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ABSTRACT

This report presents the results of work performed under Task II
(Aerodynamic Stability and Control) of the VITOL Integrated Flight Control
System Program (VIFCS). The general objective of Task II was to collect
and analyze aerodynamic stability and control data for the XV-4B, XV-5A
and P-1127 VIOL configurations. Correlation and analysis of existing
model data were made to investigate hover and transition characteristics.
Particular emphasis was placed on the aerodynamic power effects, some-
times referred to as interference effects. Other areas of investigation
were nondimensional coefficients used to present VIQOL data and wind
tunnel test techniques. Wind tunnel tests were conducted using an inlet
only model and a jet only model to investigate special test and analysis
problems for these components.

The agreement between different sets of XV-4B model data was, in
general, found to be poor. However, the nondimensional coefficients used
by Lockheed to reduce to XV-4B model data appear to be valid parameters
for this category of VIOL airplane. The jet entrainment flow was shown
by experiment to be the primary cause of the XV-4B power effects, and
the XV-4B jet path was experimentally and theoretically determined.
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NOMENCLATURE

Ap 5 Aean Total ares of fans based on fan diameter, £t.2
Aj s At Total area of jet exits, f£t.2

Ap Total maximum nozzle exlt area for reaction control about any
one sirplane axis, £t.°

b, bw Reference wing span

T, Cw Reference wing aerodynamic chord

Cp Drag coefficient, D/4S5

Cq Rolling moment coefficient, /4 Sk

G 5a Alleron effectiveness parameter, 3Cy /58§,
Cap Demping-in-roll parameter, aCg /3 (pb/2v)

C&s Lateral stability parameter, 3C, /38

(ol Lift coefficient, L/¢S

CL&, Lift curve slope, aC, /)cC

CLge. Elevator effectiveness parameter, 3C, /) Se
Cm Pitching moment coefficient, M /3 ST

C""ec Pitching moment curve slope, 8Cm /e
C‘M‘e Elevator effectiveness parameter, BC-M/) S,
C-m‘r Flap effectiveness parameter, »Cwm /3 Sr

Com, Pitching moment coefficient at C *o

C'm‘ Damping-in-pitch parameter, dCam /3 (13/2v.)
Cn Normal force coefficient, Fy / &

Cn Yawing moment coefficient, N /¢ Sb

Cn‘ Directional stability parameter, 3Cm / 28
C"S-r- Rudder effectiveness parameter, 3Cmn /3 Sy
Cr Thrust coefficient, T /45

Cy Side force coefficient, Fy /9§
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+ 2 X 4§ N0+

4 oo0- e0 3.

Rudder effectiveness parameter, 3Cy /38,
Side force slope, 9aCy VeY-

Exit nozzle diameter, ft.

Jet exit diameter, in.; drag force, 1b.

Effective diameter, diameter of a circle equivalent in ares
to total jet-exit area of a given configuration, in.

Effective jet exit diameter, V HAgy /r
Diameter of fan, ft.

Chord foree, 1b.

Normal force, lb.

Fuselage reference line in the plane of symmetry
Side force, lb.

Acceleration due to gravity, 32.2 ft./sec.2

Height above ground or distance between bottom of fuselage at
exit nozzles and ground plane, ft.

Vertical distance, in the plane of the jet path, from the Jet
exit to the tunnel floor.

Moment of inertia, slug-ft.®

Lift force, 1b,

Rolling mament, ft.-1b.

Mass, slugs

Pitching moment, ft.-lb.

Yawing moment, {t.-1bh.

Roll rate, rad./sec.

Roll accelerastion, rad/sec.?

Dynamic pressure, 1b./ft.2; pitch rate, rad./sec.
Pitch acceleration, rad./sec.@

Yaw rate, rad./sec.
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Linear motion along x axis, ft./sec.
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Tr

u

s

' Velocity
wr Linear motion along 7 axis
u.JA Airflow rate, 1lb./sec.

Alrplane body axis In the plane of symmetry parallel to the
fuselage reference line; distance along this axis

X Longitudinal distance from the Jet exit to a point along the
Jjet path, positive aft.

Y Airplane body axis perpendicular to the plane of symmetry;
distance along this axls

= Airplane body axis in the plane of symmetry perpendicular to
the fuselage reference line; distance alcong this axis

z' Vertical distance from the jet exit to a point along the jet
path, positive downward

GREEX SYMBOILS

o Angle of attack of the FRL, deg.

AcC g Locel flow angularity: for experimental data, due to power;
for theoretical data, due to splash

s Angle of sideslip, deg.
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Rear Horizontal tail efficiency factor, $ya,. /1w
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Mass air density, slugs/ft.3
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Subscripts
a Aileron
A Alr, ambient, ares
AERO Basic power-off aerodynamic force or moment
e Elevator

EX. , EXIT Jet exit
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P Fan power effect
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S, ss Small test section
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TAIL Horizontal tail
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X At location X distance downstream from jet exit;
with respect to X axis

Y With respect to ¥ axis

£ With respect to Z axis

X& With respect to X and Z axes

xvii



Coutrails

Approved for Public Release



Section I

INTRODUCTION

VIOL technology is in a rapid evolutionary stage at the present time,
and a general consensus concerning basic asrcdynemic test and analysis tech-
niques has not yet emerged. The wide variety in airframe-propulsion variables
has made the task of developing general analysis techniques particularly
challenging. In recognition of the need to improve test and analysis techniques
for VIOL airplanes, the USAF has for many years sponsored research work in
this area. NR became an important pertner in this general research effort
when it was selected by the USAF to carry out the VTOL Integrated Flight
Control Program {VIFCS).

The obJectives of the VIFCS program with regard to serodynamic stability
and control data collection,correlation, and support were as follows:

a. Determine by analysis of model and flight test data the stability and
control characteristies of certain VIOL vehicles, particularly in the
hover and transition flight regime.

b. Provide these data as required to other parts of the total Integrated
Flight Control System Program.

c. Investigate the correlation of flight and wind tunnel tests in different
facilities to determine the degree of correlation.

d. Develop improved correction techniques and testing techniques that will
enable confident prediction of actual vehicle characteristics from model
tests.

e. Develop a consistent approach to representing VIOL aircraft stability
and control parameters.

Three VTOL configurations were to have been investigated as part of the
progrem, the XV-4B, XV-SA and P-1127. Early in the program NR was notified
of the unavailability of wind tunnel models for the XV-S5A and P-1127. As a
consequence, the detailed requirements for the study vehicles were revised in
accordance with USAF desires. The revised program c¢alled for a larger portion
of the total effort to be expended on the XV-4B, and efforts expended on the
XV-54 and P-1127 were to be used to verify the results of the XV-UB effort.
Also, two additional XV-4B wind tunnel tests, exit model and inlet model
tests, were substituted for XV-5A and P-1127 model tests which were originally
planned.

The loss of the XV-4B airplane during flight test activities on 1l March 1969
led to the USAF decision to terminate the program. The termination effort
calls for documenting all efforts expended prior to the loss of the aircraft.
In addition, the USAF requested that the originally planned XV-4B inlet model
test be conducted.



This report describes the efforts expended on aerodynamic stability
and control data collection, correlation, and support. Obviously, the
early termination of the program meant that the objectives of the VIFCS
program could not be fully met. However, to the extent possible the com-
ments are directed toward the initially stated objectives. At the time
the program was terminated, numerous individual tasks were in various
stages of completion. All applicable flight test and wind tunnel data
for the designated airplanes had been collected. Considerable analysis
of the XV-4B model data had been completed, and a small amount of analysis
of the XV-5A had been completed. No analysis of the P-1127 data had
yet been performed, and no effort had been expended analyzing flight test
data. It is worth noting that some of the test and analysis work completed
can be considered as basic VIOL regearch having general usefulness in
addition to a specific VIFCS applicatiom.

A discussion of aerodynamlic data requirements for future VIOL develop-
ments was prepared. This work has been included in Section VI.



section IT

SUMMARY

This report describes the efforts expended by the aerodynamic group
in support of the VIOL Integrated Flight Control System program, referred
to herein as the VIFCS program. The general purpose of this effort was to
collect and analyze aerodynamic stabllity and contrel data for the XV-4B,
XV-5A, and P-1127 airplanes. The aerodynamic data for these VTOL airplanes
was provided, as required, to other parts of the VIFCS program and was used
to investigate the adequacy of present test and analysis techniques for this
category of VIOL airplanes. Because of the early termination of the program
much of the detalled work could not be carried through to completion. As
a consequence, it was difficult to draw many firm conclusions.

Eight trips by NR representatives to various facllities were required
in support of aerodynamic data collection efforts. Five trips were made to
Langley Research Center in connection with model test activities for the
XV-4B and P-1127. Ome trip was made to Lockheed, Georgla, for a conference
on XV-4B model tests. One trip was made to the Ryan Aeronautical Company
to discuss the XV-5A program, and one trlp was made to Ames Research Center
to discuss thelr plans for testing of the XV-5A aircraft.

Support to other parts of the VIFCS program consisted mainly of coordi-
nation with the flight controls and flight simulation groups with reference
to aerodynamic input data for the equations of motion of study vehicles.
Some effort was expended in support of plamned XV-4B flight test activities.

The primary configuration for aerodynamic data collection and analysis
was the XV-4B airplane. Analysis effort was concentrated on the power
effects which result from the engine inlet and exit flows inducing aero—
dynamic interference forces on the airplane. Comparisons between sets of
XV-4B model data were made to determine the degree of correlation. Approx-
imately 900 hours of XV-4B model testing was completed. The wind tunnel
test techniques and data correlation methods which were used in connection
with the XV-4B model data were investigated to determine if they were
adequate.

As a result of the analysis work performed on the XV-4B model data
for the transition flight mode the following conclusions were drawn.,

1. The power effect data for Langley Test 178 and LTV Test 195 did not
correlate well in many instances. Attempts to explain observed dis-
crepancies in terms of model differences, data fairing or tumnel wall
interference were not successful. The Langley data is judged to be
the more accurate and should be used to define the XV-4B character-
istics. The LTV data is judged to be somehow in error and should be
used only to observe data trends.



2. The Lockheed nondimensional power effect coefficients appear to be valid
correlating parameters for the XV-UB. These parameters were effective
in reducing the test data for different thrust and speed conditions to
o slingle curve.

3. The XV-4B longitudinal power effects are approximately independent of
angle of attack which results in the longitudinal static stability being
approximately independent of the power effects. The primary longitudinal
influence of power is to change the alrcraft trim control requirement with
change in speed or power.

4. The XV-4B lateral directional power effects are a function of angle of
gideslip. As a consequence, the lateral and directional static stability
are significantly different power-on campared to power-off. Increasing
speed or power results in an increase in lateral and directlional static
stability.

5. The experimental evidence indicates the entralnment action of the
exhaust flow produces a significant change in the wing spanwise load
distribution. As a consequence, the wing stall angle of attack and the
wing downwash are altered by changes in speed or power.

The effects of thrust, ground height, attitude change, and very large
angles of sideslip were investigated for the XV-4B in the hover mode. Also,
correlation and analysis of existing experimental data were made to study
the nondimensional coefficients being used, hover test techniques, and model
differences. These efforts indicated the following:

1. To correlate hover lift loss, out of ground effect, NASA has been using
a complicated Jet decay parameter. It was found that the NASA Jet decay
parameter 1s proportional to jet exit circumference. It may be that a
simpler correlation parameter utilizing exit circumference can he developed.

2. The results of Langley wind tunnel tests and Lockheed outdoor hover rig
tests were found to correlate poorly. Both seta of data have question-
able aspects. The Langley data may have been influenced by the wind
tunnel walls, and the Lockheed data may have had unintended interaction
between the ground and the test rig. It was not established which, if
any, of the XV-UB hover data is representative of the airplane.

3. Slight motions or winds can result in sideslip angles of zero to +180
degrees during hover cperation. The data indicates a complicated vari-
ation of forces and moments over this large rahge of sideslip angles.
Because of the camplex nature of hover motion characteristics the over-
all importance of these terms was investigated. Camparisons of hover
motion effects with availlable control power were made for a velocity of
30 knots and a thrust of 10,560 pounds. It was found that the control
required to handle hover motion effects is not large relative to the
available control power. Thus, a rigorous representation of the hover
motion effects may not be required.



The results of low specd wind tunnel tests for XV-UB type inlet and

exit models indicated the following conclusions:

1.

The flow disturbance caused by the inlet flow is highly localized and
rapidly becomes negligible moving away from the inlet. The incremental
downwash angle due to inlet flow at the horizontal tail was less than
one degree in all cases. The inlet flow had no effect on the local
angles measured at the nose boom location.

The flow distwrbance caused by the exit flow was powerful and can
influence the locsl angles of attack over the entire airplane. Examples
of the incremental angles of attack due to jet power are 0.5 to 1.8
degrees at the nose, zero to ~15 degrees at the wing M.A.C., and -0.2
to -8.0 degrees at the tail (actual values depend upon specific speed
end thrust).

The Jet entraimment flow is the primary cause of the power effects
measured in the XV-4B model tests. The jet entraimment effects the
model data by changing the wing load distribution which then changes
the wing downwash {ield. The Jet entraimment flow can be suppressed by
as much ae 25 percent when the model is operated in a small wind tunnel.

The jet path was visualized by introducing water vapor into the exhaust
flow. Theoretical expressions for the jet path developed by Ivanov
were campared with the observed jet paths. General agreement between
the cbserved path and Ivanov's equation was obtained. However, in
certain respects the Ivanov equation did not adequately match the
present test data, and a proposed modification or adaptation of Ivanov's
equation is sdvanced to improve the degree of correlation.

Model and flight test dmta for the XV-5A and P-1127 were collected, and

a snell smount of analysis was completed for the XV-5A. Certain impressions
were formed as a result of the limited XV-5A effort. It appears that the
XV-5A data could, be successfully correlated using the Lockheed speed-power
parameter (l/cT)a. Also, it appears that a common analysis technique could
be developed which would be valid for both fan-in-wing and lift jet config-
urations.



Section IITI

AERODYNAMIC TEST AND ANALYSIS TECHNIQUES

A brief discussion of some VTOL technology sublects related to the VIFCS
program is presented in thls section. Many of the test and analysis techniques
applied to VICL aircraft are unlgue, and a concensus concerning many practices
hes not yet emerged. Since this report is concerned mainly with the XV-4B
airplane, the discussion will center on problems associated with this category
of VIOL aircraft. Also, the power-off characteristics are fairly well under-
stood by the current state of the art, and no attempt will be made in this
section to anmlyze themn.

AERODYNAMIC ANALYSIS TECHNIQUES

One oblectlive of the VIFCS program was to develop a conslistent approach
to representing VICL aircraft stability and control parameters. The main
probler in representing VIOL parameters is how to best provide for the aero-
dynamic power effects in hover and transition flight. These asrodynanmic
power effects are the result of propulsion-sirframe interference and are
functions of different variables than the conventional power-off werodynamlic
parameters. A discussion of the current techniques used to represent VTOL
stability and control parameters is now presented using the XV-UB as a
prime example.

BASIC FEATURES OF THE XV-4B AIRPLANE

The Lockheed XV-4B "Hummingbird" is a representative 1ift engine VIOL
gireraft. A brief description of the important features of this alreraft is
given here in order to familiarize the reader with basic operating features.
The general arrangement of the XV-4B is shown in figure 1.

The main propulsion system consists of the six J-85 engines with a total
take-of f thrust of gbout 16,000 pounds on & sea level standard day. Four of
the engines are installed vertiecally with inlets on the upper fuseloge. Two
of the engines are installed horizontally with a toil pipe arrangement that
permits the exhaust to be diverted down or aft. All of the nozzles are
arranged such that the resultant thrust vector is inclined at an angle of
approximately 10 degrees forward of the vertical and located as close as
possible to the alrplane center of gravity. The exhaust nozzles can be
vectored *10 degrees from a neutrzl point. Acceleration is accomplished by
means of changing sircraft attitude and can be modified by exit nozzle vector
angle. There are mony combinations of angle of attack, lift nozzle deflection
angle, and engine thrust which will satisfy the steady-state conditions
during transition flight.



A typlcal toke~off transition 1s accomplished by accelerating to a
gpeed at which the available wing 1ift is equel to or greater than the thrust
1ift provided by the two lift/cruise engines. The airplane is then rotated
to an angle of attack to develop the required wing 1ift and the two 1ift/
crulse engines are diverted to the conventional thrust mode simultaneously.
Accelerotion is continued to a speed at which wing borne flight is achileved.
Finally, the four lift engines are shut down and the exit doors are closed
snd the airplane is in conventional flight. A typilecal landing transition is
essentially the reverse of the gbove described procedure.

