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ABSTRACT

A wind tunnel-flight data correlation progrem using the XC-142A airplane
was undertaken to assess the degree of correlastion attainable and to estsblish
the areas where present wind tunnel testing and correction techniques appear
to be inadequate., Wind tunnel data obitained from tests of three models of
the XC-142A airplane in four different size test sections could not be satis-
factorily correlated because of differences in model configuration and test
conditione. Three special tests were performed using the same model but in
different size test sectlons of the same tunnel. The results of these tests
indicated that with proper equipment and techniques, wvalid V/STOL wind tunnel
dats can be acquired. The flight data were obtained from the Contractor's
Category I test program. The oblective of this flight test program wes pri-
marily to perform a qualitative evaluation of the airplane rather than to
obtain the quantitative data desired for serodynsmic analysis purposes. The
flight data were not acquired in & manner that would provide suiteble quality
to allow a high degree of confidence in inverse solutions for aerodynamic
derivatives. It is recommended that future programs include a criticel review
of the instrumentation system and flight meneuvers in order to obtain the best
possible data for determining the low speed flight aerodynamic characteristics.

This abstract is subject to special export controls and each transmittal
to foreign govermments or foreign nationals may be made only with prior
z roval of the Air Force Flight Dynamics Laboratory (FDCC), W-PAFB, Ohic
5433.
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SECTICN I

SUMMARY

A wind tunnel-flight test data correlation program, under contract to
the Air Force Flight Dynamics Laboratory, was begun on 21 June 1965. The
obJective of the program wes to assess the degree of correlation attsinable
and to establish the problem areas where present wind tunnel testing techniques
and correction techniques appear to be inadequate.

Wind tunnel dats obtained from tests of three models of the XC-1h42A
airplane in four different size test sections could not be satisfactorily
correlated. These tests differed in model configurations, methods of establish-
ing test conditions, measurement and control of thrust, selection of pro-
peller blade angles, and roughness of model surfaces, Disagreements in the
data due to these differences were never resclved because of the interaction
of severasl factors thet effected the data. Although these tests did not pro-
vide the specific data needed for thls study, they identified certain problem
arcas, The scope of the investigation wes expanded to include three additional
tests, performed with the same model, but in different size test sections of
the same tunnel., The results of these tests indlcated that with proper equip-
went and techniques, valid V/STOL wind tunnel data can be acgquired.

The flight data used in the study were obtained from the Contractor's
Category I test program. The cobjective of this flight test program was pri-
marily to perform a qualitative evaluation of the alrplane rather than to
obtain the quantitative date desired for mercdynamic analysis purposes. The
flight data available were not of suitable quality to ellow a high degree of
confidence in inverse sclutions for serodynemic derivatives. Controls fixed
maneuvers, which would have eliminated the predominant effect of control
effectiveness in low speed flight and enabled more accurate determination of
the basic airframe characteristics, were not avallable. It is recommended
that future programs include & critical review of the instrumentation system
and flight maneuvers in order to obtain the hest possible data for determining
the low speed flight aerodynamic characteristics.



SECTION II

INTRODUCTICN

The capability to predict accurately the serodynamic cheracteristics of
V/STOL airplanes hes not been refined sufficlently to provide the degree of
confidence desirable for future design studies. Historically, in the design
of conventional aircraft, engineering serodynamics has relied on three phases;
theory, wind tunnel testing, and flight test confirmstion. Engineering con-
fidence has rested on the completed cycle of these aspects. However, many
V/STOL concepts have failed in the development stages and much of the desired
engineering information or verification has not been obtained. One result has
been the basic V/STOL technology lack of complete serodynamic information
cycles on which to base future design studies. The most promising opportunity
for closing the data gap appeared to lie in research programs closely coordi-
nated with systems in the finel development stages. Since a large quantity of
wind tunnel date were scquired in different tunnels with models of the XC-142A,
thie airplane presented a promising source for the correlation of wind tunnel
and flight test data.

An investigation, under contract with the Alxr Force Flight Dynamics Lab-
oretory, was undertaken to correlate the aserodynamic stability and control
characteristics derived from XC-142A flight test data with corresponding
characterlstics determined from wind tunnel tests. At the time the study was
initiated, several wind tunnel tests were completed and flight tests of the
XC-142A airplane were in progrese. Models of the XC-142A, s four-propeller
tilt-wing V/STOL eirplane, had been tested in the NASA Ames 40 x 80-foot full
scale tunnel, the NASA Langley 30 x 60-foot free flight tunnel, the 17-foot
section of the NASA Langley subsonlic tumnel, the T x 10-foot and 21 x 23-foot
sections of the VAD subsonic tunnel, and the Princeton University track
facility.

The primary purpose of the investigation was to aesess the degree of cor-
relation attainaeble and to establish the problem sreas where present wind
tunnel testing technlques and correction techniques appear to be inadequate,
It was hoped that the knowledge gained from this investigation would be suf-
ficlently broad in application that the data requirements for future VfSTOL
developments could be defined.

The program wes dlvided into three phases to ldentify the major areas of
activity. The first phase involved the collectlion and correlation of dats
available from wind tunnel tests conducted in support of the alrcraft develop-
ment program. The next phase covered the collection of flight test data and
extraction of the pertinent sercdynamic perameters from the Contractor's
Category I flight tests of the XC-142A airplane. The final phase was the
comparison of the wind tunnel and flight test data. However, after the first
two phases were completed, it became apparent that the desired degree of cor-
relation could not be attained with the available wind tunnel data. Also, the
flight date available were not of suitable quality to allow a high degree of



confidence in inverse solutions for aerodynamic derivatives., Because of
these unexpected results, the program effort was redirected toward improv-
ing the wind tunnel data correlation. In easence, ancther phase wes
added, which consisted of the collection and correlation of data obtained
from wind tunnel tests conducted specifically for this program.

It should be emphasized that the inabllity to achieve good correlation
for this program does not necessarily detract from the usefulness of the
date for design and research purposes. However, it should also be pointed
out that the results of this program indicate the design and research
engineers need to be well acquainted with the teat conditions and techniques
uged in order to properiy use the data, As a gpecific example, satisfac-
tory correlation was not obtained because of differences in propeller
blade angles used by the various facilities; however, for design purposes
the data have to be extrapolated to full scale and the particular "starting
point" is not important.

This report describes the work performed under Contract AF 33(615)-2897
and presents the results cbtained,



SECTION III

CORRETATION OF WIND TUNNEL DATA
ACQUIRED FOR AIRCRAFT DEVELOPMENT

The first phase of the program was intended to resolve eny differences
that existed in the wind tunnel date, obtalned from the various facilities,
before attempting to correlate wind tunnel and flight test data., In the be-
ginning, the wind tunnel well effects were expected to be the most significent
factor in determining the degree of correlation attained. As the program
progressed, it became apparent that certein other factors were Jjust as signifi-
cant.

Although & very large amount of testing was collectively performed, only
a few runs were made by each facllity during which the model configuretions
were similar enough for direct comparison. Furthermore, some of these runs
wvere not suitable for comparison because of differences in test conditions.
Since this study was underteken after the wind tunnel tests were completed
end the original contract did not permit additional testing, data specifically
obtained for correlation purposes were never available,

1. TEST APPARATUS AND PROCEDURES

Although five models of the XC-142A airplane were tested in six different
size test sections, only three of the facilities (four test sections) produced
data that were suitable for the correlation program. FPhotographs of all the
models instelled in the test sections are shown in Figures 1 through 6. A
comparison of the model geometry (increased to full scale) and sirplane geometry
is presented in Table I.

a, NASA AMES TESTS

Ames tested & 0.6 scale model in the 40 x 80-foot wind tunnel (Refer-
ence 1). Four tests were conducted; two were out of ground effect and two
were in ground effect, The wing incidence angle was varied from O to 90 degrees.
Tufts were attached to the model during almost all of the runs and sketches of
the surface flow characterlstics were drawn., A few photographs of the tufts
were also obtalned.

The model was mounted on & three support system using an external
balance system to measure the aerodynamic forces and moments. Ground effect
data were obtained using a fixed ground board. Each of the three-bladed pro-
pellers was driven by a 250 horsepower variable frequency electric motor. The
motors were operated in parallel from a single power supply and rotated at
approximately the same speed. The propeller speed was varied from 750 to
1550 RPM {+ 15 RPM). The majority of the testing was performed with & pro-
peller blade angle setting of 10 degrees; however, a few runs were made with
the following blade angle settings:



INBOARD PROFPEILLERS 20 12 14 ik ik 22,5 6 b
OUTBOARD PROFELIERS 20 18 6 14 0 22,5 6 OFF

The blade angles were fixed during a run. During two of the tests, two of the
propellers were instrumented with strain gage balances that measured the
propeller thrust, torque, normel force, side force, pitching moment and yawing
moment. The balances rotated with the propellers. The nacelles were moved
approximately 10 inches aft of the normal location when the balances were in-
stalled, Discrepancies in the dats obtailned with these balances were never
resolved and the data were not availeble for the correlation program. A
powered teil rotor was used during the last two tests. The blede angle was
set at 10 degrees and the thrust was measured with a strain gage balance,

The propeller thrust characteristics were obtained from propellers-on and
propellers-off runs with the wing at zZero incidence and the fugelage st -2
degrees, to approximate a zero 1ift condition. The tunnel dynamic pressure
and propeller speed were varied for a range of thrust coefficients (T') at 10
and 14 degrees propeller blade angle. With the propellers removed, a‘model
drag coefficient was determined. This value of dreg coefficient (sign
reversed) was added to the propellers-on data to estimate thrust coefficient.
These data were used to establish the nominal thrust coefficient for each run
regardless of the wing incidence angle.

The normal procedure for conducting a run consisted of establishing a
nominal thrust coefficient by setting the required combination of tunnel
dynemic pressure and propeller speed; these values were then mainteined essen-
tially constant as the model attitude was varied. The dynamic pressure was
allowed to vary slightly during a run, to avoid the difficulty and loes of
time involved in msintaining a constant velue, The coefficients were computed
using the measured dynamic pressure for each deta point. Both pitch and yaw
runs were made., The tunnel dynamic pressure was veried from O to 10 PSF.

Tunnel wall effects corrections were not applied to the data. No cor-
rections were applied to the data to account for the effects of the model
support system for the out of ground effects tests. During the ground effect
tests, the supports were not housed in wind shields and runs were made with
the model removed to determine the tare loads on the supports. These correc-
tions were applied to the data. The model weighed approximately 25,500 pounds
and weight tare corrections were applied to the data. ,

b. NASA IANGLEY TESTS
{1} T x 10-Foot Tunnel (Modified 15.7 x 17-foot V/STOL Test Section}

Langley tested a 1/ll-scale model in the modified 15.7 x 1T=foot
section of the 7 x 10-foot subsonic tunnel (Reference 2), Four tests were con-
ducted; one out of ground effect and three in ground effect. The wing Incidence
engle was varied from 0 to 90 degrees. Tufts were attached to the model during
almost all of the runs and photographs of the surface flow characteristics were
obtained.



The model was mounted on & horizontal sting support using an internal
strain gege balance to measure the aercdynamic forces and moments. Ground
effect dats were obtained using a fixed ground board during one test and using
& moving belt ground board, with the belt moving and stationary, during the
other two tests. Each of the four-bladed propellers was driven by a T 1/2
horsepower varlable frequency electric motor. The motors on one side of the
wing were operated in parallel from one power supply and the motors on the
opposite side were opermted in parallel from ancther power supply. Thls per-
mitted the two peirs of motors to be operated at different speeds while main-
taining the same speed for the motors in e pair within + 15 RPM, The propeller
speed was maintained constant at either 7000 or 7500 RFM, except during
asymuetric thrust runs. The majority of the testing weas performed with a
fixed propeller blade angle setting of 12 degrees. A few runs were made with
2 blade angle setting of 8 degrees. The blade asngles were set with the pro-
pellers in a bench jig, but when they were installed on the model, they did
not develop the same thrust for the same rotational speed., Therefore, the
blade angles were altered by an iterative process until the same thrust was
developed by each propeller., The finel blade angles were not measured and,
therefore, must be regarded as nominal velues. The propeller forces were
measured with internal four-component strain gage balances. Propeller thrust,
nermal force, pltching moment and torque were measured for the propellers on
one side of the wing and thrust, side force, yawing moment, and torque for the
propellers on the other side,

The propeller thrust characteristlics were also obtained by performing
runs with the propellers on and off the medel with the wing and fuselage at
zero angle of attack. The tunnel dynamic pressure was varied while maintaining
a constant propeller speed to obtain a range of thrust coefficlents ( e
With the propellers removed, a model drag coefficient was determined. tis
value of drag coefficient (sign reversed) was added to the propellers-on data
to estimate thrust coefficlent. These data were used to establish the nominal
thrust coefficient for each run, regardless of the wing incidence angle.

The normel procedure for conducting & run consisted of establishing =
nominal thrust coefficlent by setting the requlred tunnel dynamic pressure and
propeller speed (7000 or 7500 RPM); the dymemic pressure and propeller speed
were then maintained constant as the model attitude was varied. Both pltch
and yaw runs were made., The tunnel dynamic pressure was varied from O to
10 PSF.

Tunnel wall effect corrections were not applied to the data. No corrections
were applied to the data to account for the interference effects of the model
support system. The model weighed approximately 175 pounds and welght tare cor-
rections were applied to the data. During the out of ground effect test, the
model was rolled 90 degrees to eliminate the weight tare in the model longi-
tudinal forces.



(2) 30 x 60-Foot Tunnel

Langley also tested a 1/9-scale model in the 30x 60-foot tunnel
(Reference 3). The majority of the test was devoted to free-flight testing the
model but a few runs were made to obtain static force data, The wing incidence
angle was varied from 0 to 90 degrees, The model was dynamically scaled. The
propellers were interconnected by a system of shafts and gear bhoxes and were
driven by a pneumatic motor. During the free-flight testing, the pneumatic and
electric power and control signels were supplied to the model through a flexible
trailing cable which wes made up of wires and light plestic tubes. During the
static force testing, the model was mounted on & sting support and the aero-
dynamic Torces were measured with an internal streain gage balance.

The free-flight testing conslisted of slow constant-altitude
transitions and simulated descending-flight conditions at low tranzition speeds.
The results were mainly gqualitative and consisted of pilots' observations and
opinions of the behavior of the model. The force testing was made to help
document some of the serodynsmic, stabllity and control characteristics of the
model, The procedure for conducting the force runs consisted of setting
the fuselage at zero angle of attack, varying the propeller rotational speed
and the tunnel dynamic pressure until the longitudinal force wes zero, and
then varying the model attitude with the propeller speed and tunnel dynamic
pressure held fixed. Propeller thrust was not determined during the test.

¢. PRINCETON UNIVERSITY TESTS

A 0,10 scele model was tested in the Princeton dynamic model track
facility (Reference 4). The primary purpose of the test was to determine the
dynamic stability characteristics of the model; however, a few static force runs
were also made. Four wing incidence angles were tested; 40, 60, TO, and 90
degrees.

The model was dynamically scaled, The four main propellers and tail
rotor were interconnected by & system of flexible shafts and gear boxes and
driven with a five horsepower electric motor. The model had electrically
driven collective pitch change on each of the propellers. The collective
pitch system was arranged so that the left and right propellers were separately
controlled, thus providing differential ccllective pitch for roll trim. Wwing
incidence, flaps, ailerons, and the horizontel tail were power operated so that
full transition runs could be made with required programming of all items.

The model was mounted on & boom which was attached to a servo-driven
carriage that traveled on a T50«foot track. The operation of the carriage-
track system consisted of flying the dynamicelly scaled model in an enclosed
ares, and followlng the natural motions of the model with a slaved carriage,
thereby providing e frame of reference for measuring the time histories of the
motion. Positioning servo-mechanisme operating on the error signel (the dif-
ference between the model position and the carriage position) caused the
carriage tc follow the model without restraining the motion of the model.



Statie testing was performed by commanding the carriage movement in accordance
to pre-selected velocity profiles or programming angle of attack changes while
driving the carriage at constant velocities. During the static testing, the
model was rigidly attached to the carriage and the aerodynamic forces were
measured with strain gage balances. Propeller thrust was adjusted at the
beginning of each run to obtain trim conditions with the fuselage at zero
angle-of-attack; however, the thrust was not measured,

d. VAD TESTS

A 0.1l scale model was tested in the 7 x 10-foot and modified 21 x 23~
foot V/STOL test sections of the VAD low speed wind tunnel (References 5
through 10). Six tests were conducted: one in ground effect and five out of
ground effect. This model was also tested in an open air hover facility
(References 11 and 12)., The wing incidence angle was varied from O to 90
degreea during these tegts, Tufts were attached to the model during almost
all of the runs and photographs of the surface flow characteristics were
obtained.

