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RESULTS OF AN INVESTIGATION OF HYPERSONIC
VISCOUS INTERACTION EFFECTS OF THE SPACE
SHUTTLE ORBITER USING A 0.010 SCALE MODEL

(51-0) IN THE AEDC-VKF TUNNEL F (0A160)

by

D. J. Elder, Rockwell International

ABSTRACT

‘ An experimental aerodynamic investigation was conducted in the
AEDC-VKF Hypervelocity Wind Tunnel {(Tunnel F) at a nominal Mach number
of 19 to determine hypersonic viscous interaction effects on the Sface
Shuttle Orbiter. The tests were conducted at an angle—of-attack of 30
degrees over a free-stream Reynolds number (based on fuselage length)
variation from 0.1 to 0.4 million. Viscous interaction parameter

(VL) was varied from 0.02 to 0.06. Six component static stability force
and moment data were measured by an internally compensated internal

strain gage balance. Resulting data are presented in this report.
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BREF

CAF

CAB

CA

CD

CL

CLM

CN

IML

NOMENCLATURE

DEFINITION
2
Base area, in
Reference span, 936.7 in.

Forebody axial force coefficient, C

- c
Ap  Thy

Base axial force coefficient,
[P - Pp)/gw] Ap/Spag

Total axial-force coefficient, FAT/qoo Sref

brag force coefficient in the stability axis
system, Cp cos a — Cy sin a

Lift force coefficient (stability or wind axis),
Cy cos o- Cp sin o

Pitching-moment coeffiecient about Sta 1076.7,

pitching moment/qmsrefzref

Normal-force coefficient in the body axis
system, Fy/q _Sref

Chapman Rubensin viscosity coefficient

Viscosity coefficient, see data reduction
section

Total axial force, 1b t

Normal force, 1b

Normal-force component measured at aft normal-
force gage location, 1b

Normal-force component measured at forward
normal-force gage location, 1b

Enthalpy

Toner Mold Line



SYMBOL

L/D

2ref

PLOT
SYMBOL

NOMENCLATURE {Continued)

DEFINITION

L/D

LREF

MACH

QML

P(0)

BITOT

QDOT

Q(PSI)

RN/L

RN/FT

SREF

T(0)

Lift-to-drag ratio, C;/Cp (stability axis
system) [4

Body reference length, 1290.3 in. (actual
model body length was 12,875 in.)

Reference chord, 474.8 in.
Free—-stream Mach number
Moment reference point
Outer mold line

Model base pressure, psia
Reservoir pressure, psi

-

Total pressure behind normal shock in test
section, psia

Free~-stream static pressure, psia x 10 in
Tabulated Data Listing

Stagnation heat~transfer rate on 1.0 in.-diam
probe, Btu/ft2-sec .

Free-stream dynamic pressure, psia

Reynolds number based on free-stream
conditions and model length

Reynolds number based on free-stream
conditions and 1~-ft length

Reference area, = 2690.0 fe2
Reservoir temperature, °r
Model surxrface temperature, °r

Free-stream temperature, °R



SYMBOL

<l
| e

<

sl ¢

>

/%

PLOT
SYMBOL

TIME

VBAR

VLBAR

XCr/L

ZMRP

X0

Y0
zZ0

ALPHA

© BETA

ELEVON

BDFLAP

NOMENCLATURE (Continued)

DEFINITION

Time, msec

Velocity, ft/sec

Free-stream velocity, ft/sec

Hypersonic viscous parameter, MQ/E;//HQQQE_

Hypersonic viscous parameter, (as defined by

NASA/LaRC) , M.V /VRe

Centar-of-pressure location,
[0.65 - (Cp X Lypoe)/(Cy x 2)] measured from
inner mold line

Moment reference point on x—axis
XMRP = 8.417 in. from nose, X, = 1076.70 in.

Moment reference point on y-axis, YMRP = O

Moment reference point on z-axis, .
ZMRP = 25.0 in. below Z = 400, Z, = 375 in.

Longitudinal coordinate of model axis system,
in.

Lateral coordinate of model axis system, in.
Vertical coordinate of model axis system, in.
Angle-of-attack, deg.

Sector angle of attack, deg.

Angle of sideslip, deg.

Control surface deflection angle, deg, positive
deflections are as follows:

(68) Elevator, trailing edge dowm positive

(8zx.) Body flap, trailing edge down positive
BF ;



PLOT
SYMBOL SYMBOL
SPDERK
Yyg
M, MU
Peo RO
¢ PHT
SUBSCRIPTS
BF
b
e
o
SB
ref
w
8

NOMENCLATURE (Continued)

DEFINITION

(8gp) Speed brake, deflected out from the
vertical stabilizer centerline, gp
is the included angle

Viscosity at wall temperature

Free-stream viscosity

Free~strean density, slugs/ft3 x 106 in

Tabulated Data Listing
Model roll angle, deg.

Body flap

Base

Elevons

Reservoir

Speed brake

Reference conditions
Model wall conditions
Edge of boundary layer

Free—-stream conditions



CONFIGURATIONS INVESTIGATED

The test model was a 0.0l0-scale representation (model 51;0) of a
modified NASA Vehicle 4 Orbiter. The full-scale vehicle has a body
l%ngth of 1290.3 in. and a wingspan of 936.68 in., which corresponds to
a model reference length and wingspan of 12.903 and 9.367 in.,
respectively. The model actual length was 12.875 inches making it
shorter than the full scale vehicle configuration. A sketch of the
model indicating the general arrangement and pertinent reference
stations and dimensions is shown in Fig. 2. A photograph of the
orbiter model is presented in Fig. 3.

The model was designed and fabricated prior to the first tunnel F
test series (0A81) by AEDC/VKF with the outside contours and overall

dimensions traced from a master model provided by Rockwell International

{RTI), Huntsville, Alabama. The master model was fabricated in confor-

mance with the line drawings as follows:

Nose VL70-0001434
Mid-bedy and wing VL70-000200
Aft body VL70-000145
Vertical tail VL70-000146A

The model was constructed of magnesium with all components hollowed
or milled out where possible to reduce the overall weight. The upper
surfaces of the wings were milled out and filled with foam with an
epoxy coating. The model weighed approximately 1.8 1lbm. Slight modifi-

cations to the outside contours of this model were made under the



direction of RI, prior to the present test series (0A160) and according
to the revised model dimensional data dated April 24, 1974.

The wings were equipped with positionable elevons with defléction
angles obtained by exchanging angle plates machined to the desired angles.
The elevon deflection angles used were 8, = -40, 0, and 15 deg with the
extremes representing the limits of elevon travel for this configuration.
Both the right and left elevons were split approximately midway of each
span to represent the full-scale vehicle. However, all elevon surfaces
for this test were deployed at tl?e same deflection angle for any given
run. The elevon slits were added after the model was Installed in the
tuynnel. A positionable body flap was provided by interchanging separate
flaps machined to the proper deflection angles. Body flap angles used
were 6pp = ~11.7, 0, and 16.3 deg. The vertical stabilizer component
had a fixed rudder and speed brake. Interchangeable stabilizers we%e
available with speed brake deflection angles (GSB) of 0 and 55 deg.
However, only the stabilizer with 6gp = 0 was used during this test
series.

Model components were designated as:

BZ6 Orbiter body
Cc9 Canopy
E26 Elevon
¥7 Body flap
M7 OMS pods
- N28 0MS nozzle



RS Rudder
V8 Vertical tail
Wlle Wing

Table ILI provides detailed model dimensional d:



INSTRUMENTATION

The aerodynamic forces were measured with a six-component force
balance developed by AEDC/VKF for use in hotshot-type tunnels (Refs. 1
and 2}. The balance load cells were instrumented with semiconductor
strain gages, and semiconductor accelerometers provided compensation for
model inertial locads that result from vibrations of the model and its
support hardware. Tunnel F balances are now operated with const;nt !
current excitation. This type of excitation in combination with the
characteristics of the semiconductor strain gages makes possible a
compensation of the balance bridges so that the sensitivities are not
affected significantly by changes in temperature. The result is an
improvement in calibration accuracy and stability.

The balance used during the test series was calibrated before and
after its use in the tunnel. The following uncertainties represent
residuals which are differences between combined axial-and normal-force
loads applied statically in the calibration laboratory and the corres—
ponding values calculated from the data reduction equations. The applied

range of static loading closely approximated the aerodynamic test loads.

Range of Measurement
Balance Static Load Uncertainty,
Component Applied, 1b Absolute, 1b
F 0.5~ 3 + 0.013
A X
FNF 0.8 - 12 + 0.008
FNA 1.2 - 18 + 0.009

10



Base pregsure measurements were made using variable reluctance
differential pressure'transducers with a range from 0.001 to 0.1 psia.
The gages were mounted on the sting with the gage orifice positioned
approximately 1/16 in. downstream of the model base.

Two gages were mounted in the nose of the orbiter model ("T"
aérangement on a single orifice) to measure pé. The gages used were
15~psid strain-gage pressure transducers calibrated at the specific
pressure level occurring during each test condition.

. The arc chamber pressure, test section pitot pressufe, and test
section heat-~transfer rates on a hemisphere~cylinder probe were monitor-
ed to determine tunnel flow conditions. The arc chamber reservoir
pressure was measured using two strain-gage transducers, each having
full-scale calibrated ranges of 5, 10, and 25 thousand psia. The test
section pitot pressures were measured using 2.0-psid strain-gage trans-—
ducers calibrated for the range of the specific test condition. The
stagnation heat-transfer rates used in determining the tummel flow
conditions were inferred from measurements made onr the cylindrical
section of a 1.0 in.-diam hemisphere-cylinder probe using resistance
thgrmometer slug calorimeters. Slug calorimeters have a thin-film
platinum resistance thermometer to sense the temperature of an aluminum
disk which is exposed to the heat flux to be measured. The calorimeters
are optimized to measure a given range of heat transfer by appropriate
selection of the aluminum disk thickness.

Detailed information about the force, heat-transfer, and pressure

instrumentation may be found in Refs. 2, 3, and 4.

11



TEST FACILITY DESCRIPTION

The von Karman Gas Dynamics Facility (VKF) Hypervelocity Wind
Tunnel (F) is an arc-driven wind tunnel of the hotshot type (Refs. 3 and
4) and is capable of providing Mach numbers from about 7.5 to 20 over a
Reynolds number per foot range from 0.05 x 108 to 70 x 106. Tests are

-

conducted in the 108~in.-diam test section (M, = 14 to 20) using a 4-deg
. »
half-angle conical nozzle. The range of Mach numbers is obtained by
using various throat diameters. Tests are conducted in the 54~in.-diam
test section (Mm = 8 to 16) utilizing contoured nozzles as shown in
Fig. 2. The M_ = 8, 12, and 16 contoured nozzles have 25-, 40-, and 48-
in. exit diameters, respectively, which connect to the 54-in.-diam test
station and provide a free-jet exhaust. The gas for aerodynamic and
aerothermodynamic testing is nitrogen. Air is used for combustion tests.

3, a 2.5—ft3, or a 4.0—ft3

The test gas is confined in either a 1.0-ft
arc chamber, where it is heated and compressed by an electric arc dis-
charge. The increase in pressure results in a diaphragm rupture with
the subsequent flow expansion through the nozzle. Test durations are
typically from 50 to 200 msec. Shadowgraph and schlieren coverage are
available at both test sections.

This test was conducted in the 108-in.-diam test section of the

3

conzcal nozzle at M = 19 with nitrogen as the gas. The 1.0-ft” volume
arc chamber was used, and useful test times up to approximately 50 msec

were obtained. Because of the relatively short test times, the model

wall temperature remained essentially invariant from the initial value

12



of appnoximately 540°R; thus TW/TO: 0.12 and approximates the condition

of practical interest for reentry vehicles.

13



TEST PROCEDURE

It
B

The test objective was to determine the statie stability and axial-
force characteristics of the modified Vehicle 4 Orbiter configuration at
Mach number 19 over a Reynolds number (Re,,2) range from 0.1 x 108 to
0.4 x 10% at an angle of attack of 30 deg. The elevon and body f£lap
deflection angles were varied for determination of control effectiveness.
The primary model configuration tested had all the control surfaces ét
zero deflection angle, including the speed brake, which was fixed at
zero deflection throughout the test series.

A series of runs was made with both the elevons and body flap
positioned at their positive deflection limits (8 = 15 deg, Spp = 16.3 :
deg). This series was tested primarily to verify the trim capability of
the configuration at these control surface settings. Both these series
of runs were made at the two Reynolds number conditions.

