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NATI ONAL l~DVISORY Cm:;MITTEE FOR AERON!\.UTICS 

PHELIMINARY INVESTIGATIO_T OF TWO FULL- SCJlLE PHOPELLERS TO 

DETERMINE THE EFFEC'l' OF S1.'iEP7- BACK BLADE TI PS ON 

PROPELLER AERODY:~AtaC CHARACTERISTICS 

By Albert J. Evans tlnd E. Bernard Klunker 

SmmAl1Y 

A pr el iminary i nvesti;ation of two l O-f00t- ciiameter three-bl ade 
propell ers has been lilade to determine the effect of swept-back bl ade 
tips on propeller aerodyn.qrni c characteristics . The blade tips of one 
propell er ',';I'8r8 c:)mposed of Cl ark Y sections , the qUerter-chof'd points 
of wllicl1 Wt~ re on a straieht radi al linG ; trle othor propeller had blade 
tips composed of the sar.te (JGctions, but the l oc'..18 of the quarter- chord 
points formed CJ. sr:ept- bnclc curved 1ine.. The ciesign parameters chosen 
for the sViept-back blade tip were e.c; foJ.10ws: propeller advance ratio 
of 1,,2 , helical t :t.p r·;Ic!. .... ~h rj',)mbcl'"' of i .. O, uud. Dc~ticn crit i c2 .. l .::3.ch 
nunlbcr of 0 . 80 . 

Tho value oJ. hel i c?,l t,ip Ma"h number at ... ~hich the peak envel ope 
efficiency begol.D to uecrea~;e was increased from 0 . 80 for tl-:,e pr opeller 
1v:i.th straiGht bladu tips to about 0 . 92 for the propeller v'lith swept-­
back bl ade tips, and 2t valt~cs of heli cal tip 1\;ach nu..!lber above 0. 92 
t he pr opeller Iii t.h swept-'Jacl: blade tips Wc.s found to have a 2-perccnt 
i ncrease i n peak envelope efficiency. Based on equal pO'W'3r &bsorpt~on 
and constant rotational speed, the propeller Vii th sy.ept- bClck bl o.de 
tips shm-;ed aYl. improvement in ef:~ic:' ,ncy at high rotational speeds 
and .qt correspondingly high hGl ic<:11 tip r..:Clch nwnoers; , t low rotational 
speeds , hO';;8ve1' , the propelle r with "trDibht blade tips showed a higher 
efficiency . 

Th0 rC0ul ts of the tests indicated that the' effici ency of a pro­
pell er may be inc:cea~)ed f or valu~s of helical tip ;'f,_ch p..umber abov0 
the criti cal by utilizing s-lieepback in tha 'tlade desion . 
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INTRODUCTION 

Work of the Nc..tiono.l Advisory Committee for Aeronautics (see 
reference 1) and rec(;ntly Cl.vailo.ble Germa n "lork (referen~e 2) have 
sho"nl that the critical Mitch number of a 't.'ing can be rna terially 
increased by t h e utili :~a tion of svT03epback er swcopforward . Acc ording 
to G(:; rman reports a conventional 'ving ha-.,rj,ng sectio11<:> with a cr1 tical 
Mach n'lIDber in the nei ghborhood of O.W ll<>.y have its critical Ma ch 
number increased t o 1 .10 b;}" sl-reeping ba ck t.he "'..Lng 450 from tho n ormal 
to the stream axis . G (:l l'IlW.J1 tusts of propelh;rs ( r oferenc o 3 ) 
incorporat:i.ne swept-b:lCk bla,les show 'in increase in efficiency of about 
3 to 4 percent ov er propellers with conventional bla de design . The 
available German do. t.a , hmfOver , j, s very limi t.ed &"1d the present tes ts 
have been undert::1ken to dot-ol.1ninG r ap:Ld.ly the f easibili ty of u s ing 
sweopback in propeller blac1.e designs. 

A s eri es of comparo.ti ve tests of a propeller .... 'i th swept "back 
blade tj.ps and a propelle]." ivi th the saDe blade -form charE'.c toristics 
but no Si-leepba ck of the t.i.I)~ has been mc.de in the IJang10Y 16 -foot high­
speed tun..TJ.el . The propeller blades as t esteq. are modif i ed conventicnal 
blades of Curtiss 893 2)+ design . The sltrept-back propeller, theref ore, 
does no t bave truly swept-back blllclGS , but rather a modified swept--back 
tip. The blacles .... ,ere tes ted as t hree-bla (le propeJ.l ers in a 
Curtiss electriC hub . 

