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RESEAERCH HMEMORANDUM

LERODYNAMIC CHARACTERISTICS AT HIGH SPEEDS
OF FULL-SCALE PROPELLERS HAVING
DIFFERENT SHANK DRESIGNS

By Julian D. Maynard
SUMMARY

Tests of two lO~foot-diameter two~blade propellers
which differed only in shank design have been made in the
Langley l16~foot high~speed tunnel. The propellers are
designated by their blade design numbers, NACA 10~-(5)(08}-03,
which had serodynamically eificient airfoil shank sections,
and NACA 10~(5}(08)=03R, which had thick cylindrical shank
sections typical of conventlonal blades. The propellers
were tested on a 2000-horsepower dynamometer through a
range of blade-angles from 20° to 550 at various rota-
tional speeds and at alrspeeds up to ;96 miles per hour.
The resultent tip speeds obtained simulate actusal flight
conditions, and the variation of air-stream Mach number
with advance ratio 1s withlin the range of full-scale
constant-speed propeller operation.

Beth propellers were very efflcient, the maximum
envelope efficlency being approximately 0.95 for the
NACA 1C~(5)(08)-03 propeller and about 5 percent less for
the NACA 10-(5)(08)-03R propeller. Based on constant
power and rotational speed, the efficliency of the
TACA 10~(5)(08)}~03 propeller was from 2.8 to 12 percent
higher than that of the NACA 10-(5)(08)-03R propellier
over a range of airspeeds from 225 to L5C miles per hour,
The loss in meximum effliciency at the deslgn blade angle
for the NACA 10~{5}(08)-03 and 10-(5)(08)-03R propellers
was about 22 and 25 percent, respectively, for an
increase in helical tip Mach number from 0.70 to 1.1lh.
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Th> high drag of the thick inner sections cf the

Nala 1C~(E) (08)-C3R propeller was the chief source of
sfliclency loss, especlally at hisgh values of advance
ratio correspondling to high forward speeds.

INTEODUCTION

The NACA has designed and constructed a serles cf
full-scale 10-foot-diamster prepeller blades to be ussad
in an extenslive rssearch pregram for tne purpose cf
improving the high-speed efficiency of propallers. The
program includes investigatlons tn determine the sffact
of:

Blade-~-shank design

Blade-szctinn camber (nr desien 1ift crefficlent)
Prersller selidity

Thickness ratic of the blade secticns

Different blade sactirns (Clark-Y and N¥aCA 16-sariles)

This pregram was filrst delayed by @ifflcultiss 1n the
design and constructlon of a sultsbls dynamemeter wlth
which the full-scals prepsllers couwld Le t3stad at high
speeds. Subseguantly, speclal war-time projiszcts with
higher priocrity delayed ths tests, and an emergsncy
prcgram of tests was begun in the KaCa B-foot high-speed
tunnel. These tests were made with model vorepallers 4
feet In diametsr, and the results showing the effact of
compressibility, solldity, and camber ars reported in
reforences 1; 2, and &. Furthsr tests cf model pro-
pellsrs made in ths 8-fecot high-apeed tunnel (roefersnce
4) have shown that the highsst propeller afficisncy can
be obtainad cnly 1f the shanks are vsry bread and thin.
also, waks-survey msasuremsnts made In flight tasts of
ond of the RaCA designed prepellers wilith rcund shanks
(refersnce 5) have shown the imoertance of improving the
shank sections of prepellars used on high-spesd airplanas.

Tssts ¢of ths full-scale propsllers are now baing
made in the Langley 16~fcot high-spesd tunnel and, becauss
of the urgent nz2ed frr deslen informaticn, the Adata in the
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present paper are presantad t~ detsrmins ths effect of
blade-shank design. & szcendary purpess cof the present
paper 18 tc compars valuss of prepulsive efflcisuncy as
feund in the mecdel tests with values of prepeller
efficiency based cn shaft tenslon as frund in the full-
scale tests.

Ths characteristics of twn ~f the NaCa prepellers
that differsd cnly in shank deslign are prasented for
blade angles ranging frem 20° to 55° at various rota-
ticnal speeds and at alrspseds ranging from 60 to 49€
miles per Lheur. e resultant tip spssds cbtalned simu-~
late actual flight conditicns, and the varlaticn of alr-
stream Mach number with advance ratic 1s within the range
of full-scals constant-spesd pronsller cpsraticn.

