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RI SEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS AT HIGH SPLREDS
OF FULL-~SCALE PROPELLIRS HAVING
DIFFERENT SHANK DESIGNS

By Julian D. Maynard
SUMMARY

Tests of two l0-foot-diameter two-blade propellers
which difrered only in shank design have been made in the
Langley 16-foot high-gspeed tunnel. The propellers are
designated by their blade design numbers, NACA 10~(5)(08)-03,
which had aerodynemically efficient airfoil shank sections,
and NACA 10-(5)(08)=03R, which had thick cylindrical shank
sections typical of conventional blades. The propellers
were tested on a 2000-horsepcwer dynamometer through a
range of blade-angles from 20° to 55° at various rota-
tional speeds and at airspeeds up to 1,96 miiles per hour.,
The resultent tip speeds obtained simulate actual flight
conditions, and the variation of air-stream Mach number
with advance ratio is within the range of full-scale
congtant-speed propeller operation,

Both propellers were very efflcient, the maximum
envelope efficiency being approximately 0.95 for the
NACA 10-(5)(08)-0% propeller and about 5 percent less for
the NACA 10-(5)(03)~03R propeller. Besed on constant
power ‘and rotetional speed, the efficiency of the
NACA 10-(5)(08)-03 propeller was from 2.8 to 12 percent
higher than that of the NACA 10-(5)(08)-03R propellier
over & range of airspeeds from 225 to [15C miles per hour,
The loss in meximum efficiency at the design bliade angle
for the NACA 10-(5)(08}-03 and 10-(5)(c8)-0%R propellers
was about 22 and 25 percent, respectively, for an
increase in helical tip Mach number from 0.70 to 1l.ll.

CLASSIHCATION CANCELLED
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The high drag of the thiek inner ssections cf the

NaCa 10-(5)(08)-C3F prepeller was the chief source of
efficiency loss, espescially at high valuss of advance
ratio corresponding toe high ferward speeds.

INTEODUCTION

The NACA has designed and constructed a series cf
full-scale 10-foot-diamecter prepeller blades to be used
In an extensive research pregram for the purpose cf
improving the high-speed efficiency of propsllsrs, The
orogram includes investigations to determine the effect
af

Blade-shark design

Blade-szction camber (or desien 1ift ccefficient)
Propeller solidity

Thickness ratiec of the blade secticns

Different blade ssctirns (Clark-Y and NaCA 16-series)

This program was first delaysd by difficulties in the
design and construction of a sultable dynamemeter with
which the full-scals prepsllers could be tssted at high
speeds. Subsequéently, spacial war-time projescts with
higher priority delayed ths tests, and an smergency
pregram of tests was begun in the NACa E&-foet high-speed
tunnels These tests were mads with model propsllers 4
feet in diameter, and the results showing the effsct of
compressibllity; selidity, and camber are reported in
references 1, 2, and &: Further tests ¢f medel pro-
pellers made in the 8-fcoot high-spsed tunasl (refersence
4) have shown that the highest propellsr <fficlency can
be obtained cnly if the shanks are very broad and thin,
Also, wake-survey measuremsnts made in flight tests of
ons of the NACA designed prepellers with round shanks
(reference 5) have shown the impertance of improving the
shank sectiens of propellsrs us2d on high-spezsd airplanes.

Tests ¢f the full-scale propellers are now bsing
made 1n the Langley 1l6-feot high-spsed tunnel and, because
of the urgent ngsed fey design informaticn, the data 1in the
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present paper are presented t~ detsrmins the effect of
blade-shank design. & sscendary ourpose of ths present
raper is to compars valuss of prepulsive efficiesncy as
feund in the medel tests with values of prepeller
efficiency bassd on shaft tension as feund in the full-
scale tests.

Ths characteristics of twn of the NaCa prepellers
that differed cnly in shank ﬂe°1gq are presented fer
blade angles ranging frem 20° to 55° at various rota-
ticnal speeds and at airspesds ranging frem 60 to 496
miles per btours The reswultant tip speeds cbtalned simus=
late actual flight ceonditicns, and the varlatien of alr-
stream Mach nunber with advance ratic is within the range
of full-scals constant-spesd propeller cpsraticn.

