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. FLIGET TESTS OF A ctm:ss NO.' 838-102-18 THREE-BIADE
PROPELLIR HAVING TRATLING-EDGE EXTENSTONS
By John J Gardner

'.'sumA_RY

" Flight testg to determine ropeller performsnce have been
meds of a Curtiss No. 838—102—15 three-blade propeller having
trailing-edge extensions on & Republic P-47D—28 airplans in
climb and high speed., Theoge tests are a part of a general’
propeller fligh'b—-test program abt the Langley Le.'boratory of the
Natiqnal Ad.visory Comittee for Aeronatrbics.

Besul'bs of clim'b tee’cs indicate that when power is changed.
from approximetely 1475 horsepower at 2550 rpm (roughly normal:
power) to 2400 horsepower st 2700 rpm (epproximastely militery
power) thers 1s a lose in propeller efficiency of 3 percent atb
an altitude of 7000 feet, and U4 percent at 21,000 feet. At an
alrplene Mach number of O 7 there is a gein of 9 percent in . i
propeller efficiency when the power coefficlent per blade ig
increased from 0.06 to 0.09, Optimm powsr coefficient. per blade
et this Mach number is estimated to be approximately 0.12.

An enalysis to determine the effect of thé addition’of ° X
extenslons on the performance of the basic propeller bladss . :
indicates that climb performsnce. was increesed bub high-—s‘peed.
performance was reduced. Both effects, however, were small,

-

TNTRODUCTTON - T

During the last few years the power output of alrplans : :
engines advanced more rapldly than the power absorption abilities !
of propellers avallable for use with these engines. It became
epparent during this period that propellers of greabter solldlty
wore noeded if the increase in power avallable was to be absorbed !
efficiently in take—off and ciimb conditions. Howover, the time
needed. to design higher solldilty propellers and rebool plants to .
produce them would have seriously impaired the production of
blede designs then in urgent demand. A method was flnally dec:l&ed
upon to Increase the solidity of blede deslgns already in

wERSIRTCTED
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production, without seriously impalring this production, This
method Involved the addition of trailing-edge extensions to the
blades. These trailing-edge extensions were added to the blades
elther by wolding a strip to the treiling edge, or extending the
upper surfece of blades of hollow-stesl-type construction, By
the proper selectlion of extension length and angle setting, the
design cheracteristics of the modified blade sections could be
made to approximste those of the baslc blede section.

In the present paper the resulte of e¢limb and high-speed tests
of a propeller having tralling-edge extensions are presented. The
extenslons of the propeller, a three-blade Curtiss design |,

No. 838-102-18, ave uncambered, average 20 percent of the basic
blade chord, and are set at a.pproxima‘bely 6,09 to the chord line.

In addition %o the presentation of the test data, an analysis 1a
made of the effects of the trailing-edge extensions on the propeller
performance in both the climb and high-speed conditions,

Data were cobtalned in clinmb tests at an indicated alrspeed
of 165 miles per hour at power conditions corresponding roughly
to normel, military, and war emergency power operation. Additional
data were obtained for constant power coefficient per blade conditloms
of 0,060, 0.082, 0,085, 0.092, and 0.102 through “the airplane
Mach number range from 0,25 to 0.725.

SYMBOLS
Vv true eirspeed
n propeller rotational speed, revolutions .perl-s-eoomi
D propeller diameter ! : |
J edvence ratio (V/uD) ' S )
B section blade angle at O TSR
2] blede angle st any section
R propeller—tip radius

r propeller—section radius -

x = v/R
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b 'blade-section chord S )
b ‘blade-sec'bion maximum tﬁicmess _

r's- ) radial d.ista.nce Prom thrust axis to- surv‘ey poin'b

%g = 7s/R | T R

¢T‘ propeller thrust coefficient K .
Cp propeller power coefficient: - - S -
n propeller efficiency

¢  ratid of demnsity of free air to density of"_ standard air at
sea level ’ o

ey blade-section 11ft coefficient

M ‘alrplene Mach number

Mt propeller-tip Mach rivmber

M, - propeller-section Mach number .

