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ME No . L5K12c.. 

NATIONAL ADVISORY COIt?':IrTEE fOR AERONAUTICS 

~:EMORANDUf;1 REPORT 

foT' the 

Air Technical fervice Command, Army Aj.r Forces 

V'lIND- 'l'UNNBL 11'VESTIGA'I'IO],:' or ALTERNATIVE 

PROPELLE?~ OPEH.ll.'I'L~] bEFIND DEFLECTED 

1',1" HG :<LAP S FO F, THZ X3- 36 A"l RP LA1TE 

By EmsDuel Boyer 

Tests have teen conducted tn the Langley pro~eller
research tunnel to deter:lli!1e the aerodY:l8Y;i ~ c!-~aX' 1C ter -
i stics of two pusher pro'Jellers of l1enti cal plan forn , 
but different airfoi 1 sec ti ons op8re.tinr be:ticl a slotted 
f18.p . 'nhe te s ts ':. ere y;·,ad.e U!Jon a "':lng-tla") -m:~celle com
bination si~ulDting the arrangement at the center nace~le 
of the XB-36 Bir)l&ne . ConSltiol1s at the inboard nacelle 
were si~ulated for several tests b~ add~ng a rodel of the 
landing €sear . 

Tests ~ere made over the range of blade an~les an~ 
flap defle c tions necessary to cover all fll~ht conditions 
of the subject airolBne. 

rrhe propellers , one e;'lbf)d~'in~. _'ACA 16-:1eri.es sec
tions , the other Slark Y, eY .. hiblt::d ver~i si:-lilar effici 
encies ~ithin experi~entDI error at low ti') s'Jeeds for 
all flap deflections. Tl:e :Jef,l( efficiency o:i' both pro
pellers v'as r'3duced 2.5 and 6 pe:r'c",nt for 20':) and hoo 
flap aniles , respectively . At tbe tske-nff ,,)nwer coef
ficier.l.t of 0.055 and estimated ta";:e-CJff f'lal s.nsl of 20°, 
the eff~ cl_ency loss ca'Jsed by the f'hl.p is sliGht. 

Eytensi on of the landing geer decreased the :naximwTI 
and ta~~e - off eff1.~ienci8s inal~prec1.2bly 10r :J1OS t:; con-
oi tions . 

com9res .. ibility effects at 0. tip Facb lTurr'ber of O.9L~ 
caused a 4 percent reduction jn peak effi~iency 10r the 
16- s e ries propeller when operatj~B at a blade engle of 10° , 
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For t '}8 SGrle conditlon the Clal~k Y p r0geller exper::'enc ed 
Q 2 percen t 1.11crease ill peale e ffic ienc y . 

I N1'RODTJCTI 0N 

An inve s ti g ation of the e ffects of deflected wing 
fla!1s U)Ol1 t he proTYl).lsive eff:"'ciency of p r opellers for 
the XB-) ( airplane has been YllCtcle i n the Luncs l ey 'Jrope llcr
research tunne l at the r e quest of the Air Technical Servi ce 
COi"(]l1lnnd., ArilY Air :'o :;,' ces. 

