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FOREWORD

This report was prepared by the McDonnell Aircraft Company (MCAIR), a

division of the McDbonnell Douglas Corporation, St. Louis, Missouri for the
National Aeronautics and Space Administration, Dryden Flight Research Center,
Edwards, California. The study was performed under NASA Contract NAS4-2364,
"F-15 Inlet/Engine Test Techniques and Distortion Methodologies Study.”
The work was performed from March 1977 through February 1978 with Mr. Jack
Nugent (WASA/Dryden) as Program Monitor and Mr. Harvey Neumann - (NASA/Lewis)
as Technical llonitor. Special acknowledgement is due Mr. T. Putnam (NASA/
Dryden) for his constructive criticisms and suggestions.

The effort at McDonnell Aircraft Company was conducted under the tech-
nical leadership of the Engineering Technology Division. In addition to the
authors listed on the cover, other MCAIR persomnel that made significant
contributions to this program were Mr. Edward Smith, Mr. Lee Weltmer and

Mr. Mark Sawyer. Special acknowledgement is due Mr. Hershel Sams for his
reviews and suggestions,

Significant subcontract support was provided by Mr. Wayne Walter and
Mr. Lew Hayward of Pratt & Whitney Aircraft (P&WA), Government Products
Division, under the direction of Mr. Frank Thompson.

This report consists of nine volumes. Technical discussions of the
program, results and Appendices A and B are presented in Volume I (NASA CR
144866). Appendices C through J are presented in Volume IT through IX (NASA
CR 144867-144874) which present the distortion analysis plots and the assoc-
iated statistical functions used for the analyses.
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SUMMARY

Recent emphasis on increased maneuverability requirements for fighter
aircraft has necessitated an extensive engineering development effort be
directed towards inlet/engine compatibility. Inlet/engine compatibility must
be assessed early in the aircraft development program to allow necessary
inlet and engine design modifications to be defined and implemented at minimum
cost impact. This early assessment of inlet/engine compatibilaity is determin-—
ed by engine stability audits computed using inlet distortion levels from
subscale inlet model data and engine sensitivities to inlet distortion.
Therefore, the accuracy with which subscale inlet model distortion levels
predict flight test vehicle distortion levels is a crucial element in assess—
ing inlet/engine compatabilitcy.

The primary goal of this distortion methodologies study was to determine
if time variant distortion data taken from a subscale inlet model can pre-
dict peak distortion levels for a full scale flight test vehicle. The data
base used to accomplish this goal was collected in separate programs by MCAIR
and NASA/Dryden. Subscale and full scale wind tunnel data were collected by
MCAIR during the F-15 development program, and flaght test data were collected
by NASA/Dryden during the NASA F-15 inlet/engine compatibility flight test
program. This data base has a Mach number range of 0.4 to 2.5 and an angle
of attack range from -10 degrees to +12 degrees,

The primary objectives accomplished in meeting the overall program goal
were to determine the effects on peak distortion of: (1) Reynolds Number/
scale, {2) engine presence and (3) frequency content., In addition, the capa-
bility of the P&WA stability audit system to predict engine stalls was
evaluated, and the capability of Melick's procedure, Reference (1), to pre-
dict peak time variant distortion levels was evaluated. Using the Pratt and
Whitney Aircraft distortion descriptor, Kz,, the data indicate the following
si1gnificant results for the F-15/F100 inlet/engine propulsion systemn.

o Peak time variant distortion from subscale inlet model wind tunnel
tests are representative of full scale flight test distortiom.

o The time variant pressure data of this study are random stationary
data, thereby allowing valid statistical analyses to be conducted.

0 The effect of the engine presence on total pressure recovery, peak
time variant distortion and turbulence level is small but favorable.

o The Reynolds number/scale evaluation indicates a general trend of
increasing total pressure recovery, decreasing peak time variant fan
distortion and decreasing turbulence with increasing Reynolds number/
scale,

o The frequency content evaluation indicates that peak time variant
fan distortion and turbulence dincrease with increasing filter cutoff
frequency for all of the data evaluated in this study.

o The capability of the Pratt & Whitney Aircraft stabilaty audit system
to predict engine stalls has been verified for both stzll and non-
stall flight test conditions,



Predictions of peak distortion values using Melick's procedure are
accurate to 11.3 percent average error for fourteen data points
having nominal turbulence levels and are accurate to 20 percent
average error (the maximum error approaches 40 percent) for eight
data points havang high turbulence levels.



APPENDIX D

POWER SPECTRAL DENSITY PLOTIS

Présented herein are the power spectral density (PSD) plots used in the
frequency comtent analysis. Each plot contains the necessary information
to evaluate the stapdardized ervor for each PSD plot, In general, the stan—
dardized error is approximately 10 percent for the wind tunnel PSD plots
and approximately 50 percent for the flight test PSD plots. The 50 percent
standard error for the flight test data is a result of the short analysis
times, and this standardized error results in data wvariance which can be
seen in the high frequency spectrum of the PSD plots.

