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PROPELLER AERCDYHWAMIC CEARACTERISTICS

Py Julian D. Meynard and Albert J. Evans
SUMMARY

Tests of -our 1‘—f ot diameter, two-blade propellers
have been made in the Iangley 10- tont nigh-speed tunnel to
determine the effevc of tralling-edge extensions on pro-
peller aerodynamic characterlst ics. Two of the propeller
had 20-percent extensions; one with a cambered-type, and
the other with a suﬂav~n+-ny“f of extension. Ancother pro-
peller had a lj0-percent sxtensicn of the straight -type,

and the characteristics of these propellers are compnxed
with the characteristics of a propeller with no trailing-
edge extension. This propeller with no trailing-edge
extension, which 1 as used as a basis of comparison, hed
1é-series blade sections ard was similer to the

NACA design 1o-§08-33n except the basic design 1ift
coefficient was changed from 0.3 to 0.5. The effect of
various angles of extension on propsliler characterlstics
was not investigated, but a calculation of. the theoretical
pressure dlqtf'bvtlDW~ indicates that the extension should
be designed to prevent much reductlon iIn critical speed of

the blade sectlons for the design condition.

The propellers were tested cn a LOOO—horqepownr
dynamomoter at blade engloe of 209,259, 30, 359, LO°,
L4L59, 50°, and 55° at the three-quarier. ragiung.. A con-
stanf rotational speed was used for each test, and the
tunnel ailrspeed was varisd from 60 to 460 miles per hour.
The resulte are representative of full-scale constant-
speed propeller operation at helical tip Mach numbers
below the critical.
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The use of an extended trailing edge on a propeller
blade was found to be a very effective means of ilncreasing
the power absorbhed by the propeller with little loss in
efficiency. Straight-type tralling-edge extenslons of 20
and L0 percent {angle cf extemsion = 6,5° at the
0.7 radius) increased the power coefficient for maximum
efficiency an amount 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 coefficlent becomes
smaller; and at values less than 1.0, or in the take-off
range, the percent increase in power coefficient is
greater than the percent extension.

A 20-percent cambered type of extension increased
the power coefficient for maximum efficisncy considerably
more than a 20-percent straight type of extension 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 3 percent less efficlent than the propeller
with the 20-percent stralght type of extension over this
range of advance ratio.

Based on eqgual power absorption and constant rota-
tional speed, the efficiency of the propeliers with
trailing-edge extensions was sbout the same or perhaps
greater than the efficiency of the propeller without an
extension for a crulsing or a high-speed condition of
operation at a high power coefficlent.

INTRODUCTION

The advantages of hollow-steel construction for pro-
peller blades are becoming generally recognized, and the
present trend toward that type of construction ls definife.
Because the cost of tooling for a hollow-steel blade
design is very great, a considersble saving of both engl-
neering time and manufacturing cost can be effected 1f
the serodynamic design of propcllers with hollow-steel
blades can be made more flexible by the use of extended
trailing edges. Design flexibility can De obtained in
two respects: first, the extended trailing edges provide
a direct means for increasing propeller solidity and
therefore ability to utilize engine power; and second,
the angular deflection of the extensions can be varied
along the blade with the result that the effective pitch
distribution may be made an optimum for any desired
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operating condltlion. By the addition of extended trailing
edges to an existing blade design, only one set of manu-
facturing tools 1is necessary to produce propellers which
can be made to meet a great variety of design operating
conditions.

A theoretical analysis has been made in rcference 1
winich shows that the addition of a trailing-edge extension
changes the section airfoil characteristics by an amount
dependent upon the length and angle of extension. The
analysis presents a method of evsluating these changes in
airfoil characteristics, and the method of reference 1 is
applied in reference 2 to the calculation of propeller
characteristics. Also, In reference 2 the effect of
varying the angle of extension along the propeller radius
to shift more of the load toward the tip was investigated.

