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WIND TUNVEL TESTS OF EIGHT-BLADE SINGLE- AND
DUAL-ROTATIIG PROPELLERS IN THE TRACTOR POSITION

By David Biermgnn and W. H. Gray

SUILL 'ARY

Tests of 10-foot diameter, eight-blade single- and
dual-rotating propellers were conducted in" the 20-fook
nropal*u¢~re%onrch tunnel'as a continuation of a previous

investigation of four~ and six-blade propellers, The pro-
penlors were nmounted at the front end of a streamline body
in spinners that c¢overed the aubs ané vart of the shanks,
Tne eiffect of o syrnetpicaliwing Bountcd in the sli pp4'~am
rus 1nvc:t1”auod Blacde~angle settings ranged from 20" o
65

cate that dual rotation resulted in
nt.in-efficicney - over singlec rotation
for cight-bladc -propecllcrs, ibut the presencec of a wing
reduced the gain by about onc-half. Also indicated was a

“The) - mésulite:in

OF—"

-greator power absorptioan duc to dual rotation over the cn-

tire flight ‘range, @nd ligher afficioncy or thrust for the
range. 01 takezoff and clinb,

INTRODUCTIONW

A report previously rclea

s erence 1) proscated
regults. of tests -of four- and s e

m

T

du97~ wnd sin~70~

the -results of a subscquent in'OStiéutLOﬂ 0f 01gnt~olado
single- and dual-rotating propellers mounted in the trac-
tor position on the sane set-up as that previously used.
The ‘effect of a synnetrical wing mountsd in the slipstrean
was included: in the 1nvest1c“tion as. before:,

APPA?A”US AID: [IETHCDS

Inasnuch as the present investigation is a continua-~
tion: of: one. previously made in the propeller-research tun-
nel (see reference 1), a detailed description of the appa-




ratus and rethods will not be repeated herc., - A short do-
scription is included, however, in ordcr to nake this re-

port fairly. complete within itself,

Propellers.-~ Both the eight-~blade single~ and dual-
rotating propellers were mounted in four-way hubs spaced

Qié inches apart (sece figs. 1 and 2), thereby providing

1dentlcal blade shank and spinner conditions. Prelininary
tests were nade to determnine the optinunm angular displace-
nent between the front and rear propeller b*uao - for the
single~rotation tests; the blades of the front propoller
were set to load the blades of the rear propeller by 75
52%99 and ZOOG Although the results ndlcated 1ittle dlf—
ference ‘between these three spacings, the 52H gpacing was
corisidered the Dbest, Equal spacing of 45° was not possible
owing to ‘a -linitation inmvo osed by the shaft spline,

The blades used for the present investigation were the
sane as previously tested, namely, Hanilton Standard 3155-6
and 3156-6, right-hand and left-hand, respectively. 3Blade
forn curves ‘ore given in figure- -3,  Ulark 'Y ‘sections are
incorporated throughout, '

Test conditions.~ Because of the liniting tunnel
speed (approxinately 110 mph) and the liniting power of
the drive notors (two 25 hp eleéctric notors), the Reynolds
nunber and the tip speed were considerably lower than
those experienced in flight, The naxinun propeller speed,
which was 550 rpn, was obtainable only for the low blade

ngles and the low V/nD range of the tests, The tip
speed, consequently, was below 300 fcet por sccond, and

thus the offect of compreossibility could not be measured,

The Reynolds number of the 0,75R section was, only of the
order of one nillion., The effect of Reynolds nunber, was
not- critical within the range of the tests ag the. effect
of chenges between one-half nillion and one nillion could
not be: ucusured :

The left—hand'(froht) propeller was set at even val-
ues of blade setting for the dunl~rotation tests, The
right-hand (rear) propeller was set to absorb the sane
power as the left=hand propeller for only tho poak cffi-
ciency condition, A plot of the angular difforence betwecn
the right-hand and the left-hand propeller-blade scttings
is given in figurc'4, The spocd of the right- and the
leftv~hand propcllers was ﬂalnt 1noﬂ cqual throughout the
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Feletis o Thiel ticst proce durc was the sane as that used
previous investigations im this btuancd,
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The neasured values havie been reduced to the iisual
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These coefficients were plotted against. V/nD,. The
results are given in t;e IOllO”l»‘ figure i

R

“igure.
5 e T Chearacteristic curves for eight-blade propeller,
single rotation without wihg §
8 — 11T Characteristic curves for éight-blace propeller,
dual rotation without wing
T2 5 Characteristic curves for eight-blade propeller,
{ S

ingle rotation with wing
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The general characteristics of -eight-

i fels blade single-~
and @ual-rdtating-propelilers, shown in figures 5 to 20,
indicate that the principil effebt“ofﬁthe~increase& solid-
ity over that for the four- and’ six-blale propellers re-
ported in:reference 1. was increased total power absorption
with little loss in blade efficiency.

