
NASA Technical Memorandum 85878

"[ '\ \ ",'>: ')

:j"

-;f".-fI·V~ ~~ i' .~ ...(,,)
.~.. ~; ...(ic~--'1"''''·~1·' ,- -~ ./ ~......

'", F ! ~. .~ _. ...

#h'JR' 7/l-YS 9'79
\/,2J

NASA-TM-85878-VOL-2
19840017358

Acoustic Measurements of a
Full-Scale Rotor with Four Tip
Shapes Vol. II. Appendix C,
Appendix D, Appendix E and
Appendix F

Marianne Mosher

April 1984

NI\S/\
National Aeronautics and
Space Administration

, "~'I " I.In04.- , ... . .....}()

}..ANGLEY RESI:ARCH ,.I.i\lfU?
LIBRARY !\IASt\

HAMPTON, VlfmlNIA





NASA Technical Memorandum 85878

Acoustic Measurements of a
Full-Scale Rotor with Four Tip
Shapes Vol. II. Appendix C,
Appendix D, Appendix E and
Appendix F
Marianne Mosher, Ames Research Center, Moffett Field, California

NI\SI\
National Aeronautics and
Space Administration

Ames Research Center
Moffett Field, California 94035





APPENDIXC

TABULATED ACOUSTIC DATA: SELECTED POINTS

This appendix provides a more extensive list of performance and acoustic data
for a smaller number of data points than appendix B. Table 5, which lists the order in
which the data are presented, is repeated here for convenience. Symbols used in the
listing are defined below.

Symbol

ALPHA
CLR/S

CPO/S

CP/S

CXR/S

DB
DBA
DBAC
DBC
MAT
MIC
MTIP
MTUN
OMEG*R
PMIN
PMAX
PNDB
PNDBC
POINT
RPM
RUN
THETA
VELOCITY
VSOUND
V/OR

Quantity

angle of shaft from vertical, positive aft, deg
rotor lift coefficient, PS(kR)2

rotor nonideal power coefficient, CP/S - $ (CLR/S)2 - It ·CXR/S

rotor power coefficient, PS(hR)3

X-force coefficient, positive forward, PS(O~)2

dB value; not corrected for background noise
dBA value; not corrected for background noise
dBA with background noise subtracted
dB with background noise subtracted
advancing-tip Mach number
microphone number
rotational-tip Mach number
wind-tunnel Mach number
rotor-tip speed, m/sec
minimum acoustic pressure, N/m2

maximum acoustic pressure, N/m2

PNdB, not corrected for background noise
PNdB with background noise subtracted
test-point number
rpm of rotor
test run number
blade collective pitch, deg
wind-tunnel velocity, knots
velocity of sound, ill/sec
advance ratio
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TABLE 5.-KEY TO ACOUSTIC DATA TABULATED IN APPENDIX C

Operating condition Tip planform, page numbers

It Mtip Mat V Swept-tapered Swept Tapered Rectangular

0.200 0.550 0.660 73 89
.075 .595 .640 30
.150 .595 .685 60 91
.200 .600 .720 80 92 118 131 146
.250 .600 .750 100 97
.300 .600 .780 120 100 121 134 150
.375 .600 .825 150 105 124 139 154
0400 .600 .840 160 107
.250 .650 .815 107 110
.375 .650 .895 164 111 127 142 156
.375 .685 .940 170 114 142
.250 .700 .875 115 115
.375 .700 .965 175 116 144
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Table Cl. Acoustic Measurements for the Swept Tapered Tip Rotor.

PU;,1 PUl: L T VSLCCITY 'j. T!J '.1 !O<PM 01.1F'G*!-< "1'1 p V/OR t/AT
~ LPHA CTR/S T.Hr;~TA ct'/s CPO/S CXR/S VSOUND

':' T(' nn DBC: DRZI C~Ar P'HW P;';DBC p~" .:r ~.~ P'-'AX."

1 2 26 ., 3·1 0 • 1 09.1 26q • q 1 8~ • 9 0 • 5491 0 • 1°94 0 • 6589
-10; • n 0 ·06 32n ~ • 0 0 • (If)?95 (; • 001 i 3 () • f)f)4360 343 • 7

1 107 • ", 1 o ~, • 7 1 00 • 6 99 • '1 1. 1. 1 • 2 1. OR • <1 .. t 3 • 5 1 3 • 7
2 1~Q ·5 1 0 8 • :3 1 0.7 • 1 1I;r:. •

q 1. 1 F., • 7 1 1 ,~ .'3 -1 ~ • 7 18 0 4
3 Ul7 •

, t Ci6 • f; 1CO ·3 99 • 1 1 1 1 • 3 1 Oy () ... 1 5 1 1 ? • ()· .. •
4 1 i;!'\ • S 1. 04 • 5 1 t\ 1 • 4- 1I)n • h 1 1 1. • P- 1 OR 5 "'1 3 • 5 1. 0 0

p•r:; 10' 5 t 09 0 1 0 3 1 1 02 5 1 1 3 Q 1 12 3 -, 4 I) 1 4 1· • 0 • • • • •,;, 1 2° ·" 1 ')q • ~ 1 28 • 1 1 7::< • 1 1 4 1. • R 1 4:1 • ~ -1 311 • 9 1. 3 '5 • Q

7 1 OS ·"3 1. ~) 3. q 99 Q 9· Q 3 1 1. I) " 1. OF, '? -1 0 ")
~ " 0 5• • • • • f.

00 1. .... 2'1 ., 3 3 f'\ 1 097 ?~~ 7 1g !< 7 c 54·9\) 0 ?Of) 1 0 6589/. · '1../ • · • ) · • •\0 .. ') 0 0 (·p4 1 ('\ 1l) 0 t) 00404 (} nOt 56 () Ol'\57sn 143 7• · • • • · 0

1 1. 07 • 5 1 C6 • Q 1 (\ 1 • (1 1 no • n 1. 1. ? 0 () 109 • 9 -1 5 • 5 1 1 ·9
:? 1 1 (I • f) 1 09 4 1 "7 ·1 1. 0;;' • Cj 1 1~ • 0 1 1 11 8 -1. 4 • ? 1- 5 • 5• •
.~ 1 07 :? 1 f)6 5 1 0 1 '3 1 0(1 4 1 1 '2 J;:: 1 1 (\ ('; .. j '2 H 1 3 7· • • · • '-' • • •
!! 1 (j5 .q 1 04· • 9 1 00 • 7 99 • 7 '- 1 1 • 7 1 0 I) • q -1. 1 • 1 1 "- • 1
5 1 1 1 ·3 1 1 1 • 1) 1 r' 3 • S 1 0 :3 • 3 1 1 11 •

p 1- 1 .~ 5 -2 3 • 1 1. :1 • 2•
~. (l ('\ () r, I'l (1 ('l f) n I} 0 I) n. (. 0 • (I• • • • • •
7 1. C5 • ~ 1 () 3 G 1 0 1 1 9q ~ 1 1 2 • n 1 OR '2 -1 7 • 0 1 1 • '1• • • •

1 ? ? ,? 7 3 • 7 (\ ·11 Ii 1 ?6° • ~ 1 G9 ·t C·h502 (i ·2007 0 ·660(,
-c.; 0 (\ 1 '" 1 1 (I 14 (I n (;O~q7 (l nO?,47 () (/('8 ~ 1I) H 3 7• • .~ - • • • • •

1 '. t ? ·9 1 ,'2 • 7 1 (\ 1 • 7 1 on ·Cj 1 1 .~ ·h 1 1 ? • 3 -23 ·B 1 P- o 4
? 1 .. 2 '~ 1 1 ') ~ 1 OF: 2 1 OS 4 1 1. 7 :3 1 1- 5 Q -2 1 (' 22 1A · .," • • · • • • " •
~ 1 j '2 ·] 1 1 ') 1 1 (12 5 1 (} 1 • M 1 1 ..:1 • ? 1 1 3 • () -1, q • :3 1. f) • c• •
11 1(/7 <.;; 1 (1 ,~ ? 1.. C' 1 3 J or ,1 1 1 ? 7 1 1 1 ') -1 '" Q 1 1 3· . I • • · • • .· •
"; 11 3·". 1 1. 3 • 3 1 0~ ·7 1 Or;-, • ~ 1 1 7 • 1 1 1 f.. • 3 ... 27 ·9 2~ • 1
~ " I) f) I' f) I"l (", (\ (l () () (; () I) {, (\• ·~ 1 • '.. • • • • .' •
7 1 1 3 ,) 1 1 ~ 7 1 C1 3 ~p Q 1. 1 ? r~ 1 09 ;.~~ -1 ~ t. 2? 2• · · • · • "'.) • ·



Table CL continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

R 11~: pcp,'!" VO-"GCl'TY ,1 T IJ 1\1 pDi'l o~! FG*R ~~Tl P V/OR 'i1AT

AT..,pp A CU<lS 'T'Hi<:'r r., C"'/f; CP0/S rXRIS vSOIHD

;<1(' ,C'~ rp( TWA rPAC PUDt.l PNOBC P ',J J. "! FMAX

1? '22 7 3 • 2 fl. ! 09, ?F9 • ~ 1 89. 0 o. 5498 0 • 1995 o. 6595
-') ·I; 0 • 07088 ? .0 0 .00271 () • 0013B 0 .1")01910 343 .7~

1 1 no :; 1 r<1 1 1. (2 • 0 1 01 • 3 1 1? • H 1 1,• 1 -15.9 16 • 3~' ._.. " .. ' .
2 ~ 10 ,:to ,09 p 107 2 106 • c. 1 17 .6 1 In. c -17 q 20. 5• • • •
:3 1 U\ 6 1 1 n 2 1 (, '5. 6 1 OS • 3 1 1 h ? 1 15. 0 -21 ? 17. 7• • '. •
[, 1 06. 6 1. ()~ ·7 99 • I:) 9P .() l 1 l • n 108 • '5 -12 .5 10 • B
/;\ t 1 1 'l 11 1 0 1 04 6 1 04 • ? 1. 1. 5. 7 1. 11.l a "'22. 5 1. 8 .E• · • •
f, 0 I) (\ () 0 • 0

,.,
• f) () • 0 f) ·('I () .0 (\ • (I• •

7 1 O~ () 1 07 I) 1 01 I) q,? • 6 1. 1? • 3 1, 09. " -1 1. () 10 • 5• • • •

\0 1, :/ ? '1- 71 • b () • 11 02 26f' t\ 1, ~Q • 5 0 • 548~, 0 .203 1 (I. 6':'.89.'

0 -? • 5 (I 1. 1 1 !)R 1'1 n () 00484 r, 001 97 O. (1(l2750 ~43 7• • • v. •

1 1 1 ? 1 In .9 1 (,3 ·p 1 03 • ~ 1 14 .q t 1 t1 • 1 -lK • ~ 17 • P•
2 1 1.2 ~ 1 ~

.., !:;. 107 9 107 6 1 1 8 7 1 17 h -41 7 23 .4• " • - · • • • •
3 l 1 1 • 9 1 1 1 • 6 1 05 • :3 104 .0 I 1 .. • f: 1 1 5· • 8 -24 • .3 t 9. 9
4 tOP .4 1OQ f' t I)~ 1 1 Q'2 l) U

,
(;.I 113. 7 -1 8. () 2/). 1• -,j · • ...~..

" ,1 4 4 1 1 1. " 1 07 4 107 ? J 1 R f1 1 1 1:1: 4 -?" I) 37 3• t • • • 7 • 6- ~ • •
6 0 .0 (' n o. '> (i f\ 0 0 (; ('; I') .1) r (\• ·'." • • .. •
7 109.'5 10~ ., t c .... 7 1 () 1 5 1. 1 3 9 1 11 fZ. -1 S 6 1 6. 3• ! ~, • • · • ·

1? 1 q 1 '3 • l:1 t') • 11 n0 '26 Q • l:\ lSP. • 5 O. 54BF 0 • 2007 o. 6587
I) t1 n. 1)795q 8 • f\ 0.00223 0. ')01 34 -0. (}O1470 343 7• •

1 1 1 4 t\ 1 1 '3 • ~:( 104 • 7 104 • 3 1 16. 3 I 15. 4 -26. 3 30 • 9•
? I) I) 0 0 0 " 0. n " n I") () 1'\ 0 0 .0.- • • \..: • • " •
3 1 1 4 '1 j 1 ~

.;"', lOS 4 1 05. 1 1.17 1 1 1': .2 "24.r. 29 ';· • :.... · • •
4 J 1 1 8 1 1 1 5 1 "'4 ., 104 :3 1 16 0 1 15. 1 -26. 7 17 q• • • · • , •
c:; (l f' 0 f) ('\ 0 c- .0 (\ () () n (1 .0 f) ('• " • • • • •
r:, () • i) r: .0 0 () r (j (\ n I) (1 0 .0 Q• ()• ... ~. ·' ..' •
7 (1 ..., .., n 0 ..., I' () O• n I) f) () 0 (\ 0· II • • '-.' • • .- • •
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Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor..

PC T ,': '1' 1JFr/}("ITY 'iTU \' Pp'A r,iiEr:*F i',1TIP VIr? ~\.~ AT
ALPHI'. CLR/5 lHETr. CP/S cPr;/s CXR/S Vf-.OnJ',O

OM ("'-IC 'D F· t~ rCAe 'D t.··:f, '.~ Pi\' f)BC Pf,~ I r, P'! AX

?n "'I 3 •
., 0 • 1 1r·3 26° ·7 1- HI< • 7 () 5·1.90 0 • 2012 (j • 6591.1...

o. () o. 1 001 7 1. 0 • (1 (') • 00'),05 () • DOl 54 -0 .00t790 34.~ • 7

1 1 4 .3 1 1 1 '-, 1. 05. I':! 1 nc;, ; 1 1- .. R 1 if. q -26. q 26 B• • < • .t. I • • •
1 16 •

C) 1 r6 ~ 1- 1. 0 'c, 1 1 () 3 121 4 1 20 4 .. fjP 4 32 c;• ·- • • • • •
1 1~ • ? ,,t; • ,~ 1()~ • c; 1 O~ • 3 121). S 1. 19 • 9 -35 • .1 3" • ~
1 1 ~ q 1 1. , f 1 05. 3 1 05 Q 1 1 7 ," 1 1 7 0- -3 1. 1 28 .,

• • · • 'I • • •
1 .1f.: 1 1 1 i< ('I 1 rIc 1 .1 'if< q 1 21 9 1 21 ;. -44.6 A 1 f,· • .·-.1 .....'. • • • •

f"I n G .,., O. r u () ('l 1"\ n. ('; 0 () n (l• ·'.J • "" • • •
1. 1 .~ .5 1. t .,

• 2 l.G6 • (\ 1, 0~ • 5 1. 1, 7 ·~ 1. 1.6. 8 -3S .f) 33 • 7

.,
~g • q ('; • 09f)3 "',lQ1 • () 204. 3 o. 5994 (I 1 509 O. EB99•.."• n 0 • 070~

, 1. n • f1 o.on33? (\ • t) (l 1 37 0 • 004700 340 .q

1 .1 ? 7 1, 1? 6 1. 04. t:.. 104 '5 11. ,1 5 1 1. '3 Q -20 .f' 21 .6• • '. -~ • • • .'

1. 1 ? • '5 1 1 ? • 3 1.07 • ~ 107 •
.., 1 1 7 • ~ 1 17 • 1 -27 ·2 24. B

109 • 1 1. 08 0 1- 02 7 10? 4 J 13 S 1 1 3 0 -1 7 7 1 3 1• • • • • • •
(') {) 0

,. o. 0 (' n G. 0 0 n o. 0 o. 0• • ~) • •
11c:. 2 1 1':5 1. ,03 1 1 02 " 1 t 4. 0 1 t 3 4- -20 3 27 .7• • • • ." • •
1 1 .4. ) t t ct. 1 104 • Q 1 (Y4. 7 1. 1F •" 115 .9 -)'1.7 25 • 3
1 1. 1 • ] 1 1. 1 • 1 OQ 1 91< • ? 1 l(l. 3 1. 08 2 -IF. t 14 • 0.." .. •

7 59 6 fl C9(10 290 ? 20~ Ft o. 597!? 0 1507 o. f.\R79• ., • • • •
-'5 • 0 0 • 1)~625 1? .0 (I. OQ42n 0 • n01 54 0 .00541 () 340.9

112 • 3 1 1 '2 • 3 1(o3 • 6 103 .4 1 14- 4 1 1 3 9 -1 9 .9 1 9 • 4• •
11 :3 • :1 :I 1. :3 ·7 1- 01 • 4 107 • .3 1 1. ..,

• 7 117 .2 -23 • 5 24. 11

1,0 R • 7 lOR • S 1. 02. I:) 1 02 • 3 1 13 • B 1 1.3. 2 -1 3.6 14. 1
0 0 0

,. 0 0 0 .0 (I • 0 o•n o. fl o. 0• • \} •
1. 1. 5 .r; 1 t 5 • 5 10'2 • 3 102 .0 1 1 3 • 7 1 13. 1 -24. 1 25.4
11 c:; ~ 1 .1 5 5 1OFi 5 tOE- 4 1 17 5 117. 0 -33 .0 24. R.• ':':I • • • •
115.0 11 5 • n 1 01 • 4 1. 00. 0 112. 4 1 10. 7 -21 .5 24.9
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Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

or T :" 'r '1 r: L.n(}T 'T'y r! T Ij \] Rp·t. O:·FG*r) i\T IP V lOR \:'AT
ALPH ~ ('CE/S TlJr;''r ;; CP/S Cpr'/S eXRI:; v,c;rnr'r-

fF~ l)QC D~A nD he D '.11" ,-, P\;L'BC p'q i'.! p .,' to y. 'J'<.

1 2 59 • 1'-. (j • Og~S 7 c 1 • 0 20Ll ;, 3 ("; • SQf)1) 0 • 1 l:;O 3 (I • f, ?f,/
r: ·(: 0 • 1. 7059 1 2 • fj 0 • 00476 0 • 00 19.7 -0 • 005220 .J.d.? • 5

,1 Q h 1 1 >< 6 1 10 f) 1 1 0 'j 1 22 • 2 1 2/ () -3':; h 5' • 0.- • • • • • •
l 2 1 .1; 1 '2 1 I) 1 13. 7 1 1 3 7 1 26 '2 • 26 !) -7 8 p 11 3 ('• • • .J. • • •
1 1. 6 • 1 1. 1 6 I) I 09 • (\ 1 09 • () 1. 7- 1 • 1 1 2 1·() .. 4 1. • .3 37 ·a•

0 • n I) I) 0 0 0 • r. 0 • 0 0 0 (1 • n ') • f)• • •
1. 70 • ~ 1 ?0 • 3 1 09 • f 1 (lQ • '" 1 72 • 2 1. 22 • 1 "'1? ·4 79 • 1';.
1. ? 1 • (') 1 ? 1·f, 1 1. .3 • 1 1 1 .3 • ( . 125 • 7 1 25 • 5 .. ,1 ? • () "1. • 4
1 1 Q ., 1 1. " ,.,.

1 07 Q 1 07 7 1 1 9 5 1 1 9 ? "3 8 2 56 5• ?.oC • :., • • • • · •

1 '1. FJI • .~ 0 • 0905 ?9 1 • fj 20!1 • " 0 • 5966 ('. • 1 5 1 9 0 • f. G72
0 0 (I 1 3790 1. 11 (\ n 0065 1. r, 00277 "0 onE 1 go) 342 5• • • • \.. • • •

1. 1 7 • 1 1 1. 7 • 1 108 • ;:. 1OQ • 5 1 ? 1 • 2 1 2 1 • 1 .. ,37 ·3 3Q ·6
1 20 ·4 1_ 70 • 1 1. 1. ? • 3 1 1,• 3 1 21 • If 1 24 • R .. 80 ·7 47 • 2
1 15. 3 1 1. I) 3 1O~ 8 ~. OP • 7 1 2 :1 • I} 1 2 t ~ -35 • 5 27 • Q• • •

('\ ·0 t,) • 0 0 • 0 n ·n 1'\ • 0 n • i) ~1 • (\ 0 • ('l

1 1. Q • 4 1 1. q • 4 t 09 • 7 1 QQ • 6 122 • 2 1 22 • 1 .. 4 1 • 2 74 • 9
1 2 1 • 1 1 2 1 • 1 1 1? • Po 1 1 ? • R 1 25 • 8 1 25 • A ... qF, • J 47 • ~

1. 20 R 1- ?o ::3 1 (HI 4 ! Qq • ? 12 1 1 1 2') q -40 5 ~F. 2• • -'.' ...... • • • • •

, B c~ ·4 (1 •
,1 99 292 • 7 20~ • 5 0 • 5Q6 1 0 • 2;') 1 11 0 • 7 1 61

-7 5 () 0 53 7 ~ R 0 Ii 00 3 3 3 c 00 14 1 () 01'6900 344 "• • • • • • • ~

1 j 1 • I)' 1 1 1 • 2 1 04 • 3 1. 0 3 • Fj 1. 1.<1 • ? j 1 () • I) -1 5 • 1 20 • ~
1 1 2 • t; 1. 1 ". • r 1 09 • 5 10e: • 3 1 18 • 6 1 1 6 • '2 .. 20 • ,:; 2 1 .-9
1 1 1. 2 11" ", 1, 1''3 "2 ,0'2 3 1 1 4- 1 ,- 1 0 P -1 6 4 1 9 '?• • 0 • • • • • •
'- ()~ • {) 107 • 2 1(H • :2 ,02". J. 1 1 3 • R 109 • 5 -1 (l • 7 1 3 • 7
1 1 1 • 7 1 1 1 • 2 ! 02 • 3 10 1 • ~ 11 3 • 8 109 • 6 "1 5 , 5 20 • 9
1 1 1 4 1 1 0 7 106 1 1os 5 1 1. f.. ;) 1 1 3 ~ "1 0 R 16 1• • • • • • .- • •
t 07 • 2 1 05 • 9 99 • ~ 96 • q 111 • 5 1 015, 2 -1- 2 • 1 1 '2·f.,



Table CL continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

RI1~' °OINT VPt,DCITY ({TON RP'" CrIEr;*p: ['t'np VIeR r" Al'
1\lPHA CLP/S 'TH"'T~ CP/S CPO/S CXR/!; VSOUND

•
~qc 08 f'8C DBA !)RAC P~'DI-1 PNCBC Pi" IN P¥A.X

1 1. ~ 80. 3 o. 1 197 ?q2.5 205.4 o. 5QS1 0.2014 0.7150
-7. 5 0.07513 10.0 0.00457 o. 00163 0.009130 345. 1

t 1-10.9 1 10.5 lc~.r 1. 00.7 1 1 :3 t'I 10°. ~ -18 .7 19.7• 'j

2 1 1?9 1 1 2.5 lrs. 7 105. 1 1 If,.5 1 13. 8 -21 (') /.1 .9" "
3 1 11 .0 11°.£. 1 03.? 103 .0 1 14.6- 11 1 • -3 -22 .6 14 .5
4 ! O~. 1) U)7. 1 104. ., 10 4 • 1 1 1,5. 0 1 12. 3 -14. 7 16.0
c; 112. 1 1 11 .7 104.() 103.2 115.2 112.6 -1"5.7 56.6
F 11? 7 t 1 2. 2 1 C6. 3 to~.P 1. 16. P 114. 1 -25.0 11 7. 1
7 1 11 .3 110 • 8 103.8 102.9 114 • "] u.o. i -1 Q "3 1 ~ .7-~.

\0 1 1 S 80.2 n 1 194 294. 3 206.7 0.5982 o. 1999 0.71 78..
w -7 '3 o. 10432 1 3.0 0,,00675 O. 00'02 o. 01 3510 .345. 5•

1. 1 07.6 10fo. F, 1. 01 .., GO F:. 11?6 109. 1 -, 1 ~ 1 3. 2.. ,... _.. -" ." . ..
2 ~. 16.(\ 1 15. 7 107. 4 107 • 0 117 • 7 1 15. 4 -27 a 32.5·---3 1Jl~ • t t04 • 15 102. "- 101 .0 1 13 .2 1 10. 7 -13.n 14.7
4- 107 q' 106.9 103. p 103 n 1 1 !~ • 8 1 1 '1. g "1~ • 5 1 1 •

..,e-, ·-.

S 1 13 .8 1 13 • s 102 .2 1.01 .n 11 3 .7 1. 1 (1 .9 .. 18 .3 ~6.3

6 1 15.0 1 1 ,1 .7 10f.. f 106 • 1 1 17.0 1 1.4. k, -25. 3 29. Q

7 1 lq. 1 1 1 q () 10 3. 2 1 0/1. n 1 1. 5. 3 1. 12. 9 -33 • !) 4'5 .4. .
1 1 ~ 80. 3 0" 1 1 q:-; ?94 • '1 207 • 1 O. '5

Q 9" O. 1 ()(;l 7 0 .719t1
·7 • 5 o. 1 2f:d2 1. f- .r 0.01(\10 ll. n0378 O.016fi70 345. 5

1 1 20.9 1 ?0.9 105.6 105. 1 1 17 • ~ 1. 17. 0 -44.4 40 .2
? 121 • 3 121 2 109. 5 109 • 3 12 n • 9 120. 1. -48 .s ~7 .7·.
1 ,20.2 120. 1 10E. t:;; 106.0 119. I' t 1 8. 3 -43.4 44. 4
4 1 15.6 1 15.4- 105.Eo 105 • 1 1. 1 p

• c' 1. 17 • 2 -3? ."i '1l:! • 7<,

'5 1 16. 1- 1 1 5. 2 106. 2 1 OS • R 1 1 p. f., ! 17.<1 -37.5 3~ • h
E 121 • 1. '21. .0 1.09.5 lO9. ? 121 • 1 120 • 3 -53 ." 42. 4
7 1. ZJ.d 123. 4 !OF:.. 5 105 • Q t 18 • 7 1 1" .9 -55.9 52. 3



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

f< !If POI'i'T' '"iF r... OC11'Y :"T!'I; p p,,, O:"E"f;*P rTI P v/np "'AT
4LD;'HI CL,RIS TH"O CF/.') CPO/S CY~/S vsrll~ID

YT( eq r;;~,c D f' A rPAr p~'n~ Pi; D8(" p ~/. I \; p ;,1 il,X

10 5 7';),.9 o. 1 t °9 ?88 .7 2ni. 1 o. 5q82 0.2007 (j 71 82., .
-'5. 0 (). 08185 1 f\ ('0 (. .C1')410 o. Ou1S/) 0 .(l0631.O 333 3• •

1 1 1 I .~ 1 1 ,. • 2 1(;1 r:.. 10 f ) .4 1 1,1·.0 1 12. 3 -41 Q :n R• '_f ·. • •
'? 1 13 • 3 -1 1 3.D 1 08. S 1 O? .r::; 1 18. q 1 H,. 5 -40 .2 36.4
1 1 oe • Ii 1 07 1 102 • i.) 101 .'1 1 14.6 1 13. 2 "'4.4.') 3'5.0•
<1 0.1) t).O '" 0 tl.o n. 0 o. 0 0.0 1"1. 0l) •
'5 n.n 0.0 n 0 {'I (l 11 .0 o. 0 I') .0 t'I ').. • ., • "~ .\"

6 1 10.1] 1 09. '2 103. " '0'. R 1 1~. 1 11 3. 5 0.0 1 3 .6
7 1 1 rl. 7 1 10. 1. 1 {) ll. h 104. 1 1 14. 6 1 ill. 7 "'1 7.6 21 3~ •

1 n ~ 79. (I (0. 1198 287 .8 202 • 1 o. 5962 0.2(1) 0.71b2\0
~ -5.0 o. 1 1 1- 1 r; 13.n O.(\O~:?7 0. n0225 (I • 0°8590 33q. 0

109.6 1 09. 0 102. 4 1 (1j • 4 1 1 s. 1 1 14. 1 ... 41 .q :n. R
? 116 .6 I1f~ • 4 107 • C\ 1()7.~ 1 19. () 1 17. f) -40.2 36.4
3 1 1 1. .7 1 1 1 • 3 1(;3 .f. 102.8 1 15. 4 1 14. 3 ... 44 .0 35.0
.1 0 'In 0.0 o•0 r.0 o. 0 G. n 1'1.0 0.0
J:; 0 .0 0 .0 0 ·r. C".n 0.0 o. 0 0.0 0.0
~. 1 15.2 1 1 " .0 105. 3 105. !< 1,7. k 1 1 13. 2 -32.4 :'.9. 3
7 120 • .3 1?O.2 1 03 • ~ lO? .7 1 l!'i. 4 113. 2 -'37 • 5 44- 1. ..

