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FOREWORD

This report presents the results of work performed by Northrop Services,
Inc. Engineering Technology Group for the Marshall Space Flight Center under
Contract NAS8-32524. The NASA technical momnitors for this contratt are
Mr. K. Blackwell and Mr., J. Sims. The authors wish to acknowledge their

vaiuable assistance, direction and contributions to the successful completion

of this study.
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SYMBOL

ET

SRR
SSLV

Base

Components
Elements

Forebody

GENERAL NOMENCLATURE

DEFINITION

Space Shuttle external tank

Space Shuttle Orbiter

Space Shuttle Solid Rocket Booster
Space Shuttle Leaunch 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
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Symbol

General:

Ca

CBV

DEL

TEST NOMENCLATURE

Definition
Axial force coefficient
Vertical tail bending moment coefficient
Wing-root bending-moment coefficient
Hinge moment coefficient
Hinge-moment coefficient for inboard elevon.
Hinge-moment coefficient for outboard elevon.
Rolling moment coefficient
Pitching moment coefficient
Normal force coefficient
Wing normal-force coefficient
Vertical tail torsion moment coefficient
Wing-root torsion-moment coefficient
Side force coefficient
Yawing moment coefficient
Vertical tail shear force coefficient
Reference length, in. or ft. defined in Table 6-14
Reference ares, ftz defined in Table 6-14
SUBSCRIPTS
Base
Forebody - fuselage
Determined using power on pressure coefficient

Determined using power~on minus power-off delta
pressure coefficient

Orbiter

o
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ET

SRB

PON

POF

.

TEST NOMENCLATURE
ET
SRB
Power On
Power Off
|
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Deflections:

GAS DYNAMIC NOMENCLATURE

Definition
Pressure {(absolute) at model surface tap i, psia
Pressure coefficient for model surface tap i.
CPpower on CPPower Off
Chamber pressure (absolute) for nozzle j, psia
Exit pressure (absolute) for nozzle j, psia
Chamber-pressure ratio for nozzle j
Ratic of specific heats for nozzle J
SSME chamber to freestream pressure ratio
SRB chamber to freestream pressure ratio
Chamber to exit nozzle pressure ratio
Chamber tec nozzle wall pressure ratio

Initial plume expansion angle

Exponent of ratio of specific heats and in similarity
paramecters

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

Left outboard elevon setting, corrected for load deflection,
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.
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;. Test Olzeré.tions:
M Freestream Mach number.

' Re/ft Freestream unit Reynolds number, £t=%.
Q Freestream dynmamic pressure, psf.
B Freestream static pressure, psia.
Pp Freestream total pressure, psia.
T Freestream static temperature; °R.
T Freestream total temperature, °R,
X Model angle-df-e.t‘ta.ck, deg.
8 Model angle-of-sideslip, deg.
TTopn SRB supply total temperature, “R.
Ty MPS supply total temperature, °R.
PCI'£PS MPS supply total pressure, psia.
Pc SRE supply total pressure, psia.

SRB
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Section I

INTRODUCTION

The analysis of pressure and gauge wind tunnel data fiom Space Shuttle
wind tunnel test TAl19 was performed to define the aerodynamic influence of the
main propulsion system (MPS) and solid rocke* booster (SRB) plumes on the total
vehicle, elements, and components cf the Space Shuttle vehicle during the

transonic portion of ascent flight.

Wind tunnel test IA119 was a transonic test of a 0.02 scale model of the
Space Shuttle launch vehicle. The wind tunnel test was conducted in the 11 x
11-foot section of the NASA/AMES Research Center Unitary Plan Wind Tunnel.
Pressure data were cbtained over the aft portiens of the wind tunnel model in

addition to wing and elevon gauge data,

Air was used as a simulant gas to develop the model exhaust plumes. A
portion of the test was devoted to testing at various power levels. Data from
the power level portion was used in conjunction with prototype base pressure
possibility curves to evaluate nominal power levels to be used during the
investigation of changes in model attirude, elevon deflection and nozzle gimbal
angle. The simulation parameter used to develop nominal power levels was
[Sj YjN]PROT:z [anjN]MODEL where N varies with Mach number.

The plume induced aerodynamic loads were developed for the Space Shuttle
base areas and forebody areas. The base areas include the orbiter base
including nozzles, ET base and SRB base. The forebody includes the orhiter
areas forward of the base, including the body flap, the wings and elevons, and

ET and SRB areas forward of the base.

A math model of the plume induced aevodynamic characteristics was developed
for a range of Mach numbers to match the forehody aerodynamic math model. The
base aerodynamic characteristics are presented in terms of forces and moments
versus attitude. Total vehicle base and forebody aerodynamic characteristics
are presented in terms of aerodynamic coefficients for Mach number from 0.6
tuv 1.4. Element and component base and forebody aerodynamic characteristics are

presented for Mach numbers of 0.6, 1.05, 1.1, 1.25 and 1.4, These Mach numbers
1-1
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are compatible with defined forebody aerodynamic characteristics except for Mach
1.4. The forebody data is zvailable at Mach 1.55. Base and forebody plume
induced data is provided at Mach 1.4 because Mach 1.4 was the highest Mach

number for which data is available at the present time,.

Tolerances were developed for all plume induced aerodynamic charac-
teristics. The tolerances are developed in terms of a math model and ineclude
simulation paramefer uncertainties, model instrumentation uncertainties, model
configuration uncertainties including tunnel-model support interference

uncertainties and Reynolds number effects.
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Section I

WIND TUNNEL MODEL

The wind tunnel model was a .02 scale space shuttle launch vehicle con-
figuration. The wind tunnel model is designated — 88 OTS Configuration 140C
(modified) Jet - Plume Integrated Space Shuttle Vehicle. The wind tunnel model
is essentially the same as was used for an earlier Space Shuttle plume test
TA19, conducted in 1974. The major difference being that the contoured SSME
flow through nozzles were used during the IAllY test and conical SSME nozzles
were used during the TALl9 test. The orbiter model was the 140C model configura-
tion which generally represents the OV10l orbiter mold lines. The OV102 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 1).

The model was strut mounted as shown in Figure 2-.. Cold air was supplied

through the strut to the SSME and SRB nozzles. An air supply strut was mounted

between the ET and orbiter to supply air to the simulated SSME nozzles as shown in

Figure 2-2., The SSME nozzles were contoured with an exit plane lip angle of 5
degrees. The SRB nozzles were conical with a lip angle of 27.5 degrees. Sche-
matics of the SSME and SRB nozzle internal contour are presented in Figures 2-3

and 2-4, Calibrution data for the nozzles are presented in Section IV. Details

of the model configuration can be obtained from the pretest report (reference 1).

The left orbiter wing was strain-gauge instrumented to obtain wing shear
forces, root bending moments and torsion moments. The inboard and outboard
elevons on the left wing were also separately strain-gauge instrumented to obtain

hinge moments. The right orbiter wing and elevens were pressure instrumented.

All base, nozzle, and portions of each element forebody 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

2ombinations.
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Section III

TEST CONDITIONS

The IAl1l9 wind tunnel test program was essentially conducted in two 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 at a
nominal power level that includes various elevon deflections, nozzle‘gimbal

patterns, and attitudes,

Base pressure data, from the power variation test (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 1.4.

Part 2 of the test program consisted of testing the model using the
nominal power levels developed inm Part 1 over a range of attitudes and
configurations (elevon deflections, gimbal angles, etc.). Data were obtained
at nominal angles of attack of -8, -4, 0, and +4 degrees. The angles of side-

slip were nominally 0, and +6 or +4 degrees.

The data analysis procedure required a power—-on and a power-off run
sequence. The power-on data was required to obtain the power-on base pressure
environments. The power-off data is used to evaluate the influence of power on
changes in local pressure environments for use in the analysis of forebody
plume induced aerodynamic characteristics. The development of the forebody
plume induced aerodynamic characteristics also required testing at _cositive
and negative sideslip angles, because portions of the model forebody had pres-
sure Instrumentation on only one side of the model. Thus four sets of test
data were required to develop the plume induced aerodynamic data. The power-on
and power-off run data sets used for analysis are presented in Tables 3-1
through 3-9. These tables show the angle of sidéslip schedule, the elevon
deflections, and the nozzle g.mbal angle run sets for each Mach number. The

run numbers are arranged in terms of the model configuration at nominal power
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levels (elevon deflection and gimbal angle), then the power wvariation run

mumbers, and then the roll 90 degrees run numbers.

Fach power run number has a sequence slash number that denotes a
particular MPS and SRB power level. Figures 3-1'thrnugh 3-9 show the power
level for each power run-sequence combination. The square shows the nominal
power value used for the testing of the various elevon settings and gimbal

angles.

Tests were conducted at various elevon deflections corresponding to
Schedule 6 and probable variations about schedule 6. Schedule 6 elevan
deflections are presented in Figure 3-10. 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-lla through 3-1le. The
elevon deflection closest to schedule 6 that was used to develop the plume

induced aerodynamic data base 1s shown in each figure.
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Table 3-1.
IA119
POWER ON-OFF DATA SETS (M_ = 0.6)
SRB/SSME 8
o | POWER -6 <4 | =2 0 2 4 6 Se1p | GIM
A NN 155 154 153 | 10/9 | N
A | OF OF |[156 157 158 1 10/9 | N
A NN 274 273 272 10/11 | N
A | OF OF 275 276 277 10/11 ] N
A NN 166 167 168 | 10/5 | N
A | OF OF |165 163 161 10/5 | N
A NN 626 625 624 8/9 | N
A | OF OF 627 628 629 8/9 | N
A NN 282 280 281 12/9 | N
A | OF OF 283 284 285 12/9 | N
A NN 429 430 431 10/9 | GI
A | OF OF 428 427 426 10/9 | GI
A NN 482 10/9 | G?
A | OF OF 483 ’ 10/9 | G2
A NN 489 488}1 487 10/9 G5
A | OF OF 490 491 49 10/9 | G5
A NN 569 569 ! 5677 3 10/9 | 66
A | OF OF 570 571 572 10/9 | G6
POWER
0 |OF OF 53 10/9 | N
vV NI 9-17
N2 16
N3 15
N4 14
N5 13
ROLL 90
0 NN 649 10/5 | N
0 |oF OF 650 10/5 | N
N = NOMINAL 1. « = 0 ONLY
OF = OFF 2. o = -8, +4 ONLY
V = VARIABLE 3. « = -8, 0, +4 ONLY
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Table 3-2.
IA119
POWER ON-OFF DATA SETS (M_ = 0.8)
SRB/SSME B
« | POWER -6 -4 | -2 0 4 6 serqg | GIM
A NN 150 151 152 | 10/9 | N
A | OF OF ]149 148 147 |10/9 | N
A NN 268 267 266 10/11] N
A | OF OF 269 270 271 1010 1 N
A NN 171 170 169 |10/5 | N
A | oFoOF |172 173 174 | 10/5 | N
A | w7 1620 BIGE 618 8/9 | N
A | OF OF 621 622 623 8/9 | N
A NN 288 286 287 12/9 | N
A | OF OF 289 290 291 1279 | N
A NN 416 415 414 10/9 | GI
A | OF oF 417 418 419 10/9 | GI
A NN 439 438 437 10/9 | G2
A OF OF 457 456 455 5 10/9 G2
A NN 495 49 493 10/9 | @5
A | OF OF 496 49 49 10/9 | G5
A NN 563 56 561] 2 10/9 | G6
A | OF OF 564 565 56 10/9 | G6
SRB/ SSME POWER
0 | oF oF 52 10/9 | N
vV NI 23 {
N2 22
N3 21
N4 20
N5 19 1
ROLL]
0 NN 647 115/5 | N
0 NN 648 J10/5 | N
]
N = NOMINAL 1. o = 0 ONLY
OF = OFF 2. = -8, +4 ONLY
V = VARIABLE
3-19
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Table 3-2.
IA119
POWER ON-OFF DATA SETS (M_ = 0.9)
SRE, SSME B
« | POWER -6 A | -2 0 2 4 6 serg | 6IM
A NN 143 142 1413 {1079 | N
Al oF oF |144 145 146 N
A NN 257 256 255 10711 | N
Al OF OF |264% |258 [263% | 259 |262%|260 [261* | 10/11 | N
A | OF OF 265 10/11 | N
A NN 183 1207 185 110/5 | N
Al OF OF (182 | 17# 624/ 176 175 | 10/5 | N
A ]3]/]4 10,/5 N
A 173 10/5 N
A NN 614 613 612 8/9 | N
Al OF OF 615 616 617 8/9 | N
A NN 294 293 292 12/9 | N
Al OF OF 295 296 297 12/9 | N
A W 390 389 388 10/9 | GI
A| OF OF | 391/ 392 400 10/9 | GI
393
A NN 466 465 464 10/9 | G2
A | OF OF 467 468 469 G2
A NN 501 50011 499] 2 10/9 | G5
Al OF OF 502 503 50 G5
A NN 557 5531 556] 2 10/9 | 66
A OF OF 558 55 56 G6
SRB/SSME POWER
0{ OF OF 51 10/9 | N
v NI 35
N2 34
N3 33
N4 25/32
v Vv N5 24 ¥
ROLL
0 NN 643 10/5 | N
o| OF oF 644 10/5 | N
N = NOMINAL 1. « = 0 ONLY
OF = OFF 3-20 2. o = -8, +4 ONLY
V = VARIABLE 3. o =0, -8, -4 ONLY
4. o = +4 ONLY
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Table 3-4.
IA119
POWER ON-OFF DATA SETS (M_ = 0.95)
SRB/SSME B
o | POWER -6 -4 |-2 0 4 6 se1p | GBI
A NN 138 137 136 | 10/9 | N
A| OFOF |135 134 133 | 10/9 | N
A NN 249 248 247 10/11 | N
A| OF OF 250 251/ 252 10/11 | N
254 N
A NN 188 187 186 | 10/5 | N
A| OF OF 189 190 191 | 10/5 | N
A NN 608 607 606 8/9 | N
A| OF OF 609 610 611 8/9 | N
i A NN 301 299 298/ 12/9 | N
A 300 N
‘ A| OF OF 302 303 304 12/9 | N
i A NN 478 477 476 10/9 | 2
3 A| OF OF 479 480 481 10/9 | G2
1 POWER
0| OF OF 44 10/9 | N
5 V NI 31
N2 30
N3 29
, N4 28
§ N5 27
; N6 43
| \% N7 43 \
| ROLL
B 0 NN 645 10/5 | N
H 0l OF OF 646 10/5 | H
| N = NOMINAL
) OF = OFF
V = VARIABLE
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Table 3-5.
IAT19
POWER ON-OFF DATA SETS (M_ = 1.05)
* SRB/SSME B
« | POWER -6 -4) -2 0 4 6 seqg | GIM
| A NN [ 129 128 127 | 1079 | N
| Al oF oF |130 131 1321 10/9 | N
f A NN 240 2392 238 10/11 | N
{ Al oF oF 244 24 246 10/11 N
A NN 194 193 192 | 10/5 | N
Al oFor |195 196 197 | 10/5 | N
A NN 578 577 576 8/9 | N
Al OF OF 579 580 581 8/9 | N
| A NN 310 3061 308 12/9 | N
A| OF OF 311 312 313 1279 | N
| A NN 394 395 10/9 | 6I
; Al oF oF 398 10/9 | 61
? A NN 444 443 442 10/9 | 62
= Al oF oF 445 446 447 a2
' A NN 507 506} 50 10/9 | 65
A| OF OF 508 509 51 ' G5
| A NN 533 53 53 10/9 | G6
; Al OF OF 534 53 536 GG
E POWER
| o| OF oF 50 10/9 | N
. V N1 49
| N2 48
N3 46
N4 47
v N5 40/4%
63
ROLL
| 0 NN 633 10/5 | N
: 0 OF OF 634 1N/8 N
: e DR 1. o= 3.6°/4
| = % o = 0 ONLY
| L. o = -8, +4 ONLY
? 377
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Table 3-6.
IA119
POWER ON-OFF DATA SETS (M_ = 1.10)
SRB/SSME B
| a | POMWER -6 -4 | -2 0 4 6 se1g | GIM
. A NN 109 108 107 | 10/9 | N
Al oF oF 110 111 112 Lio/9 | N
A NN 202 201 200 ]10/5 | N
Al oF oF 203 | 204 205 206 |207 |10/5 | N
A AN 230 733 737 TO/TT TN
Al oF oF 235 236 237 10/11 | N
A NN 590 589 588 8/9 | N
Al oF oF 591 592 593 8/9 | N
A NN 316 315 314 12/9 | N
A | oF oF 317 318 319 12/9 | N
A N | 403 402 401 10/9 | 6I
Al OF OF 404 405 406 10/9 | GI
A NN 450 449 448 10/9 | G2
an | OF OF 451/ 452 454 10/9 | G2
453
A NN 513 51 5171 10/9 | s
Al OF OF 514 51 51 19/9 | G5
A NN 551 550! 5492 10/9 | G6
Al OF OF 552 553 55 10/9 | G6
POWER
0| OF OF 56 10/9 | M
V NI 61
N2 60
N3 59
N4 58
N5 57/64 Ny
ROLL
0 NN 635 10/5 | N
ol oF oF 636 10/5 | N
N = NOMINAL 1. a = 0 ONLY
OF = OFF 2. o = -8, +4 ONLY
V = VARIABLE
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Table 3-7.
f IA119
_ POWER ON-OFF DATA SETS (M_ = 1.15)
- SRB/SSME 8
’ a POWER -6 -4 2 0 2 4 6 Seqg GIM
[ b NN 210 209 208 |10/5 | N
. AL OF OF | 211 212 213 10/5 N
A NN 103 102 101 10/9 N
!, al OF OF 104 105 106 10/9 N
A NN 356 355 354 10/-21 N
} Al OF oF 357 358 359 10/-2| N
f A NN 602 601 600 8/9 N
al OF OF 603 604 605 8/9 N
A NN 336 335 334 12/-2 | N
Al OF oF 337 338 339 12/-2 | N
A NN 328 327 326 45/3 N
Al OF OF 329 330 33] / N
A NN 472 471 470 10/9 | G2
Al OF OF 473 474 475 10/9 | G2
POWER
0! OF OF 70 10/9 N
Nl V 69
| N2 | 68
’ N3 67
| |11 Na 66
N5 65 \
| 1 ROLL
.
B 0 NN 639 10/5 N
0{ OF OF 640 10/5 N

! N = NOMINAL
| OF = OFF
V = VARIABLE
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Table 3-8.
IA119
POWER ON-OFF DATA SETS (M_ = 1.25)
SRB/SSME B
« | POWER -6 -4 | -2 0 2 4 6 se1g | GIM
A NN 362 361 360 10/-2 | N
A OF OF 363 364 365 10/-2 | N
A NN 384 383 382 10/-5| N
Al OF OF 386 385 381 10/-5| N
A NN 115 114 113 | 10/9 | N
Al OF OF | 116 117 120 [ 10/9 | N
A NN 216 215 214 | 10/5 | N
Al OoFoOF | 217 | 218 219 220 | 221 10/5 | N
A NN 342 341 340 12/-2 | N
A | OF OF 323 344 345 12/-2 1 N
A NN 323 321 320 12/9 | N
A| OF OF 322 324 325 12/9 N
A NN 596 595 594 8/9 | N
A| OF OF 597 598 599 8/9 | N
A NN 409 408 407 10/9 | GI
A | OF OF 410 411 412 10/9 GI
A NN 460 459 458 10/9 | @2
A| OF OF 461 462 463 10/9 | G2
A NN 519 5181 517 10/9 G5
A | OF OF 520 521) 522 10/9 | G5
A NN 545 54%‘ 10/9 | c6
Al OF OF 546 54 10/9 | G6
POWER
0! OF OF 71 10/9 | N
N1 V 76
N2 75
N3 74
N4 73
N5 72/84 Y
ROLL
0 NN 641 10/5 ' N
0 OF OF 642 10/5 N
N = NOMINAL 3-25 1. o =0, -8, +4 ONLY
OF = OFF
V = VARIABLE
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Table 3-9.
IA119
POWER ON-OFF DATA SETS (M_ = 1.40)
SRB/SSME B
o | POWER -6 -4 | -2 0 1 6 serq | GIM
o A NN 368 367 366 10/-2 | N
Al OF OF 369 370 371 10/-2 IN
T NN 370 375 374 T0/-5 | N
Al oF oF 378 379 380 10/-5 |N
| A NN 224 223 222 |10/5 N
Al oFoF 225 | 226 227 228 1229 |10/5 |N
A NN 584 583 582 8/9 |IN
Al OF OF 585 586 587 8/9 |N
A NN 348 347 346 12/-2 |N
Al oF oF 349 350 35] 12/-2 [N |
A NN 422 421 413/ 10/9 el
A 420 GI
Al OF OF 423 424 425 10/9 |Gl
Gl
A NN 435 434 433 10/9 |62
' At OF OF 436 440 441 G2
i NN 525 578 523° 10/9 |c5
| Al oF or 526 52 52 10/9 o5
|
A NN 539 5383 537 10/9  |c6
Al oF oF 540 54 54 10/9 |cs
POWER
ol oF oF 77 10/9
NT Y 81
* N2 80
& N3 79
| N4 78
| NS 85 :
t ROLL
E 0 NN 637 10/5 [N
‘ Q OF OF 638 10/5 N
i N = NOMINAL 1. o =0, -8, +4 ONLY
i OF = OFF 9 = -8, +4 ONLY
b V= VARIABLE 3. = 0 ONLY
E 3-26
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Section 1V

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 levels. A range
of model power levels were required for the power level variation portion of
the test. Model nozzle 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 used during the test program and thus a considerable amount of cali-
bration data were evaluated. The test program ultimately used only the 27 con-
toured SSME nozzle configuration and the 2% conical SRB nozzle configuration.
The nozzle calibration data and instrumentation layout was obtained from
references 2 through 6. The nozzle calibration tests were conducted for the
IA19 Space Shuttle plume test (reference 7). This test (IA19) used essentially

the same model hardware as the IA119 test,

Summary 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.

