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ABSTRACT

A full span model of a wing/canard concept representing a fighter
configuration has been tested at STOL conditions in the NASA Langley 4 by 7
Meter Tunnel. The results of this test are presented, and comparisons are
made to previous data of the same configuration tested as a semispan
model. The potential of the propulsive wing/canard to develop very high
1ift coefficients was investigated with several nozzle spans (nozzle aspect
ratios). Although longitudinal trim was not accomplished with the blowing
distributions and configurations tested, the propulsive wing/canard appears
to offer an approach to managing the large negative pitching moments
associated with trailing edge flap blowing. Also presented are data
showing the effects of large flap deflections and relative wing/canard
positions. Presented in the appendix to the report are limited
lateral-~directional and ground effects data, as well as wing downwash
measurements,
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1.0 INTRODUCTION

Attainment of very short ground roll distances (approximately 400
feet) for takeoff and landing requires that operation at flight speeds of
approximately 50 knots must be attainable. In today's fighter design, high
thrust to weight ratios are required for maneuvering and high speed
flight. If a concept can be developed which can utilize these thrust
levels to augment the aerodynamic 1ift, then it may be possible to operate
at these speeds.

One such concept involves the use of all or a large percentage of the
engine exhaust ducted over the flap of the 1ifting surfaces. The blown
flap or propulsive wing has been recognized as a method of producing large
circulation 1ift coefficients. However, these large induced circulation
1ift coefficients, as well as the deflected thrust vector, react well aft
on the wing and produce sizable nose-down pitching moments. The addition
of a propulsive canard offers a possible conceptual design relief for these
sizable trim requirements. The displacement of a portion of the thrust
forward, as well as the induced circulation 1ift on the canard, tend to
balance the moment due to the aft loading on the wing.

An earlier program done on this propulsive wing/canard configuration
was primarily a cruise and maneuvering investigation. During that study
(ref. 1), it was demonstrated that the concept would provide an improved
maneuvering 1ift/drag (L/D) at transonic speeds. Also, the earlier study
indicated quite large circulation 1ift coefficients at relatively low flap
deflections. The study was done with a semispan model and tests were
conducted in the Ames 14 foot Transonic Tunnel and in the Rockwell 7 by 10
foot Tow speed tunnel. Flap deflections in these tests were limited to a
maximum of 15 degrees. The major configuration variable investigated was
the effect of wing/canard relative locations. Analysis of that data showed
that the best position for the low flap deflection (s s 15 degrees) and
for all speeds (M = 0.1 to 0.9) was with the canard high relative to the
wing. These test results were discussed in References 1 through 3.

The investigation of the propulsive wing/canard concept has continued
with additional tests and analysis. The data have been extended to the
higher flap deflections and into ground effects as required for STOL
operation, see Reference 4.

This report covers this test phase of the propulsive wing/canard
concept investigation in STOL conditions in the NASA Langley 4 by 7 Meter
Tunnel. The major variables investigated were:

(1) blown flap span
(2) canard/wing relative location, and
(3) flap deflection with large blowing coefficients.



2.0 MODEL AND TEST PROCEDURE

2.1 Model Description

The model is a full span wing/canard configuration. Both wing and
canard have blown trailing edge flaps which can be deflected from zero to
60 degrees. The nozzle slots are at the flap hinge line (the 80 percent
Tocal chord position) and are perpendicular to the fuselage centerline.
Figures 1 and 2 are model sketches presenting dimensional data. Table 1
presents a tabulation of the model geometry. The canard can be placed in
one of three positions on the fuselage, and the wing can be placed in one
of two positions on the fuselage, as shown in Figure 1. Figure 1 also
shows the location of the downwash probe mounted one mean aerodynamic chord
behind the wing.

The span of the nozzle slot on the wing was also variable. Provisions
were made for the nozzle to blow either full span, half span, or a quarter
span of the flap while maintaining approximately the same nozzle exit
area. The nozzle was also always on the inboard portion of the wing. The
canard nozzle was similarly configured except that only full span or half
span configurations could be tested. When flap deflections were tested,
the flap was deflected as a full span flap regardless of the extent of
nozzle span. Wing and canard airfoil coordinates are tabulated in Table 2.

Air for the blowing slots is introduced to the model through a
pressure reducer valve to the main fuselage plenum (see Figure 3). From
the main fuselage plenum, air is ducted to four smaller plenums in the
fuselage, one each for two canards and two wings.

Figure 3 also shows the balance installation and the manner in which
air is supplied across the balance. The wings and canards plug into the
fuselage plenums, allowing the air to flow to the wing or canard high
pressure plenums where the flow is stagnated and ducted through pressure
drop supply ducts to the low pressure plenums which supply the nozzle
slots. The air supply system provided nearly uniform jet exit velocity
with span. Figure 4 is a sketch showing the model air supply from the LaRC
supply pipe to the nozzle exits. Flow split is adjustable to each of the
four blowing surfaces by use of valves located on the main fuselage
plenum. High pressure air brought onto the model in this manner results in
balance constants which are determined by calibration with the air pipe in
place and by a pressure tare which is a function of model internal
geometry. These calibrations and tares are a part of the standard, NASA
provided, data reduction capability.
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TABLE 1. - MODEL GEOMETRY

WING CANARD BODY TAIL
TIP CHORD 13 IN 8.33 IN - 4.25 IN
ROOT CHORD EXPOSED 40.12 IN 21.67 IN - 19.50 IN
ROOT CHORD TOTAL (BP 0) 46.21 IN 27.23 IN - -
TAIL HEIGHT - - - 15.20 IN
SPAN TOTAL 61.25 IN 38.25 IN - -
AREA EXPOSED 9.222 FT2 2.812 F12 - 1.25 FT2
AREA TOTAL 12.591 F72 3.334 F12 - -
ASPECT RATIO EXPOSED - 1.80 - 2.56
ASPECT RATIO TOTAL 2.069 3.047 - -
BODY LENGTH - - 105.89 IN -
BODY WIDTH - - 11.25 IN -
MINIMUM BODY HEIGHT - - 13.00 IN -
MAXIMUM BODY HEIGHT - - 13.75 IN -
MAC EXPOSED 28.87 IN 16.0 IN - -
MAC TOTAL 32.71 IN 19.45 IN - -
SWEEP 41 DEG 38.33 DEG - 45 DEG




TABLE 2, - BASIC AIRFOIL COQORDINATES (NO NOZZLE)

