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FULL-SCALE TESTS OF SEVERAL PROPELLERS EQUIPPED WITH
SPINHTRS, CUFFS, AIRFOIL A¥D ROUND SHANXKS, AND
NACA 16-SERIES SBCTIONS

B David 3iermann, Bdwin P. Hartman, and Edward Pepper
SUMMARY

Wind-tunnel tests of several propeller, cuff, and
spinner combinations were conducted in the 20~foot pro=—
peller-research tunrel. Three propellers, which ranged

‘in diameter from 8.4 to 11.25 feet, werc tested at the

front end of a streamline body incorporating spinners of
two diamcters. The tests covered a blade angle range
from 209 to 65°, The effect of spinner diameter and pro-
peller cuffs on the characteristics of one propeller was
determined. ., Tests were also conducted using a propeller
which incorporated aerodynamically good shank sectionsy
and usiag one which incorporated the WACA 1l6-series socc
tions for the outer 20 percent of the blades. Compressi-
bility effccts were not moeasurcd, owing to the low test-
ing -spcods,. ’

Te reosults indicated that a conventional propeller
was slightly more c¢fficient when tested in conjunction
with a 28=inch-diametcer spinner than with a 23-inch spin=-
ner, and that cuffs increased the efficiency as well as
the powcr absorption characteristics. 4 propeller having
good nerodynamic shanks wos found to be definitely supe-
rior from the efficicacy standpoiat to a coaventional
round~shonk propeller, with or without ctuffs; this pro-.
peller would probadbly be considered structurally imprac-
ticable, however. The propeller incorporating the NACA
lé~serics sections at the tips was found to have a
slightly higher efficiency than a conventional propellers
the talke-off characteristics appeared to be equally good.

. The cffects noted above probably would be accentu-
ated at helical speeds at which compressibility effects
would entecr.



INTRODUCTION

Thore arc a number of obvious methods for improving
the performance of conventional propecllers. Studics of
propecller losses have indicated that the profile drag of
the blade scctions is responsible for several- percent loss
in efficieoncy at low helical speeds and consideradbly
greater losses at speeds beyond the critical. This is
particularly true for the nearly round shank sections.
The metheds available at the present for remedying the
shank problem consist of: (a) employing a large spinner
to house the poor sections, (b) use of cuffs to strcam~
line the blade shanks, and {(c) employing good airfoil
sections for the shanks, which may not be practicadle
owing 10 strength comnsiderations. Improvements in the
outcer portions of blades reguire the usc of low drag sec-
tions having high criticol specds.

Although there seems to be little doubt that the
nodifications listed will result in somc inprovenent if
~properly carried out, there is little quontitative infore-
nation on these subjects and conscquently there is cer-
tailn hesitaacy in ocdopting themnm.

The purpose of this paper is to present the results
of several niscellaneous propeller tests which embodied
thesc methods for improving the efficicncy and increasing
the critical speasd. These tests woere made incidental to
a dval~rotating propeller progran (see refercnce 1) and

enploycd the same apparatus with the exzception of cuffs
and two additional propellers. In this paper results of
the following tests are described:

(2) Two spinner sizes
(p) Cuffs
(c) 4 racing propeller embodying airfoil shanks

(i) & propeller enploying NACA 1l8-sorics sections
at the propeller tips

Unfortunately, compressibility effects could not be meas-
ured, owing to the low testing speed; low-spced character—
istics of devices calculated to inereasc the critical
specds were measured, however, and are of considerable
interest in assaying the general utility of such devices.,



High=specd~tunnel test results of airfoil sesctions and
basic shapes are availavle, however, which can be used
for deternining critical speeds of propeller tips, shanks,
and cuffs. (See refercnces 2 and 3.)

APPARATUS AND METHODS

The tests were made in the NACA 20~foot propeller-
research tunnel, using the same general testing apparatus
that was used for testing dual-rotating propellers. (See
reference 1l.)