Control is obtained by means of the cambined effect of aerodynamic
control and reactlon control. The controls are electrically and mechanically
connected to power actuators which drive the aerodynamic surfaces and reaction
control valves. The reaction control is operaved py compressor bleed air.

A system or interconnecting ducts allows the alir to flow to any reaction
control nozzle. The pitch control nozzles are located at the forward and aft
extremities of the fuselage and direct the sir downward. The yaw control
nozzles are located at the aft end of the fuselage and direct the air to the
right or left. The roll control nozzles are located at the wing tips. The
alr can be directed either upward or downward. The nozzles are rigged so
that the upward nozzle on one wing tip and the downward nozzle on the other
wing tip open simultancously to produce the rolling moment. [over height
control is obtained by thrust modulation of all six engines.

DEFINITION OF AERODYINANIC POWER EFFECTS

Initial efforts Lo represent VIQL forces and moments were directed
toward establishing simple nondimensional parameters which would be similar
to the conventional serodynamic coefficients. To date, no simple overall
parcmeters have come into general use. At present, the external force ond
mopent effects are regarded as 2 number of Individual effects superimposed
upon each other and funections of different variables. In the equations of
motion the zerodynomic forces and moment contribution are best represented
by two terms; the conventional power-cff aerodynamic effects and the aero-
dynamic power effects. The aerodynamic pover effects are the result of
propulsion-airfrome interaction. The equations of motion used by Lockheed
for the XV-4B are presented in general form in figure 2.

The complete model power effect terms are defined by the equations in
figure 3. Complete model power effect values are calculated from wind tunnel
data by subtracting from the total power-on values the power-off contribution
and the thrust contribution.

A brood objective of the VIFCS progran was Lo develop a consistent
approach to representing VIOL porameters. The possibility of expressing the
conplete model power effects by means of an alrplane build-up technique vwas
investipgated. It would be useful to koow if the power effects can be builcs
up from individual contributing factors which c¢an be expressed in o zomon
form for a variety of dissinmilar VIOL aircraft. Ia the case of the ¥V-L3
aireraft, the primary sources of complete nodel power effects are inlet
effects, Jet exit effects, and tall effects (refer to figure 3). The inlet
effects consist of negative pressures induced on the upper surface of the
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wing-body due to the acceleration of free air into the inlet and a ram drag
force which 1s associated with turning the inlet flow. The exit effects
consist of incremental pressures being induced on the wing-body by the free-
stream air going around the jet and from entraimment action of the Jet. The
tail effects consist of changes in downwash and sidewash at the tail due to
power.

Transition Power Effects

The general i1nfluence of power on the aerodynamic characteristics during
transition flight is indicated in figure 4. In general, the power effects
produce a shift in the longitudinel deta which i1s independent of angle of
attack. Thus, the primary longitudinal influence of power is a change in the
aircraft trim control requirements. The power effect has an approximately
neutral effect upon the longitudinal static stability. Jet powered config-
urations tend to show a loss in 1ift and a nose up pitching moment due to
power. Fan-in-wing configurations tend to show a 1ift increase and a nose
up pltching moment due to power.

The power effects are a function of angle of sideslip for the lateral
directional data. Thus, the lateral or directional static stabllity are
significantly different power-on compared to power-off. Jet powered and
fan-in-wing configurations investigated by NR have both indicated a larger
lateral or directional static stability power-on than power-off.

Hover Power Effects

An important consideration in hover analysis 1s the complicated inter-
action between the airframe-propulsion system and the ground. Because of
ground interference it is necessary to analyze the hover interference effects
as a function of alrplane height above the ground. For purposes of discussion
the hover interference effects have been grouped into four flight modes,

(1} hover out of ground effect, (2) hover in ground effect, (3) attitude
change in ground effect and (4) hover motions. Each of these flight modes
will be discussed separately.

The phrase, out of ground effect, means that there is no interaction
between the airframe-propulsion system and the ground. When hovering out
of ground effect aerodynamic forces induced by the propulsion system inlet
and exit flows are present. The zerodynamie forces induced by the inlet flow
are restricted to the bellmouth area and are fairly well understood. On the
other hand, the merodynamic forces induced by the exit flow can be distributed
over the entire planform area and are not completely understood at the present
time. The propulsion exhaust f{low mixes with the surrounding air inducing
a cross flow toward the exhaust from all directions, figure 5. Air is drawn
across the bottom surfaces resulting in s negative pressure distribution on
the aireraft bottam. The normal force, chord force, and pitching mament can
be affected by the exhaust interference pressure field.



The factors having an influence upon the power induced 11ft loss out of
ground effect were investigated in reference 7. Based on small model tests
the power effect 1ift due to jet entraimment actlion was shown to be a function
of thrust, the ratioc of total planform area to Jet exit area, and a Jet decay
parameter. Some of the test results are shown in figure 6. The jet decay
parameter is based on the maximum rate of decay of Jet dynamic pressure and
the point downstream of the Jet exit where the maximum decay rate occurs.
While analyzing thege data the thought occurred that the jet decay which
depends on mixing between the jet and surrounding air should be a function of
the surface area of the jet. In turn the jet surface area should be a funetion
of the Jet exit circumference. This idea was tested by plottlng Jet exit
circumference versus jet decay. It can be seen in figure 6 that the jet exit
clreumference is proportional to the Jet decay. Obviously Jet exit circum-
ference 1s a much simpler parameter to determine than jet decay. It may be
that the data in reference 7 can be correlated in a simpler form. Unfortu-
nately, time 4id not permit investigating this approach any further than
indiecated.

When hovering in ground effect the jet exhaust flow contacts the ground
end spreads in all directions. A result of this spreading is to bring a
greater portion of the airplane planform area closer to the Jjet thereby
increasing the power effect. In the cose of a single centerline Jet there
is usually a larger negative lift force near the ground. In the case of
spaced multiple Jjets some of the flow spreading along the ground interact with
each other resulting in an upward flow between the jets. The upward flow
causes positive forces to be generated on a portion of the alrplane. In
some instances the positive pressure forces due to multiple jet interzction
is greater than the negative pressure forces due to jet entraimment action,
and the net power effect 1ift is less in ground effect than out of ground
effect, figure 5.

Fipure 7 presents pictures of o0il flow studies made to visualize the Jet
exhaust flow, in ground effect, for a NR fighter model which was similar to
the XV-U4B configuration. These pictures indicate the complex nature of the
exhaust flow near the ground. It can be seen that the exhaust does not spreed
uniformly =long the ground. Alsc, the vertical movement of the exhaust between
the jets is clearly visible. It can also be seen that the vertically rising
exhaust spreads along the entire underside of the fuselage.

The factors having on influence upon the hover interference 1ift in
ground effect have been investigated by means of smell model tests. However,
attenpts to gereralize on the results of these tests and correlate them have
had limited success to date. Results for single Jets have been more success-
ful than for multiple jets. Unfortunately, most actual VIOL airplanes are
multiple Jjet configurations.

If the airplane is pltched or rolled while in ground effect, the inter-
ference forces and moments can be altered, figure 8. A change in attitude
moves some parts of the alrplane closer to the spreading Jet and moves other
parts farther away from lt. Also, the jet does not spread equally in all
directions when contacting the ground at an angle. Preliminary indicatlons
are that the interference effects due to attitude change while In ground
effect are relatively small in most instances.
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While hovering the aircraft may move about slightly in a three dimensional
manner for one reason or another. These slight movements, here called hover
motions, are characterized by very low values of wvelocity (O to 30 knots) and
unusual values of angle-of-sideslip (0 to #£180 degrees). Some distinet types
of hover motion are indicated in figure 9. The forces and moments caused by
vertical movement during hover are predominately due to the airplane power-off
aserodynomic characteristics and are not analyzed in this report. Motion
resulting in very large sideslip angles, such as slde movement and rear move-
ment, produces the same type of power effects as those experienced in trunsi-
tion flight. However, the dircction and location of power effect forces will
vary as a function of angle of sideslip. Power effects for very large angleg
of sideslip arc analyzed in this report.

NONDIMENSIONAL COEFFICIEIMTS

A natter of concern for the VIOL designer 1s the selection of nondimen-
sional coefficients for expressing aerodynamic power effects. A varlety of
nondimensional coefficients have been tried. Bach agency has tended to
develop coefficients for their cwn particular airframe-propulsion application,
and the variety of coefficient forms in use hinders attempts to compare the
data for different VIOL aircraft. This situation is likely to continue unless
a satisfactory approach to representing VIOL forces and moments can be identi-
fied wvhich will be valid for a wide voariety of airframe-propulsion combinations.
It is essential thalt a valid nondimensional coefficient be used. Data is
normally availgble only for a limited nwiber of speed and power conditions.
The accuracy with vhich this limited data can be extrapolated or Ilnterpolated
is related to the v2lidily of the coefficient used,

A sample of coefficients in use to correlate test data taken ot fixed
values of thrust, velocity, and density conditions is presented in figure 10.
Conventional airplene coelTicients are based on the fact that the zerodymonic
forces are proportional 4o the freestrean dymamic pressure. In the casc of
VIOL cireraft the power effects are not preportional to freestreom djmaonic
pressure. Even at zero forward velocity o finite aerodynomic power effect
force is present. Thus, early attenpts to present VIOL date in conventional
aircraft form resulted in such difficulties as the coeflicients zpurocching
infinity as the specd upprooched zero. The present thinking is that a VIOL
coefficient for power effects shouwld be related to the freestreom d:mnnie
pressure and the dynonic pressure cf the propulsicon exit flow.

4 nondimensicnal speed-power porameter found in IIASA reports to correlate
Jet model data is shown in figure 10. Power effects are plotted versus the
square root of the ratio of Ireestream density times freestream velocity
squared to jet density times Jet velocity squared.

2
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This parameter is basically similar to the simple speed ratio Vi/Vier
which is also found in use. However, the newer form has generally came to
be preferred because it accounts for any jet temperature effects which may
exist between cold model Jjets and hot alrplane jets.

The nondimensional coefficlent form adopted by Lockheed to correlate
XV-4B dato is shown in figure 10. Power effects are plotted versus the
square root of the ratio of freestream dynamic pressure times wing area to

thrust.
oS V |
T - Cr

The Lockheed parzmeter is basically the same as the one used by HASA,
and datz generated by the Lockheed parameter would be proportional to data
generated by the NASA parameter.

Coefficient forms selected for the Ryan XV-S5A fan-in-wing alrplane sre
also shown in figure 10. In this instance it was assumed that the total
force acting on the aireraft was proportional to the sum of the freestream
dynamic pressure plus the fan slipstream d;mamic pressure (3 + T/A_,‘,-) .
This wes an attemplt to zecount for all effects by a single coefficlent. This
coefficient form has been used by HASA Tor tilt-wing propeller models. Con-
ventional propeller model data is normally plotted using a thrust coefficient.
There is some question whether the characteristics of a fan-in-wing zcireraft
1like the XV-5A are closer to those of a propeller configuration or zre closer
to those of a 1ift jet configurstion.

MODEL TEST TECIHIQUES

Hodel test techniques developed for conventional airplane testing are
often not adequate wvhen utilized for VIOL niodels. It is not uncommon to
find significant differences between two sets of model data obtained in
different facilities and between model and airplane characteristics. Sane
unigue problens have heen encountered in testing VICOL models for which
workable solutions are not presently available. One objective of the VIICS
program was to develor improved test techniques that would enable confident
prediction of airplane characteristics from model tests. A discussicn of
current test techniques will now he presented.

TEST FACILITIES

Two primary types of installations have been employed, to date, for
testing VIOL models. Conventional wind tunnels have been used to obtzin
trensition Ilight data, and special outdoor rigs have been used to obtain
hover flight data. In some instances, combined hover and transition tesis
have been conducted in the wind tunnel where proper model support could be
provided. In general, a VIOL model reguires = more sophisticated facillity
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than a conventional model. 8peclal provision to power the model are required,
and the support system must be capable of positioning the model in o large
number of unusual attitudes. Also, some method must be found %o minimize or
elinminate interference between the model propulsion system and the test
apparatus.

Transition tests have, until recently, been conducted in existing -wind
tunnel facilitles which were designed prior to the anrrivel of VIOL tesgting.
Tt was inevitable that problems of incompatibility betweon model requirements
and tunnel capability would arise. t quiclkly became gpparent thal conventional
size models experienced excessive interference between the propulsion wake
and the tunnel walls, and sdequate theoretical techniques for covrszeiing the
model data for this interference were not avallable., Thus, the trend in
recent VTOL testing has bLeen to test the model in a larger test seciion to
reduce or minimize jet woke distortion. However, suitable larpe test sections
are just becomlng available. In an attempt to utilize avuilgble facilities.
VIOL moflels are often tested in the larger tunnel area just forward of the
conventinnal test section. The maximua velocity available in forword sections
is considerably less than that zvailable in the conventional! test sseetvion.
The lower test velocities result in very low Reynolds munbers and make question-
able those values vwhich are functions of Reyuolds number. Alsc, the low test
velocities require that the data be extrapolated, scmetimes esxttensively, In
order to cover the entire transition speed range. In recognition of thzse
problems many agencies are bullding new wind tumnels specifically desipgned
for VIOL testing. The newer faellities tend to provide much larger test
sections than existing tuanels in combination with adequate tunnel velocities.

In the case of the XV-4B airplane, Lockheed used two povered models of
different size which were tested in different size tunnels bo obtain ransi-
tion flight deta. An 0.18 scale XV-UE powered model was tested in the Ling-
Temco-Vought 7 x 10 foot conventional low speed tunnel, and an 0.14 scale
XV-4B powered model wos tested in the Langley 17 foot section which is just
forward of thelr convenitional low speed %est ssction. The different test
section arrungements for these two tests is indicated in figure 11, and a
detailed comparison of the test date for these two tests is presented in
Section IV.

One approach to VIOL wind tunnel problems is to test o full seale zir-
plane with actual prorulsion units in = very large tunnel, like the Anes
4 x 80 faeility. A considersble amouat of this type of testing has beon
done. Full scale models ol the XV-5A, XV-4i, XV-22, etc., have been tested.
This approach provides good data but is expensive and slow.

Hover tests are & unique requirzment lor VIOL aircraft, and hover test
techniques and fTacilities are stiil in a developing state. IHover simlaotion
of a VIOL pirplane must include very low velocities from any direction to the
vehicle as well as static conditions. Static hover tests hove been conduzted
using transition models tested in the wind tunnel and simplified rodels tested
on special outdoor hover rigs. The primary difference between these test
installations is the walls suwrrounding the model vhen it is tested in a2 wind
tunnel. At the present time, not enough is xnown about the probable effect
of tunnel walls on hover testa to determine il outdoor tests are absolutely
necessary. Obviously, using one model in one test facility for bLoth hover
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and transition testing ls a desirable arrangement. Since hover sirudation
involving low velocity movement in any direction must be conducted in a wind
tunnel, vhy not strive to develop adequate test techniques for obtaining

all hover data in a wind tunnel?

During the development of the XV-UB airplane, hover tests were conducted
in the Langley 17 foot test section and on a Lockheed outdoor hover rig.
These two test arrongements are illustrated in figure 11, and a detailed
comparison of the test data for these two installations is presented in
Section IV.

MODELS

Accurate simulation of the aireraft propulsion syster by the nodel
appears to be important. The ideal situation would be to matel the inlet
conditions, the exit conditions, and the freestream conditions for any fligh%
condition. However, existing nodels seldam provide this degree of versatllity.
Some models match the exit conditions but may not provide an inlet flow. In
sanme Instances, the exit conditions camnot be exactly simuloted by the model
because of an inadequate power supply or limitations of the nodel propulsion
units. For instance, the oaximum model thrust for the Ryan XV-5SA model was
30 percent of the equivalent full scale thrust, and the maximum model thrust
for the 0.16 scale XV-UB nodel wos 60 percent of the equivilent Full scale
thrust. In some instances the inlet conditions cannot be exoctly simulated
because of limitations of the model units. Inlet flow is often provided by
means of suction lines or the entralmment oction of Jet puups. lleither of
these technigues has much {lexibility to match inlet conditions for a variety
of thrust conditions. In the long rua, more verscatile propulsion units Tor
models having characteristics cloger to the full scale propulsion anits will
probably need to be developed. For the present, the VIOL engineer nusht be
very careful of the basis upon wiich dalta for different tests znd nodels is
correlated.