Additional runs were made during both test series with the model

inverted (¢ = 180 deg) and the model nose pitched toward the bottom of

v

the tunnel. These runs were made to assist in determining the corrections

to apply to the data for small tunnel flow nonuniformities. One run was
made with both the elevons and the body flap positioned at their negative
deflection limits (8, = -40 deg, Sgp = ~11.7 deg). A complete test
summary indicating the primary variables during the test is given in
Table TI.

The methed of determining the tunnel flow conditions is briefly

summarized as follows: dinstantaneous values of reservoir pressure (po)

14



are measured and an instantaneous value of the stagnation heat transfer
rate (éw) is inferred from a direct measurement of a shoulder heat rate
on a 1.0 in.~diam hemisphere cylinder heat probe. Total enthalpy (H,)
is calculated from p;, qys and the heat probe radius, using Fay-Riddell
t@eory, Ref. 5. The valve of Ho determined in this manner and the
m;asured value of reservoir-pressure are then used to determine corres-—
pénding values of reserveoir temperature, density, and entropy from tabu-
lated thermodynamic data for nitrogen (Ref. 5). The reservoir conditions,
the measured value of pé, and the assumption of isentropic f£low in the
nozzle are then used to compute the free stream conditions. The basic
procedure followed in this computation is given in Refs. 7 and 8.

A summary of the reservoir and free-stream conditions is given in
Table I.

A1l data were recorded on a 70-channel digitial system capable of
scanning all channels in ] msec and storing up to 150 scans of data.
Basic data reduction was done off-line on a2 digital computer. As a
backup to the digital system, as well as to provide a quick look at the

data results, the output of each data channel was also recorded on an

oscillogranh.

15



DATA REDUCTION

The model nose p; measurements were used in the calculations for
determining the free-stream test section conditions. The force data are
normalized by the dynamic pressure, which is thus dependent on the
measured model nose pressure.

Since the Tunnel F nozzle providing flow in the 108-in.-diameter
test section 1s conical, source flow effects are present. Adjustments
were made to the data to correct for these following the discussion of -
source flow corrections in Ref. 1l. Corrections were determined assuming
the pressure coefficient at any station on the "flat-bottomed" orbiter
vehicle could be described by the Newtonian expression as a function of
angle of attack and source flow angle. The calculated corrections
indicated a 0.22-percent rearward shift in XCPN/Z was required to correct
for source flow. The normal- and axial-force coefficient corrections
were less than 1 percent and were considered insignificant when compared
to the measurement uncertainties; thus no corrections to Cy and Cp were
made.

Additional corrections to XCPN/Q and Cy were applied to compensate
for flow nonuniformities and a source f£low angle resulting from the
location of the model in the test section. These corrections were
determined from a comparison of the aerodynamic data obtained with the
model in the normal upright mode and data obtained with the model and

balance inverted (¢= 180 deg) and pitched toward the bottom of the

tunnel. The model was tested in the top half of the tunnel with the

16



trailing edge of the body £lap approximately 1 in. above the tunnel
centerline for the inverted position. The accompanying source flow
angle and the flow nonuniformities were accounted for by averaging the
XCPN/R and CN coefficients for the upright and inverted runs for each of
t%e respective configurations at each of the Reynolds number conditions.
The resulting correctlions were a maximum 2-percent change in Cy and a
,

maximum O.4-percent shift in XCPN/Q' The pitching moments were recom-
puted to reflect the corrections to the center of pressure, XCPN/E, and
the normal-force coefficient, CN.

The following constants were used to reduce the data:

Parameter Full Scale Model Scale
Reference Area (S__;) 2690.0 £t 38.736 in.>
Reférence Chord (%ref) 474.8 in. 4.748 in.
Reference Span (bref) 936.7 in. 9.367 in.

(wing span)

Moment Reference Center XMRP 1076.68 in. X 10.768 in. X

(o] 5]
YMRP 0.0 din. Y 0.0 in. Y,
ZMRP 375.0 in. Z, 3.750 in. Z,
‘ Body Reference Length (%) 1290.3 4in. 12.903 in.
" Base Area (Ay) 421.7  in® 6.072 in.”

The NASA/LaRC viscous interaction parametrer is defined as:

M., VG

T
s Rema

where

17



K - J
oo (o] (fmt122.1x 10 (5/g) ‘
» T T+ 122.1 % 10 ~5/p1)

with the Monaghan's empirical relationship (reference 12

given by:*

%:: = 0.468 + 0.532( %1_)+ 0.195(15—1) w’
where
T, = Freestream static temperature, degrees
Kelvin
T, = Wall temperature (367°K) , degrees Kelvin
T' = Reference temperature, degrees Kelvin 1&%
and ﬁ
K and J are empirical constants. For nitrogen,
K=40.5and J=1.0

The hypersonic viscous parameter is also given in the tabulated data

and was calculated by:

Ve = My vC, [/ VRp 2

where

Vem = By T /umTW (Chapman-Rubesin viscosity coefficient)

* These equations are based on temperature in °K but the tab. data
are °R units.

18



DISCUSSION OF RESULTS

The uncertarnties in the monitor probe measurements (p; and éo) and
arc chamber measurements (po) considering both static load calaibrations,
system errors, and data repeatability, are estimated to be + 4, + 7, and
+ 5 percent, respectively. The pé and Po uncertainties are based on the
average of two measurements and the uncertainty of §, on the inferred
value from the average of two probe shoulder measurements., These values
wére used to estimate uncertainties in the tunnel flow parameters using

the Taylor series method of error propagation. Representative parameters

are given below.

Uncertainty (+), percent

Ze Pe Qe 4g Py Pg

1.5 12 7 6 4 7 3 4

The uncertainties in the calculated force data were estimated by
using the Taylor series method of error propagation to combine the un-—
certainties in each measurement occurring in the caleculations. In
general, it 1s estimated that for nominal loads the uncertainty in the
force measurements is + 6 percenmt for each balance component. This un-
certainty includes calibration linearity and repeatability, insérumen—
ta{ion system error, and errors introduced by dynamic effects resulting

from the impulsive operating nature of the facility. The uncertainty of

+ 6 percent of each balance component measurement combined with a + 4
!

19



percent uncertainty in the dynamic pressure gives an uncertainty in the
force coefficient Gy, of + 6 percent for the load distribution observed
during this test. An uncertainty of + 6 percent of the measured axial
force combined with a + 4 percent uncertainty in the dynamic pressure
gives an uncexrtainty in C, of + 7 percent.

The absolute uncertainities in pitching-moment and center of
pressure location were determined using the Taylor series method of
error propagation. The uncertainties are primarily a function of the
load distribution of the normal-force component measurements with the

axial force component being a minor influence.

*

Absolute Uncertainties

Cn Xepn/a
+0.0163 +0.0076

The above—quoted percent uncertainties in Cy and C, and the absolute
uncertainties in Cy and XCPN/Q apply to all the tabulated data presented
in this report. It should be noted that these uncertainties apply to
each data point and are not necessarily indicative of the overall un-—
certainty of a force coefficient when the data are plotted versus some
parameter, e.g., ﬁ;, and a fairing is made through all the data. The
following near-minimum load uncertainties were determined using the
balance residuals as discussed under Instrumentation in conjunction with
the Taylor series method of error propagation and are included here to

indicate the lower resolution limits of the balance.

20



Near-Minimum Load Uncertainties

Nominal Nominal
Rewy Qoo Ca CN Ch
0.35 0.50 0.00067 0.00062 0.00020
0.12 0.17 0.00197 0.00183 0.00059

However, for this report the uncertainty levels to be applied to the
data are not the above near-minimum lead uncertainties but rather the
previously mentioned percent Cy and Cp uncertainties of + 6 and + 7 per-
cent, respectively, and the absolute uncertainty of + 0.0163 for Cp and
+ 0.0076 for XCPN/%' The model attitude was set prior to each run; the
pitch angle 1s estimated to be accurate within +0.10 deg. The estimated

uncertainties for the model base pressure measurements are +10 percent.

All of the data taken during this test series were at an approximate
Mach number of 19 and at an angle of attack of 30 deg. Analysis of these
data over the Reynolds pumber range tested and coﬁparisons with previous
AEDC data obtained at Mach pumbers of 8, 10, and 16 show a definite
dependence of the aerodynamic characteristics of the Orbiter configu-
ration upon the visous parameter ﬁl (hence altitude and velocity).. A

detailed discussion of the V! parameter can be found in Ref. 9.
1
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Table I. Test Conditions

: 4o 2 3 6 Re, -
Run Time, Pg» ?0, Btu/ft pb P x'lO » P X 10 3 Qoo > Ugs M., % N
No.* msec psia R sec psia psia slugs/ft psia ft/sec x 10
4998 94 4843 5171 42.1 0.32 0.588 0.668 0.17 8619 20.5 0.11 0.057
4999 90 4631 5123 40.5 0.31 0.559 0.643 0.16 8573 20.5 0.11 0.058
5000 70 8839 4977 78.6 1.21 2.92 2.61 0.65 8466 17.9 0.34 0.029
5001 90 8142 4711 66.5 1.01 2.31 2.31 0.54 8214 18.3 0.32 0.030
5002 90 8210 4782 70.0 1.08 2,52 2,42 0.58 8281 18.1 0.33 0.029
5003 110 3950 5513 41.1 0.26 0.481 0.503 0.14 8914 20.3 0.08 0.067
5004 100 6999 3969 48.7 0.87 1.92 2.41 0.49 7477 18.7 0,38 0,028
5005 60 3749 5142 47.8 0.42 0.966 0.891 0.23 8568 18.3 0.12 0.049
5006 60 3603 5190 45.9 0.38 0.849 0.794 0.20 . 8612 18.6 0,11 0.052
5008 80 2997 4606 33.4 0.28 0.578 0.666 0.15 8067 19.3 0,11 0,055
5009 80 6944 4572 58.3 0.85 1.91 2.01 0.45 8071 18.4 0.29 0.032
5010 80 3082 4757 37.1 0.32 0.680 0.724 0.17 8209 18,9 0.11 0.054
5011 60 8121 4896 69.5 1.00 2.28 2.19 0.53 8387 18.3 0.30 0.031
5012 90 6439 4519 53.9 0.75 1.67 1.81 0.40 8016, 18.6 0.27 0.034

*See Table II for model test attitude and configuration.
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TABLE IIT MODEL DIMENSIONAL DATA

¢

MODEL COMPONENT : BODY. = }325

GENERAL DESCRIPTION : _Configuration 1404/B orbiter fuselage

NOTE: B,g is identical to Boy except underside of fuselage has been

refaired to accept Wy14.

MODEL, SCALE: 0.010 MCDEL DWG NO.: SS5-A00147, Release 12

DRAWING NUMBER . __VL70-000143B, -000200, -000205, --006089, ~O001L5
VL70-0001404, --0001LOB

DIMENSIONS : FULL SCALE ~ MODEL SCALE
Length (OML: Fwd Sta. Xg=R35), In..  1293.3 12.933
Length (TML: Fwd Sta. X=238), ot 1290,3 12.903
Max Width (@ X, = 1528.3), In. 26,0 2.64L0
Max Depth (@ Xo = 1464), Tn. 250,0 2.500
Fineness Ratio Q. 26l 0. 26k
Area - pt2

Max. Cross~Sectional 3L0.88 0.034
Planform

Wetted

Base

26



TABLE III (Cont'd)

MODEL COMPONENT :__CANOPY - Co

GENERAL DESCRIPTION :

Configuration -3A.

Canopy used with fuselage B26'

0,010

MODEL DWG NO,: SS-AOO147, Release 12

DRAWING NUMBER . __VL70-000143A

§

DIMENSIONS :

Length (I;= 43L.643 to 578), In.

