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ALF1

ALPHA

BETA

INERTIA

OMEGA-W
P

PB, PB1, PB2

PHIB
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NOMENCLATURE

Reference area, model base arca, 0,3491 ft2

Model support angle of attack, deg

Model angle of attack, deg

Time rate of change of ALPHA, radians/sec
Model sideslip angle, deg

Slope of the pitching-moment curve, rad:‘tau-1

Damping~in-pitch derivatives, 9CLMT/3(Q“D/2V) +
3CLMT/3 (ALPHAD*D/2V), radian~!

Pitching-moment coefficient, pitching moment/QAD
Model configuration number
Reference length, model base diameter, 0.6667 ft

Phase angle between the forcing moment and the
angular displacement, deg

Model moment of inertia about the pivot axis,
0.408 slug-ft2

Average height of carborundum grit used on boundary
layer trip (if zero, no trip is used), in.

Reference length, model base diameter, 0.6667 ft

Distance between model base and beginning of
plate, ft : :

Distance between model base and sting flare, ft
Free~stream Mach number

Angular restoring moment of the cross-flexure
pivot, ft-1b/rad

Wind-on an;ular frequency, radians/sec
Free-strear static pressure, psi or psf

Ratio of bise pressure to free-stream static
pressure

Balance roll angle, deg
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PHIM
PHI1
PLATE

PT

RUN

THETA

TT

Model roll angle, deg

Model support roll angle, deg

Plate number used (if zero, no plate is_ used)
Free-stream total pressure, psfa

Free-stream dynamic pressure, psf

Pitching velocity, radians/sec

Free stream unit Reynolds number, ft_,

Free-stream Reynolds number based on D

Reduced frequency parameter (OMEGA-WeD)2V, radian
Run number
Wind-on oscillation amplitude, *deg

Free-stream total temperature used in data
reduction, deg R

Free-stream velocity, ft/sec




1.0 INTRODUCTION

The work reported herein was sponsored by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), Arnold
Alr Force Station, Tennessee, under Program Element 65807F, and Control
Number 9R02-00-9. The results were obtained by ARO, Inc., AEDC Division
(a Sverdrup Corporation Company), operating contractor for the AEDC.
The test was conducted in the Propulsion Wind Tunnel Facility (PWT),
Aerodynamic Wind Tunnel (4T) under ARO Project No. P41C-A9 from September.
26 to October 3, 1979, This test provided data in support of the
research project "AEDC Dynamic Stability Research,” ARO Project Number
V32F-09. The AEDC Research Monitor was Mr. Alexander F. Money, and the
Test Project Monitor was Mr. Bob L. Uselton of ARO, Inc. This work is
a continvation of the work reported in Refs. 1 and 2.

The objective of the test was to determine sting-support interference
effects on the measurements of static and dynamic stability derivatives
and base pressure. This included: (1) defining critical sting length by
the measurement of pitch-damping derivatives for two frequencies of
oscillation, (2) investigating the effect of sting length on yaw-damping
derivatives as a function of angle of attack, and (3) investigating the
effect of splitter plates, located behind the model, on pitch damping

~derivatives.

The model was a 15 percent spherically blunt 7 deg cone. Data were
obtained at a constant model oscillation amplitude of * 1 deg, using the
VKF (von Karman Facility) 1.C Forced Oscillation Test Mechanism. Two fre-
quencies of oscillation, nominally 5.6 Hz and 3.1 Hz, were tested. At
the high frequency, both pitch-damping and yaw-damping data were obtained
as a function of angle of attack (0 to 28 deg) at Mach numbers 0.2 to
1.3. At the low frequency, pitch-damping data were obtained at angles
of attack of O to 20 deg at Mach numbers 0.2 to 0.9. The effective sting
length was varied from 1 to 3.4 model diameters by extending a conical
flare to various stations along the sting. Two model wake splitter plates
were also investigated. The Reynolds number based on model diameter ranged
from 0.2 x 106 to 3.6 x 105 and the reduced frequency parameter varied
from 0.006 to 0.049.

A microfilm copy of the final data has been retained in the PWT at
AEDC. 1Inquiries to obtain copies of the test data should be addressed
to AEDC/DOT, Arnold Air Force Station, Tennessee 37389..

2.0 APPARATUS
2.1 TEST FACILITY

The Aerodynamic Wind Tunnel (4T). is a closed-loop, continuous flow,
variable-density tunnel in which the Mach number can be varied from 0.1
to 1.3 and can be set at discrete Mach numbers of 1.6 and 2.0 by placing
nozzle inserts over the permancnt sonic nozzle. At all Mach numbers, the
stagnation pressure can be varied from 400 to 3400 psfa. The test sec-
tion is 4-ft square and 12.5 ft long with perforated, variable porosity
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(0.5~ to 10-percent .open) walls. It is completely enclosed in a plenum
chamber from which the air can be evacuated, allowing part of the tunnel
airflow to be removed through the perforated walls of the test section.
The model support system consists of a sector and boom attachment which
has a pitch angle capability of -7.5 to 28 deg with respect to the tunnel

_centerline and a roll capability of -180 to 180 deg about the sting center-—

line. A more complete description of the tunnel may be found in Ref. 3.
2.2 TEST ARTICLE | *

The model was a flat base 7-deg half angle cone with a nose blunt-
ness ratio (nose diameter to base diameter) of 15 percent. The moment
reference axis was located on the model pivot axis at 60.9 percent of
the model length aft of the model nose. The model was constructed of
stainless steel and had a total weight of 30.4 lbs and a moment of
inertia about the pivot axis of 0.408 slug-ft2. A sketch of the model
and external dimensions is shown in Fig. 1.

