ; H
i :

= -20 -0 c 10 2o 30
FUSELASE ANGLE OF ATTACK , adr ~ DEG
Figure VI-28. Pitching MMoment Versus tuselage

Angle of Attack. Nacelle Inciderce
759, Airspeed =0 Knots.

301-099-004 Vi-34



BELL
HELICOPTER COAwWMNY

MOMENT COEFFICIENT - Cm

PITCHING

FLAP

RUN

TEST]

"EYM] MAST | AIRSPEED:
L _JANGLE | k0TS

ANGLE |

ROTORS JEM PENMA@E

“NoT

:NQ.

Y,

Cap
2
Lo

h"‘"

It

-3t

-l e [i7s | 120

P

5420 |

4

| OFF f'

ON OFF.-

ﬁg&ﬂ

ERE

J46;

-39 -20 -10 0
FUSELAGE ANGLE

10 20 30

OF ATTACK, & F ~ DEG

Ficure VI-29. Pitching Moment Versus Fuselage

Angle of Attack. Nacelle Incidence

759, Airspeed 120 Knots.

301-099-004

VI-35



BELL
HELICOPTER «Osisann

O

W
AV}

K
L

PITCHING MOMENT COE

- : . B ‘ . . . : . N : N :
. H - . kS N - + ' K . . - . + ke - . . v
: - R : [
! Do N : ! .
[ VU S S-S S S ST SN S AU UIN-S O S-SRI SR SRS S S S
R : : : : : R i : ; 3 CCRD . :
B 3 - - B . . - . . . . B H R - B
— T PR R + T ISR AR S Ry T d
H . H < H . H . H H . ! . H . M H - : H . H
1 H : [ S | S
: : : H - . B . L N i H : v H : H 1
T e R ST T IS PR PTRRS 9 } TSI S 3 el 1 H
Satet S A A : i * ! 1 3 !
oo H ! H H : :
] 3 i : H : :
t T * + *
p . H
oeie N : Dol N
. i :
- -

0 S AT D T T S S S S D I
-30 -20 i O 10 20 30

—_—

FUSELAGE ARGz OF ATTACK, 2 - DEG

Figure VI-30. Pitching Moment Versus Fuselage
Angle of Attack, Nacelle Incidence
000, Airspeed 120 Knots.

301-099-004 VI-36



BEL L [T S TR R RN

[)
HEUITOPTER Comoany R T L E I I L VR

PITCHING MOMENT COEFFICIENT - Cp

-30 - 20 -/0 o /0 20 30

FUSELAGE ANGLE OF A7TTACK ol ~DEQ

Figure VI-3l. Pitching Moment Versus Fuselage
gsle of Attack, Nacelle Incidence

\n
60©, Airspeed 140 Knots.

301-099-004 -



BELL
HELICOPTER cOMimany

ey |

PITCOHING MEIOMENT COEFFICIENT - C,pn
. .
)

T
H
. M . M <, B : 9 i H .
4,._-....,,“_..,_.4.,.-Au. E gosol : T SIRETSUEE SELPPRRRRY JE PP S H R B
: : [ : H : : R £ . H !
! R : : R
: H H » : : H
Dol g [ EEUUC SR SUU U S SURNE S S Qw. S S K :
T : d H s ! 3
' Lo oo H : H
‘/ : FE H : . H : !
v H . : : : : : : H
i + N N
H H E . ;
JEO [ S - P 4 H
: ¢ : ; !
H ; - Z
H 1 e - * T : > I . : —
i . : i : H i . . :
e .
P 1 __ELQJ _qujm;
3 ; B ] <= U
H :
H :
i el .o S [N e e R S
: : :
i N H i
- — : -
H H H
H H H
H : H
. U S, H i- H
' : :
- :
: B )
: H H |
i s ;
: i
j
. ek H
ol i
¢

'
W
INY
r\l
~
J/

-0 O 0 20

FUSELAGE ANGLE 2F ATTACK, ol ~

Tigure VI=-32.
Angle of Attack. Nacelle
300, Airspeed 120 nnots.

301-099-004

Pitchinz Moment Yersus tuselax
Inci

30

DG

dence

<
bt
1
Lad
f



[)
HELICOPTER comrany P

BELL e e e s

644
IS
1

.......

L*:,ﬁL#;A-._._:.H, UGS SNSS S

§

TORS | &

H

EMPENNAGE | RUN
e

1

CQVE>§(NV56{'

T

ON | o T | z43

PITCHING MOMENT COEFFICIENT - Cp
N

OFF_|ON ©14,=0° | 157

1220 T

g

OFF | | OFF | fyesyar|

: H H :
Bt i RN il ‘g_, SESSTIUUE SUUNEIR 3} Al
- & . j 4 . *
-0’.0 S A A | H { : d i. i i j

-30  -20
FUSCLAGE ANGLE OF ATTACK, & ~ DEG

Figure VI-33. Pitching Moment Versus Fuselage
Angle of Attack, Nacelle Incidence
300, Airspeed 160 Knots.

301-099-004

VI-39



BELL el te Pty T e
HELICOPTER comeany T T T S

COESFICIENT —C

PITCHING /TONYENT

+ i

_,'o.f‘:: : : N N R S
-390 ~-20 “/O o /0 2o Fo

FUSEHAGE ANGLE CF ATTACK, XF ~ DEG

Figure VI-34. ritching Moment Versus Fuselage
Angle of Attack., Nacelle Incidence
00, Airspeed 120 Knots.

301-099-004 VI=40



BELL et et oty [N R S
HELICOPTER compPany T T e B NSRRI I R s

RSN USRS UUUNS SUUNEIUUTS SUNIE VU SRR SR SRS SUPNE SUNE ST ROV

TEHPENIATE |

........ -

ON@L'
_ §O,F1 ; : ‘
F_ ‘omg_g,tg AR ENR
e | o ez

PITCHING MOMENT COEFFICIENT - Cp,

,A__.‘,.___'T,.. R SRR

B
’
SR
P ISR S a2 EaRaT xem 2 IREPTETTTY VRN DN SR vas
' \ . B PN ! .
3 : | FE AN »y. .
s et SRR ‘s = R
H (- . i . i i
H . ! i ! [ . . o vl
v : : N T T
i

1
t
+ H N :
SSUESTUR SUNIC SO ST SRR SRR . o LA
- R TR t i P } : ]
,.a» RIETIE TRRSECEENN SL ] IS L | " { ! ;

-30 -20 -10 0 /10 20 30
FUSELAGE e OF ATTACK, ol ~ DEG
Figure VI-35. Pitching Moment Versus Fuselage
Angle of Attack, Nacelle Incidence
00, Airspeed 160 Knots.

