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i.o   saiauiii 

The result» of two model test prognu  iarwatlc'tiag **«• «erodynamie 

characteriEtlo» of a two bladed,sae-M» rotor in ti»  range  of very high 

tip-«peed ratios are  presented in this report.    This experinintal work w&s 

done under contract Tor the  Offioe of Karal Besearoh and i« the first por- 

tion of a broad program for investigating the ohwraoteristle» of a rotor- 

ftrad wing type of airorart. 

This r«port presents data for the  rotor operating  In the range of 

advance ratios from   >6C «    0,5 to      JüL e SoO, 
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2.0     KTRODUCtlOB 

Ew^jr in 1949 a oontr&ot mi« entered into by the  Office  of Heval 

Rfaearch and MoDonmell Aireraft Corporation for research into the problem 

•f the rotor-fixed wing airoraft oonfiguraticm.    It wae fcsld that la order 

to acccEipllsh high lev»l  flight speed of the order of 800 to 400 mllee per 

hour.   It would be neoessary to have  the  rotor  operate at tip-epeed ratios 

very mzch higher  than are oonventionally used  in helioop-cörs tad autogyros. 

Consequently, the  test prograa reported herewith was undertaken* 

The rotor model used was  a tno-bladod,  see-caw type  of rotor whioh was built 

from a salvaged rotor of the XH-ZO,   "Little Hsnry", hslioepter,    Th» dia- 

meter of rotor was reduced and a special hub mounting was devised for 

mounting the rotor in the  twplve foot UW&L wind tunnel at the University 

of Washington, Seattle, Hashington.    The   prototype rotor was postulated as 

a pressure-^et type  of rotor having burners  at the blade tips.    To siaulate 

the  drag of uuoh  tip-burners,   small   erhere«  of various sixes wore  attached 

to the tips  of ths model  Hades. 

The first series  of tests with  this  rotor during July, 1949, clearly 

demonstrated the  possibility of using a rotor at very high advano«  ratio« 

whore tne efficiency of the rotor   is eoDslderably improved over the low 

advance  ratio operation.    Horaver,   it also beoeae clear that the roter was 

quite  sensitive to ssall etaanges  in rotor «ttttade. 

After this first aeries of tests, the model waa modified to eliminate 

most of the dreg of the blade hub fittings whioh proved objectionable  in the 

prevjoua tests,    Thle entailed reducing the dieaeter of the rotor slightly 

snd construeting a lens-ehaped fairing for the rotor hub.    lather, a devio« 
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dual&wft fw «ntoaaitie oantrol of the rotor attitude which VM to 

govenx te» «pMtd of the rotor. 

eerie* of teats «*« then eondueteA In the UAL wicd tunnel 

■^tfU«    These test« covered -the hl^h range of tlp-epoed ratios 

i( &*%£**^4A.*%*h} end a larse range of blade pitch angles  ( & «4-3,0° 

** • 4«!*^ iW «ntoretatloQ and for both aeeeleratiag and Aecelereting tor- 

«fpUpNI %• the reter»    The aerodynenie eharACtsrlstie« ef the roter us 
■    ^ ■   ■ 

tests «ere  la rsascnable agreessnt with the  oharaeter» 

istlM m <p%MM—i theoretioally in Beferenoe 1. 

The goremer* while capable of stab Hi» teg the rotor spe*d far email 

attltade ehwiy, woold require ma^or modifications In order to correct 

larger »ttltade 
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I 

! 

s.o BncBSftxa» 

3M «• ixrMt^at» the fi»Mfbilliy tf o^ntteg * sorter M «■»■nvatlxn*!!? 

hl«h «drcBM rftti«« aad to prorite p9P«liaia*ry data rv^aixvi far • l*tar aad 

■crJ ««npSsl» tut pragmB. 

