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INVESTIGATION OF THE NACA 4—(0)(03)-O45 TWO-BLADE
FROFELLER AT FORWARD MACH NUMBERS TO 0.925

By Melvin M. Carmel and Joseph R. Milillo
SUMMARY

Results are presented of an Investlgatlon made of the
NACA 4—-{0)(03)-045 two-blede propeller in the Langley 8-—foot high~—
speed tumnel for blade angles from 20° to 70° for forward Mach numbers
up to 0.925. A comparison of this propeller with previously tested
propellers is also presented.

The results show that & propeller wlth 3-—percent—thick sectlons
at the deaign station can delay the onget of adverse compressibility
effects up to a forward Mach number of 0.825. With such a propeller,
efficiencies as high as T3 percent are obtained at a forward Mach
number of 0.925. Reductions in thickness ratio from 8 percent to
3 percent at the deslgn statlon deley the onset of adverse compressl—
bility effects by as much as 0.12 in forward Mach number. This same
reduction in thickness ratioc leads to an lncrease Iin efficiency of
17 percent at a forward Mach number of 0.925. When consliderations of
the structural difficulties and practical problems are included, it
appears that the use of thimmer blade sections ie more advantageous
than the use of sweep in propeller blades in obtalning improved
propeller efficlency at high speeds.

INTRODUCTION

A partlal study of the effect of thickness ratlo on propeller
performance was presented In reference 1. This study included basic
force—test data for an NACA propeller of conventlonal thickness at
gseveral blade angles sround its design condition, and also basic force—
test data for sn NACA propeller with a thickness reatio of 3 percent at
its design station tested at 1ts design blade angle (30-753 = 60°).

Blade failure prevented completlon of the thin—propeller lnvestigation
at that time, New thin blades were made, however, and the tests were
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completed. The results of the completed tests of the NACA L4L—{0)}(03)-045 .
propeller are presented herein, This paper 1s essentially a data report

to expedlte publication of the results obtained. Large—scale plots of

the basic propeller characteristics (fig. 5) are available on request

to the RACA. -

SYMBOIS L
b blade width, feet
Cp power coesfficlent ( g 5)
on” D
Cp thrust coefficient( I )
N
on°D
D propeller dlameter, feet . -__
b/D blade—width ratio - . : : ) N
h maximum thickness of blade section, feet
h/b blade thickness ratio
v,
J advance ratio (—9)
nD
M tunnel—datum (forward) Mech number (tunnel Mach number

uncorrected for tumel-wall congtraint)

Mg helicel tip Mach number (M\/l + (1(/,_']')2)

n rotational speed, revolutions per second

P power, foot pounds per second

R propeller tip radius, feet

T thrust, pounds

T, thrust disk loading coefficient (ziz) i
qD
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v tunnel—datum veloclty (tunnel—datum velocity uncorrected
for tumnel-wall constraint), feet per mecond

Yo equivalent free—air velocity (tumnel—datum veloclty corrected
for tunnel-wall constralnt), feet per secand

8 gsection blade angle, degrees

BO."{iR sectlon blade angle at 0.75 tlp redius, degrees

1 efficiency (C—EJ)

Cp
e maximm envelope efficiency
Nmax meximum efficiency

o alr denslty, slugs per cublc foot

APPARATUS, METHODS, AND TESTS

The apparatus and methods described In reference 2 were used in
this investigation which was conducted in the Langley 8—foot high—speed
tunnel. A sketch of the 800-horsepower dynamometer installation in the
tunnel 1s shown as flgure 1.

The propeller used in this investigation was deasigned to produce
minimum energy losses (profile drag assumed equal to zero) at a blade
angle of 60° at the 0.7 radius end at an advance ratio of 3.36.
Symmetrical NACA 16-series blade sectlons were used all glong the
blades. The propeller used for the lnvestigation reported in refer—
ence 1 was made of a beryllium—copper alloy. This propeller, as
previously mentioned, failed because of fatigue incurred by excessive
flutter. For the present tests, the propeller blades were made of
g0lid steel and, for the Mach number range tested, flutter was not
evident. A photograph of the blade 1s shown as flgure 2 and the blade—
form curves are presented 1n flgure 3.

