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MEMORANDUM REPORT

for
Army Alr Corps
STATIC CHARACTERISTICS OF CURTISS PROPELLERS
HAVING DIFFERENT BLADE SECTTONS
By BLAKE W. CORSON, JR.,and NICHOLAS MASTROCOLA
SUMMARY

Static tests were made on four full-scale two-bladed
propellers differing only in blade sections, at blade
angles from 0° to 20° st the three~quarters radius. Two
of the same propellers were tested as three bladed pro-
pellers. The tests were made outdoors under conditions
of low wind velocity. ‘

The data are analyzed on the basis of a static thrust
figure of‘mcrit and by Driggs Simplified Propeller Calcu=-
lations, which is a single-point method of reducing proe
peller data to airfoil data., Static propeller data are reQ
duced to alrfoll data for all of the propellers tested.
These airfoil data for the two three bladed propellers have
been reconverted to propeller efficiency as a function of
advance ratlo for the purpose of comparing the modified NACA
16-series blade sections with the Clark Y blade section.

The propeller with Clark Y blade sections ylelds
slightly higher efflciency in take~off and climb than the
modified lb-series sections. The propeller with modified
l6-series ssctions may yield efficiencies higher by 2 |

or 3 percent than a similar propeller with Clark Y sectlons
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at the high speeds now attainable by some airplanes.
The double cambered Clark Y gives only slightly lower
efficiency than the modified lé-series section for high
speed and slightly higher efficienciles for take-off. A

8light increase in the radil of the leading and tralling

r\f\/“rT

edges of the modified 16-series sections has 1little effect

on the behavior of the sections.

INTRODUCTION

The tests described in this report constitute one phase
of an investigation described in reference 1 ﬁo check flight
tests made for the purpose of determining the relative merits
of the Clark Y and a modified 1lé-series section. The tests
were made on propellers operating at zero forward velocitye.
Thrust and power were measured-at various propeller tip speeds
and blade angle settings. The propeller blades used were
Curtiss blades identical in all respects except blade sections.
One set of blades had Clark Y sections, anothier set was made
with double cambered Clark Y sections, and a third set em-

bodied modified NACA lb-series sections. The investigation

CcT

included tests both on two bladed and three bladed propellers,
As the static test conditions can not be univeresally rep-
resentative of conditions of application, the absolute values
obtained from these tests are not hilehly =significant, The re-
sults, however, can be very useful for making qualitative com-

parisons of propellers tested under identical conditions.
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The purpose of this investigation was to determine the

relative merits of the Clark Y, double cambered Clark Y, and

NACA 1l6-seriles propeller sections under varied loading and at

various Tip speeds, The propellers are compared on the bagils

gf- & statlie thrust figure of merist. As & further analysis,
use 1s made of Driggs Simplified Propeller Calculations,
reference 2, for reducing the propeller characteristics to

quasil airfoil characteristics. The airfoil polars so ob=-

tared were then reconverted into the propeller envelope effi-

k¥

clency as & function of the advance ratio, for two of the
propellers,

This investigation was made at the request of the Army
Alr Corps, War Department. The testing was done on the
static test equipment of the propeller-research section of
the National Advisory Committee for Aeronautics at Langley
Field, Virginia,.

DESCRIPTION OF APPARATUS
Test rige- The static propeller-test rig used in this

investigation, located outdoors, was essentially the same

gesnliat *deoscribed "in reference 9. The major difference in

the cet-up i1s that for the present tests an air-cooled radial

engine furnished the motive power. This ensgineSreduiredie
nacelie larger than that used In the earliier tests'and of
somewhat different: shape. A ‘Dhotograph of the set=-up 18

shown in flzure 1, and a schematic diagram in figure 2.
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Engine and nacelle.- In this series of tests the pro-

peller was driven by a Pratt and Whitney R-1340 radial air-
cooled engine. The power rating of this engine 1s 550 horse-~
power at 2100 rpm. The propeller was driven directly at
crank shaft spéed, and was turned up to 2300 rpm at the low-
blade-angle settings. The rotational speed of the engine
and propeller was measured with a condenser tachometer which
was not in error by more than *1/2 percent, above 1000 rpm.
The engine éowling-nacelle combination was arranged to
glve as good cooling as was compatible with relatlvely low
impedance to the propeller slipstream.