FROPELLEY Ay iEor myuramvr T Tl

Genera.l specif'ica.tions of propeﬁer and, power plant g.re a.s
follows° -

Nuabér oi‘ Bladek 5 T ] LT R e e e e G e

Bladé design’ =~ .ot JUeS PR LT -"'I: . _Cui-ﬁiss No. 838—192—18
Average design. 1ift coefficien‘;:. e .' Pl s 7005
Propeller-diameter « . i v o .t LV, TE U ; . lE‘._t‘ee‘t 10 inches
Propeller-gear ratio' o i 7L W70 VIS it 0 T ST L L 0 L 2id
Engine ¢ e s o '-"-' . '-‘ * "'.l-.ll- -"'::-:-: "- E--.P.I:aﬁt & Whi‘bney 3-2800 59

L T . PR TS A

Normel powsr rating:s® - - *© -7 T

Engine 6poed, TTM .+ o ¢ « o o ¢ % a0 o o ¢ o .0 3 ._.".'
Manifold pressure, inches of mercury e s s e s s o & o o & o 3
Brake hOorEepoOWeY « ¢ o ¢ « ¢ » o e e e b s s e.0 e s
Atrplaze oritical al'bitude (clim'b) feet (approx.} + vy .-

>
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Military power rating:

Enginespesd,rpm..--...,....-..-......2700
Manifold pressure, inches Of MOYCUTY .« s.s o « ¢ o o s o + o 52
Br&b horsepower ’ L] . L . * L] L ] L L L J L ‘ . L ] l . . ‘_ - . [ - L] 2000
Atrplene critical altitude {(climb), foot (approx.) . . . . 29,000
War emergency power rating:
mme Bpeed- m . . Il . [ ] [ 4 . L[] L] [ ] e [ ] L] L L] * » L] L] L[] . 2700
Manifold pressure, inches of MEYCUrY .« « o « ¢ .o » s+ + s « « » 64
Brakehorsepower...-....-.-...........2600
Alrplene critical sltitude (climb), feet (approx.) . . . . 23,000

Blade-form curves of the test propeller are presented in
figure 1. In figure 2 is shown & closeup view and in figure 3,
a8 flight viow of the test propeller and survey reke installed on
& Republic P-47D-28 airplane.

Test equipment, test procedure,_ and method . of data reduction
are aimilar to those described in reference 1.

RESULTS AND DISCUSSION

Thruet was measured by the slipstream survey method, end the
values given are uncorrected for slipstream rotation. Thus the
reported velues of thrust and efficlency are high by an estimated

1.5 to 4.0 percent, depending on the condition of operation. The
correction for slipstream rotation increases with increasing power
or decreasing advence ratio and .is also a functlon of the distribu-
tion or torque along the propeller blades. Corrections were not
applied to the daeta becausc of lack of torgque distribution measure-
.-ments and because estimatqs indicate thaty relatively, efficlencies
- are not appreclably affectod and comparisons between different
-, conditions cen he made with 1little error. For example, ei'bher at
-...8 glven advence rgtio and over the test range of .power coef,fioients

. or at a glven power coefficient and over the 'best renge. of adva.nce
ratios; efficiencies are changed relatively, & maximum of only _
about 1.0 percent. Neglect of the effect of slipstream rotation
tends to vnderomphasize the effects at high advance, ratios. A
discussion of, the effect of slipstream rota.tion -On SUYVey measure-
. ments 18 given in reference 2. . A

. Cl:lm'b tests. 1:1 te.bles I a.nd II a:re p-resontod. 'l:.he ‘data of
the normel, military, and war emergency power climb tests. In
figuree 4, 5, and 6 these data have been plotted to show the
va.ria.tion of edvancerratic, powor and thrust coefficients,
efficlency, and a.irpla.ne and propeller-tip Mach nunhers wi'bh
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density altitude. - From the efficlency curves of figures b and 6 it
will be noted that & change from normal to war emergency power in

8 165-mile-per-howr (indfcated)} climb resulte in'e loss in efficiency
of 3 percent at an altitude of 7000 fest and b percent at

- 21, OOO feet. .

A comperison of the climb tes’cs results on the basis of the
same advence-ratio condition is made in figure T to show the effect
of powey loading on climb efficisncy.__ “From these curves it will
be noted thet the efficlency loss in changing from normal to war
emergency power is between 3 and b4 percent. The .increase in Pl
axlal loss with increased power disk loading, estimated by mears
of the simple momentum theory, causces a loss in efficiency of
epproximately 2 percent at an advance-ratlo of l.Q end 1.5 percent
.2t an advance-ratio of 1l.2. The remaindor of the efficlency loas
18 attributed to Increased. rotational and profile losses.

