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LOW SPEED WIND TUNNEL TEST OF GROUND PROXIMITY
AND DECK EDGE EFFECTS ON A LIFT CRUISE
FAN V/STOL CONFIGURATION

By Vearl R. Stewart
Rockwell International
Columbus Airecraft Division

STUMMARY

Results are presented of a wind tunnel test to determine the charac-
teristics of a 1lift cruise fan V/STOL multi-mission configuration in the
near proximity to the edge of a small £lat surface representation of a
ship deck, Tests were conducted at both static and forward speed test
conditions, The primary concern of the study was to determine if the
location of the deck edge induced significant force or moment changes on
the airplane, The model (0.12 scale) tested was a four fan configuration
with modifications to represent a three fan configuration,

Analysis of data has shown that the deck edge effects are in general
legs critical in terms of differences from free air than a full deck (in
ground effect) configuration, The one exception to this is when the aft
edge of the deck is located under the center of gravity. This condition,
representative of an approach from the rear, shows a significant 1ift loss.
Induced moments are generally small compared to the single axis control
power vequirements of reference (1), but will likely add to the pilot
work load,

THTRODUCTION

Although many studies (references 2-4) have investigated free air
and ground effects on lift cruise fan V/STOL aircraft, the studies have
not addressed V/STOL operations from relatively small ships having small
landing decks, Here, part of the airplane may be over the deck, while
part of the airplane may be operating in free air or at a different
height due to deck level variations relative to the landing deck, For
example, the deck forward edge will briefly be under the mid-part of the
airplane during STOL takeoff and the rear edge will be under the airplane
during STOL landing. The smaller carriers may result in a partial wing
overhang during the STOL deck runs. In contrast, during VTOL operations,
any part of the aircraft may overhang the deck. This study was done to
investigate these effects,

The effects of the partial decks were investigated both statically
and at forward speed for a V/STOL configuration with four 1lift cruise Ffans,
A limited amount of data were also obtained with a three-~fan configuration



for comparison purposes., The present report includes both full and partial
deck effects,

This report presents the summarized results of the model tests, Also,
some of the data were -extrapolated to a representative full scale airplane
for comparison purposes. The basic data from the LaRC V/STOL Wind Tunnel
Test are presented in Appendix A. The static test data are presented in
Appendix B, and the fan calibration data are in Appendix C. Appendices
A, B, and C are published in Volume II (NASA CR 152248),

The deck model fabricated for this test was designed to generate as
little turbulence as possible, It is recognized that the superstructure
associated with small ships will generate considerable turbulence and cross-
flows., The ship could not be modeled for obvious reasons, such as tunnel
size, In addition, the wvariations of speed associated with STOL operation
are much greater than ship wind-over~deck speeds. The turbulence is con-
sidered a significant item in V/STOL operations around small ships and
will require a separate investigation to determine the effect of turbulence
on the airplane and, perhaps more important to the overall problem, the
effect of the airplane power on the turbulence generated by the ship,



SYMBOLS

Total Forces

L lift newtons {(pounds)

D drag newtons (pounds)

M pitching moment newtorrmeters (foot-
pounds)

M rolling moment newton-méters (foot~
pounds)

T thrust newtons {pounds)

TL. thrust, left hand side newtons (pounds)

R thrust, right hand side newtons (pounds)

Thrust Induced Aerodynamic Forces (Power ON = Power OFF)

AL 1ift newtons (pounds)

AD drag newtons (pounds)

AM pitching moment newton-meters (foot~
pounds)

LHRM rolling moment newton-meters (foot-
pounds)

Total Coefficients (Stability Axis)

CL, Cy, 1ift coefficient, L/qS
€D, Cp drag coefficients D/gS
CM, Cy pitching moment coefficient, M/gSc

CRM, Cpy rolling moment coefficient, RM/qS



Thrust GCoefficients

Cp thrust coefficient T/qS

ACLT lift coefficient due to thrust

ASDT drag coefficient due to thrust

ACMT pitching moment coefficient due to thrust

AERMT rolling moment coefficient due to thrust

AGYMT yvawing moment coefficient due to thrust

ACMb pitching moment coefficient due to ram drag
M,V

CDR ram drag coefficient ﬁ'—E§~

Aerodynamic Coefficients (Direct Thrust Effects Removed)

CLA‘ o Cia CLA  1ift coefficient

er

CDAero Cpa CDA  drag coefficient

CMA Cvp CMA  pitching moment coefficient
ero

CRAero Camvp CRMA rolling moment coefficient

Angles
¢, Alfa angle of attack degrees
) bank angle degrees
QT thrust vector angle degrees
By nozzle angle - geometric angle degrees
B nacelle forward nozzle angle degrees
Npwd



BNA nacelle aft wvane angle degrees

ft

SNNose nose vane angle degrees

B sideslip angle degrees
Dimensions

A fan exit area - one fan

S wing area - 0.7767 mz

b wing span - 2,502 m

c wing mean aerodynamic chord - 0,3231 m

v lateral dimension meters (feet)

b4 horizontal dimension meters (feet)

Z vertical dimension meters (feet)

H/D, h/D non~dimensional ground height ;
height of fuselage/diameter of one fan

D equivalent diameter of one forward fan -
0.1295 m) model used to nondimensionalize
height parameter;

(1,080 m) full scale airplane

£1 horizontal ram drag arm, see Figure 17 meters (feet)

12 vertical thrust arm, see Figure 17 meters (feet)

£3 vertical ram drag arm, see Figure 17 meters (feet)

ﬂ& horizontal thrust arm, see Figure 17 meters (feet)

ES lateral thrust arm, see Figure 17 meters (feet)
Miscellaneous

number of fans
A wind velocity meters/sec. (féet/sec.)

v nozzle exit veloeity meters/sec, (feet/sec,)



Pp pressure ratio, Pp/P,

P total pressure behind fan pascals (pounds /in2)

Pa ambient pressure pascals (pounds/inz)

q dynamic pressure -1/ZPV2 newtons /meter? (pounds/footz)
air density kg/meter3 (slugs/foots)

My inlet mass flow kg/sec. (pounds /sec.)

FRL fuselage reference line

MODEL, APPARATUS AND TEST DESCRIPTION
Model Description

The model represents a multi-mission lift-cruise fan Navy V/STOL
aircraft (Figure 2). The model was fabricated to represent either a four
fan or a three fan configuration, The approximate model scale is 0,12,
For the four fan configuration, the model had two fans located in each
of two wing mounted nacelles (Figure 3), One fan in each nacelle was
mounted in a standard upright position, and the thrust vectoring was
controlled through two swiveling nozzles located on a central plenum
(Figure 4a). The second fan was located in the aft portion of the nacelle,
and was mounted in a horizontal position exhausting downward (Figure &4b).
The thrust vectoring for these fans was controlled by exit louvers and
provided flow vectoring from 45° to 105° from the horigontal, although
the complete range was not used for this investigationm.

The three fan configuration congisted of the two aft fans in the
nacelle, as described above, and a similarly mounted fan in the fuselage
nose (Figure 5)., The vectoring limits of the nose fan are the same as
the aft fans., Only 80° was tested.

The propulsion simulators were tip turbine driven fans, Figure 6.
The fan face diameter is 13,97 cm (5.5 inches) and the exit diameter
including the tip turbine exhaust is 15.25 cm (6 inches), The drive air
is delivered intermally to the tip turbine ring through separate manual
internal control valves., These valves are utilized to distribute the
primary mass flow for individual RPFM control, The fap exhaust pressure
instrumentation is utilized for fan performance determination, The
nacelle fan installations are shown in Figure 3., The fuselage nose fan
installation is shown in Figure 5. TFan exit total pressure instrumen-
tation can be seen in Figures 3 and 5, The total pressure instrumentation
was a rake with five total pressure taps mounted just aft of the fans.
These taps were manifolded together and were used to correlate fan thrust



during the testing. The front fan swivel nozzles are shown in Figure 4a
and are vectorable from parallel to the FRL (0°) to past the vertical
(1050). The louvers utilized to vector the aft fans and the nose fan

areoalso shown in Figure 4b, The vector angles can be varied from 45° to
1057,

The fan thrust vector angles were somewhat different than the nozzle
geometric angle. Table 1 presents the thrust vector angle as a function
of the nozzle geometric angle, These fan thrust vector angles were deter-
mined from the fan calibration tests with the fans shielded, Because of
the induced effects on the wing and nacelle, the measured vector angle
of the installed fams more nearly equaled the geometric angle., The front
fan swivel exhaust nozzle is almost rectangular in shape at the exit,

The internal shape of the front nacelle is cylindrical with the nozzles
located on either side at a 20° angle cant angle. The duct opening into
the nozzles is circular., Figure 3b shows the details of the nozzles,
The nozzle area is adjuﬁtable by a sliding cover and was adjusted to an
area 7,013 m? (20,43 in") for this test,

The exits of the aft fans and the nose fan are circular and go directly
into square sets of deflection louvers, The fan exit cone is truncated at
the entrance to the louver system, The base drag of the flat exit cone is
accounted for in the thrust calibration.

The model wing is trapezoidal and has an area of 0,7767 M2 (8.36 ft2)
and a mean aerodynamic chord of 0,323 M (12.72 inches), The wing taper
ratio is 0.5, and the sweep of the 0.25c is 3,33 degrees. The basic wing
airfoil is a 15% supercritical section., The wing incidence is 5 degrees,
and the wing is untwisted, The wing is mounted high on the rectangular
fuselage, A 0,25c plain flap is mounted inboard of the nacelle, and a
0.30c single slotted flap extends from the nacelle outer mold line to 0,70
b/2, These flaps were deflected 40° for most of the tests, The wing
leading edge was untreated,

The model was tested with the horizontal and vertical tail on at
incidence of 0° for all runs.