B WING CANARD
NO_DROOP DROOP NO_DROOP DROQP

ME NS ypper| Z/C Louer | Z/C upper| Z/CLower | %/ upper | /€ Louer |#/C upper| Z/C Lower
0 0 0 -.035 | -.03 0 0 -.025 | -.025
.002 || .0046 | -.0044 | -.0209 | -.0395 .0046 | -.0044 | -.0195 | -.0295
.005 |l .0068 | -.00605 | -.0263 | -.04095 | .0068 | -.00605 | -.0154 | -.031)
0 || 0003 | -.0077 | -.0217 | -.0am .0093 | -.0077 | -.00035| -.0308
.02 || .0126 °| -.0100 | -.0150 | -.0398 0126 | -.0000 | -.003 | -.029
.03 || .0153 | -.o120 | -.0097 | -.0383 0153 | -.0120 | .o024 | -.0278
.04 | 0175 | -.0133 | -.0051 | -.0370 075 | -.033 | .007 | -.0266
.06 | .0212 | -.0157 | .003a | -.0346 0212 | -.0157 | .0142 | -.0289
.08 | .0242 | -.0176 | .0107 | -.0324 0242 | -.0176 | .01955 | -.0235
0 || .0268 | -.0192 | .0165 | -.0303 0264 | -.0192 | .0235 | -.0226
25 || .0287 | -.0208 | .02235| -.0279 .0287 | -.0208 | .0273 | -.0220
a5 || 0305 | -.0222 | .0267 | -.0258 0305 | -.0222 | .030 | -.0224
20 | .0329 | -.o2a | .03 | -.0246 0329 | -.0241 | .0329 | -.021
.25 | .0342 | -.0254 | .0342 | -.0254 .0342 | -.028 | .0342 | -.0254
.30 | .0350 | -.0256 | .0350 | -.0256 .0350 | -.0256 | .0350 | -.0256
.35 || .03548 | -.02545 | .03548 | -.02545 | .0354 | -.02545 | .0354 | -.02545
.40 f .0357 | -.0249 | .0357 | -.0249 .0357 | -.0245 | .0357 | -.0249
.45 || .03575 | -.0241 | .03575 | -.0241 0358 | -.0241 | .0358 | -.0241
.50 || .03565 | -.0230 | .03565 | -.0230 038 | -.0230 | .0358 | -.0230




TABLE 2. - BASIC AIRFOIL COORDINATES (NO NOZZLE) (Concluded)

-

WING |
NO_DROOP BROOP NO_DROOP DROOP
X/C NZ/C yoperl Z/C Lower |Z/€ upper| Z/CLower | 2/C upper| Z/CLower | /€ upper | 2/€ Lower
.55 .03535| -.02175 | .03535 | -.02175 .0358 | -.02175| .03s8 | -.02175
.060 | .03a88| -.01945 | .03488 | -.01945 .0356 | -.01945 | .0356 | -.01945
.65 0342 | -.0165 | .0342 | -.0165 .03535| -.0165 | .03535 | -.0165
.70 0332 | -.0126 | .0332 | -.0026 0348 | -.0126 | .0348 | -.0126
.75 .03165( -.0081 | .03165] -.0081 .0340 | -.0081 | .03a0 | -.o081
.80 029 | -.0028 | .0200 | -.0028 0325 | -.0028 | .0325 | -.0028
.85 .02325| +.002 .02325 | +.002 .02325|  +.002 .02325 | +.002
.90 .0173 | +.003 0173 | +.003 .0176 |  +.003 .0176 | +.003
FLAP ) o5 .00935| +.0008 | .00935 | +.0008 0112 | +.0008 | .o1n2 | +.0008
1.00 0 -.004 0 -.004 .004 -.004 .004 -.004
L.E. RADIUS = .012
1~
WING ROOT INCIDENCE +4.0° z/C .
WING TIP INCIDENCE -1.0° g
TWIST ALONG X/C = 0.80 X
Z~ VERTICAL DISTANCE
7/C

C~ CHORD ~ IN.




‘¢ a4nbLy

A1ddng a1y pue ‘doueleg ‘butls jo OLeuwIYIS

ALL DIMENSIONS IN

INCHES

ROCKWELL INTERNATIONAL (RI) «s—~-—> L aRC SUPPLIED

SUPPLIED MODEL

PRESSURE REDUCER VALVE
MAIN FUSELAGE PLENUM

\
AN

STING

AIR SUPPLY —\
AN AN J‘

¢ - \3 mﬁm
M |
LH-537-5 LH-405-7 \1 @ 1 = 3
Aerrrrrrrrerys - / R TESRANRUNANNNNNNN]
L \ L oL ——— | H-561-21
!} N 5 (LaRC SUPPLIED)
N
(z,) 1.87 |
° 712 FRP
/ N M
TPA-180-01011-47 — " SN __MODEL C.6. (0.0 8) 7.87
LaRC BALANCE 16218 - 1123 (X))
6

——

Ll




‘¢ aunbl4

weaberqg Apddng 4Ly |SPOYW

LOW PRESSURE
PLENUM (TYP)

HIGH PRESSURE
PLENUM (TYP)

] NOZZLE

WING FUSELAGE
PLENUM

FLOW SPLIT VALVE

PRESSURE DROP
SUPPLY DUCTS

o' [T\~ CANARD

-4
'
£
/"4; o WING
/ L.f NOZILE
]
4
1
/ f==¥
[

r —————
- - I T
- B ———— |}
B bty
7 ‘F-i
\\ “:\\
CANARD FUSELAGE -
PLENUM
MAIN FUSELAGE LaRC AIR
PLENUM SUPPLY

PRESSURE REDUCER

VALVE




2.2 Model Instrumentation
The model and test instrumentation consisted of the following:

. six-component internal balance

wing surface static pressure ports

canard surface static pressure ports

. fuselage surface static pressure ports

. internal flow pressure sensors

. airflow measuring and calibrating instrumentation (NASA supplied)
. calibrated downwash probe (NASA supplied)

NOYOT WA~

Surface pressure instrumentation consisted of a total of 229 surface
taps with 151 located on the left hand wing, 56 located on the left hand
canard, and 22 located at 3 inches left of the plane of symmetry on the
fuselage upper and Tower surfaces. These were all monitored with a
standard scani-valve system. Figure 5 shows the location of the wing and
canard pressure taps by butt plane and Tlocal chord. The locations of the
fuselage pressures along the fuselage length are presented with the
tabulated pressure data in Appendix A.

The downwash probe was a five-hole directional probe mounted approxi-
mately one chord length aft of wing trailing edge (see Figure 1). The
calibration of the probe provided local angle of attack relative to model
FRL. These angles of attack have been converted to downwash angle and are
presented in Appendix A. —

2.3 Model - Data Reduction

The force data have been reduced to standard six component force and
moment coefficient about the stability axis by standard data reduction
equations. The blowing coefficient C, is obtained by expanding the
measured mass flow to the fully expanéed, isentropic, velocity and
normalizing on freestream dynamic pressure and the total wing area.

m Vj
Cu =7gS

The thrust removed coefficients are obtained by adjusting the balance raw

data output by the static thrust tares and then applying normal corrections
to the adjusted data, i.e.:

NFTR = NFyncorrected = NFstatic thrust
AFTR = AFuncorrected - AFstatic thrust

etc.

This procedure required that a thrust tare be taken each time a
configuration change involving the thrust nozzle system was made.

10
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Surface pressure distributions were reduced to pressure coefficient by
the normal data reduction equations.
CP - -A_P - PL-POO

q q
Test data are presented in Appendix A. The force data are plotted,

and selected pressure data and downwash angle measurements are tabulated.
Table 3 defines the configurations for which data are presented.