Rings of stainless steel coated with carborundum grit were used
as boundary layer trips at some of the test conditions. These trip
rings were spotwelded to the model just behind the model nose. Trip
details and the location on the model are shown in Fig. 2.

The wmodel, when mounted to the Test Mechanism (described in Section
2.3 below), had an effective sting length of 3.4 model diameters and an

" effective stihg-to-model diameter ratio at the model base of 0.22. The

effective sting length was shortened by positioning a conical flare (Fig.
3) at 3.3, 3.0, 2.5, 2.0, 1.5, or 1.0 model diameters to the rear of the
model base. The flare was mounted to the motor housing such that it did
not touch the sting forward of the motor housing. This eliminated the
possibility of the flare's changing the sting frequency chaxacteristics or
model tare damping. This sting configuration and the associated conical
flare components were designed and bulit at AEDC by the VKF, and were also
used during the Ref. 1 and 2 tests.

Two types of model wake splitter plates, which attached to the
conical flare, were also investigated. A circular clamp was attached to
the:long plates (No. 8 Plates) to minimize vibration at the forward end
of the plates. Neither the clamp or the plates touched the sting.

Plate details are shown in Fig. 4, and plate installation details are
shown in Figs. 5 and 6.

A sketch of the model installation is presented in Fig. 7. A photo-
graph showing a typical model-sting configuration in the test section
is shown in Fig. 8.

2.3 TEST MECHANISM

The VKF 1.C Forced Oscillation Test Mechanism (Figs. 9 and .10)
utilizes a cross flexure pivot, an electric shaker motor and a one-
component moment beam which is instrumented with strain pages to meas-
ure the forcing moment of the shaker motor. The motor is coupled to
the moment beam by means of a connecting rod and flexural linkage which
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convert the translational force to a moment to oscillate the model.
at amplitudes up to +3 deg (depending on flexure balance) and fre-
quencies from 2 to 8 Hz., The cross flexures, which are instrumented
to measure the pitch/yaw displacement, support the model loads and
provide the restoring moment to cancel the inertia moment when the
system is operating at its natural frequency. The moment beam is
not subjected to the static loads, and can be made as sensitive as
required ‘for the dynamic measurements.

L
1
|
f

Two different sets of cross flexure pivots were used to obtain
data at the high and low oscillation frequencies. The high frequency
(= 5.6 Hz) was obtained with the 0.150 in. thick cross flexures, hav-
ing a stiffness of 466 ft-1lb/rad. These were used for Runs 4 to 199,
inclusive. The low frequency (33.1 Hz) was obtained with the 0.100
in. thick cross flexures, having a stiffness of 141 ft~1lb/rad. These
were used for Runs 200 to 270, inclusive. The same moment beam was
used throughout the entire test. It has a thickness of 0.046 in., and
is capable of measuring a total moment of 9.8 inch-lbs.

The cross flexure pivot, moment beam, and flexural linkage assem—
bly, which is referred to as the Balance Assembly (Fig. 10b), is sup-
ported by a long, slender cylindrical sting with a 1 deg taper. The
.sting is instrumented with strain gages to measure the static and .
oscillatory deflections of the sting in both the pitch and yaw planes,

A penumatic- and spring-operated locking device is provided on
the balance to hold the model during tunnel start-up and shut-down.
More detailed information regarding the VKF 1.C Forced Oscillation
Test Mechanism may be found in Ref. 2.

2.4 TEST INSTRUMENTATION
2.4.1 TForced Oscillation Instrumentation

The forced-oscillation instrumentation (Ref. 4) utilizes an elec-
tronic analog system with precision electronics. The control, monitor,
and data acquisition instrumentation are contained in a portable console
that can be easily interfaced with the instrumentation of the various
wind tunnels at AEDC.

The control instrumentation provides a system which can vary the
oscillation amplitude of the model within the flexure limits. The
oscillation amplitude is controlled by an electronic feedback loop
which permits testing of both dynamically stable and unstable config-
urations.

Data aré normally obtained at or mear the natural frequency of the
‘model flexure system; however, the electronic resolvers permit data to
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be obtained off resonance. All gages are excited by d-c voltages,
and outputs are increased to optimum values by d-c amplifiers.
Typical balance outputs from an oscillating model are composed of
oscillatory components (0C) superimposed on static components (SC).
These components are separated by bandpass and lowpass filters. The
SC outputs are used to calculate the static moment coefficients and !
static sting deflections., The OC outputs are input to the resolver ‘
instrumentation and precise frequency measuring instrumentation. The ‘
resolvers utilize very accurate analog electronic devices to process r
the OC signals and output d-c voltages. The output d-c voltages are !
porportional to the amplitude squared, the in-phase and quadrature

(90 deg out-of-phase) balance components (forcing torque), and the

in-phase and quadrature sting components. An analog-to-digital (A/D)

converter converts these outputs to digital signals. The data are

recorded for a period of time selected from approximately 2 to 60 sec

at a sample rate appropriate for the type test and wind tunnel.

2.4.1 Model Base Pressure Instrumentation

Model base pressures were measured with 2 Sunstrand (Kistler) 314D
Servo pressure:transducers located on the tunnel plenum chamber wall.
The locations of the orifices with respect to the model and sting are
shown in Fig. 11.

