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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUK REPCRT

for the
ALir Technical Service Command, Army ALr Forces
MEST3 OF FOUR FULL-SCALE PROPELLERS TO DETCRMING
THE EFPECT ¢F TRAIVING-EDCE ZXTENSIONS ON
WRCPELLER AERGDYHAMIC CEARACTERISYICS
27 Julisn D. Naynerd and Albert J. Evans

STMNARY

Tests ef four, 1lC-foot dlaneter, two-blasde propellers
hiave been mede In the Tangley l0-foni high-spsed tuanel to
detarmine the effest of tralling-edme extensions on pro-
peller asrodynamliec characterlstics. Two of the propcllers
had 20-percent extsonsions; ons wilth a coxbered-type, erd

the other with a etralght-typs of extension. Ancther pro-
peller had a l4O-persent cxtension of thez straizht -type,
and the characteristliecs of thsse propellers are compared
with the chapacteristics of a propelier with no trailing-
edge extensicn., Thils propeller with no tralling-edgo
extonsicn, which was unesed as & basls of conparison, lLad
i6é-serles blade sechions ard was simlier to the

NACA des=lgn 10-300-05R except the bacic design 1ift
coefficisnt was chengsd from 0.5 to 0.5. The effect of
variovs angles of extension on propnller characteristics
vas neot investirated, but a caleculaticn of the theoretical
pressure distribuntions indicates that the extenslon should
be designed to prevent zmach reduction in critical spced of
the blsde zectiors for the design condition.

The propellerz vere *tosted cn a 2Q00-horsepower

dynamcmeter at vlade angles of 20°, 25%, 30°, 35°, 0°,

59, 50°, and 55° at the thres-uguarter. rsadius. A con-
stant rotetlonal spoed was used {or each test, and the
tunnel airspeed was varied from 60 to 60 miles per hour.
The resulie are represencative of fuil-scele econstant-
spsed propeller op2ration et hellcal tip Mech numbers
below the critical.
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Tre use of an sxtended trailing edge on a propeller
blade was found to be a very eflective means of increasing
the power abesorbed by the propsiler with little less in
officlency. Straight-type trailing-edge extenslons of 20
and 4O percent (angle of extension = 6.50 at the
0.7 »adius) inereased the power ccefficlent for rmaximum
efficiency an amount almost equal to the percent extension
at an advance ratio of 1.0. A%t values of advance ratio
greater than 1,0 the increase in power coefficient becomes
emaller; and at valuss less than 1.0, or in the take-off
range, the percont increase in power coefficient is
greater than the percent extension.

A 20-percent cambered type of extension iacreased
the power coefficient for mexlimum efficiesncy considerably
more than a 20-porcent straight type of éxtension over
the range of advance ratio froam 1.C to 2.5. However, the
propeller with the 20-percent camberzd type of extension
was frcm 1 to 3 percent leass afficient than ths propeller
with the 20-percent straight type of extension over this
range of advance ratio.

Based on equal povier abserptlion and constant rotsa-
tional spesed, the efficiency of the prepeliers with
trailing-odge extensions wuas about the same or nerhaps
gresator than the efficlency of the vropeller without an
extension for a cruising or a high-speed condition of
operation ut a high powser coefficlent.

INTRODUCTION

The advantzges of hollew=-ateel construction for pro-
reller blades are becoming generally recognized, and the
present trend toward that type of construction ie definite.
Because the coat of tooling for a hollow-cteol blade
design 1s very great, a considersble saving of both engi-
neerirg time and manufacturing cest cen be effected if
the aerodyrnamic design of propcllors with hollow-steel
tlades can be made more flexihle by the use of extended
trailing edges. Design flexibility can be cbtained in
two respects: first, ths extonded trailing edges provide
a direct means for Increasing nrepeller solidity and
therefors sbility to utillze engine power; and second,
the angmlar deflection of the extenaions can be varied
along tha blade with the result thai the offective pitch
distribution may bo mede ar optimum for any desired
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operating condition., By the addition of extended trailing
edges to an existing blade design, only one set of manu-
facturing tools is necessary to produce propellers which
can be made to meet a great variety of dosign operating
conditions.

