&

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

(NASAfCP-1i&7602) TYRMINAL AREA ENERGY N76-30272
MANAGIMENT SEGIME INVESTIGATIONS UTILIZING HCY B, S

AN 0.030-SCALF MODEL (47-0,

CF THE SPACE

SHUTTLE VFHICLY ORRBITER CONFIGURATION Unclas
140A/8/C/R IN THE AMRS KFSEARCH CENTEE 11 X 63/16 49194

SPACE SHUTTLE

AEROTHERMODYNAMIC DATA REPORT

JOHNSON SPACE CENTER

HOUSTON, TEXAS

RA4T4 Q4N agement services
SPACE DIVISION ﬁ CHRYSLER

CORPORATION

=

I =
e T DT

ae;

Y

[

S




Padl

DMS-DR-2254
NASA CR-147,602

VOLUME 12 OF 13

TERMINAL AREA ENERGY MANAGEMENT
REGIME INVESTIGATIONS UTILIZING AN 0.030-SCALE

MODEL (47-0) OF THE SPACE SHUTTLE VEHICLE

ORBITER CONFIGURATION 140A/B/C/R IN THE
AMES RESEARCH CENTER 11 X 11 FOOT

TRANSONIC WIND TUNNEL (OA148)

by

P. J. Hawthorne
Rockwell International Space Division

Propared under NASA Contract Number NAS9-13247

by
Data Management Services

Chrysler Corporation Space Division
New Orleans, La. 70189

for
Engineering Analysis Division
Johnson Space Center

National Aeronautics and Space Administration
Houstcn, Texas

July 1976

R o CT e A e e




WIND TUNNEL TEST SPECIFICS:

Test Number: ARC 11-073.
NASA Series Number: 0A148
Model Mumber: 47-0
‘Test Dates: May 5 through May 17, 1975
Occupancy Hours: 220
FACILITY COORDINATOR: AERODYNAMICS ANALYSIS ENGINEERS:
. Stuart L. Treon S. Kraus
Mail Stop 227-5 J. H. Reichert
Ames Research Center : Rockwell International
.. Moffett Field, Calif. 94035 Space Division
B 12214 Lakewood B1vd.

Phone: (415) 922-5850 Mail Code ACO7
. : ‘ Downey, Calif. 90241

Phone: (213) 922-4831

- PROJECT ENGINEERS:

P. J. Hawthorne R. E. E1lington

J. Marroguin J. J. Brownson

M. D. Milam = Ames Research Center
Rockwell International Mail Stop 227-5

Space Division Moffett Field, Calif. 94035
12214 Lakewood Blvd.

Mail Code AD38 Phone: (415) 965-6262

Downey, Calif. 90241
Phone: (213) 922-3785

DATA MANAGEMENT SERVICES:

Prepared by: Liaison--D. A. Sarver
Operapions--w.<B. Meinders

Reviewed by: D. E. Poucher

Approved: _§). I A2 Concurrence: “/%f// é\zté; 21 ?’ﬁ_m
q%/’L. Glyfiy, Manager N7 D. Kemp, Mangger
, at

a Operdtions Data Management Services

Chry51er Corporation Space Division assumes no'responsibility for the
data presented other than display characteristics.

X N D




TERMINAL AREA ENERGY MANAGEMENT
REGIME INVESTIGATIONS UTILIZING AN 0.030-SCALE .
MODEL (47-0) OF THE SPACE SHUTTLE VEHICLE
ORBITER CONFIGURATION 140A/B/C/R IN THE
AMES RESEARCH CENTER 11 x 11 FOOT
TRANSONIC WIND TUNNEL (OA148)
by

P. J. Hawthorne, Rockwell International Space Division
ABSTRACT

This report documents data obtained in wind tunnel test O0A148.

The objectives of the test series were to:

1) obtain pressure distributions, forces and moments over the vehicle
5 Orbiter in the terminal area energy m2nagement (TAEM) and approach phases
of flight.

2) obtain elevon and rudder hinge moments in the TAE!! and apgroach
phases of flight.

3) obtain body flap and elevon loads for verification of loads
balancing with integrated pressure distributions.

4) obtain pressure distributions near the short OMS p&ﬁs in the high
subsonic, transonic and low supersonic Mach number regimes.

Testiny was conducted over a Mach number range from 0.6 to 1.4 with
Reynolds number variations from 4.57 x 108 to 2.74 x 106 per foot. Model
angle-of—attack was varied from -4 to 16 degrees and angles of side slip

ranged from -8 to & degrees.'
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Plot
—_— Symbo1l Symbel
Ap AB
Ai Ai
b BREF, BW
by BV
C CAU
Au
CA CA
CAsc CASC
CDU cou
Chbf CHBF
Chei CHEI
Cheo CHEO
CHETOT
Heror
CLU cLU
Cy CBL

NOMENCLATURE

Definition

total Orbiter base area, ft2
area over which P4 acts, ft2
speed brake base area, ft2
Orbiter wing span, in

vertical tail reference span, in

Orbiter uncorrected axial force cogffitient

Orbiter axial force coefficient with sting
cavity adjusted to average base pressure

Orbiter forebody axial force coefficient.

Orbiter sting cavity axial force coefficient.