In figure 8 arec presented. thzust-grading_ curves obtelined in
war emergency power climb conditlon. There is no evidence in
these surveys of loss in thrugt near the tip ususlly associated
with high-tip Mach numbers. It should be noted at this point that
the large thrust difference between left and right.suryseys and the
lateral shift in the surveys near the tip station (:ca2 = 1,0)
ere the result of. pitched and yawed conditions, .respectively, of
the thrust axis and are not to be assoclated with the effects of
compressibility. The effects of piteh and yaw. a.re described more
conmpletely in reference 3.

- It is interesting to examine the thrust,distributions of

. Figure 8 at the .inboard stations near the fuselage sida. Ob

both right and left surveys.a “leveling off" in the distribution -
is noted -near the fuselage station. . This sta:bion is In.a reglion
of mixing, that is, air Prom. in front .of . the cowling passing Lo
over the cuff.sections and. not. admitted to .the engine. s flow:lng
around the cowling and mixing with.air from. propellsr s‘{:a.tions
forward of the. inboard raks stations. Wha.t is happening here is,
therefore s conslderebly confused by - this. mixing. _Howevor,, 1t

w11l be noted that the more highly 'loaded right survey is holding
up falrly well at a valus of xg° = 0.15 in figure 8, run 32to k,
but falls .off et a rapld rate in.succeeding -rwms 32to 5 and 32to 6.
. This. could very well be an indication of cuff. stelling when the
cuff is in the highly loaded .right survey. position. In the climb
condition the engine-cowling exit flaps were closed and the inlet
veloclty ratlo of the engine cooling air was less than 0.2. As
the major portion of the air flowing over the cuff sections was,
therefore, flowing around the cowling, any sbrupt changes in the
Pressure rise across the cuff sectiona would. be noted In the survey
distributions.
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- Bffect of extensions in climb.- For a given power-absorption
requirement, increasing propeller solidity, in this instance by
addition of trailing-edge extension, reduces the operating lift -
coefficients of the blade sections, Since 1t is generally Imowm
that blede sections operate at high-lift coefficlents in the climb
condition, any reduction in operating section 1ift coefficlent
has & bensficial effect on propeller efficlency from two stand-
points. First, the sections operate nearor their optimum-11ft
coefficients for maximum L/D ratioe. Second, operating at lower-
15ft coefficients raises section critical speeds, thus delaying
the onset of compressibility effects.

In reference 4, i1t 1s shown that st an advence-ratio of 1.0

end for operation at maximum efficiency, the power absorption of
a propeller is increased by an amount equel to the percent extension
- added to the propeller. Referecnce 4 slso indicates that the

maximum efficiency of & propeller 1s reduced 0.5 to 1 poercent at an
- edvance-ratio of 1.0 by the addition of trailing-edge extensions
(1t cen be ‘shovn .that this reduction in officilency is dus almost

entirely to the increase in axial-energy loss assoclated with the

increase in power loading and that, consequently, other propellor
losses are not changod appreciablys.

Although the test propeller is not operating at maximum
efficlency, 1t appears to be opersting neoar enough to maximum .
efficiency so that the datae of reference 4 may be used in this

analysis.

If the assumption 1s made that the rate of change of efficlency
with power indicated in figure 7 for the propeller with extensions
is also applicable to.the propeller without extensions, the.offect
on efficiency of an incroase of 20 percent in power asbsorption of
the propeller without extemsions cen be estimated. For exsimple,
figure 7 shows that at an asdvance~ratio of 1.0 increasing the
propeller power coefficient from 0.13 to 0.156 {a 20-percent
increese) decreases the efficiency by about- 2 percent. This
indicates that, in addition to the increase in axial-energy loss,
other losses have also been increased by & small amount.

