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By Martfn J, Saari and Lewis E. WaUner - 

An altfttie-wind-tunnel investigation has been made to dotter- 
mine the prfomance pf a Curtiss 836-14C2-18RI four-blade propel- 
ler on a YP-47M air-plane at high blade loadings and high engine 
power 8 . The study was made for a range of power coefficients from 
0.10 to 1.00 at free-stream mch numbers of 0.30, 0.40, and 0.50. 
The results of the force measuremente indfcate primarily the trend 
of propeller effici+c~ for changes in power coefficient or 
&.vanca-diem&q r@o, inskmzxch 'as no corrections for the effects 
of tunnel-wzll con+tric&ik oh-the Izistallation were applied. 
STiDetream.eurvexe are pks'etited td flluetrate blade thruet load 
dt_stribution f?r,e&&al'op.e+atkQ conditions. . ..I . . . _ 

.For the ran&e-of ad-kc&-diapleter rat108 FnveatQated at a 
free-stream Mach num6eS 6f.0.30,'highest efficleacies were obtaIned 
at pwer;cgeff&c;ente froan 0.10 to 0.30 and flow breakdown was 
evident for power coeffikienks'abo?e 0;40. . . 

The ma&km &fi&en&elir kt'a‘free-etreamkiach nwnber of 0.40 
were. obtaw fog pye- 7 coefficients from 0.20 to'C.40, between 
ad.z,nc.e-,d&m.eter, rFtio.8 ‘bf X.50 'hnf!L 3,'LO. The envelope of the 
eZfLcl.enc~ c.uqee ,decr&ke'a 'aKotit I.5 percent between advance- 
diameterratios of i.20 'arid '3.'80. * ' . . 

At a free-stream Mach nmber of 0.50, maxImum efficienc$ in 
tine low range of advance-diameter ratios was obtained for a power 
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coefficient of 0.30, and in the hQh range of advance-diemeter ratios 
at a power coefficL0n.t of J...CO.. There WEAS about a 4 percent decrease 
in the envelope of the eLYicFency curvea'between advance-diameter 
ratios of 2.20 and 3;60. 

INTRODUCTION 

An investigation of the performance of several propellers on 
the YP-4714 airplane athigh blade loadings hae been conducted in _... 
the Cleveland altitude wind tunnel at the rques%%f the Air -%terfel 
Command, Army Air Forces. Aa part of the pogram, a study wa8 made 
of a Curties 836-14C2-JXRl,fo~.-blade propeller. 

The investigation was made for a range of power coefficients 
from 0.10 to 1.00 at free-streem Mach numbers of 0.30, C.40, and 0.50 
for density altitudee'frcm 10,OOC to 45,CCC feet, engine powers from 
150 to 2500 brake horsePo+&r, and for engine speeds fram 1000 to 
2900 r-pm. 

The propeller efficienciefi were obtained from force meaeuraments 
and the blade thrust load dL@ribution was obtained by two diamet- 
rically opposed slip&ream curve, or r&&s as iii references 1 to 4. 

PROpl!mxR AM, Porn PIANT 

A description of the prop-eller and the po?r plant ie a6 followa: 

Propeller . . 
Blade design . . \ . . . . . . . . . , . . ; . . . Curtfss 836-14C2:18Rl 
Number of blades . . . m c . . ; . -,-Gv. . I . l .v c , . . . . four 
Blade sectione + . . . , . .I , + _T . . . . . . . . . . . NACA 16 sariea 
Propeller diameter . . t . . . . i . . . -. .- . . . . 13 feet, 0 inch 
Activity facto& , . . a , . a . . -,- . c . . . . . ; . . . . . . 98 
Propeller gear ratio . r,-i . t . . ..= . . .- . . . . . . . . , . 20:9 

Engine , . . . . . :- i i -i w -. ; s . . , -. L-i---.- . . . : . .-R-2800-73 
V3r emergency power rating: 

Engine apeed, q$~ . . . . . . . . . . . . l . . . . . . . . . 2800 
Manifold preemtre, in. Hg, t .,.... . . . . , . . . . . . . . 72.0 
Brake horsepower , . ) F . F . . . . ; . ,-.. . . . . ; . . : 2800 

Mil4targ power rating: 
Engine speed, rpp . t . . 6 6 i ; ; . . ;-.--. '. . - . . . . . '28OC 
Manifold preseure,,int Eg ; , . . . .‘-L. -I ; . . ; . b . . 53.5 
Brake horsepuwer ;,. f . . .., q . . 1 ',-, . . .' . . . Y . . . . 2100 

.- __ 

+ 

. 
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I?ormal power rating: 
Zngfnespeed,rpm......................2600 
Mmifoldpreesure, 3rl.Eg. I . . . . . . . . . . . . . . . . 41.5 
Srakehorsepower . . . . . . . . . . . . . . . . . . . . . . 1700 

-%he activity factor is a nondimensional function of the propeller 
plan form deeigned to express the integrated capacity of the 
propeller blade elements for absorbing power (reference 1). 

The propeller blade-form characteriatfse are given in figure 1. 
A photograph of a Curtise 836-l&2-18Rl propeller blade is &own qa 
figure 2. 

APPAR!WcBANDMETH0Ds 

The assembled propeller aa Installed on the YIP-47M airplane in 
the 20-foot-diameter test section of the altitude wind tunnel is 
8houninfigure 3. A deecription of the ot'ner equipment is given 
in reference 1. 

The InveetLgatfon was made for a range of power coefficients 
from 0.10 to 1.00 at free-stream PZach numbera of 0.30, 0,4C, and 
0.50. Denafty altitudea from 10,300 to 45,CGO feet were eimuliated 
for a range of engine powers frm 150 to 2500 brake horeepower and 
erghe ape&s from 1CCCto 23OC rpa. 