Figures 7-9 show the complete model mounted in the NASA Langley
Research Center V/STOL tunnels,

The ground board fabricated for the wind-on testing was sized to
match the airplane model scale, see Figure 2b, The total .size was such
that the ground board extended beyond the wing tips and fuselage nose
and tail for the full ground board, Dimensions of the full ground board
were 2,44 by 3.74 meters (8.0 by 9.0 feet). Deck edge locations were
required longitudinally at the center of gravity with the board extending
forward or aft to represent the landing or takeoff. These positions were
achieved during static testing by segmenting the board and removing
sections, During forward speed testing, the entire 2.44 meter length
was maintained, and the deck edge position was achieved by sliding the
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entire board forward or aft, The lateral deck edge position was achieved
by removing sections in both the static and forward speed testing, Lat-
eral deck edge positions in addition to the full board were at the fuselage
centerline and at the mid-span point under the right hand wing, Figure 2b
shows the dimensions of the ground board relative to the airplane model,

Test Facilities

Several test facilities were utilized in the performance of this
study. The fan calibration was done on the balance of the 2.139 x 3.048
meter (7 x 10 foot) contractor's wind tunnel facility, The fan force
components were measured on the six component external balance., The
individual fans were mounted to the balance with fan drive air supplied
by a flexible hose crossing the balance system, Figure 10 shows one fan
mounted in the test section, Each fan was tested with a standard bell-
mouth inlet and with the normal inlet,

The static tests were done in the contractor's static test stand.
Figure 11 shows the model mounted in the test stand. The air is supplied
through two pipes above the sting support., A trombome arrangement crosses
the balance to reduce the airline tares. The model was mounted to a six~
component internal balance located inside the fuselage, The balance was
calibrated with the supply pipes pressurized. A segmented ground board
was remotely actuated by a three-~post screw jack arrangement, The three-
post arrangement allowed the adjustment in pitch angle, roll angle and
height. The model is not movable. The segmented ground board allowed for -
the five required deck edge positions, (1) full, (2) aft edge under c.g.,
(3) forward edge under c.g., (4) 3/4 lateral board, and, (5) 1/2 lateral
board, Figure 12 shows the deck edge positions tested during the static
and wind~on testing.

The forward speed testing was done in the NASA Langley Research
Center (LaRC) 4,42 x 6.36 meter (14.5 x 21.75 foot) V/STOL wind tunnel.
The model was mounted on a six-component internal balance with the drive
air supplied through an airline inside a hollow sting. Figure 13 shows
the model mounted in the LaRC facility with the ground board in place (see
also Figures 7-9).

The ground boaxrd for the wind-on test was fabricated in segments to
allow for the lateral deck edge positions. The longitudinal positioning
was accomplished by moving the entire ground board on tracks, Bank angle
was achieved by rolling the ground board about a central pivot, Support
was provided by telescoping legs. Roll angles of +30 are available on
the ground board., TFigures 14 to 16 show assembly of the ground boaxrd.



Data Reduction

The data reduction procedures utilized to reduce the test results are,
in general, similar to those discussed in reference (2)., The raw data were
obtained at specifiéd test conditions. The raw data were corrected for
model weight tares, pressure tares, and balance interactions. The model
pogition (height) was corrected for sting and support bending by cali-
bration of the model position as a function of load on the sting, The
data were corrected to the stability axis frame of reference (Figure 1)
by applying the appropriate transformations. For the static tests the
ground board is the frame of reference, The data corrected to stability
axis are the total forces on the model which, in coefficient form, are
(also see Figure 17):

total 1ift coefficient

]
]

[
I

total drag coeifficient

total pitching moment coefficient

=
i

CRM = total rolling moment coefficient

The model was not yawed in this investigation ( 8 = 0); therefore,
side force and yawing moment coefficients are not listed and are not
discussed in this report,

In order to obtain the aerodynamic forces and the forces induced by
the thrust, the direct thrust components and the ram drag increments
must be subtracted, i.e.,

c = C - AC
L, L Ly
c = C. - A -
D, D CDT Dy
c = ¢ - A0, - C
EA ¥ Mn M
Copy = Coy = A

A RM RMp

These thrust associated increments are fully described in Figure 17. The
induced forces can now be obtained by subtracting the power-off forces. The
power-off forces utilized are the windmilling case, Variations from the
windmilling to the plugged nacelle conditions are small and were neglected,
The induced forces are reduced to:
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C - C

AL - LA LPower-off
T CT

C - ¢
AD - DA DPower-off
T CT

GM - G
s _ M Mpover-off
Te CT

C - ¢
ARM - RMA RMPower-off
Tb CT

This procedure is necessary in the forward speed tests only since all
forces are zero for the power-off in the static tests. Therefore, the
delta forces divided by thrust shown in all cases represent only the
induced forces, and the coefficients terms subscripred "A" represent
the aerodynamic forces, including the induced effects,

Figures 18-20 show the breakdown for a typical set of test data
for a variation of height with the STOL configuration of 30° deflection
of the forward fan nozzles and 60° of the aft fan vanes. The force
induced by the thrust is the increment between the power-off curve and
the "aerodynamic'" curve, The power-off increments due to ground are
small and are presented and discussed later in this report, The individ-~
val incremental forces are required for analysis of other configurations.
Variation in pressure ratio, for example, would result in different
velocity ratio V/V; levels; and, for the same thrust, a change in
nozzle equivalent Aiameter would be experienced. For a fixed height
the h/D parameter would vary with pressure ratio., The power-off
ground effects are related to the wing geometry as would normally be
expected,

In the above discussion, the ram drag contributes to both drag and
plitehing moment. The ram drag pitching moment arm has been chosen as
follows: Front fan ram drag has been assumed to act at the center of
the inlet; the aft and nose fan ram drag have been assumed to act 1/4 of
an inlet diameter above the inlet, The arm chosen may be slightly low
on the aft fan since more pitch-up due to ram drag would reduce the
apparent induced pitching moment,
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The nondimensional model height used for data correlation in this
investigation was defined as follows:

Model Nondimensional Height = %

where:

H is the model height measured to the bottom of
the fuselage at the model moment center (also
equal to the forward fan nozzle exit when the
nozzles were at 90° vector angle at ¢ = 09)

D is the equivalent exit diameter of a single
lift/cruise fan and is 0,1295 meters,

The single fan diameter has been used in the above definition for D,
rather than the total diameter, to allow for a compatrison of three and
four fan configurations at comparable real airplane heights, Some
previous data have been shown correlated to an equivalent diameter of
all fans, and it is felt that this correlation Dy = &%é is valid

where fan configurations relative to the lifting surface are nearly

the same, Large changes in configuration could limit the applicability
of the equivalent diameter, The fuselage bottom was chosen for the
height measurement since it is at the same height as the forward fan
exit for both the nacelle fan and the nose fan. An h/D = 1.0 corres-
ponds to wheel height for this configuration,

Both free stream to fan jet velocity ratio (called velocity ratio
for simplicity) and thrust coefficient have been used in the past to
correlate V/STOL model data., For this investigation, velocity ratio is
used and is defined as:

Velocity Ratio =

et

where:
V  is the free stream air velocity, and

V-

3 is the velocity computed agsuming an

isentropic expansion of the air from
average fan exit total pressure to free
stream ambient pressure
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The ram drag is defined as:

D, = ZMi v

D, is the ram drag
M is the inlet mass flow rate

v is the free stream velocity

In the above equation, the inlet mass flow rate is determined from a
calibration of the inlet flow rate versus fan exit pressure obtained
during the fan calibration.

Wind Tunnel Wall Corrections -~ In the above discussions of data reduc
tion, no mention was made of wind tumnel wall corrections. The theory of
wind tunmel wall corrections as applied to models having significant pro-
pulsive lift components has been developed by Heyson (reference 5). This
theory has been modified and coded for use in the LaRC V/STOL Wind Tunnel
data reduction computer programs, In order to assess which data:had
significant wind tunmel wall effects, wind tunnel wall corrections were
applied to representative data points covering the entire test envelope.
From this analysis, it was found that the data taken "in ground effect',
i.é,, over the ground board, had angle of attack corrections less than
0.2° and dynamic pressure corrections less than 1 percent, corrections
which are small compared to data scatter due to other reasons, Therefore,
all the "in ground effect" (data where H/P < 8) have not been corrected
for wall effects., However, when the model was tested in "free air", wall
corrections were found to approach about 3° in angle of attack and 8
percent dynamic pressure under some conditions. Therefore, the "free
air' data points of this investigation were all corrected for wall effects

In addition to the corrections of reference 5, all data were correcte
for the classical wake and blockage of the model in the LaRC V/STOL tunnel

TEST PROCEDURES

Fan Calibration

The fan calibration was done on each individual fan for each of the
configurations shown in Table 2,
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Table 2

Configuration Inlet Exit Shields
1. Isolated Fan Bellmouth Reference Shroud On
2. Isolated Fan Model Inlet Reference Shroud On
3. Isolated Fan Model Inlet Model Nozzle On
4, TIsolated Fan Bellmouth Model Nozzle On
5. Isclated Fan Model Inlet Model Nozzle Off
6. Ground Board Model Inlet Model Nozzle On

CONFIGURATTON 1  CONFIGURATION 2 CONFIGURATIONS 3, 5, 6

INLET THRUST
EFF. CALIB.

REFERENCE

CONFIGURATION 4

MASS FLOW \
CALIB.

/——J

The data gained for each configuration except (5) above consisted
of thrust measured from balance, fan RPM, fan exit total pressure and
fan exit static pressure at several levels of fan drive pressures and
thrust angles. In addition, for configuration (1) and (4) described
above, inlet static pressures were obtained for computation of fan
secondary mass flow., Configuration.(5) data were obtained at normal
operating drive pressure only, The above configurations were run in
order to obtain the required calibration data for the static and wind-on
testing. Considerable extra data were obtained so that if a fan replace-
ment became necessary during later testing the thrust calibration curves
could readily be developed., This alternative was never required since
all fans performed well during the entire test except for some minor FOD
damage on one fan during the LaRC testing.

Figure 21 shows the shields utilized for the fan calibration. The
shields were used to protect the fans and fan mounting hardware from any
airflows that might be induced by the fan exhaust flows, Thus, losses
associated with the installation could be determined. Complete data from

the fan calibration are presented in Appendix C.
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The calibration data were correlated as a function of the ratio of
fan exit total pressure to the ambient static pressure, The correlation
on the fan exit pressure ratio was selected for several reasons., The
fan pressure ratio will result in a correct measure of thrust under all
model speed conditions, Reference 6 demonstrates the effect of forward
speed on thrust. The ram effect at forward speed is directly related-
into a pressure ratio change and any back pressure associated with ground
effect is also properly accounted for., Figures 22 and 23 show the
installed thrust of the right hand forward and aft fan (#3 and #4), These
curves are representative of the calibration data for the remaining fans.
The data obtained from the individual fan calibrations were curve fit for
thrust and mass flow for each fan and thrust angle by these equations:

Weight Flow (Kg/sec) (From Configuration &)

. 5 (2 s 3
Ip Ip Tp
W = 4.53 | MA N\ + o\z= | + Pl
A A A

Thrust (Newtoms) (From Coanfiguration 3 or 6)

2 3

PTF PTF PTF
T o= 48 | i+ \5t )+ kT + 5
A A

A

The constants for the curve fit are presented in Table 1. Actual
thrust angles are also shown in this rable. All fans with the exception
of the nose fan showed the same thrust calibrationm in and out of ground
effect, The nose fan showed a small loss (approximately 2 pounds) at
the h/D = 1.0. Since this occurred at only one height and resulted
in about 1% error in total thrust (three engine), it was ignored.