The root mean squars value of the fluctuating pressure components is
presented on each plot. These values are obtained by integrating the Power
Spectral Density function for the mean square value across the frequency
range of the PSD.



SUMMARY OF HIGH RESPONSE PROBES INVESTIGATED FOR
POWER SPECTRAL DENSITY PLOTS

DATA

FIGURE POINT XPART-POINT MODEL PROBES ANALYZED

NUMBER IDENT SCALE -

NO. MAX TU AVG TU MIN TU OTHER

i 5 164~1 1/6th L5R2 L8R6 L3R2 L3R3
2 6 164-3 1/6th 1.8R3 L7R6 1.3R2 L5R3
3 7 £21-10 FLT L5R3 LIRS L2R4 L8R3
4 17 157-7 1/6th L5R3 L3R1 L3R2 14R3
5 18 157-5 1/6th L6R3 L5R6 L2R2 L3R3
6 19 421-14 FLT L5R3 L6RS L.2R3 L1R3
7 42 206-9 . 1/6th . L6R4 L7R6 LAR2 L6R3
] 43 206-5 i/6th L8R1 1.2R4 L4R2 L6R3
9 44 414-2 FLT L8R1 L2R5 L5R4 L6R3
10 45 15-9 1/6th L1R3 L6R5 1.3R4 L6R3
11 46 15-5 1/6th L6R2 L2R4 1.8R4A 16R3
12 47 415-1 FLT L8R3 L4R6 L5R1 17R3
13 48 353-15 FSCP L8R1 L5R& L6RL L2R3
14 49 353-5 FSCP L8R1 L.5RS5 L5R3 L8R3
15 50 353-12 FSCP L7R2 L2R5 L6R4 L8R3
16 51 ! 523-2 FSE L7R2 1.3R4 L5R3 L8R3
17 52 525-4 ¥SE L7R2 L4R6 L5R3 L8R3
18 53 416-1 FLT L8R2Z L6R2 L4R2 L1R3
19 54 355-8 FSCP L7R3 L2R5 L6R: L8R3
20 55 528-2 FSE L6RA L2RS L7R1 1.8R3
21 56 529-4 FSE L7R% L2R5 L6R3 L7R3
22 60 249-5 1/6th L1RS L8R6 1.3R4 L8R3
23 61 249-9 1/6th L3R5 L4R2 L3R4 L7R3
24 62 385-5 FscP L8R1 L2R5 L3R5 L1R3
25 - 63 385~2 FSCP L8R1 L7R6 L5R3 L1R3
26 64 542-2 FSE 1.8r1 L2R2 L2RA 1.8R3
27 65 543~4 FSE 1.8R1 L3R1 L2R4 LAR3
28 66 T 184-7 1/6th L2R1 L4RA L3R6 L8R3
29 67 184-5 1/6th L1R2 L5R5 1.3R6 L3R3
30 63 413-9 FSCP L2R1 L.5R5 L6R4 L8R3
31 69 413-12 FSCP L3R4 L1R1 L.6R4 L8R3
32 70 425-1 FLT L8R3 L6R6 L3R2 L1R3
33 71 382-3 FSCP L8R1 L4R3 L3R5 1.8R3
34 72 545-2 FSE L8R4 L2R2 L2R4 L8R3
35 73 5464 FSE L8R6 L6R2 L2R4 L3R3
36 76 384-2 FSCP L8R1 L4R6 L3R5 1.7R3
37 77 548~3 FSE L6R2 L8R1 L2R4 L7R3
38 78 549-8 FSE L7R6 L8R4 L2R4G L7R3
39 79 227-7 1/6th L2R5 L5R2 L7R6 L5R3
40 80 227-5 1/6th 1.2R2 L2R6 L6R6 L7R3
41 81 465-8 FSCP L4R1 L4R3 L3R5 L8R3
42 82 465-5 FSCP L2R3 L1R6 L5R3 L8R3