Mox Width (@ Xg = 513,127), In,
Mox Depth (@ XO = 1,85.0), In.
Fineness Ratio

Area

Max. Cross—Sechional

Planform

Wetted

Base

27

FULL SCALE MODEL SCALE
143,357 1.43L
152,412 1.524

25.000 0.250




TABLE III (Cont'd)

MODEL COMPONENT: _ELEVON - Eng

GENERAL DESCRIPTION: Configuration 140A/B orbiter elevons

MODEL SCALE: 0.010 MODEL DWG: _SS-AQ0014B, Relesse 6
DRAWING NUMBER: VL70-000200, -006089, -006092
DIMENSIONS: FULL~-SCALE MODEL SCALE
Area - th 205.25 0.0205
Span (equivalent), In. 316, 68 3.467
Inb'd equivalent chord, In. 115.3 1,153
Outb'd equivalent chord, In. 55,189 Q.552

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0,214 Q.214
At Qutb'd equiv. chord 0.400 0,400
Sweep Back Angles, degrees
Leading Edge 0.00 0,00
Tailing Edge - 10,056 -10,056 i
Hinge”n%roduct of area & ¢) .00
Area Moment (Noemadctochingechine), Ft2 1518. 27 0.0015 .
Mean Aerodynamic Chord, In. 88,777 0.888
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TABLE IIT (Cont'd)

MODEL COMPONENT :_BODY FLAP - Fy

GEMERAL DESCRIPTION : Configuration 140A/B orbiter bo;:ly flap

E

MODEL SCALE: 0.010

a

MODEYL, DWG: SS-AQOLL7. Release 12

DRAWING NUMBER . VL70~-0001404, ~000145
!
;
DIh:.ENSIONS . FULL SCALE MODEL SCALE
Length (X5 = 1520 to X, = 1613), In,  93.Q00% 0.930
Max Width , In, 262,0 2.620
Maox Depth (@ X, =1520), In. 23.000 0.230
Fineness Ratio
Areq - Ft2 )
Max. Cross—Sectional
Planform 142, 6 0.014
Wetied
Base 41.8L7 0.004

*Model dim. measured from Model Sta

29
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TABLE III. - Continued.

MODEL COMPONENT :___ OMS/RCS PODS - M,

GENERAL DESCRIPTION : __Confignration 140A/R Orhiter OMS/RCS pods .

MODEL, SCALE: 0.010 MODET, DRAWING: _SS-AQQLYT. RELEASE 12
DRAWING NUMBER: __VLT70-Q001k45

DIMENSIONS : . FULL SCALE MODEL SCALE
Length (OMS Fwd Sta X _=1233.0),Tn._327.000 3,270
Max Width (@ X = 1450.0), In. Ql..50 0.945
Max Depth (@ X = 1493.0), In. 109.000 1.090

Fineness Raho

Area

Max. Cross—Sectional

Planform

Wetted

Base

30



TABLE III (Cont'd)

MODEL COMPONENT:  OMS NOZZLES - Npg

GENERAL DESCRIPTION: Configuration 1L0A/B orbiter OMS Nozzles

MODEL 3CALE: 0.016

DRAVING NUMBER: - V170-000140A (Location), SS=-A00106, Release 5 (Contour)
DIMENSIONS: : FULL SCALE  MODEL SCALE

| MACE NO. ‘ -

Length - In.

Gimbal Point to Exit Plane
Throat to Exit Plane

R

;Iﬁameter - In.
BExit,
Throat
Inlet

2

Lrea - I
Exit
Throat

Gimbal Point (Station) - In.
Left Kygmee Nozzle

Xo : 1518.00 15,180
¥, = 88,0 = 0.880
70 492.0 4.920
Right Immex Nozzles
Xo 1518.0 15.180
Yo 88.0 0.880
vay 492.0 4,920

Null Position - Deg.
Left Kyper Nozzle

Piteh 150491 150491
Yaw 120171 129177

Right s Nozsle
‘ Pitch 15°49" 15°49!
Yaw T35177 SPLIvA

31



TABLE TII (Cont'd)

(MODEL COMPONENT: RUDDER - B

GENERAL DESCRIPTION: Configuration 140C orbiter rudder {identical to

_configuratiqg;}hOA/B rudder).

MODEL_SCALE: 0.010

DRAWING NUMBER: VL.70-000146B, ~000095

DIMENSIONS: FULL-SCALE MODEL SCALE
Area - Ft* 100,15 0.010
Span (equivalent) , In. 201.00 2,010
Inb'd equivalent chord, In, ) 91.585 0.916
Qutb'd equivalent chord, In. 50.833 . 0. 508

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.500 0.400

At Outb'd equiv. chord | 0.400 ' 0.400
Sweep Back -Angles, degrees

Leading Edge

Tailing Edge 26.25 26.25

Hingeline - 34.83 34.83
Product of Area & c) 3

l

Area Moment (NE¥RRETCERIBHEEYNR),FL 610.92 © 0.0006
Mean Aerodynamic Chord, In. 73.2 0.732

32



__ TABIE III (Cont'd)

MODEL COMPONENT: VERTICAL - Vg

~
GENERAL DESCRIPTION: Configuration 140C orbiter vertical tail (identical

to configuration 1L40A/B vertical tail)

i

]
MODEL SCALE: _0.010

DRAWING NUMBER:

VL70-000140C, -000146B

DIMENSIONS: FULL SCALE  MODEL SCALE
TOTAL DATA
Area (Theo) - e
Flanform 413,253 0,081
Span (Theo) - In. 315,72 3,157
Aspect Ratio 1.675 1.675
Rate of Taper 0.507 0,507
Taper Ratio 0.h0L 0.40k
Sweep-Back Angles, Degrees,
Leading Edge 45.000 45,000
Trailing Edge 26.25 26.25
0.25 Element Line 41.13 41.13
Chords:
Root {Theo) WP __268.50 2,685
Tip (Theo) WP 108, L7 1.085
MaC 199, 8] 1,968
Fus. Sta. of .25 MAC 1463.35 14,633
W.P. of .25 MAC 635, 52 6,355
B.L.. of .25 MAC Q.00 0.0
Airfoll Sectlon
Leading Wedge Angle - Deg. 10.00 10.0
Trailing Wedge Angle - Deg. 14.92 10,92
Leading Edge Radius 2.00 0.020
Void Area 13.17 0.0013
Blanketed Area 0.00 0.00
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TABLE III {GCont'd)

MODEL COMPONENT:  WING-W;54

SENERA DESCRIOTION: Gonfieuration b

TTST NG, DHG. NO,
DIMENSTONS: FULL~SCALE MODEL SCALE
TOTAL DATA 2
Areg}i.neo.) Ft 2690.00 0.2
antorm . . 269
Span {Theo In. 936,68 G,367
Aspect Ratio 2.265 2,265
Raze of Taper 1,177 1.177
Taper Ratio 0. 200 Q. 200
Dihedral Angle, degrees 3.500 3.500
Incidence Angle, degrees 0. 500 0.5C0

Aerodynamic Twist, degrees
Sweep Back Angles, degrees

Leading Edge 45.000 45.000
Tra1ling Edge - 10,026 - 10,056
0.25 Element Line 35,200 | 35.209
Chords:
Root (Theog 8,P.0.0. 689. 2 6.892
Tip, {Theo) B.P. 137.85 1.379
MAC L7481 L. Th8
Fus. 5ta. of ,25 MAC 1136.83 11.368
W.P. of .25 MAC 290, 58 2,906
B.L. of .25 MAC 182 13 1 821
EXPOSED DATA 2
"~ Area (lheo) Ft 1751. 50 0.175
Span, (Theo) In. BP108 720,68 7,207
Aspect Ratio 2,059 2,059
Taper Ratio 0.2L5 0,255
Chords
Root BP108 562.09 5.621
Tip 1.00 b _137.85 1.379
MAC 2 392,83 3,928
Fus. Sta. of .25 MAC _1185.98 11,860
W.P. of .25 MAC 204L.30 2.9L3
B.L. of .25 MAC 251,77 2,518
Afrfoil Section (Rockwell Mod NASA)
XiXX~64
Root% = 0.113 0.113
Tip % = 0,120 0,120

Data for (1) of (2) Sides
'eading tdge Cuff

Planform Area £e? 113,18 0.011

Leading bdge Intersects Fus M, L, @ Sta 500,00

Leading Edge Intersects ¥ing @ Sta 1024,,00 18:%%“
34
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ALL DIMENSIONS IN INCHES

936.73

9

%o

I

\ = '1076.68
M-

&

Xg = 1522.5 (ACTUAL MODEL)
Xo = 1525.3 (VEHICLE 5 CONFIGURATION)

Figure 2, Model Sketch



Figure 3. - Model Photograph.




OA180. (V41F-28A) (B2BCOF7M7N28)(W11B6E26)(VBRS) (AVAOOL)

SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATLON

CN

20.300  ALPHA 30.000  BETA .000 SREF 2690.0%8 SO.FT,
P {000 ELEVON -000 LREF  4%6.7000  INGHES
BOFLAP .000  RUDDER .000 XMRP  1076.7000 IN. X0

SPDBRK .000 RN/L .080 YMRP .0000 IN. YO
ZMRP 375.0008 IN. 20

l 20 88 A AL S LA AR A LR LS LR LAY LS RARAN LERLE LALEE RERE" O'Hn. LR RS LS N S LAY RAARS REESE RS RANES RAAES RAZAS RAREN RAAR"
., 3 s
E

ilaasadanaslannsds

: E 3
1.00¢ ; -.04¢ 5
; ; ;

95 ; ; - 005 ; 3
i g E 3
90 -.06f
85 § -.07¢ :
5 - .07 E

- d 3

.80% : -.08 ;
3 3 E 3

o : -.09 ;
70§ : ~.10 §
.65¢ 3 = 1
E E 3
.60} E -.12 i
S5 : - .13 g
050 Elu aaasdaanadeaaadagnadanaadessalang ||::- - 14 SUTTY YT PN PYYYS IUTTY PYYYY PYUTY PUYTY CYYVL FUVTY PYTT rvrTy M ;

0 .02 .04 .06 0 .02 .04 .06
VLBAR VLBAR

FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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DATE 0%

SREF
LREF
BREF
SCALE

HMACH
17.800
18.100
17.990

DEC 75
REFERENCE DATA
£690,0000 SQ.FT. XMRP
44,8000 [NCHES  YMRP
8936.7000 INCHES  ZMRP
.0100
RUN NO.
TIME RHO
80.000 2.50000
30.000 2.42000
100.000 2 28000

QA1G0, (V4IF-2BA)

1076.7000
.ooeg
375.0000

50027 0

VBAR

.02560 BE34.
.02940 B281.
.03030 8279,

0A160 TABULATED SQURCE DATA

QooT T P
B2.40000 ©84.28000
70.00000  64.27000
68.00000 B8%5.58000

(B2BCSF7MTNZEBY (W1 1BEE6) (VBRS)

.02910
. 02520
.02420

PAGE 10

(SVAQIW) ( 09 DEC 7% )
PARAMETRIC DATA

ALPHA = 20,000 BETA = 000

PHI - .000 ELEVON =  -40.000

8DFLAP =  =11.700 RUDDER = .00

SPDBRK = 000  RN/L = . 320
PITOT P(Q) T(O}) Q(PsSl)
1.21000 £985,00000 516G2.00000 .BR000
1.08000 B210.00000 4782.00000 .58000C
1.01000 7489.00000 4780.00000 .54000



nd 9004 d0
'é%rgva IVNIDING

DATE 09 DEC 7%

REFERENCE DATA

SREF = 2690,0000 SQ.FT. XMRP
LREF =  474.8000 INCHES YMRP
BREF = 935.7000 INCHES ZMRP
SCALE = .0100,
RUN NO.
MACH TIME RHO
18.200 70.000  2.14%000
18.400 80 000  2.01000
18.600 90.000  1.84000
REFERENCE DATA
SREF = 2590.0000 SQ.FT. XMRP
LREF =  474.8000 INCHES YMRP
BREF = 936 7000 INCHES ZMRP
SCALE = .0100
RUN NO.
MACH TIME RHO
19.700 60.000 .98100
18.700 70.000 88300
18.900 80.000 . 72400
18 500 90.00G .67900
REFERENCE DATA
SREF = 2690.0000 SQ.FT. XMRP
LREF =  474.8000 INCHES YMRP
BREF =  936.7000 INCHES  ZMRP
SCALE = .0100
RUN NO.
MACH TIME RHO
18.300 60.000  2.19000
18.500 £5.000  2.45000

OA160 TABULATED SOURCE DATA

DA1B0, (V4IF=BBA) ' (BRBCSF7MTNRS) (W1 1BESE) (VERS)

= 1076.7000 IN. X0
= .0000 IN. YO

=  375.0000 IN., ZO

5009/ 0

VBAR U QooT T P
-03140 8317 00000 66.80000 84.26000 .02z220
.03180 8071.00000 58.30000 77.22000 01910
.03300 7929.00000 S2.40000 73.18000 .01660

OA1BO, (VHIF-28A) (BEBCSFTMTNES) (W] IBERS) (VERS)