SYMBOLS
R prepeiliem felmarad ints
T radius at any vlade section
B blade angle at any radius, degrees

BOOTSR blade angle at 0.75 radius, degrees

@ clade -~ ctm cn deslgn 1Lt coerfficlent

b
n blads secticn maximum thickness
b blade wldth, chord.
M gir-strzam Mach number / e
¢ v X “ ﬁ, r\g
Mt helical tip Mach number Km Yl Hoe=;
v alirspesd,; feet ner secand
n prepsiler rotatlcnal speed, nps
D propellsr diemeter,; foetd

I propeller advance ratio  (V/nD)
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mass density of air, slugs per cubic feot
propaller thrust, prunds

thrust cosfricient Qf/pn2D4>

=3

e R N ) )

pewer absorbed by ths propeller, fort-
pounds per secend

[ :55)
Cp powsr ccafficient {P/pn"D

Crr
n prapellsr efficienay (/5%,
- %

APPARATUS

Prepeller dynamemster.- & 2000-<horsepower propsller
dynamometer was used to test the propellers in the Langley
16-foot high-spesed tunnel., The dynamomster is powered
by two 1000-herssrower elsciric moters arranged in tandem
and coupled fer the present tests to allow the power of
both motors to be sxpsnded through a single prepeliler.

4 variable-frequency pewer supply affords an accurats
fpeed contrel “frem E0Q H¢ 2100 rpm with a parmissible
overspeed up to 2280 rpm. The motors are supported in a
housing in such a way that their casings are free to
rotats and alsc fres teo meove axially with ftheir shafts.
The axial and rctatirnal movemsnts are restrainad by
pnevmatic pressurs eapsules, thrust and trrgque being
proportienal tc the pressure rsequired te restrain the
motion. Thrust pressurs is Indicated as thrust force by
neans of pnsumatic scalzs and torgue pressure as torquse
by means of ligquid manomzters. The dynamometer is caliw
bratedf wtth thes prepasller shaft rotating, and both thrust
and torque measurements glve stralght-line calibraticens,
Figurze 1 and 2 are photeograrhs of the dynamemster mecunted
i Big tesll ssctien of Bhe tunnel, end filgure & 1s a
sketch showing priuncipal dimsnsions of ths dynamemetsr
falring and spinnsy’s The' shape of “ths Spinner and fors=
body is designsd to produce uniform axial flew at fres-
strsam veloelty In the plane of the ‘propsller, Pressures
orifices are located between the stationary feiring and
the preopeller spinner te afferd a correctien for any
change in pressure. at the spinner-falring juncturs dus
to the propsllsr operatica. The heles in the spinner
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surface for the propellsr blade shanks are made very
small (fig. 1) but are not ssaled. The dlamstar of the
prepeller spinnsr 1s 21.7 percent of the diameter of a
1C-foot proypeller.

Preopeller blades.- The two-blade propellsrs tested

are d@olgnath lierein by their plade design numbers,
NACA 10-(5)(08)~03 and NACA 10-(5)(082)-03K. The dlEltS
of the blade design numbers have the fellowing signifi—
cance: The digits in the first group of numbers represent
the propellen dbafieter ig feet, -the dlgktslm the Flvsk
rarsnthesis i3 ten times the basic design 1ift coefficient,
the digits in the sacend narsnthesis are the thickness
ratio in percent at the 0.7 radius, and the digits in the
third group represent ths solidity ner blade at the 0.7
radiung, The letter R indiecates a blade with a conven-~
tional cylindrical shank. T e WACA 16-sz2riss vlade
bsctlons are ussd, and the JACA 10-(8)(08)-03 pro-

eller 18 designed to obtain very high asrodynamic

flClenCu, all but the mest slemsntary strength considsr-
atlons being disragardsd,  Efficlent airfeil sectlions
extend to ths spinner surface for this propsller, which
is designed to havs the Betz minimum induced-snesrgy-loss
loading (raference &) whsn opsarating at a blade angle of
45 at the 0.7 radius and an advance ratio of 2.1. The

esign precedure ussd consists in finding the optimum
loading-with nrofile drag assumzd to be zero and then
dstermining ths ba3t blade shape for that lcading when a
thicknsss distribution is assumsd. Ths VaCA 10-(5)(08)-03R
propeller repressnts a structural compromlise having
eylindrical shanks typical of conventional propsllzrs,
Tho Betz load distributicn is maintained sxcept for
sactions nsar the spinner surfaces. Blade-form curves for
the two designs ars shewn in figure 4, and figures 5 and
6 are phctographs of the bladss. A& comparison.cf the
shank sections at two radii is shown in figurs 7.