During tests in the 7 x 10-foot section, the model was mounted on a
two-gupport system and the merodynamic forces were meagured with an external
beam balance asystem. During tests in the 21 x 23-foot section and hover facllity,
the model was mounted on a single-support and the aerodynamic forces were
measured with an internal strain gage balance. Ground effect data were obtained
by varying the height of the model above the floor in the 21 x 23-foot section
and the hover facility, Each of the four-bladed main propellers were driven by
a 25 horsepower hydraulic motor. The three~bladed tall rotor was driven by a
10 horsepower hydraulic motor. The motors were individually controlled such
that the speed of each motor could be varied between O and 10,000 RPM (18,000
RPM for the tail rotor). The accuracy in setting and controlling the apeed was
approximately +30 RFM. The majority of the testing was performed with a fixed
nominal blade angle of 1L degrees. A few runs were made with the outboard
propellers set at & nominal 14 degrees and the inboard propellers set at 10
degrees. A defect in the manufacture of the blade angle setting devices caused
an error in the blade angles. The right propellers (viewed from behind the
model) had an error of 1.33 degrees and the left propellers had an error of 3.83
degrees. For a nominal blade angle setting of 14 degrees, the actual angles
were 15.33 degrees for the right and 17.83 degrees for the left propellers. This
conditicn existed during the propeller calibration and all tests except the last,
The tall rotor blade angle settings were -20, 0, and +20 degrees. A device to
neasure the propeller thrust, normel force and pitching moment was fabricated;
however, data obtained with the device were insufficiently accurate to Justify
its use. The thrust of each propeller was measured with a strain gage balance
that incorporated a sliding, splined shaft which isolated the propeller shaft
from the motor in the thrust direction. The tall rotor thrust and pitching
moment were measured using a two-component strain gage balance located in the
tail rotor boom,

The thrust characteristics of each propeller and the tail rotor
(removed from the model) were cbtained fram tests in both the 7 x 10- and 21 x
23-foot test sections (Reference 13). A hydraulic motor and its houming were
mounted on a sting support in the 21 x 23-foot section and on a two strut tandem
support in the 7 x 10-foot section. Thrust was measured for several blade angles
over & range of tunnel dynamic pressures and propeller rotational speeds., Most



of the runs were made with the propeller disk plane perpendicular to the free
stream flow. The thrust coefficients (Cp,g) obtained from these calibration
runs were used to set the tunnel dynamic pressure and propeller speed for all
of the model teat runs, regardless of the wing incidence angle,

The normal procedure for conducting a run consisted of establishing a
nominel thrust coefficlent by setting the required cambination of tunnel
dynamic pressure and propeller speed; the model attitude was then varied with
the tunnel dynamic pressure and propelier speed held constant. Both pitch and
ya&w runs were made. The tunnel dynamic pressure was varied from O to 40 PSF in
the 7 x 10-foot section and from O to 2.81 PSF in the 21 x 23~foot section,

Tunnel well effect corrections, using the classical method {(Reference
14) were applied to the data obtained in the 7 x 10~foot section, but not to the
data obtained in the 21 x 23-foot sectlion., Corrections, obteined experimentally,
were applied to the data obtained in the 7 x 1l0«foot section to account for the
effects of the model support system, No corrections were applied to the data
obtained in the 21 x 23-foot section or hover facility to account for the effects
of the support system. The model weighed approximately 650 pounds and weight
tere corrections were applied to the data for all tests.

2. DATA COMPARISONS

Variations in test techniques, data reduction methods, and definition of
terms used by the different facilities prevented direct camparisons of the data.
Considerable manipulation of the data was necessary before useful comparisons
were poasible. The data from the various facllities were sssembled and reviewed
in order to select test runs suiteble for comparison., The primary purpose of
the Langley free-flight tests and the Princeton track tests was to determine
the dynamic characteristics of the model., While & very limited amount of static
force data was also obtained in the two tests, correlation of these data wag not
pousible because propeller thrust was not measured. Basic data sultable for
correlation were avalilable from tests at Ames, Ll.nsle , and VAD for wing/flap
combinationg, ranging from cruise configuration (0°/0) to low speed BTOL config-
uration (40°/60"). These data were reduced to coefficlent form using uniform
date reduction methods. The aerodynamic coefficients were based on the free
stream dynamic pressures., Tunnel wall corrections, uaing the classical method
(Reference 14) were applied only to the VAD 7 x l0-foot test section data.
Correlation of the longitudinal characteriatics wes attempted first, and because
of the degree of correlation attalned, it was not considered advisable to con-
tinue with the lateral-directional characteristics. Comparisons of both pro-
pellers~off and propellers-on data are discussed in the following paragraphs.

a. FROPELLERS-OFF

Comparisons of propellers-off data from each of the facilities are
presented in Pigure 7. The lift curve slopes are in goocd agreement. The maxinum
1ift for Langley and VAD is in fair agreement for the flaps up configuration,
when corrected for Reynolds number effect. There is considerable difference in
the increase in 1lift with flap deflection obtained from Langley and VAD (data
not available from Ames). The larger increase in lift with flap deflection
obtained by VAD is, at leaat in part, due to the use of grit on the model to
increase the local effective Reynolds mumber, discussed later. The angle of
attack for maximum 1ift and the zero~lift drag are not in good agreement,
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b. PROPELLERS-ON

Comparisons of the propellers-on date from each of the facilities are
presented in Figures 8 through 14, It was not possible to make campsrisons of
data from all three facilities together; therefore, each of the figures
compares data from two of the facilities.

(1) Langley and VAD

Data for & wing/flap configuretion of 0°/0° and nominal thrust
coefficients of 0.05 snd 0,07, are presented in PFigure 8. The 1lift curve slope
is slightly larger for VAD than Langley. The VAD maximmm 1ift is only slightly
greater than for the propellers-off case, but the Langley lift continues to
increase without evidence of stall., This disagreement may be caused by the dif-
ference in thrust coefficlent; as these data indicate, the thrust coefficient
increases more rapidly with angle of attack for Langley than VAD, However, the
dreg is also larger for Langley than VAD, Because of these disagreements, the
pltching moment comparison is meaningless.

Comparison of a 20°/60° wing/flap configuration for a nominal
thrust coefficient of 0.6 is presented in Figure 9. The slopes of the lift
curves are in good agreement, The maximum lift and assoclated angle of attack
are not consistent. Part of this discrepancy can be explained by the differ-
ences in the thrust coefficients for these rung. The shapes of the drag and
pitching moment curves are gimilar for the two facilities but different in
megnitude. VAD uged grit on the model to increase the local effective Reynolds
number during all runs with the flap deflected., Additional comparisons of the
20°/60° configuration for nominal thrust coefficlents of 0.7 and 0.8 showed
the same general trends.

A comparison of the 20°/60° configuration cross-plotied to obtain
data at a constant actual thrust coefficient (not nominal), is shown in Figure
10. The shapes and slopes of the curves are in good agreement; however, the
magnitudes are not. The 1ift is consistently higher and drag lower for the
VAD data,

Comparison of a wing/flap configuration of 40°/60° for a nominal
thrust coefficient of 0.9 is shown in Flgure 1l. The propeller blade angles for
the two Langley runs are different, § and 12 degreea. The slope of the lift
curve and maximum lift from VAD agree well with the Langley 8 degree blade
angle run, but the agreement is poor with the 12 degree run. The opposite is true
with the thrust coefficients. The thrust coefficients for VAD agree well with
the Langley 12 degree blade angle run and the agreement is poor with the 8
degree run, The drag and moment comparisons are meaningleas because of the
1ift and thrust differences.

(2) Langley and Ames

Comparison of a wing/flap configuration of 0°/0° for a nominal
thrust coefficient of 0.4, is presented in Figure 12. The 1lift curves are in
fairly good agreement, although the Ames data indicate a slightly greater
slope. The drag curves are in fair agreement, which indicates the actual
thrust coefficients were about the same. The difference in the thrust co-
efficient curves probably represents the difference in methods of determining
thrust, which is discussed later. The moment curves are also in fairly good
agreement considering the agreement of 1ift and drag.
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Comparison of the 20°/60° wing/flap configuration, for e nominal
thrust coefficlient of 0.59, is presented in Figure 13. Again, the slopes of
the 1ift curves are in good agreement. The angles of attack for meximum 1ift
are in fair agreement, but the 1lift values from Langley are greater than Ames
throughout the angle of attack range., The shapes of the drag and moment curves
are sgimilar, but the magnitudes are not in very good agreement. Again, there
is congiderable difference in the thrust coefficient curves.

(3) Ames and VAD

Comparison of a 30°/60° wing/flap configuration, for a2 nominal
thrust coefficient of 0.84, is shown in Figure 14. The slopes of the 1lift
curves are in good asgreement, but the VAD 1ift values are larger throughout the
angle of attack range. The angle for maximum lift, the drag curves, and thrust
coefficients are in falr agreement. The scatter in the Ames thrust coefficlent
data is caused by the variation in tunnel dynamic pressure. Comparison of the
moment curves is meaningless because of the differences in 1ift and drag. The
leading edge flap was set at 90 degreesg on the VAD model and 80 degrees on the
Ames model.

3. DISCUSSION OF RESULTS

An unexpected result of the correlation program was the finding that
certain controllable factors contributed as much difficulty in correlating the
data as the tunnel wall effects. Many factors were found to affect the corre-
lation, Scme of the factors possibly represent the state-of-the-art, such as
the tumnel wall effects; while other factors are readily controllable, such as
the test techniques. The factors contributing to the lack of agreement in the
data can be grouped into five main categories: model configuraticns, data
reduction, propeller charscteristics, special test techniquea, and wind tunnel
corrections.

a., MODEL CONFIGURATIONS

Model configurations became a factor by the use of three different
models without completely common geometric characteristics. Differences
existed in the basic models, as well as the configurations tested., A summary
of the more significeant differences in the basic models (from Table I) were as
follows:

Ames: Larger wing area, geametric wing twist, larger chord, smaller
horizontal tail, no dorsal, no gear pods, nacelles were not
contoured, three-bladed propellers, inboard propellers were
not tilted,

Langley: Had propeller spinners, inboard propellers were not tilted, no
tail rotor,

VAD: Hed propeller spinners.

Same of the differences existed because of fabrication costs and others
because of the airplane configuration changes after the models were con-
ptructed and these changes were not incorporated in all the models.



Each test was conducted for gpecific purposes such as stability and
control, performance, slat optimivation, and improved descent capability.
Because of these different objectives, a wide variation of model configurations
were tested, Only a few runs were made by each facility during which the model
configurations were similar enough for direct camparison of the data. It was
impossible to evaluate the effects of the differences in model configurations
because of the presence of other factors, discussed subsequently, that simul-
taneously affected the data.

b. DATA REDUCTION

Data reduction became a factor in the correlation by the lack of a
common base for comparing data from the varicus tests, Conventional airplane
force coefficients ere based on the free stream dynamic pressure. However,
since these coefficients approach infinity as the hover condition is approached,
it has become the practice of some facilities to base the coefficients on the
slipstream dynamic pressure for V/STOL tests. The definition of the dynamic
pressure, used in reducing the data to coefficient form, was different for each
facility, Ames selected the tunnel dynamic pressure. Langley selected the
slipstream dynamic pressure (which varied during & rua because the thrust varied
with model attitude). VAD selected a nominal slipstream dynamic pressure, based
oh the average thrust and tunnel dynamic pressure at zero angle-of-attack.
Therefore, a constant value was used in the data reduction for each run, These
differences in the definition of the dynamic pressure prevented a direct compari-
son of the data., A comparison of data reduced by the different methods is
presented in Figure 15, The maximm lift coefficlent and corresponding angie-
of-attack are shown to be affected by the method of dats reduction, Differences
in data reduction methods did not prevent the eventual correlation of the datas,
of course, but additional computations were required.

The difference in definition of thrust coefficient (CT,! and T' ) also
prevented & direct comparison of data. Although conversion from one definition
to another is quite simple, another calculation is necessary,

c¢. FPROPELLER CHARACTERISTICS

Propeller charecteristics have a pronounced effect on the aerodynamic
forces on a tilt-wing V/STOL airplane because almost all of the wing is submerged
in the propeller glipstream. Consequently, measurement of all the propeller
forces and moments are desirable, but measurement of thrust is essential,

Langley and VAD measured the thrust of each propeller directly, Ames
determined thrust from propellers-on and propellers-off runs, using data
cbtained from the main balance. This method actually provides the net thrust,
including slipstrean drag and other factors, snd is only applicable for the
condition measured, sero 1lift and cruise configuraticn, For a small angle-of=-
attack range, this method may be satisfactory; however, for a tilt-wing
configuration, the angle-of-attack range is too large for it to be considered
acceptable, Data, for which the thrust was measured directly, indicated a
large increase in thyust with increase in angle of attack for values of thrust
coefficient (Cp ) between O and 0.6, The variation of thrust with angle of
attack is significant up to a thrust coefficient of about 0.95. Determination
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of thrust by thie method has the further disadvantage of providing only the
total (net) thrust rather than the thrust of each propeller.

The propeller data from both Langley and VAD (Figures 16 and 17)
indicated a different thrust for each propeller, whereas the thrust should
have been uniform. The reason for this variation is not known; it could be
caused by the accuracy of getting the propeller speed, variation in tunnel
flow conditions, accuracy in thrust messurement, or other such variables.
Asguning that the variation in thrust between propellers iz not caused by the
measuring accuracy, a8 difference in the digtribution of thrust could account
for part of the disagreement hetween two runs that are otherwise gimilar.
Ames reported (Reference 1) that, for the same total thrust, operating with more
thrust on the inboard propellers than on the outboard propellers, increased the
meximum 1ift coefficient and descent capability. As an example of the magnitude
of the varliation in spanwise thrust distribution, during one TLangley run, the
average thrust coefficient (Cp .} was 0,02 and the individual thrust co-
efficients were -0.09, +0.20, 28,02, and -0.05, While the spamwise distribu-
tion of thrust may be significant in the aerodynamic coefficients, no attempt
was made by any of the facilities to maintain the same thrust distribution
from run to run other than to establish a particular propeller speed and
tunne] dynamic pressure.

Each facility used nominal values of thrust coefficient as the basis
for establishing the test conditiong for a run. However, the methods of
determining nominal thrust were different. Ames and Langley cbitained the
variation of ncuinal thrust coefficient with tunnel dyneamic pressure and propel-
ler speed from propellers-on and propellera-off runs, with the wing and fuselage
at zero angle of attack. VAD obtained this variation from propeller-nacelle
alone runs, with the thrust axis at zero angle of attack. These data were used
to establish the test conditions for a desired nominal thrust coefficlient for
all wing/flap combinations. As 2 result of this procedwure, the actual thrust
coefficlent values were not the seme and a direct comparison was usually not
posgible. Only a limited amount of data was available to permit cross-plotting
the data to obtain information at the same thrust coefficient,

The XC-1L42A airplane propellers operste at constant speed with
varying blade angle, whereass the wind tunnel tests were conducted by varying the
propeller speed with & fixed blade angle, The usual practice for conventional
propeller driven aircraft has been to match the model and alrplane propeller
advance ratic using two-blade angles; one for low speed and one for high
speed. This, of course, is not economically practical for tilt-wing tests as
mumerous blade angles would be required. Consequently, each facility conducted
the mejority of runs with a single blade angle, The nominal blade angles were
10, 12, and 14 degrees for Ames, Langley, and VAD, respectively.

Ames and Langley conducted a few runs {Reference 2) to determine the
effect of using different blade angles. ILangley reported that reducing the
propeller blade pitch angle from 12 to 8 degrees made a significant improvement
in the degcent capability. The data from Langley and VAD did not show the same
variation of thrust coeffilcient with angle of attack. As indicated in
Figure 18, the rate of change of thrust with angle of attack increased with a
decrease in blade angle. Also, the propeller forces and moments represent a
significant percentage of the total forces and moments applied to the model.
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Sufficient data were not available to determine the effect of blade angle on

the propeller forces and momemts. Since only Langley was successful. in measur-

ing all of the propeller forces and moments, comparisons of these parameters
were not poassible.

