SRONL 4

/I/QW TS Y78

NASA Technical Memorandum 85878 ‘ Vi /

NASA-TM-85878-VOL-1
19840016259

Acoustic Measurements of a

Full-Scale Rotor with Four Tip

~ Shapes Vol. 1. Text, Appendix A

and Appendix B

Marianne Mosher

Bm ERENOp

April 1984

LIBRARY C3PY

WAY 2.4 1984

LANGLEY RESEARCH CENTER
LIBRARY, NASA
HAMPTON, VIRGINIA

NASA

National Aeronautics and
Space Administration










~. - SR




NASA Technical Memorandum 85878

Acoustic Measurements of a
Full-Scale Rotor with Four Tip
Shapes Vol. 1. Text, Appendix A
and Appendix B |

Marianne Mosher, Ames Research Center, Moffett Field, California

NNASN

National Aeronautics and
Space Administration

Ames Research Center
Moffett Field, California 94035







CONTENTS

Summary

Symbols

Introduction

Description of Model and Test

Data Acquisition and Reduction

Results

Conclusions

References

Tables

Figures , ‘

Appendix A: Baékground Wind-tunnel Noise Corrections
Appendix B: Tabulated Acoustic Data: All Data Points
Appendic C: Tabulated Acoustic Data: Selected Data Points
Appendix D: Plots of 1/3-Octave Spectra

Appendix E: Time-histories | ,
Appendix F: Acoustic Trends as a Function of Rotor-lift Coefficient

iii

00 =3 & T nm Aa W e e

—_ =
R B o =

158
284
358

N2 5526 7







ACOUSTIC MEASUREMENTS OF A FULL-SCALE ROTOR
WITH FOUR TIP SHAPES
Marianne Mosher

Ames Research Center

SUMMARY

A full-scale helicopter with four different blade-tip geometries was tested in
the 40- by 80-Foot Wind Tunnel at Ames Research Center. Performance, loads,
and noise were measured. The four tip shapes tested were rectangular, tapered,
swept, and swept-tapered. This report presents noise measurements from that test
in the form of tables and plots. The noise data include measurements of the
sound pressure level in dB, dBA, and tone-corrected PNdB, for all of the conditions
tested. Also included are the detailed measurements, 1/3-octave spectra and time-
histories for some selected data, and plots of dBA as function of test condition.
Some performance measurements are included to aid interpretation of the noise
data. '

SYMBOLS

A coefficient in background-noise curve fit
coefficient in background-noise curve fit
¢ speed of sound, m/sec

blade chord, m

3!




dB
dBA

dBB

PNdB
Pref

Prms

sound pressure level, 2010g(Prms /Pres )
A-weighted sound pressure level, 20 log(P,sms /Pres )
background sound pressure level, 201og (Prms /Pres )
sound pressure level corrected for background noise
advancing-tip Mach number, (1 4 u)M;s,

rotor rotational Mach number, 2R /¢

number of blades

rotor power, W

tone-corrected perceived noise level

reference pressure (0.00002 N/m? )
root-mean-square sound pressure, N/ m?

rotor radius, m

distance to microphone from i'otor hub, m

rotor rotational speed, rev/min

reference blade area, N¢R, m?

thickness

wind-tunnel speed, knots or m/sec

distance upstream from rotor center, m

distance left from rotor center looking upstream, m

distance up from midway between hubs, m




o angle of attack of rotor shaft, deg

0 tab angle deflection, deg
w rotor advance ratio, V/{IR
p air density, kg/m? |
v solidity,S/7R2
¢ | angle below rotor plane, tan™1(—z/r), deg
Y azimuth angle from downstream, tan—1(—y/ — 2), deg
0 rotational speed, fad/sec

 INTRODUCTION

The outhoard section of a helicopter rotor blade has a significant influence on
the aerodynamic and noise characteristics of the rotor system. The noise sources are
stronger at the tip of a rotor where the Mach number is high. A change in rotor-blade
geometry at the tip of a rotor is expected to produce some change in the aerodynamic
and noise characteristics of that rotor.

A full-scale S-76 rotor with four sets of interchangeable tips was tested
in the Ames 40- by 80-Foot Wind Tunnel during March of 1977. The four
tip geometries tested were rectangular, tapered, swept, and swept-tapered. This
report presents a brief description of the rotor, the blade-tip geometries, test-

ing, and analysis, and an extensive listing of the noise measurements from that
test. ' '




DESCRIPTION OF MODEL AND TEST

The rotor system tested is shown in figure 1 mounted on the rotor-test ap-
paratus in the 40- by 80-Foot Wind Tunnel. Two electric motors in the rotor-
test apparatus powered the rotor.  Parameters describing the rotor are listed
in table 1 and basic blade geometry is listed in table 2. Descriptions of the
model and test are given in references 1 to 5. Figure 2 shows the four tip

shapes used. For a more detailed description of the blade geometry see reference
5. :

DATA ACQUISITION AND REDUCTION

The acoustic data for this test were acquired using seven 1.3-cm condenser
microphones equipped with nose cones to reduce wind-induced noise. Five of these
microphones were located upstream of the model, and two were located near the
model. The microphone locations are listed in table 3 and shown in figure 3.
Signal conditioners were used to control the gain of the acoustic signal and to
power the microphones. The acoustic signals were recorded on tape using a 14-
track frequency-modulated (FM) tape recorder running at 7 1/2 ips. This gave
a bandwidth of 5 kHz. All microphones were calibrated once each day using a
124-dB, 250-Hz signal from a pistonphone. At each data point, a 50-sec sample
of acoustic data was recorded for later analysis. In order to emsure a maximum
signal-to-noise ratio, the gain of the acoustic signal was adjusted in 10-dB intervals.
A schematic of the data-acquisition system is shown in figure 4. Details of data

acquisition, along with some results from this test, are given in references 6 to
8.

The acoustic data from this test were analyzed with a minicomputer time-series
data system. Figure 5 shows a flowchart of the equipment used for data reduction.
Data are digitized at a sample rate of 20 kHz while being played back through a
low-pass filter with a cutoff frequency of 10 kHz to prevent aliasing. From the digitized
data, the minicomputer generated 1/3-octave spectra from 1-Hz spectra in the range
of 10 to 200 Hz, and from 10-Hz spectra in the range of 250 Hz to 10 kHz. The
minicomputer also computed dB, dBA, and PNdB from the 1/3-octave spectra and the




first 10 blade passage harmonics from the 1-Hz, narrow-band spectra. The computed
acoustic data were then transferred into a computer containing the data base with all
of the measured test parameters. Background noise corrections, were made as described
in appendix A. Details of this 1/3-octave analysis are given in references 8 through
10.

Time-histories of the acoustic pressures were made to examine the waveform.
Triggering with a 1/rev signal and averaging reinforced the periodic components
of the waveform and reduced the random components. The acoustic signal was
sampled at the rate of 5,120 Hz after being low-pass filtered with a cutoff fre-
quency of 2 kHz. Details of this data processing are given in references 9 and
11.

RESULTS

The acoustic data are listed in appendixes B-F in the form of tables and plots.
Each appendix displays a different type of data for each of the four tip shapes. Data
are ordered in the appendixes according to tip shape, advancing-tip Mach number
(rotational-tip Mach number and wind-tunnel speed), tip-path-plane angle, and rotor-lift
coefficient. Tables 4 to & list where data are in each appendix B through F respectively.
These tables appear at the back of this part of the report and are repeated in each
appendix. . o :

A brief listing of performance and acoustic data is given in appendix B
for all of the data points in the test. @ Wherever the data are missing or of

questionable quality due to the equipment, acoustic data are given the value
0.

Appendix C contains a more extensive table of performance and acoustic data for
a smaller number of data points.

Detailed plots are given for some selected data. Noise measurements from a
microphone located 3 rotor radii in front of the rotor and a microphone under the rotor
are used. Appendix D contains 1/3-octave plots. Each 1/3-octave plot shows three
curves: an uncorrected raw data spectrum, a background-noise spectrum, and a data
spectrum corrected for the background noise. By displaying both raw data and data
corrected for background noise, the extent to which the background noise contaminates




the data can be observed.

Appendix E contains representative pressure time-histories. The time-histories
show a raw waveform for each data point and a waveform from 50 synchronous signals
for some of the data. Only some averaged data are shown due to data-acquleltlon or
data-reduction problems.

Noise trends with variations in rotor operating condition are shown for a few
microphones. The the sound pressure levels measured in dBA are shown as a function
of rotor lift coefficient in appendix F.

" CONCLUSIONS

A full-scale modern helicopter was tested in the Ames 40- by 80-Foot Wind
Tunnel. Performance, loads, and noise were measured for four tip shapes. The rotor
was run through a large range of operating conditions covering wind-tunnel speeds
of 30 to 175 knots, tip Mach numbers of 0.550 to 0.700, advance ratios of 0.075
to 0.400, lift coefficients of -0.01 to 0.14, and shaft angles of —10° to 10°. The
acoustic data presented in this report cover the tested range for all four tip shapes,
matching conditions as closely as possible to allow comparison. Some acoustic data
are presented for all test conditions. The more detailed data concentrate on the
conditions of normal forward flight; high-speed forward flight, in which high-speed
thickness noise is present; and descendmg flight, in which blade vortex interaction noise -
is present
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Item

Number of blades

Diameter, 2R
Solidity

Thickness ratio

Twist

Quantity

4
13.41 m
0.0748
0.095
—10.°

- TABLE 1.-DESCRIPTION OF ROTOR |

TABLE 2.-DESCRIPTION OF ROTOR BLADE AIRFOIL AND GEOMETRY

Radial station, r/R

0.182 - 0.189

0.189 ~ 0.455

0.455 - 0.795

0.795 - 0.833

0.833 - 0.951

0.951 - 1.000

Airfoil

SC1513-R8

Transition

SC1095-R8

Transition

SC1095

SC1095

Tab
= —1.66°
¢ = 127 cm
t =0.127 cm
§ = —2.0°
¢c=1.27 cm
t = 0.127 cm
§ = —3.0°
¢ = 1.27 cm
t = 0.127 cm
= —3.0°
¢ ==1.27 cm

t = 0.102 cm

Chord, m

0.398

0.398

0.398

0.398

0.394

Root 0.394
Tapered tip 0.237

/




TABLE-3.-MICROPHONE POSITIONS

Microphone y, m z,m  z,m r,m r/R 6, deg Y, deg

1 19.8 —06 =53 20.5 3.06 15 178
2 2.7 —1.9 —3.1 4.5 0.67 44 145
3 19.2 0.0 —4.2 19.7 2.93 12 180
4 18.6 0.6 —2.6 18.8 2.80 8 182
5 19.0 —5.6 —4.2 20.2 3.02 - 12 164
6 3.5 —3.6 —3.9 6.3 0.95 38 134
7 19.0 5.6 —4.2 20.2 3.02 12 196

TABLE 4.-KEY TO ACOUSTIC DATA TABULATED IN APPENDIX B

Operating condition Tip planform, page numbers

p Migp Mgt \% Swept-tapered Swept Tapered Rectangular

0.200 0.550 0.660 73 34 - - -
075 595 640 30 35 - - -
150 595 685 60 36 - - -- ’
200 600  .720 80 38 59 68 78
250 600 750 100 41 - - --
300 600 .780 120 43 61 70 80
375 600  .825 150 47 63 73 83
390 595 .825 160 - 64 - 85
400 600  .840 160 49 - -- -
250 650  .815 107 53 - - -
8375 650  .805 164 54 65 - -
375 685 940 170 56 67 76 -
250 700 .875 115 57 -- - -
375 700 965 175 58 - T7 86




TABLE 5.-KEY TO ACOUSTIC DATA TABULATED IN APPENDIX C

Operating condition

0.200
075
150
200
250
.300
375
400
250
379
375
250
375

Ma,t

0.660
.640
685
720
750
780
825
.840
815
895
940
875
965

v

73
30
60
80

100

120

150
160
107
164
170
115
175

Tip planform, page numbers

Swept-tapered Swept

89
91
92
97
100
105
107
110
111
114
115
116

10

118

121
124

127

Tapered

Rectangular




TABLE 6.-KEY TO 1/3-OCTAVE SPECTRA IN APPENDIX D

Operating condition

IS

0.200
075
150
200
250

300

375
400
250
375
375
250
375

Mtip

0.550
595
095
.600
.600
.600
.600
600
650
.650
.685
.700
700

Mat

0.660
640
685
720
750
780
825
840
815
895
940
875
965

v

73
30
60
80
100
120
150
160
107
164
170
115
175

Tip planform, page numbers

160

170
178

186
192

198

11

| Swept-tapered Swept

Tapered

230

238
246

252

256

Rectangular

260

268
274

278



TABLE 7.-KEY TO TIME-HISTORIES IN APPENDIX E

Operating condition Tip planform, page numbers
¢ Mg Mg Vv Swept-tapered Swept Tapered Rectangular

~ 0200 0.550 0660 73 - - - - -
075 595 840 30 U - - -
150 595 .85 60 - - - |
200 - 600 .7T20 80 . 286 304 324 344
250 600 750 100 - - - o
300 600 780 120 - - - -
375 600  .825 150 290 308 332 352
400 600  .840 160 - S - .
250 650  .815 107 - - -

375 650 895 164 296 316 -~ 354
875 685 940 170 - - - e
250 .700 875 115 - - s
375 .T00 965 175 300 - 340 -

12




TABLE 8.-KEY TO GRAPHS OF ACOUSTIC TRENDS IN APPENDIX F

Operating condition

Tip planform, page numbers

o Mup Mg V. SWept-tapered  Swept Tapered Rectangular

0.200 = 0.550 0.660
640
685
720
750
.780
825
840
815
895
940
875
965

075
150
.200
.250
.300
375
.400
250
375
375
.250

375

595
595
600
.600
600
600
.600
650
650
685
700
700

73
30
60
80

100°

120
150
160
107
164
170
115
175

360

366
372

13

384
390

402
408

414

420
426




Figure 1. S-76 Rotor in the Ames 40- by 80-Foot Wind Tunnel.