Propellers.- Three sets of Curtiss propeller blades dif- -

fering only in blade section were investigated. The blades
designated by drawing number 39300-22S embodied Clark Y sec-
tions and were tested both as two bladed and three bladed pro-
pellers. Propeller number 1013%3%6 was made with doubld ceambered
Clark Y sections and was tested only as a two bladed propeller.
Propeller number 1013%2 was made with Clark ¥ sections inboard
from the 0.50R station, and with NiCa lb6-series from the 0.70R-
station to the tip. At stations between 0.50R and 0.70R trans-
ition sections from Clark Y to lé-series sections were used.
The NACA lb-series sections, described in reference l., have
relatively sharp leading and trailing edges, and have maximum
thickness at the mid-chord station. They are degigned to

work efficiently at high speed by delaying the compressibility




stall. Propeller number 1013%2 was designed originally

OTlg. The modiiication

1

with seriously modified lbé-series sect!
was a large increase in the leading edge and tralling edg
radii and & corresponding thickening of the leading and trail-
ing edges. In this report the Curtiss design 16-series sec-
tions are designated as the "modified lb-series" sections.
Blades with these sectlons were tested as a two bladed pro-
peller. After being tested these blades were returned to
the factory and the sectlons from 0.70R to the tip altered
to conform more nearly to the true NACA 16~-series shape and
are designated herein as the reworked l6-series section.
These reworked blades were tested both as two bladed and three
bladed propellers. Blade form curves for the three propel-
lers are chown in figure 3. Blade sections at the 0.7O0R
are shown in figure L. The section at the 0,70R rather than
taat at the 0.75R was cnésen because of the signlficance of
the O0,70R station in‘Driggs' method of propeller analyslse
TESTS

Each test was made at one blade angle setting. Be-
ginning at about 600 rpm, the net thrust, torque, and pro-
peller rotational speed were measured simultaneously at
various intervals until the highest speed obtainable under
2500 rpm was reached. Readings were taken at speed inter-
vals of about 100 rom at low speeds, and at wuch smaller in-

tervals near the top speed. Each propeller was tested at a
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series of blade angles from O- to 20° by intervals of approxi-
mately 2°. The blade angle was measured at three-quarters
radius. Before and after each run the wind velocity wasg
measured with an anemometer. Tests were made only when the
wind velocity was less than five miles per hour, except in one
or two teste at high blade angles.
RESULTS
The results of the static propeller tests are presented

in terms of conventional coefficients:

g
Cp = ———, thrust coefficlent
P n‘aD)‘L
& x i
Cal™ ———g——g, power coefflcient
g b
Te = T ~ AD, effective thrust, pounds

T, tention in propeller shaft, pounds

AD, the force exerted by the propeller slipstream
on the nacelle and struts, pounds

Ey 2" n Q, engine power, foot-pounds per second

Q, engine torque, pound =~ feet

£, mass density of air, slugs per cublc foot

Ky propeller rotational speed, revolutlons per
second
D = 2R, propeller diameter, feet

R, propeller tip radius, feet
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L= statlic thrust figure of merit

Cp
o
M= —»%42, tip speed ratio
¢ = speed of sound in air, feet per second

J = V/nD, advance ratio

V, air speed, feet per second

C
Cp

=]

J, propeller efficlency

q = 1/2 P V2, dynamic pressure, pounds per sguare
foot

ARG S pounds

D, proflile drag, pounds

S, area, square feet

525’ 1ift coefficient

Q
&
1

O,

3 5’ proflle drag coefficlent

/
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Table I

Descriiption of| the flgures.

1. Photograph, static propeller test rig;

2.. Diagram of static thruet and -torque set-up.”

3., Blade form curves.

i. Propeller blade sections at the 0.70R.

5 - 16,

17 - 2ds

e3'= 5o

sl = 59,

LO. Envelope efficlencies computed by Driggs! method

Variation of statiec thrust and power
cogfficients with tip-speed ratio
and blade angle.

Static propeller characteristics as
functions of blade angle.

Cemparisons|of static thrust: fdgure
off merit.

