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SUBSONIC-AND TRANSONIC DYNAMIC STABILITY
DERIVATIVES OF A MODIFIED 089B SHUTTLE ORBITER
(LA20)

by

Richmond P. Boyden and Delma C. Freeman, Jr.

SUMMARY

An experimental test program has been conducted to measure the subsonic
and transonic dynamic stability derivatives of a modified 089B shuttle orbiter
configuration. The test were conducted in the Langley 8-Foot Transonic
Pressure Tunnel utilizing force¢ oscillation equipment. Rotary derivative:
were measured about all three axis with both the in-phase and out-of-phase
derivatives reported herein. The test were conducted at Mach numbers of U -

0.8, 0.9, 0.98 and 1.2 for angles of attack up to 22°. The data vere measut .-

at the model resonant frequency with pitch and yaw amplitude of 1° and roll
amplitude of 2.5°.

e




INTRODUCTION

One of the current major national qgoals is the development of the Space
Shuttle. As part of this effort a program has been <nitiated at the Langley
Research Center to experimentally measure the dynamic damping derivatives of

the shuttle orbiter for all flight phases from entry to landing. These experi-
mentally measured values will bé utilized in computations to assess the im-

gortance of the_dynainic damping derivatives on_overall vehicle dynamics,
upersonic results are presented in reference 1 and hypersonic results in

reference 2

As part of this study subsonic and transonic forced oscillation tests of
a 0.0165 scale model of a modified 089B shuttle orbiter have been made in the
Langley 2.4384-meter (8-Foot) Transonic Pressure Tunnel. These tests were made
for several configurations over a Mach number range from 0.3 to 1.2 measuring
the pitch, roll, and yaw damping. The normal force due to pitch rate, cross-
derivatives yawinag moment due to roll rate, and rolling moment due to yaw rate

were also measured. Data plots and tables were prepared by Chrysler Corporas
tion under [IASA contract. pFor this 1nvestigatiog, designated 8TPT 653 (EAZO),

the tunnel occupancy time was 160 hours.

SYMBOLS
PLOT
SYMBOL SYMBOL DEFINITION
b BREF reference span, meters
Cq CBL rolling-moment coefficient, rolling moment
Qb
Cep - _3Cy | per radian
(pb
2(5v)
Ce, - __iﬁﬁ;, per radian
p pb?
3(4\1’4’)
Cgp + Czesina CBLP damping-in-roll parameter, per radian
Ce,, - _3Ce | per radian
) (EQ)
2v
Cs. - _ﬁ??“ , per radian
” ()
V7
Coep - Cp.cosu CBLR rolling moment due to yaw rate parameter,
B per radian




SYMBOLS (Continued)

PLOT
SYMBOL

-

CBLBS

cBLBC

CLM

L, per radian

9B

3C 4, per radian
gb

(&)

rolling moment due to roll displacement
parameter, per radian

effect’ve dihedral parameter, per radian

pitching-moment coefficient,

+ pitching moment

CLMQ

CLMA

CN

quE

3Cy , per radian

)

acm, per radian

o(4c?
3(3e2)
damping-in-pitch parameter, per radian

3, per radian
3a

_Efm, per radian

(%)

oscillatory longitudinal stability
parameter, per radian

normal force coefficient, normal force
Qe




SYMBOL

C, + C, sina
np "B

C
e

SYMBOLS (Continued)

PLOT
SYMBOL  DEFINITION
- “ECN, per radian
i1
o(zv)
- aCy , per radian
qc?
3(?:\72)
CNQ normal force due to pitch rate parameter,
per radian
- EEﬂ, per radian
oa
- 30N, per radi-a
aC
(%)
CNA normal force due to pitch displacement
parameter, per radian
CYN yawing-moment coefficient, yawing moment
qQSb
- _EEE, per radian
pb
9(2v)
- 3Cp , per radian
(pb?
()
CYNP yaw- 1g moment due to roll rate parameter,

per radian

acn, per radian

—

(&)

el as



SYMBOL

Ch,CO0Sa + kZCn,
v

B

Cp sina- kécn.
8 P

o

SYMBOLS (Continued)

PLOT
SYMBOL  DEFINITION
- aCn, per radian
rb2
3(&‘\:‘5)
CYNR damping-in-yaw parameter, per radian
- EEQ. per radian
3B
- _EEQ, per raaian
a(8b
(%)
CYNBC oscillatory directional-stability
parameter, per radian
CYNBS yawing moment due to roll displacement
parameter, per radian
LREF reference chord, meters
CG-LOC reference center of gravity location
position
- frequency of oscillation, Hertz
- reduced frequency parameter, %% in pitch;
%% in rol1 and yaw, radians
MACH free-stream Mach number
- angular velocity of model about X axis,
radians/second
- angular velocity of model about Y axis,
radians/second
- free-stream dynamic pressure, k Pa, psf
RN/L Reynolds number, millions/meter, millions/

foot, millions based on body length




SYMBOLS (Concluded)

PLOT

SYMBOL SYMBOL  DEFINITION

r - angular velocity of model about Z
axis, radians/second

S SREF reference area, meters?

