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’ : NOMENCLATURE

A Referenge area, 0.90702 ft2

AD Rate of change of angle of attack, rad/sec

A/D ' Analog to digital

ALF1 Model support angle-of attack, deg

ALPHA Model angle of attack, deg

AMAPS Automatic Model Attitude Positioning System !

B . (a) vBias limit or
(b) Wing span, 1.65 ft

BD Rate of change of angle of sideslip, rad/sec

BETA Sideslip angle in the stability axis system; deg

CBAR Wing mean aerodynamic chord, 0.62233 ft

- CG Model center of gravity . !
'CLM Total pitching-moment coefficient, pitching moment/

Q*A*CBAR

CLM-A Slope of CLM versus ALPHA curve obtained from
frequency measurements, rad™~!

CLM-AD 3 (CLM) /3 L&Z%&;&, rad”!

CLM-C . ' CIM corrected for tunnel flow anomalies (not used)

CLM-Q 9(cM) /3 I%LIQ . rad”!

CLM-QAD Pitch-damping coefficient, (CLM-Q)+(CLM-AD), rad™ '

CLN Total yawing-moment coefficient, yawing moment/Q+A<B

CLN-B Slope of CLN versus BETA c“er obtained from

frequency measurements, rad

CLN-BD 3(CLN) /3 552%551 , rad""!
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PP

——
T .

CLN-R
* CLN-RBD

CODE or CONFIG
CONFIG

D

DATE
DDAS

DELE

DS/D
FREQ
F.S.

GAMMA , GAM-M

Iy

L.E.

Ls/D

MAC
oc

P

PB

'PB1, PB2
PHI-I

PN
POS

"““"""-"'!ll!Ilf!l-lI-IllI-----.-...........,...'.....r.-==q"

3(CLN) /2 15%551 , rad”!

Yaw-damping coefficient, (CLN-R)-(CLN-BD)<cos ALPHA,

rad-1 ’

Configuration code number
Médel configuration designation

Reference diameter, (model fuselage diameter),
0.36458 ft

Date that data were obtained
Digital Data Acquisition System

Stabilator deflection, positive trailing
edge down, deg

Sting diameter to model base diameter ratio
Frequency of oscillation, Hz
Model fuselage station

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

Mass moment of inertia about the pivot axis, slug-ft2
Reference length, model fuselage length, 2.55208 ft
Leading edge

Sting length to model base diameter ratio

Free-stream Mach number

Model mean aerodynamic chord, 0.62233 ft (same as CBAR)
Oscillatory component
Free-stream static pressure, psf or psi

Base pressure, psfa
Ratio of base pressure to free-stream static pressure

Model support roll angle, deg

Data point number
Total amplitude of the model oscillation vector, deg




| PROJEQT
' PT

Q

Q’

RE

REL

RFP

RUN

SC

SDM

: T.E.

THETS

[

Project number, P41C~-H7

Free-stream total pressure, psfa
Free-stréam dynamic pressure, psf

Angular velocity in pitch, rad/sec
Free-stream unit Reynolds number, million/ft

Free-stream Reynolds number based on CBAR,
million

" Reduced frequency parameter ((OMEGA-W)°*CBAR/2:V) for

pitch oscillation and ((OMEGA~W)+B/2+V) for yaw oscil-
lation, radian

Free-stream density, slugs)ft3

Run number

Sample standard deviation

Static component

Standard Dynamics Model

Free-stream static temperature, °R or °F
Trailing edge

Sting flafe angle, 15 deg

Free~stream total temperature used in data
reduction, °F or °R

The 95th percentile point for the two-tailed
Student's "t" distribution

Measurement uncertainty
Free-stream velocity, ft/sec
Model water line

Model weight, 1b

Distance from model c.g. to dynamic balance pivot
center, Iin. or ft




1.0 INTRODUCTION

The work reported herein was sponsored by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), Arnold
Air Force Station, Tennessee, under Program Element 65807F, and Control
Number 9R02-00-0. The results were obtained by ARO, Inc., AEDC Group
(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-H7 from June 2
to September 10, 1980. This test provided data in support of the
research project "AEDC Dynamic Stability," ARO Project Number V32F-09.
The AEDC Research Monitor was Capt. Al R. Obal (.F), and the Test
Project Monitor was Mr. Tony D. Buchanan of ARO, Inc. This work 1is a
continuation of the work reported in Ref. 1.

The objective of the test was to determine sting-support inter-
ference effects on the measurements of static and dynamic stability
derivatives and base pressure on the Standard Dynamics Model (SDM).
This included: (1) defining critical stirg length by the measurement
of pitch-damping derivatives and yaw-damping derivatives for three :
sting diameters and various model oscillation amplitudes, and (2) i
obtaining baselinc pitch and vaw static and dynamic stability data i
on the SDM for two center of gravity (CG) locations.