Lifth and drag| coefflclents computed

stiatic propeller echaracterlistics,

from static propeller data.

firon
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DISCUSSICON
In thls series of static propeller tests, made for come

- .

paring .the Clark Y airfoll propeller section with the modi-
fied and reworked l6-serles sections, the independent vari-
ables used were blade angle and propeller rotational speed.
Blade angle was fixed for each test, hence changes 1n pro-
peller characterlstics during a run must be attrlbuteble

only to changing propeller rotational speed. At least three
factors which affect the behavior of the propeller blade sec~
tions are functions of the rotational speed. 0f first im-
portance is the increase with tip-speed ratio of the Mach

number at which the blade sections work, and the changes in

Jach number. A

o

blade section airfoll characteristics with
secondary effect of increase in rotational speec '1s an in-
crease 1n the Reynold's number at which the blade sections
work. a third factor, of unknown influence, l& the tendency
of the propeller blade to dilscard by centrifugal force the
retarded air composing the boundary layer. Both of the latter
two factors have a beneficial influence on the performsnce of
the blade sections. Even at a tip speed much below that for
normal operation most of the propeller sections work at values
of the Reynold's number greater than the critical; hence as
the Reynold's number is increased blade section profile drag
coefficient i1s reduced and maximum 1lift coefficient 1s in-
creased. Centrifugal force may act to remove a part of the

air in the boundary layer; this would delay the normal stall.
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Apparently the only adverse effect accompanying high pro-
peller tip speed is due to the behavior of sdpded 1el.dn gompres—
sible flow as the alp speed approaches. the acoustic velocity.
Wind-tunnel tests, reference 5, have shown that both bhen Li4%
and drag coefficlents of an airfoll increacse with increasing
Mach number until a critical value is reached. This value
is believed to be reached when the local air velocity at some
point on the airfoil is equal to the dcoustic velocity. hAg
the Mach number is increaced beyond the critical value the
1ift coefficient decreacecs while the drag coefficient Increases
more rapidly than it does ut subcritical velues of the Mach
number . Oonly the net influence of the several factors 1s
measured by static propeller teste. Therefore, the adverse
effect of air compréscibility on blade section behavior at high
tip speed, -being partially offset by beneficial factors, is
not as fully discernible from statlic propeller tests s from
wind-tunnel -teste on &irfolls.

While the tests were being made it was notlced during
each run.that the charscter of the nolse emltted by the engine
and propeller began to change from a roar to a penetrating
note at about 1300 rpm. The propeller dlameter was ten feet.

This may indicate that the first shock waves are set up at

the propesller tips at a tip speed ratio of about M = 0,82,
The region of the propeller blade tip producing a shock wave

Y

spreads inwardly as the tip speed roit oS dncresice s Since the

Al & T
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highest value of the tip speed ratio-obtained in these tests
was M = 1.05, only those sections at radii greater than 0.78R
were working at a value of Mach number greater than 0,82
The effect of compressibility indicated in the figures was
produced in most caces by a relatively small outer portion
of the propeller blades.

The basic pitch distribution for the propeller blades
subject to these tests was about 20° at the three-quarters

radius. Tad.

m

pitch distribution will give highest propel-
ler efficiencies within a range of advance ratlo between

7= 0.75 and § = 1,50. 4 high basic pitch distribution re-
sults in a tendency for a propeller in static tests to yield
less thrust for a given power than a.simllar propeller with
less hlade twist. It is this fact'which discredits. the pro-
peller polars and efficlency curves computed by the s=ingle
point method from the results of static tests and confines
their usefulness to qualitative comparisons.

The data presented in the figures have been corrected
for any small mean wind velocity that held durlng the tecsts.
The variation of static thrust coefficients with tip speéd
ratio shown in figﬁres 5s Ts 95 115 13, and 15 agrees with
the results of wind-tunnel ‘tests on airfolls. The increas-
ing static thrust coefficient with increasing tip speed ratio
indicates that, when blade sections near the tip are working

at positive 1lift, the 1lift coefficients increase with
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increacsing Mach number up to a certain point. The lower rate
of increase of the static thrust coefficlent as tip-speed
ratios approach unity indicates a decrease of the 11ft coef-~
ficients of sections near the blade tip as the Mach number at
which they operate approaches unity. The increasing static
thrust coefficients with increasing tip-speed ratio produced
at high blade angles even at low values of the tip-speed ratio
may be partially attributable to Reynold's number effect and
to the beneficial action of centrifugal force in throwlng off
dead air from the stalled region of the propeller .