# FOR FLIGHT DATA, THESE ARE FLIGHT-RUN NUMBERS




DATA
POINT | MODEL a 8 A3 % | RENO. | ANALYSIS
M fal " ] - ¥
10 |SCALE} " | (peg)|(nEe) | (mEG) | (pEGH | BYPASS® | wata |, g6 ] THME PART-POINT
(SEC]
NO
1 FLT | 04 | 164 | -08 | 60 | 278 g 1041 144 06 4224
2 FLT | 059 | 139 | 09 | 7.0 | 266 c 16271 204 06 4175
3 I 0.52 | 10.8 | 07 276 1071 1.33 06 4174
4 0.69 | 115 | 10 265 1042 | 084 06 8172
5 1/6th | 060 |~100} 100 | 30} 106 g g7.2 | 043 6144 164-1
6 /6t | 060 | —100]| 100 | —-30 | 1086 C 802 | 0.43 0144 1643
7 FLT | 063 | -8.4 | 106 | 0.6 | 105 c 1012 | 1.40 088 42110
8 ifoth 1 068 | a0 0 70 | 108 C 766 | 043 0.181 127
9 1/6th | 060 | 40 0 7.0 | 106 c 1086 | 043 0181 1125
10 FSE | 060 | 40 0 52 | 100 c 977 | 3 1110 116-2
11 FeT 067 | 43 | 07 | 69 | 11.1 e 94.4 | 3.58 072 4242
12 060 | 34 | 07 | 69 | 111 741 | 368 0.76 4255
13 059 | 46 | 12 | 70 | 111 1079 | 1.74 0 62 4122
14 o6t | 46 | 06 | 69 | 11.0 762 | 1.66 111 42411
15 FLT | 085 | 88 | -05 | 70 | 278 c 1042 | 221 6 60 4173
16 FeT | 092 | s6 | 06 | 70 | 266 C 1045 | 1.04 0 60 4171
17 1/6th | 090 |—10.0| to0 | -30 | 108 c 702 | 034 0113 1577
18 | t/6th | 030 |—100} 100 | =30} 105 ¢ 1063 | o034 0113 1575
18 FLT | 094 | -89 | 102 | 10 | 105 c 1071 16 068 42114
20 FSE (090 | -q0} 8 | -to} 82 c 978 | 364 1.990 1022
21 FLT | 090 { —28 | 02 | —12 | 87 £ 975 | 3.25 123 42440
22 FLT | 093 | -33] 0o |-121{ 86 ¢ 1048 | 117 199 425.3
23 1/6th | 690 | 40 0 70 | 106 c 76.8 | 034 0 369 67-9
24 1/6th | 090 | 40 0 70 | 106 c 1043 | 034 0 369 677
25 FSE | o690 { 40 0 73 | 104 ¢ 977 | 362 2260 1252
26 FLT | 082 | 46 | 07 | 60 | 110 c 962 | 347 0.89 4209
27 |- 691 | 52 | 05 | §9 | 111 89.1 | 328 118 422.2
28 092 | 42 | a1 | 70 | 110 761 | 247 1.34 421.5
29 08s | 4.1 65 | 69 | 111 88.6 | 243 146 4249
30 090 | 51 61 | 70 | 11.8 1057 | 242 069 4214
A 09 | 35 | 02 | 70 | 110 775 | 178 226 4216
32 680 { 52 | -01 | 70 | 110 10011 179 070 4217
33 pg4 | 43 | 92 | 70 | 113 1056 | 189 106 421 8
*C = Closed GP76 0323-8
**For flight test, these data are fhight run numbers
TABLE D-1
DATA MATRIX



DATA
NALYSIS
POINT | MODEL o it 0 A3 % |(RENOD.|A
M BYPASS® - -~

1.0. |scAaLE] '® |(DES) | (DEG) |(0ES) | (DEG) WAT2 | 1g—6| TWME | PART-POINT
NO. {SEC)

34 FLT | 121 | 15 8 650 | 27.6 I 983 | 297 060 423-4
35 FLT | 124 | 30 | 08 | 67 | 276 c 9.4 | 152 060 423-3
36 | 1/6th | 12 | 108 ] 0 7.6 | 108 c 766 | 045 0198 1317
37 1/6th { 1.2 | 100 0 7.0 | 1086 ¢ 107.9 | 045 0.188 131-5
8 FLT | 118 | 7.7 83 70 | 110 ¢ M0 | 322 1.21 424-12
39 ‘ 12 1724 {-01] 71 | 111 944 | 3.36 119 42413
40 147 | 106 | oo | 70 | 11.0 1034 | 140 060 421-17
41 FLT | 154 | 15 0 | -18] 270 | Auwww | 954 | 2.17 068 424-6
42 6th | 16 | —40 | 8 | -20 | 135 C 8.3 | 0.21 0.106 206-9
43 16th | 16 | -40 0 | -20| 135 c %6.9 | 021 0106 . 2065
44 FLT | 167 | -36 | 07 | -23 | 137 c 83.3 | 145 065 414-2
45 1/6th | 1.8 | -20 ¢ | -30] 174 c 805 | 022 0.219° 15-8
46 6th | 18 [—-20 | o | -30 ] 174 c 910 | 022 0 201 155
47 FY | 175 | -26 | 04 | -22 | 167 c 807 | 141 1.23 415-1
48 Fsep | 18 J-20| o | -30 1 187 ¢ 751 | 145 0.630 353-15
49 l I ~24 ‘ -30 ‘ 822 | 145 0.530 353-5
50 -2.0 -3.0 854 | 122 0639 353-12
51 FSe | 1.8 [-20| 8 | -28] 186 c 806 | 146 0630 5232
52 FSE | 18 |[-20{ o0 | -29 | 186 ¢ 88 | 146 0 630 525-4
53 FfLT ) 181 | -23 | D2 | —29 | 182 c 783 | 1.3 0680 4181
64 | Fsce | 18 | 40 0 25 | 18.7 C 78.9 | 145 2.800 355-8
55 FSE | 18 | 40 0 25 | 187 c 808 | 146 2800 528-2
56 ESE | 18 | 40 0 25 | 187 C 78.7 | 146 2.800 5294
57 FLT | 20 | 25 02 | 23 j 209 | Auto | 770 | 172 2300 425-2