Thrust, torque; and rotatichal apsed wmare measurgd
for sach nro 2lley duriang tssts at blads engles of 20
50 210 s AR s 0 y
eh 14307, 38 409, 45°, 50%, and 55" at the three-
quarter (45-inch) radius. .A constant rotational speed
was used for mest of the tests, and a range of advance
ratio <J = 55) was covered by changing the tunnel
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airspsed, which could be varisd from about 60 to 496 mliles
per hour. At the highsr blade angles the complets range
of advance ratic could not'bs covered at the higher rota-
tional speeds because of power limitaticns. In order to
cbtain propeller characteristics at maximum tunnsl air-
speeds a blade angle (45°) was choscn for which ths psak
efficiency opsrating condition cculd be attained when the
tunnel airspeed was a maximum and the dynamometsr was
operating at 1ts maximum pewer and rotaticnal spesd. For
these tests at a blade angle of 45° the rotational speed
was varied to obtaln data from peak efficlency to the
zero-torque operating condition. The range of blade
angles coverad at the various rotational speeds used in
the tests of the twe propellers is glven in table I.

KEZDUCTION OF DATA

Tha test results corrected for tummel-wall inter-
ference and for forces acting on ths spinner are presents-
e¢d In the form of the usual thrust and pewer coefficlents
dgnd provellst effiioclenéys

Definition of prepeller thrust.- Prepsller thrust,
a8 uesnd herein, iz derinad as the shaft teneglon cawsed
by ths spinner-to-tip part of ths blade rotating in the
alr strsam. Ths indicated propeller thrust has bsen
corrected by the amount of the tars thrust found in
operating the dynamomstsr and spinner withcut propelier
blades at the sams valugs of airspeed as were usad in the
prepeller tests. A further corrscticn was made for the
influence of the pressure fisld of the prop=llsr acting
at the juncturs betwssn ths spinncr and ths stationary
fajiring. The change 1n splinnsr thrust due to a change inm
pressure at the spinnesr-fairing juncture varicd with pro-
peller operating conditicne and was determinsd from
pressure measursments in the juncture bastwsen the pro-
peller spinner and ths fixed fairing at the rear of the
spimmer. Valuss of thrust coe¢fficient wers changed an
average of 0,001 by this correcticn to the spinner thruste.

Correcticn for wind-tunnel-wall intsrfersnce.~ A
correction has been arplizd to the tuannszl datum vzleeity
to obtain the corresponding frece-stream airspesd. This
corrsction 18 nocessary because the flow past the pro-
paller 1s constrained by ths walls cf the tunnsl, and the

¢
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axial velocity which'cccurs in front of the propeller
in the wind tunnel differs from that which would cccur in
free air under the same operating ccnditicns. This
eaguivalent frse airspeed has been dstermined expari-
mentally and was found te agree well with values calcu-
lated frem Glauert's equaticn (referencs 7); hencs, only
the theoretical correction has been used for ths data
obtained in these tests. alse an investigation has been
made (reference 8) which indicates that no tunnel-wall
effects of significant magnitude sxist other than those
for which Glauert's correction is applied. The maximum
correction for any condition of operation was approximately
7 percent (highest valus of thrust ceoefficient for the
lowest value of advance ratio), but fer the psak offi-
ciency conditien the correction for wind-tunnel wall
Interfarence amcuntsd te less than 2.2 percent at all
valuss of advance ratie akove 0,7 and te less than 1 par=-
ent at values above 1.2,

RISULTS AND DISCUSSION

Faired curves of thrust coefficient, power ccsf-
ficlient, and propellsr sfficiency plott d against
advanﬂe ratie are pressntsd in figures 8 through 16 feor
they NAC A 10 (%)(03)-\1 prepeller and in figures 17 through

22 Ior the NACA 10-(5) (08)-03K prepsiler. Test peoints
are shown on the f'Eu“=3 giving thrust and power ccef-
flelentsl The variaticn of airestream Mach number and

helical tip Mach number with advane€ ratlo is shewnh én
the Figare sy giving prépeller efficlaney,

In the tests eof the NACA 10~(5)(08)-0% preopaller at
a retaticnal speed of 1140 rpm a blade-flutter conditien
was encountsrsd for_blade angles of 45° and 5G°. The
flutter was detectdd by scund and ¢ccurred when the blades
wars operating ian & stallad condiflon as shewn In figure
8.

