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AERODYNAMIC CHARACTERISTICS AT HIGH SPEEDS
OF FULL-SCALL PROPELLERS HAVING
DIFFERENT SHANK DESIGNS

By Julian D. Maynard
SUMMARY

Tests of two l0~foot-diameter two-~blade propellers
which differed only in shank design have been made in the
Langley 16-foot high-speed tunnel. The propellers are
designated by their blade design numbers, NACA 10-(5)(08)=-03,
which had aerodynamically 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-horsepower dynamometer through a
range of blade-angles from 20° to 55° at various rota-
tional speeds and at airspeeds up to 1,96 miles per hour,
The resultant 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
congstant-speed propeller operation,

Both propellers were very efficlent, the maximum
envelope efficiency being approximately 0,95 for the
NACA 10-(5)(08)-03 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 propeller
over a range of airspeeds from 225 to LL5C miles per hour,
The loss in maximum efficiency at the design blade angle
for the NACA 10-(5)(08)~03 and 10-(5)(08)-03%R propellers
was about 22 and 25 percent, respectively, for an
increase in helical tip Mach number from 0.70 to 1l.lli.
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The high drag of the thick inner ssctions cf the

NaACA 10-(5) (08)-03R prepeller was the chief source of
efficiency loss, especially at high values of advance
ratio corresponding to high forward speeds.

INTEODUCTION

The NACA has designed and constructed a series cf
full-scale 10-foot-diamster propeller blades to be used
in an extensive research program for the purpose cf
improving the high-spsed efficisncy of propellers. The
program includes investigations to determine the effect
of ¢

Blade~-shank design _

Blade-scction camber (or design 1ift ceefficient)
Preopeller solidity

Thickness ratiec of the blade secticns

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

This program was first delayed by difficulties in the
design and construction of a sultable dynamemeter with
which the full-scals prepsllers could be tasted at high
speeds. Subsequently, spacial war-time projescts with
higher priority delayed ths tests, and an emergency
program of tests was besgun in the NACA &-foot high-speed
tunnels These tests were made with model propsllers 4
feet in diameter, and the results showing the effsct of
compressibility, solidity, and camber are reported in
references 1,:2, and &%  Hurther tests cf-model .pro~-
pellers made in the 8<foot high-spsed tunnel (refersnce
4) have shown that the highest propeller efficisncy can
be obtained only if the shanks are very broad and thin,
Also, wake-survey msasurements made in flight tests of
one of the NACA designed prepellers with round shanks
(reference 5) have shown the impertance of improving the
shank sections of propellsrs ussd on high-spesd ailrplansse

Tests ¢f the full-scale propellsers are now besing
made in the Langley 16-feot high-spsed tunnel and, because
of the urgent nsed for design information, the data in the
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present paper are presesnted tr detesrmins the effect of
blade-shank design. & sscendary purposse cf the present
paper 1ls te comparse valuss of preopulsive efficiency as
feound in the mcdel tests with values of prepeller
efficiency based cn shaft tension as fecund in the full-
scale tests.

The characteristics of twn of the NACA propellers
that differed only in shank ﬂe 1lgn are pweQQnted fer
blade angles ranging frem 20° to 55° at various rota-
ticnal speeds and at airspeeds ranging frem 60 to 496
miles par hcour. The resultant tip speeds cbtained simu=-
late actual flight conditicns, and the variation of air-
stream Mach nunber with advance ratic is within ths range
of full-scale constant-spesd proneller cpsraticn.

SYNBOLS

R prepaller tip radius
r radius at any blade ssction
P blads angle at any radius, degrees

BOQTSR blads angle at 0.75 radius, degrees

c blade~section design 1ift coefficlent
L :
h blade secticn maximum thickness
b blade width, cherd.
M air-strzam Mach number / .
r . t-a 2 TT\2
Mt helical tip Mach number A M vl H= )
v airspeed, feet per second
n propeller rotaticnal speed, rps
D prepellsr diameter, feet

J prepeller advance ratie  (V/uD)
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mass density of air, slugs per cuble foot

P

T propaller thrust, pounds

e thrust coefficient QT/pn2D4)

¥ powsr absorbed by the propeller, foot-
pounds per secend

35)
Cp powsr ccafficient (P/pn D

C 1
n propellser efficlency (;—i\
| \ B/

APPARATUS

Propellsr dynamemster.- A 2000-horsspower propeller
dynamomster was used to test the preopellers in the Langley
l6=foot high-spsed tunnsl, The dynamomster is powered
by two 1000-herssnowsr electric motors arranged in tandem
and coupled fer the present tests to allow the powsr of
both motors to be expsnded threrugh a single propeller.