14
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Figure 2. Tip Shapes Tested.
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Figure 3. Microphone Locations.
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SIGNAL
MICROPHONES CONDITIONERS

[—‘—‘—‘I > RMS
[:‘_" > SWITCH »| OSCILLOSCOPE

YNYREN

| [ PLAYBACK
OUTPUTS

ANALOG
TAPE
RECORDER

RECORDING INPUTS

Figure 4. Flow chart of equipment used in acoustic data acquisition.

' ] ™ [ >|LINE PRINTER
A/D

ANALOG T[] Low >
CONVERTER

TAPE > PASS |_,{CO || MINI DIGITAL COMPUTER

RECORDER ILTER AND COMPUTER TAPE !

ER > FILT —>{ MULTIPLEXER »
] | > GRAPHICS

FFT

FILES

Figure 5. Flow chart of equipment used in acoustic data reduction.
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APPENDIX A

BACKGROUND WIND-TUNNEL NOISE CORRECTION

The background noise was determined by a curve fitted to each 1/3-
octave band for each microphone and subtracted on a power basis to obtain
1/3-octave spectra corrected for background-noise.  The background-noise data,
were taken from another test described in reference 9.  Microphone locations
were matched as much as possible between the two tests.  This procedure
should give adequate background noise because background-noise measurements
made on several rotor models over several years in the Ames 40-by 80-Foot
Wind Tunnel have been very consistent for microphones located in similar posi-
tions.

The curve fit used on the background noise describes the 1/3-octave level as a
linear function of the logarithm of the wind-tunnel velocity. This is the correct functional
form if the sound pressure is proportional to the velocity raised to a power (equivalent
to the Mach number raised to a power in this subsonic wind tunnel). The curve fit
is

dBB(7) = A(7) + B(¢) - log(V)

with A and B solved for in a least squares linear regression. The tables show the
coefficients for all seven microphones, i=1,...,7. These averaged background data are
a very good match to the actual background noise except at the lowest frequencies
- at which the wind-tunnel fan harmonics determine the noise. The wind-tunnel fan
drive was variable speed so the frequencies of the harmonics, as well as the amplitude,
increase as the velocity increases. The poor fit at the lower frequencies will not
affect the corrections for rotor noise because the rotor harmonic noise is much louder
~than the noise of the wind tunnmel. The 1/3-octave plots (figs Al to A7) show the
background-noise spectra for several wind-tunnel velocities from 60 to 175 knots for the
seven microphones.

The formula used to apply background corrections is

dB(¢ dBB(¢
dBC(i) = 10- log | 107762 — 1002

18




Figure A8 shows the effect of this correction on a 1/3-octave plot containing
raw data, background noise and sound levels with the background noise sub-
tracted.

19
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Table Al. Background Noise Coeflicients for Microphones 1 and 2.

1/3 CCTAVE

CENTER FREQUENCY

13.0
125
16.0

- 2)e9
250
21.5
4040
Sle0
€3,9
8le 4
1¢3.0
125%.3
160.0
23060
239
21544
40060
5010
62060
BJJed
1100.9
12830
16660
2}C\)00
253040
2150.0
43173,
530040
£2CJe3
8JJJeq

BACKSGRCUMND

NCISE CURVFE F{T

DB = A + B £ LGGIV)

ATCRCPHONS

A

-28.,53
“}.8017
"4.14
15.65
-26441
-Be449
"‘_057
_11075
-28.%¢
-14.54%
2.15
-21.57
-11.77
Te%-1
2,59
529!
26624
"5.\)1
-21436
-324,4,31
-2N,11
-31.1%
‘31.?"7
"39.*)?
'40.21
~52.11
-370’:’1
~32+29)

P

5160
47411
44428
25e 11
54,7
46468
45,5¢
T70.10
51. 74
66). 1?
54490
406467
57429
53¢ 24
42464
Si)o 1)
42,25
42,28
34421
47412
55470
61.99
5562
53,06
58. 74

2.2
61.99
63404
6id, 71
57.89

1 ICROPHONE

A

-1Je436
-2094
30425
"150\)7
~27e35
-7038
"'15079
~loei2
"1;’011
-12.08
—deuU 7T
S0e61
"10007
“5046
"ans
"2015
1\'-26
J.U096
-Uel9
‘L‘)023
~Z23e72
~4Jecl b
~-Z2i.58
=2ZeuUb
-22e15
"21.043
-lc 052
-2‘?047
~dZe34
‘ibois

2

B

4T 44
42426
6l.67
52,92
5930
48416
52.82

53,97

52.79
54417
52492
30.57
57445
50491
47.63
48,38
42,01
41.48
47420
52485
57.68
65.88
56437
5562
55438
55.64
52.89
56437
56402
52.73
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“Table A2. Background Noise Coeficients for Microphones 3 and 4.

1/3 CCTAVE

CENTER FRECQULENCY

10.0
12.5
16.90
2340
250
21e5
43.0
€340
€249
28C0.0
1090
12%¢9
1€6J.0
2040.90
25000
315.0
48J.0
5C83.4
£20,0
203.0
19239
128J.9
160349
20C0.0
258030
31539
43303490
5303eD
63010,0
81)0‘). 0

BACKCRCUNND NOCISE CURVE 4T
Dh = A +-8§ *x LOG(V)

MICRCPHONE 3 " MICROPHCNE

A B A
~284.57 51.60 ~26453
-18.,17 47,11 ":lb.i.?
‘401" 44.28 -4014
15.%5 36411 1be05"
-26,41 546 79 -2&041
—-B8.49 406,68 ~Eea9
~-1457 45456 ~1s5T7
-48.,8¢C 7Je10 ~%0.80
-11.75 Fle74 -11.75
-38.,5¢ 66e12 -38456
-14054 5%4e 39 -14054
Je15 464632 3415
=-21.%7 57.29 =2ie57
-11.77 53.24 =11l.77
Tesl 43, 64 v Te4l
-Ee 3% 50411 =94
859 42425 845D
5.1 42,78 5e91
26624 34,21 20e2%
-5.,01 48, 13 “5.0‘..
-21e436 55.70 ~21l.36
’?‘4.\)1 61-99 -390\-’1
-31026 "'-)':).ﬂ‘_s -3iel 6
-31.26 © 58.74 ~3ie39
-39,0? 62.07 -39.02
-43421 ; 61499 : -4J.21
-5?.11» 68, 1)% 52611
-37.51 69,71 =37,51

-32.20 57. 389 R "35.&0

4

B

51.60
47.11
44,28
26411
54,79
46,68
45,59
70.10
51.74
66,12
54,89
46463
57.29
53,24
43.64
50.11
42,25
43,28
24,21
48,13
55.70
61.99
55462
59.06
58,74
62402
61.99
68404
60.71

57 .80
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Table A3. Background Noise Coefficients for Microphones 5 and 6.

RACKGRCUND MOISE CURVE FiT
9B = A+ B % LOGIY)

1/2 CCTAVE MICRCPBHCNE 5 M ICROPHONE 6
CENTER FREQUENCY A . R A B

10.9 -Te33 Gte 24 -1U.36 47.44
12.5 11.69 35,79 ~2.9% 42,26
16,0 3¢.43 27416 -36e25 61.67
23490 =22.,22 55425 -15.07 53.93°
2540 ~51.06 69,71 =27.85 59.30
3‘.05 2.75 43.\)1 ‘70.‘)8 ‘?’8016
40.0 -5453 47,47 ’ ~15479 53.82
5340 -24.%0 524 85 ~lbel3 53,97
£2.9 -J.21 46,27 -12.i1 52.79
83,0 -42,18 £9,26 ~1i2.98 54,17
103.9 -17.27 56472 ~8eVUT 52692
125.0 11.68 42464 3ce61 30.57
1€0.0 -13.1% 53463 ~18e87 5745
200,90 -9.94 52.29 -Deb 50,91
25340 14,59 40,13 ~Jel85 47.63
315.0 -GehE 5105\) "2015 48.38
4Q0.0 17.85 37.82 10426 42.01
50J«0 Sel2 41482 iJe9b 41.48
80040 -10.52 51,98 -15.23 53.85
12500 -31.9¢ 61.01 ~“4Ue 26 65.88
1603.0 ~16.18 534 76 =Z1e58 5637
2500.0 ~-33.07 59,23 ~2les D 55.38
433390 -432,26 64413 ~ilbed2 5289
53339 ~-43,81 62,57 -24e47 56437
£2C3.0 -1€451 50, 39 —23e34 5602

8000.0 | =32.63 56462 -16.15 52473



Table A4. Backgfound Noise Coefficients for Microphone 7.

BACKGRCUND NOISE CURVE F1T
DB = A + B * LOG(V)

173 CCTAVE MICRCPHONE 7
CENTER FREGUENCY - A B
10.9 -2+ €0 41 447
12.5 "19026 48003
16.0 ' G427 37,20
2Ce0 -13.74% 51499
25,9 -23.7° 58474
21.5 ~3,.12 45495
43,0 -19.,32 54,54
50.0 "306] 47.22
£2.0 ~Tet2 49487
88)00 "34‘}.3 65.08
10940 -15.,32 56 ¢ 65
125.0 36,37 30,46
1€3.0 -22,25 59,08
233.0 =24423 56,45
250.0 --.tﬁ 49.!8
3150 -12,29 £2495
43360 10425 41467
50060 «£G 42,86
620.0 47,78 24 .68
203.C =225 4Te62
1J3J.0 -22,22 57487
16C3.0 -160?5 524772
250060 ~2779 57 ¢4¢
215040 ~2%440 58,20
43CJe0 ~26427 55,67
5303.0 ~-28.%91 56487
EJC\).O ‘ -210‘;4 51094

23
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APPENDIX B

TABULATED ACOUSTIC DATA: ALL DATA POINTS

This appendix provides a brief listing of performance and acoustic data for all of
the data points in the test. Wherever the data are missing or of questionable quality
due to the equipment, acoustic data are given the value 0. Table 4, which lists the order
in which the data are presented, is repeated here for convenience. Symbols used in the
listing are defined below.

Symbol Quantity

ALPHA angle of shaft from vertical, positive aft, deg

CLR/S rotor lift coefficient, ;—éTéR—)g

MAT advancing-tip Mach number

MIC1 dBA measured at microphone 1; not corrected for background noise
MIC2 dBA measured at microphone 2; not corrected for background noise
MIC3 dBA measured at microphone 3; not corrected for background noise
MIC4 dBA measured at microphone 4; not corrected for background noise
MIC5 dBA measured at microphone 5; not corrected for background noise
MICé dBA measured at microphone 6; not corrected for background noise
MICT dBA measured at microphone 7; not corrected for background noise
MTIP rotational tip Mach number

PT test-point number

RUN test-run number

A\ wind-tunnel velocity, knots

V/OR advance ratio

32




TABLE 4.-KEY TO ACOUSTIC DATA TABULATED IN APPENDIX B

Operating condition

14

0.200
075
150
200
250
300

375

390
.400
250
375
375
250
375

Mtip

0.550
595
595
.600
.600
.600
.600
095
.600
.650
650
685
.700
.700

Mgt

0.660
640
685
720
750
780
825
825
840
815
895
940
875
965

v

73

- 30
60

80
100
120
150
160
160
107
164
170
115
175

Tip planform, page numbers

Swept-tapered Swept

34
35
36
38
41
43
47
49
53
54
o6
57
58

33

Tapered

68
70
73

76

7

Rectangular
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Table B1. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
12
12
12
12
12
12
12
12
12
12
12
12
12
12

PT
16
17
18
19
20
21
22
23
24
25

27
28
29

CLR/S
-0.0020
0.0393
0.0593
0.0795
0.1002
0.0504
0.0709
0.0919
0.1116
0.0418
0.0632
0.0841
0.1038
0.1211

ALPHA
0.0
0.0
0.0
- 0.0

0.0
=2.5
-2.5

V= 73.0

MIC1
100.6
102.1
103.4
104.7
105.9
105.9
102.0
104.0
103.8
100.2
100.56
101.0
100.5
101.7

MAT= 0.660
MIC?2 MIC3
104.8 101.7
109.2 102.0

0.0 104.2

0.0 105.4
110.5 108.5
110.5 108.5
107.2 105.6
108.0 103.5
107.9 105.3
103.2 101.3
107.1 100.3
107.1 101.3
107.5 101.7
106.2 102.5

MTIP= 0.550

u1C4
100.1
101.7
102.8
104.7
105.3
105.3

99.5
104.4
103.1

97.7
101.4
100.7
101.0
101.3

V/OR= 0.200

MICS MIC6
103.8 0.0
105.1 0.0
105.5 0.0

0.0 0.0
109.1 0.0
109.1 0.0
104.6 0.0
105.3 0.0
107.4 0.0
102.2 0.0
103.1 128.1
103.8 0.0
104.2 0.0
105.7 0.0

MIC?
100.7
100.8

0.0

0.0
106.0
106.0
101.0
103.1
102.7
101.0

99.9
101.1‘

99.8
101.3
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Table Bl. continued. Acoustic dBA Measurements for the Swept Tapered' Tip Rotor.