) - free-stream velocity, meters/second

a ALPHA angle of uttack, radians or degrees

B BETA angle of sideslip, radians or degrees

w - angular velocity, 2nf, radians/secdnd

83 AILRON  total aileron control surface deflection
angle, degrees

Spf BDFLAP  body flap surface deflection angle,
positive trailing edge down, degrees

e ELEVTR  elevator surface deflection angle,
positive trailing edge down, degrees

6p RUDDER  rudder surface deflection angle,
positive deflection trailing edge to
the left, degrees

Spf RUDFLR  rudder flare deflection angle, included

angle between split rudder used to
decrease speed, degrees

Note: A dot over a quantity indicates a first derivative with respect
to time.

CONFIGURATION INVESTIGATED

A 0.0165-scale model of a blend of Rockwell International shuttle
configurations was tested. The model consisted of a 0898 orbiter con-
figuration with a 1398 configuration nose forward of fuselage station 500.
A sketch and photograph of the model are shown in figures 2 and 3, respec-
tively. Data were menrsnred at two moment reference point locations, 65%
and 67% of the body length, (positions 1.0 and 2.0 respectively). Varia-
tions of rudder flare, bodv flap and OMS installation were also investi-
gated. The data tabulation sheets are presented in Table I{ and the
model component dimensional data are presented in Table IIi.
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TEST CONDITIONS

Tunnel conditions during the tests are summarized in table I. The
Langley forced oscillation apparatus (see reference 3) was used with the
model oscillating at resonant frequency. Amplitudes of 1° were used
during the pitch and yaw tests and 2.5° for the roll tests. Both the
in-phase and the out-of-phase derivatives are presented for the primary
derivatives as well as the cross-derivatives of yawing moment due to
rollin, velocity and rolling moment due to yaw velocity. All data pre-
sented are average values of three data samples at each angle of attack.

TABLE I. TEST CONDITIONS

MACH REYNOLDS NUMBER X 106 | DYNAMIC PRESSURE
NUMBER (BASED ON MODEL LENGTH) k Pa PSF

0.30 3.2 5.985 125

0.80 6.7 29.781 | 622

0.90 7.0 - 33.947 709

0.98 3.6 18.434 385

1.20 3-2 21.115 441

TEST FACILI%Y DESCRIPTION

The NASA/Langley Research Center 2.4384-Meter (8-Foot) Transonic
Pressure Tunnel is an air-medium,facility capable of attaining contin-
uously variable Mach numbers from 0.20 to 1.30. It is a single-return,
closed-circuit tunnel, having controlled stagnation temperature, total
pressure, and dew-point temperature. The test section is 2.16 meters
square £7.1 feet square). Reynolds numbers are variable from 0.985 to
23 x 105/meter (0.3 to 7 x 108/foot), depending on Mach number and tunnel
total-pressure limitations. Models are generally supported in the test
section by a sting-sector system, but wall-mounting is possible. Schlie-
ren photography is available for flow and shock-wave studies.




DATA REDUCTION

Static aerodynamic forces and moments were reduced to coefficient
form based on the following model reference values:

b = BREF = reference wing span = 0.39256 meter (15.455 in.)
¢ = LREF = reference MAC = 0.1990 meter ( 7.834 in.)
S = SREF = reference wing area = 0.0680 m2 ( 0.73¢3 ftz)

Moment coefficients are referenced to two theoretical center of
gravity locations, which are; 1) 65% and 2) 67 of the Lody length.
These dimensions are:

X longitudinal length, nose to 0.3513 meter (13.£30 in.)
1 forward moment reference center
X longitudinatl length, nose fo 0.3621 meter (14.256 in.)