Test set-up.- A sketch and a photograph of the set-up
are given 1in figures 1 and 2, respectively. No wing was
used for these tests. The propellers were driven by two
2b~horgsepower electric motors arranged in tanden and
geared together, The notors were mounted on bearings con~
centric with the shaft axis and were restrained from ro-
teting by helical springs connecting theo motor frame with
the supporting frame. Selsyn units were used to indicate
the movenents of the motor frames to observers in the bal-
ance house, 1n order that torgue measurements could be
nade. The springs were calibrated for torgue at the be-
ginning and the end of the tests, and several friction
calibrations were nade during the tests.

Inasnuch as the set-up was built for testing dual-~
rotating propellers, it was possible to locate single
propellers either on the front shaft or on the recar shafit,
thus providing two spinner~size conditions., It nmay be
noted from figure 1 that the front sgpinner was approxi-
nately 23 inches in dianmceter, while the rear one was 28
inches in dianeter,

Propellers.~ Three propellors of different designs
were tested. Propeller 3155-6 is the right~hand design
used in the dual-rotating program., Propeller 1555-2 is
of a design built for a Havy racing seaplane nore than 12
years ago., It was tested because it appecared to be of good
aerodynanic shape with respect to the shank sections, pitch
distribution, and plan forn, It would not be considered
structurally safe, as Jjudged by our present standards,

Both the 3155-6 and 1555-2 propellers have Clark-Y scc-
tions. Propeller 61934-3 is a new Hamilton Standard de-
sign which incorporates the NACA l6-serics sections over
the outer 20 percent of the blades. (Sec reference 2 for
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section data.) Althoush the chief purposes of these sec-

tions is to delay the compressibility burble, it was -
thought that tests at low speeds would be of interest,

rart 1cul arly because somc concern has hbeen expressed ro-

garding the take-off qualities of the new scctions.

A photograph of the three propeller blades is given
in figure 3, while the blade-form curves are given in
figurc 4. The tadble (p. 5) gives other pertinent infor-
mation, ‘

Cuffs.- Cuffs were designed for propellier 3155-6 for.

use with the 23-inch spinncr. Three basic designs were

ade; cach design was for a specific high-spcoed blade set-
ting (B at 0.75R = 300, 45°, 60°). A sketch of the cuffs
is given in figure 5. In designing the cuffs, it appecared
that a reasonably well-shaped cuff could be obiained by
the usc of two scctions 15 inches apart, the outer scction
being the propeller section at the 27-inch radius, while -
the inner was a symmetrical secction located at the 12-~inch
radius. The base symmecirical section was of an arbitrary
design intended to have a low drag cocfficicnt and a high -
critical speed. -It was approxinately 27 percent thicke.
In figure 6 is given the basic section outline together
with its theoretical pressure distribution for Cp valuecs
of 0.0 and O.2s Although the basic section is not the
optimum as regards critical spced for o given fineness

atio, 1% is o good section in thaot it combines o fairly
hl gh critical speed with low drag at low speeds. The com-
puted theoretical critical Mach number is approximately
0.69 ond 0.66 for Cz values of 0.0 and 0.2, respective~
ly. These critical Mach numbers correspond to approxi-
mately 525 and 505 niles per hour, respectively, at sea
1CV01. '

In figure 7 arc given the data used in obtaining the
base section angle setting for each of the threc designs.
The bladc section angle curves were first determined from
the propeller drawings for the three design blade settings,
using the chord lines as refercnce. The curves for sec-
tion angles, measured from the secction zero lift line,
were then determined, using Clark Y airfoil data given in
figure 8 The zero-linc 1ift curves become indetorminate “
as they approach the gero radius sitntioans, bocause these
sectiocns becore cylinders; they have been arbitrarily
faired into a 90° angle at the zero radius. The helical »®
air angles werc then conputed for all stations, consider-
ing the forward and rotational conponent velocitics of
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each section. The diffeorence betwecen the helical air
angle and the zero-1ift section angle is equal to the sunm

