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REPORT 1126

THE EFFECT OF BLADE-SECTION THICKNESS RATIOS ON THE AERODYNAMIC
CHARACTERISTICS OF RELATED FULL-SCALE PROPELLERS AT

MACH NUMBERS UP TO 0.651
ft Ji L JtAN 1). )tNYAFIIA nd ovi SlucllR mslN ml

SUMIMARY pa ratmetersandIII air eottprl'ssi 101 itY upon)0 propelle~r perforiot-

The results itf art iartitfigation of two' )t)-foot-diamrttr, two line. Thll hiside diesigis l'ltilaiollv v'ariatlonts inl shank forti,
blade, .v~ 'A propellers are preseteld far a ralig.' of b/ad.f a,.ghs blladel aiirfoiil sec(tion1. tlesigit lift cef'ftiit or ceailir. blalat

froI 210* 1n 45 (it airs precds Ulf (o 5W* si/et per hour. TAhm width, and bilade thickness ratio. \ltost of the. Idalles have'
rtiix art compasred teith Mhost, trial prere .ous I .IrsII-xgatiouis of tIhv' higli-( ritieltl-speed( INA( A wI -meries alirfopil sect ion, (ref(. I)
fr. rtlattd NA( . prope'llers ;na order it) eialmat, Me ouflerim o( lull halve' hllem, designed. without cEEJIiIIIrlmtioi of cltpr)~sj-
bli-dti~ot thirks~tss ra~tios ot propeller aetrodaicu char- bilit .% elfflevi, for at minimumtn induced-nerg- loss %%lIti eI IIII ratI-

act# ristiics. ing ats foiur-him e plropellers at all ad vance' ratis (iRf 2.1 A itaii
The n rttop, o.~ia'.s~f all t N.t WA propelltrx art h iih blade anigle of 450 at the~ 1.7-radius statioit.

at thi# lowetr rotatio,.al mpetdsm at which tMe adrers. tfiecif, o f The primllar eff~ects of mlal's'l a aither onl propeRller
conmprrxssiditi are small. The hightict eficitticits. aboiEEI 9 performnce hatve been presented inl reference 2. and t1,i* datia
p.rrttt af t ahtrtial lip .1lach n.umer #if 01.9 and 8f pere'. ut at a Showslg t he crharactl'rist ils of ot her related propellers inldi
Atliral ti*p .1lach n.umbtr of 1.1, rojNrct the importane (if us.ing se'ries have been'i prl'semetId ill re'ferentes : to 9. This report
till, eqfiriu ta airfoil mitctions throughout tMe blade. Fa-r pro- pre'54'lts th EE~yIl r ntfini iehur~avitlrist iis Elf t wo proelJlelrs
pt/her oporationl at 'on~stanEt rotationhal specad and pou'tr it/ AIIR e'xten)ds Ilhe i ivi-stigat ion tof re'latedi prolJleRr- it) ince~l~l
heiElE tip Vlach tnumlbtrx brlui 0.8. a reducit~o OlEil bta410-stcaio thoeI' hazving t1lo':t-4s ratios ats low ats 41-115 at t le (t.7-radilims
M~thik, frolll 12 lt 8 perent ait tht 0.7-radiums ttation,, to- op- Mtatlion. The pur-pose of t lhe re'port is to makei' comtparisonl
prEofillnattly olot-Ijhird aS// alongSIJM th, rdilS, rticaim ts iIE~n 'mis tit the livrformnte dtai for ihese two propellers with the'
propeller t Effic'l#EEy tip to~ 101 peren t. Elt containe'd inl re'fere'nces 3. 5. 7. titlE 8 in order to) afford

Tht ,,Eaxu,,EEIHEfici, JEclt of aS JprolirEEr oplt1ing ft at a At/a anl lvalllt iai of thei elre'Ets of IlaeIII-set ila thIic.kness ratlio
t;/l AirlE ,,,iimr of 1. 1 andt .lIach iEE motr of adovwnro of t1jI2.5 oil plropller Eild'r lvilao list ~rac Ierist il's.

Snlay bi, oeErta.4t4 applroxJimately 20) porev lt by~ redut~n Mf h The hliielss rat iRIof prolpeller Illall'selt ions is Ef inereas-

b/au/u -trnt thiE Ekwx#5 from, 12 tEE 5 Jetnt of Sth t ).i-radt;m in lg i toportmoe~iEl in tlil Ilesi, 1 off proljlemllr for hiighi sp)eed~s

xao .IAt this Sallif conIdiion o f olmls o hE~iE Er prnlptIrs bicause oif lt- compromtise. itichl mus~t I), toagi' Iltweell

lhariluy b/adh-sxrtilaE thicknessts bttlretoE 121 atld 8 p. n4ilt fit 4trututrad rvqtiirltttt awil Ilse rlirl':ll-lits for Ihull hligh-
Mhe17rdissain the laiEU/IEusE ifficiEEJ iInirtastsapprox- ErfliI-sp1'l'l sect jils wiie are Sll'lssarY to avolid leessive'

inlinftly .1 peEretnlt for each dItriamt iE thickness of I pimmnt at l'(ltpr'ssuibilit -v losses. ( Elllpressibiliit ' v em-os Iiave il~lg

tMo. statlin. For blatle-stctinl thickEi5l htwv v S anid 5 been kjioliwnt icause railial dlllgl's ia the cliiracteristics Elf