TABLE 3. CONFIGURATION DEFINITION

CANARD WING

SYMBOL DEFINITION POSITION POSITION
B OR BV BODY, VERTICAL OFF OFF
BC1V BODY, CANARD, VERTICAL 1 OFF
BCIW6EY BODY, CANARD, WING, VERTICAL 1 6
BC2W6Y BODY, CANARD, WING, VERTICAL 2 6
BC2W5V BODY, CANARD, WING, VERTICAL 2 5
BC3W6Y BODY, CANARD, WING, YERTICAL 3 6
BW6Y BODY, WING, VERTICAL OFF 6

2.4 Installation and Test Procedure

The model is shown installed in the test section of the NASA-Langley
4 x 7 meter tunnel in Figure 6. High pressure air for jet simulation was
supplied to the model through an air line in the model support sting, and
supplied to each nozzle as described in Section 2.1. The nozzle pressure
ratio was maintained at 1.7 or greater, and blowing coefficient was
controlled by varying tunnel dynamic pressure. The nozzles were calibrated
with the tunnel off, and this static thrust was utilized to obtain the
thrust removed coefficients.

The configurations which were tested included: (1) flap deflections
of 0, 15, and 45 degrees, (2) blowing spans of 1/4, 1/2, and full span on
the wing and 1/2 and full span on the canard, (3) relative wing/canard
placement. Blowing coefficients were varied from O to 4.0. These
configurations were tested both in and out of ground effect. Basic data
were obtained through a pitch range of -4 to 20 degrees angle of attack.
Selected configurations were tested through a range of yaw angles of +8 to
-8 degrees. Where ground effects were investigated, the model was tested
at heights from approximately h/c = G.4 to free air. The sideslip and

12



(a) Front View

3/4 Side View

(b)

Full Span Model in LaRC 4 x 7 Meter

Wind Tunnel Facility

Figure 6.
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height data were obtained at an angle of attack near zero degrees.
Downwash angle was measured behind the wing for most of the
configurations. Figure 1 shows the relative wing canard locations of the
model, and Figure 5 presents the wing and canard pressure tap locations.

3.0 SUMMARY OF TEST RESULTS

A brief analysis of the effect of the blowing nozzle span and
wing/canard positioning effects on longitudinal aerodynamic characteristics
is presented. The lateral-directional characteristics of the propulsive
wing/canard obtained during the test are presented in Appendix A with the
complete data. The effect of ground proximity is also presented in
Appendix A, A177 to A-209. No unexpected ground effects were noted.

3.1 Effect of Nozzle Span

Nozzle span was varied from approximately 1/4 span to full span with a
full span flap deflection of 45 degrees. The effects of nozzle span and
blowing coefficient on 1ift coefficient and thrust removed 1ift coefficient
are presented in Figures 7 through 10. Total Cp at angles of attack of
zero and eight degrees are presented in Figures 7 and 8 with the
corresponding thrust removed 1ift, CLTR’ presented in Figures 9 and 10.

E). =1 o= = [
8.0 ~ J —— GF = 45 —_
bj = 1/2 O-=e—- |
5.0 By~ /4 e—- ,
4.9 -~
c, </
/
3.0 >

0.0 1.0 ¢ 2.0 3.0
u

Figure 7. Effect of Blowing Span on Total Lift Coefficient,
Canard 0ff, o = O Degrees

14
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Figure 9. Effect of Blowing Span on the Thrust Removed
Lift Coefficient, Canard Off, « = 0 Degrees
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Figure 10. Effect of Blowing Span on the Thrust Removed
Lift Coefficient, Canard Off, o = 8 Degrees

These thrust removed 1ift coefficients are developed by removing the
static thrust components from the total force measurements. The results of
Figures 9 and 10 show that the full span flap is much superior in
developing circulation 1ift. The full span configuration continues to show
an increase in circulation to levels of Cu greater than three while the
shorter spans appear to have attained their maximum level of circulation
1ift at a much lower C,. These characteristics are indicative of the
greater local blowing coefficient of the shorter nozzles compared to the
longer, full span nozzle. The circulation 1ift increase with blowing is
controlled by the local or section blowing coefficient. The jet flap
theory accounts for the local Cu by the use of the affected wing area
ratio, Reference 5.

The drag of the propulsive wing is presented in Figure 11 for the
thrust included case and in Figure 12 with the thrust removed. The drag
variation demonstrates the same characteristics as the 1ift. Large induced
drag is indicated for the full span nozzle and less induced drag with the
shorter span nozzles. This result is to be expected in view of the
variation of 1ift coefficient discussed earlier.

Wing/body pitching moment coefficients presented in Figures 13 and 14
also show the same trend. The moments are about the leading edge of the
mean aerodynamic chord; therefore, the vectored thrust inputs a significant
negative moment. The thrust removed moment indicates that the aerodynamic
load is acting at about the 70 percent chord of the wing. This is not
unexpected for a blown flap with a chord of 20 percent of the wing chord.
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3.2 Canard Effects

The negative pitching moments of the propulsive wing require a large
force well forward of the center of gravity of the configuration to obtain
trim. One means of accomplishing this is using a blown canard. Figure 15
presents the pitching moment coefficient at zero angle of attack with the
canard installed in the high forward position and a blowing coefficient of
1/2 that of the wing. Figure 16 presents similar data at an angle of
attack of eight degrees. It can be seen that a significant pitch-up moment
is gained from the canard, even though it is not sufficient to trim at this
center of gravity (CG) location. Increased canard flap deflection, canard
incidence angle, or increased canard blowing rates are means of increasing
the trim power of the canard. These variables will be addressed in future
studies.

T 1 1B T T
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1.0 FCANARD ON @==== 1

o
\
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Figure 15. Effect of the Canard on the Pitching Moment
Coefficient, o = 0 Degrees
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Figure 16. Effect of the Canard on the Pitching Moment
Coefficient, o = 8 Degrees

The relative position of the canard and the wing is also a very
important consideration in the propulsive wing/canard concept. As is true
in most design variables, there is no single position which is the
so-called "best" for all conditions. Previous studies (Refs. 1, 2, and 3)
showed that for deflections of 15 degrees and less, the high canard, low
wing had the better characteristics. This held for blowing as well as for
the non-blowing conditions. Early, unpublished, studies on a similar
configuration indicated that at nozzle deflections of 60 degrees, the
canard should be low relative to the wing. The results of a positioning
variation on the current wing/canard model are presented in Figure 17. The
flap deflection for this test was 45 degrees; however, with the upper
surface contour aft of the nozzle included, the total jet turning angle was
60 degrees. The data show that for this configuration, the Tow canard,
high wing, position 5,2, has the better 1ift characteristics for the blown,
large deflection conditions.
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Figure 17. Effect of Canard Position on Total Lift Coefficient

The flight requirements of the STOL wing/canard airplane would dictate
the compromises which would finally place the wing and canard in their
positions. It is expected that the high speed requirements would prevail,
and a propulsive wing/canard configuration would have a high canard with a
low wing. Most operations would be at Tow flap deflections, 15 degrees or
less, and the larger deflections would be used only for very short field
operations, less than 400 feet.