Saveral lssts ware repeated during the test pregram
and the results ohtainad agrssd with the rssults pre-
sented within 1 percant. For purpcses ci coemparison,
therefiore, thevdata Ars conslddsred ateurilbe to within 1
p3resnt and the falrsd snvelepss are bslisved to be
accurate to wilithin“much closgr limits.
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Bffeect of shank dasien cn maximum efficisncy.- The
ﬁnve¢opq curves nf propsiler efficiency at the diffsrent
st rotational sp=acds ars shown in figuru R e andte

.ACA 10-(5) (08)-02% and 10-(58)(C8)-03K propsllers. The
curves show high efficiancies for both prepsllers, parti-
cularly at a rotational spesd cf 1350 rpm. At this
rotational speed the NACA 10-{5)(083)-03 precpsller has an
gnvelepe offlcloney of sligh tlv mere than 0,95 at an
advanes (reflio of 2+1. Bhe suwelope efflclency ¢f the
cylindrical-shank Qrcpeller (0.90) is sbecut 5 perceut
l2ss at the same valus of advance ratic and rotaticnal
speed. This difference 1s in agreement with the ressults
raperted in referzunce 4. At 21€0 rpm and an advance
ratio of 1.1 the differsnce in maximum efficileuncy of the
two propellers is abeut 6 percent. This cemparison

shews that at the lowsr advance ratios (cerresspending to
low ferward spceds) & large increase in rotational spa

has only a small affect en the loasgs in afficisncy caused
by the inefficisnt shank sscticns of the

NACA 10-(£)(08)-03R pronsllar. This sffsct was also shown
in the flight btoshll Peapdptsd in vefersnce 5.

Although thare 1s sems difference in the thrust
coaefficlients at maximum efficlency for the two pro-
psllars, ths lewsr efficisncy of the NaCa 10-(5)(08)-03R
prepeller is dus prineipdlly to the higher power ceoef-
fieients a4t maximum efficisney. & comparisen of the
power=coefficisnt curves in figure 18(b) with thoss in
figure 9(b) shews that the values of powsr cosfficient
for maximum officiency are higher for ths prepellsr wlth

cvlindrical shanks than for the propsller with efficient
airfell shanks, and the differsnceée increasss with in-
creasing valuss of advancs ratie. (Similar results ware
reperted in rafsrsnce 4.) Since beth prepallers were

2signsd te have the Betz minimum inducad-cnsrgy-less
loading when opzrating in the reglon of peak efficiency,
the differcence in powsr ccefficisnts for maximum cfficlency
na§ 0@ attributed primérily to differences in proefile

drag of ths blade ssctions at the inner radil. The results
of computaticns pressnted in reference 6 show that profile
drag has a largs effeet on the optimum plan form. Losses
in efficliency due te prefils drag show up as dirsct power
losses and alsc as a corrscticn {(probably small) to tho
induced lossss dus to distorticn of ths wake,

In figure 24 ths envelepe curves of propeller
efficisney fer the NACA 10-(5)(0B)=03 and 10-(5) (08)-03R
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prepellers at 1250 rpm are comparsd with the optimum
efficisncy of a prepeller with the Betz minimum induced-
snergy-less leoading. Ths curve of optimum efficisncy

was calculated by a methed nzglscting all prefile-

drag losses (rsfsrsuce 9) for a two-blade propsller opsr=
ating at the same values ef powsr coefficisnt as were
obtained with the NACA 10-(5)(08)-03 prepellar. The
curves in figure 24 show that the profile-drag lossss are
arproximats ly S to & percent grsater 'for the cyllndrlcal—
shank propellsr than for the proo*l]ﬂr with efflelant &ir-
foil shanks, and the diffsrence increases with increasing
values of advancs ratio and forward spseds. Ths efficiency
loss due. to prefils drag feor the propzller with efficient
airfeil shanks' is very small. This result is in agres-
mant with the theorsetical analysses cof prepellsr power
lossss prsssntad in rafersnces 6 and 9, which show that
the thlck inner ssctlons of conventiconal cylindrlical-
shank prepsllsrs are the chiaf scurcs of blads-drag loss,
e¢specially at high valuss of advance ratio.