SY1-iBOLS . 

Cp power coefficient 

thrust coefficieDt 

propeller diame t e r ) feet 

J propelle r advance r a ti o (V/n]) ) 

M air-stream Mach ntunber 

Mcr section cr~L t ical Hach number 

helical t i p M.J.ch number 

p pm-rer absorbed by propeller) f oot-pounds per second 

R radius to tip 

II 
I 
i 
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T propel ler thrust , )ounds 

V a i rspeed , feet per second. 

b blade wi dth , feet 

h blade secti on maximum t hi ckness , feet 

n p r opeller r otational speed, revol utions' per second 

r raM Uo3 to 8J.W bl a de elernen t 

PO .75R blade angle at 0 ·75 P::C0p<'31lor radius ) degrees 
. / ,~ \ 

( VT) 

t J" c;' ) 
\ / 

~ propeller effi c i ency 

P mass dens1ty of ai r , sl uGs per cubic foo t 

.t\PPARATUS 

Propel ler D'J ~le.m.omE;ter 

A 2000-horsepower propel ler dynamometer was u3ed to t est the 
propel lers i n tile L&llt;ley IG·-foot·higL - s11eed tUlffiGl . Figu-c8 1 is a 
photog.caph of the :9ropeller wi l~h Sv'Gpt-back blade tips mounted on the 
dynamometer . In o:':'cier to ex-.redi te the t ests , no spinners were used; 
as B. conse'luencc , the hu"b \<ras l eft exposed to the air stroam . 

Propeller Blacles 

Both th3 skaJ.~ht tip blades :md the [lyTept-back tip bll.:1.des used 
in the"e tests Here modified. from standard. d.ure.l~.unin. blades of the 
Curtiss 89324 d.i;;)8ign inC011)Orating Clark Y sections (fig . 2). The 
di5.lIl.eter of the original st mdard 01a(:'0 \Tas rea.uceo. from 13 feet to 
10 feet by cu tting off the tips . Nm-r tips 1'Tero f f)n:J.ca. on the 
reduced-dia.m.etar bl""d.8S begilIDiI g at the 45-im.:h-radlu8 section; :1.n 
one case the locus of the sect-i.on quarter -chord point~ i<l8.3 ID.:lintainecl 
as .1.1 straight r :.:.dial ljne, and i n the C8.3El of the SVi8pt-otLck blado tips 
the locus of tho section 'l1.'. i..' rter-chord poin's "'"aD 3wopt back aD a curved 
l ine . I t shoul d be no t ed. thE'. t the taper ratio for these propeller 
blad.Gs , i.3 hi8h31' than normally employed . 

·Tests of swept -back .... 'in38 ha'l.:;. shovn1 that the cd tical Mach 
number of a conven~ion8.1 wi::1g can be increased. by s\.,eepiIl8 bacl~ the 



J.j. N.::.CA R vi No. L6J2l 

wing and that the incr(~ase in criti cal Mach number is a function of 
the cosine of the anr-lo of swcephack . Based on this conclusion, the 
equation of the curve of sweepbd,ck for the present design ,,,as derived 
by using the following cesign parameters : section critical Each 
number of the blade, propeller rotation~l sPeed, and adv~nce ratio at 
vvhich the swept-hack propp.118r is intend'3d to oper<'tte. The curve 
starts B.t the r adi al station' Ylhere the section speed just r eaches the 
cri tical vc.lUE; ; frOi. th2.t station out to t 8 blade tip, the locus of 
the section quarte,:,-chord points i.., · S'rICpt back so that c.t each radial 
statio:'} the 8xcess se~tion speed abcve the critical is compensated by 
the local sweepback . The design paranoters chocen for the blades used 
in the tests vel'e ac; follows : J = 1 . 2 , l'.\ = 1.0, and Mcr = 0.80. 
These design conl:itions were not choson to represent any design flight 
condit:i.on . Sin~e the ilaxirJuJ:l £J r,lGu.l'lt of ;J1're8pb~ck Ylas desired, the 
',,ridth of the blades deter ;rlined tre radial s-t,;:.tion 2,t which the CUI'Ve 
of sV!88pb3ck started al1d indirectly influonced the choice of the 
design parameters . 

