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FOREWORD

This deccument summarizes the results of data and .data analysis of two
wind tunnel test prc;grams to define the plume induced environmeni::s on the
" Space Shuttle vehicle. The work was performed for the NASA Marshall Space
Flight (I_eni:er, Huntgville, Alabama. The NASA technical monitors for this
study was Mssrs. Kenneth L. Blackwell and Joseph L. Simms of the Systems

Dynamics Laboratory.
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SYMBOL

ET

0
SRB
SSiV

RBase

Components
Elements

Forebody

TR-1964

GENERAL NOMENCLATURE

DEFINITION

Space Shuttle external tank
épace Shuttle Orbiter
Space Shuttle Solid Rocket Booster

-Space Shuttle Launch Vehicle

Locations on the Space Shuttle where the nozzle exhaust plumes
are the primary influence in determining the local pressure
environment ' }

Portions of the Orbiter; wing, body flap, etc.
Primary elements of the SSLV, Orbiter, ET, SRB's

Locations on the Space Shuttle where the nozzle exhaust plumes
are the secondary influence in determining the local pressure
environments

vi
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TEST NOMENCLATURE

Symbol .

General: Definition

Cy Axial force coefficient .

CBV Vertical tail bending moment coefficient

CBW Wing-root bending-moment coefficient

CH Hinge moment coefficient

CHEI Hinge--moment coef-ficient for inboard elevon.

CHEO ) Hinge-moment coefficient fo? outboard elevon.

Cl . Rolling moment coefficient

Cys Pitching moment coefficient

CN Normal force coefficient

CNW Wing normal-force coefficient

CTV Vertical tail torsion moment coefficient

CTW Wing-root torsion-moment coefficient

CY Side force coeffiqient

CYN Yawing moment coefficient

CYV . Vertical tail shear force coefficient _

L - Reference length, in. or ft. defined in Table 6-10

S Reference area, ft2 defined in Table 6-~10

SUBSCRIPTS

B Base ]

F Forebody - fuselage _

CP Determined using power on‘pressure coefficient

DEL Determined using power-on minus power~off delta
pressure coeffieient

0 Orbiter

vii



u]
mgﬂ Engineering & Technology Group

ET
SRB
PON

POF

- TR-1964

TEST NOMENCLATURE
ET

SRB
fower On

Power Off
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Symbol

TR-1964

GAS DYNAMIC NOMENCLATURE
Definition
Pressure (absolute) at model surfaée tap i, psia
Pressure coefficient for model surface tap i.
CPPower On_cPPower Off
Chamber pressure (absoiute) for nozzle j, psia

Exit pressure (absolute) for nozzle j. psia

Chamber-pressure ratio for nozzle |

_ Ratio of specific heats for nozzle J

SSME chamber to freestream pressure ratio
SRB chamber to fréestream pressure ratio
Chambep to exit nozzle pressure ratio
Chamber to nézzle wall pressure ratio
Plume boundary Mach number at nozzle lip

Nozzle exit Mach number at nozzle wall (inviscid)-

Exponent of ratio of specific heats and in similarity parameters

Initial plume expansion. angle

Left inboard elevon setting, corrected for load deflection, deg.

Left outboard elevon setting, corrected for load deflectiomn, deg.

Pitch~angle of nozzle-j axis in a plane parallel to the
Orbiter plane-of-symmetry, deg.

Pitch-angle of nozzle-j axis in a plane which yaws with
the nozzle, deg. '

Yaw-angle of nozzle-j axis in an Orbiter waterplane, deg.

ix
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Teat Operations:

M ~ Freestream Mach number,

Re/ft Freestream unit Reynolds numb;er, ft-1,
q Freestream dynamic pre,ssu-r_e ’ ;ps.f.
). N Freestream static pressure', psia.
Pp Freestream total pressure; psia.
T Freestrean static temperature, oR.
T Freestrean total temperature, °R.
& Model argle-of-attack, deg.

B Model angle~of-sideslip, deg.
Tsrp SRB supply total temperature, °R.
Tvps MPS supply total -temperature, °g.
PCMPS. MPS supply total pressure, poia.
Pc ’ SRB supply total pressure, psiae.
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Section I

INTRODUCTION

An analysis of pressure and strain-gage data from Space Shuttle wind
tunnel test IAl119 and TA138 was performed to define the influence on aero-
dynamic charaéteristics resulting froﬁ the main pfapulsien éystgm (MPS) and
.s011d roéket booster (SRB) ..plumes. Aerodynamic characteristics of each of the
elements, the components and tot§l vehicle of the Space Shuttle vehic;e during

ascent flight was to be considered,

 Test TA119 was a transonic wind tunnel test of a 0.02 scale model of
the Space Shuttle launch vehicle., The test was conducted in the 11 x 11-foot
section of the NASA/AMES Research Center Unitary Plan Wind Tunnel, Pressure
data were obtained over the aft portions of the space shuttle wind tunnel

model in addition to wing and elevon gage data.

Test TA138 was a supgrsdnic wind tummel test of a 0.0l-scale model of the
Space Shuttle launch vehicle. The test was conducted in the 9 x 7-foot
section of the NASA/AMES Research Center Unitary Plan Wind Tunnel. Pressuré
" data were obtained over the aft portiomns of the space shuttle wind tunnel

model. Wing and elevon gage data were also obtained.

.The simulant gas used to develop the model exhaust plumes was air. A
portion of the tests were dgvoted to testing at various poﬁer levels. Data
from the power level portion was used in conjunction with prototype possi--
bility curves to evaluate nominal power levels. The nominal power levels were
used during the investigation of changes in model attitude, elevon deflections
and nozzle gimbal angles on the aerodynamic characteristics. The simulation

N
parameter used to develop nominal power -levels was [G.Y.N] = {6,v. ]

PROT 43 MoDEL
where N varies with Mach number.

Aerodynamic loads iﬁduced by the plumes were developed for the Space
Shuttle base areas and forebody areas. The base areas are, the orbiter base
including nozzles, the ET base and the SRB base. The forebody includes those
areas of the orbiter forward of the base. The forebody includes the body flap,

the wings and elevons, and the ET and SRB areas forward of the base.

i-1
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A math model of the plume induced aerodynamic characteristics designed
to-match the forebody aerodynamic math model was deveioped for.a range of
Mach numbers. The aerodynamic characteristics of the base are presented in
terms of forces and moments ‘versus attitude. The aerodynamic characteristics
of the total vehicle base and forebody are presented in terms of aerodynamic
coefficients for the range of Mach numbers from 0.6 to 2.5. Aerodynamic

_ characteristics of the elements compohent base and vehicle forebody are
presénted for Maéh numbers from 0.6 to 2.5. Aerodynamic characteristics are
presented vs Mach numbers compatible with Mach numbers used in defining

forebody aerodynamic characteristics.

Tolerance values were developed for all p;ume induced aerodynamic charac-
teristics. The tolerance.values were developed in terms of a math model and
include simulation parameter uncertainties, imodel instrumentation uncertainties,
model configuration uncertainties (including tunnel-model support interference

uncertainties and Reynolds number effects).

The results of the above analysis and math model of the TAl1l9 transonic
data are presented in detail in reference 1. The result of the base pressure
integration computer program, gage data, and plotted data are presented in the

appendix to reference 1.

The results of the analysis and math model of the IA138 supersonic data
are presented in reference 2. The results of the TAl38 base pressure integra-
tion computer program, gage da;é, and plotted data are presented in the

appendix to reference 2.