1(I 20 79. .~ o. 1202 289.6 203.4 0.5993 0.2008 0 .719n
"':?'15 O.O~9~O R.I) 0.00'277 0.00140 o. 002360 339. 3
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Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.
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Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.
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Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.
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Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.
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Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.
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Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.
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1. ? 1. • 9 1 2 1. • 6 1. 07 5 1 04 0 118 7 t 06 8 .. 39 4 57 ?• .. • • • • •



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

RUfl,i P[P,IT VELOCITY ""TUN RPM rWFC*R MTIP VIeR 1\' {J. T
,~tPHA CLR/S 'THFTA CP/S cPn/s CXP/S VSOTJNn

MTr !)P- DEC DRA. DJ:?~C pnOB PilJnBC p~fnJ pi"AX

t5 6 1 19. 7 O. 1 80~ 291 .F. ?O4. 8 O.SQ98 0 .3010 0.71304
.. 7 • 5 0.07539 12.0 0.00584 0,. 00'213 0.0099RO '341 • 4

1 1 n .6 1 11 .6 10'7.6 104.8 1 19. '5 110. p -24. 1 31 • 1
'2 1 1. Q • 1 1 1 ~. 3 111 • 2 109 • 3 12? 9 1 15.9 -42 .2 43.4
3 1 13 .9 1. 12.0 107.7 104 .9 1 19. Q 11:1. • q -2.3.5 25. 1
4- ~ 11 .9 t08.Q 104.9 99. 3 117 .2 101 .7 -17 .'5 19. 0
S 1 16.0 1. 14. ~ 107.9 104 .R 120.0 1 12.2 -30.7 34 • 3
6 0.0 O. 0 O. tJ 0.0 (l.O 0.0 0.0 fI.C!
7 ,20 .5 l2 i).? lOS. 4 97 .7 ~. 17. 8 tOl .4 "39.9 50 • 1.

- 1 ~ 11 ,19.6 o. 1799 292 • 7 205 • 5 0.6011 0.2997 O.1~130- .. 7.5 o. 10231 1 S.O O.OOH56 0 .()!).,O3 0.014070 ~41 .q

1 1 1 '7 .7 1. 1. 7. I) lOB.O 10S.2 12 A • q 115.7 -34.6 :31 • 1
? 1 23. 1 122.8 1 1. O. '2 107 .f;. t 23.2 1 is.S -50 • 3 5f.• 5
3 1 17.9 117.2 1 08. 5 100',.0 1 21'1. ') 1- l~. 3 -32.R 3'1.4
4 1 14. 1 1 17 • 4 105. 3 9C?6 1 17 .Q 105.3 -22.7 '26.7
5 1 20 .2 1 19 .8 10B.6 105.9 120. 7 U. '5.4 .. 41 .. '2 C;? ·(,

,5 O. (} 0.0 C. () 0.0 0.0 0.0 0. a i' • (l
7 1. ?:l .'2 1 24. t 105.2 95 • 1 1 17 .. 9 99.0 -he;.. ~ h4 (l· .

1 ! 12 1 19.9 0 • 180? ?92.3 ?O!'i .J n • 5997 (} .3009 (> .7PO?
-5.0 O. {l7069 10 .0 0.00409 (I • (j01 83 (I .oo5J.60 342 .2

1 1 1 ~.6 1. 1 1 .. 5 107 • 7 104 • p t 19.5 1 1. 3. 1 -23 .5 22 .f>
2 1 1~.7 1 1. "" 2 1 1 C • B 109.t) 12?0 U5. A -3(' • 3 31 .f>....
3 1,~.6 1 1 ') q 1O~. P. 106. p 120. 3 114.4 ·32 9 37.n<! • •
4 112.' 109. t ) 105.9 102. 1 1 17 .. 9 107.4 -2? .4 19 • 1.
5 12~ .7 1/3 .5 1 17 " ~. 1 7 " 1"29. 1. 128 .4 -P~.f; 91 \.)• .. • L. •
f Uf • 2 1 1 /, .4 1 10 • 4 1 ('lit 5 1 '21 • 7 1 15.6 -33 • <1 30. 2. "., .
7 l1 Q " 1 1 Q t 1. o~. -~ 100.f\ 1 ) ~ 3 10S. 4 .. 3!S .2 33 .?.~ • •



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

; [!\: DC'T I"T V~L('('T1'Y r 'rl.; f,i RPi/ C "( 1'~\~*P t':'flP V/OP tAT
",ro"l;' (Lk/S 'T~E1'A (PIS CPQ/S eXF/.'; \I Sf"' f1r::)

.: TC t) i1 r.. \'.l.C DO.~ t;~AC IP'OP p~, I) fV" pi' I \J ?~(AX

1 .4 1 6 1 i tl q 0 • 1~on ?<q • "3 'Ins • n ('; • 6012 n • 299>; 0 • 7f.1. 1.4..
.. to. t) G. ()7376 1 ? " (j OOSg", () OO?10 n.(I 10270 312 ~h". • • •

, 1 1 4 • 8 U .~

• 3 1O~. 8 10;; • S 1 21 • ? 1 1~. '1 ...,3? • () 106 • Q

2 1 1. 0 • B 1. J 9 2 t 10 )I 107 • 7 122 • ;I. 1 1~. 1 -126 5 t. 1 3 q• • • •
3 1 1. -1 7 1 1 , 1 1 09 2 1 07 3 121 5 1. 16. ry .. 1.44. 1- 1 14. ,:;.• • • • •
4 1. 1. ,• 0 1 09 • 3 105 • ~ 1 00 • 3 1 1 7 • 2 U)3. 0 -27 • 5 2t'.. '2
<;; n • :1 I) .0 0 • (; O~O 0 .0 () • () Ii .0 0 .0
F 1 2" • 1 1 1 q 5 1. 10 • ~ 1. 07 • '1 121. • q 1. 1·.t • 2 -3° • 5 49. (). .
7 1 i1 •

.,
1 /1 ·4 1Q~ • 3 99 • 5 1 1 R • 4 104 • 5 -43. B 52 • 1

- 1. 4 14 1.20 1 0 1. B01 293 '1 206 n O. 601.2 0 3(0) 0 7f'1 70 • . · • • •
N "5 ('; 0 10523 1 4 0 0 0011.5 0.00302 0 0091GO 142 F-• .] • • • • •

1 1. IF • 5 t 1. 5 • '5 108 • 6 1 06. 2 1 20 • 5 1 14. .3 .. 3/, • 0 ~O • 3, 127.2 l21 • 8 1 09 • 3 106 .0 121 • P 1. 14.9 -6~3 • 5 sq.?
:3 1 1f- t

'"
1 5 .1) 109 7 1 07 .Q 121 ~ 1 17 1 - ~J!5 1 40.9• • , • • •

(J 1 1 '2 0 1 10 .b 1.C5 8 1 DO 7 1,7 Q 105 q .. 2:1 .4 '25 q• • • • • •
c; (\ .0 f) • I") () • () 0 • 0 0 • 0 0. 0 O.f) o. 0
15 t 21 Q 121. " 1 1. 1. 1. 1. 09. 1. 123 9 120 1 -f~ :) .7 5'(. 0·..' • • • •
7 1 2 11 • (\ 1. 2'~ • Q 1 05 • 8 913 .0 1 1 8 • 1 102. 4 -57 7 60 • I)•

1 4 1 5 1 1. 9 • g n. 1. 799 293 • 1 20C:; • 8 O. 6007 0 • :.?999 O.7G09
.~ • I') 0 • 1 1 044 15 • 0 o. COB3S 0 • 00.379 O. 0 101 50 34? • 6

1 121 • 7 1. 11 .4 1 1Z• 2 1,1 • 3 1.26. 4, 125. '7 .1 37 • ,1 lOf • 9
:2 124.6 1 24 • 4 1 1 3 • B 1 12. 8 127 • 5 126 .4 -12 1; • 5 1 1 3 • ~

3 121 .8 t'21 .5 1 1. .. 3 1 11 .4 1 25 7 124. 8 -~. 43 3 11 3 tI • • • •
4, 1 17 .2 1 16 ") ,UP. 2 1 05 5 121 '5 1 18 0 -41. 8 73. 1• <. • • • • •c; f'l .0 0 .0 O. 0 0.0 0.0 O. 0 r) .0 0. 0
6 126 .6 126 " 1 1 4. 1 11 3.2 127 • 5 126. 5 _yi~ t1 76. 7·~ •7 1.27 .6 1?7 .S 1 OB • (I 103 .9 120. 7 114. P .1 W? .8 104. 7



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

RUN POINT VELOCITY 1'<\TVN RPPA m·iEG*R Wl,'IP \)/(J~ 1'<'AT
AtPHA CLRIS THETA CP/B CPO/S CXRIS YSOU 1" [;

MIC Df3 D~C 'D8A IYBAC PNDt3 PNDBC P'''XN P~TiAX

60 9 120.-3 0.1799 292,6 205.5 0,5974 0.3015 0.7775
-2.5 0.06802 9,9 0.0039Q 0.00197 0.004780 343,Q

1 112.8 ltO.O 107.4 104./ 119,6 112.0 "':D.2 28.9
2 114.7 112.1) 10S.3 104.0 120.5 110.7 -31..2 36.0
3 11 ~. 6 111. 4, 107.2 '.03.7 119.8 111.4 .. 30.2 31 .1
4 t 11. 8 108.4 106.6 102.6 119.1 l10,S "2:>.3 21 .(\
5 0.0 0.0 0.0 0.0 0.0 0.0 1).0 "'.0
6 116. <1 1 U.E'> 109. 1 106,0 121.5 114,6 .. 3'1.8 35.7
7 118.0 117. 1 105.9 97.6 118.7 105.1 -:~;;.R 3q.7

- 22 4 119.5 0.1811 289.2 203,1 ().5o.S4 0.3030 0.77970
(,oJ .. 2.15 0.07327 ct.2 0.00323 0.00184 0.002.390 33 0 .4

1 115.3 113. q 109.7 tOP.O 121 .6 I1B.3 -211.0 ~H. 5
2 116.7 115,2 112.6 111.4- 124.3 120.7 -46.4: 3P.8
3 1.14.~ 113. '2 1<'9.3 107.4 121..6 t18.0 -31.2 34.?
4 1.13.8 111 .6 108.6 106.2 121.0 1.16.Q -37.4 2~ • 1
5 0.0 0.0 0.0 0.0 0.0 0.t') 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 116.0 U-l. '2 107.9 lO3.~ 121.4 115.4 -27.8 32.6

60 6 120.4 O. IS0l 291.8 204.9 0.5957 0.3028 0.7761
-2.5 0.08120 9.9 I1.G0333 0.00193 0.001930 344.0

1 114.0 111.8 107. R 104.8 120.8 116.3 -2 4 .S 2?6
2 116.3 114.4 11 0.5 108.A. 122.8 11 S. B -35.7 32.9
3 1.14.2 11'2.1 107. 0 1()4.~ 17,(1.fl 11~.3 -)Ll-.6 24.7
4 112.3 Ina.5 107.2 103.5 120.4 115.3 -27.2 35.0
5 1').0 0.0 0.0 0.0 0.0 0.0 !'I.t) o.n
6 11~.4 114·.5 .1.10.7 108. Q 12?8 118.6 -43.0 41 .4-
7 11e-.O 111. t 107.0 100.~ 119.4 109.5 -34.3 30.1.



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

PP~} on P''!' VnA}CtTV i'TUN RPit. or! EC;*P fAIr I? V/OR 'fi A'r

ALPHA CLRIS THETA CP/S CPr:\/S r.xo/S vsppr"n

,,~ TC DR f)'3C' 08/1, DPAC P';D3 prll'lp,C pt/,V·! PNAY

60 11 120.6 o. 1900 2Q3. R 206.3 Q.5QS7 0 •.3011 ().7790
-2.5 0. 10797 12. Q 0.00548 0.00304 0.00.3'290 344.6

1 11 R. 4 11 i.1 1 12.0 111 .() t'23.~ 1 21.6 -51.6 41 .5
? ~23.5 123.'1. 1 17.7 117.3 129.1 121.7 -134.4 95.7
3 U q. '3 117.6 1 1.1 .9 UO. 0 12.4.1 122.2 -4 q .6 46.7
4 1 17.Q 117. 2 1 12.0 111. .0 12!".O 123.2 -58.~ 4'S.f)

5 0.0 0.(1 0.0 0.0 0.0 0.0 0.0 G.O
6 124. I) 123.8 1.1 5.6 115.0 12B.0 1215.5 -813.7 91 .2
7 12 Ci .4 12':;.3 1 1t • 6 11 0.' 123 • 1 120. 1 -71 .6 78.4

- 14 7 119.7 O. 1803 291 .9 204.9 0.6002 0.3008 0.78070
,j:lo. 0.0 0.07212 8.0 0.00219 0.00163 -0.000300 341 .4

1 117. '5 116.7 110.2 t08.7 122.8 120.4 -37.1 51.5
2 1.19.3 us.S 112.7 1n.5 125.2 122.3 -125.7 113.2
3 11 7 .7 115.9 110.4 1 09.0 123.1 120.5 -48,8 4R.3
4 11;;.1- 113.7 H18.2 105.7 120.9 11"'.3 -26.q 37.3
7 1.17.'1 115.9 109.2 106.5 121 .4 117.8 "'43.7 39.7

14 R 1l9.5 O. 1801 293.3 206.0 0.6035 O.2 Q 89 /).7839
0.0 0.09133 10.0 O.C0291 O.0019n -0.000320 341.3

1. 1.1Cl.7 119.2 112.3 1 11.4 126.1 125.2 -13"?,4 106.5
2 1.2'1.9 121.4- 11.5,5 114.9 127.9 1.25.9 -126,4 1.12.8
3 120.0 119.6 11 3.0 1 12.3 126.3 125.4 "'144.1 1,1;~.6

11 117.2 q.6.4 1,09. I; 107,9 122.3 lt9.R -32,6 42.6
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 121.0 1'2{).4 114.7 114.1 126.9 124,8 -S5.1 57.3
7 11 q. 5 11 B. R 111 .4 110.0 124.0 121.,5 -54.2 55.3



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

RON

}y; Tr

1 4

1

?
3
4
l';

;,
7

- "1
0

F._.

VI

1
?

.3
1.\

5
'j

7

7.1

1.
?
~

.'1-

r;
F..
I

Q

11 q. (,
0.0

12{).R
l1 P .4

0.0
t 2 4.• S
t 24. f)

1'22.6
124.6
1.21.;';
11 p. 3

12C::.3
126.7

t2~.n

17«;.4
1i.2.~

119.5
('I.n

12') .4

127.7

VFLOCTTY "TIl"! PP\l OVEG*R f"!TIP V/OR !AA'T
AIJPHA CL,R IS THE'.rA CP/S CPO/S CXRIS vSOU f'l!)

D-?-C 08A D8AC P":DF pr,mec P',.4H' P~AX

1 19. 7 O. 1 '30.3 292 • 5 20.15. 4 O. 601 2 0 • 3003 O. 781 8
O. i) (I • :10800 12 .0 (1 .004tB fl. 00?69 0 • 000170 341 .6

1 1 0 1 1 12 8 1 12 n 125 ? 1 23. 7 -49. 6 50 3-- • • • • •
() • I) 0 • I} 0 • 0 0 • 0 n 0 0.0 () .0., .

1 2° • 4 1 1 3 • 5 1 1 2 • 9 12F • '2 1 24. 8 -5« .4 48 ·R
1 1.7 • B 1. 1. t .9 11 1 • 0 1 24 • 3 121 • 9 ·3q.f) 4<1 • 4

f) • () 0. 0 n.1) (1 • 0 O. 0 O. 0 O. 0
1 24 • ') 1 16. 3 1. 1 5 • <) 129 • t 1 27 • 4 -1 35 .6 P7 • >:1

1. '2~ ~ 8 1 13 • 2 1. 12 ·3 125 • 4 123. 6 -67 • 8 76. 1

14Q. 7 (', 2259 291 ? 204 5 G. 6001 0 3770 0 3264~-' ~ • • • .-1n '" 0 06698 14.0 (I .00761- () 00283 o. 01 1510 340 7•" • • •

1?1 • 7 1 1 3 5 11 0 ·0 1 27 3 1 23 7 -72. t1 6t; 9• .' • • •
12~ • 9 1 14. A 1 1. t • I:, 1 28 • 3 1 23. 3 -76 • 1 65 • <1:

1?n • h 1 14. 2 1. 1.2 • 1. 127 • Ll 123 • 5 -62 • ? 52 1•
1 1. !'i • ~ ~ 1 1·{} 106 • ~~ 124 .6 1 16. 1 -49. t 45 • (l

I") .0 0 .f) 0 .0 () .0 0 .0 0 .0 Q • (1
1 24 • 7 1 1 '5 • '5 1 1 ? .9 129 • 3 1.25. 4 -78 • ') 92 • \j

:1 26 • -~ 1 15. 9 1. 14 • '3 1 30 • <' 1. 27 • 2 .. 76
• 1 7". • 0

1 4Q • ') n• 2254 292 Q ?,Or::; .7 0 .6f11'.' 0 • 3753 ('I .P.?7?·--10 ('\ f) 075H- 1 5 (\ ('I O()~i;5 n n0312 0 01 3?30 3 d ? n• • • .- . • • •

1. 2? • 3 1. 1 3. 3 1 10 • ~ 1 '26 • 7 1 22. 1 -123 .2 99 • S
1 2 .~ • Jj 1 14. 8 1 1 1. • 7 122 • 5 t 23 • 8 .. 1 23 • :3 1. 1. '2 ·1
1 21 ·() 1 1a. ~ 1 1 '2 .1 127 c:; 1 23 ~, -125.9 9 0 4_. · • • •
1 1 .,

• p 1,t 0 1117 4 1 25 •2 1 1 7 f. -39. 5 50 {)• • · •
11 rJ 0 0 (1 0 n a il n {'l f) 0. f)• • • • • .J •

1 25 11 1. 1 6. 1 1 1 . ('\ 129.7 1 2f '5 -7M 0 '7 3• .......- • • · - •
127 ·,1 1 17. 3 1 16: 1 13 1 • 2 12 Q • 7 -77 ·7 9 ry. ,.,



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

PO" PUT "T \J~~LorItY ~,~ tr u~.J FPF r>;FC*f ""np v I()R '.Af,'"

ALPi,.1\ CLR/;'; n-p;: T !.I CP/S (FinIS rXRIS vscrij"p

~, TI'" 01=1 DP{' T)R1\ DFl'lC Oi;1 D1:< PNnBC p1J; I hi p1vp,y

?1 7 1 49 • 3 (] • 2254 29L .2 205 • 2 0 .'1021 0 • 3749 0 • Q27~
-10 • 0 () • ('8246 t 6 .. t) o. 00964 0 • OO~55 0 • 01 4·440 ]40. 8

1 124. 1 1:n • ;:, 114. 4 1 12 .. 4 1 2~ .. S 12F • 2 -61 .. 9 >:{7 • 3
? t26 • 2 1. 25 • 7 t 1.5 • 1 11 ? • 2 1 29~ (1 12S. 1 ... 95 • 7 8H • g
3 t '3 • 7 1~n. 1 1 14. R 1. 13 • (\ 1 28 • 1. 125. 7 -hR .. P 70 • B
• 1. 1 q .11 1 17. 9 1 12 1 107 0 1 ?,S f. ,19. " -'51 ;:, "1 9... • • • C' ·...•' .~ , .
5 ') • f\ I) • 0 o. () G• 0 0 .. 0 () .. 11 () .0 o. 0
f, 1 27 Q 177 " f-: 1 17 t1 1. 16" () 1 30 .9 1.2 B .. 6 "1 24 .. 7 1 17 • 1.·. ..
'1 1 "'10 .0 12~ .. ~i 1 18 5 1. 17 .6 1 32. 9 1 31 • 5 .. ,1 Q.7 1 26. 5~.. •

.... 19 2:; 151 • 7 o. 2245 29fi .. 3 'lOS • 1 0 " 5'H1R 0 .. 3755 0 • 1<2360
0\ ... "; .0 () .074(12 12 () () .. 00566 (1 00278 0 .0062'20 347 • 5·",.,: •

~ 1. 21 " S 12° • 3 113 • 4 110 .. 4. 1 2t.:: .. 7 1 2? (1 -56 " 3 70 .f'
? 12~ • Q 127 • Q 1 14 .. tt 1 10. r; 126 • 6 J 17 • 4 -99 .6 6 Q •4
3 1. 20 7 1 19. ... t 13. 5 110 .(; 1 26. 4 120 3 -60 n 50. q• :!' • ..
<1 t 1 p .0 1. 1. ~ "I 1 1 l 7 106 .Il. 124- '5 1 14 .7 ... 47 .2 3~ 7".' • L • " •
5 0 (\ t'\ 0 o. 0 0 n o. 0 o. 0 o. 0 0 0• i • • ·f. n • n 0. 0 o. 0 o. 0 C' • c- o • 0 () • I) G.0
7 1 2'5 ') t 2 i!" 7 1 12. 4 107 3 126 5 1 19. $:I -6B .0 s:l7 ~'• • • • ~~

55 1 q 1~f) • 2 o. 2268 292 .6 205.5 0 • 6031 0 .3766 0.8302
.c; • 0 0 • 07171 '-1.0 o. 00738 o. 00,305 0 • 0101 .30 340 • 7

1 1 ....... ,.l 121 5 113. <1 1 10 .6 1 27 2 124.0 -59. 1 86. 34 ~. • • •
2 1 24 • B 124 " 1 1. 15.0 1. 11 .9 128 • 7 123.7 .. 91 .6 66 .4
3 1 2 1 •

., 12n • 6 113. ~ 1. 10 .8 126. :3 121 • 2 .. 64 .9 65. B
4 1 1. g

" 5 1. 1~. :2 1 1. 1. • 3 105. 5 124. 6 114. 7 -45 .. 5 45. 6
5 () •0 I). n (). 0 0 • 0 o. 0 0;0 0 .0 o. 0
6 1. 27 .0 1 26. 5 1. 1. 6 .. (l 11 3. 7 129. 7 126, 4: .. 91 •a 100. s
7 125.~ 115. 3 1 13. 0 109 .0 1 27 .0 121 •2 -7° .5 70.6



Table Cl. continued.. Acoustic Measurements for the Swept Tapered Tip Rotor.

PUlIl POINT VELOCITY MTUN RPM Of$.EC:*R "'~TIP V/OR !'1AT
ALPHA CLR/S THET ,ll CP/S Cl?O/S CXR/S VSOUND

!;lIC DB DBC DBA DBAC PNDB PNOBC PMIN PMAX

55 19 150.5 0.2268 292.4 205.3 0.6015 0.3776 0.8286
-s.o 0.07994 11.° 0.00379 0.00248 O.OOUHO 341.4

1 12.0 .1=; 119.1 113.5 110.8 126.8 123.1- -55.8 57.3
2 121 .4 119.6 114.4 110.9 127.2 121..2 -59.6 59.0
3 119.7 117.9 113.3 110.4 126.0 121.1 -52.8 45.3
4 118 .~ 115.8 111. 6 10f;.3 124.7 117.5 -40.8 54.0
5 1'.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 123.3 122.~ 115 • .3 112.5 129.3 125.3 -59.7 69.6
7 122.7 121.9 112.0 105.5 125.5 117.5 -72.4 60.8

- '1 3 14q.2 0.2254 2ae.A 202.8 0.599; 0.3764 0.82550
-..J 0.0 0.09654 12.0 0.00474 0.00364 0.000450 338.1

1 122.2 121.3 115.7 114.4- 129.9 128.7 -389.4 315.3
2 125.8 125.3 117.5 116.1 131.2 130.0 -390.9 353.9
3 12'.1 121.1 U6.5 115.5 130.2 129.1 -399.6 317.7
4- 122.4 1.21.5 113.6 1 U.1 1'27.5 125.1 -BR.i 70.0
5 (1.0 0.0 0.0 0.0 0.0 0.0 /J.O 0.0
6 12R.1 127.8 119.9 117.9 • 132.9 131.9 -105.\ 124.1
7 '126.9 126.5 115.3 113.4 129.4 127.~ -80.3 10';.1

21 is 160.4 0.2403 295.7 207.6 0.6047 O.397Q 0.8453
-10.0 O.0766R 16.0 0.00955 0.00373 0.013240 343.4

3- 125.1 125.1 115.6 113.4 129.6 127.1 -~1.0 £18.6
2 127.8 127.3 116.4 '13.3 130.1 126.4 -111.6 94.1
3 !24.0 1'23.1 115.3 112.7 '2e.6 ~25.1 -70.4 65.1-
4 121 • '2 119.4 113.1 107.7 126.6 119.3 -513.0 7'3.6
5 n.o 0.0 0.0 0.0 0.0 0.0 (\.0 0.0
6 129.13 12 Q .1: 117.9 115.9 132.6 130.6 -114.2 1.1 1.?
7 128.1 127.9 117. 1 115.3 131. 1 127.9 -91.1 90.9



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

0.6007 O,4.00B
0.00284 0.005330

-o00

p t! ~1

1
'2
3
4
c;
6
7

17

1
'}

3
,:1,

5
f,

7

17

1
?
3
4
5
6
7

13

12.1 .. 0
·t2F- .. 6
j'23 .. ?
12().2

0.0
128.°
127 .. 8

1 3

123.0
124.0
12'2.'1
120.")