9» a««an£ ••rl»« hmd tha folloiriag purpoaast 

a,    fOmtk tka aperatlao of th* antmatla rotor atftMsi» asntrol« 

K,   DatantSaa HN aaro^jiuaaia oharaoteriatiM «tf H» aottifSat rot« 

■oial trlthout hsib faSris^, 

a.    Datinaina tka taflaaaaa of tb* l3na«ataRp»4 Mb fÄlrlaso 

f.sa«!   Mw» aariaa of Ibeta - nrn rotor uetel 

üHM of toots «*a a rotor whtoh bad boon aalTOfad 

1—y* toliooptar nd aadifIM for uaa la 

I)«   Ho oator portion« of tho bladaa «an 

•10* fMt«    frorislaot «ac aado for awaatiaf aaall 

MoAoo to alKaUta tho affoat of tip-Jot aaita (In 

aadtf lod ta aUoo «M toatallatlcm of a Mall alootri» 

»loratla« ««d dooolorotiag toi'iwoo to ttaa rotoroi m 

m» alao Saeerporatad.   Flgora 4 

Mtor aoatrel paaol io akom Is Fi^ara 8« 

t «ft H» fftrot 

tkOÜNCO «litUo 

<•» Tlcvoo 1 and 

i» ta^otw to 

*» «W tlfO of «te 

I),   «to tek •«« 

Yw proviiiaf 

CONFiOENTIAL 
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MODEI  

3<,2,1.2    Sacond Series of Testa - For the second eerier of testa the 

model Kae modiTied   saaewhat.    The hub  fittinrB  for the  blades were   greatly 

reduced  in slse to eliminate most of their drag   (see Figure 6 «ad 7).    Thi« 

necessitated reducing the rotor diameter from eight feet far the  original 

model to 7.58 fset,    A lens-ahaped fairing was designed to cover the blade 

hub fittings  (See  Figures 6 and 7)<, 

A rotor attitude control governor was   incorporated for s tabilixlng  the 

rotor in the high advance ratio range.    This governor waa a modified Curtis» 

electric propeller governor which was driven by a flexible  shaft iron the 

rotor and stabilised the rotor speed by energizing an eli-ctrio linear actua- 

tor »fhich varied the  rotor attitude  in the wind  tunnel.     The model with the 

governor and the neoegaary ooctroi equionent is  shf»wn In Figure   8. 

S.2.1,3    Model Data 

First Series 

Rotor diameter. feet 8.00 

Itaabsr of blades 2 

Blade chord.  Inches 6.2 

Blade planform Rectangular 
(eztends  iron 1.4 ft 
radius to 4.0 ft. 
radiuu) 

Solidity Ratio .082 

Blade Twist None 

Airfoil section KACA 0015 

Rotor type See-saw blades 

Seoood Series 

7.58 

2 

6.2 

Pwsetangular 
(extends fro.,, 0.54 ft, 
radius to 3.79 ft. 
radius.) 

.087 

Hone 

KACA 0015 

S3e-saw blades 
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»■. ' 

»•" tesaasaaa 

t* ————— lutrMwatrti« - II« mimadaarA wind 

«••4 to ■»asars thr*« ««MpaoentB ia •diltiaa to th» 

•1 •}**«• 

«u im 

tarqno «f ) «f - 

iMtnHtttatin m it» |^»t» f»tl far -MM tantl telnw« 

i« •»f>3» «T aMtaarlac «Ix tiii!■■■<■ %■« «BJ^ th» 

llalM «)>OT» «aaw «f iatarast ia Hww laats.    «* Jastnaaats «ban 

4i *<yw 9 »ia •« fallaaa« 

1.   tftar B» Sa«laat«r# nhmlm *m*lm ratar SHI 

tit, iHgl* af atlMak af reiar» 

4^ /i^ila tf n», «a« aara ftr aU ta»tB 

fe   JÜS f«raa# «altah oa laft «Ma iadlaataa ilpi af «r^ ferea, 
«at rSt^t mUm gtre» thi tatal raaga of liuli—iuli saala 