-

It is now possidle to estimate the amount by which the
extensione increased the propeller climb efficiency. If the
increase in power is sbsorbed without a change in solidity, the
efficlency loss, as sbove; .1s about 2 percent.. If trailing-edge
extensions equivalent to the percent increase in power are asdded,
then only the sdded axial-energy lose of 0,5 to 1 percent is
incurred. Therefore, the net.result is an improvement in efficiency
of 1 %0 1.5 percent attributable to the addltlon of extensions.
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e

i Constant Bowe ipeed’ rang In ta.ble III are
'presez;tecl the a:ba. of.the cons‘l;ant-powei'-coefficient tests made
‘at 2700 engline rpm ovor the slrplane Msch number range from 0.25

* to 0.725. The date are .plotted in figures 9 to 13 to show the
va.ria.tion in efficiency with airplane Mach nwmbor at consta,nt
power coefficient. Also incluied in these figures are curves of

- tip Mech number, esdvance-ratioc, thrust and power coefficlents.
Points obtained from the faired climb curves of figures 4, 5,
and 6 have been spotted in figures 9 to ll.

The curves of a.d.vance—ra.tio, tip Mach nmber, and efficiency
of flgures 9 to.13 are combined in figure- 1l to facilitate . ...
comparison of the results. The tip Mach number and advence-ratio
curves in flgure llL ere essentially the same for all tests except
that at the lowest power coefficient per blade. While, In this
respect, the date at a blade loading of 0.06 are not. strictly
comparable to the data at the other blade loadings, the effect of
the differences in +ip Mach number and advance ratio on efficlency
is actually small. The maximum ¢ffect on efficlency that migh-b .
be expected is estimated to be Iless than 1 percent. :

Examination of the efficiency curves of figure 1li indicates
a gradual drop in efficiency st the lower gpeeds as the power
coefficient is ralsed. This is in agreement with the trend in
the climb tests of figure 7. -At the higher speeds, a reverse
trend is observed. An Increass in power coefficient results in
an increase in efficiency. From figure 1k it 1s noted that at
an airplane Mach number of 0.7 increasing the power coefficient
per blade from 0.06 to 0.082 results in a gain in efficiency of
approximately 7 percent. A further increase to 0.092 results
In an sdditional efficilency ga,in of 2 percent. :

Flgurs 15 has been prepared to give a picturo of what is
~ happening to the loading distridbution at this high Mech number
as the power coefficient per blade is increased. In this figure
the thrust values have been multiplied by the factor J/Cp .which,
in effect, converts these values into a measure of section -~
efficiency. It will be noted in this figure that incresge in
loeding increases the ordinates falirly evenly over almost the .
entire blade, showing that the load distribution hes not, beon ™
changed and indlceting, Fhat-the .efficiency of almost all sections
1s increaged ag the power is increased:’ Blade section da:ba. o
Dprosénted. later. will fur’bher show this. . i
Anslysis of section 0 eratin. characfbafisrt 'cs a:b Hi, ,h speeds .-
The operating 1if{ coefficlents for several radial stations of the
blade have been calculated using simple blade element theory and
the thrust distributions obtained in.these tests. Valuss of 1ift
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coefficients o‘btained are approximate as the method by which they
were obtained ig admittedly approximate itself. However, they &are
considexed sufficlent]y accurate for the purpofes of this analysis.
Sect:l.on Aift coefficients have been calculated uging the following
relationship for that can easily be derived from the Bimple blads-
slement theory' ] .. _ .

. dCp 8 cos ¢ 1
1= d.(x 2) o'sr3x2 1 - tan ¢ tan'y
vhere )
¢ = ta.n"l J ‘
b
¢ = D
X
=X
_ TR
“* . é_l Qd' x| 1 TR
" 7 - ,:bax} : 01 L -f."” [ - .,'.." "'"‘:.'3 .'\"'C‘."_._'.'
. e, t .
Bnd. . _'-',-:H... .. oy Tes s .o o e - L-.“
B .mmbér'o"f‘?'giadés e

cq - -séction drag cbéff'iciént
In using 'bhe thrust d.istri'bu’b:lons, it e . assumod. ‘thet velues
of x and xg for x4 5 0.5 were the sams and the average of left and
dCrp

d(xsa)'
of 7y was agsumed corresponding to & 1ift-~ d:c-ag ratio of 10.-

right survey values represented_ a ‘true'a.verage. . A value
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The results of the calculations of section lift coefficients
are presented in figure 16. In this figure, the. variation in
operating section 1lift coefficients for .several. ra.d.ia.l stations
of the blade with’ changes in power coefficient and alrplane Mach
number are Bhown, The high-speed. portion of these curves are of
particular interest. . It will be noted that at an alrplens Mach
number of 0.7 and a pover coefficilent per biade of 0.082 the -
a.vefa.ge operating section 1if¥ coefficient in the. .range .from -