Brief discussions of the wind tunnel test programs, data analysis tasks
and analysis procedures are presented in the following sections, Examples of '

the results and math models of the results are also presented.



TR-1964

o
D]@D Engineering & Technology Center

Section II

WIND TUNNEL MODELS

The wind tunnel model used for the‘IAll9 test was a .QZ_scale Space Shuttle
Launch Vehicle configuration. The wind tunnel model is designated - 88 0TS
Configuration 140C (modified) Jet -~ Plume Integrated Space Shuttle Vehicle. The
wind tumnel model is essentially the same as was used for an earlier Space
Shuttle plume test IA19, conducted in 1974. The major difference being that the
contoured SSME flow throuéh nozzles were used during -the TA119 test and conical
SSME nozzles were used during ‘the IA19 test. The- orbiter model was-the 140C
model configuration which generally represents the 0V10l orbiter mold lines.

The OV102 mold lines have significant differences in the canopy contour, the
wing section.near the glove-iring fairing, and the elevon contour. Details of

the model configuration can be obtained from the pretest repoxrt (reference3 ).

The model was strut mounted as shown in Figure 2-1. Cold air was supplied
through the strut to the SSME énd SRB nozzles.' An air supply strut was mounted
between the ET and orbiter to supply air to the simulated SéME.nozzies as shown
in Figure 2-2. The SSME nozzles were contoured with an exit plane iip angle of

5 degrees. The SRB nozzles were conical with a lip angle of 27.5 degrees. -

The left orbiter wing was strain-gage instrumented to obtain wing shear
forces, root bending moments and torsion moments. The inboard and outboard
elevons on the left wing were separately strain-gage instrumented to obtain
hinge moments. The vertical tail was also strain-gage instrumented to obtain
shear, bending moments, and torsion moments. _The right orbiter wing and elevons
were pressure instrumented. All base, nozzle, and porticns of each element

forebody area were pressure instrumented.

The flow through MPS nozzles and SRB nozzles were capable of being set at
various gimbal-angle positions and several gimbal patterns were investigated.
The inboard and outboard elevons were also capable of being set at various
deflection angles and data were obtained for a series of elevon deflection

combinations.
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The wind tunnel model used for the IA138 test was a 0.0l scale, space shuttle
launch vehicle configuration. The wind tunnel model is designated - 75 OIS
Configaration 140C (modified) Jet — Plume Integrated Space Shuttle Vehicle.

The orbiter model was the 140C model configuration which generally represents
the OVLOl orbiter mold lines. The 0V102 mold lines have significant differences
in the canopy contour, the wing section near the glove-wing fairing, and the
elevon contour. Details of the model configuration can be obtained from the

pretest report (reference 4). -

The model was strut mounted similar to the IA11l9 model as shown in
Figufe 2-1. Cold air was supplied through the strut tc the SSME and SRB nozzles.
An air supply strut was mounted between the ET and orbiter to suﬁply air to the
simulated SSME nozzles as shown in Figure 2-2. The SSME nozzles were conical
with an exit plane lip angle of 11.0 degrees. The SRB nozzles were conical

with a 1lip angle of 27.5 degrees.

A partial right orbiter wing was strain-gage instrumented to obtain wing
shear forces, root bending moments and torsion moments. The inboard and out-
board elevons on the left wing were also separately strain-gage instrumented
to obtain hinge ﬁoments. All base, nozzle, and portions of each element fore~

body were pressure instrumented.

2-2
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Section III

TEST CONDITIONS

The IA119 and the IA138 wind tunnel test program was essentially conducted
in Ewo parts. Part one was a power variation test at zero attitude, where
chamber pressure of the MPS and SRB model nozzles was varied. Part two was a
test program ét a nominal power level that included various-elevon deflections,

nozzle gimbal patterns, and attitudes.

Base pressure data, from the power variation tests (Part 1), was evaluated
at the test site along with prototype plume characteristics to evaluate the
nominal model nozzle plume characteristics and model chamber pressures. (See
Section V for plume simulation discussion). These tests were conducted at zero
angle of attack and zero angle of sideslip. Tests were conducted for a series

of Mach numbers from 0.6 to 2.5.

Part 2 of the test programs consisted of testing the model using the
nominal power levels developed in Parts 1 over a range of attitudes and
configurations (elevon deflections, gimbal angles, etc.). Data were obtained

at nominal angles of attack of -8, ~6, -4, 0, and +4 degrees._ The angles of

sideslip were nominally 0, and +6 or +4 degrees,

Tests were conducted at various elevon deflections corresponding to
Schedule 6 and probable wvariations about schedule 6. Schedule 6 elevon
deflections are presented in Figure 3-1. Plots of the various inboard and
outboard elevon deflection angles evaluated during the test along with the
nominal schedule 6 value are presented in Figures 3-2 through 3-10. The
elevon deflection cleosest to schedule 6 that was used to develop the plume

induced aercdynamic data base is shown in each figure.

3-1
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Section IV

WIND TUNNEL MODEL NOZZLE CALIBRATION ANALYSIS

An analysis of the model nozzle calibration data was performed to determine
nozzle flow characteristics for the evaluation of model power 1evels.. A range
of model power‘levels were required for the power level variation portion of
the test. Model nézzle wall pressures and exit plane pressures were plotted
and compared with MOC results to evaluate the nozzle flow characteristics and
to evaluate chamber to exit pressure ratios. The chamber to exit pressure

ratios were required to evaluate the model plume characteristics.

Initially it was anticipated that several model nozzle configurations
would be ﬁsed during the IAllS test program and thus a considerable amount of
calibration data were evaluated. The TAL19 test program ultimitely used only
the 2% contoured SSME nozzle configuration and the 2% conical SRB nozzle
configuration. The nozzle calibration tests were conducted for_the IA19 Space
Shuttle plume test (reference 5). This test (TAl9) used essentially the same
model hardware as the IA119 test. The IA138 test program used a 1% comical

SSME nozzle configuration and a 1% conical SRB nozzle configuration.

Summar&_iAllQ model nozzle performance data are presented in Figures 4-1 and
4~2 for the SSME model nozzles and the SRB model nozzles respectively. The
average chamber to exit plane pressure used for the model SSME nozzle was 49.5.
The average chamber to exit plane pressure used for the SRB nozzle was 66.0.

These values were used to develop pretest pressure ratios for each Mach number.

Summary IA138 nozzle performance data are presented in Figures 4-3 and 44
for the SSME nozzles and the SRB nozzles respectively. The post-test SRB nozzle
performance was slightly different from the pre test nozzle performance developed

from the nozzle calibration data.
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Section V

PLUME SIMULATION

The Space Shuttle plumes were simulated using cold air flowing through
model nozzles. The model plume characteristics required to develop base and
forebody pressure environments were determined using an iteration procedure
requiring the development of "PROTOTYPE POSSIBILITY CURVES". Prototype possi-
bility curves are curves of base pressure or base pressure coefficient versus
prototype plume characteristics. An example prototype possibility cuxve is
shown in Figure 5-1. The curve is called possibility curve since it is
developed for a range of possible prototype base pressure environments. These
curves were developed prior to the wind tunnel test for both the SSME and SRB
prototype nozzles, The SSME possibility curves were developed using possible
orbiter base. pressure coefficients and the SRB possibility curves were deﬁeloped
using SRB possible base pressure environments. During the power level portibn
of the test, model base pressure data are plotted on the pfototype possibility
cu&ves as shown in Figure 5-1. The model power level is determined where the
model pressure curve crosses the prototype pressure curve. An iteration procedure
is used when there are two variables involved that infliuence the base pressure,
i.é. SSME power level and SRB power level., The possibility curves and the model
pressure data used to determine the nominal power levels at each Mach number

are presented in the Appendix of references 1 and 2.