The highest afficisncy (approximatsly 0.95) shown in
figure 24 for the NACA 10-(5) (08)-03 prepeller may not be
achisvad unlsss the gap betwaen the spinnesr surfacs and
the wide shanks is kept very small, as was dene in ths
wlnd-tunnsl tests,. This would be alfficult te acccemplish
for an actnal installation of a variasble pitch propsller
on an airplane, but seme msans should be devisad whersby
wide thin blade-rcot sscticns cculd be sxtended to the
svinner surface., Ths diffsrsnces bestwessn tq= sfficlencies
of the FaCA 10-(5)(08)-03 and 10-(5) (08)-031 prepsllsrs
are sufficisnt te warrant considzrable c¢ffort in over-
coming both ths structural and the blade-spinner-juncture
problsems enceuntarsd for a practicablse design using the
shank ssctions of, the NACA 10-(5) (08)-0% propsller.

iffect of comprassibility on maximum 2fficicncy.-
The variatlon cf c¢nvslope efficisncy with helical tip
Mach number is shewn in figure 25 for the NaCa 10-(ES) (08)-03
and 10-(5) (08) -02R prepsllsrs at ths differsnt test rota-
tional specds. The variaticn of air-stream Mach numbsr
with helical tip Mach numbz:r at sach retaticnal spezd 1s
also shewn on figure 25. A curve joining the peaks of the
efffctency unv°1opes fer sach prepellsr would shew ths
maximum 3fficiency obtainable at any combination of rota-
tional spezd and air-strsam Mach numbe¢r. Unfortunatsly,
the enveleops pzaks at some of the higher rotational speeds
were net definltsely sstablishsd because of the power
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limitations previcusly menticnsds At an alr-strsam

Mach monfber - df 0. 33 the spvelepe effieiency of the

NACA 10-(5)(08)-02 propeller drepped 11 psrcent for a
change in helical tip Mach number frem 0.90 te 1.08.

The icerrespendling Jlesg ¥n envelepe efficiency fer -the
cylindrical-shank propellsr was about 12 percent. For

a comstant rotational sgsed the gnyelepe curves of
prepeller efficisncy for tlhe btwe prepellers diverge as
the helical tip Mach number incrsases with alrspeed.

At a constant rctatienal spezsd of 114Q rpm the difference
between the esuvelopes efficiency of the NACA 10-(5)(08)-03
and 10-(5)(08)-0&K nrepellers increased 4 percent for a
change in helicsl tip Mach mumber frem 0.60 te 0.75.

This comparisen clearly shows the superiority cf the
propsller with asrcdynamically efficient airfeil shanks
at high values of advance ratioc and forward speeds and
also shows that ths lesses due to inefficilent shank
sections of ceonventicnal constant-spesd propellers may be
considerable at low values cf helical tip Mach number.

The famlliar loss in maximum efficiency due to com=-
pressibility is shown in figure 26 feor the twe propellers
tested at a blade angle of 45° at the 0.75 radius. The
data for the higher hslical tip Mach numbars were obtained
froine the results pregentsd in figures 16 .and 22. The
maximum efficiency of the NACA 10-(5)(08)-02 prepeller
decreased from abecut 0,95 at a helical tip Mach number of
070 to 0.73 at a helical tip Mach number of 1.14. The
eritical tip Mach numbsr fer this 22 psrcent lcss 'was about
0«83+ The correspcending decrease in maximum efficiency
for the NACA 10-(5)(08)-03K wnropsiler was from 0,90 to
0.65, or a loss of Z5 percent. The critical tip Mach
number fer ths cylindrical-shank propeller was alse about
O0+83« At the highest hslical tip Mach number obtained in
the tests (M, = 1.23) the maximum efficisncy cf the
NACA 10-(5)(68)-05R propeller was only 0.57. In figure
26 ths varlation of maximum sfficiency with helical tip
Mach numbsr for a model prepsller (N4CA 4-(5)(08)-0Z,
reference 3) is shown for comparison. The difference in
critical tip Mach numbsr fer the full-scale and model
propellers is perhaps due te the difficulty 1n dsfinitely
establishing this pecint from the available data and dess
not necessarlly dndigats serlious discrepancies in the
data. It should be pointad out, however, that the full-
scale tests were axtendsd te include higher hslicel tip
Mach numbers than these obtained in the medsl tests.
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Constant-pewar prepsller opsraticn.- salrplans
propelisrs often opsrate cvar an extensive range of
advarice ratio at censtant rotational spead and terqus.
Since thu cw r abvserption aqualitiss of the
NACA 10-(5 -02 propzller diffarsd from these of the
NACA 10-(5) (0 ) -03R prepsllsr, ths data were analyzed
at several valuss of constant pewsr cecefficlent for a
constant robtaticnal spsed cf 1140 rpom. Ths rasults of
this analysis, prasented in figure 27, previde a bettaer
comparisen of ths effilciency of ths twe propsllars than
ons bassd on advance ratio alons. at a power ccefficient
of 0,15 (0.075 per blads) the sfficlency of the
NACA 10-(5) (08)-03K propsller is almest ths sams as for
the NACA 10-(5)(03)-0% pnrepsller at an advance ratio of
0.9, but at an advance ratiec of 3.5 ths efficlency of the
cylindrical-shank propellsr is 14 percsat l:sss than the
efficisncy of ths prepsller with afficient airfoll shanks,
Similar results ware reportzd in reference 4 and wsre
gxplained by ths diffsrence in load distributicn shown
by wake surveys. The low lecad-carrying capacity of the
cylindrical shank szctions of ccaventicnal propsllers
makes it necessary fer the more efficlent outboard ssctions
to carry more lead, which may bz accomplished at low speeds
without ssrleus dstrim:ntal 3ffectse At high speeds,
howsvear, fha high thrust leads for the sectlons ¢fi toe
pRapSIEeE Sthait havs the highzr resultant ssction spesds
will cause carlisr advsrse comprsssibility effects cr
8tall of thsssé sscticns. Ths gffsct of incresasing ths
value of constant peowsr ccefficient was zimilar fer both
propellers; the sfficiancy was decrsassd at the lower
advance ratles and was incrsassd at ths higher advance
ratios. - This effogl 19 charactgri tia¢ for Akl propelled,
and the superiority of ths NaCA 10-(5) (08)-03 prepsller
over the Nafha 10-(5)(03) Ovn prcn°11ur is dafinitely
1llustrated fer beth climb and high-epsed ccnditlons ef
opsratien. In figurs 28 ths diffcerence in efficisncy he-
tween the two propellers for a constant rotational speed
of 1140 rpm and a ccnstant powsr ceefficiznt per blads of
0.1 is shown over a range of airspeseds from 225 to 480
miles per hour. Over this rangs of alrspeeds the helical
tip Mach number 4id not excesd 0,79, and the
§ACA 10-(5)(08)=02 pronsllser was from 2.8 to 12 percant
mors efficisnt than the NACA 10-(5)(0C8)-023K prepzller.