The variation of static power coefficlent with tip-speed
ratio shown in figures 6, 8, 10, 12, 1, and 16, also agrees
with wind-tunnel tests on airfolls. The slight decrease of
the static power coefficients with increasing tip speed ratilo
at low values of tie tip-speed ratio may be due to decreasing
drag coefficients of the blade sections with increasing .Reynold's
number. For the blade settings which yiéld positive 1lift near
the tip the gradually increasing power coefficients at tip-
speed ratics of about M = 0.7 or M = 0.8 again indlcate the
increase of liff and drag coefficients of airfoils working at
Mach numbers below the critical. The sharper rise of the
power coefficlents, for all blade settings, as the tip-speed
ratio approaches unity is comparable to the rapid increase of

airfolil drag coefficients as the Mach number approaches unity.
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Figures 17 through 23 are cross plots of figures 5 to 16,
inclusive, at tip-sneed ratios of M = 0.9 and ¥ = T4@a The
static thrust and power coefficlents and static thrust figure
of merit are shown as functions of blade angle at thie three-
guarters radius. The similarlty of thils manner of present-
ing propéller data to airfoil lift and drag coefficients as
functions of angle of attack is pointed out in reference s

The relative merits of propeller sections may be shown
best by the comparison of properties independent of blade
angle. Figures 29 through %3 present comparisons of the
static thrust figures of merit plotted against power coef-
ficient at values of.tip—speed ratie of - =098 O, S0y
l.O; and O S A study of these figures leads to the follow=-
ing generallzations:

(1) There 1s little difference between the behavior of
the reworked l6-serles sections &nd that of the modified 16-
series sections.

(2) The double-cambered Clark ¥ section glves results
very similar to those for the reworked l6-ceries sections,
though slightly inferior.

(3) At low tip-speed ratios and under high loading the
single-cambered Clark Y section is superior to all otliey seCm
tions used in these tests.

(L) At high tip-speed ratios both the modified and re=-

- 7. ° © o .
worked lé-series sections are superior to the Clark ¥ sections.
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(5) Under small load a two-bladed propeller gives more
thrust per horsepower than & three-bladed propeller, but under

high loading the reverse 1s true.

In actual flight the propeller tip-speed ratios encountered

most frequently are close to M = 0.9, and at that tip-speed
ratio the data presented here are most relisable, The static
thrust flgures of merit 1n figure 31 for M = 0,9 show that

over a small range the reworked l6-gseries cectlon 1s superior

to the other sections; the modified 16-serles section 1s good
over a broader range of power coefficient, the double~-cambered
Clark Y 1is oniy slightly inferlor to the modified l6-series
section; and the single-cambered Clark Y cshows up to advantage
only at the high values of the power coefflicient. In flizgure
32, at a tip-speed ratio of M = 1.0, both the modified and
reworked lb-series sections show worthwhile superiority over
the Clark Y sections over the range of power coefficlents ob-
talnable in these tests. In the range of tip-speed ratlos
from' M =0.9 to M =10, which is realized in practice at
high altitude, the mean superiority of the l6-series section
over the single-cambered Clark Y propeller sectlon appears to
bei about three percent. The computed propeller lift coef=-
ficients corresponding to the range of l6-series superiority
lie between Cp, = 0.3 and Cp, = 0.6. At higher 1lift coef-

ficlents obtained during take-off and climb the Clark ¥ pro-

peller section is superior except at very high tip-speed ratios.
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The trend of the curves in figures 31, %2, 'and %33 indlcates
that at very high values of the power coefficient the Clark
Y propeller may be superior to the lé-series propeller even
at high values of the tip-speed ratio.

Such low power was available for the present testes that
high tip-speeds could not be attained at high blade angles
and the effect of blade stalling does not show up at high
tip-speed ratios as markedly as at the low tip-speed ratios.
and higher blade angles. In & peport by the Curtiss Com-~
pany of flight and Wright PField static tests of the subject
propellers, reference 6, the results of tests using higher
power coefficients are reported. The following valueg are

teken from this reference.

Blade section Clark Y Clark Y and l6-series
Thrust/horseoower 3,048 278
Percent 100.0 90,0

The foregoling values were obtained with a three-bladed

propeller when Cp = 0.103 and M = 0.8} in standard air,

and correspond to the following values of statilc thrust figure

of merit and computed propeller 1ift coefticient;

Blade section Clark Y Clark ¥ and lb-series
cr/Cp 1.68 1.52
Cr, 1425 %00

The above comparison indicates the superiority of the

Clark Y propeller over the lb-series propeller when operating
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at high values of thel 1lift coefficient encountered at take-
off and during e¢limb. This is in agreement wlith the results
of wind-tunnel tests reported in reference 1.