SYMBOLS
R rrces3llsr tlp radiua
r radius at any tlade gaction
B blads angle at any radius, degress

ﬁOQTSR blade angle at Q.75 radius, degrees

cZ blade-~-sectlion d3sign 1ift ccefficlent
' -

h blads secticn maximum thickness

b tlade width, cherd

M alr-straam Mach number 'f’

Mg helical tip Mach number kﬁ Qg} +f§}
v eirapesd, feet per seceond

rrepeliler’ rotaticnal spssd, rps
D prepellar dleamatsr, feet

propeller advance ratic  (V/aD)



L ) T NACA RM No. LéL27a

P mass denslty of air, slugs per cublc feot
T propeller thrust, prunds
, 2 4)
Cry thrust coefficient (T/pn D
P rower absorbed by the propeller, font-
pounds per ssaccnd
z 5)
CP powsr ccafficlent (P/pn-D
(c .
ropeller efficisuc Jm=

HPPARATUS

Propellsr dynamomaotar.- A 2000-horsepower propeller
dynamomatar was used to tast the prepellers 1n the Langley
lé=feoot high-spszd tunnel., The dynamomatar 1ls powsred
by two 1000-herssgspeowsr electric meters arranged in tandem
and coupled for the pressnt tssts te allcew the powzr of
both motors to be sxpended threrugh a single propeller,

a variable~frequancy powsr supply affords an accurats
speed ccntrel from 200 te 2100 rpm with a permissibls
overspeed up to 2280 rpm. The motors are suprorted in a
housing in such a way that their casings are free to
retats and alsc free te moves axlally with thelr shafts.
The axial and rotaticnal movements are rsstrainsd by
pneumatic pressure capsulss, thrust and torque being
preoportienal to the pressure rsqgulred te restrain the
motion, Thrust pressure is indicated as thrust feres by
msang of pneumatlc scalss and torque pressure as torqus
by msans of liquld manomsters. The dynamometer is call-
brated with ths prepeller shaft rotating, and beth thrust
and torqgus measurements give stralght-line calibrations,
Figura:s 1 and 2 ars photegrarhs of the dynamomstar meunted
in the test ssction ~f the tunnsl, and figure & ls a
sketch showing principal dimansions cf ths dynamomestasr
fairing and spinnar. Ths shape of the spinusr and feore-
body is designed to produce uniform axlal flew at free-
stream velocity in the plane c¢f the preopellsr. FPressure
orifices are lccated betwssn the stationary fairing and
the propellsr spinnar tec afferd a correction for sany
change in pressurs at the spinner-fairing juncturs dus
to the propsllsr cperaticon. The holes in the spinner
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surface for the pronsllsr blade shanks are made very
small (fig. 1) but ars not s=2zled. The diamstar of the
prepellsr splnnsr 1s 21.7 percent of ths diameter of a
1C-foot prepeller.

Prcoeller blades.- The two-blade propellars tasted
are deslgnatad hersin by thelr blade design numbers,
NACA 10-(5)(08)-03 and NACA 10-(5)(02)-D3K. The digits
of the blade dasign numbers have ths fcllowing signlfi-
cance: The digits in the first grecup cof numbers repressunt
the propsllsr diamster in fest, the digit in the first
raranthesis 1is ten times the basic design 1ift ccefficlent,
the digits in the sacend narsathesis srs ths thickness
ratio in percent at ths 0.7 radius, and the digits in the
third group represent ths sclidity ver blade at the 0.7
radius. The latter R Indicatss & blade with a ccenvsen-
tional cylindrical shank. The HACA 16-s=riss bplads
ssctlons are ussd, 'and the JaACA 10-(5)(08)-03 pre-
peller 1s designsd to obtain very high asrcdyanamic
sfficliency, all but the mecst slementery strength consider-
atlons being dlsrsgardad. =2fficisnt airfell sections
extend to the spimnar surfac2 for this propsller, whlch
1s designed to havs the Betz minimum induced-snsrgy-loss
loading (rsference &) when opsrating at a blade angle of
45° at the 0.7 radius and an advance ratio of 2.1. The
design preccedure ussd coasists in finding ths cptimum
loading with profils cdrag assumed to be zerc and thsn
datermining ths bsst blade shape for that loadl when a
thickness distributicn is assumsd. Tha NaCA 10?%5){08)-053
propsller raprsssunts a structural compromiss having
cylindrical shanks typical of conventienal prornsllsrs,
Tra 22tz load diztributincrn is maintainsd =xcept for
sscticns nsar ths spinnsr surface. Blads-form curvss for
tho two Jdeslgns ars shewn in figure 4, and figurss 5 and
6 are phctecgraphs of ths bladss. A comparison of the
shank sectlicns &t twe radii is shown in flgurs 7.