The form of the plume simulation equation used during the IA119 and IA138
test program was the following (reference 6)

8.7, =5y,

33 ppor. JJ wmoDEL
where N is a function of Mach number. A plot of N versus Mach number is shown
in Figure 5-2 and was obtained from referemnce 7. This curve was developed by
correlating the base pressure in the near field and the far field developed

from cold gas air and CF, plumes. The plume induced near field and far field

4
areas considered are shown in Figure 5-3. The model configurations used were
single body single nozzle, single body triple nozzle and triple body configura-

tions. The triple body configuration was similar to the ET-5RB space shu;tle
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configuration. The band on the curve represents the range of N for the various
models used in the plume technology test (i.e., single body, triple body, etc.).
The criteria used for correlation of the plume technology data was that the

same base pressure occur for a five percent or less change in similarity
parameter. The band represents the total spread of N for the various model and

nozzle configurations considered in the plume technelogy program.

Recent analysis (Reference 8) has identified a new similarity parameter
that has the functional form
M.8,
1 1
£QMp) g(vj)

wvhere £, g appear to depend weakly upon M_ and configuration.

The functions £ and g have been defined for several model configurations and
Mach numbers. The form of the various base pressure correlation parameters is
presented in Table 5-1. These new similarity parameters, namely

M,G_i M.8, M. §.

i 11 i i
(.25) ° ('ZS)Y .5 and Y have been tabulated on the data pages

Mp YjME i |

N
for the IA138 test results along with the value of Sij (see Section VII},

S5-2
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Table 5-1
CORRELATION PARAMETERS

CONFIGURATION

M
= SINGLE BODY SINGLE BODY
SINGLE NOZZLE TRIPLE NOZZLE TRIPLE BODY
M.s. M.s. M.6.
0.3 0. 25 _J‘Z%—Mo. '0‘12‘35—” ;
EX Yj EX Y3 EX Yj
M.§, M.s. M.é.
1.2 TZ%"LEM D50 v0.25 .25
EX Yj EX Yj EX® Yj
M., M5,
1.46 07 2555 ’"‘]“Mo.zs_
EX Yj EX Yj
M.§. Ms,
3.48 Titi id
Yj j

SN
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Section VI

DATA ANALYSIS

Five computer codes were used to analyze the test data. These programs
are: 1, SORT program, 2. Power Delta program, 3. Sigma V Punch) 4. Wind
Tunnel Pressure Data Analysis and 5. Plume Integration. A brief discussion

of each of these programs is presented below,

SORT PROGRAM

The SORT Program was used to sort the run and sequence data sets into
basic groups of four. The four run groups consist of +B8 power-on, +B power—off,
-8 power;on and -B power-off. The-four run data sets were arranged in angle
of attack sets of -8, -4, 0, 4. TFlags were set to note o, B, Mach, gimbal

and configuration incompatibility of the four run sets.

The following tolerances were put on the data sets to check compatibility.

VARTABLE TOLERANCE
MACH .03
o .25
B .25
B Sign
Gimbal #0

CONFIGURATION NO. DO NOT AGREE
RUN NUMBER/SEQUENCE OUT OF PLACE
5 +.25

INB

Sour +.25

The S0RT program proved very useful in identifying errors in the post test
run schedule and differences between the power-on and power—off model

attitude.

6-1
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POWER DELTA PROGRAM

The Power Delta program was used to evaluate the change in the pressure
data due to power. The program lists all data from the power on run and all
data from the power off run and then subtracts the two data sets and lists
the power deltq's. This allows a rapid survey of the power delta's-for abnormal
numbers and a reference to the power on run and power off run to determine the

error source,

SIGMA V PUNCH

The Sigma V Punch program was used in conjunction with the Power Delta
program to sort the forebody power delta data into various elements and
components and punch cards of the power delta in a format compatible with
the "Wind Tunnel Pressure Data Analysis Program - WTPDA". WTPDA is an
interactive graphic pressure data integration computer program which operates

on the Sigma V Graphics System,

WIND TUNNEL PRESSURE DATA ANALYSIS (WTPDA)

WTPDA is an interactive computer graphics program Which‘allows an engineer
to-apply his judgement to the smoothing of wind tunnel pressure data in a real
time environment. The purpose of the program is to prcduce airlcads which are
compatible with wehicle stability da£a and which reflect engineering judgement.
WIPDA employs interactive computer techmiques so that an engineer can develop

balanced airleoads in a timely mapner.

WIPDA can integrate pressure data on wings, vertical stabilizers, fins,
cylinders, and arbitrary cross—section fuselages. Although WIPDA was developed
specifically to handle the Space Shuttle launch vehicle, it is capable of

handling almost any arbitrary cross-section body.

The WTPDA.program was used to plot and smooth the power delta CP's on the
forebody. Only limited integration of pressures were performed to check the

main pressure integration computer program which is discussed below.

PLUME INDUCED PRESSURE INTEGRATION
The Plume Integration computer program was the main tool used to analyze

the IA119 and TA135 pressure data. This computer program was developed
6-2
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specifically to analyze the TA119 pressure data and was used to integrate the
pressure data to obtain base and forebody plume induced aerodynamic loads and
moments. The computer program was developed to analyze four run sequences of
positive and negative B sets. .This operation is required since portions of

the model have pressure data on only one side. Thus, to analyze the effects

of sideslip required the evaluation of + and - B runs. Both power-on and power-
off data sets are required since a portion of the plume induced data uses power
on pressuré coefficients while other portions require only the change in pressure

coefficient due to power.

The analysis of the plume induced aerodynaﬁic characteristics was pe;formed
using different pressure data over different poftions of the vehicie. This type
of analysis was required because of the unique configuration of the Space Shuttle
and the model configurations used to obtain the forebody aerodynamic charac-—
teristics. The two types of pressure data used for analysis are: 1) The power
on Cp's for nominal SSME and SRB model power settings; and 2) The power delta
C_'"s where AC = C -C .

P Ppower Ppower on Ppower off

The power on C 's were used to evaluate the power-on base forces and
moments. The powerpdelta Cp's were used- to evaluate the change—in forebody
aerodynamic characteristics. The locaticn on the Space Shuttle vehicle where
the different types of pressure data were used is shown in Figure 6-1.

The results of integration of the base pressure and the forebody power delta
pressures have been listed in a special format which is discussed in Section

VIL.
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Section VII

TEST RESULTS

The results of the integration of the base pressure and forebody power
delta's are presented in table form in the Appendix of references 1 and 2. The
output of the Plume Integration computer program contains all the results of
the pressure integration including base coefficients, forées and moments and

forebody coefficient data from pressure intégration along with the gage data.