3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS AND PROCEDURES
3.1.1 General

A summary of the nominal test conditions at each Mach number is
listed below.

M PT, psfa TT, deg R Q, psf P, psf V, ft/sec ,REx1o'6,ft'1 REDx10~°
0.2 400 554 11 389 230 0.24 0.16
820% 550 22 797 230 0.50 0.1
2000 566 54 1945 232 1.18 0.78
3200 586 87 3112 236 1.81 1.0
3600%* 593 98 3501 238 2.00 1.3
0.4 870 553 87 779 454 1.00 0.87
0.6 410 558 81 321 671 0.64 0.43
1300 549 257 1019 666 2.08 1.
1630% 569 322 1278 678 2,50 1,86
3200%* 581 632 2508 685 4.77 3.7
0.8 1320 555 388 866 870 2.49 1.8
0.9 1260% 556 422 745 965 2.49 1.6
2800%* 603 939 1656 1005 5.00 3.3
0.95 800 550 283 448 1005 1.64 1.0
1020 554 360 571 1009 2,07 1.38
1220 556 431 683 1011 2.46 1.8
1600 560 565 895 1014 3.20 2,13
2200 567 778 1231 1021 4.33 2.8 .
2800 578 990 1567 1030 5.37 3.3 ‘,
*Primary Test Conditions ' !
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M PT, psfa TT, deg R Q, psf P, psf V, ft/sec REx10Aflft ! REDx1) 6
1.10 1200% 555 476 562 1140 2.51 1.£7
2640* 600 1047 1236 1185 4.99 3.33
1.20 1200 556 499 495 1222 2.53 1.8
1.30 1300* 556 555 469 1299 2.73 1.2
1600 568 683 577 1313 3.26 l 2.17
2200 578 939 794 1325 4.39 2,92
2560%* 588 1093 924 1336 4.99 3.33

2700 591 1153 974 1339 5.23 3.18

*Primary Test Conditions

The reduced frequency parameter at the high oscillation frequency
(5.6 Hz) ranged from 0.008 radians at Mach number 1.3, to 0.049 radians
at Mach number 0.2. At the low oscillation frequency (®3.1 Hz), it
ranged from 0.006 radians at Mach number 0.9, to 0.027 radians at Mach
number 0.2. .

The variables for each configuration are listed in Table 1. The
Test Summaries, which contain all configurations tested and the vari-
ables for each, are shown in Tables 2 and 3. Table 2 contains the
summary of the model boundary layer and trip effectiveness investiga-
tion (Runs 26 to 46), and Table 3 contains the summary of the support
interference investigation (Runs 49 to 269).

Testing procedures in the yaw oscillation plane were identical to
those in the pitch plane, except that the entire forced oscillation
mechanism was rolled +9Q0 deg (PHIB = 9Q).

3.1.2 Data Acquisition

After establishing tunnel conditions and model attitude, the model
was unlocked, and brought to a constant oscillation amplitude of %1 deg
by using the Forced Oscillation Control System. The system was allowed
to stabilize at the system resonant frequency before data were recorded.
At each angle of attack, generally two data points were taken. Data
were obtained over a 60 second time interval at each data point. The
balance and sting gage outputs and frequency instrumentation were read
from the forced oscillation instrumentation console by a Digital Data
Acquisition System (DDAS), at a rate of approximately 54 samples pex
second.

The Automatic Model Attitude Positioning System (AMAPS) was used
to control the model position. A list of model angle of attack require-
ments were programmed into the AMAPS priox to the test. After data were
obtained at a given angle of attack, the AMAPS waa manually activated,
and the model was automatically pitched to the next angle of attack on
the AMAPS l1ist,

3.2 DATA REDUCTION

Data from the DDAS were combined with tunnel model attitudée and
base pressure instrumentation data and sent directly to a DEC-10 System .
Computer., Average values of the balance and sting gage outputs were

9
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calculated by the computer, and used in conjunction with the remain-
ing DDAS outputs to calculate the dynamic derivatives. Both the SC
and OC sting gage outputs were used to correct the data for sting
bending effects. The method used to reduce the data is given in
Refs. 4 and 5. i

A print-out of each reduced data point was obtained approximately
2 minutes (Real Time) after the DDAS sent the unreduced data to the
computer. Summary data were printed-out at the conclusion of each
angle of attack sweep. Reduced data were also plotted during the test,
using the IBM-370 computer Interactive Graphics System, which received
the reduced data from the DEC-10. Usually, the data were available for
plotting on the IBM-370 Graphics System within the same amount of time
(2 minutes Real Time) as the reduced data print-out. This enabled close
monitoring of the data during the angle of attack sweep, and allowed
cross plots (cross checks) to be made with similar configurations obtained
earlier in the test.

3.3 UNCERTAINTY OF MEASUREMENTS

In general, instrumentation calibrations and data uncertainty esti-
mates were made using methods recognized by the National Bureau of Stand-
ards. Measurement uncertainty is a combination of bias and precision
errors defined as:

U=¢% (B+ tgss)

where B is the bias limit, S is the sample standard deviation, and t95

is the 95th percentile point for the two-tailed Student's "t" distribu-
tion, which for degrees of freedom greater than 30 is equal to 2.

Estimates of the measured data uncertainties for this test are
given in Table 4a. With the exception of the Test Mechanism, data un-
certainties are determined from in-place calibrations through the data
recording system. Static load hangings on the Forced Oscillation
Mechanism simulated the range of ldads and deflections anticipated during
the test, and measurement errors are based on differences between applied
loads and deflections and corresponding values calculated from the mech-
anism calibration. Load hangings to verify the sting and balance cali-
brations are made in the tunnel prior to testing using a special cali-
bration model.

