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COMPUTER-AIDED SPACE SHUTTLE ORBITER

WING DESIGN STUDY

By W. Pelham Phillips, John P. Decker, Timothy R. Rau,
and C, R. Glatt*

Langley Research Center

SUMMARY

An analytical and experimental investigation has been made to define a space
shuttle orbiter wing configuration meeting the requirements for landing performance,
stability, and hypersonic trim for a specified center-of-gravity envelope. The analytical
part of the study was facilitated by the use of the Optimal Design Integration system
(ODIN). Limited experimental studies were made in the Langley low-turbulence pres-
sure tunnel and the Langley continuous-flow hypersonic tunnel to verify the aerodynamic

characteristics of the orbiter configuration selected analytically.

Use of the ODIN system greatly simplified the handling of analytical data while
maintaining compliance with the space shuttle general vehicle requirements and allowed
the expedient selection of a desirable wing planform. The analytical aerodynamic
estimates obtained by using the ODIN system were in reasonable agreement with experi-
mental results obtained subsequently for the orbiter configuration selected. The ana-
lytical study suggested reductions in wing sweep to produce a minimum-wing-area
(minimum-weight) configuration. Reductions in wing area and sweep also enhanced the
high-angle-of-attack trim capability at hypersonic speeds. This trend, however, was
constrained by entry heating considerations to preclude wing-leading-edge sweep angles
below 45°. Hypersonic considerations of elevon size effects redirected the study toward
unsweeping the wing trailing edge to provide increased trimmed angle-of-attack capability
for a 46, 8° swept-wing configuration which satisfied the guideline subsonic flight require-
ments. The analytically selected orbiter configuration required minor experimental

wind-tunnel refinements to provide a viable orbiter configuration. The primary refinement

*Aerophysics Research Corporation, Hampton, Va.



was the addition of a small planform fillet to increase lift coefficients at landing atti-
tudes. Significant reductions in lift-drag ratio losses due to the addition of attitude
control propulsion system wing-tip pods were attained by tailoring the external shape of
pods designed to house the roll-attitude control system. The use of sequentially deflected
segmented elevons improved subsonic trimmed lift-drag ratios which may be beneficial

to landing-approach glide-slope performance.
INTRODUCTION

As the space shuttle program has matured, significant effort has been devoted to
reductions in system weight resulting, in turn, in a smaller orbiter vehicle. The payload
weight and volume requirements remained fixed, however, and the variations in potential
payload centers of gravity exert an increased influence on the flight characteristics of the
smaller vehicle. In addition to wide center-of-gravity excursions due to the various
payloads, other interacting requirements such as a maximum allowable landing speed,
acceptable unaugmented low-speed flying qualities, and stable hypersonic trim at high

angles of attack present a formidable challenge to aerospace design.

Definition of a near-optimum design solution to these conflicting requirements
within a reasonable time frame requires the rapid examination of a large number of con-
figuration variables. Studies of means to automate design problems such as these have
resulted in the formulation of an Optimal Design Integration system (ODIN) described in
reference 1. The derived system is a unique approach to design synthesis in that it
allows interactive operation of existing analysis programs representing the various
problem-related technology areas. This paper presents the results of an initial utilization

of this approach.

In the present study an existing orbiter design with known weight characteristics
but unacceptable aerodynamic performance served as a baseline and the body, tail, and
internal arrangement were held constant, The ODIN system was utilized to determine
rapidly a wing configuration meeting the system requirements insofar as possible at a
minimum weight. The aerodynamic characteristics of the analytically derived configu-

ration were verified by experimental studies at subsonic and hyperscnic speeds.

Also included in the subsonic experimental studies were the effects of a wing leading-
edge planform fillet, wing twist, and the use of segmented elevons. The effects of wing-
tip-mounted attitude-control propulsion system pods were also determined at subsonic

speeds,
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SYMBOLS

Values are given in both SI and U.S, Customary Units. The measurements and cal-

culations were made in U.S. Customary Units.

A

lwing

L/D

R,

Selevon

Sref

aspect ratio

mean aerodynamic chord, meters (ft)

drag coefficient, Drag
qoosl'ef

lift coefficient, _Lift
q,.Sref

Pitching moment
qcosl‘efé

pitching-moment coefficient,

3CL

static longitudinal stability level based on ¢,
normal-force coefficient, mc%:fslr—i‘%r—‘lg
incidence angle of wing, deg

lift-drag ratio

length of fuselage, meters (ft)

Mach number

free-stream dynamic pressure, newtons per meter? (1b/ft2)
free-stream Reynolds number based on 1

elevon area, meters?2 (ft2)

wing reference area, meters2 (ft2)



Vmin,des minimum flying speed at design conditions and « = 179, knots

X,y coordinates of exposed reference wing planform (origin at exposed root chord
leading edge)

Xeg center-of -gravity location from nose of vehicle

Xwing location of exposed wing leading-edge root chord from nose of vehicle,

meters (ft)

XSF scale factor for x-ordinates of exposed wing planform
YSF scale factor for y-ordinates of exposed wing planform
o angle of attack, deg

be elevon deflection angle, deg

A taper ratio

AMe leading-edge sweep angle, deg
Ate trailing-edge sweep angle, deg
Subscripts:

ej,e9,e3  inboard to outboard elevon segments
des design conditions

max maximum



min minimum

trim trim conditions
Abbreviations:
ACPS attitude control propulsion system

BWpVa body-plane (untwisted) wing-large vertical tail (subsonic model)
BWTVoF  body-twisted wing-large vertical tail-fillet (subsonic model)

BWpV, body-plane (untwisted) wing-small vertical tail (hypersonic model)

Design P/ design payload condition (18 144 kg (40 000 1b) at payload bay centroid)

JSC NASA Johnson Space Center

Mod modified

ODIN Optimal Design Integration system
Py semifaired ACPS tip pod design
Py fully tailored ACPS tip pod design

P/L out payload-out condition

TPS thermal protection system

Wi to W35 wing designations

W/40K PL with 18 144 kg (40 000 1b) payload at payload bay centroid



METHOD OF ANALYSIS

An existing orbiter design, designated the 040A (ref. 2), of known weight character-
istics with aerodynamic performance characteristics unacceptable relative to established
criteria, was used as a baseline configuration. The body, vertical tail, and internal
arrangement were held constant and the ODIN system was utilized to determine a wing
geometry and location to meet the system requirements in the longitudinal mode. Use of
the ODIN system allowed rapid perturbation of the orbiter wing geometry by directing the
sequential execution and data retrieval from a selected group of analytical programs.

The specific programs were chosen to provide pertinent information representing the
technology areas of subsonic and hypersonic aerodynamics, stability and control, weight,

balance, geometry, and graphics.

Analysis Criteria

The guidelines established for the wing design study (see table I) were in accord
with those outlined and/or implied by the general vehicle requirements of the space shuttle
program. The orbiter geometry and accompanying weight statement used as a study base-
line are indicated in table II and table III, respectively. The design criteria are further
depicted on the design envelope of payload loadings for the orbiter shown in figure 1.

The requirement of a minimum design speed of 150 knots or less is shown for an 18 144 kg
(40 000 1b) payload located at the half-length station of the payload bay. This payload
loading represents the maximum return payload anticipated in its most forward location

in the payload bay. Minimum design speed (Viyin des) is used herein to denote the

level flying speed at a = 179 and sea-level standard day conditions for an orbiter having
the design payload loading. Additional design criteria included stable subsonic static
margin and high-angle-of-attack trim capability (emax = 50°) hypersonically over the

center-of-gravity range dictated by the payload envelope.

Parameters descriptive of these criteria, along with descriptive weights and
geometry data, were output in the ODIN summary reports for each wing design and are
included herein as an appendix. Pertinent information for the wings is summarized in the
appendix. These summary reports enabled the user to determine the wing having the most

desirable characteristics.



TABLE I.- ANALYSIS CRITERIA

Baseline orbiter configuration:
JSC-040A geometry (ref. 2)
040A weights (table II)
Orbiter design criteria:
Subsonic:
() Cp/Cy, (All payloads) =0
(0) Vmin,des (Design payload) < 150 knots at a = 17°
Hypersonic:
(@) @max,trim (Design payload) = 50°
(b) Ape Z45°

TABLE II. - BASELINE GEOMETRY
[XSF = YSF = 1.0

Overall configuration:

Area, planform, m2 (ft2). . . . .. ... ... 346.0 (3723.0)
Length, nose to wing leading edge at body, m (in.) ... ... .. . . 15,765 (620.68)
Length, nosetowing ¢/4, m (in.). . . . .. . .. ... .. 22.453 (883.97)
Angle, ground plane, deg . . . . . . . . ... .. e e e e e e e 17.00
Fuselage:
Area, wetted, m2 (ft2) . . . . ... ... 586.2 (6307.0)
Length, nosetoendof body, m (in.) . . .. .. .. .......... 33.401 (1315.0)
Wing:
Area, reference, m2 (ft2) . . . . . .. ... 293.3 (3155.8)
Area, elevon, m2 (ft2) . . . . ... ... ... 42,33 (455.52)
Span, m (in.) . ... ... ...... e e e e e e e e e e e e e 22.403 (882.00)
Chord, mean aerodynamic, m {in.) ... ... .. ... ... .... 15.485 (609.63)
Chord, center-lineroot, m (in.) . . .. .. ... . ... ... .... 22.787 (897.14)
Chord, tip, m (in.) . . . . . . . . . .. e 3.386 (133.32)
Taper ratio, theoretical . . . . . . . . . . .. ... ... . e 0.14860
Aspect ratio, theoretical . . . ... ... . ... ... .. . .. .. ... 1.7118
Aspect ratio, exposed Span . . . . . ... . 0 e e e e e e e e e e 1.5882
Angle, leading-edge sweep, deg . . . . . . . . it e e e e e e e e e e 59.998
Angle, trailing-edge sweep, deg . . . . . . . ... ... ... 0.0
Angle, dihedral, deg . . . . . . . . . . .. e e e, 7.0
Angle, incidence, deg . . . . . . . . . ... e e e e, 1.5
Airfoil section, root . . . . . . . . ... . e e e NACA 0008-64
Airfoil section, tip . . . .. ... ... ... ... . .... . «... NACA 0008-64

Xwings M (M) L oo 18.289 (720.04)



TABLE IIL. - BASELINE WEIGHT STATEMENT

Wing group, kg (Ib) . . . . . . . . oL e e e 6699.7 (14 704)
Tail group, kg (Ib) . . . .« v v o v e e e e e e e e e e 1496.9 (3300)
Body group, Kg (Ib) . . « & v o v v v i e e e e e e e e e 16 391.1 (36 136)
Induced environmental protection, kg (b) . . . .. ... ... .. .. 12 265.7 (27 041)
Landing, docking, recovery, kg (Ib) . . . .. ... v o0 4301.0 (9482)
Propulsion — ascent, kg (lb). . . . . .. .. . o 0L 10 065.3 (22 190)
Propulsion — cruise, kg (Ib). . . . . . .. . o o o oo 98.4 (217)
Propulsion — auxiliary, kg (lb) . . .. ... ... 4140.9 (9129)
Prime power, kg (ID). . . . v v v v i i e e e e e e e e e 1583.0 (3490)
Electrical conversion and distribution, kg (lb) . ... .. .. ... ... 1285.9 (2835)
Hydraulic conversion and distribution, kg (b) . ... ... ....... 440.0 (970)
Surface controls, kg (Ib) . . . . o v v vt h i e e e e e e e e 1183.9 (2610)
Avionics, kg (Ib) . . . . o . i e e e e e e e 2501.6 (5515)
Environmental control, kg (lb). . . . . . . . . . .. oo 1397.1 (3080)
Personnel provisions, kg (lb) . . . . . . . . . .0t o e i e 384.2 (847)
Growth/uncertainty, kg (Ib) . . . . . . . . . v v v v i v v o 5305.2 (11 696)
Dry weight, kg {(lb) . . . . . . . . o o o e e 69 509.9 (153 242)
Personnel, kg (Ib) . . . . . o i L e e 714.4 (1575)
Payload, K& (ID) .« v v v vt e e e e e e e 18 143.8 (40 000)
Residual and reserve fluids, kg (Ib) . . . . . . . . . . ... ... ... 1376.2 (3034)
Landing weight, kg (Ib) . . . . . . . . . . i 89 744.3 (197 851)
ACPS propellant {entry), kg (Ib) . . « .+ . o v o v v i 3724.9 (8212)
Entry weight, kg (Ib) . . . . . . . o L L e e e e e 93 469.2 (206 063)
n 40 000
80x103 _
—{30 000
60 -
150-knot et Ascent loading
. requirem :
© me,des eq requtreIments oo o0
Payload, 1b 1; Payload, kg
Entry/ landing 410 000
2 loading
/ requirements
‘ |
o . | LY — 0
0 1 2 3 4 5 6
;g;‘ll:;:jd Payload center of gravity/
station

Figure 1.- Payload envelope depicting loading and flight requirements
for the space shuttle orbiter.



Method

The general programing arrangement within the ODIN system is shown in
figure 2(a), and the detailed programing arrangement for this problem is shown in
figure 2(b). After initialization, the geometry program calculated the geometric charac-
teristics of a matrix of wings selected as reasonable perturbations from the baseline
shape. This information was stored in the data base by the executive program DIALOG.
The calculations then proceeded sequentially for each wing geometry. The necessary
information needed to calculate wing weight was retrieved from the data base by utilizing
the DIALOG program which also input these values into the weight programs. Weights
were assigned to the fuselage structure, to the fuselage-contained components, and to the
vertical tail and were held constant during the study. The structural and the thermal
protection system weights of the wing were calculated by the methods described in
reference 3. This process was repeated through the balance program which calculated

the centers of gravity of the vehicle for the payload-in and payload-out conditions. The

INITIALIZATION

GEOMETRY

WING
WEIGHT

=

SUMMARY REPORT

PSR,

DIALOG

|

. DATA
BASE BALANCE

HYPERSONIC AERO SUBSONIC AERO (Zo\f‘r

. 24
.ol .8
Ca 0 = cp -4
-0k o
-.08 -y 1

4
o 10 20 o 10 =20

(a) General programing arrangement.

Figure 2.- Orbiter wing design problem formulation within the ODIN system.
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[ HYPERSONIC AERODYNAMICS |

GRAPHICS
[SUMMARY REPORT |

WING
GEOMETRY
PERTURBATION

END

(b) Programing arrangement,

Figure 2.- Concluded.

static margins and trimmed Cj, were obtained from the subsonic aerodynamics program
(ref. 4). Static margins were obtained for payload-out and the design-payload conditions.
The payload-out static margin was weighed against a target static margin of 0.03¢ + 0.002,
which assured longitudinal stability at the guideline subsonic flight conditions. If this
condition was not met, the system adjusted the longitudinal position of the wing and per-
formed an iterative looping back through the geometry, balance, and subsonic aerody-
namics programs until convergence was attained. After the final subsonic static margin
calculation, the hypersonic characteristics were calculated by using the methods outlined
in reference 5. The graphics program was then used to depict the vehicle and plot the
aerodynamic characteristics. A summary report provided the pertinent information such
as wing geometry, the weight of the vehicle, the center-of-gravity locations, the minimum
design speed, and the maximum hypersonic trim angle of attack and thereby completed the

design calculations for a specific wing.
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Study Variables

The wing study variables were leading-edge sweep angle, aspect ratio, and exposed
wing area. These parameters were varied by using x- and y-scale factors (XSF and
YSF) to depict the exposed planform of a study wing which is represented by the dashed out-
line in figure 3 (that is, a wing planform having XSF = 0.9 and YSF = 1.3 has exposed
root and tip chords equal to 0.9 times the exposed root and tip chords of the baseline wing
and an exposed span equal to 1.3 times the baseline exposed wing span). The trailing -
edge sweep angle was fixed (Ate = 0°) and the taper ratio of the exposed wing was held
constant for most of the study. To meet the subsonic static margin requirement, the
longitudinal wing position Xwing Was varied. For some of the wings considered in this
study, Ate and Sgleyon Wwere also varied. Twenty-five different wing planforms were

considered in the initial matrix which covered a broad spectrum of possible wing designs.
(See fig. 4(a).)

Me

/ Selevon

—  (X}XSF)

‘T'_

Xying —™

\ Baseline

v AN ' planform
{yNYSF) - XSF = YSF = 1
XSF = 0,90
YSF=1.30

Figure 3.- Study variables.

The results of this matrix calculation were displayed in computer-generated maps

of combined design and performance data (figs. 4(b) to 4(d)) which enabled rapid isolation
of the effects of design variables. Based on the initial survey, 10 additional matrix points

were added to indicate the desired configuration more clearly.
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W14 Wis

Wy

i

W

Wio

0.8 LO L2

XSF

(a) Matrix of wings considered.

F

L4

Figure 4.- Summary of geometric, weight, and aerodynamic characteristics.

The entire 35 wing matrix calculations required approximately 1 hour of computer

time. Individual assessment by conventional means was estimated conservatively to

require one-half man-year.

Verification

To complete the study cycle, models were constructed of the selected configuration

to verify the estimated aerodynamic characteristics at both subsonic and hypersonic

speeds. These models were then used to examine minor configuration improvements for
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gL » \\\ ~—¥——3\——200 knots

L L {
.8 L0 12 1.4 1.6

XSF

(d) Vmin,des 2nd amax, hyp.
Figure 4.- Concluded.

which analytical techniques are inadequate. The following section entitled '"Apparatus and
Tests” is devoted to the introduction of the experimental aspects of the study.

APPARATUS AND TESTS

Subsonic

Model.- Details of the 0.01875-scale model used in the subsonic wind-tunnel design
verification investigation are shown in figure 5(a). The model incorporated the analytically
selected wing (W33 (Mod), table IV) mounted on a similarly scaled 040A fuselage. (See
ref, 2.) The model wing had a leading-edge sweep angle of 46.80, a trailing-edge sweep

13



Planform fillet ____l____r
e 25.860 _..,15 17.22
(10.131) /);7 G (6.778)
(2.259)
51.692

(20.351)

23.773
(9-359)

Lo.6R1
(16.016)

(a) Subsonic model; BWpVy (0.01875 scale); Spef = 0.11067 m2;
Ale = 46.8%; Ate = -11.0%; x = 0.135.

Figure 5.- Model schematic views. All dimensions are in centimeters (inches)
unless otherwise specified.

of -11.0°, and an unswept elevon hingeline. The elevon tip chord was equal to 50 percent
of the local wing chord. The basic (unfilleted) wing had an NACA 0008-64 airfoil section
at the exposed root chord and varied linearly to an NACA 0012-64 section at the wing tip
chord. Two basic wings identical in projected planform were utilized: a plane (untwisted)
wing Wp with 1.5° incidence; and a twisted wing W having the same incidence at the
exposed root chord and 4.5° washout. Trisegmented elevons were incorporated for the
model wings. A 60° swept planform fillet could be added ahead of the wing leading edge.
This fillet had a leading-edge radius of about 0.20 cm and a hand-faired section which

was tangential with the basic wing section at the local maximum thickness stations.

Addition of the wing fillet increased the exposed model wing area by about 8.5 percent.