ptrc~t fit tMt )-radius statin,, tht ratt Elf iIEtasE ;iE pro- the seltiolis tloilg at proller bliolle. 11,11 at lack Elf sijitale
pelter Pffiit ony ?nilh reduct;asill ;n tt sctll thwE m ikpsIs airfoil sell111i lll Altu l'rist 115 El Ih lE pr'vl'l ltimte has1 nlithe it
snia//tr, but forthwr roductia,Es i,I thickness~ eaa still ieE/ron., I eet'sar ,% tot evaluiate' Ibv ineauts f p~rolle~lr t ests5 till i'If44s
0,e slaximum eficitury Elf plapers operating ait high forwvard ofIllade-se'ct ion iticiR'telss ratilo upon(0 propllelr pi'rfllrimai'l. S

taed rith At/i;ral tip .1lach nEumbers as h iuh ax /..MBL

INTRODI'C'lON 11 tI til 1111 (of blade IIs

A genelral illvl'stigat ili Eof th lIe' aot~llVatil Ela rarl eristic hIS 11111414. wildt h, ft
Eof at wIrio-. of full-scale lo-fEot-Ehifll'terl pr(Epllem lI air- I propllelr polwvr l'll'Hiiett PE pnl'lP
s~peel' ill) to 500 mill's per titr la e ens m', lade in thle I AfgleY V r

t  
propllelr thos vot11 'llflil'il'il I. piElI)1  6

I t-fowit Iighl-Sjll t ........'l, T1l ......rpse Elf It, is it, vest igatiou1 c,, II1iRIE'-51'E'tiOll Ei'Stgttj lift l'll:'hliI'i't
Was tIfe 'lrmi~tl'e thle comblIined'l ittflte' Elf lpropehl'er-EI'sigil ) prplle~P'llr I ill llE r. ft

Allp-.....,- It.'ol 'f-1 .Elu 'VACA IIl 1,1129 i -i'l.Th. V.-1l ,f 11,S.,o ThwEk,- lib. . ClE-iri(EIEIh... 1",-E -" (',.E ,IEE Mno. .i
%,mh,.'I' EE! hI-Ja E.r . u l 1 n) .'m lr,.E i iwt.jl
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A blade-section inaxiintun thickne's, ft Thes suffix H indic'ates a blade' having 'ontvetional roundt

.11 Much numbter of advance tied shankilec~tions. Thes NACA 16-seri's ltle se-t ions were

~ ~ 4 r~i usedi for all dlie propelle~rs lis(ed in t'e tabple. and, with the1
.1, hleical ti ah uner1 1 \(J) ex'ept(ion of the NA('A 10-(:1)(08) 03R blade, wide airfoil
It propeller rotational speed., rps secotons extendis to the spinner. The spinner has a tliaitnettr
1. power absorbed by propeller, ft-lb 'see equal to 21.7 perl'ent of the dianieter of a 10-foot propeller.
r radius at any blade section, ft Figure 4 shows thes blade'-forin cutrves for tlhe N ACA pro-
I, propeller tip tatlius petllt'rs having a solidity of (0.0:1 per blade at thes 0.7-radius"
7' propeller thrust, l1b stat ion, and figure 5 shows a vomiparison of the blade sect ions
V velocity of advauio'. fps at t wo radial seil ions for fill' saine group of p~rope'lle'rs. The

.rfraction of propeller tip radius, r It Mlade designs are c'lose'ly relatedl. but two of te p~rope'llers (of
dbladle angle, dheg this group dIiffer not wilY ii thickness but also in glist rib.. -
A,-.a blade angle at 0.75-radius station. deg tion of section design lift coeffivis'nt. blade with, anti

ifpropeller efficiency, C,r pitch dlistrnibtion. Thesi dliffe'rences between thel N A( A
P I- (:M)() -03 and NM'.A 1(1 -(3)(08) 03H blades are (be

11 idutced efficiency result of an effort (t) maintain fte loadling for inininiuin
Pmassq density of air, slttgs'cii ftnlu''-ee loss, a- far inbioarel as possible on the roundl-

a olidity. B Z - sanked bladle. Thie NA('A 10 -(3)(12)A M3bade has (lie
I) saute radial (list rilut ion of blade-sect ion design lift cooflicient

APPARATUS the sihine blade widthI. and applroxintat e'l the same pit ch
~3OPLLKE DTAMOIWKTEE dist ributtion as tIhe N A( A It) (3 (OR) -4( ladte, ho~t its

thickness is greate'r Rt all radii.
Photographs of (1ll' 2.000-hiorsepower (Il'ynainotnets' iii ihe Iigtre 61 shows the hiladls-fortn etarves antI[ tigure. 7 shmows

i .s e's' wion of thle Langley I l-foot high-speed t tnnel with I II, the ' le-st'st ion s'omparisons ftor the grotip of propellers
(h1111t114ine opten amil closed art' shown in figures I and 2. hay jug a, golitl it~ of ((..045 per blade at the ((.7-radius station.
re-spectively. A eliagratta show ing thel iniportant dlittit'tionst) Thet propt'llerit of thIis group have the. samne radial (list nibict ion
of lie propelle'r ilynamnonet er andi its location withI respect to of blalde-set ionl design lift coe4flicie'it. the samel blade Wid(th.
i t te'st sectI ion is prese'tt e'd as figuire 31. A detailed tle'ssri p- an pioita 'v(i ai'1it'ititrlu o.Thme N ~A
tin of all fte' test appara tuts andi (lie mnethodls of ttle'istirictg 14) - (3) (((62 1-(045 slesilvi has (lie ihi'kest shank me'ct ions of
tirust and torque art' pre'sent s41 in re'ference 3. Thte fairing hIis groulp, althlotugh its outbhoardl ses't ions art' s'onsitltrablY
profile was calcuclated front it distribution of soars'e's and sitiks tiinner thian thost' of (t'e NA( A 10 -(31(W(M 045 dlesign.
to produce a hotY of re'volti on with tiniforin axial velot'ity The NA('A 10-(:IN(i2 -A)45A dlesigui was inatlt bli simiply