Data were obtained at model oscillation amplitudes of 1.0, 1.5, ;
and 2.0 deg using the VKF (von Kirmdn Facility) 1.C Forced Oscillation
Test Mechanism. The frequency of oscillation was nominally 5.2 Hz.

Data were obtained at angles of attack from -6 to 25 deg at Mach numbers
0.3 to 1.3. The sting length was effectively varied from 1 to 6 model
diameters by extending a conical flare to various stations along the
sting for sting diameters of 0.40, 0.65 and 0.73 model diameters. The
Reynolds number per foot ranged from 0.5 x 106 to 5.0 x 106 and the
reduced frequency parameter varied from 0.009 to 0.032. In additionm,
limited amounts of flow visualization data were obtained for several
configurations and test conditions.

A microfilm copy of the final data has been retained in PWT at
AEDC. Inquiries 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 permanent sonic nozzle. At all Mach numbers,
the stagnation pressure can be varied from 400 to 3400 psfa. The test
section is a 4-ft square and 12.5 ft long with perforated, variable
porosity (0.5- to 10-percent open) walls. It is completely enclosed in
& 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
centerline. The general arrangement of the test section with the test
-article installed is shown in Fig. 1. A more complete description of

the tunnel may be found in Ref. 2.

2.2 TEST ARTICLE

The Standard Dynamics Model (SDM) represents a 1/18-scale type
fighter aircraft. Dimensions of the SDM are shown in Fig. 2, and
details are shown in Fig. 3. The model has a 19.8-in. wing span and
double-taper leading and trailing edges on the wing, stabilators and
vertical tail. The stabilators may be deflected in increments of *5
deg. All external components, i.e., wings, stabilators, inlet, ventral
fins, canopy, etc., may be removed for buildup test as desired. Table
1 lists the configuration codes for the test reported herein. Design
and fabrication were performed at AEDC.

For the smallest sting diameter configuration (DS/D = 0.40), the
sting length was effectively shortened by positioning a conical steel
flare (Fig. 4) at 2.0, 3.0, 4.0, 5.0, 5.6, and 5.7 model diameters to
the rear of the model base along the sting. The effective sting length
was 6.0 model diameters without the conical steel flare installed. The
flare was mounted to the motor housing of the test mechanism without
- touching the sting forward of the motor housing.

For the larger sting diameter configurations (DS/D = 0.65 and 0.73)
the steel conical flare was positioned fully aft of the model (up against
the motor housing as shown in Fig. 4b). Two different sets of split
tubes were mounted to the front end of this flare. These sting diameter
configurations are shown in Fig. 5. The tubes were designed in two
halves to facilitate installation of the tubes without removing the model.
The split tubes were installed such that the parting line of the tubes
was in the vertical plane. The sting length was effectively shortened
by positioning a Lexar® flare on the split tubes at 1.0, 2.0, 3.0, and 4.0
model diameters to the rear of the model base along the sting. The effec-
tive sting length was 5.6 model diameters without the Lexan flare installed.
No part of the sting diameter hardware touched the sting forward of the
motor housing, even though the sting was subject to static and dynamic
deflections within the tubes.

2.3 TEST MECHANISM

The VKF 1.C Forced-Oscillation Test Mechanism (Fig. 6) utilizes
a cross-flexure pivot, an electric shaker motor and a one-component
moment beam which is instrumented with strain gages to measure 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 converts
the translational force to a moment to oscillate the model at amplitudes
up to 3 deg (depending on flexure balance) and frequencies 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.

Data from this test were obtained with the 0.180-in.-thick cross
flexures, which have a stiffness of 962.5 ft-1b/rad. The moment beam used
to measure the pitch-damping moments had a thickness of 0.047 in. and it
is capable of measuring a total moment of 11.3 in.-1b. For measuring
the yaw-damping moments, the moment beam thickness was 0.036 in., wbich
is capable of measuring a t(otal moment of 7.1 in.-1b,

The cross-flexure pivot, moment beam, and flexural linkage assem-
bly are supported 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 plane. A penumatic- and spring-operated locking device is provided
on the balance to hold the model during tunnel startup and shutdown.

2.4 TEST INSTRUMENTATION
2.4.1 Forced-Oscillation Instrumentation

The forced-oscillation instrumentation (Ref. 3) utilizes an elec- ]
tronic analog system with precision electronies. The control, monitor,
and data acquisition instrumentation is 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 feed-
back loop which permits testing of both dynamically stable and unstable
configurations. Data are normally obtained at or near the natural
frequency of the model flexure system; however, the electronic resolvers
permit data to be abtained 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 componeats (0C) super-
imposed 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 the OC signals and output d-c voltages., The output
d~c voltages are proportional 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 selected interval from approximately 2 to 60 sec at
a sample rate appropriate to the type test and wind tunnel.