14



TABLE IV,- SUMMARY DATA FOR SELECTED CONFIGURATION
E.)DIN summary data for Wqg (Mod)]

Overall configuration:

Area, planform, m2 (1t2) . . . . ... 378.0 (4069.3)
Length, nose to wing leading edge at body, ecm {in.). . . . . . . . . .. . . . ... ... 1655.32 (651.70)
Length, nose towing C/4, em (in) . . . . . . . 0 v i i e e e e e e e e 2267.71 (892.80)
Fuselage:
Area, wetted, m2 (ft2) . . .. ... 585.9 (6307.0)
Length, nose to end of body, em  (in.) . . . . . . . L .. e e e e e e 3340.1 (1315.0)
Wing:
Area, theoretical or total, m2 (ft2) . . . . . . ... ... 314.67 (3387.1)
Area, elevon, m2 (ft2) .. ... 63.06 (678.75)
Span, em (IN.) . .. L e e e e e e e e 2756.9 (1085.4)
Chord, mean aerodynamic, cm (in) . . . . . . v v v i s s e e e e e e e e e e e e, 1362.76 (536.52)
Chord, center-line root, cm (IN.) . . . . & v v v i i e e e e e e e e e e e e e, 2011.91 (792.09)
Chord, tip, em  (In.) . . . . . o L e e e e e e e e e e e 270.92 (106.66)
Taper ratio, theoretical . . . . . . . . . . L . e e e e e e e e e e e 0.13465
Aspect ratio, theoretical . . . . . . . . . . L e e e e e e e e 2.4154
Aspect ratio, exposed SPAN . . . . L L . i u e e e e e e e e e e e, 2.2896
Angle, leading-edge sweep, dEE . . . . . . v . .ttt e e e e e e e e e e 46.825
Angle, trailing-edge sweep, deg . . . . . . . ... o e e e e e e e e e -11.0
Angle, dihedral, deg . . . . . . . . .. e e e e e e e e 7.0
Angle, incidence, deg . . . . . . . . L. e e e e e e e e e e e e e e 1.5
Airfoil section, oot . . . . . L L L L L e e e e e e e e e e NACA 0008-64
Airfoil section, tip . . . . . .. L L e e e e e e e e e NACA 0008-64
Weight Xeg xcg/l,
Mass properties at flight condition: kg (1b) m (ft) percent
Orbiter landing (Design P/L) . . . . . .. ... ... 90 541 (199 609) 21.7 (71.181) 64.96
Orbiter landing (P/Lout) . . . . . . « . . . . . ... 72 397 (159 609) 22.41 (73.523) 67.096
Wingweight . . . ... ... ... .......... 7473.80 (16 476.8)
Thermal protection system weight . . . .. ... .. 12 258.96 (27 926.2)
Principal parameters:
x-scale factor, XSF . . . . . . . . L e e e e 0.80000
y-scale factor, YSF . . . . . e e e e e e e e 1.3000
Distance to leading edge of exposed wing, Xwing> ¢m (in). . oo o oo 1655.31 (651.70)
Landing performance:
Minimum landing speed (Design P/L), Knots . . . . . . . v v v v vt ot e 150.2
Static margin (subsonic) (Design P/L) . . . . . . ..t i e e 0.0804
Static margin (subsonic) (P/L out) . . . . v v v v it i e e e e e e e 0.0280
Trim Cp, forlanding (@ =17%) . . . . . . .. L e e 0.7715

Hypersonic aerodynamic trim data:
Trim angle of attack at elevon -45% deg . . . . . . . . .. ittt 45.59

15



The vertical tail Vg (ref. 2) had NACA 0012-64 airfoil sections. Semifaired and fully
tailored wing-tip-mounted ACPS pods were included as model configuration variables

Py and P2, respectively. These pods were sized to represent the scaled volumetric

requirement of the ACPS roll control. (See fig. 5(b).)

= d

= b

Semifaired pods, P}
Volume (2 pods) = 3L 0 cm3

(oo
«gw

Fully tailored pods, Py
Volume (2 pods) =3L 0 cm

(b) Wing tip roll ACPS pods (0.01875-scale model).

Figure 5.- Continued.

Tunnel. - Subsonic tests were conducted in the Langley low turbulence pressure

tunnel which is a variable-pressure, single-return facility with a closed test section
0.914 meter (3.0 feet) wide and 2,29 meters (7.5 feet) high. The tunnel is a low subsonic
facility (M < 0.4) with the capability of Reynolds numbers per unit length up to about

49.2 x 106 per meter (15.0 X 108 per foot).

16



Test conditions,- The investigation was conducted at a Mach number of about 0,25
and at Reynolds numbers from about 12.6 X 106 to 21.0 x 106, based on the fuselage length.
Test angle of attack was varied from approximately -3° to 200 at 0° sideslip.

Measurements and corrections.- An internally mounted six-component strain-gage

balance was used to measure aerodynamic forces and moments acting on the model. No
base- or chamber-pressure corrections were applied to the data. Corrections have been
applied to the angles of attack and sideslip to account for sting and balance deflections
produced by aerodynamic load on the model. All pitching-moment coefficient data are
presented about the moment reference point location shown in figure 5(a) unless otherwise
specified. The subsonic longitudinal aerodynamic coefficients and angles of attack have
been corrected for blockage and lift interference in accordance with the techniques out-

lined in references 6 and 7.

Hypersonic

Model.- The hypersonic model was a 0.0075-scale model of the analytically selected
configuration and is shown in figure 5(c). The model wing geometric features were simi-
lar to the subsonic plane (untwisted) model wing. The vertical tail V1 was geometrically
similar in planform to the 040A vertical tail Vi (ref. 2) and used NACA 0012-64 airfoil

sections,

Tunnel.- The hypersonic tests were made in the Langley continuous-flow hypersonic
tunnel, which is designed to operate over a pressure range of 15 to 150 atmospheres
(1 atmosphere = 101 325 N/m?2) at temperatures up to 1090 K (1960° R). Air is heated
by an electrical resistance multitube heater prior to entry into a water-cooled contoured
nozzle which has a 79-cm-square (31-inch-square) test section. Continuous operation
is achieved by recirculating the air flow through a series of compressors. Reynolds
number varies from 1.64 x 106 to 8.53 x 106 per meter (0.5 x 106 to 2.6 X 106 per foot).

Test conditions.- The hypersonic tests were conducted at a Mach numwer of about

10.3, a stagnation pressure of about 50 atmospheres, and a test Reynolds number of about
0.8 x 108 based on the fuselage length. Data were taken at angles of attack from approxi-
mately 15° to 480 at 09 sideslip.

Measurements and corrections.- Aerodynamic force and moment data were meas-

ured by an internally mounted six-component strain-gage balance. The balance was strut

mounted on an injection system assembly which inserted the model into the airstream.
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Figure 5.- Concluded.

Balance temperatures were continuously monitored to allow model retraction prior to
overheating of the components. Angles of attack have been corrected to account for sting
and balance deflections produced by aerodynamic loading. No base- or chamber-pressure
corrections were applied to the data. The pitching-moment coefficient data are presented

about the moment reference point location shown in figure 5(c).

RESULTS AND DISCUSSION

Analytical Results

Effect of wing geometry on aerodynamics, weight, and performance.- Summary

results from the initial 25-wing matrix (Ayg = 0°) are shown in figure 4 and in the appendix.
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The resulting configuration geometries, curves of constant landed weight, wing reference
area, aspect ratio, leading-edge sweep, minimum design speed, and maximum hypersonic
trim angle of attack are presented in figure 4. In order to satisfy the guidelines of the
study, a wing is required to have the geometry specified at or above and to the left of the
intersection of the 150-knot Vmin,des curve with the curve for a hypersonic trimmed
Qmax of 50°. This projected intersection would occur at values of XSF and YSF of
about 0.75 and 1.4, respectively, which represents an A > 3.0 wing configuration having
a leading-edge-sweep angle less than 450. (See fig. 4(b).) Entry heating considerations,
however, which were used to establish the 450 minimum wing sweep boundary of table I
precluded the further consideration of the aerodynamically desirable wing configurations
indicated in figure 4. The nearby region containing wings having leading-edge sweep
angles of 450 or greater was then investigated since it should contain the wing configu-
rations most nearly conforming with the established guidelines and constraints. For this
purpose 10 additional wing configurations were added to the initial matrix. Summary data

for these additional configurations are presented in the appendix.

Effect of elevon size and Ajg.- Figure 6 shows the effect of elevon chord increases

on the hypersonic trim capability of the orbiter wings included in the study matrix. These
results indicate that increasing the elevon area by about 4 percent of the wing area
increases the maximum hypersonic trim angle from 6° to 8% for wings having reference
areas between 210 and 330 m2 (2260 and 3552 ft2). Figure 7 shows the effect of leading-
edge sweep angle on the subsonic minimum design speed. The lower sweep angles allow
the smaller wing areas to meet the subsonic requirement for a minimum design speed of
150 knots. In addition, reduced wing areas yield increased hypersonic trim angle-of-

attack capability as indicated in figure 6.

Configuration selection.- Two configurations Won and W34 (see appendix) were

selected from the study matrix for further analysis. These configurations exhibited
values of XSF and YSF indicated in figure 4 and would most likely result in wing plan-
forms capable of meeting the subsonic-hypersonic criteria without violating the 450 mini-
mum sweep constraint. The configuration Woq is defined in the appendix for values of
XSF and YSF of 0.9 and 1.3 and configuration Wgg by XSF and YSF values of 0.8
and 1.3. These two configurations were selected since each was considered to be margin-
ally acceptable in satisfying the guidelines of the study regarding hypersonic trim and
minimum design speed. As indicated in the index in the appendix (table V), Vmin,des

for Won and W34 were 151 knots and 154 knots, respectively. Also indicated are maximum
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hypersonic trim angles of 40° and 46°, respectively, for the two configurations. At this
point in the design cycle, improvements in the analytical aerodynamic characteristics
as well as the introduction of empirical or experience factors are required to insure
experimental compliance of the selected configurations with the established aerodynamic
guidelines. For example, past comparisons with experiment have indicated higher ana-
lytical values of subsonic Cjy, and hypersonic trim capability (ref. 8) than experimental

results for delta wings of moderate aspect ratio and sweep.

Reduction of Vpin des to the 150-knot guideline value requires an increase in
wing area for both configurations (Wg7 and W33); hypersonic trim requirements, on the
other hand, dictated a decrease in wing area or that the wing be moved forward to reduce
the level of longitudinal stability. The subsonic stability criteria constrained the forward
wing movement for both wings and thereby precluded meeting the hypersonic trim

guidelines,

A possible solution to these conflicting requirements would be to increase the wing
area slightly by using a negatively swept trailing edge and move the wing forward to
comply with subsonic stability requirements and to achieve increased hypersonic trim
capability. Additional benefits in hypersonic trim might also be realized by retaining the
present elevon hingeline locations relative to the exposed wing to provide increased
movable elevon areas. The effects of these modifications on wings Won and W33 are
shown in figures 8 and 9, respectively. Analytical results for the Wo7 modification
indicate that the target Vmin,des ©f 150 knots was achieved, whereas the hypersonic
%max, trim increased by only 10 to a value of 419, Since the wing-forward movement
was very slight, the corresponding increase in hypersonic trim angle was extremely small.
(Compare fig. 8(a) with fig. 8(b).) Comparison of figure 9(a) with figure 9(b) shows that
these modifications of W33 produced more desirable results. The value of Vmin,des
for the modified wing was reduced to 150 knots whereas hypersonic trim capability was
extended to 49°, This wing configuration was selected for the experimental verification
with one further modification; the elevon chords were arbitrarily reduced to improve
structural integrity of the wing tips. The resulting configuration selected is shown in
figure 10 and pertinent summary characteristics are shown in table IV. The analytical
results indicated that the selected configuration met all the aerodynamic design require-
ments outlined in table I with the exception of the maximum angle-of-attack hypersonic
trim. Because of the reduced elevon area, the design exhibited a maximum trimmed

angle of attack 4° less than the required value (50°). This deficiency could be eliminated
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Figure 8.- Effect of trailing-edge sweep angle on wing Worn. Aje = 50.2°.

by some fuselage nose reshaping (not considered in the wing study) which has been shown

to provide a positive increment in pitching moment. (See ref. 9.)

Subsequent experimental wind-tunnel studies using the selected configuration were
made to validate these aerodynamic estimates and to demonstrate the aerodynamic develop-

ment required to produce a satisfactory orbiter design.

Experimental Results

The basic longitudinal aerodynamic data obtained at subsonic and hypersonic speeds

for the selected configuration are presented. The subsonic data are shown in figures 11
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Figure 9.- Effect of trailing-edge sweep angle on wing W33. Aje = 46.89,

to 17 with hypersonic data in figure 18. The subsonic aerodynamic characteristics of the
configuration selected are summarized in figures 19 to 22. Longitudinal aerodynamic

characteristics obtained at hypersonic speeds are summarized in figure 23,

Subsonic analytical and experimental comparisons.- A comparison of the analytical

predictions with subsonic longitudinal aerodynamic characteristics obtained at high
Reynolds number (R; =~ 20 X 106) in the Langley low turbulence pressure tunnel is shown
in figure 19. The wind-tunnel and analytical data are in good agreement at low to moder-
ate angles of attack. The pitch-down tendency which occurs at high angles of attack in the
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experimental data was not predicted analytically because linear trends were assumed.
This tendency reduces trimmed lift coefficient at high angles of attack below the level

predicted and would result in an increase in minimum design speed of 12 knots for the
design payload condition.

Effect of planform fillet on subsonic characteristics.- In an attempt to alleviate the

landing lift decrement, a wing leading-edge planform fillet was added to the subsonic

model (figs. 5(a) and 20). The fillet provided sufficient lift at the higher angles of attack
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to linearize the trimmed lift curve and provide a minimum design speed of about 150 knots.

The addition of the fillet shifted the aerodynamic center of the configuration about 0.05¢&

forward and required a rearward shift of the wing of about the same amount to keep the

static margin of the configuration (payload out) at 0.03¢.
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Figure 16.- Effect of segmented elevon deflections on the longitudinal aerodynamic

characteristics of the twisted wing configuration BWpVg. R; ~20.1 X% 106,
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Effects of segmented elevons and wing twist.- The effect of varying spanwise deflec-

tions of trisegmented elevons (more negative for the inboard segments) and wing twist on
the longitudinal trim characteristics of the configuration is shown in figure 21. Use of
variations in spanwise elevon deflections produced little or no increase in trimmed lift
coefficients at landing angles of attack (a > 150) for the basic plane wing configuration.
However, some increase in trimmed (L/D)py,x was noted for the configuration using
variations in spanwise elevon deflection for trim. Only slight changes in trimmed lift
coefficients were produced by incorporating linear wing twist (4.5° washout) in the sub-
sonic model although some reductions in L/D are attributed to the introduction of wing

twist for angles of attack near and above (L/D)max

Subsonic ACPS tip pod effects.- Significant degradations in trimmed lift-drag ratios

have been associated with the addition of unfaired wing-tip-mounted ACPS pods to space

shuttle orbiters (ref. 10). Figure 22 shows the (L/D),,5x decrement from reference 10
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to be about 1.2 which would result in an approach glide-slope angle increase somewhat
greater than 1°. An attempt was made to assess the effects of tailoring the ACPS pod
external shape on L/D ratios. For this purpose, two wing-tip pod configurations were
tested on the plane-wing configuration BWpVy (fig. 5(b)) which fulfilled the volumetric
requirements for roll-control ACPS. The two configurations represented semifaired and
fully tailored designs. Addition of the semifaired pod to configuration BWpV9 produced
a trimmed (L/D)max

the pods resulted in a decrement of only about 0.1,

decrement of about 0.7 (fig. 22) whereas the fully tailored fairing of

Hypersonic analytical and experimental comparisons.- The basic longitudinal aero-

dynamic characteristics obtained for configuration BWpV; at M= 10.33 in the Langley
continuous-flow hypersonic tunnel are shown in figure 18. A comparison of these data
with the analytically predicted pitch trim characteristics is presented in figure 23. This
experimental data comparison indicates a reduction of approximately 50 in maximum
trimmed angle-of-attack capability for the configuration with 5e1 = 6e2 = 6e3 = ~459; this
reduction thereby produces an ®@max,trim of about 400 for the design payload condition
(xcg/l = 0.650). Experimental effects of fuselage widening and of changing the fuselage
nose camber (see ref. 9) indicate the necessity of only minor modifications to increase
the trimmed hypersonic maximum angle of attack for the present configuration from 40°
to 50°. Although no hypersonic data were obtained for configuration BWpVF (incorpo-
rating the planform fillet and the aftward wing movement), estimates of stability and
control indicate the possibility of some improvement in hypersonic maximum angle-of-

attack trim capability for this configuration.

Summarization of vehicle performance characteristics,- During the course of the

present analytical and experimental orbiter wing design study, a configuration BWpVoF
(incorporating a 0.03¢ aft wing movement) was developed which would essentially satisfy
the established design guidelines. Figure 24 summarizes the experimental aerodynamic
performance, stability, and control characteristics for this configuration. Stable subsonic
static margins were found for the configuration throughout the envelope which are in accord

with the preset study guidelines as is the Vmin,des value of 148 knots.

Maximum hypersonic trim capability for configuration BWpV{F is estimated at
¥max, trim ~ 40° for the design payload condition. This value is approximately 10° less
than the guideline value of 50° which might be attained with some fuselage nose reshaping

and/or elevon resizing which would not adversely alter the subsonic flight characteristics.
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Figure 24.- Summary of experimental performance characteristics
for configuration BWTV9F as applied to the various landed payload

loadings of the space shuttle.

SUMMARY OF RESULTS

An analytical and experimental investigation has been made to define a space shuttle
orbiter wing configuration meeting requirements for landing performance, stability, and
hypersonic trim for a specified center-of-gravity envelope. The analytical part of the
study was facilitated by the use of the Optimal Design Integration system (ODIN). Limited
experimental studies were made in the Langley low-turbulence pressure tunnel and the
Langley continuous-flow hypersonic tunnel to verify the aerodynamic characteristics of the

orbiter configuration selected analytically., Results are summarized as follows:

1. Use of the ODIN system greatly simplified the handling of analytical data while
maintaining compliance with the space shuttle general vehicle requirements and allowed
the expedient selection of a desirable wing planform. The analytical aerodynamic esti-
mates obtained by using the ODIN system were in reasonable agreement with experimental

results obtained subsequently for the orbiter configuration selected.

2. The analytical study suggested reductions in wing sweep to produce a minimum

wing area (minimum weight) configuration. Reductions in wing area and sweep also
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enhanced the high-angle-of -attack trim capability at hypersonic speeds. This trend,
however, was constrained by entry heating considerations to preclude wing leading-edge
sweep angles below 45°, Attempting to meet the hypersonic and subsonic guidelines
directed the study toward using a negatively swept wing training edge to provide increased

hypersonic trim capability and desirable subsonic flight characteristics.

3. The analytically selected orbiter configuration required minor experimental
wind-tunnel refinements to provide a viable orbiter configuration. The primary refine-
ment was the addition of a small planform fillet to increase lift coefficients at landing

attitudes accompanied by an aft wing movement.