in i epi Plte tf I fit p~ropelle'r. TIt is axiai-vt'locit y elis ribtit ioi thinning tlie shank se'ctionts of the N A( A 10(1(3)(((12 A445
hams )s'en tltes'ktsll expfe'niettally* and fttttit to lie' tiiftirin t aulit il tl' liath tht' saiet thit'knes as (t'e N ACA
a-it iin I pe'rcet'ft. The galp btweenthle prope'lle'r blade antId 1( ( ) 045 tlt'sign at (it'- spinner; tie thic'kness tif the
(t' spinner suarface at thlit prope'ller blaslt-spintier juntitt tre is se'ct tis ittwe'en tIht'spinte'r atI tlit 0 .7-ratlitis stat ion was
ve'ry' small (fig. I I litt is not seat'le. otdtainedl froti a fairt'slIitie bsetwee'n these t wtstat itts. The

pRoPKILt.K 111LAIMM N.%( 'A 1(I (3)(0(5) ((45 d esign was nate by thinning thle

The t wtiprtsls' 1e'rs for which tlatuaart' presentet'd intthis report sei'ttionts of tlie N A(A 10(-(3)((((2) 045 blatde stiltil t'e sec-
art' the' N A(A 10 (3 )(4(41) 045A~ antI N AC. 10 43)(05)- 045. ifteiS at tltt' spitnner atit till hasd tlie sain' thic'kness ats tie
Thit NACA dlesign nicnibe'rs, are' &hess'iptive of tie shape. N AC'A It)-(3 )((((2)-0t45A Made. litt (t'e set'ttions hiewe'en
size, andi a'roll 'vnatnirchslaravt srist it- sef (te bladles tist'd in less t wt staitioits were tnadth (innelr.
this investigation. The first grseop tf oligits re'prese'nts tie TESTS AND REDII( TION OF DATA
propeller dians'ter in feetl. andI tleit'ntaining grouip4 of tdigits Thtrust , tosryie sa'untI rot at inal spte'tl we're' tne'asetrld ehi ring
indlivate the' tit-sign lift f'oe'ivis't t.t is'kns'ss rat io. al(d tt'sts at fixed b hsdt uigls's of 2100, 250, 3f00 350, 4110, 450. 50.
solidit per hilds at fie' 0.7-radlitts stat ion. The following attd 550 at tie (I.7.5-ral i ts (45-iti statitoti. A t'ttimt ci
taisle show% thes bladet olesign numlte'rs cef the variotis pr'opt'l- rtat ioita ''l was t'ts IA ftir titost tef thett tests, mild a ratige sif
le'r% tI isussl-d intthis re'port atned also shows tlhe signifivat's' advantce rai i wast ctvered Iy c hatgittg tie ttnel airspiee'd
of fils' grotips of e ligit s ii tie titcnill'r e ltsiginatitin whti ct it' b viriell frot aliouet life to14) INI il's pe'r Itemr.

% At 'i''go ,semt~ .,~ 55' ft t . etTie range' (if MsatdIs anglt's toetre's cit tie variotus rot at iontal
A Is. tises.01l R-4 in dies te'st s (if thets N AC'A 1 II)(3 ((1) 0(45A canid

'"~~ 5 ' N AC'A it0 (3)(05) 0(45 propell'rs. ssgc'es'r with figire' ci1e1tit-

I::e0. et ~ tabbile I foer lt' oathe ltsropt-Itlurs its t ikt'r freott re'ftrent'e's3 5,
t55.st~~is* 55!' ee 7. ansI M. lFor tie highte'r blat Is' antgles. thet s'silietve range tf

- - - . utsl~~avanse rat iso sstls not it'- t'tuv're'l ee this'-Itighter rs0 ationtal
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speeds1 bewauet of power limit at ions. Ini orde-r to obta in loading foar iimtais i ti inui-ea-ataargy less%. This rui- 'of
propeller a'luaraa'ti-rast ia's at iainitum (sunseut' airspeties. a Optilitui effiaielIaY Wag (S11VII('d [IVe~ lt a ti't 11041 tieglea't lug

adce' angle of 45" was c'honoa'n, for which ft pa'ak-effia'iie' sill prolile'-driig loisa's (re-f. I0l fear ai two-hlsla' aopla-
opt'rating 'ondaitlonl 'ouildl Ice at taaiial. wliai tie( t uie' air- oet-ara Ung at ft giacnt(, vai ea' of poe voaliivien i ame were
speed wait at or inear ft- ma~imtum andi thle elitona t er was Obt ailleal wit ia Ili(e N A(A III (3) (os 413 preepe'lr. Althloughi
opit-atlg at its a maximumk powe-r ai rotational speedr. For Iliet lmwe'-r vtIcfltiiitig for ninxiaaiani ifivi'tinevy aret Sliglit ly
do.". eatsg at a Mlade. angle of 45", tlie rot at ionail 4pi'a' wag i difltcri'ia for the( threo' pnipe'lvirs it this groeup. t lie vail te-S of
varied1 to obitain dtates roul. tile peak-a'llia'iene'v cotidit ions tot iiluc'd a'fflieiia * iait-'4y nl ba cli-i 'd Ila'e'ura ti witin iiialaaa

il ze-ro-tortque' ope-rating voenalit ill. I pi-relt for all t Ii ee proplle-rs. A1t lie aaigiValue (Of
Tilt to-st elata leave' hewt voirr-t-cleel foir mnnd-wall inlt erfe-r- adlvitace' real it). 2. 1, 1 ie If( idut-l lo-sses anion mat1to a llow 4 IH'-'-