of the angle of attack measured from the zero-1ift line

and the inflow angle. In view of thie uncertainty of the
inflow angle, particularly for the propeller root sections,
there is little point in trying to isolate it. The inflow
angle is ordinarily roughly about half the angle of attack.
The cuff base section at the 12-inch station was set ap-
proximately at angles of attack plus inflow angles of 50,
39, and 3%, for the 30°0, 450, and 60° designs, respective-
ly. The lift-coefficicnt for the cuff base section of the
30° design would appear to be about the samzs as that for

the rest of the blade, but about half that for the outer
parts of the blade for the 45°and 60° settings. This of-
fective wash-out of tho cuff for the higher blade-angle
deslgns was introduced to minimize the loading on the cuff
and conseguently minimize the rotationsl losses, and also

to obtain o high critical speed. No account was taken of
the induvuced velocities over the spinner, Thesc would have
the effect of reducing the angle of attack slightly.

Meagurcments.~ Tests were cpndudted according to
standard test procedure used for this tunnel. (See referw
ence 1l.) The %unnel spesd ranged from O to about 110
miles per hour; the maximum propeller speed was sbout 550
revolutions per minute, which corresponds to 287 feet per
second rotational tip specd for a 10-foot diametcr pro-
peller, 1t is obvious from this that no compressibility
effects could be measured.

'RESULTS AID DISCUSSION

The mcasured values have been reduced to the usual
cozxfficlents of thrust, power, propulsive efficiency, and
speced-power.
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where the effective thrust is the measured thrust of the
propeller~body comb"na+1on plus the drag of the body
' " measured sevparately,
o deﬁsity
/’ D propeller diameter, feet
v air speed, fps
n propeller rotasional speed, Tps
and P power
In figure 9 are sample characiteristic curwves drawn
- throuvgh the test points which glve an indication of the

accuracy of the data.

The test results are presentad in the following fig-

ures s
) . Propeller Number Diameter of
Figurec Test drawing of spinner
blades {in.)
H 10 to 12 Spinner size 3155-6 3 23 & 28
13 to 16 Cuff - 315b-6 .3 23
17 to 19 Racing propeller ~ 1555-2 2 23
(airfoil shanks)
20 Spinner, cuff, 3155-6 2& 3 23& 28
and shank shape &
comparisons 1555-2
21 to 25 WACA 1l6-serics 61934-3 3 28

sections

.
. .



Spirnerg.~ Of the three mcthods for trcating the
shank problem, the use of large spinners is perhaps the
most direct and the simplest, provided good lines can be
obtained with the rest of thHe body. Relatively large
spinners can be used for certalin applications with liguid-
cooled engines and special types of cowling designed for
air-cooled radial engines. Large spinners, however, de-
feat the purpose of extcension shafts where the object is
to reduce the body size and the wetted arca. Unless
cuffs arc uscd, a balance should be struck between the
drag produced by the poor blade shanks and the drag pro-
duced by the large spinner and the shaft housing.

Although the data obtained from these tests are
limited to two spinner sizes, the results are considered
to be of sufficient interest to warrant pudblication. It
may be noted by referring to figures 10 to 12 and figure
20 that the propeller when tested in the rear position
with the 28~inch spinaner absorbed slightly more power and
vroduccd more thrust at the higher blade settings than
when tested in the front position with & 23-inch spinner,
The efficlency was between 1 and 2 percent higher for the
lorge spinner. There appears to be no ready explanation
for the differences in power noted for the spinner condiw-
tions. The large spinner-propeller combination should
produce slightly more thrust, however, and result in a
higher cfficiency than a smaller spinner-propeller con-

bination, owing +o the fact hat about 8% inches of addi-

tional cylindrical shank are submerged within this large
spinner.

Cuffs.~ The use of propeller cuffs in conjunction
with a relatively small spinner offers a means for improve
ing the propeller characteristics without necessitating
the usec of a large body. Propeller cuffs, however, have
have never been shown to be an ideal solution of the prob-
lem because they are difficult to build and maintain, and
no great benefilts have been demonstrated from their use,
other than for ground cooling of radial engincs. There
seecms to be little doubt, however, that euffs will recduce
the drag of exposed cylindrical propeller shanks, particu-
larly at speeds beyond the critical for these sections.