3.3 Semi/Full Span Comparison

The propulsive wing/canard model has been tested in a semispan, as
well as a full span configuration. However, the blowing distribution
between the wing and canard was changed between the semi and full span
configurations, so a comparison of the two configurations powered cannot be
made. However, comparisons can be made for the wing alone at blowing
coefficients of 0, 1.0, and 2.0 and for the wing/canard configuration with
a blowing coefficient of zero.
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The comparison of the full and semispan test results for the
wing/canard configuration are presented in Figure 18 for the zero blowing
case. Very good agreement is seen in most of the parameters. A difference
is seen in the 1ift curve slope, but almost perfect agreement is seen in
the drag coefficient. The pitching moment indicates a slightly greater
stability for the semispan model. These small differences may have been
the result of a change on the canard downwash on the wing.

The comparison of the wing/body is presented in Figure 19 for blowing
coefficients of 0, 1.0, and 2.0 Near perfect agreement between the two
models is shown in 1ift and in drag. Again, the semispan model indicates
slightly greater stability.

4.0 CONCLUSIONS

The experimental STOL investigation of the propulsive wing/canard has
been partially completed. The study, thus far, has shown these results.

The full span nozzle is more effective than the partial span nozzies
in producing circulation 1ift.

The Tow canard, high wing positioning is preferred for large flap
deflection and blowing; however, at other conditions, such as takeoff
flaps, cruise, and transonic flight, the high canard is preferred. It is
expected that these conditions will prevail, yielding a high canard, low
wing configuration.

Very good agreement between full span and semispan model test results
were obtained where exact conditions were duplicated.

An additional test of this concept will be conducted with a contoured
fuselage. The major objectives with the revised fuselage 1ines will be to
determine the lateral-directional characteristics, to investigate means to
trim the wing pitching moments, and to investigate the effect of the moving
ground board. Flow field measurements behind the canard will be made for
comparison with and as an extension of the semispan model data bank.
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A1.0 INTRODUCTION

The test data are presented in Appendix A. Some mechanical and
internal airflow fouling difficulties were experienced during the test
period. The air pipe fouling was, apparently, the result of a gradual
failure of the air coil internal to the support sting. The air coil
eventually ruptured (Run 247), and the sting was replaced with Air Sting #2
("bent") for the remainder of the test. The mechanical foul appeared to be
a combination of several circumstances including: (1) large nose-down
moments with the wing alone configuration, (2) an excessively long
sting-to-balance adapter coupled with (3) the normal balance flexibility.
It is not known if the internal coil failure entered into the mechanical
foul, although the initial signs of coil failure did occur prior to the
mechanical foul. In any event, those force data runs where a foul can be
detected are not presented. In certain cases, surface pressure data and
downwash data runs are presented without force data results. These runs
represent those for which repeat force runs were made without the pressure
instrumentation operating. The surface pressure data and downwash data
presented in Appendix A are correct in that the foul experienced did not
affect these data. The corresponding force data in some runs may be in
error due to the fouling. In these cases, the correct force data run to be
used in analysis is noted on the tabulated data.

A2.0 PLOTTED FORCE DATA

The force and moment data have been plotted and are presented in
Section A2.0. The data are presented in three categories. Figures Al
through A24 present the force and moment coefficients for the basic angle
of attack variations. Figures A25 through A28 present these coefficients
for sideslip variations. And, Figures A29 through A39 show the results of
ground height variations. Data are presented for major variables of
canard/wing positioning, flap deflection, and flap span. Each major
variable is presented as a function of blowing coefficient.
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FIGURE Al6d BASIC DATA EFFECT OF CMU
CONFIGURATION BCIWGV, (1BN/B)C=1, (BN/B)W=0.5, DELF=0
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FIGURE Al6e BASIC DATA EFFECT OF CMU

CONF IGURATION BCIWGV, (IgN/B)IC=1, (BN/BIW=0.5, DELF=0
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CONF IGURATION BClWeV, (BN/B)C=1, (BN/B)W=0.5, DELF=0
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FIGURE Al7b BASIC DATA EFFECT OF CMU
CONFIGURATION BWGEV, BN/B=0.5, DELF=0
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FIGURE Al7d BASIC DATA EFFECT OF CMU
CONF IGURATION BW6V, BN/B=0.5, DELF=0
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FIGURE Al8e BASIC DATA EFFECT OF CMU
CONF IGURATION BWGV, BN/B=0.25, DELF=0
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FIGURE Al18f BASIC DATA EFFECT OF CMU

CONF IGURATION BWGV, BN/B=0.25, DELF=0
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cD




0¢I-Y

CL

] L |

SYM RUN  CMUC CMUNW CMUT

o 271. 0.0 oo 0.0

© 272. 0.2932 0.5!113 0.8045
o 273. 0.5930 1.0261 1.6191
a 274. 1 2241 2.1048 3 3289

=

3
i

0

-1

-2

CM

-3

FIGURE Al19c BASIC DATA EFFECT OF CMU

CONF IGURATION BCIWGV, (BN/B)C=1, (BN/B)W=0.25, DELF=0
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FIGURE Al19e BASIC DATA EFFECT OF CMU

CONFIGURATION BCIWGV, (BN/B)C=1, (BN/B)W=0.25, DELF=0
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FIGURE A1l9f

BASIC DATA EFFECT OF CMU

CONF IGURATION BCIWBV, (BN/B)C=1, (BN/B)W=0.25, DELF=0
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FIGURE A20a BASIC DATA EFFECT OF CMU
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FIGURE A20b BASIC DATA EFFECT OF CMU

CONF IGURATION BWGEV, DELF=45,BN/B=.25
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FIGURE A20c BASIC DATA EFFECT OF CMU

CONF IGURATION BWBV, DELF=45,BN/B=.25
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FIGURE A20d

ANGLE OF ATTACK, ALPHA (DEG.)

BASIC DATA EFFECT OF CMU

CONF IGURATION BWGBV, DELF=45,BN/B=.25
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CONFIGURATION BWBV, DELF=45,BN/B=.25




621-Y

| 1 1 1
sM| RUN CcMUC  CMUW  CMuT
o | a17. 0.0 0.0 0.0
| o | esa. 0.0 0.5332 0.5332
o | 281. 0.0 1.1824 1.1624
a | 282. 0o 2.0639 2.0639
3
\
CLTR
O
D
1 il
9
0
1.0 0.5 0.0 -0.5- -1.0 -1.5
CMTR

FIGURE A20f BASIC DATA EFFECT OF CMU
CONF IGURATION BW6EV, DELF=45,BN/B=.25
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FIGURE A21a BASIC DATA EFFECT OF CMU
CONF1G. BCIWBV,DELF=45, (BN/B)C=1, (BN/BJW=0.25
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FIGURE A21b  BASIC DATA EFFECT OF CMU
CONFIG. BCIWGV,DELF=45, (BN/B)C=1, (BN/B)W=0.25
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FIGURE A2lc BASIC DATA EFFECT OF CMU

CONFIG. BCIWBV,DELF=45, (BN/B)C=1, (BN/B)W=0.25
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FIGURE A21d BASIC DATA EFFECT OF CMU

CONFIG. BCIWBV,DELF=45, (BN/B)C=1, (BN/BIW=0.25
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FIGURE A2le BASIC DATA EFFECT OF CMU