4na'e atal foir foree'.4starinag on tw ligpiner liv liet tiet laealg vvefi andl tille profile. alrag lossesg unionit i :1 lraia -t for
ale-wrilca'al iii re-fereaiee :1 anid are- preai'dttt in till-' formi of tile- tilie N A( A III (3 (tX) 0:(1 pnilia'ller. Alt his same' de-sign
uasual t i rust aia psawr e'ot'lia'j a'nta propi-lli-sr efhia'ieii*a% value of si Ivanaa' neat io, Ihle Priiifile drag losses'. oif tIlie N A( A
Prope-ller thtrutt itii.'d lua'ria'i. is de-finedi as ft-s sinift Ill (3)(0K)X 41311 anti NACA to) 13)(12) 03 propellers aira
a4'fasiaia eaaaISe'a li* t li tht-ginnjiar-lo-ltill part of tliet bslade- rot at ing 116 1 lie'a' as% gre~lat it ls P O' f ti'll- lle'r ail ifig till
in [lit air si ri'ani. Tetsl we're- fI'-4utiv re'pe'ata'a sairitng timt- thliniia'r lelaile' gatcieai. Trill-' igher v'Ilie'ie-nvv (if te N A(A

livet igat ioa. anal, feair Iaiinhcere of e'otuiariaina tila la 6111tre- 1t0 (3)(0hI) (133 proale'-lia, ailmsent 1131 pe'-ire tiat a lil'iaal tip
coniopara'4l ae'a'eraira wit Ii ii I p'n a'ii full[ Ile' fa ina'l e v'eai' NIiie'l tiaailea' ef 0.9 uiie 84 In t oii i ai lmie'al tip) Maca
Sr ri iia'vo'al ao) lea eirit- a'urt wit huiin iiu'di a'laaa'r Inta inuarar ef 1. 1, 1-e'fla'a't I lie' intaflne. of Using t hll, te'fie'imit

RESULTS AND DISCU1SSION aiirfotil gi'a'tiolI4 throughout tilhablde.

2, Faireal a'urva'a af tho Iivv naa 'a'haiet re'aaia'flla'ie'ia ;-Il A a'oiiilurigoa al f Ilee' invali-lue'v a'fici'ie's oif tile' N A( A

pnaipa'la'r t'fiie'zaa'y% loat a'al againjust aelviia'e' rat iii art' pna'sa'e.W rtI lrolia'le'i' ij il- 11145-satili li %- group iqsholmaia in figuna' 27
ai figii re's 5 tia 16 fairI life' lita -hlaila' NA( A III: ((0M2) 1 A fair vaii u. rios et at ionaal .s114'141-. Algttiti. tetill biuile'at lalla'.

praeiia'llar atial iti ligmare' 17 to 25 fair tve twai-luala NAC A i1) (30011 045. oaf f lat- groupi a e li whildiv'a M'fi-

N A( A tII f3 115 145 hiraala'lr. Ta'sti paini tire' slawii on iaiii *t % tlad till- ava'Iaafii' M'liv'i'meies of till tile' paroiitarg ara'

lie'- figure's gi ving a lartiet uit po%- e'aiaIlie'iti'i i. The'- varis - rt-d'e l I at tliea' Iiiglair neat atiaaaal glia'a'e1q. ( ),it .% iiall aliffar-

tion a f NI ari niaialar 'if aldvance'a anal lea'li'al lila NIaia' a'ie'' -xist ill till -li'anva'loaiie a'fia'ia'li4i' aif IlII'- N A( A*

immailar wie Iisl vaiaa'a ratlio is sh iin altil- figm na' giv ing Il I I i 01$ 45 attleI N A(A Iln $3)(061 4145~A plri'er%.

pra pa'lla'r- iftcav 1a1oieagla fll-' ilaila' se'at jiis oef I laiv ln- plarii' ara' lmi'ka'n
at till radaial statlion-.4 #-'xa'a'it fat- t mstoaok atne at fle' till.

KVhIT- Orp *LAIV5r14ECTai% THI('ILC M MATIC aON KNIF.U)PEI 1C1ENCY The'i fa, ina ilt , thi -t laiiaa' tla' .a'at iauas af tile' N A A