TEST3

Thrust, teraqus, and rotational spezd wars maasurgd
fog aacg prepallsy durlng tssts at blads angles of 207,
257, 30, 35, 40°, 459, 750°, and 55° at the thres-
gquarter (45~inch) radius. A constant rotaticnal spsed
was used fer,most of tha tests, and a rangs of advance
ratio <§ = mp) Was covered by changing the tunnsl
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airspeed, which could be vari=d from abrut €0 to 49€ mlles
par hevr.e At the highsr hlads angles ths cemplete rangse
cf advance ratiec could not be covered at the higher rota-
tional spezds because of powsr limitatricns. 1In erder to
cbtain vrop2llesr characiaristics at meximum tunnzl air-
spaeds a blade angle (459) was chosen for which ths psak
efficisney operating condition cculd be attained whsn thse
tunnel airsps2d was a maxinum and the dynamomatsr was
opsrating at its maximum pcwsir and rotational spssd. For
these tests at a bluada angls of 45 ths rotational spsed
wasg varisd to ottaln data from peak efficlency to the
zero~torque opsrating condition. The ranse of blade
angles coversd at the varlcus rotaticnal spe=2ds usud in
tne tests of tha twe propellsrs 1s glven in table 1.

hZDUSTION OF DaTa

Th3: test rssultls corrsctusd for tunuel-wall inter-
farernce and for forces actine on ths spinner are prusent-
2d in the form of the usual thrust and power coeffliclsnts
and vronellsr efficlency.

Dafinition ¢of prensllsr thrust.- Prepsllsr thrust,
as uvs2d hsrseln, is definsd as ths ghaft t:oanslon causad

by ths srinnsr~to-tip psrt of the blade rctating In the
alr stroam. Ths indlcated oropeller thrust hus bz:n
corrsched by the amount of the ture thrust frund in
operating ths dynamemstsr and splansr w!thcoubt pronsller
bladss at th: samd> valuss of alrspe3d as wsrs usszd 1n the
nrepeller tests. A furthesr corrscticn was made fer the
influsnce of the pressurs fl:1id of the propallsr acting
at the juncturs hetwsz2n ths spinnsr and the stationary
fairing. The chanse in spinnsr thrust dus to a changs in
pressure at the spinmner-fairirg juncturz varisd wlth pro-
naller operating coenditicns and was dstermined from
Pressure maasursmsnts in ths Jjuncture hetwssua the pro-
peller sploner and ths fixsd lairing at the rear of ths
sblmmsr. Valuss of thrust ceefficlent weore changad an
averaga cf 0.001 by this corrscticn to ths splon:r thrust.

Corrscticn for wind-tunnel-wall intsrfarence.~ A
corrsction has baun arplisd te the tunnsl datum vilcelty
to obtain ths corresponding free-stream ailrspesd. This
corrzcsioen ls nscussary bLeacaus:s ths flew past tha pre-
villar ig constrainsd by the walls eof thes tunnsl, and the

x|
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axial vsleccity wrich cccurs in front of the propeller

in the wind tunnel differs from that which would cccur in
fr2e air under ths sama cnerating conditlcrs. Thls
ecdulvalsent free ailrspeed has been dstermined expsrli-
mantelly and was feound tc agrss wall with valuss calcu-
lated from Glavert's equaticn (reference 7}; hsucs, only
tns thsoretlcal corrsction has tesn used for tha data
obtained In these tests. rlsec an investligaticn kas been
made (referencs 8) which indicates that no tunnel-wall
effocts of significant magnitude sxist other than these
for which Glausrt'!'s cerraction 1s applied. The maximum
correction for any condition of cpsraticn was srproximately
7 psrcent (highest valus of thrust ccefficlant for the
locwest value of advance ratlo), but for the psek offi-
cicncy condltion ths corrsctien fer wind-tuvnnel wall
interfarencs smcuntsd to lass than 2.2 psrcent at all
valuss of advance ratio abeve 0.7 and te less than 1 pare
cant at valuss abeove 1.2.

n:STLTS AKD DISTUSSION

Paired curves of thrust cecefficlent, power cosf-
lcisnt, and prepellzsr sfficiancT pletted agalnst

advance ratic ars prssantad in filgures € through 16 fer
the NACA 10-(5)}(08)-C2 prepsllsr and in figures 17 through
22 for ths NACA 10-(5)(28)-03% prepsllar. Tast polnts
ara shown on the figurass giving thrust and powsr ccef-
flcisnts. Tha vartaticn of alr-straum Mach number and
helical tip Mach nurber with advance ratlo i1s shown on
ths figures giving prepellsr 2fficlancy.

In thy tasts of tho NACA 10-(5)(08)-03 procrsllsr at
a2 rotational spsad of 1140 rpm a blads-~flutter conditlen
was sncountersd for blade anglses of 45° and 5C°. fThs
fluttor was detectsd by scund and cccurrsd when ths bladss
ware oparating In & stzlled conditicn as shewn 1In figurs
3.