The SSME nozzle performance was close to the calibration data as shown
in Figure 4-1. SSME nozzle number 2 was used to compute nozzle and SSME
pime gas dynamic characteristics since the measured performance was closest
to tnc calibration results. The SSME nozzle performance for chamber pressures
aex7 300 psi was erratic indicating cases of nozzle flow separation. Condi-

tions where the SSME nozzle chamber to exit pressure ratio dropped below 45 are

noted for all data cases and the data was not used.

.zu
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The SRB model nozzle performance was close to portions of the calibration
data with little difference between the performance of the right and left SRB
nozzles. The right SRB nozzle performance was used to calculate SRB model
plume characteristics. The right SRB nozzle performance was closest to the
nczzle calibration results. Model nozzle performance for chamber pressures
less than 400 psi could experience nozzle wall flow separation for high ambient
pressures (>9 psi). Data where the SRB nozzle chamber to exit pressure ratio

was less than 60 was not used.

The SRB nozzle calibration data are presented in Figures 4-3 through 4-14.
Difficulty was experienced in the analysis of the model SRB nozzle flow charac-
teristics in evaluating an average chamber to exit plane pressure ratio. The
near exit plane calibration data in Figures 4-11 through 4-14 show the large
variation in exit plane pressure that was obtained during the nozzle calibration
test. An analysis of the .0l scale SRB nozzle and the .02 scale SRB nozzle in
conjunction with a MOC analysis indicated that a chamber fo exit plane pressure
ratio of 66 was the most representative. The post test analysis shown in
Figure 4-2 shows that the pretest analysis produced a representative SRB model

nozzle chamber to exit pressure ratio.
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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 possibility curves are curves of base pressure or base pressure
coefficient versus prototype plume characteristics. An example prototype
possibility curve 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 $SME and SRB prototype nozzles. The SSME possibility curves were
developed using possible orbiter base pressure coeffi_.~nts and the SRB possi-

bility curves were developed using SRB possible base pressure environments.

During the power level portion of the test, model base pressure data are plotted
on the prototype possibility curves as shown in Figure 5-1. The model power
level is determined where the model pressure curve crosses the prototype pres-
sure curve. An iteration procedure is used when there are two variables
involved that influence the base pressure, i.e. 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.

The form of the plume simulation equation used during the IA119 test
program was the following (reference 8)

G.Y.N = 4.y N

J 3 pror. 33" mopEL
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 reference 9. 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-SRB space shuttle

5-1
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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 technology pregram.

An example of the similarity parameter data correlation for the far field
wing is presented in Figure 5-4. Figure 5-4 shows the wing plume induced normal
force versus SSME similarity parameter. These curves show good general separa-
tion. The figure also shows that the wing plume induced increment in normal
force is more sensitive to SRB power level than it is to SSME power level.

The separation of the curves shows that the similarity parameter fits the data
into distinct curves covering both positive and negative plume induced wing

load conditions which shows good correlation and adds confidence to the

similarity parameter used.

The similarity parameter 6jY? requires the development of '"PROTOTYPE
POSSIBILITY CURVES" using prototype MPS and SRB plume characteristics. The
Gj and Yj characteristics of the MPS and SRB plumes used to develop the
prototype similarity parameter are presented in Figures 5-5 through 5-7. The
SRB prototype plume characteristics presented in Figures 5-5 and 5-6 have been
subsequently updated. The SRB plume angle shown in Figure 5.5 is approximately
1/2 a degree higher than the updated data. The "PROTCTYPE POSSIBILITY CURVES"

are presented in the appendix.

The prototype plume characteristics are a function of the motor chamber
pressure and altitude and are therefore dependent on the ascent trajectory.
The 3A ascent trajectory characteristics were used as a reference trajectory.

The ascent trajectory characteristics that influence the prototype plume

characteristics are presented in Table 5-1.
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Section VI

DATA ANALYSIS

Five computer codes were used to analyze the IAl19 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 +8 power-on, +8 power-off,
-8 power-on and -f8 power off. The four run data sets were arranged in angle
of attack sets of -8, -4, 0, 4. Flags were set to note a, B, Mach, gimbal

an¢ configuration incompatibility of the four run sets. (See Tables 1-9 Section IIT)

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

VARIABLE TOLERANCE
MACH .03
a .25
B .25
B Sign
Gimbal #0

CONFIGURATION NO. DO NOT AGREE
RUN NUMBER/SEQUENCE OUT OF PLACE
8 +.25

INB

=+
8 o om +.25

The SORT program proved very useful in identifying errors in the post test

run schedulc¢ 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 rurn and all
data from the power off run and then subtracts the two data sets and lists
the power delta'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'". WTIPDA is an
interactive graphic pressure data integration computer program which operates

on the Sigma V Graphics System.

WIND TUNNEL PRESSURE DATA ANALYSIS (WTPDA)

. PROGRAM DESCRIPTION
WTPDA is an interactive ccmputer graphics program which allows an enginear
to apply his judgement to the smoothing of wind tunnel prsessure data in a rzal
time environment. The purpose of the program is to produce airloads which are
compatible with vehicle stability data and which rerflect engineering judgemen=z.
WTPDA empleoys interactive computer techniques so that an engineer zan develcrt

balanced airlcocads in a timely manner.

WTPDA can integrate pressure data on wings, vertical stabilizers, fins,
cylinders, and arbitrary cross-section Zuselages. Although WTPDA was develcrced
specifically to handle the Space Shuttle launch vehicle, it is capable of

handling almost any arbitrary crcss-section bedy.

,]/;‘
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The WIPDA 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 IAll9 pressure data. This computer program was developed specifically to
analyze the TAll9 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 scquenies 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. An example of a four run data set
used for analysis at Mach 0.6 would be run sets 153, 158, 155 and 156. These
four sets are shown at the top of Table 3-1 as positive and negative sideslip
data sets for elevon deflections of 10/9 and nominal nozzle gimbal angles.
Both power-on and power-off data sets are required since a portion of the plume
induced data uses power on pressure coefficients while other portions require

only the change in pressure coefficient due to power.

The analysis of the plume induced aerodynamic characteristics was performed
using different pressure data over different portions of the vehicle. This tvpe
of analysis was required because of the unique configuration of the Space Shuttle
and the model configurations used to obtain the forebodv 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
Cp's where AC =C -C

Ppower pPower on Ppower off

6-3
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The power on Cp's were used to evaluate the power-on base forces and
moments. The power delta Cp's were used to evaluate the change in forebody
aerodynamic characteristics. The location on the Space Shuttle vehicle where
the different types of pressure data were used is shown in Figure 6-1.
rfollowing is a brief discussion of the analysis technique used to evaluate

the plume induced aerodynamic characteristics.

ORBITER ANALYSIS
BASE

A photograph of the IA119 model orbiter base is shown in Figure 6-2. The
orbiter base includes the base plate, upper body i{lap areas, and SSME nozzle
bells. jhe base, nozzle bells, and lower portions of the OMS pods are also

included in the orbiter base.

A complex base pressure integration procedure was used to develop base
force and moment coefficients. The base pressure coefficients were integrated
over the base areas and nozzles to determine base axial force coefficients.
The nozzle configuration used corresponded to the prototype external nozzle
contour, not the model external contour. The rational used was that the external
model contour was sufficiently scaled to develop the base pressure environment,
but not of the correct shape for the integration of the pressures to determine
nozzle axial forces. A schematic of the SSME model and prototype nozzle

configurations is shown in Figure 6-3.

A different technique was used for the determination of nozzle normal
forces and pitching moments. The Space Shuttle forebody aerodynamic characteris-
tics include power off nozzle forces and moments. Thus, only the power delta
forces and moment on the nozzles are included. The model nozzle configuration
was used to develop the nozzle forces and moments since the normal forces and
moments are developed near the exit plane where model nozzle geometric
similitude is the best. The SSME nozzle hinge moments were determined using

the nominal power-on pressure coefficients and the SSME model geometry.

The SSME instrumentation layout is shown in Figure 6-4. The SSME tap-line-

item and effective axial nozzle area is presented in Tables 6-1 through 6-3.

6-4
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The SSME nozzle hinge moments were evaluated using the reference dimensions and

sign convention shown in Figures 6-5 and 6-6.

The orbiter base plate pressure instrumentation locations are shown in
Figure 6-7. The base plate orifice, tap line item numbers, vertical locations
and areas used to analyze the base plate are presented in Table 6-4. A
schematic showing the relative area size assigned to each pressure is shown
in Figure 6-8. The base plate total area was checked from several drawings as

noted at the bottom of the tables.

OMS PODS

The OMS pods were analyzed using the effective areas and orientation as
shown in Figure 6-9. Since only one OMS pod was instrumented, the effective
area is for both pods. The base pressures were averaged at + and - B angle
for a B run. Close proximity orbiter base plate pressures were used for the

pod overhang areas,

BODY FLAP
The orbiter body flap instrumentation is shown in Figure 6-10. The
effective areas are presented in Table 6-5. Only the upper portion of the body

flap is included as part of the orbiter base.

ORBITER FOREBODY

The orbiter forebody pressure instrumentation layout is shown in Figure
6-11. The forebody plume induced aerodynamic characteristics were evaluated
using the power delta Cp's. An evaluation of the power delta Cp's at the
highest power setting showed that the forebody power effects are confined to
stations aft of 1375.0, thus only data in this area was considered. Radial ring
locations are presented in Table 6-6. A major problem existed with the orbiter
forebody in that no pressure instrumentation was located on the bottom aft
portion of the orbiter forward of the body flap. The closest wing pressures

were used to determine the plume induced pressure environment in this area as
shown in Figure 6-11.
WING AND ELEVONS
The wing pressure instrumentation layout is presented in Figure 6-12.
The wing power-delta pressures were evaluated at high power levels to determine

6-5
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the wing spacial content of the plume induced effects. The limits of the
plume induced effects were found to be limited to the area shown in Figure
6-13. The pressure instrumentation used to evaluate the wing plume induced

aerodynamics was thus limited to that shown in the figure. The net wing
instrumentation used is presented in Tables 6-7 through 6-9. The resultant power

induced wing loads from the pressure integration were different from the gauge

data. The differences are shown in Figures 6-14 through 6-18. The wing power
delta torsion moment from pressure integration had a different sign than the
gauge data as shown in Figure 6-15. The gauge data indicates that the XCP was
forward of the elevon hinge line. The pressure data gave power induced load
centers aft of the MRP which is believed to be more correct. The sign convention
used for the wing plume induced aerodynamic characteristics is presented in

Figure 6-19.

VERTICAL TAIL
The vertical tail instrumentation location is shown in Figures 6-20 and
6-21. The sign convention used for the vertical tail forces and moments is

shown in Figure 6-22. The effective areas are presented in Table 6-10.

SRB BASE

The SRB nozzle instrumentation layout is shown in Figure 6-23. The proto-
type nozzle configuration was used to determine external aerodynamic loads.
The nozzle configuration used is shown in Figure 6-24. The nozzle pressure
integration was terminated at the compliance ring shown in Figure 6-25. The
nozzle axial areas assigned to each pressure location is presented in Table
6-11. The SRB nozzle hinge moment sign convention is the same as that used

for the SSME as shown in Figure 6-26.

SRB FOREBODY

The SRB forebody instrumentation layout is shown in Figure 6-27 and the
pressure integration area layout in Table 6-12. No consistent trend in power-
delta pressure could be determined except on the skirt. Thus only the skirt

area was used to determine power-induced forebody aerodynamic characteristics.

6-6
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ET BASE

The E1 base instrumentation layout is shown in Figure 6-28. The area
assignment is presented in Table 6-13. The area assignments were determined
by plotting the ET base pressures and determining pressure contours for

selected Mach numbers. The areas were then evaluated using the base pressure

contours.

ET FOREBODY

The ET forebody power delta pressures were evaluated at the highest power

levels and no forebody pressure delta could be determined. Thus no ET fore-

body was modeled.

Reference areas, lengths, and moment reference locations used for all

aerodynamic characteristics are presented in Table 6-14.

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 VII.

6-7
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Table 6-1. SSME #1 PRESCURE INSTRUMENTATION LOCATION AND AREAS

SSME #1
X/D  ORIFICE j TAPLINE ITEM Eg%ﬁEAREA - FT?
3 9] 116 |14 « 287
32 30 1181} 2 « 287
33 60 1 8 3 e 287
34 90 1814 « 287
35 120 11815 287
36 150 11816 « 287
.058 37 180 1(8]7 287
38 210 1| 8] 8 « 287
39 240 1{8]9 « 287
40 270 1] 8 (1C 0287
41 300 118 {11 « 287
42 330 1 8 |12 «287
43 |0 1] 813 Tall
44 30 1] 8 |14 1.11
45 60 1| 8 |15 1w 11
46 90 1] 8 |16 1.11
47 120 1| 817 1.11
v 48 |150 | 1| 9|1 1e11
49 180 19| 2 1.11
50 210 1191 3 lell
51 240 119 4 leo11
52 270 1195 l1e11
53 300 1|10 | & 1a1l
54 330 119107 lell
55 |0 1] 9] 8 1.28
56 30 1] 9|9 1.28
57 60 1| 9|10 1.28
58 90 1 911 1.28
59 (120 1] 912 1.28
60 [150 1 9 (13 1.28
.58 61 |180 1| 9|14 1.28
62 210 1| 9158 1.28
63 240 1| 9 (16 1.28
64 270 1| 917 1.28
65 300 1104 1 1.28
66 330 1|10 ] 2 1.28
67 0 110 3 2.548
84 68 90 1|16 4 24548
: 69 180 1110 5 2.548
70 270 1 {10 | 6 2.548
TOT 42.516
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‘ Table 6-2. SSME #2 PRESSURE INSTRUMENTATION LOCATION AND AREAS
SSME #2
B NOZZLE oy
X/D ORIFICE ¢ TAP LINE ITEM AXTAL AREA -~ FT
71 |30 Z[10] 7 L5764
72 |90 21| 8 .574
73 | 150 2 1ic| o 574
74 | 210 210|106 W431
.058 75 | 240 2 1ol11 « 287
76 | 270 21715 «287
77 | 300 2 (1013 .287
78 1330 211014 W43
79 | 30 2 [1n]1s 2.22
i 80 | 90 2 10|16 2.22
' 81 | 130 2 {1017 2P
32 82 | 210 2011 1 1.66
’ 83 | 240 2(11] 2 151l
4 ' 84 | 270 z111] 3 1.11
; 85 | 700 2111| ¢ 1s11
: 86 % 30 2111] 5 1e66
[ z : -y T > 6 5,266
[ 88 | 90 2 (11 7 4.266
| 89 |1s50| 2(11] 8 4.266
: .58 90 | 210 2|11 9 3,2
91 | 240 2 (1110 2.133
92 | 270 201111 2.123
53 | 306 2 (1112 2.133
34 | 330 211113 3,2

1Vl 424352
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Table 6-3. SSME #3 PRESSURE INSTRUMENTATION LOCATION AND AREAS

SSME #3
NOZZLE 2
X/D ORIFICE 8 TAP LINE ITEM AXIAL AREA -~ FT
71 | 30 3ol 7 o574
72 |90 3112 & o574
73 | 130 310 s 574
74 | 210 3110 |1GC «4.3)
.058 75 | 240 3(10 (11 . 287
76 | 270 317 {15 . 287
77 | 300 2li0 |13 .287
78 330 311C |14 «431
79 | 30 3110 |15 22
80 |90 3110 |16 2422
2l 130 3110 |17 2422
82 | 210 2111 ] 1 1.66
.32 83 |z40 | 3|11 2 1.11
34 |27 3111 ] 3 1.11
85 | 300 3|11 ] 4 je1l
86 330 3111 ] 5 1.66
87 | 30 311 ] 6 4,266
88 |90 3111 7 4,266
89 150 I111 ] & L,266
90 | 210 3111 | 9 3.2
.58 91 |2s0 | 3|11 o 2,133
92 | 270 3111 |11 2+133
95 | 366 311 112 2¢133
94 | 330 311 113 3,2

'-J' “doél'd
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? Table 6-4. ORBITER BASE PLATE PRESSURE INSTRUMENTATION LOCATION AND AREAS -
ORIFICE LINE ITEM Z AREA AREA N 3ASE

301 _ 1sl 7 | £312, 6.5 4.3596
302 i -"IS'F 8 _1__5062. _ _|_..16.22 15.5%
304 16| © 4ycn. 19.29% 18.79
305 16 (10 X76. 2U.TT | 24.35
306 1611 Jgn, 17.56 17.2§
307 156112 2. D & B 9.3¢3
312 15113 439, £ +15 5813
315 - 16315 | . 15. _ . . _T7.58 7.28¢
316 156116 37S. 15:23 14,96
318 161 302« 5.28 5.1935
325 17| 3 302. 8.53 | 3.400)
326 17 4 405, 2.6 8.266
327 17] S 48R . 8.6 8.26¢
329 . 47113 _ 1 u2o, . 1C.82 10.40
330 17 8 up 3., €.31 5.0835
331 17l 9 Io2. 9.34 9.59(|
334 17]12 360, 13,58 | 13.29
l 335 o 1Ti13 102. R.53 5.4C0
336 17114 H45 . 8.6 g.24h4
337 _ _laof1z___ | _.u8%, 2,6 _ 3.260
3358 17116 422. 8.6 $.266
339 AT paT U6 3. 10.82 Y6 . &4
340 13 1 417, S.78 5.556
341 A -8 - 439. 6.05 1 5 313
342 ©o18) 3 302 9-84% | g g3¢
3413 18 y 302 5.28 5. 196
344 18 5 376, 1523 14.9¢
345 - kBl b LN e N Ta39 | 7.20:
346 13 7 | zun. 11.50 | 13.2¢
TOT 302.64 293.15

AREA COMPARISON MINUS A -6.50  -4.60
296.14 288.55

PLUS NOZZLE +11.5 +11.2

301

BASE PLATE
PENETRATION
TOTAL 307.64 300.35
ORBITER BASE DRWG (RI RS009150) 308.3 301.0
' IA119 MODEL DRWG(SSA01261) 306.3 299.014
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Table 6-5. ORBITER UPPEﬁ BODY FLAP PRESSURE INSTRUMENTATION LOCATION AND AREAS

ORIFICE LINE ITEM X A

405 191G 1288.0 3.0

: 406 19111 1312.3 26.0
i 407 1912 1346,7 21.0
% 408 1913 1373.0 S.2
: 413 19|14 1288.0 55
414 1915 1213.3 16.0

415 19|16 1344,7 16.0

416 19|17 1272.0 8.0

422 20] 1 1312.3 8.0

424 20| 2 1372.0 B s

430 20| 3 1312.3 5.0

432 20| & 1373.0 4.0

437 20| 5 1288.0 3.0

438 20| 6 1312.3 7.0

439 27| 7 1344.7 9,0

440 20| 8 1373.0 4,0

TA = 146.5
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Table 6-6.

ORIFICE

649
185
186
187
188
189
190
191
653
196
197
195
199
200
201
202
653
206
207
208
209
210
211
212
214
215
216
217
409
433
410
418
426
434
411
435
412
420
428
436

ORBITER FOREBODY AND OMS POD INSTRUMENTATION LOCATION

LINE ITEM

23
14
14
14
14
14
14
14
2:3
15
15
15
15
15
15
15
23
15
15
15

15
15
16
16
16
16
16
16
18
19
18
19
15
19
18
19
19
19
19
19

12
10
11
12
13
14
15

bt et et et bt et [
— - NNEWODNO PPN E WO

—

VU W+ Oy FRODOCOCULOoC UM EWN

[
FEN LT OD~NUO®DN O

20049090230 0aO D
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1139.0
1139.0
1139.0
1139.N
1139.0
113%9.0
113%9.0
1139.0
1194,.0
1194,0
1194,0
1194.0
1194.7
1194,2
1194,0
1194,.,1
1244,.0
1244.0

1244 ,0
1244,0

1244, C
1244 .0
1244.0
1244,7
1294.0
1294,90
1294,0
1294.0
128844
1288.10
1313.2
1313.2
1313.2
13132
1345.6
1345.6
1373.95
1373.95
1773.95
1373.95

201.5
296.5
336.5
371.5
411.5
Lt11.5
461.5
441.5
206.5
296.5
336.5
371.5
“16.5
qQ6'5
471.5
44E.5
213.5
29645
23645
371.5
416.5
451.5
“71.5
451.5
38645
418.5
396.5
371.5
J.C
88.0
0.0
33.C
66.0
88.0C
Q.0
88.C
Cae0
33.C
66.0
88.C

0.0
90'0
90.C
45.0

135.C
135.C
180.C
195.0

0.0
90.0
90.0
45,C

135.°
135.0
180.C
225.0
n.c
90 .
9n,C
45,0
13%,C
135.C
18N,.N
22547

45.0
110.0
225.C
290.0

p |
.
)

A0 IO I DT
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Table 6-7.