Fan nomenclature is shown in Figure 17,
Static Test

The static tests were conducted on the full span model mounted in
the contractor's static test rig. The model was mounted in a fixed
position, A movable ground board supported by three screw jack actuators
was mounted under the model., The ground board had three degrees of free-
dom, height, roll and pitch., Angles of iQOO were possible and heights
from zero to approximately 2,438 m (8 feet) were available. The three
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screw jacks were driven by three separate drive motors., Calibrated position
gages were used on each post to determine ground board position and angle
for each data point. Force and moment loads were measured on an internal
six-component balance and reduced to airplane stability axes through normal
data reduction procedures. Complete static data are presented inm Appendix
Bo

The thrust of the individual fans were balanced in free air at
approximately 225 newtons (50 pounds) each for the four fan configuration
and 300 newtons (67 pounds) for the three fan configuration, The tests
were then made, Small deviations occurred during the runs; however, these
are accounted for in the data reduction procedures. In order to account
for the different nozgzle efficiencies of the forward and aft fans, the
aft fans were retarded in RPM, The resultant fan exit pressure ratios
were approximately 1.21 for the forward fans and 1,12 for the aft fans
for the four fan case,

Forward Speed Test

The forward speed tests were conducted in the Langley Research Center
V/STOL wind tunnel. The model was tested in free air and in the presence
of the ground board. The thrusts were set as described in the static test
discussion at approximately the same magnitudes, 900 newtons (200 pounds).
Tunnel dynamic pressure (speed) was varied to obtain the desired ranges
in thrust coefficient, The free air data were obtained with the model
mounted near the tunnel centerline., Angles of attack of -8 degrees to
+ 20 degrees were attained., The ground effect data were obtained by setting
an angle of attack and varying model height above the ground board. Bank
angle was obtained by tilting the ground board, Heights varying from one to
eight nozzle diameters were tested. The nozzle diameter of one fan utilized
to normalize the height parameter was 12,95 em (5,1 inches). Data were
obtained at angles of attack of 0° and 8° at 0° bank angle, and at an angle
of attack of 0 at +10° bank angle with the ground board in place.

The ground board was moved forward and aft relative to the model to pro-
vide the longitudinal deck edge positions while board segments were removed
to provide the lateral deck edge positioning.

The data were obtained for several nozzle angles in both free air and
in the presence of the ground. The four fan configuration was tested with
nozzle angles of 105° and 90° (VTOL flight condition simulation) and at
nozzle angles of 30° forward and 60° aft (STOL flight condition simulation).
The three fan configuration was tested with nozzle angle of 80° nose and
90° aft (VTOL flight condition simulation).

All the data obtained during the forward speed testing are presented

in Appendix A, The significant findings from these tests are summarized
in the following sections of this report.
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BASTC DATA
General Discussion - Four Fan Configuration

The free air aerodynamic characteristics of the lift cruise fan con-
figuration are presented in Figure 24 for the STOL configuration with
nozzle deflections of 30° forward and 60° aft at various speed conditions.
The data show an increase in Cy as the thrust coefficient is increased
and a reduction in stability with increasing thrust coefficient. Figure
25 presents the same data with the direct thrust effects removed., The
stall angle is increased with increasing thrust coefficient showing the
circulation created by the jets. The data presented in Figure 25 have had
the thrust increments including ram drag removed as previously discussed,

The effects of ground height on the STOL configuration are shown in
Figure 26 for the full deck case, The data show the positive increase
in 1ift to be slightly reduced at an h/D of 2,0 and relatively constant
at other conditions., The induced pitch and drag are relatively unaffected
by ground height except at the very high Cp value, However, at this high
Cr value, the absolute force and moment levels that were induced are small
compared to the thrust forces on the model, Similar data for other angles
of attack and for the other nozzle angles are presented in Appendix A.

The effect of height on the basic airplane with power off is shown in
Figures 27 and 28. The data show an increase in 1lift as the model approaches
the grouné for all positions except for #2 position (forward located ground
board, see Figure 12) which is essentially unchanged., The most favorable
position is the #3 position (aft) which shows a 30% 1ift increase at an
h/D = 1.0 or at the approximate wheel height, Pitching moment and drag
show little change due to ground height, A small change in rolling moment
is shown with the lateral positioning of the ground board.

The effects of forward speed on the induced effects in free air at
90° and 105° nozzle angles are shown in Figure 29, and in Figure 30 for
the 30° forward and 60  aft nozzle angles. The trends are similar for
all conditions with a pogitive 1ift and pitching moment change as speed is
increased. The 90° data indicate a small increase in 1ift at the low veloc-
ity ratios. The 105° nozzle angle data have a greater zero speed lift loss
than any of the other nozzle angles, approximately 97 at zero speed, re-
ducing to 5 or 6% at V/Vs; = 0.13, The 30° forward and 60° aft nozzle angles
indicate positive lift and pitching moment increments at all velocities
tested.

The propulsion induced interference on the model for static conditions
are shown in Figure 31 for free air and in Figure 32 at an h/D of & for all
ground board configurations, The four fans with the basic nozzles show
approximately 5% interference in the presence of the full model. This
interference represents an installation loss due to operatimng the fans on
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the model. The thrust used to normalize the data is the summation of the
isclated fans with the configuration inlet and nozzle but with the exit
shielded from the remainder of the model. The losses shown here are very
much affected by the configuration and can be altered by modification to
the nozzles. Most of the interference is the result of the forward nozzle
configuration, The loss can be readily reduced by wariations to the for-
ward nozzle, One modification to the forward nozzles was made to show the
effect of minor nozzle changes on the installation losses, A lip extension
was added to the inboard lip of the nozzle as shown below:

£\

The result of this extension is alsc shown in Figure 31, The loss
was reduced from 5% to 1.5% by the extensions, The three fan version
indicates no interference loss at the static condition tested. Sinece the
purpose of this study is to investigate the ground effects, the data in this
report were obtained with the basic nozzles.

The effect of the ground board on interference is in general a small
additional reduction of 1lift as can be seen in Figure 32, As much as an
additional 5% loss is shown for certain ground board configurations,

Nozzle Angle 105°

The summary of the data with nozzle angle at 105° is presented in
Figures 33 to 39 for several conditions tested., The static (V = 0) data
show sizable lift losses accompanied by a negative induced pitching moment,
A left rolling moment is induced as the ground board is removed from under
the right wing.

The 1lift loss at forward speed is accompanied by an apparent reduc~
tion in the aerodynamic drag. These variations would lead one to suspect
a reduction in the thrust level as the ground is approached even though
no ground effect was indicated during thrust calibrations. One possible
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thrust loss explanation is an inlet distortion in the presence of the
ground, The total pressurz rake used for thrust determination is located
on the top quadrant of the fan and might miss an inlet distortion effect,
The calibration was done with a fully shielded model so that an inlet
distortion would not occur during the fan calibration., One indication

of this possible problem was gained during the wind-on test portion of

the study. A pltot static tube was mounted on the fuselage nose for
comparison with free stream dynamic pressure measurements, During

testing at &y = 105°, a = 8°, it was noted that considerable turbulence
was present at the probe and that repeatable reading could not be obtained.

The 1ift loss and drag reduction are affected by the ground board
position. At forward speed conditions ground board #3 (aft location) shows
an increase in lift and no appreciable effect on drag. The data show that
where the front fan exhaust does not strike the ground, the characteristics
are entirely different, This condition tends to strengthen the possibility
of an inlet distortion,

The 105° nozzle angle condition would not be used near proximity of
a deck and is utilized primarily as a descent and deceleration device
such that a lift loss will not materially 1limit the performance. In
the descent an additional lift loss will only require a slightly higher
thrust level without approaching the maximum thrust level of the propul-
sion system, The use of the full forward thrust angle in maneuvering around
the deck is also rather unlikely,

Increasing the angle of attack to 8° also is undesirable in that the
lift losses are increased (Figure 39),

Nozzle Angle 90°

The 90° nozzle angle condition is of the greatest interest for VIOL
operation around the ship, Figures 40 to 50 present the summary of the
o - . P
90" nozzle condition, The data show the aerodynamic characteristics due
to ground to be a generally small 1lift loss in ground effect and a pitch
down at intermediate heights for the statiec or zero speed case (Figure 40),

The rolling moments induced by the removal of the ground board from
under the right hand wing are as expected for the zero bank case, Removal
of the ground board from under the right hand wing induces a left or nega-
tive roll, see Figure 41, During banked conditions the effect of removing
the ground board from under the right wing is affected by the direction of
bank, Positive bank +10° {right wing down) results in a positive moment
for the full deck., As portions of the deck are removed, the positive
mement decreases; and, with the deck edge at the centerline, the induced
moment is negative. Negative bank -10° induces a negative moment for full
deck, These negative moments are relatively unchanged due to the removal
of the deck from under the right hand wing. This variation in rolling
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moment can be explained by an analysis of the primary contributors to the
moments. The primary contributor to the moment is the change in fountain
position with a secondary contribution due to the negative pressure on the
bottom surfaces of the wing,.

N o\ Unbanked Symmetrical Fountain
- -— Symmetrical pressures

Negative roll from pressures

Right Bank Positive roll from fountain
(Positive) Small positive roll from
g = + pressures

Negative roll from pressures

Left Roll Negative roll from fountain
(Negative) Small negative roll from
g=- pressures
- Negative roll from pressures

The removal of the ground board alters the position of the fountain
since there is no counteracting jet reflecting from the side with the
board removed. The data presented in Figure 41 are the summation of the
pressure changes due to the nearmess to the ground of the downgoing wing,
the fountain shifts occurring due to bank angle, and the elimination of
the fountain due to removal of the ground board.

The induced forces at forward speed are similar to those at the static
condition with some exceptions. The 1ift loss in ground effect is somewhat
higher and with deck #2 is much higher (Figure 42). Again, as discussed in
the 105° nozzle angle case, this condition may be due to some external effect,
The pitching moments and rolling moment excursion are somewhat reduced
with the maximum rolling moment occurring at h/D = 4 rather than at
zero for the V/V; = 0 condition (Figure 43), Tncreasing the angle of attack
to 80, shows an Increase in lift loss as was experienced at 105°,

Figures 47 and 48 present the &y = 90°, o = 0, longitudinal data as
a function of velocity ratio at constant h/D, With the exception of
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ground board #2, the 1ift increases as speed increases, The pitch down
is reduced and the drag is relatively constant.

The effects of the #2 ground board configuration have been shown
to be a loss in 1lift and a reduction in drag. There are several possible
explanations for this characteristic. The data assume this 1ift loss to
be a true deck edge characteristic, Other possible explanations which
may be present are: The full ground board is located ahead of the model
center of gravity and, therefore, extends some distance ahead of the
model, There could exist a flow ahead of the model which because of
the length of the board would cause the flow to be deflected off the
deck and into the fang creating an inlet distortion not picked up by the
instrumentation, as discussed previously,.