301-099-004 VI-41



BELL
HELICOPTER company

FICIENT - Cm

PITCHING MOMENT COE!

-30 -20 -10 0 10 20 30
FUSELAGE ANGLE OF ATTACK, &k~ DEG

Figure VI-36. Pitching Monent Versus tuselage
Angle of Attack, Nacelle Incidence
09, Airspeed 160 Knots.

301-099-004 VI-42



8ELL St Gt gt
HELICOPTER comirany e N

R

o

::.iz‘,

J
v

YAWING MOMENT COEFFICIENT -C,,

. : H
: . '
: : o |
. . . i . :
R st A A
: : [ !
Ié - . : R : i
-n * > -
u R i ' 1
o . : { : ' H
AR SERED ARt Sl -3 1 .
: N ! i
: 1
: !
. v +
: H
RS SRS SRS SO SO - Ll
: }
: R !
. : !
IS RS .
: : i ' ;
> . . 1 RS . 1
: i | ¢ i :
ST ST i R i :
: i t !
-.24 : : : ;
H i H
% 1
i ; :

20

YAW ANGLE, ¥ ~ DEG

Figure VI-37. Yewing Moment Coefficient Versus
Yaw Angle, Nacelle Incidence 209,
Airspeed 40 Knots.

301-099-004 VI-t3



h [S] UMW
HELICOPTER oMy

...........

.
S

IS 1323 23282 228 R
IERI SO B cafeta

SRV SO S S

-
Y
(2]
3535 S3ERE SR5E SEEE1 BE:

FFICIENT - ¢,

Q
(8 )

-
=

Q
<

,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,

X
o

YAWING MOMENT COE

i Rv' ”ms .QAL--,“‘- b

,.MPL.MPGE COFEFE
: j F S O O T
_ S S S M I ST T R i
- : oL ; S . ;
e S S | 5 |
N i i b

KO e : ! ‘

: TR SRS SR ST S T

- 12k Lo { L ; i i

-4 o + 8 12 |6 20
YAW ANGLE, Y ~ DEG

Figure VI-38. Yawing Moment Coefficient Versus
Yaw Angle, Nacelle Incidence 9009,

Airspeed 60 Knots,

301-099-004

VI-44



f!ELL

HELICOPTER cowsasy

TR

.........................

..............

.04 g

...............

‘Cfv
2

!
>
N

YAWING MOMENT COEFFICIENT -

- 2 ;
s
H
H
3
H
e -1 T e 1 Ey
i } : : { H
- I‘ . -4 . N . R
: : : 3 : : :
v * ¥ T N T
H ! i H H H i ¥
H H H ! .3
) ! : H H {
LoIliliieol i S SRS SRS I b ST S
M : e . M : 1
: i i . : . ;
_
t = T T ; : * T * 1
: H H H : 1 : R !
: i : ! t H : i
SOPUU JONRIE- UM OU U SN UGV S-S ST SR SRS AU SUR P 3 S i i U o H O 3
- Zo . i - i 4 : ; : H ! o i
. Ll i I3 i - i ; - z - H
D L . Lo : : AR 1
I H i : . 1 :
[ S LA S o - — - S DUS S 2 - > - SUSTOTE : o
I g 3 : j : T :
Sy ! : : oo
B K ; : : Dol
1B : T - &
- - M : . i Ll B
2 : :
. '..- —_— —
i r— &

12 16 20
YAW ANGLE, ¥ ~ DEG

Q
N
18 4}

Figure Vi- 37, Yawing Monent Coefficient Versus
Yaw sAngle., Nacelle Incidence
Airspeed =0 Knris.

GNno
By -



B8ELL
k‘ HEUCOPTER company

YAWING MOMENT COEFFICIENT -C,

T H : . h . : R H : i

R P : : . I ! : : g

el SRRSO G SR GO SO, WS O o
[ S U S

T T S T

| o 4 & 1é & 2C
YAW £ Ty~ DEG

Figure VI-=l, Yawino Morent Coefiicient Versus
Yaw Spcle, tacelle Incidence 730,
Airspeed =+ Knots.

301--099-004



Q I L L T T
HELICOFPTER coa mrany S T EE S S,

.

1~

2

YAWING MOMENT COEFFICIENT -C,

-0, E
- :
, H
: i H
: H :
- H . 3 - + b
.z H : : . : t
- Ll H X i : H : i
- 3 H T T T T H !
: : H . H : : : : : H
: i . : . . : : B : :
JRON- S ek . SN B e T RS I -
e S ARRRARASS - . * 1 : t : Tt : :
H H i N . H i H . H
H ! H : : H . . : : :
H H H ‘ H 1 N . . : H 3 i
3 H H T T K s . H PR T -
: : H H H : : : : : i
- . : i H : s : : : T .
. H : i : L I : H . H i Lol i i
ISP S SRSV SUNPY-PUPPY- SIS :- -s he [ PR PSS A S T
m TR : : . : i H : : H H
s H . : . : : H : :
- . H H : : : : i
. : H H H i . . : i . :
T T s * 2 .
: : i . : :
: : ¢ H . :
: : { ! . : : : : : P :
H [ SRS S S VS-St - SPRNED-URpt- SURID U SR
3 3 i : T Tt :
H e H i i :
: : H H :
H : : H 3
e = e
. - H i : : H -
3 b : ‘ . N : : i i X
S JRO-SESOS- PSR S S S L
Byt : H i ft v T
PERRDY FR . H . H :
o~ O -4 + i H
.2 H : : .
< H : T <
: H : : H :
H : H : : :
S-S T o - : P BN P : F S T
p : : : :
: H
i N
:
v
2 B
o P B N b : D N < Y z
- : H . . X : : . : . i - : 3 H

YAW ANGLE, ¥ ~ DeEq
Figure VI-4l. Yawing Moment Coef{iciznt Versus
Yaw Ancle, Nacelle Incidence 60°
Airspred 120 Knots.

301-099-004 —_



8ELL
HELICOPTER comPany

.08

R

Q

;

CFFICIENT-C,

8

N

MOMENT CO

i

:

t

% :

+ M .

* p : *

O] : : ‘ :

: H : : ! :

2 Is N I B . ‘ H

-~ PO : B H :
- - - - - -4
- P . H H H

. . : H .
< N . - . : H . M i
- : : H : : < : :

> USRS SN SN SRS L b e i i
PR S : ! H H : H .

