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WATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RISTRICTED REPORT

¥E CUARACTERISTICS OF TWO KODEL SIX~SLADE
COUNTERROTATING PUSEEZR PROPILLERS OF CONVEKTIONAL
AND IMPROVED AZRCDYNAMIC DESIGN

By James (. McHugh and Ldward Poprer

SUMMARY

Tho unerodynamls characteristics of models of two
counterrotating six-blade propelicrs aro compared from
the resulis of tests mnde in the NACA 19~-foot pressure
tunnel. COna of tho propellers, which is representative
of & tyre now in uso on military znd commercial ailrplanes,
embodies modified Clark ¥ ailrfoil sections in blades of
thickness ratio and plau form dictated largely from con-
siderations of strustural reliability. The other pro-
polier ombodies NACA l6-series sections in bludes of
thickneet ratio and plan form dictatod largsly from con-
sideraticns of minimum aerodynamic losses.

The propsllors diffecr in plan form, thickness ratio,
diametor, section shaps, and pitch distridbution. Owing
to the uumerous variables involved, it is not possible
to igsolate the influence of each variable on the aerody-
namic characteristics of the propellers tested. The re-
sults of this invsatigation show, however, that higher
values of propulsive efliciency may be obtained from
propslliers desigzneld from consideration of mianimum aero-
dynamic losses than can be obtained from propellers of
conventional design. At the relatively low airspeeds at
which the tests were conducted, the gain in propulsive
efficioncy varied from 1.5 to 4.0 percent, depending on the
pitch of the propeller. It is believed likely that greater
diffsronces may be obtalnod at high alrspeeds.

IRTRODUCTION

The solection of propellera that meet the operating
requirements of modern airplanes involves numerous prob-

lems. The propeller must develop suitable take-off char-




acterisiics at s2a levsl and wust also efficiently absord
the powsr output cf the engine at higzh forward spaedz in
rarcfiad =ir at high eltitudss. Such operating rejuire-
ments mehe it difficult to avoid largo rctationel cnd
comprossibililty loseses of the propellers.

Previcusc investigatione show that the rotatioanl
losses of high-ritch propollors may te anterially reduesd,
3f not wholly ,eliminated, Py the vse of countarrotnting
propollors Tho aivantagos ¢f such propellor arranzoulnts
aro discusecd in rafcrencon 1 =2pd 2,

At higu roiward speeds a lorge porticn of the pro-
pellar blads operates at blgh values of Mach number. If
the blade scctions operate at rosultant veloclitles at
or above their critizal spead, the dreg lcsses may bde
extremely high. The rosultant volocities at which the
blade sactionz oparate may, to sowe extent, bs conirclled
to allov for operztlon below eriticnl apeeds through suit-
able compromises in the selaction of the rotational speed,
the diameter, and the solidity of the .propeller. A further
stop in the solution cf the protlem is to increase the
eritical epeed of the prcpeller by incorporating bdlrde
sections desisrned to dolay the ccmpressioility bdurbdloe.
(Sce reference 3.)

It is of peneral interest,thareforo, that comparative
datn bs obtained rerarding the characteristies of various
arrangaments of counterrotating propellers. This pearer
presents the results of a comparison of two arrangsments
of models of six-blade counterrotating nusher propellers,
on2 of a conventionel design that emtodlens modified Clark
Y airfoll sections (reference 4) and the other of a design
that produces minirmum induced losses and emdbodies NAC!

l6-3gorles eirfoll sectione that delay the compressibility
burble. )

The two arrangements of models of six-blade counter-
rotating pusher propellers were investigated at blade
angles of approximately 20°, 30°, 423°, 45°, 50°, 559,
and €0° ai 0.75 of the tip railus. Tha iests were con-
ducted at airspeeds that ranged from €0 to 150 miles per
hour. The results are not, therefore, indicative of the
compressibility effects that may be expocted from full-
scale propellers operating at high forward specds.

APPARATUS A¥D METHODS

The investigation was conducted at atmospheric
pressure in the NACA 19-foot pressure tunnel. Scale models
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of two srrangements of counterrotating propellers were
tested The jropellers dirfered in section shape, plan
form, thickaess ratio, and pltch distridbution.