The second possibility also lies in the ground board configuration.
The ground board as can be seen in Figure 13 covers only part of the
tunnel width, The quality of the flow off the front corners of the
ground board is not known. The flow may be creating a turbulence field
which is affecting the model characteristics. If the board created a
turbulence, it would be different from a ship turbulence and, therefore,
these results would not be relatable to an airplane operating near the
ship. The reason for this apparent 1ift loss can not be determined from
the available data, Additional studies and instrumentation would be
required to define the reason for this 1ift loss at the #2 deck position,

The effect of the ground board configuration on longitudinal control
is shown in Figure 49, A thrust unbalance of approximately 107 nose up
was investigated. The greatest effect occurs at V/V:; = 0 where consider-
able effect of the deck edge as well as a basic ground effect is shown,

The data show a ratio of pitching moment obtained to pitching moment input.
In free air a ratio 1.5 was obtained and at an h/D of 4 the ratio was

less than 0.10 for the full deck and for deck #3, Investigation of surface
pressures (wing, nacelle, and fuselage) show a trend to reduce the moment
but do not indicate the magnitude necessary to reduce the moments to zero,
At forward speed some reduction of control input is experienced in ground
effect with the greatest occurring with the full deck,

Rolling moment control effectiveness is shown in Figure 50, A 10%
thrust unbalance to produce a positive rolling moment was input, Again
a reduction is indicated with the full deck showing the largest loss,
50% in a left roll, It should be recognized no attempt was made to affect
the rolling or pitching moment control effectiveness by configuration
changes since the objective of the study was to investigate the effect
of the deck edge location, The addition of strakes and strake boxes
have been shown to materially affect these induced effects, Other
items available are realignment of the nozzles and height changes to the
nozzle exits,
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Nozzle Angle 80°

The induced effects of the ground at a nozzle angle of 80° for the
V/U: = 0 condition are shown in Figures 51 and 52. The results are
similar to the 90° condition,

Nozzle Angle 30°/60°

The deck effects of the four fan configuration in a STOL condition
are shown in Figures 53 to 56 for a nozzle angle of 30° forward and 60°
aft, The longitudinal data are presented for decks 1, 2, 3 and &4 which
represent conditions which might be experienced during takeoff and land-
ings. The data show positive induced 1lift and moments for all conditions
tested., The deck effects are slightly greater than the free air case
with the single exception of the lift with deck #2 at an h/D of 1,0.

This is not a realistic flight condition since it would entail a landing
with the wheels at deck level as the airplane crosses the deck edge.

The induced rolling moments due to thrust are generally small and
are greatest with full decks.

Three Fan Nozzle Angle 80°/90°

The three fan configuration, nose plus the two aft fans, was investi-
gated in a VTOL operation mode, The gsummary data are presented in Figures
57 to 61, The static results show moderate 1lift changes and a rather large
pitch change as the model approaches the full deck, Wind-on conditions
indicate small longitudinal induced effects and moderate rolling moments.
Higher angle of attack data show again a sizable lift loss with ground
board #2, As discussed previously for the four fan configuration, the
reason for the 1ift loss with the #2 board again can not be determined.

EXTRAPOLATION TO FULL SCALE

In order to gain an insight into the possible penalties of operating
a full scale aircraft over a partial deck, the model was scaled up to
full scale utilizing a 0,12 scale factor. A weight representative of a
V/STOL configuration and typical inertias were assigned based on previous
in-house studies, While none of these parameters are exact, they are cer-
tainly representative of the configuration tested and approx1mate a full
scale alrplane of the type discussed. A w1n§ loading of 2876 N/M2 (60
1bs/ft?) for vertical operation and 4074 N/M* (85 1bs/ft2) for STOL
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operation have been picked for the analysis of data.

following airplane,

This results in the

Wing Area 53.88 M2 (580 £t2)
Aspect Ratio 8.06
Span 20.85 M (68.4 fr)
Root Chord 3.46 M (11,36 ft)
Tip Chord 1.73 M (5.68 ft)
MAC 2.69 M (8.83 ft)
W/S Vertical 2876 N/MZ (60 1bs/ft§)
STOL 4074 W /M (85 1bs/ft%)
Weight Vertical 154,945 § (34,833 1bs)

STOL 219,506 N (49,347 1bs)
Lateral Arm 5.88 M (19.3 ft)
Longitudinal Arm 3.73 M (12,25 fr)

Pitch Inertia 14,9 x 10° ®g/M? (95,000 slugs/£t2)
Roll Tmertia 15.7 x 10° Rg/M? (100,000 slugs/£t2)

Thrust variations required to perform the required 0,5 radians per
second pitch acceleration accounts for a thrust differential of 34,496 W
(7755 pounds) of thrust front and rear, or 8620 N (1938 pounds) of thrust
per engine for the four engine configuration, The roll requirement for the
.9 radian/sec acceleration amounts to 10,373 ¥ (2332 pounds) of thrust per
engine. Using the higher number as a limit (2132 pounds) for the thrust
variation shows that a pitch control of PM/Tc = 10.185 is available for
pitch control from the txim condition. This thrust unbalance would allow
an increase in pitch acceleration from 0.5 rad/sec to 0.6 rad/sec. This
would occur at a thrust of 154,798 N (34,800 pounds) or equal to the
vertical operating weight, No moments of this magnitude are indicated
in the data for the four fan configuration.

The lateral coefficient of RM/Tb reduces to +0.038, far gresterx
than any induced moments encountered.

Much of the data ig correlated on the weloeity ratio (V/V;). Con-
version of the V/V. to velocity for an airplane engine operatihg at a fan
pressure ratio of 1.25 is presented in Figure 62 (sea level, standard
day).

The vertical flight condition (90° nozzle) has been analyzed to show
the effects on a full scale airplane., The airplane was discussed previously,
Considering the selected airplane pressure rakio, the data can now be
converted to a gpeed. V/Vj = 0 is, of course, zero velocity. A.V/Vj = 0,09
corresponds to approximately 35 knots which is the upper speed region for
wind over the deck, These speeds were chosen to show the effect of deck
and deck edge on the control requirements. A basic set of control require~
ments have been chosen to correlate with the deck edge inputs. These
control requirements (from reference 1) are as follows:
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Lift + 10% of weight
Pitch 0.5 radians per (second)
Roll 0.9 radians per (second)

2

The airplane damping was not considered in the analysis. A positive
damping can be expected on a real configuration which would increase the
basic control requirements to obtain the angular accelerations. Therefore,
the ratios shown in this analysis may be slightly large, Figures 63 to
66 present the control required in ground effect on the airplane from a
trimmed in free air condition as a percent of control available. The
most significant deck edge input occurs in the lift requirement with
deck #2 at a velocity of 35 knots (V/V. = 0.09). In this condition
slightly more than the full control aliowance is required,

A similar presentation for the three fan is presented in Figures 67
and 68 for the largest excursions shown. The weights, inertias, etc,,
of the three fan are the same as used for the four fan configuration.
Approximately 90% of the 1lift control is required with either the deck
#2 or #3 at a h/D of 1.0. The most significant three fan variation is
shown in the full deck pitching moment at V/V: = 0, Although the data
show pitching moment required to trim the airplane in ground effect would
exceed the single axis pitch control by approximately 50%, data from
other three fan configurations (e.g., reference 4) do not show this
trend, This phenomenon is probably very configuration dependent and
will require testing during configuration development of any new con-
figuration,

The effects of the forces induced by the deck and deck edge depend
to a great extent on the approach pattern used by the V/STOL airplane,
One study, reference 7, used an approach as shown in Figure 69, In
this study the deceleration was dome in free air with initial hover at
50 feet above the deck. The airplane was then translated laterally at
50 feet and the landing made vertically., This type of approach would
then eliminate most deck edge effects., Deck edge would only be of
interest if the airplane wandered off the deck in the final landing
maneuver or if the deck was of such a size that partial overhang was
a requirement. 1In order to investigate the deck edge effect, a four
fan airplame configuration was assumed to approach a ship straight in
from the rear at 6.1 M (20 feet) (h/D = 4,0), This approach (Figure
70) was made at 10 knots carrier speed and 10 knots closing speed,

This condition encompasses the worst deck edge effects found in the

study. The approach was made with no control and repeated with pitch
control only. The airplane required 1.75 seconds to cross from deck
position #2 to the full deck., The deck edge effects were assumed to act
as a step input. The forces and moments were input as the airplane center
of gravity crossed the deck edge and removed as the tail crossed the deck,
In reality the forces will come in and reduce over a finite time period,
For purposes of this study the total time the forces are felt is most
likely longer than actual so that the study should be applicable, During
this time the airplane lost five feet altitude with no control and three
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feet with pitch control only, Little, if any, altitude would be lost
if height control were also used., The dynamic effects of the force and
moment changes at the deck edge will need to be investigated on a simulator.

Utilizing the approach of reference 7, this condition would not be
experienced, because the deck is crossed at 15.2 M (50 feet); however,
investigating the data presented shows that if the airplane inadvertently
got into this position (#2) and remained there for one second with no
corrective action taken, only 1.5 feet of altitude would be lost.

The STOL configuration does not encounter significant inputs due to
deck edge proximity. The airplane, of course, must cross both deck #2
and #3 on each takeoff or landing; but, as seen previously, at the airplane
heights expected during operation, no significant inputs are seen. The
other deck edge location of interest for STOL is with partial wing over-
hang (#4). This could occur during operation from a narrow deck, Deck
#4 has essentially the same longitudinal induced effects as the full deck,

CONCLUSIONS

The operation of a V/STOL multi-mission low pressure ratio fan
powered airplane configuration in the proximity of a small ship will
induce some forces and moments on the airecraft. In most cases these
forces are relatively small and manageable. The more significant
variations which occur at static or wind over the deck speeds in the
vertical mode of operation are:

(1) A 1lift loss is experienced at wind over the deck speeds for
the ground board under the forward part of the model (deck
position #2). )

(2) A change in trim is experienced in ground effect (all deck
positions),

(3) The three fan configuration shows a sizable pitching moment
(150% of single axis control) with full deck and zero wind
over the deck, This is apparently very configuration dependent
and is not generic to three fan configurations.

(4) The four fan configuration shows a 5% loss in 1ift in free
air. This loss can materially be reduced by modifications
to the front fan nozzles, ’

Operation of the four fan configuration in a STOT. mode from a small deck
appears to present no operational problems.
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RECOMMENDATIONS

The results of the deck edge test and analysis have shown several
areas where additional studies would be beneficial, Tt is recommended
that these areas be investigated further,

A simulation study is recommended to investigate if the forces
and moments due to deck and deck edge proximity would materially increase
the pilot's work load,

Because it has been shown that the deck edge effects are configuration
oriented, a study on both the three and four fan is recommended to deter=
mine the type of configuration modifications which would minimize the
deck edge effects.