ZlEDTETION OF DATA 

Tie method of data reductfon was the same ae that described in 
referents I. The force measurements were analyzed in terms of the 
variation of the propeller efficiency -q tith the propeller power 
coefficient CP and the advance-diameter ratio J, These quantities 
were com;rzted from the following equatfm: 

where 

D propeller tiameter, feet 

n propeller rotational speed, revolutions per second 

I? eq5i.m pow=, foot-pound9 per second 

F free-stream density, slugs per cubic foot 
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where 

v free-stream velocity, feet per second 

The propeller thrust coefficient CT in the efficiency formula wae 
defined as 

cry . T 
pn2D4 

where 

T propeller thrust, pounds 

Ptip&lf.er tip MS&I number Mt was obtained from the equation 

where 

%I free-stream Mach number 

The slipstream eurVeys were preeented ae plots of the total- 
pressure dIfferant$al H, - I& against the square of the radius 
retfo (rs/R)2 where 

If0 free-stream total pressure, pounds per equate foot 

Es total pressure at survey point, pounds per equare foot 

R propeller radius to tip, lnchee 

Ts radial distaze from thruet axis to survey point, fxchea 
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The results of the force meazuremente are primarily of value 
In showing the "trend of pro-,eller efficiency for changes ti power 
coefficient or advance-diameter ratio. The absolute efficienq 
valuee are questionable because an average drag coefficient for the 
Lnztallatfon was used for all the propellers investigated. Data 
obtaimd. at difZe2a.t free-stream Mach numbers are not comparable 
because correctlone for tunnel-wall constriction effects, which vary 
with airs-ed, have not been allied. (See reference 1.) Slip- 
stream swveyz are meented to filuetrate the blade thrust load 
distributFon for eeveraf oRerating cortitions. 

Free-stream Mach nmber, 0.30. - The effect of advance-diameter 
ratko on the propeller efficiency at a free-stream Each number of 
0.30 i8 shown tn figure 4 for a xnge of power coefficients from 

= c.10 to 1.00. Tkje vzriatfon of xopeller efficiency with power 
coefficient ia zhown in figure 5 for asproximately constant values 
of advP_nce-diameter ratio. For the renge of advance-diameter ratfoe 
Invezt$ated, tigheet efficienciea were obtained at power coeffi- 
cients from 0.10 to 0.30. in general, Large reductiona ti effi- 
ciency due to flow breakdown were evfdent at power coefffcients 
above 2.40. (See fige. 4 and 5.) 

The effect of power coefficfent on the blade thrust load di8- 
tribution fz zhown bg the sil~stream survey In figure.6, which 
correspxd to the ccxtxkitionz of figure 5 for JZl.00. The blade 
thrust load- wae relatively low and uniformly dfztributed over 
the Siade span for a power coefficient of 0.10. (See ffg. 6(a).) 
An increase in ywer coefficient from 0.10 to 0.30 increased the 
%ruat lo&&q ccnslderably and the maximum thrust was obtained at 
(r,/R)2 = C.65,. or at about 63 percent of the blade span. (See 
f;igs. 6(b) and 6(c).) The over-all thrust loading increased tith a 
change 9 power coeffkfent from 0.30 to 0.40. The maxzimm load 
however, shift& tiboard to (rzjk)2 = 0,50, indicating that flow 
breakdown occurred on the tFp sectiana. (See fig. 6(d).) This 
flow breakdown, which could be attr:buted to a combination of eta11 
and ccanpressibility effecte, became more prominent as tjae power 
coefficient was increaeed from 0.40 .to 0.68. (See figs. S(e) 
to c;(g).) 

The dffference between the right and the ieft eurveye wa6 
q~ently due to a alight incltition of the approaching air 
stream to the tlhruzt axis. (See reference 5.) 
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The effect of advance-dizmeter ratio on the blade thruzt load 
distribution is ahown by slipstream surveys in figures 7 and 8, 
which correeynd to the conditions of figure 4, for.poyer coeffi- 
ciente of 0.20 and 0,40, respectively. At a power coefficient of 
0.20, a rekction in advance-diameter ratio from 2.00 to 1.32 
(figs. 7(a) to 7(c)) b-~ creased the over-all thrust loading conzider- 
ably. When the advance-diameter ratio waz decreazed from 1.32 to 
1.00 (figs. 7(c)'and 7(d))'there waz a reducti& in over-all thrust; 
however, thiz re&uction in thrust loading was due to the higher 
altitude and lower engine @bweF at which the advance-diameter ratio 
of 1.00 waz obtained. At a power coefficient of 0.40 (fig. 8),a 
change in advance-diameter ratio from 2.04 to 1.16 resulted in a 
more ra-&I increaze of tbruzt 1qdU.g on'the outboard aectionz than 
on the Inboard sections. A furtiier change in advance-diameter ratio 
from 1.16 to 1.01 increazed the over-all thrust loading, and flow 
breakdown became evident on ae-&ion8 outboard af (Tg/fR)' c;5 0.55. 

Free-stream Mech number, O.$C. - The effect of advance-diameter 
ratio on the prc~eller efficiency at a free-stream Mach number of 
0.40 is ehown in figure 9 for a range of power ooefficienta from 
0.10 to 1;oo. The vSriation of propeller efficiency with power 
coefficient ie 8homYIr figtie 10 for approkimatelg constant values 
of advance-dimeter ratio. 

Highest efficlencieE were obtained at powq coefTlcients from 
0.20 to 0.40 at advance-diameter ratioz from 1.50 to 3.U. The 
envelope of the efficiency curv& decreased about 15 percent between 
advance-diameter ratios of 2.20 and 3.80. (See fig. 9.) Az the 
power coefficient waz increased, the peak efficiency occurred at 
generally increasing valuea of advance-diameter ratio, in th.e low 
range of advance-diameter ratioa large reductfonz in efficiency due 
to blade stall were evident at the hfgh power coefficients. For 
example, at an advance-diameter ratio of 1.70, a change in power 
co&ficient from 0.60 to 0.70 resulted in a Z&percent reduction In 
propeller efficiency. 