Orbiter uncorrected drag coefficient

body flap hinge moment ccefficient, about
hinge line X, = 1532.0

inner elevon hinge moment coefficient, about
hinge line X, = 1387.0

outer elevon hinge moment coefficient, about
hinge line X, = 1387.0

total right elevon hinge momant coefficient
Orbiter uncorrected 1ift coefficient

Orbiter rolling moment coefficient, body
axis system
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NOMENCLATURE (Continued)

Definition

Orbiter pitching moment coefficient with

sting cavity adjusted to averaje base pressure,
referenced to Orbiter MRC.

Orbiter uncorrected pitching moment coefficient

Orbiter forebody pitching moment coef ..:ent
referenced to orbiter MRC.

Orbiter sting cavity pitching moment coefficient,
referenced to Orbiter MRC

Orbiter uncorrected normal force coefficient

Orbiter normal force coefficient with sting

Plot
Symbol  Symbol
Cp CLM
Cn CLMU
CmF CLMF
Cmsc CLMSC
CNU CNU
CN CN
CNg CNF
Cn CNSC
Ch CYN
Cy cY
Crx10v] cCx1Ly]

o

A A
N N
Y Y
m LM
n YN
[ BL

Orbiter forebody normal force coefficient
Orbiter sting cavity normal force coefficient

Orbiter yawing moment coefficient, body axis system

surface tap pressure coefficient, port i,
(Pi - Poo)/q

Orbiter side force coefficient

base area force and moment coefficients.

The first subscript (post fix) designates the
type of coefficiert, the second the pressure
tap and it's associated area. The symbolic
vectors [X] and [Y] are defined below.

axial force
normal force
side force
pitching moment
yawing moment
rolling moment

6
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NOMENCLATURE (Continued)

» Plot
Symbol Symba1 Definition
Lyl

1,2,3 1,2,3 areas associated with pressure taps

4,5,6 4,5,6 1 through 6 see figure 2b

5C SC sting cavity area

bf BF upper body flap area

1. LB Orbiter reference bcdy length, IML nose
to Xp = 1528.3, in.

LREF LREF longitudinal reference length, Orbiter mean
aerodynamic chord, in

LU/DU uncorrected 1ift to drag ratio, CLU/CDU

M MACH freestream Mach number

) PHI angular cylindrical coordinate position
around Orbiter body - deg.

P.i Pi pressure at surface tap i, PSF

P P freestream static pressure, PSF

Py PT freestream total pressure, PSF

q Q freestream dynamic pressure, PSF

RN/L unit Reynolds number, million per foot

S SREF wing reference area, ft?2

Tt TTR freestream total temperature, °R

Xep XCP/L center of pressure location referred to 1,

Xo/Lo X/LB longitudinal location of body surface,

fraction of body length
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Symbol
X/C

X/C,

Zmrp

Plot
Symbol

X/CW
*/CV
Z/BvV
2Y/BW

XMRP

XT

YMRP
T

ALPHA
BETA
BOFLAP

ELVN'L,
L-ELVN

. ELVN‘R’

R-ELVN.
RUDDER
SPDBRK
ZMRP

$$

NOMENCLATURE (Concluded)

Definition

chordwise location on wing surface,
fraction of Tlocal chord

chordwise location on vertical tail,
fraction of local chord

spanwise location on vertical tail,
fraction of vertical tail span

spanwise location on wing, fraction
of semi span

Tongitudinal Tocation uf moment reference point

Tongitudinal moment transfer distance from
Orbiter balance center to Orbiter MRC, in

lateral location of moment reference point

vertical moment transfer distance from
Orbiter balance center to Orbiter MRC, in

angle of attack, degrees
angle of sideslip, degrees

body flap deflection, degrees

left elevon deflection, degrees

right elevon deflection, degrees

rudder deflection, degrees
speed brake deflection, degrees
vertical location of moment reference point

mask character used to indicate all
possible values for this test 01 through 85

- e -



REMARKS

During the course of the test it was necessary to replumb the scanf-
valves. The resultant time loss'necessitated déleting *he priority 4 runs
which incorporated the use of the metric vertical tail, |

Data obtained from pressur2 taps 184, 296 and 347 are suﬁpecc due
slow leaks noticed while leak checking indivicual model preis:ire *1

Body flap hinge moment data for datasets RES800} + . RE8Q0> have
a -15%drift while datasets REB006 and REBOO7 t.-: u +10%drift due to data
recording system errors. System checks during the remainder of thé test
indicate a system error of less thah 4% for body flap hinge moment cata.

Ro11ing moment data has an approximate -.003}bias in the coefficient.
The reason for this was not determined, but possibie sources ar¢ fabrication
tolerances and/or differential stiffness of the left and right elevon
panels.,

Distortion of the instrumented elevon shaft appears to have occurred
around run 310 due to model assembly difficulties and the maximum loads en-
countered &t these test conditions. A comparison of measured elevon de-

flection before and after the test with the nominal setting is presented

below:

Elevon Panel Nominal Pre-Test Post-Test

=10 -9° 36' -8° 55'

~4 -3° 34' -2° 55'

Inboard right 0 +0° 10! +1°¢ 02'

4 +4° 26' +4° 28'

~ 10 +10°32' +10°39'

-10 -9° 36' -8° 15"

-4 ~3° 34' -2° 20'

Outboa: d right 0 w0 100 ¢ & +1° 05"

4\\ 1 +4° 26' +3° 59!