A variable-frequency pewsr supply affords an accurate
Speed centrel frem 200 to 2100 rpm with a psrmissible
overspecd up to 2280 rpm. The motors are supported in a
housing in such a way that their casings are frec to
rotats and alsec fres te move axially with their shafts.
The axial and rctaticnal movemants are restrainzd by
pneumatic pressure capsules, thrust and tnraque being
proporticnal to the pressure required te restrain the
motion., Thrust pressure is indicated as thrust force by
means of pneumatic scalss and torque pressure as torque
by means of liguld manomstsrs, The dynamometsr is call-
brated with the prepellsr shaft rotating, and both thrust
and torque measurements glve straight-line calibrations,
Figurss 1 and 2 ars photeographs of the dynamomster mounted
in the test section of the tunnsl, and figure 3 is a
sketch showing principal dimensions of ths dynamometar
fairing and spinnar. The shaps of ths spinnsr and feore=-
body is designed to produce uniform axial flew at free-
Stream veloeity in the plane of the prepsller., Pressure
orifices are located betwssn ths stationary fairing and
the preopeller spinner tec affcrd a correction for any
change in pressure at the spinner-fairing juncturs dus
to the propsller operaticn. The heles in the spinner
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surface for the propellsr blads shanks are made very
small (fig. 1) but ars not sealed. The dlamster of the
prepellsr spinner is 21.7 percent of the diameter of a
10«foot propeller.

Propeller bladas.- The two-blade prone]laro tested
are des1gnatnd Tiersin by their blade aeelpn numbers,
NACA 10-(5)(08)-03 and NACA 10-(5)(08)-03K. The digits
of the blade design numbers have thP Iollow1ng signifi-
cance: The digits in the first group of numbers represent
the propeller diameter in feet, the digit in the first
rarsnthesis is ten times the basic design 1lift coefficient,
the digits in the secend parsenthesis are the thickness
ratio in percent at the 0.7 radius, and the digits in the
third group represent the solidity per blade at the 0.7
radius. The letter R indicates a blade with a conven-
tional cylindrical shank. The NACA 16-ssries blade
sections are used, and the NACA 10-(5)(08)-03 pro-
peller is designzd to obtain very high asrodynamic
efficiency, 2all but the mest slemsntary strength consider-
atlons being disrsgardsd. Efficient airfoil scections
extend to the spinner surface for this propsller, which
1s designed to havs the Betz minimum induced-ensrgy-loss
loading (rsference 6) when opsrating at a blads angle of
45" at the 0.7 radius and an advance ratio of 2.1. The
design procedure usad consists in finding the optimum
loading with profils drag assumed to be zero and then
dstermining the bsst blade shape for that loading when a
thicknsss distribution is assumsd. Ths NaCA 10-(5) (08)-03R
propeller represents a structural compromiss having
cylindrical shanks typical of conventional propsllsrs,
The 2Betz load distribution is maintained sxcspt for
sections near the spinner surface. Blade-form curves for
the two designs ars shewn in figure 4, and figures 5 and
6 are photographs of ths bladas. A comparison cf the
shank sections dt twe radii is shown in figure 7.

TEST3

Thrust, terous, and rotational spszsd wars meaourad
fog & sach hrop>114“ during tgsts at blade angles of 20°
25, 20", 35 20°%, 459, 50%, and 55° at the three-

¢ J
quarter (45 1ncb) radlus. ‘A constant rotational spced

-was used fop most of ths tests, and a range of advance

ratio (ﬁ = Eﬁ) was covered by changing the tunnel
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airspeed, which could be varisd from about 60 to 496 miles
per hour. At the hlighar blade angles the complets range
of advance ratio could not be covered at the higher rota-
tional speeds because of powsr limitaticns. In crder to
cbtain propellsr charactsristics at maximum tunnel air-
speeds a blade angle (45°) was chosen for which ths peak

'efficiancy operating condition cculd be attained when the

tunnel airspesd was a maximum and the dynamometsr was
operating at its maximum pcwar and rotational spesd. For
these tests at a blade angle of 45° the rotational speed
was varied to obtaln data from peak efficiency to the
zero-torque operating condition. The range of blade
angles coversd at the various rotational speeds used in
the tests of ths twe propellers is given in table I.

REZDUCTION OF DATA

Ths test results corrected for tunnsl-wall inter-
ference and for forces acting on the splnner are present-
ed in the form of the usual thrust and pcowsr coefficlents
and propeller efficiency.

