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MllllMullilliL """', ... " '" 

81 Ii. B. l/eald and 1.. II, S&rsent 

Thu 1n ..... tijat1on, ,,",'Jlld.uc·t.ed 01: req\loNlt ot r.pr.aentat1w. or 1'.Il0l 

ca.-J.cal Wartare IUorat.orie" ~ a.JIj".l&l 0. ... 1', IIarylall!l1, ooncel'lllld '\;be 
IJoo 

que.t1on ot lltt,. cI.rq, • I!piII. ... ::t:~~,~! .. "t~~~ptd lit' .~t.1mc aa.UN 
ha'4¥C c1,r!ou:L4r' _ t~ ~. ~ClIl!l!li\".~.J;. ' .. til .\_ 

IIICpar1lluit! .. VIi'" tIM tO~IIi.O"Nll .. be~ .. eI,~U~, __ ... drlwa b1 

_ 1ap_ .... "~'b~.atelld:li"~""" ~lI!.""k.~ •.. 
.1" '_ ..... , ..... ,,'.:"~":iII<~"' ... ~I':~'.· .iFI .. f'"~''''''''''' 
4emtIIPI." II H.'''.,lIllU'.............. In _UEII.' ot1l!a ... o11:Llld:rl.cail 

~ " ' . 

rotoor aa:I the., 'I'~ILW roWli'l, ,,",un aJII!I! 4~ ,... ... ,. .itt-
t~1IInU1la1!1. to Pliidt ~ Ollt\ .... f~-~,~ ...... u 
u t.ha .... be,-_·. .. cIriP:~:.~ •• "P~"""~.', •. 1dWIh 
Il\pJlQl1ilIld .och .oa.l .. l!I!iI!I: 1iliIMO)I ~.ot"'.'~I'~" .h+.~ 
_lINMlltlWl!ft _"" ~~,~~'!i .. ~~. '''i,:, 

, \ 

fbt uper1a&. _ ... OOIII!iIIIt.lld1ai;he""'t~ B~ •. o! ~ 

6-toot. ~ t."l.W.~ •• ~~. b~~ s·) "~S •. ~~ "Ii"'.-.o-. 
'l!Ii!iI COl'".~hc ..... ~'I!I!"'~ • .,. ..... ~ Q,,4 .X .JJI. ~ ~") lit ~, 
lIbe... lUI -~. and V.m· iI~, t~, d' .. ~ .. 1AI~~ .... 11\,'" _ ot 
t.he c1rc~ _pe. ot .. 1I$iftth in ~!\ ..... ot." t~.u.r ...... tftt., 

UId • .o",tt ... CJt .'~It*_r.'$4 !~~tt,fOt .. ~ .. l$~(I. '60 .... . 
O. ()(lOO151 t'I;'I.I _ .. 
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,on _h IIOcla1 at. a 1NIIilU" o! air _peed. d~'~ "t.e..."y~.t.. m.,t-wl!, The 

rotoat1oDlll _pHd, W1"e 9t.~ by ltP<lbot&C at t.,n. tiM·tJI!t !Ol'Oa ...... ,un­

_Il10 ....... _9. 
'fbi; .... _". ... \1 ... D t~_ ot the t~,~ I!!QM~ w ~,~ .. t ~ air 

.peed 'l1&ht.l,r abo',j';I 70 .u.. per lIC!lI1"~l!r ~~. _~. t.bt lIICde1 q: 

bald atr.twnuy tro ••• ~ tPl! ~,t.~~tb.~~~,~m1ihat\lllllill 
_. lIdjwrt,d to the c:l1I""ec:l ,1i..,ywl.,. _lItMa.,~.~t;i)j. ",~ 
_. ":.. .. ..:1 .. rotation ~ TIl, t.~ "'~d'!Ort\l""l to~~:h 
st.eadJ' at.t.. rotaUon !ro. N.t. ..... d,t.e ... d _iilca t'1J;iotit ,. ... to 0.01 