Cds aft moment reference center
2, vertical distance, water plane  0.0106 meter ( 0.419 in.)
0 to moment reference center

PRESENTATION OF RESULTS

The forced oscillation test results are presented in figures 4 throuyh
13. The effect cf c.g. position and OMS installation on the pitch dampiny
and the normal force due to nitch rate are presented in figures 4 and 5 re-
spectively. The model exhibited positive damping in piteh throughout the
test angle-of-attack range for Mach numbers up to 0.9. At Mach numbers of
0.93 and 1.2 there were regions of negative damping between 10 and 12 degrees
angle-of-attack. The effect of OMS installation on the yaw and roll damping
are presented in figures 6 and 7 respectively. These results show that the
model exhibited positive damping in yaw throughout the test angle of attack
range and that the model exhibited positive roll damping over the test Mach
number range except for the highest angles-of-attack (excess of 20°) for
Mach numbers of 0.98 and 1.2. The vertical tail contributions to yaw and roll
damping can be seen in figures 8 and 9 and the effect of configuration
variables such as body flap deflection in combination with rudder flare and
body flap removal are presented in figures 10 through 13.
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TABLE 111,

CONPANENT- BODY -
GENERAL UESCRIPI[0N~ 0898-139B(NODIF IED NOSE ) NOSE SECTION FROM FULL-SCALE
STATION 238,010 STATION S00 FROM NAR ORAVING ¥L70-0001338, REMAINING B0DY AFT
GF STATION 500 FROM NAR ¥L70-000093,
MODEL SCALE- 0.0163
ORAVING NUMBER- VL70-000093, ¥L70-0001398,

- TEST I0ENTIFICATION- LA20

- COMPONENT DINENSIONAL DATA

FULL SCALE FULL SCALE NOOEL SCALE NODEL SCALE
- KETRIC ENGLISH METRIC ENGLISH
LENGTH amd . 12803 IN. MmN, a.290 N
MAX, VIDTH 73.1 cu, 265.0 IN, 11.506 CN, L7 I\
MAX, DEPTH 623.9 Cn. us.0 IN. 10,39 N 4092 N
FINENESS RATIO 4,863 4,869 4.869 4,863
MAX CROSS-SECTIONAL AREA 42,4011 SQ.N, 456,4000 SO.FT, 15,4370 S0.CK, 17,8827 S0, IN,

FOBTNOIE-GENERAL-NODEL SCALE VALUES ARE DERIVED FROM FULL SCALE VALUES
UNLESS NOTED OTHERWISE,

COHPANENT- ELEVN - E

%%gﬁsslthsgglPllﬂN CONF IGURATION PER LINES ¥L70-000033, DATA FOR
NODEL SCALE- 0.0163

ORAVING NUMBER- VL70-000083

TEST [OENTIFICATION- LA20

FULL SCALE FULL SCALE
NETRIC ENGL ISH

AREA 19,0932 SQ.M, 205.3170 SO.FT,
EQUIVALENT SPAN 837.3 . KNI R R
INBOARD EQUIVALENT CHORD 81,5 (. 1478 1IN
CUTBOARD EQUIVALENT CHORD 1387 CN, N0 N
RATIO MOVABLE SURFACE CHORO/

TOTAL SURFACE CHORD

AT [NBOARD EQUIVALENT CHORD 208 208

AT OUTBOARD EQUIVALENT CHORD A0 400
SVEEP-BACK ANGLES

LEADING EDGE 00 06, 00 OEG.

TAILING EDGE -10.02  QEG. -10.02  OEG.

HINGEL INE 00 OEG. 00 OEG.

AREA MOMENT
NORNAL T8 HINGEL [NE 43,8387 CuM, 1948,0700 CU.FT,

FOOTNOTE. GENERAL-MODEL SCALE VALUES ARE DERIVED FROM FULL SCALE VALUES
UNLESS NOTED OTHFRY|SE,

n
ORIGINAL, PaGy 1

OF POOR QU1 rry

HgDEL SCALE

EIRIC
91,9813 $0,CH,
108 N,

e o

231

208

400

00 DOE6,
-lﬂ. 02 055.

00 6
196.9200 Cu.Cx,

MOOEL SCALE

ENGL ISH
8.0571 S0, 1N,
583 [N,
1.8 N,

SN

208

400

00 De6.
-10.02  [EG.

.00 0EG,

12' ais7 Cu. lN.