A theoreticel analysis has been made in reference 1
vhich shows that tho additivn of e trailing-edge extension
changes the section airfoil characteristics by an amount
dependent upon the length and angle of extension. The
analysis pressnts a method of evaluatling these changes in
airfoil characteristics, and the method of reference 1 is
applied In reference 2 to the calculation of propeller
characteristics, Alsc, 1In reference 2 the effect of
varying the angle of extersion along the propecller radius
to shift more of the load toward the tip was !Investigated.

The tests presented here were made at the request of
the 2ir Technical Service Command of' the Army Air Forces
to determine experimentally the effect of trailing-edge
extensions on the aerodynamic characteristiecs of four,
full-scale, two-blade propellers. The blades differed in
the amount of trailing-edge extension and also in the type
of extended strip. Rotational speeds of 1500, 13Q0,
and 1000 rpm were used at airspeeds ranging from 60
to 4,60 miles per hour, and the resulting range of advance
ratio was representative of conventional propeller
oneration.

APFARATUS

Propeller dynamometer.- A 2000-horsepower propeller
dAynamometer, still in the developuent stage, was used to
test the propellers in the Luangley l1l6-foot high-speed
tunnel. The dynamometcr is powered by two 1000-horsepower
electric motors arranged 1n tandem and coupled together
for the present teets so that the power of both motors
could be expended through a single propeller. A varisble-
frequency power supply affords an eccurate speed control
from 300 to 2100 rpm with a permissible ovorspeed of
2280 rpm. The motors are supported in a housing in such
a way that their casings are free to rotate and also free
to move axially with their shafts. The axial and rota-
tional riovenent is restrained by pneumatic pressure
capsules which measure thrust and torque., . Thrust pres-
suro is indicated as thrust forco by moans of pneumatic
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Emery scales, and toraus pressuro as torquée by means of
1liqujd manometers. The dynamoueter is callbrated with
the propeller shaft rotating by applying known thrusts
and torques and noting the corresponcing readings on the
thrust scales and torque manometers. Both measurements
glve straight-line calibretions. A mere detalled descrip-
tion of the dyncmometer 1s glvon in reference 3. Fig-
ures 1 and 2 are photogrephs of the dynamometer mounted
in the tect section of the tunnel, and figure 3 is a
sketch showing principal dimensions of the falring and
spinner. The shape of the splnner and forebody 13 such
as to produce almost uniform axlal flcw at froe-stremm
velocity in the plane of the propeller. Pressure orl-
fices aro located radlaslly tetween the statlonary falring
and the propeller spinner to afford a correction for any
change in spinuer-fajring juncture pressure due to the
rropeller cperation.

Propellar blades.- The two-blade Curtlss propellers
tested were 10 feet in dlameter and will be designated
in this report by their Curtiss design numbers, 10337k,
109376, 109%78, and 10937G-modifled, The blade-fornm
curvos for these designs are shown in figure L, and
figure 5 shows the Llade section and theoretical pres-
egure distribution at ths 0.7 radlus for each dosign,

The theoretical praasurs distributlons were computed for
a 11ft coefficlent of 0.5 by the method described in
reference l;, The angle of attack {shown in fig. 5)
corresponding to this 1ift cosfficlent 1s difforent for
each blado design and gives some indication of changes
in airfoll characteristlics causod by the tralling-edge
extenslon. The effoct of the angle of extension and
length of cxtonsion on the characterlistics of a propeller
blade section are discussed in referonces 1 and 2. Fig-
urs 5 shows that no seriosus pressure peaks are indicated
for the four propeller deslgns tested. Photograrhs of
the bladss are shown in figures 6 to 13, inclusive,

Propeller 10937l with no treiling-edge exiension
was used as a basis of comparilzon. The blades cof this
propeller heve the sume plan form, thlckaness distribution,
and shank design as NACA blads doslgn 10-3C8-03R excerpt
the baslec deslgn 11ft cosffliclent has been changed
from 0.3 to 0.5. Tae dlgits of the HACA blade desiygn
rnumber havo the following significance: the firat two
Clgits ropresent the pironeller dilameter in feet, the
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third digit 1s ten times the basic design 1lift coeffi-
clent, the remaining digits in the sccond group are the
thickness ratio in percent at the 0.7 radiuvs, and the
digits in the third group represent the solidity per

tlade at the 0.7 radius. The letter R 1indicates a

blade with a conventior~l round shank, The NACA 16-series
blade sections were urcd ard the propeller was designed to
have the "Goldstein" minimum induced-ensrgy-lose loading
when operating at a blade angle of L5° at the 0.7 radius
and an advance ratio of 2.1.