S8ince these propellier characteristics have been shown to produce such
a pronounced effect on data correlation, they must be gimilar during data
acquisition to attain a satisfactory degree of correlation. The thrust must
be accurately measured and controlled to produce similar thrust coefficients
and thrust distributions. Also, the propeller blade angles must be selected
on the same basis to assure the same slipstream characteristics and propeller
forces and moments,

d. SPECIAL TEST TECHNIQUES

Test techniques are always pertinent to the acquisition of reliable
data, and this appears to be especially true of V/STOL data to be used in any
correlation studies. In the tests providing data for this correlation study,
the normal procedure for acquiring data was similar for each facility. BEach
facility, however, used certain unique test techniques that affected the data
correlation., The most glgnificent of these were the way flow visualization
was provided and the mammer in which control of local Reynolds mmber was
maintained,

One of the main purposes of wind tunnel tests of a tilt-wing configu-
ration is the investigation of the wing stall characteristics: In order to
obtain a visual indication of the flow separation pattern, tufts were attached
to the model wings during almost all the runs, The tufts were not attached to
the models in the same manner or in the same locations. The tufts on the VAD
model were attached with spanwise lengths of tape that produced small chord-
wise steps in the contour of the upper surface of the wing at each row of tufts.
During some of the runs with the tufta attached in this manner, the leading
edge of the tape lifted somewhat and caused the tape to act as a spoiler. The
tufts on the Langley model were attached with chordwide lengths of tape that
produced a small stresmwise gtep at each tuft. Ames attached each tuft indi-
vidually with a small piece of tape., Also, the tuft spacing differed for each
model. at the various facilities primarily because of the method of attaching
the tufts, Yet, the effect of tufts on force data were not fully known since
only & few runs were made for this purpose. The tufts generally caused an
increase in drag and a decresage in 1lift., However, tufts were accepted in these
teats because of their value in providing flow visualization,

Another technique was the control of the local effective Reynolds
number. VAD used Carborundum grit to conirel boundary layer transition and
improve the flap effectivensas., The grit was attached by a thin layer of
lacquer to the lower surface of the wing and on the flaps. The pattern of
the grit was not the same for the various flap deflections. Thiszs technique
was not used on the Ameg or Langley mode) and can account for some of the dis-
crepancies in the 1lift curves. As shown in Flgure 7, VAD increased the flap
effectiveness significantly by increasing the local effective Reynoclds mmber,
Thege differences in test technlques are considered major factors in prevent-
ing the attaimment of the desired degree of correlation,
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e. WIND TUNNEL CORRECTIONS

Several. corrections are typically epplied to the basic wind tunnel
data to account for the conditions that exist in the tunnel, but not in free
air. These corrections consist of the various tares, model support system
effects, and tunnel wall effects.

The tares are caused by tempersture changes, model weight, pressurized
tubing, and similar factors. These taregz are usually small and readily deter-
mined. However, with the lower tunnel dynsmic pressure associated with V/STOL
testing, the tare loads can represent a significant percentage of the total
measured load, It was assumed thet these tares were correctly evaluated and
did not affect the data correlation. '

The conventional low speed tunnel model support system, using an
external balance, have a drag load {tare) and affect the free air flow about
the model (interference). Support systems using internal balances have only
the interference effects. The models were supported in a different manner in
each facility. The effects of the model support ayitem were determined only
for the VAD model in the 7 x 10-foot section. It was not known to what extent
the other model supports sffected the data correlation,

Wind tunnel wall effects for V/STOL airplanes cannct be adequately
determined by the same methods used for conventional airplanes. The theore-
tical methods to calculate V/STOL wind tunnel wall corrections (References 15
and 16) require s large range of thrust coefficients to permit cross-plotting
the data. Sufficient data were not aveilable to make a proper evaluation of
these tunnel wall corrections, The magnitude of the tunnel wall effects depends
on the size of the model relative to the site of the test section. The relation-
ghip between the model size and test section size for the Ames, Langley, and
VAD tests is shown in Figure 19, Large wall effects would be predicted for the
Ames tunnel and the VAD 7 x 10-foot section., Small wall effects would be
predicted for the Langley tunnel and the VAD 21 x 23-foot section, Furthemmore,
the magnitude of the corrections for the latter two test aections should be
about the same. However, comparison of date from these sections (Figure 10)
indicates a significant difference in both 1ift and drag coefficients,
apparently attributable to other factors.

One of the problems associated with testing V/STOL models is the
accurate measurement of dynamic pressure when the dynamic pressure is a
very low value, For propeller-driven models, the ratic of the slipstream
to tummel dynamic pressure must be large., Therefore, the maximum tumnel
dynamic pressure is determined by the limitation of either the model motors
or the tunnel drive system. The limitation of the model motors, of course,
is determined by the allowable motor gize., The tunnels that have been
modified to provide a second larger test section, the purpose of which is to
reduce the effects of the tunnel walls, use the same drive system. Therefore,
the maximum dynamic pressure obtainable in this section is considerably less
than in the smaller section. The tunnel dynamic pressure variation with
nominal thruast coefficlent for the Ames, Langley, and VAD tests is shown in

15



Table II. Each facility tested at values of dynamic pressure below 2.0 PSF,.
The accuracy of measuring the dynamic pregsure with a typical micromanometer
is about 0.05 PSF (0.0l inches of water). Therefore, at the lower values

of dynamic pressure, instrument limitations shonid introduce a significant
error and the errors may be additive when comparing data from two facilitiea.
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TABLE II TUNNEL DYNAMIC PRESSURE VALUES

THRUST DYNAMIC PRESSURE PSF
COEFFICIENT
Cr,q VAD ViD LANGLEY AMES
7 X 10 21 X 23 15 X 17 ko X 80
0 Lo 2,81 10 10
.2 30 2.81 7.8 ———
ol - 2,81 5.7 6
5 18 2,81 --- ===
+6 6 2,81 3.8 6
.8 é 2,81 2.9 5.0
«9 — 2.0 1.0 1.7
«96 -—— 1.k ol ———
1.0 -— 0 0 0
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FIGURE 5

INSTALLIATION OF 1/9 SCALE MODEL IN THE
LANGELEY 30 X 60 FOOT FREE FLIGHT TUNNEL
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INSTALLATION OF 0.10 SCALE MODEL IN THE
PRINCETON DYNAMIC MODEL TRACK FACILITY
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FIGURE 7

COMPARISON OF AMES, LANGLEY, AND VAD DATA (PROPELLERS OFF)




LIFT COEFFICIENT, Cy,

2.4

2.0
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22

.3 o
DRAG COEFFICIENT, Cp

(b) C;, vs Cp

FIGURE 7 (CONCLUDED)
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SECTION IV

CORRELATION OF WIND TUNNEL DATA
ACQUIRED FOR DEFINITION CF V/STOL TEST REQUIREMENTS

Although the wind tunnel tests performed to obtain aircraft design data
did not provide the specific data needed for this study, they certainly
identified some factors importent to the acquisition of data suitsble for
correlation purposes, The inebility to perform a valid data correlastion was
caused primarily by the lack of data from similar model configurations and
test conditions. The scope of the investigation was eventually expanded to
include three additional tests, performed with the same model but in
different size test sections. These tests were intended %o avoid practically
all the differences that existed during the previous tests and provide data
that could be used to establish test requirements for future V/STOL wind
tunnel programs,

l, TEST APPARATUS AND PROCEDURES

It was recognized that considerable emphasis must be placed on obtalning
accurate data and on the rigld control of test parameters, particularly thrust,
in order to achieve the progren objectives. These requirements were high-
lighted during the analysis of the data obtained from the previous wind tunnel
tests., To satisfy these requirements, improvements were made in the model
instrumentation and data recording system.

a. MODEL

The VAD 0,11 scale XC-lh2A model was used for these tests. The basic
model is described in Section III. Prior to the beginning of these tests,
several modifications were made to the model., These modifications, which 4id
not affect the aerodynemic characteristics, were as follows;

(1) The single component propeller balances thet
measured thrust were replaced with five-component
balances that measured propeller thrust, normal
force, pitching moment, side force, and yawing
nmoment. With the use of these balances the
propeller rotational speed could he measured and
controlled to within + 2 RM,

(2) The wing incidence bracket that allowed setting
the wing incidence from 0 to 90 degrees im 10
degree increments was replaced with a remotely
controlled wing actuator that permitted the wing
incidence to be varied from O to 90 degrees during
a run. The wing incldence angle could be set to
within + 0.10 degree.,
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(3) The fuselage angle-of-attack measurement was
improved with the installstion of electrolytic
bubble levels, These levels were attached to a
plate and mounted inside the model. Each level
was set to & predetermined angle to provide an
angle-of-attack range of + 20 degrees in 2
degree increments. The accuracy of setting the
fuselage angle-of-attack was + 1 minute.

b, TEST SECTIONS

The tests were performed in the three test sectlions of the VAD low
speed wind tunnel, The following 1s a brief description of these sections,

The rectangular 7 X lO~-foot test section is 16 feet long and operates
at atmospheric pressure., The dynamic pressure range for the test in thils
section was approximately 3.0 to 50 PSF, An internal strain gage balance was
used to measure the aerodynamic forces on the model during the test runs for
which the wing incidence was varied while maintaining a constant fuselage
angle=0of-attack. An external beam balance was used for all other rune.

The rectangular 15 X 20-foot test sectlon was constructed after the
airceraft development tests were completed., The section is 39 feet long and
is located upstresm of the 7 X 10-foot section 1n a tandem arrangement. This
gsection operates at a slight positive statlc pressure which varies with tunnel
speed. The dynamic pressure range for the test in this section was approximately
0.5 to T+0 PSF. An internal strein gege balance was used to measure the
serodynamic forces on the medel,

The rectangular 21 X 23-foot test section is 35 feet long (at the
centerline) and is located upstream of the 15 X 20-foot section between two
corners of the return passege. This sectlion aleo operates at a slight
positive static pressure vwhich varies with tunnel speed. The dynamic pressure
range for the test in this section was approximately 0.5 to 3.0 PSF. An
internal straln gage balance was used to measure the serodynamic forces on the
model,

c. 'TESTS

The objectives of these tests were to obtain data that would be
sultable for evaluating the wind tunnel wall corrections, correlating with
data obtalned from NASA Langley teets, and defining significent V/STOL test
parameters, Complete descriptions of these tests and the data acquired are
presented in References 17, 18, and 19.

Data for evaluating the tunnel wall corrections were cobtained from
each of the test sections using the same model configuration, support system,
balance system, recording system and test procedures, The normal procedure
of varying the model fuselage angle of attack while maintaining a fixed vwing
incidence was not practicel for the wing angle of attack range desired for
these data, Therefore, the data for evaluating the tunnel wall corrections
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were cbtaiped from runs for which the fuselage angle was constant and the
wing incidence angle was varied. While this procedure may not be best for
obtaining design data, it provides a suitable means of obtaining data to
investigate tunnel wall effects. The procedure for conducting these runs
consisted of establishing a nominal thrust coefficient by setting the
required combination of tunnel dynamic pressure and propeller speed; the wing
incidence angle was then varied fram O to 90 degrees while maintalning
constant tunnel dynamic pressure and propeller speed. The thrust
coefficient range for these runs was from O to 0.975 in the 15 X 20~ and
21 X 23-foot sectione and from O to 0.75 in the T X 1l0-foot section. The
maximm thrust coefficient In the 7 X 10-foot sectlon was limlted by the
minimm controllable dynamic pressure in that section. Runs were made with
the horizontal tail at zero incidence and with the horizontal tail removed.
The wing leeding edge slats and trailing edpe flaps were in the retracted
position, During this phase of each test, bHufts were attached to the test
section floor and side walls to detect any recirculation or tunnel flow
reversal that might occur at the higher wing incidences and thrust
coefficients,

Model configurations and test conditions were selected from the
NASA Langley tests and simulated in each of the VAD test sections. One
possibly significant configuration detail remained different, however, the
inboard propellers on the VAD model were tilted down approximately two
degrees and on the Langley model they were not. Tufts were attached to the
model wing using the Langley method. Model configurations and average
thrust coefficlents for wing/flap combinations of 0°/0°, 20°/60°, and
Lo°® /60°, corresponding to the Langley tests, were duplicated, Matching the
individual propeller thrust coefficients of the Langley tests was not
attempted. The procedure for conducting these runs consisted of matching
the Langley thrust velue at zero angle of attack by setting the required
combination of tunnel dynemic pressure and propeller speed; the dynamic
pressure and propeller speed were then malntained constant while the model
attitude was variled,

Several parameters were individually varied during the tests %o
determine which parameters have a significant effect on test results., Since
the previocus wind tunnel tests indicated the propeller blade pitch angle
affected the serodynamic characteristices of the model, this parameter was
further investigated during these tests. Model configurations with propeller
blade pitch angles of 4, 8, 12, and 14 degrees were tested., Data were obtained
during the test in the T X 10=foot section for evaluating flow continuity
corrections (Reference 20), The dynamic pressure was measured in the proximity
of the model with four pitotestatic tubes. The tubes were located outside of
the propelier slipstream. The free stream Aynamic pressure was established in
the normal manner and either the propeller thrust coefficlent or mcodel angle of
attack was varied. Reynolds number effects were investigated during the tests
in the T X 10=- and 15 X 20=foot sections. Data were obtained from runs during
vhich the propeller thrueit coefficlent was the same but the free stream dynamic
pressure was different.
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A few runs were repeated during the tests to obtain an indication
of the instrumentation accuracy. Daia obtained from repeat runs in the
15 X 20-foot section are shown in Figure 20, Based on repeat runs, the
instrumentation accuracy was approximately + 1.0 pounds for 1lift, + 0.5
pounds for drag, + 0.5 foot-pounds for pitching moment, and + 0.25 pounds
for the thrust of each propeller.

2. DISCUSSION OF RESULTS

Sinece it was found that many of the factors contributing to the lack of
agreement in the data from the previous tests were controllable, every effort
was made to avoid such problems with the data obtained during these tests,
However, significant differences between dats obtained from the three test
sections remain.

During the analysis of the data cbtained from the three sections, it
became apparent that although the characteristics of the data were quite
similar, the magnitude of the data from the 21 X 23-foot test section was
consistently less than either the 7 X 10~ or 15 X 20=-foot sections. An
extensive study was made of the possible causes of this discrepancy, but no
strict resolution was achieved, There are numerous factors that could
concelvably ceuse the difference in the data, but only one was found that
would bring the data into better asgreement throughout the wing incidence
range and thrust coefficlent range. The apparent reason for the dlscrepancy
in the data is that the test section dynamic pressure used to reduce the data
to coefficient form, which was determined from s free test section survey,
was not the same as the average dynamic pressure acting on the model during
the test., It is believed that the discrepancy could be eliminated with an
accurate dynamic pressure survey in the region occupled by the model.

For the propellers-off runs, an error in dynamic pressure of sbout 10-15
percent (0.09 inches of water) would bring the data into good asgreement. A
somewhat higher error, about 25 percent, is needed for the propellers-on
runs, Of course, an error in the dynamic pressure for the other two sections
would bring those data into agreement with the 21 X 23-foot section data.
However, the very uniform flow in these two sections mekes this possiblility
an unlikely prospect.

Ags a consequence of the dynamie pressure uncertainty, the absolute value
of coefficient data obtained in the 21 X 23~foot section is unknown; and,
therefore, these data were not considered in some of the anelysis. However,
the characteristics of the dats not affected by the dynamic pressure, such as
angle for maximum 1ift, were conslidered in the analysis.

a. TUNNEL WALL EFFECTS

The large wake deflection angles of V/STOL models in some test sections
result in wake impingement on the wind tunnel walls in the region near the
model causing relatively large, wall induced, flow deflection angles. The
classical wall correction methods are not applicable to V/STOL models because
of the assumption, in the derivation of the theory, that the model wake is not
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deflected, Mr. H. H. Heyson, of the NASA Langley Research Center, developed

a method (Reference 15) for correcting the data for the effects of the tunnel
walls that takes Into account the deflection of the model wake. However,
rrevious attempts to correlate wind tunnel data obtained from a single model
tested in different size test sections (References 21, 22, and 23), using this
method, did not provide satisfactory results. Generally, the corrections were
adequate for correcting the 1lift and drag to free air conditions only in the
intermediate angle-of-attack range and the piltching moment corrections were in
the wrong direction. The method was later modified (Reference 24) to improve
the pitching moment correction. Essentilally, the modification amounted to
using an "effective" wake deflection angle (measured from the horizontal) which
was one~half that used in the original method, It was recognized that with
this modification, the method would not be appliceble for hovering or very low
forward speeds. However, 1t was believed that limitations on the minimum

speed at which tests can be made in & meaningful fashion in wind tunnels (when
recirculation occurs) would be encountered before the failure of the correction

methed.
The theoretical relations of Reference 15 and the "effective" wake

angle modification were incorporated into a data correction routine and applied
to the basic data from each tegt section. The calculation procedure eonsisted
of three basic stepa. First, the effective wake deflection angle was calculated
from the 1lift, drag and tunnel flow measurements. Second, the wall interference
factors were calculated for that wake angle, tunnel geometry and model location.
The third operation consisted of converting the interference factors into wall
induced angle-of-attack and dynamic pressure change and correcting the various
aerodynamic parameters accordingly. Since the tunnel dynamic pressure was used
in reducing the data to coefficient form, all model force and moment coeffi-
cients were affected by the change in dynamic pressure.

An indication of the relative magnitude of the tunnel wall corrections
for the different test sectlions is shown in Table III, The correcticns were
c¢btalned from runs for which the nominal thrust coefficient was 0.5 at the
beginning of the run. The magnitudes of the corrections are very nearly in the
same ratioc as the test section areas.

The longitudinal force and moment coefficient data, corrected for the
effects of the tunnel walls, are presented in Figure 21, Data comparisons cannot
be made at constant thrust coefficients at the very low values because of the
manner in which the runs were conducted., Although the thrust coefficient was
near zero at the beginning of a run, because the tunnel dynamic pressure and
propeller speed were held constant, the thrust coefficlent increased with increase
in wing incidence to about 0.6 at & wing incidence of 90 degrees.