CONF1G. BCIWBV,DELF=45, (BN/B)C=1, (BN/B)W=0.25
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FIGURE A21f  BASIC DATA EFFECT OF CMU
CONFIG. BCIWBV,DELF=45, (BN/B)C=1, (BN/BIW=0.25
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FIGURE A22a BASIC DATA EFFECT OF CMU

CONFIG. BC1W6V DELF=45 (BN/B)C=0.5 (BN/B)w=O.25
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FIGURE A22b

BASIC DATA EFFECT OF CMU

CONFIG. BCW6V DELF=45 (BN/B)C=0.5 (BN/B)w=0.25
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FIGURE A22c  BASIC DATA EFFECT OF CMU

CONFIG. BC1W6V DELF=45 (BN/B)C=0.5 (BN/B)w=0.25
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FIGURE A22d BASIC DATA EFFECT OF CMU
CONFIG. BCIW6V DELF=45 (BN/B)C=0.5 (BN/B)w=0.25
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BASIC DATA EFFECT OF CMU
CONFIG. BCI1W6V DELF=45 (BN/B)C=O.5 (BN/B)W=O.25
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FIGURE A22f BASIC DATA EFFECT OF CMU

CONFIG. BCIN6V DELF=45 (BN/B).=0.5 (BN/B),=0.25
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FIGURE A23b BASIC DATA EFFECT OF CMU

CONFIG. BC1V, DELF=45,(BN/B)C=0.5,
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FIGURE A23c
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CONF1G. BClvV, DELF=45, (BN/B)C=0.5
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FIGURE A23d BASIC DATA EFFECT OF CMU
CONFIG. BC1V, DELF=45, (BN/B)C=0.5, (BN/B)W=0
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FIGURE A23e BASIC DATA EFFECT OF CMU
CONFIG. BC1V, DELF=45, (BN/B)C=0.5
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FIGURE A23f BASIC DATA EFFECT OF CMU

CONFIG. BC1V, DELF=45, (BN/B)C=0.5,
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FIGURE A24a BASIC DATA EFFECT OF CMU
CONFIGURATION BWBV, DELF=45, BN/B=1
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CL

T~

1

SYM| RUN CMUC CMUW  CMUT
(] 142. 0.0 0.0 0.0 *
o 313. 0.0 0.5028 0.5028
— O 3i12. 0.0 1.1074 1.1074
N 3t1. 0.0 2.0180 2.0180
/A//A
A
/A/
A/A /O/()——"‘O
o
M>
¥
-3 - -1 0 1
CD
FIGURE A24b BASIC DATA EFFECT OF CMU

CONF IGURATION BWBV, DELF=45, BN/B=1
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CL

1 |

SYM RUN  CMUC CMUW CMUT
(] t4e2. 0.0 6.0 0.0
(] 313. 0.0 0.5028 0.5028
o 312. 0.0 1.1074% 1.107%
A 3t1. 00 2.0180 2.0180
/dd
¢
g A
0 -1 -2 -3 4 -5
M

FIGURE A24c

BASIC DATA EFFECT OF CMU
CONFIGURATION BWBV, DELF=45, BN/B=1

~
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PamS
' { i { t
SYM{ RUN CMUC CMUd  CMUT
a 2. 0.0 0.0 0.0
B 313. 0.0 0.5028 0.5028
o 312. 0.0 1.107% 1.1074
a 311. 0.0 2.0180 2 0180
3 : __.————Z&
A ‘{)
J\//f)//éri
/Qb/
s/{ﬁ
CLTR 2 £ — /
<)/
D
b _—t
/{J/
0
-4 0 Y 8 12 16 20 4 c8

ANGLE OF ATTACK, ALPHA (DEG.)

FIGURE A24d  BASIC DATA EFFECT OF CMU
CONFIGURATION BW&V, DELF=45, BN/B=1
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CLTR

" T |
SYM| RUN CMUC CMUH cMUT
o 142. 0.0 0.0 0.0
L] o 313 0.0 0.5028 0 5028 |.....}.
o 312. 0.0 11074 1.1074
/.Y 31 0.0 2 0180 2.0180
3 /A
2 A‘
[}—q&9<{0f‘
1 H
0

FIGURE A24e

CDTR

BASIC DATA EFFECT OF CMU

CONF IGURATION BWGBV, DELF=45, BN/B=1
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. ~~
7 | i ]
syM| RUN CMUC  CcMM CMUT
o 135 0.0 00 0.0
o 134. 0 2113 0 4942 0.7055
64+4 a 133 0.8749 2.0506 2 9255 f———§ - e - .. -
5 -
Y - -
A il (AN (A LY A
2]
e{——-- t-- o
o~ O~ O O
l T____,._w — J— - R R e
. {] , "} '} Ay —{]
0
-1.0 -0.8 -0.6 ~-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.

FIGURE A25a

SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU

CONF IGURATION BWGV, BN/B=1.0, DELF=45, a = 2 ,




i i [
SYM| RUN  CHMUC CHUH CMUT

1 o 135 00 00 0.0 A R S
° 134. 0.2113 0 4942 0.7055
a 133 0 89 2.0508 2 9255

ei-y

e s e e - o o P L Nt Nt s -
. | ﬁ”\
O ~(] {3 [} —
1 l TS \A—:"’_’-——_—ZS \Z& R -ml..x Ay

| o

.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

SIDESLIP ANGLE, BETA (DEG.)

FIGURE A25b BASIC DATA EFFECT OF CMU
CONF IGURATION BW6BV, BN/B=1,0, DELF=45,a = 2 ,



SS1-vY

1.0 7 ! !
SYM RUN cMuc CMUW cHuT
n 135 0.0 0.0 0.0
0544 o | 13v o213 ougu2 o 7055 e —
A 133. 0 8749 2.0506 2.9255
0.0 - - —
C L] } ) a, -} {]
-0.5 e e = >
CcM - S -
Y s (A /\ o ‘T A A
-1.5 — 1=
-2.0 -
25—t ] - —
-3.0
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.

SIBESLIP ANCLE, BETA (DEG.)

FIGURE A25c BASIC DATA EFFECT OF CMU

CONF IGURATION BWBV, BN/B=1.0, DELF=45,a = 2 .
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CcY

0.4 T ‘ —
SYM{ RUN CMUC CMUW CMUT
(@] 135. 00 00 0.0
o 134. 0.2113 0 4942 0.7055
0.341 a 133. 0 8749 2 0506 2.9255 |-— B - - J——
0.2 4+—— -— e ol
0.1 e o
LO
] ﬁl;‘:/; L /
0.0 e D = - J— ﬁﬁ
_0.1 - - — -
-0.2 +——- - —-—— e e . -
-0.3
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 i.
SIDESLIP ANGLE, BETA (DEG.)
FIGURE A25d BASIC DATA EFFECT OF CMU

CONF IGURATION BWGV, BN/B=1,0, DELF=45, ¢ = 2




LST=Y

SIDESLIP ANGLE, BETA (DEG.)