Cne propeller of conventional design, hereirafter
referred to as propeller E12, is cimilar to the full-
scale Curties proveller 512 and embodies modified Clark
Y zirfcil zections. 3oth the forward and the rear pro-
peller of the counterrotatiang pair vere 45 inches in
diameteus,

The other propeller, hereinafter referred to as pro-
peller 2~203~045, embodies NACA l6-series airfoll sections.
Its merodynamic design ie based on Goldstein's modification
of the vcrtex theory of propellere (reference 5) and the
plan form was nade to conform to the condition of optimum
blade'loudiﬂg. that is, minimum induced losses, for a
single~iotasing propeller of pitch-diameter retio of 2.17.

Nelither propeller was specifically desigred for counter~
rotating operation., Figure 1 shous, for both pronellers,
the blade—form curvce and the geometric-nitcn distribution
for sevural hlade-anglec egettings, A photograph showing
the plan forps is given as figura 2.

The propellars were tested on a seale model of an
alrplune eguipred for counterroiatineg puehor propellers.
Flgures 3 and 4 show the propellers assembiad on the model.
The goneral dimensions of the propeller test ARrrangemant
are snown in figure 5. The attitude of the model wae ad~
Justod to make the thrust line horizontal and, in this
porition, the 1ift coefficient was approximately equnl
to zero.

E2ch prorellor of the counterrotating pair was driven
by 22 individual water-cooled, alternating~current induction
motor rated £0 horsepower at 2500 rpm. The two motors
were irn tandem wlth one motor driving throuzh the hollow
shaft of the other motor. Current was supplied tc the
motors by a variable-frequency alteraator and the epeed
was controlled by varistion of the frequsnecy. With thia
Arrangement the power dellvered to each propeller wes
deterained from a calibraticon involvine motor torque,
speed of revolution, znd active current.

The blade aneles of the propeller were sot on a
Propeller table with templets accurately fitted for cach
blads. The prctractor ascuracy is within =0.1°.




Conventional propcller test procedure was used
througa a range ¢f V/nD values for each blade eetting.
Constant moxinum torque was nsintained and the tunnel and
the provellar specds ware increased irn auy desired incre-
ment until tkte turnel speed reached a maximum c¢f 150 ailes
per hour. A% this tunnel epead; tho propeller epecd was
then reduced to rcach higher veluce of V/aD. Aporoxi-
mate valuse of propesller and tvnnel eposeds had been prede-
termired for a suiiable 2istribution of Vv/nD valuvee for
tho test polnts. The wvalues of thrust and power meaeured
were .converbed to nordimecnsional coefficierts and plotted
a3 a function of ¥V/aD.

Tyrical tea’ resulte are presented in figure € and
1t is bellaved that the gccuracy of the faired curves as
indicated by the scatter ¢f the test points is within
three=fourihs of 1 percen$ throughout the greater part
of the teet range.

An effort was mal2 to malntaln egqual power absorptlion
and equal rotuational snoed for the two counterrotating
propellers. This procedure wee impractical, however, for
all opereting conditions aud, as a practical expedient,
the condition of ogqual power ahsorption and egual rota-
tionel sype2d was restricted to the propeller operating
range in she region of peak propulsive afficliency. The
Pltckh o *he front propeller waw vot a% g predetormined
velue and tae plitcn cf the rear ;ropeller was adjusted to
make iie rotational epe2d =2md pover abuorption egual to
those of the front rropeller at the opsrating conditlons
in the region of pcak efficiency. Thas differonce in
birde nngles of the front eund rear propellers reguired
for this coandition ie shown 1in figure 7. In certain
instances the region of equal power adeorpiion variead
somewhat from the region of pesk efficliency. Thesee dirf-
ferences ars tellieved not to be sufficlently important
to change appreciably the measured velues of maximum
efficlency.

SYMBOLS AND COCFFICIEBNTS

Tho symbols and coefficients used in the ropo a
defined sc follcwe: gfolcki Ty
T --40
Co thrust coefficient (——*n—)
pnlps

total thrust of propellers {compressior in
propeller shafts)




change in body drag due to action of propellers
mass density of air

rotational speed of rear propeller

(diam, front prop.) + (diam. rear prop.)
2

totael-power coefficient (CpF + CpR )

power coefficient of front propeller (—EEL—D

pn®D?

power coefficient of reer propeller —J?Lg>
pn® D

power supplied to front propeller

power supplied to rear propeller

P, + P
-

-
=Y

propulsive efficiency (i!_:_éﬁli_)
i

volocity of the air stream

advance-diareter ratio

% oV
speel-power coefficient[ 'd——; )
\ Fpn
o B

(rosultant tip speed
\~ve10city of sound

Mach number
propeller blade angle at 0.75 radius
RESULTS AND DISCUSSION

The efficierncy curves for propeller 4-308-045 are
precented in figure B for the several blade~angle settings




investigated., Figures 9 and 10 show the thrust and the
total-power coefficients. The individual power coeffi-
elents are ziven in figure 11. A design chart showing
the variation of propulsive efficliensy and V/aD with
the apeed~power coefficient ie preeented in figure 12.