The net effect of the wind tunnel wall corrections for the wing incidence
runs is very small as shown in Figure 22, although the correction to each
parsmeter is quite large, The effect of the corrections is different for the
wing incidence runs and the angle-of-attack runs as shown in Figure 23. The
exact reason is not known; however, for the wing incidence runs, the model
behaves as a pure tilt wing (no flap deflection) and for the sngle-of-attack
runs, the model behaves more as a deflected thrust model. The different 1ift-
drag relationships for these two configurations appear to be the reason for the
difference in tunnel wall correctlons.
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The corrections appear to be adequate for correcting the lift data
from the 7 x 10-foot section up to about a thrust coefficient of 0.7 and wing
incidence of 30 degrees (zero flap deflection). Above these values there is
an abrupt loss in 1lift in the 7 x 10-foot section data. The drag data =sre in
good agreement up to a wing incidence of about 4O degrees. Above this wing
incidence, the agreement progressively gets worge. The pitching moment
coefficlient shows about the same characteristices, but it is shifted throughout
the wing incidence range.

The good agreement of the data from 7 x 10- and 15 x 20-foot sections
may only be fortuitous in that the dynamic pressure survey, discussed later,
indicated the actual dynamic pressure was considerably higher than indicated
by the clear tunnel calibration. In other words, the data may actually be
shown for the wrong thrust coefficient and these compensating errors msy only
apply to this particular model, 1In any event,the tunnel wall correctionsa
would not improve the agreement because their net effect is amall.

The model force date do not give any indlcation of flow breakdown or
recirculation effects, although the tufts in the 15 x 20-foot section ine
dicated recirculation for the 0.975 thrust coefficient run above a wing
incidence of about 60 degrees. This was indicated by the tufts adjacent to
the model on the sidewalls pointing straight up. At about 7O degrees wing
incldence, the tufts on the floor were pointing forward, indicating flow
breskdown. It appears that the beginning of recirculation effects can be
identified in the thrust measurements. As indicated in Figure 24, the thrust
on the inboard propeller ig shown to drop off sharply at a wing incidence of
60 degrees. The same trend is indicated by the thrust measurements taken in
the 21 x 23-foot section, although the tufts did not show & definite indi-
cation of recirculation. As shown in the figure, the sharp reduction in
thrust occurred at a wing incidence of about 70 degrees and & thrust coeffi-
cient of 0,95 in the 15 x 20-foot section. Data were not obtained for a thrust
coefficient of 0.95 in the 21 x 23-foot section. There was no indication of
recirculation effects in either of the sectiona at & thrust coefficient of
0.90. These indications might not be as apparent if the runs were conducted
at a constant thrust coefficient unless the change in propeller speed required
to maintain a constant thrust coefficient was sufficient to indicate
recirculation.

It was hoped that the information obtained from these tests could
be used to establish the practical limits of model configuration (i.e.,
wing/flap) and test condition variations with model/test section size ratio.
However, because of the conflicting indication produced by the serodynamic
data, tuft observation and propeller thrust, it does not appear to be
feasible,

b. DATA COMPARISONS FOR SIMILAR CONFIGURATIONS AND TEST CONDITIONS

(1) Propellers-off

Several runs were made in each of the test sections with the
propellers removed. The primary reason for these runs wag to determine
the data repeatability without the presence of thrust effects. However, at
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the low dynamic pressure valuea for most of these runs, the levels of the
serodynaric forces were very small, As a consequence, there were appre-
ciable differences in the magnitudes of the force ccefficlents and also e
large mount of scatter in the drag and pitching moment coefficient data.
Comparisons of the propellers-off data are not ghown because good agree-
ment could be obtained by the selection of certain runs (from seversl
repeat runs) and also very poor agreement could be obtained by the selec~
tion of other runs. The conclusion drawn from the analysis of these data
ig that propellers-off date should not be acquired in low speed sections,
such as the VAD 15 x 20~ and 21 x 23-foot test sections.

(2) Propellers-on

The data presented are for a constant thrust coefficient,
obtained from crogg-plots of the force coefficient versus thrust coeffi-
cient. Data for only one value of the thrust coefficient are shown for
each model configuration because the results were very similar for other
thrust coefficlente and would not materially add to the discussion. Pitch-
ing moment data from the Langley tests are not shown because the data are
not available for the same center-of-gravity location as the VAD data.
However, since lift and drag have a strong influence on pitching moment,
comperisons of these parameters provide a good indication of what could be
expected from pitching moment comparisons.

0. o Data for the cruise configuration (wing/flap combination of
0 /0") for a constant thrust coefficient of 0.20 are presented in Figure 25.
The slope of the lift curve is in good sgreement except for the 21 x 23-foot
section, which ia low. The angle for zero lift is in good agreement except
for the 15 x 20~-foot section, which indicates & more negative angle of
about three-fourths degree, The drag coefficient is in fair agreement
except for the Langley data, which shows a higher drag throughout the
angle-of-attack range. The pitching moment comparison shows good agreement
for the two large sections, wheress in the 7 x l0-foct section the pitching
noment has about the same slope but is shifted; also, it shows no slope
change for the higher angles-of-attack near stall.

Data for the BTOL configuration (wing/flap combination of
209/60°) for a constant thrust coefficient of 0,70 are presented in
Figure 26, The 1ift curve slope is in good agreement for all test sections.
The angle for maximum lift is about the same for each test in the VAD
tunnel, but the angle in the Langley tunnel is about four degrees lower.
The magnitude of the data from both the VAD 21 x 23-foot section and the
Langley tunnel appears to be low., The VAD drag coefficient dats are in
fairly good agreement except for the higher angles-of-attack. The Langley
data are lower in magnitude through most of the angle-of-attack range.

The pitching moment slope is very similar, but the curves are shifted in
the order of the test section area.

Data for another STOL configuration (wing/flap cambination of
L0%/60°) for a constant thrust coefficlent of 0.70 are presented in Figure
27 for the VAD tests. The characteristics of the 1lift curves are very
similar. The data from the 21 x 23-foot section is low (because of the
dynamic pressure used in reducing the data), but otherwise the agreement
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is remarkable., The drag and pitching moment is algo in good agreement
up to the stall angle., Data for the same configuration, but for & thrust
coefficient of 0.80, is shown in Figure 28 for the Langley tests and the
VAD 21 x 23-foot section, As shown in this figure, the 1lift agreement is
good for the lower angles-of-atteck, but the Langley data indicate wing
stall at about -10 degrees whereas the VAD data indicate stall to occur
at about -4 degrees, The drag coefficient data are not in agreement.

(3) Possible Causes of Disagreement

Several reasons for the differences in the data obtained in
the Langley teats and VAD tests are possible. One reason could be the tilt
of the inboard nacelles. As shown in Figure 29, the thrust variation with
angle-of-attack 1is not the same for the inboard and outboard propellers.
The date shown in this figure are typicel for all VAD runs. Whether the
difference in characteristics is caused by the tilt of the inboard propel-
lera or some other effect, such as fuselage interference, is not known.

Ancther reason for the lack of agreement could be in the
accuracy in determining and controlling thrust. As shown in Table IV,
the accuracy in measuring or controlling thrust at the beginning of a
Langley run was about three or four pounds; whereas, for the special VAD
tests, the accuracy was well within one-half pound. The thrust levels are
different for the two tests because the model scales were different and
the test dynamic pressures the same. The variation of thrust with angle-
of-attack is also different for the two tests. Although there is consid-
erable difference in the thrust of each propeller, the aversge thrust
coefficients are very similar. No attempt was made tc duplicate the
thrust of individual propellers of the Langley tests, only the aversage
thrust for zero angle-of-attack was duplicated. To simulate all variables
would have resulted in a mammoth test program,

Model configurations could also account for some of the
disagreements, Although every effort was made to simulate the Langley
configurations, differences still existed; furthermore, the accuracy in
setting the various slat and flap deflections could result in disagree-
ments.

As & last consideration, the accuracy of the test dynamic
pressure value used in reducing the data to coefficient form could account
for some of the differences in data. At low values of test dymemic
pressure, instrumentation limitations can cause errors, as discussed in
Section III. Also, the method of deriving an average test section dynamic
pressure from the test section survey can affect the value obtained.

Although there are scme differences in the data obtained in
the Langley and VAD tests, so are there differences in the data cbtained
in the three VAD test sections. In general, the agreement is considered
acceptable, The exceptions point out the fact that V/STOL wind tunnel
testing is still relatively new and emphasizes the continual need for
improving test techniques.
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c. SIGNIFICANT TEST PARAMETERS

Wind tunnel test requirements are obvicusly much more stringent
for V/STOL models than for conventional models. In order to define the
test requirements for future V/BTOI. tests, several parameters were inves-
tigated to assess their lmportance in acquiring valid data, The fellowing
paragraphs present the results of this study.

(1) Propeller Effects

Propeller thrust is & fundamental parameter in the determi-
naticn of aerodynamic forces on a tilt wing alrplane; therefore, knowledge
of the magnitude of thrust is essential to correlating data from different
tests. Since the wing angle-of-attack range is large (and can exceed 90
degrees), using the standard procedure of maintaining s constant propeller
speed results in a variation of thrust with angle-of-attack that is
extremely large. As shown in Figure 30, for a fixed blade angle, constant
tunnel dynamic pressure and constant propeller apeed, the average thruat
coefficient varies from zero at zero wing incidence to about 0.55 at a
wing incidence of 90 degrees, The rate of change of thrust coefficient
with wing incidence is shown to decrease with increase in thrust coefficient,
but it continues to be significant to a thrust coefficient between 0.9 and

0.95.

In addition to accurately measuring and controlling thrust, it
is alsoc important to simulate the slipstream rotation, as shown in Figure
31, For the cruise configuration, the propeller blade pitch angle has a
gignificant effect on the aerodynsmic force data. The effect is even more
pronounced for the STOL configuration, These date indicate that misleading
information can resault if only one propeller blade pitch angle is used for
all transition tests. It appears that the conventional model testing
practice of matching the alrplene advance ratic should be adopted for
V/STOL wind tunnel tests,

The conventional model tegting procedure of maintaining a
constant propeller rotational speed during a run has carried over to V/STOL
testing. Since the propeller thrust must now be measured, this procedure
is no longer advisable. Because of the variation of thrust with angle-of-
attack, when the propeller speed is constant, the main balance data must
be crosa-plotted to obtain data at a constant thrust coefficient, Further-
more, although the tunnel dynamic pressure is maintained constant during a
run, the tunnel air temperature may vary because heat is added by the tunnel
fan and model propellers. This change in tunnel air temperature alters the
tunnel velocity and model propeller thrust. It is virtually imposaible
to repeat a run at the same thrust, with constant propeller speed, when
the tumnel temperature variation for each run is different. A comparison
of data for a constant thrust coefficient, obtained from cross-plots and
from a run for which the thrust was held constant, is presented in Figure
32, Based on this comparison, the final result is not dependent upon
which of these two methods is used to acquire the data. It seems a more
suitable procedure for conducting propeller driven model tests is to vary
the propeller speed, such that the propeller thrust is maintained constant.
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The propeller hub moments, usually negligible for conventional
airplanes, are significant at the high angles of incidence encountered by
V/ STOL airplanes. The propeller hub moment combined with the propeller
normal force represents & major part of the total airplane pitching moment,
ag shown in Figure 33, The aerodynamic design engineer needs to know the
contribution of each component to the total aerodynamic characteristics of
the airplane. Therefore, it becomes esgential to measure all propeller
forces and moments.

(2) Test Section Dynamic Pressure

The measurement of the test section dynamic pressure hecomes
uncertain if the model is large relative to the test section. The usual
method of establishing the test dynamic pressure is to relate the clear
teat section average dynamic pressure to the difference between two static
pressures; one measured in the plemum (or large section), and the other at
the entrance to the test section. For an unpowered model test, a flow
continuity correction is included in the data reduction to account for the
effect of the model on the dynamic pressure. The presence of the model
decreases the effective test section area and, therefore, the dynamic pres-
sure in the region of the model is increazed. With a propeller driven
V/STOL model and its high thrust, the mass flow through the propellers can
represent a large percentage of the masa flow through the test section.
Reference 20 presents a method for correcting the test dynamic pressure
for the effects of the propeller slipstream at zero angle-of-attack.,
Correction methods have not been developed that will account for the
effect of the model thruat on the test section dynamic pressure through
the large angle range associated with a V/STOL model.

Dynamic pressure measurements were taken in the vicinity of
the model, ocutside the slipstream, during the test in the 7 x 10-foot
gection., The location of the pitot-static tubes, with relation to the
model and test section walls, is shown in Figure 34, The data presented
in Figure 35 were obtained from rung for which the wing incidence and
flap deflection were zero. Two observations are apparent: the pitot-
static measurements are higher than the clear test section indication, and
the pitot-static measurementrs increase with angle-of-attack. The average
of the four pressures is shown in this figure. Generally, the No. 1, No. 2
and No. 3 probes showed an increase in dynamic pressure with increase in
angle-of-attack, and the No. U probe showed a decrease in pressure. How-
ever, the data obtained with the probes leave some doubt because of the
interference of the model flow field on the probes. Since the test section
dynamic pressure is used to egtablish the thrust coefficient and to reduce
the data to coefficient form, gerious errors can result if the dynamic
pressure ig not accurately determined. It seemg that further study of the
effects of model propulsion systems on test dynamic pressure is appropriate.

(3) Scale Effect

Small scale model tests are usually conducted at Reynolds
numbers considerably lower than for the full scale aircraft. Conse-
quently, there is concern about scale effects. One of the main concerns
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is the effact of Reynolds number cn lift coefficient. With & model that
hes the wing almost completely submerged in the mropeller slipstream,

such as the XC-142A model, the turbulence in the slipstream would be
expected to diminish the scale effects. This appears to be true for the
cruise configuration (no flaps or slats) as shown in Pigure 36. The data
shown in this figure were obtained in the 7 x 10-foot section at dynamic
pressures of 6.0, 9,0, and 15 PSF, corresponding to free agream Reynolds
numbers (based on the wing MGC) of 4.1, 5.0, and 6.05 x 107, respectively.
These runs were made by varying the wing incidence with the fuselage at
zero angle-of.attack. The slipstream Reynolds numbers were only slightly
higher because of the relatively low thrust coefficients for these runs,
The Reynolds number effect for the STOL configuration is fairly large, as
shown in Figure 37. The data shown were sb ined in the 15 x 20-foot
section for a wing/flap combination of 20 /60" with leading edge slats at
8 thrust coefficient of 0.64, The dynamic pressure was 2,81 and 3.84 PSF,
corresponding to free stream Reynolds numbers of 2.8 and 3.27 x 109, 5
respectively. The slipstream Reynolds numbers were 4,63 and 5.43 x 107,
The scale effect shown for this configuration may be due to the double~
glotted flaps and slats, because the Reynolds number for these components
would be much lower than for the wing. Since scale effects cannot always
be predicted, it is recommended that the investigation of these effects be
included in every V/STOL wind tunnel program.