The effect of power coefficient on blade thruzt load dlztri- 
button is zhown by the zlipztream surveys in figure 11, which corre- 
spond to conditions of figure 10 for Jwl.70. The blade thrust 
load dI.ztributiorG were aimflar for mer coefficients fram 0.10 to 
0.60, and the maxImum 1oadIn.g ocourred on sectlons at about 
(rz/R)' = 0.70. (See figs. 11(a) to 11(e).) Blade stall waa evi- 
dent at powsr coeff:cientz of 0.71 and 0.92. (See figz. 11(f) 
an& 11(g).) The mag.Mtudez of the thrust lo@ngz shown in fTg- 
tare 11 cannot be compared, inasmuch az the surveys were obtained at 
different density altitudes. 
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Blade thrust load distribution curves, which correspond to t'ne 
conditions of figure 9 for power coefficient6 of 0.30 and 0.70, are 
preaenwd in f’igurea 12 and. 13, respectLvely. At a power coeffi- 
cient of 0.30 znd an advance-aLameter ratio of 3.00, the thrust 
Loading vrae uniformly distributed over the blade apan. (See 
ffg. 12(a).) M the advance-diameter ratio was decreased frcm 2.36 
to 1.67 (figs. E(b) and 12(c)), the thrust loading increased more 
rapidly on the ti? se&Tone thzn on the Inboard sections. Compress- 
ibility loaeea becsme evident on aectiona outboard of (rs/'k)2=0.65 
at an advance-meter ratio of 1.38, which corresponds to a tip 
Mzdi number of 0.99, (See fig. 12(d).) At a power coefficient of 
0.71 and art advance-diameter ratio of 3.85 (fig. 13(a)), the thrust 
1odLng WEE slightly greater on the inboard sectione than on the 
tip sectlane. Eoxevsr, aa the advance-d&meter ratio was reduced 
from 3.85 to 2.09 the thrust lo&ng on the ti;? section8 increased 
more rapidly than on the Inboard sectione, (See figs. 13(a) 
to 13(c).) When the advance-d&meter ratio was further reduced 
to 1.66 and 1.50, blade etallbecame evident on sections outboard 
ai- (ra/l?>2 = 0.45, and the load9ng on the inboard eectiona 
increased. (See figa. 13(d) and 13(e).) The angle of attack at 
which the stall occurred was mobably reduced by the hT&h operating 
tfp Mach number. (See reference 6.) 

Free-strean M&h nxznber, 0.50. - The effect of advance- 
diameter mtio on the propeller efficiency at a free-&rem Mach 
number of 0.50 ia &O&A in figure 14 for payer coefficienta from 
5.10 to 1.00. The Vati8kim of propeller efficiency wfth power 
coefficient is 8hoxn in figure 15.for approximately con&ant vsluea 
of advance-diameter ratio. 

Kaximrxn efficiency in the low range of advance-diameter ratio 
was obtained for a ywer coefficient cf 0.30, and in the h@h 
range of advance-diameter ratio for a power coefficient of 1.00. 
Between advance-diameter ratios of 2.20 and 3.60, there wa8 a 
decrease of about 4 percent in the envelope of the efficiency 
curves. (See fig. 14.) The advance-diameter ratio for peak effi- 
ciency increased generally ae the power coefficient was Increased 
(fig. 14), 

The effect of po-xer coefficient on blade thrust load afstri- 
bution ie ah= in ffgures 16 and 17, which correspond to the 
conditions of fLgure 15 for advance-diameter ratios of approxi- 
mately 2.20 and 4.30, raspctively, At an advance-diameter ratio 
of 2.20, the t'hrust loading wa8 alightly greater on the tip sec- 
Mona than on the inboard sections, and the loading Increased 



8 HACA RM MO. E6J-31 

uniformly over the blade as the power coefficient was increased from 
0.10 to 0.41, (See figs. 16(a) to 16(d).) At a power coefficient 
of 0.60 a slight reduction in thrust loading, reeultFng from compress- 
ibility effects, occurred at sections beyond (rs/R)2 = 0.60. (See 
fig. 16(e).) ,The bkde thrust load- for an advance-diameter ratio 
of approximately 4.30 was~unifoq~ and similar for Rower coefficients 
from 0.51 to 1.03. (See fig. 17.) 

Slipstream surveys for a range of'adVsnce-diameter ratios are 
shown in figures 18, 19, and 20 for power coefficients of approxi- 
mately 0.20, 0.60, and 1.00, respectively. At a power coefficient of 
0.21 end an 8dVaIKe-diameter ratio of 3.45 (fig. 18(a)), the thrust 
loading on.the inboard sections was slightly higher thanon the tip 
sections. However, a&the advance-diameter ratio was reduced to 2.26 
(figs* 18(b) and 18(c)), t' ne load- on the tip sections increased 
more rapidly t&n on the inhoard-sections. At an advance-diameter 
ratio of 1.78, which corresponds to a tip Mach number of-1.02, com- 
presaibilfty losses Were evident on sections outboard of 
(rs/R)2 = 0.50. (See fig. 18(d).) At a power coefficfent of 0.60, 
a change in advance-diameter ratio from 4,30 to 2.25 (figs. 19(a) 
to 19(e)) resulted in a shift of the maximum thrust loa&Lng frcan the 
inboard sections to the tip sections. 
evident on sections beyona (rs/k)2 

Compressibility effects were 
= 0.73 at an advance-diameter 

ratio of 2.16 and a tip Mach number of 0.89 (frg, 19(f)). A further 
decrease in advance-diameter ratio to 1.73, which correaponda to a 
ti? Mach number of 1.01, resulted in CcVapressibility efPects as far 
inboard as (rs/R)2 = 0.50. The blade thrust lo&Lug increased, but 
the lbad dlstributlon remained uniform for the range of advance- 
diameter ratios investigated at a power coefficient of 1.00. (See 
fig. 20.) 

