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NOTICES

*When Government drawings, specifications, or other data are used
for any purpose other than in conne ction with a definitely related Govern-
ment procurement operation, the United States Government thereby in-
cursnoresponsibility nor any obligation whatsoever; and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other person or corporationor conveying any rights or permission
to manufacture, use, or sell any patented invention that may in anyway
be related thereto.

The information furnished herewith is made available for study
upon the understanding that the Government's proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson
Air Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government's proprietary interests and those of others.
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The test propellers vmre submitted by .ereth Aeronautical
laboratory; Chicago. Illinois, for electric motor wirl test
gby -Nopeiler laboratory, Aeronautics Division, AIrIght Air

LDevelo'..ment -@onter. The tbest propollers vYre the property
of Flottorp 10-nufactur.ing Company, Grand Lapids, ,'Ichigan.
The wlhirl test program vas co:nleted on 15 and 16 Mhy 1951,
un.der [esearch andDevelopqent Order 5S7-4Nl, "Propeller
Aerodynamic Aralybis," Zhi.l lest to. 2355. M•. 1athlan bhouers
was the project en Fncecr.
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1BSTRAXCT

T e electric itotor hiltest' of a plottoro ,stanliar'" two bl.ale,
si-Y ft. liarrntcr, wvood, fie-pthpro-eller rwas on 3lActol. `m-
electric rmotor whirl test -was thofl condu-,ctked on a similar "St Arard
ilottcr2 propeoller "jab had been no]ified alon.- th oadin- ed-c by

thle Nolbnoth 2inron-aitical Labora`to7ry, Clhicag,-o, Illinois. The rnoiifica-
tion consistod of a series of' smoothl inler-tations, in wave, forn., fron
about the 0.5 radius out to t~he tin, oP thle. bladle. It was claimed by

Thmoh Aeronautical Laboratory that s)eh .odali ficoat ions would increase
hruist produc-(ed at any c.iven horse-po-.ror -and rpm condition.

Test data are uresented coverin,-. static calibration of the two
propellers for nompDarati-ve inurposes. Calibration consisted of the
measuremrent of the values of the thrust t-roduced and horsepowor
absorbed at various rpmn. Results of the bests wore inconclusive.

PJMLIC.,T IONj PST2T2AV

This renort has been reviewed and is approved.

Chief, Propeller Laboratory
Directorate of Laboratories
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Thle 1-impeth Aceronau tical Latoratory, in a yeriJod of ti:n_ c foro the uiit
Of this P recno't had boon e ietn thvarious designms of prov)-cLerbds
In an at~t~emnit. to ipi'Yjoove porformtmco olf pr~opel-, ci's Theaix on:m tion

conisedofsytetcay reduc~ing t-hc leu,4;h of. the chor)_.d of the bladsa
va.-.Ious statiOrns along: the radius of the !L1adc]. 11'his -ave a -wvrlcadinŽ, edg~e
planform to t'Lhe blade.

NeehAeronau,)tica. zl Thheatory, in conference ni Niropollor Tborat-oryr
pS o' no10, did net giv any, smind thoeoret:Lcal rC:ýasonl,, Lo or the i.Jmproved
pefrIsc c c7a i -te e fo r this mod.Jfica~ion, but prcserted' data on iilal

mcrodtficd Model -)rpcvJclcrs. %o-,- thn'1.r or :Adhnoes h cnth Aera-
4ica oator-n cocluded that such, modiLfical, ions v7ld :Lnecasc, the thrust
produced at any; !iJel 1-orsewowor ond rrm- co-ndit-ion. Thle :2icfcit:e
of l4;emth Aeronau,,tical ]-kitoratoi'y -mehibitod th1em fvon aigfuill scale
jinrest-I. atLion, into the problem mnd thaey appealoed to Propeller Laboratory to
C..Ccnuct tht3 -test aof this report for them. 6~ufficient authoritative dat-a nvore

oroe~icd r Nmeh Arorntial 'Porator- to ini.cZ't(- thaLt conlducrt Of the
test nro,-rrnm unu be of advrnnta,-,e to th1e Air Force.

P'URPOSE~ OF Tf&ST

.IeUl ofJPt)h's test as to olhbain the static calibratio-n charact-
Lstics of the 1. ubJe ct Pr1-ope C'er C, thus dete 0ýinincr the rclstivo value of the

* dex-th i-.odifications .

The "standlard" Plottorp propeller was of Design ile. '72A-L)fi1, Serial No.
&~d.The propclk~r vas vrood., six ft. diasmter, fixed pitch, with a tapered

square tip planfor-im. The 'tip and outer six in. of the leading ed,,e of the
* blade ;wereo protected by a metal shat *Ths propeller is illustrated W~

Figures 1, 3, and 5.