An example of the printout of a data set from test IA119 is presented below.
The data are arranged in 9 sections. Section 1 presents the run numbers, Mach
number, vehicle configuration, and attitude. Section 2 presents the nozzle gas
dynamic properties. Section 3 presents .the nozzle gas dynamic similarity
parameter. Section 4 presents the results of the pressure integration over
the base elements and components. Section 5 presents the average base pressure
coefficient for each elgment. Section & presents the nozzle average base
pressure coefficients. Section 7 presents the nozzle hinge moment data., Section
8 presents the forebody data from the gages. Section 9 prlesents the forebody

data from pressure integration. .
REPRODUCIBILITY- OF THE
IA119 TEST DATA FORMAT _ ORIGINAL PAGE IS POOR

R P, - — o
o 1@ @ o
- . - . — me——— m—— e - [ TR PN -
' : @
L, Wb SEAVENEL 3303 208t ®OPILE__€OMOITTONS sttanyts panentvens | 4ae DA L
3t e
s1Cn 1.2 WPws cPevd _BTA reig b poaz gesapr Sy LT} [ F——" N N Y AR L
atvarent - I ICTET .08 BLTAZT  ~u1D
v I TLU R R TR T TN T 'S | — Druszcammans .2 [ onorent o 0a7 ~.DIST
BLLIEaumignz T.8] CharQrs =, Q393 = 038¥
S AN YA T | ofuovsammeans pe.sn_d nonvens_afote L L E0I8 L]
. PESPFEZ dnelT QELJLBANAR T V.00
CENPICURSTION & [AJr10.17 gLer $.00 _ ] OfLJeT h:n CRVPQNT = 088 L 1.1
L Breass a1 Ry CPLTZ=.3008 | COnPOFT =oClfb . =sL00k
MERE S10ha, 0P TURRCL TOTALIRND. ) fsseEzece.)d rtsu:-u:u! S * 4TI :reba ::n;n
e PSS =JALDT CriL 2= 37%1
. v e —fACELNE $ASC CQETY EARZ-u b L RINGL MOACAIS .} CTwrins _seC30z 0. oelaZ L)
¥ 813 2 an CysPi?s =.f0My +sbDIN
s . o, oem _qn PR L JNY | WY DU LT TR YY) .02k | oiteows ryboge ~iobos
- 22 -, 6187 -.0302
H13 IOy 014y -aC0T0 . s "———"'_:=’i .-:gu:@ .g}:: LEFT winE CLOVINS r
- * -,0CT -
RN L1 TN LT LT -1 1T IX8T -Igoid 20340, JONEIPONE m DD e o (ORR .. ,
T otuts Peuce entirrs ~ utize C12h
E¥ | 808" ~aL0IT T.cAln <.0008 L0800 ++E000 I Rt H TN BECLrans <sfdiy mibes .
1 l:t; THRINE L CCOR. LGNOS  LuDDE _ 2,001 __ 0000 218 __ =ed3t Jeateronz  oim «8134
I s -.:;:; -:gg: 2400017 4C002 z a£¥i0 Jemtoror:  .oids o£134 °
. 23800 4 =e070% 40001 _a.c00y  f000. | w1 _,0L0} 20 :
L% 1 w300 e S0An TR, 000 R aL0T0 T LD00T maCLLF t e i i 8 — - S
BEL Y .3018  4R007 ;.000%_we3097_ 0887 __=.GQ0L. —— -
“:"“ :“‘ o2 w2y s.cn - - . FIALO0DY Parssual INtCGEATIEN
avn e BUIT u2ve D000 Taebt T WL0001 T Te0RE0 T Twentes T, T BIGHT wikg
S e s 13
"a AT =18 =410 10
- = e ee tae ——— mmama s me— e CYYE__O0CE  C¥RE L0080 . | .. Cwel LG «0913
St oo A 0t0 CEv  L008% +0301
L T T et Tt Tt ’m - :::: Z::ﬁ?,‘ ::353§
- ety — SHOTZ0 0408 e =000
L =adNN L0001, £,0031 . 1eK00L apoln _ aCn0O. ——
1N Ry S e Tl it
- ovEBE_ v, «GORY _-.prad _4£300 Lot (1] o v ™
My A 3530 WL£007 =L000  <0OL - 0801  4Q0CO P Rt e ":'.S-..'. ¢ < o
Niey' " Tt — PEUILR F  Lgond__=.0ot)_ 000 __ L0003 .%6d3 _ .,
:I:J:::. wOChy o OuUk} N1 .11 oEdad
[T ~m el e e e JRICHI_ NS 0038 001, 0012 +.0030 By 22
WIE Ot B2ve arTiaave O UL TN SO0V TUT SOOOIARF | T i000) T a00as " Ten0ss” T iEHs 1000t neaat
::: Wb ArET e et T 0TI e MOTITER Y it «BATE 24000 Q000 _ <B00D 0808 830D
e YD aifune, Mz tedm, e
. o 4
RRATLR aud ailML LRI ST ETVIT XY
AR ] TR T T T TR TE oY @

7-1



mgﬁ Engineering & Technology Center

TR-1964

Printouts of each run sequence set is presented in the Appendix of

reference 1.

data set within a Mach group is the power-off runs.

the variable power rums.

The data sets are grouped for a constant Mach number.

The second group

The first

contains

The third group are the various elevon deflections.

The fourth group contains the various gimbal angle rums and the £ifth group

is a 90° roll run sets.

An example of the printout of a data set from test TAL38 is presented below.

The data are arranged in 9 sections.

number, vehicle configuration and attitude.

dynamic properties.

parameters.

the similarity parameters.
integration over the base of the elements and components.

the average base pressure coefficient for each element.

Section 1 presents the run numbers, Mach

Section 2 presents the nozzle gas
Section 3 p;eéents the plume gas dynamic similarity
Section 4 presents the values of parameters used to determine
Section 5 presents the results of the pressure
Section 6 presents

Section 7 presents

forebody

the nozzle average base pressure coefficients. Section 8 presents the
data from the gages. Section 9 presents the forebody data from pressure
integration. . "
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Printouts of each run sequence set is presented in the appendix of
reference 2. The data sets are grouped for a constant Mach humber. The first
data set within a Mach group is the power-off runs. The second group contains
the variable power runs and the third group contains the wvarious elevon

deflections.

The base and forebody plume induced data tabulated on the printout sheets
were analyzed and developed into math models. The math model is a description
of the nominal aerodynamic data and a tolerance model. The math model of the
base plume induced aerodynamic characteristics is presented in Section VIII.
The math model of the forebody plume induced aerodynamic characteristics is

presented in Section IX.
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Section VIII

BASE MATH MODEL

A math model of the base plume induced aerodynamic characteristics was
developed which can be used in conjunction with the forebody aerodynamic
characteristics to evaluate the aerodynamic characteristics of the total space
shuttle launch vehicle and each element. Three types of base aerodynamic
characteristics were developed. .These include 1. S55LV and element base
aerodynamic coefficients for Mach numbers from 0.6 to 2.5, 2. SSLV base
forces aﬂ& moments versus aititude up to 160,000 £t. and 3. SSLV and element
base coefficient tolerances for Mach numbers from 0.6 to 2.5. The math model
consists of a description of the base aerodynamic coefficients at a given Mach
number and elevon deflection for various a, B values. Gradients are provided
giving the change in the aerodynamic characteristics with the two primary
variables that influence the ﬁase flow (inboard elevon deflection and SSME

power level).

The base aerodynamic math model is limited to the base axial force, normal
force and pitching moment. Lateral-directional forces and moments exist on
some base components, but no consistent trend could be identified and thus they
are included in the base tolerance model. Base coefficients and tolerances for
each element are provided for Mach numbers from 0.6 to 2.5. The base aerodynamic

coefficient math model is described by the following equation,

Cx. = [Cx,] + [BCX./BGEI] XAGEI + [BCX./BA SSME POWERl x (A% SSME POWER)
i 1 i i
a,B
where [Cxi] is a 4x7 matrix for o = +4,0,-4,-8
o,B g = —6,-4,-2,0,2,4,6

elevon deflection corresponds to close schedule 6

i = S5S5LV, ORBITER, ET, LEFT SRB, RIGHT SRB

BCX /BSEI Gradient for inboard elevon deflection -~
i %7 function of Mach number only

i = 3SLV, ORBITER, ET

8-1
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ac}c /38SME POWER Gradient for percent change in SSME
i power level - function of Mach number only

i = SSLV,ORBITER

Ad -~ Change in inboard elevon deflection from math model wvalue to
ET . X :
inboard elevon deflection of interest.