SWRPT TAPERED TIP

RUN
61
61
61
61
51
61
61
61
61
61
61
61
61
61

PT
4

11
12
13
14
15
16
17
18
19
20

CLR/S
0.0711
0.0713
0.0706
0.0724
0.0706
0.0742
0.0724
0.0711
0.0714
0.0899
0.0521
0.0787
0.0661
0.0727

ALPHA
0.0
0.0

10.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
5.0

-5.0
0.0

V= 30.0 »

MIC1
105.8
104.2
108.5
104.7
103.3
104.7
103.8
103.8
104.4
107.2
104.1
104.4
103.5
103.5

MAT= 0.640
MIC2 MIC3
109.4  106.1
107.7  104.5
110.9  108.1
108.1  104.5
107.1  103.0
108.3  105.0
107.3  104.0
107.3 104.0
108.1  104.3
110.2  107.8
106.9 104.3
107.8  105.2
107.6  103.5
107.6  103.5

MTIP= 0.595

MIC4
105.8
103.7
107.7
104.4
103.3
104.9
103.3
103.3
104.3
107.4
102.0
104.4
103.2

103.2

V/OR=

MICs
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.075

MIC6
110.3
108.6
111.3

108.3.

107.6
108.8
108.3
108.3
108.7
111.3
106.4
108.0
107.3
107.3

MIC?
106.5
105.0
107.0
105.0
104.1
105.0
104.5
104.5
105.0
108.2
102.3
104.8:
103.5
103.5
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Table Bl. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN

o]

x . 0

L IR~ EE % 1 - T Y B G

CLR/S
0.0196
-0.0012
0.0202
0.0401
0.0599
0.0801
0.0910
0.1012
0.1099
0.1206
0.1303
0.1379
0.0334
0.0218
0.0409
0.0541
0.0708
0.0862

ALPHA
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-2.5
~5.0
-5.0
-5.0
-5.0
-5.0

V= 60.0

MIC1
101.4
101.4
101.4
101.4
101.4
101.4
101.4
101.4
108.6
110.0
109.7
108.56
101.7

99.8

99.3
101.7
104.6
103.6

MAT= 0.685
MIC2 MIC3
105.8 101.1
105.8 101.1
105.8 101.1
105.8 101.1
105.8 101.1
105.8 101.1
105.8 101.1
105.8 101.1
113.0  108.2
113.7 109.0
113.1  109.3
112.3 108.8
107.1  101.9
104.2  100.7
104.4  102.6
104.6  101.5
107.8 102.7
102.5

107.4

MTIP= 0.595 V7OR= 0.150

MIC4
101.9
101.9
101.9
101.9
101.9
101.9
101.9
101.9

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

MICS
102.4
102.4
102.4
102.4
102.4
102.4
102.4
102.4
108.4
109.6
110.2
109.7

101.4

100.5

101.2
101.1

103.1

©102.3

MIC6
105.6
105.6
105.6

105.6

105.6

105.6

105.6
105.6
112.3

113.1

112.3
112.8
105.5
104.4
104.4

103.6

104.9
106.5

MIC7

100.5

100.5i7f5
100.5
100.5
100.5
100.5
100.5
100.5
107.7
107.8
108.6
108.4
100.4
99.0
99.5

- 101.7

99.1
101.4
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Table Bl. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP V= 60.0 MAT= 0.685 MTIP= 0.595 V¥/OR= 0.150
RUN  PT CLR/S ALPHA MIC1 MIC?2 MIC3 MIC4 MICS MICH
9 8 0.0939 -5.0 102.5 107.9 103.9 0.0 113.0 106.4
9 9 0.0216 -5.0 101.5 103.9 100.0 0.0 100.1 - 104.5

‘MIC?
103.9
98.6
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Table Bl. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPEPED TIP

RUN
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

PT

11
12
13
14
15
16
17
18
19
20

CLR/S
0.0476
0.0513
0.0818
0.0923
0.1012
0.1111
0.1195

-0.0048
0.0155
0.0373
0.0576
0.0781
0.0981
0.1191
0.0075%
0.0293
0.0495
0.0694

ALPHA

"5-0

0.0
0.0
0.0
0.0
=2.5
-2.5
-2.5

-205

V= 80.0

MIC1
100.0
102.0
101.6
103.1
102.4
102.4
103.9
103.8
103.3
104.2
10640
105.4
108.5
112.6
104.1
102.3
102.4
104.9

MAT= 0,720
MIC?2 MIC3
107.6 101.3
108.5 102.1
108.8 102.9
108.1 103.1
107.6 104.9
107.8 103.6
108.7 104.5
107.7 104.4
107.2 103.1
107.8 103.8
0.0 107.1
0.0 106.4
114.7 109.8
0.0 112.6
107.5 104.5
106.5 103.4
109.7 102.9
103.8

110.1

MTIP= 0.600

MIC4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

V/OR= 0.200
MICS MIC6
0.0  104.4
0.0 . 104.9
0.0  103.8
0.0  108.6
0.0  106.2
0.0  106.3
0.0  107.0
0.0  107.4
0.0  107.2
0.0  107.8
0.0 0.0
0.0 0.0
0.0  112.6
0.0  118.2
0.0  108.1
0.0  106.6
0.0  106.9
0.0  108.2

MIC?
103.9
105.0
104.8
100.7
100.6
103.8
103.0
104.0
101.8
104.1
104.9
105.2

0.0
112.2
102.7
102.3
102.0
103.5 |



6¢

3

®

Table Bl. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
10
'10
'10
10
10
10
11
11
11
11
11
11
11
11
11
11
11
11

PT
21
22
23
24
25
26

® &N N W N

10

11
12
13

CLR/S
0.0894
0.1091
0.11933
0.0532
0.0749
0.0939
0.0538
0.0751
0.0950
0.1043
0.1140
0.1217
0.1264
0.0297
0.0322
0.0472
0.06936
0.0898

ALPHA

=7.5
=7.5
=75
-7.5
-7.5
-7.5
-7.5
=75
=75
=75
10.0
10.0
10.0
10.0
10.0

v= 80.0

MIC1
104.6
105.8
107.2
106.0
101.0

0.0
104.3
102.0
101.7
101.2
102.9
103.5
105.5
100.6
100.8
101.0
101.8

MAT= 0.720

MIC2 MIC3
111.2 105.8
109.7 106.7
110.6 107.5
109.7 102.0
108.8 0.0
104.6 0.0
109.5 103.2
195.7 103.8
108.8 102.3
107.4 102.2
106.2 104.0
107.7 104.3
109.5 106.5
102.9 101.6
103.3 101.4
103.2 101.6
104.7 102.6
104.1

105.8

MTIP= 0.600

MIC4
0.0
0.0
0.0
0.0
0.0
0.0

103.2
104.7
104.5
103.8
103.9
103.0
105.6
100.2
100.3
100.6
101.5
103.1

v/OR= 0.200
MICS MIC6
0.0  107.5
0.0 . 109.6
0.0 0.0
0.0  103.7
0.0  106.1
0.0  107.6
102.3  106.1
104.0  106.3
101.4  105.1
102.2  106.6
103.9  107.9
103.7  107.6
105.2  109.5
100.7  103.3
101.0  103.5
101.7  103.9
102.6  104.4
103.9  106.1

MIC?
103.9
105.5
107.4
104.2
103.1
101.7

99.8
103.8
102.4
103.2
105.0
104.5
106.5
101.3
101.5
102.4
102.1
103.7
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWFPT TAPERED TIP

RUN
11
11
26
26
63
63
63
63
63

PT
14
15

21

CLR/S
0.1113
0.1225
0.0913
0.0997
0.0827
0.0739
0.0894
0.0500
0.0829

ALPHA
10.0
10.0
=75
-7.5
-2.9
-2.9
-2.9
-3.8
-2.9

V= 80.0

MIC1
105.5
105.8
108.5
108.0
104.1
101.1
105.9
101.5
102.5

MAT= 0.720
MIC2 MIC3
107.1 106.2
108.0 107.0
110.3 108.8
110.7 109.2
107.0 105.2
105.0 102.0
109.9 107.0
104.1 101.9
107.3 102.9

MTIP= 0.600

MIC4
105.0
105.5
106. 4
107.9
103.6
101.9
105.7
100.5
102.3

V/OR= 0.200
MICS MIC6
105.4  107.9
108.8 - 108.5
0.0  110.5
0.0  112.2
0.0  107.4
0.0 .105.4
0.0  109.9
0.0  104.2
0.0  107.5

MIC7
105.3
105.9
109.5
113.5
104.6
101.2
106.3

98.8
100.8
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWAFPT TAPERED TIP

RUN
11
11
11
11
11
11
11
11
11
11
12
12
12
12
12
12
12
12

pT
19
20
21
22
23
24
25
26
27
28

CLR/S
-0.0019
0.0178
0.0383
0.0581
0.0779
0.0993
0.1175
0.1248
0.0586
0.0781
0.0381
0.0791
0.0592
0.0785
0.0980
0.1142
0.0470

0.0686

ALPHA
0.0
0.9
0.0
0.0
0.0
0.0
0.0
0.0
-5.0
-5.0

0.0

0.0
-5.0
-5.0
-5.0
=50
~2.5

’295

V= 100.0

MIC1
106.0
106.4
106.6
108.4
109.3
112.2
114.9
116.0
106.9
104.6
106.6
110.0
105.0
106.2
106.3
106.5
106.5
106.5

MAT= 0.750

MIC2 MIC3
108.8 106.9
108.4 107.1
109.2 107.8
109.7 108.1
111.3 108.9
112.8 112.5
115.9 114.9
117.8 116.1
109.2 106.1
109.2 105.0
108.8 107.7
111.2 110.2
109.2 105.8
112.1 107.5
108.6 107.6
108.1 106.7
108.1 106.7
109-9 107.4

MTIP= 0.600

MIC4
106.1
105.5
105.6
107.2
109.2
111.1
114.1
116.1
103.3
104.3
106.1
108.9
105.5
106.5
105.1
105.9
105.9
105.3

V/OR= 0.250
MIC5 MIC6
109.1 0.0
108.6 0.0
108.9 0.0
110.2 0.0
112.2 0.0
114.8 0.0

0.0 0.0
119.5 0.0
107.7 0.0
107.1 0.0
108.8 0.0
112.1 0.0
109.0 0.0
108.7 0.0
108.2 0.0
109.0 0.0
109.0 0.0
109.3 0.0

MICT
105.7
105.3
106.5
106.8
108.8
111.2

0.0
116.8
104.8
105.1
105.9
109.3
104.5

0.0
104.2
105.8
105.8

107.2
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP V= 100.0 MAT= 0.750 MTIP= 0.600 V/DR= 0.250

RUN PT CLR/S ALPHA MIC1 MIC?2 MIC3 MIC4 MICS MIC6 MICT
12 14 0.0884 -2.5 107.5 110.3 107.0 107.3 111.0 0.0 106.9
12 15 0.1073 -2.5 107.8 111.8 108.0 108.2 111.4 0.0 108.9
54 16 0.0578 =5.0 105.2 107.0 105.1 103.5 0.0 106.1 102.9
54 17 0.0774 -5.0 104.8 106.9 105.6 103.5 0.0 106.2 - 103.6
54 18 0.0982 -5.0 105.0 107.3 106.5 103.9 112.7 106.6 105.0
54 19 0.0830 ~5.0 106.0 107.3 106.5 103.9 112.7 106.6 105.0

54 20 0.0794 -5.0 106.0 107.3 106.5 103.9 112.7 106.6 105.0
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

PT

11
12
13
14
15
16
17
18
19
20

CLR/S
-0.0033
10.0147

0.0351
0.0532
0.0721
0.0913
0.1080
0.0323
0.0521
0.0707
0.0893
0.1052
0.1104
0.0738
0.0730
0.0287
' 0.0483
0.0683

V= 120.0

MIC1
112.0
110.4
110.4
110.4
110.2
112.3
112.8
108.4
107.5
107.7
107.9
108.6
112.2
108.8
109.3
107.8
107.2
108.3

110.3

MAT= 0.780
MIC2 - MIC3
113.3  111.6
111.0  110.7
110.8  110.5
111.6  111.1
112.7  110.4
115.5  113.0
0.0  113.5
110.3  108.2
110.3  108.5
110.8  108.8
110.3  108.9
109.3  109.7
113.8  112.3
110.2  109.2
112.1  110.0
111.0  108.3
109.8  108.3
108.4

MTIP= 0.600

MIC4
109.9
107.5
107.7
107.9
108.2
109.6
111.9
105.3
105.3
105.9
105.3
105.8
108.2
105.3
107.3

0.0
105.6
105.1

V/OR= 0.300
MIC5 MIC6
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0  114.7
0.0  116.3
0.0  109.3
117.7  109.6
117.5  110.4
117.3  109.8
0.0  111.1
0.0 114.1
0.0  110.3
116.9  112.2
114.4 0.0
114.0  110.0
115.4  110.0

~MIC7

-108.5
.106.8

106.5
106.7
109.2
111.4
113.2
105.9
106.2
106.3

'105.4

105.8
108.0
106.3
108.4
106.6
108.1
107.5
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
15
15
15
15
15
15
15
15

bT

3

12
13
14
15

2
3
4
5
6

CLR/S
0.0335
0.0465
0.057S
0.0754
0.0925
0.1023
0.0257
0.0419
0.0614
0.0789
0.0987
0.1165
0.1230

-0.0014
0.0561
0.0733
0.0889

0.0576

ALPHA
-7.5
-T7.5
-7.5
-7.5
=75
-T.5

6.0
6.0
6.0
6.0
6.0

=65

V= 120.0

MIC1
109.9
108.2
107.7
107.6
103.1
108.0
108.5
109.1
109.2
109.4
108.7
109.4
109.7
109.7
109.7
109.7
110.1
108.0

MAT= 0.780
MIC2 MIC3
111.2  109.0
113.3  108.3
111.3  108.0
111.2  107.7
110.1  108.6
110.2  108.5
109.5  108.9
109.5  109.3
109.8  109.1
109.6  109.2
109.9  108.9
110.4  109.4
111.6  110.2
111.6  110.2
110.4  109.2
112.6  109.3
112.5  109.4
108.4