GPYB-0322-9

*C = Closed
**For flight test, these data are flight-run numbers

TABLE D-1 {Continued}
DATA MATRIX



PATA
ANALYSIS
POINT | MODEL & g 1 o | a3 % | REND.
M * TIME —POINT **
0. [scate| ° |(oes) |wee lwee) | weer | BYTASSY {wat2 | 4 10-F PART-POIN
(SED)

NO r

58 | i/6th | 22 | —20 | 8 | —40 | 225 c 586 | 022 6100 250 7
144 FSCP 22 =219 1] —-40 225 c 69 2 1.48 0 660 411-6
60 | uyeth | 22 | —20] o0 | -40] 250 0 650 | 022 0 100 248.6
61 | 1/6th | 22 |-20] 0 | -40l 250 0 529 | 622 0100 249-9
62 | FSCP | 22 | 20| 0 | —40| 250 D 617 | 148 0 600 385.5
63 | rseP | 22 | —20) o | -s0| 250 o 623 | 1.48 0 600 385-2
64 | FsE | 22 |-20) 0 | —a0 | 248 p 602 | 127 6 600 542-2
65 | fse | 22 |20 o | -a0| 248) 605 | 1.27 6 600 543 4
66 | 1/eth | 22 | o D | —z0 | 225 c 633 | 022 0106 1847
67 | wem | 22 | o 0 | -20/ 225 c 754 | 022 0106 184-5
68 | FSCP | 22 | © ¢ | -20 | 225 C 736 | 147 0 650 4139
60 | FscP | 22 | @ 0 | —20]| 225 ¢ 68.3 | 147 0 650 41312
70 | FLT | 22 | 81| 02 | 22| 220 T 730 | 230 0650 4251
71 | Fsep | 22 | a0l o oo | 250 0 §07 | 148 0 600 382-3
72 | FSE | 22 | 40| 0 19 | 250 0 50.2 | 128 0.600 545.2
73 | ese | 22 a0l o 19 | 250 0 582 | 127 0 600 546 4
| iem | 22 | 120 o 60 | 250 0 473 | 022 0100 262.9
75 |t | 22 | 120 o 60 | 250 0 656 | 022 0100 252.5
76 | rscP | 22 [ 120 o 68 | 250 o 508 | 1.48 0600 384-2
7 FSE | 22 | 110 ] 0 58 | 248 0 590 | 1.28 0600 548-3
78 | rse | 22 | 110 | o 68 | 2a8 p sa8 | 127 0 600 549 8
79 | wem | 25 | o 0 |-40| 269 0 631 | a1 0100 2217
g0 | weth | 25 1 90 o0 |-a0] 260 0 682 | 0zt 0100 ~ 2215
81 | rsce | 25 | 0 o | —40 | 260 o 628 | 128 0 600 465 8
82 | FscP | 25 | o0 g0 | -g0| 260 0 68y | 1.28 0 600 4655

*O = Open, C = Closed, P = Partial b8 0322 10

"*For flight test, these data are flight run numbers

TABLE D-1 {Concluded)
DATA MATRIX



SERIES VII - NASA DATA STUDY

DATA PART/POINT 164/1 IDENT & FREQUENCY RANGE = § — 12000 Hz
THE SEGMENT START TIME WAS AT 22 11 52 000

BANDWIDTH = 122 Hz RECORD LENGTH = 10 0 SECONDS
MACH ALPHA BETA RHO DELTA3 BYPASS WAT2 civv
[+ X -10 10 -390 ice o0 972% -117

1PSIA = 6 848 kP
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FIGURE D-1

POWER SPECTRAL DENSITY PLOTS FOR
Mp=06, a=—10, (=10, WAT2=972%



SERIES VIl - NASA DATA STUDY

DATA PART/POINT 164/1 1IDENT 5 FREQUENCY RANGE = 6-12000Q Hz
THE SEGMENT START TIME WAS AT 22 11.52 000

BANDWIDTH= 122 Hz RECQRD LENGTH = 10 0 SECUNDS
MACH ALPHA BETA RHO DELTA3 BYPASS WAT2 clivv
g6 —1iQ 10 —30 106 o0 97 2% —117

1PSta = 68948 kPa
{¢) Probe = L3R3
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FIGURE D-1 {Continued)

POWER SPECTRAL DENSITY PLOTS FOR
M, =06, a=—10, B=10, WAT2=97.2%



DATA PART/POINT 164/3

BANDWIDTH= 122 Hz

SERIES Vil - NASA DATA STUDY

IDENT &

FREQUENCY RANGE = 8-12000 Hz
THE SEGMENT START TIME WAS AT 22 13 53 000

RECORD LENGTH 5 70 0 SECONDS

MACH ALPHA BETA AHO DELTAD BYPASS WATZ cvv
os —10 10 —30 106 oo 90 2% —18 6
1PSIA = 6 5948 kPa
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10