AZSSME POWER LEVEL - Change in percent SSME power level from math
model value to SSME power level of interest

Typical values of the coefficdient {Cx ] are presented in Tables 8-1, 8-2, and
’ i
o,B
8-3 for each element and the total SSLV vehicle. Typical values of the coef-

ficient gradients are presented in Table 8-4.

Base forces and moments have been determined wversus altitude using the

base coefficient math model. The base forece math model is for the total wvehicle

and uses the following model,

F

M a0 o8

EI

9F
oF X oF )
a=0 * [ J xed 8851 * 3% ssum powgr * (4% SSME POWER)

where:

F SSLV base force or moment — function of altitude only
M
a=0
[oF/3a] Gradient for angie of attack - function of only altitude
[8F/86__] Gradient for inboard elevon deflection - function of

Bl altitude only

[9F/3%SSME POWER] Gradient for percent change in SSME power level

o _ angle of attack

ASEI Change in inboard elevon deflection from math model value
to inboard elevon deflection of interest

8-2
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AZSSME POWER level Change in percent SSME power level from math
model value to SSME power level of interest.
Typical wvalues of the base axial force, normal force and pitching moment are
presented in Tables 8-5, 8-6, and 8-7. Typical values of the base force partials

are presented in Table 8-8.

BASE COEFFICIENT TOLERANCES

Examples of the base coefficient tolerances are presented in Tables 8-9 and
8-10. The coefficient tolerances cover all attitudes and configurations from
the base coefficients presented in the math model to flight data and are to a
+30 level. The moment tolerances are considered to be only due to force
tolerances. The moment tolerance due to the aerodﬁnamic center location
uncertainty being a smaller order of magnitude. Examples of the base moment

coefficient increment equations are presented in Table 8-10.

The base tolerances include contributions due to 1. test instrumentation
uncertainty, 2. simulation parameter uncertainty, 3. Reynolds number
characteristics, 4. Model-tunnel testing uncertainties, 5. Pressure integra-
tion I;ncertainties and 6. Math model uncertainties. Each tolerance contribu-—
tion is -assumed independent and therefore the contributions ané;combined using
the RSS technique. The tolerances thus cover the uncertainty from the math model

to flight data and are to a +30 level with a Gaussian distribution.

The model instrumentation contribution included the accuracy of the

. R . . .
Scanivalve calculations. The general accuracy is estimated to be CPéi.Ol3
for values of €, in the xyange of +.5., The general uncertainty of the

P
measured pressure coefficients was assumed to be 3%.

The simulation parameter uncertainty was assumed to be due to an uncer—
tainty in the exponent. The estimated uncertainty in the exponent is shown
in Figure 5-2. The exponent uncertainty was converted to an error in simulation
that generally represented a 10 percent uncertainty in base force coefficients,
The Reynolds number-scale wuncertainty was obtained using past Llight test to
wind-tunﬁel test results. This factor is a judgement factor and includes the

differences between the Saturn V and Titan 3C flight and wind tunnel data,

8-3
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reduced to account for the plume technology program learning curve. This factor
also includes a hot flow simulation uncertainty factor. The Reynolds number-

scale uncertainty was generally 10% of the nominal base coefficient.

Model configurafion uncertainties includes the effect of the support
stings that will influence the flow field at angles of sideslip along with
uncertainties due to other model configuration inaccuracies that potentially
influence the-local flow fields. Uncertainties due to medel configuration

similitude were approximately 7% of the nominal force coefficients.

Integration uncertainties included the potential error involved in the .
integration technique and represent approximately 3 percent of the nominal

force coefficients.

The math model uncertainty included the errors of independent wvariables
in the math model of the base forces and moments. Independent variables not
included in the math model of the base forces and moments include nozzle

gimbal angle and outboard elevon positiom.

The technique that was used to develop the SSLV base tolerances was to

correlate the SBRB and ET base tolerances and RSS those to the orbiter base
coefficient tolerance. This procedure was used for the base axial force and
normal force coefficients. The SSLV base side force coefficient was obtained

by using tﬁe RSS technique for each element.

- The forebody plume induced aerodynamic characteristics were developed
in conjunction with the base plume induced aerodynamic characteristics to allow
a complete description of the plume induced characteristics of the Space
Shuttle Launch Vehicle. The forebody plume induced aerodynamic characteristics

are presented in Section IX.

8-4
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Table 8-2.
BASE ‘NORMAL FORCE COEFFICIENT
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BASE PITCHING MOMENT COEFFICIENT
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ALTITUDE
(ft)
0
4000
6000
8000
10000
12000
14000
16000
18000
19000
20000
21000
22000
23000
24000
25000
26000
28000
30000
34000 °
38000
42000
44000
46000
48000
50000

TOTAL

0
41295
112146
148363
162895
178724
193983
209734
226100
240776
257649
309484
341482
354185
357716
338036
294479
256747
230650
193188
157365
107143

91278.

78961
67757
56630

TR-1964

Tabie 8-5°

BASE AXIAL FORCE (LBS)

NOMINAL % SSME ALTITUDE

POWER LEVEL

109
109
109
109
107
101
95
88.4

88.4

93
105
109

109

8-9

(ft)

52500
55000
57500
60000
62500
65000
67500
70000
72500
75000
77500
80000
85000
90000
95000

100000

110000
120000
130000

140000

145000
160000

TOTAL

46240
33015
27690
19389
12579
7039
2504
-2022
-5026
-7416
-9434
-10837
-12161
-12341
~12197
-11700
-10812
-9258
-7641
-7074
-6554
-6334

NOMINAL % SSME
POWER LEVEL

109

109
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ALTITUDE
(ft)
0
5000
10000
12000
14000
16000
18000
19000
20000
21000
22000
23000
24000
25000
26000
- 28000
30000
34000
-38000
40000
42500
450000

TOTAL

0

18500

24966
26867
28381
30163
32278
33678
36009
41054
48096
50853
51688
50621
45343
40842
39239
35678
28850
25704
21982
18546

TR-1964

‘Table 8-6-
BASE NORMAL FORCE (LBS)

NOMINAL % SSME ALTITUDE NOMINAL % SSME

POWER LEVEL (ft) TOTAL PONER LEVEL
109 47500 15315 109
109 50000 12685
107 52500 10322
101 55000 8303

95 57500 6785
88.4 60000 5476
62500 4500
65000 3900
67500 2700
70000 2090
75000 175
80000 391
85000 -193
90000 -565
95000 ~791
2V 100000 -1023
88.4 110000 1221
93 120000 -1380
105 130000 -1384
109 140000 -1451
109 150000 ~1500 ¥
109 160000 -1400 109

8-10
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‘Table 8-71
BASE PITCHING MOMENT (FT. LBS)