110.3

MTIP= 0.600

MIC4
106.8
105.5
105.3
104.9
104.8
105.3
106.8
106.8
107.0
106. 4
106.9
108.0
108.3
108.3
108.3
108.5
109.3
107.6

V/OR= 0.300
MIC5 MIC6
107.1 0.0
107.9 0.0
108.0 0.0
107.9 0.0
108.0 0.0
108.6 0.0
107.9 0.0
108.2 0.0
108.7 0.0
108.3 0.0
108.6 0.0
109.3 0.0
109.8 0.0
109.8 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

MICT7
108.6
106.4
106.0
105.4
106.4
105.2
106.2
106.4
106.3
106.4
106.7
107.4-
108.1
108.1
107.8
107.9
110.6
107.1
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWFEPT TAPERED TIP

RUN
22
22
22
22
22
22
22
22
22
22
22
60
60
60
60

60

60
60

PT
7
8
9

10

11

12

13

14

15

16

17

W W 3N Y e W

CLR/S
0.0748
0.0748
0.0901
0.0610
0.0599
0.0759
0.0781
0.0924
0.0608
0.0771
0.0922
0.0702
0.0689
0.0565
0.0812
0.0634
0.06890
0.0692

ALPHA
-he5
=6.5
~6.5

-10.5

-10.5

-10.5

-10.5

-11.5
-11.5
-11.5
-2.5
=2.5
-2.5
=2.5
-2.5
-2.5
.-2.5

V= 120.0

MIC1
108.5
108.9
108.6
108.7
108.9
108.0
107.8
108.0
107.9
108.2
108.9
107.3
107.6
106.8
107.8
106.8
107.4
107.4

MAT= 0.780
MIC2 MTIC3
110.1 108.3
111.4 108.7
110.9  109.3
109.7  109.1
110.3 108.7
110.0 108.2
110.2 109.8
109.6  108.8
110.9 108.4
111.7  108.1
111.4 108.2
108.6  107.0
109.0 107.4
107.9  106.8
110.5  107.9
108.2  107.1
108.3 107.2
108.2  106.9

MTIP= 0.600

MIC4
107.2
107.8
107.3
107.8
107.7
107.2
107.3
106.9
107.4
106.6
107.0
106.5
106.7
106.2
107.2
106.0
106.6
106.5

V/0R= 0.300
MICS MIC6
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 | 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.07 109.3
0.0 109.7
0.0 109.6
0.0 110.7
0.0 109.5
0.0 109.1
0.0 109.7

MIC7
107.6
108.0
110.0
108.2
108.0
108.0
109.1
110.1
108.0
111.2
110.7
106.2
106.0
105.6
107.0
105.9
105.8
105.8
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Table B1. continued. Acoustic dBA Méésurements for the ;Swept Tapered Tip Rotor. |

SWEPT TAPERED TIP

RUN
50
60
60

60

50
60
60
60
60
63
63

PT
10
11
12
13
14
15
16
17

'1§

CLR/S
0.0357

0.1030

0.0420.

0.06R89
0.0570
0.0738
0.0680
0.0687
0.0635
0.0522
0.0807

ALPHA
-2.5
-2.5
-2.5
-2.5
-3.6

' -0.5
-2.5
-2.5
-2.5
-6.2
-4.2

V= 120.0

MIC1
108.5
112.0
106.9
107.2
107.1
107.8
107.2
107.0
107.5
107.2
107.1

MAT= 0.780

MIC?2 MIC3
111.0 108.3
117.7 111.9
107.8 106.8
108.4 107.3
108.1 107.1
109.6 108.2
109.5  107.5
107.9 107.3
108.1 107.0
108.0 106.7
107.8

109.%

MTIP= 0.600

"MIC4
107.8
112.0
105.5
106.2
105.5
107.1
106.2
106.1
106.2
106.1
106.5

7/0R= 0.300
MIC5  MIC6
0.0 110.9
0.0 . 115.6
0.0 109.1
0.0  109.3
0.0  108.8
0.0  109.7
0.0  108.9
0.0  109.0
0.0  109.0
0.0  108.7
0.0  109.0

MICT
107.5
111.6
105.5
105.5
105.5
106.8
105.4
105.6
105.8
105.4
105.9



Ly

Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWFPT TAPERED TIP

RUN
19
19
19
19
19
19
19
19
19
19
19
19
19
20
21
21
21
21

PT
23
24
25
26
27
28
29
30
31
32
33
34
3

[5,}

A N o hAsE W

CLR/S
0.0385
0.0572
0.0740
0.0889
0.1003
0.0950

-0.0053
0.0130
0.0307
0.0461
0.0634
0.0800
0.0954
0.0889
0.0365
0.1029
0.0526
0.0670

ALPHRA
-5.0
=5.0
-5.0
-5.0
-5.0
-5.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
-3.0
0.0
0.0
-10.0
-10.0

V= 150.0

MIC1
112.7
113.2
113.4
113.5
116.2
114.2
115.90
114.3
113.8
113.8
113.8
113.8
113.8
112.5
115.7
115.7
112.8
113.5

MAT= 0.825
MIC2 MIC3
113.3  113.1
114.0  113.8
114.4  113.5
114.0  113.6
116.7  115.6
115.8  114.2
115.9  114.8
114.6  114.56
114.3  114.1
113.7  114.0
114.4  114.1
114.4  114.1
114.4  114.1
114.9  113.0
117.5  116.5
117.5  115.6
114.9  114.0
114.8  114.2

MTIP= 0.600

MIC4
111.4
111.4
111.7
112.2
113.6
112.9
114.1
113.8
112.5
112.9
112.9
112.9
112.9
111.5
113.6
114.3
111.4
111.4

V/OR= 0.375
MICS MIC6
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
116.3 0.0
116.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
113.2 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0  117.2
0.0  118.9
0.0  119.9
0.0  116.3
0.0  115.5

MTICT
111.1
111.5
112.4
113.2
116.5
115.5
113.4
112.3
111.6
111.4
111.0
111.0.
111.0
115.5
115.3
117.6
115.0
115.9
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Table Bl. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor..

SWFPT TAPERED TIP

RUN

21

21

21
54
55

55

PT

13
18
19

CLR/S
0.0825
0.0759
0.0328
0.0753
0.0770
0.0717

0.0799

ALPHA

-10.0
-10.0
-10.0
-10.0
-4.%
=540
-5.0

V= 150.0

MIC1
114.4
115.1
112.4
113.3
115.4
113.4
113.5

MAT= 0.825
MIC? MIC3
115.1 114.8
115.8 115.8
113.8 113.2
114.8 114.4
115.2 115.3
115.0 113.5
114.4 113.3

MTIP= 0.600

MIC4
112.1
111.5
111.7
111.9
111.2
111.3
111.6

V/DR= 0.375
MIC5 MIC6
0.0  117.4
0.0 - 116.8
0.0  115.2
0.0  116.1
121.7  116.5
0.0  116.0
0.0  115.3

MIC7
118.5
115.7
113.7
117.3
112.0
113.0
112.0
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Table B1. continued. Acoustic dBA Measurements for the Swépt Tapered Tip Rotor.

SYEPT TAPERED TIP

RUN
17
17
17
17
17
17
17
17
17
17
17
17
17
17
19
19
19

10

PT

DA s W

QO W o =

12
13
14
15
16

w

Lo TS

CLR/S
-0.0019
0.0138
0.0315
0.0474
0.0645
0.0806
0.0877
0.0950
0.0382
0.0563
0.0719
0.0780
0.0849
0.0923
0.0356
0.0523
0.0901
0.0699

ALPHA
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

~5.0
=5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0

"5.0

"5-0

¥= 160.0

Mic1l
116.2
115.8
115.2
115.0
115.4
115.5
115.7
116.2
114.7
115.2
115.2
115.8
116.1
117.3
114.4
114.5
113.5
115.6

MAT= 0.840
MIC2 MIC3
116.7  115.9
116.1 115.6
115.4  115.0
114.7  115.2
115.3  115.6
115.8  115.5
116.9  116.1
117.9  116.8
114.8  115.0
115.8  115.4
115.6  115.5
116.0  116.1
115.8  116.2
118.2  116.5
115.0  113.9
115.0  114.8
112.9  115.8
115.7  115.3

- MTIP= 0.600

MIC4
115.2
115.1
114.2
114.2
114.2
114.4
115.6
115.9
113.4
114.3
113.6
114.9
114.2
114.6
113.1
113.8
113.6
113.3

7/0R= 0.400
MICS MIC6
0.0  117.9
114.9 . 117.8
115.0  116.5
114.8  116.6
115.3  117.4
115.3  116.8
0.0  117.9
0.0  118.9
115.3  116.6
116.1  116.7
0.0  117.4
0.0  118.1
117.8  119.0
119.6  119.2
108.9  117.1
0.0  117.6
0.0  118.4
0.0  118.6

MICT

0.0
114.4
113.5
113.6
113.0
114.7

0.0

0.0
113.3
113.4>
115.8
115.0 .
113.4
113.6
114.3
114.8

0.0
115.4
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Table Bl. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SAEPT TAPERFD TIP

RUN
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
21
21
21

PT
9
8
9

10

11

12

13

14

15

16

17

18

19

20

21

11

12

13

CLPR/S
0.0777
0.0759
0.0974
0.1037
0.0555
0.0639
0.0714
0.0781
0.0861
0.0903
0.0282
0.0427
0.0580
0.0753
0.0894
0.0281
0.0445
0.0610

-7.5
-1.5
-7.5
-7.5
-1.5

5.0
6.0
640
6.0
5.0

-10.0

-10.0

-10.0

V= 160.0

MIC1
114.7
114.6
116.1
116.7
114.4
114.6
114.7
115.7
115.4
117.9
115.6
115.2
115.6
115.0
114.9
113.9
114.0
114.4

MAT= 0.840

MIC2 MIC3
115.8 114.7
115.3 115.1
117.6 115.8
117.7 117.1
115.6 114.5
115.9 114.6
115.5 114.6
117.0 115.2
117.8 115.4
118.5 117.4
114.9 115.9
115.0 115.4
114.6 115.2
114.7 114.9
115.2 115.1
115.4 114.2
115.5 114.6
114.6

115.5

MTIP= 0.600

MIC4
113.8
113.1
114.9
115.0
113.2
112.7
113.0
113.3
113.6
115.1
113.6
113.5
113.8
113.8
113.8
112.9
112.7
112.7

¥/0R= 0.400
MICS MIC6
0.0 117.4
0.0 117.1
0.0 119.5
0.0 0.0
0.0 117.0
0.0 117.0
0.0 117.7
115.9 118.4
117.2 118.8
120.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 116.9
0.0 116.9
0.0 116.7

MIC7
114.1
115.7

0.0

0.0
113.2
115.6
115.0
111.4
111.4
112.2
113.8
113.5
113.2
112.6
112.5
114.6
115.6
116.4
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Table Bl. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
21
22

22

22
22
22
22
22

53
53

53
53
53
53
53

54

54
54

PT
14
18

19 ”

20
21
22
23

N
S

N L () Y] @® ~3 =} (% R Y W

CLR/S
0.0686
0.0614

0.0650
0.0680
0.0554
0.0741
0.0709
0.0728
0.0741
0.0606
0.0883
0.0764
0.0740
0.0750
0.0753
0.0892
0.0614

0.0756

-900

-7.0
-7.0
-4.6
-4.6
-4.6
-4.6
-4.6
-4.6
-4.6
~4.6
-4.6
-4.5

MIC1

0.0
114.2
114.8
114.3
114.6
114.7
115.0
114.8
114.9
114.3
114.3
114.5
114.0
114.2
11642
115.0
116.2
114.4

MAT= 0.840
MIC2 MIC3
116.1 114.8
114.6 115.0
115.1 115.3
114.6 114.7
114.9 114.9
115.0 115.4
115.2 115.1
114.6 114.9
114.6 114.3
114.4 114.1
114.9 114.1
115.2 114.5
115.1 114.2
115.1 114.5
115.7 115.8
115.1 114.4
115.8 116.0
115.5  114.2

MTIP= 0.600

MIC4
113.0
113.0
113.0
112.7
112.6
113.7
113.0
112.9
111.2
111.3
111.1
111.5
110.8
111.5
111.5

111.6
111.8
111.4

V/OR= 0.400
MICS MIC6
0.0  117.0
0.0 0.0
0.0 0.0
0.0 'o.o.
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0  116.4
0.0  115.7
0.0  116.4
126.1  116.7
124.8  115.8
125.4  116.5
125.1  116.3
123.5  116.7
124.1  117.4
122.7  116.1

MICT
117.1
114.6
116.6
114.4
115.3
113.8
116.1
114.5
113.1
113.2
113.7
115.8
114.6
113.4
113.9
113.0
114.1
111.9
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN

54
54
54
54
54
54
54
63
63
63
63
63
63
63

PT

10
11
12

10
11
12

13

CLR/S
0.0652
0.0875
0.0747
0.0752
0.0739
0.0758
0.0733
0.0546
0.0793
0.0325
0.0495
0.0691
0.0843
0.0734

=63
-5.0
-5.0
=5.0
-5.0
=50

V= 160.0  MAT= 0.840 MTIP= 0.600 V/0R= 0.400

MIct
114.0
114.8
114.2
114.4
113.9
114.2
114.5
113.4
113.8
113.8
114.0
114.5
113.7
113.7

MIC2
115.1
115.2
115.1
114.4
113.3
114.9
115.1
113.5
113.3
113.9
113.6
114.4
113.3
113.4

MIC3
114.0
114.5
114.1
114.2
113.5
113.9
114.0
113.8
113.8
114.0
114.0
114.2
113.8
113.7

MIC4

111.6

112.1
111.5
111.7
111.6
111.6
112.2
111.8
112.2
112.3
112.1
112.5
112.0
112.0

MICS
122.9
123.3
122.5
123.2
121.9
122.3
122.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0

MIC6
117.1
117.0
116.8

117.0.