10 +10°32" - +10°18"

* Inboard only was measured but was the same as outboard panel(see Ref 2)
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CONFIGURATION INVESTIGATED

The Rockwell International model 47-0 Space Shuttle Orbiter Vehicle
was ucilized in this test series. The model was originialiy constructed
to -140A/B lines, but was modified prior to this test with the addition !
of the -140C OMS pods, six inch bevelled interparel elevon gaps and un- |
covered RCS forward thrustor parts. To denote these additions, the addi-
tional designations "C" (for -140C OMS pods) and "R" (for RCS thrustors) 1
were added, and the slashes deleted for convenience on Table II(designated S
"-140 ABCR").

In data sets REB069 to 085 the RCS thrustor ports in the nose were
filled reverting the configuration to -140A/B/C modified with body 826‘

The following nomenclature denotes the model components:

Component Description
526 140A/B fuselage (VL70-000140A, VL700001408)
B70 140A/B fuselage (VL70-000140A, VL70-000145, VL70-0001408,

VL70-000143A, VL70-000139) with RCS thrustor parts (VL70-
08501, VL70-08502, VL70-08296) :

Cg 140A/8 basic canopy (V1.70-000140A, VL70-000143A)
Eqq 140A/B elevons (VL70-000200, VL70-006089, VL70-006092)

with six inch bevelled interpanel gaps, no flipper door i
Fg 140A/B body flap (VL70-0001408, VL70-000200)

_ i

M OMS-RCS pods for 140C Orbiter }
N28 OMS basic nozzles é
Rg basic Orbiter rudder (VL70-000146A, VL70-000095) 1
V8 basic Crbiter vertical tail (VL70-000140A, VL70-000146A) i
wlls basic 140A/B wing (VL7G-0C51408, VL.70-000200) «&’

10




CONFIGURATIONS INVESTIGATED (Concluded)

Designated configurations are:

-140ABCR =

-140 ABC =

B7o Cg Eqq Fg Mg Nyg Rg Vg Wyge
Bog Cg Eqq Fg Mg Nog Ry Vg Wyo o

.....

T
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TEST FACILITY DESCRIPTION

The Ames Research Center Unitary Plan 11- by 11-Foot Transonic Wind
Tunnel is a closed-circuit, air-medium, variable-density facility capable
of attaining Mach numbers from 0.6 to 1.4 at keynolds numbers from 1.7 x
106/ft to 9.4 x 106/ft. The test section is 22 feet long, and models are
installed on internal strain-gauge balances mounted to sting-type support
systems.

Shadowgraph and Schlieren photographic equipment isavailable, and
pressure transducer instrumentation is provided.

Tunnel operating temperature is 580°R. Extended high Reynolds number

runs are restricted by power availability.
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e e - . o DATA REDUCTION

Standard NASA/Ames data reduction equations were used to reduce
e forces, moments, and pressures to coefficient form. Orbiter main balance

force and moment coefficients were computed using the following equations:

Symbol Orbiter main balance measurement
S NF Normal Force
o AF Axial Force
i PM Pitching Moment
YM Yawing Moment N
SF Side Force
RM Rolling Moment
: . ?
7 ':'..- . CAu = AF / (q S) CLu = CNu cos o -CAu sin a 3

Cy, = NF / (g ) Cp, = Cny Sina+Cp cosa

Cy =SF/ (q59)

i P T W S T |

My gSc c c
c, =RM 4 Cy « It Moment Transfer Distances
T S b
i a°b Xr = 0.572 in.
r
: o= _ e Xt Yp =0
2 n "8y T

a>b Zr = 0.450 in.

~ The Moment Reference Center about which the data was. reduced is

"~ jocated at .
Orbiter (Full Scale)
- X, 1076. 68
. o Y 0 ;
— Zg 375.00 !

Balance coefficients were grouped into datasets RE80$S.

- 13




DATA REDUCTION (Continued)

Hinge moments and hinge moment coefficients were computed using the
following equations:
Elevon hinge moments (inboard and outboard).

(HM1-HM2) (M1/D1) + HMI

Mg,

HMgo = (HM3-HM4) (M3/D3) + HM3

where
: HMi = measured moment on strain gage i
D1 = distance between gages 1 and 2, .49335 in.
D3 = distance between gages 3 and 4, .45800 in.
M1 = moment transfer distance for inboard elevon, .93825 in.
M3 = moment transfer distance for outboard elevon, .92250 in.

Elevon hinge moment coefficients

e Outboard, cHeo HMe / (4 Se cg)
_ o

'?; Total, CHeTOT = CHeI + CHeo
ﬁ;' Se = elevon reference area, 0.189 ft.2
i;" ce = elevon reference MAC, 2.721 in.
i - Body flap hinge moment coefficient
j__ | Chpe = HMur / (a Spe cpf)
i | HMpe = weasured body flap hinge moment
Spf = body flap reference area, 0.12834 ft.?
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- DATA REDUCTION (Continued)

cpf = body flap reference MAC, 2.541 in.

o= Hinge moment coefficients are part of datasets RE8XS$S.