_"ca:!. 
3. I\8ILTS 

'A:he 1"esu1t.e or t.h~. 1m ... t.~at1on aN ,hen in tabla. 1 - 4 ani t.bJ 

.ur.ary tabla S .~ U l/NI<i OD ..... ..,,11il!" ~Y.N •• ~ .. ipl~t>ed in 

!~","' 2 - s. 'fbi cw; ..... ~ 1,Ilt'~f!IC, •• ,~ra~"~~!_ "t~ 
plott,,, ~~.o! ~.t;1c!-.:L '~ed,,~j!;'ft~t!\.dIraJ Q~'~1c~ut 
~ • aAi thl .. t10 ~c~,.n t.n \bit .. iliiIo",,~ c~*'1iy.'"'~P<i_. 

an act .barn OD tba !i.c1Iru • 

.u sbOlllD in !1.CUN ... tbJ D>tlat1.oalL1 .' .... 0:1 Olr u._ ...-11 z:01;o .. ~ed 

U-a"11 db aiz .jJMCl ,..bin ~lit~ •• l:U,atH. 1i!lMt _1,... ._1lC !,t~ 
J#lO ~," a __ ~". of .~'l~ ,~,.'~!!I>,.''''~'~,!~I'C!~~ .t.~ 
r&JIIIi.tIIIa ..... 'tI6"'4i!_lIIIi~ ,_~_",~,~,.,IB'''._'~ 

, I, ".<, .. -,"',' ,-. ',_ ' "'. ~ ",,:,,",; '"",:: ", ',':':',':'::"":',,~},:'<"i-',:, ',::"'::",,:~" ":,", ',:,,:::,_,,:~-::.':",:::"","':',' ' .Iit.- 60.1. {~lIi. 5,),. ~ "'-"~iiil' _;MiS!IJ.i~Lj,~"'!.!~'~'" ....... ". 
aU' • pM<!! 111 ~. for lIhb ""'ell' .. ,0. ~0!8:. . '. 

. J 
.~ 
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J.2 L1ft. &:ad Dl'8C ChanctAri.t.ie. 

TM ~.ult.8 til th. ~1'CI _ •• __ s an &111111 in hl!lM 1 - 4 aDd 

a~ a-.r4od in tal!le S. In SlIWn!,l the cl&t.a for t.boI J..a.r&e crliD:l"r and 

t.bcM fOr t.hI two tr1.aJlculU .b!o,p .. _1ch ve~ cb~ 1111n& tbol two dU-

r ..... ut bal.aJl:. l)ljt_ "no 1JI ft.j,r ~no_.IIt,. Ai prnio\llllr ilxiioat"d, tbol 

!lexure-plat.e balaD:. UI lICIt 1l1li11 adapted to thl _._at. ot -u torces, 

1. •• , t.hea. .-ouat1nc to len thl!ill Ib_ S poIUIda. ,Ut/loUlh the re 18 

cOIlll1d.Nble rue' in the 1I&l.1II. ot d"« co.t!1c1.ent nth 1Ie7DOld. lIw!ber, 

the ~ _1.. ot CD tor t.be 10110 o!ftlllar 01lilldll", do 1IOt. ditt.~' iNatlr 

in the I'&Dp ot lie 7DOlda JlWlbf:ra ot tbol8:qll ra.nt., 0. II x -u;? to 1. 6 x -u;? 
tor tbe .-u lI~r, .0 •. 7 :It uf to )0) x N?tCll'tllil •. ,,!I o7UDileI'. 
, 01' thn. I'&.DC.' of JIe)'1)Ol:d. 1t1IIiIle" &III! 1nGlud1I1C tboidata t.._ OD bot..h 

baa-a, tbol _an ftl ... o.t ¢l'8C cCII~t1c~~t fGi' ·tbol, J..a.r&e cl11.a:ler 1.111 1...0Jl 
as lCa.1IiIIrt a ~ ;ral\llil ot 1.O~ fIo·r th<i ... all ~tlln:l.r, Co.I'J'II,.·polldiJlilr, 