Fortire 241 pra's't l a a'aanpaainit af flia' a'ta vaaipa' a'l'aii'tia'i's ItI COM 0$(1$(4-5 prail'irae ti t oliproive' its a'ljia'ua' iii el
if N AC A pneelaa'lla'rs l tO M 03 4((i(:, 11)(:4, (IX 03RH. ant ailiaiv' thlat iaf fihe' N AtA Ii 131(11162) (145A paraaps'll'r fiam.%
Inl at:$ 12 a 41:4 1 roa'4.t, 5. ut IN4) iil t lie' veiia niat roet ieinti pa'a'a Is. possill .lle' I'M iltilint I In t I sIf gighloa S iss f 11lie' ittafarciVI'liia'i Is
Tli' linnet Niestle' aof OIhsgrrooap. N A( A It : ((mIX 4(i4. in file' lift-arag ratio ias af t lee' lbiiar Mlade' -a'et.iaii. Figiine'
nai t alias n a v'iia' e'fhiina'v of eva'r 1H)14 lbraiigliow 14 aef re'fi'ra'aaa'a' I I slaws4 flint twn l i'r'i lit tle' ililar'uaa ida 0i
Ilee'- reshage' elf tialvane' rat io oaf IIlIa' t-I'S sII ralillial spa'a'als. lifa -daig ratK Osaf 6i. land tI-li'nc'ta-t hick 4oiong (M)ai I I
Of I . 1411. I ,350t. ati I1.6111 rpin. .%eI la'sa' railtiaaa n aaal s I4- ai nfailils a lift c'ai'lia'ivi', sili tai 1.4. Sinca'i a large' poin oeaf
aen a lat- le eiign valac' of alvatica' rat io, 2.1I, flat- N A( A ,tiha'-neal sl laicia is Iia'rlals airria'a Is I i t- e' itie %a'at ioin% (of I lia'
Inl 0$ I 1 p114hrapeIlt-a i froint 2 lea :t p'ra'ia iaira' Alia'ia'aa N A( A pvIinae a inhg a I Iaia'klaa's cef 9t p-ia'c''i tar hLss it
Itlan fli'iat- meln-4slaaik'l lirOhial1a'. N At A it) (:4atOX $ 03R4 . 1re'alio aii laia'kin-A frane (4.2 I ci 5~ Iia're'ai at tlist- II.7-mldi it
tetnd fraunt I .5 it 5.5 pis'r'illilt ers' A'fti'ait ItlaniI liea' N A(A stat iont Iiiight Ile a'Xli11''l iat 0'a1as % .iil S111 tn 11all tis leaIle
Itt f;0$12, 03: proilaa'llar. Atlift-' laiglia'r raifl tc haaas raalarali'i'ivfhsn'all is0'41 1a'lahstna'fi hi
$2.14111 mtin 2.16 I Ott na lie'- a'nva'lai-a afia'ir'i'i' aif all t lina'a aicteal it oef aae'aivaioi ioiha'r wlmiali thea' tasls we're' inisa-;
Iaratph'lla'n' tire' r#i1'al4a4'1. Tile' laroes'la'r i it a t- liine'st Madeala laaiiw'. tila l- 4wiare'ai'' ill a'1lhiaie'aa'v Inealu Wa'i'iid t e 'Atl
aa'a'l iaans saafii'n flt lie' asst ra'lhact ian in a'n t'ala I'flia'iv'na'v. preepell'rg at ha'- gre' a'r alt NI aiic *1itiia'rs aif ial vsta' 0 0
wh'ra at, Ie.' p all'r i i la t- thlie'ka'citt4 o liosral hilla sta'a- hiigli'r delsi I liaasa' ui-' itt I Im's'i's If ltiglaar Mitcel
ti(Ins siifti'rs110 lIce gs '1t 101.4i4 in a'n va'leapa' O'f'ii'nav.% . t2, 14 tiali'na aof sadvanea soted laiwen rai ci i %11i4'4'1% lisa II 4'a''

rplai anal an salvana'a' ratice of 0.114). Ilee'- a'nv'alcapt' A'hi'iiii-4' cof h1-.a'a I4 tat1a1t11 tiiIle' hee-l ical liti M11I 1 11a'1la 4- uiiiiula'r ah a l tilt '
ha'- N AtA I(li atMN I R 3 anal NA.C A 1t) (3) (12) ((:1 pro- figeirf's. gra'ioI r port iilAs eaf Ilie' I li- Ii t imlal lsa' sti ltja'al as

palla'r an.' liwa'r toiv 4 ariad 12 hH'ri'e'tiat %ase'' ii'', thaen lie' ita t i'lt ''~ v ea-+- f e'e inpnf-A'sailil it. . Sine' lie ni rfail a6la i
a'n vileaa 'Ifh'iii'no'v of tloe' N At A 111 (34 (tI) 01 plsraalr. ra'fa'-ra'eea II li I as t hl. fi ga'erml, flta.'t- haiataa' %4'6111 llea %tv'
Tltesa' eiffi-rna'eae in e'nve'leilaa' ra'h'tc'ie'a'titlt he' iglma'n raita- tie',laiglaa'n lift -irag rnli ias ite-ha higher NlMuch taiiialee'n. a
tiocnal ai'a'als neaea' at, striblat ta'l teo a'aanpna'amaihili t . a'l''t-ra. ne'aaaia ila' tmaition itl i tsa' aal ea' lit, a lre eia'lla lea vinig
which gi'na'-rall y lowi'r tfile' lift -arag rii aaf thick Msilela' (lie' thitaer Maea "eel jens alcitg tile.' inset in Woiuldl Iee
.ect ica ait high a'cicin NoIaci roniti-ario. -aitsl la'r i'fliviv'iin c eaa' aI t'l ee cah vo ne'ir &lil ty. The

Ili figur' 264 (I fla'- a'n va'lpa' a'fcieti'ie' af Ilie'- N AC A iiivlopt.a ('iej'ieaa f d ie' N A(A Ill $ 1,'W21 (14-1 tloa
propa'llera in lIe' tl.03-il it fy group are' comt an-4 na'a ll t i lt- i N At A itM 3 (Ia(41 45 pineiilaritN ei jelit leach tile- I Iaivk4-t
iimlCc'a a'flit'iiia'i' (Of a itolelaci' praapc'llar iltls lie'- li~t z Nle Ii'4a''tii iii. tire' fraeit I3 in(a 4 jeerei tii lea I deati le
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elitve'opt' efficriene'e' of tile' tinniesit Peropelle4r in tll-i 0.045- flat- propseller whieih iapt the tmie'kest sthank mceliolia. NA('A
nelitlity groutp. Ill- (314(1112) 0445; at tile higweet V'alec of adi'ancee ratio (3.54.

