e e Ty e of g - a4 g dabile o l & ader (habauilabitiis ot
S e e \‘ b Lt Ldopise sttt ot e T R T T R APPSO e ) O S

i .

AL

B SS SN

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

i

NASA CRs
?,
H
|
]
(NASA-CE=114624) TKMINAL AREA SNERGY N76-30266
MANAGIMENT REGIME INVESTIGATICNS UTILIZING He ®16.25 . :
AN 0.030-SCiL¥ MODEL (47-0) OF THP SPACE i
SHUT JEHICLE OFBITER CONFIGURATION Unclas 1
At vec/3 IN THE AMES RESEARCH CENTEP 11 X G316 49188 ' :

SPACE SHUTTLE

18 g 7‘\
AT
P
SEP 1976 &g\
RECEIVED =
NASA STI FACILITY &
INPUT BRANCH -
o, 5

JOHNSON SPACE CENTER 0474 dﬂm"é"g'é‘mem services

, SPACE DIVISION % QHRYSLER
HOUSTON, TEXAS ORPORATION

4%
'Y
AEROTHERMODYNAMIC DATA REPORT




July 1976

DMS-DR-2254
NASA CR-144,624

VOLUME 6 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 (0A148)

by

P. J. Hawthorne
Rockwell International Space Division

Prepared 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
Houston, Texas

et amt - et i 1o

[N O

SO STS. SUFEIR I SR P

Bt e A e et Ze 5

O -




WIND TUNNEL TEST SPECIFICS:

Test Number: ARC 11-073
NASA Series Number: 0A148
Model Number: 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
12214 Lakewood Blvd.
Phone: (415) 922-5850 Mail Code ACO7

Downey, Calif. 90241

Phone: (213) 922-4831
PROJECT ENGINEERS:

P. J. ‘Hawthorne R. E. Ellington

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 Blivd.

Mail Code AD38 Phone: (415) 965-6262

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

DATA MANAGEMENT SERVICES:

Prepared by: Liaison--D. A. Sarver
Operations--W. B. Meinders

Reviewed by: D. E. Poucher

P YN
Approved: ¥ 7/5.(';“-—— Concurrence: “ 2[;4 ,7/[\\/42:‘ L1
L. nggy; Manager N4 D. Kemp, Mandger

ata Operdtions Data Management Services

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

i [




jg i
TERMINAL AREA ENERGY MANAGEMENT g
REGIME INVESTIGATIONS UTILIZING AN 0.030-SCALE . ;
3 MODEL (47-0) OF THE SPACE SHUTTLE VEHICLE s
;é ORBITER CONFIGURATION 140A/8/C/R IN THE ? :
AMES RESEARCH CENTER 11 x 11 FOOT L
R%E TRANSONIC WIND TUNNEL (OA148) E
¥ by
f;ﬁ P. J. Hawthorne, Rockwell International Space Division é
% ABSTRACT |
iﬁ This report documents data obtained in wind tunnel test OA148.
ii The objectives of the test series were to: ‘i
;gi 1) obtain pressure distributions, forces and moments over the vehicle
i%i 5 Orbiter in the terminal area energy management (TAEM) and approach phases
z of flight.
5i§? 2) obtain elevon and rudder hinge moments in the TAElS and approach
Jiﬂ phases of flight.
;ii: 3) obtain body flap and elevon loads for verification of loads
E*%f balancing with integrated pressure distributions. |
ng 4) obtain pressure distributions near the short OMS p&ﬁs in the high .f
iiﬂ subsonic, transonic and low supersonic Mach number regimes. ’
;fi Testiny was conducted over a Mach number range from 0.6 to 1.4 with
:ﬁj Reynolds number variations from 4.57 x 108 to 2.74 x 106 per foot. Model
;b%t' angle-of-attack was varied from -4 to 16 degrees and angles of side slip i i
T -

A ranged from -8 to 8 degrees.
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Plot

Symbo1 Symbo1
Ap AB
Ay Al
b BREF, BW
by BV
cAu CAU
c A CA
CAsc CASC
CDU Cchu
chbf CHBF
chei CHEI
Cheo CHEO

CHETOT
Heror
CLU CLY
Cy CBL

NOMENCLATURE

Definition

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

vertical tail reference span, in

Orbiter uncorrected axial force coefficient

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 coefficient, 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 moment coefficient

Orbiter uncorrected 11* coefficient

Orbiter rol11ing moment coefficient, body
axis system
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Plot
Symbo1 Symbo1
Cn CLM
Cn, cLMU
Cne CLMF
Cog. CLMSC
CNu CNU
CN CN
CNF CNF
chc CNSC
Ch CYN
Cpi cPi
Cy cY
‘g CIXIY

w

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

NOMENCLATURE (Continued)

Definition

Orbiter pitching moment coefficient with
sting cavity adjusted to average base pressure,
referenced to Orbiter MRC.

Orbiter uncorrected pitching moment coefficient

Orbiter forebody pitching moment coefficient
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
cavity adjusted to average base pressure

Orbiter forebody normal force coefficient
Orbiter sting cavity normal force coefficient

Orbiter yawing moment coefficient, body axis system

surface tap pressure coefficient, port i,
(P‘[ = Pw)/q

Orbiter side force coefficient

base area force and moment coefficients.