ORIFICE LINE ITEM

633
632
915
£o7
666
919
700

ORIFICE LINE ITEM

650
649
917
684
683
921
716
115

23
23
22
24
24
24
25

23
23
23
24
24
24
26
26

RIGHT WING PRESSURE INSTRUMENTATION LOCATION AND AREAS

2
1
17
6
)
4

11

13
12
11
17
16
15

5

y

RIGHT WING
AREA X
538 ~-6845
4,63 -53.0

13.19 -11.0
Q.SS -67I5
3.75 -53.0
4.16 -11.2
8.04 -68.5
AREA X
5«38 ~68.5
4,63 =53.0

13-19 ‘11.0
QISB -69n2
3;75 ’53.0
"'016 "3300
5070 -6900
2.35 "5300

6-42

Y

35.0
35.0
35.0
55.0
55.0
55.0
SS5.

35.0
35.0
35.0
55.00
55.00
55.00
95.00
95.0C

UPPER SURFACE

3.14

3.14

3.14
T.14
J.14
3.1“
J.14

LOWER SURFACE

C.04
C.04
MNe0Y
N.04
0.0“
0.04
C.04
N.04




# i Table 6-8. RIGHT ELEVON INBOARD PRESSURE INSTRUMENTATION LOCATION AND AREAS

ORIFICE LINE ITEM AREA X Y UPPER SURFACE
639 23 7 1.86 -189.0 35,0 3.14
638 23 6 3.99 -172.N 35.0 3.14
637 23§ 4,34 -149.0 35.0 3,14
b 636 23 4 4,27 =123.3 35.0 3.14
i 635 23 3 E.46  -103.0 35.0 3.14
; €3 24 11 Z«T1 -185.5 55.0 T.14
| 672 24 10 4.58 -169.6 55.0 .14
: 671 24 9 4079 -1“702 55.0 301“
‘ 670 24 8 4,38 -124,8 55.0 T.14
669 2" 7 6.66 -102.4 55.0 3.14
706 25 16 . P -178.5 95, 3T.14
705 25 15 6.0 -162.0 95, T.14
704 25 l“ 6-55 -IQB-O 95. 3-14
703 25 13 5.42 -122.0 95, .14
702 25 12 8,56 -101.0 95, 3.14
737 27 3 6.56 -156.,0 145,.0 T.14
736 27 2 5.94 -137.0C 145,0 7,14
735 27 1 563 -118.10 145.0 3.14
734 26 17 8.44 -59.0 145.0C T.14
770 28 Q9 2.5 ‘16“.5 185.” 3.1“
769 28 & 5Se27 -148,2 185.0 .14
768 28 7 5.27 -133.4 185.0 .14
767 28 6 .27 ~115.6 185.0 a1t

= 7 i ]
LAyppggr = 149-23

ORIFICE LINE ITEM AREA X Y LOWER SURFACE
655 24 1 7.66 -165.0 35.0 Ne04
653 23 15 6.8 -135.0 35.0 0.04
652 23 14 6.46 -103.0 35.0 n.0Y4
689 25 5 7.29 -167.6 55.00 0.04
688 25 3 4,79 -147.2 55.00 N.C4
687 25 2 4,38 -124.8 55.00 NNy
686 25 1 6.66 -102.4 55.00 F.08
721 26 9 9.70 -162.0 95,00 n,C4
720 26 8 655 -143,0 95,00 0.04
719 26 7 S.42 =122.7 95.00 n.04
718 26 6 B8.56 -101.0 95.07 n.oy
753 27 14 10.0 -156.,0C 145.0 NsCHl
752 27 13 £.94 -137.0 145.0 DNk
751 27 12 5.63 -118.0C 155.0 N.04
750 27 11 B.ly -99,.0 145.0 0.04
785 29 2 7.77 -151.2 815.0 D.0U4
784 29 1 527 -133.4 815.0 faNb
783 28 17 S5.27 -115.6 815.0C .04

EALOWER = 129.25




Table 6-9. RIGHT ELEVON OUTBOARD PRESSURE INSTRUMENTATION LOCATION AND AREAS

ORIFICE LINE ITEM AREA X Y UPPER SURFACE
801 29 12 9,03 -135.8 235.0 3.14
799 29 10 T.29 -110.4 235.0 3J.14
796 29 9 729 =95.2 235.0 J.14

ORIFICE LINEITEM AREA X Y LOWER SURFACE
816 3C 4 8433 -118.0 235.C C.C4




Table 6-10. VERTICAL TAIL PRESSURE INSTRUMENTATION LOCATION AND AREAS

ORIFICE LINE ITEM A X z
505 20 9 16.94 =32.0 27.0
506 20 10 12.84 2545 27.C
507 20 11 9.45 67.0 27.C
513 20 12 12.15 3.0 67.0
514 20 13 10.94 +53.0 67,0
515 20 14 8.5 92.0 67.C
516 20 15 8.5 126.0 67.0
517 20 16 5.16 165.0 67.C
522 20 17 12.15 31.0 97.0
523 21 1 13.97 755 97.0
525 21 3 12.75 145.0 97.0
526 21 4 4.5 18C.0 97.0
531 21 5§ 11.1 61.7 137.0
532 21 6 11.1 106.0 137.C
533 21 7 8.33 139.0 137.0
534 21 8 833 167.C 137.0
535 21 9 4,69 199.0 137.0
540 21 10 11l.1 $6.0 177.0
541 21 11 9.72 136.0 1770
542 21 12 7.64 16540 1770
543 21 13 6494 196.0 177.0
549 21 15 10,33 130.5 217.C
550 21 16 8485 166.6 217.0
551 21 17 7.38 191.0 217.0
553 22 2 3.99 240.0 21T
558 22 3 7.29 170.0 252.0C
559 22 4 6068 201.0 252.0
561 22 6 3.64 240.0 25240
562 22 7 77 260,0 252.°
566 22 8 3.2 173.0 287.0
567 22 9 B.35 191.0 287.0
569 22 11 8.79 238.0 287.C
570 22 12 5.21 256.0 287.0
571 22 13 1.56 275.0 287.,0

ZA = 294.56
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Table 6-11. RIGHT SRB NOZZLE PRESSURE INCTXUMENTATION LOCATION AND AREAS

NOZZL=
X/D ORIFICE 6 TAPLINEITEM AXTAL AREA- 7T4
26405 | O 147117 . 767
2406 30 9lysl 1 _— 167
2407 | 60 5lus| 2 . 767
2408 | 9C oleal .z . _| .. .7867
2409 | 120 | slug| o .767
256 2410 | 150 | ¢ luasg]| s «TE7
: 2411 | 180 | 9|48 & 767
2412 | 210 | o f4sf 72 | __ . _.761
241 260 | 9lus| 8 767
2614 | 270 | 9fus| 9 . 767
2415 | 300 | 9|4a|1cC . 767
2616 | 330 9]s8]11) o TET
241/ | 0 | 5ls8l12 1.C1
2418 | 30 eluaf13 | __ _1.52__
2420 | 90 5lus|1s 1a52
2421 | 120 s 42|16 ; 1.01
2422 | 150 | s|u3|17 1.21
e 2623 | 180 | S |47 |1y 1.01
- 2424 | 210 | s 49| 2 121
2425 | 240 | 9jeal_3 131, ..
2626 | 270 | s |49| & 1.01
2427 | 300 | 9|49 ¢S HEA
2428 | 330 | slu9l| s L
2429 | O 9149 7 .582
2430 | 30 S lao| & .532
2431 | 60 ol49 |l S _ | ____.582.
2432 | 90 914510 .532
) 2633 | 120 9 ly9 |11 _ 5832
-015 243 | 150 | 9 |e9 |12 582
2435 | 180 | {4913 .582
2436 | 210 | S |49 |14 .582
2437 | 240 | 9 l4S |15 | __ ..8733
2439 300 94917 «8733
26440 | 330 9(sal : 2562
TOT 28.32
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2150
2151
2152
2153
{ 21564
‘ 2155
2156
i 2157
l 2158
2159
2160
2161
: 2162
2163
, 2164
i 2165
2166
[ 2167
2168
2169
. 2170
| 2171
. 2172
2173
2174
: 2175
2176
- 2177
] 2178
’ 2179

Wiy

ORIFICE

Table 6-12.

43
43
43
43
43
43
43
43
43
43
43
43
43
43
4y
44
44
44
44
44
4y
4y
4y
44
4y
44
4y
44
4y
44

LINE ITEM

X

1397.6
1397.6
1397.6
1397.6
1397.6
1397.6
1397.6
1297.6
1397.6
1397.6
1432.3
1432.3
1432.3
1432.3
1432.3
1432.3
1432.3
1432.3
1432.3
1432.3
1467.3
1467.3
1467.3
1467.72
1467.3
1467.7
1467.3
1467.3
1467.3
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1432,3
1432,2
1432,2
1432 42
1432.2
1432,3
1632,3
1432,3
1432.3
1432.3
1467.3
166743
146743
14673
146743
14673
1667.3
1467.3
1467.3
146743
1487.9
1487.9
1487.9
16487.9
1487.9
148749
1487.9
14879
1487,.,9
1487.9

o

58875
« 3925
1.1775
1.9625
2.74
3.532
4.1205
4,513
4,906
5.303
5.8875
« 3925
1.17758
1.9625
274
34532
4,1205
4.513
4,906
5303
5.8875
"e3925
1.1775
1.9625
2eTh
3.532
4.1205
4,513
4.906
5.303

LEFT SRB FOREBODY PRESSURE INSTRUMENTATION LOCATION

3925
1.1775
1.9625
274
3.532
4.1215
4,513
4.906
50,303
5.8875

«3925
1.1775
1.9625
2.T4
3.532
4.1215
4,513
QG906
€.30C3
5.8875

3925
1.1775
1.9625
2.74
Sa532
4.1215
4.513
4.906
5.303
5.8875




Table 6-13. EXTERNAL TANK BASE PRESSURE INSTRUMENTATION
ORIFICE LINE ITEM ORIFICE LINE ITEM
1501 | _39fic LU065 | 3,882 1527 | 41| ¢ «UUBU | 3,582
1502 391+ U195 | 11.64 1528 | 41| & «U10b | ¢.450
1503 | _39|1> + U090 | 5,674 1530 41| & U220 | 13.14
1504 3ylis «UUL3 | 2,568 1531} 411y «U1lSL [7.764
1505 40 = V09D | 5.674 1533 41 (11 «U1l5U | 7.764
1506 | 40| o «U108 | 6.450 1534 | 41 |1c «UUBU | 3.583
1507 | qul s | _.UUBE | 5.136 1535 41 |1 +U130 | 7.764
1508 4ul| o «UUYS | 5.674 1536 | 441 1> «U148 | 8.840
1509 | _4ul o nUUYS | 5.674 1537 | 41 [ic $U190 | 11.34.
1510 | 40| ¢ «UL08 | 6.450 1539 | w11y JU270 | 16.12
1511 | _40] © U095 | 5.674 1541 | w2z | 2 U270 | 16.12
1512 4u| v «ULlUb | 6.450 15431 42| o «uz24u | 14.33
1513 | _40]iv «U108 | 6.450 1544 | g2 o LU270 | 16.12
1514 | 40|11 «U125 | 11.64 1546 42| « W1150 | 67.49
1516 | _40f1z U108 | 6.450 1545 | 4z o .U4b2 | 28.79
1517 BO|L1s «U072 | 4.300 1551 | 42| o «U334 | 19.94
1518 4U|1u suU4s | 2.867 1553 e | 7 «Ube5 | 33.74
1519 4U|lo <LUSS | 3.165 1555 42 | « SUS34 | 19.94
1520 _u4ul1y/ +UUGU | 3.583 i 1557 g2 | v CLUb20 | 31.05
1521 G1| 1 UUYB | 2.867 1563 42 j1u «US76 | 34.40
1528 | Ml 4 +UUSH |3.225 1571 | %2 |1 «USBU | 34.64
1523 41 2 U053 | 3.165 1574 L2 llec cUY1le | 54.47
1524 _41| = «U0SS | 3.285 1575 @i 1 2 -ULJS. 3.882
1525 41| ® +UUS3 }3.165 1576 { 40 |15 «UUSE | 2.150
1526| 4l © (ouob 13.285 | | 1577 | uy lis . uugg | 5.375
IA = 597.3
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TOTAL VEHICLE
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REF
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Wing

Planf?rm area, SREF
MAC, ¢

Span, b

Elevons

SREF

LREF

Vertical Stabilizer

SREF

LREF
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Table 6-14. REFERENCE DIMENSIONS

FULL

SCALE
REFERENCE
DIMENSIONS

2690 ft2

1290.3 in.

2690 ft2

474,81 in.
936.68 in.

210 ft
90.7 in.

413.25 ft?

199.8 in.

The moment reference locations

Total vehicle:

ORB, ET, SRB:

COMPONENTS
Wing:

Elevons:

Vertical Tail:

X; 976, Y

T 0, Z

400

T T

XT 976, YTO, ZT 400

x°1307, YOIOS, 20288
Hingeline at X01387
x01414.3. YOO, 20503

dnougy A3ojouysa)] » Surseauidu
9 430 1 3 ggﬁﬂﬂ
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Section VII 7

TEST RESULTS

|
The results of the integration of the base pressure and forebody power ‘

delta's are presented in table form in the Appendix. The output of the Plume

Integration computer program contains all the results of the pressure integra-
: tion including base coefficients, forces and moments and forebody coefficient

: ; data from pressure integration along with the gauge data.

An example of the printout from a data set 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 pPressure integration over

the base elements and components. Section 5 presents the average base pressure
coefficient for each element. Section 6 presents the nozzle average base
pressure coefficients. Section 7 presents the nozzle hinge moment data. Section
8 presents the forebody data from the gauges. Section 9 presents the forebody

data from pressure integration.

i,
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Printouts of each run sequence set is presented in the Appendix. The
data sets are grouped for a constant Mach number. The first data set within
a Mach group is the power off runs. The second group contains the variable
power runs. The third group are the various elevon deflections. The fourth
group contains the various gimbal angle runs and the fifth group is a 90°

roll run sets.

7-2
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Section VIII

BASE MATH MODEL

1

A math model of the plume induced aerodynamic characteristics has been
devel sped.which can be used in conjunction with the forebody aerodynamic

characteristics to evaluate the aerodynamic characteristics of the total space

o

shuttle launch vehicle and each element. Three types of base aerodynamic

T

characteristics have been developed. These include 1. SSLV and element base

F aerodynamic coefficients for Mach numbers of 0.6, 1.05, 1.1, 1.25 and 1.4,
b 2. SSLV base forces and moments versus altitude up to 160,000 ft. and 3. SSLV |
- and element base coefficient tolerances for Mach numbers from 0.6 to 1.4. 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 base flow (inboard elevon deflection

and SSME power level).

P The base aerodynamic math model is limited to base axial force, normal

forces and pitching moments. 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 of 0.6, 1.05, 1.1, 1.25 and 1.40.
These Mach numbers are compatible with the forebody aerodynamic data base
developed in reference 10 except for Mach 1.4. The forebody aerodynamic data
is at Mach 1.55. The highest Mach number for which data is available from the
IA119 test is 1.4, thus data at Mach 1.4 is provided. The base aerodynamic

coefficient math model is described by the following equation,

i + [3Cx /36EI] ~AS I + [acx /3% SSME POWER] x (A% SSME POWER)

E

. X,
i i i i

emman | cacmmmme R ] <R <aTmm=y Eie——=1 B
(@]
1l
a
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where [C ] is a 4x7 matrix for a = +4,0,-4,-8
*i a,B B = "6""49"2’092,4$6

elevon deflection corresponds to close schedule 6 (Table 9-1)

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

aCy /BSEI Gradient for inboard elevon deflection -
1 function of Mach number only

i = SSLV, ORBITER, ET

aCXi/BZSSME POWER Gradient for percent change in SSHE
power level - function of Mach number only

i = SSLV,ORBITER

AGEI - Change in inboard elevon deflection from math model value to
inboard elevon deflection of interest.

AZSSME POWER LEVEL - Change in percent SSME power level from math
model value to SSME power level of interest
Values of the coefficient [Cxi] are presented in Tables 8-1 through 8-15
a,B

for each element and the total SSLV vehicle. Values of the coefficient gradients

are presented in Table 8-16.

Base forces and moments have been determined versus altitude using the
base coefficient math model. The base force math model is for the total

vehicle and uses the following model,

- 3F.. |
F' F 3F 5 ! JF
- + 2 xa+ == AS__ + 5 x (A% SSME POWER)
M ALT M G da ?GEIJ EI 3% SSME POWER
where:
F SSLV base force or moment - function of altitude only
a=0

8-2
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[9F/3a] Gradient for angle of attack - function of only altitude

[3F/36_.] Gradient for inboard elevon deflection - function of
EI
altitude only

[6F/3%ZSSME POWER] Gradient for percent change in SSME power level
o angle of attack

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

A%ZSSME POWER level Change in percent SSME power level from math
model value to SSME power level of interest.
Values of the base axial force, normal force and pitching moment are
presented in Tables 8-17 through 8-19. The base force partials are presented
in Tables 8-20 throug.. 8-22,

It is noted that the base axial force coefficient peaks to values higher

than the Space Shuttle Aerodynamic Data Book (ref. 11). An evaluation of the

element axial force contributions nas shown that the main difference was due to

the ET axial force which is presented in Figure 8-1,

An evaluation of the ET power-on and power-off base pressures was made and
the results are shown in Figure 8-2. The figure shows that the power off ET
base pressure compares very well with the ET base pressure from other tests.
The figure also shows that during power-on conditions the ET base is slightly
asperated for Mach numbers less than 1.0 and has base pressures showing
recirculation conditions for Mach numbers greater than 1.0. The present DATA
BOOK average ET base pressure coefficients show slight asperation conditions
for Mach numbers less than .9 but a large recirculation condition between .9

and 1.1, and then a reduction in recirculation from Mach 1.0 to Mach 1.1. This

trend appears questionable and it is believed that the trends shown by the TA119

data are more accurate.
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The TA156 test noted on Figure 8-2 was conducted using a .02 scale
model of the Space Shuttle Launch vehicle. The model was supported by a sting
attached to the base of the orbiter. The ET base pressure should have a
minimum of support sting interference. Details of the test program and
model configuration can be obtained from reference 12. The IAl105 test noted
on Figure 8-2 was conducted using a .03 scale model of the Space Shuttle Launch
vehicle. The model was supported by a forked sting which was attached to the
SRB's. The base pressure on the ET measured during the IA105 test was very
near the base pressure from the IA156 test. Details of the IA105 test program

and model configuration can be obtained from reference 13.

BASE COEFFICIENT TOLERANCES

The base coefficient tolerances are presented in Tables 8-23 and 8-24.
The coefficient tolerances cover all altitudes 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 aerodynamic center location uncertainty being a
smaller order of magnitude. The base moment coefficient increment equations

are presented in Table 8-24.

Approximately 60 percent of the orbiter normal force is due to the
orbiter axial force. The orbiter normal force tolerance presented in
Table 8-23 was therefore calculated using the orbiter axial force tolerance.
The equation used to determine the normal force tolerance is presented at
the bottom of Table 8-23. The side force coefficient tolerances are due to
side forces that exist on the SSME nozzle bells. Side forces will exist on
the nozzle bells during various gimbal patterns and under angle of sideslip
conditions. These side forces also produce yawing moments and rolling moments.

The majority of the lateral-directional tolerances are due to the orbiter.

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 uncertainties and 6. Math model uncertainties. Each tolerance contribu-

tion is assumed independent and therafore the contributions are combined using

8-4
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the RSS technique. The tolerances thus cover the uncertainty from the math

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

The model instrumentation contribution includes the accuracy of the
ScanivalveR calculations. The general accuracy is estimated to be CP=i.013
for values of CP in the range of +.5. The general uncertainty of the

measured pressure coefficients was assumed to be 3%.

The simulation parameter uncertainty was assumed tc 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 uncertainty was obtained using past
flight test to wind-tunnel test results. This factor is a judgement factor

and includes the differences between the Saturn V and Titan 3C flight and

model

wind tunnel data, 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%Z of the nominal base

coefficient.

Model configuration 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 model configuration

similitude were approximately 7% of the nominal force coefficients.

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

force coefficients.

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

gimbal angle and outboard elevon position.