Definition of prepseller thrust.- Propsller thrust,
as usad herein, is definsd as ths shaft tension caused
by ths spinner-to-tip part of ths blades rotating in the
air strsam. Ths indicated propeller thrust has bsen
corrected by the amount of the tare thrust found in
operating the dynamomster and spinner without propsllsr
blades at the sams valuss of airspsed as wsre usad in the
propeller tests. A furthser corrsction was made fer the
influence of the pressure fizld of the propesllsr acting
at the juncturs betwssn ths spilnner and the stationary
fairing. The change in spinnsr thrust due to a change in
pressure at the spinnsr-fairing juncture varicd with pro-
peller opsrating conditlrns and was determined from
pressure maasursments in the juncture betwsen the pro-
peller spinner and the fixsd fairing at the rear of the
spinmmer. Valuss of thrust coefficient were changed an
average of 0,001 by this correcticn to the spinner thrust.

Correcticn for wind-tunnel-wall interfersnce.-~ A
correction has besn applisd to the tunnzl datum vzlecity
to obtain the corresponding free-stream airspesd. This
correction is nocessary bscauses the flow past the pro-
paller 1s constrainsd by the walls cf the tunnsl, and the
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axial velocity which'occcurs in front of the propeller

iIn the wind tunnel differs from that which would occur in
free alr under the same operating conditions. This
equivalent free airspeed has been dstermined experi-
mentally and was found te agree wsll with values calcu-
lated from Glauert's equation (referencs 7); hencs, only
tne theoretical correction has been used for the data
obtained in these tests. 4also an investigation has been
made (reference 8) which indicatss that no tunnel-wall
effects of significant magnitude sxist other than these
for which Glauert's correction is applied. The maximum
correction for any conditicn of operation was approximately
7 percent (highsst valus of thrust coefficient for the
lowest value of advance ratio), but for the peak affi-
ciency condition the correction for wind-tunnel wall
interfarence amcuntsd to lsss than 2.2 percent at all
valuss of advance ratio abtove 0,7 and to less than 1 psr-
cent at values above 1.2,

RESULTS AND DISCU IOT\T

Faired curves of thrust coefficient, power ceosf-
ficient, and propellzr efficiency plottesd against
advance ratic ars prssantsd in figures 8 through 16 for
the NACA 10-(5)(08)-02 prepeller and in figures 17 through

22 for the NaCA 10-(5)(08)-02R propsiller. ast points
are shown on the figurss giving thrust and power ccef-
fleclents.. . Phe vur"aq1on of air-~stream Mach numbsr and

helical tip Mach nuwber with advaned ratio is shown en
the figures giving prepeller efficilancy.

NACA 10~(5)(08)-02 prepsller at
C rpm a blads -flutter conditlion

In the tagts
; 4

e angles of 45° 4nd 50°, The

S

1

a retational spesd
was encountered fo
flutter was detect:
ware operating ian
8.

und and cccurred when the blades
d conditien as shewn in figure

asts ware repeated during the test program
8 obtainad agrsed with the results nze-

n 1 percent. For purpcses cf compariso

he data ars considarsd accurate to w1thin 1

' fairsd znvelecpes are belisvsed to be

nemuach closer limits.

ssnted w
therefore
parcent and t
accurate to w

-
.

© W
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Bffect of shank design on maximum efficiency.- The
envelopu curves nf prepeller efficiency at the different
st rotational spesds are shown in figurs 23 fer the

NACA 10-(5) (08)-03 and 10-(5)(08)-03R 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)(03)-03 precpsller has an
envelope efficlency of slightly more than 0,95 at an
advance ratio of 2.1. Ths snvelepe efficlency of the
cylindrical-shank orepsller (0.90) 1s abecut 5 percent
lass at the same valus of advance ratic and rotational
speed. This difference 1s in agreement with the results
raported in referznce 4. At 2160 rpm and an advance
ratio of l.1 the differance in maximum efficiency of the
two propellsrs is abecut € percents This comparison

shows that at ths lowsr advance ratios (corresponding to
low forward speeds) & large increase in rotational spsed
has only a small effect on the loss in afficlency caussd
by the inefficisnt shank ssctions cf ths

NACA 10~(5)(08)-03R propsllsr. This offsct was also shown
in the flight tests rsportsd in reference 5.