Propagation of the bias and precision errors of measured data
through the calculated data were made in accordance with Ref. 6. Un-
certainties in the calculated tunnel parameters are given in Table 4b,
and uncertainties in the dynamic parameters are given in Table 4c.

The quoted uncertainties are based upon steady—stéte operation and
do not reflect the effects of the wind tunnel environment. In some
instances the damping data (CLMQ) will show slightly larger scatter in
the repeatability, usually on the order of about 5-10 percent. -Also,
the large quoted uncertainties for CLMA are the result of the small
magnitude of the measurement and the fact that the wind-on measurement
level is about the same level as the wind-off measurement (particularly
at lower angles of attack).

10




. 4.0 DATA PACKAGE PRESENTATION

The Data Package includes tabulated and plotted data, data notes,
run logs, and nomenclature. The tabulated data includes summary data,
point-by-point data, wind-off tare data. and toraue calibration data.
"Plotted data include (1) individual plots of CLMQ, CLMA, CLMT, and PB2
as tunctions ot angle ot attack, and (2) comparison plots which depict
sting length ratio (LS/D), Reynolds number, frequency, and splitter
plates effects. A sample of the Tabulated Data and Plotted Data is
presented in Appendix III.

Verification plots of the pitch-damping data and base pressure
ratio data are shown in Fig. 12. The plots indicate good agreement
" between the extrapolation of the present results (0.2 <M < 1.3) and
the previous supersonic-hypersonic results (2.0 < M < 8) reported in
Refs. 1 and 2.
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Not to Scale

Eastman® 910
Adhesive

“[:0.005 Thickness

Model
Nose

——4‘ -p—o.soo\i‘_’ \ crit
0.980 i

All Dimensions in Inches

Average Height

Trip  Grit Size of Grit, in.
1 #60 0.012
32 #36 © 0,020

Fig. 2. Boundary layer trip details.
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All Dimensions in Inches
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— 'y
3.25,
s 4
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a. Plate 1
Section B

b. Plate 8 j

A

Fig. 4 Splitter Plate Details
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a. Plate 1l installed, LS/D = 1.0

LA
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b. Plate 38 installed, LS/D = 3.3

Fig. 6 Photographs of Splitter Plate Installation
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Sting Motor Housing N ?
3 750 Cross Flexure \ 8.13 Diam ]
Diam : Can Flare - , 15deg .\ ,
A chcklng Arm ; 1-deg Sting Taper \ g
- : : \ " L
180 4 o ' 1.76 Diam L
550~  — 10.00 —~ ‘ !
- 38. 67 - ~ 1049 -— 10.56 -

All Dimensions in Inches

Fig. 9. Details of VKF 1.C Forced Oscillation
Test Mechanism

a. Overall View

Mode! Locking Arms

————

Morment 3eam

ooor = EE o TR BTN e ST

Cress Flexures

b. Close-Up View of Balance Assembly
Fig. 10. Photographs of VKF 1.C Forced Oscillation
Test Mechanism
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QS & - e, R

L Gown exs i

All'Dimensions in Inches

Model Pivot Axis

PB1 .Sghinless Steel Tubing
0.093 0. Diam., Attached
. to Sting with Spotwelded
Nichrome Strips

////—Sting

4

/ :7 -\‘\ To Pressure
Y A Transducers

0.25 —

Orifice Diameter
= 0.062 IL_Diam.

“Fig. 11. Location

Top View -~ Looking
Down on Model from
the Tunnel Top Wall

of Base Pressure Orifices
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A s - ¢ e, e o=

Symbol Data Source THETA = + 1 deg ALPHA = 0 LS/D = 3.3
O- Present Test OSCILLATION FREQUENCY=5.6 Hz
® Refs.l and 2 Tests TURBULENT BOUNDARY LAYER OVER MODEL BASE

4 8FLAGGED SYMBOLS: LS/D = 3.0

- _
-6 | : A
o pp®
-4 - o
CLMQ
. -2 B -
0 { | ! 11 3.t 1 1 1 [l R B |

P

PB

0 1 1 \ [ T T T i L 11 ) |

0.2 0.4 0.6 1.0 2.0 3.0 5.0 8.0
M .

Fig. 12. Data Verification Plots
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TABLE 1.

CONFIGURATION

1
2
2A
3
4
5
6
19
19A
20
21
22
23

CONFIGURATION IDENTIFICATION

- _FREQUENCY, Hz

IS

- o= NN WOW o= = NN W W W
MO O Mo WwmOo o wmo W



TABLE 2. MODEL BOUNDARY LAYER AND TRIP EFFECTIVENESS

RUN SUMMARY
IE : CONFIG 1 LS/D = 3.4 PITCH OSCILLATION ,
OSCILLATION FREQUENCY 5.6 Hz |
i - :
: R UN M, |PT,esfREDx (G BOUNDARY| K iy |ALPHA,dog
i TRIP No,
6 10.60 |1 300 1.4 |[nNONE ~ @)
| 7 |200]| 1.4 1S
| 48 1200 1,4 0,15, 26
: 29 2200] 5.2 0,25
r 30 1 qi0] 0.9 o ¢
' ‘ 31 lo.95[1oa0] 1.4 1
32 joa0 | 1.9 O~ 24
33 (030} [.4 Q
: afool 3.6
AA00| .9
1L00] R\
) 00| 1.1
3y 1.3011300] 1.8
2200 | 2.9
! 200 | 3.5
35 |0.20]|3300] |.2
2000| 0.8
yoo! 0.a | § t
40 3200 (. | = 0.020
41 |o0.95 jagoo| 3.3
42 | /.30 12900 3.5 l
. | V |2000] 3,9 | 1
45 10.95 | 2800| 3.3 1 0.012
Y6 [.20 2060 | 3.5 |
t lie00] 2.2 | 1§ '
- 26