115.9

116.6

116.7
115.6
114.8
115.5
115.8
116.2
115.6
115.3

MIC7
112.8
113.9
113.3
112.4
111.5
112.1
112.1
111.7
112.0
112.1
112.2
111.8.
111.9
111.5
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
55
55
55
55
55
55
55

PT

9
12
13
14
15
16
17

CLR/S
0.0567
0.0585
0.0775
0.0972
0.0571
0.0776
0.0985

ALPHA
0.0
=5.0
-5.0

V= 107.0

MIC1
110.1
106.5
107.5
108.9
111.2
111.9
115.2

MAT= 0.815
MIC2 MIC3
111.5 109.4
107.9 106.9
107.7 106.9
109.1 108.3
112.5 110.9
113.3 111.4
116.7 114.0

MTIP= 0.650

MIC4
109.5
104.9
105.4
106.5
109.4
109.5
114.0

V/OR= 0.250
MIC5 MIC6
117.3  112.6
114.8 - 108.1
115.4  108.8
115.9  109.6
118.9  113.1

0.0  114.5

0.0  117.9

MIC?
108.3
104.8
105.4
106.5
108.5
109.7
113.4
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Table Bl1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

PT
16
17
18
19
20
21

22

23
24
25
26
217
28
29
30
31
32
33

CLR/S
-0.0014
0.0148
0.0313
0.0488
0.0668
0.0836
0.0917
0.0947
0.0402
0.0600
0.07656
0.0846
0.0914
0.0935
0.0593
0.0523
0.0509
0.0598

ALPHA
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-5.0
-5.0
-5.0
-5.0
-5.0

V= 154.0

MIC1
118.2
117.1
117.1
117.1
116.1
115.3
116.8
116.3
115.7
116.6
116.7
116.4
116.7
117.3
116.3
115.0
114.6
114.6

MAT= 0.895

MIC2 MIC3
118.6 117.8
117.1 117.4
117.1 117.4
117.1 117.4
116.5 116.4
117.0 116.5
117.5 116.9
117.2 116.8
116.5 116.1
116.6 116.6
117.4 115.4
116.3 116.1
117.3 116.3
117.7 116.6-
116.1 116.9
115.2 115.5
115.1 115.4

115.4

115.1

MTIP= 0.650

MIC4
117.0
116.5
116.5
116.5
115.9
115.7
116.3
116.6
115.2
115.5
116.2
115.9
116.9
116.9
114.6
115.1
114.2
114.2

Y/0R= 0.375
MICS MIC6
0.0  120.0
0.0 . 118.9
0.0  118.9
0.0  118.9
0.0  118.9
0.0  118.7
0.0  119.1
0.0  119.5
0.0  118.9
0.0  118.8
0.0  119.0
0.0  118.5
0.0  118.3
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

MIC7
0.0
116.2
116.2
116.2
115.5
116.0
116.1
115.9
115.1
115.3
116.0
115.9
117.8
118.1
115.9
115.3
114.1
114.1



gs

Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
21
21
21
21
55
55
55
55
55
63
63
63
63
63

T
34
35
36
37
22
23
25
26
27
14
15
16
17
18

CLR/S
0.0677
0.07567
0.0813
0.0333
0.0545
0.0746
0.0815
0.0734
0.0741
0.0375
0.0579
0.0666
0.0749
0.0799

ALPHA
-10.0
-10.0
-10.0
-10.0
=5.0
-5.0
-5.0

-5.0

-500
-5.0

V= 164.0

MIC1
115.4
115.5
115.3
115.7
115.9
115.8
116.1
117.1
116.1
115.1
114.8
114.8
114.7
114.8

MAT= 0.895
MIC2 MIC3
115.7  115.9
115.7  115.9
115.9  115.9
115.7  115.8
115.3  115.6
115.2  115.4
115.6  115.1
117.1  116.6
115.3  115.7
114.7  114.6
114.6 114.3
114.1  114.5
114.4  114.7
114.0  114.8

MTIP= 0.650

MIC4
115.1
114.7
115.2
115.0
114.6
114.7
114.5
115.8
114.8
113.5
113.6
113.3
113.6
113.5

V/DR= 0.375
MICS MIC6
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
123.1 117.5
123.2 117.5
123.5 117.7
123.5 118.5
124.3 117.1
0.0 116.3
0.0 116.6
0.0 115.7
0.0 116.1
0.0 115.9

MICT
115.1
115.3
116.2
114.2
113.7
113.9
114.3
114.4
114.3
112.4
112.5
112.6 -
112.8
112.5
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

RUN
55
55
55
55
55
55
55
55
55
55
55
55
55
55

PT
28
29
30
31
3?2
33
34

35

36

38
39
40
41

CLR/S
0.0379
0.0554
0.0652
0.0731

-0.0026
-0.0012
0.0559
0.0686
0.0502
0.0794
0.0775
0.0590
0.0776
0.0818

ALPHA
-5.0
-5.0
-5.0
-5.0

0.0
0.0
-7.5

V= 170.0

MIC1
122.1
0.0
122.1
122.0
100.5
101.2
0.0
124.2
122.2
122.5
122.5
121.5
122.5
121.8

MAT= 0.940

MIC2 KIC3
118.3  123.1
119.3 0.0
118.7  122.7
119.1  122.9
104.5  101.2
104.6  101.4
119.1 0.0
119.8  125.7
121.0  122.1
121.0  123.0
120.5  127.5
120.7 122.4
121.3  123.3
120.3  122.9

MTIP= 0.685

MIC4
0.0
0.0
0.0
0;0

100.8
101.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

V/OR= 0.375
MIC5  MIC6
0.0  120.1
0.0 ° 120.0
0.0  120.6
0.0  120.1
108.9  104.5
109.2  105.3
0.0  119.6
0.0  120.4
0.0  120.5
0.0  121.5
0.0 121.2
0.0  121.2
0.0  122.1
0.0  120.9

MIC?7
121.2
122.0
121.7
122.3
100.5
101.7

0.0

0.0
121.6
122.4
122.5
122.0.

123.2

122.6
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Table B1.

SWEPT TAPERED TIP

RPUN

55

55

PT

® N N N s W

CL®/S
0.0583
0.0770
0.0986
0.0574
0.0795
0.1000

continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

ALPHA
-5.0
-5.0
=540

0.0
0.0
0.0

V= 115.0

MIC1
110.4
110.7
113.3
113.2
115.6
120.0

MAT= 0.875
vIC2 MIC3
109.4  109.6
109.6  110.3
111.4  112.9
113.8  112.8
116.4 115.0
117.5  118.5

MTIP= 0.700

MIC4
108.9
108.8
110.7
111.8
114.2
11€.9

V/O0R= 0.250
MICS MIC6
0.0 110.6
0.0 110.8
0.0 112.4
0.0 114.9
0.0 117.7
126.8 -119.7

MIC7
107.9
108.1
109.0
111.3
113.6
116.9
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Table B1. continued. Acoustic dBA Measurements for the Swept Tapered Tip Rotor.

SWEPT TAPERED TIP

" RUN

56
56
56
56
56
56
56
56

56

pT

[S 4 B - S N

10
11

CLR/S
0.0530
0.0707
0.0783
0.0831
0.0617
0.04954
0.0658
0.0832
0.0879

ALPHA

V= 175.0

MICl
129.2
129.5
128.7
129.5
130.1
127.1
127.9
128.0
1282.5

MAT= 0.965
MIC2 MIC3
121.8 130.7
121.9 130.3
120.6 130.2
121.4 130.5
121.0 130.9
122.3 128.8
122.1 129.2
122.3 129.1
122.3 129.0

MTIP= 0.700

MIC4
130.6
130.9
130.9
131.2

0.0
0.0
0.0
0.0
0.0

v/O0R= 0.375
MICS MIC6
127.9  121.7
128.2 121.7
127.8  121.9
128.5 122.1
0.0 122.5
127.5  123.1
127.7  123.2
126.5  123.4
124.2

127.2

MICT7
128.7
128.3
128.6
128.1
128.5
127.7
128.4
127.8
127.4
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SWEPT TIP
RUN  PT
48 4
48 5
48 6
48 7
ag 3
48 9
48 10
48 11
48 12
48 13
43 14
48 15
48 16
48 17
48 18
48 19
48 20
48 21

CLR/S
0.0642
0.0865
0.1084
0.1179
0.1207
0.0492
0.0725
0.0955
0.1053
0.11560
0.1251

-0.0046
-0.0032
0.0432
-0.0072
0.0152
0.0394

0.0511

Table B2. Acoustic dBA Measurements for the Swept Tip Rotor.

ALPHA
=5.0
-5.0
-5.0
-5.0
-5.0
-2.5
=2.5
=2.5
-2.5
-2.5
=2.5

0.0
0.0
-5.0
0.0
0.0
0.0

0.0

v= 80.0

MIC1
100.5
101.5
103.5
103.4
104.3
101.4
102.2
103.5
105.2
107.1
110.4

98.5

0.0
101.7
105.9
104.0
105.0
105.5

MAT=

MIC2
106.0
108.8
107.8
110.6
110.1
106.1
106.8
110.0
110.5
113.0

0.0
103.3

0.0
105.7
109.1
106.9
107.4
i08.3

0.720

MIC3
101.4
102.6
103.3
104.6
104.9
101.8
104.9
105.1
106.2
107.7
110.9

99.1

0.0
102.9
106.9
104.9
104.9
105.5

MTIP= 0.500

MIC4
102.0
101.8
105.2
104.3
105.0
101.9
102.9
104.9
106.5
108.8
110.8

99.6

0.0
102.6
104.7
104.3
104.0
104.4

V/OR= 0.200
MICS MIC6
0.0 106.1
0.0  108.3
0.0 108.6
0.0 109.3
0.0 109.4
0.0 106.0
0.0 105.9
0.0 109.0
0.0 110.5
0.0 112.0
0.0 114.3
0.0 103.1
0.0 0.0
0.0 106.2
0.0 108.8
0.0 108.0
0.0 108.8
0.0 109.1

MIC7
102.5
100.4
102.1
103.6
104.0
101.4
101.4
102.8
105.8
107.3
112.1.

98.7

0.0

99.7
102.4
101.8
103.6
103.0
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SWEPT TIP
RUN PT
48 22
48 23
48 24
48 25

Table B2. continued. Acoustic dBA Measurements for the Swept Tip Rotor.

CLR/S
0.0844
0.1059
0.1173
0.1271

ALPHA
0.0
0.9
0.0

V= 380.0

MIC1
107.4
112.1
114.9
115.8

MAT= 0.720

MIC2 MT1C3
111.1 107.8
0.0 112.5
0.0 114.7
0.0 116.0

MTIP= 0.600

MIC4
106.8
113.8
116.1
116.0

V/OR= 0.200
MICS MIC6
0.0 110.7
0.0 . 0.0
0.0 0.0
0.0

0.0

MICT
106.7
111.9
113.8

0.0
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SWEPT TIP
RUN  PT
49 3
9 4
49 s
49 6
49 7
49 8
9 9
49 10
49 11
49 12
49 13
49 14
49 15
49 16
49 17
49 18
49 19
49 20

Table B2. continued. Acoustic dBA Measurements for the Swept Tip Rotor.

CLR/S
0.0300
0.0544
0.0746
0.0946
0.1043
0.1095
0.0391
0.0517
0.0721
0.0902
0.0807

-0.0072
0.6143
0.0350
0.0551
0.0785
0.0974
0.1077

ALPHA
‘500

‘5.0

V= 120.0

MIC1
107.1
106.9
107.9
107.2
107.3
109.4
106.7
106.4
106.4
108.6
106.8
109.0
108.6
108.3
108.3
108.6
110.7
111.5

114.5

MAT= 0.780
MIC?2 MIC3
109.0 107.8
109.0 107.8
108.6 108.0
109.8 108.1
109.6 108.1
111.4 109.9
109.4 107.7
109.2 107.0
109.4 107.6
110.1 109.3
109.0 108.1
112.7 109.9
110.8 109.0
110.6 108.6
110.7 109.2
111.4 109.4
113.6 111.5
111.3

MTIP= 0.600

MIC4
106.2
105.9
106.8
106.4
106.2
107.4
105.3
106.0
105.5
105.8
105.9
108.6
108.1
107.3
107.6
107.9
109.8
109.9

V/0R= 0.300
MICS MIC6
0.0 109.8
0.0 109.8
0.0 109.4
0.0 109.7
0.0 109.9
0.0 112.0
0.0 109.5
0.0 108.4
0.0 109.2
0.0 109.6
0.0 109.5
0.0 111.8
0.0 111.2
0.0 111.0
0.0 111.6
0.0 111.6
0.0 >113.6
0.0 114.1

MIC?

1 105.2
104.9

105.4
106.4
105.8
106.4
105.4
105.4
106.3
105.8
106.3
107.7
106.8
106.6
107.1
107.4
110.5
110.1
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SWEPT TIP
RUN PT
49 21
49 2?2
49 23
49 24
49 25
49 26
49 27
49 28

49

29

Table B2. continued. Acoustic dBA Measurements for the Swept Tip Rotor.