M, = 0.6,

g=10,

POWER SPECTRAL DENSITY PLOTS FOR
a=—10,

WAT2 = 90.2%


http:WAT2=90.2i

SERIES VI - NASA DATA STUDY

DATA PARY/POINT 154/3 IDENT & FREQUENCY RANGE = 6-12000 Hz
THE SEGMENT START TIME WAS AT 22 13 53 000

BANDWIDTH = 12 2 Hz RECORD LENGTH =10 0 SECONDS
MACH ALPHA BETA RHO DELTA3 BYPASS WAT2 civv
08 10 10 —30 106 00 0 2% —186

1 PSlA =5 B948 kPa
{c) Probe = LBR3
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FIGURE D-2 {Continued)

POWER SPECTRAL DENSITY PLOTS FOR
Mg=06, o=-—10, =10, WAT2 =90.2%



FLIGHT - NASA DATA STUDY

DATA FLIGHT/RUN 421/10 IDENT 7 FREQUENCY RANGE = 4 — 2000 Hz
THE SEGMENT START TIME WAS AT 21 09 24 580

BANDWIDTH = £ 0 Hz RECORD LENGTH= 10 SECONDS
MACH ALPHA BETA atr RHO DELTA3 BYPASS
[1R:1:] —85 105 12143 (39840) 06 105 ao

1PSIA = § 8948 kPs
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FIGURED-3
POWER SPECTRAL DENSITY PLOTS FOR

My =068, a=—85 g =105, WAT2=101.2%
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FLIGHT - NASA DATA STUDY

DATA FLIGHT/RUN 421/10 IDENT 7 FREQUENCY RANGE =4 — 2000 Hz
THE SEGMENT START TIME WAS AT 21 09 24 530

BANDWIDTH = 4 0 Hz RECORD LENGTH = 10 SECONDS
MACH ALPHA BETA ALT RHO DELTA3 BYPASS WAT2 civv
089 -85 1085 12143 (39840) ° o8 105 oo 101 2% —3513
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SERIES VIl --NASA DATA .STUDY

DATA PART/POINT 157/7
THE.SEGMENT START TIME WAS AT 20 10 56 000
BANDWIDTH = 12 2 Hz

IDENT 17

FREQUENCY RANGE =6-12000 Hz

RECORD LENGTH = 10 0 SECONDS

MACH ALPHA BETA RHO DELTA3 BYPASS WAT2 cIvv
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FIGURE D-4 {Continued)
POWER SPECTRAL DENSITY-PLOTS FOR
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DATA PART/POINT 157/5

SERIES VIi - NASA DATA STUDY

IDENT 12

FREQUENCY RANGE = 6-12000 Hz

THE SEGMENT START TIME WAS AT 20 08 47 000

BANDWIDTH= 122 Hz

RECORD LENGTH = 10 0 SECONDS

MACH ALPHA BETA RHO DELTAZ BYPASS waT2 cvw
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FIGURED-5
POWER SPECTRAL DENSITY PLOTS FOR
Mg = 0.9, o= =10, f=10, WAT2.=106.3%
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DATA PART/POINT 157/5

SERIES Vil - NASA DATA STUDY

IDENT 18 FREQUENCY RANGE = 6-12000 Hz

THE SEGMENT START TIME WAS AT 20 08 47 000

BANDWIDTH = 12 2 Hz

RECORD LENGTH = 10 0 SECONDS

MACH ALPHA SETA RHO DELTA3 BYPASS WAT2
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SERIES VIiI - NASA DATA STUDY
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3 FLIGHT - NASA DATA STUDRY
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FLIGHT - NASA DATA STUDY
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SERIES VHI - NASA DATA STUDY
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SERIES VIIi - MASA DATA STUDY
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SERIES VIl - NASA DATA STUDY
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o> FLIGHT - NASA DATA STUDY
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FSCP - NASA DATA STUDRDY
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FSCP - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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FSE - NASA DATA STUDY

DATA PART/SOINT 52372 IDENT S1 FREQUENCY HANGE = 4 — 2024 Hz
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DATA PART/PDINT 523/2
THE SEGMENT START TIME WAS AT
BANDWIDTH = 79 Hz

FSE - NASA DATA STUDY
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FSE - NASA DATA sTUDY
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FSE - NASA DATA STUDY

FREQUENCY RANGE = 4 — 2024
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FLIGHT - NASA DATA STUDY
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FLIGHT - NASA DATA STUDY

DATA FLIGHT/RUN 41671 IDENT $53 FAEQUENCY RANGE = 4 — 2000 Hz
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FSCP - NASA DATA STUDY

FREQUENCY RANGE =4 — 2024
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FSCP - NASA DATA STUDY

DATA PART/PQINT 365/8 IDENT 54 FREQUENCY RANGE =4 — 2024
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FSE - NASA DATA STUDY
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FSE - NASA DATA STUDY

FREQUENCY RANGE = 4 — 2024
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FSE - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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FSE - NASA DATA sTUDY
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FIGURE D-26 {Continued)