. .. 3 : : : i H

.20 2 M : N H H :

N M : : 3 B

SV SN S-S S . N B R PSR eeilo. i

: : - : : : 1
S e s PR H S i —

: : *
i - SRS P —— e e . PO -

.

-4 o 4 & i

AV

& b 20
YAW ANGLE, ¥ ~ DEG

Figure VI=42. VYawing Moment Coefiicient Versus

Yaw Angle. Nacelle Incidence 300,
Airspeed 120 Knots.

301-099-004

Vi-ss



HELICOPTER coasany bR LY e e T 8 fhe e g

YAWING MOMENT COEFFICIENT - Cp,

1
1
H 1
H : H
1 : H
H : 4
H ! : H
. . .
H H : i H
-— : : : : H H
" H H : : : i
» T s Y + 1
3 - - 1Y . bl
SO S S SOV i - [ S - SO SO S SOSt-S- o B
3 : 1 : H
t i H H H ]
H : H 3 i
H i ! 1 H :
. * * T
1. i : H
: - deeaaia - - O SUURURYS R ————
............ H s : .
N SN [ i H :
- 208 it H :
. .
T S N S-S S B : P Z <
[ : : i :
- oo : i H
,2 i

-4 O q 8 12 1€ 20
YAW ANGLE, Y~ DEGQ

Figure VI-43. VYawing Moment Coefficient Versys
Yaw Angle, Nacelle Incidence O,

Airspeed 120 Knots.

301-092-004 Vi-i9



8E£LL . . Lo . .
HELICOPTER coMmemany et e s . e

&
£

-3

Q

N

o

3

N |

5 -

]

Q e P S il . feeal : L.

= : : : : :

2% j S :

-~ : : . : :

- L N o

< : . : :

> - Bt S et i 2 e $oen el
—.ac f N : L H :

-y o ~

n
™

A / co
YAW ANGLE, ¢ ~ DE

Figure VIi-3i. Yawing Moment Coeificisnt Versus
Yaw Angle, Nacclle Incidence 0,

,,
P

;

rsperd 160 Knots.

301-099-004

e
)

ed
t
(3]

b



[ S W
HELICOPTER comany

Lo

0

-

2 v

0o

YAWING MOMENT COEFFICIENT-C,

:
H H :
. 1 H T
. .- b : :
T s . i Y < 3 T L
N i : . . :
: H H . . . H
b : H = H : - . : .
- —— R
& IS T b1 " 7 T b . .
. : H H H : : : H :
H : 5 N . i ! H . . :
S-SR ST YRS SRS AUV S [SEPRN - . < - @ eeemee 4 e =il eeeaaes :
: T H T T H ‘ : * ‘ H
* N ] b : : N i
. i i : . : H H
H ‘. + . . i - . :
: . ¥ . T T 1 T H
. H . - . H H H
H H . H . N H
O SR S - i . Y - 4
H ’ : 4 v b 3
H . . . . !
. M : : : i ‘
3 . H H :
T T T 1
' : s . :
. : : i H
e e mtmm ke amcsmsambr 4 e Eammmo @ iicANs c-- - -. A e Sa-
P4 z v M : : b s N
. : . H :
i : i . M
: i N . 1
. . . H
: ‘ - N
PPN [ ST Do . - e P ..
: . s . } y : :
B : : M H
. . N i
{ N H H
i + - *
Sl i e emes > S . < -
: i H A
PRSP GEE TS SIS SR S
: .
S T R eE TR R SR R SRR AR A ches

Figure VI=45.

-099-004

4 8 / A 20

YAW ANGLE, ¥ ~ DEG

Yawing Moment Coefficient Versus
Yaw Angle, Nacelle Incidencz 09,
Airspeed 18C incts.

VI-51



HELUICCPTER comPany

BELL.

)

Jtedeesrnzeas

i

---

VIi-52

Airspeed, Naceile
OGE.

tion With
dence 90°,

aria

Rotor Power/Collective Pitch
nci

-
1

\7

COLI_ECT IS PITCH, Onp ~ DEG

Figure VI-406.

301-099-004



B8ELL

HEUICOPTER comPany

[P PEpN

S SO SRS SR S

I N M
N . L i . .
ps M a—- e P T e . - . [P S ORI pa— -
: by 3 H H N i
M H : .
H ) 3 ‘ : H
H - - i

301-099-004

o
-
o~
o

-4 -2 o

COMLECTIVE PITCH, ©np ~DEG

Figure VI-47. Rotor ~hrust/Collective Fitch
Variation "ith Airspeed, Nacelle
Incidence 0°., OGE.




'R BELL Use ar disciosure 01 dala on iy B i
HELICOPTER company subect 10 the rastriction on e titiv paye

v YT TTTITITTY oy tom 33 22T
T s ol Tesl J335301 3 333 FEERE 18331 1338 * 332581 HEERI 13
3 3 7 ol S5as ks FEEH Be3s ofdts poe ated FEEEe Tives
B 3 : ] iaadiel 38 Eet S R RS
. ¥ T 4 e :
= 13283330 303 1RO Ed ERoTeLase: I INIE: rs ITel ¢
| o T - . 1384 5058 13241 $ a4 Hadd $3251 MM I e 22 1 44 3
igsas ter Feselits evsegeigiistenasetelteiingy 1431 &
-: ug j231 I ey + 4- b
sdeted
s Lye: 1221 23 ITITIILLRt tIEEt 458 o1 * SEORY 400 RLE e
32 H } B Y : {1
H e dediree sedeeseBisrrfebeid
173 resee o T
3 8344 o PR s Srefizets
- f v t-d
| = T e ,T
133
K by ns v e o swns revy
1t =t
K 3 -
2 - + * e T 13 -
4 3
| | a4 be pand
: 177 3
>4 - ke
H s T >
4 ” vhesardaras
e Sasves + s + - 4
+ i iEes + res 3
2
soaise 237 eTSSEoEs eree
+ 133 SRS E ST
L [BTS SE48 Hed sfaey
- - -+ ppeteh PPy e pe— asmge
BB S35 e o =35
> joes 1o ]
T : : Fega £
= 'S . - - EERY od
3 g Tl
. 24~ et oot T oo
bd s -
s s =
s T ssf
v = =
tas o + ¥
3 1253 Soras syees on

BP0 SR Vel

l

.

PRTOS S

¥
i
i

.n

R t
- e -
+ 3.