The fans used for this study had a low exit pressure ratio (approxi-
mately 1.2), Because several current configuration analyses have indicated
that higher pressure ratio fans are desirable, a study of the effect of
fan pressure ratio on deck and deck edge effects is recommended,

The operation around small ships also involves an additional force
on the airplane, one of turbulence. It is recommended that the model
used in this study be utilized for a study of ship turbulence on the
steady state and dynamic characteristics of the configuration,
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WING: BODY

ARTA 0.7767 2 ( 8.36 Ft2) DEPTH  0.2565 m  (10.1 in,)
SPAN 215002 m ¢ 8,209 Ft.) WIDTH  0.2540 m (10,0 in,)
CHORD LENGTH 1.9986 m  (78.685 in.)
ROOT 0,4154 m (16,355 in.)
TIP 0.2077 m  { 8.178 1n.)
MAC 0.3231 m {12.721 in.)
ASPECT RATIO 8.06
TAPER RATIO 0.50
F.8. 25 ¢ (C.G.) 0.8610m  (33.9 in.)
INCIDENGE 5.0°
WRP AT L.E, 0.1516 m  ( 5.97 im.)
SWEED
L.E, 5,717° .
1/4 CHORD  3.334°
T.E. -3,817°
AIRFOLL SECTION - 15% SUPERCRITICAL
HORTIZONTAL TAIL: 9
AREA 0,195 m ( 2.106 Ft°)
SPAN 0,866l m (34,1 in.)
cH 0,2281m ( 8.98 in,)
ASPECT RATIO 3.83
TAPER RATIO 0.509
W.P, 0.3762m  (l4.81 in.)
F.S. 0.25 ¢ 1,7886 m  (70.417 in.)
VERTICAL TATL:
AREA 0.1076 m2 ( 1.158 Ft?)
S PAN 0.3283 m (12,925 in.)
o 0.2337 m  { 9.2 in.)

N A
HEr a”

a, 0.12 Scale Model

Figure 2, Model Dimensions
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ITEM
NO.

1
2
3
“

o

7€

10
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"
<

13
14
15

18

19
20
Th

PART NAME
$.5 IN. CRUISE FAN
SPINNER
WASHER

PIN 1/32 DLA. X ,]25 LG
LOCKMUT 1/4-28 WLH6521-048 (FSNA)
SPINDLE

PIN 1/1C DIA. X .125 LG

T/C WIRE NM-30-J X 12" FREE LENGTH
SCRFW #2-56 X 1/4 LG MYLOK SOC HD CAP
ROTOR ASSY

HUB

RETAINER BLADE

ROTOR BLADE

TURB IWE
SCREW #4-40 X 1/4 LG NYLOK FL HD CAP
SHIM
STATOR ASSY
HU'B
RING

STATCR BLADE

SCREW KE-12 X 3/4 LG NYLOK SOC HO CAP
SPEED PICKLJ® CELECTRO-PRODUCTS #3080)
SPAC ING WASHER
SHIM - WASHER
WASHER - PRELOAD
WAVY SPRING WASHER (ASSOCIATED SPRING #W9Z5-010)
SCREW #4-40 X 5/8 NYLOK SOC HD CAP
DOWEL PIN
O-RING (PRECISION RUBBER k010-8307)
HOUSING - STRAIGHT
OIL FITTING
NUT
TUGE
BEARING (BARDEN 101S5TX1K5) (MOD)
SPACER, BEARING
SET SLREW ™B832 ¥ B/ 4 e NYLON TP

Figure 6.
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Figure 7. Model Front View




Figure 8. Model 1/2 Top View
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Figure 9. Model 1/2 Bottom View
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Model in LaRC V/STOL Tunnel with Ground Board
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Thrust Coefflcients Nomenclature cBMAero Aerodynamic Rolling Moment Power On
CYM Aerodynamic Yawing Moment Power On
; P Tpero
-3 L d plk £3_ x = fan number (1—=5)
-"i—ll'-lx_ -=3 lfx ez = DR
¥ - E}} £5 _x Fan Nomenclature
By | Lo 5 R S
. 1
; s 0|
Pt ) -
e
b
or (:::::"” O
2 [
11 Horizontal Ram Drag Arm =~ meters {feet)
%
fﬁ Horizontal Thrust Arm -~ meters (feet)
X
fb Vertical Ram Drag Arm = meters (feet) MOMENT ARMS
X
A Vertical Thrust Arm - meters (feet) Fan £ £k £3
* 1 .413 (1.354)  .061 (.20)  .031 (.103)
s Lateral Thrust Arm - meters (feet)
* 2 =234 (=.771)  .013 (,041) .130 (.425)
GT Thrust Angle
x 3 JA413 (1,354)  .061 (,20) .031 (.103)
20 Lift Coefficient due to Thrust
It 4 -.234 ( L771)  L013 (.041)  .130 (.425)
AEDT Drag Coefficlent due to Thrust 5 J711 (2.333) 160 (.525)  .025 (.083)

&CRMT Rolling Moment Coefficient due to Thrust

ACMT Pitching Moment Coefficient due' te Thrust

ACYMT Yawing Moment Coefficient due to Thruet

CL Aerodynamic Lift Power On
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Cp Aerodynamic Drag Power On
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Cy Aevodynamic Pitching Moment Power On
“Aero

Figure 17,

Data Reduction Equations
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Figure 18, Lift Coefficient Incremental Buildup
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a, Forward Fan in Nacelle

b. Aft Fan in Nacelle or Nose Fan

Figure 21, Fan Exits with Shields
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Figure 22, Variation of Thrust with Pressure Ratio at Various
Heights, Right Hand Aft Fan #4, &y = 90°

51



280

240 7

s

%\

200

O FREE AIR
THRUST O n/p = 1,0
NEWTONS

T/8 1;2//’

160

120 /////

80 ///
/;a’

40 7

0 1,04 1,08 1.12 1.16 1.20 1,24
Pp/By

Figure 23, Variation of Thrust with Pressure Ratio at Various
Heights, Right Hand Forward Fan #3, SN = 90°

52



&S

Cl
18:80 o
/w/
- —-—-"{?-‘
7
;aEF""'ﬂf”
o -‘5//
-
,,EV””uk J
S il ol
-____'___,_——-'-"'V
—@*”/M
n__-—/;’r:{\" . " . —_—
v HitAs R
1 B I I NI 5 e S T
|
_.4'4.--""'_'-‘—-—"—._,_‘_.-——“—"-
ii:‘__"___-m-—-— — P ——p—o—1
e — Tt |
B0 ~4:(1) 0 4:() g-00 12-00 1600 d0-50
Cp  V/Vj
RN 24 © 0 -
g% O 1.0 .26
o8 4 2,0 .19
22 ¢ 5.0 .12
30 P o001 o8

Figure 24, Effect of Thrust on the Basic Aerogynamic Characteristics,
Free Air ~ & = 30° = 60
Npwd > OMppe

ALFA



#s

Co

) 0 ﬁ)-——-*z:mz—’(hﬂ;m
&= ¢ P= m o e UM N e ALFA
-B0gy | =4 . T B, | —ige=—T " 1§00 200
.—u:.,'*l——-"'—__——-—-_ )
| o
£ " /,_9/
/A//o—’
=
_e,m .‘_‘__‘___..—""‘\'.
_-9_’__'_______---"""0‘*‘
<O~—*"""'49b--’-”" ”/£7/,/’J7
40 /5"/'7
. P o
/
_//U/
B
_/_D__/&UD'
D_-____‘__-——"
Cp  V/Vy
RUN 24 © o -
g_g 0 1.0 .26
Pa¥
== T
30 P 451 Lo

Figure 24, Effect of Thrust on the Basic Aergdynamic Characteristics,

Free Air - BN = 300, BN = 60° (Continued)
Fwd Aft



>
e 87 :
- = ' A\

N
\U\; \s\x 2L ALFA

9

?u \ / Cp V/Vj
Ré\i =24 -

b o 0
25 0 1.0 .26
g o N } =g ¢ 5.0 .12
& 10,1 .08

]

Figure 24, Effect of Thrust on the Basic Aerodynamic Charactefistics,

Free Alr - By = 300, oy = 60° (Continued)
Twd Aft



9g

CRM

fadta o
[Vid ¥e)
&4
& I e mnl o T~
i Fa) — /7%\
* 3 e "
- S e e Nl 28\ l
] ! o [ N\ / (\_\
B -0 4900 B{0 \ 1200 _ /B0 oo
)
Cp VIV ‘ \
o 0 - N s
Al RN 24 © J
B2 26 o 1.0 .26 /u
o8 & 2.0 ,19
o ¢ 5,0 ,12 X
30 U 10,1 ,08 /
664 -

\//

Figure 24, Effect of Thrust on the
Free Air = By

Basic Aerodynamic Characteristies,
= 300, SN = 60° (Concluded)
Fwd Aft

ALFA



LS

CLA Cp  V/¥y
BRIIN] =24 o © - =4
g%g £ ;.g .26 ////
L . .19
o 29 © 5.0 .12 i
8 30 ¥ 10,1 ,08 ::zézgﬁay
e
”gﬁf,;ﬁ .