0.0
125.6
1.25 .. 9

14

124.~

125.n
12 4 .1
121 • n

0.0
127.2
127.1

VF[If"'CITY
ALP}j~

DRe

1F.L 9
.. 7.5

123.1
125.9
12'.1
117.8

0.0
1~8.3

127 .. 3

161 .. 2
-5 .. 0

121 .. °
122.8
121.7
117. 2

0.0
124.7
125.2

1Fl.5
-5.0

1'-4.1
124.7
123. :2
119.H

0.0
12Fi.5
1/F.6

¥TUN
CLlUS

DE-A

(\.240R
O.C'71 t 3

114.7
115.5
114.6
U 3.0

0.0
117.7
115.0

0.2404
0 .. 07\9'.2

115. '2
l1c;,.~

115 .. 5
113.5

0.11
U 7.4
115.R

0.240B
0.07805

us. e
116.0
116. t
114.9

0.0
118.1
115.0

Rpl>,

THET~,

DB~C

295.9
14.1"

111.4
110." ..
111.1
107.1

0.0
115.4
111. ~

295.1
12.0

112.4
111.1
112.9
!O~.9

0.0
115 .. 0
113.0

794.7
13.0

113.4
112.'
114.0
111.:9

0.0
116.1
111.2

OMRG*9
CP/S

207.8
().00738

12~.1

129.0
128.1
126.5

0.0
13'2.4
129.3

207.2
0.00546

129.0
128.f'
129.0
127.2

0.0
132.1
130.2

206.9
0.00614

129.3
129.7
129,5
128.0

0.0
132.9
129.2

MTIP
CPC/S

PNOBC

0.600r;
0.1)0319

1.24.:3
122.8
Un.3
11~.1

1).0
129.4
124.1

126.3
120.8
125.7
121.0

1).0
129,1
126,1

0.5999
0.00309

126.6
124.13
121.0
12L.R

0.0
130.3
124.4

V/OP
eXR/$

0.4014
O.009?60

-54.0
-100.9

-6 Q .1
-49.0

°.0
-123.1

-89.3

-71.7
-89.8
·79.0
-61.5

0 .. 0
-104,1

-75.3

0.4020
O.006t70

-63.9
-95.1
-70.9
-65.6

0.0
-95.2

-111.3

""'AT
VSOPND

O.~417

346.(\

89.9
84.9
67.6
50.0

C.O
11°.9

79 .. 7

0.8 4 15
345,0

94.S
7Fi.!
67.3
54.0

1"1.0
92.9
7S.P,

0.8411
,344.9

102.7
79.2
B9.R
67.3
0.0

115.5
106.7



Table CL continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

RUN pon~1' VFiLOCJTY ?>1TLHJ RP~~ Ol"'Er::*F M"rIP V/OR 1'IAT
AtPHA CLR/S THE'1'1l cn/s CPG/S CXR/S VSOTJND

1< rc DK D~(, !)8A D~A(' Pf.,IDP PI'! nec PM!N PtUI.X

1 7 15 t6t .6 O. 2407 294.3 20E .7 o. 59B6 0.4027 0.8396
-s.n O.(J8487 14.(' 0.00722 O. 00'362 O.OO72E'O .345. 3

:I 125.4 12~ .8 1 16. 1 ,14.0 129,7 126,Q -H1 .7 97, 2
? 1'-6.7 12 F,. 1 1 15. P 1t 1 .15 129. 5 124. 1 -8H .4 93. 3
:3 125.2 12.1 • S 116. '?, 1. 1d.' 1 ?Q 5 126. 7 -64. 1 €5. 5- -.
.1 1 21 • 2 1. 19 • 2 1 14.2 1 10.4 127,7 12'2.4 -56.0 52.2
5 t:?p.5 1 :?p. • 1 1 1 7. S 116.4 131 • 8 130. 1 "'99.5 127 • 3
6 1 ,,~ .7 1 28. 2 l 19. 0 1 17 .41 1 33. 5 131 5 -1 0 0 .8 115.7_,t, . •
7 129.7 129 f.' 1 1 3 .4 10€- .1 126 a 116 .8 -121";.1 122 h• .1 ·..... ·..

..... 1 '7 16 1 61 .9 O. 241 0 794 .'7 20F, • 9 0.5988 0.4031 0.8402
0 - '5.,0 O. 09231 15.0 0.00 Q 40 O.Ov440 1).007960 3415 6\0 •

1. 1 '27.F. 127 • 3 1 1 7. ~~ 1 15. Q 1 31 • ? 1.29. 5 -102.6 1 1 q • 1.
'2 '29.S 129. 1 1 18. '2 1. 1. 6. 3 1 32. 2 12°. 6 -132.9 99. 3
3 12 '7. ,t 127 • 0 1 16.~ 1 14 .fl 130 • 1 17,Q. f) -'01 .8 °2.9
4 1 i3. ,. 1.21 • q 1 14.6 1 1- 1 • 2 1?e. .3 124 • 3 -Q2.F 85 • 7
5 13°.9 130. 6 1 19.6 1 18 .7 .1. .3.~ • 5 132. .1 -1.24.(1 165 • :.:

" 1 31 • " 1. 3 1 • 2 1 1 I) ? 1 17.6 t 33. 6 1 32. 1. -14r.;. 7 t ,9. ':1.
7 13' .5 1.31 ·3 1 13.f' 107 .4 1 2f. • 7 1. 17.R -lS G.3 143 • .3

1 7 ~ iE-Cl.f' n ?408 293.7 2()F,.2 0.601? 0.401 1. 0.8424"." .
n.1) n. ns;OSI; 10.!) (; .00294 (). no?"q -O.0008PO 341 • (1

1. 1.1? • 2 1?f).(~ 11 5. 5 1 1. :3 .2 129. r: 12.s. ') -7 1• 7 7P • 4
? 122.A 12 f1 • '7 1. 15. 9 1 ,. :;;' • 1 12B • 8 122.9 -91 .2 7.3 • .3
J 1. ? 1 • '1 120. .~ 1 15. S 1 13.? 128 .6 125. 2 -Ed .0 ~Q '2.. -.- .
,~ 1 ? i'\ • 1 1. 1~ • t; 1 14.4 1 1. 1. .2 1 27 • 7 123.3 -74. q 59 • (1
~ 1. 203 '1 1. ?:? of 1 1 S. ..~ 1 1?7 129.0 124. 2 -84.~ R4. 8•
f, 1 2.t1 · ). 1. 23. 2 1 1 j:j • 8 1. 14.4 UO. 0 126.9 .. 6~ • 3 !?I) • .3
7 1 21 j 12?. ·'-1 1 14. 7 1. if} :8 1713 .<1 124. 1 -A<).6 73 ')• \j • {..



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

PUr', POT's'!,' vn,flC 1'1' '( :vTt:',: PP'1 (Jr"FG*F,: Wl'1P V/CP "i'g 'J'
1\ r P'"!:~ q rus T HF"(lI (PIS CFU/S CXPIF VSC!)hC

;,':' 'T(" !.~ r; f.;8C 1')!Ji~ J)P ,AC P~··-~D~- Pr'nee P"I"·' p'1l-\X

1 q q iF 1 • (i 0 • 74(1) 29 11 • 3 '206. 7 o. 6no? 0 .4;) 12 0 • P4 to
() r, n 09'74:J 1 3 0 o. 00561 0. O(l428 o. O()l 1211 344 .~

• . • •

1 1. ?,l • 5 1 :n • 'I :l 1 f- • 1 1 1 4 • 1 1 2° • 6 j 27 • f) '"'1 13 • ? 1 16. <'
? j',ili • ~ r?7 • n '- 1 7 .6 '- 1 r; • 3 131 • 3 123 • 7 .... 1 39 • 3 1 19.0
3 1 2 <1. 1 123 • ~ 1 15. ;j 113 • Ft :I 29 • t..; :I 27 • 3 -1 35. :3 10Q • 2
~ 1 ?? 4 :I 21 1 1 14. 9 112. f) 1 2 Q " 1 23 9 6 r , ~5 24 7· • • ....' • ...o>C. • •
s:: () n o. n f) • ~ n 0 () (, l) (1 0 .n n 0• • • J • •
IZ. :I 30 ·" :I 30. '2 1 19 • I) 1 lP: ? 1 34 • 2 13 '3. 1 -1 41 • f) 1 20 .9
'7 (\ 0 () n I) .0 r. e (1 .0 ;) .D (' .0 () (I• • '¥' ·'-' •

- ~5 i. 3 1'01 ~l ,).162J 315 7 221 7 [) "515 0 249~ o. 8j,41- • • • • •
0 .. s () (1 0775'5 1 ("; (J n 00422 (l. tI 01 7 "7 () 0062 1.0 340 3• • • • • •

1 1 J ,1 :I :I :I 3. j 107 ~ t 05. 8 1 1°. ('. t 17 4 "2~
~. 28 0• · .:? • • ,) •

? t 13 :1 1 11 (' 107 7 10S. 4 1 2i'1 1 1 1 't. 7 -23 .6 29 2• • I • • •
3 1 1 3 1 1 1 1. 7 1(6. 9 1- 05 I) t 1 p 9 1. 1 lj 6 ·2'~ q 23 5• .'. • • • • • •
4 1 1 1 • 1 lOP ·7 1. 0" • 4 102. 11- ,. t ? • 1 "- 1 ~ • 4 -1 9 • 2 24 • I)
I;, 1 '2'7 • S 11? • 4 1 15. 4- 1. 1 5 • ? 128 • '2 127 • q -71) • a BLl,. '2
F 1 1 c:; • 7 1 1 !~ • 6 :I f' B. ;~ 1 06 • q 121 • 3 1. 1 ~ • 0 -35 • 2 26. q

7 1- 1 ? ·7 1 10 • 7 H'S • 4 100 • c; 1. 18 • 1 10Q .4 "23 • 1 20 4-.'-
;;5 ., 4 107 6 (') 1627 31 6 S 222 2 O. 6532 O. 2494 o. 81 6.1L • • • •

er5. 0 r\ OS7 19 t 2. n () 005Sh O. 00220 o. Or17780 340. '2:;.! • •

1 1 1 4 .0 1 1 4. n 1 08 • 9 1 (17 • 7 121 • fJ 120 • 5 -t 31 • 4 106. 6.., 1. 15 • IS 1 1 4 • 5 1 ('.9. 1 107 • 4: 121 • <} 1 111. 5 -1.2; .4 1 13 • 5"
3 11Cj • 1 1 1 A • 3 1 08 • ~ 107 f.. L21 • 5 1?O. 3 .-1 31 • '* 105. 0..,.

4 1- 12 • 5 1 1 1 • 0 1 Of:.. S 104 .2 1 1 R• 9 115. 6 ... 32 .6 19. 1
5 1,25 {' 1 24 q 1. 15. 9 1 15 7 129. 2 128 .9 -8;:; 7 7? 0·,~ • • •
F. 1 .1 q • 4 1 17 • P 109. 6 108 • () 122 • 6 120 • ? ..35 .q 34. 0
7 1 17 • 4 1 16 • 7 106. 5 10.3 .? 119.9 116. -4 -31 .5 34 .4



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

pOJ;"'l' VFT... OC.P·y
ALPHA

1"T00}

CLP/S
RPr!

'l'HE''rP>

DEAC

Q!'''S(:i~ H
CP/S

wnp
CPO/S

iJ/f1R
CXP/S

MAT
VSOPND

16 107 .. 7
n.t)

0.1626
0.07763

315.9
8.0

221.8
0.00219

0.6513 0.2500
0.00152 -n.OQoqoo

0.8141
340.6

0.6509 O.2S01
0.00184 -0.001030

---

1
2
3
,(1

5
€
7

1
2
3
4
S
6
7

,
2
3
A

5
6
7

11 Q. 4
120.5
11 R.1
1-1 c:. i

O,(l
122.3
11F.'5

17

12'.6
1.23.9
1.20.n
120.4

0.(')

125.3
121 .1

36

127.4
127.8
125.1
124.7

0.0
0.0

1.26.0

11 9. 2
120.1
1 1. q • !)

U Ii. 0
0.0

122.0
11 5.6

12?4
1?3.'~

119.8
170.2

0.0
1.'5.2
120.9

165.1
-10.0

126.9
.127.2
'124.3
123.~

0.0
0.0

125.2

111.9
113.3
111.4
109.5

0.0
114.5
H19.7

0.162'5
0.09853

115.2
116.7
114.0
114.0

0.0
11.7.9
113.4

0.2444
0.08127

I1S.3
115.9
115.9
115. ?

0.0
0.0

116.2

111.3
112.7
110.8
108.6

C.f)
114.1
108.4

315.7
lo.n

114.°
116.5
113.7
113.6

0.0
117.7
112. Q

322.?
15.5

112.1
110.9
11-3.3
112.0

0.0
0.0

113.4

124.7
126.0
124.7
121. 0

p.o
127.<5
122.1

221.7
0.00303

127.9
129.6
12r,.6
127.0

0.0
1.31.4
1?-6.3

22':;.3
0.00919

129.q
t2Q.9
130.2
129.1

o.n
0.0

130.7

124.1
125.1
124.1
120.8

0.0
126.7
UQ.7

127.~

129.2
'-26.2
126.6

n.n
131.1
125.4

0.651.1
0.00365

127.2
123.6
127.7
125.2

0.0
0.0

127.9

-131.4
-127.0
-131.1

.. 32.6
0.0

-76.5
-35.2

-86.7
- 11?. 2

-64.3
... 51.3

0.0
-117.0
-53.6

0.3759
0.012980

-176.9
-t48.2
-126.4
-79.6

n.o
0.0

-90.9

10':;.6
115.?
103.2

39.4
1'). o·

74.1.
41.5

n.8137
340.6

69.6
7B.?
44.1
67.7

(1.0
78.5
56.9

O.895fi
347.5

90.5
~6.0

103.3
78.0

f).0
0.0

80.5



Table Cl. continued. Aeoustic Measurements for the Swept Tapered Tip~Rotor.

RUf';! POINT VFLOC'ITY MTUN RP~" CWEG*R MTIP V/OR MAT
AT-,PH~ CLRIS THET ,!\. CP/S CPO/S CXRIS vSOlwn

MIC DB DBC DBA DRAC Pl\1DP- PNDBC P¥'IN PMAX

55 26 162.7 0.2449 317.9 '23.2 0.61)33 0.3754 0.8985
-5.0 0.07344 10.0 0.00350 0.00258 0.001010 341.7

1. t25.Q 125.3 117.1 115.5 130.9 128.6 -100.1 124.0
2 123.8 122.3 117.1 114.4 130.3 125.8 -83.7 lC'5.2
3 123.5 122.5 116. (; 114.7 130.0 127.1 -Sl.3 67.6
4 t2?a 121.5 115. B 113.4 129.1 125.7 "79.7 B3.9
5 13'2,4 132.2 123.5 123.1 1. 37 •.3 136.9 -261.0 234.1
6 126.2 125.3 118.5 11-6.5 132.9 130.9 ..96.9 115.4
7 12?8 121.1 114.4 109.5 127.9 121.7 -7'].9 Fl8.4

- ~5 2"~ 162.t 0.2449 316.3 222.1 0.6524 0.3759 O.8Q76-N -5.0 0.07459 12.0 0.00577 0.00305 0.005780 340.5

1 1'26.2 125.7 115".8 113.5 130.0 127.7 -132.4 114.5
2 124.0 122.6 115.2 109.6 129.0 121.8 ..97.2 78.0
3 1~n.5 122.5 11.5.4 112.7 12R.8 125.9 -114.4 80.9
4 124.2 1.23.2 114.7 111..3 128.4 124.6 -91.7 7 1). ('J

5 13'3.7 133.~ 123.2 122.8 137.2 136.8 -249.2 ?27.5
f "27.4 1215.8 117.5 114.9 132.3 130.0 -109.5 102.()
7 124.5 123.4 113.9 tOR.3 127.8 122.1 ""11'2.9 7"'.3

5S 25 161.9 0.2440 317.3 222.8 0.6526 0.3744 (\.8970
-s.o 0.08152 13.0 (l.00660 0.00339 0.006800 341.4

1 1:n .1 126.6 116. 1 113.9 130.2 128.2 -123.2 124.6
2 126.8 126.1 115.6 110.7 129.8 125.1 -1!O.5 88.4
3 123.4 122.3 11 S.1 1.12.2 129.7 125.0 -88.5 89. 0

4 125.4 124.8 114.5 1.10.9 128.7 1'25.5 -84..8 80.0
5 1.35.0 134.9 123.5 123.2 137.P 137.5 -261.5 208.8
6 12B.O 127.5 117.7 U5.3 132.2 129.fl -111.2 140.7
7 t2~.7 124.9 114.3 109.7 12~.4 i23.1 -BR.t B3.6



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

RUN POUT VELGCITY MTIJN RPM O~'1EG*R tATIP VIOl( ii,AT
ALPHA CLR/S THETA CP/S CPO/S CXRIS VSOTJND

rU(' D8 1)8(' 0&1\ DBAC P~;Jf) R PI',! DEC PMHJ P~!.I\X

21 29 16 4 .5 o. 2445 320.f: 225. 1. ('>.6503 o. 3765 0.8951-
"5. 0 o. 0934?' 14.5 0.00844 0.00466 0.007740 :346 .2

1 12Q.O 127.6 1. 17. 3 1- .~ 5.6 131 .8 130. 4 -124.8 99,5
2 12(l.O 128.6 • 17.7 1 lS. i 131 4 128 .. 8 -1 31 .5 1 12. q,l •
3 125.6 124.9 1. 1 6. 6 114 •5 130.6 12P .6 -12F,.6 101 .0
4 12~ • 1 ~ 27 • 7 116.9 11"5.0 131 • /~ 129.9 -125.8 104. ~.

5 f) .0 0.0 0.0 0.0 0.0 o. 0 0.0 n .n
6 0 .0 0 .0 0 .0 0 .0 () .0 0 .0 0 .0 () .0
7 129.0 128 .E- II ~. 1 116 l:: 132.6 131 2 -91 1 '10.41 .''''; • •

- 21 21 164 1 0.2442 31q.6 22'~ • 4 0.6494 o. 376f. 0.8940- •w o. 11 Q. oa35~ R.0 o. 00332 o. 00293 ...0.000810 3 11 5. (;

1. 1 2 F, • .~ 125. '8 1 1 6.3 1 1 ,1.. 1 130.6 1/~ • 8 ..,23. 2 1 10.4
? 1.2'5.6 124.6 1. 17 .0 1 1~.q 130. 5 125, 5 -12,1, 3 1 16 • 1
3 '-:'3.1 1 22.6 1 16. S '- 14 .4 1"30 .6 128.2 -127.0 too. 0
4 124. 7 1 23. 9 1 15. 7 1 1.3. () 129. 7 t'27. t -B8. Q °5 • 'J
5 0.0 () • n 0.0 0.0 (1 ,0 0.0 0 .0 f) ,()

6 127 .1 127 • 1 1 lEI • 7 1 1F.<i 1 33. ~ 131 • 8 .. 12l? .n 9f,. 7
7 125. B 124.9 1 11S.0 1 13.0- 1 30 .2 127.'5 -B? 1 90 .0

21 23 1.64. 2 o. 2444 31°.8 224.6 O.f499 O.376f. Q.R94F
o. 0 I). 09473 11 .~ 0.00459 0,00370 0.000010 .345.6

1 1.27. 1 1?{;'.5 1 1F • 8 1 1 4.P. 1 31 • :2 129, B -12~.4 107 • 6
'2 126.9 126. 1 117.2 1 1.4 • ? 130. 9 127. 4 -132. 1 121 .7
'3 12-1.,5 123. 6 116. ;.l 1. 14.9 1. 30. 8 12R. 7 .. t25.$; too.o
4- 126.9 1'26. 4 1 16.6 1. 14.F- t 30.7 1.28. 8 -12,1.. 3 88.~

5 0.0 () • '} 0.0 0,0 0.{') " 11 1'1 0 0.0'w •
€: 1 r, p 7 128. 2 119.5 1 17.9 1 34· • 3 13l, " "'1 1B .9 1 31S. t. ~ .
7 l;n .5 125.9 1. 15. 9 1 12.7 1]0. 3 127. 7 "'90. ') 9 J) • 9



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

H '-''': pOP:'!" VE~LCCLry ~(TV !\1 P P}·; IJ~' E'G *P r,: TIP "/OR kAT
Al,PiH CL~/S TH~Tll CP/S CPC/S CXR/S V,cq, !! f"'D

~; r (' i)H OAC D8J1 DBM' Pl'\:D(~ Pfd)BC p ~j I'~ F""ll.X

5'5 35 170. ~ O.25f'.' 333 .3 231.0 O. 61341 (;.3752 n. 9408
-7 ~ 0 .Q6!16J. 13.0 n .00709 (1.00405 O.C'06870 342 1• . •

1 133. B 1 33",-7 124. ;> 123 .Q 137.9 137.6 -41 4.'5 3~7. 3
2 1 31 .q 1 31 • 6 119. R ,17 .9 1:34. 1 132. R -398. 6 362.4-
3 1 33 3 1 33. '2 125. 7 1.25.4- 139. " 1 38.9 -414.5 ~71 .?• ?

4 ('1.0 f). I) 0 (\ 0 .0 0 .0 0.0 0 .0 n .0• .,<

5 0.0 O. 0 0.0 o.r. 0.0 ('I. f) 1'\.0 n. ~
(; 131 .4 1 31 • 1 170."1 11 ~ • R 135.0 133 • B -pn. r) 210. 1
7 f).n o. 0 0.0 0.0 0.0 (l 0 0.0 1'1.0'.' .

- 5'5 3 1 170. 7 O. 2560 332.5 233.5 o. h Q 05 0 .3767 O. 9369-~ -5. 0 O. 0731 1 12.0 1).00595 o. 00361 0.004"20 343. 1

1 133. .~ 1 33 .2 12'1.0 t71 4 13~.6 136. 1 -194 .7 272 .7•
2 1.31 .6 1 31 • 3 t 19. 1 1- 16. ~ ,33 .2 L31 .6 -183 • 4 154.4
3 1 3':). 1 1 3'>.. 2 122.9 1 22 • LI 1 315. 7 13E • 2 -1 72.7 3V,. ~

4 0.11 0.0 0.0 O. () °.0 o. f) 0.0 0.0
r; ().t) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1 30. ,~'l 130.0 120. 1 11 q ~ 134.7 LD.2 -1 69.8 200 .2.~

7 131'). 1 129. 9 1.22. "3 1 21 ·~. 135.0 1.34.0 -214.2 UD. .3

5~ 40 171 • 1 0.2560 33~.3 236.2 0.6870 O. 3732 0.9434
-2. 5 ').07759 1 t .0 o. 00470 C. 00349 0.001640 .143.7

1 1.33 .0 1 32. 8 122.5 121 • q 1 36.6 136. t -?2S. 2 31 P.R
2 131 .2 130.9 111 • 3 120. 1 13L 1 1 32.4 -un .3 1.71 .5
3 1. 37..2 1 32.0 1.23 • 3 127.9 137 • 1 136.5 -21 1. .6 31 3.9
4 1).0 0.0 0.0 0.0 o. 0 D.n 0.0 0.0
'5 0.0 0.0 0.0 0.0 o. 0 0.0 0.0 0.0
6 1. V'.7 1.30. 3 122. 1 121 .2 1 35.8 134. ? -1.40.6 20#).6
7 131 .4 131 .2 123. 2 122.6 136.2 l.3C;. 3 -243.7 205.4



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

RUN POINT VELOCITY /-ITUN PPM OMEC*R M'rIP V/OR MAT
ALPH4 CLP/S THETA CP/S CPO/S CXR/S VSOUND

-
~IC D13 DBC D8A D~AC PNI)B PND8C P~IN PMAX

55 41 171.2 0.2560 334.9 235.2 0.6835 0.3751 0.9399
-2,5 0.08180 11.5 0.00514 0.00369 0.002090 344.1

1 132.9 132.6 121.8 121 .1 135.9 135.2 .. 199.1 27°.5
2 130.9 130.5 120.3 118.7 133.6 131.2 -156.7 194.6
3 13'2.5 132.3 122.9 122.4 136.9 136.4 "160.3 304.1
4 0.1) 0.0 0.0 0.0 0.0 0.0 0,0 0.1'\
5 ~.O 0.0 0.0 0.0 0.0 0.1) 0.0 0.0
6 129.8 129.3 120.9 119.5 135.0 133.3 ... 139.4 206.8
7 130. , 129.9 122.6 122.0 135.5 134.4 "'219.3 171.8

- 55 4 115.2 0.1747 338.7· 237.a 0.7009 0.2496 0.8757-VI -5.0 0.07701. 10.0 0.00434 0,00192 l).OO6120 339.4

1. 123.3 123,2 110,7 109.7 124.6 123.9 -65.6 F2.5
2 117,2 11,6.0 109.6 107.3 122,6 118,8 -44,1 36.4
3 12'.() 121.13 110.3 109.2 124.0 122.9 -57.9 5'6.6
4 119.0 11 s. 5 108.8 107.j_ 12'.5 120.9 -44.3 37.5
5 0.0 /'l.0 0.0 0.0 0.0 0:0 0.0 0.0
6 1l!~.2 117.3 11 0, B 109.2 123.5 120.2 -47.2 48.<'
1 117.5 115.6 10~.1 104.9 121.9 118.9 -34.0 45,7

55 5 '-15.3 0.1746 33Q.1 238.1 0.7009 0.2494 0.8757
-s.o 0.09858 12.0 0.00610 0.00272 0.007700 339.7

1 125 .. 4 125.3 113.3 112.8 127.3 126,9 -130.6 10~,1

'2 120.1 H9.7 111.4 11(\.0 124.9 123.2 -127.0 115 .. 2
3 124.2 124.1 11'-.9 H'-.3 126.3 125.7 "'130.7 103.2
4 ~:(1.1 120.8 110.7 109 .. 6 124.0 122.8 .. 51.1.4 49.7
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
t; 121.6 121.2 112.4 111.4 125.0 123.0 -~1.5 7'2,0
7 12!:l.4 120.0 109.0 106.7 123.0 121.!" ...4~.O 54.2



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

R !J~' POP;T VF:LCClTY "'TUN RPM 01l'EG*R ff't'! P V/OR MAT
ALPHA CtRIS THf::'!' r- ePls cpn/s CXR/S VSOUND

/tIC 1)13 T',Q(" DBA D~AC P"lDB p~nBC p,,~ I~·l P ~·q:~xte.:...'· ..","

~5 115.7 0.1749 339.8 23 Q .6 0.7014 0.24:97 0.8766
0.0 C.07947 9,,0 0.00237 0.00167 -0.000960 340.2

1 t:n. ·1 123.2 115.6 115.'- 128.2 127.4 -68.9 101.5, 1? '3.1 122.B 116.4 116.0 129.1 127.8 -76.5 7l.3
3 123.7 123.6 115.0 114.6 12 P .7 128.2 -64..9 9~.()
~, t '2 1 .9 121.7 114.2 U3.7 126.9 125.9 -61.3 74.9
5 0.0 0.0 0.0 0.0 f) (\ 0.0 0.0 0.0,~ • v

6 124.5 124.3 117.7 117.4, 130.4- 129.4 -1.09.1 91.• 8
7 121.8 121.4 113.6 112.9 127.2 126.5 -53.6 ~p.8

- 55 11 5.6 0.1749 339.P 23S:;.6 0,,7008 0.2499 0.11759-0\ 1).0 0.10004 10.0 0.00345 0.0021R -0.000900 .340.5

1 126.9 12E-.8 120.0 119.9 133.2 13.3.1 -41'2.9 334,,8
'2 124.6 124.4 117,,5 11.7.2 1.30" 9 130.5 -.399.4 361.6
3 126.0 t25.9 118.5 I1B.3 132.0 131.8 -412.9 329.7
4 124.2 124.1 116.9 116.6 129.9 129.4 -79.3 107.0
5 134.7 134.6 126.8 t26.7 139.4 139.3 -367.9 ·231.8
6 1'27.1 127.0 119.7 119.5 132.8 132.2 -156.0 10~.R

7 124.5 124.3 116.9 1.16.5 129.6 129.2 -72.9 70.4

56 4 175.4 0.2640 341.4 239.7 0.7015 0.3768 O.965?
-5.1) 0.07067 12.0 0.00629 0.00481 0.002600 341.8

1 135.6 135.5 129.6 129.5 14'2.8 142.7 -LH2.0 1060.0
2 130.1 129.7 121.9 120.7 136.4 135.4 -1265.0 1137.5
3 137.1 137.1 130.3 130.2 143.q 143.9 -1295.5 1030.4
4 137.7 137.6 130.9 130.8 143.9 143.7 -496.7 655.8
5 135.9 135.8 128.2 12~.O 141.4 141.2 -345.9 442.6
6 130.8 130.4 121.7 120.4 135.6 1:33.8 -177.5 153.4
7 134.9 134.8 129.3 t2e.l 141.2 141.0 -461.6 354.7



Table Cl. continued. Acoustic Measurements for the Swept Tapered Tip Rotor.