ES
H :
Ty s
d !
i L
3 T
e I
I B

o2

Figure VI-48. Rotor Power/Thrust Variation With
Airspeed, Nacelle Incidence 900,
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VII. ANALYSIS OF RESULTS

The information presented in this section includes analysis of
test data related to determining the effects of the rotor wake

on the airframe applicable to tilt rotor aircraft. The result of
this analysis will be used in design of future tilt rotor air-
craft and to update the tilt rotor flight simulation mathematical
model. Results obtained during this analysis will be used to
extend rotor wake effecE information obtained during the powered
aeroelastic model test.

A. Hover Download

As noted in Section VI.A., the wing download was measured in
and out of ground effect and at several flap settings. These
test results were compared with other powered tilt rotor
model tests2,6,7 as shown in Figures VII-1 and VII-2. As
indicated, this test and Reference 6 are in close agreement
while the download for the aeroelastic model? is much higher.
Also, the other two model tests show the same trend in down-
load variation with flap deflection in that download is not
significantly reduced for flap/flaperon deflections greater
than 50 degrees.

From these two figures it appears that for a flaperon setting
near 50 degrees and OGE, it is possible to have anything from
5.5 percent to 13 percent download. Several parameters were
found to be influencing these differences and to have an ef-
fect on determining hover wing download. The parameters con-
sidered for the various models tested are listed in Table VII-1.
Of these, blade twist and percent of wing area under the rotor
were found to be the most significant parameter in detemrmining
download.

The effect of blade twist is shown in Figure VII-3. A 3.5
percent difference in download was mecasured between one model
with 25 degrees blade twist and another model with 40.9
degrees blade twist. The change in blade twist was also in
conjunction with an increase in blocked area under the rotor
as shown in Figure VII-4. From the trends shown in these two
figures, it is difficult to determine which parameter con-
tributed to the increased download between the two models
tested or percentage each contributed. In extrapolating the
test results, it appears that the blade twist change may
account for about .8 percent and the blockage for 2.2 percent.
The remaining 0.5 percent is due to different flap settings.
The differences in the models tested make it difficult to
establish a generalized design chart, but these figures can be
used to give the designer some insight into trends that flaps,
blade twist, and blocked area under the rotor have on wing
download.

301-099-004 VII-1
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(Continued)

The test data would indicate a download on the order of 13
percent for a tilt rotor with 40.9 degrees blade twist, 75
percent blockage, and flap setting of 75/45. This is higher
than previously estimated for this configuration. This
difference is attributed to a Reynolds number effect.
Hoerner® shows that the drag of cross-sectional shapes simi-
lar to a wing. with flaps deflected, at an angle of attack of
-90 degrees is highly dependent on Reynolds number. This
effect is shown in Figure VII-5 for the variation of dra%
coefficient of the cross-section with Reynolds number ref-
erenced to wing chord and mean induced velocity from the
rotor. Calculation required to correct model scale down-
load to full scale is given in Table VII-2. As noted on
Figure VII-5, the drag coefficient was reduced by approxi-
mately 50 percent due to Reynolds number changing from model
scale to full scale. Therefore, a 13 percent download mea-
sured for the model would be approximately 6.5 percent for
the full scale aircraft. Other configurations would be
similarily reduced.

Rotor Wake on Horizontal Stabilizer

The wake characteristics at the horizontal stabilizer were
determined using pitching moment data from tail-off, tail-on,
and incidence runs. For rotors-off configuration, the wake
is the wing downwash angle (¢y/g). Rotors on, the wake is
the total wake angle (¢t) which includes the wing downwash
angle plus the rotor wake (¢gR/yg). As noted earlier, two
methods of obtaining the wake effects were used during these
tests. During the first tunnel entry, only elevator sweeps
were made; whereas, during the second entry, incidence sweeps
were used. The following are the equations used to determine
the wake for rotors on and off including the equation for
elevator and incidence.

Knowing,
CmHT ) CmTAIL-ON ) CmTAIL-OFF (1)
= - ay UHT Vﬁ o
CmiHT = (C, @1, = -5° - C o, - O)/_So (2)
=T ay "HT vH
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B. (Continued)

Cmée,r = ay nHT VH Te (3)
then,
a =C /C =C /( /T.) (4)

F~°T
giving,
‘=% Tt igtTe (5)
where,
€= “wm ¥ “reH (6)
Hy T Mgyt Hy (7

For rotors-off configurations, the same equations can
be used by setting €gs/y and Ty to zero and replacing

€1 and "HT with €y/gq and My respectively,

The horizontal stabilizer lift curve slope was estimated?
at the test Reynolds number to allow determination of the
dynamic pressure ratio (nHT) at the horizontal stabilizer.

Knowing
= _ Syly .
Vg = 3;3; = 1,31 (8)
ay = .054/degree (9)
then,
UHT = -CmiH /aH VH (10)

301-099-004 VII-3



BEL. . Use or disclosure of data on this page is
HELICOPTER COMPANY subject to the restriction on the title page.

B. (Continued)

From the test data, elevator effectiveness (7.) was deter-
mined from

Te © C‘m(S /Ca (11)

= .54

These equations were programmed to accept wind tunnel test
pitching moment data. The resulting dymamic pressure ratio
and wake angle are shown in Figures VII-6 through VII-1ll

for both rotor on and rotor off at each nacelle incidence
angle tested. These figures show that for nacelle incidence
angles of 90 and 75 degrees the rotors produce an upwash and
an increase in dynamic pressure. These are similar charac-
teristics as obtained during the aeicelastic model test.

A constant dynamic pressure ratio was used at 60, 80, and 100
knots because only elevator sweeps were made at these sneeds.
As mentioned above, both incidences anc¢ elevator sweeps were
shown to be methods of determining wake characteristics on
the horizontal stabilizer. As the result of these two tests,
the comparison between the two methods is valid only for the
angle of attack that the elevator sweep was made or for con-
figurations inr which dynamic pressure was mot expected to
vary much with angle of attack. This was primarily the rea-
son for making incidence sweeps du:ing the second tunnel
entry. Although incidence sweeps take longer than elevator
sweeps, the test data are much more useful for analysis.

The measured wake angle at nacelle incidence angle of 75
degrees and 120 knots is considered questionable. At this
a.rspeed, the other nacelle incidence angles show closer
cgreement with rotors-off downwash. No error was found in re-
view >f the analysis, but this condition is felt to ke in-
consistent with trends from this and other model tests,

The upwash from the rotcrs continually decreases a: the
nacelles are tilted forward from 60 degrees until the total
wake angle is nearly the same as the rotors-off wing down=-
wash valve. Some scatter exists in comparing dynamic pres-
sure ratic, but in general becomes that of the rotors=-off
value also.