Comparisen with rssults from medel tasts.- The modsl
of ths NACA 1C-(5)(08)-0% prepellsr was tasted in the
Langlsy 8-fcot high-speed tunnsl, and ths results ars
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pressnted in reference 3., The data frem the tests of
this medel prepzller, which was 4 feet in dlameter

(NACA 4-(5)(08)~03 nrepmsller), have been compared with
the data frem the ts3sts eof thz full-scals propsllsr.
Figure 29 shews a compariscen of the envalope efficisncies
¢f the full-scale and medel prepellers ovar a range of
air-stream Mach numbers frem 0.175 te 0.56. Ths envelope
sff¥clency of the fullsEfdiec prepeliecr: is higher than

that of the medel prepgller by 1% to % penégnt over ths
range cf advance ratic frem abecut 0.8 to 2.8, The differ-
ences over mest eof this rangs of advancs ratio ars perhaps
within the 1limits of ¢xparimsntel accuracy cf the two sets
of data, but the diffepenses in snvelope e¢fficlency may
pcssibly be explained as fellows:

(1) The valuss of thrust fer the full-scale
prepeller ars based on shaft tension, whereas the values
for the model prrpslisr &are based on propulsive thrust
and nc allowance is mads for the cnange in skin friction
due to the propsllisr copsration,

£2) The Keynelds numbers for the model tests were
lowsr than these for the full-scales tasts.

(8} Ths spinner diamster was 0.217 of the prepesller
diameter 1n the full-segie tegts amd 04,833 of the propslier
dlametzr in the medel tasts.

Lhe cheracterisileg ! of the full-scale gnd modsl
prepellers are compmarsd in figure 30 by curves shewing
the variaticn of pewsr cosfficlent with thrust cecef-
ficlaont -at sgvaral hLiade gngles foP thres values of
constant air-strsam Mach number, Such a cemparison
eliminates discrspanciss which might show up as a rasult
of a slight diffsrence in blade-angle setting. The curves
for the two prepellsrs are in elesg agresement, particularly
in the range of maximum efficisuney.