= 1076.7000 1IN, XO
a 0000 IN. YO
=  375.0000 IN. ZO

50107 0
VBAR 3 QpoT T P
.QuS40 7998.00000 39.40000 73.44000 .00888
04790 7995.00000  37.30000 73.31000 . 00798
.05350 8209.00000 37.10000 75.17000 . 00680
.05370 7743 00000 29.20000 63.43000 . 00531
OAl&G. (V41F-28A)

{BE2BCAFTMINES) (W1 16E26) (VBRS)

1076.7000 IN, X0
.0000 IN. YO
375.0000 IN. 20

au

S0/ 0O
VBAR U QanoT T P
.03120 B8387.00000 69.50000 84.68000 . 02280
02840 7788.00000 56.80000  71.14000 .02150

PAGE Q

(SVAOL1)
PARAMETRIC DATA
ALPHA = 30.000 BETA =
PHI » .000 ELEVON =
BDFLAP = 16.300 RUDDER =
SPOBRK = .000  RN/L =
PiTOT PO} T
. 96000 7565.00000 4828,00000
.85000 8944.00000 4572.00000
« 75000 6338.00000 4430.00000
(SYAQ12)
PARAMETRIC DATA
ALPHA = 30.000 BETA =
PHI = 180 000 ELEVON =
BOFLAP = 16.300 RUDDER =
SPDBRK = 000 RN/L =
PITOT P(Q) T(0)

.41000 3689.00000 4530.00000
.36000 3333.00000 4530.00000
.32000 3082.0000C 4757.00000
.26000 284S.00000 4274.00000

(SVADL13Z)
PARAMETRIC DATA
ALPHA = 30.000 BETA =
PH! = 180.000 ELEVON =
BOFLARP = 16,300 RUDDER =
SPDBERK = 000 RN/L =
P1TOT PLOY Tt0)

1.00000 8121~ 00000 4896.00000
.95000 7713.00000 4272.00000

( 09 DEC 75

.000
15.000
.000
290

Q(PSI)
.51000
45000
, 40000

{ 08 DEC 75 )

.000
15.000
.000
+130

Q(PSI?
.22000
.20000
.17000
. 14000

( 09 DEC 75 )

.000
15.000
.000
.330

Q(Psl)
.53000
.52000



DATE 09 DEC 78

REFERENCE DATA

SREF = 28690.0000 SQ.FT. XMRP
LREF =  474.8000 INCHES  YMRP
8REF « Q36,7000 INCHES ZMRP
SCALE = .0100
RUN NO.
MACH TIME RHO
18.200 60.000 2.02000
18.200 70.000 2.00000
18.300 B80.000 1.83000
18.600 90.000 1.81000
REFERENCE DATA
SREF = 26390.0000 $Q.FT, XMRP
LREF =  474,8000 INCHES  YMRP
BREF = Q36,7000 INCHES ZMRP
SCALE = .0100
RUN NO.
MACH TINE RHQ
17,900 70.000 2.61000
18.000 80.000 2.58000
18.100 90 000 2.44000
18 300 100.000 2.36000
REFERENCE DATA
SREF = 2690.0000 SQ.FT. XMRP
LREF = 474 8000 INCHES  YMRP
BREF =  935.7000 INCHES  ZMRP
SCALE = .0100
RUN NO.
MACH TIME RHO
18.800 70.000 E7400
19.300 80.000 .66600

04160,

-
=
=

1076.7000 IN. X0
.0000 IN. YO
375.0000 IN, Z0

5012/ ©

VBAR U

.03320 8786.00000
03290 8571.00000
Q3420 8466.00000
»03350 8016.00000

OAIE0,

107€,7000 N, X0
.0000 IN, YO
375.0000 IN, ZO

A

5000/ O

VBAR U
.02870 B466.00000
.02830 8138.00000
02880 7960.00000
.02880 7703.00000

OAl60,

1078.7000 IN. X0
0000 IN. YO
375.0000 IN. 20

5008/ 0
VBAR u

.05670 B556.00000
.05540 B0G7.00000

(V41F-284)

{(V4{F-28A)

(V4 IF-28A}

OQA160 TABULATED SOURCE DATA
(B2ECIFTMTN28) (W1 16ER6) (VBRSE)

QDOT T P
78,50000 93.28000 .08320
71.80000 89.51000 02210
65.70000 B6.22000 .01950
53,90000  74,73000 01870

{B2BCIFTMTNEB) (W] IBE2B) (VBRS)

QoOT T P
78.60000  90.52000 02820
68.00000 82.05000 .02610
61.20000 77.49000 02330
53.80000 71.55000 . 023080

(BEGCSF TM7NEB) (W1 16E26) [ VBRS!?

QnoT T P
41,30000 82,83000 .00E83
33.40000 70,38000 .0p578

ALPHA
PH!
BOFLAP
SPDBRK

PITOT
1 01000
.85000
.85000
«75000

(:;
ALPHA
PHI
BOFLAP
SPDBRK

RITOT
1.21000
1.11000
1.00000

.90000

ALPHA
PHI
BDFLAP
SPDBRK

PITOT
. 32000
28000

PAGE
(SYADCB) ( 09 DEC
PARAMETRIC DATA
30.000 BETA =
180,000 ELEVON =
.000 RUDDER =
000 RN/L =
P(0) T(O)

8593,00000 5332 00000
7770.00000 5102.00000
7073.00000 4953.00000
6439,00000 4519.00000

(SVAG03) ( 09 DEC

PARAMETRIC DATA

30.000 BETA =
180.000 ELEVON =
.000  RUDDER =
.000  RN/L =
PO} T(0)

£8639.00000 4377.00000
8112.00000 4631.00000
7440.00000 4453.00000
67609, 00000 4!198.00000

{SVAD10? ( 08 DEC

PARAMETRIC DATA

30.000 BETA =
000 ELEVON =

16.300 RUDDER =
.000  RN/L =

P{O} TO)

325(,00000 5129,00000
2997.00000 4606.00000

8
75 )

.000
.0o0
.00
260

Q(PS1)
LS4 000
51000
+46000
.40oon

7% )

.000
D00
000
350

Q(Psi)
.65000
.59000
. 54000
49000

75 )

.000
15.000
.000
.100

Qtpsl)
. 17000
. 15000



DATE 09 DEC 79

SREF
LREF
BREF
SCALE

Hnas

MACH
18.700
18.600
18.600
18.700

SREF
LREF
'BREF
SCALE

HAanl

MACH
18.600
18,900
19,300

SREF
LREF
BREF
SCALE

MACH
2r.300
2'.500
&a,700

REFERENCE DATA

£690.0000 SQ.FT, XMRP
474.8000 INCHES  YMRP
936.7000 INCHES  ZMRP
.0100
RUN NO,
TiME RHO
70.000 2.99000
£0.000 2.78000
£0.000 2.70000
100.000 2.41000

REFERENCE DATA

2690,0000 SQ.FT.  XMRP
474,8000 INCHES  YMRP
936.7000 INCHES  ZMRP

.0100

. RUN NO.
TIME RHO
60.000 + 79400
70.000 .69500
80,000 .B2800

REFERENCE DATA

2690.0000 SQ.FT. XMRP
474,8000 INCHES  YMRP
936.7000 INCHES  ZMRP

.0100
RUN NOC.
TIME RHO
70.000 .68300
90.000 64300
fig.aco . 98400

OAIBD, (VuiF-2

1076,7000 IN. XO
.0000 IN. YO
= 375.0000 IN. ZO

OA1B0 TABULATED SOURCE DATA

8A)

5004/ 0
VBAR ) - @DOT
02540 7631.,00000 58.40000
. 02640 7635.00000 %6 30000
02840 7466.00000 S).40000
.02800 7477.00000 48.70000
0ALEQ, (V4IF-2BA)

= 1076 7000 IN., XO
- 0000 IN. YO
= 375.0000 IN. ZO

50067 ©
VBAR u aooT
.05240 B8612.00000 45,90000
.05530 8407.00000 38.50000
»059740 8171.00000 34.00000
QA1B0, (V4iF=-28A)

= 1076.7000" IN.
= .0000 1IN,
= 375,0000 IN,

X0
Yo
20

49937 0

VBAR U

.05770 8981.00000
.05810 B573,00000
. 06040 8422 .00000

apoT
49,20000
40.50000
36.30000

T
66.90000
67.87000
6% 60000
&4.56000

T
86.6700Q
79.24000
72.00000

T
78.50000
70.42000
66.53000

(B2BCYFTMTNEB) (W1 I|BERB) (VERS)

P

. 02470
02320
02150
.01920

(B2BCSFTMTINEE) (W1 16E26) (VBRS)

P
.00849
. 00679
. 00558

(B2BCSF7M7NZ8) (W1 16E26) (VBRS)

P
.noee2
00559
.00479

ALPHA
PHI
BOFLAP
SPDBRK

PITOT
1.13000
1 05000
.97000
.87000

ALPHA
PHi

BOFLAP
SEDBRK

#Hewon

PITOT
. 38000
.32000
.27000

ALPHA
PHI
BDFLAP
SPDBRK

P1TOT

(SVAQDS)

FARAMETRIC DATA

30.000 BETA
.000  ELEVON
.000 RUDDER
.000 RN/L

P(G} T}

PAQOE

9142,00000 4097,00000
£8299.00000 4111 Q90NG
7700.00000 395!1.00000
6999, 00600 3989,00000

(SVADOE)
PARAMETRIC DATA
30.000 BETA
180.000 ELEVON
.000 RUDDER
.000  RN/L

T

[N B -]

P(O}
3€03.00000 5150.00000
3244 .00000 4966.00000
2962,009000 4715,00000

(SVADOT)
PARAMETRIC DATA

30.000 BETA
180.000  ELEVON
.000 RUDDER

000  RN/L
PO} TO)

. 36000 S454.00000 5573.00000
.31000 Y4E31.00000 S123.00000
27000 4204 . 00000 4361 .00060

7

( 09 DEC 73 )

.000
.0ba
.000
430

QUPs!)
.60000
.55000
.52000
49000

{ 09 DEC 75 )

000
.000
. 000
100

QPSD)
20000
17000
.15000

( 09 DEC 75 )

000
.000
.0od
110

QiPst}
19000
.16009
AHO00



DATE 09 DEC 75

REFERENCE DATA

SREF = 2680.0000 SQ.FT. XMRP
LREF =  474,.8000 INCHES  YMRP
BREF . =  935.7000 INCHES  ZMRP
SCALE = .G100
RUN NO.
MACH TIME RHO
20.000 84,000 .89200
20.500 g4.000 66800
20.800 104.000 .65100
REFERENCE DATA
SREF = 2690.0000 SO.FT. XMRP
LREF = 474,8000 INCHES YMRP
BREF = 036.7000 INCHES ZMRP
SCALE = .0100
RUN NO.
MACH TIME RHO
18.300 60.000 .88100
18.800 70.600 .88300
19.000 80.000 85400
REFERENCE OATA
SREF = 2680.0000 SQ.FT. XMRP
LREF = G474 . 8000 INCHES YMRP
BREF = 8936.7000 INCHES  ZMRP
SCALE = .0100
RUN NO.
MACH TIME RHO
18,300 906.000 2.321000

18.300 100.000 2.02000

CA1E0 TABULATED SOURCE DATA

CAIBO, (V4iF-2BA) (B2BCOFTMTNZS) (W11BERB) (VERD)

1076,7000 [N, XO
00N0 IN. YO
375.00L00 IN. ZO°

4998/ 0

VBAR U QooT

.052u0 B56S 00000  45.20000
,05/20 8619.00000 42.10000
.05670 8271 00000  36.00000

T
73.39000
71.41000
63.32000

P
.00726
00588
.00508

0A180, (V4IF-28A) (B2RECOFTMTNEB) (H11BERG} (VERS)

1076.7000 IN. X0
= .0000 IN., YO
= 375.0000 IN. ZO

5005/ O

VBAR U QDoT

.048920 8568.00000 47.80000
.04780 7968.00000  36.90000
.04770 7686 00000  32.00000

T
87.86000
72.08000
65 54000

P

. 00955
. 00785
.00691

OA1B0, (V41F-28A) (B26CSFTMINZE) (W] 1BEZE6) (VBRE)

1076.7000 IN. XO
.0000 IM. YO
375.0000 IN. ZC

50017 0

VBAR v Dot
.03000 B214.00000 66,50000
.03230 83u42,00000 £%.60000

T
80.80000
83.74000

P
08310
02030

PAGE

&

{SvAQD2) ¢ 09 DEC 75 )