t.1M .... 1I&l.U8. ot t.be ll:tt -t$1c~- "'" O.¥l tor tb8 lal~ C7~1' 
&IIriI 0.610 fOr tIM .all ".. IiM·WI', t. ~ ... D.f lUt o_ff1c~'" fOr 

tht ...u o'ru.r· ~ Q!t ... ' '~I \Io.~~ ... $!!iII~.,~l'iII!O-' of 

.lIbahllU,al .. !".~ · ... ~.f.ti., QJ.~i~.'-."" ·~'O.etil· " 
L .... O. ~ :It l!'1t,oO,!j5.,,,,-' ~·l!:;..$ell;~;; .. :~ ... ,IR .... QiWt. 

of , .... 'Jllinl!iN'~' ....... ,.'!I\'~h ~~" ~.~'~",I'·_U 
.u.,.~. 111 ~ ~11''''.ot --,.:),Iit_III"" 1. •• , bG_1II 0.1 x -u;? 
aDd .. 1..6:1t wS. ~~. t. ~"~"Tl~I".~"'; ~'1IIC 1Ibe 

~pWe .... ,""" •. ~ ........ ~ •.. ~ 0(· ..... ~S 11111"' •• ..... ''It ~, 1.'7 x ~ ... 2j8.;1 tR. lilII'be' .Wi~7f!if* ~tel! ~. 
ot L" the UidrI.MU.. __~ e, -.. t~ ... "'.. ..100 t.1IItI. .. 

~ ~ ............ ),lllt'JI. " ...... 14. iii' .~ ...... ,.. ...... ~ 
tlW __ . o~~ o~_ ... "lIiciIIIt. _, ... "",... .~ Will. 1:,", 

.• :1ia, ~ ••• ftl*-ll" .,~ .. :q '4!iIII ... .., 
0iI!t, u.. _I'" ·1iI· .. ~., trli!ll!'~",M"11 .. ~. ___ of 

lMI4it ~ .. chili .. U ,_· ..• ,'**",', !iIIII: .. 1I1~1 
.. ..... ...,q, '. '.'" . .1IiI!IMrt 

dIIi, .'''':P~1I1'~ " .... " •. 
" .. 11" •• " ... !!II 
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-,,-
CD tor tIM 90° Un rotor 11 1. 392 cQl!panld vtth 1. $77 to r tht rotor eqw,pped 

with 120° tine. In the tOrMr 0 ..... 1nd1Y1du&1 .... lue. ot CL raq:·e troa 

1.348 to 1. 471i 1n the latter CUI. tht raq:e i.e troeo 1. 418 to 1.706. '1'bAI 

IMI&ll .al .. ot CL tor the tr1MCua.r rotor equ1pped with 90° finl 11 17 per 

~ 
oent grea'(;u til an that for the rotor vtth l2O' fw. 

1'b. 11tt anddra, cb&racter~1or. I'l! the ~","l"Ot.OI:". .1!IOiL~ ~ tb ... 

experiM,... ab<lv o_1doI~~ _r1&t1~#t.h .~,.,l!1 •• ~r~t"* .. t •• t 

~e. The ...ala- .. fl1ft and dra( coetftCtelilt ¥ii' '~ . . ~.r.. ... cont.iIN­
D 

ouaI1 u the Iie:rnolde lNIDer lJI 1Dcreued. On the other .. t.aDj.. W.111118 ot ~. 
~ . 

CD • end '\. tor the J.·rce C7l1z1c1r1ce1 l"Otor 1111011 len colll1etel101 Kith 

~ 
1IIOnoated 1le;rnol!1. lI"'r. Iiete.rr1 .. to .a.cur-. 3,CL t!>r th~. cl'llD:Ie'r 