FIGURE A25e BASIC DATA EFFECT OF CMU
CONF IGURATION BWBV, BN/B=1,0, DELF=45, a = 2

— N A‘
0.03 , , ,
sSYM RUN CMUC cMu CMUT
o 135 0.0 0.0 0.0
0.021- o | 13 o0.213 o.mume 0.7055 —
A 133 0.8749 2.0506 2.9255
0.01 +——} - A\ // L\“ A
A_\A/ A———L
0.0 I—
c B A
CN _________-'___/A ;<>/O>
o
-0.02 -
-0.03 {——— |—
-0.04 ——— }--
-0.09
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 |

.0
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0.08

0.06 -

0.04 1

CROLL

0.0 1

-0.02 1

-0.04

SYM RUN cMuc CMUKW CMUT
u] 135. 00O (VY] 0.0
[+] 134. 0.2113 0 4842 0.7055
A 133. 0 8749 2.0506 2.9255
A
A--// \
J— PR \ [V J—
A\
/ \'
— f —
WC (] — g<
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 .2 0.4

FIGURE A25f

0.6
SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU
CONF IGURATION BWBV, BN/B=1.0, DELF=45 4 = 3

1.
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CL

7 | i i
syM| RUN cMuc CcMM CMUT
o 236. 0.0 0.0 0.0
o 235. 0.0 0.5 0.5025
61 a 226. 0.0 2.0 2.0322
5
Ll.
3
/91 AN = £
p— | 1
e
C > :’P —<> > < D \4
1
qr —i} - —{} (— A {]
0
-10 -8 -Bb -4 -2 0 2 Y 6 8 10

F IGURE A26a

SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU
CONF IGURATION BW6V, BN/B=0.5 DELF=45
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CcD

SYM| RUN CMUC  CMUW  CMUT
0.611 236. 0.0 0.0 0.0

° 235. 0.0 0.5025 0.5025

a 226. 0.0 2.0322 2.0322
0.5 1
0.4
0.3
B I s . e S - . s s
0.0
-0.1 1
-0.2 —_
-0.3 — | —
-0.Y4 - -
-0.5

-10 -8 -6 -4 -2 o 2 Y 8
SIDESLIP ANGLE, BETA (DEG.)
FIGURE A26b BASIC DATA EFFECT OF CMU

CONF IGURATION BW6V, BN/B=0.5 DELF=45

10
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1.0

0.5 1

g.0

CM

-1.5

—
I 1 |
SYM RN CMUC CHM CMUT
(8] 236. 0.0 0. 0.0
© 235. 0.0 0. 0.5025 -
a 226. 0.0 2. 2.0322
£} {1} {1+ {} 8 £ {— ol
Pe N N, S N N 4/\> C
7A
A\\A A/ \4‘\/\ \: A
-10 -8 -6 -4 -2 0 c Y g8 10
SIDESLIP ANGLE, BETA (DEG.)
FIGURE A26¢c BASIC DATA EFFECT OF CMU

CONF IGURATION BWGV, BN/B=0.5 DELF=45



RUN  CHUC CMUW CMUT

oD

e36. 0.0 0.0 0.0
235. 0.0 0.5025 0.5025
e26. 0.0 2.0322 2.0322

AN

2¢91-vY

=

T~

i/

-8 -6 -4 -2 0 2 4
SIDESLIP ANGLE, BETA (DEG.)

FIGURE A26d BASIC DATA EFFECT OF CMU
CONF IGURATION BWGV, BN/B=0.5 DELF=45
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CN

—~
0.03 l I l
syM|] RUN cMUC  chd cHMUT
o 236. 0.0 0.0 0.0
0.0244 © 235. 0.0 0.5025 0.5025 A
a 2e6. 0.0 2.0322 2.0322
/A/
0.01 /15 /C
0.0 L/ 79
L
—{1} S y
T /
[ /A /
-0.02 —
A\ >/
5//
-0.03 /
g
-0.04 e o o
-0.05
-10 -8 -6 -4 -2 0 2 Y 6 8 10

SIDESLIP ANGLE, BETA (DEG.)

FIGURE A26e BASIC DATA EFFECT OF CMU

CONF IGURATION BWGV, BN/B=0.5 DELF=45
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0.08

0.06 1

0.04

CROLL

c.0

-0.02 ¢

-0.04

] i i
SYM RUN CMUC CMUK CMUT
W] 236. 0.0 0.0 0.0
Lo 235. 0.0 0.5025 0.5025
A 226 00 2 0322 2.0322
C\
\ zi\ }\i —
o L e, X A
-10 -8 -6 -4 -2 0 2 4 6 8 10
SIDESLIP ANGLE, BETA (DEG.)
FIGURE A26f BASIC DATA EFFECT OF CMU
CONF IGURATION BWoY, BN/B=0.5 DELF=45
~ o
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7 | ] {
syM| RUN cMuc cMud cmuT
u) 283. 0.0 0.0 0.0
o 284. 0.0 0.5379 0.5379
6+ a 285. 0.0 2.1138 2.1138
5
Yy
3
A
rd Ly A\ / A A ' /
2
q — < ¢ 4 O o— p——
1 - _—
8, {i} { { ] —{i} u, [} {
0
-10 -8 -6 -4 -2 0 e Y 6 8

SIDESLIP ANGLE, BETA (DEG.)

FIGURE A27a

BASIC DATA EFFECT OF CMU

CONF IGURATION BWGV, DELF=45,BN/B=.25

10
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cD

FIGURE A27b

SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU
CONF IGURATION BW6V, DELF=4%5,BN/B=.25

-7 T — T
SYM| RUN CMUC  CHMUW  CMUT
611 283. 0.0 0.0 0.0
° 284. 0.0 0.5379 0.5379
a 285. 0.0 2.1139 2.1139
5
.3
, —it C g1 0 o s 4
¢ G < S )
0
i
o3 —
3
A /
l} — (4= Ly e P\ e —
i Fx E‘ A_/’LJ
5
-10 -8 -6 W -2 o 2 4 6 8

10
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1.0

0.5 1

0.0

CcM

-1.5

-3.0

1 | 1
SYM RUN  CMUC CHUH CMUT
0 e83. 0.0 0.0 0.0
© 284. 0.0 0.5379 0.5379
A 285. 0.0 2.1133 2.1139
0 —r . — £ 0 — s i
4 — q © < o > 4
/ [A A /] A /\: LY 4
~10 -8 -6 ~Y4 -2 0 2 4 6 8 10
SIDESLIP ANGLE, BETA (DEG.)
FIGURE A27c  BASIC DATA EFFECT OF CMU

CONF IGURATION BWBV, DELF=45,BN/B=.25
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CcY

FIGURE A27d

SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU
CONF IGURATION BWBV, DELF=45,BN/B=.25

| ] 1
sYyM| RUN  CMUC  CMUW  CMUT
a 283. 0.0 0.0 0.0
o 284. 0.0 0.5379 0.5379
3 A 285 0.0 2.1133 2.1139
4.
é%ﬁ
EL\\\\\\»t::::::?
3 <\
%T,ﬁ_wm_
;
-10 -8 -6 ~i -2 o e 4 6 8 10
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0.03