4, Significant reductions in lift-drag ratio losses due to the addition of attitude-
control propulsion system wing-tip pods were attained by tailoring the external shape of

pods designed to house the roll-attitude control system.

3. The use of sequentially deflected segmented elevons improved subsonic trimmed

lift-drag ratios which may be beneficial to landing-approach glide-slope performance.
Langley Research Center,

National Aeronautics and Space Administration,

Hampton, Va., January 18, 1974.
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APPENDIX

ANALYTICAL DATA

The characteristics of the wings investigated are presented in this appendix. An
index of these characteristics is presented in table V.
TABLE V.- INDEX OF CHARACTERISTICS OF WINGS INVESTIGATED
Sret \ \ Subsonic Cm-‘;.L Voin des gypersox‘ﬂc
Wing | *wing/! don | deg | A | (basedon & knots ma;‘étg“m’ XSF | YSF §es_1€_m Page
m? | 12 P/L out | a0k p/n| 4K P/L) (40K B/L) ref

W1 0.5404 |207.0|2228/60.0! 0.0 1.74| -0.0282 | -0,0843 204 59 0.8 |0.8 | 0.131 | 47
Wy .4928 |258.7 2785 65.2 1.39| -.0282 | -.0759 203 45 1.0 .81 .131 | 48
W .4517 |310.5| 3342 68.9 1.16| -.0293 | -.0721 204 36 1.2 | .8 .131 | 49
Wy .4152 [362.2(3899 | 71.7 99| -.0310 | -.0708 206 31 1.4 | .8 .131 | 50
Ws .3805 [414.0 ! 4456 | 73.9 87| -.0316 | -.0696 207 29 1.6 | .81 .131 | 51
Wg .5192 [234.5|2524 | 54.2 2.14| -.0290 | -.0870 179 53 .8 110 .144 | 52
Wy .4718 |293.2| 3156 | 60.0 .71 -.0275 | -.0770 177 41 1.0 1.0 | .144 | 53
Wg .4335 |351.8| 3787 | 64.3 1.42| -.0318 | -.0764 178 33 1.2 {1.0] .144 | 54
Wg .3942 |410.4{441867.6 1.22| -.0312 | -.0727 178 30 1.4 1.0 | .144 | 55
Wi .3586 |469.1}5049|70.2 1.07| -.0317 | -.0712 178 28 1.6 | 1.0 | .144 | 56
Wi .5074 |262.9]2830]49.1 2.54 | -.0278 | -.0873 161 48 8|12 .155 | 57
Wi .4627 |328.6 | 3537/ 55.3 2.03| -.0288 | -.0798 158 37 1.0 1.2 .155 | 58
W13 .4243 |394.3]4244(60.0 1.69| -.0324 | -.0786 158 31 1.2 | 12| .155 | 59
Wiy .3842 |460.0 4952 63.7 1.45| -.0312 | -.0741 157 28 1.4 | 1.2 .155 | 60
Wis .3486 |525.7|5659 | 66.6 1.271 -.0316 | -.0725 157 27 1.6 | 1.2 | .155 | 61
Wi 5010 [291.6|3139 | 44.7 2.94| -.0283 | -.0891 147 44 8|14 .183 | 62
Wiq .4563 | 364.6 | 3924 | 51.1 2.35| -.0277 | -.0800 143 34 1.0 | 1.4 | .163 | 63
Wig L4179 [437.5!4709 | 56.0 1.96| -.0306 | -.0779 142 30 1.2 1.4 .163 | 64
Wyg .3796 |510.4 | 5494 | 60.0 1.68 1 -.0311 | -.0752 141 27 1.4 1.4 .163 | 65
Woq .3431 |583.3 627963.2 1.47| -.0314 | -.0735 141 26 1.6 | 1.4 | .163 | 66
Way .4973 |320.7| 3452 40.9 3.34| -.0287 | -.0906 136 40 8|16 | .169 | 67
Woo .4554  400.9|431547.3 2.67| -.0287 | -.0821 132 32 1.0 16| .16 | 68
Wo3 .4179 481,0|5178]52.4 2.23| -.0324 | -.0810 131 28 1.2 1.6 | .168 | 69
Woy .3778 |561,2|6041]56.6 1.91] -.0310 | -.0762 129 27 1.4 16| .169 | 70
Wys .3422 1641.4 6904 |60.0 1.67| -.0312 | -.0745 129 26 1.6 | 1.6 | .169 | 71
Wog .4882 [279.7|301154.8 2.08| -.0278 | -.0817 168 44 9 L1| .150 | 72
Wo7 .4791 |311.9|3357|50.2 2.44 | -.0254 | -.08086 151 40 9|13 .159 | 13
Wag .4763 [344.4 3707 | 46.1 2,79 | -.0272 | -.0837 139 37 9| 15] .166 | 74
Wag .4417 |381.2|4103|55.7 1.99 | -.0327 | -.0818 150 32 1.1]1.3] .159 | 75
Wag 4572 |346.5| 3730 53.1 2.191 -.0261 | -.0776 150 36 1.0 1.3] .159 | 76
W31 .4846 |295.71318352.4 2.26 | -.0289 | -.0836 159 42 9|12 .155 | 77
W39 4773 |328.0 3531 48.1 2.621 -.0261 | -.0819 144 38 9 14| .163] 78
W33 .5046 |2177.12983|46.8 2.74 | -.0297 | -.0900 154 46 8113 .159 | 79
Wiy .5366 |233.12509|47.8 2.87 | -.0286 | -.0940 171 59 11| .150 | 80
W35 .5320 [214.7 [2311|45.3 2.71| -.0289 | -.0948 163 57 12| 155 | 81
Wo7 (Mod) | .4773 |328.4|3535(50.2 | -7.0(2.31| -.0281 | -.0804 150 41 9| 1.3, .183 | 82
W33 (Mod) | .4955 |314.7 [3387 [46.8 [-11.0(2.42 | -.0280 | -.0804 150 49 8113 .216 | 83
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UVERALL CUNFIGUKATICN

APPENDIX - Continued

ODIN Wing Wy

ARKEA s PLANFCRM (SFT) 2G9G. 4

LENGTHy NUSE TO WING LE AT BCOY 710.02 IN

LENGTH, NUSE TO WiING C/4 G03.27 IN

ANGL Ey GRCUNU PLANE *FIXEC*® 17.00 DEG
FUSELASGE

ArEAy WETTEL ¥FIXEC* 6307.0 SFT

LeNu THe NUSE TU BN U BGLY *FIXEC*® 1215.0 IN
wl NG

arEA s THEURETICAL GR TUTAL 2228.1 SFT

AREA s ELEVUN 291.53 SFT

SPAN T46 .40 IN

CHUR Cy MEAN AckKUDYNAMIC 510.88 1IN

CHOR Uy LENTERLINE REOT 7€3.05 IN

CHUR Uy T1P 106.66 IN

TAPER RATIO, THEUKETICAL «141&3

ASPECT RATIu, THEUWRETICAL le 7364

ASPECT nATICs EXPUSCUL SFAN 1.5882

ANGLEy LEADING Euout SWEEP 59.698 DEG

AvwulL by TRAILING LUOGE SWCEP *F [ XEC*® 0.0 DEG

ANGL £y OJIHELKAL *FIXFO*% 7.0 NEG

ANGL Ey INCIUENCE *FIXEC* 1.5 DEG

AIRFOIL SeCTICN, ®ROUT *-IXFC* N08-64

ALRFCIL SECTIUN *FIXED* N08-64
Ja0A MASS PwLPERTILS

FLiobkT CCNDITIUN WE IGHT (LB) Xx=CC (FT X-CG (PC L)

UrEBT TeER LNUG (W/4UK PL) 191590.2 10.881 64.6E4

UrBl TeER LNDG (wW/u PLI 151590.2 73.203 b6.E€3

WING wEIGHT 12493.5

{PS wbIGHT £2960.7
PrINCIPAL PARAMETERS

X=-SCALE FACITUR SCLx= .80G00

Y=5L ALt FACTOK SCLY= .8C000

DISTAnLE TU LEAUING EVGE UF EXPOSED wWING XOF=710.023 IN
Ladol b PokrUrRMANCE

AIn1 MUM LANLDING SPEED (W/40K PL) 203.5 KT

STAT IC #ARGIN (SUsSONILC) (w/40K PL) -.0843

STAT IC MARGIN (SJBSUGNIC) (w70 PL) -.0282

ThiM LIFT CLEF FUR LANDING (ALPHA=17 DEG) 6134
HYPERSUNIC AERULYNAMIC ThIM CATA

TeIm ANGLE CF ATTACK AT ELEVCN=-45 DEG SE.56 DEG
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APPENDIX - Continued

ODIN Wing W

UVERALL CCNFIGURATICH
AREA s PLANFCRM (5FT)
LENGTH, NOSE TO AING LE AT BGDY
LENGTH, NCSE TC WING (/4
ANGL Esy GKGOUND PLANE

FUSELAGE
AREAs WETTED
LENGTHy NOSE TO ENU OF BUDY

WING
AREA, THEURETICAL ur TGTAL
ancAy ELEVCON
SPAN
CHUR Cy McAN AckUDYNAMIC
CHUR Ly CENTERLINE ROOT
CHURCs TIP
TAPER RATICs THEUKETICAL
ASPECT <ATI(, THEURETICAL
ASPECT RATIU, EXPOSED SPAN
anNGL Ee LEADING EuoE SwEEP
ANGLEy TRAILING EULGE SWEEP
ANGL Ey» DIRECRAL
ANGL Ey INCILENCE
AIRFCIL SECTION, ROOT
AIRFCIL SECTICN, TIP

U40A MASS PKCPERTIES

FLIGHT CUNOITIUN WE IGHT {LB)
OROI TER LNDL (W/40K PL)  194150.0
Urs L TER LNDG (w/0 PLI 154150.0
WING nEIGHT 1299444

PSS WEIGHT 25J049.5

PrRINCIPAL PARAMETERS
x-SCALE FACTOR
Y-SCALE FACTCR
DISTANLE TU LEAUING Buubk CF EXFOSED WING

LANDING PERF LRMANCE
MINIMUM LANLING SPEED (W/40K PLD
STAT iC MAKGIN (SJoSONLIC) (W/740K PL)
STAT IC MARGIN (SUBSUNIC) {w70 PL)
ThiM LIFT CLEF Fur LANDING (ALPHA=17 DEG)

HYPEm SUNIC AERGOYNAMIC TRIM CATA
[RIM ANGLE CF ATIACK AT CLEVCON==-45 DEG

Xx—~CG
71.624
T4.165

*FIXED*

*FIXEC*
*FIXEC*

*F [ XFC*
*FIXED*
*F [ XED*
*FIXEL*
*FIXFC*

(FT})

SCLXx=
SCLY=

3321.0

648.44 IN
890.00 1IN
17.00 DEG

6307.0 SFT
1215.0 IN

278%.1 SFT
364.42 SFT
746.40 IN
€38.60 1IN
S41.31 IN
133.32 IN
«14163
1.3891
1.2705
65.207 NEG
c.0 DEG
7.0 DEG
1.5 DEG
008-64
008-64

X-CG {PC L)
€5.3¢62
67.€81

1.0000
.80000

X(OF=¢68.442 IN

203.3 KT
-.0282
4580

45,35 DEG
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APPENDIX -~ Continued

ODIN Wing W3

UVERALL CUNFIGURATICN
AKEA, PLANFCKM (5FT)

LENGTH,
LENG TH,
ANGLE

FUSELAGE

NUSE TO AING LE AT BCODY
NUSE TU WING C/4
GRCUNU PLANE

AREA, WETTEL

LENGTH,

W1 NG

NOSE TG WD OF BODY

AnbA, THREUKETICAL UR TUTAL
AxtA, ELEVUA

>P AN

CHUR Ly
CHJURC,
CRUK Oy

MtAN AERODYNAMIC
CENTERLINE ROULT
rie

3€42.¢€
$64.36 1IN
884.23 IN

*FIXED* 17.00 DEG

*FIXEC*
*FIXELC*

€307.0 SFT
1215.0 1IN

3342.1 SFT
437.30 SFT
746.40 IN
T6€.32 IN
1129.€ IN
159.98 1IN

TAPL~ RATIU, THEOKETICAL
ASPECT KATIG, THoURETICAL
ASPECT RATICs EXPULSED SFAN
AsGLEs LEADING EUGE SWEEP

ANGLE
anul Bty UIHELKAL
ANGL Ey INCILENCE
AIRFULL SECTILN, rUQT
AalrFCIL SECTIUN, TIP

U4JA AASS PRCPEKRTIES
FLlohT CUNDITION
UrRBI Tew LADG (W/4UK PL)
U-BITeR ENDG (Ww/J PL)
wiNu wWELcnT
PS> wWEIGHT

PrINCIPAL PARAMETERS
X=-5C ALE FACTUK
Y-SCALE FACTCR

TRALLING EUGE SwWELP

WEIGHT (LR}
19¢i26.0
156729.0
13E08.6
2T11l4.4

UISTANCE TU LEAUING EUGE JUF FXPGSED WING

LAGDING PERFLRMANCE

MINEMUM LANLING SPEEU (wW/40K PL)

STAT 1L MARGIN (SUBSUNIC)
STATIC MAKGIN (SUBSGNIC)

(W/40K PL)
(w/0 PL)

ThIM LIFT CLEF FUs LANDING (ALPFA=17 DEG)

HYPEASCWIC AEROLYNAMIC TRIM LATA
TRiM ANGLE CF ATTACK AT tLEVON=-45 DFG

X-CG
72.551

«14163
1.1576
1.0588
68.947
*FIXEC* 0.0
*FIXEL* 7.0
*FIXEC* 1.5
*FIXFC* 008-64
*F ] XEN* 0C8-€4

(FT) X-CG (PC

66.208

SCLXx= 1.2000
SCLY= .8000C

XCF=594.360 IN

204.1 KT
-.0721
-.0253
<4172

DEG
NEG
NEG
DEG

L)

3€.33 DEG
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APPENDIX - Continued

ODIN Wing Wy

UVERALL CCNFIGURATICN

AKEA s PLANFCKM (S5FT) 3C€4. 2
LENGTHs ANCSE TO AING LE AT BCDY S54€.17 IN
LENGTHs NUSE TO WING C/4 884.35 IN
ANGL £y GROUND PLANE *FIXEC* 17.00 DEG
FuoSclAGE
AREA, WETTEL *F IXEC* 6307.0 SFT
LENG THy MNUSEL TOU ENU UF BCIY *FIXED® 1315.0 IN
wl NG
AREA, THEORETICAL Ok TGTAL 389G9.1 SHT
AKEA s ELEVCN £10.18 SFT
SPAN T4€.40 IN
ChHuk Uy MEAN AERGUYNAMIC 894.04 IN
CHUR Ls CENTERLINE KRUQOT 1317.8 IN
CHURDy TIP 186.65 IN
TAPER KATIO. THEURETICAL -14163
ASPECT RATIG, TrourRETICAL 66223
ASPECT KATIU, EXPUSED SFAN «.60753
ANGL €r LEADING EULE SwWEEP 71.740 DEG
ANGLEs TRALLING EUGE SwEEP *FIXEL* 0.0 DEG
aNuolL Es ULAELKAL *FIXENX 7.0 DEG
ANGL By INCICENCE *FIXED% 1.5 DEG
alrt GIL ScCTICN, wUOT 2] XFLC* 008-64
AlxFCIL SECTIUN, TIP *FIXEDCX 008-¢4
U4CA MASS PrCPERTIES
FLIGHT CCONDLYICON WEIGHT (1 8) X-CG (FT) X-CG {(PC L)
unbl TEK LNDG (W/4UK PL) i99210.4 12.€56 67.217
UKBI TER LNUOG (W/J PL) 159310.4 1€.€25 69.926
ALiNG WELTGHT i4021.4
TPS wClonT 29183.0
P<inCIPAL PARAMETERS
X-SCALE FACTOkK SCLX= 1.4000
Y=353(CALe FACTOK SCLY= .8CC00
UISTANCE TU LEAUDLNG EUGE LF EXPOSELR WNING XUF=S4¢.1€%5 IN
CANDE vo P RECRKMANCE
MINI MUM CANDING SPFEED {w/ 40K PL) 205.6 KT
STAT IC MARGIin (SUBSUNIC) (h/40K PL) -.07C8
STAT {C MARKGIN (SUBSUNIC) (w/C PL) -.0310
TuIM LIFT CLEF FJdx LANDING (2LPHA=17 DEGIH «3572
HY PerSUNLC AERULYNAVIC TwIM £ATA
TriM ANGLE CF ATTALK AT ELEVON=-4% UEG 3l.46 DEG
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APPENDIX - Continued

ODIN Wing W5

OVERALL CUONFIGUKATICAN

AREAy PLANFCRM (SFT) 4265.8
LENGTH, ANCSE TOU WING LE AT BCDY 5C0.27 IN
LENG THy NUSE TO WING C/4 886.77 IN
ANGL Ey GRULUND PLANE *FIXED* 17.00 DEG
FUSELAGE
AREA, WETTED *FIXEC* €307.0 SFT
LENGTHy NUSE TO =ND UF BODY *f [ XEC* 1215.0 IN
WING
AREA, TFEGURETICAL OF TOTAL 4456.2 SFT
AKEA s ELEVON 583.07 SFT
SPAN 746.40 IN
CHUK Dy MEAN AEKGUYNAMIC 1021.8 IN
CHURCy CENTEKRLINE RLGT 150€.1 IN
CHOKD,y T1IP 213.31 IN
TAPER RATIU, THEUORETICAL «14163
ASPECT WATIU,. THEURETICAL .86820
ASPECT RATIC, EXPUSED SFAN . 75409
ANGL Ey LEADING EDUE SwWEEP 73.896 DEG
ANGLE, TRAILING EUGE SWEEP *FIXEC* 0.0 DEG
ANGL Ey L IHECRAL BF[XEL* 7.0 DEG
ANGL Es INCICENCE *F [ XEC* 1.5 DEG
AIKFCIL SECTION, ROOT *FIXEC* 008-¢4
ALRFCIL SECTIUN, TIP 2F | XEG* 008~64
J40A MASS PRCPERTIES
FLIGRT CCNDITICN wE LGHY (L B) (FT) X=CG (PC L)
OnBI TER LNDG (W/40K PL) 201FE4.8 68.358
JKBLTER LNDG (W/JU PL) lol&84.8 71.305
WING WEIGHT 1424, 8
TPS WEIGHT 31254.1
PRINCIPAL PAKAMETERS
A-SCALE FACTCR’ SCLX= 1.6000
Y-SCALE FACTCR SCLY= .80000

DISTANCe Tu LEAUDING tUGE CF EXPOSEL w~ING

LANDING PEPFCKMANCE
ALNI MUM LANLING SPEED (wW/40K PL)
STATIC MARGIN (SUOSUNIC) (W/40K PL)
STAT IC MAKGIN (SUBSUNIC) {w/C PL)

Twld LIFT CCeF F.rx LANDING (ALPHA=17 DFEG)

HY PEXSUNIC AEROCYNAMIC TRIM DATA
TRIM ANGLE CF AT(ACK AT ELEVLN=-4% DEG

X0F=500.272 IN

20649 KT
—.0¢56€
-.0316
«3125

28.85 [EG
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APPENDIX - Continued