The first subscript (post fix) uesignates the
type of coefficient, 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
rol1ing moment

6

B voa . .




a4
ap

Symbo1

Plot
Symbo]

NOMENCLATURE (Continued)

Definition

PT

RN/L
SREF
TTR

XCP/L
X/LB

areas associated with pressure taps
1 through 6 see figure 2b

sting cavity area

upper body flap area

Orbiter reference body length, IML nose
to Xo = 1528.3, in.

longitudinal reference length, Orbiter mean
aerodynamic chord, in

uncorrected 1ift to drag ratio, CLU/CDU
freestream Mach number

angular cylindrical coordinate position
around Orbiter body - deg.

pressure at surface tap i, PSF

freestream static pressure, PSF

freestream total pressure, PSF

freestream dynamic pressure, PSF
unit Reynolds number, million per foot
wing reference area, ft2

freestream total temperature, °R
center of pressure location referred to b

longitudinal location of body surface,
fraction of body length




Plot
Symbo? Symbo1
X/C X/CH
X/Cy X/CV
iy 278V
n 2Y/8BW
Xnrp XMRP
XT XT
Yarp YMRP
77 T
a ALPHA
8 BETA
p¢ BDFLAP
ELWN-L,
Set L-ELVN
ELVN-R,
Ser R-ELVN
5 RUDDER
b SPDBRK
Zorp IMRP
$3

NOMENCLATURE (Concluded)

Definition

chordwise location on wing surface,
fraction of local 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

lTongitudinal location of moment reference point

longitudinal 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

B .
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REMARKS

During the course of the test it was necessary to replumb the scani-
valves. The resultant time loss necessitated deleting the priority 4 runs
which incorporated the use of the metric vertical tail.

Data obtained from pressure taps 184, 296 and 347 are suspect due to
slow leaks noticed while leak checking individual model pressure taps.

Body flap hinge moment data for datasets RE8B80O1 through RE8NO5 have
a -15%drift while datasets REBO06 and REB007 have a +10%“+"¢ . - to dau
recording system errors. System checks during the ' “a.nder of the test
indicate a system error of less than 4% for body flap hinge moment data.

Ro11ing moment data has an approximate -.003 bias in the coefficient.
Ti.2 reason for this was not determined, but possible sources are 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 at these test conditions. A comparison of me.sured 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° 5§’
-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° 24 -2° 20'
Outboard right 0 +0° 10" ¢ ¥ +1° 05
4 +4° 26' +3° 59'
10 +10°32' +10°18'

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

ey




CONFIGURATION INVESTIGATED

The Rockwell International model 47-0 Space Shuttle Orbiter Vehicle
was utilized in this test series. The model was originially constructed
to -140A/B 1ines, but was modified prior to this test with the addition
of the -140C OMS pods, six inch bevelled interpanel 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)
were added, and the slashes deleted for convenience on Table II(designated
"-140 ABCR").

In data sets RE8069 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
826 140A/B fuselage (VL70-000140A, VL70000140B)
870 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/B basic canopy (VL70-000140A, VL70-000143A)

E44 140A/B elevons (VL70-000200, VL70-006089, VL70-006092)
with six inch bevelled interpanel gaps, no flipper door

F9 140A/B body flap (VL70-0001408, VL70-000200)

M]6 OMS-RCS pods for 140C Orbiter

N28 OMS basic nozzles

Rg basic Orbiter rudder (VL70-000146A, VL70-000095)

Vg basic Orbiter vertical tail (VL70-000140A, VL70-000146A)

w],s basic 140A/8 wing (VL70-0001408, VL70-000200)
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TEST FACILITY DESCRIPTION

The Ames Research Center Unitary Plan 11- by 11-Foot Transonic Wind
Tunnel 1s a closed-circuit, air-medium, variable-density facility capable
of attaining Mach numbers from 0.6 to 1.4 at Reynolds numbers from.1.7 x
10%/¢t to 9.4 x 105/ft. The test section is 22 feet long, and models are
installed on intérnal strain-gauge balances mounted to sting-type support
systems.

Shadowgraph and Schlieren photographic equipment isavailiale, and
pressuré transducer instrumentation is provided.

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

runs are restricted by power avaflability.
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DATA REDUCTION

Standard NASA/Ames data reduction equations were used to reduce b

i

forces, moments, and pressures to coefficient form. Orbiter main balance

force and moment coefficients were computed using the following equations:

Symbo1 Orbiter main balance measurement g
NF Normal Force g
AF Axial Force 3
PM Pitching Moment 2;
YM Yawing Moment . B
SF Side Force .
RM Rolling Moment i
Cay = AF / (0 5) oy = N, oS o -Ca sina K
Cy, = NF/ (a9) Cp, = Cn, St a+Cp cosa I
Cy =SF/ (q5) b
¢, =M, Ca+ 2y Oy X ;
u ch Cc c j
RM Gy -+ &t Moment Transfer Distances 4
Co = 5y ¥ b o
; Xp = 0.572 in. ‘
G = G Yr =0
9°b Ir = 0.450 in.

The Moment Reference Center about which the data was reduced is

located at
Orbiter (Full Scale)
X, 1076.68
Yo 0
Z, 375.00

Balance coefficients were grouped into datasets RES80$$.

av
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DATA REDUCTION (Continued)

Hinge moments and hinge moment coefficients were computed using the

following equations:

Elevon hinge moments (inboard and outboard).

HMeI = (HM1-HM2) (M1/D1) + HM

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

where

HMi

D1

D3

M

M3
Elevon hing

]

=

e

measured moment on strain gdage i

distance between gages 1 and 2, .49335 in.

distance between gages 3 and 4, .45800 in.

moment transfer distance for inboard elevon, .93825 in.
moment transfer distance for outboard elevon, .92250 in.

moment coefficients

Inboard, cHeI = HMeI / (q S cg)

Outboard, Cy . = HMeo / (q Se ¢p)

Total, cHeTOT

Cey * CHe,

Se elevon reference area, 0.189 ft.2

Ce elevon reference MAC, 2.721 in.