2.4.2 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. 7.

2.4.3 Flow Visualization Photographs

A camera was installed on the top and side wall of the tunnel to
provide flow visualization data. Fluorescent tufts were attached to
the upper port side horizontal stabilizer of the model, and photographs
from both the top and side cameras were obtained using an ultraviolet
flash. A typical photograph obtained in this manner is shown in Fig. 8.

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, °F Q, psf P, psf V, ft/sec szlofflfc'1 RELx 10”8
0.30 575 102 34 540 346 0.5 0.3
0.30 1112 89 66 1045 342 1.0 0.6
0.30 2017 m 118 1867 349 1.7 1.0
0.30 2966 123 180 2812 354 2.5 1.6
0.30 3670 132 217 3441 355 3.0 1.9
0.60 641 99 127 503 671 1.0 0.6
0.60 1608 103 318 1261 674 2.5 1.6
0.60 3374 123 664 2642 685 5.0 3.1
0.80 723 84 212 474 861 1.4 0.9
0.95 486 91 172 273 1004 1.0 0.6
0.95 754 102 267 420 1019 1.5 0.9
0.95 823 86 291 460 1002 1.7 1.0
0.95 1207 89 427 676 1004 2.5 1.6
1.05 849 88 326 424 1089 1.8 1.1
1.05 1201 98 463 596 1104 2.5 1.6
1.10 1196 97 . 474 561 1141 2.5 1.6
1.20 983 90 409 409 1215 2.1 1.3
1.30 1200 9% 512 434 1296 2.5 1.6

Testing procedures for yaw oscillation were identical to those
for pitch oscillation, except that the test mechanism has rolled +90
deg from the pitch plane to the yaw plane. In additiom, guy rod stif-
feners were attached to the sector and boom assembly to help dampen
vibration of the boom in yaw during the yaw phase. Flow visualization
photographs were only obtained during the picch phase.

Definition of the configuration code is given in Table 1. The test
summary is given in Table 2.




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 or 2
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 one data point was taken.
Data were obtained over a 30-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 200 samples
per second.

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

At test conditions where flow visualization photographs were
obtained, both top and side photographs were obtained simultaneously
after tunnel conditions were established and prior to unlocking the

- model.

3.2 DATA REDUCTION

Data from the DDAS were combimed with tunnel model attitude and
base pressure instrumentation data and sent directly to a DEC-10 System
Computer. Average values of the balance and sting gage outputs were
calculated by the computer and used in conjunction with the remaining
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. 3 and 4.

A printout 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 1BM-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 printout. 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
Standards (NBS) (Ref. 5). Measurement uncertainty is a combination of
bias and precision errors defined as:

U=2% (B + tgss)

where B is the bias limit, S is the sample standard deviation, and t
is the 95th percentile point for the two-tailed Student's '"t" distri<
bution, which for degrees of freedom greater than 30 equals 2.

Estimates of the measured data uncertainties for this test are
given in Table 3a and b. The balance data uncertainties were determined
from in-place static and dynamic calibrations through the data recording
system and data reduction program. Static load hangings on the balance
simulate the range of loads and center-of-pressure locations anticipated
during the test, and measurement errors are based on differences between
applied loads and corresponding values calculated from the balance
equations used in the data reduction. Load hangings to verify the
balance calibrations are made in place on the assembled model. Static
and dynamic calibrations of the dynamic stability balance system allowed
the measurement uncertainty to be that which is due to the amount of
. nonrepeatability of the calibration constants. The sting and parts of
the balance not dynamically calibrated were calibrated by static load
hangings over the range of anticipated loads. Uncertainties in the
measurements of sting effects were included in the error analysis.

Structural damping values were obtained near vacuum conditions before
" the tunnel flow was started to evaluate the still-air damping contri-
bution.

Propagation of the bias and precision errors of measured data
through the calculated data was made in accordance with Ref. 6, and the
results are given in Table 3c. The uncertainties are for steady-state
conditions. Occasionally vibration and noise of the wind tunnel environ-
ment caused the scatter in the data to exceed the estimated uncertainty.