For practical reasons, VIOL models normclly employ cold air Jjets to
simulate the hot eihoust flow of full scale engines. The ability of 2 cold
jet to simulate hot exhaust flow is investigated in refercnce 8. 8mall
models powered with cold jets were correlated with similar full scale nicdels
povrered with o J-65 engine. It was coneluded that the small-scale, cold-jet
nodel vest resulis correlated renssonably well with the full seole turbojer
povered models.

Indeterminate interlerences in wind tunnel data can be caused by nodel
nounting systems. The proper formation of the jet wake moy be circwivented
by wing and teil strut mounts, such zs those used in the LTV tests of the
XV-UB model. The wake nay be distorted by wing struts znd impinge on the
tail strut in close proximity 4o the model. These distortions will interfere
wilth proper simulation requirements zand cause extranecus distertion of the
free alr over the model. It is therefore suggested that future model mounting
supports should be placed above or well behind the model so that they will not

obstruct the lLifting system wake and result in indeterminate errors.
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Extracting power effects from total forece measurements requires very
careful and precise work to avold errors. The direct thrust is the predominate
force acting, and small errors in the thrust terms can reswlt in large errors
in power effect terms. Errors in determining the thrust terms could resvlt
from many things. The thrust moment is normally determined by ascuming thet
the thrust aclts along the gecmetric centerline of the exit nozzle. A non-
uniform exit flow or a distorted wake due to ftunnel wsll interference would
result in an actual thrust line different from the apparent gecmetric one.
During Langley Test 1780 an incorrect distance between the nozzle exit and the
center of gravity was inadvertently used in the data reduction program. As
a consequence, all of the power effect pitching moment data was in error by
a significant amount.

One way to ensure greater accuracy in the determination of power effect
terms would be to measure the aserodynsmic forces separately. lodels should
be built as a shell, separate from the inlet and exhaust plumbing, and
supported to the plumbing by a force balance which can be sized for the
aerodynomic forces. The total foree including propulsion forces would be
measured by an additional force balance.

These modeling techniques have been used by IR for a company sponsored
V/STOL fighter program (model built as shell and mounted independent of
propulsion piping). Also, NR, NASA, and the industry has recently put this
modeling method to use to obtain installed propulsion nozzle znd afterbody
force data on more recent air vehicle designs (F-111, F-1lU, F-15, etc.).

14



gy-AX Jo juswelduelly [eIdULD 1 -I1g




uxzh_l z.ml uuzl._.l le

uu%l._ + . wuxm + o:utxl.._ 4

e e ._.xl._+ u._uml o-ucuml

ou>02+ NN 4 LZ + ..:_2 + ouwéz +
o..»ou_.+ S_N. + ._.w. + u._.wc.f 3...._<\.+
oE.u_)_.T ux—)_... ._.—L + m._Z+ o¢u<—)_ +
u.“_ouqux.u . .._o,._.pzou. . .pna.__:.; ] huutm. M*o-xw}e“_
INIONI NoOILOVI¥ 3INI9ON3I ¥ 3mod kL

v Y

(¢ 50
(pnis-gs0f -
(6502 @msE+
(“1-

(*1-
(*1-

es3f- ad+ mi-mlw

ni+ md~a)w

mi+ana 1.38_.

1)8d-(48-o)¥T - 47T
»...:L.wl AM&.*.m.vmxH - &‘xH

21) 4d — (d -4

)

z

X

I

Im.xH

Lo wwmn

EOLf w2

XV-4B Equations of Motion

Fig. 2.

16



swia] 309IJY 12M0J JO UOTITUIISd ¢ *3Td

NO
— ...H 4 .:_GN. + .E.;:N. - ﬁ :::_:.Y + hn,wgwou_ _ WImod F =
nvi .>Z .—:GZ 4 131N Z ﬁ._.n:g.t.z + ,.m_nwg 7_ H‘ _ ...un_uf Z -
+ =
JLIING 1snwil £ uw.nus A uuﬂﬂa A
VLAY Lix3y A _ _ h_ -
o+ 4+ o= [y 4 ]
VAN 11%3 13N Lsnans v 3mod Y1MOd L
TVl _
+ W+ W= [ W]- =
—)_ LML uﬂm._%m uuﬂmt
11¥3 U l—.u.——‘nu LY U b} U _ U& _
4 + 4 = ﬁ 4+ ] =
440 ‘U)-—.)Oﬁm
VL H ZI.* + AL1%3 Zm + .E._z_ZIA_ - ﬁ.rm:g..._,zu._ + ¥IMOd Zh_ g _ ZL -
1 L } |
1093443 ¥3imod 40 3IJ¥noS 193443 ¥3Imod 1300k 3I13T4WO0D

LiX3n

L

Lixay, - Jn.pnrl..“
L.U;—znk ) \‘-

3 f = A VLN
.__chsx.m f 4




NO
W3Moad

410 ¥y

1amoayg

SOTISTISIDBIRY) O TWRUAPOIBY U0 S3ID9FJY 19MOJ JO SITNSIY

+

INIHOW
IN1T0d

amd

IYSBTTd UOFITSURL] JUTIND

NO
xulo\l.

lwn_!_._.u

>0 4
344
4
440 \ﬁ ~
AIMOod ” ~
/7
4 14y
3J¥o4
d¥OHD

ONIHOLId

d =
-
3N
NO
¥yamod +
LNINOW
DNIMVA
1SN ),
410 -
WIMO
d P .u.:L
| P
-~
_
NO \\\\\\
HIMod +
ANIWOW

W

814
NO
¥Iimod
3d
430 " A

¥y3mod

30404

Jqs

P :
240
\\\\\\ﬁmlom
NO
r\\\\\\\\ AIMmod
Lrmindy Pl
h— -
\‘T\
usz.u_ -~
Fd
3ID¥04
TYHAON

18



I9A0f UT SPToTd #0TJ Isneyxy °¢ “Ttd

1393443 dANNO¥D NI

t 2 d & 2 2d dddd didoaddididuddodddddodbddaded btk

[)

LHOIAN
ANVILNIY

[=)]
—

= _ A
@ L uuZH_ ||*|
llo,/\ = A

o Q
1LHOI13H

ANVTIAIY

1233443 ANNOI® do 4no



#o <:é; C-.gm

SINGLE JET MULTIIET MULTI SLoT

X ~ DISTANCE DOWNSTREAM
FROM JET EXIT

§ ~ TOTAL PFLANFORM AREA

A;~ JET EXiT AREA

AL
T
W
(Y]
2 3071
¥ o
o)
2x Et: 2ot
wE S
311 - 3 2 10t
Ngz
3 o ——————m
o -2 -
33/ %n)

3(x/0e) MAX,

JET EXIT CiRCUMFERENCE ~ INCHES

(4] 5 10 1.3 20 125 30
i 1 I ] ) N |
[+] -
-002 -L
al/T
VS/A-‘ -.004 4
~006 L T T T T -
o " -z -3 -* -5 o‘

-BOx/30/ AWy
(X/Dc)i

Fig. 6. Effect of Jet Exit Geometry and Jet Decay on
Power Effect Lift out of Ground Effect

20




21

Hover

in

0il Flow Visualization

7.



punoiy Yy Iesu BUTIaAOH STTYM 2pnif3ay JurBueyy yo 209311y g 974

123443 AONNOXNY9 NI

k.\\ ST ENVSSFSS IS NNV NYYYY Yy INF VNI INSY NV NNV YY YNy Yy Yy,

ANIHOW el INIWOM
DNIHILLd H 0 ONI110Y

+ +

22



VERTICAL
MOVEMENT.

(=%0" B=0) ﬂv

< 1

\ 4
NAERo
—SIRE
MOVEMENT
(<=0 A=90")
YAEIO ‘ * Fng
= —({ )=
4
Phpe
—_REAR
MOVEMENT
(=185 3=160") £ P

Fig. 9. Hover Motion Effects
23



§IUSTITIF00) TPUOTSUSMIPUON TOIA 0T ‘814

nA*/
) X-AX

e |
w._l_ . A l_
v.S~AX  S13Q0W ¥3113d0o¥d
+ aac,, /430
v )] (v +8)
W3ILIWVAVd ¥3IMOd — A3Id4S L 1
1944 valnaad T3Q0W VS-AX
4 1
—_— SA |33
s 1
[ Iy [ g 1 ) [ Y 3 -F.”—-> .Puh\ W‘)ﬁ |—l Q
103443 L4101 1411 = =
¥3IMod Lsnand 430 ~33Mod VLol by B
RN $7300W 13F VSVN
=
A O‘H(l— ¢@



weagoxy SOAIA JO 3JAeg SE

p@ronpuod si1sa] [OPOH peIiamMog dh-AX FO sodAT

Noi 1335 1s3d
TVYNCILN3IANG)

MOT4 LtRK3T gNY
13INI a3iVINUS 1300W
— 122 #8L1 51s31 AITINVT @

AINO mMmoTd
LI 3 Q30VINKHIS TTAQ0oW

— §bl 153 ] LHHNOA-0DW3I) - ONIT 0

AINO MoT4d LIX3 @aLVIAWIS
1300W — 1S3 ] YIAOH AIIHAND0T @

"TT *Bra

Noi12>328 1531 ToldA

annoys Tvid

25

- L

iy
3unss3vd
LEJL)




Section IV
ANALYSTS AND CORRELATION OF AERODYNAMIC DATA

This section describes analysis and correlation work carried out as part
of the VIFCS program. The analysis work presented was directed toward the
following objectives: (1) estimate from model data the power effects in
hover and transition, {2) show the degree of correlation that exists between
different model tests, (3) investigate the influence of wind tunnel well
interference and test technigues upon the experimental data, and (4) investi-
gate nondimensional coelficients for defining VIOL characteristics.

The primary configuration for which analysis wos performed was the XV-AB.

Qther configurstions for which some effort was eXpended were the XV-5A and
the P-1127.

LIST OF XV-4B MODEL TESTS

A series of powered and unpowered XV-4B model tests were conducted as
part of the VIFCS program. A variety of different models and different test
fucllities were employed to obtain this deta. Details of these tests are
contained in Section V. A list of tests which were considered to some degree

in corrying out the analysis work in this section follows:

LOCATION TEST TO. | REF. NO. TYPE OF DATA
Lockheed, Ga. 25 Outdoor hover rig
Ling-Temco-Vought 195 26 Transition power effects
lLangley, Va. 178 11 & 27| Powered and unpowered phases

of conventional, hover and
transition flight
University of Maryland | 482 & 493 28 & 29| Power-off characteristics
Langley, Va. 221 12 Additional powered tests for
hover and transition flight
Langley, Ve. 226 30 Additional unpowered tests
HR, Loes Angeles 592 5 Jet exhaust flow studies
NR, Los Angeles Ge2 6 Inlet flow studies
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ANALYSIS OF XV-4B POWER EFFECTS IN TRANSITION FLICHT

ANALYSIS GUIDELINES

The model configuration was Phase I {six engines in 1lifting mode), with-
out ground plane, and with wing flaps down 40 degrees. Except where noted
otherwlse, the data are for the Dasic nozzle vector angle of zero degrees.

It should be noted that the data analyzed herein are for models which did not
have strakes on the aft fuselage. The strakes showm in figure 1 were not
originally part of the configurstion but were added later in the program.
Power-on tests to evaluate the effect of the strakes were conducted, but the
results had not yet became available at the time this analysis was canpleted.

All data was Tirst plotted in dimensional form, force in pounds, moment
in foot pounds, for the full-scale airplane and sea lewel standard conditions.
Using dimensional data for analysis purposes is possible for a VIOL airplane
because they tend to operate in a narrovw speed and altitude range. It 1s
felt that same of the data trends are more cpparent in dimensional form thon
in coefficient form. Also, a better appreciation for the megnitude of the
effects is possible. After analyzing the data in dimensional form the
results were converted inlo the ILockheed nondimensional coefficient Tort.

All analysis work is bosed on a body axis system. This is felt to have
several advantages. Flight simulatlion work is based on a body axis system,
and it is customary to supply input data in a body exis form. Also, indice-
tions are that many VIOL power effects may be relatively independent of angle
of cottack and should correlote better in the body axis systeu.

In presenting the data the power-on values are plotted and the sum of
the power-off values plus the thrust contribution is plotted. The dirlference
between the two plots is by definition the power effect.

LONGITUDINAL DATA

Normal Force

The effect of angle of attack upon the complete model power effeect was
investigated firat. Typiecl normol force versus angle of atteck data for
severzl combinations of thrust and tunnel dymanic pressure are presented in
figure 12. This data was obtained from Langley Test 178 and LTV Test 195.

The data shows thet the power effect normal force is approxinately
independent of angle of attack below the wing stall point. Above the wing
stall point the data indicates that the power effect changes abruptly. This
abrupt change in power effect is a result of the stall angle of attack being
a functlon of thrust ond dynamic pressure. The change in wing angle of attack
at stall due to power is plotted in figure 13. The power-off load distridbu-
tion at a given angle of attack is reduced by the jet induced load. This
results in the wing stall occurring et a higher angle of attack with power-on
than with power-off. Thus, the power effect is not the difference between
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the two plots in figure 12 for angles beyond the gtall. To indicote the true
power effect beyond the stall the power-off data should be adjusted to have
the same stall angle as the power-on data. When this is done the power effect
normal force is approximately constant over the entire angle of attack range.

The effect of thrust upon the power effect normal force was investigated
at zero angle of attack. A plot of power effect normal force versus thrust
for various dynamic pressures is presented in figure 14, The Langley data
indicates that the power effect normal force is linear with thrust, and the
LTV data indicates that the power effect normal force 1s slightly nonlinear
with thrust. The Langley data includes a lot more test points than the LIV
data, but the LIV data covers a wider range of thrust and dynamic pressure
values. It is felt that the power effect normal force is linear with thrust,
but the data is not conclusive on this point.

An area of possible disagreement between the two sets of test data is
model differences. The Langley test used a model which simulated engine inlet
flow, and the model used for the LTV test did not simulate the engine inlet
flow. To investigate the effect of inlet flow the Langley model was tested
with the inlet open and with the inlet blocked. The results are plotted in
figure 15. The data indicates that the power effect normal force with inlet
open is approximately 125 percent of the power effect normal force with inlet
closed.

Based on the preceding analysis, it was felt that two adjustments should
be made to the data at this point. The LTV data was refalred to be linear
with thrust, and the effect of inlet flow was removed from the Langley data.
These adjustments were applied to the power effect normal foree data shown
in figure 14 and the results are presented in figure 16.

The power effeat normal force versus thrust data shown in fipgures 1k
and 16 is shown cross plotted versus dynamic pressure for constant thrust
values (6,100; 10,560; 14,920) in figure 17. The results indicate that the
pover effect normal force is g nonlinear function of dymamic pressure. Also,

the data plotted in this form clearly indicates the degree of agrecment between
the Langley and LTV test results.

A final plot was prepored vhlch nondimensionallzes the cross plotted dalm
in the Lockheed coefficient form, figure 18. The Lockheed parameter did a
good job of correlating the nommal force datoa. Also, the final adjusted data
indicates good a(reement between the Langley and LTV data. Iowever, no
odjustment for tunnel wall effects has been applied to the data at this point,

Pitching Moment

Typical pitching moment versus angle of attack datn is presented in
figure 19 for severzl combinations of thrust and dynamic pressure. This data
is fram Langley Test 178 and LTV Test 195. The power effect pitching noment
ic not constant with angle of attack 2s was the power effect normal force.

The nover effect pitching moment increases slightly with increcsing angle

of attack. The nonlinear nature of the power effect pitching ioment is due

to the nature of the dowmwash acting on the tail., Vith the tall-off the power
effect pitching moment is constant with angle of attaclk.
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The effect of thrust upon the power effect pltching moment was investl-
gated at zero angle of attack. A plot of power effect pitcllng moment versus
thrust for various dynsmic pressures is shown in figure 20. This duta is
taken directly from Langley Test 178 amd LIV Test 195.

The measured pitching moment due to inlet momentum based on Langley
Test 178 is shown in Tigure 21. The effect was determined by testing the
model with the inlet open aznd with the inlet blocked. The inlet momentum
causes a nose up pitehing moment which increages with increasing thrust or
increasing dynamic pressure. The total moment results firom incremental
normal forces and chord forces acting on the 1ift engine bellmouths and the
cruise engine. The momenl can be expressed in r simplified Torm by mulitiplying
the ram drag by an effective lever arm, refer to figure 21.