In reference 3 the critical speed for circular cylinders
is shown to occur at approximately 310 miles per hour at
sea level (Mg = 0.4). At speeds beyond the critical the
rate at which the drag increcases is shown to bo much lecss



than for airfoils operating at low angles of attack, which
would indicate that the-greatest gain-duc to the use of
cuffs would result from eliminating separation at the
shanlks and oanly a small additional goin would result fronm
eliminating compressibility effeéts. Recent unpublished
date indicate, however, that the drag of 4-inch~diamcter
cylinders is more affected by compressibility than the
drag of the small oncs used for the tests reported in ref-
ercice 3. ’

In figures 13 to 16 arc prescnted the charactoristic
curves of a propeller tested with and without cuffs. It
may be noted that the cuffs added apprecliably to the
thrust and power of the propeller, particularly for the
stall operating range. The cuffs apparcntly stolled at
approximately the same angle as the rest of -the blade,
sincce the peak of the thrust and power curves occurs at
about the same V/nD with and without the cuffs. The
efficiency of the propellers increcased 1 to 2 percent with
the use of cuffs. (Seec also fig. 20.) 4 greatcer differ-
ence would be ecxpectcd for high-spced airplenes.

A rough nnalysis intended to determinc an average
1if%t coefficicnt of the cuff sections when operating at
the peak propeller officilency indicates that the cuffs
designed for the 30° and 45° .blade-anglec scttings were op-
erating at a lift coefficient of approximately 0.2, The
C;, for the 60° blade angle was approximately 0.14., The
average 1ift coefficicnt for the remainder of the blades
was probably greater than 0.4, which indicates that the
large iacremcnt of thrust attributced to the cuffs was
duc to the large arca added.

The cffeect of increasing or decreasing the angle of
the base scction of the cuff can be noted from the re~
sults glven in figures 13 to 15. As previously noted,
the threc cuffs were designed for three blade-angle sct-
tings, 30°, 459, and 600, moasured at the threc=fourths
radius; each of these designs was tested at blade angles
of 5° below the design condition, and 5° above the design
conditions Since cuffs reguirc more twist for low bladew
angle settings than for high oncs, it is cobviouws that the
cuffs, when tested ot the reduced aagles, 25°, 40°, and
559, were cffcctively washed out at the basc section,

avproximately 2%0. Likowise, the base scctions were

o . . o o ’
washed in aporoximately B% for the 35°, 50°, ana 65°
&
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testss The effect of either the wash-in or the wash-oui
is guite apparent in the results., For example, the thrust
added by the cuff for the 40° blade angle is appreciably
less than Tor the design bBlade angle of 459, and the
thrust added by the cuff for the 500 blade angle 1is about
double the thrust added for the design blade angle of 459,
It is guite obvious from this that the angle setting for
the cuff is very important, ecspecially for cuffs of this
design. :

If cuffs werc designed for the highcst possible crit-
ical specd, a slightly lowcr angle of attaclz might be de-
sirable than was prescent for thesc tests An estimate of
the angles for any desired condition may be obtained by
corrclating the design curves given in figurc 7 with the
data obtaincd frOM‘thO.tOStS.

It is Ll;orbuiwt that these cuffs werc not tested
at speocds avove 310 miles per hour becanse it is expected
that their effect on the efficisncy would be greater at
those speeds 1

than was neasured for these taests. There
is no way at prescent of cstimating the gain in efficicacy
above the criflc“l cnnoés of any section, bocausce wind-
tunnel data are erally limited to specds only slightly
above the crwtlcm] bocﬂu e the drag of cylinders incrcascs
so rapidly at those speeds that 1L is not possible to ob-
tain higher tunnel specds. This was particualerly true

in the cose of roecent hig h~sneed tests with 4-inch cylin-
ders.