8-5
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An evaluation of the base coefficients was made to determine the technique
for combining the element tolerances to obtain the SSLV tolerances. The dif-
ferent base flow conditions can be compared by considering the variation of the
element axial force coefficients versus the similarity parameter. Presented
in Figures 8-3 and 8-4 are the base axial force coefficients for each element
versus the similarity parameter. Figure 8-3 shows that the orbiter base axial
force coefficient increases with SSME nozzle similarity parameter and decreases
with SRB similarity parameter. Figure 8-4 shows that the ET and SRB base
axial force coefficient decreases with both the SRB similarity parame’er and
the SSME similarity parameter. Thus an error that would cause the nominal
value of similarity parameter to increase or decrease would result in a
correlated increase or decrease in the base axial force of both the ET and the
SRB's, but not the orbiter. The total vehicle base axial force increases with
SSME similarity parameter and decreases with SRB similarity parameter as shown

in Figure 8-5. This trend is similar for the majority of the Mach numbers.

The technique that was used to develop the SSLV base tolerances was to
correlate the SRB 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 the RSS technique for each element.

The forebody plume induced aerodynamic characteristics have been 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.

8-6
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FTolhL  ALA  LLIUU U «16/71  +1629 <1589 1589 +1569  +1629 .1671
Tulhl ALl Liuv Yo 1720 * 1694 1664 1664 21604 <1594 « 1720
Oihb ALA  L1UU  =§e L04T7Y « 0435 e NY15 0015 eNH15 e 0435 « 0475
O aLA  lluu =y, . N4Y2 s U4HY eN419 0419 «Q419 «NU5Y « 0492
0w ALA  lluu e «0519 s0478 « Q438 20438 « 0436 04786 0919
Ui ALA  11luu Yo « 0535 e 0497 s 0467 <0467 «0UB7 « 0497 « 0535
ET ALA  11UU =8, «0826  +0836 <0846 0846 +0B46 <0836 L0826
ET ACA  1l1lUU =4, + 0786 « 0800 (814 « 0814 «0814 + 0800 0786
Ei ALA  1lluu Ue 0789 0802 0813 «0813 «0813 *0802 «0789
£1 ALA 11Uy 4 0814 083U «0845 N84S « 0845 * 0830 0814
RP=Shy3 ALA 1lyu =8, «0185 U175 s 0165 «0165 « 0165 «0170 « 0177
R=SK3 AavA 110U =4, 0184 «0176 e0l68 <0168 « 0168 «0171 «0175
e R=5Sr3 ACA  Llluu Ue « 0186 «0177 «0169 «0169 «0169 «0173 « 0177
= R=SKL ALA 1l1luu Yo « 0190 «0183 e0176 0176 0176 «0178 0181
L=SK ALA 110U =H. 0177 «0170 e0165 « 0165 + 0165 0175 «0185
L=SKH ACA  L1lUU =4, 0175 «0171 0168 «0168 «0168 0176 0154
L=5hy  ALA  11Uuu Ue 0177 °0173 «0169 «0169 «0169 0177 <0185
L= ACA 11luyu Ge «01b1 (0178 °0176 «0176 s 0176 «0183 o0}90

)

35

o @

3=

=
f»)

<2

ER

< 5
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61-8

ELEMENT
TOTAL
TOTAL
TOTAL
TOTAL
ORB
ORwL
ORb
ORbL
El
ET
E1
eT
R=5hi3
R=5hij
H=5hnis
R=SKp
L=5hi
L=5hg
L=5Ki
L=5Sht

ACN
ACN
4LN
ACN
ACN
ACN
AUN
ACN
ACN
aln
AUN
ACN
aviN
ACLN
AUN
AUN
ACN
ALN
alnN
alN

11uu
l1luvu
110U
1100
110U
110U
11lUu
11luu
11UV
l1luv
11UV
11Uu
llyvu
11uU
livuv
liuv
11luu
iliuv
11yv
lluu

=8
=4,
O
4o
=He
=l
Qe
4.
=5
=l
Ue
4o
—3.
=UY,
Qe
4.
=Be
=l
Ue
4.

« 0269
. 0287
« 0309
« 0520
0271
0286
« 0307
«0316
ol

0

ol

0

.0001
0000
»0001
«JOUY
0001
0001
0001
0000

Table 8-8
BASE NORMAL FORCE COEFFICIENT

-4

e 0255
e 0264
0278
0 0299
2« 0255
e 0262
«0278
« 0286
o0

o0

°0

o0

« 0000
«0001
« 0000
<0002
e 0000
0001
« 0000
« 0001

-2

« 0240
o242
° 0253
oN274
<0240
« 0240
e 0253
e0272
0

°0

o0

0000
+0001
« 0000
+0001
+0000
«0001
0000
«0001

B

0

e 0240
«0242
« 0253
« 0274
«024(
« 0240
« 0253
0272
0

o0

0

)

«0000Q
«0001

’.0000

«0001
«0000
«0001
« 000y
«0001

M, =1.10 5, =10/9
10
% SSME POWER = 88.4%
2 4 6
« 0240 « 0255 « 0269
«0242 «0264 .0287
20253 +0278 +0309
20274 +0299 «0320
« 0240 0255 0271
« 0240 « 0262 « 0286
0253 + 0278 « 0307
00272 .0296 L0316
o0 o0 0
o0 o0 o0
o0 20 ol
o0 o0 o0
« 0000 «0000 =.0001
«0001 0001 <0001
« 0000 0000 «00¢1
« 0001 «0001 00000
«0000 «0000 =.00¢1
00001 .0001 .0000
«0000 «+0000. 0001
0001 «0002 « 0004

Wy

dnoin A3ojouysa) » SBurssauduz QBE]




.0Z-8

ELEMENT
TOTAL
TOTAL
TOTAL
TOTAL
ORB,
OoRd
ORkb
oRrRB
ET
ET
ET
ET
R=5SKbY
R=SK3
R=5KB
R=SKB
L=SkB
L=5Ky
L=5SKpb
L=5KB

aLm
alM
ALM
ALM
aALM
alm
ALM
alLM
ALM
4LM
ALM
ALM
ALM
ALM
alLM
ALM
alM
ALM
ALM
aLM

l1luvu
11Uy
ll0v
110U
1iuu
11490
lluu
L1luv
i1ivu
110U
1iuv
liuu
110V
11l0v
1100
11luu
110U
lluu
110V
11uu

na.
bl Y
Us
4o
=He
=i}
Oe
Yo
=8
=L
Ue
4
=8
=4
Ue
4o
-a.
-q.
Do
4

BASE PITCHING MOMENT COEFFICIENT

-6 |
=. 0104
=-.0il6
=s0130
~o,0136
~“. 0106
=.0116
-.0128
=-.0132
o0
0
o0
oU
20001
« 0000
=-,0001
=-.0004
0001
« 0000
=,0001
«0000

Table 8-9

-4
=+ (20U
~e0106
=e01ib6
~e (124
=«0100
=20104
=s0116
-00120

«0

«0

+0

0

«0000
=:0001

0000
=es0002

«0000
=-0001

<0000
=:0001

-2
=e(0U9S
'-0096
=+0101
=+0112
=¢0095
=+0094%
=+0101
-.0110

0
0
o0

«0000
=+0001
«0000
‘-0001
«000C
=+0001
+ 0000
=+0001

B

0
-00095
‘00096
=.0101
-00112
=+0095
'00094
-00101
-.0110

«0

«0

o0

<0000
=.0001

<0000

=.0001

«0000
-00001
« 0000
-.0001

=100 5,

= 10/9
I0

% SSME POWER = 88.4%

2 4
=e0095 =.0100
=+0096 =.0106
=¢0101 =oQ01l16
=~s0112 =.0124
=«0095 =+.0100
= 0094 "=.0104
=«0101 =.0116
=+0110 =.0120

"0 o0
o0 o
o0 ey
e e

0000 «0000
=¢0001 =.0001
«0000 «0000
=.0001 =.0001
«0000 <0000
=+C001 "=5000I"
«0000 0000
'00001 '00002

6

-00104
=.0116
=.0130
-10136
=«.0106
=.0113
-.0128
=-,0132

0

o0

o0

)’

«0001
+0000
--0001
«0000
00001
20000
=.0001
=,0004

g ' e — "H““r-Wm“‘-"w“'-.“N--umu——wum!-"”'!-
- —

dnoin A3ojouyda] » 3uiseauduz QBE]




ELEMENT

TOTAL
TOFAL

- TOTAL
TOTAL
ORo
ORoD
ORDb
OKkb

i ) e
ET
(3|
ET
R=5RH
KR=5rb
R=5KY
R=5KB
L=5Kp
L=5SKyg
L=5K0Q
L=5SKb

12-8

ALA
ALA
aALA
ACA
ALA
ACA
ACA
ACA
ALA
ACA
ACA
ALA
ALA
ALA
ALA
ACA
ALA
ALA
ALA
ALA

125U
1250
125UV
1250
125v
1250
125u
1250
125u
125U
125V
125V
125U
125u
125U
125U
125V
125U
125U
125u

-B.
=4
Qe
4.
=G
-“.
Oe
4o
=Y,
=UY,
Ue
L
=He.
=i,
Qe
L
=He
-l
Qe
o

01820
1356
01336
«1350
«0390
00392
0402
« 0419
0761
« 0672
20656
20652
«0135
«0151
«0146
« 0144
« 0134
00141
«0132
00135

Table 8-10
BASE AXIAL FORCE COEFFICIENT

«1363
01296
21276
+1290
« 0384
«0376
« 0386
° 0397
«0731
00662
« 0636
+0630
«0124
°0132
«0130
0134
«0124
+0126
0124
«0129

«1300
01245

«1214

1233
e 0375
s 0374
00372
°0383
«0703

0653

*0610
* 0604

- e0111

*0109
°*0116

0123

*0111
0109
«0116
*0123

1300
+1245

01214

+1233
«0375
<0374
0372
0383
0703

«0653

«0610
+0604
«0111
+0109
«011o

«0123

«0111
+0109
«0116
«0123

M_=1.25 8o = 10/-2
I0
% SSME POWER = 88.4%
2 4 6

«1300 = 1363 L1420
21245  +1296 1356
*1214 1276 41336
01233 1290 +1350
<0375 « 038y « 0390
*0374 +0376 0392
20372  +0386  +0%g2
«0383 +0397 .0419
20703 +0731  .0781
+0653 +0662 .0672
*0610 +0636 <0656
+0604 <0630 +0652
+0111 .g;aﬂ_ CQ;;Q
20109 0126 0141
20116 +0124  .0132
00123  .0129 .0135
20111 -0124 L0135
«0109 «0132 .0151
0116 0130 .0146
«0123 0134 L0144

= dnos A3ojouyda) P Jupssauiluz gg[ﬂ
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Table 8-11 M. =1.25 & = 10/p =3
BASE NORMAL FORCE COEFFICIENT €10 )
: % SSME POWER = 88.4% s
m
ELEMENT i &b -4 -2 0 2 4 6 s
TOTAL 8L 125U =H. . 0215 +0215 0214 « 0214 «0214  .0215 .0215 H
TOIAL OUN 1250 =4, <0214 D214 «0215 .0215 « 0215 7 L0214 « 0214 s
TOIAL &UN 125U (o «0236 20229 0222 L0217 © +0222 0229 .0236 =
TOTAL ALN 125U Yo «N247 e 0239 0231 «0223 e 0231 « 0239 0247 ®
Ok ALN 125U =B, .0212 «0212 0213 <0214 00213 0212 «0212 -
OKRG ALN 125U =4, «0215  +0215 <0215 .0215 «0215 °0215 00215 -
ORO aLN 125u O 02354 °0227 <0220 «0215 0220 «0227 00234 g
ORd ALN 1250 4, «0248 <0240 0233 ,0225 .0233 <0240 .0248 s
2 | ACLN 125U =8, U ol o0 o0 e0 o0 o0 :
EY ALN 1250 =4, 0 oD oQ 0 o0 o0 o0 o
E1 AUN 125U Ue 0 0 o0 20 0 o0 o0 3
ET ALN 1250 4 o0 o0 0 o0 o0 o0 o0 <
R=Shg ALN 125U =8, .0001 « 0001 « 0000 «0000 «0001 + 0002 « 0002
R=SKZ ALN 1250 =4, =.0001 =.0001 «0000 «000¢ «0000 «0000 +00g0
R=SKBE ALN 1250 Q. ,0000 +0000 «0001 «0001 «0001 +0002 «0002
R=5KB ALN 1250 4, =.0001 =+0001 =40001 =.0001 =.0001 «0000 <0000
L=bRE  ACN 1250 =8, .0002 +0002 «0001 +000Q «0000 «0001 «0001
L=skB ALN 1250 =4, «0000 « 0000 «0000 <0000 «0000 =+0001 =.0001
L=SKB  ALN 125U Ue 0002 « 0002 <0001 «0001 »0001 » 0000 <0000
L=Shp ALN 125U 4. «0000 *0U00 =+0001 =+0001 =+0001 =e0001 <=.00pf

D) HOOd

p
\

dOVd TYNIOIHO

LWL IV
|
Na




£2-8

m— RN | a ) . . ) :v.,..»w
Table 8-12
M,=1.25 ¢ = 70/-2
BASE PITCHING MOMENT COEFFICIENT -10
a % SSME POWFR = 88.4%
ELEMENT a -6 -4 -2 0 2 4 6
TOTAL ALM 1250 =8. =.0082 =+0082 =.0082 =.0082 =.0082 =.0082 =.0082

TOTAL ALM 125U =4, =¢0082 =+0U82 =e0UB5 =.0085 =.0085 =.0082 =«0082
TOTAL ALM 125U Ue =.0097 =.0094% =,0090 =,0087 =.0090 =.,009% -.0097

TOTAL AWM  12bu 4o =+0103 =e0098 =¢0093 =.0088 =+0093 =.3098 =+0103
OKb ALM 120U =8 =e0078 =+0U78 =+0080 =.0082 =+0060 =:<5078 =.0078
Orb  ALM 125U =y, “¢0083 =+0083 =+0085 =.0085 =.0085 =.,0083 =.0083
OB aLM 125U Oe =.0094% =+0U91 =.0088 =.0085 =+0088 =+0091 =.0094
ORb aLMm 125U 4o Te0104 =+0099 =¢0095 =.0090 =+0095 =¢0099 =.01Q4
ET ALM 125U =H. ol ] °0 o0 0 0 °0

ET ACM 125U -l o0 o0 o0 «0 o0 ) ol

ET ALM 125U Ue 0 o0 o0 o0 o0 o0 00‘

ET aLM 125U Ye o0 ] ) ] »0 I il

R=SREg ALM 120U =8. =.0001 =-0001 «0000 «0000 =.0002 =e0003 --0003
R=SKE ALM 1250 =4, «00U1 « 0001 «0000 «00060 « 0000 0000 «00p0
Re=SKE ALM 1250 Ue . 0000 +0000 =.0001 =-,0001 =.0001 =.0003 =,0003
R=bhy AaLM 125U Lo 0001 « 0001 0001 0001 «0001 «0000 <0000
L=SKE AaLM 125U =8 =+00U3 =+0005 =.Q002 +0000 +0000 =+0001 =.0001
L=SKb ALM 12950 =4, «0000 0000 «0000 « 0000 «0000 «0001 «0001
L=SKi5 awM 125U Use -,0003 =.0008 =,0001 =~,0001 =.0001 «0000 «00Q0
L=SKb AalM 125U 4. 0000 <0000 +0001 «0001 «+0001 - 0001 <0001

dnoin A3ojouyssj » 3uiseauduy ng
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ELEMENT

TulhL
TulAL
TuTAL
TulhlL
Ind
Orts
Oruou
OxU
El

eT

ET

ET
rR=5Kg
H'bKd
R=5nt
R=5K3
L=SKy
L=5hi
L=5hd
L=%nhd

ALA
ALA
ALA
ALA
ALA
ALA
olLA
ALA
alLA
ALA
ALA
ALA
ACA
ALA
ALA
ALA
aLlA
ALA
ALA
ALGA

d4Uv
l4uu
l4uu
14yv
140U
140U
14yuvu
14uv
144U
14uu
14uu
14uu
l4uu
144u
149v
140U
144u
140U
1400
140U

=He
-“.

Ge
-d.
-4

Ue

=8,
=Y,
Ue
4.
=8
=4
Ue
“e
-a.
=4,
Ue
4.

BASE AXIAL FORCE COEFFICIENT

-6
1082
« 0999
e 0993
« 0909
« 0295
0297
« 0309
«0314
0602
« 0525
«05US5
. 0482
«0UY95
0091
« DU9L
«0UY0
«0U90
« 0086
«0UBS
0083

Table 8-13

10482
e 0999
« 0993
*0Y%01
e (295
« 0297
« 0309
«03ub
e 0602
e 0525
e 0505
Q482
*« 0095
¢ 0091
« 0094
+0UY0
s U9V
« 0086
QU85S
«s00BS

vt A
e1042
«)978
» 0962
e 0939
« 0287
e 0292
« (0303
eN303
o 0583
e (0525
« 0500
0877
20086
«N0DE3
« (0082
e Q081
+ 0084
eNU78
0077
«0078

B
0
.1005
20963
« 0932
+0919
« 0285
« 0292
« 0297
«0301
« 0563
« 0525
« 0494
« 0472
« 0079
« 0073
« 0070
20073
«0079
« 00735
« 0070
«0073

I0

= 10/-2

% SSME POWER = 97%

M°° 1.40 Ge

2 4
«1042 «1082
«0978 ¢ 0999
«0962 0993
0939 « 0961
« 0292 « 0297
«0303 + 0309
¢ 0303 « 0306
« 0583 <0602
e 0525 e 0525
« 0500 « 0505
e NUT7? 0482
«0084% « 0090
« 0078 « 0086
e 0077 « 0085
« 0078 «0083
0086 20095
<0083 « 0091
«0082 0094
«0081 « 0090

[
01082
« 0999
<0993

2099

« 0295
« 0237
«0309
«0314
« 0602
«0525
« 0905
0482
« 0090
«0086
« 0085
«0083
« 0095
«0091
« 009y

«0090 .

dnoun A3ojouysa; P lug.lnu_v.lug QB[:]
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ELEMENT
TolAL
TCTAL
TulAL
TulAL
(61
Uiko
Oxo
Ui
ET
Eq
ET
(|
r=5h,
H=5Id
(=2t
K=}
L=>hy
L=LHy
L=5his
L=%mng

ACN
ALNMN
acp
ACN
AL
AL
avhil
Al
aAviN
aviN
ALN
ALN
ALN
AL
[
ALN
ALy
aLM
ALN
ALN

1400
14uv
leUU
l49u
140U
140U
140U
140U
14uU
14JuU
l4uu
l4uu
149U
149U
140U
14yu
l4uu
140U
140U
140U

=He
=4
Ue
4o
-5
b 1
Ue
4,
=t
=4

G
=t
el X

U

e X
=de
-q.