S3veral tasts ware rspeated durlng tns tsst program
and ths results obtainsd agrssd with the rssults pre-
ssnted within 1 paresnt. PFor purpcses ol comparison,
therefore, the data ars conaidsred accurate to within 1
parcant and tks falrsd envslepes are bsllzvsd to bs
gecurates to witkin much cleser limits.
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Effect of shank design on maximum efficiency.- Ths
snvelors curves of prepsller afficiency at the differcnt
tz3t rotatlonal speeds are shown in figure 23 fcr the
NaCA 10-(5)(08)~-0Z and 10-(5)(08)-03R propellsrs. The
curves show high efficicencles for both pr hpal¢ers, narti-

cularly at a rotatiocnal speed cf 1350 rpm. At this
rctational speed the NACA 10-{ §) (03) -03 prepeller has an
envalops efflciency cf slightly more than 0.9%5 at an
advance ratio of 2.1. The envelops efficiency ¢f the
cylindrical-shank prepsller (0.90) is apbcut 5 psrcent
lsss at the same valus of advance ratic and retaticnal
gpsed, This diffesrencs is in agresment wlth ths results
ranortad in refersnce 4. 4Lt 2160 rvm and an advancs
ratio of 1.1 ths dlffersencs in maximum efficlency of the
twe propellers 1s abeut 6 parcent. This comparison
shows that at th2 lowsr advance ratios (cerrespending to
low forward spesds) & large increase in rctaticral spsad
hag only a smell effect on ths loss In afficlency causad
by the insfficisnt shank sscticns cf the

VaCa 10~(E)(08)-03R prrpsllsr. This offect was also shown
In tha fllcht tssts reportad in rafersnce S.

altreough tharas 13 sems differencs in the thrust
coefficionts at maximum afficisncy for ths two pro-
psllors, the lowsr efficilsncy of the NaCa 10-(5) (08)-03R
nropslisr 1s dus prinoipally to the higher power cesf-
ficiants =t maximum offlcisncy. & compariscn of the
vower-ccefficlant curvss in figure 18(b) with thess in
flgure 9(b) shows that the values of power ccsfficient
for maximum effictency ars higher for ths prepellsr with
cvlindrical shanks than for ths propeller with efficlant
alrfell shanks, and ths differsnce lncreasas wlth in-
crasasing valuas of advance ratle. (Similar results wars
ra2nerted in rafsrsnce 4.) Since beth prepslisrs wers
designad te havs the Bestz minimum Inducad-ensrgy-less
loading when opsrating in the reglon of peak efflcisacy,
the dirfersace 1ln peowsr ccofficisnts for maximum cfflclency
may bs attrlbutsd primarily to differences in preofile
drag of the bladz ssctlons at th» laner radil. The rasults
of computaticns presinted in reference 6 show that profile
drag has a large sffsct on the optimum plan form. Losses
In officiancy due te prcfils drag show up as dirsct powsr
lossss and alsc as a cerracticn {probably small) te tho
Induced lossos dus to dlstertion of the waks.

In figure 2% the envsleps curvas of propollsr
afficicney for ths YaAla 10-(5)(08)-03 and 10-(5)(08)-03R
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prepellars at 1350 rpm are comparsd with the optimum
afficisncy ef a preopollsr with the Betz minimwn induced-
anargy-less loading. Tha curve cof optimum efflciency

was calculatad by a methed naglscting all prefille-

drag lossss (rafarsnce 9) for a two-blads propsllar opsre
ating at ths sams valuss of powsr ccefflcisnt as wsrs
obtainsd with ths HACA 10-(5){(08)-03 pr~pallsr. Ths
curves in flgure 24 shew that ths profile~drag lcssas ars
anpreximataly 3 te 5 parcent grsater for ths cylindrical-
shank prepellsr than feor the propsllsr with efflcisnt air-
foll shanks, and the dlffsrsnce incrsasss with increasing
valuss of advancs ratic and forward spseds. The efficicency
loss dus te profils drag fer ths propsllar with sfficlant
airfell shanks is vary small. Thls rssult is in agres-
mant with the thseorstical analysas of prepsller power
lossss prazssntsd in rafersuncss € and 9, which shew that
the thick innsr sasctlicns ¢f convantional cylindrical-
shank prop3ll:asrs ars ths chlaf scurces of blade-drag loss,
ésp&clally at high valuss of advance ratio.

The highsst afficisncy (approximatsly 0.95) shewn in
figure 24 for ths MaCA 10-(2){C8)-03 preopsller may not be
achisavaed unless the gap batwszen the spiansr surface and

N9 wlds shanks is k:pt vary small, as was dons in the
wind-tunnal tssts, This would be difficult to accemplish
for an sctual installaticn of a variable pitch prepellsr
on an alrplans, but scm3 mzans should be devisesd whersby
wide thin blads-roet sscticns cruld b2 sxtendad te ths
spinnsyr surface. The diffsrsncss bstwszn ths efficliancles
of the NaCa 10-(5)(08)-0% and 10~(5) (08)-03% prcpallsrs
are sufficlant to warrant conslids=rable a2ffert in ovsr-
coming both ths structural and the blade-splnner-juncture
problems 3nccunt3rad for a practicebls dssign using ths
shank ssctions of the NaACA 10-(5) (08} -0Z prepsllsr.