Thte ineilit effiCie'VYI& hieel ec ale'ulatede frot the v'aluaes list- effIitt'eY of thit Prope'ller ill about 2 P4'ewell i'eAe than
o( ptowe'r roeffivcie'nt obtattt,'d for c'aehl of tll-e NA('A Pro- till- elfce'ienvy3 of flt- other l1tre',' Jproptw-lie'r rThe e'urveee in
p,'vilerl in ft-. 0.4441-ohiit group. and tll- e'urvec shlowintg figure 28 (hi) alow finta a reehlttion iii hiade-nete'tiota 1 hiektcnem
icehited t'hfiie'~ v 4 figuire'27 (Ili lte' leve'N 'oitjele'e ate'e'ratc' of only ties- out ioenrl lade' itee'ionot (frOnt 8 tot 5 p'rent at
Watlill almost I pt'rient for all four Prpreers. At lt-e cleige I lie 1.7-railitae statlion) reti e'd itt gainsi in propectlier efiietey
valuae of atilvane rat io, 2.1 . the'- e'urv.el; in figure 27 (he) show llp (t 4 Icc're'nt Thcem-. iniproemmicnt'lo ill cffie'jetti appear
t hat ft 41 ucdted ioefces Amount to about iS perc'c'l ned iell I0e' t IN' lincat eel to till- range (il adv'ane ratio for whit'h tile
profile-dlrag ImAten atuocunt tot oitl ' 2 pe'r'e'nt for flat' N AVA pr'opeller ini eeiigceel. Till' ice'iual tll Maicvi wassileir of flat-
propelert leaving flt he' itnucent Mhae nt'elions. Till- N A( A N A( A prolow'llervi. hoewe'ver. oli nel Iexi ceve'l 0.8 for flat- eou-
111 (31)(08 445 propeller. whcir'ls halt till- lcie'ki'n-li learel fii ctn4 of olo-rat ion -.icowit ii ligia ti 28.
Icladle mntion oine IhIon grouap. --iltr'e'it ill- great c'i jcrciilc'-crag Filure'n 1 aetai :141 leave, hee't prepareil tat e'mHpisani7wc she
lncs ( about 4 p.-rr-en 1 . iimrlalic'c (of lclacle-,cc','tici t hijckni-Al itc fti-, esign of Proe-

The enve.,lope c'ifie'ieli'ic of all flat- N A( A proele'rs lit Iic'm tc) o1Ntalte at ainepeeeis1 whie'e tIc,' till N Iarb Ictlliicrn
bott ii olitlit * v grooAp are- vt'rv high. ande tIte' eiffc'r'ze'c'n4 ill are' hie-lcw thle eril ieai valuie. Figiirc 214 Atoewit tile er't ccl
e'fivcie'l eteen fecla t, ev.aoiot Prprelle'ri eelcaclc grotije arc' a irie,'ee tiiile elist 're'ie' ill e'lic'i'ct''' b c'c'n-1 thme N A( A
enciall atnel eiie'iult to) antah'.ze for Oconiee roiet liit ecf empera- Its C(:1 01)13 mal N A(A Ii (3 101 41:1 twe-lei' propelicca
I ion. Wlhere list- e dille'rfc'ne it c'lfiv'i'e'.v are ttaii. Ilist- whl'it opc'ra ieng atl a vonlttalit teecArcr reee'Iic'int of if. 15 and a
relative' eliffereqtc'eit in thlrunt Rade Powert re'ff'i'il t4 are- alI' emoeeillit propceller rit at ioneal 1itj441cel f 1,1401 risni. Thme

nii.anal it ian ilatl'e'iii to tirmw ani genetral roe'lc'lieln t li i ehinner ilaie tcert ion-A efo list NA.C A 114 (3 ((48 m4 propelerIct
% loe hier a lossi in e'tlic'ie'zc' i6 e'aeaneel 1c a itee ofr tho r sii i t eec o iue -i efver aic 'fr' c cer'nc l 'lci'c' e 1ll pc.'nl %%wie late ivo-c'aee
itolel'l'cait ( ofPowe'r, or both, ill iiirnce'el fromi tehoa 2611 li 4244 jleA le er hieoiw. Thecc

1KFFK4T OF TIIEKNH RATIO ON V0NKTA',T.POUV MR'orro-Apondicing e'lalcg.' in Iie'iaa tile Nlae'lc n ltler in frontc
PEOPRLXRE OFICSATION 11.11 tie 44. 74 n4 -licwn c it figierc 24.. Figere :10 nhicwn till-

elf aclvanv'c rtle sit c'llcntc rcitatieil -epeN-14 a1i11 Ierel:e. N A'A InI (3)(45-10 45 alec N.A('. ill 434(181 41445 twee-llc'
Sine''liiv '~etiec Ihc c' liear'' tIIc ce proell'er' w hell oeain Ig at a retni alit Iloomir c *ili'iewti ef

ahirp toO egicalat icn cf a Proele'r tl -tillie e'x Iet . flat- dat a 11.15 anicis roA c' nt clreelat iceeonseel elf aI 1.1411 ritei Te'
fcor she N AC A piriieileti hav eI'cce lara oooillic figccrc 284 for t hinncer ot oanodo I llmle -1't iclni if( Ilic' N AC A Ili (:115 4445
celie-rato iit at a v,'n t Ieiwe'r c'teff'lttie'tt cf 44. 15 killd to Prpelclecr eflfortloop itie'n'N-fe li ellieielccy of 4 Iare c'''l 1it) t