The ConsolidatcC:: -Vtlltee Xi..J- 36 D.1.y'?lane is c~epe!l.dent; 
upon tho use of vvinG f laps to tal:e nff in thc spoc :!.fied 
c1.istance . The ef1:ect of the :L'Jap '.m!~e I.l) O~l the pusher 
proi")e llers 'nas 1.mkll0':l1.1 I) '.t ~ 00ri01..'.8 L·'~)8.iI'::'):lt of 
eff:i. c iency was inr',lied ~):;- tho resul:Js of S8VC1' o.l Dri tisl:"!. 
tests . The r efore ~ [, l',: ol.':e l v:a", built s i"l:uLl.tL13 the 
center nacelle of the XJ-jb a'",rp l cl.l1e "'Jll:i. ch L1 t:-no interest 
of o ~)t o. inins results c.s I"ai)LU' as ~')(ssi ble wa 3 pr·ovJc.ed 
\~ith an o.vBil o.;.) le 1 o Vi.' activi'c,, - factor 'ol'opeller \'::lt~l 
Cl ai.'~~ Y sec t J.on . Unp'LlbLo.8~led ~.'esults o)ta:ined y:it"l this 
co' fiGurati on ~J l'oved t:'i.e fe as 'l.ui 11 t :/ r:[ t al:0 -off ',":i tl1 the 
arl~cmceJ~lent of the :m-36 ai r plane )l~o~)'uls"ve unit; however , 
t1:e correc t value of p rOlJoller 'chrust nec ossary to cor(1.~ute 
t he ta_~e - off distance 'jas no t outained. Tl1e efficionc y at 
0:1";)' e-iven for'l!l::l.l~d speecJ. v':',l'ie c.J. as much as 10 ge rceni:; 
c',e~)enc_::.ng u~Jon the activit~'i-f ac tor corl'ection used . ':1'here 
fore , an ."1.cldition" l se r ies of tests rIas ,Y1acie u.si n G IJ. model 
of t~le ;::;3-36 prope ller (Curtiss 112SJ ~·2 L:, e?"Or·dj:lllG ·~'TAC.A 
1 ·/'-se ;' '10 8 "'ec·~ '~or\ s' D;">el"'r·-'j·l8.'-·" 'I-est s of' .... hl·" n··" o')elJe~ __ v _ _ ~ tJ V....L..../,,). / . 1._ ... .1--J_-C-c.J v _ lJ J ...... _.!.. _.L-

i ::dic e.ted uD'S atisfac torily 10'.:.' effi. cienc 1e s Vd.Cl1 c,e fl ec ted 
fl::l~)s '.I:li c:1 at that tLr,e VIere thout;>h'c to GC cl.u~ to t"l.e 
8.dve:!.'se effects of osc i llati:i.1G flm"] ulJon the l .;-·sorios 
sect~.o;::. . To de t err.line t he effect of '.J l 2..c1e sect:1.on, 
::-tnot~le r p!'opeller of: the same [llan fOl"l'11 b l.t cJ':~)O C,~ ing 
Cla r'~: Y " ecti ons Vias bui lt and 'i~este( . '.Lllle la:'[;o 103ses 
noted in t he pi:'e liminary tests wero s ".:tbseq leiltl',J tr :? c e d 
to vQ.l'ia ti ons in the dra~ of tl:e c onfl:y 1'0. ti'.'n '.I:t t h pro 
pe 11er rereo ved . 

Tes ts v:ere l'i~ade over the r r.nc;e of ol aci.e ill1('10 allC. 
flap de fle ctlon to cover all fl !S.t condi ti o~s of the 
~~L-36 8.L">plane . LlthouGl1 noithor full -scale RC;,molcls 
nUl-r:~)er no r b l aLle vJa~:::e "·passaGe f reql. ... ellc y c oulc) be 
c'.uy l:Lcatoo. f or these 1-e st s , tho c~istl"i;)u t '~on of ' 1[' c 11 
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nUT!1ber a long the blnc.e was obt aiiled. 8.t a blade ansle 10'.'!e r 
t lJail that for -ca1?:e -off to c.eterr-.ine the J·e.ch number effects 
upon the propl.J.lsi ve efficiency . 