CLR/S
0.1159
-0.0045
-0.0035
0.0434
0.0505
0.0808
0.0895
0.0965
0.0429

ALPHA
0.0
0.9
0.0

-5.0
-5.0
-5.0
-5.0
-5.0

‘1000

V= 120.0

MIC1
113.7
113.7

99.7
112.9
112.1
112.8
113.1

113.1

111.8

MAT= 0.780
MIC2 MIC3

0.0 114.0

0.0 114.0
105.1 101.0
113.6 113.6
113.9 113.3
114.2 113.5
114.1 113.1
114.1 113.1
112.5 112.9

MTIP= 0.600

¥IC4
113.2
113.2
100.2
111.5
111.1
111.3
111.0
111.0
110.4

V/OR= 0.300
MICS MICS
0.0  117.3
0.0 . 117.3
0.0  104.4
0.0  115.0
0.0  115.8
0.0  114.8
0.0  115.3
0.0  115.3
0.0

114.8

MICT
0.0
0.0

100.8

112.7

113.5

114.3

115.0

115.0

111.7
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SWEPT TIP
RUN  PT
49 24
49 25
9 25
9 27
49 28
49 29
49 30
49 31
49 32
9 33
49 34
49 135
49 36
a9 37
49 18
49 39
49 40
51 40

Table B2. continued. Acoustic dBA Measurements for the Swept Tip Rotor.

CLR/S
0.0434
0.0605
0.0808
0.0895
0.0965
0.0429
0.0525
0.0605

- 00713

-0.0068
0.0123
0.0332
0.0502
0.0694
0.0871
0.0950
0.1028
0.0731

ALPHA

-5.0

~5.0
-5.0
-5.0
~5.0
-10.0
-10.0
-10.0
~10.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-406

V= 150.0

MTC1
112.9
112.1
112.8
113.1
113.1
111.8
112.3
111.8
111.7
113.6
113.0
112.7
112.3
113.1
113.0
113.4
113.4
114.5

MAT= 0.825

MIC2 MIC3
113.6  113.6
113.9  113.3
114.2  113.5
114.1 113.1
114.1 113.1
112.5  112.9
113.5  113.1
112.2  113.2
112.7  113.2
115.8  114.2
114.0  113.5
113.8  113.6
116.0  113.8
113.9  114.0
113.4  114.1
114.6  113.8
115.2  114.5
113.5  114.6

MTIP=

MIC4
111.5

111.1
111.3
111.0
111.0
110.4
110.8
110.6
110;7
113.0
112.0
111.6
111.8
112.1
112.0
111.9

112.4

110.5

0.600

V/OR= 0.375
MICS MIC6
0.0  115.0
0.0 - 115.8
0.0  114.8
0.0  115.3
0.0  115.3
0.0  114.8
0.0 113.6
0.0  113.8
0.0  114.3
0.0  116.5
0.0  115.4
0.0  116.4
0.0  115.0
0.0  116.0
0.0  114.7
0.0  115.9
0.0  116.2
113.2  114.2

MICT
112.7
113.5
114.3
115.0
115.0
111.7
113.6
114.4

114.3

115.3
115.1
112.3.
112.6
112.4
113.3
114.5
115.0
113.4
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SWEPT TIP

RUN  PT
51 25
51 26
51 27
51 28
51 29
51 30
51 31
51 32
51 33
51 34
51 35
51 36
51 37
51 38

c1

39

Table B2. continued. Acoustic dBA Measurements for the .Swept Tip Rotor.

CLR/S
0.0735
0.0%35
0.0870
0.90733
0.0720
0.0736
0.0588
0.0879
0.0729
0.0382
0.0548
0.0730
0.0706
0.0711
0.0A90

-4.6
-4.6
-4.6
-4.6
-4.6
-4.6

-4.6

V= 160.0

MIC1

113.5

114.4

113.9
115.4
113.7
113.1
113.2
115.1
113.0
115.2
112.8
113.1
114.9
113.0
113.4

MAT= 0.825
MIC2 MIC3
114.6 112.4
114.1 113.2
115.3 114.0
115.2 114.8
114.0 112.8
113.2 112.7
113.5 113.1
114.9 113.4
114.0 113.5
114.8 115.1
114.2 113.1
113.0 113.3
113.8 114.8
113.8 113.5
114.3 113.3

MTIP=

vIc4
110.8
110.5
111.5
110.9
110.5
110.6
110.4
111.3
110.7
110.9
110.4
111.1
110.7
110.8
111.2

0.595

V/OR= 0.390
MIC5 MIC6
115.9  115.3
115.4 - 114.5
115.2  115.7
115.8  114.8
115.5  114.4
115.1  114.3
115.8  114.8
115.5  115.7
114.7  114.9
114.9  115.7
114.7  114.7
114.6  114.8
114.3  115.1
113.9  114.4
115.4  115.6

115.8

uIcT

115.3
114.6
114.1
114.7
114.7
115.1
114.5
115.3
113.2
114.9
114.1
114.6
114.8
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51

SWEPT TIP
RUN PT
49 43
49 a4
49 15
51 3
51 4
51 S
51 5
51 7
51 8
51 9
51 10
51 11
51 12
51 13
51 14
51 15
51 16

17

Table B2. continued. Acoustic dBA Measurements for the Swept Tip Rotor.

CLR/S
0.0418
0.0626
0.0704
0.0502
0.0603
0.0692
0.0778
0.0883

0.0906 .

0.0328
0.0420
0.0526
0.0623
0.0671
~0.0039

- 0.0100

0.0306

0.0491

ALPHA
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0
-5.0

-10.0

-10.0

-10.0

-10.0

-10.0

0.0
0.0
0.0
0.0

V= 164.0

MICL
115.8
116.0
116.2
117.3
125.3
117.0
119.2
118.1
117.4
117.3
115.9
116.9
117.8
117.0
118.4
117.4
117.7
1i8.2

MAT= 0.895

MIC2 MIC3
117.0 116.3
118.0 116.4
117.2 116.3
118.8 117.1
117.9 117.0
117.4 116.8
117.7 119.0
118.3 117.8
117.7 116.9
115.5 116.7
115.0 116.3
115.7 116.8
115.2 116.5
114.8 116.9
119.2 118.0
117.9 117.3
117.3 117.3

117.9

117.1

MTIP= 0.650

MIC4
115.6
115.5
116.2
116.0
116.1
115.6
115.2
116.6
116.4
114.1
114.6
113.7
115.1
113.9

117.2

116.3
116.7

116.0

¥/0R= 0.375
MICS MIC6
0.0  118.6
0.0 . 118.3
0.0  118.2
0.0  120.4
0.0  120.2
0.0  120.1
0.0  120.1
0.0  120.2
0.0  120.0
0.0  117.8
0.0 118.1
0.0  117.5
0.0  118.1
0.0  117.5
0.0  120.0
0.0  119.0
0.0  118.4
0.0  118.4

MIC7
115.3
115.2
115.6
115.8
115.8
115.8
115.8
115.6
115.9
113.8
114.6
114.3
114.8
114.7
117.6
116.6
11642
115.3
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SWEPT TIP
RUN PT
51 18
51 19
51 20
51 21
51 22
59 5
59 6

59

Table B2. continued. Acoustic dBA Measurements for the Swept Tip Rotor.

CL?/s
0.0591
0.0685
0.0781
0.0861
0.0939
0.0546
0.0748
0.0933

-5.0
-500

-'5.0

V= 164.0

MIC1
118.2
117. 4
117.2

1172

118.9
117.1
117.1
117.4

MAT= 0.895
MIC? MIC3
117.1 117.9
116.4 117.0
116.7 117.0
116.6 116.7
117.5 117.6
117.7 116.6
118.2 116.5
118.4 117.4

MTIP= 0.650

MIC4
116.0
116.2
115.2
115.5
115.3
116.0
115.4
116.6

V/OR= 0.375
MICS MIC6
0.0  118.3
0.0 . 117.9
0.0  118.1
0.0  118.4
0.0  118.3
0.0  119.4
0.0  119.8
0.0  119.9

MIC7
115.5
115.8
115.5
115.9
115.5
114.4
115.2
115.7
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Table B2. continued. Acoustic dBA Measurements for the Swept Tip Rotor.

SWEPT TIP V= 170.0 MAT= 0.940 MTIP= 0.685 V/DR= 0.37S
RUN  PT CL®/S  ALPHA  MICl vIC2 MIC3 MICA4 MICS MIC6 MIC?
59 8  0.0464 -5.0 0.0  119.6 0.0 0.0 0.0  119.7 0.0
59 9  0.0651 -5.0 0.0  120.3 0.0 0.0 0.0 . 120.4 0.0
59 10  0.0764 -5.0 0.0  120.4 0.0 0.0 0.0  120.9 0.0
59 11  0.0568 -5.0 0.0  120.0 0.0 0.0 0.0  120.0 0.0
59 12  0.0513 -2.5 123.6  121.0  124.5 0.0 0.0  121.4 0.0
59 13 0.0609 -2.5 0.0  120.3  122.5 0.0 0.0  121.7 0.0
59 14  0.0692 2.5 0.0 120.5 0.0 0.0 0.0  120.7 0.0
59 15  0.0811 -2.5  123.3  120.4  123.8 0.0 0.0  121.1 0.0
59 16  0.0520 -1.5 0.0  119.1 0.0 0.0 0.0  120.1 0.0
59 17  0.0711 -7.5 0.0  119.6 0.0 0.0 0.0  120.8 0.0
59 18  0.0770 -7.5 0.0

119.0 0.0 0.0 0.0 121.3 0.0



89

TAPERED TIP

RUN
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

PT
3

-9

X 9

10
11
12
13
14
15
16
17
18
19
20

CLR/S
-0.0091
0.0129
0.0349
0.0594
0.0808
0.1037
0.1149
0.1253
0.1344
0.1374
0.0266
0.0435
0.0731
0.0955
0.1172
0.1263
0.1238
-0.0043

Table B3. Acoustic dBA Measurements for the Tapered Tip Rotor.

ALPHA
0.0
0.0
0.0
D.0
0.0
0.0
0.0
0.0
0.0
0.0
=2.5
-2.5
=2.5
-2.5
=25
-2.5
-2.5

0.0

V= 80.0

MIC1
106.6
107.4
106.0
108.1
108.8
111.3
114.4
117.0
119.5
120.9
106.2
105.1
105.56
108.4
107.7
112.7
116.4
116.4

MAT= 0.720
MIC2 MTC3
109.7  107.2
107.8  107.5
108.2  105.8
108.4  108.0
112.0  108.9
116.8  111.2

0.0 114.6

0.0  117.0

0.0  118.9
122.5 0.0
107.7  106.2
108.5  105.5
111.4  106.3
112.0  107.3
113.2  107.9

0.0  112.4

0.0  115.2

0.0  115.2

MTIP= 0.600

MIC4
106.6
105.5
106.0
106.3
107.8
112.1
114.9
117.1
120.0
120.7
104.4
103.6
104.5
107.8
108.9
112.4
115.5
115.5

V/OR=

MICS
108.4
107.2
107.8
0.0
0.0
0.0
114.5
117.1
119.5
0.0
109.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.200

MIC6
110.5
109.6
109.4

109.3

112.0
114.6
117.5
119.5
0.0
123.5
107.6
108.0
108.4
110.4
111.7
115.3
0.0
0.0

MIC7
110.1
109.9
106.7
106.7
107.6
112.1
114.1
116.8

0.0

0.0
105.4
103.2,
104.3
107.2
111.4
113.7
116.9
116.9



69

TAPERED TIP?

RUN
23
23
23
23
23
23
23
23
23
23
23
23
23
23

PT
21
22
23
24
25
26
27
28
29
30

31.

32
33
34

Table "B3. continued. Acoustic dBA Measurements for the Tapered Tip Rotor.

CLR/S
-0.00%0
0.0423
0.0647

0.0878

0.1094
0.1182
0.1248
0.0256
0.0468
0.0633
0.0907
0.1141
0.1362
0.1454

ALPHA
0.0
-500

"5."

"'5.0

-5.0
-5.0
-5.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

V= 80.0

¥1C1
102.1
104.7
105.4
104.3
104.9
106.9
110.4
107.5
107.3
109.1
109.0
109.3
110.5
108.9

MAT= 0.720

MIC2 MIC3
105.5 102.2
107.3 104.3
107.7 104.3
107.7 103.3
110.0 104.3
112.1 106.1
112.7 109.9
105.5 107.3
106.1 107.2
107.2 108.8
108.1 108.7
109.6 109.1
109.8 110.0
110.4 109.1

MTIP= 0.600

MIC4
102.3
102.8
103.0
107.2
105.8
105.4
107.9
104.1
104.0
105.0
106.3
107.0
108.1
107.9

V/OR= 0.200
MICS MIC6
0.0  105.9
0.0 . 106.5
0.0  108.6
0.0  109.1
0.0  110.6
0.0  110.8
0.0  111.9
112.2  108.8
110.1  109.2
114.0  109.3
112.0  110.6
114.0  112.6
114.5  112.5
113.5  111.4

MIC7
101.5
102.7
105.7
107.8
109.8
110.1
112.3
108.9
108.4
109.0
109.2
110.2.
111.0
109.7
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TAPERED TIP

RUN
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

25

25

PT

11
12
13
14
15
16
17

Table B3. continued. Acoustic dBA Measurements for the Tapered Tip Rotor.