The tests presented here were made at the request of
the Alr Technical Service Command of the Army Alr Forces
to determine experimentally the effect of trailing-edge
extensions on the aerodynamic characteristics 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, 1390,
and 1000 rpm were used at airspeeds ranging from 60
to 60 miles per hour, and the resulting range of advance
ratio was representestive of conventional propeller
operation.

APFPARATUS

Propeller dynamcmeter.- A 2000-horsepower propeller
dynamometer, still in the development stage, was used to
test the propellers in the Langley 16-foot high-speed
tunnel. The dynamometer is powered by two 1000-horsepower
electric motors arranged 1In tandem and ccupled together
for the present tests so that the power cof both motors
could be expended through a single propeller. A varlable-
frequenecy power supply affords an accurate speed control
from 300 to 2100 rpm with a permissible overspeed of
2280 rpm. The motors are supporited 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-

lonal movement 1s restrained Ly pneumatic pressure
capsules which measure thrust and torque. Thrust pPresg-
sure is indicated as thrust force by means of pneumatic
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Emery scales, and torgus pressure as torque by means of
1iquid manometers. The dynamometer is callbrated with
the propeller shaft rotating by applying known thrusts
and torgques and noting the corresponding readings on the
thrust secales and torque manometers. Both measurements
give straight-line calibrations. A more detalled descrip-
tion of the dynamometer is given in reference 3. Fig-
ures 1 and 2 are photographs of the dynamometer mounted
in the test section of the tunnel, and figure 3 is a
sketch showing principal dimensions of the fairing and
spinner. The shape of the splnner and forebody is such
as to produce almost uniform axial flow at free-stream
velocity in the plane of the propeller. Pressure ori-
fices are located radially between the stationary fairing
and the propeller spinner to afford & correction for any
change in spinner-fairing juncture pressure due to the
propeller operation.

Propeller blades.- The two-blade Curtiss propellers
tested were 10 feet in diameter and will be designated

in this report by their Curtlss deslign numbers, 10937,

109376, 109373, and 109376-modified. The blade-form
curves for these designs aré shown in figure li, and
figure 5 shows the blade section and theoretical pres-
sure Adistribution at the 0.7 radius for each design.

The theoretical pressure distributions were computed for
a 1ift coefficient of 0.5 by the method described in
reference L. The angle of attack (shown in fig. 5)
corresponding to this 1ift coefficlent 1s different for
each blade design and gives some indication of changes
in airfoil characteristics caused by the trailing-edge
extension., The effect of the angle of extenslon and
length of extension on the characteristics of a propeller
blade section are discussed in references 1 and 2. Filg-
ure 5 shows that no serioug pressure peaks are indicated
for the four propeller designs tested. Photographs of
the blades are shown in figures 6 to 13, inclusive.

Propeller 10937l with no trailing-edge extension
was used as a basis of comparison. The blades of .this
propeller have the same plan form, thickness distribution,
and shank design as NACA blade design 10-308-03R except
the basic design 1ift coefficient has bseen changed
from 0.3 to 0.5. The digits of the NACA blade design
number have the following signiflcance: the first two
diglts represent the propeller diameter in fest, the
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third diglit is ten times the basic design 1ift coeffi-
clent, the remaining digits in the second group are the
thickness ratio in percent at the 0.7 radius, and the
digite 1n the third group represent the solidity per
blade at the 0.7 radius. The letter R indicates a
blade with a conventional round shank. The NACA 1l6-series

blade sections were used and the propeller was designed to

have the "Goldstein" minimum induced-ensrgy-loss loading
when operating at a blade angle of L5° at the 0.7 radius
and an advence ratio of 2.1.