SLIMMARYOFRESULTS 

Because corrections for tLUXLel;W811 constriction have not been 
applied, the propeller efficiencies presented-in this report are 
useful primarily in showing the comparative effects of blade loading 
on propeller performance. The investigation In the altitude wind 
tunnel of the performance at high blade 1oadLngs of a Curtfss 
836-14C2-18Rl four-blade propeller on a Yp-47M aimlane indicated 
that: 

1. For the range of advance-diametsr ratios investfgated at a 
free-stream Mach number af 0.30, .hlghest efficiencies were obtained 
at power coefficients from 0.10 to 0.30 and flow breakdown was 
evident for power coefficients above 0.40. 

i 

L 

r 
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2. iiighest effklencies at a free-stream Mach nmber of 0.40 
were obtaIned for power coefficients from 0.20 to 0.40 at advance- 
diemeter ratios from 1.50 rto 3.10. The envelope of efZicfency 
curves decreased about l-5 percent between advance-diameter ratios 
of 2.20 and 3.80. 

3. At a free-stream Mach number of 0.50, maximm efficiency In 
the low range of advance-diameter ratio6 wae obta"Jled for a power 
coefficient of 0.30, and in the high range of advance-diameter 
rmioe at a power coefficient of 1.00. The envelope of the effi- 
ciency CLUXBB decreased about 4 percent between advance-diameter 
ratios of 2.20 and 3.60. 

4. In general, below the stall the local thrust loading war3 a 
~caximum on the tip sections at the low advance-diameter ratios ad 
a maxTmum on the inboerd sectione et the high adv.zxxe-diameter 
ratios. AB stall.developed at tke blade tfpe the maxImum thruk 
ioadSng shifted toward the Inboard aectiona of the blades. 

Aircraft Enp;ine Beeearch Laboratory, 
National Advfaory Cczmittee for Aeronautics, 

Cleveland, Ohio. 

Martin i-. saari, 
Aeronautical Engineer. 

Y- n uL--La E k&- 
Lewis E. Wallner, 

Mechanical Engtieer . 

Approved: 
Alfred W. Young, 

Mechenical Engineer. 

Abe Silverstein, 
Aeronautfcal Ekgfneer. 
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Figure 1. - Blade-form curves for Curtise 836-14C2-l6Rl 
four-blade popellor. b, section chord; D, d.fameter; 
h, section thickness; R, radius to tdp; r, eection 
radius. :.......-.. . . . . . . . . . . . . . . . F-l 

Figure 2. : CurtWs 636-L4C2-16Rl propeller blade. . . . . . . F-2 

Figure 3. - Front view of I!?-47M airpLane tith Curtisa 
836-14C2-LQU four-blrade Fropeller installed in 
altitude-wind-tunnel test eection. . . . . . . . . . . . . . F-3 

Figure 4. - Characterietics of Curtiss 836-14C2-1_8Rl 
four-blade'pi+opeller on Yp-47% airplane at free-stream 
Xach number b of approximately 0.30 . . . . . . . . . . . F-4 

. 

. 
Figure 5. - Effect of power coefficient Cp on 

propller efficiencp T at con&ant advance- 
tiameter ratio Z qnd free-etroti Ikch number M. 
of spproxima%elg 0.3C. Curt$ea~836-14C2-18Rl four- 
idlade :mpeLler. . . . . . . . . . . . . . . . . . . . . . . F-5 . 

Figure 6. - Effect of Rower coefficient Cp on blade 
thrust load di&ribution at advance-diameter ratio J 
of agqroxinatelg 1.00 and free-stream Xach number M. 
cl" approximately C.30. Curtlee 836-14C2-I&RI four- 
blade propeller. 
(a) '+, 0,iO; J, 0.99; Mo, 0.28; Kt, 0.94 . . . . . . . . F-6 
(b) Cp, 0.20; J, 1.W; Ho, 0.29; Mt, 0.94 . . . . . . . . F-6 
(c) Cp, 0.30; J, 1.00; Mo, 0.29; Mt, 0.94 . . . . . . . . F-7 
(d) CB, 0.40; 3, 1.01; Mar 0.29; Mt, 0.94 . . . . . . . . F-7 
(e) Cp, 0.49; J, 2.05; Mo, 0.28; Ht, 0.88 . . . . . . . . F-8 
(f)-Cp, C.59; 3, 1.09; Mo, 0.28; Mt, C-84 . . . . . . . . F-8 
(8) CR., 0.68; J, 1.11;' Mo, 0.28; Mt, 0.85.. . . . . . . . . F-9 

. . - . . . . . . . - 
.  l 
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Figure 7. - Effect of advance-dfameter ratio J on blade 
thrust load distribution at power coefficient Cp of 
approximately 0.20 end free-atream Mach number M, of 
approximately 0.30. Curtis8 836-14C2-l&R1 four-blade 
popeller. 
(a) Cp; 0.20; 'J; &CO'; M&,.0.29; &, 0;'S.d'. . -. . :. . ; F-10 
(b) Cp, 0.20; J, 1.59; Mo, 0.29; Mt, 0.65 . . . . . . . . F-10 
(c) Cp, 0.19; .J, 1.32; Q, 0.30; Mt, 0.78 . . . . . . . . F-11 
(a) Cp, 0.20; J, 1.30; Mo, 0.29; Mt, 0.94 . . . . . . . . F-11 

Figure 8. - Effect of advance-diameter ratio J on blade 
thrust.load dIatributicm _at mr coefficient Cp of 
qproxknately 0.40 and free-atream Mach-nmber M, of 
qqroximately 0.30. Cu.PtJies 836-14C2-18Rl four-bLde 
?roseller. 
(e) Cp, 0.39; J, 2.04; -8& 0.36; &, 0.5s : . . . . .- 1 . F-12 
lb) Cp, C-39; -J, 1.16; 4, O-.28; tit, 0.82 . :. . . e . . F-12 
(c) C+, 0.40; J, 1.01; Mo, 0.29; Mt, 0.94 m . . . . . . . F-13 