Pressure coefficients for all model orifice pressure measurements
LT were computed using this equation:

Cpi = (Py - P)/q

f:i: where P; = pressure at model orifice i

P

tunnel static pressure

}‘_ q tunnel dynamic pressure

Other data reduction constants include:

S = wing referernce area, 2.4210 ft.2
¢ = wing reference chord, 14.2443 in.
i f b = wing reference span, 28.1004 in.

After the data had been reduced to coefficient form by NASA/AMES,DMS
interpolated it to nominal a's and g's. Then 2 types of base and sting

-'é?f cavity area coefficients were calculated. When they are applied 3 types

of balance coefficient data exists. These can be distinguished by the
last subscript (symbolic name) or postfix (mnemonic name). The key is
given below

'g? U ~ uncorrected coefficients.

~ coefficients with sting cavity pressure corrected to
base pressure (without a suffix).

F ~ forebody coefficients with the base area pressure
L corrected to freestream pressure.

A 15
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DATA REDUCTION (Continued)

Only the correction coefficients associated with base pressure tapes 1
through 4 were applied to the longitudinal orbiter coefficients.

Figure 2b i1lustrates the base area associated with each pressure
tap. Alphabetic characters bf and sc designate body flap and sting cavity
areas, respectively. Base area coefficient names have a numeric character
which designates the pressure tap number. Base coefficients for vertical
tail areas 5 and 6 were calculated but not applied to the total orbiter
coefficients. Base area coefficient values are tabulated in the appendix.
A detailed derivation of these coefficients follows. It is concluded by
a matrix of base area geometric properties.

The orbiter sting cavity force and moment coefficients were computed

as:

Cy - (CEZ - ng) A, tan 12.55°
sc S

Iy Xsc

Cmse = CAge T = ONg¢ ¢

The orbiter force and moment coefficients corrected for the differ-

ence between balance cavity pressure and orbiter base pressure:

Ca = CAu - CASC
C =C -C
N Nu Nsc
C =Cnh =-C
m mu msc

These orbiter coefficients are part of datasets KES80$$.

16
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DATA REDUCTION (Continued)
L Orbiter base force and moment coefficients were calculated as follows:
:3: Upper base area
s Cnau = ~(Cpz Agy tan 16°)/S
-;iv | Cazu = -(Cp2 Azy)/S
o c - Ca2u Zau _ Cnau Xau
'.'_ﬂ m2u c c
Lower base area
CNZ"L = -(sz Azz tan 10°)/S
E z X
) Cm2, = Chz, 2% - Cng, ~2&
Total base area, Aj

L CN2 = Cnzy *+ Cnzg
- Caz = Caz, *+ Caz,
E C2 = Cmz, * Cme,

‘ OMS pod base area, A3

] (This assumes the surface is perpendicular to the orbiter X-axis)
T Caz = -(Cp3 A3)/S

k}“ ,

) Cn3 = CA3 2

i OMS pod base arca, Ay

"g; (This assumes the surface is perpendicular to the orbiter X-axis)
i ( );

L
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~ DATA REDUCTION (Continued)
Cag = —(Cp4 Ag)/S . |

. i 24 ’
Cma = Cpg < ;
Coefficients for the above areas are grouped into datasets EES8D$S.

~~tpper—surface- of body flap

The orbiter force and moment coefficients adjusted to free stream
pressure (forebody coefficients).

-Cops Abf . o
CAgs = _P_b.ts_._ sin (8pf * 6.88°)
-Cpp¢ Abf o
CNpf = _——i%;-___ cos (spf + 6.88°)
Cape Zbf  CNps Xof |
fmpf t = T T |
where: :
e = °p200 * Cp201 * Cp204 * Cp20s |
Pbf ~ 3 |

i G A ? > Cai * Caps o
Cae = Cao - |-
F-"Au ™ \T 8§ =2 |

Cmf = Cmy - ( 2 mbf) o

=

These orbiter coefficients are part of datasets KE80$S.

Vertical tail "undercarriage" area, Ag

Top Segment:
6t = (Cp5 A5t tan 63.75°)/S

. 0
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"ATA REDUCTION (Continued)

Cast = - (Cps Ast)/S

Zst Xst

o Cmst = CAst —=— - CN5t —=

Middle Segment:

= Chsm = (Cps Asp tan 26.1426°)/S
T Casm = - (Cps Asm)/S

: Z X
— Cmsm = Casm —— 5m - Cnsm 5m

Bottom Segment:
CNsb = (Cp5 Asp tan 21.94°)/S
Casp = - (Cps Asp)/S

Z X
Cmsb = CAsb —2 = Csb —3‘1

Total area, Ag:

Cns = Cnst *+ Cnsm + Cnsp
s Cas = Cast * Casm * Casp

| CMs = Cmst * Cmsm * Cosp
_# Vertical Tail base area, Ag: ‘
Segment above rudder ‘
= Cheu = (Cps Agy tan 63.75°)/$ |

— Ca6u = (Cps Agy)/S
Z X
Cméu = Casu — - Cey 6"

i 1 19




Vertical tail area coefficient data are grouped into datasets GESD$S.