Thrust, torque, and rotational speed were measured throughout the
cperating range of the propeller. For each tunnel Mach number, the
propeller was operated at fixed blade angles and the rotatlonal speed



NACA RM L50A3la

was varied. The range of blade angle covered Por each forward Mach
nuwber is glven in the following table:

Maiﬁrﬁiiﬁer, Blade angle of o.ZZeZ§p radius, Bo.7sR

M

0.23 20| 30| w0
-35 30 | 40
43 30 | Lo
.53 o | s0
60 s0 | 55 | 260 | 65
69 50 | 55 | @60
=70 50 | 55 | 60 | 65
-7 s0 |55 | 260 | 65
80 50 |55 | 260 | 65
-8 50 |55 | %60 | 65
+90 so |55 | %0 | 65
-925 50 |55 | 20 | 65

Bpata for BO.TiR = 60° were obtained during teste reported in

reference 1.

REDUCTION OF DATA

Propeller thrust.— Propeller thrust as msed herein is defined as

the shaft tenslon produced by the spimner—to—tip portion of the blades.
The method used in determining thrust tares and in evalustlng the
propeller thruet is described In detail in reference 2.
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Propeller torque.— Torgue tare corrections were found to be amall
and dependent only on rotational speed. The indiceted torgus reading
was corrected for the apilmmer tare.

Tunnel—wall corrections.— The force—test data have been corrected
for the effect of tunnel—wall constraint orn veloclity at the propeller
plene by use of the method described in reference 2. These results are
presented in figure 4 where the ratio of free—elr veloclty to the
tunnel—datum veloclty is plotted as a function of thrust dlisk—loading
coefficlent and tvmnel—datum Mach number.

Accuracy of resulis.— Analysls of the accuracy of the separate
measurements requlred to define completely the propeller characteristlcs
has indicated that errors in the results presented herein are probably
less than 1 percent.

RESULTS AND DISCUSSION

The basic propeller chasracteristics are presented in flgure S.
For each value of tunnel—datum Mach number, the propeller thrust and
power coefflclents and effliciency are plotted agalnst advance ratio,
The variation of tip Mach number wlth advance ratio is also included.
Asg used hereln, the tunnel—datum Mach number 1s not corrected for
tunnel—datum constralnt. The free—alr Mach number, however, can be
obtained by applying the tumnel—mll corrections, presented in
figure 4, to the tunnel—dstum Mach number. At the high Mach numbers
the tunnel—well correction 1s generally less than 1 percent.

Effect of forward Mach number of maximum efficiency.— The
varlation of maximum efflclehcy with forward Mach number 1s presented

in figure 6. At relatively low speeds, the highest value of maximm
efficiency was approximstely 89 percent for the blade—angle of 30°

to 60°, The maximum low-speed efficiency for blade angles of 20°

and 65° was about 85 percent. It may be seen from the figure that the
maximum efficlencies for the design blade angle (Bg 7sg = 60°) are at

least as high as the efficlencles for any other blade angle throughout
the Mach number range tested. The adverse effects of compressiblility
do not became -evident until an operating Mach number of 0.825 is
reached; beyond this Mach number the maximm efficlency falls off
abruptly to an efflclency of 73 percent at a Mach number of 0.925. At
blade angles other than the deslgn blade angle the adverse effects of
compressibllity occur at much lower forward Mach numbers; however, for
blade angles of 50° and 55° the maximum efficiencies are also about

T3 percent at a Mach number of 0.925,
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Effegt of sdvance ratlo and forward Mach number on maximum
efficiency.— The discussion of reference 2 clearly showed that for

gubcritical propeller operatlon, relatively high advance ratlios are
conducive to high efficiencies, bub.for high supercriticel propeller
cperatlon this trend 1s reversed, that is, to obtain the highest
propeller efficiencles at supercritical speeds, low advance ratios are
necessary. The curves presented in figure 7 tend to further demonstrate
thils phenamenon. The reversal in effect of advance ratio on maximum
efficlency for thils propeller dld not occur until after reaching a )
forward Mech number of 0.90. This reversal 1s at a higher Mach number
than that shown for the conventional propeller in reference 2; this
fact 1ndicates that the point. of reversal ls dependent on the critical
gpeeds of the propeller sectlions and is thus delayed by use of thinmer
gections. Moreover, the magnitude of the trend of increased efficlency
with reductlions-1in advence ratlo is conslderably smaller than the trends
shown in reference 2 for an 8—percent—thick propeller. The efficlency
curves for these two propellers indlcate that the sectlone of the thin
propeller are operating at higher lift—to-drag ratlos. It was noted in
reference 2 that the gain in efficlency assoclated with reduction in
advance ratlo becomes signiflcant only when low lift—to—drag ratios are
encountered. It therefore appears that the high lift—to-drag ratios
asgoclated with the thinner propeller lead to the much smaller trend
gshown. :