The sections of the blades with svrept--hack tips and the sections 
of the blades wi th str.: ~i ght tips we r e the same vrithin manufacturing 
tolerances. The blc:de-pitch c.istributj_on was the same for both p!'o­
pellers al1d i'las measured in a plc::.ne pel'pendicul2.r to t.he radial center 
lj.T:c of the ~~.ad8S . (Soe fig. 2 <) ?:i.glJ r es.3 And ] ~ are photographs 
of tr.e blades. 

The test r esults are presented in t~e usual propeller coefficient 
form as pl ots of thrust, coe.ffi dent , pov:er coefficient, and efficiency 
a.gainst adva.nce ratio . 

Prr)p~J.ler thrust as used !-lorein is dE-fj.ned as the increase in 
shaft ""ension ca'Jsed b~r the hub-to-tip part of the prop0J.ler blades . 
The indicated propeller t!;n~st "as been :::orrec:'ed by the a i-:Jount of the 
t a,e V'l)"l.l.st foun"" bi oper;:.,tinr.; ~~he d~/{ja:n')lneter yri:'h :'he pr(>pelle r hub 
ir,st211l'K! without prop81ler olades at the same TaluE:s of airspeed as 
we:ce u0ed in the prop(~ller tests . The effect of rotational speed on 
the tare thrust wc.3 ne glici.'.Jle , thE: err or '.)c:i.ng riithin the experi­
mental C'ccuracy of t.he tests . 

Thrus't, tonrue , a;lcl. rot",tional Si)8Cd were measured fer each of 
the tViO prop":llle rs at blaci.G a:rglcs of 20'), 25° , 30°, 35° , LOo, and 45° 
at the three - quarter (45-in . ) radius . A constant rot"tional speed 
Ylas used for each test , and a range 0:: advan·~e ratio (= ~) was 

covered b,Y changin8 U G tu::nel a:.rspeed. , 1'~hich T:a5 varied from about 
60 mi l es per hour to 1~2) i:liles pl"r hOUl' . 
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In order to cover a range of tip Mach number , the tests were 
run at rotational speeds of J-3)0, 1600, l eOO , 2000 , 2100 , and 
2160 revolutions per minute. Because of the limited torQue available , 
however, high rotational speeds were not run at high bla(ie angles . 
At 2000 , 2100, and 2160 revolutions per minute the blade angles were 
set at 200, 25°, and 30°,; at 1600 and lEbO revolutions per minute the 
blade angles ,,,ere set at 20°, 25° , 30° , fu'l.d 35°; . and at 1350 revolutions 
per minute the blade angl es 10{ere set at 200, 25°, 30°, 35°, 400, and 45° , 
The rru1ge of tip M~ch number varied from 0.67 to 1 .13 . 

The Glauert tunnel -wall correction (reference 4 ) was applied t o 
the data obtained in the tests and amoUJ.'1ted to les8 than 2 percent in 
the range of peak efficlency . 

RESULTS /~D DISCUSSION 

Faired curves of thrust coefficient, pm-Tel' coefficient, propell er 
efficiency, air - stream M..ach munber, and heliGal tip Mf-J.ch mU:1bel' plotted 
against adv8.-"1ce ratio are presented in figur e s 5 tv 16 for the two 
propellers . Test l)oi::1ts shown in the figurea a1'8 given for thrust and 
power coefficients . Repeated runs on former' pcopell er tests made in 
the Langley 16-foot hiGh - 3:peed t,unnel have sho ..... m data, aC<luirecl wi th 
'.:.11e equipjil6nt USGd. , tv be t1CCu£'dte ·w-:i.t.hiE 1.G })6 .1 C0li~. C C:wpal'B_t~-"t; 

data, therefore, are presented as being accurate' wlthin 1.0 per<..:ent 
for the preEent tes~s . 

Effect of Swept-Back TiDS on Maximum Efficiency . 

P_ .comparison of t he envelope curves of propeller eff i ciency, as 
sho-.m. iE figure 17, indicates an increase .in efficiency over most of 
th9 X'a,l~3 for the propelle.r with swept -back blade tips at high 
rotatiol\al speeds - ~nd cODsee;, ' ently a.t high tip M.:1ch :mr.;bers - and 11 

10s8 in eff iciency over most of the range at low rotational speeds -
and cons6qu,ently at low tip Hach n1l.lnbers. The peak envelope efficiencies 
at 1350 and 1600 revolutions per minute , how~ver, are the !'lame for 
both propellers . . 