POWER SPECTRAL DENSITY PLOTS FOR
Mg=22 a=-—2, f=0 WAT2=60.2%
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FIGURE D-29
POWER SPECTRAL DENSITY PLOTS FOR
Mg =22, =0, B=0, WAT2=754%
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FSCP- NASA DATA STUDY

DATA PART/POINT 413/8 IDENT &8 FREQUENCY RANGE = 4 — 2024 Hz
THE SEGMENT START TIME WAS AT 22 30 10 000

BANDWIDTH = 79 Mz RECORD LENGTH = 13 0 SECONDS
MACH ALPHA BETA RHO DELTA3 BYPASS WATZ civy
22 o 0 ~20 225 oo 73 6% —250

1PSIA =6 8948 kPa -

{a}l Probe = L2R1

4754 x 10~3 ‘ : : :
— T 7 Tiel f il Ty i
) (3] E IREN [XX] FI )
= ENE)] i T
i L L-:\‘ !
47 54 x 10—4 J ' \\
2 A T
(3P )oms 4 T
4754 105 L 3 '
h + T T H —t T
1 Tt H ) pA 0
kPaZ) L : ; i 1 i
Hz E i i
. AkPagms (APSIARmS) = 1793 (0 260) i
4754 x 10~ ‘ PROBE WITH MAXEMUM TURBULENCE - :
T —+ : : t
1 1 1
1 [
4754% 10~7 |
100 10 102 10° 104 10°
FREQUENCY (Hz)
250 10-3 (b} Probe = L8R3
4754 % 10~
T TP T T T bt T T
W H " x [] [ M
TiH T i ] i
1 L[ | i 1 |
MR R 1l
4754x 104 t
2 it Xj :
{ap, AL il T
zLRMS i W ;
z v g
| “& |
4754 x 10~F A
: T == SEne ; ;
2 i R& o T =L
KkPa ) J \F; il
Tiz ] Y 1
kPagyrs 1APSIARMS) = 1 186 (0 172) l \'&. I ;
47 54 x 108 I — :
: e e = e e
] ; I ] [N} 14 ] [IENEK] 1 1t I
] [] ] ] [N 1 Tty T ¥ T
] | i 11
i ]
S il Ll
10 10t 02 103 104 169

FREQUENCY {Hz)

FIGURE D-30
POWER SPECTRAL DENSITY PLOTS FOR
Mo=22, @=0, f=0, WAT2=73.5%
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FSCP - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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FIGURE D-31 (Continued)
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FLIGHT - NASA DATA STUDY
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FIGURE D-32
POWER SPECTRAL DENSITY PLOTS FOR
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FSCP - NASA DATA STUDY
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FSE - NASA DATA STUDY

FREQUENCY AANGE = 4 — 2024 Hz
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FSE - NASA DATA STUDY
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FSE - NASA DATA STUDY

FREQUENCY RANGE = 4 — 2024 Hz
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FSE - NASA DATA STUDY

DATA PART/POINT B46/4  IDENT 73 FREQUENCY RANGE = 4 — 2024 Hz
THE SEGMENT START TIME WAS AT 23 43 S0 000

BANDWIDTH =7 8 Hx RECORD LENGTH = 13 0 SECONDS
MACH ALPHA BETA RHQ DELTAZ BYPASS WAT2
22 4 2 10 250 0781 (121 1) 58 2%

1PSIA = § 8948 kPa

{c) Probe = L2R4

4754 x 169 T oo
I T - - ; -
[ I3
i i
i : _IL
) DATA QUESTIONABLE i ;
- + L1 i
47 54 x 10" ; T i :
2 i F .
(8P amg |
— [}
Hz l ‘\ l
4754 %1077 z X
] e - 1 + % Il 3 i [ 1 ; - 1
7 : —H T a' TH t
kPa2 T ERAITN ol i 1
Hz J }lcl-ol» ] "}34\ i
47 54 x 10~8 L mg A 1
: I e - — ; =
1 i ¥ T T .' 1 T
i o X I i | T | : i
PROBE WITH MINIMUM TURBULENCE :
1|t AkPapis (APSiARMS) = 0055 (0 008) ” ! | i
4751’(102 1 l 1 4 1 0LETRE [
100 10t 102 103 104 105
FREQUENCY {Hz}
. {d} Probe = L8R6&
47 54 x 10~ T - =i
T ] T i ; ] I SR
— gl AR VRN
1 i 1T
i ] o !
p
|| [ |,l
4 it i ; E ! | t ts i K L]
4754x10 = — e s
2 P R T Fara
{ap,, \
inms X 5 T :
z I v 1
M j
4754x10°5 l ; 5 o
L Ct ] e ry . . " lV " 1 : i
2 1 1 3 I [T ]
kPg ' TR | 1i5 .4
Hz : sl l 1t p o1l
t T ' B I v
1] axpapms (aPStAgpa) = 0848 (0 1231 if %ﬂl E il j :'Hi
4754 10~8 : PROBE WITH MAXIMUM TURBULENCE Fori= e kT
e s T Sy
T [l [N} T [ I 1= :_r
i [ r T ! IR R
: 11 h | ' id
: Pl Iy
P l ; L L Lol
X
1@ 101 102 108 104 10%