0.02 1

0.01

0.0

CN

-0.02

-0.03

-0.04

-0.05

SYM RUN cMUC CMUH CcHUT
a| es3. o.0 0.0 0.0
() 284. 0.0 0.5379 0.5379
A 285. 0.0 2.1139 2.1139
»y
A":’,,EF=:::::jg;::::::{]
/A
“/E}/’{ /c/ I
d— 1 // A/
q Yl
A////{(///,//d
//’/;;,,zr"
4
-10 -8 -6 -4 -2 0 2 4 6 8

FIGURE A27e

SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU

CONF IGURATION BWBV, DELF=45,BN/B=.25

10



0LT-Y

0.08

0.06 -

0.04

CROLL

0.0

-0.02

-0.04

] i I
SYM RUN  CMUC CHMUW CcMUT
8] e83. 0.0 0.0 0.0
o 284 0.0 0.5379 0.5379
A 285. 0.0 2.1139 2.1139
A—*”ZS\Z
\\
- \Li\
i L | A\
. \ u;< EL\_‘- N
-10 -8 -6 -4 -2 0 e L 6 8

SIDESLIP ANGLE, BETA (DEG.)

FIGURE A27f  BASIC DATA EFFECT OF CMU
CONF IGURATION BWGV, DELF=45,BN/B=.25

10
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I | [
SYM RUN  CMUC CMUAW CMUT
0 236. 0.0 0.0 0.0
© 308. 00 0.4869 0.4869
— O 309. 0.0 1.0305 1.0305
A 310. 0.0 1.8838 1.9838
/]
1&\5 ‘:} 745 (4 AN r
P O—P———0 D—
< — < —<>\<> <]
IF {7} {{}— —1 } {— —{[1 . {
-10 -8 -6 -4 -2 0 2

SIDESLIP ANCLE, BETA (DEG.)

FIGURE A28a  BASIC DATA EFFECT OF CMU
CONF IGURATION BWBV, DELF=45, BN/B=1
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cD

FIGURE A28b

SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU
CONF IGURATION BW6V, DELF=45, BN/B=1

N

i i |
syM| RUN  cMuC CHMUKX  CMUT
6 1 o 236. 0.0 0.0 0.0
o 308. 0.0 0.4969 0.4969
A 3%\:\@65&—1—.@9!5’ o —r >\‘$
O { I —{i e p ) T— ), —
) I \
& 8 4 o 4 . A
3 {3 —{ = {3 7} £ =={} = ]
-10 -8 -b6 -4 - 0 e 4 6 8

10



VAR

SYM RUN  CMUC CMUH cHuT
(=] e36. 0.0 .0 0.0
0.5)] o| 308. 0.0  o0.sE9 0.4369
o 309. 0.0 1.0305 1.0305
A 3t0. 0.0 1.9838 1.9838
0.0
i o i 0 2! — i C
-0.5
CM
<, < 9 a y\}_—_———*( <
-1.5
P— O p—— —0 — d
-2.0
IS ay lf. (83 ‘Zi ,'_\3 5\ [_
2.5
-3.0
-10 -8 -6 -4 -2 0 2

SIDESLIP ANGLE, BETA (DEG.)

FIGURE A28c BASIC DATA EFFECT OF CMU
CONF IGURATION BWBV, DELF=i5, BN/B=1
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CY

i | |
SYM} RUN CMUC CMUNH CMUT
(=] 236. 0.0 0. 0.0
o] 308. 00 0.4869 0.4969
— O 308. 00 i. 1.0305
A 310. 0.0 1. 1.9838
Vi
(
y
- BN N
yd
\(A)
>
2 {—- - A

-10

-8 -6

F IGURE A28d

Y4 -2 0 2 4

SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU
CONF IGURATION BWGBV, DELF=45, BN/B=1

10
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CN

0.03 T l T
SYM| RUN CMUC  CMUW  CMUT /(\(
a 236. 0.0 0.0 0.0 p
g.o2 4 o 308. 0.0 0.4969 0.4969 /
o 309. 0.0 1.0305 1.0305 /)’
A 310. 0.0 1.9838 1.9838
D
0.01 e J/A
'______--——C]
0.0 r/c /( %
k‘é 4
q
[
\
()\/ /
-0.02 —>
/ls
I\
-0.03 | /
-0.04
-0.05
-10 -8 -6 -4 -2 0 e 4 6 8 10
SIDESLIP ANGLE, BETA (DEG.)
FIGURE A28e BASIC DATA EFFECT OF CMU

CONF IGURATION BWeV, DELF=t5, BN/B=1
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0.08

0.06 1

0.04

CROLL

0.0

-0.02

-0.04

-10

| i |
SYM RUN  CMUC CMUW CMUT
0 236. 0.0 0.0 0.0
[+ 308 00 0.4969 0.4969
(o] 309 0.0 1.0305 1.0305
fa¥ 310. 0.0 1.9838 1.8838
g—13 { T} —}— }— *'C;ﬁ)\{} —] .—]j
/ g
’_—_—_——4/
?'4 é \: A
/ 'A
/ /A
/\Zs
&N

_.8 -

FIGURE A28f

6 -4 -2 0 fad 4 6 8 10
SIDESLIP ANGLE, BETA (DEG.)

BASIC DATA EFFECT OF CMU
CONF IGURATION BWeV, DELF=45, BN/B=1



LLT=Y

b T~

1 | ] 1

SYM RUN  CMUC CHUH CMUT
0 g82. 0.0 0.0 0.0
[ 8l. 0.2219 0.5159 0.7378
O 78. 0.4530 1.0519 1.5049
A 80. 0.9075 =2.1119 3.0185
A\A
\
\‘F A A
. %4
IS,
B —— 0
|
1 2

GROUND HEIGHT OVER CBAR, H/C

FIGURE A29a  BASIC DATA EFFECT OF CMU
CONFIGURATION BCIWBY, DELF=45, pN/B=]




8L1-Y

CD

0.6

0.4 ;

0.2

SYM RUN CHUC CMUKW CMUT
() g2. 0.0 0.0 00
<o B81. 0.2218 0.5158 0 7378
(o] 78 0.4530 1.0519 1.5048
a 80. 0 9075 2.1119 3.0195
B —lo
. o i &
& '0)
/’J\ A
el
| e
GROUND HEIGHT OVER CBAR, H/C
FIGURE A29% BASIC DATA EFFECT OF CMU
CONF IGURATION BC1WBY, DELF=45, BN/B=]
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1.0 I 1 1 I
SYM RUN cMUC CMUNW CMUT
0 82. 0.0 0.0 0.0
0 5 1 O 8t. 0.2219 0.5159 0.7378
(@] 78. 0 4530 1 0518 1 5049
A [2]3] 0.8075 2.1119 3.0195%
0.0
—r i) g
-0.5 oo o
[ jfﬁ
5 —- -
CM
/L»l
/ T A
N
-1.5
-2.0
-2.5
-3.0
0 1 c
GROUND HEIGHT OVER CBAR, H/C