ODIN Wing Wg

OVERALL CUNFIGURATIUN
AREA, PLANFLRM (SFT)
LENGTH, NUOSE TO wING LE AT BCOY
LENGTH, NUSE TO AING C/4
ANGL By GRCUND PLANE

FUSELAGE
ARKEA» WETTEL
LENG THy NOSE TO £ENU OF BCOY

Wi NG
AREA, THECRETICAL UrR TUTAL
AREA, ELEVUN
SPAN
CHUR Ly MUEAN AERCOYNAMIC
CHURL, CENTERLIN: KLUT
CHORD,y TIP
TAPEEK RATIU,y THEUKETICAL
ASPECT wATIC, THEJRETICAL
ASPECT wATIC, EXPUSED SPAN
aNGL Es LEAUING EDGE SHWEEP
Aol Ee TRAILING Edob SWEEP
ANGLEs CIBELRAL
anNGL Es INCICENCE
AIKFOIL SECTICN, RIOT
ALRFCIL SeCTIUN, TIP

0+0A MASS PrRGPERTIES

FLIGHT CONDITICN wE {GHT (LA} X-CG
UKBITER LNDC (W/4UK PL) 194S958.8 10.9617
U3l TEK LNDG (w/J PLI 154G658.8 i2.
wlNo wWEILCHT 14260.4

TPS WEIGHT 245924

PrINCIPAL PARAMETERS
X=SCALE FACTCR
Y-SCALE FACTCk
UVISTANCE TC LEAUING BUGE LE EXPUSED WING

LANOING PERFCKMANCE
MINI MuM LANDING SPeeD (w/40K PL)
STAT IC “ARGIN (SUBSUNIC) (/40K PL)
STAT IC MARGIN (5Ub3>UNIC) (w/C PL)
T<iM LIFT CLEF FdR LANOINs (ALPHA=17 DEG)

HYPEASIONIC AERULYNAMIC T<IM CATA
TRIM ANGLL CF ATTACK AT ELEVEON=-4% Dto

3321.0
682.59
863,22
*FIXEC* 17.00 D

*F I XEC* €307.0
*FIXEC* 1315.0

2524.1
364.42
882.00
487.70
T17.72
106.66
«14860
2.1398
1.5852
54.181
2F1XEC* 0.0
*F I XEC*® 7.0
*F I[XEC* 1.5
*F IXEC* 008-64
*FIXFC* 008-¢4

(FT) X-CG (PC

64,7673
664515

SCLX= .8CC00
SCLY= 1.0000
XUF=682.5G0 1IN

179.1 KT
-.0870
-.0290
«7111

€3.21 DE

IN
IN
EG

SFT
IN

SFT
SFT
IN
IN
IN
IN

DEG
NEG
DEG
CEG

L}

G
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APPENDIX - Continued

ODIN Wing Wr

ALL CUCNFIGURATICN

AREA s FLANFCRM (SFT)

LENGThy NCSE TO wiNo LE AT BCODY
LENGTH. RCSE TO WiINo C/4

ANGL By GRUUNU PLANL

LALE
AREA, WEITEL
Leivo THy NCSE TO END OF EJUY

AKEA, THECRETICAL Or TGTAL
AREA, ELEVCNA

SPAN

CHIx Oy MEAN AERCUYNAMIC
CHUR By CERNT ERLINE ROUT
CHIR Ly Tiw

TAvEr RATIUy THEUKETICAL
ASPeCT RKATIC, ThHeURETICAL
ASPECT KRATIC, EXPLSED SPAN
ANGLEy LEAULNC EULE SWEEP
ANGL By TRAILING EUGE SWEE?P
ANGL Ey LIMECRAL

alNGL By INCILENCE

AIRFLLIL SECTICN, kOOT
ALLFGIL SECTICN. TIP

3723.0

620.68 IN

883.97 1IN
*FIXEC* 17.00 DEG

*FIXEC* €307.0 SFT
*F [ XEC* 1315.0 IN

3155.8 SFT
455.52 SFT
882.00 1IN
60G.63 1IN
857.14 IN
133.32 IN
«14860
1.7118
1.5882
59.998 DEG
*F 1 XEC* 0.0 DEG
*FIXEC* 7.0 DEG
*FIXEC* 1.5 DEG
%+ IXFC* 008-64
*FIXEC* 008-64

MASS PrUFERTILES :
FLIWHT CUNDITICN WEIGHT (L8} X-CG (FT) X=CG (PC L)
Ukol TER Ln0G {W/40K PL) 1978650.1 71.748 €E5.415
Uhol TER LNDG (w/u PL) 157€50.1 14.260 6T7.768
NING wEICHT 14703.5
TPS wElonT cT040.6

CiPAL PARAMETEKS

X=SUALE FACTUR

Y-5CALE FACTUR

DISTALCE TO LEACING EDGE GF £XPCOSEDQ wING

INu PErECRMANCE

AINIMUNM LANLING 3PEEU (W/40K PL)

STAT IC MARGILIL (SJpSUNIC) {n/40K FL)
STATIC 4Arolinv (SUBSUNIC) {(w/00 PL)

Tri« LIFT CCEF FuR LANDLING (ALPEA=1T 0eG)

~nSUd IC AERULYNAMIC TrIM UATA
T«14 ANuLE CF ATTACK AT ELEVON=-45 DEG

SCLXx= 1.0000
SCLY= 1.0C00
¥0F=€20.678 IN

1769 KT
-.Q770
-.0275
«5917

40.83 DEG
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APPENDIX - Continued

ODIN Wing Wg

OVERalLL CONFIGURATICN
AnzZAy PLANFCRM (SFT)
LENGTH, NISE TU W#ING LE AT BCDY
LENGTHy NUSE TU #AING C/4
ANGL Ev wRCUNU PLANE

FUSELAGE
AREA, WETTED
LENG THy NUSE TO ENU UF BUUY

WING
AREA,y THECRETICAL UKk TOTAL
AxkEA s cLEVLA
SPAN
CHUK Uy MEAN AERCOYNAMIC
CHUR Ly CENTERLINC RLEGT
Crukuy TIP
TAPER KRATIUy THEURETICAL
ASPELCT wkATIL, THLURETICAL
ASPECY RATIG, EXPUSEU SFAN
ANuL bty LEADING EJuE SWEEP
anNGLEy TRAILING ZUGE SWEEP
ANl By UIHELRAL
ANGLEY INCICENCE
AlxFoll SECTICN, wRUCT
Al~FLIL SeCTICN, TIP

UaUA MAS S PRCPERTIES

FLIGHT CUNDITION we IGHT (L 3)
UBT TER LNDG (W/+UK PL)  200777.2
Jrol TER LNDG UW/J PLI 16V177.2
wlivo WEIGHT 15175.0

TS WelGHT 29456.7

Pr INCIPAL PARAMETERS
A=SCALE FACTUN
Y=>C ALE FACTUR
DISTANCE TU LtAuinG £uGE LF EXPOSER 4ING

LANUING FERFCORMANCE
MIND MM LANLING SPEEU {(wW/4UK PL)
STATIC MARGIN {SUBLSUINIC) (W/740K FL)
STATIC MARGIN [ SJBSULANILIC) {w/0 Pl)
Trld LLIET CCEF FOR LANDLING (AL PHAS1T DEG)

AYPERSUNIUC AERULYNAMIC TRIM OATA
Twld ANCLE CF ATTACK AT cLEVOWN==45 DeG

x-CG
12.776
15438

*FIXEC*

*F [ XEC*
*FIXEC*

*F [XEC*
*F [ XEC*
*F IXED*
*FIXEC*
*EIXED®

(FT)

SCLX=
SCLY=

4125.0

570.47 1IN
88£.42 IN
17.00 DEG

6307.0 SFT
1315.0 IN

3787.0 SFT
546.63 SFT
882.00 IN
731.55 IN
1076.6 IN
159.98 IN
«14860
1.4265
1.3235
€4.305 DEG
0.0 DEG
7.0 DEG
1.5 DEG
008-64
008-€4

X-CG (PC L)
€€.413
6R.898

1L.2C00
1.0000

XOF=5T7T0.473 IN

177.5 KT
-.C764
-.0318
« 4969

32.57 DNDFG
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ODIN Wing Wg

UVERALL CUNFIGURATICGN
AKEAy PLANFCKM (5FT)
LENGTH, MNUSE TU WING LE AT 8COY
LENGTH, NOSE Tu WINub C/4
ANGL Ee GRUUND PLANE

FUSELAGE
AREA, WETTEL
LENGTH, N3SE TO eND UF BOOY

Al NG
AxtEA, THEGRETICAL UK TOULTAL
AKEA, ELEVON
SPAN
CHUR Ly MEAN ACRUDYNAMIC
CHU< Ly CENTERLINc RUOT
LHUR Dy TP
TAPER RATIO, TrHeJrETICAL
ASPECT RATIC, ‘THcURETICAL
ASPECT RATIC, EXPuUSED SFAN
ANGL Ey LEAUING EULE SHEEP
ANGLLEy TrRAILING tUOE SWEEP
ANGL Ey OIHEDKAL
ANGL By INCILENCE
AlKFCIL SECTION, rGOT
ALRFCIL SteCTICGN, TIP

VGOA Ma>S PrRCPERTIES

FLISHT CUNOITICN WEIGHT (LB8) X~-CG
Urbl TER LNDC (w/4uK PL) 03721.8 12.613
UL TER LNDG tw/0 PLI 163721.8 1t.864
wlNo wEIGHT 15€59.4

TPS wElokT 2175%0.%

PKINCIPAL PARAMETERS
x=5CaLt FACTOR
Y-SCALE FACTOR
DISTANCLe Tu LEAVING z0GE OF EXPNSEL WING

LANDING PERFLRMANCE
MINIMUNM LANCING SPCED (w/40K PL)
STAT IC MARGIN (SUBSUNIC) (w/740K FL)
STAT IC MAKGIN (SJsSONIC) (w/0 PL)
I~IM LIFT CCEF FUR LANDING {ALPHA=17 CEG)

“HYPERSUNIC AEROCYNAMIC THFIM DATA

TRIM ANGLE CF ATTACK AT ELEVON=-45 DEG

*FIXED*

*FIXEC*
*FIXED*

*EIXFO*
#F1XEC*
*F ] XFO*
*FIXEC*
#F [ XEO*

(FT)

SCLXx=
SCLY=

XCF=518.603 1IN

45217.0
518.90
887.50

IN
IN

17.00 DEG

€307.0
1315.0

4418.1
637.73
882.00
B£3.4€
1256.0
186.65
« 14860
1.2227
le1344
67.588

000

7.0

1.05
00e-¢4
Q08-64

X-CG (PC
67.4%1
70.144

1.4000
t1.0co0

177.5 KT
-.0727
-.0212
«4323

SFT
IN

SFT
SFT
IN
IN
IN
IN

DEG
DEG
DEG
DEG

29.60 DEG
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APPENDIX - Continued

ODIN Wing W19

UVERALL CCNF JIGUKATICN
AKEA s PLANFCRNM (S5FT)
LENGTH, NOSE TO wWING LE AT BCDY
LENGTH, NCSE TC AING (/4
ANGL £y GKCUND PLANE

FUSELAGE
AKEA
LENGTH,

nETTED
NCSE TO :=nO OF BODY

AL NG
AREA, THEURETLICAL UR TCOTAL
AxnktA, ELEVGN
SPAN

*FIXFC*

*FIXEC*
*FIXEC*

4€29.0

472.0€ IN
8G63.31 IN
17.00 DEG

€307.0 SFT
1315.0 IN

504S.3 SFT
728.84 SFT
882.00 I[N

CHUR Ly
CHOR By
CHURLC,

MEAN AERODYNAMIC
CENTERLINE ROGT
Tip

$715.40
143£.4
213.31

IN
IN
IN

TAPER RATIO, THEJRETVICAL
ASPECT RATIC, THEURETICAL
ASFECT =ATIU, EXPUSED SFAN
ANGL E» LEADING EVLE SWEEP
ANGLE, TRAILING EuGE SWEEP
ANGL Ey CIRELRAL

ANGL Ey INCICENCE

Al CIL SECTICON, KOUT
A[RFCIL SECTIUN, TIP

040A MASS PRCPERTIES
FLLIoRT CCNDITION
URBITER LNUC (W/4UK PL)
URBT TER LNDG (W/U PL)
wiNG wEIGHT
TPS welokl

wE IGHT (LR}
20€€T72.3
loeel? .3
lol4b.7
34419.6

PRINCIPAL PARAMETERS
x=5CALE FACTCkK
Y-SCALE FACTOR
VISTANCE TU LEACING EUGE UF EXPCSED #1ING

LANUING PERFCKMANCE
MINI MUM LANDING SPEED (w/40K PL)
STAT IC MARGIN (SUBSGNIC) (Ww/740K PL)
STATIC MARGIN {(SUsSUNIC) {(w/0 PL)
TRIM LIFT CLEF FUK LANDINGL (ALPHA=17 DEG)

HY PERSUNTIC AERCCYNAMIC TRIM L[ATA
TkiM ANGLE CF ATTACK AT cLEVIN=-45 DEG

*FIXELC*
*F ] XEC*
*FIXEC*
*FIXEC*
*FIXEC*

Xx-CG (FT)
7%.231
78.446

SCL X=
SCLyY=

«14860
1.0699
«56261
70.157 DEG
0.0 DEG
7.0 DEG
1.5 DEG
0g8-64
0C8-64

X-CG (PC 1)
6B.654
71.588

1.6000
1.0000

XUF=472.05¢& IN

178.2 KT
-.0712
-.03217
-.38C8

27.57 DEG



APPENDIX — Continued

ODIN Wing W11

le OVEKALL CLANFIGURATICAN
ArREA, PLANFOCKRNM (5FT) 3¢42.6€
LENGTHy NUSE TU WING LE AT BCDY 667.15 IN
LENGTHy ANCSE TO WING C/4 889.36 IN
ANGL Ey GROUNL FLANC #FIXELC* 17.00 DEG

¢« FUSELAGE .
AKEAy WETTED *FXEC*® 6307.0 SFT
LENGTHs NCSE TO END OF BUDY *FIXEC* 1215.0 IN

3. WING
AREA, THEURETICAL UR TOTAL 2829.€ SFT
ArEA, ELEVCHN 437.30 SFT
SFAN 1017.6 1IN
CHUK Ly MEAN AEKULDYNAMIC 472.27T 1IN
CHur Ly CENTEXRLINE RCOT 6G4.,16 IN
CHUKOy TP 106.66 IN
TaPcr rAaTlUy THEORETICAL «15365
aSPECT RATIC, THEURETICAL 2.5414
ASPECT RATILs EXPUSEL SFAN 2.3E23
AivbL Ey LEAUINC EDGE SwEEP 49.105 DFG
ANGLEy THRAILING tUGE SWEEP *FIXFC* 0.0 NDFG
ANGL Ey LIRELKAL *FIXFL* 7.0 DEG
ANGLEs INCILENCE *FIXEN* 1.5 DEG
ALRFCIL SECTICN, ROCT *FIXELC* 008-64
AI<FCIL SeCTIUN, TIP ¥FIXEC*® 008-64

9, U40A MASS FRCPERTIES ’
FLIGET LCNDITICN wEIGHT (LB) -CG (FT) X-CG (PC L)
el TER LNDG (/50K PL) 198306.2 71.193 €4.887
UnBI Tok LNDC (W/UJ PL) 12830¢€.2 713.446 67.025
niNG wEICHT 15%88.4
TPS WEIGHT 2a2ll.S

e PrINCIPAL FARKAMETERS
A-SC ALt FACTLk SCLXx= .8CC00
Y-SLALE FACTCR ) SCLY= 1.2000
DISTANCE TU LEAUING EUGE UF EXPOSFL WING XO0F=6€7.154 IN

e LANLDING FEFFLRMANLE
AINT MUNM LANLING SPEED (/40K PL) 160.7 KT
STAT IC MARGIN (SUBSONIC) {w/740K PL) -.0873
STAT IC MARGIN (SUBSLNIC) (w/0 PL} ~.0278
TRIA L1FT CCEF Fux LANDING (ALPHA=1T [IEG) « 8017

To HYPERSUNIL AZRUCYNAMIL TkIM CATA
TrlM Anclt CF ATTACK AT ZLEVUN=-4%5 DEG 48.43 C[CEG
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APPENDIX - Continued

UVEKALL CUNFIGURATICH

FUSE

wi No

04 0A

ODIN Wing W19

AREA, PLANFCRM (oFT) 4125.0
LENG THy NOSE TU Wine LE AT BCDY 608.3¢ IN
LENGTHy NUSE TU WING C/4 B€8¢€.12 IN
ANGL Ey GRUUNC PLANE *FIXFO* 17.00 DEG
LAGE
ARtA, weTTEL *F [ XED* 6307.0 SFT
LENG THy NUSE TC ENU UOF BUDY *FIXEC™ 1315.0 IN
ArktA, TREGRETICAL UK TOTAL 3537.0 SFT
AKEA, ELEVGA £46.63 SFT
SPAN 1017.6 1IN
CHUR Cy MEAN AEKRCOYWAMIC 590.33 1IN
CHux e CENTEKLINE RGUT 867.70 1IN
LHUR L, T1P 133.32 IN
TAPER RATIUu, TrHEUKETICAL +1£3¢€5
ASPECT wATIC, TreORETAICAL 2.0231
ASPECT RATIGs EXPLSEOD SFAN 1.9058
ANGLEy LEAOINLG EUGE SwtEP 5%.283 NEG
alhGLEs TRALLING £EUGE SWEEP *xFIXEC* 0.0 DEG
ANGL Ey CIHECKRAL *FIXEC* 7.0 DEG
anul By INCILENCE *F [ XED* 1.5 NEG
alRFCIL SECTICN, nUOT 3FIXEC* 008-64
AlRFUIL SeCTIUN, TI1P xF[XEC* 008-64
MAS S PRCPERTIES
FLIGRT CUNDITICN WE LGHT (LB) x~CG {(FT) X-CG (PC L)
URBIL TER LNDG (w/40K PL) 201547.17 11.567 €£5.675
UKBI TER LNDG (W/0 PLY} 101837.7 14.476 67.56%
wiNo WEITCGHT 163718.3
IPS WoiGHT 260¢3.4

PR INCIPAL FARAMETERS
X-SCALE FACTUK
Y-5CALE FACTOK
DISTANCE TGO LEADIiWG cUSE GF EXPLSED WING

LANUING PERFUKMANCE
MINIMUM LANCING SPEEC (w/40K PL)

C MARGIN (SUBSONIC) {W/40K PL)
STATIL MAKGIN (SJoSUNIC) (Ww/7GC PLY)

TRIM LIFT COEF FJk LANDING (ALPHA=17 DEG)