ALTITUDE  PITCHING MOMENT  NOMINAL % SSME  ALTITUDE  PITCHING MOMENT ~ NOMINAL % SSM

(ft) (Ft-1bs) POWER LEVEL (ft) (ft-1bs) POWER LEVEL
0 0 - 109 47500 -995473 109
5000 -1220000 109 50000 -828630 :
10000 -1296826 107 . 52500 . -684740
12000 " -1374159 101 55000 © -563750
14000 -1441528 95 " 57500 -462600
16000 .  -1484908 . 88.4 60000 -385320
18000 -1535100 ‘ 62500 320000
19000 -1589046 65000 -250000
20000 1701877 67500 ~200000
21000 - -1937440 ' - 70000 ~159200
22000 ~2206003 75000 -38110
23000 2218121 80000 -39080
24000 2187319 s 85000 -4825
265000 - -2101904 90000 14130
26000 1942585 95000 - 41395
28000 -1785366 N 100000 55800
30000 1713072 88.4 110000 72303
34000 - -1515453 93 120000 82300
. 38000 -1202968 105 130000 - 84635
40000 -1750000 109 140000 88920
42500 -1458720 109 150000 95000 v

45000 -1232990 109 160000 95000 109
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"TahTe 8-8

BASE AXTAL.FORCE PARTIALS

ALTITUDE ° 3AF/3a 3AF/ 881 JAF/3% SSME POWER
- (£1) . (LB/DEG) (LB/DEG) ‘ (_LB/%)
10000 ~1331.0 2623.0 73.0
12000 ~1361.0 2959.0 71.0
14000 " =15356.0 3255.0 62.0
16000  -1823.0 3665.0 43.0
18000 . =2454.0 5653.0 26.0
19000 © ~2667.0 6400.0 23.0
20000 - -2716.0 7761.0 ' 31.0
21000 ~2021.0 8842.0 107.0
22000 - _705.0 9138.0 " 138.0
23000 1040.0 9098.0 . 159.0
24,000 2461.0 © 85330 167.0
25000 3148.0 6959.0 | 169.0
26000 2911.0 4350.0 ‘ . 167.0
28000 1627.0 1864.0 142.0 -
30000 . 514.0 171.0 158.0
34000 -583.0 87,0 - 96.0
' 38000 . -1014.0 21.0 ' -112.0
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SSLV

.0104
.0107
.0156
.0359
.0239
.0169
.0133
.0086
.0062
.0068
.0082
.0078
.0070

.0029
.0028
.0037
.0065
. 0051
.0047
.0037
.0032
.0027
.0030
.0039
.0037
.0032

.0027
.0022
.0017
.0017
.0018
.0019
.0017
.0017
.0016
.0015
.0015
.0017
.0019

Table 8-9
IA-119
BASE COEFFICIENT TOLERANCES
Ly
ORB ET
.0031 .0065
.0031 .0072
.0046 .0107
.0088 .0270
.0080 .0161
.0057 .0115
.0046 .0091
.0033 .0060
.0024 .0045
.0032 .0050
.0054 .0050
.0050 .0044
.0040 .0040
*
+ACy
.0020 .0010
.0018 .0009
.0026 .0013
.0049 .0025
.0045 .0022
.0033 .0016
.0027 .0013
.0019 .0009
.0014 .0007
.0019 .0007
.0032 .0009
.0030 .0010
.0024 .0012
+aC,
.0025 .0005
.0020 .0005
.0015 .0006
.0015 .0007
.0015 .0009
.0015 .0010
.0015 .0007
.0015 .0006
.0014 .0005
.0012 .0006
.0010 .0008
.0008 .0010
.0006 .0012

TR-1964
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SRB(T]

.0017
.0015
.0021
.0039
.0032
.0022
L0017
.0010
.0006
.0006
.0006
.0008
.0009

.0006
.0006
.0006
.0006
.0005
.0008
.0006
.0008
.0008
.0008
. 0007
.0006
.0005

.0006
.0005
.6oo4
.0004
.0oo4
.0004
.0004
.0004
.0004
.0004
.0005
.0008
.0010

*ACy, = 0.6 ACp,
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Table 8-10

BASE MOMENT INCREMENTS

The general equations for the element moment increments are

X XN‘ ZA
ACy = ACy (‘1'_—) + TMIA ('L'—')
X
= N
Z Y
- L L
aC, = aCy (5) + aCy ()

" The SSLQ moment increment is determined by the following equations

<
=

_ 2 2
ACMgs| y ﬂv/QACMo) + (aCigr + ACMpspg * A0M gpp)

j.:.I"--I l‘—‘I
I

>
—
k

|

~
— o~

KOTE;

I""Nl"‘

) 2 ’ 2 2 2
AC ;‘v//QAC )5 + (aC Y- + (aC )° + (aC )
YN YN YN YN YN
. SSLY % 0 0 ET . RSRB ) LSRB
RIGHT
ORBITER ET SRB LEFT
= .99 .87 1.17
= .31 0.0 0.0
N _
= 1.08 0.87 0.195
0.0 0.0 1.17
= 27 0.03 0.0
L = 1290 INCHES
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Section IX

FOREBODY PLUME INDUCED MATH MODEL

The nominal forebody plume induced aerodynamic characteristics were small
except‘on the Orbiter fuselage, inboard elevon and the vertical 'tail. Math
models were thus developed for the SSLV, Orbiter, the inboard elevon hinge
moment and the vertical tail. The SSLV and Orbiter normal force, pitching

moment and inboard elevon hinge moment was formulated into the following math

model.
> -
Cy = Cy + acN/aaEI X A8, + acN/aaEO x AS
*—ByaTRIX a-f g a=f
MATRIX < MATRIX
C -
M >
<
CHe = L -
1
where CN is a 4x7 wmatrix for o = +4,0,~4,-8

B =-6,~4,-2,0,2,4,6
elevon deflection corresponds to close schedule 6
BCN/GSEI is a 4x7 matrix for o = +4,0,-4,-8
B =-6,-4,~2,0,2,4,6
<
> gradient for inboard elevon deflections > nominal

< gradient for inboard elevon deflections < nominal
BCN/SSEO is a 4.7 matrix for o = +4,0,-4,-8
> B = “63_4:_2,0’25456

<
> gradient for outboard elevon deflections > nominal

< gradient for outboard elevon deflections < nominal

ASEI -~ change in inboard elevon deflection from nominal walue
to invoard elevon deflection of interest.
AGEO - change in outboard elevon deflection from nominal value

to outboard elevon deflection of interest.

Typical values of SSLV and Orbiter plume induced forebody normal force coef-

ficients are presented in Table 9-1.

9-1
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The orbiter normal force and pitching moment math models were derived
from the results of the pressure integration of the power~delta pressure coef-
ficients. The orbiter data used to derive the math model is presented in the
tabulated date in the Appendix - Section 9 (Forebody Pressure Integration) of
the printout sheet (see Section VII). The SSLV and Orbiter math models are

identical since only the orbiter plume effects are included in the math model.

The hinge moment math model was derived from thé left wing gage data,
although the data is presented for the right wing. A comparison of the left
wing gage data and the right wing pfessufe integration data was made to
evaluate the best data to use and the gage data had the most consistent trend
with changes in attitude and configuration. The left wing gage data used to
develop the hinge moment math model is presented in the tabulated data in the

appendix in Section 8 (GAGE DATA) of the printout sheet (see Section vil).

The vertical tail shear force, bending moment and torsion moment coef-

ficient were formulated into the following math model

Cv = [Cva-B ]
Matrix

where

[c ] is a 4 x 7 matrix for o = +4,0,-4,~-8
vO‘.""ﬁ B —6:_43_2309254,6

Matrix

for elevon deflections noted on the table.

C vertical tail power delta shear force coefficient

Yv?

C vertical tail power delta bending moment coefficient

Bv?

C vertical tail power delta torsion moment coefficient

v’
The vertical tail shear force math model includes only the c-B matrix at the
nominal elevon deflection. No influence of elevon deflections are included.
The vertical tail power induced shear force, bending moment, and torsion

moment coefficients were developed into table format. A typical example is

presented in Table 9-2.