T'he second test prooelleor -was a simnilar Flottorp propeJ.llor that had booen
aodif ted. along, the lead~ingi ed-e by Nemeth Aeronautical l-aboratory. Thle
modifications consisted of a series of smooth indentations, in wave form.,
fri'om appro.;ximatolly the 0.3 radius out to the tip of each blade. This propel-
ler had a tapered1 round tip planform instead of the tapered square tip
2§anIfOr" of the "stal-dard" Flottorp propeller. The tip. and outer six in.
of the leadiLn-g; edge of the blade wvere protected by a motal sh,-eatbh This
h*`Opc: 11cr and the iw~dified leading edge are illus~trated by Figýures 2, Land 6.
A 110. 37)45., "Oil taper hub was us6d with Ixoth propellers.

WZOCjZDIRE OF TIM]

The subject propellers wvere inspected and assembled in preparation for
vthirl testing,. Thle Whirl test program. consisted of thrust, horsepow~er and sound
,calibrations at selected rpm. Calibration limitus-vere 2810O rpum or the start cf
[ýblade fClutter, whnichever wvao reached first.

14VADC TH? 52-1901
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AAFMC- 147.WF-6.10o43-500

"WHIRL TEST No...?.35 ...............

i-DEFLETION
"Tim R.P.M. H-eThut• REMARKS*

T R.P.M. Actual Correct Corrected L.E. T E. A.'l°

Calibration Data (ZiŽ's.r. it
io':or'p "Sltan'3ad" d"_ rci..l•

5-15-51 r2

-,,15 693 2.6 2.7 15 .
131" 1026 6.3 -. 73.81321 r- 96 13.6 13 oq 110o6
1321! 1596 23.2 23.8 195.0
1327 1914 37.3 3t_).2 300.0
-1330 2196 66oO 67 358.3
1333 2526 109.9 -12.6 L 479.6

?1336 2,2 11•.7 134.9 535.5
1339 2196 34O5 65.9 3&'.0
13142 23)7 • 91.0 450.0
1345 190Q 35.7 36.6 2M .4
1314 1596 24.1 24.7 212o0

Calibration DatLŽ (First Aun)
Flottorp Propeller

Nemeth LeadLng Edge .,*dification

5-16-51

0950 702 . -4 3.5 10.0
0933 1052 6.3 6.5 52.5
0936 1311 6.o 6.2 109.5
0939 1602 25.3 25.9 174.0
0942 1926 45.4 46.6 2%.0
0945 2199 74.8 76.8 3310
09 LO, 2397 98-3 101.0 L10o0
0951 2610 133.2 136.8 146.0
0954 2697 1t4,-o9 153.0 517o0 .
0957 2199 72.4 74.4 3W40.0
1000 1314 :14o0 :4°4 114.0

KDC TR 52-190 3



AAFMC-147-WF-6.10-43-500 APPENDIX I (cont'd)

WHIRL TEST No...?335- .......

DEFLECTIONS

Time P . Actual (Corrected Torect L. E. I T.E.I Angle

Caqlibratior Data (Second htn)
S.lotorop "Standardt1 ProJller

iDesigmn 1,o. 72A-hg6

5-16-51

J1450 7)41 3.1 5.2 300
11"53 1002 L.5 li.6 h2.8
114I56 1506 14i1 14 . 1• 100.5
14ý!59 1629 20.1 20.9 187.1
1502 167T 8 3.0 34.5 262.O

r!505 2190 63.5 &66.0 369-0
150P 2400 8'9.3 92.8 432.0
1511 2610 121.9 126.6 50e.0
15U., 1926 55.7 51.1 283.0
1517 1(2•6 19.8 2o.6 192.5

"Calibration Data (Second Run) n
Flottorp Propeller

Ne wth Leading Edge 1bdification

5-16-51

"1730 768 2.5 2.6 24,8
1755 999 5.1 5.2 57.1SIV-6 1533 15.°5 15o9 121.6

S1739 17o4 28.4 29.1 201.3
17•72 1704 26.8 28oO 201.3.
.17)5 1896 39.0 40.9 256.2
17W- 2190 70.5 73.7 3W 15

* 1751 2406 99.1 1035 L28.5
1754 2592 129.0 135.0 509-0
1757 2760 159.6 167.o 563.0

iWADC TR 52-190
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AAFMC- 147.WF-6-10-43-500

WHIRL TEST No...?55. ...............