Altheugh thare 1s seme difference in the thrust
coaefficients at maximum sfficiency for the two pro-
pellsrs, ths lowsr efficlsncy of the NACA 10-(5)(08)-03R
propeller is duz principally to the higher nowsr ccef-
ficients at maximum efficisncy. A comparison of the
power=coefficisnt curves in figure 18(b) with thosz in
figure 9(b) shows that the values of powsr cosfficisnt
for maximum officisncy are highsr for the propellsr with
cylindrical shanks than for ths propeller with efficilsnt
airfeill shanks, and the differsnce increcasss with in-
creasing valuses of advance ratie. (Similar results ware
reported in refsrence 4.) Since beth propsllcrs were
designsd to have the Betz minimum inducad-ensrgy-loss
loading when opsrating in the region of peak efficiency,
the differsnce in powsr ccefficisnts for maximum cfflclency
may be attributed primarily to differences in profﬁlv
drag of the blads sactions at ths inner radil. The results
of computaticns oer‘nt ra i in rePal,ncb 6 show that profile

rag has a largs effect on the optimum plan form. Losses
ln efficlency due te prcfils drag show up as dirsct power
losses and alse as a corrscticn (probably small) to ths
Induced lossss dus to distortion of the wake.

In figure 24 ths enveleps curves of propeller
afficicncy fer the WACA 10-(5)(08)-03 and 10-(5)(08)-03R
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prepellers at 1250 rpm are comparsd with the optimum
efficisncy of a propeller with the Betz minimum induced-
energy-loss loading. The curve of optimum efficisncy

was calculatsd by a methed nsglscting all profile-

drag losses (refsrsunce 9) for a two-blade propsller opsr=
ating at ths same values of powsr coefficient as ware
obtained with the NACA 10-(5)(08)-03 preopallar. The
curves in figure 24 shew that the profile-drag lcsses are
anproximats 1y 2 to 5 parcent greater for the cylindrical-
shank propsllar than fer the prop~1]ar with efflcisnt alr-
foil shanks, and the differsnce incresasss with lncreasing
values of advancs ratio and forward spseds. Ths sefficiency
loss dus. to prefils drag for the propallsr with efficient
airfeil shanks' is very small. This result is in agres-
mant with the theoretical analysss of prepsllsr power
losses presantad in rsfersnces 6 and 9, which show that
the thick inner ssctions of conventional cylindrical-
shank prop:sllsrs are the chiaf scurcs of blads-drag loss,
especially at high valuss cof advance ratio.

The highsst sfficisney (approximatsly 0.95) shown in
figure 24 for the NACA 10-(5)(08) =03 prope llvr may not be
achisved unlsss the gap bestwaen the spinnsr surface and
the wide shanks is kept very small, as was done in ths
wind-tunnsl tests. This would be difficult teo acccemplish
for an actual installaticn of a variable pitch propsller
on an airplane, but soms msans should be dsvissd whersby
wide thin blads-root sscticns cculd be exteonded te ths
spinnsr surface, The diffsrsnces bvtwg:n tn> efficisncies
of the BACA 10-(5)(08)-03 and 10-(5) (08)-03R propvll*rs
are sufficient to warrant considelable sffoert in over-
coming both ths structural and the blade-spinner-juncture
probloms encountsred for a practicabl: dssign using ths
shank ssctions cof the NACA 10-(5)(08)-0Z propeller.,

4ffect of comprassibility on maximum afficisncye.-
The variation cof envslope sfficiency with helical tip
Mach numbsr is shoewn in figure 25 for the NACa 10-(5) (08) =03
and 10-(5)(08)-03R propsllers at ths diffsrsnt test rota-
tional spescds. The variat'on of air-strsam Mach numbsar
with helical tip Mach numbz=r at sach rotaticnal spesd is
also shown on figurs 25. A curve jeining the pzaks of the
efficicney snvslopes fer sach prepellsr would show ths
maximum sfficisncy obtainable at any combination eof rota-
tional spezd and air strsam Mdch numbcw Unfertunately,
the envelops pzaks at seme of the higher rotational speeds
were not definitsly sstablishzd bvcaas‘ cf the power
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limitations previocusly mentioned. At an alr-stream

Mach number of 0.25 the envelope efficisncy cf the

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

The corresponding loss in envelope efficliency fer the
cylindrical-shank propellsr was about 12 percent. For

a constant rotational spsed the envelope curves cf
propeller efficisncy for the two propellers diverge as
the helical tip Mach number increases with alrspeed.

At a constant rotaticnal spesd of 114Q rpm the difference
between the envelops efficisncy of the NACA 10-(5)(08)-03
and 10-(5)(08)-02K nropellers incresased 4 percent for a
change in helical tip Mach number frem 0.60 teo 0475

This comparison clearly shows the superlority of the
propeller with aerodynamically efficient airfell shanks
at high values of advancs ratio and ferward speeds and
also shews that the losses due to inefficient shank
ssctions of conventional constant-spesd propellers may be
considerable at low values of helical tip Mach number.