5.t ,,,r=’::%%;£«?”’ﬁ ha
,4¢f":::::;Egzgz;”ég"J*""””’J )\\\\“CL*-—n
Ur”"rfafﬁ”’/==”=;= L Dﬁhﬁ\‘t)

AM 4 nq(/
@,/:Zf” r,}”*tj
" g
800 ~4:(0 401 B-00 12,00 1600 2000
~1.00
Figure 25, Effect of Thrust on the Aerodynamic Coefficients,

Free Alr = ¥y . = 30°, &y

Aft

= 60°

ALFA



8¢S

..8,

Free Air ~

O

= 30°

? aNAft

Cq
RUN 24 o 9
3 1.0
28 - 2.0
23 ¢ 5.0
30 © 10.1
COA
A6
L"m /D
I,
T :
- =L > s
A" N & o I e " -
& —Gr ¥ h .éﬁi ¢§__=?553215:;§EEEE§FT
$ 1 ' = —o— ]
o -4:00) 400 B 1200 1600 o000
Figure 25, Effect of Thrust on the Aerodynamic Coefficients,

= 60° (Continued)

.12
.08

ALFA



6%

ALFA

CMA
0-40 T V] T
B s 1
| e T T T
é&t e N o
j353=:-—--4:F_ ~ I N \\\r
—_— _ —l \
G 7] _ijhh‘*ﬂzk\ ENﬂq::::jg
6100 P~ 440 A{00 do N, 160 200
—_ ol |
rﬁﬁh\ﬁa‘“‘h~ )”/rfzrd——JDﬁﬂﬂ"
0 i N N

Cr V/Vj

RUN 24 © ¢ -
26 0O 1.0 .26

gg g 2.0 .19

5.0 .12

30 Ui0.1 .08

Figure 25, Effect of Thrust on the Aerodynamic Coefficients,
Free Air - Sy = 300, By = 60 (Continued)
Fwd Aft



09

CRMA

f
i

—y

TE
&
I

ALFA

?p? 9
|

i
T

L%

g

5

5

|

—

:
\\55( g

064
Cr V/Vy \/
N 24 o6 0 -
52 B 1,0 .26
A 2.0 ,19
068 gg g 5.0 .12
10,1 ,08

Figure 25, Effect of Thrust on tge Aerodynamig Coefficients,
Free Air = By = 307, By = 60 (Concluded)

Fuwd Aft



CLA

4.00
300
d’}{ FREE AIR
{ [ gy B
E.m <‘ /‘L P L—)
& : X
- [ [ —h %l
O N
00 2 (NN, — 0 B
O !‘-Ifl'i
] iy 4.00 600 B.00
C v/v,
T
RN 31 O o -
B 1.1 .26
3B =2 2.1 19
gg S50 12
10,1 .08

Figure 26, Effect of Height and Velocity Ratio on the Aero-
dynamic Cogfficients, Ggound Board Configuration 1,
5N = 307, SN =60, a=0,08=0

Fwd Aft

61



COA

.20

0-80

0-4

W
~J e i
<’<>{>()-_(> ] - ’q ] <>
O e et e ] 4 A
[1Trt14“k———4]-——{b——' —i}] []
OOOO~D——D——1 —0
|=J’,D
0 2 4.00 b:00 B.00
Cp V/Vy
RN 31 O o -
22 o 1.1 .26
A 2.1 ,19
37 0 5.1 .12
40 D 45,1 .08

Figure 26, Effect of Height and Velocity Ratio on the Aero-
dynamic Coefficients, Ground Board Configuration 1,

8 = 309, =60°, =0, =0 -
Npwd SNAft ’ (Continued)

62



CMA

0:40
FRUE ATR
(0-¢D _— T AN
4 D)

i

H/0

.
I
4

‘Q'ED T
_3‘4{}

Cop v/vj
RN 31 % 0 -
1.1 .2
B =2 2,1 .19
37 ¢ 5.1 .12
40 U 5.1 o8

Figure 26, Effect of Height and Veloeity Ratio on the Aero=
dynamic Coefficients, Ground Board Configuration 1,
By = 30°, &y =60, ¢=0, =0 {Continued)
Fud Aft

63



CRMA
07

Cp V/Uy 7
AL NN 31 @ o -
5 gl 33 O 1.1 .2
\ §§ g 2.1 .19
006 5,1 .12
\ 40 D51 o8
.
\“""‘-——-E?
0-04 FREE| AIR ~—
Q
9'03 \,\&
i Pt
TS
062 1 o S
S
001 P — | youm—
A 7 o
, | [,
{0 4. 6500 B:00 =

Figure 26, Effect of Height and Velocity Ratio on the Aero-
dynamic Coefficients, Ground Board Configuration 1,
&y = 30°, By =60°% =0, § =0 (Concluded)
Fud Aft

64



. . FREE AIR
A0 =0 -
1 [Ty = i
‘,
GROUND BOARD
CONFIGURATION
0 O 1
1 Foum O3
A 4
0 2 y B/ 6 8
0
Oy E r A 5 o)
-.2
of
Cp
oG —8—0 oy o
0 1 . [ 6
0 2 8
i 4 h/D |
l t
Figure 27, Effect of Height and Ground Board Configurationoon
Longigudinal Characteristics - Power off, ¢ = 0,

=0

65



-GROUND BOARD
CONFIGURATTION
.01 Q1
: ' 0 O 4
¢=0 <o
Cau i\g\ﬂ. FREE AIR
] Y W : N
a5 G of B
0
0 2 & 6 8
h/D
.01
<% ¢ = 10°
l—;‘ﬁ E) “——-‘Eﬂ} B~
— S
0 - i
0 2 4 6 8
h/D
|
]
¢ = -10°
.01
Q
CRM "““‘—'—-—f—-—(?s _!
) —H—,
0 .
0 2 4 6 8
h/D
Figure 28, Effect of Height and Ground Board Configuration om

Rolling Moment Coefficient - Power off, @ = 0°

66



ol |
O 90°
O 105°
&L
T O
0 // .08 12
<04 * «16
/ V/V; V\\O___//O
B e B
0 —"E]’D/
-1
o1
pdile)
T&
.04 . / .12 .16
ViV /O//
e ]
— | O
—/
1’0—’/
)
0
I
1 L Qo] 0
éﬁ?
LD
T
‘0
«04 08 .12 « 16
v/v4
|
Figure 29, Effect of Velocity Ratio on the Thrust Induced

Longifc:)udinal Characteristics -~ Free Air, (¢ = 00,

=0

67




)
oh I
AL /
T /@f/
-2 /
ﬁ’/
(OO .1 . ‘3
V/Vj
]
Poid
2
LM ]
T o
0
o2 «3
0 ol vV,
J
FanY T ) {
.1 L L, 4 i
AD
T
c
0 -1 V/Vj ,02 o3

Figure 30, Effect of Veloeity Ratio on the Thrust Induced
Longitudinal Characterigtics inOFree A%r -
= 30° =60°, a=10%8 =0,
Neaa * Ny g ’

68



LN DT T
£ N AT L
_ o N \/\ / / .
NN ANAR @
IS AZ4NBNNNEL
i /RN RNV
8 \ d \/ %////////M// / N
T —— T~
1 —
LT fET
SR Eul EEEEE
L L]

- Free Air V/Vj = 0,

Normal Force vs Axial Force

Figure 31,

0,¢=00

a=20

69



GROUND BOARD  —

100°

[ 800

CONFIGURATION
O FREE AIR
[ ]

&
/s :

D>

/

b,

4 D>
[, B 1]

/

e

|

.
P

T
N

=
=7

Vi
~
/

NN AArS

N
///“\\

TR ; | \ \ -
VLA A VNN
VAN N N\ D
A/ A T LA
Wit | LA
V=TT

Figure 32,

Normal Force vs Axial Force =~
a=0° ¢=20° /D=4

Ground Board in V/Vj =0,

J0 PRIGRAL 2AGE g5
SF PLEE faleury

10°



GROUND BOARD

2 4 h/D 6 8
0 : CONFIGURATTON
QO 1
AL 02 S
T
FREE AIR 2 3
-01 % \ -Q- 4
< o
tj -4 ]
....2
) 6 3
AM
T ~
-.1
"'.2 H
.l . (-Q
T
0 .

Figure 33, Effect of Height on the Thrust Induced Characteristics
with Various Ground Boarc:)d Configurations - &y = 105°,

v/vj =0, a=0%6=0

71



01 ' GROUND BOARD
* CONFIGURATION
O 1
O 4 — ]
ARM
Tb Q 0 $ s
2\ h/D ] i
0|0 2 4 /9—6 8 —& FREE ATR — ]
XJ\ ,/é/
~.01 /<
&
. h/D
0{0 2 4 6 8 &
10°
ARM .
Tb /ﬁ
-.01 q> ﬁ
0
-.02
.01
ARM -
N E)yé N -10°
: D
°1° —— - i | ¢
d4
/>
.01 //
N

Figure 34, Effect of Height on the Thrust Induced Rolling Moment
with Various Ground Board Configurations = Oy = 1050,

V/; =0, ¢=0% ¢=0°

72



By —

|
8

I |
GROUND BOARD

4 6
0
] conzeuraron
/@/'/ﬁ:@ El> 2 _ FREE |
AL — 3 ATR
T D FANE::
o )/2 7 /,_,,-E] B
-l 65}/ //
s
~(
-2
) Vo ! !
0
[ W
iy / i e
T
@%ﬁ/&\fﬁ-—d——ﬁ%ﬁ*
-l e
.1 &
AD
T S
; ]/42:}/”/6 8
° N P u/p
4T
&
-l

Figure 35,

Effect of Height on the Thrust Induced Longitudinal
Characteristics with Various Ground Board Configura=~

tions = By = 105°, v/vj = 0,058, ¢ = 0°¢ = 0°

73




| | |

0 2 4 /D 6 8 ‘ l |
|
|

0 ’ |
] - FREE AIR I
ARM G ? o W R ey * - GROUND BOARD
: — " CONFIGURATION
Thb [!,_. . %=E:Q§%;:::::_,-f—’ff”" l o1
1 O &4
-.01 $ S s
-,02
! \ j, b/D | g
| ﬁ
S
L _@__
ARM =
Tb ’—_,_—“szs;
-,01 i
-, 02
L NG
h/D
0 2 8
0 € ; o
[ —(
LHRM I ’.-_._.\'L —h J— 43 "_@"'
Tb ﬂ L= B K P e
il ,)a”’7
» /9/4
—.02 &

g

Figure 36. Effect of Height on the Thrust Induced Rolling Moment
with Various Ground Board Configurations - By = 1050,
v/vj = ,058, o = 0°

74



8

HI%
&

FREE ALR
/ ¥

>é4 //{'.'3 &

GROUND BOARD
CONFIGURATION
01

0 2
o3
A a4

h/D

p=
oo

B\

(22
(2.}

h/D

-1 !

Figure 37.