of dual rotabtion on total power

0.
particular interest is the fact'thdt.the,“ua_e
50

strepn, which in-

.’_O,

propeliers abgsbrbed avpreciably ore power
single-rotating one, as nay be noted in fig to
wherein the charaeteristic curves obtained cralk
gle settings for.single rouUulon aré:superinposed on those
for dual rotation., This incroessed Dower -absorption nay be
accounted. £or. by the fact thnt the front propeller: intro-
1.
€

duced o rotational conponent to thol s
creascd the resultant velocity ‘over rear propeller
bladeu, This - rotational component is greatest when the
blade elenents meet .the relative air with the greatest an—
gille s "o afitaciz, go the effect was nore noticeable at 1
V/aD wvalues than for the high V/aD values, This in-




creagsed pov r-absorption characteristic of dual-rotating
prooeJLe s is ‘one explahation for their resulting superior
‘tale~off gqualities, owing to ‘the fact that for this condi-
tion the pitech is reduced to a lower value than for single~
"rotating propeiJero. '

on is made in figure 21 wherein the power

Ll

A conmpariso
absorbed =t peak efificicneyiper blaede, relative to that
for the blades of a three~blade prEope eller, is presented
for both single~ and dual~rotating propellers, This plob
indicates that the effectiveness of each blade of the dual
propoWleL in absqrbing pover was substantially nore than
for a siangle- otatlng propeller; the ‘individual blades

.,
) (Y}

eight~blade dual propeller absorbed approxinately 87
percent as much power as each blade of a three-blade siangle
propeller, as conpared to only 80 percent for an eight-
blade single propeller. ’

Eff ect of dual rotation'on power absorbed by rear pro-
peller .~ The dual=~rotati ts were conducted with the
rear Dronuller set at a ly lower angle ‘than the front
one in order to egualigze ower for the peak efficiemncy
comditiion, The rear propel er absorbed moreipower than the

front one at lower V/aD +wvalues than those for peak effi-
ciency., £ few tests were made to determine the blade set-
tings of the rear propeller necessary to produce egual

ab

Qorpt on: the results of these tééts sfre shown in
and 23 Whether there ig any aerodynanlc ad-
vantage in equalizing the power of the two propellors for
thel bake—off dnd climbing condilitiong of £light cannot be
deterdnined from thesc tests becausc direct efficiency con-
parisons .cannot be mnade on a basis ‘of equal power absorp-
tion,
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Bnvelope efficiency conmparisons.— The same general
improvenent in efficiency due to dual rotation may be noted
"in figure 24 for the eight-blade propellers as for the
earlier .tests of four—- and six-blade propellers, The gain
in efficiency due to dual rotation, without the wing,
ranged from about 1 to 8 percent, depending upon the blade
angle or V/nD, which is somewhat greater than that meas-
ured in the four- and six-blade tests, The gaing were
somewhat less with the wing in place, owing to its effect
in reducing the rotational losses for the single-rotating
propeller, The wing ‘appeared -to-have a- sllgnt beneficial
effect on the dual propellers, as may be noted in figure
25, This same effect, which is not easily accounted for,
was also indicated in the earlier:tests of. . the four- and
six-blade propellers, '




In: figures 26 ‘and 27 dre' sh own “the envelone ex;lclencv
icurve s for .the presgent elgnu_oledeﬁpro ellers end curves
for: four- and -six-blade prope’lers,'obtained from Yeference

L ifor: comparison, * The general ‘effect of increasing the so-

lidity for single rotation without the wing, shown in fig-
ure 26(a), was to reduce the efflClenCJ a few percent over

the V/nD range. - The: presence of the wing resulted in

raising the efficiency: of all ‘these single- rotatlﬁg provel—
lers, particularly those of highesh Solldlu .. (See fig,

»26(b).). The lossin efficiency resultin ng' from increasing
+the solidity was generally less for dual rotation than for

single rotation, as may be noteéed from FTigures 26 and 27
parulcularly for the ‘condltlon wiu*out ulnb.

It shounld’ be @ointea oﬁt“that envelope efficiency com—
parisons for.propellers of . different so0lidity are more‘of an
acafemic interest than of practical valué because of the
fact that the power absorption is different for different

'solidities,: "Such comparisons provide a measure of blade

efficiency, or the effect: of iblgde: interference, From én-

gineering design congiderations the conparisons should be

made :on. the vasis of constant power; Such comparisons of
ollulty are-provided in reference 2 - AR '

-The e;;ectro? dual rotat1on on tne peak efficiency
for Lour—y. six~, sand eight-blade propellers are summarigze

_;n{;lgures.“8 and 29..:Although thesresultsiare not of-

sufficient accuracy to define &éiffefences in efficiency

.less.than 1l . percent, they show, »in gererdl, that the ‘gain

arising from Qual—rotating propelIlérs increases with the

. blade ;angle or -V./nd, -and alsd with propeller solidity.
.The .gains wereg somewhat igreater for the condition without

the wing than with the wing (7 percent as compared with 43
percent, for ¥/anD of 500, eight—blade propeller.)