9-2
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The vertical tail math model was derived from the integration of the
vertical tail pressure data presented in the tabulated data in the appendix in
Section 9 (Forebody Pressure Integration) of the printout sheet (see Section

ViIi).

FOREBODY COEFFICIENT TOLERANCES

Forebody tolerances have been developed for all forebody elements and
components, As mentioned above, only the Orbiter, inboard elevon hinge
moment and the vertical tail had measurable plume induced aerodynamic changes
that could be effectively modeled. The other elements and components have zero
nominal math model ‘plume induced aerodynamic characteristies. Tolerances have
been de&eloped for all element and components, however, to account for all pos-
sible variations in plume induced aerodynamic characteristics. The forebody
element and component force coefficient tolerances are presented as tabled
values that are the 43¢ variation of the nominal coefficient. The 130 variation
covers the potential variation of the coefficient from the math model results

to expected flight data wvalues.

Examples of the SSLV and element force coefficient tolerances are presented
in Table 9-3., The moment increment equations are presented in Table 9-4. Ex-
amples of the component force coefficient tolerances and moment equations are
presented in Tables 9-5 and 9-6, The moment tolerances require using equations
that include the force coefficient tolerances along with the nominal aerodynamic
center in conjunction with the nominal forebody power delta {when #0) times

the aerodynamic center tolerance.

The forebody tolerances include contributions due to 1. test instrumenta-
tion uncertainty, 2. simulation parameter uncertainty, 3. Reynolds number
characteristics, 4. Model-tunnel testing uncertainties, 5. Pressure integration
uncertainties and 6. Math model uncertainties. Each tolerance contribution is
assumed independent and therefore the contributions are combined using the RSES
technique. The tolerances thus cover the uncertainty from the math model to

flight data and are to a +30¢ level with a Gaussian distribution.

The forebody coefficients are determined using power delta's, Thus the
instrumentation .accuracy includes two independent measurements that are combined

9-3
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by the RS5S techniques. The instrumentation. accuracy for a single measurement

is estimated to be 3 percent. Thus two measurements would be 4.3 percent. The
general uncertainty in the nominal forebody force coefficient due to instrumenta-
tion uncertainty was estimated at 50 percent of the calculated nominal forebody
coefficient. The similafity parameter uncertainty was estimated to be 30 percent
of the nominal, Reynolds number and scale effect was estimated to be 100 percent
of the nominal, model uncertainties were estimated to be 30 percent of the
nominal, integration uncertainties at 30 percent of the nominal and math model
uncertainties were estimated ét 20 percent Sf the nominal wvalue. The net RSS
tolerance value for the forebody coefficients are large compared to the nominal
math model values. This is because the nominal math model force coefficients

are small. TIf the math model is not used the tolerance would be approximately
double the values presented and it was determined that forebody tolerances

approach double the values would be excessive,

Portions of the forebedy have zero nominal plﬁme induced aerodynamic force
coefficients in the math model although specific computed values have been
determined and are listed in the tabulated data in the appendix (see Section
VII). The tolerance anaiysis discussed above considered the nominal values

calculated although the math model nominal force coefficients—are zero.
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MACH
1.10

1.15

1.25

1.40

6!
10/9

10/5

10/-2

10/-2

o

4
0
-4
i

-4
-8

~4
-8

-4
-8

Table 9-1. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY z

g
" -6 -4 -2 0 +2 +4 +6
+.yu63: +euubl +.0058 +.0056 _*.0058 +.0061 +.0063
+.pudsb +.0UB0 +.0070 +.0053 +.0070 +.0080 +.0085
+.0U90 _  +.ylUb +e0080 _te0U75  +.0080 ++0085 +.0090
“+.UUDG +.U093 +.0090 +.0088 +.0090 +.0093 +.0096
+.4080 +s 0077 +.0057 +.0053 +.005%7 +.0077 . +.0080
#0079 T 4e00TD T 440057 +.0092 T +.0057 TT+40075 440079
+.0080 +ey077 _ +.0072 ++0070 +.0072 +.0077 +.0080
THegu5 T Hepu92T T 440081 +e0075 +.0081 +.0092 +.0095
+egU43 toguug ++0053 ++0028 ++0053 +e0048 +.0043
+egub5 FeEUBY T Fe.0UB3 T +.0067 - +.0063 +.0059 +.0055
_+eyu70 _*kegpUT0 . tep071 +.0071 +e 0071 _++0070 +.0070
+e00%2 +e00%06 ++0099 +.0102 +.0099 +.0096 +.0093
+.0060 +e)U0E +0051 +.0047 +.0051 +.0056 0.0080
FayuGl F20U56 F.0UHLT T #0047 7 4400517 +.0056°  +.0060
+.Ques +.0070 +40073 -, +.0075 +.0073 ++0070 +.0068
FeQUY | +e01UYT  +.0105 “+.0108 T H. 01087 4601017 T +,00967

796 T4l
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MACH

.95

1.05

10/9

10/9

10/9

10/9

Table 9-2,

VERTICAL TAIL SIDE FORCE POWER DELTA

. 8,

-6 -4 . 0 +2 +4 +6
He(83Y e 226 . . _+e0113 - +.0000 =s0L13 | =e0226 =+0339
+e0278 +.0185 +. 0093 +.0000 -.0093 ~-.0185 -0278,
Feudud t.0201 +.0100 _ _ +.0000 . =e0100 _=e0201 -00302_
+ey2uy telbb +e 0083 ++0000 —+0083 ~+0166 -+ 0249
+e03ey +sULBO +e 0043 +40000 =«0043 ~+0086 =-40129
+e(0bU +elUUbS +.0026 +.0000 - 0026 -+0053 ~-.0080
FeUULY + 0010 +.000% e U0UD ~e G005 ~«0010 -.0014
"+eQULlb +.0010 ++ 0005 +.0000 -+ 0005 -+0010 -.0015
Feyuliy te01l9 +.0057 +.0000 =+ 0057 -s0113 =+0170_
+eQl/u +eyll3 +.0057 +,0000 -+0057 ° ~.0113 . =40170
+ep21LU +.0140 40070 +.0000 _ _=e0070. ~.0140 _=«0210
+eQ1l008" +.0105 ++0053 +.000Q0 ~«0053 ~+0105 =.0158
veubsY +oyus9 +40230 +.0000 ~40230 ~e Q459 -.0689 .
+eO04 +e 436 +.0218 +.0000 ~s0218 - 0436 -2 0654
+eydlb’ +e 0410 +.0205_- +.0000 =«0205 -+ 0410 =+ 0615
+eyobd te 377 +e01l88 +.00UN ~e0188 -« 0377 ~+0566
+eys0Y te 246 +e0123 +e0000 -+0123 -+ 0246 -«0369
+e 540 tep227 +.0113 +.000Q - 0113 -e 0227 - 0340
Heg2/(Y +eULlED +e0093__ . +e00U0_-_____~e0093 -+0186 =20279.
+eUd1lh +e021U +e0105 +.0000 ~e0105 -+ 0210 - 0315

796 T-4L
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Table 9.3

FOREBODY FORCE COEFFICIENT TOLERANCES - SSLV AND ELEMENTS

#C,

MACH NO. -~ SSLV ORB ET SRB(1)
.6 .0038 .0010 .0010 .0025
.8 .0038 .0010 .0010 .0025
.9 .0038 .0010 .0010 .0025
.95 .0052 .0012 0072 .0035.