A similar comparison of three-bladed propellers having
Clark Y and lé-series sections is presented in tuable IT. The
peak values of the thrust figure .of merit and the corresponding
values of power coefficient were taken from figures 29 through

20

Table II
CLARK Y CLARK Y AND 16-SERIES
M Cp CT/CP CL Percent 2 Cp CT/CP CL Percent
0,541 0.0201 2,75 0.p6 97 QL 0L7 | "2.85 105 100
0.7}} 0.013| 3.00] 0.35 | 100 0.015 {1 %.01 | 0,30 100
0.9l 0.017| 2.95| 0.33 97 0.018 | 3%.03 ] 0.%6 100
O 0,020 - 2,615 DBl 2 0.020 | 2.83 ] 0,37 100
Yol 0030 - 1.954 0,58 dly 0.029 | 2.32 | 0.4y 100
~ [ l

This latter comparison shows that a propeller embodying
l6-series sections will yield about three percent more thrust
than a Clark Y propeller of similar form when operating condi-
tions are such that the blade sections work at 1lift coefficients
between Cp = 0.30 and Cp = 0.40,

THEeN re s i eielin table II &re encouraging ln that they indi-

cate the design possibilities of the NaCa lb-series sections.

\
\




The tip sections of propeller No. 101332, identical with

those for propeller No. 101330, were the reworked 16-serles
sections designed to operate best at 1lift coefficlents be-
tween Cy, = 0.30 and Crp = 0.40., These design 1lift coeffi-
cients ere given in reference 7, and are plotted in figure 5%.
The propeller 1ift coefficients for the reworked 16-series
propeller computed from these statlc tests at peak values of
static thrust figure of merit are bracketed between Cp = 0.30
2t il O.Lli, and are practically identical with the design
117t coefiliclents, In this range of lift coefficient values
the reworked lé-ceries sections are superior to all other sec-
tions used in these tests. Inasmuch as the NACA lb-series
sections can be designed'for best operation at any reasonable
value of the 1lift coefficient, reference li, It is reasonable
to believe that a propeller can be made embodying the NACA 16-
cepies cections which will be superior to any similar propel-
ler embodying Clark ¥ sections, when operating conditions are
such that the design 1lift coefficients are realized. The
range of 1lift coefficient values for superior performance of
the NACA l6-series sections extends appreciably in both direc-

ible that propeller

=]
i
'—J-
0
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Yions from the design value. 8 poOs
No., 101732 would have shown up much better for take-off and
climb with little sacrifice of efficiency at high speed if

the tip sections had been designed for optimum operation at

higher values of the 1ift coefflcient. Further improvement

.




in take-off and climbing characteristics may be had by taking
advantage of the good higﬁ speed operation of lb-series sec-
tions and using higher tip speeds, and by incréasing the blade
area.

Propeller efficiency 1s équal to the product of thrust
figure of merit multiplied by advance ratio, (n = Cp/Cp X J).
The value of the thrust figure of merlt necessarily decreases
as the advance ratio increases. If the relative values of
the thrust figures of merit of the sections do not change with
advance ratio, about three percent greater maximum efficiency
may be expected of & propeller embodying the reworked lé-series
gections then from one made with the single cambered Clark ¥
sections, when the tip~speed ratlo is close to M = 0,9 or
M= 1.0,

In statlc tests the axial velocity through the propeller
is relatively small. When a propeller is in actual operation
advancing at a normal high speed, the blade section resultant
velocity of rotation and advence 1s considerably higher than
the velocity due to rotation alone and conseqﬁently the region
of the progeller tip suffering a compressional loss extends
conslderably farther inboard. The propeller losses at high
tip-speed ratios indicated by static tests will most likely
be exceeded in flight.