STATI

HY PFEX >0 1L AEKGLYNAMIC TRIM CATA
ANCLE CF ATTACK AT ELEVIN=-45 DFG

TRIM

SCLx= 1.0000
SCLY= 1.2€00

X0fF=608.3€3 IN

158.0 KT
-.0758
«£738

36.79 DEG
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ODIN Wing Wy3

UVERALL CCNFIGUKATIGN

AREA, PLANFCKM (SFT) 4607.4
LENGTH, MNLSE TU WING LE AT BCDY 557.64 IN
LENGTH, NUSE TO A4ING C/4 860.95 IN
ANGL Ey uKGUNL PLANE *FIXEC* 17.00 DEG

FUSELAGE
AREA s wEtI1TED *FIXEC* 6307.0 SFT
LENG THe NUSE TU EnD UF BUDY ¥F1XED* 1315.0 IN
a1 NG
AREA, THEORETICAL OR TOTAL 4244.4 SFT
AREA, ELEVGA £55.95 SFT
SPAN 1017.6 IN
CHUR Cy MEAN AERCUYNAMIC 708.40 IN
CHUR Oy CENTERLINE RUOT 1041.2 1IN
CHURC, TIP 159.98 IN
TAPEK RATIU, THEURKETICAL .15365%
ASPECT <ATICL, THEURETICAL 1.6943
ASPECT KATIU, EXPUSED SPAN 1.5882
ANGL Ey LEADING EUGE SWEEP 59.598 DEG
ANGLE, TRAILING EDGE SWEEP ®F[XEC* ¢.0 DEG
ANGLEy D IHECRAL *F [ XED* 7.0 DEG
AnoL Es INCICENCE *FIXFL* 1.5 DEG
ALRFLIL SECTICN, RUOT *F [ XEC* 008-64
AIRFOIL SECTION. TIP *F [ XEC* 008-64
U40A MASS PFLPERTIES
FLIGKT CLNDITIUN WEIGHT (1 R) X-CG (FT) X-CC (PC L)
OxITER LNOC (W/4uxK PL)  2048l4.6 73.055 60.6ER
UxBI TER LNDG (w/70 PL) 1646l4.6 75.779 69.154
NING WE1CHT 16804.5
1PS WEIGHT 31903.7

PRINLCIPAL PARAMETERS
X->CALE FACTIGR
Y-SCALE FACTCR
ODISTANGE TO LLAUING EDGE UF EXPUSED WAING

LANUING PERFCRMANCE
AINI MUM LANLING SPEED (W/40K PL)
STATIC MARGIN (SUBSULNIC) {(W/40K PL)
STAT IC MARGIN (SJUsSONICH {w/0G PL)
ThkiIM LIFT CCeF FJuk LANDING (ALPHA=17 CEC)

HY PEXSuUIn IC AERGULYNAMIC TRIM CATA
Thkim ANGLE CF ATTACK AT ELEVON=-4Z DEG

SCLXx= 1.2000
SCLY= 1.,2000
XO0F=557.€44 IN

157.7 KT
-.0178¢
-.0324
«5733

30.86 CEG
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APPENDIX - Continued

ODIN Wing W14

OVERALL CUNFIGURATICN
AREAy» PLANFCRM (5FT)
LENGTH, NCSE TU A#ING LE AT BCDY
LENGTHy MCSE TO WING C/4
ANGL £y GRCUND PLANE

FUSELAGE
AREA, WETTED
LENGTH, NUSE TU ENU UF BGDY

wl NG

AKEA §
AR EA
SPAN
CHUR Uy
CHUKR Cy
CHOR D,

THECKETICAL OR TATAL

ELEVCA

MEAN AEKUGJYNAMIC
CENTERLINE ROOT

TIipP

TAPER RATIU,
ASPECT RATIU, TheoUuRETICAL
ASPECT RATIU, EXPUGSEU SFAN
ANGLEs LEADING EULE SwEEP
ANuolL ty TRAILING EUGE SWEEP
ANGL By CIHELKAL
ANGL Ey INCLLENCE
AIKFCIL SECTICN,
AlIrrQIL SECTICN,

THEURETICAL

rRJOT
TipP

MAS S PRCPEKTIES
FLIGHT CCNDITICN
ORI Tek LNUG (W/30K PL)
uUrBI TER LNUG (w/U PL)
WING wBEICGHT

TPy WEIGHT

04 0A
WEIGHT (LR)
2J811G.6
L6811S.0
17284,2
34159 .4

PRUINCIPAL PARAMETERS

X=SCALE FACTCK

Y-SCALE FACTOK

VDISTANCE TU LEAUING EOVE UF EXPUSEL WING
LANUINL PcRFOKMANCE

MENT VUM LANLING SPEED €h/40K PL)

STATIC MAKGIN (SUBSUNIC) (W/40K PL)

STATIC MAKGIN (SUBSCNIC) (W/0 PL)

TRIM LIFT CCER FUR LANUING (ALPHA=17 DEG)

HY FERSUN 1C AEKCUDYNAMIL TKRIM CATA

TRIM ANGLE CF ATTALK AT teLEVIN=—-45 DEG

*FIXEC*

*F [ XFD*
*FIXEC*

*FIXEC*®
*F 1 XEC*
*FIXEL*
*FIXED*
*FIXED*

X-CG (FT)
T4.249
11.203

SCLX=
SCLY=

XCF=5C5.200 IN

5089.8
505.20
894.0¢

IN
IN

17.00 DEG

€307.0
1315.0

4G651.7
1€5.28
1017.¢
826.41
1214.8
186.€5
«15365
l.4522
1.3¢€13
€3.€66

0-0

7.0

1.5
008-64
008-64

X-C6 (PC
67.75R
70.454

1.4€00
1.2000

157.0 KT
-.0741
-30312
.5037

28.33

SFT
IN

SFT
SFT
IN
IN
IN
IN

DEG
DEG
NEG
DEG

DEG
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APPENDIX - Continued

ODIN Wing W15

UVERALL CONFIGUFATION
AREA s PLANFCRM (SFT)
LENGTH, NUSE TU WING LE AT BCDY
LENGTH, NCSE TO WiNu C/4

ANGL By ORUUND PLANE *FIXER*
FUSELAGLE

AREAy weITEL *FIXEL*

LENG Tty NUSE TU &nNU OF BGDY *FIXEC%®
Wi Ni;

ArEAy THECKRETICAL OR TOUTAL

AREA, ELEVCA

SPain

CHUR Ly MeAN AEKCUYNAMLIC

CHUR Dy CENTERLINE RKUOT

CHUR D,y TIF

FAPLR RaTlu, TrtunET1CAL

ASPECT KRATIC, TRZILRETICAL

ASPECT ~ATICs EXPUSED SFAN

ANGLEy LEADINC Euuvk SwEEP

ANGLEy TRAILING =zUGE SWEEP *F I XEC*

ANGLL Ey UIHECLKAL *fF [ XEC*

AnNGL Es INCILENCE *FIXEL*

At CIL SeCTICN, RULT *FIXEL*

ALRFLCIL SECTION, T1P *F{XEC*
JaUAa MaSS PRCPERTIES

rLIGKET CCWIITICN WE [GHT (LR) X-CG (FT)

U3t Terk LinDG (n/4U0K PLY 211440.1 75.€4)

Ol TER LANwG (W/Z) PLI 171440.1 18,861

wilnGg weElGhT 17715.5

PSS we LGET 37¢€18.6

PrnINCIPAL POKAMETEKS
XK=SCALE FACTCR
Y=5CALE FACTUK
JISTANCE TJd LEAVDING £uGE UF FXPOSEL wING

LANUING PERFORMANCE
AANIMUNM LANLING SPECC (W/40K PL)
STATIC MARGIN (SUBSUNIC) {w/740K PL)
STATIC MArnuIN (SUBSGNIC) (Ww/70 PLY
Tald LIFT CUEF FUR LANDING (ALPHA=17 DEG)

HYPERSJUN IC ALrUGUYNAMIL TRIM CATA
TRIMm AhNsLle CF ATTACK AT ELEVON==45% DFG

SCLX=
SCL Y=

5572.2

457.88 IN
90Z2.29 IN
17.00 DEG

€307.0 SFT
1315.0 1IN

5659.1 SFT
874.60 SFT
1017.6 1IN
944.53 IN
1388.3 1IN
213.31 IN
- 12365
1.2707
l.1911
CEL5E5 DEG
0.0 DEG
7.0 NEG
1.5 DEG
008-64
008-64

X~CG (PC L)
65.027
11.967

lL.6C00
1.2000

XOF=457.8€3 1IN

157.2 KT
-.0725
-.0316
4462

26.74 DEG
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APPENDIX — Continued

ODIN Wing W1g

UVERALL CCAFIGURATIULN

FUSEL AGE

WLING

Pn INCIPAL PARAMETERS

XK-SCALE FACTCR
Y-SLALE FACTGR
UISTANCE TU LEACING Eust CF EXPGSEL W~ING

LaNulNG PERFURMANCE

MInIMUNM LANCING SPEED (n/40K PL)

STATIC MARGIN (SJuSCNIC) (W/740K PL)
STATLIC MARGIN (>UdSONIC) (w/0 PL)

ThiM LIFT CLeF FUKk LANUING (ALPRA=17 DEG)

HYPEXSUN IL AERUGUYNAMIC TriM LATA

TRIY ANGLE CF ATTACK AT ELEVUN=-45 DEG

AREAs PLANFLRM (oFT) 3G64.2
LENG THy NLST TU #ING LE AT BLDY &£€5R.86 IN
LENGTHy NCSE TC WING C/4 886.32 IN
ANGL By OROUND PLANE *F[XEL* 17.00 DEG
AXEAs wtITEL *FIXEC* 6£307.0 SFT
LENG THy NCSE TGO CND WF BLOY *F[XED* 1215.0 IN
AxEA, THEURETICAL CK TCTAL 3136.3 SFT
AREA, ELEVLA 510.18 SFT
SPAN 1153.2 IN
CHUR Cy MEAN AERCUYNAMIC 4€1.2% IN
CHUR U, CENTERLINE RUOQT 677.33 IN
CHUX Dy TIP 106.66 1IN
TAPER RATIO, THEJRETILICAL 15746
ASPECT <ATIC, THCURETILICAL 2.9418%
ASPECT wATIL, EXPUSCD SFPAN 2.1793
ANGL Ey LEAUING EDGE SwEEP 44,703 DEG
AanNuLLEs TRAILING £DGE SWEEP *F I XEC* 0.0 DEG
ANGL E» CIMELRAL “fF | XEC* 7.0 DEG
anubLEs INCICENCE *FIXELC* 1.5 DEG
ALRFCLL ScCTICN, RUUT *F [ XED* 008~64
AlxkFulbL SECTICN, TIP *FIXEC* 008~-64
J40A MAS S PRLPERTILES
FLIGHT CONDITION wE [GHT (L R) X-CG (FT) X=-CG (PC L)
ORBI TER LANDC (W/Z4UK PL) 2Ul62&.5 71.277 65.046
Ursl TER LNDG (w/0 PL) 161€2€.> 12,614 67.179
WiNo WELGHT 17€79.7
TPS welGHET 271842 .8

SCLX= .8Q000
SCLY= 1.4000
XCF=€c8.8€1 IN

147.0 KT
-.0861
-.0283
.8772

43.87 CEG
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ODIN Wing Wqn

OVERALL CUNFIGURATIUN
AREA, PLANFCRM (S5FT)
LENGTHy AUSE TU AING LE AT BCODY
LENGTH, NCSE TGO AING C/4
ANGL Ev GRCUNL PLANE

FUSELASE
AxkcAys wiTTEL
Leno THy NGSE TU enO UF BOUY

WING
AREA, THEJRETICAL UR TuTAL
ARcAy ELEVCN
SPAN
CHUR Le MEAN AERCUYNAMIC
CHUR Cy LENTERLINE RUGT
CHURK Dy TP
TAPER RATIG, THEURKETICAL
ASPECY wATIL, THeukKETICAL
ASPECT RATIL,s EXPUSELD SFAN
ANoL Es LEAUING Euut SwEEP
ANOLEs TRALLING EuUE SwWEEF
ANGL E9 LIHELFAL
AnoL Esy INCICENCE
AInFCIL SeCTICN, mOCT
AIRFCIL SECTILN, T11IP

U4U0A HAS S FrCFEKTIES
FLIET CUNDITICN

Ukl TER LNCG {(wW/40K PL) 20£210.0
JRBI TER LNCG (W/u PL) 165210.0
AING wELCHT lo023.7
PS5 WEICHT 41080.3

PRINCIPAL PARAMETERS
X=>CALL FACTOR
Y=SCALE rACTOx
UISTANCE TU LEACING cUGE OF EXPOSED WING

LANDIENG PERrFCRMANCE
AINT VUM LANCING SPCEU (W/40K PL)
STAT IC MARGIN (SJuSUNIC) (W/40K FL)
STaT 4L FMARGIN (SJBSCNIC)H (w/0 PL)
TRl LIFT CLEF FUR LANDING (ALPHA=IT CEG)

HYPERSUNIC AERGUUOYNAMIC TRIM LAaTA
TRiM ANGLE CF ATTACK AT ELEVON=-45 DEG

WEIGHT (Lf) x~-CG
12 .199
14.709

4£217.0
600.61 IN
888.69 IN

*FIXED* 17.00 DFG

*FIXEL*®
*FIXEC*

€307.0 SFT
1315.0 IN

3G624.1 SFT
€37.73 SFT
1153.2 IN
57€.57 IN
446.67 IN
133.32 1IN
« 15746
2.3%35
?2.2235
51.050 DEG
*FIXEC* 0.0 CEG
#*F [ XEC* 7.0 DEG
*FIXEC* 1.5 DEG
*FIXEL*® 00E-64
*FIXFL* 0Q&-64

(£7) X-CG (PC L)

€5.€687
68.178

SCLx= 1.CC00
SCLY= l.4C00
X(O0F=600.€14 IN

143.72 KT
-.00800
-.0277

« 7534

34.12 DEG
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APPENDIX - Continued

ODIN Wing Wqg

OVERALL CONFiIGURATIUN
AREAy PLANELRM (5FT)
LENGThy AUSE TU WING LE AT BCDY
LENG THy NLUSE TU WING C/4
ANGL Ee GRUUND FLANE

FUSELAGE
AREAy WETTED
LENGTH» NUSE TO ciu OF BCDY

Wi Ao
AREA, THEUORETICAL OR TOTAL
AKEA, ELEVCH
SPAN
CHUR Ly PMEAN AERUDYNAMIC
CHUR Dy CENTERLINE ROGGT
CHURL, T1IP
TAPER RATIU, THEJRETICAL
ASPECT RATIG, THEURETICAL
ASPECT RATIC, EXPUSEL SFAN
ANGLEy LEAUINC EULL SaEEP
ANGLEy TRAILING EbUuE SWEEP
AnuvlL Ee CIRECKAL
Aol Ey INCICENCE
AIRFGIL SECTICN, RJOT
AIRFLIL SECTICN, TIF

04UA MASS PRUPERTIES

FLioHT CCNDITICN WELGHT (LB) X-CG
OfB1 TER LNDG (W/4UK PL) <OEE841.9 12.343
OKkBI TR LNUC (W/0 PL) lobB4l.S 1€¢.069
WwING wWELGRHT 18408.13

TPS wtlGHT 34327.6

PRINCIPAL PARAMETEKS
A-SCALE FACTCk
Y-5SCALE FACTOk
DLSTANCE TU LEADING EUGE UF EXPUSED wING

LANUING PERFURMANCE
MINIMUM LANLING SPEES (W/40K PL)
STAT IL MarGIN (SUBSUNLC) (W/740K PL)
STAT IL MAKGLIN (SUBSUNLIC) (W/C PL)
TRIM LIFT CUEF Fux LANDING (Al PHA=1T7 DEG)

HYPER SUN IC AERULYNAMLIC TRIM CATA
TrIM ANGLE CF ATTACK AT ELEVIN==-46% DEG

508G.8
£49.15
854.84

IN
IN

*FIXEC* 17.00 DEG

*+ I XED* 6307.0
*FIXED* 1315.0

4708.9
1¢5.28
1153.2
691.88
1016.0
1£9.98
«15746
1.9612
1.6529
56.035
*FIXEC* 0.0
*F [ XEC* 7.0
*FIXEC* 1.5
*F [ XEDx* 008-64
*FIXELC* 008-¢t4

(FT) X-CG (pPC

66.531
66.419

SCLX= 1.2000
SCLY= 1.4000

XO0F=54G.145 IN

142.1 KT
«6490

SFT
IN

SFT
SFT
IN
IN
IN
IN

DEG
DEG
NEG
DEG

L)

29.53 DEG
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ODIN Wing Wqg

OVeEraLL CLONFIGURATIUN
ArcA, PLANFCRNM (5FT) 5€£2.¢
LENGTH s NCSE TO AINL LE AT BCOY 458,90 IN
LENGTHs ALSE Tu AING L/4 902.21 IN
ANGL Ey OrUUND PLANE *FIXFC* 17.00 DEG

FUSELAGE
A<EAs nETTEL *FIXEC* €307.0 SFT
LENGTiHe ACSE'TU <ND Uk BUDY AFIXED* 1215.0 IN

wliNu
ArEay THEURETICAL CR TGTAL 5493.7 SFT
AKEA, ELEVUN 892.82 SFT
SPAY 1183.2 IN
CHurk Dy MEAN AERUUYNAMIC 807.16 IN
CHJR LUy CENTERLINE RUGT 1185.3 IN
CHUKUs TIP 186.65 1IN
TaPER KRATIU THEORETICAL «15746
ASPECT <xATIL, THCURETICAL l.¢811
ASPECT ~ATIC, EXPuStD SPAN 1.5882
ANGLEy LEADINC EJouE SwWEEP 56.998 DEG
ANGL Ey TRAILING rtuGhk SWEEP *FIXEL* 0.0 DEG
ANoL Es CIHECRAL *FIXED* 7.0 DEG
Aol by INCILENCE %F[XEN* 1.5 DEG
ALRFCOIL SECTILN, KOUT *FIXEL* 0Q8-64
ALFFCIL SECTICN, TiP =FIXEC* 008-64

V4 LA MASS PrCFERTIES
FLLOoHT CUNDITIUN WEIGHT (LB) X=CG (FT) X-CG {(PC L)
JRBITER LNDG (w/4uK PL) 21250846 T4 .£36€ 68.111
ORBITER LNLG (W/J PL) L72E08.6 7i7.€05 70.820
alNG wEICGHT i868zla4
TPS WEIGHT 37281.2

PRINCIPAL PARAMETcKS
XK=sCALe FACTLCR SCLX= 1.4000
Y=-SLALE FACTCR SCLy= 1.4000
DISTANCE TC LEADING runvk UOF EXPCSED WING XNF=4¢8.503 IN

LANUING PERFORKMANCE

MINIMUM LANCING SPEEU (w/+0K PL) l4l.4 KT

STAT IC MARGIN (SJUBSUNIL) (h/740K PL) -.0752

STAT Iv MARGIN (SJUSUNIC) (/0 PL) -.0211

Tl LIFT CLEF FJR LANDING (ALPRA=17 DEG) .5711
HYPERSUNTIL AEROLYNAMIC TRIM CATA

TeIM ANGLE LF ATTACK AT ELEVCN=-45 DEG 21.36 DEG
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APPENDIX -~ Continued