As noted earlier, thke total wake angle (¢T) at the horizontal

stabilizer is made up of the wing downwash (eyw/H) and the
rotor wake (eg/y). The rotor wake is represented in the tilt
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(Continued)

rotor simulation math model in terms of the rotor induced
velocity. It is computed from the ratio of rotor induced
velocity in the plane of the horizontal stabilizer to the
rotor induced velocity at the rotor disc (WiR/H/WiR) times
the mean rotor induced velocity (Wig). These two terms
give the velocity of the rotor wake at the horizomntal sta-
bilizer (VHp). In order to obtain these parametetrs the
following equation was used.

W

i
R/H)
Vg = W: =¥ tan € (12)
Hp (Win ip ~ 'M.S. R/H
Therefore,
Wi /
R/HY _
(—W-l-R—) = VM.S. tan GR/HIWiR (13)

Rotor induced velocity (Wip) used was that calculated from
the tilt rotor simulation math mocdel corrected to model
scale. The induced velocity ratio determined from this test
and the aeroelastic model test are summarized in Figure
VII-12. Both tests indicate the same trend with airspeed and
show that the rotor wake in the plane of the horizontal is
effectively eliminated above 120 knots for all nacelle
incidence angles. With this type of wake reaction on the
horizontal stabilizer, trim aircraft attitude becomes more
nose down and longitudinal stick gradients are shallower
than originally predicted with linearized rotor wake theory.

. It should be noted that the downwash velocity (VHR) is

merely a convenient way to represent the rotor wake effects
on the horizontal stabilizer and does not represent the
actual wake from the rotor. This is illustrated by the

fact that the vector sum of the free stream velocity (VM,s.)
and the downwash velocity (VHR) is not the total velocity
indicated by the total dynamic pressure ratio. Furthermore,
the variation of downwash velocity with airspeed implies that
it increases with airspeed, which is opposite to the momen-
tum theory of rotor induced velocity. With the test data
available at this time, it is not possible to separate the
effect of the rotor wake on the wing downwash. Wing lift

on the inboard section is considerably different with rotors
on than with rotors off, and would change the contribution
of the wing lift on the wing wake at the empennage. However,

301-099-004 VII-5
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(Continued)

combining the dynamic pressure ratio ("HT) and downwash (eT)
does give the correct empennage lift. Additional testing in
this area would be required to obtain pressure distribution
and local flow velocity data to properly describe these ef-
fects. Sideslip was found to reduce the magnitude of the up-
wash on the horizontal stabilizer as shown in Figure VII-13.
The downwash velocity was determined by assuming the total dy-
namic pressure ratio to be equal to its value at zero side-
slip. The reduction in upwash velocity causes a nose=up
pitching moment when the aircraft is sideslipped. Compari-
son is also shown with the aeroelastic model test. Wake
effects on the two empennage configurations are nearly the
same, Free-flight testing of the aeroelastic model and the
rotor simulation tests have shown that only a small amount of
longitudinal cyclic stick is required to correct this pitch
up and to maintain pitch attitude with yaw.

Rotor Wake on Vertical Stabilizer

Rotor wake effects on the vertical stabilizer were partially
evaluated in terms of a parameter defined as the rotor side-
wash factor (Kg). This is defined as the ratio of the ver-
tical stabilizer yawing moment rotors on to rotors off and
indicates the change in dynamic pressure ratio and sidewash
due to the rotors. Kg is defined as {follows:

‘N, (1 ~ 30/38) ON
Ka = V1 (14)
B Mg\l - 09708 OFF

Rotor sidewash factor rfor the conventional vertical fin tested
was compared with an H- cail? as shown in Figure VII-14. The
airspeed shown was the only case in which data wers available
for both rotors on and rotors off. The conventional fin is
shown to have mcre directional stability during low speed heli-
copter flight with rotors on than the H~tail configuration.

In comparing other configurations tested for the conventional
vertical fin with the H-tail, several other items were noted.
Rotors off, the directional stability of the conventicnal f{in
is reduced for sideslip less than & degrees whereas the H-tail
has more linear stability characteristics with sideslip. This
is generally the case throughout the speed range tested. It
would indicate that the effectiveiess of the couaventional fin
is reduced at small sideslip angl:s due to the wing/fuselage
wake. At low sideslip angles, the H-tail is outside this wake.
At the higher sideslip angles, the conventional fin passes
outside the wake to increase stability. With rotors on, low

301-099-004 VII=-6
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C. (Continued)

speed helicopter flight, the rotor wake effect is also dif=-
ferent between the two vertical tail configurations. The
H-tail fins were shown? to be near the center of the vortices
of the rotors which reduces directional stability due to
reduced dynamic pressure. As the aircraft is sideslipped,
the vortex cores shift with respect to t..e fuselage center-
line to increase the effectivenuss of the vertical fins.

The .onventional rin is located outside of these vortices

in an avea which causes it to have increased stability over
that of the H-tail. As airspeed incresases and the nacelles
are tilted forward, the rotor wake effect decreases and the
stability characteristics are similar to that for rotors off.

A comparison of the two fin configurations is shown in
Figure VII-15 at zero fuselage angle of attack. At first
appearance, both fin coafigurations show close to the same
level of stability. Also shown are the results of addition-
al testing at small angles using the Reference 2 model with
a conventional fin. An additional reduction in stability
was found for the conventional fin between *+2 degrees. The
level of stability provided by this conventional fin con-
figuration was found to be inadequate. Increasing the fin
size to give the same level of stabilitv as the H-tail would
have required a very large fin. The difference in the two
configurations became more apparent at angle of attack when
the conventional fin becomes more immersed in the wing/
fuselage wake. It low-speed characteristics were the only
consideration, the conventional fin would appear to be better,
but most of the low speed directional stability is provided
by the rotors and SCAS. (Tilt rotor simulation tests, SCAS-
off, have shown the handling qualities of the aircraft to be
adequate and controllable with the reduced stability of the
H-tail during low speed helicopter flight.) In high speed
flight, where the fin is more effective and provides the
major portion of the directional stability of the aircraft,
the H-tail configuration with its linear characteristics
were found to be more desirable.