'1'he model cO:lsisted of a constant-chord wl1""1[; with 
nacelle and flap sl:.'nnlatil1? the arrmlGo;.nent 8.l~ the 
centel'" nac elle of tho X:O- 3o aIrplane . (,see fiGs. 1 
and 2 . : The scale of t:~e ~!10J.el (11/19) Has selec ted o;.! a 
basis of the "9I'ope ller ::3.7o.ila')le for the !lrel:i.l~Llo.1"~·· tests . 
A \'lLlg sllan of 15 foet nas selected to 'J:;."'e-ve.:1c tj'-~J effects 
from influenc j.113 the re su1ts ~ '.rhe s i}l8J.e - s lotted flap 
1:!8.S used t'u"'01.J8l'lout t~le :D1"'esel1t ,sGr1.es of tests 1)eco.use 
the optimU1!l design of a dOl.l~)le·-slottec' flo.) :"ad not :-E;t 
been obtainec~ . The e:-te:lc1.e{ lanc_ing ge 80:;:-' sl.l'"1ulJ.ti 11;~ 
conditions at t:-:.e in',)oard nJ.celle YJas u.sed for se70ral 
of the tests . Because of l.UlCertF.d.::t::/ of t2.lc fi:1Gl (~S5t)1 , 
the nC!.celle nose was faired to !loet the i.-:-1.l1gj> o~.litti.oC 
the air inlet in the ~lose of the nacelle. 'lhe e::~j t-c':"l' 
s lot at the juncture of t:10 n2.C elle anc. sp inner vv8.s 
faired over . P:coposed pro~)eller cuffs \:ere not eY''"(llo·,Tcc1 . 

The 4 - foot - diD.l'1e cel' l'.1ocJ.el )rc.1 ellcl·s, 1~he Dlt'~de 
foril curve s of vl}d ch are G~ '-en in fib Ul'e 3, nre of 
:'..(e ntical plan fan: ' (fi~) . ~" ) but c'..iffer ijJ &~rfoil sec
ti on ano. ')i t ch dls tri but iO~1 . '1_1e Curti ss 1129 n'ope ller 
vms designed er:,boc~-:rinG ITACA 16-'3erie8 svct10ns. '1'11e YJ:::'O
pel l e r incor-Dorating Cl arl.\: Y sec~iol:.s r<.~f.l ,)lilt v!ith a 
sl:i'6~1t !~ lod:!.f ic 8.tion of )i tcb o.i stri · . .lti on to allo~'i for 
the difference in airf~il characterist:cs. ~~ ~ctivit~ 
factor for Joth blades is 121. 

'r~le~)roposed two - speed pl'o~!eller ('.~'ive of the oricina1 
'Joner- )le .. nt c1es1;n has 08e:1 a~)anc:..ned for sOerne ,-,1.1.-'.:;1 

reG-sons in favor of a sinsle-speed red' .cti·)Y:.. ·~" 'le ~e\'J 
. )..." 0 ~n] ,., J ~l '1 nL> 

con~)ro~"nse [/e3r rRt..10 :LS nOVl . )u. ', .. 110_1 ae l~"le ',JP. ~e-OIJ. 

enGine rati~~g :,"ie1(:s o.:]OI'er coeffj cient of n. 055- ':1' 1e 
corres·)one'.lnc no - fl2.':" Ga~:e-off adV0l1C'3 rO.ti 0 J. S roCuced 
to 0. 59 . 

Tile thr'..lst of the instal lation nas detcrli~il1eL fray;: 
tJ:.e tun::1el ba l ru-:..ce s:yste~· . I'o mLl:i.mize vc-riatio.ls of 
~)asic (pro)eller ret-loved) draL I'esulti.nG 1'ro:'1 cl:c.nGes in 
,Ting surface conditions p a stl"':t:; o.~' lL~~m ta)e v{e.s cl.o)ec.~ 
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to th? - · -l_L.~ O:-Urf8Ce 9,): l'oxl'''lately- 5 )') 3rcent of tr;e c-!1.ord 
fron'! the laac:ing edge . The ol'oDelJ.er -uorque vic.S ··'oa31).1.-0(1 
by e s9ring - t~De autosyn- i~Jicetino 6ynarro~eter . 

