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CLItU Y aND T1GH-TFERD TLIIS CF & CURTISS %0, Tli-1C2-12

POVLABLADE FOVELLAR 0N TRE JATFUBLTC P-LTC ATRPLANE

1 se owe Vozeley

S'TTMARY

TIionl tests ves s mmie of w Curtiss Wo. Tla-lc2-12
four-blade ;rone-'ler on a Heruplie P-L7C ulrplane in
climb and ut hirh gpesd. The loass in of'flelency when
poser vus inereaxcd foem vorsal te mllitasy was found to
Ve froome § to & wereeil In oMlrbhs at an indleated alriaveed
¢f 167 mliles pen bour. T loss was stiributed rrinarily
Lo raductiins 'a neolion 1'7¢-3reg pullcg sesuletng from

{rnereured overuting L1t erefficlents.

T hictesynd PLIynt wr mllitsery pover, losces in
riflefensy cue o comaress.tllive ztarted vt an ulrelune
Yuen rumier l@ss toan L) ard lnereuscd stendily to 1lu
er 1V repsept vt wn atrrlune *tach namoer o0 0,7, These
1295 were enzovnt2cd Waicnever the nron:ller-tip luach
nunaer evaecded 0,03 wpd the promeller efficlency
dgerensel b 4 rRte A about 7 verecnt far urn lnerease
2.1 In .lp Jaeh aunter. At an elrnlane Laen neber

€ 0.7 sal ccasturt nreneller rotetlonsl speed the
veoneller of flolency decrensed with o deerurse in power
velow rllitery nower, In cumparliedn with vthe eofflclencles
Af low-snoed FlIoht noeets (o Wacsh namboer 28 anprox!-
mately 0.3) ut tie 3une wdvunce-dlumuter rntlo, hicwever,
the empreasivility locs war rolotively iadependent of
EINED .

1re tents irdiented tlut, Yy sultebly incrousiag the
and paleelnng the rotatinral sreel, it muy he
tn lanteve tie ovorelloer eflicleany In bLoth

unld hilgh-aneed cperation.
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(2) lvrmal rower st tudlicated ulrspeed of 160 mlles ner
kour

(%) Morral rower ot indlcated alrsrpeed ct 1n5 miles per
koaur

e ¢lizl at millitery nowedr vas terminutel «t the
relattvely 1ow auiltaue of 23,000 feet becaure .
tnsiflteieat eny’iie 2noling indicated by alin elinéer-
head cewneprnture,

High=-areed tests,- Euch high-spzed rin was made at
valuc® »T wnupine ape=d, tosque, indicated airspecd, and
rrezzre altftuic selected to nraduvee a desired comnbliaution
38 valnes Hf airnlan2 Lach number, propellar advance-
dtamecrr rutio, ra¢ pouwer coefficient., Because the a'r-
vlare rus usually efther c¢limbing or dlving during a run,
M1y enpine sreel, torque, und airspred could be rixed,
These velues were therefors: held conatant a3 the sirvlane
narsed through tie dea'red altitnde, when a short record
wan taken,

he 1loviesnead puns (M = 0,3), used as u busis o
dctermining tre offects of comoressibility, were mude in
tie swrf mauner an the high-specd runs,

YWEDUCTIAN I DATA

True alrsneed, alrnlune Yach number, and sir denslty
were 2%tained by atandard r<dection methods from the
reeoprded values nf imouct »ressure, static nressure, and
Indiicated free-atlr tempcratare, Engine speed, toruue,
anc propeller blude sngle were recorded dlrectly.

Propeller nower cocfficient was calculated by the
forrula
. ey

B vnen?

Prareller-tip ML&Cil numocl wus obtalined from the

ejusatlon
%y = M ‘ny©
g = V{ * '-._.1)

AANDITRTVMT T,
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Fropellepr tipuat coeflflciert wnm evalueted from the
measvraiqents of slipstream total precsure by the methed
describad In refereuce 1, whlch glves

70 \/7
== — Ap
ma(r2) Pt/ T

In s~rdepr to obterin the nonclmensional quantitles used ln
hiz present report, equatlion (1) was reduced ns folicwe:

(1)

4Cp _ _dr__w_1

d(xsz) ) o d(rsz) “ nnzbd

Tri2 creas under tlie curvas of dCT/G(xsg) against x4
are equal to the thirust coefllicients.

2

RESUTTS AL DISCUSIICL

Climb testr.- Ire variations of tlade nngzle,
J'J'C’-JLLF’L“‘ patlio, nower and thruct coefllelents,
ef eleaer, and rrorelleretip anc airplane ¥ael rumbers
with cdeaslity nitltude fo“ the olimba ara presented In
fizaes . to ¢, Thene filtpnt data nre alio glven In

tavle 1.