Figure 9. - Charactexiatics of Curtiea 836-14C2-18Rl four- -. ,. 
blade propoller.o@.??-4?Pf air$ane at flee-atream Mach 
number M. of a~proxImatelym0.40. , I- . . . >- ; ; L... . . F-14 

Figure 13. - Effect of power coefficient Cp on propellm 
efficiency q at con&x& ad&me-diameter rztio J 
end free-dream Wch.mmber G of..Q.401..(+ttaq 
836-14C2-18Rl fourrblade propeller.. . . ._? . .._. . T . . , F-15 

Figure 11. - Effect c&power coefficient Cp on blade 
thrust load distribution at advance-diem&r ratio J- 
of approximately 1,70.and free-stream Mach mrmber M. 
of app~oximatelg 0.40. Curtiiis 836-f4C%lml four- 
blade propeller. 
(a) Cp, 0.10; J;-1.66; m+0.39; Mt, 0.84 . . . . . . . . F-16 
(b) Cp, C.30; 3, 1.67; I$,, 0.40; Mt, 9),84 ,- . . . . ; , . F-16 
(c) cp, 0.39; J, 1.72; IQ,, 0.39; Mt, 0.81 . . . . . . . . F-17 
(cl) Cp, 0150; J/1.66; b, 0.39; Mt, 0.83 . . . . . . . . F-l.7 
(e) Cp, 0.60; J, 1.73; M& 0.39; Mt, 0.61 ; . . . . , . , F-18 
(f) Cp, 0.71; J, 1.65; Mo, 0.37; Mt, 0.80 , , . . , . , . F-18 
(63) cp, 0.92; J, 1.68; Mo, 0.38; Mt, 0.80 , ; . . . . . . F-19 
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Ffgure l-2. - Effect of admnce-diemeter ratio J 021 
-;lede thrust lozd distribution at power coefficfent Cp 
of spproxlmately 0.30 and free-stream Msch nmber M. 
of apa;-oxfnstely 0.40. Curtfss 836-14C2-18X1 four- 
XLsde~gropeller. 
(a) Cp, 0.30; J, 3.00; Ho, 0.40; Mt, 0.58 . . . . . . . . F-20 
(b) Dp, 0.30; J, 2.36; I-&, 0.40; 4, O.sc( . . . . . . . . F-20 
(c) Cp, 0.29; J,,1.67; I&, 0.49; Mt, 0.84 . . . . . . . . R-21 
(a) Cp,.O.30; J, 1.38; Ho, 0.39; Mt, 0.98 . i . . . . . . F-21 

Figure 13. - EiYect of a&awe-diemeter ratia J cm 
blade thrust lo&L dfetribution at power coeffictent ($ 
af spproximately 0.70 end free-&ream Irlach number M. 
of epproxQ&ielg 0.40. (=ur+isa 836-14C2-l8Xl four- 
blade grqeller. 
(a) cp, 0.71; J, 3.e5; Mo, 0.39; %, 0.51 . . . . . . . . F-22 
(b) C-p, 0.69; J, 2.78; Mo, 0.4C; Mt, 0.60 . . . . . . . . F-22 
fc) +, 0.70; d, 2,08; Fi, 0.39; Mt, 0.70 . . . . . . . . F-22 
(a) Cp, 0.71;. J, 1.66; Mot 0.37; Mt, 0.80 . , . . . . . . F-23 
(e) Cp, 0.70; J, 1.50; Pb, 0.38; M&, 0.89 . . . . . . . . F-23 

Figma 14. - Characteristics of Curtfae 836-L4C2-18Rl 
four-blade propeller on Yp-47H ai,z-lane at free- 
atrem Mach number M. of approximately 0.50. . . . . . . . F-24 

F@ure 15. - Efi"ect of power coefficient Cp on 
pqteller efficiencg 7 at comtmt admnce-dlemter 
ratio J and free-etzem Me& nirmber M. of p.pprox- 

' tiately 0.50. Curtfee 836-L4C2-18Rl four-blade 
popaller. . . . . . . . . . . . . . . . . . . . . . . . . . F-25 

Figure 16. - Effect of grower coefficient Cp mblade 
thrust load &&&I.buti& at adl:mce-diameter ratio 3 
of approxtiatelg 2.20 and free-stream Mach number M. 
of approximately 0.50. Curti~~s 836-L4C2-18R1 fom- 
b&de Tropel.lez. 
(a) Cp, 0.10; J, 2.23; Mo, 0.5G; M&, 0.86 . . . . . . . . F-26 
(b) Cp, 0.20; J, 2.26; Mo, 0.51; Mt, 0.87 . . . . . . . . F-26 
(c) Cp, 0.30; 3, 2.24; Mo, 0.50; Mt, 0.86 . . . . . . ; . F-26 
(a) Cp, 0.41; J, 2.23; Mo, 0.5G; Mt, 0.87 . . . . . . . . F-27 
fe) Cp, 0.60; J, 2.X; &, 0.52; Mt, 0.89 , . . , . . . c F-27 . 
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Fi@we 17. - ETfect of power coefficient Cp on blade 
thzwst load distribution at adxmce-diameter ratio J 
of approximtelg 4,30 a$. fqe-atreq Mach number M. 
of agqroxinatelg 0.50. Cwtise 835-14C2-l8Rl four- - 
blade ~opellg. 
(a) cp, oza; &'-4.x; &, 6.50; Mt, o.sz-. i -. . . . . . F-28 
(b) Cp, 0.62; J, 4.30; Mo, 0.50; Mt, 0.62 . . . . . . . . F-28 
(c) cp, q.72;. J,'4,31; -Mo, 0.50; !&, 0.63 . . . . . . . . F-28 
(d) Cj=, e-62; 'J, d.33; Mot 6.51; Mt, 0,&Z-.. . . . . . . . P-29 
(e) Cp, 0.93; J, 4.34; Mar 0.51; Mt, 0.63 . . . . . . . . F-29 
(f) Cp, 1.03; J, 4.32; lMo, 0.50; Mt, 0.52 . . . . . . . . F-29 