L e aves e
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TABLE 3
SUPPORT INTERFERENCE RUN SUMMARY
NO TRIPS USED

5 £ -Clo
RUN - b;%:A}TéRCONFlG— Ls/D My |Repuio, °‘,§L;‘£TE‘ pgffa&, ALﬂ;A’
0. .
49 [NoNE| QA 3.0 [0.95 | 1. [PITCH{0.011 |O-*2
50 .G o
5 1. 1.6 020
52 0.20]| 03 0.049 | O
53 0.40 | 0.7 0.025 1.
SY 0.0 1.7 0.0i6
55 0.80 ] 1.0 00121 Y
56 0.80 1 1.7 0.01310—230 o
64 0.90 | 1.0 0.012 |0—=20
65 O] 1.7} 0.ci0] O
| ¢6 1.201 1.9 0.009| O
| 61 Y [.30] |.8 0.009]/0 —~ 20
b ] I 3 25 (0,28 0.3 0.049; O
22 : 0.601 | .0 0.0l6
) 0.92 1 1.7 0.0l
24 1181 1) 0.010
25 ’ 1.30] I.¥ 0 .00
29 5 1.0 l030]| 03 0.044 0230
g0 0.yo | 0. 0.025| O
8l : 0.0 1) 0.017] 0,4
£3 0.60! 1.7 0.017l0=20
8¢ ! : o0 | 1.7 L 0.013] 0
85 i 0.90| 1.2 0.012]0~20
1 81 ! {.l0] 1.7 0.010| =30
88 j (20| |.3 0.009] ©
89 | | .30 [.8 ©.002(0 20
90 1.30] 3.3 0.008
| o490 | 3.3 0.0ll
. 193 1.JOo| 3.3 0_009
.93 0.0 3.2 0.0l
: 94 ¥ Yy | 0.20] .3 0041 1\
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TABLE 3. Continued
NO TriPS USED

RUN Sﬁ%'\%ﬂ conFi|Ls/p | Mo [REPHOTPLiLa REF, | ACPaL,
98 |NonE | 4 2.0 |0.20] 0.3 |PITcH |0 048] O
99 0.0 1.1 0.016

/100 0.60 | 1.7 0.0l

101 0R0 | |1 012

103, l.00 | 1.7 0.010

103 : L3230 | 1.8 0,009

104 .30 | 33 0.008

{05 1.0 | 3.3 0.008

106 {10 | 3.3 0.009

107 0.90 | 3.3 0.0

1D8& 0.0 | 3.2 0. 016

109 i ! 020 | 1.3 0.0Y46

13 : b 1.5 o] 0.3 0.04210-20
)Y 0.60 (.7 0.016

ns 090 1| 1.7 0012 )
16 ; )40 | 1.0 0.0i0] O
gk 1-30 | |.% 0.00€ 10— 20
[1E ' [ 10 3.3 0.009 O
119 ' N . 6.30| 1.3 0.046 [0~ 30
123 3 R5 | 140 1.7 o.0lo] _©
| 128 a 3.3 | 0.0 ].7 0.01710-220
129 0480 1.1 ooial O
130 _ ®90| 1.1 0.012 112,20
1A J.1o) 1] o.cijo)l O
132 Y | ({0 | 1.7 0. 010020
137 Y 1.0 | 0602 1.1 | YAW |0.01)

139 : 1101 10 0.010

14 [.30] 1.9 0.008

145 dA | 3.0 | 1.10} 1.1 0.010
TR % 1.30] 1.9 0.009

148 ! ' 0LO! 1.7 0.017

28
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TABLE 3. Continued
NO TRIPS USED

RUN Sﬁ:&?‘é’“ ConFiG|Ly/D | Mo |REDWOPEltTon REF, 1 ALPHA,
.
160 oNE|l 2 3.3 [0.20 ]| 0.3 |PIT¢H [0.050|0—=>20
1G] 0.60 | |D 0.016 0
) 0.2 1.0 0.01L [0»20
163 0% | 1.1 0.012
166 8 0.20 03 0.044
167 0.L0] 1.7 0.0l
168 0.901 1.0 ooia| ¥
20Y | NONE] 19 0.20]| 0.3 0.02710—=>1¢
205 0.20| 0.3 0.0271 4 20
206 oo | 1.7 0.009 |0*30
207 0.0 1.1 0.009] O
209 Y \ 0490 1.0 0.006 | 0—30
202 | - ] 2.0 | 0.20]| 0.3 0.02){0—30
al3 ‘ ob0! 1.7 0.009| O
2y 1 0.30! 1.7 0 0061 O
ald 2 1.0 j0.30]| 0.2 0.027 |0~20
a3 0.60| 1.2 0.009|0—=20
233 0D.20] 0.3 . 0.0272] o
2234 0.30! 1.2 i Jo.022] ©
235 0,60 3.2 | lp.o0al o
| 236 0,60 1.7 | lo.ocoa]o-=a0
1 237 | 1 09| 1) 0.00¢ |0—+20
a4 | 1 0.20 1 0.3 0.02110 4,8
252 0,20] 023 0.02710-+20
L AS3 0,60 1.1 0.00910 13 20
|59 Q.90 1.1 0.006|0,13 20
| 387 | NONE | 23 (.5 [0,20] 0.3 0.can
| 58 0601 1] 0_.009
259 090! 1.1 0.00¢(
262 20 | 25 030 0.3 0.037
263 | 1 20 | 3,5 | 0o| I.0 T _1{0.001
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TABLE 3. Concluded