PARAMETRIC DATA

ALPHA = 30.000 BETA =
PHI = .000 ELEVON =
BOFLAP = .000 RUDDER =
SPDBRK = .006 RN/L =
PITOT PIO) T

.3B000 5156.00000 5110.00000
.32000 4843,00000 517!.00000
.28000 4558.00000 4795.00000

.000
.000
.00
.120

QipPsl?
20000
. 17000
.15000

(SYAQO3) ( 09 DEC 75 )

PARAMETRIC DATA

ALPHA = 30.000 BETA =
PHI - .000 ELEVON =
BOFLAP = ,000 RUDDER =
SPDBRK = L0000 RN/L =
PITOT P10} T

.42000 3749.00000 S5i42.00000
.26000 3383.00000 4501.00000
.33000 3112.00000 4216.00000

.000
.080
.0oc
130

Q(PSI)
.23000
.18000
.17000

(SVa00Y) ¢ (3 DEC 75 )

PARAMETRIC DATA

ALFHA = 30.000 BETA =
PHI = .000 ELEVON =
BOFLAP = .000 RUDDER =
SPDBRK = .000 RN/L =
PITOT PO} . TQ)

1.01000 8142700000 4711 .00000
.91000 7437.00000 4855.00000

.000
000
Q00
.300

atPs!)
54000
,49000



RIFTVAD ¥00d d6
g FOVd TYNIDIYC

DATE .09 DEC 75

REFERENCE DATA

SREF = @2690.0000 SQ.FT. XMRP
LREF =  474.8000 INCHES  YMRP
BREF =  936.7000 INCHES ZMRP
SCALE = .0100
RUN NO.
MACH TIME RN/L
18.300 650.000 . 30000
18.500 65.000 . 37000
REFERENCE DATA
SREF = 2690.0000 SQ.FT. XMRP
LREF =  474%,8000 INCHES YMRP
BREF =  936.7000 INCHES ZMRP
SCALE = .0100
RUN NO.
MACH TIME RN/L
17.800 80.000 . 32000
18.100 S0.000 .33000
17.8900 100 00D . 31000
REFERENCE DATA
GREF = 2690.0000 SQ.FT. XMRP
LREF =  474.8000 INCHES  YMRP
BREF =  836.7000 INCHES ZMRP
SCALE = .0100
RUN NO.
MACH TIME RHO
20.300 110.000 .50300

.. DA180 TABULATED SOURCE DATA

OA1BO, (V41F-28A)

= 1076.7000 IN. XO
a .0000 IN. YO
= 375.0000 IN. Z0

5011/ 0
CN CAB CAF
.B88500 -.0008s8 . 13600
.89500 ~.00086 13500
0At180, (V41F-2BA)

1076,7000 IN. XQ
= .0000 IN. YO
= 375.0000 IN., 20

50027 O
CN CAB CAF
.72500 - oooes . 11200
. 72200 -.00086 L1100
71700 -.00086 .11000
OA1B0, (V41F-28A)

1076.7000 IN. XO
.0000 IN. YO
375,0000 IN, Z0

5003/ 0
VBAR U QooT
.06700 B91%.00000 41.10000

CLM
~,12000
-.12000

cLM

02440
. 02490
. 02460

77.48000

(BZBCAFTMTNES) (W1 16E26) (VBRD)

XCP/L
69200
.70000

(B26CIF TMINSB) (W1 16ES26) (VEBRS)

XCP/L

.63800
.63700
.83700

(B2ECAF TMTNEB} (W1 1BE26) (VBRO)

P
.oou81

ALPHA
PHI
BDFLAP
SPDBERK

CL
70700
. 70800

ALPHA
PHI
BOFLAP
SPDBERK

CcL

.57200
.57000
.56600

ALPHA =
PHI =
BOFLAP =
SPDBRK =

PITOT

.26000 3950.00000 5513.00000

PAGE 5
(RVAO13) (25 0CT 15 )
PARAMETRIC DATA
20.000 BETA = .000
180.000 ELEVON = 15,000
16.300 RUDDER = .000
.0og
co L/0 VYLBAR
56500 1.25000 . 08750
.56400 1,25000 . 02550
{(RVAD1Y) { 85 0CT 75 )
PARAMETRIC DATA
30 000 BETA = .000
.000 ELEVON =  -40.000
~11.700 RUDDER = .000
.000
co L/D VLBAR
.45900 1.24000 . 02580
45700 1 25000 .02600
L45400 1.25000 . 02670
(SYADOQ1) ( 09 DEC 75 )
PARAMETRIC DATA
30.000 BETA = .000
.000 ELEVON = .000
.000 RUDDER = .000
.000 RN/L - .080
PO TO Q¢{PS1}

. 14000



DATE 09

SREF =
LREF =
BREF =
SCALE =

MACH
18.200
19.300

SREF
LREF
BREF
SCALE

LI |

MACH
18.200
18.400
18.600

2690.0000 SQ.FT,

GEC 75

REFERENCE DATA

“74%,.8000 INCHES

936.7000 INCHES  ZHMRP
0100
RUN NO.
TIME RN/L
70.000 . 10000
80.000 . 11000

REFERENCE DATA

26980.0000 SQ.FT. XMRP
474.8000 INCHES  YMRP
936.7000 INCHES  ZMRP

.0100

RUN NO.
TIME RN/L
TG 000 .29000
80 000 .22000
90.000 .28000

REFERENCE DATA

2690.0000 SQ.FT. XMRP
Y474.8000 INCHES  YMRP
936.7000 INCHES  ZMRP

,0100

RUN NO.
TIME RN/L
80.000 . 15000
70.000 + 130090
80.000 . 11000
90,000 11000

XMRP
YMRP

DA1B80, (V41F-2

= [076.7000 IN. X0
- 0000 IN, YO
=  375.0000 IN. ZO

5008/ O
CN CAB CAF
,86900 -.00095 + 17500
.89500 -.00090 . 17300
OA160, (VY4lF-2BA)

= 1075.7000 [N, X0
L0000 IN. YO
= 375.0000 IN ZO

0A160 TABULATED SOURCE DATA

SA}

S009s 0
CN CAB CAF
.883g00 -.00081 14200
.80000 -.00078 L 14400
.89600 -.00078 . 14800
OAIB0, (V41F-28A)

= 1076.7000 IN. XO
= .0000 IN. YO
=  375,0000 IN. 20

5010/ O
CN CAB
.86200 -.001285
.88300 =-.00124
.90300 - 00150
.92000 ~,'00153

CAF

. 16000
. 16500
. 17000
. 17800

({B2GCIFTMTNEB) (W1 1EE2E) (VORE)

CLM XCPsL
-. 12300 .70100
-.11700 .59800

(B2EBCOFTMINEB) (W1 16EE6) { VBRS)

CLH XCP/L
-.11800 .69900
-, 12300 . 70000
-.12100 .70000

(B2ECOFTMTNEZE} (K1 16E26) (VBRS)

CLM XCP/L
=-. 11300 .69800
-. 11900 .6329090
-.12200 ,70000
~. 12700 70100

ALPHA
PH1
BOFLAP
SPDBRK

| BN 3% B |

cL
.68200
,RBS00

ALPHA
PH!
BOFLAP
SPDBRK

CcL

.69200
. 70800
. 70300

ALPHA =
PHI b
BOFLAP =
SPDBRK =

CL

.66700
.68200
.69700
70900

"

PAGE Y4
(RVADIQ) €25 0CT 75 )
PARAMETRIC DATA
30.000 BETA = .000
.000 ELEVON = 15.000
16.300 RUDDER = 000
,000
cD L/D VLEBAR
58600 1. 14000 .O4e70
.59700 1.15000 04930
(RYAGI 1Y {25 0CT 75 )
PARAMETRIC DATA
30.000 BETA = .000
.000 ELEVON = 15,000
16,300 RUDDER = .0oo
Q00
¢ L/D VLBAR
38700 1.23000 .02770
57500 1.23000 . 02840
57400 1.22000 .02950
{(RVAD1I2) ( 25 0CT 75 )
PARAMETRIC DATA
30.000 BETA = .000
180,000 ELEVON @ 185.000
16.300 RUDDER = 000
.0oo
cD L/ VLBAR
.56900 1.17000 . 04050
.58500 1.17000 .oua70
58500 1.16000 04750
61200 1.18000 .04830



DATE 09 DEC 7%

SREF =
UREF =
BREF =
SCALE =

MACH
20,300
20.500
20.700

SREF
LREF
BREF
SCALE

LI I ]

MACH
18.2090
19.200
18.300
18 600

SREF
LREF
8REF
SCALE

HraAR

HACH
17.900
18.000
18.100
18.300

REFERENCE DATA

2690.0000 SQ.FT. XMRP
474.8000 INCHES  YMRP
936.7000 INCHES  ZMRP

0100
RUN NO.
TIME RN/L
70.000 11000
S0 000 . 11000
11¢ 000 . 10000

REFERENCE DATA

QAlEB0,

CAIB0 TABULATED SOURCE DATA

{(VuIF-28A1

1076.7000 IN. XO

.0000 IN. YO

375.0000 IN. ZO

{B2BCOF 7TMTN2B) (W1 IBEZE) (VBRE)

CAF

. 15900
. 16400
. 16400

(B2BCAFTMTNEB) (W1 1BEZ2G) (VERE)

w999/ 0

CN CaAB

. 78400 -.00096

. 79800 -.00082
.80000 -.00080

oAlBQ, (V41F-28A)

= 1076.7000 IN. XQ
- .0000 IN. YO

375.0000 IN. 20

2680.0000 SQ.FT. XMRP
474.8000 INCHES  YMRP
936.7000 INCHES  ZMRP

.0100

RUN NO.
TIME RN/L
60.000C .26000
70.000 .€B000
80.000 250080
80.000 .27000

REFERENCE DATA

50127 @
CN CAB
.75800 - 00074
.76500 - 00075
. 76400 ~-.00074
-75400 -.00071
OA1E0, (V41F-2BA}

CAF

.10700
.11100
11300
11100

(B2BCOFTM7NRE) (W1 1BE26) (VBRS)

1076.7000 IN. XO
.0000 IN. YO
375.0000 IN. ZC

2690.0000 SQ.FT, XMRP
474.8000 INCHES  YMRP
936.7000 INCHES  ZMRP

.0100

RUN NO.
TIME RN/L
70.000 .34000
80.000 . 35000
S0.000 35000
1060.000 .35000

5000/ 0
CN CAB
77400 -.00074
JT7R00 -.00072
. 76400 -.00071
. 76000 -.00076

CAF
. 10500

. 10600

. 10600
. 10700

CLM
-.03060
~-.02930
-.03030

CLM
-.01630
~-.01780
-.02080
-.02220

.

CLM

-. 02540
-.01980
-.01540
~.01820

XCP/L

.B664C0
.66300
.6E400

XCP/L

.65800
.65900
.66000
.66100

XCP/L

.86200
.65900
.B65300
.65900

ALPHA
PH1
BOFLAP
SPDBRK

cL

.58900
. 60800
.61100

ALPHA
PHI
BOFLAP
SPOBRK

"NHER

CL

.60300
.B0700
.60500
.59800

ALPHA
PH!
BOFLAP
SPDBRK

cL

61800
.51800
.60800
.60500

PAGE 3
. (RVADOT) (85 0CT 75 )
PARAMETRIC DATA

30,000 PBETA = 009

180,000 ELEVON = .00C

,000 RUDDER = .000

000

co- L/D VLBAR
53000 1.13000 . 05020
.54100 1.13000 .05090
.S4200 1.13000 .05310

(RVADQB) (85 0CT 75 )

PARAMETRIC DATA

30.000 BETA = 000
180,000 ELEVON = 000
.000 RUDDER = .0o0
.000
co L/0 VLBAR
47100 i.28000 . 02890
47800 1.27000 .02880
48000 1.26000 .03010
L7300 1.26000 .02990
(RVADOD) { 8 0CT 75

PARAMETRIC DATA

30.000 BETA =
180.000 ELEVON =
.000, RUDDER =
000
cD L/D
47800 1.290060
47800 1.29000
47400 1.29000
47200 1.28000

.000
.000
.000

VLBAR
.02510
.02500
. 02560
.02580



DATE 08 DEC 75

SREF
LREF
BREF
SCALE

MACH
18.300
18.300

SREF
LREF
BREF
SCALE

NHay

MACH
18.700
18.€00
18.600
18.700

SREF
LREF
BREF
SCALE

MACH
18,600
18,900
19.300

REFERENCE DATA

2690.0000 SQ.FT. XMRP
474.8000 INCHES  YMRP
936.7000 INCHES  ZMRRP

.o1e0
RUN NO.
TIME RN/L
90,000 .32000
1060.000 28000
REFERENCE DATA

2680.0000 SQ.FT. XMRP
474 .8060 INCHES  YMRP
936.7000 INCHES ZMRP

.0100

RUN NO.