*+ 4.0 DATA PACKAGE PRESENTATION

The data include tabulated and plotted data, a test summary, and
flow visualization photographs. Tabulated data include summary data,
point-by-point data, wind-off tare data, zeros data, torque calibration
data, and a listing of constants. Plotted data include (1) individual
plots of CLM-QAD, CLN-RBD, CLM-A, CLN-B, CLM, and PBl data as a function
- of angle of attack, and (2) comparison plots which depict sting length
ratio (LS/D), Reynolds number, oscillation amplitude, sting diameter
ratio (DS/D), and configuration effects. A sample of the tabulated data
and plotted data is presented in Appendix III.

10




The data package is comprised of the following four volumes:

Volume No. Run Nés. Description )
1 31-221 Summary data (pitch phase only)
2 297-437 Summary data (yaw phase only)
3 31-221 Plotted Data (pitch phase only)
4 297-437 Plotted Data (yaw phase only)

Plots of CLM-QAD, CLM~A, and CLM are shown in Fig. 9. Theoretical
DATCOM (Ref. 6) predictions are compared with the experimental data;
comparisoas are favorable at the lower angles of attack. The CLM-A
data compare well with the data obtained from a curve-~fit of CIM versus
ALPHA.
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fo

WING

Area
Span
MAC
Aspect Ratio
L.E. Sweep
Dihedral
Incidence
Airfoil
L.E. Angle
T.E. Angle

HORIZONTAL TAIL
Area
Aspect Ratio
Taper Ratio
L.E. Sweep
Dihedral
Airfoil
L.E. Angle
T.E. Angle

VERTICAL TAIL
Area
Aspect Ratio
Taper Ratio
L.E. Sweep
Tip
Root
Airfoil
L.E. Angle
T.E. Angle

VENTRAL FIN (Each)
Area
Span .
Aspect Ratio
Taper Ratio
L.E. Sweep
Dihedral (cant)
Airfoil
At Root
At Tip

FUSELAGE
Length
Diameter

Center of Gravity

Double

Double

Double

0.90702 £t°

1.6500 ft

0.62233 ft

3.0

40 deg

0

0

Wedge 4.5 percent thickness at root.
15 ?ha]f angle)

15 (half angle)

0.30707 £t°

3.0

0.213

40 deg

-10 deg )

Wedge 6.4 percent thickness at root.
14 deg (half angle)

15 deg (half angle)

0.30846 ft°

1.093
0.362

47.5 deg

15.0 deg

Wedge 5.6 percent thickness at root.
15 deg (half angle)

15 deg (half angie)

0.0263 ft2

0.150 ft

0.86

0.70

26.5 deg

25.2 deg (outboard)

Modified Wedge 3.8 percent thick at root.

Constant 0.003 r

2.55208 ft
0.36458 ft
1.49125 ft from Nose at 35% MAC
1.36667 ft from Nose at 15% MAC

Pig. 2. Standard Dynamics Model (SDMi Dimensions
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Sting Motor Housing
Cross Flexure £.13 Diam-~
—Can Flare [15 deg R - !
yd Locking Arm ) —_— i 1
' l-deg Sting Taper - ! + J
Arr—al ! { T : ! H
Hem ,-}- ———— e — — _..7____.__1 —
a1 . " : v
1.80— | L1.76 Diam | -~ -
10.00 — ! T~ ot
b— 38.67 10.49 -— 10.56 ——

All Dimensions 1in Inches

a. Details of test mechanism

AEDC
9210-80

b. Photograph of cross flexure pivot
Figure® . Details and photograph of VKF 1.C forced-oscillation
test mechanism.




\

’////—-Model Pivot Axis
/ PB2

Sting(DS/D = 0.40)

0.093-0D Stainless Steel
Tubing Attached to Sting
with Spotwelded Nichrome
Str.ips

PBl

BASE PLANE
Orifice ID = 0.062

For all sting configurations the
base pressure orifices were in the
same location with respect to the
model; all orifices located in the
base plane

7\

—e TO Pressure
Transducer

Top View, Looking
Down on Model from
the Tunnel Top Wall

All Dimensions in Inches

Figure 7. Location of Base Pressure Orifice




. o T e o Wy

Sting Configuration Shown: DS/D = 0.65, LS/D= 5.7 :

SDM Configuration +B1C1W1V1TOOS1F1I1

Point Number

-

9.0880 0202.00! 0N

Fav.o & Topreal Tutt Flow Visaalisation Photograph

TH)
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LINE SOURCE CONFIGURATION M=z0.6
‘ — o PRESENT DATA +BICIW1VAITCOSIFIIL REL=LS x10°
| — — — REF. 6 (DATCOM)