Propeller 109376 1s the same as 10937, except a
trailing-edge strip or the blades increases the chords
to 1;0 percent of the chords on the 10937, blades. This
tralling-edge strip was formed around straight-line
extensions to the meen camber lines whkich were eset up in
the following menner: on the layouts for the 10937h blade
sections straight lines were pussed through the mean
camber lines at 50 percent of the basic chords and the
center of the trailing-edge radlil, and these lines were
extended to Intersect lines erected perpendiculer to the
chord lines at 140 percent of the basic cherds. Trailing-
edge radiil of 0.0l inch were then drawn with their centers
on these intersections, Through the ceniters of these
radll and tangent to the basic mean camber lines, straight
lines weére drawn which are the extensions to the mean
camber lines referred to above. ¥From the tralling edge
of the basic blade section to the trailing edge of the
etrip the profiles are straight and were falred into the
basic profiles at the 90-percent-chord stetion. This was
the original design which was later changed. Calculation
of the theoretical pressure distribution for the original
design (fig. 5) showed that %o attain a 1lift coefficlent
of 0.5 1% would be necessery for a section at the
0.7 radius to operatse £ an angle of attack of 2.26°,
This increase in angle of attack caused a pressurs peak
at the noce of the section with a consequent decrsase in
critical speed. For thiz reason the tralling-edge strip
was changed by increasing the angle between the mean
camber line extensifon and the tasic chord line (which
varied from 3°27' to 4,°0' as originally set up) by 3°
for all sections along the radius, and by insreasing the
tralling-edge radius on the strip to 0.02 inch. For tais
final dosign the angle of attuck at the 0.7 radius corre-
sponding to a 1lift coefficient of 0.5 was 1.28%, and the
theoretical pressure distribution showed a fairly uniform
1ift load over most of the section. The angle of exten-
glon, which 1s defined as the acute angle between the
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extenslon and a straight line Jolning the extremities of
the mean camber lins of the criginel airfoll sectlion
(chord line for this section), was 6.5° at the 0.7 radlus
for tho final deslga. Only ths final design (109%276) was
manufactured and tosted for this Investigatlon.

rropsller 109278 had cherd lengthe 120 porcent of
the chords on the 10937 blados, the additicnal 20 percent
forming a cumbered type of extensien. The mean camber
linas for these wider rections were calculated and laild
out for a 1ift coefficlient of 0.5. Then the thickneas
distribution which would De® obtained on a blade with =
20-percent tralling-edge extension set up like the
original 109375 design was laid around this mean camber
Jine. The angle of attack of a sectlon at the 7.0 radius
corresponding to & 1ift coeffizient of 0.5 was found to
be only 0.27C for this Jdesign. (See fig. 5.) This indi-
cates that the sectlion airfoll characteristics for the
109378 blade are quite different from those of the basic
109374 blade whoee section at the 0.7 radius must operate
at 1.35° to attair the design 1lIlft coefficiont of 0.5.
It 13 realized that the 109778 design dces not reprosent
a true tralling-edge extension in the usual senae,
although a blade of this typo could be manufactured and
then its trelling edge cut off to give the required
solidity. The resultas of the tosts on this blado are
presented malnly because of academls Interest.

Propeller 10G376-modifiod was aade by simply cutting
off the [O-percent tralling-edge extenslon on the
109376 blades to form a 20-percont extension. This gave
tho 109376-modified blades the same amount of trailing-
odge extensicn as the 109378 blades, end a comparison of
the two designs with oqual chord leagths could be made.
The angle of extension of the 109276-1:0d1fled biade was
the same as for the 109376 blade, and the angle o1 attack
of a scction at the 0.7 radius corresponding to & 1ift
coefilclent of 0.5 was aprroximately the same as for the
109376 blade. Tis 1s in agreement with the analysis in
reference 1, whore 1t was found that the angls of exten-
glon necessery to malntailn the same design 11ft coeffl-
clent as the basic airfoll was approximately the same
fer both the 29- and the Lj0-percont cxtensions.