ODIN Wing W20

OVERALL CCNFIGURATICN
AEAs PLANFURM (SFT)
LENGTH, NUSE TO WING LE AT BEDY
LENG THy NUSE TO AING (/4
AWGL €+ GROUND PLANE

FUSELAGE
AREA, wtTTEC
LENGTH, NOSE TG &nD OF BODY

Wi NG
AREA, THEURETICAL UR TCTAL
ARtcAs ELEVUN
SPAN
CHOR Ly MEAN AERCGUYNAMIC
CHURD, CENTEKLINE ROCT
CROKRC, T1IP
TAPER RATIO, THEORETICAL
ASPECT RATIL, THEURETICAL
ASPECT wATIO, EXPuUSED SFAN
ANGL Ey LEADING EULE SWEEP
ANGLE. TRAILING cuGE SWEEP
ANGL Ey CIHELKAL
ANGLEy INCICENCE
AIRFQIL SECTICN, KUOOT
AIRFLLIL SeCTIUN, TIP

U40A MASS PROPERTIES

*FIXEC*

*FIXEC*
*FIXEC™

*FIXEC*
&F LXED*
*FIXED*
*FIXEL*
*F I XEC*®

FLIGHT CCNDITICN WEIGHT (LE) X=CG (FT)

OR3I TER LNUG (W/2UK PL) 2l6l58.1 T€.10¢
JRBLITER LNDG (w/uU PL) 176198.1 79.346
WING WEIGHT 19283.1
TPS WEIGHT 40839.0

PRINCIFAL FARAMETERS
X-SCALE FACTCR
Y-SCALE FACTCR
DISTANCE TO LEADING EUGE UF EXPGSEC WING

LANDING PERFURMANCE
MINIMJUM LANLING SPEED (W/40K PL)
STAT IL MARGIN (SJUBSONIC) (W/740K PL)
STAT 1L MARGIN (SUbSCNIC) {w/0 PL)}
TkiM LIFT CCEF FUR LANDING (ALPHA=1T DEG)

HYFEXSONIC AERULYNAMIC TRIM CATA
TklM ANGLE OF ATTACK AT ELEVON=-45 DEG

SCL x=
SCLY=

€215.4

451.62 1IN
912.54 IN
17.00 DEG

€307.0 SFT
1315.0 IN

6278.5 SFT
1020.4 SFT
11€3.2 IN
922.51 IN
1354.7 IN
213.31 1IN
«15746¢€
1.4706
1.3897
€3.15€ DEG
0.0 DEG
7.0 DEG
1.5 DEG
008-64
008-64

x~-CG (PC L)
69.453
72.410

1.6300
1.4C00

XOF=451.€1€ [N

14l.4 KT
—«0735
-.0314
«5C86

26.10 CEG
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APPENDIX - Continued

ODIN Wing Wa1

OVERALL CCNFIGURATICN

AREA,y PLANFLRM (SFT) 4285.8

LENGTHs NOSE TGO WING LE AT BGDY 654.40 IN

LENGTH, NCSE TU WING C/4 851.05 IN

ANGL Es GRCUND PLANE *FIXEC* 17.00 NDEG
FUSELAGE

AREA, WETTED *FIXEC* €307.0 SFT

LENG Thy NLSE TU ¢nhO UF BJOY *FIXED*® 1315.0 IN
Al NG

AREA, THECURETICAL GR TUTAL 3451.9 SFT

AREAs ELEVCNA 583.07 SFT

SPAN 1288.8 1IN

CHUR Uy MEAN AEKGOYNAMIC 4£3.00 IN

CHUR Ly CEnNTERLINE RLOT 664.72 IN

CHURLC, TP 106.66 IN

TAPER RATIUy THEUReTICAL «16045

ASPECT RATIC, TheukETICAL 3.3416

ASPECT KATIU, EXPUSEU SFAN 3.1764

ANGL Es LEADLNL EJGE SWwEEP 40.892 DEG

ANGL £+ TRAILINC EUGE SWELP *FIXEC* 0.0 DEG

ANGL Es U IHEOKAL *FTXEG* 7.0 OEG

ANGLEy INCILENCE *FIXFL* 1.5 DEG

AIKFCIL SECTICN, RUQT *FIXFCx* 008-€4

ALRFGIL SECTIUN, TIP *FIXED* 0C8-64
J40A MASS PROPeHIIES

FLIGHT CINDITICN WE IGHT (LB) X=CG (FT) X-CG (PC L)

URBITER LNUG (W/4uKk PL) 204524.9> 11.471 £5.223

URBL TER LNDG (wW/U PL) lo4624.5 13.809 67.356

#ING wEIGRHT 19336.5

IPS WEICHT £948l.6
PRINCIPAL PARAMETERS

X-SCALE FACTCx SCL x= 80000

Y-5CALc FACTCR SCLY= 1.€6000

UISTANCE TO LEAUING tUGE CF EXFOSEC WING XCF=€54.398 IN
LANULING PERFLRMANCE

MINL MUM LANCING SPEED (W/40K PL) 1362 KT

STATIC MarRGIN (SUBSGWIC) {n/40K FL) -.050¢&

STAT IC MARGIN (SUBSLNIC) {w/C PL) -.0287

TRIM LIFT CUEF FJUR LANDING (ALPHA=17 DEG) «G438
HYPERSON[L AEROLYNAMIC TwiIM CATA

TRIM ANGLE LF ATTACK AT ELEVCN=-45 DEG 39.53 Ce6
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APPENDIX — Continued

ODIN Wing Woy

OVERALL COCNFIGURATICN

AKEA,

LENG TH
LENG TH,

ANGL E,

FUSELALE
AREA»

LENGTH,

WING
AKEA ,
AREA
SPANRN
CHOR Uy
CHUR Co
CHOR Ce
TAPEF
ASPE CT

ASPECT

ANGL E
ANGL by
ANDLL by
ANGL Eo
AlRFUI
AlKFLCI

U40A MASS
FLiohT
urd i Tt
UrBI TE

PLANFCRM (>FT)
NLSE TU WING LE AT BCDY
NOSE TO WING C/4

GRLUND PLANE

WEITTED
NUSE TO O Uk BUDY

ThECRETICAL Ok TOTAL
ELEVUN

MEAN AERLUYNAMIC

CehTerLIN RULGT
TIpP
RATIU, THEUKETICAL
RATLIC, ThEuRETICAL
KATIGL,y EXPLSEC SFAN
LEADINGC Evob SwEEP
THAILING cUGE SwWEEP
CIBECFAL
INCILENCE
L SECTICN,
L SECTIUN,

wOuT
TIiP

PRCPERTIES
CUNDITICN

R LNDC (w/4UK PL)

k LNDG (wW/J PL)

WEITGHT (LB)
20E€64.9
LobBELSG .G

X-CG6

*FIXEDC*®

*FIXEC*
*FIXEC*

*FIXEC*
*FIXELC*
*FIXED*®
*FIXEL*
*FIXED*

(FT)

12.4178
14.6959

19¢42.2
z3116.7

wilnNG WEICHT
TPS WhelOGHT

PRINCIPAL PARAMETERS

X-SCALE FACTLR

Y=5CALt FACTGR

DISTANCE TO LEAUING cUGE GF EXPOSED WING
LANDING PLREORMARCE

AINI MUM LANCING SPEEUD (/40K PL )

STAY IC MAKGIN (SJBSUNIC) (W/40K FL)

STAT [C MA<GIN (SUBSGNIC) (W71 PL)

TrRiM LIFT CCEF FUR LANDING (ALPHA=17 DEG)

HYPE~SONTL AcrdLYNAMEIC ThIM OATA
TrlM ANGLE CF ATTACK AT ELEVON=—45 COEG

SCLXx=
SCLY=

4G29.0
568,27
864.09

IN
IN

17.00 DEG

6307.0
1315.0

4314.9
728.84
12R8.8
566425
830.86
133.32
«16045
2.€17132
2.5411
47.268

0.0

7.0

1.%
00e-¢€4
0ce-64

X-C6 {PC
66.141
£8.442

SFT
IN

SFT
SFT
IN
IN
IN
IN

DEG
NEG
NEG
NEG

L}

1.0000
1.6000

XUF=5G8.266 1IN

132.0 KT

-.0821
~.0287

« 8204

31.79 LEG



APPENDIX — Continued

ODIN Wing W3

Lo UVERALL CONFIGURATICH

AREA » PLANFUEM {orT) 5572.2
LEwG THy MUSE TU WALING LE AT BODY £4G.09 IN
LENG THy NCSE TO WING C/4 S04.07 IN
ANGL E4 GRGUND PLANE *FIXFO* 17.00 DEG
2. FUSELAGE
AxEA s WETTEL *FIXED* 6307.0 SFT
LENG THy huSe TO ENu OF bUOY *FIXED* 1315.0 IN
3e WiING
AREA, THEURKETICAL UR TOTAL 5177.G SFT
axEA, LLEVUN 874.60 SFT
SPAN 1288.8 IN
CHUr Uy MEAN AERCOYNAMIC 675.50 IN
CHUK Uy CENTERLIN: RUGOT G57.07 IN
CHUx L, TP 159.98 IN
lAPER RATIU, THEORETICAL « 16045
ASPECT RATICL, THEURETICAL 2.722117
A>PELCT <ATIC, EAPUSED SPAN 2.1176
ANGL By LEADING EJGE SWCEP $2.409 0FEG
aNuL Ly TrRAILING ZDGE ShEEP *FIXED* 0.0 DEG
Aol ke LIHZLDRAL *FIXEC* 7.0 DEG
AnoLts INCILCENCE *F | XEC* 1.5 NEG
AlRFCIL SeECTILN, ruuld *F I XEC* 0C8-¢c4
AlRFLIL SECTICN, T1P *FIXFC* ng8-€4
4. 040A MASS PrRLPEKRTIES
FLIoET CLNDITICH wEICHT (LAR) =G (FT) X-CG (PC L)}
URBL TER LADC {(w/4UK PL) 212858.0 72.123 67.278
Jedt Ter LNDG (w/i) PL)D 172858.0 T€.415 ¢.78S
vilNG WEIGHT 19989.7
TPs welorT 361€2 .t
5. PRINCIPAL PARAMETEKS
K=SCALE FACTOk SCLx= 1.2000

Y-5CALE FACTUR
DISTANCE TG LEADING EDGE UF EXPLSED WING

Ge LANDING FERFTIKMANCE
MINL VUM LANLING SPEEL (W/40K PLJ
STAT [L MARGLIN (SJuSUNILC) {w/740K PL)
STAT IC MARGIN (SUBSUNIC) {w/0 PL)
TEIM LIFT CCEF Fun LANDING (ALPRA=17 DEG)

7. HYPEx>UNIC AcnULYNAMIL TRIM LATA
TrlM ARNGLE CF ATTACK AT ELEVON=-45 DEG

SCLY= 1.6000
XOF=545.C90 IN

130.€ KT
-.0810
-.0324
« 7113

28.05 ©[DEG
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APPENDIX — Continued

ODIN Wing Wa4

JVERALL CUNFIGUKATILICN
AREA s PLANFURM (>FT)
LENGTE, DMGSE TU AING LE AT ECODY
LENG ThHy NGSE TU ALNG L/74
ANGL E» GRUUNU PLANE

FUSELAGE
AncAy wcocITED
LeNoTHy NGSE TU b JF BODY

Wi NG
ARCA
AKEA
SPAN
CrHu Ly

THECRETICAL OK
ELEVCA

raraL

MEAN AzkUUDYNAMIC
CnuRCy CENTERLINC RUUT
CHUR Dy TP
TAarPER ~ATIU
ASPc (T RATIU, THEURETICAL
ASPECT r ATIC, EXPUSED SPAN
AnGLEy LEAUINC EULE SwEERP
ANoLEs TRALLING tUcE SWEEPR
ANGLEy LIHECHWAL
ANGLEs INCICENCE
AlrFCIL SECTICN,
AIRFCLL ScCTICN,

Treunt TICAL

RIOT
TipP

04U0A MASS FKUPEKRTIES
FLIGHT CUNDLTIGN
drol 12r LG (W/vuK PL)
Uhol Tek LNDG tw/u PL)
w NG Wbk TCHT
IPs wWeluhd

wEIGHT (LE)
216889.4
17¢889.8
20367.17
40416.0

PrinCIPAL PAEAMETERS
A=SUALE FACTUR
Y-SLaLE +ACTCkK
DISTANCE TU LEAULNG tUob UF EXPUSED

LANUL VG FerFORMANCE
MANLMUM LCANLING >PEED (W/4QUK PL)
STATIC MARGIN (SJUSUNIC) {n/740K PL)
STAT IC MARGILIN (SJbSUNIC) (W/C PL)
Telv LIFT CLER Fda LANDING (21 PHA=1T7

HY FErSUNTC AterULYNAMIC TRIM LATA
T

wlNG

LEG)

Akt CF ATTACK AT clLEVON=-4> DFG

621%.4
497.01
911.15
*FIXEC*®

*FIXEL*
*FIXEC*

€307.0
1315.0

6040.8
1020.4
1288.8
162.175
1163.3
18€.¢5
« 16045
1.5065
1.8151
56.580

O-O

7.C

1.5
00B-64
008-64

*FIXED*
*FIXEC*®
*FIXELCx*
*FIXED®
*FIXEC®

X~CG (FT)
12.059
18.050

X-CG (PC
68.467
71.22¢

SCLx=
SCLy=

1.4000
1.6C0¢0

XGF=457.008 IN

129.3 KT
-.07€2
-.0310
«6343

26.57

IN
IN

17.00 NEG

SFT
s

SFT
SFT
IN
IN
IN
IN

NEG
NDEG
DEG
NEG

DEG



APPENDIX - Continued

ODIN Wing Wo5

l. OVERALL CCNFIGURATICN

AREA, PLANFCRM (3FT) , S B €858, €
LENGTH, NCOSE TO WING LE AT BCOY 450.04 1IN
LENG THy NUSE TG AING C/4 923.35 IN
ANGLE, GRCUND PLANE  *FIXEC* 17.00 DEG

2. FUSELAGE
AREAs WZTTEL *F [ XED* €307.0 SFT
LENGTH, NUSE Tu END OF BOULY *F1XEC* 1315.0 IN

3. WING
AREA, THECRETICAL OR TOTAL 6603.8 SFT
AREA, ELEVONM 1166.1 SFT
SPAN ) 1288.8 IN
CHORCy MEAN AERCJUYNAMIC $06.00 IN
CHOR Dy CENTERLINE RuUOT 1329.4 IN
CHORC, TIP . ) A 213.31 IN
TAPER RATIO, THEURETICAL .16045
ASPECT RATIL, THEORETiCAL 1.6708
ASPECT KATIU, EXPUSED SPAN a , 1.5882
ANGLE, LEADING EUGE SwEEP 59.998 DEG
ANGLE, TRAILING EDGE SWEEP ®F I XELC* 0.0 DEG
ANGL €4 DIHECRAL *F 1 XEC* 7.0 DEG
ANGLE, INCILENCE *FIXEC* 1.5 DEG
AIRFCIL SECTICN, ROOT *FIXEC* 008-64
AIRFCIL SECTIGN, TIP *FIXEC* NO8-64

4. 040A MASS FRUPERTIES
FLIGHT CCNDITION WE IGHT (L8B) X-CG (FT) X—-CG (PC L)
UGR3ITER LNDG (W/40K PL) 22064%.2 76.612 69.G14"
URBI TER LNDG (w/0 PL) 180949.2 15.879 72.85%6
WING WEICGHT 20769.3
TPS WEIGKT 44073.5

5. PRINCIPAL PARAMETERS
A-SCALE FACTOK SCLX= 1.6000
Y-SC ALE FACTUR SCLY= 1.6000
DISTANCE TO LEADING EDGE OF EXPNSED WING X0OF=450.039 1IN

6o LANDING PERFURMANCE
MINIMUNM LANCING SPEED {wW/40K PL) 129.0 KT
STATIC MAKGIN (SUBSGNIC) {W/40K PL) -.0745
STATIC MARGIN {SUsSGNIC) {W/0 PL) -.0312
TRIM LIFT CCEF FOR LANDING (ALPHA=17 NEG) 5678

7. HYPERSUNIC AERGDYNAMIC TRIM CATA
TRIM ANGLE GF ATTACK AT ELEVCN=-4%5 DEG 25.58 DEG

71



APPENDIX — Continued

ODIN Wing Wag

l. OVERALL COUNFIGURATION

AREA, PLANRFORM (5FT) T

3707.9

LFENGTH, NUSE TO WING LE AT BODY

642,36 IN

LENGTH, NUSE TO WING C/4

886,42 IN

ANGLF o GRQU@» PLANE

SFIXED®  17.00 DEG

2. FUSELAGE

AREA., WETTED

FFIXED# 6307.0 SFT

LENGTHy NUSE TO END OF BODY TREIXED®  1315.0 IN T
I, WING
AREA, THEORETICAL OR TOTAL T 3010.9 SFT T
’*’ AREA. ELEVON oo T T T T 480,97 SFTT
-  &PAN T T - 949,80 IN —
T TTCHORD s MEMTIEWmﬂWMHTC T 539,19 INT T
T T UAHORDe CENTERUINE RONT R 4° -0 -T I £\
~HORPs TIV 119.59 IN
TTTTFAPER RAVIOs THEORETTCAL I £-% 5D S
TTASPECT RATIOs THEORETICAL T TT2.0807
- ASPECT RA¥IOs EXPOSEND SPAN ~ " 1.5411 )
- T ANGLEs LEARDING EDGE SWEEP T T T 54,790 OFG
T ANGLE s TRATILUING ENGE SWEEP TUTTTTTTTREIXED® T T 0.0 DEG
ANGLE» DIHEDRAL ¥FIXED® 7.0 DEG
ANGLFs INCIDENCE - B ®EIXED® 1.5 DEG
AIRFOILU SECTION, ROOT ~ i T UTTHEIXED® T 008-64 0
K‘RF@TE'SECTTUN;“TP T o ' T U BFIXED¥ T 008-64 B
T4, 04UA MASS PROPERTIES T T T
FLIGHT CONDITION WEIGHT (LX) X=CG (F I X=CG (PC O
" T ARBITER LNOG (W/740K PL) 198I58,8 = 71.412 65,169
T ORBITER LNDG (W/0 PLO TI58158,8 73,835 N 67.380