LIS
o



TABLE [11, - CONPONENT DIMENSIONAL DATA

COMPONENT- WING - W

GENERAL DESCRIPTION- ORBITER CONFIGURATION PER LINES VL70-000093, (DIHEDRAL
IS DEFINED AT THE LOVER SURFACE OF THE WING AT THE 75,33 PERCENT ELENENT LINE
PROJECTED INTO A PLANE PERPENDICULAR 70 THE FUSELAGE REFERENCE LINE),

MODEL SCALE- 0.0169

DRAVING NUNBER- VL70-000093

TEST LDENTIFICATION- LA20

FULL SCALE FULL SCALE MODEL SCALE MODEL SCALE
KETRIC ENGLISH NERIC ENGLISH
TOTAL OATA
PLANFORN AREA 29,8102 SO0, 2690.0000 SO.FT,  680.3804 SO.CM. 105,458 SO, IN,
EQUIVALENT SPAN 18,1712 N, 836.680 I, 39,256 N, 15,455 1N
ASPECT RATIO 2,263 2,263 2,263 2.263
RATE OF TAPER Lin LAn L1717 Lin
TAPER RATIO 200 200 200 200
OIHEORAL ANGLE 3,500  OE6. 3.500  Q€6. 3.500  DE6. 3.300  DEG.
INCIOENCE ANGLE - 3.000 0EG, 3,000 OEG. 3.000 OE6. 3.000  QEG.
AERQDYNANIC THIST 3.000 DEG, 3.000  OEG. 3,000 OEG. 3.000 DEG.
SVEEP-BACK ANGLES
LEADING EOGE 43,000  BEG, 45.000  OEG. 43,000 DS, 45,000  OfG,
TRAILING EDGE -10.240  DEG, -10.240  DE6, -10.240  OEG. -10.240  0E6,
tugigg ELENENT LINE 35,209  De6. 35,208  DEG. 35,209 DS, 35.209 06,
ROOT (WING STATION 0.0) 1750,67 689.24¢ 1IN, 8.8 O, 137 1IN,
TIP (EQUIVALENT) H0.14 N 137,85 I\ W8 o 20 N
HAC 1206.02 (N, 4,81 N 19,90 (n, 7.8 N
FUS. STA, OF 0,25 MAC 29,71 (L 116,88 N 7.6 O 18,76 I\,
WP, OF 0,25 MAC 753,97 O, 2.0 1N .34 o L3 N
BuLe OF 0,25 MAC {62.61 18213 Iy, 783 (N LN
EXPOSED DAiA
AREA 162,7937 SO.N. 17522900 SO.FT, 43,2059 S0.CN, 68,5968 S0. IN,
EQUIVALENT SPAN 183033 O, 72;.50 IN 620 Cn, .88 N
ASPECT RATIO 2,058 N 2.038 .09
TAPER RATLO 2431 2431 2451 251
CHOROS
RogT 1426.50  Cn, 36240 N 2.5 (8, .28 N
TP B o 13.85 1N, .78 (N 221 N
M 390.3g (N, 393,03 N 18.47 (N, 6.48 N,
FUS. STA, OF 0,25 MAC 3010.6 o, 118331 N, 49.68  On, 1936 N
¥.P. OF 0,25 MAC 62,51 M, 0020 N 1.8 v, L9 1IN
B.L. OF 0,25 MAC B o 1376 N 6.0 O LI IN,
FOOTNOTE- GENERAL- MODEL SCALE VALUES ARE OERIVED FRON FULL SCALE VALUES
UNLESS NOTED OTHERWISE.

-
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COMPONENT- VERTICAL

TABLE 111, - COMPONENT DINENSIONAL OATA

L =V

GENERAL DESCRIPTION- CENTERLINE VERTICAL TAIL DOUBLE VEOGE AIRFOIL

¥{TH ROUNOED LEADING
MODEL SCALE- 0,0165
ORAVING NUMBER- VL70

E0GE,
-000033

TEST IDENTIFICATION- LA20
FULL SCALE
NETRIC

THEGRETICAL AREA 38,3923 so.M.
EQUIVALENT SPAN 801.83 O
INBCARD EQUIVALENT CHORD 681,93 (M.
QUTBOARD EQUIYALENT CHORD mst
SUEEP-BACK ANGLES

LEADING EDGE 45.00 06,

TAILING EDGE %2 06,

FULL SCALE
ENGLISH

413.2500 SQ.FT.
2 N
66,50 IN,
108,47 1N

4,00  QEG.
26,249 06,

FOOTNOTE-GENERAL -HOOEL SCALE VALUES ARE DERIVED FROM FULL SCALE VALUES

UNLESS NOTED GTHERWISE.