Ue

e

BASE NORMAL FORCE COEFFICIENT

-6
0171
«0108
«0185
«01487
«0169
« 0184
0192
o0
o)

U

o ()

006K
= QUuY
=-.00u1
=.Jlud

sNUUZ

«DULOO

LUu02
= 0uu2

Table 8-14

-4
«0171
*0l1l6b
e (0185
0187
U169
0172
e Jl84
e019y2
U
ol
ol
o0
<00V

=eJuUlu
-OOUUI
=eQU0S
U002
«0U0U
« 0002
=00

=2
«N169
s0167
(3179
°e0N1K0
°0lo8
«N170
0179
e0187
e ()
e
o)
el)
«0000
=+0002
=.0001
=+ 000GH
sQUO1L
‘00001
«0001
_00005

B

0
0164
«0167
0174
0173
+0164
«+ 0169
« 0170
«0181
«0
o0
oD
o0
OOQUU
=.0001
-10001
--0004

« 0006y
=.0001
-.0001
-.000“

M =1.40 s
10
% SSME POWER
2 4

0169 e0171
<0167 0168
°«0179 «0185
0180 «0187
018 0169
0170 «0172
+0179 « 0184
0187 «0102

'0 .0

o0 0

o0 . o0

o) o
« 0001 e 0002
-00001 00000
«0001 0002
=+0003 =e000¢2
-OOUU 00000
-00002 --000“
=+0001 =.0001
=.0004 =e0003

10/-2
97%

0171
0168
«0185
«0187
« 0169
0172
«018y
«0192
o0

]

o0

«00@2
+0000
«00p2
=+00¢2
0000
=+ 00yy4
-cUOUI
=+.0003

E
()
{5
m
3
=
g
3
=
L]
o
o
n
-
3
e
-]
o
~
1]
-
-]
3
R




Table 8-15 M =1.40 S, * 10/-2

BASE PITCHING MOMENT COEFFICIENT 10
% SSME POWER = 97%

B
ELEMENT a -6 -4 -2 0 2 4 6
TUTAL BLM 1400 =8, TeUULS =e0UBS =eQUEH =+0065 =¢0064 =¢0063 =.0063
TulhL ALM 140U =4, “+0U60 =e2006U =e0062 =00062 =e0062 =s0060 =+0060
TuTAL ALM  14yu Ue =.U074 =.0074 =.0U71 —,0068 =+0071 =.0074 =,0074
TulhL ALM  1lyuu Yo =+0U76 =eUU76 =e0070 =+0064 =¢0070 =¢0076 =.0076
Oxg ALM  L4UU  =He “eUUB0 =+0U60 =e0063 =¢0065 =:0063 =:0060 =+0050
oKD ALM 140U =4, “.0064 =+0064 =.0066 =:0066 =+0066 =e¢0064 =.00p4
UrL ALNM 14Uy Ve = UL74  =+0U74 =40073 =.0070 =+0073 =o0074 =,0074
Orb ALM 140U Ye =.0081 =e0U81 =¢0077 =.0074 =¢0077 =+0081 =.0081
ET ALM  14UU =8, o0 «0 o0 «0 o0 0 o0
£1] ALM 140U =4, o0 °0 (i o0 o0 °0 «0
ET ALM  1l4yu Ue o) 0 ey o0 o 0 o0 )
el aLM 1400 Yo oJ ol o) o0 o0 o0 ]
R=SRhty ALM  L4UU =8, «000U «00U0 «0N000 «0000 =¢00C1 =¢0003 =.0033
K=Shg ALM 140U =4, L0004 0004 e(B0CYS «0002 « 0001 0000 0000
® R=5hts  ALM 1400 Us 0002 «0U02 «N001 «0001 +0001 =.0002 =.00g2
8 K=SKi ALM  1l4UuU e «0003 eNU0S QUUM «0005 e 0003 <0002 «00p2
L=Shi3  alM 140U =Y. =,00U03 =+00035 =.0001 «000¢ « 0000 +0000 «0000
L=SKu ALM L1400 =4, . 0000 0000 «0001 0002 « 0003 « 0004 « 0004
L=SKRE AWM  1l4yu O -. 0002 =.0002 0001 «0001 «0001 «0002 « 0002
L=5HKs3 ALV l4yu “4eo 0UU2 + QU002 «0003 « 0005 « 0004 +0003 «0003

"JNl ‘SINAUIS JOUHINON




Table 8-16
BASE COEFFICIENT PARTIALS

8Cx;/88; [aC,./3% SSME POWER] x 10
 ACH S5LV ORBITEK T SSLV URKBI I K

CA oUuU ) =. 0003 0028 «QON7 « 0007

CA L10bu e JURU = (038 «0010 «001¢

Ca L1lUu fUL1H c0US U015 «000P 20002

Ca 120y e UUUU UL =«0UN1 « 0010 CN1y

QA _d4UL e JUUU 000U s JUUOU f=.0006 =+ 0000

i DU «0UUU «UUUU e (JUND 0002 «(000c

Ciy dubu eyUul «U0UL (OO0 « 0005 0005

Civ 41uu «QUUL « 0001 «0UN0 « 0004 s 0004

Ciy 1250 eUlLUL el0OL e(UNO 0004 0004

Lo doyy e UUL e JOUL 000 J=e -

Cit oty ﬁuuu .U#ULU oUUQU f=e0uUD1 =eN001

Ca Ludy -eoJJul -elUUL oJUN0 J=e0002 =a000&

Col +lyu =2Jull ~elUUL e0UDL J=e0002 =e000Z

Civ L2y =ojLul =e)(ul slUQU J=eD002 =e 0002 o
Ch dygiy - LUl -e00(L eUQUL 00017 0001 = &

dnoin £3ojouysaj » 3urssauiBugy ggm




[ a
mgﬂ Engineering & Technology Group

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

TEEN $ 420 O 0 TEEEE 0 T 0 a0 S0 0 e e

TOTAL

0
41295
112146
148363
162595
178724
193983
209734
226100
240776
257649
309484
341482
354185
357716
338036
294479
256747
230650
193188
157365
107143
91278
78961
67757
56630

Table 8-17
BASE AXIAL FORCE (LBS)

NOMINAL % SSME ALTITUDE

POWER LEVEL (ft) TOTAL
109 52500 46240
109 55000 33015
109 57500 27690
109 60000 19389
107 62500 12579
101 65000 7039

95 67500 2504

88.4 70000 2022

72500 -5026

75000 -7416

77500 -9434

80000 -10837

85000 -12161

90000 12341

95000 12191

100000 -11700

110000 -10812

V 120000 -9258

88.4 130000 -7641

93 140000 -7074

105 145000 ~6554

109 160000 -6334
109

8-28
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ALTITUDE
(ft)
0
5000
10000
12000
14200
15000
18000
19000
20000
21000
22000
23000
24000
25000
26000
28000
30000
34000
38000
40000
42500
450000

TOTAL

18500
24966
26867
28381
30163
32278
33678
36009
41054
48096
50853
51688
50621
45343
40842
39239
35678
28850
25704
21982
18546

Table 8-18

BASE NORMAL FORCE (LBS)

NOMINAL % SSME
POWER LEVEL
109
109
107
101

95

88.4

88.4

93
105
109
109
109

ALTITUDE

(ft)

47500
50000
52500
55000
57500
6000C
62500
05000
67500
70000
75000
80000
85000
90000
95000
100000
110000
120000
130000
140000
150000
160000

8-29

TOTAL

15315
12685
10322
8303
6785
5476
4500
3900
2700
2090
1175
391
-193
-565
-791
-1023
-1221
-1380
-1384
-145]
-1500
-1400

IS
OF POOR QUALITY

NOMINAL % SSME
POWER LEVEL

109

B
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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
45000

PITCHING MOMENT

(ft-1bs)

0
-1220000
-1296826
-1374159
-1441528
-1484908
-1535100
-1589046
-1701877
-1937440
-2206003
-2218121
-2187319
-2101904
-1942585
-1785366
-1713072
-1515453
-1202968
-1750000
-1458720
- 1232990

Table 8-19

BASE PITCHING MOMENT

NOMINAL % SSME  ALTITUDE

POWER LEVEL (ft)
109 47500
109 50000
107 52500
101 55000

95 57500
88.4 60000
62500

65000

67500

70000

75000

80000

85000

90000

95000

% 100000
88.4 110000
93 120000
105 130000
109 140000
109 150000
109 160000

8-30

PITCHING MOMENT
(ft-1bs)
-995473
-828630
-684740
-563750
-462600
-385320
-320000
-250000
-200000
-159200

-38110
-39080
-4825
14130
41395
55800
72303
82300
84635
88920
25000

95000

NOMINAL % SSME
POWER LEVEL

109

109




2l

mgﬁ Engineering & Technology Group
Table 8-20

BASE AXIAL FORCE PARTIALS

ALTITUDE 9AF/3a 9AF/ 36 9AF/3% SSME POWER

o (LB/DEG) (LB/DE(E£§ (LB/%)
10000 -133i.0 2623.0 73.0
12000 -1361.0 2959.0 71.0
14000 -1536.0 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
24000 2461.0 8533.0 167.0
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
8-31
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ALTITUDE

(ft)
10000
12000
14000
16000
18000
19000
20000
21000
22000
23000
24000
25000
26000
28000
30000
34000
38000

ONF/d3a

(LB/DEG)
-270.

-307.
-318.
-318.
~337.
-381.
~-403.
-410.
-352.
0.
328.
845.
886.
551.
282,
139.
131,

0

o O O O O O O O ©O 0O 0O 0o o o o o

Table 8-21
NORMAL FORCE PARTIALS

BNF/BGEI

(LB/DEG)
0.0

0.0
13.0
35.0

176.0
213.0
264.0
276.0
280.0
- 244.0
213.0
- 166.0
- 167.0
- 169.0
171.0
174.0
175.0

8-32

ONF/3% SSME POWER
(LB/%)
20.0

18.0
13.0
9.6
15.0
18.0
39.0
83.0
90.0
91.0
87.0
83.0
80.0
68.0
73.0
45.0
-47.0

e
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Table 8-22 L
PITCHING MOMENT PARTIALS
ALTITUDE oPM/da aPM/ aﬁEI 9PM/3% SSME POWER
N} (FT.LB./DEG.)  (FT. LB/DEG) (FT.LB./%)
10000 14019.0 0.0 -1070.0
12000 15742.0 0.0 -943.0
14000 16238.0 -1398.0 -683.0
16000 15725.0 -3763.0 -496.0
18000 16013.0 -18920.0 -755.0
19000 18021.0 -22898.0 -898.0
20000 19062.0 -28380.0 -1916.0
21000. 19349.0 -29670.0 ~4051.0
22000. 16082.0 -30100.0 -4354.0
23000 0.0 -26230.0 -4246.0
24000 -13892.0 -22898.0 -3928.0
25000 -44056.0 -17845.0 -3587.0
26000 -37908.0 -17953.0 -4068.0
i 28000 -24108.0 -18167.0 -3713.0
30000 -12308.0 -18382.0 -4034.0
34000 -5%47.0 -18705.0 -2322.0
: i 38000 -5646.0 -158313.0 1667.0
i
{
3
8-33
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Table 8-23 3

IA-119 |
L BASE COEFFICIENT TOLERANCES
k +A CA
MACH NO. ssLV] ORB ET SRB(1)
B .0104 .0031 .0065 .0017
: 8 .0107 .0031 .0072 .0015
; .9 .0156 .0046 .0107 .0021
; .95 -0359 .0088 .0270 .0039
. 1.05 .0239 .0080 .0161 .0032
; 1.10 0169  .0057 .0115 .0022
; 1.15 ‘0133 .0046 .0091 .0017
: 1.25 .0086 .0033 .0060 .0010
: 1.40 -0062 .0024 .0045 .0006
*
0y
& .0029" .0019°  .0010 .0006
.8 .0028 .0019 .0009 -0006
.9 .0037 .0028 .0013 -0006
.95 -0065 -0053 .0025 .0006
! 1.05 .0058 .0048 .0022 .0005
- 1.10 -0047 .0034 .0016 .0008
1.15 .0037 .0028 .0013 .0006
, 1.25 -0032 .0020 .0009 .0008
s 1.40 .0027 .0014 -0007 .0008
*8C,
.6 .0027% .0025 .0005 .0006
.8 .0022 .0020 .0005 .0005
.9 .0017 .0015 .0006 .0004
.95 .0017 .0015 .0007 .0004
1.05 .0018 .0015 .0009 -0004
1.10 .0019 .0015 .0010 -0004
1.15 .0017 .0015 .0007 -0004
1.25 .0017 .0015 .0006 .  .0004
1.40 .0016 .0014 -0005 .0004
P 2
e Mp TV (8Cno)” + (aCapy + 2aCAgpp)

_ 2 2 2 .
2. fygsry ‘v/! (aCyg)™ + (aCypy)® + (aCagpg)” + (8CAgpg)

3. aCy, = 0.6Ca,

8-34
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Table 8-24
BASE MOMENT INCREMENTS

The general equations for the element moment increments are

ACy = ACy (;ﬂ) +4Cy (EAJ
XYN
ACyy = aCy (7 L ) + aCy (L )
Y
aC, = aC, ( L acy ()

The SSLV moment increment is determined by the following equations

e e e e - e e it

) 2 ) 2
ACMgsy v “v/(ACMo) + (8CMgr *+ CMpspg + ACM gRg)

2 2 2 2
AC = (ACyy )°= + (AC )"+ (aC )° + (aC )
Y"ssw \/// N, YNt XNRSRB INLSRB

2 2
RIGHT
x ORBITER ET SRB \go
&= .99 -.87 -1.18
z
2= 3 0.0 0.0
X
N = 1,08 -0.87 1.18
Ty
L= 0.0 0.0 +0.195
“
= = 27 0.03 0.0

NOTE; L = 1290 INCHES

8-35
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Section IX ~

| 4 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

medels have thus been 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 has the following type of math model.

= |
Cy Cy + 13C /38, X AS .+ [—aCN/asEO ] x A8
*ByarrIx a-B | ! 0 =B
| ¢y = ; MATRIX' ) <! MATRIX
] 1 = > 4
E | i
CH, = &
“1
| where CN is a 4x7 matrix for a = +4,0,-4,-8
B = -6,-4,-2,0,2,4,6

elevon deflection corresponds to close schedule 6 (Table 9-1,
-6,-11)

- BCN/BGEI is a 4x7 matrix for o = +4,0,-4,-8

> B =-6,-4,-2,0,2,4,6

< gradient for inboard elevon deflections > nominal (Table 9-2,
-7,-12)

1 ’
< gradient for inboard elevon deflections < nominal (Table 9-3,
-8,-13)
BCN/BGEO is a 4x7 matrix for o = +4,0,-4,-8

> B = -6,-4,-2,0,2,4,6

<> gradient for outboard elevon deflections > nominal (Table 9-4,
-9,-14)
< gradient for outboard elevon deflections < nominal (Table 9-5,
-10,-15)

AdEI - change in inboard elevon deflection from nominal value specified
in Table 9-1 to inboard elevon deflection of interest.

AéEO - change in outboard elevon deflection from nominal value
specified in Table 9-1 to outboard elevon deflection of
interest.

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

appendix in Section 8 (GAUGE DATA) of the printout sheet (see Section VII).

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

ficient have been formulated into the following math model

where

[CV ] is a 4 x 7 matrix for a = +4,0,-4,-8
a-B B -6:-4’—2’0’294’6

Matrix

for elevon deflections noted on the table.

C, , vertical tail power delta shear force coefficient is presented
v’ .
in Table 9-16

c vertical tail power delta bending moment coefficient is presented

BY" in Table 9-17

C vertical tail power delta torsion moment coefficient is presented

’
V" in Table 9-18

The vertical tail shear force math model includes only the a-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 are presented in Tables 9-16 through 9-18.

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 Lection
VII).

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 characteristics. Tolerances have
been developed 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 +3o0 variation of the nominal coefficient. The +30 variation
covers the potential variation of the coefficient from the math model results

to expected flight data values.

The SSLV and element force coefficient tolerances are presented in Table
9-19. The moment increment equations are presented in Table 9-20. The
component force coefficient tolerances and moment equations are presented in
Tables 9-21 and 9-22. 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 RSS
technique. The tolerances thus cover the uncertainty from the math model to

flight data and are to a +30 level with a Gussian 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 RSS 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 similarity 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, mocdel uncertainties were estimated to be 30 percent of the
nominal, integration uncertainties at 30 percent of the nominal and math model
uncertainties were estimated at 20 percent of the nominal value. 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. If the math model is not used the tolerance would he approximately
double the values presented and it was determined that forebody tolerances

approaching double the values presented in Table 9-19 would be excessive.

Portions of the forebody have zero nominal plume 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 analysis discussed above considered the nominal values calculated

although the math model nominal force coefficients are zero.

The analysis of the forebody plume induced aerodynamic characteristics
and tolerances was a difficult task. The majority of the plume induced loads
occurred on the aft portion of the orbiter, where there is little pressure
instrumentation, and on the inboard elevon. The pressure data on the inboard
elevon was generally sufficient to determine loads, but was not sufficiently
accurate to determine hinge moments. The gauge data was more consistent,
although the gauge hinge moment data does not agree with the hinge moment from
more recent power off tests (refs. 12 and 13). One possible reason for this
disagreement is due to the IA119 model having an old wing configuration. Attempts
have been made to account for those problems in the tolerance values presented.
Difficulties were also experienced with the vertical tail pressure data in that

certain pressure data had to be discarded.

9-4
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-syuu/ -eJUUJS +.0LUC1 +.00U5
- gUud -s QUL +e.00002 +.0005
+eyuULy telille +.00U05 -.00U2
+e0ULlL +eUUUY +e000L +.0001
=-esUUUY +eLUUY +.0012 +.0020
+eyUlece +eludu +.0U18 +.0016
+eyu29 teulle -oLUDY - 0022
=syluo =eyllil -eULDS =s 0020
-sUULY -ellUed -.0030 -«0039
=s0uee -elUY =-e0036 -e 004 %
-syuul =-siliLZ =.0LUULS -+ 0004y
-syULluy -s(lULL -suv02 +.00U1
-spyUu/ -sLULD -s U2 +.000UN
-eylal =eJULY - UU07 =+ 00U5

+2
+.0003
+.0002
+.0005
+.N003

+.0001
-=+0001
+.0001
+.0002

+.0005
+.0004
+.0012
+.0018

=«00Q0%
=«0015
=«0030
=-e0036

=-eN0P3
=:0002
=+00p2
-00007

SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBGDY
LESS THAN NOMINAL

+4
+.0003
+.0001
+.0005
+.0004

+.0000
-00003
-00003
-.0001

+.0012
+.0007
+.0004
+.0020

+.0012
-+0011
~e0022
=-«0029

-00002
'00006
=+0005
-+0009

+6
+,0004
+.0001
+.0005
+.0003

+.0000
-.0005
-00007
-00003

+.0018
+.0011
-0000“
+.0022

+.0029
‘.0005
-.0014

- =.0022

-.0001
-.0010
=«0007
=-.0¥11




B e E—=——4 =3 ——] = - : P i F £ 2 -

Table 9-3b. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY
INBOARD ELEVON GRADIENT - GEI LESS THAN NOMINAL

B
MACH
ki o -6 -4 -2 0 +2 +4 +6
1.10 4 =epuil =2 JUUb =-oNU0S =s0002 =eN0u5 =+0008 =-.0011
0 =eQUuZ +eUUUU +.,0003 +.0008% +«0003 +.0000 =,0002
-4 =e0UUD =sué +.0002 +.00U05 +.0002 =+0002 =,000%
-8 =sUUlOL -ellUub = U004 =.0UU2 ~0004 =«0006 -.0008
1.15 4 =+yuud =-sUULY -~ 0UQ3 =.00UL3 =e00y3 =+.0004 =-,0005
0 =sgyllo “e(jU1ll =009 =« L0U7 =s00(09 -«0011 =-,0013
=4 =sguut -sUuL7 - U007 =-.0007 -e 0007 -.0007 -,0007
-8 =eyuu/ - JUUH +. 0000 +.0003 +.00040 -«0004 =.0007
il

o 1.25 4 +.9uvo +eUUS +.0001 -s0002 +.000u1 +.0005 +.0008
0 +.pUul +.ulU1 +.0000 +.00U0 +.0000 +.0001 +.0001
-4 +.guul +e0U0LU -.0ul02 -.0003 -.0002 +.0000 +.0001
-8 —.puurs -elUUY -.0U002 +.0000 -.0002 -.0005 -.0007
1.40 4 +.puuu +eQLULU +.0U000 +.0000 +.0000 ++0000 +.0000
0 +spuuu +eUUUU +.00L0U +.0000 +.0000 +40000 +.0000
-4 +e.guuu +eLUUU +.0000 +.0000 +.0000 +.0000 +.0000
-8 +.0U0UU +eliULU +.0000 +.0000 +.0000 +.0000 +.,0000




Table 9-4a. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY
OUTBOARD ELEVON GRADIENT - &. GREATER THAN NOMINAL

Eo
B

MACH o -6 -4 -2 0 +2 +4 +6
.6 4 +.yuul tellULE +.00035 +.0004 +.0003 +.0002 +.0001
+eUUUD +ellULD +. 0006 +.0006 +.0006 +.0006 +.0005
-4 +.yuus +e0UUY +.0UDS +.0007 +.0005 +.0004 +.0004
-8 +.yluo +epQuU/ +.C005 +.0004 +.0005 +.0007 +.0008
8 4 seyuu +e0UUD +.0003 +.0001 +.0003 +.0005 +.0007
0 +epuUlu +e)UULA +.00U06 +. 0005 +.0006 +.0008 +.0010
-4 +.pusl +telUUB +.0005 +.0001 +.0005 +.0008 +.0011
-8 +.yull +t.ulUE +.0001 -.00U4 +.0001 +.0006 +.0011
T 90 4 =syuun -eilLU4 - U004 =e000Y -.00y4 -.0004 =-.N004
= 0 +eUULY +eUULY +.0U12 +.0010 +.0012 +.0013 0014
-4 +.yulu +eUUUY +.0008 +.0007 +.0008 +.0009 +.0010
-8 =suUuS +eULU] +.0005 +.00U9 +.0005 +.0001 -+0003
95 4 ~.yuln =euuluy -. 0002 +.0006 -.0002 -.0010 -.0018
0 =eyucH =eUU1Y -e1'013 -.0004 -eN013 -.0019 -.0024
-4 =eguud ) -eUL0B =s0UU9 -«00y8 -+0006 ~e 0005
-8 =syuut =eulLY -+ 0U0Y =+ U004 ~e 0004 -+0004 -.0004
1.05 4 =«puis =eyuus +.0008 +.0020 +.0008 -+0005 -.0013
0 +eyuu4 =a20Uul U k) =e0010) -s00u% =-.0001 +.0004
-4 =e.yuul =eyuub -s0U0B =-«0012 =+.00u8 -+0005 =-.0001