Propeller 109376 is the same as 10937l except a
tralling-edge strip on the blades increases the chords
to 140 percent of the chords on the 10937, blades. This
tralliing-edge strip was formed around straight-line
extensions to the mean camber lines which were set up in
the following manner: on the layouts for the 10937, blade
sections straight lines were passed through the mean
camber lines at 50 percent of the basic chords and the
center of the trailing-edge radii, and these lines were
extended to intersect lines erected perpendicular to the
chord lines at 11,0 percent of the basic chords. Trailing-
edge radli of 0.01 inch were then drawn with their centers
on these intersections. Through the centers of these
radil and tangent to the basic mean camber lines, straight
lines were 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
strip the profiles are straight and were faired into the
basic profiles at the 90-percent-chord station. Thils was
the original design which was later changed. Calculation
of the theoretical pressure distribution for the original
design (fig. 5) showed that to attain a 1ift coefficient
of 0.5 it would be necessary for a section at the
0.7 radius to operate at an angle of attack of 2.26°.
This 1ncrease in angle of attack caused a pressure peak
at the nose of the section with a consequent decrsase in
critical speed. For this reason the trailing-edge strip
was changed by increasing the angle between the mean
camber line extension and the basic chord line (which
varied from 3927!' to [,%0!' as originally set up) by 3°
for all sections along the radius, and by increasing the
trailing-edge radius on the strip to 0.02 inch. For this
final design the angle »f attack at the 0.7 radius corre-
sponding to a 1lift coeificient 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-
sion, which is defined as the acute angle between the
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extension and a straight line joining the extremitles of
the mean camber line of the original airfoil section
(chord line for this section), was 6.5° at the 0.7 radilus
for the final design. Only the final design (109376) was
manufactured and tested for thls investigation.

Propsller 109378 had chord lengths 120 percent of
the chords on the 10937l blades, the additional 20 percent
forming a cambered type of extension. The mean camber
lines for these wider sections were calculated and laild
out for a 1lift coefficlent of 0.5. Then the thickness
distribution which would be obtained on a Dlade with a
20-percent trailling-edge extension set up like the
original 109375 design was laid around this mean camber
line. The angle of attack of a section at the 7.0 radius
corresponding to a 1lift coefficient of 0.5 was found to
be only 0.270 for this design. (See fig. 5.) This indi-
cates that the section airfoll cheracteristics for the
109378 blade are quite different from those of the basic
10937, blade whose section at the 0.7 radius must operate
at 1.35° to attain the design 1ift coefficient of 0.5.

Tt 1s realized that the 109378 design doss not represent
a true trailing-edge extenslion in the usual sense,
although a blade of this type could be manufactured and
then its trailing edge cut off to give the required
solidity. The results of the tests on thls blade are
presented mainly because of academic interest.

Propeller 109%76-modified was made by simply cutting
off the 40-percent trailing-edge extension on the
109376 blades to form & 20-percent extenslon., This gave
the 109376-modified blades the same amount of trailing-
edge extension as tne 109378 blades, and a comparison of
the two designs with equal chord lengths could be made.
The angle of extension of the 109376-modified blade was
the same as for the 109376 blade, and the angle cf attack
of a section at the 0.7 radius corresponding to a 1lift
coefficient of 0.5 was approximately the same as for the
109376 blade. This is in agreement with the analysis in
refercnce 1, where it was found that the angle of exten-
sion necessary to maintain the same design 1ift coeffi-
cient as the basic airfoil was approximately the same
for both the 20- and the L 0-percent extensions.

The following table summarizes the distinguishing
features of the blade designs just described:
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gi;gern Type of gz?g;‘;lgi extension |sponding to a of 0.5
b extension ercen% chgfd at 0.7 radius |(calculated, see flg. 5)
L . (deg) (deg)
10937 L ik B 1438
81002 7&
109570 T e i
(orié?ﬁal) Straight Lo 5 0 ok
1937 =
%g?géi\ { Straight 40 6.5 1.28
109378 Cambered 20 e e 2
109376~ 20 6.5 1422

B %
This propeller was not tested.
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TESTS