Body flap hinge moment coefficient

Chpe = HMof / (a Spf cpe)

HMp¢

Spf

]

measured body flap hinge moment

body flap reference area, 0.12834 ft.?

N $
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I DATA REDUCTION (Continued)

Chf = body flap reference MAC, 2.541 in.
wj; ; Hinge moment coefficients are part of datasets RESX$S.
' Pressure coefficients for all model orifice pressure measurements

were computed using this equation:

Cpy = (P - P/

where Py = pressure at model orifice i
{ P. = tunnel static pressure
’ q = tunnel dynamic pressure

Other data reduction constants include:

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

After the data had been reduced to coefficient form by NASA/AMES,DMS
interpolated it to nominal «'s and 8's. Then 2 types of base and sting
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

U ~ uncorrected coefficients.

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

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

*e 15

P T O PR

IR B, e £ S i S PR 5

§ 5 s ki R il e AINEER

lbliaiiia




DATA REDUCTION (Continued) f

Only the correction coefficients associated with base pressure tapes )
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:

c = (Cp2 - Cp1) A
Asc S

c . (CEZ - CQ]) Ay tan 12.55°
Nsc S

= Zt xsc
Cmsc = Cag, < ONgc Iy

The orbiter force and moment coefficients corrected for the differ-

ence between balance cavity pressure and orbiter base pressure:

Ca = CAu - CASC
c =Cy ~-C

N Nu Nsc
Cm = Cmu - Cmsc

These orbiter coefficients are part of datasets KES80$S$.

16 PN
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DATA REDUCTION (Continued) ‘E a
1% 1
Orbiter base force and moment coefficients were calculated as follows: o
Upper base area ';
CN2u = ~(Cp2 Agy tan 16°)/S oy :
Cazu = -(Cp2 Azy)/S é ‘
c, = CA2u Zou _ Cnzu Xou :
m2u C c i
Lower base area ) 1

CN2£ = -(sz Azz tan 10°)/S

Chg, = ~(Cpp A, )/
Cm2, = CA2, 3?:& - Cn2, %—& t1
Total base area, A g
Cn2 = Cnzy + Cny, ‘
Caz = Caz, * Caz, A'

1

Cmz = Cmz, * Cm, ‘3

OMS pod base area, A3

(This assumes the surface is perpendicular to the

CA3 = '(Cp3 A3)/S
7
Cn3 = CA3

orbiter X-axis)

OMS pod base area, Ay

(This assumes the surface is perpendicular to the orbiter X-axis)

.« 17
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DATA REDUCTION (Continued)
Cag = -(Cpg Ag)/S

' YA
Cma = Caq -f-
Coefficients for the above areas are grouped into datasets EE8D$S$.

Upper surface of body flap

. Cops Pof & pao
CAbf = "~°'3T—_'Sin (8pf + 6.88°)

-C Abf °
chf = ——pl’-g—-—-—— cos (be + 6.88°)

Cape Zbf  CONpe Xof
C

Cmpf = C

where:

e = Sp200 * Cp201 * Cp204 * Cp205
Pbf 3

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

Cy - ('Cpl MY é Cag + cAbf)
Ay S i =2

o
-]
-
1]

g = O, (0 )
4
- C"‘“-(igz Cns + cmbf)

These orbiter coefficients are part of datasets KE80$S.

O
3
&

1

Vertical tail "undercarriage" area, Ag

Top Segment:
Cnst 2 (Cp5 A5t tan 63.75°)/S

18
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DATA REDUCTION , ntinued)

v Cast = - (Cps Ast)/S

Zst X5t

Cmst = Cast - Onst =
Middle Segment:

Cnsm = (Cps Asp tan 26.1426°)/S

o i mia, SR e, R N . TR ARG -

Casm = - (Cps Asp)/S

3
Zsm Xe =4

Cmsm = CAsm "§" - Cnsm 5m
Bottom Segment: E

CNsb = (Cp5s Asp tan 21.94°)/s ;

Casp = - (Cps Agp)/S -%

Cmsb = CAsb Z%Q - Cxsb 5%2
Total area, Ag:

Cs = Cnst * Cnsm * Cnsb

Cas = Cast * Casm * Casp

Cus = Cmst * Cmsm + Cmsb
Vertical Tail base area, Ag:

:;:t,.‘;k..;;{f.ux‘,t.g“ W LT e e - R

Segment above rudder

Casu = (Cps Agy)/S

z X
Cméu * CAgu ¥ - Cygy 6“

. 19
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L
i : DATA REDUCTION (Continued) i
P Rudder/Speed brake base: p
(- i
N Cag, ° Cpe Ag-y, [sin (0-55.1667°) cos §5.1667" ;
'; . “
§ + cos (0 -55.1667°) sin 55.1667° cos (sr)1/S ]
Cns, = Cps Age, [sin (6 - 55.1667°) sin 55.1667° ;
R - cos (0-55.1667°) cos 55.1667° cos (sr)]/S ;
= Cyg, = Cp6 M-, c0S (6 -55.1667°) sin 8r/S :
T Cs, = [Cas, (Z6,) = Cne (¥, )V/c s
1 o
Cus, = v, (26, )b
::; fl Cné, = -[Cv6 (X6,)1/b 1
L (fé&) | ]
S o = tan| [5:456791 + 573209 cos \ 2 i
b 3.797715 - .823715 cos (?%E) -
f A7y = Aﬁzlsin 0 ;
oo Total area, Ag: 1]
: ¥
% Cag = Chgu * CAse |:
) Cg = CNoy * Nge
| Crg = Crgy
Cmg = Cmgy, * Cmey,
Cog = Crge
an = CHSQ