The following table summerizes the dlstinguiching
features of the blade cesigns Just described:
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TESTS

Thrust, torque, and rotatiornal speed wers measured
for ecch of the four propellérs dur}ng tests at blade
engles of 209, 259, 30C, 359, 400, 458, 500, and 55° at

the thres-quarter (l;5-inch) radius. A constant rota-
tional =peed was used for each test, and & range of

edvance ratio J= 2D was coverod by changing tho

tunmel airspeed, which waz varied from about 60 to

L60 miles per hocur. A -otational speed of 1800 rpm was
uzed for tests at vlads angles of 209, 259, 309, and 359;
1300 rpm for olade angles cf L,0°, !15°, ana 50° (one test
was made of propeller 10937h at a blade angle of 40° ana
1890 rpm); and 1000 rpm for a blade angle cf 550, At

the highsr blade angles the dynamometer would not deliver
guflficlent torque to cover the comnliete renge of advance
ratio at the higher rctational specds, ond for this
reascn the lower rotational speeds were used for the
higher bledo angles, The single tost at & blade angle

of 1GO anc 1300 rpm for propaller 10937, was possibie
beczause thils nrepeller had no tralling-edge extension and
absorbed lees power than the otber propellers., Addi-
timmel tests were made at & constant rotational speed of
1000 rpm for all Ylede angles in an attompt to obtailn
propeller chaructaristics in the rarnge of sdvance ratilo
well below that for pealt efficlency. At this rctaticnal
specd the dynamemeter could dellver sufflelent torque to
obtain data at fairly low valnes of advauce ratio. At
tiie higher rotetional speeds the re¢sultant tip spoeds
obtalned simulate actual flight conditlions, and the
variation of alr-stream Kech number with advance ratio

is representative of full-scale conctant-sp2ed propeller
opcration. :

REDUCTION CF DATA

The test results c:orrected for tunnel-wall inter-
ferenea and spinaer forco are prosentsd in the form of
the usual thruet and power coetfficlents and propeller
efficiency. 7The syrbols and cdeflnitions used throughout
this report are as follows:

be] precsure difference betwueen a point on tho .airfoll
surface and statlec nressure In the undisturbed
streem, pounds per sguaro foot




MR No. L5610 9

q dynemic pressure (%p‘la), pounds per square foot

p/a pressure coefficlent
M alr-stream Mach mumber
hellcal tip Mach rumber
airspeed, fect pei second
propoller rotationel aspeed, rps
propeller diameter, feet
propeller advance ratio.‘(v/hD)
maes density of air, slugs per cubic foot
prepeller thrust, pounds
thrust coefficlent (¢/bn2nu)

,power absorbed by the propeller, foot-pounds per
second

power coefficlent (P/pn3D2)
propelier efticiency < %I:)
P

1i1ft coefficlent

angls of attaeck, degiees

55 \
speed-power cocefficient < EY.Z_) or /I
Pn P/cp

fraction of propeller tip radius
blade angle, degrees

x
£
h blede section maximum thickness
b

blade width, chord
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Definition of propeller thrust.- I'ropeller thrust,
as used in this report, 1s defined as the shaft tension
caused by the spirner vo tip portlon of the blades
rotating in the air stream. The indicated propzller
thrust has been correcied by tne amount of the tare
thrust fecund in operating the dynamometer and spinner
without propeller blades at the same values of rotaticnal
speed and airspeed as were used in the propeller tects.

A further correction was made for the fictitious thrust
due to the influence of the prassurs {ilold of the pro-
pellsr scting at the jfuncture beiween the splnner and the
stationary fairing. The change in spirner thrust due to
a change in pressure at tho splnner-fairing juncture
varied with propeller operating conditions and was deter-
riined from pressure measurerents in the juncture tetween
the propeller spinner and the fairing at the rear of the
propeller, Values of thrust coefficlenrt were changed by
no more than 0,005 by this ccrrection to the spinner
thirust.