Thrust, torque, and rotational speed were measured
for each of the four propellérs durlng tests at blade
engles of 20°, 259, 30¢, 359, L 09, 459, 500, and 55° at
the three-quarter (&5-inch) radius. A constant rota-
tional speed was used for each test, and a range of
advance ratio J = ;ES> was covered by changing the
tunnel airspeed, which was varied from about 60 to
1i60 miles per hour. A rotational speed of 1800 rpm was
used for tests at blade angles of 209, 259, 30°, and 359;
1300 rpm for blade angles cf 0%, L 59, and 50° (one test
was made of propeller 109374 at a blade angle of 10° and
1800 rpm); and 1000 rpm for a blade angle of 55°. At
the higher blade angles the dynamometer would not deliver
sufficient toraue to cover the complete range of advance
ratio at the higher rctational speeds, and for this
reason the lower rotational speeds #were used for the
higher blade angles. The single test at a blade angle
of 110° and 1300 rpm for propeller 10937. was possible
because thils preopeller had no trailing-edge extension and
absorbed less power than the other propellers. Addi-
tionel tests were made at a constant rotatiocnal speed of
1000 rpm for all blade angles in an attempt to obtain
propeller characteristics in the range of advance ratilo
well below that for peak efficiency. At this rotatiocnal
speed the dynamcmeter could deliver sufficient torque to
obtain date at fairly low values of advance ratio. At
the higher rotational speeds the resultant tip speeds
obtained simulate actual flight conditions, and the
variation of alr-stream liach number with advance ratio
is representative of full-scale constant-speed propeller
opveration.

REDUCTICN COF DATA

The test results corrected for tunnel-wall inter-
erence &nd Splnner force are presented in the form of
the usual thrust and power coefficlents and propeller
efficiency. The symbols and definitions used throughout
this report are as follows: ‘

P pressure difference between a point on the.airfoll
surface and static pressure in the undisturbed
stream, pounds per square foot
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&

Oy 1 aky N

dynamic pressure (%pva s pounds per square foot

pressure coefficient

alr-stream Mach number

helical tip Mach number

girapecd, feet pe *Vgecond

propeller rotational speed, rps

propeller diameter, feect

propeller advance ratio (V/nD)

mags density of ajr, slugs per cubic foot
propeller thrust, pounds

thrust coefficient (T/anDu)

power absorbed by the propelier, foot-pounds per
second

power coefficient (P/pn5D5)

C
propeller efficiency <J-6E>
i

1ift coefficient

angle of attack, degrees

o ov5
speed-power coefficisnt (/ EYE or AT
b SZCP

fraction of propeller tip radius
blade angle, degrees
blade section maximum thickness

blade width, chord
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Definition of propeller thrust.- Propeller thrust,
as used in this report, is defined as the shaft tension
caused by the spinner to tip portion of the blades
rotating in the air stream. The indicated propeller
thrust has been corrected by the amount of the tare
thrust found in operating the dynamometer and spinner
without propeller blades at the same values of rotational
speed and airspeed as were used in the propeller tests.

A further correction was made for the fictitious thrust
due to the influence of the pressure field of the pro-
peller acting at the juncture between the spinner and the
stationary fairing. The change in spinner thrust due to
& change 1n pressure at the splinner-fairing juncture
varied with propeller ocnerating conditions and was deter-
mined from pressure me.surements in the juncture between
the propeller spinner and the fairing at the rear of the
propsller. Values of thrust coefficlent were changed by
no more than 0,005 by this correction to the spinner
thrust.

Correction for wind-tunnel-wall interference.- The
flow pest the propeller is constrained by the walls of
the tunnel, and the axial velocity which occurs in front
of the propeller in the wind tunnel differs from that
which would occur in free air when the propeller 1s pro-
ducing the same thrust and torque at the same rate of
rotation as used in the wind tunnel. A correction must
be applied to the tunnel datum velocity to obtaln the
corresponding free-stream airspeed. Glauvert, in refer-
ence 5, has made an analysis in which he shows this cor-
rection to be a function of the ratio of propeller thrust
to dynamic pressure, or ratio of thrust coefficlent to
nominal advance ratio. This correction, which was used
for the data obtained in these tests, amounted to less '
than % percent for most of the data and to less than
1 percent for data in the reglon of pesk efficliency.