(L) Effect of Tufts

NHo particular effort wae made to eveluate the effect of tufts
during this program because of the large mumber of rung involved in such an
inveatigation. Runs were made in the 15 x -fgot section with tufts on
and off for & wing/flap configuration of 20 /60 and a thrust coefficient
(Cr,s) of 0.6k, The results of these runs are presented in Figure 38. It
is apparent that a significant effect was achieved when tufts were used,

As shown by the repeat runs for the propellers-off configuration (Figure
39), vhich were the first runs of the test, it appears that the tuft
effect varies with time, Or, more apecifically, when the tufts are firat
installed and are in good clean condition, they have a certain effect on
the data, but as the tufts become frayed and knotted or otherwise deter-
iorated, thelr effect on the data changes, This would lead one to conclude
that the effect of tufte on the data cannot be accounted for by making only
& few rune with the tufts removed. If the conditicn of the tufts causes
their effects to be different, the manner in which they are installed

{the orientation of the hold down tape, for example) would certainly be
expected to produce different effects.
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TABLE III RELATIVE MAGNITUDE COF TUNNEL WALL CORRECTIONS

Inc‘:,di:gce Correction to Angle-of-Attack - Degrees
Degrees TX 10 15 X 20 21X 23
0 0.1 0 0
10 1.05 0.13 0.07
20 1.50 0.2k 0.14
30 1,87 0.32 0.19
ko 2.25 0.42 Oo2l
50 2.59 0.50 0.28
60 2.82 0.59 0.33
70 340k 0466 0.36
80 3.21 0.72 0.36
0 341 0.75 0,40
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TABLE IV - COMPARISON OF IANGLEY AND VAD FROFELLER THRUST

Angle of PROPELLER THRUST - POUNDS Average
(etmees) | Outvosrd | Inbeard | Inbosed | Outboerd | Coserietent |
~10 T+05 .27 [ 8,77 916 «515
-5 6.35 10,50 | 9.48 8.61 506
0 6.1 9.7 | B8.60 8.22 A89
5 5.98 8,98 | 8.6 8.18 JL82 Langley
10 6458 9.19 | 9.57 8.32 497
15 T.63 9.75 | 10.51 849U +519
20 8457 10,50 | 11.45 | 10.23 o545
-6 11,91 1,74 | 12,03 11.92 488
k4 1. 7% 11.56 | 11.83 21,76 48k
0 11.52 11.34 | 11.58 11.58 L79
L 11.57 11.43 | 1258 11,60 k&0 VAD
8 11.86 .62 | 11.84 11.88 485
12 12,30 12,09 | 12.31 12,31 595
16 12,95 12.65 | 13.09 13.05 <508
20 13.75 13.72 | .01 13.90 530




LIFT COEFFICIENT, C_

%’ O RUN 123
f | [ RUN 124
@ |
| q = 2.39-
A B N
| | cT" 765
15 x 20-FOOT SECTION

e b N S

i
]

-8 -k 0 L 8
ANGLE OF ATTACK, « , DEG.
(a) C; VB @

FIGURE 20 REPEATABILITY, RUN TO RUN

IN VAD 15 x 20-FOOT TEST SECTION

67




2.0 o
a
O
O
1.6 - 8 Q.
1.2 I — G -
B
©
Bl - e
a
O
TSN R .
- d
:
E 0
8 O
O
2 O RN 123
A b -
Q O RUN 12k
q= 2.39
""08 D =,
o] r, 765
D 15 x 20-FOOT SECTION
O
-1.2 - L I
| I R T D R )
-laé c)
-2,0
-12 -8 -l o L 8 12 16
CD v8 o

68

ANGLE OF ATTACK, «, DEG.
FIGURE 20 (CONCLUDED)



O7x10,A1220,02x23

1.0

.6
.6
[45]
3
oL
™
:
[ ]
& i =0°
=3 w
4 | |
;\Qx\ | 1
: |
o T {T— i —-% _91=L‘B
0 0.2 0.k 0.6 0.8 1.0
THRUST COEFFICIENT,
Tyg

(8) ¢ , 4, = 0°, 10°, AND 20°
3

FIGURE 21 COMPARISON OF DATA FROM THREE DIFFERENT SIZE

TEST SECTIONS, CORRECTED FOR WALL EFFECTS

69



S

LIFT COEFFICIENT, Cp

QO7x10,A15Xx 20, 021X 23

fy = 40
1.4 -
1.2
1.0} — ]
(]
| :I.w = 30
-_.__—a_\i
1.2 O A
. O O e
8% o
L0} - D/D/ /):-'/D :
8
.2 oA .6 .8 1.0
THRUST COEFFICIENT, CT
'8
o o]
0y cLs, i, =30 AND LO

FIGURE 21 {CONTINUED)



LIFT COEFFICIENT, (':1.-l
5

O7TxX10,A5x20,021x23

T (5]
i, = 60
5—\%{
1.L —f - 8
. S//U B
1.2 - - —
1.0
o
i, = 50
1.k -
1.2
103G 2 : 1.0

(<)

‘L

3

b

THRUST COEFFICIENT ’C’I‘

1= 50° AND 60°
FIGURE 21 (CONTINUED)

71

’s



LIFT COEFFICIENT, C_
)

1.4

1.2

1.0 |-

l.b

1.2

1.0

O7X10,A15X 20,021 x 23

= 80°

0 .2 o ;6

THRUST COEFFICIENT,C
T ’g

() ¢ ,1'=7o°m80°

LS

FIGURE 21 (CONTINUED)

T2

.8

1.0



=
»
£

-~
.
nN

LIFT COEFFICIENT, CL
S

r
o

O7X10,A15X 20,021 X 23

.

0 '2 .u .6 L}

THRUST COEFFICIENT, C
T’S

() ¢ 1, =9%°

IB |

FIGURE 21 {CONTINUED)

73

1.




-1.2

OT7 X 10,A15X 20,021 X 23

(£) cns, i = o°

2 " 6

THRUBT COEFFICIENT, CT
*8

FIGURE 21 {CONTINUED)

T4

.8

1.0



DRAG COEFFICIENT CD
3

O7X10,A25 X 20,(J21X 23

= 10

2 b

0 2 R 6

THRUST COEFFICIENT, CT

'g
[+]

(8) chs :LN = 10

FIGURE 21 ( CONTINUED)

5

.8

1.0



DRAG COEFFICIENT, CD
5

O7x10,A15x20,021Xx23

= 20

Q

Lt

- .8 i T

-1.2

0 .2 ‘ .ll- e6
THRUST COEFFICILENT, C,

(n) ¢ , 1, = 20°
§ FIGURE 21 (CONTINUED)

’8

76

.8

1.0



-1.2

O7X10 A15x20 [J21x 23

30

I

0 2

(1) ¢y s 2y = 30°

A .6
THRUST COEFFICIENT , C,,

FIGURE 21 (CONTINUED)

’g

1.0



DRAG COEFFICIENE, Cp
s

O7x10,A15x20, (021X 23

Jdo AR,
| R

'
L ]
=

A
0
-4 ,
"-8 [

\0 .2 L 6 .8 1.0

THRUST COEFFICIENT , Cy
(3) ¢ , 1 = 40°nD 50° ’8
8 FIGURE 21 (CONTINUED)

78



DRAG COEFFICIENT, Cp
s

[w]

O7x10,A15x20,021x 23

T

iw-7o°

i = 60°
w

0 -4

(k) CDB’ iW = 60°

THRUST COEFFICIENT, C

AND 70°

in

6

'I‘,s

FIGURE 21 (CONTINUED)

79

.8

1.0



DRAG COEFFICIERT, CIJ
8

Q

.
[#+]

O7TXxX20,A15x2 021x23

|
1, = 90°
CD\(“}K |
1, = 80°
| O _
| Di‘a%g
ey,
0 o2 B .8

80

o. THRUST COEFFICIENT , Cy
(1)cD,1w-80m90 !
8 FIGURE 21 CONTINUED)

1.0



PITCHING MOMENT COEFFICIENT, CMS

OT7TX10,A15% 20, 021X 23

It

10

0

o

-2 s -

0 .2 ,,-l. -6 .8

o THRUST COEFFICIENT,C,

() ¢, » 1, = 0"AND 10 ’S
8 FIGURE 21 (CONTINUED)

81



O7X10,A15x20,[021% 23

g

[
E "'-2
8 i' = 200
% M L ]
E |
= !
.2 -
o .,
-.2 — —
0 02 h 06 nB 1.0

mes'r COEFFICIENT , C,
(n = 20°AND 3 ’g
)c“s Y FIRRE 21 (CONTINUED)

82



PITCHING MOMENT COEFFICIENT, M
5

O7X10, A15X 20,0 21 X 23

NS RPN NP

i, = 50°

1

0

(o) CMS’ 1,

|
2 M 6

THRUST COEFFICLENT , C,
= 4 A 50°

FIGURE 21 (%OBNTMJ

1.0



PITCHING MOMENT COEFFICIENT, CM
8

.
no

o

[ )
=

O TX10, A15%20 , (J 21%23

| .'
| |
(s
o Y = 60
’ |
|
|
| 1 #
.2 N .6 ;) 1.0

THRUST ~COEFFICIENT , C

(p) 1., = 60°AND 70
g * v FIGURE 21 (CONTINUED)



M

PTTCHING MOMENT COEFFICIENT, C

-
n

!

=

L

O TX10, A 15%20,[] 21X23

0 i
.2 n .6 B

o THRUST COEFFICIENT , C,
(q) CM,iw=80Al‘m9o
S FIGURE 21 (CONCLUDED)

'8

85

1.0




c
’
LS

LIFT COEFFICIENT

1.6

1.b

1.2

1.0

0.8

L. _TX 10 FOOT SECTION

anoo 61":.

00

B’ 12 c_ = 0070
T,s

20 30 ko 50 €0
WING INCIDENCE , DEG.

FIGURE 22 EFFECT OF TUNNEL WALL CORRECTIONS FOR
WING INCIDENCE RUNS



LIFT COEFFICIENT , Cp

2.6

2.4 i E\\&

| =i

}

O UNCORRECTED DATA
& CORRECTED DATA

7 X 10 FOOT SECTION

0 o] c
i, =20 ép = 60" B= 12
C =
Ty 0.70 ]
102 L—--————*—‘—JL»*'-"“”
1.0
-20 ~10 0 10 Y

ANGLE OF ATTACK, @, DEG.

FIGURE 23 EFFECT OF TURNEL WALL CORRECTIONS FOR
ANGLE~OF-ATTACK RUNS

87



LBS

THRUST

52

51

50

k9

47

<>/<<>/4>/<>
\

FROPELLER POSITION

/ALEFT INBOARD &
ORIGHT OUTBOARD
0 20 ko €0 80

WING INCIDENCE, DEG.
(a) Cp . =0.975 (15 x 20)

FIGURE 24 EFFECT OF RECIRCULATION ON
FROPELLER THRUST




THRUST’ IBS

2l x 23

53

52

51

25

50

Q LEFT OUTBOARD
{\ LEFT INBOARD

PROPELLER POSITION .\ .\ _ |

e ] N T =
O RIGHT OUTBOARD 1
(0 RIGHT INBOARD
| | | .
| !
| |
Lo
0 20 ko e 80 100

WING INCIDENCE, DEG.
(v) Cp,g = 0.975 (21 x 23)

FIGURE 24 (CONTINUED)

89




THRUST, LBS.

ko

L

FROPELLER POSITION

A LEFT INBOARD

O RIGHT OUTBOARD
|

0 20 4o €0
WING INCIDEXCE, DEG.

(c) cp = 0.95 (15 x 20)
s

FIGURE 24 (CONCLUDED)



LIFT COEFFICIENT, C,
S

DRAG COEFFICIENT, CD
S

ANGLE OF ATTACK , « , DEG,
(a) ¢ and Vs o
Cp,, a0d Cp_
FIGURE 25 COMPARISON OF CRUISE DATA FROM VAD AND LANGLEY

a1



1 =0% g, =0% £= 12°, cT’s- .20
D
3
. 3
.2
E /3/
~
E 1 A /
; //5/ 7
g 0 /
V / O 7 x 10
é D 15 x 20
g ..l 0 21 x 43
o £ t(
-+2g
-k 0 L 8 12 16 20

ANGLE OF ATTACK, ¢, DEG.

(v) c“s Ve «a

FIGURE 25

(CONCLUDED)



Ls

LIFT COEFFICIENT, C

2.6

2.4

2'2

2,0

1.8

1.6

1.k

-16

-8

0 8 16

ANGLE OF ATTACK, ®, DEG.

(a) CLS Vs a

FIGURE 26

COMPARISON OF STOL (
CONFIGURATION DATA FR
VAD AND LANGLEY

93

2k

20°)



0.6

0.k

DRAG COEFFICIENT, C,
S

Y o

o n

o
.
1]

-0k

-16

-8 0 8 16
ANGIE OF ATTACK, « , DEG.

{v) CD V8 «a
3

FIGURE 26 (CONTINUED)

24



Mg

FITCHING MOMENT COEFFICIENT,

1
-
=

1
-
n

1
Y
(W]

1
=

.
|
-16 -8 0 8 16 2k
ANGLE OF ATTACK, a, DEG.
(c) Gy, ve a

FIGURE 26 (CONCLUDED)

95



LIFT CORFFICIENT, C
]

2Ih

2.2

2.0

1.8

1.6

1.4

w
O7x10
021 x 28
1\
AN
-16 -8 0 8 16
ANGLE OF ATTACK, ¢, DEG.
a) C ve «a
(2) L
FIGURE 27 COMPARISON OF STOL ( = Lo*)
CONFIGURATION DATA FROM VAD
TEST SECTIONS



DRAG COEFFICIENT, CDS

O (o] o
iu="1*°,s},.-eo,ﬁue,c,r,s-- .70
'8 1
O7x 10 i
O21x:B ‘
.6
el

A

.2

—_——t - -

'
L

O | A
-16 -8 0 8 16
ANGLE OF ATTACK, «, DEG.

(v) GDS Ve «

FIGURE 27 (CONTINUED)



s

PITCHING MOMENT COEFFICIENT, C

O 7x10
0 21 x 23

0

-16 -8 0
ANGLE OF ATTACK,

FIGURE 27  (CONCLUDED)

98

16 32



LIFT COEFFICIENT, CLS

1.6 .

DEix’e{é

1.2

|

ANGIE OF ATTACK, « , DEG.

FIGURE 28

(a) cLs Ve «

2l

COMPARTSON OF STOL (i = 40°)

CONFIGURATION DATA
AND LANGLEY

VAD



DRAG COEFFICIENT, Cp s

=8 0 8 16 oh

ANGIE (F ATTACK, a« , DEG.
(v) Cpg Vs «

FIGURE 28 (CONCLUDED)

100



28

26

24

22

20 PROPELLER POSITION

THRUST, LBS.

O LEFT OUTBOARD

] RIGHT INBOARD

]
| |
| |

|

14 . ‘
0 20 ho €0 80 100

WING INCIDENCE, DEG.

FIGURE 29 COMPARISON OF INBOARD AND OUTBOARD
PROPELLER THRUST VARIATION

jlexl



15 x 20

THRUST COEFFICIENT, C,
»

foe

2

U=
4 A
VI

4o 60
WING INCIDENCE ; DEGREES

80

FIGURE 30 EFFECT OF WING INCIDENCE ON THRUST COEFFICIENT

102

100



LIFT CCEFFICIENT, CL
]

DRAG COEFFICIENT, Cp
S

N

0 h' 8 12 16 20

ANGLE OF ATTACK, = , DEG.
(a) CRUISE CONFIGURATION

FIGURE 31 EFFECT OF PROPELLER BLADRE
PITCH ANGLE

103



2-3

fo
[

LIFT CORFFICIENT, Cp
3

a

W

1.7

1.5

~16

140

Dy

o
[=2]

DRAG COEFFICIENT C
o
o

QO R.8
Aﬁum.
DBBlh'"

24

B

03“8"5
AR =12?
l:lﬁ=1hj

|
|
|

-8

0

8

16

ANGLE OF ATTACK, «, DEG.

(b) STOL CONFIGURATICN

FIGURE 31 (CONCLUDED)

24



1.2 [ ; .
o | |
64: 1201 iw = 00) bp T 0° j
‘ F
1.0 | Op,g = £-49 |
C(Tx) |
| ! | :
| |
0.8 5 P
| & |
i i
0.6 R
'_:‘m
O l
B |
B o, X i T )
:
|
3 |
0.2
H |
o . ‘O CONSTANT THRUST RUN |
| . A CROSS-PLOTTED DATA
-0.2 ; 7
| I
! 1
; |
-0-1"' t I [
-8 -4 0 4 8 12 16 20

ANGLE OF ATTACK, «, DEG.

FIGURE 32 COMPARISON OF CONSTANT THRUST DATA
OBTAINED BY DIFFERENT METHODS

105



h.o

3.0 o

1.0

PITCHING MOMENT COEFFICIENT , CN
o

ol
e

0 20

Lo

60

80

WING INCIDENCE, DEGREES

FIGURE 33 COMPARISON OF PROPELLER PITCHING MOMENT WITH AIRPLANE

PITCHING MOMENT

106

100



PITOT-STATIC TUBES
| #L
' #e —CT)—

]

7 x 10-foot TEST SECTION

FIGURE 34 PITOT-STATIC TUBE INSTALLATION

107




PSF

AVERAGE DYNAMIC PRESSURE,

0 = 0 = 0 - o
=127, 4 =0, bp = O CT,S-O 3
7.0
1
6.6 - >/f)/( .
" __ CLEAR TEST SECTION
6.2 A DYNAMIC PRESSURE .
cT, =0,49
6.2 — S 5
DYNAMIC PRESSURE
NEAR MODEL ,
5.8 DT i ‘.
’&}_,/‘ CLEAR TEST SECTION
| f DYNAMIC PRESSURE
5.4 1 ,,

SECTION

=4 0 L 8 12 16 20
ANGLE OF ATTACK, =, DEG.

FIGURE 35 GOMPARISON OF DYNAMIC PRESSURE
DETERMINED BY TWO METHODS

108



1.2

1.0

42 0.8

LIFT COEFFICIENT, C

0.6

0.4

0.2

0.0

g=12°a=0

o}

CT,S(nominal) = 0.10

(7 x210) !
A
f ¢
& !
A
; ! O q = 6.4 BSF
’ A q = 9.9 PSF
(] o
| q = 150 PAF |
| |
| |
| i |
4 8 12 16

WING INCIDENCE, DEG.
(a) Cop ( NOMINAL) = 0.10
g

FIGURE 36 EFFECT OF REYNOLDS NUMBER,
CRUISE CONFIGURATTON

109




g=12° a=0
{
|
|
!

1.2
1.0

mllll._
<
(=

0.8

he) =+ oY)
L] L] -
(& [« o

S1

0 ‘LETOTAIFOD AT

16

WING INCIDENCE, « , DEG.