I I I H'P" [ Thust DEFLECTIONS
Tie RC.o.P -Trreste REMARKS*

Time R.P.M. Actual Cor.c. ted Crrected L.E. I T. I Angie

C Ca 1ic xa -i on- 1)at a ( 'z,
F~o'!•'oz'p ."tan,!r " - c-el r

: Design •fo. 72A-}4$

5-15-51

1315,7 •ir 693 2.6 2.7 15.g
!31 1026 6.3 F 73-8
1321 12°96 13.6 13 o 110.o6

13214 1596 23,2 23 , 195.0
1327 1914 37Z3 .... 2 300o0
1330 2196 (x°; 07o6 358.3
1333 2526 109.9 112,6 47Q.°6
1556 2652 131.7 134.9 536.5
1339 2196 6%.3 65.9 368.0
13142 23M7 X' 910 4500
1345 1900 35.7 36.6 282.4
1314 1596 224.1 24.7 212 03

Calibration Data (First Run)
Flottorp Propeller

Nemeth Leading Edge ),'dification

5-16-51

0930 702, 34 3.5 10.0
0933 1032 6.3 6.5 52.5
0936 1311 6,o 6.2 109.5
C0939 1602 25.3 25.9 174.0
091 1926 45.4 46.6 258.0
0945 2199 74.8 76-8 331o0
0910 2397 98-3 101.0 lao-O
0951 2610 133.2 136.8 L06o0
0954 2697 lt4'o9 153.0 517o0
0957 2199 72.4 74.4 314.0
1000 1314 11"0 134,4 114.0

KADC TR 52-190 3
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NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby in-
cursno responsibility nor any obligation whatsoever; and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other person or corporation,or conveying any rights or permission
to manufacture, use, or sell any patented invention that may in anyway
be related thereto.

The information furnished herewith is made available for study
upon the understanding that the Government's proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson
Air Force Base, Ohio, be promptly notified of any apparent conflict be -
tween the Government's proprietary interests and those of others.
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The test propellers unre submitted by Zeot Aeronautical
laboratory;, Chicago, Illinois, for electric mnotor vihirl test
by 1fropeller labor atory, Aeron~autics Division, S~hr1t Air
Deve1o1),--ent --6orjter. Thic test propallers were the propertyJ
of Flottorp >A uiactxuring C;o-.apony, Grand PRapidn, ihgn
Tie whrl test progra-m ,-.as co:-pleted on 15 and 16 thay 1951,
under R~esearch andL -,,p;2ent Order "5i7JJJWP~ropeller
Aerodynatiic Analysis," Tirl AStIA& 23555.. Ian1athan Shoturs
%was the project nncr
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ABSTRAT

The electric motor whirl test of a Flottoro "stanlard" two blale,
six ft. diametor, wood, fixed- pitch propeller was conjucteh In
electric motor whirl test was then conducted on a similar "standard"
?lottorp propeller that had been modified along the leading edce by
the Nemeth ý.eronautical Laboratory, Chicaro, Illinois. The modifica-
tion cons stcd of a series of smooth injentations, in wave form, from
about the 0.3 radius out to the tip of the blade. It was claimed by
Ne.eth Aeronautical Laboratory that sach modifications would increase
thrust produced at any Civen horsepower and rpm condition.

Test data are presented coverinS static calibration of the twro
propellers for comparative purposes. Calibration consisted of the
measurement of the values of the thrust produced and horsepowor
absorbed at various rpm. Results of the bests were inconclusive.

PBLICTITiON PEVIE7

This report has been reviewed and is approved.

Colonel, U
Chief, Propeller Laboratory
Directorate of Laboratories
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The 1i4c,ýth Aeronautical lef-oratory, in a perilod of t-im-e bef ore the ,,riting
""o t:S rono haed. been- expo.Li~mnti-n,- -,;iit1 various desCILJO7s of procmeLler blades

iin an atte At. to Ln. rorovO ,)(rformancc ol' propellcrs.Toropoietto
consste ofsvs raeruically reducin.- the leghOf the chlord ftebldsa

various slhatiors along,- the radius of the ILad - This aeawar od#eg
planforrn to t'ne blade.

fN-nat.h Aec~ronlatical2 Th'txratory, :Lr conifemrnce IthPollorzborat'6ory
pea-onnel, did not .v any soilnd theoret~cal raoivfor the J.rmproverd
.o~r for-.7no n l -7 eL o r this odiTf ica bi on, but pes c,- cc' Jat'a on, -~i %,ilrly

nodiledmoodel 'pie. rnthei-r -nn)," -wir ndesthhe 0o--!h eon
tical Laboratory concluded that- such', mndif:Lcat i ens J..tnl c c. ra Se t he thrust
prodiuced at ancy rIiven horlseowur ond- r em conedition. TYhe fic aciliie
of l'jetý'etlh Acronauttical laboratory pr-ohibited them fron A&In Lll scale

inet!'llninto the probicrai and t-hey appealcd to Propol-ler laboratory to
MInduct the test of this report for them. 6iuf-ficient authoritative data wiere

nrcsrdc by o-et>, Aeronau-tical I;Vxoratorvy to. -Lnicnte t-hat conduh,,Ct of tile
t'est uors uli e of advrn-ta-;e to teALIr Force.