Iffsct nf comprassibllity on maximur sfficisney.-
The variaticn of suavslepe afficizncy with helical ti
Mach numbsr is.sticwn in figurs 25 for the Hala 10-(5?(08)-03
and 10-(5) (08)-03R prepsllars at the diffsrsnt tast rotae-
tional spz23ds. The variaticn of air-strsam Mach numbsr
wlith hsllcal tip Mach numb:r at sach rcetaticnal spead 1s
alsc shown con fisurs 25. A curve jelning ths psaks of ths
:fflelsney snvilopss er 2ach propsllsr would show ths
meximum sfficlancy cbtainable at any combination of rota-
tional spe:d and alr-strsam Mach numbsr. Unfertunately,
ths anvsleps pzaks at seme of the highsr reotational speeds
ware not definitely ssteblishad bscausas of the power
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limitaticons pravicusly menticnsd., At an alr-stream

Fach number of 0.325 the envzlepe efficizacy cf ths

MaZa 10-(5)(08)-03 preopsllsr dreppad 11 nsrceant for a
change in helical tip Mach number frem 0.9C to 1.08,

The corraspending loss in envalope sfficisncy fer the
cylindrical~shank propeller was about 12 percsnt. For

"a constant rotational spsaed the envelops curves of
propeller efficisncy for tle twe propellers diverge as
the helical tip Macn number increasss with airsresd.

At a constant rctaticnal spead of 1140 rpm. ths difference
between the snvelops efficisacy cf the NACA 10-(5){08)-03
and 16-(5) (08} -0Zk nrepellers increased 4 percsnt fer a
change in helical tip Mach number frem 0.60 te C.75.

‘Thls comparisen clearly shows ths superlerity of the
pronellsr with asrcdynamically efficlent airfcil shanks
at high values cof advance ratic and ferward smeeds and
also sheows that the leosses due te lnefficlient shank
ssctions of ceonvsntlicnal censtant-spead propsllsrs may be
.consliderable at low valuss of helical tilp kach numbsr.

The familiar leoss in maximum offliclency dus to com=-
rressibility is shown in figure 286 fer the twe propellsrs
tssted at a blads angle of 45° at the 0,75 radilus. The
data for the highsr hellcal tip Mach numbers ware obtainsd
frem ths results pressntad In figures 16 and 22. The
maximum sfficisncy of the NACA 10-(5)(08)-02 precpsller
dacreased Trom about 0.95 at a helical tip Mach number of
0.70 to 0.72 at a helical tin Mach number of 1.14. The
critical tip Mach numbsr for this 22 psrcent less was about
Ce83. Tihe corrzspondlng dscresass in maxirum efllciency
for the NaCa 10-(5)(08)-03R propsller was from 0.90 to
0.55, or a loss of 28 percent. The critical tip Mach
nunber fer ths cyliandrical-shank propellsr was salsec about
O0.83. 4t the highsst halical %lp Mach mumnbar cbtalnsd in
the tests (M, = 1.23) the maximum afficisncy of the
NACA 10—(5)(58)—03R prop2llsr was only 0.57. In figure
26 tho variation of maximum efficisncy with halical tip
Mach numnbsr for a modsl prepeller (#HaCA 4-(5)(08)-0Z,
raferenca 3) is shown for comparison. Ths dliffersace in
critical tip Mach numbsr for the full-scale and modsl
propellars 1s psrhaps dus to the difficulty in dsfinitely
a3tabllishing this pecint from the availabls data and dcas
net nacessarily indicats ssrlious discrspancizs in the
data. It should bs poilntsd cut, howsver, that the full-
gcals btasts were axtendsd te include highsr hslical tip
Mach numbers than thcss obtalnsd in the mcdsl tasts,.
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Constant-powar prepaller opsration.- Alrplans
propellsrs often oparats over an axtonsive range of
advancs ratlo at cconstant rotational spssd and terqus.
Since the pewar-sbsnrpticn qualltiss of the
NAGA 10—(5?(08)—03 propsllsr diffarsd from these of the
Nala 10-(5) (03) -03R propsllsr, th: data ware analyzed
at sevsral valuas of constant pcwsr ccefflcisnt for a
constant retatirnal sps2d of 1140 rpm. Thes rasults of
this analysis, pr:ssanted in figure 2%, prrvids a batbsr
comparisen of tha efficisncy of ths tve prepsllsrs than
ons vaszd on advancs ratioc alons. At a powsr cesfficlant
of C,15 (0.075 per blads) the sfficiancy of the
NaCa 10-(E) (08)-03K propellar is almecst the sams as for
ths ¥aCa 10-(5)(08)-0Z% nrepsller at an edvance ratio of
0.2, but at an advance ratioc of 3.2 ths efficilency cf the
eylindrical-shank prepellsr is 14 porcsnt l3ss than ths
3fficisncy of thz prepsllsr with a3fficisnt airfoll shanks.
Similar results wire rsportsd in refersnce 4 &and wsrs
gxrlainsd by ths diffsrsnce in load distribuiticn shown
by wake survays. Ths low lecad-carrying capacity of ths
¢vlindrical shank ssctinrns of ccaventional prepellsrs
makes it necassary Ter thne mors s3fricisnt outboard ssctions
to carry mors lead, which may bs accomplishad at low spoeds
without @arleus datrimsntal sffscbts. at high spseds,
howsvar, the hign thrust leads for the sscticns of the
nrepeller that havs the highsr rssultant ssction speeds
will cause sarlisr adverse comprassiblliity effects cr
stall cf thase sscticns. Ths effsct of incrsasing the
value of constant powsr ccafflcient was similar for both
propallsrs; the efliicisncy wus decrsassd at the lower
advance ratics and was incrzassd at tho high2r advancs
raties. This sffact is charactearistic for all propsllers,
and the superiorlty of the NaCA 10-(5)(0€)-03 propsllsr
over the Nafa 10-(5)(C8)-0ZR prepallsr is dafinitsly
11llustrated fer beth climb and high-sp3ed ccnditions of
epsraticn. In flgurs 28 ths diffsrence in sfiicisncy be-
tween the two prepsllsrs for a constant retaticnal spead
of 1140 rpm and & ccunstant peowsr ceefficisnt per vlads of
0.1 is shown over a range of airspseds from S25 to 450
miles per hour. Over this rangs of alrspseds ths hslical
tip Mach numbsr 4id not excezd 0.79, and ths
NaCA 10-(5)(08)-03 pronsllar was from 2,8 tc 12 percsnt
mors afficisnt than the NaCa 10-(5)(C8)-03k prcpaller.