In euch of the cllzbhe, cherzes ‘i rropeller efflie-
clency witis aititude rpperr ta te sm-ll, &excent for o
slivsnt wnitlal irncpeaze, efflcicney terds to ducrense
wlthi sltitude. This decrems2 12 to bLe expected, slace
tha orerating li:t coelficlents ol the plerde zectionc

lnopregse witr lrnerensine altlteae aad enpreach the stall
rozaong tre finsl posult i to pedice the scatlon lifte-
ara,; retioa snu to lower tre otfleiciey.

Com“r=5°l‘ll tyv effente broone evident In enoh of
the climis wnenever the propelleretip Lacn nunber sxceeds
sbrut J, 6. .)rust-hradiu. cuivsa Inpe =l at normul
power and an inalcated 8l cpes=i of M3 ml per hour
t

ara presented In floure 7 to sucw these o 2tz cf
wumiers.  The
e..ccts nt *o"pr s2ivility er: 1ot sviden n runs

2X=1 to 2u=11, in wh!ish tln la~r nurbers

(leze Tin) to T(r))e The fl-st 2flects
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NACA ACR No. LLLOT CORRIDENTTAL

thie ri,.rt sicde »f tre propeller disk for run 20-12

(f1z. 7(2)), in wkich the tip “uch number has reached 0.86.
These effects contirue to increase with tip Mach number,
Little or an evidence of coumpressitlility lons exists on
trhe left side of the nrcpeller dick, vrobavly becuuse the
left sicde 1s less heavily louwded than the rilght sice

owiny? to in2lination of the thrust axis to the alr streuam,
To the extent, tacrefore, that the disk load distribution
13 affected, tre tip Much numbter at which compres:cibllity
effects firat bucoire evident 1s irflucnced by the alrnlane
attitude with respect tc the flight nath.

The terr "cororessibllity effects" as used herein
rieans the ef'fects shywa by chsnges in the generul shape
of the thrust-grading ,eurves, for exunnle. the dip in
the curve between xg= = 0.6 and x32 = 0.9 a3 measured
with the right survey ruke in run 20-1% (fig. 7(h)). The
term does not Include thne effect that causes the gradlng
curvea {or both the risht uno left surveys to approach
zero at the tlp at cifferent values of xg2. Thls effcet
1s dircetly attrlibutable ty un unintentlonal yawed
nttitude of the a'rplane held daring the run, which
cuuses the slipstream %o be dlsplaced laterally at the
survey raxes,

Insces In thrust due to compressibllity are present

At the hisher tip Lach numbers but no marked decresuse in
ot'ficitercy attrlbutadle to thla cruse !s anvnurent. itth
further increcuses ir altitude that result in higher

section 11t cnefliclents and Mach nuabers, lLowever, i1t 1s
expected that tne loeses would extend over an increusing
nart »¢ thc disk usrea and thnuat tiie effect on efficlency
wonld beeorme steatficant CJ~nr- s81bllity losses can be
Aclay:d by r(Luc.ng the tlp ulade engles. This reductlion
would pesult in a transfer of load t> the inbourd sections,
whlel aperute at lower Fach nurters ual can therefore

huopo the additional loud «&’trout ceplous corpressibllity
eftfeeta. The tnbourd shift 55 1load =ould also tend to
brit; ithe blade louding intn eloser siorewment with the
turopeticully tdeal load alstrlibution [or a nropelier
aperating at low advance-cdlumcter pruatlns: tnus the
pas31bllity of a reducticon In Induced losmses exlsta, The
uare 2 thls methad Le susgested only Af purticular cmonnasis
13 rut or clisb pertormance, since large lcsses ln efflicliency
st Yish snrred may resalt.

Sines in the ranze »f advance-2lamoter ratio for
climb the proveller op=rutes ut nvwer coeffictents greater

CONPIDENTIAL
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4t the sponcllor snoed used 1a the runs o0 floure 3,
Tysres In effletency wue o comuressitilic:: eodprrently
besin at an alr-lune Fscn nurbor below 0,6, laerecce
steadlly, anud reuckh 15 to 1) nerecent ut wn wlrdlune
¥een merosr of U.7. The ccrrcanending ororeller-tin
tusn nurnors rang® Jrom oaboat 0,95 to 1.07.