Vertical tail area coefficient data are grouped into datasets GEBD$S.
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DATA REDUCTION (Continued)

Sgp A6, ft
0 0.0066036
25 0. 0456000
35 00621000
55 0. 0950800
85 01551400

= 15.045 + 1.442277 [1-cos (8sb/2)]

Zg, = 9.755 + 0.501827 [1-cos (8sb/2)]

Standard DMS loads cycle test procedures were used to 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




'I, { ‘
C < :7 ‘
u,l j
q DATA REDUCTION (Continued)
| ‘ : 0A148 Bad Pressure Data 3
" Dataset Tap ,!;
Component No. No. 8 a R
: Fuselage ! 143 4 -4 1 ‘
' (8) 1 148 4 -4 ;
g 1 150 4 -4 A
= 1 152 4 -4 §
1 186 4 -4 i
1 187 4 -4 \
1 189 4 -4 i
] 191 4 -4 !
- 1 193 4 -4 3
R Lower Wing 147 231 ALL ALL |
S (L) 1+ 85 290 ALL ALL
1 316 4 -4
1 317 4 -4
1 337 4 -4
1 338 4 -4
1 358 4 -4
1 378 4 -4
1 379 4 -4
1 398 4 -4
Upper Wing 127 247 ALL ALL
(v) 1 357 4 -4
Body Flap (F) 24 205 -4 12
Speed Brake (K) 1+85 822 ALL ALL
Vertical Tail 8 443 ALL ALL
(v) ALL 1444 ALL ALL
79 1453 -4 -4
79 1454 -4 -4

Note: Wind tunnel pressure data tabulated in the appendix
have the original bad data values.
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DATA REDUCTION (Continued)

AEgs i seg

These points were eliminated from further processing. The remaining data
were interpolated to nominal alpha and beta values.

ERIRT PN

Processing was com-
Pleted with the release of a magnetic tape containing the final interpo-

lated pressure coefficients.

This report contains plots and tabular 11stings for both force and
pressure data. Plotted force data 11lustrates lateral-directional, longi-
tudinal and hinge moment characteristics of the configuration tested.

Plotted pressure data i1lustrates the effect of several control deflec-

B i ATt NSRS

tions and attitude changes on local pressure distributions. The multiple !
:, volume appendix contains a tabulated 1isting of the basic force and pres- ,
o sure data. Listing of the interpolated base area coefficients is also ;

included. The plotted and tabulated data are arranged in the following £
manner: ’

VOLUME
NO. CONTENTS

1 Force data plots showing lateral-directional

longitudinal and hinge moment characteristics.

2 Plots illustrating the effect of control surface

LR T S T S A S T e
¥

deflections on fuseIage; wing and vertical tai}

pressure distributions.

e DR et e TR ani B
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DATA REDUCTION (Concluded)

VOLUME i f
NO. CONTENTS ;
3 Tabulated Force Data "

Dataset Data type |
RES0$$ source balance coefficients
RE8X$$  source hinge moment coefficients
REBY$$  source base pressure coefficients g
i)
KEBO$$  interpolated balance coefficients o
ddjusted for cavity pressure and o
forebody coefficients ,
EE8DS$$ interpolated base and cavity area
FESD$S$ coefficients
GE8SD$$ interpolated vertical tail base
area coefficients
Tabulated Pressure Data
Fourth ]
Component Character* Page - f
4, 5 orbiter fuselage B 1 ‘
6,7,8 Tower wing L 12N !
9,10,11 upper wing 1] 3147 ;
12 upper body flap F 5405 ’ |
12 lower body flap G 5774
13 speed brake K 6143
13 vertical tail v 6547

* The fourth character in each dataset identifier (1.e., XEBBXX, B for
Fuselage) represents the individual component.

25
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TABLE I
PR
TEST ¢ gal4s [DATE ¢ May 1975
TEST CONDITIONS
REYNOLOS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
MACH NUMBER (pet foot.) (pounds/sq. inch) (degrees Fahrenheit)
| 0.60 4,57 x 108 4 166 120
 0.90 3.41 x 105 4,166 120
110, 1.05 x 10° 4.166 120
1.28 2 .86 x 108 4,166 120
.40 2.74 x 108 4,166 120
BALANCE UTILIZED: _____ARC Task MK XX A
CAPACITY: ACCURACY: CoEFrciEnT
NF 3000 1bf/gage
SF 1500 1bf/gage )
AF 600 1bf -
PM 22,000 in-]bf A
4000 in-1bf
yw 10,500 in-1bf

COMMENTS: Maximum normal and side force dependent upon point of
application
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TABLE 111
MODEL DIMENSIONAL DATA

MODEL COMPONENT :_BODY = Bog.

GENERAL DESCRIPTION : __Configuration 1L0A/B orbiter fuselage
NOTE: Bo¢ is identical to en..

refaired to accept wné.

JMODEL SCALE: 0,030 MODEL DRAWING: S5S--AQ01L7, Release ]2
DRAWING NUMBER .