CONCLUSIONS

High-spead wind-tunnsl tssts of two full-scals two-
blade propsllers hawe. bign madel for a range of blade
angles frem 20° to 559 at airspseds up to 496 milss per
hours The propeslilers arg designatsd by their blade
design numbsrs, NaCa 10-(5)(03)-03, which has
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asrodynamically efficisnt airfcil shank ssctions, and

NACA 10-(5)(03)-031, which has thieck cylindrical shank
sections typlcal of convsational blades. Ths results

of these tests and comparisensz with results obtalasd

frem provicus tests of a medsl propallsr (NACs 4-(5)(08)-03
propeller) led to the fellowiag ccnclusicns:

1 The NACA 10-(5)(08)-03 and 10-(5)(08)-03K pro=-
pellers are very officlant, particularly for ths.deslign
condition of operation. At a retational spezd of 1E50 rpm
the NACA 10-(5)(08)-0Z propeller has an envaelepe sfficiency
of approximately 0,95 at an advance ratio of 2.1. The
gnvelope efficisncy of the 10-(5) (08)~03ER propellar is
about 5 percent lsss at the same valus ef advance rsatie
and rotational spzzd.

2 Based on censtant powar absorpticn (powsr
cosfficlent .ef 0.1 psr blade) and censtant rctaticenal
spsed (1140 rpm) tho NaCla 10-(5)(08)-03 prepsllsr is
from 2.8 te 12 percsent mere <fficient than the
NaCA 10-(5)(08)-02Kk prepell:r ovar a range of alrspeads
from 225 to 450 milss psr hour. For this rotational
spesd and rangs of alrspseds the heliecal tip Mach number
dese net excesd 0.79.

Se The critical tip Mach numbsr feor maximum

efficisncy at the design blade angls of 48° 1s approximately

083 for both ths NACA 10-(5)(08)~CZ and 10-(8)(08)-02R
prepelikens.,

4, The lesg in maximum sfficlency at the desizn
blade angle of 45° For ths NACA 10-(5) (08)-03 and
10-(5) (0€)-02R prepsllers iz abcut 22 and 25 percent,
respectivaly, for an 1lncrsass in hslical tip Mach numbser
Erom O=70 to 1.14,

S. The high drag ef ths thick inper sectlions of
the NaCA 10-(85)(08)-02K preneller was the chiszsf scurce of
efficlsney less, especilally at high valuss of advance ratio
corresponding te high forward sps2ds.
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6 The envelnpe efficieney obtained fer the full-
scals propeller, NACA 10-(5)(08)=-03, is highar than the
snve lope efficisney ebtained for the modsl prepsller,

NaCs 4-(5)(08)-02, by only 1% to % percant ovsr a rangs

of air-strsam Mach numbers from 0,175 teo 0.56.

Langley Msmorial Acronautical Laboratery
Natienal Advisery Committse fer acsrcnautlces
Langley Figld, Va.
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RalGI OF BLaDE ANGLI AND KOTATIONUAL SPIsD

Figure ketaticnal Blade An:zle at
Snecd C.75 radius, Bp.wsR
| (rom) (deg)
NAC%QIO-(S)(O8)—05 orepeller
8 | 1140 35| 40| 45 50} 55
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L) 1506 45
11 1600 20] 25] 30 |25] 40| 45
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MACA 10-(5) (02)-03R prepeller
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Figure 1,- NACA 10-(5)(08)-03 propeller mounted on dynamometer
in test section with tunnel open.
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NACA 10-(5)(08)-03 propeller mounted on dynamometer
in test section with tunnel closed,.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA

BLGTIQT "ON INY VOVN

g "3



SUPPORT STRUT

| . =
T |

TUNNEL |

| - _ I
/16 FT.2 /QF’.' 26°D. 3Je D JTD
/ SUPPORT STRUT FASTENED
3 RIGIDLY TO TUMVEL WALL

TUNNEL WALL ——/ Z

NOSE SPINNER AND PROPELLER SPINNER
FREE TO MOVE AXIALLY, RESTRAINED
BY PNEUMATIC THRUST CARSULE

FAIRING FASTENED RIGIODLY TO
/ DYNAMOMETER HOUSING AND

BALZTQT "ON INH VOVN

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 3.— CONFIGURATION OF DYNAMOMETER FOR TESTS OF NACA [0+5Y08)-03 AND 10-(5f08)-03R PROPELLERS.