The familiar less in maximum efficiency due to com-
pressibility is shown in figure 26 fer the twe propellers
tested at a blade angle of 45° at the 0.75 radius. The

data for the higher helical tip Mach numbers wsere obtained

from the results presentzd in figures 16 and 22. The

maximum efficiency of the NACA 10-(5)(08)-02 propeller
ecreased from about 0,95 at a helical tip Mach number of
0470 to 0.73 at a helical tip Mach number of 1,14. The

critical tip Mach number feor this 22 percent less was about

O«e83¢ The corresponding decrease in maximum efficiency
for the NACA 10-(5)(08)-03R vropeller was from 0.90 to
0465, or a loss of 25 percent. The critical tip Mach
number feor the cylindrical-shank propellsr was also about
0«83« At the highest hslical tip Mach numbsr obtained in
the tests (M, = 1.23) the maximum efficisncy of the

NACA 10-(5)(68)-O5R propsller was only 0.57. In figure
26 ths variation of maximum sfficiency with helical tip
Mach number for a modsl propsller (NaCA 4-(5)(08)-0Z,
reference 3) 1s shown for comparison. The difference in
critical tip Mach numbsr fer the full-scale and modsl
propellers is psrhaps due to the difficulty in definitely
gstablishing this peint from the available data and deoss
not necessarily indicate serious discrepancies in the
data. It should be pointed out, however, that the full=-
scale tests were asxtendsd to include higher hslical tip
Mach numbers than these obtained in the medsl tests.
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Constant-powsr propaller opsraticn.- Alrplans
propellsrs often opsrate cvar an extsensive range of
advance ratio at ceonstant rotational sp3sd and terqus.
Since the powsr-absorption qualitiss of the

$708)
) (0

NACA 10-(5 8)-03 propsller diffsrsd from those of the
NACA 10-(5 8) -03R propsller, th:s data were analyzed

at several valuss of constant powsr ccefficisnt for a
constant rotatienal sps2d cf 1140 rpm. The rasults of
this analysis, prsssnted in figura 27, previde a bettsr
comparisen of the efficisncy of ths two propsllers than
ons baszsd on advance ratio alons. At a powsr ccefficient
of 0,15 (0.075 par blade) ths sfficisncy of the

NACA 10-(5) (08)-03K propsller is almest ths sams as for
the NACA 10-(5)(08)-03 prepsller at an advance ratio of
0.9, but at an advance ratio of 3.5 the efficicncy of the
cylindrical-shank propeller is 14 percsnt lsss than the
3fficizncy of ths prepsllsr with officisnt airfoll shanks.
Similar results ware reported in rafersnce 4 and wers
explainsd by ths diffsrence in load distributicn shown

by wake surveys. The low lecad-carrying capacity of the
cylindrical shank scetions of ccaventicnal prepellars
makes it necessary fer the more sfficisnt outboard ssctions
to carry mors lecad, which may be accomplishad at low speeds
without ssriecus dstrim:ntal sffsctse A4t high spesds,
however, the high thrust locads for the sscticns of the
prepeller that havs ths highsr resultant sscticn speeds
wlll cause sarlisr adverse comprsssibility effects cr
stall of thsse sscticns. Ths effsct of increasing ths
value of constant pow:sr ccefficient was similar for both
propellers; the efficizsney was descresassd at the lower
advance ratics and was incrsased at ths higher advance
ratios. This effsct is characteristic for all propellers,
and the superiority of the NACA 10-(5)(08)-03 propesllsr
over the NaTA 10-(5)(08)-0ZR prepeller is dafinitsly
1llustrated fer both climb and high-spsed ccnditlons of
operation. In figure 28 ths differeuce in efficizncy be-
tween the two propellsrs for a constant rotational speed
of 1140 rpm and a constant powsr coefficisnt per blads of
0.1 is shown over a range of airspeeds from 225 to 450
miles psr hour. Over this rangs of airspseds ths hslical
tip Mach number did not excssd 0,79, and the

NaCA 10-(5) (08) =03 pronsllsr was from 2.8 to 12 percent
mors efficient than the NACA 10-(5)(08)-03RK prepsller.