.bon a decreue of 1.h. ortier or 10 per ceat fro. about 0.48 betwenll.'1I. • 

0.7 x u? and 1. 7 xu}. fo~cl 1:17 ~ 1IIc1't_liboftt. .. wfm"-...... 1l1li 

(or abo ... 0.43) -Wit._ to aIiICIl3 l.iO 'P!lro_,'~t~,,,,,,,'PIIo .po.~ 
abow i .. 1I. • :>. 8 It JJ? 1n<;I1cah ell. ~hof .~ 1nWl~.~~ to be 
le ... _. b Wi1"_ ct 'G)) tOI'···til\U. l~iI,r·· ... o._~iJ.i.,.)"'.*lAo­
t1cn nth ILII. tiwl the, ~ •• at~.Ther_!>t .''1D' jia!ot.ci~1' ot 

1$ per CMI-.I'.~ .M~ •. I!#l:.i!~~ l.lLII. .• '~ .. -~'.-cIt~ 
0.7 x ~. to 3.3 x l.cf. ..,. ••• ~ .... ~'¢jI .. ,i; •• );')X~'~I"~too 
that at i.... . 0.7 x uf. Yal!iIi~~~.~ 'IIa+~~t ',ii . ·~~lL.;II. fer 
t;h1. 1IOCI.1 tolilciv-....at t ... ~~~".~_C .. ll! 

tile Wl1lil.ot :w't o~~~._tOi't;~ti~t~~ .. "".iIIIIOl. •• 
\lu'te c!1wrpDt PO,*,'..andtlla1:r~ ~~'~l'~ i' ~~··j!iI!l~"".iD 

, " , . " " " '" , , ' : , ' " ", :','" , ' -', " " ;,.," " . " ",,' . , ' ,:' :, ' , ' " : • ' ,- ; " : : : " : ~, : ! ,,', ' , " , ,- j , 

~, 0 __ a .~ ~1'II1IiIl ~ •. ~ .~~.,...~ ,~_!!!if~!~ . .,.~ 1..' x 
y;. tIM ~ ot _Q~ •. ~I!i; ,,~~_ '~~~#<.il4:'i ,tl!it 
~_. of Ct.,.·.ti~_,~.~.tili!-~'t .. !i •••• 
...... U ... ~b .. _ .. ~ .. !;JL:k, ... :~~~IIii1~~;:~·,'i~~~,;.... ' ... , ".' ....... '.' ,.' ........ . 
. ,.,' , ., I"'!"" " , :!If,,., ",', ';~!"!i'~"'(':~:;':,,""'.:~:"!-,!.",:I}i,'''''',,:','~~' 
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Table 1 
Cyl1D:ir1c&l. Rot.or (Small) 

(C4-~~H3~al) 
Le~ 4. CQ 1DC1!ol ... j)~ter 1. SO iQCbBs ,in .I.ugl.e JO deC ..... 'in Width 0.187 inches 

Litt, Dng, &lid ~101l&1 Speed 

AU'~ .. 
~. III'h 

J.Ut 
11> 
~ 
lb 

il~t.:1on . Coetticient.. • CJ aeynoldls Tip $peed,!"". Rotational Spoed.lJ>I' 
r,a t:ng(Co1 Litt,{~) C v I"mber lir spaed.lPIl nr Speed", ............ _- ---- --- ---=:..--~. -

Sp~ Oft) !l~~e c. 

n..J )6. J 0.1]51 O. 169 1.690 1.046 0.861 O. 822 0.~5ill» 0.208 

'tt •. 7 18.1 .2loI. .122 

It"" >?1. .~ .1itI 
Ka 6e;.'! • ;00. • (t)6 

.,~ llf.l. .$Q9 .&32 

·m,2 ~·ii .~l 1.06:) 

f!::1-8 ~O .~ 1.2)) _iJ ll.l.1 • .&1.169 

&5 ~).' .~) 1.:jJ8 _;1 1J1.S .'"10 2.l26 

1.061 • iD!. 