Pl1!'! ?OIWr. VELOCITY V,TU~J RPM IJMErap NlTIP V/OR MAT
AT.PHA CLRIS 'IHF;'LA CP/S CPO IS CXRIS VSQl1NO

~:rc DB DRC D8A DP,1lC PND8 pNDac P'HN PMAX

56 5 175.1 0.2633 343.6 241.3 0.7053 0.3738 0.9690
-s.o 0.07826 13.0 0.00713 O.f)OS20 0.003510 342.1

1 13 f).3 j~{5.3 129.7 128.6 141. 5 141.3 -399.7 50.3."
2 lH.3 131.0 120.6 118.9 134.8 132.8 -200.1 204.2
3 136.6 136.5 130.2 130.1 143.4 143.3 -449.2 527.7
4 137.6 137.6 130.9 130.8 143.9 143.7 -~49.5 578.4
5 1,35.3 135.1 127.8 127.6 140.8 1 {*O. 5 -406.9 425.~

5 130.7 130.3 121.9 1-20.7 136.1 134.7 -242.3 183.4
7 135.5 135 .. 4 128.6 12B.4 141.6 141.4 -532.4 307.9

- 56 6 175.6 0.2636 344.0 241.6 0.7049 0.3745 0.9689--....l -15.0 0.08309 13.5 0.00756 0.00547 0.003720 342.7

1 137.7 137.6 129.5 129.4 142.7 142.5 -3~.1.0 0532.7
2 132.4 132.1 121.4 120.0 136.0 134.4 -200.~ 196.7
3 136. e 136.7 1.30.~ 130.4 143.5 143.3 -539.1 57C;.-3
4 1.37.9 137.9 131.2 131.2 143.9 1.43.8 -S67.A 630.?
!:i 135.5 13'i.3 128.5 12A.4 141.2 141.0 -364.4 447.4
6 130.7 130.3 122.1 121.0 135.9 LH.? -201.6 185.9
7 04.7 134.5 128.1. 127.9 14.1.0 140.8 -49£;.6 344.1

56 10 175.5 0.2632 345.2 24?1\ 0.7027 0.3751 O.9~63

-2.5 0.08372 12.0 0.00573 0.00481 0.000610 345.0

1 137.1 137.0 128.0 127.8 141.6 141. 2 -452.5 509 .. Q
2 131 .6 131.3 122.3 121.1. 135.3 133.3 -222.9 1f~5.9

3 135.3 135.7 129.1 129.0 142.1 141. 8 -,?89.2 475.6
4 1'1 .. 0 o•() (\.0 0.0 ".0 0.1) 0 .. 0 O.f)
5 134.4 134.3 126.5 126.? lV:~ .. 7 139.3 -305.4 411 .. 4
6 1. 31 .4 L31.1 123.4 122 •.5 13t;.8 13S .. 3 -209.3 172.0
7 134.8 134.7 127.R 127.6 140.S:< 140.5 -457 • .3 275.')



Table C2. Acoustic Measurements for the Swept Tip Rotor.

k u~' PQPH VFT"OCITY v 1'1 i /.} RP~{ C~'F.(ap I/'TIP VieR ["AT
~LPHA CLR/S THF'1'll, CP/S CPO/,'} CXR/S VSOUNG

f.'TC 08 !)PC Dn~ DijAC P~'l)B 9f"DBr: P~!.l tH rli)\X

4P 4 ~ 1 .2 o. 120~ /95.0 207.2 0.5973 0.20'1.'1 O.71BO
-5.('1 0.06421 ~.() 0.00225 0.00060 O.OO43f;O 346.8

1 j 14.0 _11 3.8 l()O.~ 913.6 112.2 107.7 -20.4 19.9
'2 1,14.0 U3.6 106.() 10'5.3 117. 1 114.5 -26.0 2q.4
:3 1 1.1.8 113.5 101 .4 99.q 11 3.0 109.~ -1~.:'1. 17.8
4 11°.1 10Q.5 102.0 100.7 113. 0. 111. '2 -12.8 lB.7
'5 0.0 0.0 0.0 0.0 0.0 O.G /i.0 0.0
6 119.2 1.18.0 106.1 105.5 117.2 1.14.7 -3 Q .8 3.3.7
7 '13.0 '-12.6 102.'5 101.1 113.5 108.1 -19.3 19 • .3

- 5 80.7 o. 1198 ?96.0 207.9 0.5994 0.2001- 4B 0.7t9300
-5.0 0.08648 10.0 0.00432 0.00175 0.005900 346.8

1 1.09.9 109.3 101 •" 100.1 113.3 11 o. '2 -14.5 15.9
2 115.9 115 • ., 10A.B 108.5 119.5 117. 7 -33.8 3?q
.3 11 o. 2 109.fi 102.6 lOl .c; 114..5 112.4 -15.2 IF.8
4, 1.09.8 109.1 1<)1 .B 100.4 114.4 112.4 "'13.9 15.0c:; O.Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0.'
6 j U~ .0 117.q l!)~.J 107.9 119.1. 117.3 -46.2 39.4
7 114.5 114.2 100.4 97.9 112.3 107.2 -21 .0 21 .3

48 6 8<).7 o. 1198 29'3.4 207.4 0.5982 0.2005 0.7181
-5.0 o. IMl4S 12.0 0.00598 0.00229 0.007470 346.8

t 107.5 106.4 103.5 102.6 114.9 112.~ ·13.~ 14.0
2 117.7 117.'5 107. ~ 107.4 119.2 117.7 -33.6 29.1
3 108.'3 107.9 103.3 102.3 115.0 113.4 -16.5 12.9
4 111.5 111.1 105.2 104.6 117.0 115.7 -24.7 19.7
5 0.0 1).0 0.0 0.0 0.0 0.0 0.0 0.0
6 119.0 11~.9 108.6 108.3 119.7 118.3 -33.9 48.':1
7 119.0 11 q. 9 10?1 101'1.3 113.9 110.2 -35.5 29.9



Tabie C2. continued. Acoustic Measurements for the Swept Tip Rotor.

RUN POINT VELOCITY MTUN RPM OMEG*R MTIP V/OR MAT
ALPHA Cl.. RIS THETA CP/S CPO/S CXRIS VSQIJNn

MIe DB DBC DBA D8AC PNOB PNOBC pr-lI N PMAX

413 7 eO.6 0.1196 296.4 20Q.1 0.6002 0.1995 0.7199
-5.0 0.11791 13.0 0.00694 0.00271 0.008140 346.P'

1 109.8 109.1 103.4 102.5 115.4 113.9 -15.3 2.2.6
? 118.4 118.3 110.6 11 0.4 121.7 120.8 -4B.4 41..1
3 tit.3 110.8 104.6 103.9 116.5 115.3 -19.1 22.9
4 111.7 111.2 104.3 101.5 117.0 115.9 -21.2 22.4
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 119.1 11 8.9 109.3 109.0 120.8 119.7 -39.2 54.0
7 121.4 121.4 103.6 102.4 115.1 112.4 -41.5 40.4-

- 4B 10 80.6 0.1196 295.2 207.3 0.5977 0.2004 0.7175-\0 -2.5 0.07249 B.O /).00282 0.00145 0.001930 346.8

1 114.7 114.5 102.2 100.9 113.9 111.5 -21.4 24.5
2 114.4 114.1 106.8 tOE.2 117.9 115.6 -)6.6 31.2
3 114.6 11<1.4 104.9 104.3 116.2 114.5 -26.3 24.5
4 11 t. 0 110.5 102.9 101.8 114.9 113.2 -u~ .5 23.4
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 119.6 11 g. 5 105.9 105.2 1.1. 7.5 115.4 -41.8 35 •.3
7 114.7 114.4 101.4 99 • .3 113.8 110.1 -23.3 19.5

48 11 80.6 0.1195 295.8 207.7 0.5989 0.1998 0.7186
-2.5 0.09549 10.0 0.00400 O.()017S 0.002560 346.8

1 112.8 112.5 1 0 3.5 102.6 115.3 113.6 -20.4 21.7
'2 115.7 115.5 11 0.0 109.8 121.1 119.8 -51.6 41.0
3 113.1 112.8 105.1 104.5 116.8 115.6 -23.3 30.7
4 112.0 111.6 104.9 10".3 117.'- 116.1 ... 21.0 22.1
5 0.0 0.0 0.0 ."",," 0.0 0.0 0.0 0.0 0. 0
6 119.4 I1B.3 109.0 ~Ofi 7 120.7 119.4 -50.4 37.4.."- ~- ..
7 114.5 114.2 102.8 101.2 115.! 11'2.<1 -22.2 26.5



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

POTN'T' vr:::r.,l"1(' tTY ','TUN
~

P P\f O~'EG*H V/OR ~},ATRON tATIP
ALPHA CT,R/S THF:TlI CP/S CPU/S CXR/S V80UND

MyC 1)3 D!3C DBA D8Ar PfdW PNDBC PHI~! P\ilAX

48 21 ~o.~ o. 1199 295.8 207.7 0.5990 o.,oor;; 0.7191
0.0 0.06110 fi.f) 0.00174 0.00128 -1"1.001140 34~.B

1 1.16.5 116.4 105.S 105.0 119.=>' 118.7 .. 31 .8 38.7
2 116.0 115.7 109.3 t07.9 121 ., '20.6 -46.0 32.1
3 115.13 '-16.7 105.5 104.0- 119.1 118.6 -.34.4 31 q.-
4- 112.7 H').4 104.4- 103.7 U 7.7 1.1 i.1 -19.3 26.9
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 119.2 119 • 1 109.1 108.7 12'-.1 121.6 -37.8 40.?
7 11';.1. 114.8 103.0 101. 3 114.1 111.5 -26.6 31.1

- 48 22 ~O.7 0.1197 295.6 207.6 0.5986 0.2002 0.7184N
0 0.0 0.08439 8.0 0.00255 0.00149 -0.001340 346.8

1 116.6 116.13 107.4 107.! 120.1 119.11 -37.4 34.7
? 119. :3 119.2 111..1 11 n .9 124.1 l~n. 8 -8~.1 35.6
3 l1n. Q 116. g 107.g 107.4- 121 .0 120.7 -47.4 39.0
4 1.15.0 1'4.8 106.g 106. d 120.0 119.6 --30.2 31 • 1
5 0.0 0.0 0.0 0.0 0.0 o.() c.o 0.0
6 121.5 121.4- 110.7 1 10.5 124.6 124.3 -70.2 44.5
1 117.9 117.6 106.7 106.0 118.7 1 17.0 -38.4 35.2

48 24 80.6 0.1197 295. 4 207.4 0.5987 0.2002 0.7185
0.0 0.11732 11. () 0.00413 0.00207 ... (l.OO2580 346.5

1 120.5' 120.5 114.9 1t 4.8 127.4 127.3 "'120.1 97.4
2 0.0 0.0 0.0 (\ n 0.0 0.0 0.0 0.0." .'.

3 121.? 121 .2 114.7 1 14.F. 1'27.3 127.3 -128.0 101 .B
4 122.1 122.1 116.1 U6.1 129.4 129.3 .. 73.6 7B.3
5 0.0 o.a 0.0 (, t; 0.0 0.0 0.0 0.0.--' .',"

6 0.0 0.0 0.0 n (\ 0.0 0.0 r) • 0 0.0..
7 121 .2 I? 1. • 1 113.8 113.7 125.'2 124.7 -73.7 59.4



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

PIW POTNT VELOCITY 1'i 1'1) 11) RP': Cf"EC*P j'-P'f I P v/fJP MAT
~l,PHA CLP/S '1"HE1'A CP/S cpn/s ('x'.:</s VS(JUNn

MIC m~ nBC DPA OBAC P ~3 rH~ pc,l !)BC p.! Iii; P;~AX

49 1 t 120.0 (\ • 1 796 293 • B 201:. • 3 () • 600S 0.2995 0.7803
-10 • 0 o•07207 t ? • 0 0 .00643 o. 0021 8 () • 01 2020 343 .6

1 1 14 .6 1. 1 :3 3 106 ~ 1 O? .6 1 lB .7 1 1Ii .B .. 3? .'5 31 .0• • ,''!'

? 1.1 Q. 1 ! 1B. 4 1 OQ. 4, lOt' • 7 1 20 • 7 11 1 • 6 .. 31 • 8 3Q. 3
3 11 4 .6 1. 1 3 .2 '(07 .6 104 .8 1. 19 .0 ,1 I) • 2 -31) .6 3~ • 1
4 1 1? • 2 100 • 7 105. S 11)() • 1. 1 tg • 1 106 • 5 -26 .6 21 • 6
5 (\ .0 o. 0 o. 0 o. 0 o. 0 0. 0 o. 0 o. 0
6 U. 9 .9 1. 19. ? 109. ? 1Ct). 6 120 • 5 1 1 1. .4 .. 40 .8 415 .7
7 120 • 8 1 2n • 5 r06. 3 1 02 • 2 1 1 7 • 7 103 • :2 .. 38 • 3 114 •2

- 4.9 1 3 1 ?I'l • 3 o. lB01 ?9~ • (\ 205. 7 o. 59PP 0 • 301.2 0 • 7791N
"'1 (\ r o. 080E,Q 1 3 n O. 0073Q 0 nO?41 0.0 1 3R30 343 n- • • • •

1 11 &:; .4 1 1 ,1 1 1 06. P- 1 02 p 119. 4 t 1 ?. " ... 26 I) 29.4.. ,. • ,...~

• 'v

2 119 • 6 1 1 8 .9 109. 0 1 05 • 5 121 • '2 1 14. 4. -43 .0 3 3 • 3
? t is • 7 1 1 4 5 1 (09 1 1 05 5 1 19 t..1 1, J 2 q -35 2 27 .9• • • ·". • •
It 11 3 2 1 1 1 1 105. 9 1" I) 1. 1 1 lB 6 107 8 -1 9 -1 26. 9• .- • J • • • •
5 ('l .0 () • (; o. (' 0 .0 0 • (1 n. (1 n .() 0. 0
F 120. B 1 20. 3 109. S I OS •

q 1. 21 • 4 1 14. 1) -41 .P- 51 • 9
7 12' 3 1 2? 1 1 fi6 1 1 01 4, • 17 9 104. 7 -45 .9 60 !=i• • • I. • •

49 12 1 ~() ? C· 179 0 ? (} 3 p 206. 3 0 600,<l 0 3001 O.7H06• • • • •
-1 (j ,-.., (\ 09024 j 4 0 O. 00850 0 00272 n 01 5 Q 80 34 3.1';• -.' . • • •

1. 16 .7 ,15 • 7 108 • ~ 1 Of. • 1 1'21 • '7 1 18 .3 .. 1 2P • S 97 .4•
? 121 • '2 1 20.6 1 1 0. 1. 1 07 .. 5 12'. 9 1 17 • 6 "'1 1 9 • 0 1, O~ • (I

':l 117 • 1 1 1, €. .2 1°9 • 3 107 .'? 1 21 .6 1, 18 • I) -12H .0 100. 8....

4 1 1 ~ .0 ~ 1 2 .... 1(;5 8 1 ()(' .:J 1 1 8 I) 109 3 "'26. 7 '2f... 7·"- • • •c:; (\ 0 I" r, o. (\ o. f'\ o. Q (i (') 'i. i) 0.0• '...I • •
6 122. 7 1 12 3 1\)9 1;, J 0':" .9 1 21 0 1 lE"- o ... rq 7 65 .2• • • "- • , ·7 12 d • (1 12 '3 • 8 1 '1" .. 8 98 •" 1. t "7 • 4 9 G • f:. -53 • q S~ • 8



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

Rur; PCT!n' VET.,OCTTY '~Tt! ~'\f R p~( C'" EG* R ~';TIP V/DH MAT
ALP~r. ('tHIS lHF1'A (PIS CPC/S C'IRIS V~QU~,ir

?T(' [lA DPC r:!3A r:t::.~(' P~~l')8 pr T)RC p~' J~, P),'AX

49 t20.n o. 1 800 !,rn.s::, 2(16 • ? 0.601 t O.2t;oq 0 • 781 4
-5.0 (') .0'7450- 1 () .0 0.00435 0. OO?OO ().OOS530 34.3. 0

j 1 12. 9 1 ~(). 5 1(\7. <1 105. 3 1 19. 1 11 1 • 3 "'2".2 ,34. 2
'- t 14.8 1 1'2.7 lOA ~ ln5 • 1 120 .7 1.17 .5 -31 .7 32 .0.'.:

3 t 14. " t 12. "7 1 08.0 ) (il:; .~ 1 19. f.; 1 1 J. 0 "25 5 31 8-~ -J ~ • .
4- ,1 7.7 1 09. 7 ,-1')6. 8 • 03 :3 1. 10. 1 1 1 1 h -27 '1 :n. ()I • • •
5 O. (l 0.0 1).0 o.!! n .0 o. 0 'J .0 0.0
6 t 1.4 • 9 1. t 2. i lOQ.J. 106.7 I 21 • 2 11 3. 5 -3S.6 38 .Eo
7 1 16.~ 1 t Ii • ~ 105.4 9f-.4 1- 17 .6 9Q. .<1 -29.6 35.7--

- 49 f: 119.9 O. 1798 294.6 206.9 O.6()32 O.2 Ci p5 0.7832N
N -5. 0 o. 09f!5!3 1'.0 o. OOS~fl 0. 00250 0.007500 343 .n

1. 1 1 3. 1 11 1 1 1(\7 .2 103 Q 1 19. 1 110.7 -20 • l~ 27 • 2• ·-
2 j 19.5 1 18. 7 1 oq. R 1 07 • ('I 127. 2 116. 0 -41 • 8 43.9
3 1 14. &) 112.7 lOB. 1 1 05.5 1 1.9. 6 1 12. 8 -23 .... 2'5. 7" ·~
4 t 11 .7 10 Q .6 to!;. 4 j, 02 .11 1 1 s:l .7 108 • ~ -30.4 28. 1
f5 0.0 0.0 1".0 0 .0 0,0 o. I) 0.0 o. ()
,., 12('1. 8 12 () • :2

"
1,0 7 1 07 2 121 .4 1 .1 r:; (' -3q .0 42.6• ..d • ,! • .' . -,

7 119.5 1 19,0 1N~. 1, 101 .5 11.8.0 104.'~ -52 .2 47 .8

49 7 119. 9 o. 17915 293.<1 206.0 0 .f-OOl O.2,?<}7 O.7BOO
-S.O O. 1 0429 1.'3.0 o. 00681 o. 00302 0.008100 34], .3

1 114.~ 1 12.9 107. 1 104.0 119,7 11.2.5 .. 34.9 35. 1, 1 19 • 'l3 119. 1 109 .6 106 ,8 122.2 1 16.9 -63 • 1 51),0
3 H4. 8 11~ • 1 'O~. 1 105.4 1 19.9 113. S -39.4 }5.9...
4 1 1'2.1 109.4 HH;. :? 101 .6 119.4 112. 0 -21 • ~ 27. e
5 0.0 0.0 0.0 o.n 0.0 0.0 0.0 o. 0
6 121 .B 121 • 3 109.9 107 • 3 122.4 117 .4 -51 • 3 59.9
7 12'-.5 122.2 105. S 97. ,~ 1 18.4. 1{)3, 3 -55.7 55,9



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

:It

RUN POINT VELOCITY MTIJN RPM OMEG*F1 WrIP V/OR 1>~AT

ALPHA CLRIS THETa. CP/S CPO/S CXRIS VSO!JND

MIC DB t'I3C PBA DBAC P?-lDB P!IlDBC P~HN PMAX

49 120.1 0.1799 293.0 205.7 0.59813 0.3008 0.7789
-5.0 0.10946 14.0 0.00790 0.00363 0,009240 343,6, 119, B 119.4 109,4 107,4 122.8 120,6 "119,9 96.8

2 122,15 122,2 111.4 109.7 123,6 120.3 -120.0 tOB.C
3 U9.8 119.3 109.9 108.3 122.6 120,5 -128,0 101,8
4 116,0 114,8 107,4 103,9 120.5 115,1 -39.2 32.2
5 ".0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
6 126.1 125,9 112,0 110,5 124,8 122,1 -94,3 81,0
7 127,0 126,9 106,4 99,0 119,0 106.0 -73.7 73,9

- 49 18 120,5 0.1799 293.0 205,7 0,5971 0.3017 0.7773Nw
0.0 0.07850 B.O 0,00214 0,00174 -0,001200 344,6

1 117.2 116.3 10 rr, t; 106,2 120.8 117.0 -46.9 50.~

2 119,.0 118.1 111.'1 109,P 124.2 121,3 -54,3 39,3
:3 11 ~.1 117.3 109.4 107,6 121.9 118.4 -42.1 39.9
4 US.3 11.3.8 107.9 104.9 120,6 116.1 -37.4 35.0
5 0.0 0.0 0,0 0.0 0.0 0.0 0,0 0,0
6 11.9.4 1l9.6 1 1 1 • 6 110.0 123.8 120.7 -50,3 41.2
7 11'5.6 , 13,6 107.4- 102,5 119.8 11.3," -32.6 2R.6

49 19 120.4 0.1798 292.6 205.5 0.5963 0,3019 0.7763
0.0 0,09740 10,0 0.00307 O.f)0214 -0.000B20 344.6

1 117.4 116,5 ito.7 109,4 123,7 122.1 -09.9 Q6.8
2 120,7 120 .. 1 113.6 112.7 126,7 124.3 -119.0 10~.1.

3 118.9 1113.1 111.5 11 0.3 124.3 123.0 -128.0 1.01.8
4 116.4 115.3 109.S 108.2 1'? • -1 '.l Q .6 -37.3 31.2
5 0,0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
6 120.1 119.5 113.6 112.7 125.8 123.5 -57,9 63,4-
7 U8,~ 117.9 110.5 108.7 123,0 119.3 -44.6 53.1



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

RUlli pon'!' VflJf1CTTY !f 'l'IJ;,1 P o~~ O'{Ef:*R MTIP V/CR "~A 'r'
A!"'P'"!A ('LR/S TH"~TA CP/S CPO/S CXR/S VSCU!':D

~JIC C'R f)iJC DBA DPAC P~\l DA PNf'l13C Pi'~!IN pVAX.,1:-

49 2(') 120. 4, o. 1798 295.2 207. 3 O.6Qlf; O.29tJ3 0.7817
0.0 0 • 10771. 1 1 • 0 0 • ,)0359 0.00244 .. 0.001010 344. 5

~ 117.4 1 16. " 11 1 • '5 1 1. 0.5 .1 23.6 1 21 • <1 .. 48. 8 41 .6
? 122.° 1 21 .5 114.5 t 13 .B 127 .5 125.6 "'86.0 71. .6
3 1 1 7.5 ltl'.6 1 11 • 3 1. 1 0.7 123.5 121 • ? -47 .4 37. 8
4, 1. 11;.2 1. 1 5.0 10q. q 1OR ~ 122. I; 1. 19. 8 -42 .0 36.~.~,-.•

"" (\.0 O.Q 0.') ('! I) n. 0 0.0 t'.0 0.0.'" • 0./

6 12().~ 120.2 1\4. 1 1- 13.3 1 26. 1 12 4 •
,.. .. 56.6 83.2

7 t 1 9.J:l 1. 19. 1 11 o. 1. 1l)8. 1 1 2"2.'1 11 q. '2 -44 .5 48.q

- 49 21 120. 4 f'J. t79F 793. 6 206. 2 o. 5978 0.3009 0.7777N
~ 0.0 o. 1 1. !5F9 1 2 • 1) o•00466 0.00302 .. 0.000100 344.9

1 120. ? 1 1 9. 8 1 1 3.7 1 1 3.0 1 26.0 124. 5 -~q ~ 7 n .5".- -,.' ...,

:2 (I. I) 0.0 I) ·() 0 .0 0.0 Ii 0 0.0 0.0'- .
3 120. 5 1'20. 1- 1- 14. 0 1 13 .4 12':;.4 125.0 -78 .g 55. 3
4 1 19. 3 1 1 fJ • 7 1 1 3 .2 11 L. 5 12".6 124. 0 -S8 .'1 51 .4
5 ('\.0 0.0 O. " o.n 0.0 O. 0 0.0 0.0.."

f, 125.() 124. ~ :I. 17 3 1 1 ~. q 12'1. 7 12M. 3 --, 4- :to:! .4• •
7 Cl.O (l.0 0 .0 (\ r. 0.0 n i) '.0 0.0'\-" .". ;,....

49 31 149.9 O. 225,4 79?4 205.3 0.6002 . P61. 0.8260
-1 0.0 O.O604~ 1. 3.n 0.00678 0.00:nS (~ . ' ~ '9720 34'. :I.

1 1.21 • 3 120. 3 11 1 ~. 107.6 1 24. ;}, 1 15 8 -'-''''.4 61 .0·~.~ •
2 12] .7 1.22.9 t 12.2 105.4 125.2 1 12.9 -f "3 .6 75.7
3 121 .8 120.9 113. :2 1 10.6 12'5. 3 1. 17 • 8 ... 65.2 64. 8
4 1.19.8 '- 16. 7 1 10.6 104.(\ 123.5 11?.4 ..63.4 39.6
5 0.0 0.0 0.0 0.0 O.D

~ 0.0 0.0 0.0
6 '.26.8 126.4 1 13.8 110.4 126.9 1 1. 9.7 "7~.4 95.5
l' 125.5 125. 1 114. ,~ 112.0 128.7 124 • 3 .. 74.4 74.3



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

RUN POINT \IE L,De I'fY r 'T U-,) f-(P!1 en EG*R MTIP V/OP r~AT
/ .1\ TJPIH~ CLR/S THE'r a CP/S CPO/S CXRIS VSOUt-lD

~HC D~3 :>lC DS;\ OqAC pr'i!)P P~"DBC p·qN P~'AX

49 32 151 • 3 0.2254, 295.2 201 • 3 0.6004 o. 3759 O.P261
-10.() 0. 07127 14 .0 () •0080S 0.00304 0.0' t Q 70 345.3

1 121 .2 1 20. 1 1 1 1. .7 1.07 • 5 1 ?4 • ,+ 1 16. 1 -62. 1 49 .4
'2 123.3 t 2?3 1. 1 2. 7 1.07. 1 125. 2 1 1. 2. }1 -1 19.0 109 .0
3 122.0 120.9 1 1 3.2 110 .? 1 2£;-.7 '1 19.4 -:1.28 0 101 .':1.', •
4 1. 1~ ',) 116.4 11 0.7 103. 6 123. p 1, 11 .R -53. 9 79.2• '<"

5 0.0 0.0 0.0 (\ r, n.o o. 0 0. 0 o. ~·"_.

6 126 .13 1~6.0 11 4. 3 1 1. 1 .2 l?H • 1 121 • 1 -83 • '5 130 .0
7 12'5 • 3 124.8 1. 1 4 • 3 1 11 .6 1 ?~ • 6 t 2.'3. q -74.4 7'2. 1

- 49 26 150.7 0.2255 295 • 6 207 .6 0.6035 o•3741 0.8793
N -s.o 0.08085 12 () (t. 00590 n 00:298 0.006070 343 .QVI • --'.