-8 +eyuuy teULULU - U4 =.0007 =+0004 +.0000 +.0004




Table 9-4b. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY
OUTBOARD ELEVON GRADIENT - 650 GREATER THAN NOMINAL

t1-6

B
MACH « -6 -4 -2 0 " “ »
1.10 4 +.9u1v +eULUS +.0000 -.000Y +.0000 +.0005 +,0010
0 =eyuue =slLZ =-.0002 =e 0002 =.0002 =-«0002 =,0002
-4 —.yuuo -sUUUGE - 000Y -e00U3 -« 0004 -+0006 -.0008
-8 =.uuuy -y -s0U01 +.0001 -+N001 -.0002 -.,0004%
1.15 4 =.yuul =eliull +e0U00 +.0000 +.0000 -.00ul -.0001
0 =epuul =eJbl -+ (001 =+ 0U01 -e0N001 ~«0001 =,0001
-4 +.yuut +.0ul1l +e0000 =.0001 +.0000 +.0001 +.0001
-8 +eyUuU +*eUULUU +.0001 +.0002 +.0001 +.0000 +,0000
1.25 4 +.yuJd +eyliv2 +.0001 +.0000 +.0001 +.0002 +.,0003
0 +euuud teiUUL +.0ULO0U +.0000 +.0000 +.0001 +.0001
-4 +e.ygu0ul +e(0C1 +.000U0 +.000N +.00Q00 +.0001 +.0001
-8 +eQUULU +elliLU +.0000 +.0000 +.0000 +.0000 +.0000
.40 4 =.yuul =sUU1L +.0000 +.0001 +.0000 =-.0001 -.0001
0 =e.ului =eiLIU] +.LU0U +.0000 +.0000 -.0001 =-,0001
-4 =eyului =s Ut 1 +.0000 +.0000 +.0000 -.0001 -,0001
-8 +esulUU +eUULU +.000U +,0000 +.0000 +.0000 +.0000
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Table 9-5a. SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY
OUTBOARD ELEVON GRADIENT - &. LESS THAN NOMINAL

Eo
B

MACH « -6 -4 -2 0 +2 +4 +6
.6 4 +eyuUuV +eUULY +.0G000 +.0001 +.0000 +.0000 +.0000
0 tepUULUY +eUUUU +.0000 =-+0001 +.0000 +.0000 +.0000
-4 +eguul +e00L1 +.0000 =-.0001 +.0000 +.0001 +.0001
-8 +sUUUS +eljULL +.0000 -.00U1 +.0000 +.0001 +.0003
.8 4 =eylul +eUUU +.0001 +.0001 +.0001 ++0000 -,0001
) +epUUL +eUULUU -.QUO01 =-«0001 =+0001 +.0000 +.0001
-4 +eUUUY te.L0UU +.0000 +.0000 +.0000 +.0000 +.0000
-8 +.ylUU +e.ULUU +.0001 +.0001 +.0001 +.0000 +.0000

¥

e .90 4 +.puub telUB +.0009 +.0010 +.0009 +.0008 »0006
0 +euuul teUULY +.0004% +.0003 +.0004 +.0005 +.0005
-4 +.uuus4 +.0010 +.0020 +.0033 +.0020 +.0010 +.0004
-8 +e.pulu +ellcU +.0030 +.0040 +.0030 +.0020 +.0010
95 4 +eguuu =-elyue - NU0Y = 000G =-eN0U4 ~«0002 +.0000
0 =eyuu4 =eLUUY - U0 =« 00U5 - 0UYL -«0004 =.0004
-4 +.yUUU =-eyuue - QUOH =.0005 =000 -.0002 +.0000
-8 +e0UU4 +e00U2 +.0001 +.00U0 +.0001 +.0002 +.0004
1.05 4 +.yuuu +eUUQU +eUUOU +.00UD0 +.0000 +.0000 +.0000
0 =suuud =stjuul =o(U01 =s(J0UV1 -+0001 =.0001 -,0001
-4 +eyulu =eUUlUL -s0002 ~«00U2 =.0002 =+0001 +.0000
-8 +.UUUU +eULLU +.0000 +.0000 +.0000 +.0000 +.0000




v1-6

MACH
1.10

1.40

Table 9-5b.
OUTBOARD ELEVON GRADIENT - GEO
B
-6 -4 -2 0

+eyluUL +e00U1L +.0001 +.00U1
+.yULU +.CUUL +.0001 +.0002
+eULU +.0LUUL +.0001 +.0002
+.UUJUV +eulUL +.00001 +.0002
+epuULl telUL +.0000 +.0000
=eylul =eUUUL +.0000 +.0000
+eyuul +e00UL +.0U000 +.0000
+eylUU +.000U0U +.0000 +.0000
+e.yuul +e.pUCLL +.0000 =-+0001
+sQUUU teULULU +.0001 +.0002
++.yUVUL +.0UUU +.0000 +.0000
+teUUS +.00U0S +.0002 +.00U1
+e(LUUD +«.LUULS +.0U005 +.000%
+teUUULD +eUUUD +.0003 +.0003
+e0UULL +elUULL +.0001 +.0001
+eJUUL +te.UUUL +.0002 +.00U2

LESS THAN NOMINAL

+2

+.0001
+.0001
+.00u1
+.0001

+.0000
+.0000
+.0000
+.0000

+.0000
+.00p01
+.0000
+.0002

+.0005
+.0003
+.0001
+.0002

SSLV AND ORBITER POWER DELTA - NORMAL FORCE COEFFICIENT - FOREBODY

+4
+.0001
+.0001
+.0001
+.0001

+.0001
-.0001
+.0001
+.0000

+.0001
+.0000
+.0000
+.0003

+.0005
+.0003
+.0001
+.0001

+6
+.0001
+.,0000
+.0000

+.0000

+.,0001
‘00001
+.0001
+.,0000

+00001
+.0000
+.0000
+.,0004

+.0005
+.0003
+,0001
+.,0001
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Table 9-6a. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY

8q .
MACH 0 a -6 -4 -2 0 +2 +4 +6

.6 10/9 4 -.yuny el UbY - (U53 -.0052 - 0053 -.0054 -.0054
0 =svuzo =eLUHY - LU5B =.0059 -.0058 =-.0057 =-.0056

-4 -.yuus -eUULY - HUOY =.0UbY -.0064 -.0063 -.0063

-8 =.uuou =elles - UGS =-.00618 =s 0065 -+0063 --0069

8 10/9 4 -eyuse =eUkl - 1040 ~e0039 -+0040 -+0041 =«0p42

0 =suu4l =eUl4U =-s 0039 =e 0038 -eN039 ~s 0040 -e0041

-4 =egpov =eyukr - UUY4S =e0U46 =+0043 =+0040 -.0038

-8 =eyud% =eyU41 -s U046 =e0Ub1 -+0046 - 0041 - 0034

el
V-

.90 10/9 4 -.yuou = JUSE - 0036 =+0036 =.0036 -+0036 -.0036
0 =eyuiov =sUULY -e0012 =-«0009 -+0012 -«0014 -.0016

-4 ~.yuud =e ULy -:0U16 =e0022 =-+0016 =+0009 =«0003

-8 =syulu =eUU1Y - 0021 -e0025% =-.N021 =+0019 -+0016

.95 10/9 4 +.4ull teylen +e0045 +.0003 +.0045 +.0028 +.0011
0 +.yuvo te(l0U2 +e0U48 +.00595 +.0048 +.0042 +.0036

-4 +e.pun2 +telbUYY +.0044 +.00359 +.0044 +.0048 +.0052

-8 +eyuce/ +elUSS +.0039 +.0044 +.0039 +.0033 +.0027

1.05 10/9 4 -.yyao -syu2h -.U015 =-+.0002 -.0013 -s0024 =+0035
0 =syvovs -euue? -.0U18 -.0009 =.N018 =+0027 -,0037

-4 ~.yusy =e)Ull -.0032 =e0023 =-+0032 =-e 0041 =+.0046S

-8 =.uubYy =050 -.0042 - 0034 =.0042 -+0050 -.,0059
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91-6

MACH
1.10

1.25

1.40

10/5

10/-2

10/-2

-4
-8

=1 i Eansid

Table 9-6b. SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY

-6
=e+yJlUoUJ
=+ U<
=esUUbo
~s UYL

=sUu /7
=eUU D
-eUU//
=+ UYL

-s U4
=esJUDS
=sUo0B
=e(UUYL

=~syloy
=syubu
=+ JUbYB
-sJUYY

-4
=eUudlY
=sbi /2
=sUube
=e(0EY

=s JULY
=-sUUBL/
=YL 74
=elitsD

-eo LUK/
=sUJULY
=LY
=esUYY

=eQudbo
=sUUSH
=+007U
=esUluU0

-2
-+ U058
=062

-s0U78
--UUB7

-+ 060
= UUbY
=. 0071
‘QUU79

- Jub2
= U062
-« (1070
=-e JU9T

-OUUbZ
=eUUb2
-¢0073
=0104

B

0
=2 0055
=e 0052
-e0073
=e 0085

~«U0b1
=+U0UD1
-00069
-00073

-~e 0057
=e 0067
=+ 0070
=e01UQ

=e0048
=«0048
= 0075
=+0107

+2

-.0056
-00062
=«0078
-00087

-e 050
=-+0059
-.0071
‘00079

=-+0052
'00062
‘00070
=«0097

=+0052
=¢0052
-00073
—.010“

+4
=-.0058
=-e0072

“00082
-00069

-+0009
-«0067
-0007“
-00085

-+ 0047
=-+0058
=«0069
=«0094

=+0056

-+0056

=:0070
-+0100

-

P  Rew ey

+6
=+ 0060
-.0082
“00086
=+0091

=.0077
'00076
-o0077
-00091

-.0042
=«.0053
=-+.0068
=+.0091

'00060
-+0060
-.0068
=-.0098
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LT-6

.90

.95

1.05

-4
-8

-4
-8

-4
-8

-4
-8

-4
-8

Table 9-7a.

+eylUU
=eJUud
=eJUUS
=euUu/

=e0UU/
=eyJuuY
=s0ULU
=+UULU

=s L
=+QUuUb
-sUUUO
toylue

+e0Ulo
teylUdc
+eUUUY
+eUUUY

+teUULll
=sQuUu4
+eQUul
=esJuiY4

SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY -

INBOARD ELEVON GRADIENT - Se1 GREATER THAN NOMINAL

-4
-sUUL
=eUUUD
=eJUUS
=eUUUD

=eylLUD
=syou7/
=eUlu8
=+Ulud

=slUUZ
=sjylo
=sUubL 7
=sUUUL

tepuLs
telilUL/
tellLUY
tellUY

+teUUUD
teUUUL
+.0)U04%
+e00ULO

-2
=s0002
=005
—OUUOb
-.0004

=eUUOS
=e0LU06
=000
-+0001

+.U00%
=011
-00007
=+ JU0D

+.0001
+.0012
+.0007
+. 0004

- UO7
+.0004
te QU007
+.0003

B

0

-:0003
-OUUUS
-y 0”07
—-UUU3

=+0001
=+00U5
=.0UU1
te 0004

+.0004
=+0009
-.UUUG
=+ 0008

=.00U5
+.0007
+.0008
+.0004

-00017
+.00U8
+.0010
+.0006

+2
-00002
-00005
=+0005
--OOU“

=¢0003
=+0006
-.0005
‘00001

+.0004
=.0011
=-e0007
=.0005

+.0001
+.0012
+.0007
+.0004

=+0007
+.0004
+.00y7
+.0003

+i

=+0001
=+0005
-+0003
-.0006

=+0005
‘00007
‘00005
=+0005

=.0002

=+0006

-00007

=+0001

+.0008
+.0017
+.0004
+.0004

+.0005
+.0001
+40004
+.0000

+6
+.,0000
-.0005
-.0003
-.0007

=+0007
-00009
-.0010
-.0010

-.UOOZ

~=«0006

-00008
+.0002

+00016
+.0022
+.0004
+.0004

+.,0011
- 0004

+.0001

-.0004



81-6

MACH
1.10

1.26

1.40

Table 9-7b.

-6

= ULy
+eUUL
+eyyUU/
R RVIVIVE

teljUul
+eyUUL
=-s«QUuU1L
+eyillu

=eylud
=-suul
=syuul
+.U000U

+eUUUL
L RVIVIT
+eUUUL
+e«JuJuu

-4

=eULUHY
telilUL
t.LUUD
+telllUZ

te.LUUL
teULUL
=esyuUul
teuLU

=ejlue
=-sUUUL
=e VUL
+.UULOL

telUULL
teUUUL
+eULUL
+.00ULU

-2

+.0000
+.0002
+.0004%
+.0001

+.0009
+.0001
+.0000
-OUUUI

=-e(JU01
+.000U0
+.0000
+.0000

+.0000
+.0000
+.0000
+.0000

B

0

+.0004
+.0002
+.0003
‘OUUUI

+.0000
+.0001
+.0001
--UUUZ

+.0000
+.0000
+.0000
+.0000

=.0001
+.0000
+.0000
+.0000

B e N e e e

+2

+.0000
+.0002
+.0004
+.0001

+.0000
+.0C01
+.0000
-00001

=s0001
+000UU
+.0000
+.0000

+-00U0
+.00040
+.0000
+.0000

+4

=+0004
+.0002
+.0006
+.0002

+.0001
+.0001
-20001
+.0000

=+0002
=+0001
=+0001
+.0000

+.0001
+.0001
+.0001
+.0000

SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY -
INBOARD ELEVON GRADIENT - SE1 GREATER THAN NOMINAL

+6

-00000
+.0002
+.,0007
+0000“

+.,0001
+.,0001
-.0001
+.0000

'00003
-00001
=-,0001
+.0000

+.0001
+.0001
+00001
+.0000

=



61-6

MACH
.6

90

.95

1.05

a

4

1
-8

-4
-8

-4
-8

Table 9-8a.

-6
+.0UULU
+eyUuU
+eUUUL
+eUUD

+e(UULL
=esuul
+e.(UuU
+eyuUUU

=sUuoO
=esJUUD
- UUUNY
=-sUULlU

+tepUUV
+eyulUU'
+.U0uuU
+eUUUY

teUuUL
t«UUUl
+.UUUU
+eUULU

-4
++GUULOD
+.UULU
+.0001
+eUUL1L

+.0000
teUULU
+.0)UUU
+e.UUVU

=s(ULY
=eUULLD
=eLULlU
=+UU20

tedUZ
telUUL
teUULZ
=syué

+e0UULL
+eUUUL
+.0001
+eULULU

-2
+.0000
+.0000
+.0UQ0
+.0000

=o(i001
+,0001
+.0000
=s1J001

-QUU08
=-.0003
-.0018
-QUUZE

+.0003
+.0003
+.0003
-.00U01

+.0000
+.0001
+.0002
+«0000

Er
B

0
+.00U00
+.0001
+.0001
+.0001

=+0001
+.0001
+.0000
=+0001

-aUOUQ
-.UUU3
=+0030
=e0038

+.0004
+t.00UY4
+. 0004
+.0000

+.0000
+.0001
+.0002
+.0000

LESS THAN NOMINAL

+2
+.0000
+.0000
+.0000
+.,0000

-00001
+.0001
+.0000
=«0001

=+0008
=+0003
=.0018
=+0028

+.0003
+.0003
+.0003
-00001

+.0000
+.0001
+.0002
+.0000

+4
+.0000
+.0000
+.0001
+.0001

+.0000
+.0000
+.0000
+.0000

=.000U8
-.OOUS
=+0010
=+0020

+.0002
+.0004
+.0002
‘00002

+.0000
+.0001

+.0001
+.0000

SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY -
INBOARD ELEVON GRADIENT - &

+6
+.0000
+00000
+00001
+.0003

+.0001
=,0001
+.0000
+.0000

=.0006
-00005
-.0004
=-.0010

+.0000
+.0004
+.0000
+.0004'

+.0000
+.0001
+.0000
+.0000




0Z-6

MACH

INBOARD ELEVON GRADIENT - 6gy LESS THAN NOMINAL

Table 9-8b.

-6 -4
=esuUul =eUUUL
+eUUUU =slULL
+.yJUuUVY =-sylul
+eLUUU =sJUL1L
=sJUul =e00U1
+e0Uuld te0UUL1
=sUlUul =e LUl
teUUUU teUULOD
-sUuUl =-eLLUL
+sQULUY teLLUG
+eUUUU +teLU0LU
=-s YUUS = UL
=esyluo =eQOUY
=syUyo =eUUUS
=esylul =s0UUL
=sQUULL =eJUUL

-.0001
=-.0UQ1
-+UULD1
=o0U01

+.00U00
+.0000
+.000U
+. (000

+.0U00
=-,00001
+.0000
-s 002

=-+0U05
=+U0003
=.0001
=-.0002

B
0

-.UUUI
=+00U2
-QUUU2
--UUU2

+.0000
+.00U0
+.0000
+.0000Q

+.0000
=.0002
+.0000
“00001

-.UUUS
=0003
=+0001
=«0002

e

=+0001
--0001
-00001
'aOUOl

+e000O0
+.0000
+.0000
+.0000

+000U0
-00001
+.0000
=.0002

-00005
=+0003
=«0001
=+0002

+4

-00001
=+0001
=«0001
~s0001

-«0001
+.0001
=+.0001
+.0000

--0001
+.0000
+.0000
=+0003

-00005
=+0003
-00001
=+0001

SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY -

+6

-.0001
+.0000
+.0000
+.0000

-00001
+.0001
°00001
+00000

--0001
+.0000
+.0000
--0003

-00005

=+0003

=+0001,
=.0001



12-6

MACH

.90

95

1.05

-4
-8

-=
-8

Table 9-9a.

-6 -4
-sYUUD =+ 0UUH
=-eUUD = LUDY
=+ yuUUD =e0LUDL
=eUUUD =eUUUS
=syluo =+ LiUUD
L NVEVATR- =elilUB
=s0uUll =<liLVUOL
=0l =+ LUK
= JUUS =slLulid
=+« JUuo =esJlUB
=eyYlu/ =syQuu
te(iUUY teUUOL
=eUuU =sluue
teylLud teLUUY
=eyliul =esJUULL
=-syuul =slJuLl
teyuul teliUUWL
-«i2ULL =sllUS
teyule teJUUYB
teyuu/ teulUY

2

=L
-OUUOQ
- 1004
-e0U0Y
-sUU0S

-QUUOQ
~elUOY
-« LU0S
-« 0U01

-« U001
-+ LU0
- UO7
-Up4

- JUO1
+.0'008
+.0000
-.0001

-.“UUZ
- UUOH
+. 00002
+.0002

B

0
=+0003
=+0003
=«00U3
--UOUZ

=e(002
=e0uLU7
-00002
+.0004

+.0001
=+0004
-.UUU7
=.0UU7

teuLUND
+. 0008
+.0040
=+0001

=s U003
=« J0UB
=e 00y
-OUUUZ

+2
=.0004
-.UUUQ
=« 00u4
=-+0003

-QOOUQ
=«.(10yuB
=-+0005
=.0001

=s00yul
-.OOUS
=«0007
= NOLG

-=«0001
+.0008
+.0000
=000l

‘00002
=« 00Ul
+.0002
+.0092

+4
=+0004
—.0004
=+00U5
=+0003

--0006
=.0008
=.0008
=+0006

-00002
=+0006
=+0007
+.0000

-00002
+.0008
-00001
--0001

+.0000
-+«00U3
+.0008
e 0004

SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY -
OUTBO0ARD ELEVON GRADIENT - GEO GREATER THAN NOMINAL

+6
'00005
-.0005
-.0005

-.0008
-«C009
-.0011
-.0012

-.0003
-00008
"00007
+.0004

~e0003
+.0004
-.0001
-.0001"

+.0001
-00001
+.0012
+.0007



zt-6

MACH
1.10

1.25

1.40

-4
-8

Table 9-9b.