Adjustments which were upplied to the normnl force data were also applied
to the pitching mament data. The LIV data was refaired versus thrust, and
the effect of inlet flow was removed from the Langley data. The power effact
pltching moment wversus thrust with these wsdjJustments is presented in Sfipure 22.

The power effect pitching moment versus thrust datz in figures 20 and 22
1s cross plotted versus dynamic pressure for constant thrust values in
figure 23. The results indicate that the inlet momentum has a large influence
on the power effect pitching moment. Also, the adjusted test data shous =
large disagreement between the Longley und LIV test results. The good zpree-
ment shown between the Langley and LTV wadjusted deta is felt to be only o
coincidence.

In figure 24 the power effect pitching moment data is nondimensionclized
in the Lockheed cocfTicient form. lleglecting the wmisnmatch between sets of
datn, the Lockheed peorameter oppears to do o good job of correlating the
pitching moment data for ecch of the testzs taken separstely. To adjucinent
for twamel wall effects has been applied to the data at this point.

Chord rorce

Typical chord force versus angle of atback deta is showm in figure 25
for severnl comblnotions of thrust and dynanic pressure. The data is from
Langley Test 178 and LTV Test 195. The data shows that the power effect
chord force is approximotely independent of angle of attack below the wing
stall point. Above the wiig stall point the data indieates thot the vover
affect changes abrupntly. This abrupt change in power effect is a result of
the stall angle of attack beins a function of thrust and d:mamic pressure.
For a nmore detailed description of the effect of power on stall angle of atiback,
refer to the preceding znalysls of the normal force. If the chord Torce data
is adjusted to hawve the same stall angle of attack power on or off the pover
effect chord force is approximately independent of angle of attack over the
entire angle of attack range.

The effect of thrust on the power effect chord force at zerc angle of
attack for different volues of dynamic pressure is indicated in figure 20.
The two sets of test data compared are iIn very poor agreement. The Langley
Test 178 results indicate a positive chord force, but the LTV Test 195 results

indicate o negative chord force. 99



The measured chord force due to inlet momentum based on Langley Test 178
is shown in figure 27. The incremental chord force was measured by testing
the model with the inlet open and with the inlet blocked. The inlet momentum
couses a significant drag forece whieh increases with increasing thrust or
increasing dynamic pressure.

Adjustments which were applied to the normal force and pitching morent
data were also applied to the chord force data. The LTV data was refaired
versus thrust, and the effect of inlet flow was removed from the Lengley dota,
The power effect chord force versus thrust with these adjustments is presented
in figure 28. It can be seen that substantial differences between the two
sets of data still exist. This problem was investigated but no satisfactory
reason Tor the discrepancy can be given at this time. Iowever, it can be
observed that the Langley data is orderly whereas the LTV data exhibits large
2ata scatbter and lack of order. As a result it is felt that the Longley data
probably represents the airplane and the LTV dala is somehow in error.

The power effzct chord force versus thrust data in figures 26 and 28 was
cross plotted versus dynomic pressure for constant thrust values, fipgure 29.
The large discrepancy in the two sets of test data is also clearly evident
in these plots.

In figure 30 the power effect chord force data is nondimensionadized
in the Lockheed coefficient form. The Lockheed parancter does = good Job of
correlating the Langley data but cannot correlate the LTV data. This is
Turcher evidence that the LTV chord force data is probably in error, since
the Locitheed parameter worked well for both sets of data in the case of
normzl forece and piitching momeant. o adjustnents for tunnel wall effects
has been appllied to the data at this point.

Dovmwash

Dowvmwash with cand without pover was determined using horizontal stabilizer
effectiveness runs obiained during Loagley Test 178. The dowvmwash is plotted
versus angle of attack in figure 31, The dowmwash is substantially larger
with power-on than with power-off, and the raote of change of dovmwash with
angle of attack is lerper power-on than nower-off.

The inerement in dowmwash due to power at zero angle of attack indiecsted
in figure 32 was used to investigate the probable effect of thrust and dymomic
pressure. Because of the suall number of test points, an empirical expression
25 used to extrapolate the power effect of dowmwash data with thrust and
dynamic pressure. It was assuned that the power effect dowmwash is proportional
to the square root of the ratio of thrust divided by the dynamic pressure,
figure 32. Utilizing this simple relaticonship the power effect downwash could
be represented as o single curve when plotted versus the Lockheed nondimensional
speed-power parzmeter.

An IR correlation of fan-in-wing model data was also replotted wversus
the Lockheed speed-pover parometer. The results are shown in figure 32 along
with the XV-UB data. Both sets of data show a similar trend. Although the
limited evidence presented here is far from conclusive, it appears probable
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that the power effect downwash can be correlated using the Lockheed speed-
power parameter.

An attempt was made to determine the relative conbtribution of the inlet
ond exit flow to the total power effect dovmwash. The downwash produced by
an XV-4B type inlet only and an XV-UB type exit only were experimentally
determined. Detailed descriptions of these tests are given in section V,

In figure 33 the dowmwash produced by an inlet only and an exit only are
compared with the Langiey complete model data. The component tests indicate
a downwash only about 40 percent as large as that measured for the complete
riodel. The following explanction for this result is offered. The inlet and
exit models did not include a wing. The jet entraimment {low gignificantly
alters the wing spanwise load and wing downwash. This explanation logically
leads o the conclusion that the effect of the exit flow on the wing dowmrzsh
is the primary mechonism for the XV-UB power effect downwash. ILess than

10 percent of the XV-UB power effect downwash can be attributed to the inlet
flow.

Wind Tunnel Wall Effect

The influence of the wind tunnel walls on the XV-43 jet powered model
data was experimentally investigated by testing an Xv-iB type Jjet only. A
detailed description of this test is given in Section V, subsection 1l and
will not be repeated here., This test was conducted in sueh a way that jet
flow, tuanel size and speed ranges for Langley Test 173 and LIV Test 1G5
could »e represented at a smaller scala. Angle of attack changes at wing and
tall locations due to Jet power and tumnel speed were measured in the two
tunnel sizes. The incremental changes in angle of attack due to tunnel size
only Were estimated using this data.

A tumnel wall adjustment to the LTV Test 195 longitudinal data was
estimated <o indicate the nature and magnitude of the effect. The data is
not corrected to free alr conditions but rather to a larger tumnel size. The
ad justed davz would be what you might expect if the LTV model had been itested
in the larger *test section used for Langley Test 1738.

The LTV data normal force and pitching moment were adjusted for the
influence of the wind tunnel walls using the following equations.

_ [ oFy 3 Fy, _
g waLs (SEJTML(AOCL -MCS) " (ax)rﬂiL(MCL M(S)TML

wWiNe
OFF

R

AMMU Fmew}+"Am Mm

TAIL
OFF
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The equations provide for a separate inerement in nommal force for the
wing-body and tail. The change in normal force is based on multiplying the
change in angle of attack due to tunnel size by the power-off slope of the
normal force versus angle of attack curve. The values used for change in
angle of attack at the wing-body and tall are experimentally determined values
given in figures 126 and 127. The change in pitching moment was obtained by
multiplying the increment in normal force by the distance from the c.g. to
the normal force center of pressure,

The estimated effect of the wind tumnel walls on the data for LTV Test
195 is presented in figure 34, The experimental evidence indicates the
model is operating in a strong power induced downwash field. When coafined
in a wind “unnel this power induced downwash fileld is reduced somewhat.
Logically the effect of increasing the tunnel size for the LTV model would be
to increase the jet entrained downwash somewhat with a resulting increase in
the power effect values. This can be seen in figure 34 to be the case. It
can also be seen in figure 34 that adjusting the LTV data for wall effect
resulted in a larger disagreement belween the Langley and LTV data.

LATERAL DIRECTIONAL DATA

gide Force

Typical wind tunnel side force data at zero angle of attack (&) are
shown in figure 35 as a function of sideslip angle (@) for power-on and
for power-off plus direct thrust force. Good ilnearity is seen for & values
between %10 degrees. The difference between the two sets of data is called
power effect side force (Fypg) and includes inlet flow as well as exhaust
flow effects for the Langley data, and exhaust flow effects only for the LTV
data. As mentioned previously, the LTV model had no provision for simulating
the airplene inlet flow.

The variation of side force and power effect side force with o€ for
A = 0° and 5° based on langley Test 221 is given in figure 36. The tunnel
data show some side force at zero A& . As discussed in reference 3, this shift
is attributed to a smail amount of rotational flow in the Langley tunnel,
because runs made at & = 0° and 180° ruled out model and thrust asymmetry as
being the cguse of the forces and moments at zero sideslip. The power effect
side forces are presented both without the correction for tunnel flow and
with the correction at zero sideslip spplied to data at 8 = 0° and 5°.
Increasing oC makes the power effect side force more negative at of's up to
about 17 degrees.

The slope of power effect side force vs. @ 1s plotted as a function of
thrust In figure 37 for the Langley and LTV data. Here, the Langley dala
include effects of inlet flow, but show fair correlation with the LTV data.
Figure 38 has Langley data with inlet effects removed plotted with LTV data;
a small improvement in correlation is noted. At thrust values above 4000 1b.
power effect side force increases linemrly with thrust.
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The variation of side force power effect slope with dynamic pressure (9§ )
is given in figure 39. The result of removing the Langley model. inlet effect
was to reduce the power effect & small amount with little if any improvement
in correlation with the LIV data.

The Lockheed speed-power parameter, (h/Cr)k, described previocusly is
used in figure 40 to correlate nondimensionslized side force power effects
(Fypg/@ T ) for Langley and LTV tests with fair success. Removing the Langley
inlet effect did nol improve the correlation.

Yawing Moment

Langley and LTV yawing moment data are plotted vs.A in figure 41 for
power-on and power-ofi plus direct thrust moment. The effect of power is to
inerease directional stability. Angle of attack variations of yawing mcment
and power effect yawing moment are shown in figure 42 and display the effects
of the correction for tunnel rotational flow discussed previocusly. Increasirg
of makes the power effect yawing moment more positive at o¢'s up to asbout
17 degrees.

Figure 43 presents power effect yawing moment slope as a function of
thrust from Langley and LTV data. Correlation between the two sets of test
data is only fair, and putting both sets of data on the same basis of no
inlet flow effects deteriorates the correlation somewhat (figure Li).

The variatlon of power effect yawing moment slope with 9 is nearly
linear (figure 45). However, correlation between Langley and LTV tests is
not improved by removing the inlet effect from the Langley data.

Nondimensionalized power effect yawing moment slope (N,5/k1'b) data
correlate well with the speed-power parameter,(l/tr)i ; for both the Langley
and LTV data(figure 4) except for the highest g , lowest thrust, Langley
data points, which fell below the curve of the LTV data.

Rolling Moment

Typical rolling moment data from Langley and LTV tests are plotted
against @ in figure 47. Power effects increase the positive dihedral effect.

In figure 48, angle of attack is seen to have only a small influence on
rolling moment and power effect rolling moment within airplane o 's of -4°
to +3°. The power effect rolling moment is given also with the residuaal
moment at A = 0° removed to more closely simulate free air characteristics.

Figures 49 and 50 show power effect rolling moment slope vs. thrust for
Langley and LTV data with and without Langley inlet flow, respectively.
Removing the inlet effects lowered the Langley power effect rolling moment so
as to degrade the correlation hetween the tests.
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The LTV power effect rolling moment slopes vary linearly with dynamic
pressure over the test § range, whereas the Langley data (taken at low ¢ only)
are noalinear. Correlation between the Langley date with inlet effects and
the LTV data is fairly good, but deteriorates when the inlet effect is
removed (figure 51). A similar degradation in correlation between Langley
and LTV data is observed in figure 52, where nondimensionalized power effect
rolling moment slope 1s plotted vs. the Lockheed speed-power parameter,(l/tTJ*
This parameter enables all the data points of each test to fall on a single
curve, however.

For convenience, the inlet effects tha% were removed from some of the
preceding Langley data are plotted in figure 53 for all three lateral directional
parameters.

Sidewash

The lift-engine inlets pull in air and change the local angle of cross
flow on the fuselage and tail surfaces. The lift-engine exit flow probably
has an =ffect »n the local flow, but the inlet and exit effects cannot be
separsted i the Langley data tecause tail-off Phase I powered yaw runs with-
out secondary flow were not made. Although quantitative comparisons are not
sdvisgble due to model differences, reference to the sidewacsh angle increment
due %o inlet flow aleone (figure 139), shows the power-induced sidewash angle
changes negatively vhen sideslip angle increases negatively, the same as the
Langley dete of figure 54, It will be noted that this sidewash argle incre-
ment due to power is favorable up to & = 12° (increases directional stabliiity)
and that the increment due to inlet flow glone is small campared with the
total sidewash angle increment shown in the Langley data for both inlet and
exlt flows.

CONTROL EFFECTS

The roll control jets located at the wing tips will experience aerodynamice
power effects which are similar in nature to the fuselage 1ift engine power
effects. As a consequence, the net roll control effectivensss is the sum of
the Jet thrust roll control plus an incremental power effect. The power
effect rolling moment associated with the wing tip Jets was estimated from
NASA test data in reference 9. The estimated power effect rolling moment is
presented in figure 55 in the same nondimensional parameter form used for the
11ft engine power effects. The followlng example indicales the relative
importance of the roll control power effect. For an engine thrust of
10,000 pounds at sea level the maximum rolling moment computed for the thrust
of the wing jets is 7850 fool-pounds. At 100 knots forward velocity the
pewer effect reduces this static rolling moment to 7120 foot-pounds, refer to
figure 5S.

The effect of thrust vectoring on the power effect pitching moment was
investigated for Langley Test 178. Three exhaust nozzle angles were tested
(¥y = -10°, 0°, +10°), and the power effect pitching moment for these vector
angles is compared in figure 56. In general, deflecting the nozzle 10 degrees
forwverd of the zero position cauged a small negative change in morent, and
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deflecting the nozzle 10 degrees aft of the zeroc position resulted in a
large negative change in moment.

The effect of power upon the elevator effectiveness was investigated.
Power-of{ elevator effectiveness data from the University of Maryland Test
493 and power-on elevator effectiveness data from Langley Test 178 are
presented in figure 57. The same model was used in both tests. The data
indicates that the elevator effectiveness is approximately the same power-on
or power-off when the tall is operating in its unstalled angle of attack
range. With power-on the aircraft can operate to higher angles of attack
before the taill effectiveness falls off due to tail stall.

Sufficient data was not obtained to extract the separate influence of

power on the aileron and rudder effectiveness. However, the effect of power
on the effectiveness of these control surfaces is probably of minor importance.

Reynolds Number Effects

No XV-4B wind tunnel tests were made to establish the effect of Reynolds
number on power effects at constant dynamic pregsure. Al though tge Reynolds
number of the XV-UB tests varied from 0.25 x 10 /ft. to 1.45 x 10 /ft. because
of varying dynamic pressure in the atmospheric wind tunnels used, a true
effect of Reynolds number on power effects cannot be determined because of
the influence that changing freestream dynamic pressure has con power effects.

However, Reynolds number effects on power-off data can be extracted from
the XV-4B wind tunnel data; figure 58 is a sample of such data. Flaps-down
maxXimum lift coefficients are approximately the same for the Langley low
RN tests as the data from the LTV and Univ. of Maryland tests at higher
Reynolds number, while flaps-up maximum 1ift coefficients show a less than
normal increase with Reynolds number. The reason for this may be the relatively
small size of the XV-U4B wing in comparison with the fuselage plus nacelles,
thereby reducing the influence of the wing-flow Reynolds number effects that
are normally predominant. The fullwscale XV-4A wind tunnel data {reference 10)
are included because that airplane was almost identical to the XV-U4B from an
gerodynamic 1ift standpoint.

ANALYSIS OF XV-4B POWER EFFECTS IN HOVER

Analysis and review of XV-UB hover data in this section is directed
toward the following objectives; (1) to identify from model data the important
aerodynamic parameters, (2) to determine the influence of test facilities and
test techniques upon the experimental data, and (3) to investigate the non-
dimensional coefficients used to define indirect power effects.
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WINGS LEVEL EFFECTS

Figure 59 presents a comparison between hover data obtained in a wind
tunnel, Langley Tests 178 and 221, and hover data obtained on a Lockheed
outdoor test rig. All data are out of ground effect. The various sets of
date in figure 59 show poor correlation. The pitching moment correlation
is particularly bad and indicates there is something more fundamental than
data scatter responsible.