Compariscn with roeults from modsl t3sts.- The modsl
of the MACA 1C-(5)(08)-C2 prcpellsr was tastad in the
Langley &-feoot high-speed tunnsl, and ths rssults ars
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prasanted 1n refsrenecs Z. Thse data frem the tests of
this medel rronsllsr, which was 4 feet in dlamster

(¥ACA 4-(5)(08)-03 nrowsller), have been compared wlth
the data frem the t3:ats of trka full-scals prepsllsr.
Figzure 29 shcws a compariscn of the envslepe efficisncles
cf the full-scale and mndel prepellers cvar a rangs of
alr-stream hach numbers frem 0.175 to C.56. Tns snvelope
gfficizney of the full-scale propsllar i3 hicher than

that of the mrdel prepsllier by 1= to = parcent cver the

range of advancs ratiec frem abent C.8 teo 2.8. Ths diffar-
ences cver most of thls range of advancs ratic ars perhaps
within the limits of egxnsrimental accuracy cof the two ssts
of data, but ths diffsrsacus In eavalepz sfflclsncy may
rrssibly be explainad as follows:

(1) Tka valuss cf trrust fer the full-srals
prepsllsr ars based on shaft tsnslon, whorsas the values
for thse medsl pr~psllsr wre bassd on prenulslve thrust
and nc allcwancs 1s made for the chenge 1n skin friction
duz te the prepsllsr crp:zsrstlion.

(2) Trs Feyneolds numbers for the medsl tssts wers
lower than these for the full-scals t:zsts.

(&) Tra spinner diamstsr was 0,217 of the prcpsllar
dlamotsr in the full-scalc tagsts and 0.3328 cof ths prepellsr
dlametsr 1n ths medsl tasts.

Ths characteristics ¢f the full-scal: and medsl
nropsllars ars commarad in figure 30 by curvas shkowing
ths variatlion of pewsr ecosfficlent with thrust coef-
flclsnt at saveral blads anglss for tkhrss valuzs cf
cemstent alr-strazam Mach numbsr. Such a comparison
sliminates dlscrspanciss which might show up as & raisult
cf a slieht dAlffsrance 1ln blade-angle sz2tting. The curvas
fer the twe prepsllsrs ars in cless agrsemant, particularly
in ths range of maximum eflficiancy.