TIME RN/L
70.000 47000
80 000 43000
90.000 43000
100.000 .38000

REFERENCE DATA

26806.0000 SQ.FT. XMRP
474.8000 INCHES  YMRP
936.70600 INCHES  7MRP

.0100

RUN NO.
TIME RN/L
60.000 11000
70.000 .10000
80:000 . 10000

OAIBC,

OA1E0 TABULATED SOURCE DATA

(V41F-2BA}

= 1076.7000 IN. X0
= .0000 IN. YO
= 375.0000 IN. 20
5001/ 0
CN cAB
75600  -.00080
JT5100 -,00082
0A1B0, (V41F-2BA)
= 1076.7000 IN. XO
= .0000 IN. YO
= 375.0000 IN. 20
5004/ 0
N CAB
79700  -.D0098
78300 - 00093
77300 - 00097
76300  -.00093
DAIBO, (V41F-284)
= 1076.7000 IN. XO
= .0000 IN, YO
= 375.0000 IN. ZO
5006/ 0
N CAB
.83800  ~.00106
.85200  -.001.8
.86600  -.00132

(B2BCAFTMTNES) (W] |BE2B) (VERD)

CAF
.11000
. 10900

(B2BCYF7MINEB) (W1 I BERSE) (VERS!

CAF

. 10200
10200
. 10100
. 09890

(B2BCAF7MINEB) (W1 16E26) (VERS)

CAF

. 14700
15400
.16100

CLM
-.02150
-,01900

CLM
-.02290
-.02060
-.01850
- 01740

CLM
-.03480
-.03890
=-.04130

XCP/L
668000
B9800

XCP/L

.66100
»56000
.653900
.B65800

XCP/L
. 66500
.66700
. 66800

ALPHA
PHI
BOFLAP
SPDBRK

cL
.50000
.58800

ALPHA
PH]
BOFLAP
SPDBRK

CL

.63900
.62700
.61800
61100

ALPHA
PHI
BOFLAP
SPDBRK

LI - I 1)

CcL
.65200
.66100
66900

PAGE 2
(RVADO4) (25 0CT 75 )
PARAMETRIC DATA
30,000 BETA = 000
L0000  ELEVON = .00
.000 RUDDER = .000
.000
cD Lo VLBAR
MH7300 {.87000 . 02650
JMHT7000 1.2700C . 02550
(RVAQ0S) ( 25 0CT 76 )
PARAMETRIC DATA
30.00C0 BETA = .0on
.000 ELEVON = .000
.000 RUDDER = .000
.000
co L/D - VLBAR
48700 1.31000 .02230
L8000 1.31000 . 02380
47400 1.31000 . 02400
48800 1.31000 . 02540
(RVADOG) (85 0CT 7% )
PARAMETRIC DATA
30.000 BETA = .000
180.000 ELEVON = . 000
.000 RUDDER = .000
.000
ch L/D VLBAR
. 54600 1.1g000 . oS80
.56000 1.18000 04870
57300 1.17000 . 05080



DATE 09 DEC 75

SREF =
LREF =
BREF =
SCALE =

MACH
20.300

SREF =
LREF =
BREF =
SCALE =

‘MACH
20.000
£0.500
20.800

SREF
LREF
BREF
SCALE

MACH
18.300
18.800
19,000

KIrTVAD 004 A0
o HHVd TVNIDIGO

REFERENCE DATA

2680.0000 SQ.FT.
474.8000 INCHES
936.7000 INCHES .

0100

XMRP
YMRP
ZMRP

RUN NO,

TIME
110.000

RN/L
.08000

REFERENCE DATA

2690.0000 SQ.FT, XMRP
W74.8000 INCHES  YMRP
936.7000 INCHES  ZMRP

.0100
RUN NO.
TIME RN/L
84%.000 . 13000
94,000 119000
104.000 . 12000

REFERENCE DATA

2690.0000 SQ.FT. XMRP
%74.8000 INCHES  YMRP
936.7000 INCHES  ZMRP

0100

RUN NO.
TiME RN/L
60.000 + 12000
70.000 .13000
B26.000 . 14000

OAl1B0,

OALB0 TABULATED SOURCE DATA

(V41F-28A)

= 1076.7000 [N, X0

.0000 IN, YO

= 3275.0000 IN. 20

50037 0

CN
.77600

0A

1076

= 375

4998/ 0
CN
.85700

85600
54000

oA

= 1076
= 375

5005/ 0

CN

84100
84700
84300

CAB
-.00183

160, (V41F-2BA}

7000 IN X0
.00C0 IN., YO
0000 IN Z0

CAB

- 00135
-.00153
=-.00143

160, (V4IF-28A}

.7000 IN. XO
.0000 IN. YO
L0000 IN. 20

CAB
-.00113
-.00107
-.00105

(BEECOFTMTNZE) (Wi tBER2E) (VBRS)

CAF
.17800

(B2GCIFTMTNEB) (W] 18E26) (VBRS)

CAF

14700
. 15200
. 15300

{B2BCOFTM7NZE) (W1 16E26) (VBRS)

CAF

.15100
19700
. 14300

CLM
~-.02890

CLM

-. 03690
-.03710
-.03190

CcLM
-.03860
-.03560
-.03130

XCP/L
.B6B400

XCP/L
.BE600
. 66600
.G6400

XCP/L

.66700
.66500
66400

"ALPHA

PHI
BOFLAP
SPDBRK

cL
.58300

ALPHA
PHI
BDFLAP
SPDBRK

AREHN

CcL

.66900
.66600
.65100

ALPHA
PHI
BOFLAP
SPOBRK

CcL
65300
.56000
85900

FPAGE t
(RVADOL) t 2% 0CT 15 )
PARAMETRIC DATA
30.000 BETA = .000
.000 ELEVON = 000
,000 RUDDER = .000
.000
cb L/D VLBAR
.54300 1.07000 .05810
(RvADOZ2) (25 0CT 75 }
PARAMETRIC DATA
20.000 BETA = ,000
.000 ELEVON = .000
.000 RUDDER = .000
.000
cb L/D VLBAR
. 55600 1.20000 . 04640
.55900 1.19000 .05000
.55300 1.18000 .05010
(RVADD3) t 25 0CT 75 }
PARAMETRIC DATA
30.000 BETA = .000
.000 ELEVON = .000
.00 RUDDER = .000
.000
cD L/D VLBAR
,55100 1.18000 04320
55100 1.20000 .04270
.54500 i.21000 . 04300



APPENDIX

TABULATED SOQURCE DATA

FRECEDING PAGE BL.ANK j0p FILMED

¢

Plotted data tabulations available on request from the DMS



CL

CAL80s (V41F-28A) (B26CSF7M7N28)(WI116E261(V8R3I(AVAOL4)

SYMBOL. MACH PARAMETRIC VALUES REFERENCE INFORMATION
O 17.800 ALPHA 30.000 BETA 00D EEEE 22;2 gggg ?géfqgé
PHI 000 ELEVON -40,000 BREF 338 9600 INCHES
BOFLAP -11.700 RUDDER .000 XMRP 1076.7000 IN, X0
SPDBRK .000 RN/L 320 YMRP 0000 IN, YO
aan ZHMRP 375.0000 IN. 20
SCALE .0100

Flil LR R AR LR LA LR A LA AR R AR AR LA LN LA fl]l LR NN AR AR AN A L LIRS AR N R N LA RN D LEARY LA
76§ : .66F :
.74% : .B4f :
-72% : .62f >

3 E 3 E
.70+ 3 .60f :
.68 E .58k ]

- A o =
.66 = .56% E
64§ 2 .54 :
.62% 1o s2f E

E 30 E E
.60¢ : 50§ 3
.58+ ] .48¢ E

3 ) : E 3
'56 - ; 048 ; “ =
-S4 ] 44 3
52§ : 42§ :
.50 = 40§ :
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DA180, (V41F-28A) (B2BCOF7M7N28I(W116E268)(V8R3I(AVADL14)

SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
17 .80 ALPHA 30.000 BETA 000 SREF 26890.0000 S0.FT.
O ° - LREF 474 ,8000 INCHES
PHI 000 ELEVON 40.000 EREF 436 -7000 INCHES
BDFLAP  -11.700  RUDDER 00D YMRP  1076.7000 IN, %8
POBRK .000 RN/ , 320 YMRP .0000 IN. YO
SPOS N i ZHMRP 375.0000 IN., Z0
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SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
17.800 ALPHA 30.000 BETA .0C0 SREF 2680.0000 SO.FT.
PHI .00 ELEVON  -40.000 LREF  374.8000 INCHES
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SPDBRK .000 RN/L «320 YMRP .0000 IN, YO
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SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
O 18.300 ALPHA 30.000 BETA .000 SREF 2690.0080 S0.FT.
PHI 160.000  ELEVON 15,000 LREE  a7a 5008 NEHES
BOFLAP 16.300 RUDDER -000 XMRP 1076 .7000 N, X0
SPOBRK .000 RN/L .330 YMRP .0000 IN, ¥D
ZHMRP 375.0000 IN. Z0
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SYMBOL  MACH
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BOFLAP
SPOBRK
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0A1680, (V41F-28A) (B26COF7M7N28I(WIIBE2B)(V8RS) (AVADL2)

SYMBOL MACH PARAMETRIC VALUES REFERENCE INFDRMATION
O 18,700 ALPHA 30.000 BETA .000 EEEEE 23;2 gggg ?SCEES
PHI 180.000 ELEVON 15.000 BREF 8736 .7000 INCHES
BDFLAP 16.300 RUDDER 000 XMRP 1078 ,7000 IN. X0
SPDBRK ,000 RN/L 130 YMRP 0000 IN. YO
ZMRP 3753.0000 IN Z0
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HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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OAl60, (V41F-28A) (B2BCSF7M7N28I(W116E26)(VBRS) (AVAQ12)

SYMBOL  MACH
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PARAMETRIC VALUES
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(B2BCOF7M7N28I(W1168E26) (VBRS) (AVADLL1)

OA1680, (V41F-28A)
SYMBOL MACH PARAMETRIC VALUES
C) 18.200 ALPHA 30.000 BETA 000
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OA180, (V41F-28A)
SYMBOL MACH PARAMETRIC YALUES
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REFERENCE [NFORMATION

SREF 2690,0000 SQ.WFT.
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-.08 3
-.09f 3
-.10§ E
-.11f 3
12E G E
B : Q :
-.13§ :
_014 il’ll aryalpepdayeadeegodeeaalaoppdipagrdoeoqRaauedp o gdnprb ke addants IIIE
0 .02 .04 .08
VLBAR
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CcL

(B26CIF7M7N2ZB) (W1 16EZ6)(V8BRS] (AVADO3)

BA160, (V41F-2BA)
SYMEOL MACH PARAMETRIC VALUES
Q 17.900 ALPHA 30.000 BETA .000
PHI 180.000 ELEVON .000
BOFLAP ,000 RUDDER 000
SPOERK 000 RN/L + 330
dH! RS AR R AR AR R LA R R AR N R R L R A N L AR EE LS RREARRERLI l'll._
.76F =
72 2
.70% :
.68 :
.6EE 3
.64f :
B62E i 3
.60F 3
E -
.58% 3
.55; ;
~54 ; T -:.
.52 :
.50 E
;!Il [EENANSTISINEN N ATRET FETY) NN SN AN ISR N AN TR FANERINNN NN FE TS lll;
0 .02 .04 .06
. VLBAR

cD

REFERENCE INFORMATION

FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B

SREF 2830.0000 S0.FT.
LREF 474 ,8000 INCHES
BREF 936 .7000 1NCHES
XMRP 1076.,7000 IN, X0
YMRP 10000 IN. YO
ZMRP 375.0000 IN. 20
SCALE 0100

dlli FELTJIERT RN R AN LA ER RN AR LA RRRE] Ill)l TITITUrY TT[[_-
.66% E
B4+ E
62§ 3
.80 E

sof ;
.56

54E a
'SZE 3

3 3
.50 :

T =
.48% 0 =
46§ 3
44 —;
42 5

E :
A0E 3

'-|lll A AN SN AR NN AN E TN RSN SN NEFAENNAANEL] AN YNNG LYNND Ill;