One possible cause of the differences between the indoor and outdoor
test results is model differences with regard to simulated inlet flow. The
outdoor model did not have an inlet, but the wind tunnel model did. A
limited smount of hover data were obtained in Langley Test 178 with the inlet
closed, and the effects of inlet flow were studied in the NR inlet test
(see Section V). The inlet effects do not appear to be able to account for
the large differences in test results indicated in figure 59.

Another possible cause of the difference between the indoor and outdoor
test results is wind tunnel wall effects. During Langley Test 221 the model
was positioned in three different attitudes relative to the tunnel walls;

(1) model pitched 90 degrees with the jet directed down the tunnel, (2) model
yawed 90 degrees with the jet directed toward the floor, (3) model in conven-
tlonal position. The results are presented in figure 60. It can be seen
that the results with the model pitched or yawed 90 degrees are approximately
the same, but the results with the model in the conventional position are
substantially different than the other two positions. This is strong circum-
stantial evidence that the tunnel walls may in fact influence the results.
Because of the in-line nozzle arrangement of the XV-UB, it is probable that
the exhaust flow spreads predominately sideward. This was the case for a

NR model similar in configuration to the XV-UB (see figure 7). Assuming this
to be the case, then the largest tunnel wall effect should result when the
model is placed in the tunnel in a conventional position. In this position
the jet moves to the floor, spreads sideward, and then is impeded by the
tunnel sidewall. With the model yawed 90 degrees the jet would spread pre-
dominately up and down the tunnel, and with the model pitched 90 degrees the
jet simply moves down the tunnel. The limited data presented in figure 60
suggests that a wall effect may be present in the Langley hover test data.

Figure 61 presents longitudinal interference data in ground effect
obtained in the Langley 17 foot tunnel at zerc tunnel velocity during Test 178.
Power effect normal force (FN,E) Initially increases negatively with increasing
height, then generally decreases. Interference pitching moment ( Mpg) initially
increases negatively with increasing height, then decreases at about five feet
sbove the ground. Mpy increases again as the height increeses from eight
feet to about twenty feet, where it reaches an approximately constant value.

Shown in figure 62 are FNpg and Mpg data obtained from a model in the
Lockheed hover rig. Poor agreement is noted between these data and those
from the Langley Test 178. Pitching moment has a positive sign rather than
the negative sign of Langley 178 and 221. Lockheed disclosed that some
exhaust flow appeared to bounce from the ground plane (above the inverted
model) to the ground and back onto the model, and for that reason lockheed
discounted the value of the data. Lockheed hover rig data are shown herein
despite their questionable nature, but should be viewed accordingly.
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The same data shown in figures 61 and 62 are given in nondimensionalized
form in figure 63. The correlation for each set is poor and indicates that
the interference effects were not a linear function of thrust in ground effect.

Figure 64 shows that the Langley 178 power effect normal forces increase
with thrust up to about 7000 lbs. of thrust at two ground plane heights, then
decrease with thrust. A similar effect is noted in power effect pitching
moment for Langley 178 data, but the Lockheed hover rig data show a steady
increase with thrust and have pitching moment signs opposite from the lLangley
data. This decrease at 7000 1bs. of thrust might be caused by wind tunnel
wall interference.

EFFECTS OF ATTITUDE CHANGE

Power effect rolling moment (af,;) obtained on the Lockheed hover rig at
two bank angles and thrust levels are presented in figure 65. The ofpp values
act to restore the airplane to a horlzontal position if banked. Levels of
£p¢ are low relative to the available roll reaction control power when the
airplane is higher than 10 feet above the ground. However, when hovering at
heights lower than 10 feet the model data indicate much larger levels of
interference with reversals in sign versus bank angle. The interference
data are also presented in nondimensionsl form and show poor correlation with
thrust.

HOVER MOTION EFFECTS

Any sideslip angle between zero and *180 degrees is within the operatiocnal
envelope of a hovering VIOL airplane. These gideslip angles can result from
either aircraft motion or winds. The amerodynamic effects at these very large
angles of sideslip were estimated for the XV-4UB based on data from references
11 and 12. The power-off characteristics are presented in figures 66 and 67
for angles of sideslip between zerc and -180 degrees. Also, the effect of a
20 degree bank angle during side movement is indicated. It can be seen that
there is & large variation in all the airplane power-off characteristics
versus angle of sideslip. Also, the bank angle has a large effect on normal
force, pitching moment and rolling moment and a small effect on side force
and yawing moment. The power effect characteristics are presented in figures
68 and 69 for angles of sideslip between zero and -180 degrees. Conditions
for the power effect data are a thrust of 7200 1lbs, zero thrust vector angle,
a dynamic pressure of 1l1.2 lbs. per square foot, zero angle of attack, and
zerc bank cngle. It can be seen *hat the power effect forces and moments
have a complicated variation with angle of sideslip.

Attempts to nondimensionalize the hover motion power effects using the
Lockheed parameter (1/Cy)Y2 were inconclusive. Almost all of the data was
taken at one thrust (7200 lbs.) and one dynamic pressure (g = 11.2 ib/ft.2).
As a consequence, only one value of (1/Cy)% was avallable for all dut one
large sideslip angle. The one exception was a -90 degree sideslip case for
which dynemic pressure was varied. It was found that the power effect could
not be nondimensionalized with a single curve, as in the case of forward
transition flight. Instesd, 1t appears that esch value of sideslip angle has
it's own nondimensional variation with speed and power.

37



The effect of dynamic pressure upon the power effects was lnvestigated
for side movement (@ = -90 degrees}. The results are shown in figure 70.
In general, the power effects increase with increasing dynamic pressure, as
would be expected.

The effects of bank angle and height above ground on pitching moment and
rolling moment are indicated in figure 71. The total power-on pitching and
rolling moment were plotted versus dynamic pressure for bank angles of -7,

0, 7, and 20 degrees. In all instances the moments were approximately linear
functions of bank angle. In order to determine if the interference effects
were functions of bank angle an analysis of the +7 degree and -7 degree bank
angle data was made. Both the pitching and rolling moment interference
increments were about the same for these two bank angles. This result was
expected and indicates that the relationship between the jet and airframe
are not altered by attitude change when out of ground effect. At this point
it was fairly clear that the power-off characteristics were responsible for
the pitching moment and rolling moment being a function of bank angle. To
complete this phase of the analysis, the effect of height above ground upon
piteching and rolling moment during side movement was investigated. It can
be seen in figure Tl that the moments, in general, decrease with decreasing
height above ground.

Because of the complexity of power-coff and power effect characteristics
versus large sideslip angles, it was though desirzble to establish the overall
importance of these terms. After some consideration it was decided to compare
the control power available and regquired versus angle of sideslip for a
particular set of conditions. The conditions select=d were a thrust of
10,560 1bs., a velocity of 30 knots, and standard sea level atmosphere. The
control power sbout a given axis was assumed to be 100 percent in combination
with 50 percent control about the other two axis. The control power avail-
able was estimated from reference 13 and is presented in figure 72. The
comparisons between available control power and aerodynamic requirements are
shown in figures 73 and T4. It can be seen that the aerodynamic rejuirements
are not large relative to the available control power. However, one factor
needs to be noted. The control power for the XV-U4B is relatively large
because of its research mission. An operational airplane might have much
less control power. Even so, it seems that a rigorous representation of the
hover motion aerodynamic effectis may not be required.

SUMMARY OF XV-4B AERODYNAMIC CHARACTERISTICS

This subsection contains a summary of those XV-4B aerodynamic stability
and control derivatives that had been investigated prior to the time the
program was terminated. The derivatives presented are not complete or
adequate enough for analysis of vehicle performance. The usefulness of this
data is limited to comparisons between initial and final estimates for
individual aserodynamic coefficients.
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POWER-OFF CHARACTERISTICS

The power-off data presented here was obtained directly from two Lock-
heed reports; XV-UB, "Hummingbird Aerodynamic Anslysis Report, ER-9052,"and
the (rough draft)"Xv-4B Equations of Motion'(references 13 and 14). The data
presented here is for a configuration with tail~on, strakes on, flaps down
40 degrees and a center of gravity located at .102,.

The slope-intercept method of presentation was used wherever possible
and the data are presented in tabulated form. When the data were reasonably
linear through the unstalled angle of attack range, slopes and intercepts
were used for convenience and simplicity. Nonlinear data are presented in
curve form and are primarily drag data and incremental inputs of landing
gear and exit doors.

The data are presented for Mach numbers of 0.20, 0.30 and 0.40 which
covers the transition flight mode, and are an attempt to apply the data to
Lockheed's coefficients and equations as presented in reference 1k,

Figure 75 presents a tabulation of aerodynamic derivatives for the
power-of f, untrimmed configuration with strakes and tail on and the flaps
deflected down L0 degrees. All data which were essentially linear for the
angle of attack range of 0° to 8° are presented here in slope form with
corresponding intercepts for longitudinal and lateral directional airplane
characteristics, control effectiveness and damping parameters.

Figure 76 shows airplane drag coefficient versus angle of attack for
the low speed range with flaps deflected down 40 degrees. The drag is
assumed to be constant for the Mach range covered during the transition stage.
This data was not tabulated in slope form due to its nonlinearity.

The tail efficiency factor is shown in figure 77 as a function of angle
of attack for the flaps down case. This parameter 1s required to complete
the equations of motion in reference 14. The variation with angle of attack
is typical.. The dynamic pressure ratio is 1.0 at low angles of attack and
drops off as the tail is immersed in the wing wake.

Figure 78 gives the effect of sideslip angle on airplane pitcaing moment.
These data are required for the equations of motion of reference 14 and are
presented here in curve form because of the nonlinearity with both angle of
attacz and angle of sideslip.

Figure 79 presents roll due to rudder deflection versus angle of attack
and drag due to rudder deflection. Rudder effectiveness in yaw is given in
slope form in figure 75 for Mach numbers .20, .30 and .4O. For these para-
meters (Cwng, andCyg.) the values are reasonably constant with angle of
attack over the range of oC's for typical flight conditions. However, Cag
decreases rapidly with angle of attack so it is represented here in curve
form. Drag coefficient versus rudder deflection is in ineremental form and
nonlinear with deflectiocn.
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The incremental effects of the landing gear and the lift engine exit
doors are presented in figures 80 and 81, respectively.

The damping paremeters for pitch and roll (Cmg and Cop ) are given
in tabulated form in figure 75. However, demping in yaw and the cross deri-
vative of damping in yaw due to rate of roll are shown in figure 82 as a
function of 1lift coefficient,

TRANSITION POWER EFFECTS

The primary power effects at zero angle of attack were estimated from
Langley Test 178 and LTV Test 195 and are presented in summary form in
figures 83 and 84, Based upon the completed analysis of these sets of data,
the Langley data was judged to be more representative of the airplane. The
summary curves presented here are based on the langley test results. Factors
which weighed in favor of the Langley data were a larger tunnel test section,
a more accurate model, a cleaner model support system and the greater knowlede
and experience of the NASA agency in VIOL testing. The LTV data was judged
to be somehow in error, and this data was used only as trend data to help
extrapolate the Langley data to higher speed and power ranges.

Figure 83 presents the primary longitudinal power effects at zero angle
of attack. The normal force and chord force data can be assumed to be
independent of angle of attack. However, the pltching moment date is some-
what dependent on angle of attack (refer to figure 19), and a complete defin-
ition would require some provision for the effect of angle of attack.

The primary lateral directional power effects are given in figure 84.
The side force and rolling mcment dats can be assumed to be independent of
angle of attack, but the yawing moment data is a function of angle of attack
(refer to figure 42). A good definition of the power effect yawing moment
data must include some provision for the influence of angle of attack.

DISCUSSION OF XV-4B FLIGHT TEST DATA

Reference 15 gives scme of the data recorded during the flight tests.
Only one flight, number 23, shows data taken in flight mode VTOL Phase I,
which iz the condition used for the NR power effect studies of the XV-L4B
wind tunnel data. The data given for flight 23 are in the form of a long
time-history run, and the gross weight and c.g. values given are an average
over the run. There is no means of caleculating a more exact c¢.g. and gross
weight than these average values. Therefore, caleculating power effect
pitching moment from the flight test data would glve gquesticnable results
because of possible errors in thrust moment arms.

For flight 23, at one point approximately midway in Phase I slowdown run,
the power effect normal force was calculated and it agreed closely with the
value obtained from the LTV wind tunnel test 195, as corrected for secorndary
alrflow in reference 2. Power effect pitching moment calculated at this
point did not give a comparable check.
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Same of the other flights give more exact gross weights and c.g.
positions, apparently, as they are not presented as time histories, but angle
of attack and engine speed or thrust are not given. Consequently, checks
against wind tunnel data are of limited utility.

In summation, the flight data given in reference 15 are insufficient
to allow more than rough checks of aerodynamic power effects in tramsition
flight.

Some unpublished Lockheed test data for the flight test airplane on the
inverted telescope hover rig was transmitted to NR by the USAF on 18 November 1969.
This data was very meager and was limited to only one height asbove the ground
(eleven feet). With just one ground height, correlation of the full scale
hover data with the model hover data would be of limited value.

XV-54 AND P-1127 ANALYSIS

The VIFCS program celled for most of the analysis and correlation effort
to be expended on the XV-4B configuration. However, the results of the XV-iB
studies were to have been verified by comparison with available XV-5A and P-1127
data. At the time the program was terminated only a very limited effort had
bteen expended on the XV-5A and P-1127 configurations. A discussion of the
1imited effort for these configurations follows.

P-1127 EFFORYS

P-1127 reports and data upon which analysis work was to be performed
were gssembled, but no analysls was performed. A powered model of the P-1127
was tested by Langley (Test 228). A set of tabulated data for this test was
obtained. Flight test data for the P-1127 was obtained through the USATF.
The data is contained in Technical Report No. 68-10, Volumes I through VI,
entitled "P-1127 (XV-6A) Technology Test".

XV-5A EFFORTS

Basic Features of XV-5A Alrplane

The general arrangement of the XV-5A airplane is shown in figure 85.
The main propulsion system consists of two J-85 engines driving two wing
mounted 1lift fans =snd ore nose mounted lift fan. The basic engine thrust
of 530C 1lbs. 1s increased olmost 300 percent by the fans. The engine tail-
pipe is eguipped with a diverter valve which directs the engine exhaust to
the fans in the 1lift mode or out the tailpipe in the conventional flight meode.

A typical take-off transition is accomplished by accelerating, normally
at zero angle of attack, to a speed at which wing borme flight is possible.
The acceleration is provided by vectoring the wing thrust by means of exit
louvers. When flying speed is reached the engine thrust is diverted to the
tailpipe, the airplane is rotated to the proper angle of attack, the fan inlet
and exit holes are closed, and the airplane is in conventional flight.
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Control is obtained by means of the combined effect of aercdynamic
control and fan louver control. The pitch control is cbtained by means of a
nose fan thrust reverser door. By opening or closing the doors from an inter~
mediate position the required pitching moment is obtained. The yaw control
is obtained by an opposite louver deflection of each wing fan. Roll control
is obtained by an opposite thrust modulation of the wing fans by means of
louver stagger deflection. Stagger deflection is alternately deflecting the
louvers in such a way as to increase or decreese the fan exit area. Hover
height controli is obtained by a similar stagger deflection of the louvers of
both wing fans. The pilot has s hand operated 1ift stick for height control.

Analysis Guidelines

The results of the analysis and correlatiocon of the aerodynamic dats from
the model tests of references 16 through 20 are presented herein. The
principle effort was to determine the interference or power effects of the
wing mounted 1lift fans. The same analysis techniques are used in this analysis
of the XV-5A data as in the XV-4B analysis.

The fan thrust was determined by integrating the fan total pressure
rake data found in reference 16. This rake data was taken for only one fan
RPM value. The fan thrust through the entire RPM range was assumed to be a
constant percent of the net thrust measured at zerc velocity and zero fan
louver deflection ( Tege ). The estimated fan thrust versus motor RPM for
the model is shown in figure 86. The maximum net thrust which could be
developed by the model fans was 117 pounds which is equivalent to 4200 pounds
full scale. The maximum model thrust was asbout 30 percent of the maximun
sirplane thrust.