CLR/S
0.0012
0.0108
0.0327
0.0538
0.0751
0.0959
0.1055
0.1148
0.1208
0.0271
0.0453
0.0657
0.0859
0.1066
0.1156
0.1231
0.0505

0.0729

ALPHA
C.0
0.0
N.0
0.0
0.0
N.0
0.0
0.0
0.0
7.5
7.5
7.5
7.5
7.5
Te5
7.5

-5.0

-500

V= 120.0

MICL
112.1
110.9
110.8
110.2
109.9
111.1
113.3
114.9
118.3
112.6
112.1
112.2
111.0
111.3
111.1
119.9

MAT= 0.780
MIC2 MIC3
112.6 111.5
111.8 111.2
111.0  110.3
111.3 110.2
111.6 110.5
113.0 111.2
116.0 112.6
118.0 115.5
120.6  117.6
111.7 112.4
111.5 111.4
111.7  111.9
111.1  111.3
110.9 111.3
111.9  111.2
112.4 111.1
109.0 108.6
109.4"

108.8

MTIP= 0.600

MIC4
110.5
110.1
108.9
109.1
109.5
110.1
112.5
115.1
117.2
110.0
109.8
109.8
109.3
109.5
109.7
109.7
107.4
107.2

V/DR= 0.300

MICS MIC6
0.0  114.7
0.0 . 113.8
0.0  112.1
0.0  111.9
0.0  112.1
0.0 113.9
0.0  115.8
0.0  117.6
0.0  120.2
0.0  114.5
0.0  113.5
0.0  113.7
0.0 112.5
0.0  112.9
0.0 112.7
0.0  112.8
0.0  110.3
0.0

111.6

MIC7
113.1
111.3
110.6
108.5
108.8
111.0
114.2

0.0
119.4
111.5
110.7
110.7
110.3
109.4
109.3
109.5
106.3
107.1
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TAPERED TIP

RUN
25
25
25
25
25
25
25
26
26
26
26
26
26
26
28
28
28
28

PT

5

10
11

(A

F-S

[3,] DO W 0 [=<] ~J (=] i

N

Table B3. continued. Acoustic dBA Measurements for the Tapered Tip Rotor.

CLR/S
0.0921
0.1014
0.1050
0.0504
0.0611
0.0710
0.0812
0.0836
0.0495
0.0610
0.0816
0.0913
0.0997
0.1046
0.0652
0.0592
0.0568

0.080%5

ALPHA
-5.0
-5.0
-5.0

-10.0

~10.0

-10.0

-10.0
-5.0
-7.5
-1.5
-1.5
~7.5
-1.5
-7.5
-2.5
-2.5
-2.5

'2.5

V= 120.0

MIC1
107.8
108.4
109.2
108.3
107.3
107.6
108.5
108. 4
107.9
107.7
108.7
108.5
108.0
110.1
108.1
108.1
107.2
108.7

MAT= 0.780
MIC? MIC3
109.8  110.0
110.8  109.2
111.9  110.4
112.2  109.1
110.8  108.2
112.2  108.3
112.3  108.3
110.4  108.6
112.5 108.0
112.0  108.8
109.7  108.7
110.3  108.8
110.7  109.2
114.4 1111
108.1  108.8
108.1  108.8
109.0 | 108.4
110.2  108.7

MTIP= 0.600

MIC4
106.9
106.9
108.2
106.0
106.3

©105.7
106.1
106.1
108.8
106.3

1071
106.4
107.9
108.6
107.0
107.0
107.4
107.3

Y/0R= 0.300

MIC5 MIC6
0.0  111.6
0.0 . 113.2
0.0  114.3
0.0  110.7
0.0  110.4
0.0  110.7
0.0  111.2
0.0  110.1
0.0  109.1
0.0  109.1
0.0  110.7
0.0 110.5
0.0  112.2
0.0 115.1
0.0  110.6
0.0  110.6
0.0  110.0

0.0 110.6

MICT
110.2
110.6
113.6
109.1
109.5
110.5
110.0
108.7
107.4
107.6
109.7
109.5
113.5
116.9
111.1
111.1
110.6
109.8



L

TAPERED TIP

RUN
28
28
28
28
28
28

PT

7

Table B3.

CLR/S
0.06E6
9.0680
0.0593
0.0659
0.0553
0.0797

ALPHA
-2.5
-2.5
=2.5

V= 120.0

MIC1
108.8
108.2
107.7
107.9
108.3
108.6

MAT= 0.780
MIC2 MIC3
110.1 109.3
109.8 108.2
110.2 108.1
109.6 107.5
108.3 108.7
109.9 108.7

MTIP= 0.600

MIC4
108.9
106.7
106.0
105.6
106.3
107.1

V/OR= 0.300
MICS MIC6
0.0 109.8
0.0 111.0
0.0 111.3
0.0 111.0,
0.0 110.1
0.0 109.9

continued. Acoustic dBA Measurements for the Tapered Tip Rotor.

MICT7
110.4
109.6
110.4
109.4
110.3
108.7
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TAPERED TIP

RUN
25
25
25
25
25
25
25
2%
26
26
26
26
26
26
26
26
26
26

PT
12
13
14
15
16
17
18
19
10
11
12
13
14
15
16
17
18
19

Table B3. continued. Acoustic dBA Measurements for the Tapered Tip Rotor.

cL®e/s
-0.00R4
0.0102
0.0298
0.0490
0.0675
0.0849
0.0933
0.1009
0.0496
0.0588
0.0774
0.0871
0.0423
0.0524
0.0604
0.0707
-0.0031
0.0757

=5.0
=5.0
-10.0
-10.0
-10.0
-10.0
0.0
-10.0

= 150.0

vIC1
115.8
116.4
114.9
114.8
114.8
114.4
114.9
114.9
114.0
1123.8
114.4
114.5
113.1
114.1
113.9
115.3
100.9

114.1

MAT= 0.825
MIC2 MTC3
117.2  116.5
116.4 116.7
114.2  115.0
114.0  115.0
114.3  115.2
114.5  115.0
114.8  114.9
115.2  115.5
115.8  114.6
115.6  114.7
124.9  114.9
116.5  114.8
113.5  114.4
114.1  115.1
114.3  114.4
115.1  115.4
105.0  101.9
114.9

114.6

MTIP= 0.600

MIC4
114.5
113.1
112.9
112.9
113.2
112.9
112.9
113.7
112.4
112.0
111.8
112.3
111.8
112.1
111.5
112.3
102.0
111.3

V/OR= 0.375
MICS MIC6
0.0 118.9
0.0 . 117.3
0.0  116.5
0.0  117.2
0.0  116.6
0.0  116.3
0.0  116.9
0.0  118.3
0.0  116.1
0.0  116.4
0.0  117.2
0.0  117.4
0.0  115.6
0.0  116.6
0.0  117.7
0.0  117.5
0.0  105.5
0.0 117.1

NICT
116.1
114.9
114.3
113.7
114.4
113.7
115.2
115.9
112.9
113.4
114.1
117.3
113.7
112.7
114.0
116.5
102.1
115.1
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TAPERFD TIP

RUN
26
26
26
26
25
26
2€
30
30
30
30
30
30
30
30
30
30
30

PT
20
21
22
23
24
25
26
10
11
12
13
14
15
16
17
18
19
20

Table B3. continued. Acoustic dBA Measurements for thé Tapered Tip Rotor.

CLPR/S
0.0244
0.0430
0.0516
0.0609
0.0592
0.0769
0.0849
0.0699
0.0702
0.0564
0.0870
0.0724
0.0707
0.0716
0.0993
0.0385
0.0849
0.0533

ALPHA
640
6.0
6.0
5.0
5.0
640
640

-4.2
-4.2
-4.2
~4.2
-4.2
-4.2
-4.2
-4.2
-4.2
-2.2
-6.2

V= 150.0

MIC1
114.8
114.5
114.1
114.0
114.3
114.0
113.7
113.1
114.2
113.7
114.0
114.3
113.5
115.1
114.9
113.2
113.2
114.0

MAT= 0.825

MIC2 MTC3
114.9  115.5
114.2  114.8
114.1  114.7
113.9  114.6
114.1  114.6
113.6  114.7
114.3  114.4
114.8  113.5
115.2  114.5
113.9  113.8
115.6  113.9
116.2  114.0
114.8  113.8
115.5  114.5
116.5  115.3
114.8  113.6
114.8  113.6
114.4

115.0

MTIP= 0.600

MIC4
112.8
112.6
112.2
112.4
112.2
112.3
112.0
111.2
111.5
111.2
111.9
111.8
111.2
112.0
113.2
111.5
111.5
112.4

V/OR= 0.375
MIC5 MIC6
0.0  117.6
0.0 . 116.4
0.0 116.2
0.0  116.0
0.0  116.2
0.0  116.0
0.0  115.8
0.0  115.7
0.0  115.6
0.0  116.0
0.0  116.4
0.0  116.7
0.0  115.5
0.0  116.3
0.0  117.2
0.0  115.1
0.0  115.1
0.0  117.9

MICT
114.4
114.5
114.0
113.0
113.6
113.0
112.1
117.6
117.5
115.0
116.5
116.8.
117.6
116.1
118.7
115.6
115.6
116.4



SL.

TAPERPED TI®

RUN
30
30
30
30
20
30
32
32
32

PT
21
22
23
24
25
26

Table B3. continued. Acoustic dBA Measurements for the Tapered Tip Rotor.

CLR/S
0.0723
9.0734
0.0717
0.0723
0.0723
0.0711
0.0232
0.0410
0.0520

ALPHA
-4.2
-4.2
~4.2
-4.2
-4.2
-4.2

a0
6.0

R0

¥= 150.0

MIC1
114.7
114.6
115.5
114.8
114.5
114.3
114.7
116.0
114.1

MAT= 0.82%
MIC2 MIC3
114.6 114.9
114.9 115.0
116.1 115.1
116.1 114.8
115.7 113.9
116.1 115.1
114.7 115.2
115.5 116.1
114.4 114.9

MTIP= 0.600

MIC4
112.4
112.9
112.1
112.1
112.4
112.6
113.3
113.0
113.0

V/OR= 0.375
MICS MIC6
0.0  118.4
0.0 . 118.7
0.0  118.3
0.0  117.7
0.0  117.7
0.0  118.1
111.8  117.5
111.4  117.2
111.0  116.8

MICT
117.6
117.4
116.7
117.2
116.8
117.6
115.0
113.9
114.0
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TAPFPRED TIP

RUN
57
5S¢
58
58
58
58
58
58
58
53
58
58

PT

R IR ) B 5 ) B - N 0% )

x

11
12
15
16

Table B3. continued. Acoustic dBA Measurements for the Tapered Tip Rotor.

cL/s
0.0383
0.0374
0.0574
0.0696
0.0778
0.0817
0.0514
0.0505
0.0706
0.0780
0.0536
0.0691

ALPHA
-3.0
~5.0
-5.0
-5.0
-5.0

"5.0

V= 170.0

MIC1

114.1

MAT= 0.940
MIC2 MIC3
114.4 114.9
118.4 0.0
118.9 0.0
118.2 125.2
118.2 123.7
118.2 124.1
120.4 123.4
119.5 122.8
119.6 120.6
119.4 121.9
117.5 126.9
118.0 126.0

MTIP= 0.58%5

MIC4
113.0
0.0
0.0
126.6
125.0
125.5
125.3
125.0
122.8
124.6
126.7
126.1

V/0R=

MICS
111.0
0.0
0.0
0.0
0.0
132.9
133.9
0.0
131.2
132.6
0.0
0.0

0.375

MIC6
116.8
119.9
119.8
119.3
119.4

1119.0

120.6
120.1
119.9
119.8
118.7
118.9

MIC?7
114.0
0.0
0.0
124.0
123.1
122.7
122.9
123.6
120.9
122.1
124.8
124.1



LL

TAPERED TIP

RUN
58
58
58
58
58
58
S8
58

58

PT
17
18
19
20
21
22
23
24
26

Table B3. continued. Acoustic dBA Measurements for the Tapered Tip Rotor. -

.CLR/S

0.0478
0.0700
0.05560
2.0658
0.0762
0.0846
0.0522
0.0686

0.0783

ALPHA

Y= 175.0 MAT= 0.965 MTIP= 0.700 V/OR= 0.375S

MIC1
130.6
120.0
130.2
129.7
130.6
129.3
129.0
129.2
127.9

MIC2
119.2
119.3
120.8
121.5
122.2
121.5

0.0
124.0
122.7

MIC3
132.1
130.7
131.1
131.0
131.1
130.5
129.5
130.0
129.0

vIC4
131.0
130.2

131.2

131.0
131.4
130.5
130.5
120.7
130.6

MICS
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

MIC6
121.2
121.3
122.1
121.6
123.7

1122.9

123.9
123.0
123.1

MIC7
129.7
129.9
129.3
129.0
129.1
129.0
128.5
128.8
128.0
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Table B4. Acoustic dBA Measurements for the Rectangular Tip Rotor.