Xg = 0.5 to 0.9 is approximately O.t. These sections are there-
fore operating below their design Oy condition of 0.5, and. an
increpase in loading should increase e propeller performance.
Thig has been indicated previcusly in discussions of the ‘high-
‘speed trend of the officiency curves of figure i% end the high-
speed loading distributions of figure 15. Reférring further to.
Flgure 16 1t will be noted. that if the 1ift coefficient curves
for the. power coefficient per blade condition of 0.102 are.
‘extrapolated to an airplanhe Mach number. of 0.7, the a.verage B
operating section 1lift coefficient at that Mach number would be
approximately 0.5. It might then be concluded that this power
coefficlent is optimum for an airplane Mach number of 0.7.

Plgure 17 shows that this conclusion can not readily be drawm.

In this figure, curves showing the variation of efficiency with
power coefficilent for airplane Mach numbers of 0.6 and 0.7 are
shown. A reasoneble extrapolation of the curve for 0.7 Mach
‘numbor would indicate the optimum loading is very likely beyond

a power coefflcient per blade of 0.102, possibly as high as 0.12.
The average optimum operating 1ift coefficiont for maximm 11ft-
drag ratic would then be approximately 0.6 .at 0.7 Mach number. .
The same analysis applied to the data at & Mach number of 0.6
sgain indica.tes that the optimum operating 1ift coefficiont is
about 0.,6.” Tt appears,, therefore, -that best efficlency s . -
o‘btainerl when the propeller sections are vorking at :1if%.. .- -
coefficients slightly above “the d.esig& values.. >« . . -

' Effect of extensions-at high gmed;- Tt has been mentioned in
the dlscussion of figures 15 and 16 that at an’elrplane Mach number
of 0.7 the operating.section Lift coefficients :are bolow optimum
values. The use of extensions is. therefore having a detrimental
effect on the efficiency at high speeds since their use reduces
blade-section gperating 1ift coefficients.for a given power-.
absorption requirement. The magnitude of this:adverse effect on
the efficiency cammot readily be determined because of lack of
high-spoed date on blede extensions.. However, if the extensions
were only half as effective at high speeod as they are in. climb,
absorbing at maximm efficiency a power increase equal %o half the
percent extension added, (reference 4 indicates that theilr effective-
nesg falls off at higher advance ratios) by an analysis similar to
that mede for the climb condition, the high-speed officiency would
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be decreased sbout 2 percent. Expressed as a lose in top speed of
the aircraft, this would be 3 to I miles per hour.

" The analysis of the climb and high-speed tests have indicated
that the extensions improved climb efficiency at the expense of
high-speed efficlency. TFor the normal loadlug condition of a
Republic P-47D-28 airplene {approximately 13,000 pounds) it is
estimated the resulting increase In rate-of- “elimb is of the order
of 100 feet per minute. The decroase in top speed is difficult.
to accurately determine But 1t is likely that it ie not more- then
% miles per hour. In addition, these teste have demonstrated that
the propeller is considerably underloaded et high speeds. This
condition could be corrected by increaseing the power avsilable,
reducing blade solidity, or changing the prcpeller~engine gear
ratio, but all of these methods would result in reduced climb
efficiencies. However, a two-speed propeller-engine gedr system
would permit efficient propeller operation at both climb and high-
spesd conditions. The need for such a system will become more
evident as the gep betwsen the meximum speed and’ climbing epeeds
of aircraft further widens _

L

CQNCLUSIONS

Flight tests of a Curtise No. 838-102-18 three-blade propeller
on & Bepublic P- hTD airplane indicate the following. .

14 A change from normal to war emergency power in a climh at
an indicated airspeed of 165 miles. per hour results in & 3-percent
loss in propeller efficlency at -an altitude of 7000 feet and
b percent at an altitude of-El 000 feet. )

2. At an airplane Mach number of 0. 7 1ncreasing the pomer
coefficient per blade from 0.06 to 0.08 results in &7 percent
' refficlency gain, & further increase to 0.09 results i oan
* ‘additional efficiency gain of.2 percent.