FREQUENCY [Hz)

FIGURE D-35 (Continued)
POWER SPECTRAL DENSITY PLOTS FOR
Mg =22, a=4, =0, WAT2=58.2%

civv
-250

77



DATA PART/PCINT 384/2

FSCP- NASA DATA STUDY
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DATA PART/POINT 384,/2
THE SEGMENT START TIME WAS AT 01 21 54 000
BANDWIDTH =7 9 Hz

FSCP - NASA DATA STUDY
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DATA PART/POINT 548/3

FSE - NASA DATA STUDY

THE SEGMENT START TIME WAS AT 00 19 28 000

BANDWIDTH = 7 9 Hz

IDENT 77 FREQUENCY RANGE=4.2024 Hzx

RECORD LENGTH = 13 0 SECONDS

MACH ALPHA RETA RHO DELTAZ BYPASS WAT2
22 11 a 68 248 0774 (120 0} 59 0%
1PSIA= 68348 kPa
4 {a) Proba = L8R1
4754 10 == i =L SEEt :
P i
"""—--i‘\ 1
Ty
4754x 1075 -\J\
— T \m‘ T o
(8Pl : : Y T T :
12 AMS T T Lo T Ty 1
Hz ML i i
| 1l | i
4754 10~F L) =
; 7 TG aars =mees
T1 A T T " LMW AYE
2 i i f ) —aTh
kPa 1 i | ;
He '
AkPagmg (3PSIABme) = 0582 (0 080} || [} i l;
‘M b Hik N
4754x 1077 PROBE WITH AVERAGE TURBULENCE i
e e T == it
r ] 1 i L " [] 1 [
1 " H | 5 i 1
' [ i
[ i r
4754% 108 E ! ! I—E il: i i !‘
109 10t 102 103 10% 105
FREQUENCY [Hz}
(b} Probe = L6R2
3,
47 54 % 107 : , -
N n A a— 7 — :
L3 ] ) ] [} [ )
v T T L T T T
1 |
Kl I R
47 54 x 10~ ! l L L |
2 * : e s o
] 1
t‘ﬁszlnMS T T T i T Y
He ] H 1 ey BRI
i I N '
4754 x 10~ | | ; !
T F 'i 1“:';- 7 |“‘; t l{';:
] 1 ] i i [y T 1] (3 1 T EIL
kPaz i i k) 1 I \l‘- [1E] 1 5 P
o I i ! E ;‘iiui. i !ix !
| xPappts (APSIARMS) = 0820 (0 11} | | ;,‘;q i i i
47 54 x 10~6k PROBE WITH MAXIMUM TURBULENCE —rhles 2
* t AT + S i Sm— i b=
T T T T (%) 3 T
' r ! i ! RENED ! .
1 ! I ¢ L RINAE P L
1 ] TEsly N
A LTI Fd L
4754 % 10~
100 101 102 w03 104 105

80

FREQUENCY (Hz)

FIGURE D-37

POWER SPECTRAL DENSITY PLOTS FOR

Mg = 2.2,

o= 11,

=0,

WAT2 = 53.0%

civv
-250



‘FSE - NASA DATA STUDY

DATA PART/POINT 548/3 IDENT 77 FREQUENCY RANGE =4- 2024 Hz
THE SEGMENT START TIME WAS AT 00 19 28 000

BANDWIDTH =7 8 Hz RECORD LENGTH = 13 0 SECONDS
MACH ALPHA BETA RHO DELTA3 BYPASS WAT2 civv
22 11 0 68 248 0774 (120 0y 59 0% —250
1 PSIA = & 8948 kPa
{c) Probs = L7R3
4754 % 1073 = : :
: - . ; : 1) ¥ T 11
1 il [] [ i
T 1 ) i - TETY
i ! 1L
L ' !
4754x 10~ == : -
T i T Tt T ol
py2 L 5 o
(aPr)ams ““b‘ P T
Hz \ : - -T
B [ i L
4754x 10 =
- — T [T = o t "
AfT T T
] 1
( kPaz) T :Tt}‘ 1 T IMAREH
Hz ] H l);-“. H ! J !
[] ] o i 1
| AkPagpg {aPStAgygl = 0834 (0 121} ,‘Q@l‘h H ! | v |
4750 10~ M s s AMS! h ol [ Ll
+ o~ T + e “e-—+ i el A B 4
T 1 Tia LA S N H ]
T H 1t A Bk it
i THE ;
i T
47.54x 1077 § Lt : =
100 10t 102 103 104 108
FREQUENCY [Hz)
) {d) Probe = L2R4
47 B4 x 1079 T : T g
; T — i — T
[] i & 3
] HE
i 3 |
1 i | i
47 54 x 1075
T : : ; e, o B
2 Tt i i T
MFQ’RMS J T | T BN EREL
—a l R RNE
L s O
A | DATA QUESTIONABLE fal b
4754 x 106 2 d; el
=t ? T - : e LT
] . — T
kPa2 - I i 1 i 1 BT [IFENT]
Hz | i i T it
| ] H [
IR 1R i
4754 x 107 = : iy =zizal = ol O
o o e e e T
T L (R R YRR - LA s ey iy e sl d St ol P
T \Vﬁutnu il i .541- CrrHL b
IOREEN AN i i i s
|~ PROBE WITH MINIMUM TURBULENCE J-hh‘%\--‘ul“ b 'l'n‘!;‘".;?"“‘l A !i:: Lot H f
l AkPapps (APSIARmg) = 0055 (0 008} {1 i i L;‘u‘-*;.'f;ﬁfv £ I B [ B R
4754 x 108 .
19 10! 102 108 104 109