VL70-000140A, -Q00140B

DIMENSIONS : FULL SCALE MODEL SCALE
Length (OML: Fwd Sta. X =235),In. 1293.3 38,799
Length (IML: Fwd Sta X =238),Tn.—1290,3 = _38,709 _
Max Width (@ Xg = 1528,3), In.  ___26L.0O 7.920
Max Depth (@ Xo = 1464), In. ___250,0 7.500
Fineness Ratio —_—2bh . 0.20L
Area - Ft2

Max. Cross~Sectional 340,88 0.3068
Planform
Wetted
Base
34




TABLE III (Continued)

MODEL COMPONENT :___BODY - Bao
GENERAL DESCRIPTION : __Configuration JOA/B arbiter fuselage yith

forward fuselage RCS thruster ports, otherwise gzo is 1dentig_a.; to
BEG'
MODEL SCALE: 0,030

DRAWING NUMBER : ~R0-S00LL0k, 000108, 0001438, -000145, 000200,
VL70-000205, 89, -008501, -008502, -008296

DIMENSIONS : FULL SCALE MODEL SCALE

Length (GML: Fwd Sta X=235), In. 1293.3 38.799
Length (IML: Fwd Sta X, =238), Ind2gn.3 8.70

Mox Width (@ X, = 1528.3), In, 2600 = _7,90
Max Depth (@ Xq = 1464), In, 250.0 7.500

Fineness Ratio Q260 ~Qa264
Area - Ft2

Max. Cross—Sectional —a40.88 0.3068

Planform

Wetted

- T D
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TABLE III (Cont'd)

MODEL COMPONENT : CANOPY - ¢

-9 —
GENERAL DESCRIPTION : —Lenfisuration 34, Canopy used with fuselare
Bog-
MODEL SCALE: 0.030 MODEL DWG:

S55-A00147, Release 12

DRAVWING NUMBER . _VI.70-000143A

DIMENSIONS :

FULL SCALE MODEL SCALE

Length (XO.L%.&B to 578)9 In, —nlle —m__

Mox Width (@ X = 513.127), In.
Max Depth (@ X = 485.0), In.

Fineness Ratio

Area

Mox. Cross—Sectional

Planform

152.412 4.572

22,00 0,750

Wetted

Bose
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TABLE IIX (Cont'd)

MODEL COMPONENT _ELEVON - ¥

GENERAL DESCRIPTION MMMW

Flioper doors centerbody nieces, and tipseals

are not simulated,

(Data are for one of two sides.)

MOUEL SCALF: 0.030

DRAWING NUMBER

FULL SCALE

37

DIMENSIONS MODEL SCALE
Area =~ th 0.189
Spon (equivalent) , In., 349.2 10.476
Inb'd equivalent chord, In, 118.0 3. 54
Outb'd equivalent chord , In. 35.19 1,656 '
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord D 2096 0.2096
At Outb’d equiv. chord 0. 4004 0.4004
Sweep Back Angles, degrees
Leading Edge 0,00 0.00
Tratling Edge =10,056 =.10,056
Hingeline - 0.0 0.0
(Product of Area & c)s
Area Momen! (bazmoboodoagedtne) ,Ft~1587. 25 0.0429
Mean Aerodynamic Chord, In. 90.7 2.721




TABLE III (Cont'd)

MODEL COMPONENT :,__BODY FLAP - Fg

GENERAL DESCRIPTION : ___ Configuration 1L0A/B

MODEL SCALE: 0,030

DRAWING NUMBER : __VL70-000140B, ~000200

DIMENSIONS : FULL SCALE MODEL SCALE
Length (Chord), In. 8.7 2,541
Max Width , In. 262,308 7.869
Max Depth, In. 23.00 0.690

Fineness Ratio

Area = th

. Max. Cross—Sectional

Planform 142,60 0.128
‘. Wetted
Base 41,90 0.0377




“L' TABLE III (Cont'd)

MODEL COMPONENT :__OMS POD - Mjc

GENERAL DESCRIPTION : _Confipguration 140C orbiter OMS pod - short pod.

External contour is to referenced drawings with 1/2" added to simulate
TPS.

MODEL SCALE: 0.015

DRAWING NUMBER . _VL70-Q08401, -008410

%.i DIMENSIONS : FULL SCALE MODEL SCALE
# s Length (OMS Fwd Sta Xq =1310.5),TIn. 258,50 1,735
:; Max Width (@ Xp = 1511), In. —2136.8 4,104

;; Mox Depth (@ Xn = 1511), In, 74.70 2,241
1 Fineness Ratio ——ahll 2,484
;: Area -~ Ft?

z Max. Cross—Sectional 58,865 0.053
:o:?- Planform
‘ Wetted
Base

2y |
g
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TABIE IIT (Cont'd)
OMS

; MODEL COMPONENT: M&% NOZZLL3 - N,q

CEWSRAL DESCRIPTION: ___Confisuration MAQA/R orbiter OMS nozzles. . .

-

-

MODEL SCALE: 0,030

DRAVING NUMBER: _ VL70-000140A (locatio - :
DIMENSIONS: FULL SCALE MODEL SCALE i
MACH NO. ‘ i
Length - In. :

Gimbal Point to Exit Plane
Throat to Exit Plane

Diameter - In.

Bxit
Throat
Inlet
Lrea - £t2
Exit
Throat
Gimbal Point (Station) - In.
Left Nozzle
Lo 1518,0 . __Ah5.54
1o - —880 - _26L
20 492, _L76
Right Nozzles
X0 1518.0 45,54
20 492.0 ~2h76
Null Position - Deg. -
Left - Nozzle
Piteh 15°49! 15°49'
Yaw 212017 12017¢
Right Nozzle
Pitch
Yaw

40




TABTE IITI (Cont'd)

MODEL COMPONENT . RUDDER_ - R.).
GENERAL DESCRIPTION Confi tion 140C orbiter rudder (ident to

configuration MZB rudder),

MODEL SCALE: 0.030

DRAWING NUMBER _VL70-000146B, 000095

DIMENSIONS FULL SCALE MODEL SCALE
Area = Pt 100.15 0.090
Span (equivalent) , In, 201,00 6.030
Inb'd equivalent chord , In, 91.585 2.748
Outb’d equivalent chord, In. 20,833 1,52

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chotd 0,400 0.400
At Outb'd equiv. chord 0.400 0.400

Sweep Back Angles, degrees

-

Leading Edge 34,83 34,83
Troiling Edge 26,25 26.25
Hingeline 34,83 34.83

(Product of area & c)

Area Moment (hioascbanboupies ,N’.ﬁlQ..‘ZZ_ 00165
Mean Aerodynamic Chord, In, 73.2' 2.196

M




TABLE III (Cont'd)

MODEL COMPONENT: VERTICAL - Va

GENERAL DESCRIPTION: Configuration 140C orbiter vertical tail,
(Identical to confipguration 140A/B vertical tail.)