3. For’ a.irplane Mach mumbers of 0.6 to O 7, pea.k efficiency
will be reached-at a power coeffic;enﬁ per-blade of approximately 0.12.

4. The 'only spparent effect of using the extensions on the
propeller has been to increase solidity. As a result, a smell
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inprovenent in olivb performance and a small red.uction in high—
speed performance has been observed. :

Langley Memorial Aeronauticel Laboratory

2.

National Advisory Committtee for Aeroria.u’tics
Langley Field., Va,
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_ TABLE I
FLIGHT DATA OBTAINED FROM NORMAL POWER CLIMB
TESTS OF CURTTSS NO, 838-109-18 THREE-BLAYE
PROPELLFR ON REPUBLIC P-4¥7D-28 AIRPLANE
Figure} Run g |% ‘G.T:', 4 on -(rgs) M| M v

b 125 to 1 ]0.972{0.119/0.1007§0.823]21.480.2k4 0.825_0 845
L |25 to 2 .983] .126] .1043] .813{21.48] .2k7|..826( .803

L 25 to 3| .996} .134| .1095] .Brkf21.hs .251) 829 769
-k 125 to 4. [2.020{ .1ko| .1235} .827i21.k0} .258] .835{ .737
L }25 to 5-{1.050} 148} .11kk| .B11|21.hk51 .268}) .845| .702

4 |25 to 6 [1.092] .157] .1200} .83%|21r.k2} .28¢} .B52f ,669

4 |25 to 7 |1.100] .1631 .1232] .832|21.45] .28k}, .857] .638
"l 125 to 8 |1.129] .172] .1263f .829/21.42] (201 .860{ .607
‘4125 to 9 |1,138] 180} .1307) .826]21.k51 .296] .868} .579
4 |25 to 10§1.178] .187|- .1308]::82kl21.45 ,307]. . 875] .555
b 125 to 11f1.194f .195] .1353] .828|21.45] .314] 883} .530
b 125 to 12)1.222} .20k} .1ho1] .839f21.47] .323! ,800} .507
kw23 to 13f1.255] .213) .1k33} .Buhk21.45] .333} .08} L6
t4- 125 to 14]11.273] .222] .A4h8| .630{21.L7| L340 .906} 463
b |25 to 251,201} J229} 1458} .822)R1 .45 F L3kl o1e] AbS
L 25 to 16{1.328] .237{ .1486| .832]21.h7] .359) .921] .Lk31
L 125 to 17|1.338} .2kh| 1507 .826]21.471 .362] .924] k20

L 25 to 18]1.356] 256 .1542| .Br7l21.47] .369] .932] .bOO

4 |25 to 19i1.385} .261] .1559] .B27i21.k7] .380] .9b1| .389

4 |25 %o 20[2.k15} .269)] .1562] .Be2i21.47] .390] 951 .377

L {25 to 21{1.k21 | 274 1599 .829]21.48 | .39k] ,9561 .364

L 125 to 22{1.467] .28k} 150k | .823§21.32] 05| .958] .355

L 125 to 23{1.495]| 293} 1599 .B16}21.27} .b14| ,963| .344

b [25 to 24[1.4861] 205} .1618] .815]21.38] L15) 970 .33%

. NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IT

FLIGHT DATA OBTAINED FROM MILITARY POWER AND WAR

FMERGENCY POWER CLIMB TESTS OF CURTISS No. 838-102-18
‘THREE-BLADE PROPELLER ON REPUBLIC P-47D-28 AIRFLANE
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ik HACA RM No., L7D1&
~ TABLE ITI
FLIGHT DATA OBTAINED FROM LOW-HIGH SPEED 2700 ENGINE
RPM TESTS OF CURTISS NO. 838-1¢2-18 TEREE-BLADE
PROPELLFR ON REPUBLIC P-L7D-28 ATRPLANE
Flguref Bun | J [ Cp |- Cp n (rgs) M oM} @

9 |20 to 1|0.913{0.181{0.1k95}0,75k] 22.42{0.252{0.901| 0.630
9 }20 to 2| 1.1bk9| ..180] .1268| .809{22.55f .319] .929} .629
‘9 }20 to 3|1.405 177} .10M3]| .828{22.63} .390] .956] .636