CO¥CLUSIONS

High-speoad wind-tunnsl tusts of two frll-scal: two-
blads pr-nzllsrs havs bisen made for a raacs of klads
ancles Frem 20° to 55° at alrspseds up to 496 milss per
hour, Ths proogllsrs are designat:d by thelr blads
dssign numbsrs, NaCa 10-(5)(08)-03, which has



NACA PM No. LAL27a - 13

aarodynamically efficisnt airfril shank secticns, and

NACA 10-(5)(08}-03L, which has thick cylirdrical shank
sections typical of ccnventicnal bladss. Ths rssults

of these tasts and comparisons with results cbtalaed

from previcus tests of a medsl prepallsr (NACs 4-(5)(08)=03
propellar) lsd te ths fellewing cenclusicns:

1. The NaCA 10-(5)(02)-03 and 10-(5)(08)-02R pro=-
pallarg ars very afficilent, particularly fer ths dsslgn
condition ~f oparatiocn. &t & rctaticnal spesd of 1250 rpm
the NaCa 10-(5)(08)-02 propsller has an envaelope officlancy
of apprecximatsly 0.95 at an advancs ratio cf 2.1. The
anvelops sfficisncy of ths 10-(5) (08}-02ZF prrpellar is
abnrut 5 percant lsss at ths same valus of advancs retilo
aind rotational spazd.

2., Based on censtant powsr sbsorpticn (power
cosfficient of 0.1 psr bleds) aand constant retatlional
spead (1140 rpm) tha NaCa 10-(5)(08)-03 prepsllsr is
from 2,8 te 12 psresnt mors afficisnt than ths
NaCia 10-(5)(08)~03R prepsllar over a range of alrspeads
from 225 to 450 milss psr hour. Fer this rotaticnal
speed and rangs of airspssds the helical tip Maech numbsr
decss net execssd 0.79.

3 The critiesl tip Mach numbsr for maximum
officisncy at the design blade angls cf 45° is approximately
0.83 fer both the NACA 10-(5)(08)-0Z and 10-(E&)(08)-03R
prepsllers.,

4, The lcsg in maximum efflcisncy at the deslzan
blade angle of 45° for ths NaCi 10-(5)(08)-0Z and
10-(5) (08)-02ZR propsllsrs is abrut 22 and 25 percsnt,
rsspactivsly, for an incrasasss in hslical tip Mach numbsr
from 0,70 tc 1l.14.

Se The high drag of the thick Innar sacticns of
the NaCA 10-(£)(08)-03R prepellsr was thes chisf scurcs of
officisncy less, ssvscially at high valuss cof advance ratio
corraspending te high forward spssda.
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6a The envalope afficisncy obtalilnad fer the full-
scala pronsller, NACa 10-(8)(08)-03, is highsr than the
sanvalopa aofficlancy obtainzd for the model prepeller,

FaCa 4-(5)(08)-03, by only 1L to 2 percant ovar a rang?

of air-streaem Mach numbsrs from 0,175 to 0.856.

Langlsy Masmorlal Asrcnautical Laboratcery
tatlonal aAdviscry Committse for asrcnautlices
Langley Fisld, Va.
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RaMGIT O PLaDE ANGLZ AND ROTATIOWMAL SPLID

Flgure Ketaticnal Blade An;ie at

Snaed C.7% radius, bg 7sR
(rrn) (dow) )
TACA 10-(5)(0R) =02 nrepeller
a8 1140 28| 40| 45| BC| 65
1350 20§ 25| 20 35{ 40| 45) &C
10 1500 . 45
11 1600 20| 25| 20 125] 40 45
12 : 1300 201 251 20 |25} 40
13 2000 20 25} 20 135
14 | 2100 20| 2£| 30
15 21¢0 201 25| 20
16 Yaried 45

“aCa 10-(5) (082)-03R prepellsr

17 1126 zs5| 40| 45 50| =5
18 1380 20| 25! 20 |25| 40| 45| 50

10 1500 45

20 1800 20| 25|z |25.40

21 2160 20| 25| 20

£2 Varied _ . 45




Figure 1.~ NACA 10-(5)(08)-03 propeller mounted on dynamometer
in teat section with tunnel open.
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Flgure 2,- NACA 10-(5)(08)-03 propeller mounted on dynamcmeter
in test section with tunnel closed.

NATIONAL ADVISORY COMMITYEE FOR AEROMNAUTICS
LANGLEY MEMORIAL AERONAUTICAL LARORATORY - LANGLEY FIELD. VA
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NATIONAL ADVISORY
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FIGURE 3.~ CONFIGURATION OF DYNAMONETER FOR TESTS OF NACA I10-15108)-03 AND 103Y08)-03R PROPELLERS.
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Fig. 4 NACA RM No. L6LZ7a
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NACA RM No. L6L27a Fig. 6

" =3

NACA LMAL 46147

Figure 6.- Blades of NACA 10-(5}{(08}-03R propeller.