FQureI-8. - ETfact af advance-diameter ratio J on plade 
thrust load distribution at power coefffcient Cp of 
approxkaately 0.20 ad-free-stream Mech number M. of 
apprroxImatel.y 0.50. CurtIes 636-14c2-16El four-blade 
propeller. 
(a} C-p, 0.21; J, 3.45; &, 0.51; Mt, 0.66 . . . . . . . . F-30 
(bj Cp,&21; J,-2.81; G, 0.51; Mt, 0.76 . . . . . . . . F-30 
;I; 2, ;A;; J;2.26; s, 0.51; Mt, 0.87 . . . . . . . . F-31 

*PJ l ;  
J, 1.78; &, 0.51; &, 1.02 . . . . . . . . F-31 

Figne 19. - Effect of advance-diameter ratio J on blade 
thrust load dlstributiorrat power coefficient Cp of 
apprgximately 0.60 and free-stream Mach number M. of 
appmx33mtel.y 0.50. Curtiss 836-14CZ-l8Rl four-bIade 
propeller. 
;EI; z, 0.62; J, 4.30; Ho, 0.50; Mt, 0.62 . . . . . . . . F-32_ 

p, 0.59; J, 3.43; I$,, 0.59; Mt, 0.68 . . . . . . . . F-32 
(c) Cp, 0.5s; J, 2.76; &,, 0.50; Mt, 0.76 , . . . . . . . B-32 
(d) Cp, 0.61; J, 2.36; Mo, 0.51; Mt, 0.85 . . . . . . . . F-33 
(e) cf, 0;60; . J, 2.25; Mo, 0.48; Mt, 0.83 . . . . . . . . F-33 
(f) Cp, 0.60; J, 2.16; Mo, 0.50; Mt, 0.89 : . . . . . . . F-34 
(8: Cp, 0.59; J, 1.70; Mo, 0.48; Mt, l.Oi . . . . . . . . F-34 

. 

I 
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Figure 20, - Effect of advence-dLmeter ratio J ar; 
>kde~thruA load dfetribution at power coefficient Cp 
of aggmxim&ely 1.00 and free-stream Mach number M. 
Of 23p~l?OXilD3td~ 0.50. hrtiss 836-14C2-l8Rl four- 
b&de propeller: 
(a) Cp, 1.03; J, 4.32; I$,, 0.50; Mt, 0.62 . . . . . . . . F-35 
(b) Cp, 1.03; J, 3.68; MO, 0.50; Mt, 0.66 . . . . . . . . F-35 
(c) Cp, 1.02; J, 3.42; G, 0.50; Mt, 0.66 . . . . . . . . F-36 
(d) Cp, 1.31; J, 3.04; Mo, 0.51; I$, 0.73 . . . . . 1 . . F-36 
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Figure l.- Blade-form curves for Curtiss 836-14C2-1SR1 

four-blade propeller. b, section chord; D, diameter; 
h, section thlclmess; R, radius to tip; r, section 
radius. 
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Figure 2. - Curtiss 836-f4C2-18Rf propeller blade. 
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Figure 3. - Front View of YP-47M airplane with Curtiss 836- 
I4C2-18RI four-blade propet ler instal I.ed in altitude-wind- 
tunne I test sect I on. 
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Figure 4.- Charactertrtlca or Curtiss 636-14C2-16Rl four-blade propeller 

on YP-47M airplane at Free-stream Mach number MO of approxlmdtely 0.30. 
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Pigure 5.- Erfect of power coefflclent CP on propeller efflclency q  

at aonatant advance-diameter ratlo J and free-stream Mach number  HI, t 
of approxinu tely 0.30. Curtlss i336-14C2-18Rl four-blade propeller. 
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(a) Cpr 0.10; J, 0.99; M ,, 0.28; Mt, 0.94. 
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fb) Cp, 0.20; J, 1.00; RI,, 0.29; M t, 0.94. 
Figure 6.- Effect of power coefficient Cp on blade thrust 

load distribution at advance-diameter ratio J of approxi- 
mately 1.00 and free-stream Mach number H, of approximately 
0.30. Curtiss 836-14C2-18Rl four-blade propeller. 
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cc) Cp* O.30; J, 1.00; W,, 0.29; Q, 0.94. 
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(d) cp, 0.40; J, 1.01; Mo, 0.29; it, 0.94. 
Figure 6.- Continued. Effect of power coePflcient CP on blade 

thrust load distribution at advance-diameter ratio J of 
approximately 1.00 and free-stream Mach number Mo of 
tggy&t”,ylY 0.30. Curtlss 836-l 4C2-18Rl four-blade 
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(e) Cpr 0.49; J, 1.05; -16 0’ - 0.28; Mt, 0.88. 
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(f) Cp, 0.59; J, 1.09; MO, 0.28; Mt, 0.84. 
Figure 6.- Continued. Effect of power coefficient Cp on 

' blade thrust load distribution at advance-d&meter ratio 
3 of approximately 1.00 and free-stream Mach number M. 
of ap roximatelg 0.30. 

P 
Curtlss 836-14C2-10R1 four-blade 

prope ler. 
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(g) Cp, 0.68; J, 1.11; Ifor 0.28; M t, 0.85. 
Figure 6.- Concluded. Erfect of poser coefficient Cp on 

blade thrust load distribution at advance-diameter ratio 
J of approximately 1.00 and free-stream Yach number ?d, 
of approximately 0.30. Curtlss 836-14C2--18Rl four-blade 
propeller. . 
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(a) Fp, 0.20; J, 2.00; MO, 0.29; ?$ 0.54. 