+J

ropeller 1555-2.~ Thisg propeller was designed for a
racing airplane more than 12 years ago. It was tested,
along with two modern propellers, in this scries of tests
because it incorporated 2o good acrodynamic shape. This
acing propcller was built with rirfoil shanks extending
to within the 23-inch~diameter spinner shell, The pitch-
diemeter ratio was nbout constant for a blade setting of
300.. (Sce fig. 4{B).) At Dblade angles above 40° the
pitca~dioamcter ratio for the root scction is guite exces-
se

sive and, sincec these ctions are falrly wide and of good
airfoill shape, the efficicncy would be OApCCtOd to suffer
at high blade angles becausc of thls. : ’

The good acrodynamic shape of this propeller resulted
in a high efficiency for the blade scttings for which it
was designed, nomely, between 20° and 40°., (See figs. 17
to 19.) This propeller is several percent higher in effi-
ciency than propeller 3155-6 in the V/nD -range up to 2.4,

-
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even when cuffs were added to 3155-6. At higher valucs
of V/aD propeller 1555-2 did not show up so well, prob=-
ably becausce the shonk scctions were being loaded up too
high. The high efficicncy of propeller 1555~2 (over 90
porcent) is attributed chiefly to its rolatively thin,
wcll-shoped shanks, and partly to the plan form, which is
also differcnt from that of propeller 3155~«6, Although
the 1555~2 plan form may be somewhat superior to that of
3155~6 from the efficicney stondpoint, it should be noted
that the latter is superior from the standpoint of aobe-
sorbing high power ond consequently it may bdbec preferable
for high-output cagines. The activity foctor, which is
an index of the power-absorbing qualities, is 78.4 for
propeller 1555-2 as compared .with 89,7 for propeller
3156=6,

Propeller 619%A-3,- Propeller -6193A-3% was tested be-
cause 1t embodied the NACA l8-series sections for the
outer 20 percent of the blades. The lé=series sections
were- déveloped primarily to delay the compressibility
burble (refercnce 2) and coascguently are particularly
adaptable to propollers which operate as closce to the
speced of sound as is practicable. Since compressibilisty
cffects could not be measuvred in thesce tests, the chief
interest was the bchavior of the sections at low =pecds
and at operating cafitions corresponding to the take-off
and climb, for which wind-tunnel tests of airfolls are
inconclusive, BResults are given in figures 21 to 25,
which include a Cg design chart and a comparison with
propecllor 3155~6., It may be noted that cven at the low
spocds of those tests,propellier 61234A-3 was from 1 to 3
percent more e¢fficient than propeller 3155~6, It should
be remembered, however, that these propellers are not
strictly comperable because of differences in diamcter
and blade shape. Of particular intcrest is the fact thot
propeller 6193A-~3 cxhibits no unusual stalling charactere
itstics. Consequently, if thesc low~spced tosts are in-
dicative of the stalling properties at higher speceds, 1t
appears that the lé~gcries gsecction is ot loast the egual
of- the Clark-Y from this standpoint,

CONCLUDING REMARKS

These tests, which were confined to low tip speeds,
indicate that:

Of the three methods investigated for improving the
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prOWeller chardcterlstl cs by virtue of improving the shank
shape, increasing the spinner sizs from 2% to 28 inches in
diameter resulted in an improvement in efficiency of from’

1 to 2 percent; installation of large-chord propeller

cuffs inmproved the efficiency of the small propeller-spinner
combination also 1 or 2 percent; while a propecller designed
with good acrodynamic shanks was found to be scveral pcercent
more c¢fficicnt than the convontional round-shank propoller,..
A propeller incorporatiang the NACA 1l6-sorics scctions over:
the outer 20 percent of the blade was found to have a
slightly higher cfficicncy than a conventional propeller
incorporating Clark-Y scctions for the entirec blade, even

gt low tip spceds., The takc-off propertics of the two pro-
pellers appearecd tec be about cqual.

The differcnces notod between the various propeller-
spinncr~cuff combinations would be cxpeccted to be greator
than indicated in this report,if the effceccts of compressi-
bility hoad becen prosent; hence these results are all con-
scrvativoe.

Langley Memorial Acronautical Laboratory,
Hotional Advisory Committece for Aecronautics, '
Longley Fiesld, Voo
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FIGURE 4.- BLADE-FORM CURVES FOR PROPELLERS
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