DATA REDUCTION (Continued)

Rudder/Speed brake base:

Total

CA6g = Cpg Aﬁ’l [sin (6-55.1667°) cos 55.1667"
+ cos (8 -55.1667°) sin 55.1667° cos (8r)]/S
Ce, = Cps Ag-, [sin (6 - 65.1667°) sin 55.1667°

- cos (8-55.1667°) cos 55.1667° cos (6&r)]/S
Cyg, = Cp6 Ag-, cos (6 -55.1667°) sin &r/S

Cne, = [CAsz (Zsz) - Cns (st)]/c

Cee, = LCyg, (Z6,)1/b
Cn6, = -[Cye (Xe6,)1/b
)
o = tan"| |5:456791 + .573209 cos \ 77,
3.797715 - .823715 cos (E%E)
AG‘R. = AGQ/S"" ]
area, A_:

6
CAg = Cagy * Cagy,
CNg = CNgy * CNgy
Cve = Crgy

Cmg = Cmgy, * Cmg,
Cog = Cegyq

Cn6 = Cne,

20
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- PDATA REDUCTION (Continued)
&b Ao, ft”
v 0 0.0066036
- 25 0.0456000
- 35 0.0621000
- 55 0.0950800
85 0.1551400
< Xgg = 15.045 + 1.442277 [1-cos (asb/2)]
= Zg, = 9.755 + 0.501827 [1-cos (8sb/2)]
= Standard DMS loads cycle test procedures were used tu process the
: 0A148 pressure data. First numerous pressure distribution plots were
= released. Analysis of these produced bad pressure data 1ist. This list
 is reproduced below:

22
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Component,

ruselage

(8)

Lower Wing
(L)

Upper Wing
(U)

Body Flap (F)
Speed Brake (K)

Yertical Tail
(v)

Note: Wind tunnel pressure data tabulated in the appendix

DATA REDUCTION (Continued)

QA48 Bad Pressure Data

Dataset Tap

_No. No.

—) amd ot e wped ) emed Gl —
—
o
(=]

00~
on
n
O
(=]

L
[E%]
~3

—
- ¥
~
W N
o &
~ -

have the original bad data values.

23
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> >

>
-br'_'_ bbb Arr bbb

]
-3

ALL

ALL
ALL
-4
-4

-4
-4
-4
-4
-4
-4
-4
-4
-4

ALL
ALL
-4
-4
-4
-4
-4
-4
-4
-4

ALL
-4

12
ALL
ALL

ALL
-4

-4




DATA REDUCTION (Continued)

These rsints v.ere eliminated from further processing. The remaining data
were interpolated to nominal alpha and beta values. Processing was com-
Pleted with the release of a magnetic tape containing the final interpo-
lated pressure coefficients.

This report contains plots and tabular 1istings for both force and
pressure data. Plotted force data illustrates lateral-directional, longi-
tudinal and hinge moment characteristics of the configuration tested.
Plotted pressure data illustrates the effect of several control defilec-
tions and attitude changes on local pressure distributions. The multiple
volume appendix contains a tabulated 1isting ot the basic vorce and pres-
sure data. Listing of the interpolated bise area coefficients is also

included. The plotted and tabu‘ated data are arranged in the following

manner:
VOLUME
NO. CONTENTS
1 force data plots showing lateral-directional
longitudinal and hinge moment -haracteristics.
2 Plots illustrating the effect of control surface

deflections on fuselage, wing and vertical tail

pressure distributions.
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VOLUME
NO.

3

4, 5
6,7,8
9,10,11

12
12

13
13

* The fourth character in each dataset identifier (i.e., XEBBXX, B for

DATA REDUCTION (Concluded)

CONTENTS

Tabulated Force Data

Dataset Data type

REB0$$  source balance coefficients

REBX$$  source hinge moment coefficféhts

RE8SY$S source base pressure coefficients

KE80$$  interpolated balance coefficients
adjusted for cavity pressure and
forebody coefficients

EE8D$$ interpolated base and cavity area
FE8D$$ coefficients

GE8D$$ interpolated vertical tail base
area coefficients
Tabulated Pressure Data

Fourth
Component Character*

orbiter fuselage B
lower wing
upper wing

upper body flap
Tower body flap

speed brake
vertical tail

<X &M ~

Fuselage) represents the individual component.

25
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SD75-SH-0106, "Pretest Information for O0A148 of the 0.03-Scale
47-0 Pressure Loads Space Shuttle Model in the 11 x i1 Foot Leg
of the NASA/ARC Unitary Plan Wind Tunnel," April 18, 1975.