FIGURE A29c

BASIC DATA EFFECT OF CMU

CONF IGURATION BCIWBY, DELF=45,

BN/B=1
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CL

I | I
SYM RUN cMUC CMUK CMUT
a g2. 0.0 00 0.0
© 689. 0 2302 0.5250 0.7552
(o] S1. 0 4442 1.0151 1.4593
fa¥ S0. 0 8784 2 0148 2.8932
A’A\h —]
\A—~ -—A
A" |
e
T —p O
O~
'\§>_ L
O
—— 1) 0
1 2

GROUND HEIGHT OVER CBAR, H/C

FIGURE A30a BASIC DATA EFFECT OF CMU

CONFIGURATION BC2WBV, DELF=45, BN/B=1
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0.8 ]

0.6 F

0.4

0.2
CcD

L

cMuc CMUW

SYM RUN CMUT
o g2. 0.0 0.0 0.0
© 89. 0.2302 0.5250 0.7552
(o] g1. O.4w442 1 0151 1.4593
a 90. 0.8784 2.0148 2.8932

J

WL,

|
i

A

ki

—
4

FIGURE A30b

1

2

GROUND HEIGHT OVER CBAR, H/C

BASIC DATA EFFECT OF CMU
CONF IGURATION BC2WBV, DELF=45, BN/B=l
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1.0 I 1 | T |
SYM RUN CcMUC CMUL cHUT
a g2. 00 0.0 0.0
0.5._. < 89. 0.2302 0.5250 0.7952
(o] gl. 0.4442 1.0151 1.4593
A g90. 0.8784 2.0148 2 8932
0.0
H3 {I} {1}
0.5 — P
&%\.
CM
A-A A X
-1.9
-2.0
-2.5
-3.0
0 1 c

GROUND HEIGHT OVER CBAR, H/C

FIGURE A30c BASIC DATA EFFECT OF CMU
CONF IGURATION BC2W6GV, DELF=45, BN/B=l.
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7 I I | 1 I
N sYM| RUN CMUC CHUN cMUT
a 104. 0.0 6.0 0.0
o 101. 0.2663 0.5043 0.7706
6+4 o 102 0.5540 1.0506 1.6046
A 103. 1.0795 2.043+ 3.1230
5
A\
A \
\lu
l* (43
CL
O -\
\’*
3 Y 7 anmm
pod Pav
\,
1
—{r -
0
a 1 c

GROUND HEIGHT OVER CBAR, H/C

FIGURE A31a BASIC DATA EFFECT OF CMU
CONF IGURATION BC2W5V, DELF=45, gn/B=1
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0'8 r SYM RUN .CHUC ACMUH +CMUT
a 1o4. 0O 00 0.0
[ 101 0.2663 0.5043 0 7706
<4 O 102. 0 5540 | 0506 1.6046
0.8 +" a 103. 1.0795 2.0434 3.1230
A \
0.4 — \ d—
—m —m
03 I
0.2 —— —
cD & — ©
0
-0.2 — 1 ~
/ T i
]
"qu Lfvl
-0.6 .
0 1 2
GROUND HEIGHT OVER CBAR, H/C
FIGURE A3lb BASIC DATA EFFECT OF CMU
CONF IGURATION BC2WSV, DELF=45, BN/B=]
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—
1.0 I T 1
SYM RUN cMUC CMUW CMUT
a io4. 0.0 0.0 0.0
0544 o | 101 o0.2663 0.5043 0.7706
(o] 102 0.5540 1.0506 1.6046
A 103. 1.0795 2.0434 3.1230
0.0
—{1} ﬂ}
—0-5 K
@ A
CM C’L} P \ e
-1.5 !
A.A Ay b
-2.0
-2.5
-3.0
0 | c

GROUND HEIGHT OVER CBAR, H/C

FIGURE A3lc BASIC DATA EFFECT OF CMU
CONFIGURATION BC2W5V, DELF=45, BN/B=l
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CL

] i | {
SYM RUN cHMUC CMUH CHUT
(] 114. 0.0 0.0 0.0
(o 112. 02131 0.5017 0.7148
o 113. 0.4553 1.0679 1.5232
O | LL
———Q ¢
(oo S S
MF_ \\_
8, he
| ITL
H —}}
1 c

FIGURE A32a

GROUND HEIGHT OVER CBAR, H/C

BASIC DATA EFFECT OF CMU
CONFIGURATION BC3WBV, DELF=45,

BN/B=1
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CD

0.8

0.6

0.4

0.2

SYM

RUN  CHUC tHul cHuT

ooD

i,
112.
113.

.0 0.0 0.0
.2131 0.5017 0.7148
4553 1.0679 1.5232

(= =~N ]

Y o
oo -
I N T S
[ca
//
.- v

1 2
GROUND HEIGHT OVER CBAR, H/C

FIGURE A32b  BASIC DATA EFFECT OF CMU
CONFIGURATION BC3W6V, DELF=45, BN/B=]
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1.0

1

SYM RUN  CMUC CMUK CMUT
a 4. 0.0 0.0 00
0.5 - < f12. 0.2131 0 5017 0.7148
(o} 113. 0 4553 1.0679 1.5232
0.0
CH3}- - {1} {]
-0.5 :
CM O— > Ve o
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GROUND HEIGHT OVER CBAR, H/C

FICURE A32c

BASIC DATA EFFECT OF CMU

CONF IGURATION BC3W8BV, DELF=45, BN/B=1
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SYM RUN  CMUC CMUW cMUT
0 leg. 0.0 0.0 0.0
<o 127. 0 2180 0.5129 0.7308
(o) 126. 0 w440 1.0440 1.4880
A 125. 0.8536 2.0075 2.8611
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FIGURE A33a

GROUND HEIGHT OVER CBAR, H/C

BASIC DATA EFFECT OF CMU
CONF IGURATION BCIW6V, DELF=45, pN/B=]s DELC=10°
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SYM RUN CMUC CMUW CMUT
(@] 128 0.0 0.0 0.0
[ 127 0 2180 0.5129 0.7309
(o} 126 0 4440 1.0440 1.4880
A 125 0.8536 2.0075 2.8611
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GROUND HEIGHT OVER CBAR, H/C

FIGURE A33b BASIC DATA EFFECT OF CMU

CONF IGURATION BCIW6V, DELF=45, pgN/B=1, NELC=10°
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SYM] RUN CMUC cMu cMUT *
a 128. 0.0 0.0 0.0
0.5+ © 127. 0.2180 0.5123 0.7309
' o 126. 0.4440 1.0440 1.4880
A 125. 0.8536 2.0075 2.8611
0.0 D—-[:}; 1) = D
R —o
O~ ) <
-0.5 o0 i —
cM Apt—"T T 4\ A
-1.5
-2.0
-2.5
-3.0
0 1 2

FIGURE A33c

GROUND HEIGHT OVER CBAR, H/C

BASIC DATA EFFECT OF CMU

CONF IGURATION BC1WBV, DELF=4%5, BN/B=1, DELC=10°
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SYM RUN  CMUC CMUK CMUT

¢61-¥

a 136 0.0 0.0 0.0
[o] 137 g.2184 0.5033 0.7216
(o] 138. 0.4459 1.0340 1.4799
A 139. 0.8584 1.8946 2.8530
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