PU YOSEd OF T.-EST

Thve -ryoreose of this test ins to obt~ain the static calibrat4ion character-
istics OIL the Sublject pr opelle rs, t1-hus detel.-Aninfr tile rezlative value of the
ilAe~tl iqdifiications.

Thle "standard" i'lottorp propeller was of Deignlej. 72A-14?S, 6ierial. No.
8&ý2-1. Thlle tiropel-lor was wood., six ft. diarmter, fixed pitch, with a tapered
square tip planrifor-mi. Tho tip and outer siJx in. of the leading edg~e of the
blade vý,ere protected by a rretal sheat~h. Thijs pro-peller is il-lustrated b
FirgUres 1, 35, and 5.

The socond test propeller was a simiLlar Flott orp pro pel I cr that had been
inodif ied aogthe leadingir ed-e by Norieth Aeronautical laboratory. Thle
modifications consisted off a series of srooth indentations, in wvave form,
f ovt ap;..roxinatoly the 0.3 radius Out to the tip of each blade,, This propel-
ler had a tapered., round t'i- plexiform instead of the tapered square tip
:lanform of the "standard" Flottorp propeller.. The tip. and1- outer six. in.
of thre leadingý- edge of the blade -vwere protected by a mttal sheath. This
IP'o-neller and the maodified leading edge are illustrated by Figre-, 2, 4., and'6.
A No. 3745, 111 taper hub vvas used with bothpropellers.,

IMWCYDURE OF 'NO?

Thle subject propell ers vrerc inspected and assemabled in preparation for'
M-hirl- testing. Thle v~jfrl test p-rogram consisted of thrust, horsepower and sound
calibrations at selected rpm. Calibration liirnits-vere 2800 rpm or th e start cF
oýlade flutter,. whichever w-as reached first.
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T., 0l c212.. iiAoninn 'i' ;jmr. iv on3 w:cA r) -y C to assu;re t'h.t the :Yoct
w (ls. Wz. t..ljd C.: o oba,-d 'IonC dat o te es

3 O C.L(2-J-7YUV .: -Li S Apeni 31. (icC:] j 'v. creted' ha o vesu

of ýi. prei0 %240 too th test1 prar ro0:lo no duf't

inforio t O a "5"Wa 4d ted ,011w. in thn~"'~ 2. ti..; of

110 -tor HMO

vlwUf 001.W 0 rwk.: ab23 ti currenitly* ICK_. JIUrIled to
!,'f' a 1.:..02 H3:a- 3.; 7 Wyafl.~o.~ .. ~ si..1.2 tcoSts:.
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A AFMC-1 47-WF-6-10.43- 500 APPENDIX I (contid)

WHIRL TEST No. 23----?.5........

Tm .PM.Corrected L. E.e T. E. A.9feTue . ctaH~'oreti P.utDFLCIN REMARKS-

Calihratior~ Data (Seconid hun)

Design 'ho 72A-h8

5-16-51

1/450 7)41 3.1 3.-2 3o0
14L53 102- 41.5 14.96 Lt2.8
1456 1350~ , 14 .4l 100.5
214,Q 1629 20.1 20.9 187 .1
1502 18 76 5330 7,4.3 262.0
15-05 2190 63,5 6v3. o 369.o
1500- 21400 9'5.3 92.8 432.0
1511 2 610 1211.a 326.6 509.0
1514- 1926 355.7 3-t.1 283.0
1517 1(-2 6 19Q.8 o. 192.5

Calibration Data (Second, Bum)
Flottorp Propeller

Nenwth Ieadiing Edge !Ibdifi~cation

r-16-5

1730 769 2.5 2.6 24.9
1733 999 5.1. 5.2 57.1

"1739 1704 281.4 29.1 201.3
.7L2 1704 26.8 20 2L.3.

1-745 3.896 39.0 40.9 256.2
l 7b48 2190 70.5 73.7 3W42.5
1751. 2406 99.1. 103.5 L2805
1754 2592 129.0 1.35.0 509.0
1757- 2760 1159.61 167~o 563.0
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