MG-75-07-11, Rockwell International Corporation Internal Letter:
"Model design Dimensional Varification Task 36: Elevon Deflection
Angle Check of the 0.03-Scale SSV Model 47-0 (140A/B Configuration)"
SAS/WT0/75-283, July 29, 1975.
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ﬁ

NF
SF
AF
PM
RM
AL

3000 1bf/gage
1500 1bf/qage
~£00 1hf

—47.000 in-1bf
4000 in-1bf

10,500 in-1bf
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TABLE 1
[ e ————————— N
TEST.! _CAl48 A IDATES May 1975
TEST CONDITIONS e
“ mcn — REYNOLDS NUMBER DYNAMIC PRESSURE  KTAGNATION TEWPERATURE
: (pet foot ) (pounds/sq. inch) (degrees Fahrenheit)
| 0.50 457 x10% - | 4968 120
0.98 3,41 x 106 4,166 120
1.10 3.05 x 106 4,166 120
1.25 2.86 x 108 4,166 120
1.40 2.74 x 106 4,166 120
BALANCE UTILIZED: _____ARC Task MK XX A
CAPACITY: ACCURACY: iy

S ——
AR A
R
-

COMMENTS:  Maximum normal and side force dependent upon point of
application
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TABLE III

MODEL DIMENSIONAL DATA i

MODEL COMPONENT ' ___BODY = Bag

GENERAL DESCRIPTION ' __Configuration ILOA/B orbiter fuselage
NOTE: Bag is identical to B, except underaide of fuselage has haen

refaired to accept Wyq¢.

JMODEL SCALE: 0,030 MODEL DRAWING: SS-AQQ1L7, Releasa ]2

DRAWING NUMBER . ~LL70=000143R, 000200, 000205 006089 =000145.
VL70-000140A, -000140B

DIMENSIONS FULL SCALE MODEL SCALE
Length (OML: Fwd Sta. Xg =235),In., 1293.3 38.799
Length (IML: Fwd Sta X =238),In,—1290,3 Q

Max Width (@ Xg = 1528,3), In.
Max Depth (@ Xo = 1464), In.
Fineness Ratio

Area - Ft<

Max. Cross—Sectional

Planform

Wetted

Base

34

—lbla0 7,920 _
—=220,0 2500

—2bh . _0.26L

340,88 0.3068




TABLE III (Continued)

MODEL COMPONENT :__BODY - Bug

GENERAL DESCRIPTION : ——Lonfiguration 1LOA/B orbiter fusslage with
forward fuselage RCS thruater ports, otherwiae Byg is identical to

BEG .
MODEL SCALE: 0.030

DRAWING NUMBER : ,Vw%“%ww.
VL70-000205, 089, -008501, -008502, -008296

DIMENSIONS : FULL SCALE MODEL SCALE

Length (OML.: Fwd Sta X0=235), In. 1293.3 38.799
Length (IML: Fwd Sta Xo =238), In.1290.3 8.70

Max Width (@ X, = 1528,3), In, —<0h0 = 72920
Max Depth (@ Xo = 14,64), In. 250,0 7.500

Fineness Ratio Q284 ~Q26h
Area - Ft2

Max. Cross—~Sectional 340,88 0.3068

Planform

Wetted

Base
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TABLE ITT (Cont‘'d}

MODEL COMPONENT : CANOPY ~ CL;

GENERAL DESCRIPTION : _ Confipuration 3A, Canopy used with fugelsge
RUFY

MODEL SCALE: 0.030 _____MODFL DWG: 55-A00147, Release 12

e e

DRAWING NUMBER . , VL:ZO-OQOLABA

DIMENSIONS : FULL SCALE MODEL SCALE
Length <X()q#3“061‘3 to 578), Ino m_ ,_A.}Ol
Max Depth (@ X, = 485.0), In. 25,00 0,750 _

Fineness Ratio

Area

Max. Cross-Sectional

Planform

Wetted

Base

36
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TABLE III (Cont'd)

MODEL COMPONENT _KLEVON - K

3
‘Ld

Sy

GENERAL DESCR

(Data are for anae of two sides,)

_MODEL SCALF: 0.030

and_ tipaeals are not. simulated,

——— ——

IPTION __ 6,0 Jn._LLmn_mnmqsLAmiEﬂ,.slzm__

Flippar”g_oora t:nﬂ,tiept‘)og_y__piﬁcg_}

DRAWING NUMBER

DIMENSIONS FULL SCALE MODEL SCALE
Area - Ft? 210.0 0.189
Spen (equivalent) , In. 349.2 10,476
Inb'd equivalent chord, In, 118.0 3. 54
Outb'd equivalent chord y In, 1 7% U N —hab36
Ratio movable surface chord/
tota! surface chord
At inb'd equiv. chord 0. 2096 0.2096
At Quth'd ecquiv. chord 0. 4004 0.4004
Sweep Back Angles, degrees
L.eading Edge 0.00 0.00
Trarling Edge = 10,036 ~ 16,056
Hingeline - 0.0 0.0
(Product of Area & c)y . g
Area Moment (mﬂfxmmmﬁnn) oIt 1587‘25, , 0.0i29
Mean Aerodynamic Chord, In 9.7 2.721

2
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TABLE III (Cont'd)

MODEL COMPONENT :__BODY FLAP - F

SIS
————__ —
—— —r ——

GENERAL DESCRIPTION : ___Configuration 1LOA/B

MODEL SCALE: 0,030

DRAWING NUMBER : __VL70-000140B, ~000200

DIMENSIONS :

Length (Chord), In.
Max Width , In.
Max Depth, In.
Fineness Ratio
" Area = Ft2
Max. Cross~Sectional
Planform

Wetted

Base

FULL SCALE MODEL SCALE
84.7 2,541
262,308 _ 7.869
23.00 0.690
142,60 0.128
41,90 0.0377

. . "
R £ SRR IPPREPEY )



3 TABLE III (Cont'd)

MODEL COMPONENT :__OMS POD - M.