.I l 5 .Q 1.1 1.3 

(b) Cpr 0.20; J, i&9; MO, 0.29; Ht, 0.65. 
Plgure 7.- Effect of advance-diameter ratio J on blade thrust 

load distribution at power coefficient Cp of approximately 
0.20 and free-stream Mach number MO of approxlmatelg 0.36. 
Curtiss 836-14C2-18Rl four-blade propeller. 
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(d) Cpt 0.20; J, 1.00; MO, 0.29; Mt, 0.94. 
Figure 7.- Concluded. Effect of advance-diameter ratio J on 

blade thrust load distribution at power coefficient Cp of 
approximately 0.20 and Wee-stream Mach number M  of 
approximately 0.30. Curtiss 836-14C2-18Rl four-b&de 
propeller, 
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(a) Cpr 0.39; J, 2.04; Mu, 0.30; Mu, 0.55, 

lb) Cpr 0.39; 3, 1.16; MO, 0.28; M t, 0.82. 
Figure a.- Effect of advance-diameter ratio J on blade thrust 

load dfstrfbutlan at power coefficient CP of approximately 
0.40 and free-stream Fach number MO of approximately 0.30. 
CUPkiss 8X-14C2-18Rl four-blade propeller. 
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(c) Cp, 0.40; J, 1.01; MO, 0.29; M t, 0.94. 
Figure 8.- Concluded. Effect of advance-diameter ratio J on 

blade thrust load distribution at power coefficient Cp of 
approximately 0.40 and free -stream Mach number HI of 
approximately 0.30. Curtiss 836-14C2-18Rl four-b ade P 
propeller. . 
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Figure 9.- Characteristics of Curtiss 836-14C2-lElR1 four-blade propeller on Yp-47H 

airplane at free-stream  Mach number M . of epproxlmately 0.40. 
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Propeller power coelflclent, Cp 

Flgure lO.- Effect of power coefficient CP on propeller efficiency q 
at oonetant adrance-dlameter ratlo J and free-stream  Mach number M . 
or 0.40. Curt!ss 836-14C2-1881 four-blade propeller, 
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(b) Cp, 0.30; J, 1.67; M ,, 0.40; httr 0.84.0nblade thrust 
Figure ll.- Effect of power coefficient 

ct load dlstrfbution at advance-diameter ra lo 3 of approxi- 
mately 1.70 and free-stream Mach number Y, of approximately 
0.40. Curtfss 836-14C2-18Rl four-blade propeller. 
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b,/R 1” 
cd) Cpr 0.50; J, 1.66, Mo, 0.39; M t, 0.83. 
Figure Il.2 Continued. Effect of power coefficient CP on 

blade thrust load distribution at advance-diameter ratio J 
of approximately 1.70 and free-stream Mach number MO of 

, approximately 0.40. Curtiss 836-1462-1881 four-blade 
propeller. 
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(e) Cp, 0.60; 3, 1.73; I,, 0.39; Xt, 0.81. 
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(f) Cp, 0.711 J, 1.65; MO, 0.371 Iit, 0.80. 
Figure 11.- Continued. Effect of power coefficient Cp on 

blade thrust load distributfon at advance-diameter ratio J 
of approxfmately 1.70 and free-stream Mach number M . or 
approximately 0.40. Curtiss 836014C2-18RI four-blade 
propeller. 
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Figure Il.- Concluded. Figure Il.- Concluded. Effect of power coefficient CP on Effect of power coefficient CP on 

blade thrust load distributdon at advance-diameter ratio J blade thrust load distributdon at, advance-diameter ratio J 
of approximately 1.70 and free-stream Mach number MO of of approximately 1.70 and free-stream Mach number MO of 

* * approximately 0.40. approximately 0.40. Curtlss 836-1402-1881 four-blade Curtlss 836-1402-1881 four-blade 
propeller. propeller. 
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lb) cp, 0.30; J, 2.36; MO, 0.4Oj Yt, 0.67. 
Figure 12.- Effect of advance-diameter ratio 3 on blade thrust 

load distribution at power coefficient CP of approxkately 
0.30 and free-stream Mach number ?& of appr-oxfma&ly 0.40. 
Curtiss 836-14C2-18Rl four-blade propeller. 
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Ffgure 12.- Concluded. Effect of advance-diameter ratio J 
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of approxkately 0.30 and free-stream Mach number H 
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(cl Cp, 0.70; J, 2.09; M ,, 0.39; M t, 0.70. 
Figure 13.- Effect of advance-diameter ratio J on blade thrust 

load distribution at power coefficient C,, of approximately 
0.70 and free-stream Mach number MO of ipproxlmately 0.40. 
Curtlss 836-1 4C2-18Rl four-blade propeller. 



NACA RM NO. E6.131 F- 23 
. 

. 

. 

.:.. 
. . . . . . 
: : : . . . . 

. . . . . . . . . . . . 

. 

. 

c 

. 
X0 

20 

15 

10 

5 

0 

-5 

-10 
(a)-C,, 0.71; J, 1.66; MA, 0.37; M ,, 0.80. 

le) Cp, 0.70; 3, 1.50; Id,, 0.36; Kt, 0.89. 
Figure 13,- Concluded. Effect of advance--dIalreter.ratIo J on 

blade thrust load dhstrfbutlon at poser coefflcIent TB of 
approximately O.?O and free-streac Yach nuznber X0 of- 
approldmately 0.43, Curt:ss SC-14?2-18Al foq~r-blade 
propeller. 
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Figure 14.- Characteristics of Curtiss 836-14C2-lf3Rl four-blade propeller on YP-WY 
airplans at free-stream Wach number MO of approximately 0.50. 
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Figure l5.- Effect of poacr coefflclent Cp on propeller efflcienay q 
at conetant advanoe-dl,ameter ratio ,J and free-stream Mach number MO 
of approximately 0.50. Curtis8 83614C2-1ERl four-blade propeller. 
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(a) Cp, 0.10; J, 2.23; Ki, 0.50; Mt, 0.86. 