Correction for wind-tunnel-wall interference.- The
flow pest the mropeller is conatrained by the walls of
the tunnel, and the axiasl veloclty which occurs in front
of the propeller in the wind tuwinel differs from that
which would ocecur in free alr whon the propeéller 1s pro-
ducing tho seme thrust and torque at the same rate of
rotation as used in the wind tunnel. A correction mast
be applied to the tunnel datum velocity to cbtain the
corresponiding free-stream airspeed., Glauert, in refer-
ence 5, has made an anelysis in which he shows this cor-
rection to be a finecticn of the ratio of propeller thrust
to Aynarmic pressure, or ratio of thrust coetficient to
nominal advnnce ratlio. This correction, which was used
for the daia obtained in theee tecsta, smounted to less
than % percent for most of the data and to less than
1 psrcent for data in the reglon of pesk efficlency.

RESULTS AND DISCUSSION

Falred curves of thruast coetfficient, power coeffi-
clent, and propeller efficlency plotied against advance
ratio are presented in tigures through 25 for the four
propellers tested. Test points are shown on the figures
glving thrust and power coefficlents. Several tests were
repeated during the test program and the results were
found to agree within 1 percent. Comparative data in
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figures 1l through 25, therefore, are presented as
accurate to within 1 percent.

The results cf the tests made at a constant rota-
tional speed of 1000 rpan werc not consistent, especlally
in the range of advance ratlo for pesk sfficliency. This
inacecuracy was duve So a mechanical dAifficulty with the
dynaniometer and will be eliminated in future propeller
tests. o0nly a portion of the data obtained at thils lower
rotational speed 1s presented in figures 26, 27, 28, and
29 %to show the reglon of stalled flutter for the four
propellers tested. The flutter was detccted by sound and
occurred vhen the blades wcre operating in & stalled
condition.

Pigare 30 18 included to show the variation of air-
etroam Mach number and helical tip Mach nunber with
. advance ratio for the different rotational specds used
in the teets.

The offect of rotntioﬁpl speed on propeller cherec-
teristics .- A difference In the slope of both the thrust-
end power-cosifliclent curves at the different test rota-

tionrl speeds i1s shown in figures 14 to 25, This dif-.
ference in slope moy be attributed to a chenge in the
elrfoil cherecteristics of the blrde sections with change
in Reynolds number or, more likely, Mach number; however,’
the values of pesk efflciency were little effected ot
Mach numbers below the criticrl, Charscteristic curves
of propoller 10937 at 1800 snd 1300 rpm and a blade
engle of 400 sre compered in figurcs 1%, 15, end 16, 1In
the renge of advrnce retio of the test ot the higher
rotationrl specd the heiical tip Mnch number varied

from 0,94 to 1,0, ond the loss in efficlency shown in
figure 15 mey be attributed to compressibility effects.
The decrerse in the velue of esdvence ratio for zero
thrust ~nd power cocfficlents shown in the test at the
higher rotctionel speed is not reedlly expleined, Drag
veriation zlone cannot =ccount for the effect, becsuse
drag curve varirtion would tend to have the opposite
effcets on thrust- ond power-coefficient velues. A
veriction of the angle for zero 1ift of the blcde sections,
or perhaps some Reynolds number effect, is indlested.

To illustrete the effect of Mech number on the air-
foil charscteristics of the 109374 propeller, Lock!s
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simplified inverse method for calculating airfoll charac-
teristics from propeller data (reference 6) was used to
determine the variation of 1ift coefficien®t with angle

of attack for two rotational speeds used in the tests.
Figuro 31 shows that the slcpe of the 1ift curvs incresses
with an increase in rotatlionel speed, end the trend of
trhe data shown compares favorably with airfcil data for
1€-scries secctions reported in reference 7. The 1ift
coefficient curves shown in figure 31 are not presented
for use as alrfoil data, but for purposes of 1llustration
only. The varlation of hellical tip Wach number with
angle cf attuck is also snown in figure 31 for the two
rotaticnal speeds.