GENERAL DESCRIPTION : _Confipguration JLOC orbiter OMS -

External contour is to refe " e
TPS.
MODEL SCALE: 0.0l15
DRAWING NUMBER'! ~YL70-008L0), 008410
DIMENSIONS - FULL SCALE MODEL SCALE
Length (OMS Fwd Sta Xq =1310.5),In..258.50 _2.7255
Max Width (@ Xo = 1511), In. —136.8 L.104
Max Depth (@ X, =1511), In, Th .70 2,241
Fineness Ratio : __M__ 2.L8L
Area ~ Ft?
Max. Cross~Sectional 58,865 0.053
Planform
Wetted
Base
18
b
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TABIE IIT (Cont'd)
ons <
MODEL, COMPONENT: MBS NOZzLL: - 0
GENERAL DESCRIPTION: Confipuration \LQA/B orbiter OMS nozzles. ..
MODEL SCALE: 0.030
DRAVING NUMBER: VL70-000140A (Io o S8~
DIMEN3IONS: FULL SCALE MODEL SCALE
MACH NO.
Length - In.
Gimbal Point to Exit Plane
Throat to Exit Plane
Dizmeter ~ In.
Exit
Throat
Inlet
Lrea - ft2
Exit
Throat
Gimbal Point (Station) - In.
Left Nozzle
Yo ~880 = - 264 _
Zo 492, il.76
Right Nozzles 8
%0 1518,0 L5, 5L
Yo | 88.0 2.64
Z 492.0 14,76
Null Position - Dey.
Left . Nozzle
Pitch A5%%9' 15049 _
Yaw 12017 120171
Right Nozzle
Pitch 15°49! 1504Q1
Yaw A2017 12970
1
ORIGINAL PAGE IS
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‘ TABIE TIT (Cont'd) i
— !
MODEL COMPONENT .__RUDDER = R,

GENERAL DESCRIPTION _Configuration 140C orbiter rudder (ident to :

configuration 140A/B rudder).

MODEL SCALE: 0.030

DRAWING NUMBER _VL70-000146B, -000095

D e ke e i d

: : o
i NI R e
B et . = P

DIMENSIONS FULL SCALE  MODEL SCALE
Area = Ft2 100.15 0.090
L Span (equivalent) , In. 200,00 600
Inb'd equivalent chord , In, 91.585 2.748
Outb'd equivalent chord, In. —0,833 1, 2
Ratio movable surface chord/
total surface chord
— At Inb'd equiv. chord 0,400 0.400
N .. At Outb'd equiv. chord 0.400 9.400
N Sweep Back Angles, degrees
Leading Edge —ha83 34,83
B Trailing Edge 26,25 26,25
V Hingeline —~24.83 = 4.8

(Product of area & c)

Area Moment (ionasbaphoopotes) ,Fta_ﬁlQ.ﬁZ_._ —0.0165
( Mean Aerodynamic Chord, In, 73.2‘ 2.196

M
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i . - TABLE III (Cont'd) 3 ;
]
MODEL COMPONENT: VERTICAL - V8 4’
— GENERAL DESCRIPTION: _ Configuration 140C orbiter vertical tail. i
(Identical to configuration 140A/B vertical tail,) ;.

1_ ———— - B
MODEL SCALE: __ 0,030
: DRAWING NUMBER: VL70-000140C, ~0001L6B

{

DIMENZIONS: FULL SCALE MODEL SCALE :

TOTAL DAT

- ' krea (Theo) - Ft? - :

ol Planform .2 0,372 f

i Span (Theo) - In. 315.7 9.472 -

S Aspect Ratio 1,675 __1.675
L Rate of Taper -0 0,507 .

; Taper Ratio —0.40k  _O0,40h .. ,
= Sweep-Back Angles, Degrees. i
- Leading Edge 45.000 45,000 ,

= Trailing Edge 26,25 26.25

o 0.25 Element Line 41,13 _4123

. - Chords:

o Root (Theo) WP 268,50 8,055

g Tip (Theo) P 108,47 3.8 |
o MALC 199.8L . __5.99% j
Fus. Sta. of .25 MuC 1463.35. 43,901 i

W.P. of .25 MAC 615,52 19,066 -{

B.L. of .25 MAC 0,0 0.0 |
. Airfoil Sectlon |

- Leading Wedwe :ngle - Deg. 10.0 10,0 ;
T Trailing Wedge /4ngle - Deg. 14.92 _M‘_%___ i
. Leading Edge Radius 2,0 0.0
T Void irea 13.17 0.0019 j

Blanketed irea 0.0 0, -
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SMANRTIAN

FODEL COMPONENT:

WING-W ¢

TABLE III (Conl'd)