NO TRIPS USED

SPLITTER M, [REDwUoscicaton] REP, | ALPAa,
RUM P(NA:'E CONF G LS/D l PLANE |F°° rad deq
Q6Y INONE | 20 2.5 | o900 | 1.7 [ PiTcH |o.00t 9
267 19A | 30 |0.20]| 0.3 0.037 ;
263 0,601 1.7 0.009 "
269 | 0.Q0| 1.1 ! 0.006 ! ,!




‘CL81 L3wniqed ‘(psLeseL OV)

€-CL-N1-003V ..° 530dweINSYINR

(6L/8) 91-0A

MWIQINL S VT £3071813856 NOOQPUSH,. "1¥ 38 g ¥ ‘4qlsvieqy PES ‘4 P .-aouneﬂ..

2ap* INIAIOVI
1¥| 10’0 zE) %00°0 ~$IG BYLIONY ONILS
. sainxay; sso1d |
€¥} »mo'o e L1070 AIIYI "9Y €170 “Q
$9INX21] $501D
Suzpeol d1ImE e uyesyg papuog €¥| ®8¥0'0 9z} vzo'0 XITE3 "UY Q10 " ®
. 3ap ‘SINV 10AId
qUL 1508y IANINIOVIM
-$1d ¥YIIONY TICOR
dXA Aq -
piepusS Aduanb| (SVAQ)wai1sLS uoyIVs 3108 aa3aa8au0) o1
=914 & QiTe paseduo)| -InbOV visa (®itIiQg Aauanbasd asv 03 0 10'0 0 z $200° 0 TH AONINOAN
133 Tusuery . Eme—
IAajemoul [OuUL OHYRONAS 1-8V-01-9D . .
ue o1 uostseduodr Aq 103¢3(pul Te11dtqg 19PON S10nposd | 081F! 06 0F 00g° 0F '3 90" 03 380°118d .
BOT1eIq11ed 22e1d-ujl  0BzS-~D 12poK w134l | woysidaad uciiitd| 2z o1 8- (sgo 0 * %£0°O)F 620° 0% L (»00°0 + %¥10°0)F Sepaay
4otsiaaun) -
PIYDP UX1S 2IN%SIad Q¥ 30} ¢-QyR-9 3320PRUBL] dans
UC}STOPId ¥ Yitw 00ISIId ® YIla pasn ~831d O0A3dS QPIE
a0l :.B:~w .oo:au:— 213 11dwy uoisaid | (IevisiN)punaisung| 0912 o3 o (C + $91°0)F (1 ¢+ SP1°0)T zc 6’13 uysdigs
DUS13;21 atdnodowiayy
Y3ieq 823 paIIATIS s314n0d
® Suysn uotInylasqas] Jajaeomaayi (wirdtag -omIayl jamaty 019
paepuv1s 839110 JNO0PT 19PON II0dMIN ~1omo1y) 1eng o3 Ot LL° 0% £¢° 0% [ 1 0% ¥ Sep'Lr
PILDUTIS sanseasd #101-3 visd ooop-o| 0007
ucysId21d ¢ qITA 13jemour)y djuciy €6-XVRCS T19POK ©3 00¢1 [ 23 6°ZF ot L' 0%
803383Q11%3 8281d-u] ~I813 $31332m8380 Rad0I8Y SI[IISUEIRA! 0OST O3 O (€1 + 32-0)F (1 %+ 211°0)% [rix (S1°0 + 3%0°0)3 e1sd la
’ ke R ke m w ma| =g » v
g6o » % e 5 a0 % 82 S0l
o» = aon [ 0% n |l gme~ ron
22~ | ZR8 | 28 | &Rg pejsEc | 2T
. - ] a 5 |
wo118IaT 180 #3148q Juipaodey 031a8Q Fuyanseen s e “aR 28 Be] el |R o~ soyIsu33seg
[ 21131 30 od&L 30 8843 oSusy i 1 - [ 20308884
30 ponaen (563 + Q)% (a) (§)
Ajuyeiaedun setg XIpul LOISTINS
«ININTUASYIR GILVAIISE TIVIS-ACVILS
sjuswoInseaN 23835-4Apse3s Oo18eg °w
. . SIILNIVINZONA QRIVRILIST ° ¥ T4Vl
.
s . .