1 120.6 1 19.1"1 1 1. 2.9 109.4 12~. 1 122. 0 -1 1'?5 96.9
" 122. 4 121 A 1. 1. 4. 2 1 10.fS 126 • 8 1.20. 3 -1. 1 9. 7 1118 •.6• ".#

3 1.21 • I) ! 1. q. 7 1 1. 3. 5 1. 1 0 " 126. '3 1.21 .6 -'.28 .0 tOO .8.n-
4 1. 18 .4 1. 1 '5 • 8 U. 1. • 3 10S f. 1. '2.1 • 1 1.15.(\ -54,.4 3<? .,·..
5 0.0 0.0 C.o 0.0 (I • 0 ').0 0 .0 C.0
(; 1 2';.9 125. 3 114. P 1. 12 .0 l'2P. 1 123.9 -8><.5 1/5.5
7 1.24. 7 124. '2 1 1.4 • 3 1 1. 1. ·~'" t 28 • 5 124.0 -66. 2 £'6.5

49 27 150.9 o. 2257 294./ 20~ .6 1).f:/i07 (' • 3763 0 .8267
-5. 0 O.O894~ 13.0 I). OOt;R6 o. 001<1'1 O.OC7040 343 .9

1 1 21 It; 120.5 1. 1. "3 1 1 11! (1 1 26. 1. 12::>. 1. -65. ? 56.0• ..
'2 123.3 127.2 114. 1. 1. 1o. 4 1. ?f. " 120.F. - h't • 4 65.5• 0

3 121 .8 120.7 1. 1 3. t 1 1. (' 1. ,25.p j :to. 7 -57 5 57 .8~.. • •
4 119.4- 1. 17 .4 1. 1 t 0 ~. 0,1 .4 123 .9 t1 ~ 2 -53. 5 42.9• .,.
c:: C.I) 0.0 0.0 c. n 0. .) o. f) O. I) o.n'.'
6 127 •s 127. 1 115 • 3 1. 1. 2.7 1.?!? .9 12·1.'l -96. 1 1('3 .8
7 1. 25.A 1.2~. .3 115.0 1 12, h 129. ~ 1. 25. ? -74.4 74 • 1.



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

RtJ"1 POUlT VFI,OCITY "T U1'4 P P'~ O;\··F:(;*R ""'TIP V/OR lni,T
AtP\1.1\ rt?/S 'THET!\ CPIS cpr<l<; rXR/S V~()UN1)

Iv"Tr Dr~ D;:\(, !);:;A DPl\( Dc"!);:: pr~'i8r p:: I '.i pv~.X

4Q 37 1. 50. 9 Q. 22~7 795.'.'.1 207.7 0 • 601 1 o. 3743 o. 8?61
f)"O O"Of939 8 .n 0,,(1°71 ? 0 • O()?2C -O.()OllOi20 3 d 5.f.

1. 121. .8 120. 7 1 13. 1 11 (\ 0 126. :~ 12:3 • 4 -1 19,,9 96. p..
2 120. 3 11-7. ~ 1. 13.9 1 1n. 1 1. 2~. 7 1 21 • 0 -1 1 g. 8 1011.15
3 I 21 .is 120. 4 1. 14.0 1 1,.f, 1'27 .0 t 2'.9- -1 2B .0 1 ('1 • Q

t 119,,9 11 Q • 1 1 12 1 1 1)7 • q 1'25. 1 119 • 9 ... 4 Q .9 51:\.1)"~. •
5 0.0 o. () 0.0 (' ,... ... I) (\ () 0.0 o. 0. .~.; 1) • •
6 123.• 5 127. 5 1 16.0 1 14.1; 129. 5 125.F -RO.9 84,,9
7 1.2?(} 120. 8 117.4 107 .7 1 26.5 1 21 .6 -70.5 52.4

- 49 3~ 1. 51 ~ o. 2256 295.4 207.4 o. 5°92 O.~770 o. 8251N •
0\ 0.0 I). 0871 3 10.0 f) • r()-3l 4 0. 00272 -o.on0900 346.2

1.21..2 1 1 0 ·8 1 13 0 1 (10 ~ 176. 5 122. ~ -, 19.9 96.8· ,.,..."' ., 121 .5 1. 19.7 1 13.4 10P.d 1.26. 5 119. 1 -1 jq.7 108.6,
:3 121 • 1 119. 7 1 14. 1 1 1. 1 .7 1.27 • 3 123. 7 -128.7 102.4
4 120. 4, 1 U~ • 8 112.0 11'\7.4 125.6 1 1. (J Q -50. 1 47.8• .
5 0.0 0.0 0.0 o. 0 "1.0 0.0 Q.O 0.0
6 124.5 123, 7 ,1.4 • 7 1 1 1 .7 12R .4 123. \) -97 .2 72. 4
7 124.1- 1:n. 7 1 13 , 3 109, 3 :J. 27 • 8 ,2 '3.4 -74.4 62.5

49 39 151 , 8 0.2255 294.6 20F..9 0.5971) o. 3779 0.8234
0.0 I). 09504 1 1 .1') O.OC'390 (~ 00317 -0.0004.40 346.2.' •

1 121 • 3 120.0 1 13. 4 11 0.5 126-. 3 122,7 -54.6 [;6.5
') 123 .8 122.8 114.6 1 t 1 .5 128 .0 121.4 - -8 4 .8 81 3•
~ 1. 21 .15 120.4 113 • 8 1. 1. 1- .4 CU· • 8 122. 8 -62.5 57.0..
A 120.2 t 18.6 111 .q 107 •1 125 .2 1 19.9 .. 47 .5 54. 1
5 0.0 1).0 0,1) 0.0 0, 0 0.0 0.0 0.0
6 126.0 1. 2., •·i 115. 9 1 13 ,9 129. 1 lUi. 2 "97.2 96.6
7 125.9 125.4 114.5 1 1 1. ~ 129.2 126.7 -74.0 73.7..,.



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

FUN POINT VELOCITY MTUN RP'~ OMEG*R MTIP V/OR ~"AT
ALPHA CIJRIS 'l'HET,a. eP/s CPo/S cx~/s VSOUND

MIC DB D8C l)e.~ D9AC P!\IDB PNDSC PMIN P~AX

49 40 151.9 0.2257 295.8 207.7 0.6000 0.3766 0.8260
0.0 0.10284 12.0 0.00502 0.00394 0.000090 346.2

1 I2t.2 119.9 113.4 110.7 126.3 122.6 -56.8 66.8
2 124.9 124.1 115.2 112.5 128.5 124.6 -90.0 87.3
3 121.6 120.5 114.5 112.4: 126.9 123.2 -73.5 56.9
4 122.3 121.~ 112.4 lOP.3 125.9 122.0 -78.6 71.3
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1.27.6 127.2 116.2 114.3 129.7 126.3 -105.9 97.0
7 lU:'.6 125.2 115.0 j12.6 129.6 127.1 -74.4 74.3

- 51 32 155.1 0.2305 292.8 205.6 0.5941 0.3886 O.~?49N
-2.6 0.08789 12.7 0.00608 0.1)0334 0.005140 346.1-...J

1 1.25.0 124.4 1I5.t 113.0 12A.q 126.3 -407.6 329.7
2 124.5 123.6 114.9 111. 5 127.0 120.8 -71.6 99.6
3 1.24.2 123.6 113.4 11 0.1 126.2 120.8 .. 73.7 61.8
4 t1 q.1 1.1 7.~ 111. '3 103.5 12 4 .4 111.9 "43.8 47.7
5 126.9 lUi.5 11.5.5 113.5 128.5 124.6 -95.5 87.5
~ 1.27.9 L27.5 115.7 113.0 12B.9 123.9 -93.5 1.48.1
'7 129.8 l29.6 115.1 112.4 129.3 1,25.9 -111.0 117.1

51 13 164.4 C.7449 320.9 225.3 0.6527 0.3758 O.F980
-10.0 0.06707 13.~ 0.00783 0.00341 O.Ot0580 345.?

1 127.4 127.0 117.0 115. ? 131.7 129.9 -407.6 329.3
2 124.5 123.3 114.8 107.1 12R.Q 119.3 -371..6 334.4
3 125.9 125.2 11'5.9 115.0 131.1 129.4 ... 403.9 318.7
A 12~.2 122.0 113.9 109.Fo 128.2 121 .7 -71.3 121 .3
5 0.0 0.0 0.0 0.0 0.0 0.0 o.n 0.0
6 129.0 128.6 1.17.5 114.7 132.4 129.7 -116.1 144.6
7 126.R 126.1 114.7 110.4- 129.3 125.2 -117.() 97.2



Table C2. continued. Acoustic :Measurements for the Swept Tip Rotor.

RIP' porrrr VF.:T.JOC tTY '! T UI\J RP!'e' O"E:G*l< M't'IP v/o~ !(A't'
.tlLPHA. CLRIS THI1'Tf!" CP/S CPo/·r, CXR/S VSCT:ND

Mtc O~ DBC DBA 081\(" iH·'D"" P ;,.j!) t~C P';~P.! P~tAX

49 4,1 163.6 O.?440 321 .3 2:?5.6 0.6541 0.3735 0.8984
-5.0 0.0f?56 10.() 0.00453 0.00'286 0.003140 344.9

1 127.1 126.7 116.0 1 13. Q 129.R 1::)7 • 1. -8 Q .2 173.~, 12;;.8 1'4.8 118. (') 116.(} 12q.9 125 •.~ -78.2 145.1
3 t2t=..4 125.9 116.4 114 .4 129.7 12r;.Q -1 0°.f) 14·~.'2

4 124.3 123.4 115.r; 11.'1. «; 12q.8 125.6 -6 Q .7 1. 07.1
5 0.0 0.0 o. 0 (\ fi 0.0 n.o 0.{) 0.0-' ..~-

6 130.0 129.6 1HI.3 116.5 1 .3 ~ .9 12~.7 -151 .8 127.9
7 126.2 125.5 1 15.2 111 ~. 129.5 1215.0 -76.5 10g.0.-.,'

- 49 45 164.'1 0.2444 320.7 22~.2 O.b516 0.3756 O.8Q6<1N
00 .. 5.0 0.01036 11 • ~~J 0.00"524 r, (d03 0.004570 345.6'.1 •

1. 127.1 126.6 11~.2 114." 1 30.0 <""l :} -B3.S 137.11••i" , •

2 125.5 124.4 117.2 11 4 ." 129.7 1 i) r::, 1 -109.3 198.2~. ..... 9-

3 1,';.9 1'5.2 U6.3 1 1ti.~ 129.8 t2f;. '/ -1(1).4 148.5
4 125.5 124.<:l 116.2 11 <1 • 1. 130.1 127.4 -9'2.8 145 .. 1
5 0.0 0.0 0.0 0.0 0.0 o. 1"1 0.0 0.0
6 1.29.5 1.29. 1 1 H~. 2 U ~.4 132.1 128.9 "13~.? 194.0
7 126.7 126.0 115.6 112.2 129.9 1 26.):1 "!"'86.6 96.8

59 6 163.5 0.2447 3t9.r:; 224 .. 4 O.. 6!'\28 0.3754 O.P979
"5.0 0.07482 12.0 0.00593 0.00.340 0.on5250 343.7

1. 12A.3 127.9 117.1 115. 4, 131.5 130.0 -~13.5 18Fl.6
2 126.5 12'5.7 119.?- 116. 0 13'-.0 127.3 -139.6 149.5
3 126.1 12·5.5 1 16.5 114.4- 130.4 128.9 -93.2 133.0
4 12'5.6 125.0 115.4 112.6 129.6 126.5 -102.9 t 11.5
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 130.7 1.30.4 119.9 11 B .. 5 1 34. 1 133.0 -151.0 170.5
7 126.0 125.2 115.2 111.4 129.3 125.8 -88.1 88.2



Table C2. continued. Acoustic Measurements for the Swept. Tip Rotor.

RUN PO Pi l' VfLOCITY ;"iTU"! ppM OMl!~C;*H M'rIP V/OR ~;'AT

r;r..,PH~ CLRIS THET~ CP/S CPf1/~ rxP/S VSOlJN[)

II I C' .
D!~ DBC ORA ljPAC P'\!OR PNlJBC P",'!N P~~AX

51 £5 j 6.3 • 1 O. 2442 -H~. 9 222_ 5 0.6475 0.3776 O.A920.. ~. 0 O. 07780 12. 0 O. OO~94 0.'10335 0_005260 343.7

1 127. 7 1?7. 3 1 U~.2 1 t P .? 1 33 .B 137.9 .- -41 1 .0 414.0
2 125_11 124_ 5 117.7 1. 15. 1 1 3 1-1 128. 3 -368.0 334. 4
3 125_ 8 1'25. 1 119_0 1 tP_t) 1. 33_ 1 132.2 -401.9 40 4 .7
4 124_ 4 l:n. '5 1 1 5_ 2 1 1. 2. 1 128_ 0, 126. :2 -77. 7 64_ 3
5 "'-I) 0. n Q_O 0 • 0 0 • 0 0.0 0.0 o. 0
6 1. 30_ 0 129.6 120. 1 1 18 11 134. 3 133. '2 -130_ 1 134.5·,,~

7 127- 2 126 .r. 115. S 11?~ 110 • 1 127.S ..103.6 122.6

- 51 f: 1~3.4 n. 2443 319 ~ '24.4 0.6522 n_ 3751 O_P969l:'-J • ~,,'

\0 .. s. ~> 0.0906'5 1. 3 .5 0.1)0768 0.00426 0.006 % 344.0"~~

t 12~. ~ 1?8 .5 1. 17.4 1 15.Cl 132 .0 131')_ 7 -125.6 161 .6
2 126.1 126. 2 1 1 7_ 7 115.7 1 30. B 1,27. 4 .1 (it .5 137.0
3 125. 1. 125. 5 1 16.9 1 15. 1 130_ 8 '211. Il. ·'07 .9 14~ _7
4 126. 0 125_ '1 1. 16.4 11 L1. 3 1 )"- .3 128 .7 -t00 .5 R7 .4
~ CI.0 n.o 0.0 o.n o. 0 n. () 0.0 0.0
5 130.7 1. 30. .4 t ?" 0 1 1.8.7 134. 2 1. :n_2 -136_ 1 1 ~4 :3..~ ",,' . , .
7 12~. ;; 1.2Q. 1 1 1. 5. 9 .1 tr. p 1 30 • 2 127_ 4 .. 127 .4 1.03.7

51 20 HS4. ,) () '1447 321 (j 226_ () o. f!,23 o • .3757 O_8Q7tJ:• •n_n o. 0791~ Q ('\ 0 -00?73 O.()()280 -0.001 POO 34~. I).- .
1 127.6 127 • '2 1. 1.7 • ? 1 15. I; 1 31 • -~ 12 'J. 2 -100.'S nn.7
2 125. 4 12,1 -:3 116. 7 1. 13 .(:., 1. 29. 9 125_ !') -95. Fi 1 ()?~
3 12fi .6 1?f' r) 1 17 .0 1 p=.? 1 ~ () • 3 1.27_ ~ ...9~ .A 154. I)

.'~ ~ .,oF',

.:1 1,21 .4 1. 22. 1 1 15_ 2 1 1'1. '2 128 • ? 123. 5 .. Q4. ~ e13 • 3
5 o. f) 0.0 !J.() O_() 0.0 O. 0

(, _0 0.0>,l,.
1"'0 ~ 129. I) 1. 1. 8. 1 1 1 ~. 11 1 32. 4 l?Q 5 .. 143 3 137 .~" L .• , .' • -7 12'5.7 1? '1. {4 1 15. 5 1 1? • 1 129. 1 125. i~ -1 15.2 1 ~? 3- ~.....



Table C2. continued. Acoustic Measurements for the Swept Tip Rotor.

R II~: Pi] I J" r 1};;'V"CTTY ...-.,. l!-" PC": r'" f(: *;::l Ii TIP V/OP ~,~,~ T
Af.)PH.~ CCR/,") 'rlif;''rfl CP/.'3 Cpf.'/S rX~/;5 VS[1!JL:)

'q(' n;~ "Dr'" f)2Jl rr.;r.r n',:'r~ P":~fl(: p'~p. F \' ,Il. X

l:) 1 21 1M <; • 0 0.244S 122.5 22~.:'- 0.6"24 O.37!}3 O.~q72

~'~ • I} ').O93~1 1 \ 1(\ f,.r';1')4?'? C'./if)36Q --0.1;00740 347. 1

1 \ 2q.~ .121<.9 11B • ~ 11 7 • ~ 1 3 ~ • 2 137. , ...107.0:; ~,o.7

? 1215.9 12-1.q II 7.5 11 4 • p 1 3 , ., 1 27. 1 - J 7 1." J3.1.4, 1. 2~ • 1=) l21i.O 111.6 1 1? • (' 1 ~ 1 • F 13 f1 • 1 ..>101.7 321 .9
4 1. ''5. 1 \ :11 • , 1,5. J 1 1 " ~ ? 1 2 ~ • 6 1 2'1 • 6 .. ti°.?' 8"1.5,
5 f).~ :1.0 o " ... i"~ 0.'1 11.0 0.0 o•0. '
F 13".0 12~.7 1.1. 0. 3 1l f;-.:3 13?G 12').5 -1 5S.'; ! 4 1 ,

•
7 1.2~,S 175.7 U 5.5 11\ .9 12 lL s ',:;r,.? -10('.0 I=j 1 J•

-w
'"



Table C3. Acoustic Measurements for the Tapered Tip Rotor.

RUN POU'T VF:t.OCI'l'Y ¥TtF.J RP"f OMEr;*R MTIP V/OR ~"At

r~LPHA CLR/S THETA eF/S CPf1/~ CXR/S v~curD

MTC' DB DBC 08/\ Dr: Af~ pnDB PNf1BC p""p.; P~}AX

23 23 79~3 0.1195 290~B 204~2 0.5982 0.2001 0.7179
-5.0 0.06471 8.0 O~O0305 O~OO139 0.004430 341.4

t 115.F; 115.5 105.4 104.9 117.8 t17.0 -26.8 27.4
2 113.9 113.5 107.7 107.3 119.5 11 e. 7 -31.5 26.7
3 1.1 3.9 1 1_3.7 104.3 103.7 116.9 116.0 -20.9 2g.7
"- 110.6 un.l 103.0 102.1 115.5 114.1 -15~8 u~.o

5 O.f) 0.0 0.0 0.0 o~o 0.0 o~o ('l.O
6 111).0 117.9 108.6 108.' 121.0 '.20.4 -44.6 25.4
7 111.6 1.1 1.1 105.7 105.1 117.1 115 • .3 -11.0 14.5

- '23 24 79~1 0.1'201 291~2 204.5 0.5991 0.2007 0.7193w- -5.0 0.08784 to.t') 0.00425 0.001_ 1S5 0.005830 341.3

1 11 1.9 111.6 104.3 103.6 116.6 115.7 -7.0.5 22.6
'2 11';.0 114~ 7 107.7 107.3 120.0 119.3 -32.0 36.2
.3 11 0.4 109.9 un.3 .102.5 115.4 t14.4 -18.2 16.1
A- U 1. Q 111.4 107.2 106.9 11 B. 7 118.0 -24~O 18.9
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6' 11 1;.5 116.3 109.1 10t:l.8 121.1 120.5 -36.2 34.5
7 11 ~.1 114.9 107.8 107.4 119.4 1U~.1 -2f..6 28.f,

?3 26 79.4 0.1196 292.3 205.3 0.6009 0.1993 0.7207
-s.t) 0.11816 13.0 0.00-698 0.00270 0.008320 341.6

1 11'.6 112.3 106.9 106.6 118.9 118.5 -28.5 25.6
2 119.8 11.,9 ~ 7 112.1 112.0 124.4 124.2 -40.0 47.6
3 112.g 112.5 106.1 105.7 11B.6 l1e.l -21.2 19.5
4 112.5 112.2 105.4 104.Q 118.6 11Q.1 -26.6 21.'
5 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0
6 11 q. ~ 119.8 11 C. 8 110.6 124.2 123.9 -39.9 41.1
7 1-22.8 122.7 11 0.1 109.8 124.'- 123.6 -47.2 53.1



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

RUN PO I Wf V~LOC!TY MTUN RP~1 OMEG*R MTIP V/OR MA.T
ALPHA CLR/S "fHETA CP/S CPO/S CXR/S VSQUNO

MIC 09 OBC OSA lJB~(' PNOR PNOBC P'''!N pIAA.X

23 15 79.2 O.U9B 29().O 203.6 0.5984 0.2004 0.7183
-2.5 0.07313 8.0 0.00278 0.00143 0.001770 340.3

1 116.8 116.7 105.6 105.1 119.1 119.r; -29.9 2<3.0
2 115.4 115.1 111.4 111.3 122.7 122.3 -33.9 32.0
3 114.2 114.0 106.3 10'5. q 118.7 118.2 -25.6 21.7
<1 111. ) 110.9 104.5 1.03.8 117.2 116.6 -18.5 23.7
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 117. ? 117.0 108.4 tOR.t 121.2 120.7 -39.9 28.3
7 112.8 112.4 104.3 t03.3 117.1 115.5 -20.2 20.3

-w 2 :3 16 79.2 0.1197 289.8 203.5 O.SQ79 0.2005 0.7178N
-2.5 0.09650 10.0 0.00391 0.00171 0.002310 340.3

1 114.9 114.7 1"9,;1 10B.l 12' .7 1.21.4 -1.42.4 115.1
2 117.3 117.1 112.0 111.8 124.1 123.9 -128.2 115.3
:3 11 '3.6, 113.4 107.3 107.0 120.7 120.4 ·L~4.9 107.5
~. 113.2 113.0 107.8 107.5 119.9 119.6 -29.0 2'3.'5
5 0.0 0.0 0.0 0.0 0.0 0.0 O.t) 0.0
6 11.9.0 117.9 110.4 11 o. t 122.7 122.4 -42.2 39.5
7 115.2 116.0 107.2 106.7 120.3 119.6 -27.0 30.2

23 17 79.2 0.1197 289.8 203.5 O.5Cf79 0.2004 0.7177
-2.5 0.11718 12.0 0..00549 0.00234 0.002930 340.4

1 11.3.6 113.4 107.7 107.4 119.7 1.19.<1 -31.4 2q.4
2 119. a 119.7 113.2 113.1 125.5 125.4 -60.5 49.7
3 114.1 113.9 107.9 1 r)1.6 120.2 119.9 -30.6 2r.:;.6
4- 115.3 115.2 lCB.9 108.7 121.7 121.. 'i -33.2 30.5
5 O.f) 0.0 0.0 0.0 0.0 0.0 f).O a.o
6 120.? 120.1 1 H. 7 111 • S 1.24.7 1.24.5 -62.4 55.2
7 121.5 121.5 t 11.4: ttl .2 125.4- 125.< .. 45.6 56.3



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

RUN DOH-,T VELOCIT¥ ~.)TUN RPjcl (P"EC:*R wrIP V/OR MAT
ALPHA CtR/S THET~ CP/S CPO/S CXR/S VSO'IND

vIr. QB f)PC DBA. f) EH~C PNf'J P, pr·WRC P?0!N pM AX

23 7 79. 0 (I. 1199 28;. '2 202.4 O. 5970 0.2012 0 .7171.
(J.I') 0.OB079 R.D 0.00234 0.00143 -0.001520 339 .0

1 1. 18 .7 1 l.P.fI 108 • ? lOR.":' 122. 4, 122. 3 -39 .F, 47 .5
/ ,18.5 1 1 R. 4 1. 12.0 1 1 1 Q 124. .3 124.0 -82. 4 39. ('•
3 117.6 117 .l'1 ~ lOF.. q 1.0 F • 7 122 • 3 122. 1 -41 .2 4"1 .2

" t 16 .n 1 1'5. g t07 • 8 t07.rs 12j • 3 121 • () -29.0 30.9
c:; O.f) 0.0 0.0 o. r) 0. 0 0.0 0.0 n. 0
15 121"l • 3 120 • /. 112.0 1 1 ! • Q 1 25. 3 125 • l -69.9 64. 4
7 ,16.-" 116. 2 107.6 11')7. i 1 20. 9 120. 5 -36. 4 30. 8

- 23 7'i. 9 O. 1197 28P >i 202. 8 o. 59!.12 0.2003 0.7180w •
w 0.0 O. 1 0375 10.0 0.00331 o. 0Ol?1 "0.002070 339.0

1 119 3 1. l Q .2 1. t 1 :3 1. 1 1. .2 1/.4. 3 124. " -143.2 115.9• • ~.

2 1.22 .8 12/ • ~. 1 1. 6. 8 1. 16.7 12B • p 1.28.7 -1 34.4 115.6
3

"
1~.7 1 tH.E. 1 1 1 2 1 1 t 1 1.2,1. 3 12 11 • 2 -1.34.9 107.3• '- •

4 Uo .6 1 19.
,.,

1. 1 2. 1 1 12. 0 12S. :3 12C;., .. 42 .8 52. 2..,
s () .0 (l.\) I). 0 \'. n 0 ('\ O.f) n." 0.0• ~.-

F· 12~ .2 123. L 1. 1 4. 6 1,,., .~ 127. i.t 127. 7 -90. 2 59. -,
7 1 1 9 .'1 1 19. B 1 1?• 1 1 1 1 .9 12S • 1 124. 9 -60.6 54.4

23 10 71;1 • 1 (l .12f\O 28G • I.l 20 -3 .5 0.5997 0.2003 0 .i19P
0. 0 o. 12534 1 1 .0 ().n04RI') 0. OO?4Q -0.00''350 :nq. 3

1 12, 1. 123 1. 1. 1 7 .0 1 17 () 129. ? 1 29.7 -64.n 75. 7• • • ..
? o. {) o. () o. 0 o. 0 0. t) n () o.n o. 0•
3 123 (~ 1 7"3 q t 1.7 .0 1. 1~ 9 12Q. c;; 129.'5 -67 1 104 3.' • • .., • •
t1 1'13 .8 123. ? 1. 1 7 • 1 117 • 1 1. 3 fl .6 130.'S -68. 1 ~1 • 1
I) 1. ?3 .'S l23.~' 1 17. ~ 1. 1 '7 • 1 1 30 .0 130. " -64:.Y 101-.4
6 1.2F; .5 1 'It;. 4. 1 1. Q 5 11 q. 50 132. 8 1. 32. 7 -144. ? 97 • t1...
7 124-. r.; 1. 24. 5 1 16 ·; 1 l f- .7 1 29.M 129.6 -86.8 82.0



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

FU;Y VJ:i'!.fJCITY ;."ru\'

(f.R/S
pptA

t'fH~~Tl~

O~'Er;*R

(PIS
M1'It'

CPO/;::;
VIliR

CXP/S
MAT

iJSGUNO

P'I.AX

73 30 7'=l.'5
10.0

fJ.119'S
().OFg3~

'((i().") 204,,1
4.(") -1),,01)065

0.1:)967 0.21'\06
0.00130 -0.014090

0.7164
347.0

:>
3
4
S
F;

7

120.?
116.5
1.1P.9
11 4 .2
12".2
121.2
120.4

1:JO.l
1l6.7
11 Q. 8
114.0
122.1
1.? 1 .?
170.]

100.1
107./
108.>l
1.05.0
114.0
10q.~

109.0

108.8
106.8
108.b
104.4
J.13,,'J
109.1
j!)Q.6

123.3
1/0.7
123.2
118.4
1'28.1
1?3.5
123.'2

123.0
120.1
~;23.'l

l1 R.0
t2B.O
123.2
1.:n.9

-14.3.2
-12B.4
-134.5

-2'2.5
-67.3
-42.4
.. 32.0

115.5
114.5
107.5
27.6

131.4
54.fl.
36.2

23 32 79.2
10.0

0,,1199
(l.1H1?

:J9(\.f? 204.2
B.n -n.00065

0.5965 0.2013
0.00167 .. O.O?3~90

0.7166
342.3

t
2
3
4

5
F
7

25

1
2
:3
4
5
6
7

122.3
U P.9
120.8
11.6.7
1.25.2
121.Q
1/2.7

9

11.2 • 7
118.?
11.3.2
111 .:1

0,0
11 F.1
12(1.4

122.2
U e. 7
120.7
116.f·
1:?'5.?
124.0
1??6

11 q. q

-10.n

11 O.?
1. 17 ,,3
110.8
107.3

0.0
117. I
119.9

109.3
109.';
109.1
107.0
114.0
112. f..