•«   lift faraa, aaitakaa to laft «ad right aaaa aa bafc 

T.    füa fa^aa, paaitlvai If to tha right, anaa la upmtmi diiaetiea 
«rltahaa to laft «ad right «aaa w befora ' 

t.    Pltahlag aownt paaltlva if tail haavy, «retunA tto mmmmi  eaatar 
vhiah la S.t" balaa th» kab aavtar.    taitaiwa to laft aa« right ' 
•mm a« bafata, axaapt that aaltah «a right all» glvaa tha tatal 
raaga af 

9. Solllag 

seal» la laafa pcaada. 

at, Mrltaha« to laft «ad right aaaa aa hefava 
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WPORT- 

M0DEL_ 

JJZI_ 

10« lorinc —nt, positiv« if oloolorl*« Men fren abov«, vhioh ia 
«B ••••terBtias *ir momBat for th» rotor, mritofao« to loft «ad 
right Mao »a before. 

lie    Ttjaiukia presmre deviation fro»  sfc value as izidieatBd in the 
ttffer right oomer of the pesel» 

12«    Air temperfttor» indioator 

IB«    Bar«!«trie pressure iodloater 

S.2.2.t   Sneejal lastrueontatian for the Betör Model - Srtra instru» 

aents «ere required far the rotor xodel.    These wsrei 

a„    reter speed indioator (indicated tr&jm end «as osnaeeted in 
parallel with the taohoMter on the pnote peae^* 

b.    rotor driving «rotor aimnetar 

tbese  instnaents «ere located M ^e rotor oontrol panel aSiMn in Figure  50 

& addition, a special protractor «as eapleyed to ■eaeare the rotor 

tip-path plane angle of inolination.    Ihi-; ancle «as obMrred visually using 

the deviM .twem in Flcare 10. 

S*8    Op»rating Ldaltetio— - 

>«S.l    riret Series ef Jest« - 

••i.1.1    SM—«a iagle Limitation - (appro«iaately t 12*)   Bnder •*** 

to. t eoedltions this liaitatisn «as diffioult t« ebeene «ad the blades hit 

H» stop« several tiaest leading to heavy Vibration« aad to destmstion of 

«•fetgr fl«»upes In the taaael talaaoe systM« 

S.S.1.2    Rotor Angle of AttaeJc Umitation * She upper linlt of rotor 

wtagle of attaok «a« given by latarferanoe «1th tfce fairing around the center 
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portion ftf tfa» model,  &ppraKiaat«ly +1*°»    Th»  lo««r liult of   &    *** E*»«* 

by op»ratioai».l litltation« and Tar4»d with reter pitch •&£&• frca + Z0 to ♦6°« 

i.Sol^    ler^ae Linltetion    •lb» aooelereting or decelerating torque 

limit mus giren by the eleetrlo motor and by the gears between rotor «haft 

and »Xeetrie motor, approximately^2t imoh pounds«    Tarfeaa of+12 and «IS 

iaeh peaads, eorreapondiag to ^10 amps, in the aiaatnre ef the eleetrie aoter 

eanlA he aaintahied ooctinuouely tfaroughottt the teste. 

SoSola4    MM Limitatiaas - ■*■ severe rssonanea at tiha moiel eapporte and 

•jstMi was eneeaatored at about 600 SHI»    fieplmalag the metal ring 

the laser «haft bearing by a «aft Mhhar H*g loMHrad the reamey 

freqnenay •«■ewhat, but reaniag through the reeonavee xm& cmaeed eevere 

Tibratlona and the breaking of safety flexures in the halanoe eystem.    Thß 

arigteal aetal ring am*, therefore, reinstalled and the operating rotor Sill 

mae limita« te MO UK. 

»•i.l«S   Tjg gggi Limitatiaa  - The highest SHI for aalTh eperation 

500 XOi «hiah earrespMted te a aeiiw tip speed af    SL& «  £10 ft./eeo 

IvS^I.t   Adggee Batio Lhaitatiaa  .The highest adrano« ratio which 

was ■eaeared waa   A4-* '»O.    With iaereasiag adranee ratios tiw rotor be* 

eaae imareasiagly unstable and it was not possible to obtain steady oouditi«« 

far high adTanee ratioe. 