The inlet ram drag effects were removed from the XV-5A power effect dats
to be consistent with the XV-4B analysis work. The fan inlet ram drag effects
were calculated from the following equations and are shown plotted versus
thrust in figure 87.

4 chg_g*r = v°° V/odﬂ AFAM -rFAu'

A MINLET = —.585 AFC!NI.ET

LV-5A Power Effects

Typlcel power effect normal force data versus angle of attack are shown
in figure 88 for two combinations of thrust and dynamic pressure. The power
effects are favorable due to the negative pressure on the wing upper surface
created by the fan inlet airflow. The power effects are essentially independent
of angle of attack.
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Figure 89 shows a sumary of the power effect normal force data at zero
angle of attack. A plot of the power effect ratio (F}hr//T') versus the Lock-
heed speed-power parameter (1/Cy ) is presented. There is good correlation
using these parameters for all values of thrust and dynamic pressure tested.

Typical power effect chord force data versus angle of attack are shown
in figure 90 for tweo combinations of thrust and dynamic pressure. The power
effects cause a large increase in chord force. This chord force increment
remains constant vith angle of attack at § = 0.5 1b./ft.2 and decreases
slightly with oc at g = 9.3 1b./ft.2,

Figure 91 presents a supmary of the power effect chord force data at
zero angle of attack. A plot of the power effect ratio (FCPE,/T‘) versus
the Lockheed speed-power parameter (|/’CT )%‘ is presented. There is good
correlation using these porameters for all values of thrust and dynamic
pressure tested.

Typical power effect pitching moment data versus angle of attack are
presented in figure 62 for two combinations of thrust and dynamic pressure.
The power effect causes a nose up pitching moment which is approximately
independent of angle of attack. The power effect momént incresses with
increasing speed or thrust.

Figure 93 presents a summary of the power effect pitching moment data
at zero angle of attack. A plot of the pover effect ratioc (Mpg/ T ) versus
the Lockheed speed-power parsmeter (I/t1-)vi is presented. There is good
correlation using these parameters for all values of thrust and dynamic
pressure tested.

Figure 94 compares power effect normal force and pitching moment versus
thrust at § = 9.3 lb./ft2 as determined by using the Ryan nondimensional
data of reference 18 in one instance and the nondimensional data of this
report based on the Lockheed parameter. These data show different trends
versus thrust. 8Since these values were not correlated against flight test
results, it caznnot be stated which coefficient form gave the more accurate
results.

A comparison of full scale XV-5A model data from reference 20 and 1/6
model scale data 1s shown in figure 95. The data is presented in coefficient
form, (HPE /'ra) Vs ( l/c-,- )v'- for the increment of pitching moment due to
power effects. The correlation shows that the speed-power parameter, (I/CT)Wz
is & good correlation parameter for the power effects and is influenced only
slightly by the scale factor.

Downwash data versus angle cf attack for three different values of the
speed-power parameter (1/Ct )" available from reference 16 is shown in
figure 9. The data have the same general trend and indicate the parameter,
(!/t7-)yi is a good correlation term showing a maximum deviation of about
two degrees. The increment in downwash angle due to fan power at zero angle
of attack vs. the Lockheed speed-power parameter, (1/Cy )¥2 is also shown.
The power induced downwash for the XV-5A shows the same general trend indi-
cated for the XV-LB.

43



lateral directional power effects are shown 1n figure 97, and are based
on the Ryan data in reference 18. The data indicate that the power effects
due to fan thrust increase the lateral directional stability. Also, the data
appears orderly when plotted versus the Lockheed speed-power parameter (1/Cy)¥2

Concluding Remarks

Because of the brief nature of the XV-5A investigation it is difficult
to draw any firmm conclusions. However, certain impressions were formed. It
appears that the analysis techniques which were applied to the XV-4B are
also applicable in the case of the XV-5A. The XV-5A data could be correlated
using the Lockheed speed-power parameter. Ryan and Lockheed coefficient
forms give slightly different values at full scale thrust, but it cannot
be stated which is the more accurate without analyzing the flight test results.
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Section V
xv-AB WIND TUNNEI TESTS

A discussion of the wind tumnel tests conducted in support of the VIFCS
program is presented in this section. The results of wind tunnel tests con-
ducted by NR to investigate inlet and exit effects for an XV-4B type airplane
are discussed, and a general review of all XV-UB model tests is presented.

XV-4B TYPE EXIT TEST

TEST PROGRAM AND CBJECTIVES

An XV-U4B type exit Jet model was tested in the NR 7.75 x 11 Foot Low
Speed Tunnel during December 1968. The test, identified as NAAL Test 592,
required %0 hours of tunnel occupancy time. The test objectives were to
vigualize and investigate the aerodynamic characteristics of a jet exiting
into a freestream cross flow, estimate the magnitude of tunnel wall effects
on the available XV-4B model data, and determine if the exit jets could
influence the XV-4B flight test angle of attack vane readings. All recorded
data for this test is contained in reference 5.

Some of the complex asrodynamic effecis associated with jet VTOL models
are illustrated in figure $8. In free flight the aerodynamic disturbances
are believed to result fram a loeal entraimment flow field surrounding the
Jet, a vortex system shed by the Jjet, and the freestream flowing around the
Jet volume. Also, the jet entraimment flow can have an indirect effect on
the wing wake by altering the wing spanwise loading. When confined in a wind
tunnel the walls will alter the streamlines for the Jet entraimment flow, wing
wake, and Jjet path relative to their free flight location. In addition, sone
effects not present in free flight may be present in a wind tunnel. For one
thing, in small tunnels at very low speed the exhaust flow may have sufficient
energy to climb the side walls and produce a vortex flow in the test seection.
For another thing, at low test velocities the jel upon contacting the tumnel
floor may not move immediately downstream but rather form a standing splash
which can obstruet the tunnel flow. To investigate these effects instrumenta-
tion was installed to visualize and measure the flow patterns in the test
section with the jet operating. The Jjet path was made visible by injecting
water vapor into the exhaust flow, and the jet entraimment flow and splash
were investigated by means of oil flow studies. Local angle of attack measure-
ments were obtained at numerous points surrounding the Jjet including locations
relative to the jet where the XV-LB wing and tail surfaces are located.
Tunnel speed and jet velocity were variables in the test.

As part of the VIFCS program two different XV-4B models were built and
tested. An 0.16 scale model was tested in the 17 foot section of the Langley
7 x 10 foot Low Speed Tunnel, and a 0.18 scale model was itested in the Ling-
Temco-Vought 7 x 10 foot Low Speed Tunnel. No attempt was made to correct
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this teat data for jet induced tunnel wall effects due to a lack of available
methods. The two sets of data showed scme differences when compared which
might have been the result of wind tunnel wall effects. In order to provide
some basis for verifying if the differences 1n model data was due to tunnel
wall effects the following approach was adopted. The test section geometry
for the two model tests were closely duplicated at a smaller scale, and an
XV-4B type Jet only model was tested in both sections. Angle of attack
measurements at the wing and horizontal tail surfaces were obtained in both
test sections. From this dats the incremental angle of attack at these sur-
faces due to difference in wall size was measured. In turn, an increment in
model data due to the wall effect was calculated using the incremental angle
of attack values in combination with appropriate power-off lift-curve-slope
values.

The question arose as to whether the exit flow can have any influence on
the flight test angle of attack measurements. To resolve this question,
angle of attauck measurements at the XV-4B alpha vane location were cbtained
as part of this test for a varlety of speed and power conditions. It was
intended that the results would be applied to the analysis of the XV-LB fliglt
test data.

MODEL AND TEST FACILITIES

The test was conducted using the ducting and air supply system originally
built for an NR V/STOL fighter model. The original exit nozzles were replaced
with new ones which represent. the XV-4B nozzle geometry. The general arrange-
ment of nozzles, ducting, and sting support are presented in figure 99, and
& full scale drawing of one exit nozzle i1s shown in figure 100.

The XV-4B nozzles were sized to have the same ratic of exit area to tunnel
area for the NR test as for Langley Test 178 and LTV Test 195. Using the
NAAL tunnel area to represent the Langley tunnel, a model exit area of .035
square feet was required to represent the Langley model. In turn, using an
.035 square foot model exit area to represent the LTV model, an 3.34% x L.75
foot test section was required to represent the LTV tunnel. Thus, to simulate
the LTV test, auwxiliary walls of these dimensions were installed in the NAAIT,
test section, see figure 101.

Jet flow visualization was accomplished by means of oil flow techniques
and introducing water into the jet exhaust. Also, local angle of attack
disturbances were recorded at positions representing the XV-U4B nose boomn,
wing and horizontal tail locations, refer to figure 102.
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RESULTS AND DISCUSSION

Jet Path

Jet paths were visualized for the basic six jet exit configuration and
for a special two jet exit configuration, issuing into a cross stream direc-
tion to the freestream flow, in the large and small test sections. This
cambination provided model height variations of hﬂ/bu;{ = 4,5 and 27.5 for
the six Jet configuration and #'/D = 95, 47.5, 33 and 16.4. The velocity
ratios studied varied from (V,/Vv; )} = .036 to .1U45 which were sonic jet
exit flows at varying freestream velocities from 42 fps to 159 fps. The
visualized jet paths were compared with Ivanov's jet trajectory equation
(reference 21) and plotted as a function of the geumetric variables shown
in figure 103.

Six Jets

Figures 104 through 108 show the visualized jet path of three of the
six jets compared to the predicted trajlectories computed for Ivanov's egqua-

tion.
; 1.3 2.6 [ | !
X _[/A Ve E Z_ IVANOV
D { ;'-T) (7,') ( D ) + p ten By, [EQUATION]

Each figure shows the model in the large and the small tunnel at model
angles of attack of 0°, 10° and 20°, and the figures progress in test
ratios fram .036 to .145. The centerlines shown are computed for each
individual jet and for an average single jet using the effective diameter

(D,“ ) and average jet inclination angle (€ i ) of the three exits on
one side.

D‘” = Vs DJ‘I.. where Dj'; is individual jet diameter

Gj‘“= 3 [(6‘;)73‘» + (6-".°chru * (‘9'.;.)"1_]

The following is a tabulation of the inclination angle used in computing
these trajectories.

o .e":'ll e’.rw @, FNTER Oiarr
0° 8.69° 1.35 9.27 15.45
10* -1.31° -8.65 - .733 5.45
20° -11.31° -18.65 -10.733 -4.55
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It can be seen from these figures that when the weske is allowed to form
(large tunnel data) the curvature of the wake follows the average computed
trajectory, downstream of the intersection of the forward individual wake
path and the average wake path. Also, the jet paths, studied without the
centerboard in the tunnel, do not change appreciably from those shown herein.
Consequently, it is felt that the Ivanov's suggested method of using the
effective diameter for jets in tandem (rectangular exits) is adequate to
define the overall multiple jet paths. So to define the path of an offset
mounted side by side configuration such as that tested the average wake of
each independent side ig the same.

Single Jet

The Ivanov equetion was superimposed on the visualized jet path of the
two sets of single Jet exit data, figures 109 and 110. From these visualiza-
tions it was observed that fair agreement between the path and Ivanov's egqua-
tion was obtained. This result is supported by Margason's experiments
(reference 22) and was suggested in the preliminary VIFCS work (reference 1).
However, the jet impingement point on the tunnel floor, determined from oil
flow studies such as those in figure 11)., was not adequately predicted by the
Ivanov equation. The impingement point was generally found to be considerably
forward of the location predieted by Ivanov. As a consequence, the Ivanov
equation would predict a smaller impingement angle and a smaller jet splash
interference than indicated by the experimental results of this test.

To obtain a satisfactory expression of the Jjet trajectories, the observed
leading edge paths were determined for all the single jet data in the 7 3/k x 11
foot section and are plotted in figures 112 through 114. The observed leading
edge paths were determined at oC= o only for the single jet in the small
tunnel and are plotted in figure 115. The jet diameters of 1 inch and 1/2 inch
in the two tunnel test section sizes provide a variation in h/D (model height
above floor) fram 95 to 16.

The 1/2 inch diameter jet in the large tunnel was as close to free air
as was tested (W/px 95 at «£zo0 ). Therefore, this condition was picked to
define an expression of the jet trajectory. An increment in x'/D (at
constant 2/D values) from observed values of the jet path (figures 112 through
114) to those computed by Ivanov's equation were obtained as:

ax' (x) 3 (x')
D - D /ivawov D /omserveD

These were expressed in the same terms as Ivanov's equation so that the
result would yield a modified Ivanov equation.
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The following expressions were determined:

Ax, v 2.67 E’ 2,67
L LI Yo £ .= °
D "18(\/_;) (D) €, = 1.35
' ’ 7
'3 . 2,47 2 2.6 i
A= e (l’v-;) (—D—) Oy, = - 8.65
x' A 2.‘7 1 2-47 o
5= () (F) o3,= - 18.65

These equations were found to vary linearly as a function of the Taw €, ,
and combining the increment to the Ivanov egquation the resulting equation is:

, L .3 2.6, _1.2.67
X z'\3 /o Ve z
X B (2) () 15) T+

A\, z-c(;- LeT 3_' _ MODIFIED
oo ) (B ) e, [

The same method was used to determine the equations for the 1.033 inch
dismeter jet in the large tunnel (W/D = 47.5). These equations were not
generalized for the variation of €,, . The resulting equation at €7,= 1.35
is presented in figure 112, and the individual equation for the 1/2 inch jet
is also presented. Figure 112 through 11l show the variation of jet trajectory
for the one inch jet in the large (7 3/4% x 11 foot) tunnel as well as the
measured impingement points of the jet wake.

The observed Jet wake of the two exit sizes in the small tunnel are
presented for ¢ = O in figure 115. It can be seen that these wakes will be
influenced by the tunnel floor. For the small jet (w'/D = 32.7) with velccity
ratios from .03 to .07 and for all cases for the large jet (w'/D = 16.37),
the wake impinges on the floor. Equations to describe these observed paths
were determined directly from the paths and are presented in figure 115. It
should be noted here that the equations were written for the various investi-
gated single jet trajectories with the object of expressing the wall effect
on the Jet wake as a function of the trajectory variables, but time did not
permit further examination.

Tunnel Wall Effects

Jet Path Disturbance

The observed Jjet trajectories at o€ = O for three of the tested jet exit
comditions (i.e., 1/2 inch diameter in large tunnel and the 1 inch diameter
jet in the large and small tunnel) is presented in figures 116 and 117. These
figures show the effect of the proximity of the tunnel floor on the wake tra-
Jectory for w /b = 94.97 (approximate for free air) to 16.3. For wake
comparison purposes Ivanov's trajectory and measured Impingement points are
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also presented. It can be seen that at the lowest velocity ratio (vszﬁg = ,038)
that the observed wakes show little variation within the range of observable
data. As the velocity ratic increases and the jet trajectory turns to proceed
downstream the observed wakes are affected more by the floor. The wake passes
downstream in closer proximity of the model, and the wake downwash angle is

less in the presence of the floor than the estimated free alr wake.

The wake trajectory will affect estimates of interference caused by jet
splash on the floor. Figure 118 presents the effect of the jet splash based
on the Ivanov trajectory and the modified Ivanov trajectory developed in
this study. The conditions for this comparison are: Va /Vy = .038, a'/D = 22.2,
and €,, = 0. The camparison shows a change of maximum interference angle
at the model location from 5.5 to 7.5 degrees and a change in dynamic pressure
ratio along the model frem 1.42 to 1.70.

Wake Properties

The properties of the Jet wake and its influence on the surrounding flow
field must be known to estimate interference to the model data caused by the
proximity of the tunnel walls. It can be cbserved from the photographs,
figures 104 through 110, that, as the Jet wake trajectory turns to proceed
downstream, the visual path widens. This would indicate, ag 1ls generally
agreed to in reference 23, that the weke rolls up into a tralling counter
rotating vortex system as it changes direction. The proximity of this vortex
system to the model altered by the presence ¢f the wind tunnel wall will
change the flow field surrounding the model by its own presence and by the
interference caused to the model wing wake.

Jet Entrainment

The properties of the initial jet wake issuing from the exit, prior to
the change in direction, is felt to consist of highly energized viscous
entrainnent of the surrounding flow field. The presence of the wind tunnel
walls would act as a restriction to this entraimment and thereby result in a
reduction in local angle of attack in the proximity of the wing. This
phenomenon, as previously stated in reference 1, is opposite in sign to the
wall interference expressions derived for propeller theory.