The improvement in officiency caused by 8weeplng back' the 
propeller blade tips is also 'iilustrated in figure 18, in which the 
envelopes of the efficien..;y curves are pl.otted agai nst tip lvIach number , 
An envelope has been made over the peaks 'of these curves and affordS 
a comparison of the peak efficlencies for the t ..... ro · propellers as the 
tip Mach number is -.,raried.. The efficiency of the . propeller ,vi th 
straight blade tips startA to deGrease . "lith increas ing tip Mach number 
a t a value of tip Mach number of approxima. tely 0 .8:) , ,,,hereas the 
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efficiency of the propeller with swept-back blade tips maintains a 
constant value until a ti Bach number of 0.92 is roached and then 
decreBses frOl!1 this point 2.t the saJ'1G rate as the propeller "lri th 
straight ble.de ti?s . At v:tlues of tip Mach numo r belo'.'! 0. 80, no 
appreciable difference .. -as noted in the peale envelope effic:Lellcies of 
the two propellers ; but at helical tip Mach numbe rs above 0.92 , the 
prop811er with swept-back blade tips is approximately 2 percent more 
efficient . 

Const&nt-Pov!er Propeller Operation 

At the same values ' of blade angle, rotational speed , and advance 
ratio the propeller with swept-back tips absorbed more power and 
developed more thrust than the propeller with straight tips. This 
difference is nost pronounced at the high rotati.onal speecs . Although 
sm&ll change s in the blade--an[le setting could cause the small 
differences that occur at the 101'.' rot.9tional speeds , the consistently 
higher thrust and torque for the propeller with swept-t)ack tips :i.S 
believed to be caused by a greater upwash at the til) sections and also 
by a delC'y in adverse corip,essibility effects at the high tip I.!ach 
numbers. 

Llthou; h p::'8peller th'=ory is h:Jsed on the. assumption of inde­
pendent opcration of prop<311er bl<:.de ()lement~3 , mutue.l interfe rence 
of .the bl ade elements does exist and the oper"tion of each element 
is affected by the net induced floI'; creClted ' by all the blade elements. 
The flow field of the i nboard blade elements t.ends to produce an upvrash 
in the vicinit~r of t he blade tip th2.t effectively increases the angle 
of attack and the operating lift coef.f:i.cient of the tip sections. This 
upwash , . nOrli1ally manifest as a tj.p vortex, becomes stronger with 
increasing distance doviTIstream and attains ne 20rl;y its full strength 
a few chords behind the lifting line; hence the tip sections of the 
propeller viith swept-back tips ope r" te in. a stronger upwash and, 
consequently, at highe r lift coefficients than those of the propeller 
'wi th straiGht ti.ps • . Since a large p~rt of the air load is concentrated 
near the tip sections , a small increase in Upl','B.sh at the tip produces 
a noticeable change iri the lift ' and, hence , in the thrust and torque. 
Wind-tunnel tests of wings vi th sweepback havo .shcvm a similar increase 
in lift at the outboard sections . 

The thrust and torque for the propeller y;i th swept-back tips are 
further increased at high tip Each mLTTloers . The eff~ct of sweepbacle 
is to increase the }!ach number at which there is a 10s3 in lift and a 
rapid increase in drag. At 13peeds above the critical value of' the 
airfoil sections , the swept-back tip sections ";ill maintain their lift 
whereas the unswept tip sections will experience a loss in lift and an 
increase in drag . As D consequence of the hiGhe r lift at the tip 
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sections, the propellel' ,.,i tIl swept-back tips will absorb more power 
and develop a greater thrust than the propeller'YTith straight tips at 
the same operating conditions . 

The efficiencies of the tyro propellers at constant pOH'ar 
coefficient are comp:lrcd in figure 19 . Over most of the range of 
advance ratio covered in the tests, the propeller ¥lith swept -back tips 
shows a 10vTer efficien:cy at the l ow rot~tional speeds, the difference 
in efficiency being greater for the l OYT values of power coefficient . 
As rotational speed ia increased, and consequently tip Mach number, the 
differences in efficiency become les8 . ' At rotational speeds above 
leoO revolutions per minute the propeller with sywpt-back t.ips ShOv18 a 
distinct advantage . 