MODEL SCALE: 0.030

DRAVING NUMBER: VL70-000140C, ~O0Q1A6B

DIMENSIONS:
TOTAL DATA

krea (Theo) - Ft?
Planform
Span (Theo) - Im.
Aspect Ratio
Rate of Taper
Taper Ratio
Sweep-Back Angles, Degrees.
Leading Edge
Trailing Edge
0.25 Element Line

Chords:
Root (Theo) WP
Tip (Theo) P
MiC
Fus. 3ta. of .25 MsC
W.P. of .25 MAC
B.L. of .25 MAC

£irfoll 3ection
Leading Wedge :ngle - Deg.

Trailing Wedge /fngle - Deg.

Leadiny Edge Radius
Void irea

Blanketed frea

42

FULL SCALE MODEL SCiLE
413.253 0.372
315.72 9.472
1,675 1,675
——0.507 _ 0,507
—O.40L  __ 0,04 .
45,000 45.000
26,25 26,25
268,50  __8,055
_199.8) 5,994
463,35 43,901
635,52 19,066
10.0 10,0
14.92
~ 2.0 'Jo.o&)"‘
13.17 0.0019
00  _00 _

SO




x MODEL COMPONENT:

WING-W 1

TABLE III (Conl'a)

GENERAL DESCRIPTION: Configuration 4
NOTE: Ide“ti“ﬁmmwm_mw__

trailing edge of wing,

MODEL SCALE: 0.0}0 _
TEST NO., DWG. NO,. VL:ZO-OOOJ_J*OA. ~000200
DIMENS IONS FULL~SCALE MODEL SCALE
TOTAL DATA 2
rea]\ 190.) Ft
Planform 2690,00 2,421
Span (Theo In, .68 28,10
Aspect Ratio 2. 2,265
Rate of Taper 1,177 1,177
Taper Ratio ' 0,200 0,200
Dihedral Angle, degrees 3,500 3,500
Incidence Angle, degrees 0. 500 0,500
Aerodynamic Twist, degrees .
Sweep Back Angles, degrees R
Lea?:li?g Edge . 000 . 000
Trailing Edge = 10,05 - 10,0
e rg.zs Element Line 35,209 . 35,209
ords:
Root (Theo) B.P,0.0. 6§2.% 20,6717
'{J‘g. {Theog B.P, 137.85 4,136
8 TNFINA
Fus. Sta. of (125 MAC jﬁtﬁ 3105
P Of o 290,58 8,712
B.L. of .25 MAC N —a82.23 Sk
EXPOSED DATA) 2
rea eo Ft 1751.
Span, (Theo) In., BP108 ;%,2% §i:2§$
Aspect Ratio 2.0 2,059
Taper Ratio 0.245 Q.245
Chords
Root BP108 562,09 16,863
MAC 392,83 21.785
FUS. St&. °f 025 MAC » 1"0579
W.P. of ,25 MAC
B.L. of ,25 MAC 1,77 7,558
Airfoil Section (:ox;w‘l Mod NASA)
Root% = 0.113 0.113
. Tép % - 0.120 0.120
**  Data for (1) of (2) éides
Leading Edge Cuff
Flanform Avea — Ft2 I T
leading Edge ‘ntarsects Fus M, L, @ Sta 20,0 15.0
leading Edge Intersects Wing @ Sta 1352.0 30720

43

i EETE L ok b RN R

el a1 i m T e e .

oS o e Stk s . &

Sk Mot B a7t e MRS adencas » e

iy e Bee eoafe Vil iditea s . M e Lf 5 i e Sk

T PR w  Te T PO B S

s _._“.__ e



I IR TIGRSE amenFe NEEA et L vie g i el D a3l oL . el r L o . . N . N

]
H

A 77 # e @ Vledéz|mwid au =
so| 9\@ #7 €5 2/ /enoe1l 162/ |9 zer | op 2| agraf o ”
%| 2 97/, |szr|ws|orsdlogs E
5| Bl 22 7] oz/ Gifan| (i |9 Zp v coag &
2% 2/ £ z/n Vi oéa| |89 |eonsee |2 sz m .
g el 70/, £0/. 20/ 1oNow| 1661 |SE|rok|9ld|S29 & -
x| 2% =2 # £é B|6] |06 |ég| /520821074 mn
| 7led | |7 Z G % A AV A A 2R [T =
el 2 v e 221 1S8E/ 5771 -
bhlos| 67 |87 47 929 $9| p9|€9]|29| 19| 09| 9U (% £/| 057 ,
e[ 7] Jés . . LR 27 I
23] & | &2 rd- £$ 25| /<) ¢\ 6P\ GF | LB| 211" op i o s
62| 81€7 2% /7 Wl scloeiLEr 98| |0l0|sLé|szE
L elre of 62 8z\lz| 2152|102 | 700|458 5| 562
srlefe] | & Z/ w|stlwt | er|2r| 0 |ezolséslso=
AR K4 6 & |80 | sc¢Z| spz
K 4| o |sos|€z
L1086 | 77 75/ 9 e om0z ol os| oz 5] ox 02| O T, Poh] 1727
SIF205] ~ MNOILYSOY TwiOVY .mw W ~y3Lrep) w
— Srvosivoay ov/ FUNesIy/ IoVTISRy ,
*AT 378V
I} ci - ... e g e e s e s o= - ;.m‘.b.(&.;kr \u.m_
T AR A TR s o T e K