T .le testing Dl'ocad-c..re:' oll~)iR'ed for the r,res(:l1:t tests 
-,'idS to o-perate toe p r o')eller et a const5nt s:)eed nI'ec8 -
t3:;''',"f'in3d for ee.cn blade pnglej) while incress:ing t~e tunnel 
veloc~ty fro:o 3J to 108 r:-,113S per Lour . 'The I)ta'~ional 
sleed "/a2 se l ected so thEtt t1e lJropellel- Vi.ould JD0rate 
n381' zero thrust at 100 rr;ili-;s Del' Hour. In o1'("er to 
obta'i_D 81;.ff.:.r;ient test p0ints t ;)lsde aL,gl'3s .2T3a';"er 

~ . ~ - ~ 

than 2)- , the te~t 'C'ro,e0ure \"a~! a.s 1.0110'JI:s : first, tho 
rot tional speed '\'aE; sat at tre rna::dJilum v21u8 tt'"1._i.na"Ole 
at a 1 0 V,] tUl1.1E'1 9.: rs 0eed nd tl'e t'].nnel ai r8 ~eed "7a2 
increased to 1')0 ITI~_ l es Der :'our: f);ld S"~C0r:j , at a tu~nel 

airsDe d of 10') mt l es rlor :lour tho rot8.t:: ocal sl)'3ed v-as 
recluced ~rtll zer0 thrust ,a8 obtalned. 

Tests v;ere 'TI8.de at 0 0 
"LL . .Q; an~Je of ett3.cj,r f0I' flap 

aDf;les of 0° , 10° , 20° ) 30°, G.:Dd 1:.(/.' anc for blad.e 811::;108 
V::1ryjDc.: 'fro":'! 12 . 5° to 2~0 :'n 2 . 50 Jrcren'ents . Tests were 
el l so made of e8'2') ~JroJelleJ' ",!i tIl '','In,':: fla') ne'L~tr3.1 for S:> 

- ') - r • ~ 

bla~e - angle !11cre~ents ;ro~ 2S ' to 50°, AddItional t9S~S 
were rrar'ie 'r'-L th flao neutral ~l~ d at a hlc,C.e a'le,;le ~)1' 10° 
':!l "'hi ch the '01'0'8e ller T"')b:: ti onG,l tL- s ,.Jeej "'aE varled 
fro~ L.1 3 to loho feet 0er second. At t~e latter 3~eed 
the T-fi.ac,h nU'rber distr::'c'J.t:.,)D alo~:.~ the l)l8.de jlos.J:'..Y 
aJ~)roxlr(18.ted tr.at of t~e LJll - scale '~1 ::)1:~cller qt tal e 
off , 8.1th01 ~l"l ,)0\1':81" lt1"1l tatton >::'ravvnted dU"l:c&ti.on of 
the taVe - off bl Ide an~le. 

U D~opel l er d:arreter , feet 

S wing area , square fest 

V VAlocity of air str69m, feet ~er second 

p 

q dyn£':"lc pressure , Doun'is {)er sC:,uare f')ot 

6 f flap an;:;le , degrees 

(£V2~ 2 / 
" / 
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(.3,j.75R bld0e anp·:;'e at tte c)' 75 radius, degrees 

n 

J 

pro?eller rotational speed, r9s 

("')rag·' 
nrag coefficient \ .. qS ) 

j ... j ft\ 
Ii ft Goefficient \l.J

qs
) 

/ ,. )' . advance ratio I J 
\DD 

.pf·· i t / po,r.,er) pOV'1er c oel.. l c. 6n ( :----
~ pn3DJ 

Dr 
SJ2 

~!)9) 2D2 

5 

effectiv9 thrust, a~t&ined by qCdt~3 t~9 1rag af 
t~eY'")del 'pith 0):,0])011,:,1' rS"'Ioved to t118 

r a sult8nt ~easured horizontal fo~ce ~it~ 
D~o~'311er o'JerB.til"lf at the SErT'e strea.11 dynamic 
~ressure and model lift coefficie~t 

TJ 
1. pc." ( :C: \ 

pro~")u._Sl ve e.:..:.l C1 en~:T \. C
p
-) 

c (enotes ;>rJ"'1eller re:l1oved 

denotes orooel1er o)eratin~ 

~~SULrs AND DISCU8SIO~ 

The re8'11 ts 0 f the pre '3 ent i 1Ve ·S tlga ti 011 pre 1)r8 -
sented in the usua l proneller coefficient fo~m of CT, 
Co' and ~ olotted aga'~st the aJvdrce rc~io J . 
Besults of tests slyulat:n; the center nacelle arc ~re 

sented in figures 5 to 8 , the landing sear exteryiod or 
inboard nacelle results in f1_,11..11'eS '? and 10. 