WING WEIGHT B »:f 153 .6

Tps WEIGHY T - - ) 7‘267217.3 :"j ——

5. PRINCTPAL PARAMETERS

x=SCALE FACTOR

SCLX= .90000

y-SCaLE FACTOR

SCLy= 1.1000

NISTANCE YO LEADING FDGE OF EXPOSEn WING XOF=642,360 IN -
6. LANDTNG PERFORMANCE - o -
MINTMUM LANDING SPEED (W/40K PL) I67.6 KT
T 7 STATIC MARGIN (SURSONIC) (W/40K oL) ~=.0817
T sTATIC MARGIN (SURSONIC) W70 PLY T T T TT=l027A
i " TRIM LIFT COEF FOR LANDING (ALPHA=17 DEGY T e6916
7. HYPERSONTC AERODYNAMIC TRIM DATA
TRIM ANGLE OF ATTACK AT ELEVON=-45 DEG 44,09 DEG
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ODIN Wing Wy

l. OVERALL CUNFTUURATION

*”r'w"ITST'ANCE"WU*L;E}SDI'N'G': EDGE OF EXPOSEN WING

AREA, PLUANFORM (SFT) T T4064.7
~LENGTH, NOUSE TO WING LE AT BODY Y 3 1 -3
- { ENGTHs NOUSE TO WING C/4 - 885,36 IN
ANGLEs GROUND PLANE SFIXKED®  17.00 DEG
. FUSELAGE ~ . T T e
T T T AREA. WETFED TTBEIRKEN® T 6307.0 SFT
" "ENGTHs NOSE TO END OF BODY T #FIXED® T 1315.0 IN
3. WING ‘
" " "AREA, THEURETICAL OR TOTAL T 3356.,9 SFT
AREA, ELEVON 532.96 SFT
GPAN v - S 1085.4 IN
"CHORNs MERAN AERODYNAMIC - 524,63 IN
HORNs CENTERLINE ROOT - 770,74 1IN
FHORTS TIP TT9.59 IN
TAPER RATYOs THEORETICAL = ~ .15568 -
“ " ASPECT RATIO, THEORETICAL - 2.4371
‘ASPECT BATIOs EXPOSEN SPAN ~ - B 2.2940 "
aNGLFs LEADING EDGE SWEEP 50.172 DFG
ANGLFs TRATLING ENGE SWEEP COBFIXEN® 0.0 DEG
SNGLFs DTREDRAL FETXED 7.0 DFG
" ANGLFs INCIDENCE - BEIXKEN® " 1.5 DEG
AIRFOIL SECTIONs ROOT BEIXED®  008-64
ATRFOIL SECTIONs TIP THEIXEN®  00B8-64
4, 040A MASS PROPERTIES
FLIGHT CONDITION WETGHT (L) X=CG (FT) X-Cct PC )
"ORBITER LNDG (W/40K ©L)  201665.9  71.584 65,326
" ORBITER LNDG (W/0 PL) 161665.9 734996 67.527
WING WEIGHT ' 17015.6 o
TS WwEIGHT 28544,3
5. PRINGIPAL PARAMETERS
 x-SCALE FACTOR “ BELX= «90000
T yY=S$CaLE FACTOR ~ SCLY= 1.3000

X0F=630.360 IN

6. LANDING PERFORMANCE
MINIMUM CANDING SPEED (W/40K PL) 150G.8 KT
- STATIC MABGIN (SURSONICY  (wW/40K olL) -.0R0A
TSTATIC MARGIN €(SURSONIC) (W/0 PLyY - 0254
__YRIM LIFT COEF FOR LANDING (ALPHA=17 DEG) « 7799
7. HYPERSONIC AERODYNAMIC TRIM DATA
40,36 DEG

TRIM ANGLE OF ATTACK AT FLEVON--QS DEG
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APPENDIX - Continued

1, GVERALL OUNFIGURATION

ARPEA, PLANFORM (SFTY — o T T 4426,5 T
| FNGTHy NOSE TO WING LE AT BODY 626.27 1IN
| ENGTHy NOSE TO WING C/4 889,25 IN
ANGLF s GROUND PLANE #F IXED® 17.00 DEG
’
2. FUSE) AGE
T AREA. WFTTED T T o ) ®EIXED*  T6307.0 SFT
t FNGTHe NOSE TO END OF RBODY #FIXED® 1315.0 IN
3, HING
peEAs THFORETICAL OR TOTaL 3707.2 SFT
AREA. FI EVON 614,95 SFT
SPAN ST " 1221.0 INT
rHORC e AEAN AERODYNAIC 513.96 IN
rHORe CENTERLINE RONT 754,43 IN
rHORee TIP 119,99 IN
TARPE- RATIOe THEOWRETTCAL « 15904
~SPETT 2ATIOs THEORETICAL 27927
ASPECT PATIOS FXPHSEN SPAN 2.6470
AnGL- s LEADING EDGRE SWEEP 46.101 DEG
AvGl- e TRAILING ENGE SWEFP #EIXED® 0.0 DEG
AnGLls e OHTHEDRAL #FIXED#® 7.0 DEG
AnGhlr o TNCIDENCE #FEIXED® 1.5 DEG
ATRFSIL SECTTUNS 200T “FIXED®* - 008-64
PIRF AL SECTIUNs TIP #FIXED®  008-64
4, 24UA MASC PROPERTIES
FLIG-T nUNDITION WELIGHT (L) X=CG (FT) X-CG (PC L)
ARBITER LNDG (w/4nK L)  205152,2 71.819 65,540
NRHRITER LNDG (Ww/70 PLY 165152.2 Ta4.238 67.747
CING WE TGHT 1836AR & T
TPS ETGHT 30377.7
S. FRINCTPAl PaARAMETERS
x=SCsLE FACTOR SCLX= +90000
v=SCrLE FACTOR SCLY= 1,.,5000
HISTANCE TO LEADING FNGE OF EXPUSEN WING KUF=626,268 IN
Ay LANDTHG “ERFORMANCE
AN UM LANDING SPEEN (W/40K PL) 138.7 KT
2TAT5C »aRGIN (5U4S0IC) (w/40K 2L) -.0837
CTATTIC “ARGIN (SUXS0OIC) (w/0 PL> -.0272
TeIM LIFT COEF FOR LanNDING (ALPHA=YT DEG) «B492
7e AYPECSONIC AFRODYNAMTIC TIM ATA
Tel™M amnLe OF ATTaCK AT FLEVUN==4S DEG 36.55 DEG
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APPENDIX — Continued

ODIN Wing Wag

1. OVERALL CONFIGURATICN

- AREA, PLANFORM (SFT) B 4587.3 i
LENGTH, NOSE TO WING LE AT BODY 580,70 IN
__LENGTH, NOSE TO WING C/& = 892.35 IN
__ANGLE, GROUND PLANE *F1XED* 17.00 DEG
2. FUSELAGE = _ = e
AREA, WETTED *FIXED* _ 6307.0 SFT_
" LENGTH, NOSE TO END CF _BODY *FIXED*  1315.0 IN
3. WING
 AREA, THEQRETICAL OR TOTAL , 4102.9 SFT
AREA, ELEVON S 651.40 SFT
SPAN . e .1085.4 IN
CHCRC, MEAN AERCCYNAMIC o 641.21 IN
CHORD, CENTERLINE ROQT , . 942.01 IN
CHCRD, TP o 146.65 IN
TAPER RATIO, THEGRETICAL S .15568
ASPECT RATID, THEORETICAL 1.9940
ASPECT RATIQ, EXPOSED SPAN ) T 1.8769 B
ANGLE, LEADING EDGE SWEEP , _ 55.692 DEG
ANGLE, TRAILING EDGE SWEEP . _ *FIXED* 0.0 DEG
ANGLE, DIHECRAL . , *F 1 XED* 7.0 DEG
ANGLE, INCICENCE ] ~ *FIXED* 1.5 DEG
AIRFCIL SECTICN, ROOT , *FIXED*  008-64
———— AJRFOIL SECTION, TP ... %FIXED*  008-64
4. 040A MASS PROPERTIES o
FL IGHT CONDITION. WEIGHT (LB) X-CG (ET) X-CG (PC L)
ORBITEP LNDG (W/40K PL) 205097,.8 72.652 664301
ORBITER LNDG (W/0 PL) 165097.8 75.274 68.693
o WING WEIGHT 17403 .0 L
TPS WEIGHT 31588.8
5. PRINCIPAL PARAMETERS
X=SCALE FACTQR SCLX= 1.1000
Y-SCALE FACTOR SCLY= 1.3000
. DISTANCE TO LEADING EDGE OF EXPOSED WING ___ _  _XOF=580.704 IN__
6. LANDING PERFORMANCE
MINIMUM LANCING SPEEC (W/40K PL) 1503 KT
STATIC MARGIN (SUBSONIC)  (W/40K PL) -.0818
STATIC MARGIN (SUBSONIC)  (W/Q PL) -.0327
TRIM LIFT _CGEF _FOR_LANDING (ALPHA=17 DEG) L6537

7. HYPERSCNIC AEROCYNANMIC TRIM DATA
TRIM ANGLE OF ATTACK AT ELEVON=-45 DEG . 31.84 DEG _
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‘1. QOVERALL CONFIGURATICN

APPENDIX — Continued

ODIN Wing W3q

6. LANDING PERFCRMANCE

MINIMUM LANCING SPEED (W/40K PL)

STATIC MARGIN (SUBSONIC)
( SUBSONIC)
__TRIM_LIFT CCEF _FOR LANDING (ALPHA=17 DEG) .

STATIC MARGIN

(W/ 40K PL)
(W/0 PL)

7. HYPERSONIC AERQDYNAMIC TRIM DATA

TRIM ANGLE NF ATTACK

76

AT ELEVON=-45 DEG

AREA, PLANFORM (SFT)_ e . 4326.0
LENGTH, NOSE TO WING LE AT BODY 601.69 IN
 LENGTH, NCSE TO WING C/4 , ~ 885.01 IN
___ANGLE, GROUND PLANE *FIXED* 17.00 DEG
2. FUSELAGE e
AREA, WETTED L *FIXED*  6307.0 SFT
LENGTH, NCSE TO END OF BODY #FIXED*  1315.0 IN
3. WING
"AREA, THEORETICAL OR TOTAL 3729.9 SFT
~ AREA, ELEVON 592.18 SFT
SPAN e e e ... 1085.4 IN
CHORD, MEAN AERCDYNAMIC 582.92 IN
CHCRD, CENTERLINE ROOT 856.38 IN
CHORD, TIP 133.32 IN
TAPER RATIO, THEORETICAL .15568
ASPECT RATIC, THEQRETICAL 2.1934
_ ASPECT RATIO, EXPOSED SPAN _ . . . . _2.0646
ANGLE, LEACING ECGE SWEEP 53.108 DEG
ANGLEy TRAILING EDGE SWEEP *F I XED* 0.0 DEG
ANGLE, CIHECRAL *FI XED* 7.0 DEG
ANGLE, INCICENCE *F[ XED* 1.5 DEG
ATRFCIL SECTIGN, ROOT *FIXED* 008-64
 AIRFOIL SECTION, TIP . *FIXED* 008-64
4. 040A MASS PROPERTIES
FLIGHT CONDITION WEIGHT (LB) X-CG (FT) X-CG (PC L)
ORBITER LNNG (W/40K PL) 203375.9 72.052 65. 753
ORBITER LNDG (W/Q PL) 163375.9 74.553 68.036
 WING WEIGHT 172045 . .
TPS WEIGHT 30065.4
5. PRINCIPAL PARAMETERS
X-SCALE FACTOR SCLX= 1.0000
Y-SCALE FACTGR SCLY= 1.3000
__DISTANCE TO LEACING EDGE OF EXPOSED WING =~ _ XOF=601.694 IN

149.6 KT
-, 0776
-.0261
« 7195

35.82 DEG
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APPENDIX — Continued

ODIN Wing W31

OVERALL CONFIGURATION
AREA, PLANFOFRVM (SFT)
LENGTH, NOSE TO WING LE AT BODY
LENGTH, NOSE TO WING C/4
ANGLE, GROUNC PLANE

FUSELAGE
AREA, WETTED
LENGTH, NOSE TO END COF 80DY

W ING
AREA, THEORETYICAL CR TOTAL
AREA, ELEVCN
SPAN
CHORD, MEAN AERODYNAMIC
CHCRD,y, CENTERLINE ROCT
CHORD, TIP
TAPER RATIC, THECRETICAL
ASPECT RATIO,y THECRETICAL
ASPECT RATIO, EXPOSED SPAN
AMGLE, LEADING EDGE SWEEP
ANGLE,y TRAILING EDGE SWEEP
ANGLE, DTHEDRAL
ANGLE, INCIDENCE
AIRFOIL SECTICN, ROOT
AIRFOIL SECTICN, TIP

C40A MASS PRCPERTIES

lge3.8

€37.56 1M

887.54 IN
*FIXED* 17.00 CEG

*F IXED* 63C7T.0 SFY
*FIXED* 1315.0 IN

31€3.3 SFY
491.96 SFT
1017.6 1IN
531.30 IN
78C.93 IN
119.99 1IN
«1£365
2.2590
2.1176
52.409 DEG
*FIXED* 0.0 DEG
*F [ XED* 7.0 CEC
*F I XED* 1.5 DEG
*FIXED* 008-64
*F [ XED* 00€e-64

FLIGHT CCNDITION WEIGHT (LB} X-CG (FT) X=CG (PC L)
OPBITER tNCG (W/40K PL) 199S1f.0 71.517 65.2¢€5
CRBITER LNCG (W/0 PL) 15991¢%.0 13.940 6T.476

WING WEICHTY 16177.7

TPS MWEIGHT 27631.3

PRINCIPAL PARAMETERS
X—SCALE FACTCR
Y-SCALE FACTCR
DISTANCE TO LEADINC EDGE OF EXFCSED WING

LANDING PERFORMANCE
MINIMUM LANDING SPEED (W/40K PL)
STATIC MARGIN (SUBSONIC) {W/40K PL)
STATIC MARGIN (SUBSCNIC) {W/C PLI}
TReIM LIFT COEF FCR LANDING (ALPHA=17 DEG)

HFYPFRSONIC AERCCYNAMIC TRIM CATA
TRIM ANGLE OF ATTACK AT ELEVON3-45 CEC

SCLX= .900CC
SCLY= l.20C0
XOF=€3T7.5€1 IN

159.2 KT
-.0836
-.0289

« 7314

41.53 DEG
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APPENDIX - Continued

ODIN Wing W32
ODIN SUMMARY CATA, C40 A PITCH.TRIM PROBLEM CYCLE 1
’ T T T 7T 490000 1.4000 524322 U T 2177127
l. OVERALL CCNFIGUFATICN
AREAy PLANFCRM (SFT) ) ' 4245.6
LENGTH, NGSE TO WING LE AT BODY 627.€6 IN
LENGT#H,y NOSE TO WING C/4 ) 887.14 IN
ANGLE, GRCUND PLANE *FIXED* 17.00 DEG
2. FUSELAGE )
AREAs WETTED ' " *FIXED* 6307.0 SFTY
LENGTH, NCSE TC END CF BODY o *FIXED* 1315.0 IN
3. NING .
T AREA, "THEQORETICAL OR TOTAL T T TTTTTITT T T 3531 .7 SET
AREA, ELEVCA . ' - ' 573496 SFT
SPAN ' 1153.2 IN
CHGRDy, MEAN AERCDYNAMIC S ' ) ’ 518.51 IN
CHORDy CENTERLIMNE ROLCT o o S - 762.00 IN
" CHORD, TIP o 119.99 IN
T TAPER RATIO, THEQRETICAL I £ 1Y -}
ASPECT RATIO, THEORETICAL ’ - - 24€150
B ASPECT RATIC, EXPOSED SPAN ' T ' ' - 2.4705
' ANGLEs LEADING EDGE SWEEP 48,071 DEG
ANGLE, TRAILING EDGE SWEEP 7 *F [ XED* 0.0 DEG
ANGLE, CIHEDRAL - - %FIXED* 7.0 DEG
TUUTTTTT OANGLE, INCILENCE T T T T TIITITTTIT T T xFIXKED* T 1.5 DEG
AIRFOIL SECTION, ROOT o - *F [ XED¥ 008~-¢€4
AIRFOIL SECTION, TIP ' *F] XED* 008~64%4
4. 040A MASS PROPERTIES )
FLIGHT CONCITICGN WEIGHT (LB} X-CG (FT) X=-CG (PC L)
Tt TDRBITER LNDG (W/40K PL) ~203411.8  T1.698 TTOTTTTTT654.430 0 ’
" DRBITER LNCG {(w/s/0 PL) 163411.8 T44113 67.634
WING WEIGHT 17845.8 o o
o TPS WEIGHT ' ’ 29460.0

TSCLX=".90000

S PRINCIPAL PARAMETERS
o "X=SCALE FACTICR

Y-SCALE FACTOR o ’ ) SCLY= 1.4000
DISTANCE TO LEACING EDGE OF EXPOSED WING XCF=627.864 IN -
6. LANDING PERFORMANCE ) : o '
' MINIMUNM LANCING SPEED (W/40K PL) ' 144.3 KT
T TTSTATIC MARGIN (SUBSONIC) (W/40K PL) -.0816
STATIC MARGIN (SUBSCGNIC) (W/0 PL) T T T =,0261
B ) TRIM LIFT CCEF FOR LANDING (ALPHA=17 DEG) T T T T T .8164

"7T. HYPERSONIC AERCOYNAMIC TRIM DATA ;
TRIM ANGLE CF ATTACK AT EL§y0N=-45 DEG o 38.33 DEG
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APPENDIX — Continued

ODIN Wing W33

1. OVERALL CONFIGURATION

AREA, PLANFORM (5fT) "3R03.4
LENGYHy NUSE TO WING LE AT BODY 663,70 IN
LENGTH, NUSE TO WING C/4 890,35 IN
ANGLF» GRUUND PLANE FFIXEN® 17.00 DEG
2. FUSELAGE o T
AREA, WETYED i T BFIRED®  6307.0 SFT
LENGTH, NOSE TU END OF BODY . FFIXED® ~ I315.,0 TN~
"3.WING
AREA, THEURETICAL OR TOTAL T Z984,0 SFT
AREA, ELEVON *“ o RT3 T4 SFT
— SPAN o T T T T T T TOBE GG TIN T
~HORDs MERN AERODYNAMIC o ) B T 466,34 TN
CHORDs CENTERLINE ROOT = = 777 - = = = oo 1 TN
CHORDs TIP 106.66 IN
TAPER RATYOs THEORETICAL - TIS56R T
ASPECT RAY¥IUs THEORETICAL - - [ S £7% [ AN
ASPECT RAYID, EXPOSEND SPAN — —  —~ T TS mans
ANGLE» LEXDING EDGE SWEEP ST T TTTTTTTR6 U825 DEG
ANGLE» TRAILING ENGE SWEEP —~ TTUTTRFIXED®E S T 0.0 DFG
ANGLF» DIWEDRAL #FIXED® 7.0 DEG
ANGLF» INEIDENCE o TUTTTTTTTERIXED® T 1.5 DFG
ATRFOTIC SECTION, ROOT - T CTTUBFIXED®  008<64
T T RIRFOIC SECTYIONy TIP - T T T TTTREIXED®  008-64
4, 040A MASS PROPERTIES ~—~ ~—— o I
FLIGHT CONDITION WETGHT (LR) X=CG (FT X=CG (PC L)
ORBITER LNDG (W/40K PL) 199970.6 ~ 7Ti1.202 64,917
- ARBITER LNDG (W70 PL)Y 159970.6 73 545 T 67,11 7~
- WING WEIGHT “16838.4 Tt e e
TPS WEIGHY TT2T026,2 T T T T
5. PRINCIPAL PARAMETERS
x=SCALE FACTOR S5CLX= .A0000 7
v=-SCALE FACTOR SCLY= 1.300n

NISTANCE YO LEADING FDGE OF EXPOSEn WING

XOF=663.696 IN

6., LANDYNG PERFORMANCE

MINIMUM LANDING SPEED (W/40K PL)

~ STATIC MARGIN {SURSONIC)

~_ STAT{C MABGIN TSURSONIC)  (W/0 PLv
___TRIM LIFT COEF FOR CANDING (ALPHA=Y TOegy T

(W/40K oL)

T. HYPERSONIC AERODYNAMIC TRIM DATA
_TRIM ANGLE OF ATTACK AT ELEVON=-45 DEG

45,66 DEG
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APPENDIX - Continued

ODIN Wing Won (Modified)

l. OVERALL CONFIGURATIGN
AREAy, PLANFORM (SFT)
LENGTH, NOSE TO WING LE AT BOLY
LENGTH, NOSE TO WING C/4
__ANGLEs GROUND PLANE

2. FUSELAGE
AREAs WETTED
LENGTH, NOSE TO END OF B8ODY

L

ING

AREAy ELEVON
SPAN
CHORUy» MEAN AERGDYNAMIC
CHURD, CENTERLINE ROOT
- CHORD, TIP _ o
TAPER RATIOs THEORETICAL
ASPECT RATIO, THEORETICAL
ASPECT RATIC, EXPOSED SPAN
ANGLE, LEADING EDGE SWEEP
ANGLE s TRAILING EDGE SWEEP
ANGLE, DIHECLRAL
ANGLEs INCIDENCE
AIRFOIL SECYION, RJOT
AIRFOLL SECTIGN, TIP

4. G4UA MASS PROPERTIES
FLIGHT CONDITION
URBITER LNDG {W/40K PL} 201478.4%

URBITER LNDG {(w/0 PL) 161478.4
WING WEIGHT l6828.1
TPS WEIGHT 28544.3

5. PRINCIPAL PARAMETERS
X—SCALE FACTOR
Y-~SCALE FACTOR

DISTANCE TO LEADING EDGE UF EXPOSED WING

6« LANDING PERFORMANCE
MINIMUM LANDING SPEED (W/40K PL)
STATIC MARGIN (SUBSUNIC)

STATIC MARGIN {SUBSONIC) {w/70 PL}

TRIM LIFT COEF FUR LANDING (ALPHA=17 DEG)

7. HYPERSONIC AERCDYNAMIC TRIM DATA

TRIM ANGLE OF ATTACK AT ELEVUN=-45 DEG .