: . ... .CLM-A DATA OBTAINED FROM 1
PRESENT CLM DATA

CLM-QAD

-1.0
1
< -0.9F 4
1
>
a (o]
|
oS5p
1.0 a L . ek 4 . - . . ;
-6-4»-2.02.4'68101214.1618
ALPHA)da

o ———

% 4 2 0 2 ¢ 6 8 140 12 1+ 16 18
ALPHA, deq
' ~‘ Fi.g. 9. Datgﬂc_gparison Plots
0 "
A\

[ S e |




APPENDIX II

e

TABLES




-

-

Table 1

STANDARD DYNAMICS MODEL
CONFIGURATION DESIGNATIONS

EXAMPLE CONFIGURATION DETAIL
B1COWOVOT99 BASIC FUSELAGE BODY (CG at 35% MAC)
B1CIWOVOT99 . BODY + CANOPY
B1CIW1VOT99 BODY + CANOPY + WINGS
BI1C2W1V1T99 BODY + CANOPY + WINGS + VERTICAL TAIL

IB1CINIVITXX BODY + CANGCPY + WINGS + VERTICAL TAIL
+ HORIZONTAL STABILIZERS
tBlClNlVlTXXSl. BODY + CANOPY + WINGS + VERTICAL TAIL

+ HORIZONTAL STABILIZERS + STRAKES

¥B1CINIVITXXSIFL BODY + CANOPY + WINGS + VERTICAL TAIL
: + HORIZONTAL STABILIZERS + STRAKES
+ VENTRAL FINS

$B1CINIVITXXSIF1IL BODY + CANGPY + WINGS + VERTICAL TAIL
+ HORIZONTAL STABILIZERS + STRAKES
+ VENTRAL FINS + INLET

$B1CINIVITXXSOFLI1 : BODY + CANOPY + WINGS + YERTICAL TAIL
+ HORIZONTAL STABILIZER + VENTRAL FINS
+ INLET (NO STRAKES)

- EE KEY (TYR) - »
N e i A B

-~ C—_~ M o Y- T XX S - F__- 1 __

i+

Stabilizer angle direction. Positive Trailing edge down.

NON-ZERO INDJCATES COMPONENT ON EXCEPT FOR
TAIL WHERE 99 WILL SIGNIFY TAIL OFF

32

T STABILATOR DEFLECTION (DELE) Angle, deg.




C g
.
 u—— - ‘
.

Table 1. Continued

Standard Configuration Key

KEY MODEL PART i
1 B BASIC FUSELAGE BODY G at 35% MAC
2 B BASIC FUSELAGE BODY (G at 15% MAC
1 C  CANOPY 1
1 W WINGS - LIGHT TIPS
2 W - HEAVY TIPS
1 V. VERTICAL TAIL
XX deg T  HORIZONTAL STABILIZERS - DEFLECTION )

99 signifies tail off

1 3 STRAKES
1 'F VENTRAL FINS
1 I INET




\ Table 2
! Test Summary .
SN A I -
a. Pitch-Damping
RE: Jeel PT Pos | RFP |zLpua i

RUN D% '“S/p CONFIGURATION! M Flitlon 2 psfa tdeq rad. des ?
31 1lo40l6.otcrwiviToosiei T .60 2.5 ls608.1 1.0 looss|9,-4
32lo40lz.0 0.60 | 2.5 | /532 |1 0.015FY=>17]
33lowlc 0 Q.60 1 2.5 /629. 12.0 2.0/151 0O
39 [090{ 6.0 ' 0.60 | S0 | 23671 /.0 | 0.0/¢|0-Y
42z losol 2.0 0.60 | 2.5 /615 | 1.0 0.015" Y~ 1S
43401 5.0 0.60 | 2.5 IG5 1 2.0 10.0151 0
1 psols.0 0.6Q | S.Q 33281 /.0 | 0.0i%-6> 7
45lb.wls.0 0.501 1.0 Gt0.| /.0 | 0.018|~4+/4
S0 10<01 5.0 0.95 | 2.5 1207.| /.0 | 0.010l0 -4
54 logols.0 0.95 | 1.0 3871 /.0 | 0.010|-95 /4
S5 lognle-0 g.95 1.0 Sco.| 2.0 | o.010l »
56 104016.0 0.30 | 2.5 12489.1 /.0 | 0.030] o l
6l 104016.0 0.30 | 2.5 2930.{ /-0 | 0.030(~4> /5