The effect of tralling-edge extensions on maximum
efficiency and power coefficlent for meximum efriclency.-
A comperison of the envelope curves of propeller effi-
clency shown in figure 32 indicates that the trailing-
edge extensions caused only small changes in propeller
efficiency. The lj0-percent straight-type tralling-edge
extension on propeller 109376 cauced very little change
in efficlency over most of the range of advance ratio
except the lowsr values wheore the loss was about

2% percent. Propeller 109376 with the original trailing-

edgs oxtensien cut to form a 20-percent extension
(1093 76-modified) 1s atout 1 percent more efficlent cver
pert of the range of advance ratio than propeller 109%74
with nc trailing-edge extension. This indicated increase
in efficiency, however, 1s within the experimentul error.
Propeller 109378 with the 20-percent cambered-type

trailing-odge extension 1is 1% to 2% percent less efficient

over mcet of the range of sdvance ratic than pro-
pellor 109374 with no trailing-edge extension. This loss
in efficlency .wvecomes less as the advance ratio increases.

Also in figure 72 arec curves showing the power cocf-
ficlent for maximum efficlency for the four propellers
tested. Thesc curves indicate that for a relatively
large Inerease in power coefficient due to the trailing-
edge extension therc is only a small decresse in pro-
peller efficiency, and perheps ar increass in efficiency
at the higher values of advence ratio for the
109376-modified propeller. In figure 33 the increase in
power coefficicnt for maximum efficiency caused by the
20-percent straight-type trailing-edye extension
(1093 76-modi1fled) is compared with the increase caused
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by the 20-percent cambered-type of extension (109378).
The cambered type of extension increased the power coef-
ficient for maximum efficiency considerably more than
the straight type of extenslon over the range of advance
ratio from 1.0 to 2.5. However, the propeller with the
20-percent cambered type of extension was from 1 to

2 percent less efticiont than the propeller with the
20-poarcent straight type ol extension over this range of
advance ratio. The difference in power absorption
qualities of the two propellers with 20-percent trailing-
edge extensions may be attrlibuted to the difference in
airfoll characteristics of the blede sections.

Figure 3l shows the cffect of the amount of
tralling-edge extension on the increase in pewer coeffi-
clent for meximum efficiency cauged by the straight type
of extension on propellers 109376 and 109376-modified.

The percent increase in power coefficient ls almost equal
to the percent extension at an advance ratio of 1.0. At
values of advance ratio greater than 1.0 the increase in
power coefficient becomes smaller; and at values less

than 1.0, or in the take-cff range, the percent increase

in power coefficlient is greater than the percent extension.

Constant power propeller operation.- Figure 35 shows
a comparison of the power coefficients for the four pro=-
pellers tested. DBecause the propellers have widely dif-
ferent power absorption qualities, as shown in figure 35,
and because an airplane propeller often operatss over an
extensive range of advance ratlo at constant rotational
speed and torque, tho data were analyzed at several 4if-
ferent values of constant power coefficient end constant
rotational speed. The results of this analysis, presonted
in figure 36, provide u bettor comparison of the effect
of the tralling-edge extensions on efficiency. 1In the
rangs of advance ratlo of the tests the tralling-edge
extensions caused only small changes in efficiency except
et high advance ratios and a very low value of constant
power coefficient. I"or a crulsing or high-speed condi-
tion of operation at a high power cosfficlent (constant
power coefficient of 0.2, constant rotational apeed of
1200 rpm, and range of advance ratio from 1.7 to 2.8)
the efficiency of the propellers with trailing-edge
extenslions wes about the same or perhape greater than
the efficicncy of the propoller without an extension.
Although the range of advance ratio of the tests 1is
1imited, the trend of the data in figure 36 indicates
that as the power coefficient increases the loss in
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efficliency caused by the tralling-edge extensions becoues
less; and at low values of advancoe ratlo there will
perhaps be a gain in efficlency for high power coeffi-
clenta. A propsller whos3 Solidity has been increased
by extending the tralling edge will perhaps be more offi-
cient for the take-off =nd climb conditions of operatlon,
perticularly for Lilgh power coefficlentez. This offect

of solidity 1s borne out by the tests reported in refer-
ence &. D3Baged on efqual power abscrption and conetant
rotatlonal speed, propeller 109376-modified with the
20-percort straight-type extension was more efficilent

for a high-sgeed condition of operation than pro- .
pellsr 1C3378 with the 20-percent cambered-type extension,
or propeller 109576 with the lj0-percent stralght-type
extenscioen,