S,5.1,7    Blade Pitch Angle Limitation - The  instability mentioned befors 

inereaeed with blade pitch angle.    The highest blade  pltoh angle for which 

! 
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»■ llRllKtlft» M lAgfttiv« bUAi pitok «a«]* «u 6 » ««* «A «M««MR IT 

tl» mmximm t**pp1mt ■ofte of A12* «f th» bladM wkUh 

fi-bob KB^lm «ad with ratie 
■^ 

Tä» a 

sonld, for tfeia r»asPQ# only IM awamifvi «p t« «a 

Wilbia th« »Munmd bUcb pitch •aa^l« raa£* fron -4- 8* te -6* 

war» «naeaa-tend lax atartlag tha rotar« 

vith^c-t 

rmtle *JU* loft* 

dlftlasltlM 

«.Sa«    aaaoii fcriaa of «Mit« - Th» Haltatians «ara akeat tha «wa 

thoaa daaar£bed abava axoapt for tha BUI lialtatian.    Tha aa^axa raaoaww 

wuifah ma abaarvad for th» first aodel at 600 BIK waa radnaai ta 4S0 Bfli 

AC 

baaauaa of tha graatar alaatial-fy of tha blada raot aaetlaa«   Maat af tha 

taate «ara ^jodaetad at balaar raaanaaoa rotar apaads«   ^mm «f -tt» taata 

ot abava raaonaaaa rotar apoada «id acaa taata «hlah aexa I—d>ai Iwrtly nw 

3a tba raaoaanaa ranfa raaaltad la braaldag tha flasvaa % tfa» «mal bal. 

884    jteft Ffaa^daja 

S,d«l   Flrat lariaa of taata - Aftar a AMF praltaiaary nuu to ohaaJt oat 

tha *pparataa, tha fallaarlac taat praaadara «a« adoptadt 

a. lot «k» blada piteh magla* 

b. XaataU tha tip-drag apharaa if raqulrad for Hw partlaalar taat« 

*.    Sitabliah a anaiaal rotor apcad of $79 rpio 

d.    Sahabllah tha propar toaaal «paad to abtaia tha daalpad adraaaa ratla. 

a.    Tata photo-paaal piotura aad aiaultanaoualy obaawa and raoexd tha 

tip-path piano aagla of attaak. 
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I 

f •    METOAM* «n moMlsmtlng or d«o«l«ratlng torqu* A« raguircA «nd 

r»p»«t (a),  (d) and  (•) »bor«, 

S«4.e    a>ocpd S»rl«« of T>«t« 

S#4.&a    f«f Wl^Mwt Aato—tle ^hgf Attitai» Caatfl - ft» prooodw« 

f*r itess t«ats «a« •• follavsi 

a«    8»* tfae blad« pitoh «acl». 

k*    IM^RU tlw tip-dn« »P*»*»" i^ r»quirod far tte pwrtSralar t*et. 

•a   ■■Wbllah • nominal rotar «paad and tmuwl apaad in aaaardaaa« wild 

«ha foUoainc tablat 

s&** 
.1 •T6 1.0 lolS 1«6 2.0 2.6 
ua 111 112 M.6 tS.6 74.6 M 
74.6 M 112 124 • 164 Ui 160 
14 »,6 82 69.6 46 66.6 §6 
660 47f 416 470 86« 276 286 

Ztaa XBt «a« diffarant far each adranoa ratio to aa to obtaia a aanatant tip 

apaad at tka adraaateg blada ratter tkan a aanataat KH a« in tha firat t»at 

aarlaa.    Aa aaaataat tip apaad taata gtr» a nora raallatia piataaa of tha 

»tarlatiaa alaaa tha aetnal airaraft pratekly will «farata oadar 

eandltiaaa.    Tka tip apaad at ttaa adraaaiag blada «aa »haaan aa 

tm    ftl» phata-paaal piotura and ataaltaaaaaaly abaarta and raoord tha 

tip-pa-lh plaaa angla af attaak. 

a«    Jhtradaoa aa aooalaratis« er daaalaratSag tarfa» as rafaitad aad 

fapaat (a| aad (d) above, 
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MOOEi  