FREQUENCY (Hz)

FIGURE D-37 {Continued)
POWER SPECTRAL DENSITY PLOTS FOR
Mo =22, a=11, =0, WAT2=55.0%



‘@E?‘ FSE - NASA DATA STUDY

DATA PART/POINT 549/8 IDENT 78 FREQUENCY RANGE=4.2024 Hz
THE SEGMENT START TIME WAS AT 01 05 42 000

BANDWIDTH =7 8 Hz RECORD LENGTH = 13 0 SECONDS
MACH ALPHA SETA RHO DELTA3 BYPASS WAT2 CIVY
22 11 g 68 248 0677 (105 0} 59 8% —-250

1PSIA = 6 8948 kPa
{a} Probe = L7R3

475421073 : =
() n + O T
5 : i ;
I E‘ ! 1
| abi Tl
4754 5 103 i x 3 = :
e o > == 1 &
i i T e : T T Ui g Py EE Y
18Py Ans f RS NRAL =T il
B ! (1N [t :i' [ et
T 3 : e +
' 7 I
47 54 1032 ! ‘ | ! i\‘s‘\“.—! '{ . L L. i -'!—-—' | bt
: i e e - e e s o eyl W
: e S
(kPaz) i =T TV E—— Y
e [ A RN A — -] et L
i . Sl 5 b 1 L i
I [ | ][ axeous wbsidqusi= osss ez [y, § T [ 11T
— {i=| n L —7 :' T %) Kj—-q:, iy — '_'F:‘;t;,':
1 (] v £ [l T i ) 1 i i
T L RN RTT} i
i ¥ I Al iy
u BRI
atsax 107 t | P H ! vt
10° 10! 102 103 104 10°
FREQUENCY (H2)
R {b) Probe = L2R4
47 54x 10—* = by
—h o o o movovalin I B W
LTy idialiar LA )
T LI 1 ]
ik i |
i ;
47 54 1065 l j | | REHE [ !
: T ; ===nas m =T
) e R, o : e e o M ks
1 i 1r 1 : iF i 1 € 1 N ¥ T
L3P )ams I | | 5 i LA L WO WM
Hz | H jii 1 HERFLAL ' '_1 | [}
i
R ! Al ! | DATA QUESTIONASLE L
= u,' 1 e e e Ll“ e e
kPaz i Fi £} [RERT 1 ‘l | 3
fr gl | . i_ ) P !
. I L il [
x 10~ 4 ¥ T T = mTren
o T ST : ’ 5
N S AR N [T /NN W] BSLY | W | 2 N oy [ maxls
I (AR ! \‘_;I IXHII ‘lli ..': THTE I.h! . i
i (R E 1 an T 7 1 E T
L. PROZE WITH MINIMUM TURBULENCE H«ﬁﬂ‘—ﬂ}é %—Qt-ﬂ%"il i g ELLL
SkPagys (3PSlagus = 0oa2 oos) || WY R o il BRI
U DAL i Rkt ; { i
100 10} 102 108 104 108
FREQUENCY {Hz)
FIGURE D-38
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DATA PART/POINT 549/8
THE SEGMENT START TIME WAS AT 07 05 42 000
BANDWIDTH =7 3 Hz
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FSE - NASA DATA STUDY
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SERIES VIl - NASA DATA STUDY
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FIGURE D-38
POWER SPECTRAL DENSITY PLOTS FOR
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DATA PART/POINT 227/7

SERIES Vill - NASA DATA STUDY
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SERIES VII - NASA DATA STUDY
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SERIES VIl - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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FSCP - NASA DATA STUDY
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POWER SPECTRAL DENSITY PLOTS FOR
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DATA PART/PQINY 465/5

FSCP - NASA DATA STUDY

IDENT 82

THE SEGMENT START TIME WAS AT 03 21 04 000
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DATA PART/POINT 465/5

FSCP - NASA DATA STUDY

IDENT 82

THE SEGMENT START TIME WAS AT 03 21 04 000
BANDWIDTH = 73 Hz

RECOAD LENGTH = 13 0 SECONDS

FREQUENCY RANGE = 4-2024 Hz

Mo = 2.5,

FIGURE D-42 {Continued)
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