1.05 .0037 .0017 .0017 .0020
1.1 .0035 .0015 .0015 .0020
1.15 .0035 .0015 .0015 .0020
1.25 .0045 .0014  .0014 .0025
1.40 .0040 0013 .0013 0025
+AC,,
.6 .0068 .0060  .0030 .0010
.8 .0077. .0070  .0030 .0010
.9 - .0094 - ,0080  .0040 .0020
.95 .0107 .0080  .0050 .0025
1.05 .0099 .0080  .0055 . .0015
1.1 .0089 .0070  .0050 .0015
1.15 .0067 .0050  .0040 .0015
1.25 .0055 .0030  .0030 .0025
1.40 .0079 - .0030  .0020 .0050
#AC,
.6 .0083 .0080 0005 .0015
.8 .0083 .0080 .0005 .0015
.9 .0093 .0090 0006 .0015
.95 .0109 .0100 0007 .0030
1.05 .0098 .0080  .0010 .0040
1.10 .0093 .0060  .0010 .0050
1.15 .0082 .0040  .0008 .0050
1.25 .0064 .0030 .0006 .0040
1.40 .0052 .0030 .0006 .0030
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Table 9-4
‘FOREBODY MOMENT INCREMENT EQUATIONS - SSLY AND ELEMENTS

b ]+ b & L@

2
BCyy =\/[ch (11‘_'-"1)] + [acA C{-’-—
2

)

Aegl-.-.\/EcY (—fk)} + ECN (‘EL‘)]

2

MACH

2P et = QWO OO

JENS S RO
oo oLt

SSLV 4Cyy = _ [ (a6, )% + (g, )P+ (aC, )P+ (g, )2
TYPICAL  'SSLV "o - ET - 'RsrB LSRB
ORB ) ET
T VI T O T T R S
L [T | TIT (i iIvlTltlTliT
92103 (-.98].42{0 1o |.26|.7] 0ol.7].03}.03
931.03| .9al.a2l0 jo |.26(.7] o1.7].03].03
96 {.03.(1.02].431 0 | o |.26!.8{ 0.8/ 03].03
1.01[.03{1.03{.44] 0 {o |.26|.8] 0| .8!.03].03
95 | .04 [1.02].a51 0 [ o |.26].8] o .8/.03|.03
96 1.03(1.011.25] 0 | o |.26|.8| ol .8l.03!.03
97102110 {44l 0o o l.2s].8] o!l.8l:03].03
981.02/1.0 ].44) 0 {0 !.26].8] 0o].81.03}.03
9902110 {.aa]l o | o].261.8] ol .8!.03].03
‘ RIGHT
SRB | EFT
X lax Ixo. 2z v, (v |z
- N N YN L L L A
MACHY T~ [T T T
6 (115 [ o 11.15] ol.194(.104] .02
.8 11.15 0 1.151 04.1%41(.194| .02
29 1s | o [1.15) ol19a|.194] 02
95(1.14 | 0 {1.1a] 0/.194(. 94 02
1.0507.14 | 0 {1.18] 0l.194|.194] .02
1.1001.13 | o [1.13] 0[.194].194| .02
180110 ] o |1.10f 0l.194].194] .02
1.25{1.10 | 0 |1.10| 0|.194].794! .02
1.4011.10 | 0 |1.10] 0].194|.194] .02
NOTE: L = 1290 INCHES 9-8
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Table 9-5
FOREBODY FORCE TOLERANCES — COMPONENTS

WING TOLERANCES VERTICAL TAIL TOLERANCES
MACH +ACNM ©HACYV
6 .0050 .010
.8 .0050 .010
9 .0050 030
.95 .0050 .030
1.05 .0060 030
.10 .0065 .010 -
1.15 .0060 .008
1.25 .0040 010
1.40 .0040 006
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" Table 9-6

FOREBODY MOMENT EQUATIONS — COMPONENTS

WING

<
€

o

)

VERTICAL TAIL

ACpy = A0y (

“m=“w(

OIIEX

T
e (2V i (AZV
v Eow \T/ o \T

2%

AC
Xy 2 A)(,\,‘1 2
By ISy AT/ o \ 1
\ gL /
HINGE MOMENT
ACHET = ACHEI
ACHEO = ACHEOQ
WING | VERTICA®
yor x. b Z, 1 aZ, | X, 1 aX
W o w)] VYV vy VDY
MACH I 57 = | T | T L
6. 1,091 -.22] .60 | .20 | .38 | 10
.8 | .095| -.20} .75 20 | .33 | .10
.9 | .008] -.27] .42 | .20 | .59 | .17
.95 | .105) -.26{1.10 | .25 ] .84 | .20
1.05 | .10 -.26] .72 30 { .51 | .25
1.10 | .100| -.28} .91 30 | .81 | .20
1.15 | .110] -.32| .63 | .20 | .87 | .20
1.25 | .10} -.33] .34 15 ) .78 | .15
1.40 | .110| -.32) .45 | .30 ] .40 | .10
1 For Wing 2 Vertical
b = 936.68" L = 199.8 in.
c = 474,817

g-10

+ACHEI

.0050
.0050
.0100
0130
.0100
.0080
.0070
.0050
.0050

+ACHEO

© .0020

.0015
.0040
.0100
.0030
.0010
.0010
.0010
.0010
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Section X

CONCLUSIONS

The data from tests TA1l9 and TA138 resulted in an appreciable amount of
good plume induced aerodynamic data. Problems with the data were very limited

and the power off data compares very good with other tests.

The major independent variables that change the plume induced:-aerodynamic
characteristics are angle of attack, angle of sideslip, inboard elevon deflec-
tion and SRB and SSﬂE power level, Plume induced aerodynamic characteristics
and their tolerances for the base and forebody have beén developed into math

models compatible with the forebody math models.

A math model of the plume induced aerodynamic coefficients for the base
was developed for the Mach number range from 0.6 to 2.5. Data tables of these
coefficients have been provided in G.E. mass format for computer simulation.

A math model of the forces and moments for the base was also developed covering
the portion of ascent flight up to 160,000 ft. The data tables for the base
force math model was also provided in G.E. mass format. A math model of the
forebody plume induced aerodynamic coefficients was also developed and the data
tables provided in G.E. mass format. The tolerances for the plume induced aero-
dynamic éoefficients and the tolerance math models for the base and forebody

were developed and data tables provided in G.E. mass format.

The plume induced aercdynamic characteristics of the orbiter base are
the result of a gomplicated integration of pressure coefficients and power delta
presgure coefficients. These aerodynamic characteristics were developed such
that when combined with the forebedy data they produce the proper total jghicle

aerodynamic characteristics. .
The ET base plume induced axial force is larger than previous anélyées

have predicted, however, it is felt that the present results are consistent

and representative of the ET base pressure environment.
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The plume induced near field (base environment) and far field (orbiter
forebody wing and hinge moment data) had good consistent trends when plotted
versus the plume similarity parameter. The consistency of the data for both

the near field and far field added confidence in the similarity parameter used.

10-2_



TR-1964

m]
I}]@D Engineering & Technology Center

Section XI

RECOMMENDATIONS

A computer proéraﬁ was developed to integrate the pressure data for.
all elements and components and tabulate the results and the results of the
gage data. The tabulated results and plotted power variation data represent
approximately 2000 computer printout pages. Time did not perﬁit én extensive
analysis of all the data. It is recommended that additional analyses be
conducted of the vertical tail data, wing data, inboard hinge moment data and

orbiter fuselage data.

It is also recommended that the IA119 and IAl38 test results be reevaluated
using the new similarity parameters.
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