5a4,to2    JM*t j^H Auteaati» Botor Attitad» 0«Btrel • Tk« proMAar« 

for th»«* gmnsmor toit« «as an follMrai 

a. Set »aro blada pitch angla 

b, Sitabliah roter and tuxuaol ipeota la aooordaaoa with (e) of 

Sootion S.4.2.1. 

o»    Apply a «addon ono dagroo rotor attitudo disturkoaoo. 

d.    Ohaorvo tfao aaplitudo of the EIV osolllatlciu and tha tiae rofuired 

for tfae dlaturbaneo  to aubside. 

3*5 Tost Beoulto 

S.B.I   First Sarios of beta > Tbo first aarlo« of toots Intondod 

aainly as a preliminary iarostigation of tbo foaolbilitgr of operottag a rotor 

at teecoTontioaally high adronoe ratioa.    It «ao doaonstrotod that adraaeo 

ratios  of the order of 2.5 to 5«0 «ere poaslblo so UM oooond teat series 

doooribod beloo «as planed to fully iaveotlgato the high advanee ratio 

range, 

lo quantitative data are giron for the first t»«t series beoanoo thoy 

are of doubtful TOIUO as a reoult of the poorly designed inb which Increased 

the drag of the rotor oaeaiderably and oentrlbuted essentially ro lift« 

3.6.2    Sooomd Series of Tests - 

£.5.2.1    Correct ions to Photo-Anal Data - 

a.    QC Corrootlont 

The  Indicated valao« of     CC   «are wlthla 0.1» of being identloal 

with the aetnal values and no oorroetion «as a»ooaoary.    The wl 
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la tta» ord«r af •«!    aad. tnaacl «all oorraotian of    OCT 

th»r«fora, SfBgliglbl*. 

b.    Lift CTI—Jtieaa - 

a» lift wa« oorraotad for tte h»b lift mhimh wma d*t>mi»»d by 

tMta without blades.    The hab lift li approattaataljr jjidapaadant 

of the an^le of attack of th» rotor and of the rotor RPH and <mly 

dspoadont on the taanal spood.    Th» follovin« Tolnea «ore used« 

L*   .   L . % 

0.9 
a.6 It 

1^ 
91.6 

1.5 
46 

1.9      2.1 
56.5    66 

«bare IJJ (U>.)      •      0« 
for f (l>./f*2)    •      14 

The wind tuzmel wall oorrectiou for the lift is negligible booauso 

of the snail lift coeffioient (aMucfcna CL ■ 0.02). 

••    Prag Corroetion - 

The drag «as oerreoted for the hob drag as dotenaiaod by tests vithasrt 

blades.    The hub drag is apprssiwately ladopondent of Ifae angle of 

attaok of the rotor and of the rotor SM oad only dopoadeat 

tunnel speed.    Th» following raloes «ore «aods 

»'  •   D - »g 

where Dp (lb»>, •      l.T 2.6 
for q (Tb6/ft.   )        14 ».§ 

The wind tuaael «all oorroetioc for the drag is negligible as for 

OS and for the lift. 

d.      Tor^oe OorrootlsB - 

The jravfeg ooMnt, My, is apprssJMtsljr Ofaal to Hw rotor tor%tM# 

• inoe UM shaft axis «as inelteed oaly a fow dsgreos with mspset 

to th» Tortioal axis.    The tor^v «•» oorreotod tar the hab torfae. 

The following ralnos «ore ueodt 

82 
4.7 
«•.6 

6.4 
4M 

•*1     1,7 
S«.6   M 
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UODFI 

«ter« My     (In.-lb.)    •        .„8        .„9        ~.9        -•9        -.9        -.S      -•• 
for q      *    (lb./ft.2) .        14 23,5        52        S9.6        46 56.6      65 

Lift to Drmg Hatlo Corrootlon - 

Vm lift ♦• drag ratio of the rotor «aa oorrvotsd for rotor torqiw 

by «sing  i&stMul of th«  drag, C»,  th» -value t 

B*    .    D«    -     A P 

wfaeroAD    ■     %'       (Ä      «    rotor radinc) 

'I* -U» äquivalent lift to drag  ratio and is cmaally looted 

vpon ae ea appropriate effieioaey figure  for a re tar. 