ol 7 IR ées1 sfosa

72| 6 - £/ « %/ e V| 1 (0% 7
LE| 6 4 e e |2 (%A 1z6] ézr|aeer
721 & 7z CZ W=7 V7 ey 29| |97e8lszp| e
6/ 6 4 V| Ny ||| K 21281 0se] ooe/
o\ & v £/ N (N \owlawilpr| ol |SP16200 e s sp2r
%\W e 06/ \ o1\ 6| S\ w | %6 /51| asr| g/l se7| 027 orr SoA oe oL\ se|op 7 .N\_wxot 7y
SIFFEFg ~ NMOLLYIOy vy, @ M ~A7L190)

SNO/LVOT) oYy FONSSIY/ TW79S2/

*p3pagouo) - ‘Al 31GVL

a5




| £/ o5 6| LE| 7] sig| pie
9IeE | ot [P | £k 105 262
g rd el ocrH
T (Ggs | ook |oss | oo ) ]
2/ /621 o0& | oez | 552 | 27| 76Z T .
o 7 G| Ll wz| sz | pl2| €2z 67| VQN* (2
‘lo09l° 595" | 2op° PLZ | LLs | 580 C
g/ E7z 22| /92| 07| 52| a7 |
12\ ¥ osz| |6z |2 |LrZ|997 | Sp2 zpZ oL
‘iZeg” o6e |z |V 9% c | =
Z/ 157 geX|ce2 | re2 | exz |2
re| €/ szZ pzz|ezz | =2z | 172 | ooz z| iz O/
‘loaz vép| 292 | 62z |aee- |0 10
O —_] — — )} -] — —_
6 s we|sz|pz|ez| 2z g0 o
RV AR A7 c
Nﬁn & SNOUYOO? Sl FINSSITHs SN LFF7 A

‘A 38V1

A6




TR T T i e e T R

ZZ
wlZ EB L2 | by o,
! | e 8| P
Z 7o’ oo | 66€ | BBE | Z6€ | 96€ |58 | 1@
261 @ PBE| £CE| Z6E | 6E| OFC | 6% | 857 | o | ot | 49| o,
|y |e& e | LT ewr | 2o o | 9
o W | SGE | 25X | e | 25 | 15| o | 68| S2E | L I
syl o7 WE|KE | e cLg| 2/e| /LE|AUE|69E 595 | L% | o %9\ 108
Gy | 6| &L @9 arp| @T| & | o |oeT |00 O o5
3 995 | o | poc |92 | 29€ | 19| 09| 658 | ok 105
és/l o LSE| ISE| XE | pxE| €<E | ZVE | /5F | SE | 67| BrE AV 1174
Z6°| &7 &LV %9 oz | a7 | B [ 2o T 00| O /23
a £v5 | 25| /vs| ope | des| 68| 2 | 98¢ x.mw
v 4 L ZEE| /EE| o£E| 2%| gZE| L2e| 9t | RE | pTE| oiof <rg| o
&y | T | | ool | oz | | az| o o (o | oo o 2
, + Lpg| /€| sp5) e B Lo5
€21 < <ar|zee| eee A
oy | er | eF ALl | ezl app| Gz aeA @O azo | o7 o Z%
M‘M “ SNOWUYIO7 oL FINSSIXS MM L977 v {4

*papnduo) - ‘A 378VL

47

e e
¢ TRy

o g pme——




>

{

be

o

|

ot | < |aw|e2o|s|z8]725| 959 <£22| ose )
s2 | 5 |s2B|reg|2d|zzg| 28 9oL 212 | oz«
o2 | ¢ |028|6I8 &G L8| WE| 22| <Zoz o859
sr7ls PIG\EE 2/ /B Lop*| &%/ 292
o/l & o8 wg| 8| ps2| 6gs| O£2

s | « [PrwlE (2@ 00| o] o8/| o009

Uk.nw. nﬂmn o6°|s9°| | 52| 07 %w\m *wqﬂwuwﬁx ozl TS o '/

=74 MSIINNG G3ToS . 3

<

oS | ¢ |aw]| | #2]|ar| 6 |572[08|992 [s9p] 576 | 92| ZéZ B

6| 6 |2 €@ | 29| A0 | PP |6t|8] dsp (20| onr | SEZ | 92 .

ZE | £ | Zo| psp/ | ESH [ 272 ozZZ

6Z | & |s52| popl sop| 2P| 15P| KP|p2| S | 4| 995 - oLz e62 '

oz | £ |or#| s2m | 2200 gsp'| se6/ | S5#2

L2} s | 0| sop | otpl Epp| 2op| let |orD| 6Ep |Ep| 9/E° o o002 _~

gle LED | Fep | SED | pep |FED (TFP | 169 |osP| £/ <£9/ oSS 5

e[| s [z 7| o | 27| 0|70 | O] "k | v BT 2| ;

Yy (op?) 77711239 o

. SNOILY07 S TINSSINS o

I TTRSS F UL WOULIIN YALITHO P

"IN 378Y1 L




H

TABLE VII.