¢ '31g



Fig. 4 NACA RM No. L6L27a

v T e S B
e Developed plan form
60
56 —U b
52 I Leading edge> |
:“ Spinner location
.48 \
!
\
44! 1 ; b 78
N )
i 3 L [ —— NACA [0-(5)(08)-03 propeller e b
) i \ _
XR< NACA [0-5X08)-03R propeller
36| 09 B 70 |9 ®
1 : (&4
G 0 N NG
NS 32|~ 08 A 66 |8
i - N /DN o 5
S = \ o i s O ‘O
o 28| o007 L N 62 © |7 i
= 5 LXK i B il I
> 24 " os N A B8
: ¥ 58 ~|6
7 < 4 6.2 AN o
(eb} !d (@) =,
C 20| 305 4 s \-L/—»»\ 54 515
S = i \ N M T 5
£ 3 Al gl, &
16|.73.04 /Q]/b—( 17 N T
'§ m /\\ @ =
~— (@)
o 12| 03 SN a6 |3 -
08 02 ; 92 |2
RN ®
™ S
04/ ol \-{-\\- - R
SR T e SR N A

Fraction of tip radius, r/R _ariowa aovisory

COMMITTEE FOR AERONAUTICS

Figure 4—Blade-form curves for NACA 10-(5X08)-03 and I0-GX08)-03R

-

propellers.



NACA RM No. L6L27a Fig. ©

NACA LMAL #6148

Figure 5.- Blades of NACA 10-(5){(08)-03 propeller.
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NACA 10-(SXO8I O3 ) Blade sections ot 0.2 radius.
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Figure 7.- Gomparison of shank sections of NACA |O-(5X08)-O3 and 10-(5X08)-03R
propellers.
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(@) Thrust coefficient.

Figure Il.—Characteristics of NACA 10{5X08)-03 propeller. Rotational speed,
600 rpm.
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Continued. Rotational speed, |800rpm.
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Figure 13— Concluded. Rotational speed, 2000 rpm.
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(b)Power coefficient.

Figure (4. Continued. Rotational speed, 2100 rpm.
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(b) Power coefficient.

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



NACA RM No. L6L27a Fig. 15¢

Efficiency, N

Mach number, M

0 2 4 B 8

Advance ratio, J

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(c) Efficiency.
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at high forward speeds. /6’075R=45?
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(b) Air-stream Mach number at maximum efficiency, 0641,

Figure 16.— Concluded.
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Figure 17 —Characteristics of NACA 10-(BY0R)-0O3R propeller. Rotational speed,
1140 rpm.
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(b)Power coefficient.

Figure 17— Continued. Rotational speed, 1140rpm.
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(a) Thrust coefficient,

Figure 18— Characteristics of NACA 10-(5)M0O8)-03R propeller.
Rotational  speed, 1350 rpm.
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Figure 19.— Characteristics of NACA 10-(5(08)-O3R propeller.
Rotational speed, 1500 rpm; '6075R =45°,
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(a) Thrust coefficient.

Figure 20.—Characteristics of NACA 10-(5X08)-O3R propeller. Rotational
speed, 1800 rpm.
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Figure 20— Continued. Rotational speed, 1800 rpm.
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(c) Efficiency.
Figure 20.— Concluded. Rotational

speed, 1800 rpm.
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(0) Thrust coefficient.

Figure 21.— Characteristics of NACA 10-(5X08)-03R propeller.

Rotational speed, 2160 rpm.
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(b) Power coefficient.

Figure 21.—— Continued. Rotational speed, 2160 rpm.
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(a) Air-stream Mach number at maximum efficiency = 0.645.

Fig. 22a

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

forward speeds.
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Fig. 22b NACA RM No. L6L27a
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(b)Air-stream Mach number at maximum efficiency=0.661.

Figure 22.- Concluded.
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Figure 24.— Comparison of the envelope efficiency of NAGA 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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Figure 27.— Efficiency of NACA 10{5)08)-03 and 10-(5X08)-O3R propellers

at constant power coefficients and constant rotational speed of 1140 rpm.
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Figure 28.—Variation of the difference in efficiency
between NACA 10-(5)(08)-03 and 10-(5)(08)-03R
propellers with airspeed. Constant propeller
rotational speed, 1140rpm; constant power
coefficient per blade, O.1.
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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. L6L27a

.20 7

.18

16

14

558 el
Q. —— NACA [0+(5Y08)-03 propeller
o |12 ' -
R S NACA 4-(5Y08)-03 propeller
1= i i
-g 10
5 &l =25 £ N
Pt - [+
W 075K 2>/
- Vi
o A
2
£ 06 v
e
04 //?//20°
A
02 /;/
///.
0]

0 Qe T8 008 10 12

Thrust coefficient, CT
(0) M= 023 3 NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Figure 30.—Comparison of characteristics for NACA

I10-(3)08)-03 and 4-(5X08)-03 propellers. (Data from
reference 3.)
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Figure 30.— Concluded.
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