T EME v Meame o v— e ~— o _




.
° .
; i
i } (6L/8) $1-84
_. H —r—
| ! "CL61 £1wnigdd ‘(PECESL QV) S~CL-UWL-DGEY . SIUSESINSYAN SUIQSAL S¥D UT KIUTEILIIUQ A00QPUNIL, "1 3 4 ¥ 4UISTINGY PUW "4 "p ‘UosdmORL
i :
|
T
m .
¥
.. o~
™
Basnxal] secdd
€3 a0 4% 110°0 12173 "uY ¢1°0 'Q
SIINNAIY ] $ECID
£¥ 00 ot $20°0 22141 "GY 010 "¢
3op° v137L
$Q1~35 " INIAOX
Bu1peor d1ae3s 0§ 03 0 oL o e st o OXIIS 2StHe NI
7 T3
z9°0 03 0] 1000°0 o1 | ._otxz's *7abE0L ISYHE~NT
Juipeo| (SyaQ)seisis uoyile so3sy) 3117
3usuag edvid-ur -ynbdy s3eq TeITdTd wiea3s papuog | 28°0 ©3 0| 2Zn0G 0 o o1 | 10000 ‘DU TSVHA-40-1110
* » v -] -
at s s 5 55 2 % Ba 55 : s
LN - d aon | N »O= L3 | "03
g6= | z23 | 3E= | 2Rg BRlgEt ) E7% _
-
8033%3Q718) 297400 SUIpI0INN 29148 Bujsasvexn an L sl S 2 Bel"sl e & uwotavciiesy
wdisig 7o 8dkL 30 edky " . eSuwy o~ 3 1 EY \ a030meng
3¢ podaen (§563 + B)3% @) ()
huﬂdlﬁhUUED [ 122" Xapul coisidexd
. ANIKIUNSVEN GAIVKILSY TiviS-AGVILS —

SIVGBSINSEISN DTmeULQ diewg °q
ponuyiIneD ‘p IIEVL




S —

L]
(6L-6) vwg1-8a
1GL6Y 438RINAd 1 {UGLE6L WV) & -Bi-¥i-didY
«90982INEYSN SUTQINL S¥D DY £3TTEIIGIUN NOOQPUNH, "4 ‘[ ‘vosdmoul pus ‘18 30 ‘@ ‘¥ ‘Suiemisqy
£t €601 e ¥ 1 [ 1]
1] € t1 81 z1 €E° 0
. £ LYot 62 61 ' 0
. L1y 9Ly €T <1 0oy 0
e c 8€6 6 € 9°2 ¥9' 0
IAR § m.j t444 g'€ 61 £€$°0
2'e €9 e | 28 €8'0
L1909 zic Ly e 180
€1 86 0°9 [ 4 86° 0
g0z ze 6t 9°2 99°0 394°d
33 800° 0 L00° 0 100°0
ey 81 900°0 $00° 0 100°0
£'c 600°0 800°' 0 100°0
11 L1 L00' 0 800°' 0 100°0
€€ 010’0 600° 0 100°0
6°0 L1 800° 0 900° 0 100°0
9°0f L1 w00 010°0 2000 . -
€1 190°0 220°0 L00° 0 -
z'0 €0 9€0° 0 0Z0°0 €00°0 muou x aEu
[ 9tel k4 $1 $0
g1 (€1 0oLt | (AR 22 $'0
£re SRTY €'z e Ly
LTt o1 9t | 24 90
[ $001 8’2 81 s°0
L'l (6°0 (1.3 1%y L2 1°0
¢ $89 o¢ 0z $°0
L't 19'0 8.9 €< s'¢ 6'0
€1 882 €L 6 v (31
. €0 T 0 otz i 902 9 gl [0 ETL V2T AKY
3 o:“r o v e § a » v
- =" " . N EC ® 0w ECc v & K 23
| aw | | e (83F0 | Bed | sBE | 22} BI|3iF | £23
: aeyemeang (28" 53 3e” WJu Wo BE, s 2
% .o. W bl ...u e -n. S n Q LI )R e soyivudiIseg
i A A ™~ L Jejsening
SwolILIaNGY" (5563 » a)F (8) (8)
K3ayw3aadupn seig XSpul woyretIed
" JKINTUNSVIK G3ILVAILSA 3LViS-AAVILE
! 4
srejouweind DOININITED ‘D
PenuUIINOd 3 ITEVL
[

—— .
B e

e e



(6L-6) wyi-ua

*cL61 4ieniqed ‘(pscess QV) S-€L-ui-d@v
« '830080INESON_ QUTQINL ®E) UY LIUTEIISIVA ROOQPUVH. ‘A ‘f ‘Tosdmoul pus ‘1w 38 "d ¥ ‘4qisnieqy

8Z24—0 001°0 0r0' 0 0£0°0 Sep‘vRaY
€€ €1 £00°0 200° 0 100°0
81 €1 »00° 0 £€00° 0 100°0
[ > Tt €00° 0 200° 0 100°G
L1 "1 ¥00° 0 £00° 0 100°0
e 60 €00°0 200° 0 100°0
21 60 ¥00' 0 £00'0 100°0
FAR 9’0 Luuw rAVIVANY] 160° 0
L1 9’0 $00°0 $00' 0 100°0
£ 1 z°0 900° 0 $00°0 100°0
£0 z°0° 810" Q z1o0°o0 €00°0
€ v z2z0' 0 10’0 ¥00° 0
g1 |et £ 910°'Q 010°0 €00° 0
P S8 9z0° ¢ 910°0 €90' 0
L1 11 6°¢ L10°0 110°0 €00° 0
€€ S 11 0€0° 0 0z0°'0 €00°0
L1 6°0 Z'S 610°0 €10°0 £€00°0
't v LY 0€0° 0 0zo° o €00°0
L1 |90 68 920°0 910'0 $00°0
€1 [ %4 0g£0° 0 0Z0°0 $00°0
€0 (%0 S'S 020° 0 b10°0 £€00° 0 ted‘yg
> s Ec » v M| xe » 9
. 55 - ap s o (] D (I ]
01X R o~ aon e~ #o4 % | 8w~ 29
8- " a TR arnn alonew ana
FONVHE | B 0~ - Bc - o e | oc - e
an WILIRVEVE 5 © « 2 ~3e & 2 8ol "eid 2 A sotyeusineg
L o= A - ' Jej080aeg
SKOILIANOD) (563 + @)% (9) (8)
1541 Ajuteyaedun suyg xXepul uoisydeld
+LNINTUNSVAN TALVRILET FIVIS-AAVIIE