RECTANGULAR TIP

RUN
39
39
29
39
39
39
39
39

39

PT
3

4
5

O @@ N

12
13
14
15
16
17
18
19
20

CLR/S
0.0270
0.0498
0.0737
0.0953
0.1075
0.1174
0.0409
0.0634
0.0891
0.1099
0.1176

-0.0055

-0.0102
0.0109
0.0347
0.0586
0.0793
0.1050

-500
-5-0
-5.0

V= 80.0

MIC1
102.7
102.2
104.5
104.8
104.5
105.8
100.6
101.3
103.9
105.4
104.1
101.0
104.7
104.0
104.3
104.4
107.5
111.3

MAT= 0.720
MIC? MIC3
105.8 103.0
106.6 102.6
109.2 104.9
110.9 104.2
111.3 105.8
111.8 106.6
106.7 102.5
108.4 102.7
105.8 102.4
107.7 105.3
110.9 105.1
105.8 101.9
198.7 105.2
106.3 104.3
108.4 104.4
108.1 104.7
112.5 108.4
0.0 112.4

MTIP= 0.600

MIC4
102.5
102.4
104.1
106.4
106.7
107.2
102.3
104.8
103.9
105.3
105.1
102.1
104.3
103.6
104.0
104.8
iOB.b
112.9

V/OR= 0.200
MICS MIC6
0.0  106.7
0.0 . 106.2
0.0  107.5
0.0  109.7
0.0  109.6
0.0  110.4
0.0  105.0
0.0  105.8
0.0  107.1
0.0  108.4
0.0  109.7
0.0 105.6
0.0  109.6
0.0  107.0
0.0  108.5
0.0  108.1
0.0  111.7
0.0  116.7

MICT
102.8
102.3
102.9
104.7
106.0
107.2
102.3
100.7
104.8
104.2
107.2
101.6
106.6
103.5
104.1
103.7
105.9
111.8



Table B4. continued. Acoustic dBA Measurements for the Rectangular Tip Rofor. |

RECTANGULAR TIP V= 80.0 MAT= 0.720 MTIP= 0.600 V/DR= 0.200
FUN  PT  CL®/S ALPHA MIC1 MIC2 MIC3 MIC4 MIC5 - MIC6 MICT?
3¢ 21 0.1152 0.0 113.6 0.0 113.7 115.0 0.0 118.7 114.0
39 22 0.1248 0.0 115.8 0.0 116.7 116.4 0.0 - 0.0 114.8
39 23 0.0465 10.0 105.8 105.5 106.3 103.5 0.0 107.8 101.2
39 24 0.0688 10.0  105.9 105.7 106.0 104.0 0.0 107.9. 102.5
g 25 0.0902 10.0 106.3 107.0 106.6 104.9 0.0 108.5 103.6
39 26 0.1131 10.0 108.2 109.4 108.3 106.9 0.0 112.0 104.9
. 39 27 0.1370 10.0  109.4 109.7 109.7 108.9 0.0  112.0 106.6
° 39 28 0.1449 10.0 107.8 110.6 108.1 108.1 0.0 110.9  107.5

39 29 0.0248 10.0 104.0 104.7 104.7 102.7 0.0 107.0 101.8
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Table B4. continued. Acoustic dBA Measurements for the Rectangular Tip Rotor.

RECTANGULAR TIP

RUN

40
40
40
40
40
40
40
40
40
40
30
40
40
40
40
40
40
40

PT

10
11
12
13
14
15
16
17
18
19
20

CLR/S
0.0293
0.0498
0.0717
0.0910
0.1001
0.1074
0.0253
0.0431
0.0695
0.0887
0.0984

-0.0103
0.0115
0.0350
0.0550
0.0764
0.0951
0.1143

ALPHA
=5.0
-5.0
=5.0
-5.0
-5.0
-5.0

-10.0

-10.0

-10.0

-10.0

-10.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

V= 120.0

MIC1
108.0
107.7
107.1
107.3
108.0
108.9
106.9
106.9
106.7
107.7
107.5
110.6
109.5
108.9
109.1
109.5
111.3
114.1

MAT= 0.780

MIC2 MIC3
109.9 108.5
108.9 108.8
110.0 108.5
112.90 108.4
112.3 109.4
112.5 109.9
110.0 108.0
111.3 108.2
110.2 107.9
110.7 107.9
111.4 109.1
113.2 111.0
112.0 110.2
110.8 109.5
111.3 109.7
112.1 109.8
113.7 111.3

114.5

116.3

MTIP= 0.600

MIC4
106.7
107.1
106.8
106.8
107.4
108.7
105.9
106.8
105.9
106.7
107.4
109.9
109.3
108.6
108.6
109.1
110.2
114.3

V/0R= 0.300
MICS MIC6
0.0 111.0
0.0 110.5
0.0 110.4
0.0 110.5
0.0 111.8
0.0 112.6
0.0 .110.8
0.0 110.1
0.0 110.1
0.0 110.9
0.0 111.8
0.0 113.8
0.0 112.7
0.0 111.7
0.0 112.5
0.0 112.2
0.0 114.8
0.0 116.2

MICT?
105.7
105.8
105.8
106.4
106.9
109.2
105.4
105.9
106.3
107.1
106.2
109.8
108.0
107.3
108.8
108.8
109.8

0.0
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Table B4. continued. Acoustic dBA Measurements for the Rectangular Tip Rotor.

RECTANGULAR TIP

RUN
40
1
41
41
11
41
41
41
42

42

42

47
42
42
42
42
42
42

PT

N
-

B W w0 e W

[
O v O NN

bt s
N

CLR/S
0.1207
0.0196
0.0422
0.0628
0.0819
0.1043
0.1128
0.1202
9.0696

0.0590

0.057s

0.0849
0.0702
0.0692
0.0706
0.1003
0.0360

0.0694

V= 120.0

MIC1
116.5
105.6
108.8
108.7
109.0
108.6
108.8
109.3
108.8
108.5
108.1
108.8
107.8
107.2
108.2
109.6
107.3

107.2

MAT= 0.780
MTC2 MIC3
119.1 117.0
108.9 106.5
110.5 109.3
110.4 109.2
110.4 109.5
110.2  109.0
110.7 109.5
111.5 109.9
110.3 108.7
109.9  108.4
109.6 107.56
111.5 109.1
110.1 108.3
109.8 108.8
109.5 108.4
113.2 110.7
109.4 108.0
;09;7 108.7

MTIP= 0.600

MIC4
115.9
105.1
108.6
108.2
108.2
108.1
108.6
109.8
107.7
107.1
107.3
107.9
107.1
106.7
107.4
110.0
106.8
107.6

V/DR= 0.300
MICS MIC6
0.0 118.8
0.0 109.4
0.0 112.1
0.0 111.6
0.0 111.9
0.0 .111.4
0.0 111.6
0.0  112.2
0.0 111.2
0.0 111.2
0.0 110.3
0.0 111.2
0.0 110.9
0.0 110.0
0.0  111.0
0.0 113.1
0.0 110.6
0.0  111.3

MICT
115.8
107.6
107.5
107.4
107.5
107.6
108.2
109.0

106.4

106.6
106.6
108.4.
108.1
106.5
108.0
108.4
108.0

108.2
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Table B4.

RECTANGULAR TIP

RUN

4?2

42
42
42
42
42
42
42
42

PT
13
14
15
15
17
18
19
20
21

CLR/S
0.1002
0.0385
0.0695
0.0574
0.0806
0.0690
0.0694
0.0692
0.0686

continued. Acoustic dBA Measurements for the Rectangular Tip Rotor.

V= 120.0

¥ICl
109.0
107.2
107.2
107.2
108.4
107.5
107.9
107.8
107.5

MAT= 0.780
MIC2 MIC3
113.7 109.5
108.7 108.1
109.5 108.9
108.4 108.3
110.9 108.8
110.5 108.1
110.9 108.4
110.4 108.2
110.3 108.4

MTIP= 0.600

NIC4
109.1
107.8
107.9
107.3
108.1
107.1
107.0

106.8
106.7

V/DR=

MICS
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.300

MIC6
112.9
111.2
111.5

109.9

110.8

110.8

110.4
111.7
110.0

MIC7
109.3
106.9
108.2
106.1
107.1
106.5
106.5
107.0
107.6
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Table B4. continued. Acoustic dBA Measurements for the Rectangular Tip Rotor.

RECTANGULAR TIP

RUN
41
41
41
41
41
41
41
41
41
11
41
41
41
41
41
41
41
41

PT
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
217

CLR/S
0.0505
0.0508
0.0620
0.0891
0.0877
0.0946
0.0320
0.0553
0.0720
0.0760

-0.0112
0.0104
0.0280
0.0494
0.0678
0.0864
0.0958
0.1023

ALPHA
-5.0
-5.0
=5.0
=5.9
-5.0
-5.0

-10.0

-10.0

V= 150.0

MIC1
113.0
112.9
112.6
112.3
113.2
113.2
111.7
112.4
112.9

0.0
0.0
0.0
0.0

MAT= 0.825
MIC2 MIC3
115.0 113.7
115.2 113.6
114.9 113.8
114.5 113.9
115.5 114.3
114.5 114.8
113.3 112.9
113.4 113.6
112.9 113.5
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

MTIP= 0.600

MIC4
112.1
112.1
111.6
112.1
112.0
112.5
110.9
111.2
111.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

V/OR= 0.375

MICS MIC6
0.0  115.1
0.0 . 115.8
0.0  115.8
0.0  115.7
0.0  116.4
0.0  117.3
0.0  115.1
0.0  115.9
0.0  115.3
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

MIC7
110.9
111.3
110.6
110.9
111.2
112.0
110.6
110.3
110.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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RECTANGULAR

RUN PT
41 28
42 24
42 25
42 26
42 27
42 28
4?2 29
42 30
45 12

Table B4. continued. Acoustic dBA Measurements for the Rectangular Tip Rotor.

TIP

CLR/S
0.1056
0.0249
0.0437
0.0620
0.0785
0.0876
0.0957
0.0938

0.0741

ALPHA
0.0
6.0
5.0
6.0
6.0
5.0
5.0
6.0

-406

V= 150.0

MIC1
0.0
113.5
113.4
113.1
112.8
112.8
112.7
112.3
113.1

MAT= 0.825
MIC2 MIC3

0.0 0.0
114.1 114.4
114.0 114.6
113.9 114.5
114.90 113.9
114.0 114.5
113.8 113.9
113.¢ 113.8
116.9 113.5

MTIP= 0.600

MIc4
0.0
112.6
112.2
112.3
112.2
112.0
112.1
112.3
111.2

Y/0R= 0.375
MICS MIC6
0.0 0.0
0.0 . 116.7
0.0  116.4
0.0  115.6
0.0  116.1
0.0  115.7
0.0  115.7
0.0  115.9
124.2  115.1

MICT
0.0
111.5
111.3
111.4
111.5
111.3
111.1
111.5

109.9
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Table B4. continued. Acoustic dBA Measurements for the Rectangular Tip Rotor.

RFCTANGULAR TIP

RUN
43
43
43
43
43
43
43
43
43
43
4=
45
45
45
45

45

-9
%)

pT

o TR A TR 1 R - S Ot

O

10

QR 3 N AW N

10
i1

CLR/S
0.0737
0.0727

0.0558

. 0.08567

0.0717
0.0704
0.0718
0.0870

0.0556

0.0706

0.0719
0.0530
0.0733
0.0710
0.0870
0.0728
0.0698
0.0719

ALPHA
-4.6
-4.6
-4.6
-4.6
-4.6
-4.5
-4.6
-4.6
-4.6
-4.56
-4.6
-5.6
-4.6
-4.6
-2.6
-4.56

V= 155.0

MIC1
115.2
115.6
115.1
i15.6
115.5
115.2
115.2
114.9
114.3
114.3

0.0
113.6
113.7
113.8
114.6
114.2
114.1

i14.1

117.0

MAT= 0.825

¥IC2 MIC3
117.8 115.8
117.6  115.7
116.7  114.6
117.6  115.5
118.6  115.5
117.5  115.2
118.2  115.4
117.9  115.0
118.0  114.7
117.8  114.5
116.5  114.3
116.2  113.7
115.3  113.9
115.0  114.0
117.2 114.56
116.4  113.9

117.2  114.3
113.9

MTIP= 0.595

MIC4
113.3
113.0
112.9
113.4
113.0
113.0
113.4
113.1
112.8
112.8
112.1
111.4
112.7
111.8
112.4
111.5
112.1

111.7

V/OR= 0.390
MICS MIC6
124.6  118.9
124.4 . 118.8
123.5  117.9
123.9 118.6'
123.4  118.5
123.4  117.8
123.5  117.5
123.5  117.3
123.2  116.3
122.4  116.6
113.9  115.9
112.8  115.0
113.9  115.2

0.0  116.0
0.0 116.5

0.0  115.5

0.0 11645

115.4

(=]
..
[

MIC7
111.1
110.6
110.4
111.6
111.0
110.8
110.5
111.3
110.7
110.6
110.8
110.5_
111.0
111.5
111.5
116.9
110.9
110.8
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Table B4. continued. Acoustic dBA Measurements for the Rectangular Tip Rotor.

RECTANGULAR TIP V= 175.0 MAT= 0.965 MTIP= 0.700 V/OR= 0.375
RUN pT CLR/S ALDHA MIC1 MIC? MTC3 MICA MICS MIC6 MIC?
46 3 0.0411 -5.0 117.8 118.6 117.0 115.9 121.2 119.2 114.3
46 14 0.0615 =5.0 117.3 119.2 116.9 116.0 120.9 . 118.9 114.4
46 5 0.0703 =5.0 116.7 118.5 116.5 116.0 120.8 119.2 113.9
46 6 0.0784 -5.0 118.2 118.5 117.6 116.2 120.5 118.6. 114.5
46 7 0.03930 -S.0 116.8 118.3 116.4 115.6 120.4 118.8 114.4
46 8 0.0920 =5.0 116.9 118.4 116.4 115.4 120.4 ;18.9 114.8
46 9 0.0333 -10.0 115.8 114.6 115.3 114.5 119.3 116.3 112.6
46 10 0.0439 -10.0 116.8 114.8 116.8 114.4 119.1 116.4 112.3
16 11 0.0528 -10.0 115.8 114.3 115.4 114.1 118.6 115.9 112.5
46 12 0.0732 -10.0 116.8 115.0 116.5 114.5 118.7 116.4 112.5
46 13 0.0820 -10.0 117.3 115.5 116.8 114.7 118.8 116.9 113.5
46 14 -0.0126 0.0 118.6 119.3 117.7 117.2 121.8 119.7 116.3
46 15 0.0077 0.0 117.9 118.0 117.3 116.5 121.4 118.8 116.1V
46 16 0.0275 0.0 118.3 117.5 117.9 116.8 121.2 118.5 115.0
46 17 0.0451 0.0 116.3 116.4 117.0 116.9 121.4 118.0 114.7
46 18 0.0530 0.0 118.1 117.3 117.9 116.6 121.6 118.3 114.4
46 19 0.0521 0.0 117.5 116.6 117.6 116.2 121.6 118.1 114.8

46 20 0.0721 0.0 117.5 116.1 115.4 116.1 121.5 118.3 114.9
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