5.S.2.2    Irenafer of Date to 1—ffieiont Fom - Ike fore» end noaent 

it« were ooawerted into eoeffielent for« by the follairinf equation« t 

-TLB, mpl^    = O.I35   BPM 

T^f 

M 
■<? r 

x^£ n-e» 2- 
C'''    T^ 
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So606    ggwOU» Plot» of Balm 

»«.6^.1    Thmat C—ffleimt • Figure  11 show« -tte thnet «aofficiest, | 

Gj( against  OC tar sore tip drag and for a blado piteh angle #      & -  -1.5*« 

The «lope of the Of - OC enrve hoi— verj  steep at higher ad-vaneo ratios, 

JU .    The blade loedinge,  (Of/ QT ), xeaeh extraerdinarlly high valnee at 

high advmuee radios. (Cj/cT )valaBs up te 0,86 «ere ■eamrot«    Zho autoro- 

tatioo eurr*  Indieatee elearly the instabilitgr at higher adraaee ratios. 

Abore    AJL  m    l.ti this mrro la nearly vertleal and «Ball changes In   OC 

hare a Tory large »ffoet «& tbo eqallibriaa adraaoo ratio,     JU.       I that is, 

on the etuilibrla» RM«    Bole» OC s   4*. no satorotatlen is possiblee 

S.6.8.2   Torf» Oaoffleloat - Figaro It shans tko torqao eooffioieiit.C^ i 

plotted against 9S for aero tip drag aad for a blade piteh ot    G    m   -1,6°, 

PositiT« Oq eerresponds te pooor lapat Into the rotor, aogatlre Cä, to power 

output fron the rotor.    Iho dotted line refers to tke suterotation with tab 

and tbii  ordiaatas of this surre  represent the hub torfae «hleh «as subtracted 

fron Hi» xessured torfue.    The CQ  — OC   enrros also teesao wory stoop at 

higher adrsnoe ratios,    AM    . 

3.5.8.5    TipJaih Plane Anglo of Attaek • Plgare IS shows  the rotor 

plane angle of attaek,     OCE ,  pletted against    OC   tar sore tip drag sad 

for a blade pitch of     0  »  -1.8°.    Ths     &* ~CC   curves  inerense thslr 

slope with   /LL ,  indleatlag a high sensitivity to snail      OC     changes. 
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MOOEI  

Se&.S.4    Oy, ^. »nd flBg Aa yoaetlon« «f /^    - ?!«■»•  W »he»« C^ 

OS, «ad OCs pl«tt«d agaiost   ZX f«r     ©   s    «l.E* la «atorotatJ«».    Th» 

flat    CC~^UL   *vm for Llglsar     Xt       ««aSa IsAloate* tt» «stabl» ohar- 

aot»r of tboa» ooMUtlooa.     (ofjg-OT ) is tlw fiappSa« aagOo of tho blodoi 

which !■ quit» Bodorat» far     0  « •loo0. 

5,0.5.•   Brog. Liftj^ad Ltf<i*to^rog Batle 4 Pjgg?tiaa of ^gfc  - Pltfuro 15 

ah«» tho lift to dnc ratio, Xy^),  (eallod L'/b" la   Sootloa S.&.t) tho lift 

ooofflciont, C^i sad the dra^ ooofTioioat« C^, of UM rotor vitkaot faab 

plettod af^inot advanoe  ratio,/i,, for & ■   -l.B0 la «atorotatioa.    Tho 

inersaalag ifo valaao aad tho doorvaoiag C^ valoog «itdb hifhor advaaoo ratio« 

indioato that trxm a point of rlow of parfoiaonoo at hick opood largo adranoe 

ratio« aro doairohlo* 

5.B.S.6   »anoo Coogfloloat For Yarioao Madp Wfeit ImaM* • Piffiro 11 

•hon tho torfao •ooffiajaat. C^ plottod agaiaot CC tme vwriou blaAi piteh 

aaelos, G , aad f»r aa adroaoo ratio *& M. %   !•*•   ■•"te Hwt a d—IOOM 

la blado pitoh ia «li« rogiaa Inaro^ooa tho doooterafclag torfao# vhiah i« 

oppoeito to tho öffnet of hlado pitoh ohaago« la tho hollaaftar flight oca. 