penayjuad * 2
ponuIInOD “p FTEVL




4 BjUINBIN BYBN euyqQan]l S¥D uy

£3uys1380UQ NOOqpPurH, ‘4 °f ‘vosdeoul pus ‘18 18 g ¥ ‘Ayjeuseq

(6L-6) w91-@A

*£261 A3eniqed ‘(9SesSi QV) $-CL-Ni-DadV

35

L1 6°0{ 900°'0 ¢-~01%6"9 r.n.:ne.e ono.-un.v
4°1 | 90| 6000 $-01%2" 1 g-01%Z° 6 g-01%2%° 1
€0 | 20| 2200 g-61%5°¢ g-01%X4" 1 p-01%T ¥
81 { €1{ 600'0 g-01¥8"8 g-01%8° 4 g-01XS" ¥
L1 | "1 010°0 §-01%0" 1 g-01%0"6 g-01%¢"¢
L1 | 6°0| z1o0°0 p-01%C" 1 §-0171°1 g-01%¢" 8
L1 9°0) L1070 vvg x1°2 vugnh. 1 n...o.—uN. 14
. . . - . - -l .h-
i €0 |20 6v0°0 g-01XZ’ ¥ g-01%8'2 p-01¥T" 2 1-Pex’ani
900°0] €1 | 21 | 6-0] 220 0- € i I
600" 0| 21 L1 | 9°0f 100°0* 9 z 4
220°0] 21 €°0 | Z'0] 020 O+ 8 A €
600°0| 61 A1 | €1 £90°0- [ 1 1
010°0| 21 L1 |11 12070- € 1 1
10" 0} Z1 L1 | 6°0f gzo’ o~ € 1 1
L10' 0} 02 t'1 | 9°0) 210" 0+ v z 1
T@v.ox..o 0z €0 | 2°0| 800" 0+ 81 (4 [ I
0 -0 L
900° 0| © L1 {6°0{ 110°0- 6 1 ¥y
600°0| 0 L' 1 9°0[ 1010+ 01 Z 4
L20°0| O €0 | T0{ 2100+ 9¢ z1 21
600°0] 0 81 | e 1| 6z0 0+ 8 z €
C10°0! ¢ 1 11 18070 F1 4 e
z1o'o) o ¢'1 | 6°0{ o0v0" 0~ s1 1 L
2100} ¢ LT 1 9°0] 5004 82 z €1
6%¥0°0| 0 €0 | 20f{ go0'0- €S n 12 1P VIrD
9000 | 0 L't (60 g9 ¢~ [4 1 z
600°0} 0 LT |90 S g~ 9 4 z i
Lgntol oo en {20 n-e- 4 9 € ! _
600°0| 0 81 |E'1 £ G- v 3 .
010°0§ 0 FAR SR A | 6" b~ ’ 2 1
z10°0| 0 1 6'0 8'sc- [ 4 14 1
L1o°0{ o L1 (90 [ 281 13 z 1
650°0 ! 0 €0 |20 S g- 01 9 4 1-PeI'OFD
\ | SET « SF 01 FA] 20 uov.ﬁumo__
_ o1% ? 9 v 3 xc m %W
d&d  |vadiv| 9- | Ec s s g 2 s Fw a5 ? ¢
asy AONVH - fon - pon fen | s®- ron
ULLINVHEVA | S @ - cns - e~e B3 2e” 2=e
"So "~ ° 2 8 g l~3s a s uoyyensysag
| m ~ ) . [] J93oMeangd
L 169l (5561 + @)F (a) {5)
SNOILIANGO Ayuyejreoufn [ 1311 *GPUI TOISIINXd

«LNINTYNSYVIN CALVNILSE F1ViS-AQVALS

pepniaao) ‘o
pepniducy °» TIEVL

T PRI WAt s |11t

S mv———— A =

ey —




APPENDIX II

SAMPLE OF TABULATED AND PLOTTED DATA
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SYMBOL CONFIG LS/0 PHIB M REDX10®  RFP RUNS

[0 M 3.3 0 0.9 57 0.0064 208
-4 T T -0.08 T T T
-12 -~ -0.06 ~
-10 -~ -0.04 -
CLMO 8 o ©Of CLMT o
-8 - 0 -~ -0.02+ o o © 4
o © 0
-6+ ¢ - 0 e
-4 - — 0.02 ~ —
-2 R T  0.04 N
-0.4 T T 7 1.0 — T T T
-0.3 - 0.9} —
Q@ o
-0.2 |- 4 0.8k © o 4
cLMA |- PB2
-0.1+ | 5 0.7+ —
o)

0 [} O 0] & 0.6 | —
0.1} - 0.5+~ -
0.2 L1 1 1 0.y [ N

-4 0 4 8 12 16 20 -4 0 4 8 12 16 20

: ALPHA . ALPHA

SAMPLE 2, PLOTTED DATA
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