{ 62 1094016.0 0.30 2.5 2562.1 2.0 | 0.030] o
63 1090l6.0 0.30 | 2.5 {2971 | /1.0 0.030| ©
cd b0l 5.0 0.30 | 3.0 1 3663.| /.0 | 0.030| n
oS5 lowic.o Q.30 1. 7 1989, 1. 01 0.032] ©
66 10%0l6.0 301 0.5 S75.1 (.0 | 0.031| O
671040 6.0 (.05 | 2.5 | 1200.] 1.0 0.010] ©
68 logd 6.0 /. 10| 2.5 | 1200l 1.0 0.010|-4»2
70 1090l 6.0 .10l 2.5 | /202.1] 2.0 ©.010 2
72104016 .0 /.30 2.5 [ 200. .01 0.009]-2>2
73 14016.0 /.30 2.5 12001 2.0 | 0.009 )
831040150 0.30] 2.5 2874.] /.0 | 0.030|-4- /5
g4p9ds.0 0.60| 2.5 1632.| 1.0 | 0.015|-5+/5
851040.5.0 0.95| /.0 9R6.1 1.0 | p.o)l|-42 /4
861040 5.0 0.95| /.0 4g6.1 2.0 1l p.ol1ll A
871040[5.0 1101 2.5 | [180.| 1.0 | 0.01000,1,3
88 1040|5.0 |. 10| 2.5 1180.1 2.0] 0.010 0
8910.90|5.0 .30 2.5 [185.] 1.01 0.009|-2+* 3
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Table 2 (continued) B
a. Pitch-Damping (Continued)
Re - £ \

run|D6 | 20| conFiouRaTiOn] M [MHtienA® :a'fa :Zf: iap L}Z:A
90 b4ol s.0ks i w!IVITo0siE1l | 30 2.5 /1851 2.0 | 0.009 )
93 03012.0 : 0.30| 2.5 28461 /.0 | 0.031|-4+i€
g4 <012, 0.30 1 2.8 2846 2.6 | 2031l o

S<olz. 0 0.60 2.51 1609 (-0} 0.018|-5» <
9¢ anlz.0 00| 2.5] /609 2.0 205! o
01 lngnl 2.9 0.95 /.0 95| 2.0 | ool o
1021n4n12.0 0.495 [. 0 9951 1.0 D.00ll-4> 14
103l C /.10 2.5 (188 1.0 | 2.2:31-2> 3
(04 04012.2 /.30 2.5 /178 ]. 0 0.00%~2>2
105h4nl2. 0 /.30 2.5 /182] 2.01 0.009l »
10820 0.30 2.5 2888] 1.0] 0.030] 2
/0904030 0. 30 2.851 295 L.O| 0.030-4-r15
1[0P4N3.0 0.30] 2.5 2928 2.0 2039 o
[12n<¢13.0 060 |. 2.5 /6231 2.0 1 0.0181 o
13)p-x13.0 060l 2.5| 24| .0 | 0.015] o
1[4]p403.0 095! 1.0l Sool 1.0lo.011]4+4
1150433.0 0.95 /.0 Sool 2.0l 0.010! »n
116 pad3.0 [.10]l 2.5 18T [-0| ©0.010/-2>
1/714013.0 ) .10l 2.5 1194l 2 ol o.0i0l o
/18 10401.3.0 ;.20 2.8l //8B5] 1.0] 0 009]-2> 2
/119 1403.0 .39 2.5 /187 2.01 0.009 O
120040|3.0 0.60 2.5 1606 Ol O 0IS1a . 9
127104040 030| 2.5| 201a] 4.0] 02300 4
128104014 0 0.30 2.5 29351 2.0 o.030 0o
/129 40|40 0.60| 2.5| s¢90] 7.0l o0.015] o
130401 ¢.0 0.95 /. 0 500 [.0) 0.010-4»>/4
131pcoi4.0 0.95 /.0 Soo|l 2.0l 0.00] o
[321040/4.0 410l 2.81 /91l 2.0l 0.0i100 o
13340 4.0 .10 2.5 1194 [0l o010l o
/3440| 4.0 ;.30 2.5 1196 L. 01 0.009%-253
£351040] 4.9 (.30 2.5| 1192 2.0| 0.009] o
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Table 2 (chx_tinued)