The eficat of nrareller-tin ¥acn nutier on efflcicaey
is sn i floure 10, In whileh the ratls of Ligh-amned
effiriencr to 1l,resnced olfletency in glven as a functlon
3? che hi'h-so{ud nroreller-tin hecn numerer. Sigure 10

sws that losses n offlelency begtin a6t Yy & 0.0%,
uhlch is in CIJ:u acreen=nt wish tny results of the
clino teats, 2 erliclaney loss <dar to eummresalllity
12 atrovrn to i{nerrasc ot tué rate of hout | percent Jor
ar. incroure 2 U.l tn tio Y weeh numbter,

Thragt-prediny curven of rurs at a Mver eocfllcioat
=f J¢26 are orecz crted in -!curﬂ 11. in the cilmb
runz, nly ths rlgat slde nf tuP 0rshk11ur ¢lar chiowa
uny murnreecichbla rvmvxossto'll losa f1z. 21{aj}). ar
tre "ach numder !s Increuscd, vﬂ“ev+r. comnresalbilicy
1230:2 also hecnne covideut on tie 1ot slue {fis, 11 fL)).
<th fuprsiicr tnercase in Yach nunbter, tre 1oz3er become
lurger end extend Indbowrd over u greater nortlon of Lthe
nroseller blale,

thrust-predtng curve of o run nade ut AL
choaunper o8 about 3.5 end &t a reduced
rotacionalt s 13 resented In fil-ure 12, Tne advances
Clateter patty o : ucr cncrfic:cn: Lre urproximetely
sLre &y tin 11)f,. Tue aarzed ciflcrence
be sadge of trxh'ng curves indl-rates vlhe extent
Af vle looacs ln 2 high=cpe2d run oif flgure L1(!
Meoure 12 mur als> Ue o cunmared witn flgurs 1l{e).
t@) Una wers Cout roagsnly ne i power c.nlrlc‘c 1t
sn? alrelune “uch auw her. Ihe curves I'>» the tud mins
1lii=irate Foy crnnrenel nility losses puy Le rod
cerr-astins the nrovaeller rotstisnel ~veed und thereby
redneinz tht sectloan Yech numbere., 2y reducing the
ratacional srecd, e nroneller efficlene; s increused
ehit L nuercont or whout one-nslf the lnsrouvc to be
vxzocted from ot poduction in tip Lach auwber alsne
{fige 10). Ta's ciffercnce Indicstens that the pronillers
t1n Yech number slone dowy rat ceternin. the magnitude
»f tle counmpzacitliliity lons
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tests wre erwoured “n o tijure 15 wita ul ta'ien
from flauee ff Iou=cspocd teats wl the sume alvencs-
Gluvcter rotly »ud oveer coeflletents, The exirumlated
i In Mlpure 12 wes Zesermined cy flrst wxsenalng the
teets  {Cp = 0.34,
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CONCLUSIONS

#lirht tests of tne Curtlzs “lo. 71L-1C2-1¢ tour-
iacde aropellcer ya a Reomtlle T=07"C slrplanz indlcuted
tiae f21%owing econzlualansg

1. TIn ¢llba ut an Inilcsted slrspeed of 165 miles
par ko, from 5 i~ & sercent was lost ln efl'leleney by
fncreasing from nornel % milltary rowor, primarily
bacuuge ¢f the reductlonus In sectlon lift-drag ratio that
resulted fron Increcsed operatlng 118t ecefifclents.

2. wlth e!litery nzwer, losses In efflclency cue
Lt cownresalbllity wtarted ut on alrplane llach number
less than Q.ie, Iacreuwsed etendily, and reached 10
ty 11 perceat ¢t s wirnlune Nech mesbar of 0,7, Cemnressli-
Lility lorsen tecruce evicdeat whenever the proveller-tlp
“nzh nmesber coceslcd wdaut 2,685, ang tone proneller
eflMlelency durreazed at o rate cf ubcut 7 vercent fer an
1ncrease nf V.1 in ti» "uch nurber.

3. At an airslene Nuch rumber of 0.7, a reductiosn
tn enzgine voawer bolow =«111tasy poser resulted in a lower
provellir efficleney, but the lcas In 2 f'lclency due ¢o
cnomrressibility (baced Hn low-sneed tests at a corre-
s=onding sdvunce-d'umetor ratic) was rolstively independent
A rowor.

te [y sultably lnereaszing tne solialty und recduclng
the rotuttsnul soeed, an lrorovenent In the propeller
efficteiey 'n toth cllnh snd Lign-sreed oreratlon ruy be
nysniele,

L ley Lemoriel Aeronautleal LaboratoHry
= > v
Naticnal saviary Conmitlee IUor aero
Laaiey iell, Va,

"ERZIMCE

Flt bt Veasarcrents of Compressi-
»no& [nree-floce hin Jlurk ¥
Tnerating at Constent ACvanco-LDlameter

VACA ACK L. 23014, 19,3,

CANMIDATITIAL




TABLE I
FLIGHT DATA ORTAINED FROM CLIMP TESTS OF
CURTISS NO. 714-1C2-12 FOUR-BLADE PROPELLER
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TABLE II
PLIGHT DATA OBTAINED FROM HIGH-SPEED TESTS OF
CURTISS NO. 714-1C2-12 FOUR-BLADE PROPELLER

LT3

n
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22.62
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22,03
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22.42
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