-6

=eJUUD
+eylul
+eUULU
+eULS

teyduo
+eJUUU
+.bULL
=syUut

=-es UL
tepyuul
teyuUud
+.UuUue

te«yJlUDL
AR RVIVIVES)
+s0ULD
+eQUuUU

SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY -

QUTEBOARD ELEVON GRADIENT - 6E0 GREATER THAN NOMINAL

-4

~eybllZ
+ellUYL
+eUUlU
teuuUuL 7

+.LULD
teULUY
telUUD
=es,0UZ

telUULL
telilud
teUUO
+.0ULZ

+tsulUD
telUUSI
+eUUE
te0UlU

-2

+.LUUS
+.0U0Q8
+.0007
+.0002

+. 0004
+.0000
+.0004
+.0002

+.0004
veUOULS
+.0L02
+.0003

+. 0004
+.00035
+.0001
+.0002

B
0

+.0LlUb
+.0012
+.00UB
=-+00U3

+.00u?
=«000U1
+.0001
t.00U6K

+:00UG
+.000H
+.0002
+.0003

+.U0Y
20003
+.0001
+.0003

+2

+.0003
+.N0L8B
+.0007
*lQOUZ

+teOUULY
+.0000
+.000H
+.00p2

+.0004
+.0003
+.0002
+.0003

+.0004
+.0003
+.0001
+.0002

+4

=+.0002
+.0005
+.0010
+.0007

+.00uU6
+.0000
+.0005
=.0002

+.0001
+.0002
+.0003
+.0002

+.0005
+.0003
+.0002
+.0000

+6

-.0005
+.0001
+.0010
+.0013

*00008
+,0000
+.0008
-.000“

-.0002
+00001
+.0003
+.0002

000006
+.0003
+.0003
+.0000




€26

MACH
.6

.90

.95

1.05

-4
-8

-4
-8

Table 9-10a.
QUTBOARD ELEVON GRADIENT - 8¢ LESS THAN NOMINAL

0

B

-6 -4 -2 0
=esJUu4 =eUUULS -eUUDS =«0003
=eyuUUl =eplivul =.uup2 = 0003
=eJud =-sLUOY =sLU0S =+ 0UU3
= JUUS =sLUL -e1JU0S =+ UUuZ
+eyuUUL telivlU =-s0001 =+U001
+eYUULD teuuUlLS +.00001 +.0000
+eyUu/ teUUUS -.UuU1 =+00UY
=sJUUD -viluld -2 0002 =+00UY
=esylio =elJUUB - (005 +.0002
=eyuuY =slu/ =eQUOH =+0001
+eyUUS =eUULS -s'U11 =-«0019
=eylcu =syulYy -sUUL7 =+U001%
=-sylUc/ -eyULll 400004 +.0020
+eyUuU% +eUULU +.0U13 +.001¢
teyule telieU +e0027 +.0034
+eylUcu teuliel +.0U34 +.0043
+eylul tellULZ +.0U0S +.0004
teyluc +eLlULD +.0002 =+00U1
+eyUUD teUULY +.0002 +.0000
+eUUUY telUUub +.11U0S +.0008%

+2
=+0003
=:0002
-00005
=e«000u3

=000l
+.0001
--0001
=sN0y2

=+ 00u5
=«0004
=-«0011
-00017

+.00ul4
+.0013
+.0027
+.0034

+e 003
+N002
+.00y2
+.0005

+4
=+0003
=+0001
-+ 00US
=+0004

+.0000
+.0003
+.0003
-00001

~«0008
=e (007
-.0003
-'0019

-.0011
+.0010
++.0020
+.0027

+.0002
+.00086
+.0004
+.0006

SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY -

+6
«,0004
'00001
=+0005
-00003

+.0000
+.0005
+.0007
-.0003

=+0016
=.0009
+.,0003
=20020

=0.0027
+.0004
+.0012
4.0020

+.0001
+.0008
+.,0005
+.0009



%26

MACH
1.10

Table 9-10b.
OUTBOARD ELEVON GRADIENT - GE LESS THAN NOMINAL
0
B
-6 -4 " 0

+eUlAL +ollULE +.0005 +.0002
+telULZ +.ylLUU =-,0003 =sU0US
+e 0O velibLE =-.0002 =s0008
+s0UUO t.ULUB +.000LY +.0002
+teUU +tetsUUY +.0U03 +.0003
+e.yULL teuuuYy +.0008 +.0007
+euUUDL +eUUUB +.0U06 +.0006
+e.yluo teiiully +.UUUUL = 0UD3
=-sQUUT =eUUULD -, 0001 +.0002
=sUJdul = 0C1 +.0000 +.0000
-sJUUL tsULUU +.0002 =.0UU3
+euUU S tsULUD +.0U02 +.0000
+eUUUU +eUUUU +.0000 +.0000
+eyUuUuU +eU0LY +.0000 +.0000
+eQUUU +.0000 +.0U00 +.0000
+eQUUV +.00UU +.0000 +.0000

+2

+.0005
=-.0003
--OOUZ
+.00u4

+.5003
+.0008
+.0006
+.0000

=«0001
+.0000
+.0002
+.0002

+.N0Q00
+.0000
+.0000
+.0000

+4

+.0008
+.0000
+.0002
+.0006

+.0004
+.0009
+.0006
+.0004

=+0005
=+0001
+.0000
+.0005

+.0000
+.0000
+.0000
+.0000

SSLV AND ORBITER POWER DELTA - PITCHING MOMENT COEFFICIENT - FOREBODY -

+6

+.0010
+.0002
+.0005
+.0008

+.0004
+.0011
+00006
+.0006

=.0007
-.0001
-.0001
+.0007

+.0000
+.0000
+.0000
+.0000



Table 9-11a. INBOARD ELEVON - HINGE MOMENT COEFFICIENT
POWER DELTA
B
o
MACH g -6 -4 2 0 2 +4 +6
4 =+0ubb s ULl =4 1054 = U047 =+i04E =.0047 -,0048
b -6 1079 0 =-uulB s UlLEc =-olUbHD =eUubH = NNH{E = 00Uy =-.00y2
| -IU\166 =eilC]1 = ub/ =« UiD2 - UHY =006 "'9"0“3
k -8 =.uubP =sLuLL =, U6 = U0H2 = N0UY - 0046 = 0043
| .8 10/9 4 <-«vutid =eUUSL - U4 7 =030 -e1057 -+0036 -.0035%
1 0 =+uuou Rk RVIVETE -.lill4e =sUi*3U -0V 35 -+0036 -.0037
: -4 =epuo =euilUbk /s - UU41 = U3 =sNUSS -.003% -.0036
| -8 =eUU4%D =elipl s =o lillE = U411 = NOHO =+ QUIR -,003%6
P
| m .90 ]0/9 4 =esleky =eJzZUluU -1} =sUl40L -e 150 -e01c2 =,0120
i 0 =syulon =eliill) =.0120 =« QY -.007% -.oo?o =-.N0ARI
’ -4 =«uloo =sulol =.1110 = Uiy =« NO70 =-+0050 - U035
-8 =euu /o =suu Y =eLu7e = UL 0 =070 =.0065 =,0(058
.95 10/9 4 =.i111 -ty +el ULUS + ol b +.70.5 +.0005 =-.0025
0 =evua0 =el U5 telilgl! +eliiLn +.000b teUUHS +.0024
-4 =eyube =el,UdD +allU1S +.Ub2 +el'0DY te 00U45 +.0040
-8 =evluc =eljuuH +. U000 teU0L7Y +.0005 +.0075 +.N08Y4
|
1.05 10/9 4 =«pu<4 =sit) S0 -e1L2H =+ U020 -.(0U2B -« 0096 =. U044
O =eyufu bl R 1] F3e}e] = ilUKD -.UU‘:I“ _.00“3 +'00‘(-)5 +.qu3
-4 =sudle =eyubl =« 11030 =sUQue +.0013 +.0035 +.1059
-8 =~uUDdY =enubie - 24 =« U0UE +.0052 +.0060 +.0108




MACH Sg  * ¢

I0 a i
2 =sUluu
110 10/9 3 Zotey
-4 =eylis
-8 =suvou

1.15 10/5 g4 =eyiui
0 =culou
=4 =*yloo
-8 =sUlld

92-6

1.25 10/-2 4 =eyud/
0=eyiud
..4 = Juoso
-8 =eylucz

1.40 10/-2 4 -rvvcH
O-CUUJ'J
-4 =eublu/
-8 =eJuIv

Table 9-11b.

-4

=sliu Y
=e ey
all BULTRT P4
=eulyitvy

=ellLOY
=e;10U9
=eylue
=esulul

il RVYV] <14
-suufl
-.'IUId
= UyYywy

=ei el
=euuI
=e LY
=YY

INBOARD ELEVON - HINGE MOMENT COEFFICIENT

- LUYY
- 'USS
=-s 'UY4D
- NUT7S

-oll) 32
-e (lUGT
-03068
= LY

=-sjyott
=-ejudY
- 0USBD
- LUYB

".('Ul ,
-2l
- lLHY
=+ HUHG

POWER DELTA
B

0
=003
=s0U1l]
~eU0UK
-QUU07

+.0001
+e)QUY
=e U35
=esub?”

+e000U7
=eyuu?7
= U0 SY
=s U’y

=-sldulu
=eUul?
‘OUUJE
=« DOHN

+2

=« 0024
“0001“
+. 026
~eD048

-00002
=e00ye
=-+0033
=e00w8B

*CGUuﬁ
=-+004,9
=e 040
=eN00B

=-ei0Y7
=-eUYY
~e)0eg2
=«0076

+4

=+0025
+0039
+.0060
’00031

-«0005
=+00U9
=+0031
~es008

++000%
=+0011
=+00%1
=+00b9

+.000N0
=+0005
-«0013
-«0071

+6

=.0026
+.0064
+.0092
-.0014

-.0012
-.U029
- 0068

+.0004
=-+0013
=-s 0042
=o0052

+.0007
-.0001
-00003
-00066




Table 9-12a. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT
INBOARD ELEVON GRADIENT - 6. GREATER THAN NOMINAL

Ey
B
a
S -6 -4 of 0 +2 +4 +6
.6 4 =.piul =sllue -sLUDS =sU0UY -e00gb =eN0LY -20003
0 +.UUULE tetilUIU -, upe = UL0Y = NOUS -+0008 =,0009
-4 =eydle = UL S - CU0DS = 00U 2 =003 -s00U3 =,0003
-8 =enyuvue =elidl<e -, NNU03 =+ U1IUS =-eN0J3 -s)00C2 -00001
8 4 =syuus -s iU -.UNS =s0N0Y = N0UY -eQ003 -.0003
0 =eliduw =esuUlDd =e(!UDB =«0UU7 =e 005 =e00U3 =,0002
-4 =eydul =eULS - JU(GD =e0007 =+ 0004 =-+0002 +.0001
-8 *eyuuu =efiul =001 =+U0U2 +e00y0 +.0001 +.0003
O
|
o+
e 90 4 <eyueo telivdd +.bU1S +.0011 +.0010 +.0025 =.0006
0 =eudiu =esullu =.'dld = U020 =e0020 =-«0016 =-.0025
-4 =eyuu2 =+ J0UYS =s U110 =-sU0L¢ =efi015 -«0016 =«0015
-8 =euuuo =suUU07 =+U10 =:00U1l6% =-«0010 =e000L7 =-s0007
95 4 +eyulu +eliiiul -s 11QUYH =sU0<dn = NS0 =e 0042 =+ U052
0 +suLUD telLuuS - UU02 =e00U7 - NOUB -s0011 -.0011
-4 +syUle teyuLd +e0002 =s0002 +.0001 +.05004 +.0005
-8 +e0ud/ teuul +.1U011 =UUUY =-s 008 =-s02012 =,0016
1.05 4 +eyuu4 teilil -sliU(GE =sUUUR =oNQO10 =s:001p -,0020
0 +suluo teuUud +e0001 -.0003 -.0016 -.0032 =.0042
-4 =eQUil EIVD TR +.0001 +.UUUA -« N0Q9 =-.0023 -.0039
-8 =+Ullo =eully -« 'U0S +.0002 =-+0017 =.0032 =-.0057




Table 9-12h. INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT
INBOARD ELEVON GRADIENT - &

8C-6

£ GREATER THAN NOMINAL

I
g
CH o

MA -6 -4 -2 0 +2 +4 46

1.10 4 +.uucu teLULU +.000V =s0011 =s0022 -+0033 =.0049
0 +sulul =eilul - UU0Y =-.U0U7 - N00U3 -+.0026 -+0035
-4 =eyUud =eilluk +e1iU0S te0ulp +.7000 =-+0007 =.0016
-8 =eliu44 =etjlcl +.UU0U +.0023 +e 0042 +.0003 +.0083

1.15 4 —.yuus -spue7 -e(lU11 =s0UlH -e0020 -e0023 -.0028
0 +eyuus +eUUY +.00Q0 = 0UUN +.0008 +.0020 +.0028
-4 veguiu +eyulL7 +e0U13 +e0012 +.0038 +.00627 +.0079
-8 =syuuy =sUUUE +.0ULY +eUULn +40020 +.0031 +.0055

1.25 4 =.45Ule =eyUUS - 'UDH =s00UU1 +.0012 +.0006 +.0010
0 =euuviv =+uUUD - iL02 te00U1L +c0003 +.0005 +.0008
-4 +egoue telLUS +.0003 +e00UY ve00g2 +.0001 -.0001
=B Antpthug teuuus +eU08 #2000z +e01042 ++0001 +.0001

1.40 4 =+yuivu =eylid +e1iu01l AL U telUUY +.0006 +.0007
0 =epUuUD -eijuliz -eUO0L +.0000 +.0003 +.0005 +.0007
-4 +eijuvo telUUY +.1lUUS +.00UD +.0003 +.0005 +.0025
-8 +.yUuUY teulUUb +.004 +.00U3 +.0005 +.0004 +.0004
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Table 9-13a.
; a

MACH -6 -4
6 4 =-.yuiv -eUliL'
0 =svuusl -elUUY
-4 =.yuil =eJULib
-8 =syduu =eJULY
8B 4 =syuyt =siyLo
0 =evuo =e UL
-4 =syuue =euLe
-8 =epuui =suutl
90 4 =aguwn =eliudn
0 =-.uued =esJueH
-4 =eylUhy =eJUHL
-8 =euUuUoY =eliyoY
95 4 =eyu+1 —-eiilyl4D
0 =sUuI0 =euld
-4 =eyuvo =eluu’/
-8 =eyuluv telliv
1.05 4 =.yuu+ =e Uyl
0 =+uUvuo =-eLUUY
-4 +e.0U4Ll telUUS
-8 +suul0 -sLuUlu

-2
=-oJUQ/
=, LUlb
= NUULD
- 1’003

-'“UDb
=-s 1300
=-+(001
=-«CUD1

- 'USY
=sMUZ0
-sULUYS
-« MU4E

=-e JUKYH
+eliUQb
+e(iUDI
teliUTO

=e200H
-.UUU&
+. 0009
+.0U0%6

B

0
= U0UNK
=-200UL2
=eUUU3
=.00U1

=eUUY
=e 00U}
+eU0001
=«0001

= UilI1)
=-eJ)11
=sJUH43
- 0040

=sD0OHT
+0UU£6
t.0116
teUlYy

=«0011
-00012
+.00LU7
+.0027

E

LESS THAN NOMINAL

I

+2
--nUU3
=002
-o”0u1
=Nyl

=e)Cyd
-eN00G3
=eNUU1
-GOOUI

=+ LU40
-e(i0L18
=eN030
=+ (0046

=e NOYH
+.0020
+.0052
+e(111

‘06012
+.00yb6
+.0020
+.0041

INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT
INBOARD ELEVON GRADIENT - &

+4
-«0002
-«0001
+.0000
-.0001

=+00US
=+.0004
=-+0002
-+0001

-+0050
=+0024
=+001y
=+004y

=+00%0
+.0015
=e(0011
+.0046

-+0013
+.0026
+.0034
+.0048

+6
+00000
+.0001
+.0001
*-0000

=006
=,0004
-.Ouoq
=+0001

=.U050
-00025
=.0008
=,0039

-00055
+.0009
=.0074%
=-.0p28

-.001“
+.0042
+.0048
+.0067
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Table 9-13b.  INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT
INBOARD ELEVON GRADIENT - 6g LESS THAN NOMINAL

I
B
a
MACH -6 -4 -2 0 +2 +4 +6
1.10 4 =.yvuu -« JUUH +.0U02 +.0007 +.0008 +.0009 +,0010
0 +.UULD teliUlb +.0:018 +e.0020 +.0031 +.0071 +.0110
-4 +eyuuUlD TeljUued +.035 +e 004y +.0074 +.0104 +.0132
-8 +eLUDD +elU4 3 +.L042 +.0036 +,0050 +.0064 +.0077
1.15 4 +.yuid teyuln +.01018 +.002( +.0015 +.0010 +.0006
0 +epuvo telUl3 +.01020 +.0025 +.00 34 +.0042 +.0053
-4 +.00ud telULD +.00027 +.0030 +.0056 +.0081 +.0105
-8 teylco +eliued +.01022 +.0020 +.n031 +.0042 +.0052
1.25 4 +eyues teliUcd FeIU2S +.0007 +.0017 +.0014 +.,0010
0 +eyueu *ellUlY +eliUCU +.0019 +.0027 +e.0022 +.0041
-4 +eyulLu +teiillt +.00016 +.0017 +.0019 +.0020 +.0022
-8 +eyulU teUULY +.000Y +.0014 +.0014 +.0013 +.0018
1.40 4 +.yuUuu +eJUU +.U0L +eUQUL +.0000 +.0000 +.0000
0 teuduy teuulin +el LU LY VI +.70450 +.0000 +.0000
-4 +.ydulU S RVIVIRY) +e ULV +.0UU0 +.00y0 +.0000 +.0000
-8 +e0JUU +eULU +.0:000 +.00UN +.000u0 +.0000 +.,0000
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Table 9-14a.

OUTBOARD ELEVON GRADIENT - GE

B

a

MACH -6 .4 -2 0
6 4 +eguue +opuul te0UOL =s+00U1
0 +eyuud Yeyule +e00001 =s00U1
-4 =ejUui =eUULL =-+00Q01 =«00Ul
-8 =esiylui =sylLl - 0032 =003
.8 4 =eyuue =eQUU1L -, 0001 =.0001
0 =suulL =-suLe -, 0002 = 0003
-4 =eguui =syuue -s00Q2 =-s00U3
-8 =slivue =sUULL +.0000 +.0001
.90 4 +eyued *alilel +.10018 +.001¢
0 +epUUL +eulul - 00D =-sU01Y
=4 =eyuiv =LY - (01U -sUUl2
-8 +.uLuV teliulU - U022 = U0UL
.95 4 +epubo +elli4 /7 +.0031 +.001LD
0 +epyoO tel,U4Y +.0U2S +.00U8
=4 +eyUd0 teyUS1 +.0u22 +.0013
-8 teUU%S teUIU +.0018 +.001¢
1.05 4 +.pu1s reuULy +.0006 +e00U2
0 +eyuid tellULO +. 0006 +te00UY
=4 =eyuyuyo -ejuul +.00U05 +e00U7
-8 =syul/ —-eyUll -0 +.0001

0

INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT

GREATER THAN NOMINAL

+2

=+0001
=sNQy2
—.ﬂUul
-OHOJI

-s(1001
- N0yu2
=e00Q2
+.N001

+.0020
-00010
--0012
=« N0VY

-.0005
+.0015
+.0022
+.0009

=«N0Q1
+.0017
+e00Q4
-00006

+4

+¢0001
=e00UL3
=20001
+.0001

-e0002
-+0001
=+0002
+.0001

+.0030
-+0007
-+0006
-+00uB

=-+0020
+.0022
+.0031
+.0007

=+00U5
+.00<8
+.0010
-«0007

+6
+.0002
-.0000
-00002
+00003

=+0002
+00001
=+0001
+.0000

*-ﬂ030
"10005
-.0004
-+0011

-00050
+.0029
+.0038
+.,0005

'00009
+. 0044
*00011
=,0021

ALFIVID H00d du
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Table 9-14b.

1.10 4 +.uulo
0 +eulud
-4 =eyuu/
=8 =eyudo

1.15 4 ++yduv
0 tepuuY
-4 +eyiuc
-8 teyUUL

Ze-6

.25 4 +.L'U(]"
0 +evUUv
=4 =eylu+
-8 =eyluo

1.40 4 =evuu4
0==ubud
-4 =eyUul
-8 +e.yUud

INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT

OUTBOARD ELEVON GRADIENT - & GREATER THAN NOMINAL

-4
telUlS
telUUUJ
—elLULS
=stidlo

teUdJUU
teullb
teyuul
teydLY

+-l;UU.§
teUuuly
=e UL
=s U4

-eJUL S
= lillue
=esJull
telJUUU

-2
+.000/
+.0003
+GUU02
-.deb

+.0U000
+.110QU
+.u0U1
- 'U0U1L

+elivpe
+e11UQU
- U0l
--UUUZ

-sLull
-etiu01l
+.0000
+o“UUl

B

0
+.0001
+.U0UZ
+.0007
+.00U7

+t.U0ULUL
=eUNU3
te0Uvul
=s+U0ul

+.00UD
+.000D0
+.00U0
+.0000

+e.00UD
+.0uUUN
+.00U1
+.00U1

0

+2
=+ (0u8
+eN0Z0
+.N012
+.0013

+.0000
=00yl
+.00yul
-.nbdl

+00050
te0001
+.9090
+.0040

+.00y0
"Qf-bul
+eN0y0
teN0y2

+4
-.0017
+.0010
f.0017
400020

=+0001
+.0001
+.0000
=+0001

+.0000
+.0001
+.0000
+.00UD

-«00U1
=+0001
=+0001
+.0003

-.,0026
+00013
+.0024
+.0018

=,0002
+.0002
-.0001
-.0001

+.0000
-00002
+,0000
‘.0001

-,0001
+.0000
-o0002
+.0003
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.90

.95

1.05

Table 9-15a.