(b) c,, 0.20; J, 2.26; Mo, 0.51; Et, 0.87. 
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(c) Cp, O.SOj J, 2.24; MO, 0.50; Mtr 0.86. 
Figure 16.- Effect of power aoefficient Cp on blade thrust 

load dlstributfon at advance-diameter ratio 3 of approxi- 
mately 2.20 and free-stream Mach number MO of avpmxlmately 
0.50. Cwtiss 836-14C2-18Rl four-blade propeller. 
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(d> Cp, 0.41; J, 2.23; MO, 0.50; Mt, 0.87. 
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(e] Cp, 0.60; J, 2.16; Mop 0.51; Ht. 0.89. , 

Figure 16.- Concluded. Effect of power coefficient Cp on 
blade thtist load distrlbutidn at advance-diameter ratio J 
of approximately 2.20 and free-stream Mach number Fdo of 
approximately 0.50. Curtiss 836-14C2-18Rl four-blade 
propeller. 
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(a) Cp, 0.51; J, 4.26; Mo, 0.50; Mt, 0.62. 
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(b) Cpr 0.62; J, 4.30; MI,, 0.50; IQ, 0.52. 
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(cl Cp, 0.72; J, 4.31; No, 0.50; Mt, 0.63. 
Figure 17.- Effect of power coefficient C 

f 
on blade thrust 

load distribution at advance-diameter ra IO J of approxt- 
mately 4.30 and free-stream Mach number Mo of approximately 
0.50. Curtiss 836914C2-18Rl four-blade propeller. 
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F (el Cp, 0.93; 3, 4.34; MO, 0.51; M t, O-63. 
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!f) Cp, 1.03; J, 4.32; MO, 0.50; M t, 0.62. 
Figure 17.- Concluded. Effect of power coefficient C 

P 
on blad 

thrust load dlstributfon at advance-diameter ratio Of 

approximately 4.30 and free-stream Mach number M  
approximately 0.50. Curtiss 636-14C2-18Rl four-b ade P 

of 

propeller, 
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0 Left survey 

(a) Cp, 0.21; J, 3.45; W,, 0.51; Nt, 0.68. 
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(b) Cp, 0.21; J, 2.81; Id,, 0.51; Yt, 0.76. 
Pi ure 18.- 

r: 
Effect of advance-diameter ratio J on blade thrwt 

oad distribution at pozer coefflclent Cp of approximately 
0.20 and free-stream Yach number MO of approximately 0.50. 
Curtlss 836-14C2-18Rl four-blade propeller, 
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(c) Cpr 0.20; J, 2.26; MO, 0.51; 
1 
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(d) Cp, 0.20; J, 1.78; Y,, 0.5y; IQ, 1.02. 
Figure 18.- Conc_luded, Effect of advance-diameter ratlo J on 

blade thruat load dlstrlbutlon at power coefficient Cp of 
approximately 0.20 and free-stream Mach number M of 
approxfmately 0.50. Curtiss 836-14C2-18Rl four-b&.de 
propeller. . 
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(af ‘+r 0.62; J, 4.30; Ho, 0.50; I$., 0.62. 
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(b) Cp, 0.59; J, 3.43; MO, 0.50; Mt, 0.68. 
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(c) Cpr 0.59; J, 2.76; MO, 0.50; Mt, 0.76. 
Figure IQ.- Effect of advanae-diameter ratfo J on blade thrust 

load dlstributfan at power*aoefficIent Cp of appr-oxkmtely 
0.60 and free-stream Mach number I, of approx&nately 0.50. 
Curtis8 836-14C2-18Rl four-blade propeller, -' 
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(d) Cp, 0.61; J, 2.36; MO, 0.51; IQ, 0.85. 
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fel Cpt 0.60; J, 2.25; Mo,-0.48; Kt, 0.83. 
Figure 19.- Continued. Effect of advance-diameter ratfo J 

on blade thrust load dfstribution at power coefficient Cp 
of approximately 0.80 and free-stream Mach number Mo Of 
approximately 0.50. Curtiss 836-14C2-18Rl four-blade 
propellsr . 
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(g) Cp, 0.59; 3, 1.70; MO, 0.48; Kt, 1.01, 
Figure 19.- Concluded. Effect of advance-diameter ratio J 

on blade thrust load distribution at power coefficient 
of approximately 0.60 and free-stream Kach number K CP c 

of 
approxtitelg 0.50. Curtids 836014C2-18x1 four-bladg 
propeller. 
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0 Left survey 

(a> Cp, 1.03; J, 4.32; MO, 0.50; Mt, 0.62. 

(b) Cpr 1.03; J, 3.68; MO, 0.50; M t, 0.66. 
Figure 20.- Effect of advancedIameter ratio J on blade thrust 

. load distribution at poser coefficient Cp of approximately 
1.00 and free-stream Mach number MO of appraximately 0.50. 
Curtiss 836-14C2-18Rl four-blade propeller, 
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fc) Cpr 1,025 J, 3.42; Y,, 0.50; I$, 0.66, fc) Cpr 1,025 J, 3.42; Y,, 0.50; I$, 0.66, 

.1 .3 .s t. 7 - .Q 1.1 1.3. 

(d) Cpr 1.01; J, 3.04; Mo, 0.51; M t, 0.73. 
Figure 20.7 Concluded. Effect of advance-diameter ratio J on 

blade thrust load distribution at power aoeffic?ient Cp of f 
approximately 1.00 and free-stream Mach number Y of 
approximately 0.50. Curtfss 836-14C2-18Rl four&de 
popeller, 
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