RESULTS AND DISCUSSION

Faired curves of thrust coefficient, power coeffl-
clent, and propeller efficiency Flotted against advance
ratio are presented in figures 14 through 25 for the four
propellers tested. Test points are shown on the figures
giving thrust and power coefficients. 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 of the tests made at a constant rota-
tional speed of 1000 rpm were not consistent, especially
in the range of advance ratio for pesk efficiency. This
inaccuracy was due to a mechanical difficulty with the
dynamometer and will be eliminated in future propeller
tests. Only a portion of the data obtained at this lower
rotational speed is presented in figures 26, 27, 28, and
29 to show the region of stalled flutter for the four
propellers tested. The flutter was detected by sound and
occurred when the blades were operating in a stalled
condition,

Figure 30 1s included to show the variation of air-
strcam Mach number and helical tip Mach number with
advance ratio for the different rotational speeds used
in the tests.

The effect of rotationel speed on propeller cherec-
teristics .- A difference in the slope of both the thrust-
and power-coefficient curves at the different test rota -
tionel speeds is shown in figures 14 to 25. This dif-
ference in slope may be attributed to a chenge in the
airfoil cheracteristics of the blade sections with change
in Reynolds number or, more likely, Mach number; however,
the values of peek efficiency were little effected ot
Mech numbers below the criticel, Charscteristic curves
of propeller 10937 at 1800 and 1300 rpm and a blede
engle of 409 sre compsred in figures 14, 15, and 16, In
the range of advence retio of the test a2t the higher
rotation~1l speed the helical tip Mach number varied
from 0,94 to 1.0, and the loss in efficiency shown in
figure 16 may be sttributed to compressibility effects.
The decreecse in the velue of edvence ratio for zero
thrust ~nd power coefficients shown in the test at the
higher rotetionel speed 1s not readily expleined., Drag
veriation elone cannot account for the effect, because
drsg curve varistion would tend to have the opposite
effects on thrust- ond power-coefficient velues. A
varietion of the angle for zero 1lift of the blesde sections,
or perhaps some Reynolds number effect, is indicated,

To illustrete the effect of Mach number on the air-
foil charascteristics of the 109374 propeller, Lock!'s
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simplified inverse method for calculating airfoil charac-
teristics from propeller data (reference £ was used to
determine the variation of 1lift coefficient with angle

of attack for two rotatlional speeds used in the tests.
FPigure 31 shows that the slope of the 1lift curve increases
with an increase in rotational speed, and the trend of
the data shown compares favorably with airfoll data for
1€-series sections reported in veference 7. The 1ift
coefficient curves shown in figure 31 are not presented
for use as airfoil data, but for purposes of illustration
only. The variation of helical tip Mach number with
angle of attack is also shown in figure 31 for the two
rotational speeds.

The effect of trailing-edge extensions on maximum
efficiency and power coefficient for meximum efliciency.-
A comparlison of the envelope curves of propeller effi-
ciency shown in figure 32 indicates that the trailing-
edge extensions caused only small changes in propeller
efficiency. The lj0-percent straight-type trailing-edge
extension on propeller 109376 caused very little change
in efficiency over most of the range of advance ratio
except the lower values where the loss was about

Z% percent. Propeller 109376 with the original trailing-

edge oxtensiocn cut to form a Z0-percent extension
(1093 76-modified) is about 1 percent more efficient over
pert of the range of advance ratioc than propeller 10937
with ne trailing-edge extension. This indicated increase
in efficiency, however, is within the experimental error.
Propeller 109378 with the 20-percent cambered-type

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

over mest of the range of advance ratic than pro-
peller 109374 with no trailing-edge extension. This loss
in efficiency becomes less as the advance ratio Increases.