'CONCLUSIONS 

As a preliminary step in thE; dC'.Telopment of a swept-back 
propeller blade, compara ti ve tests we :"e Iilade 0:1.' tyro full-scale threo­
blade propellers to determine the effect of sweeping back the blade 
tips. The results of the tests l ed to the follo,.,ing conclusions : 

1 . The value of t.31.l.c~1 tip t·1o.ch lll.wibQr 0..'0 n·}liC.L pcu.k 
envelope efficiency b egan to decree.su \>las increasod from o .Eo for 
the propeller "tTi th straight blad,3 tips to about 0.92 for the propell er 
wi th sv10pt-back blade tips . 

2 . Based on equal power absorption and constant rotational 
speed, the propeller ,.,1 th SW8pt-'back blade t.ip:> S hO'i'fB d an increas6 in 
efficiency over the propeller with straight blade tips at high values 
of helical tip Mg,ch number' and a 108s of efficiency at low values of 
helical Up Mach number . 

3. In the range of helir-al tip Ma.ch nunber abo'le tho o1'i tical 
value of 0.92, the eff1.ciency of tbe propeller ~" i th swept-'back blade 
tips vTaS about 2 percen t grea toY.' than that of the propeller wi th 
straight blade tips. 

4. TheBe preliminary tests indicate that sicnificant gains in 
the pro:pcller operation 'ue;)' be had 'by cmployine si'reepback in the blade 
design • 

Langley Hemorial Aeronautical Laboratory 
National lklvisory Coxmittee foy Aeronautics 

Langley Field) Va . 



8 NACA RM No. L6J21 

REFERENCES . 

L Jones, Robert T .: Wing Plan FOTIns for High-Speed Flight . 
Ni'..CA TN No . 1033, 1946. 

2. Lud"'ieg) H.: Versuchsergebnisse. Pfeilflugel b e i hohen 
Gesc:nwindigkei t.en . Eericht 127 del' Lilienthal­
Gesellschaft , 1940, pp . 4~· -52 . 

3. Quick, August Wilhelm: Aerodymunische illld flngmechoni3che 
Fragen d.er Lu:;:tschraubenentwicklung. SchX'. 1063/43 g ., 
Deutsche Akademie der Luf tfa-'f1rtforschung (Eerlin ), 1943. 

4. Glauel't) H.: The Elements of Aerofoil and Airscrew Theory. 
American ed ., The Macmillan Co ., 1943 , pp . 222-226. 

, I 



~ . ;" • , .. _ '""';";'" 5,,0-;'" . " '';'' .:, "' .~ ';'-' "\;;~ i;-pfV ..xe~~f;.+¢;, ¥ . .... ~. '- -:+;~;':""t'4=;i;::";d.4 t- ;s·' . ;,ij .£ ~~ ;;e;: '~"li·.~i~ L~h-' -~ ii ·' :.:r:'·1M:,. , :u.., ;#.4.\,;,-,;.<.;4t "fi.-..-¢-;;.{ ", " " T6;,i'~ ... ~~ I ~'ci ; ·~I '1M rtF? ! • '"'··h .. w-. U''' ; .. .. - [ ·r *>+;. ~ 

" 

t 

Figure 1. - Propeller with swept-back blade tips mounted on dynamometer 
in test section of Langley 16 -foot high -speed tunnel. 
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Figure 3. - Propeller blade with swept-back tip (left) 
and straight tip (right ). Cambered surface. 

Fig. 3 
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Figure 4 . - Propeller blade with swept-back tip (left) 
and straight. tip (right). Thrust surface . 
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. Figure 5 ,-Characteristics of propeller with swept - back blade tips at 1350 rpm. 
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Figure 6 .,-Characteristics of propeHer with swept - bock blade ti ps at 1600 rpm . 
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Figure 7.-Characteristics of propeller with s\1ept-bock blade tips at 1800rpm. 
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Figure II .-Characteristics of propeller with straight blade tips at 1350 rpm. 
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Figure 19 .-Comparison of propelier efficiency at several values of constant power 

coefficient and rotational speed for propeller with swept-back blade tips and straight 
blade tips .. 
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