. Table 2 (contlmued) ...
f a. Pitch-Damping (Continued)
| e PT | PoS | RFP |r.pra
] RUN D}/D LS/D CONFIGURATION M I'{ lon/.:\a_ psfa tdeq rad. des
¥ 143073 5.6 8 cwivizeosiend 222 | 2.8 | 2628! 1.0 10020 ]-43/5 |
i 2410715 6 0.601 =.5 | /22| 1.0l D015F5>/8
' 145 1071.5.4 0.9 L0 492 1.0 | QO0Ili=4»> 2
| 146 p.7315.6 (.10 2.5 [ 196 1.0 2010l ©
! /471072155 /1ol 2.8 /195 10| Qo10/-2.) .3
(431073 .5 4 /. 30| 2.8 L1494 1ol 2509 0,-2
/49b. 721 5.6 /.30 2.8 [/84] 1.0} 0pi0]-2 5
/5212734 0 0.30) 2.8 | 26001 1.0 0.030-42/5
i /531p 73l <0 0.60] 2.5 | /589) ).0] ©O0I5 =575
/571p.731 4.0 0.301 2.5 | 2889 Jol| 2.2030lo-44
' [S8lp731 4.0 060l 2.5 | j625| 1.0 0.0/8p-44
/15910.731 4.0 0.95| /.0 44971 1.0 0io|-4> 14
/61731 4.0 /- 10l 2.5 (14al]l 1.0 ©00/0-2>23
( 1/e2p.731<4.0 ;-30| 2.5 (190 1.0 209|-2>3
;, [6SIn. 72 3.0 0.30] 2.5 28791 1.0 | 0.020-9>/5
' /66 73] 3.0 o060l 2.5 | 4593 1.0] 2.015\~5»2
1671073 3.0 0.95| 1.0 492 1.0! D.9/li-42>/4
s [6810.731.3 0 /.10 2.5 1191 1ol 00023 |
/691073 3.0 [-30] 2.8 | 1185 10| 0.009-273
5 17210.721 2.0 0.30]1 2.5 2882 1.0 0. 0201-4=>/5
/730721 2.0 .60 2.5 | |s94] 1.0 ©0.0:15-5>;5
H ] (74,72 2.0 . 0.95] 1.0 486 10| 0.0/01-4+14
R /75lp. 721 2.0 L. 10) 2.8 (188l 1.0l 0.010{-2+3
i (761023 2.0 ;. 30| 2.5 a7 1.0l 0.008l-2>3
187lo40l 5.7 tBaciwiviTessiFITH  o0.60| /.0 €14l 1.0l 2.2/5H4>23
[BBn¥\5.7 p.gol 1.4 723 101 0012i-94>5/5
18%104015.7 0.958! /.7 gz2l ;. 0| noOIT!l~—>3g |
' 190109015 .7 [-05] 1.8 2441 1.0] 001010 2 4
’; [9]1040.5.1 [.20| 2.1 983 J.0] 0.010|n—5
! ‘ 192104015.7 0.3 1.0 g2l 1.0 0029-4>4
i 36




Table 2 (Continued)
T e e
a. Pitch-Damping (Concluded)
Rg

runlD6 b1 conEiGURATION] M |Million pgl‘; .ti!f: S:(p Abt:A

193 o401 5.7 [BRCIWIVITOSSIFIZI 0.30 /.0 1112, /.0 _10.029] 0 >20

195j0.40/5.7 i 0.80 | /.9 729. | 1.0 10.012);0,2 /4
203l0.451s. 6 t2iciwivitoosieizl 0.30 | 2.5 [3012. 1 1.0 | 0.030] o -4
20510.65|5. 0.30 2.5 12961, | 1.0 0.030'_4'_, /5

20610.65!5.6 0.65 /.0 48s5. | 1.0 0.0/151-45 /4

20710.6515.6 1.10 2.5 |/+87 ] 1.0 0.0/0|-29 3
[208|0.6515. 6 1.30 | 2.5 /1!88. 1.0 0.009{ 0.3
2/2.10.63] 2. 0.60 2.8 /15 70. /.0 0.015 o)

2./3]0.6513.0 Q.95 /.0 492.| 1.0 0.0/10] o
21410.651 3.0 1.10 2.5 j197.1 .0 Q.00 o
2150.653.0 (.30 2.5 |11 74.1 (.0 | 9.009 o)
218l.65z2.0 0.60 | 2.5 | /583.) /.0 | 0.015] o
12.19)0.65|2.0 0.95 /-0 490.1 /-0 2.0/0 o)
|220p6slz. 0 /.10 1 2.5 117190.1 1.0 0.010| o
2210.6512.0 /.30 2.5 | /185 /.0 0.0091{ o
ha7 Josclc chtacwmrossizin | o.eo | 1.0 | ¢39 [ 1.0 [0.015 [5ag=3