12
(b) C, (NOMINAL) = 0.30

FIGURE 36 (CONCLUDED)

110



HOLLVYE(IDTANOD TOLS

‘YSEWNN STTONATY JO IOSIfX  Lf SUNDIJ

‘PHa ‘o ‘YOVIIV 40 TIONV

02 91 A 8 i 0 = g- 2t-
()]
I5d #91€ = B Q
._, . 0
Isd 19tz = :
_ A _
v ,ﬁ o g
G i
% v
v O ¢ A |
v 0 o ¢ _
i nr- Lfr !
g v MQH_
Grmo = qumaﬁ o}

g°1

0 ‘INATOIAINOD IJTT



NOTIVHMOIINOD T0LS
‘SIANY 4O IDELIH QE MUNHIL

e ¢ “YOVIIV J0 TIONV

02 91 2t o] Ul 0 = g~ 21-
™ 9°1
- e e e e e I — g1
| 7
| D
- 1 : + : — g - { Q%2
| &0 SIInT Q
NO sdint V
2 | T -2
-
| (0g xSt ) ¥
- \‘.AWI!II.? .IAHvi N vi _ - . .JON
0]
q
| _ v W
_ &—0 S 9'e
‘L
19°0 = (" TVNIWON) 0

To mEIOTIINOD TaTT

8,

112



1.0

(21 x 23)
i =0° 8,=0° q=3.0

0.8

S
o
L]
o

QO
.
=

o
no

LIFT COEFFICIENT, C_

0.0

-0.4

-8

=l 0 b 8 12 16
ANGLE OF ATTACK, « , DEG.

FIGURE 39 EFFECT OF TUFTS,
CRUISE CONFIGURATION

113




SECTION V

EXTRACTTON OF AERODYNAMIC CHARACTERISTICS
FROM FLIGHT DATA

The extensive flight test evaluation program for the XC-142A airplenes
offered an opportunity to extract stability and control derivetives and other
basic charscteristics which could be used for comparison with wind tunnel
characteristics of the XC-142A models. The flight test program was primarily
planned for qualitative evaluation of the ailrplane, but a few flight meaneuvers
were performed specifically for obtaining date that would be sultable for
stability derivative extraction. The direction of special flight testing was
not a prerogetive of this program, although it was recognized that the quanti-
tative test data necessary for satisfactory extraction of sercdynamic chare
acteristics might be unaveilable in many cases.

1. FLIGHT DATA AVAILABLE

The flight data availeble for the study was obtained from the Contractor's
Category I test program. The flight maneuvers performed in hover and transi-
tion flight were dominated by the 1nfluence of the control effectiveness used
to force the maneuver and to stabllize the airplane. Free osclllation maneu-
vere with controls fixed were not performed as this type of testing was not
within the scope of the flight evaluation program. In general, the tests
performed consisted of pilot controlled maneuvers aimed at pilot evaluation
of the handling qualities of the alrplane.

2. FLIGHT INSTRUMENTATION

The Category I flight test program provided instrumentation in the No. 1
and No. 2 XC~142A airplanes {Figure 40) sufficient in terms of the necessery
variables measured for the purposes of this program. Iess extensive instru-
mentation was installed in the No. 3 airplane, but it provided enough informa-
tion for analysis in some special cases, The airborne datas recording was ac=-
complished with a pulse duration modulation (PIM) tape system, camera coverage
of cockpit control panels, and pilot and co-pllot verbal reports. The sampling
rate of the PDM system was 10/sec. and 20/sec. In some cases (certain flights),
nultiple gyro Iinstrumentation, wlth different sensitivities, was avallable by
recording stabilization system gyro signals, as well as the instrumentation
gyro measurements. This multiple instrumentation provided compaerison checks
in these cases.

The particular variables generally available and required for performance,
stebility, and control analyses were:

(1) Alleron position, left outboard
Alleron position, left center section
Alleron position, right outboard
Afleron position, right center section
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(2) Main propeller blade angle, No. 1
Main propeller blade angle, No. 2
Main propeller blade angle, No. 3
Main propeller blade angle, No. 4

(3)  Tail propeller blade engle
(4)  Propeller RPM

(5) Unit horizontal tail position, smsll range
Unit horizontal tail position, large range

(6) Rudder position
(7)  Wing position

(8) Flap position, left outboard
Flap positlion, left center section
Flap position, left inboard
Flap positlion, right outboard
Flap position, right center section
Flap position, right inboard

(9) Engine shaft torque, No.
Engine shaft torque, No.
Engine shaft torgue, No.
Engine shaft torque, No.

FLo o+

(10} Pitch rate

(11) Roll rate

(12) Yaw rate

(13) Pitch attitude

(14) Roll attitude

(15) Heading

(16) Longitudinal acceleration et c.g.
(L7) Normal acceleration at c.g.

(18) Lateral acceleration at c.g.

(19) Angle-of-attack, nose boom vane
(20) Angle of sideslip, nose boom vane
(21) Airspeed, nose boom pitot tube

{(22) Altitude, nose boom pitot tube
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In general, the flight data obtained during the program exhibited a rela-
tively low signel to noise ratio, especially in the data obtained from earlier
flights., As the program progressed, the quality of the flight date was improved
somewhat by selecting gyro end accelerometer locations so as %o isolate them
es nearly as possible from aircraft vibration and electricsal noise., DBecause
of the relatively low sample rates employed (20 samples per second, maximum),
it was not possible to determine the true frequency content of the nolse. 1In
theory, samples must be taken at twice the highest frequency component con-
tained in the data in order to avold the loss of information, and in practice,
even higher sample rates are required. Because the sampling rate wes too low
to completely recover the entire frequency content of the noise, the flltering
elgorithms employed in smoothing the dats were not strictly mathemstically
correct. However, the filtering of the data did produce smooth fairings through
the data points which helped to reduce the scatter in the extracted stability
derivatives.

Additional inaccuracy in the XC-1424 flight test date is attributed to the
large range over which meny of the variables must be measured. Since the
sensitivity of most lnstruments varies inversely with the range of measurement,
the sccuracy of the measurement of such variables ig_necessar%ly reduced. For
example, propelleg pitch angles range from about -4 up to 56° for normal
control and to 76 when feathered. However, differentiel propeller control in
transition must be determined in fractions of degrees. The unit horizontal
tail {UHT) incidence range is a similar case requiring a 500 range in transi-
tion flight and only & few degrees in range over the crulse flight envelope.
Dual sensor instrumentation wss provided as an attempt to solve the UHT prob-
lem, but additional blade angle Instrumentation was not provided.

The measurement of alrapeed provided by the nose boom system was checked
agelnst ground camera determined speeds and by comparison wlth a helicopter
system while being paced through the lower speed range of transitlon. Results
indicated the nose hoom system was accurste to within one knot above 30 knots
end to within two knots in the 20 to 30 knots airspeed reange. The system was
unrelisble below 20 knots.

3. DATA ANALYSIS METHODS

&. LEAST SQUARES METHOD

The method referred to herein as the least squares method consists
of fitting & mathematicsl model to the flight dsta where the criteria for ob-
taining the fit is the minimization of the squared error between the flight
data and the model response. The assumed serodynemic representation or model
must ¢onsider only those verisbles which are excited independently during that
maneuver., General equations of motion representing the first order aerody-
namic effects for the XC-1l42A are defined in Appendix I. These equations are
for uncoupled longitudinal and lateral-directionel motion which was assumed
for this analysls.

All of the flight variables in the equations were avallable from the
usual flight instrumentation for the XC-1424, with the exception of the angu-
lar sccelerations. These accelerations had to be determined by differentiat-
ing the angular rates obtained from rete gyros. The actual differentiation
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was performed by either a central difference method (Stirling's formula) or by
numerical digital derivative-smoothing filters as an integral part of an IBM
TO90 digitel computer routine for the least squares computations.

It is well known that differentiation of a signal which contains high
frequency noise components results in a reduction of signal to noise ratio.
Therefore, it would have been more desirable to use actuasl measurements of the
anguwlar accelerations had such data been availablie.

A description of the mathematice involved in the least squares deriva-
tive extractlon process is presented in Appendics I and II. In Appendix I, the
equations of motion that were fitted to the XC-1h42A flight test data are
developed; and in Appendix II, the least squares normel equetions for the
stabllity derivetives are derived. The normal equatione are simply a set of
simulataneous linear algebraic equations where the stabllity derivatives are
the unknowns and the constant coefficients are computed from the flight test
time history data using the equations of Appendix II. The variables that were
not excited during a particular meneuver, and those that were considered pro-
portional to another variable, were eliminated from this general set-up by
input specifications to the computer for each set of data., These normal egus-
tiong also contain a constant coefficient which represents the total bias that
mey result from errors in selecting a set of trim or null values of the flight
varisbles from which perturbations are taken for s perticular meneuver. This
term is not significant in itself, but without its inclusion in the solution,
very large errors mey result in the coefficients determined.

The dlgitel computer routine used for the least squares solutions was
checked by determining solutions for "exact" time historiee of assumed linear
models obtained from established inverse Leplace routines. A compariscn of the
original or assumed aercdynemic coefficients with the least squares solutions
was satisfactory to three or more significant digits for the important deriva-
tives, the less significant derivatives being slightly less accurate. The
fact that the computed time histories were determined by single precision
arithmetic would account for this difference., Single precision arithmetic was
utilized Iin the least squares routine used 1n this progrem since aserodynamic
models with six or fewer coefflcients were selected. Higher order models
might have required some investigation of double precision arithmetic, but the
quality of the flight data generally did not merit more elamborate serodynamic
representation.

The least squares method lends iteself readily to the type of flight
deta that were generally available for this studyj i.,e., continuously controlled
maneuvers, In fact exagerated meneuvers, in which all veriables affecting the
aerodynamics of the vehicle are excited, are desirable when this method is to
be applied.

b. NUMERICAL FILTERING
The flight datas were processed through a mmerical or digital filter-

ing routine {on an optional basis) prior to the least squaeres analysis due to
their apparent high frequency noise and/or vibration content. The numerical
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filters were defined in the same manner as the "Martin-Graham" type described
in Reference 25, 4 sumnsry of the equations for definiltion of these filters
is included in Appendix III of this report. A general discussion on the
application of these filters is contained in Reference 26,

The effect of filters with various cut-off frequencies and roll-off
bandwidths was evaluated in terms of the corresponding effect on the least
squeres solutions for the aserodynamlic derivatives for particular cets of flight
data. Solutlons were obtasined using unfiltered deta for a basis of comparison.
The relatively low sampling rate (10/sec. and 20/sec.) of the flight data sys-
tem prevented any determination of the true frequency content of the data,
Depending on the flight maneuver, filters with cut-off frequencies of one or
two cps were necessary to "improve" the least sguares solutions in most cases.
This judgement was based on comparison of the consistency of results for
several separate maneuvers performed at identical flight conditions. For
example, three sets of deta from the same flight and the same test condition
might yleld completely uncorrelated solutions when using unsmoothed dasta. By
filtering the data, some reasonable consistency of solutions could be obtained.
In general, the use of these smoothing filters was necessary on this basis
although the application of low cut-off frequency filters to data with very
sbrupt control inputs wes avolded vwhenever possible. The validity of the use
of filters for smoothing &s well as differentiating the XC-1424 flight data
cennot be justified 1n any strict manner, but only in that more consistent
results were obtained with their use. It should be noted that the results
presented leter in this report indicate generelly lower values of the aerody-
namic derivatives in comparison to predicted levels in some cases, This may
indicate some undesired attentuation of the data due to use of filters too low
in cut-off frequency., This effect could be avoided only by increasing the
sampling rate of the data system so that higher cut-off frequency filters could
be used.

c. ANAIOG DUPLICATION

The trial and error method of dupllcation of flight time history data,
using an analog computer, was used for analyzing some longltudinal, cruise
configuration flight data. The particular flight maneuvers were pilot=forced
sinusoidal oscillations. The unit horizontal tail (UHT) time history wes
generated for the computer input forcing function. Computer output recordings
of pitch attitude and rate, normal acceleration, and angle-of-attack were
metched to the flight messured time histories by adjustment of the aerodynemic
derivatives as required.
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SECTION VI

COMPARISON OF FLIGHT TEST RESULTS WITH
ESTIMATES BASED ON WIND TUNNEL DATA

The stability and control derivatives were extracted fram the flight
data, in hover and transition configurations, by means of the least squares
method described in Section V. Both the least squares method and the analog
duplication method were used to extract longitudinal derivatives from cruise
configuration data in order to compare the results from the two methods.
Estimated values of the stabllity derivatives are shown in each case for

comparisons.

The estimated values were derived from wind tunnel tests conducted during
design and development of the XC-142A. In arriving at the estimated values,
the Princeton analytical method (Reference 27) was used extensively to derive
equivalent "power-off" serodynamic coefficients from the "power-on" wind
tunnel model test data. Thls approach is necessary to remove the direct
propeller forces and maments which differ from the full scale propeller
forces and moments. It also permits analysis of individuasl control
effectiveness (propellers and ailerons for various wing, flap and power
settings) for development of aerodynamic characteristics for the flight test
power settings and wing/flap and control programming.

l. HOVER AND TRANSITION DERIVATIVES

8. ROLL CUNTROL EFFECTIVENESS

The XC~142A roll control is sequenced mechanically through the
transition maneuver to accomplish a gradual change in the principal source of
roll control. Differential propeller blade apgle is the primary roll control
for wing incidences between 90 degrees and 10 degrees, For wing incidence
less than ten degrees, the allerons become more effective for roll control,
and propeller control becumes more ettrective for yaw control as the wing and
flaps are converted to the cruise configuration, Differential propeller blade
angle in the roil control system is not completely phased out above the O degree
wing, 10 degree flap configuration., The design roll control gearing relations
are shown in Figure bl as a function of wing incidence for reference., Since
the roll control system interconmnect geerings establish a linear dependence
between alleron deflection and differential propeller blade angle, it is not
possible to separate thelr contributions to roll control using a leest sqQueres
analysis of flight test data in most cases. (It might be possible in certain
situations where the pilot could put in both roll and yaw control, such that
the resulting propeller and aileron deflections would not be proportional.)
The total effectiveness of the integrated controls for pure roll control in-
puts (and no yaw control inputs) is actually most desirable to evaluate the
airplane's roll control characteristics; but since most of the wind tunnel
data available defined the separate alleron and differential thrust control
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effectiveness, a direct correlation of the combined effectiveness camnnot be
made.

It would have bheen convenient to base roll control effectiveness on
some deflection in the contreol system common to both the propellers and
ailerons, such as a point in the system between the stabilization actuators
and the integrated controles phasing mechanism, This would be similar to a
control derivative based on control stick deflection, but would include
stabilization inputs and thue correspond to surface deflections (neglecting
system dynamics), The desirable result of such a control derivative would be
that it would provide a more normal or standerd base end an indication of the
actual roll effectiveness would be apparent from the derivative, However, an
approach of this type would have involved some accounting for the control
system's dynamic characteristics downstream of the measured deflection point.
This fact would make such an approach undesirable for defining aserodynamic
characteristics, since it would further complicate the already difficult
inverse solution problem. Instrumentation was not included in the airplane
for measuring such a deflection point in the control system, but the objective
of this discussion is to point out the problems associated with forming desirable
definitions for the control effectiveness derivatives of a blended control
system in general, and the XC-1L2A roll control system in particular.

The total roll control derivatives extracted fram the f£light data
were hased on differentisl propeller control deflections throughout the
transition range. Corresponding derivatives based on alleron deflections
were defined for the lower wing incidence range only (aileron roll control
derivatives become indeterminate at high wing incidences). In terms of the
individual control surface deyivatives, the extracted roll parameters may be
represented In the following forms:

L §g = Lgg *+ Ls, (8,/6p)
* .

N GB = Nﬁﬂ + NSA (GA/GB)
» «

L GA = LﬁA + LGB (GB/‘SA)
»

N

sn & No, + Ng, (8g/8,)

The baslec reetriction involved in selecting flight maneuvers for defining
these parameters is that only roll control inputs can be applied during the
maneuver, Yaw control (from both pilot and stasbilization inputs) must be

zero or constant. The assumpbion that the differential propeller controls and
the alleron controls are linearly dependent requires that the surface control
system actuators have similar response times, Any difference in response
characteristics would probebly lie within the data accuracy in the case of
the XC-1lh2A,
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Roll control maneuvers consisting of continuous rolling through a
410 to +15° bank angle range were performed in the Category I program with
The yaw stabilization system deactivated (turned off) and the roll stabili-
zation system operative (insignificent to the data enalysis). The maneuvers
performed in 6° to 30° wing configurations were of good quality in that yew
control inputs were Ail and failly repid roll control was applied. The
lease squares extractioms of L'g'ﬁ and B;A from these data wme summarixed in
Figures 42 and 43 slong with estimated values derived from wind tunnel data.
The corresponding extractions of R:B and HB* are summarized in Figures UL and

A

45, 'The numbers with the points correspend to the point numbers in Table
¥V which defines the various flight test conditions. Generally good agree-
ment is indicated for the primary rolling effectiveness in Figures 42 and 43
and reasonable agreement is also indicated for the yaw due to foll control

derivatives in Pigures L& and 45,

b. YAW CONTROL EFFECTIVENESS

Yaw control in tramsition configurastions is developed by a cqmbination
of aileron deflection, differential propeller blade angle and rudder deflection.
Since the three fontrol surfaces do not move independently, it is not possible
to extract the yaw dontrcl stability derivatives separately. Instead, the
least squares snalysis ylelds the following typical combinations of the
derivatives given below.