301-099-004 VIii=7
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- TABLE VII-1l. HOVER DOWNLOAD PARAMETERS (FULL SCALE)
Test V/STOL | 441_099-0022| TR-71-626| 200-094-2707
31/39
ing Area(l) 65.59 15.61 54.07 10.78
(ft2) (706) (168) (582) (116)
Wing Chord, m(ft) 3.38 1.59 2.62 1.14
(11.1) (5.22) (8.6) (3.75)
Disc Area, m2(ft2)|182.46 45.61 220.7 38.55
(1964) (491) (2376) (415)
Blade Twist, deg 25 40.9 37.0 10/20
Rotor Diam, m(ft) | 15.24 7.62 16.76 7.62
(50) (25) (55) (25)
Sw'/sw'?’ .62 .75 .705 .65
ce/cy .275 .25 .24 .221 .44
2./D .204 .187 .125 .161
(1) Measured between centerline of rotors, Sy
(2) Wing arfa under rotor disc, Sy'
301-099-004 VII-8
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TABLE VII-2. +tOVER DOWNLOAD
Test V/STOL | 341_099-0022 | TR-71-626 | 200-094-2707
=E==
Model Scale 1/10 1/5 1/10 1/4
Ct 1147 111 .0085 .0042
Vt, m/sec (fps)
Model Scale 150.26 100.58 228.6 169.77
(493) (330) (750) (557)
Full Scale 250.55 225.55 228.6 212.14
(822) (740) (750) (096)
WiR(l), m/sec (fps)
Model Scale 12.98 %.59
(42.6) (28.2)
Full Scale 21.64 19.23
(71.0) (63.1)
Ry(2)
Model Scale 4.8x109 | 3.04x10°
Full Scale 8.0x100 | 3.36x106

(1) Rotor induced velocity computed using the digital tilt rotor

simulation program

1.5 * WiR * Cy

(2) Ry =

301-099-004
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Figure VII-1l. Wing Download Comparison in Hover.
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Figure VII-2. Wing Download Comparison in Hover
for Flap Deflection. OGE.
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VIII. CONCLUSIONS

The following conclusions #2re made from analysis of the test
data:

A. Roll Stability - IGE

Static roll stability characteristics obtained during hover
tests in ground effect were in agreement at small roll angles
with that determined during other model tests. A roll in-
stability is obtained as the aircraft approaches touchdown
between h/D = 1.67 and .60 with the maximum instability
occurring at h/D = .85. This instability does not appear

to present a significant problem for current generation

tilt rotor aircraft with the improved control power avail-
able and addition of SCAS.

B. Wing Downloaa

Characteristics of wing download were determined during hover
in and out of ground effect, with flap deflection,and in for-
ward flight. Hover download in addition to being a function
of h/D and flap deflection was found to be influenced by
blade twist, percent blockage area of the wing under the
rotor, and Reynolds mumber.

Very little improvement in relieving wing download during
hover was obtained for flap deflections above 50 degrees.
Results indicate that most of the reduction in download is

due to flaperon deflection rather than flap deflection. Down-
load was also found to increase with increasing blade twist
and the blocked area under the rotor. Hover download measured
during model tests are subject to Reynolds number effect. For
the configurations tested, the download for the full-scale air-
craft would be approximately 50 percent lowzr than the model
scale value. The full-scale aircraft is estimated to have a
6.5 percent download OGE. :

Rotor/wing lift sharing during forward flight was determined.
Results indicated that the wing lift is not influenced by
the rotor wake above 40 knots and that the wing begins to
contribute lift at an airspeed of 35 knots. Above 120 knots
and nacelle incidence angle of less than 60 degrees, the
rotor wake was found to not contribute much to wing lift.

C. Rotor Wake on the Empennage

During low speed helicopter and conversion flight the inter-
action between the rotor wake and the horizontal stabilizer

301-099-004 VIII-1
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C.

(Continued)

is such to produce a nose down pitching moment. This results
from a net upwash effect and increased dynamic pressure on
the horizontal stabilizer from the rotors. Rotor wake ef-
fects are essentially eliminated at airspeeds above 120 knots.

Rotor wake effects on the vertical fin during low speed heli-
copter were found to be less apparent on the conventional ver-
tical fin than for the H-tail. This is not compatible with
the low directional stability characteristics observed for
the XV-3 which also had a conventional vertical fin. Addi-
tional empennage testing usirg the same model would be de-
sirable to describe the rotor wake effect for different em-
pennage configurations. Directional stability of the H-tail
during high speed flight is more linear with yaw angle than
the conventional fin.

As the result of these tests and analyses, the following items
have been incorporated in the tilt rotor simulation math model:

1. Improved the wing download variation with flaps, ground
effect, and airspeed;

2. Modified the induced velocity variation at the empennage;
and

3. Modified the roll stability in-ground-effect.
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APPENDIX A

Run Schedule Summary

(A description of the configuration code is given
in Table V-2, page V-5.)

301-099-004 A-1




@ BELL Use or disciosure of data on this page i3
HELLICOPTER comPany subject to the restriction on the title page

RUN SCHEDULE SUMMARY
MODEL C100-F1B LANGLEY V/STOL TEST 31

RUN VF.s iN CONFIG.

NO. (K135 (DEG)| No. |RPM h/D
10{Walls Up - Coll. Sweep 0 90 1-2-6 | 1884
11 - Cyclic 0
12 - Coll. 20
13 -« 20
14 - ¥ 20
15 Veid
16 - Coll. 40
17 -« ‘

18] Y void

19{Walls Up - ¥ 40

20|Walls Dn - Coll. 20

21 - Coll. 40

22 -«

23 - Cyclic

24 - A8y

25 - AB)

26 -9

27 - 6e v

28 i-2-6

29 - a 2-0-6

30 - ¥  J

31 - Coll. 40

32 - Coll. 80

33 Void

3% =% \

35 Void 90 Y

36 - o 0 12-0-6

37 1-2-6

38

39 Y

40 -3 80

41 - Coll. 120

42 - Coll. 120

43 - Coll. 100

44 - b¢

45 - Cyclic

46 - A6

47 -a 100 \ J \j \
48 - Cyclic 80 0 |1-2-6 {1884
49 -V 40,80,100,120| 15 1-2-5 1604
50 -V 40,80,100,120 1884
51 - Coll. 40

52 -«

53 - 0,

54 - Cyclic

55 Y - A9

56|Walls Dn - AB]  Sweep 40 15 11-2-5 1854
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RUN SCHEDULE SUMMARY
MODEL C100-F1B LANGLEY V/STOL TEST 31

(Continued)

RUN Vr.s. iN _ |CONFIG.