COMPONENT- RUDDER -

GENERAL DESCRIPTION- CONFIGURATION PER LINES ¥L70-000095,

NOOEL SCALE- 0,0165

R

DRAVING NUMBER- VL70-000093

TEST IDENTIFICATION-

AREA
EQUIVALENT SPAN
{NBARD EQUIVALENT CHORD
OUTBOARD EQUIVALENT CHORD
RATIO NOVABLE SURFACE CHORD/
TOTAL SURFACE CHORD
AT INBOARD EQUIVALENT CHORD
AT QUTBOARD EQUIVALENT CHORD
SYEEP-BACK ANGLES
LEADING EOGE
TRAILING EOGE
HINGEL INE
AREA MOMENT
NORMAL 18 HINGELINE

FOOTNOTE-GENERAL-MODEL SCALE VALUES ARE DERIVED FRCM FULL SCALE VALUES

UNLESS NOTED OTHERWISE.

ORICINAL PAGE 13
OF POOR QUALITY

LA20
FULL SCALE
METRIC
9.883 s.m,
ey O
22,63 (M
126,12 (N
400
A0
34,83 (G,
26.25  DEG,
.83 06,

14.8383 Cu.M,

13

FULL SCALE
ENGLISH

106,380 S0.FT,
QL0 N
91.585 N,
50.833 1IN,

400

+A00
34.83 Q6.
26,25 DEG.
34,83 DEG.

326, 1230 CU.FT,

MOOEL SCALE

HERIC
104,5231 50.C,
1323 (K
1.2 N
435 O

.00 Q€S
6.25 06,

MODEL SCALE
NETRIC

<0027 SQ.M,
8.42 (N,
.84 N
L1y N

400

400
.83 DEG,
26,25  0t6,
34.83  Ot6,

66,9250 Cu.CH,

MODEL SCALE
ENGL ISH

16,2011 SG. IN,
W2 N

La N
L9 N

£5.00  OEG.
%.25 Otk

MADEL SCALE
ENGLISH

0295 SO.FT,
L2 1N
1.3 INO

N1} IN,

A0

Al
34,83 DG,
26,25 DEG.
.83 D6,

4.0840 CU. [N,




TABLE [11, - COMPONENT DINENSIOHAL DATA

COMPONENT- QXS POOS- M

GENERAL DESCRIPTION- 24 LIGHTYEIGHT CONFIGURATION PER NC120074
MOOEL SCALE- 0.0165

ORAVING NUMBER- ¥L70-600094

TEST [OENTIFICATION- LA20

FULL SEALE FULL SCALE NODEL SCALE MODEL SCALE
KETRIC ENGLISH NETRIC ENGLISH
LENGTH §78.8¢2 (0, 6,000 N 14,501 On 2708 N 4
WAX YIOTH (AT X0=1430) a4 on 108.000 N, 4,36 N 1782 I\
MAX OEPTH CAT X0=1500) 29,053 (M 113,800 N, 4,763 CHK, .78 IN ;
OxS POD CENTERLINE ‘
1 AXIS QRBITER 1178.38  CM, 463.900 N 19.42 (O, 7.6 IN
Y AXIS ORBITER 203,200 (M, 80,000 IN 333 O L3 IN
FOOTNOTE- GENERAL- MODEL SCALE VALUES ARE OERIVED FROM FULL SCALE VALUES
UNLESS NOTED OTHERVISE..

COMPONENT- BODY FLAP- F

GENERAL OESCRIPTION- BODY FLAP 2A CONFIGURATION PER LINES VL70-00004,
MODEL SCALE- 0.0165

QRA¥ING NUYBER- VL70-000094 A

TEST IDENTIFICATION- LA20

FULL SCALE FULL SCALE MODEL SCALE
NETRIC ENGLISH NETRIC
LENGTH 215.138 (M, 84,700 I\ 3,550 M
RAXINUM VIOTH 673.100  CK, 265,000 N, 1106 CH
RAXINUN QEPTH 3.0 (N, 21,000 IN, 880 (N,
AREA PLAKFORN 13,2517 SQ.1, 1428400 SO.F1, 36,0779 S0.CH.
AREA BASE. 3,3803 S0.M, 38,6460 SO.F1. 9,7747 S0.CH,

FOOTNOTE- GENERAL- NODEL SCALE VALUES ARE DERIVED FROX FULL SCALE VALUES
UNLESS NOTED OTHERVISE.

14

MODEL SCALE
ENGL ISH

1,38 1N,
L I
6N,
3.5921 S0.IK,
13151 S0, 1N,
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APPENDIX
TABULATED SOURCE DATA

Plotted data tabulations are
available from DMS on request.
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