Compariscn with rssults from medsl tssts.- The model
of the NACA 10-(5)(08)-0% propellsr was tasted in the
Langlsy 8-fcot high-speed tunnsl, and ths results ars
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presented in reference 3. The data frem the tests of
this model prepsller, which was 4 feet in dlameter

(NACA 4-(5)(08)-03 propsller), have been compared with
the data from the ts3sts of ths full-scale propellsr.
Figure 29 shews a comparison of the envslope effilciencies
cf the full-scale and medel propellers over a range of
air-stream Mach numbsres frem 0,175 to 0.56. The envelope
efficisncy of the full-secale propeller 1s higher than

that of the medel propsller by 1% to % parcent over the

range cf advance ratic from abecut 0,8 to 2.8, The differ-
ences over mest of this range of advancs ratio are perhaps
within the 1limits of expsrimsntal accuracy cof the two sets
of data, but the differences in anvelcps eofficisncy may
pessibly be explained as followss

(1) The valuss ef thrust for the full-scale
prepeller ars based on shaft tsnsion, whsreas the values
for the model prrpsller are based on prepulsive thrust
and nc allowance 1s made for the change in skin friction
due te the propesllsr cpsration.

(2) The Reynelds numbers for the model tests were
lowsr than these for the full-scals tests.

(&) Ths spinner diamstesr was 0,217 of the propesller
diamster in ths full-scale tasts and 0,333 of ths propeller
diameter in ths medel tssts.

The characterlstics of the full-scals and modsl
propellers ars comvmarsd in figure 30 by curves showing
the variaticon of powsr cogfficient with thrust coef-
ficient at ssvseral blads anglss for threc values of
constant air-strsam Mach number., Such a comparison
8liminates discrspanciss which might show up as a rssult
of a slight diffsrence in blade-angle sstting. The curves
for the two prepellsrs ars in closs agreement, particularly
in the range of maximum sfficisncy.

CONCLUSIONS

High-spead wind-tunnsl tcsts of twe full-scals two-
blade precpellsrs have bsen made for a rangs of blads
angles frem 20° to 559 at airspseds up to 496 milss per
houre The propsllsrs are designatsd by their blads
design numbsrs, NACa 10-(5)(08)-03, which has
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asrodynamically efficisnt airfeil shank secticns, and

NACA 10-(5)(03)-03%, which has thick cylindrical shank
sections typical of conventional blades. Thes rssults

of these tests and comparisonaz with results obtailasd

frem previocus tests of a medel propsller (NACa 4-(5)(08)=-03
propellsr) led te the fellowing cenclusiens:

iy The NACA 10-(5)(08)-03 and 10-(5) (08)-03K pro=-
pellers ars very sfficlent, particularly for ths design
condition nf opsration. At a rctaticnal specd of 1Z50 rpm
the NAC4 10-(5)(08)-02 propeller has an env=lope officiency
of appreximatsly 0.95 at an advance ratio of 2.1. The
gnvelope sfficizncy of the 10-(5) (08)=03R propellsr is
about 5 percent lsss at thes same valus of advance ratio
and rotational sp3sd.

29 Based on censtant powar absorpticn (powsr
cosfficient .of 0.1 psr blads) and censtant retational
speed (1140 rpm) ths NaCa 10-(5)(08)-03 propsllsr is
from 2.8 to 12 percsent mors cfficient than ths
NaCA 10-(5)(N8)-03Rk prepellsr ovaer a range of alrspeads
from 225 to 450 miles per hour. For this rotational
speed and rangs of alrspsads the helital tip Mach number
deses not excs ad Q.79.

Se The critical tip Mach number for maximum
efficiency at the design blﬂqe angls of 45° is approximately
0.83 for both the NACA 10-(5 (08)-09 and 10-(8&) (08)-02R
prcpsllers,

4, The 1les g in maximum =fflciincy at the design
blade angls of 45° Ffor ths NaCA 10-(5) (08)-02 and
10-(5) (0€) -03R propsllers is abvut 22 and 25 percant,
respectivaly, for an incrsass in hslical tip Mach number
from 0,70 to 1l.14.

5. The high drag of the thick innsr sscticns of
the NACA 10-(5)(08)-03K prerellsr was the cni f scurce of
afficisncy lecss, especially at high valuss of advance ratio
corresponding tn high forward spszds.
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6 The envelope afficisncy obtained fer the full-
scale propsllsr, NACA 10-(85)(08)=03, is highsr than ths
snvelops efficisncy obtained for the meodel prepeller,
NAC4 4-(5)(08)-03, by only 1% to 4 percsnt ovsr a rangs
of air-strsam Mach numbers from 0,175 to 0.56.