BoovFeAr AREssure TP dacaroms

“.
&00
204
PPER
|

2/ ,
z”s; /
|

207~

|
[%
]
E LOwER 5
208 202 206

Loveine Teamwean,

49

Orerrce~ X & ~ Leseets
e \Moocae | X M. Ao
Sk 1 Scals 4& o L0 73,3 g”
1S55¢ | 4665 | Losg | 200 | 200 | 2 2
5554 |46.65 ] 10/8 |202 |203 | 2 £
/S0 47270 |1.04é (204 | 205 2 é
S90L (€770 |/0t6 |06 |207 | 2 (-]
€
[}
e '
| X 30




. o
¢
SUdLIUdAUOD ubts pue SwdISAS Sixy - °| IanbL4
N
|
SuRISAS SiXY 433LquQ ‘P Y
. *},
¥
1
o
o :
$
Ajaoib jo : q
134u3d ay4 woy padojdsip uaaq anoy saxo s
A4111q04s puo puim jo suibiio ‘A2 104 2 .
smoLio Aq pajodipul _
940 59|6ud pub ‘54UB15144305 judwow
‘$4ua12144903 93104 Jo suoiydasp aAusogd -k
i
I
tsajoN A,
.muw
ﬂ..m_,h
. «%



— e -

RUDDER AND SPEFD BRAKE DFFLECTIONS

(PARALLEL 70 THE FHL) [ Maximum Daflectionn
|Nehicle 4%&4‘!’9;&&/5&_&_

8l 228 | 20
87.2 ]S

=35/+20 o
=11,7/422,5 | <\ /s 2.8

., 7 ey ey

BODY FLAP DEFLECTIONS

. e f Z, = 287.0
P an f

: Xo = 1532
b. Definition of Angular Measurements

Figure 1. - Continued.




i ,:
1
N i
vp— .
- .
- -
Y i
L.
Y
-t

b
t
i
h
]
i
f
=
' Y
= 1
. i
. !
i, i
‘
y
5 1
5 H
. '
: Jd
. il
. i
3
=
v :
¥ H
H i
J
Y
;
i

c. Elevon Hinge Moment Sign Convention ‘ |

= Figure 1. - Concluded. ‘ .
) - |
| v




*S3YIIINS [IPOW - °2 dunbL4
4/3/a/voyL - uorjeanbiyuo) ‘e

M - aoa swo

%A - TIvi TvorINaa

<U_zw<<< 40 S31VIS Q3LINN

— . r

(n—ln—ejhhaom
— M ——
- 2 .
[

== =
L3 @

vsn /

’4 Olg - moﬁmmaul\

4 - yaaany

65 - xdonvd

NP IE—

O=dJ -

. AMIL W
1\ \pi\\V/ 9T y - onTM

Mg - snoATTI

53

e A e e e o .




T 2,090

e A A S L S S L S T AMEMRRARRRY

o Mo, PRorEeTED

Aen ° dlaln oL w &
I o oNMNGLLAA (x"-
A S 2186 4§ U2
~3 G ¢3«a0n2 {1
D e

D O N4 L1 (4

o -

b. Base Pressure Taps and Areas
Figure 2. - Continued.
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PRESSURE ORIFICE LOCATION OF LEFT WING PANEL -
OO ————

215
209 210 211 212 213 214 | ZL l;'

Y, oe=__ -—— - — M = 0,235 IN (CLocAL - 981 IN)

=110 219
226
220 227
218 [ 221 222 223 224 \ I 228229
Y, = 140 517 o= n =0.299 (CpocaL - 781 IN,)
/[ 1233 234 235 236 237 238| el
230 [535 236240

23 246
! 2

\ 247/ 249 250 \ '254 n = 0,364 IN,

/" 260 262 263//26(\ Se8

25% 257 z q 261

70\ \ 275 276 277 \679 7 = 0,427 IN
Y_ =200 269 =296 (CLocAL - 469 IN,)

283 289 290
284 / ’é‘” ) /292329\295
285 z
299300 304 06 308
30 .
= 250 BRLAA\ o™ 5 XV / 310 7 =053
31k e 323
_/ [15 \ 3‘18 l \%322 (CrocaL - 395 IN, )
312————, 317 321
33 326200, 1 320
Y_ =315 4 3222 32""33°~332— 335 ,,, =0 673 IN:
336337 - 34134232‘3*4 346 (CLocaL - 318 IN)
Y =365 3%9350 321353355357 7 = 0,780 IN,
= A 3 .
° 3 358 - 362 363 — 366 (CLOCAL - 258 IN,)
36369 370 371 372 73374 26 n = 0.887 IN,
Y =415 367 “ve 386 (o} -.200 IN,
o 377 378 379380—383 - 3- 301 (CLocaL )
388 °F 392 n =0,972 IN,
Y =455 q ! /394 393 .
o 395 (CrocaL - 158 IN,)
39{ s oe
WING TIP T n=1,00
402 J 403
| _ELEVONS H, FUSELAGE STA 1387

c. Fuselage, Vertical Tail, and Wing Pressure Tap Locations

Figure 2. - Continued. ‘
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APPENDIX

VOLUME
NO. CONTENTS PAGES
3 TABULATED FORCE DATA 1-723
TABULATED PRESSURE DATA
COMPONENT

4, 5 Orbiter fuselage 1-1270°

6, 7, 8 (Note) Lower wing 1271-3146
9, 10, 11 (Note) Upper wing 31Q7- 5404

] 12 Upper body flap 5405-5773 ’

12 Lower body flap 5774-6142

13 Speed brake 6143-6546

13 Vertical tail 6547-7114

Note: Data tabulated at 2Y/BW = .673, X/CW = .775, .850, .950 & 1,00
were actually located at 2Y/BW = .641, X/CW = .775, .850, .950
& 1.00 as shown in Table V on page 47.
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