D 02 .04 06

- VLBAR
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XCP/L

OA1e0, (V41F-2BA) (B2BCIF7M7N28)(WI118E28)(V8BRS) (AVADDS)

SY?%UL MACH PARAMETRIC VALUES

17.900 ALPHA 30,000 BETA 000
PHI 180,000 ELEVON 000
BOFLAP 000 RUDDEFR .000
SPDBRK 000 RN/L L350
P 1A P vt
.74 :'II] ELR L R AR AR LA R AN R A NG RR A RN ERARA RN LR RN RERRN LLELI 'llll_-
73E s
.72% :
JTLE ;
.70% :
.69¢ :
.68f 3
B7F 3
3 =L
F ) 3 5
-B6¢ i8)] 3
.85% =
E E
B4f :
.63 = = 3
E E
.62% :
61§ :
-80 EIII praeherpatercrbonaevsqaqeleaandosealanesdy sdastrdarnt llllll (L] ll!§
0 .02 .04 .06

VLBAR

REFERENCE INFORMATION

SREF 2690.0000 SQ,FT,

LREF 474,8000 INCHES

BREF 936.7000 INCHES

XHMRP 1076.7000 iN. X0

YMRP .0000 IN. YO

- ZHMRP=swae37.5,, 0000 IN. 20

SCALE .0100
22 Eill LR AR R R AN AR ARAR LA LA AR ALALS LM TRRETTIT]VITTIIORTRTEY
21 3
.20% 3
A9E 3
JA8E 3
A7 :
: 3
16§ E
15§ 3
g E
J14F 2
.13E E
3 3
12§ :
L = : >
- & E
g ‘ E
10E 3
.02 E
l08 ill Lidateeriaq e i p el tiqqeRtey ITTTTSNTRANNESARRN] Iltl:
.02 .04 .06
VLBAR

FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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CN

QA1680., (V41F-28A) (B2BCO9F7M7N28I(W11B6E28)(V8RS) (AVADDS)
SYgUL MACH PARAMETRIC VALUES REFERENCE INFURMATIONFT
17.800 ALPHA 30.000 BETA 000 SREF 2690.0000 SQ.FT,.
PHI 180.000  ELEVON .000 LREF  474.8000 INCHES
BOFLAP 000 RUDDER .000 BhEp  1076.7000 N5
W eEE W3R
SCALE .0100

1 -20 -E”“ THTITTE R E LR R L A R AN A A AR LA LA IJIE 0 gl’ T b pfi R AR LA NE RN AR R RN RS LR AT LA L) rlIIE_
1.15 '—3 -.01 § i
1.10¢ ~.02f &
; : & 5
1.05% ] -.03¢ E
1.00f - 04§
.95 - .05
.90% A - .08
R E
.85 3 i x -.07 E 3
3 13 3 E
.80 E g -.08 E 5
75§ L2 - .09t
.70 ~.10%
.65 -.11f
.60 -.12%
050 El“ dvpcheriadanpsprrygdpepydyaasdoeridaaqnl ety asairbe 2 008d4a0L rné T . 14, Ent Ephidaanulpergdaqdadapertedariaanbyraandaeeadonee ot iapnaletqqanl E

0 .02 .04 .0B 0 .02 .04 .06

. VLBAR . VLBAR .
FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B—~
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CL

0A160, (V41F-28A) (B2BCYF7M7N28I(W11BE268)(V8R5) (AVADDS)

SYMBOL, MACH PARAMETRIC VALUES REFERENCE INFORMATION
9] 18.200 ALPHA 30.000 BETA 000 Sggg Zggg.gggg ?ﬁ&ﬁgé
L '
PHI 180.000 ELEVON 000 GREF 235.7000 INCHES
BOFLAP .000 RUDDER 000 XMRP 1078.7000 IN., X0
SPDBRK 000 RN/L .260 YMRP .0000 IN. YO
e s e g =+ ZMRP =375, 0000 IN, 20
SCALE .0100
qlll TITTTII P TI TR AN T A I yToTT FEATITRRTFTSb RTI4TN ETIq 'lll‘: t[Tl LA AAl Ill‘l AR AR A LA R R R R N AN N AR R AR N LA RN LR lllf:
-78% 3 .66F ]
74% 3 .B4% :
72E : 62F :
70§ 2 .60 :
-68¢ ; .58? 3
.66% : .56F :

IRIRXLLLT

.64} L

62§

i a 52§ :

JQ k 3]

.58} = 48§ 13 :

.56F E .46F ]

E 3 o 3

54§ ] 44§ :

52§ E .a2f E

é E : E

.50¢ | ; .40} :
0 .02 .04 .06 0 .02 .04 .06

VLBAR : VLBAR
FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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XCP/L

0A180, (V41F-28A) (B2BCIF7M7N28I(W11BE268)(VBRS) (AVADOS)

SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
O 18.200 ALPHA 30.000 BETA 000 EEEE 23;2 gggg ?gésgé
PHI 180,000 ELEVON .000 BREF 9367900 INCHES
BOFLAP .000 RUDDER .000 XMRP 1075 .7000 IN, X0
SPOBRK 000 RN/L 260 YMRP .0000 IN. YO
IMRP 3735.0000 IN. 20

SCALE 0100

.74 ;III DL UL A R N LA R AR LA AR LR e nnn LR LA IIHE.: 22 ..Ellll 1 R SRR LN AR AL LA R LAY EL LA ARELEY LARRE LLLLY RARRE LARDS llHE-

'73 - = 021 b -

é E : ]
.72 ] - .20 = =]
.71 3 JA9E 3
.70% : 18§ s
69§ : 17 - ;
.68 : 16§ 3
.87¢ : 15§ E

- E |-<L E - 3

: 10 : E
[] 86 E G‘ . L] 1 4 = E
-85 E L13% &
.B4F 3 J12F 3
63 3 11§ & :

4 E E c 3
+B2E = JA0E 5
.61 ; .09 3
- iaadrieidtataderaaleatRoaaetraadgaratataaibrbedadaalpqapfeebpfoigg l!l; a :lll sonebereadapebsprnboadaglonnelabineechao e idoantChltiiiint ulE
) E 08 ,
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FIGURE 4, HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE GRBITER 140 A/B
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OA180, (V41F-28A) (B2BCSF7M7N28I(W116E26)(VBRS) (AVADQOS)

SYMBOL  MACH PARAMETRIC VALUES
@) 18.200  ALPHA 30.000  BETA .000
PHI 180.000  ELEVON .000
BOFLAP .000  RUDDER .000
] . ... SPDBRK .000  RN/L .260
1 20 3‘]' LR LA R AR R AR R A LA R AR R AR AR R LT LN AR L)
1.15¢

1.10

1.05

12pifcrizentqdoetydsgntrinsitsicy

1.00

LR N A S AR L LA TN LA Sl i

.95¢

.90¢

.85¢

CLM

.80%

Berztaeta sy asagtygdpoaenppe b sineaaneoteioeriaog o Preroqn et e annare o230 s ek L2zl

-50 +ANREERNERINNNAEE RN NSNS NNNETNNEIRNTEY Japplreaddtrealynsesiqdy

O .02 .04 .06
VLBAR

REFERENCE INFORMATION

FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B

SREF 2680.,0000 FTa

LREF 474 .8000 INCHES

BREF 8386,7000 IMCHES

KMRP 1676.7000 IN, XC

YMRP .0000 IN. YO

- A = ZMRP™"375,0000 IN. 20

SCALE 0100
0 EIII Arkh LI RN A AAAR AR AR AN SAE N LA R AR D R ENE LA RN LAEE] ...:::
-.01% ]
-.02f 8 E
-.03f 3
- .05% 3
E E
~.06% 3
- .07 :
- .08 E
-.09f E
-.10% ;
- 11F 3
-, 12§ 3
-.13% >
—.14 E!ll prptRuprrtapardataadpraafopyatogandoaeadoaabbiqqedynapde gy ALLL 110}
0 .02 .04 .06
VLBAR
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CL

SYMBOL
O

0A180.

MACH
20.300

ALPHA
PHI
BOFLAP
SPODBRK

{V41F-28A)

30.000
180.0C0
.000
000

(B26COF7M7N28Y(W116E268) (VBR3) (AVAQCTY3

PARAMETRIC VALUES

BETA
ELEVON
RUDDER
RN/

.000
.000
.QCo
.110

p

FEIT

TT LAR RS RARRERERY Y LAREE LALL

Tl

TTTT

T

LLAR!

AR}

~J
o]

™

TITR T T U T T T T T Tar T T L oI

T

o
o

pedytradred Jishpihpdeey dirdatiadzeaesapppgynueiquryoErg])

TITTITT

A

=N

Il
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T

i
N
TITITCIT) TTTT

LLid

IINTEASEL]

LLrs Al datthlrvujuagt

LLl

d111

[ 1XE]

IETRENE IR NSNS ANELIN]

—
ul

0

.02 04

VLBAR

.06

CD

REFERENCE INFORMATION

SREF 2690.0000
LREF 474 ,8000
EREF 936.7000Q
XMRP 1976 .7000 IN.
YMRP 0000 IN,
ZHMRP 375.0000 IN,
SCALE 0100
H LRSS AR L A AR LAY RN N LAAN L] RS LIRS AR AN AREAE R
.B6¢ i
.B4%
L62% E
.60 :
.58+ g
u =
'SSE E
.54% =
E 0 :
O2F %
.SOE E
.48¥ 3
3 3
.46F
"44 L ;
3 3
1421:: b=
L40¢ :
'-!lll AR NI C T SR SRR AR RAANARINAREEIREN] 1kl LLLEEIL) 1l
0 .02 .04 .06
VLBAR
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FIGURE 4, HYPERSONIC CHARACTERISTICS QF SPACE SHUTTLE ORBITER 140



XCP/L

0Al80, (VA41F~28A) (B26CSF7M7N28)(W116E26](VBRSI(AVAUCT)

SYMBOL ~ MACH PARAMETRIC VALUES

20.300 ALPHA 3¢.000 BETA .000

PHI 180.000 ELEVON .000

BOFLAP 000 RUDBER .000

— ... SPOBRK 000 RN/L .110
74 HIII-HII LA R L LR AR RN LR AR LA AR R AL AR AN AR AT AR L =
73§ ;
3 E
72% =
.71 :
70¢ =
63 :
.68 2
.67% :

-k
(59 15
.66 :
65¢ E
.64+ 3
.63% 3
E E
.62F :
1 ;
ISD ‘:ll.ll Aeiddns s danerbyanaseidudeyatopsatogortiqarlpt pltanadarrataett nlz
0 .02 .04 .06
VLBAR

REFERENCE INFORMATION

FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B

SREF 2690,0000 SQLFT,

LREF 474 .8000 INCHES

BREF 936.7000 INCHES

XHRP 1076.7000 IN. XD

YMRP .0000 IN, YD

e ww s = ZMRPeas375.0000 IN, 20

SCALE 0100
’22 3III IR AL CE R AR A TR A L A A S LR S R AL LS AR IIIH
214 —3
o B
.20F 3
19 :
. 18F ;
A7 3
15§ E
14F 3
13¢ =
JA2F 3
AL 3
. 10§ 3
0S¢ :
|08 EIII paafeeridaaa i dalee el bRt adincedy i be bbbl LLLL Ill:
0 .02 .04 .06
VLBAR

PAGE 57



CN

OA160, (V41F-28A3 (B2BCSF7M7N28I(W116E26)(VBR3) (AVAOQT)

SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
O 20.300 ALPHA 30.000 BETA .000 EEEF Zggg gggg ?ﬂéfgéé
PHI 180.000 ELEVON .0co BREF 938 . 7000 INCHES
BDFLAP .000 RUDOER .0c0o XMRP 1076 .,7000 IN.
SPOBRK .0oo RN/L 110 YMRP .C000 .
ZMRP 375.0000 IN. Z0
SCALE 0100
1 .20 glll |.Ili LA RRARIAARRE RUR R AREEY LARSERRRE) lIll-llll LEREN LLLAS LLER) HIIE- O Sl UL AR CEEAN LY L R EEE) RARRE R LS LA RR R RN AR qu..
1.15¢ : -.01 3
- 110§ s . -.02¢ E
1.05¢ : -.03¢ B E
F = - 3
1.00§ 3 -.04¢ E
-95¢ 3 - .05§ 3
L90F 3 -.06¢ 3
.85% - -.07f =
: 1% E E
- E d - 3
.80¢ ST E - .08 ]
.75 ; -.09f :
.70 ; -.10¢% :
85 = -.11 E
-60¢ : ~.12§ E
: 3 E E
.55¢ = - 13 =
ISU 5!1! Alsptattediansetieaidas s aalppekrpybaepdaitabotatlonsy n'E . 14 ':llj_l RN T ET IT R SR LR TN NN A NN RN F T AR IR N R AR FAaNN RN AN INNNNENETY] |||r;:
0 .02 .04 .06 0 .02 .04 .08
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FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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CcL