11 O. '2

0,,1800
O.Q6109

107.3
11 0.8
~.08.2

106.3
0.0

110.4
10 Q.5

109.1
109.4
j M'. 9
li"J6.7
11 3.9
t12.S
109.9

292.7
11 .0

104.1
108.7
l05.1
10?3

0.n
10 B • 1
107.1

123.5
123. 1
1.23.5
120.l:i
128.1
126.9
t24.5

205.5
0.00539

119.5
122.9
11.9.9
1lR.1

0.0
12'2.4
123.3

12.3.3
122.H
123.3
120.2
1.28.0
126.8
124.3

0.5Q99
0.00192

110.6
11. 8.3
1.12.4
105.0

o.Q
116.'3
119.6

"4.3.0
-47.0
.. 44.2
-33. 0
"74.Q
"71.2
"53.3

0.3005
f).OtOOOo

-27.0
-3R.l
"35.6
-20.6

o.a
-45.3
-44.0

5Q..3
4'.B
54.q
41.3
68.8
70.?
60.1

0.7802
342.6

21.5
4s.7
19.4
1B.1
0.0

5".8
40.2



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

RUt.! porNT VF'LOCITY MTUN RPM OMEG*R MTIP V/OR MAT
ALP!-fA CLRIS THETA CP/S CPO/S rXRIS VSOUND

MIe D8 D~C DBA DRAC PMOS p t4!)BC P¥IN PMAX

25 10 120.0 0.1802 293.1 205.13 0.6007 0.3004 0.7812
-10.0 0.07103 12.0 0.00636 0.00211 0.012070 342.6

1 114.1 112.2 107.6 104.5 120.0 113.2 -31.3 32.3
2 120.1 119.4 112.2 110.7 124~3 121.2 ... 49.0 49.2
3 114.4 112.7 t08.3 105.P 1211.6 113.9 "'28.9 25.3
4 111. a 108.5 105.7 100.1 1113 .2 105.4 "'24.3 25.1
'5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1.19.9 119.2 110.7 10~.4 123.3 118.4 -45.2 51.0
7 121.~ t 21.2 11 0.5 1(l~.7 124.1 119.9 -4S.4 52.1

- 0.7823(,J,l 25 11 120.2 0.1802 293.9 206.4 0.6018 0.2999VI -to.o 0.08123 13.0 0.00734 0.00241 0.013730 342.9

1 U5.3 113.9 108.5 106.0 121.3 I1Ft.8 "29.6 29.1
2 121.0 120.5 112.3 11 0.3 124.3 120.6 "49 .. 0 41.3
3 114.7 113.2 108.~ 105.7 120.3 113.0 -27.5 23.0
4 112. q 11 ('I." 106.1 '01.2 118.4 107.1 -20.6 23.7
e: 0.0 0.0 0.0 (1.(' 0.0 0.0 0.0 0.0
6 121.9 121.5 111. :2 109.3 124.2 120.5 "45.1 4?0
7 123.2 12'2.9 110.0 107.8 123.8 11 g. 6 "44.3 5'2.8

5 119.3 0.1803 292.2
.

0.0027'6 2015.2 0.2996 0.7833
-7.5 0.06'0" 10.1) 0.oQ 442 O.OO19'l 0.006810 340.4

1 11 r.:;. 4 11 A. 1 '"07.7 10<1.7 120.h 113.1"' -34.9 30.4
2 115.8 11 3. B 112.0 11 (}.~ 123.1 115.7 -40.6 33.'2
3 11'5.5 114.3 108.8 106.1') 120.3 1.14. '! "'36.0 29.1
4 114.7 113.3 lDf>.3 102.4 11 R. 8 10 P. •.3 -29.9 '-'5.4
5 0.:) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 116.2 ULl..6 109.1 105.9 1?1.5 11'2.Si -31).~ 34 .7
7 117.4 11 6.4 107.£' t(\3.f) 121 .0 1.13.8 -35.1 32.4



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

RUN

26

1.
2
3
4
5
6
7

OR

115.9
119.4
116.2
114.2

0.0
1. 2(\ •.~
121.5

VnJOCI'ty
ALPHA

DRe

l1Cl.R
-7.5

11 4. R
11 B. 6
11.5 • 1
112.5

0.0
119. ~
121 .:2

VIlli,l

CPUS

O.. l!HI/
O.OR150

108.7
le9.7
10B.7
1.07.1

0.0
110.7
109."

~PM

THETA

290 .. 4
12.0

lO~.6

106 .. 8
tOf;.5
1')) .. 7

('In
~ .'.

10R.5
107 .. 4

OI;,EG*P
CP/S

::>03.9
o.~I0613

120.5
122 .. 8
120.8
119.4

0.0
123.2
123. 11

M'tIP
CPf1/S

PNDBC

0.5991
r.00237

113.7
117.2
114.2
111.1'

o.e
118.1
11 B. q

V/OR
CXR/S

0.3025
".009720

-37.5
-42.4
-37.R
-29.2

0 .. 0
-41.6
-43.4

M'AT
VS(HHJD

O.7~04

34(l.4

78.8
33.9
19.3
22.1)
0.0

46.5
52.9

26 118.9
-7.'5

0.1795
0.09971

291.'"
1.4 0.."" .. 204.9

0.01)813
O.6()14 0.2989

0.00321 0.012300
0.7811

340.7

1
2
3
4
5
6
7

1
2
3
4
5
6
1

1.16.1
~21.9

116.7
114.2

0.0
123.2
125.7

t21.2
12C:;.1
120.4
11$.0

0.0
12~.?

129.7

115.0
12 ~ .5
115.8
112.5

0.0
12'2.9
12'5.5

"0.9
124.9
120.0
117.3

0.0
12e.1
129.6

108 .. 0
110.7
109 .. 2
107.9

0.0
11'2.2
113.5

0.1801
0.10456

11 0.1
114.4
111.1
108.6

0.0
115.1
116.9

105.3
108.6
107 •.'3
105.2

0.0
110.8
11'(.7

291.4
15.0

108.6
113.6
110."
106.1

0.0
114.4
116.5

1 21 • 1
t23.3
1,21.9
119 • .,

0.0
12'5.5
127.5

204.6
0.00965

124.1
127.9
124.1
121 .8

o.c
129.3
j30.9

116.5
118.7
1.18.S
112.3

0.0
123.0
'-25.9

O.6Q00
O.()0427

122.6
126.9
122.7
118.9

0.0
128.6
130.3

... 29 .. 3

... 58 .. 4
"36.4
"'30.4

(l.O
... 59.6
"64.1

0.3005
0.013380

-60.1
-71.0
-~3.2

-47.8
0.0

-98.2
-104.7

29.7
46.5
25.1
23.8
0.0

59.1
6B.1

O.7~03

341.(1

43.8
80.3
43.6
41.9
0.0

97.2
90.6



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

UTe

25

!
?
3
4
5

•
7

26

1
?,
4
5
6
7

25

,
?

3
•
5
6
7

1 ' , • .;
11d.~

11,1.~

1.1 3.1
1"1.(1

1 1 ~ • 1
11"'.!)

J

114.5
11? ;;;
1 t J::, .f
1.1 ~.s

0.0
1,19.2
1I q. s

.,

11 6.6
122.15
tl7. "'
11'5.8

0.0
12'5.1
12£,.,1

',f~T 1"'1('1 'I"(

~r.PM~

... '" n•

1 1 t • A
111 .6
11 3.3
J1().~

() • (l

1t,1.f,
11.1.6

119.4
"5."

117.9
116.4
11 4.1
111.5

(J.(')

11 R. 4
11°.rJ

11 S • 5
112.2
ItF.S
114.3

0.0
,?1.Q
12~.J

CLR/!:

\1.17 U-1

().(i72'-'5

107."
1(;j:;;.~

j("9.4

11)7.2
D.':]

1. 11 • f
107.1

fJ.UHll
O.{)~q5f.

108.4
110."
10 Q .6
1(,;;.1

".'.l
1 1 Q • 1
108. 7

1).1I;r.s
O.10S()1

J09.?
1ll. q
1 1 I) • 4:
10f!.2

0.1)
114. 3
1 1~ • F

k PF'

TPf"r~

?9?t:;
tr.o

10 e • ,

10':'.<1
107.h
104 • 1

(.• 0

110.1
1/)2.5

~9?(l

1 1 • 0

106.0
ln~.1

1('''6. tl

1 01 .11
{).0

1.()7.4
ll)!".p

293.1
1.'~ • 5

107.2
110.,
tO P .9
105.,?;

(t.G
113.C;
112. R

r. 'i·j£\;*R
CP/S

/0!3.4
I'l.OC41 9

120.?
1 21 • 1
1,~1.()

t 1 q. 3
o• 1;.

1 ?, • c

121"\.1.<

7.05.1";
fj.(;O~91

1'2°.4
~:t:?4

t2(\.F
i.1?_1

..... 0
1,2'.6
1?'? •.~

705.8
0.00112

122.1
125.5
127.4
t2 n .6

127.7
\?7.7

v'np
,:"pc/s

O.6f:1?
o.nnl~5

tI J. 2
112.7
115."5
111l.7

11.0
11 ~.• -4
113.(~

0.6812
1).00205

1 L~. 1
11'5.1;
114. \
l()~.q

(1.0
113. '5
11';.8

0.60 H,
o.()O:UO

11 9 • t
12:l.4
11 G. 5
1.1;;.0

'1.0
1215.1
126.0

V/OP
CXQ/S

(i.29"':
n.0'15~i4D

-2L 3
.. 28. 4
.. 3'). :;
"3",,8

0 .....
"3"'.6
..2i-1.B

r'.3"(H')
0.006':30

-21.2
-39.6
,,27. :1
"3?H

0.0
-3G.2
"39."

O.3 n 05
(j.(!09t30

-315.6
-6lJ.q
-3 Q .6
-31.8

'1.0
-E-3.6
-77 ••

"AT
V:"C I '1.:[>

O.7 0 0t!
341 .6

? 5 • 1
2>,.7
41.4
35.5

().(\

33.7
21.2

0.7.,5
3tll.1

'S.:l
25.4
3].0
1 q • 1

r,.0

'l2.9
4"" •.~

0.7':121
3.17.2

32.'
6(). 9
30.8
33.6
0.0

75.3
/irs.,;;



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

O.5QS5 0.2Y91
0.00182 0,,002530w

00

PUN

28

1
2
3
4
6
7

28

1
2
3
4
5
6
7

OO.T wr

DB

n~.:!

114.2
116.0
113.1
1.19.0
12 t • 1

6

U5.7
11'3.3
116 .. 6
113.8

0.0
11l=. .. 8
, 1. 9" 2

VSt,CCI'rY
At,PHA

120.3
-2.5

114.1
111.2
11 '1.. <}

U0. "1
11 Q. 2
120.7

119.7
-2.'5

114.4
112.8
115.5
111.6

0.0
115.4
118.5

fl':('UN

CLR/S

(j.t7e4
0.06799

1(\~,,'

1('°.8
108.2
106.7
1.1 1.0
109.6

0.1779
0.08051

108.7
110. ?
1013.7
107.3

(l.C'
110.6
109.8

RPM
T14ETIa

Or<AC

2<:)3.0
9.7

10'5.6
107.3
105.6
102.~

109.0
107.3

?93.6
°.7

106.4
107.0
106.3
103.9

0.0
10'!.6
107.4

OMEG*R
CP/S

205.7
0.00389

120.7
121.4
120.h
119.6
12'.9
123.2

2013.?
0.0033°

1 21 • 1
122.1
121 .2
120.0

0.0
127.3
123.3

~1TIP

CPO/S

PMDSI"'

0.5<:)32
0.00181

114.9
112.3
113. 11

111.1
116.9
11 g. 8

116.3
117.3
11'1.0
113.7

0.0
117.1
120.3

V/OR
CXR/S

0.3012
O.0049RO

-3':;.3
-32.4
-33.2
-2'5.2
-41.6
-48.6

-35.7
... 36.1
-38.6
-2 4 .5

0.0
-33.3
-37. ?

"JiAT
VSO/JNO

0.7719
346.8

31 .2
36.1
27,,1
79.R
57.2
36.3

0.7736
34':'.2

37.4
36.0
33.2
24.7

0.0
29.8
47.5

24 7 J20.4
0.0

O.179 Q

0 .. 075L3
207.2

0.00206
0.6014 0.299.3

0.00167 -0.001030
O.7R14

344.6

1
2
3
11

5
6
7

11 P" 3
118" 4
~1~.5

116.7
0.0

11'=1.5
1115.8

117.6
117.3
U 7.8
115.7

0.0
1 P" 7
113. lo<

109,,9
111 • (:.
11 0.5
10Q.5

0.0
112.1
108.8

10 Q .?
11 o. ()
10Q.O
107.5

0.0
11 o. e
10S'.4

12'.6
124.1
123.0
122.5

12 4 .4
J21.3

119.9
120.7
120.7
119.7

0.0
1'21.1
116.0

-60.3
-64.9
-41.8
-4B.2

0.0
-53.2
-33.0

46.4
42.7
54.1
39.7
0.0

5 4 .9
36.5



Tabie e3. continued. Acoustic Measurements for the Tapered Tip Rotor.

RUN POINT VELOCITY MTUN RPM OMEG*R MTIP V/OR MAT
ALPHA CLR/S THETA CP/S CPO/S CXRIS VSOUNO

MIC DB DRe DBA DPA,C P"JDB PNDBC PMIN pM-AX

24 8 12(').6 0.1800 29,3.9 206.4 0.5985 0.3011 0.7787
0.0 0.09693 10.0 0.00302, 0.00209 -0.000750 344.8

1 11 e.o 117.2 111.1 109.8 123.8 122.4 -45.5 43.2
2 120.9 120.4 113.0 111. e 125.8 123.2 -79.5 68.4
3 118.5 117.9 111.2 109.9 124.2 122.9 -41.13 63.2
4 116.5 115.4 110.1 toe.s 123.0 120.4 -39.2 39.2
6 120.5 119.9 113.9 112.9 126.2 123.6 -7t.2 53.1
7 118.9 U_~.l 111.0 109.3 124.3 122.2 -43.4 49.9

24 10 120.9 0.1801 295.1 207.2 0.6003 0.3005 0.7~O7.....
0.0 O.114g1 1~.O 0.00474 0.00304 0.000190 345.2w

\C

1 120.7 120.3 114.9 11 4 .4 127.6 126.8 -89.6 57.7
2 '126.3 126.2 118.• 0 117.6 131.7 131.2 -96.4 131.6
'3 122.1 121.8 115. S 115.1 128.3 127.5 -86.8 64.1
4 122.t 121.8 US .1 114.6 128.4 127.8 -65.3 76.5
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1.25.6 125.4 117.6 117.2 130.7 130.2 -94.3 133.9
7 0.0 0.0 0.0 0.0 0.0 0.0 n.o 0.0

26 17 150.2 0.2251 293.3 206.0 0.600f 0.3757 0.8255
-10.0 0.07073 14.0 O.OOBoa 0.00306 0.012050 343.2

1 124.3 12.3.7 115.3 U3.7 129.0 12;;.4 -77.3 7'5.8
2 125.5 125.0 115.1 112.1 12B.7 123.13 -102.5 f,t;.3

3 124.0 123.4 115.4 1.13. Q '-28.3 125.4 -80.9 71.7
4 12"'.6 119.2 112.3 108.3 12~.e 120.8 -71.6 43.6
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 12'l.~ 128.5 117.5 116.0 t 31 .1 12!1.8 -91..0 129.'2
7 129.0 128.8 116.'5 115.1 130.7 127.9 -114.5 ge.3



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

0.5994 0.3770
0.00286 0.005910

--1:>0-o

?Eo

1
2
:3
4
5
6
7

'6
1
?
3
4
5
6
7

26

1
2
3
4
5
6
7

OR

19

12,.'5
1.2(\."5
1?2.8
120.5

0.0
12Q.3
12P.4

12

1.21.<1
132.9
'.2 1 .6
U R. e

0.0
127.0
127.9

13

12?6.
124.R
123.0
'19.6

0.0
128.4
128.8

VFLCCJ:TY
ALPHA

1.19.7
-U).O

1.2'2.B
126.0
'21.1
119.1

0.0
1'29'. 1
128.1

150.1
-s.O

120.2
t32.~

120.5
l1f,.7

0.0
176.6
127.6

150.3
·s.o

1?1.8
124.0
1~2.3

1'17.7
0.0

123.1
128.6

CLRIS

DBA

0.2255
0.07568

114.1.
11 4.6
114.9
111.3

0.0
q 7.1
115.1

0.2257
0.07736

114.4
124.9
114. q
U 1. 8

0.0
117.2
114.1

0.22;8
0.08713

114.5
116.5
114. A
11'2.3

0.0
1 17.4
117.3

RPM
'l'J-lF'fA

29?9
1.1.5

l1l • ~

111 .1
U. 3.:2
105.2

0.0
115.fI::
11.3.1

292.0
12.0

U 2.3
124.7
P 3.1
107.?

0.0
115.7
111.2

292.0
13.0

112.5
114.5
113.0
1(J~.3

0.0
11. '5.9
116. ,

O~"'Er,*F

CP/S

205.7
0.00901

127. 'J
'.28.3
127.8
124.7

0.0
130.S
129.4

205.0
0.00568

127.7
137.6
127.5
124.6

0.0
13 j .1
128.3

205.0
0.00673

127.9
129.5
127.9
125.4

0.0
131.'
131.6

fi'T'!p
CPO IS

PNOBC

O.f5020
0.00358

124.4
12,.4
12 4 .0
115.9

0.°
128.2
126.2

125.4
137.3
124.6
1l':;.4

0.0
12Q • ..3
124.4

0.5989
0.00329

125.7
127.1
125.5
119. R

0,0
129.8
129.7

V/OP
CXR/S

0.3750
().0~2970

-6G.l
-100.1

... 76.5
-61.4

0.0
"'Ufo.8
-124.8

-132.8
-391.7
"129.9
·51.9

0.0
-78.6
-9£1.9

0.3775
0.007120

-13?1
-.391.7
-129.6
-63.0

0.0
-99.7

-106.5

i/Ar
VSOUNf1

O.B27R
341.6

62.9
98.1
58.5
3Q.5
0.0

135.1
94.8

O.. S254
34 2.1

107.3
352.0
102.9
43.4
0.0

130.0
90.1

0.€2S0
342.4

1 06~. 7
355.2
103.4
S~.4

0.0
127,1
92.4



Table C3. continued. Acoustic Measurements for the Tapered .Tip Rotor.

FWN POH0T VELOCITY NTlil\J RNI nM~(,*" M'flP V/OR ~~AT_: l.....: ">' . tc
.ALPf.lA CIJR/S THETA CP/S cpn/s CXRIS VSQutm

Mrr Dj:). DBC l)PA CPAC prmr PNOBC P"~P' p~~x

'25 16 150.9 O. 2257 ?S·1l.9 207 • '\ O. 6022 0.3754- O.B?R2
0.0 O. 0674 P B.O O. 00205 C. 0021 1 -o.oot 380 343 .<J

1 122.7 121 .8 U4. 8 1 12 /) 12R .0 125. 2 .. 77 .3 70.4•
2 122. 3 1.21 0 ~ 14. 3 1 1O.f, 127. 7 122. 1 -76. 1. PI .7• J.

3 122 • 9 12?-.0 1 15. 2 t 1 3 .1 128 • '\ 1.25 • 9 -76.7 6/).5
4 1.21 .7 '- 20.6 1 1 3. 2 11(\.(\ 12#0;.4 1.21 • B -78 • '\ 64.6
5 0.0 0. 0 O. (', 1'). (I O. n o. f) 1'\ .0 n.r"
6 125.9 12'5. 2 1 t6. E ,1 14 • 6 1 30. 7 12P. 7 -95.3 342.7
7 124.Q 124 .4 114 .4 1 1 1 .7 1 ?P .6 125. 7 .. q 1 .2 71 • 7

- 25 17 150.9 O. 2257 ?95. '\ 207 2 O. 6025 o. 3751 n. e?8S~ •- 0.0 O. OR489 10.0 (;.00297 0.1)0256 -0.000820 ,343.9

1 1 21 • 13 120.7 1 14.4 1 12. 3 127. 9 125 • 3 -70.n 69.Q
'2 121 .8 '\ ? I). 1 1 14. 5 1 1 1 .() 127 .7 12'1..5 _(~,1 ~ 73.7-" ... "

:3 ~. 21 .7 120. 6 115. 0 1. 1 3 • 1. j 27 .9 t 24. '5 -62.0 6 4 • 8
4 1 ? 1 • 4 1 ?0. 3 112.9 109.6 125. 8 120. 4 -83 .2 70. 3
5 0.0 0.0 O~() o. 0 0 • 0 0.0 0 .0 0 .0
~ 125. ] 1. ?4 .6 116. 3 1 1. 4 • 1 1 '30 • .1 128. 3 -13 1 .5 1 15. 7
7 1:24. p 1. 24- • 3 1 13.7 1 10 • :3 1 27 .9 124. .3 -72 ~ f6.9..,

25 1 9 tS rl .0 o. 2253 ?95. 1 207 • '2 0.6014 0.3751 C • ~?70
0.0 O. 1 0092 12.0 O. 0050 /\ O. 00384 0.000490 ~44.6

1 t2~ .0 127.2 114. 0 113. () 12P 4 126. d -85.7 75- 4• •
? 1.2 C; • f) 1 24.2 1 15.2 t 12. 3 1.28 .F, 124. 4 -10? '1 en • r.;

:3 113.5 127. >3 1 15. 5 1 1 3 .9 128.6 12':;. 6 -1 10.8 59. 5
4 j 24. 0 t:D.4 1 1. 3. 7 1 t1 .0 127 • 5 125.4 -90.4 73 .?
5 0.0 O. 0 C. 0 0.0 0.0 O. 0- 0.0 ('! .0
I; 129. 1 l?~.9 1 t B. 3 1. 17. 1 1 32. 6 131 • 5 -149.(1 121 .9
7 127 • 7 127. 4 1 15. 9 1 1 4 1 1 30. '2 128 • '2 -85.3 ~4.7• ~



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

57

12 Q .O
12'5.0
12 4 .9
1.2~.e

0.0
1 3 (') • 1
12F..9

V;.~t,CCTTY

ALPHA

D13C

164.3
"5.0

1'27.7
125.1.
12·4.1
1::>5.2

0.0
129.8
126.2

CtR/S

0.?445
0.07535

116.4
117.5
U5.7
1t5.3

() ().... -,

118.8
115.5

RPM
THET;'

321.1
12.0

114.3
11l;.O
113.2
112.4

r. ...0
117.1
n:'.. (l

CP/~

225.5
t'l.00595

1 30. n
130.0
1. 2°.1
129 • .1-

o.n
137.E
1.19.5

f!:TI P
CPr~/s

0.6525
0.00341

127. ?
125.t
1215.h
1.25.9

0.0
129.1
125.6

V/OR
CXP/S

0.3753
0.005?70

-1.16 • .3
-107.9
-10(1.2
-113."1

0,0
-115.5

-9rt.6

("'AT
V,'; C1I !t,J!1

0.8974
34~.h

180.3
" 14'5.3

114.2
87.1
0.0

160.0
97.6

57 '7 164.1.
-5.0

(1.2441.
O.ORE-78

320.5
13.0

225.1
().00720

(J.6507 n.37~7

o.n04Q~ 0,006390
0,8951

34S.Q

1,
3
4
5
6
7

1
2
3
4,

'5
6
7

12R.(~

1.26.9
125.8
'.26.5

0.0
1.30.3
127.2

16

13.3.6
13'2.7
t34.()
133.7

0.0
131.5
133.3

128.6
12E-.2
125.2
126.0

0.0
130.0
126.6

170.<1
-7.5

133.4
132.5
1.33.9
13.3.15

0.0
131 .3
133.1

1.16.7
117.6
1!6.2
115.3

0.0
11 p. 9
! , 5. 3

°.255 7

0.06912

124.1
11~. 0
126.0
126.1

0.0
I1F.9
124.1

114.~

1115.?
1 111 • 1
1.12.l:i

c.o
117.3
111.6

.3:,5.1
12.5

123.7
115.1
125.8
125.8

0.0
116.8
123.7

130.9
130.0
129.9
129.5

0.0
13?8
129.7

235.3
0.00741

137.0
13'2.8
139.2
138.8

0.0
133.4
137.9

128.r,
125,7
1.27.0
126.1'1

0,0
129.P
126.3

0.6865
0.00416

136.0
129.5
138,8
13R.'2

0.0
130.3
137.4

-141.5
-l1l;1.4
-109.2
.. 128.9

0.0
-129.3
-12(\.3

0.3130
0.01)7430

-210.9
"Ull.a
-247.4
-279.4

0.0
-198.9
-320.7

137.4
138.7

9 4 .8
99.2

0.0
192.6
99.2

0.9425
342.8

504.9
?3q.?
465.2
472.6

0.0
215.1
191.9



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

RUN POINT VELCCITY MTIHJ RPM OMEG*P MTIP V/OR MAT
ALPHA CLR/S "BFTA CP/S CPO/S CXR/S VSOUNO

T-1!C 1)8 DBC DRA D8AC PT,!DR PNDBC PtHN PMAX

sa 6 171.0 0.2561 333.1 23~3.9 0.6911 0.3765 0.9.376
-5.0 0.07781 12.1'l 0.00657 0.00423 0.004611') 343.4

1 13"4.0 133.9 122.0 121.4 136.3 134.8 -223.2 331 .6
? 131.8 131.5 118.2 115. ~ 132.5 129.2 -168.6 141..8
3 133.1 '32.9 123.7 123.2 137.0 13~.3 -174.6 344.1
4 .t.B.3 133.2 125.0 124.7 138.2 137.5 -165.4 416.1
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 U1 • 3 131.0 119.4 117.5 133.4 130.3 -157.7 '73.6
7 131.2 130.9 123. j 122.5 136.F, 136.0 -:nO.9 237.5

- 58 7 170.(; 0.2553 333.9 234. r:; 0.6921 0.3748 0.9378
~
(,;.) -5.0 o.oatil 12.~ 0.00707 0.00448 0.005120 343.7

1 134.13 134.7 122.8 122.3 136.9 135.6 -229.7 433.5
2 132. f) 131.~ 118.2 115. ~ 137.4 129.2 -19~.7 H·5.4
3 133.5 133.4 1?4.1 123.7 137.3 13f;.4 -196.7 373.4
4 133.7 1,33.'; 125.5 ~?5.2 138.6 137.9 ... 233.5 426.7
5 141 .7 111. 7 132.9 1,3?9 145.13 145.7 -936.9 8S6.Q
6 1,31 • 1 130.8 119.0 116.9 133.1 129.5 -149.7 224.2
7 130. Q 130.f> 122.7 '22.1 135.9 135.2 -223.3 214.5

~q 1.1 171 t) 0.2558 332.1 233.2 0.6747 0.3796 O.930~..'