Effect of Height on the Thrust Induced Longitudinal

Characteristics with Various Ground Board Configura-
tions - By = 105°, V/V; = 409, a = 07, ¢ = 0°

75



0 ‘ s
——*”"”“EP FREE ATR
ARM | P~
w /j
= |
-.01 = 00—
GROUND BOARD
CONFIGURATION
Q1 T
< I A
O s
-.02
0 y
0
4 h/D ? 3
Tb
o
_.01 ¢= 10
.02 J‘
<&
0 H
0 C?Ltlf? 4  n/p 6 8
) /Vf;’-—f
-.01 - HaciN - = -10°
i y
¥
g
-.02 D
Figure 38, Effect of Height on the Thrust Induced Rolling

Moment with Various Ground Bgard Configurations -
.09, =10

By =

105°, /v =

76



.0 2 Cr_,{fb é\ g %%%U%}% BOAl%% B
A 4 FIGURATION
28
O 3 FREE AIR
-1 ,/’,// A &
= // //
T — //
-e? ;/ .//
-.3 r,_ﬂ‘.f/m//‘_
W
_e_
&
00 2 4 B/D 6 /58
= I I
C | z ;-EI-\CF______-//
-1 /C 7
C@G O A%@
$05 e
; 2 /EZ}]///G 8
2 A r/
oA
el

Figure 39, Effect of Height on the Thrust Induced
Longitudinal Characteristics with Various
Ground Board Configurations - By = 105°,
¢ = 8%, v/vj = .09, ¢ = 0°

77



GROUND BOARD

CONFIGURATION
O 1
h/D 0 2
00 2 4 6 '8 < 3
A g
AL .
T HD— FREE AIR
- 1
h/D
00 2 4 6 8
T—
—//”‘[
|l
T —&b— g

Hl% .
f\ﬂ@
=)
¢

0 2 4 6 8
h/D

Figure 40, Effect of Height on the Thrust Induced
Longitudinal Characteristics with Various
Ground Board Configurations - &y = 90°, V/V: = 0
= 0o ) ]
a=0° g=20

78



=-.01

.01

ARM
Tb

-l,01

® =0
FREE AIR
5 4 h/D 6 8 - AP
\. ;C - —-_/f
/;—-t/‘//
] ) S GROUND BOARD
<§X§> CONFIGURATION
(O]
0o s
C O s
K $=10° L & R am
\fg\ﬁ\ h/D 6 N 1 10
2 4 —
R
~N ><
¥
¢ = ~10°
h/D I
2 4/ L 6’/—-—-:'—“;:;/
// A"
R
104
Figure 41, Effect of Height on the Thrust Induced

Rolling Moment with Varigus Ground Board o
Configurations - &g = 90, Vf/\i'j =0,0=0

79




F!REE A;r
0 2 s M o oy
"‘?L o= / . y - GROUND BOARD
; CONFIGURATION
1 GW ] —] O 1
“e m. ’J/ D 2
e —g—" o
0 9 i h/D 6 8
0
oM

3 |

0 2 4
h/D 6 8

Figure 42, Effect of Height on the Thrust Induced
Longitudinal Characteristics with Various
Ground Board Configurations = By = 90°,
V/v; = .058, @ =0° ¢ =0°

30



.01 GROUND BOARD
CONFIGURATTON
O 1
- _ O 4
% h/D ¢ = L ° 8 <>| 5 [
4 B 0]
O —Cyys 02 : ——— ~=@F FREE AIR
‘\H‘_CYffaﬂc —””’__,——"“-—<>
L —
5 :t:r/ D
-.01
.01 p ~
— ¢ 10
ARM '/,r \\
)
Y, /[ R
oro—= ,/ = &
: h/D |
N / =
ol (‘:Xb\Q A
.01
¢ = -10°
LRM
Th ) /D ]
0 2 4 6 f R
0 T - +--
="
dlg o | A
[j 3 2 /7
-.01 D, = /
S il N Sy

Figure 43, Effect of Height on the Thrust Induced Rolling
Moment with Various Ground Board Configurations -
8y = 90°, V/Vj = ,058, ¢ = 0°

81



GROUND BOARD

CONFIGURATION —
O 1
0 2
#l T | | &
0 p M~ FREE AIR
-
-, 1
00
—P-
AM
Tc
-.]_
. ):"r— : —— @~
- A H kr __..-——;___,f
D : ol
T
0 .
0 2 4 6 8
l h/D

Figure 44, Effect of Height on the Thrust Induced
Longitudinal Characteristics with Various
Ground Board Configuratioms - &y = 90°,
v/vj = 409, a=0° ¢ =0°

82



0 FREE AIR
ARM -
Th

GROUND BOARD
CONFIGURATION
".01 O 1 T
o 4
$ o5
O0
-
ARM
Th
"'.01
A
Y
-, 02
¢ = -10°
.01
ARM
Th
0 8
0
;; €3 -
-,01

Figure 45,

Effect of Height on .the Thrust Induced
Rolling Moment with Various Ground Board
Configurations - 8y = 90°, V/Vj = .09,
a = 0°

83



»ﬂ?

~-o1F

-e?

ale

GROUND BOARD

‘ CONFIGURAT ION
% o1
0 ) 6(4 h/D\L\ 8 B B O o
pex . <> 3
A i ] {D-FREE AIR
/ 3 - d ;
] |
J |
.
R"i
3
> il 2 42__;::6,,.-——-/__3 Al
1 @é]’ﬁ L1 &
'
b &
< p———— -
=
/7'/
g ]
° 9 2 by 6 8

Figure 46, Effect of Height on the Thrust Induced

Longitudinal Characteristics with Various

Groung Board Configurations - By = 90°,
o=28", V/Vj = ,09, =0

84



| l |

ol /A | I !
/////’ GROUND BOARD
CONFIGURATION
AL - . 01
T })/ / i)
oL o P g
ci/ ¢08 K/ ZV/Vj .16
i ’////’,:=‘f\’i——ﬂ—“—f}’,
G ] f’
-1 a 4
) \\\\\\ /////
‘Hu-{]_J:L-~\{j_ﬂ
ol
° 0 04 08 ]
» - 1 ¢16
Wegyp
o O] :1// Vs
T& /ﬂ,
w1 //ﬂ
.ﬁ /
/zé
¢
¢ n
— < ga v
sy a —T A
T
0
0 04 .08 «12 16
vV/v,
3
1
Figure 47, Effect of Velocity Ratio on the Thrust Induced

Longitudinal Characteristies with Various

Ground Board Configurations -

a=0° ¢=20°

85

By = 90°, h/D = 2,




_/O/ //;/v.

0 <04 })’/.08 142 3 .16  GROUND BOARD

0 % / CONFIGURATION
N S et A R S 8
T =/ O 3

AL

-.1</ \\ /

.1
iy
TS

\
s

VJIVj

N

—%

H,@/D
/
¢
bl
)

0 .04 .08 .12 .16
v/iv

J
Figure 48, Effect of Veloeity Ratio on the Thrust Induced

Longitudinal Characteristics with Various

Ground Board Configurations - = 90°, h/D = 4
o=10° ¢ =0° N ’ ’

86



2.0 _
L‘ .1 80%
\ 1007 FREE AIR
0 . ——
. )
< \I | 0O 1
AM O o
AT x ARM >\ <> 3 I |
0
0 2 1’ 6 8
h/D
VIV = 068
1.0 2on¥: ) = £
- 3 oF ]
)——O'—-E -
AM
AT x ARM
00 2 6 8
h/D
0 VAV = .09
o — BP0 —%
AT x AR \O\'O“_ ’f’{)
a
0
0 2 4 6 8
h/D

|
Figure 49, Effect of Height on Pitching Moment Due to
Asymmetric Thrust Changes ~ By = 909
a=10° ¢=20°

87



1.0
éﬁ%gg ¢ o GROUND BOARD
-~ S e ) =0 CONFIGURATION
O 1
AT = ARM 0 4
O 5
| |
0o 2 & 6 8
h/D
T3
807
i d) — 100 100% .
ARM
AT x ARM
0
0 2 A 6 8
h/D
1,0 3
O — ¢ = -10°
ARM
AT % ARM
0
0 2 JA 3 )
h/D

Figure 50, Effect of Height on Rolling Moment Pue to
Asymmetric Thrust Changes ~ &y = 90°, V/Vj = ,09,

o = 0°

88




Ny —

1 | | ' :
4 6 3 GROUND BOARD

—r—i.

FREE AR CONFIGURATION —]

— ¥ a.

H]R

[ )
e > ]
é‘:] AZ

-1

i
I\

[av]

4 h/D 6 8

e g

7l
4

g )
4D
T
0
0 2 4 6 8
h/b
Figure 51, ZEffect of Height on the Thrust Induced

Longitudinal Characteristiecs with Various
Ground Board Configurations - By = 80°,
V/Vy =0, a=0", ¢=0°

89



.01
ARM ] ¢ =0
b = |
o #”,,C FREE AIR
0 izj>>< 4w/ 6 e
G
GROUND BOARD
] CONFIGURATION
-,01 i 01 —
0o &4
.01 & s ]
¢ = 10°
| h/D |
0 2 6
5 -"“‘3> —~B-
oy -~
g —
o1 g
.01 o
C
2 RM X\\\Hng”’//////;] ¢ = -10°
T T /
A h/D
2
\_ o]
<5&D/
.01

Figure 52,

90

Effect of Height on the Thrust Induced
Rolling Moment with Various Ground Board
Configurations - &y = 80°, V/Vj =0, o= 0°



ot ¥
i |
4 / A GROUND BOARD
. / P4 FREE ATR cogF:ccl;URATION
AL / O 2 |
T , <> 3
/| A 4
.2 7 //
F — »
A
2 n
Ny
0
0 .1 2 .3
VIV,
o4
AM
T A
2
2

; “F ‘£ oum 7
3
88+ a
_--.-\‘--
1 B 18—
LD
T
0 V/v.
0 .1 .2 J .3
Figure 53, Effect of Velocity Ratio on the Thrust Induced

Longitudinal Characteristics withOVarious Ground
Board Configurations -~ = 30", SNAft = 60°,

B/D =1, ¢=0° ¢=0° ¥

91



R s T GROUND BOARD —
CONFIGURATION
AL /4 o 1
T pZ £ 2 E—
/ O 3
2 L A G
[ // B
o,
/at_.l
0
0 .1 o2 V/V. .3
J
ok
M
Te A0
.2 ///
g
/
B
| &
y o1 2 oy, o3
J
" B B0
2D
T
() e L —
0 Wl 2 VIV, 3
Figure 54, Effect of Veloeity on the Thrust Induced

Longitudinal Characteristics with Varlous
Ground Board Conflguratlons - SNFwd = 30°

BN = 60° , h/D=4, a0 = 0°

Nafte

92



GROUND BOARD
CONFIGURATION
.01
¢ =0° 8 L
4
ARM
T 07‘3_\1}\ o5
gr/ﬁ} —0 _ O _ rreg ATR
0 . '
0 o1 o2 3
V/Vj
.01 ¢ = 10°
LBM oy s e SN
b = : ——
; _
0 .1 .2 3
ViV,
.01 ¢ = -10°
ARM
" Q:%%
0 0
o1 o2 3
VAV,
Jl

Figure 55, Effect of Velocity Ratio on the Thrust Induced
Rolling Moment with Various Ground Board
Configurations - &y = 30°/60°, h/D = 1,0, o = 0°

93



GROUND BOARD
.01 CONFIGURATION
¢ =0° O 1
0 4
-_ARM | <> 5
Tb 3 O
o8 —8 ]
— —— TFREE AIR
0
O .1 02 .3
V/Vj
.01 é o 10°
ARM
Th =1 Eg
% “E’—r-*- —t —|~— = FREE AIR
0 .
0 .1 .2 '3
V/V;
.01 ¢ = =109
ARM :
® 8
a:g'—- — T~ — | FREE AIR
09 .1 .2 .3
1 V/Vj.
| |