Langley Msmorial Asronautical Laboratory
Natiecnal Adviscry Committse fer Asrcnautics
Langley Fizld, Va.
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RalNGZ OF RLADE ANGLZE AND ROTATIONAL SPiiD
Figure Ketaticnal Blade Anzle at
Speed C.75 radiuvs, Pg wsR
| (rom) (deg)
NACA 10-(5)(08)-03 prepeller
8 | 1140 ‘35 40| 45| 50| 55
9 1350 20| 25| 20 35| 40| 45| 50
10 1506 45
11 1600 20} 251 30 | 35| 40] 45
12 800 20| 25| 30 |35} 40
13 2000 20 251 30 |35
14 2100 201 25150
15 2160 201 25} 30
16 Varied 45
__YAca 10-(5) (08)-03R preopells
X7 1140 ;35 40|45 50| 55
18 1250 20] 25| 30 {35] 40 45| 50
1ke) 1500 45
20 1800 20l 25| 30 [|356] 40
2 2160 20| 25| 30
28 Varied 45




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.
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FIGURE 3.— CONFIGURATION OF DYNAMOMETER FOR TESTS OF NACA [0-(5Y08)-03 AND 10-(5Y08)-03R PROPELLERS.
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Figure 5.- Blades of NACA 10-(5)(08)-03 propeller.
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Figure 6.- Blades of NACA 10-(5)(08)-03R propeller.
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Figure 7.- Comparison of shank sections of NACA IO-(5X08)-O3 and 10-(5)08)-03R
propellers.
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(a) Thrust coefficient.

Figure ||.—Characteristics of NAGCA I0-5)X08)-03 propeller. Rotational speed,

600 rpm.

8),2T9T "ON INM VOVN

BT 314 -



N
O

®

o

>

o

@)
L2 PR A el
T

Power coefficient, Cp
o

@)
()
o

P

o
2

TeEaaea

O
N

ok

\’ : Ap o\l

by

O ;

o i R
i i

IEanee. EnaE -

1 \

@)

2 & 8 B 0
Advance

(B o

(b)Power coefficient.
Figure || ——Continued. Rotational

g
.2

4
ratio, J

speed, 1600 rpm.

16 18 20

22 24 26 28

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

qrT *31d

BLETOT "ON INY VOVN



O

o EmEEEEEnEae
e
\ sEEh R NG
\\ \ EHEY i
ol
B 8 e
e
- :5; =
i E 5
6F-H " | - T 112
! : on I HafiE
c 8 | R :

- OF . - 1.0
= [ i ! B B — 8
g_) '4 e 1223 rees “ i I
O
e 1 . g | gl
Y 1 /

g .3 pHeea e - 16
2 MA s L e 4
l et e i L 1
I C F e J’ er'\g// \ L+ il 1 2
’ 1 : t f; N 4-; ~0. » — “. ‘-. i 4 poa
/7 O75R e L jP‘ + 0
8

(c)Efficiency.

Figure |l —Concluded. Rotational

0O 2 4 6 8 10
Advance _ro’rio, J

1.2

14

IS

18 20 22 24 26 2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

speed, 1600 rpm.

Mach number, M

BLZTI9T ON INY VOVN

OTT *314



g

A8

Thrust coefficient, o

0 2 4 & B D12 B 16
Advance ratio, J

O

8 20 22 24

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(a) Thrust coefficient.

Figure 12— Characteristics of NACA 10-(5X08)-03 propeller. Rotational
speed, 1800 rpm.

BgT ‘31

BLGTOT "ON INY VOVN



@

o

|

N

ale

N
(

O
|
|

ol
7

O
D
-
L2

o
]
£
v
V3

Power coefficient, Cp
i3
|
i
|
|

(@)
B
o
i
7l
B%

VG'
L

EERNEST

o
N

-

R B R ALl

2218

|

@)

o S EEmE bt Ty

A L

O 2 4 6 8 10

2 14 16 I8 20 22 24

Advance ratio, J

(b) Power coefficient.

Figure 12.—Continued. Rotational

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

speed, 1800rpm.

BLZI9T 'ON WY VOVN

qgT *3td



)

e

)

j'l“.[‘f L

IR SR OV © NN o) WS IO S 1< &

Efficiency, N

E

e

P
L= i

o &

BN | el Loo0 SeE S o8

T

O

i

B

AI:’ :

o v D

T Q75R
@ 2 4 6

(c) Efficiency.

Figure 12— Concluded. Rotational speed,

8

Advance ratio, J

10

14

18.-20 22

NATIONAL ADVISORY

4

COMMITTEE FOR AERONAUTICS

I80O0rpm.

Mach number, M

oZT *31q

BLCTIOTT "ON INY VOVN



Fig. 13a

HHH R

T

NACA RM No. L6L2T7a

J

?

10

Advance rat

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

t

Icien

Thrust coeffi

)

a

(

03

(5X08)-
rpm.

|O-
speed, 2000

f NACA

ICS O

Ist
Rotat

— Character

=
()
-
=
D2
L

ional

propeller.