An indj catiJtl of the ac::::.ur3c·y• of the d~!ta is 8:10'm 

by tt.e test 'Joints in figure 6(8). The cur·ves were f8.1.:,,'ed 
and cross faired as a fa1'1ily for a1Y one configur'Ct tloi.1. 
'J1hG neeessi ty for so dolng is apparent fro:11 the scatter 

j 



Jf th0 fo r Qe IT'eas l.J..r e.nel:t s s:1ovn :n fi::;ure 11. 'Ihr> 
Jrorel1.er- removed e r as coef l.'j cleilt used to ':'.O'1'0.1te:: t}'15 

thrust ~'-s obtai lBd fr om the v'in) ro l ar Gurve at the va l ue 
of the p r o)el l e r opera ing CL , ~ i-ovever J che la--:',G:e I lft 

force fluctu8 t iol1s di,::tate the use of 2. fa:'Lred Sr, var:i8 -

tl.on ",!;. th advance r atio to reduce scatte r 01' c" test 
"-

1)05 nts , Thus i n figure 11 the solid c\:rve ::'.8 the C'ri;inal 
f8. 4 1'11'16 used t o 9mnput e the test l'esulls fo:e tbe 2(,0 bl[.Ge 
8."(\: l e of £'1 :.': r e o( a) . ~11:'>e d8shed curve re'J:.'eseClts tho 
c~anse ~n faI r ing necessary to att~in the ~ross ! c ired 
C il cu-~ve . Ijte '118.yl:nu.n cii ver~_ dnce betv':';~n tLe t".,-n cur7es 

.I 

0ccur s _ t a J of BDJrnYirately o.E, 0:th 3 corresponding 
inc r ease in !~D of C) .~)C2J or rou:?-:Ll~T :: 0erce~t 1'1 e:n. -
ciEmc',Y . c 

rrhp, res'l::.ts of r.;roI_e l l'3Y· t3sts WLt} ! fl':t') neutral 
(.CiE,s . 5 and 7) 'i'J8.y be ueed "iir-3ctl: tD c.:etsr':'.'iD,) the 
ei'fj cie. cies for' var:lous Ll~ ._~-,t c:ondi tloD". exe· .... )t 8t 
extrelce l y hiSh b l s.de ant:les , 4 .. r~e llPxi'TI<ll'l effi_cien::J es Dr 
both pro,?e l le r8 can be reg9l1 cLd as ec.ual. In zenArE' l , 
the r esults of t~e l ow- ppesd tests indt .... ata t~at thG 
differences in eff':'..c2.encies ')ehlJe(m tbe Clc.:,;~ Y S.,;'I:'! 

1 6 - series "oro ')<;11er8 8re v.lt:.1.~n e':'.-')sri',i:eLtl?l error, 

"2ffec t of flaDs , - A c:).1'!'Y.risol1 of ::1'1e p3&k efficiency 
e~ve lo'ges for theret r acted l..lndinc; - cee.::, conii tioD [,;,re 
shown in fi gu~e 12. At tte no - f l ~~ ta~e - off advance rat_o 
of 0 . 59 , the ~e&k effic!e~cy of 7) percent war reduced ~ 
2 . 5 and 6 perceGt as the flap ~as deflecled to 20 J and 4o~ , 
re3pectlve l y . 