0A160. (V41F-28A) (B2BCIOF7M7N28I(W11B8E26)(VBR3) (AVACOE]

SYMBOL  MACH

PARAMETRIC YALUES

REFERENCE INFORMATIOM

O 18.600 ALPHA 30.000 BETA 000 SREF 2690,0000 SO.FT,

PHI 180.000  ELEVON .000 LREE  §7a-80n0 INCHES

BOFLAP 000 RUDDER .000 XMRP 1076.7000 g . 58

e o O 2000 RN (L e IRrern375 0000 IN. 20

SCALE .0100
74% .64f
72§ 62§
70§ 60§
68§ .58
; 5 ; ;
.664 g 3 .S6E & ]
L nl = o =
£ E E 0 E
.62 ] g .02
.60 .50¢
.58 .48k
.56} .asf
.54F .44f
.52f (42§
.50% .40f
0 .02 .04 .06 g .02 .04 .06
VLBAR VLBAR
FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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XcP/L

UA160s (V41F-2B8A) (B26CIF7M7N28I(WI1BE28)(VBRI) (AVAQOB)

SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
18.600  ALPHA 30,000  BETA ,000 SREF  2630,0000 SQ,FT,
PH! 180.000  ELEVON .000 LREF  474.8000 INCHES
BREF  936.7000 INCHES
BOFLAP .0oa RUDDER 000 XMRP 1075 .7000 1IN, X0
SPDBRK ,000  RN/L 100 YMRP .0000 IN. YO
ZHRe 375.0000 IN. 20

A .

'74 El‘l lll\l (2A A NEE2 2852325333303 00000 R 00N RRAR01200] kAl “l: .22 ;[II L ARRARMAAS Sk SN LA RERA N RARIDAEREY LAARE LILLR TTAT)TTITIIITI(ItTT lll\-:.-

3 3 E 3
|73 C 3 121 — .
W72 = . 20F =
7 1E : .19 E

3 E 3
.69 A7 :
E E

.68 E 16f > .
E E C E
B7E ) 3 L15E E
»-\O = L. o :) 3
= E ('5 E E
66§ : 14 3
.65 : L13% :
.B4E : JA2F 5
63¢ 1 . 11§ T 3
62+% : .10F :

o o - =

E E. 3 E
081 o b :09 - 3
QGO EI}I !.IEJ ISRSNENNVAARET |_l]l ASNSELT] Adepbrbpgddyaa e tdbikl ILlE .08 El'! lll‘!l“ SNEN] SALEFENEN AN AT NN R A NN PEERR FANN N PR OOTE] ll]a
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VLBAR VLBAR

FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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CN

OA160, (V41F-28A) (B2BCOF7M7N28)(W116E26)(V8RS) (AVACOS)

SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
0O 18.800 ALPHA 30,000 BETA ,000 EEE; 23;2 gggg ?E{CEES
PHI 180.000 ELEVON .000 BREF 935 :'J'DDD INCHES
BOFLAP »000 RUDGER .000 XMRP 1076 .7000 IN., X0
SPOBRK .000 RN/L .100 YMRP 0000 [N, YO
fanta - - - R r—— ZHRP w375 , 0000 IN. Z0
SCALE L0100
1 .20 flll LR L L AR L LA L L EA L O LA E R AR R ] T |lII: O f"l IR R A AR AR LA R L A LR EA LI AR A AR R LA ARl lHE
1.15¢ 3 -.01% E
1.10¥ 3 -.02% E
1.05 ; 3 -.0% z ;.
3 3 3 -\ 3
E 3 E
95 3 - .05 3
30 3 -.08 3
D E E
.85 = = -.07 3
) ixs E
E d E
.80 = ~-.08 3
.75 : -.09f 3
.70+ = -.10f 3
E E E E
60% : ~ 11 E
.60¥ = -.12% 3
E 2 3 E
055 -:- ; e 13 - ;
.50 :";U.l ALt rldann it o paa Qnp by eeydhaiariaanetaoo et otanher koo liannls IE - - 14 illl daeriyegehidsadebsibonprtayaad s ader o tderiadopubbendijults ul:
0 .02 .04 .08 0 .02 .04 .06
VLBAR VL.BAR

FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
\
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CL

OA1B0, (V41F-28A) ({B26COF7M7N28)(W11BE268)(VBR3)(AVAODS)

SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
O 18.700 ALPHA 30.000 BETA .000 SREF 2690.0000 SQ.FT.
oer e e
BOFLAP .000  RUDDER .000 YXMRP  1076.7000 iN. X0
SPDBRK 000 RN/L .430 YHRP 0000 IN, YO
ZMRP 375.0000 IN. 20
SCALE 0100

PR R LA AR LR R LA AR N AR A D ARA R AR AR Laa I'HE EIII R ERSASERI LA NN R AR AR EAN LARRE RALAS SRALY L AR KELLY RARAN RLALI IIIE

.76 3 .66F E

E - E
74 3 B4E 3
072 E 062 =
70§ - BOF :
-68¢ : 58 :

: 3 : E
.66¢ 3 .O6F E
B4 O E 547 =
.62 & 1 a 52§ ]

= ® 2 E =
.B0F 3 S0E 3

E 3 0
‘58 o ; 148 3 =

3 3 E O E

3 E 3 © 3
.I6E . A46E E
Saf = 44 :
-52¢ : 42¢ ]

: E 3 3

i E E . 3
.S0€ : g e 3 L 40F E

;III Jaeehrragtapartiiadferpidpaniderdiloresd o hteaaddduadannires] llll: ;ll( aaapbeseadrpnobupertpgqa e togaoforaataperbosanlogueliggliLhl IIIF
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VLBAR VLBAR

_FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE GRBITER 140 A/B
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XCP/L

0A160., (V41F-28A) (B26COF7M7N28I(W116E26]1(VBR3) (AVADCS)

SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION

@] 18.700 ALPHA 30.000 BETA 000 Eggg 25;2 gggg ?ﬁé@s

PHI 000 ELEVON -D00 BREF 335.7000 INCHES

BOFLAP 000 RUDBER 000 XMRP 1076.7000 IN., X0

SPDBRK 000 RN/L 430 YMRP 0000 IN. YO

i TR R B e s 4 e T MRPITERE 7S, 0000 IN, 20

SCALE ,0100
74 Elll LEEZS SRR RS LA LA LA R AR LAt kik) LEAAN EARAN R LY AARL] IIIE 22 L AR AN EAPEE ARREE EERAN AR AN Lhdzd 1AL TITFJETIT S5 00T+ III=
L73E 3 21F 3
72§ = 20% 3
L71E £ .19 :
= E - a1
.70% 3 18§ :
.69t 3 .17 i
.E8E = 16¢ :
.67 n . 155
F = 6 - H
-66 - & ; - 14 -_- :
-B5E E 13§ :
.64 E 12§ :
B3¢ 3 Jd1E E
s E 3 E
-62 - ; . 10 : ] f=
BlE 3 .0SE 3
.60 HII] Lt b bad ez et pdaorrtoq e aonrronsntaenteqq e e dsriqent MI.l n08 ':ULI vqspfpeaelnerpdannnbyoaod oy pstynnnlpsaabonnntq Qo Rty apbt 1111 l||!:'
0 .02 .04 .06 0 .02 .04 .08
VLBAR VLBAR

FIGURE 4. HYPERSONIC CHARACTERISTICS GOF SPACE SHUTTLE ORBITER 140 A/B
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SYMB
O

0A160, (V41F-28A) (B2BCSF7M7N2BI(W116E26,(V8BR3I) (AVAOQS)

OL  MACH PARAMETRIC VALUES REFERENCE INFORMATION

18,700  ALPHA 30.000  BETA .000 SREF  2690.0000 50Ty

PHl -000 - ELEVON 1000 BREF  936.7000 INCHES

BOFLAP .000 RUDDER 000 XMRP 1076 .7000 iN, X0

SPDBRK .000 RN/ .430 YMRP .0000 IN. YO

ZMPP_ 375.0000 IN. 20

SCALE .0100
1 .20 EIII LA R AR AR A A R AR R AL LA AR R LT LA lll“ O‘ili A A AN AR R R AN N LA AR EUZ A CALE N AARRE LA NARRRLIS LREE] "‘E
3 E 3 E
1.15¢ : -.01 ;
1.05¢ 3 ~.03 3
1.00¢ : -.04 ]
.95 E -.05 :
-90¢ E ~.06% E
g E - 3
85+f 3 -.07¢ E
B : R~ E
C E d E d
-80¢ ) E -.08% 3
-75F c -.0%% :
sy E -.10% E
; ; ; z
-65F - -4 ;
.60% ~.12§ ;
55 = -.13% ;
DSO EIII Lidafaqnkbasaa i ooy ket aqyariotdRnanppiitetetdil !IIE - L[] 14 ':llll l[ll. spatbarr by vglongedecendngnitanal oottt adaGupteddanlbrgy Illl:'
Q .02 .04 .08 0 .02 .04 .06
VI.BAR VL.BAR

FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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CL

OAl

SYMBOL  MACH
18.300

60, (V41

ALPHA
PHI
BOFLAP
SPDBRK

= Tt

F-28A)

(B26CIF7M7N28)(W11BE261(V8BR3) (AVAQD4)

PARAMETRIC VALUES
30.000 BETA
.000 ELEVON
000 RUDGER
000 RN/ .

.000
.000
.000
.300

LA Rt

TITL[FTITTUI T ITTTIIT T

THTJTTTIITTNE

T

LARLE LRRRE RREM

TIV([ISITIILT

.70

.68

.66

AR RIS AN LR RN EEL

B4

62f

.60%

aedsdoggqleqoalevey dpnpedonerdoonsdqgya oo bagnnagnozanetbpoqoboosalortabandzde

.08
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-t d
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.50E
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REFERENCE INFORMATION
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HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE OGRBITER 140 A/B
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REFERENCE INFORMATION
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SYMBOL, MACH PARAMETRIC VALUES REFEF&ENCE INFORMATION
O 18.300 ALPHA 30.000 BETA .000 EgEg 23?3 .gggg ?ﬁé}:gé
PHI .000 ELEVEN .000 Ve
BOFLAP .000  RUDDER .000 Bhee 10767000 N0
SPDBRK ,000 RN/L 2130 - YMRP 0000 IN, YO
- . ot o Ry MR PEERETESTS L0000 iN. Z0-
SCALE | .o0100
.74 ;ll] LR LR AR AR A R A L L LA SR LR A N AR LA |nE .22 EII'I AL LR AN AR D RS LA LA AR R AN LA 2Rl TITTRERTJITINNITT Illlg
73} : 21f t :
72§ : 204 : ]
71 3 19f e
70§ 2 .18 i
= i 7% §
68§ E .16f :
67§ E 15k Q 3
E 0 e “F ol | E
E = 34 3 O E
.68 E 14¢ I E
esk ~F i E
L] J E E 1 CE I E
.64F 3 2% i §
; ; ; j
|63 E ;- . 1 1 ; [3 E
62¢ E .10f ;
61 : .03 % ;
IBO E ptixvwekrogaderuaboreqdaandeaibttoaglangy LLL Lrsdiiededaaplebis lIl; l08 EIII qapetrrradderadaaea bR R pEn oA NIl |!'| IRETA FSIET 21NN !1l§
0 .02 .04 .06 0 .02 .04 | .0B
VLBAR , VLBAR |
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0A1B80, (V41F-28A) (B2BCYOF7M7N28I(W116E26J(V8BR3) (AVAOO3)

SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
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OA160, (V4" 7« 206A)  (B2BCYF/MYNZ28IIWI1bELBI{VBRY I (AVALDZ)

SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
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cL

MA180, (V41F-28A) (B2BCIF7M7N28)(WI1BE26)(VBRS) (AVACO1L)

SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
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FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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0A180, (V41F-28A) (B2BCOF7M7N28)(W11BE26)(VBR5](AVADD!)

SYMBOL  MACH PARAMETRIC VALUES REFERENGE INFORMATION
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FIGURE 4. HYPERSONIC CHARACTERISTICS OF SPACE SHUTTLE ORBITER 140 A/B
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