82

WEIGHT (LB)

{Ww/40K PL)

*FIXED*

4182.2

628.13 IN
889.39 IN
17.00 DEG

*FIXED*
*FIXED*®*

*FIXED*

*F I XED*
*FIXED*
*F I XED*

X-C6 (FT)

SCLX=

SCLY=

6307.0 SFT
1315.0 IN

3535.1 SFT
646.66 SFT
1085.4 IN
555.61 IN
818.02 IN

. 119.99 IN

« 14668
2.3143
261741
50.172 DEG
1.0 DEG.
l.5 DEG
208-64
008-64

X=CG (PC L)
65.346

6T7T.555

90000
1.3000

XOF=628.134 IN

150.0 KT . _
-00804
7480

4).81 DEG .



APPENDIX - Concluded

ODIN Wing W33 (Modified)

1. OVERALL CCNFIGURATION
AREA, PLANFORM (SET)
LENGTH, NOSE TO WING LE AT BOUY
LENGTH, NOSE TO WING C/4
ANGLE, GROUND PLANE . ..

2. FUSELAGE

4069.3
651.70 IN
892.80 IN

sFIXED* _ _17.00 DEG.

AREAy WETTED *F [ XED* 6307.0 SFT

LENGTH,s NOSE TO END OF BODY «F{XED ¥ 1315.0 IN

30 WENG e e T T [

- AREAY THEDRETICAL OR TOTAL 3387.1 SFT
AREAy ELEVON 731.03 SFT
SPAN 1085.4 IN
CHORDs MEAN AERCDYNAMIC 536.52 IN
CHORD» CENTERLINE rROQT 7192.09 IN

. CHORD W TIP o T e 106,66 _IN_.
TAPER RATIO, THEOQORET ICAL « 13465
ASPECT RATIO, THEORETICAL 2.4154
ASPECT RATIO» EXPOSED SPAN 2.2896
ANGLEs LEADING EDGE SWEEP 46.825 DEG
ANGLE s+ TRALLING EDGE SWEEP -31.0 DEG

. ANGLE, _DIAEDRAL - e *«FIXED* 7.0 DEG
ANGLE» INCIDENCE *F [ XED* 1.5 DEG
ALRFOIL SECTION, ROOGT *F [ XED* 008-64
ALRFUOIL SECTION» Tie *F1XED* 008-64

4, 040A MASS PROPERTIES

. FLIGHT CONDITION  WEIGHT (LB)  X-CG (ET) X-CG_(PC L)

ORBITER LNDv {W/40K PL) 199609.0 71.181 64.958
URBITER LNDL (W/0 PL) 159609.) 73.523 67.036
AING WEIGHT 16476.8
TPS WEILGHT 2702642

5. PRINCIPAL PARAMETERS
X— SCALE FACTOR
Y-SCALE FACTOR
DISTANCE TO LEADING EDGE

6. LANDING PERFURMANCE

OF EXPUSED WING

MIN[MUM_LANQING SPEED {W/40K PL)

STATIC MARGIN {SUBSONIC)
STATIC MARGIN (SUBSONIC)
TRIM LIFT COEF

(/40K PL)
(W/0 PL)

FOR LANDING [ALPHA=17 DEG)

7.~HYPERSUNIC AﬁRODYNAMlC'TRlH DATA
TRIM ANGLE.-OF ATTACK AT _ELEVON=-43 DEG

sCLX= .80000
sCLY= 1.3000
XUF=651.696 IN

149,9 KI
-00280
. 1742

48.90 DEG.
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APPENDIX — Continued

ODIN Wing W33

1. OVERALL CUNFIGURATION

AREA, PLANFORM (5¢FT) 3803.,4 7
LENGTH, NOSE TO WING LE AT BODY ~—~—— ~ ' 663.70 IN
LENGTH, NDSE YO WING C/4 h o 860.35 IN
ANGLF» GRUUND PLANE ] _  ®FIXED® 17.00 DEG

T BFIXED® T 6307.0 SFT

2, FUSELAGE
AREA, WETYED

LENGTH, NUSE TU END OF BRODY FFIXED® 1315,0 IN —
3. WING
AREA, THEURETICAL OR TOTAL T T 2984.,0 SFTC
AREA. ELEVON o T 473,74 SFT
o SPAN ) S ¥ 1} : 1S ¢ VA
cHORDs MEAN AERODYNAMIC™ S 466,34 IN
CHORDy CENTERLINE ROOT 7 7 S 685,10 'IN
CHORDs TIF 106,66 IN
TAPER RATIOs THEORETTCAL T ’ DS 5= 1-1-1: A
ASPECT RAYIU, THEORETICAL ~— ——  ~— 2.T41T o
ASPECT RATIO, EXPOSED SPAN E T S T 25808

ANGLF» LERDING EDGE SWEEP 77 T e 826 DEG
ANGLF» TRAILTING ENGE SWEEP O RFTIXED® T T T 0.0 DFGC

ANGLFs NIHWEDRAL #FIXED® 7.0 DEG
ANGLFs INEIDENCE ) T T RFIXEDY T 1.5 DFG
ATIRFOIL SECTION, ROOT B T ~ WFIXED# 008-64
T T TATIRFOIL SECTIONs TIP 7o - o O REIXEDH® 008-64
&, 04UA MASS PROPERTIES oo e T T
FLIGHT CONDITION WEIGHT (L=) X-CG (FTM X=CG (PC D)
ORBITER LNDG (W/4pK PL) 199970.6 = 7Ti.202" — =~ 64,977 h
ORBITER LNDG (W70 PLY 159970.6 73,545 S 67,118 T T
- WING WETIGHT 16838.,4° T - o
" TPS WEIGHT ' T 2T026.2 T T T
5. PRINCIPAL PARAMETERS
- Xx=SCALE FACTOR ’ T ’ 7T sCLx= JR0000
0 Y-SCALE FACTOR - ' U SCLY= 1.300n
o NnISTANCE Y0 LEADING FDGE OF EXPOSENn WING XOF=663,696 IN
6. LANDTNG PERFOBMANCE T B T T
MINIMUM LANDING SPEED (W/40K PL) 153.8 KT
' SYATIC MARGIN {SURSONIC) (W/740K o) R =Y T
N "~ STATIC MARGIN TSURSONIC) (W/0 PLY — 7T T 4 0297

_TRIM LIFT COEF FOR LANDING (ALPHA=VT DEG) ~ "~ .8366

7. HYPERSONIC AERODYNAMIC TRIM DATA
AT?”I'_"MfNGLE oF ATTACK AT ELEVON==45 DEG 45,66 DNEG
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APPENDIX — Continued

ODIN Wing W34

1. CVEFALL CCNFIGURATICN

AREA, PLANFORM (SFT) 3260.7
LENGTFy NOSE TO WING LE AT BOCY T7C€.16 IN
LENGTH, NOSE TO WING C/4 86%.99 IN
ANGLE, GROUNC PLANE *F I XED* 17.00 DEG

2. FUSELAGE
AREA, WETTED *F IXED* 63(7.0 SFT
LENGTHy NOSE TO ENO CF BODY *FIXED* 1315.0 IN

3. WING
AREA, THEDRETICAL CR TOTAL 2341.8 SFT
AREA, ELEVCN 350.75 SFT
SPAN _ 945.80 IN
CHCRD, MEAN AERODYNAMIC 41S.37 IN
CHFReD, CENTERLINE ROOTY 61€.76 IN
CHORD, TIP 93.324 IN
TAPER RATIC, THECRETICAL «1£131
ASPECT RATIO, THEORETICAL 2.€152
ASPECT RATIO, EXPOSED SPAN 2.4957
ANGLE, LEACING EDGE SWEEP 47.782 DEG
ANGLE, TRAILING EDGE SWEEP *F IXED* 0.0 DEC
ANGLE, DIHEDRAL *FIXED* 7.0 DEC
ANGLE, INCIDENCE *FIXED* 1.5 CEG
AIRFCIL SECTION, RCOT *FIXED* 0CE-64
AIRFOIL SECTICN, TIP *F IXED* 008-64

4, C40A MASS PROPERTIES
FLIGHT CONDITION WEIGHT (LB) X—-CG {(FT) x-CG (PC L)
CRBITER LNDG {W/40K PL) 195128.5 70.687 64.5C7
ORBITER LNCG (W/0 PL) 15512¢€.5 12.S570 66.561
WING WEIGHT 14939.6
TPS WEIGHY 24082.8

S. PRINCIPAL PARAMETERS
X—-SCALE FACTCR SCLX= .700CO
Y-SCALE FACT(CR SCLY= 1.1000
DISTANCS TC LEADING EDGE CF EXPOSEC WING X0F=706.1€3 IN

6. LANDING PERFCRFMANCE
MINIMUM LANDING SPEED (/40K FL) 171.4 KTY
STATIC MARGIN (SUBSONIC) {W/4CK PL) -+0940
STATIC MARGIN (SUBSCNIC) {w/C PL) -.0286
ToIM LIFT COEF FOR LANDING (ALPHA=17 DEG) .838C

7. FYPERSONIC AERCDYMAMIC TRIM CATA
TRIM ANGLE CF ATTACK AT ELEVCAN=-45 DEG 59.1C DEG
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APPENDIX - Continued

ODIN Wing W35

ALL CCNFIGLRATION

AREA, PLANFORM (SFT)

LENGTH, NOSE TO WING LE AT BCCY
LENGTH, NOSE TO WING C/4

ANGLE, GRCUND PLANE

LAGE
AREA, WETTED
LENGTFH, NOSE TO END CF BQDY

APEA, THENDRETICAL CR TCTAL
AREA, ELEVON

SPAN

CHORD, MEAN AERODYNAMIC
CHCRDy CENTERLINE ROCT
CHORD, TIP

TAPER RATIC, THECRETICAL
ASPECT RATIO, THEORETICAL
ASPECT RATIOC, EXPCSEC SPAN
ANGLE, LEADING EDGE SWEEP
ANGLE, TRAILING EDGE SWEEP
ANGLE,y DIHEDRAL

ANGLE, INCICENCE

AIRFOIL SECTICN, ROOT
AIRFOIL SECTICN, TIP

C40A MASS PRCPERTIES

34Cl.4

696.20 IN

893.63 1IN
*F IXED=® 17.00 DEG

*F [XED* 6307.0 SFT
*FIXED* 1215.0 IN

2475.9 SFT
382.64 SF1
1017.6 IN
413.23 1IN
6C7.39 1IN
93.324 IN
«1£365
29044
2.17226
45.294 DEG
*F IXED® 0.0 DEG
*¥FIXED* T.0 DEG
*FIXED* 1.5 DEG
*FIXED* 008-64
*FIXED* 008-64

FLIGHT CONDITION WEIGHT (LB} X-CG (FT) X-CG (PC L)
CPBITER LNCG (W/40K PL) 196714.8 10.746 64.5¢€1
FPBITER LNDG (W/C PL) 156714.8 713.021 66.€327

WING WEIGHT 15812.¢€

TPS WEIGHT 2479¢6.1

PRINCIPAL PARANMETERS

X-SCALE FACTCR
Y—-SCALE FACTCR
DISTANCE TC LEADING FOGE CF EXPCSED WING

LANDING PERFORMAMCE

HYPE

MINIMUM LANDING SPEEC (W/40K FL)

STATIC MARGIN (SUBSONIC) (W/40K PL)
STATIC MARGIN (SUBSCNIC) (Ww/C PL)

TRIM LIFT COEF FOR LANDING (ALPHA=17 CEG)

RSONIC AERODYNAMIC TRIM CATA
TRIM ANGLE CF ATTACK AT ELEVON=-4F DEG

SCLXx= .700C0
SCLY= 1.20C0
X0F=699.158 1IN

163.4 KT
-.0949
-.0289
«87817

56.6S DEG
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APPENDIX — Continued

ODIN Wing Wgn (Modified)

OVERALL CONFIGURATION
AREA, PLANFORM (SFT) §4182.2
LENGTH, NOSE TO WING LE AT BOOY 628.13 IN
LENGTHy, NOSE TO WING C/4 889.39 IN

__ANGLE» GRUUND PLANE . *FIXED*  17.00 DEG

FUSELAGE )
AREAs WETTED *FIXED* 6307.0 SFT
LENGTH, NOSE TO END OF BODY *FIXED* 1315.0 IN

CWING L S S S S —
AREA, THEORETICAL OR TOTAL 3535.1 SFT
AREAsy ELEVON 646.66 SFT
SPAN 1085.4 IN
CHORU, MEAN AERGDYNAMIC 555.61 IN
CHURD, CENTERLINE ROQT 818.02 IN
CHORD, TIP . e 11999 1IN
TAPER RATIOs THEORETICAL « 14668
ASPECT RATIO, THEORETICAL 2.3143
ASPECT RATIC, EXPOSED SPAN 2.1747
ANGLEy LEADING EDGE SWEEP 50.172 DEG
ANoLEes TRAILING EDGE SWEEP : ~7.0 DEG

_ANGLE, DIHELRAL *F [ XED* 1.0 _DEG.

ANGLEs INCIDENCE *F [ XED* l.5 DEG
AIRFOIL SECTIGN, RJOT *FIXED* Q008-64
AIRFUIL SECTICGN, TIP *FI XED* 008-64

U40A MASS PROPERTIES
FLIGHT CONDITION WEIGHT (LB} X=-CG (FT) X-CG (PC_ L)
ORBITER LNDG (W/40K PL) 201478.4 71.606 65.346
URBITER LNDG (w/0 PL) 161478.4 714.027 67.555
WING WEIGHT 16828.1
TPS WEIGHT 28544.3

PRINCIPAL PARAMETERS e e
X—SCALE FACTOR SCLX= .93000
Y—SCALE FACTOR SCLY= 1.3000

DISTANCE TO LEADING EODOGE UF EXPOSED WING

LANUDING PERFORMANCE
MINLIMUM LANDING SPEED (W/40K PL)
STATIC MARGIN (SUBSUNIC) (W/40K PL)
STATIC MARGIN {SUBSONIC) (w70 PL}

TRIM LIFT CUOEF FUR LANDING (ALPHA=17 DEG)

HYPERSONIC AERODYNAMIC TRIM DATA
TRIM ANGLE OF ATTACK AT ELEVUN=-45 DEG .

X0F=628.134 IN

DEG .



APPENDIX — Concluded

ODIN Wing W33 (Modified)

l. OVERALL CCONFIGURATION
AREAy PLANFORM (SFT)
LENGTHs NOSE TO WING LE AT BOLY
LENGTHy NOSE TO WING C/4

ANGLE, GROUND PLANE = e *FIXED* _
2+ FUSELAGE
AREA, WETTED #F [ XED*
LENGTH, NOSE TO END OF BODY *F [ XED *
3. WING e o
- "AREA, THEORETICAL QR TOTAL
AREA, ELEVON
SPAN
CHORDy MEAN AERCDYNAMIC
CHORDy» CENTERLINE ROOGT
. _CHORD,y TIP e - I
TAPER RATIO, THEORETICAL
ASPECT RATIO, THEORETICAL
ASPECY RATIO, EXPOSED SPAN
ANGLEy LEADING EDGE SWEEP
ANGLE s TRAILING EDGE SWEEP
oo ANGLE, DIHEDRAL I ——
ANGLE, INCIDENCE *F [ XED*
AIRFOIL SECTION, ROOT *FIXED*
AIRFOIL SECTION, TIP *F I XED*
4. 040A MASS PROPERTIES
____ FLIGHT CONDITION WEIGHT (LB)  X-CG (FT)
ORBITER UNDG (W/40K PL) 199609.0 71.181
ORBITER LNDG (W/0 PL) 159609.2 73.523
WING WEIGHT 16476.8
TIPS WEIGHT 2702642
5. PRINCIPAL PARAMETERS -
X—SCALE FACTOR SCLX=
Y-SCALE FACTOR SCLY=

DESTANCE TG LEADING EDGE OF EXPUSED WING

6. LANDINGL PERFORMANCE

 MINIMUM LANDING SPEED (W/40K PL) .
STATIC MARGIN (SUBSONIC) (W/40K PL)
STATIC MARGIN (SUBSONIC)  {(W/0 PL)
TRIM LIFT CUEF FOR LANDING (ALPHA=17 DEG)

T. HYPERSOUNIC AERODYNAMIC TRIM DATA
TRIM ANGLE -OF ATTACK AT. tLEVON=-45 DEG

*FIXED*

.80000

4069.3
651.70 IN
892.80 IN

_17.00 DEG_

6307.0 SFTY
1315.0 IN

3387.1 SFT
731.03 SFT
1085.4 IN
536.52 IN
792.09 IN
106.66 IN
. 13465
2.4154
2.2896
46.825 DEG
-11.0 DEG
1.0 DEG.
1.5 DEG
008-64
008-64

X-CG (PC L)

64.958
67.096

1.3000

XOF=651.696 IN

149.9 KT

‘.0280

« 1742

48.90 DEG.
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