Also in figure %2 are curves showing the power coef-
ficient for maximum efficlency for the four propellers
tested. These curves indicate that for a relatively
large increase in power coefficlent due to the tralling-
edge extension there is only a small decrease in pro-
peller efficlency, and perhaps an Ilncrease in efficiency
at the higher values of advance ratio for the
109376-modified propeller. In figure 33 the increase in
power coefflcient for raximum effliciency caused by the
c0-percent straight-type trailing-edge extension
(1093 76-modified) 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 extension 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

3 percent less efficient than the propeller with the
20-percent straight type of extension over this range of
edwvance ratio, The difference in power gbsorption
qualities of the two propellers with 20-percent trailing-
edge extensions may be attributed to the difference in
airfoil characteristics of the blade sections.

Figure 3l shows the effect of the amount of
tralling-edge extension on the increase in power coeffil-
cient for maximum efficiency caugeu by the straight type
of extension on propellers 109376 and 09176-mod1fied
The percent. increase 1in power coefflnlent is almost equal
to the percent extenslon at an advance ratio of 1.0. At -

values of advance ratio greater than 1.0 the increase ln
power coefficient becomes smaller; and at values less
cthan 1.0, or in the take-off range, the percent increase
in power coefficient 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. Recause the propellers have widely dif-
ferent power absorption qualities, as shown in figure 35,
and because an airplane propeller often operates over an
extensive range of advence ratio at constant rotational
speed and torque, the data were analyzed at several dif-

ferent values of constant power coeflficlent and constant

rotational speed. The results of this snalysis, presented
in figure 36, provide a better comparison of the effect
of the trailing-edge extensions on efficiency. In the
range of advance ratio of the tests the trailing-edge
extensions caused only small changes in efficiency except
at high advance ratios and a very low value of constant
power coef¢1cient. Hopr, & nruiglaq or high-speed condi-
tion of operation at a high power coefficient (conqtant
bower, coefiflelent of 0.2, constant rotational speed of
1200 rpm, and r range of advance ratila from 1.7 56 €t}

the efficlency of the propellers with trailing-edge
extensions was about the same or perhaps greater than

the efficlency of the propeller without an extension.
Although the range of advance ratio of the tests is
limited, the trend of the data in figure 36 indicates
that as the power coefficient inoreaaec the loss in
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efficiency caused by the tralling-edge extenslons becomes
less; and at low values of advance ratlo there will
perhaps be a gain in efficiency for high power coeffi-
cients. A propeller whose solidity has been increased
by extending the trailing edge will perhaps be more effl-
clent for the take-off and climb conditions of operation,
perticularly for high power coefficients. This effect

of solidity is borne out by the tests reported in refer-
ence §. DBased on equal power abscorption and constant
rotational speed, propeller 109376-modified with the
20-percent straight-type extension was more efficient

for a high-speed condition of operation than pro-

peller 109378 with the 20-percent cembered-type extension,
or propeller 100376 with the LO-percent straight-type
extension.

Speed-nower coefficient charts.- Comparison of the
propellers on the basis of Cg may be more practical
from the viewpoint of a designer because this coefficient
represents the actual design conditions of power, rota-
tional speed, and airspeed. TFor this reason the design
charts in figures 37, 38, 39, and 4O are included. Also,
the composite skeleton Cg chart in flgure L1 is pre-
sented to serve as an aid in the selection of a propeller
for a particular design condition. 1In figure 11 the
envelopes of the efficiency curves wsre taken from
figures 37 to L0, inclusive, and comparison shows that the
order of merit for the four propellers is the same when
based on speed-power coefficlent as when based on advance
ratio. The curves in figure L1 give the propeller effi-
ciency for any given set of design conditions, that is,
airspeed, engine power, propeller rotational speed, and
alr density.

CONCLUSIONS

High-speed tunnel tests of four, full-scale, two-
blade propellers to determine the eflfect of trailing-edge
extensions on propeller zsrodynamic characteristics in a
range of helical tip Mach numbers below the critical lead
to the foliowing conclusions:

1. Extension of the trailing edge of a propeller
blade greatly increases the power absorption qualities
of the propeller with little loss in efficlency.
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2. A 20-percent cambered type of extension increased
the power coefficient for maximum efficiency considerably
more than a 20-percent straight type of extension over
the range of advance ratio from 1.0 to 2.5. However, the
propeller with the 20-percent cambered type of extension
wasg irom 1 to B percent less eflicient then the propeller
with the 20-percent straight type of extenslon over this
range of advance ratio.