Nt NACA [0-(5)¥08)-03R

NACA 10-(5X08)-03 (©)Blade sections at 0.2 radius.
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T NATIONAL ADVISORY
(b Blade sections at 0.3 radius. COMMITTEE FOR AERONAUTICS

Figure 7.-Comparison of shonk sections of NACA |0{5)08)-03 and 10-(5)08)-03R
propellers.
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Figure I0.—Characteristics of NACA 10-(5X08)-03 propelier.
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(a) Thrust coefficient.

Figure Il.—Characteristics of NACA 105X08)-03 propeller. Rotational speed,
600 rpm.
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(c)Efficiency.
Figure |l —CGConcluded. Rotational speed, 1600 rpm.
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(a) Thrust coefficient.

Figure 12.— Cheracteristics of NACA 10-(5¥08)-03 propeller. Rotational
speed, 1800 rpm.
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Figure 13 .— Characteristics of NACA 10-(5X08)-03
propeller. Rotational speed, 2000rpm.
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Fig. 13b NACA RM No. L6L27a
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Figure 13 .——Continued. Rotational speed, 2000rpm.
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(C) Efficiency.

Figure |3——Concluded. Rotational speed, 2000 rpm.



Fig, 14a NACA RM No. L8L27a
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Figure 14— Characteristics of NACA [0{5X08)-03 propeller.
Rotational speed, 2100 rpm.
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(b) Power coefficient.

Figure (4. Continued. Rotational speed, 2100 rpm.
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(c) Efficiency.

Figure I4.— Concluded. Rotational speed, 2100rpm.
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(a) Thrust coefficient,

Figure 15.— Characteristics of NACA 10-(5)(08)03 propeller.

Rotational speed, 2i60 rpm.



Fig. 16b _ NACA RM No. L8L27a
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(b) Power coefficient.

Figure 15.— Continued. Rotational speed, 2160 rpm.
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(c) Efficiency.

Figure 15.— Goncluded. Rotational speed, 2160rpm,



Fig. 16a NACA RM No. L6L27a
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Figure 16.— Characteristics of NACA 10-(5)(08)-03 propeller
at high forward speeds. /5075R’45?
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Fig. 18b
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Fig. 19 NACA RM No. LBL27a
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Figure 19.— Characteristics of NACA 10-(5X08)-O3R propeller.
Rotational speed, 1500 rpm; 15075R =459,
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Figure 20.—Characteristics of NACA 10-(5¥08)-03R propeller. Rotational
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(b) Power coefficient.

Figure 20— Continued. Rotational speed, 1800 rpm.
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Fig. 21a NACA RM No. L6L27a
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(a) Thrust coefficient.

Figure 21.—Characteristics of NACA 10-(5X08)-03R propeller.
Rotational speed, 2160rpm.
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(b) Power coefficient.

Figure 21.—— Gontinued. Rotational speed, 2160 rpm.



Fig. 21c ' NACA RM No. L8L27a
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Figure 21.——Concluded. Rotational speed, 2/60rpm.
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{(a) Air-stream Mach number at maximum efficiency = 0.645.

Fig. 222

Figure 22 —Characteristics of -NACA 10-{5)08)-O3R propeller at high

- forward speeds.
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Fig. 22b NACA RM No. L6LZ27a

-
(&)
=
@
L
=
]
o |4
S
2
o ¥ |2
@ L =5 B
= T
v t b bt -
S .10 SR 10 =
s . S >
LN L = = g - -
S g A & -
& E": 2 8
- s a: 'g
- ud S
g c
o 6 _
& 3 S
P4 T =
8 PR 4
" S
e nt,-“"'l_t(_'l
e 1 0
o 260

0850 22
Advance ratio, J

NATIONAL ADVISORY
COMMITTEE FOR AEROMAUTICS

(b} Air-stream Mach number at maximum efficiency=0.661,

Figure 22.- Concluded.
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Figure 24.— Gomparison of the envelope efficiency of NACA 10-(5X08)-03 and

10-(5X08)-03R propellers at 1350 rpm with the optimum efficiency of

a two-blade propeller with the Betz loading.
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NACA RM No. L6L27a Fig. 27
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Figure 27.— Efficiency of NACA 10{5)08)-03 and 10-(5X08)-O3R propellers

at constant power coefficients and constant rotational speed of [140rpm.



Fig. 28 NACA RM No. L6L27a
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Figure 29.— Comparison of envelope efficiency for NACA 10-(5)(08)-03 and

4-(5)(08)-03 propellers. (Data from reference 3.)
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Fig. 30a NACA RM No. L8L27Ta
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Figure 30.—Comparison of characteristics for NACA

10-(SY08)-03 and 4-{5X08)-03 propellers.(Data from
reference 3.)
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Fig. 30c NACA RM No. L6L27a
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Figure 30.— Concluded.