Comparison with other propellers.— Figure & shows the envelops
efficiency for the NACA L4-(0)(03)-O45 propeller plotted agalnst forward
Mach number. Superlimposed on this flgure are the envelope effliclenciles
for the NACA 4—-{0)(08)-0k5 and 4—{4)(06)-057-4SA propellers. The
NACA 40)(03)—045 and 4—-0}(0B)-0L5 propellers differed only in
thickness ratio, the former being 3 percent thick and the latter belng
8- percent thick at the design station, X = 0.7. This figure indicetes
the lmprovement obtalnable by the use of thinner gections., Not only
13 the onset of adversge compresslbllity effects delayed about 0.12 in
Mach number, but the magnitude of the adverse effects 1s considerably
reduced by the use of the thinner blade sections. As a result, the
thinner propeller ias 17 percent more efficlent than the thlcker
propeller at e forward Mach number of 0.925. Thus, with blade—section
thickneas ratios of the order of 3 percent, propeller efficlencies of
T3 percent or more can be obtained at forwerd Mach numbers of 0.925.
Figure 8 also shows several values of efficiency calculated for the
NACA 4—-{0)(03)—045 propsller using section data obtainsd from pressure—
dlstributlion measurements on propellers, wind—tunnel force measurementas,
and calculatlions for supersconic condlitiomns. The calculations were made
by sesuming an 1deal load dilstribution and using maximwm lift—to-drag
ratios obtainsed from the Iangley 16~foot high—speed—tunnel pressure—
diatribution studles. Desplte the fact that the assumed conditlons
were not attalned 1n the experimemts, the agreement between the :
celculated and meagured efflclencies 1s good. The method of calculatlon
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uged in obtalning these polnts may be found in reference 3. Experi-—
mental tests of another thin propeller (reference 4) have shown
efficiencies of the same order of magnitude 1n the high supercritical
Mach nurber range.

For purposeés of comparison, figure 8 also includes a curve repre—
senting the experimental results for the NACA L—{L4)}{06)-05T-454 pro—
peller (reference 5) tested in the Langley 8-foot high—epeed tunnel.
This propeller 1s swept forward and back 45° and has a thickness ratio
of 6 percent at the deslgn station. The efficlency for this propeller
falls only slightly above values which would be expected of an unswept
6—percent—thick propeller. When it is considered that the practilcal
gtress and hub problems for a swept propeller are actuelly more gevere
then those for a 3—percent—thick stralght propeller, it must be
concluded that the use of sweep 1n propellers ls less advantageous than
the use of very thin blade sectlions for malntaining good efficlencles
at transonlc speeds.

CONCLUSIONS

Investigation of the NACA 4—(0)(03)-045 (having 3—percent—thick
symmetrical sectlons at the deslgn station) two-blade propeller in the
Langley 8—foot high—speed tunnel, together with comparisons of previously
tested propellers, indicates the followlng conclusions:

1. A propeller with 3—percent—thick sections at the design station
can delay the onset of adverase compressibility effects up to a forward
Mech number of 0.825.

2. With such a 3—percent—thick propeller, efficlenciles as high as
T3 percent are obtalned at a forward Mach number of 0.925.

3. Reductions in thickness ratio from 8 percent to 3 percent at
the design station delay the onset of adverse compressibillty effects
by as much as 0.12 In forward Mach number.

4k, Reductions in section thickmess ratic from 8 percent to
3 percent at the design statlon lead to an Increase in efficiency of
1T percent at a Mach number of 0.925.
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5. When conslideratlions of the structural difficulties and practical
problems are included, it appears that the uge of thinner blade sections
is more advantageous than the use of sweep 1n propeller blades in
obtaining Improved propeller efficiency at hiligh speeds.

Lengley Aeronautical Laborstory
National Advisory Cammittee for Aercnautics
Lengley Air Force Base, Va.
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Figure 2.- NACA 4-(0)(03)-045 propeller.
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Figure 6.- Effect of forward Mach number orn meximum efficlency.
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