‘ 3. Straight-type tralling-edge extensions of 20 and
LO percent (angle of extension = 6.5° at the 0.7 radlus)
increased the power coefficient for maximum efficiency
an amount 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 coefficlent becomes
smaller; and at values less than 1.0, or in the take-off
range, the percent increase in power coefficient is
greater than the percent extension.

l,. Based on equal power absorption and constant
rotational speed, the efficiency of the propellers with
trailing-edge extensions was about the same or perhaps
greater than the efficiency of the propeller without an
extension for a cruising or & high-speed condition of
operation at a high power coefficient.

5. Based on equal power ebsorption and constant
rotational speed, propeller 109376-modified with the
20-percent straight-type extension was more efficient
for a crulsing or a high-speed condition of operation
than vropeller 109378 with the 20-percent cambered-type
extension, or propeller 109376 with the LO-percent
straight-type extension.

Langley Memorial Aeronautical Laboratory
National Advisory Commaittee for Aeronautics
Langley Fileld, Va.
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Figure 1.- Propeller dynamometer in test section, blades with no trailing-edge extension,
tunnel open.
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Propeller dynamometer in test section, 40-percent trailing-

Figure 2.-

edge extension blades.
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FIGURE 3.— CONFIGURATION OF DYNAMOMETER FOR TESTS OF PROPELLER BLADES WITH TRAILING EDGE EXTENSIONS.
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Figure 6.- Propeller blades 109374 (no trailing-edge extension) -
thrust face (lower surface).
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Propeller blades 109374 (no trailing-edge extension) -
cambered face (upper surface).

Figure 7.-
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NACA [MAL 39033

Figure 8.- Propeller blades 109376 (40-percent trailing-edge

extension) - thrust face (lower surface).
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Figure 9.- Propeller blades 109376 (40-percent trailing-edge

extension) - cambered face (upper surface).
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Figure 10.-
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:

Propeller blades 109378 (20 -percent trailing-edge
extension) - thrust face (lower surface).
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L-582

1

NACA LMAL 39030

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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; Figure 13.- Propeller blades 109376-modified (original 40-percent
i trailing-edge extension cut to form a 20-percent extension) -
cambered face (upper surface).
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Figure |4 —Variation of thrust coefficient with advance ratio, propeller 109374, no trailing edge extension.
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Figure |5 —Variation of power coefficient with advance ratio, propeller 109374, no ftrailing edge extension.
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Figure 16 —Variation of propeller efficiency with advance ratio, propeller 109374, no trailing-edge extension.
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Figure |7 —Variation of thrust coefficrent with advance ratio, propeller 109376, 40percent trailing edge extension.
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advance ratio, propeller 109376, 40 percent lIrailing edge extension.
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Firgure 19 —\Varation of propeller efficiency with advance ratio, propéller 109376, 40% iailing edge extension.
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Figure 20 —\Varmation of thrust coefficient with advonce ratio, propéller 109378, 20 percent trailing edge extension.
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Figure 2/ —Variation of power coefficient with advance ratio, propeller 109378, 20 percent trailing edge
extension.
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Figure 23.—Variation of thrust coefficient with advance ratio, propeller 109376 -modified, original troiling edge
exfension cut to form a 20 percent extension.
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Figure 24 — Variation of power coéfficient with advonce ratio, propeller 109376-modified, original fIrailing edge

cut to form a 20 percent extension.
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Figure 25 —Variation of propeller  efficiency with advance ratio, propeller 109376-modified, original frailing edge
extension cut to form a 20 percent extension.
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Figure 32 —Envelope curves of propeller efficiency and power coefficient for maximum
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Figure 35 —A comparison of the power coefficients for the four propellers  tested.
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