Speed-nower cecefficlent chrrts.- Comparison of tho
vropeliers on the basls of Cgq muy be more practical
frcm the viewpoint of & designer because thls coeffizlent
repreaents the actual design conditions of power, rota-
tional speed, and airspeed. For thls reason the deslim
charts in figures 37, 38, 39, and 4O are included. Also,
the composfite skeleton Cg chart in filgure Ll 1s pre-
serted to serve as an ald in the selection of a propeller
for a partleular design condition. In flgare h1 the
envelopes of the efficlency curver ware taken from
figures 37 to 40, inclusive, snd comparison shows that the
order of merit for the focur propellers 1s the same when
bacged on speed-power coefficient as when based on advance
ratio. Tho curves ian figuro L1 give the propeller effi-
ciency for any glven set of deslgn conditions, that 1s,
airspeed, engine pcwer, propeller rotational speed, and
air density.

CCRCLUSIONS

igh-speed tunnel tests of fcur, full-scale, two-
hlade propellers to determine ths eflect of traillilng-edge
extensions on propeller acarodynanic characteristics In a
range of helical tip Mach numbers below tho critlcal leasd
to the following concluslons:e

1. Extcnslon of the trailing edge of a propoller
blade greatir increasces the power absorptlon qualities
of tho propellor with little loss in stficlency.
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2. A 20-percent cambered type of extension increased
the power coefficlent for maximum efficlency considerably
more than a 20-percent straight type of extenslon over
the range of advance ratlo from 1.0 to 2.5. However, the
propeller with the 20-peércent cambered type of extenslion
was from 1 to 3 percent less efficient than ths propeller
with the 20-percent straight type of extenslon over this
range of advance ratlo.

3. Straight-type trailing—edzo extensions of 20 and
Lo percent (angle of oxtension = 6.5° at the 0.7 radius)
increased the power coefflcient for maximum efficlency
an amount almost equal to the percent extenslion at an
advance ratio of 1.0. At values of advance ratio greater
than 1.0 the increase in power coeffliclent beccomes
smaller; and at values less than 1.0, or in the take-off
range, the percent increase In power coefficlent 1s
greater than the percent extenslomn.

li. Based on equal power absorption and constent
rotatlonal speed, the officilency of the propellers with
tralling-edge extensions waa about the same cr perhaps
greater than the efficiency of the propeller wilthout an
extension for a crulsing or a high-speed condition of
operation at a high power coefflclent.

5. Based on equal power absorption and constent
rotatlorial speed, proneller 109376-modified with the
20-percent stralght-type extenslon was more efficient
for a cruising or a high-specd condition of operation
than propeller 109378 with the 20-percent cambered-type
extension, or propeller 109376 with the L 0-percent
stralght-typc extension, :

Langley Memorial Aeronautical Laboratory
National Advicory Committee for Aeronautlcs
Langley Fleld, Va.
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Figure 2.~ Propeller dynamometer in test section, 40-percent trailing-
edge extension blades.
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Propeller design 109374

Figure 5.— Blode section ond theoretical pressure distribution
at the O.7 rodius for each propellfer design.




MR No. L5GI10

Figure 6.- Propeller blades 109374 (no trailing-edge extension) -
thrust face (lower surface).
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Figure 7.- Propeller blades 109374 (no trailing-edge extension) -

cambered face (upper surface).




nt trailing -edge

109376 (40-perce
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Figure 8.- Propeller blades
extension) - thrust face (lower surf
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Figure 9.- Propeller blades 109376 (40-percent trailing-edge
extension) - cambered face (upper surface).
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Figure 10.- Propeller blad

es 109378 (20-percent tra.iung-edge
extension) - thrust face (lower Surface),




Figure 11.- Propeller blades 109378 (20 -percent trailing-edge
extension) - cambered face (upper surface).
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Figure 12,~ Propeller blades 109376-modified (original 40-percent
trailing-edge extension cut to form a 20-percent extension) -
thrust face (lower surface).
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