9 |20 to h}{1.646]|. .180| .0920; .Bu1|22.55| k58! .987| .631}

9 |20 to 5}1.918] .176} .0730| .795(22.63] ..530(1.018] .640
9 |20 to 6| 2.174] .181} .0623| .748|22.43] :.598]1.050] .638

9 |20 to 7} 2.391] -.173| .O4BL| .660]22.48| .658{1.086] .656 |

9 |20 to 8} 2.620] .178] .oh15| .611}22.62| .725|1.132] 641
10 |23 to 25 2.456| -.245] 0716f .718|22.50] .6oh{1.127| .Lhho
10- |23 to 28 2.186| .248] .0803| .787{22.28| .611|1.068| bk |,
10 |23 to 271 1.887] .2ukk] .10u4k| ..B07{22.65] .537|1.043} .k33
10 |23 to 281.656] 241} .1197| .8e2|22.65 .JA7ll1l.010( .L437
10 23 to.29 1.386} .236] .1389| .B16}22.67| .394| .977| .436
10 |23 to 30{ 1.117} .237] .1632| +770[{22.67{ .318]| .950( .k33

9 |2k to 7 |2.622| .176] .ohlh] -.617|22.27| .711{1.110] .654
9 j2k to 8|2.k69]| 180! .ok82} ,661{22.67| .6T1|1.086] 606

9 |2% to 9 |2.252} .180| .0610 .762|22.61| .610]1.0kk| 610

9 {2k to 20{1.950| .183] .0762| .812{22.63| -.528|1.001| .617

9 |ok to 1111.7091 .188] .0923| .839}22.68] .465] .973] .594

9 {2k to 121 1.455 | .188| .1065| :.82k[22.58] 393 .936] .606

9 |2k to 13(1.184) :285| .12b1] .79k{22.50(. .319] ,905[ .61k

9. |2k 4o 14 .935 | 181 .1k2g| .738[22.67| .25k} .81] .617
110 I3k o 120 1.516} 269} .1506| -.793|22.72] .boo| .973| .2
11 134 to' 13} 2.3bk | v256] ".0820) .751122.67] .659{1.103| .k10
11 |34 b0 14{2.113| .257] .0982| .808]22.60| .595(1.066| .ki2
‘11 {34 to 15 1.942] .255] .1072] .816]22.60). .547|1.0ko| .u12
11 |34 to 1611.699 .251| .1224| .829)22.67| .h479|1.007] .Lk12
12 |34 o 17jL.E54 | okl L1385 '815 22.60| hoof .9731 .12
11 }3k to 18/ 1.211 | .260| 1666} .776|22.67| .341} .9kg| .k1lO
12 35 to 1 [2.522] .263] .O0Tk6| .715{22.53} .698]|1.115( .Lko6
12 |35 to 2 |2.453 ] .283] .0850| .737|22.48] .68h{1.111} L6k
12 35 to 3 }2.221 | .286] .0992] .770|22.50] .620{1.073] 467
12 . {35 to W{1,965 | -.280( .1134} .796]22.53} .550]1.038] .468
.12 |35 to 5 {1.707 | 276} .1322] .818|22.55] .478}1.001] 468
12 {35 to 6 [1.b27 | .282] .1556| .787]22.42] .397| .961| .h6L
12 35 to 7 |1.213} .282] .1815} ,781{22.37} .337} .936| 466
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TABLE ITT - Concluded -
FLIGET DATA OBTATNED FROM LOW-EIGH SPEED 2700 ENGINE REM
TESTS OF CURTISS NO. 838-102-18 THREE-BLADE PROPELLER
T | ON REPUBLIC P-L7D-28 AIRPLANE - Concluded

Figure| Run Tl | O | % fpey| ¥ M | ©

10 |35 to 8| 1.175| 0.246| 0.165b] 0.790] 22.53}0.332] 0.948]0.433
10 |35 %o 9| 1.h27 .2b5| .1390] .B1i0] 22.52| .hO3| .975| .k39
10 {35 to 10l 1.687} .246] 1194 .819 22.55| L77{1.009| .k38