ditiat.   Tho rotor la laoo ooaoitlvo to   CC otaaacoo (aoia awalo) at ic«or 

blado pitoh oaglao. 

5.f.«.T   IffWot of Modo Aagto t 0ta Og. oafl gb   • fi^u« 17 «fcooo the 

effoot of blado pitoh «agio.   G   . oa thraot ooofTioioat. C,, ea Cf, «^4 M 

Otji tm    JJ* •   i-5» *« «otorotatioa.   Tho flapplag «agio (0^ . Cf) i« j^^ 

for 0 «   «to8° «ad laoraaooo rapidly with aogativo   &   0 
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3,5.1.«   affect of Blxto iiggi a« (j&U Si< "^ £>£■* wC^w,• 1* ■hl,,l,B 

the «frtet of blade pitoh «nsl», © # on lift-to-dr«g ratio, tfi, aa Oj^ 

and on Cp.    ShJLlo C.  and Cp doerwaa« with aegatlro  O    „ tb« Iy& ratio ba« 

a flat optbm at about   0   •    <-l*S0o 

S.&.4   taata With th« Awtq^tle lofr Attltuda Oitrol • Soaaaaa of 

•oreral dalaj« and required aodlfiaatiMU of the tert a^tijamt Ham gowemor 

tert« were reduoad a owe what in eeope.    TJ» teata «are aade for a»ly ana 

blade pitoh aattlng, © = 0°, and for tare torque.    Adwmom zatlea of 0.6, 1.0, 

1.5, and 2*0 were  InTeatigated. 

It «M feud tbat the UK oaolllatlaM dcvped evt after two to tfar*» 

oaelllatleB period« after a auddan mam degree rotor attltaia dlatnrbaaoa. 

Bat arhlle the oaaillatlana damped a«t «alekly« tke ammlmm KM error «M 

aaeh toe kigh ( •«- Z3% for * 1° attitude ehange vtA *0l t«* -1° attitada 

ofaaage). 

3.6.6   l^peri—ntal Data - The ooaplete data aaaoanlated daring tte 

aaoaod aerlaa of teats  ia preaanted in Saotian 7,0« 
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4#0 COaCLDSMiS 

DM «aocml wrtea  of test« oonfinwd tbe rsaults  of th» first scriss 

ttet «Btsre-tatlooa of th* VTO rotor at hieb «dTonoo rftt&o« is vwry odviuitago 

fr« a point of TIMT of blad» losses,    Uao dra« eooffioiont of ttao blado with- 

•at baaL4 rafanrad to tfaa rotor disc area, la only OoOQl •XJJLm t.0o    Thi« 

a»aas that a fO-faat rotor, suitable far a 80,000 povad ratar«fIxad wiag 

aircraft« weald only »eyresent the equivalwt of two afiMtra feet parasite 

drag area«    Thle drag ia not totally paraaitio baeauae tte rotor also pro- 

daeea a lift ferae up to IS tiaes greatar than this drag.    The ovar-aanaiti- 

▼itjr af all rater akaraetarlstiaa with reapaot to rotor angle of attaek ohangea 

ahould be mitigated baoanae otherwise even asderate gnats weald oaaae ex- 

aaaaia» fteffiag of the blades.    Ihaaa teats hawa baas sKtexutod np to an 

advaaaa ratio af 2.5, whiab corresponds to a flight spaad of StO aph rith a 

tlf mp*A »t the adeaneing blade af MO ft«/oee. or to MO aph with a tip 

apaad of TOO ft^«»«» 
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