-2.'; O.07f'156 10.n 0.00414 O.l)O~326 0.001020 345.~

1 131.5 131.3 1?0.2 1 19.3 134.7 132.9 -147.9 298.~

2 12".1 1?7.4 119.6 117.7 132.4 129.3 -t83.0 145.2
3 129.~ 129.'5 120.1=; 119.7 13.1.*' t3~.8 -134.4- 21051.2
4 t 31 • g 1. 31 .7 12',.8 12:2.2 1.36.4 135.3 -161.8 376.0
'5 140.0 t 4 f) • () 131.7 131 • 1 143.8 143.6 -732.3 764.9
6 os. g 1?B.3 119.9 11f.l.3 133.6 130.7 -11 Q .2 197.1
7 131.1) 130.7 1.20.9 119.9 13'5.1 134.3 -135.4 13.1.3



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

R!J ~;~ POTN" VET4 0CITY ~il'UN RPM m,iF;G*P !';'fIlJ V/OR >IAT
ALPH~ CLRIS THE'l'r.. CP/~ CPO/S <"XR/S VSOUND

~;IC DB DBC J)B,~ D'S4C Pt\!DB PNDBC PMIN pVAX

5~ 1 ! 172.1 0.2561 336.1 2~6.0 O.6R28 0.3756 O.9~93

-?S 0.07800 1t.o 0.00506 0.00377 o.oouno 345.6

1. 13~.1 132.9 1 21 • 1 120.3 13F-.O 134.4 -19'.1 331.6
2 1.30.6 130.2 119.4 117.4 13?5 129.3 -1.4~.• 2 144.2
3 13'2.2 132.0 121. Q 121 • 3 135.5 133.9 -186.0 321.5
4 132.~ 132.6 124.6 124.3 137.B 136.8 -199.4 375.1
5 141 .6 1.41.6 132.6 132.5 145.8 14'5.6 -786.4 81.6.0

" 129.Q 129.5 119.8 118.1 1.33.6 130.6 "14f..4 176.5
7 1.79.8 129.4 122.1 121 •.3 135.4 134.4 -182.7 199.4

.... 58 1\1 175.~ O.262 Q 344.6 242.0 0.7034 0.3743 0.9667~
~ -7.5 0.07001 12.8 0.00822 0.00514 0.006930 .344.0

1 1.37.7 131.6 no.o 129.Q 14'2.9 142.6 -347.2 734.6
? 130.8 130.4 119.3 116.9 133.9 130.7 -157.6 lB5.0
3 131.0 13~.9 130.7 130.6 143.5 143.2 -SF.7.7 622.8
4 137.9 1.37.8 130.2 130.1 143.6 143.4 -60'1.4 61rs.4
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 131.5 132.2 121.3 119.9 135.7 133.5 -198.3 23".5
7 136.6 136.5 129.9 129.8 143.2 143.1 -432.4 5Ig.3

l:iS 21 176.2 0.2630 346.4 243.? 1).7058 0.3732 0.969'
-5.0 0.07624 12.0 0.00691 0.00457 0.004720 344.6

1 13R.8 138.7 130.6 130.5 144.0 143.8 ·384.~ 817.0
2 132.7 13'2.4 122.2 121.0 136.3 134.4 -lSQ.5 277.5
3 137.R 137.1 131.1 131.0 144.3 144.2 -620.4 645.2
4 1.39.7 13~.7 131.4 131.3 144.3 144.1 -605.2 659.6
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 133.3 133.1 123.7 122.9 137.6 136.2 -244.4 t85.9
7 135.6 135.4 129.1 12B.9 142.1 141.9 -468.5 .379.4



Table C3. continued. Acoustic Measurements for the Tapered Tip Rotor.

RUN PCH'T VF'LOCITY fdTUN RPM OMEG*P M1'IP VIeR MAT
ALPHA CLR/S THt'TA CP/f; CPO/S CXRIS VSCUND

:q-c Dfl DRC n8~ DElle pr'Ji)B PNDBC pf,1IN PMAX

'58 26 17::'.9 O.2f'31 345.B 24/ .8 o. 7020 0.3753 0.9655
-2. 5 Q. 07830 1 1 .0 0.00557 0. 00,158 ().OO1000 345.9

1. U~ • ') 1 36. 4 127.<1 127. 7 141 • 2 140.6 -?67. 1 610 .7
'- 1 H .f.S 1 31 • 5 122. 7 121 .R 13S.7 133.7 -251 • 3 "5.~
3 136.3 136. 2 1?9. 0 12P. Q 142.2 142. 0 -366.4 649. 3
4 1 37 .7 1 37 .7 130.6 130.1:5 1 A 3.0 142.7 ·C:;03 .4 610. 2
'; ('t • f) O.Ci 0.1') 0.0 0.0 o. () n .0 (I .0
6 U1 ~ 1 31 • 5 123. 1 122 .'2 1 H • 3 1 34.4 -202. 1 18t;.9•
7 135. <1 1 35. 2 12fl.O 127 • 8 141 • j 140 • ~ -463 .9 36Q, .4

-~
VI



Table C4. Acoustic Measurements for the Rectangular Tip Rotor.

PIn: pot \7 VFL,fJCrTY \~ r L~ ~-: p :? i,> C'.,. F~ (~ *!) 1';'1 p iJ/CP IJ A~('

_I\LPH,~ CLR/F- l'PFT~' CPIS CPi~/S CXPJS VSC'I] t, re

1'1 (' 1;'-\ ;")P( D~ .~ f'p r,r 1? \: D:~ i) J\ 1')AC P ,~ J: ~~ pV!lX

39 11 79 • 6 () ·1?Cd 29° .n "J. (\ 3 ·~ (1 • 5979 (I .201 3 0.71 B2
-:5 n () () F 3'k () Q f! 'J '.1031 '2 i": 001'17 0 !)" 4 /}7 f) 3!10 f,• . . • • .. • • •

1. 1- 1,1 ~ 1. 1 /1 ] 1 01 3 q9 q 1 1 3 "3 1 1 t 7 -20 1. 2? P• • • • 1 • · • •
? ~ J. '1 '2 11 :3 ::< 1C~ il 1 nq ~ J 1. t q ') t 1. 7 f, -29. 4 27 7• ... • • · • • ·3 ~ 1 3 .0 1. 1 2. 7 1. 02 • 7 1 OJ • 7 1 1. 4 •

.,
.1. 1 3 • .) -1 S •

., 1 0 • {1
~ 1, 1 1 3 1 ~ !1 Cl 1 04 R ,') ,j '2 1 1 F. 1 1. 14 .1. -16 5 '2rj f... • • · • • • • •c:; 0 0 n 0 0 0 n ,.,

0. (' 0 t) c' 0 I) n• • • • • • •
6 1 17 8 1 1 7 I) lOe:; p 1. ()!)• ? t 1. Q i' 1. j ., t -46 .6 30 3• • • ·. • •
7 1. 12 ·~~ 1 L2 5 1 eo. '7 9q .6 1. 1 .3 2 1 0<1. A -20 .7 20 ,.,• • • !.-

- ~o ,1 79. 5 0 J202 ??9 4- ?O3 2 () 5972 0 2n1 5 O. 7175~ - .•" • • • · •0\ -s () t'\ flBQliQ 10 .n ,...
()O4~8 0 .001 82 I) .0(\6390 340 '3· • • •

1- t? t' 1 1 ? 2 un 9 103 1 1 15.7 t 11 .0 -19 .. 4 '2 1• .) • • • •
2 1. 1'5 • '2 1,4. 9 105. S? l,O~ • 1 1 17 .. 9 1. 1~. 7 -37 • 1 25 .4
3 1. to .4 109 9 102. 11 1 0 1 3 1 14 1. 1. 1. 2. 6 -19. 7 ?" ?· , • • •
4 1 11 !) 1 1. 1/. r;; 1 03 9 1 0 3 ? 1 1 h 2 1 14. 9 -28. 6 24 ~.• · • .. • . . •
5 0 • ') 0 • (; 0 • 0 (} () 0. 0 () • n 0 .0 0 • 0•
6 t 1 p

• 7 1. 1. q • 5 1 07 • 1 106 • 7 1 lQ • .3 1 18 • 5 -46.4 27 •7
7 1 1.6 • ~ 1. I 6 ·:3 104. :~ 104 .n 1. 16 • 6 1. 14 • 7 -2? • (\ 26.6

3~ 1 3 79. 5 f) 12(\ 1. 290. t:. 20 4 • 1 0 • 5996 0.2006 O. 7 1 99•
-5 '1 0; 1 1756 1. 3 n Ii 00701 O. 00274 () 008470 340 3• • " . • •

1 1. 10 • 9 1 1. 0 • 4 104. 1. 1 (t 3 • 4 ,16 • 3 1 15 • 4 -17 • 7 22. 4
? \ 1. R.8 1 1. ~ • 7 1. 1 (j • q 1. 10 .7 122 .6 122 • :! -43.9 39.0
3 11'. 0 1. 1. 1 • 7 105 • 1 104.5 117. 3 116. 7 -1 7 • 9 25. 1
4 1. 1. ? .li 1. 1. '- • '2 105 • 1 104.5 117 .9 1 17 • 3 -23 • 2 24 • 1
5 o. 0 (l I) f) 0 () .0 " 0 0. 0 O. 0 O. 0• • •
(, 119. 6 1. 1. 9 • '; 1. 09. 7 1 ()O ~ 1. ?1 • 9 121 • '5 "36 • 4 4n • 9...' .o'
7 121 • 7 121 • 7 107 • 2 ,. () 6 .6 1 20.0 1. 19. 1 -46 .it 59. 7



..

Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

RUN

MIe

39

1
2
3
4
5
F.
7

POINT

DB

5

tiS .1
114.3
113.8
112.f)

0.0
1.1 7. B
1.14.6

V€l.rOCITY
ALPHA

D8C

79.3
-2.5

114.9
11,.9
1.13.6
111.6

0.0
j17.7
114.3

MTUN
CLRIS

DAA

0.1201
0.07375

104.5
109.'2
104.9
104.1

0.0
un.5
lC?9

RPM
'fBET!\

2~8.~

R.O

103.9
108.9
104.3
103.4

0.0
107.0
101.6

m~ E'(;*R
CP/S

202.B
0.00287

117.9
120.6
118.4
116.4

0.0
119.4
115.8

M'J'IP
CPO/S

PNnec

0.5916
0.00149

117.1
120.0
117.7
115.5

l).O
11!~.7

11.3.9

V/OR
CXR/S

0.2013
o.OOU~?O

-1.19.8
-126.?-
-1.28.4
-23.5

0.0
-42.0
-20.7

VAT
VSCUND

PMAX

0.7179
339.4

96.B
113.7
to?1
16. 7

0.0
35.0
20.2

39 7 0.1201
0.10751

288.8
H.O

20?.R
O.OOABO

O.SQ71 0.2014
0.00210 0.002740

0.7173
33q.7

1
2
3
4
5
f,

7

39

1
2
3
-4
I:;

6
7

11'.1
1.17.5
11 2. 7
114.1

0.0
HR.,)
119. :'.

111. .1
11 B. IS
113.4
113.9

0.0
11~. 7
121.9

111.8
117.3
11 2.4
11. 3.9

0.0
117.9
1 t 9.1

79.3
-2.'5

11 0.9
11 R. 5
11 "3.1
11 3.7

0.0
11 ~. 6
121.8

104.1)
111 • .l
105.~

106.7
0.0

109.6
101S.0

0.1197
0.1.1741

10S.8
111 .9
106.6
H)7 .2

Cl.O
11 0.4
107.'-

103.8
111.1
1()5.~

106.4
0.0

109.3
105.3

288.8
12.0

105.3
111.15
~.O".'
106.'-'

0.0
110.2
10;'.7

l1f.3
122.7
117.8
119.0

0.0
12:1.4
J.19.1

202.0
0.00565

117.5
123.6
11B.R
1.20.0

0.0
123.4
12().F

115. :2
121 .9
117.0
11P./\

0.0
12 ').4
11 B. 4

0.5953
0.Ov247

116.6
122.8
11 F. 3
119. n

0.0
1.23.0
120.1

-1>3.2
-49.4
-23.4
-29.7

0.0
-13.2
-41.6

0.2014
0.00'.\060

-23.1
-49.2
-27.7
-31.5

t).O
-48.6
-5:2.1

21. 2
38.1
24.1
27.6

f).0
38.5
44.4

0.7152
340.7

25.6
38.9
22.7
24.4
0.0

43.7
56.5



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

DB

V~LfjCITY

AT."PH1\

D~C

CU(/$

OEA

RP')

THETA
O"'fG*:R

CI')/5
1<iTIP

CPf"/~

VieR
CXIUS

If AT'
VSClJpn

F"AX

79.6
0.0

O.I20l
0.05856

2~!~.G

r-.o
7.0'/.7

G.00171
O.595f1 0.2024

0.00129 -0.001070
0.7154

:U0.fi

0.5974 0.2012
0.00142"0.001320

-~
00

1
?
3
4
~

6
7

39

1
:?
J
4:

"6
7

11~.7

U5.2
-116.0
113.4

0.0
117.9
115.1

11 1;. ~
118.4
116. S
11S.e;

0.0
120."3
116.8

116.6
114. 9
1.3. 5. q
11 3.1

o.n
117. R
11'5.4

'19.5
0.0

116.7
118.2
116.4
'.15.4

0.0
12'1.2
116.6

104.4
108.1
104.7
104.B

0.0
108.1
lC3.7

0.1200
O.079~3

107.5
112.5
108.4
t08.0

0.0
111.7
105.9

103.7
107.R
10 4.0
104.2

o.f)
107.7
102.4

28Q.r.
8.0

107.2
11?4
10B.2
107.7

0.0
11.1 .5
j.05.?

118.~

119.9
11~.4

117.3
0.0

121.2
116.7

203.5
0.00234

120.8
1~4.4

t 21.4
120.::1

0.0
l25.0
1 1B• 5

li8.0
118.4
11$(.0
1.11;.6

0.0
120.6
115.2

120.5
12"-.1
121.2
120.5

0.0
124.8
117.8

-34.0
-32.6
... 34.6
-2B.0

0.0
"'41..6
-27.3

... 35.6
-63.9
"33.0
.. 37.2

0.0
-50.2
-37.6

41.• 7
.Jo.n
29.B
24.1

0.0
42.5
26.3

0.7176
340.6

35.'8
41.4
40.9
31.9
0.0

f:l6.!i
31.3

39 20 7'1.6
Q.f)

0.1202
0.10598

289.R
lo.a

203.5
0.00344

0.5971 0.2015
0.001B2 -0.002270

0.71713
340.6

1
2
3
4
5
6
7

t U~. 3
0.0

120.1
120.3

0.0
12.3.9
120.5

118. ?
p.O

120.0
120.3

0.0
123.8
120.4

111.3
0.0

112.4
112.9

0.0
116.7
1 H. 8

111 .1
o.n

112.3
:1.12.8

0.0
116.7
111. "

•

123.5
0.0

12'5.4
126.0

0.0
129.7
123.7

123.3
0.0

125.2
1,25.9

0.0
129.6
123.2

-43.5
0.0

"49.3
-61.7

0.0
-102.7
-53.7

49.6
0.0

47.1
49.2
0.0

713.3
60.3



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor..
PHil! POINT VELOCITY MTlIN pp~~ 01'\EG*R MTIP V/(lR MAT

ALPHA CUUS THETA CP/S CPO/S CXR/S VSOUND

MYC D8 Dec D8A D~A(" Pt.lD.~ PhDBC PMIN P'''AX

39 2'. 79. 7 o. 120) ??~.2 20~ • 1 0. 5956 o. 2022 0.7160
0.0 0. 12485 12.0 0.00492 0. 00249 -O.O02?80 34j .f)

1 120 .9 12f).9 1 15. g :l. 15.7 127.7 127.F -64.7 72. g
? 0.0 0.0 0.0 ('I • 0 o. 0 0.0 0.0 0.0
3 1 23 • 3 123.2 1 1 6.7 1 if.7 t2g.1) 1 2Q.O -77.4 94. 8
I: 122.6 122.6 116.4 1 1'::,.4- 12°. 1 121J.n -77 .4 66.7
5 0.0 0.0 0.0 0.0 0.0 '1.0 0.0 o. 0
6 (I .0 0.0 0 .('1 n .0 0 .0 \}.o 0 .0 0 .0J

7 1 ?,1.0 124.0 1 1 4. 8 1 14.7 126.6 126. 3 -7" .2 77 .8

-..j:o.
39 14 79.5 o. 1 199 ;>'38 R 202.8 o. 5'H? 0.2019 0.7149\0 •

iO.O o. 06885 4.0 -0.00057 o. 001 4 2 -0 .01 4180 340 .Q

1 11 q.o 1 1P • 9 lCS.9 105. 4 1 ? I). 2 1 1 9. 8 -34.0 37 • 7
2 U5. 3 1 1"; • 0 105. 7 105. 1 1l?o 1 1 q. 2 -24.6 ~6.2

3 11 r;. :3 1 1 8.2 106.0 I os.,; 1 1.~. q 1- 19, '5 -33 .0 43.6""
4. ,14.5 1. 14, 3 104. 0 t03 , 3 117, B 1 1. 7 • ? -27. 4 28 • P
5 0.0 0.0 0.0 0.0 (). 0 0.0 0.0 0.0
6 121 • '3 121 • '2 107 • 9 107 • 5 1~! .9 121 .4 -41 • ~ 47.6
7 121 .0 120.9 1 02 5 too. 8 :1 14.9 1 11 .6 -33.4 3~ .9•

39 215 7q.4 0, t 19~ ?Q0.0 203.6 o. SQ7, 0.2009 0.7172
10.0 o. 1 1 314 R,0 -I}, ()OO44 0.00t79 -0 .022970 .341 .0

1 121 .7 1 71 1 108. ") 108 0 1?2 .2 122. 0 -35.3 47 .8• 5.· •
2 11 q. 9 1. lCl.R 109. 4 109. 1. 1 2.3. 0 122. 9 .. 53.6 6 '1. • 5
3 120.2 t 20, 2 1Og • .3 1 O~. 1 12? 7 J.22. '; -41 .2 45. 7J.

4- 1.17.0 1 IF; .9 106.9 106.5 1. 2(; .4 12(\. 1. -2'7.E 33.7
5 0.0 0.0 o. Q 0 • n 0.0 0.0 (J.I) 0.0
6 1 24.5 124.5 1. 12.0 1 11. .9 126. 3 126. 2 -no.S) . nO .?
7 122.3 127. 3 1 (\4, 9 104. 0 1 17 .7 1 1~ • 0 -4'5.0 ~ 3.4,



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

P IJ ;'j DnT~-lrr ifFLOC'!TY "'TUI!- Rpl; r:;;r F' c;*R f-"rr p V/OR r~p. T•• ' 7 ,- •

~t:PdJ' ('PUS THFTA CPIS cpr]1 S CXRIS VSOtlND

I"re "" f" f'\P C Di-"A Dt~_~r pt. DE" ?h'f)RC F!I,I~; p~~ AX'.;!~

4(' 1 1 1 19 .9 () • 17?q 297 ·4 20'). 3 O. 5981 O. 3009 0.778<.)
-1 () • 0 0. 0694Q 1 2.n n. GOAn O. f) O? 1 4 D.O! 1 {~40 342 .q

1 1 1 3 .0 un.!'; 1 f,f:!. 7 1 03 • (\ 1 18 • 7 lng • ? -27. ~ 28 • ()

? 1 lB • ., 1 17 .7 11 0. / 107 .f;, 12? • 3 1 16. :3 -4t+. n 41 • 4
-3 1 1 4.6 1 1 ,.,

9 1 ('7 .:~ 10S .3 1 t9 .8 1 11 7 -31 .4 27 .0t; • · •
'1 11? p 1 1n. 7 105. Q 101 .f') 1 lQ. 0 10q. 7 .. 26.4 23.7
5 n.o \) .0 I) • 0 n,O O. 0 o. (') 0.0 0.0

" 1 19.8 1 1-:). 1 1 10. 1 107 .4 122 ·2 116.5 -43.6 81 .5
7 120.5 1 ~ Ii 1 1 06. 3 100.7 1 1", !:' 104.0 .. 38 .4 4? .8.• ,!...• • .1

- 40 1') "2 ('. 0 f"' 1799 795.4 207 .4 0.6043 0.2981 O. 7844VI 1 J.
0 -10 • e (). 08'371 14.0 0 .00841:\ 0.00'1.75 () .01 5'HO 343 • 3

1 115. 3 1 1 '5 • 3 1 07. '7 t()4.h 170. /. 1 '3. 7 ...31 • R 36.9
'2 12'. 1 121 .7 1 10.7 lOB I:; 122 0 1 17.7 -58.4 48.7

• ;,f •
.3 ~ 15.)./ l 14.6 10? • 9 105. 1 120 .5 U3.4 -30.3 41 .5
4 1 1 ~ .~ t 1 1. • 1 106. ; lO?1') 1 19. 3 1 10. 6 -.31 .2 2R .6
5 () .f) 0.0 O. (l G.O Q.O o.n 0.0 0.0
Fe 123.5 1'23.? '- 10 ·0 1n Q Q 1 23.6- 119. 5 -56.5 5~.fi_... ".- .
7 125." ,'14.9 107 1 "01 .7 12(). 1 11 o. '5 -68 .B 64. A• J

40 1 1 120. (I ()
• 1797 '94.0 20f..4 0.6009 0.2995 0.7808

-10.0 C.oq~f,·~ 15.0 0.00931 0.00:327 0.01.7780 343 .6

1 1. 19. ) 1 t «•Q 1 07. " 1. 1)4. 3 1.20. 3 1. 13. 4 ..31 .5 34. 7
2 123 .~ 1 21 .I:l 1 1 1 .4 109.5 1. 74.5 120. 9 "65.0 62.7
3 1. 18 .8 1 1 f~ .2 109. 1 j 07 .0 121 .6 117. 1- -37.3 37.0
4 1 p: .5 t 14 .'2 107 .4 1 ()3 .7 120. 1 112.9 -26.5 28 .9
5 0.0 o.e O. 1"\ o.n 0.0 C.o 0.0 0.0
6 12c; .7 125.6 1 1 1• B 1. 10. t 125. 3 1?2. q -.66.9 86.0
7 125.9 126. B 10f.. 2 98 .5 119. 1 106.5 -74.9 78 .5



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

RUN POIN'!' VELOCITY MTUf'.l RP1>~ OMEG*R MTIP V/OR ~~AT

ALPHA CLRIS THETA CP/S CPO/S CXR/S VSQUND

~TC D8 ORC 08A D~AC PN08 PND8C Pi'.fIN PI/AX

40 5 119.4 0.1799 292.2 205.2 0.6011 0.2997 0.7813
'-5.0 0.07167 10.0 0.00416 1').00192 0.005340 341.3

1 114.4 112.7 107.1 103.9 119.7 111.6 -24.0 2B.O
2 115.5- 1 1 .3 • 3 110.0 107.7 121.9 116.1 -43.4 2B.2
3 115.6 114.5 108.!i 106.2 120.4 113.3 -31.1 29.7
4 113.6 111.5 106.9 103.0 1'0.0 112.3 "25.0 28.6
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 11~ .5 117.6 110.4 10~.2 122.5 116.2 -33.4 37.1
7 116.6 115.5 105.8 98.1 118.4 102.9 -41.9 33.7

- 40 6 119.3 0.179'5 292.0 205.0 0.6001 0.2996 0.7799(,/\- "5.0 0.09101 12.0 0.0057t 0.00245 0.007430 341.. 7

1 114.3 112.5 107.3 104.1 119.5 111.9 "25.8 24.3
2 117.6 116.4 112.0 U. 0.6 12.3.4 117.4 "43.4 3A.5
3 us.s 114.3 108.4 106.'2 120.0 113.3 -37.5 26.7
4 1.13.2 111. .2 106.~ 10:~.6 119.2 110.6 -25.5 27.'-
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 11 s:l. 6 117.6 110.5 108.2 122.6 1.16.3 -36.'2 49.4
7 '21.Q 121.6 106.4 100.8 11 a. 9 107.0 "55.3 52.8

40 8 U 9.8 0.1802 292.4 205.3 0.6004 0.3005 0.780~

-5.0 ?10739 14.0 O.OOBOB 0.00367 0.009880 342.0

1 HR.7 118.1 108.9 106.7 122.4 119.4 "56.1 )8.6
2 12'-.7 122.3 112. S 1 U. 2 124.7 122.5 -62.9 55.1
J 119.6 119.1 109.9 108.2 1?3.2 . 120.8 -53.0 4Q .9
4 t16.2 115.1 l08.1 106.3 122.2 11<l.4 -34.5 35.9
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 12'5.2 124.9 112.6 111.3 125.8 124.1 -98.5 73.4
7 127.9 127.9 109.~ 106.5 122.6 ltA.3 -91.3 98.2



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

PIP·! ~OTN1' vrf.;OC rry wrl"~ Rpt,t Oi"'£G*R f"'fIP V/OR ...·.Ar
ALPHlI CLR/S TH""'f~ ('PIS CPO/S CXRIS VSOUPC

\'TC D~ DPC I'WA DBAC P"'q)B fH Jf1BC p~~ 1\1 PMAX

4~ 7 1.20.4 0. 1821 '.292.2 205.2 0.60.34- 0.3022 O.7g5 Q

-2.5 0.07023 9.5 0.00391 0.00201 0.004290 .341'1.0

1 1.14.0 111 .9 107.8 104. B 1 19.8 112.0 -26.0 27.3
2 116.3 114.'S 11 O. 1 107. 7 127. t 116.8 .. 2'1.6 37.2
.3 t1 r:;.? 1 13.6 109. 3 105.7 1.20.4 113.7 "26.2 29.7
4 111.4 110.9 107. 1 1 o.~ .3 1.20.0 1 12 • .3 -25.4 2'2.7.
5 0.0 f).O 0.0 0.0 0.0 0.0 0.0 0.0
f 119.5 118.7 110. 9 1o~.~ 123.3 118.7 -44.0 54.5
7 11 g. 2 117.3 1 08.1 1 iM. 4 119.9 10Q.8 .. 41 .8 43.1

- 42 6 120.2 0. UH8 292.8 205.6 0.6047 0.301 1 O.7B6BVI
t-J -2.'5 0.094€!6 9.5 0.00335 0.00194 0.001720 340.0

1 115.7 114.4 108.8 106.5 121 .3 117.5 .. 35.4 3'2.1
2 116.9 115.4 1 1.1.5 109.a. 1 'B. 3 t'o. 1 -53.7 42.4
3 116.7 115.6 109.1 107.0 121 .R 118.3 -36.0 37.7
4 1 14.5 112.6 107.9 ! 04. 0 120.9 116.9 -33.5 29.7
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1 1~.3 1 17.2 11 1 .? 109.5 1/3.5 120.4 -46.8 44.4
7 11~.1 114.5 108. 4 104.7 120.7 115.5 -37.£' 35.9

42 1!'\ 120.1 0.1815 293.? 205. 9 0.6049 0.3004 0.7~66~ '.L'

-2.5 O. IOO]!) 11..5 0.00492 0.00253 0.003790 H,O.4

1 1 15.1 113.6 109.6 107.'1 1 21.4 117.8 -31.8 30.3
2 11 9.7 l19.0 113.2 1t'..1 125.5 122.7 -93.7 80.5
3 115.7 t 14.4 110.7 109.4 122.3 119.7 -42.3 32.6
4 115.' 1.13.6 110.0 1.08.4 122.3 119.6 -37.6 40.0
5 0.0 c.o 0.0 0.0 0.0 0.0 0.0 0.0
6 120.7 120.1 113.1 111 .0 124.9 121.9 -60.5 74.0
7 119.8 119.2 108.4 10 4 .f:, 120.7 U.4.8 -43.9 54.7



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

PUN POINT VF:£,OC1'1'Y M'!PH ppM O'\F:G*R tf,'T'!P V/OR NIAl'
ALPH~ CLRIS THETA CP/S CPD/S CXR/S VSOUND

t"IC lJH D13C DP~ DBAC PND6 PNCBC PMI!·,1 PM.AX

40 lP 1.20.4 o. t 7<H 293 .f; 2t')~.2 (I.SQS9 0.3007 0.7790
0.0 0.07640 q .0 0.1)0218 O.ilO113 -0.000Q10 344.?