GENERAL DESCRIPTION: Configurgtion 4

NOTE: Identiumwwmwwm_
tra.ilir_mg edge of wing,

MODEL SCALE: 0.030_
TEST NO, MG, NO. VLZO-OOO%OA. =000200
DIMENS IONS ¢ FULL-SCALE MODEL SCALE
TOTAL DATA 2
rea1\ ae0,) Ft : S
Planform 2690,00 2,421
Span (Theo In. g.za —'2'&'%0__
Aspect Ratio 2,265 2,265
Rate of Taper 1,177 1.177
Taper Ratio ' 0,200 0. 200
Dih?gral AnAg1]e. dggrees 3..500 3,500
Incidence Angle, degrees 0,500 0,500
Aerodynamic Twi ;1:. degrees |
Sweep ngk ArE\g]es. degrees .
Leading Edge 45.000 . 000
Trailing Edge = 10.05 - 10,0
e rg.zs Element Line 35.209 . 35,209
ords:
Root (Theo) B.P.0.0. 689,
MAC 8 el
‘I:u;. Sta.éfmés MAC j%tﬁ: 34,105
oPe Of o —rd0.28 —Ba Al
B.L. of .25 MAC 182,13 5 L8k
EXPOSED DATA 2
rea (Theo) Ft 1751, 1
Span, (Theo) In, BP108 . 21:25
Aspect Ratio —2027 2,059
Tapﬁz Ratio 0.245 Q245
Chords :
Root BP108 562,09 16,843
MAC 392.83 11.785
Fus. Sta, of .25 MAC . —35.5719
W.P. of .25 MAC 0 8,829
B.le of ,25 MAC 251, ~2.555
Afrfoil Section (Rockwell Mod NASA)
XXXX=64
Rgot% ™ 0.113 C.113
T{p % - 0.120 0.120
Data for (1) of (2) Sides
Leading Edge Cuff 2
Plan€orm Area Ft
leading Edge 'ntersects Fus M, L, @ Sta .0
leadina Edae Intersects Wing @ Sta .0
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TABLE VIT,

LoovriAr PRcssupe Tur Laanons

OrRBITER~ Xe & ~ Dsenvess
ALt |Moocee | X .
Scae | Scals 4- o | Lo | % ;;vs.
(PB5 | £6.6% | 0/8 | 200 | 207 | 2 2
1558% |46.65] /0/8 |202 | 203 2 £
/(EP0Y |4770 |/ odk (2o |zos 2 é
5904 (4770 (Vo 206 | 207 | = 8
&
!
20/ “

1 _l
=
207. 203 l

N e—20e | .
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~ RUDDER AND SPEFD BRPAKE DFYLECTIONS
(,J ( PARALL¥L PG THE FHL) —
;vﬁhl (?_1 . 1 AU

22.4
81,0

-35/+20

- Maximum Jeflections

ELEVON DEFLFCTIONS -

PARALLEL TO THE FRI,

"11 -7/"?:’1’)

Trot CARE
B W)

=5

NN @)
Y /q zZ2.5

~ - —
"~ +&

e BODY FLAP DEFLECTIONS

o

::'::|Im '

1532

xou

b b. Definition of Anqular Measurements

.} Figure 1. - Continued.
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c. Elevon Hinge Moment Sign Convention
Figure 1. - Concluded.
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Figure 2. - Continued. 1
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PRESSURE ORIFICE LOCATION OF LEFT WING PANEL °

215 N
,09 210 211 212 213 214 | 216 S
- 2
T . = 0,23 - 981 IN ‘
Y, 20e=__ F" n 235 IN (CLocAL - 981 IN) :
= 1o 219 ‘
226
227
218 220 228
, 224 225 229
Yo = 140 317 —'&3 T~ L/ 7m =0.299 (CLocAL - 781 IN.) i
/[ 1233 234 2357 236 237 238 \24]
230 ‘ 240
232 239
231 246
244 251 252 253
243 4
250\ 254 1 =0,364IN,
/255
Y, =170 242 (CLocaL - 615 IN.)

; — |
//258\260\ 262 263/ N o
256 257 259 261 264 265 %7 : U

273

271570274 -, 2782890
2'70‘\K \\ 275 276 277 \€7|9 282 M = 0.427 IN - 1
Y, =200 269 — — 296 (CLOCAL - 469 IN,) L

281
]
233////%7\ 289 290 / ||\
5286 291

284 288 2921294 295
285, o 293 309
300 304 306 308 . |
298 \\301,303 5 \307 i
v = 250 297 N 305 l,_[“" n = 0,534 IN. 1
° 315 oA 303 | |
312______,_// hsl | 3's | %322 (CLocaL - 395 IN.) |
517 321
313 26 216 319 320 |
Y =315 314 325 221733045, 335 n = 0,673 IN;
o 324 “"r"“*:’::ﬁm'é_ 347
v =3¢ 349350 351353355~ 1 = 0,780 IN, _
fo = 305 384 (e - 258 IN, ) 1
358 - 362 363 — 366 LOCAL .
369 370 371372 374 3'73576 n = 0.887 IN, .
Y =415 367 LT e 386 (c -.200 IN,)
o 377 378 379380-283 — .o LOCAL |
388 38 oP 392 n = 0,972 IN, ‘;
Y =455 N\ [ 5292 . |
387 g A 158 IN 1
° 3957 | Tl 01 (CrocaL - 158 IN.) |
397 BY9\. 400
6 - :
WING TIP 39 [ n=1,00 ;
.407_., 403 1
* |
|_ELEVONS H. FUSELAGE STA 1387 1

c. Fuselage, Vertical Tail, and Wing Pressure Tap Locations !
Figure 2. - Continued. -t
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