For the take - off r un CO'11~utat '_on of the Y:'- 36., t.he 
onl y valid compa r ison o~ effects 0: f l ap Cef 18c t i0n upon 
eff~cieDJy or- thrus t is ore ~~ constbnt ~o~er coefficient . 
'Ses'.l.lts ob t ai.ned. by cross - falJ1~_ng, at C'

l 
=),')55 8.r'3 

S 11.0 ,-,.'1_ 'tn figure 13 . F.Jr 2']° fl?] cL[l'le U:'a aLfi J;el~·~ies 
of both Dl'ooellers were ):ly ,':3Jl.i'1tl~ r3n:~.ced thr-:::m, hout 
most of the range of J fro~ 0 to n.~0 . 

The N'iXi 'ml1!1 efficiency (L.C . l~_) is rr'ly 311 :':-.:.'1:;1 .) 
affected by tD~ l andinE, Gear , ~ne acd.ed «ecre.enc 0f 
efficiency cause~ by f l a) deflection is of tha s~~e 
magnitude 8S with l anoiL::;-e,B8r retracted . E::eVsr&l f,;JYOk8 
tas ts made of the f l ov, pas t the 1 :, m~:Lr' ~ I<.ee 1 l[\C~' C 8. ted 
that E:. l t:~10ugh S01')1e', lc.t def1e :; ted o:i tte flsp , 8. :Jorti.cn 
of the wh8e l '.':[lke sti ll c; J.ter·ed the '~l'JP'311er cl::"sk even 
at th e m a;:i rr U"1. f 1 8,'0 £:r; g 1'3 . 

-~--. - __ . _ ___ . _ _ .J 
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The eff ecto of f l ap defl ec t ion at c onstant p ower 
c oofficient wi tIl lano.inG gear extenc.ed 8.l' C: s!lo"Jn in 
figure 15 . ':1.1110 dec!'c[',so in, efficio 11CY is 8.'),J).'ox4 ;:10.toly 
2 ,) Ol'c ent for 0. 20 0 o.cfloc tio:1 f,nd 5 percent fop ::,.lv)o 
dG f lec ti on , 

The rcsul ts of the DI'OSent invostigation ~::.;ree sub
sta11tial l y v'itll. thosu of the i)relirinc..r; l.1l1:)uoljsl'le'l Ctfta 
exc ept .:1t sr.,all f l ap ang l es vli'ell lal1din;; r~oar '3:~tond( e1, 
The j)revion~ ly ootalnE:d decre.:1sc . of ):. to 5 percent .'_i1 
off ;.c:L.encs for f189 ang l e s of 20° or les s hc~,S ,lot b Jell. 
o bta:Lne d . 

:Sffect of ti:) ~,ic..ch l;'.1'''1Jer . - '11"'.0 offJcts of eO.:l 1'es 
sii:>illt,· upoy:,~adi :::>i'opellora.!.'A ShO''lJ. in i'5GurG 16. The 
increase in thrust and '.:')or!Cl' o.:)80rr.,t:Ion W~ t~1 inCreGS,Ll1::~ 
t5. ') s]eed ::'s as anticiy)ateu. by aj rio:1..l thGor~ nne" 

'f' 1 ., • , ., J ' (, ,... 1 ' ver2.. lee. 0'.1- prevlous ll"',ves'Gl'?;£':',.,.L ,-n. , .... eo rer.Jl'ei:lce .) 

':ehe peaL efficiency of tho "n'opollGI' v;lth '::;1-1" " '{ 
sectl"llS :i,nc:ceasec.1 2 percont 8.L10. the ~)eo.!{ oi'ficlcncy oJ' 
the Jropellor vii th 16 - ser',0s seG-i':;iO:1S decre,~,sed ). DOP

e on t' Q.S the t i;:) J.ic.ch 111.1:,il,0 r was ., nc 1" 0 :lsed fro::" ) : h:~ to 
I ' • 