10 |35 to 11 1.917] .251| .10k8] .800| 22.k8} .540|1.037{ .k3k
10 {35 to 19 2.229] .246| .0848] .768 22.37| 624 1.079f( .hhk2
10 {35 to 13} 2.hoo] .2hg| .0715) .715|22.48] .700|1.12T7} B4l

10 |35 to 14 2.620| .256} .0656] .672 22.431 .73h{1.lk2} Ah32)
12 {36 to 1 |1.225] .270} 1747} 793} 22.63] .339] .933| k55
12 136 to 2 |2.507F .278] .083L4} .752|22.70} .700|1.121) 455
12 36 to 3 {2.153] .270] .0991} .790|22.72{ .602{1.065]| .459
12 {36 to b |2.071] .283} .1106} .810|22.60| .57hf1.0h2| .ui5k
12 |36 to 5 |2.539| 277 .0796| .730{22.80| .711|1.130| 460
12 |36 to 6 |2.083] .277} .1071] .805|22.65| .58Li1.050] .58
12 136 to 7 {1.k23]| .273] .1541{ .803|22.58| .395f .958| .L57
12 |36 to 8 {i.714 .278] .1331]| .820|22.67) .77l .9971 b5T7}
10 36 to 9 |2.513] .245) .0700| .718|22.78} .710{1.136{ .430

10

-10 |36 to 2.534| .2h6] .0688] .710|22.67} .711}1.133| 437
10 36 to 11j2.287] .239| .0781| .7hT7{22.67} .651}1.107 | 436
10 {36 to 12{1.985} .2k7| .0996| .B00|22.65 .560|1.0k9 | 431 |
10 |36 to 13{1.k28] .24k| .1kor| .820{22.67| .hO2} .971 ]| k29

. 10 36 to 1k{1l.702{ .247| .1204| .830}22.63| .479{1.006 | .430
10" |36 to 15|2.069| .267| .102hk} .79k}|22.68) .592}1.076 | .k80.
13 |22 to 15{2.200| .304{ .1118} .809}j22.4k8} .618{1.000 | 426

"13 |22 to 16|1.9k0]| .310} .1293| .809i22.48] .548{1.0k2 | Ja7
13 |22 to 17|1.724} .307) .1487| .835{22.47 | .48611.011 | .L18
13 |22 to 18j1.k31] .303} .1651} .780{22.53 | .hok| .975 | .}18
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Figure l.- Blade-form curves for the Curtiss No, 838-102-18 three-blede

propeller,
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Figure 2.- Republic P-47D-28 airplane equipped with a Curtiss No, 838~1C2-18
: three-blade propeller and survey rakes.
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Figure 3.~ Flight view of Republic P-47D-28 airplane
equipped with a Curtiss No, 838-1C2~-18 three-blade
propeller and survey rakes,
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Fig. 5 NACA RM No. L7D10
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Figure 9,- Variation in propeller efficlency with airplane Mach number at
constant blade-loading condition. Power coefficlent per blade approxi-
mately, .06; 2700 engine rpm. Curtiss No. £38-102~18 three-blade propeller
on Republic P-47D-28 airplane,
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Airplane Mdch number, M
Figure 10.~ Variation in propeller efficlency with airplane Mach number at
constent plade-loading condition. Power coeffiolent per blade approxi-
mately, .082; 2700 engine rpm, Ourtiss No. 838-102-18 three-blade propeller
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Figure 1l,- Vgriation in propeller efficiency with airplane Mach number at
constant blade-loading condition, Power coefficient per blade approxil-
mately, .085; 2700 engine rpm., Curtisa No. &38-102-18 three-blade propeller
on Republic P-U7D-28 airplane.
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Airplane Mach number. /A
Figure 12,- Variation in propeller efficlency with airplane Mech number at
constant blade-loading condition, Power coeffioient per blade approxi-
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Pigure 13.- Variation in propeller effioiency with airplene Mach number at
constant blade-loading condition, Power coefficient per blade, approxi-
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Figure 15.- Oomparative thrust-grading curves for several blade loading
conditions, Advance-ratio approximately 2.5, airplane Mach nunber
approximately, 0.7. Ourtiss No. 838-102-18 three-blade propeller on

Republic P-U7D airplene.
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Figure 16.- Seotion 1ift coefficient for Curtiss No. &33-102-18
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