NACA RM No. L6L27a

Fig. 13b

T o O

@
O

-
O
dy “JusI01}}800 JaMO(

.8

8

6

4

2

O

. J

10

Advance rat

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

t

iclen

FPower coeff

)

b

(

speed, 2000rpm.

Figure |13 .——Continued. Rotational




NACA RM No. L6L27a Fig. 13c

10—

9
8
’
L 6 2
oo 1.0
QC) s 2
3 | F
E % ; L 8 a“;
4 i : ==y
5 T = e c
FEEE i i i ] , i 8 '
2HAIEstream et 14 5
4 e i R A R R A RS PR G O
& per— HE RSN R : =
i i it I S | 558 i e e
e - - 5o aEaE E
b i i Ea i
i / Yird ": : A5 .o* i
O - ‘ O

O 2 4 6 8 10 12 14 16 I8
Advance ratio, J

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(C)Efficiency.

Figure |I3—— Goncluded. Rotational speed, 2000 rpm.



NACA RM No. L6L27a

Fig. 14a

Advance ratio, J

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

t.

(@) Thrust coefficien

Characteristics of NACA I0(5X08)-03 propeller.

Figure 14.

Rotational speed, 2100 rpm.



NACA RM No. L8L27a Fig. 14Db

12
. 1o
(&)
E: 08
o
<
g 06
$ 04
(o]
a
02
0

6 8 10
Advance ratio, J

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

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

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

Figure 15.— Continued. Rotational speed, 2160 rpm.
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Figure |7 — Continued. Rotational speed, [140rpm.
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(a) Thrust coefficient,

Figure 18— Characteristics of NACA 10-(5(08)-03R propeller.
Rotational  speed, 1350 rpm.
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(c) Efficiency.

Fig. 18c

Concluded. Rotational speed, 1350 rpm.
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Fig, 19 NACA RM No. L6L27a
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Figure 19.— Characteristics of NACA 10-(5X08)-03R propeller.

Rotational speed, 1500 rpm; '6075R =45°,
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(a) Thrust coefficient.

Figure 20.—Characteristics of NACA 10-(5X08)-03R propeller. Rotational
speed, 1800rpm.
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(b) Power coefficient.

Figure 20——Continued. Rotational speed, 1800 rpm.
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(c)Efficiency.
Figure 20.— Concluded. Rotational speed, 1800 rpm.
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Fig. 2la NACA RM No. L6L27a
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(a) Thrust coefficient.

Figure 2I.— Characteristics of NACA [0-(5X08)-0O3R propeller.

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



Fig. 21c
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Figure 2|.—Concluded. Rotational speed, 2!60rpm.
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Fig. 22a

(a) Air-stream Mach number at maximum efficiency = 0.645.

Figure 22 —Characteristics of ‘NACA [0-(5)X08)-03R propeller at high

forward speeds. /8075R' =45°



Fig. 22b
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(byAir-stream Mach number at moaximum efficiency=0.661.

Figure 22.~- Concluded.
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Figure 23 —Envelope curves of propeller efficiency .
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Figure 24.— Comparison of the envelope efficiency of NACA 10-(5X08)-03 and

I0-(5)08)-03R propellers at 1350 rpm with the optimum efficiency of

a two-blade propeller with the Betz loading.

$2 "319

BLZTIQT "ON WY VOVN



N I L I -
|O —Envelope efficiency ot ll40rpm4§] r 1 L 1 J L
: je 1350 rpm rpm JEOO rpm
= e e - 2000 7pm
iy 9 —--TT - e o A ~ —~ /—
L -~ i . -~ ~ s 00Tpm
_g 2 ~ =
g .8 ; A 3
= NACA 10-(5)08)-03 propeller L
5}
£ i T i o e s S NACA 10-(5X08)-03R propeller 2160 rpm _
£ @ L Air-sireom Mach number,M
e ”
b= T e
Tlﬁ 5 //}/ pd 7// i
3.
O < < &
< R <
2 4 ) o> & & XY e
O q9 &
4 K2
o yd / P Y
O 7 / L
o 2 7
O /
=
W

C.)56 60 64 68 72 76 80 84 8 R 96 100 104 108 2

Helical tip Mach number , My

Figure 25.—Effect of compressibility on envelope efficiency for NACA 10-5)08)-03 and

10-(5X08)-03R  propellers.
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Figure 26— Effect of compressibility on maximum efficiency.
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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)-03R propellers

at constant power coefficients and constant rotational speed of 1140 rpm.




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. L6L27a
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Figure 30.—Comparison of characteristics for NACA
10-(5X08)-03 and 4-(5)08)-03 propellers. (Data from

reference 3.)
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Fig. 30c NACA RM No. L6L27a
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Figure 30.— Concluded.