reelat icotal 41pe eel 1 .1441 rpcin. Tha e'onci iice cef elltrasticm ilteram' in airNj4,i itl) too 2204 iin e lieii r. losit. ff1111 2240
list&% Il' e'onsilc'rc'd ri'lrl'ne'ntal ivc fair t we-lilac Ic. Inl-feict- tee 4644 tiic'i per loftier, tic'lec-Ie'-ie'iai elre'ti if ifha'- licteser
elainic't r liros'ller al prov~'itlc' a reajeceinabhic.,feein efa r l l111a4ic' V.4-60't ieln -c grotclinlly iccn .Apliecntl 'v. flat- shire'r
paricmpn. Anc aintcret4ing cil-ervolat iit Ii icr. 28 (ai in. ltae oilIcoa rc l01111ic' -4''i0 icece e lat- N AC A 11 (311(m4) 445 proc-
shIe airfil in e'Iic'ice' % ov'erN at a icourcr valiac eef selvant'#' rali(i Ise'li' e'at c'arrY. t heir leic jo% cNtot el'lic'ac'tlly m4a- tli'Ihaincer
IdoIli illen' gralc ler Iliv. rotund -4elankc'reil roplle'r Ilicon for it''t Cottaof flat- N AC A Itl (31(4115) 4445pIrelie'ra at lairnliee''

thec N Al A 1014 :1)(12) 14:1 Ierciiellc'r. wliic'h han thIinc'r -tliankit cef 41W4 mtile,, lier licoar. The hlieal fiplel c airli nliler at
11111 I Iiaeke'r cellctal~i [Iraqi# Ic' nele'g iccen sh le r iiei-4nlaeke' I ihit mat'nme'c'c iq n li 41.. mtad le'ncfieiai c'fme''t it f tshet ilinneir

firoeier. At ad va till ratio.% xlmve :1.2. ties- t Ii ike'r cet I- Icile nc eii n mighet jelnnle alehec'ar feir diffe'crenit ratlial
Iboa rd 4I tilion eel shle N AC A 144 (31)4121 4 1:1 proliller apepea r elintrilieaenit cif -n' eeo NIacli ciielper. Noene c it iia N Al A

toc'li' rlac' et~e'cle' mllnic' thlatite' ihoiek -hank ne'l ifict Iniwmr aneengti- e aep ' at alv "oe ration A hitghc

for thi' NACl A 10) (:11(418) 44:1 ft ipilee'r. Hoeecr. tile- ginl an% .2; r'OltiilllyI. haighcer c'eiieie!Ae- tliii IN' rX-'Nlel 'l atI

inetcflic'tac'' if almost Ill1 perrelc at ati a lvalie rat iee ci :1.2 f lic- highecr valtoen fal noil vaie', mulice ie'e' il- efo di ffercent pii te'li

Of 11.41. which tllahe 'vI-rei'n rd'c Ifv oingil till'- lciitccr clkililidlin Sister','l -.11eierielriv ee lt-c lticner ceciluoninl
11ilac If-i' nc ie oflt c'NAl A 114 (1(M 440I43 proe'llcer. nblciie Meacde neeticen upeai% jerine'ipallv eit she range lf cclv a ce
h"-e' ciphasirecl. A re41-cl 0 eliet ilcle-nev' sotn tie'ktc'na fronct rat leeler %hlta'l f lec- joeflel'r %&., an c Ic ed~' . nn liqntual l "Z iin"

12 tee h perent at tile .7-railic iNlionl. Or applroexiaelyd in c'liiier'y t Icrceea l t e' -ne'clfI ihiter ecu In eI line nc-

eete'-laIirel all along tics- radimit. reniltcel llitenio ic prinelc'i eion mca'. stiff Ie' rl' Iel i itiie'mn re' k 1e 4 in ilne' I ii ncic'' itill-cc

e'fieietone'v ije) to) ll pre'nt : aRim)e. a reeet ioni il Ic ec'-kic-,A eOf racdia I git li el i'erilc Ili.
Oenly tfile- ineiarel loelei nteen Irin :1to tl 1:1 IN'n'l'li at iEFF4cT fir I'IeleE'cM RAilci1 Aili CeflPnUm UTV

liii' 1. 1-melicn itatip rc'nuliee ins gaiin% it perieeller i'ffie'ietie' een PUOPPI.LiC e'lcAae'TRMiiell

op tip il Perri-ll. 'rite' e'ifce'll ofcli voiresniaillt Iv %.on tile'-cn alle iation c'lliei ' ut
The efieie't'ien. leer c'ocnslanct -pecter uoperatioen eel flat- proi- cil N A( A leflhINlc'r Is leaig eliltcre-''i tllel-n'liec thek -

peller in the 0(45-Itolielity grro p arce reea reel it i lsoirc' lcnew in nlcea i n igli gre :1 fair ao hinele aveg' eel 45" at lise'
28 (bi). The eiiffrre'n'cn eiffte'ic'cc' elf she Iereilwelle'rn ie si ck 1.75-rmci1 i ca tit e. Figutrce :1 IwN -clieca f lint flIae' NACA '
group (1n not amouct to mofre Ilion 4 pie'rni .l metel I hen.' 104)- :0,12o I1. peroeeiellcer. wlcei hmlea -le' hi ekemn elqi eate
i'fficipon'ae' appear to) Ice alost e'elult at hooth situ'he t cf'A t aiti iaeic' ple'-ii li ill- 11c'444:-neil hlvgreicif I' 'eii l t-c orrc'ai c'n

Icigheott vuhiie ocl adv.ance ratio. Ther mingole exe';ifiect ik c'fic'ie'ic'% Iicnn"I til the'iiglicr tip l'e lctIiliulooN Tlihe'