TABLE 2 (Continued)

b. Yaw-Damping
ke
Run|D% | 70| conFicuraTion] M [MulioyH ot :F:lfj ‘Saip A:l:fa
: , 213 |e915.7482CtwtvIToSSIFITI| 0,301 1.O | |1I0&8 | 1.0 10.029 |-4= /4
% T Rielo.yls7 0.60| 1.0 | 432 | 1.0 [0.015|-4>/4
i 17104157 o.enl 1.9 1746 | 1.0 lnpra|-4+14
§ 8loels.7 0651 ;.71 8% | 1.0 lno.niol-92/4
-3 1910.315.7 0. 9851 17 | 843 LD 12.0/0 o
220004157 /. 0S| 48 | B&3 .0 12 009l-9>5
322104|5.7 [20) 2.1 | /007 | /.0 |0 208 |=-9>5
223 94157 v .20 2. ) jong | 4.0 {D.009] © |
. 22320l OBICWINTCSEFITL | 2. 201 2.8 12926 4.0 0.0301=94>25
32=p.4l56.0 0.60 | 2.5 | /622 /.0 N0 1—-4>18
2.¢12.0 8.601 2.5 /517 /-5 1o.o/e o 1
123910, ¢16.0 .60 2.5 61491 2.0 | norg o)
; ( 1104160 0.95 | (.5 7541 1.0 | p0.01ll-4+14
342\041¢6.0 0.95 | 45 | 7281 1.5 | 001/l ©
; 3logls 0 0.951 /. 5 7481 2.0 0. 0/) e
? 41041 .0 0951 /.51 753 7.0 V0. 01llo=> /2
04l 4.0 [ 40 ) 2.5 1 /230 1.0 | c.0/0|-4>4
253103 5.0 J- /0 2.8 | /2/8] /0 |op/0lS2/5
1335104140 /.30 2. 81 yoy71 1.0 | nco?l-g9» 5
g0logi<¢.0 0601 2.5 | ye0p | 2.0 loois| ¢
362]04140 0.95! /.8 72351 /4.0 loo/o o
. Ploglz.o ” Q.60 | 2.5 /4808 | 1.0 |Q0/85 |0 >ys
72104120 0951 /.85 | 7821 .0 |00/0l0->15
37410.¢4l2.¢ (.40 2.8 1/2/5] 1.0 lopololo—ris
T7610.U2.0 .30 2.8 | /202 /.0 10.0028lp—>y
3800.43.0 .60 2.5 1 /8971 /.0 1 0.0/&lp=> )8
2e210413.0 0. 95 G 7571 /1.0 0.0/0|n o<
~10.¢|3.¢ (10 2.5 | /207 [.O \20/0l0-7/S
8clo413.0 [0l 2.8 1 /2171 /.0 | n.00B|L -2 /S
, 06514.0 0.60 | 2.8 | I1S95| 1.0 10.015|1 02 14
; .. tloed4.0 oeol 2.5 1 /15991 4.0 lo.c8) ©
| 0.csl¢.0 0.9¢1 1.5 1 74951 1.0 10.010|6=>14
g%o.esﬁo i .10 2.5 1/204 | 1.0 | 0.010|10=2>/5
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TABLE 2 (Concluded)

b. Yaw-Damping {Concluded)

Re

RUN % "S/D CONFIGURATION] M Ml oe ?}s);; :PJ?; ﬁ:tp‘ “:J::(:
39¢l0.68\ ¢ Cricmmrossiel .20 | 2.8 | /2/2 | 1.0 2. 20810 >4
400i0.65] 2.0 ' 0-60 | 2.5 /53| .0 |oowslo =>4
4021065|12.0 0.95 1 /.8 756 | 1.0 |oo/0i0->]

o.gsl2.0 /.0l 2.5 /2210 1.0 (oomlo»riS
qo410.6512.0 /.30 2.8 1 /2/7 | /O |L.005]0—> (4
Qic|lngsl =z 4 0eol 2.5 | /259| 1.0 lpor5ln=>i4
4l losslz. 0.60| 2.5 | /12591 /.0 |0.o/5| o
AH2lo.cdz2 1 0.951 4.5 | 796 | /-0 | 0.0/10|lc=>194
C2ud XN [. 10| 2.5 V /27| 1.0 | £.0/C| p=><
o 213 o e /.30 2.5 /208 /.0 0.cc8]1 0> /4
4z11Ca5]1 5.6 .60 2.5 /649 1.0 | n.01¢6l 0> 4
42310.64 5.¢€ 0.95| /.5 | 740l ;.0 c.otlip>s4
e 7N O WA /.10l 2.5 j2/7] ,.0 Q.00 02 8
427106351 £.¢ [- 30| 2.5 1 /2/0] (.0 | 009>t
429 h.5515. ¢ 0.201 2.5 2967 [.0 2.0208 o
43/lped /.0 0-601 2.5 | s6/0) 1.0 0.016 o)
433k¢2l 2.0 0.9s| 1.5 7681 4.0 .0/ o
42815631 1.1 /.10 2.5 223! 1.0 010 ©
71068 1.0 /-30] 2.5| s2:m)] 4.0 ] 0009 o
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APPENDIX III

SAMPLE OF TABULATED AND PLOTTED DATA
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