* .
Lisg™ bog * Lsg (8/65) + Ly, (8,/6.)

*
N, =
5g Nsp * Néa (GBIGR) + NGA (5A/.5R)

Since the rudder actually moves even in hover, it is convenlent to hase the
yaw control derivative extractions on its deflection, and the resulting
derivative provides a good indication of the true effectiveness over the
complete transition regime. The design directionel control gearings 6g/ép
and $5/6 are defined in Figure W6 for reference, The extracted values of s R
and L*GR are plotted with estimated values for comparison in Figures L7

and « The numbers placed along side the data points denote the reference
flight conditions which are summarized in Teble V. The comparison of N¥* gy,
flight extracted vs estimated, appears reasonably good over the transition
range of wing inecidence.

cs SIDESLIP DERIVATIVES

The sideslip angle derivatives, NBR and Lg , were extracted from the
same maneuvers used to evaluate yaw and roll control effectiveness for con~
figurations with wing incidence less than 35 degrees. The sideslip engle
available wes measured by a vane located on the nose boom installed on the
test airplanes. This vane-measured slip angle was corrected for the effect
of yaw rate by the formla:

g = Bme-“r/\’)

where L is the length fram the vane to the ¢.g. of the sirplane,
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The extracted values of NB and Lg , along with estimates, are
plotted in Figures 49(a) and 50(a) to show the variation with airspeed. The
same values are plotted against wing incidence in Figures 49(b) and 50(b).
The comparison shown is cbviously very poor, particularly for N g, and this
is attributed to the insufficient accuracy of the flight deta for determining
the lower order aerodynamic effects in the speed range below 100 knots.

d. ROLL AND YAW DAMPING DERIVATIVES

The roll and yaw damping derivetives, Ly and Ny , extracted along
with the control effectiveness and sideslip derivatives are summarized in
Figures 51 and 52. These derivatives appear to be consistently lower than
predicted levels, but little confidence can be attached to the comparison
for these reasons: (1) On & percentage basis, the effect of the aerodynamic
damping is considerably lower than moments generated by the contrel surfaces
during pllot forced maneuvers. As might be expected, the least squares
method tends to extract the strongest aerodynamic contributions with the
greatest accuracy. (2) The generally lower level may have been caused by the
erbltrery use of smoothing filters which possibly attenuated the mcasured air-
plane responses,especially since the cut-off frequencea of the filters were so
low (1 or 2 cpsj.

e, ANGLE-QF-ATTACK DERIVATIVES

The angle-of-attack derivatives, 7,6 and M, , were not evaluated in
the low wing transition regime due to the absence of suilteble flight data,
The high nolse or vibretion content in the normal accelercmeter instrumentation
prevented any confident extraction of Zq from dynamic maneuvers. Sultsble
dynemic maneuvers in which pitch rate and acceleration were of sufficient
quality and excitation (amplitude) to determine M o Were unavailable also.
An indication of the airplene 1ift slope can be obtained from Figure 53.
The 1lift coefficient shown in the figure was calculated st various points in
time during very slow stall approach maneuvers, The maneuvers were performed
at a fixed throttle or power setting by pulling the nose of the airplane up
slowly and allowing airspeed to decrease accordingly. The lift coefficient
includes the effect of the tail and tail propeller control, plus any veriation
of thrust due to the variation of airspeed and governor (constant RPM) con-
trolled blade angle due to airspeed reduction during the meneuvers., It is
impossible to separate these effects during this type maneuver from the data
available. The estimated value of the thrust coefficient, Cr., is also
plotted in the figure. Pilot remarks denoting buffet onset points and buffet
intensity are noted per pilot comments during the tests.

2. CRUISE CONFIGURATION DERIVATIVES

Some special longitudinal f£flight maneuvers were performed in the Category
I program to define longitudinal stability characteristics in the cruise cone
figuration. These maneuvers were sinusoidal oscillations in pitch performed
at 8000 feet altitude at airspeeds of 215, 235, 250 and 270 knots EAS, At
each alrspeed, the pilot forced oscillaticns of epproximately 0.3 and 0,5
cycles per second. Similar maneuvers were performed at both 17% and 25%
center of gravity positions. Additiocnal instrumentation, inecluding a pitch
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rate gyro and normal and longitudinal accelerometers, were installed to
provide improved data for these tests (only). An oscillograph recorder wes
installed also for providing continuous data recordings in addition to the
standard sampled data system recordings. The type of maneuvers performed
during the two flights made for these itests provided the best data available
from the Category I program, but the derivative extractions from the least
squares analysis indicated some inconsistencies most likely attributable to
instrumentation errors, The most obvious of these is the difference in
derivatives due to frequency as apparent in Figures 54 through 61 . Reference
test conditions for these results are recorded in Table VI.

The results of an analog duplication analysis of these same flight data

are shown in Figures 6l, 56, 58 and 60 . This analog study was made
independently of the least squares analysis and it reflects no effort to
arrive at similar results. In fact, the two sets of results are not directly
comparable as presented since those from the analog analysis represent the
values which best fit both the 0.3 cpe and the 0.5 cps maneuvers at each
alrspeed condition. It 18 not too surprising that the analog results more
closely represent the trends if not the values of the estimated derivatives
gince an anaslog duplication uses the estimated values as & starting point.
A best fit of the time histories is then obtained by "perturbating” the
significant derivatives, Alssy the input and response time histories are
faired before duplication is attempted. The least squares method, while
more honest and unemotional since 1t does not require a knowledge of the
estimated values, is much more strongly influenced by data inaccuracies
and scatter.

3. THRUST REQUIRED IN GROUND EFFECT, HOVER

Model tests conducted at the NASA Langley Research Center with en XC-lliea
free flight model indicated a quite obvicus cushloning effect as the controlled
model was allowed to descend into the proximity of the ground. Some flight
tests were made to determine the magnitude of this effect on the airplane.
Results in terms of the required engine torque and propeller blade angle to hover
vere measured at several helghts above the ground and are tabulated in Table VII.
The indicated height above ground represents the tires-to-ground distance, and
is only approximate as accurate height measurement was unavailable for these
tests,.

These data were obtalned from the steady portions of extended hovers of
some two minutes duration at each helght, and represent aritlmetic averag-=
values of the deata. The blede angles snd torgues required were adjusted ¢o &
gross weight of 35,000 pounds and an RPM of 95% by ineans of isolated prog:ller
test results. These adjusted values plotted in Pigure 62 indicate a decrease
in both torque and blade pitch required due to ground proximity, and it ls
assumed a corresponding trend in thrust required from the propellers would
be realized if measurements were available,

Estimated thrust to weight ratio as a function of helght above ground
for these flight tests is summarized in Figure 62. The estimated thrust
used to obtain this figure was calculated from ASD whirl rig data presented
in Figure 67 .
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Ik, TRANSITION TRIM VARIABLES

A summary of the flight measured propeller blade angles, engine torque
required, and pitch trim control requirements was made for representative

wing-flap configurations spanning the transition flight regime of the XC=-1k2a
airplane, These data were selected from flight test trim points at zero
piteh attitude with the flaps programmed for the landing configuration. This
program provides flap deflections as a function of wing incidence. The actual
data determined from flight are summarized in Table VIII and in Figures 63
and 64, The comparison of estimated trim airspeeds with flight measured
values over the transition wing angle range shown in Figure 63 indicates
general sgreement. The estimated wing angle vs airspeed relation indicates @
variation of about one knot per degree of wing angle at L0® wing and increases
to greater than two knots per degree at 10° wing., Approximately the same
variation in airspeed exists with fuselage attitude, These two significant
effects, together with other minor effecte, make the comparison in Figure 63
appear fairly good when the ebsolute accuracy of wing incidence and fuselage
attitude instrumentation are considered,

The propeller system RPM, sirplane center of gravity, and air density
ratio, 9, defined in Table VIIT, vary over a range too large to allow a-
direct comparison of propeller characteristics and pitch trim requirements
against estimates made for nominal conditions. In order to obtaln a compari-
son of propeller characteristics for consistent RPM settings and standard
density, and to better indicate any areas of significant disagreement with
predicted characteristics, it was assumed that the flight data could ve
adjusted to a nominal RPM of 95% at standard day atmosphere, gea level condi-
tions. This adjustment was based on the assumption thet thrust required for
a given wing-flap configuration was primarily s function of equivalent air=-
speed, a1l cther factors being negligible, Then an adjustment to blade angle
was estimated due to the difference in true airspeed and RPM from the test
condition to the base or standard condition. Using this adjusted blade angle,
an estimated increment was made for the adjustment of torgque required to the
standard base.

These adjustments to blade angle and torque regquired were estimated on an
incremental. basis by use of the isolated propeller characteristics defined by
ASD whirl rig tests and NASA Ames wind tunnel tests of the full scale pro-
peller, These propeller characteristics are shown in Figures 67 and
for reference, The tests were made at or near zero inflow angles, but the
modified sdvance ratio, J cos Y, where Y was assumed to be the wing in-
cidence angle, was used for entering these prop maps. No attempt was made to
account for the effect of wing upwash on the inflow angle ¥ . FEven so, the
adjusted data should be reasonably valid in most cases since only minor
changes or rerturbations have been made to the actual datsa,.

The resulting blade angle and torque values are swmarized in Figures 65
and 66, Estimated curves are shown also for comparison purposes, These
estimates are representative of 1ift, drag and thrust characteristics derived
from wind tunnel data. Based on the thrust required estimate, the torque and
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blade angle required were defined from the isolated propeller maps. The
significant differences In blade angle and torque required sppear in the 30° to
80° wing incidence range. An explanation for these differences is difficult to
ascertain due to the three possidble sources of error; i.e., (1) the wind
tunnel determined lift, drag and thrust required, (2) the aspplication of

isolated propeller data, and (3) the flight measured data., Of these errors,
the latter is probably less significant in this case.

The pitch trim requirements, UHT position and tail propeller blade angle,
shown in Figure 64, have not been correlated with estimates due to the
several factors affecting a valid comparison. The factors to be considered
in such a comparison include: (1) both the horizontal and vertical center of
gravity locations, (2) gross weight, (3) propeller RPM, and (%) air demsity for
each test point.

5. DESCENT BOUNDARIES

Rate of descent characteristics of the XC-142A in the transition f£light
regime heve been evaluated at several configurations in the wing incidence
range of 0° to 40° with both the 60° (landing) flap program and the 30° (take-
off) flap program. These evaluations consisted of determining the rate of
sink at which buffet first eccurs, and then increasing the rate of sink to
determine the intensity of buffet and the limit rate of descent for sccepiable
handling qualities, These characteristics were determined by pillot cbservaw
tion and opinion via comments made during the tests, Same results for &0°
flap configurations are recorded in Taeble IX. These results are plotted in
Figure 69 along with the corresponding onset buffet boundary predicted from
observed wing flow separation in model tests. Obviously, greater descent
capability has been realized in flight than was predicted from these model
tests by using the initial wing separation as a criterion.
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TABLE V ROLL AND YAW CONTROL MANEUVERS IN TRANSITION AND HOVER

F -

mm*m—;lm_
(Ft) | (% Max) [ ANGLE (DEG

(% Max)

B

|
MANEUVER DESCRIPTION

POINT |AIRFIANE | FLIGHT | yury | Anore | vETGa | sosirion ﬂ————mm TODE]PROP REY-
: : * |(peg) | (Deg) | (1p) | (% Mac) |EAS (Knots)
22 1 L8 o | 27.0| 36,700 | 24,3 140 2,140 90
23 1 48 0 | 27.0]|36,700 | 2L.3 ) 2,140 90
24 1 Lg 0 27.0 | 36,820 | 2L.3 1ho 1,930 91
26 1 48 6.6 | 28.0|34,950 | 2L.0 110 2,500 91
25 1 48 10.0 | 30.8 [ 35,000 | 23.6 92 2,580 92
1 1 2k 13.4 | 59.3| 37,220 | 18.7 69 2,770 91
12 | 1 2L 13.k | 59.3| 37,220 | 18.7 66 2,775 91
19 1 2L 13.k | 59.6 | 37,170 | 1B.7 66 2,780 91
13 1 24 13.1| 59.4| 36,820 | 18.7 72 2,800 92
NS B | 2L 23.3| 61.1]36,720 | 18.1 L8 2,800 92
15 1 24 23.3| 61.1] 36,720 | 18.1 L9 2,770 g2
16 1 2k 23.3| 61.1]36,720 | 18,1 52 2,850 92
20 1 24 23.0| 61.2]36,620| 18.0 51 2,750 92
17 1 2L 31.3| 61.2|36,470| 17.6 4o 2,750 92
18 1 2L 31.3| 61.2 | 36,k70 | 17.6 42 2,730 92
21 1 2L 31.7| 61.1| 36,170 | 17.6 38 2,730 92
10 3 b 65.0 | 25.0| 34,785 | 16.1 22 140 9k
9 3 L1 67.0| 22.0| 34,8851 16.1 22 160 ol
6 3 L 79.0| 10.0] 35,335 | 16.8 0 80 96
8 3 L 79.0 | 10.01 35,335 | 16.8 0 100 96
7 3 IN] 79.0| 10.0] 35,335 | 16.8 0 120 96
1 3 36 85.0| o 34,130 | 18.8 0 685 95
L 3 32 | 9.0 o |[34000]| 19.0 o L35 98
5 3 32 90.0 0 34,000 | 19.0 0 450 98
2 3 32 2.0 o |33,90] 19.2 0 460 98
3 3 32 90.0] o |[33,80] 19.2 0 k60 98
27 3 32 | 90.0]| © 32,480 | 19.2 0 460 95

20.3
20.6
20.6
16.2
13.0
11.2
1.4
11.2
12.0
1.4
12.2
12.3
11.0
12.1
13.0
12.9
13.1
13.6
13.0
13.3
13.1
13.0
12,6
12.4
13.0
12,6
12.9

37

37

25
33
33
33
35

L7

&8 &

53
67

Th
Th
Th

65
6L

6k
65

lateral Ltick inputs
Lateral stick inputs
Rudder pedal inputa

Rudder pedal inputs

Rudder pedal inputs

Lateral stick inputs
Lateral stick inputs
Rudder pedal inputa

Lateral ptick inputs
Lateral ptick inputs
Lateral ptick inputs
Lateral ptick inputs
Rudder pedal inputa

Lateral ptick inputs
Lateral ptick inputs
Rudder | inputs

Lateral stick inputs
Rudder pedal inputs

Rudder pedal irputs

Lateral pntick inputs
Roll and yaw control
Yaw cont&ol

Yaw conf 1

Yaw control

1/2 » 180 degree left turn
3/4 Pedal, 180 degree left turn

Roll control
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TABLE VI REFERENCE CONDITIONS FOR LONGITUDINAL

MANEUVERS, CRUISE CONFIGURATION

prrcar | B8 1 o, @, FROP
o m) (% 138) jﬁts) “f‘m jnzx MANEUVER DESCRIPTION
50 37,650 | 16.97 2140 | 7,947 75 | Forced Sine @ .33 cps
so | 37,600 | 16.96 | 217.6 | 7,900 | 75 " " @ .53 cps
50 37,530 | 16.95 2.5 | 7,932 75 " " @ .3 cps
50 37,450 | 16.95 235.0 | 7,944 75 " " @ .53 cps
50 37,250 | 16.93 252.0 | 7,983 75 " " @ .3 cps
50 37,200 | 16.92 251,0 | 8,002 75 " " @ .51 cps
50 37,000 | 16.91 270.0 | 8,011 75 " " @ .38 cps
50 36,950 16.90 270.0 8,066 75 " " @ .62 cps
50 36,650 | 25.03 213.5 | 7,925 75 " " @ .28 cps
50 3%,570 | 25.04 213.5 | 7,975 75 " " @ .50 cps
50 36,450 | 25,0k 235.0 | 7,886 75 " " @ .32 cps
50 36,400 | 25.04 233.0 | 8,032 75 " " @ .u8 cps
51 37,700 | 25.0 252.0 | 7,998 75 " " @ .35 cps
51 37,650 | 25.01 251.3 | 7,928 75 " " @ .495 cps
51 37,400 | 25.01 269.0 | 7,965 75 " " @ .33 cps
51 37,350 | 25.01 2n.7 | 7,896 75 " " @ .51 cps
51 36,650 25.0 211.0 7,811 75 " " @ .26 cps
51 36,630 | 25.0 213.0 | 7,860 75 " " @ .50 cps
51 36,53 | 25.0 | 23.0 | 7,95 75 " " @ .265 cps
51 36,450 | 25.0 233.0 | 7,946 75 " " @ .540 cps




TABLE VII SUMMARY OF TEST DATA OBTAINED DURING
HOVER TESTS IN GROUND PROXIMITY

(Airplene Ro. 1, Flight No, 2)