* 0 0
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loiamae Ia-g fosr thlis propellar at a healic'al tip Miach nuaambe'r PW'*til% 01 01. f 16.4m ; il 10 1 3 pulr'nI at la ith .3* rag4ias ila IiOul)
o)f alxgul 0.82.5. will the' lawse lagmaim I tam 261 lit-ra'a'a at a re'amldI ad in a gatil ill pnoiealla'r 4'Ifiieanc ' ifol aligi 6 percean'lt

he'lical lip MI act ronaiatr ofl 1. 1. T'he 11040 inIii ll' aaj 11m1a'~ 1l41ma .\ gIntall ra'almaam jimi tin hiim-k ii'a ( iist 6'.2 14 j pa'rv'a'am at lilt-
a'ainapro'amiliit~ m. is tairegrani aal foir l~it N A( A 10 13 I EN ) 03Ht f i. 7-raill im l Atiftoll t Of lii'lt- al 11111414 jo4it l-in wa'a1'4-il Al lhank
pripallar. jama a'a'rit saa'ga al liftgait alma iii a liii imotal tutu mold'amhelicalsal listtil a l 'le A'l tiil th lii'imaxiimaaim prbipa'lla'r eff'a-
timp NI ac'l niialr oif aligot t ha i, rm'aa'laa'a Fair thaa 'a'is 'l fiyAir I lot- aoil iilii 41f aaoia'ra l in ram ao'al
jpa'ipla'r li timaa in ivi r ma% tilit a'amipr'aaaall .%. atmnai.1t a Ait a'aimina imn aif Ii lif thiagi andma paiaar a'tagit'i'iwsagf finp

to) algitut 19t pa'ra'a't at a laaiclial tip Mtach uan'irtof I.I. Tito- pni'oalat' oiipi'ratialg when-ith 4-ig' -I O'rca f i'aiipmllili V Mnr'
maaximumii a'fiijai' % Ilf till N A(. 'A -13)11m 0tNI43 ipahli'lr. para'aten immaky liniv itla af lma'l i r saimalrstmoualing air [lita' ra'aiil Ia.

Whmic'h a ha ' h m11111114a4 111aa14' 144'4111 m on fillm' OAKI1-Addilmil lit ligira' :12 lit-a hiruaa aimd laaiwa'r vtoa'llia'ie'i to r inimaoiu ill
group, ma ahomni 2 liarvn'it loigha'r tan lisem imta~niimtivi ta'a' eficaaient- * v ar' aliit mm ti jiai 'l aga mist hlicmal tim lal Mc auasiiar
aif mla it lg'r twi opa'ieller" lin till- raaagi' #if healic'al lilt MIuc'h fair til 9mgeva-t pm'ipa'la'rs at a adetla aghi' aif 45" a, list' 1t.75-
aimiala-rto lia-iga lt- a'ritical valaa' The c'ritia-al lal am'ai I til l iaw limdin Tiash lug' iit 'a av ala(itoa jr'l'ate a a liinite v-
NIaa n ii ar I* lN'rlap4 4light In mghmir fir mthe N.'A a a imlialaia'mm (of them crit jil al a ic mitimiars. lowiimle-' curvesa' its

Ini 1:111tJiN IK11 proai't-r thaam fir Imih. ( 'A A if) frft: ignira' :12! illiAirama' i ha' riild inia tea d 'a a Is v ma ale 1ma. Till-
praati.'lla' anit lilt 14a' nia jamosa~atullt aI'i'ita's %a al11a' 1) ca),11. v'lrVe are an' aitnaWlat sinmilar ft plait- ciaf airfol lift a'aaa'Iljaait
pne'aaabilm ' ftiii m% a11111 4 Siacom Di 9)a'rva-aa am ii hmalic'al iil p againlm NI rli itinia'r fair a'ama ima ai;rv go ai alaa'k ailal ataw
NMar-Is mtaamigliar Sof I I. thIat incras'aa' fit fliri'am aniil ;aaa ar a'allji'aa'aa gag'a'r Ig'taira'

Figi ra' :11 (a alom flu I m a ra'ilir'I giam m Ilat Icona' aam ima' crm maal Ia'Mo mii imlia'r ma6 rIm'l1 al4 Thea ci'm-t sal NoI ag
htmakiai-- fraiin 12 iio % pa'ra'aem at t hi' t.7-raal ia a 4amioin, air imailgar at hmighmer fair th lii' lilli-rg having~ thema thliinneir lalagla'

approixiaaa a' agIbe-ileimra all ailaig ilit- ra' i ia-. ri-aiita', iii ai aa'vtimma Afta'r lilt' c'ritimaal M~achl titailia'r iK raaits-4 tha'ro'

g~aini aa prvipavlIvr e'fia'aa'ta'- iof algitm 12 pe'rceant am a hlicaal ma a onarka'a1 ala''eiia' im IiAml li ni-i asiial o iaag'ha i l)~
pll NIsc aalmamaaaar ai 1. .% t m ill* ja aiala helic'al tipl N agli fia a hlialI ill) NIairls mgami iar a4 alilaonai ealV a I m Incah

naaaaaliar. a ring'alaga on1a 14ut4- it 'l hulaaha.aa'a- lo t ti .t'ti,. ai via tilg' ail ha'ome r ciie'li'aa'am a laagm ai a ia-aa again anda lit- t htrat
eici larI lal11a4a'-44-a'141a1A lfraima :1t) m10 1:1 la-ra-a'i1 am Ihea i 13. caia'Ificai'm a cit iar le'veal tiff air. islii i' it@ Iflilt- thlinnear

radal amo tlimi ra-ailt a-a Iait a gaimn fi probloi'lla'r a'ljca'air.% sat lalailaea. laa'gii it, iiag --raaa amim. Till- i'lmaaga'a amat iminil
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