NO. (kigj | (pEG) | No. | RPM [ h/D
57|{Walls Dn - Coll. Sweep 80 15 1-2-5 | 1884
58 - ‘
59 - e
60 - Cyclic 80
61 - Coll. 120
62 - a
63 - 6e
64 - Cyclic
65| Y - Ag \/ Y
66|Walls Dn - AB] 120 15 1-2-5
67|Walls Up - Coll. 0 0 1-2-6 1.84
68 - Cyclic
69 - ABy
70 -9
71 - A6 1.84
72 - Coll. 1.00
73 -«
74 - Cyclic
75 -9
76 - 6e
77 - Af 1.00
78 - Coll. .83
79 -9 .83
80 - Coll. .67
81 Void .67
82 -9 .67
83 - Coll. .53
84 - Cyclic .53
85 - Cyclic .53
g6 Y - \ 153
87 {Walls Up - 6¢ 0 1-2-6
88 |Walls Dn - cColl. 100 Y 2-0-6
89 - a 100 0 2=0=5
90 - Coll. 40 15 2-0=5
91 -« 40 15 2-0=5
92 - Coll. 80 15 | 2-0-5 | ¥
93 - o 80 15 2-0-5 |1884
94 - Coll. 120 30 1-2=4 |1604
95 - w
96 - de 1
97 - Cyclic
98| ¥ - &
99 (Walls Dn - AB]  Sweep 120 30 1-2-4 |1604

301-099-004
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RUN SCHEDULE SUMMARY
MODEL Cl100-F1B LANGLEY V/STOL TEST 31

(Continued)
RUN VF. iN  |[CONFIG
NO. (ki35 | (pEG) | no. | RPM | /D
100{Walls Dn - Coll. Sweep 140 30 |1-2-4 | 1604
101 - a 140 30 1-2-4
102 - 6 140 30 |1-2-4
103 -~ Coll. 120 60 [1-2-2
104 - a
o I
106 - Cyclic
107 ~ AB 60 [1-2-2
108 - Coil. 30 2-0-4
109 -« 120 30 |2-0-4
110 - Coll. 140 30 |2-0-4
111 -« 140 30 |2-0-4
112 - Coll. 120 60 |(2-0-2
113 - Coll. 120 60 |2-0-2
114 - Coll. 120 60 |2-0-2 Y
115 -« 120 60 [2-0-2 | 1604
116 - Coll. 80 15 1-2-5 1884
117 -« 80 1-2-3
118 - 8¢ 80 1-2-5
119 - Coll. 120 2-0-5
120 - a 120 2-0-5
121 - Coll. 80 2-0-6
122 -« 80 15
123 - Coll. 20 0
124 - a 20
125 - Coll. 40
126 - a 40
127) ¥ -y ' 20 Y
128|Walls Dn - ¢ Sweep 40 2-0-6 | 1884
End of Powered Test
129{Walls Up - ¢ Sweep 0 1-2-6 0
Rotors Off Test
130|Walls Dn - « 80 3-2-6
121 - a 120
132 -« 160
133 - ¥ 160
134 - ¥ Sweep 120
135 - ¥ (a=5%) 160
136 - ¥ (a=10°)
13; - ¥ (a=-10°)
13 - 6 Sweep
139 Y - 5 Y Y Y
140|{Walls Dn - « Sweep 160 0 |[3-2-6 0

301-099-004
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RUN SCHEDULE SUMMARY
MODEL C100-F1B LANGLEY V/STOL TEST 31

(Continued)

RUN VF.s. iN CONFIG.
NO. (KTS$ (DEG) | no. |ReM| B/D
141 |Walls Dn - ¥ Swee 160 0 3-2-6 | O
142 - § (&= =5° 160 3-2<6

143 - b¢ Sweep 120 3-2-6

144 - de 160 3-3-6

145 - a 160 0 3-3-6

146 - 120 15 3-2-5

147 -9 160 15 3-2-5

148 -9 Sweeg 160 15 3-2=-5

149 - ¥ (@ = =10°) 160 15 3-2-5

i50 - Sweep 120 30 3-2-4

151 -« 160 30 3-2-4

152 - ¥ 160 30 3-2-4

153 - a 120 45 3-2-3

154 -« 160 45 3-2-3

155 -9y 160 45 3-2-3

156 -« 120 60 3=2-2

157 - 160 60 3-2=2

158 -y 60 3=2-2

159 -a 90 3-2-0

160 - be 3-2-0

161 -9 3-2=0

162 -« 4=0-0

163 - ¥ 90 4=0-0

164 - a 60 4=0-2
165 -y 60 4=0=2

166 -« 30 4=0=4

167 - Y 30 LeQ=4

168 - a Sweep 0 L=0=6
169 - ¢ (@ = 0Q°) 0 4=0-6

170 \/ - ¥ (a=10°) Y 0 4-0-6 | ¥
171{Walls Dn - ¥ (@ = =10°) 160 0 4=0~-6 0

301-099-004 A=-5
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RUN SCHEDULE SUMMARY
MODEL C100-F1B LANGLEY V/STOL TEST 69

RUN VF.s.| iNn | CONFIG.

NO. (k85| (DEn)| NO. | REM | h/D

176|Waiis Dn - Coll. Sweep 40 90 | 1-2-6 | 1884

177 -a 40 90| 1-2-6

178 - ¥ 40 90 | 1-2-6

179 -« 40 90 1-1-6

180 -a 80 75 1-1-5

181 -a 1-1-5

182 -Q 1-2-5

183 ~ Coll 1-2-5] ¥

184 -y 80 75 1-2-5 | 1884

185 - Coll 120 60 1-2-4 | 1604

186 - a 1-2=4

137 - ¥ 1-2-4

188 -a 60 { 1-1-4

189 - Q 120 30 1-1-2

190 -« 160 1-1=2

191 - ¥ 120 1-2-2

192 - Coll 120

193 - a 120

194 - Coll 160

195 - Cyclic

194 - 0g Sweep

197 - Roll Tare

198 - ¥ Sweep

199 - Roll Tare * *

200 - a Sweep 160 30 1-2-2

201 - Roll Tare 0

202 - Thrust Checks

203 - Coll. Sweep 120 1-2-0

204 - 120

205 - ¥ 120

206 - Coll. 160

207 -a 160

208 { - ¥ Sweep 160 1-2-0

209 - Thrust Checks

210 - Thrust Checks

211 -« Sweep 120 1-1-0

212 - 8¢ 120

213 - o 160 \4

214 - 0, 1604

215 - Coll 5=2-0 11372

216 - Q

217 - e 160

218 - Coll 180

219 Y -« 180 Y

220|{Walls Dn - 6, Sweep 180 0 | 5-2-0 }1372
301-099-004 A=
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RUN SCHEDULE SUMMARY
MODEL C100-F1B LANGLEY V/STOL TEST 69