!

o . Bfficiency and hrust com oar; ong gt congtant power,-—
Inasmuch-as . the. R otating progellers ‘absorbed somevhat
more. power -at; uno~saﬁe blade setting than tHe single-

rOUatlng propelleors; the: cffiect of dual rotation on cffi-
cloncy: -should bo.oased-cn oqual-powor-ab’orotiona Compear-—

-isons arc madc -in figuros 30 to .32 .for Cp: - values of 0.2,

004, and: G,8, - Substantial ‘zains in efficiency may be ndted

fo7 the ‘entire obcratin;'range, pqrtlcularly ’or the take-

off condition of propcllers operating at high valucs of"
Cp. '”hes» wfficicency gains are transla tcd into* thrust
gains in: figure 33, '‘Take-off thrust gains up to 20.per-
cent aro 1ndlcotca Tor duhl bron llors opcr tlné at’ a power




(Feole Midiciient o 1036

somewhat 1os Hor Hower Sy oweniic 00 fif i

cichts. 'This inecrcased. thrust may be accountpd for partly
by the fact thet clucl—orouatlnb propellcrs absorbed morec
power than single—~rotating oncs as mentioncd before and,
consequcntly; the blade-angle scttings for the dual pro-
pellers werc: computed to, K be somewhat lower than for singlo-
rotating propellers; partiallarly for fhe take—off and

clkimb conditions, =]
in greater thrust fo
higher lift—drazg rat
propellers the losses
1y reduced and perha;]
large percentage of

- The general eff
cha¢ac oristics foun
blade propellers wer

‘in the present inve
These effects are 1li

ingAconclusiqns_rela

s mﬂe peak ef
rotating propeller w
higher than that for

4

stigation of

lower Dblade~a ngTO setting results
glven power output, owing to the
of the elements, Also with dual
to slips tream obiation eat—
which ‘accounts
i01e"cv,
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gets of idual retabtion on propeller
&.in.previous tests of .four~.and six-

but were more.pronounced

eightxblade propellers,
more specifically in the follow-
tio the present investigatione.

e sinilar,

sted
ting
f‘diency of an: eight~blade duale-

as found to be from k. 078 percent

a corresponding sin 1gle~rotating pro-

peller, The gain in efficiency depended upon the blade~
angle setting, the higher thc setting t%o greater the gain,
up to a limiting tcst bladec-angle of 65

2. The prescncc of a wing in the slipstrean improved
the officiency of the singlo-rotating propoller about half
as much as was obtained by means of dual rotation.

3¢ An cight-blade dual-rotating propeller was found
teo absorb substantially moro power at peak cfficioncy than
an cight- b;aLo single~rotating propeller; thc cffeect was
cven more pronounced at takc-—off and climbing conditions,

4. An eight—-blaode dual-rotating nropellor was fpun
to be substa ntlall more cificient Tor the takc—ofif ‘condi-
tion of flight than an cight-blade singlc—~rotating pro-
poller, purzlculwklv for conditions of opcration at high

powexr cocEfficients.




5. The bdlade efficicncy of eight-bla ade. single~ and
”unlnrotaulno propellers was only slightly less than. for
corresponding four- and six-blade propellers previously
tested, ' ‘ '

6. The power absorbed ner blade by eight-blade dual-
. rotation and eight-blade sing le~rotatloh propellers, as
conpared %to a three-blade propeller, was about 87 an@ 80
percent, respectively, at peak efficiency.

Langley lMenorial Acronautical Laboratory,
National Advisory Comnnittee for Aeronautics,
Langley Field, Ve,
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NACA Figs. 4,21
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Figure 12.- Thrust-coefficient curves for 8-blade single rotation with wing.
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Figure 13(b).- Power-coefficient curves for 8-blade single rotation with wing.
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Figure 14.- Efficiency curves for 8-blade single rotation with wing.
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Figure 18(b).- Individual power coefficient curves for 8-blade dual rotation with wing.
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Figure 26.- Efficiency envelope comparisons for single rotation (4-and 6-blade results taken
from reference 1).
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Figure 27.- Efficiency envelope comparisons for dual rotation (4-and 6-blade results taken

from reference 1).
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Figure 28.- Increments of peak efficiency resulting from dual rotation. Without wing
(4-and 6-blade results taken from reference 1).
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Figure 29.- Increments of peak efficiency resulting from dual rotation. With wing
(4-and 6-blade results taken from reference 1).
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Figure 30.- Effect of dual rotation on efficiency for constant power. Cp = 0.2. With wing.
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Figure 31.- Effect of dual rotation on efficiency for constant power. Cp = 0.4. With wing.
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Figure 32.- Effect of dual rotation on efficiency for constant power. Cp = 0.6. With wing.
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Figure 33,- Effect of dual rotation on thrust at constant power. With wing.