HEIGHT

C. G.

GROSS WING ' #* ENGINE
ABOVE POSITION * MAIN PROP |* RPM
WEIGHT ANGLE TORWE
“*(‘?’J)“’ (1) (% Mac) (Deg) | BUADE ANGLE (1 Max) (% Max)
2 34,350 18.9 84 13.9 94,3 68.4
5 34,200 18.9 86 14.0 94,1 69.3
10 34,100 | 18.9 86 14,1 94.3 69.8
20 33,800 | 18.9 86 1k.25 93.6 70.0

* Average Values




TABLE VIII SUMMARY OF TRIM VARIABLES IN TRANSITION CONFIGURATIONS
(STEADY LEVEL FLIGHT, ZERO FUSELAGE ATTITUDE)

TAIL PROP
POINT | ATRGRAFT | FLIGHT % iialx | wergm |posrrion | AUtImoe | pmmrry | MUY 1AL | q | prape angue | U AKGLE | BLADE Alaie
. . * | (peg) | (Deg)| (mb) | (% Mex) (Knots (% Max) (Deg)
1 1 57 12 59 36,140 | 22.1 1,050 .96l 72 89 3 1.4 3.8 -2
2 1 57 22 60 36,100 22.1 1,200 .961 52 89 37 10.9 11.5 -2.6
3 1 57 37, 60 36,000 | 22.1 1,050 964 33 91 56 13.0 23 1.5
L 1 20 33 60 35,120 | 21.1 2,075 897 38 90 51 12.8 20.8 -1.0
5 1 20 29 60 34,820 21.2 2,020 899 k1 90 L7 12.4 18.2 - .7
6 1 20 20 60 34,770 | 22.0 2,000 «900 L9 90 3k 10.5 11.6 -1.8
7 1 20 1 60 34,520 | 22.8 2,040 .903 66 91 3 10.8 4.7 -2,7
8 1 20 12 59 34,370 | 22.8 2,450 .89k 75.5 93 30 11.7 4.8 -1.8
9 1 20 12 59 34,320 | 22.8 2,250 .899 73 90 26 10.9 4.7 =1.7
10 1 20 12! 60 34,270 22.8 1,960 .910 67 93 30 10.6 k.5 -3.0
11 1 20 12 60 34,220 | 21.7 2,000 .907 68 93 30 10.6 L6 -1.9
12 2 1k 10 50 35,450 20,4 220 .998 67 95 31 9.5 2.7 -2.3
13 1 7 3 32 35,060 27.1 2,550 .910 108 90 30 16.9 -5 -1.9
14 1 7 13 60 34,480 26.2 3,120 +900 62 91 33 12,6 5.5 -6.8
15 1 7 36l 60 34,280 | 2u4.9 2,770 +906 29 92 L9 13.2 25.5 .3
16 1 7 23 60 34,370 | 25.5 2,720 .909 48 90 37.5 12,0 14.5 -6.7
17 1 Th 70 20 35,820 19.6 680 1,02 1l 95 70 13 30 6
18 1 7h 55 46 36,220 | 19.6 665 1.02 15% gl 75 13 28 -3
19 1 ™ us 60 36,620 19.6 655 1.02 20% 93 65 13 25 -6.5
20 1 2 86 0 33,800 | 18.9 -- .95 -- 9l 70 1h.2 - -

* Alrspeed per ground camera data
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TABLE IX FLIGHT BUFFET AND DESCENT BOUNDARY TEST RESULTS

WING FLAP GROSS AIRSPEED | RATE
ATPLARE n.gmr ANGLE | ANGLE | WEIGHT EAS | OF SINK
) * (Deg) (Deg) (o) (Knots) | (Ft/Min)
(Buffet Onset Points)
2 28 11.5 56.2 36,000 59 1,300
2 28 17.5 57.5 35,900 5k 1,000
2 29 17.8 58.3 35,500 51 910
2 28 22.8 57.6 35,700 47 950
2 29 27.5 58. 4 35,500 L1 700
2 29 33.3 58.5 35,500 36.5 650
2 29 35.6 58.k 35,300 . 32 680
(Limit Rate of Descent Points)
1 24 17.0 61 35,900 59 1,920
1 24 214 61 35,800 52 1,530
1 I 30.5 6L 35,700 Lk 1,500

131




(FULL STICK INPUT)
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\

BLADE ANGLE
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o 10 20 38 20 v s %0 10
§p , DEG. WING INCIDENCE, DEG.
60 [
ﬂ; UP AILERON
a 7 - —~— DN ATLERON
£ ko e
8
an )
8 /
H /
/

= . - p N

Lo 60 80 100

WING INCIDENCE, DEG.

FIGURE 41 LATERAL CONTROL PROGRAMMING
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-
O FLIGHT DATA
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13 OLh
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0 10 20 30 ko

WING INCIDENCE , DEG.

FIGURE 45 YAW DUE T0 ROLL CONTROL, N* 8
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DIFFERENTIAL BLADE ANGLE , DEG.

AILERON DEFLECTION , DEG.

60

20

(FULL PEDAL INPUT)
RUDDER DEFLECTION CONSTANT 27.5 DEG.

60 80 100
WING INCIDENCE, DEG.
;
/
4, i
I R Sa—
/ * !
| 4~ |UP AILERON
— ~# - 2t DN ATLERON —1
‘ I
: i
|
] |
20 4o 60 80 100

WING INCIDENCE, DBG.

FIGURE 46 DIRECTIONAL CONTROL PROGRAMMING
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(CRUISE CONFIGURATION)

-800 v T
Gr. Wt, £ 37,000 Ib | , |
C.G. 17% ¢ i ! —
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; - ESTTMATE
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7 : |
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i
- ; !
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g FOR ALL MANEUVERS
_2.0 __.-,,;,. [ T ,,|r | i 'r I
| | ‘
.E 3 *
| |
‘l.o }‘“ - :f % f N
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| | |
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EQUIVALENT AIRSPEED , Knots

FIGURE 5% TONGITUDINAL STABILITY PARAMETER  Mx , (17% C.G.)
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(CRUISE CONFIGURATION)

-8.( H
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C. G.
Hp
PR 4 o ) S P _J[ r,_ i i —
| ; O LEAST SQUARES, 0.3 CPS MANUEVER
,! O LEAST SQUARES, 0.5 CPS MANEUVER

M*, , BEC"2
\
\
\

210 220 230 2L0 250 260 270
EQUIVALENT AIRSPEED , KNOTS

FIGURE 55 [LONGITUDINAL STABILITY PARAMETER, M¥, (25% C.G.)
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FIGURE 56 LONGITUDINAL CONTROL EFFECTIVENESS, M* iy (7% c.a.)
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{CRUISE CONFIGURATION)
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ENGINE TORQUE PROP BLADE ANGLE
% m- Dm L ]

THRUST/WEIGHT RATIO

O MEASURED IN PLIGHT

A FLIGHT DATA ADJUSTED TO ST'D DAY, SEA LEVEL,
35,000 LB, GROSS WEIGHT, 95% RPM

T ’ f —Q
1% ﬁﬂ‘.?r_e.ir:t‘o"* I \
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60 1 i L
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HEIGHT ABOVE GROUND, FT.

FIGURE 62 EFFECT OF GROUND PROXIMITY ON
THRUST REQUIRED IN HOVER
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PROP BLADE ANGLE, DEG.
(72 IN. RADIUS)
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FIGURE 63 PROPELLER BLADE ANGLE AND ENGINE TORQUE REQUIRED
FOR STEADY LEVEL FLIGHT IN TRANSITION CONFIGURATIONS
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TRIM TAIL INCIDENCE, i, DEG.
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FIJURE 64 PITCH TRIM CONTROL REQUIRED IN
TRANSITION CONFIGURATIONS
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(DETERMINED FROM AMES AND ASD TEST DATA)

ADVANCE RATIO, J

FIGURE 67 ISOLATED PROPELLER THRUST COEFFICIENT, CT
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ADVANCE RATIO, J

FIGURE 68 ISOLATED PROPELLER POWER COEFFICIENT, CP
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tion engaged asbout the axis belng excited, but it may be desirable to allow no
control inputs about other axes. This consideration must be given to the iso-
Jation of the control inputs about their respective axes when the alrcraft has
a blended control system, and particulasr flight techniques may be required in
some cases. Controls fixed maneuvers, or responses; il.e., stabilization aug-
mentation inactive as well as stick fixed, should be obtained in a)l flight
conditions where safety permits in order to eliminate control effectiveness in
the response and thus better isolate the remaining aerodynamic effects.
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APPENDIX T
EQUATIONS OF MOTION FOR THE XC-142A

The following equations were assumed to represent perturbation motions of
the XC-142A about any trim condition at any fixed wing and flap configursation.
The equations were written for a body reference axis system with the origin
at the center of gravity of the airplane,

LONGITUDINAL

(PITCH MOMENT): q = Mju + MW + MW + Mq + MABAB

(VERTICAL FORCE): (W - Uga) = Zu + Z,W + 243+ ZABAB
* It F Zighiy
(AXTAL FORCE): (4 + g0 + Woa)=Xyu + XM + X 2W° + Xpgh8

+ X, AN + xitAit

AR
LATERAL-DTRECTIONAL

(ROLL MOMENT): (p + Jyf) = LpP + L v 4 L.r + LaAaA + LGBGB

+
L6R6R

NP+ Nv+N + N + Ng 6
P v T GA GA 68 B

(YAW MOMENT): (# + Jzﬁ

+ Négép

+

(SIDE FORCE): (v - W,P U,r - g#) = YpP + Yv+Yr+ YGAG

A

+ YGBGB + Y5R5R

Prior to developing the least squeres normal equations, the preceding
equations were modified to remove the linear dependence of the Z-forece and
pitch moment equations, and the roll and yaw moment equations. This can be
done by making the following substitutions:

(1) Substitute the Z-force equation into the pitch moment equation.
{2) Substitute the roll moment equation into the yaw moment equation.
(3) Substitute the yaw moment equation into the roll moment equation.

It was also necessary to rewrite the force equations in order to use the
flight accelerometer sensor measurements, substituting:
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gny = (4 + Wyq + g8)
gny = (v - WP + u,r - gt)
ging = (¥ - UOQ)

A final, but most significant, consideration was to include a constant in each
of the force and moment expansions. This was necessary since in the inverse
problem the exact trim wvalues of the control surfaces may not be known, or the
gyrco and accelerometer signals may include small bias values., The body axis
accelerometers should reflect the effect of the trim attitude, but this effect
may be obscured or overlocked in some cases. The inclusion of a constant in
each equation will prevent bias from any of these sources that can affect the
least squares inverse solution significantly. The final equations used for
the development of the normal equations are summarized as follows:

LONGITUDINAL
% * % Y * *
4 - Muu - Mww - qu - MABAB - MANAN - MitAit - M0 =0

ghng = Zu = ZW = Zgq = ZygAB - ZppAN - Zy by - Z, = 0

t t
2 =
ghny - qu - XWW - XWEW - XABAB - xﬁNAN - xitAit - Xo =0
LATERAL-~-DIRECTIONAL
P » * * '6 *6 "6 -
-LPP-LVV"er-LﬁAA—Laﬁs-LGRR"'LO-O

P o NoP - N'v - N'r - N; 8 - Nibg - Nibo -N =0
F - NpP = Nyv - N.r - NGA 't NGB B = Nagég - N =
ghny = YpP = Yyv ~ Yir - YGAGA - YGBGB - Yspog = Yo = O

vhere the asterisk coefficients represent linear combinations of the original
derivatives.

My = My N,
M, + W2y

Mq + M {zq +U,)

£

%
Mit = Mit + szit
L
Ly = (Lp - unp)/(l - JxJz)

*
L, = (L, = 3N )/(1 = 3,3,)
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L = (I, = 380/ - 39.)
L*GA = (LGA - JdeA)/(l -39,
L;B = (L68- TeNgg) /(1 = 3,7,)
Lgg = (Lgg = T Nep) /(1 = 3.3 )
T Lp)/ (1 = 3,3 )

T L1 - 3,.3,)

*
NP = (NP
*

N = (N

N

n
—
=
1

v

r= (0, - 5L/ - 3,5 )

»

sy = (NGA - JZLSA)/(I - 3 J,)

*
Ny = - -
sg = (Ngg Tplgg)/(1 = 3,3,)

*
N = (N - -
8 = (Mg = J,Leg)/ (1 = 3.7 )
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APPENDIX IX

SUMMARY OF THE LEAST SQUARES NORMAL EQUATIONS

The least squares normal equations can be developed from the equations of
motion summarized in Appendix I by equating each equation to a residue 3 R,
instead of zero, and minimizing the aquare of this residue surmmed over n sets
(in time) of the m variables. {(In any case, the value of n must be equal or
greater than (m + 1).) For example, the pitch moment equation written for the
kth point in time is:

dx -MuK MwwK-M -MBBABK-MNANK-M:[ (814 - M, ==(R)

Summing the n pitch moment equations gives

n n n n . n n

* * -
ST oa - M S ug - My = WK-MqSIqK—MABSABK Mg = AW
K=1 k=1 Kal K=l K=1 Kal

» n n
-M (A3, )p =M. =) (1) = 2 (R )
t El KT 0 K=1

The principle of least squares defines the best values of the unknown constants
as those for which

n
= (R&E)K = minimum
K=1

This condition requires that the partial derivatives of this expression with
respect to the unknown conatants shall each be zero; i.e.,

[2 (R: 2)K:l 2 [Sj (Rc‘;e)]
K=1 =0, K=1 Kl = 0, ete.

a aMyy

The resulting "normal equations” may be summarized in the form
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i 1wl T2 .7
817 8y - . . ay, M, = (ugdy)
' K=1
. * n
ey, 255 . . . 8om M = (WKQK)
, _ K=1
|
n
B.ml a.m2 N . . amm} MO 2 (QK)
i K=1

where the elements of the symmetrical matrix, A, are:

o2
8., = 5 {(u) 85 = 85
1 12
n 2
n ag = = (WK )]
8y = %%} (quK) K=1
n
n a,, = = (W.q,)
o K3k
) (ugag) ¥ e
n
n 8, = = (WA8,)
Lo K
ay, = = (uABy) K=1
41 =1 K
n
n agy = = (WiAly)
8y = = (ugaly) ® k=
K=1
n
n a,, = = (W (ai.) )
\ 62 KOtk
agy = = (u(digh) k=1
K=1
Ijl n
= 3 (ug) 5= =3 (W)
8711 bt a7 5K
ete,

175




Similar equations can be derived from the other equations of motion.
It is obvious that similar A matrices result from each of the longitudinal
equations which differ only in that certain variables may be considered
significant in one equation of motion and are considered insignificant in
another, Thus, a general matrix can be written that may be applicable to any
of the longltudinal equations by deletion of the row and column containing the
variable which is not considered significant or is not excited during a
particular maneuver. Similarly, a general matrix can be written for lateral-
directional equations. These general arrays were formulated in the digital
computer routine used for the least squares gsolutions in this program. Input
instructions to the routine defined the particular variables and thus the
reduced matrix to be used for the solution of each of the equations of motion.,
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APPENDIX III

NUMERICAL FILTERS

The following equations define the numerical filter weights for the
"Martin-Craham" filters defined in the NASA Report CR-136,

Unconstrained Smoothingg@eights

cos[nyryl sin[nw(2r, + rq)]

hn=

nw(l—4r2dn2)
forn=1, 2, ..., N andn=-1, -2, ,,,, =N
ho =2r, + ry forn = 0

where (wi + 1) is the number of filter weights,

r, = £,/€ FILTGR RESPONSE
¢« s G

rd = (ft - fc)/fs -4
] PHASE=0

!

fg = sampling frequency i

e \A o rcps

N may be arbitrarily selected for a given r_ and ry to provide a desired
response of the filter, In CR-136, it is indicated that a maximum error
of 1% will result if N > 1.25 1is selected, For the discontinuity in the
r
d

h, equation obtained if m = 1/2rd, by, must be evaluated by

2rg

Constrained Smoothing Weights

B =hy +S
Ho-ho+S W
l-h, -2 3} h,
n=1
where 8

20+ 1

The constrained or normalized weights are the final weight values applied
to the data.
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First Derivative Smoothing Weights

r, cos 2rryk + r, cos 2ar k hk(l-lzrg ka)
YK = ..f > -
k(1-brj ¥°) K(1-krZ ¥2)

for k =1, 2, ..as N

Yk=—Yk

Y,=0

Application of Smoothing Weights

Assume that the time history of variable,B, sampled at equal increments
in time, t, is represented by the array B(t) for t = ty, tp, seeey by
Without applying special techniques for the first N points and the last N
points, the filtered array, Bp(t) fromt = N + 1 to t + (T-N) is given by

N

Bp(N+1) = 3=} H.B(N - n+l),
n=-N
N

Bp(N+2) = = H B(N - n+2), ete.

n=-~N

N
or Bp(i) = = H,B(i-n)

n==N

where i=N+1, N+ 2, ..., T - N.
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