Lateral Recirculation

Part of the purpose of the test, reported in reference 24, was to
determine if at low speeds in small tunnels the exhaust flow would climb the
wind tumnel walls and produce vortex flow in the test gection and result in
lateral recirculation. In figures 10L, 105, 106 and 110, the water droplets
visible on the window of the small tunnel define the extent to which the
exhaust alr proceed up the tunnel sidewall. It is evident that the exhaust
flow on the sidewalls is quickly carried downstream by the free air and that
camplete lateral recirculation of the exhaust flow does not occur. However,
this cross-tunnel flowing exhaust alr is estimated to have an adverse effect
on the local freestream flow and result in extreme interference in any resulting
model data.
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Jet Splash Interference

Jet flow issuing from a model in a subsonic stream and impinging on the
vall of a wind tunnel causes disturbance to the flow field around the model.
The physical obstruction in the channel ereated by a jet splash on the floor
has been simulated mathematically in reference 24 by a distribution of sources
wvhose strength is a function of jet size, velocity ratio, and impingement
angle. The theory has been adjusted by empirical factors to fit observed
small scale test data.

The XV-UB exit test (reference 5) provided an opportunity to apply the
theory described above at a reasonably large scale., Furthermore, flow visual-
ization studies by means of tufts, water droplets and oil flow in the subject
tests confirmed the notion that splash shapes are well-defined regular contours
that might lend themselves to theoretical treatment.

Theoretical flow interferences due to the jet splash were computed in
the vertical plane of symmetry to 1llustrate the longitudinal variation of
interference. Interferences were evaluated for a limited number of test
variables, i.e., three angles of attack, two jet sizes, two tunnel sizes and
two velocity ratios. Also, three specific fileld points were evaluated; nose,
wing M.A.C. and tail. To simplifyy the investigation, a single source was
used to represent the splash from multiple jets, an assumption whose validity
is best when the source and model are remcte from each other.

The theoretical splash effects are presented in three figures. Figure 119
shows the change in flow angularity due to turning two Jjets on and six Jjets
on at a velocity ratio of .0392 in the large (7.75 x 11 ft.) tumnel. The
stated velocity ratioc corresponds to sonic jet speed and 4l ft./sec. alrspeed.
Figure 120 shows the effect of two Jjets on flow angularity in the small
(3.34 x k.75 £t.) tunnel, at the same velocity ratio. Figure 121 shows the
effect of two jets on flow angularity and dynamic pressure ratio change in
the small tunnel at a velocity ratio of .0619.

It should be noted that even in a large test section the jet splash can
produce significant interference, refer to figure 119. In fact, the jet
splash may be present in free flight if the aircraft is flown very close to
the ground.

The incremental effect of the splash cannot be easily separated from the
total tunnel wall interference, and no attempt was made to extract the splash
effect from the XV-UB exit test data. However, the infiuence of the jet
splash upon the test data is readily apparent. The splash results in a very
rapid change in the wall interference data as the dynamic pressure drops
below about 8 pounds per square foot.

Local Angle of Attack Measurements

Angle of attack measurements were cbtained at geometric positions which
would have been occupied by the nose boom, wing and horizontal tail components
had the model been a complete model. Measurements were cobtained in the large
and small test sections as a function of Jet velocity and tunnel dynamic
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preassure. This data is presented in figures 122 through 125. The local
angleg of attack 1n these figures are presented in the form of an increment
due to power and were determined by subtracting the power-off values from the
power-on values. Also, the small and large test section data are shown
plotted for constant test conditions to indicate the effect of tunnel size.

The nose probe data indicates a positive increment in angle of attack
due to Jet power 1s present at the flight test angle of attack vane location,
figure 122. Values between .5 and 1.8 degrees were measured in the large
test section which should be representative of free flight conditions.

The spauwise probes indicated negative increments in wing angle of attack
due to jet power, figures 123 and 12L4. Values between zero and -15 degrees
are present at the wing M.A.C. location with the model installed in the large
test section. This data clearly shows the strong entrainment action of the
Jjets. The wing angle of attack increment due to power becomes less negative
with increasing speed and increased distance from the jet exits.

The taill probe data indicates a negative increment in angle of attack
due to jet power, figure 125. The negative increment increases with thrust
and decreases with increasing speed. Values between -0.2 and -8.0 degrees
were recorded.

The effect of the wind tunnel walls upon the jei induced angle of attack
increments is presented in figure 126 for the wing and in figure 127 for the
horizontal talil. These test values are used to adjust the data for LTV
Test 195 for correlation with the data for Langley Test 178. The actual cor-
relation work has already been discussed in Section IV.

TEST CONCLUSIONS

The results of a wind tunnel investigation of the zmerodynamic character-
istics of an XV-4B type jet exiting normal to the tumnel flow indicate the
following conclusions.

1. Theoretical expressions for the jet path developed by Ivanov were compared
with the observed jet paths. (eneral agrecment between the observed path and
Ivanov's equation was obtained. However, the Ivanov equation did not adequately
predict the tunnel floor impingement point.

2. In the case of multiple jets the mean jet diameter and the average
angle of inclination of the jets on one side can be used to approximate the
Jjet wake path, downstream of the intersection of the forward most issuing
Jjet path with the mean jet path.

3. The wall effect on the Jet trajectory is shown to place the downstream
jet wake in closer proximity of a model and will cause a change in the
resulting downwash angle of the wake. This will result in interference to
the field surrounding the model.
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4, The properties of the jet wake are described as initially producing
viscous entralmment action, which directly influences the local wing 1ift
distribution, and subsequently breaking up into a trailing counter rotating
vortex system. The wind tunnel wall effect on these properties would act
opposite to the propeller derived theories in the immediate vicinity of the
wing and depending on the local wake conditions would alter the downwash
pattern of both the wing wake and the Jjet wake.

5. Complete lateral recirculation of the exhaust flow in small test sections
8t low freestream velocities did not occur. Rather, the flow is quickly
carried downstream. 8till, at the test conditions where the exhaust flow

was visible on the side wall, it is estimated that large interference to the
model flow field occurs.

6. The results of this test demonstrate that the jet splash effects can
cecur even in a large test section. However, in a large test section the
splash effects can be easily avoided by not testing at very low tumel velo-
cities. For any given test a minimum test speed should be established.

The minimum test speed could be the maximum velocity at which the exhaust
flow could collect on the tunnel floor.

7. The Jet entraimment flow is the primary cause of the power effects
measured in this test. The Jjet entraimment flow was suppressed by as much
as 25 percent when the model was operated in the small test section.

8. The flow disturbance caused by the exit flow is powerful and can signi-

ficantly alter the local angles of attack over the entire airplane in free
air.

XV-4B TYPE INLET TEST

TEST PROGRAM AND OBJECTIVES

The test described in this section was made to gain information on the
nature of the XV-4B inlet air flow and its effect on the flow field near the
airplane. The test was conducted in the NR low speed wind tunnel during
February 1970, and 50 hours of tunnel occupancy time was used. All recorded
data for this test, identified as NAAL 622, is contained in reference 6.

Langley wind tunnel data for the XV-LUB with simulated inlet and exit
flow indicated a large downwash due to power. Insufficient testing was done
to determine if the downwash was primarily due to the inlet flow or the exit
flow. Therefore, the NR inlet test was conducted to obtalin direct measurement
of the flow angle disturbances on the aircraft due to inlet flow. Five rates
of inlet flow simulating zero to maximum lift-engine thrust were tested.

In addition to the horizontal tail location, flow angles were also
measured in the NR test at two fuselage stations,at four vertical locations
between the tail and the aft lift-engine inlets,and at the fuselage station
of the airplane wing leading edge.
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As a secondary cobjective, incremental sidewash angles at the loecation of
the vertical tail were measured. Insufficient date were available from Lock-
heed wind tunnel tests to evaluate the effect of inlet flow on sidewash.

MODEL AND TEST FACILITIES

The inlet test was conducted in the NR 7.75 x 11 ft. atmospheric wind
tunnel on a fuselage which had four inlets designed to be .10-scale duplica-
tion of the XV-LUB inlets, figure 128. A total of eleven goniocmeters (angle-
measuring total-pressure probes) were mounted in three rakes (A, B, and C,
figure 129) to measure local flow angles in the pitch plane for the majority
of the runs, the nose probe being moved to the wing rake after numerous runs
established power effects for the noge location at all test conditions of
inlet flow, tunnel speed, and angle of attack. For a few runs, local yaw
angles were measured, and for the final seven runs all of the gonicmeter
probes were mounted in a horizontal rake (D in figure 129) which extended
fram the model centerline to the location of the horizontal tail tip to
determine the spanwise variation of lncremental downwash due to inlet flow.

The goniometers fed total pressures to two Scanlvalves which were
comnected to either a low-range or a high-range transducer, depending on the
magnitude of the differential pressure being sensed by the goniometer.

Ooutput data were printed as Ae¢ or AW (the local flow angle with
inlet flow minus the local angle without inlet flow). By working with
incremental angles, any errors in probe aligmment were cancelled.

A more ccmplete description of the model and test facilitles is given
in reference 6.

RESULTS AND DISCUSSION

As shown in figure 128, the .10 scale inlet model fuselage duplicated
the XV-4B lift engine inlet arrangement and was a reasonable approximation
to the fuselage adjacent to the inlets. The wind tunnel inlet airflow was
scaled down from full-scale alrflow by the model scale squared, assuming
equal disk loadings.

To be consistent with thrust levels used in previous analyses (refer-
ences 2 and 3), data from the inlet test were interpolated at the airflows
corresponding to four-sixths of eguivalent full-scale thrusts of 6,110 1b.,
10,560 1b., and 14,920 1b. This was done because the four engines used only
for 1ift were simulated, whereas the previous reports included the thrust
from the two lift-cruise engines in addition to the four 1lift engines.
Figure 130 presents the variation of full-scale airflow with thrust.

Data at zero airplane angle of attack only are analyzed herein, but

reference 6 presents data taken at angles of attack between -8 degrees and
+20 degrees.
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Figures 131, 132 and 133 show the incremental downwash angles attributed
to inlet airflow (A€ ). gr 8t the plene of symmetry at three vertical loca-
tions. Even at inlet airflows corresponding to maximum lift-engine thrust
and at very low forward velocity, the increment in downwash was less than one
degree at locations from zero to two horizontal tail Ty lengths ahead of T, /4,
At the forward probe location (about 1.5Cy lengths behind the aft inlet
centerline), the maximm downwash increment was only 3—3/h degrees. Increasing
forward speed reduced these maximum effects much more than reducing inlet
airflow to that corresponding to 40 percent of maximum engine thrust.

The low values of lncremental downwash measured by the goniometers
prompted a visual survey with a string wand using maximm inlet flow and low
tunnel airspeed. This survey verified that the influence of the inlet flow
wes negligible s short distance awaey from the inlet and that there was notice-
able turbulence aft of the inlets.

At the forward location, and to a lesser degree at the intermediate
location of the centerline rake, the downwash increment was larger at the
height of the horizontal tail than it was at 30 inches (full-scale) higher or
lower. This decrease nearer the inlet may be the result of the probes being
located in a system of vortices caused by the inlet flow. Insufficient data
are available to map such a vortex pattern.

At the aft location of the centerline rake, incremental downwash generally
did not decreasse much with height above the fuselage for the region vwhere
local angles were measured {figure 134).

Figure 135 shows how the incremental downwash varied with height at the
fuselage station and lateral location of the horizontal tail tip. Again, as
at the fuselage centerline, there is some indication of vortices aft of the
inlets.

Same evidence to support the theory of a vortex system is shown in
figure 136, where the spanwise variation of ineremental downwash at the loca-
tion of the horizontal tail is presented. Although the magnitude of the
incremental downwash due to inlet flow is quite small (less than one degree
at the peaks), a definite spanwise variation is noticed, with one major
negative peak occurring at the same lateral location as the inlet centerline,
enother peak halfway between the inlet centerline and side of the fuselage,
and a lesser peak between the side of the fuselage and the horizontal tail.
These peaks decrease in magnitude with increase in freestream velocity and
increase with increasing inlet flow.

Local angles of attack measured at the fuselage station and buttock plane
where the leading edge of the wing € would be located (but about 27 inches,
full-scale, below the airplane wing) show a maximm of about 2% degrees of
upflow caused by inlet alrflow. The upflow changes to a maximum of 1-1/3
degrees of downflow at about U6 inches (full-scale) outboard of the wing
location, figure 137.
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The nose probe showed that power effects on local angles of attack at
the fuselage nose were small, figure 138, They are plotted against the thrust
parameter (1/Cy)¥ used in previous XV-YB analysis reports to reduce same of
the scatter in the data.

Figure 139 presents incremental sidewash angles (A ¢ ) at the airplane
vertical tail location resulting from inlet airflow with the fuselage yawed
-5 degrees and -10 degrees. The A & are plotted against the thrust para-
meter (1/Cy ) . Increasing the yaw angle changes the incrememtal sidewash
fram about 1/2 degree unfavoreble to a maximum of 2-3/4 degrees favorable,
apparently the regult of swinging the probes across the turbulent flow (or
a vortex system) in the wake of the inlet flow. Additional sidewash data
are given in tabular form in reference 6.

TBEST CONCLUSIONS

Incremental downwash (A€ )wer at the fuselage centerline due to inlet
airflow is almost negligible at distances up to two €y lengths forward of €, /4
except at freestream q = 2 psf. At 1.5y lengths aft of the inlets, the
(A€ dwgr is & maximm of 3-3/4 degrees at q = 2 psf and maximum inlet flow.

Variation of (A€ )wier with height above the fuselage is small, over
the range tested, at the fuselage centerline as well as at the lateral location
of the horizontal tail tip.

The spanwise variation of (6€ ), gr at the horizontal tail loecation
indicates a possible system of vortices in the wake of the inlet flow. Turbu-
lent flow was seen in a visual probing of the flow angularities by means of
a wand. The visual probing also verified the rapid decay of influence of the
inlet flow with distance away from the inlets.

Incremental angles of attack (due to inlet flow) in the region just
below the location of the airplane wing varied from a maximum upflow of 2—%
degrees at the inboard probe (at the Tw) to about one-half as much downflow
Just. outboard of T, , possibly indicating a vortex near the fuselage. Data
from a probe just ahead of the fuselage showed only small power effects.

At the location of the airplane vertical tail, sidewash caused by inlet
flow varied from l/ 2 degree unfavorable at -5 degrees yaw angle to 2-3/L degrees
favorable at -10 degrees yaw angle, a result of swinging the probes across
the inlet wake when the model was yawed.

REVIEW OF XV-4B MODEL TESTS

This subsectlon contains summary information concerning the models and
test facilities used to obtain aerodynamic data for the XV~LUB airplane. A
total of seven small model tests were conducted.
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LOCKHEED HOVER TEST

The purpose of this test was to investigate the nozzle exit interference
effects in hover. The test was conducted by Lockheed at their Georgia Division
during 1966. Information concerning this test was obtained from reference 25.

The model used was an O.lh scale, approximate version of the XV-4B. The
general arrangement of the model is shown in figure 140. The model had a wing
area of 2.04 square fect, and a wing span of 3.50 feet. The model was designed
such that the 1lif't nozzle thrust system is supported free of the model fuselage.
This isolates the thrust being produced at the nozzles from the model inter-
ference loads. 8ix component data due to the interference loads were recorded.
Inlet flow was not simulated.

The test arrangement used required that the model be held in a fixed,
inverted position near the ground. The Jet exhaust was directed vertically,
and an adjustable hoard was located over the model to provide an artifiecial
ground plane relative to the model exhaust flow. Height and attitude
changes were simulated by adjustments in the position of the board.

LING-TEMCO-VOUGHT TEST 195

The purpose of this test was to determine the aerodynamic forces and
moments acting on the airplane during the transition from hover to horizontal
flight. This test was identified by LTV facility number 135, and a total of
453 runs were obtained during 294 wind tunnel occupancy hours. The informa-
tion presented here is from reference 26.

The test was conducted In the LTV 7 x 10 foot Low Speed Wind Tunnel
located in Dallas, Texas, during July and August 1965. This tunnel is a
horizontal, atmospheric pressure, single-return, closed throat system. The
test section is operated at speeds up to 240 miles per hour.