Figure 56, Effect of Velocity Ratic on the Thrust Induced
Rolling Moment with Varigus ground Board o
Configurations - &y = 307 /60", h/D = 4,0, a = 0

94




GROUND BOARD

[ J | 4 h/p |
o ‘ 2 Y 8 CONFIGURATION
L | FREE AIR ) ,
é&“ o O3
~el
. 2 5 B/ 8
K =
' Y
i
-.1
£M D
Te
~e2
.1
o)
T &
83 8 2 -6~
) s L
’ 2 T b/ 8

Figure 57, Effect of Height on the Thrust Induced
Longitudinal Characteristics with Various
Ground Board Configurations, Three Fan -

B = 8Q°
GNNOSS ? EsNAft

= 90°, V/Vy = 0, & = 0°



.01
b C{(ﬁ’

0 h B
0 4 6 8 -6-
h/D
FREE AIR

N

GROUND BOARD
o1 CogfIGURATION
. 1 I—
<O s
.01
ARY 2 = ~10°
Th ’/é;§5>
0 2l
0 ?)’-’M fam| | hd
C
y.
92
bt ) Ol
.01 C 1~a\\\
\\\\\C ¢ = +10°
28 )
Tb />
0
0 >’,,4Ci’/// 4 6 8 99—
.01

Figure 58. Effect of Height on the Thrust Induced
Rolling Moment with VariousoGround Board0
Configurations -~ &y = 807, &y = 907,

o Nose Aft
V/Vj =0, 0=0

96



FREE

- AIR
:r_<1>—_____ [ i
I GROUND BOARD
0 , 2  h/D 6 8 CONCF)IGU'RATION
0 < f 1
= | 0
AL 2
T q ??’ O3
1] &
ol
el
v\
T <: 2
0O @=0 S L 6
e ————
-1
o LF
AD
T
0 7 D
2 4 6 8
0 b/
Figure 59, Effect of Height on the Thrust Induced

Longitudinal Characteristies with Various

Ground Boarg Configuratigns, Three Fan ~

By = 80, By = 90", V/V, = ,068,
Nose Aft J

a=0°, ¢=0°

97




,01
5 _[ 0 GROUND BOARD
= CONFIGURATION
&= C[t[}{: Eg A
T : ; 8 4
. P O] | h/D
0 ;\C C,:ZF :._.,, "——"——-g} '@ O 5
IEErE}—=~5E§::::E§,.——— FREE AIR
E]AO/G g
-, 01
&
.02
LRM .
Th é}é%)\c
.01 R
\ ¢ = 10°
E. \\\\T? 6 h/D /?
IR = S
-,01 C 8
4 |l h/Dd
0 AT by ; A
0 "2( > // =
Tb ¢ = -10°
~a01

Figure 60,

Effect of Height on the Thrust Induced
Rolling Moment with Various Ground Board
Configurations, Three Fan - BNNose = 80 ,

&
Nafe

98

= 90°, v/vj = .068, o= 0°



-1 GROUND BOARD-
CONFIGURATION
O 1
AL FREE AIR
L4 o2
T ;:(r <: \\SL——h—_______ —& <> 3
0 >“““ﬁ(>————~—-—__Z:::::
0 = ]
C} 2 4 n/b |6 8
[
1/El/
s 1 @3;
.1
- -
P eE— = ] -
T8 G T &
0 <>_,/€,”/‘
0 2 4 h/D 6 8
-, 1
.1
LD
T
@—Q——éz——c’; 4 e
0 Y
&
0 2 /D 6 8

Figure 61, Effect of Height on the Thrust Induced
Longitudinal Characteristics with Various
Ground Board Configurations, Three-Fan -

5 = 80° = 90°, v/v. = ,09, ¢ = o°
NNose ? BNAft ? J ?

99



| FAN PRESSURE RATIO = 1.25 1

0 20 40 60 80 100
V ~ Kts,
] |

Figure 62. Variation of Velocity Ratio with Airspeed -~ Full
Scale Airplane, Sea Level, Standard Day

100



GROUND BOARD

CONFIGURATION
a 2
% CONTROL O 3
L‘.l:lFT . h/D AN
00 ” r—2 6 8
\C'
gg S>—T <>
= .
~100
100
% CONTROL
PITCH
| h/D )|
0 ___r}_—~—~"'“ﬂ% 8
0 | g
-100

Figure 63. Percent of Available Longitudinal Control Required
to Trim the Full Scale Airplane with Various Ground
Board Configurations, Airplane Tnitially Trimmed
in Free Air - &y = 90°, V/V5 = 0, @ = 0%, ¢ = 0O

101



GROUND BOARD |
. _ CONFIGURATION
g 2
% CONTROI, O o3 ]
LIFT A &4
h/D
0 2 4 6 3
0. Y
7@*‘&:*"‘" 1
1
= [
T /
100
% CONTROL
PITCH h/b
! 4 6 8
0 0 2 - ]
7@5@1 4
~100

Figure 64, Percent of Available Longitudinal Control Required
to Trim Full Scale Airplane with Various Ground Board
Configugations, Airplane In%tially grimmed in Free Air -
SN = 90", V/Vj = L,09, =0, 08=20

102



GROUND BOARD _ |

100 |
° CONFIGURATION
= o° 1
% CONTROL =0 Q .
ROFL O 5
0 h/D
0 S ;
-_-—---“—-
<% - e
-100
100
% CONIROL ¢ = 10°
ROLL
6 P
_____—--"\__J
~100
100
o ¢ = -100
%» CONTROL
ROLL
0 4 PP 6
o
| g
¢ T
-100
Figure 65, Percent of Available Roll Control Required to Trim

103

Full Scale Airplane with Various Ground Board
Configurationg, Airplane Initially Trimmed in Free
Alr - By =907, V/V5; =0, @ =0




1oo|
% CONTROL
R(I)LL - ¢[= 00
)0 4 ; 6 ;
R
P~
GROUND BOARD
-100 CONFIGURATION
1
O
s
100
9% CONTROL o
ROLL ¢ = 10
I h/D |
N 2 & 6 8
& .
="
<
-100
100
% CONTROL
ROLL ¢ = ~10°
2 ¥ I 8
0 0 “ t jmn [] 6
,
-100

Figure 66, Percent of Available Roll Control Required to Trim
Full Scale Airplane with Various Ground Beard
Configurations, Airplane Initially Trimmed in Free
Alr - By = 900, V/Vj = .09, o= 0°

104



GROUND BOARD

CONFIGURATIONS |
100 0O 1 T
0 o2
% CONTROL < 3
LIFT
0 VaN
G

& |
=100

100

% CONTROL
PITCH

< e ;

i
¥;

~100

Vi

Figure 67, Percent of Available Longitudinal Control Required to

Trim Full Scale Airplane with Various Ground Board
Configurations, Airplane Initially Trimmed %n
Free Air, 3-Fan - B = 80°, By =90

N AfE
V/V5 =0, a=0°, ¢ =00

105



100 :
% CONTROL ’ o
ROLL —¢ =0 -
[0 2 ¢ b/D lls 8
. b
0 é% §§E§::;{§ ,;;;E§
GROUND BOARD
CONFIGURATIONS
1
-1
00 | .
s
100
% CONTROL
ROLL ¢ = 10°
0 : 2 4 " L 8
0 ' =6
=100
100
% CONTROL b = ~10°
ROLL
h/D
0 2 6 &
0 b
-100
Figure 68, Percent of Available Roll Control Required to Trim

Full Seale Airplane with Various Ground Board
Configurations, Airplane Initially Trimmed in Free
Air, 3-Fan - &y = 80°, By = 90°, v/vj = ,068,
o = 0° Nose Aft

106




L0T

- 21.2kt WIND VECTUR

;3% ﬁﬂf}j"m MIN g ;?r‘;::wmo ~RELATIVE TO TOUCHDOWN
RMS TURBULENCE 1.52m/sect5ft/sec) COMPONENT i POINT

‘ e 18kt WIND COMPONENT

DUE TO SHIP SPEED

{25°ROLL S cL_ETJru——ac— -
SHIP MOTION { 12° PITCH %}: @ ~
+1.52m{15t) HEAVE YN o x| (] &

|
| 30.5m
{ (100f¢t)
\*; % END OF 30.5m J\HORIZ.
DECELERATION {1001t} TRANSLATION
AT CONST. ALT.

INITIAL HOVER
15.2m (501} ABOVE MEAN
DECK HEIGHT

Vernon K, Merrick and Ronald M. Gerdes
NASA Ames Research Center, Moffett Field, Calif,

Figure 69, Design and Piloted Simulation of a VIOL
Flight~Control System



N

///
1
40
R S
- ——— _______—"
- L]
T /// 20 P
——a
O./ !
0 1 2 3 4 TIME = 0
TIME ~ SEGC.
NO CONTROL
— — —PITCH CONTROL
\:"‘ _—
ALT, [
FT,
0
0 1 2 3 4
TIME ~SEC.
_ . L ] e w——- — — —— . --.
] \\\\
~N
\\
-10°
4000
PITCHING MOMENT
CONTROL
FT-LB,
0 1 2 3 4

TIME ~ SEC.

Figure 70.  Approach to Vertical Landing

108



3

64

REFERENCES

V/STOL Handling-Qualities Criteria, AGARD R-577, 1970,

Renselaer, D, J.: Low Speed Aerodynamic Characteristics of a
Vectored Thrust V/STOL Transport with Two Lift/Cruise Fans, NASA
CR 152029, July 1977, .

Hunt, D,, Clingan, J., Saleman, V., and Omar, E.: Wind Tunnel
and Static Tests of a 0,09 Scale Powered Model of a Modified
T-39 Lift/Cruise Fan V/STOL Research Airplane, NASA CR 151923,
Jan. 1977.

Wind Tunnel and Ground Static Investigation of a Large Scale
Model of A Lift/Cruise Fan V/STOL Aircraft, NASA CR 137916,

Aug, 1976,

Heyson, Harry H.: Linearized Theory of Wind Tunnel Jet

Boundary Corrections and Ground Effect for VIOL-STOL Aircraft,
NASA TR R-~124, 1962,

Static and Forward Speed Thrust Calibration of the 5.5 Inch

Tip Turbine Fans of the Rockwell-NASA .1 Scale V/STOL Lift/Cruise
Fan Model, Rockwell Report NR77H-43, 10 March 1977.

Merrick, V. K., and Gerdes, R. M.: Design and Piloted Simulation
of a VIOL Flight-Control System, Ames Research Center, Unpublished

109