The efficiency, thrust, and total-power coefficients
of propeller 512 are presented in figures 13, 14, and 186,
respectively. The individual power curves and the
design chart for this propeller are ehown in figuree 16
and 17, respectively.

Limitations of the minimum epeed and of the power
output of the motors that drove the propellers made it
imposeible to investigate thorouchly the characterietics
of the propsllers operating in a low V/nD range. All
comparieons of these results must te limited, therefore,
to the range of operating conditions in the vicinity of
peek effic%eucy. The general trends that are believed,
however, to exist in the low range of V/nD are repre-~
sented by daered linee in the fnired curves of thrust,
power, anil efficlency.

The efficiency envelopes of propeller 4-308-045 and
propeller 512 are compared in figure 18. The efficiency
of propeller 4-308~045 ie higher than the efficiency of
propeller 512 by an amount that veries from cne-half of
1l percent at a V/nD of 1.5 to 4 percent at a V/nD of
3.4. The ditfersncee 1n propulsive efificiency increase
proporticnately with blade--angle setting until the region
of maximum efficieacy is reached. Beyond that region the
difference in efficiencies throughout the rest of the
V/nD range is approxirately constant. With regard to
the values of efficiency obtained with propeller 512,
attention ie called to the resulte of reference 6, which
show, from low-vpeed teste of full-scale single~rotating
tractor propellers of approximately the eame general
blade form as propeller 513, that the aiddition of euitable
ehanir fairings to such propellers yields a gain in pro-
Pulsive efficiency of approximately 2 percent at g = 48°
and approxinately 6 percent =t pf = 609, Cn the basie
of the results of reference 6 it would appear that the
addition of suitadle shank fairings tc propeller 512
might have reeulted, therefcre, in an incremse in its
Fropuleive efficiency,

The effect of the blade-shank shape and the low drag
sections of propeller 4-~308~045 may be seen by a comparieon
of the efficiency curves of the two propellers (tig. 19).
The extended crest in the efficiency curves for propeller




4~308-048 shows lower drag shank and blads ssctions. A
greater difference in the sfficiency envelopes and curve
forme would probably ocecur at higher resultant velocities,
Owing to the high critical speed of the NACA 16~series
sections, the msdventages of propellers embodying t hese
sections would probably be more pronounced at values of
Mach numbere greater than 0.7?5. In this series of tests
the maximum value of M attained with propeller 4-308-045
was 0.58 and the maximum M attained with propeller 512
was 0,628, Qreater differences in the efficiencies of

the two propellers would be expected at full-scale high-
speesd operation.

In & comparison of the characteristics of propeller
4-308-045 and propeller 512, thrust end power absorption
are important. These fectors depend to a greet extent
upon plan form, piteh distribution, thickness ratio, dlaw-
meter, and propeller-blade sections. Any interpretation
of results must, therefore, take into consideration the
fact thot the propellers oorpered differed in these
respects.

The total power absorption of propeller 4-308-045
vas greeter than that of propeller S512. The difference
ranged from approximately 15 percent at low blade angles
to approximately 25 percent at high blade angles., The

ratios of the power abaorption of the two propellers at
thelr peak efficiency operating condition are shown in

figure 18. The greater power absorption of propeller
4-308-045 may bve largely attributed to the fact that its
blade area is approximately 25 percent greater than that
of propeller 512,

CONCLUSI ONS

At the lovw values cf sirspeed at which this investiga-
tion was conducted, the maximum values of pPropulsive eoffi-
clenoy obtained with propeller 4-308~0485 were greater than
those obtuined with propeller 517 by an amount that varied
from one-half of 1 percent at a V/nD of 1.5 to 4 percent
at & V/nD of 3.4, The greater efficiency of propeller
4-308~-045 1s sttributed to the fact thet 1t 18 desizned
to produce minimum aerodvnemic losses, whereas the design
of propeller 512 was dictated largely from considerations
of structural reliability.

Propeller 4-308-045, because of greater blade area,
absorbs more power than propeller 512,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for aeronautics
Langley Fileld, Va,.
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