0 ,,94 , ene "'!ould oxpec t t7'le :H'o')eller el;1bocl'~ ':'1J.:"" 1 :'},,011 
1(, - ser1es sections to )ossess 0. :li2:;11er critical t~_~)acl: 
l1'Ll..mocr' t;l,an the Clar~( -./ , This 18 tr'.lG 2.t tho cles5.c;l.i. C')L 
di t ion . -rovlCver } calculations indicate tho.t O.t peal , 
e.L'ficiency for the loY! blade an61e of 10 0 , the tip sec
tions are o~eratlng l1Gar zero 0L indlc~tin~ 1arce 
neg2.ti ve pea}: pressures for the \7011-cOl;lbereo. 16-series 
sectioas 0.110. a consequent loss of ele:.nental t:1.rust frol,', 
e8."l)" s!10ck . Fii-sure 1'(' :o resej'ts an anal~· tical c~1ecL '.11' 
tho se 1"0 sul ts basod on Q.o,t a 'of rei'erenc e 2 . 'J:'he effic ionc y 
is shovm to decrease witt.. -Inc!> l1w-1;Jer r.~tl1.oJ.s:,h not 8S 

r apid l ~- as :1.3 indicated eX·geril'. ,e."t .... l1y. pono ver, t t}le 
to.ke - off bla0,e Engle un 0. flo.) ('.eflect!.. n the. blo.u.o , .. ill 
be morc he avi l ~' loc,ded [lnc~, the ef:i cienc~- c'Jcrer1erlts 
shoul d be s1':'13.11er. The Cl ;1..1<: Y section cloes ;:.ot e~~ne:"_Cllce 
l'1rge negc·,ti'le p08.k preSSl.1r3 near zero lift illLC1, tIle I e
f01'e , t!le prope l ler exl1:L i)i t s 8.:l ef "'J.c '~e '1c:- ',pin dae to 
the favor c.')le cO':lp·'e ssl'Jilit ,... effects . 
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SUbliARY 0:' F8SUL'l S 

The r e sul ts of thi s inve s tit~,a t ion ara sU.1'1.:.11nri zed 
be low: 

1. Low - soeed test data indicate th& t exceot ~t 
extrem61y high blade ang l es the maxlnill~ ef~iciencies of 
both nro~ellers can be regqrded as equal . 

2 . At the take - off advance ratio, the peak efficiency 
of both pro pe llers at the center nacelle was re2uced 2.5 
and b percent .fo r 20 0 and k)o f19:0 an2, le3 , reslJecti vely . 

3. At the ta1 e - off ?o~er coef~i~ient ~~ 0 . 055 and 
esti~s ted take - off f l ap angle of 20 0

, the D.oparent 
efficiency loss is ~ith~n eXgerl~e ntal error . 

; . . "2:xtension of the lanc.inf ~· ear de8 r eased the 
'- ~ 

maxir'lll.m. and ta~:e - off effic:ienc19s of IJoth propellers 
slightly for ost conC:itions. 

5. At ~ blade angle 10'lrer than that for take-off 
the com ;J res s i bi Ii ty effec ts at the ti.,) ~,:ach r.umber of 
0. 9L. caused a 4 psrc ent reduction in peak efficiency for 
thB Ib - series propellers and an increase of 2 percent 
for t.he Clark Y. 

Langley ~e~orial Ae r onau tical Laborat ory 
:t-Tational Advisory COfrJ'1i. ttee f or Aeron~utics 

L2ngley Field, Va . 
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1. lJie:L'"'mo.rm , David s 8.nri Ec.rLwn, .2c.' '.'i:(l -), : I~~l.e Effect of 
Conprcssibi lit;)' on :Sight Full- Scelle Propellors 
Operati.nc Ln the ~:ll.~e - Off and Clinbing F\8.nge . NACi>. 
~n~ ~o 6)~9· ]9~ >~ .. _ ... 1 . . , t , .~ ./u~ 

2. Stack, JO~l: Tests ~f Ai~roi13 Designed to )31~y tho 
Comnes,.;:i'uilit:;~':;J.l"ble. rrAC;~ Hen . lTo. 7t;3, 1")1 j < 
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(a) Model prepared for basic drag tests. of = 40°, landing gear retracted. 

Figure 2. - Test setup. 
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Figure 4. - View of 1129-24 propeller blades, Clark Y left, 
16-series right. 
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Figure 9.- Continued. 
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