The 1i1ft and profile drag coeffliclents computed by the

method given in reference 2 from static propeller characteristics
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are presented as polars in flgures sl through 9. These of
necessity yield the same information as the static thrust
figure of merit comparisons, though in a more familiar form.
This method of propeller blade section analysis regards the
propeller as an airfoil acting at the seven-tenths radius
station. For all blade sections the value of the minimum
drag coefficient does not change much In the iritervel  of i tip~
speed ratios from M = 0.5 to M = 0.9, The drag coeffi-
cients increase rapidly with increasing tip-speed ratio when
the value of the latter exceeds M = 0.9. i

The polars in figures 34 to 39, Inclusive, do not repre-
sent absolute values of the airfoil characteristics, but are
for -comparison only. The unusually large values of the drag
coefficlents shown by these polars may be due both to the pro-
peller pitch distribution and to lmpedance to the propeller:
slipstream by the cowling and nacelle.

The polare for the three-bladed propellers shown in
figures %5 and %9 have been used in applying Driggs' method
for computing propeller efficiency envelopes. Since the
oolars show only relative values, the computed efficiency
curves likewise can show only relative values. The absolute
values near maximum efficiency are about eight percent lower
than those obtained in wind-tunnel teste on the sume propel-
lers with a' well streamlined body, reference 1. Figure LO

shows a comparison of the computed envelope efficlency curvee
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of two three-bladed propellers, numbers 101%32 and J4$5006-225,
ldentical in all irespectis except blade wsection. The assumed
power available is that which may be obtained from a 110 horse-
power engine. The 10 foot L inch dlameter propeller is
assumed to operate at 1500 rpm. In these computations the
actual. propeller tip-speed ratio was ured rather than rota-
tional tip-speed ratioc.

Figure L0 presents relative efficiencies at sea level.
Due to the low maximum 1lift coefficients obtainable with the
reworked l6-series. tip csections the Clark Y propeller is
superior at the low values of advance ratio encountered during
take-off and climb. at high values of the advance ratio where
the blade sections work at lower 1lift coefficients and where
the effect of compressibllity becomes noticeable the propeller
having lé-series sections is more efficient. The two pro-
pellers are apparently of.efual efficiency at sea level at a
vglue o ‘the advance pratlo ‘of about - J = 1.7, At practical
values of the advance ratio above J = 1.7 the lb6-series pro-
peller may yield as much as two percent higher efficiency than
the Clark Y propeller at sea level, gand as much as three per-
cent higher at 15,000 feet altitude where greater tip-speed
ratios obtain.

REMARKS
les For all of the propellers tested the highest value

of the static thrust flgure of merlt occurred at a tip~speed

o
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ratio between M = 0.7 and M = 0.9; hence in flight highest
efficiency may be expected in the same range of -tip-speed
ratios.

2. There is little choice between the reworked lé-series
sections and the modified 1lb6-series section with rounded lead-
ing and trailing edges. Both are superior to the Clark Y
sectlons in.the region of peak value of the thrust figure
af 'merlit, i.e.; undep small‘loado

3, The double-cambered Clark Y section 18 similar in
behavior to the 1b-series sections; the efficiency is
lower at the peak static thrust figure of merit but
higher at relatively high values of the power coefficlent.

lie The propellers having modified and reworked l6-series
blade sections were found to stall at lower values of the 1ift
coefficient than did the propeller with single-cambered -Clark
Y sections, at low values of the tip-speed ratio. This
agrees with wind-tunnel tests which indicate the superiority
of the Clark Y proéeller for take-off and climb. On the basiet
of these static tests the superioriﬁy of 'the Clark Y propeller:
for take-off and climb holds for values of tip-speed ratio less
than M = 0.9,

5. Envelope propeller efficiencles computed from these
statlc data indicate that a Clark Y propeller of the design
tested ylelds appreciably higher efflciency during take-off

and climb than a similar propeller with reworked lé-series
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sections., The lb-series propeller shows one or two percent
higher efficiency than the Clark Y propeller at high speeds
attainable with airplanes now existent, and a possible greater
gain when used with higher speed airplanes.

6. It is to be understood that the conclusions reached
from these tests with regard to the lé-series sections applles
only to sections designed to operate most effectively at 1ift
coefficients between O = 0.30 and Crp = 0.L0.

7+-It1s probable that better take-off and climb opera-
tion could be obtained from a lb-serles propeller designed to
operate best at higher values of the 1lift coefficlent than those
for which the subject propeller was cesigned.

8. Redesign of the lé-series propeller with greater blade
area and for higher tip speeds might produce a propeller with
mich better take-off characteristics with little sacrifice of
efficiency at high speed.

Langley Memorial Aeronautlcal Laboratory,

National Advisory Committee for Anronautlc
Langley Field, Va., August 27, 1941,
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