An 0.18 scale model of a proposed modification to the XV-UA airplane
was used for this test. The general arrangement of this model is shown in
figure 141. The model had a wing area of 3.375 square feet, a mean aerodynamic
chord of 0.798 feet, a wing span of 4.50 feet and a total jet exit area of
0.15% square feet. Vertical thrust was simulated by exhausting compressed
air through six openings in the bottom of the model fuselage. The propulsion
system was an integral part of the model, and inlet flow was not simulated.

The model was supported in the test section on the LTV conventional
three support system, figure 142. A compressed air induction pipe was used
as the rear support. The external balance system is of the pyramidal type.
Six component data was recorded. Conventional corrections were made to the
data for tunnel wall and support system tare effects. However, nc carrection
was made to the data to allow for possible interference effects due to jet
and tunnel wall interaction.
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LANGLEY TEST 178

The purpose of this test was to define the aerodymamic characteristics
of the XV-4B in the powered and non-powered phases of conventional, VTOL and
hover modes of operation. The test, identified as lLangley Test 178, consisted
of 287 data runs obtained during 160 hours of tunnel occupancy time. Informa
tion presented here was obtained from reference 11.

The test was conducted in the 17 foot test section of the NASA-Langley
7 x 10 foot tunnel during February and March 1967. This facility is a
rectangular, sing-return, closed throat, atmospheric type tunnel. The tunnel
has two test sections: a 7 x 10 foot and a 17 x 15.5 foot. The large section
which was used for this test hags a dynamic pressure capability of 1 to 14 pownds
per sgquare foot. ’

An 0.16 scale model of the XV-4B airplane was used for this test. The
general arrangement of the model can be seen in figure 143. The model had a
wing area of 2.667 square feet, a mean aerodynamic chord of 0.7l feet, a
wing span of 4.0 feet and a total jet exit area of 0.1205 square feet. The
model was built with the capability of being mounted on the sting support
facing forward or backward. An alternate nose mounting arrangement was used
to obtain data for low speed rearward flight.

The direct 1lift jet engine system of the XV-UB was simulated by using
externally supplied compressed air to power six ejector units, figure 143,
These units, designated TD-350, were built by Tech Development Corporation
in Dayton, Ohio. The compressed air is supplied to the model through a pipe
which passes through but does not touch the hollow sting support. The air
is distributed to the individual ejectors where it exhausts through numerous
small nozzles. The entrainment action of the exhausting primary air flow pro-
duces a secondary flow which enters through the model inlet. The combined
primary and secondary airflow is then exhausted to freestream through the
model exit. Each nozzle exit was instrumented with eight total pressure
probes manifolded together and one static pressure probe to determine thrust.

The model was mounted on a six component strain gage balance which measured
the combined effect due to aerodynamic and propulsion forces. The sting was
singularly supported by a telescoping strut which extended through the floor
to a remotely contrclled pitch and yaw mechanism. The telescoping strut
allowed the model to be positioned at varicus heights above the tunnel floor
for hover testing. Also, to simulate the conditions of a model in the proxi-
mity of the ground, a coniinuous-lcoop, moving belt was located under the
model. 1In operation, the ground belt surface speed is maintained at the same
speed as the tunnel section airflow. The general arrangement of the test
installation is presented in figure 1Lh.
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UNIVERSITY OF MARYLAND TESTS 488 AND 493

The main purpose of these tests was to investigate the deep stall aero-
dynamic characteristics of the XV-LB configuration and improve its longitudinal
stability and control characteristics. BPBased on the results of these tests
an afterbody strake was added to the XV-4B configuration. Test 4B8 was
conducted during the period of 12-20 June 1967, and a total of 78 data runs
were obtained during 56 hours in the tunnel. Test 493 was conducted during
the period 21-26 August 1967, and a total of 71 data runs were obtained in
L2 wind tunnel occupancy hours. The results of these two tests were obtained
from references 28 and 29.

The tests were conducted in the University of Maryland 7.75 x 11 foot
Low Speed Tunnel. The model was supported on a three-strut support system
connected to an external six-component balence. The model used in these tests
was the same 0.16 scale model used in the langley tests, figure 143. Engine
power was not simulated during these tests.

TANGLEY TEST 221

The primary purpose of this test was to evaluate the interference effects
due to power with an afterbody strake added to the XV-4B configuration. A
secondary purpose was to define the alrplane characteristics in low-speed
sideward flight. The test consisted of 129 runs in 145 hours of tunnel
occupancy time. The results of this test were published in reference 12.

The test was conducted in the 17 foot test section of the NASA-Langley
7 x 10 foot Tunnel during March 1968. The model and test installation were
previocusly described for Langley Test 178 with two modifications. An aero-
dynamic strake was added to the model afterbody, and a special sting arrange-
ment was required to support the model for the sideward flight runs. The
general arrangement of these modifications is indicated in figure 145.

LANGLEY TEST 226

The purpcose of this test was to define the aerodynamic characteristics
in the conventional flight regime (unpowered). The test consisted of 47 runs
made during 29 hours of tunnel occupancy time. Information concerning this
test was obtained fram reference 30.

The test was conducted in the langley 7 x 10 foot Low Speed Wind Tumnel
from 23 April to 29 April 1968. The model was the same 0.16 scale one
used for all the Langley tests, figure 143. The model was sting mounted,
and six component force and moment data were acquired.
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NOTE : SYMBOLS CORRESPOND TO LOCATION
INSTRUMENTATION AT NOSE, WING, AND TAIL
z/D y/D
NOSE 54 o
WING 50 10.6
TAIL 57 v}
SYMBoL o
—— o°
- ~A-— 10"
weefees 20‘
2 JETS 8+
AoC,
NOSE WIiNG TAIL
tT
------------------ 1]""-----.-......”
- I - —————— -, Qo
it o=
1 1 i 1 L 1
T L LI L) L] 1
-30 ~-20 -10 0 0 20 30
%/D
6 JETS 8T
Ao,
Q|
...... B......'..';L}'_.‘-A.-.:_..—.:_‘-—"—.".-—'-.
.na‘l' T _Q( M
4 ‘ + + + +
-30 -20 ~10 0 10 20 30
X /D
Fig. 119. Variation of Theoretical Jet Splash Flow Angle

Perturbations (7.75x11.0 Ft. Test Section; V,/V.=.0392)
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NOTE ¢ SYMBOLS CORRESPOND TO LOCATION OF
INSTRUMENTATION AT NOSE, WING, AND TAIL

z/D y/D
NOSE 23 0
WING 19 10.6
TAIL 26 0
SymMBoL
_Q_
——Dm
[ 3 'lB.l'
2 JETS 64

oC

10
20

Fig. 120. Variation of Theoretical Jet Splash Flow Angle
Perturbations (3.34x4.75 Ft. Test Section; Vo/V_-]='0392)
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NOTE : SYMBOLS CORRESFPOND TO LOCATION OF

INSTRUMENTAT)ON AT NOSE,WING § TAIL

2/D v/
NOSE 23 )
WING 19 ]0.6
TAIL 26 0
SYMBOL oC
—— 0°
-—A- - jo°
8+ .
.'.Ell. zo

2 JETS . %+ T
. * R O LR
”"_—A —————
- ©
] 1 L : : =_
|} ¥ 1
-30 -20 -10 (9] 10 20 30
X/D
Fig, 121.

Variation of theoretical Jet Splash Flow Angles
and Dynamic Pressures (3.34x4.7

53 Ft. Test Section; Vo/Vy=.0619
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© LARGE TEST secTioN {(71.75x il rr.)
& SMALL TEST SECTion (3.3% x 4,75 F7.)

y;=1050| FT/sec
A

¥; = 00| FT/sec
AdoC;

DEG“

V;=750| FT /sec
A oC;

) 10 20 30 40
DYNAMIC PRESSURE ~ g ~ L8 /Fr*

Fig. 122. Local Angle of Attack Increment due to Jet Flow
at the Nose Probe Location (u=0)
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XV-48 A/RPLANE
INLET MODEL

Comparison of Model and Airplane Configurations

Fig. 128.
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Section VI

GENERAL VTOL AERODYNAMICS

VTOL aerodynamic technoleogy is in an evolutionary stage at the present
time. Despite considerable govermment and industry effort, to date, reliable
methods to estimate airplane data from model data have not emerged. This is
due to the very complex nature of VTIOL aerodynamic effects and the wide
variety in propulsion variables. At the present time all aspects of VIOL
aerodynamic testing and analysis techniques are suspect to some degree. In
recognition of the need to improve aerocdynamic technology for VIOL airplanes,
the USAF has for many years sponsored research work in this area. The need
for further technology development is clearly indicated.

This section contains an overview of VTOL aerodynamic problem areas and
suggests some general approaches to solving these problems.

AERODYNAMIC PARAMETERS

A matter of concern to the VTOL designer 1s the manner in which the aero-
dynamic data should be formulated. Each agency has tended to present VTOL
aerodynamic data in a form suitable for his own particular airplane-propulsion
application. A variety of data presentations has come into use which has
hindered attempts to compare the data for different VIOL aircraft on a common
basis. This situation is likely to continue unless a satisfactory approach to
representing VIOL forces and moments can be identified which will be wvalid for
a wide variety of airframe-propulsion combinations.

Initial efforts to represent VIOL aercdynamic data were directed toward
identifying simple nondimensional parameters which would be similar to the
conventional power-off coefficients. To date, no simple overall parameters
have been identified. At present, the total aerodynamic effect is regarded as
a number of individual effects superimposed upon each other and functions of
different variables. In the equations of motion the total aerodynamic contri-
bution is best represented in two parts. The conventional power-off aerodynamic
terms, and the aerodynamic power effect terms which result from propulsion-
airframe interaction.

It is essential that a valid nondimensional parameter be used to represent
the power effects. Data is normally available only for a limited number of
speed and power conditions. The accuracy with which this limited data can
be extrapolated or interpolated is related to the validity of the coefficient
used. The speed-power (Vl/CT) adopted by Lockheed for the XV-4B airplane
appears to be a valid correlating parameter. This parameter is proportional
to one currently in use by NASA (/§V2/pj v2i}. Also indications are that
these parameters can be applied successfully to a fan-in-wing configuration.
However, it is not known whether these parameters could be applied to a pro-
peller configuration., These parameters appear to be very promising, but they
need to be investigated further to determine any limits or restrictions on
their use,
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The following approach was adopted for the VIFCS program to investigate
power-effect parameters. It was proposed that the available data for three
VIOL airplanes with different propulsion systems be converted to dimensional
force and moment values for standard sea level conditions. The dimensional
data would then be nondimensionalized in a variety of ways. In this manner
parameters developed for a particular configuration can be tried on several
different configurations and the advantages and disadvantages noted. Some
experimenting with new parameters could also be tried. It is felt that an
exercise Iike this would help to verify whether or not any analysis technigque
or aerodynamic parameter which is developed in connection with a particular
VTOL configuration has any general usefulness.

CORRELATIQON OF FLIGHT AND TUNNEL DATA

Continued effort to establish the degree of correlation between the wind
tunnel test results and flight test results is needed. At the present time
it would be difficult to determine if poor agreement between model and flight
results was due to poor quality flight test information, errors in model test
data or inmaccurate correlation techniques. Poor quality flight test informa-
tion could result from poorly defined thrust values, inaccurate angle of attack
and sideslip values due to propulsion system interaction with vane instruments,
inaccurate veloclty measurements, etc. Bad model data could result from a
series of factors such as wind tunnel wall effects, inaccurate propulsion
system simulation, Reynolds number effects, etc. Correlation errors could also
arise from the use of an inaccurate correlation parameters. It is felt that
the greatest overall knowledge of VTOL correlation problems will result from
a thorough examination of an individual VTOL aireraft rather than studying
VIOL problems in general. It is not implied that general studies should stop,
but rather that a thorough study of an individual aireraft should receive
priority consideration. The advantage of researching problems on real alrcraft
is that the significance of new knowledge or techniques can be readily
established.

MODEL TEST TECHNIQUES

Important problem areas in testing of small VTOL models are wall effects,
propulsion simulation, and model support systems.

WALL EFFECTS

A workable method to correct wind tunnel data for an arbitrary VIOL
configuration is not available at the present time. The general problem is a
very complex one, What is needed at the present time is a more thorough
knowledge of the flow fields in the test section. A better knowledge of the
flow flelds invelved should lead to improved correction theories., While
awaiting the emergence of a workable wall correction method much can be done
to reduce the influence of gall effects by test techniques. Model size,
tunnel test speeds, snd model power settings are factors which can affect the
magnitude of any tunnel wall error.

PROPULSTION SIMULATION

To date, model propulsion systems have seldom provided the degree of
versatility desired, Some models match the exit flow with compressed air units
but do not provide an inlet flow. Other models provide an exit and inlet flow
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but the flows often do not match the airplane values. It is often necessary
to adjust the test data by some Increment to compensate for the model propul-
sion system limits. Also, propulsion units requiring high pressure air to
operate can Iintroduce difficult plumbing and model support problems.

MODEL SUPPORT SYSTEMS

While hovering, a VIOL aircraft may move about slightly in a three
dimensional manner or be subjected to winds from any direction. To study
these effects in a wind tunnel requires that the model be capable of simu-~
lating unusual ranges of angle of attack (0 to 90 degrees) and angle of
sideslip (0 to 180 degrees). No simple method of obtaining this type of
test data Ils presently available. The limited amount of available data has
been obtained by using a series of separate support methoeds, each having a
limited test range, and then plercing the bits of data together.

VIOL AERODYNAMIC RECOMMENDATIONS

Development of techniques to allow accurate prediction of stability
and control characteristics of VIOL aircraft, based on model wind tunnel
tests, was one of the objectives of the VIFCS program that was only
partially fulfilled due to the loss of the XV-4B, This is still an im-
portant objective.

A continued experimental program in conjunction with theoretical
studies should be considered. A model of an existing VIOL airplane, such
as the P-1127, should be bullt and used as a research model. A comprehensive
wind tunnel test and analysis program should be conducted on the model, and
the model results should be correlated with the flight test results. The
influence of test and analysis techniques upon the model data and upon the
estimated flight characteristics should be established.

The model should be built with the propulsion system independent of
the airframe. Aerodynamic loads could then be measured instead of calcu-
lated. The propulsion system should consist of a compressed air powered
exlt flow and a suction powered inlet flow., Also, it should be possible to
simulate any inlet or exit flow condition up to full scale values. A model
built in this manner would allow investigation of a very large range of
propulsion parameters. The model should be sized for testing in a conven-
tional low speed tunnel section (7 x 10 feet)}. This would provide a very
large range of tunnel speeds and keep the model power requirements within
manageable limits. In addition, the model should be instrumented to obtain
some wing and fuselage pressure data and reaction control units should be
simulated.

The model support system should be capable of positioning the model to
obtain very large angle of attack and angle of sideslip data. The same
model should be capable of hover tests in the tunnel test section and on
an outdoor test rig.

A series of wall inserts should be built to Investigate the effect of
test section size on model forces and moments. The test sectlons should
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be instrumented to visualize and measure flow fields. This empirical data
would then be used to formulate theoretical flow models for airplane and
tunnel effects.

Once a final set of corrected model data defining the characteristics
of the airplane was formulated, correlations between model data and flight
data should be made to verify the results. The data should be formulated
in a form suitable for simulation use.

A research program of this nature would exercise every varlable affect-
ing VTOL aerodynamicsg and should result in greater insight and improved
test and analysis techniques. Though limited in scope to one aircraft con-
figuration, the knowledge developed should apply in principle to other con-
figurations.
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13. ABSTRACT
This report presents the results of work performed under Task II (Aerodynamic
Stability and Control) of the VITOL Integrated Flight Control System Program (VIFCS).
The general objective of Task II was to collect and analyze aerodynamic stability
and control data for the XV-4B, XV-5A, and P-1127 VTOL configurations. Correlation
and analysis of existing model data were made to investigate hover and tramsition
characteristics. Particular emphasis was placed on the aerodynamic power effects,
sometimes referred to as interference effects. Other areas of investigation were
nondimensional coefficients used to present VIOL data and wind tunnel test techniques;
Wind tunnel tests were conducted using an inlet only model and a jet only model to
investigate special test and analysis problems for these components.

The agreement between different sets of XV-4B model data was, in general, found to be
poor. However, the nondimensional coefficients used by Lockheed to reduce to XV-4B
model data appear to be valid parameters for this category of VIOL airplane. The

jet entrainment flow was shown by experiment to be the primary cause of the XV-4B
power effects, and the XV-4B jet path was experimentally and theoretically deter-
mined.
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