1 11 7 .7 1 1 f3.G 109. ~ J 07.r. 122. 4 119.7 -41 .9 44.3
2 1.1 9. 1 1 1 ~~ 3 1

1~. t 1 10 p 125. ('\ 122. 3 -55.7 68 1· 1 • " •
1 1.1 s. t 1 1 7. 3 109. ~ 108.0 12'. 7 1, lq. I< -4~. 3 46.8
4 1 1 h .n l 15.5 to Cj. 1 1, 07 .0 12'2. 1 1 lB.? -31 • 1 3'5.7
5 0.0 0 • 0 0.0 0.0 0.0 0.0 0.0 0.0
6 1.1 °.4 1. 1 ~ .f- t 12. 2 1 11). P 124.4 121 .4 -77. 1. 56. 0
7 11 7 • 5 1 16 • 3 10~.B 105 ,.; 121 • 4 1 H'. 4 -35.8 35. 3·-,.

- 40 1q 120. 3 0. 1798 ?g5 .0 207 .2 0.6018 ().2q9? O.781BUl
w f'I 0 o. fl9507 1 () .(\ r" OQ30.d ().00209 -0.000620 344.2:.'# • " ..

1 11 8 .5 1. 17 .9 1 1, 1 •
'~ 1. 1 o. '2 124· • 5 122.2 -40.0 46. 5

2 120.8 1?-o. 2 1 13.7 t ,2. 8 12~.4 1211..2 -57.9 47 .q.
.3 1 1. 8.4 t 17. B 1 1 1·:3 1 t 0 • 1 124.0 121 .s -52. 2 '~6 • 4-
4 116.7 1. 15.6 1 10./ log • "7 122 .5 11 q. 7 .. 42.3 3'5.6
!5 '1.0 0.0 0.0 n .n (i.0 0.0 0.0 0.0
6 120. q 1'21') • 4 1 14. q 11 .1 • 1 127 • 2 12'5 • 2 -5?5 60.2
7 1, 1. 7 • 4 1 16 • 2 109. '1 1 f17 .5 122. 0 1 17 .f, .. 40.6 5".6

40 20 170. 7 O. 180 ~ 295.4 207.4 0.6026 0.2997 O.783?
(1 ('\ o. 1.142 7 12 .0 0.00465 ,).00299 0.000090 344.2.' ..

1 120.1) 120 .'2 1 14. t 113. 5 12~.? 121. 2 -SPa 1 57. 6
2 121\ • ,~ 1-24 • 1 1 16. i 1 15. Q 129. 2 1?7. 'i -Q3.0 1 Ox. 1
3 121 7 121 .11 '. 1 4 '1 1. 1.3

,,,,
t 27. 4- 125.8 -79.3 70 .4• · • 1

I} 1, ? 1 • 1 12G. B 1 1 4. ~ 113 x 127 • 4 126. 1 -52 .~ 64.0•
c:; O.f) (' r- 0. il (" Ii 0.0 n. 0 o. 0 ti.0.. j •
f. 1 2'5. 0 J. ?:1 ·8 1 1 6. ? 1 i5.7 129.4 128. ~ "'1 17.q 79.6
7 0.0 () • I) 0.0 Q .n O. Q O.r. O. " 0.0... -1



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

41

1

2
3
4
ll\

15
7

pr;T~,T

j P

1.24.1
1215.2
'.2 i1 .JS
1.20.4

0.0
129.4
129.7

VFLriCfTY
i\LPH~

r)~r
I. ..•',' '"'"

1 5'"\.9
"'10.(;

1?3.l:1
124.6
124.1
119.0

().0
129.2
12Q.5

0.2259
0.07196

112.9
112.9
In.''5
1 11 .2

0.0
115.3
110.5

PP'_1

1 i..n'T A,

293.,1
It!.fl

10 0 .r..
106.2
110.'7
105,. ('

() (\
'<~ ••

112.4
10(\.'2

fJ."FGHi
CP/S

20F.0
O.OOQ52

i'HI.3
126.1
12~,4

12(\.5
0.0

128.9
124.1

NTIP
("POlS

0.599f..
0.00342

t 21 .3
U5.0
120.4
11~.2

o.f)
12~ • 1
109. 7

V/OR
CXRIS

0.3773
0.01215 0

"'7~.B

-93.1
-75.1
-70.2

!l.O
"1.11,5
-111.5

;t AT
VQOllND

O.W?5?
343.6

59.8
7f),.('

6fl.~

59.8
0.0

16~,q

"8,4.

41 12 150 • .1

"'5.0
0.2255

O.Ofi204
297.8

10.0
20".6

(;.00443
0.5995 0.3767

0,00256 0.003970
O,g253

343.0

1
2
3
4
5
6
7

t
'2
3
4
5
6
7

121 • ~
12'2.~

1.2'.5
!19. q

0.0
12e. n
126.1

12'.7
l2L~

1.23.0
12().2

0.0
120..6
1.28.3

1?0.7
'21.6
t?1.7
llB.3

11.(\

1. ~n. ')
125.8

150.6
.. i:t ",,' .'...

l' 1 .3
122.8
122.'.
l1B.6

0.0
12f:l.3
129.t

11?6
114.9
1 13. g
111.6

0.1'\
115.8
110.~

0.2258
O.OB014

112.3
114.5
113. q

112. t
O.Q

115.7
110.9

109.0
11 ? 1
111.,t
t06.7

O.1l
113.5
98.0

2Q?4
12.0

108.5
111. '2
1.11,5
107,R

{\ n..
113.2
101.2

125.8
125.9
1'~.7

121.6
I) • (j

LH~,4

123.7

205 • .3
0.00610

125.7
12F.,?
12;;.6
12~.2

0.0
129.7
123.3

120.7
121.2
122.4
1.17.3

0.0
124.9
105.9

0.5987
0.0031B

120.8
120.7
122.3
119.4

0.0
125.4
109.7

·"J?6
-7D.R
-52.3
-58.4

0.0
·Q5.2
-78.0

O.377?
0.006050

-79.3
-71;.8
-94.1
..60.5

0.0
-82.0
-713.2

6f.3
93.2
77.0
62.Q

0.0
1. 00.4:
75.8

0.8248
343.0

6B.6
.70.0
68.6
54.8
0.0

135.4
78.5



TableC4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

RUN porNT VELOCITY MTUN RPM OMEG*R MTIP V/OR MAT
ALPHA CLRIS THETA CP/S CPO I:; CXRIS vsom.!D

MIC DB DBC 'DBA DRAC P1l1OB PNDBC PtUN PMAX

41 14 150.7 0.2259 294.4 206.7 0.6022 0.3754 0.8283
-5.0 0.08775 13.0 0.00706 0.00362 0.007130 343.3

1 123.0 122.2 11 3.2 110.1 126.8 122.5 -119.8 96.8
2 1-25.1 124.5 115.5 112.9 127.8 122.0 -125.9 114.6
3 123.4 122.8 114.3 U.? .1 127.1 123.7 -128.4 102.1
4 119.9 11,8.2 112.0 3.07.6 124.9 119.0 -63.3 46.9
5 ~.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 129.2 128.9 116.4 114.4 130.2 127.8 -109.2 135.4
7 1.27.9 127.7 111.2 102.8 123.6 110.6 -78.2 7$.5

- 41 15 150.7 0.2259 295.0 201.2 0.6034 0.3748 0.8296Ul
Ul -5.0 0.09456 14.0 0.00842 0.00437 0.008430 343.3

1 123.~ 123.1 113.'2 11 0.2 12~.3 121.1 -63.F. 60.4
2 126.9 126.4 114.5 111 .0 127.6 121.7 -94.0 109.5
3 124.3 123.8 114.8 U.2.9 127.6 124.3 -80.9 71 .0
4 120.4 118.9 111..5 ltJ~.7 125.5 119.7 -69.2 42.9
S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 131. :3 131.1 117.3 t15.6 131 .3 129.7 -144.9 213.1
7 130.3 130.1 112.0 105.7 124.9 115.7 -'-34.8 112.1

45 ~ 156.5 0.2322 292.2 205.2 0.5918 0.3929 0.8243
-2.6 O.OS696 1?5 0.00631 0.00348 O.OO53eo 346.7

1 12'5.9 125.3 114.6 1 1'2 • ? 127.5 123.4 -121.7 96.7
2 125.8 125.1 1.17.2 115.3 t2~.9 124.3 -84.4 150.6
3 125.6 125.1 114.6 112.1 127.2 122.7 -126.3 79.5
.1- 121.3 l1q.8 112.4 107.1 125.4 11 g. 3 -61..9 60.5
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 129.4 129.0 1.1F~.5 11.4.2 130.2 125.9 -111. 4 159.0
7 129.5 129.3 111.'5 100.9 1.24.2 109.6 -116.1 96.7



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

),' r ('

46

1
2
:3
4

5
6
7

POINT

DB

12

12B.9
127. 3
126.6
125.2
'-32.8
1 30.1
1.28.0

V8t.OCJTY
ALPH~

163.1
-10.0

12B.E>
126.7
126.1
124.5
132.7
130.'
127.5

CLR/S

°.1446
f).073?1

116.B
U5.0
116.'S
11 4.1)
11 8.7
11 6.4
111.5

P P\~

'lHI<"T~

~lCl,7

14.0

114,9
10R,O
j,14.5
j 11 .0
117.5
11.3.1
104.6

QME(aF
CD/S

224.5
n.0089S

1 31 .;;
128.8
130.7
128.B
132.5
130.8
1?6.3

MTIP
CPO/:;

PNDBC

0.1.;521
0.00400

1.29.8
119.7
12l1.7
125,0
130.6
126.5
116,9

V/OR
CXRIS

0,3756
0.0117'50

-421.0
-352.5
-41n.3
-85.5

-261.7
-151.2
-97.6

MAT
VSC!)NO

P''f.AX

O.897f)
34.1.3

340.1
319.9
32~.7

96.4
170.3
172,15
115.5

46 1, HH.9
-10.0

0.2446
0.08205

320,3
15.0

224.9
0.01037

0.6527 0.3753
0.00464 0.013470

0.9977
344.6

1.
2
3
4
'5
6
7

46

1.
?
3
4
5
6
7

129.6
''27.7
126.5
126.5
1.33.1
130.9
t2~.#;

5

1.2S.9
121=..9
1.26.6
1.25.13
1.32.0
131.0
126.4

129.3
1:?7.1
125.9
126.0
133.0
130.6
128.2

162.6
-5.0

12B.6
12~.2

126.1
125.1
131.8
130.7
125.7

117.3
115.'5
116. B
114.7
118.8
11 6.9
113. '5

0.2447
0.0;030

116.7
118.5
116.5
1l6.0
120,8
119,2
113,9

U. 5. I)

110.2
1.14.9
111.2
117.7
114.1
107.4

317.9
11..0

115.0
116.B
114.7
113.Q
120.2
117.9
10F<,7

131.9
129.3
130.8
12Q.9
132.3
',31.3
127.3

223.2
0.00556

130.6
130,2
129,7
129,6
1 H,O
132.6
17.7.2

130.5
121.2
12Q.O
125.3
130.6
127.4
119.7

0.6533
0.00334

128.2
126.6
127.2
127.1
13?5
129,7
120.2

-421.0
-355.4
-410.3
-127.7
-262.1
-154,1
-10,1.9

0.3751
0.004610

-147.7
-169.4
-106.6
-101.5
-222.7
-141.0
-83.7

340.1
319.9
323.1

B9.8
182.9
153.1
1.05.9

0.8983
341.7

178.8
164.8
147.3
113.5
180.5
193,1
80.4



Table C4. continued. Acoustic Measurements for the Rectangular Tip Rotor.

RUN

M!C

46

1
:2
3
l!

5
6
7

7

12 q. ~

127.7
125.8
126.3
13'.4
00.3
127.8

vj'.'r.~nCITY

~LPBA

DBC

1~?9

-5.0

12Q.O
127.1
125.2
1?5.H
132.3
130.1
127.3

CLRIS

0.244:6
0.08897

11 €. 8
11 8. ~

11.6.4
11'5.6
120.4
118.8
11 J. ,~

QP~"

THETr,

DBA.C

31 B • r::

13.0

115. 1
1 if,. 5
114.5
113.1
U9.f)
117.3
109.R

iJ"FG*R
cP/S

?;,23.7
0.00769

130.>:.
130.4
12'1.5
129.3
13~.4

132.6
127.R

t',TIP
CPO/S

0.6'527
0.00434

128.7
126.5
126.9
126.7
13?0
~2q.6

122.5

VIeR
rXR/S

0.3753
O.006B30

-137.8
-116.<?
-1,23.0
-lOO.l
-269.5
"144.9
-133.0

~AT

VSDUt-!D

0.8976
342.7

18Q.2
123.?
111. ~
101.7
172.1
1,69.1
93.5

46 lR 164.6
0.0

0.2447
().053C4

320.1
7.0

224.8
0.00225

O.649R 0.3771
o.OO?So -0.001380

O.A949
345.9

1
'2
3
4-

!=i
6
7

128.3
1.25.13
126.7
'.2S.R
131..0
12<:').R
126.1

128.0
"4.9
17.6.2
1'2'5.1.
130.8
129.4
125.3

US.1
117.3
1l7.9
116.6
121 • E
II P. • 3
U 4.4

I16. Q

114.~

1-1.6.5
114.7
121 .0
116.1'1
11 0.0

13'/.6
j 30.4
1.31.5
130.2
134.5
132.1
! 27. ,:1

131 .4
12'5.3
1.30.1
127.5
132.~

129.0
1.21.4

"~2j.O·

"352.5
.. 410.3

-82.7
"176.3
"1.37.1'
-101..4

310.1
319.G
326.3
110.0
'277.6
126.7
108.?

46 20 It;4.~

f).O
0.241.18

0.07212
:3 21 .7

9.(1
22t;,.9

0.C(1319
0.6525 0.3757

n.or.?82 .. o.on0390
0.8977
146.2

t
'
3
4
5
~

7

128.8
12e;.5
126.6
1.25.8
13 1.8
13".1
126.8

'28.5
12<1.5
1 ? 6.1
1215.2
L31.6
129.7
1?fi.2

117.1:
11 F. 1

116.4
116.1
17.1.5
'. 1 8 .~
1.14.'1

I1f../i
112.5
11 II •.~

'- t 3. ~
120.Q
116. tl •

111.3

1 3' • 1
12B.5
129.4
130.0
134.4
13'.3
12P.3

129.1
122.'1
126.1
L27.3
1.32.8
129.0
t:2?9

-108.'2
-93.6
-93.~

.. 95.8
"329 • .1

"157.9
-98.4

1~3.6

13().6
j3~.f.

Ir.2.S
192.()
'3'.6
1019.4



APPENDIXD

PLOTS OF 1/3-0CTAVE SPECTRA

This appendix provides 1/3-octave plots for microphpone 3, which was
located three rotor radii in front of the rotor, and for microphone 2, un
der the rotor. 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. Table 6, which lists the order in which the data are
presented, is repeated here for convenience. Symbols used in the plots are defined

\

below.

Symbol

CLll/U

DBAC
DBAU
DBC
DBU
Mat
MAXAMP
MIC
MINAMP
Mtip
PNDBC
PNDBU
PT
RUN
V
a
JJ

Quantity

rotor-lift coefficient, PS(hR)2

dBA with background noise subtracted
raw dBA value
dB with background noise subtracted
raw dB value
advancing-tip Mach number
maximum acoustic pressure, N/m2

microphone number
minimum acoustic pressure, N/m2

rotational tip Mach number
PNdB with background noise subtracted
raw PNdB
test-point number
test-run number
wind-tunnel velocity, knots
angle of shaft from vertical, positive aft, deg
advance ratio

158



TABLE 6.-KEY TO 1/3-0CTAVE SPECTRA IN APPENDIX D

Operating condition , Tip planform, page numbers

J.l Mtip Ma.t V Swept-tapered Swept Tapered Rectangular

0.200 0.550 0.660 73
.075 .595 .640 30
.150 .595 .685 60
.200 .600 .720 80 160 202 230 260
.250 .600 .750 100
.300 .600 .780 120 170 206 238 268
.375 .600 .825 150 178 214 246 274

•0400 .600 .840 160
.250 .650 .815 107
.375 .650 .895 164 186 220 278
.375 .685 .940 170 192 226 252
.250 .700 .875 115
.375 .700 .965 175 198 256
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SWEPT TAPERED TIP
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1/3 OCTAVE SPECTRA
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Figure Dl(a). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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14
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1/3 OCTAVE SPECTRA
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Figure Dl(b). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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SWEPT TAPERED TIPTEST
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Figure DI(c). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure Dl(d). One-Third Octave Specta for The Swept Tapered Tip Rotor,
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Figure Dl{e). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure Dl(f). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure Dl(g). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure Dl(h). One-Third Octave Specta for The Swept Tapered Tip Rotor"
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Figure Dl(i). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure DI(j). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure Dl(k). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure Dl(l). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure Dl(n). One-Third Octave Specta for The Swept Tapered Tip Rotor.
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Figure D2(a). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(b). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(d). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(e). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(f). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(h). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(i). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(j). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(k). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(l). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(m). One-Third Octave Specta for The Swept Tip Rotor.

2010

• I ••••• I ••••• I ••••• I' ••. I ••••. I ••••• I .•••• I ••••• I .~~~~~. r

10000

60



130

TEST 502
RUN 49
PT 26
MIC 3

1/3 OCTAVE SPECTRA
DBU 121.0
DBC 119.7
MAX AMP - 101. N/M 2

MINAMP - -128. N/M 2

OBAU 
OBAC =

PNDBU 
PNDBC

113 . 5 S\VEPT TIP
110.8
126.3 V = 151 kt
121.6 Mtip= .604

a = -5.0°
Mat= .829

7/14/83
09=15=42

CLRjq= .08
f.k = .374

120

110

(/) 100-1
N W.... CDVI ......

0
w
0

90

80

o = UNCORRECTED
t:, - CORRECTED
+ - BACKGROUt-jD

70

60 ", "··""r """""1·"""· •• """,""""",".""", •• ".",".".",.""." .". "r

10 20 40 80 160 315 630 1250 2500 5000
PREOUENCY (HZ)

Figure D2(n). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(o). One-Third Octave Specta for The Swept Tip Rotor.
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TEST 502
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Figure D2(p). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(q). One-Third Octave Specta for The Swept Tip Rotor.
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TEST 502
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Figure D2(r). One-Third Octave Specta for The Swept Tip Rotor.

2010

• I ....... I ........ I .." •• " ••• "" I "." •• f ""..". I ........ .. I ..... .. I ...... .'Ar----!"f'----""'£!f • r

10000

60



TEST 502
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Figure D2(s). One-Third Octave Specta for The Swept Tip Rotor.
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TEST 502
RUN 49
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Figure D2(t). One-Third Octave Specta for The Swept Tip Rotor.

2010

• I • • • • • I ••• •• I • • ••• I •• ••• I ••••• I ••••• I ••• • • I • • • • • I • • • • '/Jr--f'>t-"-& • r

10000

60



130

TEST 502
RUN 51
PT 13
MIC 2

1/3 OCTAVE SPECTRA
OBU 124.5
OBC 123.3
MAX AMP - 334. N/M 2

MINAMP - -372. N/M 2

DBAU 
OBRC 
PNDBU 
PNDBC -

114.8 SWEPT TIP
107.1
128 . 8 V = 164 kt
119.3 Mtip= .653

a = -IO.l:?
Mat= .898

7/14/83
09:21:59

CLRjq= .07
jJ. = .376

120

110

(f) 100....J
N W
N CD
N ......

c.J
W
0

90

80

70

60 ., , , , . br--"*-,,-fi • I ••••• I •

o - UNCORRECTED
D. - CORRECTED
+ - BACKGROUND

., ..... r

10 20 40 80 160 315 630 1250 2500 5000
FREOUENCY (HZ)

Figure D2(u). One-Third Octave Specta for The Swept Tip Rotor.
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TEST 502
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Figure D2(v). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(w). One-Third Octave Specta for The Swept Tip Rotor.
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TEST 502
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Figure D2(x). One-Third Octave Specta for The Swept Tip Rotor.
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Figure D2(y). One-Third Octave Specta for The Swept Tip Rotor.
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TEST S02
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Figure D2(z). One-Third Octave Specta for The Swept Tip Rotor.·
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TEST 502
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PT 15
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FigureD2(aa). One-Third Octave Specta for The Swept Tip Rotor.
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TEST 502
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Figure D2(bb). One-Third Octave Sperita for The Swept Tip Rotor.
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Figure D3(a). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(b). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(c). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(d). One-Third Octave Specta for The Tapered Tip Rotor.
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TEST 502
RUN 23
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Figure D3(e). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(f). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(g). One-Third Octave Specta for The Tapered Tip Rotor.
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TEST 502
RUN 23
PT 8
MIC 3

1/3 OCTAVE SPECTRA
DBU 118.7
DBC 118.6
MAX AMP - 107. N/M 2

MINAMP -135. N/M 2

DBAU 
OBAC 
PNDBU 
PNOBC

111 .2 T_APERED -TIP
111. 1
124.3 V=79kt a=O.rf'
124.2 Mtip= .598 M at=.718

7/15/83
08:47:09

CLR/u= .10
J.l = .200

120

110

(J) 100
N -...J
W W
-.J m

u
w
0

90

80

70

o = UNCORRECTED
t::.. - CORRECTED
+ - BACKGROUND

60 " ""."., """"., .. ""., ".""", .".""\ .. " .. , .... ", "" ... , .. " .. , "···"r

10 20 40 80 160 315 630 1250 2500 5000
PREQUENCY (HZ)

Figure D3(h). One-Third Octave Specta for The Tapered Tip Rotor.

10000



TEST
RUN
PI
MIC

502
25
4
2

1/3 OCTAVE SPECTRA
DBU 114.5
DBC 111.6
MAXAMP - 26. N/M 2

MINAMP - -28. N/M J

DBAU 
DBAC 
PNOBU 
PNOBC =

108.8
105.4
121. 1
112.7

TAPERED TIP

v = 119 kt
Mtip= .601

a = -5J?
Ma.t= .781

7/14/83
06:29:23

CLRjq= .07
/l = .299

130

120

o c UNCORRECTED
6. - CORRECTED
+ - BACKGROUND

110

en 100N -l
W W
00 CD

a
w
CJ

90

80

70

...... , .... , .... ,-

5000

• I' ••• f ••••• • •••• I •.••• I •••~~~o.I'f • r

1000020 40 80 160 315 630 1250 2500

FREOUENCY (HZ)
Figure D3(i). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(j). One-Third Octave Specta for The Tapered Tip Rotor,
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Figure D3(k). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(l). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(m). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(n). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(0)" One-Third Octave Specta for The Tapered Tip Rotor"
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Figure D3(p). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(y). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(z). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(aa). One-Third Octave Specta for The Tapered Tip Rot0f.
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Figure D3(bb). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure D3(cc). One-Third Octave Specta for The Tapered Tip Rotor.
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Figure. D3(dd). One-Third Octave Specta. for The Tapered Tip Rotor.
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Figure D4(a). One-Third Octave Specta for The Rectangular Tip Rotoro
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Figure D4(c). One-Third Octave Specta for The Rectangular Tip Rotor.
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Figure D4(d). One-Third Octave Specta for The Rectangular Tip Rotor.
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Figure D4(e). One-Third Octave Specta for The Rectangular Tip Rotor.
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Figure D4(f). One-Third Octave Specta for The Rectangular Tip Rotor.
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Figure D4(g)" One-Third Octave Specta for The R.ectangular Tip Rotor"
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Figure D4(h). One-Third Octave Specta for The Rectangular Tip Rotor.
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Figure D4(i). One-Third Octave Specta for The Rectangular Tip Rotor.
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Figure D4(j). One-Third Octave Specta for The Rectangular Tip Rotor.
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Figure D4(k). One-Third Octave Specta for The Rectangular Tip Rotor.
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Figure D4(I). One-Third Octave Specta for The Rectangular Tip Rotor.
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APPENDIXE

TIME HISTORIES

This appe:q.dix provides representative pressure time-histories for two microphones,
microphone 2, under the rotor, and microphone 3, located three radii in front
of the rotor. 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-acquisition or data-reduction problems.
Table 7, which lists the order in which the data are presented, is repeated
here for convenience. The symbols used in the time-histories are defined below.

Symbol

CLR/O"

Mat
MICROPHONE
Mtip
PT
RUN
V
a

J-l

Quantity

rotor-lift coefficient, PS(kR)2

advancing-tip Mach number
microphone number
rotational tip Mach number
test-point number
test-run number
wind-tunnel velocity, knots
angle of shaft from vertical, positive aft, deg
advance ratio
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TABLE 7.-KEY TO TIME-HISTORIES IN APPENDIX E

Operating condition Tip planform, page numbers

p, Mtip Mat V Swept-tapered Swept Tapered Rectangular

0.200 0.550 0.660 73
.075 .595 .640 30 •.150 .595 .685 60
.200 .600 .720 80 286 304 324 344
.250 .600 .750 100
.300 .600 .780 120
.375 .600 .825 150 290 308 332 352
.400 .600 .840 160
.250 .650 .815 107
.375 .650 ..895 164 296 316 354
.375 .685 .940 170
.250 .700 .875 115

.. .375 .700 .965 175 300 340
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APPENDIXF

ACOUSTIC TRENDS AS A FUNCTION OF ROTOR-LIFT COEFFICIENT

This appendix shows noise trends with variations in rotor operating condition
for a few microphones - microphones 2 and 6 under the rotor and microphone 3,
located three radii in front of the rotor. The dBA measurements are shown as a
function of rotor-lift coefficient. Table 8, which lists the order in which the data are
presented, is repeated here for convenience. Symbols used in the plots are defined
below.

Symbol

ALPHA
CLR/S

DBAU MIC2
DBAC MIC2

DBAUMIC3
DBAC MIC3

DBAUMIC6
DBAC MIC6

OMEG*R
VKTS
a:

Quantity

rotor-shaft angle, positive aft, deg
rotor lift coefficient, PS(kR)2

raw dBA value measured at microphone 2
dBA with background noise subtracted, measured
at microphone 2
raw dBA value measured at microphone 3
dBA with background noise subtracted, measured
at microphone 3

<-

raw dBA value measured at microphone 6
dBA with background noise subtracted, measured
at microphone 6
rotor-tip speed, ft/sec
wind-tunnel velocity, knots
angle of shaft from vertical, positive aft, deg

358



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

Operating condition Tip planform, page numbers

It Mtip Mat V Swept-tapered Swept Tapered Rectangular

0.200 0.550 0.660 73
.075 .595 .640 30
.150 .595 .685 60
.200 .600 .720 80 360 378 396 414
.250 .600 .750 100
.300 .600 .780 120 366 384 402 420
.375 .600 .825 150 372 390 408 426
0400 .600 .840 160
.250 .650 .815 107
.375 .650 .895 164
.375 .685 .940 170
.250 .700 .875 115
.375 .700 .965 175

359
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Figure F4(g). A-weighed Sound Pressure Level as a Function of Rotor Lift Coefficient for the Rectangular
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Figure F4(h). A-weighed Sound Pressure Level as a Function of Rotor Lift Coefficient for the Rectangular
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Figure F4(j). A-weighed Sound Pressure Level as a Function of Rotor Lift Coefficient for the Rectangular
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Figure F4(m). A-weighed Sound Pressure Level as a Function of Rotor Lift Coefficient for the Rectangular
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Figure F4(o). A-weighed Sound Pressure Level as a Function of Rotor Lift Coefficient for the Rectangular
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Figure F4(q). A-weighed Sound Pressure Level as a Function of Rotor Lift Coefficient for the Rectangular
Tip Rotor.
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