. -4
-sylue =esJULZ
- yUuI -eylilLZ
=+ Uldue =e Ui
~-euyJUD =ellUuLe
+eluul teutll U
+elillud tei;UUL
tedul =eiuUUL
teliJuu =eiULI
—-epuc/ =eliUc )
=-eUUul telivlie
=esJUUL =eUUULY
-ayluy =-eljULY
telue teudul
teyuUuu teLulUULS
+eUULU teliulie
+eyuduc teiJiilh
teUuo tepL2
teyuul teupl
teyUuld teiUCL
te0Jul +s: 0001

-2
-QLUUI
-sJUGL
-QUUOI

-.UUUI
+. 0000
-QUUUI
-oilU0D1L

=-.1UlB
+.4U04
"DUUU':)
'QUU07

telUQS
+.0LUDB
+.'UUB
+.010003

+chUU1
+e.00G1
+.0001
+.00U00

B

0
=eULUY
=+0001
- U011
+.UUUN

=.UCU1]
+.U0QU0O
=+U0U1
=s00U2

= U007
+.0012
=+ UIUY
=+000%

+. 00Uk
0003
+.0JUYG
+.00U7

+.0uUD
+.0001
+es0U0UZ
+.00UD

0

+2
+.00y0
+.0000
+.ﬂ0')0
+.0000

’00001
=.0001
‘oﬂOUl
=eN0j2

=+ JULY
+QQUU6
- NOLS
=eN0ub

+00002
te0Uyt
+.N0y%
+.00y9

+.0000
+.0002
+.00U0
+.0000

INBOARD ELEVON POWER DELTA - HINGE MOMENT COEFFICIENT
OUTBOARD ELEVON GRADIENT - & LESS THAN NOMINAL

+4
+.0000
+.0000
+.0000
+.0000

+0000
+.0000
++0000
-+0001

-+001y4
+.0003
=-.0007
-+.00U6

=-«0001
+.0008
+.0009
+.0011

+.0001
+.0005
=+0001
-+0001

+6
+.0000
+.0000
+.0000
+.0000

+oq000
+.0000
+.0000
-,0001

-~20018
-.0005
=o,0009
=-.0010

-00005
+.0007
+.0011
+.0014

+.0001
+.0005
=,0002
+.,0002

)
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MACH «
1.10 4
0

7€-6

1.26

1.40

-4
-8

4

0
-4
-8

-4
-8

Table 9-15b.

- iydiUd
=sylud
-esJuUult
—sJUuU+

Lk RVEVEVI S
=splrLo
=e+(QUul
l AVIVEVES)

teulluf
teyuUul
+teyldudi
=eJUUL

+eUUul
+teLUUUU
-oudul
=eylul

-4

=eslilUUZ
=eUJUUS
= LU S
=etjuuH4

telJULD
=elILIUD
=eilUULL
—eLUUY

teillULD
tellUUL
-ililuc

=eUUS

=eoiy{il e
=eJbLul
=+ 0UUL
=eLULL

-2
=001
-+('U01
"cUUUsj
=-sig02

+.00L00
--1‘00&
+. 000U
-.1lUye

s UDS
+.“Uul
+.0000
"n('UUZ

- C0CH
-’00 1
- (1UQ2
-e(0001

B

0

-.UUU]
+.0002
=.U0u2
-OUUU1

te0U1
t.UUUS
+eUUUY
=+0U0L]

+.U0U1
+.00U1
+.0uUN
+.UULUUD

=007
=.0002
-OUUUB
=.0001

E

0

LESS THAN NOMINAL

+2
=e(iy2
= 0010
+.00u0
-e10u1

+.ﬂ002
=eNCuc
-IUOUZ
=«N0yl

teN0L0
teNG(G1
+oi" 010
+e00u0

= (1035
=000
=.N0()2
”00001

INBOARD ELEVON POWER DELTA - HINGE MOMENT COCFFICIENT
OUTBOARD ELEVON GRADIENT - &

+4
~-+0003
+.0001
++0001
=+0002

+.00U3
=«0003
=.00U4
=«0001

-OOOUZ
+.0001
+.0000
+.000U0

=-.0004
-+0002
-«0002
+.0000

+6
-.0003
+.,0000
+.0003
=, 0004

+. 0004
-.0005
=-.0005
- 00p2

=+0003
+.0001
+.0000
-.0001

=.0003
-00002
-.0002
+.0000



GE-6

.95

1.05

(=2

10
10/9

10/9

10/9

10/9

10/9

-6
teyydoy
tey2/o
teyduc
+eyduy

teUled
+syloU
tellLY
+«0UULD

teylfu
+eyliu
tayllu
+eylow

+epbouY
teyoO4
++yold
teyboo

tey30Y
teyd4u
teyc/d
teljILo

Table 9-16a.

-4
telen
teuléd
tey201
teilbb

+eUUBb
telUDS
+e001U
++0C1U

teplld
+eUl1l3
teilllu
*eullbh

teyuyd9
teU4 30
teU410
e/

tepchtd
tedl/
+tsylie
tellZ2lU

VERTICAL TAIL SIDE FORCE POWER DELTA

-2
+.0113
+.0'093
+.0100
+.00U83

++00043
+.0026
+OUUOb
+. 0005

+eliud7
+.0057
+.0U70
+.U00b3

+.0230
+.0218
+. 02050
+s (185

telll235
+e0113
+.00093
+.0105

B.
0

+.0000
+.0000
+e0UUD
+. 000D

+«0000
+. 0000
+«0UC0UG
+.0000

++0000)
+.00U0
+.00U0
+.00UD

+.0000
+«0uU00
+.0000
+.000N

+s:0000
+.00U0
+.0000
++0000

+2

=e0113
-00093
‘00100
=+0083

=« 0043
=+ 0026
-00005
-00005

=+0N057
-00057
‘00070
-00053

‘00250
=-«(218
=+0205
-00188

=e0123
-e0113
=«0093
=+0105

+4
-+0226
-+0185
~+0201
=+0166

—.0086
-.0053
=«0010
-+0010

-+0113
-+0113
‘aOluﬂ
~+0105

-« 0459
=+ 0436
=« 0410
-00377

=+ 0246
-+ 0227
-.0186
=+0210

Lo
.«

+6
-.0339

-.0278

-.0302
--0249

-00129
=.0080
- 014
—90015

=.0170
‘00170
--0210
'00158

-00639
—.065“
-00615
-OQ§66

-.0369
= 0340
-+.0279
-00315

E
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MACH
1.1

1.15

1.4

10/5

10/-2

10/-2

-6
+teyley
tepUU/

teyubo
+er1lie

TeyylaD
teyUoy

+eydb/

teyuon/

+sylong
teUlL/
+eUD/
++UUDLD

+eUUSY
=-eylcu
+eylUle
+telUlls

Table 9-16b.

-4
tellle
tellLUD

eyl oe
teu Y9

teJuy/
telUUDS
teiUDE
*+00UD

+e ity
teUlUSH
teyuds
*ellUBS

tellUd
=allULlS
telUle
s UUHL

VERTICAL TAIL SIDE FORCE POWER DELTA

-2
+e0U41
+elU2D
+eii16
+eCULU

+te3048
+.00206
+.0029
+. 22

+s U223
++0U19
+.L01Y9
+.00022

+.0011
--(,:Uub
++(UCH
+. 0040

B
0

+e00UD
+tel0ULD
+e.0000
+:0000

teUUUN
+.00UN
+.0000
+«00UD

+.00U0
+.0000
+.000U0
+: 0000

+.0000
+«00U0
+.0000
+«0000

+2
=s0041
=«0025
=+ (016
=+ 0040

=+ 0048
=+0026
=+0029
-00022

‘00023
‘00019
-00019
-.0022

-.N011
+.0006
-+0006
--0040

+4
=+0005
=+0032
=e0079

-« 0097
--0053
--0058
=+ 0045

'00045
*00038
-00038
-.0043

=-+0023
+.0013
-+0012
=-s 00081

T B 2 8 T S R 0 2 w3 S

- ' & . [T T—
~ -

+6
=-.0124
- 0007
-+ 0046
-lnllg

~e01ly5
=+0080
=+0037
-0U067

=,0068
-.0057
=-«0057
-.00565

-.003“
+.0020
-.0018
-.0121
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LE-6

.95

1.05

10/9

10/9

10/9

10/9

+eUlod
+s0109
+teUlde
++U1l2s

++yuly
+eUU/U
+eyuUlY
foUUlU

+sUulu
+eplo2
+eylrsi
+eUU/0

teUb/S
te oYU
teun/o
+eDIu

teUSd0
+e4o
+eploc
tevulo/

Table 9-17a.

-4
+eUllU
+ell)Ye

+eUlUL
e UUBU

+telUUU4
te UL
toLUUG
+.UUUH

teUUUD
tepu2/
telUG/
teuuNL7

teUbot
teU4Ll
teU4bU
teU4S0

telUloU
teUlos
telitvad
+eUUlU

VERTICAL TAIL BENDING MOMENT POWER DELTA

-2
+«0UbS
+.0U40

+.0051
+.0040

+.0016
+.0018&
+.0U005
+.0005

+.0005
+.0U22
+.0036
+.U036

+.0270
+0290
+s0270
+.0240

+.U140
+«0100
+.0U75
+.0U079

B

0

+:0000
+. 0000
+.0000
+.00UN

+. 0000
+.0000
+. 0000
+.0000

+.0000
+.0000
+.0000
+.00UD

++.0000
+«0000
+. 0000
+.0000

++0000
+.0000
+.0000
+.0000

*00055
-.00“6
-.0051
-.00“0

-00016
'-0016
‘00005
-.0005

=+0005
‘00022
-00036
=+ 0036

-.0270
=+ (0290
-00270
=e 0240

--0140
'00100
=+0075
-.0079

+4
-+0110
-00092
-00101
=+.0080

~«0004
-.000#
-«0004
-.0004

=-«0005
-.0027
~«0047
"00047

-QOQbO
=+ 0480
=« 0460
-00“50

--0160
-+0163
°00098
-.0010

+6
-.0163
-00139
-o.N152
-00121

-00010
-00070
’-0010
-.N010

-00010
-00032
-.0071
-.0078

—00673
-+0690
=-+0676
-00650

-,0336
-.0248
-.0182
-.0187

0
ALITVAD ¥00d J
o @HVd TYNIOIHO



Table 9-17b. VERTICAL TAIL BENDING MOMENT POWER DELTA

)
8
MACH 10 o -6 -4 -2 0 +2 +4 +6
1.1 10/9 4 +eylod +te01lUD +.0063 +.0000 =+ 00063 =+0105 -20135
0 +eguld +e.000Y +.0006 ++0000 =+ 0006 =-+0009 -.0013
-4 +eyu44 teyuol +.00020 +.0009 =«0020 =-+0031 =+ 0044
i -8 +e.yloe teyuou +. 0040 +.0000 =+0040 -+.0060 =-.0082
1.15 10/5 4 +suloo teunu +.0021 ++0U00 =+0021 -e0042 =+0136
0 +euJui +telULD +« 0006 +« 0000 =«0006 -s0015 =¢0061
-4 tsyvouy +ep015 ++0006 te«000V0 =«N0Q6 =+0015 =+0060
-8 FTeU4O teiil2 ++1006 +.0000 -+0006 -«0012 =+00y8
O
|
&
1.25 10/-2 4 +eyuci tejucl ++0010 +.0000 =-«0010 -+0021 =-.0021
0 +esuUuLy touuylYy +.0009 +.00uU0 =e G009 =e0019 -.0019
-4  $eyuUlo +te (LY +.0009 +.00090 -«0009 -.0018 -.0018
-8 +*0Ule teuiile +.0006 +.0000 -« 0006 -+0012 -e0012
1.4 10/-2 4 <eiuys telLUbb +eQU3Y +.00U0 - 0034 -.0068 -.0098
0 =eypviv -suu? -sUUDS +.0000 +.0003 +.0007 +.,0010
-4 +.guuo +.0001 +.0001 +.0000 -«0001 -.0001 -.0006
-8  +.pu9u +eyUbu +.0020 +«0000 -e0020 =-+0050 =.0090

|
i
|
E
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MACH ®po
.6 10/9

.8 10/9

.9 10/9

.95 10/9

1.05 10/9

o &

-€

-.yi)55
-sUdS
-« ut)SU
=syuUul

-.UUDO
=syu20
=epdul
=+ (JUUY

=-sylUl3
=-sylile
=syJuy
=sylsr/

- D
=e ol
=eyolu
=e o

-.y286
=e+2lo
-+yl6u
-.yl152

Table 9-18a.

-3

=esuue i}
=sLLbDID
=eUufu
=elity (1)

= iM)ZE
=eul’
- HUUS
=el)UUS

= Jlos
= jijbe
=e U
=sUUfu

=e i SY1
= IYH
=epdcd
o574

-eild1
-.ngq
=10
=eljufe

VERTICAL TAIL TORSION MOMENT POWER DELTA

-2

-+ 'U51
-« 104D
- UHO
-+ UUDO

- 1014
-4 1008
-+ (JUDS
-« U0

- U3/
-« (i35
-«0035
-+0035

- 1204
- (}212
-s(1199
=~e (3195

=-+01101
-+ 093
-+ iUBB
=-eJ008

B8
0

+.000N
+UUUUG
+.00UD
+e0UG

+.U0U"n
+.00U0
+eU0LUDN
00U

+eUNUN
+.U000
+«00UD
+.00UQ

+e00UN
+.000¢
+e.00UN
+e0u00

+e.00U0
+.000n
0000
+.0uU0

+2

+.7051
+e010U45
+.0050
+.0050

+.0014
+«000b6
+e0N003
+.0003

+.0057
+40035
+e00035
+.0035

+ellz0l
te0212
+.019°
++0195

+.0101
+.00493
o008
+.N008

+4

+«0080
+.0000
+.0070
+.0070

+«0028
+.0017
+.0003
+.0003

+.0005
+00062
+.00062
+.0070

++0391
++0395
+.0383
+e0374

+.0131
+.0098
+.0073
+.0072

+6
+411055
+.0035%
+.0050
+.0041

+.0030
+.0020
+,0004
+.0004

+.0012
*00012
+.0009
+.0017

+00522
+.0531
+.U0510
+. 0498

+.0286
+.N0218
+.0160
+.0152

»
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Table 9-18b. VERTICAL TAIL TORSION MOMENT POWER DELTA

B
)

MACH €10 o -6 -4 -2 0 2 + +6
1.1 10/9 4 =.y122 =091 - U622 +.00U00 +.N0o2 ++0091 +.0122
0 =.yu2l =Ll ~-e 0049 +. 0000 ++0049 +.0006 +.0021
-4 —epuy7 -eiLSY - 025 +.00UD +.0025 +.0035 +.0047
-8 =.yuBl =sLE0 -eliull teUQUD +e0041 +e0UB0 +.0031
1.15 10/9 4 =-.y132 -eyuze -e0002 +.0000 +.0002 +.0026 +.0132
0 -. 069 =eyUld -« (uQU +s 0000 +«C000 +«0015 +.0069
-4 -.0069 -eiUL1S =+ LUDU +.00UC +.N000 +.0015 +.006%
-8 ~.yue9 =eyuu? =eUUGU *«UUUD +e(0y0 +s QUG +.0U49

i ¥

S 1.25 10/-2 4 =.yusd =elilSe - 016 +eUUU( +.0016 +.0032 +.0'050
0 =.yuié =eLUdY =« (Ulb +.0000 +e 0016 +.0033 +.0028
-4 -2 uU29 =esuule -+ 0009 +.00UN +.0099% +.0018 +.0029
-8 ~.y022 -eull2 -+ 0006 +e00U0D +.0006 +.0012 +.0022
1.4 10/-2 4 =.y017 =s(lLLY -+ JU0D +.0000 +.N0u5 +.0009 +,0017
0 +eyuub telulbh +.0003 +e0UUQ -«00Y3 -+0005 -.0005
-4 =.yu09 =elULS -oLUDS e LUy +e'Cyd +.0003 +.0009

-8 =egubl 'R -+ 0020 +.00UQ +.0020 +.004Y +.0060

r
Y
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Table 9-19
FOREBODY FORCE COEFFICIENT TOLERANCES - SSLV AND ELEMENTS

#Cp
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 .0012 .0035
1.05 .0037 .0017 .0017 .0020
T .0035 .0015 .0015 .0020
1.15 .0035 .0015 .0015 .0020
1.25 .0045 .0014 .0014 .0025
1.40 .0040 .0013 .0013 .0025

iACN
.6 .0068 .0060 .0030 .0010
.8 .0077 .0070 .0030 .0010
.9 .0094 .0080 .0040 .0020
.95 .0101 .0080 .0050 .0025
1.05 .0099 .0080 .0055 .0015
Tl .0089 .0070 .0050 .0015
1.5 .0067 .0050 .0040 .0015
1.25 .0055 .0030 .0030 .0025
1.40 .0079 .0030 .0020 .0050

iACY
.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 9-20

FOREBODY MOMENT INCREMENT EQUATIONS - SSLV AND ELEMENTS

il =~\/E°u @) +fa &) - @

e fe B L T

e [fcv (Li)] 2+ [“N (;L)] :

SSLV aCy = (AC" )2 + (aCy )2 + (aCy )2 + (aCy )2
TYPICAL SSLV () ET RSRB LSRB
ORB ET
soul B Paiinls Palh 1 (B N himl LS

L L L EE IF P P ERE LR OPE BT
6 |[-92].03[—-98(.42|0 |0 |.26|-7| 0 |-.7].03|.03].03 .03
.8 |-.93|.03|-94|.42|0 |0 |.26|=7]| O [~7|.03].03].03].03
9 | .96 |.03[1.02({.43|0 |0 [.26|~8] 0 |-8].03|.03|.03].03
.95 |-1.01 |.03 (3.03|.44| 0 |0 [.26|<8] O |~8].03|.03|.03].03
1.05|-.95|.04 |[1.02|.45| 0 [0 |.26|<8| O |=8].03|.03|.03|.03
1.10|-9 |.03|1.01}.45(0 | 0 |.26|=8] 0 [~8|.03|.03|.03 .03
1.15|-97|.021.0 .44 0 | 0 |.26|=8] 0 |-.8 |.03|.03|.03|.03
1.25 | =98 |.02]3.0 |.44| 0 | 0 |.26|<8]| O |-.8 |.03|.03 (.03 |.03
1.40|-99|.02]9.0 |.44| 0 [ O |.26|=8| O |-.8|.03|.03]|.03 /.03
RIGHT
SR8 | EFT

wcel 0w Bl Y] Wl

EIE 1 B L L L

.6 H.15 | 0 |3.15[ 0| +.194] +.194| .02

.8 H.15 [ 0 [3.15| 0| *.194| +.194] .02

.9 H.15 | 0 [4.15] 0| *+.194| +.194] .02

.95H.14 | 0 [R.14| 0| *¥.194| ¥.194| .02

1.06H.14 | 0 [4.14| 0] +.194] #.194] .02

1.10H.13 | 0 H.13| 0] +.194} +.194| .02

1.153.10 | 0 [9.10f G +.194] +.194] .02

1.2557.10 1 0 [A.10]| o] *.194| ¥.194| .02

1.40F.10 | 0 |4.10} O +.194| +.194| .02

NOTE: L = 1290 INCHES
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Table 9-21
FOREBODY FORCE TOLERANCES — COMPONENTS

WING TOLERANCES VERTICAL TAIL TOLERANCES
MACH +ACNW +ACYV
.6 .0050 .010
.8 .0050 .010
2 .0050 .030
.95 .0050 .030
1.05 .0060 .030
1.10 .0065 .010
115 .0060 .008
F:é5 .0040 .010
1.40 .0040 .006
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Table 9-22
FOREBODY MOMENT EQUATIONS — COMPONENTS

y
: Yw
BW = O (b )

WING

aC

VERTICAL TAIL

ACBV

>
o
-<
-
| N
+ N,
R
-< |
< \
b S
i I b |
<
e
|

—
-
r'|<><

S

+ N}
B L
-
-
AD i
r-|<>< !

S 1

N

N
i
ACTV ﬁ AC

b

HINGE MOMENT

ACHET = ACHEI
ACHEQO = ACHEOQ
1 2
WING VERTICAL
y X Z AZ X AX
=t wy v N F %X
MACH 5 = [ [ L [ +ACHEI | +ACHEO
.6 .091] -.22] .60 b I .38 .10 .0050 .0020
.8 .095} -.20] .75 o | .33 .10 .0050 .0015
3 .098]| -.27| .42 o0 | .59 A7 .0100 .0040
.95 | .105) -.26(1.10 .25 | .84 .20 .0130 .0100
1.05 | .110| -.26} .72 .30 | .51 .29 .0100 .0030
1.10 | .100f -.28] .91 2§ .8l .20 .0080 .0010
1.15 | .110} -.32] .63 20 | .87 .20 .0070 .0010
.25 ) JHi0E =.33F 3% o0 | .18 <10 .0050 .0010
1.40 } .110} -.32] .45 .30 | .40 .10 .0050 .0010
1 For Wing 2 Vertical
b = 936.68" L = 199.8 in.
e = 474.81"
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Section X

CONCLUSIONS

The IA119 test resulted in an apprec’able 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 base pressures showed good trends when plotted versus the current
similarity parameter. This trend adds confidence to the similarity parameter

and the test data.

The major independent variables that change the plume induced aerodynamic
characteristics are angle of attack, angle of sideslir, inboard elevon deflec-
tion and SRB and SSME power level. The base and forebosdy plume induced
aerodynamic characteristics and to.erances have been devcloped into math models

compatible with the forebody math models.

The orbiter base plume induced aerodynamic characteristics are the result

of a complicated integration of pressure coefficients and power delta pressure
coefficients, that when combined with the forebody data, produce the proper total

vehicle aerodynamic characteristics.

The ET base plume induced axial force is larger than previous analyses
have predicted, however, it is felt that the present results are consistent

and representative of the ET base pressure environment.

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.

10-1
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Section XI

RECOMMENDATIONS

A computer program was developed to integrate the pressure data for
all elements and components and tabulate the results and the rusults of the
| gauge data. The tabulated results and plotted power variation data represent
H approximately 1500 computer printout pages. Time did not permit an 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.
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11.

12.

3.
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