1.062 .'155 
1.044 .1>74 
1.055 .646 
1.0"1.,. .613 

1.U4i> .500 
1.0~ .541 
]..031 .486 
1.001 .457 

.758 

.711 

.616 

.612 

.584 

.555 

.517 

.471 

.4Sb 

.553 
• &59 
.757 

. eoJ 

.999 

.2)J 

.244 

.257 

.254 

.27) 

.2'/3 

.281 

.289 

.295 -.9 >.i<?" I.Jl.9S 2.41:il 

2600 
~ 
J9SO 
4550 

»liO 
6000 
1150 

7950 
8'100 

mo .996 .1J.B : .441 

1.077 

1.250 

1. 3,1 

1.420 

1.5)1 

1. 678 

.)06 

~.O ~ /I; 1.)$)1 J. ll.4 1.at.l ~ --:..!ill .-. 
I.Q~ O. blO 0.584 

lO15O 
~"'"""s 

. J06 
Q.26b 

c~ L 
1/2P .• :; 

C. D 
D 1/2PU2 l/2pA • 0.0000571 

..... c"""~ em basis o! badc d1.uet81' (1.50 inches) 
. fip _pHd _.~ on bade ot basic di_ter (1.50 inches) 

iIIyt'"ld's ~u cooapIlt.ed on basic or basic diameter (1.50 inches) 

46.6 
52.) 

5h.7 

I~ :;7.5 

51>.8 

61.1 i' 61.2 

62.9 

64.) 
66.2 

68.5 

~ 
60.1 

I 
I 
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.~~ - .. 
~ 

loUt 
li> 
~ 
lb' 

~t }S.'1 o. 2~ 0.501 

aD. 3 S4.'1 .4fII 1.0)9 ." 11.3 .'16.1 1.7JD 

..." 81.4 1. llo9 2. !loS 
_ 0 ltiI'l.,7 1.719 J.9Olo 
lfk2 l21t.~ 2. 635 S. 169 

Table 2 
Cylindrical Rotor (Larie) 

(C4-D2L2H6ii'2) 

Lelllth 1. 62. 1neh"'~ D~Ur 2. SO inches 
11.'\ lIICle JiJ deC ..... , r10 W1dtJl 0.230 1nl;hes 

l.ut., Drag, l!.nd iotat 10~ e pe.d 

IlotaUoII c"" rr!c i..... CL 
~_ Drag(Cp) Lift-CCL) Co lIe)"llDld's Tie ~ je' 1I.ot.at.~~!!J!l Ii_.. Air pee, po .tir ~~ 

Se1ndla ;-l Daane. 

1650 1.002 0.474 0.473 o.118xlO5 0.317 42.6 

11.10 1.030 .483 .469 1.012 .328 44.0 

3180 ,.996 .444 .W!6 :.)18 • )}2 44.6 I, h010 1.001 .442 .441 1.619 • ))9 45.7 

5100 .997 .439 • 440, 1.979. .352 47.) 
I -<r 

(£1J .970 ~, .)10 2.275 .)89 52.) I -aft~_ 0.999 J.46) O. /,6:: ' 0.)6) 49.1 .. -
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...... ~'--: ~ ~ - ~-- ~ ==-

hble 2 (co~:d; 1nuad) 

1i1r .... Lift. Dn& Botat1<>n Coect1cieDt.a 
CL lIe;yuold •• 

t,. ... lb 1)) rpI IlI'q(Cu) L1tt.{~) ~ ..... r - --
'Ie-Ill_ ~ S.l_I'VIA 

}j!I.6 ~.6 0.6 1820 1..020 0.7~ 0.332 1.4.8 

liQ.J "\.,7 o.S 1..1 2560 1..090 .1&96 o.lD' 1.009 .. 347 46. 8 

'U.S .8 2.0 3$20 1.l29 .lDl .UlO 1.336 .361 l.8.5 

91.., 1.2 ),2 4650 1.132 .425 .375 1..081 .378 50.8 

ltY1.l 1.9 4.2 SC:(XJ 1.085 .1&91 .lD2 1.962 • )88 52.) I· Wt.l 2.4 5.5 0000 1.OS6 .462 .436 2.262 .359 43.3 

1Iil.9 6.9 1.015 .559 .551 2.508 
...: 
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lfJ,:1 lff/. 2 >. ) 9.5 5350 loW. .-:..ru ~ ? :;22 .558 !J&l 
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