(Continued)
-
RUN Vr.s.| in |CONFIG.
NO. (ki85 |(DEG) | wmo. | REM | /D
221|Walls Dn - Coll. Sweep 120 0 | 1-220 |1372
222 - a 120
223 - be 120
224 - 120
225 - Coll 180
226 -« 180
227 - 180 1372
228 - be 160 1604
229 - be 120 1-2-0 |1604
230 - a 120 1-1-0 {1372
231 - a 180 1-1-0
232 -a 160 5-1-0
233 -« 180 5-1-0
234 -y 160 5-2-0
235 -y 180
236 - a 160
237 - 160
238 - a 180 ! 522-0
239 - ¥ 120 | ¥ | 9-2-0 | ¥
240 - @ 120 0 | 9-2-t ,.372
241 -« 120 | 30 | 2-0-2 |1604
242 - a 120 2-0-2
243 -« 160 | 2-0-2
244 -y 120 2mlym?
245 - o 120 2mlym?
246 - a 160 2-4-2
247 - 160 | 30 | 2-4-2
248 - a 120 0 | 2-4=0
249 -3 120 0 | 2-4=0
250 -« 160 0 | 2-4=0
251 - ¥ 160 0 | 2-4-0
252 - o 120 | 60 | 2-4-&
253 -y 120 | 60 | 2-4-4
254 Y - a 120 | 60 | 2-4-4 | ¥
255|Walls Dn - ¥ 120 | 60 | 2-4-4 |1604
256|Walls Up - Coll. 0| 90 | 1-2-6 |1884
257 - a 20
258 -« 30
259 - @ 40
260 -« 50
261 - a 60 1-2-5
262 -« 20 1-1-6
263 - a 30
264 - a 40 l
265 Y -« 50 | ¥ |
266|Walls Up = ¢ Sweep 40 90 | 1-1-6 |1884
301-699-004 A-7
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RUN SCHEDULE SUMMARY
MODEL C100-F1B LANGLEY V/STOL TEST 69

(Continued)
RUN vr.s.| in | CONFIG.
NO. (ksj| (DEG)| No. | RPM | h/D
267 |Walls Up - «a Sweep 20 90 | 2-4-6 | 1884
263 -a 30
269, -a 40
270 Y -a 50
271 |Walls Up - ¥ Sweep 40 2-4-6
272 |Walls Dn - a Sweep, Slots Open 20 1-2-6
273 - a 30
274 -a 40
275 - «a 50
276 - a Sweep, Slots Open 60
277 -« 20
278 -« 30
279 - a 40
280 - a 50
231 80
282 80 %
283 -« 40 1-2-6
284 - Coll. 0 5-2-6 1.83
285 - Coll. 5-2-6
286 - Coll. 5-2-6
287 - Coll. 5-2-6
288 - Roll 1-2-6 1.83
289 - Roll 1.0
290 - Roll .83
291 - Roll Y .67
292 - Roll Sweep 0 ¢ 153
293 -« Sweep 60
294 -« 50 90 | 1-2-6 | 1884
295 -« 120 60 | 1-2-4 | 1604
296 -9 120 60 | 1-2-4
297 - a 120 30 | 1-2-2
298 - ¥ 120 30 | 1-2-2
299 -« 160 30 | 1-2-2
300 - ¥ 160 30 | 1-2-2 [ 1604
301 - a 120 0| 2-0-0 {1372
302 - a 120 0] 2-0-0 {1604
303 -« 160 0| 2-0-0 | 1504
304 -« 160 0| 6-0-0 |1372
305 Rotors Off
306 - a 60 90 | 3-2-6 | =~
307 -« 120 90 | 3-2-6
308 - a 80 90 | 3-1-6
309 -« 160 90 | 3-1-6
310 \j - «a 80 75 | 3-1-5
311 {Walls Dn - « Sweep 80 75 | 3=1-5| =--
301-099-004 A-8
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RUN SCHEDULE SUMMARY
MODEL C100-F1B LANGLEY V/STOL TEST 69

(Continued)
RUN Ve.s.| iy | OONFIG.
NO. (iS5 | (DEG)| wno. | RPM | B/D
312|Walls Dn - « Sweep 50 75 | 3=2=5 ] ==
313 -9y 80 75 | 3-2-5
314 -a 60 90 | 3-2-6
315 - 120 90 3-2-6
316 -9 60 90 3-2-06
317 - ¥ 120 90 3-2-6 !
318 -a 86 90 | 3-1-6
319 - a 120 | 60 | 3-1-4 | |
320 -a 60 3-2-4
321 -¥ 60 3-2-4
322 -« 30 | 3-2-2
323 -9 30 | 3-2-2
324 -« 30 3-1-2
325 -« 0| 3-1-0
326 -a 3-2-0 |
327 -« 3-2-0
328 -9 \J 3-2-0
329 -9 120 3-2-0
330 - ¥ 160 6-2-0
331 -a
332 - d¢ l
333 - b¢ Sweep
334 - a Sweep, Upside Dn 160
335 -« Sweep, Upside Dn 60 6-2-0
336 -9 Sweep, Rt Aileron Dn| 160 Y | 9-2-0
ggg -9 Sweep, Lt Aileron Dn,; 160 0 | 9-2-0
339 -« Sweep 80 75 | 3-2-5
340 -a 120 60 3-2-4
341 -a 30 3-2-2
342 -« 30 | 4-4-2
343 -« 30 | 4-4-2
344 -¥ 30 | 4-4-2
345 -« 0 | 4-4-0
346 -a 4=4<=0
347 -¥ ‘ 4-4-0
348 -¥ 6-4-0
349 -a 0 | 6-4=0
350 -a Y | 60 | 4-t-d
351 - 120 60 | 4-4-4
352 -a 60 90 | 4-4-6
353 -y 60 90 | 4-4-6
354 -¥ 120 90 | &4-4-6
355 -a 120 90 | 4=4-6
356 -a 60 75 | 4=4=5
357 -« 80 75 | 4=4=5
36| Y -y \ 80 | 75 | 4-4-5 | §
359|Walls Dn - « Sweep 160 75 | 4=4=5 | ==
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